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_Ldi NOI PAU

Tap 1 cla gido trinh 44 gidi thléu cac ndi dung truyén thong cu‘\ mon h0c Nguyen ly -

may. Trong tap 2 nay chung t0i s& gidi thidu mét, 86 chﬂdng bd sung vdi cac noi dung sau
day '

1/ Mot 88 vin dé vé chéng rung, cy thé 12 cac bai 'ti'nh saw:
- Giam ch&n cho mot hé dao dgng xodn c() nhiéu bac t.u do.
- Can blng tryc mém.

- Cach rung.

2/ Mot 88 khai niém vé co cliu tay may ma vé nhléu mat b nhﬂng Lhac blet 50 vd:
céc oo ciu truyén thdng da duge gidi thigu trong tap 1. '

Ngoai cac chudng bé sung, trong tap 2 nay con cod ph&n phu IU.L gld: 'l:hzéu cac

chudng trinh dung aé gidi mot s& cac bai tinh duqc dé cap dén trong giao trmh CaL__ _ :

chudng trinh nay dmjc vi&t bing Turbo - Pascal



Chu‘dng 15

ot

- GlAM CHAN CHO HE DAO BONG XOAN
| cO NHIEU BAC TY DO

15.1. DPai cuong
15.1.1. Pt vin dé

Trude day ta da gia thist cac khéu cia may déu la cac vat »in khéng bién dang.

. Thuc r4 mot khau déu it nhidu c6 tinh dan hdi. Ngoai ra, trong mayv ¢on thudng dung céc

khau thyc sit dan héi nhu dai truyén, khdp dan hdi, cac loal 16 x0 khiac nhau. Trong
nhidu bai tinh, phai k& dén tinh dan héi clia cac khau. Khi ¢é ké dén tinh dan hoi nay

' cha cdce khau, ‘thi may s& co md hmh 1a hé dao déng ¢6 nhiéu hoac vb s6 bac tu do.

(Thong t.htmng, thc hé ¢6 vo so ‘bac tu do duge chm vé trudng hap hé ca =8 bac tu do hitu
han}. Mot van dé duge dat ra'la khi may ‘lam viéc, khong duge dé xiyv ra hién tugng cong
hudng & bat ky tAn s§ nao cha diy tdn sG riéng cua hé. Hon thé nda. dé dam bao may
hoat dbéng binh thudng cdn phéi han ché dao d(’)ng va bién dang cia cac khiu ciia may
trong gidi han cho phép. Day chmh 1& noi’ Hung cﬁa bél tmh gidm chdn

Dé giai quy&t bai tinh glam chan chio may, ngum ta dung cac bd giam chén khac
nhau. Trong chudng nay sé gidi thidu nguyen tae tmh toan mdt s& hé giam chén cho mot
hé ¢6 n bac ty de va vige giai mét s6 bai tinh dao déng cd ban, cdn thiét cho vige thiét k&
cac bd giam chan. Hé du!(jc_xét 14 hé dao d(;mg xofn (sau day vi€t tit 1a hé ddx). 84 d1
chon hé ddx 1a vi bai tinh giam chén ctia hé ddx 1a mot bat tinh phd bign va dién hinh,
Ngoai ra hé ddx 14 mé hinh kj thuat mét ldp rong cac bai tinh vé dong luce th may.

15.1.2. Hé dao ddng xoén vi luge do tmh cua nd

1. Hé dao dong xoén c6 m@t truc hodc nhidu tryc quay véi van téc khac nhau néi véi
nhau biing cAc bd truyén chuyén doéng quay nhu bd i‘.i‘uyé‘l'h'_bénh ring, bd truyén dai
v.V... \ ' _ '

Trén mdi tryc ciia hé dao ddéng xodn ¢6 mot hay nhidu dia, méi dia nay ¢6 thé 1a mot
chi tiét quay nhu ré to, puli, banh rang, khdp truc v.v... hodc cling c6 thé 1& khau thay
thé cho mot co cdu nhiéu khau, vi du khau thay thé cta cd céu tay quay con trugt trong
ddng 6 né. Chc dia dude coi 1a tuyét d6i cing va momen quin tinh cua dia hoan tedn
xac dinh, momen quén tinh nay béng héng s8 trong trudng hop dia 1A mdt chi tiét quay,
con trong trudng hgp dia la khau thay thé cia mét co cAu nhiéu khiu, momen quan tinh
ctia n6 13 mét haim s8 cta vi tri khéu thay thé.
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' Cac doan truc -gitta hai d’ ia duqlc xem 12 dan héi, tite 13 cé bién dang xodn kh1 chiu -
“tai. vl momen ‘quan tifth cua mot don vi chidu dai tryc thudng nhé hon momen quén
' tmh cha dia rat nhidu nén ta c6 thé bd qua khéi lugng coa truc.

" Do da gla thi&t cae dia (con goi ia phﬁn, t quan tinh) cta hé tuyét ddi cing va céc
. truc dan héi (cbn goi 13 phén tit dan h61 cta hé) khong c6 khéi lugng, nén hé ddx dugc

xét v cc gia thist trén c6 mot. 88 hitu han bac ty do (né’u ké dé’n ca khéi lugng cac tryc
dan h51 thihé c6 v 86 bhc ty do)

Ngoéu bién dang xodn cla cac doan trv.c edn pha1 ké d&n bién dz,mg trong cac bd
truyén vi du blén dang udn cia cac banh ring khi &n khép, bign dang cha déy dai khi
: truyén déng v V... Do cae bién dang nay, trong mdi b truyén sé c6 mot “bign dang xodn

tuang duong” va ing véi moi b truyén d(mg quay sé ¢6 mdt truc dan h61 tuong dddng cé
. dq cung hoin toan xac dinh. :

2. pé \uet phudng trinh chuyén dbng cho hé ddx, trén cd sd d6 giai quyét cdc bai
' ,'tlnh dong luc hoe khac nhau ciia né, trude hét phai xay dung cho hé mét luge dd tinh.
Khac véi mb hmh ki thudt, luc;lc dé tinh cha hé ddx chi gém mot truc quay hodic néu cb
~ nhidu truc thi c&d truc cé «ciing mgt van. t8e Cac dogn tryc dan hdi trong luge &8 déu la

' cac Lruc tron va co- cﬁng mﬁt dubng kinh. Do gia thiét chc dia tuyét d8i cing nén trén
- luoc dé ch.ieu dAy cac dia- khéong c6'y nghna gl vi do da quy dinh céac doan truc trén hge
do d&u cting | 14 trye. trdn va cé ci’mg dudng kinh nén chiéu dai cha cic doan truc trén luge

o do ty 1& ngh;ch véh db cﬁng cua cht.’mg, néu nhu ta gia thit cac truc 12 dan héi tuyén
. tinh.

. Cé nhleu dang 1uqc a8 tinh khac nhau cta h§ ddx: luge 46 dﬁy (hinh 15.1a)," luqc ab
o 'cé nhanh (hmh 15. lb) Ludc d6 cb nhanh dng v6i trudng hgp c6 hai truyén din duge

 dung cho: mbt bd phan cBng tac cia may hojc mot bd phan truyén dén dugc dl‘.mg aé din’
dong hal bd phﬁn cong tac khac nhau cia méy. '

. | .(b)
Hll'll'l 18:1

T mét. he dao déng xoan (3] thé dd iap luqe a8 tinh, cﬁn phai lam mét 80 phép thay

. the Cac phép thay thé nay’ pha: dam béo nguyen tic bao toAn céc dang nang lugng cua
he . _



Céc phép thay thé cfn thi€t cho vije xiy dyng h.tqc a8 tinh cha mdt he ddx gém:
- Thay th& momen quén tfith.
. Thay thé 46 cing. ‘
Thay thé hé sﬁ' glam ch&n.
| Xéc dinh 4§ ciing xoén tuong dugng cua che bé phén chuyén déng quay.

'Sau cing, céc tryc trong h¢ ddx cb thé c6 deng phic tap (tryc rdng, truc khuyu
v.v...), do &6 cing ¢dn c6 cong thic tinh &8 ciing cac truc phic tap, ti d6 suy ra théng sd
cla céc tryc tron trong lude dﬁ '

Trong phdn phu luc & cudi chudng nay 88 gidi thleu céic phép thay thé' va céc céng
thdc tinh 48 cing cha céc kidu truc, cin thi&t cho v1éc x&y dqng luge 48 tinh.

~ 15.1.8. Phuong trinh chuyén ddng cha hd ddx

- D& viét phuong trinh chuyén ddng cho hé ddx khi dd cho luge 48 cha nb, ta c6 thé
dang phuong trinh Lagrangid 1I (Lagrange 1I) hojc nguyén ly Dalambe (d’Alembert).

- Vidu 481 véi luge 48 dAy tuyén tinh n dia (hinh 15. 2), phudng trinh chuyﬂn déng
duge vift dya vao nguyén 1y Dalimbe nhu sau:

Xét mot dia J, trén luge 48, theo nguyén 1y Dalambe. tat cd chc lye &4t lan dia khi
ké ca lyc quén tinh pha1 cdn bing v61 nhau. Goi ¢, 12 toa dﬁ cta dia J,, chc lyc the ddng
lén dia ia:

d?qy
Luc quén tinh: —-Jk Py (Vi = e }
, - Céc lge phyc héi My, va Mk do céc tr\lc.' dan hdi ¢, va ¢, bi bi&‘:__x_ dang xoéin thc
- ddng 1&n dia: M= CealPp — o) h .

M, = o lPrer — $)
- Ngoai hjc M,

T 1°“|°“ H

Vi cic luc niy phél ¢hn bing véi nhau nén ta ¢é; -
7 _“Jk¢k+ck1(¢u k)+ck(%+l"¢k)+‘k&0
hay: '

Jefr— Coi(@p.1 — 90 + ck(q’k Pyr) = My

Do ¢6 n dia, chi &8 k phéi cho chay ti 1 d€n n. Ngodi ra litge 48 trén hinh 15.2 cé
hai ddu ty do, do 46 phai 1&y :

cp=c, =0



Nhy véy hg phuong trinh chuyén dong cda luge d6 nay la: .
JkPx - cka®@xa1 - Pk) + k(@ - Oxa) = ﬂk]-

(15.1)
k=12 .. s Bycg =¢y =0

Trudng hgp c6 giam chén tuyé&n tinh (lgc ma sat ti 18 véi van tée dao dohg cua dia
ho#c van tdc dao @dng tuong d8i gita hai dia ké’ nhau) thi trong cic v& trdi caa hé
phudng trinh trén phai thém cac hang thitc sau:

- Truong higp ldc ma sat ti 18 vdi van tdc dao dong caa dia: by 9,
- Tru’dng hgp luc ma sat ti 1& vdi van tdc dao dong tudng déi gidta ca~ dia k& nhau:

_ bk 1(% 1 lpk)"‘bk(q?k (Pku)
Do dé he (15 1) ducc thay béng -
Jy @y — b, _bk—l(‘Pk-l —‘I’k)‘*'bk(‘h —¢'.|;+I|) ' _ o
: ?*cu-r(‘Pu-l _‘pk)ﬁ“ck(q’k‘_. qﬂ"k;’l)*-’“k' : ' (15.2)
'(k'=-1125'-.-.*'$.n;b|] = b:l =.0;c'0' =cll = 0 : . o
© 15.2. Dao dong tu do coia hé ddx

15.2.1. Phdo‘ng trinh tan s v clc &ang dao déng chmh

1. Hay xét mot hé hé ddx tuyen tlnh cd ll.rdc dé day gom n d‘la (hinh 15 3). Phuong

trinh dao déng ty do cua hé nay suy tix phucng trinh chuyén déng (15.1), bing cach cho
ngoailge M, =0,(k=1,2,..,n):

Jk‘Pk Cy- 1(‘Pk1 ‘Pk)“'ck(q’k ‘Pkﬂ) O}

(1{—1.2 e =c¢, .10)_ « (153)

Bat: _ o

Ay 13 bién 4 dao'ddng ty do cha dia |
tht k, p la tan 6" dao déng tu do cia hé,
_(hay tdn s6'riéng), o 1a géc pha ban diu ctia | :
. 'dao ddng tu do. a)

Thay (15.4) vao (15.8), sau khi ude Iuge, __ﬁc-,,*o
s& duge mot hé phudng trinh dai s8 véi cac’ é '
&n 1a cic bién d6 dao déng tu do A, (néu coi

p 12 dai lugng da x4c dinh), H phuong trinh b
dai s nay cé dang: . . Hinh 15.3

— By "'(Ck 1+ C P Jk)Ak CkAkﬂ' =0
(k 12,... JRicy = ¢y 0)

Cx-1 . C“

(15.5)

(*) Néu Iuge 46 6 mét ddu ngam nhu trong vi du hinh 15.3b-trong db dia J; duge néi véi ngam bing mdt doan
true ¢, thi trong (15-3) phai lay ¢, = 0.

8 .



vé6i cac ~&.phal’ déu bﬁng khéng. H& (15.5) trude h&tc6 mot nghiém tdm thucng
A =0(k=12, ..,0)
ing véi trudng hop hé ddx khong dac djng. '

Didu klén d€ hé ddx c6 dao dfng tu do, tlc 1a (15. 5). ¢6 nghiém k'hﬁng tim tﬁuang la:
d),nh thite cac he s6 cua A, trong vé trai phal bing khéng: G01 dmh thitc nay la A, ta cb:

A(p)=0 ' (15.6)
bt : '

[T ] = (e + e~ DY) | (15.7)

V&i ky hiéu (15.7), thi (15.6) cé dang:

[Jl] -c
—e [Je] |
A(p)= ' —Cq [JS] ~Cs =0 i (15.8)
. . . _c-n-z [J;'I] _c°n_1 . _
—Cuy [Jn] : .

Dinh thic A (p), khi khai trién ra s& cho mt da thic bac n cha p?.

A(p)= ao(p’)‘ + 8, (pH™ + ctag,(p)+a, =0 - (15.9)
(15.8) va (15.9) 1a phudng trinh tin s& cua K¢ ddx duge xét. '

Céac nghiém thye, dudng cua phudng trinh. t§n sﬁ' goi 1a céc t.ﬁn 83 riéng cua hé. Cé
. thé chiing minh (15.8) cé mt nghiém p, = 0 va (n -1 nghiém p, (& = 1,2, ..., n-1),
thye, duong, khac nhau. Nghiém p; = 0 fmg véi trimng hqlp hé khéng dao dong. vi vay
sau diy ta chi quan tam vdi chc gif trj p;>«ﬁ

-"'('\,- ,';‘ iy S e

2. Vi ¢d (n-1) gid tri p, khac nhau nén ngl:uém téng quét cha (15 3) ¢6 dgng

tpk—EA..sm(ptm)} _:I L (15.10)
(k=12,..,n) o

Nhu vay trong trudng hgp téng quat dao déng ty do cha mﬁl dia J; 14 hgp cla (n-1)
dao dqng dléu hoé m61 dao déng dlﬁu hoa nay \mg vdl mét tﬁn 35 néng Pa:

Trong (15. 10), céc gia tri p, hoan toan chi phu thufe.vao céc tham s§ ca'u trdc cia
hé, tie 1a vao céc gia tri J,, ¢,; con cac bién dd A,, va goc pha a, phg thude vao céc chéu
kién ddu, tic 1a cac gis tri: of,9)d thoi diém ban ddut =0

Trong nhiing diéu kién ddu nhdt dinh, cé thé chi tén tax mdt bién- dé Ay =20
(ke 1, 2 .. n) ing véi mét tdn 88 riéng Py Khi d6 (15.10) c6 dang _

Py = @y = Ay sin(pit + o) S (15-_11)

M3&i dang dao déng diu hoa (15.11) goi 12 mét dang dao déng chinh.



15.2.2. Quan h} giia bién 45 dac adng ciia'cc dia trong mot dang dao ding
cMinh. Diém nut - - _

1. Bién 46 dao dong ty do cda cac dia phy thudc vao cac difu kiér ddu nhung quan
hé i 1¢ gita bién d6 dao ddng cla cac dia trong mdi dang dao déng chinh chi phu thuge
cic théng s§ adng Iyc hoc ctia hé va tdn 36 néng ing v6i dang dao dong chinb duge xét.

1) Hiy xét hé phudng trinh {15. 5) - D& v6i dang dao déng chinh fing vdi tdn s6 p,,
phuong trinh nay c¢6 dang: '

“Cra Ay + [J X ], Ay -l =0

(15.12)
k=12, ..mc¢c=¢c,=0)

vai:
dd=cy+e-pid, (15.18)
va Ay, 12 bién d¢ dao ddng chinh thi 1 (Ung véi tin a6 ridng p,).

Tit hé phuong trinh trén cé thé suy ra quan hé gitta 'bién 46 dao ddng cia céc dia
nhu sau:

Phuong trinh cudi clia hé (15.12) 1a :
. “C-lAu-1|+[J ],A

Tu phmmg trinh nay c6 thé suy ra céng thitc tinh A, theo A,
Phudng trinh k& trén phudng trinh cudi cda hé (15.12) la:

n-ﬂAn-!I.l [Jnnl] An-i.l - cn-lAnI =
Vi {rén div. ta vita tmh duqc A, theo A,,, cho nen véi phuang trinh n&y ta sé tinh
dlch An-ﬂl theo Anl

Cu tiép tye nhu thé ta s tinh duge bién dp dao déng ty do claa cac d’a k (kgn-1)

trong mjt dang dao dong chinh thal bt ky theo A, . Cong thite truy ching ding &é tinh
c6 dang: ' :

Ay = E‘E‘;([Jtﬂ}Aul.l = °|:+1A|=+2,1)

(15.14)
(k=12 n-le, e, =0)

2) Ciing ¢6 thé dung cﬁng thic sau dé xéde. dmh quan hé t1 1& glﬁa bién dé dao dong
cac dia trong mét dang dao ddng chinh (xem [3]):
- n-2

A Ayt Ay A, ‘ﬁl(P x 0162(131) . Hcg An.l(pl) nck A, _(15.15)

vdi dinh nghia sau day vé Ay

Ay (k =1, 2, ..., n-1) 12 dinh thdc con suy tu dmh t.huc A(p) (15.8) bing cach gach di _
k dong, k ¢ot dﬁu Vi A, = 1
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. 2.Khi da 0110. AL mdt dfu nh&t dinh thi trong diy A,, (k= 1,2, ..., n-1), ¢6 nhiing
phén t& cdng dfu véi A,), v& nhilng phéin ti trai déu véi Ay

1) Gié thi ta c6:
A <0 k<m
Ay >0 k>m

' Khi 46 trong dy A,, d& cb mt lén d6i ddu. Céc bien 49 An, vA A, tréi dfu
nhau, nhu vay cac dia J,, J.., dao dfng nguge pha nhau. Do 46 trén doan tryc ndi céc
dia nay c6 mét tiét dién khong dao dng, goi la diém mit (hinh 15.4).

AT
1 1 1 |

) Am+1, 1 A‘n.l

Ja
+
- Al.l A‘A.l Am.l

Hinh 15.4

2) C6 thé chitng minh ring (xem {3]) dng véi mdi dang dao d4ng chinh, bién 4¢ dao
dong ty do lai ¢6 mot 88 1n d8i dfu nhdt dinh va trén luge d8 c6 mot 88 diém nit nhat
dinh. Cy thé 1a § dang dao ddng chinh thit k, c6 k diém niit, 4 dang dao dfng chinh thd
n—1 e6 (n~1) diém nit (hinh 15.5). - -

t Aw Am Ae _ hu Aa
- G=2  “As”

+ A, Agg Agy

- Ags Ag
o G=H

LA

Hinh 15.5

il



-~3) Trong mét dang dao dong chifth thit r ing vdi tdn sé ridng p, (r <n-1), r4t ¢6 thé _
X4y ra trudng hep mét diém nit ndm' ding trén mdt dia J, nao d6. Dia Ji khi @6 coi nhu
bi ngam. Cé thé nhan thdy hai hé con dugc tao tit cdc phdn bén phai va bén trai dia J,
va c6 ddu ngam tai dia nay va hé n dia ban ddu c6 cing mét tdn s8 p,.Chinh 15.5b).

Nhu sau day s& chi r3, vi tri diém nit (hosic cac didm nit) trén hiuge d6 tinh ¢ §
nghia trong viéc chon vi tri dé 14p bo (hose cae bd) gidm chan.

. 15.2.3. Quan hé p, (J,) _
Trong mét hé ddx, khi thay déi momen quan tinh Jy cua mdt dia k b4t ky, thi day

tdn sd riéng p, cling thay d8i. Sau dély ta s& phédn tich mdi quan hé nay. Gia tha ta cho
momen quan tinh cua dia thi k bién thién-va goi momen quan tinh nay la J,,.

1. Bé xac dinh méi quan hé gita diy p, va J,, ta khai trién A(p) theo cac phin ti
cia dong thit k, trong d6 cé chita Jix-

[ka]Zk—l - Ak - Cﬁ_l Zk_g. Ak - CE Ek—l . Ak"'l = U'
trong dé: .
[l = €y + 05 - p2dy, .
- Ay 1a dinh _thl'tc\ con suy ti¥ dinh t.hl.tc AP (3 5.8) _bing céch gach di k dong k cot ddu.

- A, la dinh thic con suy tit dinh the A(p) (15.8) bing céch gach di (n - k) dong va
(n-k) edt cubi. : ' . : .

" Tu cong thie trén day suy ra:

_ 1. Ek(il'))) ( Ay (P)J _ |
J,——o— i-ep_q = +ep|l—g, =222 (16.16)
' p-{c" ‘[ T Rea®@) U T A - |

2. Bay gio, dua vao (15.16), hiy xac dinh dutng cong J,,(p). Trude hét. chu v r_‘ang Ayp) =
0 ¢é (n -k) nghiém p,, G = 1.2, ... n-k), khac cic nghiém céia A, (p) = 6. Coing nhy viy,
A,1(p) = 0 ¢6 k-1 nghiém, B, _; (=12, k-1), khdc cic nghiém ctia &, 5(p)=0.

a) Gia thi€t A(p) =0 va &, (p) = 0 khéng cé nghiém chung, khi d6 cac phén tu Pi,
(=1,2, ..., n-k) v céc phin 0t Py_;; (1=1,2, ..., k-1) ¢6 gia tri khac nhau. Hay sp x&p
céc phén ti cia hai diy nay theo thi t¥ c6 gia tri tang dén, ta s& duge mot day gém
(n~Xk) +(k-1)=(n- 1) phin t& kg higu la (p’),, : |

Puong cong J,(p) nhu vay cé (n-1) tiém (.:.z‘,m dﬁné dl qu‘ai_ cdc diém c6 hoanh dd
p=(p. . o . o

b} Néu cho p — =, thi theo (15.16), J,, —» 0. Nhl.f vy dudng cong J,,(p) c6 mét tiém
c4n ngang di qua tung dé J,, = 0. o

Sau cing, néu cho p = 0, thi Jy, ¢6 dang

3, (0) = %\

Dung qui téc Lopitan, d& dang suy ra:

.12



.. s . P n
m di (@)= -3 J|.
=0 =1

l2k

¢) T nhitng nhan xét trén, vé duge ¢4 thi hinh 15 6. V1 Je 2 0 nén dé thi chi mét
mién c6 nghia (mién khdng gach chéo). .

D6 thi gom n nhanh ‘nhanh p, = 0 trang véi truc tung, (n-1) nhanh khae duge ky
higu la (p), (s = <o, n=1),

Khi cho Jk, mét gia tri J, nao dé thl dudng Jy; = Jy 88 cdt cdc nhanh Por Pk
(s =1,2, ..., n-1) § n diém.

Po=0 <P <Py <Py<.. <Py

bay chinh 1a day tdn 86 riéng ciia hé ddx dude xét.

Khi tang Jy,, ddy tdn s§ riéng néi trén gidm vi du cac dim (0, @Dk, - Podx
trit tdn 88 p, = 0. Khi cho J,, = %, ddy (p,), sé tién téi day (p.), (k= 1,2, .., n-1)
chinh la diy tdn s riéng ctia hé ddx dudc xét khi ta ngam dia thi k.

Khi cho J,, = 0, titc 14 bd dia thi k di, s8 béc ty do cia hé 38 giam di mét don vi.
Dudng J,, = 0 cit cac nhanh p,, (p,) (k= 1,2, ..., n-2) & (n-1) diém c¢6 hoanh d6: p,=0,
(p.)i. Nhu vay day tdn 86 riéng cing giam di mot phén ti.

™ Gu
P, =0 .
d' ' (pn-l)'k
J \p
0

] 777V 777

""'\..

Gl

Hinh 15.6

d) Trén d4y da gia thiét A (p) = 0 vi A,_, (p) = O khéng ¢6 nghiém chung. Thye ra,
hai phuong trinh nay cé thé c6 mot hay mét s5 nghiém _chuhg - Gia thit nghiém p,, cia
Ay(p) = 0 biing nghiém P,_,, cha Ay, (p) = 0. Khi d6 trong day (p, )i (k = 1,2, ..., n-1), s&
¢é hai phén t ¢6 gia tri bing nhau: : . .

(p =P = (p _i Pk—lh
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Hai dudng tiém can thi r va r +1 cia dudng cong J,,(p) 8& chip lai véi nhau. Nhanh

(p,)x cha dudng cong Jy,(p) khi 46 cing bién thanh dudng thing ding, trung vdi hai
dudng tiém can trén (hinh 15.7).

Trong trudng hgp nay khi cho J;, bi€n thién, khéng nhiing p., = () khéng 481 ma ngay
ca gia tri ctia tAn 88 p, ciing khong d8i. Néi mot cach khice, Jy, khong anh hudng tdi gia
tri eha p,. C6 thé nhan tha’y ring 43 c6 méot diém nidt trong dang dao dyng chinh Ung véi

" tin s§ p, tring véi dia J,. .

- Trudng hop A(p) = 0 va A,_,(p) = 0 ¢ q nghiém tring nhau thi trong day tdn s§

ridng Po, P1s Pas +os Puy CUa hé ddx, s& c6 (q+1) tn 88 riéng c6 gia tri khong d6i khi thay
ddi J, ..

P - (Pl e

L1

TTITTTIT TTTT T T T ITT T

Hinh 15.7
15.2.4. Xac d]nh day tén s& riéng caa h§ ddx

Dé xac dinh ddy tdn a8 riéng cha h¢ ddx, cé thé dfmg nhiéu phudng phéap khac

nhau. Sau day sé gldl thiéu mot trong cac thuat toan. daé glax phudng trinh tdn s8 (15.8)
trén may tinh: Thuat toan Rnthlhaodd (Ruthlhauser)

1. Hay xét phudng trinh tin a6 (15.8).

- p¥d, ) ;cl l
- ¢ ¢, + ¢y - p2d? -cy ' O
A(p) = . S =0
O —Cy-2 Co-z + €y - PPdaut - Cpy
=Cpq . Ca-1 = P,

Vi cac J, (i = 1,2, ..., n) @8u khac khong nén ta c6 thé viét:

14



Alp) = =0
hay:
A= | R =0 . (15. 1__7)
Oy - A Bu-l
Yu-1 au"x.
vdi .
| » - ' (15.18)
(i=12,..,n;c =, 4—-_0)__
va S A=prt ; - 0 (16.19)

Goi D, 1a dinh thic con suy ¥ D{A) bing cach gach dl k dong. k cOt dﬁu. ta c6;
D(l) - (0‘.1 l)Dl 'f 61]32 c

....................................... . . : . . (15-20)
Dk = (uk-l-l - 1')I)I“.i - ?k-i-lﬁkﬂnkq-z L - o

Céc cdng thic (15-20) cho thay gia tri cia cac D, va ciia D(A) chi phy thu@.c tich cia
cac dai hugng Tir Bi (i=1,2, .., n-1). Do d6 cac nghiéma; (i = 1, 2, ..., n) cta phuong trinh
(15-17) cling 12 cac nghiém cta phuang trinh sau; :

A(A) = (15.21)
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véi ;

ol
§,=yp, = — 15.22
YB JiJi+I ( )
Dinh thue A(p) trén day 1a d'jnh thiic dic trung ciia ma tran K sau d;’r',\-'-:
K= (15.23)
o,

va cie nghiém ctia phudng trinh (15.21) chinh 1a cac tr] riéng cia ma tran nay. Do d6
viée xac dinh diy tdn s4 riéng cua hé ddx duge quy vé viéc xac dinh cic tri riéng cfia ma
tran K trén day.

2. Ma tran K trén day 1a mét ma tran ba dudng chéo, mét dang ddc biét etia ma tran
A tam gidce. Do &6 dé tinh céc tri riéng cua K, ta sé ing dung cac tinh chdt caa ma tran
A lam giac dude trinh bay duéi day.

a) Goi C,,, Ry, S, 1an lugt 1a céc ma trdn 4 tam giic, tam gldc trén va tam giae dudi
cung cdp. va C, 1a tich cia R, véi S, '

C. =

-~
[

m
I

7 O

Cy=R, xS,

Gia thd da cho trude cac phén tit ma frém Cy va mét trong hai ma tran Ry, 8, ¢6 cac
phdn tit frén dudng chéo chinh déu bdng 1 thi ta c6 thé suy ra cac phan tit cia Ryva S,
va ldi giai 1a duy nhat, o '

Bay gi¢ néu lai nhin 8, véi R, ta s& duge mét ma tran C, cung 14 ma tran 4 tam giae

C,= S,x R, |
‘Lap lai hai buge tinh trén nhiéu 1an ta s& duge mot diy cic ma tran C,:
Ry x 8, =C, |
C, = 8,xR,
"R, x8,=C,
C,=R, x 8,
C.=R, x8

DAay ma tran C; nay ¢6 cac tinh chit sau:

n -]

- T4t ca cac ma tran trong ddy ¢6 cung cac tri riéng.
- Khi n tién t6i vo ciing C, tién téi mot ma tran tam gide va khi d6 cac nhan tid nim

trén dudng chéo chinh ¢Qa né 1a cac tr1 riéng cla né, tdc la cia div ma trin C,.
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b) Thye ra 4é xac djnh che trj riéng cia C, ta chi cAn 1am nhu sau:

Truée hét tl‘.t -phudng trinh:
xé.c dmh che phﬁn ti khéc cha R, 8o, sau dé 1§.'y
2 8, x Rn

@

®

va lap lai hai budc tinh (a) (b) trén day cho tdi khi cic phﬁn tu cua d\rdng chéo ké trén

- dudng chéo ¢hinh d8u nhé hon mit | gm trj nhd tdy y cho tm&c

s, Bay gid hay ap d\mg thuat toan trén dﬁy cho vide xac dmh cc tn rléng cua ma

tran K (céng thie 15.23).
a) Hay 14n lugt chon cho R va S cdc dang sau:

Thay cac bifu thiie (15. 2a). (15 24), (16.28) vao phuong trinh sati;

K:R S
Ta duge

T 46 suy ra:

- oG =r . = nsq
Bl = rlsl - 81 = —l"
. r,

ag=sl+r2 - r3=(l.g-81

o : F3
'51'-1 r282 b 82 = "'z'

Iy

2-NLMT2

(15.24)

'(15.21_5)
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~ hay:

i : _ {15.26)
: (i=1,2,...,n;s =0,8, ’ '

Cac cong thitc (15.26) cho phép tinh céc phén ti (1 =1,2,
1) thea cac gia trj cho trude o;i=12,..,n)vaj (i= 1,2
tinh theo cac théng 86 cla hé
(15.22)):

wnyvag (i=12, .. n-
N T 1). Nhé ring o, 3; duge
ddx d‘uq:: xét bing cac cong thite sau (xem (15.18) va

C; + ¢y
J;
5= S
. Ji‘.'ii‘t-l

(i= 1,2, mury ns ""‘c ""0)

b) Bay gid 14y K bang tich ciia ma tran 8 véi ma tran R: .
K=8xR .

hay:

ta suy ra dugc céac phdn tit méi cha K.
o Fr ts;
8 =51y
Gy =1, +8, _ _ .
| 5‘2=32f3 . : o
hay:

a, =T, + 8

8 =87, 19 o | 15.27)
(i=12,...,n;8, =0 : . : ,

c) D& xac dinh cac tri riéng cta K, ta 14p lai cac buwée tinh sau nhidu lin:
- Xac dinh r;, s, bing céng thae (15.26). _
- Xac dinh cde phin td méi a; , §; cha K bing céng thitc (15.27).

18



_ Sau chu trinh tinh kidm tra gla tri cia céc phin ti 6 cho t6i khi thoa méin cac didu
kién sau:

. |6|| <€
véi € 1a mdt s§ duge chon tuy ¥ tuy theo 8 chinh xéac yéu cdu.

 Dé tidt kiém thai gian tinh, thay vi xac dinh t4t cd céc phén ti cha R va S, va sau
d6 méi xac dinh cac phdn tid méi o, , 3 caa K, ta cé thé long hai bude tmh nay vao vii
nhau. Cu thé 12 thuc hlén céc bude tinh theo trinh ty sau:

Iy =0y
6 L * .‘I
§, =— cac phin titcaaRva § |

G, =r S m e

VT TP cac phin tit méi cha K

8, =02

27 1, cac phﬁn t.utlep theocuaRvaS
r3 =0.3"82

Cig =Tg +.32

8y =syr; | céc phin tit mdi tiép theo cia K -
hay nié“t chch tdng quit:
'i_“;i‘“i-l : o
§i=— t phéntaR, & - T

L3}

Tiy) =@y — 84

oy =TIj + 8¢
8; =g;r,

} phﬁn t\:( mdxm K ’. o T e ..w e

(i=12,..,n Sﬂ=8n=0: rn=0) Sl
Ta'¢6 50 48 khéi sau (hinh 15.8) * =
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Nhap' s lidu

e, J,(i=1,2,.n;c,=c,=0)

y

2
= Citein 5. =i
. . Ll M
Ji JiJi-i-l
k4
=0
i=1

sai

8 =8/r; r = o,y - 5;

i

- .a'i.=_..ri.+3.ii5i=ri+1 8

h 4

i=i+1

ding

Cac gia trj riéng A,
i=0,1,2,..,n-1)

Hinh 15.8




15.3. Dao d6ng cudng bic va tai tronig dong
15.3.1. Bit vﬁ'n aé

| Cho mét hé ddx cé n bac ty do ch;u tade dong cua cidc momen ngoai lyc dat trén mgt
86 dia clia hé. Hay xét cich xac dinh dao dfng cudng bic cha cée dia va tdi trong dong
‘(momen xo4n) trén cat_: doan tryc cua hé dudi tac déng caa céce ngoal_ Iuc nay. _

J, - J, g
Hinh 15.9

Dé giai biu tinh, theo nguyén tde tic dung doc 14p cda cac Iye, ta c6 thé 1dn icot xée
" dinh dao dfng cudng bde va tdi trong déng dudi tae ddéng cda riéng ting ngoai lt;lc. sau
‘ dé dang phudng phap chng tac dung ta 88 c6 dude 15 gidi clia bai tinh..

Bay gid xét hg ddx chi chju téec dung cia mét ngoai luc A, &4t trén dia J',.' Gia thu
, momen A, bién thién tudn hoan va c6 thé phan thanh mot chudi Furié (Fourrier). .

Vin v6i nguyén tée tae dung doc 1ap cla céc lyc, ta ¢6 thé 1in lugt xét riéng ting
thanh phén cda chlrﬁl Furig biéu didn ngoai lyc A, - Ridng trong bai tinh gidm chén, ta
chi cdn xét mdt thanh phin cua chudi Furie nay, 46 1a thanh phﬁn Ung vdl cafp van ,tﬁc 8
d6 c6 nguy co cﬁng hu&ng, ¢ thé thanh phin:

M= 'ﬁhsm(mmt + ym)
khi : | .' mo %p, -

P, 12 mot tin s§ rigng clia he. _

Sau day 88 gidi thidu céch xéc dinh dao’déng cu&ng bﬂc etia cée dia vh t&i trong
dong ‘trén céc trye clia. mjt hé ddx, chj’ tne dbéng cia mdt ngoai luc dléu ‘hoa &3t trén
mt dia Jy cta h§.: Bai tinh a8 duqe 31&1 hang;phudpg phip ma trdn. B

15.3.2. Cac hé con co bén, Ma trin chuydn “

‘1. Trén luge dé caa mét he ddx, kl&l lm.kr d& diy, kh%ng co gihm cha’n, hﬁy diing hm
mat cit tai hai didm V, R bat ky aé trich ra mgt hé ndm trong pham vi hai mat cit nay.

Hé¢ duge trich ra duge f£oila h@ con chia hé ddx duqc xét. Gac h& con. ddn gian nhit duge
goi 12 céc hé con co ban gém: L .

-~ H§ mdt trye, ky hi¢u la (- ¢ - ) hinh 15.10a.
- H¢ mét dia ky higu la (- J - ), hinh 15.10b.

- He tryc-dia, kg hidu 1a (- ¢ - - ), hinh 15.10c.
- Hg dia-trye, k¢ higu l1a (- J - ¢ - ), hinh 15.10d. -
- H trye - dia - tryc, ky hidula (-¢ - J - ¢ ~), hinh 15.10e. . -
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- H§ dia - tryuc- dia, ky hidu1a {~ J ~c - J.- ), hinh 15.10f.

J
v R J g
B . VIR A R v R

g mm——

a) S S d)

. - Jx  |der
e) I
N ‘ Hln'h.151..ﬁ'
_ D61 vGi tat ci chc he con trén day, mat cét V. (ben trm] duge goi 1a ddu vao va méat
cdt R (bén phai) duge goi la ddu ra.

2. Gia thit hg ddx chiu tac dl,mg cia mdt ngoai Iyc diéu hoa dit trén mHt dia k cha
hé. Khi d6 dao dong cudng bde va tai trong dong tai cac diém khac nhau trén luge as

cing 14 cac ham diéu hod cing pha véi ngoai luc (vi ta da gia thiét lé khéng c6 gidm
chén) : .

Goi bién 4 dao dong cuang blIc v bién d§ ti trorg ddng & ddu vao cua m51 hé con
la Av, Bv va & ddu ra clia né 1a Ay, By thi cac vectd (ma trian cft) sau day:

A JAg
© - [Bv] |Br

14n luqt duge goi 1a vecto _dac trung ddu vao va vectd dic trung ddu ra cda h@ con duge

a) Né’u trén hé con khéng da$ ngoai lyc (didu nhy IA méc d}nh dcn v&i hé con mét
truc) thi ta ¢6 quan hé sau:

e o

véi K 12 m{t ma trdn vudng c§p 2, ¢b tac phﬁn t3.phu thuéc thﬁng 88 dﬁng h;tc hoc ciia hé
con duge xét va duge gm 14 ma tran chuyén ca hé con nay.

b) Né&u trong hé con ¢6 dia trén dé ¢6 d4t ngodi lye, ¢6 bién 46 B, thi:

Bl

Véi K 12 ma tran chuyén cia hé con duge xét, va Y 14 vectd (ma tran ¢ht) c6 hai phan -
tit phy thude vio thdng 88 cia hé con duge xét. Y goi 1 vectd tac dgng cha ngoai lye.

