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LOI NOY DAU

Trong nhitng ndm gan day. khoa hoc ky thudi dién i va vé wuven dién phar 1vién voi toc do
nhir vii bao. Ky thugr dién ni va vé tuyén di¢gn hi¢n dai dd thdam nhép vao tat ca cac nganh khoa
hoe £S thudt, kinh 18 quic dan, vdn héa va doi song hang ngav. la cong cu ddc hee thie ddv sic tién

bo chdu khoa hoc kS thudr.

Néu nhir trong nhitng ndin 1960, phuong huong phat trién chi yéu cia neanh ky thudt dicn
ur 1 viée ban din héa cde thior bi dién 1, va ché tao cde imdy tinh dién tt voi dung higig lom. 16¢
dé tinh roan nhanie thi dén khoung gita nhimg nan 1980, khoa hoc ky thudt dién (& néi chung va
kS 1hudt vo tuvén dién ngi rieng da chuyén sang giai doan phdt 1rién moi: giai doan phdr rrién
nhanh chéns va thinh hanh cua k3 thude vi xw 1y, ky thade may vi tinh, ky thudt thong tin so. thény
1n vé tinh va ky thugt oy dong héa & mie do cao. Tuy nhién, nhitng tién bo nhdy vor cia ky thudt
dién ul, clud yéu trang Iinh vuc cong nghé ché igo. Khdi niem linh kién dién ne khong chi 2101 han
cho cde phan ur roi rac. don ndang, ma ngay nav nguoi (a dda che o cdce loai phan w19 hop - vi
mactt - fam wiém vy cua mot. hode mot $6 mach chiic nang trong cde thiér bi dién 1 noi chung.
hay thiéi bj vo wuyén noi rieng voi chdt higng cao. Song vé co ban, ky thudt cde mach diégn ni dén
diuge xdy dimg 1rén co o nguyén ly cria cdc mach kinh dién dvpe xdy dimg 1r cde phdn ue don Ie,
dd dige hinh thanh va ddan hoan thién tiv khi nganh ky thudi dién e va vo tuyén dién ra doi.

Do vay méon hoe "Ly thuyét mach - tin hién” van ¢iix mét vai troé quan trong. la méon hoc o
sev (pa neon didn e ndr chunyg va vé twyén dicn noi rieng.

(1o trindt "Ly thuyél mach - tin hiéu” wrinh bay nhitng khai niém va cde dinh ludt co ban
v much dién: cac phuong phdp co bdn phan tich mach dién tuyén 1inh va khong nven rinh, phan
tich cée ddc tinh co bdn va cde qua rrinh v@t 1y xdy ra trong mach dién, ciing nhie tde dong cua cde
mach dién khae nhaw 1én tin hiéu khi truyén qua no.

Toun bé ndi dung vén dwge trinh bay trong hai 1dp bao gém:

Tap mot e clucong 1 dén chuong 7. Hui chitong dau trinh bay cdac khdi niém va dinh ludr co
bdn cria mach dién va xdy dieng mé hinh toan hoc 1iong qudt - phuomg trinh trung thér - ciia mach
dién ¢ tham 6 tap tring. Bon ¢lueomg tiép theo winh bay cde phcong phdp co bdn phdn tich mach
dign 1uyén tinh voi tham s6 1qp trung, va di sau phan tich mor so ddc tinh co bdn cia mach dién
tuven tinh. Chuung 7 duoe danh riéng cho viéc xem xét va phdn tich mach dién cé tham sé phan
ey

Tdp hai e chiomg 8 dén cluiong 13.



Néu trong 1oan ho tap mot, vise mé hinlt héa mach dién duoe dia trén mé hinh phan t
Mmach - phan 1z hai cuc - thi irong hai chuong dai clia 1ap hat - chwong 8 va chuong Y, viec xem 1ét
va phdn tich manh dién duoc thie luén trén ma hinh téng qudt- mang 4 cue - co nghia I xem mach
dién la mot hé thong truvén va bién doi tin hidu. Chuong 10 trink bay phuong phdp phan tich mach
dién khi swe dung mo hinh mang ihiéu cue. Chitong 11 danh tron ven cho viée trinh bay cdc khdi
HEP A MOl 8 1R chdl co ban ciia cde tin hiéu vé raven dién. Néu chi doc wor qua, o6 thé ¢é ¥
nght vang vice ho el chuong 1] o cudt tdp hai ¢ lam mdt tinh togic cia vido trinh. Soug néu xem
mach dien nhu la mot hé thone H'H}‘é)) va hich dor tin luéu, thy viée duu 1ol duny cuia clucong 11
vao erdo (rinft s€ phu hop va thugn tién cho viéc phan tich cac mach dién phi wivén tiép theo.
Chuong 12 va 13 danh cho viéc phan tich cdc mach dién khéng mvén tinh (mach dién phi tuyén),
trong chutong 12 di saw xem <ét cdc phitomg phdap phdn tich mach phi tuven va neuven v bidh doi
pho cia tin hiéu trong mach phi tuyén; con chitong 13 xem xét cdc phép bich doi phd cua tin i
dung mach phi neén dieoe sir dung réng rdi trong kv thudt dién v néi chung, hay k3 thuds vién
thone uoe ridng nlae cde mach didu ché'tin hidu. nhan tan s6. tach song tin néu. tao dao dény

vy s

Croee voi 161 dung vaa hai tap I thuveét da néw o trén, bo sdach con kém theo cuon ™ Bai dp
IV thuvet mach”. Vrong cusn "Bai 1dp (v thuyel mach’” sé gici thisu khodng 300 bai 1dp dién hinh tir
gidn don dén phite tap citmg voi cde 167 gidi va chi’ dan phucong phdp.

Cudt canyg, cde tdc gid chdn thanh cam on phés Gigo s - Tien siVii Nhie Giao dd doc va hicu
dinft tai liew nav. Cdr on cie hani dong nghiép trong b mon "Ly thuvét mach - do lomg” cria Hoe
vicn KX thudr quan sie dd dong gép cho nhicu S kién quy bdn cho cluing to rropg qud irinh bién

SO0

Chiing toi mong nhan duoe v kién déng ¢ép phé binh cua cde ban dong nehién va ban doc
£ £ ( OC £ 8 g1 ( (
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Cac tac gia



Chuong 1. Cac khai niém va dinh luét co ban cua mach dién 5

CHUONG |
CAC KHAI NIEM VA PINH LUAT CO BAN CUA MACH DPIEN

§1-1. MACH DIEN, SO PO MACH DIEN

Mauch dién 1a mot 16 hep ¢de phan o k¥ thuit dién. dién tr, duge ghép ndi vii nhau bing day
dan hoac thong qua 1 truomg.

Cin phan biet khdi ni¢m mach dién va so do mach dién, Mach dien 13 mo hinh vat |y thue,
Thi du. mach dien duoc lap rip trong phong thi nghiem gom cie dien i, e dien, cuon day,
tranzistor . vie chung duge ehep ndi vai nhau bang cice doan day din, hode duoe fp dp ren cic
tim mach in. Con so d6 mach dién [a mo hinh 1v wang, trong dé moi phin we thue duoc thay the
wong duong bang cic phin e 1y tudng, goi 1a cie phan 1 coa mach dién, hay mot ¢ich ngin gon

I cac phin i mach.

Trong thue 16, vice phin tich vi tong hap cic mach dicn déu duoe thue hién trén mo hinh 1y
tdmyg 13 so do mach. Tuy nhicn, ctng ¢in nhin manh rang. cic K& qui nhin duoe khi thue hicn
phan tich mach trén sordd ctng dang nhu cdce qua trinh viit 1y xdy rac trong mach dicn thue, vai sai
50 khi bé ¢ the bo qua duve. Chinh vi vy mi ngudi ta ciing quen goi so dd mach dién 13 mach
dicn,

Dong dicn viv dien dp 1 cae dai lugng v 1v dae treng cho trang thdn nang lugng cha mach
dicn. Dong dien duge ky hicu bang chir i, con dicn ip dugie ky hicu bing ¢hiv u. Hoi khi 3¢ chi rd
su phu thuoe cbaa dong dien vie dién dp vao thor gian, ngudi ta viét thém vao bién thot gian 1 nhu:
1(1), u(t). Gid tri coa dong dién va dién dp tai mot thai diém duge goi 1 gid tri e thoi. Cic dong
dién viv dién dp ¢6 gid i khong doi, khong phu thuoe vio thin gian duge goi la dong dién va dign
ap mot chicu,

Chidu cta dong dién L ¢hicu chuyén doi cua cic dien tich duong. Khi phin tich mach dién,
khi chua bi¢t chiéu thue cua dong dién, ngudi ta tam thivi quy dinh chicu caa dong dicn viv dung ky
hicu mii ten (—) d¢ chi chi¢u dong dién chon (xem hinh 1-Tw). Sau khi phan tich mach, dong dién
ndo ¢o gid tri duong (+) 1thi chiu thire cta dong dién dé trung vai chicu dong dién di chon; eon
dong di¢n ndo ¢6 gid tri am (=) thi chicu thue coa dong dién d6 nguoce véi chidu dong dién da chon.

Bién dp gitra hai diém a va b cba mach dicn, ky hicu [d u,, [ hicu dién the gita hai diém

dov:

Uy, = ¢, — ¢, . (1-1)

trong da ¢, 14 dien the tai dic¢m a; ¢y, 12 dién thé tai dicm b,
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Ngudi ta quy ude chicu cva dién dp di wr noi ¢6 dien the cao dén noi ¢6 dién the thap. Khi
phan tich mach dién, néu chua bidt trude chidu thye cta didn dp, ngudi ta cling tam thdi gquy dinh
chi¢u di¢n dp vi dung kv hi¢u mii en (=) d& chi chidu dién dp chon nhu d6i vai chidu dong dién
(xent inh 1-1b). Sau khi tinh todn, dién 4p nao o6 gid i duong (+) thi chidu thye cba dien dp dé
rung vl chiéu di¢n dp chon: con dieén dp nae ¢ gid trr dm (=) thi chidu thue coa dien dp dé nguoc

véi chidu dicn dp chon,

—_—
up a b
—— — ¢ ——— >
{ R Yab
) b)
Hinh 1-1

Sie dien dong (s.d.d) coa nguon dién i dai luong dac trung cho khd nang sinh cong caa
ngudn dién. VE tri s n6 ¢6 gid in ding biang gid tr cta dien dp rén hai cuce clia nguén khi mach
ngodi hiv mach. Séc dién dong cla ngudén dién duge ky hiéu bing chi e, dot khi dé chi sy phy
thude vao thdi gian cda stic dicn dong, ngudi ta viél them vio bicn s6 t: e(1). Cac ngudn didn ¢o sire
dién dong khong thay d6i theo thdi gian dugc goi [ cic ngudn dien mot chidu. Dong dién, dién dp
va nguén dién mot chidu duge ky hiéu teong ing bang cic ohir in hoa: 1L UL E.

Dién dp roi wrén mot phdn 1Ir do dong dién chay qua phidn 1l ¢6 gay nen. Dicn dp rot ving

dugce ky hiéu bang chit u va ¢6 chiéu tring v6i chidu dong di¢n sinh ra né (xem hinh 1-a).
r

§1-2. CAC PHAN TU CUA MACH PIEN

Cdc phdn t&r ca mach dién 12 mo hinh 1y tweong héa, mdi phin tir cia mach chi €6 mot tinh
chaydac trung cho mat qud trinh (trang thidi) nang tuong caa mach.
1-2.1. Phan tir dién trd

Phén 1 dién triy }a phin 1 icu hao nang luong cla mach. Quan hé gitrta di¢n dp v dong dién

chay qua phin tr dién & dugce xde dinh hai bidu thie:

u
= (1-2
R )

Pai lugng R trong bifu thie (1-2) dic trung cho phan tor dico (rd v duge goi & dién trd.
Nghich dao cba phan (7 dién trd, ky hicu g (g = E) duge goi 1 dién dan. Pon vi do dién tea 1A

om ( Q), con don vi do di¢n dén (3 O ( doc 1A simen).
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Bicu thae (1-2) 13 bidu thae coa dinh luat Olim md chdng ta d3 bidL 1 chuong trinh vat ly

dan cuong.
Bitu thae (1-2) ddng khi chidu dién dp trén phin tr dién i dwse chon trimg véi chidu

dong dién chay qua nod ( xem hinh 1-2a). Con néu chiéu dicn dp wén dien tra chon nguoc chibu vin

chidu dimy dien chay qua nd ( hinh 1-2b) hi bice thae dinh luil Ohm s@ ¢6 dang:

P= - (1-2u)
R

YUg Ug

E— <=

{ {
SR e — A —

R A

a) b)

Ilinh 1-2
Cong suit tie thdi cda cdc dao dong dién trén phin (0 dién trd duge xdc dinh bing tich cia
dién dp vi dong dién qua né:
p=ui (1-3)

Bidu thire cong suat (1-3) vdi chi v (1-2) ¢6 hé vidt dudi dang:
p=ik =" (1-3a)
£

Bidu thae (1-3a) chimg (8 ring cong sudt tde thoi trén phin t dién trg Khiong am (p > 0).

Nang luong ticu hao (rén phin wr dién trdy dudi dang nhiét trong khodng thai gian At =1, ~ (

duoe xac dinh bai bidu thige
_ [t _ (2.2 -
W= [2pdt = Rf2i%dt (1-4)
Trén so dé mach, phan tir dién e duge ky hicu nhu & hinh 1-3a.
1-2.2. Phan ¥ dién dung
Phin tir dién dung [3 phan (& tich trl nang luong cia imach dudi dang dién trudmg. Quan he

gitta dién 4p vi dong dién qua phin tir dién dung duge xdc dinh bdi bicu thad

i=C— (1-3)
d(

Bidu thae (1-3) ding khi chiéu dién dp tren phdn tir dicn dung chon tring vai chiéu dong
dicn di qua no.
‘I'ren so do mach, phan wr dién dung duge ky hicu nhu o hinh 1-3b.

T bidu thie (1-3) chdng ta ¢6 the vidt:
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I
u=—dt (1-6)
3|

Tich phan bat dinh (1-6) tar ¢6 (hE viet:

[
T Z Jdt+uity) (1-6a)

1
)

trong do u((,) 1a diéu ap rén dicn dung tai thii dicm =1,

Vi riing tich phiin xdc dinh ¢ can trén bicn (hien 1a mot ham licn tue ngay ¢d khi ham dudi
diu tich phan ¢é bude nhiy low mot. Do dé ¢ the suy ra ring dién dp trén phin e dién dung
Khong (¢ bich thicn nhay bic ngay ¢i khi dong di¢én qua né ¢ bién thién nhiy bic.

Cong suit 1de thoi cda cde dao dong dién trén phin (i dién dung duge xdc dinh boi bicu thic:

du

P =ui= (.‘Aud—l (1-7)

Biéu the (1-7) chidng (6 rang ¢ong sudt tde thisi cda cdc dao dong dién trén phan 1 dién
dung c¢6 e [ hon. nho hon hodc bang khong (p > O; p< 0). V& y nghia vat iy, didu ndy 6
the gidi thich nbu sau:Tai thasi diém cong sudt wie thai duong (p > 0), dicn dung nhin nang lugng
cba mach va tich o trong né dudi dang dién trudmg; i thdi didm cong suft wie thot am (p < 0),
dién dung tra lai nang lugng Ja tich it duge cho mach.

Mo hinh vat ly thue cia phan ur dién dung [& cdce te dién. Tuy nhién cde w dién ngodi viée
tich trir nang luong caa mach dudi dang dién wruong, bin than tu dién ciing tiéu hao nang luong cla
mach dudi dang nhi¢t trong 1dp dién méi gitta hai md cia tu dien, DE dic trumg cho sy ticu hao dé,
ngudi (a thay the wong ducng biing mot dién trd R miac song song, hode néi Gép vai dien dung. Do
do s dd thay e wonmg duony cba w dién s¢ ¢d dang onhu rén hinh -4 Cng ¢du luu y rang, trong
thue (€160 hao ndng lugng dudi dang nhict (rong cic tu dicn thudng rat nho so vai cdc 16n hao khic
cia mach. Bt vay, trong qud trinh tinh todn, nfu khang dot hdi do chinh xde cao, ta ¢d thé bd qua

(o0 hao trong cic tu dién.

a) b) )
Hinh [-3. Ky hiéu cdc phan ti trén so dé mach

@) Phan o dien wa; b) Phin (u dién duny;, ¢) Phan (1 dién cam.
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cl
)

Hinh 1-4. So dd thay thé twong duong cua tu dién

a) Khi b quat tan hao nho trong tu dién:
by Khi (indy déwn 1én hao cia cii dong couy chidu vic dong mot chidu

¢) Kl chi tinh dén tén o ddng xoav cluéu.

1-2.3. Phan tir dién cin
Phan 1 dién ¢ 1 pliday 1 tich tri nang feong coa mach dudi dang tir trudmg. Quan he giia
di¢n dp va dong dién qua phin 1 dién cam duoc xic dinh boi bicu thde:
di

u=l— (1-8)
di

Bidu thite (1-8) ddng khi chiu dign dp u chon trung vdi chiéu dong dién qua na.

Pai luone 1. trong bicu thide (1-8) dac trung cho phan 1 dién cam va duge goi [d dien cam,

Trén so dd mach phan (¢ dién cam duge ky hicu nhu ¢ hinh 1-3c.
Tir bidu thire (1-8) ching ta cling ¢6 the vict:

i = %Iudl = Il_[ udr + i(t,) (1-9)

(rong d6 i(t,) 1a dong dién qua dién cam 1ai thn diém t =1,

Tuong 1 nhu dién dp trén phan wr dicn dung, dong di¢n qua phan wr dién cim ciing khong

bicn thicén nhdy bic. Vin d¢ niy clidng ta s& xXé1 ky ¢ chuonp suu.

Cong suat tire thai cta cde dao dong dién trong phin tr dién cdm duge xde dinh badi bicu
thue:

, 1

p=ui=li (1-10)

Cong sual wre (hoi cha cic dao dong dign tren phan (0 dién cdm ciing ¢6 thé 16n hon, nhé
lwm, hode bing kKhong ( p 2 0; p < 0), Tai thoi diém cong sudt (e thai 6o hen Khong (p > 0). dién
cdm nhdn nang luomg cua mach va tich ol trong nd dudi dang (r truong. Tai thoi didim cong suil
wie thi am (p < 0),dién cam 1rd ai nang lueng d& nhin duoe chio mach,

Mo hinh var 1y thue caa phan tr dien cam 15 cic cudn cam (cudn ddy) trong mach dicn.
Song ¢de cudn cam ngodi dic tumg v ban 13 tich wrr nang luong coa mach dudi dang 1lr vudng,
ban than cudn cam cing ticu hao nang luong cta mach. Ticu hao nang luonge trong cudn cim bao
p6miéu hao trong dién tra thuin cda cudn day, duoce dac (rung bt dién trgr v Gicu hao do i

thong tan rong vung khong pian quanh cudn diy. duoe dic trung boi didn (rar Ry Ngodi ra. gita
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cde vong day clia cudn cam s€ tao thanh cic dién dung vaéi gid tri kha bé, duge goi [ cac dién dung
ky sinh. O dai 1dn 86 thap, dnh hudng cla cdc dien dung ky sinh dén qud trinh nang luong clia
mach khéng ding ké vi ¢6 1hd bd qua. Nhung trong dai tdn sd cao, dac biét 1 trong dai séng siéu
cao tan. cae dién dung ky sinkt ¢6 anh hudng khad lin dén qua trinh nang (uong cing nhwe tinh chét
cha mach, nén chung khong the bo qua duoce. B vay, iy thuoe vao dii tn xd cong tie va yéu cau
4o chinh xic cva qud trinh tinh dn mi cudn cam ¢6 (hé ¢ nhidu 5o doé thay the wong duong khic
nliau (xem hinh 1-3). Cang cian nhan manh rang, trong thue & (6n hao do tir thong tin cba cuon
cdm 1A it nhd so vii 16n hao trong dién trd thudn cda cugn diy, nén khi tinh todn ¢6é thé bd qua 18n

hao Ry, hodc ghép chung ton hao 1r véi 16n hao nhiét cva cuon dav.
jSH 3 ’: o 3 -

-
L
L
c, R,
L L
¢)

a) b)

1

Hlinh 1-3. So dé thay thé ttong duvng ctia cuon cdm
a) S0 do thay the tuwong duong don gidn;
h) Sor ¢6 Khi tinh dén 16n hao trong dién g thuin cia cudu day;

¢) S0 d6 thay the wong duong ddy da.

1-2.4. Phan tir nguon

Nguén 1i phan wr bi¢h d6i cac dang nang tugng khic thanh nang luong dicn dé cung ¢ap cho
mach. Thi du. ¢dc ngudn pin. acquy bién déi hda nang thanh dicn nang. may phdt di¢n bién déi cao
nang thanh dién pang... trong k§ thuat thong tin len lac, k¢ thuat didu khién, khdi niém ngudn
duge hidu mot cich khai qudt hon. Thi du, ¢6 thé xem anten 12 mot ngudn dién (ngudn (in hice), nd
thu nhin va bién déi nang luong séng dién tir thanh nang lugng dién dé cung cap cho mach.

Cic ngudn dién chi cung ¢dp nang luong cho mach ma khong ticu hao nang luong dude goi
1a cde ngudn 1y wmy.

a) Nguén dién dp

Ngudn dicn p [ ngudn dien Iy tudng luon duy iri mot dién dp khong déi, khong phu thuoe
vao dong di¢n mach ngodi (dong dién chay qua phu tii n6i gidra hai eue et nd).

b) Nguon dong dién

Ngudn dong dién 13 ngudn dién 1y wdng. luon duy trit mot dong dien khong dor (khép vong
qua hai cye cba ngudn) khong phu thude vao dién 4p mach ngodi.
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Fren sor do mach npudn dién dp dwoc ky hiéu nhu ¢ hinh 1-6a. con ngudn dong dien ahu

hinh 1-6b,

~F
&

‘.
®

a) 4)
Hinh 1-6

) Npuon dién dpb) Npudu dong didn

Cac nguon dién trong thue 1€ khie ngudn dicn 1y (g ngols viee cung cip naag luemg chio
mach, né cing teu hao nang luong rén dién trd rong cua npuon. Nguon dicn thue vai sde dicn
dong ¢, dien ke trong . ¢é thé thay the wong duong bing ngudn dicn dp vai sie dién ddng ¢ mic
1o 1Ep v dién try bing dicn rd trong r, cua ngudn, hoice thay (he twonp duong bang ngudn dong

P . s v C 4 2 Pl M 4 ~
dien ¢d gid tri i = -— mac song song vai didn trd himg r, (xem hiuh 1-7).

Ty
—{ 2 ‘
a
¢ e
f

o a

—e (A
e@® i= elrn® ry
b b . b
(d) {a) (©)

Hind 1-7. Thay thé twong duong nguén dién thuc (a) bdng ngudn dién dp (b) va ngudn dong dién (c)

¢ ding suy ra ring, ngudn icn dp vai ste dicn dong ¢ niie ndi GEp vadi dicn 10d 1, ¢d thé
> kY ~ . ¥ "y . C 2 ». . -
(hay thé¢ (rong duong bang ngudn dong dién b gid tri i = — ndce song song vai dién try R =1,
T

«
hoae nguoc lai, ngudn dong dicn 1 madc song song vai dién tryr, ¢6 th thay 1he wong duomg bing

nguon dién dp cd sde dicn dong ¢ = L., mic ndi Gép v dicn it R = r,, (xem hinhy 1-8).

— a a
) —_d ¢
i n
i=e
e g //;, 7,
'| b | b
. a — g
L}
Ly
DL G — > e=iry
b b

Hinh 1-8. Thay thé nguon dién dp bang nguon dong dién va ngioc lui
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Tir cdc khdi nién nguén dién dp. uguon dong dicn, ¢6 the suy ra mot sé kEt luan sau day:

- N&u pifta hai diém A va B cda mach dicn duoe mac vio ngudn dien dp ¢6 sae dién
dong ¢ = 0, didu do wong duemng vai vice ndi ngin mach gida hai dicn A va 3 (xem hinh 1-9a).

- Né&u gitra hai diém A v B ctaa mach dién duve mic vai nguon dong dién ¢d gid i i = 0,
dicu dé wong duang vai viee d€ hamach gida hai dienm A v B (xem hinh 1-9b).

- Nguon dién dp ¢ dién trd trong r, = 0, ¢on dién trd trong cua ngudn dong dién 1on vo cung

o= x).

a)

A A -
Lxo (A ~
8 5 T

b)
Hinh [-9
Cde ngudn dién vira XEt atrén (ngudn dién idp. nguon dong dien) [d cde ngudn doc lap, gid i
cla ciac ngudn nay hoan toan khong phy thude vio dicu dp hodc dong dién ti it k¥ diéim nio cla
mach. Trong sodd mach dién, ngoar cde ngudn doc 1ap con ¢6 cde ngudn dicn nid 2id tri cda né lai
phu thuoce vio dien dp gita hai diém nao dé clha mach, oge pha thude vao doag dién qua mot
phian (7 nito d6. Cie ngoon dicn nhu the goi 14 cde ngudn phu thuoe, hay ngudn bi dicu khién. Cic
ngudn phu (huoe xudt hién trong cac mach dicn ¢é chie cde phan r tich cue (den dién e, tranzistor
kKhi  chdng  a thue hidu thay the ching bang ma Iinh (sandd) vie 1v teeme duomg. Thi du, s

Vil Iy wong dwotg caa tranzastor (hinh 1-10a) v& trén hinh 1- 10

HE
7 - T
| e

8
r i LT Ce q@ g uclB
T Fec |
C) 'e'——————l J—— - —L

b)
Hinh 1-10

@) Tranzistor: b Sodo vt By tuomy dirong cua tranzisto
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Trong so dé & hinh 1-10b, ngudn dong gu',y (& ngudn phu thudc, gid i cdu ndé phy thude
viio dien dp gita hai di€m u', vi tham s6 diéu khién p. Neuon ga',, 13 ngudn dong dicn duoe dicu

khien bing dicn ap.

Ton i ban load ngudn bi didu Kluén: ngudn dien dp duae didu khidn bang di¢n dp: npudn
dien dp duoe dicu Khicn bing dong dicn; nguén dong dicn duoe diéu khicn bang dicn dp vi ngudu

dong dien duvc didu khién bing dong dign.

Frén Dol =11 mo 1a cde ngudn phu thude 1tong dng

4, =0 ;
_— - ———
u, U, =0 ‘
1 62 = GUI l
a)
Z’ =0 /
—_— e ——— o > /
|
u <
¢ ! L, :_7”/ Uy = o
¢)
Hinh I1-11
1) Nyuon dsen dp duge didu kbidn bang diéa ap: by Nguén dicn dp duoe diéu kluén bing dong dicu;

o) Nuodn dong dien duge dicu khidn bang dien dp; - d) Ngudn dong dien duee diéu khién biug dong dicn,

§1-3. 1\1(7)'1' SO DINH NGHIA VA PHAN LOAI MACH ]')IEN
1-3.1. Mot so dinh nghia

Trén so dd mach dién, nguoi ta dua ra mot s6 dinh nghia sau day:

I- Nhdnh: Nhinh cda mach dién gém mot, hoac mor s6 phin tr mic noi GEp v nhau.

Thi dy, mach dién (hinh 1-12) gom 6 nhanh (ddnh <o (hi w1 dén 6), trong dd nhanh 5 ¢hi
goém mot phin tr Co: nhanh 4 pdm 4 phan t: dicn g R | dico cim 1 dicn dung C, vivngudn dién
ap ey

2- Nz 2 N et miach dién Lo dicm ndi chung coa moUso nhidnh.

Thi du, mach di¢n ¢ inh 1-12) gdm 4 ndt duoe didnh <6 w1 dén 4.

3- Mach vong: Mach vong 1a mot duomye khép kin ban cae nhianh eta niach, mic di doe theo
mach vimg moi ndt coa mach gap kiong qud mot kan.

Thi du, mach dien (hinh 1-12), mach vong thd nhat pom cde nhdnh 1, 2, 30 mach vong tha

har pom e nhanh 203060 niaeh vong (ha ba gém cdc nhidnh 4050 6 mach vong thir (e pdom cide
nhanty 1, 3.4
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7 rvv\_l},‘_,.,_ @5& 1,

Hinh 1-12
1-3.2. Phan loai mach dién

Ngudn ta phan loai cie mach dign dya theo tinh chat cdc phan tr céa mach, theo cau (rdc cda
mach, vi theo nhidu diu licu kKhic.

1- Mach dién tuyén tinh va khong tuyén linh

Mach dién duoe goi 1a (uyén tinh néu 06 chi gdm cde phin wr tyén tinh, Phin (r R, L, C
duge goi 1A tuyén 1inh, néu gid trj cha chdng 1a mot hing s6, khong phu thude vio dong dicn v
di¢n 4p, cing nhu khong thay déi theo thai gian. NEu gid tri cha ciac phitn (¢ R, 1, C phu thude vio
dién dp v dong dign qua chung (khong thay doi theo thin gian), th chidng duge goi 1a ¢ic phin 1
phi tuvén. Néu gid iri cia cic phan wr R, [, C phu thude vao thoi gian: R = R): 1= Ly C= )
(khong phu thuoc vao dién dp va dong dién gua chdng) thi chidng duge goi 1a cic phtn W tham s6.
Néu gid trt cia cic phan wr R, 1., C vira phy thude vio dién dp va dong di¢n qua ching, vira phy
thude vio thd gian, thi chdng duge goi 1a cdc phan 1 phi tuvén tham s6. Mach dién ¢6 chida phan
W phiwayen (tham s6. phi tuvén tham s6) duge goi 1 mach phi tuyén (tham s6. phi tuvén theam so).

2- Mach ¢6 tham s6' tap trung va mach ¢6 tham siv phan bé

Mach dién duoc goi 1 mach ¢d tham s6 tap trung, néu ¢6 thé xem cdc gia tri dicn g R, dién
cdm 1., dién dung C chi tap trung tai nhitng diém cva mach. Con néu cde gid tri R, 1., C duge phin
bS tai moi diém cia mach thi mach dién dé duge poi 12 mach ¢6 tham s& phan ba. Putmy day dii
truyén tin hiéu {3 mach dién <6 tham s6 phan ba dién hinh.

3- Cdc mang nhiéu cur

Ta goi mach dién (phdn mach dién) ¢d két cau bat ky ¢6 n diém (cue) dé ndi voi mach ngodi,
hoac phin khiac ca mach 13 mang nhicu cye (Mne). Khi n = 2 ta ¢6 mang 2 cue (M2C); khin=4
ta ¢6 mang 4 cue (MAC). 'Tren sof d6 mach cac Moe, M3C, M2C duge bicu thi nhy & hinh 1-13.
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—~
~
~

b) c)

fliuh 1-13

) Mang nhidu cue; by Mang 4 cues ¢ Mang 2 cye,

§1-4. CAC PINH LUAT KIECKHOP CUA MACH DPIEN

1-4.1. Dinh luat Kieckhop 1

Téng dai s6 cdc dong dién 1ai mOt nit clia mach dién bang khéng:
Yig=0 (1-11)
K=1

Trong bidu thite cha dinh luat Kieckhap 1 (1-11), dong dién ndo ¢6 chiu hudng 16i nit 88
mang ddu duong (+), dong dién nao ¢6 chiu rdi khoi niit s€ mung dau am (-), hoae nguac lai.
Thi du, n¢u quy dinh chicu dong dién trong cdc nhanh coa mach dién (hinh 1-12) nhu oép,
hinh v&, kht dé dinh luat Kiéckhop b vitt d6i vai ndt 2 <8 ¢d dang:
il_ig_iﬁ=() (1']2)
Bidu thire cha dinh Tuat Kieckhop 1 ctia mol mach dien ¢6 the viét gon dudi dang ma tran:
Ny lif=0 (1-13)
trong dé {1} 13 vEcto ma trdn cor, mdi phan (o eda nd L dong rong edce nhidnh cda mach;
[NL L ma tran ¢ap nox om0 1 86 ndt, m1a <o nhdaoh coa mach) va duoe got [ ma trn ndt
ddy du cta mach. '
Ma tran nit diy ¢t [N,] cla mach dwoe thanh 1ap theo quy téc don giin: Néu nhdnh k cha
mach 061 vao ndt r, thi trén 6 cat nhau cda dong r cot k cla ma tran duoc viét s6 1 khi chiu dong
dién trong nhdanh k hudng vio mit r, hodc s¢ (—1) khi dong dién trong nhdnh k ¢d chidu dot Khoi na
r. Con néu nhdnh k khong dugc ndi vao ndt r, thi trén 6 cal nhau cda dong r. cor Kk cia ma tran due

Viel 8¢ 0. Thi du, ma tran ndt day da N, cta mach dién (hinh [-12) ¢6 cau tric:
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nhanh
1 2 3 4 5 B
nut
1 -1 -1 -1 0 0 0
(Ng) = 2 1 0 0 -1 -1 0
3 0 1 0 0 1 -1
4 . C 0 1 1 C 1

1Dé dang nhin thay rimg. Ong ¢dc phin (0 trong mdr ¢ot cia ma rdn nat day da [N.,] cla
mach di¢n bang khong. Thiac viv, vi moi nhdnb caa mach dién duge noi vao hai ndt. nen trong nidi
cOt cua ma uin [N | ohi ¢d hai phia tr khde Khong, Mat khide, néu doi véimmor ndt, dong dign 6
chiéu hudng 161 ndt, thi d6i vai nie cou lai, dong dién & ¢ chiéu ryi khdi ndt, nghia I3 har phan ur
Khde khong trong moi cof cta ma widn nit ddy Ja [N] cha mach dién 1a doi nhau, VE mi toan hoc,
didu niy ¢6 nghia 13, néu mach dién gém n nidt, (hi h¢ phuong trinh gém n phuong trinh viét (heo
dinh Tude Kicekhop | eho nondt clia miach 1 phu thuoe tovEn tinh, NEu trong ma udn ndt ddy Jo
[N ) et mach. tcload bo di 1 hang bat Ry thi <& nhan dudce ma (i cap (v~ 1) e ky lncu BN
Ma 1rin IN] duoe goi la mairin ndt rdt gon hay don gidn Jcma tre nat coa mach. Khi niy hé

phioong rinh:
{Njli] =0 (1-14)
<€ Livhe doc Tap tuyén minh,

Vay, mach dicn gdnin ndt ¢hi ¢6 thé thanh 1ip duge he phuong tinh gdm a - 1 phuong trinh

vict theo dinh tudt Kigekhop 1 cho i — 1 ndr cga migelr [ doe fap tayén tinh.
1-4.2. Dinh luat Kiéckhop 2

Tong dai »6 cic dién dp ral trén cde phan W ndm trong ¢ic nhénh thuoe mach vong bing

10ng Jai 86 cic nguon dicn dp tac dong chda trong mach vong dé:

Zuk -ch (-15)
& &

Trong bicu thde caa dinh Taat Kicckhop 2 (1-13). u. 14 dien dp roi tren phin o th k thuoe

mach vong, ¢ [ ngudn dicn dp thir N thude migeh vong.,

P vidt bi¢u thae dinh ludt Kicekhop 2 cda mach dico,ngui ta g ¥ quy dinh ¢hi¢u mach
vomg, dién dp i sde dicn dong 0do ¢d chicu trang vai chicu mach vong mang dau duong (+), dién
ap v ste dién dong nao ¢6 chiéu nguge v chicu mach vong mang didu am (=), hoac nguge lai.
‘Thi du, kbt chen chidu mach vong / ca mach dién (hinh 1-12) nhu yén hinh @, bicu thie coa dinh

Tuat Kieekhop 2 (vict cho miach vimg £y s8 ¢6 dang:

U + Us — U, — U, =0, L, (1-16)
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B¢ xdc dinh hé phrong wrinh viét theo dinh luat Kicckhop 2 cho mot mach dién Ta doc tap
tuyEn tinh, trude hét 1 xét khdi niém "graph” va "cay" cia mach dién. N&u trong so o mach dién
W il nguyén cic ndt cia machi, ¢om cdce nhdnh ¢hi thay bang dudmg nd1 gilta cic ndt (b6 qua cie
phan tin. thi chdng 1a s nhan duoc mo hinh poi Fa "graph” caa mach. ‘Thi du graph cua mach dicn
(hinh [-12) v& irén hinh 1- 14

4
2 3 4 \
. — 2
2 4 9—5 T 6-—. — 3 4 = 3 4
3 |# 2 2
! & p 3
!
a/ b) c)
Hinh 1-14 Hinh 1-15

Néu trong graph cda mach, ta thue lién ngdt bo di mot s6 nhdanh sao cho trong graph Khony
¢On mot mach vong ndo. nhung cde ndt cda graph van duge lign e vai nhau qua cde nhinh cou Lar,
Phin con lai cha graph sau Khi agdt bo di mot s¢ nhanh phu iren goi 1 "cay" cta mach, con cic
nhanh bi ngat bo khoi graph goi 1A ¢ic nhdanh "bu cay". Thi du mot 88 cay cha graph (hinh 1-14) \¢
trén hinh 1-15. Cay (hinh 1-15a) gém cdc nhdnh 2,5,6, con nhinh b cay tuong tmg gdm cdc nhdoh
1, 3, 4; cdy (hinh 1-13b) gdm cdce nhdnh 2, 5, 4, nhidnh bu cay wong tng gdm cde nhdnh 1. 3, 6:
chy (Nnh 1-135¢) gdm cie nhdanh 2, 3, 3, nhinh bu cay wong dng pom cic nhanh 1, 4. 6. DE ding
nhan (hay ring, mach gébm my nhanh, n ndt, $6 nhinh b cay s¢ Ja:

m-(n-1) (1-17)

NéEu c thém mot nhidnh bl cdy vio ciy, rong né s€ hinh thanh mot mach vong, Vi he
phuong 1rinh viét theo dinh ludt Kigckhop 2 cho cde mach vong vira duge tao ra béi cde nhinh bu
¢y s€ 1a he phuong trinh doc 1ap tuyén tinh (vi cice dién dp roi trén cde phin W v cde ngudn tic
dong nam trong nhinh bt cay chi ¢é mat trong midt phuong (rinh (rong Gug cva he).

Viav vai mach dien gom m nhdnh, o ndt chdng 1a <& thanh lap duge hé phuong trinle gom
ot (0 1) phuong trinh theo dinh Juat Kiéckhop 2 T doc lap tayén tinh.

Neud (a cong goi ¢ic mach vong twong g vai cic phuang trinh trong hé phuong irinh doc
[ap teyén tinh viél thico dinly luat Kieckhop 2 1a ¢ic mach vong dac lap. Hay aoi cich Khic, bi¢
mach vong duoc poi 1 doc lap, néu mdi mach vong ¢d mdt nhanh khong tham gia vao niot mach
vong ndo khic.

N&u chon chiéu dign dp roi trén phin w0 nguoce vt chiu dong dién smb ra né, hicu thie Cda
dinh Tudt Kiéckhop 2 s€ ¢6 dang gidng bicu thde cda dinh luat Kigckhop L (t-11):

TLIMACHT APS %u' =0 (1-18)
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nghia la ong dai so cdac dien dp trén mot mach vong bang khong, trong dé dién ap trén mach vong
hao gdm e dién ap roi trén cic phin tr va dién 4p cta cic ngudn tic dong.
Bi¢u di¢n dien dp roi trén mach vong qua dién dp roi trén cdc nhdnh thuoc mach vong, va

dien dp roi tren nhinh k:

, di, | .
ul\:I{h1|\4-[_k—+‘—jlkdl:-;kik (1-19)
dt L
trong do:
R, +L, L+ ga (1-20)
#» =R _+L, —+— -2
: : fau C

k

201 14 toan urhinh thiee, hay todn wr nhanh. Khi do biéu thie cia dinh luat Kiéckhop 2 s& duoc viét
duei dang:

Y & i =Ye, (1-21)
k

k

no hiéu dién moi lien he true tép gira dong dién trong cac nhanh, todn (i nhdnh va cdac ngudn dién

dp trong cie nhanh thuée mach vong.

[e phuong trinh doc lap viél theo dinh luat Kieckhop 2 ca mach dién ciing ¢6 thé viét dudi
dang ma trdn sau:

(M] [i] = [e] (1-22)
trong do:

[i] Ia vécto ma tran ¢ot, mOi phédn 1 ciia n6 1a dong dién trong cdc nhdnh thuoe mach vong.

le] I vecto ma trdn ¢ot, mbi phin tr ¢ta né 12 10ng dai s6 cac ngudn dién dp tac dong niam
trong cac nhdnh thude mach vong tuong dng.

[M] Ia ma tran todan (& nhanh, 13 ma tran cap M x m (M la s6 mach vong doc lap, m la s6
nhanh cia mach),

Ma tran 1dn tr nhanh [M] cba mach duge thanh lap theo quy tac don gidn sau: Néu nhédnh k
cua mach thuoe mach vong thir 1, thi trén 6 cat nhau cta dong 1 ¢ot k ctoa ma trin s€ dugce viét todn
(i cua nhdanh k14 2 vai dau duomg (+) khi chiéu dong dién trong nhdanh k trung vai chiéu mach
vong da chon, hoac viét tdén tr nhinh k 1 », vai dau am (-) khi chiéu dong dién trong nhanh k
newoe vor chiéu mach vong da chon. Con néu nhdnh k khong thuoe mach vong 1, thi trén 6 cit
nhiau coa dong 1ot k cta ma trin duge viét s6 0.

Thi du, néu chon cde mach vong doc lap, chiéu mach vong va chiéu dong dién trong céc
plianh cua mach dién hinh 1-12 nhu trén hinh v, ma trin todn t& nhianh [M] cia mach s& ¢6 két .

Cill sau: f
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1 2 3 4 5 6
Mach vong
(M]= 1 41 —4 0 0 “s 0
2 0 4y ~J3 0 0 45
3 ) 0 o] 0 L4 s ] 76

Vi hé phuong trinh doc Lap theo dinh tuat Kiéckhop 2 s€ ¢6 dang:

s & 0 0 z 0 g e e
Iy

O 4w 0 0 % SN =] e e
i, c

0 0 0 ¢, X2 & E ¢y
i(‘

Cac dinh luit Kieckhop 1 va Kieckhop 2 I cdc dinh luat duge tim ra teén ¢ so thuc
nphi¢ni, Tuy nhién tinh ddng dan clia né ¢6 e duge gidi thich wén co sd cha 1y thuyvét dicn trudmy

Vit truomg. Dudi day chidng a xét mot $6 thi du vé tmg dung cia cie dinh luat Kieckhop.

Thidu 1: Xétn phin (r cung loai mac song song (hinh 1-16).

Ihinh 1-16
Poi vai cae mach dién ¢ hinh 1-16, theo dinh luat Kiéckhop 1, ching 1a ¢6:
P=i+ L+ i (1-23)

Dong dién qua phin (& dién trd ( hinh [-16a):

Pou
TR

dong dién qua phan ur dién ¢am (hinh 1-16b):

A ]
i, =—fudt

K

com dong dién qua phan te dién dung (hinh {-16¢):
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iy = O

Thay cac dong dign i, tuong tng vio bidu thie (1-23), thi du d8i véi mach dién & hinh 1-16a.

ta »& nhan duyc:

4 \
v u u {1 | u
i=—t— b=l — b — o F— = —
R, R, R, R R R )' [
. 1 ) 1 1 a ]
a dav: —_— b — 4+ — = L
R, R, R, R, w1k,

t1-23a)

Vay n dién tré mac song song ¢6 the thav thé bang mot dicn o wong duomg R, . Giad tr

clu dién r¢ tuong duong duge xdce dinh bdi bicu thie (1-232), nglia 1A nghich ddo cha dién trd

wong duong biang t6ng cic nghich ddo cla cde dién tr thinh phan.

Chimg nunh trong (v ta co:

- 1 dign cim mdc song song ¢6 the thay the bing mot dién cdm tuong duonp |, gid 11 cloa

dien cam twong duong 1., duoe xidc dinh bai bidu thie (1-23b):

LI N B S < B
L1 L'J Lr. leL

(1-23h)

- n dién dung mic song song, c6 thé thay thé bang mot dién dung wong duong C,,, pid tri cla

dicn dung wong duong C, duge xdce diah boi bidu thie (1-23¢):

Cy=C +C,r..+C =>C, (1-23¢)
k1
Thi du 2: Xét n phian W cung loai mac ndi Gép (hinh 1-17).
. U —Uu, i - -, P Y —U,
- Y >
R, R, L L, c, c, l
u unl R, u unl L, u u"l ‘\'Cn
a) b) c)
Hinh 1-17
Paéi vai mach dién & hinhy 1-17, theo dinh luat Kigckhop 2 1a ¢6:
U=t +u,+..+y, (1-24)

bién dp wrén phan 1@ dién tres (hinh 1-17a):

u, = Ryi;
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dien dp wren phin wr dicn cam (hinh 1-17b):

u =1, &
dt
¢on dién 4p trén phian i dién dung (hinh 1-17¢):
.
u, = — [idt
C

IN
Thay cdc dién 4p u, twong img vao biu thie (1-24), thi du d6i vai mach dién & hinh 1-17a.
tu € nhan Juoc:

U=Ri+Ri+.. +Ri=(R + R4+ R =R,i,

trong do: Ry=R,+R,+ . +R = ZR& (1-232)
ko

Vay, n dién trd mac noi 1i€p ¢6 thé thay thé bing mot dien trd 1wong duong Ry, gid tri cha
dién tré tuomg duong R, duoe xdc dinh bang dng cac dién trd thanh phin (bidu thifc 1-23a).

Chimg minh tyong 1 ta co:
- n dién cam mac ndi tidp ¢o thé thay the bang mdt dieén cam wong duong 1, gid tri cla
dién cam twong duomg duge xdc dinh bii bidu thie ( 1-25b):

Lg=L +lo+.+L,=> L, (1-25b)
k-1

- n dién dung méic ndi 1i€p 6 thé thay the bang mot dién dung tuong duong C,,, gid tri cla
dién dung tuomg duong C,; duge xac dinh b biéu thie (1-25¢):

]

] ] — |
—_—+ ... — =
C

L, : (1-25¢)
Cld C! C2 n k—l(’k

§1-5. HAI DANG BAI TOAN LY THUYET MACH CO BAN

Trong k¥ thudt dién ur, ching ta thudng pap hai dang bdi todn 1y thuy& mach co bin: bai
todn phan tich v bii wdn tong hop.

N1 dung ctia bai 1odn phan tich mach & cho trude mach dién (so dé mach dién), cho trude
gid tri cic phan t cda mach, cling nhu gid tri va quy luat bidn thign cia cic ngudn dién ¢é trong
mach, ma ching 1a s€ goi chung 13 cdc ngudn 1dc dong, hode ngubn tin hiéu vio, yéu cdu xdc dinh
dodng dién, hodc didn dp trén cic phin 1 hodc trén mot ho phidn nao d6 cia mach, ma ching ta s&
goi chung 13 phdn tmp cba mach, hay tin hiéu ddu ra ciia mach. R3 tng la quan hé gita tdc dong
va phidn img wong mach I3 quan hé nhin qud, va do J6 phdn tng rrong mach dien khong thé xudt
hién trude e dong.
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Noi dung co ban ctia b todn téng hop mach, Ia doi hdi xay dung mot mach dien sao cho
phan Ung cua mach, hay tin hi¢u rén ddu ra cia mach théa man mat yéu ciu cho rude khi ngudn
tic dong vao mach cho trude. Yéu cau cho trude & day thuong duge ¢cho dudi dang mot bidu thi
toan hec dang tusng minh, hodc dang todn tir. Hay néi cdch khic, nodi dung cha bdi todn t6ng hop 1a
xay dyng mot mach dién ¢é mot, hodc mot s¢ dac trumg (tham «38) bicn thién theo mdt gquy Tuat cho
trude. Khic véi bai 1odan phan tich 12 bai todn don tri, bai todn 16ng hop bao gid cng [h bai todn da
tri. nén bdi 10dn t6ng hgp ngodi yéu cau chung 1a thoéa man dién kién dat ra, ¢on phii dugc 16i uu
hoa theo mat tiéu chuin nio daé.

Can phan bi¢t bai todn 'dng hgp mach va bai todn thiét k&€ mach. Bai wodn thiél k& mach ciing
doi hoi xay dumg mot mach dién, song mach dién xay dumg « day chi doi hdi thue hién ot chie

nang cu thé trong mot thiél bi cu thé doi véi ngudn tic dong che trude.
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CHUONG 2

PHUONG TRINH TRANG THAT CUA MACH DIRN

Ta poi phuong trinki hay hé phuong tinh xdc [ip quan he gidra phin dng vioide dong rony
mach dien, grai phuong trinh, he phuong trinh 36 1 s¢ xide dinh duve phan Gng trong miaeh vdoae
dién gua cdc nhdanh. dién dp (rén cic phin iy i phuong trinln lay he phuong tinh trang e cu
mach. Tuy thuoe vio vice chon bieh trang thdi, ta s& nhan duoc cdc phzang rinh hay e phuenye

rinh trang thdi Khidc nhau cta mach dicn.

