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LOI NOI DAU

Trong nhtng ndm gdn diy. khoa hoc k5 thudit dién it va vé wyén dién phar trién voi 1oe do
ulur vit bao. Ky thudt di¢n 0t va vo tuyén dign hién dai da tham nhip vao tdi cd cde nganl khoa
hoe k5 thudi, kinh 16 quéc dan. vdn héa va doi song hang ngayv. 1 conyg cy dac hiee thie ddv sie tién

bo cua khoa hoc k¥ thadr.

Néu nlur trong nhitng ndm 1960, pladong hueong phat irién choi yéu ciia neanh k¥ thudi din
nila viée bdn dan héa cae thist bi dién i, vé ché tao cde mdy tink dien i voi dung heeng lon. 1oc
do tinh 1odn nhanke. thi dén khoaug gista nhitng ndam 1980, khoa hoc A¥ thudt dién tw néi chung va
k¥ thugt va tuyén dién ni ricng dd chuyén sang giai dogn phit 1rién moi: giai doan phdt tricu
nhanh chong va think hanh cia k3 thudt vi xie 19, k§ thudt may vi tinh, ky thugt thonyg 1in $6. théng
v v dinh va k§ thudi tw déng héa & mike d6 caa. Tuy nhién, nhitng tieh bo nhd y vor cia k¥ thudt
dién g, clud yéu traug finh vie cong nghé ché tao. Khdi niem linh kién dién i khong chi wioi han
cho cde plda ad réi rac. don ndng, ma ngay nav nguot ta di che' tgo cde load phan w143 hop - vi
mactt - fdm shnén vy cia mot. hode mgt s6' mach chiie nang irong cde thiét bi dién nie néi ey,
hay 1hiél b vé suyén noi riéug voi chat higng cao. Song vé co bdn, k¥ thudt cdc mach dién ne dén
dige xdy dimg 1rén co s nguyén Iy cria cdc mach kinh dién dupe xdy dung e cdc phdn 1w don e,
dd duge hinh thanh va ddn hoan thign e khi nganh k¥ thudt dién ut va vo tuvén dién ra doi.

Da vdy mon hoo Ly thuyét mach - tin hiéu” vin it mot vai tro quan trong. Id mon hoc ceo
s cna ngdnk dicn 1 nGt chuig va vo tuvén dien noi riény.

Cirgo trink "Ly thuyét mach - tin hiéu” irink bay nhitng khai niém vé cde dinh it co ben
cia mych dién: cde phiong phdp co bdn phan tich mach dién ayén tinh va khong wvén tinh; phen
fich céo dde tinh co bdn va ode qud trinh v@ Iy xdy ra irong mach dién, ciing nhie tdc déng cia cde
mgch dién khde nhave 4én tin hiéu khi truyén qua no.

Todn b ndi dung vén duwge trink bay trong hai tip bao gém:

Fap mét ne clucong 1 dén chiwong 7. Hai chicong déu trinh bay cde khdi niém va dinh higt cor
ben cia macl dién va xdy dig mé hivk todn hoc 16ng qudt - phuomg trink trang thér - ctia mach
dién cd thant 56'tap trung. Bon ¢lueong tiép theo irinh bay cdc phacong phdp co bdn phén tich mach
dién 1uyén tink voi tham s6' tap trung, va di séu phdin tich mor so dége tinh co ban cia muach dién
tuyén tinh. Chwong 7 dwoc danh riéng cho viée xem xé1 vé phan tich mach dién ¢ thamn 56 phan
N,

Fap hai te chueong 8 dén chuomg 13,



Néu trong 1odn ho (dp mor, viée mé hinlt héa mach dién dicoc dita trén mdé fiinde phan
MGCR - phan nd hai cue - 1hi trong hat chuomg ddie ciia 1dp hai - clitong 8 va chuong Y, viée xem et
va phdn tich manh dién duoc thue hién trén mo hinh tény qudt- mang 4 cue - o6 nghia Id xem mach
dién la mdt hé thing truvén va biéh doi tin higu. Chuong 10 trinh by phwong phap phin tich mach
dién khi sie dung mé hinft mang nhiéu cue. Chitong 11 danh tron vert cho viée trinh bav cdc khdi
Hién vd mot 86 tink chdt co ban ciia cde tin hiéw vé tuvén dign. Néuw chi doc luor qua, 6 1hé o6 3
nght rdng viée bo'irf chucong T o cudi 1dp hai sé lam mdt tinh togic ciia gido minh, Somg néu yem
mach dién nhi i mdt hé thing truvén va bién doi tin hiew, thi viee di noi duny ciid chucong 1
vao gido (rinfe € phu hop va thudn tién cho viée phan tich cac mach dién phi tvén tiép theo.
Chutong 12 va 13 danh cho viée phan tich ode mach dien khong tven tink ( miach dién pli tuvén);
frong chitomg 12 di sau xem vét cdc phitong phdp pludn tich mach phi tuvén va neuvén 15 bigh doi
phd i tin hiéu trong mach phi tuyén; con chion g 13 xem xét e phép bich dot phé cua tin Tuéu
dung mach phi tuvén dicoe it dung réng rdi trong kv thudt dién e néi chung, hay K rhudt vidn
théme uaoi vidng nlue cde mach dién ché tin hiéu, nhan 1dn 6. (dach séng tin hién. tao duao déng

indt sin. .

Cring vei ndi dung o hai tdp 1V vt did néu o tréu, bo sdclt con kem theo cuon ™ Bai 1dp
8 thayét mach” Vrang cudn "Bai tip B thayet mach” sé gici thisu klodng 300 bai 1dp dién hinli tiv
gidn don dén phitc tap ciing vt cde 161 gidi va ohi dén phurong phip.

Cudi cing, cde tde gid chéan thanh cdm on phé Gido sie - Tien stV it Niue Giao da doc va hicu
dinfy tai liéw nav. Cdm on cdc bai dong nghiép trong bo mon "L thuvél mach - do heong” cria Hoc
vicn K thudt qudn sie dd dang gdp cho nhisu § kién quy ban cho cluing 160 trong qud trinh bien

Sext.

Chiing t6i mong whdn duge ¥ kién déng gép phé binh ciia cde ban déng nghicp va ban doc

ekt X,

Cde tdac gia
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CHUONG 1
CAC KHAINIEM VA DINH LUAT CO BAN CUA MACH DIEN

§1-1. MACH PIEN, SO DO MACH DIEN

Mach dién la mot 16 hop cdc phin tir ky thuat dien, dién tr, duoc ghép néi véi nhau hing day
dan hoac thong qua tir truomg .

Cin phan bict khdi ni¢m mach dién va so d6 mach dién. Mach dién 13 mo hinh vat ly thue.
Thi du, mach dien duoce lap rap trong phong thi nghiém gom cac dien e, dicn cuon day,
tranzistor... i ching duge ghép ndi v6i nhau bang cic doan day dan, hoac duoc lap rap trén cic
t@m mach in. Con so' dé mach dién 1a mo hinh 1y wéng, trong dé mdi phan 1 thue duoc thay theé
twong duong bang cic phin tr 1y twong, goi 1a cic phan 1l cha mach dién, hay mot cich ngén gon

[ ¢dce phan tr mach.

Trong thuc 1€, viée phan tich va tong hop c¢dc mach dien déu dwoe thue hién trén mo hinh Iy
wdng [a so-do mach. Tuy nhién, cing c¢n nhan manh ring, cic k&t qua nhan duoc khi thue hicn
phan tich mach trén so'd6 cling ddang nhu cic qud trinh vatly xdy ra trong mach dién thue, vii sai
s0 khd bé ¢6 thé bo qua duoe. Chinh vi viy ma ngudi ta cling quen goi so dé mach dién 13 mach
dicn.

Dong dien va di¢n dp 1a cdc dai luong vit Iy dac trung cho trang thdi nang luong cla mach
dién. Dong di¢n dugce ky hic¢u bang chir i, con dien dp duoc ky hiéu bang ¢hir u. Doi khi d¢ chi rd
st phu thuoce cua dong dién va dién dp vao thoi gian, ngudi ta viét thém vao bién thoi gian t nhu:
1(1), u(t). Gid tri cua dong dién va di¢n dp tai mot thoi diém duge goi 1a gid tri tie thoi. Cdc dong
dién va dién dp ¢6 gid tri khong doi, khong phu thuoc vio thai gian duoc goi la dong dién vi dién
ap mot chicu.

Chi¢u clia dong di¢n 1a chidu chuyén doi cta cde dien tich duong. Khi phian tich mach dién,
khi chua bic¢t chi¢u thyue cta dong dién, ngudi ta tam thoi quy dinh chicu cba dong dicn viv dung ky
hic¢u mii ten (—) d¢ chi chicu dong dién chon (xem hinh 1-1a). Sau khi phan tich mach, dong dién
ndo ¢6 gid tri duong (+) thi chicu thue cia dong dién do trimg vai chidu dong dicn di chon; con
dong di¢n ndo ¢6 gid tri am (—) thi chicu thue cha dong dién d6 ngugce véi chi¢u dong dién di chon.

Bién dp gitra hai di¢m a v b cta mach dicn, ky hicu [ u,, [ hicu dien thé gidta hai diém

do:

Uy, = @, — Py, (1-1)

trong do ¢, 1 dien the tai dic¢m a; ¢, 12 dién thé tai di¢m b.
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Ngudi ta quy ude chidu cha dién dp di W noi co dién the cao dén nai o6 dien the thap. Khi
phan tich mach dign, néu chua bidt rude chide thue cba dign dp, ngudi ta cling tam thdi quy dinh
chitu di¢gn 4p vi dimg k¥ hiéu mii 1en (—) d€ chi chidu dién 4p chion nhu di véi chidu dong di¢n
{xem hinh 1-Tb). Suu khi tinh 10dn, dién dp nao o6 gid tei duomg (+) thi chidu thue cla dien ap do
trimg vai chicu di¢n dp chon; com dién dp nao ¢6 gid tef am (=) thi chidu thue cia dien dp dé nguoe

v chi¢u dien ap chon,

g a - b
_‘:"—‘{ i'—— L > .
{ R Yab
) b)
Hinh 1-1

Ste dien dong (s.Ld) cla ngudn dign 1d dui legng dac trumg cho khd nang sinh cong caa
ngudn dién. VE tri s né ¢6 gid i ding bing gid i cla dign dp rén hai cyc cla ngudén khi mach
ngoai hér mach. Ste dign dong cha ngubn dicn duge ky hieu bing chir e, doi khi dé chi o su phu
thude vao thdd gian cha sie dién dong, ngudi ta viét them vio bidi 83 e(). Cac ngudn dién ¢o sire
di¢n dong khong thay d6i theo thoi gian dugc goi 13 cic ngudn dien mot chidu. Dong dien, dién ip
va nguén dién mot chidu duge ky hiu wong dng bing cac it in hoa: L U, F.

bi¢n dp roi rén mot phdn tir do dong dién chay qua phin 1 ¢6 pay nen. Dicn dp rot cing

duge ky hiéu bang chiru va ¢ chiéu tring v6i chidu dong dicn sinh ra né (xem hinh 1-1a).
-~

§1-2. CAC PHAN TU CUA MACH PIEN

Cdc phin tr ca mach dién 1 mé hink 1y teomg i6a, mbi phan tir cda mach chi ©6 mot tinh
¢hii, dae trung cho mét gud irinh (trang thai) nang tueng cia mach.
1-2.1. Phan tif dién tré

Phén tir dién triy 11 phdn tér tigu hao nang lugng cba mach. Quan hé giira dien dp va dong dién
chay qua phin tr dién tré duoc xdc dinh bai bidu thue:

u
P= — (r-2
R )

Pai luong R trong bifu thite (1-2) die tnmg cho phin tir dida (¢ va duge g 12 didén .
Nghich dio cha phan tir dién try, ky hicu la g(g = E) duge goi 1a dién dan, Bon vi do dien tedr 1a

om (), con don vi do dién dan & O ( doc 13 simen).
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Bidu thie (1-2) 13 biéu thie cta dinh luat Olim mi chidng ta d3 bid 1r chuong trinh vat Ly

dan cuong.
Bitu thde (1-2) ddng khi chidu dién 4p trén phin tr dién rd duve chon tritmg v chidu

doug dién chay qua nd ( xem hinh 1-2a), Con néu chicu dicn dp wen dién trd chon nguoc chitéu vin

chidu dong dién chay qua né  hinh 1-2b3 i bidw thée dinh Juit Ohm s@ 6 dang:

P= - (1-2)
4

Ys g

m— -2

{ {
T S e —

R A

a) b)

flink -2

Cong suit tise thdi c@a cac duo dong dicn trén phin 1 dién trdr duge xdc dinh bing tich cla

Jicn dp vi dong dién qua nd:
p=ui (1-3)

Bidu thire cong sudt (1-3) vdi ch ¥ (1-2) ¢d ihé vid dudi dang:

p=iR = (1-3a}
£

Bidu thade (1-3a) chimg 18 ring cong sudt e thii trén phin tit dién try Khong am (p = 0).
Nang luong ticu hao trén phin 1 dién trd dudi dang nhiét trong khoang thii gian At =1, - (,
duore xac dinh bai bidu thic
W= [Ppdt = REZiTdt (1-4)
Trén so dd mach, phin 1 dién e duge ky hicu nhu o hinh 1-3a. -
1-2.2. Phan tir dién dung

Phin tr dién dung [4 phan 1& tich il nang lugng cua mach dudi dang dién trudmg. Quan hi
gitta dién dp vir dong dién qua phin t dién dung duge xdc dinh béi bicu théc
L du

1 =C— (1-3)
dt

Bidu thie (1-3) ding khi chiéu dién dp wrén phdn tir dién dusg chon tring véi chiéu dong
dicén di qua no.
Trén so dd mach, phin t dién dung duge ky hicu nhu & hinh 1-3b.

T biéu thite (1-3) ching 1a ¢6 the vidt:
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I
u=— idt (1-6)
=

Tich phan bat dinh (1-6) far ¢6 (he viet:

|

u = — Iidt+u(lo} {1-6a)
c
.10

trong do u(t,) 1 di¢n dp trén dicn dung tai thod diem 1 =1,

Vi rdng tich phin xdce dinh ¢é can trén bic (hién 12 mot ham lién tue ngay ca Khi b dudi
diu tich phin ¢6 bude nhay loai mot. Do d6 ¢ the suy ra rng dien dp trén phin e dien dung
khong (e bich thién nbay biac ngay ¢ khi dong dicn qua né ¢ bidn thicn nhiy bic.

Cong sudt e thoi coa cae dao dong dién trén phin (r dién dung duge xdc dinh b bicu tiie:

p=ui= (_,ud—l {1-7}

Bicu thie (1-7) chitng (6 rang cong soit tie thoi ca cic dao dong dién (rén phin 1r di¢n
dung ¢o thé [n hon. nho hon hode bang khong (p = 0; p< 0). VE ¢ nghia vat I¥, didu niy co
thé gidi thich nbu saw:Tai thti diém cong sudt we thai duong (p > 0), dicn dung nhin nang {uong
cha mach va tich 0 trong n6 dudi dang dién trudmg; wi thi didm cong suil uie thit am ( p <0y,
dién dung tra lai nang lugng Ja tich trir duoe cho mach.

Mo hinh vit ly thye cla phan tir Jién dung 14 cde w dién. Tuy nhién cdc w dign agoai viée
tich trir nang lucng cua mach dudi dang dién trudng, bin than tu dién ciing tiéu hao nang luong cla
mach dudi dang nhiét trong 16p dién méi gitta hai md cia w dieén. DE die trumg cho sy ticu hao dé,
Nt ta thay the tuong duong bing mot dién trér R mac song song, hode néi Gep véi dien dung. Do
d6 s dd thay (he twong duony cla w dién s¢ ¢ dang vhu tren binh -4, Cling ¢du luu ¥ cing, trong
thure (€ 190 hao nang luong dudi dang nhigt trong cic tu dién thudng rat nho so véi cie 16n hao ke
cua mach. Boi vy, trong qud trinh tinh todn, néu khong doi hdi do chinh xde cao, ta ¢d thé bd qua

(@0 hao trong cic tu dién.

a} b) c)
flinh {-3. Ky hiéu cde phdn te trén s dis mach

i) Phin i dicn e, b} Phan (k dién duny; ¢) Phan 1 dién cam.
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a)

Hinh [-4. Ser dd thay the' taony diong cria ti dién
a) Khi b6 quat ton hao nhd trong wu dién;
by Khi tiuh den 16n hao cha ci dong coay chidu vicdong mat chidu

¢) Khi ¢lii tinh dén tdn lae dong xoav chidu.

1-2.3. Phan tir dién can
Phan 1 dién cam 1i plidar 1 tich trit nang feong coa mach dudt dang vir trudmg. Quan he giita
di¢n dp vi dong dién gua phin 1 dién cam duoe xde dinh bai bicu thie:
di

u=lf— (1-8)
du

Bicu thite (1-8) ddng khi chiéu dién 4p u chon tring voi chiéu dong dién qua no.

Pai Tuong 1. trong bicu thite (1-8) dac trung cho phin 10 dién cam va duoe poi 13 dicn cim,

Trén so dd mach phan (0 dién cdm duge ky hicu nhu ¢ hinh 1-3c.
Tir bidu thire (1-8) ching ta cling ¢6 the viét:

e .
- IJ’um - I—_[ udt + i(s,,) (1-9)

trong dé i{1,) & dong dién qua dién cam 1ai thn diém t =1,

Tuong e nhu dién dp trén phin 1w dicn dung, dong dicén qua phén tr dién cim cling kKhong
bi¢n thién nhdy bic. Vin dé nay clidng ta s& xé1 k¥ « chuonp suu.

Cong sudt tfe the cha cde dao dong digén trong phia tr di¢n cdm duge xde dinh bévi bidu
thure:

. i

p=ui=1l.1 i {1-10)

Cong sudl we thoi cla cde dao dong dign tren phin t dién cim cing 6 (hé 1dn hon, nho
liem, hoac bang khéng ( p 2 0, p < 0), Tai thai didm cong sudt e thai 6o hon Khoag (p> 0 dién
cdm nhan nang luomg cta mach va tich i trong nd dudl dang A trudmg. Tai thoi didgm cong sudl
wie thi am (p < 0),dign cam trd fui nang lueng da nhin duoe cho mach,

Mo hinh var 1y thye caa phin tlr dién cam 15 cic cudn cdm (cudn ady) trong mach dién.
Song ede cudn cam ngodi dic trung co ban 13 tich trlr nang ludng coa mach dudi dang 1 trudng,
ban than cudn cam cing ticu hao nang luong cua mach. Ticu hao nang luong trong cudn ciam bhao
gém icu hao trong dién g thuan eda cudn day, dwoe dic trung bai dien tr n v ticu hao do

thong tan trong vang khong gian quanh cudn day, duoc dac trung bot didn (rd Ry Ngodi ra, gita
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cde vong day ¢l cudn cim s€ a0 thanh cdc dién dung vai gid i kha bé, duge goi Tk cac dién dung
ky sinh. O dai 1dn s¢ thap, anh hudng cia cdc di¢n dung k¥ sinh d¢n qud trinh nang luong cla
mach khong ding k€ va ¢6 1hé bd qua. Nhung trong dai 1dn s6 cao, dac hu“:t.l:} trong dai séng sidu
cao tan. cic dién dung Ky sinh ¢6 dnh huong khd lin dén qua tinh nang leong <iling niwr tinh chat
vha mach, nén ching khong the bo qua duoc. Béi vay., thy thuoe vio dii tan 8§ cong tic va véu cau
4o chinh xdc cha qud rinh tinh odn ma cudn cam ¢6 (k€ ¢6 nhidu so dé thay thé twony duong khic
nliau (xem hinh 1-5). Céng cdn nhan manh rang, trong thue & 160 hao do 6 thong tin cla cudn
cdm 13 it nhd so v 100 hao trong dién 1rd thudn cda cuon day., nén khi tinh todn 6 hé bd qua 1én

hao Ry, hode ghép chung 10n hao Wvéi 16n hao nhidt cia cuon day.

r l r
L L
L c R,
L I L
a) h) )

Hinh 1-5. So do thay thé tiong duvng ctia cuon cdm
a) 80 do thay the tuong duong don giin;
b) So dd khi tinh dén 60 hao trong didn g thudn cha cudu day;

¢) So do thay the wong duong ddy da.

1-2.4. Phan tit nguon

Ngudn 1 phin tr bi¢h J6i cac dang nang lugng khic thanh nang luong dién dé cung cap cho
mach. Thi du. ¢dc ngudn pin, ucquy bidn ddi héa ning thimh dicn ning, méy phdt dicn bich ddi co
nang thanh di¢n nang... Trong k¥ thudt thong tin Hen lac, k§ thuat didu khién, Khii micm ngudn
dugc hidu mot céch khai quét hon. Thi du, ¢6 thé xem anten 13 mot ngudn dién (ngudn (in hide), nd
thu nhiin vi bich déi nang luong séng dién tir (hinh nang luong dicn dé cung cap cho mach.

Cac ngudn dién clu cung cilp nang luong cho mach ma khong 1icu hao ning luomg duge goi
12 cde ngudn 1y wdmg.

a) Nguén dién dp

Ngudn dign dp [ ngudn dign Iy trong tuon duy iri mot dién dp khong déi, khong phu thuge
vio dong dién mach ngoai {dong dicén chay qua phu tdi ndi gilra hai cue cbz né).

b) Nguin dong dién

Ngudn dong dién 13 ngudn dién 1y wdng, luon duy trt mot dong dien khong ddi (khép vong
qua hai cye cha agudén) khong phu thudce vao dién 4p mach ngodi.
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Tren s do mach, npudn dién dp duge ky hiéu nhu & hinh i-6a. cOn ngudn dong dign nhu

Ik 1-6h,

e 5\
57 >/
a) 4)

Hlinh -6

a) Nyguon dién qpsby Neudn dong dién

Ciae nguon dién trong thue 1¢ khide ngudn dicn 1v (mg ngodd viée cung cip naag huomg chio
mach. né cing beu hao nang luong ren dien rd rong et nguodn. Ngudn dicn thue vai sde dicn
dong e, dién ke trong r, o& thé thay the twong duong bing ngudn dicn dp vai sie dién dong ¢ mic
o1 1Ep v dién try bang dién rd trong r, cia ngudn, hoie thay the weemp duoig bing ngudn dong

. . s [ c 4 ar Il " L -
dicn ¢d gid tri i = -— mac song song voi dién trd hing r, (xem hiuh 1-7).
Ty

Pr— é\)e

o a .
—_— A
e(® i= eIr0® fy
b b b
(&) {a) ()

Hinh 1-7. Thay thé twong duwong nguon dién thuc (a) bdng ngudn dién dp (b) va ngudn dong dién (c)

¢ ding suy ra ring, ngudn dicn dp vai sie dién dong ¢ nie ndi GEp v dicn 100 1, 6 thé
+ = ~ . ¥ s . c 2z R . -
thay thé eomg duong bang ngudn domg dién ¢b gid (i § = — mic song song vai dién 1y R =1,
T,

) "
hoade nguoce lai, ngudn dong dicn 1 méde song song vai dién trerr, o6 thé thay 1he twong dummg bing

ngudn dién dap eb s@re dien dong ¢ = Lr, mic ndi G¢p v dicn it R = 1, (xem hinh 1-8).

e a a
f i __Fr .
i o
- 5 i= e/":’ f;;
L b | b
- a N E— o
4
rﬂ
‘ o — > erir @D
b b

Hinh 1-8. Thay thé nguon dien dp bang nguin dong dién va nguoe lai
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Tir cde khai ni¢m nguon dien dp, nguon dong dicn, ¢6 the suy ra mét sé k& ludn sau diy:

- Néu pgitta hai di¢m A vid B et mach dicn duoe mac vao nguén dicn dp 6 sde dicn
doug ¢ = 0, diéu do wong duong vdi viee ndi ngin mach gidta bai didm A vl 3 (xem hinh 1-94).

- N&u gifra hai di¢m A vic B cta mach dién duoc mic v npuon dong dién ¢d gid i i = 0,
dicu do weng duong vai viée dé hdmach gifta hai dign A v 13 (xem hinh 1-9b).

- Ngudn dién dp i dién ted trong r, = 0, ¢On dién (1 trong cla ngudn dong dién Ion vo cing

(.= x).

€=y

a)

ixo
(-\\J

o1 I~ ]
o

b)
Hinh 1-9

Cae ngudn dien vita XE & trén (ngudn dicn dp. nguon dong dien) 13 cae ngudn doc lap, gid tr

cha cde ngudn niy hoan toan khong phy thuge vio dicn dp hodce dong dién tai hit k¥ diém nio cha
tgch. Trong sodd mach dién, ngoan cie ngudn doc 1ap con o6 cic ngudn dien ma eid tri caa na lai
phu thude vio dién dp gidta hai diém nio dé cda mach, loac phu thude vio dong dién gua mot
phan 11 nio d6. Cic ngudn dién nhu thé goi 12 cie ngudn phy thude, hay ngudn bi diu khidn. Cie
ngudn phu huoe xudt hién trong cde mach dicn ¢o chaa cie phan i tich cue (don dien (i, ranzistor
Khi ching ta thue Bign thay the ching bang ma Linh (o did) vt 1¥ twong duong. Thi du, s o

val Iy weomg duong caa tranzistor (hink 1-10ag v& trén hinh 1- 101,

CC
5 g Ao
7 : — -LT‘}"‘____T—
b | c ' :
ol % o q@ﬂ Yg
€ i I
| ec '
5 N U SR S

Hinh {-10

wl Tranzistor: b) 55 do vt by tuong ditong cia tranzistor
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Trong sg dé & hinh 1-10b, nguén dong gu',. 14 ngudn phu thude, gid tri cba nd phiv thude
viio dien ap gitta hai diém u',, vl tham 56 didu khién g. Nguon ga', 18 ngudn dong dicn duoe diéu
khién bing dicn ap.

160 tai bén load ngudn bi didu KInén: nguon dién ip duoce Jidu khicn bing dicn 4p; nguda
dien dp duoe dicu Khidn bing dong dién: ngudn domg dién duoe diéu khién bang dién dp v ngudu

dong dien duoc didu khicn hing dong dign.

Trén hinh 1-1T mé 16 cde ngudn phu thude 1aong ng.

. — [P, _

u, u? = ‘

! €, = al, yl,

a)
ZI =g /
— e —— — 5 !
i
u, : =
l{ ! L ___.9'.:{, U= o
C)
Hinh I-11
) Npudn dien ap duge didu khicn bing dién ap; by Nguon dicn dp duge didu klién bing dong didw;

¢ Noodn ding dico duoe didu khidi bang dign dp; - d) Ngudno dong dién duge didu khicn hing dong dicn,

§1-3. MOT SO DINH NGHIA VA PHAN LOAI MACH PIEN
1-3.1. Mot so dinh nghia

Trén so dé mach dién, ngudi ta dua ra mdt s6 dinh nghia sau diy:

I- Nhdnh: Nhinh cda mach dign gém mot, hoae mor s6 phin 1 mée ndi GEp v nhau

Thi du, mach di¢n ¢(hinh 1-12) gom 6 nhdnh (ddnh »& th wrilr | dén 6), trong dé nhdnh 3 chi
pdm mat phin tir Co: nhanh 4 gém 4 phdn tir: dien 1ed R, dico cam 1 dién dung C, vicngudn dién
apey

2. Nz o NG etia mach dién L didm ndi chung coa mdt <6 nhianh.

‘Thi du, mach dién { hinh E-12) gdm 4 ndt duoe ddnh <0 th wide | dén 4

3- Mach vong: Mach vong 13 mot dudng khép kin boi cde nhdnh ctia muach, mid di doc theo
wach vong mdi ndt cda mach gap kidng qud mot k.

Thi du, meach dién (Winh 1-123, mach vong thd nhat gom cice nhdnh 1, 2, 5; mach vony thir

Bai pon cie nhanh 2, 3060 mach vong thd by gdm cdc plidnh 4.5, 60 mach vong Uik e gom wie

nhandt |, 3,4 .
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)

l
5
©

e,

S e N o

-

Hinh 1-12
1-3.2. Phan loai mach dién

Ngudi ta phan loai cic mach dién dya theo tinh chat ¢ac phan tir céa mach, theo cau (ric cla
mach, va theo nhidu dav hicu khic.

1- Mach dién tuyén tinh va khong tuyén tinh

Mach dién duge goi I3 tuyén tinh néu 06 chi pém cic phin 1 ycn tinh. Phin R, L, €
duge goi Ja tuyén tinh, n€u gid trj cba chdng 1d mot hing 6, khong phy thude vio dong dién vi
di¢n dp, cing nhu khong thay d6i theo thoi gian, NEu gid trf cha cae phin R, 1., C phu thude vio
dign dp viv dong dign qua ching (khong thay déi theo thos gian), thi ching duge poi 1 cic phin 1
phi tuyén. N&u gid i ciia cde phin tlr R, [, C phu thude vao this gian: R= Rt 1. = Ly C= (1)
(khong phu thuge vao dién dp va dong dién qua ching) thi chidng dugc goi [ cdc phin 1 tham s6.
Néu gid tri cOa cde phan il R, 1., C vita phy thuge vio dién dp va dong dicn qua ching, vira phy
thude vio thid gian, thi ching duge goi 1a cdc phdn wr phi tuvén tham s6. Mach dién ¢6 chira phin
W phi veyen (tham $6. phi tuyén tham sa) duge goi 13 mach phi uvén (Fham so, phi tuvén theun 509,

2- Mach cé tham 6 tap trung va mach c6 tham i phan bé'

Mach dién dugc goi 1a mach 6 tham s6 tdp treng, néu ¢6 the xem cac gid i dién 0 R, dién
cam 1., dién dung C chi tap trung tai nhitng diém cda mach. Con néu cic gid trj R, 1., € dwie phin
b6 tai moi diém cta mach thi mach dién dé duve goi ta mach ¢6 tham s& phan b, Putmy day dij
truyén tin hi¢u 1& mach dién ¢6 tham s6 phan ba didn hinh.

3- Cdc mang nhiéu cur

Fa gor mach dién (phan mach dign) c6 két cau bat Ky ¢6 n diém (cue) dé ndi vii mach ngodi,
hoac phan kbac cia mach 1A mang nhifu cuye (Mne). Khin = 2 ta ¢6 magng 2 cue (M2C); khin =4
ta ¢6 mang 4 cye (MAC). Tren so d6 mach cic Mic, M4C, M2C dwae bidu thi nhu & hinh 1-13,
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]

b)

flih 1-43

0 Mang nhidu cue; by Mang 4 cues ¢ Mang 2 cge,

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

1-4.1. Dinh lnat Kieckhop 1

T8ng dai s6 cdc dong dién tai mot nat cla mach dién biang khong:
Yig=0 (-1
K=1

Trong bidu thite cha dinh luat Kieckhap 1 (1-11), dong diée ndo ¢6 chiu hudng 16i ndt 88
mang diu duong (+), dong dién nao ¢é chiu rdi khoi nit s€ maung dau am (=), hoae nguoc lai.
Thi du, néu quy dinh chicu dong dién trong cac nhianh coa mach dién (hinh 1-12) nhu oén,
hinh v&, khi dé dinh ludt Kiéckhop | vigt d6i vai nidt 2 <8 ¢6 dang:
=iy — 15=0 (1-12)
Biéu thire cha dinh Tujt Kieckhop 1 cia mol mach dién ¢6 thé viét gon dudi dang ma tran:
Nyl lif=0 (1-13)
trong d6é {1} 13 véeto ma trdn cot, mdi phidn 1 eda nd L dong trong ede nidnd eda mach;
[N i matrin cip n xom (o1 s6 nde, m 1a s0 nhdoh coa mach) va duge got [ ma rdn ngy
day du cia mach. '
Ma trin nit ddy ¢t [N] cla mach dwge thianh 1ap theo quy tdc don gidn: Néu nhdnh k cha
mach 061 vao ndt r, thi trén 6 cit nhau cda dong r cdt X clu ma trin duoc vidl s6 1 khi chidu dong
dién trong nhdanh k hudng vio nidt r, hodc sd {(—1) khi dong dicén trong nhinh k <6 chidu dt Khoi na
r. Con néu nhanh k khong dugc ndi vao oot r, thi trén 6 cal nhau cia dong r. ot k cha ma tran duoe

Vit 80 0. Thi du, ma trin ndt day da N, | cta mach dién (hinh {-12) ¢6 cau trie:
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nhanh
1 i 3 4 5 5
nut
1 -1 -1 -1 0 9] 0]
[Ng] = 2 1 8] 0 -1 -1 0
3 0 1 0 0 1 -1
4 : G 0 1 1 ¢ 1

3¢ dang nhdn thay ring. 16ng cdc phin 10 rong mdr ¢ot ca ma tran ndt diy da [N cla
mach di¢n bang khoug Thie vity, vi mdi nhdnb cia neh dién duoe noi vio hai ndi. nen rony ndj
eOt coa ma i NG| chi ¢6 hai phén i kKhde khong. Mat Khide, néu doi véi ot nit, dong Jdivn co
chiéu hudng 16t ndt, i d6i vai mit cou Tai, dong dicn s& ¢6 chidu rii kKhoi nat, nghia I3 hat phin wr
khide khong trong mdi cof clia ma i ndt ddy da |N,] cha mach dién 1a d6i nhau, V& it toan hoc,
didu ndy ¢ nghia 13, aéu mach dién gdm n b, i he phuong trinh gém n phuong trinh viét theo
dinle lude Kieckhop | cho nondt i mach 1ophy thuoe tuyEn tinh, N& trong ma tran not diy du
[N e miach. @oloai o di 1 hang bat k¥ i s nhan duge ma e ¢ap (0 - 1) < m. kv e 1 [N,
Ma trin [IN] duge goi B ma iiin ndt rit gon hay don gidn 1 ma trie ot coa mach. Khi niy he

phiuong rind:
N{li] =0 (I-14)
s¢ Liche doc Hp tuyén inh,

Viy, mach di¢n gom nondt ¢hi ¢6 thé thanh Eip duge hé phuong trinh gom o - | phuong trinh

viet theo dinh fudt Kicekhop | cho n - 1 ndr cba mach 1 Joc ap wyén .
1-4.2. Dinh luat Kiéckhop 2

Tong dai 50 cic dign dp rai rén cde phén W ndm trong cie nhdnh thuoe mach vomg bang

10ng dai 8¢ Gie nguon dién dp tic dong chaa rong much vong do:

PP (1-13)
Z 7

Trong bicu thie cha dinh fugt Kicekhop 2 (1-13). u. 13 dien dp rai tren phin tr il k thuje

mach vong, e 1npudn dicn dp thie L thude mach vimg.

DX vidl bicu thie dinh ludt Kicckhop 2 clia mach dicn,nguci ta wr ¥ quy dinh chicu mach
vong, diéndp va sde dign dong nao ¢d chicu tring vdéi chidu mach vong mang diu duong (+), dién
dp vivsge dicn dong ndo e6 chicu nguoe v chidu mach vong mang diu am (), hodc nguoc lai.
‘Fhi du, kbt chon chiGu mach vdng /el mach dién (hinh 1-12) nh rén hinh v&. bidu thde coa dinh

luat KicckTiop 2 (vict cho migeh vomg /358 ¢f dang:

Ug: + Uis — U, — Uy, =0 -0 {1-16)

i
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D¢ xdc dinh heé phuong irinh viét theo dinh lui Kicckhop 2 cho mot mach dién 1a doc tap
tuyn tinh, trude hét i xé khdi niém "graph” v "cay" ciia mach dién. Néu trong s dé mach dien
la il nguyén cic ndt cia mach, ¢om cic nhdanh chi thay bang duimg ndi gilta cic ndt (hod qua cic

phan t). thi ching 14 s€ nhdn duoe mo hinh goi 1a "graph” coa mach. ‘Thi du graph ciia mach Jdicn
(hinh [-12) «&arén hinh 1-14

g 2
5 & 2 5 % '—513 +
J iz z f_/
é €]
! / p
H

-a’ b) ¢

Hinh 1-14 flinh I-15

Néu troug graph cba mach, 1a thue hién ngat bod di mot s6 nhdnh sao cho trong graph khooy
com Mot mach vong ndo, nhung cde ndt cha graph vin duge lign he voi nhau qua cde nhanl cou lar,
Phin con lai cha graph sau kb agdt bo di mot s nhdnh nhu iren goi Lt "cay” cla mach, con cic
nhdnh bi ngat bd khoi graph poi 1 cdc nhanh "bi ciy". Thi du mot s8 cay cha graph (hinh 1- [4) v@
rén hinh 1-15. Cay (hinh 1-15a) g6m cde nhdnh 2,5,6, ¢dn nhanh bl cay tuong tmg ¢ém cic nhdnh
1, 3, 4 cay (hish {-15b) gdm cdc nhdnh 2, 5, 4, nhdnk bd cay tuong Gng g8m cdce nhdnh 1, 3, 6;
cay (nh 1-13¢) gom cie nhanh 2, 5, 3, nhdnh bl cdy wong dng gdm cdc nhanh 1, 4. 6. D& ding
nhan thay rang, mach gém m nhanh, n ndt, s6 nhdnh bl cay & i

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

NEéu cr thém mot nhdnh bt cady vio ciy, trong nd s& hinh thanh mot mach vong, Vi hé
phuong trinh vidt theo dinh lndt Kicckhop 2 cho cde mach vong vira duoge tao ra bai cde nhanh bi
¢y s¢ la he phuong 1rinh doc lap tyén tinh (v cde dién dp roi trén cde phan Wr vi cde ngudn tic
dong nam trong nhianh bl ciy ¢hi ¢6 mat trong mot phudng trinh twong dny coa lig).

Vay v mach dicn gom m nhdnh, o ndt chidng 1o s8 thinh lap duge hé phuong triinh gdm
ae (1 1) phuong trinh theo dinh luat Kicckhop 2 13 doe lap wayén tinh.

Nguon (o cing goi ciae mach vong trong (ug vai cie phuong teinh trong hé phuong irinh doc
[4p wyén tinh viét theo dinhy ludt Kigckhop 2 1 ciac mach vong doc lap. Hay nd6i cich khic, he
mach vong duse poi b doc lip, néu mbi mach vong ¢d modt nhanh khong than gla vao midt mach
ving ndo khice, .

Néu chon chiéu diéa dp roi trén phin W nguoe vét chidu dong dicn sink ra nd, bidu thire v
dinh Tudt Kicckhop 2 s& ¢ dang gidng bicu thie cta dinh luat Kicekhop | (1-11):

T LIMACHTAPY Z U, =0 (1-18)
k
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nghia 13 1ong dai s6 cdc dién dp trén mot mach vong bang khong, trong dé dién dp trén mach vong
bao gom ci dien dp roi trén cdc phan tir va dién dp chia cdc ngudn tic dong.
Bicu dién dién dp roi trén mach vong qua dién dp roi trén cic nhdnh thuoc mach vong, va

dien ap roi trén nhanh k:

R i, +1 di, | ] [i dt (1-19)
u, =Kk 1, +L, —+— 1, dl=v 1, -
k k' k k dt CL; k k'k
trong do:
. d l
7, =R, +L, —+—[di (1-20)
1 Cy

ot la todn tr hinh thic, hay todn tr nhdanh. Khi d6 bicu thie cta dinh luat Kiéckhop 2 s& duoc viét
duoi dang:

D %, =D e, (1-21)
k

k

no bicu dién mai lién hé true Gép gitta dong dién trong cac nhdnh, todn tir nhanh va cc nguén dién

ap trong cdc nhanh thuée mach vong.

He phuong trinh doc 1ap viét theo dinh luat Kieckhop 2 cha mach dién ciing ¢6 thé viét dudi
dang ma trin sau:

M} [i] = [e] (1-22)
trong dé:

[1] la vécto ma tran cOt, moi phan tir cia n6 la dong dién trong cdc nhanh thuoc mach vong.

le] la vecto ma trdn cot, moi phan wr ciia né 12 1ong dai s6 cdc nguén dién dp tic dong nam
trong cac nhanh thuoc mach vong tuong ung.

[M] la ma trén todn 1 nhdnh, 1a ma tran cap M x m (M la s6 mach vong doc lap, m la s6
nhanh cba mach).

Ma trdn todn (o nhdnh [M] ctia mach duge thanh lap theo quy tic don gian sau: Néu nhédnh k
cua mach thuoe mach vong thit 1, thi trén 6 cat nhau ca dong 1 ¢ot k ctia ma tran sé duoc viét toan
o cua nhanh k la 2, vai dau duong (+) khi chiéu dong dién trong nhdnh k trung véi chiéu mach
vong da chon, hoac vi€t todn wr nhanh k la ¢, véi ddu am (-) khi chiéu dong di¢n trong nhanh k
nguoe vai chiéu mach vong da chon. Con néu nhdnh k khong thudc mach vong 1, thi trén 6 cit
nhau coa dong 1 ¢ot k cta ma tran duoc viét s6 0.

Thi du, néu chon cdc mach vong doc lap, chiéu mach vong va chiéu dong dién trong cic
nhanh cua mach dién hinh 1-12 nhu trén hinh v&, ma trin t0dn t& nhdanh [M] cGa mach s& ¢6 két .

cau .\;_l_LlI
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Nhanh
1 2 3 4 5 +]
Mach vong
[M] = 1 4 iy 0 0 Fg 0
2 Q £z R 0 0] g
3 0 Q 0 g —i#s —Fg
vl e phuong trinh doce Lap theo dinh tuat Kiéckhop 2 <€ ¢6 dang:
v % 0 0 2 0 4 e g
s
0 4, & 0 0 # b = e _¢
. 277
N
0 0 0 ¢, Z, & s ¢4
Il(?

Cac dinh luat Kieckhop 1 va Kiéckhop 2 1d ¢de dinh luat duge tim ra trén co so thuc
nehient. Tuy nhién tinh ding din clia nd ¢6 e duge gidi thich rén co so cha 1y thuyél dien truimy

Vit truome. Dudi day ching a xét mot 6 thi du v& dng dung cia cae dinh luat Kieckhop.

Thi du 1: Xétn phin (i cing loai mac song song (hinh 1-16).

Hink 1-16
BoL vai cde mach dién & hinh 1-16, theo dinh ludt Kieckhop 1, chung ta cé:
b=+ 1+ .+, (1-23)
Dong dién qua phan 1 dién trd ( hinh 1-16a):

Lou
"R,

dong dién qua phan tir dién ¢dm (hinh 1-16b):

i, = —]—[let

k

com dong dign qua phan o dién dung (hinh t-16¢):
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du
‘ot

i, =C

Thay cac dong dign i, tuong dng vao biéu thi (| -23) i du d6i véi much dien & hinh [-164.

ta € nhan duoc:

/ \
u u u 1 1 I 1 u
i1=—4 oty — oy e
R, R, R, (R R R )' R
LS| 2 n 14
. l ] 1 ! o] .
o day: — Tt ——t =Y t1-23a)
Ry R, Rk, R, ek,

Vay a dién triy mie song somg 6 thé thay 1h¢ bang mot dicn iy wong duong R, . Gid tr
clu dign trd twomg duong duge xdce dinh béi bicu thie (1-23a), nglia 1a nghich ddo cha dién tro
wong duong bang t6ng cic nghich ddo clia cde dien tréy thanh phan.

Chimg minh twong wta cé:

- 1 dién cdm mac song song ¢6 thé thay thé bing mot dien cam wong duong |, 2id (rj cla
di¢n cam twong duong 1, dude xac dinh bdi bidu thie (1-23h):
11 I

]
— T —F — 4 = R (I—EB])}
Ltd {"1 L3 Ln ELL

- n dién dung mic song song, c6 thé thay the bang mot di¢n dung wong duomg C,, pid trj cia
di¢n dung wong duong C,, duoe xdc dinh b bicu thite (1-23¢)-

Cy=C +C.+.+C =>C (1-23¢)
ko

Thidu 2: Xét n phan tr ciing Joai mac ndi tép (hinh 1-17).

L | i Y DU, e
“- N L - >—f ]} .-

R, R, 1 2 C, C, l

1] u, l Rn u un l Ln u Lln l -]'Cn
a) b) <)
flinh 1-17
P)oi vai mach dién & hinh 1-17, theo dinh luat Kigéckhop 2 1a ¢
U=u +u,+...+uy, (1-24

Bién dp 1rén phan 1 dign tré (hinh 1-17a):

u, =R,i;
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tich dp ren phin we dicn cam (hinh 1-17b):

i
u, =1L, =
dt
com dién dp trén phan t dién dung (hinh 1-17c):
| S
u, = ‘(?—jldl

k
Thay cdce dién 4p u, twong g vio bicu thdc (1-24), thi du d6i véi mach di¢n & hinh 1-17a,
ta 8¢ nhin dugy:

U=Rii+Ryi+.. +Ri=(R +R+..+ R y=R,i,

trong dé: Ry=R,+R,+. . +R = ZRk {(1-23a)
k1

Viy, 1 dién trd mac noi 1iép ¢6 thé thay thé bang mot dién trd tuong duong R, gid tri cha
dién trér wong duong R, duge xdc dinh bang tdng cdc dien trd thanh phin (bidu e 1-23a).

Ching minh tuomg 1 ta b
- n dign cdm mac ndi HEp ¢6 he thay the bang mot dien cim wong duong 1., gid tri cla
di¢n cam tuong duong duge xac dinh bii biéu thike ( 1-25b):

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

- 0 dién dung méc ndi 1i€p ¢6 thé thay the bing mot dién dung tuong duong C,, gid tri cha
dién dung twong duong C,, duge xae dinh béi bidu thite (8-25¢):

]

_:L+L+H_‘L:Zf (1-25¢)
Cld C; Cg C|| i:—l("k

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

Trong k¥ thuat dién wr, ching ta thudmp pap hat dang bdi todn 1Y thuyé mach co bin: bai
todn phan tich vi bai oan tdng hop.

N&1 dung ctu bai 1odn phan tich mach ¥ cho trede mach dién (so dé mach dién), cho trudc
gid trt cdc phan i cda mach, cling nhu gid tr] va quy luat bidn thién ciia cdc ngudn dién ¢ trong
mach, ma ching 1a s& goi chung 13 cdc ngudn 1dc dong, hode ngudn tin hiéu vio, yéu clu xic dinh
dong dién, hoac di¢n dp trén cdc phin 1 hode tren mot b phian ndo d¢6 cha mach, ma ching ta s&
goi chung 13 phdn tmg cla mach, hay tin hiéu d4u ra cla mach. RS fng 1 quan he gilta tdc dong
va phan img wong mach I3 quan hé rhin qua, vi do J6 phdn tng trong mach dien khong thé xuit

hién trude tie dong.
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Noi dung co bian ctia bai todn téng hgp mach, 12 ddi hoi xay dung mot mach dién sao cho
phin tmg cua mach, hay tin hicu trén déu ra ca mach thda man mol yéu ciu cho trude khi ngudn
e dong vao mach cho trude, Yéu cau cho trude o day thudng duge cho dudi dang mot hidu thi
todn hoe dang tudmg minh, hoac dang 10dn 6. Hay noi ¢dch khac, noi dung cda bdi todn 1éug hop la
Xdy dung mot mach di¢n ¢6 mot, hode mot s6 dac trung (tham s6) bién thién theo mot quy fual cho
trude. Khac v6i bai todn phan tich 13 bai todn don tri, bai todn 10ng hop bao gior cling [i bii todn da
trl, nén bai todn tdng hop ngodi yéu ciu chung 1a thoa man diéu kién dat ra, ¢on phii duve 18 vu
houa theo mot tiéu chudn nao dé.

Can pliin bi¢t bai todn 10ng hop mach v bai odn thiét k& mach. Bii todn thiét k¢ mach cong
dot hoi xay dumg mot mach dién, song mach dién xily dung & day chi doi héi thue hién mot chice

nang cu thé trong mot thiél bi cu thé doi v6i ngudn tic dong cho trudc.
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CHUONG 2

PHUONG TRINH TRANG THAT CUA MACH BIEN

Ta poi phuong trink hay he phuong (rinh xdc 1ap quan he gitta phin tng vic e dong roniy
mach dicn, gidi phuong tfinh, he phuong trinh 36 s e dinh duce phan Gug trong ek odone
dien qua cac nhdnh. dién dp trén cde phan 1 1a phuong trinle lay hé phuong trinhe trang it cua
mach. Ty (hude vio vice chon Mén trang thit, tws& nban dude cde phueng rinh hay e phwony

tinh trang thdi khic nhau cla mach dien.