+qu D - (15.29)
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8. Trong viéc xde dinh dac dgng cudng bitc va tai trong dong bing ohuong phip ma
tran s& dudc trinh bay sau ddy, ta sé& ding tdi cac hé con mdt dia va dia truc. Vi viy cdn
X4c dmh ma trin chuyén K va vecto tic ddng Y eda ngoai lye dng véi cac hé con nay.

1)Hayxetmoth¢d'a( - )

a) Trude hét gia thit trén dia khéng 6 ngoai lye (hinh 15 11a) Dlﬁu klén cﬁn bing
lugc ctia hé con nay la:

by FMy Mg =0 Lo (15.30)
vdi ' | . ' '
* Mgy Ia momen tif phdn trude cia hé con tac déhg lén né, & 'déy:‘ '
M,y =M,, .
tic 1a momen xoén trén doan tryc ¢, .

* Mig la momen tit h¢ con téc d9ng 1én phin phia sau né, & ddy 12 bling momen xofn -
trén doan tryc ¢,.

Ngoai ra ta co:
Py = Py = Py (15.31)
vi hai m#t cat. v, R lﬁn luqt nim sat hai bén dia J,.

Vi da gia thiét dao dOng cuang bite va tal trong dong déu la cac h&m diéu hoa nén ta
¢6 thé viét : : :

0o, =A, sin(Qt-i-'r)_ _ :
My = Byy sin(2t + v) - : _ _ _(15.32)
My =Big sin(Qt + y) :
Thay vao (15.30), duge:
 QUA +By-By= 0
Ngoél ra tir (15.31):
A= Ay = Ay
- Do dé:
' A = Ay o
Biv = Ay (- Q4,) + _BkR
hay dudi dang ma'tran:

A-kV - 1 AkR
hay
‘ Ayy IAkR
=K, :
Bivl By
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Vay: _— . R
K= ﬂ %3, (11 R - assy
la ma trin chuyén ctia hé con mét dia. | ‘
' b) Bay gid néu trén dia i dat momen ngo.l,n luc (hinh 15 llb). _ . _
=B, sin (Qt +7) } ) . (15.34)
Phuong trinh cin bing lye cia hé con mét dia béy gila:
‘Jk"ﬁk"'Mkv_'_Mt_Rf M,=0 S
Thay (15.32) va (15.34) vao phuong trinh nay, sé duge .
Qg A, + By - Be+®B, =0 :
hay :. " 3 e
By =- 0%, + Bys -
Ngoai ra:
B - |
Hai phudng trinh trén dﬁy ) thé v1é’t dud; dang ma tran nhu sau:

SRS U ;-'i’:r' lkil .
Bw QRJk

v

Ary =KJ|A““I+'YJ@,‘"' ' . ub3B)
YJ=!°1ﬂ T asae
_ .
,,,,, N ST .._--'.':[.-'..-....-
VIR VIR
EN TR &
Hinh 15.11 -

2)degwhayxethétrucd'ia( c- J)

a) Trude hé't xét hé mdt tryc hinh 15.12a, véi mat cit V pét bén phﬁi dia JIl bén trai .
va mit cdt R sat bén trai dia J,., bén phai clia doan tryc nay.
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: Phuqng trinh cin bdng lyc cia hé éon nay la:
My =My,
(15.37)
Ngo&_i ra: . _
Mg = c(Puy - Pip) - (15.38)
véi: _
* My, M,z déu 12 momen xoén trén doan truc c,.
* @iy 12 tog 46 caa dia J, va ¢, 13 toa 46 cla dia J,.,.
Thay (15.32) vao (15.37) va (15.38) duge:
Bx_v =B
w = Ay - Ag)
hay:

hay:

hay:

e A [ R  (15.39)

Y R
Jk. ) Jhl
_ 2

Hinh 18, 12

b) Béiy gid tit cac cong thic cha hé mét dia va hé mét truc ta hiy suy ra cac cong
thuc cua hé tryc dia.
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Truée hét xét trui}ng'th trén dia khéng dat ngoai lye (hinh 15.12b).'V6i cac k¥ hién
trén hinh vé, ta co- :

AVI =Kc ARl =K AVJ K KJ A
By, Bg, “|Bys Bm
hay:
. 2 .
Avf Lxu 1 on Ao 1_9_:11‘_“- LXAM”
= c ¢ ¢
By, 0 1k ‘QzJ.ku 1 BR) —QzJL; {‘ By
Do d6, ma trgn chuyén K, cta hé con truc dia (-c-J-) béng.:
Q* 1 .
1-—J o
K., =\ ¢ "”] Cx (15.40)
“Q?'Jlnl 1
Néu trén dia J,,, c¢6 d4t momen ngoai lue (hinh 15.12¢) ta ¢6 (xem 15.35):
| “AVI»:K° oo =K, Avz =K, KJ N+ Y By
By, Br, By, BR_?
Apa
= K KJ“B +K YJ‘BRH
R2
hay - o
A A " :
.v_lug Kc.]“ L . (15.41)
Bvw, Brs , ‘ .
vii: . N
o
1 — [©
Yo=| o x“—‘“
0 1 :
hay: .
1 | | '_
Ya={ ¢, . (15.42)
-1 : .
Véc to Y, 1a véc to tac dong cia ngoéi hIc trén dia ctia hé con tryc dia (-c-J-).
Biy gio néu k¥ hidu dau vao cha truc dia la Vi dﬁu ra ctia né 1a R (hinh 15, 13) thi
¢dng thite (15.41a) sé& dude viét lai nhu sau: M, '
H‘;V _ K;J“‘;R +YyBy,,  (15.43)
. v ® o v e, R
" véi K_, cho bing (15.40) S
va Y., cho biing (15.42) ; " Hinh15.13
k+1
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15.3.3. Dao ddng cudng bitc va tai trong ddng trén h@ ddx

~ Dé xac dinh dao ddng cudng _bfxé cua mét dia bat ky va tai trong dong trén mot doan
truc bt k¥ trén luge 48 cha hé ddx, trude hét ta hiy xac dinh cac dic trung 6 diu vao va
dAu ra caa toan bd hé ddx duge xét, titc 1a xac dinh cac dai Iugng: Ay, Bo va A, B, vii 0
12 mit cAt cha doan truc ¢, nim trude dia J, va sat bén trai dia 4, va N 12 mat cét trén
doan tryc ¢, ndm sau dia J, va sat bén phai dia nay.

Cac doan truc ¢,, ¢, ta c6 thé them vao luge 46 ma khéng anh hudng gi téi bai tinh
(hinh 15.14).

Sau khi biét A,, By, A,, B, ta sé dya vao céc gia tri nay ma tinh bién do dao ddng
cudng bic va bién 44 tai trong déng trén toan hé.

1) Hay chia hé ddx ban ddu thanh tap hgp cac hé con gbm hé dia (-J,-) va (n-1) hé
true &ia (-¢; - J;-) (i = 2, ..., n) (hinh 15.14). Chu ¥ la momen ngoai Iyc duge dit trén dia
d, bat ky.

I d, 3, | My

.,.Z

(-d)  (ed)  (edo) e (ed)
~ Hink 15.14

Bay gid xét hé c6 ddu vao 12 mit cét O, véi cic phin td cha vectd dac trung 12 Ay, B,

va voi ddu ra 12 mit cét K sit sau dia J, v6i cac phin ti cla vectd dic trung 13 Ay, By
Ta ¢6 (xem hinh 15.14). _ T R o "

Ag Ay A, .. K A k-l.

"Bo\l:.K"l' B].\lzKJl {KclJZ B, -_=.KJ1 -K.eldz-. we K“k»—'ﬂk—‘l B, C
Ay

A, k-2 L '
B, =KJ;HKC1J1+1 By, ) : (15.44)

lel

o
Y

hay:

. Vi trén dia J, trong hé n':o'n(-rck_l-- :Ik -) ch dat ngoai‘lﬁé do d6 ta cé (xem cbng thiic
(15.43)): o .
' : "“Ai—i Ay

Bk—l = ch‘—l‘]k “Bk k-—l‘]k @k . : (1 5.45)

+Y,
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vai:

[1_02 Jk ) 1 B 1.
Koy it = Cu-1/ Cxafs Yc,_l.}k =1 ex
-Q%, 1 -1
Ta lai c6:
A

=

k+l
=K
B, exdg.y Bi.,

. ’ An
= chJk.l (Kchldhg {-"{Kc;,,,,;‘l;1 Bn W}}u} - {15.46) .

Thay (15.46) vao (15.45) rdi sau d6 (15.44), cudi cung dudge:

AG n-1 An k-2 o
BD =KJI {EKGIJIH Bnn+ HKchm*chk-le@k} . (15.47)
Vi hai ddu chia hé ddx duge x6t 13 hai ddu tu do nén;
' B,=B, =0

Thay vao (15.47) ta duge:

A n-l AL
00 =KJ1{I1—!K°|J|+I 0

k-2
+ H K'-'m']:nﬂ Yck—le @k } (1548)
Cmel

trong d6, cAn nhiec lai ring:

Gol o (i = 1,2; j= 1,2) 12 céc phin t cha tich ma trdn KJ‘ri'l_K',,lJH va By 12 cae
A .

' . k-2
phén ti cda tich ma tran K, 1_[

m=1

- | 1 | |
NAou _ n:.u G12y " “AHN i B ﬁlzﬂ < 1P ' {15.49)
0 91 Gz O] [Bar P 1 o
Phuong trinh ma trn nay tudng dudng véi hai phuong trinh dai s8 sau:

A,=a A, _(_E!._l_-+p12)gk (';‘-)
k-t

K 0=1,2§=1,2) thi (16.48) c6 thd viét lai nhu
gau: - B

. - {15.50)
O=ay4, - (""— + 522]@1: (b).
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Tit (15.50b) ta suy ra gia tri cha A,

B2y J
= —| =3
A, o [ck , Bog |By .
’I‘hay gia tri nay cha A, vao (15.50a) sé suy ra duge gia tri cita A,

' 2) Sau khi da xéac dinh dugc gia tri cia Ay va A, ta -cé thé suy ra gia tri cha bién dad
dao ddng cudng bite clia mdt dia bat ky va tai trong ddng trén doan truc bat ky caa luge
dd tinh cia hé ddx duge xét.

Dé cho viée tinh toan dugc don gian, d6i véi cac dia va doan truc nim trude {bén
trai) dia J, trén dé dit ngoai lyc, ta xuit phat tu mat cit O, tite 1a gia tri Aq (vita tinh
duge) va By =0 dé xac dinh bién d6 dao dong cudng bic va tai trong déng. Con déi vdi
phén cua luge d8 ndm sau dia Jy. ta xudt phat tir ti€t dién N, tdc 13 t¥ cac gia tri A, va

- B, = 0. Vi du ¢ xdc dinh bién d¢ dao déng cudng bdc A, va tai trong dong trén doan truc
c (]<k) ta ¢6 (hinh 15.15):

A, A
“ 0 &= K"l HKCJM “B;é . ' (15.51)

Déi véi dia J, va doan tryc ¢, (g>k), ta c6 (hinh 15.16)

H ﬂ l'lK.,,.;,ﬂﬂAﬂ R | . (552)

Mé&i phudng t.!‘inh ma trin (15 51), (15.52) cho ta hal phuang trinh dai s&. M51 hé
hai phudng trmh dai 68 nay cho phép ta xie dinh A, B hosc A‘I B,

. Jl Jk N Jq' . J,,.
0O -y :1 N 4 'J T :q $ ‘. - :—.N
Hinh is 15

' 3) Trén day ta da gia thlé’t hai diw ngoai cﬁng cla luqc d8 tinh 1A cac dfu ty do. Néu
mot trong hai dfu nay 12 déu ngam; thi 88 c6 sy thay d6i trong‘ phuang trinh (15.47).

a) Vi dy néu dia J, 1a ddu ngam thi thay vi phudng trinh (15. 47) ta c6 phddng trinh
sau (hinh 15.16):

+ n K ima Yopad % - (15.53)

m=]

n-1 A
H J,_ HKCJJM

v6iA =0,B,=0,vaB, =0 cﬁn duoc xac dinh.
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e ,“

b) Néu dia J, 12 ddu ngam thi ta ¢é phuong trinh sau (hinh 15.17)
- In=2 )
- K-Ji {D KCIJM {Kcn 1 } * H cmin+l ﬂk 1k @k} (15.54)

'Véi N 1a mat cit sat bén trai dia Jn- K., _,1a ma tran cia hé con mdt truc cé db citng
e,.. v ngoai ra ta con cé: B, =0; A, =0; B,,—BM:O

n

4) Né&u mot dia J, ndo dd (s<p<n) trén luge d6 bi ngam thi trong céc céng thic tinh
ta chi viée cho A, =0,

A R
I T T T

Hinh 15.17

15.4. Giam chin cho hé ddx

'Céac hé ddx khi chiu kich d6ng ctia ngoai Iitc bi&n thién, nhiéu khi ¢é cac'bién dé dao
déng cudng bitc kha 1dn, cic bién d6 dao déng nay dic biét 16n khi hé & trang thai cong
hudng hay qua eéng hudng.

Dé giam céc bién 46 dao dong trong miol trudng hgp, ngudi ta dung cac bd giam
chan. Trong chuong nay, ta nghién ciu nguyén 1 lam viée cda céc bd phén giam chin
ding trong cic hé ddx va nguyén tac thiét k& chiing. Cac bd giam chén ding trong hé
ddx gém nhiéu loai, lam vige dua trén nguyén tic khac hin nhau:

1) Cac bg giam chidn déng luc hoc (con goi 1a céc b tht chan ddng lvc hoc), mdi bd
gidm chan loai nay khi 1ip 1&n mot dia trong hé ddx sé lam thay d8i momen quan tinh
cia dia nay, nhd d6 1am di chuyén diy tdn s& riéng ra xa viing cong hudng.

M3i bo giam chan dong lyc hoc khi 14p 1&n trén mét dia nao ¢iia hé phai c6 tac dung
thay déi momen quan tinh cia né. Khéng thé gidi quyét viéc ndy bing cach gin thém
cac khéi lugng phu 1&n dia dude xét, vi lam nhu vay momen quan tinh khéng thay-déi
dugce 1a bao, do d6 Anh hudng khong dang ké dén gia tri cla diy tdn sb riéng.
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'Y&u clu co ban d8i véi cic bd gidm chén ddng Iue hoe 12 véi k&t cau gon nhe, tao duge
cho dia mang né mét momen quan tinh thay th& ¢6 gia tri c6 thé khac r&t nhiéu so véi
momen quéan tinh caa dia nay khi chua c6 b gidm ch&n, Véi cac by giam chén déng lyc
hoc, thyc ra ¢6 thé tao duge cac momen quin tinh thay thé 16n vé cing. Cé hai kidu
giam ch&n dong Iyc hoc: giadm chén tuyé'n tinh va giam chdn con liec.

2) Cac bd giam chdn ma sét (con goi 13 céc bd tidu chén) c6 tic dung lam tidu hao
ning lugng gy dao déng nhd d6 giam bét bién dé dao déng cudng biic.

8) Cac b gidm chan phdi hgp cia hai kidu trén.

Ngoai ra hién nay ngudi ta con ding cac bd gidm chén phi tuyén igi dung cac dic
tinh cha khau dan héi phi tuyén & gidm bién d6 dao déng xoén.

15.4.1. Bd giam chén tuyén tinh

Xét mot hé ddx tuyén tinh cb luge dé didy, chiu tic dong cha cadc momen ngoai lyc
A, 1a cac ham diéu hoa va dang J trang thai cong hudng. Dé dap tét hién tugng céng
hudng nay, ta c6 thé dung mét b gidm chén tuyén tinh gdm mét dia phu c6 momen
.quan-tinh J, ndi v6i mot dia J, (ma ta chon theo mét nguyén tic sé duge phan tich sau)
bing mst khau dan héi c6 45 cing c,. Sau khi 1dp b gidm chén tuyén tinh lén dia J,,
. luge 46 ddy ban ddu s& trd thanh mét luge d6 cé6 nhanh, chd phan nhanh chinh 1a dia J,
(hinh 15.18) 88 béc ty do cia luge dé cling ting 1én mét don vi va bang (n+1). Ta s&
chitng minh rdng hé (n+1) bac ty do nay tuong duong véi luge dd n bic tu do gidng luge
d6 ban d4u, chi khac 1 dia J, by gi¥ c6 moét momen quan tinh thay th& I, = J, va ¢6 thé
dat gi4 tri tdy ¥ theo ¢cac thong s6 clia bd giam chén J,, ¢, va tdn 88 lyc cudng biic.

i

N A N PN P

Hinh15.48 . -
1. Momen qudn tinh thay thé cia dia cé lép bj gidm eh&'n tuyé'n tinh
a) Héay viét phuang trinh chuyén déng cta lige 46 hinh 185. 18

3%y + ¢y (g~ 92) . = -‘I ]
195 —¢\(9) — ) +C2(; —93) -=.-‘z
| (15-55)
Jrq-’r =l - ¢r) +e (g — )+ Ca (0, —9,) ='1-‘“r(8} 3
Jaiﬁa - €,{0, _‘-Pa) = {b)
Jn‘lﬁn - ch!('Pn—! _‘Pn) = ¢¢u

F,

Trong hé phuong trinh trén o, la toa d$ cua dia phu J,.
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b} Gid th:.é‘t hé cong huimg & cdp j vdi tdn 86 thit s:
jo=p,
Ta 6 thé 1ay:
My, = M, = B, ginjot
Nghiém ctia hé phudng trinh (15.55) khi d6 c6 dang:
9, = AysinGot +v) '

- (k=1,2, ..., n) | | (15.56)
¢, = A,sin(ot + 1) '
va ta cé: . .
b, =-i’w’e N | -
L ‘} | (156.57)
b, =-i"0",) - :
hay: _ .
Lo _%a (15.58)
¢ Py

Hay xét rleng hai phl!dng trinh 15. 55a b. Cing hai phudng trinh nay lai v61 nhau -
ta dugc: : :

Jrér fJaél"a _'c,_l_ (q’r—l -_q’r)""cr(q’r -.¢r+l)=‘r
Thay (15.58) vao ph:\'_lo_hg trinh nay_dudc:
(d, ¥d, 'E?_)E":_cr-_l(q’i--;l —q’r)+cr(¢r _tp”l):"“l' - (15.59)
P, .

Ciing trong phudng 't"rihh Q 5.551)) thay ¢, béng (156.57) ta sé duge:
-J ‘sza‘Pa _ a(‘pr $,)=0
M

hay : :
(Cn _jgngn )q’n =CuPy =0
Do d6: ' B
Pa _ Ca
Py Cyp-) sz
Dgt:
g _C4 ' : ;
= A _ . 16.60
ot == . { )

o goi 12 hé s& chinh cha b gidm chén ddng lyc hoc, ta cé:

2
©Oa _ o )
;;:-_ —._.-a2 T’ (15.61)

Thay (15.61) vao (15.59) duge:
- a? . \ L
[Jr +d, ag__j'g_:';?}q)r - c;_l(q’r-l -‘Pr)+cr(¢r - q’r-l-l)’_"nr
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Né&u dat
. L .2 o |
. Ir= (Jr-+ J’l —",,—-—2-—-—2—] ’ (1562)
o” —-J'm _ .
thi phuong trinh (15.59) s& trd thanh: _
Lor—c, (@1 -0:)+c (0, ~0r0)=, (15.63)

Phuong trinh (15.63) khéng chita ¢,,$, va tudng duoﬁg véi hé hai phudng trinh
(15.65a va b); thay (15.63) cho (15.55,b) trong (15.55), _cuﬁ'i cung sé Jugc mdr hé n
phuong trinh sau day:

J1py +¢y(py - ?,) =,
15.64
I!‘pr - cr-l(q’r—l - "pr)+ cr(¢r _(prﬂ) = ‘Wr ( . )
Jn(bu - Cn-l(‘pn—l - (P“} = ‘ﬂn

Nhu vay phuong trinh chuyén déng cia hé c6 l&p bd giam chén tuyén tinh trén dia
J, ciing ¢6 dang nhu phuong trinh chuyén déng ctia hé khi chua 13p bé gidm chan, chi
khac mét diéu 12 momen quan tinh cia dia thit r bay git duge thay bidng momen quan
tinh thay thé I,, c6 gia tri xac dinh bing cdng thdc (15.62), theo cong thic nay I, phu
thuge tdn s8 kich déng va hé s§ chinh. : '

2. Thiét ké bj gidn chdn dong luc hoc tuyén tinh

a) Chon dia lép bé gidm chén tuyén tinh: _

Bb gidm chén déng Tye hqc lip 1én dia né_b s cé tac dung lam cho dia dé c6 mot
momen quan tinh thay t_hé"cé thg l6n tdy ¥ theo gia trj hé s6 chinh: that vay Lhi hé s§ _
chinh bing: _ o * S S

thi theo (15.62), momen quan tinh I, 86 bing vé cng. . =~ , | -

- Vige thay d6i momen quan tinh i da.r (thay J, bling LY nhdm fam dich chuyén
diy tdn s6 riéng cia hé ddx dudcxétNhUng diy tdn 88 g’iﬁng ©6 dich chuyén di hay
khong va dich chuyén di nhiéd hay (s, didu ndy oon phy thude ek vi iri dia 14p bo giam
chn va dang dao dong chinh_ﬂﬂg-v&i ché’%lfaéﬁn% huﬁngd&qcxét’!‘hﬁt vay, néu trong
dang dao déng chinh p, = jo duge xét, dia J A ‘(hﬁm.mitﬂ'ﬂdl'l 46 thay d8i momen
quén tinh ctia né di bao nhidu, tinh '-l'iirﬂ'_l: cing khéng c6 gi khac so véi trude, (ngay ci
khi ta 14y o = jo, tic 1a L, = oo).-‘Vay'q:iig_.&g g;ncﬂune ?.ﬁg'ﬁﬁ_,".kiém ql___ih‘n’ 16n nh&t, ta phai

lip né lén dia 8 xa d_iém-_.nﬁt (trong '&g"‘n‘g 'dao déng: chinh_' p. = jio)_ nhit, Viéc xéc dinh
diém nit trong mot dang dao déng chinh ¢& cho 43’ duge trinh Bay &'tfﬁpi-' T '
b) Chon hé'sgehink: =~ 1 v o T
Gia sit hé ddx (khlchua 14p b6 gidm chén. d_{mg Iyec hQ@:) dang'c@ﬁg.:_htrc?ing d cap.j voi
tin sd P Goi _[m'm'il',‘-,;bm,x'] la mién thay déi cha o do. dd khﬁng."d_é‘u»cﬁa_ chuyén dong,
mién cdng hudng khi 46 12 mét dai E giéi han gitta hai gia tri jo,..,jou.; Theo gid thigt,
p, € E. D& xac dinh hé s8 chinh ta ding 48 thi cho quan h¢ p,(I.), phuong phap xiy dung

d6 thi nay da dude trinh bdy & trén. Ta phan biét_céc truong hgp sau:
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1 (ps 1) CJO e <O <(ps+1) (hinh 15.19a), (p;_ ) (psH) lin lugt 13 cac gia tri

cua P.,-l’Pm kh1 cho I, = «o. D& dap tit ché do cong hudng p, = jo, ta thdy cin 14y hé s&
chinh a sao cho:

Lin <l <o
L.in 12 gid tricua I, dng véi p, = jo,,, .
20, (pl_l } < j® oy (hinh 15.19b)7. D& dap tét ch€ & ¢gng hudng p, = jo, ta phii 18y
hé s6 chinh sao cho:

Irmin < Ir < Irm:n(
Viée chon I, <1, nhim tranh dua tdn s& p,,, vao trong dai E.
47,
a)
J, mip
Jr

b , 2 . -

> 3 54 Ds
iJ

YN \ \

: (p; 1) 4: j(‘ilinx
2 Jmmm . 5: (p;+1)r

\ ‘31-"3.

0 1 2 3 5 4 : T 7Y
i-linh1's.'19'

¢) Bién dang xodn cia bg gidm chén

Khi thiét k& bd gidm ch&n tuy&n tinh, ngoai viée chon hqp ly dia lép bd giam chén
va hé s& chinh, con ¢dn dam bao dé bén cho khau dan h01 ¢, cGa bd gidm chén, cu thé la
phai dam bao bién d4 bign dang xodn ctia khau. dan héi nay khéng 16n quid médt gidi han

nhat dinh. Ta s& kiém tra bién dé bién dang xo4n cta khau dan héi ¢, trong hal trudng
hgp: @ = a* = jo; o # Jo.

(*) Trutdng hgp (p ;_1 ) > J0 py Clng titgng ty nint trudng hop nay.
v
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I" Tr!tdng‘ h;rp @ #jor

~ Trong trudng hgp nay, vil < nén dia I, khéng trd thanh méot dlem nit va do dé cb

mét hién 46 dao dong nhit dinh. Gei Ay, A, 18n lugt 1a cac bién d6 dao dong cta dia J,

va cia dia J, thudc bo giam chén tuy&n tinh thi bién ¢ bi&n dang xodn cua khau t*h.n
hﬁl c,cia bg giam ch&h bing:

AA = A,,- -

H

o3

Tj
2
o

Thay (15.56) vao (15.61) ta duge: . —3 —
. . Ay o’ -je

Tit 46 suy ra:
Ag-Ay e
Arj az -]'20)2
ha-y; .
2 2
‘e
Ag-A,=A o _ia?
hay:

R T
VYN L
o -j*n” _

Dé tinh AA, cﬁn tinh A bién do dao dong cuang bitc cia dia thit r (¢6 momen quén L
tinh I, #J,). C6 thé tinh A theo phuong phép ma tran da trinh hﬂy a trén. '

- 2°, Trwdnghq?pa=tx‘=,}w

Lic nay. I, = w va dia J, trd thanh mbt dlém nit. Bién.d¢ blén dgng xoén ciia khﬂu‘ :
_dan héic, cﬁng bing hlén rlo dao dﬁng xoin cila. dia J,. i d“ ia J 1a mqt dzém nﬁt nén

3‘9,""0

Thay v&o (15 55::~), tts€ Guqe : -
Dat P
- ;M = mn#fhiﬁﬂﬁr_&. R
o= Asinjat

vi thay vao trén, suy ra duqc

'B +C AHLJ + cr—lAr-l...i-

¢

d) Ddy tén s6'riéng sau khi ldp bo gidm éhd’n dong lte hoe tuyén tinh
Theo cdng thite (15.62), I, phy thude jo va a. Xhi cho jo v& a chc gia tri tuong ling
nhat dinh thi I, bing hing va dudng thing c6 tung d5 I, clt cie whanh dudng cong pyI,)

¢ =12, .., n-1) § (n-1) diém c6 -hoanh d¢ la p (= 1,2,..., n-1). Tuy nhién trong ca day
py nay ch1 c6 gia tri p_la dang quan tim, That vay, Gng vd‘i moit gia tri pr:tp,, hién
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tudng cong hudng sé xay ra véi mt gla tri jo khac tdc 1a hosic véi j'#j, hoat: Vol @ = o
thod man: ' '

pt, = j‘m
P, =jo
Nhung véi gid tri méi ctta jo nay, I, cling s& khac trude va ing vdi gia tri 1, méi nay
sé c6 mot ddy giao diém Kkhac va khi d6 p,’ khéng con 1a tdn s8 riéng cia hé nia.-
Dé xac dinh diy tdn s8 riéng cla hé dng vdi céc cé'p. cdng hudng hoac cac tin sé kich
ddéng khac nhau, ta cho jo bi&n thién va vé dutng cong I (ju).Dudng cong nay cit cac

nhanh dudng cong p,(1) ({ = 1,2, ..., n-1) d cac diém ma cac hoanh d6 14 c¢ac gia tri tin sd
riéng ¢dn tim p,” (n giao diém) ' '

_ T [

Cac van téc tdi han cdn tranh nhu vay bing:
P,

Wy ==
7T

)

{1}

=2

" ja

jr

o 1 2 3. 45 . s 76 e 11 p
-1, 4,8 11. (p)369 P ;287:-10: pl—JcoJl
5: fm;s-ﬁ ps=jas 7 1jok i, p: - o)
Hlnh15.20 L

Trén hinh (15.20) 14 cac dudng cong L{p,) va dl.tdng cong I,(J(s)) khi 14y he s& chinh béng

o= a _]m]n Pa
va cac gia tri tAn s8 ridng dng véi cac ché d6 edng hudng khac nhau.

16.4.2. Bo giam chén con lic '

Bb gidm chan con lic 14 mdt con ldc dﬂq'c'trei:i”:lér'i‘ "mtﬁt"d’ié cla hé ddx theo mot quy
cach nh4t dinh. Trén hinh 15.21 1a mét s& s¢ dd-nguyén tdc clia cac bd giam chéin con 1ic
tiy theo cach treo con ldc: bd gidm chén conlic ‘trbng’ﬁ{hinh-’l’é.?l-a), bd giam chén con
lic ngoai (hinh 15.21b), va bd gidm chan con le. hai-diém treo (hinh 15.21¢c). Bo giam
chdn con lic hai diém treo ma sau day ‘ta goi tit 1% bd gidm chéin con 14c la loai duge
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ding nhleu nhat. Dudi day ta sé nghlen citu nguyén 1y lam vide va cach thlet ké loal bd
giam chéin nay.

1--Momen qudn.tinh thay thé ciia dia c6 treo bé gidm chén con ldc

a) Xét. mét hé& ddx tuyén tinh cé luge d6 ddy (hinh 15.22), & d”aIcua luge @8 nay ch
treo mdt bd giam chén con lc c6 nhiém vy dap tit ché d6 cong hudng cap j véi tin s6
riéng p,. Dé x4c dinh momen quan tinh thay thé I cia dia thit r, ta hay viét hé phuong
trinh chuyén déng cta hé ddx dudc xét. :

Phuong trinh chuyén
déng cua cac dia J, (k=1,2,

. R k¢r3 khong ¢d gi khae
trude khi ldp bé giam chén
1én dia dJ,. Do d6 chi cdn xét
cach viét cac phudng trinh
chuyén déng ctia dia J_va
con lac. Ta sé dung phuong .
trinh Lagranggio II. a
" Trudc h&t hay xét cac théng s co
ban cia by gidm chan con 1§c. Trén hinh _
1‘5.23 12 so d8 dia J, trén d6 c6 treo con . Hinh 15.24

1éc. Trén dia I, c6 khoét hai 16 ¢6 bén i | J, | l | I
kinh R, ¢6 cac tdm O,, O, c4ch nhau .
mot khodng h, va c6 didm gitta la A, | | l ' T_[i : ! ' l l
trén con lic ciing khoét hai 16 ¢é tam 03. o . S me e

0y, ¢6 ban kinh R, ¢6 tam 0,, O’ S . Hinh15.22

~cach nhau mét khoang h va ¢6 diém gu‘ia Ia C Duhg hax ch6t. cé ban kinh r X6 qua ha1 cap

16 ctia dia va con ldc dé treo con 14c lén'dia. * =7

Got khoang cach tit tdm O cda dia. dén d}ém Al ll. vh khoang cach i dlém Cté
tdm S cla dia la /,. Khodng cach AC goi 13 23 T hinh vé ta 6!

AC=9 = 2{R-—r)
- Bay gio hay viét biéu thl’tc dtpng Déng cua he -
dia J, va con ldc. Goi Oxy la he toa d cd dinh, @;
12 toa d¢ gbc cha dia J,, trén hinh v& ta eé:
' L =AOy.. . . 3
Do cach treo nhu trén hinh vé ta céd CSHOA vi
vay ¢, citng 14 toa d6 géc ca con it '

Goi ¢, 1a géc lam gida phuong AC va tryc Oy,
géc ¢, cho phép ta xac dinh vi tri cta didm C.

Néu xét mot hé toa d6 quay vdi van t6c bing
van téc trung binh o cla truc trén luge d6 va 0, va

8, 1an lugt 1a toa do géc cha dia J, vecto Kb trong
hé toa db nay, ta cé

Hinkh15.23
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tp =@, +9,; 9, =@ +90,

(15.66)

goi J, 14 momen quén ¢ tinh ctia con léc dfi vdi trong tAm S, m, 1a khéi lugng cua nb,
T,, T,, T, 14n lugt 1a d6ng ning cua con lﬁc, cha dia J, v cua h¢ dia J, va con ldc ta cé:

vai L vi=X, Y,
Ta cé:

Do a6:
X, = OAsmcp, + ACsing, + CSsuup,
.= OAcosg, + ACcosg, + CScosq:,
hay: .
%, = (@ + L)sing, + 2sing,
y, = (I, + l)cosg, + 2cosq,
Do d6: . o
:i, = (1; +13)cos ;@ +21c080,.0,

. =—(1y +1)sing, .o, - 218in 9,9,

Thay cac bidu thic ndy cha %, va y, vao (15.87), duge:

v =(l, +1,)2 6% + 41397 +4(Y +lz)q:,¢,lcos(tp, -0.)
Thay (15.68) vao (15.66) , ta dm;ic

{J +J +ma(ll +12) ]‘Pr +4m 12¢a +4ma(11 +12)1‘Pn¢r COB(‘P., q’a)

. Thay (15.69) vio phudng trinh Lagringgio II: '

d a'r]
dt.(aq Ba; QU
vai: .

=0 g2 = (P. S .
Q= M, - (0, - ‘Prﬂ) + Cr-l(‘PM 0.); Qﬂ 0
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ta s..é ddqo hé phuong trini) chuyén dong sau cla hé dia J, va con lde:
| {Jr 3, rmy (L + 1) o + 2m (1l +1,)6, +2m 1L + 1), +
12m, (L + 1) 6% (9, - 9,) = Q ' - (15.70)
4m, 1%, +2m,)(1; +15)p, - 2m, K1, +1,)0 (e, —9,)=0 |
Tix (15.65), tacé: ¢, =0 +8.; @, = w+8,: | | } 15.71)
9o =84, 6, =6,,0.-¢,=0,-6,
Thay (15.71) vao hé phuong trinh (15.70) dudge :
{J, +dg +mg (1 + '12)2}9‘,r +2m 1 (1 +1,)8, + 2m (1, +1,)e? (6, ~6,) =
18y —8,) 4 ¢, (8, —8,.,) = A,
4m 1%, + 2mni(11 +1,)8, - 2malm2(ér -9,)=0 (15.72)
Phudng_trinh chu‘yér_l ddng cla toa_n b6 hé ddx nhu viy la:
Jlﬁ.1 +0y (8 ~0y) - | =

LI

I, # 3,4 my(y +1,2)8, + 2m 00, + 1,08, +

12m 1 + 15020, .~ 8,) — ¢, Bpey —8,) + 0,0, — 6,,)) = M, (@)}  (15.73)
4m 1%, + 2m 1}y + 158, - 2m,I(l; +1;)0%®, —6,) - =0 (b
T0 ~a®pa =0 . =,

b) Bay gid hiy xéc dinh momen quén tinh thay_ thé& clia dia J, khi 43 treo con lc. Vi

'da gid thigt hé ddx céng hudng & cdp j véi tn a8 p, nén c6 thé 1&y:
- My = My, = Busin(iot +7)
Nghiém ctia (15.73) ¢6 dang:
6,; = Ay;sin(jot + )

k=12,...,nvak=ga) ' (15.74)

Do éd6:
8, = -j%0%, }

éa = _j zm.ﬂ el

(15.75) -
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6, =8, %s_ | : (15.76)

Xét ridng cap phuong trinh (15.73a,b); thay (16.75), (15.76) vio cac phuong trinh
nay, suy ra: '

ér{Js e 3p +mylty +15)% + 2mgl{ly +1p )22 ~2ma1{l; + ’2)%(1 _9_3)}_
) Br : _ j ﬁr

cepi (8,1 -8, )+ (0, —0,,) =M, a5

ér{4ma12 %@- +2mg{ly + 1y )+ 2my 1} + 1‘2)-15[1 - %ﬂ-]} =0 (15.78)
. _ j r :

r
Xét phuong trinh (15.78): vi 0, luén khac khong nén ta phai cé:

Y ' : 0, )
4ma129—a+'2mal(ll +15 )+ 2mg 1)y +12)%[1-9—3J=o |
_ _ i r

T

Tit 46 suy ra:

0g (Qr)i-7)

R e

Thay bidu thic nay cua %1 vao (15.77) éau khi udc luge ta dudc:

r

- Iy +1
. ma(ly +1p +21)° 12 |
TS P g TR —ep o -0 )+cror -0py1)= 4, (15.79)
T
Dat:
ll + 12 2 _ .
TR o (15.80)

ma(ly +1o +21) =J5(b)
o goi 12 hé s& chinh ciia b giam chén con l4c, v
]1 +12
L=J+J,+J,—2
Il +12 _ 2
21
hay:
-2

L=d,

o (15.81)
e

Thi tit (15.79), ta sé co:
Irér —Cp (er—] _Br)"' cr(er _er+i)='ﬂr (15.82)

Phuong trinh trén suy ra tit ciip phuong trinh (15.73a,b) do d6 tudng duong véi cip

phuong trinh nay. Hé phuong trinh chuyén déng cha hé ddx c6 treo con l4c trén dia J,
nhu vy la:
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Jlél"'cl(el"eE) . =M,

Irér _,I(I:r—l(er-l _er)+cr(er _er-l-i).zﬂr . . | : (1583)

Jneu —Cn- l(ell 1 B ) =‘ﬂu
Dai lugng I, tinh theo edng thuc (15.81) 12 momen quan tinh thay thé caa d‘a 6 1ap
bd giam ch&n con ldc: khéae vdi trudng hdp bd giam chén tuyén tinh (c6 I, phu thudc jo) &
day momen quéan tinh thay thé& I, chi phu thude cdp cong hudng j.
2. Thiét ké bé giam chdn con ldec: '

Viéc chon dia lp bd gidm chin con léc ciing theo nhlmg nguyén téc da neu § trén ta
chi ¢dn cdn lam cac viée sau:

a) Chon hé sé chinh:

Gia thit hé ddx dang cdéng hudng & cép j véi tan s8 p,. Dé dap tit ché€ a ¢ong hudng
nay ta phai dich p, ra khéi mién cdng hudng cdp j gidi han gitta hai gia tri jepin, jow Dé
chon hé 8 chinh thod man diéu kién trén, ta s& dang 44 thi p (o) dude 1ap nhu sau:

1°. Déthip(a) ' '

Trudc hét vé dé thi I,(a), dudng cong nay cé mdt tidm can ding « = j (j cdp céng
- hudng la mét 88 nguyén). Bén canh &5 thi nay vé dé thi p,(I,). Tit hai dé thj nay loai I,
sé duge d6 thi p,(a), (xem hinh 15.24).

b)

14143,

\ L

0,
a'.!'_-

_ jmmin jmmnx Pa
Hinh 15.24 '

41



2° Chon hé sé chinh:

T 46 thj 15.24c, ta thiy mudn dap tét ch& 46 chng hudng cdp j voi tdn s p,, ta
phéi dfy p, t6i mot gi tri p," bé hon jep, hodc t6i mot gia tri p,® 161 hon jemas-

Trén 44 thi hinh 15.24c, ta th&y, mudn cho p, = p,“) < Jomin thi phai ldy a < a,, va
mudn cho p, = P.? > jomax thi phai lﬁy o> Oy

Nhu vy c6 thé 18y o sao cho: . o, < o <oy

Né&u 14y a = a* = j (gia tri téi han) thi p, s& duge ddy ra xa mién cing hudng nhét.
Nhung khi d6 dia J, sé thanh mgt diém nit, va chi ¢in o thay d6i chat ft 13 pha ctia dao
ddng con léc d6i chibu va sé gy ra va dap. Do 46 nén 14y o # o*.

b) Xdc dinh khéi lugng con ldc

Toan bd 1y thuyét vé by giam chén dong ll,tc hoc con lic dya trén gid thiét géc 6,
kha nhé (8, trong cdng thic (15.65)), titc 1a bign d6 dao ddng A,; cua né bé hon mjt gia
tri kha nhé nhit dinh nao dé. Muén vay, khéi lucing con lic phéi dude chon mét céch
hop ly.