§2-1. PHUONG TRINH DONG DIEN NHANH

N&u ta chon bich trang thai (an s6 cda phuong oinh) 14 dong dicn rong cic nhindy cus e h
dién, ta s€ nhdn duoce phuong trinh hay fi¢ phuong trinh trang thii cda mach duoi dang doag dien
nhdnh, hay goi it 12 phuong tinh hay hé phuong trinh dong dien nhdanh. Phuone (romh hay he
phuong trink dong dién nhanh duge thianh ap wen co <& K&t hop he phuony irinh doc Lap 1oadn
tinh vidt theo dinh tuat Kicckhop 1,biéu (hae (1-14) vie he phuomg tiinh doc Bp tayén iinh v e

dinh tuat Kieckhop 2, bicu thie (1-21) caa mach., N6 ¢ dang:

[ [NIf] = 0
"M 0] :

D¢ dang thay ring hé phuong trinh (2-1) gom m phuong trinh (m 1 so nhanhy cia nachs v

13 ié phuong rinly doc 1ap tuyén tine

Thi du. d61 vai mach dién & hinh (2-1)0 chion chitu domg idn trong cde nhiinh cde e h

vong doc [ap viv chidu cae mach vong nhu b ¢80t $ & hict 1ap duce he phueng il T
nhidnh cua mach.
' i >
R L3 3 C3 g, Q
3
I
—L Y Y oy ="
i i ' i
Al R5 L I I Cs € ;flr
s
1 R, R

[ {
A

|
2 LT’
f L, :

|
e
1 Cy @ €
_

Ilinh 2-/
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=i is= 0
Ltis—i,=0

L+, +i,=0

: . di di |-
di +Rgig+Le—= =R, -1, —~——fi,dt=¢, -e,.
I dt dt C,
1. \ di I
Ryty ——ft de—R i, -, ~*~—fidt= ¢, —¢,, (2-2)
B OPAR t y )
: di. | 1 ) i
Ry, L, —+—fidt-—Ji,dt - Rgiy -1, =X =¢,
dt C, “ di
Hay dudi dang viét gon:
i, —i,—ig =0,
i —i, =0,
:/’Ji1 r’/’qiq —‘/‘|i4 =e¢ —¢, (2-3)
fily = g — 9,1 =0, —e,,
Py~ el — $51g = ¢y

Phuong phip phan tich mach dién bing cich thanh 1ap va gidi hé phuong trinh dong di¢n
nhink goi i 1 phuong phdp dong dién nhdnh. Phuong phdp dong dién nhdanh phan tich mach con

eof 13 plivong phap cic dinh Tuat Kieckhop.

{{¢ phuong trinh ddng dién nhinh ¢o s8 phurmg trinh bing 6 nhinh m ctia mach. Do d6 doi
vl mach dicn phite tap (¢6 56 nhdnh m lén) viée gigi phuong trinh dong di¢n nhdnh s& rat phc

tap. nén trong thuc (€ phuong phip nay it duoc tng dung.
§2-2. PHUONG TRINH DONG PIEN MACH VONG

‘Trong graph cua mach, cdc nhdnh bu cAy chi tham gia vao mot mach vong, va la nhanh doc
lap cua mach vong. con cde nhdnh cay 1 nhdnh chung cba cic mach vong. C6 (hE bidu dién dong
di¢n trong cde nhdnh chung qua dong dién cba cic nhdnh doc lap cda mdi mach vong.

Thi dy, doi véi mach dién & hinh 2-1, néu chgn cdc mach vong nhu irén hink v&, cdc nhanh
f,2.3 58 1 cdc nhdnh doc 13p coa mbi mach vong, vi cde dong dicn iy, i,, i, s€ 1a dong di¢n cla
civ nhdnh doc 14p cla mdi mach vong wong g, con cic dong dién iy, is, i, 12 dong dién vong

nhidnh chung celua cie mach vong.

Theo dinh luat Kiéekhop 1, ta ¢6:
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N

s =i, =i \
b, =i,y +iy) ‘ (2-4)
iy =0, = g ==(i;+is)

nghia la dong dién trong cic nhanh chung i, is. i, dd duoc bicu dién qua dong dién clia cic nhinh
doc lap iy, 1, 1, cha mdi mach vong.

Trong mach dién & hinh 2-1, chon cic mach vong doc lap va chiéu cic mach vong nhu hinh
Ve, ta thid lap duoe hé phuong trinh doc 1ap tuyén tinh theo dinh luat Kiéckhop 2:

J'flll + gl — iy =@ —Ly,

l'f_-l-_ —~ficky =0, = e (2-5)

Trong hé phuong trinh (2-5) vira thict lap, thuc hién thay cic dong dién trong cic nhinh
chung (iy, is, iy) bang dong dién trong cdc nhdnh doc lap (i, iy, i), tir bidu thic (2-4) va sau khi
bi¢n doi ta s& nhan duoc:

fr-,«-,.il + ey + 2= Fdy i = e —eg.

Pois F s Fiyls FEIHF R0 =8, 56, (2-6)

i +70; Fois+ @i ~#i; =8
: 2 >

J

Vi rang todn tor nhdanh #, véi dong dién la dién dp roi trén nhanh k do dong dién qua nhdnh
iy nén, do dé tir he phuong trinh (2-6), mot cich hinh thite ¢6 thé xem dong dién trong cic nhanh
£d) : £ : £ dic g
doc 1ap coa mdi mach vong chi chay khép kin vong trong mach vong chira no, va ta s€ goi 1 cdc
dong dién mach vong, ky hicu 1a iy, 1y, iy
He phuong trinh (2-6), ¢6 thé viét lai dudi dang:
(# + 25+ 7)) I+ 240 — Zsiy = € — ¢y,
'f’_li[ + {.'}"_; + Pe + '}'_1) i” + Vs im =g, -y, (2—7}
== .r)ﬁ_q i: + 'fr,i“ + {')". + w5+ ‘)"lr_‘) i“[ =¢,,

hay:

Fphp By = Aglyg =8y,
b I -
Pyl F Pl + ol = €5y, (2-8)

= Fyly Ty Pyl =0y

trong do:

<
|

= I;J + Ir-i + .ff- 1%

~
I

¥ + £p + # 4y

Y =2, + .‘!‘.’5"’-‘3"5.
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I3 10ong cdc todn 1 cta cac nhdnh thudce cac mach vong tuong mg:
¥ =%, = v, 1A todn 1 nhdanh chung cua mach vong thi nhat vi thi hai;

# =4 = latodn ur nhinh chung cua mach vong tha nhal va tha ba;

1l
"

v, I todn 1 nhanh chung cua mach vong tha hai va thi ba.

=0 —en e, =6 — e e = ¢ la1ong dai s6 cac ngudn dién dp tdc dung chia trong

cic nhanh thuoe mach vong twong tng.

Vi rang cic dong dién mach vong chay khép kin vong trong ciac mach vong tuong tng, nén
dién dp roi trén cac phin e cia moi mach vong bao gdm: Pién dp roi trén 1at ca cac phén tr thuoc
mach vong do dong dien mach vong ciua chinh mach vong dé gay ra; vie dién dp roi trén cie phin
tr cua nhanh chung do dong dién mach vong cua mach vong ¢o cung nhanh chung gay ra.

Thi du, trong he phuong trinh dong dién mach vong (2-8) cia mach dién & hinh (2-1), d6i
vdi mach vong thd nhdt (phuong trinh ddu ctoa h¢), cdc thanh phin ¢,,i, = #0, + #4, + #,i la
cac thanh phin dién dp roi do dong dién mach vong ca mach vong tha nhat i, gay ra; thanh phén
0y = # 4ig 18 thanh phin dién dp ron do dong dién mach vong ctua mach vong thr hai iy, gay ra wrén
phéin tr cia nhdanh chung gitta mach vong tha nhat va tha hai; thanh phan 4, = 4 la thanh
phin dién dp ron do dong dién mach vong cta mach vong thir ba giy ra trén phin (& cia nhdnh
chung gitra mach vong the nhat va th ba. Hon nita, thinh phéin di¢n dp roi 2, mang diu duong
(+), vi rang dong di¢n cta hai mach vong i, i, chay qua nhdnh chung 1a cing chiéu, con thanh
phian dién dp roi w51, mang dau am (—) vi dong dién cha hai mach vong i, iy chay qua nhinh
chung 14 nguoc chiéu,

Tuong tu, doi véi mach dién ¢6 M mach vong doc lap, hé phuong trinh dong dién mach
vong sC ¢o dang:

Fuvy FEp g T Tyl =8

Pyl + Fpalg + oo F iy =€
aihy T Enlp iy =€
' (2-9)

Pyl + Pyaiy + o Ay = Cay
hay dudi dang ma trin:
Myl (Iy] = [Ev] - (2-9a)
trong dé: 1] [a vécto ma trin cOt, mdi phin 1l cla ﬁé I3 {.;a’ic dong dién mach vong wong tng:
[Tel=110 iy ... iM]T.

[ 1A véeto ma tran ¢ot, mbi phin 1 clia nd 13 10ng dai s0 cde ngudn dién dp tic dong chia trong

cie nhanh thude mach vong tiong tng:
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“ —_ * Al Ay |
(el =1ler o0 cocuml
o dity Ky icu char'F bicdu thi ma tran chuyén vi.

[My | ld ma trén todn wvong:

Myl Aoy
t’\n SRR NIV

Ma triin todn e [M} ¢ (2-10) [3 ma trdn vuong cap M x M. D46t vai cde mach dicén tuvén
tinh thudn nghich, mia wrdn win W vone [M, ] doi ximg gua duong chéo chinh, Cdc phin tor nam
trén duomg chéo chinh o, 13 10ng cic (odn W nhdnh cua cic nhdanh thuae mach vong tha k. cic
phan tr ndm én duong chico chinh luon many diau duong (+). Cic phan (I nam ngoad duomg chéo
chinh 4, .., = 7 it lodan 1o nhdnh chungj caa mkch vong tht k va mach vong tha v, Phan wr o,
wang dau duong (+) khi dong dien mach vong cda cdc mach vong tha K v thi r chay qua nhidnh
chung 1& cang chiéu. Nguge L. néu dong dién mach vong clia cac mach vong thir k va thid r chay
qua nhanh chung 13 nguoc chicu thi phan tr v, mang Jddv am (=), Néu gita mach vong ¢ vi mach
vong r khong ¢6 nhdnh chung (hi phinwry =, = 0.

D¢ diang nhan thay ring. todn tr vong:

d |
P =Ry # Ly —+ C
oy

[du.

trong do:
Ry, 12 18ug cic dicn 10 nam trong cac nhanh thude mach vong tha ke

L b ong cac dien cm nam trong cde nhinh thude mach vong thu k:

~

NN

12 18ng cde nghich ddo cba cie dicn dung nam trong cic nhinh thude mach vong thir k.

Gidi he phuong trinh (2-9) hodc (2-9a), ta <€ xde dinh duoe cde dong dién mach vong. Dong
dien trong ¢ic nhdnh cta mach duoe xde dinh theo quy tic don guin: Dong trong cae nhdnh doc
lap cua ma mach vong hang dong dign nach vong (wong tng ci ve chidu va i sa; con dong trong
cde nhanh chung coa cae mach vong hing ong dai &6 cic dong dicn mach vong qua nhdnh chung
do. Thi du, gidi he phuong rinh dong dicn mach vong (2-8), ta & xdc dinh Juoc cic dong dién
mach vong iy, i;. 19 caa mach dien o hinh (2-1). T day xde dinh duge dong dién qua cdc nhianh

cta mach:
L=l =i =iy

=t =0 ~ig = - k1, )
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Phuong phap phan tich mach dién bing cich thiét Jap viv giai hé phuong rinh dong dién

mach vorg goi tit 1 phuong phdp dong dién mach vong.

Khi phan vich mach dién hang phuong phiap dong dién mach vong d6i vai cdc mach dicn ¢6
nguon dong dien uic dong. ta phar chon cdc mach vong doc 1ap sao cho cie nhinh chda ngudu
dong phii 1a nhdnh doc lap coa cic mach vong, vit khi dé s& phuong (rinh trong he plivemyg trinh
doag dien mach vong caa mach s& giam di dhing bing s6 ngudn dong tic dong vio mach, vi rang

cie dong didn caa cie mach vong chita nguon dong dung bang ngudn dong di bidt.

__::.__KW\ ] Ja)
I N

R, L C, 1l K
— VN[ SN Y 4
L& R4 LS
R, Ry
(A
I\
»l& 1
®, ®,

Hinh 2-2
Thi du, mach dién & hinh 2-2 ¢6 ngudn dong i, tic dong, ndu chion cic mach vang doc lap
va chidu edc domg dién mach vong nhe teén hinh Ve, thi dong dicn cha mach vong thi ba iy, = 1 dd

bitl, do do h¢ phuong (rinh dong dién mach vony cta mach s€ i dang:

N

{(‘/] AR I VIRl S | S GV S0 | SR U SO

R VAR P O I A0 IS T\
hay:
{/“il._ /1_‘iuI:°»_°«_l(/i b aOLy .11
Ay T Al =8 4L
trong dé: =9t eat £+ 7,

'(j‘).) =5-/>2+y4+$?5
(VIR ST P

BPE thudn ticn cho viée thidt tap he phuong trinh dong dién mach vong cda cde mach dign ¢6

chi ngudn domg, khi thye hién phan tich mach bing mdy tinh., ta ¢6 e hicu doi wong Juong
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mach o chaa nguon dong v& mach kliong chiza ngudn dong theo quy tie sau: Sau kKhi chon cice
mach vorg doc fap va chicu cdae dong dicn mach nhu di néu ¢ (rén, e hicn thém vao cac nhdanh
cua mageh vong co chida nguon dong mot ngudn dicn dp 6 ste dicn dong bang todn W nhanh vai
nguon dong, vi ¢ cluéu npuge vai chicu dong mach vong, sau do cho ngudn dong bang khong

(héy mach ngudn dong)

Ihidu, nuach dién (Chinb 2-2 ¢6 the bich doi vé mach twrong dgong nlis o hinh 2-3.

—T " I S
14 '/
R, K “ 1 2
—1 [ 1 7vyVT"Ym YV <)
R, L, Ly M,
® L
R, .
Ry
I
e, €
Hinh 2-3

£301 vl macl 0 hinh (2-3). 1 e hé phuong trinh dong dién nach vang:

|/ VIR VA A Cry 4 vs) I.’ _ e, —Cy ./\x,f 751 (2-12)

|~ oy e20) vk brc |y l_ Cy + 0y,
Ro rang ring, i¢ phuong trinh (2-12) trung véi be phuong teinh 2-11).

§2-3. PHUONG TRINH PIEN THE PIEM NUT
X&nhidnk ab bat kv cia mach dien & hinh 2-4
i R L c e
> YN
3 \Z/ b
oo Hinh 2-4
[heo dih luine Kieekhop 2 dd
_ di 1 ..
Ri+L— + —Jld[ =t¢ (2-13)
dt C

Trong biu thire uén, nguon dicn ap ¢ My diu duong (+) ncu chidu cda ngudn trang v
chi¢u dong dicn i, nguge lai uéu chiCu coa ngudn dién nguac vai chiéu dong dicn, nd s& 14y diu

an (-1 Bicu thize (2-13) ¢ the vid! dudi dang:
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re=u, e 2= 1y
trong dé s Th wodn (o nhdnh.

NEU odn e nhinh s da hict iht dong dicn gua nliinh a, b dude sac dinh by bicu 1hie

1= (a, =)y ! (2-15)
ong Jd6 /7 = — L pglich ddo cda odn te nhianh, M khace dign dp pita ha dicm a va b (o)
/
bange hicu dien the gida hai diém a vi hu, = @, - ). nen bicu thue (2-15) ¢6 thé vigt L dudy
dung
1=, ey (2-16)

Bicu thie (2-16) chimg 10 rang dong dién qua mot nhianh hodn 1oan duge Xde dinh néu bidt
dicn the lai nat ke nhdnh 6. Picu dé cang ¢6 nghia 1a ¢6 the e dindy dong dién qua cde nhinh

cha mach thong gqua vice xae dinh dien (he cic nde cun mach.

Phuomg winh (he phuong trinh) (hict Ep moi quan he gitra cde nguon tde dong vio mach va
dien Ihe cac nat coa mach duge gor By phuong rinh (b phuonge (Anly) dién the didm ndt Cong
bicu thte (2-16) ta thiy dong dién qua mot nhidnh chi phu thude vao hicu dicn thé gida hai ndl k¢
nbinh déo mid khong phu thude vao gid tri tuyér doi caa dicn (e nat Do dé rong phivong (rinh

dicn the difm gt @ xdc dinh didn the cde nat con b cha mach so vé dien the mot niv ma

—_

o

chon [am ndt 2oc. hode ndt chuiing vic de don giin tinh i acchon dien the yidt eoc bang khong
N tadly dien & hanh 2-3.

— Y "M

|-1
R, 3 v,

YL

2
L i A, Re L Iy i,
" Ik
]
L,'
c C> e
0

¥ )
I &
CJ

—a

D B

st

— -
el

3

5

€

Hinh 2-5
Vidt he phuong trinh doc Fap tyén tnh theo dinh tuat Kecekhop b donvgi cde nat 10203 1@

nhan duove:

Py oedy i, =0 (2-17)
L 3 )
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Gid st cde toan tr nhdnh » e mach Ja bice chon nat O lam ndt gée vic cho dicn (b ndt
e o, = 0 theo bidu thie (2-16), 1a bicu dien dong dién trong cic nhand (), 1. ., i, qua dien thé
cac ndn 1, 203 ciha mach:

I =(¢ - s

b= (C py s

I =t@p  p.+e) s

Lo={e, - @ s

- N |

=@ =@, 4,

L=(p 3y r’ (2-18)

Trong hi¢ phuong trinh (2-17), thue hicn thay cde dony dién 1 cdce hicu thie (2-18) viv sau
Khi bich doi ta £& nhan duge:

1 o | I AR L,
Py 7y s )T s (I A

D | | 1 D A |
A N O 0 I P RN U (2-19y

b

1 S : , | 7
R LT A B (L B A A S U

hay:
‘ S 1 R L
Dy TP Py =0 Ty
) | | o ,]
]“(DIIZJ TPy D FC L
—,s Purtr ot = e )
17 LR Salny T [ - \
( ' (2-200)
trong Ja:
! ' !
I P N B
| | |
/ VA A
R N /.

13 10ng nghich ddo cta 0an wWreda e nhinh ndi vai ndt 1,2, 3 (wong ing,

! 1 (N . ) PR . e N A
/o= 7y =, Fanghich ddo tody (& cou nhinh nédr gitra nar 1 va ndr 2,
/,\' = s = 2, 1 nghich dio 10dn 10 cta nhidnh néi gida ndt 1 va nat 3
o0 = o = Bnghaely dao odn tl e nhdnh ndi g nde 2 vionge 3.

VE phii coa hé phuong trinh (2-20) Bdng dai 86 cic nguon dong dang tri noi Vi cde nat

e wong dng. That vay, néu phan i thu dong cda ahdnhe chi [ dien trd Rothi du: nhdnhy T, nhdnh 2
cua maclt dién & hinh 2- 4 thi wodn wrnhinh v, = R, 4 = R, vi khi d6. (hanh philn ¢ /R ¢ /1L
chinh [3 ciie ngudn dong dang tri ki thue hicn bién doi wong duong ngudn dién dp mac noi Gep

vai dién ted thinh ngudn dong dién miac song song vai dien o (xem hinh 2-6).
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o

"
|

ps)

-

- Ihinh 2-6

Tuong 1. ¢ (he ching minh duoc ring. nhidnh gom ngudn dicn dp ¢ mic ndi G vdi 1odn

nr nhdnh da bict ¢o the bicn doi wong duong thash ngudn dong ding i ¢6 i & nguén dong § =

¢ 7 mde song song vat nhdnh ¢ 10dn (o (xen hinh 2-7).

A A

4 Vi
i=e .7

e

B B

Hinh 2-7

Bang ¢ich chimg minh twong 1 ed the suy ra riog, voi mach dicn gdm n ndt vi cde todn W

nhinh cda mach di bigt, sau khi chon mot nit L ndt gdoe v cho dién (the ndt gde bang khong., ta

s 1hidt 1ap duoe he phuong triinh dicn the didm nidt caa mach nhu sau:

{ 1 I 1
] . . . p—
Ypyy e, Tt =

(]

] ) |
J(Pl Py FPasn Py Sy =

o ! o gl
P F Py F T Py T I

trong dO N =n -1,

hay dudi dang ma trin:
L] gl = 1T

(2-21)

Trong (2-22), ] i véeto ma tran ¢ot moi plian W caa no Fidicn the cice nde cda mach (o

Va1 ne goe); [T véaro ma trin cot, mor phdn (F cda no 13 (0ng dai s0 cde ngudn dong dang tn

no1 Vo NUL g dng:
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[+ 7' 1% ma trén WOng dan:

i‘n A A
i | -1
)
[ |]_ F3 Ainn s
W =
I I L
AN AT AN

né 1 mia i vuong doi xang qua duomy chiéo chinhy (dai vai mach dign chi pom ¢de phan or thuin

ughichn
v 2 4 X - PN < . I oys (A . ’ . . ) ' . .

Céc phan 1r nam tren dudmg chéo chinh - 4 1 16ng nghich ddo cdc todn I cua cdc nhinh

no1 vai ndek: cae phan tor nam wrén dudmg chéo chinh luan mang ddv duong (+). Cic phan W nam

< N . P I IR . Ve . ) . - A . -

ngoi dudmg chéo chinh P = fu d nghich dao toan e ca nhanh chuag nor gida ndt k va

(k=1
nd ez cie phian G niam ngodi dudmg chéo chinh luon mang Jdiw am (-) NEu gilta ndt r v nlt g cua

N P 4 ~ ~ ) i i
mach kKhong ¢ nhdnh chung thi phanwr v o — 40 = 0.

Gidi he phuong trinh dién e dico vt (2-21, hoae 2-22) ta xie dinh duge dign the cde nat
cua mach (so vdi dién thé ndt gée bang khong). sau do theo bicu thie (2-16) ta xdc dinh dong dign

trong cic nhinh.

Phuong phdap phian tich mach dién bang cieh thiét 1ap vi gidi hé phuong (rinh dico the diém
udil goi 13 phuong phap dicn (h¢ dicm nan,

Khi phan tich mach dién bing phueng phip dicn the diém nat doi véi cde mach dién ¢6
ngudn dién dp midc true iép gitta hai ndt. ta phat chon ndt goc 1 mot trong hai ndt ¢d ngudn dién
Ap mic true HEp gidra hai ndt dé, vi khi do s6 phuong trinh trong he phuong trink dicn thé dicm

nat cta mach s& giam di, vi Khi dé dién thé cda nadt thi 2 di biét.

Thi du. mach dien & hinh (2-8) ¢d ngudn dicn dp ¢ miéc gida nde O v ndt 1, néu chon ndc 0
[ ndu gag, cho dicn the mdt goe @, = 0, ta s& ¢6 dicn the nat 1 gp= ¢ da higto vi ki doé hié phuony
trinh dign the diém ot s& ¢o dang:

o1 1 | I I
Py ¥, T ) D 0 =07,

1 1 - D
R | B G L A R A B SR P

ta
+
(]
N

hav:

! N 1, I 1 1 |
X O N A B P P S N
<

1 [ 1 1 1 1 1
{_(Pz’(, T Fr]byg)=0,9, TP e 7y

3-LTMACHTAPI



34 _ LY THUYET MACH - TiN HIEU

— M —t 5
R3 L3 03 €,
JE—e
Ly
D,
0
flinh 2-8
hay dud dang ma tran:
[2) +07 + 2 S [ o, e, 2 ez
! s ] 6 4 2 — .4 4 J R 2_23)
| -2 g vz vl | o, c,e, e, e

Pé thuan tién cho viee thigt Jap ma trdn 18ng dan {¢] cla mach, dac bi¢t khi phan tich mach
biang may tinh, ta ¢4 thé bién déi mach ¢6 ngudn dien 4p mac true U gilra hai nit vé mach g
duong khong ¢ ngudn dién dp mac tryc tiép gilfa hat ndt nhy sau: Sau ki chon mot ndt lam ndt
goc, ta thém vio cdc uhdnh péi v6i nit con lai mot ngubn dién dp ¢6 sde dién dong ding bang

dién thé cla nit dé va ¢d chiéu rai khoi ndt, suu d6 ngdn mach nguén dign dp.

Hinh 2-9
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"Thi du. mach dién o hinh 2-8 sau klu ¢hon ndt 0 1am ndt g6¢ ta bién mach da cho vé mach

wong duomg nhu ¢ hish (2-9).

ol voi mach dién & hinh (2-9), ta dé dang thiét 1ap duge hé phuong trinh dién the diém
nut:
AR —z' {(pz] |.C4:-}4'l e, %

Py

! (2-24)

|
1 1 1 1 1
L — 74 A A J

\_czﬂ." +(e, +¢,)2,

R0 rang rang hé phuong trinh (2-24) tring véi he phuong trinh (2-23).
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CIHHUONG 3

GIAI PHUOGNG TRINH TRANG THAI CUA MACH KHI CAC
NGUON TAC DONG VAO MACH BANG KHONG VA CO DANG
HAM SO MU.CHE PO QUA O VA CHE PO XAC LAP CUA
MACH DPIEN

Trong chueng nay s€ x¢t cde duo dong trong muach khi céc ngudu tic dong bing khong v ¢6
dang him 86 mad. Viée han ch€ dang cda cic nguon tdc dong nhu the hoan toan khong Jam gidm y
nghia cia cde kA qua nhan duge, ma nguoce lai, (r cdic k& qua d6 cho phép md réng cic thuit wan

@€ phian tich mach dicn dudi tdc dong cla cdc ngudn khie nhau.

§3-1. DAO PONG TRONG MACH DIEN KHI CAC NGUON TAC bONG VAO MACH
BANG KHONG

Khi cdc nguén tde dong vao mach bang khong. cic h¢ phuong trinh dong dién nhianl (2-1)

vit he phong trinh dong dién mach vong (2-Ya) <€ ¢6 dang:

J [N][i]=0
1 : (7" ! )
][]0
M {I]=0 (3-2)
Chung la cde hé phuong trinh vi phan wyen tinh thudn nhat, he s6 hang 6. Do d6, ki cic
ngudn tic dong vio mach bing khong, dao dong trong mach s€ ¢6 dang ham ¢ ma:

_ xl
i, =1le

(3-3)
Dudi diy ta xét mot s6 thi du don gian.

Thi du 1: XE dao dong rong mach dicn ¢6m hai phan tr R, 1. méac noi tiép khi ngudn G

dong vao niach bung khong (hinh 3-1).

Hinh 3-1
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Pot vt nach dién @ hinh (3-1), theo dinh luat Kiéckhop 2 ta ¢6:

a4, +u =0
hav:
) i .
Ri+lL—=0 (3-4)
dt
Nghiem cua phuong rinh (3-44 1a:
k) '
=\l =AeT (3-5)

trong d6 T — — Ia hang 6 thot gian coa mach: A La hang <0 tich phan duoe xac dinb tir dicu kign
R
han diu cda mach.
bicu ap trén cde phan

u, =Ri—ARe "

i (3-6)
u, = IS CARe ¥
dt

Thi du 2: X& dao dong trong niacl g6m hai phin e ), C méac néi 1i¢p khi ngudn 1dc dong

vio mach ¢ = O (hinh 3-2). R

Hinh 3-2

o1 vai mach dicn 0 hinh (3-2). phuong trinh trang thidy coa mach ¢6 dang:
Ri+uc=0 3-7)

du,.
Trong phuong trinh (3-7), thay dong dién i=C —IL , ta s€ nhan duge:
dt

do,.

RC =0

+u,.
dt

hay:

]
U ke U, = O 3-8
CORC S (3-8)
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Nghiém cia phuong trinh (3-8) ¢6 dang:
(3-9)

rong dé 1= RC goi la hang s& thoi gian cda mach: |\, ta hang 8o tich phan duge xde dinh wr didu

kien ban diu caa mach,
€ mac ndi GEp dudi e dung cda nguon dien

Thi du 3: X& mach dién gom ba phin tr R, 1,

ip ¢ = 0 (hish 3-3).

Hinh 3-3
Phuong trink trang (thai coa mach (hinh 3-3) ¢6 dang:
i 1.
Ri+L 4 —idi=0 (3-10)
d C
du .
Trong phuong trinh (3-10), thay  1=¢ vit bidn déi. (a nhan duoe:
I8
R
u”+—u_+—u 0 (3-11)

S R O

hay:
o+ 2ad + ofu =0 (3-12)
« & 0 C
R
a=—:
. 2L
trong da: |
W =
v LG
Nghi¢m cta phuong trink (3-12) phu thude vao nghiém cta phuong rinh dje uung:
(3-1%)

p* o+ 2ap coy =0
Khi nghigém cia phuony  tinh dac wumg (3-13) 1 mot s0 phae. nghia 1 Wn

~ 1. -
A=a® -, <0, hay R« 3,,—6 . duo dong trong mach s€ ¢6 dang:

Ue = e U cose U FALSINg, 1)
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rong d6: W, —\Jw, " a

Ay, LA cice hang so tich phan duge xdc dinh tir diéu kién ban diun cta mach.
Khi nghiém cua phuong trinh dic teung (3-13) 13 nghiém kép. nghta la khi:

A-g? 0l =0

hayv: R -2 =

NC o
dao dong trong mach sé ¢6 dang:
be=c¢ A tHAL)
Khi nghiém cba phuong trinh dac trumg (3-13) 1a hai 80 thue khde nhau, nghia [a Khi

> > - ]J - L
A'=a” o; >0, hay R > 2,}6 . dao dong trong mach s& c6 dang:

I Pyt
u-=Ae !l +Ae?

trong d6 P, P, [3 nghiém cta phuong trinh dic trung:
P o=-a~+ \/Z .

fir ¢dc k€1 qua nhén duge ta thay, khi cde nguon tic dong viao mach bang khong, dao dong
trong maclt 6 dang him s6 mi it dan theo thi gian, véi heé 6t dan phy thude vao ¢du trde cha

mach va gid tri twong doi gida cac phan wr cua mach.

Dao dong trong mach khi cdc nguon tic dong vao mach bang khong goi 1 dao dong ur do.
Sy xudt hi¢n cidce dao déng tu do la do ¢6é qud trinh phan giai nang luong di duoe tich e vong
mach tir trude thai diém xét,
§3-2. DAO PONG TRONG MACH KHI CAC NGUON TAC f)ON(} VAO MACH
CO DANG HAM S§O MU
Khi cdu nguon tde dong vio mach ¢6 dang ham s6 mi:
e, =1 (3-14)

trong 46 I, s i cde hiing s6, ¢6 thé Ja sd thue hode s6 phae.

[1¢ phuong trinh dong dién mach vong (2-9) s€ ¢6 dang:

( . . . st
AR Tt =
ST 12hn +/1M1M Ele (
. . . N

[/ ) 72 — -
w1 +2,.1, AR —Eze (3-13)
? i +7 1 +.+% 1. =E eSt

Ml M2 It MM M M



40 | LY THUYET MAGH - TiN HIEV

Bai véi mach dién tuyén tinh, hé phuong trinh (3-15) 13 hi¢ phuong trinh vi phéin tuyén tinh

Khong thuin nhat he s6 hing so6.

T 1y thuyét phuong trinh vi phan a dd biét: Nghiém coa phuong trinh (hé phuong irinly) vi
phan (uy¥en tinh khong thudn nhat he so hing s6 13 x&p chang caa hai aghiém: nghiém 10ng quil -
nghiém cda phuong trinh o6 v& phai bang khong. v nghidm ricng - nghiéni cda phuong trinh ¢o vé

phii khde khong.

b3ai vai mach dién, nghiém cda phuong trinh, hé phuong trinh ¢6 v& phai bing khong chinh
13 cic thanh phin dao dong tu do trong mach ta vita X8t & muc teen. Dudi day chi xét nghiém cla
phuong rinh, hé phuong trinh, ¢6 v& phai khdc khong (nghiém rieng). Trong mach dién, nghicm
caa phuong trinh. hé phuong trinh ¢o V& phai khae khiong goi [a cde thimh phin dao dong cutng
bue. Vay. mot cich hinh thde, ¢6 the coi dao dong trong mach dién 1a x&p chdng cia hai thinh

phan dao dong : dao dong cudng bice va duo dong wr do.
Tir ty thuyét cha cde phép tinh vi, tich phan, dé dang thdy rang nghi¢m riénp c¢da he phuong
trinh (3-13) cdng ¢ dang him s& md, nghia 12 khi cde ngudn tic dong vao mach ¢é dang ham s6

mi, dao dong cudng bire trong mich cing ¢ dang ham ¢ mi:

o= 1et (3-16)
Khi cvdc dong dién mach vong i, ¢6 dang (3-16), todn 1 vong «, véi dong dién i, s€ ¢o
dang:
'“k
e o - _
Tty =Ry 1+l = - ——Tigd
h kk
N3
o dl e | "
=R em +hy + - [T,
de Oy
=R, Te™ sl Foe™+ : [ e
SRR S gt N
ik

1
=(R,, +sl. +— )]kuu :Zkk(u)lkc"

Sk

Gday 7, (5= Ry + sk, +

¢6 th nguyén 13 dien e v duce goi 13 tang trdreda mach vone.

sCy

Tuong tu toan 1o nhanh ¢ voi dong dien 1. (£, vai dong dién 1,) s€ ¢d dang:
f:‘ - IN }: . rk f: - k ) E

r

p st dl,cﬁ 1 "
Pl =R [e™ +Ly, ] +— JLe™d
dt Cy
: : | :
— W8t , K K
=R Le” +slTem +—1¢
M ki

] . st
=(Ry, +5by, + —LM = 7 ) LY,
s,
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Gday 2, (=R, sl + - c6 tha nguyen 13 dien rd vd duoc goi 1 16ug trd nhanh chung
5
ke

gitrta miach vong thd k va mach vong thr.
Trong hé phuong trinh (3-135), khi thay cie todn tr vong », va cdce todn tir nhdanh ¢, bing
CAC LAY e vong 7, (5) VA Lde ong 1t nhinh 7, {8) tuong dng, tas€ nhin duge:
i N l - N
I/,H(.\)||L "/‘Il(:‘)IIIL 8 "-/.”\I(\)I_\IL_ = IA“L. .
N

le,(s)l,c"+xn(.x)l,,c"+_H+xl,\_,(s)luu“:ianc : G317

st

L St - 5T - . Mo N
(DT 20 (7 vt g (D07 = Bygge

Chia cihai v& caa hé phuoag tninh (3-17) cho thi 6 ¢t s8 nhian duoc:
£ ] :

AT T N O | N AT O3 ) I KO

oy Y+ 75D+ + gy ($)1 =iy,

(3-18)
Tt O A7 M+ Zgyg () =E g
iy vidt gon dudt dang mia tran:
[0 =1L (3-19)

trong d6 ¢ |1} = {1 L, - . )" 12 véeto ma tran ¢ot, mdi phin i@ clia nd M cdce gid i hiing 86 clia cdc
dong di¢n mach vong.
=11 B Byl ' 12 véets ma trdn cot, mai phan 1 cta né 1 dng dai s6 cdce gid ui
hing <0 cua cde ngudn dién dp tdc dong chia trong mach vong tuong tng.
(7] 15 ma tran Wng 1ed cha mach:
., . ’
L () 70,508) o Ly (8) —[
- 7oy (8) Ziay () - 7 (8)
. 21{8) £ 0 M
2] = (3-20)

L’/,_\_“(h)/\n(&') - 7‘[\1;‘\[(5)_\

[1¢ phuong rinh (3-18), (3-19) goi Fi h¢ phuong trinh dong dien mach vong  cda mach dién
khi cdc ngudn (de dong vio miach ¢ dang ham & mo (doi v6i thanh phin dao dong cudng birc).

Nghiémi cta he phuong trinh (3-18), (3-19) duoe xdc dinh bdi bidu thnke:

A
= k=1,2, ., M
A

tropg dé A 1a dinh thie cda ma trin (Bng G {7 G (3-20) cha mach:

Ay I phan dinds thae thu duge wr dinh thue A bing cich thay coUth k bang cot cde o6 hang (o do 15,
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Dudi day ta xé&t modt thi duy;

I'im thanh phin dong dién cudng bie qua cdc nhdnh cda mach dicn (hinh 3-4) néu bidt

= 30¢ i Ce.= {5¢ e e = 10 ¢ i '

|, JOomIl [, =20mlL T, =50 mil . C = 1000 ut,

C,=500pl. R, =200, R, =303, R, =10 2.

—
C, L, ,
)
I
R,
&

Hinh 34

Chon cie mach vong doc lap va chicu cdc dong dién mach vong nhu trén hinh vé, ta thiét lap
duge hé phuong (rinh mach vong:

[ |
WR +R —100(L +1. ) - ———1 - (k - 1001, )I - 30-10
1 § | [ 1()()( 1

o w101
: 0
{ L

3

~(R, =100L )T, JR, R 1000, + L )——-_W

sau kb thay so ta ¢6:

\'m —51 =20,
) 1 s

|
-3 bR = 5
I‘ Iu

Theo cong thie (3-21) ta tim duge:

11:135; [[]t()vl9
T diy xde dinh duoe dong dien irony cic nhinh:
1,5 1, =0,19¢"™

=1 - i, = -1,31e™".
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§3-3. CHE DO QUA PO VA CHE B0 XAC LAP TRONG MACH DIEN

Nhu dia chira g rén, ¢6 the xem dao dong trong mach dién 1 xEp chdng cia hai thanh phin:
thinh phin dao dong cudng bie v thanh phan dao dong tr do. Thanh phan dao dong w do @t dan
theo thad gian theo quy luat ham ~6 mid. Khi thanh phan dao déng to do bang khiéng, dao dong
trong mach c¢hr con thanh phin cutng bae, w ndi mach lam viée o ché 4§ xde lap. Con trong
khodng thoi gian thanh phan dao dong tu do trong mach ¢on tdn tai, ta ndi mach lam viée  ché do
qud do. Nguven nhan xudit hién thinh phian dao dong i do trong mach ¢6 1he do sy thay déi ngudn
e domg viio mach hoic thay déi phu tii (thay doi cdu tride caa mach), md ta s& goi ching 1 su
"dong". "ma™ Tren s do mach sue "déngC "mid” mach duge ky hicu nhu irén hinh (3-3), v ta
tuon g hid¢C ring su "dong”. "md" mach xay ra mot cich tde thor vt thoi diém t= 0 con cac

neuon dién duoe dong vao niach tan thot dicm ¢ = 0 duoe Ky hicu nhu trén inh (3-6).

X et #; L%» L%@.

finh 3-3: Su "déng™, "md" mach  Hinh 3-6: Cic ngudn dicn dudge déng vie mach i thai diéin t = 0.

Thai gian 00 (i che do qud do cba nuach dién duge goi la thai gian quad do coa mach, con
qud trinh chuyén tir ch& dg xde 1ap nay sing chd 3o xice lap khice cha mach goi 13 qué trinh qud do
coa mach dién. V& mat 1y thuy@ thiv gian qua do cia mach dicn ion vo cung. ‘Lrong thue (. this
pian qui do cta mach dien duge tinh i kin bt ddu xdy ra qua trinh qud do cho dén thai didm dao
dong trong mach dat duge kKhodng 93¢ gid i xdc 1ap mai cta nd. Vai cae mach dién thue (& thoi
eian qui do thumng vio khodng e var nanogidy (ns) dén van miceogiay (ps). Tuy nhien, trong ¢hé
do qui do, dong dien, dién dp ¢6 the ¢6 gid i 16n hon nhidu [3n pid tri xdce (dp cha no. Cling cin
nhin manb ring viée phan chia dao dong trong mach thanh cic thanh phan dao dong cudng bic va
dao dong tu do chit mang tinh ¢hit win hoc, thye 1 khong the tdch rieng tidnh phan dao dong
do va thanh phin dao déng cufimg bac cia mach, Bin chal coa qud rinh qua do trong mach dién ta
do o s phan bo Tai ndug Teong trong macl, L’fi}g VA moi i do xie 1ap. trong mach ¢ mot trang

that nang lwong xde dinh, va qua tinh phan ba lyi nang luong khang thé xdy ra mot cach de thin.

§3-4. DIEU KIEN BAN PAU CUA MACH VA CAC BINH LUAT PONG MO

Gid i cba dién dp rén dién dung va dong dicn qua dicn cam tai thoi diém "dong”, “md"
mach goi 12 dicu ki¢n ban diu coa mach. N&u tyi thoi diém "déng”, "md" mach (t = 0),dién dp trén
cac dien dung vivdong dién qua cic dien cam cha mach bang khong. ta néi mach ¢6 diéu kién ban
dau biang Khong, con néu gid tn coa dicn dp tren cie dién dung v dong dien qua cde dien cdm
khdc Khong, ta ndi nach ¢6 dicu kién ban diu khdae khong. Diéu kign ban dau cta mach duge xdc

dinhy theo cie dinh fudt déng mo.
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3-4.1. Pinh ludt dong ma thir nhat

Tat thoi diém déng md. dien dp trén dien dung C khong the hién thien nhay bac, ma phadi

bicn thica dan tr gid i von ¢ cda n6 ngay trude hic dong ma:
U+ 0) = udf -0 (3-22)

trong dé n4=0) K dien dp uen dicn dung C ngay truede Lae dong mar ul+0) 1a dién dp rén dien

dung C npay sau khi déng md.

Tinh lién wae cha dién dp trén Jdicn dung C ¢6 thé duge suy ra tir tinle chat cha phép tinh tich
phin md chang ta d3 nhic 1di trong chuong b Tuy nhién, tinh lién e hay sy khong bi¢n thién
nhay bac cua dién dp trén dién dung C theo dinh luat déng g thd nhat ¢6 1hé chang minh theo

phuong phap khice.
Gid s dicén dp rén dién dung C bicn thién nhay bac. khi do trong khoang thoi gian At — 0.
di¢u dp 1eén dien dung C bicén thien mot luong Au. = 0.

v, [ P > \Au(' \du('
Xé bicu thae Iim€C——=C—"- — =
Ar-50 At dt

BBidu thire € — c¢hinh I bidu thie cua dong dién qua dien dung C. Vai mach dién thuc,
dt
dong dién gua di¢n dung C khong the ¢é gid i lon vo cang, do dé di€u gid thid ren 1a vo ly, ¢6

nghia 1A di¢n ap trén dién dung C Khong (he bidn thicn nhay bac.

Tinh ddng din cba dinh ludt déng md thd nhdt cling <6 thé gidi thich theo quan diém

nang {uong.

Ta bidt pang huone dicn tngomg tich i wone dien dune duoe sde dinh hoi bicu the:
g 1uong dic £ £ UL g : 1

u(
Wl:: C_/;

N¢u dicn dp tren dién dung bicn thica nlidy bac, thi cong suil tde thot cda cice dao dong dién
dW, o dug

trén dién dung p = 1 =Cu, d»(—— € ed pid i [on vo cung, vivdidu pid thict nay (4 vo 1y, vi vt
at {

mot ngudn nang luong hitu han khong the o ra mot eong suit ¢6 gid try 1ém vo cung.
3-4.2. Pinh luat déng ma thir hai

Tai thoi didm déng ma, dong dicn qua dicn cdm L khong the bich thién nhdy bac, ma phaj

bidn thién din tir gid tei van ¢d cda nd ngay teude lde déng ma:
L(+0y =1 (0) (3-24)

vong do iy (—0) 1a gid tri cua dong dién qua dién cam ngay trude [de dong mo; 1 (+0) 1a gid ] cda

dong dien qua dicn ciam ngay sau khi dong mda.
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Tinh ding dan cta dinh Tudt déng me (ha hai cling ¢6 thé duoe chimg minh wong ¢ nhu doi

vai dinh ludt déng mr tha what.

Giid sr dong dién qua dién cam bicn thicn nhay bac, kb do trong khodang thoi gian At — 0,
dong dién gqua dién cam hién thicn mot luong Ai = O, Trong trutng hop nay dién dp rén dién cam
u, = L— &€ co gid (i 1dn vo cong. Vay dicu gid thidt tren 12 vo 1y, vi doi vé mach dién thue,

dt i i

dien ap kKhong thé ¢ gid i 1on vo cung.

Ducri day ta XEt motsa thi du xde dinh dicy kien ban Jau caa ciae mach dien (v 3-7).

Minh 3-7 b)
o1 van mach dién & hinh 3-7a, 14 ¢a:
u(+0) = u ) = 0.
Con voi mach dién & hinh 3-7h, tacd:
1=

R
Un(+0) = u (-0) =1, (+HR |,

4y (+0) =0 (=0) =

e, () = u, (=t =0

Viy mach dién & hinlt 3-7a ¢6 dicu kien ban dau hang kKhong, con mach dicn & hinh 3-7b <6

didu kién ban dau khiie khong.
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CHUONG 4

MACH DIEN DUGI TAC PONG CUA CAC NGUON DIEN
HINH SIN O CHE PO XAC LAP

§4-1. DAO DONG HINH SIN, CAC PAI LUONG DAC TRUNG CUA DAO PONG
HINH SIN

Céc ngudn dien md gid i we thai coa nd bign thién theo quy ludt hinh sin duoce goi 13
nguédn dién hinh sin. Cdc ngudn dién hinh sin duge Gng dung rdt rong rai trong k¥ thuir dién cing
nhu k¥ thuat vo tuyén dién.

Xét dao dong hinh sin:

u= U,cos(at + ¢,) (4-1)

rrong d6: U, 1a bién do cha dao dong hinh sin. NO 13 pid tri cue dai md dao dong 6 thé dat duoc;

(wt + @, ) Ia pha clia dao dong hinh sin. N6 xdc dinh gid tri cla dao dong ai moi thoi diém.
Pha ctia dao dong tai thdi diém ¢ = 0 bang ¢, goi 12 géc pha dau clia dao dong;

o [a tin s0 g6c cha dao dong.

Céc dai luong bién do (U,), tan s6 goc () va géce pha ddu (@,) hodn toan xdc dinh mot dao
dong hinh sin, dugce goi 1 cdc dai lugng dac trung cla dao dong hinh sin. Hay néi cdch khde, mot
dao déng hinh sin hodn toan duge xdc dinh kvl biét bién do, tan sd@ g6c va gée pha dau cia né.

‘Trén dé thi thoi gian, gée pha diu cla dao dong hinh sin duge xde dinh tr thoi diém 1 = 0
d&n 1hoi diém dao dong dat pid tri O ddu 1ién, i d6 dao ddng chuyén tir oid i Am sang gid tri
duong. Néu diém dao dong bing 0 nam & phia bén trii goc toa do, thi gée pha ddu ¢6 gia (1 duong
(+); ¢dn néu diém dao dong bang 0 ndm & phia phii g6e toa do, thi gée pha dau ¢6 gid trj 4m (xem
hinh 4-1),

ud A
u
L0 ot 0 ; at
. I‘.—
9,>0 ', <0

Hinh 4-1
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Giilta tdn 86 g6c o va tan 6 dao dong 1 lién hé vdi nhau boi bicu thire:
o = 2nat. (4-2)

con pilta tdn s6 1va chu k¥ T clia dao déng ¢6 lién hé véi nhau bai biéu thie:

1\ - - (4-3)
|

Trong ky thuat vién thong, thong tin duge truyén di dudi dang s6éng dién tr. I'de do truyén

séng dien tr trong khong gian ty do bing 18¢ d6 dnh sang C = 3.10" m/s. Quing dudng ma séng

dién tr di duogc trong khodng thai gian mot chu ky cta dao dong duge goi {a bude séng X:
L= CF == (4-4)

Tuy thude vao 46 dai bude séng. ngudi ta phan chia dai séng vo tuyén dicn thanh cic déi

song dii, séng trung, séng ngin, séng cyc ngén, hay dai séng siéu cao tin (xem bang 4-1).