§2-1. PHUONG TRINH DONG PIEN NHANH

NEu ta chon bidn trang (hii (in sé cda phuong trinl) 1 dong dicn trong cie nhdndr s meeh
dien, ta s nhin duge phuong trinh hay ¢ phuong trinh trang thar cua mach duon dang dony dico
nhdnh, hay poi Gt 1 phuong inh hay hé phucng trinh dong dién nhdnl. Phucng frinh iy e
phuong trink dong dién nhanh duge thanh Jap rén oo s ke hop he phuony trink doc lap e
tint vidt theo dinh tuat Kieckhop 1Lbicu thae (1-14) vio he phuong tiinbe doc g ruyen tinb vice e

dinh tudt Kicckhop 2, bidu thize (1-21) cia mach. No co Jang:

[N]I] =0
(m]l] L] |

D& dimg thay rang he phuong trinh (2-1) gém w phuong trind (e 1 so nhdanh caa e v

L

14 e phuong trink doc 1ap tuyéa tindy

Thi du, di v mach dien & hinh (2-1), chon chidu domg dign trong cic nliih cac e

vong doc Tap v chidu cae mach vong nhu sk o8t o8 hidt Tp duge he phuoie 1ring [ e
nhanh cow mach.
o — " ] &
L C e.
R, 3 3 3 3 i
—{ Y Yo ' {————=—*
Al j i Cs e i
! R L. 5 4 & ]_ :
— fad
l ]R1 R, i R,
L, ) LTJ
1 .
L, i
|
I
@., c, @
|
i

Ihinh 2-f
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=i, -1s=0
i_|+ii“—if):[]

L+i,+i,=0

. : di : di b
di +Rsi; Jr[__,_.;qd-ll—lh,i4 -1, d: ——le,,dl =0, —e,,
1 di 1
Rty ———fi dt=R,i, -1, ~% -2 [} dt= e, —¢,, (2-2
e C{‘J’ . a ST ", I, 2 : 4
di | I di
Roiy + Ly —2 +——fhdt - —Jigdi - Ryi, ~ L, % =
LR i di (:i.[ § C(‘J 6 3 b di H
Hay dudi dang viet gon:
iy —iy, iy =0,
Iy Fig =i, =0,
Al sl ol =e —e (2-3)

Hay =g — i, =0, ey,

Il = el — 9515 = ¢y

Phuong phap phan tich mach dién biing cdch thanh 1ap va giai h¢ phuong rinh dong dien
nhiink goi tit 1a phuong phép dong dien nhént. Phuong phip dong dién nhanh phan tich mach con
g0t 1a phueng phap cic dinh luat Kigckhop.

He phuong trinh ddng dien nhdnh 6 «8 phuemg trinh bing s6 nhink m cla mach. Do d6 d6i
ot mach dicn phige tap (¢6 6 nhanh m lén) viec gidi phuong tinh dong dien nhdnh $8 i phitc

tap. nen trong thue (€ phuong phdp nay it duge tng dung.
§2-2. PHUONG TRINH DONG PIEN MACH VONG

Trong graph clia mach, cic nhanh bi cly chi tham gia vio mot mach vong, vi 1a nhanh doc
lip cda mack vong, con cde nhdnh cay 1 nhaah chung cda cic mach vonyp. C6 thé bidu dién dong
dién trong cdc nhdnh chung qua ddng dién cha cic nhanh doc lap cha mdi mach vdng,

‘Thi du, d6i véi mach dién & hinh 2-1. néu chon cdc mach vong nha trén hink v&, cdc nhénh
1,2, 3 & ta cdc nhdnh doc Wp clia méi mach vong, va cde dong ditn iy, iy, i, s& 1 déng dién ciia
cie nhduth doc 13p cla mbi mach vong 1eong tmg, con cde dong dien iy, iy, i, W dong dien trong

nhanh chung ciu cdc mach vong,

Theo dinh lust Kieéckhop 1, ta ¢6:
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\

=i, —i,y |
io= (i i) ‘ (2-4)
iy =y~ ==, +i])}

nghia la dong dién trong cdc nhdanh chung iy, is, i, dd duge biéu dién qua dong dién cla cic nhanh

doc lap i, iy, i. cta mdi mach vong.

Trong mach dién & hinh 2-1, chon cic mach vong doc 1ap va chiéu cic mach vong nhu hinh
V&, ta thi¢t lap duoc hé phuong trinh doc 1ap tuyén tinh theo dinh luat Kiéckhop 2:

F Ll Tl T, =6 Ly,
i =l = s — (2-3)

i " — .fl _'.!I -—
Hly Tl — sl = 6y

Trong h¢ phuong trinh (2-5) vira thi¢t lap, thue hién thay cic dong dién trong cdc nhdnh
chung (iy, is, i5) biang dong dién trong c¢ic nhdnh doc 1ap (i, iy, i), tir biéu thie (2-4) va sau khi
bién doi ta s& nhin duoc:

E_(.w"!il + el 0 =y 0, = e - ey,

Poly + #0220, + Ziy + 20 =€, -8, (2-6)

J
T
| i g ; : i
'Lur Iy + 70, + % 1 + %1, — %1, =€,
Vi rang todn to nhanh #, véi dong dién 1a dién dp roi trén nhdnh k do dong dién qua nhdnh
£ k g dic : g dign g
gay nén, do dé tir h¢ phuong trinh (2-6), mot cach hinh thite ¢6 thé xem dong dién trong cdc nhanh
doc 1ap cia mdi mach vong chi chay khép kin vong trong mach vong cha nd, v ta s& goi 1a cic
dong dién mach vong, ky hicu 1a iy, iy, iy,
Heé phuong trinh (2-6), ¢6 thé viét lai dudi dang:
(B + %5+ 2,) i) + 24, — 25y = €,— ¢y,
P+ (2, 2o+ 7)) i+ #oiy=¢, € (2-7)
- .5"95 i; + W,'Ill.” + {_'J’"; + W+ + rff,) i.u[ =¢y

hay:

dply F Ay T Hylyg =€,
- e . 9
Lyl + Pyl + Pyl = €99, (2-8)

= Iy T Pl T Pzl =y

trong do:

<
Il
<
+
=
»
+
<
4

b

|
i
e
"

i
+
R

<
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[310ng cic todn 1 cba cdc nhanh thuoe cic mach vong tuwong tng;

¥, =%, =%, latodn tor nhianh chung cia mach vong thit nhat va thit hai;
# .= = v, latoan wr nhanh chung cia mach vong tha nhiat va thi ba;

¥ 3=, =, la10dn wr nhanh chung cta mach vong thir hai va thit ba.

€11 =€ — €y € =€) — €} € = e 12 10ng dai s6 cic ngudn dién dp tdc dung chtra trong

cac nhanh thuoe mach vong tuong tng.

Viring cic dong dién mach vong chay khép kin vong trong ciac mach vong twong tng, nén
dien dp roi trén cde phin tr cda méi mach vong bao gdm: Dicn dp roi trén 141 ¢i cic phin tr thuoe
mach vong do dong dién mach vong cta chinh mach vong dé gay ra; va dién dp roi rén cdce phin

w cta nhdnh chung do dong dién mach vong ctia mach vong ¢6 cung nhanh chung gay ra.

Thi du, trong hé¢ phuong trinh dong dién mach vong (2-8) clhia mach dién & hinh (2-1), d6i
voi mach vong thd nhét (phuong trinh ddu cta h¢), cic thanh phin i, = #i, + 2., + #,40; 12
cdc thanh phan dién dp roi do dong dién mach vong ctia mach vong thi nhat i, gay ra; thanh phan
# 0y = # 4y 1 thanh phan dién dp roi do dong dién mach vong cua mach vong thir hai i, gay ra trén
phan 1 cia nhdnh chung gita mach vong thit nhat va tha hai; thinh phan # iy = #5,;.12 thanh
phin di¢n dp roi do dong dién mach vong clia mach vong thi ba gy ra trén phan (& cta nhdanh
chung gitta mach vong thd nhét va tha ba. Ion nita, thanh phan dién dp roi 2,i, mang diu duong
(+), vi rang dong dién cha hai mach vong iy, iy chay qua nhanh chung la cung chiéu, con thanh
phéan di¢n dp roi #siy; mang dau am () vi dong dién ctia hai mach vong iy, iy chay qua nhanh

chung 1a nguoc chiu.
Tuong ty, d6i v6i mach dién ¢6 M mach vong doc lap, hé phuong trinh dong dién mach
vong s€ ¢o dang:

Iy FF gy =6

Foily + Pyl 4ot Pyl = €5
2111 2 MM 22 (2-9)

Bl + Kyl + o+ Syyly =€y
hay dudi dang ma trin:
My V] = (B (2-9a)
trong do: [Iy] 1a vécto ma trian ¢ot, méi phan wr cta ﬁ(’) la ;éc dong dién mach vong twong tng:
vl =11 iy ... iM]T>

[Ev] 12 vécto ma tran cot, moi phan tir cia né 1a tdng dai s6 cdc ngudn dieén ap tdc dong chia trong

cdc nhanh thudc mach vong twong tng:
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] =Fey ean o e
¢day ky licu chie ' bidu thi ma trgn chuyén vi.

[M] 1A ma trdan todn Wvong:

[M\]:;_ S R

Ma trin todn 1 [M ] ¢ (2-10) 13 ma trdn yvuong ¢ip M x M. P61 vdi cae mach dién tuyén
1inh thuin nghich, ma trdn dn (W vong |M ] déi xitng qua dudmg chéo chinh. Cac phin (i nam
tren dudmyg chéo chinh s 18 tong ¢dv todn 1r nhanh coa cie uhdnb thude mach vong i ki
phan 1 nam 1rén duomng chéo chinh tuon mang dau duong (+). Cie phin (0 nam ngoid duimg chéo
chinh #, .., = . it Wdn 10 nhanh chungj caa wach vong thir k va mach vong tha r. Phan wr o,
nang dau duong (+) khi dong dién mach vong ¢ha cde mach vong tha k vd thif r chay qua nliinh
chung I cung chiéu. Nguge lai, néu dong dign mach vong clia cie mach vong thir k va tha r chay
quit nhanh chung 13 nguge chidu thi phin oy mang didu am (=), Neu gitta mach vong g va mach

vong r khong ¢é nhdanh chung (hi phinwr v =2, = 0.

3¢ diang nhan thay rang, todn tr vong:

d 1
Hp = R e I‘kk a + C
kb

fdt,

trong do:
Ry, Ia 18ug cde dica trd ndm trong cic nhdnh thude mach vong thir k;
Ly 30 ng cae dien cim niam trong cac nhdnh thude mach vong thir ke

I téng cde nghich ddo cla cic dicn dung nam trong cie nhidnh thude mach vong thit k.

—~

kk

Gidi hé phuong trinh (2-9) hodc (2-9a), ta 58 xde dinh duge cae dong dign mach vong, ong
dién trong cée nhinh cha mach duoe xde dinh theo quy tie don gidn: Dong trong ¢de nhdnh doc
fap cia mdi nweh vong hing dong dicn mach vong (wong tng ci vE chidu v sa; con dong trong
cde nhanh chung cia cie mach vong hing iy dai 8¢ cice dong dicn mach vong qua nhinh chung
do. Thi du, gidi he phuong trinh dong dicn mach vong (2-8), € xdc dinh Juge cie dong dign
mach vong iy, iy, iy cOa mach di¢én & hinh (2-1) T diy xdc dinh duge dong dién qua cde nhinh

cua mach:
=g, =i =g

4
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Pluong phap phan tich mach dign bing cich thic Hip viv giai W phuong trfinh dong dién

mach voug goi til 1a phuong phap dong dien macls vong.

Kbi phan tich mach dién hang phuong pldp dong dién mach vong ddi vai cde mach dicn oo
ngudn dong dién e dong, ta phai chon cic mieh vong doc 1ap sao cho cie nhdnh chidy ngudno
dong phii 12 nhinh doc lap coa cic mach vong, viv khi d6 56 phuong (rinh trong hie plivony thnh
dong dien nuch vong cda mach s& gidm di dung bing s6 ngudn dong tic dang vio mach, vi rang

cae dong dign chu cic mach vong chita ngudn dong dang bang ngudn dong di bid,

[ )
SR L | A=
R, 2 C, 1 ?
— Y Y[ Y Y 4
L, R, Ls
R, Rg
A
IAA
'1\ I
. ®,

Hinh 2.2
Thi du, el dien & hinh 2-2 ¢6 ngudn dong i, tic dong, nfu ¢chon cde mach vong doc lap
va chidu cde doung dién mach vong nhe teén hinh Ve, 1hi dong dics cla mach vong thir baiy, = 1, di

bict, do d6 hi¢ phuong (rinh dong dién mach ving cda mach sé o dang:

N

{(?] L S e S R TR TR CAR g T C-e

ey H YOI H e v+l - by = Ca,

L

hay:
rfuil BRI U AP T
) , , (2-11)
T T Ay =0+ A,
trong dé: DT T SO 7

.9"22 = .5;'.9-2 +.5£¢4 + 9.05
VN NS N

PE (hudn tién cho viée thidt ap he phuone Irinh dong dign mach vong cila cde mach dicn o6
: : : : - g : : 2 : :

chir npudn domg, khi thye hién phan tick mach bing mdy tih, ta ¢6 the hidh d6i wong duony
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el ¢o chaa nguon dong v¢ mach khiong chiza nguon doung theo quy tic sau: Sau khi chon cie
miach vong doc tp va chifu cae dong dien mach nhu dad néu a (rén, e hikdn thém vao cace nhdnh
cda mach vong co chia ngudn dong mot ngudn dién dp b ste dicn dong bang todn 1 nhanh vii
nguon dong, va o6 ciudu npuoe vai chicu dong mach vong, sau do cho ngudn dong bing khong

(héy mach ngudn dong)y.

Ihidu, mach dien o hinh 2-2 ¢6 e bicn doi vé mach twong dgong nhw < hinh 2-3.

—{__ +—"Y" " X &
1 i
R, L, C, I €,
3, &
R, Ly L \-{5iu
Lai
R,
Ry
I
®, .
Hinh 2.3

BIO1 vai nuaelt O hinh (2-3). teo hé phuong trinh dong dien nach vong:

i—.-x IR A Gy 4 v [, . e, — ¢y =gl vy 2-12)

| - Gy ) R R I L A
RO cdng rang, hé phuong trinh (2- 123 tring vdi bé phuong teinh (2-11).

§2-3. PHUONG TRINH PIEN THE PIEM NUT
XNE nhdnd ab bat kv eta mach dicn & hinly 2-3
i R L c e
>;>_.{ — Y Y L} 4N\ <
3 \Z/ b
Yoo Hinh 2-4
Theo digh tadn Kicekhop 2 aad:
di 1
Ri+ L — +—Iidt =te (2-13)
dt C

‘Frong biu thic uén, ngudn dicn dp ¢ My dau duong (+) ndu chidu cba ngudn rang v
chicu dong dicn i, nguoe lai udu chidu coa ngudn dién nguoc vai chidu dong dién, né & 1y diu

A (-1, BBice thie (2-13) ¢68 the vidt dudi dong:
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trong do s Ta todn ta nhanh.

NCU Wodn e nhdnln » d@ hict, it dong dien qua nlidnh a, b doce xdae dinh bos hicu i

= (u, z )y f2-15)
tromg Jé 7 = — Fnghich ddo cda twdn tr nhdank, M khdce dicn dp gita had dicm a va b u,)
-
hing hicu dién the gitm hai diénn a v bu, = @, - @), nén bidu e (2-15) ¢6 e vidt L dud
dung:
F= (g, -, ey (2-16}

Bicu thire 2-16) chimg 10 rang dong dien qua mot nhanh hodn oan dude xae dinh néu bid
dien the Tai nat ke nhinh dé. Didu dé cing o6 nglie 1 o6 the wie dinh dong dien qua cae nhanh

cla mawh thong qua vice xdc dinh dicn e cae nidt cua mach.

Phuong trinh (hé phuong trinhy (hict Gp wdi quan he gitta cie ngudn tde dong vio mach va
dien the cav nat caa mach duge goi iy phuong 1rinh (g phuong (fnly dién the diém nat Cang i
bicu thie (2-16) ta thdy dong dién qua mot nhanh ¢hi phu thuoe vio hicu dien the gida hai nir k&
nhanh dd. ma khong phu thuge vao gid tri uyét Jdai con dien thd ndt Do dd rong phuong trinh

dien the dicn ndt, @ xdc dinly dién e cde ndt con lai cta mach so vSE dicn (e ol ndl mi

Hi
chon [am ndr edes hoae wdt chudin v de don gin tad wdn 1a chon dicn the nit eov hang Khong.

NCUtach dhign & hinh 2-3.

r R, L s ~ €,

]
o)

Y,

| 2
| .
L J
A, L i ANy Re L 's A,
Iy " J"
L4
@ ®.
0

C,

gy

flinh 2-5
Viel he phuong trinh doc Kip oy tinh thee dinh luft Kieckhop s vai edendt 1,20 3 @

nluin duoe:

=0 {3*!?)
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(i sir cde todn tor nhanh » cda mach Ja bict chon nat O i ndt pée vie cho dién (he ndt
ude q, = 0 theo bidu thie (2-16), 1a bicu dién dong dien trong cic nhdnd iy, .. i, qua dién thé
cac nat 1, 203 cioa mach:
o=(e - !
bo=de apy o

1.=1{p ipot e /':i

.=, - Py oz
- N |
L=, — i) #
Lo=Gp g s (2-1%)

Trong hé phuong winh (2-17), thue hign thay ¢de dong dién wr céc bicu thie (2-183 vi suu
khi bicn doi e s€ nhan due:

I

H L L ! s s
anl(.-;] SR P ) Pory Tt

1 ! . el PR | L)
R A R R D I A (2-19)

3

o 1 b I RV B I O T
AP Ty apy g R )= H R E

hay:
- Ll ] YL R 1
Dy Ay AP A Py SR TRy
I ol s ]

17Dy Py T TR
. i ! i 1 I
TPy P4, 2 Q0 =00 TU 8

AT ERE i L] o . \
l ‘ (2-209

trong Jo:

A T e

I I I
? Y
N ’

L tdng nghich ddo cla odn tr eda cie nhdnh ndi véi nae 1, 2, 3 (wong ing,

L L]
Al =

7" 1 nghich ddo wodn tr coa nhidnh ndi gita ndt [ vandt 2,

s b= e C a0 [aghich dido todn 1 el nhdnh ndi gidonat 1 va nat 3

= s e 1 nghich dao todn G coa nhidnh ndi pila nGe 2 va nge 3.

V& phii coa hé phuong tfinh (2-20) [ (6ng dai 86 cde ngudn dong dang 1ri néi vGi cae ot

e wong tng. Thit vay, ndu phdn wr the dong ca ahdnl ehi T dien g Rotht dus nbanly 1. nhinh 2
cin miach dign & hint 2- 4 thi wdn W nhianh v, = K., » = R,. vd khi dd, thauh phin e /R, ¢ /R,
chinh 3 cic ngudn dong ddng (5 khi thue hign bién doi wong duong ngudn dién dp mdc nalliep

vai dien ey thanh ngudn dong dién mide song song vai dien wa {xem hink 2-6).
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h\
l“‘“
: h]
' :
]
R ]
€, 2
= SO
R A
t 1 |"R
: S
' . el
:':' Hinh 2-6

Tuong 1, o6 thé ching minh duoc ring. nhanh gém ngudn dicn dp ¢ mic noi HED vén todn
1w nbkinth Ja bict ¢6 the bicn d6i wong duang thiwth ngudn dong ditng 1ri ¢4 i s6 ngudn dong i =

e mide song song vt nhdnh o 1odn (v o+ (xem hinh 2-7y

A A
I ¥
i=ze.7 R)

e
B B

flinh 2-7
Bing cich chimyg minh tuong o e the suy ra raog, voi mach digu gdm n udt v cde todn wr
thdnh ca mach & bidt, sau kKhi chon miof nit Kun 5t gde vi cho dién thE ndt goc biang khong, 1
& 1hict 1ap duce he phuong trinh dién the didm ndt caa nach nhu sau:
{ a I .
PPy TP Tt Ay =y

J‘Pl ”’:1] + P ""::! Tty /_L =1,

(2-21)
| ol
PFng TPyt Pyt T
trong Jo N = ne- 1,
hay duai dang ma wrdn:
1]l = 1] (2-22)

Trong (2-22), [ 1 véete ma irn ¢ot, moi plin W cta na B dicn the cac ndt cdaomach (so
vai nae gacy; [T vécio ma trin cot, md phin (i ca no 1 tdng dai 8@ cde ngudn dong dang i

na1 vio nll g g,



AT A
i o ol
[ |]_ fy Ao #ay
‘l" =
Lo o
N A TN

né 13 ma trin vuong déi xang qua dutmyg chide chinh (di véi mach dién chi pom cic phan ur thuan
ugluchy.
e i o b - by - - I T . - . P u - -
(Ziac phan 1 nam trén dudmg chéo chinh w13 10ng nghich dao cic todn wrcua ¢dc nhinh
néi v ol k; cae phan te nam trén dudmp chéo chinh ludn mang div duong (+). Cic phin 17 nam
. . . ; ] P - i - o . - At e - -
ngoidi dudmg chéo chinh Py T Hr nehich dao todn wr cua nhanh chuag nd gidta ndr kv
1k=r)

ndt r cie phian o niam ngodi dudmyg chéo chinh luon mang ddw am (-). NEu it ndl r vi ntt g cia

mach khong ¢6 nhdnh chung thi phan tir "”'uri = ;“]’ = .

Gidi he phuong trinh dién e dico vt (2-21, hoae 2-22) ta xic dinh duge dign the cde nat
el mach (so vai dien thé ndt gée bang khong), suu dé theo biu thie (2-16) ta xéde dinh ddng dién
trong cac nhinh.

Phuong phip phan tich mach dién bag caeh 1hidt 1dp v gidi he phuong trinh diéo the diém
ntl goi 13 phuong phap dicn (he didm nan,

Khi phan tich mach dién bing phuong phap dién thé di€m ndt d6i véi cie mach dién co
ngudn dicn dp mac truc 116 gidta hai ndt, ta phat chon ndt goe 1 mdt trong hai mill ¢o ngudn dién
Ap mac true UEp pitra hai ndt A6, vi khi 46 s6 phuong trink trong h¢ phuong trinh di¢n the dicm
nét cta mach s€ giam di, vi khi dé dién 1hé cha nat tha 2 da biét,

Thi du. mach dién & hinh (2-8) ¢6 neudn dicn dp ¢ mie gitta ndC O v ndt 1, ndu chon ude O
L ndt gag, cho dicn the ndt poe @, = 0, ta s& ¢o dicn e nat 17 gp= ¢ da bigt, vi ki do hé phuong

tinh dign the diém ndt s8 co dang:

ol L1 y N I

Pl ) T VW, o =000,

ol ol o DL o !

e | B O R A e Il S R ol VP
hay:

: coa L 1] B I T

Ll s ) Dy = A, Ch

4

L | 1 i ;1 | ]
t—(pli’ﬁ Tl o) by ) =0 d T ey

3L TMACHTARI
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R3 L3 C3 €,
L5 REl Ls iﬁ

flinh 2-8
hay dudi dang ma tran:

s 1 r;"l I -1 — r_( 2 (-.-] ; ]
II““”S +J_: +‘26 }-f. :| \‘(,)._,} _ { (,,4.:(.)4 +el"zj_ﬁ :| (r)_jq.)

1 - . . : .
L — 92] Tt fi: s ¥ +ey + Cls-psl

]

D¢ thuin tién cho vige thist 1ap ma wan 1éng dan {¢] cla mach, dae bict khi phan tich mach
bang mdy tinh, ta ¢4 thé bién d6i mach ¢6 ngudn dien zip. mac tryc HEp gilia hai nut vé mach wng
duong khong ¢é pgudn dién dp mac iryc tiép giita hai ndt nhy sau: Sau khi chon mot niit lam ndt
gdc, ta thém vao cic uhdnh n6i véi nit con lai mot ngubn di¢n dp c6 sic dién dong ding bang

dién th€ cla nat dé va <6 chiéu rod khoi ndt, sau dé ngdn mach nguén dién ap.

Hinh 2-9



Chutng 2. Phubng trinh trang thdi cua mach dién 35

Thi du, mach dién & hinh 2-8 sau khi chon ndt 0 im nit g6c ta bién mach da cho vé mach

ureng duong nhu & hish (2-9).

P v mach dién & hinh (2-9), ta dé dang thiét ldp duge hé phuong trinh dién the diém
nut:
i__j.).l B _J,{I _I |'(p1 |'e 7l re 2!
Py 3 G i L 2| e 15 (2-24)

|
i Bl ) | L T I 1
|~ # A A A J P, ]_czuv3 +(e, +e,)%,

R0 rang rang hé phuong trinh (2-24) tritng véi he phuang trinh (2-23).
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CHUONG 3

GIAI PHUONG TRINH TRANG THAI CUA MACH KHI CAC
NGUON TAC DONG VAO MACH BANG KHONG VA CO DANG
HAM SO MU.CHE PO QUA b0 VA CHE PO XAC LAP CUA
MACH DPIEN

Trong chueng ndy & xét cde duo dong trong mach khi cac nguon tic dong bing khong va ¢o
dang ham s6 . Vice han ché dang cha vic nguén e dong nhu the hoin 1oin Khong Jam gidm y
nghia cia cic ke qud nhan duge, ma nguoc lai, Gr cic két qua do cho phép md rong cic thuat wan

d€ phan tich mach dicn dudi tic ddong cha cdc ngudn khic nhau.

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

Khi ciie nguon tde dong viio mach bang khong, cic he phuong winh dong dicn nhdoh (2-1)

vi ¢ phuong tring dong dién mach vong (2-Ya) s 6 dang:

[n]f]=0
Ja[mni]:o .

M ]I ]=0 (3-2)

Ching la cdc hé phuong trinh vi phin tuyén tinh thudn nhat, hé 50 hang s8. Do d6, khi cic

nguén tdc dong vio mach bang khong, dao déng trong mach s€ ¢6 dang ham sé mi:
ip=1,e™ (3-3)
Pudi day ta xét mot 6 1hi du don gidn.

Thi du 1: X¢tdao dong trong mach dién g6m hai phin e R, 1. mide noi tiép khi nguén i

dong vao nich bang khong (hinh 3-1),

Ilinh 3-1
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ot vt niach dién & hinh (3-1), theo dinh luat Kiéckhop 2 ta cé:

g, +u =0
hay:
i i
Ri+l.—=0 (3-4)
dt )
Nghiem coa phuong winh (3-4y 1a:
k) '
i=Ac b =Ae T (3-3)

trong do v — — a4 hang O thot gian coa wmach; A Ld hang <0 tich phan duge xac dinb 1 Jicu Kién
N ! :
han diu cia mach.
PYcn ap trén cde phdn

u, = R.i=ARe

li (3-6)
C=1 o ARe
’ ct

3

Thi du 2: Xt dao dong trong mach gdm hai philn 10 R, C méc ndi U€p khi ngudn 1ae déng

viio mach ¢ = 0 (hinh 3-2). R

Hinh 3-2

ot vol mach dién 0 hinb (3-2), phuong trinh trang thidy coa mach ¢o dang:
Ri+uc=0 (3-7)

du,.
Trong phuong trinh (3-7), thay dong dién i= C—l—('— , ta & nhén dugc:
41

duo,.

RC =0

+ U
dt

hay:

]
U bt = O 3.8
CORC S (3-5)
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Nghiém cua phuong trink (3-8) <6 dang:
u, =A==y e (3-9)
trong J6 = RC goi la hang s6 thai gian cba mach: A, 8 hang 0 tich phan duge xde dinh tir Jidu
Kign ban diu coa mach.

Thidu 3: X& mach dien gom ba phin 1 R. 1, € mde nGi GEp dudi e dyng cba ngudn dien

dp e = (0 (hish 3-3).

GDGU Te

Fhinh 3-3

Phuopg trinh trang hidi coa mach (hinh 3-3) ¢6 dang:

h 1.
Ri+L 24— idt=0 (3-10)
& C
du .
Trong ptirong trinh (3-10), thay 1= C v bidn doi, ta nhian dudce:
W
1
U +—u +—u 0 (3-11)
Lo 1Leoc
hay:
o+ 2au + ofu =0 (3-12)
I . noo
R
) N
trong da: |
W =
v LC

Nghi¢m cta phuong trink (3-12) phu thude vao nghiém cla phuong trinh dic tnmg:
Pk 2ap - oy =0 (3-13})
Khi nghiem cda phuonp trinh dac wung (3-13) 1a mor s0 phae, nghia 0 ki
A=a’ -, <0, hay R 3\/% . duo dong trong mach s€ ¢6 dang:

Ue = ¢ LA cose U EALsIne 1)
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. 2 2
Trong dé: ®, = \Jw, - u

Ay AL A dic hang s6 tich phan duge xdc dinh tir diéy kién ban ddn cta mach.

Khi nghiém cua phuong trinh die teung (3-13) 14 nghiém kép. nghta la khi:

A-alt - m[l] =1{}

]

hav: R -2 =

NC
dao dong trong mach sé ¢d dang:
be=e¢ A THAL)
Khi nghiém cba phuong trinh dac wrumg (3-13) 1d hai 80 thue khde nhau, nghiaz 4 Khi
Alzu” ~o, >0 hay R 2\[]; . dao dong trong mach sé ¢b dang:

P Pyt
- =Ae !t +Ae

trong 46 Py, I, 13 nghiém cla phuong trinh dac trung:
Po=-a+ \/Z .

T cic K€ gui nhan duge ta thay, khi cde nguon tic dong vao mach bang khong, dao dong
trong mach cé dang hiam s6 mi tit dan theo thii gian, v6i he 6 1at dan phu thudc vio cdu trde cha

mach v gid i wong d06i gitda cde phdn e coa mach.

[3a0 dong trong mach khi cdc nguon tdc dong vie mach bang khong goi ¥ dao dong ur do.
Sy xudt hién cde duo dong tu do la do ¢d qud trinh phan giai nang luong da duoc tich il vong
mach 1 trude thid diém xét,
§3-2. DAO DONG TRONG MACH KHI CAC NGUON TAC DONG VAO MACH
CO DANG HAM 8O MU
Khi civ ngudn tde dong vio mach ¢6 dang ham s6 mi:
e, =1 ¢ (3-14)

trong 46 1. s 1 cde hang s6, ¢6 the Fsd thue hode s6 phie.

[1& phuong trinh dong dién mach vong (2-49) s€ ¢o dang:

( . o . st
¥ o1+ @ + ot 4 =
SRR i2hn +’F1M1M Ele ‘
. . . s
¥ p v — =
#d +2,.1, AT —Eze (3-1%)
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Bai vai mach dién tyén tinh, hé phuong trinh (3-15) 13 ¢ phuong trinh vi phin wyén tinh

Khong thudn nhat he s6 hing s6.

1l 1y thuyet phuong trinh vi phin ta da bict: Nghi¢m cta phuong trink (hé phuomyg trindi) vi
phiin tuyen tinh khong thudn nhdt hé sd hing s6 13 x&ép chéng ¢y hai aghicn: nghiem ong qudat -
nghi¢m cua phuomg (rink ¢6 v& phai bang khong, vl nghiem riéng - nghiéni cba phuong trinh co ve

phidi khdc kKhong.

DO vii mach dién, nghiém coa phuong trinh, hé phuong trinh ¢6 v& phai bing khong chinh
la cie thanh phin dao dong tr do trong mach ta vira xét & muc wen. Dudi day chi xét nghién cha
phucng trinh, hé phuong trinh, ¢ v¢ phai khdc khéng (nghiem rieng). Trong mach dién, nghiém
cua phudng trinh, hé phuong rinh ¢o v& phdi khac khong goi 12 cic thinh phin dao dong cuting
bae. Vay, mot ¢ich hinh thite, ¢6 thé cob duo dong trong mach dién 1a x€p chong cla hai hanh

phan dao dong : dao dong cuimg bic va duo dong 1w do.

Tir ty thuyet cha cde phép tinh vi, tich phan, dé ding thdy ring nghicm riéng cha hé phironyg
trinh (3-15) cling 6 dang him s& md, nghia 13 khi cdc ngudn tdéc dong vao mach ¢6 dang ham so

md, duo dong cudnyg birc trong mach cing ¢ dang ham s¢ mi:

o= 1e™ (3-16)
Khi cdc dong dién mach vong i, ¢6 dang (3-16), todn 1l vong % VOL dOong difn i, s€ ¢6

dang:

) l“k 1 .
el =R L, — - —Tipdt

1) kk

¢

d[ku.:sr |

Rl

=R 0™+, [T,

de | Oy

) i
- st . Kl
=Ry Te” +sh e +

=l

{. ¢
sC k

l

=Ry, +sl., + ‘ 91, " :;{“_L(&i)lkc‘I

Sk

Gday 2 (0= Ry + sk, + e thie nguyen 13 dién ird vi duce goi 13 tdng i et mach vong.

SOy

Tuong t todn 1 nhdnh g, voi ddng dicn 1, (%, vai dong dicn i) € ¢6 dang:

S ; dl e 1 )
il =Ry [.-C&I + Ly, — +— | [I_c"' dt
i .
=R sl e I [ "
- kr by + & - l(_ + _-_‘..__
s kr

I .
=Ry +3lyy 4 = =7, ()] e,
S k1
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dday 2 =Ry sl o+

¢é tha nguyen 13 dign g vd duoe got 13 tong triy nhdnh chung
5C
L

gitra mach vong tha k va mach vong thi r.
Frong hé phuong trinh (3-13), khi thay cac todn 17 vong w, v cde odn tie nhdnh o, biing
Ce 10ng e yong 7, (8) vivcde 1ong e nhdnh Z; (8) tuong dng, tosE nhidn duog:
- ) Al - ) K . ) R TR
;/,H{h)llt */,ll(h)]”L_ - "'T’{if\l{\")l.\il‘ = ],“L. .

51

2 7 O L L (83T = e
2 I L) 1] LS | Al 1

i3-17)
(L (DL + 70 ]y N AVNTOl NTCa IEMM‘:“
Cliia ¢t hai v& cta hé phueng trinh (3-17) cho thita 86 ¢ 0 s€ nhidn duge:
FATR U IR A £ | I SO A 5] P DO
Lo (L + 7)o+ g (83 =Ly, (3-18)
Zot G+ 7y Mg+ 4 Ly (D Ty =By
hay viet gon dudt dang ma ran:
VATIE (3-19)

rrong do =1L [ .. Ly d' 12 véetor ma uan ¢ot, mdi phin uwr cla nd 1 cde gid i hang s6 cla cde
dong dién mach vong,
1= 1 B . gl T 12 véeto ma tran c6t, mdi phin vl cba nd 14 tong dai s6 cde gid i
hing 0 coa cde ngudn dién dp tde dong chita trong mach vong tuong ung.
[Z.] 15 ma trdn Bng 1ed cta nach:
., . B
AN O VATICIIS AT —l
AT O FATICHNAY A )
[2] =727 ™ (3-20)
L:”‘_\u () 73 () - 7o (8
[1¢ phuong trinh (3-18), (3-19) goi F k¢ phuang triah dong dién mach vong  cia mach dién
khi cile ngudn e dong vio mach ¢ dang hany s& mis (ddi vai thank phin dao dong cudng birc).
Nghiénm cia he phuong trinh (3-18), (3-19) duoe xdc dinh boi bidu thir:
Ay
f,=— k=12, M
A

tropg dé A 13 dinl (hite cou ma trin ©6ng ud {7 & (3-20) cha mach;

A, I pléin dindt thée thu duge tdinh thie A bang cich thay cot thirk bang cOt ciac s6 hang (wrdo 1o
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Dudi day ta xét mot thi du:

'Iim thinb phin dong di¢n cuing bire qua cde nhdanh cha mach dicn (hinh 3-4) néu bict:
¢ =30 "™ eo= 8¢ M e = e M
Lo=10mil T =20miL L =350 mH . C = 1000 pl,

ad .

C,=500pl R, =205 R, =303, K. =10

Y'Y . b Y YN
N A e
Iy 2
Ry
D T O B
oy,
®. . D -

Hinlr 34

Chon cde mach vong doc lap va chidu cie dong dién mach vong nhu trén hinh v&, 1a thiét lap

dugic he phuong (rinh mach vong:

WR +R O —104¢) +1. y- —‘I - (R - 100y =30-10
| § | i . l(m(‘] i| i yoOOIl

1

(R -100L ) Jk_ RO 1000, + L_)——-——L = 1015
i i01 IL 2 + 2 3 1000 1

i

I

J
sau khi thay 50 ta cd:

141, =51, = 20,

| | Lt

3 = 5
.wli tol I“ 3

Theo cong thie (3-21) ta tim duoc:
L=15; [,=019
Tu diy xde dinh duoe dong dien rong cic nhdanh:
= 1L,5e"™ i, =0,19¢™

=1 -0, = -1,31e
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§3-3. CHE. PO QUA DO VA CHE B0 XAC LAP TRONG MACH DIEN

Nhu di ehi ra & trén, o6 thd xen dao domg trong mach dién 1 x@p ching cia hai thinh phin:
thanh phin dao dong cudng bie va thanh phin deo dong o do. Thanh phin dao dong r do 1@t din
theo thol pian theo quy Tuit him s6 mi. Khi thdnh phian dao dong wr do bang khong, dao dong
trong mach chi ¢on Widnh phin cudng bac, ta nd mach lam vice d ch& do xic lap. Con trong
khodng thoi gian thanh phin dao déng w do trong mach con t6n tad, 1a ndi mach [@dm vige o ché do
quit do. Neuyén nhdn xudt hién thinh phin dao dong tue do trong mach ¢6 thé do sy thay dé&i ngudn
tie dong vio mach hoiic thay déi phu tid (1hay déi cdu trde e mach), mi a8 goi chung 13 su
"dong. Tmd™ Trén s dé mach sue "déng "ma” mach duge Ky hicu nhu tren liinh (3-3), va la
fuom gid thift rang sy "dang™. "md" mach iy ra mot edeh tie thot va to tha diégm t = 0, cou cic

neudn didin duge dong vao mach 1 tho didm t = 0 dueie Ky hicu nhu trén hinh (3-6).

X e w0 Lﬁbe L@Fn

fink 3-3: Su "dong”, "mo” mach  Hirh 3-6: Che nguon din duge dong vio mach tal tha diéint = 0.

Thoi gian On i chd do qud do cha mach dign duge goi 1a thoi gian qud d¢ cha mach, con
qud 1rinh chuyén tir ¢hd do xde lap ndy sang che do xiac lap khic ciha mach goi 13 qua trinh qud 46
cOa mach dign. VE mat 1y thuyél thod gian qud do caa mach dign jén vo cung. ‘T'tong thue (&, thin
pian qui do cta mach dién duge rinh o Khi bit ddu xdy ra qud trinh qui 4o cho d&n thoi diém duo
dong trony mach dat duge khodng 93% gid i xde 1dp moi cua nd. Vai cdae mach dién thye & th
gian qui do thung vao khodng 1l val nandgidy (ns) dén vai nuiceogiay (us). Tuy nhién, trong ché
do qua do, dong dién, dien dp ¢6 thé ¢6 gid i 1n hon ahicu lan gid i xdc Wp cia no. Cing cin
nhdn manh rng viee phan chia duo dong trong mach thanh cic thanh phan duo ddng cudng bl v
dao dong tur Jdo chi mang tinh ¢hal widn hoe, thye € khong thé tach riéng thinh phin dao dong
do va thianh phin dao dong cutng bic cia mach, Ban chal cia gud rinh qua do tong mach dién ta
do ¢d s phin bo ka nang lueng trong mach, Chie v i ci do xde 1ap. trong mach ¢6 mot trang

thii nang lrong sdc dinh, va qua trinh phan bé lai nang luong Khéng thé xdy ra mot cich e thisi.

§3-4. PIEL KIEN BAN PAU CUA MACH VA CAC PINH LUAT DPONG MO

Gid t cha dién dp tren dién dung v dong dign qua dién cam tai the di¢m "dong”, "md”
mach poi 12 di¢u kién ban diu coa mach. NEu tar thoi did¢m "déng"”, "md" mach (¢t = (), dién 4p trén
cdce dien dung vivdong dién qua cde dign cam cua mach bang khong, ta nodi mach ¢6 dicu ki¢n ban
diu bing khong, con néu gid tr coa dien Gp trén cae dien dung v dong dicn qua cde dién cdm
khdc khong, ta néi mach ¢6 dicu kién ban diu khie khong. Pidu kién ban dau cia mach duve xdc

dinh theo cie dinh lude déng mao.
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3-4.1. Dinh luit dé6ng mé thir nhat

Tai thod diém déng md. dien ap trén dién dung C khong thd hién thién nhay bic, ma phii

bidn thign din tr gid 1ri vén ¢6 cha né ngay trude hic dong mi:
U+ U =uf-h (3-223

trong d6 wJ=0) la dien dp rén dicn dung C ngay trude lae dong md: u(+0) 1a dién dp trén dién

dung C ngay sau khi dong ma.

Linh licn we cha dign dp trén dign dung C 6 (hé duge suy ra tir tinle ¢chat cha phép tinh tich
phin ma chang ta dd nhac 16 trong chuong t. Tuy nhicn, tinh lién tuc hay su khong bicn thién
uhity bic coa dién ap trén dién dung C theo dinh ludt déng ndr tht nhat ¢ 1hé ching minh theo

phuong phip khic.

Gid st dign dp trén dién dung C bica thién nhay bac, khi dé trong khodang thoi gian At — 0,
dicu dp 1eén dién dung C bién thién mot lrong Aug = 0.
dug,

it , Au,.
XéLhiCuthide limC—L=C "% — o«
At At di

e P -du‘ . . L2 . - - . . 4 . .
Bicu thite C—%- chinh 13 bidu thie cla dong dign qua dién dung C. Vi mach dién thure,
dt
dong dien qua di¢n dung C khong thé <6 gid Ui lon vo cing, do d6 didu gid thict ren [ ve ly, ¢6

nghia i dicn dp trén dién dung C khong (hé bicn thién nhiy bac.

Tinh ding din cba dinh ludt déng md thd nhat cling ¢6 the gidi thich theo quan diém

nang. {ugng.

Ta biet nang fugng dién tnrmg 1ich rir rong dicn dung duge xdc dinh b bicu thike:

u
W= (C-:
2

N¢u dien dp tren dién dung bicn thiea nlidy bac, thi cong suill wWe thivt cha cde dao dong dien

n .- dwb B du(‘ ~ - v - - - « “ . a C - . - N - ~ i

trén dién dung p = T U, o ST 0 grd i 1on vo cung, va dicu gid thidt nay 13 vo 1y, vi v
dat L

mOt ngudn nang luong hitu han khong (hé tao ra mAL cong suit ¢b gid teg ldn vo cling.

3-4.2. Pinh luat déng ma thi hai

Tai thoi diém déng md, dong dicn qua dien cim L. khong (he bich (hién nhdy bic, ma phii

bicn thién din tir gid trf von o6 cha nd ngay trude lde dong d:
h(+0} =1 (-0) (3-24)

trong dé i) (—0) 1 gid tri cta dong dien qua dién cam ngay trude lde dong mo; i (+0) 1A gid (] cda

dong dien qua dién cin ngay sau Khi déng md.
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Tinh ding dan cta dinh Tudt déng me tha hai cling ¢6 thé duge chimg minh wong 1w nhu doi
vii dinh ludt déng m thid ahat

Giid s dong dién qua dic¢n cim bicén thién nhay bac, khi do trong kKhodng thid pian At — G,
dong dién gqua dién cim hidn thicn mot lueng Al = O, Trong trutng hop ndy dién dp wén dién cam
u, = L— s€ o gid i Kdn vo cong. Viay dicu pid thidt weén 13 v6 19, vi doi v mach dién thye,

dt ) )

dign ap khong thé ¢b gid 1ri 1on vo cung,

i diy ta Xé motsd thi du e dinh didu kién ban dau cla cie mach dien (iinh 3-7).

a}
Minh 3-7 b)

£301 van mach dién & inh 3-7a, 1a ¢o:
u(+ = u -y = 0.
Con vdi mach dién & hinh 3-7h, ted:

I
R
UelH+0) = u 0) =1 (HR by

o) =0 = =

i Sy = u, (=t =0

Viy mach dién & hinli 3-7a ¢d dicu kien ban didu bang Khong, con mach dién  hinki 3-7b <6
Jdidu Kién han dau khic khong.
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CHUONG 4

MACH PIEN DUGI TAC D()NG CUA CAC NGUON PIEN
HINH SIN (6 CHE PO XAC LAP

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

Cic ngudn dién ma gid 1ri we thdi cia né bidn thicn theo quy ludrt hinh sin duoe goi 13
nguon dién hinh sin. Céc ngudn dién hinh sin duoc Ung dung rit rong rai trong k¥ thudt dien ciing
nhu k¥ thuét vo tuyén dién.

Xét dao dong hinh sin:

u= U, cos(al + ¢,) (4-1)
trong dé: U, la bién dg clda dao dong hinl sin. N6 14 gis tri cue dai md dao dong ¢6 thé dat duc;

(wt + @, ) la pha cla dao dong hinh sin. N6 xdc dinh gid tri c¢ha dao dong 1ai moi thai diém.
Pha clia dac dong tai thoi diém t = 0 bang ¢, goi 1a g6c pha ddu clu dao dong;

o [a tdn 8¢ géc cla dao dong.

Céc dai luong bién do (U,), tan s8 goe (@) v gée pha ddu (p,) hodu toan xéc dinh mot dao
dong hinh sin, duoe goi 1A cde dai lugng dic trung cla dae déng hinh sin. Hay ndi cdch khac, mit
dao dong hinh sin hoan toin duge xde dinh kivi biét bien do, tdn s¢ £0¢ v goc pha dau ¢t né.

Trén d6 thi thdi gian, gée pha ddu cha dao déng hinh sin duoe xdc dinh tir thdi didm 1 = 0
d&n thoi di€m duo dong dat gid trj 0 ddu tién, ti d6 dao dong chuyén tir obd tri Am sang gid tri
duong. Néu diém dao dong bing O ndm & phia bén 1rdi g6 toa do, thi gée pha ddu ¢6 gia tri duong
(+); ¢don n€u di€m dao dong bing 0 ndm & phia phii gdc toa do, thi gée pha dau ¢6 gid tr &m (xem
hinh 4-1).

ubd ry
u
L0 ot 0 E bt
_’: < 1
('pu>0 ! (pl.l<0
—>

Hinh 4-1
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(litta tdn s& goc @ va tan ¢ duo dong 1 1ién hé véi nhau bi bidu thire:

o = 2nat, (4-2)

T~ (4-3)

Trong k¥ thuét vién thong, thong tin dugce wruyén di dudi dang séng dién tlr. Tée do truyén
song dién tr rong khong gian wr do bing 8¢ d6 dnh sang C = 3.10° m/s. Quing dudng mi séng

dién tir di duoe trong khodng thoi giun mdt chu kv cda dao déng durre poi 1 bude sdng A

h= T == (4-4)

Tuy thude vao 3o dai bude song, ngudi 1a phan chia dii séng vo tuyén dién thanh cic dai

séng dai, séng trung, séng ngan, séng cuc ngén, hay dai séng siéu cao tdn (xem béang 4-1).