Khi 14y hé s§ chinh bidng hé s& chinh tdi hgn dia J, sé€ trd thanh didm nut va bién

4% dao dfng A,; cla 0, sé Ién nhét, do d6 ta sé kiém tra bién d@ dao dong A,; trong ché
4o t6i han n&y Vi lde nay J, trd thanh diém nit nén: :

8,=0,=0
Thay céc gié tri nay cia.8, va 6, vdo (15.73a), a8 dugc:
2m,1(l; + 1) 8, ~ 2m1Q, +1)0%0, - ¢,.8,, — €8, (15.84)
hay:
2m, 10, + 18, 0%0) - €18, - ¢ = A,
Dat:
M, = Bisin(ot +v)
= A sin(jot +y)
= A, sinGat +v)

va thay vao (15.84), thi sau khi uéc luge s& duge:
2m,\(, + lz)mz(]-"'jz)qu =—(B,;+ Crifpyy t C)Aﬂ-l_i)
do dé:
' B +Cpy Ay + CrAn

2m I{1, +1,)02(1+ %)

A= {156.85)
Né&u cho trudc mot gia tri cdc dai cho phép cta A,;, c6 thé suy ra khdi lugng m, cin
thi&t cia con lde: tit (15.85) va tit diéu kién:

Au SAajmx -
ta cd;

B+ Ay +C Ay

A1, +15 0 {1+ 5)A e
trong cong thitc (15.86) cAc gid tri Bys Cuy G b L Lo, @, VA Ajyey ditgc cho trude, do 46 dé tinh
m,, cin tinh dudc A,,; vd A,,, ;. Khi tinh phai coi dia J, la diém ngam.

(15.86)

m,2
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- 3. Chu t}uch'

a) Trén dé.y ta da xét trudng th hé ddx ¢6 mét bd giam chén con lde. trong thyc t&
d€ dap tdt nhidu ché do cdong hudng khac nhau ngudi ta cb thé 1ip 1&én hé ddx nhiéu bd
gidm chén con ldc 18n mot dia hay nhiéu dia khac nhau, diéu nay phy thuge vao ché do
cdng hu0ng cdn dap tét va vi tri diém ndGt trong dang dao ddng chinh dng véi ché 4o
cbng hudng duge xét nay.

1°. N&u c6 nhidu bd gidm chén con lic cung duge lip 1én mét dia vi dy dia J, memen
quan tinh thay thé dia nay khi xét c&p ¢dng hudng jo la:

Lo=d+ $a, + 3k . (15.87)
k=1 k=1, it

2

O

trong d6: q - s6 bd giam chén con lic 1ip trén dia Ji; j, € {J} (k = 1,2, .. j #ip®.. i oy - hé

88 chinh cta bd giam chin con l4c thi k.

Dé xac dinh hé s& chinh a caa ting by gidm chan con l4c, ta lam nhu sau: Trong
tong 88.q bd giam chdn, ta cho {q-1) bd glam chén gia tri hé s chinh téi han va v& dusng
cong p (a,) cho bd giam chan con lai, rdi diilng dudng cong nay dé xac dinh hé sd chinh
ciia né. Sau khi da ¢6 hé s§ chinh nay, lai cho (g-2) bo giam chén [trong s8 (q- 1) bd chua
dugc xic dinh hé 88 chinh, gia tri hé s6 chinh t6i han, va xac dinh hé 58 chinh cua bd thit
{q-1). Cit lam tié’p ‘nhu vay cho dén hét.

Vi du trén dia d, ¢b lap hai bo glarn chdn con lic d€ dap tét cde ché dd cong hudng
cdp 2, cAp 3. Khi xét c&p cong hudng j ja@ = 20, ta cé:
a, Ja )
g P

I_—J +(J )+

. a .03
va khi xét cap edng hudng jaﬁa = 3 . )
I, =4d: +(J,2 +d, |+ ;2. +— .’?’2
| B "-2 | —..;g

De xac dinh hé s§ chinh cia bd | glam chéin con lac 2, (dﬁng dé dap tét cap cdng hudng
20) trong I, ta cho a; = a,* = j, = 3 va duge:

J,. d,
L, =d,+(ds, + i)+ 22 +--;2—
1-—3 1-— 7
Qg 3

Tu biu thic nay, cho a, cic gia tri khac nhau s& vé duge dudng cong I(oy) tit
dudng cong nay va dudng cong I ,(ps), (p, = 20) s€ v@ duqc dudng cong p.i.). Dud vao

' dudng cong p,la,) xac dinh hé 86 chinh a,.

Sau khi c6 g4 tri a, réi, thi momen quan tinh thay thé€ ctia dia J, khi xét cép cong
hu‘.dng 3w la:

‘ . I, I,
I":! =Jr+(Jsz+J93) :'32 +—32
1-5 1=
0'.2 Oy
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Trong vé& phai cta biéu thitc trén chi cdn o5 1a chua xac dmh Do dé cho Gty Cc gla tri
khée nhau c6 thé vé duge dudng cong Talo).
2°. Néu cac bd gidm chan con e duge lip trén cac dia khac nhau, thi khi xét cip

" cong hudng j,», momen quan tinh thay thé cua ting dia nay d’ucc xac dinh bang cbng
thite sau: -

Iph_J +dJ. +

] ])
1- 2%
o

1
trong dé p la chi s& ciia dia dugc 14p b giam chan con lic.
Cach xae dinh hé g8 chinh cung lam nhu trong trudng hgp trén.
b) Khoi lugng ciia méi con l4c ¢6 thé tinh gin diing bing cong thitc (15.86) khong ke

dén anh hudng cha khdi lugng céc con lic con lai.

15.4.3. B6 giam chiAn ma sat wét

1. Nguyén ly lam viée

Cac bd gidm chén ma sat udt cé tac dung tié1 hao ning lucng dé giam b1en d% dao
dong. Trén hinh 15.25 13 luge dé nguyén téc cha bo giam chén ma sat uét.

Bén ngoai dia J(2) gin ciing trén truc cia hé ddx e6 18p
mdét hép cd momen quén tinh J,(1) gita hép v vanh dia ¢6 mdt -
khoang chiia ddu. Khi dia quay do luc quan tinh ly tam diu
duge dén ra phia ngoa1 d d6 vén toc tuong d6i gita dia va hop
16n, Iyc can nhdt éta ddu lam tidu hao ning lugng va qua dé
lam giam bién 46 dao ddng.

2. Phuong trinh chuyén ctia hé ddx cé ldp bo giam chdn ma sdt
KGt :

a) Phuong trinh chuyén déng va dang nghiém .
1°. Hay xét hé ddx tuyén tinh c6 luge d8 diy c6 n dia, trén
dia J, cia luge dd nay c6 18p mot bé giam ch&n ma sat uét
(hinh 15.25). Hé ddx nay, néu xét dén ca hop J, ¢ tdt cd (n+1)
bac ty do: :

Phuong trinh chuyen dong cua né lé
Jlipl —C ((91 (P ) E .I =‘ﬂ_l

JT(T)" TCe ((pl‘“l “‘(IJI.)'PCT(([)I_ "(Pr+l).+ b(‘pr _q-)a):‘/“r (a) PRI
4.6, - b, -9,) ' : =0 (b) _( )

Hinh 15.25

Jnfﬁn “_én—l(q)!hl '—(ph)' ‘ _ x“ﬂﬁ )
trong d6 : b - hé s ma sat nhét.
2° Vi hé ¢6 giam chin nén dao déng cha

- ' a : ‘ Jn '
cac dia khac pha nhau va khae pha véi cac luec _ I_] -
cudng bie.

day ta dang khai niém bién dé phiic: 1 . u| | '
Xét Jf(k, néu ta chu ¥ tdi thanh phén dléu -
hoa cép j cita né thi: Hinh 15.26

Dé cho viéc suy didn duge thuan tién sau | | ‘
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My =My =By, sinGot +5,) ' (15.89)
trong dé: §,, - géc pha ban diu cda S, .

Né&u dat:
Ty =B
By = Bge ™ ) o (15.90)
i=y-1

thi tit (15.89), ta ¢6 thé viat:
A =Im L, _ . (15.91a)
(Im - phin éio' cua ...)
Dai lugng % ,; cho bdi (15.90b) goi 1 bién d6 phic cia A
Khi ngoai luc ¢6 dang (15. 89) thi nghiém cta hé phudng trinh (15.88) ¢6 dang:
= AysinGiot + y,) i (15.92),
hay:
0 =Img, - (15.91b)
véi
' 3y = A, oltiot) (a)
i) ) (15.93)
Ay =Age ™ )
;—“:kj goi 1a bién d4 phie cta o,. :
b) Momen qudn tinh thay thé I vé hé s6’ gidgm chdn thay thé:

Bing phuong phap da dung khi nghlen cftu cde bd giam chén dong e hoe, ta hay _

loai @,, ¢, ra kh01 (15.88) va dua hé (n+1) phuang trmh nay ve mot hé'n phhu‘.““ trinh,
trong dé chi con céce toa dé ¢, (k—l2 ,n) B D :

Cong hai phucng trinh (15.88a, 15. 88b) lgu vfu nhau ta ducc

e +uBs - CalOn - 90 + 0,0, - 9 = ﬁc, | S (15.99)
Phu’dng trinh (15, 84) 1a phan 30 cia’ phudng tr;mh sau day . . ._ | |
360+, e, SCRRLOES (. -2 =& - asey
Tit (15.93), ta c6: | -
E :-]m‘A ellim _ ]m(p].
| o = m‘Aa,E‘“m’ = -fa’p,
f)_o d6: . .
$a= =6 % (15.96)
. A A :
Thﬁy (15;96) vao (15.95) sé& duge:
[J 40,5 }p, SRRNCHN % FONRR  S (15.97)
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Bdy gid ta xét ridng phutong trinh (15.88b): .
JoPa = b, -¢,)=0
Tu phlfdng_t.rinh nay ta 06 thé viét:
1,8, - b5, -5,) =0
Thay vao phudng trinh trén:
9, =0,
G = 1§05,; By = i10G;

ta sé dugce :
- 0 3§, - ijob@, ~F,)=0
ta do suy ra:
& )6
3. jod. J,)  ad
gj‘_= jod, _Mod, ](‘: a S (15.98)
(pr l_b_,__ -1 b - . .
“ ]mJn 1+. 'j(!)Ja
Thay (15.98) vao (15.97), s& dudc:
( b } b
jmJu . j{DJa ~

Jr + Jn 9 [¥r _cr-!($r-1 "$r)+cr($r _$r+l)=ﬁr (15.99)

2 . 2

b : b
142

+[jmaa] | 1+{jmJa)

.... ) 2-.."..'.. -~ .
) 10, = 1) 079, = jo(ijog,) = -jop, -
nén (15.99) ciing ¢6 thé vidt duwsi dang sau:

vi:

¥ F\ar —cr—1($r-l _ar)+cr($r -_?ari-'l):‘;ir ) (15'100)

" nhu vay phudng trinh (15.95) tuong dwong véi phuong trnih (15.100), va cac phén ao cua

chiing ciing tudng duong véi nhau, titc 1a phuong trinh (15 94) tudng duong véi phuong
trinh sau:

Jr + Ja [ Jg “br + ) (i)r _.cr-l(q)'r-l "'[Pr)"' cr((pr _(PHI):ﬂr ’ (15101)

Phudng trinh (15.101) nhu vay tucng dudng véi edc phuong trinh (15.88a,b).
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A

hay :

Dat:
B
I,=J,+d, ——ﬂ_‘, (15.102)
1+(_. P__J
Jod
b, = b > (15.103)
1+( b ]
jood,
thi (15.101) ¢6 dang: _ :
) I:‘(‘Iir + br(i)r - cr—l((pr-l - (pr) + cr((pr - (pr+l) = ﬂtr . (15104)
Hé phudng trinh chuyén déng (15.88) bay gio duge qui vé mot hé n phuong trinh:
31, ~ 1 (9, - 9y) =M,
I:r(T)r .+ br¢r - cr—l((pr-—l - (pr)'!' cr((pr P )= Jﬂr (15105)
Ju“bn —Cug (q)n—l - q)n) = ﬂ“

Dai lugng I, cho bdi (_'15;_102) goi la momen quéan tinh thay thé ciia dia ¢6 14p bo giam
chd&n ma sat udt, con dai lugng b, cho bdi (15.103) goi 14 hé s§ gidm chén thay thé caa
. | e |

¢) Thiét ké' b6 gidm chén ma sdt ot

1°. Tac dung cﬁa'_bé.giﬁﬁ;_cha",nuﬁ;i si;:_\-t_fét cang 16n néu tan ning cia né cang 1én; do

. d6, khi thiét k& bd gidm ch&n ma 94t udt_'éﬁln ch{)h 'cé.c_g_ié_.‘. tri J, va b sao cho b, 12 16n

Gid thit 44 cho trude J_, jo, ¢An {a‘héi,c'hén'_ b.:tit phueng trinh (15.103), ta c6:

U

b, = —r—= = = T ey
(j0d;)" +b?  k*+b%. .

dbr ~ k2(k2 + b?)_ 2hk2b _ k2(k2 __b2) ‘ - ..
db (k2+b2)2 T (k'z_"_bz)‘_-’-' X

. b, s& dat gia tri cuc dai khi %= 0, hay:' - . / s

b= b2 = k2 .—_ (j_o')J.".)S .

b = jod, - . (15.106)
Hé 58 giam chdn thay thé I, bing: ' - .
b, =b, =% ' . (15.107)
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' va momen quén tinh thay thé I, bing

ILL=d,+0,54J, (15.108)
2°. B6 giam chan ma sat udt chi lam viée khi dia mang né c¢6 dao déng, do d6 khi
muén giam bién d% dao déng cdng hudng cip j ndo d6 (dng véi tin s5 ri3ng p, nhédt dinh
nao d6), ta phai dit bé giam chédn ma sat uét d xa didm nit (trong dang dun déng chinh.
p; nay) nhat. :

15.4.4. Bj giam chin ma sat wét c¢é khau néi (phu) dan héi

Nguyén 1y lam viée ciia cac bo giam chin ma sat chiia dung mét mau thuin, bai vi
mét mét ching chi ¢é tdc dung khi dao dong c6 bién dé 1én, nhung mit khac ching.lai
phai ¢6 tac dung lam gidm bién 49 dao dong. Dé khic phuec mau thuin nay, nguci ta
dang b¢ gidm chdn ma sat uét cé khau néi dan hdi. C6
thé néi bo gidm chan kiéu nay 1a mst hinh thic phéi hop ‘ c. I|I d
cua bd giam chin déng luc hoc tuyén tinh va bo gidm
ch&n ma sat udt. . _ [II J,

Trén hinh 15.27 12 luge d8 mot bd giadm chan ma sat J
udt e6 khau néi dan héi 14p trén hé co mot dia va e¢6 mat '
dau ngam. Bd giam chin nay duge cdu tric nhu sau: X Hinh 15.27

Trén dia J, ctia hé ban ddy, ¢6 14p citng mot hop dau d, hép ddu nay 6m 18y mét dia
phu J,, duge néi véi dia J, bling mét khau dan héi ¢,, ¢6 thé coi ha ¢, - J, l1a mot bs giam
‘chdn tuyén tinh ldp trén dia Jl. Khi bign d6 dao ddng cha dia J, nhéd, bién dé dao djng
cua dia J, vin c6 thé 16n va van tde trugt ciia né déi véi hop d do d6 cé thé 16n. Nhw vay
tac dung cta bd gidm chidn ma sat udt gém hop d va dia J, vAn ¢6 thé 16n khi bién 49 dao
ddng cua dia J, nho. S : :

1. Phuong trinh chuyén dgng cia hé ddx c6 Idp b6 giém chin ma s6t wét cé Ehdu néi dan
hoi, : o . . S
a) Phuong trink chuyén dong _ _ Ill
Xét hé ddx tuyén tinh <6 luge dé day 4§ I . J e
n bac ty do, trén dia r caa hé nay c¢é ldp [ i
mét bd giam chdn ma sat wdt cé khau néi |° RV e qJJ"

dan héi c6 céc théng s6 1a (c,, I, b). -

Phuong trinh chuyén déng ca he . . .« - - d,
ddx nay la: S .. 'Hinh 15.28
419 —Ci{p) — o) ' ' = A,

Jr(pr _cr‘—.l((pr-l _q’r)+lcr((pr —(Pr+1)+c_a((pr f‘p_a)\"' br(ti)r '—q’a)=‘ﬂr (a) :
o (15.109)
JH(PII _ca((pr _.(pn)_'br((\br _(;03) _ . . =0 (b)

an)n _cn-l((pn-l_(pn)l . o ) =Jﬂn

E

Vi cé giam chdn, nén & diy cac nghiém cfing léch pha véi nhau va lgch pha véi lye

kich déng, do dé dé cho tién' & day ta cling dang khai niém bién 48 phite, tuong ti nhu
trong trudng hgp bd gidm chin ma sat uét, ta cé thé viét: -
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ﬂtk = %kj Sin(j(ﬂt + Skj) (a)‘

My = I i, (b)
ka :@kjelfjmtj {C)
Py = Ay Sil"l(jmt + 7)) (a)
Py :In_:l"ﬁk_ . (b)
Bi = Ayge'™ )
Ay =hAye (d)

b) Momen qudn tinh thay thé'va hé s6 gidm chdn thay thé:

T (15.109a}, (15.109b) ta cé:

J"q)" +J"¢*" _cl'—l((pl‘—l _(pr)+ Cr'((pr “$1,+|):ﬂll.

hay:

J.9, + 1.0, —cr_l(fﬁl._] —E'p',_)+(:1.(6l. —fﬁm): A
Thay ¢,,%, bing biéu thie (15.111¢) vao phuong trinh nay vi sau khi bign d6i, ta

k@& duge:

(Jr + 'Jn %’r‘_];ﬁ: _'cr—l(ar—-l "Br)-" cr(ar' _Eﬁrﬂ):-’}zr

1

l.a1 xét phuong trinh (15.109b), tir phuong trinh nay ta cé thé viét:

J:\E—ﬁn _Cn({nﬁr *‘(5:1)_ br($r _$;|):0

Thay 31, bang bigu thic (15.111¢) vao phudng trinh nay, suy ra dug :

(c, - J0’J, +{job) §, = (c, + ijub) §,

do dé:
P, ¢, +ijbo
¢ - Fw*d, +c, +ijab
Thay biéu thic g‘* nay vao (15.114) sé& dugc
[[’]'
., + ijob
[f] r + Jﬂ y .()—a 1:I0J
~jiocd, +¢, + 1jwb

J.+4d,

{c"(-- ifeid, + cﬂ}—t- (jmb)z}— i[j(u}b.jzmzl]_.,] .

(— PFatd, +ca)2- + (jbo:a)2

I

B I:r-—l($r—l _6r)+ Cr(ar ""$r+l): J}Er

(*023,) b

vi:
o~ PR R . [ .
¢, = -ij70"¢, = —]m(um(p],): —-jog,
nén phuodng trinh ciing c6 thé viét: _
S | . i
c.f=1"w d, +c, )+ {job) |.
5 ed ( . q}( q)ﬁ,
(cn - 1%020,)" + (job)®
4-NLMT2

r

(cn - jztu)zdﬂ)2 + (jmb)r

$,

{15.110)

(15.111}

(15.112)

{15.113)

(15.111)

]Eﬁl —cr-l(ar—l _ar)+c1-(‘:ﬁ1' “‘.[3“-,])-_—4;}2,-
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—~—

e cr—l(ar-i _ar)"'cr(ar _anl):"”r _ (1‘5'115}
Ung véi phudng trinh nay la phuong trinh sau: ' ' '

Ir(br +br¢r ”cr-l(¢r—ih‘9r)+cr(¢r _(pr-o-l):"”r ) (15116) .
voi s '
I =d, +g Sal I da) e (me)‘, (15.117)
(¢, — F0®d,)® + (jub)® _
(jzwgJa)zh

b, = L , (15.118)
(Ca _ jzszn)‘ + (jmb)‘, R _ . :
Bai lugng I, cho bdi (15.117) goi la momen quén tinh thay thé& cia dia J, ¢6 ldp be
giam chin ma sat uét c6 khau néi dan héi, con dai lugng b, cho bdi (15.118) goi 1a hé s8
giam chan thay thé. )
Theo cach suy dién trén day thi phudng trinh (15.116) tuong duong véi hai rhusng
trinh (15.109a, b); do d6 hé phudng trinh chuyén ddng (15.109) bay gio trd thanh:

qujl_"cl(ipl_wz)l : ' =JM,
I:-‘:]E'r + blrtbr _'cr-l(q,r-l "(pr)+cr(q)r _(Pr+l)=“ﬂr t . (15.119)
Jn@n. —-¢c u—l("pn-l __'-(Pn) | = MHJ :

2. Thiét ké'bj gidm chén ma sdt udt e6 khéu néi dan hoi -

a) Trude hét hay xac dinh gia tri b sao cho b, 16n nh4t (khi da cho ja, c,. J.). Trong
cdng thitc (15.118), hay dat: . '

H=jfet), : _
K=c, -jold, o (15.120)
L=jo - L
sé dudge: _
2
I:'r= %uipﬁ
K= + L%y
va: .

db, H*(K?+L’b%) - 2LH?b* H*(K? -L%b?). |

db S REALEE T (K2 4 LEbY)?
db, N ' R
— =0k 2= ":‘_

b 0 khib*= b3 L)Z.

Thay K,L bing cée bidu thite (15.120) s& duge: . o
;ba"jznga . T .
T e e (15121 )

Thay biéu thize nay ctia b vao (15.118) va (15.117) ta 88 lin Iugt dude biéu thie ciia
b,, -va Il.u tudng ing. T _ |

by
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jad?

TR ey - e
j2m2 : - .
I, =d,+Jd,|1+——2—_| - (15123
Pat
thi .
o =l [1+2{a 0 ? ]} e S (15.124)
J ' '

b) Sau khi da xac dinh duge bro, . theo céc céng thic '(1:5 123), (15.124), ta thay
~ cac gia tri nay vao hé phuong trinh (15 109).-Vdi hé phuong tfinh nay ta tinh bién
dao dong cua dia J, va kiém tra xem blen do néy c6d trong gidi han ¢ho phép khong,

c) Tuang t\! ‘nhu trong trucng hdp bo giam chin dong lue hoc tuyén tinh, momen
quén tinh thay th§ T, cha dia c6 1ap bd gidm .ch&n ma sat c6 khau ndi dan héi cling phu
-~ thudc jo. Do d6 ¢ day ta ciing. cdn xéc dinh cic tin 86 riéng ung v61 cac cbe d6 cong
hudng khae nhau sau khl lp b gidm cha'n 1én dia J ciz hé. Ta IAm nhit sau:

Xét cong thuce (15. 117), thay

c
a =U.2,

T T
Bplh o2 e AR

a

(a —j to ) ( } -2 g r’“
e *J '2 - ' } : "'(18.125)

Dudng cong I.(w) cho bdl (15. 125) ch mot tlém c&n ngang I, = J,, jo = w va qua cac
' diém : (]0) 0L =d +JyGo=o1 =4, + dw)i

‘vao ¢éng thiic nay dudc:

.~._-: ,..3

B A

Dudng cong nay cét cic nhanh duang cong gid tri p,(I) (s =1, 2 .o n-138n Qii try
p,, khac nhau (hinh 15.29) :

L
ps __]mjs
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Cac tan sd kich dong téi han gay ra hién tugng cong hudng la:

0, = &- 1=1,2,..;8=12,..,n)
]

P P P P2 Py Pab'y . _
e . Hinh 15.28 - I

15.5. Phy luc chuong 15
1. Cac dai lugng thay thé

Cac dai lugng thay thé can dung khi lap luge dé tinh gdm momen quén tinh thay
-thé& va d6 cing thay thé€. Viéc xac dinh momen quan tinh thay thé da duQc gldl thleu
trong chudng 8, do dé sau day ta chi xét viée xac dinh dé cing thay thé.

a) Do cing thay thé khi chuyén truc

Hay xét mgt truc dan héi cé dé ciing c,;, néi hai dia Jun diay) va eé va‘i'n tde o), goi ¢
la d6 citng cita khau dan héi trén luge d8, thay thé cho doan truc dan hdi néi trén, va ©,
la van tdc cia truc trén huge d6 tinh. Can phai x4c dinh cp (hinh 15.30b). Tir didu kién
bao toan nang lugng, thé ning cha tryc dan h01 thay thé va tmc dhn hm dch thay thé
phai bing nhau. Hay tinh ¢&c thé ning nay: :

Goi ¢y, 9y, 12 toa d6 clia cac ddu doan trl,lc dan h01 ducc thay thé The m'mg b1en
dang cha doan truc nay bang :

1 ) 2 H ’ .
[ |=‘5‘3k1(‘Pk1 = Q1) . .‘ T 15.126a)

Got oy, 0k.1, L, 14n lugt 12 toa dd chia cac ddu doan truc thay thé trén luge dé tinh
va thé niing bién dang ciia né, ta co: .
) e __ o
O =P —>; 1P§+1.| = Ok —
0y 08



1o 0w
n=§Cﬁ|(¢Pk1 — @kt )

ha_\,:r.lr‘

n‘_ckl( }((Pkl ~ Oy V (15.1260)

So sanh (15.126a) va (15.126b), due :
= E‘_u_J- : L o
Ck| = Cy [fﬂl | - : o . : (1&127)

Jk.l 0 Py ﬁ_i ﬂ”.;

Crl ’ CB
o & 08 |—H

Dy _ Prer tpﬂ‘l Phail
a) . o)
- Hinh 15.30 I
" Day chinh 14 ¢éng thic tinh do ciing thay thé cdn tim.

b) D6 ciing thay thé cia hai dogn truc néi tiép -

. . ' ¢ e,
Gia thit c6 hai doan tryc dan héi ndi tiép nhau cé ¢, : - 2 Q5
dd cing 1an lugt bing ¢,, ¢,;. C6 the thay thé hai doan o P2
truc nay bing mét dean truc co dé cung c. Do cung S o
thay thé tinh nht sau: ~~ o g — £ o
Goi T, I1;, I, 14n lugt 1a thé nﬁng bién dang éf_xa Hinh 15.31
dogn truc thay thé va cac doan truc duge thay thé, ta |
ch:
1 5
i1, :‘é'c(‘pj ‘_(P;;} |
1 . . .
. Thegee-er| T ¢ LA TN
58 =§cg(¢jg"-§93)2 S ' B
n, =11, |

vai 9,, ¢, ¢, lan 1}mt 1a toa dﬁ cua cic ddu caa hal doan truc ‘€0, dq clmg tuong dng ¢, ¢y}
®,, ¢y cling la toa dd cta cac ddu doan tryc thay thé& cé 1) eung ¢, (xem hinh'15.31)..

Gm M,, M2 lin lugt 1a cac momen Xodn trén cac doan truc c6 do elng- cl, c2 va M, 1a
momen xoén trén doan tryc thay thé ta c6:

¢ Ml=cl(lp1' —fpg) . ) L . ) .
M»=c3(¢z'—m) - . (15.129).
—C((Pl ‘]’5)
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Lovy

M =M,=M, - ' (15.130)
T (15.129) va (15.130) suy ra.

c.
(@1 - @) =-={(p, - ¢y)
¢y

(16.131)
. c ;
Py ~@3)=—~(9, —@3) '
Cy
Thay (15.129), (15.131) vao (15.128) duge:
ep, - 0y)* + Colepy = ‘Pa)2 =clp, - ‘P3)2
¢; (-&J (p, - 9.)* +cz( ) (1 - 03)° =g, - 9y)°
¢, c.
hay:
ir.r | - (15.132)
e ¢ ¢y . '

Day chinh la c¢éng thic tinh do cling thay.thé cin tim.

N&u cé nhidu doan truc dan héi nﬁl txep nhau thi d§ cing ctia doan tryc thay thé
tinh nhu sau : :

l=i+—1—+...+izzi R T (15.139)
C ¢ g Cn  k=1Ck ' ' o

Céch chiung minh edng thic nay ciing gidng nhu tren
c) Dé cdng cua doan truc thay the cho mot bé truyén banh rdng

Xét mot cip banh rang 1, 2 4n khép véi nhau (hmh 15.32). Khi lam vige do cac banh
ring bi udn nén chuyén vi géc cha banh din 1 sé 16n hon so véi trucng hgp ring
tuyét d6i cang. Nguge lai, banh bi din 2 s&
¢6 chuyén vi géc nhéd hon so véi trudng
hop ring tuyét déi cing. Do d6 giita haj
banh rang ¢6 mft chuyén vi géc phy tugng
duong nhu mdt bién dang xodn. Hay tinh
dd cing xodn thay thé trong trudng hop
nay. '

Gia thd tai thdi diém dang xét, hai
réang an khdp ti8p xGc véi nhau tai tidm an
khdp P. N&u khéng bi bign dang uén thi vi
tri hai canh banh ring lam vige e, elg. Do
bién dang nén vi trf thyc cia ching hién
nay 12 e,, e, Goi y,, v2 l1a céc bién dang
udén do trén cac vong lin tuong dng, theo
hinh vé ta co

Jl’ ‘P: : o Jlgnag

Hinh 15.32
= Ppl, Yo = Pp,
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Goi P, 1a lye tiép tuyen kl, k, ldn lugt 1a 49 ct.mg uén ctia rang 1 va ring 2 va IT la thé
ning bi&én dang cia cip rang ‘thi:

. P:
¥1 =r .
_Pl A \  (15.134)
_fe o
Yo “-.kz -
- ]' -. 2 2 e o34
H:E(klyl +kyy3) (15.135)
Thay (15.134) vao (15.135) duge : |
1., 1 1
==Pr—+— 15.136
I1 2'[k1+k2] _ ( ’ .)

'Mat khac néu goi ¢,. ¢, 1an lugt la toa d6 géc clia céc banh rang 1 va 2; ry, 1, 12 ban

kinh cac vong lan, thi:

-

ST P PPI"'PPJ Ty - Pt

(15.137)
(Né&u khong c6 bién dang uén, y, =y, = 0 va ¢,r, - ¢,r, =0, hay KA N T ﬁghia-lfa
) ®r b
| cac vong lan lan khéng teugt 1én nhau).
Thay (15.134) vao (15.137) duge -
1 1
M= P —1——((1)11:1 - @oty)?
kj- kf_ . .
hay .. L
- 1 o By o :
1= 5T, 1 [tp; @y n) - (15.138)
k, ky o ' _ '
rs ¥
=@, = ' - :
rl L .__ﬁ_-;. e T ILE .

((p, chinh la chuyen vi goe clia banh 1 khl banh 2 nﬁ chuyén Vi @» va khi cac rang

tuyét d6i citng. Thuc vay ti s0 truyen cuacdp banh réng khl a6 bang ]u J—)

néu dit ;.

Thay vao cong thic trén ta ducc

_1 T 2 o : }
| _H_E.m @1 -92) o (15.139)
k, Ky o
P, W g (15.140)
[L+L) -
ky ky
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thi:
1 — .2
M= Ecz(q)l - Qy)

day cling la biéu thuc thé ning bign dang ciia mdt truc dan héi c6 db clng c, va toa db
cua cac dau doan true lan lugt bang ¢,, ¢,. Nhu véy dd cting ¢, cho bing cdng thite
(15.140) chinh la dd cing xoén tuong duong quy vé truc banh 1 ¢da cdp banh rang duoc
xét. Néu goi J,, J, 1dn lugt 13 momen quan tinh cda cae banh rdng 1 vd 2 thi c4p banh

rang duge xét tuang dudng véi mdt hé hai dia ¢(hinh 15.32) ¢é momen quan tinh ldn lugt
bang : J, va J} véi

J _Jz["”J =J2[%} = J,i
Oy Py

ndi véi nhau biing mat doan truc dan héi c6 dd cling ¢, tinh theo (15.140). Géc toa dd cia
hai dia nay lan lugt bing ¢,, 9.
Dé tinh ¢, nhu vay cin biét cac 40 eitng udn k), k, . Cac d9 citng nay cé thé tinh theo
cac tai ligu chi ti&t may. Vi dy c6 thé tinh k theo céng thite sau
— (15.141)
h b -

trong d6 : h - chiéu cao chan ring : S - dién tich d& rdng; E - méduyn dan hdi kéo nén:
G - moéduyn dan héi trugt; J - momen quéan tinh ciia tidt dién d& rang d8i véi dudng
trung hoa cua tiét dién dé€, P - hé s§ dang rang khi trugt.

Chu thich : Thye ra tuy theo vi tri &n khép ma cac he 56 k,, k, trong (15.140) thay
déi. (Cong thLTC (15.141) la cdng thitc tinh d6 udn khi cac ring ti€p xiic & tdm an khép).
Nhu vy, mbi bd truyén dong banh rang thyc ra dng vdi mdt khdu dan héi phi tuyén.
Tuy nhién trong mét pham vi gan ding nhat dinh ¢6 thé coi khau dan héi nay 1a tuyén
tinh va d§ cing cda né cé thé tinh bing (15.140).

d) D§ cing ciia doan truc thay thé cho mét b@'truyén dai o

Cach tinh d6 cling cha truc thay thé trong trudng hdp nay cﬁ'nl'g" fuong ty nhu trén.

Gol @, ¢, 1an lugt 14 cac gﬁc quay cia cdc puli dan 1va puli ddn 2 (xem hinh 15.33); 1, r, 1
ban kinh cta cac puli nay, Al 1 bién dang ctia nhanh dai din. Ta c6 :

Al = @1, - ;s - : : o (15.142)
(néu dai khéng bién dang, van tdc dai cda toan bd nhanh dal bﬁng \fan toe t1ép tuyen
cua hai puli, do d6 : @,r, = g,r, va Al = 0)..

Goi E, S, 1 1an lugt 14 médun dan héi kéo cia vat ligu dai, dién tich tiéc duén va
chiéu dai rthanh dai bi&n dang duge xét, thi d¢ cttng cta dai bing :

k= EF o (15.148)
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&

Thé ning bién dang eia dai bang :

n=%km2 |

Thay (15. 14"} va (15.143) vao céng thie trén duge v

1 ES
n‘—_ ((P1r1 ‘Pz_rz)
hay : ,
]. S 3 — Yl ’ o )
n=1 20 -5 1
val
_— I,
Py =@,

(9, c_hinh 1a gée quay cha puli din 1, khi dai khéng bién dang va khi puli 2 quay
‘dugc goc ¢,)

. ES g o
Dat Y _% (15.145)
v rhay the véo(lﬁ 144), ducc
I z“cd ((P1 ‘F’z) (1‘5-1-46)

Day ciing la bleu t.huc th&
ning bién dang cia mét doan _
truc dan héi ¢6 d6 eciing béng ¢, - h
va cd cac toa dd cda cac dia bing
Va9 ‘

T B
S -q”"_ mnmsas L
Goi J,, J, 1an lugt 1a mébmen quan tmh cac puh 1, 2, thl bl‘;’t truyén dai duoc xét co
thé duge thay thé bing mdt hé gdm hai dia ¢c6 mémen quan tinh J.. J, ndi véi nhau bing
dean truc dan héi c6 dé cling ¢, (tinh theo 15.145), va tea do cdc dia 14n lugt bang ¢,, @..