Bang 4-1
Tham s&
Dai séng
Tén s (1) Budc séng (4)
|
Séng dai (30 + 300) kHz (10* = 10 m {
S6ng trung (300 + 3000) kHz (10° = 10 ) m
Séng ngén (3 + 30) MHz (10 +10)m
Séng cue ngin I8n hon 30 MHz Nhé han 10 m

Pt véi cdce dong dién bién thién ¢6 chu ky, dé so sdnh tdc dung cba né vé mat ning luong
50 Vi dong dicn mat chilu, ngudi ta dua vio khdi niem gia (i hiéu dung cba dong dién. Gigd i
hiéu dung cba dong dién bién thién c6 chu ky kv hiéu 1a I, bang gid ui trung binh binh phuong cda

dong dién doé trong mot chu ky:

(+-3)

Thue hién hinh phuong ci hai v& cda bidu thie (4-3), sau dé nhan ¢é hai v& véi tich RT (1 1a
chu ky cta dao dong), ta nhan duoc:
il Il bl
["RT = [i*Rdt (4-6)
0
Tt bidu thae (4-6) ¢6 the suy ra v nghia gid tr hicu dung cla donp dign hi€n thi¢n ¢6 chu

k¥ Gid tri hicu dung cla dong dién biéh thien ¢6 chu ky bing gid tri cha dong dién mot chidu. sao
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cho ning Juong do dong dién bién thién ¢d chu ky toa ra trén dién (rd R rong Khodng thai gian
mot cliu kv, dang bang nang luong do dong dién mot chiéu toa ra cung teén den tro Jé, trong
khodng thoi gran do.
01 vai dong dién hinh sin:
1= 1, cos(at + @)

thay viw hidu thire (4-6) vit 14y tich phan, a nhan duge:

1

[= = +7
V2

Tuong u, ta ciing nhan dugce gid i héu dung cda cice dién dp v sie dién dong hinh sin:

U 12

U=t =

Nl 2

Hien tromg gida hai dao dong hinh sin (cing 1an s0) khong dong thoi dat duge gid i cue
dai, hoac cuc tiéu cha né dudce poi 12 hién wegng 1ech pha gita hai dao dong. Gaoc léch pha giita hai

dao dong inh s kv lice 1 @ duge xde dinh bing hiéu gitta hai géc pha cua ching:
X hat duo dong hinh sin:
u, =U,, cos(ot + ),
w, = U, cos (ot + ¢y,
géc 1eeh pha gifra hai dao dong hinh sin u;, u, Ta:
p=ol+ @) - OU+ ) =, — ¢ (+-%)

Vay poc {éch pha gitta hat duo dong hinh sin, chng 1dn 80, bang higu gitta hai géc pha daw

cud no.
‘Trong bidu thie (4-8), nlu gid ui;
¢ >0 tandi dio dong up vuot trede dao dong .
p < (.t ndi dao dong u chium sau dao dong u.
¢ =1 90" ta nd1 cic dao dong u,. u, vudug pha nhau,
¢ =% 180" ta ndi ¢ic dao dong u,, v, nguee pha nhau,

@ =0 1andicic dao dong uy, u, dong pha nhau.
§4-2. BIEU DIEN DAO PONG HINH SIN BANG VECTO VA BANG 8O PHTC
4-2.1. Bieu dien dao dong hinh sin bang vécto

Xét dao dong hinh sin:
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u = cos(ot+ @) (+-9)

Lrong neat phang phic trén hié true (0a do 1.0§ 10j , ta dung mot véetg u , bat dau 1 didm 0,

cG o di v e vai bien déo cha dao dong hinh sin: Ilm(‘u|: kKU voi k lahe sa v 18) va hop vai rue
L {3 - ! ‘ )

e O aiot gde bang pde pha dau coa dao dong hinh sinog, (Xem hinly 4-2).

- A
)
k.
I’ :
. ' -
"mt' : el u
/’ 1 !
/’ (pu : : g
0 A A 1

Hinh 4-2

XNEthinh chidu cha vécws u tren true thue O1:

chu=A,=kU cosp,

0l

>
Cho véus v quay quanh goc 10a do vai van (8¢ goc bitng (@n 80 géc cba dao dong hinh sin
>
(@) theo chid¢u npuce chiu quay kim dong ho va xét hinh chidu cua véero u 1rén true thue 01 ta
cac thot didim khie nhau;

>

* i thai didm =1, L(}I]U =A,= kU cos(ol,+¢,)
. >
i thon dicm 1=1;; L(Hu = KU, cos(at, +¢,)
* tn thon diénn Chat ke chiv = kU _ costol -~ ,)
{H

Giia s hé so v fe k= 10 thy khi vée o uiquuy quanh gdc toa do vdi van 1o¢ pée o bing 1an 0
06e cua dao dong hinh sin theo chicu nguoce chiu quay kim déng ho, hinh chiéu cta véety u> 1rén
truc thue 04 <€ xiic dinh pid tri tde thoi cda dao dong hinh sin. Chdng ta néi véao quay u)
(hinh 4-2) bicu dién dao dong hinh sin (4-9), hay dao dong hinh sin (4-9) duoe hiéu dién bang

VEChT quiny

41 TMACHTAPL
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T8 hop cac vécta biu dién cic dao dong hinh sin cla mach dién trén cung mot he truc toa
do duge goi 13 dé thi véetd clia mach.
Péi vai cde dao dong hinh sin ¢6 cung (dn 6, vi tef tuong dai gilta cac véetd bicu dién ching
s& khong thay d6i. Do dé d€ thujn tién trén d6 thi vécto cda mach dién, ngudi 1a thuimg bidu dién
cic vécety ing voi cace dao dong trong mach tai thoi diém t = .
Trén hinh (4-3) bidu dién d6 thi vécto cla hai dao dong hinh sin:
u, = U cos{ol + ¢)).

u, = U, cos(otl + @,). (4-10)

trong cdc trudmg hop hai dao déng u, vi u, tring pha nhau (a), nguye pha nhau (b), vuong pha nhau

(¢), va dao dong v, vuot pha trude duo dong u, (d).

A A
! j
_9
U
U)
N 1
U,
1 25 1
u,
, a) b)
154
;
.%
Uy -
> U,
> ! v
2
c) d)
Hinh 4-3

Bitu dién cdc dao dong hinh sin bing véuto, ngoai viée cho thily mot cich trye quan quan he
gilra cac dao dong trong mach dién, né con cho phép cong trir cdce dao dong hinh sin bang cich

cong trir cac vécta bidu dién chung.

Thi du: ddi hdi cong hai dao dong hinh sin (4-10), d6 thi vécto bidu dién cic dao dong trén
hinh 4-4,
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v

Hinh 4-4

‘Tr hinh vE, 1a ¢6:

chu=0A, =U

1]

IINC()S(pI

chu, =0B, =U, sing,
0j
chu, =0A, =U

Ol

2|||C()S(P2

chu, =08, =U,, siny,

0
chu = ch(u,+u,)=0A =U  cose
01
af

chu = ch(_u, +u_)=0B =U sing
vj 0j B

Vi: OA = 0A, + OA,
0B =08, + 08,
nén U, cosgp = Uy, cosgp, + Uy, cosg,,
U, sing = U, sing, 4+ U,, sing,

» - >

Do d6 do dai véctotdng: u = u,+ u,

U =J(Ul"_ cos@, + U, cos@,)> HU ,, sing, + Uzmsin(pz)2

= JU3, +2U, U, cos(, —y) 11y

U sing, + U, sing,
[g(P — IIII\ Pl .ulb (P_ (4_]2)
U, cosp, + U, cosp,

T 2m
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- »
RO ring rang néu ci¢ véelo Ui, ua bicu dicn cde duo dong hinhy sin (4-10), (hi véets

U = ui+ u: <8 bidu dién dao dong hinh sin:
u= U costoat+¢p) (4-13)
vai cic gida trl bien do U, vd poc pha dau duoc xde dinh hai cde bicu (hac (4-11) vi
(4-12) tuomyg dog. ¢ dang thay rang dao dong hinh sin (4-13) chinh [ tong cua hai dao dong
hinh <o (4-10). That vay:
w+u, =0 cosfot+ @, )+ U, cosfot + ¢, )

= U,,, cos,.cosot - Uy, sing, sinat + U, cosp..cosot - U, sing- sinot

= (L, cosp+ U, cosgp, ) cosot- (L, siiwp, + U, sing, ) sinet (4- 14

b

L
U, ~sinp, = U

cosp, = U cosgl 3
) B . 5 (4-13)
sing, = U sing J

cos, + U

M T

2m

¥ >

LI||| = VJILIHI- + U iy t 2UlmU lluco\upl - (Pl) (4_16)
U, sine, + U, sing,

lg(P _ : fm p] i (‘P_ (4_[7)
L cosp + U, cosg,

N¢u trong bidu thitc (4-14), thue hicn thay.cic it so:
U, cosp, + Uy, cose, = U, cosgp; Uy, sing, + U, sing, = U <ing,
1 bicu thiae (4-13), va sau khi bién doi ta s€ nhan duoc:
u=u,+u;, =U, cos(at+¢)

V&1 cde pid tri bién do U, va goc pha diu ¢ duge xdc dinh theo cic bicu thae (4-16) va (4-17)

tuong dug.
4-2.2. Biéu dien dao dong hinh sin bang sé phitc
Nétdao dong hinh sm:
u= LU, cos(t+q¢) (+-18)
Theo cong thiae Euler, dao dong hinh sin (4-18) ¢6 thé viél dudi dang:
u = RL‘[U mcj(“\""”] (+-19)
crong 6 ky higu Re [ todn 1 phan thure,

Bidu thiae (4-19) lai ¢6 the vidt
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u = Rc[Umc”,c’“"]
= Re[f)mej““]
o day: U w=0,c” (4-20)

1 gid i bien do phud cha dao dong hinh sin (4-18).

Gid (r1 bién do phire ctia dao dong hinh sin 13 mot s& phde, ¢é modun bing bién do cua dao
dong hinh sm vt arpument bang pée pha dau cua dao dong hinh sin.
Bt vay, mot dao dong hinh sin tan s6 da bidt, hoan toan duoge xdc dinh néu biét gid tri bién
do phie cla né, nguoce lai, cho dao dong hinh sin, dé dang xdc dinh gid tri bién d6 phic cla né.
Thi du, dao dong hinh sin twong dng véi gid tri bien do phite U, =20e 5 48 i
u =20 cos(ot — 43",
nguoce tai, dao dong hinh sin:
u = 30 cos(ot +30°),
¢ gid tri bicn do phac:
=500 1

Chia ci hai vé& ctia biéu thuce (4-20) cho \/E , la nhan duoce:

U _ch’D
NA
hay: (= Ue® (4-21)

Gid tei U dioe goi 1a gid trn hidu dung phac cta dao dong hinh sin (4-18). N6 la mot so
phac ¢6 modun bang gid tri hiéu dung cba dao doéng hinh sin va argument bing g6c¢ pha ddu cla

dao dong hinh sin.

Biéu dién cdc dao dong hinh sin bing <& phic, gid tri bien do phac, hodc hicu dung phie ¢ho
phép cong trir cde dao dong hinh sin bang cdch comg trir cae gid tri bicn do phic, hoac cde gid tri
hicu dung phic clia né. 1lon nita, biéu dién vac dao dong hinh sin bing s¢ phic cho phép coi cde
ngudn tic dong hinh sin nhu cdc ngudn tic dong ¢6 dang ham sd md. Didu ndy dac biet ¢6 loi khi
phin tich mach dién dudi tdc dong cia cdc ngudn tic dong hinh sin mi ching ta s€ xét ky & cic
phin iép sau. Tai day chi xét thi du cong hai dao dong hinh sin.

Thi dy, cOng hai dao dong hinh sin (4-10).

Cdc dao dong hinh sin (4-10) ¢6 thé viet du6i dang:
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u, = Re T:To,,, e |
) 1 S ..
Dodd: u +u,= RefUpye™ | + RchUcM = Re| (U, + Unn)e™ (4-22)
: o

Vi ring t8ng cla hai dao dong hinh sin cing dn s§ cling 1a dao dong hinh sin cung tdn s,

nén dao dong téng cia hai dao dong hinh sin (4-10) lai ¢6 thé viét:
u=u+u,=U,cosot + @) + U,.cos(ot + ¢,)
=1, cos(ot + @) = R{l:lm c*‘"} (4-23)
So sanh cic biéu thirc (4-22) va (4-23), ta nhan duoc:
ljm =Uu +Usn =U, e™ +U2"_e’¢’ = U, cosp, + Uyeosg, + (U sing, + Uy, sing,)

T day suy ra:

Um = \ﬁj |2|n + Uim—_i' 2U lmU 2...‘305(([’1 - q)l )

U, sing, + U

U, cos@, + U, cosp,

2“|5111(92

tgp =

R rang ring két qua trén trang v k& qud di nhdn duge khi thue hién cong true tiép hai
dao dong hinh sin. Vay, gid tri bién dé phac, hoac hi¢u dung phic cua dao dong téng (hidu) hai
dao dong hinh sin, bing tdng (hiéu) cic gid tri bién do phic, hodc hiéu dung phac cla cic dao
dong hinh sin thinh phan. Hay néi cich khdc, ¢6 thé ¢ong (irir) cdc dao dong hinh sin bang cdch

cdng (1rir) cic gid tri bién do phic, hodc hicu dung phitc cta chidng.

§4-3. PHAN TICH MACH DIEN DUOGI TAC PONG CUA CAC NGUON DIEN
HINH SIN BANG 80 PHUC
4-3.1. Toan tiy nhinh - Pinh luat Ohm va Kiéckhop dang phic
a) Todn tir nhanh
Néu bo qua ky hiéu todn tir phin thue (Re) ¢6 thé coi cdc ngudn rdc dong hinh sin 1 cic
ngudn tic dong c6 dang ham s& mi dang (3-14), trong d6 hiang 8 I 1A gid tri bién do phiec, hodc
hiéu dung phic cta ngudn tdc dong hinh sin; s¢ mi s 14 tich cla @n $6 gée o cha ngudn e dong
hinh sin va don vi 4o j (s = jo). Do d6 phb hop vér cic két qui dd nhan duoc & chaong 3, 1oin 1l

nhanh.
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# =R+ ol + = 7 (wl.

Jo'
vit duge ol 13 10ng trg phie cia nhidnh.

Thong thudng, dé cho gon ta khong viét 7, (jo), ma viél:

: i [
Zy =R+l + - — = Ri+jlal, — —-) = R+ (X, — X)) =R +jX, (4-24)
Jokoy wkly
Lrong Jdo:
X =0l {a dién khdng dién cdm, hay cam khing,
] . .
Xep = - la dién khdng dién dung, hay dung khing.
Wty
joL. —% 12 1éng tr&y phade cda phin (o dién cdm va phan t dién dung twong Gng;
o

R, 13 thanh phin tdc dung cla 18ng trd phitc 7,

X, 12 thanh phan phin khidng cla téng tr& phic Z,.

Téng trd phic 7, & (4-24), ¢6 thé viét dudi dang:

o (4-25)

2y =2,

trong dé [Zk[ = \/Ri+Xi 12 m6dun cia 16ng trdf phdc 2,

X
P, = arctg—f"— I3 argument clia 1éng 1rd phic Z,.
k

Nghich ddo ca todn tir nhdnh #,' = =Y, goila0ng dén phic cba nhinh. Téng din

1
L
phdc clia nhanh Y, |3 mot s6 phitc, nén ¢6 thé viét dusi dang:

R S Tt (4-26)
trong dé g, 13 thianh phan tic dung cla 18ng din phic Y,,
b, 12 thanh phdn phan khdng cha téng dan phic Y,

v, = yg; + by 1d madun coa téng din phie Y,

b . - .
Py, = arcg —£ 13 argument cta t6ng dan phic Y.

Bi
Neudi ta cling dinh nghia t6ng trd va t6ng dan phic clia mang hai cuc khéng ngudn.

Téng triy phitc cla mang hai cuc khong ngudn, ky hiéu Ja Z, (3 1 s6 gilra gid tri bién do phitc
hoac higu dung phie cha dién 4p va dong dién trén cdce cue clia mang hai cue (xem hinh 4-3).
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: F——<—=
}
im
JITI
- @
Hinh 4-3
2 — l“ m — !
SR

Nghich dido cta dng trd phic 13 16ng dan phic cha mang hai cue khong ngudn:

1] 1

Z .
v, Uu

b) Pinh ludt Ohm dang phitc

Xét mach gém ba phén to R, 1., C mac ndi tiép (hinh 4-6). Theo dinh luat Kicckhap 2. 1a con

u=Ri+ ]_ill + Ljidt havu=¢i (4-27)
dt  C
i R L
! ]
Hinh 4-6

Khi dién 4p vi dong dién bién thién theo quy luat hinh sin. thay todn (¢ nhdnh 7 bang tong
ir(y phie 7, va viét dong dién. dién ap dudi dang s6 phuc, ta duac:
K jan 71 j(ul—!
ImC = RC [,Imﬂ

L )

[

Rc“l... c’“"i‘ = 7ZRe

B qua ky hiéu todn tir phdn thue (Re) vi chia ¢d 2 v& clia biéu thic trén cho thita s6 ¢ 1a
dugc:

Up = Z1m

¢ - L.‘ 1

Q- = —— e
hay: L 7 (4-2R)
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[31cu thuae (4-28) 14 hicu thae caa dinh luac Olim dang bicn do plhde.
Chia ci hay v eta bicu thae (4-28) cho «,/5 . W nhidn duoc:
P=— (4-29)
7.
Bréu thire (4-29) 13 biéu thife cda dinh luat Ohm dang hiéu dunyg phic,
Bréu thae (4-28) ¢6 thé vidt dudi dang:

[ li -1 I.J \ 0, .
I L‘,“l = - mLII _ = _m_ci(f’u Py (4_.&())
:y_ic 19, IZ!

trong dé 1712 madun chia 1éng ¢ plide 7: q, [ argument clia 18ng 1ré7 phie 7.

Tur (4-30) ta nhan duoc:

U
w = v (4-31)
1]
13iéu thae (4-31) 13 biéu thie cta dinh ludt Ohm dudi dang bién do.
Chia ca hai v& ctia biéu thide (4-31) cho \/5, ta nhan duoc:
U
z

Bicu thire (4-32) 1a bidu thie cia dinh ludt Ohm dudi dang gid tri hiéu dung.
Cing tir hidu thie (4-30) ta suy ra:
P =P~ P
hay gécléch pha gitta dién dp va dong dién chay trong mach:

('P = (‘p'l - (PI = (P'D

nghia 1a pde tech pha eifra dién dp va dong dién chay trong mach duge xdce dinh bt argument cla

(dng tréy phie cta mach,

¢) Cac dinh ludt Kiéckhop dung phire

Trudng hop dién dp v dong didn trong mach bién thién theo quy ludt hinh sin, cde biéu thic
cha cde dinb luat Kieckhop 1va 2 [(1-11). (1-15)) ¢6 thé vigt dudi dang:

5 R{i g €5 } =0 (4-33)

¥ ReiLG km c-i“"—‘ =3 Rc{fzm c'“"‘-! (4-33)

hay:
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ReS lim e =0 (4-332)

Re¥ U ¢ = ReF By ™ (4-34a)
Trong chc hicu thice (4-33a) va (+-34a), bod qua ky hidu todn 1 phin thue (Re). va chia ci hai
v& cho thiza 36 ¢™'| ta nhan duoc:

iy, =0 (4-35)

SUpn = YEp (4-36)

Chia ca hai v& cla cic biéu thire (4-35). (4-36) cho \/5 , a4 ca:
1 =0 (4-37)

YU, = SEg (4-38)

CAc bicu thie (4-35) + (4-38) [ cdc bidu thic cla dinh luat Kieckhop 1 va 2 dang bien do
phifc va hig¢u dung phifc tuong tng.

Cic biéu thie cha cac dinh luat Ohm va Kiéckhop dang phic, vé mdt hinh thite, hoan toan
giong cdc biéu thite cta cdce dinh ludt Ohm vi Kiéckhop dang thue, ¢hi khdc thay doi cac ky hiéu.
Céc gid i thue cla dong dién, dién dp. suc dién déng (3, u, ) duge thay biang cdce gid tri bién do

phite, hode hicu dung phic tuong g (I, U hoac I Ui ), con dién rey R duoce thay biang

m‘ m’
16ng tréy phic Z.
4-3.2. Phan tich mach dién dudi tic dong cia cic nguon dién hinh sin bang sé phite

Nhu da chi ra & teén, bidu dién cic dao dong hinh sin bing s6 phic, va bo qua ky hiéu todn tir
phan thuce (Re), khi dé cac nguédn tic dong vio mach ¢6 thé coi 1 cic nguédn 1dc dong ¢6 dang bam
/ -~ N e - > z ~ 1N - Fg » - Iy . 2 ’e z 4 - I
6 mi, con cic toan tr nhdnh s& 1a cic 1dny trd phide Z, nghich ddo cdc wdn thnhinh »' =— =V
Z
13 cdc 1éng din phic clia mach.

Trong trudng hap nay he phuong trinh dong dién mach vong v he¢ pheong trinh dién the diém
nadt cda mach s€ ¢6 dang:

a) Hé phuong trinh dong dién mach vong:

Z|| Lt + Z‘IZ [lnll + ..+ ZIM IlnM = l—Zmll s

221 iml + le Lamt + .+ Z‘ZM L = El".-_.z‘ (4~3())

. . .
Lle ImI + 7/ M2 Im]] + _+ ZMM Im_\-i = EmMM s
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hay dudi dang ma tran:

[Z]I’Li 1\ = LT:.... |= (4-30)

.
trong doé /(I... l fa vécto ma tran ¢ot, moi phin tr cda nd 1a cde gid tri bien do phuc cla cac dong
1
L 4

1
dien mach vong: {im} = |:i|ulimll . ‘! .
J

r
.

I'..u} 12 vécto ma trin ¢ot, mdi phiin tr cda 06 13 10ng dai s¢ cac gid unn bicn do phidc cla

cdce nguon dién dp tdc dong ndm trong cic nhanh cta mach vong trong tmg:

[]":mil = \iém“ f:‘mz'z }}.mMM jler.

Z‘IIZIZ"'ZIM
LT,
[z])=] " M (4-41)

Zan Ly Lo

[ ma tran téng tedy phife cha mach.

Ma tran téng trd phtc [Z] cha mach {3 ma trin vudong d6i xtmg qua dudmg chéo chinh. Cic
phan tir nam trén dudng chéo chinh 7, 13 10ng cic 10ng trdy phue cba cdc nhdnh thuoe mach vong
k, con goi i 16ng trg phitc clia mach vong, 7, luon mang d&u duong (+); cic phin i nim ngoii
dudmg chéo chinh Zi; = 7, 12 180g rd phdce nhdnh chung pifa mach vong thit k vi mach vdng
th r. 7, mang dau duong (+) khi dong dién mach vong k va dong dién mach vong r qua nhdnh
chung cung chiéu, nguoe lai Z,, mang dau am (). He phuong trinh (4-39) phd hop khi sir dung gid
tri bidn do phic cba cic ngudn tic dong. Con khi s dung gia tri hicu dunp phire clia cie ngudn
1dc dong, ta s€ nhan duge hé phuong trinh dong dién mach vong dang hi¢u dung phire:
Z, i[ +7,, T+t 7 In = En
221 ‘II +7.,22 in + ... +7‘2M iM = f‘in,

(4-42)

Zg h +’/,M2 Ty + ..+ Ly v = Lwg,

z] M - M (4-13)

hay dudi dang ma tran:
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b) 1é phirong trinh dién thé diém nut:

’(plul Yl! + (‘pml YIZ Tt (le\' Yl.\ = Jml

l . . . »

J Pini Yll + (Pml Y.!Z R (plm\' Y.’_,\' =1 m2 (4'44)

1(Pml Y\J ' ‘Pml Y\* + ot (P,,,\ Y\\ = luu.\

hay dui dang ma tran:

mLo i_. _l

MIESEE (449
RN I

trong 46 meil 1a vécto ma tran cot. mdi phin 1l cda ad 1a gid tri bien do phite caa dién the cac m
clta mach so véi dién thé nir gée clla mach bang khong.

. 1
L(P[ll J = {(pml Pz - (pln.’\' ‘!

N

{J...]lz‘t vécty ma rdn ¢OL, moi phin 1 cha nd 1A tng dai s6 cdc gid trj bién do phic cba

cde nguén dong ding tri ndi v6i ndi twomg @mg:

[y]=|" 2 (4-46)

12 ma trédn 16ng dan cla mach. Ma tran (6ng dan (Y[ cua mach 13 ma rdn vuong dor ximg qua
dutmg chéo chinh. Cc phdn tir ndm trén dudmg chéo chinh Y, 1 1dng cdc 1éng dan phic coa cic
nhanh néi vdi ndt k tuong dmg, cde phdn 1 nim trén dudng chéo chinh luon mang diu duong (+).
Céc phdn (o nim ngodi dudng chéo chinh Yy, = Y, [2 tdng dén phie cha nhidnh néi gita ndt k va
nut r, cdc phdn tr ndm ngoai dudng chéo chinh luén mang ddu am (-). H¢ phuong trinh dién the
diém nut ctia mach (4-44) pht hop khi sir dung cde gid tri bien do phdc cia cdc nguon dong ding
tri. Con khi st dung cde gid tri hiéu dung phic cla ngudn dong ding (ri. phuong rinh dién hé
diém ndt cia mach s& ¢6 dang:

@Y, @ Y o+ Yy =]

Y
[

P Yy @y Ya o Oy Yoy =

@ Y, TP Ye Yo = I
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hay Jdudi dang ma tran:

6. 1]
[ (4-48)

Dudn day ta et mot thi du:

Thict lap he phuong tinh dong dién mach vong va hé phuong (finh dién the diém ndt coa

magh dien (hinh +-7yncu bict: ¢, =10 cost ot + @) c.o= o covot + @i e = 1 covor + ¢

Uyl eos(ot g va ld i cde phan te R 1L Ceaa macl. €
N —6> H— S—
R, Ly C, & Zy @
200 /Y[ 9 4 L} : 13
L L R, Z, Z

Iinh 4-7 Hinh 4-8

& thuan ticn cho vice hidt 1ap cde he phuwomg trinh. (@ S Tai mach dudi dang hWinh (4-8).

trong do.
17, w5y oM s B =i UM; Byo=1ee™. By =i e™

[ cde gid tri hicu dung phuc cha cice ngudn tic dong;

‘ 2= jol. 3 R,

Vo

/=R 7= R +jol, - —
L )

li cac tong  tra phae caa cde nhdnh eda mach.

Chon cace neh vong doc ap viv chicu cie dong dien mach vong nhu ¢ hinh -8, 2 thid lap

duvse he phuong (rinh dong dien mach vong cua macli

i ST
Lo +7s < 7)) 7, —7 i o
Z, (L 4Ly~ Z I PP (S L )
| N /e (A7, v 7) ! im ! }‘:‘4
L . i
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Gidi hé phuong trinh (4-49) ta s&€ xdc dinh dugc cdce gid tri hiéu dung phice cia cic dong dién
mach vong. Tt d6 xac dinh duge gid tri hiéu dung phitc ciing nhu gid tri tdc thdi cda dong dicn

trong cdc nhinh.

Tuong e, néu danh s6 thid we c¢de ndt nhu trén hinh vE chon ndt O 1a nidt goe va cho dién 1thé

nut gée bang khong. ta s& thanh lap duac hé phuong trinh dién (hE diém ndt ¢Ga mach:

—‘r. ﬂ| _I .

b, ! < R

(Y, +Y,+Y5) -Y, -Y, e | BoYi -y,
- Y Yy + Y +Y) - Y, ‘.Pz | = ! 1) Y, (+-50)
-y, v, AT N

s . |
P, LF,: Y, +EvY

1 : . , .
rong d6 Y, = /— 1 tong dan phic cta nhdnh k.
“h

Giii h¢ phuong trinh (4-50) ta s€ xic dinh duoe gid tri hi¢u dung phic cia dién the cdc nut
PP,y 80 VO Ml g8e ¢y T day sT xdce dinh duge gid tri hiéu dung phire va gid tri tde thai cha
dong dién qua cdc nhanh cla mach.

Cin nhan manh rdng, gidi he phivong trinh (4-49), (4-50) chi cho phép xic dinh thinh phin
dao dong cudng bie cua mach (ché do xdc lp ca mach) khi tic dong vio mach 13 cdc ngudn dicn
binh sin. Troug ch& do qud d9, dao dong trong mach 12 xé€p chéng cua hai dao dong: dao dong 1y
do va dao dong cudmp bie. PE tim thanh phin dao dong t do rong mach. 1a phai gidi cic phuong

trinh trang thidi cda mach dng vdi vé€ phai bang khong.

§4-4. DINH LY MAY PHAT DIEN DANG TRI

Khi phan tich mach dién, trong nhiéu trudng hop khong dor hoéi 1im phan ung trén tat ¢d cic
phin tir cla mach, ma chi dai hoéi xde dinh phan dng trén mot phin o, hodc mét nhinh cla mach.
Trong nhirg trudng hop nhu thé, viéc xdc dinh phan dng nhidu khi & tréy nén khé don gian név 4p
dung dinh ly mAy phdt dién dang trj sau:

Mot mang hai cuc ¢6 nguén ¢6 thé thay the wong duong bang mot may phét dien dang trj ¢6
stc dién dong bang dién dp ddu ra cla mang hai cuc khi hdh mach, méc ndi 1iép vdi tdng trdy bang
10ng trd ddu vido cGa mang hai cuc khy cho cdc nguén tdc dong bén rong mang hui cuc bing

khong.

That vay, gid sir ¢6 mang hai cue ¢6 nguén ( hinh 4-9a).



Chuong 4. Mach dién duoi tac déng cua cac ngudn dién ... 63

. E=U,
[0
—u
A l U A Z, A
a

— Z‘

a) b) ¢)
E=U, E=U, E=U,
1 f7a) N
N & [ =0 I #0
A
2 A - [

d) e) 4

i:o

Hinh 4-9

Vi ring bén trong mang hai cyc ¢d chira ngudn, nén khi hér mach, wrén hai cue cda né s& 16n

tai dien dp Uogoi 1a dien 4p hiy mach (xem hinh 4-9a). Néu trén hai cuc ctta mang hai cuc duoe
no1 vdi phu tdi Z, thi qua phu tai s€ ¢d dong dién I chay qua (Xem hinh 4-9b). Néu wén hai cuc
cta mang hai cuc dong thoi néi véi phu 1di Z,, con ndi ndi 1iép vai ngudn dién ap ¢é sde dién dong
digrg hing dién dp hd mach Uy, nhumg tdc dong nguoe lai véi chiéo tic dong cia Uy, thi dong
dién qua phy t4i ciing bang khong (xem hinh 4-9¢). Dé duy tri ddng dién I qua phu i 7Z,, ¢in mic
thém mot ngudn dién dp b gid tri ddng bhing Uy vi tdc dong nguge lai vdi chiéu tic dong cua
ngudn dién 4p da mic ban ddu (xem hinh 4-9d). Vi tic dong clia ngudn dién dp véi sie dicn dong
bing U, ban diu triét 1i¢u v&i t4c dong do cac ngudn chira trong mang hai cyc gay ra, nén c6 thé
loai ching ra khoi so dé, khi d6 mach dd cho hoin todn twong duong véi mach & hinh 4-9¢. Mol
mang hai cue khong ngudn hoan toan ¢6 thé thay the twemp duong bing tdng 1rd ddu vao cta nd, ¢d
ngha 13 mach & hinh 4-9¢ wong duong vdi mach ¢ hinh 4-9t. Dinh ly d3 duge chitng minh.

Dudi day, ta xét mat thi du, d4p dung dinh ty mdy phat dién ding tri d€ tinh phan (mg trong
mach dién.

‘Thi du, khi can tinh dong dién Ts qua mach dién hinh 4-10.
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Thinh 4-10 Hinh 3-11

Thue hién ngit (8ng trd Z: ra khoi so dd, phin mach con lai <& 1 numg hai cuc ¢6 nguon

{(xem hinh 4-11).
Thay the mang hai cue (hinh 4-11) bing may phdt dang 1. (a8 ¢6:

Coe e s Y B s .
B= Uy =0 =0y = — L . (4-51)
Lo+ T Al NS Al LT

Z,. 7. 2.7, 3
v —+ - (4-32)
Lo +Z. Z1Z,-7,

Do dé, mach dién da cho (hinh 4-10) (rang duong vé1r mach dién & hinh 4 120 trong d6 s

dien dong Bo vaidng iy /. duoe \do dinh boi cde bicu thire (4-31) vi (4-32) twong ang

7
v [
5

i

St dung phép bigh doi twong duong gilta ngudn dién ap v ngudn dong dién, ¢ the phat hicu

AN
\Z/
m-

{linh +4-12

{r day ta xde dinb duye dong didi:

dinb 1¢ mdy phit dién ding i dudi dang khac: Mot mang hai cue ¢o ngudn ¢ ihe thay (hE (wong
duong bang ngudn dong dién ¢6 gid tri hang dong dién dau ra cla mang hai cue kin dau ra ngan
mach, mic song song vdi 1dng dan biing 6ng dan ddu vio cda mang hai cue khi cho cde npudn (g

dong bén wrong mang hai cye bang khong (xem hinh 4-13).
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Hinh 4-13
Pinh 1v mdy phdt dién ding ui cdn goi 1 dinh ly Thevenin va Norton vé ngudn twong

duong.

§4-5. TINB CHAT TUONG HO TRONG MACH DIEN TUYEN TINH

Ngoai tinh chal x&p chéng, tinh chal wwong hd ciing 13 tinh chdt dic trumg cba mach dién
tuyén tinh. Tinh chét twong hé cda mach dién wyén tinh duge phat bidu nlir sau:

Trong mach dién tuyén tinh néu chi ¢6 mot ngudn dién dp tic dong ndm trong nhdnh ab, tc
dong theo chiéu tir a dén b va gay ra wrén nhénh cd dong dién I» theo chiéu tr ¢ dén d, thi khi
chuyén ngudn 14c dong sang nhanh cd, t4c dong theo chiéu tir ¢ dén d, nd s€ gay ra ddng dién I

tong nhanh ab theo chidy tr a dén b, va khi dé il = ‘12 {(xem hinh 4-149).

4) Hinh4-14 b)

That vay, ta thue hién chon cie mach vong doc lap sao c¢ho nhdanh chita 2, 1a nhdnh doc lap
¢Ga mach vong tha nhat, nhdnh chita 7, 13 nhdnh doc lap cha mach vong thd hai (xem hinh 4-14),
khi d6, theo cong thite (3-21) ta tim duge (d6i véi mach ¢ hinh 4-14a).

ALZ

Tn= I3 (viring khi nay Eeoy =0; B =E)

¢on d6i vai mach & hinh (4-14b):

i = 2o

F (vi khi nay l'-luu;,:) =0;va éz: :fi)

P6i voi mach dién wyén tinh twong hd, ma tran dng trd clia mach d6i xing qua dudng chéo

Chilll] nén A])ZAQ,, (10 d(’) Il :i[ :iz :in.

Ap dung phép bién d8i wong duong pita ngudn dién dp va nguén dong dién, ¢6 thé phdt
hi¢u nguyén Iy twong héd cla mach dicn tuyén tinh dudi dang khdc:

S TMACHTAPL
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Trong mach dién tuyén tinh néu chi ¢6 mot ngudn dong dién e dong dat gida 2 diém ab va
Ay ra gilta hai diém cd dién 4p U,, thi khi chuyén ngudn dong tic dong sang phia c¢d, né s& gay ra

o1ita hui di€m ab dien gp U, vi khi d6 U, = U, (xem hinh 4-15).

b ¢ b ¢
5 okom [
a | d a g
a) b)
Ilinh 4-15

.

Ta xét mot thi du tng dung tinh chit twrong hd cha mach dién xdc dinh dong diéen I irong
mach dién & hinh 4-10.
Theo tinh chét tuong h8 trong mach dién, khi chuyén ngudn dién ap tac dong 1 vao nhanh

Z;, n6 s€ gay ra dong dign io = I (xem hinh 4-16).

ko
Hinh 4-16
T hinh 4-16, 1a c6:
I's =
727, +__Zzz4
Y Z,+Z, Z,+Z,
. I's Z, . I's.Z,
g = Iy =————*
Z,+7, Z,+7Z,
[,=1s=1, T —i'(- 44 (4-53)
0_5—2'3_\'/,-#/. 7 +7
1 2 \ Il

Thay 'I‘S tir bidu thic (4-53) vao biéu thic trén, ta nhan duoc:
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I A Z,

Dé ding thay rang, két qua nhan duoe trung vdi k&t qud khi tinh ', bang phuong phap mdy

pluit dién dang tri.

§4-6. DAC TINH TAN SO VA HAM TRUYEN PAT PHUC CUA MACH DIEN

Phin dng trong mach dién phu thugce vio tan s6 cua ngubn tic dong, tinh chdt ndy duge goi

Ja dac tinh tan s6 cha mach. Ngudi ta cling phan biét dac tinh bién d¢ tdn s& va dac tinh pha tan s6

cua mach dién. Dic tinh bién do tdn s6 cua mach dién l1a su phu thude cla bién d¢ cta phin Ung

vio tin s§ cla nguon tic dong, con dac tinh pha tdn s6 ca mach dién 13 sy phu thuoe cta pha cia

phdn dng vio tdn sa ngudn tac dong.

Dudi day, ta xét mot thi du:

Xé1 mach dién gdm hai phdn tir R, C mic noi ti€p dudi tdc dong cia ngudn dién 4p hinh sin

V@i gid i bién do phue Uy, (hinh 4-17).

®
| o
3
L
o

flinh 4-17
Theo dinh luat Ohm dang phic, ta xde dinh duge cde pid tri sau:
Gid tri bieén d6 phie cia dong dién chay trong mach:

: U, U, _ UnjaC
Tz I 1+jReC
joC

R+
Gia tri bién do phic cta dién 4p trén dién dung C:

l U m

{Jm = im . = R
joC |+ JReC

‘T cde bidu thie (4-54) va (4-35), ta xéde dinh due gid (i bién do va pha cta dong dién va dién ap:

(4-54)
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U, aC

lm = -
\/]iL R-»-C*
u
U — m

m¢’ I R R
VI+R @ C"

¢, = P +1/2 —arctgRoC,

P = ¢, —arclgReC

Pac tuyén bién dé6 wn sé, pha tin 6 cua dong dién va dien dp tréen dién dung C duoe thé

hién trén hinh (4-18).

AN U
um
Snlo L e,
R T T

Im o~ \
0 —>
w
a) DAc tuy&n bign do tAn s6
\ (pi' ‘pu

@+ /2
\{;

@, - /2

b) Bac tuyén pha tin s§
Hinh 4-18
[1am truyén dat phifc cua mach dién ky hiéun (3 'T'(jo), 12 ] s6 gitta gid tri bién do phac, hoac
hiéu dung phdc cla phin ng va gid tri bitn d6 phic, hoac hiéu dung phac cha tac dong:
. 1.:m2 122 -
T(jo) = —= (4-36)

. .

Fu\l Fl

Trong bicu thitc (4-56), chi s6 2 biéu thi phin Ung, con chi sd 1 bicu thi tic déng.
Phin g trong mach ¢ thé 13 dong dién qua mot nhdnh nao ¢6, hodc dién dp piita hai diém
ndo dé cta mach, con tac dong vio mach ¢6 thé 1A ngudn dién dp, hoac ngudn dong dién. Do dd,

hin truyén dat phie clia mach dién ¢6 thé (2 dai lugng ¢6, hoac khong ¢6 tha nguyén.
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Ham truyén dat phite T(jo) ¢6 thé bicu dica qua dinh thae va phan phy dai 86 cla ma trén
16ng trd hodge ma tran téng dan cia mach. Thi du. d6i véi mach dién & hinh 4-14a, khi chon phan
tnyg la dong dién Ia, phit hop vai két qua da nhdn duge trong §4-5, ta ¢6 ham truyén dat phitc:

A]Z

i
(o) = — = - 4-57
o = = A (4-57)

Con khi chon phan dng 14 dién dp l'J2 trén phu tai Z,. thay Uz =1/, 1a (im duge ham

truyen dat phice:

. A,
T, (jo) = U— =7, (4-58)
E

i
f

Trong cde hidu thie trén, A (A dinh thie cha ma tran 16ng 3 [Z] cia mach, cdn A, 1i dinh
thite cha phdn phy dai 8¢ cba ma tran tdng trd cha mach.

Tr cde biéu thic (4-57), (4-58) dé dang nhin thay ring ham truyén dat phdc cia mach dién
phu thudc vio ¢fu trdc cla mach, gid tri twong d6i gitta cdc phén tr cha mach va tan s6 cta ngudn
tdc dong. ma khong phu thude vao dd Lén cla ngudn tic dong.

Mat khdc, vai ngudn tde dong cho tnxde, pid ti bién dé phite, hodc hicu dung phic cia né 1 gia tr hang so.
Do d6 1 bidu thite (4-56) 1a thay, sir phu thude Vw tn 86 o clia ngudn e dong cda bam truyén dat phic T(jo)
ca mach, wrong g vai sy phy thuée vao tn so cia ngudn tde dong cda phan tng  clia mach. Sy phu thude
clia modun ham truyén dat pinfe vo tan s8 cila nguon tic dong tuong g véi dac tinh bién do 1dn s6 cha mach
vau xdc dinh uremg quan gitta do 16n cha phin tng v dd 1on cla nguén tic dong khi tn 6 ngudn tic dong
thay ddi. Con sy phu thude cha argument ciia him truyén dat phie ky hiéu 12 8(w) - vio 14n s6 cla ngudn (ac
dong Tump tng véi dac tinh pha tin 0 vA xdc dinh gée 1éch pha gitta phiin dng va ngudn 14c dong vio mach.
130 vay, trong thue (8, dé xét Jiic tinh tn <6 cia mach dién, ngudi ta thuimg xét thong qua dic tinh @n 86 cla
han truvén dat phic ciia né.

"Thi dy, d6i vé mach dién ¢ hinh 4-17, ki chon phin ung 1 dong di¢n chay trong mach, ta ¢6 hiim truyén dat
phite:

I 16C

T ( } =~ = (4'59)
e T T T ReC

m
con khi chon phdn éng 12 dien dp trén dién dung C, ta ¢6 ham ruyén dat phde:
U Crny 1

Ty (jo) =~ = ——— (4-60)
’ Do 1+ ReC
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Ham truyén dat phice Ty(jo) & (4-59) ¢6 thir nguyen L téng dan, cdn him truyén dat phide T (jo) & (+-60) 1 da

uong kKhong ¢é thi nguyen.
T cde bicu thite (4-59) va (4-60) ta x4c dinh duo:
. oC
ITl (\](,') )I = ?——ﬁ*‘
VI+R o C
O, (w) = /2  ardgReC

!
IT.(jo) = ——

\(1+le2(_‘3

0,(0) = —arctgRe,C

(4-61)

(4-62)

(+-63)

(4-64)

P tuyén 1dn s6 clia madun v argument eta cde him tayén dat phite (4-59), (4-60) trén hinh (+-19).

RO rng rang, cic dutmg cong trén hinh 4-19 ¢6 dang hodn toin giong vic dutmg cong trén hinh 418,

M)l 0,(=)

ni2 \

>
- d

a) Dac tuyén tin s6 cla m6dun va argument ham

truyén dat phire T.(j o)

A
1] [T, 6,(w)

0,(w)

a) Dac tuyén tan 6 ciia modun va argument ham

truyén dat phic T.(j m)
Hinh 4-19

§4-7. MACH DAO BONG RLC MAC NO1TIEP

v

Cic mach RLC méde ndi iép, RI.C midc song song cang v cde mach dao dong ghép duoe st dung it phiod

bigh trong k¥ thudt vo uyén dién. Do ¢6 sy teao 161 ndng hromg dign, tr tudng gitla cde phén i phdn khang 1.,

C, cic mach nay b kKhil nang tao ra cde dao dong dién trnén chiing duge goi L cae mach dao dong.
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4-7.1. Dao dong trong mach RLC miic noi tiep
X& mach dien gom ba phin tr RT.C mide ndi i&p dudi tae dong cia nguon dién ap hinh sin (hinh 4-20):

u="U,cos(ot+ ¢,)

i R L

Um
Tc

Huth 4-20

Theo dinh luat Ohm dudi dang phie, ta Xic dinh dwe gid tri bién do phie cha dong dién va dién ap trén cic

phan ur.

f = o U = E_ﬂci“"u—"’f’ =1,¢e (4-65)
Z . ! 1]
R+i|ol— -
wC
trong do:
' 2 ] \1 g Pl a 5
‘Z‘ =R+l ol-—" la modun cua 16ng trd phifc Z cia mach,
oC )
oi. ~1/aC 3 argument cua 13ng trd phide 7,

, M Vi3 .
U =1 ‘](.0]_4 = I”,(DI .C Ky = U‘“[_ CM‘L '

{:JIIIC = i—- = —I-&-c](lpi“ﬂ/:) =U - j“‘llC ’
J(DC (.‘)C m

L‘] mR = im R = ‘imI{ ej‘[‘, - Um!\' ew“k

trong dd:

I
Um[. = [mmL; Ul.uC = mC ; UmR = Iml{'
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Gi4 tri tic o cha dong dién va dién dp tén cic phin i
i=1lcos(ot+ @)

u, = U cos(ol + @ + 7/2)
ue = U, «os{ot + ¢, - g)
up = U reos(ol + @)

Tir cdc két qua nhan duoe dé dang thaly ring:

- Gi4 tri bien do va pha cia dong dién, dieén dp wén cic phdn wr khong chi phy thuée vio do Ion va pha
cia ngudn tic dong, ma con phu thude vao gia ui tuong doi gitta cic phan (R, 1., C cla mach va tdn 0 cla
ngubn tac dong.

- Dién dp trén plian tir dién cim vuot pha tiude dong dién gée /2, dién 4p trén phén tr dién dung cham
pha sau dong dién géc 7/2, con dién 4p wén phin (r dién try rung pha vai dong dién.

- Gée lech pha gitia dién dp dat vao mach va dong dién chay trong mach duge xic dinh bang argument
¢l 10ng trds phiie 7. clia mach:

al.-1/olL
=@, —Pp=¢, = arclg—R——,

n6 ¢6 thé 1én hon, nhd hon, hodc bang khong.

Khi géc lech pha ¢ > 0, ta néi mach mang tinh dién cim,

Khi géc téch pha ¢ <0, 1a néi mach mang tinh dién dung,

Khi géc¢ léch pha @ =0, tanéi mach lam viée & trang thai cong hudng, vin dé ndy s€ duge xé ky dudi
day. |

P4 thi véeto ca mach due vE trén hink (4-21).

A
14

Hinh 4-21. Do 1hj véc (o ctia mach R1LC mic ndi tiép
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4-7.2. Hién tuong cong huong trong mach RLC mic néi tiép

Hién tuomg cong hudmg 1a hién twomg lam viée dac bict clia cac mang hai cue khong ngudn
¢ chira cdc phan tr phdn khang, ma khi d6 tdng 1rés hodc dng din phite cia né chi ¢ thanh phin
tdc dung (thanb phan phan khdang bang khong). Tén s6 ma tai d6 mach phit sinh cong hudng duoc
go1 la tdn 0 cong huong. Tan s6 cong hudng cia mach thudng duoe ky hicu 1 ..

P61 vai mach RIC mic néi tiép, téng rd phute cha mach bang:

z :R+j(cﬂ_- L J
oC

Mach s& phat sinh cong hudng khi thanh phan phan khdng:

]
o, .=——=0
o,C
Tir diy xac dinh dugc tdn s§ cong hutng clia mach:
I
W, = —F/— (4-606)

Xé1 dao dong trong mach, khi mach phat siph cong hutmg. Gid tri bién do phic cia dong dién khi cong

hutmg:
v Us U U,
m - = - ib\”“ (4'67)
Z(jo,) R R
. N . . U Y or gon
Vay khi cong hueng, dong dién chay trong mach dat gid tri ewe day | T, = —EJ v tring

pha vdi dién 4p dat vao mach.
I'ang trdr clia mach khi mach phat sinh cong hudng Z(je,) = R duge goi [ 16ng iy cong hudmg cla mach
(Z{j0,) = 7,yp)- Gid tri bién do phide cda dién dp trén cie phan W khi mach cong hudng f:

« . . 1 .1 .
R “n/2 . — .m)3
LTmL = Iul JU)U]--' = IJ[)C‘)H.L C]((p' T =m0 C](WI )

R
L']m(' = ﬂ_: l¢ Cj“p‘ ) = L ej((p,—ﬂ./l) (4-()8)

jo,C o, Ro,C
~ N 1 - > " T P - ) & [ [ e - [N “
Virang @,l. =——, nén khi ¢cOng hudng dién dp trén cde phan 1r phian khdng ¢6 bién do

m()
bang nhau nhung nguoc pha nhau, éng cia ching hing khong. Mit khéc theo dinh luat Kicckhop

2t o

L] [N fl MR + l.l ol + [:Ilu['
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khi cong huing Ut 40 we=0nen:

U = G (4-69)
nght [ khi cong huomg dign dp trén phiy (& dién iy bang dico dp ddt vao naclh
Tren i (4-22) 1 6 thi vées coa miach RY.C mac ndi iép khi mach phat sinh cong huimg.
Nét quan he gl bién do dién dp wen cae phan 1 plin khang v bién do dién Gp dit vio mach khi
niach phit sinh cong huomg. T bidu thdc (4-68) la cb:
U, | U, | b el
U|,| o) = "J“

ml. —_—

0 Jo-w, oCR R (+70)

Q dure poi I hé s0 pham chiat cda mach.

v

+1

Hinh 4-22. D3 thi vée (o ctiomach RELC méc udi GEp khi mach phit sinh cdng hudng

Cic mach dao dong si dung trong i & thudmg <6 e G phiim chidt Q = 50 = 300 doi vdi didi song
ddi va song Trung, vt Q = 300 # 500 doi v dilt sGng ngan va cue npin.