Bing 4-1
Tham s&
Dai séng
Tén s8 (1) Bude séng (A)
|
Séng dai (30 + 300) kHz (10* + 109 m !.
8éng trung (300 + 3000) kHz (10° = 10% ) m
S6ng ngén (3 + 30) MHz {10* +10)m
Sang cuc ngin I4n hon 30 MHz Nhé hon 10 m

D1 voi cde dong dién biéh thién o6 chu k¥, dé <o sdnh tic dyng cha nd v& mat nang luong
S0 vai domg dicn mot chiéu, ngudi ta dua viio khdi niém gid tri hitu dung cha dong dien. Gig i
hi¢u dung cba dong dién bién thién ¢d chu k¥ kv hiéu 14 I, bang gid tri trung binh binh phuong cla

dong dién dé trong mot chu ky:

(4-3)

Thuye hicn binh phuong ¢i hai v& cha biu thite (4-5), sau dé nhan ¢d hai v& v6i tich RT (L' 1a
chu ky coa dao dong), (2 nhan dugg:
a l 3
[°RT = [i*Radt : (4-6)
1l
Tir bidu thie (4-6) ¢6 thé suy ra ¥ nghia gid tri hicu dung clia ddng digén hi€n thién ¢6 chu

k§: Gid i hicu dung ¢Oa dong dién bién thién ¢6 chu k¥ bang gid tri cla dong dién mot chidu, sao



48 LY THUYET MACH - TiN HIEU

cho nang Jong do ddmg dieén bién thién ¢d chu ky 10u ra trén dién 1 R trong khodng thii gian
mor chu Ky, ddng bang nang lung do dong dién mot chidu tha ra cung wrén dicn tror Jé, trong
kliodang thot gian do.
01 vai ddng dién hinh sin:
1= 1, cos(ot + )
thay viwo bidu thite (4-6) vit 1y tich phén, (a nhan duoc:

L,
= J"r (+-7)

Tuong wy, teling nhan duoc gid i hicu dung cda cie dién dp vi s dién dong hinh sin:
U o2

U= i = =

N 2

Hiign wrong gilra hai dao dong hinh sin (cting 1n s0) khong dong thii dat duoe gid i cue

dai, oac cue ticu cha nd duge goi 13 hien woay 1ech pha gitta hai dao dong. Gec [6ch pha gita hai

dao dong hinh sin ky licu g duge xde dinh bing hiéu gita hai goc pha cba chidng:
X¢t hat dao dong hinh sin:
u; = U, cos{ol + ¢},
u, = Uy, cos (ot + ¢y,
goc 1éch pha giita hai dao déng hinh sin uj, u, B
Pp={al+ @) - (a4 Py =, — @ {4-8}

Vay poc féch pha gitta hai dao dong hinh sin, clog 14n 80, bang hiéu gilta hai goc pha diu

cui Lo,
‘Prong bidu thite (4-8), néu gid ui:
>0, tandi duo dong v vuen trude dao domg u.
<, ndi dao dong u, chim sau dao dong u,
=1 90" ta ndi cic dao déng uy, w, vudng pha nhau,
@ = 180" ta n6i cic dao dong uy, v, nguge pha nhau,

@=0 tandi cic dao dong uy, u, dong pha nhau.
§4-2. BIEU l)llr:lN DAO })C)N(} HINH SIN BANG VECTO VA B;\N(} SO PHTC
4-2.1. Bieu dién dao dong hinh sin bang vécto

Nét dao dong hinh sin:



Chuong 4. Mach dién dudi tdc déng cua cdc ngudn dién ... 49

u =L cos(@t + @) (44

Trong mat phang phc trén hé true oa do 1,05 10§, 1a dung mot véewo u , bat dau 1 didm 0,

codo diu v 1e vdi bien dé cda dao dong hinh sin: U.n(‘u|: KU voi Kk 1ahe sd (v 18) v hop vdi truc
L 9] - ! B B

thire O1 ot gde bang poe pha dau cha dao domy hinh sip g, (Xem hinh 4-2).

~
~
.
~
~
[ Y

\\l
ERN
m
el

~
~
S
=

k 4

Lae]
_n} T
>

Hinh 4-2
NEhinhy chidu coa véewy u trén true thue 01

chu=aA,=kU, cosg,

1l

»
Cho véues u quay quanh goc 1oa dd vai van 16¢ goc bing tdn 86 géc cba dao dong hinh sin
>
() theo chidu npucre chiu quay kim ddng ho va xét hinh chidu cia véetg u 1rén true thue 01 ta
cac that dicin khide nhau;

¥

s tad thin dicm t = (;: l.[};]l.l =A,= kU costat, +o,)
. ¥
e Gl thon dicm 1= 1, chu = KU cos{wt, +¢, )
i1
* ti ol didnn Chat ky: chiv = kU costol ~ p,)
iH

Giia s hé so uie ko= 1, thi khi vée o L;quuy quanh gde toa do véi van t0e pée o bing 1dn s0
uGe e dao dong hinh sin theo chidu nguoc chicu quay kim dong hé, hinh chiéu cta véeto .u> 1rén
truc thue OF s€ xde dinh gid tri e thod coa dao dong hinh sin. Ching ta nédi véclo quay u>
thinh 4-2) bicu dién dao dong hinh sin (4-9), hay dao dong hinh sin (4-9) duoc hidu dién hang

VECLO uay.

41 TMACHTAPI
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To hop céc vécto bidu didn cdc dao dong hinh sin cia mach dién trén cling mét hé true ta
do duge goi 1 dé thi véetd cita macl.
H6i vdi cdc dao dong hinh sin ¢6 ciing tdn s6, vi trf trong doi gitta cdc véeto bicu dién ching
s& khang thay doi. Do d6 dé thuan tién trén d6 thi vécto cia mach dién, ngudi ta thutmg biéu dién
cac veeto tng véi cde dao dong trong mach tai thai diém t = 0.
Trén hinh (4-3) bidu dién d6 thi véeto cla hai dao dong hinh sin:
u, = U cos{ol + @),

u, = U, cosfat + @), (4-10)

trong cde trudmy hop hai dao dong u, vi u, tring pha nhau (1), nguue pha nhau (b), vudng pha nhau

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

A A
: j
?
—)
Uy
%
u,
1 25 1
u,
, a) b)
-
-9
Uy -
N Uy
> ! v
2
¢} d)
Hinh 4-3

Bigu dién cdc dao dong hinh sin bing vécto, ngodi viee cho thdy mot cich true quan quan hé
giira cde dao dong trong mach dién, né con cho phép cong trir cdc dao dong hinh sin bang cich

cong trir cde vécta bidu dién ching.

Thi du: dodi hoi cong hai dao dong hinh sin (4-10), d6 thi vécto biéu didn cic dao dong trén
hinh 4-4,
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h

Hinh 4-4

T'ir hinh v&, 1a ¢6:

chu=0A, =U,

it

n\chPI

chu, =0B, =U_ sing,
uj

cllu; =0A,=U

ol

2|||C(]S(P2

chu, =08, =U,, sing,

Uy

chu = ch{u;+us)=0A =U_cose
0l
tl

chu = ch(_u, +u )=0B =U_ sineg
uj uj B

Vi OA = 0A, + OA,
0B = 0B, + 08,

nén U, cosp = Uy, cosgpy + Uy, cosg,,
U, sing = Uy, sing, + U, sing,

» -F »

Do d6 do dai véaoiéng: u = u,+ u,

U m = J(Ulm COsp, + U?.m C()S(Pz)l +(U lmsinlpi +U Exnsin{pz)z
= JU2, +2U, U, cos(p, —y) 411y
(e = U, sing, + U, sing, @12)
U, cosg, + U, cosep,
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-¥ *
RO ring rang néu cde véels ur. u: bidu dicn cic duo dong hinb sin (4-10), (i véet

U= ur+ uo s€ bicu dién dao dong hinh sin:

=11 costol + ¢ ) (4-13)

VI ciae gid i bien do UL v p6c pha dau duoe xie dinh hoi cic bicu thire (4-11) vi
H-12) twong dng. DE dang 1hity ring dao dong hinh sin (4-13) chinh (i tong cia hai dao dong
hinb sin (4-10). Thit vay:

uo+u = U costen +g, 4+ U, cos{ol + ;)
= U, cosepy.coswt - Uy, sineg, sinat + U, cosg..cosot - U,y stngs sinet
= (U, cosp + U, cosg, ) cosat ~ (Ui, sing, + U osing, ) sinest (4143
B

U cosg, + U, cosg, = U, cost ]
e SR o] (4-13)
Uy singp, = U, sing, = U sing |

0

+

+ U

LI||| = \'IlllL]_ln T t 2Utmu _‘.|HCU'\;((PI - (Pl) (4_16)
U, sinep, + U, sing,

lg(r’ = - m p] T “P_ [4_ E_.-"‘)
Lj lulu.m':pl + lllm {"IUS{P2

Néu rong bifu thitc (4-14), 1hue, hién thay.cic thin sé:

LJ[m COs [y + LT')_H'. LCOs(p; = L]u: L.US[P s LI]][: Sin(p? + L['.'.n-. Sintp'{! = L"YJ;. Hiﬂ(P.
Hr bicu thiie (4-135), v sau khi bién d6i 1 s€ nhan duoe:
u=u+u, =1, cos(ot + )

VO cle gid tri bién o U, vl goc pha ddu ¢ duge xdc dinh theo cic bicu thae (4-16) v (4-17)

teng .
4-2.2. Biéu dién dao déng hinh sin bing so phifc
XNétdao dong hinh sin:
u=U, cos(at+¢) (4-1¥)
Theo cong thie Euler, dao dong hinh sin (4-18) ¢6 hé viéi dudi dang:
u = RL‘[U mcﬁ“"”p]] {+-19)
rong A6 ky higu Re 1a todn 10 phin ture,

Bidu thie (4-19) lai ¢6 thd vidt:
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u = Ri.:[Umt:j"P .c‘”‘]
= Re[f?lllej‘“‘]
o diy: U, =U_c» (4-20)
I gid i bién do phuc caa dao dong hinh sin (4-18).

Gid it higén do phize cha dao dang hinh sin 13 mot 6 phte, ¢é modun bang bién do cua daw

dong hinh sin v argument bang gée pha dau cua dao dong hinh sin,

B vay, moOtdao dong hinh sin tan s6 di bidt, hoan todn duge xdc dinh néu bidt gid tri bién

dd phire cua nd, nguoc lai, cho dao dong hink sin, dé dang xdc dinh gid trj bién d6 phire cOa né.
Thi du, dao dong hinh sin wong (ng véi gid tri bién do phtte Uy, =20e M s i
u = 20 cosfot — 43",
nguoe ui, dao dong hinh sin:
u = 30 cos{ot +30°%,
¢ gid tri ign do phie:
Ui =50¢ 7"

Chia ci hai v& ¢tia bidu thie (4-20) ¢ho \/E , la nhan duoce:

U _L.Tc”
N
hay: (= Uelo {(4-21)

Gid tei U dige goi 1a gid tr hidu dung phae cta dao dong hinh sin (4-18), NG 1 miot s0
phidc ¢é modun bang gid tri hién dung ciia dao dong hinh sin vA argument bing géc pha diu cha

dao dong hinh sin.

Bicu dién cdc dao dong hinh sin bing s¢ phie, gid tri bien 46 phde, hode hiéu dung phife cho
phép cong urir cde dao dong hinh sin bang cdch cong (rir cde gid tri bicn do phae, hodc cde gid tri
hicu dung phie clia nd. Tlon nita, biéu dién vac dao dong hinh sin bing s6 phdc cho phép coi cdc
ngudn tie dong hinh sin nhu cde ngudn tic déng ¢é dang ham 3§ mi. Didu ndy dic biét ¢é loi khi -
phin tich mach dién dudi tic dong cia cdc ngudn tic dong hink sin mi ching ta s& xét ky & céc
phin tiép sau. Tai day chi xét thi du cong hai dao ¢ong hinh sin.

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

Cidc dao dong hinh sin (4-10) ¢6 thé viét dudi dang:
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[ . 1 C . . . * .
Dodé:  u +u, = Re| Uy, ™ ‘ + RCILU::J“” = RJ(U],U+Ug..,)e‘“" (4-22)
A i L

Vi rang t6ng ca hai dao dong hinh sin cung 14n 86 clng 14 dao dong hinh sin cung tn 6,

nén dao dong téng ¢ta hai dao dong hinh sin (4-10) lai ¢4 thé viét:

u=u+u, = Uy cos(ot + @) + Uy cos(ol + ;)
=1, cos(ot + @) = Rt}|ii]m cj“"} (4-23)
So sdnh cdc biéu thife (4-22) vi (4-23), 1a nhan dugc:

Unm =L.]|... +Uzm =U, e +U, e = Uy cosp + Uy cosgp, + (U, sing, + U, sing.,)
13551 2 P (P ] p P

Tir day suy ra:

UIII = J[‘T I2||| + Uim + 2U ImU ‘2|ncns((P1 - {PZ )’

sing, + U

l®

U Lin COS(pl + U 2m COS(pl

21“811‘1({)2

tggp =

RS rang ring két qua trén tring véi k&t qui d¢4 nhan duge Khi thue hién ¢ong truc tiép hai
dao dong hinh sin. Vay, gid tri bién do phac, hoac higu dung phitc ¢ha dao dong 16ng (hidu) hai
dao dong hinh sin, bang tdng (hidw) cic gia tn bién do phire, hoac hicu dung phac cla cic dao
dong hinh sin thanh phin. Hay néi cich khic, ¢6 thé ¢Ong (tru) ¢ac duo dong hinh sin bang cich

cong (Ir) ¢dc gid tri bién do phuic, hodc hi¢u dung phiic chia ching.

§4-3. PHAN TICH MACH DIEN DUGI TAC PONG CUA CAC NGUON PIEN
HINH SIN BANG $6 PHUC
4-3.1. Todn tir nhinh - Pinh luat Ohm va Kiéckhop dang phiic
a) Todn tir nhinh
Néu bo qua ky hiéu todn 1&f phin thue (Re) ¢6 thé coi cic ngudn e dong hinh sin 1 cic
ngudn tdc dong ¢6 dang ham s6 mi dang (3-14), trong d6 hing s§ 1 12 gid trj bién d6 phic, hoac
hi¢u dung phitc cla ngudn 14¢ dong hinkh sin; s6 mi s 13 tich clia tdn s6 20c o el nguodn 1Ac Jong

hinh sin v& don vi 40 j (s = jo). Do dé phil hop véi cic két qud dd nhan Juoe & chuong 3, 1odn W
nhanh.
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o =Ry, + ol + = 7. (uw},

JCy
vit duoc goi 12 10ng trdd phie cda nhdnh.

Thong thudng, dé cho gon ta khong viét 7, (jw), ma viét.

N i l
7o =Rl = = Ry jlak, — —) = Ry+ (X —Xew) = Ry + X, (4-24)
Joko ok
1rong Jdo:
X =ol, ta dién khang dién cim, hay cam khdng,
1 . .
Xep= - 12 dién khang dién dung, hay dung khing.
Ty
jL., —% 12 1éng trey phitc ca phan tir dién cam va phin wr dicn dung twong tmg;
0C

R, 13 thanh phin tdc dung cla 16ng troy phite 7,
X, 12 thanh phan phin khing cla ong urd phitc Zy.
T8ng trd phic 7, & (4-24), ¢6 thé viét dudi dang:

. . kg c
2, = ‘[,k\e k {(#-25)
trong do \Zk\ = JRI+X; 12 modun ciia tdng trd phic z,,

X , S
¢,, = arctg—" |3 argument clia téng 1rd phic Z,.
k

: H 2 3 -; Fl 1 L a F - ki - A
Nghich ddo cha todn tif nhanh v = — =Y, goilat0ng dan phdc cia nhanh. Téng dan

. ~k
phic ciia nhénh Y, [a mot s6 phite, nén ¢6 thé viét dudi dang:
; i
Y=g, +jb, =y, k (4-26)
trong d6 g, 13 thanh phin tic dung cta6ng din phic Y,,

b, 13 thanh phdn phin khdng cla téng dan phic Y,,

y, = i + by (3 mddun cha téng din phie Y,

b e
Py, = arcg ~%  ]a argument clia Wng din phic Y,.

By
Neudi ta cling dinh nghia 18ng trd v t6ng din phikc chia mang hai cyc khong ngudn.

Téng triy phite clia mang hai cyc khong ngudn, k¢ hiéu JA Z, 12 t s gifra pid 1ri bién do phite
hoac hicu dung phic cba dién 4p va dong dién trén cde cuc clia mang hai cyc (xem hinh 4-3).
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: —————a
;
| EI"I]
JITI
——— &
Hinh 4-3
)’7‘ — lJ m — H
S

m

Nghich ddo clia tdng trdy phic 14 téng dan phite ctia mang hai cue khong ngudn:

Yo o—am

b) Dinh ludt Ohm dang phirc

Xét mach gém ba phén tir R, 1., C mac néi tiép (hinh 4-6). Theo dinh ludt Kicekhop 2, 1a co

u =Ry + ].El—l + ljidl Jhavu = ¢ (4-27)
_ dt C
i R L
=C
U
flinh 4-6

Khi dién 4p va dong dién bién thién theo quy luat hinh sin, thay todn (¢ nhdnh # bing téng
tro phide 7, va viél dong dién, dign 4p dudi dang 6 phitc, ta duoc:
P' ] 1 j(u!—!
lue =Re|Zlye

L )

Re[U... oM } =7 Re

[

B6 qua ky hiéu todn tir phdn thue (Re) vA chia ¢ 2 v€ ctia bidu thie trén cho thita s6 ™ 1
duge:

Up = Zlm

. L.J ]
Qv = — -2
hay: L 7 {4-28)



Chuong 4. Mach dign dudi téc déng cua cdc ngudn dién ... 57

Bicu thie (4-28) I3 bicu thide cia dinh luat Ohim dang bién do phde.
Chia ca hat v¢ clia bidu thie (4-28) cho \/E - ta nhifin duog:
Y
I =— (+4-29)
7.
Bidu thie (4-29) 13 bicu thie cda dinh luat Ohm dang hiéu duny phic,
Bidu thde (428 ¢6 thé vidt dudi dang:

. e .
o l.' e Ien LJ

Lot e i = (4-30)
/.|C B Ié!

trong dé 171 modun cha téng wé plide 7 ¢, [3 argument cla 10ng 1rd7 phie 7.

Tir {4-30h) ta nhan duoc:

§]
tre = f‘“‘l‘- (4‘3 l)
1]
13idu thite (4-31) 13 bidu thite cia dinh luit Ohm dudi dang bién do.
Chia ¢i hai v& cha biéu thie (4-31) cho \E, ta nhan duoc:
i
= — (4-32)
4

Bicu thire (4-32) 13 bi€u thie cita dinh luit Ohm dudi dang gid tri hiéu dung.
Cing tir biéu thie (4-30) ta suy ra
=P — Py
hay gécléch pha gitta dién dp va dong dién chay trong mach:

P=P.— =P

nghia 1a pée {ech pha gitra dign dp vi dong dién chay trong mach duge xdce dinh boi argument ctia

(éng try phie cOa mach,
¢) Cidc dinh ludt Kiéckhop dang phite

Trudmg hop dién 4p v ddng dién trong mach bién thién theo quy luat hinh sin, cde bicu thac

cha cie dinb Juat Kieckhop 1va 2 [(1-11), (1-15)] ¢6 thé viét dudi dang:

5 Rt‘.l:ikm e"’"'} -0 (4-33)
zlzeiLka... c-i“"—l - ZR({{EM U‘WI (+-34)

hay:
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R€Z i]un c_imi - “ (4‘3321)

Rey Uy €™ = RCZEM e (4-34a)
Trong cdc bidu thic (4-33a) va (4-34a), bo qua kY hiéu todn tr phin thue (Re), va chia ci hai
v& cho thira 56 ™', 1a nhan duoc:

Sy, =0 (4-35)

Z l:] km = 2 Elu_u (4";6)

Chia ca hai v& ¢ta cde bidu thie (4-35), (4-36) cho '\/5 , ta e
Sip =0 (4-37)

SUp = 5By (4-38)

Céc bifu thie (4-35) + (4-38) 14 cdc bidu thic cha dinh luat Kiéckhop 1 va 2 dang bién do
phirc vi hiéu dung phiic tuong ing.

Céc biéu thie cha cac dinh luat Ohm va Ki¢ckhop dang phie, v& mdt hinh thite, hoan todn
giong cic biéu thite cha cde dinh luat Ohm va Kicckhop dang thuc, ¢hi khdc thay doi céc ky hiéu.
Céc gid i thue cua dong dién, dién dp, sie dién dong (i, u, e) duse thay bing cde gid tri bien do
phire, hodc hi¢u dung phic tuong dng (L"»U..u fil[l, hoac I U fﬁ‘l), con dién trd R duye thay bang

tong trd phiic Z.
4-3.2. Phan tich mach dién duéi tac dong ciia cic nguén dién hinh sin bing s phiic

Nhu da chi ra ¢ trén, bidu dién cic dao dong hinh sin bing s§ phic, vi b6 qua ky hicu todn tir
phan thuc (Re), khi d6 cae nguén tic dong vao mach ¢6 thé coi la cic nguon tdc dong ¢é dang ham
- . - - - B - P - o - .o . 7 - - 4 - |
$0 md, con cdc toan Wrnhdnh s¢ 1a cdc 10ng 18 phic Z, nghich ddo cic todn tornhanh #7' = — = v
7
13 ¢de 1dng din phic cla mach.

Trong trudng hop nay hé phuong winh dong dién mach vong va hé phuong trinh dién the diém
ndl cia mach s8 ¢ dang:

@) Hé phueong trinh dong dién mach vong:

Zyy Lt +Zp5 Lot + o+ Zyy v = B,

le b + :‘{21 iIII.II + ..+ ZZM ‘IIII.M = E"ﬂ:. ':’4__3())

. . . .
7 y ]111[ +/ 17 Im]] + ...+ L Ilu.\-i = EHIMM a2
LML M2 MM
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hay dudi dang ma wrdn:

[Z]il 1\ = [17::... |5 (4-40)

L

<
trong doé '(Im \ ta vécto ma tran o1, moi phin tr cha nd 1a cde gid tri bién do phic cua cde dong
L2

.
dién mach vong: |jim} = {i...li...n . [;L.\1~‘ .
. ]

r
.

Iu.u} 1a vécte ma tran ¢6t, mdi phin tr ca nd 13 10ng dai s0 cae gid it bién d¢ phidc clia

cdc ngudn dién dp tdc dong ndm trong cidc nhdnh cba mach vong tuong tmg:

[l"l.--} i F"““ Emge Loy ]r.

rZ‘il]. 7‘]2"' y‘l.\d

Loty . L
[Z] _| et M (441

Zoan Lonz - L
l3 ma trdn tdng trdy phifc cha mach.

Ma tran téng rd phite [Z] cla mach {4 ma trin vudng d6i xdng gqua dudng chéo chinh. Cic
phén tir nam trén dudng chéo chinh Z,, 12 16ng cic ong ey phite coa cde nhinh thude mach vong
k, con goi 12 tdng & phic clia mach vong. 7, luon mang ddu duong (+); cic phan 1 nam ngod
duimg chéo chinh Z, ey = 7 12 ng trd phie nhdnh chung giffa mach vong thit k v mach vong
thit r. 7, mang diu duong (+) khi dong dién mach vong k va dong dién mach vong r qua nhinh
chung cing chiéu, nguoe lai Z,, mang diu am (-). He phuong trinh (4-39) phid hop khi sir dung gid
tri bién do phite cha cic ngudn tac dong. Con khi si dung gid tri hi¢u dunp phice cia cie nguon
1dc dong, 1a s& nhan duge hé phwong trinh Jong dién mach vong dang hi¢u dung phue:

Z, i[ +7Z,, T+t L In = En
7 ‘II + 75 iu + o Loy iM = Fas,

(4-42)

Loy W +Z, To + o+ 2y I = B,

[Z] H - H (4-43)

hay dudi dang ma trén:



60 LY THUYET MACH - TiN HIEU

b) Hé phuiong trinh dién thé diém nil:

Pog Y1 TPz Yo T+ Yy =1

H
| f . .
) Pl YZI + iI.’mfl Y'.!?. T (PllaN YEI\' =J m2 [4‘44)

hay dui dang ma tran:

o = b (4-43)

I

trong d6 me} 1a vécto ma trdn cOt, mdi phin 1l cda nd 13 gid trj bien do phie cia di¢n the cic ni

ctia mach so voi dién th€ nit géc chu mach bing khong.

C 1 » . . !
L(Pm J = |:(Pn:] [ng (pIIIN —‘

i

[J " } Id vécto ma trdn ¢o1, méi phin (I cla nd 13 1dng dai s6 cac grd tri bicn do phic cha

cde ngudn dong ddng tri n6i véi nidl trong dng:
. : )
, T [ILJ =i J]m -Tfm o] N
L)L ]
- -~
Y, Y. Y

[v]= Tu Yo Yoy (4-36)

LY-\'I Yi\‘z YN_\-E

J& ma trdn (6ng dan ctia mach, Ma tran ong dan (Y] cta mach 13 ma rin vuong dai xing qua
dudng chéo chinh. Cic phdn tir ndm wrén dutmg chéo chinh Y, 16ng cde Wng dan phic cha cdc
nhanh n6i v6i nidt k wong dng, cdc phdn tir nam trén dudmg chéo chinh luon mang diu duong (+).
Céc phdn (& nam ngoai dudng chéo chinh Y .. = Y, 12 6ng din phitc cua nhénh néi gilfa ndt k va
nit r, ¢de phan tir nam ngoai dudng chéo chinh luén mang ddu am (-). H¢ phuomg trinh dién the
diém nit chia mach (4-44) phlt hop Khi siz dung cde gid tri bien do phic cha cdc ngudn dong ding

. Con Khi st dung cde gid tri higu dung phirc ca ngudn dong dang (ri, phuong trinh didn the
diém ndt ¢ia mach s& ¢6 dang;:

[P[ Yll + (P3 le + ...+ ('pN Yl;\' :JI

(}’1 Yy + ‘.P: Yo + 4 L.P_\' Yon = Jy

O Yu, + Py Yy + L+ @y Yoo = Iy
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Ly dudi dang maoisn:

1o - D]

)

{4-48)
P day e xét miol thi duy:

Thidt lap he phuong winh dong dién mach vong va hé phuong (rinh dién the diém ndt coa

isagh dien think 4-77ncu bick ¢, =10 cost ot + @) o= hjcostal + @) e = g cosfon + ¢

Uyl eostat bl Vi gld i cde phan i RG] Ceda mach. ¢
— &=
s
5 il
i 3 13
Z, 7.
oy B
1 <tn
- e
3 3 @,

Hinh 4-7 Tlink 4-8

& thuan tién cho vice hiét lap cice hé phuomg trinh, (@ vS Tal mach dudi dang hinh (4-8).
tropg da:

v . ", . I . N I " . _i‘P
1 e ]y ey B =hoe '3; Ei=1¢e '*; Ly =Eae?

li cde gid tri hicu dung phuc cla cic ngudn tie dong;

-

¢ A
Zio=Ro7Z =K+ ||ael, - L ! L= jall
| L-JC, }
] "
Za=R, 7, =R, +jol, - ‘; Zo=jola + R,
L ol )

li cdce tong ey phude cioa cde nhdnh eda mach.

Chon cae mach vong doc 1ap v chidu cic dong dién mach vong nhu & hinh -8, i dap

duce he phuong rinh ding dien mach vong caa macl

[ SR
(7 +7, 75} 7. —Zs i | 1 |
/. VARY A 7, e [ =By | @40
! i & Gost? e 20) ; T ! }.-',s
L - _ L )
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Giai he phuong trinh (4-49) ta s& xdc dinh dudc cde gid tri higu dung phic clia cic dong dién
mach vong. ‘T d6 xdc dinh dugc gid tri hiéu dung phic cting nhu gia 1ri tde thei cda dong dién

trong cidc nhidnh.

Tuong . n€u ddnh 86 thif ty cdc nat nhu trén hinh v&, chon ndt 0 1a ndt gdc va cho dién thé

nit gdc bang khong. ta & thanh lap duoc he phueng trinh dién (h€ diém ndt ¢Gu mach:

"_ L] _i } - L]
tg, ' |G Y, -1
(Y1 +Y1+Y5) _Yi _Y'_i i I IY[ } ‘Yi
~Y, (Y, +Y,+Y,) - Y, 0, | =] 1, Y, (4-50)
B . X . . |
Y_‘ _Y{‘ (Yz Y; + Yr.) (P-, E: Y3 +F;'i Y‘ .

1 . . .
trong dd Y, = R 1a tong dan phue cha nhanh k.
i

Grdi h¢ phuong trinh (4-50) ta s¢ xie dinh duge gid tri higu dunyg phuc cla dién the cic nt

(. 2. 5 80 YOI Nl gbc @y T diy s¢ xde dinh duge gid tri hiéu dung phdce va pid tri tde thd cla

dong dién qua cdc nhdnh cia mach.

Can nhin manh rdng, gidi hé phuong trinh (4-49), (4-50) chi cho phép xdc dinh thanh phin
dao dong culig bic cia mach (ch€ do xdc tap cba mach) khi tic dong vio mach i cic ngudn di¢n
hinh sin. Trong ¢he& do qud do, dao dong trong mach 13 x&p chdng clia hai dao dong: dae dong e
do vl dao dong cudmy biae. E tim thanh phdn dao dong tu do trong mach. ta phai gidi cde phuong

trink trang thdi ca mach Gng vdi v&€ phii bing khong.

§4-4. PINH LY MAY PHAT DIEN DANG TRI

Khi phiin tich mach dién, trong nhiéu rudng hop khong dor 16 1im phan Ung trén 4t ¢d cic
phén 1 clia mach, ma chi ddi hoi xde dinh phin tng trén mot phan tir, hoac mot nhanh cla mach.
Trong nhitng trudng hop nhur thé, viée xdc dinh phin tng nhidu khi s& trés nén khé don gidn néu dp
dung dinh 1y may phdt dién déng tr sau:

Mat mang hai cye ¢6 ngubn cé thé thay the wong duomg bang mor may phat dien di‘ing lrj €6
stc di¢n dong bang dién dp ddw ra clia mang hai cuc khi hév mach, méc ndi 1iép véi téng ey bang
téng trér ddu vdo clia mang hai cuc khi cho cic pgudn tic dong bén trong mang hui cyc bing

khong.

Thét vay, gid st ¢6 mang hai cuc ¢6 ngudn ( hinh 4-9a).
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f:sO ’
———a
A l 0 A ] A
| v, Z
a) b) e
E=U, E=U, E=U,
120 120
A
Z A - Z
d) e) 4
i:O

Hinh 4-9

Virang ben trong mang hai cue 6 chifa ngudn, nén khi hé mach, trén hai cue coa nd s€ wn
tai dien 4p Uogoi 12 dién 4p htr mach (xem hinh 4-9a). Néu trén hai cye cta mang hai cye duge
ndi vdi phu tdi Z, thi qua phu tai s& ¢6 dong dién I chay qua (xem hinh 4-9b). Néu trén hai cyc
clia mang hai cuc déng thdi ndi vdi phu 14i Z,, con ndi ndi 1iép véi ngudn dién dp ¢6 sie di¢n dong
ddng hing dién dp hés mach Uo, nhung tac dong nguoce lai v chiéu tdc dong cla Uy, thi domg
dién qua phy t4i cling bang khong (xem hinh 4-9¢). D€ duy tri dong dién I qua phu tdi Z,, ¢in mic
thém mot ngudn dign dp c6 gid tri ding bing Uy vl tdc dong ngugc lai vdi chiéu 1dc dong cla
nguén dién 4p di mic ban déu {xem hinh 4-9d). Vi tic dong cla ngudn dién dp voi suc dién dong
bing U, ban diu triét ticu vdi the dong do cdc ngudn chita trong mang hai cuc gy ra, nén 6 thé
loai ching ra khoi so 48, khi dé mach Ji cho hodn todn tuong duong 'véi mach & hinh 4-9¢, Mol
mang hai cuc khong ngudn hoan toan ¢6 thé thay the wong dwong bing tdng 116 ddu vo cla nd, ¢6
nghia 14 mach & hinh 4-9¢ wong duong vdi mach & hinh 4-9€. Dinh ly da duge chimg minh.

Dudi day, ta xét mot thi du, 4p dung dinh iy mdy phit dién déng tri d€ tinh phan dng trong

mach dién.

Thi du, khi ¢iin tinh dong dién Is qua mach di¢én hinh 4-10.
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flinh 4-10 Hinh 3-11

Thue hién ngat 16ng tr(d Zs ra khoi so dd, phin mach con lai <8 Ia g had cue ed ngudn

{xcem hinh 4-11).

Thay the mang hai cue (hinh 4-113 bing may phdt dang 1.t sE ¢6;

Cooe e 5.7 ;. Lo .
B=Un=U-Uy= " Lk ! ! (4-31)

Do dd, mach dign Ja cho (hinh 4-10) wong duomg v6i nach dicn & hinh 412, trong Jdé sic

dign dong o vaténg urér /., duoe xdc dinh boi cde bidu thire (4-31) vi (4-323 tuong dng.

——

_\1':
[5

@

St dung phép bich doi tuomg duong pilta nguon dien dp vi ngudn dong dicn, ¢o e plat bicu

N
2/
m-

Hinh 4-12

{r diy ta xde dinb duge dong didn:

dinb 19 mdy phit dién dang trj dudi dang khic: Mot mang hai cue ¢o ngudn o thé thay the (wong
duong biang ngudn dong dign 6 gid i bang dong dicn ddu ra cta mang hai cue khi diu ra ngin
mich, mac song song véi 10ng dan bang éng din ddu viw eta mang hai cue khi cho cde nguon L

dong bén trong mang hai cye bang Khong (xem hinh 4-13).
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1
l

ng)

Hinh 4-13
Pinh 1y mdy phit dién ding i cdn goi 12 dinh ly Thevenin va Norton v€ ngudn trong

duong.

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

Ngodi 1inh chat xép chéng, tinh chal wong hd cling 1a tinh ¢hi dac rung cda mach di¢n
tuyén tinh. Tinh chdt tuong hd cha mach dién tuyén tinh duge phit biéu nlur sau:

Trong mach dién twyén tinh néu chi ¢d mot ngudn dién dp tic dong nam trong nhdnh ab, tc
dong theo chidu 1i a dén b va gay ra trén nhdnh cd dong di¢n I> theo chidu ti c dén d, thi khi
chuyén ngudn tdc dong sang nhdnh cd, tie dong theo chidu tir ¢ dén d, né s& gay ra dong dién f

tong nhanh ab theo chidu tir a dén b, va khi dd il = .IQ {xem hinh 4-14).

4) Hinh4-14 b)

That vy, ta thue hién chon cde mach vong doc lap sao cho nhdnh chita Z, 1a nhanh doc lap
¢ha mach vong th nhat, nhdnh chita Z, 13 nhanh doc 14p cha mach vdng tha hai (xem hinh 4-14),
khi d6, theo cong thite (3-21) w tim duge (d6i vdi mach & hinh 4-14a).

. A
In= 12

I3 (vi ring khi 13y Eeaeoy =0 Bu=13)

¢dn doi voi mach & hinh (4-14b):

_All

.11 = E (\-’i khi 1131)/ l::kk(k:’z: =0; va é:g :E)

Doi véi mach dién uyen tinh teong hd, ma tran 16ng trd cla mach déi xtng qua dutmg chéo

chinh nén A, = A,,dod6 [ = il = i2 = in .

Ap dung phép bicn ddi wong duong pitta ngudn dién dp vi ngudn dong dién, ¢6 thé phdt
hi¢u nguyén Iy tuong hd cha mach dién tuyén tinh dudi dang khac:

5-FTMACHTAPL
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66
Trong mach dién tuy€n tinh néu chi ¢6 mat ngudin dong dién 1dc dong dar gitta 2 diém ab va

gay ra gilta hai diém cd dién 4p U,, thi khi chuyén ngudn dong tdc dong sang phia cd, nd s& gay ra

g1lta hai diém ab dien dp U, vakhi d6 U, = U, (xem hinh 4-15),

b ¢ b c
@ I \LUz ?U' @I
a d a d

b)

a)
Hinh 4-15

Ta xét mot thi du ¥ng dung tinh chat wong hd cba mach dién xdc dinh dong dién is Irong

mach dién & hinh 4-10,

Theo tinh chdt twong hé trong mach di¢n, khi chuyén ngudn dign dp 1dc dong E vao nhdnh

Zs, n6 s& gay ra dong dién in = I {xem hinh 4-16).

Hink 4-16

Tir hinh 4-16, ta c6:

il z
§ =
. HTE 4 374

§+ . - + i, -
Z +72, Z,+Z,

’ i's.z : frs ‘24
I': = ,’ ; ['s = —_—;
Z, +7Z, Z,+27Z,
Io=1s =1y Iy =1 [ 7 2 (4-53)
- =135 = ! - Tt
LR ikzle-?_2 Z+7,

Thay .I‘S tir bidu thic (4-53) vao biéu thitc irén, ta nhan duo:;
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B | :/,1 Z \'u

Dé dang thiy ring, k6t qua nhan duoc trung vdi ket qua khi tinh I' bang phuong phip miy

plidt dién dang tri.

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

Phin vng trong mach dién phu thudce vio tin s6 cha ngubn tic dong, tinh chét nay duge got
12 dac tinh tin s& cha mach. Ngudi ta ciing phan biét dac tinh bién do tdn s& va dac tinh pha tén s6
ciza mach dién. Pac tinh bién do tdn s6 cha mach dién 13 s phu thude cla bien d6 cia phén vng
Vi thn <8 clia ngudn tic dong, cdn dac tinh pha tdn s6 cha mach dién 13 sy phu thuge cta pha cua
phdn dng vio tdn s6 ngudn tdc ddng.

Dudi day, ta xét mét thi du:

Xé1 mach dién gém hai phin 1 R, C mic néi tiép dudi tdc dong cha ngudn dign 4p hinh sin

vl gid el bién do phite Uw (hinh 4-17).

flinh 4-17
Theo dinh ludt Ohm dang phic, ta xdc dinh duge cde gid tri sau:

Gi4 tri bien do phire clia ddng dién chay trong mach:

.U ) Un joC
T e (4-54)
L 1+ jJRoC
joC
Gia tri bién do phic cla dién dp trén dién dung C:
* ' 1 U .
Un =1lu. (4-35)

©C {1+ RoC

‘Tt cde bidu thic (4-54) va (4-55), ta xdc dinh due gid 17 bién do va pha cta dong dién va dign dp:
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U wC
1 - Twm

RV PUTERrE

u
U — I

l+R-w-C-

¢ = p,+7m/2 —arctgRoC,

P = @, —urclgReC

Bac tuy&n bien d6 wn s8, pha tn s6 coa dong didn va dieén dp trén

dién dung C duoc thé
hi¢n trén hinh (4-18).

Al Uy,
I-'II'I'I
ol e
R Pttt
Im m“"‘\..._____
0 >
o
a) Déc tuyén bign do tén s6
/k ('piF ‘.pu
¢, + /2
\pi
@ S

P,-m2 T

b) Bac tuyén pha tan s
Hinh 4-18

Ham truyén dat phitc cia mach dién ky hiéu [ T(jo), 1217 56 giia £td tri bicn do phic, hoac
higu dyng phite clia phin dng vi gid trt bicn d¢ phic, hoac hiéu dung phdc coa tac dong:

Ty = 222 F2 (4-56)
Fln] Fi

Trong bicu thitc (4-56), chi 56 2 biéu thi phin Ung, con chi sd 1 bicu thi tic dong.
Phis dng trong mach ¢6 thé 13 dong di¢n qua mot nhdnh ndo ¢6, hodc dién dp pitta hai diém
nao d6 cla mach, con tac dong vio mach <6 thé la ngudn dién dp, hoac ngudn dong dién. Do do,

hani truyén dat phitc clia mach dign ¢6 1hé [a dai lugng ¢o6, hodc khong ¢6 tha nguyen.
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Ham truyén dat phitc T(jo) <6 thé bitu dicn qua dinh thac va phén phu dai 86 clin ma tran
tong rdr hoide ma tran 1éng dan cia mach. Thi dy, d6i véi mach di¢n & hinh 4-14a, khi chon phén

Ung la dong dién I, phit hop voi két qua da nhan dugce trong §4-5, ta ¢é ham truyén dat phitc:

. A,
T(jw) = —= = - =12 4-57
J A { )

B

Con khi chon phdn dng 1a dién dp l'J2 trén phu i Z,, thay Us =1: 7, ta Gm duge ham

truyén dat phie:

"

T,(jo) = & - L Z, (4-58)
£ A

Trong céc bi€u thie rén, A 3 dinh thitc cha ma trdn 8ng 1rdr [Z] cha mach, cdn A, 1 dinh
thite ¢ha phdn phu dai sd cha ma tran éng trdr cla mach.

Tir cace bidu thie (4-57), (4-38) dé dang nhan thdy rang ham truyén dat phic cia mach dién
phu thuge vio ciu trde cia mych, gid tri twong d6i gilta cdc phan tir chia mach vA tan s6 clia ngudn
tac dong, ma khong phu thude vao do Ldn cia ngudn tdc dong.

Mt khde, véi nguon tac dong cho tnxd, pid tri bien do phidc, hoac hicu dung phic cla né i tri hang so.
Do d6 tir bidu thige (4-56) 1 thay, sy phu thude v tn s o clia ngudn tic dong cia ham truyén dat phide T(e)
cu mach, wong (g véi sy phy thude vao tn 56 cla ngudn e dong cta phin g clia mach, Sy phu tnoe
clia modun him truyén dat phike vio tn s¢ clia ngudn téc dong twong (g véi dac tinh bien 4o 1dn s6 cia mach
va xde dinh wong quan gitta do 1én cda phin (ng vi do 16n clia ngudn tic dong khi tdn s§ ngudn tic dong
thay d6i. Con sy phu thuoe clia argument cfia him truyén dat phie ky hiéu 13 0(e) - vio 1in s6 ¢la n gudn tic
dong temgp g véi e tinh phu tin s6 v xde dinh gée 1éch pha gitta phin tng va ngudn 15¢ dong vio mach.
B vaty, trong thute 18, d€ x§t diw tinh tn s cda mach dién, ngudi ta thuemg xét thong gua dac tinh tin 5§ el
hany truyén dat phie clia né.

Thi dy, déi véi mach dién ¢ hinh 4-17, klu chon phin ting 13 dong dicn chay trong mach, ta ¢6 ham trayén dat
phife:

I 10C

T {jw) s m=—"—— (4-59)
e T R C

m

con khi chon phdn g 13 dién dp trén dién dung C, ta ¢6 ham truyén dat phde:

i] t .l
Ty jo) = e = (4-60)
: O 1+ iReC
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Ham truyén dat phie T,(ko} & (4-59) ¢6 thir nguyen 1 tng din, cdn ham truyén dat phie T(jo) & (4609 13 dai

hong khong ¢é thir nguyen.

T cace bidu thite (-39) v (4-60) 1a xdc dinh duoc:

. wC
‘TI (jo) = s s
VI+R 0w C

bi(w) = 7/2  arctgReC

{
IT,(jo) = —ae——.
YI+R0?C?

8,(0) = —arctgRepC
Eic tuyén 14n s6 cla modun va argument clia cde him tuyén dat phie (4-39), (4-60) trén hinh (4-19).
R0 ring rang, cdc dutmg cong trén hinh 4-19 ¢6 dang holn todn gidng vdc dudmg cong trén Nink 4-18.

MT (o), 8,(m)

S
-

a) Dac tuyén tan s6 cla mGGun va argument ham
truyén dat phire T.(j @) e

A
1 |T2{j m)l ! 92(‘3)

ON

0,{w)

v

a) Dac tuyén tan s6 clia modun va argument ham
truyén dat phire T,(j @)
Hinh 4.19

84-7. MACH DAO BONG RLC MAC NO1TIEP

{(4-61)

(+-062)

(+-63)

(4-64)

Cie mach RLC mae ndi idp, RIC mac song song cing voi cde mach dao dong ghép duoe sir dung il phd

bién trong K thufit vo twyé dién. Do ¢6 su trao 46 nang hemg dién, ur tedmy, gidta cie phén i phan khdng 1.,

C, ¢dc mach ndy ©6 khi nang tao m cde dao dong dién tir nén chiing duge goi 13 cde mach duo dong.
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4-7.1. Dao dong trong mach RLC mac nai tiep
Xt mach dign g6m ba phin tr RT.C mie néi ti&p dudi tie dong cia ngudn dién ap hinh sin (hinh 4-20):
u="U,cos{ot+q)

n

i R L

Um
Tc

Hieh 4-20

Theo dinh luit Ohm dudi dang phie, ta e dinh duoe gid tri bién do phde clia dong dién va dién ap trén céc

phan itr.
H ; 111 .} jiis U — ]
Tw = UZ = t e ;' efP) o (4-63)
for 1] A
wC
trong doé:
Y L
‘/‘ R +| wl. - i la médun cua i0ng trd phife Z cta mach,
ol )
wi.—-1/wC . .. .
Pz = urcotg — R [4 argument cua 10ng trg phie 7,

['I n
]-u'. = s P = (*pu - (P'/. M

L.j ml. = i m jo‘)]‘ - Im('UI S Mo U aal . t‘.

me? !

joC ol
L‘] mk = im R = ‘i R C'llp' - Um‘ ﬁ

81

trong da:

I
Um[. = [mmL; Ul.uC = fIUC ; UmR = Iml{'
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Gid i uic thoi cia dong di¢n va dién dp teén cie phin ti
i=1,cos(ot+ @)

up = U cos{ol + ¢ + w®/2)

ue = U, cos{ol + ¢, - g)

u, = U geos{ol + ¢)

Tir cdc k&t qua nhan duoce dé dang thiy rang:

- Gid tri bitn d6 va pha cla dong dién. dién dp twén cic phdn 1l khong chi phu thude vio do Ion va pha
cua ngudn tde dong, ma con phu thude vao gia tri wong déi gitta cdc phan 1R, 1., C cla mach v tan s¢ cla
nguén tic dong.

- Bién dp trén phén tlr dién cdm vuot pha tnde dong dién gée 7172, dién dp trén phén 1 dién dung cham
pha sau dong dién gée w/2, con dién 4p trén phdn tir dién try riing pha vai dong dign.

- Goe léch pha gilta dién 4p dit vao mach vi dong dién chay trong mach duge xdc dinh bang argument
cha 16ng trés phiie 7. ciia mach:

ol.-1/oL

=@, - Pp;= = arclg ————,
P=P— =Py g R

n6 <6 thé 1én hon, nhd hon, hodc bing khong.

Khi géc lech pha ¢ > 0, ta n6i mach mang tinh dién cam,

Khi géc léch pha ¢ <0, ta n6i mach mang tink dién dung,

Khi gée léch pha ¢=0, tandi mach 1am viée & trang thai cong hudng, vin dé nay s& duoe xé k¥ dudi
day. |

P thi vécto cha mach duge v trén hinkt (4-21),

Hinh 4-21. D6 1hi vée w cla mach R1LC méc ndi tiép



Chuong 4. Mach dién dudi tdéc déng cta cdc ngudn dién ... 73

4-7.2. Hién tuong cong hudng trong mach RLC mic noi tiép
Hien trgng cong huimg 1a hién tugng lam viée dac bict ¢la cdc mang hai cye khing ngudn
¢6 chita cdc phan ti phin khang, ma khi d6 tdng r& hoac ong dén phitc cia a6 chi ¢6 thanh phén
tac dung (thanh phan phin khdng bing khong). Tan s6 ma 1ai d6 mach phat sinh cong hudng duge
goi la tdn s6 cong hudng. Tan 8 cong hudng clia mach thudng duge ky hicu 1 o,
o1 voi mach RLC méce ndi tiép, 16ng trd phute cha mach bang;
10

Z rf{-i—j[(:)]_- J
ol ) -

Mach s& phidt sinh cong hudng khi thinh phan phan khédng:

i
o L= ——=0
w,C
Tir diy xdc dinh duoc tdn 53 cong huting clia mach:
I
W TR (4_66)

Xé dao dong trong mach, khi mach phdt sinh cong hudmg, Gid tri bién do phidc cta dong dién khi cong
huimg:
* U m U n u

1, = L (4-67)
Lijor ) R It4

. ) , o . U, .
Vay khi cong hutng, dong dién chay trong mach dat gid tr1 cue dai [Imm“ = T{‘-‘EJ Vi tring

pha vdi dién ap dat vao mach.
Téng trty clia mach khi mach phét sinh cong hudng Z(jo,) = R duge goi 13 t6ng 1 cong hudng cla mach
(Z{j0} = 710 Gidl tri hién do phiic cGa dign p trén ce phin i khi mach cong burdmyr B

cjffpi =iy _ Um -wu]-' cij:i -T2

Ut = I joul =10,
Lo R

Um(‘ - = n Cj[(P‘ Y = L ej(tpi i) (4-68)
- jo, 0 e,C Ro,C

Viring @,l. = ——, nén khi cong hudmg dién 4p trén cde phin W phdn kKhang ¢6 bicn d6
m[]
bang nhau nhung nguoe pha nhau, 1Wng cia ching hang khong. Mat khéc theo dinh luat Kicckhop
2 ta co

U W fl mp + l.l il + 0".['
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khi coug huémy Uit +Ue = 0 nén:

U = G (4-69)
nghia [ khi odng huimg dién dp irén phin tr dign ey bing dign dp dat vio nech
Tren b (+-22) 1 do thi véws cha mack REC méde néi tiép khi mach phat sinh cong humg.
XS guan e i bién do dicn dp wrén che phdn 1 pha khing v bién do dién dp dat vio niach khi
niach phit sinh cong huomg. T bidu thife (4-68) 1 oi:

U i Lj ml. I - —l‘— = &I‘:
U o=, U o=, w, CR R

In i

=Q (+70)

Hinh 4-22. 96 thi vée 1 cluonach RLC méde 16 G8p khi mach phat sinluedng hudng

Cde mach dao dong st dung trong e (€ thutmy o6 e sé - phdm chal Q = 50 + 300 doi vai dgi sOng
dlai va séng trung, v Q = 300+ 500 dGi vl dii song ngan va cue npin,

Vay khi mach phit sinh wong huong, dién dp irén cde phin (i plan Khdng <o pha nguese nhau, bicn do
hang nhau v Km gap Q lan bién do6 dién dp dit vio mach.