Mdémen quan tinh ctia dia thit hai tinh nhu sau:

5 ;

J)—J)l,i

(13, 14 ti s@ truyén khi khong ké d&n hién tugng blen dang cha dm)
2. Cong thite tinh d¢ citng cua cac truc cé cau tao khéc nhau

bé xay dung dude luge dd tinh phai quy cac truc ¢é céu tao thong dung bat ky vé
dang truc dac tron, truc duge thay thé va truc ddc tron thay the cho né trén luge dé phai
c6 cung mot d6 cing. Vi vay ta phai biét cach xac dinh d cing cua truc dic tron va dd
cng cua cac true thong dung khong phai 14 truc dic tron. Cac céng thic tinh dd cing
cia truc ddc tron va céc tryc théng dung khae duge cho trong bang sau day. Hinh 15.34
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ta cac dé thi cho phép xac dinh gia tri cia mét s§ hé s§ trong mdt s8 cac cong thite tinh
dd cling cae true duge cho trong bang nay. '

K,
foo  kip
20 06
. 77 T .
z// 05 : 4
. /) 0.4 b
: ¥ _ L
. e s s 03 2 .
0.1
0 07 0,4 05 28 0 30 _éT ok
D-d .
a) b}
Hinh 15.34 :
. - : ) -
2r 80 ] 0.31
;\, - - rd f/ 11 i
| [IE e o V4 v |
. 1 . . : : . a0 // ] 052
. . , // 1T
T 1o | - 7 P g B =
// 1T 1 - ' /Z/A/,/"
’/. s 0,3~ - - . //// // RS
// (/'/__/’ o / ;4 ////,-
/] 04 : '
/ \ /_—-_-— > | 1.5 .____—/://j'//
é_é—’ ' ;0.5 :
i r 1.0 % .
1.0 14 18 22 26 0.6 1 15 20 30 40 5080 48 4
c) d}
Hinh 15.34
Kiéu true | °  Lugec dé - [Long thite | Ghi cha
A : - tinh d6 citng : .
' o o _ ' | 6 rl_nédun trugt cua
Trye dae =GD* ey Ton.
= - vit ligu
tron 321 :
. — )
T}*uc tron = Ay
rﬁng kc 1_. D_
. e - T L .
Truc tran l NN =o)L k, : Xem hinh 15.34a
rong 16 léch ¥ PR 7 ke k,
tim
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Kiéu truc Ludc &6 Céng'thic Ghi cha
- ) tinh d6 citng
1 2 3 4

Truc bac ¢é

A= —SL:Xem hinh

[ ]
g6e lugn y 32 D‘l1 .. ~Dj 15.34¢
l{ll =
Truc nén cé . c=¢, 1 1D D Dt
1 k.k, 3D\ Mt
1 1 D
p 1 ]
Truc ¢6 _ ®GD, D,=D-0,5h
rdnh then 32 _ i
_ ™GD} D,=D-1,%h
Truc ¢6 hai 39] _ o
rinh theh '
) nGd*
Truc then 89
hoa -
True é6 15 -C =2 1a ¢ ;'(_‘.,_T‘—_——--- k; - Xem hinh 15.34d
ngang ! N .If' ' . L .
Truc vat S ‘
mat bén cme L k, - Xem hinh 15.34b
,_°k1. : : L
a - D
_ R T [21.’ +OBh+-
. T . D¥_qt
N GD4 4076,
Truc khuyu = ﬁ'321' . Df ~at at

4_ g4 Y
' '_r-.-,.',,a'sg;(i_.g * "'d i']
E _ ho?
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Chuong 16
CAN BANG TRUC MEM

16.1. Pai cuong
16.1.1. Khai niém

Chuong 6 da gisi thiéu bai tinh can bing vat quay. Trorjg-ba'i. tinh n.ﬁy ta di mac
nhién gia thiét vat quay khéng bi bién dang uén. Gia thiét gin ding nay phu hop véi
nhing vat quay ma ch_iél.i dai khé‘ang 16n 1dm so véi duong kinh va van tdc cla vat quay
khong lon. Vat quay khi dé duge goi la vat quay citng hay truc cing.

Khi chi€u dai ctia vat quay 16n hon dudng kinh clita n6é nhidu va van tée ciia né Vgt
qud mét gidi han xac dinh thi vat quay duge got 1a vdt quc\t-y mém hay truc mém. Khi d6
bién dang uén cla né ¢ théd trd nén dang ké, dac biét khi van tde clia vat quay xap xi
nhiing gia tri nhédt dinh goi 14 cac vén tde tdi han cua né thi bién dang udn cé thé trd
nén rat 16n. o '

Ung vdi méi vat quay ¢6 kich thude 16n va vat ligu nhét dinh, 6 v6 85 van tée 14i .
han: o

Gy < mtl|_2 < ".'<m|.|lll <.

Dé phan dinh xem mét vat quay khi nio c6 thé duge coi 13 citng va khi nao phii coi -
12 mém, ta dua vao van tde t6i han tha nhat ©y, cha né, ey thé 1 : goi o 13 van téc quay
thi khi: o o

@ smmax <mthl

vat quay dudc goi 1a cing, con khi

S ©>0

. wax : e .
- vat quay dudc goi 1a mém. Thong thudng w,,, d_lIchl'lﬁ'y béng :
mnm.x = 0!8 wﬂll : )

Dé can bing truc mém ta khong thé chi diing. haidc‘n trong can bing nhu trong
trudng hop vat quay cing. V& 1y thuyét s§ d6i trgngican bing cAn thiét 1a vo &4, Tuy
nhién vdi mot dd chinh xac vira phai chi cAn dang thém mét s& dsi trong cin bang.

16.1.2. Didu kién can bing cia truc mém o

Mue dich ctia viéc can bing vat quay, tryc cing ciing nhu true mém, 13 triét tidu ca.
lfe quan tinh va momen lyc quan tinh bang cach phan bs lai cac khéi lugng trén truc
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mot cach hl;lp ly bing cac d5i trong can bing. Diéu khac nhau gitda truc edng va truc
mém trong bai tinh nay 1a° ¢ ché: dudng tAm cua truc cing l& mot dodng théng, con
dudng tdm cia truc mém khi né bi bién dang la mdt dudng cong. Pay chinh Ia dising
dén héi cta truc mém duge xét. Duong dan hoi c6 thé 1a mat dudng cong ghenh hoac

mot dudng cong phing. Sau day ta s& chi xét trudng hop dudng dan héi 1a mot dudng
cong phang, néi mét cach khae 12 chi xét bal todn phﬁng

Do duang tam tmng hai LrUdng hdp khac nhau nén d1éu kién cin bing caa truc
mém va diéu kién can bing cua true cling ciing khéc nhau.

Pé xac dinh didu kién can . bing cla truc mém, trudc hét hay xac dinh cac Iyge quan
tinh va momen lye quan tinh cia né.

Trén hinh 16.1 12 dudng dan hdi 3 (nét lién) cta mét truc mém trong mot hé toa do
vudng gde, c¢ truc x 1a dusng tAm ciia truc mém dude xét khi né chua bi bi&n dang uén
va tryue v di qua dau mut bén trai clia né.

L, Gia thi trén fruc duge xét ¢6 n khéi higng léch tAm tap trung m,(i=1,2, .. n),

‘cd do léch tam tuong Ung €. 0 tai cde hoanh dé x,.Ban kinh quay ciia méi khoi lugng m,
. nay bang:’

=y (x) +e e,
vi ¥(x;) << g,
goi '@ la van tée caa trye thi iye quan tinh eda mai khéi lu(,mé m,; nay bing :
' ' P, = o'me,
Momen cita méi lue P‘l, néy asi véﬂ ddu mit 0 bén tra cua truc bing :
: -'M""-—mme.x. . _ g |
Nhu vay téng cac hte quan tinh tﬁp trung va tong momen cua cac Im: quan tinh tap

trung cua truc duge xét 14n lugt ha‘ing

Yy

I\.

(16.1)

..-M: —-M:

z m;e;x; |- .. "..
1 g BHE i by
2. Ngoai cac khdi lugng léch tim tap trung, do- vat - iiéu khéng thong nhat va do ché
tao khong hoén toan chmh xac, ban than tryc lé tap hgp ciia cac khéi lugng 1éch t8m
phan ba. -

Hay xét mot phan tit true ¢6 chidu dai dx cach goc toa d9 O mét khodng x. Trong
tAm cha phdn t truc nay co thé khéng nim trén dudng tam cta truc, tic 1a khong ndm
trén dudng dan héi la dudng ma cach dudng nay mét khoang léch taim e : e = e(x)

Trén hinh 16.1 trong tim cua cac tiét dién true nim trén dudng v (nét duat).

‘Goi u 1a khéi lugng don vi chiéu dai truc. Do vat liéu ¢6 thé khong déng nhat nén
p = p(x). Khai lugng ctia phin tit truc dx bing :

dm = p(x)dx

61



¥4 c
S mj
e
e -"""""‘"--.!
l"/ "y \5 ‘y_‘ h-\ .SC
1 S “w
0 x; a,
{ .
1

Hinh 16.1

Lyc quan tinh cta phan tit trye dx dwge xét bing:
. P, =o® [y(x) + e(x)] p(x)dx
va momen cua lic néy dé&i voi goc toa dd O bing:
M, = m' [Y(X) + e(x)] p(x)xdx .

Tong 111c quan tmh phan bo va t.ong momen luc quan tinh phén bé nhu vay ldn lugt
bing:

[Pdx=o jf(y(x) + e(xDH(x)dx

(16.2)
_CM('.dx = z'JJ'(Y(X) +e(XNpdx)xdx .

vdi [ la chiéu dai ela tryc du’dc xét.

3. Diéu kién can bing cla truc la téng lyc quan tinh va tong momen lyc guén tmh
bing khong. Do do ta phai cé

2Py + [Pax=0

T™, + qudx =0

Thay (16.1) va (16.2) vao hai phudng trinh trén duge :

mg{_[(ylel--e)pdx +Zmiei}= 0
1

mz{(y +e)puxdx + ) m,e,x; }-: 0
Vi o # 0 nén cudi 'ci:.'ng tachd:

'E.(y+e)_udx+ zn:mie; =0
1

‘E(y +e)udx + imieixi =0
1
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hay : |
[uvax [uedx+ T mie, =0

(16.3)
fuyxdx+ Euexdx +Z'mieixi =0

Cac diéu kién (16.3) chmh la cac dleu klen cin bang cia truc mém. Khi cho y = 0,
tm- 1a khi gla thidt true khong b1 uon thi tit (16. 3) ta cé:

Ipedx+2miei_=0
i

. (16.4)
E].Lexdx-i-Zmieixi =0
] .

Day chinh 13 diéu kién can bing cia truc citng. Nhu vay sau khi da tic» hanh can
bing truc dudc coi nhu truc cing, viéc con lai ta phai lam sao dé cé déng thoi :

I:uydx =0

(16.5)
fuyxdx =0 .

vi day chinh 1a cac ¢iéu kién can thlm hién thém dé thod min didu kién can hang
truc mém (16.3) da suy ra d trén.

Chd y la trong cac cong thuce (16.3), (16.4), (16.5), cac dai lugng p, v, e déu la cac
him cua % con cac dai lugng y;, x,, e, 1a cac gia tri bing héng

Lo

16.2. Van toc t6i han va dao déng ctia truc
16.2.1. Van téc t6i han

1. Hay xét mdt truc bi bién dang udn. Gia thiét trén truc khong ¢’ cic khai luqmg

lgch tdm (ca phéan b& 14n tap trung), hiy xét diéu kién can bang Ige cia moL - han tit cda
truc nay. Goti : :

- Ela médun dan hoi ) |
.-Tla m_o_mén quan tinh ciia tiét dién tryc. - .
- M la momen uén tac dung Ién phén ti .tr'uc

-_T_lé Iue .c:it.

- p la khéi lugng caa don vi chidu dai true
- © 14 van tde gée cila truc.

-vla dd vong ciia trye.

thi néu bé qua hidu tng con quay vi anh hudng cta lue cat tdl goc xoay cla mét cidt, ta
sé co: '

d*y diM dT "
M=EI= Y 7= @l et
dx*® dx dx Ho y '

Hai phuang trinh ddu 1a cac quan hé sdic bén vat liéu. Phudng trinh Saw cung la
diéu kién can bang lue. '
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T che phudng trinh trén diy ta suy ra:

E;[Eld”f]—pm"yw- (16.6)
dx~ dx~ o

Déay chinh 14 phusng trinh dao ddng td do udn cua'truec.

Khi trén truc c¢é cac khéi lugng léch té.n'i, thi cae Iue quan tinh dng véi cae khéi
lugng léch tdm nay dude coi 13 cdc lyc cudng bic truc va duge dat vao vé phai cta
phudng trinh (16.6)

2. Hav xét phuong trinh (16.6). Dat nghiém cua (16.6) dudi dang:

y = Ce™ IET
va thay vao (16.6), ta duge:
EIX - pa* =0
hay :
a= B | 16.8
| E . (16.8)
Dat
| = gfpe’ 16.9
q Fi (16.9)
thi phuong trinh (16.8) ¢6 bén nghiém sau:
. l =dq, lu = —
=@ A= (16.10)
Ay =ig A, =~iq :
vai 1= -1
Nghié¢m téng quat (16.7) ctia phudng trinh (16.6) nhu vay cé dang:
y =ce¥ +ce™ 4+ +¢, e : (16.11)

trong dogli= 1, 2, 3, 4) 1 cac hing s6 tich phan duge xac dinh dya vao cac didu kién bién.

3. Hiay xét trudng hgp tryc duge dit trén hai géi tya.Cac diéu kién bidn trong
truong hgp nay 1a df véng va momen udn cia truc tai hai gdi tua déu bing khéng. Goi [
la khodng cach gitta hai géi tua, thi:

y(0)=0: y"(0)= 0}

(16.12)
vih=0, y"({§)=0
Tit (16.11), ta lai co:
¥ =q (c,e™ +e, e — g, eh — o) o (16.13)
Thay cac diéu kién bién (16.12) vao (16.11) va (16.13), ta duge :
€, +Cy+Cy +0O, =0 (a)]
€, +C,y,—Cq—C, =0 (b) 6
cie” rese ™ wcge e e =0 (o) . (16.14)

cre? repe —cuei¥ —ce =0 (d)
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T (16, 14a) (16. 14b) ta suy ra:
_ ¢, +ec; =0, c3+c4—0 _
do'd6: . _ : _
cl = 'c.z; ca = 'c‘ ) . i (16. 15)
Thay-(16.15) vao (16,14¢) va (16.14d) s& duge: ' '
e (e¥ - e M) +cy (¥ -ei) =0
e, (" -e?) ~¢, (&% - =0
hay : ' '

(16.16)

‘e,sh(gl) + ey sin(ql) =0
¢,sh(gl) - ic; sin{ql) = 0

Cong hai phuong trinh nay lai véi nhau, duge:
2¢,sh{ql) =0

Vi gl # 0 nén sh(q!) # 0. Do dé diéu kién trén day doi hai:
¢, =0 '
Nhu vay ti (16. 16), ta c6:
' ¢y8in (gl) =
Dé cho y 13 mdt nghlém khéng tdm thudng ¢, phal khée khﬁng, do dé:
sm(ql) 0 o S _ (16.17)

Nghiém cia ph\wng trinh (16 17) néy &
‘ql=nax . -

(n. 1‘. 2' 3.'-").‘_ 2 P»‘ _....’!'.'..' T -'.I.[.,' .

hay‘: _ _ : - | _ ' . '
(“=1'2’_3'-".) o T _ o

Nhung tit (16.9), ta lai cé:

w= 'E qﬂ o o . . '. . ' . (16.19)
|'|' ’ - . . .o S - )
Vi q ¢6 vb sb gia tr; khac nhau (xem 16. 18), nén ta cﬁng 6 vb 86 gia tri khéc nhau

tuong ing cia o. Cac gid tri nay chmh la- glé ‘trj cla van téc téi harn ciia truc trong

truong hgp cy thé’ duge xét (truc trén hai gé'i tua) Ky higu cic van t8c nay 1a ® g, thi tix
(16.18) va (16 19) ta cé:

O, =nlf ;-1‘—-:0 S I (16.20)

Vi che gia tri ®,, nay dugc suy ra tit phuong trmh (16.6) nén ta cé:
d y] '
=0
dx? [ dx* pmm,,y
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hay :

d* d? _ ' |
v [E E}-{l} nod, y o (18.21) .

16.2.2. Dao déng cua truc dudi dang chudi ham tryuce gmo

Thay (16.15) vao (16.11) va chy ¥y cI = -c2l= 0, ta duq:::
Y = i¢sin (gx)
voi ¢y 12 mot s 4o (viy phai la s§ thye).
Vi g c6 v6 86 gia tri khac nhau (xem (16.18), nén ta c6 thé vidt:

y=2D, s:in(—nli }
-9
trong 46 D, 1a s& thue.

‘Béy chinh 1a biéu thitc etia dao ddng udn cua truc trong i;ru&ng hgp cu thé dang xét
{(truc trén hai géc tya). : C : S T ‘

Pac:
¢,(%) = sin [EEE x) o . (16.22)
thi:
7= 200, - | 629

Céc ham o¢,(x) cho bdi (16.22) thod min céce diéu klen sau:

p#q: ﬂ(pl,(x)tp (x)dx =0

p=q £¢,;(X)pq(X)dX_ = hiing
hay mgt cich tdng quat hon:

pP*q . _I:u(X)tp., (XX, (x)dx =0

(16.24)
P=q j;u(x)cpp(xxp (x)dx —hﬂng :

Cac ham o (x) nhu vay thude 1dp cac hAm tﬂtc gma

Nhu vay trong trudng hgp duge xét dao déng uon cua truc duqc bidu dién duéi dang
mét chuédi ham tryc giao, mai ham trong chuﬁl néy ung véi mbt van tde t6i han va duoc
goi la moét dang dao déng chinh cia tryc.

16.3. Biéu kién can bang clia truc mém thong qua ciac ham tru‘c giao

0 1an cdn mdi van tdc téi han, dao ddng ewdng bite ctia tryc mém (tdc la dudi tac
dung ciia cac lge quan tinh tdp trung va phan bé) rit gin vai dang dao déng chinh ing

v3i van t8c téi han duge xét, tic 1a rit gin véi ham'trl._tc giao Ung véi vin tdc téi han
duge xét. Do d6 ta cé thé vidt:
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.

yeYhaea® (36 26)
1

Hé 86 b, phy thude vao céc luc cudng biie, d day 14 Iye quan tinh cia cic khdi lugng
léch tAm phin bd va tap trung.

G01
- b!1a thanh phdn cta b, do cac khoi lugng léch tam phan bd gay ra.
-bY 1a thanh phdn cda b, do m&i khéi Jugng léch tam tap truhg gay ra thi:

m : . . . : . .
b, = b} + X by AR (16.26)
i=1 . _ .
v6i m 14 s& khoi lugng 18ch t4m trén truc. Nhu vay tit (16.25) va (16.26) ta 88 c6:

y= Z{b'.’m(x)*Zb"mn(x)}

n=]

hay : _ .
y=y'+y' . (16.27a)
vdi: . _ .
y' = 3 ble, x) _ _ (16.27b)
n=j )
y= 2yt ~ (16.270)
i=1 . .
y'= Y blie, () B o o (16.27d)

n=l
16.3.1. Xac dinh'b',: va y*

Khi chi xét cac lye quan tinh cﬁa'céé khéi lugng phan b8 thi bén vé phai cia phuong
trinh (16.6) tic 1a cia phudng trinh dao ddng udn ty do cta tryc duge xét, ta phai thém
vao hang thic bléu dién lyc quan tinh cha khﬁi luQng léch tam phan bé: uem

Phudng trinh dao ddng cudng buc cua true kh1 aé c6 dang
<. 3 [EIL] pyo® =1»le°3 o B o (16.28)
dx dx” : o . o
vdi:
e=e(x) vay = y'{(x)
e(x) 1a d6 léch tdm tai mdi tiét dién cta truc. . :
1. Ta ciing 6 thé bidu didn e(x) dudi dang mdt chudi céc ham trl;c giao, tuc la;

vidt

e(x)=ian¢pn(x) _ | K o (629)
1 : . :
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Biéu thiec cia mgi hé s6 a, trong (16.2&) duge xac dinh nhu sau. Hiy nhan ca hai vé
cta (16.29) véi w(xdq, (x):

u(x)e(x)p,(x) = (i a4, (x)-) P(x)%(x-)
~sau dé 14y tich phan cda ca hai v& méi nhan duge tix 0 téi 1, sé& duge:
[ e, (dx = [ e, (x)i a,0; (x)x ) (16.30)
Hang thiec trong d&u tich phén cta vé& phai c6 thé khai trién nhu sau:

u(x)tp.,(X)Zam (x)= u(X)Za t_p(x)cp.,(X)+a,.u(x)rp (X)

=l
izn

Thay biéu thic nay vao phin trong diu tich phin bén vé& phai cha (16. 30) duge:

Eu(x) e(X}p,(x)dx = ﬂ ,,u(x)cp (x)dx + Z E a; p(X)o,(x) gi(x)dx (16.31)

nzn

Vi theo tinh chit ham tryc giao (xem 16.24)

2 o e eg0dx =0

nén tir (16.31) sé& dude :
Eu(x) eX)p (x)dx = a, £ H(x) ¢ (x)dx

© tit d6 suy ra:

L e, (o —
a, = A o . ‘. (16.32)
vdi | - |
A= [ueedmax - i -

2. Trong phlwng trinh (16.28) hay thay e(x) bﬁng (16 29) vé y" b&ng: |
| y’ = an%(x) |

“ta sé dude :
ﬂn. d2 " oo h .
Z{b [EI ! ] um”bnw }-~-m2.2ua,._tpm -
= dx® dx? 1

Hay xét phdn td thi n cia phuong trinh néy R

d [Eld q)"] l'l‘(':’2]:’llq:'n =W p'an‘pn (1634)
clx dx* | :
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Vi theo (18.21):

d2 d?.

nén thay vao (16.34), sé duoce .
bi: pm;—fhﬂ Py~ blr;}‘w) 2"pn = mzp'ﬂn(pn
vai ('p]! = q’ll(x} - .
tit phuong trinh nay suy ra:
4
a0
b= 20 (16.35)

w'h _(D-

n

Nhu vay nghiém dac biét cia phuong trinh (16.28) 1a:

— 4,0
D M e KLY | (16.36)
1 th, 7 .

véia, dﬁqe cho biing cac céng thic (16.32), (16.33).
16.3.2. Xac dinh bli va ¢
Hay xét anh hudng ciia mét trong cac lge quan tinh léch tam. Khi d6 bén vé phai

cua phudng trinh (16.6) ta phai thém vao I¥c quan tinh nay, cén bén v& trai y trd thanh
¥''. Tuy nhién dé cho t18én ky hiéu ta van viét:

d* dgy 2., - 2
&E’ El e - MOV = men (16.37)

véi y duge hiéu 1a bing:

y= y"

1. Phuong trinh (16.37) ciing tuong tu nhu phudng trinh (16:28) chi ¢6 mét didu
khac 1a néu nhu trong (16.28), e 1a m&t ham lién tuc cda x thi trong (16.37), e; duge bidu
dién bing mét ham gian doan cha x. Goi 8, 12 ham biédu dién e;, ta ¢6:

Osx<x; : 9,(x)=0]
X =X, DO (x)=e (16.38)
“x <x<l @ 8,(x)=0 '

Dé ¢6 thé biéu dién 9,(x) tic la biéu dién e, bing mdt chudi ham tryc giao, gidng nhu
da lam trén day véi e = e(x), hay thay 6,(x) bing mgt ham xung nhu sau:

Ta hay coi nhu khéi lugng m,, thay vi tap trung tai hoanh 4% x; v6i 44 léch tam e,
lai duge phan bd trén mot doan Au c6 trung diém 13 X;va véi mot do léch tdm bing

. . e.
hing bang — .
Au
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Ham 0,(x) bay gid c6 dang sau:

0£x~<xi—9§u- : 8,{x)=0

X, —égs:;gxi +—A~"1 : Bi(x)=f—}i—' (16.39)
2 2
xi+9—2£<xsl D 8(x)=0

Bay gid hay biéu dién 8;(x} cho bdi (16.39) dutdi dang mdt chudi ham tx;uc giao, tie 13
dat: :

0{(x) = icn P,ix) (16.40)
: n=1

bé xac dinh ¢, trong (16.40) hdy nhéin ca hai vé& cta phudng trinh nay véi u(x)e,(x)
va sau dé 18y tich phan cd hai v&€ méi nhan duge tir 0 tdi 1. Ta co:

- [reeme,mdx= [ e oo.mdx (16.41)
i=1 '

a) Trude hét hay xét v& trai ciia (16.41). Ta cé:
An )

fhox 8.00,00dx = [ wix) 8 (0, Godx +

-Au

+ f‘ ;u n(x) 8;(x)e,(x)dx + ng p(x) 6,(x)g, (x)dx

T (16.39), ta ¢b:

An

2 () 0,(x)p, (x)dx = 0

.[: _au p(x) B,(x)p, (x)dx = 0

A : au

& S e e
f’ﬂ u(x) 8,(x)e, (x)dx E'A; HX) @u(x) —=dx = p (%), (x,) o Au

vi Au v6 cang nhé.

K&t qua v& trai cGa (16.41) bing

[ 10 000,00 = (e, e, (16.42)

b) Bay gid hay xét v& phai cdia (16.41). Ta o :

ﬂu(X)Zci‘pi(X)%(X)dx = jju(X)Zcifpa(x)rpn(x)dx + f)u(xmtpﬁ(x}dx
i=1 i=1 .

ixn
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hay :

1Y c0: (00, (x)dx = ¢, { nx)p? (xdx (16.43)
1=1 .

Thay (16.42), (16.43) vao hai v& ctia (16.41), cudi cung duge :
e, (x)e; = c, _r,u(x)tpﬁ (x)dx

hay :

¢, = H_("_i)‘r(_’ﬁ ' (16.44)

A= r]u(x)(p'f,('x)dx
2. Hay trg lai phuong trinh (16.37), trohg' phudng trinh niy hay thay

y=y"= Y bio,x)

n=1
va
€= icn%(x) | | |
Zj:{b; %Z[Eld;?} ho“g, }“’)?miicn-“’n S (16.45)
véi P = 9,(x), 1= ux)

Hiy xét phan ti thit n trong hai v& ctia phuong trinh (16.45), ta cé

- 4 -
blr.: [ ] = o’ wzmicu I
dx? dx* Ho? tp ¢
| Thay biéu thic (16.21) :

d* d’e ] 2
El =
dx [ dx ; th, K,

vao phuong trinh trén duge :
bii (0F, -0 umem = o'me,0,x) -

thay c, bing (16.44) duge : |
Wi fo}, - o0%)utate =

(xi)eilniﬂ)zq)u(x) .

hay :
b (03, ~0*)uco =

Chu ¥ v& phai 12 mot tich caa cac héng s0, do dé vé tra1 ch1 ¢é nghia néu trong ham
(x), x 18y gia tri x; tlc la ta phai cé ;

b (0%, -0 )ux = Al
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do d6 :

bl o @  mieo,(x;) (16.46)
el et A .
th,, : n
Nghiém dic bist cla (16.37) 1a -
Y= Y bienx)
n=1
Thay {14.46) vao biéu thic trén ta duge :
. ’ - o (92 (Pn(x')
y" =mieiz 7 pall)

n (X} ' (16.47)

2]
a=t @y — @ An

D4y la thanh phén cia dao dong cudng bite y do mét lye quan tinh tap trung gy ra.
Néu xét tac dong cila t&t cd m lye quan tinh tap trung, ta c6 :

m .

hay

y'= ZlmiEsZ T ¢“(x‘}¢n(x)} ' (16.48)

n=l w fh“ bl (] Al'l
16.3.3. Dao djng cudng bitc cia truc va didu kién cin bing céa truc mém

1. Trong cdng thic (16.27a):

y=y'+y'
hay thay y* va y' lan lugt bdng (16.36) va (16.48), ta sé duge
[ (DZ 1 m .
y= 25— {a +A—steiwn(xi) a {X) (16.49)
n=1 mth,, - n i=1

Pay chinh 12 bidu thidc clia dao ddng cudng bic cia truc mém trong trudng hop dude
xét dudi tic dong cla t4t ca cac lyc quéan tinh phan bd va tap trung.
Déi chidu (16.49) voi (16.25), ta c6
2

b, = ;5“——2{% +A_Zmiei‘p(xi)} (16.50)
th, ~ @ n =1

- 2. Hay trd lai cac diéu kién can bing cla truc mém da phan tich trong 16.1.2; tuc 1la
cac diéu kién (16.4), (16.5):

Euedx+imiei =0
i=1

m
ﬂuexdx+2ximiei =0

‘cuydx =0
Epyxdx =0



trong dé;
1= u(x); e = e(x); y = y(x);
Cac diéu kién (16.4) 1a cac didu kién cin bing clia truc clng con cac didu kign (16.5)

12 cac diéu kién cdn thue hién thém khi can bang truc mém trong trudng hdop duge xét.
Vi p(x) khac khong cho nén dé thoa man (16.5), cin p_hal ch

vix)=0
Thay y(x) bing (16.49) ta sé& dugce :
nz=:1 wfh -o® {

i

LS me cp‘,,(xi)}cpn'(n:o

l'l i=1

Vi @, (x) khong héng bing khéng do d6 ta phai 6 :

; €ipn(x)=0 (16.51)
(n=1 2, o)
Nhu vay dé can bing truc mém ta cin c6 cic didu kién sau ;
_Epe_dx+2miei =0 (a)
p.exdx + ) m;e =0 (b)
f z} ,_ | | . . (16:52)
+—-——Zm e,0,(x;)=0 ()|
n i=1 - . .
n=1, 2 3, ..) '

3.Veé by thuyet s6 diéu kién (16.52¢) cAn thod man la v han, tdc 14 s6 d8i trong can
bing cdn dung cang 13 vb han. T4t nhién diéu nay khéng thé thuc hién duge, va lai cing
khong cin thiét. That vay hay xét biéu thic (16 25): :

y= anm'“ (x}

n=1

véi b, theo (16.50)

bn= —7,(0—'“7{3:1 +J‘“ijei¢n(xi )}
Oy, —©° An i=1

Theo (16.20) thi dai lugng ® ¢, (€6 mit trong biéu thie cia b,) tang ti 1& véi n?, tic
la
WOp, = nz(’-‘t.hl
Do 46, tuy theo gia tri van t8¢ quay clia truc, ké tr mdt gia tri n nao 46 hé s6 b, sé
giam rdt nhanh theo n. Nhu vay, véi mét dd chinh xic hgp 1y, trong chubi (16. 25) ta cd

thé chi l4y dén phan ti thit g nao &6, do @6 thay vi chudi c6 vé s6 phan tit (16.25), ta sé
c6 chuéi c6 médt s6 hitu han phan ti:
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y= ibmn(x)

n=1

Vi dy, néu van téc quay clia truc bing :

m= 1,1&)&.]
thi ta sé cé:
.(:J" - 121 _ 5,762 -
oy, - 1-121
ol 1,21
. = 0,082
g, —©° (D7 -121
@ 22l 5015
o, -0 (@)Y -121
w® 1,21
= = = 0,004

"IDLh:“{""2 (4)2_

@

nhu vay thita s§ —?——~—0 cta b, gidm rat nhanh khi n tang, ké titn = 2 trd di
Wy, —0°

4. Gia thi ta chi xét dén q thanh phin dau cta chudi (18. 25). Dé thoa man cac didu
kién (16.25¢) v6i n = 1, 2, .., ta s& diung mot s6 déi trong cén bing - dat trén cung mot

mat phing qua truc va tai cdc mat phéng tay chon vudng gée v8i true ¢6 hoanh db ia ¥,
xac dinh.

Viéc thém céac ddi trong nay lén truc khong duge pha v3 cac dléu }nén cin bang true
cung da thyc hién trong buéde trude, do 46 ta phai e6: :

miei =0

- {16.63)

3
1]
-]
1]

=]

Nhu vay cdc diéu kién cu thé ma ta cén dam bdo dé can bing tryc mém, kh1 chi xét
dén q 86 thanh phdn ddu ca chudi (16.25) la :
m,

i€

™z

i =0 (a)

™z

m;e;Xx; =0 (b)| ' (16.54)
1

m
“apAg +Z’mieiq:"(xi) =0 (c)
i=1

(n=1» 2; 3'--—-51) . J

W




16.4. Quy trinh can bang truc mém
16.4.1. Nguyén tic

Viée can bang truc mém gdm hai giai doan
1. Trong giai doan thi nh4lt, ta cdn bing true coi nhu truc cing. Muén vay ta phai
che truc quay véi van tde thap hon van tée téi han, cu thé la:

L S'mnmx = 0‘8 m'thl

V61 van tde nay, ta tién hanh viéc cén bing truc quay theo cach da trinh bay d
chuong 6. Trong viéc cin bdng nay ta dung hai déi trong can bing dat & hai mat phéng
can bang tiy chon.

2. Trong giai doan thit hai, ta can bing tryc coi nhu tric mém. Giai doan nay gém
nhiéu bude.

Gia thut ta chi xét dén q thanh phin d4u tién ciia chudi (16.25), tie 1a chi nhim triét
tiéu q thanh phan dau tién cda chudi nay.

2) Ta cho truc quay véi van t8c x4p xi van t8c téi han thd nhit:

0= m "hl

va tién hanh thi nghiém, k&t hgp véi vide su dung cac phuong trmh (16.54) nhim xac
dinh cac ddi trong cdn diing dé triét tiéu thanh phin thi nhat cua (16.25).

b) Ta lap lai bude trén diy véi cac gia tri van téc cia true x4p xi cac van toc t6i han
tiép theo cho dén van tée tdi han thu q.

3. Trude khi xét quy trinh can bing, cin chii ¥ mét s& didu sau:
a) Khi cho truc quay d mét van téc tdi han nac 46, bién dang cia true rat gin véi
ham tryc giac Gng v6i van tde téi han nay, do dé c¢6 thé coi cac luc quan tinh khi d6

khdng ¢6 tic dung tao ra cic bién dang ing véi cac ham truc giao khac. Cu thé 1a ; khi
cho truc quay véi van tde téi han thit k, thi trong bidu thuc (16.48):

yt= Z{mieiz :J' . "pn(xi).(p“(x)

1=1 n:lm‘hn L An

ta ¢6 khin = k.

o 0, (%) _
m;e; > T A =0
1=1 (l.)[hn L1} n

Do d6 :

imiei(\un(xi)zo
- {nzk) -

Nhu vay, thay vi diéu kién (16.54c), d méi van tdc t6i han thi k : @y, ta phaj cé:
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a Ay + ijeiq)k(xi)=0
i=1

imiejmn(xi) -0} ' (16.55)
" {n=k)

b) & mé&i buéc can bing, dé trist tiéu mbt thanh phan cha chudi (16.25),
dé1 trong & trén cung mdt mit phing qua truc va d trén cac mat phing v
tryue ¢6 toa dd x; tuy chon che thich hgp véi két cau cu thé cla tr
thite (16.54a, b) va (16.55) ta cho m = 4.

ta diing bén
udng gbc vi
uc, do d6 trong cac edng

¢) Trong cic cédng thic tinh ¢6 dai lugng ¢,(x) nhung bién dé cta @,(x) hién ta chua
biét. That ra nhu sau day sé r5 ta ciing khéng cdn bidt bién d6 nay ma ¢6 thé cho né mét
gia tri tiy y, tir d6 tinh cac gia tri cua @(x) ing vdi cac gia tri X; khac nhau.

16.4.2. Quy trinh cin bang

Gia thit ta chi xét €n hai thanh phan dau ti€n cla chudi (16.25), titc 1a q=2
1. Trude hét cho truc qﬁay vél van tée

L oy,

a} Chon b8n mit phing thich hgp vudng géc véi truc lam cac mit phing can bing
sau khi chon thi cac gia tri x, (i =1, 2, 3, 4) cing da biét.

b) Cho ham tryc giao ¢,(x)} mét bién d6 tuy y. ( Trong trudng hgp truc tya trén hai

g0l tya: Pu(x) = D,,sin(—n-lix)
Véi bién d da cho tinh cac gia tri:
P:{x,), 9,(x;)
(i=1,23,4)
¢) Bay gig hay khai trién céc didu kién (16.54a, b) va (16.55)
bat : '
X = me,
(1=1,2 34)

X, chinh la cac &n cQa bai tinh. Ta c6:

9 (x)X) +0,(x,)X, + 01 (x3)Xy + 9, (x)X, =-aA
92X Xy +94(x4)X, + 0o (x3)Xy +@y(x)X, =0 (16.56)
XXy + %X,  + X3 Xg + x,X, =0
X+ Xy o+ X, o+ X, =0

Hé (16.56) la mdt hé bén phuong trinh bén &n &8, Céc hé s§ trong vé trai déu da
biét. Tuy nhién gia tri a,A| trong v& phai chua bi&t. Do d6 tu hé phudng trinh nay ta
khong thé xac dinh dude cac gia tri cda X,.(i =1, 2, 3, 4) ma chi x4c dinh dudc quan hé ti
1¢ gitta chiing. Ta ciing chi cdn d&n thé. Giai hé phuong trinh (16.56) theo a,A, va sau d6
thay X; =m,e; ta duge: '
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m,e, =o,a,A,; imse, =d,a,A -
19 18,7 2€4 g8lyfay (16.57)

mue, =@ Apmye, =oa A,

Trong d6 «;(i = 1, 2, 3, 4) ¢6 gi4 tri hoan toan xac dinh va da bist.

d) Cho a,A; mgt gia tri tay ¥ tinh cac gla tri mee; (i = 1, 2, 3, 4) va chon cée d6i trong
cAn bing ing vdi cae gia tri nay sau d6 diat 1én cac mit phing can bing tudng tng Jd3
chon trong budc a va trén cung mdt mat phang qua truc.

Lan gt cho mit phing qua truc chila cac déi trong cdn bing nay cac vi tri khae
nhau bang cach quay né tudng 461 véi truc duge can bang, Tai méi vi tri cila mat phing
qua tryc nay ta do bién d¢ dao dong cila mot diém tay chon trén truc.

Sau qua trinh nay ta s& tim ra mét vi tri cia mat phing qua truc & d6 bién dd dao
déng duge do la nhé nhat. _

e} C8 dinh m4t phang qua trl_m v6l truc 6 vi tri viia tim ra, bay gid thay 4di déng
thoi gia tri cac dai lugng mee, (i = 1, 2, 3, 4) theo cing mbt ti 1&. V6i mbt bs gia tri nay
cua me; ta lai do bién d6 dao déng ctia didm da chon trén truc cho tdi khi bién d% nay
bing khéng hodc nhé hon mét gia tri cho phép dude quy dinh truée.

Viéc cin bang truc mém & van téc téi han thit nhat dén day da xong.

2. Bay g1 lai cho tryc quay véi van t8c x4p xi ©y,va lip lai t4t ca cie bude nhu da
trinh bay 8 trén, chi c¢6 mdt didu khac nhau duy nhit la trong hé phUdng trinh(15.56),
by gio ta phai cho v& phai etia phuong trinh thi nhat bing khéng (thay vi bing -2,A))

va trong phudng trinh tha hai ciia hé nay ta cho vé& phai bing - a,A, (thay vi bing
khéng). '

T4t nhién ta van gilt nguyén cac mat phing can biing. Do d6 sau khi can béng xong
0 ca hai van téc téi han ta c6 thé gép cac cap dai hugng mee;(i = 1, 2, 3, 4) lai v6i nhau dé
¢udi cang c6 khai lugng can bing trén bdn mat phing nay.

77



Chuong 17

CACH RUNG

Khi lam viéc cdc may déu cé thé 1a cac ngudn giy rung. Rung duge truyén tit may
xudng nén dudi dang cac phan luc tai cac bé mit tiép xuc gitta bé may va nén. Cén phai
" han ché hodc triét tidu ndu cé thé cac lue rung duge truyén xudng nén nay. Dé lam viéc
nay cé thé diang cac bién phap khac nhau.