Vay khi miach phit sinth eong huong, dién dp trén cde phan @ plewy Khdng ¢6 pha nguee nhau, bien do
hing nliau va Im gap Q Ian bién d6 dicn dp datvio mach.,

Trong k¥ thudt vo uyéh dién, déi voi cae mach dao dong, ngoii he s& phiny ¢hilt Q, ngudi ta con sir
dung rong i hai dai luong khde QU 6 ton hao v khdng dae oh el mach. HE 6 @0n hao cba mach duo
dong. kv hieu Ia d 13 nghich ddo cia he s6 phani ¢hdt cda mach:

!

d—— (+-71)
Q
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Con try Khdng die tinh ctia mach. kv hicu iop. 1 G s6 gita pid e bién do dién dp trén phin 1 phin
Khang vi gia (g bien do dong didit trong mach Khi mach phit simh eong haong:

U | o, L L
p= — = = my L . |

|

— .= +72)
L, JyLe V¢ (

Cuor cung ta sé trang thai nang leong cua niach ki mach phiat sinh cong huomge. Ning

fuong Jicn 1 trudg tich 1l rong maeh bang Ong nang lugng dicn trudmg W, delr o trong dign

) X U i
dung vinang luoag e iradmyg Wy, tich el trong dien cam (W, = CT( W, =L
” 2 - 2
Khi miach cong huoug, 1= 1, cos(o. L+ ¢ )
u = U, cosor+ ¢, ~n/2) =U - sin(ot + ¢,)

20 do nang {uong tich wdrtrong mach:

C. ., . L )
W=W, +W,=—-U" sin(@.l + ¢ i+ —1 cos"(@t + ¢}
7 )
{rong bicu thic tren, khi thay U . = , W, = -= va thue hién bién doi. ta nhin
0,C JIC
dwse:
; 1 ] I Ay 72 ) N 2
W=W,+W, =11 =-CU .=LI'=sCU_, (4-73)
’) I -) m

Vay, khi cong hutmg nang luong dién wonong tich i trong mach 1 hang <8 VE v nghta vit Iy, dicu
iy ¢ nghia 13, khi macy cong huong Khong <6 sy trao doi nang luong gidr ngudn vix cic phén wr phin khing
ety piach, mi e o sutrao déi nang luong pitta dicn trutmg va e rudmg da duoc tich il trong cde phan 1
phin khang. Chinh sa trao doi ning Juong ndy mid irong mach ¢6 kha nang o ra cie dao dong dién, va do do
cde mach R1C mic néi Gép con duoie goi 1a mach dao dong ndi 1idp. Nguon dién trong trudmg hap nay chi

déng vai ro b phin nang luong bi on hio wong phin W dién .
§4-8. DAC TINH TAN SO CUA MACH RLC MAC NOI TIEP

£361 vdi mach REC mite ndi iép, ngudi ta thutmg quan G dén ham truyén dat phide theo dong dién

: ™ I !
() = ~Y = = : 1 (+-74)
Uw TR+ fel.- )
w(
N - [V . ) N L K v , [0))] U[-
Viring tan ~o cong huong coa mach @, = == con he s6 plidm ¢hiy coa mach Q - ——

VI R

nén bicu thae (4-74) 6 the vigt lai dudi dung:
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i 1
T(jo) = e —— (3-75)
[ Ll o o) 0+jQv RO+E
Ry l+- -
L R k(»,) |
. o o, e X . . . X .
trong d6 v = — = — duogce goi 1a do 1éch cong huomg trone dot, £ =Qv Ia do 1éch cong hudmg
@ w

10ng quat.
Tu day (a xde dinh duoc:

« mddun hitm truyén dat plute:

1 ]

lT( |£0 )l = ES il (4—7(})

R{IT QW Ry14E°

o argument ham truyén dat phite:
(o) = - arcig Qv = - arctg (+-77)
IR N -~ ' . ('0 u) n N

Fai thn 30 o = 0, 46 1éch cong huong wong doi v= —— — — — =, maodun ham

Q)] w

n

truyén dat phuac ."!‘(ju)ﬂ — (), con argument ham truyén dat phic 8{w ) = /2.

Khi (an s6 o tang didn tr g1d i o = 0 dén gid i o < o, 4o 1&ch cong hudng twong 461 v o8
giam dan vé gid tri wy@t dai, va do do6 [T (jo) l lang dan, con 6(w) s€ pidm din,
Khi ¢cong hudng (o = o,), dd 1éch cong hudmg tvong d6i v = 0, modun ham truyén dat phirc

[I(Jm)l dat gid it cye dai ‘IU@)‘ L con B(w)=0.

Khi tin s8 o ting dan 1r gid (1 0 = o, d6 (&ch cong hudmg d6i v »& tang din, va do dé
mddun ham truvén dat phide I'l*(_im)l s& gidm dan, com B(m ) 5& 1ang dan theo chicu am.

. . - o B ATt o wr a N N
Khi 14n s8 @ —» 20, do léch cong hudng wong d6i v = — = — - 5> 0 mddun hidm truyén

()] Q)

i
dat phice "["(_im)! — 0, con 8(0) > -2,

Pic wyeh én 6 cda madun v argument cta b tuyén dat phde T(e) (dic wyén bicn do dn 86 vi
pha tan $6 et mach) v& trén hinh (4-23).

Pic tuyén f'I’Qo))\ (hinh 4-23) con duoc got 12 dic tuydn cong huong cta macl RLC mic ndi

uep.
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A
| (@), 6 (w)
R
R !
I 5 1wl
0 I >
Oy O(w) ©
L R T

Tink 4-23. Hac tuyen bicn do tin s6 vi pha tan 8& cua mach REC mie néi ugp
Trong thue (&, d€ don gidn qui trinh tinh wdn vi bigu dicn dav tuyen, ngudi ta thuomg sk

dung ham truyén dat phace quy chuda. Tlhm truyén dat phiae quy chuin coa mach dien ky hicu 1a

T(w) , 12t s¢ gita him truyén dat phie va gid tri cue dai cta modun cha na:

T(jo)

T(jo) = —22
TQw)|

[[TRAN

Poi véi mach REC mic ndi tiép, gid tri cye dai cla modun ham truvén dat phire

"I‘Uo))‘ o= ]]{ . nén hivm truyén dat plhite quy chuan:
- il |
I(jw) = =~ - - I_
- jQw-- |+
- JQw i o
Modun cda hivm truyén di phide quy chuin:
l'i‘ : ] | (
\ (o) = === (4-79)
VI+Q7v? \/]+c_‘

Pac wyéh tin s6 cua modun biun truvén dat phie quy chuan xem trén hinh 424,

D¢ ding nhan (hay ring, duong cong cong huimg caa mach RT.C niie néi Gep cd tinh doi
atmg linh hoce qua 130 50 cong hudng o, nghta 1 véi niot ¢ap an «6 o, vi o- thoa man dicu kicn
© 0, = o, khi d6 ta sT d:

Ny 1

T(o),| = [T(Go )
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o
Pad
=1
[y
a
=
oy
”~
>
q
-~

y

v

”
mo fn &
Hinh 4-24 Hinh 4-25
1 ~ (J.) e
That vay, gid slr cd cap 1an 86 o, = xo, Y ¢ L= 1 okhi dé Lo, =00 Cng vai cap
[0 8

tan s0 da cho, la ¢6 do tech cong hudng (dng qudl (wong dng:

o, v )
6 = - |=Qa-g
0)‘ O.U)“/ . [od
feo o (1 N
£, =Q - =0 e = Qe
Kac)” C)II) Lo ) \ a

RO rang ring & | =& . nhung trong hicu thic (4-79), 8§ hang £ duie dua vio gid tr binh
phuong, nén:
!’i“ ) l—‘T J@ )‘
o r
Tuong w e thé suy ra:
Biw ) = 010’
Nl 13, modun ¢da b truyén dat phidc (dic wyéh bicn do @n sd aia ngeh) 13 mot ham chin cda tin
56, con argument cta ham truyén dat phde (dic wydn pha tdn $6 el nachy) i mot him 1é cla G 4.
Tinh d6i xing hinh hoc ¢lia dudmg cong cong hutng clia macl RT.C mic ndi 1ép vE trén hinh 4-25.
B¢ vE dac tuyén bién do pha - tAn ¢ cha mach - dac wy@n (An s6 cta hiim truyén dat phic
T(je)

T(o) & (4-78), ta viét ham truyén dat phic dudi dang:

= RQv
L+jQv 1+Qv: 2 2
lﬂ'QlVZ‘zJQV:lT - Qv
2 201+0Q%H 2 2(1+jQv)
1|

Y e . 2Bra,
o 2 et g Qv - ?+_;C'J‘-a“‘ (4-80)

T(jo) =

{

il

| —

+

1| —
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Tir bidu thac (4-80), ¢6 thé coi him truvén dat phiac }T(ja) )‘ 1 t0ng cla hai véato: vécw it nhat
3

I \
¢O JO dii 1 = Vi argument thang khong; véeto thir hai o6 do dii cling bing 5 nhung argumenl bang

<

4 N\

“) D) N o » .. ., - N _ \ .
=20ty = - ZardgQv = —-Zurclg(‘)lr — = Khi tin ~0 o bién thicn ir 0 dén oc, diu nit cha véews
Lo 0
N /

thd hai ST\ (anh mol dudmg tron tm O bin kinh R = — .1 day, dé dang thiy ring, dic wyen hién

12| —

do, pha tin s6 cba mach 1d dutmg tron 1m M(0,3, O) bidn kinh R = — (xem hinh 4-26).

1
2
Tir dac tuvén bién do pha tidn s (hinh 4-26), 1a thay: khi tdn 8 o = 0, modun ham ruyén Jda
T(jw)

phic = () ¢on argument ham truyén dat phic 0(w) = 1/2. Khi dn 6 o ting Jan, modun

T(o )‘ tang din con argument 8(v) giam din. Khi 1dn s6 o bang tin s6 cong hudng cla

mach ,, médun ‘T(J@) =1, cdn argument 8(e,) = 0. Khi tin s6 o tang din tr gid 11| 0 = o,

|
1!)1.‘1,‘1

gidm ddn, cOn arpument O(o) tang ddn theo chiéu am. Khi (An 6 o — o,

modun ‘T(ju))

T(jw )‘ —> 0, con argument 8(o) = —1/2.

modun
| | i A
o tang
A
T
©=0 id © = B, o
O=® 05 ! g

Hinh 4-26, Hac wivén bicn do pha 1dn s6 cda mach RELC mice n6i uép

Né&u chon phin tng trong mach RT.C mie nGi 4ép 13 dién dp tren cdce phédn 1 phan khdng 1, C, 1a s& ¢6

cde haun truyén dat phide tuong iy

. Un’(‘ ’.m im ]
TC()(D):——‘—: — T ol
Un joCUn Un !

1 1 1

= ST =S ‘ (4-81)
R+ (oL~ IC) joC  joCR(+jQv)
@
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Ln.. im‘ L ] L .'L
T, (Jw) = o = TR 1JQ_ (4-82)
Un Un  Rtjlol-——y RO+IQY
aC
Ny cic bidu thide (-8 1) vi (4-82), @ xdc dinh duoe:
1
|'1'(, {jo )i = , (4-83)
oCRyI+ sz'\
O (@) ~ —(m/2-arc1gQv), (4-83a)
; I.
T, o) = ————, (4-84)
R\/l +Q%v?
0, (©) - —m/2- arctgQv. (4-84a)

XEt rong ddi1an $6 14n ¢in t@n 6 cong huomg o, cla mach, ta o6

v:i_&zml_“ﬁ :((D—CDU)(UJ+(00)
o, w 0, O,

_20,(0-w,) 240 _ 2Af

) o] o,

rong d0 Ag =0 —o, AU = [ [,
Do d6, cic bidu thde (4-83) vi (4-84) o6 e viét lai dudi dang gan ddng sau:

[Te Go)| = : - e

Ro ,C, 1 +Q‘(
©

bl 2&0 i ] 2M :
N} 0,

‘TL (o )‘ N o, _ Q

_1/2Aoy ) 240 )
R T+Q - 1+Q
o, L0y

Pac tych bién do tn s, pha 1dn sO el nvach, tuong g voi phin g 1 dién dp trén dién dung v trién

dién ciam ve trén hinh (4-23).

Dién 4p trén dién dung dat gid tri cuc dai tai 1dn s6 ® O ‘ - -

2(0L

dién ap trén dién cAm dat gid tri cuc da tai tdn s6

, con



Chuong 4. Mach dién dudi tac déng cua cdc nguén dién ... 81

Vi cic mach ¢6 he sd phidm chat cao, an 88 @ |, = 0, = ©,. Tai tan s6 0 =w,:

mn

.llﬁ('(—im’)) - !’l‘l' (-i”-':)i = Q (Uln(' = Ulnl = QUIII)

/‘\ iTL(j m)l. |Tc(j m)4
Q e
T )|
1 i
d) mirnmo;nm m>
Mo (o)
m/
b)

Think 4-27. txic tuyen bien do tan <6 () vi pha tin so'(h)
§4-9. DA THONG CUA MACH DAO PONG RLC MAC NOITIEP

T do iy (hinh 424 1a thay, dudng cong cong huimyg cta mach duo dong REC mde ndi Gép dat gid wi
cue dai tai G O hiang (@n s6 cong hume cda mach o, Khi Gin <6 g cich xa tn s6 cong huomg oy, giid i
cha duinp cony vong hudng cing gidne Khi i s0 o = 0 v o — oo, gid i cta duimg cong cong huong hing
Khong. Mt khdc, wr bicu ilnde (4-79) whdy, dang cia duimg cong coug huong (o doe clia dutmg cong) phu
thude vive he o phuan et Q cla miach. Tren i (26) & cde dutmg cong cong hudmg cda mach RILC mic

NOLUSp g AGr e i g Rhae nhau coahe 6 pham chat Q cla mach.

Hinh 4-28

bi [MACH) (1
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T hinh (4-28) 12 thiy. khi hé s6 pham chat Q cta niach cing [dn, dang duome cong cong hudmy e
mach cng nhon (do doe cta dutmg cong cang Ldn). Picu ndy ¢6 nghia B dng \G mot tic dong ¢o tin s6 o =
o, + Ao, khi thay di hé s pham chat cda mach, phin tg cta mach s€ ¢6 cie pid i Khie nhaw 116 s phan
chat cua mach cang Ikim. phan dng ca mach déi vai Ge dong ¢o 1 S& cael sasin <o cong Traomg cda imach
cing nho. Hay noi cdch khdce, nach dao dong REC nae noi GEp eo tinh chon Joc tin hucu theo gy <00 v tn
chon loc ¢t mach phu thuoe nhiéu vao he <6 phany chat cda mach 96 dic e chetindy chag chion oc tin
hicu cta mach dién thee gm s, ngudd tadua vio Khdi niem dii thong cia mach,

Dai thong cua mach dién 1 dii tan s8 trong do dac tuyven bien do i s cda hinn ruy &n da

g

b S
phic cta mach khong nho hon ‘—/— [an gid e cue dad cua nd, hoac dae tuven ién do in <o cua

. !
hiam truyén dat phtte quy chuan khong nho hon — -
- T - =

(

V2

B6r vai mach RT.C mac ndi GEp 1w bidu thie (4-79) ta suy ra. tai bicn «a dii thong (g vdi

1An s6 @ [ va @), binh phuong d6 1ech cong hudng 10ng quic £7 =1 hay £° L1
Cic 1dn 86 bién trén o, vi bien dudi ¢ . cta ddi thong cia mach RT.C mde ndi GEp ¢6 (hE

xdc dinh theo biéu thic:

o) w,, 1 ~
T Ny 185)
LW 0w,
w = (l}‘
/ N
w oy,
3 Q== Tt } —1. (4-86)
Y )
o ] 2

Song do tinh dai xing hinh hoc cta diac tuyén cong hutmg el niach, nen tan o o, ¢ (he

. e . O L . . ‘e .. .
Xdc dinh (r bieu thie ® | - “L Do do, néu trong bicu thae (4-85), thue hién thay <6 hang
(I
() [ - R
— = = fa s& nhan duc:
W, w,
0, oo,
A ! ]
L0, 0,
hay:
B, ©O
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[ tin O tr @ | dén @, chinh 1a dii thong coa mach. o do, ddi thong coa mach RILC méc

101 ucp (ky hicu 1a 2A0) ¢6 pid tri:

200 =0, —0 | = — (4-87)

hay: Al = — (4-874)
Q

[0 thong ctia mach dao dong RIT.C nuic noi tiép ti 1é thuan vai tn s6 cong hudmg cha mach o, va ti lé

nyphich vai hié so phim chat Q ctia mach. Thi du, néu mach dao dong RLC mic n6i iép ¢o he s6 phdm  chit

Q =100, thi khi tiin s& cong huomg [, = 10kT 12, dii thong cia mach 2A1 = 100 Tz, con khi tin s6 cong  huong

[.= 10 MIlz dai thong cta mach 2A10 = 100 kHz. Nguog lai, Khi tin s6 cong huomg [, = 10MHz, nlumg hé so
pham chit et mach Q = 50, dai thong cia mach 2A0= 200 kHz

Pai Vi cac mach dao dong ¢6 he sd pham chdt cao, ¢6 thé chimg minh duge ring dic tuyén cong

hutmg cia mach ¢6 tinh doi ximyg SO hoc qua tn 6 cong hudng o, 'Trong trudmg hop nily cic tin s bicn dudi

o (vt bién trén o, clia dai thong clia mach, ¢ thé duoc xde dinh theo bidu thie gin ding:

(&)
I ;(j =w, (1 - _’—')
o S (4-88)
0}
®, 20, + —=0,{1+—)
2 T ) 20
I
i-l = 1, (1= ﬁ]
20 .
hay: ¢ (4-89)

I
[ = 1;(1+—)
20

§4-10. MACH DAO DONG RLC MAC SONG SONG
4-10.1. Dao dong trong mach RLC mic song song
Xé mach dién gdm ba phian wr RTC mae song song Judi tde dong cba ngudn dong dién hinh sin (¢ ch@

do xdce Kip (hinh 4-29).

Huh 4-29



84 LY THUYET MACH -TiN HIEU

i =1, cos(ot +¢,)

Theo dinh luat Ohm dang phie, ta xdce dinh duoce gid tri bién do phie ca dién dp va dong

dién gua cac phan nr:

‘ A [|u I|u [ o 1 ,
[J’III = Im 7-: - == C’QI e = Lllmcwﬂ (4'9())
v

trong d6:

i
O]

SN
v= Jg A oC - I 12 modun ciia tHng d4n phife cda mach.

oC~tol.  1aargument cia 10ng dian phie ety mach;
Py = arctg———

1

= ] - L = M. = ]

g Ra m y P“ q)} p\

( (401
1 L]III
ImR -0 IIII c.'m ’

l{ KR
im]_ = Eﬂ. — UJCM‘"—WZ} :1 ci(‘mr-ﬂ/l)

ol ok | (4-92)
'Im(‘ = L‘T m jg)(: =U [,1®Cc K- T2) Im(-c"""'*' 1)

trong do:
U U _
iy (1718 [ - LT “)(:' (4_9—’.)

mR = 5o LT * "
R wl ‘

Gid trj tde thev cua dién 4p va dong dién qua cdac phan (i
— 11 vl
u=U cos@ +o, ),
e = |

Iy = 1y cosL+ ¢, — Y2),

i COSOL 4 @y, ).

1o = 1 cos@t+ @, +m/2)

T cde K& qud nhan dude dé dang thiy ring dién dp vi dong dién qua cac phan 1& khong ¢hi
phu thude vao do [an cua npudn tde dong. mid con phu thude vio 1an s& cia ngudn tac dong viv gid

tri lwong doi gitta ¢ac phin 1o ca mach.
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3
Goc tech pha gilta dién ap trén cde phan tr va dong dién dat vio mach duoce xdc dinh bai 56

ddi cha argument coa (0ng dan phie cioa nach:
= @, D= =Py
Khi ¢y <0 (—py >0) mach mang tinh dicn cam,
Khi py >0 (=py <0) mach mang tinh dién dung.
Khi ¢y =0 mach lam vice 0 trang that cong hudmg.

Dong dién qua phan td dién trdy teung phavgidicn dp, dong di¢n qua phan «r dién ¢idm cham
pha sau dién dp géc /2. dong dién qua dicn dung vuot pha trude dién dp gée n/2.

D6 tui véets el mach RLC nidc song song twong dng vdi cic truomg hop mach mang tinh

dién ¢im vd mach mang tinh dién dung v¢ trén hinh (4-30).

I A
I e
I 42\l
#
@) Much mang tinh dién cam b) Mach mang tinh dién dung

Hink 4-30. D6 thi vée 10 cha mach RLC mac song song
4-10.2. Cong huong trong mach RLC mic song song

Tong dan phitc cha mach RILC mac song song:

1
Y=p+ jloC - —
£ J( a)L]

Mach s€ phat sinh cong hudng khi tdn sd cha tic dong thda min didu kién:

1

[ UC -
®,l.

=0

T day ta xdce dinh duge tin $6 cong hrdng cla mach:

moz-if (4-94)
1.C

X¢ét dao dong trong mach RLC mic song song khi mach phdt sinh cong hudng.
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Puco td R duoe gor lctdny e cone huong ciac o,
Vao s ony hudng, Wue he phare couceadeech Bomot <& live Vi dan ged e cue dans do do dien
AP UG Cat e EE e dai g B e doe v wone phaovor dong dién Jit vivo sach.

Uit bien dd phue coa dong dicn gua cae phan

e U 0 N e

| , - _
Vitag - = o O ndn Kb cong haong dong dien guaccie phiaa i nlidn Khidng ¢d bien do

('J|/I

bang nhaw, nhung nguoe pha ybau én @Goge cwd clinng bane Lony

Mat khic, theo dinh luat Kieckhop i dang phan 1a oo

nén khy cong hudng dong dicn qua plian 1 e ) bane dong dicn dat vao imach

Pren Mnh 429 15 dd thi vectd cicmacdy KL e song song Khi mach phat sinh conge huimy.

Hinfr 4-31. D6 thi v Zeng anomadds REC mae song song kb suach phat sih cong iwong

XEU N 8o it bicn da dove dien tren o phun e phan Khdng cd bicn do dong dicn dac o

mach khi mach phi sintcony inrong.



|
L | 1 ( ') ‘ S
’ - -i‘-‘-'— - - - Q (4-93;
|
|

Q duoe poi I he s pham chat coa mach.
Cang nhu cic mach dao dong REC nai tdp. cic mach dao doag RILC mic song song s

dune trong thue 18 thudorg ¢ he <0 pham Chiar Q = 30 = 300 dor v i song dan, WSng trung va Q =

3000+ SO0 A van die sony ngdn Vi cu ngan.

Par vai mach duo dong RIC méic song song, ngeai hé 86 phint chat Q. ngudi ta clng su
dung hai dai tromg Khac 140 hé sa 10n hao d vd (rd khdng dic tinh p cda mach. g 56 16n hao d cba
mach dao dong RT.C mie song song 13 dai lwomg nghich dido cta he s pham chat Q cdu mach:

Jd = - con ed Khidng dac tnh p cla mach 13 6086 gita bicn do dién dp trén cde phan 1 va bign Jdo
0

dome dicgn gua plio G phan khdng con mach khi mach phie sinli cong hudig:

vl
{8 wit ! \I (‘

)¢ dang chaig munh duge rang, cang nhu mach dao dong RYC nide ndi udp, d6i s mach
dawo dong R1LC midc song song, khi mach cong hudng ning luong dién te rudmg tich tri trong mach

cégid tn hang <o,

§4-11. DAC TINH TAN SO VA DAI'THONG CUA MACH REC MAC SONG SONG

DO G minch dao dong REC mie sopg song, ngudi ta thusng gaan i dén hiim truyen dat

phac theo dien dp;

- LIHI l l
goy- - - /= - St

[ \ I. .

I, ool

Ricu thie coa hme wuyén dat phie 1go) o e896) co the vict Tae dvordany

ao | 1 {
IUU)] — s - S e m— s O e — -

. - (-4
st Qv et
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) o, e L
teong dé: Q = —2= 1a he¢ sA pham chat coa mach;
£
[ 03y e e R , -
v =-——— ladg lech cong hudng teong doi:
0, o

£= Qv lado léch cong huong (6ng quit,
Gid 1ri cue dat cha modun hivn truvén dat phae (4-97) L

[Fhox = l

HILX g
do do, ham truyén dat phidc gquy chudn cta mach:

|
1+iQv 1+

T(jo) = (4-98)

Bicu thire cha ham truyén dat phie quy chudn cia mach duo dong RIC mic song song
(4-98) ¢6 dang hodn todn gidng bidu thde ¢da ham truyvén dat phifc quy chudn cda mach RI.C
mac ndi Uucp (4-78). Do d6, dac tinh tan s6, cling nhu ddr thong cua mach R1.C mic song song ¢b

th¢ suy ra trge GEp tr dic tinh tdn 86 va dai théng cla mach Ri.C mac néi 1idp.

Bic tinh ¢ong hudng clia mach:

. 1
~'l‘(_l(’)) = =— (4-99)
| 1+Qv: (1482
Pic tinh pha tdn s8 cia mach:
O 0, )
B(m) = —arctgQv = —arctg P j (+-100)
Fo D)
Con ddi thong clia mach cling duge xde dinh theo hiéu thic:
©
280 = 720_ , (1-101)
hay:
t
QAL = 60 (4-101a)

Dic tuvén cong hudng va dac tuyén pha cda mach RLC mice song song vE trén hinh (4-32).
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Hinh 4-32. ac tuyén cong hudny v dac (vén plia o s6 cug mach RLC mac song song

§4-12. CAC MACH DAO PONG SONG SONG KHAC VA DAC TINH TAN SO
CUA NO

Khi k& dén 16n hao trong cic phan (r phan khang, cic nxeh dao dong RT.C mic song sonp s&

O dang nhie v oen lnsh (4-33).

E.IRLJ

a) b)

Hinh 3-33. Cic nmiach dao dong song song ture 18

Mach dao dong song song & hinh (4-334) ¢4 tinh dén 16n hao trén cudn cdm.

Téng dén phice cia mach:

Y=Y +Y,=— ! -— + joC
R, +jel

R ).
st eC - — s b (4-102)
Ry +o71° Ri+ o L7

trong do:

R, _ . nl

> 2

E=—"F A
Ry +o71° Ri+o’'l’

Mach s€ phit sinh ¢ong hudmg khi tin s6 cta ngudn tic dong © =, thoéa min diéu kién:

0.C - #Iﬂa =0
R{ +o,17
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[ Ric R,
iy w, = {_'__ ([ o= |—‘¢| (4-103)
JcecV L Jic P

e
(L
trong do: p=.]=

Ve

Cic mach dao dong st dung trong thue @ thuong ¢6 16n hao nho (R, << p). nén tan s6 ¢ong

hucmg cha mach ¢6 the tinh theo biéu thie gan ding sau:
I
L.C

(4-104)

“Jﬂ =

Ham truyén dat phite cta mach:

. Ui +ijwl.
T(jr) = u :_I - R, +jwl e

; ¢ ij‘{Ri +jol. - IJ
' wC

Trong thye 1& mach thuong lam vice trong dii 1dn s6 lan can tdn s6 cong hudmg @, va khi
W00 hao nhd tw luen ¢6 R << ol.. Do do, trong ddi tin & lan ¢in tén s6 o, . bifu thic cha ham

truyén dat phac ¢6 thé vidt dudi dang gan dang sau:

T(jm) = ; ol =
. ; ]
oCl R, +jwl.—
J L LTl O)CJ
1 =
N R.C 1 (4-105)
=il i(mC— — ]
. "L ol

Picu thue (4-103) hoan wan gidng hicu thie cda ham truyén dat phie cia mach RLC mac
: ; : k,C
song song (4-96), chi khac dién dan g duge thay bang dién dan wong duong g 4= —IL——, Do do,
trong  dadi @ sE lan cdn tan so cong huong o, dac tinh tin 56 cua mach dién (hinh 4-33a) nhin
duoc 1l die tinh tin s6 cta mach RLC mic song song (hinh 4-27) khi thay dién dan g bang dién
.- R(C
dan tuong duong gu = —['—- .
Cac tham so khac cta mach duge xae dinh theo cde bi¢u thae gin ding sau:

LG <0 pham chat coa mach:

Q =~ o (4-106)
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Khi str dung bi¢u thie gan ding (4-103), ta s& gap phai sai 86, sai 86 do duge ddanh gia bai
bidu tndc:
R, +jol. R, | (R -wwt
B Y TP SRR PO —‘J ¢ ol (4-107)
jorl. jer L oL

Sai s6uenyg déi cda die tinh bien do tan <6 cha mach duge danh gid bing modun cua hiéu
thire (-107), con sai sO twomg doi cia dac tinh pha tin so duge danh gid bang argunient cda bicu
thae (4-107)

Mach dao dong @ hinh (4-33b) khide mach duao dong & hinh (4-334) chi bai dicn s R mae
song song vin kKhung dao dong. Do do, trong ddi tdn so thoa man dicu kicn ol >= K. no wong
ducmyg vor mach REC méae song song, vai gid tri cta dién trd R = R, duoe xdc dinh boi biéu thie:

I R.1

Rig: === - = _
I R C  L+RR,C

(xem hinh 4-34).

RL
S @ I L+RR.C :

P
0
|

r:-!

Oll

OIS

'._

Hiuh 4-34
Cac tham sO khac coa mach ¢6 thé xiae dinh theo cic bidu thae gidn ding:

Téan s06 cong huong:

1
W, = —F—
I J[,(‘
HE 6 pham chit cua mach:
Q 0,C
I RC
— + =
R |
Fong trir cong huong:
1
K, = ;
I R,¢
I |

Mach dao dong ¢ hinh (4-33¢) khi tinh dén ton hao nhd cua cudn cam v cla ty dién,

TTam truyén dat phite cha mach:
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_(leﬁﬁKR(+MwC)

H / (-
] RL?R(;ﬁwLHwCJ

{+-108)

Trong thue 1€ cic mach dao dong thuang lam vide & dai Gan s6 ma o dé thoa min diée kién el.

>> R, = >> R Khi dé han truvén dat phie caa mach (4-108) ¢o thé vigt dudi dang pan ddng:

oC

‘ | |
Moy - . —— 109
N , —\ .
( I v CG(R
Ry #Re+fol- AR
[ s oC

L
-
S

Bidu thiv cha ham truyén (4-109) hoan todn gidng bicu thdc cha hidm trayén dal phic cla
mach dao dong RLC mic song song (4-96), chi khic dicn dan g duge thay bing dicn dan
CR, +R )

gy = — nén dic tinh 1an s cta mach ¢lng duoe suy ra (r dic tinh t@n s6 cla mach

CR, +R.)

REC mic song song khi thay R=R , =

Cic tham s khdc cha mach ¢ing ¢6 (hé xdce dinh theo cde bidu thde gin dang sau:

Tan s6 cong hudng cla mach:

T1¢ so phiam chat cha mach:

_w,C oyl

ga R, +R.

Tong td cong hudng cha mach:

L
TR, + R
Dai thiong cda mach:
2 A0 _9}3_ . lzc 3 R!
Q .

§4-13. MACH DIEN HINH SIN CO HO CAM

Hién tugng tir thong mée vong gqua mét cudn cim do dong dién chay qua moét cuon cam khic

gay ra duge goi L hién tuong héd cdm. Mach dién ¢6 ton tai hd cdm goi 1a mach dién ¢6 hi cim.

X6t hai cudn cam I, [, dat gan nhau, trong dé ¢é cic dong dién iy, 1, chiay qua  (hinh 4-33).
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i \
to I
-~

IHlinh 4-35

L' thoug do dong din i, chay qua cuon cani Ly gav ra, phin 16n <& Khép vonge qua cuon cim
f .. duoe kv hicu 13 ¢, . cOn mét phin o8 wioe vong qua cuon can |, duge ky hicu v, Tuang
wr thong do dong dién 1, chay qua cudn cim L, gay ra phan 1on s¢ maéc vong qua cuon cdm 1. ky higu
1d ¢,,, con Mot phin sC moc vong qua cudn cam 1, duge ky higu 1 ¢y, Bdi vay, W thang 10ng khép vong
qua mdi cuon cam 1., L), duge ky hicu 1§, va ¢, twong dng s& 14 (6ng dai 86 cha cic tr thong,

nghia la:

b =, 2o, =Ly £ Miv\l’l

4-110)
‘b:z‘l’:ziq’n:]*ziz:MilI (

Cac tr thong ¢y, = Ly, §y, = 1,1, goi [a cae wr thong 1u camy; ¢on cie tr thong ¢, = Mi,, ¢, =
Mi, goi 12 e thong hd cam. He s6 M trong cie bicu thae wrén goi 1 he 6 hd cdm:

M=k T

trong do Kk goi L he s6 ghép (0 < k < 1) T thong hé cdm ¢6 the ctng chidy, hoae nguoe ¢hidu vai
tie thong tu cam. Khi tir thong hdg cam ctng chiu vai wr (hong o cam, he 86 hd cam M s@ mang dau
duong (4). con khi tir thong hd cdam nguge chicu vai tr thong tu ¢im, hie s0 ho cam M s& mang diu
am (-). HE xdc dinh ¢chiéu cla tir (hong ho cin so vot chidu clia tir thong tu cim, ngudi ta dua vio
Khai nicm cue chng 1&n cda hai cudon ciam. Tai cye cba hai cuon cim duoe goi v cting tén vé nhau
néu chicu dong dien trén cie cye do 13 nhu nhau (cung di vivo, hoac cung Ji ra), thiiz thong hé cam
v 1 thong e cam b cting chidu.

Thi du. cue @ v cue ¢ cba hat cuon cam v trén liinh (4-30) [a cung (¢n vdi shau

T )
4 NS

Hinh 4-36
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Cde cue cung fon cua e cuon cam chit phu thuoe vao cach gquin day, hoan wous Mhone phiu
thuoe vio cnfu dong dién trén ¢ie cue ay. ren so da mach ngudi ta dune diu sao (4) d¢ hicu (i
CAe cue cung 18N cua clae caon cam (xem hinh 4-37).

hd ¥ *

Thiuh 4-37

Khi tir thone mae vone qua mioi coon cin bich tnén, trong ching <& suat hidn cdc dién ip
cam e, Do dé. dol v@ocie cudn cam cd hd cam dicn Gp cdm ing irén nd <& bao pom thanh phan
it ap e cant v dle thanh phan dien dp ho eam,

Ihi du. dor vor mach dien & hinh (43550 dicn d@p came tng trea nion caon can 1o L temy tay

SC 1
’ _ g_d)l_ — i‘(l)!]_ I _Lh’):__i_ - IJ[ L_II_J + \/le _(_“_2
)i dt dt dt di
¢ _ (4E
dd, d 5 dé,, I di, di,
, — —— - T — =], —= 11 1 ..
- i dt dt Todi - odt

aday M, =M, =M.

Cdc (hanh phan thd nhar bén v & phat cua cic hicu thoe (4-111) 13 cice (hanh phan didy dp wr
ciniz con cie thanh phin thi hai bén vé phii caa cie bicu thie (-117) 1 cie b phan dien dp hd
cdm. Thanh phdn dicn ap bo cdm mang diu dung (+) khi chidu dong dicn gqua vdce cure cing 1én
cia had cudn can L nhu nhau, ngaoe Tai mang dau am ().

Goi thanh phan dién dp ho cim do dong dicn ¢hay qua ceon can L., gay ra tren cuon cam 1

iy, , o,

(“q
Uy ~ My, =

big dt = \/\ﬂn[lq ("—I I:i

Jd oo
M, — goi T roan (o b cing,

tong dé |
& the [h
! Ul

¢ dang  thay rang. Khi cae ngudn dién Gic dong vio mach ¢0 daue lam <0 mi (¢ =
ey todn i ha ciame vy, = M s Con khr tic dong vio mach 1 cae nguon dicn hinh sin. odn

trhés cim oy, bang tich coa he so hd cim M, v6i Gin <6 goc cha tde dong o vidon vido |
N Y
Ihg — 10 '\/Im (4113}

vacduroe par 1y l(inl‘ (to plure ho cane
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Con g i bien do phire (hicu dung phiae) coa thanh phan dign dp hd can duge e dinh boi
tich cha (g rd plidc ho cam vai gid i bien do phite (hicu dung phae) cia dong didn

L Mutky _|('],’\;‘1 vl [|||:| .

i (4114

Ui __j( s\ - ].|
L' cde ket qua nhian dwoe ta thay, dor vai cde mach dign ¢ ho cam, dicn ap rof trén cic phan

ar cua mach vong, ngoin cde thanh phan dicn dp ror nhe d3 tnh @ wen, con ¢6 theni ¢de thinh phan

dren ap ho cam, Do da, he phuong tiinh dong dicn mach vong (2-9) <8 ¢6 dang.,
L s s M. <y . . .
i(’ﬂ ' Z’\m)l] e lZ’\H:"n =y Z’\u\()'\[ - L
’ Gy + 27&-111)i1 (vt Z"\n:)iu T oy Z-'/'\lz.;\()il\l T Can -
§ (4-113)

(Ky + Z"/\m))l] (R *Z"'\IM_’“!I b ("it:\["Z"\mw}lf\i =Cuwr
trong do Z g JEOME dad 8O Cac todn 1 ho i pilia cde cudn cam trong cae nhanh (huoe mach
vong k. Dau el cde 1odn 1l hd cam thanh phdn phu thuoe vio chiéu dong dicu mach vong k déi véi
cile cye cung 1en cba cde cudn cam.

Z Plkgihrq) = Zﬁ]}mk fa tong day s0 cac todn (e hd cam pilra cde cudn cam nam trong cic
nhaah thuge mach vong g (thude mach vong k) vit cde cudn cim nam trong cde nlidnh thude mach
vong k (thuoe miach vong ). Ddu cta cie wdn tir hd cam thiml phén ciing phu thuoe vaa (hidu
dong di¢n ca cde mach vimg k vit g doi Vi cde cue cung 1¢n e cic cuon can.

Duai day, o xét mot thi du:

Thanh 1ap hé phuong trinh dong dicn mach vong coa mach dién ¢ hinh 4-38 3i¢t rang cic

neudn 1die dong vao mach Ja cic nguon dign hinh sin vimach L vice & che do xdc lp.

L, L c,
* A [
¥‘. T’
L3 M23
C. M,
C3
3
D ®
( e, C) e, %

Hinh 4-3%
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Sir dung & phite dé phan tich mach dién, thay cdc toan (r hd cim v, = joM . doi vé mach
dien (hinh 4-38), chon cac mach vong doc 1ap v chidu cde dong dien mach vong nhu hinh v, ta
Lo

Z L 7 2Je My
Z A = - 2joM,,
D =Yy = oMy - oMy = joM = jetM,, =My =M )

Tu dav (a thict 1ap duoc hé phuong trinh dong dién mach vong caa mach (hinh 4-36):

| (7,4 7, = 2ieM, DT 4[24, wjoM,, =M, M fin = =1y,
! - H-116

1[’/_‘ (M, =My =M DI+ (2, +7, = 2joM, o1 =11, - 15
trong Jo:

’

7, =R+ jLo)],l -

)

oC,

o I
1, =R, + _}[0}]_7 -— \,
) ) \ ) (DLE /
7, =R, +j ol —--——l—\
3 g T 0y wC, .

Dol va mach dicn ¢6 hd cam, dong dicn qua mdt nhdnh khong chi phu thuoe vio dién the hai
it k& nhdnh d6. ma con phu thuoe vao dong dién gua cde nhdoh ¢6 héd cdm khac, nén kKhong thé §p

dung phiueng phip dien thé diém nit d¢ phan tich mach ¢6 hio cam.
N o . < x »
§4-14. SO PO THAY THE TUONG DUONG CUA BIEN AP
Phéan tich mach dién ¢6 hé cam khd phae tap, & don gidn qui tiinh phan tich, ngudi a thue
hien thay thE mach ¢o6 hd cdm bang mach kKhong ¢6 hd cam trong duong. C6 nhidu phuong phiap
thay ¢ wong duong cla mach dién ¢6 hd cam. Dudi day chi x84 sordd (hay (e twong duome cha

bicn ap (hinh 4-39).

Tlinh 4-39 Hinh 4-40
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béi vai bién dp (hinh 4-39), ngudi ta thudng st dung hai loai so d6 thay the wwong duong: so
do thay thé trong duong hinh T ( hinh 4-404) va so dd thay thé teonmg duong hinh IT (hinh 4-40b).

Xé( 50 d6 thay thé tuong duong hinh T clia bién dp. PE xdc dinh cdc tham s 1, 1, 1., cla so
do thay the tuomg duwong hinh ‘I cda bién dp, ta thic¢t 1ap phuong trinh dong dién mach vong cho ca

hai so d6 (s dd 0 hinh 4- 39 va s 6 d hinh 4-40a).

Ddi vdi mach & hinh 4-39, phuong trinh dong dién mach vong ¢ dang:

di di,
u =L, =+ Mo
GG (4-117)
1) 1, i
u, = 1. 2 + M
27T @ dtJ
Con d6i véi mach dién & hinh (4-40a):
di di
u, =(L,.+Lb)% + L, 2,
! d (4-118)
Loyt o, W
u, =(L, +L,)—= ,
- b > dt

Tir cdc he phuong trinh (4-112) va (4-113), ta thdy néu cdc tham s6 trong hai hé phuong
trinh théa min diéu kién L, + L,=L; L.+ L, =L,; L, =+ M, hay:

L, =L, ¥M,
L.=L,¥M, (4119
L,=+tM

thi hai hé phuong trinh (4-117) va (4-118) 1a wong duong v6i nhau. Hay n6i cich khic, mach dién
¢ hinh (4-40a) 12 mach dién twong duong cta bién dp (hinh 4-39), néu cdc tham s6 cha né dugc

chon theo bidu thae (4-119).

Trong cdc bidu thte (4-119). hé s6 M s€ 1dy ddu phia trén, néu cac cye cung tén cla hai cudn
cam cua bién dp cung ndi voi nit chung; nguge lai, néu cic cuc cing tén ciia hai cudn cim khong

ndi véi ndt chung, he s6 M s€ 14y diu dudi.

Cin lyu y ring trong so d8 thay th¢ tvong duong hinh T cba bién dp, ¢6 thé ¢6 dién cdm
hodac [, hoadc L, hodc L. ¢6 gid tri am. 'That vay, khi ghép chat (k = 1), ta s8 ¢6 L,.I., = M?, vi do

dé cdc gid 1ri cha cde dién cdm 1, L, L, cha so d6 thay thé hinh ‘I s& théa min biéu thic:

o+ L)L, +L)= 1}

hay:
LL. +L L, +L,L.=0

(4-120

7-LIMACHTAPI
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Biéu thic (4-120) chiing to ring, mot tong cic dién cam trong so d6 thay thé, hodc dicn cim L, =
LF¥FM=L F/LL, =L, (L, FJL,), hoae dién cam L, = L, F M = L, + L L. =
JL, (WL, = L) hode dign cam L, = + M $8 ¢6 gid tri am.

Trong trudng hop ghép 1ong (k < 1), khi d6 1,1, > M?, vi dang thie (4-120) <8 (ror thanh ba

ding tnie:
LI+ L +10, >0 {4121y

Bal diang thie (4-121) clng khong loas trir Khd ndng hodc dién cam L. hode dign cam 1, ¢o

gid i am.

Tuy nhién, viec xudt hién dién cam cé gid tri am trong so dd thay (he hoan toan khong inh
hudng dén qud trinh phan tich vA tinh todn mach dién. N6 chi chimg 16 ring. d6i v@i mach dién co
hd cidm khong thé thay the hoan wan biang cde phan tr thu dong. V& matvat Iy, vice xuit hién dicn
cam ¢6 gid tri Am trong so do thay the duge giai thich nhu sau: DS w6t bién dp (hinh 4-39) cudn so
cAp 1., & nhan ning lugng dign W ngudn va bicu d6i thanh nang huong W rudng v bace xa vao ving
khong gian quanh cuén thit cap L, Cudn it ¢ap 1., nhin lai ndng lugng (I trudmyg (o viing Khong
gian vd bién thinh nang luong dién d¢ cung cdp cho phy tai. Piéu ndy wong duong nhu cuon 1,
hodc I, phdt ra mét ngudn nang luong, va chinh vi thé ma trong so dé thay the xuat hien dign cam
co gid tri am.

Tuemg ty. d€ xdc dinh gid try coa cde dien cam T L, L, trong so d6 thay (h tuong duong
hinh IT (hinh 4-40b) cda bién dp, ta viét phaomg (rinh dinh luat Kiéckhop 1 doi vt ndr 1 vi ndc 2

cua mach:

% “h )

iQ:\—.v-——IJ.u d - —J'u i

., ‘[,

(4-122)

i,:{% +?1—M'u,dt—— 1,\\
|
|

Sau khi nthan ca hai v& 1img phuong trinh clia hé phuong trinh (4-117) vdi du va [y tich phan
¢4 hat v& clta ching, ta s& nhéin ducc:

[.,1, £ Mi, :J-uldt,"
; (4-123)
1,0, = Mi, :fuldtJ

Giai he phuong trinh (4-123) theo cie bigh 1y, 1, , ta s&€ nhdn duge:
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i, M '
1 = — - udt r —m u‘dl
] l ]l-_) - IVl '[ I }‘lI‘7 - J‘ ‘
| - f (4-12)
b= e — e [udl = — e [uat |
UL, —Mlj SR TN sz b

So sdnh cic hé phuong winh (4-117) va (4-124) ta thdv, nCu cic hé s& coa hai hé¢ théa man

dicu kign:

! | i,
—_ 4 = l
1., 1 L, - M

1 | L, -
U o2 WU (+-123)
O O A
1 =M
Ly L,L,-M?

J

tht hai he¢ phuong trinh trén 1 twong duong véi nhau, Hay ndi cdch khdce. so d6 mach dién hinh T1
(Minh 4-40b) 1a so dd hay the trong duomg cla bién dp (hinh 4-39) néu cic tham »6 Ly, Ly, [, cta nd

thoa man didu kién (4-123).

Giai he phuong trinh (4-1235) ta (im duoe:

1 L,¥M
L, L,I,-M*
[ L,¥M |
— (+-126)
Lo L1, -M?
1 =M
Ly LL,-M*|

Dau trude tham s6 M cta cdc biéu thide (4-126) cling duge chon nhu déi vai so dé thay the
(romy duomg hinh T cha bién dp.

Trong sa dd thay 1the wong duong hinh IT cda bién dp cing ¢6 kha nang xudt hien dién ¢dm ¢

gid (i an.
§4-15. CAC MACH DAO PONG GHEP

Trong k¢ thuit vo tuyén dién, ngodi cde mach dao dong don (mach RLC méc néi uép v RLC
mic song song), ngudi ta con s dung rong rdi cde mach dao dong ghép.

Mach dzo dong ghép 1 mot he théng gom hai hay nlii€u mach dao dong don ghép véi nhau.
Vice ghép gita ciic mach dao dong ¢d thé thue hién yua bién dp (ghép di¢n cam) hodc qua dién
dung (ghép dién dung).
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Trén hinh (4-41) V& cic mach dao dong ghép gdm hai mach dao dong don ghép dién ciny va
ghép dién dung véi nhau

Hinh 4-41. Cic wach dao dong ghép

a, ¢ ) Much dao dong ghép dién cam

b} Mach duo dong ghép dién dung.