Trong K§ thudt vo tuycn dién, déi vl cie mach dao dong, ngodd hé s¢ phidin: Chall Q, ngudi 1 con sir
dung rong rii hai Jaid luong khde [ hé s ton hao vy khdng die tinh cla mach. He s6 60 hao cta mach dao
dong. ky hiéu li d [ nghich ddo clia hé 56 phan ¢hat cia mach:

!

d-— (471
Q
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Con tréy Khang die tinh et mach, ky hicu lp, 10 s6 gita pid tri bién do dicn dp teén phiin tir phin
Khiing it i i bicn do dong dicn rong mach khi mach phat sinh cong huong:
-
| T L L L

pm s T L e (+-72)

I | Jic V¢

Cudi cung ta xél trang hidi nang huong cla mach khi myeh phat simb cong huong. Ning

fuong dicn 1 trudng tich il trong mach bang tong nang heong dién teudmg W tich ol trong dién

_ ) U;‘ if
dung vinang luong i iruding Wy, 1ich i trong dién can (W, = C T( S W, =L-—)
) 2 o 2
Kl niach cong huoug, 1= 1, cos{ol + gy 1,
u.= U, costol + @, —m/2) = U - sin{et + ¢,)

0 do nang tuong tich tedrong mach:

C , L y
W=W,. + W, = —U" sinf(@.l + @)+ = [ cos™ (ot + @)
- .
Lrong bicu thic tween, khi thay U . = -, 0, = == W thue hien bién doi, o nhin
0,C 1O
duse:
’ 1 1 I a7l y - 2
W=W,+ W, =L =-ClU_.=LI"'=CU,_ {4-73)
7 2

Vay, Khi cong hucmg nang tuong dign trirudmg tich i rong mach 12 hiing 560, V& ¥ nghia vt 1y, didu
Ay oo nghia 13, khi mach cong huong Khiong ¢6 sy trao déi nang luong itk ngudn va edc phian wrphan khing
i niach, mi ehi ¢ sy trao i nang luong pitta dien trfmg Vi ruomg i duee tich 1rir trong cde phin tr
phin khidng. Chinh sutrao déi nang luong nity mid rong mach ¢6 kha nang 10 ra cde dao dong dicn, va do o
ciic mach R1C mic ndi tiép con duoe goi B mach dao dong ndi iép, Nguon di¢n 1rong trudng hop nay chi

dong vai (e bl phitn nang luong bi ton hao rong phion W dicn Iy,
§4-8. PAC TINH TAN $O CUA MACH RLC MAC NOFTIEP

B3 v mach REC méde ndi tép, ngudi tthuimg quan am dén ham truyén dit phte thee dong dién:

[['[l ] I
(o} = Y == : . (4-74)
. 7 . 1
s R+ J((D], - _‘)
wl
. - .. B . ] . . o P o u['
Vi rang tan <6 cong hiromg caa mach o, = =, 01 he s& phidm chitt cua mach Q = ——
[.C Ik

nen bidu thic (4-74) ¢ the vidt Ly dudi dung:
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o ! I i _
I(jo) = v e = — (4-75)
Ri | jo,Li o o, ‘;‘ (I+ Qv R+ 55
R \o),] o )
. W@, L i . L . .
trong d6 v = — = — duge goi 1 do léch cong huong tuong dst, § = Qv 1 do lach cong hudmg
o, W
10ng quat.
Fu diy o xde dinh ducc:
« modun b iruyén dat phitie:
[T(jw)| l ! (4-76)
Ju ) = SE—— = -1y
Ry1+Q°v  Ryf1+E°
e argunient hivn tuyén dat phie:
0(0) = - arclg Qv =-— arctgt (477
Fai 1in 56 @ = 0, do léch cong huong wong doi v=———- =% 5 — o« madun him
w )

i

truyén dat phae "F(jo)| — O | con argument ham truyvén dat piiie 9w ) = n/2.

Khi tan 56 o tang din tir gid i o = 0 dén giatrl e < o, d6 1ech cong hutng wong d6i v s&
giam din vé gid tri wy& ddi, va do 46 [T (o) | Ling dan, con 8{w) s& pidm din,

Khi cong hudng (o = w,), do lech cong hutmy wong d6i v = 0, modun ham truyén dat phifc

[I'(o)| dat gid wi cue dai Tgo)| = % cm Blw)=0.

LY

Khi tin 36 o tang din 1 gid 11 o = o, do [ech cong huomg ddi v s tang din, vi do do
madun ham truyén dat phie ‘T(jm)‘ S€ gidm dan, con B(w ) & 1ang din theo chidu an.

e . . . - @ w R N N
Khi tin 58 o —» o0, do léch cong huong wong doi v=— = =% . 5 0 madun ham truyén
o ®

dut phite

T(joo) — 0, con 8(w) ~> —a/2.

¢ tuyn tin s6 cta modun v argument ctia i truyén dat plide T(je) (die tuy@n bicn do 18 sd va
pha tan s& cGa mach) v rén hinh (4-23),
Dic tuyén ITUU))‘ (hinh 4-23) con duge got 1a dac tuydn cong huong coa mach RLC mic ndi

tép.
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A
| T @), 0 (w)

L

R ; _
I f BT

0 ' >

Wy B(w) w
P R R L

Hinh €23 Hac tuyén bien dé tin s6 vi pha tdn 86 cia mach RLC mide néi udp
Trong thue (&, & don gidn qud trinh tinh wdn vi hide dién dic uycn, ngudi ta thuimy sir

dung ham truyén dat phic quy chudn. Tlam truyén dat phide quy chuin coa mach dién ky hicu 1a

T(w) , 1 d & gida ham truyén dat phie va gid tri cue dai cha modun cla nd:

o T(jo
Tijo) = —= :
‘TLJQ))‘ [ITHEN
Poi vet mach REC méc néi tidp, gid i cue dat cla modun ham truvén dat phic
"l‘(_jo))‘ o= ]]{ . nén hium truyén dat plite quy chuin:
N I
I(JU)J el i .= _l.._ —
P jOw - |+ 8
iQ 1S (4-7%)
Médun ¢l bivm truyén dag phie guy chuin:
. 1
Fjw)| = — — = - (4-79)
| J1+Q3v: 148

Frac wyén tdn s6 cla madun hiun truvén dit phite quy chuan xem trén hinh 424,

3¢ ding nhan (hiy ring. duong cong coug hudmg cua mgehr REC e ndi GEp ¢ 1inh do]
xtmg liinh hoc qua 8o 56 cong hudng o, nghia Bovét mot cdp n s6 o, va oo, thoa man dicu Rico

0,0, = mfl , ki d6 ta s ol
5 1

= ‘TU(D " )

‘T(jw )
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A
MTj )] MT{ @)
L AN
l \
]
l
!
1 =» ~—
-
By o} £
Hinh 4-24 Hinh 4-25
" & - UJ al S
That viy, gid st ¢d ¢ap 14n 86 0, = om, ¥ o L =— khido o L, =o;- Ung vdi cip
o ;

tan 56 da cho, 1a ¢6 dé téch cong hudmg @ng qudl twong tng:

Rorang ring £ =& nhung trong bidu thic (4-79), si hang £ Juoic dua vio gid tri binh

phuong, nén:

i,
T )! o )
Lo r
Tueng o thé suy ru:
Bilw 1 = -Bia )’
Nghiei Ja, modun cua hiam truyén dat phie (dac wyéh bicn do @n s6 cia mach) 17 mot hiim chin coa 6n
86, con argument cla him ruyén dat phie (dic tuyéh pha tin 56 cla mach) 3 mot him 18 ela G s6.
Tinh d6i ximy hinh hoc elia dudng cong cong huong el maclt RT.C méc ndi tiép v trén hinh 423,

B V& dac wyén bien do pha - tdn 8 chu mach - dac Lyén in 88 ¢da ham truyén dat phic
T(jw) ¢ (4-78), ta viét ham truyén dat phace |T(jo)| dudi dang:

[-jQv |

o ——

1
L+jQv 1+Q%* 2 2

_l+1—le3—2ijwl_ | - Qv

20 21+0Q%Y 20 21+ jQv)

T(w) =

o et 1 + l e.ﬁlﬂ{m.

E '2“ {4-809)

-+

2| —
1o | —
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Tir bidu thac (4-80), ¢6 thé coi him ruvén dat phae }T(ja) )‘ 13 t0ng cla hai véato: véctar tnt nhi
3

“

| : . . i _
e o dii i = vi argument thang khong; véewo tha bai co do dii cling bang E nhung argument bang

- Y

=2 = = JarcigQv = ~2urclg()( —_— = | Khi tin s@ & lhén thién i O dén oo, daw nit cla véews
i )
RRag” J

thd lai s€\C thanh mot dutng tron tint O bin kinh K = —. e day, dé dang thaly ving, dic wuyén hién

do, pha tin s6 cia mach 13 dudmg tron i MO,5, 0) bin kinh R = — (xe hinh 4-26).

b | —

T'lr dac tuyen bién do pha tdn s& (hinh 4-20), ta thay: khi tdn s8 o = 0, modun hiun truyén Jat

T(jw)

phifc = () ¢On argument ham tuyén dat phite 8(w) = #/2. Khi o ¢ o ting Jin, modun

T(o )‘ ting dén cdn argument 8(v) gidm din. Khi tin s6 @ bing tin s0 cong hudng cia

much o, modun ‘T(Jm) = 1, con argument 9(e,) = 0. Khi tin 50 o tang dan G gid 1 0 = o,

i
1lll:JX

gidm din, cOn argument 8(e) tang ddn theo chicu am. Khi dn s§ 0 — <,

médun ‘T(ju))

moAdun

T(jw ')‘ —> 0, ¢On argument 9(o)= —n/2.

I
i A

w ting

Hink 4-26, Hac wivén bicn do pha 1dn 86 cba mach RLC mie néi udp

Néu chon phin tng trong mach RTC mice néi tép 1 dién dp tren cie plidn e phan khang L, C, 1 s& 6

cic hiun truyén dat phie tuong tng:

. Um(_‘ i.m Im ]
T (o)== — =

Un _]CUC Um Um _}(DC
1 1 1
ieC joCR(1+jQv)

l (481}
R+jleL~- -
J( tl.:C)
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. l:[n‘.E .III ] ] j
Un Un  Rtjlol-—) RITIQV
aC

Tir e bidu thide (8 1) vit (4-82), 1a xic dinh duce:

{
Ry +Q2v“’

O () = —(m/2 - arctgQv),

o] =

ol,
Ry1+Q7v?

8, (w) = -1/ 2 - arctgQv .

I o) =
i |

XELtrong dan 1an 86 1an ¢dn 1an 6 cong hudng o, cla mach, ta ¢6:

o o, o-0 ©O-ofore,)

V=—— — = - = .

O‘)U w UJ; ml;
20,(0-0,) 240 _ 24f
o W f

trong 6 A = —og; AL = [ [,

Do do, cdc bidu thae (4-83) vi (4-84) ¢6 InE vidt Tai Judi dang gan ding sau:

e o = | o

(200 NET™S
Ror,C I+Q‘( 1+ 2
o, W

kN ]

‘TL o )‘ N w,l _ Q -

(280 o 280 )
R0 8¢ I+Q‘( Ao
@, L0,

(+-82)

(4-83)

(3-83a)

(4-84)

($-84a)

i tuydn bién do tdn s8, pha tin 6 clia mach, twong dng vai phin g 1 dien dp tren dicn dung Vi trén

dign cimn vE 1rén hinh (4-23),

Dién 4p trén dien dung dat gid tri cyc dai tai tdn s6 ©__ =

dién ap trén dién cam dat gid tri cuc dai tai tin s6
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ny i

Vi cic mach ¢6 hé s@ phidm chit cao, dn 6 @, = 0, = o, . Tai @0 s6 0 =w,:

;[‘('Umf}) - !rl‘i' {-i”iﬁ)i = Q (Uln(" = Ulnl. = QUHJ)
A |TLU @) |Tc(j o)
[ B I
] i
1
U) m‘Amm{)mm m}
N (o)
[o
b)

Tk 4-27. #hic tuyen bicn do tan o6 (i) va pha tdn sé'(h)
§4-9. DAI THONG CUA MACH DAO PONG RLC MAC NOTTIEP

T do thy thinh +24) ta thdy, dudng cong cdony hudng cda miach dao dong REC mide ndi Gép dat gid wi
cue dai Tl Ge 8 hang @nosG cong bumg G mach o,; K G <6 cng cich xatin s6 cong huimg oy, gid i
el dudng cong vong hudng cng gidng Khi o s0 o = 0vil o — o, gid i coa diimg cong cong huong, bing
khong. Mt khie, W bicu tlde (4-79) @ thdy, dang ciia dutng cong coug huing (do doe cha dutmyg cong) phu
thuoe v he s phean cat Q cla mach. Tren B (4-26) & cde dutmg cong cong hudmg cda mach RIC mic

1OH LGP g vOr e 2id b Bhag nhau ¢ hé s pham chat Q et mach,

Hinjo 4-28

Bl CMACHT A
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1 hinh (4-28) 10 thiy. khi he 56 pham chdt Q cia niach cang Ion, dang duimg cong cong huimg ciu
nigch cang nhon (49 doe cta dudng cong cing Lén). Ei¢a ndy ¢6 nghla I dng véi mot te dong ¢o 6 <8 o =
oy + Aw, Khi thay d6i Bé s pham chat ctia mach, phin tig ¢l mach s8 ¢6 cic gid trt khie nhau. L1 0 pham
chat cua mach cng Ién, phan ting cia mach Jéi vai e dong 6 tdn sé caeh xa i <& cong hutmg e mach
cang nho. Hay néi cach kKhde, macl dac dong RIC mic nodi G8p 6 tinh chion loc G hicu theo gy so. v ndy
chom loc cla niach phu thude nhicu vio he so pham chit cia mack, £ dac trmg cho tind it chon loe tin
hidu ctia mach dién thee tim sé. npui ta dua vio kKBdi nicn di thing cua mach,

Dai thong cua mach dién 1 dii tan 58 trong dé dae wvn bien do in 6 cda him rovén da
—= ln gid ey cue dad coa nd, hoac Jac tuven bién do Gin so coa

N
!

ham truyén dat phite guy chudn khong nho hon - S
V2

phic cia mach khong nho hon

P61 véi mach RIC mac ndi GEp tr bicu thiae (4-79) ta suy ra, tai bicn cia dii thong (dug vai

lan & o ;va @}, binh phuong 46 léch cong hudng (Ong quit £7 =1 hay £° 11
Cdc 1dn 56 bién trén ¢, v bien dudi o . cla ddi thong cha mach RI.C méic ndi HEp ch (hé

xéc dinh theo biéu thic:

JTt

SQ ==, (4-83)

/
. @ .
£ - Q‘ W |
Lo, o)

o
s (4-86)

{0 . iy -

Song do tinh d6i xdng hinh hoc cba dic tuyén cong hudng cha mach, nén Gin 6 o, o6 e
xac dinh wr bicu thile @ |~ -=. Do do6, néu trong bidu thire (4-89), thue hicn thay & hang

[
©, o, P
— = — lu s& nhin duoe:
0. W,
Gy,
. (‘}n_. (JI /'
hay:
[CORNO N
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[Dii tan O tr © , dén o, chinh la ddi thong cta mach. Do do, déi thong cia mach RLC mac

noi tep (ky hiéu la 2Am) ¢6 gid tri:

200 =0, —O© | = (4-87)

hay : AL = 2 (4-87a)

[Ddi thong ctia mach dao dong RI.C mac n6i tiép ti 1 thudn vai tdn s6 cong hudng ctia mach o, va t lé

nghich vai hie s6 pham chat Q ctia mach. Thi du, néu mach dao dong RIC mac néi tiép ¢6 hé s6 pham  chit

Q =100, thi khi tan s& cong huomg [, = 10kT1z, ddi thong cta mach 2A1 = 100 Iz, con khi tdn s6 cong  huomg’

.= 10 Mlz, dai thong cta mach 2A10 = 100 kHz Nguoe lai, khi tan s6 cong hudng £, = 10MHz, nlumg hé sO
pham chat clia mach Q = 50, ddi thong cta mach 2A1 =200 kHz

i véi cic mach dao dong ¢6 hé s6 phiam chat cao, ¢6 thé chimg minh duge ring dic tuyén cong

hudmg ctia mach ¢6 tinh doi xing s6 hoe qua tin s6 cong hutng ©,,. Trong trudng hop ndy cdc tin s bién dudi

@ , vi bién trén o, cta dai thong cta mach, ¢d thé duoe xdc dinh theo biéu thic gan ddng:

(J)_
(.-}_I RO, - 75 = “( | - 5}
n " (4-88)
0] 1
0, =0, + :)‘('I‘; =a,(1+ :J_é)
. | SEC
i-l Il.‘ (1 ) }
2Q | .
hay: | I (4-89)
L rn“"'j}'(‘j]

§4-10. MACH DAO DONG RLC MAC SONG SONG
4-10.1. Dao dong trong mach RLC mac song song

Xét mach dién gdm ba phan tr RI.C mic song song dudi tic dong cia nguon dong dién hinh sin ¢ ché

do xdc lip (hinh 4-29).

Hinh 4-29
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1=1_ cos{ot +¢,)

Theo dinh tuat Ohm dang phite, ta xdc dinh duoge gid i bién do phire cia dién

ap va dong
dién qua cac phin 1r;

. - . ilu im [ P "
Un=1In7= _\ :'—"[— = M U, e (4-9(
R (1 G B
wl.
trong Jdo:
e e LY ..
y=ye HolC-— 1a modun cia tong dan phire cda mach.
\ (g)IJ J E p
oy = arclgmc = Hol. 1 argument cta 10ng dan phie ciia nmach:
£
_],U_m.(_ —¢
g R * mn ., PII (PI p\
. {401
u Uy T
Lur = IIHRCH[ ,
illl]_. - U m — ﬁcﬁ‘{'u‘wz} =1 CJI('Pn"?lfl}
jel. oL " ' (4-92)
im(‘ = L.I m j(l)(_,‘ =01 [“U)CL‘ K- ) = I“.(_ Ky emid)
trong dé:
1§ L )
mK = Té&; L™ % [ml‘ = Um“){:' (4‘9")
wl.

Gid tri e thed cha dién &p vie dong dién qua cdc phan 1ir;

— 11 e :

u=U costor+, ),

I = Leosion 1+ @),
o= 1, coset+¢, — 72)

L]

I = L etosot+ @, +1/2)

T cac ket qui nhan duge dé ding thay ring dién dp vi dong dicn qua cic phan 1 khong ¢hi
phu thude vao do Ldn cla npudn e dong. mid ¢on phu thude vio 140 s§ cia nguon tic dong va gid

7 wong doi gitta cae phin 1 cla mach.
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L}
Giée tech pha gia dién ap trén cde phan tr va dong dién dat vao mach duoe xdc dinh bai s&

dail cha argument coa (dng dan phice coa mach:
= @, Y= =Py
Khi ¢y <0{—py>0) mach mang tinh dién cam,
Khi gy >0 (—py <0) mach mang tinh dién dung,
Khi ¢y =0 mach [am vice o trang thii cong hudmg.
Dong dién qua phan t dién trd teing phavdidicn dp, dong dién qua phan o dién ¢aim cham
pha sau dién dp géc n/2, dong dicn qua dién durg vuet pha trrde dién dp gée /2.

D6 taf véeto cla mach RLC niie song song wong ing vdi cie truomg hop mach mang tinh

dicn cim vi mach mang tinh dién dung v¢ trén binh (4-30).

4 S
1
. . ) I\ I
.k I U I 4 \
Iy
\i\g +‘|' +1’
a) Much mang 1inh dién cam b) Mach mang tinh dién dung

Hink 4-30. D6 tht vée 10 eha mach RLC méc song song
4-10.2. Cong huong trong mach RLC miic song song

Tong dan phic cha mach RILC mic song song:

1
Y=p+ jloC - —
=g J( mL]

Mach s€ phat sinh cong huémg khi tan s6 cla tde dong thda min diéu kién:

1
w,C———=0
a,l.

Tir day ta xde dinh duge tin s6 cong hardng cua mach:

g = —~i- (4-94)
1.C

Xét dao dong trong mach RLC mic song song khi mach phdt sinh cong hudmg.
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Craws iri bacn da phiie cba dign ap.

ten g Rodude gor ltony e come kg vle v,

Vi L cony hudng, 6ug tro plioe clo g Bt <3l v dal e 1l cye dais do do dicn

s HEcling dad wd i cue s va oy phaovdi dong dicn dat vio macl.

AP WK Gy g

Ui i e dis phue cta dong dici gu cae phan ur:

B U e L

VI it .~ -0, C e Kbl edng ewmg dong dien quaede phin e plidn khidng ¢ bicn do
@l

Dang nhaw, nhang npuie pha ubug en Gng e clining bane Llwony

Mar khic, theo dinh luat Kicokhop i dane phi 1a oo,

nen ki cong hudng dong dien qua phio v bes

Fd b donge Jicw dar vao mache
rén hinh 42913 dé thi vecta cha mach KIC e song song ki mach phat sinh cone liemy.

&

Hindy 4-31. D6 b véens cunmach RLE nie <ong song khyiach plaac sob cong liding

XEUME 86 it bicn 3o dong dien tren e phan 10 phig Midng v bign do dong dicn Jda0 v
mach khimach phit sint cong innsmne:
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|
il | 111 o i ) : =
: ‘ LN — — Q ;4_\)3)
|
|

Q duoe goi B he s6 pham chat coa mach.

Cing phu cic mach dao dong REC ndi iép, ciac mach dao dong RILC mac song song  sir
duny trong thue 18 thudng o e so phivn chidt Q= 30 = 300 doi vai dii seng das, song trung va Q =
3000+ SUO JEE v dib sony ngdn Vi cue ngan.

B3ab vai mach duo dong REC mac song song, ngodl ©é »6 phine chat Q ngudi ta clng 0
duny hai dai tremg khdc 10 he sa 6n hao d vi g khang dic tinh g cOa mach. 11§ s6 160 hao d cha
mach dao dong RT.C mie song song 13 dai lwomg nghich die cla hé $6 pham chilt Q cdu mach:

J == et et Khidng dice tinh poeda mach 13 6 80 gita bién 4o dién dp trén cie phian tdva bién do
a g ) g 1ig :

dome didn g plion 1 phan kidng cas mach khi mach phit sinli cong huday:

U u .
p— Ayl :¢| = ||—1
1m'. [tu(‘! xl C

=y

EI:I = fl]{] |

133 dang chang minh duge ging, cing nhy mach dao dong REC mide ndi G8p, ddi vt el
dae dong RLC mdce song song, khi mach ¢cong hudng ning lwong dicn we rudmg tich (el trong mach

cGopid trnhang sa.

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

P)a1 vai mach dao dong REC mie song soug, ngudi o thudny guan B dén hine truyen dat

phie theo dicn ap:

R Uln . l l ’
l.{_‘it'J} 5 SR A Rl T LT
. Y i . |
L 25 ol
. T

Bicu thire coa R truxeén dat phoe Tgjo) o c490) co the vict Tae diao day

| 1 |
S o= e e e {_{,_\J i

Qv el D)

IUUJ ] e Lo , .
' R OTH O R

=
L

L
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; w,ll .
rong doé: Q = —= 1a he¢ s& phim chit cta mach;
£
[ O)U . oy - - e
v =-——— ladg [&ch cong hudng tuomg Jii:
0, o

= Qv lado Iéch cong huomg (6ng quit,
(Hd 1ri cye dai cta modun i truyén dat phite (4-97)

l
|l(j J'i = -,
£

LA FEH Y%

do do, ham truyén dat phidc quy chadn ca mach:

l
1+jQv 1+

T(jo) =

(4-98)

Bicu thire cha ham truyén dat phie quy chudn cia mach dao déng R1.C mic 8Ong song

(4-98) ¢6 dang hoan todn gidng bidu thie cla ham truyén dat phitc quy chiudn cta mach RLC

mac ndi tcp (4-78). Do d6, dac tinh tn s¢, cling nhu ddi thong cia mach RIL.C mic song song ¢b

thé suy ra tryc tEp tir die tinh tdn 86 vi dii thong cla mach Ri.C méc ndi L.

Bac tinh ¢ong hudng cita mach:

‘l(u))

1
\/:Q v? \/l+§2

Bdc tinh pha tin 86 cia mach:

[GINN )
B(m) = —arctg Qv = —arclg(—— -t
NG

Con didi thong cia mach clivg duge xdc dinh theo hidu thic:

TAm = ©a
Q
hay:
AL = Lo
Q

|

(4-949)

(- 100)

(1-1013

(- 101w)

Pac tuyeén cong hutng v dac tuyén pha cia mach REC mic song song v& trén hinh (4-32).
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Thindy 4-32. Pac tuvén conp hudng vio dac vén pha o 56 cia mach RLC mac song song

§4-12. CAC MACH DAO PONG SONG SONG KHAC VA BPAC TINH TAN 8O
CUA NO

Khi k€ dén 16n hao frong cic phdn (& phan khang, cdc mach dao dong RT.C mac song song s€

cid dang nhie vE trén hinh (4-33).

E |
| .

R
I c I ¢ GN L Te
L L
a) b) c)
Hinh 4.33. Cic niach dao dong song sonp tUnge &
Mach dao dong song song & hinh (4-33a) <6 tinh dén t6n huo tén cuon ¢im,
Téng din phire cla mach:
|
Y=Y +Y,=— -— + joC
TR +jel
R ST ,
= — L_’ _‘—+‘]OJC_%T 1g+}b (-!'-102)
Ry +o7l° Ri+o’l7

trong do:

R, ol

=———5 bzol-———r
Ry +o’L] R} + ol

¥

Mach s€ phal sinh ¢ong hudmg khi tdn s6 cha ngudn tac dong @ =, thdéa man diéu kicn:

0.C - Lﬂl_ =0
R{ 0,17
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| R 1 | (R, Y
hay: m“:—;_--- - === = dl—tl—| (4-103)
“ : p )

N
\C

trong do: p

Cde mach dao dong sa dung trong thue 1€ thuong ¢6 t6n hao nhod (R, << p), nén tan s cong

hudng cia mach ¢6 thé tinh theo bicu thic gan ding sau:

1
wy ~ (4-104)
LC
Ham truyén dat phirc cia mach:
. U R, +jol.
T(jo)= ~— :.\’.{..: Rutel
I joC R, +jol—
- oC )

Trong thuc & mach thudng lam viée trong déi tn s6 lan can tin s6 cong huong o, va khi
0n hao nho ta luon ¢6 R, << ol.. Do do, trong ddi tdn sO lan c¢in tin s6 ©,, biéu thic cha ham
truyén dat phic ¢6 thé viét dudi dang gan ding sau:

o jol.
T(jo) = ! —
joC| R, +joL.— !
oC

= : (4-105)

I ol

Bicu thie (4-105) hoan toan gidng bidu thic cha ham truyén dat phac coa mach RLC mac

e s dal . . , Rk, C .
song song (4-96), chi khdc dién dan ¢ duoc thay bang di¢n dan tuong duong g 4= -—-II;-—, Do do,
trong ddi tan 0 lan can tan s6 cong huong o, dac tinh tin s6 cta mach dién (hinh 4-33a) nhan
dugc tr dac tinh tan s6 cba mach RLC méc song song (hinh 4-27) khi thay dién dan g bang dién

R,C
L

dan wong duong gy = —— .

L
Cac tham s6 khde cta mach duge xdc dinh theo cée biéu thie gan ding sau:
H¢ O pham chdt cta mach:

(4-106)
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Khi str dung bi¢u thie gan ding (4-103), ta s€ gap phai sai s0. sai s6 d6 duge ddanh gia boi

bicu thire:

R, + joL R, | '
_’JU T SR I| + ol (4-107)

L9

joL i joL

Sai 56 twong doi cta dac tinh bién do tan s6 clua mach duge danh gid bang modun cua bicu
thire (4-107), con sai s6 twong doi cha dac tinh pha tin s6 duge ddnh gid bang argument cua bicu
thae (4-107)

Mach dao déng & hinh (4-33b) khdc mach dao dong & hinh (4-33a) ¢hi bai dién tré R mac
song song vai khung dao dong. Do dé, trong ddi tan s6 thoa min di¢u kién ol >> R, né wong
duong vor nrach R1C méc song song, vai gid tri cta dién trd R = R, dugce xdc dinh bai bicu thic:

1 R.L

R, = -
1 Ra& LR, R,C

(xem hinh 4- H)

i gy
C/’Qi EL c —* C«) l1_+RRC —l[c

find 4-34

Céc tham s6 khac cha mach ¢6 thé xac dinh theo céc bicu thae gan dang:

Téan s cong hudng:

¢ : ‘
IJt A —
RTe
He s6 pham chdt cia mach:
.o Ne
1R C
IR L
Tong tr& cong hudng:
R p = ] )
DT R
» + g4
K L

Mach dao dong ¢ hinh (4-33¢) khi tinh dén t6n hao nhd cia cudn cam va cla tu dién.

Ham truyén dat phac cta mach:
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I S

Itw) = — =7 : i
! R, ~R, ~j ol -

L ¢ Jl\_ wC |

) (L, + ol R+ o)

(- 108

Trong thue 1€ cic mach dao dong thudng 1am vice ¢ dii Gn s6 ma o do thoa min dide kign al.

=> R, __6 >> R Khi dé hdm truyén dat phire cha mach {4- 108) ¢6 thé vidt dudi dang pin ddng:
@

Fioy - - | i

¢
{&_quhm—

e - o l____ .._1_.._ {_I,_l(}l)}
! _( i'f <() +[, (- ) |

. . ' i']L/'

|

ol

Biéu thiv cha ham truyén (4-109) hodn todn gidng bidu thite ciia him truyén dal phie cla

mach dao dong RLC mic song song (4-96), ¢hi khic dien dan g duge thay bang dién din
CR, +R.) _ e
L4 = _']—u—. nén dac tinh 1an s6 cta mach cling duge suy ra tir dae tinh 1d@n s6 ca mach

I

REC mic song song khi thay R=R 4 = —
CR, +R¢)

Cie tham s khde ¢ha mach cling ¢6 (hé xdc dinh theo cdce bidu thae gdn ding sau:

Tan s6 cong huomg cha mach:
Oy & e

He s phim chit cia mach:

. w,C o,k

ga Ry +R.

Tong trdr cong hudng clia mach:

I.
TR, +Re)
124 thong coa mach:
EAU) = E}i = M!.

I
§4-13. MACH BIEN HINH SIN CO HO CAM

Hién twgng 1 thong mée vong gua mot cudn cam do dong dién chay qua mot cudn ciam khic

gdy ra duge goi L hicn twong ho cdm. Mach dign 6 ton tai ho cam goi 1 mach dién ¢4 hé cim.

X€that cudn cim Ly, 1, dat gdn nhau, trong dé cé cic dong dién i, i, chay qua  (hinh 4-33).
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Iy I;

e
-

Hinh 435

Tir thoug do dong dign i, chay qua cuon cam b, gay ra. phin 160 «¢ Khép vong qua cudn cim
F.oduoe ky higu 1 ¢y, con mot phin € mde vong qua cuon cany Lo, duge Ky hicu B Tuang
1ir thong do dong dign 1, chay qua cudn ¢ [, gay ra phan don <€ moe voug gua cudn cim . ky hidu
I3 ¢, con Mot phin s€ moe vong qua cuon cam L, dirge ky hicu 13 ¢, 1300 vay, i thong 16ng khép vong
qua moE cudn cdm 1., L, duee ky hicu 1 ¢y va ¢, twong dng s& La 10ng dai s6 cfta cic tr thong,

nghia la:

b, =, T4, =10, = Miy,;

o l[ (4-110)
¢, =¢,, b, =10, =M, |

Cic sirthong ¢, = I,li,, $,, = 1,0, goi lcde ur thong ny cim; ¢on cie 1 thong ¢, = Miy, ¢, =

Mi, goi 1 tir thong hd cam. He s6 M trong ciic bicu thie wrén goi 12 hé s6 o cim:

M=k T T

trong Jd k goi 13 e s6 ghép (0 < k < 1)1 thong hd cam <6 thé cling chidu, hode nguoce chiéu vii
tr thong tu cam. Khi tie thong hd cam clng chidu vdi tr thong e cdm, he 56 16 cam M s& mang diu
duong (+), con khi 1z thong hd cim nguge chicu vai tir thong tu cam, hé s6 ho cim M s& manp diu
am (). D& xde dinh chiu cba 1r (hong ho cdm so v6i chidu elia tir thong e cim, ngudi ta dua vio
khadi niem cue cling 1en ¢da bai cudn cam. Hai cye cta hat cudn cim duse gor B cing tén vén nhau
néu chidu dong dien ten cie cye do 13 nhu nhau (cung di vio, hoac cung i ra), 1hiiethong hd cam
vit 1 thong g cam feding chidu.

Thi du., cue @ v cye ¢ coa hal L‘u(}n cam vE trén hinh (4-30) 14 ul‘mg 1én van nhau.

A O

¢11 ¢1|
b

ja¥]
Cl_

Hinh 4-36
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e cwe clng (en et cic cuon ciam chi phu thude viw cich quinn dav, hodn oin KMo plu
thuoe vio chicu dong dien trén cic cue 8y, )rén so dé iich ngud ta ding ddu suo () dF hidu

Cle cue clng 1en < ia cde cudn cam (xeni hinh +-37).

* | # *

3 %

Hruh 4-37

Khi tr thong mde vong qua mdi coon cim bidn thicn. trong chiing ~& xudt hicn cic dien ip
i g, Do dé. dai véi ciie cudn cim ¢ hé v, dicn dp edm g irén né <& bao eém thanh phin
En dp nrcane v cie thanh phin dien dp ho cim,

Thidue dor vai mach dien & hinh (42355 dien Ap cam g Ircn mos cuon caen 7.1 [y Uy

BHE
_ g, by LY I, di M, diy
ulx d; dll dl]_ ‘];. RESAE
. do,  dpy, LT L,y M,
i dt dt “od o

adav M, =M, =M.

Cie thawh phéan thd nhdt ben v& phii coa cic hidu 1hie (F-T11) 1 cde thanh phan dién dp w
vitnny ¢on cie thanh phin (it hai bén v& phai et che bicu thiae (4-1171) 1 cie ihnh phan dicn ap héd
ciim. Thanhi phidn dién ap hd cam mang dau duong (+) khi chidu dong dicn qua cic cuc clng tén
cua hai cudn cam 1 nhu nhao, nguoe lai mang diau am (-,
G thinh phin dién dp ho cin do dong dién chay qua ceon i Ly g8y ractren cudn can 1,

lauy,, , taed:

(“q

Unig = My, e = gl (4-112)

. d e
rone Jdo SN — eon Tawodn G hd i,
: by ki gy &

D¢ dang thay rang, khi cde ngudn dien (ac dong vio mach ¢6 daug dm <6 mi (o, =
Foe™ todn 1 hé cam Dty = Mys o Con kI e dang vio mach 13 ¢ae ngudu dien hinh sin. wén

W hé cim oy hang tich coa hé s6 hd cam M. voi Gn <6 rC cua lac dong o v don vi do
My £ . i JNE Ao
! . b N9
Iy = 10 M ) (4--] 13}

Vi ducie ot Bane o phnie b cane
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Con wid 111 bicn do phite (hiéu dung phire) coa thinh phan dién dp hd cdm duoe xac dinh boj
el el 10ng e plute hd cam v@i gid (i én do phie (hicu dung phie) cla dong dien.

IL.- Mutksp 7 _if-'] JI\’ [ Ty .
(4-114)

f" Mhe T oV ) ill

L' vde ket qua nhdin dwoe ta thily, doa vai cde mach digns c6 ho cdm, dién dp rof trén cie phin
wrcua mach vong, ugoi ciac thimh phin di¢n ap rot nhe g3 inh & weén. con ¢ théni cie thinh phin
dien ap ha cam, Do da, hie phuong trinh dong dién mach vong (2-9 58 ¢o dang:

i("ﬂ f Z’Mu)l] Pl *Z”\n:-"n Py Z’.\lm]'\[ - M
J {#y, + Z""?\-u])il + (s *'Z’f\:zl}iu toooh Gy Z-""\u-.\t]im T G
I

(4-113]

(Rqy + Zr"f\m Wy (R *Zﬁ"?\:;\u"!l o it Z-""i\mm)lm =Gy

trong d6 Y vy, 1Ng dad s6 e todn 1 hd cam gl cde cuon cim trong cace nhant thuoe mach
vony k. 1du cla cde 10an 10 hd cam thanh phiu phu thude vio chide dong diéu mach vong k déi vii
Cie cue cang 1en cda cac cudn cam.

Z Ptk oq) = Z'?’qu o tong da s cac odn tr hd cdm pifta cde cuon cam ndam trong cilc
nhdnh thudc mach vong g (thude mach vong k) v cde cudn cim nam trong cde nlidn thudce mach
vong k (thude mach vong ). Diu cda cie odn (r hd cam thanh phan cing phu thuoe via chiéu
dong dicn coa vde mach vimg k vit g doi vdi cde cuce cling 18n cita ede cudn cam,

[udhi day, e xé& mot thi du

Thanh Idp heé phuong trink dong dicn mach vong coa mach dién & hinh 4-38. 1316t rang cic

ngudn e dong vao mach Ja cic ngudn digo Iinh sin v mach L vice & chd do xac Ep.

L, r’Tw L, C,
YNV 2 YTYY |
\4 L,
L M23
Lo E
R1 /> ﬁ i” R?
RS
(De1 C ) e, Q)e?_

Hinh 4-38
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Si dung s3 phite d& phan tich mach dién. thay ¢ic win W hd cim », = j@M . d6i vé mach
dien (hinh 4-38), chou cée mach vong doc lap va chidu cde dong dién mach vong nhu hinh v¢, 1
e
Z g 7~ 2jeM
Z Az = 2joM
D A= 2y = oMy — oM, - oM, = oM, - M, -M,}

LU diy (a thiét 1p duoc he phuomg trinh dong dién inach vong coa mach dhinh 4-36):
| (7,47, = 2joM DT H[2, +joM,, My, M fin =1 =y, _
: - (4-116)
1[’/..{ +jo(My; — My, MO+ (7, +7, = 2joM, o Te =, - 14,

trong o

( !

7y =R+ el - —
ol

. ]
Lo =R, + J{(J}] N },
B R U L Py
Z,=R, +j(o)L{ - -—_—J

oC,

P61 v mach dién ¢6 b cam, doag dicn qua mot nhdanh kKhong chi phu thuoe vio dién thé hai
it k¢ nhanh 96, ma con phu thude vio dong dién qua cice nhidnh ¢é hé cém khdce, nén Khong thé dp

dung phuong phip dién th€ diém nit dE phan tich mach <6 b can.
§4-14. SO PO THAY THE TUONG DUONG CUA BIEN AP

Phén tich niach dién ¢6 hd cam kha phie tp, & don gidn guit trinh phan tich, ngudi @ thye
hien thay the mach ¢6 ho cdm bang mach khong ¢6 hid cdm tuong duong. C6 ahidu phuong plidp
thay the wong duong cua mach dign ¢6 hd cdm. Dudi day chi xét o dd thay (he wong duong cla
bici dp (hinh 4-39).

flink 4-39 Hinge £-40
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Pai vai bien dp (hinh 4-39), nguoi ta thudng st dung hai loai so d6 thay the twong duong: so
dé thay the irong duong hinh T  hinh 4-404) va sor dd thay th€ twong duong hinh T (hinh 4-40b).

Xét s0 dé thay thé tuong duong hinh T ¢la bién 4p. D¢ xdc dinh cdc tham s6 1, T, 1., cla so
do thay thé tuemg duong hinb 1 ca bién dp, ta thidt 1ap phuong trinh dong dién mach vong cho ca

hai so dé (sor do & hinh 4- 39 va so 36 & hinb 4-40a).

Dai vai mach & hinh 4-39, phuong trinh dong dién mach vong ¢ dang:

di di,
u =L, =g M2
3‘, ‘:1‘ (4-117)
1] 1, i
=L, —= + M—+
Y27 g d[J
Con d6i vdi mach dién & hinh (4-4(a):
di di
u =(L, +Ly)—L + L,—2,
dt de @-118)
u, =(L, +1L )Lllz « 1,
T I “b dl I d‘

Tir cic hé phuong trinh (4-112) va (4-113), ta thdy néu céc tham s6 trong hai h¢ phuong
tfinh thdéa min diéu kicn L, +1,=L,; L.+ L,=L,; L, =+ M, hay:

L, =L M,
L. =L, %M, . (4-119)
L,=+M

thi hai hé phuong trinh (4-117) va (4-118) 14 weong duong véi nhau. Hay n6i cach khic, mach dign
& hinh (4-402) 13 mach dién twong duong cla bién 4p (hinh 4-39), néu cic tham s6 cha né dugc
choen theo bidu thitc (4-119).

‘Trong cdc bidu thte (4-119), hé s6 M sE 1dy dfu phia trén, néu ¢dc cye cung tén cia hai cudn
cam cla bién 4p cling ndi v6i nidt chung; nguge lai, néu cdc cyc clng tén clia hai cudn cam khong

ndi véi ndt chung, he s6 M s€ 18y diu dudi.

Cén lwu ¢ ring trong so d6 thay th¢ twong dwong hinh T cha bién dp, ¢6 thé 6 dién cdm
hoac 1., hode L, hodc L, ¢6 gid tri am. That vy, khi ghép chat (k = 1), ta s8 ¢ L,.J, = M?, vido
d6 ¢dce gid 1ri cOa cde dién cdm L, L, L, cla so d6 thay the hinh T s& théa min biéu thifc:

(I‘il + I‘h)(l‘r + ]‘h): I‘-_’{]
LL,+1 L, +L,L,=0

hay: {4-12()

7-L IMACHTAPI
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Bicu thiic (4-120) chiing to mng, mot trong cic dién cam trong so d6 thay thé, hodc dién cim L, =
Ll+N|—L1+",_H--.\lfL(x]va)hOdelﬁnLdmLxL+f\r1 Ln__iv'Llez
\/Lz (\;L2 * \/Ll ) hoac dién cam L, = £ M s8 o0 gid tr am.

Trong trudmg hop ghép loug (k < 1), khi d6 1,1, > M, va ding thie (4-120) s& (e thanh bit

ding tnre:
LI+ L+10, >0, {4-121

Bit dang thae (4-121) cling khong toai trir khd nang hode dien cam L. hodc dién cim 1, ¢o

£ld Lri am.

Tuy nhién, viee xudt hign dién cdm cé gid tri am rong so dd thay (h¢ hoan toan khong anh
huong dén qua trinh phén tich va tinh toan mach dién. NG chi ching 16 ring, d6i voi mach dicn ¢6
hé cdm khong thé thay the hoan 1oin bang cic phin i thy dong. VE mat vauly, vice xudt hién dicn
cam ¢ gid i dm (rong so d6 thay the duce gidi thich nhu sau: DS voi bién ap {hinh 4-39) cudn so
cip 1) s& nhan nang {uong dién 1 ngudn va bich ddi tianh ndng hrong W rudng v bie xa vio viing
khong gian quanh cuon thr ¢dp L, Cudn thir ¢ép 1., nhin lai ning lugng (I trudmy 1 viing kKhong
gian v bi€n thinh nang luong dién dé cung cdp cho phy 1@, Didu nay wong duong uhu cudn I,
hoac I, phdt ra mot ngudn nang luong, va chinh vi thé ma wong so dé thay th¢ xuat hién di¢n cam
co gid tri am.

Tuong ty, dé xdc dinh gid tri cia cdc dien cam Lo L Lo, trong sodé thay (he tuong duong

hinh TT (Iiinh 4-40b) cda bign dp, ta viét phuong (rinh dinh luat Kicckhop 1 doi vt nat 1 viy ndc 2

cta mach:

F | (4-122)

izz‘—.v-“”u du - —J'u mi

,[1 !

Sau khi nhédn cd hai v€ timg phuong trinh cBia hé phuong tinh (4-117) véi di va ldy tich phan
¢a hat v&€ ¢la chiing, ta s€ nhéan duoc:
Lyi, £ Mi, -J-uld{,_?

) (4-123)
L,i, = Mi, = julle'

Giai hé phuomg trinh (4-123) theo cde bidn i, , i, . t@ s nhan duge:
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I., M '
1, = ——-F - udt £ —— | u,dt
] Lyl - J.'[ I Lyl - I ‘
| _M - ( (4-124)
j). - __.._.__:_i___...\.._ Iu‘dl ay -———--————-TJ-UILI[ |
UL, =M, L1, - M? J

So sanh cic hé phuong winh (4-1173 va (4-124) 1 thay, néu cie hé s6 coa hai he théa min

dicu kign:

1 I k.,
_ 4+ —— = =
1., { I, - M-

1 | L .
S s et (4-123%)
L. L. L, =M,

L M
L, IL,L,-M?

tht hai hié phuong trinh trén 1i twong duong voi nhau, Hay ndi cich khdc, s d6é mach di¢n hinh TT
(hinh 4-40b) 14 s dd thay thé tuong duomg cta bién dp (hinh 4-39) ncu cic tham s6 Ly, Ly, [, cta nd

thoa man didu kien (4-123).

Giai e phuong trinh (4-123) ta (im dugc:

I L,¥M

L, LL,-M¥

Jo_ _LFM (4-126)
L, -M?

b M

L, LL,-M |

Dau trude tham s6 M cla cdce biéu thire (4-126) cling duge chon nhu d6i vdi sof d6 thay thé
(womg duong hinh T cda bién 4p.
Trong s dd thay the wong duong hinh T cOa bién dp ciing ¢6 kha nang xudt hién dien cdm cé

pid tri i

§4-15. CAC MACH DAO PONG GHEP

Trong k¢ thuat vo tuyén dién, ngodi cde mach dao déng don (mach RLC méce ndi iép va RLC
mic song song), ngudi ta con s dung rong rdi cde mach dao ddng ghép.

Mach duo dong ghép t mot heé théng gdm hai hay nhiu mach dao dong don ghép véi nhau.
Vide ghép gifta cic mach dao dong ¢ the thue hien qua bién dp (ghép dien c¢dm) hodc qua dign
dung (ghép dién dung).
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Tréu hinh (4-41) vé& cdc mach dao dong ghép gém hai mach dao déng dan ghép di¢n cam va
ghép dién dung vé&i nhau. '

B m

@i L % bt

%Y
7
-

Hinh 4-41. Cic wmach dao dong ghép

a, ¢ ) Mach dao dong ghép dién cam

b} Mach dao dong ghép dién dung.

Céc mach dao dong ghép sit dung trong thuc & thudmg gOm hai mach dao dong don ci tham
$6 gidng hét nhau ghép vsi nhau.

4-15.1. So dé thay thé tuong dirong clia mach dao déng ghép

Xét mach dao déng ghép gém hai mach dao dong don ¢ tham s6 giéng hél nhau, ghép dien
cdm voi nhau (hinh 4-42).

M 1 b 2
. R C R ) R
® 1T % Foll g bl
‘ L _ | l é | 4
0
Hinh 4-42 Hinh 4-43

D¢ phan 1ich mach dao dong ghép (hinh 4-42), ta thue hi¢n thay the s¢ dé cd hd cim bing so
dé khong ¢6 hé cam (hinh 4-43), trong 6
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L L-M 1
L, 1}-M* L+M LU+k)’
b Mk

L, 1'-M" La-k%

. Mo PRI
odiy k = T iit hé xi ghép gida hai mach dao diong.