Truéde hét cé thé tac ddng ngay vao ngudn rung, cu thé 1la giam hoac triét tidu cac
lye quan tinh giy rung bing cach phan bd lai khéi lugng trén mayv, Day chinh la ndi
dung cua bai tinh cén bing may duge gidi thidu trong cac chudng. 6 va 16,

D& chéng rung cho nén, ngoai bién phap can bing may noi trin, ta ¢6 thé cach ly
ngudn rung (tétc 12 may) véi nén bing cach ké vao gita may va nén cic dém dan hai.
+ Khéng gidng nhu viéc can bing may c¢6 tac dyng giam déng thai bién db rung cha may
va lduc rung truyén xudng nén, viéc cach rung chi cé tde dung giim lyc rung L:uyén
xudng nén ma khong giam rung cho may va ngude lai con ¢é thé 1im tang bién dé rung
cua may. Dé giam rung cho may khi dé ta c6 thé k&t hgp viée ciach rung véi viéc dung
cac bd giam chan dong lue hoe, '

Cén chid y rdng, trong truong hgp céc may rung, khi vide tao ra mot bién dé rung
cho mAy 12 mét yéu cdu céng nghé thi vAn d& can baing may khong duoe dit ra, do dé
bién phap duy nhat dé chdng rung cho nén la cach rung.

Cudi cung, ciing cin chu ¥ 4 trong nhiéu trudng hop, thay vi chéng rung truyén tit
may xudng nén, viée cach rung lai duge nhdm dé chéng rung truyén tit nén lén may. Day
13 trudng hgp cac may chinh xac. P€ dam bao cho cac may nay Iam viée chinh xac, phai
giam 16i mitc th&p nhit ¢6 thé bién d6 rung ctia may. Do d6 cdn ngin khéng cho rung
dong cia cac may khéac hoac tit mdi trudng chung quanh théng qua nén, cé thé truyén
lén may chinh xac nay. '

Sau day, sé gidi thiéu bai tinh cach rung cho nén. Ta s& xét hai truéng hgp rung
khéng va dap va rung cé va dap.

17.1. Cach rung cho nén khi khong ¢6 va dap
17.1.1. Luc rung truyén xudéng nén

Héay xét bai tinh cach rung don gian nhit, Ma hinh ctia bai tinh nav 13 mét hé dao déng
mdt bac tu do gdm mét khéi lugng m (chinb la khéi iugng eta may) chiu tac ddng cua médt lye
diéu hoa P ¢é bién dé P, va tin s& w, va duge ddt trén hai khau b6 tri song song véi nhau mét.
khiu dan hbi eé dd ciling ¢ va mot khéu giam chin cé hé 58 ma sat nhdt b, (hinh 17.1).
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Psinot

¢ !lJ b
7
Hinh 17.1

Duéi tac déng cia luc kich rung P, khéi lugng m dao ddng quanh mét vi tri trung
binh. Vj tri trung binh nay chinh 1a vi tri cén bidng ciia khéi lugng m, duéi tac ddng cha
trong lugng ban. than {tic Ia khi khdu dan héi ¢ bi bién dang tinh). Sav day ta s& dang
mét tryc toa 46 cb gdc 1 vi tri cAn bing nay va phuong 1a phuong dao d3ng dé xét dao

déng eda hé (xem hinh 17.1).

Goi x 1a vi tri cia khéi lugng m tai mét thai didm £ va x 1a vAn t6c cta né ciing tal
thai diém nay thl

- phan lge ma khau dan héi ¢ truyén 1én nén bing

R =ex
- phan lye ma khau gidm ch&n b truyén 1én nén bing:
~ R,=bx
Do d6 Iye rung truyén 1én nén bing:
R=R, +R, ’
hay ' I
R=ex+bx _ 7.1
Dé xéac dinh lye rung duge truyén 1én nén, cAn phai xac dinh x va %.
1. Hay xét phudng trinh chuyén déng cia hé dac dong duge xét
mX +bx +cx=Psin ot (17.2)
Cé thé viét lai th_udng trinh nay nhu sau:
. b, e P, .
X4+ —X4—X=— 8In ot
m m m
hay
% + 2hi + pPx = L sin ot ' (17.3) .
K m :
“vdi
h= b (2) .
2‘:‘ - (17.4)
p’=— (b) :
m

Nghiém téng quat cia phudng trinh (17.3) gom hai thanh phan:
X=X*+x*
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- Thanh phédn thit nh4t x* 1 nghiém téng quét'cta phuong trinh nay khi ta cho v&
phai cua né bing khong. Nghiém nay chinh la dao dong tu do ciia hé duge xét.

- Thanh phan thd hai x** 14 mét nghiém dac biét cta (17.3), va ing véi dao déng
cudng bitc ctia hé.

D& xac dinh x*, hay dst .
% = o™ | (17.5)
va thay vao phudng trinh sau: | _
%+ 2h% +pPx =0 | | (17.6)
Ta suy ra dudge:
A%+ 2hi + p? =0
Nghiém cua phudng trinh nay la;
=-hz o p?
Vih<p, nén ta c6 thé dat:
- (h* - p%) = 2 (p? - h?) ' .
véi - P¥=E-L(pP-hY) >0 |

Thay vao trén duge:

A=-htifhi_p? | (17.7a)

Thay (17.7a) vao (17.5) duge:
x* =ceMsin ({h?-p2)t ' ' (17.70)

trong d6 c la mt hiing 6 tich phan dude xac dinh dya vao cac diéu kién diu.
Néu khéng c6 ma sat, tite 14 néu
b=0"
thi

h= LS =0 = x* = ¢csinpt
2m

p chinh 1a tin s8 riéng ciia hé duge xét. _ .
Néu ¢6 ma sat, tic 1a b > 0 thi do 54 ¢6 mét cia ham e trong biéu thae (17.7)
thanh phan dao déng tu do x*, sau mét thai glan s& tién t6i khong. Tat nhién, mdi khi ¢6
sy thay d6i diéu kién ddu vi du khi ¢6 mét va cham, hay mét sy thay déi ch& d6 lam viéé
thi lai xuat hién mét dao déng ty do mdi. Nhung véi ché d6 1am vide lién tuc trong mét
khoang thoi gian du dai, ta c6 thé b qua thanh phin dao ddng tu do x* trong x, tic la
chi xét dao déng cudng bic:

x =x*"

P& xac dinh dao déng cudng bic hay dat: _ -
x = Asin (ot + @) _ (17.8)
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va thay vaoe (17.3), ta dugc:

A{(p* - 0?sin (mi + ) + 2ho cos(at + @) = %‘-’— sin at

hay -

Ap® - %) {sin(wt +9)+ ;‘th 5 Cos(ot +¢)5 = L sin ot -
p* -~ m

bat:

tg 5= 2hO N ' , | (17.9)
p~w* :

va thay vao trén duge:

A(p? - o) {sin{at + ¢) + tg8 cos(wt + o) = L1 8in ot
m

hay

A(p«_m“)sin(-:ut.+np+£§)=~~1:-'2 sin et ‘ (17.10)
cos d m

Vi:
cos b= 1 ,
;}1+ tg?s

p’ - o’

nén ti (17.9):

cos 5 = 4 P, 02 2 2
J(p‘ ~0°) +4h*e*

Thay vao (17.10) duge: _
A J(pg ~0%)? + 4h%? sin (ot + ¢ + 5) = L sin ot
. m

Tu dé suy ra
©=-8
hay :

(= -arctg T21’1_u‘)_1 ' (17.11)
: p? - _

-

va

A= L | (17.12)
my(®® -0%)? + 4h¥e? -

A chinh la bién dd dao déng cudng bite ciia khéi lugn
dan héi - nhét (b, ¢) con ¢ 1a géc léch pha giita dao dong cudng bic va lye kich déng P.

bat:

g m, tdc la cita may trén dém

q= = (17.13)
p
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c= b ' (17.14)
D | N -

6 thé vigt lai biéu thic (17.12) ctia A nhy sau:
P,

A= . = — {17.15)
mp‘-J(l -q° ) +4g°q”
2. Bay gio hay xac dinh lye rung duge truyén xué’ng_ nén (coéng thiic (17.1));
R=cx+hx
Thay
x = A sin (ot + ¢)
vao biéu thic trén diy ciia R, duge:
R = A {c sin{ot + ¢) + bo cos(wt + @)}
= Am {p*sin(wt + ¢) + 2ho cos(ot + @)}
hay '
R = Amp? {sin(wt +9)+ 2h)m cos{mt + (p)}
e
Dit
h .
tgy= 2 - (17.16)
va thay vao e¢ong thie trén cta R, ta 'suy ra:
R= ém sin (ot + ¢ +v)
cosy
Vi
cos y = — = P —
\/1+ tg™y Jp4 +4h*@-
nén ta cé:
R=mA yp’+ 4h%* sin(ot + ¢ + )
hay :
R = mAp? \/1 +4e%q” sin(ot + o+
vdi
o h
p p
Thay A bang (17.15) vao céng thitc trén clia R cudi cing duge:
R=p, V1*deq = sin(t + ¢ +1) (17.17)

' J(l— q)* + 4e%q?
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hay : .
"R=R,sin{ot+¢ +7y) : (17.18)

vdi
R =p 1}1+ 4e°q”

' J(l-»qz)?wiszq2

(1719

1a bién d6 cua lue rung duge truyén xudng nén trong mé hinh dude xét.

17.1.2. Ché& 4$ lam viéc ciia hd cach rung mét bic tu do

Bay gio hdy ding cac cong thie (17.19) va (17.15) dé phén tich ché dd lam viéc cla
b5 cach rung duge xét. Chu ¥ 12 bién 49 P, cia lue kich dong 6 thé bing hing ma cing
¢6 thé ti 1é vdi binh phudng van téc ctia may. Ta sé lin lugt xét hai trudng hgp nay.

1. Truce hét xét truong hop P, bédng héang '

1) Céng thize (17.19) cho thdy:

a) khi:

w=0=>qg=0
m=p \/§ =4q= '\/§
thi véi bat ky gia trj nao cla ¢ tuc 1a véi bat ky gia tri ndo ctta hé 58 ma sat b, ta ludn
ch:
RIT-_— P(I
Nhu vay tat ca ca¢ dudng cong:

R,=R,{q, )

biéu dién R, theo g, ing vdi cac gid tri £ khac nhau déu di qua hai diém sau.déy (hinh
17.2):

q=0,R, =P,
q=J2:R,=P,
b)khi
0<py2 =2 q< 2
ta co:

Rl})P

day 12 mién khuéch dai Iye rung cta bd cach rung duge xét
Con khi
w>p J§ =q”> \[2_’
thi: . :
R, <P,

va day la mién cdch rung coa né.
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¢) R, sé& cue dai khi:

dq

Thay R, bing (17.19) vao phugng trinh trén, ta suy ra duge:
2e*q*+¢*-1=0

nghiém (q%) cﬁa'phudng trinh nay la:

(f— —1++/1+8¢?

7

4e”
Vi
1+ ¥1+8% >0
nén ta cé thé viét:

o= 14414860 1491481+ 1+ 8eY)

4¢ 4e%(1 + 41 ¢ 8:%)
hay :
. 2
e lfJITS?

do dc'JI:

q= — (17.20)
1++/1+8¢*

Nhu vay hién tugng cong hudng déi vai luc rung dude truyén xudng nén xay ra khi g
c6 gia tri dugc tinh bing (17.20). Céng thue nay cho thy khi & > 0, q < 1, va khi ¢ cang
16n thi ¢ cang giam. Nhu vay khi ¢6 ma sat hién tugng cong hudng chia Iue rung dugc
truyén xuéng nén khi van téc lam vige w nho hon tdn g5 riéng p va khi ma sat cang lén
thi van téc cong hudng o cang nhé honp. '

Khi € = 0, tae 14 khi khéng ¢6 ma sat:

__ y=1 >
nghia la hién tugng cong hudng cha lye rung duge truyén xudéng nén chj xay ra khi o =
p trong trudng hop khéng cé ma sat,

d) Bay git néu 14y daoc ham cia R, theo &, ta s& duge:
: EIE"—=l"~(qz-2) . . (17.21)
de '

V6i k la mot hang thitc cfia q va g, c6 gia tri duong vdi moi gia tri dudng ¢cta q v e.
Céng thie (17.21) cho thay:

Khim>pﬁ,q2>2va‘1 df“ >0
z
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tdc 1a R, déng bién vdi e. Nhung midn © > p+/2 lai 13 mién cach rung cha b cach rung
(mién dng v6i R, < P,). Nhu vAy trong mién cach rung ciia bd cach rung duge xét, vide
tang lyc ma sat (tdng £) s& lam tidng lue rung truyén xuéng nén.

~ 2) Cdc diéu phén tich trén déy duge thé hién trén d6 thi hinh (17.2). D3 thi nay bidu
dién ho duong cong R(qg, g theo ¢ va dng véi cac gi4 tri ¢ khac nhau. T4t ca cae dudng
cong nay cb t1ém cln ngang la truc g bai vi khi g—»e thi theo céng thite (17.19), R, — 0.

D61 vdi cac may khéng phai la may rung, khi tién hanh cach rung cho nén - in dam

bao git cho bién dé rung ctia may khéng duge 16n qua mot gia tri nhat dinh. D&i véi mo
hinh duge xét bién dd rung cia may duge cho bdi cong thie (17.12).

Hién tugng céng hudng 481 vdi dao dong cia may xay ra khi:

Thay (17.15) vao phudng trinh trén, ta suy ra duge, khi dé:
q=v1-2*
Khi ¢6 ma sat, tie l1a khi € > 0 thi g < 1, do d6, ciing tuong ty nhu déi véi lye rung
duge truyén xudng nén, d6i véi dao dong clia may trong trudng hop duge xét (tie 12 khi
P, bang hling) hién tugng coéng hudng xay ra khi ¢ < g, va khi ma sat cang 16n thi van téc
cong hudng cang nhé hon p. Tuy nhién, cac dao d6ng cia may va lye rung truyén xudng
nén, cong hudng & cac gia tri q khac nhau (luc rung truyén xuéng nén, cong hudng d mot
gid tr1 q 16n hon). Khi khong c6 ma sat, dao ddng ctia may cdng huéng & g = 1, tuc 12 khi
@ = p. ' '
Trén hinh 17.3 1a d6 thi cho quan hé cta bién d¢ dao ddng A clia may véi g. D8 thi
nay gom mét ho, dudng cong khac nhau @ng v8i cac gia tri £ khac nhau.
3) Trong mét 36 cong thirc trén déy cod dung dai lugng ¢ duge dinh nghia bing
(17.14). Hay phén tich § nghia clia dai lugng nay.
a) Dai lugng ¢ duge goi 1a ti suit gidm chan. Y nghia clia # sudt giédm chén la khi
* gia tri cua no6 cang 16n thi dao déng ty do cGa hé tit cang nhanh. Pac biét khi ¢ = 7 thi
sau khi duge dua ra khéi vi tri can bing va dé wu do, hé s& khéng dac déng ma trd vé vi
tri nay theo quy luat ham mu. That vay, theo (17.14) khi d6 h s& dat mot gia tri goi 12 hé
s6 nhét téi han h,,: .
h,=p _ {(17.22)
Phuong trinh dao déng ty do cita hé duge xét khi d6 1a (thay 4 trong 17.6 bing p):
X+ 2p%x 4+ pPx=0
va phudng trinh ddc trung cia phuong trinh dao déng nay la:
AN 2ph+p?=0 |

Nghiém cta phuong trinh trén 1a
A=-p
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Thay gia tri nay cha x vao (17.5), duge:

X =ceM=ce?

day 1a diéu phai chitng minh.
- Thay (17.22) vdo (17.14) ta cé:

c= B
h

tic 12 € bang ti 18 glﬁa hé s& nhét va hé s& nhdt téi han. Chlnh vi the ma dal lugng nay
duge goi 13 ti suat giam chin.

b) Ti suft gidm chéin ¢ gidn nhu bing hing trong trudng hgp cac bo cach rung thay
Iye, tic la gid tri cGa né khong thay d8i theo tdn 58 1lam viée © cua bd cach rung. Day
chinh 13 trudng hgp ma ta viia xét & trén. Nhung d8i vdi cie bd cach rung rao su, thi
trong mét dai kha rong ciia tdn sd lam viéc w ctia bd cach rung, ti suat giam chén & ti lé
nghich vdl e tic 14:

0 = hing

goi a,; 1a ti sudt gidm chdn ing véi van tdc cong hudng tie 1a.dng véi trudng hop o = p, ta
© eh: :

g,0 = 8@

gia tri g, dude goi 1a & sudt gidm chén ddc trung cua bo cach rung cao su (ncn ding hdn
la cua loai cao su ding trong bo cach rung dugce xét). - B

Nhu vay, gia tri € Ung v6i mot tdn s6 lam vu;c o cua bé céch rung cé thé tinh I;heo
cOng thite sau: '

= EpP (17 23)
O

- 4) Hay xdc dink bién d5 clia Iuc rung truyén xuﬁ'ng nﬁn VA l:henr @b, rung cia may
trong trucjng hgp bo cach rung cao su. Ta cé :

(17.24)

va

A= o S o (17.25)
mpz\/(;_qz)z +4g2 '

vii €, 1a mot hiing sé.

Cac phan tich d4 néu & trén déi vai cie cong thitc- (17 15) va (17.19) (tdc 1a bién do
" Ige rung dude truyén xuong nén R, va bién dé rung cia may A'(trong trudng hop bé cach
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rung thiy Igc) néi chung déu ding véi céc cﬁng thdc (17.24) va (17 25) trén day (tac 1a
trudng hgp bd cach rung cao su), tru mot didu lé vdi by cach rung cao su, van tde cﬁng
~ hudng © luén bing tén s6 riéng p. :

2, Bay gw hay xét trudng hgp bién dé luc kich déng ti l¢ vdi binh phuong
vdn tée cua mdy

Ta cé6; P, = man? : ' ‘. - (17.26)
véi m, va a ¢6 thi nguyédn lin lugt cia mot khéi lugng va mét chiéu dai.
Thay (17.26) vao (17.19), ta duge:

R =ma o 1+ 4e%q”
T T VU-gd)? 42

Vi:
o= plq?

nén cé thé vidt

1+4e%p?
(1-q?) + deig?

R, = map’q? J

hay : o ) . '

I' R _ . - B .
o= Qe e - aw
Vel :

Q = map®
. cé thi nguyén cta mét lye.
Ciing thay (17.26) vao (17. 15) duge:

rna(n

A=
mp?y(1 - q2)? + 4e? q

_m,a q®

mJa- q®)® + 4e%q?

helny:
e - - : _
(1-q2) +4g%¢? - ._ _
vii
L= m,a
m

€6 thd nguyén cta mét chidu dai.

1) ,Trudc hét hiy xét trudng hdp cua bd cach rung thuy h,tc tde la o udng hdp € blng
hing.
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Tit cong thite (17.27) ¢6 thé suy ra cac didu sau:
a) Véi bat ki gia tri naoclae, khiq=0,R, =0 vakhiq= +2, R, = 2Q.

'b) Khi g < —-3—_—, R, ¢ mot cyc tri tai mdt gia tri q > 1, (fize 1a van tdc edng hudng o
242 .

d8i véi lue rung truyén xudng nén 16n hon tan sé riéng p caa hé).
¢} Cé thé viét lai cong thic (17.27) nhut sau:

. I 482(.]4 + q2
R,=Qq |- 5 5
Vq +(de” - 2)q" +1
' ; 1
9
. 45 + q‘g
=Qq _-,
(e -2) 1
I+ -——>+ -
qQ- q.

Khi q = «, R, = 2eQq titc 14 R, ¢d cac dudng tiém cédn xién khac nhau dng véi cac
- gia tri £>0 khac nhau. Khi € = 0, dudng tiém can ndm ngang. Mét difu quan trong cén
nhi&n manh 8 day la: gia tri R khi cong hudng khong phai 1a gia tri 16n nhat cia né, tri
_trudng hgp ¢ = 0. :
. Trén hinh 17.4 1 d8 thi cho quan hé cta R, va q. Db thi nay gébm mot ho dudng
cong, mdi dudng cong Ung vdi mdt gia tri £ nhit dinh.

Hinh 17.4

2) Trong truéng hop bd cach rung cao su:

. i
gg’=¢,
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“Phay vao (17.27), dudc:

q7(1+4e2)
(1-q%)* + 4e]

hay:

E(1+4¢2)
R,=Qq |t (17.29)
qQ” -2q° +1+4e; .

Tit coéng thite nay ta thay vdi eac bd cach rung cao su, cac dudng cong R (q) iing v
cac gia tri g, khac nhau déu di qua hai diém:
q=0;R,=0

q=v2;R,=2¢

r. 1

L]

" Hinh 47.5

Ciing gidng nhu trudng hdp bQ cich rung thuy ll,tc & dﬁ.y R, ¢6 mot cue tri tai mot

gia tri g>1 (tdc la van téc cong hudng 1dn hon t&n 80 rleng cua hé), nhu,ng vSi bt ki gia
tri €, nao. :

]

Ngoai ra, tit (17.29) ta ¢6 thé viét:

Y0



Do d6 khi q ti€n téi v6 cing R, sé tiém can t6i gia tri @ hitu han (hinh 17.5). Pay cing
chinh 13 diéu khac nhau cd ban gita b cach rung cao su va bd cach rung thuy luc.

Bién dé rung cua may rung trudng hgp bo cach rung thuy lyc dude cho bing cong

thue (17. 28):
. B
A=L e (17.30a)

(1-q7)" +4e7q

“va trong truong hop bd cach rung béng cao su:

A=L q'

e (17308

Tuy ¢cd khac nhau déi chut nhung cac dudng cong (17.28) lUng vdi cac gia trl ¢ khac
nhau va cac dudng cong (17.30) Ung véi cac gia tri g, khdc nhau déu di qui diém:
q= 0,_ A=0
déu c6 dudng tiém can ngang la dudng:
A=L '
va ddu cé cuc tri tai diém q >1. D&i véi céc'bﬁ cach rung' thiy lue, cue tri cia A xay ra
tai: . _ R . T . ;

1- 2

va d&i voi cac bd cach rung cao su, tai:

q= ,f1+4s° '

Chii thich. Ta vita xét bai tmh cach rung cho n@n Nhu dﬁ néL a trén. trong nhidu
trudng hop viée cach rung-lai nham ehﬁ'ng rung t.ruyﬁn I;fi n&n J3n may. M5 hinh bai tinh
khi 46 la mot hé dao dong cuﬁng bie démg hge (hmh 1‘? §). Xét trudng hop daon gian khi

nén dao ddng didu hoa véi bién 44 B, va thn so ®. qu ﬁ lé. to& dé) t.uyét 361 ctia may va x
la toa do tuong dﬁl chia né d6i vdl nén ta cp :

=x+Bgsinot I (17.31)
Phucng trmh chuyen df}ng cua hela: . .
mX+bx +ex= 0 o : ' (17.52)

vdi b ¢ lan lugt 12 ha s& ma st va dd CUng cua bd cach rung 'I‘u' (17 31) ta co:
- x =X - Bsinet

x= X - aBosat.
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Thay céc biéu thdc trén vao (17.32)

X 4x
dudc:
mX +b(X - mB,,cos-{ot) +¢(X - Bsinot) =0
m
" hay _
mX +bX +cX = B, (csinot +bocoset) ¢ ! b
hav ./// A e v ff\vf Basin(ﬂt
LR c b Hinh 17.6
X+ —X+—X=B,| <sinot + —ocos ot .
m m m m
Vi:
m m
nén ta cing co: ]
X +2hX + p’X = B, (p*sinot + 2hacospt)
hay : . _ '
X +2hX +pX = B, yp* + 4hZe? sin(ot + 8) ' (17.33)
vai: I '
tgd = -—-—2hf°
p?

Phudng trinh (17.33) ¢6 dang gidng dang cia phuong trinh (17.3) do 46 48 ‘xac
dinh bién do rung ctia may do tae ddng cia nén ta c6 thé diing céng thie (17.15), sau khi

cho : _
%’ =B,yp* + 4h%?
 Tace: R
‘ A _ By p* + 4h%e® _
BN~ deg?
hay '

A=E, 1?»452'(;2 '
V- a®)? + 4etq?

(17.34)

Cong thiic (17.34) c6 dang gidng hét cong thie (17:19) ding d€ xac dinh bién d6 lye
rung duge truyén xudng nén, do d6 ta c6 thé ap dung céc két qud,cac dd thi d& nhan
duge d6i véi bién dé lyc rung truyén xudng nén R, trong bai tinh cach rung cho nén da
xét trén déy cho bién dé rung A cta may trong bai tinh chéng rung tit nén truyén lén
may.
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17.2. Cich rung cho nén khi ¢6 va dap

1. M6 hinh cta bai t.1nh la mét hé dao déng mdt bac ty do, dao ddng tyt do véi mét

van toc ban ddu (hlnh 17.7).
=x{t)=v

v la van tée cha khoi lugng m ngay sau khi bj va dap (xem phu luc cudi chucong).

c I b

LSS
- . Hinh 17.7

Phuong trinh chuyén dong cda hé la:
m x +b x +ex=0

hay
¥+ 2hx+px=0
v ngl;iém cua né ¢6 dang (xem 17.7):
= Ae™ s-;in\lp?fh2 t.
hay ' B
%= Ae™ sin(py1—-g2 )t
vl (xem 17.14) |
. _h
P
Vi g €1, nén c6 thé dat:
£=sin0
‘ Thay véo.c_ﬁng thie trén day cua x, dude: |
x = Ae P tgin(peos)t '

van tdc dao ddng nhu vay bing

lv: X,

X = pAe- “"““““{ -sinBsin(pcosd)t + cosBcOS(pCDSﬁ)t}

hay
% = pAe ™ ens[(peosh)t + 6] -
Theo gia thidt
X, =X(t=0)=v

(17.3h)

(17.36)

(17.37)
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do d6:

v = pAcosd
T dé suy ra:
A=Y _ (17.38)
pcos@ _ . .

Thay bleu thitc nay evia A vo cac edng thie (17.36) va (17. 37) lan lugt duge:
X = v —(pnln on

8 sm(pcose)t (17.39)
p cos

¥ =-— ¢ (nsinbH cos[(peosﬁ)t+9] ( 17. 40)
cos 9

Cht y dai lugng: -

v
pcosO : ' : ’

A=

khéng phai 1a bién dé cuc dai cta dao dong cla may - cé nhiing bién dd lién tiép xay ra

ta1 cac thai diém d do:

dx
=0
dt

hay (17-40):
cosl{pcos@)t+8] =
tie la:

(pcosOt + 8 = (2k+1)%

Bién d9 cuc dai thit nhAat, cung 14 bién d¢ quan trong nhat xay ra khi k = 0, tiic 1a:

(pcosB)t+B-E
hay khi:
-9 .
t=t,= v (17.41)

AI\I.‘\I =

y
p
C6 thé thay ring bién dé A

HAX

- giam khi @ ting
-khig >0, A Y
p
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- khi 6 > 1‘2~ tdclac o1 thiA - ~
p

2. Lyc truyén xudéng nén R bing (xem 17.1)

R=cx+bx
d) Thay:

¢ =p’m

b = 2pem -

vio cac bleu thitc (17.39) cua x, (17.40) cua X vao cdng thm: trén day ela R ta dugce:

R = mp*— . e PSINOR o1 (pcos B)t + 2pem —— Y (psind)t cos[(pcosﬂ)t+8}
p cosB cos 9
hay
= ——Bg g ~(psin®)t {sm(pcose)t + 2ecos[{pcosO)t + B}
cos
: -_Ta lat co: .
' 2ecos [(peosit + 0] = 2sinfcos(pcostt + 0]
= sin [(pcos@)t + 28] - sin {pcosf)t}]
Thay vao cong _thl'zc: _vﬁa suy ra duqc trén day ctua R, cudi cung duge:
R= zp‘; g—(pain®): sm[(pcos 0)t + 261 | (17.42)
8 .
R cyc dai khl" ' §
peosd cosl(pcoad)t + 201}
hay: o - ._(‘a'
" 2 y
s “’*""""’"cosupcose)t + 393
... dR o o
Do dé khi pr 0, phai cé cos[(pcosd)t + 39] =0
hay:

(pcosB)t + 30 = (Zk + 1)%

khi lay k= 1, ta cé:
pteost + 38 = %
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tir dé suy ra:

- 38
2

t=t,=
R pcos®

(17.43)
Vi t > 0 nén phai ¢o:

9<£
6

Nhu vay:

« Khi 9’% tic 1a khi € > 0,5, s& khong c6 eye tri nao ctia luc R sau thai diém t=0,
khi cé va dap. Nhu vay Iyge rung truyén xudng nén cuc dai ngay khi xay ra va dap.

¢ Khi G<-g—, tdc 1a khi £ < 0,5, lyc rung duge truyén xudng nén sé cyc dai trong
khoang thdi gian giita thoi diém va d4p va thai diém bién dé rung ciia may dat cue tri.
That vay ta c6 (xem (17.41) va (17.43)): '

T _30 T_¢g
2 ¥

<t, =—
pcos8 peos

tg =

s Cyc dal cua Iye rung truyén xuong nén duge tinh blng cach thay (17.48) vao
(17.42). Ta duge:

—[-E—aa]ma . . _ .
R,.x=mpve ** . ' . _ (17.44)
T4t nhién cdn lam cho R,,, cing nhé cang tét. Hay 14y dao ham cta R,,, theo 8. Ta
cd: : .
dR nax “(%_3ﬂ] e
= mpve 3tg0 — [ — - 301 + tg”0)
de
Nhung:
r. 1 ! Y T ’
3t9-(£~38) 1+tg%) = 3t Bcozﬁ—(——%J
g0- (5 (1 +1g°0) {c032 9{ g cos 3 |
=1 {3sm9cosﬁ [——39)}= 1.., {ésin28+39—£} -
cos” 9 2 cos~ B |2 2
do d4: '
dRuulx 3 ‘[;‘39]“‘9 . - n 1
ds = gMmpve . sln26+29-3 c0st 8
VA '
AR ey
. dé
khi:
sin 20 + 2 0 =§ . (17.45)
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Nghiém cua phmmg trinh nay la:

§] = 18°24°
ung vgi:

£ = gin 0 = 0,266
17.3. Phu luc chuong 17

1. M6t s6 khai niém vé va dap

Trén day, d€ xac dinh Iye rung dude truyén xuéng nén trong trudng hgp cé va dap,
ta d4 dung mé hinh hé mét bac ty do dao déng ty do.vdi van tde ban ddu v. Nhu vay
mudn tinh lye rung duge truyén xudng nén trong bai tinh duge xét cdn bidt gia. tri cna
van téc ban ddu v nay.

Van téc v nay chinh 12 vin t3c cia khéi lugng m trong mé hinh ngay sau khi by » dap.
Bay gig hay xét mot s khai niém vé va dap cin thiét cho viéc xac dinh van tdc v noi
irén,
- a. Xét hai khdi lugng m;, m, va dap véi nhau trong cac diéu kién sau:

» vao thai diém va dép, ca hai khéi lugng déu khéng chiu tac ddng ciia mdt ngoai lyc
nao.

e cac khéi lugng nay déu khéng ¢é chuyén déng quanh trong tim tudng dng.
» va dap la tae thai.
Ngoai ra ta gia thiét them la vﬁn t8c cua hai khéi lugng trude va sau va dap déu
cung phuong véi nhau.
Trong céc diéu kién duge néu trén day ta cé;
mv,, +m,v,, =m Vv, +m,V, . (1?46)

* V,_,¥,, lan lugt 1a gia tri dal s8 cua vﬁn toc ctia khéi lugmg ml ngay t‘.rd-’ic va ngay
sau thoi diém va dap.

e Y, V. 2+ 14n lugt 14 gid tri da1 80 cua van toc cua khé'i luqng mg ngay trudc va ngay
sau thdi diém va dap. : . :

Ta cén phal xée dinh'V Vil %,,, ’kh} dhtr tr‘uﬁc W‘l_,v%, R:Sng phudng trinh (17.46)

khong At-dé: gidi bai tink’ nky.hD@ 'c6 dttl;m mbf’*“phu‘dng ‘I;rinh thi:l ha1 ta phm dya véo
tinh chdt cua va dap. - L S T

b. Cé hai trudng hgp gidi han cia va dap va dap eling va va dap mém

1%) Va dép citng 12 va dap khéng c6 sy tidu thu va eung cip ning lugng, néi mqt
cach khae, dong nang cia hé duge bao toan, ta cé:

m vy, +m,vE, = mvi_ + m2"2—_
Nhu vay dé xac dinh ¥,,,7., ta c6 hé hai phudng trinh sau: -

m, v, +m,v, =m;V,_+ mgﬁg_}

2 3 2 2 (17.47)
myVi, +myVvy, =m; ¥ +m,vy_
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hay:

m, (v, -V,_)= ~m,(Vy, -7,

ml(vl2+ - vil") = _'m2(v§+ - Vg-
Lt (17.48) suy ra:

v2+ - v].-l- = _(52— - vl- )

)
)

}

(17.48)

(17.49)

Biéu thitc (17.49) cho thay van tdc tuong d6i gita hai khai lugng trude va sau khi v
dap ¢6 cung gia tri va ngude chiéu nhau nhy vay 43 ¢d sy ndy hoah toan.

Tt (17.47): va (17.49) suy ra duge:

_kmy —~mo)v,_ + 2m,v,_

Vi =

* m; +m,
_ (m2 - m1)§2_ + 2m1"?1_
VQ = - -

= m, +m,

2°) Va ddp mém la va dap ma sau dé
khéi do d6 c6 cang van tdc:
.“F+ = vl+ = -“_?2+
Nhu véfly, ta c6:

= _ MV, +my¥,
v, =

m; +m,

(17.50)

hai khéi Iugng chap lai véi nhau thanh mé

(17.51)

Trong trudng hop va dap mém c6 mét phan ning lugng cdia hé duge tidu thy bing:

1 g u 1
AE = E(ml.vf_ + mgv:_,‘u}-—E(m
hay
1 o1 |
AE_E 11 (V- ~ vy )
IR St
ml My

¢. Mit trudng ,H(;ip dic bigt 1a mét‘::tl:o'n
- Khéi lugng nay duge goi 1a khoi lugng bi v
dép . Vi du m, 14 khéi lugng-bi dap ta cé:

Vo= 0

1%) Trong trudng hgp va dap citng ta cé:

_ m, -m, _
1+ = : = Vl— (a)
ml +m1‘)
- 2m, _
Vo, = vi. (b)

b
1 +m2)v+

(1752

g hai khéi l_lrf.il_l.g, Idl‘_mg. yéh- trude khi va dap.

a ddp. - cbn khéi Wong kia goi 1a khst luong

T

(17.53)

--Cac eong thite (17.53) duge suy tir (17.50)bing .céch_.c_hp V,.= 0.
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Trong t_fu&_ng hgp va dap mém ta cb:
o m o

V, = ——— Wy (17.54)
my + Mo . . : .

Cong thm: nay duge suy ti (1‘7 51) bang cach cho Vo= 0.

2%y Thyc ra va dap khong bao g1d hoan toan ciing hay hoan toian mém ma la trung
gian gida hai truong hgp trén, tLtc 14 sau khi va dap, khing eé su ndy hoan toan ma
cang khéng c6 sy chap hoan toan. :

Cong thic téng quat d€ tinh van toc cua khm lucng b1 dap sau khi va dap l1a:
_ m, _ :
Vo, =+ M) ———_ (17.55)

vdi: A 12 hé s& déo cua vat lidu:
D<ih<1

Van tée ctia khéi lugng dap sau khi va dap duge tinh nhu sau:
ta cé:

m, ¥y =m Yy, + My,

Thay V., trong cong thﬂc trén bing (17.55), dugc:

— myMy
m,v_= rnlv1+ +(1+?L)—-——m - m, Vi

T dé suy ra:

m, - mph _
VoV

R (17.56)
Smpmy T e o

Chu y 1a trong (17. 56) . -

Khicho A =0, ta duoc bléu t‘u’&c (17 583} titc la ung vm truong hgp va dap mém
KhichoA =1, ta sé dw;c blﬁu »thﬁc (17 56)" t('lcf 1& fmg vfn trudng ‘hap va dap c\mg
2. Cach mng cho nén kéhhq‘p v&i glm ehﬁn d(n}g h;c. hoc cho nniy

Nhy di néi d ddu chudng nhy. v1éc cﬁch rung cho nﬁn ch1 cé tac dl,mg giam lyc rung

truyén xudng nén chu khﬁng b tac ‘dung. glam rung cho may ma’ nguqc lai cén cbd thé
jam ting bién d6 rung cia may. ;

LRI

Dé vin giam duge e rung truyﬁn xuong nén dﬁng thdl khong lam tang ma con cé
thé 1am. gidm bién 4% rung cta may, ngudi ta k&t hop v1éc cach rung cho nén véi vide

giam chin dong lye hoc cho may. Mé hinh cha bai tinh k}u dé 1a mot ¢o hé ha1 bac tu do
nhu mé ta trén hinh 17.8, trong dé:

- m la kh#&i lugng cua may
- P = P,sinot 1a lyc kich rung dat trén may.
- ¢ 12 @6 cing cia dém dan hot cach rung.

- m,, k, b lan lugt 1a khoi lugng, do cing ciia khau dan héi va dd nhdét cua khiu
giam chan ciia bd giam chén ddng luc hoc.
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B giam chdn ddng lyc hoc nay cé nguyén 1y 1am viéc o
tuong ty nhu bd gidam ch&n ddng lyc hoc kidu ma sat udt i

c6 khau ndi dan héi &a duge gidi thigu trong chudng 15. k$ L{J b
) m

‘a. Phuong trinh chuyén dpng cia hé dao ddng trén lpe)
hinh 17.8 la: [
‘ moX, +b(x, —-%x)+ k(x, -x)=0
.. . ( . ( ‘ . (17.57) ¢
mx ~-b(x, - x) - k(x, - %)+ ex =Py sinot
Nghiém dic biét x va x, cha hé phuong trinh nay c6 Hinh 17.8
dang:
= 1 +
X Asn:1(mt @) } (17.58)
X, = AnS]‘n(wt’ + q)n) ’

trong'dd A la bién dd rung cia may.

1°, D& xac dinh A, ¢6 th_g dung phuong phap bién d6 phitc nhu da gidi thiéu trong
chudng 15.