Céc mach dao dong ghép st dung trong thyuc t& thuong gdm hai mach dao dong don ¢ tham

6 gidng hét nhau ghép véi nhau.
4-15.1. So do thay thé tuong duong cua mach dao déng ghép

Xét mach dao dong ghép gém hai mach dao ddng don ¢6 tham s6 gidng hét nhaw, ghép dién

cam vGi nhau (hinh 4-42).

M 1 Y 2
V" N
1T T F T
R TC} L L TC \.’HR CQBi R T¢ L L Te R
% LT
. ¢ o
Hinh 4-42 Hinh 4-43

D& phan tich mach dao dong ghép (hinh 4-42), ta thue hi¢n thay (he so d6 ¢6 hd cim bang so
d6 khong ¢6 hd cam (hinh 4-43), trong d6:
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o L-M 1 i
L. 1:-M? L+M L{+k)
1 M k

L, I1}-M> L(a-kY)
. Mo R
oday k = T Lt he o ghép gidra hai mach dao dong.

Tt lap e phuong trinh dién thé€ dién nut déi véi mach dién hinh 4-43:

] % . ¢ L] 3
g_+j0)C+ - + l\ 5 —ILJ) —d-—l:—'—*;-t},‘—‘[j
JoL(+Kk)  jwl( —k')J Jjol( -k%)
4-127)
-k . s 1 k .
— Ui+ g+ joC + - + - 2 =0
jol(1-k*) jol(1+K)  jol(-k*)
trong d6: g = —l-
: R
~ L . k 4 ]' ~
Vi rang: g+ joC + - + — =g + joC + ————— nén h¢
jol.d+Kk)  joL(-k%) jol(l-k?%)
phuong trinh dieén the diém nuit (4-127) duee dua vé dang:
X . k . .
g-&»JcoC+—---——2 U.———2 U, =1,
jold-k%) joL(1-k*)
(4-128)

0.

——;ﬁw g+jcoC+;, U,
joL(1-k7) jol(l1-k7)

Céc mach dao dong ghép slr dung trong thue t€ thudng 6 hé s6 ghép k = % << 1, trong

trudng hap 6 hé phuong trinh (4-128) ¢6 thé vidt dudi dang gén ding sau:

|:8+{03C - *l*\ﬂill - ,k U Zi.
al. jol.

(4-129)
“*_L(:II + g+{mc - —l-] Uz = (0.
jol. ol. _
hay: a
YO -2 0 =,
jol.
(4-130)
LI A )
jool.

1
trong d6 Y=p + j(c)C - —L-le‘x téng dan phic cia mach dao dong don.
)
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Tt phuong trinh tha hai cda hé phuong (rinh (4-130). 1 cé:
. k_ .
Us = -— U (4-131)
ol Y
I hay gid tn U= tir bicu thite (4-131) vio phuong trinh ddu cua h¢ phuong trinh (4-130).
vit bin dor 1 (im duoc:
. i I
U = S - (4-132)
.k foly Y +Y
Y+ !
Y

(k/wl)-

trong dé Y, | = duge goi 1A dng dan phde phin dnh te miach i cap vé mach o cap
Tong dan phic phan dnh Y ¢6 the vidl dudi dang:

_k/ely (k/ol)'  (k/el)i(e-ib)

[t Y g + }b iy,gl
(Kol U kjelY .

= _].— i g - J‘ - ' ‘b = gpn - -Ibpil '
\ IY| J N ‘Y| J

trong dé p 12 thinh phin tde dung cda 16ng dan phic cha mach dao dong don; b 1 1hinl phin phan

Khdng caa tong din phie cta mach dao dong don.

7 N2
k /(L)J__. N . s . . K R y .
g, = .2 12 thanh phim tdc dung cua 10ng dan phidn duh.
A
. N2

i

! £l 2 \ a 3 o Y - 3 ~
EY‘ = \/;2 +b”  la modun cua tong din phide cda mach dao dong don.

k/ol. \ ; ) Lo T
b, = [ /o J b 4 thanh phin phin khdng cda tong dan phian dnh.

Chd v ring thanh phidn phan khdng cta 10ng dan phan anh nguge diu véi thinh phdn phin
khiang cua ong dao plade cda neh dao dong dow,
TUr bidu thire (4-132) ¢6 (hé suy ra so do thay the twong duone cia mach dao dong ghep

(hinh 4-42) quy v mach so cap (hinh 444

ki
/) . Y Y =" Y Y.,
~)1 pa JoLY )
T 1
a) b)

Hinh 4-44. 50 46 thay 1he twomg duong cua mach dao dong ehicp

a) quv v& mach su cip: b) quy vé mach thi cip
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Thue heen thay gid tri cha Uy 1 bicu thie (4-132) viio bidu thde (4-131) va bién déi ta nhan

duo:
« I(i Y i
Ui - __!.Jff_ll _ L (4-133)
Y o= YIM Y + YW
trotg Jo:
. ki
gy = —— ) (4-134)
Jol.Y

Jd nguon dong didn can ng (0 mach sa cip sang mach tha cap.
TU hicu e (4-133) 6 e suy ra so do thay i€ wemg duong cda mach dao dong phép (hinh
+-42) quy v&é mach tha ¢dp ( hinh 4-44b).
4-15.2. Di¢u chinh cong hudng trong mach dao dong ghép
PE cong sudt tac dung trén diu ra mach dao dong ghép (cong suilt tic dung & mach thy cap)
dan pidi 1ri cue dad, nguoi ta thue hién dicu chinh cdng hudng mach dao dong ghép.

Co nhidu phuong phidp dicu chinh mach dao dong ghép - dicu chinh cong hudny ricng phin
miach so caps didu ciinh cong hudng ricng phan mach (i cip; didu chinh cong huéme  phic tap.

di¢u chinh conp hudng (0an phan.
a) Piéu chinh cong huong riéng phan mach so cdp

T bicu thde (4-131) ta iy, dicn dp trén niach tht cap U, dat gid tri cue dai khi dién dp ben
nueh o edp U dat gid tf cue dais DE dien dp U, dat gid tri cue dai, ta thue hign dicu chinh cong

hudng ricng phin niach so cdp. Khie mach sa cip cong hudng (b + b, = 0), dien dp beén mach so

cap,
. I I
U, = = - o (4-135)
g+g]m . k/C'JL\! .
C Y
vicdien ap U dat gid i cye dai:
k1 I
Uy == (4-136)
oY (oL
e N £
v,

b) Piéu chinh cong huwong riéng phan mach thie cip

‘Trong ty nhe dicu chinh cong hudng ricng phian mach so ¢ip, kiu mach tha cap cong hudng

(b+h, =0) digcnip:
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kI 1
U, =0 = . -
2 21max @LlYi l_(_/E)LWﬂ (4 137)
Yl )

¢) Piéu chinh cong huong phic tap

Piéu chinh cong huong phie tap mach dao dong ghép duge thue hién theo cic bude sau :
Piu tién thue hién diéu chinh cong hudng riéng phian mach so ¢ap, hodc mach thit cdp d& dién 4p
trén mach thd cdp dat gia tei cuc dai (U, = U,,,,). Sau d6 diéu chinh do ghép pifta cdc mach dao
dong dé dién dp trén mach thi cdp dat gid i cuc dai cue dai (U, = Upyyonn)-

Thi du, kKhi diéu cliinh cong hudng riéng phan mach so cap, dién ap trén mach thiy cap dat gia
tri cue dai U,,,, va duge xdc dinh bdi biéu thie (4-136). Dé xac dinh he s ghép giita cdc mach dao
dong khi d6 dién dp 1rén mach thit cap U, = Uj, . wew 12 thuc hién dao ham biéu thic (4-136) theo
hé s ghép k va cho dao ham bang khong:

Inl.

2
LIYi2k
Y‘(g + -k /(DL g)~- (i)__|_~_ klg
du Y| ©

2max

dk

=0 (4-138)
k/ol.

Yl + S22 o

o1]Y|ee +[ v ]e

Gidi phuong trinh (4-138), ta xdc dinh dugc hé s6 ghép 16i wu k,, khi d6 dién dp U, = U, x:
k\/\tu = Q)IJlYl (4'1 39)

Thay gid tri clia hé s6 ghép t6i vu k,,, 1ir biéu thire (4-139) vao bicu thie (4-136) ta xic dinh
duge gid tn
I

U 2makmax — (4‘ 140)
2

d) Piéu chinh cong huong toan phin

Piéu chinh cong hudmg toan phan mach dao ddng ghép duoe thue hién theo cdc bude sau: Diu
tién hd mach thit cAp va diéu chinh dé mach so ¢p cong huimg (b = 0). Tiép dé, hdy mach so cip,
diéu chinh dé€ mach thd cdp cong huimg (b = 0). Cudi cing didu chinh do ghép d€ dien 4p trén mach
thu Ci{p U’) = U?.max max-

Khi mach so cp va mach thi c¢dp cing cong hutmg (b=0, Y = g, 0 = ), tr  bifu thic
(4- 139), ta co:

U, = Uy = (4-141)
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HE xde dinh e sd ghép k gilta cde mach dao dong, khi do dién dp U, = U, ... ta thue hién

dao ham bidu thie (4-141) theo hie s6 ghép k va cho dao ham hing khong:

r

k ) k2
Igmul,( g+-( foyL)" _]‘7
du 1 (0,107 ¢
- 3 =0 (4-142)
dk ) 7r (k/())u_[‘)2 )
2 O)UJ,“L;__'+
g

Iniy

Giai phuong trinh (4-142), 1a xdc dinh duoc he s6 ghép 16i wu gilta cdc mach dao dong, Khi
dé dién 4p trén mach thit ¢ip U, = Uy,

Ko = 0ol g (4-143)

Thay gid tri k =k, tr biéu thic (4-143) vio bicu thic (4-141), ta xdc dinh duoc:
U s s = L (+-134)
B = 3
R& rang ring rong ¢4 hai trudomg hop diéu chinh cong hudng phac tap va diéu chinh cong
hudmg toan phaa, pid tri dien ap U, wex 13 nhu nhau. Tuy nhién khi diéu chinh cong huong (0an
phan, mach ldm viéc 6n dinh hon, vi qui trinh diéu chinh cting dé dang hon, nén trong thue 18 dé
didu chinb cong humg mach dao dong ghép, ngudi ta thuomg the hicn dicu chinh cong hudmg

toAn phan.

Virdng o,Lpg=—=d (& day Q Ii h¢ s& phdm chdt clia mach dao dong don), nén khi didu

1
chinh cong hudmg oan phin, he s6 ghép t61 uu gidta cic mach dao dong:

k't/uu = d (4'} 45)

Cudi cong ta xét igu suat cta mach dao dong ghép khi he 86 phép k = K.

Hiéu sual truyén tdi cong soat tdc dung trong mach dao dong ghép duoc xdc dinh boi
biéu thifc:
- P2
Py

n

trong d6 p. 1§ cong suidt 1de dung trén mach tha ¢dp, p, 13 cong sudt tic dung ma ngudn cung cap
cho mach.
Khi hé s6 ghép k = K, cONg sudt tac dung trén mach tha cip:

P

Pz*4ga

con cong sudt tic dung md ngudn cung c&p cho mach:
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I i
P -
Al Yy ’)
l ! (-]) "2
o o0 hicu suit:
n —‘—p;\: S04,
P

Vav khit cong suil e dong rén mach thar ¢ip dat gid i cue dai, hicu snat truyén i cong

suat tic duny trong mach dao dong ghép n = 504

§ 4-16. DAC TINH TAN SO VA DAI THONG CUA MACH DAO DONG GHHEP

Trong biCu thae (4-139) (hue hienthay Y, = (—k—“\i 2 Vi Y=p+ ] oC

A

Ly
— !, bicn Joi
©) I

-7

ta nhidun dugce:

. K1/ jol.
U = Kl jol. _
I I I . | - ’ L \"l
{g - ]~ wl - - ~ . 5
! al ol
' i4-146)
~ | N l,-’ _ic)g e
B jeC 1Tk
N
2 le,g) joby )
. ooel 1 R S ) .
Viring = = =———=Q (h¢ s0 phiun chit caa mact dao done dom viv
¢ o lp
oy - T [t S0 cong huong cia mach dao dong don, nen Bidu thide (4-1463 06 the bien
Vie

doi vE dang:

0,
1 QI
02 = 1 N “
el (o ol (o, .V
[+jQ - J FUUKQ |
\ lo, o J Ljo
[0} . o :
. U KQI | T"Ur) kQI
- o p—-— Ll — (4-147)
g R P oy Te, Y
(+iQuy [ =" kQ | T a+iE - Kk
jo Lo

(2 -
. kQl
_ 1 Jo
£ '/c)u\‘: son U .
|+L | k*QT -&' +2
(,J/_ﬁ

o day:
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O, o . :
v - — o do tedh cong huong teoig dot,
uow
- Qv L do 1ech cong hudmye 10ng quidt.

NSt ham wuny Endat phie quy chuan:

\ U
Fiom) = ————-
T cligy,
- ) l
Vi rang U e = .
vy,
2 kQ)
. 10
N, [y - - (+-148)
L PN
I CktQ T2
U

Trong thue 18, cde mach dao dong shép thudme 1am vice trong dii G S8 1an ¢an tin s8 cong

: N T N ~ 7 N N - - - o, s - ’ N
hudme o, dn trong didi tn so ndy co the cor mot cich pan ddng == <1 Boi vav. trone it win
O

WOl cin tan 88 cong hudng o, b tuyén dat phac quy chuan (4-148) ¢ the viel dudi

Jany ean didng sau:
T(jo) = e — (4-149)

Modan cdu him ruyén dat phide quy chudn:

L 2k .
'[(_|(-))| = el __8__ _ (+- 1303
! IO IR (S O R AR A

Trong bicu thde (4-130), sy phu thude cda modun ham truyén dat phic vao @n s6 ( sy phu
thuoe caa dicn ap dau ra U, vao G xo) thong qua bicn £:

fo o,
§-Qv=gQ Loty
" o 8]

@)

;

DHE xac dmb dang didu cua duony cone TG (H-150) theo i sa (dac tinh bicn do @Gn <o

1
¢l macl dao dong ohiép). ta xie dinh cde dicm cuc (1 coa no.

Pidu Kidn ey v cha ham J'l‘(j(-)) a0 (4-130) duoe xdc dinh (e didu Kicn ¢t iéu eha dao ham

Cip mot cta no. nghia i
!
Lo
dT(jo )‘
| !

¥

~2KQL 45U KIQT - 5T 18D
dg L R2QP =) +4E7 |?

Q) (4-151)
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Gidgi phuong trinh (4-151) ta tim duoe cde gid i cha & wi dé him [T(o)| o (4-130) dat cye
|

ir):
(4-152)

P ey

=~

phu thude vao tich kQ.

RS rimg ring ddng dicu cla duimg cong ‘I'l'(jm)
I

Vi 1dn 8¢ gde cda dao dong @ i cdce i tri thue duong, nén do 1éch cong hudng 10ng quat &

phil 14 s6 thue dwong, hodc am. Do dd, khi kQ < 1, hiim (4-130) chi ¢6 mot cuc tn tal
E=E,=0(0=0,),vakh & =0, ham dat cuc dai:
2

KQ (4-153)

) ) | )
ol 22
l (o i (JQ[) PEERE

<!}, va khi kQ tang, gid (n cue dai cling

nus

T(jo)

D¢ dimg thay rang ¢id tri cue dai cda hm

ting.
H¢ s6 ghép k ma tng véi nd tich kQ < 1 duoe goi 1 ghép 1ong.
Khi tich kQ = 1, ham (4-150) cing chi co mot cye dai (khi kQ = [, cdc nghiém

=1, (U, =U,, ) He sd ghép kK ma

€ =6, =5, =0) vl pid 10 cue dai clha ham [1'(jo)
Ung vai no tich kQ = 1 duge goi 1 ghép chat. Trong trutng hop ghép chit, ham (4-130) ¢6 dang:
3 i i
(4-154)

T(joo) :
MO ) J(2—§2)1+4§2 Jrl.—&'
4

Khi tich kQ > [, cde nghiem & ,, &, 12 cde 50 thue. Do d6, khi tich kQ > 1 ham ($-150) s& ¢6
o, va @, Cic tin 6 o , va o, duoc

m

ba cue tr b cde didm L& va g, tng vér cdc 1an 56 o,

szl_q

o, :o>,1t|+ 0 —

xic dinh bdi cic hiéu thic:

0, =0, l- ,
(3-153)

h

Thay cdc gid tri &, &, &, vao bidu thife (4-150), ta xdc dinh duge cdc pid tri ctia han:
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oo
T, Ji = ‘T((o " )‘ =1,

|
|
|

!
"1‘(0)(,)!« I
| i

Vay i cie n s6 @, v o,,. ham (4-150) dat gid i cye daiz ¢on tai n 8§ @, him (4-130)

dat pid tj cue vidu, T s6 gilra pid tri cue dai v gid 1ri cue tiéu cua hina:
-1 : A 3 (4-136)
|

phy thude vao tich kQ; ki kQ cing o, A cang 16n.

Buiing cong

'l'(ja))’ theo (4-130) dng v cde gid (el khdc nhau coa tich KQ v trén hinh
1

(4-45).

A
| T(w) |

Hinh 4-45. bac tuyén bicn dg tin s8 cua mach dao dong pudp
Cing nhu mach dio dong don, ddi thong cha mach dao dong ghép Ia dii tn s6 mid trong do
dite tuyen bién do tdn s§ cda bam travén dat phice quy chuin khiong who hon —= . Doi véi mach

dao dong ghép hd cin (hinh 4-42), @i bicn caa dii thong ta ¢6:

2KQ o

JarkQr—ghyr gt W2

Giai phuong trinh (4-137) t xic dinh duge do 1éch tong quat € tai bién cta dii thong:

E=+kXQ +2kQ - | (4-158)

(4-1537)
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Nehien (4 138), ¢hie dang K ogid e cue niéu cua ham i 2,0 Octing 1on Lon hoad bang

~.onghia i

!
V2

. |
| %’1'(_';@.. )~
i'i (JIOL )‘ > - S
! V-
[ty
2kQ R

KQi-1 (2
Lrong trutmy hop tdi han:
2kQ 1
Q1 V2
hay Q=241
11¢ 80 ghép md g v nd vich kQ = 241 duye gor 1a he O ghép i han,
Thay gia 1ri kKQ = 2,41 vio bicu thie (4-150), ta xdc dinly duge £ = 43,1,
T day tinh wan wong o nhu mach duo dong don, e xdce dinh duoe dai thong caa mach duo

dong ghép trong (rudmny hop ghép 16t hau:

Wy,
JAw = R.I—l".

| (+-139)
hay Al = 31— J
Q

So sdnh bicu thae (3-139) v6i hiéu thire (4-101) ta (hy, trong truimg hop ghép (30 han, do
rong dii thong caa mach dao dong ghép tan gdp 3,1 1an do rong dai thong coa mach dao dong don,
Khi cdce mach dao dong ¢d cing h¢ <& pham chat Q.

Tuong ty, khi ghép char (kQ = 1), ta xdc dinh duoe do rong dii thong ca mach dao dong

phép:
)
TAp =2 .__Q“ (4-160)

nghia 13 rong truimyp hop ghép chit, o rong dai thong cia mach dao dong ghép lon gap /2 lan do

rong cua mach dao dong don, khi ede mach dao dong ¢6 cung hé s6 phan chat Q.

Khi tich kQ = 0,68, do rong ddi (hong cua mach dao dong ghép bang do rong cbu nich dao
doag don, khi cde mach ¢6 cung he s6 pham chat Q. Con khi tich kQ < 0,68, 4o rony didi thong
¢l mach dao dong ghép nhd hon d6 rong didd thong coa miach dao dong don khi cic nch dao

dong o6 chng hé 88 phim chat Q.
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§4-17. CAC MACH DAO PONG GHEP KHAC VA PAC TINH TAN 8O CUA
CHUNG

NCU nueh dao dong pliép dicn dung (hinh 4=y khi hai miach socdp v tha cap o6 than 88

piong nhau (e hinh 4-46),

Hinh 4-46

Phuong (rinly dien the diém nat cta mach (hinh 4-44) ¢6 dang:
L Lo .
g jo(CH4Cy)r— Uy jol, =1,
L ° jol. "
. f (4-161)
. . {
-u ja)Cg“+UJg +jo(C+C )+ — =0
|»_ jol. |

K

U,

Cdc mach dao dong ghép sa dung trong thyue (€ thudng ¢ C,, << C, do d6 he phuong (rinh

dicn (i€ didm 0d1 (4-161), ¢6 1he vidt dudi dang gdn ding:

Ll'-l(g—r Jjol+ )—U> jL-)C)dI =1,
jorl.
{(+-102)
. ‘ ) 1
- U, jeC, +Ua(g+joC + —) =0.
joL
Y - joC,, U =1,
hay: |> (4-163)
-1 ju)(.'yh -U.Y - 0'
trong d6 Y =g +3j0C + —I =g+ b I 16ong dan phie cda mach dao domg dan.
T phuong trinh tha hai cla h¢ phuong (rinh (4-163) ta ¢6:
. ol li]l
{1, = X2 (4-164)
Y

Thay i]2 1ir bicu thitc (4-164) vao phuong trinh thd nhat coa he phuong trinh (4-163) v

hidn ddi ta nhan duoe:
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. ] ‘]
U = —
v (oC,)" Y+Y,
.’.
Y
trong do:
(0) L‘gh )z G ' . N .
w = latong din phin dnh (i mach th cdp v& mach so cap:
(o)(j'_l )2 (wC,, % (wC )1 .
Vi e Sl el U T
Y] Y|
i (')(‘uh ) N 3 x
2w ™ ‘Y‘ g [ di¢n dan phdn dnh;
( wcgh T - . .
= b 1a dién Khing phan dnh.
LYl

(4-163)

1 bicu thifc (4-163), ¢6 hé suy ra so do thay 1hé tuong duong cha mach dao dong ghép dién

dung (hinh 4-46) quy v& mach so cap (xem hinh 4-47a).

Thay gid tri cla 0; tr bicu thae (4-163) vio biu thice (4-139), ta nhin duoe:
jO)C 2 '!
jmcgh . [ _ Y _ In
Y  Y+Y, Y+Y, Y+Y,’

pa

0Cy

rong dé Ty = I 1a ngudn dong phan dnh tr mach so cap sang mach thi cp;

Y. 13 t6ng din phan anh i nach so cdp sang mach thir ¢ap.

(4-166)

T bicu thie (4-166), €6 the suy ra s do thay W wony duong cha mach dao dong ghép dién

dung (hinh 4-46) quy V& nach tha cip (xem hinh 4-47b).

b)
Hinh 4-47. S da thav (h twong duong cia mach dao dong ghép dién duny

a) quy v&¢ mach so ¢ip; b) gy v& mach thit eap

Cing

nhu mach dao dong ghép dién cam, déi vé mach dao dong ghép dién dung, cing cé

th¢ thue hién didu chinh ¢ong huong riéng phan mach so ¢dp; didu chink ¢ong hudng riéng phin

mach tha ¢ip; dicu chinh cong hudng phuc tap v dicu chinh cong hudong toin phin,
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D¢ dang thay rang khi diéu chinh cong huong rieng phan mach so cip, hoic dicu chinh cong

huimyg rieng phan mach tha ¢dp, gid i dién dp U, bang nhau va:

oC,I l

Col 1
M e,
vl

Con khi thue hign didu chinh cong hudng toian phin, sau khi hd mach dién dung C,, v thuc

2y

(4-167)

hién diéu chinh d€ mach so ¢ap va thi cip cong hudmg, gid tri dién ap 88 1

l w,C 1
[']Zm.n = -% (4']()8)
g g + (a)U('gh )-
g

Bicu thae U,,,, & (4-168) ¢6 thé viét dudi dang:

»,C Cghl
L C KQI
Ullm\x = £ 4 N t= QZ L (4‘16‘))
(m“C]' [Cg,l Vo e(+kTQY)
gl 1+ 1
L g ¢ J
trong do:
Q= ——— 13 hié x0 phdm chat cta mach dao dong don ( mach saedp - mach thi cip):
e

“

Bos g o e s : .
k :—5—' [a he s6 phép gitta hai maclt dao dong.
Pé xde dinh he s6 ghép tai wu (&, ), khi dé dign dp U, = U, . 12 thue hicn dao ham bicu
thde (4-169) va cho dao hivn teiét ticu:

dU,,.. QI(+K'Q* -28°Q7
dk 2 S

-0 (4-170)

1 hidu thide (4-170) 1 xdc dinh duoe:

{
kn/\m == d (4‘ 171 )
Q

Thay gid tri K, (I bicu thire (4-171) vio bidu thite (4-169), ta xde dinh duge:

I
U ’un\lul\: (4-'72)
RATIS . 2":,

P xie dinly dac tinh tdn s6 cta mach dao dong ghép dién dung (hinh 4- 46), trong bicu thie

(4-166) (a thue hicn thay:

K1 IMACHTAPI



LY THUYET MACH - TiN HIEU

114
. |
Y =g~ jaCr-—,
fol.
RIS
pll = —.—i:l_—
VA sau khi thye hién bién doi, ta nhan duoc:
lj]l _ _j(J)C\RhI
eocs | (j0C )2
A “+ - bl
\E J JLO],J . gh
Bidu thite (4-173) ¢6 thé bién déi vé dang:
. = JoC 1 _ JoC,, 1
" cl . ik g2 (1+jQv)* +(0C )
gz! l+j(l)_o ( © _(Du H +((chh)2 8
5_ £ Lo, @ J_]
0C,, 1 joC,, 1
U+ +Cy | (aC, Y
g (1+2jE -8+ =
g
trong doé: a, = 12 tan s6 cang huang cda mach dao dgng don.
1.C
y L 0,C s e e 1 . R
Q= . 14 hé s6 pham chat cua mach dao dong don.
On O . "
v=—=~— 14d¢ Jéch cong huong tuong déi.
o 0,
£ =Qv 13 do lech cong hudng 18ng quat.
Biéu thic (4-174) lai ¢6 thé vict dudi dung:
.o 0,C C, - Lo
j - 0 . #l I _l kQI
01 — ]_ @, g C - _1_ 0,
8 L et et (C,Y e oY 2 s .
S S SRR I T+ 7 KPQ7 -8 v 2
CD” g_ C J g

Xét ham truyén dat phie quy chudn:

. U 2
T(jo) = —
2max MAX
~ I - N X P 0
Vi U, = — » DEn ham truyén dat phde quy chuan:

g

(4-173)

(4-174)
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@)
2] kQ
S 0 i
'—IH(')) s T T — i+ 176,
!II ) 3 3 o
e 2t o
N,

Bicu e caa him truyén dat phae gquy chudin (4-176) ¢6 dang gidng bi¢u (e caa o

truyén dat plide quy chuan (4-14%) cta mach dao dong ghép dicn cim, chi khic, so w8 breu i
NV £} S , ) Lo o ON

(=18 thuw s6 == o r <6 duoe thay g thie 86 5= = 0 con o mid sO0 thua so g -+ duo
1O o AT

o

thay hing thita s@ —J - Song sethay doiwén ehi dnh hudnyg dén ddce tnh Qe 6 0 ving 1an <o \a

L O
N

tin 8¢ cong hudmy o, con d ving @n s6 ln cdn @n s6 o, ¢6 e coi gin ding o x o, Vit do do,

—=x =% x| Khi d6 biéu thitc (4-176) hodn 10dn giong bicu thae (4-148). chi Khdc tren (o 8o,
O, 0

(hita 50 -~ duge thay bang thira 8§ j. Viee thay (ihE thtra 6 - bany tht »0 ) chudnb huong Jden dag
tinh pha tdn <&, T day ¢4 thé suy raring, O vung an & 1an can 1an 6 cong hudng o, dac luven
bien do tan &6 cla mach dao dong ghép dicn dung (hinh 4-46) hoin todn giong dac tuyén hien do
cha mach dao dong ghép dién cam (hinl 4-41a). Dang duong cong, cling nhu dai thong cia
cang phu thuoe vao tich kQ nhu mach ghép dién cim,

Mach dao dong phép (hinh 4-41¢) gdom hai mach dzo dong don ghdép dien cim vdi nhaw. Khy

tham & cta hai mach so edp vl the cdp giong nhau, nd s€ ¢6 dang nha o hinh -8,

v

M
Ii] R LC_-[\'/\"
9]‘5 ) L L D R

O
n
—

>
—

AN

Hinl 4-48

Trong mach dién (hinh 4-48) chon chicu cic mach vong phu hinh V&, (a s& ict 1ip duoe he
phuong trinks dong dicén mach vong:

7 1 .
wl. - — ‘ ~ juM 1z =L,
N (J)C/

i| R+j

v . e N
-1 joM + 12| R+ | wl. - " =0
\ wC J
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hay L7 joMl =1 i{ + 17%)
yjoM+ 12720,
/ \ ’
trong dé 7 = R - 1| wl. - C | = R + jX [l tong tra phac cha mach dao dong don.
I ol )
Tu phuang toinh that lad cua he phvong tinh (4-1783, @ co:
. :\,I .
=20, 4-179)

‘Thay gid trj cta déng dién 1= tlr hidu (hie (4-179) vio phuong rinh thd nhat coa hé phuong

trinh (4-178), ta 8¢ am duoc:

. [ )
I - .= -, (4-180)
S OM) 7l
’

trong do:

(oMY W ga . I o
=— [2 tomg trdy phin dnh tor mach thir cip v& mach socedp.

it

oMy (oMY oM |
“pa SO . ) __I (J.bi_ R- ‘{ 0). X=R pit ! J)\ it
/. V‘- ) e J

Tl bicu thue (4-180) ¢6 thé suy ra su dé thay thS twong duong cda mach dao dong phép

(hinh 4-48) quy v&é mach so ¢ip (hinh 4-49a).

Khi thay gid wui cla i1 tir bicéu thie (4-180) vio bidu tnge (4-179), ta s€ nhin duoc:

jc)MI"', .
AR (4-181)
7’ . /'|m 7‘+/’|1;\

joMI

.
frong Jo iy — - — L stre dién dong cam g tir mich soefip sang mach 1t ¢ip.

T bicu thae (-181) ¢6 (hé suy ra s do thay the wong duong coa mach dao dong phép
(hinly --48) quy v& mach tha ¢ip iinh 4-49b).

V4
=

Qbf' ZFJ“
i

[

|

a)
Hinh 4-49. S¢ do thay (he wany duong cda mach dao dong ghép

) quv vE miach socap b) quy v& niach Hat cap
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ot vai mach dao dong ghép (hinhy 4-48), npuin fa cdng ¢6 (he thue lnén didu chinh cong
huong rieny phin mach sd cap: dicu chinh cong Tudmg ricng phan mach thir cap: dicu clinh cong
hudng phie tap i dicu chinh cong hudong toan phan.

Khi dicu chinh cong huong toan phan, sau khi [an fuot Téy wiacl mach <o cap vic mach thia
¢ap, dicu ehunh cong hudmg ridgog mach so cap vic mach (ha cip. 1a s& nhin duoe gid i dong dicu:

o,M

o= (+-182)

rong do o, 13 t@n s6 cong hudng ctia mach dao dong don.

Bicu thire (4-182) ¢6 thE vidt lai dudi dang:

w,l. Ml"
L kl:
]“m.u = R ]J\ —| = _l_._ ’ Q\—« (4 I xz)
' fo .y M RIFRQ

Rl +‘ " ‘ Cs

RS T

I

o day : Q= ml'—i 13 he s pham chat cta mach dao dong don;
\
k = ]M A he 83 ghép pitra hai mach dao dong.

Thue hien dao hitm bicu thde (4-183) vir cho dao ham bang khong, ta xdc dinh duoc he s

shép o uu, Khido L, =1, e

dlZuu\\ _ Q_E’ | +k202 —2]\'1(‘)_) -0

dk R (1+k*Q%)*

{

Tir day ta (im duoe hé sé ghép tai vu:

Kij = LI d (4-184)
Q
Thay pid tri K, vao bicu thie (4-184), 1 xde dinh duce pid i
| ET R (4-185)
PE¢ xic dinh dic tinh Gn 86 vi dii thong cda nach dao dong ghép (hinh 4-48), trong bicu
thie (-181) (a thay 7 =R + j(ol. - (.—)IE); Lo = (L—)ti)——, Vi sau mot vai bien ddi don gidn, ta
nhan duoe:
I ¢ kQI:
. Ir oy — -
RET-E° 42 +“ (:) KQ?
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S reven Jat gquy chuiine

|.

b

I MITIFIVITHAN

oo I . R .
Vigiiin 1, 2 - onén hinn trusen dat phide quy chudn:
sy Dl 3 v -

S (1-1%0)

Bifu thite ¢da ham truyén dal phice quy chiuin (4-186) Loan toan gioug bifue thde cla ham
truyén dal phie quy chuin (3-176) caa mach dao dong ghép (hinh 4-46). Do d6,18t ¢a cie két luan
dovvar dace tinh @n 83 v dai thong caa mach dao dong ghép dicn dung (hinlt 4-46) cng hoan toan

ddng dor voi mach dao dong ghiép o hinh (4-48).

§ 4-18. CONG SUAT TRONG MACH DIEN HINH SIN VA bIiU KIEN TRUYEN
TAI CONG SUAT TAC DUNG CUC DAI'TUNGUON TOI PHU TAI

Noutn e goi cong sudl We thod ma npuon dicn cung cap cho mang hai cue kKhong chia
ppadnn b tch ca pia tri e (hon cda dign dp vivdong dicn irén e cuv cla g had cue (xemi hinh

430y,

<

Hinh 4-50
il dicn dp vivdong dign tren e cue can magng hat cae (inh 4-30) tuomy i L

LLostel + g,

u =L

- [ cosmt+ @)

i
kb dd cong suad tae thor midonzuon cung cGp cho magng lia cue, Wy hien L pac i

poooui o U costol 1), cosol +q)

1y dd BBV EEL

BN, — b R CoN 2ot g, - o) {4-187)
7 2 '

- Ulcosp + Ulcostat ¢, =),

G o g — e b v lech pha gda dienedp v dong dien trién Gie cue caa mang had e,
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TU bicu (e (4-187) @ thay, cong suat we thoi ma ngudn cong ¢ip chio mang hai cue khong
ngudn gom har thinh phiin. hanh phan co dinh Ulcose va thimh phian dao dong vor tan 6 1du gap
b L d@n so o nguon Uleos2ot + @, +¢). Thimh phan tha lai chinh 13 thanh phio cong sudt
trao dot giga nguon v cde phan ur phin khdang trong mang hai cue, né 6 1he 16n hon. ahd hon,
hoae bang Khong.

Lhinh phian ¢o dinh trong bicu thie cha cong suit tae (hivi (4-187) duve goi T cong suit e

dung nmid ngudn cung ¢ap cho mach.
Y= Lilcos. 14-188)

Cong sultt (dc dung P chinh 13 cong suit trung binh ma nguon cung cip cho mang ha cyc

Khang nguon trong mot chu ky:

I = ‘,':T J:’lpdl

a1 véi cde mach dién thue, cong sudt tic dung (hay cong suit trung binh) cda mach kiiong

am. nghia L
P=Ulcosp=>0 (4-189)
10 hidu (hide (4-189), dé ding suy ra gée 1¢ch pha gilra dién dp vd dong dicn 1rén cic cue cla

many hai cuc khiong ngudn thoa mian diéu kicn:
P : gng .

PG IRS

(+-190)

[N
R

Hai vai plian 1 dién cam, goc [6eh pha gilra dicn dp v dong dicn qua no ¢ = 1/2; con dai

.. C, ., e e s L . T - e . .
vdi phiin wr dicn dung, goc 1¢ch pha pitta dién dp va dong dién qua nd @ = - 5 nglita 13 cong sull

trung binh mi ngudn cung ¢dp cho phin wr dién cdm va phan wr dién dong trong mét chu ky bang
kKhong, Tay ndi cach khic, phdn (0 dién cam v phan wr dién dung khonp (éu the nang luang cia
mach, T diy ¢d (e suy ra ring, cong suit tde dung cia mach chinh 1 cong sufit téu hao 1rén cde
plin tir dicn irés cha mach. Do do bicu thae cda cong sullt tde dung cta mach (4-188) ¢ 1hé vidl lai

dudi dang:

P=>Py =D R, (+-191)
1S N

- 2 N n . n . " )
irong d6 P = R 1 Hceong sudl e dung trién dién tro Ry cda mach,
M khic theo dinh toat Ohm dudn dang gid tri hicu dung, a eé:

U =17,
hay I = UJY

3

trong do i’/,

boas A ; . N A p , : A s P ; A
\ lY'l Iii modun cda (dng wd (10ng dan) phae cha mang hai cye, nén bicu thic cha cong

sudt tic dunp (4-188) lai ¢6 thé viét:
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P-1- Yic().\'(p
Viring |7,|L‘()S(D =ReZ: [Y|cosp = Re Yonen saw khi bién déi 1 s& nhan duac:
3 R N
P=1"ReZ, i
P {4-192)

] I
P =T ReY,;
trong dé Ke/Z (ReY) 1a phin thye cha tong tra (tong dand coa mang ha cye

Conyg suit tic dung ctn mach ¢ the vict dudi dang phic:

il JMUI (4-193)
L ]

*

rong dé dau sao (¥) bicu thi s lien hop phac, néu 1= Te™ i I=1le *.

Tinh Ul rong hidu thife cua cong suit 1dc dung (4-188) duge eoi [ cong suat toan phin, hay
cong suat danh dinh ma ngudn ¢6 IWE cung cap cho mang hai cue khong nguén, Cong sudt toin
phin ky hicu bing chir &:

S=Ul (4-194)

Cong suit todn phan L gid tei cong suft tic dung cue dai ma ngudn ¢6 thé cung cap cho
mang hai cue kKhi cosg = 1, hay géc @ = 0. Thita 6 coso trong bicu thie (4-18R) duoe goi 13 hé sa
cong suat. Trong he thaong truyén tai ning tuong dién, vice nang cao he s cong suilt cha cic hd sir
dung nang luong dién ¢ y nghia lan dén tith kinh (& (rong vice truvén tai ndng tuong dién, hay
noi Lach khac dén hicu sudl cla qué (rinh truyén G, PO vai cde hé téu thu ning {ueng dién 1om,

ngudi ta yéu cau hé s& cong sulit cosp > 0, Y.

Phan do cla bidu thire U I , kv hicu 1a Q duge goi 1a cong sudt phan khiang cta mach:

Q =Ulcos ¢. {4-195)

Cong suat phan khdang chinh 3 thanh phan cong suil trao déi gilta ngudn va cde phin or
phan khiing cda mach.

Bon vi do cong suit 1de dung P I W (0dn), don vi do cong suit todn phin S 1a VA (von-
ampe), con don vi do cong sudt phan khiang ld VAR.

Nuud (a cing dua vao Khili niém cong sudl phire caa mach. Cong sufit phite cba mach, ky

hicu bang chr S:

e

P + 3O,
vit do do cong sudt tic dung P =Re S, cong sudlt phan khing Q = Im S, ¢dn cong suéit toan phéan:

Cudi cung ta x¢ didu Kién truven tdi cong sual tde dung cue dai 1 ngudn téi phu tar.
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XA vice truvén 1t cong sudl e dung Wongudn tin lcu hinkh sin, <6 sge dien dong i gid

tri hicu dung phiac B tong i rrong ca nguon 70 = R+ (N 1d phu i 2,0 = R+ X, ol 431

e Z=R

Hinh -1
Cong suit tic dung trén phu tai duoe xde dinh boi bicu thire:

=1 R. (+-196)
Con dong dién chay trong mach:

B
SR (4-197)
RR, + (N, +X,)

T hidu (e (4-196) ta thay, d& cong suat Gie dung (ren phw i P idn, dong dien 1 cin ¢6

gid tri 1an. Mat khic, tir bicu thie (4-197), d€ dong dico T ¢ gid tri dn, trude hél can didu Kicn:

X+ X, =0
[y X =-X.. (4-198)
Khi X, = - X,.. cong suat tic dung trén phu tai duoe xice diny bii biéu (i
b I<° R, 5199)

"R, +R,)

P& xde dinh gid tri cong sudl tde dung cuc dai rén phu i, @ hye hién dao biim bidu thic
(4-199) theo R, vivcho dao bam (rict ucu:

d])l _ I:j (I{(J + R‘)I) '2(1{' + l\)“)ARI

dR | (R, +R )

=0 (4-200)

Tir bicu 1hire (4-200) ta tim duge R, = R,,.

Vay cong sudt tde dung truyCn e uguon (6i pha téi (hinh 4-31) dat gid i cue dai khi thoa

mian cic didu kien:

X‘ = _X[\s
Ru = R”,
hay L=,

4-201)

‘Thay gid tri R, = Ry vao bicu thie (4-199), ta xic dinh duoc:
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i - (4'2(12)
AR,

Che do lun vide cia mach theo dicu kien (4-201) duoe goi la che do Ticn hop phu i Trong
ch¢ do lien hop phu i (7, = 7). cong sudl tae dung ren phy Gi dat gid i cue dar (P = P00,
nhung 1o co nhuoe didm 1 didi o cong tic hep v do 6n dinh kKhong cao. Trong thue 1& 0 nang
cao Tinh dn dinle i viee cda he thang truyén 1in hiéu vii ma rong dii 1dn cong e, trong he théng
ruven iy hnea npudn wethudmg chon Z, =7 0 Che do Bon vied ca b houg wuyen tin hicu khi 7, =
7. duoc goi L chd do Tioahop phy i Trong ¢he do hiba hop phiv ta, cong suat tde dung orén phu
i

1R, L

!
P: =3 5. )nu.-\ = 3
!/ o HRG+XG) 4R

N hicu sudt truyén tat cong sulit (e dung trngudn (3i phu G

trong d6 P 1 cong suit tde dung tren phu Gu; Py 13 cong sudt tde dung toin bo cua ngudn:

P=1NR,, W= R+ Ry,
Thay P, va Py vito bicu thae trén, ta nhan duoc:
& R
. TR (4-203)
T TR TR,

Khi R, = R, hicu sudt truyen i cong sudl (e dung n = 50%. Trén hinh (4-52) v& cdc duing

cong hiéu (hi su phu Ymdce cla cong sudl tde dung (rén phy di v hidu sudll ruyén i cong suit e

dung 1 ngudn (& phu G vie gid i twong doi giga gid o Rva R, (khi Xo= - X).
Np,n
1 ------------------------------------ - -
n

057" """ o
. P

0 \ . R

5> '

1 R,

Hinh 4-52
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CHUONG 5

UNG DUNG PHEP BIEN POI LAPLACE bE PHAN TICH MACH PIEN

Phuong 1cinh, he phuong trinh trung thai caa mach dién 13 phuong trinh, he phuong rinh vi
tich phan tuyén 1inh khong thuin nhat heé <6 hing. HE xac dinh thinh phin dao déng cudng bire
trong mach-dao doug cha mach & chd do xdc lap, Jdoi vai cic ngudn tie dong viao mach ¢ dang
hinn <0 mid, hoac ¢6 dang hinh sin. chdng ta di dio ra (hudt todn &8 dua viée gigi phuong trinh. he
phuong (rinh vi phin tuy&n tinh ¢6 v& phai khace khong vé viée giai phuong trinh, hé phuong irinh
dai NG wrong ang.

‘Trong chuong nay s& trinh by vice g dung phép hién d6i [aplace d¢ phan tich mach dicn.
NoOi dupg ¢ ban vice ing dung phép bign déi Laplace dé phan  tich mach dién 14 dung phép bién
doi Luplace dé dua phuong trinh, hé phuong trinh vi tich phan clia mach v@ phuong trinh, hé
phuong trinh dai s6 dué dang dnh Laplace. Giai phuang triinh dai s6 dudi dang anh Taplace, ta s&
(im duoc anh Faplace (hay con goi 1 inh 10dn 6 cba cie phan ang trong mach. Sau do, nhey phip

bin doi nguoc Laplace, tatim lai duge phan gng trong mach.
§5-1. PHEP BIEN pOI LAPLACE VA MOT SO TINH CHA'T CO BAN CUA NO

1.y thuyét vé phép bién déi Laplace, chdng 1a ¢6 thé tim hidu k¥ trong piio trinh todn hoc
cao ¢dp. Tai day chi nhdc lai mot s khdi niém va cdc 1inh chat co ban cla phép bicn ddi Laplace
tien ¢ho vice sir dung ching dé phan tich mach dién.

Xéham bién s thae 1), ¢6 cde tinh chit sau:

1) =0 khit<(,

I(1) lién e khi t2 0.
(trong khodng i gian t > 0, hiim {(1) ¢6 (h€ ¢d mot 3§ hitu han didim gidn doan towi mot).

Xt tich phan:

jl'(l)c "t (5-1)

trong dd p 1a mot s6 phiic: p=c + jo.
Néu tich phan (5-1) t6n tai (hoi w), thi ta n6i tich phan (3-1) di bidn ham bién s6 thue (1)

thanh ham bién so phie F(p):

1(p) :J.l‘([)c My (5-2)
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Tich phan (5-2) duge goi 13 bidn doi thuan Laplace. TR (O duge poi 13 ham gée, con him

Fpo duoc goi 1 ham dnh, ky hicu:

Hy = I(p).
Lty L{tay] = Fp)
vitdoe phu saw

F'(py 1a anl cua hiim 170), hay 100 12 Mg goc cua haam dinh F(p)

NEu tich phan (3-1) khong t6n tai (Khong hoi tu), ta néi ham () khong ¢o bién doi Laplace.

NEu ham EF(p) 1a hivm dnb ca hint goe 1(0D e

m>—_v—!--_ E‘f“:F(p)dp
j o

ow

{3-3)

Tich phan (3-3) goi 14 phép bicn doi nguge Laplace, nd cho phép tim fai him pde khi bid

dinb coa né. Chi y rang, moi hine bidn 6 thue Kt) théa man dicu kién Dirichle déu ef bith doi

Faplace, viv moi ngudn dién thue 1dc dung vio mach dign, cting nhir cic phin Gop trong cic mach

dien thue déu 16n 1ai bién déi Laplace.

Dua vijo tinh chit cia phép tinh tich phin, d& dang suy ra cac tinh chét co hidn sau diy cua

phép bisn ¢ Laplace.
5-1.1. Tinh cong duroc
N&y ham (0 = £ () + (O +... [0, vd LIMW| = 1(p), Khi d6 ta c¢6:
Ep) =10+ F,(p) + ... + i (p),
trong do: LIl = Fulp) k=1,2,... n).
That vy, theo dinh nghia cda phép biéh doi Laplace:
F(p) = L (e "'dl:_[:lll'; O+ O+ +1, ()] ™

= J: f (e Mdt +.|-|.:’3(I)”‘ Mt +. L+ ﬂ‘"(l)c ™y
=)+ I+ + 1))

nghia la:

F(p)=YF; ()

5-1.2. Tinh ti lé
Néu L{t)] = F(p). tht Lfat(t)} = a F(p), trong dé a 1A hang s6.
Thin vity, goi L]al()] = T'(p). khi do:
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L (p) = f‘dl“(t)c L= aJ‘ ftt)e " dv =aF(p)
a a
nghia la:
F(py=a F(p). (3-3)
l'inh cong duoe Vi tinh trle con duoce goi chung 1 tinh tuven tinh caa phép bich Jdi | aplace,

5-1.3. Anh cia dao ham

, _ Sdrey _
New  Lpml=Eeyan 1S pre - ).
Lodv
wong dé t0) i pid tri cta ham {1 tai hoi dicdm = 0.

That vay, poi 1{%} = Ly (p), Khi do. E(p) = [0 dt
¢}

Trong tich phin trén, dat:

Khi do ta ¢6:
ot Jt'(t),l-’c P dy (5-6)

0

J-f(l)dt = (e

So hang thir nhat bén v& phdi cta bicu thire (5-6) bang khong khi = oo, vi hing (0) khi t =

(; con s6 hang tha hai bén vE phai:
J.l'(l)i’c Mde= P jl'(l)c "di = PI(p)
¢} [}

dr ]

Viy b, (p) = Pl:(p) - 1(0), nghia la: Il{ ] J = PE(p) — [(O). (5-7)
dt
Tuomg g ¢6 thé chimg minh duoe ring:
10 : . )
e “)J = P E(py = PUTIRO) = PUT©) - 0TH0) (5-8)

5-1.4. Anh ciia tich phiml

) | b
Néu T[] = F(p) thi L“l(mh—! _hp)
L ! P
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1

jmm
1 |

4

= Fp) K do Lipy = j

u

F()dt lk. Py

1) JI

That vy, got 1

|

Trong tich phan wrén, dat:

u= J. Fei)dt,
du = ((1ydt.
du = e Pdt,
¢ -
\= —
P

Do do:

. ,‘ . :_i1. .
!‘Htu)al}lm - {mmu

N&u (1) ¢6 bién déi Laplace, thi thinh phan thi nhit bén v& phai bang 0:

l i,
_ ) s bt
+ PJ‘I(I)L dt.
V]

¢ pt 1!
Lt j: mh =0
con thanh phin (ha hai:
ljf(t)c‘l“m - o)
P P
ol F(p)
nghia li: I'(p) = J.U‘ f(Odt e Pde = =2,
olo P
I—1 N
[ F(p) c
e N i -
iy I,Ht(t)dl} . (5-9)

Chd y ring, theo tinh chat cta phép tinh tich phin:
(
[t = Jroa+ o,
U

trong d6 [(0) 13 pid tri clia ham f(1) tai thdi diém t = 0, nén:

| : -
p

L jm)mJ‘ = 1“ fOdt + 1(0) - (5-10)

o
5-1.5. Giir cham ham s6 géc

Néu L[1(1)] = F(p), thi khi gir cham ham s& g6c £(t) mot khoang thai gian t, thainh ham {1 -
1), khi d6 LI - 1)] = e PF(p).
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That vay, gor LI - ] = e "Iupy. Khe do.