‘Thiét 1ap e phuong trink dién the dién nit doi véi mach dién hinh 4-43:

g joC + e K JfJ,———limiJ_:i,}
JoL+K)  jel(l - k-_)_] jol(-Kk*)
(4-127)
- . o 1 k .
— Ui +|g+joC + - + - 2 =0
ol f1-k*) jel+K) el -k?)
trong d6: g = -—l~
g6o g "N
- L ' k : ]' o
Vi rang: g +j0C + - + — =g + joC + ————— nén he
jold+k)  jol-kH jol(l-Kk%)
phuong trinh dién b€ diém it (4-127) duce dua vé dang:
. A k - [
g+joCt————ee Uy - ————U, =1,
jold-k°) joL(t-k*)
(4-128)

—_,—I:Il-f' g+jo:|C+——1-~1— U,
joLd-k*) jol(1-k*)

Céc mach dao dong ghép sir dung trong thue t€ thudng cd hé s0 ghép k= % << 1, trong

Q.

trudmg hop 46 hé phuong trinh (4-128) o6 thé vidt dudi dang gin ding sau:

{g-}*{fﬂc — *!——]j|i]| — k i]-g :’[‘
al. jal.

(4-129)
-——_—k——tll + g+{mc - —I-J Us =0,
jool. wl.
hay: a
Y0 - Gy =1,
jol.
y (4-130)
—-j—--U| + YUz = ().
jool.

1 . . .
trong dé Y=¢ + j[wC - —L-} 12 tong déan phite ca mach dao dong don.
®
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Tir phuong wrinh tha hai cda hé phueng winh (4-130). 10 ¢6:

k L)

. - L, {4-131)

S ely
Thay gid tr U= 1ir bicdu thie (4-131) viw phuong trinh diu cia hé phuong winh (4- 1309,
vit bidn Joi 1 tim duoc:
- i I

U = = = (4-132)

.k fely Y Y

\. + [

Y

dugc goi 1A 1dng dan phice phin dnh e mach 1 cip vé mach so cip.

lﬂmgdﬁykliﬁ!%iﬁi

Téng dan phic phdn dnh Y ¢6 the vidl dudi dang:

_ /oy (k/el)’ (k/ol)(e-jb)

Y QL
¥ Y g+ b |\fl 2
K/l ¥ (k/ol Y ,
:‘ _] ] i e ‘ o b o= gpil - -Ihpn
LY L Y] j

trong dé g 14 thanh phin téc dung cda wng dan phire cha mach dao dong don; b I thianh phin phin

Khang ca tong din phide cla mach dao dong doa.

a

4 Mo
k/ol . s i " . .
g = W .2 14 thanh phin tic dung cta 16ng dan phin auh.
\ A
. \z

k/wl, \ , s :
b= L fo J b i thanh phin phan Khidng coa tong din phan dnh.

Y
! ;_ 2 5 - ] Py - - K] .
Y| =4fg7 +b7 lamodun caa tOng Jdin plitte cda mach dao dong don.
; k £ . ng
Chi ¥ ring thanh phin phdn khdng cta 1ong dan phan anh nguoe ddu véi hanh phin phan
khang cia tong dian phite cta mach dao dong don.

T bidu thie (4-132) ¢6 (h€ suy ru so dé thay thé tuong duone cioa mach dao dong shiép
(hinh 4-42) quy v& mach so cap (hinh 4-4-4a).

~Y: kI
‘ A== |y
C;\'\) [ Y Yos <> M jalY Yeu

a) b)

Hinh 4-44, 53 d6 thay the nrong duong cua mach dao dong ahop
A £ £ : Mg e

a) quy v much suedp; b) quy vé mach thi cdp.
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Thue hicn thay gid i cha Uy 1ir bicu thiae (4-132) viie bicu thie (4-131) va bicn déi ta nhin

duoig:
. Kifjol.Y i
Gl ’fjc)l\ ) Iu 4-133)
YY) Y+Y,
tronng Ji
: N
I — f4-134)
JoslY

a nguon Jdonyg dicn chn ng 1 mach so cip sang mach thi cip.
Tu hidu dade (4-133) ¢o e suy ra so do thay W€ womg dueng coa mach dao dong phép (hinh
+-42) quy v& mach i cdp ( hinh 4-44b).
4-15.2. Dic¢u chinh ¢ong hudng trong mach dao déng ghép
PE cong sudt tac dung trén diu ra mach dao dong ghép (cong suilt tic dung & mach hy cip)
da pid tri cue dad, ngudi ta thue hign dicu chinh céng hudng mach dao dong ghép.,

Co nhidu phuong phidp dico chinh macl dao dong ghép @ dicu chinh cong hudmy ricng phin
niach so cap:s didu chiinh cong hudng ricng phan mach i cip; diéu chinh ¢ong hudmg  phic tap,

didu chinh conp hudnyg oan phan.
a) Piéu chinh cong hirong riéng phdn mach so cdp

T bicu thie (4-131) ta iy, dicn dp rén mach tha cdp U, dat gid tri cye dai khi dién dp ben
nuweh so edp U dat gid i cue dai. BE dicn dp U, dat gid 1l cue dai, o thue hicn didu chinh cong

hudmg ricng phin nach so edp. Khie mach so ciip cong hudng (b + b, = 03, dién dp bén mach so

i
. 1 i
U, = = - — (4-1353)
g+gile| ot k,/(.'JI_. 1! ¢
UM
vivdien dp U dat gid i ege dai:
k1 I
RYTTHEN = T _—,_—T-‘_ (4" ]' 3(‘)
oYL oLy
UM

b) Pieu chinh cong huwong riéng phan mach thir cdp

Trong o nlix dicu chinh cong hudng ricng phian mach s cdp, kin mach th ¢ap cong hudng

(b + b, =0) digndp:
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U, = U = K l - (4-137)
oLY k/oL)
| )

¢) Bi€u chinh cong hudng phire tap

Pidu chinh cong hudng phitc tap mach dao doéng ghép duoc thuc hién theo cic budc sau :
Diu tién thye hién diéu chinh cong hudng riéng phian mach so ¢dp, hoic mach thir cdp dé dién ap
trén mach tht ¢dp dat gid tei cue dai (U, = U,,,,). Sau 46 diéu chinh do ghép piita cdc mach dao
dong d€ dién dp trén mach thit edp dat gid trf cue dai cue dai (U,=U,,,.. ).

Thi du, khi diéu chinh cong huéng rieng phan mach so ¢dp, dién dp wrén mach thir cap dat gis
tri cye dar U,,,, va duge xéc dinh bbi biéu thite (4-136). DE xdc dinh he sd ghép gilta cic mach dao
dong khi d6 di¢n dp trén mach thit cp U, = U, ., e ta thue hién dao hdm biéu thitc (4-136) theo
hé s& ghép k va cho dao ham bing khong:

2
oLjYg +| 59 | 4 __‘i’_]*_|f|;2_1; g
dU21111IX ‘Y‘ (ml‘lYl)
dk = — =0 (4-138)

l\"(mlii _ ¥
leYI(g +[ v Jb

Gidi phuong trinh (4-138), ta xdc dinh dugc hé s6 ghép 16i wu k,, khi dé dign 4p U, = U, . :

Ko =0@1]Y] (4-139)

Thay gid tri cta heé s6 ghép 16i vu K, 1ir biéu thirc (4-139) vao biéu thite (4-136) ta xac dinh
duoge gid tri
I

U Jmaxtax 4 (4-140)
28

d) Piéu chinh cong huong toan phdin

Piéu chinh ¢ong hudng 10an phin mach dao dong ghép duge thue hién theo cdce bude sau: Piu
tien ha mach tha dp vi di€u chinh d€ mach so ¢p cong hutmg (b = 0). Tiép d6, hiy mach s cip,
di¢u chinh d& mach thi cip cong huémg (b = 0). Cudi ciing didu chinh do ghép d€ dien 4p trén mach
thtedp U, = U, e

Khi mach so cip va mach thit cdp cling cong huimg (b=0, Y = g, ® = o), tir  bidu thic
(4- 139), ta ¢6:

r
U, = Uy, = X (4-141)

Jinan ) L S
gmUL{g + (Hmu__):l
g
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PE xde dinh hé s6 ghép k gilta cde mach dao dong, khi do dien dp U, = U, . ta thye hién

dao ham bidu thire (4-141) theo he s6 ghép k va cho dao hiim bing khong:

b (ko L)’ 2k
0 Igﬂ) “L{]\g + ( /(.L)l; )} - (;ﬂ:\)l , }
?.I.II.'I.\ - ”,, 2 g ={ (4‘ 1 42)
dk O T A
£ 0}1}]' Lg + 2 '

Gidi phuong trinh (4-142), ta xdc dinh duge he s8 ghép 181 wu gilta ¢dc mach dao dong, khi

do dién dp trén mach thit cip U, = Uy’
kthm = Wl 2. (._L- 143)

Thay gid tri k =k, tir biéu thie (4-[43) vio hiéu thac (4-141}, ta xdc dinh duoc:

I
TSy (4_ 1 44)
2p

U

R rang rang rong ¢4 hai trudmg hop didu chinh ¢ong hudng phie tap va diéu chinh cong
hudmg todn phin, gid tri ditn 4p U, ooy 13 nhu nhau, Tuy nhién ki diéu chinh cong huong toan
phan, mach lam viéc én dinh hon, vi qud irinh diéu chinh ciing dé dang hom, nén trong thue 1§ dé
didu cliinh cong hudmg mach dao dong phép, ngudi ta thudng thue hitn didu chinh cong tudmg

toan phan.

Viring @,Lg=— =d (& day Q 1d h¢ s6 phdm chdt cla mach dao dong don), nén khi diéu

i
Q .
chinh ¢ong hudmg todn phdn, he s¢ ghép toi uu gifa cac mach dao dong:

Ky = U (4-145)

Cu6i cing ta x¢ét hidu suflt ca mach dao dong ghép Khi he¢ s phép k = Ky

Hieu sudl truyén di cong sval tdc dung trong mach dao dong ghép duoc xic dinh bai

hidu thire:

trong d6 p. 13 cong suilt tde dung trén mach thif cdp, p, La cong sult tc dung ma ngudl cung cap
cho mach.
Khi he s ghép k = Ky, cong sut tic dung trén mach thi cap:

L

P:*4g=

con ¢ong sudt tic durg md ngudn cung «d@p cho mach:
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P do, icu suit:

Vay khi cong suiil de dung trén mach thi clp dat gid i cue dai, hicu sudt travn 16 City

S Lie duny trong mach dao dong ghép n = 506

§ 4-16. DAC TINH TAN 80 VA DAI THONG CUA MACH DAO DONG GHHEP

1rong bicu thie (+-1393, thue hivn thay Y © E“; 2 va Y=o+ ‘fl (- oL !, hidn Joi
H “l I

. i

ta nhin dugc:

o K/ jwl,\_ _T
II./ I \"._ !— I k |
ﬂ_- - _]‘ wl - - ‘ . !
! al. v L jot
' ' ' i-4-146)
N k17 goig
g el I
] + j - R ; _‘ .
il JngJ L dobe
. ®,C ] : e s - ) .
Virmg =" —=———=0 (h¢ sd phim chit cla mach dao ddng domy v
g o, lp
. — NP L B S0 cong huong cua mach dao dong don. nén bidu thite (4- 1463 ¢6 thd bich
LY, i

doi v& dang:

1 S kQ!
l32 = 2 S -
8l (o o, | (@, 7
ef 22 L)
| N [0} L ] 3
D) . o, .
i L kQI | 7-[-)’) KQI
=T “ S==- 2 (4-147)
] ) s ; U):] s = g . _|" (,'_lll L2
(I+jQu) —| - kQ‘ (I+35) -1 -kQ
| Jod K Lojw !
ey, .
~kQI
_ Jo
g e

O day:
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GO . . :

v oo = ndo fech vong hudmg tuong dot
ST

Qv [ [ech conyg hudmy (Sng qudl,

XA b v Gndat phitre guy chui

. U,
Vil = ———-
o . 1
Vl I-:'“l:‘: 1'_'|||-\\|||..\ -4
I)II
27 RQ
_ o i _ .
nen: [jen) - e e (- 148}
T
! okTQr T2
O

Trong thue 18, cae mach dao dong phép thutme 1an vide rong i Gon 8o 1an cin tan 88 eong

- . I O . K . . - - - v, e - PR
Nuang o, il trong ddl o 6 ndy od the cob mot cich pin dong —= =1 Bon vy, trong Jal tiin
0!
WO 1A can tin 8O cong hudng o, hivm truyén dat phde quy clivdn (4- 1483 ¢6 thé vidt dudi

dany edn didny sau:

qep -2k
(o) = - (4-149)
b+ k"Q &7 +23
Moddun cia ham truvén dat phae gquy chudn:
[P 2K i
| (Jer)) = —===rl ___9___ {4-130%
! :

Trong bicu thde (4130, sy phu thude caa modun T truyén dat phie vao 1an 86 ( su phu
thuoe cia dien dp diu ra U, vio G s} thong qua bicn

. (o v,
§=Qv=Q o —
Lo

0 & ;

1E xic dinh dang digw cha dumg cong Te 1 (4-150) theo tidn sa (dac tinh bicn do @Gn so

1
chu macl dao dong eliép), fa xde dinh cie dicm eue i cba no.

Bidu kidgn ey tri coa ham "l‘(j(-)) & (4-150) duoe xde dinh (r didu kign ¢ Géu cda dao him

cip miot cta nd, nghia i
| .
Li!:'[-.{\i('J')‘ A . I .
i 2R S kQT S R

| 2 ] 1Lt LT -0 ('1_|5]}
dg (L R2QP —E7) 4 487 |
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Gial phuong trinh (4-151) ta tim duge cde gid i e g L do him 'I‘(jm)i O (4-130) dat e
i i

Lri:

S 4-152)
E oot /I_&Qlul (

11,11

RS rimg riing dédng didu cla dutmp cong !'1'(]’0}) phu thude vio tel k(.
|

Vi lin s gdc cla dao dong o 13 cdc gia (rj thue duong, nén do 1éch cong hutng 16ng quét £
phii 12 86 thye duong, hoac am. Do d6, khi kQ < 1, hdm (4-150) chi 6 mot cue e tai
£=8, =0 (0 =0,), vakhi £, =0, ham dat cyc dai:

. I
"1‘(_10} )J = "1‘( iy )‘: T_"I‘Q : (4-133)
K

+k*Q°
'.l‘(jw)

[3¢ dimg thiy rang gid tri cue dai cla ham an < VUKD KQ tang, gid el cue dai ciing

ting.
HE s6 ghép k ma tmg véi nd 1ich kQ < 1 ducie goi 1a ¢hép long.

Khi tich kQ = 1, him (4-150) clng chi 6 mol cye dai (khi kQ = [, cic nghiém

€ =G = 50 =0) vl pid (1 cue dui cta ham [1(jo)|= 1, (Uy = U ) - HE 88 ghép k ma

Ung vai no tich kQ = 1 duge goi B ghép chat. Trong trutmg hop ghép chat, ham (4-150) ¢6 dang:

2 1
= — (4-154)

4

T jor)

Khitich kQ > 1, cde nghiém £ ,, &, I cie s6 thue. Do d6. khi ticl KQ > L ham (3-150) & 6

bu cue tri tad cde diém & & VA E,, ing véi cdc tdn s6 Wy Oy, ¥ 0 Cie tin 80 o, Vi o, duoe

xic dinh bdi cac bidu thie;

K*Q? -1
0, =0, l- 5 - |,
~ (4-155)
K'Q" -1
o, =o,ll+ S —

Thay cde gid tri &_,, £, &, vio bidu thitc {(4-150), ta xic dinh duge cice pid (ri cla ham:
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! iy
{CIN Ji = [T, )‘ =1,
i

i |
"1‘(0; Sl
| i

Vay i cie dn 56 @, v o, ham (4 150) dat gid tei cye dais con tai t@n s0 @, him (4-130)

dat gid tri cue déu. 11 s6 gilfa gid tri cye dai v gid 1 cue ticu cla ham:

}’l‘(‘im i ]\ P
Aot S _1_1’}_’[*__5- (4-156)
(I o, )\, -

phu thude vio tich kQ; khi KQ cing 1om, A clng 16n.

Butmg cong

'l'(jm)' theo (4-130) dnp vii cde gid el khde nhau coa tich kKQ vE trén hinh
1

(4-45).

P
| T} w) |

=

Hinh 4-45. Hac uvén bicn o tan s6 cia nach dao dong pindp
Ciing nhu mach duo dong don, ddi thong coa mach dao dong ghép 1a dai Gn s6 mi troug do
diic tuyn bién do tdn sd cla ham truyvén dat phie quy chuin khong thd hon —=. B4 vé mach

dao domg ghép hd citm (hinh 4-42), (i bidn cba dii thong ta ¢

-
*Q _ L (4-157)
JO+KAQ> -8y rde? V2

Gidi phuong trinh (4-157) t xdce dink duge do 18ch tong quat £ (i bicu ca dai tiong:

£ =+ .Jk2Q +2kQ — | (4-138)
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Netien (4158 chi ding Khi gid i cue néu cta ham tai 2, Octing Iom lion hoae hing

Cnghia b

[

A
J

. |
- !'1'0(4..)‘
i“JU%J‘ Z - S .
! VI
[y
RING. N __].

Q-1 2
Trong trudmy hop i han:

2kQ I
QY+ 27

hay k=241
[1¢ 80 ghép ma dng vai nd tich kQ = 241 duve goi 1a hé sd ehép 6 han.
Thay gid 1ri kQ = 2,41 vio bicu thite (4-150), ta xde dinly duoc £ = 43,1,

T day tinh wén twong teahu mach dao dong don, ta xde dinh duoe ¢ thong coa mach duo

dong ghép rong trutmg hop ghép 1t han:

»
20 = 3128
(f_ (4- 159}
ay AL = 312 J
Q

So sinh bicu thite (4-159) v6i hidu thic (4-101) ta (hay, trong trucing hop ghép i han, do
rong dil thong cha mach dao dong ghép Ian pidp 3,1 1dn do rong dai thong cha mach dao dong don,
Khi cde mach dao dong ¢d cung hé 56 phim chat Q.

Tuoug ty, Khi ghép chat (kQ = 1), ta xdc dinh duoe do rong dii hong cla mac dao dong

phép:
gAw:@%i (4-160)

nghia I trong trutmg hop ghép chit, do rong dai thong cia mach dao dong ghép lon £ap \fz tan do

rong cia mach dao dong don, khi cic mach dao dong ¢b cing hé 6 phidm chat Q.

Khi tich kQ = 0,68, do rong ddi thong cla mach dao dong ghép bang do rong ciu nich duo
dong don, Khi cde mach 6 cing he 56 phim chit Q. Con khi tich kQ < 0,68, do rong ddi thong
cha mach dao dong ghép nho hon dé réng dii thong cha mach dao deng don khi cie much dao

déng c6 ciing hé s& phim chat Q.
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§4-17. CAC MACH DAO PONG GHEP KHAC VA PAC TINH TAN SO CUA

CHUNG

Netmaeh dao dong eliép dign dung (hinh - by khi hai el sorcdp vi i cap oo than s

plong nlaw (xewn hinh 4-463,

1 2
— I RS
: R LIC Te &t HR
’ : ' & '
0

flinh 4-46

Phuomg trinly dicn the didm ni ¢l mach (hinh 4-44) ¢d dang:

. L o
gt JjolC4C pr——»-U: jol , =1,
L " jorl. "

U,

. . P
—-ijCﬂ“+UJg+jm(C+C,h)+l— =0.
|__ = jul |

4

(4-161)

Cac mach dao dong ghép suo dung trong thye (€ thuong woé C,, << C, do da hé phuong (rink

dicn th& diénr odr (4-161), ¢6 thé vidh dudi dang gén didng:

L} I * 1
Litg +jol+ —)-Us joC,, =1,
jerl.

. , o
~ U, joC, +Uz(g+joC + —) = 0.
j

G Y - joC, Us =1,
hay: t
- juC,, U Y = 0/

trong d6 Y =g +j0C + —[ =g + 1h la1ong dan phic cva nach dao dong dan.
Jot,

Tir phuomg trinh thid hai etia hé phuong trinh (4-163) ta ¢6:

(4-162)

(+- 163}

(4-164)

Thay ilg 1 bidu thie (4-164) vio phuong trinh thi nhat cla h¢ phuong trinh (4-163) va

hin doi & nkan duoe:
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. i i ;
U, = S— (4-165)
v (o, )" Y + Ym
.}.
Y
trong do;
(oC,, ) e U S e N
= A la tong dan phaa dnh 10 nmach tha cdp v& mach so cip:
(C, )" C, ) (wC, ) .
I - \j = ""ll g P; b= gpn + }bpil :
[Yi A -
’(')('gii ) R T, T oY I
Lou = ‘Y‘ g [4 dién dan phdn dnh;
[I wcgll ~ g .
o= b la dién kKhing phan dnh.
LYl

Tt bicu thite (4-165), ¢6 e suy ra 50 46 thay thé tuong duong chia mach dao dong ghép dicn

dung (hinh 4-46) quy v& mach so cip (xem hinh 4-47a).

Phay gid 1rj cha U, tr bicu thee (4-165) vio bidu thie (4-159), 1a nhin duoc:
JoC, i

_ Ijmcgh . I N Y _ I;\1

Y Y+Y, Y+Y, Y+Y,'

P

(4-166)

0y,

I hd J - - _~ - a ' LY - ) r -~
trong dé Ty = [ 1a nguon dong phdn dnh tir mach so cip sang mach tha cdp;

Y. I3 t6ng din phin dnh w mach so ¢dp sang mach thit cip.
T bicu thie (4-1663, ¢6 e suy ra s do thay e tuony Juong cha mach dao doug ghép dicn

dung (hinh 4-46) quy ¥& nach tha cip (xem hinh 4-47b).

i L e @i [ [

b)
Hinh 4-47. S0 46 thay (S uong duong cta mach dao dong ghép dign dung
a) quv v¢ mach so cip; b) gity v& mach thit eap
Cing nhu mach dao dong ghép dien ciim, d6i véi mach dao dong ghép dién dung, ciing ¢é
th¢ thue hién diéu chinh cong hudng rieng phin mach sa edp; didu chinh cong hudng rieng phin

mach thit ¢dp; dicu chinh cong hudmg phuc tap va diéu chinh cong humg 10in phin.
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13¢ diing thay rang khi di€u chinh cong hudng riéng phin mach so ¢ip, hoic didu chinh cony
hudmy rieng phan mach thi cdp, gid i dién dp U, bing nhau vi:

oC

2man

Col 1
|Y| N oCy ’

Con khi thye kicn dicu chink cong hudng toin phén, sau khi hé mach dign dung C,, vit thue

(4-167)

hién diéu chinh J€ mach so ¢ip v thit cip cong hudng, gid tri dién ap & 1

l w1
L]Em.-lx = _____n%—‘hl (4']()8)
g +(cou(-gt.)
£

Biéu thie U, &7 (4-168) ¢6 thé vict dudi dang:

w,,C anl
o C kQI
UZlm\x = £ 5 3 t= Q‘) 2.t (4_160)
(m C]“[CJ 3y {1+ k*Q7)
gt "]
LB ¢ J

trong do

LJ .
[0 N K o ; _ » o
Q = == 1 h¢ 30 phidm chit cua mach dao dong don ¢ mach soredp - mach thi cip);
g
bl

Booe ) s e g e : .
k :% [a ke s6 phép giita hai mach dao dong.
P& xde dinh he s6 ghép t6i uu (k,,,), khi dé dign ap U,= U, thye hien dao ham bidu
Unde (4-169) viccho dao hium wriét licu:

AU, QEOEKTQT - 28707,
dk g A+ KON

=0 (- 170

ST bidu e (4-170) , o xde dinh duoe:

1
K = —— =d (4-171)

Thay gid tr1 K, (U bidu thite (4-171) viwe bidu thite (4-169), ta xdc dinh duge:

I
U = (4-172)

ENTTERSITHEN
)
[

g

¢ xde dinls dae tinh tn s¢ cha mach dao dong ghép dicn dung (hinh 4- 46), trong bidu thie

(4-166) w thue hién thay:

K1 IMAUHTAFI
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Y o= g - jaC+ 7-—|—,

fol.
(0C )
[ = —":;:"“—"
v sau Khi thye hién bién déi, ta nhan duoc:
O - joC,1
'/ fioCr | ' (jul )"
) + ~(jw
\E J JL;J],J ] ¥h
Bicu thac (4-173) ¢d thé bién ddi vé dang:
. j0C, 1 . €, 1
r cl ’ 271+ jQv)* +(0C,,)?
%_ £ Wy w J_!
0C,, 1 oC, 1

g+ HC,) . (oC, Y
g+2jE -8+ — 2
g

1 . \ .
trong dé: W, = 12 14n s& cong hudng cla mach dao dong don.
- NILC ' ‘ ‘
L 0,C s L
Q=1 1a ¢ 36 phiam chat cua mach dao déng don,
&
v ==L = 1ad6 léch cong hudng tuong déi.
oo,
£ =Qv 12 do lech cong hudng 10ng quat.

Bidu thae (4-174) lai ¢6 thé vict dudi dang:

co 0,C €, . _ X
Bedibed D ] @.kQ;
02 =]_ @, & C . ___l ’(Du
5 7 ? 2C2 C 1 ) g i ) 3 3
1-¢&° +2j5_,+-@--2-.(-0-—°-,,-- [ f‘) 14{ m_] K2Q* —E + 25
(Di] 2—_’-_ C J mu
X6 ham truyén dat phitc quy chuén:

‘. U
T(jo) = ——

2Kk amas ,

I g )
Vil = 5— , hén ham truyén dat phide quy chuin:

(4-173)

(4-174)

(4-175)
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P4 1760

Bicu thire cta hiim truyén dat phiae quy chudn (3-176) <6 dang gidng bidu (hde caa i

truyén dat plie guy chudn (4-148) cta mach dao dong ghdép dicn cim, chi khde, so vdi bidu thuc

-

. LW W i . L o . B ) o,
(- 14R), i s6 =5 & wr <0 duge thay bang thin so o =oe0n il sOu i so s o
o 0., AT
Sy

thay bang thia sé

—J - Song sy thay doi wén chi anh hudng dén dde tnh e <6 G vime 1@y <0
Lo
kY

i 56 cong hudmy o, con & ving 18n s6 n cin 1@n 83 o, c6 e col gdu dang o = o, Vi do di,
@ [0y

1
L

(0

— -

= 1. Khi d6 biéu thdc (4-176) hodn 10dn gidng bicu thite (- [48). ¢hi khidc trén 1 s,
]

8}
(hita 50 -] ducre Hiay bang thita 80§, Vide thay I thtr 6 - bang thira 50 | chi danh hudmge Jen dae
tinh pha tan s&. T dity ¢6 the suy raring, O vung 1An & 140 cin e 6 cong hudng o, dic ieven
bicn do o 6 clha mach dao dong ghép dicn dung (hinh 4-46) hodn toan gidng Jdac tuvén bien do
cua mach dao dong ghép dién cdm (hinlt +-41a). Dang dudmg cong, cling nhu dii thong cla nuwh
cing phu thude vio tich kQ nhu mach ghép dién cam,

Mach dao dong phép (hinh 4-41¢) gdm hai niach dao dong don ghép dien cim vai nhau. K

thaun s6 cha had mach socdp va thte cdp giong nhau, nd s& o6 dany ne 0 hinh -8,

M
P >
4 = ¢ . C, Lo

£

D]‘E ) L L p R

Hinki S-44

Trong mach dién (hinh 4-48) chon chiCu cic mach vong nhu hinh vC, (as& il 1ap duoe he

phuong trinks dong dicén mach vong:

; T . .
wl. -— ‘ ~ juM Iz = [,
L UJ_(_T J

Ay

LR+ j

v - i vl
rjoM o R+ fol-— || =0
\ wC J
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i+ 178)

[ [ .
troug do 2 = R+ f| wl. - C | = R+ X 1a tong trir phie clia mach dao dong don.
i L

%}

#

u phaong teinh it hai cba he phuong trinh (4-178), @ co:

(+- 17

Thay grd i cua dong dién I: i bidu thie (4-179) vio phuong trinh thd nhit cia hé plivong

trinh (4-178), 1 s€ tim duoc:

Lrong do

(M)~

(- 1861

- ” 2 16ng trdy phin dnh tir mach thi cip v mach so cip.

B {oM)* { oM )
ARy
N

[

T bicu thite (4-180) ¢6 1hé suy ra s¢ do thay (hs tuong duong cua mach dao dong phép

(hinh 4-48) quy v¢ mach so ¢ip (hinh 4-49a).

Khi thay gid tri cla i1 tir bicu thite (4-180) viwo bidu thire (4-179), ta sé nhidn duoe:

joM B

[:=

«jeMI
trong do iy - -ju,

(4-181)

— [ sife dién dong cine dng tir nach soefip sang mach tha cip.

it bicu thie (4-181) ¢6 the suy ra so do thay e 1uong duong cia mach duo dong ghép

(Bindy 48 quy v& mgch th ¢dp (hinh 4-49h).

—
be' zpﬁ
]

a)_

Hirh 4-49. Sa do thay the wiong duong cis mach duo dong plidp

Ay quy vé mach socipy

by quy v& el that cip.
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Bl v mach dao dong ghép (hinly 448}, npuin ta cdug ¢6 (he hue hién didu chinh cong
buong ricng phine mach so caps diGu chinby cong huémg ricag phin mach ihi cips dicu chinl cong
huding phde tap vadice chinh cong hudng wian phan

Khi dicu clinh cong hudng toan phin, sau Khi ldn fugt hés mach mach so cdp v mach thi
ciipy, dicu elunh cong hudng riéng mach so cip vicmach thr cap, 1o & ubiin duoc g1l 1 dong dién:

o, M
i

I_'llmv. =TT T (4-!32]

rong A o, 130 14n s6 cong huong cia mach dao dong doa.

Bidu thie (4-182) ¢6 thé viét lai dudi dang:

a,l. M i
L Kl
]Em.'lx =T N ]Jq 7 = _1_'_'" (_2\_'\ (4 | K‘%)
Con, 1Y M R1+kQ
Rl +‘ ‘ <o
L )R J I ]l
- .ol N o
g diy Q= ™ i hé 56 phim chat cda mach dao dong don;,
N
M Sy a o N s . .
K= T i he 56 ghép pida hoi mach dao dong.

‘Thue hién dao ham bicu thae (4-183) v ¢cho dao him bang khong, ta xéc dinh duoc hé 88

ghép o uu, khida 1, =1, o0

(l‘[?m:\.\' _ Q_]i‘ l +k2Q2 _’—)kl(‘)_2 _

)
dk R (1+k*Q*)*
T dity ta (im duoie hé sé ghép toi vu:
|
ku‘nru = = d (4_134}
0

Thay gid tri K, vao bicu thie (4-184), ta xie dinh dudgc gid tri:

| I— (34-1¥3)
. 2R
B¢ xic dinh dic tinh tin s§ vi dii thong clia mach dao dong ghép (hinh 4-48), trong bidu
thie (H-181) tathay 7 =R+ (ol - m]—c); Zia ® @U——, vii sau mot v bicn ddi don gidn, ta
uhidn duge:
i oroe
i : oy —




S rreven Jat quy chudne

Ty o e

I MTTFRSIIHRN

Vigidn | = hidm ruyén dal phe quy chuda:

BTSN ITAR

e (4- 1K)

Bicu thite ¢ ham truyén dai phie quy chudn (4-186) lioan wan giosg bidu thic cla him
truyén dat phie quy chudn (4-176) cha mach dao dong ghép (hish 4-16). 1o dé, 18t ¢a cie ket luin
dorvon die tinh @n 86 v dif thong cia mach dao dong ghép dicn dung (hinh 4-46) ¢iing hoan toan

ding don vai mach dao dong ghép & hinh (4-48).

§ 4-18. CONG SUAT TRONG MACH bIEN HINH SIN VA BIRU KIEN TRUYEN
TATCONG SUAT TAC DUNG CUC DAL 'TUNGUON TOI PHU TAI

Nguon i por cong sudl We thd mi npudn dién cung cip cho niang hai cue khong chia
ppaan B tich el g el e thoi el dién dp viv doug dién irén cde cuv clia tiging had cue (xem hinh

421y

Hindy 4-50)
Ciid s dive dpoviv dong dign tren cde cue con mang hai cue (hinh 4-30) womy dug 1

u = Lo ocostal + o),

1= 0 | cosiol + o

1]
b ey cang suat te thon s neuon vung cap cho ncae had cue, kv e Bopose i
! L gy HIg J AL t
poeowi o U coston 4 ap L costor + g
|

KT BN EL

=Ry -y b oS 2ot sy, ) {4-187)
2 2 '

- Uteosp + Ulcostut +q, ~¢),

o v s — e b eoc Tech phia st dien dp yvad dong dien trén cde cue clamang hai cue.
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T bicu thite (4- 1871t thidy, cong sudl Wie thii ma ngudn cung cidp cho nang hai cuc khong
agudn gom hai thinh phin. thanh phan ¢ dinh Ulcosg va thinh phin dao dong véi tdn 6 16o gap
Iy L @0 socoa nguon Ulcos2ot + o, +¢;). Thamh phan G hai chinh 12 ihanh phao cong suit
truo doi gilra ngodn vat cie phian ur phan khiang trong mang hai cue, no co e Ién hone ahd hon.
hone bing khoug.

Ihianh plidn <6 dinh trong bicu thie cou cong sudt the (v (4-187) dude goi T cong sudt tic

dung ne ngudn cung cap cho mach:

[ = Lilcos. i4-18%)
Cong sudl tac dyng P chinh 1a cong sudt trung binh ma nguon cung cip cho mang ha vy

Koy npudm trong mot chu ky:
| e
I = :":J' pdl
l 1
)31 véi cde mach dién thuc, cong suft tic dung (hay cong suill trung bintyy caa mach Kliong
am. nghia B
P =Ulcosp=0 (- 184)
T bidu (hixe (4-189), dé dang suy ra goe 1éch pha giita di¢n dp vi dong dicn trén cie cue cua

mang hai cue khong ngudn thoa man dicu kién:

TP <

ro A

i
hid (4-190)
2

D0 vai plidn e dién cam, goe 16ch pha gita dién dp v dong dién qua no ¢ = 1/2; con doi

véi phitn W dicn dung, gée 1éch pha gitty dién dp va dong dién qua nd @ = — 5 nglifa 13 cong suit

trung binh ma ngudn cung cdp cho phin wr dién cdm va phin wr dién dung trong mot chu k¥ bang
khong. Hay naéi ¢ich khic, phdn tr dién cam vite phan r dién duag khong ticu thy ning lugng cia
mach, ‘T diy ¢6 (e suy ra ring, cong sult tie dung cta mach chinh 1 cong sufit tiéa hao trén cde
phin (i dicn trés clia mach. Do d6 bicu thie ca cong suilt tde dung cla mach (4188} co ihé vidl lai

dudi dung:

P=> Py =D R4 +-191)
k k

irong do 12, = K, ii 1 comg sufll tde dung trén dign trd Ry, cha mach,
Mt khac theo dinh Juat Ohm dudi dang gid (i hidu dung, aco:

=17,
hay [ = U‘Y

+

trong do i’/,

[ - g . . y A ; 0 : - I~ P 3 -
, kY'l Ii modun cla dng iy (10ng dan) phite ¢la mang hai cue, nén bicu thirc cha cong

sudl tic dung (4-188) lai ¢6 thé viét:
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b - l'\'i}’,!rn.\; P = L[;!Yit‘(n.\':p

Viring [Zjcoso = Re/: |

cosp = Re Y. nén sau kht bién doi s nhin duc:

P=1'Rer,
"ReY

)

b (4-192)

|

trong do ReZ tReY) la phin thye cla tong (e (1ony dan) cda mang hat cuc.
Cong sull tic dung cia mach ¢d th vidt dudi dang phidc:

-

sl
T : JI+IUJ| (4-193)
L

o
P=Re| UL l=l51
1J2

*
. L3

trong dé ddu sao (*) bicu thi sy ten hop phac, néu [=Te™ i T=1c .

Tintt Ul trong bicu thie cla cong suit 1dc dung (4-188) duoe goi [ cong sudl toan phin, hay
cong sudt danb dinh ma ngudn <6 1h¢ cung ¢ap cho mang hai cue kKhong nguon. Cong sudt todn
phin ky hicu hing chir

S=Ul (4-194)

Cong sudl toln phin [a gid tri cong suft tic dyng cue dai md ngudn o6 the cung cap cho
mang hai cue khi cosg = 1, hay géc @ = 0. Thia 83 cosp trong bicu thire (4- 188) duuse goi 13 hé <8
cong suat. Trong he thdng truyéy di nang fuong dién, viée nang cao he s6 cong suat cha cic ha sl
dung nang Tuong di¢n ¢6 y nghia 16n d&n tinh kinh (& trong vige truyén 140 nang tuony dién, hay
i cich khde dén hicu sudt cba qud tinh truyén @ic DA} vai cie hé ticu hu nang {uong dién Idm,
ngudi ta yéu ciu hé sd cong sudt cosg > 0, Y.

Phin do cla biéu thite fI I, k¥ hiéu 1a Q duge goi 1a cong sudt phan khing cia mach:

Q =Ulcos . (4-195)

Cong suit phan Khdng chinh 12 thanh phin cong sudl trao d6i git ngudn vi cic plian ur
phan khang cia mach,

Ban vt do cong suit tde dung P 1 W (od0), don vi do cong sudt toan phin S 14 VA (von-
ampe), con dom vi do cong sudt phian khang 1A VAR,

Nyt ta cing dua vio khii ni¢m cong sudt phite cla mach. Cong suit phite cba mach, ky

hicu bing chir S:
$=r+jQ
vt do do cong sudt tic dung P=Re S, cong sudt phin khidng Q = Im..S, ¢on comg sudlt 10an phéan;

Cudi ctng ta x¢L dicu kign truyén tdi cong sual tdc dung cue dai 1 ngudn (6 phu 1.
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NEUvice truyén 1at cony sull e dung tr ngudn 1in cu Ninh sin, ¢o sde dign dong vai gid

tei hicu dung phie O ong trd trong cha sguon 7 = R+ (X 1@ phu i 7, = R+ X (o 4-51).

——(— "1
Zy= Ry * Jxq I

CD E ZI:RI+jx!

i 4-51
Cong sudt e dung trén phy tii duoe xde dinh ban bicu thire:
=1 R. {+-196)
Con dong dién chay trong mach:

. B
(e —— (4-197)
R,R, + (X, +X,)

Tir bidu hie (4-196)  thay, dé cong sudt tie dung ren plw i P idn, dong dien 1 cin o

gid i Lo, Mat Khdce, (o bics thae (4-197), 38 dong dicn T eo gid tri ldn, trude bl cin didu kicn:

No+ X =0
[y X =X (- 198)
Khi X, = - X, comg sufit 1i¢ dung 1rén phu tdi duoc xac dinfy bai bicu (hie:

:
R
1R,

"R, 4R,

Y (4-199%)
D¢ xde dinh gid e cong sudl tde dung cue dai wén phu i, @ e hien dao ham bidu thiee
(- 1047 thea R, vit cho dao dm it ticu:

_____ e Ryt R)7 =20, +R,)K,
dR | (R, +R )

=0 (4-200)

Tir biéu 1hife (4-200) ta tim duge R, = R,..

Vay cong sudt e dung truyén W uguon (61 phy @i (hinh 4231 dat gid i cue dai khi thoa

min cic didu kién:

X1 = _an
Ru = Rm
hay L= 1 (4-201)

Thay pid tri K, = Ry, vAo bidu thie (4-199), 1a xde dinh duog:
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[N (4‘2(]2)
R,

Che do diun vide cta mach theo didu Kicn (4-201) duoe goi T ehe do lien hop phu i Trong
b do licn hop phu i (7, = Z0). cong sudl tde dung trén phy G dat gid 1 cue da (2 = P00,
nhung 1é cd nhuwoe didm 13 ddi Ga cong 1die hep v do 6n dink Khong cao. Trong thue 1& dé ndng
cao Tinh dn dinle i vice e he thdny truyén 1in hicu vi md rong dii 1dn cOng e, trong he thdng
ey e tin hnca npuon t thudng chon Z, = 7. Ché do Fun viee cau by tiong wuvén tin hicu khi 7, =

Zodude goi [ che do hoa hop phy i Trong ohd do hoa hop pliu i, cong suat tie dung wén phu

il
| 12 b
1) ! = _I_‘.__IE..‘L.__ e l) o= L—
oo HRGEXD) M aR?

Nt hicu sudt truyen i cong sudt Ge dyng trngudn (5i phu i

rong do P T cong sudt tde dung tren phu G Py 16 cong suat tde dung todn bo cha ngudn:

P=TR,, P,=FR+K),
Thay P, va By vo bicu thae trén, ta nhin duogs
? IR
e e B (4-203)
Py Ry +I,

Khi K, = K, hicu suat truyén tdi cong sudl (e dung = 50%. Trén hinh (4-32) vE ¢ic dutmg

cong hicu thi sur phu thude clia cong suflt tde dung trén phy 130 vic hicu suat teuyén 1di cong suit tdc

dung 18 ngudn 151 phu 60 vie gid 1 taong déai gitta gid i R, va R, (khi X, = - X,,).
MNp,n
1 ———————————————————————————————————————
n

057" """"""2 A
: P,

0 : > 1

ot

1 Ry

Hinh 4-32
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CHUONG 5

UNG DUNG PHEP BIEN POI LAPLACE PE PHAN TICH MACH PIEN

Phuong trinh, hé phuong trinh trang thédi ¢da mach dién 14 phuoug trinh, heé phuong (rinh vi
tich phan tuyén tinh khong thudn nhd h¢ <6 hing. £¢ xac dinh thimh phin dao déng cudng b
trong miach-dao doug cha mach & ché do xde lap, déi vai cic ngudn tic dong vao mach ©o dang
i s mi, hoac ¢d dang hinh sin, chdng ta di dao ra (hudt oian &8 dua vice giai phuong trinh. hé
phuong trinh vi phan tuyén tinh ¢6 v& phai khdc khong v@ vice gidi phuomg trinh, hé phuong ifinh
dai 50 wong ang.

Trong chuong nay s& trinh by vice ing dung phép hién d6i Laplace d¢ phan tich mach dicn.
N¢i dung co bin vige tng dung phép bién déi Laplace dé phan  tich mach dién 14 dung phép bicn
Joi Laplace dé dua phueng trinh, hé phuong trinh vi tich phan cia mach v& phuong trinh, he
phuong trinh dai s6 dudi dang dnh Laplace. Giai phuong trinh dai s6 dudi dang anh Laplace, ta s&
tim duge anh Laplace (hay ¢on goi Hanh 1odn tif) ¢la cde phin dng trong mach, Sau do, nhey phip

bicn do1 npuoe Laplace, ta tim lai duge phin Gng trong mach.
§5-1. PHEP BIEN pOI LAPLACE VA MOT SO TINH CHAT CO BAN CUA NO

L.y thuy&l vé phép bien déi Laplace, ching ta ¢6 thé tim hidu k¥ trong pido trinh todn hoc
cao ¢ap. Tal ddy chi nhic lai mot 86 khdi niént va cde tinh chal co bin clia phép bich déi Laplace
1ién cho vice sir dung chidng dé phan tich mach djén.

XEham bign o thae 1), ¢o cie tinh chil sau:

1 =0 INITR RN

Iy lien we khi 12 0.
(trong khodng s gian t = 0, haim (1) <6 (h€ ¢d mét 3§ hitu han diéin gidn doan toai mat),

A& tich phan:
j‘l'(ljt: "t {5-1}

trong dd p 1a mdt s0 phitc: p=¢ + jo.
Néu tich phan (5-1) t0n tai (hG1 ), thi ta ndi tich phin (3-1) dd bin ham bhién s6 thue (1)

thanh ham bién sd phic F(p):

L) :fl‘(t)c Ml (5-2)
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Tich phan (5-2) dupe goi 1h bidh dai thudn Laplace. ITRim (0 duge goi 13 ham goc, con ham

Fipi duoie goi 10 ham anh, kv hicu:
oy = I,

Jiaty Lo ] = Fip)
vit doc nhu sau:

I'(p) 14 anh ega hiim 101, hay {'i(') la him goe cha ham dnh FFipy.

NEu tich phan (3-1) khong t6n tai (khong hoj ), ta ndi ham () khong cd bién 6t Laplace.

N&u bam F(p) 1a hium dnb cta hiom goe [0 thi:

=~ [ “F(p)dp (5-3)

2qj e

Tich phiin (5-3) goi 1a phép bicn doi nguge Laplace, né cho phép tim fai ham gic khi bidt
inb coa nd. Chid ¥ rang, moi him bidn 86 thue (1) théa min didu kién Dirichie déu ¢6 bieh ddi
Faplace, ¥4 mei ngudn dién thue 1de dung vio mach dign, ciing nhu cic phin dap trong cic mach

dien thue déu 1dn i bién doi Laplace,
Dua vao tinh chat coa phép tinh tich phin, d& dang suy ra c4c tinh chilt o bitn sau day cia

phép bidn 4o Laplige.
5-1.1. Tinh cong duge
Ny ham () = [ + GO+ L0, v LI = I(p), khi dé ta cé:
Fp) =1 + Ep) + .. + E,(p),
rrong da: LIt} = Fup) k=1,2,.. n)

Thit vay, theo dinh nghia cia phép hién doi Laplace:
F(p) = L f(e Pt :J':'j'rE O+ O+ 4+ 1, (0] ™ ar
— T N I " L - L,
mLhmbm+hmdem+ﬂmL(n

= p)+ Fp)+ ...+ I.(p).

nghia [i:

F(p)= 1 F, () (5-4)

5-1.2. Tinh ti ke
NEéu LIt = F(p). thl Llaf(t)} = a I(p), rong dé a 13 hing s0.
Thiit viy, goi Llal())] = [F,(p), khi dé:
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i

I (g :J‘ui“{‘)c_pl‘“ — aJ'f{t)C”“dlza}?(p)
" o]
nghia l&:
Fpy=aF(p. s
Tind cong duoe vitinh )¢ con duoe goi chung 1 tinh tuvén tinh caa phép bich dai Laplace.

5-1.3. Anh ciia dao ham

i)
New L= Eeyan 1) S8 2 prg- o).
L dv

wrong dé ({0) [& pid 1ri cta ham 1) tai thai didm ( =0,

That viy, goi 1[%} = Ky (p) , Khi 4o, B(py = {10 " dt.
) ]

Trong vich phan wén, dat

Khi do ta eo:
0t J.l'{l).l-’c"”d! (3-6)

0

Ii'(l)dt = {(Oe™

S5 hang thi nhat bén v& phai coa bidu thie (5-6) bang khong khi t = o, vi bing [(0) khi t =

() con s6 hang (I hai bén v& phai:

J'I'U)Pc Mgy =P J'ru}c "t = PE(p)
[¢] !

N \ : I 1T (R R, _ <
Viy F, (py = PL(p) - 1(0), nghia la: 1. TJ = PE(p) — (U} (53-1
(
Tuomg ty ¢6 thé chimg minh dugc ring:
i) 1 .
l, L {I)J — lf“l:(p) _ l-}u—!lr(()) _ l}u—_t-(“) _ l-n—l {()) (..)_8)

5-1.4. Anh cia tich pll;“lnl

) ' B
N&u 1]1(0)] = F(p) thi I,“l'(l)(h—‘ il
L ! P
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1 1

e !
Wt | = F W) kKh daé Fp) = H _[f'(l)dl !C_"‘(ll
I H

. RIRT. 4

Thit vay, got

Trong tich phan rén, dat:

U= J['!\I)Lll,

Ju = [{Lds.
du = e ¥dt,
t‘ '|3|
v= —
l)

Do daé:

_‘-ﬁ l‘(l)dl} eVdl= -

alo

L
U+l—)'0[1(1)u, di.