“Pat: .
X = Apitt* 9l o A qiegion
"x- =A ei{mtﬂaizA eiq);,eimt
vit i=4-1,
hay:
o~ _ R i
X=Ae } (17.59)
~i’l= Aﬂelm
Vi - _
A’ = iv :
- Ae N } (17.60)
A = Ae
Ta cé:
Xx=ImX
X =Im¥,
Do dc‘)'tir (17.57) ta ¢6 hé phudng trinh sau:
f +b(% -% +k(X. -%)=
m, X, + b(X, ~%) +k(X,-X) =0 | } (17.61)
m¥-b(X, -%X)-k(%, -%) +eX =Pyt

Tit phudng trinh thi nhAt cha (17.61) va tu (17.59) ta cé:
[(k - m,0% +ibel¥, = (k + ibo) ¥
Tu 46 suy ra:
- k +ibo
(k-m,0*)+ibo

& _
X

100



hay:
%, _k(k-m?)+ble® im bo®
¥ (k-mo?)?+ble® (k-m,0%)?+ble?
Bay gis hay cfng hai phuong trinh cia hé (17.61) lai véi nhau, ta duge
m¥ +m, X, + c¥ = Pye'™

(17.62)

(17.63a)
Vi theo (17.59), ta cé:

X,
X

It
m|,’“

nén (17.63a) c¢6 thé viét lai nhu sau

m[l + ﬁ"T]sz +cX = Ppe™ (17.63b)
m X .
Thay (17.62) vao (17.63b) va chi ¥:

¥=in¥

Cudbi cl‘mg ta duge:

' | [1 m_ k(k - m,0?)+b%o 2] R bo* %\ o% = o
+ X =
m (k-m,0®) +bla’ " (k-m,0%)? +bla? ’
- Pat: |

(17.64)

. (17.85)
m, : '

(p. chinh 13 tén 56 riéng cGa b) gidm chén dong lye hoc) thi (17.64) ¢6 thé viét lai nhu sau:
. 2y 2, 2 :
: [1+up°(p' ©°) +4h%o ]
(p? -m")2 +4h’o) (p

I3

o _ (17.66)
h S

thi phuang trinh tréh_ day c6 thé vist duéi dang

2082 _ g2} + 4g2q? ). ,
m(lﬂlf(f )+ 4g’q Kebor q

o 17.6
2 -qh)? + 4g%¢* —q%)? + 4g¥q x_+cx ¥ (17.67)
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Pt:
a=(-q’) +4g’q’ }
B = -q"+4g’>
thi (17.67) ¢6 thé viét lai nhu sau:

m(u-"“B] bq‘ ¥+cX =P

o a

Phin 4o cta phuong trinh nay la:

4
m(ﬂji +bd g4ex= Pysinot
AR ¢ o .
hay:
M + Bx + cx = Piginot
vii:
a+
M=m2iH8
43
4
B=b31
o

véi o, B ditge cho béng (17.68).

Thay x bang (17.58), sau mot sd suy dlen ta duqc _

A= F, .
M\/(;)2 —0?)? + 4he?
vii:

- c

Po\M

ne B

Tt (17.72) ta b .

-3 c i A
P oM

~2 ¢ a
P = m o+ pup
hay theo (17.68)
_2_ 2 o
P =P @+ pB

Mat khac cfing tir (17.72). va (17.70):

b..a -.;t
2h bq o - bm, 9 .

RS m(a+pB) -my m(u+pﬁ)
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hay, theo {17.65):

heph 2

e ug)

(17.74)

Thay (17.73) va (17.74) vao (17.71) va véi M dudc cho bing (17.70) sau mét s6 suy
dién cudi cing ta duge: ‘
_ P o : o (17:75)
© J[a(l q®) + up)® + 4p’g%q" = |

2°. Bay gio hay xét snx bi€n thién bién d6 A ctia may - Trudc hét, ta chu ¥ 12 trong
cdc thdng 8 dong luc hoc ciia bai tinh dang xét, thi:

- Khdi lugng m ciia may duge cho trude.

- B§ cing ¢ cha dém dan h61 cling da (hmc xac dinh trude, khi giai bai tinn cl.5ne -
rung cho nén. ' '

Nhu .vay...c_ac théng s& con lai phai chon 1a céé’ iihﬁng_sc‘:' caa bd giém chin ddng lyuc
hoe. . - .

KHéi lugng m, caa bo giam chan dude chon tuy theo khm lucng m cla may, théng

thuang c6 thé 18y: -
m, = 0,2m
tic 1a 1ay: '
. p=0,2 _ .

Trong cic thong & con lai (d@ citng k va hé 86 ma sat b) thi hé sd ma sat b c6 tl_'né
. cho thay déi trong mot pham'vi réng. Do d6. sau diy ta sé xét sy bién thién ctia A theo b
(tdc la theo g trong cdng thic (17. 75)) va. fheo tén sé’ o cta lye kfch ru, g (tdc la theo q °

trong cong thie (17.75)); Ta duge ho duang cang’ trén hinh 17. 9 mai duong 2nang dng vdi
~ mot gié trj cia hé 58 ma sat b, BT e :

b. Tdt ca cde duong cong trén hmh 17 9 déu c,ﬁt nhau tai hal diém {ng véi cac hoanh db
q,» 9; hoan toan xac dinh (cac diém M,, M, trén hinh 17.9). Dé xac dinh qéc gia tri q,, q, hay
xét hai truéng hgp gidi han cla bai tfnh l§n lugt ung' vc’h c.ac giatri:b=0vab=10o,

1°. Trude hét xét trudng hop b = . Khi d6 céc khﬁ'i Iltgng m, m, khéng cé chuyén
dong tudng déi ddi véi nhau va coi nhut gén chit véi nhau thanh mt khéi 6 khoi lugng

béng m + m,. M6 hinh cia bai tinh bay gid 1a mgt hé dao déng mot bac ty do khéng giam
chan Phuong trinh chuyén déng khi dé6 la:

(m + m,} ¥ + ¢x = Pysinat . (17.76)
Dat:

x* = A*sin(ot + @)
- va thay vao phudng trinh trén, ta suy ra: )
A*sin(ot + ¢) = H*sinot ' o (17T
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1 1 '
I 1 I
A ib=w  [b=0
i 1 1
7 A 1
1 ik
1 i Ty
k=02 . iy
1 1l L :ll‘
f= 1+ "l He R
H R /l\ Py
l|| N 'l 1)
i F oo
L fon. LI I |
£ 1 / :\ foa
’.: :

Véi:

~ hay:

H* =

5 (17.78)
ell-(1+ p)q*) .

1

Vi p, q cho bding cac céng thiic (17. 65)I (17.66).

Vi bién d§ A duge quy ude 1a dudng nén theo (17.77):
~ KhiH*>0:¢ =05 A* =H*

WM H*<0:¢=180%A* = H*

Qe = 1 :A=H* B o ]
.m ._ . S o (17.79)
ol A= |
L oNl+p '
-7 {17.78).
g pn=02taco:

4~ 0,9 B - (17.80)

0ng hgp b = 0. M6 hinh cia bai tinh bay gié 12 mot hé hai bac
~phutang trinh chuyén ddng cia hé la:



mx, +k(x,-x)=0 . '
ave 2 17.81
mi—k(xn—x)+kx=Posinmt} (17.81)
Pat: .
X, = A,sin(mt + @)
X = A**sin(wt + ¢)
Va thay vao hé phuong trinh trén, ta suy ra:
A** gin{ot + @) = H**sinot _ (17.82)
Vai: '
_ 2
H** = (k m,o )_PO (17.83)
Alw)
va
k- 2 -
Aw)= | T® ko (17.84)
-k k+c-mo?
hay:
_ 2
F* = k-mo?B (17.85)
(k~m,0°)k +c - ma?)- k2
hay:
%+ = Pyt -q") (17.86)

o(f? - QY +1- qz) - pf*

Vi A** dugc quy udela dudng nén tix (17, 82), ta phal cé
- Kh1 H** > 0 q> 0“ A** = H**

 -KhiH**<0ig= 1so° A** =-H**

" Dé xét dﬁu ciia H**, tha;.r vu dimg\céna thﬁﬁ (17 36)* hﬁy trds, Im cong thﬂc (17, 83)
Chi ¥ bidu thic ciia Al®); rié'u trong biéu tgfﬁe nay.ta thay ) bing p, véi p 14 tdn s6

riéng ¢ia hé dao déng hai béc ty do dang xét t.hl""' Bé dul;c vé’ tral cua phudng trinh tan
88 cla hé, tite la: B

. k-mp? -k | T s
s= [T K L e L
N -k k+¢-mp? .

Goi p,, p, 12 cac tin s& riéng cha hé, tdc la ﬂghi&m cla phudrigttrinh tan &6 trén
day, ta ¢6 thé viét lai A(e) nhu sau: - St .
| A(®) = mm,* - pl)a? - pl)
Thay biéu thie nay eta A{m) vao (17.86), sau mot 86 bién do1 ta dl.tc;lc
Py(f* - q%)

H** =
mm,{e* -pf)e? - p?)
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hay:

P f? _ a2
Hovo ol od) (17.87)
CONES A G £
Vai:
f,= &, £ = Py
Po Po
Tt (17.87), ta thay:
- P e 3 drde — P wx .
Khif,<gq<f:H _<0—)A H } (17.88)
-Khif<qg<f,: H** > 5 A** = H**
v4t H** cho bang (17.86).
Nhu sau day sé chitng minh 1di giai t&i vu cﬁa_ bai tinh dng véi khi:
f= 1
1+p
Vi p duge 14y bing 0,2, ta c6:
f=0,833
titc la (xem (17.80)): f=q,
- 3% Tu céc diéu kién (17.79) va (17.88) ta lap dude bing sau:
f1 . f= Qe fz_
o P, P,
* : e e .24 . 1 1 24
A : cfl-(1+pq-] ® ell- Q1 +p)q?] .
w P -q®) Po(f® - %) |
AT of? ~a)uf? +1-q")-ptt O ot gD (pf? +1-q?) - pf*
Vi & céc giao diém Ml, M2 (hinh 17.9) ta phal ch:
A% = A%
tuc la theo bang trén:
Pp  _ . -PBy’-g?)
ol-(t+wa®]l  e(f? - q)uf? + 1-q?)- pf*
hay sau ‘khi don gian: : ; o
(2 +wq* - 2[F(1 + )+ llqﬂ + 2f“ 0 : . (17.89)

Nhu vay cac gia tri q,, q, ing véi che giao di€ém M,, M, cha ho dudng cong bién thién
cua bién d6 rung theo q chinh la nghlém cua ph\idng trinh (17.89) trén day. Giai phudng
trinh nay, ta duge:
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J(1+p)f2 +1‘--J(t“‘a -1)? + p(p + 2
q; = .
: p+2

. (17.90)

A 14 (8?1 + g+ 2
2= p+27

4°. D€ c6 duge 19i giai tdi uu, t4t nhién ta.p}iéi chon cac théng s cua bai tinh sao
cho céac giao diém M,, M, trén day ¢ cung mdt tung 44, tic la:
| A*(q,) = A%(gy)
Theo bang, diéu nay cé nghia la: |
P, - -P,
-1+ wa?]  ell-(1+pql]

hay: '
(1+p)(a} +q3) =2
" Thay cac bidu thite (17.90) cia q,, q; vao phuong trinh trén, cudi cung suy ra:

1
1+p

Bay gio hay xét ho 'dltélng-'éon"g di qua hai diém M1, M2 b cing tung dé nay. Ta c¢é
thé chon duge mot gia tri b ctia hé s8 gidm chdn dé duge mdt dudng cong A(q) ¢6 chung
mot ti€p tuy&n nim ngang tai cac diém M1, M2. D4y chinh la ldi gidi t31 uu cha bai tinh.
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Chuong 18
RO BOT

T rébdt duge ding 1dn diu trong tic phdm khoa hoc vién tudng ctha nha vian Karel
- nguoi Tiép, viét nam 1920. '

Tir 1950, bude vao thai ky ty dong hoa san Xult, r6bdt nhu 12 mt tay may bude diu

duge dua vao sit dung. _ '
Dac biét tir 1970, cung véi sy phat trién cia Cd khi - Dién - Diéw td va Tin hoe,

ngudi may - rébot ngay cang duge ting dung rong rai trong qué trinh ty dgng hoa sin

Xudt va trong céng vige nghién cttu khoa hoc din dén m$t linh vye chuyén nghién ety va

ché tao céc loai r6bot.Ngay nay robst da xam nhap vao hiu khdp cac linh vye hoat déng
cua loai nguoi. '

Cé thé néi robét 1a cum may - tu dong hoa thuc hién cic chitc ning van déng tit co

bap d€n tri tué cia sinh vat va con ngudi.
Trong chuong nay, sé chi gidi thiéu mdt 8§ kién thic c¢d ban nhat vé rébét.
18.1. Cau tric robat

18.1.1. Pai cuong

1. Cdc b6 phén ciia rébét _
Mét robot hién dai thudng g0m cac bd phan sau:
1) Chén di chuyén: chan c6 thé 1a kidu chin buée, chan bs, banh 14:-. banh xich. ..

2) Than bé 14 khéi mang cac phdn cd ban cia rébdt, thudng than chi thye higén mot
vai chuyén déng don gian. :

3) Canh tay 1a chudi déng dé véi t6i cae diém trong khéng gian, day chinh 13 phéin
thyc hign nhiéu chuyén dong phic tap nhat.

4) Ban tay la phdn dé nm b4t cac vat hoic dyng cy. _

5) Cac phdn t& nhan biét - c6 thé néi d6 1a ecac “gidc quan” cla rébat.

6) Trung tdim diéu khién: Day la b6 phan tiép nhan, xu ly va truyén dat théng tin
diéu khién rébét. C6 thé goi day 1a phin d4u ndo ciia rébét. '

7) Ngudn ning lugng

2. Céc b phén chuyén déng co hoc ciia rébét gém

- Hé chén di chuyén. '

- Hé canh tay va ban tay nim bt cic cong ey, thyc hign cdc thao tac lam vige.
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.v“.&

Bang 18.1

Ki hiéu khéng gian

Ki hiéu phang

Néi cling

v

Khdp quay loai 5

Khép tinh tién
loai b

Khép vit loai 5

Khdp vita quay
vifta tinh tién
loat 4

109



' Bang 18.1 (Tiép theo)

Khép ciu chét
loai 4

Khdp tua phing
loai 3

Khdp ciu loai 3

Khép mang ciu
loai 2

Khép tya dudng
thiang loai 2.

Khép tua diém
loai 1

V& mit cAu tric va chuyén dong co hoc, hé canh tay - ban fay clia rdbdt 1a mot co .
cdu khdng gian hd hoic kin hoic hén hgp. Cac khiu citacd cu khéng gian dude ndi véi
nhau béng cac khdp dong c6 luge dé duge cho trong 'bé'ng 18.1. Chi ¥ 1a mét s6 khdp nay
da duge gidi thiéu trong chuong 1 nhung véi cac k¥ hidu quy uéc ¢6 thé khic nhau dsi
chut.

Sau day, ta quy wéc goi toan bd hé canh tay - ban tay cla rébét 1a cd ciu robdt. Nhu
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vay gia cia co cdu nay chinh la than bé ciia rébdt va ban thén gia, tic than bé nay cang
chuyén dong khi hé chan di chuyén cia robét hoat dong.

18.1.2 Béc tw do ciia cd ciu robot Khéu kich hoat,

1. Vi cd ciu robot, nhu vita néi trén day, 1a mot co ch’u khong gian, do 46 bac tu do
ciia né duge tinh theo cong thite (1.8).

W=én- (3 ip; Ry ~Ryp) - Wi
trong d6, can nhéc lai:
n - s& khéu cia cd cau rébot

p; - 56 khép loai j - tic 1a s6 kKhdp ¢é j rang budc (hay han chéJ bac ty do).

R,, - s6 rang bude trung, ¢6 thé tén tai ¢ cac khdp déng kin mét chudi dong trong co

ciu, néu cé.

v

R,, - s0 rang budc thua.
W,, - 0 bac tu do thita.

S& bac tu do cua co cdu robdt chinh 12 s§ kha niang chuyén dong ctha co c&u nay
trong hé toa 4o gén lién véi than bé. Pay cing 1a s& chuyén dong kich hoat cia robét,

khong ké cac kha néng chuyén déng ctia hé chan di chuyen Cac chuyen déng kich host
thudng 1 chuyén ddng quay hay tinh tién.

2. Cac chuyén dong kich hoa.t qu&y thuong duge thuc hign tit céc dong cd bude.
Trong nhidu trudng hgp ta phal 511 dung hﬁp giam toc dé dat td: yéu cAu vé van tdc goc
cua khau kich hoat quay. Trong trudng th van téc quay kha bé, ty s& truyén cta phan
giam tdc sé kha 16n. Trong trudng hop nay thudng phai dung téi cac hop giam tdc hay

bién tdc dac biét. Cac loai thudng duge dixng & day 1a hop giam tdc holdc bién tdc kiéu

visai - hanh tinh - truyén déng banh rang song M@t yeu c&u \z(’n loai hdp giam tdc hay
bién t8c nay 12 kich thuée lai phai nhoé gtm '

Cac chuyén dong kich hoat tinh t1é'n duqc th n b‘!ing ﬁ'& ‘Eh‘bng plxtong - xylanh
khi nén hay thuy lyec - Gan day, ngucL ta cﬁng dUa .‘ﬁps%.glﬁn&{’dﬁng ¢d bude kiéu tinh
tién.

Cac khau nhan trye tiép chuyen dong kich hoat d\lqlc goi 1 cae khau kich hoat. Nhu
vay 80 bac tg do ctia cd ciu robdt bing a6 khau kich hoat. Cén chiu ¥ 3 bac tu do cua

khau kich hoat duge hiéu 14 kha nang chuyén dong ciia nod 61 véi khau n61 vdi né, duge
coi 1a “gia” eia né.

Khi robot khong cé hé chan di chuyén tée 12 khi than bé cua ‘né ¢d dinh thi robat
duge goi la tay may, va bac tu do clia tay may cing chinhi 12 bac t.ﬁ do clia ¢o céu robot.

Trén hinh 18.1 12 mdt s& tay may théng dung, déu c6 ba bac tyg do:

Hinh 18.1a 1a tay may cfu trac D& cac (Descartes) c6 ba bac tu do tinh tién (T-T-T).

Hinh 18.1b 1a tay may cdu tric try c6 mot bae ty do quay va hai bac tu do tinh tién
(Q-T-T). '
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[x = psin@cos0
M {y=psin@sinf
{z: pCos

&S
[[H
x= L cos - Lg cos(p - 0)

y ‘L'L cos 0 + Ly cos(p - 0)

z

x =1 cos® — Ly cos(p - 8)
NI y=L{jcosO+ 1,2 cos(gp — 0)
z

e)

Hinh 18.1



- Hinh 18.1c 1a tay may cdu tric cdu (Q-Q-T).
- Hinh 18.1d 1a tay may cdu tric SCARA (T-Q-Q).
- Hinh 18.1e 1a tay may cdu tric cuc (Q-Q-Q).

18.1.3. Ban tay nim bit céng cu

Céng cu dugc ban tay ndm bit rit da dang, t kich ¢, hinh dang dén trong lugng,
va diéu kién lam viéc ... Do d6 phai tiy vao cong cu va vat dung cAn ndm bit dé chon

Bang 18.2. Lugc dé nam bit co khi

- ’\.’
Kiéu

Két caAu

Luge d6 tinh

Tay don

Culit - tay don

Thanh riang - tay don

Chém - tay don

Chém - tay don

Lo xo

Nhiéu khau

8-NLMT2
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so dé cua ban tay, tic 12 nguyén tde lam vide, k&t c&u va cac cam bién cita né, cho phép.

xac dinh vi tri va thoi diém lam viéc hodc ndm bét.
Trén bang 18.2 14 luge 46 mét s8 ban tay nadm bit cd khi.

Ngoai viéc ndm bit bing cd khi cdon ¢6 thé thye hlen viége nidm bit bang chan khong
hoic Iye hit dién ti.

18.2. Hinh déng hoc co ciu robot

- Ngi dung ctia bai tinh hinh déng hoc cd cdu rbdt la xéc dinh vi tri, van toe, gia tde
ctia cAc didm trén cic khau cia robdt, trong d6 bai tinh vi tri tde 12 bai tinh didu tién va
¢6 ¥ nghia quan trong. Viéc giai bai tinh vi tri cho phép xac dinh mién .4 t6i, mién lam
viée cla robét, va cac thong sd cdn didu khién dé robst hoat dong.

18.2.1. Bai tinh vi tri

‘1. N&i dung bai tinh vi tri

C6 hai bai tinh vi tri: Bai tinh thuan va bai tinh nguge.

No1 dung ctia bai tinh (v"i tri} thuan 14 xac dinh vi tri ca cac diém khac nhau trén
robot va cia ban tay ndm.bét cong cu khi cho trude thong s& vi tri cua cae khau kich

hoat. Con ndi dung ctia bai tinh nguge 1a : Tit diém cdn véi tdi hay 1a vi tri cn dat duge

ctia ban tay hay ¢dng cu, phai xac dinh gia tri cia théng s8 didu khién cac khau kich
hoat. o

Hinh 18.2

Co s¢ dé giai hai bai tinh trén 12 mat.

a) Hay xét luge 48 co c&u robot trén hinh 18.2. Diy 12 mdt chudi déng hd n khiu.
Khiu 1 dude ndi véi gia O, con ban tay ndm béit céng cu B duge néi véi khiu n. Ban tay
nim bit cong cu C, din céng cy di theo mdt quy dao CO cua diém O..

1% Xét mot diém M, bat ky trén khau i cha chudi dong. Goi Ty, la vec to xac dlnh vi
tri ciia diém M,, trong hé toa d6 gin 1ién va gid Hy(0.X,Y,2Z,) ta co:

[ — —>
rMi = 01 02 + 02 03 Fonat Oi-l Oi + OiMi

114



hay: ty, = 2,0,0,, +OM, (18.1)
= _

Véi phuong trinh nay va cac théng sd vi tri duge ‘cho tritde clia cac khau kich hoat,
ta cé thé xac dinh duge vi tri cia diém M, trong hé toa dé H (0, X, Y, Zs).

2%) D& xac dinh vi trf cha cdng cu cdn x4e dinh vi trf ciia ba diém trén cbng cy,
khéng ndm trén cung m@t dudng thing - goi O,, C’, C” 12 ba diém nay, ta cé:

nl____) _)_]
0,0,,,+0,0

-

J= .

0.C » | (18.2)
_> .

. +0,C"

Iy =F,

+

= 1]
=1l

o

Ngoai ra O, C’ C” déu nim trén cting mét khau nén ta phai cé:

0.C1=1,; |0, =1

—_ _
23 C‘C"}=13 (18.3)

véil, 1y, 1, béng.hﬁng va ta ¢6 gia tri duge cho trude.

Cac phuong trinh (18.2) véi cac diéu kién (18.3) va cac thong s8 vi trf duge cho trude
cua cac khau kich hoat cho phép x4c dmh vi tri cla edng cu trong hé toa d6 Hy(0X,Y,Z,)
gdn lién véi gia. -

Thay vi diing ba diém khac nhau khéng thidng hing trén céng cu, dé xéc'dinh vi tri

- clia cong cu ta.c6é thé dung diém O, trén céng cy va cac vectd chi phuong ciia mdt hé toa
dé H(0 X Y,Z,) gin lién véi cong cy:

Nhit vay c6 thé thiy rang thye chat ciia bm tinh xéc dinh vj tri clia cong cu la xac
'dmh vi tri cua hé toa 6 H(0.X,Y.Z,.) trong hé toa d gin lién véi gia Hy(0,X,Y,Z,).

b) Luge d6 trén hinh 18.2 1a mét chudi d4ng hd duge goi 12 chudi déng hé don trong
d6 méi khau dugc ndi véi nhiéu nhit.1a hai khau khae. Ngoai dang luge ¢4 nay con cé
mét dang luge dé khae goi 13 chudi dong hd phic tap trong d6 cé mét 86 khau duge néi
vdl trén hai khau. Khi d6 trén luge dé c6 mét hoge mg_t 86 chudi dong kin. Trén hinh 18.3
12 luge d6 co cdu robdt c6 mot chudi kin. Ta cé thé coi chudi déng kin nay nhu 1a hai
chudi dong hd 0,0y, ... O, va 0,0% ... O, duge déng kin véi nhau tai O, bing mot khap
déng. Trong hai chufi déng nay ta c6 thé chon mdt chudi lam nhanh chinh, con goi 12 nhanh
ddn chinh, nhanh ¢én lai goi 1a nhanh ddn phy. Vi dy trén hinh 18.3 ta cé thé chon chudi O-
¥Oir--.0, 1am nhanh don chinh.

Do hai nhanh cung xuft phat tit diém O, va duqc déng kin véi nhau tai O, nén ta cé:
{-.

Fap = Fhp) | . (18.4)
trong d6: -



Ty = 0, 0x.1 +..t Uk+10p ' | (18.5)
?kp = Okok""' Ok‘ok':l Feoet 0k‘+md |

¥

D& giai bai tinh vi trf cda cd c&u rébdt ma lude @6 cé chita chudi déng kin nhu trong
vi du trén ddy, ta dung cédc phuong trinh (18.1), (18.2), (18.3) dng véi luge 46 ¢6 dang
chudi déng hé don, két hop vdi cae phuong trinh (18.4), (18.5) trén day,.

Hinh 18.3

2. Cac ma tran chﬁyé‘n d3i toa 46 co ban

D& giai bai tinh hinh ddng hoc e¢d cdu rébst, co the ding nhiéu phuong phap khac
nhau. Trong tai liéu nay sé giéi thiéu phusng phap ma tran. Khi gial bai tinh bang
phudng phap ma tran, ta s dung cac ma tran chuyen ddi toa d6 gifta céc hé quy chifu,

"méi hé gén lién vai mot. khiu cla cg cau.

Hay xét hai hé quy chleu.

H;: OX,Y.Z; H: 0XY,Z, va mdt diém M trong khéng gian. 'I‘rong he quy chidu H;, vi
tri diém M dudgce xac dinh béi vectd

i:M .-_— OiM
va trong hé quy chiu H;, vi tri cha didm M duge xac dinh bdi veeto:

—>
=0OM

‘Gol €y, eYi eZ; va &y, ey, ez 14n luot lﬁ cae vectd chi phltdng cuaa cac hé toa 4o
‘H;, H;, ta cé: : : '

Hay xét vectd 4 ching han, vects nay ¢6 thé bidu didn clu_éii___dz,mg ma trin nhu sau:
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Tuy nhién d€ thuan lgi cho céc phép bién ddi, ta c6 thé biéu dién vecto T, bing mat
vectd ma tran cft bdn phdn ti& véi phén tit thi tu bing 1: Co

=X vz
Tuong tt nhu vay:

~j T

B[ vz, .

Goi Kj; 1a ma tran wibng c4p 4 thod man phuong trinh sau:

X, X;
Y, Y,
z;| = Ko ¥4z
1 1

thi K, chinh 12 ma tran chuyén déi toa dé giita cac hé quy chiéu H,, H, .

Dudi day s& gidi thidu cée ma tran chuyén d8i toa d9 giita hai hé quy chiéu gén trén
- hai khau duge néi véi nhau dng véi cac chuyén déng tusng d6i khac nhau gitta hai khau
nay. Cac ma tran chuyén déi toa dé nay dude goi 13 cic ma tran chuyen déi toa d6 co
ban. '

a) Trudang hop H, la H, tinh tién theo vec to O,-a- (hinh 18.4). .

Ta cé:
i'hl.l :Oiaj'i'i"m
0.0, =28, +b,, +c,
Do dé: _
X,=X;+a
Y=Y, +b
Zi=Zj+c
hay dudi dang ma tran: .
Xi 11 0 0 a Xj . )
Yi§ 01 00 Y, _
1f jo 00 1 1 - .- Hinh12.4
X, Xl
Yl g (To_b] %
Z| TR g
1 _ 1
Vi
1 00
01 ¢ b
K, T,O--ii-): 6
“( 0 01 ¢ (18.6)
¢ 001
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12 ma tran chuyén déi toa 46 khi H; 1a H; da tinh tién di mét vects oiEiJ. goi tét 12 ma
tran chuyén d8i toa dé tinh tién.

b) Truong hop H; lé Hi quay di 'm{it goc quanh mét trong ba tryc cia H,.

19 Trudc hét xét trudng hgp quay quanh truc Z;, trung v6i truc Z; mét goée y; (hinh
18.5a). ' ’ o

5
L=7 .

) — Yi
O; B

.xi cgi )
X
Vi trohg trudng hgp nay, O; trang véi O; nén
M=H |
hay:
Xi-é!.i ‘+ Yié}'i + Ziéz; = X]§!j + Yjéyj_'l' ZJEZJ (18.7)

‘1.4y tich v huéng cta ca hai v& cta (18.7), 1an lugt véi &, , va &, . ta dugc:
Xi= X8, .8, + Yie, . ey
Yi = Xjexj-eyi + Yjeyj.eyi

‘Ngoai ra, ta lai ¢é

Vi:

nén cudi cﬁngl ta cé:
X, = X cosy; - Y; siny;;
Y, =X siny; + Y, cosy;
Z,=%

hay dudi dang ma trin:

X; COS ¥ -.sin'yij' 0 o} X
Y, _ siny; cosyy O O y Y;
Z; 0 0 1 Of 7
1 0 o o 1] [1
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hay: .
X .

. X’i ]
i\'e Y,
Z: :Kﬁ(Q/Zi!Tii Zi
1 i
vai:
cosyy —8IMYj 00
siny; cosyy O O
Ky(Q/Ziv35)=1 07“ 071, ) (18.8)
o 0 01

12 ma tran chuyén ddi toa d khi H; 1a H; quay di mdt goc ¥, quanh truc Z, trung véi Z,.

2% Ciing lam tuwong ty nhu trén ta suy ra ma tran chuyén déi toa dd khi H; la H;
quay di mot goe By; quanh truc Y, trung véi Y; (hinh 18. 5b).

cosBy 0 sinfy ol
1 0
K.lQ/Y..B.)= 18.9
h(Q/ ! ﬁ“-) —sinPy O cosPy (18.9)
0 0 0 1
- va ma tran chuyén d8i kluH, 12 H, quay quanh truc X; mot goc o; thinh 18.5¢)
T 0 0
0 cosay —sinag; 0 : : ' '
ij | i -
(Q;XI'“' ) 0 sinay. cosay 0 (18.10)

e) Trttdng hop H, la H, quay qugnh goc chung O = 0.

Ta van co _ Lo
I'M = "gi e _ .
hay - Xé, +Yle’ri £iZ:8 T —_X E,! +,, $ Y} +Z'J ’j B
Bay gla hay 14y tich vb huéng hm vé’ cha- ph\lqng trmh trén'r'ié.y lan lugt véi
&, 8&,,8&,.ta duge: : » s '
X; =X€y, -8, +Y8,, €y +2j8, .0y | o R
Y, = X8, .8, +Yjey .0y +Zi@, 8y 0 (18.11)
Z; =Xjey .84 + Yey, 4 +Zi€, .8y
bat
xy = €xpr €8xy My =€y o€y Ny, =€g.-8y
lb'u =€,,.€y,; My, =8y 8y pyij =€,-8y {18.12)
2y = €xpe€qyi My =y;- €45 N, =€5€y
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thi (18.11) ¢6 thé viét lai nhu sau:
Xi = lquJ + mxinj'!'nxiij

Y, = lyiin + m_‘,inj+nyij25
Zi =lzinj +mzinj+nzijj

hay dudi dang ma tran:

Y. .

'|=Ky(Q/0:),

Zi R j

1 : 1

vai:
xu xij xlj
s Mg N '
K“(Q/O)- Vi Y v (18.13)

l; mg ng

0 0 ¢ 1

12 ma tran chuyén déi toa d khi H; 1a H; quay quanh g&c chung O, = 0,
Cac dai lugng

- Ly Ly 1y
- My, my, m,
Ty, Dy oM

lan lugt 1a céc cosin chi phudng cta cace truc X, Y;, Z; trong H,

d) Tt edec ma trén chuyén déi toag d6 co bdn trén day, ta c6 thé xﬁy dung cac

ma tran chuyén déi tea dd dng véi nhing trudng hgp phic tap hon. Hay xét hai vi du
sau day ing vdi hai truong hdp théng dyng. :

1% Ma tran chuyén dsi toa 46 khi H; la H; tinh tién theo 0,0, va sau d6 quay quanh 0,
Goi H, 14 ha H; @4 tinh tién theo O, i0;, ta e6:

X; Xy
Y; el | 4
Zi = Kik(T’oiOJ) Z
1 1
Xy .8
Y, Y,
=K oy !
Zk kj(Q/ | Zj
1 1
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Do d6:

X; X;
| ISR
7. | Ka[T.0,0, ka](Q/O 7
1 1

ha

Thay (18.6) va (18.13) vao céng thitc trén duge:
1 0 0 af l,, m n

xij X 1
1 n

¥ij m ¥ij ¥ij
n

z Mo %ij

0
ij 0
0 0 O 0 1

1 0
g 1
0 O

(18.14)
: 2,] ij ?'ij

0 0:-0

il
—
s
- :
B
=
e
o
T oW

2") Ma trﬁn chuyen 651 toa dé kh1 H; la H; quay quanh vecto k qua gde chung 0,
= 0; mt géc 0. :

Viée cho H, quay quanh k mf)t géc 9 t‘UOng dw:mg vdi vléc cho né ldn llr(;it cac
chuyén déng sau: . . .

- Buée 1; quay quanh 0 sao cho 0,Z, dén trﬁng v&; k ‘Ta duqc hé Hk
- Buée 2: quay quanh k mbt géc 8, tuc la quay quanh 0 Zi mét géc 9.
- Bude 3: quay quanh O; v6i chuyén déng nguqc v6_‘,1 bude 1 tren déy.
Nhu vay ma tran chuyén déi toa dd Ku trong t:ir&hg‘ hop duge xét bing:
K;(Q/k.0) = K5 (Q/0;) x Ky (Q/k,0) x K,g.’(Q/o.-)
Vi K, (Q/0;) 14 ma tran chuyén tri cia KH(Q/O ) tdc 1&
Ky (Q/0;) = K} (Q/0; )

nén cudi cing ta céb: ' - S
K;(Q/k,6) = Ky (Q/0;) x By (Q/k,0) x KT (Q/0,) - sy
Goi '
Xik? Uit Txgg
- 1Yik' Mys k)’ik

Zix * Zik* kzik

121



14n lugt 13 cac cosin chi phugng cha cac truc O Xy O;Yy, 0,2, = k cta hé H, trong hé H,,
ta cd (Xxem 18.13)

X Mxp By

m.,. n, 0

Ku(Q/O;) =[x vk Vi 0
Zik mzik nzik

) o 1

Thay biéu thic nay cta K, (Q/O ) va bidu thite (18.8) (cua ma trén chuyén déi toa
dd khi quay quanh truc Z mét géc 6) vao (18.15), ta duge:

lxik M ik cos® -sinB "0 lxlk lxik lxik
- I, m, n, 0} Isin® cos@ O m m, m
K; (Q/k,ﬁ) I ik ¥ik Yik % x I Yik Yik ¥ik (18.16)
ly mg ng 0 0 0 1 0f [n T T .
0 0 c 1 0 0 01 0 0 0 1

Goi cac vectd don vi chi phudng cia cae tryc toa d O)X,, O,Y,, 0/Z; l4n luot l1a
1, m, k; ta cé:

kminm-
tir dé ta co:
k,=lm,-1Lm,
k,=lm,-Lm,
k,=lm,-1lm,
Chu ¥ trong cac céng thic trén diy, dé cho tién ta da b qua chi s6 ik chia cée ch1 sdy.
X, ¥, 2, tic la thay vi k,_ , ... ta da viét tit k,,
Thay céac biéu thiic trén day vao (18.16) ta suy ra duge:

_ kivo+c®0 k.k,vO-k,s0 k,k,vO+k,0 0
: _ k k.vB+k s6 KkK2v8+c® k k. vo-k 0 O
- =*" z Y By x ]
Ky(Q/k.0) KK vO-k,8 k,k,v0+ks0 KkZv0+rcd O (18.17)
- 0 0 0 1
trong doé:
vl =1 -cosb
el = cosD
80 = sinB :
Biéu thitc (18.17) ciing ¢6 thé vi€t dusi dang sau:
k2 kok, k,k, of |t 00" O
C o Ik k, k2 ok 010 0
K. k,0)=[ *7?¥ ¥ yoz .
s(@/k.0) k,k, k,k, kI o [0 00 O[*
b o0 L
0 0 _'.0' _1 cos0
0 -k, k, O
k, O -k, © | _ .
“k, k, 0 0 |xsin® | (19.18)
1
0 0 0
sin®

122



e) Cédch chon hé tog dé - cde thong sé hinh déng hoc vé ma trdn chuyén doz
tog d9 kiéu Denav;t-Hartenberg

D& thusn tién cho vige tinh hinh-dong hoc cua rdébdt, Denavit. J va Hartenberg R.S
dua ra cach chon hé toa d0 va céc thong s8 quan hé gilta céc khau nbi lign ti€p bing céc
khép quay nhu chi ra trén hinh 18.6.

Tit d6 ta c6 ma tran chuyén di toa do tuong ing giita hai khiu ¢hia chubi trén nhu sau:
Ziﬂ

Xjus

Hlmﬂ s

Nhu trén hinh 18.16, cac khau 11en tlé'p 1-1 i, 1+1 duqc nﬁ'i tlé'p nhau béi khdp quay.
Heé toa ¢ H, - O, XY Z, duge g:‘in 1én khﬁu 1, trong‘ 66 ZJ& truc quay cua khdp nm khau i
vGi, i-1. '

Tudng ty nhu vay, ta gin hé Hl_ 1én Xhau i-1 vA he l-ll,,l

Chd ¥ ridng & day goc toa dd O; a giao dlém ¢ha Z; voi dudng vuong goc chung cua
hai truc Z, ,, Z;, cdn OX| trang véi dudng vudng géc chung cda hai truc Z;,, Z

Goi: ‘ o

- ¥ 12 goc quay quanh Z; dé O;X; dén trung véi 0,,,X;,, d6 cang chinh 12 gée quay
cha khau i+1 d8i véi khau i, N

—_—
- diw; = 0,0, 8¢5
T m' éX

ivl
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o, la .géc quay quanh truc X;,, d& 0,Z, d&u cung chiéu véi 0,,,Z,.,."
Véi cac théng s4; ‘ '
s Qiens Bisgs Gl | |
ta c6 thé thue hién viée di chuyén hé H, dén hé H,,, bing cae phép chuyén d8i sau:
Kyt = KQ/Z, 1300, K(Ty, , d). K(Ty, ). KOQKovt, 0100,
Tudng ty ta cé:

K = K@Q/Z, ), 7). K( Ty, » d. K( Ty, » a). K(Q/X,, o).

Va ma tran chuyén ddi toa db ¢6 dang cy thé nhu sau:

o=
o

cosy, -—siny; 0 |l

o lo oo al o 0 0
siny; - cosy; O y 0 1 0 0 5 01 0 0] [0 cosa; —-sina; O
. 2 = X
-1 0 0 1. 0 0 1 d;}) 10 01 0} [0 sina; cosa; O
0 0 01 @00 1|10 00 1 |0 0 0 1
- hay:
cosy; -cosoysiny; sinejsiny, a cosoy
, K, = siny; cos c.ti cosy; —sing;cosy; a;sinay (18.19)
: 0 sin a; Cos O d;
0 <0 0 1

3. Phuong trinh xac dinh vi tri ciia Rébot
a) Nhu da biét vi tri ctia mét vt ran trorig khéng gidn duge xac dinh hoan toan bdi: .