I'(p) = J‘t'(l - 1)l de

]

Paty, = (-1, tich phan 1rén duoe dua vé dang:

1-.-t(p):’l-1‘(l1)e 1y ”Ddl] = pe J‘ l([[ Je J”dll

Vi tich phan xac dinh khong phu thude vio biéu Idy tich phan. nén tich phan trén lai ¢6 thé
viét dudi dang:

- 0 , !
F.(p)=e™ J‘l‘(l)e""dt =e " _[t‘(t)c“"dwj'l‘(t)c P |
-t T o J

Viring f(t)=0 khit <0, nén F(p)= ¢™ J‘ f()e ™dt = e MF( ) nehia la:

L{ft - ©)) = e "F(p) (5-11)
§5-2. ANH TOAN TU CUA MOT SO HAM THUONG GAP
5-2.1. Anh ciia hiing s6
_ 0 khit<0
) =
{A khi 1>0
Theo ¢ong thude (8-2), ta ¢o:
. - : ] _ A n “ _ A ra g -
L{f(0)] =F(p) = {Ae Mdt = -5 c ! ‘ =-5¢ ! 0
Néu o > 0, thi khi t = oc him ——%e " = () Vay:
\ (5-12)

5-2.1. Anh ctia ham s6 mii

0 khi t <0
f) =
Ae™™  khit20
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1) = j Ae ®¢ Py
1]

= JAC -ouc—pldtz__i}_e (cs P o
N a+p 0

::—_\ _c'(u,vr.,)@“ «

OL+p {U

. . N e A
Néu{a +o)>0, thi ham —— ¢ = vy
a+p o a+p
T .’\
e P+a (3-13)

5-2.3. Anh ciia ham bac nhat

) 0 khit <0
()=
At khit >0.

U

LIKOI=Fpy=[Ate "di

Pat u= 1 du=dn

Do da:

’ i
I"”\lc Pdt = A{— —c "
l_)

¢

Néu o> 0 1hi him s8:

—%c M khi ¢ =oc vd khi t =0 s€ bing khong; con ham _&L *» khi t = s&bing 0 vd

P
khi 1 = () € bany ‘_ . Vay:
p

AlE — (5-14)

5-2.4. Anh ctia ham hinh sin
u—
[ 0 khit <0

f(H=
( lAcoswl khi t >0,

LIl =F(p) = J:\cnsmle "3

1
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A
:LJ(eyn\l +o J&ll )e-pldl
2
0
_ A ]—l (- pht i (K—p)
=7 e P ar+Je dt
“ Lo 0 1
r 7
N TN S
2 ! jo - p o ja+p [l
Al . .
=——- khic=0
P oto”
Viy:
Bl
Acosotl = - (5-1%8)
p* +o’
b
, J() khit< O
)= . , *
{Asinwt khi t20
Lify) =) = _[Asin(nlc "dt
’ 0
.i\ . ¢ oM b 4"\ o L ( . — .|
_-—j(cjm —e P! dt:—hc P - e (Jo+p)t dl}
AR 2jlo 0
_A #c(ju)—p)l I’_F__l__c—(jw-f[))l "’—!: Ao
2j| jo~p b jo+p o | peo
khic >0
Viy :
: AL .
Asinet = — - (3-16)
pTt+o”

Trong thue (& ngudi ta thudmg tinh sian ham anh v hani géc cha mot »& dang ham hay gip

trong cde bii todn k§ thuar va lap thanh bing (xem bang phu lue & cudi sich).

§5-3. QUAN HE GIUA ANH TOAN TU CUA DONG PIEN VA DIEN AP TREN

CAC PHAN TU THU PONG CUA MACH DPIEN

Xét cde phan urthu dong R, L, € cida mach dién, qua ching co cdc dién dp viv dong dién

trong dng (hinh 3-1).

O LIMACHI AP
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R L c
——{ — S YV —{—
IR m—— i — e —»

Uy L u ¢ e
linh 5-1

Quan he gita dien dp va dong dién qua cac phin 1r duoc xde dinh bdi cac bidu thide trong

imy.
u
Iy = o
R
di
u, = Lok L (5-17)
d
I ..
u.= Ej‘]dl’

Goi dnhi todn tr cia dong dién 1A I(p), dnh todn 1 cia dién dp 1a U(p), thi sau khi thue hién

phép bién déi Laplace c3 hai v& cla cdc biéu thie (5-16), va qua mét s6 bién d6i ta s& nhan dugc:

U..(p)
[R(P) = %P—’ ]
1]_(,,);&»;%%(_%[ i
U,.(0
U.p)- “‘Lp(‘)‘
L) = ——— L,
1
Cp

trong dé L (0) [a dong dign qua dieén cam tai thoi diédm t = O (tai i didgm xét), U0) 1a dien dp

trén dién dung tai thoi diém 1= 0.
Ci4c biéu the (5-18) duoe goi 12 cde biéu thde cla dinh luat Ohm dang todn 1l d6i véi cic

phin wr R, L, C wrong vng. Céc dai luong R, 1P, —Cll—) l4n luor duge poi 12 18ng trd todn tr cha cdc

U, (0)
)

phin 1 dién trd, dign cam, dign dung. Con cic thanh phan LI, (0). dugc goi 12 anh 1odn W

cha che ngudn sdc dién dong trong dac trung cho diu Kién ban ddu cda mach.

Tir cde bidu thae (5-18) dé dang suy ra mo hinh todn tir tuong dwong cba cdc phin tlr dien

v, dién cam, dicn dung (xem hinh 3-2).
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R R
—>—{ 1} — o—>—{ 1 —oe
h — kP —
R Us (P
Ay O
L |(;) —»  \TJ
‘< TS
ﬁ_/'\’Y'\___
T LP
> 7YY
IL(p) UL(p)
S
P
A
1/cP
>
c ie(p) —_—
—>— Uep)
Ie —UCP 1/CcP
ic(;) T
< cu, (0)

Hinh 5-2

N¢u trong mach dién ta thuce hién thay th¢ ¢ac phédn tir thu dong bang mo hinh todn wr wong
duong nhu trén hinh (5-2), cdc ngudn tic dong va phan tng bing dnh todn tIr cha n6, ta & nhin

duoe so dé goi 13 so d6 todn tir twong duong ciia mach,
§5-4. PINH LUAT OHM VA CAC DINH LUAT KIECKHOP DANG TOAN TU

5-4.1. Dinh luat Ohm dang toin tir
Xét mach di¢n gdm ba phan t& R, T., C mic ndi tiép dudi tde dong cta ngudn dicn &p u (hinh

5-3).

e

Ilinh 5-3
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Theo dinh Jui. Kicekhop 2, ta eo:

_ 1o
u=u,tu, ru.=RiorL— +—]id

A

dt (5-19)
NE&u goi anh caa dién dp L.Ju] = Ujp]. anh cda dong dien 1.[1] = I[p], sau khi thue hién bién
doi Laplace ¢i hai «¢ cia biéu thice (5-18). 1 s& nhan duc:

. | | RETS))
Uip)=RL(py + L.PHpY- 14, + (Tl(m + - P_

hay
U0 U0
Up)+1.1, -——-(P( ! Up)+1, - -(_)( )
I(p) = - = : (3-20)
RaTp, | 7p)
Cp

trong do Z(p) =R + 1P +L—P goi [ ong iy odn (W caa nhdnh eom ba phan wr R, 1.0 C mic 1oi

tiép: L, Ud0) 1a dong dién qua dicn cam vi dién dp trén dién dung tai thoi diém xét (1 = 0); 1.1,
U0

~—— & dnh 10dn 17 cha cdc sie dién dong wong.
P )

Bidu thire (3-20) 1a bidu thae cha dinh luit Ohm dang todn o,

D¢ dang thay rang, néu dicu kién bun dau cda mach bing khong (1(0)y = 0, U0y = 0}, thi
bidu thie clia dinh uat Ohm dang todn 1 hodn todn gidng bicu thire cda dinh luat Ohm dang phic,
¢hi khdce cdc gid tri bién do phige (hicu dung phie) duge thay bing dnh todn (I, ¢dn (Gng (rd phic
duge thay bang (8ng trd todn tir. Con néu cdc gid tri ban ddu khic khong [1,(0) = 0. U0) = 0],
nhung ta coi dnh cha cic ngufix-l ste dién dong trong nhr dnh ctia cde ngudn ticdong, nghia B x&
trén 30 do todn ur twong dwong ¢da né (xem hinh 3-4), thi biéu thic u_'ui dinh luat Ohm dang oin
wr vé hinh thife ciing pidng bicu thie cba dinh ludt Ohm dang phéc.

e 1(p)

Hinh 5-4. So d6 odn 1 (uong daong cda mach dign
5-4.2. Cac dinh hiat Kieckhop dang to:in tir

Neéu goi dnh cta dong dién iy rong nhinh thr k- cta mach dién [[iy,] = [,(p), thi sau Khi

thte hicn bicn d6i Laplace ci hai v& cua bicu thige (1-11), ta s¢ nhdn duge:
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D lpy=0 (5-21)
[N

Bicu thae (5-21) 1 bicu thie cha dimh Juat Kidckhop | dang oidn 1, nghia 13 6ng dai s6 cic
anh todun 1 cua cic dong dicn tai mot ndt cua mach dién bang kKhong.
Bicu thic cha dinh luat Kigekhop 2 & (1-20) cia mach dign ¢6 thé vict tai dudi dang:
dip 1

SR+ e —idt =D e, (5-22)
. it Cy -

Neu goi dnh 10dn 1o cha dong dicn 1L (O] = L(p). anh cla cic ngudn tdc dong 1le ()] =
op). it sau khe thue hign bicn doi Laplace coa cit hai V€ biéu thade (5-21), vit qua mot vii bicn

dor don gian ta <& nhan duoc.

. U ()
2P = Z[L"«tp) FL 0y~ %J

k
hayv:

Zuk(p):Z[;'k(w (3-24)
N [}

trong do 7Z(p) = R, + R, + Lo 1Ong od todn tr cta nhdnh k thude mach vong: Ui(p) =
PC,

L. ZAp); ZEL(P) 1a t0ng dai s cdc dnh 10dn (¥ cla cdc ngudn dc dong nim trong cde nhdnh
N

thude mach vong. k€ ¢i dnh cla cde ngudn sie dién dong trong dic trung cho diéu kién ban diu
cia mach.

Biéu thace (3-24) goi 12 biéu thie cda dinh tuat Kicckhop hai dang 1odn tr cia mach dién.

D¢ dimg thdy ring, néu xét trén so dd todn 1 wong duong clia mach dién, thi cic bicu thac
¢ha dinh 1uat Ohm va cae dinh ludt Kidekhop dang todn ti, hoan toan giong cdc bicu thie cia dinh
ludt Ohm va cdc dinh luat Kigckhop dang phic, chi khic thay déi ky higu: Cic pid tri bién do
phizc, hoac hiéu dung phite duge thay bang cde dnh 1odn (i cae 10ng ey hoje toug dan phace dudge
thay bing cdc 16ng trd hode 16ng dan 1odn ar (todn 1 jo duge thay biing todn 10 Py, Tir day, ¢6 thé
suy ra It tu cic bude phan tich mach dién biang phuong phdp todn tir Laplace:

1- Xdc dinh didu ki¢n ban ddu cla mach.

2- Thict lap s dé todn tir wong dwomg cua macl.

3- Thict lap phuong trinh trang (hii cba mach dang 1odn 1o (rong phuong trinh trang thdi
dang todn e, cac wan twr nhanh duoc thay biing cic Ong trd 10dn 1 coa nhanh., cic ngudn tac dong
vit phin tne duge thay bang anh todn 10 twong @ny).

4- Gidi phuong trinh trang thii dang 1odn i cla mach dé tim dnh todn 1 cla cdce phan dny
trong magclt.

5- T cdc danh odn (o cta phin @ng, tim lai phan Gng trong mach.
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Dudi day. @ x&t mot thi du vé viee hict 1ap s dd wodn wrtuong duong v thiét lap cic he
phuong rinh dong dicn mach vong viv dicn thé didm nat cha mach dang 1odn (0.
Thi du. thict lap h¢ phuong triinh dong dién mach vong vi he phuong trinh dién (hé diém ndt

damg 10dn wr caa mach dién (hinh 9-3) sau khi dong Khoa K.

Jr.

N E

T2

Hinkh 5-5
Dua vdo cie dinh luat "déng®, "md" | a xde dinh duoe diéu kién ban didu coa mach:

b

iy — "
- R, +Rk, =R,

v

ER,
R, +R, +R,

il

U, (0) = h(0).R, =

=0
U, (0)
T day 1 ¢o saddodn 1o teong duong cia mach (xem hinh 3-6).
R, LP LT (0)

e B P .

R, —] N
1 R, 1 1_>
C,P W C,P.
Rd

&)
vlm
P
>

Q
>
C

o

e

Iinh 3-6

Trong o dé & hinh (3-6), néu chon cic mach vong doc 1p va cuco cic dong dién mach

vong nhu hinh v&, ta s& (hiét 1ap duoe hé phueng trinh dong dien mach vong dang todn
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i 1 L 1 I B UL
Lp)| R, ~R, +—t l(\)[{ _! Lo(p): e = o MO
1p | ' ) Cp C,p } ulr —r(,ll i P) Cpo D b

; . . ( | o
-Lpr Ry +$ +i1,(p}! R, ~R, +1.P +-(;~1J- {:]-i, (0). | {5-25)

Y J R bty !

) - (0 ;

-1 (p) S+ Iy (p)f R, + ! (l( ) i

2 2 [ J

Trong s dé & hinh 5-6. néu danh $¢ thir e cde ndt nhy hinh ve. chon ndc 0 Tam nat gdce va
cho dien the ndt goc @.p) = 00 ta v& Undt lap duoe hé phuone rinh dién thé dién nit coa nuch

dang todn 1

! \'l ]!
))I Pl ! i ())| { I L by (0
{ —— { = — . )
P R e C TR I+ PR, R,+LD|
1 2 R,+ - R + | 1 2
1P l\ ! (‘JP )
\‘ N
| ‘ | I bt . (5-26)
_ » i N IS > LA =
@) . +]l’+ l + @) n -.—II’F . 1 +R .(l[
2T R TR . ) |
C,P L C,Pp )

_ O U
R, +1P P

Tuong . déy vat mach dién gom m nhanh, n mir. sau khi thid 1Gp so dd todn (7 (rong
durmg, ta € thiét 1ap duge he phuong triinh dong dicn mach vong va hé phuong trinh dien the diém
ndt dang todu 1.

He phuong trinh dong dién mach vong:

LD Zam+ 1L Zap) ++ 140 7,y (p) = ) ]

L) 7ZyM+1L,P) 7Zyup)+. .+ 150 Zoy)=Enp), <
(3-27)

hay:

(Zp1 [lm] = [1(p) (5-28)
trong d6 (I(p)] 1A vécto ma trdn cot. moE phitn tr coa né L dnh toin W cda cic dong dién mach
vong; [1(p)] [ véctd ma trdn ¢oL, moi phin (e cta nd 13 10ng dai s6 cde dnh todn wr cia cde ngudn
suc dién dong ndm trong cde nhanh thude mach vong wong dng, k& cd dnh odn (& cla cdc ngudn

sUc dién dong tronp.
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(2] = | Z3(p) 7.32(P) - Zap(P)

(5-29)

I—ZH(P) 7P o Ly (D) _II
|
|
l

IL_Z.\-n(p) Ly (p) - Ly (P}

la ma tran téng trd todn wr cha mach. Ma trin [Z(p)] 1a ma tran vuong ¢ap M [M = m — (n -~ 1)) déi
ximg qua dudmng chéo chinh (d6i véi mach dign chi chifa cdc phan wr thuan nghich). Céce phin wr
cha mia tran [Z(p)} duwoe xdce dinh giong nhu cdc phan tr cda ma tran 16ng rd phae ctia mach. chi
khdc todn wr jo trong ma trén 10ng rd phire duge thay bing todn 1z P trong ma (ran
[Z(p)].

Heé phuong trinh dién thé diém ndt ¢ dang:

Y, (P + PP+ )Y N (p) = T (D),
@ (P)Y1 (D) + P, (PY5(P) + ... + o (PYY . (P) = 1, (D), (5-30)

0 (MY NP + @ (P)YauP) + o + P (P)Yox (P) = T (P)]
hay:

[Y(P)] [p(m] = (D), (5-31)
trong 46 [(p)} 1a vécto ma tran cot, moi phan (I cha nd La dnh todn tr cua dién thé cdc ndt cla
mach (so vdi dién thé ndt g1 bang khong),

J(p)] 1 vécto ma tran cot, mbi phén 1 cha né 12 tdng dai s6 cda cdc anb 1o0dn tlr cla cdc
nguén dong ding tri nAm trong cdc nhdnh ndi véi ndt wong dng (k€ ¢d anh todn 1l cha cic ngudn
dong ding tri trong dac trung cho diéu kién ban dau):

Yiu(p) Yy o Yun(p)
Yo (p) Yu(p) .- Y (p)

Y Y@ ... Yuw(P

[Y(p)] =

IA ma trdn téng dan todn tr cda mach. Ma trin tong dan todn 1@ [Y(p)| 13 ma tran vuéng cip N
(N =n-1) dd1 x\mg qua dudong chéo chinh (d6i vdi mach dién cli chifa cde phan t& thuan nghich).
Cidc phin 1 cia ma trin Sng din todn tr [Y(p)} duge xde dinh gidhg nhu cdc phin ti cha ma tran

1ong dén phite [Y] cha mach, chi khdc kbi ndy todn tI jo duge thay bang todn ur P.
§5-5. TIM HAM GOC THEO HAM ANH - CONG THUC HEVISAL
Anh todn 1l clia cde dong dién mach vong (3-26) ¢6 thé viét dudi dang:

1 M ] . . . . _
L) = ZZAsk E.(p)= Z [ALEL(P) + Ayl + o + ALEL(P) + ... + Avuliun(P)) (3-32)
k-1
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trong dé A 12 dinh thdc cha ma trin 10ng 1 (0dn 1 [Z(p)| cta mach.

A, L dih thie phan phu dai 6 cha ma tran tong trd Z. N6 1a dinb flnge nhan duoce e ma
trian tong (s Z sau kKhi bo di dong q ¢ot & vi nhan vai thira 8§ (- 1)

Cin nhan manh rang. (Ong trd todn 1 cua cie nhanh coa mach dién thue 1 mior him s8 cia
10dn (o P vai cde he <o thue, nén dinh thie A ciing nhu cie phin phu dai 86 coa nd cling @ mor han
SO cla todn wr P vt ede he so thue. Mat khide, snh cua cde ngudn dicn thue 18¢ dong vao mach dién
cling 13 mat ham s6 cia todn 1 P vt cde he »6 thue, Nen dnh todn o coa cde dong dién macly vong
cling 13 motham sG cha todn (I P véi ede he o8 thue. va do do 06 ¢6 the vidt dudi dang 1 6 ¢da lai
da thie:

YyBebhp® 4 p™ P4 4+b
Mpy 1 P op " (5-33)

n n=l u=1
P +zllp +a,p +...t4

I.(p) =
P Np)

Iy
Pa thie N(p) ¢o thé phan tich thinh n ditta »& dang:

Np)=(m-p)®-p). . . P-ps (5-34)
trong dop, 1=1, 2. .. n) 13 cde khong diém cda da thde N(p), n6 chinh [a nghicm cta phuong
trinh N(p) = 0.

Céc nghiém p, cita phuong trinls N(p) = 0 ¢6 (hé 2 56 thue, hodce s6 phide. Song do cic hie 86
cta da thie N(p) 12 cde o thue, nén néu phuong (rinh N(p) = 0 16n tai nghiém phac, thi né phai
bao gom e cap nghiém phde licn hop. Nghia 14, néu phvong trinh N(p) = 0 ¢é nghi¢m phic p, =
a, + jf,. thind cing phai ¢6 nghiém thd 2: pg,, = o, ~ P,

P thde N(p) got 1a da thie dac trung coa mach, con phuong trinh N(p) = 0 got 1a phoong
trinh die trung cta mach.

N¢u trong biéu thire (5-33) 1a thue hien thay da thde maw 6 N(p) 1 bidu thae (5-34), ta <8
nhan dugc:

m 2

. M(p) B Bjj_"l‘blpm-l 4 blp
N(p) (p=p Xp-py)--(P-p,)

+..+h
1L

L. (p) : (3-35)
Cicsop, (i= 1.2, ....n) duwe goi 1 cic cue diém cta ham (3-33), chinkb 14 cic khong diém
cia da thde N(p).
Gid s bie m cha da thite 1 sd M(p) nho hon bac n cda da thde mau s6 N(p) (m < n). vi cdc
khong diém cda da thire maw N(p) I cdc khong diém don, khi ndy doh cba dong dién 1{p) & (3-33)

¢6 1hé viel dudi dang:

A :
R R LT . (5-36)
k Np) pp, P-D, p-p

trong dé A, A, oA, A cde hing so.
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P xdc dinh he s6 A, trong bidu thide (5-36), ta thue hién nhéan cd 2 v& cha biu thie (5-36)
Vi thira 86 (P — py), sau dé cho p = py, sao ¢ho cde sd hang ben ve phdi déu bang kKhong, trir hing

SO\, KN dO 1y S8 s

: - O )
Vikhi p = p,, da thide N(py) = 0, nén gidgi han trén ¢6 dang o Ap dung quy tac [opitan. ta
tinh dvoc:

- lim M(p) + (p—pL)M’(pl _ M(pk.'
Doy N'(p) N'(p,)

A (3-37)

I§

rong dé M(p,) 13 g4 tri cua da thiee M(p) khi p = p, , N'(py) ta gid 1ri cla dao ham cidp mot cha da

dN(p
thie N(p) khi p = p,: (N' (pk :__(]_) )
! dp [p=n
N
Trong trudng hop niy, theo bing Phu luc & cudi sdch. ta xdc dinh duge gid tri thue cita dong
dicn:
lk(l) = 1'\] cml + .'\/> CI’Z' + ...+ ."\II CI)“I = Z )'\1(:',“' R
(W
hay:
u N " . )
iL(T)z Z—‘—(pl) L‘" . (’-%8)
11 NI (P,)

Né&u da thide N(p) & (3-33), ngoai cic kKhong didm don con e6 cac khong diém boi, thi du r
khong di¢m don dau tien, khong dicm p, 1a khong di¢m boi bac q (g = n - r), khi d6 dnh ciia dong

dién 1,(p) & (3-33), ¢6 thé viét dudi dang:

I(P):M(p): N + A bt A + A:\-"O

OND PP PR, PR (o ) (5-39)
N _.‘.1

P T T TS

(p-p,)" (- p)" PP,

Cac he 86 A, , A, ... A, trong bidu thie (3-39) cling duge xdc dinh theo bidu thie (3-37), vi
ham goc wong dng cta né cling dude xic dinh theo bidu thie (3-38). G day cin xdc dinh cic hé $6
A, VA ede haim poce wong tnp Vol cice thanh phan ndy.

D¢ thudin tén dua ra cic bicu thde xde dinh cde hé s6 A, 1 vidt lai bidu thie (5-39) dudi

dang:
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M(l)) A A_| A
Ik(p)':\l S e
Nip)  p-p P—D. | PP 15430,
Ay ';’\II(1\~-|5)‘:‘-\I_(p—])J - . -»\\I\Il(p——p\)"'
p-p )

D¢ tinh hé v8 Ay, ta nhan ¢d hai vé€ cua bidu thie (3-40) véi thira 86 (p - p)¥ va

c¢ho p — p., khi d6 ta nhan duoce:
I\ !
A, :liml—-ﬂ(p— D {(5-41)
e N |

D& tinh hé 50 A, sau khi di nhan ci hai v& ctia hiéu thic (5-40) véi thita s (p - pY, ta

thue hién dao ham ¢ hai v& vi cho p — p, khi dé ta nhan duge:

d ™
\qy = — (p)(p—p\)” (5-41a)
dp| N(p) -

Ly ludan teong ty, ta s€ tim duou:

Lo [ Mipy |
A.|l;_' | (p_p\).
2 dp ! N(p» o

bod [ Mg
T = np—p\)"J (5-42)
il dp LN([)) - (
N [y r M), M
) = : =P,
‘|“‘ (LI ! dp‘ﬁ l N(P) ! BIR

Theo biang phu luc, ta xdc dinh duege ham gdc trong dung vdoi thanh phan anh
A

pt

q-r

(p-p)
?\LI M "
___n —>- __I____ ll et N

p-p )y (gq-1=-1)!
Do dé. cudi cling ta s& nhin duoc gii tei thue cua dong dién k().

. \ A A \
W=D Ae” J—- AR TR W
T g ! (q - 1! m

u A

LMy . )
= 2 Prln Py e e (5-13
1 N(p,) ARG RNk
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N&u da thite N(p) & (5-35) ngoar cac khong diém [h s6 thue (khong dicm don va
Nhone diem boiy con ¢6 khong diém 1d so phite (goi tat L khong diégm phie). hi do
tinh chat cua da thite Nep)y vai cie he so thue. nén néu da thite Ni(p) ¢ khong dicm p,
b O phiic (po = 8¢ + 1, ). thi né cing phar ¢d Khong di¢m phae tha har p, 13 Lien
hup phite cta Khong dicm p, (p) -8 —jo ). Cac khong didm ph va pl cua da thac
N(p) clng la cdc khong dicm don. theo (5-38), ham goc tng vol cde thanh phin nay
s co dung:

ML) M

-I‘.(U: ¢ ; — L (<-44)
Npo N

- o Mgy Mg ) e
D¢ dang thdy rang —-———=—-——", nén sau khi brén do1 bieu thire (5-44y 1w s&
N(p.) I\‘(PL-)

nhan duoce:

. M(p. .
]L»([)ZQRC-L)—CPJ = 2"\.-004‘503(('%[ + ), (5-45)
Mip ) N(p.)
trong do: —pL = A, =A™
N'{(p_)

Trudimg hgp 16ng qudt, da thic N(p) & (5-35), ¢6m ci khonp didm don. khong
diém boi va khong diém phic, thi du r khong diém don, khong diém p. 1d khong diém
hoi bic q vii mot ¢dp khong diém phic p, va p& khi d6. dnh ciiw dong dign {{p) g (5-

33) cling ¢d thé vidt dudi dang:

] ([)) = m}Z— i_ _— A’-‘_ - ‘L\| . ‘»\_L]O . |
g - B e aE T
N )) =P —D, Y )I -n ]
v e (5-46)
j.\L|I\| 1 [xl_.p _' a"\l

pP=p. pF2p+u 5

(rong dé cip khong diém p, Vi p. 1a nghiem cia phuong trinh p* + 28p + o° = 0. Cic
he 56 A, AL Al AL trong bicu thifc (5-46) cling ¢6 the duoe xdc dinh theo phuong
phdp he s6 bit dinh. sau do dua theo bing phu fue & cudl sdch ta xac dinh duge ham
gde tuang (ne cliia nd.
§3-6. DAO DPONG TRONG MACH RC MAC NOI TIEP KHI PONG MACH VAO

NGUON PIEN AP BAC THANG

Xét dao dong trong mach RC milc ndi tidp khi dong mach vio ngudn dién dp

bac thang (hinh 5-7).

i 1 0 klu t<0
¢ c= [ l
Jy e kB K020

Hinh 5-7
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Khi dicu Kicn ban d5n cia mach bing Khone {u, 0y = O] ta ¢6 s do todn e

tromg daong cue mach thinh 5-X).

—

I TD) R

Hinle 525

Theo dinh tuit Ohm dang 1odn (0, tie xdc dinh duge dnh o cua dong dién chay

troig mach:.

E L E E/k M _
[(p)—%:- | N - ) :—_'/L-I ; (5-47)
Ppig RP+ ey D)
Cp cr CR
Anh ctia di¢n ap trén tu dién C:
' E/RC N ;
LJCLP}_‘: “p) ‘l T—-E—/-]—I{—_ J S~ -— / | - :—l—l'—(p—) ) (5_4h)
Py Chp. b, N
RC CR
bBa thie N (p) chi ¢ mot Khong dicm don p, =— RC con da thae N.(p) ¢6 ha
: : L | .
khong dicm don, kKhong dicm don p, = 0 via Khong diem don p, =——_ Thco bicu

thae (5-28), ta xac dinh duge dong dién chay (rong mach v dicn ap ten o dicn C:

M . , : : 1 ~ '
)(0 = _‘:;I‘;QL.)._C-,M — EC Kk$ = ljJC T (5_4(_))
N 0D R R
M. (p - M.(p,~
u~t) = ;1(10)0“ + ——’—i(p—‘)cp“ - E-E* (5-50)
N, (po) N (p))

Gdiay T =RC got la hing s0 (hdt gian cia mach,

Tren hinh (5-9) v& do thi thot gran coa dong dicn va dién dp trén dien dung C.

Tir hinh v ta thiy, Khi dong mach RC midc nol tcp vao ngudn dién dp bag
thang, dong di¢n trong mach tang dot bidn (r gid 1ri bing kKhong (tui thin didm t = 0)
dén gid tri i = E/R sau d6 aiam dan theo quy luit ham s& ma dén gid tri biing khong.
bi¢n dp wren dien dung € ting theo quy ludt hinn 86 ma (0 @id (r) bang khong (tui t =
O) «&n gid vl bing E. DOng di¢n chay trong mach ¢hi ¢6 thinh phin tu do. con dign
ap ren dién dung € gom ca thanh phan cudng bite va thanh phian tu do. Khi thinh
phin tr do bing khong, dao ddong trong mach hing thanh phin dao dong cudng bite,

la 06l mach Lam vice & che do xdce 1ap. Toe do tang (giim) cda  cde dao dong (rong
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mach pbhu thuoce vio hing $6 thoi gran ¢t mach t = RC.

v

Hinh 5-9

Cudi cling, ta xét dao d6np (rong mach RC mic ndi ti€p khi tic dong vao mach

{1 mot xung vuong (hinh 5-10).

A e
E
0 khi <0
¢c=<E khi 0O<i<1,
0 kht 1>1,
0 T, t

Hinh 5-10

Trong thdi gian t8n tai xung ( 0 €1 < 1,) ¢6 thé coi tdc dong vio mach 12 ngubn
tdc ddng bac thang, theo cdce bigu thie (5-49), (5-50), ta xdc dinh duge dong di¢n va

dién 4p frén cdc phdn tir cha mach:

. B
i=—c ',
R
u.=E(t-c¢ ', (5-51)
u, =tR=Ee "'

Tai thoi dicm xung k¢t thie (1 = 1), dién dp trén dién dung C dat gid iri u (1)

= E (t- ¢™™') . Khi ndy ta ¢ sd d6 todn 1 tuong duong clia mach (hinh S-11).
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Tir sar 48 (hinh 5-11) ta xdc dinh duge:

I(p) = -

143
1(p) 1
P
R u(t,)
P
Hinh 5-11
(1) ULt /R
Py !
- P+
PLR =y R
U-(t
Uplp) = (R = ——ctB),
1
P+ -
RC

Theo bidu thire (5-38), ta xdc dinh duge gid tri thue cta don

trén dién tro R:

Dién ap trén tv dién C:

g dién va dicn dp

-1,
n-(t,) e T

i(1) = - 5-52
i(t) R ( )
() = —ue(t,)e ° (5-53)
Ue(B) = — (1) = ue(rye ° (5-54)

Ciing ¢6 thé xac dinh dao dong trong mach theo phuong phdp khdc. Ngudn tdc

dong xung (hinh 5-10) ¢6 thé coi 13 x& chdng clia hai ngudn tdc dong bac thang.

Nguon (d¢ ddnp ¢, = E, tdc d0ng

—E, tdc dong vao mach tal thui di

vio mach tai thdi diém t = 0; ngudn tic doéng ¢, =

Im 1 = 1, (xem hinh 5-12).

A
E i
. 0
TX
e
E freen-- !

Hinh 5-12
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Trong thoi gian O € U< 1. trong mach chi ¢é ngudn bic thane ¢, 1dc dong, dao
dong trong mach duge xde dinh bdi cde bicu thie (5-51). Khr t > 1., dao donyg trong

mach L aép chong cia cde dao donge do hui ngadn tde dong bic thang e, va ¢, gay

nep:
_ : ., E ! S - a1y
1ty = —¢ -0 - -— (1-¢ b= - — !
R I R N
) -
u () =R ==u-(t)H¢
[N
v ==~u(t) =u(r,)ec ~

K&t quid nhin duge hoan todn giong k&t qua dii nhan duge o trén.

Cic K&t qui cho thdy, dao dong trong mach (phin dng diu ra cta mach) phu
thuoe nhicu vio mdi (wong quan gitra do rong xung t, vd hdne s$§ thai gian 1 cua
mach. Trén hinh (5-13) v& dién dp diu ra (Idy wén dicn (rd R ovi tren dién dung C)
ttng vl cdce trudng hop hiang s& thin gian cta much T << 1,5 T 3 1, v T > T,

e A e 4 e A

E E E

v

Hink 5-13

Tir hinh 5-13 ta (hidy, trong trudng hap hang s6 thor gian clia mach 7 << 1., khi
tdc dong vao mach la mdt xung vudng di¢n dp. trén dicn trd R ta thu duoe har xuny
nhon khdc cue tinh. Mach RC trong tredng hgp nay dong var (1o ld mdt muach vi
phin Con trong (ruong hyp hing ~o thagi gian ctta mach v > 7,. khi tdc dong vio mach
Fa mot suny vuong. trén Gign g R ta cing thu duge xung vuong. Mach RC rong

trudng hgp nity 1 mach ndi ting d¢ traycn (fn hicu (r (dng trude d&n tdng sau. Nguoe
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lai, néu 1a ldy dién dp ra trén dién dung C. thy khi hing s thoi gian cia mach t >>
7,. dién dp dau ra we co dang tuyén tinh v (1) = Al Trong trudng hgp nay, ta ndi
mach RC la mach tich phan.

§5-7. DAO PONG TRONG MACH RE MAC NOY TIEP KHI DONG MACH VAO NGUON DIEN
AP BAC THANG

Xét mach di¢n gém hai phian tf RL midc n6i tiép khi déng mach vao nguon dien
dp bac thang (hinh 5-14).

R A
. Jo khi t <0
{1} —=
gi e L SUTUE khi 1 zo

AN

Hink 5-14

Khi diéu kién ban ddu cia mach 1,(0) = 0, ta ¢é sd d0 todn ur trong duong cla
mach (hinh 5-15).

Hinh 5-13

T so d6 & hinh (5-15), theo dinh luat Ohm dang todn (a, ta nhan duye:

E E/L
M= ek Lr) R
(R+LP) ppy Sy
L
E/L E
U.(p)y - p.LP = ﬁ'LP - R
PP+ ) P
L L

Theo biéu thic (5-38), ta xdc dinh duge gid tei thye cua dong dién vi dién dp
trén phan tr di¢n cam:

R

E E - E .
()= ——Z¢ 1 2 Zase (5-55)
( R R R
u, (1) = Ee ', (5-56)

s L. . R ,
o diy 1= [d hiing 8O thoi gian cta mach.
R

10-LTMACHT4P1
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D6 thi thot gian cha dong dién i(t) va dién dp 1rén phdn tr dién cam u (1) v@
trén hinh 5-16.

EAGLY,
EN
R 0
0 )
0 g
-E t
- e
R T
o

Hinh 5-16

Tir hinh v& ta thdy, khi déng mach RL mic n&1 tiép vao ngudn dién 4p bac
thang, dong dién trong mach tang din tir gid tri bing khong (tai thoi diém t = 0) theo
quy ludt ham s& md dén gid tri xdc [ap bing E/R, ¢dn dién 4p trén phén tir dién cam
tang dot bicn tir gid tri bing khong d&n gid tri bing E (1ai thoi diém = 0). sau d6
g1am din dé&n gid tri bang khong theo quy lual ham s8 mi. Dong dién chay trong
mach bao gém ca thanh phdn dao dong cudng bie (i, = E/R) va thanh phin dao dong
(e do (i, = E/Re Y"); cdn dien dp trén phin we dién cam chi ¢é thinh phin dao dong
ty do. Hing s6 tit din cla cdc dao dong ty do phu thugc vio hing s& thdi gian cla
mach © = L/R. Khi thanh phin dao dong tu do bing khong, dao déng trong mach chi

con thanh phin dao dong cudng bire, mach khi nay lim viée & ché do xdce lap.

§5-8. DAO DONG TRONG MACH RLC MAC NOI TIEP KHI PONG MACH VAO NGUON DIfN
AP BAC THANG

Xét mach dién gdm ba phan tr R, L, C méac ndi ti€p dudi tdc dong clia nguén
dién dap bac thang (hinh 5-17).

_NY\_l |’ |
Ef W E i 20

c

khi t <0

Hinh 5-17

Khi di¢u kién ban ddu cia mach bing khong (i,(0) = 0, u(0) = 0], ta ¢ s d6

(odn (o trong duong cia mach (hinh 5-18).
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—— " —

[(p) R =
QD E
p

u (p)

[}
(@]
e

Hinh 5-18

Tu sa do (hinh 5-18), theo dinh luat Ohm dang todn tu, ta xdac dinh duroc:

E E
() = — e e (5-57)
PLR+LP+ | P2y Npy b P H2aProg
CP ) L cCp
trong dé:
= li 0, = l
oL’ T JLe
EP
Up) =1(p).LP = —"—, (5-58)
P° +2aP+o,
1 . E/LC
Uclp) =1(p).— = (5-59)

CP PP +2aP+wl)
Dao d6ng trong mach phu thudc vao su phan b8 nghiém ctia da thitc p* + 2ap + o ;
5-8.1. Pa thie p* + 2ap + o ¢6 nghiém thuin do
Da thie p* + 2ap + @] ¢6 nghiém thudn 4o khi a = % = O (hay phan ur R cla

mach bing khong), trong trudng hop xét ta cé:

E/L
Ipy=—F,
p ‘i‘(,l)u
EP E/LC
Up=——— Ucm=—5——
P o] p(p” +o,)
va da thie p* + @; c6 nghiem p, , = * jo,.
Theo cong thic (5-45), ta xac dinh dugce:
» E .
1(t) = —sino,t, {(5-60)
P
u (1) = Ecosot, (5-61)
u(l) = E(1- cosm, 1) (5-62)

& day p:\[g 12 trd khdng dac tinh cia mach R, L, C méac ndi tié&p.
C
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P& (hi thin gian cna cde dong dién (O dién dp v (DL u(t) v& trén hinh (5-19),

A i)
i) MU ()

AT Y A vaviv I
VAVAVAVRRMVAVAVAVA t

o

Hinh 5-19
T hinh v¢é ta thdy, khi dién trd R ¢ta mach hing khong (mach khong ¢o tdn
hao), ddéng mach vao ngudn dién dp bac thang, trong mach s€ xudt hi¢n cic dao dong
dicu hoa khong Uit theo thoi gran.
5-8.2. Pa thite p? + 20p + ;. ¢6 nghiém phiic

Pa thic p* + 2ap + o) ¢6 nghicm phic khi:

L
\[E:2p.

A=do - 0l <0, hay R <2

Khi nay nghi¢m cta da thic:

Pr:=—a T jo,

4 day: @y = (-),‘,—uz.
Theo cong thitc (5-45) 1a xac dinh duge:

2

(1) = e Msino t,
Lo,
-l a .
u (BH=Ec™|cosmt — —sino;t,
) ! w, J
5-63
E/LC ., o (5-63)
U ()=E——F——=1c¢"" cos(w.t—arctg —)
el W,
), )l+
V [
il €
= FE-E¢™. 2t COS(L (+ Y,
)
I

(0] ’ .1 N
= —%  Néu mach ¢6 hé s5 pham chat lén (Q>>1) thi

4 a (12
trong d6 ¢ = arcig —; \l+ - =

(l)1

o~ 0y, —= 0. Khidé:

E|R
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U, (H=Ec " cosw t, ’

U ()= E(l—e™ coso 1), b (5-64)

. E i . ‘
ity =—e "'stho 1. ,
p !

D4 (hi thyi gian cua dong dién i(1) va cac dién dp u- (1), u.(t) v& trén hinh (5-20).

1\

U U,

e e === -

Hinh 5-20
5-8.3. Pa thite p* + 20p + o ¢6 nghiém kép
Da thitc p* + 2ap + @’ c¢6 nghiém kéiv Py =-—a
khi A'=a’ -0} =0haya=2\/%=2p.

Khi nay, theo biéu thirc (5-43) 1a x4c dinh duoc:

E
()= —=te™,
L

u (=Ee*(-at), (5-65)

u(l) = — [l—c “'(lval)] (

a‘L.C
E[l—e “'(1+at)]

D6 thi thdi gian cla ddng dién i(t) va cdc dign ap u (1), ust) vé trén hinh (5-21).

i A AU, U

T

> >
t

flinh 5-21



150 LY THUYET MACH - TiN HIEU

5-8.4. Pa thie p? + 2up + ©;, ¢6 hai nghiém thuc khic nhau
Pa thic p* + 2ap + @ ¢6 hai nghiem thuc khic nhau khi:

A=a -0} >0,
m
hay R > 2\15 = 2p.

Trong trudng hgp nay. cde nghiém:

Pi.=-—0 VA =—« i\/az—mz

Theo biéu thic (5-38), ta xdc dinh duge cdc dao dong trong mach:

(1= E _[e"“" o ”5"-‘:'(“*"“2““5“]_ W
2L\o’ o) L (5-66)
( —(u—,fai —mz N -(u+,fu2—m3 )
1 € _ e
LlC(t):E 1+ 2 2 2 2 2 2
2LC1’a. -Q, —a+\ﬁ —a, —a-yo o

b4S thi thdt gian cha dong dién i(t) va dién 4p u(t) vé trén hinh (5-22).
A g

v
v

.

Hinh 5-22
T céc k€1 quid nhan duge ta thay, néu trong mach ¢6 t6n hao (R # 0), thi kht
18n hao nhd (R < 2p) dao dong tu do trong mach 13 cdc duo dong ¢6 chu ky, i dén
theo thoi gian; con khi t8n hao 1dn (R > 2p) dao d6ng ty do trong mach 1 cde dao
déng phi chu ky va tér ddn theo thoi gian.

§5-9. DAO PONG TRONG MACH RL.C MAC SONG SONG KHI PONG MACH VAO NGUON
DONG DIIIN BAC THANG

Xét mach dién g6m ba phdn wr R, L, C mic song song dudi tidc dong cha npubdn
dong dién bic thang (hinh 5-23).

6. L Tc

Hinh §-23 Hinh 5-24
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Kht diéu Kién ban ddu cta mach bing khong (i,(0) = 0, u.(0) = 0), ta ¢c6 sg d6
todn I twong duong cua mach (hinh 5-24).
Theo dinh luiat Ohm dang todn tu, ta xdc dinh duye dién dp va dong dién qua

cdce phin

. I(p) [ 1 1/C
Up) = Ip) . Z(p) =—PL _ 1 _ /
Y(D) P y 4+ CP - | Pz-gp‘ 1
£ LP C LC (5-67)

1/C

p:+2ap+wé‘

t r [/: ) = - > 0‘ = 3 ("')f,\ = T —
rong do £ R °C \/E
Ip
l-(p) = U(p).CP= ——— (5-68)
P +2apt o
Uy I/LC
1.(p) = ) . / (5-69)

LP p(p” +2aup +cofi,)

Cac biéu thitc (5-67), (5-68), (5-69) hoan toan gidng cic bidu thie (5-57),
(5-58), (5-59) dd nhdn duge d6i vai mach R, L, C mic ndi ti€p. Diéu niy ¢d nghia li
dao dong trong mach R, L, C mic song song khi déng mach vio ngudn dong dién bac
thang hodn todn tuong tu nhu dao dong trong mach R, L, C mic ndi ti€p khi d6ng
mach vio nguén dién bac thang. Dao dong trong mach cé thé i cic dao dong diéu
hoa, dao dong ¢6 chu k¥ tit ddn theo thdi gian, hodac dao ddng phi chu ky Uit ddn
theo thdi gian, tiy thudc vao gid tri tuong d6i gira cdc phdn wr cla mach (tuy thudce
vao tén hao cla mach). Thi du, khi da thic p*> + 2ap + o; ¢é nghiém phdc, nghia la

khi:

[0S

A'=a -] <0, hay g <

e
o |~

dao d0ng trong mach s& c6 dang:

{

Ca

i

u(l)= ¢ “sinw.t,

¢N a -
le “'(coso,t——sinw,l),

@,

ic(b)

. _ N ol OJU .,
L =1-1le .m—‘cos(mltﬂp)
: (5-70)

_ 2 2. = —arct @
W, = /@, —a 3 (P—--dl'(.ga) .

1

trong do:
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Do thi thoi gian cua dién dp uin) va cde dong dién i), 1,(t) v& trén hinh (5-25).

Hinh 5-25

§5-10. DAO PONG TU DO TRONG MACH RLC MAC SONG SONG

Xét dao dong trong mach dién (hinh 5-26) sau khi chuyvén khéa K vé& vi tri 2.
1 3 . ‘
%[;“ o oLt
e cP L HR I(p) = CU, i TCP LP R lu(p)
j L L .

Hinh 5-26 Hinh §-27

Gi4 s khoa K duge chuyén sang vi trf 2 tai thdi diém t = 0, v2 tai thoi diém
t =0, dién 4p frén dién dung u(0) = u,, ta c6 so d6 todn I tuong duong (hinh 5-27).
Tir so dd (hinh 5-27), theo dinh ludt Ohm dang lo4n tir, ta tim dwgc:
Ip)y  CGy UyP

Up) = Ip)-Zip= = = — -
Y(p) g+CP+ ] p '20.17*03(]_
LP

(5-71)

G day:

Dao d6ng wr do trong mach ¢ing phu thudc vio nghiém cua da thic p° + 2ap +
o, nghia l1a phy thu6c vao gid tri tuong d6i gila cac phin tir cha mach. Trong trudng

hgp du thic p’* + 2ap + o) c6 nghiem 1 s phic, hay khi g < 2@ = 2, theo cong
p

thic /(5-45), ta xdc _dinh  duge dao ddng u(t) trong mach: u(t) =

, trong d6: @, = \/Z)o —a”

a .
Ue wkcoswll - —sino,t
¢ (O]
L
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N&u mach ¢6 hé & phim chin Q 1on (Q >> 1), tdn s6 o, = o, va — <<} khr da,
oy

ta ¢a:
u(t) = U.e *cosm,t. (5-72)
DG thi thai gian cua di¢n 4p u() ¢ (5-72) vE (rén hinh (5-28).
ut) A
\

JAWAT N >
dRVATE =

Iinh 5-28

Tir d6 thi thdi gian ta thdy, khi khéa K chuyén sang vi tri 2, trong mach s& xuit
hién dao dong hinh sin v&i bién d0 gidm ddn theo thdi gian. V& ¥ nghia vat 1y, didu
nay duge gidi thich nhu sau: Khi khéa K & vi tri 1, dién dung C duge tich trit ning
lugng dién tir ngudén dién 4p c. Khi chuyén khéa K sang vi tri 2, di¢n dung C s¢C
phéng dién qua dién trd R vi dién cém L, trong mach lic nay xuft hi¢n su trao d6i
ning luong dién tir rrudng gira dicn dung C va dién cdm L. Su trao d3i nang luong
nay lam xuft hién dao dong tu do trong mach. Song do ¢6 16n hao nang lugng trén
phin ttr dién trd R, ning lugng dién tir trudng tich trld trong mach s& gidm dén vi dao
déng tu do ciing tit ddn theo thdi gian.