N&u f(1) ¢6 bién déi Laplace, thi thanh phan tht nhat bén v& phéi bang 0

1
e ot

Ji l)dl

= (]

con thanh phin (h hai:

[t era = 22
P3 P
nghia la: 14(p) = J‘Uf(l)dl} P = ]"(P),
p
gLuo

liwy: Lj I(l)dl} ;p)

Cha y rang, theo tinh chét clia phép tinh tich phan:

J' Q) = _I[r(uat +HO),

I
trong do [{0) 13 pid tri cua ham 1) tai i didm t = 0, nén:

}@L@
P P

L If{l)dl} = L{ _[ fOdL + £(0)

ML

3-1.5. Giir cham ham so géce

(5-9)

(5-10)

Néu L[(1)] = F(p), thi khi giir cham ham s6 g6c £(t) mot Khodng théri gian 1, thinh ham f{1 -

7}, khi d6 LH(1 ~ )| = ¢ PF(p).
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That vav, g L0 - 1y = ¢ "' dpr. khe d6:

Fip) = Ji‘ (L= 1) de

1"

Patt, = (— 1, tich phan rén duoe dua vé dang:

F(p)= J'l‘(tlje meoeg = P e ge a,

Vi tich phan x4dc dinh khéng phu thude vio bidn ldy tich phan. nén tich phan wén lai ¢6 thé

vidt dudi dang:

" 0 . I
Ft(p):e_mff{l)e"”dl —e P j’f(t)o""m+jl‘mc "o |
. T o J

Viring f(t)=0 khit <0, nén Fip)= ¢ ™ I f(e Pdt = e "T( ) nghia la

L{f(t - v)) = e *F(p)
§5-2. ANH TOAN TU CUA MOT SO HAM THUONG GAP

5.2.1. Anh ciia hing s6

¢ khit<0
[ =
{A khi t=0

Theo cong thire (5-2), ta o

s

R e T

L]

Néu o > 0, thi khi t = 20 him —-%e" " = (. Vay:

5-2.1. Anh cia ham s6 mii

0 khi t<0
fit) =

Ae”™™ khit20

(5-11)
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1[f(ty] = I Ae ®¢ Py
i

I A Lol
— IAC otlc Iild[=_ e {et+ pnt
Y a+p i
-.:—._‘;.}_._c'{""‘_"m“ )
(11-]) 1
E
., . .- A e o A
Néu{o+ 6} >0, thiham ———¢™ 7 ¥ = = vy
a+p 0 a+p
Ac £ A
P+a

5-2.3. Anh cita him bic nhat

) 0 khit <0
Q)=
At khit 0.

s

LIKO=F(pi= I Ate (e

Patu= 1. du=du

Do Ja:

W l ;
J‘f\lc Pde = .*\[— Sem il
l_}

1l

NEu o > {1 1hi hiun sd:

(5-13)

_}Fc Pt Kbi t=oc v khi t =0 s€ hing khong; ¢on ham 4 _IL * khi t =3 s& bing 0 v

P

khi 1 = 0 ¢ bang I‘_. . Viy:

p’
A
ALz —_
12-
5-2.4. Anh ciia him hinh sin
u—-
‘ [U khit<0
fiy=

|Acosol  khit 20,

LI = Tp) = I.-\cnsmle "t

1]

(3-14)
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AL .
:Lj(e”" +e e Mdi
2 ¥
_ A | e'® ‘”‘dt+_fc AR
2
“ L i 1
- 7
:ii - ] c:jm p]1d[ “ . —(jm_p]tl g ||
2ljo-p 0 ja+p o
Al . .
- Y khic=0
P oto
Vily:
B
Acosol = - (5-1%)
p* +a’
b-
, Io khi 1< O
()= *
|Asinwt khi 120
Lifw] =) = | Asinote "t
’ n
‘._-\ N s iont " ‘.'\ R e . 'J — 16
-.:—j(cj(’_:'l —c¢ e dt:—h P - e Go+p)t dl:|
2y 2jto o
_A #c(jm—p)l ’ _’_‘_‘_—.lwn_c—{jw-f—p)l "“—L Ao
2j| jo~p b jo+p o | peo?
khig =0
Viy :
: AL -
Asinot = — ,, (5-16)
pTte”

Trong thuc 1€ ngudi 1a thudmg tinh sdn ham dnh va ham géc ¢da mét s6 dang ham hay gap

trong cidc bii todn k¥ thudt va lap thanh bang (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 DIEN

X cde phan wothy dong R, L, C cha mach dién, qua chidng co cdc dién dp va dong dién

tromg g (hinh 5-13.

wLITMACHE AR
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R L c
—— —_— Y —>—{ ——
k — . — i, ——»
ug L U ¢ Ug
Hinh 3-1

Quan he gitta dign dp vi démg dién qua cdce phan 1 duge xde dinh bai cic biéu thie tuomg

iy
Y
=k R d
di
u, =L—L } (3-17)
g du
I
U(- = EIldl,

Goi dnh todn tlr cba dong dién (2 I{p), dnh todn 11 cia dien dp 12 U(p), thi sau khi thue hién
phép bigh di Laplace ¢ hai v€ clia cde bidu thic (5-16), vi qua mat 8 bign d6i 1a s& nhan duge:

Uy (p)
L,{p) = "T{—‘

U, (p)+ LI, (0) .
I (p)= bt = Ll (5-18)

U (p)_[_J_c_(Q)_

o
I.(p) = _TL
Ccp

trong do L (0) 1a ddng dien qua dién cam tai thdi diém 1 = O (tai i didm xét), U0) 1a dien dp
trén dién dung tai thei diém 1 = 0.
Céc bidu thie (5-18) duoe goi 13 cde bidu thde cla dinh luat Ohm dang todn 1l d&i véi cic

phin te R, L, C tuong wng. Cic dai luong R, 1.p, -(-:ll—‘—‘ 14n luor duge goi 14 18ng 1rd todn tir cha cic

phin (& dién trd, dién cdm, dign dung. Con cic thianh phan LI, (0),

U (O o .
duce goi 12 anh 10dn 10
3

cha che ngudn sic dicn dong trong dac trung cho difu Kien ban ddu cia mach.

Tir cde bidu thae (5-18) dé dang suy ra mo hinh todn tit tuong dwong cha cde phén tlr dién

trdy, dién cam, dién dung (xem hinh 5-2).
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Hinh 5-2

Néu trong mach dién ta thire hién thay the cdc phin tlr thy dong biang mao hinh todn r wong
duomg nhu trén hinh (5-2), cfic ngudn tic dong v phan ng bing dnh todn wr cha 16, ta <& nhio
duoe sor dé goi 14 sor d todn tlr trong duong ciia mach,

'§5-4. PINH LUAT OHM VA CAC DINH LUAT KIECKHOP DANG TOAN 1U

5-4.1. Pinh luit Ohm dang todn tu

Xét mach dicn gdm ba phan & R, T, C mic ndi ti€p dudi dc dong cba ngudn dign 4p u (hinh
5-3).

u D 7e

Hinh 5-3
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Theo dinh Jud, Kigckhop 2.t o6

A

R+l —-+—|1(i[
de - (5-19)

u= u,+ | PR

NEu goi danh ¢Oa dién dp L|u) = Ulpl. anh cla dong dién 1.(i] = I[p}], sau khi thue hién bién
doi Laplace ci hai v¢ cha bidu thie (3-1 &), 1a s& nhan duog;

. | U ()
Li{p) = RLip} + L.PIpY - 1, + ('T“P'} + - \_P_

hay:
U, (0) U (0
Ulp)+ L1, --—--‘f ! Up+11, - -‘-;J-( )
Ip)= - : S — - I (3-20}
R+1p+ 24p)
Cp

rong do Z{pi= R + 1. +L_f‘ goi latong trd todn tr cta nhdnh g6m ba phin 1w R, 1., C méc néi

[1Lp L, Ue(0) [a dong dign qua dien cam vi dién dp trén di¢n dung tai thoi diém xét (1 = 0y; 1.1,
(“)

——= [ dnh 10dn tr cha cic sifc dién doog trong.
}.)

Bicu thide (5-20) 1a bidu thie cha dinh luat Ohm dang odn (.

13¢ dang thdy ring, adéu diéu kién ban diu cua mach bing khong [T {0y = 0, U0) = 0], Ui
bicu thie cla dinh it Ohm dang todn 1 hodn toan gidng bidu thic cha dinh uat Ohm dang phirc,
¢hi khic cic gid tri bien do phue (hicu dung phide) duge tiay bang anh todn (0, ¢dn (Sng trer phitc
duge thay bang 8ng tré todn tu Con néu cdc gid tri ban ddu khic khong 0y = 0, U 0) = 0],
nhung t coi dnh cha cde ngudn sl dién dényg trong nhu dnh cla cde nguun tdcrdong, nghia 1 x&
trén 50 do todn wr tueng duong coa né (xem hinh 3- 4}, thi bicu lhm, um dinh lugt Ohm dang todn
r \L. hinh thic Lun;: 2idng biéu lhl.I(. cla dinh fudt Ohm dang [)llU’L

——{: Y'Y
R Lp

1
cP

LJ [P
\E/ ‘ l
U{P) (%

Hinh 5-4. S0 do widn i (wong duodug cds mach dién
3-4.2. Cic dinh huat Kiéckhop dang todin tir

NEu goi dnh cia dong dicn i, lroug nhdnh the k cua mach hién [, ligd = 1(p), Uni sau Khi

thee hicn bicn déi 1 Aaplace i hai v& cua bidu thie (1-11), ta 58 nhin duuc:
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D lpy=0 (5-21)
[

Bicu thite (3-21) fa bidu thire cha dinh luat Kigckhop | dang todn 1, nghia 13 (dng dai s6 cic
anh todn 1 cua cic dong dign tai mot nht cha mach dién bing khong.

Bicu thdc cta dinh luat Kigckhop 2 & (1-20) ¢la mach di¢n ¢4 thé vict lai dudi dang:

di ]
: ko, p X -
DR AL R idE = Y, (5-22)
N il C Kk L

Néu goi dnh 1odn 1 clia dong dien 1.[i0] = Li(p). dnh ¢la ¢de ngudn tde dong e (1)) =

bap) it sau khi e hien bich d6i Laplace coa e hai v& biéu thire (5-21), v qua mot vai biga

don dom gidn ta s¢ nhan duoc:

L | U (0)
ZIR(P)Zk(P) = Z[I_]:k{p)ﬂﬁlk([)) D) )J
k k

P

hay:

D U= (5-24)
kL

k

trong d6 Z4p) = R, + R, +_ ' Ia t0ng rd lodn tlr cha nhinh k thuoe mach vong: Udp) =
PC, _

L(p).Zipy; Z}Ek(p) 1 1ong dai 56 cdc dnh 1odn 1 cha cde ngudn e dong nim trong cdc nhank
k

thuoe mich vong, k€ i dnh cla cde ngudn sie dién dong trong dic trung cho didu kién ban diu
cla mach.

Bitu thire (3-24) goi 1a biéu thie cia dinh luat Kicckhop hai dang todn 1o cita mach dién,

D¢ dang thay rang, nfu xét urén sv dd todn 1 wong duong clia mach dicn, thi cdc biéu thic
¢l dinh ludt Ohm va cée dinh lugt Kidekhop dang todn tir, hoin an gifng cic bidu thie cia dinh
ludt Ohm va cde dinh luat Kigekhop dang phite, ¢hi khic thay déi &y higu: Cic gid 1ri bién do
phie, hoae hi¢u dung phie duge thay bing cdce dnh todn 1 cde téng e hodce tdug din phite duoe
thay bing cde 16ng trdhodce 10ng din 1odn (r (odn W jo duge thay bing 1odn 1 Py, Tie dity, €6 thé
suy ra thir ty cic bude phan tich mach dién bing phuong phdp todn tir Laplace:

I- Xdce dinh diéu kién ban diu cla mach.

2-Thict lap sor do todn tr wong duomg cha macl.

3- Thict 1ap phueng trinh trang (hdi cha mach dang todn 1 (rong phuong trinh frang théi
dang todn 1. cde todn tr nhdnh duge thay bing cic Wng trd todn wr cha nhinh, cic ngudn tac dang
vit phin tmg duoge thay bang dnh todn 1 iuong Gng).

4- Gidi phuong rinh trang thai dang odn 1l ey mach d€ Gm dnh todn W cha ¢ie phén g
trong mact,

5- T céc dnh todn 1 cha phin dng, tim lai phan g rong mach.
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Pudi day. ta xét mot thi du vé vice thid@ [ap so do todn wr tuong duong vi thigt lip cac he

phuong wrinh domy dién mach vong viv dicn thé didm ndt coa mach dang 1oidn 10

Thi du. thice lap b phuong triinh dong dién mach vong va hé phuong trinh dién thé diém ndt

dang 10dn wr ca mach dién (hinh 5-3) sau khi déng kKhoa K.

Q\ £ ]R'*

.

Hlinh 3-3
Dua vio cie dinh ludt "déng”, "ma", a xde dish duee diéu kién ban ddu coa mach:
B

()= ——
- R, +1, =R,

]

ER,

) =R ——
Ue, ) == TR

1

u. ()= 0

Tl day 1 ¢o su dd 1odn e weng duong caa mach {(xem hinh 3-6),
R, P LI 0
! 2
— —» ) [P

1 III(P)

| URR— 1
1 R3 prmn _>
C,P C,P.

Flinh 3-6

Trong so d6 ¢ hinh (3-6), néu chen cie mach vong doc 1ap va chicu cic dong dién mach

vong nhu hinh v& ta s¢ thict lap duee hé phueng trinh dong dién mach voug dang todn 10
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] 1 ;o - 1 I B UL
l](p) 1<,+1<, Femt—— T R, =Ly (p)- & b Ve

Lll-’ ) Cp P b
L .
1 (p)l R+ ‘ul, (p}| R, R, +Lbs oo =1, (), L 525
- J i
S0 :
-1 gt Im(p)[ ! (1( ) ;
.2 ) J

Trong so déd & hinh 5-6. néu danh $6 thit e cde ndt nhw hinh v& chon ndc 0 Tam nat goc va

cho dien the ndt gde @up) = 0.t & i lap duoe he phuong winh dicn the diém nit cia nuch

dang todn 1

.r ‘-.| ].
))l b | i { )i S R (U |
q —_— { = - : :
Pill R, R, TP A PRy eLP D PR R, LD
R+ - -
IPJ | op )
Y i
— 4 Pk t ‘ + @, (P ! R ! + L—%' P ;\(5—36]
RNET » 1 2 S { T
3, + LI R+ | R, ~1l R+ R, |
L'Il | ( IP /I

_ O UL©
R,+1P p

Tuong tu, d6i vdi mach dién gém m nhanh, n ndr, sau khi hid@ lap so do todn o7 tuong
duemg, ta s thiét 1ap duge he phuong trinh dong dién mach vong vl he phuong trinh dién the didm
nidt dang todu 1.

H¢ phuong trich dong dién mach vong:

L Zym+ L Znp)+o+ 10 Zyp) = 5, () w

L) 7+ L[ Zyup)+..+ 1y(p Zon(P) = LEsndp) (5-27)

hay:

[(Z{pif [Im} = [1U(p) (5-28)
trong da {Lip)] 1 vécta ma triin ot ml“_!i phin (0 coa nd 1 dnk todn wr cda cie dong dién mach
vong; [1(p)] [ véeto ma tedn oL, mdi phin 1 cua no 1 10ng dai 6 cdc dnh todn W el cde ngudn
sie dién dong ndm wong cde nhdnli thude mach vong womg Gag, ké cd dnh todsn tir clia cde ngudn

st dién ddng trong.
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i—zn(m Z:(p) .. Zimip)

iz"‘ . ;/‘11 . 7.1 [
. [Z(p)] = | 221 () £ (p) a (P

L_Z:\.“(p) ng(p) Z‘MM (p}

1

|

| (5-29
..................... |
|
I
J
lia ma tran téng tr¢ todn tr cha mach. Ma trin [Z(p}] la ma trdn vudng ¢dp M [M = m — (11 ~ 1} d6i
xtmg qua dudmp chéo chinh (d6i véi mach di¢n c¢hi chita cic phén tir thuan nghich). Cic phan wr
cua ma tran {Z{p)} duoc xdc dinh gicng nhu céc phan tr cta ma tran 16ng trér phite ctia mach, chi
khdc todn 0 jo trong ma tran dng rér phite duge thay bang todn 1 I trong ma (ran
[Z(p)].

He phuong trinh dién thé diém ndt c6 dang:

PPY (P + @ (DY) + .+ e DY () = T (D),

@ (PY5 (P + o (Y (p) + ... + Px(P)Y,g (P = T, (p), (5-30)

P (PYYielP) + 92 (P YonP) + oo + @ (D) Y () = T ()]
hay:

[Y(P)] [op)] = (P, (5-31)
rong d6 [e(p)] [a vécto ma tran ¢ot, mbi phdn Ui cda né 1a Anh todn t cha dién h¢ cic milt cla
mach (so vdi dién the nidt g&i bing khong),

[T(p)] [ vécto ma tran cot, mbi phan 1 coa né 13 tdng dai s6 cla cic anh lodn tlr cla cie
nguén dong dang tri ndm trong cic nhanh ndi véi nit twong tmg (k¢ ¢4 dnh todn tlr ¢la cic ngudn
dong déng tri trong dac tnmg cho didu kién ban diu):

Yi(p) Yo ... Yiwip)
Yo (p) Yu(p) ... Yuu(p)

YoiP) Yol oo Y (p)

[Y(p)] =

1 ma tran tong dn toan t cha mach. Ma tran 1dng dén oan 1 [Y(p}| 13 ma trin vudng cap N
(N =n-1) d01 x\mg qua dudng chéo chinh (d6i vdi mach dién ol chita cdc phan (0 thuin nghich),
Ciic phin 1 clia ma tran tdrg dan todn wr [Y(p)} duoe xdce dinh £idng nhu cic phdn tl cha ma tran

10ng din phic [Y] cha mach, chi khic khi nay odn 1o jo duge thay bang todn (r P.
§5-5. TIM HAM GOC THEO HAM ANH - CONG THUC HEVISAL
Anh todn tir clia cac dong dién mach vong (3-26) ¢6 the viét dudi dang:

1 M ] . . } . )
Lpy= ZZAsk E. (p)= E [ALEG (D) + Auln(p) + ..o + AnEgp) + ... + Anichias(py] (3-32)
k-
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trong dé A 12 dinh thdc cla ma trdn 6ng trd todn wr [Z(p)| cla mach.

A, Hudinh thée phan phu dai s& cha ma trdn tong trd Z. N6 Ja dinb thize nhin duoc e ma
ran 1@ng (res Z sau khi bo di dong q Otk va nhan vai thit sG (-1

Cin nhan manh rang, @ng trd todn 1 cua cie nhianh coa mach dién thue B mior ham s6 caa
todn (o P vai cide hé s6 thue, nén dinh thite A cling nhu cde phan phu dai 6 coa nd cling 1@ mot ham
8O cua todn tr 1 v ede he s6 thue, Mat khidc, dnh coa cde ngudn dién thue 16e dong viw mach dién
cling 12 mo ham 6 ciia todn we P vai cie e »0 thue, Nen anh todn tr cua cde dong dicn mach vimg
ciing 13 mot hin s6 cha todn 1 P véi cde he s thye. v do do 06 ¢6 the vidt dudi dang 1 56 coa hai

da thae:

) M(p) pm_' l_)]pm I-._’:h.pm 2+,..+h

: 1

" T n=l o u=2 + s
I d]p d:’.p .“+Li”

Pa thie N(p) ¢6 thé phan tich thanh n thita 6 dang:

N ={p-potp-pJ. .. P-pJ (5-34)
rong dop, 1= 1,2, .. .-,.n) 13 cac khong dicm cOa da thde N(p), né chinh la nghi¢m caa phuong
trinh N(p)y = 0.

Cic nghi¢m p, cia phuong trinly N{p) = ( ¢6 (hé 12 56 thue, hoae $6 phide. Song do ¢de he 56
cha da thite N{p) 1 cde s6 thye, nén néu phuong (rinh N(p) = 0 16n tai nghiém phite, thi né phai
bao gém cdc cap nghiém phde lién hop. Nghia 14, néu phuong trinh N(p) = 0 ¢6 nghi¢m phic p, =
o, + jf,. thi nd cing phai ¢é nghiem tha 2: p,, = o, ~ B,

P thare N(p) goi Ja da thide dac trumg cla mach, con phuong trinh N(p) = O got [a plioong
trinh dge trumg cta mach.

N&u trong biéu thie (5-33) 1a thye hién thay da thie miw s6 N(p) 1l bicu thae (5-34), ta 58
nhan duoc:

m -1 m 1

M p“+bp" T +b p" " +..+b i
gy = 2 B (5-35)
N(p) (p-p )p-p,)p-p)

Cicsdp (1= 1,2, .., n) duge goi 14 cac cue diém cta bam (5-35), chinh 1 ¢de khong didm
cia da thie N{p).

Gid st bae m cla da thite W s& M{p) nhd hon bic n coa da thife miu s6 N(p) (m < n), va cdc
khong diém cta da thie maun N(p) [ cde khiong diem don, khi ndy dnh cia dong dién L{p) ¢ (5-35)
¢6 1hé viel dudi dang:

_Me) A A, A

I‘) = - 4o — 4 I (i-%f))
: Ngp) p-p, p-D, p-p

trong dé Ay, A, . A 18 cde hang sd.
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D& xidc dinh he s6 A, trong bifu thie (5-36), 1a thuc hién nhan ci 2 v& cha bidy thite (5-36)
v thira 86 (p — pyd, sau d6 cho p — p,, sao cho cdc s hang ben v& phii déu hang khong, 1rir hing

SO KD dO 1y <8 e

| .
Vikhi p = p;, da thie N(p,) = 0, nén gidi han trén ¢6 dang E—] Ap dung quy tac Lopitan, ta
tinh duog:

N (p-p M -.
A, = lim Ipy+ p-p M) Mip,+
P o N'{p) N'(p,)

(3-37}

trong A6 M(p,) 12 g4 tri cUa da thite M(p) khi p = p, , N'(p,) ta gid 1ri clia dao ham cip mot cha da

. . . dN(p)
thide N(pp Khip=p,: | N'(p, ) =—— .
L dp |p=n
Trong trudng hop niy, theo bing Phu luc & cudi sich. ta xac dinh duogc gid tri thue ctia dong
dién:
W0 =AM A"+ At = DA M
[

hay:

- N : 11 -

i) = Z#’ic‘r . (3-38)
1 N'(p,)

Néu da thite N(p) & (3-35), ngodi cde khong diém don cdn co cde khony diém hoi, thi du r
khong di¢m don du tién, khong didm p, 13 khong diém boi bac q (g =n - r), khi dé dinh c¢ia dong

dién L(p) & (5-33), ¢6 (hé viét dudi dang:

1(P)=-M(p)= A + A bk A + ‘i\-"n
k Np) p-p, P, P7I (p-p ) (3-39)
: ]
+——-~A“' +o B! +__‘+-'\(. W
(p-p,)" (p-p* P-p,

Cache s A, Ay, L, A trong bicu thite (3-39) cling duge xde dinh theo bidu thixc {3-37), vi
hant g6e wong dng cda né cling duoe xde dinh theo bidu thite (5-38). G day ¢dn xde dinh cic hé so
Ay viede ham pée wong tng val cie thanh phin nay.

D¢ thudn tién dua ra cic bicu thic xdc dinh cic he s& Ay il Jad hidu thie (5-39) dudi

dang:
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Mipy A A, A
I-.‘(P) - e g e L e = g
Nipy p-p p—po (L 13-4
IR I TTA Ll Apmp AL
ip-p )

D¢ tinh hé s8 Ay, ta nhidn i hai v& cua bigu thae (53-40) v6i thira s6 (p - pJ* v
cho p — p,, khi do ta nhan duge:
A T-'I.iml—-—(l”(_p— [ (5-41}
o , >|\_!_ N{P] _|

PE tinh hé 56 A, sau khi dd nhin cd hai v¢ ctta hiéu thifc (5-40) vdi thita 50 {(p - ¥,

thue hién dgo ham cid hai v& va cho p — p,, Khi d6 ta nhin duege:

d ™
g = —(p)(p—r\)” (3-4 1)
dp| Nip) .

Ly luin twong t, ta sé tim duoc:

L d | Mip}
A =m | p-p)
2 dpm L N(p b

pod” [_M{'\p) J
A,m= — (p-p.)
il dp LN(ll)

(5-42%

..................................................

Lt [ Mgy ;
A . = - (p-p,)

'

T g bt apt L Nip) Sop

Theo bing phu luc, ta xdc dinh dwge ham gde wong dng vol thinh phén anh

Api
(p-p)'
A A .
. L __.,..__L___ e
ip-p" {g-—i-1)!

Do d6. cudi cling ta s& nhin duoce gid tri thue cia done dién ik(1):

I ‘ A A ‘ i}
= T A o M M
. AL 1! (g - 13! : J
LoMipy L A P
= Z L g PR SR S I L L (5-43)

N'(p,) Tl - -

i-1
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NEw da thite N(p) & (5-35) npodi cdc khong dicm 13 s6 the (khong di¢m don va
Khong diém bois con ¢ Khong diem 1a s& phite (goi tir 1a khong diém phite). thi do
tinh chat cioa da thiite Nop) véi cac [¢ sa thue, nén ndu da thiie Nip) ¢ kKhong dicm p,
ba s phuc (p, = 8¢ + juw, ). thi nd ciing phir ¢ khong diém phac tha hai pe 1o l1én
hop phie cna khong diem Poip. -4, —jo ). Cde khong diem pk va poocia da thae
N{p) cung 13 cde khong dicm don, theo (5-3%). ham goc (tng voi cde thanh phin niy
8¢ co dany:

M) e ML)
Lot g T

(1) = : '
Nip,) N'(p,)

(5-44)

. . I\-'l(\pij M ()
D¢ dang thay rang —-—== = = :

N.(P:) I\'J[pr)

. nen sau khr bicn doi bicu thite (5-44) 1a s¢

nhin duge:
M(p )
_é_.ep‘ﬂ

1, (=2 Re —
N'(p.)

= 2AeMcos(o 0 + a,), (5-43)

Mp,
trong dd: _(PQ = A, = Ape!™
Trudmyg hop tong quét, da thae N(p} & (5-35), 26m ci khong diém don. khong
diém boi va khong diém phie, thi du r khong di¢m don, khong didm p. 4 khong diém
boi bic q vii mot cap khong diém phie p. vi p* khi d6. dnh cla dodng dign §,(p) & (5-

33) cling ¢6 the vidt dudi dung:

1 ([,)_m?l_.ia e AL Ay ——
Ly = = PR - — .
N{M p-p  p-p, Y—p, —p !
" p-p  p-p: P=p. {p-p.) (5-46)
‘;\L||;| N ‘L\up : “I\n

P=p.  p 28pte’

trong &6 cap khong diém p vi p, 13 nghi¢m eia phiong trinh p* + 28p + 0° = 0. Cic
heé sa A, A, AL AL trong bicu thie (5-46) cting ¢ thé droc xic dinh theo phuong
phip he¢ s6 bt dinh. sau do dua theo bing phu lue & cudi sach ta xic dinh duge ham
20U Lrong dng cla nd.
§5-6. DAO PONG TRONG MACH RC MAC NOI TIEP KHI PONG MACH VAQ

NGUON DBIEN AP BAC THANG

Xét dao dong trong mach RC mic ndi tidp khi ddéng much viao ngudn digén dp

bic thang (hinh 5-7).

P [0 kb or<o
J—CDe TTUE ki (20

Hinh 5-7
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Khi dicu Kién ban & cua muach bing Khone fu 00 = O] 13 ¢6 s dd todn ur
Lironyg diwng cus mach thinh 5-X5.

——

I {p) R

@E_ L 51;; U ()

Hinke 3-5

theo dinh tuiat Ohm dapg 1ean (o, ta xde dinh duge dnh cta dong dién chay

broire miach:

Eip: B E E/R Mo -
[{]));%: oo T | - — l :J\—_'--F—I-”_ (3-47)
Popik RP+ | P )
: CP cr CR
Anh ctia di¢n ap trén tu dien C:
R I E/RC M. ;
Py b b N
RC CR
ba thae Ny (p) chi co mdt Khong dicm don p, =— e con da thie N(p) ¢6 hai
khong dicm dom, khong diem don p, = 0 vi Khong diem don p, =——. Theo bicu

RC

thie (5-3K8), ta xac dinh duge dong dién chay trong much vi di¢n ap trén tu dicn Ce

M (p.) . g
}([} = __‘:.LE.I....J_)_C'K)’[ — EC KL L @ T (5_49)
N, (py) R R
M.(p,) .. M.(p, :
WAty = — ('_I__“) e —-—-—-—'“'(p‘) M EZFE {5-5(0)
N, (py) N (p,}

Jdity T =RC got li hiing 50 thes gan cia mach.

Trén hinh (5-9) v do thi thoi gian coa dong didn va dién dp trén Jicn dung C.

Tir hinh v& ta thiy, Khi déng mach RC mic nél ucp vao ngudn dién dp bac
thang, dong dién trong mach tang dot bidn (r gid (11 bing kKhong (tui thin didm 1 = )
dén gid tri i = E/R sau d6 giam din theo quy ludt him s8 ma d¢n gid (ri bing khone.
Bi¢n dp tren dién dung C tang theo quy fudt Bim 6 mu (0 gid tr) bang kKhong (1ui t =
Oy d&n gid 1ri bing E. Dong dién chay trong mach chi ¢6 thinh phin ti do, con dién
dp trén dicn dung € gom ca thanh phin cudng bite vi thanh phin (1 do. Khi thanh
phin wr do biang khong, dao dong trong mach bing thianh phin dao dong cung hite,

e nol much Lim viée & che dd xdc [ap. Toe d6 tang (gidm) cta cde dao dong (rong
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mach pbu thude vie hing 86 thoi gran cua mach t = RC.

v

Hinh 5-9

Cudi cung, ta xét dao déng trong mach RC mic ndi 1i€p khi tic dong vio mach

{1 mdt xung vudng (hinh 5-10).

A e
E
(3 khi <0
¢c=<E khi 0O<i<T,
0 kh 1>1,
0 T, t'

Hinh 5.1

Trong thdi gian t6a tai xung ( 0 €1 < 1) ¢6 thé coi tdc dong vio mach 12 nguén
tdc dong bac thang, theo cdce bigu thie (5-49), (5-50), ta xdc dinh duge dong dién va

dién 4p trén cdc phin tir cha mach:

. E
1= —& R
R
u-=E(t-c ''M,} (5-51)
u, =LR=Ee "

Tui thti di¢m xung két thic (¢ = 1,), dién dp trén dién dung C dat gid 1ri ua(t,)

= E (1- ¢} . Khi ndy ta ¢4 sd d8 todn 1l tuong duong cia mach (hinh 5-11).
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Tir s 46 (hinh 5-11) ta xde dinh duge:

lipy= -

1(p) l 1
CP
R ult,)
P
Hinh 5-11
U ot s U (Tt /R
Py
PLR * o) L
. U .(t
Un(py = 1(p).R = _Uet)
]
P+
RC

Theo bidu thie (5-38), ta xdc dinh duge pid tri thue caa dong dién va dign dp

trén dién tr Re

Pién 4p trén ty dién C:

1-1,
n-(t,) e T

i(t) = - 5.52
i1} R { )
() = = ueft)e T (5-53)
Gel) = - o) = uglt)e (5-54)

Céing ¢6 thé xac dinh dao dong trong mach theo phuong phédp khdc. Nguon tdc

dong xung (hinh 5-10) ¢6 thé coi 12 x&p chéng clia hai ngudn tic dong bic thang.

Nguon tdc dong ¢, = E, tdc dong

vio mach tai thdi diém t = 0; ngudn tic dénp ¢, =

~E, t4¢ dgng vao mach ti thoi didm 1 = 1, (xem hinh 5-12).

¥ 3
E S
. o
TX
e
Efeeeemn- :

Hinh 5-12
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Trong thoi gran O < U= 1 trong mach ¢hi ¢ ngudn bic thang ¢, tie dong, dao
dong trong mach duoe xde dinh bdi cde bicu thie (5-513. Khi t > 1., dao dang trong

mach [ Xx&p chong e cde dao dong do hal nguds tde dong bac thang ¢, vii o, gy

nep:
. S E I_!' E \":‘ Tj u- {1 -
Mty = —ue e (1-v " = e !
R 1< K I
) [
Ut = LR ==u-{1,)¢
[
vty =—-u il =ust,) e °

K&t gqud nhin duge hodn todn gidng k& qua di nhan duoe O (rén.

Cac kel quid cho thdy, dao dong trong mach (phdn Gng dau ra cha mach) phu
thu¢e nhicu vio mGi (wong quan gita do rong xung 1, v hing 8 thoi gian T cia
mach. Tren hinh (5-13) vé dign dp dilu ra (Idy trén dicn 1rd R v trén dien dung C)

ng vdi cde trudng hop hing s thot glan chamuch t << 1,57 = 1, vilT > T,.

e A e 4 ch
£ E E
0 Ll Ir
U!
E
tr
uc
T.>'£:‘
i Ll

Iinft 5-13

Tir hinh 5-13 ta thily, trong trudimg hop hing s6 thoi gian ola mach 1 << 1,, khi
tde dong vao mach 1a mat xung vudng di¢n ap. trén di¢n trd R ta thu duoc hai xung
nhon khic cue tinh. Mach RC trong trutmg hop niy dong vai d 1a mot mach vi
phin. Con trong trudng hyp hang 56 thai glan ctia mach T > 7, khi tdc dong vio mach
& mot xung vudng., trén dién trd R 1a cling thu duge xung vudng. Much RC trong

truong hop nay 1a mach ndi ting d¢ truyén (in hi¢u (r tdng trude dén ting sau. Neuwoe
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lai, néu 1a ldy dién dp ra trén dién dung C. tht kb1 hing s8 thdi gian ciua mach 1 >>»
T,. dién dp ddu ra u. ¢d dang tuyén tinh v (D) = Al Trong truomg hop nady, ta ndi
mavh RC la mach tich phan.

§5-7. DAO DONG TRONG MACH RE MAC NOYT TIEP KHI BONG MACH VAO NGUON BIEN
AP BAC THANG

Xét mach di¢n g6m hal phian tf RL mic n61 ti€p khi déng mach vao nguon dign
ap bac thang (hinh 5-14).

’ i |
—_ 1
R 1
. J(} khi t <0
1) =
E’ e £ TR khiorz0

finh 5-714

Khi diéu kién ban ddu cia mach 1,(0) = 0, ta ¢d so d0 todn W tuvong duong cla
mach (hinh 5-15).

Hinh 5-13

Tir so d6 ¢ hinh (5-15), theo dinh luat Ohm dang todn (a, ta nhan duge:

E E/L
o=y ~ R
(R+LP)  pp 8y
L
E/L o)
Ul_(]});”II)-LP:;R_uJ_ _
PP+ ) P
L L

Theo biéu thie (5-38), ta xdc dinh duge gid tei thue cia dong dién v dign dp
irén phin tr di¢n cam:

R
E E -t E .
= ———¢c b = =(I-c ' (5-55)
( R R R
u (O =Ec ", (5-36)

o an | I b .
o diy 1= 4 hing 0 thdi gian cua mach.
R

10-LTMACHTAP1



146 - LY THUYET MACH - TiN HIEU

D6 thi thoi gian coa dong dién i(1) va ign dp trén phdn & dién cam u (1) v3
trén hinh 5-16.

E L
EN
R i
0,0
0 g
E et
/R
.E i
Hinh 5-16

Tir hinh v& ta thdy, khi déng mach RL mic ndi t€p vdo ngudn dién dp bac
thang, dong didn trong mach tang din tir gid tri bing khong (tai thii diém 1 = 0) theo
quy ludt ham s06 md d&n gid trj xdc |4p bing E/R, ¢On dién ap trén phin tir dién cam
tang dot bicn tir gid tri bing khong d&n gid tri bang E (1ai thoi didm = 0}, sau d6
giam din dén gid tri bang khong thco guy ludt ham s6 mi. Dong dién chay trong
mach bao gém ¢a thanh phin dao dong cudng bie (i, = E/R) va thanh phin dao dong
(e do (i, = E/Re ¥"); con dien dp trén phiin e dién cdm chi ¢6 thanh phdn dao dong
tr do. Hing s6 tit didn cla cdc dao dong tv do phu thude vao hing s6 thdi gian cla
mach t = L/R. Khi thanh phin dao dong ty do bing khong, dao d6ng trong mach chi

von thanh phin dao déng cudng bic, mach khi ndy Iim vice & ch€ do xde lap.

§5-8. DAO PONG TRONG MACH RLC MAC NOI TIEP KHJ PONG MACH VAO NGUON BIfN
AP BAC THANG

Xét mach dién gém ba phan tr R, L, C méc néi ti€p dudi tic dong cla ngudn
dién ap bac thanyg (hinh 5-17).

=TTL
J’ e c " [0 khi t<0
ell) =
£ -l- LE Khi (20

Hinh 5-17

Khi diéu kién ban ddn cia mach bing khéng [i,(0) = 0, uf0) = 0], ta ¢6 so d6

tadn LT trang duong cia mach ¢hinh 5-18).
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=

Lip) R _()>
up
E : 1
@

]l
11
i
—
=)
-

Hinh 5-18

T s d6 (hinh 5-18), theo dinh luat Ohm dang todn ti, ta xdc dinh dugre:

E E
1) = — e R;L - EIL (5-57)
PI[R+LP+ | P+ pPs . P t2aP+ay
CpP, L cp
trong dé:
- li W, =
2L YT e
EP
Udp) = Ip}.LP = —o———, 5-58
) P P°+2aP+a ( )
1 . E/LC
Uc(p) = T(p).—— = (5-59)

CP PP +20P+02)
Do dong trong mach phu thudc vao su phan b6 nghiém ctia da thite p* + 2ap + o
5-8.1. Pa thire p? + 2ap + @ ¢6 nghiém thuan do
Pa thie p* + 20p + o ¢6 nghiém thudn 4o khi @ = % = (} (hay phdn tr R cla

mach bing khong), trong trudng hgp x6t ta cé:
E/L

p)= ——,
p o,
EP E/LC
Upy= ——, Up=s ——-.
pT o) pp” +a@.)
vi da thie p° + @} c6 nghiem p, ., = + jo,.
Theo cong thic (5-45), ta xdc dinh dugc:
. E .
1(t) = —sing,ti, {5-60)
P
u (1)} = Ecosot, (5-61)
uefl) = E{1- cosw, 1) (5-62)

o day p:\[g la tro khdng dac tinh clia mach R, L, C méc néi ti&p.
C
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6 thi th gian cha cde dong dién (0, dién dp v, (1, uAt) v& trén hinh (5-19).

A il
b i MU

ANALL . LALAL . '
VATAVAVRRIRVAVAVAYAS *

W

[t ]

Hinh 8-19

T hinh vé ta thiy, khi dién trd R cia mach bing khong {(mach khong co t8n
hao), dong mach vao ngudn dién dp bic thang, trong mach s€ xudt hi¢n cic dao dong
dicu hoa Khong it theo thai gian.,

- - 2 ) = -
5-8.2. Pa thiie p’ + 2ap + o), ¢6 nghiém phiic

Pa thitc p* + 2ap + o) ¢6 nghi¢m phiac khi:

’ i 2 L
Al=o - 0 < 0, hay R < 2\[6:2@

Khi nay nghié¢m cua da ihe:
Pr:=—a Tt jo,
—_— o a

& day: o = ol —o”

Theo cong thic (5-45) 1a xdc dinh dugce:

: E ..
11y = e s,
Lo,

- O‘ -
u(ty=Ec 'L‘nso) - —:;mm]l‘|l,

. (L)l
E/LC » o (_5-63)
U-()=E——F—==1¢"" cos{w.t —arctg —)
R w,
W, ’l +
v W)
o o .
=EFE-Ec¢" . ——cosim.t+ ¢},
[JI
. o ol ®y 1 E = ol Ak 13 thi
trong d6é ¢ = arclg —; \‘1 +— = == Né&u mach ¢6 hé s phim chat ldn (Q>>1) thi
[} w - |
1 1

& Wy, Ez 0. Khi dé:
n
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u, (D=E¢ " coso L, ‘

u{0=E(1-e" cose L,t),i,» (5-64)
. E L .
H{t) =—e ‘sino 1. ,
D6 Lthi thei gian cla dong dién i(1) va cdce dign dp u- (0, u(t) v& trén hinh (5-20).
1\ u,u,
At
/\ ﬂ(\ ..... n
>
° VAV
Hinh 5-20
5-8.3. Pa thite p* + 20p + o, c6 nghiém kép
Pa thie p* + 2ap + w? c6 nghi¢m kéix Pi:=—@
. : ) 2 L
khi A'=a’ ~of =0haya =2 c =2p.
Khi nay, theo biéu thifc (5-43) ta xdc dinh dugc:
‘ E
M)y =—te ",
L
n(=Ee ¥ (1-av, (5-65)

u{t) [l—c “‘(l—ral)]

a’LC
E[l—e"'“'(l+at)]

D4 thi thdi gian cla ddng dign i(t) va cdc dign dp u, (1), uclt) ve trén hinh (5-21).

i AU, U

T~

E ug{t)

v
v

Hinh 5-21
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5-8.4. Pa thite p®+ 2ap + ®;, ¢6 hai nghiém thuc khic nhau
ba thic p* + 2ap + ©? ¢6 hai nghiem thuc khac nhau khi:
A =a-els0,
L
hay R > 2\/3 = 2p.

Trong trudng hop nay. cdc nghiém:

P A =—q J_r\/o:z—mz

Al
Theo biéu thite (5-38), ta x4dc dinh dugc cdc dao dong trong mach:

[ '(a"-‘jul-w;}l —fu+1||c|1—mﬁjl.jl
—_— | e -e B
2

{5-66)

19
IR T
[+

e
z 2 2 ol J : 2
2LC\/rx -Q, —a+Ja -, Ta-gfa o, )

DG thi thoi gian cla dong dign i() va dien dp uc(t) vé tren hink (5-22),

A MU

v
A 4

Hinh 5-22

T cac k€1 qud nhan duge ta thiy, néu trong mach ¢é t6n hao (R # 0), thi khi
16n hao nhd (R < 2p) dao dong tu do trong mach la cdc dao dong ¢6 chu k¥, tél ddn
theo thoi gian; ¢dn khi t6n hao 16n (R > 2p) dao d6ng ty do trong mach 12 cdc dao
dong phi chu ky va tét ddn theo thoi gian.

§5-9. DAO BPONG TRONG MACH RL.C MAC SONG SONG KHI bONG MACH VAO NGUON
DONG BIEN BAC THANG

X¢t mach dign g6ém ba phén ur R, L, C mic song song dudi tic dong cua ngudn
dong dién bac thang (hinh 5-23).

LE Lue 1)

af—
»
el
—
L
It
1T
-+
o
=

;
Hinh 5-23 Hinh 5-24
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Khi diéu kién ban ddu cua mach bing khong (i, (0) = O, u () = 0), ta ¢6 s¢ d6
todn 1 lvong duong ctua mach (hinh 5-24).

Theo dinh {udt Ohm dang todn tu, 12 xdc dinh duge dién dp va dong dién qua

cic phin u:

. I{p) [ 1 1/C
U(p) = I(p) . Z(p) :Y({p) =5 - / :
p ; ot 2 B
grcp LP P CP LC (5-07)
B 1/C
P +2aptaog
t 16 a £ o A
ong do: 1= —, 0 = , O, =
one £ R 2C JLC
Ip
Lo(p) = U(p).CP = — - (5-68)
p-+20p+ o
U(F I/LC
1i{p) = ) . / (5-69)

LpP p(p” +2up +wy)

Cic biéu thitc (5-67), (5-68), {5-69) hodn toin gidng cic bidu thic (5-57),
(5-58), (5-59) dd nhan duge d6i vdi mach R, L, € mic ndi ti€p. Diu nay ¢é nghia la
dao dong trong mach R, L, C méc song seng khi ddng mach vio ngudn dong dién bic
thang hoan toan tuong tu nhu dao dong trong mach R, L, € mic ndi ti€p khi dong
mach viio ngudn dién bac thang. Dao dong trong mach c¢é thé 1A cdc dac dong diéu
hoa, dao dong ¢b chu k¥ tit ddn theo thdi gian, hoac dao dong phi chu ky it din
theo thdi gian, tiy thudc vao gid tri tuong d0i gira cdc phiin 1 cla mach (tuy thuoc
vao tdn hao cla mach). Thi du, khi da thic p’ + 2ap + o> ¢6 nghiém phitc, nghia la

khi;

[

A= - <0, hay g <

e
™ |~

dao déng trong mach s& ¢o dang:

|

ul)=
( Co'

il 2
¢ “sinw, L,

. . o .
ic() le “'(coso t———sinw 1),
@

1

. _ Lol OJU )
Lty =1-1le .;J—_-t::os(mltﬂp)
i - (5-70)

_ 2 2. = —arct @
W, = 4f@, —0 3 (P-—--d['(.,gm .

1

trong do:
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B6 thi thivi gian cua dien dp uit) va cde dong dién 140, 1.{t) v& trén hinh (5-25).

1\ . N i

Hinh 5-25

§3-10. DAO PONG TU DO TRONG MACH RLC MAC SONG SONG

XEt dao dong trong mach dién (hinh 5-26) sau khi chuyén khéa K vé vi tri 2.

12 . .
= R
e Ié L ]|R p=cy,(R)i Top P R lU(p)
. | [7 ]

Hinh 5-26 Hinh 5-27

Gia s khoa K duge chuyén sang vi trf 2 tai thdi diém t = 0, va tai thoi diédm
t = 0, dién 4p trén dién dung u (0) = u,, ta cé so d6 todn tir tuong dwong ¢hinh §-27).
Tir so d6 (hinh 5-27), theo dinh fuét Ohm dang toén ti{, ta tim drge:
iy _ CLy Ugk

Uip) = I(p).Zip=

Y(p) g+ CP+ 1 p’ - 20'1'”'('0(]:
LP (5-71)

G day:

g 1

_, 0, = —
2C ' JLe

Dao d6ng ty do trong mach cling phu thugc vio nghiém cta da thie p° + 2ap +
;. nghia 12 phy thuge vao gis tri tuong doi gitta cdc phidn tir clha mach. Trong trudng

hgp da théc p* + 20p + @) cé nghiém 1a s6 phic, hay khi g < ZE = 2, theo cong
p
thirc /(5-45), ta  xdc  dinh duge dac dong u(t) trong mach: u(t) =

o .
U.e a:stwll -;-smcolt , trong d6:a, =\/;t; I
1
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% <] kht Jda,
o,

N&u mach ¢ h¢ ¢ pham chiar Q 1on (Q >> 1), 1dn 8 o, = o, va

ta ¢cd:
u(l) = U.e Mcosm,t. (5-72)

D6 thi thi gian cta di¢n 4p u(1) ¢ (5-72) v& trén hinh (5-28).
uit) b

\\h‘ﬂn‘f\‘r\
0 VAT

flinh 5-28

Tir d6 thj thdi gian ta th&y, khi khéa K chuyén sang vi tri 2, trong mach s& xu#t
hién dao dong hinh sin v&i bién d0 gidm ddn theo thdi gian. V& ¥ nghia vat 1y, didu
nay duge giai thich nhu sau: Khi khéa K & vi tri 1, dién dung C dugce tich trit ning
lugng dién tir ngudn dién 4p c¢. Khi chuyén khéa K sang vi tri 2, di¢n dung C s&
phéng dign qua dién tr& R vi dién cém L, trong mach lic nay xuft hié¢n su trao déi
ning lugng dién tlr rrudng gitta dién dung C va dién cam L. Su trao d8i nang luong
nay lam xuft hién dao dong tv do trong mach. Song do ¢6 18n hao ning lugng (rén
phin tit dién trd R, ning lugng dién tir trudmg tich trl trong mach s& gidm dén va dao
dong ty do ciing tdt ddn theo thdi gian,

§5-11. QUA TRINH THIET LAP DAO PONG HINH SIN TRONG MACH RLC
MAC SONG SONG

Xét mach dién gdm ba phdn 10 R, L, C mic song song dudi tdc dong cda ngubn
dong di¢n hinh sin duge déng vao mach tai thdi diém ( = 0 (hinh 5-29).