- Vi tri cha ba di€m bt ky khéng thang hang caa vat d6 holc bdi vi trf ctta hé ’roa dé
gén trén vat do.

'Ba diém khéng théng hang A, B, C cua khiu duge xae dinh béi ban kmh vectd cua
ba diém A, B C, d6 la: :

sl [Xs Xc
i'A:Y-Aii‘l?;:YB?i'n::=Yc
Za Zy Zg

Chin théng s8 toa dé: X,, X;, X, Y., Yy Yl, Zpe Zg, 2o lién he vdi nhau béi ba quan
hé, thé hién qua phudng trinh xéc dinh cac doan thang AB, BC va CA trén vat rén:

Vi tri hé toa d gén véi vat rénila H, - O, XiY,Z; duge xac dinh déi véi hé quy chidu
tinh toan béi ma tran vi tri cha H; d6i véi hé tinh toan. Ma tran xac dinh vi tri eta H eb
dang:
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].x mx i, Xoi
: : 1 m, n, Y
. _ ¥ ¥y ¥ O )
Kume =Ko, =) 7 o (18.20)
00 0 1

Cac hé toa dd & day duge chon 13 hé toa d6 Descartes trye giao, do d&é cae phan ti
ciia ma tran vi tri trén quan hé vdi nhau bdi sau phuaong trinh:
+li 1221
2 2 2
my+m, +m;, =1
g 2 .9
ng;+n,+n, =1L
lyme +lym, +1,m, =0.
mn, +m,n, +m,n, =0.
n,le+n,l, +n.l, =

(18.21)

d day:
Xo, Y(, y Ly, 14 toa do clia gdc O, trong hé quy chleu
1, ;, ©i 13 chc vects don vi chi phuong cda hé M, d8i véi hé quy chleu

Dung ma. tran vi tri (18.20) dé biéu didn vi tri cha vat rdn trong hé quy chi&u tinh
toan la kha thuan tién. :

Trong chin cosin chi phudng .lx, l,, L; my, m, m, va n,, n,, n,, véi sau phudng trinh
quan hé cia bd ba vécts don vi trye giao, ta suy ra: ba cosin chi phuong trong 46 xac
dinh va hai trong ba vecta ddn vi chi phudng cha hé H; 1a déc lap. Nghia 1a ba cosin chi
phuong khéng ndm trén mét dong hogc mét cot clia ma tran vi tri (18.20) 1a dée lap. Khi
d6 ma tran vi tri etia hé H, hay vat rin sé xéac dinh hoan toan néu né ¢ sau s& hang nhu
trong ma trian dudi day da duge xac dmh

] mx'nx Xoi
© e ny Yy (18.22)
[ - ZOi

T d6 ta cé the suy ra cac ]néu ma tran Xac dmh hoan toar vi tri eta vat ridn. Sau.
cosin chi phudng con lai duge xéc dinh ti hé phuong trinh (18 21},

Trong bai toan vi tri c¢la rébét hay ¢d cfu ngoat viée xac dinh vi tri cila edng cu do
robét ndm- didu khién, con cdn xac dinh vi tn clia cde dlém trén- cac khau dé xac dinh
gidi-han khong gian hoat ddng cta robot. ‘

Vi tri cta Chém I thuoc khau 1 duge xac dinh tit phUOng trmh sau:
' 1'1 =Kg,. 1y
=Ko Kyp..K; ;5 ' - (18.23)
Phuong trinh x4c dinh vi tri cfia cong cu c6 dang:

KOc = KOn‘ K'nC (18"24)
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n'la khiu n - 12 ban tay caa robét ndm cong cu.
Hay thyc hién phép nhin ma tran bén vé& phai clia (18.24). K&t qua ta sé duge mdt
ma tran sau ddy ma cdc phan tit k;; duge suy ra ti cac phén tit cia Ko, K, ¢:
ki ki kig kyy
ko kuy kgg Koy

Ko, x Ko = (18.25a)
© ks ks ks ks
0 0 0 1
Ta lat ¢6:
| 1x0{.‘ mxoc nch XOC .
Koo = [lo: Myoe yo. Yoo (18.25b)
lzoc my, Mgy Z(Jc ' .

Thay (18.252a) va (18.25b) vao (18.24), ta s& suy ra dude sau phuong trinh dée lip
(bdng cach cho bing nhau cac phén ti ciia 18.25a, 18.25b & cung hang cing cét). D6 1a-

phudng trinh @ng véi cac toa dd cia gée O n
Xo, =k : i
Yo, =koy (18.26)
Z 0, = k 34 .

va ba phudng trinh tng véi ba cosin chi phuong déc 1ap, d6 la:

My, =k,
n =k . (18.27)
Nyo =Koy '

hay ba phudng trinh cha céc cosin chi phuong sau:

]x_o,, =k11
m e =Ky
N =Ka

Phuong trinh chung'xac dinh vi trf ciia Robot c6 dang: . |
= Kﬁ'KI,‘"Kl-l,l"" Knc : . (18 28)

Trong d6 ma tran chuyén dm toa d6 Ki_“ cd thé ch\ia. cac tham s6 hay mét vai tham
86 quan hé giita H, d6i véi H, | sau day:

o;, Bi. v, 12 thong 86 gée quay cia hé H; d6i véi H;; quanh céc truc tuong tng X, Y, ,
va Z, . _

a;, b;, ¢; 12 chuyén vi tinh tién cta O, d6i v6i Oy, theo cac truc tuong ing X, Y,, va
Ty | '

Déi véi bai tinh thuén, cée théng 88 chuyén vi a;, B, v, a,, by, ¢, da bist trude, cdn xac
dinh Kg bing cach thuye hién phép nhéan cic ma tran bén phai cta biéu thie (18.24).
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D& véi bai tinh nguge, tit cic ma tran Kq va K, cho trude, phai tim cac théng s§
chuyen vi tudng Ung a;, B;, v;, a,, b, ¢ i phuang trinh ma tran (18.25),
b) Hiy xét mot s6'vi du:

Vidu 1: Trén hinh 18.7a 13 dang két e5u ciia rébét Unimat 2100 G va 18.7b 13
lude d6 véi céc théng s6 didu khién va
cac hé¢ toa d6 H,, H,, H, gén véi cac
khdu d6ng 1, 2 va 3.

V1 - 1a gbc quay chia H, d6i vai H,
quanh Z, = Z,. a)
B, - 1a géc quay cua H, d6i véi H,
quanh tryc Y, = Y, '
r - 14 chuyén vi tinh tién cta 0,
ddi véi 0, doc theo truc X,. ¥4
Theo d6 ta c6 cac ma tran chuyén Xy Yo
hé sau: Hinh18y  b)
cosy; -siny, 0 O
=[siny, cosy, 0 0
Ko 0 0 1
0 0 01
cosB;, 0 -sinf,
K.=| @ 1 0 o0
13 SinB2 G CUSBz 0
0 0 0 1
_ 1 00 r
_c 1 ¢
Ka=ly ¢ 1
00 0 1
va o | |
Icosyl cosBz —‘:smy1 : —~c0371 smﬁg rcosyl 31n[32 o
BfionEy Coor, | oginy gy xsing, conp)
s s1n62 L 0 '.‘?O.S.Bz_l,._ . ¢ reinB,
0 0 0y
Phuong trinh xae ‘dinh vi tri ctia ban tay 3ch dang £ g’*"’ T
Lo, Mg, Ny KXo, R
K“ = ].“'On m)'Oc nYDc . Yoc
Lo, M, Mgy Xoc
0 0 0 1
véi:

lec = CcosY,.co8p,
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1, =siny,.cosf,

Yo
1, = sinB,
my,, =-siny,

My, = COSH

1, =0

Nyo = -co8Y,.8InP,
Ny, = -siny;.sinf,

N, = 08Py

Xp, =r.cosy,.sinf,
Yo, = r.siny,.cosp,
Zg, = r.5inP,

Cac biéu thitc nay 13 két qua bé.l tinh thuan - xac dinh vi tri ban kep 3 cia Rdbét
Unimat 2000G.

T két qua clia bai tinh thﬁan trén, ta suy ra ngay duge 13i gidi cha bai tinh nguge:
Xac dinh cac théng s& diéu khién y,, B, va r d8 dam bao vi tri cho trudc cua ban kep 3.
Céng thie xac dinh eac thong s§ dé didu khién cu thé la:

1 m, n o.
Y, Ena= arctg = aretg = arctg Y0¢ = arctg —=
Yoe n Xoc X 0,
J(n"oc 2 Hn Zg lsoc
fi, + nn = arctg. = s'u'cl',g—'z*""—2 = arctg—

r= ,ﬁ(?(', +Y(2,= +Z2

Trong nhiéu trudng hgp phu'dng trinh d€ giai bai tmh nguge kha phic tap, khi 46
¢dn s dung cac thd phép bién ddi dé c6 thé tlm cac théng sd diéu khién mot cach don
gian hon. Dudi ddy 13 céc vi du minh hoa.

Vi du 2: Trén hinh 18.8a la cfu trde cua rébst Monimaver Microbot va hinh 18.8b
14 luge dé dong va cac hé truc. gén vdi cac khau.
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Khap
canh tay

tay

'Bgm tay
nin bt

0, Y, 8y Y, X,

Hinh 18.8

- Tit cach xay dung céc hé truc.trén, ta cé bang cac t.héng 86 quan hé Denavit-
Hartenberg cia Rébot niy nhu sau:

Khéu y? af a, 4
0
1 Y -90° 00 - d, .
3 no| o a, |
3 ¥a 0 - a,
47 Y4 90° ‘
5 B0 -0 ds

Gia si &3 8y = a. )
" Ma tran chuyén d8i Denavit-Hartenberg c6 dang:
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Cy, -Cuo;Sy; Sa;8y; a;0r;
_ sy CoiCy;  -8e;Cy; 258y,
Ky = .

0 Sy; = -Cay i

0 0 0 1
0] dz‘iy: Cy, = cn:‘s:)(i

Sy, = siny,

Tit 46 ta c6 thé xéc dinh Koy, Kys, Kas, Kaer Kuge
_ .Ku = Ko1- Kyz. Koo Ksu- K.
bat Siie1 = Sin (% + )-
Gy =Cosln+ Yier)-
Tinh bidu thiic ctia ma tran chuyén d8i K, ta c6 két qua:
Ko = C.Cy3CCs - €,18238,Cs - 8,5s.
Koz = ~Cy.C5.5C,Cs - 1813885 - 8,Cs.
" (Keghs = C1.C2,C4 + €18:Cee
(Kegdre = d5C1.C15S4 + d5 C18,,3C, +aC, (Coa + Cz)
(Kepdm = 5,.C,,CCs - $,8,58,8; - C,5s.
(Kogas = -5,.C25C,8s + 8,5,35,55 - C;8s. -
(Keogdas = 5:.C2 55, + 8,8,:3C, .
(Kop)sa = 455,.C558, + d58,8,5C, + a8,(Cys + C.,).
Kogds = -853C,C; - C295,Cs -
(Kepdaz = 853C8; - C2055s.
(Kodss = ‘32.3;54 + Cy5C,.
(Koo = 458258, + 45CgCy +d - 8855+ Sy).
Kea = Koshez = Kogdsa = 0 (Koshey = 1. _
Phudng trinh xac dinh quy dao cua diém M thudc ban ta'y' 5¢6 dang: .
i0 = Ko
Bai tilnh nguge 481 véi vi tri ban tay b d\ch _gié.i.nhu gau:’
Koo = Kus | | |
Tt d6 ta cd: ' o o
(Ko = -GrsCat CosSCo= g,

(Kagdae = (Sp.3. Cy + C558055 = mzoc

' m
s =arctg(— _7'.00_] .
1704:

Lo e

Suy ra:
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J day b qua nghiém y, + nx. (Vi khi diéu khién ta thudng khéng sit dung dén)
Xét:

(Kog)i1-S5 + (Kgg)yg. C; = -8, = L. siny; + My, - COSYy.
Suy ra:

¥, = arcsin(l,(c'c siny_5 + m,, cosys)

P& tim tidp cac théng s3 cdn lai ta st dung cAc bién déi c6 sit dung dén ma tran
nghich dap cda cic ma tran chuyén hé, nhy sau:

Tix:
Koo = Kos = Ko K12 Kg3. Ko Ky
ta co:
Km Ko Ko, = Ky Km Kot Ky Kgo Ko Ky
Dat K;} K;! Kq, = K*

K* = Kop Ko K5 = Koy

Thyc hién phép tinh véi phuong trinh ma tran K*, ta duge
(K*)ll = l " CIC2 + 1 CESI - 120.': Sz = (Ku)ll = 05.03“

(K*),, my, C,C;+ m, on G251 - m, 8, = (Kg)s=-8;.C,,
(K*)y5 = nxoc GG+, Ci8; - 0., Sy = (Kgyy = -8;.C,,
(K%)= Xq, CC, + Ym CaB1 - Zoe 8, +d,8, = (Kypy, = -4,.8,, +aC,
C(K¥)y =- Lxoe 8:Ci - 1y 8.8, - Lo, Co = (Kygyy = C;. 8,
(K" = -my_8,C, - my, 8,8, - mzot Cy = (Kyggs = -C;.C,
(K*)p=n, §,C, - o 515, - = (Kgp)ga = -Cy
(K*)y, = -Xq, 8.C, - Yn.: 5,8, - ZO(' Co+d,Cy= (Kapa, = -ds. 034 + aS;,
T (K“‘)u va (K¥*)g, qua bién déi ta co:
ler_ C, + 1y, 81 = Cs.cosly, + v, +v,)
T (K*),, va (K*),,, ta cé; _
=My = -Sgsinly, +y; +y,)

Suy ra:

’ m
Y2 Y2+ y, = arctg 0
tg75(1xOcC, + l),OCSl)

Tl:f (K*)u Vi (K*)IS! ta Cé: )
-teys(lyg, Ci+ 1y, 81 - 1o, t8Y2) = m,  C,+ my, S, + m,, tgy..
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Suy ra::

¥ = arctg.

my, C, +m, 8, +tgysy, C +1y6.81)

Ltgys; +m

Tix (K*),, ta cé:

e

sin(y; +v,) = n,,. C.C;+ ny, 8,C, - N S,

Suy ra; -

Ys + Y3 = arcsin( nxOc C] Cg + n},oc 8102 - nz{)l" Sz)

Tit (K*),,, ta ¢cé;

arccosy; = Xq, C,C, + Yo, C.8, - Zog Sy +4d;8; - a - d;8,,.

Suy ra:

1 ' | |
Y4 = arc.cos [;(X05 CICQ + YO5 CQS] - 2058‘3 -+ d182 — a__.d583.4 )]

Cuédi cung:

Ya= Vst Y, -y, = ar'csin(nxOc Clqg + g, §,C - n, Sy

- arc.cos

Vi du 3: Xét rébst nhu- trén
hinh 18.9a, rébét ¢6 true quay thdng
ding déi véi gia va ba t'ruc quay
nadm ngang tao thanh canh tay va

ban tay caa robét. D6i véi loai rébét .

nay ta cé thé chia mién lam viée clia
né thanh cac mién con 1a cac mit
phing di qua truc quay thing ding.
Mit phing thing ditng d6 duge xac
dinh bdi géc quay @ quanh truc
thing dung. Cac thao tac ciia phan
canh tay va ban tay con lai 1a cac di
chuyén trong mat phéng thing ding

xac dinh béi 0. Phén d6 ctia bai toan

vi tri cia rébot nay trd thanh bai
tinh phing trong mit phing 6 nhu
trén hinh 18.9.

Dé giai ta 1ap cac hé toa dé nhu

trén hinh vé. O day ta ¢6 cic ma

tran chuyén déi nhu sau:
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X0,C1Co + Yo, Co8y - Z, Sy +d,;8, —a- 4585,

a

o

Truc cta khép canh tay

Y,

A

;—I

b;

Hinh 18.9



cosp; —sing,
1= [sing, cose;°
0 0

[l I e ]

jeos@y —sing, 1
K2 = [sing; coso,
L
0 0 1

cosPg —sing, 1,
Ko = singy cospy O
0 0 1

cos@, -sing, I
Ky = ising, cose, O

0 0 1
Cra34 ~Si234 .1101 +15C, 0 + 13C, 05
Kot = 81044 Crgsq LS, + 19810 + 138,44
0 0 ' 1
' 1 0 -A
K,=/0 1 B
00 1

L =Lagi b =lge s 1y = I

A, B 1a toa d6 clia A trong hé DX.,Y,.

@, - Ya xac dinh dinh huéng cia CD. _ _

Bai tinh thuan nguge ¢ day cd the giai theo phUdng trinh caa ma tran déng nhu sau:
Ko K2 Kzs Ks Ko = E.

E l1a ma tran don vi.

Cu thé la:

iCi2sa —Siasg (L101 +L3Ce + LyCopp - ACi934 ~BS y3, )

S1934  Ciaag (L1C51 + L0819 + LigS 5y + BC 234 - AS55,f=E
0 0 1 :

Suy ra hé phuong trinh dé giai bai toan thuén nghich 4 day la:
LCI+L2012+L0123'A 0

LS, + 1,8, + 48,3 +B=0
4. Khéng gian hdat d{)ﬁg- mién véi t6i va mién lam vige cﬁa robot

a) Khéng gian hoat déng clia robot 1a khong glan bao. chua rébot khi hoat dong
vdl cac gidi han tan ciing cde di chuyén cda né.

i

Bai tinh khdng gian hoat déng cla robét dugc tinh t¥ khdu ddu 1‘“ ‘1, d&n khau cudi

n - ban tay véi ¢dng cu gin trén d6é. Phuong trinh xac dinh khang glan hoat dgng cé
dang
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tp = Kai

i'li,[ - la ban kinh vects ecna
diém P, chay trén mat ngoai ciia
khéu i tinh d&i vdi hé H,, nhu
trén hinh (18.10). '

Cac thong s& chuyén vi gitta
cac khau 18y dat t6i cac gidi han
cho phép cha ching:

- D&i vét goc quay:
[ai]min < a; 5 [ai]nmxv nghia la dfﬁ
voi khép quay cua khau i da1 véi-
khaui-1,

- D&i véi khdp néi tinh tién:
[Si]miu < Si = [Sl] : Hinh 18.10

Inax

X

w+l

S, - 1a chuyén vi tinh tién ctia khau i d6i véi khau i - 1.
'b) Mién vdi toi: Mién véi ti 1a mién ma diém lam vide trén ban tay c6 thé dat t6i
duge trong qua trinh hoat dong. Ta c6 thé thé hinh dung mién 1am vién qua cic hinh
18.11, 18.12. Phudng trinh xac dinh mién véi téi la:
te = Mg, . 2 (18.29)
‘¥¢ - 1a ban kinh vects ciia diém 1am viéce thude céng cu nim bdi ban tay n.

Cac théng s& chuyén dich giita cac khau duge cho bién thién ti gidi han min t8i max
va tim ra bao clia phuong trinh trén. P6 13 mién véi téi clia né.

Nén xoay-léc

7

Hinh 1841 ' Hinh 18.12
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¢) Mién lam vigc cia R6bot

Khi lam vige, trong trudng hgp c¢hung, ddu mit céng cu ndm bdi ban tay duge dan
chuyén theo cée qily dao yéu cdu va ngoai ra cbng cu con phai ¢é kha ning co ddng quay
dé lic quanh ddu mut clia né. Géc xoay ldc ndm trong gidi han min - max tao nén ving
nén xoay - lic gidi han céng cu. '

Mién lam viéc cia robdt d6 14 mién ma mat céng cu cl1 chuyén theo dé6 va dam bao
nén xoay - lic thoa min dién kién céng nghé yéu ciu.

C6 thé hinh dung khai niém trén nhd hinh 18.12.

Nhu vay mién lam viéc 12 cac 16p dudng hodc mit véi tdi caa diém mt gin véi géc -
xoay l4c gidi han cho phép. . '

Dé xac dinh mién lam viéc kém theo géc xoay - 1ic yéu cdu, tai moi diém dat t6i cla
muat Q¢ cia ¢bng cy, ta phai xic dinh gée xoay- -lic giéi han cha O X.Y.Z, ing véi ting
diém O, véi t4i.

Bal toan xac dinh mién lam viéc hay con goi la bai toan gidi han vé mién lam viéc
duge giai nhu sau:

Tai cac diém dat tdi cha O, ta ¢§ dinh O, b3 khép cdu tam O,, va xét robat khi d6
nhu mot cd cdu déng kin, xem hinh 18.10. Tit dé ta cé phuong trinh ma tran cda chuoi
déng déng 0.0,... 0,...0,0, nhy sau:

00.=K,,0.0, (18.30)

Hiy gin thém vao O, hé H,,, la
0X,.Y,.,2Z,. song song véi Hy, khi d6 ta
¢6 phudng trinh ma trin sau:

EL'KIS"'&IC‘Kcm+1‘anlﬂ = E (1831)

E 14 ma tran don vi.

Hay st dung hé H, gin véi cong cu, ta
c6 phudng trinh ma tran:

KooKz K Koo = Kog (18.32)
ho#c |

Ko Ky K, K= E (18.33)

Vé nguyén téc-hé trén cho ta 06
phuong trinh déc lap. Do vay dé théa mian
mién 1am viéc véi gée xoay lde doi héi,
trong trudng hgp chung nhat rébst phai
¢6 sb bac tu do 1én hon hogic bing 06. Di
nhién d6 phai 1a 06 bac ti do khéng gian.
Trudng hdp bac ty do nhd hon 06 thi bac
xo0ay - lAc ciia ¢ong cu sé& bi han ché.

c) Hinh 18.13

136



Ban déc c6 thé tim mién lam vide ctia robdt phang, géc giéi han lic & day 1a gée
phéng, trén hinh 18.13 theo cée quy tde di din ra § trén. .

Hinh 18.13b dé xac dinh mién 1am vide véi goc lc gidi han.

Hirh 18.13¢ 1a quy dao véi goe lde, yéu cdu khong d8i va cach xac dinh gée 14e.

18.2.2. Van téc va gia téc cac diém trén robdt.

I. Toa d0 ctia diém P, thuge khau i ctia rébst duge xéc dinh bdi ban kinh vectd cla
diém P,. '

Trong hé H, - vecto do co dang:
*p ZCTii))[ =”XPm Yoy, Zey, "T
Trong hé HO - vectd d6 cd dang:
i'1"31 =6ﬁ:I|XP1ﬁ Yey, Zip, ”T
Q=K

Tt dd ta ¢6 cac biéu thic d& tinh van téc, gia toc cta didm P; nhu sau:

Biéu thitc x4c dinh vin tde cia diém P,

- d_ d " '

ve =370 Kot | (839
Biéu thite xac dinh gia t6c cta didm P,

- &, d& - ' ' _

ap =E€§rﬁ: = W[Km.rl‘ﬁ] : : (18.35)

Trong thye t& thong thudng cic khau cda robot duge néi véi nhau bing cac khép cé
mét bac ty do tuong d5i, néu khéng ta c¢6 thé biu didn lai bang cach tach cac ma trén
bién d6i toa 46 thanh cac ma tran chi chita mét tham s8 quan hé vi tri cia hai ¥Yhau,

Dé thuan tién cho céc tinh toan sau nay, ta sit dung ky higu g; 1a tham 88 trong ma
tran chuyén déi toa d¢ tit he H,,, sang H;. N6 cting chinh 14 tham s& chuyén vj cia hé H,
d6i véi H, . Ung véi mdt bac td do tuong d5i cua hé H; @61 véi H,,, q; ¢6 thé 1a a, Bi, 7.,
a;, by, ¢, tite 12 mat trong cac tham s§ d3 s dung trude ddy, nghia 1a q; ¢6 thé 1a chuyén
vi quay hay chuyén vi tinh tién cia hé H; 451 vai H,_,. -

Tt d6 ta c6 thé vist cac bidu thie tinh ban kinh vectd, van tdc, gia tde cta diém P,
nhu sau: " -

i =Ko). Ky (a;)-Fi, (18.36)
- P -
Vl?l Todt T dt Koifa))-. Ky (q;) -1'1?1 (18.37)

s, day K| 14 cdc ma tran chuyén d#i co ban, cu thé la:

Néu: g; = a;, ta cé:
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1 0] 0 0
_ v [0 cosq; -sing; O
K g=a)= 0 sing; cosq; O
O 0 0 H
0 0 0 o 0 0 0 0
8 0 -sinq; -cosq; O [0 O -1 O
TR = . Afl i x Ky 4=
dq; “ 40 cosq; -sing; Of 0O 1 0.0 o
0 0 0 of o 0 0 .0
00 0 0
= 00 -10
“Kusxlo 1 0 o
00 0 Q.
0 0 0
Dat: Q=10 9 10 (18.38)
0 0 0 0
Khi de: |
8
o Kiq = @) = QU)K = Koy Qi) (18.39)
1
Tucng ty ta cé:
0 0 +1 0
¢ 0 0 0
(g =p) = 18.40
Qilg; B.). 10 0 o (18.40)
0 0 0 0
0 -1 00
0 0 00
=)= 18.41
Qla=v) 10 0 o ( )
0 0 ¢
0 0 01
0 0 0 0
=g)= 18.42
Qi(q; = a)) 00 0 0 ( }
0 0 00
00 00
d 0 01
;i =by)= 18.43
' 0000
0.0 00
' 0 0 0
Qia =¢) 00 0 1 ( )
o 00 0
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Bing cach biéu didn nay ta ¢6 thé v1é't cac biéu thic van toc va gia tdc cia diém P,
thuoc khau i nha sau:

Biéu thitc van téc cha didm P, thuge khau i:

XF_’U()
d S LKy dg;) .-
20 _ %0 |Y _ o M|
VR T TR T oPuu _J:Zl[ 20, .dt}rpl
ZPIm _
0
I(Kﬂi K 1;QK .9, )"Pl : (18.45)
i= .
Dat: _
Vi = Koo K QK K 1 (B!
j<i (18.46)
Ta cé:
R ZVJ‘IJ q; Ko = ZVH, i | (18.47)

Biéu thie gia t8c cia diém P; thudc khau i

_ d" .- T
ag = dt I‘g XP]O YPIU Zp&)#
i i 2 . . .
_ZE&KO' qrpI +ZZ‘3 th qj-qk Elg:; (1848)
=1 J=t k=1
8q;.0q, Ky = Koi‘Qi'Kj,‘ll—l'Kk—l,k'Qk°Kki (18.49)
izjk .
dat: Ay = Kop QK Q Ky (K - ' (18.50)
Ta d6 ta co:
L9 v 4d R
ap = Zavm +ZzAijk ;-9 |Fp, (18.51)

i=1 _]=l k=1

De thuan tién hon cho cac tinh toan vé lye va déng lyc hoe sau nay, ta st dung
céng thitc tinh van toc, gia téc cia cac diém va cac khau theo cbéng thie truy lui sau day:
Trén hinh 18.14 biéu didn quan hé gita hai khdu i-1 va i vdi cac hé toa a6 dude xac
dinh theo kidu Denavit- Hartenberg, ta cé:

o —>
Yo =Tpyq + 0510,
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i."oi = m-i_] .
Van toc diém 0
:Oi = —c-i-i'
dt
i — J.Oi . xi

)
= Vo, + @5y A0;,0;+ —:“ (18.52)

d
d*()
dt
véi he H, ,.

la dao ham theo thoi gian déi

Gia téc diém géc 0,

d - - - —7
Ag, =gy VO =Rg, *Eiy A 0;, Xqg

1 i

Hinh 18. 14
- d*——> ~ 3 d2 * 5
+20,0 A =0, 0,+ 3, A ((’)ivl A oi—lo-) +—0;,0, (18.53)
dt i i dt” i
Van tée géc ctia khau i
' O =0 + @, ' (18.54)
Gia tdc g6c cua khan i:
€ =€y +Ey, (18.55)

o day: .

—_ d*
Eifict =0 AWy + dat @i

® /i1 =4; 8z, - néu khéu i quay d6i véi khiu i-1.
@/ = 0 néu khéu i tinh tién d&i véi khau i-1.

d* _ . . . _— ,
qg O = ;€7 néu khau i quay d46i vdi khau i-1.

.d*__

¢ @ii-t = 0 néu khau i tinh tién d6i véi khau i-1.

T d6 ta co:

®; =®;  +q;.ez_, néu khau i-quay déi v6i khau i-1.

®; =®;_, néu khiu i tinh ti&n dd&i véi khau i-1.

€ =8 +q; €z  +0;, A(qi éz]_l]s, néu khau i quay d8i véi khau i-1.
€; = £;_;, néu khéu i tinh tién 461 véi khau i-1.

‘;—toi_ﬁi = @;_;» 0,,0,, néu khau i quay ddi v6i khau i-1.
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* - .
%;mi = q; €z, . néu khau i tinh ti&n d6i véi khau i-1.

Chi y: .
Zi., la tryc quay ctia khéu i 481 v6i khau i-1 hosc 1a truc tinh tién ctia khau i d6i véi
“khéu i-1. _ o '
&, la vects don vi chi phuong cia Z,_,.
@ * : d ®
d m ar

o - — ﬁ " Lo - 2 Al n
3z %0 = g Qi A Q,_,ﬁi t 0y A (0 A 0,0y, néu khau i quay dd1 véi khau

i-1.
iw - _
%Tﬂi-xgs = q; ez_,. néu khau i tinh tién d6i véi khau i-1,
t? i
‘Tt dé ta cé:

Néu khau i quay 461 véi khau j-1 thi:

- - N ——

Voi = v0§_1+mj A Oi-loi ’ . (18.56}
— — - —_— —- -

aoi :aoi_l + & !’\Oi_loi+ﬁ)i f\((ﬂi /\Oi_l i) (18.57)

Néu khau i tinh ti&n d8i véi khau i-1 thi:

— — —_—— .
Vﬂi = Voi_l + (l_i i-1 /\Oi_loi+ ql ézi-l (18.58)

- - = — - —> - "
Ag; =89, 1 +Ei1 A0 0. +H, z\(mi_l AOHOJ +20,_, A(qiezmj (18.59)

Tu d6 ta c6 cdng thite tinh van téc va gia toc cia diém P, thudc khéu i nhu sau,

e -+ _—

VE = Vo, + 0, AOPL = Vo + By ATE ' (18.60)
va:
af <Ay, +& A EE +a; A (3, ~ES ) (18.61)

18.3 Pong luc hoc robot

N&i dung eda bai tinh dong lge hoc rébot 1a:
1°} Phan tich luc cd c&u robét, cu thé 1a;

- Xac dinh cdc phan luc tai cac khdp va cae Iite tac déng 1én céc khau d& lam co s3
cho viée chon két cau hop 1y va tinh sic bén cac khau, ciac khép.

- Xac dinh cac Iuc edn dit 18n cac khau kich hoat dé robat thye hién cic quy luat
chuyén déng theo yéu cau.

2% Xac dinh chuyén déng thye cia cac khau kich hoat, ciing titc 14 chuyén dong thue

cua rébat.
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18.3.1. Phén tich Iyc cd cau robot

1. Pai cuwong

a) Khi gidi bai tinh phén tich lyc cd cfu rébét ta gia thiét:
- Coi cdc khau clia robot 1a cdc vat rdn tuyét déi.

- B qua Iyc ma sat trong cac khdp dong tic 12 coi cic khdp ctia robot 14 cac khép 1y
tuang

b) P& giai bai tinh, ta ciing dung phudng phép ddng tinh hoc tie 14 quy cd cdu rébét
vOn § trang thai khéng cdn bing lyc vé m4t hé cin bing lye bing cach dit thém luc
quén tinh va lyc gyroscép (Iyc con quay) 18n ¢d cdu, nhit sé phén tich sau dﬁ_y. '

Sau khi 43 quy co cfu vé trang thai can bdng luc, ta diing phuong phép tach khép
dé xac dinh phan lye khdp ddng. Viée xac dinh cac lyc cdn thiét phai dat 18n céc khau
kich hoat dé ddm bao cac khiu nay cé chuyén déng theo yéu ciu dya trén diéu kién can
bang lyc cta cac khau kich hoat.

¢) Bai tinh duge xét chi c6 thé gidi bing phudng phap gin ding din, cu thé 1a:

Tit gia thiét vé quy luat chuyén déng da cho cia cac khau kich hoat, ta xac dinh
phan lyc cia cac khdp dong, sau d6 xac dinh lyc cdn bing trén cac khiu kich hoat. Bude
- ti€p theo 1a tif céc lyc can bing vita duge xdc djnh, ta xac dinh quy luét chuyén déng

cuaa ¢dc khiu kich heat, Cd tiép tuc lap lal cac qud trinh t1nh to4an trén diy d€ tiém can
d&n mot 18i gidi a4 chinh xac. :

2, Phu’dng phap déng tinh hoc

D4 gidi bai tinh phin ik lyc co cffu rdbot ta ‘ 15
ding phuong phéap d6ng tinh hqc V& ban chét, day ' :
chinh 1a -vige. &p - dung nguy&n‘ l;‘r Pa-lam-be:
(D’Alembert) cho cd’cfu- khang gmn Sml day; td
‘88 14n lugt xét vide &p dung nguyén‘ . hay cho o
mdt khéu riéng bidt, coi nhu: mﬁt va_ Crén: trong
khéng gian va cho cd cfu rébdt coinha mOt k¢ vat
rdn-lién ké’t véi nhau bing cac khdp dﬂmg '

a) Phuong trinh dfng tmh hoc vdt rtfn N T
trong khéng gian TR Y

1% Chuyén déng téng quat ctia mot vat rin
trong khéng gian ba chidu duge xéec dinh bdi =~ . T
chuyén déng tinh ti€n theo diém P cia né hep véi _ - Hinh 18.15

chuyén dqng quay ciia né quanh diém P (Hinh18.15).

Goi vP ® lé van tdc cia diém P, & 1a van tdc quay ctia vat rén.
Bé vectd (vp @ ) dit tai dlém P x4c dinh chuyén dong cua Kkhau.

Goi: m; - 13 khéi lugng ctia-chét didm I cha vat rén va VI 1a van t8c ca diém L

Theo nguyén 1§ co hoc thit hai cua Newton, phudng trinh dong li,tc (chuyén dong)
ctia chit difm I ¢6 dang
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Z I‘ +f (p. v )
I
5 I i

Véi: £, 12 phan lyc lién két cia diém J tac dung 1én didm L.
£ 1a ngoai lyc tac d.ung tai diém 1.
i, 13 khi lugng chia chat diém I.
Phuong trinh ang vdi ca vat ridn nhu vay ¢6 dang:

- —p d -

ZZfJHEfE( =—Z|Lt[ Vi
T 4 1 dt

Vi vat rdn tuyét d&i nén:
fiy +£50 =0

ti d6 suy ra: .

ZEEI =F ="‘“Zl-l("1

Goi m ta kha‘i'lugng cﬁa vat rén:
m= ZU-I

. thi ban kinh vectd cﬁa‘khﬁ'i tam S dude cho bing:

. ZH]E'I
.
m
do dé:
—El—i* _ % EPIVI
de S
S Va

. Fg = '(Efnfrs = mﬁs
vdi Vg, g 14n lugt 12 van t8e va gia tb’c ¢ta khoi tam..-;
Dat: =
-
¥F=Pl

ta c6:

erl Af" + Zl‘[ AfEl = ZI'I A%”‘Iv[

I J

Hay xét v& phéi cua (18.67); ta co thé vidt:

T n gy lr)- z{%(;-w;al)_al,\_m}
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.Vi: '

nén:
_od .
;r, Nt ("'V')";_dt ('1 Mll"l)
bat:
-+ ' . .
Lp =(f Ap¥) C ' (18.68)

Lp dudc goi 1a momen ddng lugng eia vat rdn d6i voi diém P. V& phai cta (18.67)
. =
nhu vay bang: %Lp.

Bay gio xét v& trai clia (18.67). Vi vat rén tuyét d6i nén:

22 afy =0

I J
bat:

— : -

Mgp = Zi;l A fgr
MEP 14 momen ngom lye d6i véi diém P t,ac déng 1&n vat ridn duqc xét.
Phudng trinh (18.67) cudi cu?mg cé dang sau:

Mes —diLr - : . E o | -_: L : (18.69)

2% Hay xae dinh biéu thﬂd"(éﬁiﬁ. L tthl!’g ﬂrﬂdﬁghﬂp bghg quﬁt Ta cb:

e
Lp Zrl A|.ll V[ = Zrllf\(vf

R SR L."-T.‘. W R a
= Zi‘l ~p VP‘*Zﬁ '\.((ﬁ.i’_\rl)“iu. S Tt T (18,70)
.tEoné as: . S B £ :»
- ‘_' ' - -+ . . . . 3
-Zrlf\l’-l-"r=mrsf\vr o
9 .

Gm Pxyz 13 mét hé toa do gén lién vsi vat rdn t.';u didm P eda no. Van téc goc cia vat
rén va ban kinh vects cua dlém I trong he toa dé nay lan luqt b&ng

T
® —-H_ﬁ!i.,F (l)!r 0):"

; ' LU
fl‘“'" L ST 41 zli
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Do d6

5 JPxx'mx _JPXY'(DY —Jsz.mz .
2 A6 AR )m =H, =|-Jpy.0, +doy.0, ~J,,.0, (18.71)
! ~dpy 05 ~dpyy.0y +J .0,
Ihay:
- HPx JP_xx _'Jny _'Jsz b3
HP = HP}' = —_JPYK JP}",\-‘ *prz x my ] o - (18.72)
HPz T Jsz - Jsz JPzz o, .
trong dé:

va:
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I = 2o +of)= [ + 2%)dm
.
Ip,, = ;ml(z‘f +x})= I(22:+ x%)dm
. _
Jp,,lemx(ﬁ + Y?)= I(x2 +y%)dm
m
Jp, =dp, = ;mrxl_'yl - n‘!'x.y.dm
JP_V'; = J'pzf'lehI'y"llzi gJy.z.d@ |
dp, ==_1pn.'=zmlzlxl_= sz.dm
- M

Khi d6 bidu thitc cha rn_omen't:iéng_ lugng clia vat rén d8i véi diém P c6 dang::

- - - -

Lp =mIg Avp+Hp ) : e - (18.73)
Phuong trinh (18.69) bay gid c6 dang.

-+ d- - d = ) -

Mgy =.EELp=mrS Adp +HEHP o k (18.74)
Khi chon diém P trang véi khéi tam S, thi:

i's = O, . .