§5-11. QUA TRINH THIET LAP DAO PONG HINH SIN TRONG MACH RLC
MAC SONG SONG

Xét mach dién gm ba phidn 1& R, L, C mic song song dudi tdc dong cda ngudn
dong dién hinh sin duge déng vao mach tai thdi di€ém ( = 0 (hinh 5-29).

J}R A 0  khit<Dd
R iﬁ L 5 b= | I sinot khit>0

Hinh 5-29
Gia st diéu kién ban ddu cta mach bing khong (i,.(0) = 0, ue(0) = 0), ta ¢6 sg
d6 todn tr tuong duong clta mach (hinh 5-30).

1T
(@]
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Im(l) R LP - 1
p2 + _4)2 CcpP

1
11
&
=

Hinh 5-30

Tiur sa d6 3 hinh (5-30), theo dinh ludat Ohm dang toan tir, ta xic dinh duge anh

cla dién dp tren cie phan tir cia mach:

[ o l
L(p)=
Prreaicp+
— l”)m l)

p +e’ C(p’ +2ap+ro’)

trong dé : > ] £ I
= - g:_'sa:—‘)(»,:—'
R 2 vI1.C
Pa1 vai cde mach R,L.C mic song song st dung trong thuc (&, thudng ¢6 heé 3
N -~ - - ~ ~ ~ J ~ N T C 2 ~ A n 3 N
phim chat Q [6n, nghia [3 luon thoa mian dicu kién g < 2\/— = =, va& 1an s0 cua ngudn
p

tdc dong bang tdn 83 cong hudng o, cua mach. Trong trudng hop xét, dnh cha di¢n dp
U(p) s& ¢6 dung:
l,o, p _ M)

pTto; -E-(p: +20p+0;) ~N(p)

m

Up) = (5-73)

vit da thdc mau 8 N(p) s€ ¢ hai nghiém thudn o p,, = £ jo, vad ¢ip nghiém lién hgp

phic p,, = —a £ jo,, rong d6: o, = \,"u)('; -of (ctng ¢6 theé coi cap nghiem p, . = t jo,
li cap nghiém lién hgp phitc véi phin thue bing khong). Tir day, ta xdc dinh dugc:
M(p) 1 o.p , '
N'(p) C4p’ +6ap” +4o; +2an;_f,—),

M(jo,) —jl, IR
-- - - _,_ == _-]— |
NG 2 2
MCarjo) 1y g
N'(¢a+ijo)y 2 0,

Tt diay, theo ¢ong thae (5-45). ta xac dinh duge dién dp trén cdc phin

. . Wy yi o
tiu) = R sinw (- —RI ¢ "sinae

(_)I

Cac mach dao dong sir dung trong thue 1€ thudong c¢6 18n hao nhd (a << 1), khi
- U')H ~ ‘m - N ’ N '
do —- = I, va dién ap tren cdc phin wu:
0

uf) = REL,(1 = e "sinm, 1. (5-74)
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D6 thi thoi gian cha dien ap ui theo (5-74) xem 1rén hinh (5-31).

u‘k

Hinh §-31

Tir cde k€t gui nhan duge ta thay, khi tdc dong vao mach R, L. C mic song song
mot ngubdn dién dp hinh sin ¢6 (dn 50 bang tdn 86 cong hudng clia mach, dién dp trén
cdc phin tir ctia mach ciing 12 dao dong hinh sin vdi bién do ting dan tir ¢id tn khong

d&n gid tri xdc lap bang RI,,. Quy luat ting bién do cla dao dong duae gdc dinh bdi

argt

bidu thie: 1 —¢ “ = { - ¢ 9,
V& mat 1y thuy€t, dao dong hinh sin trong mach duge xdc lap khi thoi gian

U= u(L) = RI, sine,t.
1=
Trong thuc 1€ dao dong hinh sin duge coi nhu Kic 1ap. néu gid i bign Jdo cna
dao dong dat tdi 95% gid 1 bicn do xdc lap cta nd. Thai gian xdc lap dao dong
trong mach t,, duge xdc dinh bdi bidu thic:

I — ¢ ™ =095,

va (i day ta xdc dinh duge:

t, > —. (5-75)

Vay thai gian xdc lap dao dong hinh sin trong mach 4 [¢ thudn vdi h¢ s& phiam
chat Q ctia mach. Hé s8 pham chat Q cla mach cang 10n, thoi gian xdc lap dao dong
hinh sin trong mach t, cang ldn. Trong truong hyp tdn G cla ngudn tic dong o
khdc tdn sd cong hudng cha mach o (0 = ,), dao dong trong mach s¢ g¢dm hai (hinh
phin tin s8 khdac nhau, thanh phin dao dong v@i tin s8 cha neudn tic dong o (thanh
phin dao dong cudng bite) vi thinh phin dao dong vdi tin 86 o, ¥ ©, vd bicn do

gidm dan (thanh phdn dao dong tuy do), khi nay:
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u(t) = RI, sinot — RY_¢ “'sinw,t (5-76)

Trong trudng hop nav, dudng bao cua dao dong tong s€ dao dong v4i tin s&
hing hidu cua hai tdn s& o va ., {(xcm hinh 5-32). Bién d6 dao ddng clia duong bao
giam ddn vi thanh phin tr do Rl,e *'sino.t tit din theo thoi gian.

UA

Hinh 5-32

Cudi cling, ta xét qua trinh thiét lap dao dong trong mach R, L, C mic song

song, khi tdc dong vao mach day xung vo tuyén tudn hodn (xem hinh 5-33a).

0 khi t <0
1=<1_sino,t khi O <t<rt
[0 khi t <t<T

o ddy:t, 1a do rOng xung vo tuyén. T Ia chu k¥ xung.

Thuong do rong xung vo tuy€én 1, 16n hon rdt nhiéu ldn chu ky T, cha dao dong
2n ) U , X

,;(Tuz—7t \ va gid thiét ring tin s6 cua dao d6ng hinh sin bing tdn s8 cOng

. o,

\

hinh sin

hudng cfia mach va mach ¢6 hé s6 phdm chit 18n (Q >> 1).

Khi bit ddu ¢6 xung tdc dong, dién dp trén cdc phdn to cia mach u(t) sé bién
thién thco quy luat nhu trong truong hop tdc doéng vao mach ngudh ddng dién hinh
sin tai thdi diém t = 0:

u() = RI(1 — ¢ *)sine,t

Bién d6 cta dao d6ng s& tang din tir gid tri khong dé€n gid tri xac lap bing RI,.
Né&u thoi gian t0n tai xung t, 18n hon thdi gian x4c lap t,, trong mach, thi trede khi
xung k& thiic, dao déng trong mach di xdc I4ap. Tai thoi diém t = t, (xung k€t thic),
trong mach 16n tai dao dong wr do. Dao ddng tu do trong mach cing la dao ddng hinh
sin nhung vgi bién d6 giam ddn tr gid 11 U, = RI, d€n gid tri khong. N&u khodng
cdch gifta hai xung lién ti€p 1n hon thon gian xdc 18p t , cua mach (T — 7, > ), thi

inx/

dao dong tu do s& k€t thidc (tdt) trude khi xung thit hai tdc dong (xem hinh 5-33b),
trén ddu ra, ta cing nhan duge diy xung. N&€u thdi gian t6n tai xung 7, nhé hon thoi
gian x4c lap t,, cua mach, thi khi xung két thic, dao dong trong mach chua xdc lap.
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Tai thoi diém xung k& thic (¢ = 1,). bicn do dao dong trong mach dal gid tri bang
RE (I —¢ BTy vi sau d6 sé gidm din d€n gia ri khong. Néu khodng cich it hai xung lai
nho thua thot gian xac (3p cua mach (T — t, < t ), thi khi bat ddu tdc dong xung thir hai,
trong mach van 16n (ai dao dong tu do cua qud trinh trude dé. Dao ddng tong trong
nmdch trong trudng hgp nay s& 1d x&p chong cua dao ddng tr do ¢ty qua (rinh (rude va
dao dong do tdc dong cla xung thi hai. Hodc khi nay eling ¢6 theé coi mach dudt tic
dong cioa ngubdn dong dién hinh sin, nhung dié¢u kién ban ddu cua much khic khong.
K&l qua trén dau ra ta $& nhan duge tin hicu lién tuc (xem hinh S-33¢). Khi niay, néu
he s& pham chdt cia mach Q ciang 1do, thdi gian xdc ldp t, cua mach cang [dn, do
méo dang cta tin hiéu khi truyén qua mach cang-1én.
; .

(B

I

a) 7|

b)

c)

fHinh 5-13
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CIHTUONG 6

PHAN TICH MACH DPIEN BANG PHUONG PHAP
TICH PHAN XEP CHONG

§6-1. TAC PONG BAC THANG VA TAC PONG XUNG CUA MACH PIEN

Tinh ¢hat cia mach dién ¢é the hoan oin duge xdc dinh nén bié phin tng cla né dudi tic
dong cua cac nguon dicn bac thang vi nguon tin hicu xung. Mat khdc, biét phan g clia mach
dudi (dc dong cia cdc ngudn bac thang vi npuén xung, ¢ thé tim phin ng cia mach dusi cdc

ngudn tac dong khac.
6-1.1. Tac dong bac thang

Tac dong bic thang Ta cdc ngudn tie dong (ngudn dién dp, hay ngudn dong dicn) cé quy luat

bién thi¢n theo thoi gian va duge bicu dién nhu sau:

© {0 khi t<0
WA ki 10
hay 6-1
(0 Kk 1<0

i()=¢
1A khi 150

trong dé A 1 hiing 6, 1a do 16n cia ngudn tde dong bic thang.

bo thi thai gian cia ngudn tdc dong bic thang v trén hinh (6-1).

e,iﬂ‘

Yinh 6-1
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Cic ngudn dién bac thang ¢6 do 1dn A = 1 duge goi la ngudn bac thang don vi. Ham bac
ihang don vi duge ky hién 1a ham 1(t). Trong 1odn hoe ham (1) duge poi 1a ham Hévisai.
{0 khit <0

l(ty—<
[T Kkbt1>20

Trong thue (&, cde nguon tde dong bac thang la cdc ngudn dien mat chigu duge dong viwo
much (ai thoi didm 1= 0. Trong so dd mach, cde nguon tae dong bac thang cua mach duoe ky hiéu

nhie & hinh (6-2).

Hinh 6-2

6-1.2. Tic dong xung

Ta goi ngudn tin hién xung (ngudn dién ap xung hay nguon dong dién xung) 1a cdc nguon
tin hiéu mi gia tri cia né chi khic khong trong nhitng khodng thoi gian nhét dinh. Thi du, nguén

dién ap xung thy tin dang chr nhat ¢ do thi thti gian v¢ t1én hinh 6-3.

e A

A 4

0 .7X t

Hinh 6-3

Khi dong mach dién vao ngudn tdc dong xung, trong thdi  gian ton i xung, mach duge
cung cip ngudn nang lugng dién. Nang lugng mi mach nhan tr ngudn, mdt phin tiéa 4n dudi
dang nhiét trén phan tr dién €3, phin con lai duge tich trit trong cdc phidn tr dién cam va dién
dung. Khi xung ké&t thiic, nang hrgng dien tir trudng di duge tich (rit trong mach s¢ duge phin gidi
v tiéu hao dudi dang nhiét trén phan tir dién (rd. Chinh sy phin gida nang lugng di 1o thanh dao
dong wr do trong mach.

Xét ngudn tin hiéu xung 8(t, T.) c6 quy luat bién thién theo thdi gian duge mo i hiing biéu
thifc:

0 khi t <0
(1)) = L khi 0 <t <1, (6-2)

1S

0 khit> 1,
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DO thi thai gian cha ham 8(1. 1,) & (6-2) gidng do thi thoi gian cla xung chit nhat (hinh 6-3),

. e . ]
<hi khac gid 1 E duoe thay bing -
1
X
Dicn tich cha xung 8(t, 7,) (dicn tick clla mién gidi han bdi ham 8(t, 1,) va true hoanh) bang 1.

G
S, = ] st e =1

ncutl < 00 t->T,.
Cho d6 rong  xung 7, — 0, khi d6 ham 8(1. t,) — 8(1).
Him 8(t) = 5(t, ,) bing O v&i moi gid tri t = 0, va ién 1&i oo tad t = 0, cOn dién tich cla xung

8(1) vin bing 1:

{Z8at =1

néu mién tich phan chita diém 0.
Ham 8(0) duge poi 13 him xung don vi, ham Denta, hay him Dirjc.
Gia str nguon tin hiéu xung thi 1dn dang chit nhat (hinh 6-3) ¢é d9 cao E tang ti I¢ vai su
gidm cla do rong xung t,, nhimg dam bdo diéu ki¢n dién tich cta xung luén bing hiing s6:
E.1, =S, =const
hay néi cdch khde, gitta do cao E v d¢ rong 1, cla xung t6n tal mai lién hé:

E=S, —

Nhir vay, rd ring ring khi 7, —> 0, thi ngudn tin hiéu xang di cho Ia tich cta ham Diric va
dién tich xung S..

Ngudn tie dong ma guy ludt bién thién cua nd dirge mo ta bang tich cua hing 3 S, vl ham
biric duge goi 1 nguon tic dong xung miu. Khi S, = 1 thi ngudn de dong xung mau duge poi 1a
ngudn xung don vi, hay xung Dirdc. Trén so d6 mach, cdc ngudn téc dong xung miu duge ky hiéu
nhu trén hinh (6-4).

1L®de LO®

Hinh 6-4
Trong thue 1& khong 16n tai cdc ngudn xung mau, cling nhu nguodn xung don vi. Song viée
Jdua vao khdi niém ngudn (de dong xung mau va ngudn xung don vi nhiéu khi cho phép don giin

Ui trinh phan tich mych dign, cling nhar hicu 1o qua trinh vat 1y xady ra trong mach dicn.
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§6-2. PAC TINH QUA PO VA PAC TINH XUNG CUA MACH PIEN

6-2.1. Dac tinh qua do cua mach dién
Pac tinh qui do clia mach dién, ky hiéu la h(), 12 ti s6 gita phin (ng clia mach dudi tae
dong cua ngudn dién bac thang khi dicu kién ban ddu clia mach bing khong vit 86 16n cita npudn

lic dony:

L. (L
h{t) = -(l (6-3)
A

Trong bicu thite (6-3). t:(1) hiéu thi phan (mg cia mach, cdn A biéu thi do 16n ctia ngudn tic
dong bic thang.

Thi du, d6i v&i mach dién ¢ hinh 6-5 :

R, lao i Yi. |
E | QD e R TC l ue
Hinh 6-5

Tac dong vao mach ngudn dién 4p bac thang, va diéu ki¢n ban dau bing khong, sau khi gidi

mach, ta Gm duge:

ER .
= ..,_.____(] - ‘ )
R+R,
E
jo= —e™ME
1{0
E
iy = 1—e™,
“TR+R, ( )
iro= (I—¢ T)t—c °
“TR+R, R,

R+R,. \l_l
RR.C |

trong d6: T 2[ 1a hing $6 thoi pian cua mach.

Tir day ta xac dinh dige:

(L R
h, () = ue = (l1-¢",
E R+R,
1-(1
h.c ({) = ,lf_(_) - _l_ ‘“)
E R,

LI-LTMACHTAPI
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| ) ".( “) ! 1 |-'r)
V(== (= e,
ol ECR+R, S
1 1
i, (1 1 : .
h,RQ(nz—]“’():——(l-c e -
E R+R, R,
Tir (6-3) dé dang suy ra ring:
L) = A, (64

Nghia la, biét dic rinh qua do cua mach, d¢ diing suy ra phan ting coa mach dud tic dong
cua nguon dién bic thang bal ky, khi diéu Kicn ban diu cua much bing khong. Mit khdc, néu do
1Gn clia ngubn tdc ddng bac thang bing | (A = 1) tht h(t) = t.(1), hay ndi cdch khdc, dic tinh qud
d0 cia mach di¢n 1a phén img cla mach dién dudi tac dong cia ngudn dién bice thang don vi, khi
di¢u ki¢n ban diu ctia mach bing khong. Do d6, doi Khi ngudi (a con goi dac tinh qua do cia
mach 1a phin ting hévisai ctua mach.

6-2.2, Pac tinh xung ciia mach dicén

Dac tinh xung cia mach dién, ky hic¢u 1a g(U), 1a ti 86 gitra phin dng cta mach Judi tic dong

cla ngudn xung méu va dién tich cta xung miu khi diéu kién ban diu cta mach bang khong:
£, (0

2w =+ (6-5)

X
Trong biéu thic (6-3), £,(t) biéu thi phin ¢ng ca mach; S, bicu thi di¢n tich cta xung mau.
Tir (6-5) 1a ¢o:
L = S,g(0),

Nghia 13, bit diic tinh xung cta mach dé dang suy ra phdan tmg clia mach véi ngudn (ie dong
xung mdu bat ky, khi diéu ki¢n ban diu cua mach bing khong. Mit khde, néu di¢n tich xung miu
S, =1, thi:

£(t) = g(v,
hay noi cdch khdc, dac tinh xung clia mach 14 phin @ng clia mach dudi tic dong cba ngudn xung
don vi, khi diéu kién ban ddu cha mach bang khong.
6-2.3. Mii lién h¢ giira diac tinh qua do h(t) va dac tinh g(t) cda mach

Xé1 mach dién tuyén tinh dudi tdc dong cia ngudn dién xung 6 do thi thai gian vE trén

hinh (6-6a), diéu Ki¢n ban ddu cita mach bing khong.
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A
e
Ve .
a) |
0 : i
Ae '
; e, (Y
W, 5
]
]
(
{
b) i >
0 : t
: e, (t
Vs ) M Al
Hinh 6-6
0 khit <0
I .
— khi1 0 <t T,
T

X

10 khit > 1,

Ngudn tic dong xung e(t) ¢é (hé coi nhu x€p chong cia hat ngudn tac dong bac thang:

ngudn lde dong bic thang thit nhat (1) ¢é d6 16n bang — (4c ddng vao mach tat thon diem t = 0;
T

X

ngudn tic dong bic thang thit hat ¢,(0) ¢ d) 10n bang ——— tdc dong vao mach tw thot dicm t=

1, (xem hinh 6 - 6b),

T

N

Gid sir ddc tinh qud d9 cha mach 1a h(t), trong khodng thai gian 0 <t < ,, phdn tmg cla

mach:

1
2(t, 1) = — h()
T

X

Khi xung kél thic (1 > T, ), phdn (ng cva mach:

i l
g(l) Tx) = h(l) - h(l - Ix)
T T

X Y

(6-6)

(6-6a)

Thanh phin thit hai b&n v& phdi cua biéu thic (6-6a), ta Viet h(t — t,), vi tic dong bac thang
thit hai ¢,(t) tdc dong vio mach tai thii diém = t,. Do d6:

gt t,)

“hh—h( -1,

khit <0 <1,

khi t>1,
A
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Cho dd rong xung 1, — (. x8t g1 han:
hit) —h(t -t

Iime.t, )y = lim —  -——— (6-7)
T, -0 T, >0 T

V& phii clia biéu thic (6-7) chinh i dao hium cua dic 1inh qua do h{t). Mt Khdc, khi do
rong xung 7, — 0, tac dong xung (4 cho La tde dong xung don vi §{1), vit phin tng ctiia mach trong

trucmg hop nay chinh 1 dac tinh xung cua much. Vay:

. . h(O —h(t -1t )
limgt.t ) = oty — lim -
T, »0 T, T

hay khi xung k&t thiic:
gt =h'(t),
con trong thdi gian 160 tat xung (t = 0), phdn tng  cia mach bing tich coa dic tnh qud do via
mach v hadm 8(1). Do d6, mot cach tong quit ¢6 thé vidt:
2(0) = h'(1) + h(0)d(1}, {G-8)
trong d6 h(0) ta gid tri cha dac tinh qua do cla mach 1ai thoi dicm 1= 0
N&Eu h(() = 0, thi:
g() =h'(0 (6-9)
Tir bidu thie (6-9), ta suy ra:
h(1) = Jg()dt (6-10)
Vay diac unh xung clia mach bing duo ham cua dic tinh qua 4o, vivdic tinh qud do bang tich

phan ctia dace 1inh xung.

Thi du, d61 véi mach dién & hinh 6-5, ta di xde dinh duge dac tinh qua Qo

Theo cong thie (6-9), ta xdc dinh duge dic tinh Xung:

VT

}
) =) = e
& ‘ R

§6-3. PHAN TICH MACH PIEN BANG PHUGNG PHAP TICH PHAN PUHAMEN

Gia st ta thoi diém = 0, (d¢ dong vio mach di¢n tuyen tinh ¢6 dac tinh gia do h(t) va
dicu ki¢n ban ddu clia mach bang khong mat ngudn dién 1,(t) ¢6 d6 (hi thoi gian vE twén hinh
(6-7).



Chuong 6. Phan tich mach dién bang phuong phdp tich phian xép chdéng 165

f ()4

ol e | e
=

t
Hinh 6-7

Ngudn téc dong f,(1) ¢4 thé coi nhu x€p chdng cda ngudn tac dong bic thang 1,(0) 14c dbng
vao mach tai thdi diém 1 = 0, va vo s6 cac ngudn tdc dong bac thang ¢d gid tii vo cling nho Af(x)

tdc dong vio mach tai cdc thii diém x khic nhau (xem hinh 6-7),
Phin (mg cua mach d6i véi thanh phin tdc dong [,(0) duge xdc dinh biang tich cua dic tinh
qué do h(t) ctia mach véi do 1on cha ngudn tdc dong bac thang t (O):
I:(t) = h().£,(0) (6-11)
Xét phan @ng ctia mach tai thoi diém 1, do (dc dong bic thang thanh phin Al (x,) tdc dong
vao mach tai thoi diém x, < (, gy ra:
di (1) = Af(x,). bt = x,) (0-12)
Trong biéu thite wrén, dic tinh qud @6 cia mach h(t) duge thay biing h(t, — x,), vi tic dong

hic thang Af,(x,) tic dong vido much tal thdi didm U= x, va thot gian quan sat tai t =1,

Gid st ham tdc dong £,(t) 13 khd vi tai 1 = x,, khi d6 biéu thic (6-12) c6 thé vict lai dudi

dang:
(_“‘3((“) = rl(xn)h((-l) - XI))dX\I'
Phan g cia mach tai thoi diém t =1, d6i véi tde dong £,(1) 1a xEp chdng’ cha céc phin Gng

thanh phdn do timg tdc dong bac thang riéng 1¢ {,(0) va cde thanh phin Al (x) giy nén, nphia fa:
() = ROAG) + [T (x)B(L -, )dx,
Vi t, v X, A uy ¥, nén ta co thé viél:
(0 = 1,O)-h) + [ 1) (0b - x)dx (6-1%)

Néu trong bicu thifc duéi ddu tich phan (6-13), ta thuc hién phép d6i bicn, dat t ~ x = x,,

dx = —dx,, khix = 0, x, > t; cdn khi x > t, X, — 0, thi ta ¢d:
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U
(1) = 10 () = [T (=X h(x, )dx, -

hay sau khi doi cin tich phan, ta co:
Lo
[:(0) = (0. ht) = [ 170 =x)h(x,dax,

Vi tich phin xdc dinh khong phu thudc vao bién 14y tich phin, nn ¢6 (he viet:

£.1) = 1.(0). h(t) + J‘lf'(l - x)h( X)X (6-14)

Cip biéu thitc (6-13) va (6-14) cho phép tinh phiin ¥ng cta mach theo dic tinh qua do da
bi&t cua né. Phuong phap nay duge got la phuong phép tich phan Duhamen phan tich mach dign.
Han ¢hé cua phuong phdp tich phin Buhamen phan tich mach la né chi duge st dung khi tac
dong vao mach tai thoi di€ém ¢ = 0 vii diéu ki¢n ban ddu cia mach bang khong.
Ta xét mot thi du: Mach di¢n (hinh 6-8), bift ngudn tic dong:
(0 khi t<0
Ec " khit>0

Gid trt cha cdc phin ti R, R, vt C da bidl. Tim dong di¢n qua dién dung i.(1) bing phuong

phap tich phian Duhamen.

Hinh 6-8

Bic tinh qud d0 cda mach hie(t) ta da xdc dinh duge (r muc §6-2:

hJ-’ = h._l_c_‘lﬂ
R,
Tir diy ta c6:
h,{ L
2 X})=—¢ ,
«AX) R, ¢

' (1) = —aBe™
I (t=x)=—ake “"
Ap dung cong thic (6-14), ta x4c dinh duge phan ing i-1) clia mach:
ur —aE e T

. E
)= —e "+ | ——e¢ ¢ dx
‘ b R

)
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E . oatEe"™ e
=—0¢ T ——— (e * -1
R, R, (at-1
Ec * N .
= o e—(ute M= TN
R .(ar-1)

§6-4. PHAN TiCH MACH DIEN BANG PHUGNG PHAP TICH PHAN XEP
CHONG (TICH PHAN BOC)

Gid i tde dong vao mach dién wyén tinh ¢é dac tinh xung g(1) va diéu kién ban diu cla

much biing khong mat ngudn dién 1,(1) ¢6 d6 thi thi gian vé (rén hinh (6-9).

04
| f1 (t') f1 (x)
« & -0
|| « a0
0 4 X 1% t

Hinh 6-9
Nguon tic dong f,(1) dd cho ¢4 thé coi nhu xEp chéng cha vo s§ céc ngudn tic dong xung
miu, mdi xung miu ¢6 dién tich s, = [;(1) dt vo cling nhd va 1dc dong vio mach tai cdc thai diém t
khdc nhau.
XéL phim Gmg cia mach ai thdi diém =, doi véi 1dc dong xung miu, tic dong vio mach
(i thoi didm x < .

df, (1) = s, g(t, — x) = [)dxglt, - x),

& day dac tinh xung g(t) duge thay bing g(t,, — X), vi xung méiu tdc déng vao mach tLai thdi diém t =
X v thai diém quan sat (ai t,> x.

Phin &ng ctia mach 1ai thoi diém t, do1 véi nguon 1de dong, (1) da cho la x&p chong clia cic
phan timg (hanh phin do ting thanh phin (dc dong xung miu gay nén. Cic xung mau thanh phin ¢é

dién tich s, v cling nhd v tic dong vio mach tai cde thai diém khdc nhau. Do d6 ta ¢6:
Lo ) o |
6 = [ dna,)dx = J' £, (x)2(t, —x))dx.
Vi thdi gian quan satt, 1ty ¢, nén bién thite trén ¢6 thé vict:

3

() _J' L (0Og(t - x)dx (6-15)
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Trong biéu thite tich phan (6-15), néu thuc hicn phép d6i bign:

Par ¢ -x= x,,dx=-dx; khix - - X, >, conkhix - 1.x >0
{2 »€ nhan duge:

1,(y) = —J“ Ft=x)e(x))dx, :’[lt\](( — X, (X )dx,
Vi tich phan xdc dinh khong phu thude vao bién liy tich phan, nén cudi cung ta ¢o:
1-(0) =JAI,f] (1~ x)p(x)dx (6-16)

Cip tich phan (6-15) va (6-16) duge goi la cap tich phan boc d€ tinh phan /ing cia mach di¢én

tuyén tinh Khi diéu kién ban ddu ciia mach bang khong.,

Phuong phip phan tich mach dién bang cich tinh céc tich phan (6-15) va (6-16) duoc goi 1a
phuong phip tich phan x&p chéng, hay tich phan boc.

NEu ngudn tie dong f,(1) duge ddng viio mach 1ai thdi diém t = 6, thi khi x < 0, {;(x) = 0, vd
[t = x)=0khi x>t Do dd, trong ruding hop x&t cac cong thae (6-15) va (6-16) s€ <G dang:
£y (1) :Jt](x)g(t—x)clx (6-17)

(1) :f(:f1 (t —x)g(x)dx (6-18)

Duéi day, ta xét mot thi du;
Mach dién & hinh (6-8) bi€t ngudn tac dong:
fo khit <0
¢ = t .
E— khit>0
A
Gi4 tn clia cac phan tr R, R, C da biél.

Bang phirong phdp tich phan boc, xdc dinh dién dp ut).

Tir tac tinh qua a6 ciia mach di bict (xem §6--2).

h, (1) = 1 —¢ '
uC( ) R +1{\1) ( c )
ta tinh duoe dac tinh xung:
1
WAD =R A0 = s
g ', D R,.C c
l lI!lJ
guL‘(t - X) = - <
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Lismy=E x
A
S dung cong thae (6-17) 1a xédc dinh duge:

u () = _“.E—)SA-J"L: TOVITIR = E .
« A R.C AR, C

Trong tich phan wrén, thue hién dat:
x=u, dx=duyv=1e*"
¢ Mdx =dv

1a $€ ca:

E -l
u(t) = e T xte™"
AR,C

lf‘
I t E | .
—Itx Tax | = ¢ Y| xtet'’t
H I AR.C

1 l t ' 1
= E tte* —¢*° +]—‘»c T= e " (tt-H+ E et
AR(C AR
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CIHUONG 7

MACH PIEN €O THAM SO PHAN BO

§7-1. KHAI NIEM VE PUGNG DAY DAl

Dudmng diy dai la m@t bo phin ciu thanh coa hé thong thong tin lién lac. Trong h¢ thdng
thong in hiru wyén dién, dutmg  diy duge noi true GEp gitra thi¢t bi phdt va thiét bi thy, dé truyen
Lt ning lugng tr noi phat dén noi thu. Con trong hé thong thong tin vo tiveén dien, dutng diy duoe
noi (i didu ra mady phét @ anten phit, hoae tir anten thu th ddn vio may thu. Buemg day 15 mot he

thong dinh hidng d& truyn tal nang lugnge dicn i ruding.

NEu (dn s8 cha Un hid¢u trayen tren dudng day 1a 1, thi budc song cta in hidu trtn dudng

day:

trong d6 v = 3.10% m/s 1 1 dd anh sdng trong khong gian w do.

Do dé, kv ¢chido dai 1 aa Qudng diy ¢ the so sdnh duge vai chidu dii bude song k cha (in
hicu truyén tren dudng day, thi tai cac didm x khic nhau trén dudmg day, dao dong tin s6 1, 88 ¢6
pha Khic nhau, tai cling mot thoi diém, dicn 4p va dong dién s& ¢ gid tri thay ddi doc theo chidu
dai dudng  day. Hay néi cédch khdc, diégn dp va dong dién trén duong day 1 him s6 cla ci hai bicn

5O khong pian vi thor gian:

u=u(x. .

i(x, 1)
vit qué trinh truyén ning lugng tin hicu doc theo duimg diy mang tinh chit séng.

Dot vl mach dién ¢6 tham 6 tdp trung, cae gid tri dién trd R, dien cdm L, dién dung C duge
coi nhir chi t6n tai tai Mot dicm cta mach. Con doi vai duamg day dae, uén mdt vi lugng cla chidu
dii duomg day déu 16m tat cde gid i vo ciing nho ctia dién rd, dién cam, dién din, di¢n dung. Do
a6 ¢6 thé coi dhedmyg day ddi 13 1ap hgp vo 86 cdc phén tl e6 gid tri vo ciing nhd clia dién trd. dién
cdam, dién din, dién dung. ching duge phan hd doc theo chicn dai dudng day. Bat viy, dudng day
diu dirge xem 1a mach dién ¢6 tham s6 phan bo dicn hinh.

Dudng ddy dar ¢6 cae dicn trd, dicn cam, dién ddn, dién dung phin bo deu trén mdi don v

din el duding day goi 1 duong day dong nhit. nguoe lai 13 dudng diy khong dong nhidt. Dién xd,
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dién cdm phin bd cua dudmyg diy la dien ud, dicn cim cta day dan, con dién dung vi dicén din
phan bo cva dudmg day 1 dién dung gitta hai diy din cha dudmg day, vi dién dan 16n hao coi chat
cich dién giira hai diy ddn. Céc tham sé dicn (10, dién cam, dién din, dién dung phan bo (rén mal
don vi chiéu dai ena dudng day goi 1 tham s phan bo cla dudng day., viduge ky hicu [, L
C..

u
(RPN

a) duong dav song hiinh ) cap ddng e

Hinh 7-1

Trong ky thuat théng tin lién lac. cic dudng day did thudng hay duge str dung B cie dudmg
day song hanh (hinh 7-1a) vi cdp dong truc (hinh7-1b). Céc tham s6 phan bo cua ching duge x4c

dinh theo cde bidu thite gén ding sau:

baoi van duong ddy song himh:

= 2@10'“ {m

T =
t m |
r hl
L, A - a—r TH]
L( = Lin_l_ = 410 hld : i— . (7_121)
n ) [ Lrnj
mnee,, E_l()“' F‘
C(l = N = —n ;J
In--- 36In - -
I n
D3 vdi cdp dong truc:
= | o]
R.=418JE — 4+ — 207122,
I I Lm
o T - R
Lr,zihlr;:ll() 2l l
o I
P A L (7-11)
v . |EJ’
In IRl - L

Pl
— e o |
g = WCOHLYY | —
r Qm
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trong d6: . 1a do W tham cua khong khi:
o= drnio’

. fu hang 0 dién mon:

1 i’[ﬂ
A6r107 L m

& 1 géc ton hao cia tu di¢n do chit dién moi giy ra.

Cic tham 3 phiin b8 cha diomg day 1, L, C.. g, ¢on duge goi 1 chc tham sO so ¢ip cla
duding day. Ching phu thudce vio ciu Irie coa dudmg diy, tin 88 cta tin hicu truyén trén dutmg

diy, nhung khong phy thude vao chit hiéu lam duong day.
§7-2. PHUGNG TRINH DIEN BAO CUA PUONG DAY

Xt mot vi lugng dd dai cua dudmg diy dx, cdch didu dudng ddy mot doan x (hinh 7-2).

{ J {+ di
= [
1 )
' |
l P
4 !
u ! ! U+ du
!
]
| !
| |
§ ! —
| .
(] |
X i Jx f
,i\ —’:
1

Hinh 7-2

Gia st dién dp trén diu ra doan dx gidm so véi ddu vao cha nd, thi do gidim dién 4p d6 s¢

n
3 ("U ’ A I . 0 ~ - - A N ey N »
bing ——dx. NCubd qua sy thay doi kha bé cha dong dien trén ddu vao so véi diu ra cla doan
OX

dx, thi nguyen nhin caa sy giam dién dp chinh 13 do ¢6 dién ap rot tren cace dién (rds v dicn cidm

phin b cla doan dx, nghia la:

¢ A A
- —dx = urdx + L dx—
[N it

Chia cit hat v€ ctia phuong trinh 1rén cho dx. ta s& nhan dugc:

cu , i
-— =i, + L, — (7-2a)
Ox ot
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Meong we. sir giam dong dign tren ddu ya doan dx so var dau viwo coa né s¢ bang - -—dx . va
[N

ncéu bo qua su thay dot kha bé cha dién dp diu ra so vér dau vao doan dx. thi nguyén nhan cta su
eiam dong dién trén dau ra 1 do cd su phan dong coa dong Jién qua cde dién dung va dién din
phan bd 1rén doun dx, nghia b

1 ou

dx = ug,.dx + C,dx—
\ 1

)_‘_f\)

-

Chia i hay vé cta phuong vinh trén cho dx, (a nhan duoe:

G cu
-— =ug, +C, -~ (72

N i

K&t hyp phuong trinh (7-2a) vi (7-2b), ta ¢d hé phuong trinh:

| Au ) A
- = I, + Ln -
ox Il
- - (7-3)
(03] ou
! _‘\‘— = llb“ + C VT
X 1

Hé phuong trinh (7-3) goi la hé phuong trinh vi phin, hay he phuong trinh dién bdo cda
dudng diy dai. Nghigm cua he phirong trinh (7-3) xde dinh guy Tudt phin bd cha dién dp va dong
dien i moi diém x trén dudng day & thoi diém (bt ky. Tuy nhi¢a, néu ngudn tic dong vio dudng
day ta bl kv, thi viée giai phuong trfinh dao  ham riéng (7-3) khi phice tap. Do dd, ta han ch& x&
trudng hgp riéng thudng su dung trong thue t& 46 1a kKhi nguon tdc dong vio duomg day 1a ngudn
dién hinh sin & ch¢ d6 xic lap. Trong truong hgp X6t quy ludt bién thién cia dién dp va dong dién
weén dudng day theo thoi gian cling 13 hinh sin di biet, va khi ndy he phuong trinh dao ham riéng
(7-3) s& trd thanh hé phuong frinh dao ham thudng theo bign s khodng cach x. Ung dung phuong

phap bién do phic biu dién dao dong hinh sin, h¢ phudng trinh (7-3) s€ duge dua v dang:

[ d l:-'lu . 1
- = (1, + joL ..
ux (7-4)
| di
[Q 18 BTt : g
— = (g() s _I(JJCU)UH‘
Ldx

G day Ui, L 1 cae gid i bien do phic cua dicn ap v dong dign tar diém cdch Jdau dudmg day

mOt doan X.

Thuce hién dao ham phuong trinh ddu theo bién x, san d6 thay gid tri

tr phuong trinh

that haa viio phirang trinh vita nhan duge, ta c6:
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d b, ‘ e
B T S N 16 Y R TS USRI 63X Q| T
da
iy
|: L.alln R
(_"_‘— -y l’u - (7_§]
N
frong do: o= \/’(_r:.mw'— Job, Mg, - ;-(--)(' )

got 1 hing s0 truvén tan. Y nghia cta nd <& duae xem xét dudi day,
Nuhem cta phuong trinh (7-3) ¢ dang:

LT AL (7-6)
(rong d6 A, A, I cac hing s tich phan duge xde dinh tr didu Kién ban ddu.

T phuong trinh ddu cia he phttong trinh (7- 4), ta ¢6:

im _ | d l'J e

Lo+ jel,  dx

Thay gid tri U, ¥ bidu thite (7-6) vio phuong trinh trén, sau d6 thie hién phép dao hiumn, ta

sC nhin duge:

1 .
L =—(Ae 7~ ALe™) 7-7)
7,

\

) r,+ jol,
tong d6: /= RUMELLLN

= - 201 12 10ng u s song clia Judmg day.
Ve +joC,

Viy, khi fic dong vao dudng diy ngudn dicn dp hinh sin, trong che do xédc 1ap, pid tr bién
do phirc cia dien dp va dong dién fai dicm cdch diu dudng diay mot doun X duoe xdce dinh bai bidu

thite:

Ue =A ¢ ™ + A" ]
(7-8)

144

. | . 5 g
l, = =A™ ~-A10“)[
y 2

N 4

Can luu y rang gid tri bien do phic cha dién p vid dong dién tai diém x bilt ky trén duong
day phu thuge vao dién dp vh dong dién tai dicm ddu v didm cudi dudng day (didu Kién bicn A,

AL), viw cdu trdc caa dudmg ddy v tin 6 ctia tin hicu truyén trén ducmg day.
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§7-3. CAC THAM SO SONG CUA PUGNG DAY DAI

Hang 50 truvén fan v v 1ong (rd song 7 duoe goi Ia cde tham s sdng ctta dudmg didy. Ching

1 cite ~aphiie:

7 = U — oL e, +jeC) =a -+ . (7-9)
"okl
VAR Lol e e e (7-1M
N \'9, "l(')C. RS M

Fhan thire cua hidng SO truven lan (o) gof 13 he 58 suy gidm cia duimg day. con phin do clia
hiing O truyen lan (B) goi 13 hé $6 pha cia duomg day. -

Céc tham s6 song ctia dudng day cing phu thude vao ciu tnic cta dudng diy. vao (dn so ctia
i hicu truyven uén duomg diyy vi chiing con diroe goi 1a cac tham so thi edp et dudng day.

Cac duong day diu sir dung trong ky thudit sicu cao tin, thuomg ¢é ol >> 1, 0C.>> g, khi

d6 10ng (rdr song cta dudmg day:

~ |[ T -l-j(o L(, L.
/ = - ~ |
) -\‘ TR I(D C(I -V (‘j.’u

[ mot so thure, con hing o8 muyén Tan v o the (inh theo bidu thite gan dine sau:
. - - J < —

’ N

o {
y _\/(1, + joL Xe tlwc-u) :-"')\/E\'L * ]L)L(.J

N 12
T~ .o 2,
__](.) L‘ | |( 1 + .
\/ ¢ . JoL, J o JeC,

JU( J

/ ; v ,
xjoJLC | 1+ — “ - W
' 2oL, ko 2jeC

wo/

Sau khi thire hicn phép tinh v hd qua cac thinh phitn vo ching bé bic cao, (e nhian duoc:

(7-11)

(7-12)

Tir cde hidu thic trén ta thiy, trong ddi $6ng sicu cao tdn hé sG suy giam clla dudng day 4 ¢
VA cian bie hai cla dn s§ tin hicu truyCn eén dudmg day (vi v, ~ Jr), con h¢ sO pha cia dudng

day (18 vai tin sd cda tin hiéu truyén oén dudnyg day.
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§7-4. SONG TGI1 VA SONG PHAN XA TREN PUOGNG DAY

Ta tréd Yai phan tich quy luat bién thien cla dign ap va dong dien doc theo chudu dat cila
duimyg day, Khi Gic dong vao dudng diy la ngudn dién hinh sin & che do xac lap.

" Gid tri bien do phdc cia dién dp va dong dién tai diém x cha dudng day (7-8), c6 the vict:

‘. - . - : mn
e = AjeT™ v Ac =A e W™ 4 Al e™
M l 'R AN 1 U IR U REY
Lo = —(A]C —."\_-Lj ) = —(,A\IU [ —;’\:U ¢

_7%

‘N
T diy dé ding xdc dinh duge gid tn tie thai cia dién dp va dong didn tw diém bt Ky cich

dau dudng day mot doan x.

u :!Al‘e'*“cos((m —Bx+¢,) -i-‘Aﬁ

‘Al ['5Y
1=—c Codot —BX+g )
/“h!' | 5y

L

|

S
‘

KOl +BR @ )i
!

J

™ coy Ol +BX +¢py ),

(7-13)

A_f_?_‘ L:‘L

trong do: Py, @2 L argument cha s& phice A, Ay
!7,3 }a modun cha tdng rd s6ng cha dudng day.

0, [ argument cia tong 1y soéng 7, .

R6 rang ring dién 4p va dong dién trén dudmy ddy Ta mot ham s6 ctia bién 6 1hoi gian 1 vi
khadng céch x so vai ddu dudng day, vi ching déu gém hat (hinh phin. Bidu thite him s¢ cla hai
thanh phiin giéng hét nhay, chi khie ddu vude cde he sd o va f.

Xét thiinh phan thit nhdt cla dién dp vit dong dién trén dudng day:

‘A] e teos(ot = Bx+ @), 1
Ay | a-ta
i= V,—c teostat =P F ¢ - @)

Tai mot didm ¢d dinh (rén dudng diy, chiing 1 cde dao dong hinh sin. Bién do cia cde dao
dong hinh sin eidm dan tir diu dén cudt dadng day theo quy luidt haim 8 mit ¢ ™. Tai mot thoi

didm t ¢d dinh, pha cla cde dao dong thay doi theo khoang cich X. Vi h¢ s pha cua dutsng day B
> (), nén ¢o hién tugng cham pha cla cic dao dong kKhi di tir diu dén cudi dudmg diy.

Trén hinh (7-3) v& d6 thi clia duo dong dién ap wén doc dudmg day tai ba thoi diém khac

nhat (| <1, < t;,
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Hinh7-3

Tir d6 (hi 1a thily, khi thai gian t tang 1én, dao dong chuyén dich tir diu (Gi cudi dudng dav,
nén thimh phin nay cla dao dong duoe goi 1 séng (61, Ky hicu lau, vt

u, = ‘A| e Treos(ot - BX @) !

AL 5 (7- 14w
Ly = ¢ “eos(at - BX +¢, - ).

7. |

B

Ti 80 gifra bién do cla dicn dp séng 1¢i v dong dien séng tGi 1ai moi hicim ten dudny day

khong thay doi va bing modun cia tong 11 song cla dudng diy:

U i o .
1. _ ! -:L — I/\|
Lo A
a

Hiéu pha ctia dién dp v dong di¢n song 161 cing khore thay 401 theo dudmg diay va hang

argument clia 10ng 11 song cla dudng day:

(O = BX+ @) - (Ot — BX+ @, — @)= .
Toc do rruyén lan caa song (G tren ducmge day 1a do dich chuyen cia séng sao cho pha cia
song tuon khang thay déi theo dudmg (ruyen. Dicu Kidn pha cla séng kKhong doi duge xédc dinh hey

bicu thire:
ol X+ ¢, =consL
Thue hién dao hiim ¢ hat v& clia bicu thite (rén. ta xde dinh duoc toc do truy en Tan ca sone:

dn o .
f,oTT— T — '-'l\'

A P

1-LTMACH AP



178 LY THUYET MACH - TiN HIEU

Trong ddi s6ng sicu cao 1an, thong thudmg ol., >> ., oC,>> g, vit do dé 2oL, C, .

nén:

Vi ¥ = {(7-15a)

Thay céc gid i L, C, tir cdc bicu thire (7-1) viio biéu thiic (7-15a). ta nhin duoc:

| C
Vo =—F—~"F {7-15b)

JHAEE Je

Tir hi¢u thite (7-15b) ta thiy. trong ddi séng sicu cao tdn 16¢ dO truyén song trén dudmg day
Khony phy thuge vao cdu trie va ban chil ctia dudmg day, mia chi phu (hude vao moi inimg bao
quanh dudong diy. Trong trudng hop nay, dudng day chi 1am nhiém vit dinh hudng truyén nang
luong. DI véi dudng day song hanh, hing s6 diégn moi cta khong khi € = 1, nén tde do truyén
song rén dudng day v, = C. Con d6i v6i cap dong truc, thong thudmp hing 0 dién mdi & > 1, nén
(¢ do trayén séng theo cdp dong truc vy, < C. Thi du, d6i v6i cdp dong truc <6 chilt ditn moi 14
polyetylen ¢6 hang so dién méi € = 2,3 nén t6¢ do truyén séng vy, = 0,66C.

Tuong tu. xét thanh phén th hai ciia dién ap va dong dién trén dudng day:

‘Az ¢ eos(ot +Bx +¢,), 1

‘Aa‘ (7-16)
———¢“" cos(at +BX + @, — ¢,)

‘AN

Ciing nhu thanh phdn thit nhat, thanh phan thit hai clda dién 4p va dong dién trén dudng day
cling mang tinh chit séng. Song do a > 0, f# > 0, nén ¢6 hién wong nhanh pha khu d tir dau 16
cudi dudmg day, con bién do cua song lai giam dan tr cudi dén dau duong day theo quy ludt ham
sO mil. Diéu niy ching 1o ring thinh phdn thi hai duge truyén nguoce lai tr cudi dén ddu duding
diy, va ching duge goi 12 séng phdn xa, ky hieula u,, va i, .

u, = ‘Az

P>

c* cos(ot+Bx +¢@,),
‘AA,\ (7-16b)
= - E—-}c’”cos(ml +Px+@, —9,)
|
TSc d6 truyén lan ciia séng phan xa cling duge xac dinh tir diéu kién:
ol +Bx + ¢, = const.

Tir day ta tim dugc:
dx @

__ -_ e 7-17
vd' d[ ﬁ ( )

Viy t6¢ do truyén lan cla s6ng phan xa trén dudng day ddng bing t6c do truyén lan clia
séng 161, nhung theo chiéu nguge fai {ddu 1y (—) trong biéu thic (7-17)).
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Tir cde K&l qua nhan duge ta thdy, dién ap va dong dién tai didm bdt ky mén dudng day 1i

1ong cla hai s6ng: séng 31 va song phan xa:
=gty

=1y +iy,

§7-5. QUAN HE GIUA SONG TOI VA SONG PHAN XA TREN PUGNG DAY

Tir hida thire (6-8) ta thdy. bién do caa dien dp vi dong dign sdng (Ji phu thude vao hang sa

phic A, con bién do ctia dién ap vil dong dién séng phin xa, phu thude viao hiang sa phirc A,. Cic

hing s6 phitc A, A, fa cdc hing $6 tich phan, phy thude vao didu kién bién clia bai todn. Trong

tredng hap x6t, dicu Kién bién chinh 12 dién §p va dong dién tai diém diu, hoiac diém cu6t clia

duong day.

Xt dudmg diy 6 do did L codi duomg diy duge mic v6i phu i 7. (hinh 7-4).

S

Hinh 7-4

Bién do phic cha dong dién tai diém cudi dudmg day (x =4):

Um] = Ale-yl + A:‘:Tl .