. 0 khit<0
1= Isinat khit>0

Hinh 5-29

Gia sit diéu kién ban ddu cia mach biang khong (1.(0) = 0, uc() = 0), ta ¢é so
d6 todn 1 tuong duong cla mach (hinh 5-30),
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_ Lo R 3 = _Lup
D2+ o cp

Hinh 5-30

TU 5o do & hinh (5-30), theo dinh ludt Ohm dang todn 14, ta xac dinh duge anh

it dién dp trén cie phin 1 cilys mach:

_ [.o !
Uty = =2
P=® wicps
LP
_ [, _ P
p+e’ C(p +2ap+roly’
1 o |

trong do v — . o = =

TR 200 " e

Bo1 vai cde mach R,L.C mic song song st dung trong thuce (&, thuong ¢ hé sa
phim chit Q 1dn, nghia I3 luon théa min didu kicn g < 2‘[2 = 2, Vi tdn 58 cia ngudn
p
tdc dong bang tdn sd cong hudng o, cha mach. Trong trudng hop xét, inh cia dign 4p
Uip) s& ¢& dung:
L, e _ p M

-

Up) = TS :
pta; Cp~+2ap+asy  N(p)

(5-73)

v da thide mau 86 N(p) € ¢6 hai nghiém thudn do p, , = £ jo, va cip nghiém lién hop

phitv p;, = —a + jo, trong d6: o, = \jfm[i ~a’ (cing ¢6 thé coi cdp nghiém p . = £ jo,

Licap nghiem hién hgp phitc v&i phdn thue bing khéng). Tir day, ta xdc dinh duge:
M(p) _ 1,04 ' '
N'(p)  Cidp’ +6ap’ +4do’ +2am.f,}’

M(jo,y -l IR

-- —— — _I_. L= = _] JRLLLE— .\
NG 2y 2
M{—a+jo,) o

1.
- - -, R—.
N'(-a+jo) 2 0,

T day, theo ¢Ong thiée (5-45)0 ta xdc dinh duge di¢n dp trén cac phén

. . Wy at e
o) = RI sinw - —RI_ ¢ * Sino gl
. o
Céc mach dao dong sir dung trong thyue 1€ thudng ¢6 18n hao nhd (a << 1), khi
L by, © el . . . P
do —* = 1, va dién dp trén cde phin wi:
€.

uft) = RL(1 — ¢ “sinm,l. - (5-74)
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DG thi thoi gian cua dién dp ufty theo (5-74) xem 1rén hinh (5-3 13,

ujk

i
-

| .,_
S

fHinh 5-31

-
-

N

Tir cdc kK&t guid nhan duge 1a thay, khi tdc dong vao mach R, L, C mic song song
mot ngudn dién dp hinh sin ¢o tdn 50 bing tdn 88 cong hudng cla mach, dién dp tren
cde phin tir cla mach ciing 12 dao ddng hinh sin vdi bién do tang ddn tr gid tn khong

d¢n gid tri xdc lap biang RI,. Quy ludt ting bién do cla daov dong duge xde dinh boi

.mn‘

bidu thite: | —¢ “ = | — ¢ ¥,
V& miat 1y thuyét, dao dong hinh sin trong mach duge xdac 1ap khi thai gian

U= ufl) = Rl sino,t.
1= x

Trong thuc t& dao dong hinh sin duge col nhu Kdc 1dp. néu gid ri bién do cha
duo dong dat tdi 95% gid tr1 bién dO xdc ldp cua no. Thai gian xde lip dao dong
trong mach t,, duge xdac dinh bdi bidu thic:

I — ¢ " =095,

va L ddy ta xdc dinh duge:
LI
|
2Q 7

¢
(= (5-75)
{3

>3

L]

Viy thol gian xdc 1ap dao dong hinh sin trong mach 11 [¢ thudan vdi h¢ s6 phim
chidt Q clia mach. Hé s6 phdm chdt Q cla much cang 16n, thdi gian xde 1ap dao dong
hinh sin trong mach t, cang Idn. Trong trudng hyp tdn s& cla ngudn tic dong o
khdc tin 58 cong hudng ctua mach oo # @), dao dong trong muach s& gém hai thinh
phin tin sd khdc nhau, thinh phéin dao dong véi tdn 5§ cha ngudn (ic dong © (thianh
phin dao dong culing bice) vd thinh phin dao dong vdi tin 50 o, ¥ v, vdi bicn do

gidm dan (thanh phdn dao dong tu do}, khi nay:
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u(t)y » RI sinot — Ri_¢ ™sinw,t (5-76)

Trong trudng hgp nay, duting bao cia dao dong tdng s& dao dong véi tan 88

bang hi¢u cua hai tan s& o va o, {(xem hinh 5-32). Bién do dao dong cua dudng bao
gidm ddn vi thanh phin wr do Rl,e *'sino,t tat din theo thi gian.

iy
R

t

U

finh 5-32
Cu6i cling, ta xét qud trinh thiét lap dao déng trong mach R, L, C méc song
song, khi téc dong vao mach day xung vo tuyén tudn hoan (xem hinh 5-33a).

0 khi t <0
1=41_sino t khi 0 <t<rt,
0 khi 7, <t <T

g day:t, 14 do rOng xung vo6 tuyén. T 12 chu k¥ xung.

Thudng do rong xung vo tuy€n 1, 16n hon rdt nhidu 14n chu ky T, ¢cta dao dong

hinh s;ln,;(Tuz—?r s Vi gid thi€t ring tin sd cla dao dong hinh sin bing tdn s§ cdng
©

\ U
hudng ciia mach va mach ¢é hé s8 phdm chit 16n (Q >> 1).

Khi bit ddu ¢6 xung téc dong, dién &p trén cdc phén t& cha mach u(t) s& bién
thign theo quy ludt nhu trong trudng hgp tdc déng vao mach ngudh ddng dién hinh
sin tai thoi diém t = 0:

u(t) = RL,(1 — ¢ )sinw,t

Bitn d6 cGa dac dong s& tang din tir gis tri khong dén gid tri x4c lap bing RI,,.
Neu thdi gian 10n tai xung t, 16n hon thdi gian x4c lap t,, trong mach, thi trude khi
xung K&t thiic, dao dgng trong mach dd xdc Iap. Tai thdi didm t = 1, (xung ké&t thiic),
trong mach t0n tai dao dong wy do. Dao dong ty do trong mach clng la dao dong hinh
sin nhung voi bien dg gidm ddn tir gid 11 U, = RI, d&n gid tri khong. N&u khoang
cdch gifta hai xung lién ti€p 1dn hon thdi gian xéc 1ap ty cha mach (T - 7, > t ), thi

i

dao dOng tr do s& k€t thdc (tdt) trude khi xung tht hai tdc déng (xem hinh 5-33b),
trén ddu ra, ta cling nh4n duge ddy xung. N&u thdi gian tén tai xung t, nhd hon (hoi
gian xéc l4p t,, cla mach, thi khi xung k&t thic, dao d6ng trong mach chua xéc lap.
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Tai thoi diém xung k&t thac (¢ = 1,). bién d6 dao dong trong mach dal gid tri hing
RE(1 - ¢ “Iy v sau d6 s8 giam din d€n gid tr1 khong. Néu khoing cach gilra hal xung la
nho thua thod gian xdc (ap cia mach (T — 1, < t,), thi khi bat diu tic dong xung thit hai.
trong mach vin t6n (ai dao dong tu do cia qud trinh trude dé. Dao dong tong trong
mach trong trudng hop nay s& 12 x&p chong cha dao doéng 1w do cta qua trinh trude vi
dav dong do tdc dong clha xung thi hai. Hodc khi nay cling ¢6 the coi mach dudt tic
déng cia ngudn dong dién hinh sin, nhung dicu ki¢n ban ddu cua mach khace khong.
K& qué trén ddu ra ta s& nhan dudge tin hi¢u lién tuc (xem hinh 5-33¢). Khi ndy, ncu
h¢ s0 phim chdl cia mach Q cang 1do, thai gian Xde lip t, cua mach cang lon, do
mdéu dung cua tin hiéu khi truyén qua mach cang-1dn.
e .
Im

a) ‘

b)

c)

Hink 5-313
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CHUONG 6

PHAN TICH MACH PIEN BANG PHUONG PHAP
TICH PHAN XEP CHONG

§6-1. TAC DPONG BAC THANG VA TAC PONG XUNG CUA MACH DIEN

Tinh ¢hit ciia mach dign ¢6 the hoin win duge xdc dinh néu bi&t phin tng cua nd dudi tac
dong cua cde ngudn dién bic thang viu ngudn tin hicu xung. Mat khéc, bict phin g cla mach
dudi tde dng cua cdc ngudn bic thang vi nguén xung, ¢ thé tim phin ng cia mach dudi céc
ngudn tic dong khac.
6-1.1. Tac dong bic thang

Tdc dong bie thang 1a cdc ngudn tdc dong (ngudn dién dp, hay ngudn dong di¢n)j cd quy tudt

bién thi¢n theo thon gian va deoe bidu dién nhu sau:

c(l):fn khi t <0
TA khi 10

hay (6-1)
_ [0 khi 1<0
lﬁ):ﬂA khi 150

trong d A 14 hing 6, 1 dg 1dn cia ngudn tdc dong bic thang.
D3 thi thii gian cha ngudn (dc dong bac thang vé trén hinh (6-1).

e,i“

~Y

Hinh 6-1



Chubng 6. Phédn tich mach dign bang phuong phdp tich phin xép chéng o 159

Cac ngudn dién bac thang ¢6 do 1dn A = 1 duge goi 1a ngudn bic thang don vi. Ham bac
ihang don vi duge ky hign 1a ham 1{t). Trong todn hoe ham 10 duge poi 1a hiun Hévisai.
(0 khit <0

l([}.—{ )
I Khi1>0

Trong thue 18, cde ngudn Gic dong bac thang la cdc ngudn dién mat chicu duge dong viw
much ai thot diém 1= 0. Trong su dd mach, cde ngudn tde dong bac thang cua mach duoe kv higu

nhu & hinh {6-2).

Hinh 6-2

6-1.2. Tic dong xung

Ta goi ngudn tin higu xung (nguodn dién ap xung hay nguon dong dién xung) 1a cdc ngudn
1in hiéu mi gia tri cha no chi khic khong trong nhitng khodng thei gian nhét dinh. Thi du, nguén

dién ap xung thi tdn dang chi nhit ¢ do thi thai gian vé tién hinh 6-3.

e &

Y

D J‘x t

}f inh 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 nhin tir ngudn, mot phin tiée tdn dudi
dang nhiél trén phan tr dién &d, phin con lai duge tich trit trong cdc phin tr dién cam va dién
dung. Khi xung k&t thiic, nang hrgng dién tir trucmg di duge tich it trong mach s¢ dudge phin gis
vit tiéu hao dudi dang nhiét teén phin (o dién (19, Chinh sy phan gida nang lugmg da 1o thanh dao
dong tr do trong mach.

Xét ngudn tin higu xung 8(t, 7.} 6 quy tuit bién thién theo thii gian duge mo ti hiing bi¢u
thitc:

0 khi t <0
(Lt} = L khi { <t <1, (6-2)
' T

X

0 khit> 1,
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D0 thi thin gian cha ham 81, 1,) & (6-2) gidng d6 thi thyi gian clia xung chit nhat (hinh 6-3),

. h e . 1
chi khac gid 1d E duge thay bang .-
T‘
Dien tich cha xung 8(t, 7,) (dicn tich clia mién gidi han b ham 8(t, 7,) va true hoanh} bing 1.

t:-.
S, = Js( e =1

néut. < (L o>,
Cho do rong xung 1, — (), khi d6 ham 3(t, 1,) — 8(1).
Him 8(t) = 8(t, 7,) bing O vdi mot gid tri 1= 0, v tién 1&i oo twi t = 0, cdn dién tich clia xung

3(1) vin bing 1:

15 .
{78(0de =1

néu mién tich phan chia diém (.
Ham 8(t) duge goi 1a hiim xung don vi, ham Denta, hay ham Diric.
Gid st nguon tin higu xung thi tdn dang chit nhat (hinh 6-3) ¢6 do cao E tang i 16 vdi su
giam cla do rong xung T, nhung dam bio diéu ki¢n dién tich cta xung Iuon bing hing s6:
E.1, =5, = const

hay néi cdch khdc, gifra d6 cao E v dé rong 7, cia xung ton tui mai lién hé:

Nhur vay, 16 ring ring khi 1, > 0, thi nguén tin hiéu xung dd cho 1a tich ctta ham Dirfic va
Jdién tich xung §,.

Neudn tde dong ma quy ludt bién thién cua né duge mo ti bing tich clia hing s& S, vi ham
Birac duge goi la ngudn tée dong xung miu. Khi S, = 1 thi ngudn tdc dong xung miu duge goi 1a
ngudn xung don vi, hay xung birde. Trén so d6 mach, cdc ngubn tic dong xung miau duge ky hiéu
nhur teén hinh (6-4).

1® 1L®

Hinh 6-4
Trong thye 1€ khong 1060 i cde nguén xung mdu, ciing nhu ngudn xung don vi. Song vide
Jua vao khii niém ngudn tde dong xung miu va ngudn xung dom vi nhiéu khi cho phép don gian

qui trinh phan tich much di¢n, cling ntur hicu & qud trinh vat 1y xdy ra trong mach dicn.
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§6-2. DPAC TINH QUA PO VA PAC TINH XUNG CUA MACH PIEN

6-2.1. Bac tinh qua do cua mach dién
bac tinh qud do clha mach dién. ky hiéu la h(t), 1a 1i 56 gilta phin (tng cla mach dudi tdc
dong cia ngudn dién bac thang khi didu kign ban ddu cla mach bidng khong vit 46 16n cia ngudn

lac domy:

[y
h{t) = »(l {63}
A

Trong bicu thie (6-3), t,(t) biéu thi phdn img ca mach, con A bidu thi do 16n clia ngudn tdc
dong bic thang.

Thi du, déi véi mach dién & hinh 6-5 ;

|

EFQDG lR -{c

Hinh 6-3

Téc dong vao mach ngudn dién dp bac thang, va diéu kién ban didu bing khong, sau khi giai

mach, ta (im duoe:

U = ERC (1 —e¥h,

R+R,

E LT
l-= —& .

Rn

E

i = T—e™h,
“TRER, ( )
igo= (I—¢ T)+—c¢ °
“TR+R, R,

R+R. Y

|
RR.C |

trong do: 1 2[ ta hing s6 thoi glan cla mach.

Tir diy ta xdc dinh duge:

(L R -
hu:‘(l) = U(_() = (l1- ¢ 'r_,-'l\),
E R+R,
1-(1
he=cWo b n
0]

LL-LTMACHTAPL
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| } i'u; “J 1 . |-'r)
Vo= A (e,
ke F R+R, ( &
), (1) ' ‘
h!uo(“:L: (I-e ) +—=¢ °
E R+R, R,
Tir (6-3) dé dang suy ra riing:
(0 = Ab(t), ()

Nghia 1i, bi¢t dic tinh qud do cla mach, dé ding suy ra phan ting ¢oa mach dudi tic dong
ctia ngudn dién bac thang bl ky, khi didu kién ban ddu coa mach bing khong. Mat khdc, néu do
I6n cua ngubn tde dong bac thang bing | (A = 1) thi h(1) = {,{t), hay ndi cich khic, diac tinh qué
d0 cta mach dién & phin img cla mach dién dudt tde dong cha ngudn dién bac thang don vi, khi
dicu ki¢n ban ddu ciia mach bing khong. Do d6, d6i khi ngudi (a cdn goi diw tinh qua do cia

much la phin @ng hévisai cia mach.
0-2.2, Pac tinh xung cina mach dién

Brc tinh xung ctia mach dign, ky hi¢u Fa g(0), 1a ti s6 gitra phiin dng cia mach dudi e dong
cha ngudn xung mau va dign tich clia xung méu khi diéu kién ban diu ctia mach bing khong:
£ (1)
S

X

8 = (6-5)

Trong biéu thite (6-3), {,(t) bidu thi phin tng cita mach; S, bidu thi dicn tich cla Xung mau.
T (6-5) 1a cé:

LO = S,
Nghia 13, biét dic tinh xung c¢ha mach dé dang suy ra phin tmg ctia mach v&i ngudn 1dc dong

xung mdu bit k¥, khi diéu ki¢n ban diu cia mach bing khong. Mat khéc, néu di¢n tich xung miu
S, =1, thi:

(1) = g(0),

hay néi cdch khac, dac tinh xung clia mach i phin @ng ctia mach dudi tic dong cha ngudn xung

don vi, khi diéu kién ban ddu cda mach bing khong.
6-2.3. Mai lien h¢ giira diac tinh qua do h(t) va dac tinh g(f) cha mach

Xél mach dién tuyén tinh dudi tdc dong cia ngudn dién xung co do thi thdi gian v trén

hinh (6-6a), diéu Ki¢n ban ddu clta mach bing khong.
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A
e
M,
2) |
] i T, i
g
4 ! e, )
VT, v
1
1
1
i
b) i >
-l L & ()
X
Hinh 6-6
0 khit <0
I )
c=q9— khiQ<l <t
T

LY

|G khit>1,
Nguodn tic dong xung e(t) ¢é (hé coi nhu x&p chéng cia hal ngudn tic dong bac thang:

ngudn lae dong bic thang thit nhat ¢,(1) o d6 1dn bang — (ac ddng vao mach tal thot didm t = 0;
1

X

nguon tic dong bic thang thit hat e.{) ¢d d6 16n bing —— (dv dong vao mach tw thot &icm 1=
T

LY

1, (xem hinh 6 - 6b).

Gia sir dic tinh qud d¢ cha mach 1a h(t), trong khodng thdi gian 0 < t < t,, phdn Ung cla
mich:

1

kS

Khi xung két thiic (1 > 1, ), phdn (ng ¢ba mach:

1 1
g(l, = h(l) - h(l -1,) (6—(121)
T T

X X
Thanh phdn thit hai bén v€ phai ciia biéu thife (6-6a), ta vict hit — 1), vi tic dong bac thang
thif hai ¢,(t) tdc dong viio mach tai thdi diém t = ,. Do dd:

Ly khit<0<rT,
T

BT = o ha -1y

T

A

khi t =1

X
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Cho do rong xung 1, — 0, xét gidi han:
hit) —h(t -1}

fimgitt vy = lim — -——- 16-7)

1, =0 T, a0 1,

V& phii cia biéu thae (6-7) chinh i duo hium coa ddc 1inh qua do h{ty. Mat khdc, khi do
rong xung 1, — 0, tic dong xung i cho i de dong xung don vi 8(1), vit phin (mg cha mach trong

truong hyp nay chinh 1 dde tinh xung cia much. Vay:

) . h(ty —=h{t =1 3}
limgitt v = oty = lim -
T, 20 T, 0t T

\
hay Khi xung k&t thiic:

gty =h'(t},
con trong thoi gian ©n tai Xung (t = 0), phin tng cba mach bing tich cla dic tinh qud do cla

much vdi ham 8(t). Do d6, mét cdch tdng quit ¢é thé vidt:

2l = h'{) + h(0)d(1), {G-%)
trong d6 hi0) ta gia tri cla dac tinh qua do cha mach tai thei diém 1= 0
NEu h(() =0 | thi:
2() =h'(® (6-9)
Tir bicdu thic (6-9), ta suy ra:
h(1) = fe(dt (6-10)
Vily dic tinh xung cla mach bang duo ham cia dic tinh qué do, vi die tinh gqud do bang tich
phin clia dice 1inh xung.
Thi du, doi véi mach dién ¢ hinh 6-5, ta dd xdc dinh duoe dic tinh qua do:

R .
hdy= - ——t1 —¢ ")
T R+R,

Theo cOng thitc (6-9), ta xdc dinh duge dic tinh xung:

' 1
wcl) = hﬁ (t) = e\t
) T

§6-3. PHAN TICH MACH PIEN BANG PHUGNG PHAP TICH PHAN DPUHAMEN

Gid slr tal thoi diém (= 0, td¢ dong vio mach dién tuy€n tinh ¢ dic tinh gia do h() va
diéu kién ban ddu clia mach bing khéng mot ngudn dicn 1,(t) ¢6 dd thi thoi gian v& trén hinh
(6-7).
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f1 () ’ 3

t
Hinh 6-7

Nguén téc dong f,(t) ¢6 the coi nhu xEp chdng clia nguén téc dong bic thang 1,(0) 14¢ dong
vao mach tai thdi diém 1 = 0, vd v0 s6 cdc ngudn tdc dong bac thang ¢ gid tri vo ciing nhod Af,(x)

tde dong vio mach tai cde thin didm x kKhdc nhau (xem hinh 6-7),
Phan {mg cta mach déi véi thanh philn téc dong [,(0) duge xdce dinh bing tich cua dic tinh
qud do h(t) cia mach vdi do 10n coa ngudn 1dc déng bic thang (0
I:() = h(1).£,(0) (6-11)
X¢ét phan ing ctia mach tai thoi diém t, do tdc dong bac thang thinh phin Af(x,) téc dong
viio much tai thoi diém x, < 1, gay ra:
diu{ts) = AL (). h(t. - x,) (6-12)

Trong bicu thite wén, diic tinh qud do cira mach h(t) duge thay bing h(t, — x,), vi tic dong

hic thang At,(x,) téc dong vio mach tal thai didm U= x,, v thot gian quan sat tai t=1,,.
Gia sir him 1de dong £,(t) 13 kha vi tai 1 = x,, khi d6 biéu thic (6-12) c6 thé vict lai dusi

dang:
di(t) = fi{x)h(t, — X, )dx,.
Phin ing cha mach tai thot diém t =1, d6i vdi e dong {1 1a xEp chdng cha cée phin tng

thanh phin do timg tac dong bac thang riéng 1& 1,{0)) va cdc thinh phin Af () giy nén, nghia li:
) = ROMRD + [ 1) ()b —x,)dx,
Vit, v x, L& Wy v, nén ta co thé viél:
(1) = 1,0).h(L) + I :r‘] (OB = x)dx (6-13)

Néu trong bicu thifc dudi ddu tich phin (6-13), ta thuc hién phép d6i bicn, datt — x = x,

UX = —dx;, khix - 0,%x;, > t; cdnkhi x - t, X, > 0, thi ta ¢d;
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)
L) = £O)L hD) - [1' (-, hix, ), .
hay sau khi d6i cin tich phan, ta co:
L -+
[.(t) = £,(0}. h{t) — J‘III (1—x,)h(x, )dx,
V1 tich phiin xéac dinh khong phu thudce vio hién 14y tich phan, nén ¢é thé viel:
100 = 1.(0). h(t) + jlf"u %) h{ X)X (6-14)
Cip bigu thite (6-13) va (6-14) cho phép tinh phin g cua mach theo dic tinh qua do da
bict cua nd. Phuong phéap nay duge goi 1 phuong phép tich phan Duhamen phan tich mach dién.
Han ch€ cua phuong phdp tich phan Buhamen phan tich mach 1a n6 chi duge sir dung khi tac
dong vao mach tai théi diém t = 0 va didu ki¢n ban ddu ciia mach bing khong.
Ta x¢t mot thi du: Mach di¢én (hinh 6-8), bi€t ngudn tic dong:
[0 khi t<0

CT4 L
Ec khi t=0

L

Gid tnn clia cde phén td R,,, R, va C da bicdl. Tim dong dicn qua dién dung 1.(1) hing phuong

R, i i

QDe R IC

phap tich phan Duhamen.

Hinh 6-8

bac tinh qud dg ctia mach hi(t) ta di xdc dinh duge tit muc §6-2:

hJ-.'." = H.I_e_‘lﬂ
R,
Tir diy ta e
N L
AXy= —c™,
AX) R, °

f'(1)= —«Be™
I (t=x) = —aEe * ™
Ap dung cong thie (6-14}, ta xdc dinh duge phin dng 1-(1) cla mach:
I —aE 4

. E
)= —e V4 | —e ¢ dx

"
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E .. otEe™ oo
= —¢ - —————{e * -1
R, R, (-1
E‘ i . B
= ---—------l-i--——((xtc e Ty
R {at-1)

§6-4. PHAN TICH MACH BIEN BANG PHUONG PHAP TICH PHAN XEP
CHONG (TICH PHAN BOC)

Gid sir tic dong vio mach dién wuyén tinh ¢6 dac tinh xung g(1) va dicu ki¢n ban dau cla
mach hiing khong mot ngudn dién 1,(1) <6 d6 thi thai gian v (rén hinh (6-9).
A
f (0

| f1 (t1) f1 {x)

+« d« 20

t
Hinh -9

Nguon tiac dong 1,(1) di cho ¢4 thé coi nhu xEp chéng cha vO sG cic nguodn tac dong xung
méu, mbi xung mau ¢é dién tich s, = [,(t) dt vo cling nhd va tdc dong vio mach tai cde thai diém t

Khic nhau.

Xé1 phan Gmg cia mach (i thdi diém ( = t, d6i vé e dong xung miu, tac dong viw mach

(ul thei diém x <1,
diG(L,) = s, glt, — x) = F{x)dxgt, - X),

& day dic tinh xung 2(t) duge thay bing g(t,, — X), vi xung mau 1dc dong vace mach 1ai thoi diém t =
x vi that diém quan sat tal t,> X,

Phin ting ciia mach 1ai thai diém 1, doi v8i nguon tde dong, [(1) da cho la x€p chong clia cdc
phan ting thanh phin do timg thanh phin (dc dong xung méu gay nén. Cic xung mau thanh phin co

dién tich s, vo ciing phd v tde dong viio mach 1ai céde thdi didm khdc nhau. Do do ta ¢é:
Yo o la |
L = [ dh,ax = _[ £, (gL, —x))dx.
Vi thivi gian quan sdt t, Ta wy ¢, nén bién thic trén ¢6 thé viét:

[, (1) :I I, (gt — xydx (6-15)



168 LY THUYET MACH - TiN HIEU

Trong bicu thitc tich phan (6-15). néu thue hién phép d6i bisn:

bar t-x= X, ,dx=-dx; khix - - . x, > 2, conkhix — 1. X, —» (),
L x€ rthan duog:

Ly= _j.l Ft=x)a0x, ddx, :’r[‘] {0=X da0x . dx,
V1 tich phan xdc dinh khong phu thude vio bicn Idy tich phan, nén cudi cing ta ¢é:
1. (1) =ﬁ'j (U~ x)p(x)dx (6-10)

Cép tich phan (6-15) vi (6-16) duge goi 1a cip tich phan boe d€ tinh phan Img cia mach dién

tuy€n tinh khi diéu kién ban ddu clia mach bing khong.

Phurong phép phan tich mach dién bing céch tinh céc tich phin (6-15) va (6-16) duge goi 13
phuong phdp tich phan x&p chéng, hay tfch phan boc.

Néu nguon tdc dong 1,(1) duge déng vao mach 1ai thdvi diém t = £), thi khi x <, [{x) =0, vi

L1 - x}=0khi x>t Do d6, trong trudng hop x&t cic cong thie (6-15) va (6-16) sC ¢G dang:
(o = £ (x)g(t - x)dx (6-17)
L () :J‘(:i'l(t —xX)g(x)dx (6-1%)

Duéi day, ta xé mot thi du:
Mach di¢n & hinh {(6-8) biét ngudn tdc dong:
fo khit <0
c = t .
E- khit>0
A
Gid tn cta cdc phan tr R, R, C da biél,

Bang phurong phép tich phan boc, xdc dinh dién dp udt).

Tir dae tinh qud do ciia mach di biét (xem §6--2).

h - ] — .
u(‘({) R +l{\,] ( [+ )
ta tinh duge dac tinh xung:
|

Aty =h' {)= 2T

gu._( ) n |.(_( ) ROC [\
l it k)

gnL‘(l - X) = - e
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. X
Lixi=E—

A

S dung cong thie (6-17) 1a xdc dinh dugce:

u L) = _‘-_,I E X L ELERYTA E A

lfr—r T A
L e xe*dx
A RC ARC &

Trong tich phan trén, thuc hién dat:

x=u, dx= du;v=1e "
e M dx = dv

ta 88 ¢

AR, C

1
E -= .
u) = e {xte"”

‘)
1 1 3 1 1
= E tte® —¢" +]—‘»u To= E e T {tt-D+ _E et
AR C A
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CHUONG 7

MACH DIEN CO THAM SO PHAN BO

§7-1. KHAI NIEM VE DUONG DAY DAL

budng diy dai 1a mdt bo phan ciu thanh clia hé théng thong tin lién lac. Trong hé thdng
thong tin hite ycn dien, dudng  day duge ndi trye GEp gilta thict bi phdt vi thidt bi thu, dé truyéen
El nédng lugng I noi phdt dén noi thu. Con trong hé (hong thong tn vo wyen dién, dudng diy duce
nOi L diu ra mdy phét tén anten phdt, hoac tir anten thu @G diu vio may thu. Buemg day 13 mot he

thong dinh hudng dé truyén tai nang lugng dien 1y trudng.

NEu (@n 86 cia tn hiu truyén trén dudng day 1 I, thi bude song cha Un hidu trén dutmyg

diy:

trong d6 ¢ = 3.10% m/s 1 18c d@ dnh sdng trong khong gian (v do.

Do do, khi chicu dii | etla dudng day ¢6 1hé so sdnh duge véi chidu dai bude séng A ol tin
hicu truyén trén dudng diy, thi tai cde diém x khdc nhau trén dutmyg day. duo dong tdn s6 1, s8 ¢
pha Khdc nhiu, tai cling mot thoi diém, di¢n 4p va ddng dién s& c6 21d tri thay doi doc theo chiéu
dai dudng day. Hay néi cich khdc, dién dp va dong dién tén dudmg day 13 hiim s& clia ¢i hai bién

s& khong pian vi thol gian:

I

u=ux, j,

il

i{x,1[)
vit quit trinh truyén nang lugng tin hicu doc theo dudmg day mang tinh chilt séng.

DG vidi mach dién 6 tham s0 tép irung, cde gid i dien tro R, dien ¢dm L, digén dung C durge
col nhw chi ton tal tak mot diém clia mach. Con doi véi dudmyg day dad, uén mdt vi lurgng ctia chicu
dai dudng day déu 16n tai cde gid i vo cling nhd o dién e, dign ciam, dién din, dicn dung. Do
dd 6 the coi dudmg day dai 12 1@p hgp vo 86 cde phén tir c6 g1a i vo cting nho clia dién trd, dicn
cam, dién din, dién dung, ching duge phin bé doc theo chidu dai duong day. Bar viy, dudng day
div duge xem la mach dién o6 tham s6 phin ba dién hinh.

Dudng day dat ¢6 cde dien trd dien cim, di¢n din, dién dung phian bo déu trén mdi don vi

diii etia dudng day goi Ia dudng day dong nhil, ngooe lai 13 dudng day kKhong dong nhit. Dién i,
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dién cam phin b cia dwdmg diay la dien wrd, dién ciam cta day dan, con dién dung va dién din

phan ha cia duomg day 1a dién dung gitta hai diy din cha duomg day, v dién Jdin 160 hao coa chal

cich dign gilra hai dity ddn. Céc tham ~a dicn (13, dién cim, dién din, dién deng phan bo teén mat

don vi chidu daj cha dudmg diy goi 1 tham s@ phan b cua duding day, vicduge ky hicu lar, L

C.

a
a} duong dav song hiinh by cip ddng true

Hinh 7-1

P S
1y s

Trong k¥ thuat théng tin lién lac. cdc dudmg day dai thudng hay duge str dung G cie dirimg

day song hanh (hinh 7-1a) va cdp dong true (hinh7-1b}. Cée tham 36 phan b ¢l chdng duyge xdc

dinh theo cde bidu thite gén ding sau:

Boi van duong day song himh:

= zﬂw'“ [m

Il . EJ;
r 1
L, da—T -~ a—r  H!
L, = Mgl =0 o g s B
by T r Lrnj
nee £ 107 F
Co = At a—n ;J
In o 2 ln o
r n
Bl véi cdp dong truc:
;
= | L0
R = 418E — 4+ — 07 122,
I'I I‘: Ll'n
[
I -+, i HI
L,="m2=210"m 2 5
T L M
o o 2, el "F
T L. T |EJ’
In Isln - L

(ol
et o s |
g, = weolgd | —
r LQm

{(7-1a)

{(7-11%)
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trong d6: g, 14 do i thadm cOa khong khi

o= drio’ i — 1.
tm |
£, hu hang 0 dién moi;
L TF W
om0 im |

8 Ia goc tn hao cla tu dicn do chit dién moi 2iy ra.

Cic tham G phan bd cia dwong day r,, L, C., g, ¢on duge 201 10 cde tham s so ¢ip cla
dutng day. Ching phu thube vio ciu tric cia dudmg day, tin s6 cla tin hicu truycn trén dutmg

ddy, nhung khong phy thude vao chit licu lam duong day.
§7-2. PHUONG TRINH PIEN BAO CUA PUONG DAY

XEmot vi lugng dd dai clhia dudng diy dx, cdch ddu dwmg didy mot doan x (hinh 7-2).

i [ i+ de
= O T
1 )
' |
! Lo
! !
u ! ! v+ du
'
I
!
|
|
! 1
f | -
|
x i dx
! 1

Hinh 7-2

Gid sir dign dp trén diu ra doan dx gidm so véi diu vio cta né, thi dé gidin dién dp do sé

bing ——dx. NCubd aua suthay ddi khi bé cha dong dicn wrén diu vio so VoI diu ra cta doan
P : 2 iy i

dx, thi nguyén nhin cia sy gidgm dién dp chinh 13 do ¢6 dien ap ron rén cac dicn (i va dicn cam

phin bd cua doan dx, nghia 1i:

€ ) 3
- —=dx = ir.dx + L dx -
Ox &l

Chia cil hai v€ clia phuong trinh rén cho dx. ta s& nhan dwoc:

7}

u .
- = uy L -
ox ct

-

3

{7-2a)
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- < N ‘s . - PREPY S . o s 1 -
Muong e sir gram dong dign {ren ddu ra doan dx so van dau viwo coa nd s¢ bang - -—dx . va
[N

ncéu bo qua sy thay dot kha bé coa dién dp diu ra so vér ddu vio doan dx, thi nguyén nhan cla su
giam dong dién trén diau ra 1 do o6 su phin dong coa dong Jién qua cic dién dung vi dién din

phan bd 1rén doun dx, nghia ki

- .
P i
— = dx = ug,dx + CLdx——
O '

Chia ci har ve cla phuong vinh tren cho dx, ta nhin duae:

-— =ug, + C, - (7-2t)

K& hyp phuong trinh (7-2a) v (7-2b), ta ¢d hé phuong trinh:

| Fu ) 5

l—— =ir, + L, —,
Ox i
- - (7-3)
5l cu

!—_:— = ug, + C‘-._

PoOX €1

Hé phuong wrinh (7-3) goi 1d hé phuong trinh vi phin, hay hé phuong trinh dién bio cda
duong day dai. Nghiém cla hé phirong trinh (7-3) xde dinh guy Tudt phin ba cha dién dp va dong
dién i med diém x trén dudng diy § thai diém (bt ky. Tuy nhiéa, néu ngudn tdc dong vio dudng
day ta bil ki, thi viee gidai phuong tfinh dao him cidéng (7-3) khi phie tap. Do do, ta han ch xét
trudmg hop réng thudng st dung trong thue t&, 4d 1a Khi nguodn tde dong vio dikmg diy 1a ngudn
dién hinh sin & ché do xdie 1ap. Trong truong hgp &4, quy luit bién thién cia dién dp va dong dién
weén dudmg diy theo thai gian cling 13 hinh sin di bi€l, vi khi ndy hé phiong trinh doo him riéng
(7-3) s& tr¢ thanh hé phuong trinh dao ham thudng theo bign 83 khodng cich x. Ung dung phuong

phap bién do phic biu dién dao dong hinh sin, he phudng trinh (7-3) 58 duge dua vE dang:

1C,, SN
[_f___._ = (['“ -+ JL‘)L“)IH..
J dx (7-4}
| di
% J . y
— = (g(} —+ _](JJC[,)UJU
L dx

Gdiay, Uy, L 18 cac gid 1 bién do phic cua dicn dp v dong dién ta dicm cdch ddu dutmg day

mot doan X.

Thue hién dao haim phuong trinh ddu theo bién x, san do thay gid tri tr phuong, trinh

thit hat vio phuang tiinh vita nhin duge, ta cé:
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d: Lin, . . - . "
R I SO 17 W U B 115 L S | SN
dx
Ty
F G, .
Che e, L (7-5)
udx

fring Jdo: vy o= \f{r,; + Jjok,, _}(g;.. + 1600 )

ot 1 hiing 50 truyén tan. Y nghfa clia nd s& duae xem X6l dii diy,
Nehiénm ctua phuong trinh (7-3) ¢o dang:
{, = A THALCT {(7-6)
(rong d6 A, A, I ¢ hing s& tich phan duge xde dinh ot didu Kicn ban ddu.

T phurong trinh ddu cua hé phittemg trinh (7- 4), ta c6:

i _ l (1 l'.] i
o+ el dx

Thay gid iri Ui 1 bicu thite (7-6) viio phuong thinh trén, sau dé thie hién phép dao him, fa
s& nhan duge:

1
L =—(Ae ™ - A,e™) -h
” 1

LY

r,+ joL,

trong & 7/ 201 12 tong tr(r song el Judmg day.

\ \| g+ joC,

Viy, khi fic dong vao dudng diy ngudn dién dp hinh sin, trong che do xéc 1ap, gid trj bicn
dd phic cia dién dp va dong dién tai diém cich dfu dudng diy mot doan x duge xédc dink b bidy
thite:

Ue =Ae ™ +A" ]
{(7-8)

11}

. 1 - . .
l, = —@Ac™ “.‘\20'“)[
,l'.\
Cin luu y rang gid tri bién do phie cha dién dp vi dong dicn tai didm x bt ky tren duimng
déy phu thudge vao dign dp va ddng dién tal diém ddu vi diém cudi dudng Jay (didu kién bicn A,

AL), vao clie tric cua dudmg day va tdn sd cita tin hicu truyén trén dutmg day.
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§7-3. CAC THAM SO SONG CUA PUGNG DAY DAI

Hang 56 truyén fan v vaiong d song 7, duge goi Li cde tham s song ciia dudmg diy. Ching

1 wite sé phire:

Vo= \I."I(I -~ |UL ]{ ot ij“) = + Jﬁ (7-9)
A s L LT A (7-10)
N \I 1 i.‘i(.JL [ 1

Phain thie coa hidng s3 truvén Jan (o) goi 13 he s& suy giim cta duimng Jiy. con phin do cla
hing sa truyen lan (B) goi 1a he $6 pha cta dutmg day. -

Cdc tham s¢ song clia dudng day ciing phu thude vao ciu tric cha dudng diy. vao tdn s6 clia
tin hi¢u truven rén dudmg diy va ching con duge goi 13 cae tham s& th ¢ip ol dudng day.

Céc duong day dan s dung trong ky thudt siéu cao tin, thutmg ¢é ol >> r, oC,>> g, khi

Jd3 ong e sdng cla dudng day:

T

_ lJCJ L L,
/, = = |
) \ +wC, YC,

s mon 56 thure, con hing s3 truyén lan ¥ ¢6 the tinh theo bidu thie gin diing sau:

’ -,

o [
v o= /'r,._ +jeol N, + C,) = JL.C,
NV + el e, + jel ] o \IL ]L)Lf, J

D 142
- r. | 2.
—joyL,C, v 1450
: ‘\/ ( f[ J o€,

Juf J

Jul \
{ r ki )
x joJLCy | 1+ “ pe o W
L 2ol 2jeC, )

Sau khi thige hicn phép tinh v bd qua cac thimh philn vo cling bé bic cao, e nhin dugce:

(7-11)

{(7-12)

Tir cde bidu thire trén ta thily, trong ddi séng sicu cao tdn hé 83 suy giam clia duomg day 4 {¢
viil cin bie hai cla tdn s3 tin hiéu truyCn eén dudmg day (Vv ~ V), con h¢ sO pha cua dudng

day U 1¢ véi tian so ¢la tin hiéu truyén én dudmy day.
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§7-4. SONG TOI VA SONG PHAN XA TREN PUONG DAY

Ta trd a1 phan tch quy ludt bién thien cis dicén ap va dong dién doc theo chidu dai cia

duong day, Khi tic dong vao duong diy la ngudn dién hinh sin o che do xac lap,

" Gid tri bién d6 phade cia dién dp vh dong dién tai diém x cha dudmg day (7-8), €6 1hé vidt:

: = . s =i : HH
U= Aje™ s A =A™ + AL e

[

M YA y | MY Lia o i
I[II = —(A]L‘ v —,"\_-LJI I = __'_(,A\IU e YT — AL .\L'.'III ]

Z /. i

) ‘h

Tir ddy d€ ding xdc dinh duge gid i tde thai cha dién ap vi dong dién ta diém bt Ky cich

dau duong dday mol doan x.

u =|A e cos(ot —Bx+¢,) A codoi+Bx+¢, ),

A |
: 1 L. s IS .
i= ‘ re oot =Bk gy - ep,) e eog el H PN+ g o)
7 7.
tH ity
trong do; Py, @a LA argument cta 83 phic A, A}
!7.’,5 ta modun cda tdng trd song cha duding day.
¢, |3 argument cla tong 115 s6ng 7,

(7-13)

RS rang ring dién dp va dong dién trén didmg ddy 14 mot ham s cita bign s8 1hafi gian 1 v

khadng céch x so véi ddu dudmg day, vi chdng déu gém hat thanh phin. Bidu thitc him s6 cla hai

thanh phiin giéhg hét nhau, chi khac ddu uude cde hé s6 a va p.

Xét thanh phin thit nhét cha dién dp vit dong dién trén dudng day:

‘A] e Mteos(ot -Bx+ @), 1
. |":\|I 'R : &
i= ‘;/ e eos(ot = BX k- @)

(7-14)

Tai mot didm ¢d dinh trén duding ddy, ching 13 cide duo dong hinh sin. Bién do cha cde dao

dong hinh sin gidm dan tor diu dén codi duong day theo quy ludt haim sd mit ¢ ™. Tai mdt thoi

diém t ¢d dinh, pha cla cde dao Jong thay doi theo khoing cdch X. Vi hé s6 pha cla dutmny  day B

> 1), nén co hién trgng cham pha cla cic dao ddng khi di tr ddu d8n cudi duomg day.

Trén hinh (7-3) v€ do thi cua duo dong dién dp wén doc duong day tai ba thoi diém kKhac

nhatl t; <1, < t;,
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Hinh 7-3

Tir d6 (hi ta thdy, khi thai gian ( ting 1&n, dao dong chuyén dich 1l didu 16i cudi dudng Jav,

nén thimh phan nay cla dao dong duoe goi o séng 161, k¢ hicu Lo, vid
|

u, = ‘A| ¢ reos(ot - B b
A ; (7- 10
| [T S L :
- —_‘— cos{at - BX +1p, _(\Ds);
. i

Ti 8¢ gifta bién do cla dicn dp séng 1¢ vi dong dién song t6i 12 moi diéim ten duong day

¢ thay déi v bing cia ong 11y song cua due ay
khéng thay dai vi bing modun coa tong 1rd song cua dudng di
- E . P
Lo A .
', i -
= i - |/-:,|
l ‘A|| [N
¢

i
7]

Hiéu pha cita dién 4p va dong dién séng ¢ ciing khone thay 461 theo dutmg day va hing

argument cli 10ng 116 song cla dudng day:
(ol = B4y — (ot — P+, — @ i=q

Toc do 1ruyén lan cha song G tren dudme day 1a do dich chuyén et séng sao cho pha cia
séng tuon khang thay déi theo dudmg truyén. Didu kign pha cla séng kKhong doi duge xdc dinky 1
bicu thike:

ol - X+ ¢ =const
Thue hién dao hiim ¢ hat v& clia bicu thite (rén. G xdac dinf duoe toc do trus &n Jan cla sone:

dx o .

Vv - — =

A

12-LTMACH AP
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Trong ddi séng sicu cao 1n, thong thudng ol., >> 1, oC, >> g, vit do dé i l"-(-'J\,"IL[-,C_,, .

nén:

\r',:: T i {?-'Sd]

Thay cic gid i L, C, tir céc biéu thite (7-1) vilo biéu thite (7-152). ta nhan duge:

1 C
V, T = (7-15h)
\fpﬁsf,e -Jg

Tir hi¢u thite (7-15b) ta thdy, trong dai séng sicu cao 1dn 16¢ d6 truyén séng trén dudimg day
khong phy thuge vio cdu tric vi ban chil clia dudng day, ma chi phu (hude vio moi ingme bao
quanh duong day. Trong wudng hop nay, duding day chi (am ohiém vit dinh huéng truyén nang
luong. BOI vl dudng day song hanh, hing s6 diégn moi cba khong khi € = 1, nén tde do truyén
song trén dudng day vy, = C. Con d6i v6i cdp ddng truc, thong thudng hing s6 dién médi & > 1, nén
(6c do trayén song theo cdp dbng truc vy < C. Thi du, d6i véi cip dong Lruc <6 chilt dién moi 1a
polyetylen c6 hang s6 dién méi & = 2,3 nén 16¢ do truyén séng vy, = 0,66C.

Tuong tu., xé thanh phan th hai cia dién 4p vit dong dién trén duding day:

‘Ag }c “Teos(ot +8x +¢,), 1

A, (7-16)
1 e“* cos(ot +Px +¢@,— )

L]

Cling nhu thanh phén thit nhd, thanh phan thit hai cla dién dp va ddng dign trén dudng day

cling mang tinh chil séng. Song do a > 0, § > 0, nén ¢6 hién wong nhanh pha khi & 1ir dau 161

cudil dudmg day, con bién do clia song lai gidm ddn oY cuGi dén ddu duong day theo quy Jult him

S0 mil. Dicu niy ching o ing thanh phdn tht hai  duge truyén nguge Tai tir cudi dén ddu dudmg

dity, va chlng dugc goi ta séng phan xa, ky hieula u , va i, .

u,, = }Ag et cos( w1+ Bx + ¢,),

‘Aﬂ,‘ (7-16b)

i, = - }?“Ic'“cos(ml +Bx+¢, —¢)

N

Té&c d6 truyén lan chia séng phén xa cling duge xdc dinh 6 didu kién:

ol +Bx + ¢, = const.

Tr day ta tim duge:
d
Vo= — =2 2 (7-17)
dt &

Viay t6c d¢ truyén lan clia séng phan xa trén dudng day ding bing t6c do truyén lan cla
séng 161, nheng theo chiu nguoe lai {diu trir (—) trong bidu thic (7-17)).
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Tir cde k&l qua nhin duge ta thdy, dign ap va dong dién tai didm b@t k¥ wén dudng day 1)
1ong cla ha song: sdng 3 va sdng phan xa:
u=ughug
I=1y +1

px

§7-5. QUAN HE GIUA SONG TOI VA SONG PHAN XA TREN DPUONG DAY

Tir bidu thire (6-8) ta thdy, bién do cta dign ap v Jong dizn song (3i phu thude vao hang sa
phic A, con bién d¢ ca dién dp vil dong dién séng phin xa, phu thuge vao hing s6 phirc A,. Cic
hang s@ phitc A,, A, I3 cdc hang s tich phan, phu thude vao didu ki¢n bicn clia bad todn. Trong
trrding hop x6t, dicu kKién bién chinh 1A dién dp va dong dién tai diém diu, hoic difm cuéi ciia
duong day.

Xér dutmg diy ¢6 do di L O cudi dutmg day duge mie voi phy i 7., (hink 7-4).

AT
1

|

|
y__|

Hinh 7-4
Bién do phic cha dong dién tai diém cudi dudmg day (x = £):
Ulnl = Ale'"” + A:ﬂTl N
. (7-18)
Im] = j/'_ (Ale-“ - Agc?l ).

Gidi hé phuong trinh (7-18) ta tim duge:

_ l..]Ilil +Zsiml

Al eT] b4
2
A =Mﬂi et

2

Tir day ta xic dinh bién do phitc cta dién 4p va dong dién séng (51 vt s6ng phin xa i diém
hifl k¥ cha dudng day theo gid tri bign do phife ctia dién 4p vA ddng dién tai diém cudi dudmg day:

U, + Zs [n-.I CT“_X)
2

u ml =
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. C w t AL I R
b = —— —u'
2.
- [.J":u - 7; iml ey
L{ml‘\ = l > c_!“:_\.!
2
'i - lI|||I - /.,' ilu] —i e
[T 2/:\
Tir bicu (hike trén ta tim duge:
Em: _ ]||||>x - UmJr [ Iml Ayl xj (?_19)
Ut Lier Urnl + /., llnl
vi [‘_;:[__: - iml ?’| nén ta C[‘T:
fJ'mpx im]n / /\ S2wil- ag
= E —C
t.—jllll'i' Iml' /"|+£"
hay:
. Lo—Z vl a e vl ks _
mpx —I“"_‘_"Uml £ v PU;H'J' 2 S (7-2“(1)
L+7,
: 27, rloas . i)
[m]n - - . 2 IJ“'[‘ [ SISy = — PI”—.']'C SR (?‘20]3)
ZI ?".s
trong do:
s -
pe 2124 (7-21)
L) +7.

i goi J he s0 phin xa cha dudng diy.

H¢ 50 phin xa ctia dudng day 13 4 86 gitra 2id tr1 bitn dg phitc cha di¢n dp phin xa vi dién
ap song 131 i cudi dudng day. He sd phin xu P eta dudmg diy 1a mot s phite, phu thude vio mai
long quan giita (Ong trdy phy @i mic & cudi duong diy 7, v 10ng n song cha duong day 7. Khi
w0y ird phu ti 7, bang tong tré cia duimg day 7. 2, =7, 0 s8 phin xa cla dutmg day P = 0.
Khi ndy trén duding day khong ¢ séng phim xa. Dudng diay ¢6 18ng irg phy (i bing (0ng trd séng

cua nd duge goi 1a dudmg day ¢6 13 hoa hap, hay dudmg day hoa hop phy i,

Ti 86 gilta gidd (ri bien do ciia sdng phin xa va gid i bien do clha song 16 pidm déan Ur cudi

dén dau dudtmg day:
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U:il]u _ ]mp.\ - :ZJ. "'/‘., " 2w ‘P!L T TIRE
U I 4+ /

mT 'l
Tar cudi dudmg day (x =1), nd dut gid tri 16n nhét vi bing modun ciia he s6 phin xu |P| . Khn
tai coa duting ddy 1a mang hai cye kKhong ngudn, médun cia hé 56 phin xa nhé hon hoae hang
P < 1,
Can phan bi¢t h¢ s6 phdn xa theo dién dp vt hé 0 phin xa theo dong dicn. He s6 phin X

theo dong i¢n khie diu véi hé s& phin xy theo dien dp.

Khi dudmg diy ngin mach ddu cudi (7, = 0), hé s6 phin xa theo dicn ap:

ARV
P= ———==—]
‘/'I +/‘.'.
con hé s6 phin xa theo dong dién:
p-_fimt t
L+ L,
HE s6 phin xa P = — 1, nghia i i cudi dudng diy dién dp séng 16i va dicn dp clia séng

phdn xu ¢6 bién d6 bang nhau, nlimg nguge pha nhau, nén dign 4p éng & cudi dudmg day bing
khong. H¢ s6 phin xa P =-1, nghia [a tai cudi dudng day dong dien cha s6ng 16i vi dong dign clia
s6ng phan xa ¢4 bien d¢ bing nhau vi déng pha v6i nhau, nén dong dién 16ng & cusi dudimg day

160 gdp hai 1dn cOa dong dién séng 16 (song phin xa).

Tir cac két qud nhan duge, cde gid i bién do phic cha dicén dp va A.i‘)ng dién trén duong

diy (7-8) ¢4 the vidt dudi dang:

' l"]“" +7 1”" RS U“l' -/ .lnal nl %
jem = e i M 8 T e T
<i i ’ (7-22)
im - M{:T[‘] R I-J]—“l.:..és_].;ﬂc k2
27, 27,

hay:

U= U [l pe v ]

I P | I SETY



182 _ LY THUYET MACH - TiN HIEU

§7-6. PHUONG TRINH TRUYEN CUA PUONG DAY DAL

Phuong 1rinh bicu dién mai licn bé giita gid i bicn do phite (hicu dyng phuie) cita dicn dp vi
dong dien & diém dde va diém cudi cta duong day duge goi 1a phuong tinh truyén ciia dutmg day.
K¥ higu gid tri bicn do phie cha dien dp v dong dién & ddo dudmg day (x = 0) 1a U, vi
Lo con gt bien d¢ phide caa dien dp va dong dien tn cudt duome day (x = 13 18 UL, 1. kh
JOHIr (6-22) ta phin duge:
he .l__j[m + 7,5 rml 4l " [Jlmi = I.s b Y

U mil = [ —4

2 2

3

i U:nf + /\ iml . l'J il —'/_S i|“| 7
iy == - LA C
e 27

hay sau Khi bién doi, ta nhin dugc:

il

l:]ll".ll = l-J ““"“_'—“" yn\ i|ui ‘
2 :

] ¥l + F
- . [V - [ g
[Iln‘l = Ulnl' - ... + !lul"_'___' -
27/

Vi

= chvl,

= siryl,

nén bicu thie trén ¢ thé vict Lo dudi dung:

L.J gl = l:J ml Ch'}"l + Zs imf.‘ Sh‘fl,
(7-24)

. U .
[wo = —--shyl + 1 chryl
| t o f ] !

HE phwong trinh (7-24) duoge goi i he phuong trinh truyén cha dudng day dii.
Néu dudmg day ¢6 tai hda hop (7, =7.), h¢ phuong tinh treyén eha dudng day di s& o
dung don gidn:
Uwo = L[[rllcw, (7_25)

. . o
I = IJJ,J e’
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§7-7. HANG SO TRUYEN CUA DUGNG

Tich cua hé <O trayéa lan y va 40 dii duom

18

DAY

¢ day | goi 1 hing s6 trayén cla dutmg day:

vl =al + Bl

Phin thue cua hiing 6 truyén cia dudng day tal) got 13 do suy ghim riéng., hay do suy giidm

song cta Juimg day: con philn o cia he s6 truyén cta dutng day (BD) duge goi fa pha rieng, hav

pha song caa duong day.

Do vai dudmg day cd tai hdahgp (7, =7

L (72583, ta nhan duog:

L ml} i t
¥i o= ln - = ln -m i
U 1113 lrnl
vi:
. leulj' .
_U ml U mﬂe ~ U [l Ay =y
.. JI[‘Dui U ’
U mi U mtc ml
. 50
Imi.‘____ mi; __mu ej“"in“Pu}
* iy I ’
Iml Imlc mi
nen:
|
{-_J 1 l HER iy
In—t == g et
U, | i
21 =7,
1J
_ [H] :
= In + J(Lpuu ~ Py ),
ml
It _I.I_I.I [._I ‘ =In - LS + [nc_l'-‘Pm o
in.l 1l
|3 =7
= In—=—=+j{sp,,, —p, -
! | 1
l , 1ouU
Tis day suy ra: - wl=1In ]”' =In —= =5 In—-l =l
L mi 1! - LI ullln,l i
AR =7, i?.,.—.?,h.
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| |
. |

ﬁl - [-(.p-.-l.’ “ipl” ] :((P}O _(P:IJ|

iy = izlzx,;

Vay. dor vai duong day co tar hoa hop. da suy gidm riéng clia dudng day (tinh bing nepe)
Iitng togarit fr nhien cla 1086 gifta 2ad 1 Micn do cda dién dp (hoae ddng dién) wi didm diu v
dien cuor diong diy, hode bing mot ntta logarit tr nhicn cia 1 56 gitra cong sudl wan phin trén
i vao vaodiu m e ducing da

Cac duong day phide st dung trong thige (&, thudng ¢d do suy gidm ricng tr vad phin mudi
Jden vin phan rin nepe.

Tir ciic bicu thife nhan duge, J& dang suy ra ring hi s6 suy giam cla dudmg diy o 1y d6 suy
giam xong trén mot dun vi chieu dai cha dudmng day khi dudng day ¢4 tdi hda hop, con he sd pha
cha duong day (1 do dich pha coa sdng wrén mét don vi dii caa dudng day khi dudng day o6 1
hwoa hop.

Khi dutmg ddy ¢ tiz hda hop, cling tir (7-25). ta nhin duge ham truyén dat phite cla didmg

diy.
TUUJ) — _l:_'_ml - L — e T c-m c--JBl
UmU ]n'.[]
Tir didy suy ra
vl =1n =-InT(jw
y T(o) (Jo)
L=7, Ly=2g

Vay. doi v@i duong ddy ¢o tii boa hop, do suy gidm riéng cla dudng day xde dinh dic tinh

bicn do tin s6. con pha séng cha dwmg diy xde dinh dic tinh pha tdn 56 cla dudmg day.

R
oo Do | =
UL |
LS fme
/_l = Ay /J = [.s
":III| HHY
B(m) = arg —--| =arg = - [t
U mi il
Ly Ay 2= 7,
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2

bai vai dudmg diy khong hoa hop phu tid (Z, #7.), d& (m ham truyén dat phite cla

dudmg day, trong phuong tinh truyén (7-24), ta can thay Uwa = E - 7,:‘.1;.‘.{:., Uu, =7, §a., lrong

4o B, 7., i gidr bign do phite cia nguon dicn dp tde dong vi 16ng 11d trong cia ngudn.
§7-8. TONG TRO VAO CUA PUONG DAY DAL

Tong (rd vido cta dudng diy. ky eu [ 7, 1a i s6 gifta gid 11 bicn do phice, hoic hi¢u

dung phitc ¢l dicén dp via dong dién teén diu vao duding day:

lljlul" Gll
:/ o o

illl" l-."-

Thue hién thay cdc gid tri Uy, Fyo W i thie (7-23)  vao biéu thidc trén, ta s¢ nhin

chugic:

! - 2 2yl
Uln']' l +PC o . 1 + PC v

L, =——- =7/ . (7-26)
i-r 1-be 7 | —Pe -7

Khi dudng day c6 tdi hoa hop (7, =7.), hé 58 phidn xa P = 0, (0ng rd viw biing t0ng (r&
s6ng cla dudmg diy. Khi dutmg Jday ¢ do suy gidm 16n, 16ng (1& vao cla dudng day ciing biing
(Bng trés séng. That vay, khi <] khi 16n, s6 hang Pe ™= Pe "¢ # 0, vit do d6, 18ng trd vio cila
dudmg diy khong phu thude vio sO hang thi hai @ (1 s6 va mau sG cla bidu thic (7-26), nghia la
khong phu thude vio phu 121 7, mac & cudi dudng day, va Z, = Z,. V& y nghia vt 1y, diéu nay ¢6
thé gidi thich nhu san: Khi do suy giam song cla dudng day 16n, phin 16n ndng lugng cha tin hiéu
bi tiéu hao trong qui trinh truyén trén dudng day, chi ¢6 mdt phin ral nhd nang lugng coa ngudn
duoc truyén 131 phu i, do d6 16ng trd phu tai coi nhu Khong dnh hudng gi 16t qua trinh truyén tai

ning lugmg 1 ngudn tin hidéy ra mach ngodi.

Cudi ¢hng, ta xét su phu thude clia 10ng trdy vio cla dudng day theo chiéu dai | cha né. Khi
chidu di 1 clia duomg day tang 1én, v gid thit tdng trd phu tii chia dudng diy khong déi, nghia 13
hé¢ s& phin xa cla dudng day P Khong doi, thi pha clia song phan xa & ddu dudmg day sé khong déi,
con hién Jdo cia séng phan xa & ddu dudmg day s€ giiim so vé1 bitn do song 101. Tay thude vao pha
cla xéng phan xa & ddu dutmg day, ma bicn do v pha cla dién dp 16ng (8 diu dudmg day s& 16n
hon, hoidc nhd hon bién dé va pha cta dién ap song toi. Néu gia thift dong dién diu vao dudmg diy
Khong doi, thi modun v argument cla (8ng tr6 vio cia duting day s& 16n hon modun va argument

cia t0ng 110 sOng ctia duwdmg day.

Khi chi¢u dii 1 cha dudng diy ting 1&n, nhimg d0 suy giam riéng cta duding diy khong

thay ddi (didu ndy ding véi dudmg day khong (060 hao s€ duge xem xét dudi diy), thi pha cta song
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phan xa s€ e mot ham licn tue don dicu tang tir diu (G cudi duoing dity, con modun clia séng phin
xa s& khong thay doi. Pics do <& din dén sir thay J6i o6 chu kY cta inddun v agtiment ot 10ng (67 vixo clia

Juimg day. Vian dé ndy s& duge xét ki & cde muye san.

Khi chiéu dai clia dudng day tang 1on vo ciing (1 — ¢ ), 100y (0 vis cita duimg day & tich 1A 0ng
shng enand (7, — 7). Viiy tdng tnd song cli duong day 1 gidi han cia (g 1r3 vio e duding diy, khi do

did i duony iy lng 1on vo cling.

§7-9. XAC DINH CAC THAM SO CUA PUONG DAY BANG PHUONG PHAP HO
MACH VA NGAN MACH

Tong try viro 7, va hing s6 truyén lan v cha dudng diy o6 the sée dinh bing thue nghiem

trong ¢he dd ngan mach va hés mach ciia Jirdmg day.
Tir hé phuong trinb truyén (7-24), khi dudmg day hd mach diu cudt (7, == ), tdng ted vio

el dudng diy, goi 12 10ng trd vao hé mach, k¥ hicu 1a Lo

=7, cthyl, (7-27)

-
indl

Mi=10

con khi dudng day ngin mach ddu cudi (£, = 0), 1dng trd vio clia dudmg day - £0i 12 tOng trdy viwo

ngdn machi, ky hicu 1a Z,:

3

Ulu b .
VALY (7-28)

-
I T

g =9

twng T

Nhin biéu thitc (7-27) vdi bidu thie (7-28), ta nhan duge:

Vi Doy =75

vhg

hay:

xs = ‘\{7 y’v]'n"I (7_29)

Vi ®
Chia biéu thic (7-28) cho bidu thire (7-27), ta ohin duoe:

o |

V7.

thyl =

Mt khac:
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3y Vi

e - l T

thyl = TR
C +1 “whiy

Tit bidu thite trén, a tim duge:

Lay logarit uf nhién ctia ca hai v&, la co:

1+
¥l = al +jBI::12—ln

| —
" ’/ Vi _" viig
14 Vs 1+ >
I R N "4yl
=—h == |+jAarg—=—=—==+2Kn) (7-31)
o N ol S
| \I J/’ vl i \ :/' I8!

B= —]—-;irg {————--+2Kmn) (7-32)

r
"

] - g
M /. vl
Vi can bic hai ¢6 hai gid tr d6i nhau, nén khi tinh wdn cdc tham so cia didmg day, ta phai

Fiy gid tri et can mi phdn thue ¢da nd [Gn hon khong, nghia 1 phii 18y gid (i thoa man dicu kign:

NEu 19y wid (ri khic s didn d¢n dicu kién hé s& suy gidm cla dudng diy o < 0, didu ndy
¥ ! : . YE , ¥

khong ©b ¥ nghia trong thue 1€,
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Tir cic tham s6 thit edp clla dudng day dd duoe x4c dinh, d& dang tim duge cac tham s6 so
clp cla nd:
}"Zs =r, +J®L:| ?
. _ (7-33)
o= =8 ol
Z.‘.y
Bon van cde dudng day ¢6 do suy gidm 1dn, 10ng tré vio ot duding diy trong ¢hé do ngan
mach vit hay mach cha dutmg day gdn bing nhau, do d6 tnh todn cde tham 56 clia nd bang phwrong
phap hér mach vi ngan mach s& pap sai s0 18n. Trong thye (€, phuong phap hd mach va ngan mach
chi duge dp dung d€ tinh 104n tham s6 clia dudng day khi duimg day 6 do suy piam riéng nhd hon
T{aé < 1y,

§7-10. PUGNG DAY DAI KHONG CO TON HAO

Buong day dai khong ticu hao ning lwgng clia tn hicu truyén qua duge goi 1a dudmg diy

khong ton hao. D61 véi dudng day khong 16n hao cée tham s6 1,= 0, g, = 0, con cde tham $6 the

7 = ( r,+jol, _ Lo p

\'l g +el, M C

cdp:

1a mot s6 thue va duge goi 13 trd khing séng, hay trd khéng dic tinh cla duong day.

T = \/(TU -+ j(’)Lr_u }(g[. +jC'JC(:) = jm‘\/LUCU

Tir day suy ra:
=08 = w4L,C,

Viy, 110 khing séng clia didmg diy khong 16n hao khong phtt thude vao tin sd cla tin hién
truyén qua né, edn hé 8 pha cita dudng day khong t6n hao 1 16 thuin véi 14n 6 ctia 1in hicu (ruyén
tren dudng day. Mt khde do hé s& suy gidm cla dudng day o = 0, nén bién do cla song tdi va

s6ng phan xa khong thay déi theo chiéu dai duomg day.

Cae duing day st dung trong thie (8 bao gids ciing ¢6 t0n hao. Song vii cdc dudng Jay ¢d hé
38 18n hao nho, do dai ngén, thi bien do cla sdng 1n, ciing nhu bién do ctia séng phin xa & diém
ddu vii diém cudi clia dudmng day gdn bang nhau. DG véi cic dudng diy nhu the, mét edch gin
diing ¢ thé coi nhu dudmg day khong ton hao. Thi du nhu cdc duang day phide vi edp dong truc

tam vige trong dil song siéu cao tin.
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§7-11. PIEN AP VA DONG DIEN TREN PUGNG DAY KHONG TON HAO

B¢ tim quy luat bién thicn cla dicn dp vh dong dien rén dudng day khong 16n hao, trong
cic bicn thite (7-22) hodc (7-23). ta chi cdn thay v = jB, 7., = p. Song d¢ don giin qu4 triinh phan
(ich 1ép theo, ta thay 86 hang (1 - x5 = X7 1o kKhoang cach 1l diém x8t dén diém cusi duomg day

{xem hinh 7-5).

}_...-_ - e e s

|

|

|

|

| i

|

| | Zj

| |

| |

| | !

| | |

1 ; ) ]

| | |

| e [ = A 4 !

et e e
| !

l | |

| I 1

| [ ! I

re_..._.. —— - S — —— f e - e

1

| L}
; .

Hinh 7-%
Néu trong cde hidu thite (7-22) vit (7-23), thue hicn thay v = B, 7 =pva 1-x = x' ta s&

nhan dueie:

* l:Jml 4 I|J|J I UI[|| - lpIruI i
Um = ‘—2—“——*b + - ‘-"'j ]
1 - LJ...+p[|nI‘,_’ﬂ'-"'_ l—'l . _p[nJ IS
[ 2p - 2p "
hay sat Khi bién doi, ta cé:
{._J“J = L[”,H.‘.U}{}X‘ + j.l)[ml.sinﬁx‘,
: ‘ (7-34)
I :j Jl—SiI"lE)}{r + [|||!CUSBXI .
%

[L.J.,_--- [ L4 Pe 21
.{ (7-35)

i'.:. -_.I H - PC i )‘

e
Bicu thie (7-34) va (7-35) xdc dinh quy ludt bich thién gid iri bien do phic clia dién ap va
domg dién trén dudmg didy Khang (6o hao.
D¢ dang thiy ring, dai v&i duong day kKhang ton hae Rhi G cudd duong diay Ta mang hai cue
khong ngudn, modun coa hé sO phan xa cime Khong the 1o hon [CPE < 1Y That vy, gha st Zy = Ry

+ jxp, khi dd he 80 phan xae
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Pe L, -p _ R, -p+x
Ly+p Rr"'p"'.jxf

va madun:

748

e a

il - Ry = p)" +x;
P = — " <

(R, +p)* +x;

Do d6, trong dudng day khong ton hao cé 1ai 1a mang hai cuv khonyg ngudn. hitn do cia

sdng phin xa khong thé 1én hon bién do cua song toi.

§7-12. CHE PO SONG CHAY TREN PUGNG DAY KHONG TON HAO

Xét dudng day khong t6n hao ¢6 tii hda hop (Z, = p). Trong tnedng hop x6t, hé s& phan xa

cua dudmy diy P = 0, gid tri bien d6 phic cla dien 4p tai diém cusi duding day U = 5 1 , vii khi
i g p cN ap (i £ dit F

ndy cdc biéu thic (7-34) s¢ ¢6 dang don gidn nhu sau:

Upm=Upme ele'
O
Illi =Tme CJBX :—-——em"

p

Gia tr tiic thoi cia dién dp va dong dién tai diém x' bil Ky trén dudng day:

u=U,,cos(at +px' + ¢, ),

mf

i= cos{ot + Bx' + @, ),

trong d6 @, 1a g6e pha ddu clha dao dong tai diém cudi dudng day.

(7-36)

Vay di¢n dp va dong dign trén dudmg day khong 16n hao ¢6 140 hoa hop chi ¢d thinh phin

sang 16, va bien do cha dao dong khong thay (i tren dudng day. Tai moi diém trén dudng day,

pha cua dong dién tring v6i pha cla dign dp, con goc pha diu ctia dao dong thay d6i theo tich Px'.

Che d6 1am vige clia dudng diy trong trudmg. hop nay goi 1a ché do hou hgp phu tii, hay ché do

song chay. Phan bé cla bién do dién 4p va dong dién rén dudng diy khong 18n hao trong ché do

song chuy xem tén hinh (7-6).

A

Um
e ——— Im

A

Hinh 7-6
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§7-13. CHE PO SONG PUNG TREN PUGNG DAY KHONG TON HAO

Xét dudng day khong t6n hao ¢6 modun  cla hé s6 phan xa bang 1, nghia 13 khi ¢6 su phin
xa sGng hoan twan & cudi dudng day va bicn do cua séng phin xa bing bién do song té. Modun
cta hé s8 phin xa cia dudng day ‘P| = 1,khi dudmg day khong t6n hao hd, hoac ngin mach diu
cudi (7., = =. 7, = 0) va khi phu t&i cua dudng day 1a thudn khang (£, = jx;).

Dé don gian tinh todn, ta gia thiétl goc pha ddu cha dign Ap song (Gh tai diém cudi duong day
¢, = 0. Do dd dién dp sdng tdi:

u; = U, costen + Bx" = U,, cos(ot + Bx').

Vi modun cia hé s6 phin xa ‘Pt =1, nén di¢n ap séng phdn xa:

u, =U cos(ot-pX' +¢,)

G diy @, Fa argument cua hé s6 phan xa cua dudng day.
Bién ap trén dudng day:
u=t+u, = U cos(ot+Bx’)+ Uyos{at — BxX’ + ¢,).
Sir dung cong thic hién d6i lugng gidc:

@ - o+

cosa + cosP = 2 cos CO8 ———

sau khi bién d6i bigu thic trén, ta nhan duac:

u=2U, cos [ﬁx‘—%’i} . co_{ml +%5~J (7-37)

Dao dong (7-37) 1a dao dong hinh sin véi tdn s6 géc @ va bidn do:

- ‘ =
(Bx —&J = QUIHCOS{%X' - (p—P]

2U,cos
2 2

| L L

thay d6i theo chiéu dii cia duomg day.
Tai cdc diém trén dudng day ma & d6 thda min diéu kicn:

2 5
P Kn(K=0,1,2.3,..)
2

bién d¢ dién 4p dat gid tr1 cue dud bang hai 1dn bién do séng 13 (s¢ng phin Xa).
Tai cdc diém trén dudng diy, § 46 thda mién diéu kién:

2r P,
—x' —— =(2K + 1) 7¢/2
Iy 2 ( a

bién d6 dién dp bang khong.

CheE 48 lam viée cia dudng day trong trwdng hop ndy goi i chE do song ditng ctia dudmg

day. Pic diém cha ch€ do song ding 1 trén dutmg day 16n tai nhimg diém ma & d6 bien d6 dién
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ap dut gid tri cuc dai bing hai 1an bién do dién dp séng &1, vi nhimg didm, ma & ¢S bién dd dién
ap bing khong. Nhimg diém (rén cludmg day ma & d6 bien do dien ap dat cue dat goi 13 dicm bung
cla song. Nhimg dicm rén dudng day & d6 bign do dién 4p bing Khong goi 13 diém it clia song.
Di¢m bung vi diém nit khong thay d6i trén dudmg day. Khodng cich gitta hai diéin bung (diém
nit) fien tiép bing nira bude séng , con khoing cich gilta diém bung va didm nut lién ké né hing
mdt phiin tr bude song cha tin hicu truyén tren duomg day. Cae didm buug v diém ndt nim xen k&
nhau trén dudng déy, nghia 1a gitra hai dicm bung cla sénge 13 diém nit v nguroe Tai.

Tuong wr, xé dong dién tren duimg diy:

b=y i, =1 costot + BT - Lcos(ol — Bx” + P

ap dung cong thac bi¢n dot lugng gide:

ca=B P
coso — cosf = 2-‘“1_'2"_'-‘“‘ 5
vil yau khi bién déi ta nhan duge:
£ Ay s
, i P Nk
i =21,sinl Bx' - — sm[ i -{-_"W
| 2 ) L 2 )
) Py )
=2, sin! By = [oos ot /2 ‘ (7-38)
I = /'I N i

So sénh biéu thie (7-38) véi bicu thie (7-37) ta thdy, cdc dic tinh cha séng dong dica trong
trudmyg hop ndy hoan tedn gidng cde dae tnh cla song dién dp, chi khic didm bung cha song dicn
dp 1a diém niit cta séng ddng dié:n va ngirge lai.

Trén hinh (7-7) v& dudmg cong phin bi cia bien do dién dp va dong dién tién dudng day
khong ton hao trong hai trudng hop: duimg day hé mach ddu cudi (7., =) vit dudng diy ngin
mach didu cusi (7, =0).

Dot v dudng diy hd mach diu cudi (7, =a2 ), he 6 phin xa

7. -
p= 7P _ i
Lo +p
modun cla hé 56 phiin xa 1P7 =1, ¢On argument cha hé s6 phan xa ¢, = 0, tai cudi dudmg day (x'

= Uy la bung clia dién dp, nit cua Jong dién.

D30I vdi dudmg diy ngdn mach diu cudi (7, =0), hé s§ phin xa0

Z,—p
pP= '__.'f —_ =
.o +p
" . o “ 1 - B - s - . 1 .. - -
madun cua hé s6 phan xa [P} = 1. con arpument cua hé s6 phin xa ¢, = 1. Nit cha dicn ép tng

vai dicu Kién:
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n
2n 7
e oIl K- Ly mi2
A 2

Tai cuoi dirdng day la niit caa dién dp. bung cua dong dién.
Trén hinh (7-8) v& dudng cong bidn thién clia dién dp trén dudmg diy khong t6n hao hd mach

ddu cudi tai cde thai diém t,, t,, 1, khic nhau.

X
A
L P
o B A JAie Az Al o
5 < =0
Hinh 7-7

Hinh 7-7 trinh bay phan bé bicn do dicn 4p va dong dién trén dudng diy khong 16n hao khi
L,=x(a)vaZ, = 0(b).

Hinh 7-8

§7-14. CHE PO SONG HON HOP TREN PUONG DAY KHONG TON HAO

Xét dudmg Jay khong ton hao ¢ mddun cia hé $6 phin xa P‘ < 1, nghiu L indng hop song

(i didm cudi duimg diy khong phin xa hodn todn, va do dé, bign dd cta song phin xa nho thua
bien do song 16i. Diéu nay xdy ra khi tdi cudi dudng day 12 mang hai cue khong ngudn cé t6n hao.

1>LTMACHTAP!
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biendp tai diém X' béit k¥ trén dudng day:
u=U,cos(at + Bx) + |P| U,cos(ot - px’ + Py) (7-39)

trong dé o, la argument ciia hé s8 phin xa, v gid thi€t géc pha ddu ctia séng 161 tai cusi dudmg
day bang khong,

Biéu thite (7-39) ¢6 thé bien d&i nhw sau:
u = Ugcos(ot + Bx) + [P U, cos(wt — Bx’ + P,)
+ [P| Ugcos(ot + x') — |P‘ U,.cos(mt + Bx")
= (1 - [P|)U,cos(ot + Bx') + [Pl U,cos(wt - Px' + @} + [P U, cos{ot - Bx)
' ' (PP [pp
=(1 -~ |P|)U,cos(wt + Bx’) + 2|P| U, cos(Bx’ - —2—).003(031 + ~2_) (7-40)
Tix biéu thitc nhan duoc (7-40) ta thdy, dién 4p trén dudng day khong t6n hao co phu tdi la s6

phitc v6i modun ciia hé s6 phin xa ]Pf < 112 t6ng hop cla hai séng: séng chay [thanh phén thi nhit
clia bifu thic 7-40)] va séng dimg [thanh phin thit hai cha biédu thifc (7-40)]. Ch€ d0 niy goi ti che
do séng hin hop tren dudng day khong t8n hao. Tai cdc didm nit ca song dimg, Ung v6i diéu kién
cos(Bx' — %1’—) =0, bién d clia dao dong trén dudng day bing bién d0 clia séng chay va bing (1 -
iP‘ JU,. NG chinh 12 higu clia bién do s6ng 16i va sOng phan xa, va do dé, tai cdc diém nay bién do
cua dao dong ciing dat gif tr cye tiéu:

Usan = (1 - ‘Pf Wy

(
Tai cdc diém bung cha séng ditmg | cos(Bx' — —Pzp—) = 1; haypx' - %’- = Kn |, khi d6 ta cé:

{
u= (1~ |P|)U,cos(at + —p;- + Kn) + 2|P| U, cosKn.cos(ot + %).

vi cosl(mcols(mt + %‘l) = cos(ot + -q;—" + Kn),nén u=(1 - IP‘ YU cos(mt + %’u + Kb,

Vay tai céc di€m bung clia séng dimg, bien do clia séng dat gid i (1 + [P|)U,.. N6 chinh la
tOng clia bien d6 séng t6i va bién do séng phin Xg, v do df, tai cic diém d6 bien d6 cha dao dong
dat gid tri cuc dai:

UI'I'JIDHX = (]' + ‘P‘ )Um

Vi ring trong ché d6 séng ding, diém nit clia dien dp 12 di€m bung clia dong dien va nguge
lai, do d6 tai cdc diém trén dudng day ma bién d0 dign 4p dat gid trj cuc dai thi bien do dong dien
dat gid tri cye tiéu; cdn tai céic diém ma bitn d6 dién 4p dat gié tri cyc 1i€u thi bien d6 dong dien
dat gid tri cye dai;
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= (1 = PPl

Inmnll

= (1 + |PL,.

I[I]]H:'LK
Gid trj cuc dai cha bién do dao dong nhod hon hai 14n bién d6 séng t6i (U, L). Gia tri cuc

lidu cha bién d6 dao dong 16n hon khong.
Trén hinh (7-9) vé su phiin b& cua bién do dién ap vi dong dién tren dudng day Khong t6n

hao fng vdi he 6 phan xa P= 08",
A Un

Um max

I merax
Ummin

Im Jra-r:r i

' a

A =

Hinh 7-9

Trong k¥ thuai siéu cao tén, dé dac trung cho su khong phdi hop cita dutmg day véi phu tai,
ngidi ta dua vao khéi niém he s& song chay. He 6 séng chay cia dudng day, ky hiéu 1a K, 1a ti
50 gilra gid 10 cue tiéu va gid tr cye dai cla bién d0 dao dong trén dudng day:

Ummin Ir'nm:n

. Ksc = =
Umma.( I

Trong ché do hda hop phu téi K, = 1, ¢dn trong ché d¢ song dimg K, = 0. Trong trudng hop

chung 0< K< 1.
D6 khi ngudi ta cling st dung khéi niém hé s6 séng dimg. H¢ s6 song dimg, ky hiéu 1a K,,,

1 nghich ddo clia he s6 séng chay:
] —_ UI'I\ max IITIITI.aX

K s = - -
K U I minin

se m min

§7.15. TONG TRG VAO CUA PUGNG DAY KHONG TON HAO

Téng tr& vio clia dudng day khong t8n hao tai diém cich cudi dudng day mot doan x' 1a ti s6
gilta gid tri bién do phic (hiéu dung phiic) clia dién 4p va ddng dién tai diém d6:

Un(x) _ U(x')
La(x)  Ix)

Z,(x)=

Thay cdc gid tri Un (x'), T (x") tir bidu thiic (7-35) vio biéu thiic trén, ta nhin duge:
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AT f NI e
Lo | +Pe 1+ Ple
7Ky = p—s T TP T (7-41)
| o l—%PC o
Khi duomg day o6 1di hda hop (4. = p) t10ng tré vao khong thay déi theo chidu dai crdmg

diy vi bing ir Khdng séng cia né (7, = p).

Trong truong hgp dutmg dity Khong hda hop phu tai, bién do phiic ctia dién dp va dong dicn
bien thicn ¢d chu k¥ theo chicu dai dutsng day vdi chu k¥ bang nira bude song eia tin hicu truyén
trén duomg diy. nén 10ng trdf viio ciing hicn thién theo chidy di dudng diy véi chu k¥ biing nita
bude séng cua 1in hi¢u truyén trén dudng day.

XEL tong trd vivo clia dudng day ngdn much diu ~usi (7, = 0). Trong trudng hop xét, he s6
phin xa P = —1, modun !P! = 1, v arpument p, = 7, tong 1rd vio cia dudmg day:

S [—pe 2P 2w
2o = Loy = P = iptehx' = jplg —x (7-42)
I+ Pe <P A

Bicu thic (7-42) chitng 16 ring t6ng 1rd vio clia dudng diy khong 16n hao ngin mach diu
cudi 1 thuén khdng, va bicn thien theo chidu dii dudmg day theo quy ludl ham s6 lang vGi chu k¥
bing A/2. Tinh chit thudn khdng clia tong 1rd vao duve gidi thich nhur sau: Do do suy glam riéng
clia dudng diy bing khong (o = 0) va 18ng 1rdr phu ta hang khong, nén khong ¢6 su tiéu hao ning
lugng clia ngudn tin hicu.

D6 thi bich thign cla 10ng rér vao clia duong diy khong 16n hao ngin mach diu cudi theo
chidu dai dudng day v& wrén hinh (7-10).

Ny Y
|

I
H
i
1

Hinh 7-10

Tir hinh v¢ ta (hdy, tai diém bung clu dién 4p (mit cla dong dién), 16ng 1rd vio cila ditng
dy ¢6 gid tri 16n vO cling, con ta diém ndt cha dien 4p (bung cla dong dicn), 10ng et vio cb gid
tri bing khong. Trong doan dudmg diy o6 chidu dii bing nita bude séng  cla tin hiéu Lruyén trén

dudng day, 10ng 1 vio clia dudng day bicn thien tir =Jo. d€n j.. C6 (hé chon doan duomg diy
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khong t6n hao ngdn mach ddu cudi sao cho g trd vio cla nd bing mot s& thuidn khidng cho
truecee,
boi vai dutng diy héy mach dau cudi(Z, = o), he¢ s6 phinxaP =1 (‘P| =1, =0}, témg (s

viio cha dirtmg day:

125

I +e P
Jgpx

L ()=p = —jpetgpx’ (7-43)

| -0 13

Ciing nhu trudng hop ngan mach ddu cudi, 16ng trds vito clia dudng day khong 100 hao hé
mach ddu cudi cling 1a mot 56 thudn khdng va bién thién ¢6 chu k¥ theo chiéu dai dudmg day, voi

chu k¥ bang nita bude séng cla tin hiéu 1ruyén trén dudng day.

D6 thi clia tong 18 vao cla dudng day khong t6n hao hd mach dau cudi v trén hinh (7-11).

1 th;r' i

A

|
|
|
H
;
\ P e A
o |
|
\
i
|

g U

Hinh 7-11

So sdnh ho dudng cong (hinh 7-10) vi hinh (7-11) ta thdy, ¢ thé nhin duge ho dudng cong
‘il

Z./J tir ho dimg cong —2%, hodc nguge i, néu ta chuyén dich gdc toa do trong mdi dé thi di
J

mét doun biang mot philn (v bude séng cha tin higu truyén rén dudng day theo hudng X', nghia la
ngdn mach Jiu cudi cia dudng day khong 16n hao twang duong vai vice ko dii cidmg day mét
doan A/4 vi héy mach ddu cudi. Tir dity dé diing suy ra ring, t6ng trd viwo clia duding diy khéng t6n
hao ¢4 taj la thudn khdng cling i mot $6 thudn khdng. Viée mic tdi thudin khdng & cudi dudmg day
lwrong duong vai viée kéo dai dudng day mot dean tuong ting v hd, hoide ngan mach diu cudi. Thit
vy, xét dudng day khéng 16n hao ¢6 phu tdi 1a dién cam L (xern hinh 7-12a). Nhu da@ xé & tren,

doan dudng diy khong ton hao 6 chidu dai 0 < | < 3/4 ngan mach ddu cuot, co 16ng 11d vio:

Z\-‘lig :Jplgzn_l'l_ = jwl‘]d

afiahjd
1



198 LY THUYET MACH - TiN HIEU

Do dé dién cdm L ¢4 the thay the bang doan dudmg diy Khong 10n hao ngidn mach ddu cudi
v chidu ddi |, duge x4c dinh bdi biéu thite:

P L
L= —1g2n—.
o £ A
hay:
o) (7-44)
|, =——arctg
2n p

D4 thi bién thién 16ng trd vao cha dudng day khong tén hao ¢6 1di 13 dién cdm L ¢& dang
nhén dugc tir d6 thi cha (6ng trd vao clia dudmg day khong t6n hao ngdn mach ddu cudi, bing cdch
chuyén dich g6c toa d6 di mdt doan 1, theo hudng x' ( xem hinh 7-12b, 7-12¢).

L
a)
|’
r ——— —— -
!
' W
!
' |
b) B
| 4 l
fee— - 2
I
! '
1 '
I ;
| ]
|
| ]
l .
- 1
E } A4
| e =
' l
I
) !
Hinh 7-12

Trong trudmng hop chung, ti chia dudmg day 1a mang ha cue khong ngudn, vi modun ciahe

s X e s s - 1 5 Y : RS i : - - - !
50 phin xa ‘P‘ < 1, nén tng vai gid trl X', ma s34 hang |P‘c SR ]lmng bidu (hitc (7-41) 12 mdt so

thue duong, thi modun cita ur s6 s€ dat gid tri cuc dai bang 1 + |P

, con modun cua mau s§ sE dut gid
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ri cyre 1iéu bang 1 — |P|. Tai nhimg diém ndy, 16ng tr§ vio cla dudng day 12 mot s6 thue (thudn
T vid dat gid tri cue dai (theo modun). Tai nhimg diém X' trén dudng ddy, ma s6 hang [Ple %"’
trong bi€u thic (7-41) Jamot s6 thye am, thi modun cta tr s6 dat gia tri cuc tiéu bang 1 ~ [P cdn
modun clia mdo sd dat gid tr cue dai bing 1 + |P| Tai nhimg diém nay, 18ng tr& vao cia dudmg
day cling 12 moi s6 thye (thudn trd) v ciing dat gid tri cue tiéu (theo modun). Khodng cdch gitta
hai diém trén dudng diy ma & dé modun cla 8ng 1rd vio cling dat gid tn cuc dai, hodc cue tidu,
biang mét nira bude séng ctia tin hiéu truyén trén dudmg day. D& dang thiy ring, khi di theo hudng
tir cudi dén dau dilmg day, trén doan nao ciia dudng day ma bién do dien dp gidm, thanh phdn
phin khédng ctia téng 1rd vio cita dudng ddy mang tinh dién dung; cdn trén doan nio clia dudng day
©6 bign (0 dién dp tang, thanh phin phin khédng ctia tong trd vao cia dudmg didy mang tinh dién
¢im. Tai nhimg diém cha dudng diy ma 16ng trd vdo thudn 1rd, thanh phin phén khdng ctia 16ng
tr&y vaw d6i ddu qua gia tri khong.

Tren hinh (7-13) 2 48 thi cla tong (1§ vio cha dudng day khong t6n hao {mg vai hé s6 phan

xa cla dudng day P = 0,8¢7" . No ltramg 1ing vai sif phin bo cia bién ¢ dién 4p va dong dién trén
g day 2 VOIsup ) (1€ )

hinh {7-9).

Hinh7-13

Cudi cling, ta xét su phu thude cla tOng trd vao clia dudng diy khong t6n hao hé mach va

ngdn mach diu cudi, vao tdn s6 cha (in hidu truyén (en dudng day.

Né&u trong céc bifu thite cfla t0ng trd vio cla dudng day khong t6n hao ngin mach va hd
mach ddu cudi (7-42) va (7-43), ta thue hién thay 86 hang B = o JL,C, , x' = (13 do dii cla

dudmg diy, ta s¢ nhan duoc:
Zvng = }plg@ L‘UCU L (?—45)

L=~ jpcigo 4L C,t . (7-46)
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Bigu thic (7-45) va (7-46) biéu thi su phu 1hudce cia 16ng ¢ vao cua dudng diy khong t6n
hao ngin mach va hd mach diu cudi vao (3n s cia tin higu truyén trén dudmg day. Tai cdc tin so:

T

0, =K——— (k = 0,1,2,3..)

2JC L,

ong trd vao cha dudng diy Z.oe (Zua) hode bing khong ( bang vo cliing) hodc bing vo ciing {hing
Khang ).
Trén hinh (7-14) 1a d6 thi bi¢n thién cla t0ng trd vio cila dudng ddy khong 16n hao ngin

mach vi hd much ddu cudi (Z,,q, Z,.;) theo tan s cha tin hicu truyén trén dudng day,

Zong !/
J'\ : | H | | |
| | ! | ! !
| i [ | I i
| } | t f !
i I | ! ) !
I
| ! | l| | t
o] ! f I_ “-& ! : ! -
1 T [ —
“r A I %% ! 4
' | I 1 t F
| I | |r lr |
| | | | ; !
| | | | ! !
| | ! | I
| I | t t f
] i ! i ' :
. t ] ' |
A 1 !
A ! | |
: I | | ( |
| | I ' ' 1
| | | : 1 1
I i ! I
1 | ' ! r '
| | | ! ] ]
i I ' '
’ AN |
F T T -
VS IRV @
| 1 1 : | |
| I ! t | |
! i i | | 1
i I I ] |
! ! | | ! {
| I | ! I i
I I t 1 [ !

Hinh 7-14

Tai cic 1An 36 o, & d6 t0ng triy vao ela dudng day bang khong, dudng day twong duong vk
mach cOng hudng ndi GEp. Tai céc tin s6 o, mA tai d6 6ng trdy vio bing vo6 cling, dudng day
tuong duong véi mach cOng hudng  song song. Do d6, ¢é the coi duong diy dia kKhang t6n hao
ngin mach, hoic hé mach diu cudi 1316 hop sém vo s6 cée phin tir phan khidng L,, C, ghép nsi vdi
nhau theo mot cdch nao d6. Mot trong cdc cach ghép ndi d6 vé trén hinh (7-15a) 061 vi duong day
ngdn mach ddu cudi, vi trén hinh (7-15b) d6i véi duong day hd mach dau cudi. Trong k§ thuat vo
tuy€n dién, ngudi ta dua vao ddc tinh ndy cha dudng day dé ché tao cdc dudng diy gia. Dubtmg diy
gid duge sir dung rong rii trong k¥ thudl siéu cao tin dé 21t cham 1in higu, hoidic d¢ tich (it nang

lugng dién tr truemg.
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Hinh 7-15

§7-16. MOT SO UNG DUNG PUGNG DAY CO TON HAO NHO

Dudng diy ¢6 t6n hao nhd ¢6 hé coi gdn ding nhu dudng day khong t8n hao, duge sit dung

rong 1a trong K§ thudt vo tuyén dién. Dudi diy ta xét mot vai (ng dung cua no.
7-16.1. Mach bién ddi téng trd 1/4 bude song

Gid sir dudng day khong t6n hao ¢6 do dai | = A/4, cusi dudng diy duge mic noi v phu i
7. (xem hinh 7-16).

e =4/ [

—_— |

Z
Z“F; ‘

Hinh 7-16

Tdng (r&y vao cla dudng day:

. |+Pe +pe
Z,=p P =
I—Pe 7 [

1-Pc *4

_ ltpe™ =P
P e~ PTvp

Trong biéu thie trén thye hi¢n thay s6 hung P = P , vt sat khi bién d6i ta nhan duge:

Vay tdng trd vio clia dudng day khong t6n hao 6 d9 dai 1 =4/4 i 1€ véi 16ng diin cla phy
(i viL1i 16 v6i binh phuong trd khéng song cla dudng diy. Khi rd khang sng cla dudng day thay

d6i, 18ng trdy viao clia dudmg diy s& thay d6i trong pham vi khd 16n. Trong dai tin s6 cao, duong day
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Khong 100 hao ¢6 d6 dai 1 = A/4 duge sit dung dé bign ddi tdng trér phu tai, va 06 duoe 201 13 mach

bicn déi téng trdr 1/4 i séng.
7-16.2. Von mét tuyén tinh

Kha ning bién d6i téng (e chia dudng day duge dng dung trong k¥ thugt do ludng trong dai
dn s6 cao, nham 1am ting t8ng 1rd vaa cla mach do. Trén hinh (7-17) m6 ta mot loai von mét

tuyén tinh dp dung nguyén I¥ nay.

A

IS
Y.

Iinh 7-17

Gia st d6ng h6 do ¢6 t8ng (& vao nhd duoe mic & cusi dudmg diy c6 t6n hao nhd, do dai |
= M4. Tong 1 vao cla duong day {mach do) s& cang lén, néu o khdng song cha dudng day cang
16m va 16ng ey vao ciia dong h6 cang nho. Dién dp cin do duge xée dinh theo bicu thite (7-34) (khi
Bx' = n/2):

U =ol,.

7-16.3. Mach dao dong

Trong dai song siéu cao tin, ngudi ta thuong st dung dudng diy ¢ 16n hao nho lam mach
dao dong. Dic diém clla mach dao dong ding dudmg diy dai 13 né 6 h¢ sd phim chit Q rit lon.

Thi du, & dai tdn $6 1an can tin 36 o, clia doan duong ddy ngdn mach ddu cudi (hinh 7-144),
doan dudng day tuong duong véi mach dao dong song song c6 tdn sG cOng hudng o, dién trd
cOng hudng Ry, hé s6 phim chdl Q va do rong ddi thong. 2Ae, duge xdc dinh theo cic bidu
thite sau:

T
W, =0 = ——e 1
2JL.C,
{{c-h p *
£
bis
Q_ 40.3 L]
2
2A0 = ¢
L.C,

7-16.4. Phdi hop tré khang ciia duong day v phu tii

Trong céc dudng day phide ndi giita anten va may thu, hay gilta mdy phat va anten, nguo ta
mong mudn trén dudng day chi tén tai s6ng chay, khi d6, cong sudt tdc dung cua tin hiéu truyén tir
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anten dén mdy thu, hode i méy phit ra anien s¢ dat g1a tri cuc dai. bé dim bdo ycéu ciu Lrén, ta
phii thue hién phdi hyp dudng day vai phu tii (phoi hop dudng day vai tong tré d4u vao cla may
thu. hodc phdi hop dudng day véi 0ng 1 vio cla anten).

D& phai hop dudmg day voi phu i ngudi ta dang phuong phip mde sop. Son 13 phin 1t
phin khdng duge midc vio mot diém gin cudi duding diy nhat x',.. ma ¢ d6, philn thuc caa 16ng din
viio bang dién din song cua dudng day, nghia la:

P - O ]

H | . .
Yix'= RTOR = — + jh, (xem hinh 7-18)

Gid 1A b, duce chon bing gid (x clia thanh phin phin khing cua 1ong dan vao, nhung khic

tinh. nghta la b, = —h. Sau khi mac son. 1ong trd vao cua dudng day tai didm x', 8¢ fi:
ot 1
ZX)= ———=p
Lijp-ib,
P

Didm mic son ¢6 thé tinh theo cong thife:
, A
X\, =%, Tt —arclg K {7-4N
2 '
trong d6 x,, 12 khoing cdch tir cudi duong day dén diém cuc dai cla bién d¢ dién 4p gln cubi
duong day nhit trede khi mic son.

Son thudng 1 doan dudmg day ngin mach diu cudi va ¢ ¢dc tham SO s ¢ip, cling nhu cdu

trife giong nhu dudng diy chinh. 26 dad ciia dudng day son 1, duce tinh theo cong thie:

A 1-K.. e i .
L, = -2——~arcl'g = 0 vl ddu eOng (+) lrong cong thie (7-47).
T
hodce:
A 1=K, e oy s .
[, = > + — arctg —— - d6i v6i ddu trilr () trong cong thie (7-47).
4 2n K.

i
1
. 1
!
‘I X :
Z, ()
J&

flinh 7-18
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