. ) .
Im :‘_(A C-H—A‘,c{l).
! 7 1 2

Giai hé phuong trinh (7-18) ta tim duge:

_ l..]mI +Zsiml
2

_ L.]mJ - Z,iml

B 2

1l

A

-

L=l

A,

Y _l

(7-18)

Tir day ta xic dinh bién d6 phitc clia dién 4p va dong dién séng t6i va séng phan xa i diém
biil ky cha dudng day theo gid tri bién do phiic cia dién dp va ddng di¢n tai diém cui dudng day:

U, + Zs [n.. c»ﬂl_x)
2

U ml =
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B ‘: ey + Z\ 1“|| wil=xa
ln | = — L
27.
{J,rl\ = Mc—ﬂ -
2 5
i||.|||\ = —Uli;f\ [In] =Yl

T bicu thite (rén ta tim duoe:

. [ .
U TN I npx U [ ],ﬁ Iml
— - ¢

ENTIER Y

le ]Inf ':Jml + Z\ iIhl

Vi Uw. =17, néntaco:

Ulnp\ ]mpx _ 7[ —Z«.

- _ : __C—Zyul-xj
y : Z,+7Z
L]mE ltul ! :
hay:
. 7 -7 N o .
’ N 2. : >3 th 2oy
mpe = .—l‘—‘,_l-)u.l C AR PUu ¢ i
1 +7,
. 7 =7 ‘ .
- s -2l -
Im‘\x :_T]_—‘lel\c e =_P.[m'l'c o
VARV
trong da:
A
L, +7,

duee goi Ea he s6 phin xa caa duong day.

(7-19)

(7-20a)

(7-20b)

(7-21)

He 50 phin xa ctia dudong day 13 1 s0 pitra i tri bién do phire cia dign dp phin xa va dién

ap song 101 i cudi dudng day. HE 5O phin xi P eda dudmg diy 1 mat sd phiee, pha thude vio moi

twong quan iita 10ng trdy phu i milc 6 cudi dudng day 7, va 10ng (rd séng cua duong day 7. Khi

ong trd phu Git 7, bing Ong trd cla duimg diy Z.( 7., = 7.), hé s6 phin xa cta dudtmg day P =0.

Khi miy trén dudng day khong ¢o séng phin xi. Dudng day ¢6 1ong trg phu i bing tong trd song

cia nd duge got la dudmg diy ¢6 i hoa hgp, hay duong ddy hoa hgp pha tai.

Ti sG gitta gid (ri bign do ctia song phan xa vi gid i bicn do cha séng (3 gidm din ur cudi

dén dau dudong day:
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U 1 L -7

sx [N v Loy s YR 2

, ] — £ =\ ' e ol ‘P!L il
U [ AR

mi
Tai cuoi dudng day (x =1), nd dut gid tri 16n nhdt vi bing modun clia hé sG phan Xa |P| . Khi
tai ciha dudng diay Ia mang hai cye khong nguon, médun cia h¢ 86 phin xa nhd hon hoae bing
1P < .
Can phian bi¢t h¢ so phan xa theo dign dp vt hé 5o phin xa theo dong dien. HE sa phan xa
theo dong dién khde dau véi hé s¢ phun xy theo dicn &p.

Khi dudmg diy ngin mach ddu cudi (7, = 0), hé s6 phdn xa theo dicn ap:

7, =7, |
/., +7,
con hé s phian xa theo dong dién:
= — ———LJ _I [‘3 =
1,71,
Hé s phan xa P = — 1, nghia li G cudi duong day dién dp sdng 150 va dién dp ciia s6ng

phin Xu ¢6 bién do bing nhau, nmmg ngurge pha nhau, nén dién dp (ong & cudi dudmg diy biing
khong. HE s6 phan xa P =-1, nghia la tai cudi dudng day dong didn cha song (di va dong dién ciia
séng phan xa c6 bién do bing nhau va déng pha v&i nhau, nén dong dién 16ng & cudi dudig day

16n gdp hat 14n cha dong dign séng 181 (song phin Xa).

Tir cdc k&t qua nhan duge, cae gid (ri bién dd phie cia dicn dp va A(‘)ng dién (rén duong

day (7-8) ¢é thé viét dudi dang:

: . l'-Jm T/ i-”l . l‘-Jm -7/ i.;.
U = ——-—lz—xlc"" Yy —IQ—\—le vl
4 (71-22)
‘n'. = M—”igw‘] Ao U‘;l_iliie Vil 0y
27, 27,

hay:

G = Ui b 0]

= Larfi-pe V]
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§7-6. PHUONG TRINH TRUYEN CUA PUONG DAY DAL

Phuong (rinh bi¢u dién maéi lién h¢ gilta gid t bicn do phde (hicu dung phiic) ctia dién 4p vi
dong dién & diém diu va didm cudi cla duong day duge goi 1a phuong trinh truyén clia duong day.

Ky hitu gid tri bien do phie coa dien ap v dong dién 0 ddu dudmg day (x = O) Ia L., v
1., . con gid i hicn 40 phide caa dién ap va dong dien tar cuai duomg diay (x = 1yl U . Ry

JO I (6-22) ta nhan dudc:

‘_jm| 4 ,/,g ‘n.l L:-‘.| 4 LJI mt = ‘.5 l,,,] L

2 2

>

L.J mh =

i l‘-‘l w b '/'\ iI|\| 1l l-.J ml = ’/-5 im\ N
T g C! . - C
'/ 2/

hay sau Khi bién doi. ta nhan duoc:
Ulr.ll = l._) W + 7,\ lml
2

a N c':" _e vl " c,'l fe
["m = Um]. Y + Ilu/_'_—‘
27

Vi
ey
= chyl,
2
N |
" _—
= sivl,

nen bicu thie trén ¢é thé viét la duéi dung:

Uuna = U chyl + 7 Lo shil,
(7-24)

M U il :
[ = - —Sh’/] + lml Ch‘ﬂ
7/
H¢ phuong trinh (7-24) duoge poi 1a he phaong trinh (ruycn cta duong day di.
Né&u dudmng day 6 tai hda hap (7, = 7.), h¢ phuong triinh truycn cia dudng day din 8¢ o
dung don gian:
Uuwe = Ui C\/J s
(7-25)

A . .
I = I])‘J (v
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§7-7. HANG SO TRUYEN CUA DUGNG DAY

Tich cuta hé sO trayén Jan y va do dai deong day | poi ta hing s6 trayén clha dudmg day:
vl =al + Bl
Phin thue cua hing 6 truyén cua dudng day (al) got 1o do suy grm riéng, hay do suy giiim
song et duimg day: con phin do cia hé s6 truyén cta dudng day (D duwe goi fa pha rieng, hay

pha song cda duomg diy.

bai vai dudmg day ¢6 tai hoa hop (7, = 7. ).t (7-25), ta nhan duge:

U o l 0
\{I - l[\ 1l - ll} m ¥
Uml lml
vi:
. J‘p\“;'
_Um() :Um“e :Um(y Wy =9,
. Jis ) !
Uml Um‘c v U ml
- JI(p|(i
1ml‘_:ImOe _ Imu e““’i(»“"n)
. o, '
Iml Imlc : Iml
nén:
|
{-_Jluk l AR )
In Posin—% 4 Ine
U |
7y =7,
1
_ Ly :
- ln + J((pu() - (Pul )’
ml
Iln(l ‘ I . ey wh
In-- “In- "y ne
In.l ml
|/.! -/
= In ==+, —p,)-
| | |
. . , 1U
T day suy ra: - al=in——~| =In—" = - In— Ll
1 M I
mi ! 2 L u||lnl {
o
N z,=7. i7,—7,,
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|

| |
BI - a7 Pl ): = “P}O ¢y )i
:ley_& !Zl=7,,;

Vav dor val duong day o tar hoa hop. do sy giam rigng clta Judng day (Unh bang nepe)
hing fogarit (o nhien cla 01 8o gifta eid trr hicn do eta dién dp (hoac dong dién) i diém ddu va
diem cudr duong day, hode bang mot nira logant wr nhicn ciia 1 s6 gitra cong sudl wan phiin trén
dau vao vaodaue ra cud dudng daw,

Cde dudmg day phide sit dung trong (hite 1@, thudng ¢o do suy gidm rviéng wr vid phan mudi
dein vai phan tram nepe.

T cic bicu thite nhin duce, J& dang suy ra rang hé so suy giam ciaa dudng day o 1d do suy
slam song (rén mot dun vi chiéu dai cla duong day khi duding day ¢6 tai hoa hop, con he sd pha
ca duong day 3 la do dich pha cia song én mot don vi div cua dudng day khi dudng day ¢o 1ai

hou hop.

Khi duomz day ¢d i hda hgp. ciing tir (7-23). ta nhan duge him truvén dat phire cla dudng

day.
TU(D) — _l:'_ml - Lo N . c—alc--ﬂ}l
U mO ]n'.L)
i day suy ra
vl =1In =-InT(o
/ T(o) (Jo)
=7, ARV

Vay. doi vaoi dudng ddy ¢o tai boa hop, do suy gidm riéng cta dudng Jdiy xac dinh dic tinh

bicn do tdn s&. con pha séng cia dudmg diy xde dinh dac tinh pha tdn 38 cta dudmg day.

Ui 1 =¢'®
L
]I[I( lm(l
/_l = Yy /J = /..S
l.:\\\l i'.tn
O0(e) = arg —--| =arg = — Bl
l." mt | Im(‘
AN 2= L,
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2l

baoi vai dudmg day khong hoa hgp phu il (Z, =7.), d¢ tim ham truyén dat phite cla

dudmg day, trong phuong trinh truyén (7-24). ta can thay U = E - Z:A.In'.(n, Ui, =7, 1u., rong

46 E. 7., lagidar bign do phite cla ngudn dicn 4p tic dong vi 16ng t1d (rong cla ngudn.
§7-8. TONG TRO VAO CUA PUONG DAY DAL

Tong (ry vao cia duong diy. ky hieu [a 7, [a ti s6 gitta gid 01 bicn d6 phde, hoic hicu

dung phite ctta dién dp va dong di¢n trén diu vao dudng day:

Uw U
7, =M

illl" i’-

Thue hién thay cac gid tri Uy, By Gr bidu thie (7-23) vao hifu thiic trén, ta s& nhan

duge:

Syart

Ui IePe 201 pe
YA —=7, hd - (7-26)
. 1-Pe 7! [—Pe !

Khi dudng day ¢6 tdi hda hop (7, =7.), hé 86 phidn xa P = 0, (Ong (r& viw bing tdng (1§
s6ng cua dudng day. Khi ducmg day ¢d do suy gidm 16n, 10ng (rd vao cta dudng day ciing bang
(Bng trés séng. That vay, khi «] khd 16n, s6 hang Pe ™= Pe *'¢" - 0, va do d6, 1dnp trd vio cia
dudmg diy khong phu thudc vio $O hang th hal ¢ (1 s68 va mau s6 cla biéu thice (7-26), nghia la
khong phu thuge vio phu tdl 7, mic & cudi duang day, va Z, = Z,. V& y nghia vat 1y, diéu nay ¢6
the gidi thich nhu san: Khi do suy giam song cia dudng day I6n, phin 1én ning lugng cha tin hiéu
bi tiéu hao trong qui trinh truycn trén duong day, chi ¢ m@t phin rdl nho nang luong cua ngudn
duoc trayén 131 phu i, do d6 18ng trd phu tai coi nhu Khong dnh hudng gi 16t qua trinh truyén tai

nang laomg 1 ngudn tin hiéu ra mach ngoii.

Cudi cung, ta xét su phu thude cia 10ng trdy vdo ctia dudng day theo chiéu dai | ciia né. Khi
chidu dai 1 cha dutmy diy tang 1én, vi gid 1hi€t tong (rd phu tai cha dudng day khong dai, nghita 13
hé 86 phin xa cha dudng day P khong doi. thi pha clia song phin xa & diu dudmg day sé khong doi,
con hicn do cia séng phan xa & dau dudng day s¢ gidm so var bicn do song 161 Tay thude vao pha
clia séng phan xa & ddu duomg day, ma bicn do vi pha cla dién dp 16ng (ed diu dudng day s& 16n
hon, hodc nhd hon bién dé va pha cta dién dp song 61 NEu gia thift dong dicn diu vao dudmg diy
khong doi, tht modun v argument cla (8ng rd vio cha duding day s¢ 16n hon modun va argument

cha (ong 110 song cia dudng day.

Khi chicu dii | cha dudng diy ting 1&n, nhumg do suy giam riéng cua dudng day khong

thay ddi (didu ndy ding véi dudmg day khong (6n hao s€ duge xem xét dudi day), thi pha cia song
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phin xa s¢ B mot ham lién tue don dicu tang tir didu (G cudi dudng diy, con modun clia séng phin
xa s& khong thay doi. Didu do s din dén sir thay doi o6 chu ky cta inddun v arpument et 10ng (e vio clia
Juimg diy. Vin dé nly @ duge x&t kg & cie mue sat.

Khi chiéu ddi ctia duding day tang 1en vo cling (1 — 5 ). t0ng tn vio cia dutng diy s€ e 13 10ng iny

song clland (7, — 7.,). Vay 18ng trd song cua dutng day 13 gidh han cla 0ng (13 vao cia dudne day, khi do

dai vt duimg day tang 1 vo cling.

§7-9. XAC DINH CAC THAM SO CUA DUONG DAY BANG PHUONG PHAP HO
MACH VA NGAN MACH
Tdng trd viio 7, va hang sé truyén lan y cda dudmg  diy ¢6 thé xdc dinh bing thue nghiém
trong ¢hé do ngan much va hd mach cua ducmg day.
Tir hé phuong trinh truyén (7-24), khi dutmg diy hd mach diu cudt (7, = x ), tdng ted vio

cia dudmg dady, goi 1a 18ng 0 viio hd mach, ky hicu 13 7,0

!
Loy = —-‘—‘ ~/ i, (7-27)
b |
T =0

con khi dudng day ngdn mach ddu cudi (7, = 0), 1dng trdy vio ctia dudng day - goi 12 tng trdy vio

ngdn much, ky hicu 1a 7,

.

Um' |
2L =7 byl (7-28)

cvng
>
lm(l

U =9
Nhan bidu thiic (7-27) vdi bicu thiic (7-28), ta nhan duge:
y'wju’;‘ 7‘\-“5 = ’/‘\: .
hay:

1= i 02

Chia bidu thie (7-28) cho bicu thife (7-27), ta nhin de:

T |
thyl = F ; (7-30)

V7.

Mt Khac:
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aot? V4
e - v
(hyl — ——— = [—=%
¢t l /‘vhb

Tu bicu thirc trén, La tim duoc:

7

T+ |

"/‘\'hd

Lay logarit ie nhién ctia ca hai v&, 1a cé:

1
vl =al+ jBl=—In
Y JB 5

(7-31)
L+, ™
] 7 v
B= ——l-urg (77-—— +2Kmn) (7-32)

\Z\Iu‘

Vi can bic hai ¢6 hai gia tn doi nhau, nén khi tinh dn cdc tham so caa dicmg day, a phai
Ly gid tri cGa cdn ma phin thue cia nd 1Gn hom khong, nghia i phii 18y gid (1 thoa man diéu Kién:

s
Re= J-—5 50

*vhdr

Ncu 14y gid (ri khédc s€ didn ddn dicu kién hé sé suy giim cla duong day a < 0, didu nay

khone ©d v nghia trong thue (€.
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Tir cdc tham s6 thit edp cua duong day da duge xic dinh, dé dang tim duge cac tham s6 so
cdp cta nd:
vZ,=r +)oL
¥ : (7-33)
—— =8 T )oC,
/5
Pat vai cde dudng day c6 do suy giam 1on, 10ng trd vio cla duding day trong ¢hé do ngan
mach va hd mach cia dudng day gidn bing nhau, do dé tinh todn cdc tham s6 cua né bang phirong
phap h@ mach vi ngdn mach s& pap sa 0 16n. Trong thue (&, phuong phap hd mach va ngan mach
chi duge 4p dung d€ tinh todn tham s6 ctia dudng day khi dedmg day ¢o do suy glim rieng nhod hon
l(at < 1).

§7-10. PUONG DAY DAI KHONG CO TON HAO

buong day dai khong ticu hao ning lugng cta tn higu truyén qua duge got 1a dudng day
khong (6n hao. D61 val dudng ddy khong 160 hao cde tham s6 r,= (), g,= 0, cdn cdc tham $6 thi
cap:

( 1'(,+j0)L:,—_ L,

7 = | =
) \‘lg1 +joC, VC(,

12 mot s3 thue va duge goi 1a trd khdng song, hay trd khdng dic tinh cia dudng day.

Y= \ﬁru -+ j(!)L” )(gu +j0JC(:) = j('o Y LUC(I

Ttr day suy
a - 0B = oy, C,

Viy, trd khing s6ng clia dudmg day khong 10n hao khong phu thude vao tin so cta (in hiéu
truyén qua nd, cdn hé s8 pha cira dudng diy Khong t6n hao 11 18 thuin v 1dn s3 cta tin hicu (ruyén
wen dudng day. Mt khdc do he $6 suy glam cba dudng diy a = 0, nén bién do cla séng td va

séng phin xa khong thay ddi theo chidu dii duong day.

Cic dudng day sir dung trong thuc (& bao gidy ciing ¢6 (On hao. Song vai cdc dudng Jay co he
56 161 hao nho, do dai ngén, thi bién do clia sdng 1@, ciing nhu bién do ctta séng phidn xa & diém
ddu vi diém cudi clia dudng day gin bang nhau. DGi véi cde dudng diy nhu the, mot cich gin
diing ¢6 thé coi nhu duomg day khong ton hao. Thi du nhu cde dudng day phide v cdp dong truc

m vige trong didi song siéu cao tin.
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§7-11. PIEN AP VA DONG BIEN TREN BUONG DAY KHONG TON HAO

Pe tim quy it bién thién cua dicn dp v ddng dién orén dudng day khong 16n hao, trong

cic bidu thire (7-22) hodc (7-23). ta chi ¢dn thay 7 = B, 7. = p. Song dé don giin qua trinh phan

tich tiep theo, @ thay 6 hang (1 - x) — X

(xem hinh 7-5).

Néu trong

nhan duee:

lu khoang cach 1l dient adt dén diém cudi duong day

hay sau khi bicn dot, ta c6:

}_.-__ - —— R
|
[
|
l |
| | Z[
| :
| | |
| | |
I ! i
| H ) Y
| X | A=l - !
e a— - ers——— —
i | :
| ! ! |
;€"“" _—— —— - —_— e f.. - -]
' !
] '
Hinh 7-5
cdc bidu thire (7-22) vi (7-23), thue hién thay v =B, 7 =pvi - x =x' ta s
. - l:Jml A piml I U| 1l plml 128
U, == ¢ + = S .
i _ L] +p[|||I \_[3'\'_ Ll ! _p[n.l e I
" 2p 2p "
U, = I:l,,,p:o:{%x' + jpimlsinﬁx‘,
¥ {7-34)
T = ;J'_emﬁx + bucospx' .
I
[L’J,, S U Pe T
! (7-35)
=1 -y

Bicu thifc (7-34) va (7-35) xdc duih quy hudt bich thién gid iri bien do phie cia dicn ap va

dong dién trép dudng diy khong ton hao.

D& ding thay ring, dai vai diiong day khong ton hac ki Gl cudi diudmg dav Ta mang hai cue

khong ngudn, modun coa h¢ so phan xa cung Khong the T hon [P <

+ jxg khi o he 8o phan xae

Y. That vy, gui stt Zy = Ry
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oo Ziop_ R, prix
Z,+p  R,rp+ijx,

va modun:

IN

2 2
iP|: (Rl,-p)2+x,‘ |
(R, +p) +x;

Do do, trong dudng day khong ton hao 6 tai 1d mang hai cuc khong nguon. bicn do cua
sonp phan xa khong thé 1on hon bién d6 cia séng téi.
§7-12. CHE PO SONG CHAY TREN PUGNG DAY KHONG TON HAO
Xét dudng day khong t6n hao ¢6 tii hoa hop (Z, = p). Trong trudng hop x¢&t, hé s6 phin xa
cua dudmy diy P = 0, gid tri bién do phitc cla dien 4p tai diém cudi duting day Ui = pj.../ , vi1 khi
niy cdc bidu thic (7-34) s& ¢6 dang don gian nhu sau:
Um =[:‘ ms C.Bx‘

px _Ume e

p

v .
In=lmsc

Gi4 tri tic thdi cha dién dp va dong dién tai diém x’ bal ky tén dudng day:
u=U,,cosat + Bx +¢,),

mf

1= cos{ot + Bx'+ ¢,), (7-36)

trong d6 ¢, 12 géc pha ddu cia dao dong i diém cu6i dudng day.

Vay dién dp va dong dién trén duomg day khong (6n hao ¢4 (A hoa hgp chi ¢d thinh phéin
sang t&i. va bieén do cha dao dong khong thay d6i trén dudng day. Tai moi didm trén dudne day,
pha cila dong dién tring véi pha cla dién dp, con géc pha dde cia dao dong thay doi theo tich Bx'.
Ch¢ d6 1am viéc cla dudmg day trong trudmg hgp nay goi 1a che do hoa hop phu (i, hay ché do
séng chay. Phan bé cha bién do dién 4p va dong dién tren dudng diy khong 16n hao trong ¢he do

song chiay xem trén hinh (7-6).

A

u,
1-171

A

Hinh 7-6
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§7-13. CHE PO SONG PUNG TREN PUGNG DAY KHONG TON HAO

Xét dudng day khéng t6n hao ¢6 modun  cla h¢ s6 phan xa bang 1, nghia 1a khi ¢6 su phin
xa song hoan toan & cudi dudng day va bicn do cua séng phin xa bing bién do song té. Modun
cua hé s8 phin xa cua dudng day ‘P| = 1,khi dudng day khéng t6n hao hd, hodc ngin much ddu
cudi (4., = x.7, = 0) vakhi phu tai cua dudng day 1a thudn khang (7, = jx ;).

DE don gian tinh todn, ta gia thiél pie pha ddu ciia dign 4p séng (Gh tai dicém cudi duong day
¢, = 0.Dodd dién 4p s6ng 13Gi:

uy = U, , cos(ot + Bx") = U,, cos(mt + Bx').
Vi modun cia hé s6 phan xa ‘Pt =1, nén dién 4p séng phan xa:

u, =U cos(ot-fx'+ ¢,)

G diay @, }a argument ctia hé s6 phan xa cua dudng déy.
bién dp tren dudng day:
u=uw +u, = U cos(ot +Bx’) + U cos(at — Bx’ + ¢,).
S& dung cong thic bién d6i lugng gidc:

o+f

a -—
cosa + cosP =2 cos COS ——

sau kht bién d6i bigu thic trén, ta nhan duoc:
u=2U, cos [ﬁx‘ - %’-] . co.{o)l +%—P~J (7-37

Dao dong (7-37) 1a dao dong hinh sin véi tan s6 géc @ va bicn do:

. o
Bx' —&J = 2Umcos[%£x' - (p—P]
2 A 2

2U,cos

I\ =

thay d6i theo chiéu dai cia dudng day.
Tai cac diém trén dudng diy ma & d6 thda min diéu kicn:
2n ., P,

_.__x_
A

=Ka(K=0,1,2.3,...)

bién do dién 4p dat gié tri cue dud bang hai 1in bicn d6 song (3 (séng phin xa).
Tai cdc diém trén dudng diy, § 36 thda min diu kién:

2n P,
— X' -— =K+ 1) 1¢/2
A 2 ( )1

bién d6 dien dp bang khong.

ChE dd lam viée cia dudng day trong tradng hop ndy poi li chE do song ditng ctia dudmg

day. Dac diém cla ch& A6 song ding 1a 1rén dudng day 16n tai nhimg diém ma & d6 bién d6 dién
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ap dat gid tri cuc dar bing hai 1an bien do dién dp sdng tdi. va nhimg didm, ma 3 d6 bien do dién
ap bing Khone. Nhimg diém (rén duomg diy ma & d6 bicn do dien dp dat cue dai goi 13 diém bung
cta séng. Nhimg didim wrén duong day & dé bien do dién 4p bang khong goi 1a dicm ndt cila séng.
Picm bung vi diém ndt khong thay doi trén duong day. Khodng cich gitta hai diém bung (diém
nat) licn ticp bing nira bude song , con khodng cich gitta diém bung vd diém nut lién k¢ nd bang
mol phin (i bude séng cla tn hicu truyén trén dudng day. Cic diém bung v diém ndt nam xen k&
nhau uren dudmg day, nghia la gitra hai dicm bung cua séng i diém nit viy npuroe lat.

Tuong (. xét dong dién (rén duemg diy:

P= iy 1, = costot + Bx7) = cos(ol = BX” + @)

dp dung eong thie bigh dot lugng gide:

a-B . uip
v cosfd = n—- =-xin  —-
cosa — cosf3= 200 5 N 3
va sau khi bién doi ta nhan dugc:
/ 5\ ’
. « ' " (p‘. . (P
i =21, sinl Bx' ——= [sin o)t-i-—”w
L 2 J R 2
N / v (Pn b (p|‘ )
= 2L, sinl Bx’- )‘ ‘cos o)l'—-—-z-‘ + /2 ‘ (7-38)
! |
N = N J

So sdnh biéu thite (7-38) véi bidu (hie (7-37) ta thay, cdc dac 1inh cha séng dong dién trong
trrng hgp nity hoin todn giong cdc dac tinh clia song dién dp, chi Xhiac didm bung cla song dicn

Ap 1a diém nut cla song dong dic'n va ngirye lai.

Trén hinh (7-7) v& dudng cong phin bd cia bién do dién dp vi dong dién (én duong day
Khong ton hao trong hai trudong hop: dudmg ddy hd mach ddu cudi (7, =x ) vii dudng day ngin

mach diu cudt (7, =0).
bai vGi dudtmg day hd mach diu cusi (7, =+ ), hé 6 phdo xa:

p= Z, -p :

Z,+p
modun cha he 86 phin xa P, = 1, cOn argument chia he s6 phin xa ¢, = 0, tai cu6l duomg day (x'

= 0) la bung ciia dicn ap, ndt cta dong dién.

Doivoi duong diy ngdn mach dau cudi (7, =0), hé s6 phan xa-

7, —p
P= '_’_' =
.o +p
' N s | . , o oA . . f e e
modun cua hé so phan xa P! = 1. con arpument cta hé s6 phiin xa ¢, = n. Nt coa dién dp tng

vai dicu kién:
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” i
e K-
» 2

Tai cuoi dudng day 1a niit caa dién dp. bung cia dong dién.
Trén hinh (7-8) V& dudng cong bidn thién cla dién ap trén dudng diy khong (6n hao hd mach

ddu cudi tai cde thai didm t,, t,, t; khic nhau.

g 1 aia Az am ¢
) “e
“ Y, 1,
u, ”
L )T
X _— 0
< 1 A Az Ak
2, =0
b) /
Hinh7-7

Hinh 7-7 trinh bay phan bd bicn 19 dién 4p va dong dign (rén dudng diy khong t6n hao khi

Z,=wx (a) vaZ; = 0(b).

Hinh 7-8

§7-14. CHE PO SONG HON HOP TREN BUONG DAY KHONG TON HAO
Xét dudmg diy khong t6n hao ¢6 modun cia hé s6 phin xa [P| < 1, nghia [ tndng hop séng

(i di¢m cudi duding diay khong phin xa hoan todn, va do dd, bién do cla séng phan Xa nhd thua
bién do song t6i. Diéu ndy xdy ra khi tdi cudi dudng diay 1a mang hai cue khong ngudn ¢6 16n hao.

1>LTMACHT4P!
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Pién dp tai diém x' bat k¥ trén dudmg day:
u = U, cos(ot + Bx) + |P| U, cos(ot - Bx' + ) (7-39)

trong dé ¢, la argument clia hé s8 phin xa, va gia thi€t géc pha dau cla séng 161 tai cudi dudng
day bing khong.

Biéu thite (7-39) ¢6 thé bién ddi nhur sau:
u = Ugcos(at + Bx) + [P] U, cos(wt - Bx' + @)
+ [P‘ Ucos(at + Bx') — |P‘ U,.cos(at + Bx’)
= (1 = |P) U, cos(ot + Bx) + |P| U, cos(ot — Bx' + @,) + [P U,cos(ot - Bx’)
¢ 3 (PP q)p
= (1 = |P))U,cos(at + Bx) + 2|P| U, cos(Bx’ - T),cos(m + -2—) (7-40)
Tix biéu thic nhan dugc (7-40) ta thiy, dién 4p trén dudng day khong t6n hao c6 phu i 1a s6
phic v&i modun cia hé s6 phin xa ]P[ < 112 t6ng hop clia hai s6ng: séng chay (thanh phidn thit nhdt
cfia biéu thitc 7-40)] va séng dimp [thanh phdn thit hai cla biéu thic (7-40)]. Ch€ do ndy goi 1a ch&
40 séng hdn hop tren dudng day khéng t6n hao. Tai cdc didm niit cha s6ng dimg, Ung vai diéu Kién
cos(Bx' — %1’—) = (), bién d6 clia dao déng trén dudng ddy bing bidn dg cla séng chay va bing (1 -
jP‘ )U,.. NG chinh 12 hiéu ciia bién do séng t5i va séng phén xa, va do d6, tai cdc di€ém nay bién do

ctia dao ddng ciing dat gi4 tri cuc téu:
Ummm = (] - \P’ )Um

(
Tai cdc diém bung cha séng ding {cos(Bx' - —pzi) =1; haypBx' - %"— = Kn |, khi d6 ta cé:
Py ¢
u=(1- |P~ YU cos(ot + 5 + Kn) + Q\P\ U, cosKn.cos(ot + 7).

Vi cosKr.cos(t + %‘L) = cos(wt + -?23 + Kx), nen u=(1 - |P|)U,cos(at + %’i + Kn).

Vay tai cAc diém bung clia séng dimg, bién do cla séng dat gid td (1 + ]P\ )U,.. N6 chinh la
t6ng ciia bién d6 song tGi va bién d6 séng phin xa, va do d6, tai cdc didm d6 bien d6 cha dao dong
dat gi4 trt cuc dai:

Upier = (1 4+ |PP)U,,

Vi ring trong ch& d6 séng ding, di€m nit cha dién dp 12 diém bung clia dong dién va nguge
1ai, do 46 tai c4c diém trén dudng ddy ma bién do dién 4p dat gi4 tri cuc dai thi bién do dong dién
dat gis tn cue tiéu; cdn tai cdc di€ém ma bién d6 dién 4p dat gid tri cuc 1iéu thi bién 46 dong dieén
dat gié tri cyc dai:
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inmnu = (‘ - EP‘ )lm\

= (1 + |PDL,.

I [$531{¥ 3

w L) Q14 tri cuc

Gid tri cye dai cha bién do dao dong nho hon hai 14n bién d6 séng t6i (U

lidu ciia bién d6 dao dong 16n hon khong.
Trén hinh (7-9) vé su phan bd ctia bien do dien dp va dong dién trén dudng day khong t8n

hao ting vdi he s phin xa P= O.xc '™,

A >
©

Hinh 7-9

Trong k¥ thudt siéu cao tén, dé dic trung cho su khong phdi hop cia dudng day véi phu tai,
ngudi ta dua vio khdi niém he s¢ s6ng chay. Hé s6 séng chay ctia dudng day, ky hiéu 1a K, 1a ti

s6 gilta gid i cue idu va gid tri cue dai cla bién do dao dong tren dudng day:

Ummm _ IYY\ITI]I'I

L 14
U mmax Immnx

Trong ché do hoda hop phy tai K, = 1, con trong ché 46 séng dimg K, = 0. Trong trudng hop

chung 0< K< 1.
D6i khi ngudi ta cling st dung khéi niém hé¢ s6 séng ding. HE s6 séng ditng, ky hiéu 1a K,,,

12 nghich dao clia hé s6 séng chay:
] —_ Um mnmax Immax

Kuﬂz - _I

K se U mmin minin

§7-15. TONG TRG VAO CUA PUONG DAY KHONG TON HAO

Téng (& vao cha dudng ddy khong t8n hao tai diém cich cubi dudmg ddy mdt doan x' 1a t s8
gifta gid tri bien d6 phitc (hiéu dung phitc) clia dién 4p va dong dién tai diém d6:

Un(x) _ Ux')

Z,(x') =
In(x) LX)

Thay cdc gid tri Un (x"), Im (x') tir biéu thife (7-35) vio biéu thifc trén, ta nhan duge:
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oo Lepe Tl T
7 (X = P =P (7-41)
]-Pe ™" l‘;PC R
Khi dudng day ¢6 td hoa hgp (4. = p) tong trd vio khong thay ddi theo chiéu dii dudng

day vi bing trd Khiing séng clia no (7, = p).

Trong (ruomg hop duomg diy khong hda hop phu it bién do phic cha dicn dp va dong dién
bién thitn ¢d chu k¥ theo chicu dai dudmg diay vdi chu ky bang ndra bude song cia tin hicu truyén
trén dudmg day. nén 10ng trd vio ciing bién thién theo chi¢u dii dudng day vén chu k¥ bing nira
bude sdng cua tin hicu truyén trén dudng diy.

XE 10ng 1rd vivo clia dudng diy ngdn much diu =usi (Z, = 0). Trong trudng hop xét, he s6
phin xa P=—1, modun [P =1, v argument ¢ = 7, t6ng trdy vao cia dutmg day:

. , (—be PP LS
7y = Ly = P———p = Jplepx = jplg ——x (7-42)
I+ Pe A

Bicu thie (7-42) chimg 16 ring 10ng (rd viio chia dudng day khong t6n hao ngin mach ddu
cudi 1 thudn khdng, va bién thién theo chiéu dai dudmg Jay theo quy ludt ham s0 1ang véi chu k¥
bing A/2. Tinh chit thuin khdng cla t6ng 1r§ vao duge gidi thich nhur sau: Do do suy giam riéng
clia dudng day bing khong (o0 = 0) va (8ng trdy phu tir bang khong, nén khong ¢6 s tiéu hao nang
lugng ctia ngudn tin hicu.

D4 thi bidn thién cla 16ng (rd vao cta dudng day khong 16n hao ngan mach diu cudi theo

chiéu dai duong day vE trén hinh (7-10).

! ! ! Ay Y
d | | !
\ | I
{ ( | !
i { |
l’ 1 ) \
| ! : ;

S | . )

X i | 2474 !

- L IS— — g
! a 13474 | A
1 |
. |
; l }
! ! |
', ; | |
| : i
| i
| | j
I | !

1inh7-10

Tir hinh v& ta thdy, tai diém bung cha dién dp (nit cla ddng dién), 10ng rd vio cla diding
day ¢4 gid i 1dn vo cling, con tai diém ndt cha dién 4p (bung chia dong dién), 10ng trd vio 6 gid
tri bing khong. Trong doan dudng day ¢6 chidu di bang nita bude séng  cua tin hicu ruyén trén

dudmg day, (16ng (rd vio clia dudng diay bicn thien o -}, dén j.. C6 (hé chon doan dudmg day
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khong 16n hao ngin mach ddu cudi sao cho tong trd vao cha nd biing mot s& thudin khing cho
tnude.
Bai v dudng day hd mach dau cudi (Z, = o), he $6 phin xa P = [ (‘P| =1 ¢, = 0} tong rd

vio ctia dudng day:

1Z13%

l +e _p
F-e WM B

ZuoX)=p = —jpetgpx’ (7-43)

Cling nhu trudng hop ngdn mach ddu cudi, 18ng rd vao cua dudong diy khong ton hao hd
mach ddu cudi cting 1a moOt s6 thudn khéng va bién thién ¢é chu kY theo chicu dai duomg day, voi
chu k¥ bing ntra budce séng cua tin hiéu truyén trén dudng day.

Do thi clia 160g (13 vao cha dudng day khong t6n hao hd mach ddu cusi vE tren hinh (7-11).

thy'/J'

|
|
|
{
|
\ P Ns A
p !
{
l
{
{
1

~
S

Hinh7-11

So sdnh hg dudng cong (hinh 7-10) v hinh (7-11) ta (hdy, ¢d thé nhan duge ho dudng cong
7./} 0 ho dudmg cong —'jﬂ hoac nguoce lai, néu ta chuyén dich gdc toa dd trong mdi do thi di
mot doun bang mot phiin (u bude séng eia tin hicu truyén trén dudng day theo hudng x', nghia la
ngdn mach Jdu cudi cua dudng day khong (6n hao teong duong  vai vide kéo dii dudng didy mot
doan A/4 va hd mach dau cudi. Tir day dé ding suy ra ring, t6ng trg vao clia dudng diy khéng t6n
hao 6 tii [a thudn khdng cling I mot s6 thuin khdng. Viée mic tai thudn khang & cudi dudong  day
tuong duong vai vige kéo dai dudng diy mot doan tuong tng vi hd, hode ngin mach diu cudt. Thit
viy, xét dudng day khong (6n hao ¢6 phu di 1 dién cam L (xem hinh 7-12a). Nhu d x8 & (rén,

doan duong day khong t16n hao ¢é chidu dai 0 < | < /4 ngan mach diu cuoi, ¢o 16ng (10 vio:

z =jpre2n— = jolL,

VR ~
A

0<licnj4a
1



198 LY THUYET MACH - TiN HIEU

Do dé dien cdm L ¢6 the thay thé bang doan dudng diy khong (0n hao ngdn mach dau cudi
vai chidu dii |, duge xdc dinh bor bidu thite:

|
L="F 1g2n L.
®
hay:
(7-44)
|, =——arctg
2n p

D6 thi bién thién 16ng trd vao ciia dudng day khong tén hao c¢6 1di 12 dién cdm L d& dang
nhén duogc (r d6 thi cha (Ong trd vao clla dudmg day khong t6n hao ngin mach ddu cudi, bing cich
chuyén dich g6c (oa d6 di mot doan 1, theo hudng x' ( Xxem hinh 7-12b, 7-12¢).

a)

b)

A

—— e —r— e — e —

c)

Hinh 7-12

Trong trudng hop chung, tdi cha dudng day 1a mang hai cue khong nguon, vi modun cuahé

) . S R SO AN gy . . s oa
50 phin xa ‘P‘ < 1, nén Ung va&i gid trl X', ma s8 hang |P‘c S0y ]lrong bidu thitc (7-41) 1 mot so

thuc duong, thi moddun cita ur s6 s& dat gid ti cuc dai bang 1 + |P

, con m6dun cia miu s6 $¢ dat gid
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ri cue 1idu bang 1 — |P|. Tai nhimg diém ndy, 16ng trd vio cua dudng day 1a mot s6 thuc (thudn
trd) va dat gid ui cue dai (theo modun). Tai nhimg diém x' trén dudng diy, ma s6 hang |[Ple Sy
ong biéu thic (7-41) Jamot s§ thue &m, thi modun cia tr s6 dat gid trj cuc tiéu bang 1 - [P| con
modun clia miu s8 dat gid tn cuc dai bing 1 + |P!. Tai nhimg di€m nay, 18ng trd vao cia dudng
day cling 12 mot 88 thye (thudn trd) va ciing dat gid (i cue tiéu (theo modun). Khodng cdch gitta
hai diém trén duding diay mi & d6 moédun cla (6ng trgd vao cling dat gid tri cuc dai, hoac cuc tiéu,
biing mot nira bude séng chia tin hiéu truyén trén dudng day. D& dang thdy ring, khi di theo hudng
tir cudi d&€n ddu dudmg day, trén doan nao cia dudng day ma bién d6 diép 4p gidm, thanh phin
phin khédng ctu t6ng 1rd vio ctta dudng ddy mang tinh dién dung; con trén doan nao clia dudng day
¢6 bien dd dién ap tang, thanh phin phin khdng cta 16ng trd vao cia dudng diy mang tinh dién
cam. Tai nhimg diém ctia dudng diy ma 16ng trd vao thudn trg, thanh phén phén khdng cta 16ng
try vao d6i ddu qua gi4 tri khong.

Tren hinh (7-13) 12 d6 thi cha tdng 18 vio cha dudng day khong t6n hao dng véi hé s6 phin

xa cla dudng day P= 0,8e*"

. N6 tomg 1ing v6i sy phan b6 cia bién d6 dién 4p va dong dién trén
hinh (7-9).

AZ,

<+ 8)0

Hinh7-13

Cudi cling, ta xét su phu thude ctia tdng (rd vao cha dudng ddy khong 6n hao hd mach va

ngdn mach ddu cudi, vao tdn s@ cia tin hiéu truyén ten dudmg day.

Néu trong cic bi€u thitc cfia t6ng trd vao cha dudng day khong tn hao ngin mach va hd
mach ddu cudi (7-42) va (7-43), ta thue hién thay s6 hang B = o JL,C, , X' = [1d do dii cua

dudmg diy, ta s¢ nhan duoc:
Z.,,=ptgo/L,C, |, (7-45)

thu =~ JPCtgm L(J(‘ Q) I ) (7_46)
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Bi&u thiic (7-45) va (7-46) biéu thi su phu thude cua tdng trd vao clia dudng diy khong tén
hao ngdn mach va hd mach ddu cudi vao tdn sd cita tin hiéu truyén trén dudmg day. Tai cic tin sO:

0, =k—— (k = 0,1,2,3...)

2JC.L, |

ong ord vao cha dudng diy 7., (Z,.) hodc bing khong ( bang vo cing) hodc bing v6 cling (bing
Khong ).
Trén hinh (7-14) 12 d6 thi bién thién cla tong trd vio clia dudmg day khong 6n hao ngin

mach va hd mach ddu cudi (Z,,g, Z) 1heo tin s3 cia tin hidu truyén trén dudng day,

Zong /S
/\ H | l | | {
{ | t | t j'
{ { [ | ! \
} I ! f
{ | ) ! !
: : | | ( !
t
S S %
f T =
“r) 1« 1 /B ! w
| I I f 1 !
| ' VA i !
| ‘ | I| ! ]!
| | | | ! !
| | | | !
| ! ] ! ' f
] | ! i ' :
. ! / ! |
Lbold : !
: [ l | ‘ |
I | l { ' !
| | I | 1 1
! { | | ' {
1 ( | | 1 ]
i | I ‘ ? !
g ) | | !
T T T =
I
| } [ : | I
| ! ! ! | |
! { I | i i
i I I { 1
l I | ] (
'
' ( | I ! t
| I t 1 [ !

Hinh 7-14

Tai cic 14n s0 @y, & d6 tng trd vio cia dudng day bing khong, duding day tuong duong vit
mach cOng hudng ndi (&p. Tai cac tin 56 o,, mA tai d6 tOng trd vao bing vo cung, dudng day
wong duong véi mach cong hudng  song song. Do d6, ¢é the coi dudmg day di khong 16n hao
ngin mach, hodc hd mach ddu cudi 1216 hgp g6m vo s0 cdc phan wr phan khdng L,, C, ghép ndi vdi
nhau theo mot cich nao dé. Mot trong cdc cach phép ndi d6 veé trén hinh (7-152) d6i véi duong day
ngin mach diu cudi, va trén hinh (7-15b) ddi véi duong day hd mach ddu cudi. Trong Ky thuat vo
tuyén dién, ngudi ta dia vao dic tinh ndy clia duding day dé ché tao cdc dudng day gid. Dudong day
gid duge sir dung rong rii trong k¥ thuat siéu cao tan d¢ giit cham tin hi¢u, hoac d¢€ tich (rir nang

luong dign tir trudmg.
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N
JC; -!:[':e Tcs TCH

b) -+

Hinh 7-15

§7-16. MOT SO UNG DUNG PUONG DAY CO TON HAO NHO

Puomg day ¢6 t6n hao nhd ¢ thé coi gdn ding nhu dudng diy khong 18n hao, dirge sit dung

rong rai trong k¥ thudt vé tuyén dién. Dudi diy ta xét mdt vat tng dung cua nd.

7-16.1. Mach bién ddi tdng tré 1/4 buée song

Gid sir dudng day khéng ton hao ¢6 do dii | = A/4, cudi dudng diy duge mic néi véi phu (i
7.+ (xem hinh 7-16).

E(_—_— { =/ ——-——:»E
. |

Z
z,[_> ¢

Hinh 7-16

Tong (rd vao clia dudng day:

. ] +Pe N (4+Pc 74
Z.=p T a7
}—Pe e

1-Pc *+

l+Pe™  |-P

Zpe  Piep

P , vit sau khi bién doi ta nhan duge:
e P

Trong biéu thiic trén thue hién thay s6 hang P=

Viy 16ng trdy vao cia dudng day khong 18n hao ¢6 dd dai 1 = A/4 ti 1€ v6i 16ng din cia phu
(di vi 11 1& véi binh phuong trd khiang séng cua dudmg diy. Khi (rd khang séng cua dudng day thay

déi, 18ng trd vio clia dudng diy s& thay doi trong pham vi khd 16n. Trong dai tin s8 cao, dudng day
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khéng t6n hao ¢6 do dai 1 = A/4 dugc sir dung dé bién ddi dng trd phu 1di. va né duge goi 1a mach

bi¢n d6i t8ng ird 1/4 budc séng.
7-16.2. Von mét tuyén tinh

Khd nang bién d6i tdng try clia dudng day duge dng dung tronp kY thuat do ludmg trong di
1dn s6 cao, nham 1am ting 18ng 110 vao cda mach do. Trén hinh (7-17) md 1 mot loal von mél

tuydn tinh 4p dung nguyen Iy ndy.

e— A4

Y

Hinh 7-17

Gia sir ddng hé do ¢6 18ng (rd vao nhd duge mic & cudt dudng diy c6 (6n hao nhd, do dai |
= /4. Tong (rdf vao cua dudng day (mach do) sC cang 1dn, néu trd khéng séng cta dudng day cang
16n va 16ng trd vao cda ddng ho cang nhd. Dién dp cin do duge xéc dinh theo bicdu thice (7-34) (khi
Bx'=nr/2):

U =pl,.

7-16.3. Mach dao dong
Trong ddi song siéu cao tin, ngudh ta thudng st dung dudng diy ¢6 18n hao nhd lam mach
dao dong. Dic didm cla mach dao dong diing dudng day dii 1d né ¢ he 6 pham chét Q it ton.
Tht du, & dai tdn $6 14n can tin 36 o, cla doan dudmg day ngin mach ddu cudi (hinh 7-14a),
doan duong diy tuong duong vdi mach dao dong song song ¢ tin sG cong hudng o, dién tré
cong hudng R, hé s6 phim chat Q va do rong dai thong 2Aae, duge xdc dinh theo cic bidu
thitc sa:

T
0,=0, = ——,
" 2JL.C.
R, =,
V4
n
Q= ,
4a,
2
2A0 = ¢

VLG

7-16.4. Phéi hop trd khang cha duong diay voi phu tai
Trong cdc duong day phide ndi giira anten vi mdy thu, hay gilta mdy phét va anten, ngudi ta
mong mudn trén dudng day chi ton tai séng chay, khi d6, cong suit tic dung cua tin hidu truyén tir
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anten dén mady thu, hodc (r mdy phit ra anten s& dat gid tri cuc dai. DE dim bdo yeu ciu (rén, ta
phiii thue hién phdi hop dudng day véi phu tai (phai hop dudng day vai tong trd d4u vao cha may
thu. hodc phoi hop dusng day véi ©Ong 1rd viio cia anten).

e phoi hgp dudng Jay voi phu i ngudi ta ding phuong phap mic sop. Son 13 phin nr
phin khang duoe mic viio mot diém gin cusi dudng day phit x'.. ma & d6. phin thue coa 18ng din
vio hang dién dan song cua dudmg day, nghia li:

! I . N
Y.(x' )= ——— = — + jb_(xem hinh 7-18)
7.y p

Gid tri b, duoe chon bang gid tr cua thanh phin phdn khing cia 10ng din vao, nbung khac

tinh. nghta la b, = —b. Sau khi mac son, 0ng trd vao cua dudng day tai didm x'. s¢
e ]
7ZX )= ——-—=p
-t jb - .Ib:
p

Diém miic son ¢6 thé tinh theo cong thife:
I8
X, =X, T —arclg K, {(7-47)
s
trong dd x,, 1a khoing cdch tr cudi dirong day dén diém cue dai ca bién do di¢n ap gin cubi
Quong day nhit trude Khi mic son.

Son thudng la doan dudng day ngin mach diu cuGi vi c6 cde tham $6 so ¢dp, cling nhucau

tic giong phu dudmg day chinh. D6 dad cia dudng day son [, duoe tinh theo cong thuc:

A 1-K,, L )
L, = Soarctg—== - d0i vi diiu cOng (+) trong cong thic (7-47).
s
hoac:
x } - K NG Ao pa ’ N - v
[, = — + —arctg —=== - d0i véi diu trlr (=) trong cong thac (7-47).
4 21 K R

X, (
Z,(x))

Jb

Hinh 7-18
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Bdng ham inh va ham g6c¢ clia mot $6 ham thuomg gap:

Bdng phu luc
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