- -

Hp =Hs o :
V6i Hsdude cho bing cong thite sau (xem cong thic (18.72)):

- Sy JS“ - Jsx_v 7 an. Q)x '

HS = HSV = - Js\rx sz - JS_\"! x (D}" ’ (18-75)

S Hs, | sk <Is,  Is.| e



Phuong trinh (18.74) khi Idé c6 dang:

Mpgs = m Hs
Goi & 1a vecto don vi chi phuong cia Hs:
_> —
Hs = Hge
ta cd:
48 - Lhneen
dr s T ap st Hs g ®
hay:
d o dHg -
dtHS: & é+oHgn
Vi:

-
wHgn = @ A Hs
" nén cudi cing co:

u_ - dHS ) 5
M B8 = It

e+0 AnHg ' (18.76)

Véi (18.75), phuorig trinh (18.76) c6 thé viét lai nhu sau:

'ﬁ@s=K;gﬁ+KaKasﬁ. o (18.77)
trong doé: o | o
qu ....J'sw\.__.}su". _ :
Ky =[-Js,; Js,, '~_Js,, I - asTs)
(18.79)
' (18.80)
Vi

(E, T O,

£, = 0,18, 0y

Né&u ta chon hé toa 6 Sxyz 13 hé truc'quan tinh chinh cha vt rén thi chi ¢6 cac
gia tri Jg ., Js_, Jg 12 khéc Khéng tic la:
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s
Kj=| 0 Js, O . (18.81)
0 0 J,

va phudng trinh (18,77) khi 46 cé dang:

JS“ (J‘g JS )(L\ -0, =Mfos
JSI\,I\, ¥ —(an - Jsxx )ﬂ)z.wx = M)’E{s (18.82)
JS”EZ - (JSXX B JS_V.\'}mx‘my = MZE}S

Nhu vay phudng trinh déng lyc hoc ctia vat rdn chuyén dong trong khéng gian ba
chiéu 1a hé cac phuong trinh (18.66) va (18.77), tiic la
Fi =mag (a)

L (18.83)
ME{5=KJS€+K5KJS(E (b)

. trong dé:

- Phuong trinh (18.83a) xac dinh chuyén dong tinh'tié'n cha vat rdn theo khéi tam 8.
- Phuong trinh (18.83b) xac dinh chuyén déng quay cfia vat rén quanh khéi tam S.

Phuang trinh (18.83) nay duge gm la phuong trinh D’Alembert - Eule: ~lia vat rin
chuyén dong trong khéng gian.

Phuong trinh (18.83) ¢6 thé viét lai nhu sau;

-

FE— mﬁ_s =0

o (18.84)
ME{S—KJSE—K'BKJS(B:O .
hay:

E +§ =0 |
e (18.85)
ME,’S+M'Q+MG =0 :

V’c'ji:

« Fg 1a tdng ngoai luc tac déng 1&n vat rén. -

» MEgss 14 vectd momen ngoai lyc trén khau d8i véi khéi tam S.

¢ Fg =-mdag 1a lyc quan tinh ctia khau d4t tai khéi tam.

* Mq =-K, ¢ 12 momen, lyc quan tinh d&i véi khoi tdm S.

* Mg =-K;K,;,0 ld momen gyroscop (momen con guay).

Khi Sxyz 1a hé truc quan tinh chinh trung tdm thi:

T
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Véi:
BV NIQ,E = _JS‘ £,z (18.87)

(18.88)
Vai:

Mg, =(an ~ I )w Ox (18.89)

Mo, =(Js,, - Jgyy Jo 0,

X

Cac phudng trinh (18.84), (18.85) cho phép ta phat biéu nhu sau:

“Néu trén vat rin, ngoai cac lgc va momen ngoai luc, ta dat thém momen lue quan
tinh d&i v6i kh&i tam, lyc quan tinh tai khéi tAm vA momen gyrosctp (momen con quay)
col nhu ngoai lyc thi vat rdn s& & trang thai cAn bamg”.

D4y chinh 12 nguyén 1y Da-lam-be d6i véi vat rén trong khéng gian.
b) Phuong trinh déng luc hoc ciia ¢d cdu rébét. '
Hay xét mﬁt od cau robét gom n khau (vat rdn) lién két véi nhau bing cac khép dong.

Néu tach rléng khau 1 ra xét, ap dung phudng trinh D’Atembert-Euler, ta cé:

FE --l‘l:l-ﬂs;i +Fi Lit Fl+1i :‘Q

- (18.90)
ME‘,’S""MQ +Mg}+M_11+M1+11++MF 11/‘3 +MF+11:"SI =0

Xét toan bo cac khau cua cd cﬁu rébéf. ta. sé e6.

Z{FB - m; as, +EW+F;+1', =

i=1

Z {ME”S + MQ + MG!

i=l

b asey
Joof

y 1—1.;/51 * MF'mIS

Vi, theo nguyén 1y phan tac dung

F]k+ Fh 0

- —- )
M+ My =0

nén tu (18.91), ta cé:
LU = ]
Z{FEﬁFqi }=0
P I (19.92)
Z{Mﬂia’si + Mg, + Mg, } =0
1

Pay chinh la phudng trinh ddng tinh hoc cua ¢d cdu rébot. Phuong trinh nay cho

phép phat biéu nguyén 1y Da-lam-be cho ¢d cdu khéng gian:
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“Néu trén hé vat rin, ngoai cic ngoai lgc va momen ngoai luc dét l&n cac khiu, ta das
thém cic lue quan tinh, momen luc quéan tinh vA monem gyroscop lén cic khau tuong ing
va col cac lye nay nhu ngoai lyc thi hé vat rdn sé § trang thai can bing lyc”.

3. Luc v momen cin bing trén ciac khiu kich hoat
- a) Ap dung phwong phdip déng tinh hoc
Ta dat thém 1&8n rébot (xem18.84);

—¥ —
- Lyc quén tinh chinh Fgq, =-m;, as, .

—»
- Momen Iye quan tinh MQ1 =—KJSi E;

1

—3
- Momen gyroscép: Mg, :—KaiKJs_ @
]
o} day 4., &;, €;, dugc xace dinh tit quy luat chuy-é?n doéng gia thics cha khau kich
hoat,

Quy luat chuyén déng gia thlet do chi 13 gian ding. Do vay cac dar luang

FQ. MQ . MG tinh duge chi 12 céc gia tri gdn ding cia ching. Do d6 ta cdn dit thém

»  trén khéu kich hoat mét lue Fcbk hoac mdt momen luc Mchk (tuy theo chuyen dong kich

-hoat la tinh tién hay quay), dé dam bio cho khau kich hoat chuyén déng ding nhu gia
thiét, .

Phudng trinh can bang lye trén co c&u sé cé dang:

n

- - —

Z{FEi+Fqi+Fchk}:O _

=1 (18.93)
— — - -

Z{MEir’Si + MQi + MGi + Mcbk } =0

i=1

vdi k 1a khau kich hoat. Khau kich hoat thudng dudge chon la khau c¢é mot bﬁc tu do ddi
véi khéu tya (khau co s3) clia né.

Tt d6 Iye momen cén bing trén khiu kich hoat la cit lidu dé tinh -néﬁg lugng va
chon dac trung dong lite clla ngudn dong lye robot. _
b) Quy tdc tinh truy lui xde dinh dp lyc khdp va luc momen cén béng
1") Bude 1:
-+ - — - i
Xae dinh cac ngoai lye Fg, Mg,;s, cac Ige quan tinh Fgq;» Mg, .vd cic momen
gyroscop Mg, . o

Dit cac luc nay 1én cac khau tuong ing va dat thém céc lyc momen can bang

Fchk , Mcbk trén cac khau kich hoat Ta ¢6 hé luc d6 can bing tai titng thoi diém ing véi
tlmg vi tri cua robbt.

Fcbk va Mcbk 1a 4n cdn xac dmh
2% Bude 2:

Tach dan cac khép. Thay lién két khép biing cac ap Iyc khdp N,,, Mu tudng Ung véi
cac han ché bac ty do tudng Ung clia khdp
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' Phai dam bao diéu kién tinh dinh tidc 12 phai ¢dam bao s& phudng trinh cin bang c6

thé thigt 1ap duge bing s8 &n 85 efia cac ap lye khép va lye momen can biing trong nhém. -

' Véi méi khéu ta 6 sau phuong trinh can bang lye:
- ZFix=0: ZFiy-:O; zFiz=0

(18.94)
LMy =0; XM, =0, XM, =0 -

Trinh tu tdch khau, nhém bit ddu tir kh&u, nhom xa khau kich hoat nh4t.
. 3% Buioc 3:
. . 'A . . — — -+ —
Vi cae phuong trinh thiét lap dude cho cac khau, nhém, tinh Nij, Mijj , Nen,, Mop, .
4. Vi du:
Hay xét vi du hinh 18.18.
~ a) Gid thidt d3 cho truéc quy luat chuyén dong: ce g0C quay @4, ¢,, (cia khiu 1 dsi
v§l gid va cua khau 2 d6i vdi khau 1) va chuyén vi dai dae cua khau 3 d6i véi khau 2. Ta
xac dinh céc van téc gia téc tai vi tri dang xét.
b) Xac dinh cac lyc dat trén vébot
-
Gi - Trong IHng.

—

Fi = —miési . dat tai Sl -
o >

MQI = —'KJSi £

MGi = "K‘Bi KJS‘ (Bi

bat

-
Mcg, = M¢p,€,, - Momen cén
bing quay ciia khiu 1.

L=
. Mcg, = Mcg2é,2 - Momen can X, . -
béng quay ctia khiu 2. _ : Hinh 18-1.8

‘Fony =Fon,8,, - Litc cén bing dich chuyén khau 3 S

¢) Tach khau, thi&t 14p cac phudng trinh cdn bling tfnh hyc, chil ¥ chc khau kich hoat
la cac khau 1/0; 2/0; 3/2. _ o _ ST

1% Tdch khau 3 =~ - - AT

Khdp 3/2 1a khop tinh tién'loai 5 do 6 cdc &n o6 cia p hie
sau (xem bang 18.3) M23x ' Moy, Mza,,
mdt dn, : : o

& day 1a céc dai luong
Nys,» Nogy, ngodi ra Iye cin bing Fep, cling 1a

Tit cac phueng trinh céin bing lyc ¢iia khéu 3 trong hé H

a» ta s& xac dinh duge gia tn
. cac 4n cta bai tinh cu thé la: ' :
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Y Fy =0 - Ny
DF, =0 —> Ngay
2Fy, =0 > Fep,
ZMB,(:O ~ Mg,
2 My =0 - My
LM, =0 - Mg,

2% Tdach khdu 2

Bang 18.3. Mét s6 khop théng dung via cac thanh phin
. phan lwc khdp tuong iing -

Ré?g budec cua Q; Q; Q Ty T, T,
. . khép * Y ¢ x Y :
Luge do khdp Phin lye (Béqua | p. | M. | M. | N. N. N.
ma sét) R Ve n" i i
X X X X X 0
X X 0 X X X
X X 0 X X 0
0 4] 0 X X X
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Déi véi khdu 2 cac phan luc 1-\’132 = —1_<T23; ﬁgg = —1\%3 44 biét vi viia xac dinh trong
budc trude. Ngoai ra, chd y 14 khau 2 dude néi véi khiu 1 bang khép ban 1€ loai 5 do d6
cac An 88 cha bai tinh ¢ diy 1a (xem bang 18.3):

' le,' N1z,.~ er.,_’ Ml2x’ Ml')._‘, va MCBE

~ Tu cac phuong trinh can bing luc momen ciia khau 2 trong hé H, ta xac dinh durc
gia tri cta céc 4n ey thé la:

> F,, =0 - Ny,
D Foy =0 > Ny
ZF23=6 > Ny,
DMy =0 - My
My =0 > My
My, =0 > My,

Momen can biing Mgp, con ¢6 thé xac dinh theo cach sau:

1°) Xét cd nhém hai khau 2 va 3. 8 dung phuong trinh can bing momen clia tit ca
cac Iyc momen trén khau 2 va 3 déi véi truc Z,.

- - .
zMz,arch - Mcs,

Cang béﬁg cach d6 ta c6 thé tinh duge ap lye khép 2/1 1a N2 va Miz. :
3°) Tdch riéng khéu I hoje ca chudi khau 1-2-3. 8¢ dung cac phuung trinh can bing

luc trong hé truc H, nhu cac trudng hop trén ta s& tinh duge No1, Mm va Mchl

18.3.2. Phucong trinh chuygn dong eua robot

Phuong trinh chuyén dong caa rﬁbﬁ‘t duge. thlet lép dua trén cac phudng trinh dong

Ige cha hé. Thong thudng hay su dung la x:ac phucng trmh Dalémbe - O le va phudng
trinh La grang gid loai I1.

1. Phudng trinh chuyén clong cua robotdudl dang Dalambe Gle

a) O phan trude ta d& suy dién phudng trinh chuyén dong Palimbe - ¢ le ciia vat
rin - trong khdng gian (xem 18.83). -

-
FE = mas
- _ ]
ME{S = KJSS + KEKJSm

Dé biéu dién don gian, ta viét lai phuong trinh momen & trén duéi dang:

Mgs = J4& + 6 A (Jg.6) _ (18.95)
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trong dé:
Jsf-l') =Jsxx0)xéx +szymyéy +Jsmmzéx . ' (18.96)
Js€ = Jgy€,8, + JgyE 8, +Jg,E,8, (18.97)
Sxyz 14 hé truc quén tinh chinh trung tdm ctia vat rén.

Bay gl hay xét mot khéu i ciia rébot da duge tach ridng ra, khi d6 cae phan lyc

FilLe WI " F1+1 0 ,ﬂl ti khéu i-1, va khu i + 1 tac d6ng 1én né phai duge coi 1a ngoai
Tye. Do @6 phuong trinh d6ng hoc ctia khau i la:

m;ag = Fiyi+F Fii+mg+Fo
Jg, & +0; A(Jsiﬁi)=ﬁi—1,i+ﬁi+x,i+ . . (18.98)
+ 1;;lei +DTgi A ii‘)i_,,gi-i):),SiA i':hl,i +-ﬂ51 A i‘:el
d day:

Fi1; 12 Iyc tc ddng tai khép Oi ctia khau i -1 1én khau i,
Fisa = Fias

Fui 13 ngoai Iyc téc dong tai diém I cia khau i.

ﬁi»l,i l& momen tai khdp Oi ctia khfu i - 1 1én khéu i.

— —
Miia =-Mua;

Hinh 18.17
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Qe

o
[y
M. 12 momen ngoai lvc tac déng trén khau i,
g= HO 0- g"T 14 gia téc trong trudng xac dinh trong:hé ¢& dinh gin véi gia Oxyz.
Cac luc duge chi ra nhu trén hinh 18.17.
Chuyén hé phudng trinh (18.98) trén vé diém Oi ciia hé Hi - O,x,y,z, gin véi khau i,
ta duge:
_ - - L
miag =F, ;-Figi+mg+Fgy
—

JSiEi +_(_6i /\Jsiﬂ_ii +Oi§iAmi551 :Mei+ (1899)
= o L > —> '
+IOiAFai+Si i/\'mig+ Mi—l,i _Mi+l.i - :

—_— . . .
~0:00iAFijn
hay:

-3 - ' . _ -

Fiio =Fiju+m; (asi - g) -Fq

~» - - - _

Mi—l,i = M;+1+ Jsiei' + w; A (JSimi ]+

. ' 4 (18.100)
» . —_— . _ — .
., ) Oisi/\mi(asi +g)—0i0i1__1 /\Fi_i+1+
' _— 5 —
+ OiIA Fci - Mei

Phuong trinh (18.100) nay duge goi la phuong trinh dgng luc, cling chinh la phudng
trinh chuyén dong cta rébot dusi dang truy lui.

Hé trén dugc tinh li ddn tit khau n vé khau 1 cda robst,
b) Théng thudng khdép néi giita hai khau i - 1 va khau i clia robét ¢6 ‘mét bac tu do

tuong déi. Khi d6 phucng trinh chuyén déng cta chudi déng i, i+1, ..., n ¢6 dang nhu
sau;

1°) Trudng hop khau i tinh tién d6i véi khau i -1, ta co:
Fu =(Fi-1.i-ézi)ézi L o (18.101)
Fia - 1a lyc kich hoat tit khau tya i - 1 tac d6ng 1én khau i.
€,;-~ 12 vectd don vi chi phudng ctia ti'uc zi duge ch’(,n_i' tring véi phuong tinh tién
cia khau i d6i véi khaui- 1. ' '

2% Truong hop khau i quay d5i véi khau i -1, ta c6:
b - -
Mki{Mi_u.éﬂ)éﬁ (18102

- I . .
Miyi 14 momen kich hoat tit khau tua i - 1 tdc ddng 1én khaw i.
€,; 1a vecto don vi chi phuong tryc quay zi ctia khau i d6i vdi khaui - 1.

¢) Phudng trinh (18.100) ciing dung dé x4c dinh ap lge ctha khau i - 1 tac déng lén
khau i theo cae cong thite: '

L
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dong cta Robét hai bac ty do nhu 2=2,
trén hinh 18.18. D& don giin, ta

gia

chi tap trung tai trong tAm.

Xac

ta ¢6 cac ma tran chuyén déi vecto
gita cac hé toa d6 1A ma tran
chuyén ddi toa do giita cac hé duge

X04

ching ¢ dang sau:
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Fi, =Ni_;;, - n&€u khau i tinh ti&n d6i véi khau i -1.

M;_i;, =M, - néu khiu i quay déi véi khau i - 1.

d) Trinh ty giai bai tinh chuyén déng thue.

Trinh ty giai bai toan gdm cac bude sau:

1% Tif cdu tric cha rébdt ta xac dinh cac quan hé hinh dong hoc gitta cac dai lugng:
q;s E’i’ gi’ ai

2°) Theo cau tao xac dinh trgng tAm 8, va tenxd quan tinh Jg cia khau.

3% Thiét 1ap hé phuong trinh chuyén d6ng tit khdu m vé khau 1.

4%) Giai hé phuong trinh chuyén ddng.

2.Vidu.

Thiét 1ap phudng trinh chuyén

T _

thiét khdi lugng ctia cdc khau

0,0,=0,8=1;0,8,=1,
Hé toa dd trén cac khau duge
dinh nhu trén hinh vé, ti d6

di cft tha tw, va dong thit tu

Hinh 18.18°

[.cosq; -sing,

0

K, =| sinq; cosq, 0
0 0 1

co08q, - sir_:_q1 0

K, =K =K, =|| -sinq, €os q,
-0 0 1




"
cosqy -—sing, 0
Kp=| 0 0 -1
singqys cosqy O
cosqy; O sing,
K, =K3} =K, = -sing, 0 cosqy
0 -1 0
Theo cac cong thIIc quan hé dong hoc di xac dmh ta cé:
@), =9,€,
E1 Ellézl
By =8y +4y8,, = 018y + by,
E‘Z = qlézl + Q2éz3 + qlezl + qr’ezg
. -_—3
ﬁos =ag =g, A0S+ 6, A[ml AOISI)

Phuong trinh dé xac dinh ap lye khap déng va phuang trinh chuyén déng co deng:
" D61 véi khau 2
rFm = mz(as - 8) _
Mlg -Jsgs, + 0y A(JS mz)+O,S,Amq(a _-g)
bai v(ji‘ khiut

[ =l &) i3]

-

Mm -M12+JS €y +m1A(Jslml]+0,S, Amt(ﬂsl g) ISIAFH

Theo gia thiét khéi lugng cAc khau chi tap trung tal Xhéi t&m S‘, do d6 an' = Q. T d6
ta c6 phudng trinh xac dinh ap lye va chuyén dong b dang '

D61 véi khau 2: S
—
Fpa= 1'1'12(5-5z - ﬁ)
L
M12 = OzSz M mg(asz - g)
P61 vai khau 1:

For = mz‘(ﬁs, + é) + D_ﬂl(ﬁsl - g)
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4

— —> _ﬁ _ - —_.% —>
M{)l '—_M12+ 0181/\ ml(asl '-g)—' 0102/\ Flg

Pé tinh cu thé, d6i véi titng khau cac phuong trinh chuyén déng va xac dinh ap hge
cua nd duge chuyén vé hé toa d6 g4n trén khau d6 nhu sau:
Khau 2: tinh trong hé H, - 0,%,¥,2,:

K., i;m = mszﬂ(E‘Sz _P;)

—> — _ .
K2U M]_Q = KQ 0282;‘\ mzKéo(asz - g)

Khau 1, tinh trong hé H,-0,x,y,z,:

Ky i;"m = m2K10(ész - é) + msz(ﬁs'l - f;’)Km

— - —_— . . ——9 -
Mo = Kiz(Kﬁo-Mw] +048; lelo(as, —g)_ Ki0 0,0, Klz(Kzu Frz)

il

Phudng trinh chuyén dong ciia robét, ¢6 dang: -

S
M,, =(K20 M12]-(Kﬂoéz§)

'Mkl = [K“j ﬁm)'-(Kzoézl)

Sau khi th€ cac biéu thac trén va tinh toin cudi cung,

phuong trinh chuyén dong
ciia robét ¢é dang: '

Mg, =m,l3g, + Myl singy(ly + 1, cos qy)q7 - mygl, cos g,
My, =[my 1+ maq, s, cosay )1, Ji, -
-2, +1yc08q,).m,.1,.5inq,.4,.4,.

2. Phuong trinh chuyé’p ddng cﬁ_a rébot dwsi dang Lagrange II
a) Do tinh v-gh nang, phudng trinh Lagrange IT duge sit dung khé phd bién trong
viéc thiét l4p cde phuong trinh chuyén déng clia cac cg hé ph‘fit_:'_tap cling nhu d8i vai
rébot, '
Phudng trinh Lagrange IT d6i véi co hé ¢6 dang:
E[EL_J _oL
0q;

| e 18.103
dt \ aq, k | : ( .

L = L(g;, q;, t) - 1a ham Lagrange.

L=T-1U.

T=T(q; q;,t) - 1a déng ning toan phin cta hé.

U =U(4q;,t) - 1a thé nang caa hé. . :

q; - 1a toa d§ suy rong cia hé. G day d6i vai rdbdt, 1a thong s6 chuyénvi déc lap cia
khéu i d6i véi khaui- 1. '
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T - 1a Iyc suy réng tng véi toa d6 suy rong q;. N6 c6 thé ta lgc hosic momen Iyc: Khi
toa dd q; 14 chuyén vi tinh tién thi T 14 Ige. Khi toa @9 g

1a chyén vi quay thi 1, I3
moemen lye. '

Phuong trinh trén duge xay dung trong hé quy chigu gin 1ién véi gia ¢ dinh. Bay
gi0 hay ap dung phueng trinh nay cho co cdu rébét.

1%) Truéc hét hay xac dinh déng ning ctta cd cdu T. Ta ¢6:
n . ’ _
T=3T, ' (18.104)
o=l
V6i T, la déng ning ciia khau i bing:
1 0 I
T, = Z-idmiir;ﬂi =D dT,
. i=1

treng da:
* dm, la khéi lugng ctia chat didm M, thuge khau i.
* Vi, la van tde cha diém M,. '

Ta cé thé vist:

(18.105)
T Vi
"' t
hay:
7 (18.108)
va:
n S : i S
TlAl=2 A} S L (18.107)
i=1 - B -

Ban kinh vectd va van téc ciia diém M; dugc xéc dinh nhu sau:
- -0 _ =i _ g
T, =Tm, = KoK o Koy Ty = K iy,

N )
VMi :_d_t,'rMi :
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 hay (xem cdng thiic (18.45)):

vy = Z (Dyq; )iMifi
j=1

(18.108)
Vi
D, = 5_27(1(“9 (18.109)
T d6 ta c6:
: T
T, = ET{ZDi‘,qprMm[ZD“qrrMiJ jldmi
=l
PRSI
Jat, =3 liZlZlDlp(IrMirM dm,)D“ql,q,jl
p=lrt=
| Ix?dm Ixiyidm Ixizidm Ixidm
T Iyixidm Iy?dm Iyizidm fyidm
b= T = IrM‘ rM'dm_ Izixidm Iziyidm Iz?dm jzidm (18110
jxidm Iyidm' Izidm dm

Cudi ciing ta ¢6 bidu thitc dong nang toan phan nhu sau:

18 i ’ )
T= ZT *EZ,ZZ[ (D,],IIDT )qpql] (18.111)
2" Thé ning cla trong ludng
4] day ta chi xét t6i thé ning cha trong lugng

U= XU =3[ mili 1)

(18.112)
i=1 .
3" ch suy rjng
Got t; 1a Itc suy rong tac ddng 1én khau i.

Luc suy rong t; 13 lyc tac ddng trén khau i c6 cong bing tong céng clia cac ngoai lue

trong di chuyén kha di cia rﬁbot Ung véi di chuyén va cing bé 8q; eva khau i 461 vdi
khéu tua i - 1. .

Cobng thite tinh nhu saw:

ZaA ZM 5q]+FJ 5:., : o (18.113)
=1 j=1 ’ .
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£

Y

8q; - 12 géc quay cia khau j.

8ty - 1a chuyén vi dai ciia didm I
I-1a diém dat cta huc E‘J.

8q;, 8F; sinh ra béi chuyén vi 5g;
Ti bidu thie (18.113) ta cé:

— 6q| no b —

j—= M; ——+F 6!’ 18.114
SR JZ:' Tap T | ( ‘
:Ei(qiézi): ZMJ (Bj,ﬁ—l + Fj-v.].".i—'l : _ (18.115}

® ;5.1 14 van tée géc cira khau is v.m tla van t8c dai chia diém dat J do van tde q;é,
gay ra. .
Céng thic 18.115 ¢6 nghia la;

Céng suit cia lyc suy réng 1; bing tong céng suat cla cac ngoai lyc sinh ra khi cho
khau i mdt di chuyén kha di 8q; 461 vdi khau tgai- 1.

4% Biéu thiic cia phttdng trinh Lagrange II cia robét

"Ta cé:
1d o .
L= EZZZ[Tr(D 1,03 Ja, 4|+ Zmlg(Kmri) (18.116)
. 1-1p 1r=1 .
Pé thue hlen phép l&y dao. ham ta llm ¥ |

Ma tran quan tinh I; 13 d8i xung (xem (18 110))

L= IT N
do d6: _ * :
. T T -y :
o g
LD} | =(DI} 1T —2-p1 2
lr( aqk i~ ( ) aq j 4 an )
Tit 46 suy ra | R .
'I‘T Dull___&: :,I,r aqk I Du . R , ‘}?.: . (18.117)
| p. = i | C e 18 1i’8)
= — SRR _
oqy Do k.

'thi ta cd:

f_l‘_ _ _!;ZZZ['I&-(DUI,D“, qu, By + q,sk,,)]

qu 2i =1 j=1p=1

=iZTr[D,p. D} ]a, o | ..'(18..119)

p=l

T
&L
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v61 8, =0 khii#kva s, =1khii=k.

va:
d{ &L LA LI S '
E[E‘(E] :izzkpZ:lTr(Dll-‘IlD ) + ]=Z “ lngT(DmI: D:k )qum
n 1
+ZZ (D, ;DT a1 (18.120)
i=k p=1m=t .
ngoai ra:

3q, 2 iZ Z Tr(Duk LD, )qqu

i=k j=1 p=1
ZZZTr( L DY, )q iQp + Zm gDy ¥ (18.121)
1 -k j=1 p= 1

Thé cée biéu thite trén vao phuong trinh Lagrange II tdng quat, ta cé phudng trinh
chuyén déng cua robot tinh dén thé nz’mg cha trong lugng dudi dang Laprange II nhy sau:

T, = ZZ'I‘r(D“,IlD,k Ja +ZZ Z'I‘r(D,I,LD,k)qpqm + Z m gDy 5} (18.122)

i=k p=1 i=k p=1m=]
Bat: -
B, = Zn:(‘mié-Djji'ii) (18.123’)
=i
B = _ i Tr(DiinD%‘) . (18.124) .

,-kaaD}'I) (18.125)

j=maxtik.m)
Phuong trinh chuyén dong cia r6bét khi dé ¢6 thé vist duéi dang
T, = Zquk +ZZBlkmqkqm + B, (18.126)

=im=1

b) Vi du.

Thi€t lap phuong trinh chuyén
déng ctita R6bot ¢b sd dd nhu trén hinh
18.19. .

1) Gia sit khéi lugng ciia cac khau
phan bd déu trén dudng néi tdm va
khoi tdm 1a diém giita ctia khau §,, S,.

=<

S¢ dung phuong trinh chuyén: _
dong dudi dang Lagramge II (18.126), _ g0
¢ day ta cb:

Hinh 18. 19
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DMl DM

(-

Biim Gk Gm
* +\

o)

o I
1:1 _ u By Bm‘hl" u ch“*_ . kzl
' Ty By By 4@ | <

k=1

B2km qk Qm
1

g
o

Trong do: .
Byj= TT(D1111D'{1) + TI'(D_mIzDgl) |

B,=B, = 'I‘r(Dgzlgngl)

By, = Tr(DgleDgz)

B, =-m, QD“?,;l - ngnzl'igs
B, = - mgD,Ts,

cosq, -—singy

00

. K, = sin q, cosu;h 00

‘. S 0 .0 10
0 1]

o 0

T

-sinq; -c¢osq
coBq, - —sing,

]::)11‘= “"’"‘Km = QI*KM

N R R = =
R R = I R =

aql 0 0
.| sinay _
_ cos(qw%) "—sm(m-;, §). 0. W CBigy
. _ sm(q1+Qz) cos(*h +qy) 0 1ye |
Koy = 0 R R
0 0 v
.D . K D o .K .
aC 027 Ve = Bo oz
%mllr{’ 00 E-mlll
0 00 0
L=ha= 0 00 "0
%mlll- 00 m,

aa kil RdTS N - 161



1 .9 1
“mels 0 0 —=m,l
3 02 2 - 9 02 2
I, =Ly, = :
2 2102 1 0 0 O 0
§m212 0 0 Mo

Pé don gian tachon ], =1, =1
&0 -5 0 off
- Tinh trong hé OXYZ.
B T
rél = "% 00 0“
- Tinh trong hé O, XY \Z,.
=2 1 AT
i, =1)% 0 0 q
- Tinh trong hé 0,X,Y,Z,
B;:'._=T1‘(D11111D?1)"‘Tr(DQnIgD;)

B2 = TT(D21212D.‘£1)

K&t qua tinh duge:

. 1 i 4
.B_,, = gmll‘ + mglg(g + cos qg)

1 1 9 :
’ B12,= B?.l - §m212 + E_mgl-' €08 (s

1 9.
B, = —m,l*
22 3 2

B, = —-;—m‘gl cos g — %mggl cos(q, +qs) - mygleosq,

—

B,=- §m2gl cos{q, + ‘iz)
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_]3111=0I '

1 -
Bz =By = _2'm212 singgy
.1 2 . R -
By =By, = Emgl singy : . .

Byiz = Bogy = By =0
2% Gia sit ngoai lyuc tac dong 1én khau 2 14 F2 c¢6 phuong nim ngang dat tai K.
Trén hinh vé, trong hé toa 46 Oxyz - '

Fo=|(Fs=F) 0 0f
3.6, = Mg, .0, +i-"’2.[51 A&)

5= My + FL{sinq, + sin(q, + q»)]

Mk + Flsln(q1 + qz)

Thay cac gia tri tmh duo’c véo phddng trmh xuﬁt phat ta duoc phuong trmh chuyén
dong cua Réboét trén hinh 18;19 nhu sau: :

L (e e UL |
§m1+ §+cqu2 my 1°G, + 3 2cosq2 m21 q.,
1 ) 2 .2 2
-§m281nq2.l Q3 ~myl®singy.q;:ds -

-[—;—ml cosq, + mg(COS a, +cos(q, + qz))]gl = M, + Fllsing, + sin(g, + Q]

1 1 9. 1 9. 1 2,9 1 . _
3 g o8ty melid+ Smylia + g ml q) -5 mygleosia +q~_3)—

= My, + Flsin(q, +qy)
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PHU LUC

CAC CHUONG TRINH GIAI MOT SO BAI TINH
., NGUYENLY MAY

Phéan nay giéi th:eu mot 86 chuong trinh duge viét bing ngon ngli Turbo - Pascal
dé giai cac bai tinh Nguyén 1y may. D& giam nhe viéc lap cic chuang trinh tinh, & day
xdy dung hai don vi chugng trinh (Unit ) :Unit NLMAY1 gém céc ham (function) va thi
tuc (procedure} diung chung cho cac bai tinh Nguyén 1y may vd Unit NLMAYZ2 gém cac
Procedure tao co s6 dit ligu cho cac bai tinh nay. Cac chmmg trinh tinh dugc lap dya
trén cac thuat toan da trinh bay trong tap 1 clia giao trinh nay [2].

Phén cudi ctia phu lyc giéi thidu cac chuong trinh ding trong phucng phap nhuém
mau, mdt phuong phap dé thi trén may tinh dung dé giai mot &5 bai tinh ky thuat ,
trong dé c6 bai tinh tim digu kién quay lién tuc cia cd ciu sdu khau. Cd s ly thuyét caa

phudng phap nay da dugce trinh bay trong sach "Ung dung tin hoc trong thi€t k&€ Nguyén
Iy may™ [1].

I. UNIT NLMAY1 : CAC FUNCTION VA PROCEDURE DUNG
CHUNG CHO NHIEU CHUONG TRINH

UNIT NLMAYI gbm cac Function va Procedure dang chung cho nhiéu chuong
trinh giai cac bai tmh Nguyén 1y may. Cac Funetion vi Procedure nayv duge ky hleu tit
1.01 dén 1.26, chite ning cua ting Function va Procedure nhu sau -

101 : Procedure chonso : Thii tuc cho phép chon ngiu nhién mét s& trong mét tap nguyén.:

'1.02: Function bkt:Ham tao mét khoang tréng trén man hinh e6 chiéu dai ty chon
trong ch& 4 van ban. '

1.03 ;. Procedure cho : 'I_'hﬁ tuc hién thj thdi gian giit hinh trén man hinh.
L04 : Function dthuc2: Ham tinh mét dinh thice béc hai.

105 : Procedure cucdai : Th tue xac dinh cyc dai cia mot diy 56 thuc va vi tri coa
cuc dai nay trong day sé.

1.06 : Procedure cuctieui : Thi tyc xac dinh cyc tidu cia mot day so nguyén va vi tri
cua cyc tiéu nay trong day sd.

107 : Procedure cuctier : Thi tyc xac dinh cye tiéu cha mit day 88 thuc va vi tri clia
cue tiéu nay trong day so.

1.08 : Procedure daycung : Thu tuc xac dinh nghlérn c¢ha mot. phu’dng trinh bing
phuong phap diy cung.

[.09 : Procedure delaytn : Thi tuc c6 chite néng kep via cua ham Ch:=readkey via
cua thi tuc delay(t);

1.10 : Procedure maphim Thi tue cho ma ban phim.

111 : Function gocx : Ham cho pﬁép xac dinh mdt gée theo theo gia tri sin va cos ctia né.
1.12 : Function hev : Ham Heavyside. | -

1.13 : Function involute : HAm thén khai.
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1.14 : Procedure noibot : Thu tuc xep lai mét day s& thuyc bat ky thanh mdt day sb _
theo thu ty tit nho dén lén,

1.15: Proced_ure_quayvari : Toan ti quay véi bién g6 hguyén.

I.16: Procedure'quayvarr_ : Toan td quay véi bién s6 thyte.

117 : Procedure anhdie.n.; Thu tyc cho phép gili anh mot diém c6 mau xac dinh, dé
sau nay cé thé dUa ra mdt vi tri tuy ¥ trén man hinh bing thi tuc PUTIMAGE trong ché

44 d6 thi.

1.18 : Procedure anhhinh : Tha tyc cho phép giti &nh mdt hinh vao bd nhd, dé sau

nay ¢6 thé dua ra mot vitri tuy ¥ tren man hinh Bing thh tuc PUTIMAGE trong ché db
dd thi.

1.19 : Procedure dohoa : Thi tue dl‘mg dé khdi tao dé thi.
1.20 : Procedure tylescr : Thu tyc cho ty 1¢ man hinh.
1.21 : Procedure docso : Thi tue cho phép doc dit lidu biing s& trong ch& do db thi.

1.22 : Procedure vietfile : Thi tuc cho phép doc mot file kidu bat k bing eadhr coi file
nay nhu mét file text va viét 1én man hinh trong ché dé vin ban.,

1.23 : Procedure docfile : Thi tuc cho phép doc mt file kidu bat ky bing cach coi file
nay nhu mot file text va viét 18n man hinh trong ché& 44 &6 thi.

1.24 : Proéedure nhactext : Thl tuc tao mot 1énh nhic nhay trén man hinh trong ché&
dé van ban. '

1.25 : Procedure nhacgrap : Thu tuc tao mdt 1énh nhéc nhay trén man hmh trong
ché& a6 dd thi. :

1.26 : Procedure baohieu : Thu tuc viét mét 1énh trén man hmh

UNIT NLMAY1;
INTERFACE
uses crt,graph;
const n' —120 3
type ten = strmgt,lﬁ!m;
mat 115‘ = array[Q _
\ math = array{0. q] of mteger'
mat2r = array{0..4,0..n) of real:.’
mat2i = array[0..4,0..n] of mteger.
tap = set of byte;
- ham = function(xz:real):real;
var 1i,j,k,codekb,cot,dong,xmax,ymax : mteger,
tylesc : real; :
Ok,0kd : boolean;
ch . char;
pterl : pointer;

path,cau,texpa,textj : ten;
{********** e e v o o e o e e Tede dr ik vl o v e e v ok e e ok *****}

Procedure chenso(nz: integer; var qz: integer;var tapz: tap);
Function bkt(nz :integer): ten;

Procedure cho(xz,yz,iz :integer);

165



Function dthuc2(al,a2,a3,ad: real): real

Procedure cucdai(iz,nz: mteger pt: matlrivar ptmax: real; var kz: integer);
Procedure cuctieui(iz,nz : integer; pt: matli; var ptmin : integer; var kz: integer);
Procedure cuctien(iz,nz: integer; pt matlr;var ptmin: real; var kz: mteger),
Procedure daycung(hamz ham; xoz,xmz,buoc,saiso: real;

. var songhlem integer; var nghit mz: matlr);

_Procedure delaytn(jz: integer);

Procedure maphim;

Function gocx(co,si: real): real;

Functiori hev{x,x1,x2: real): integer;

Function involute(alfaz: real): real;

Procedure noibot(nz: integer; ptv: matlr; var pt: matlr),

"Procedure quayvari{xgoc,ygoc,xxv,yv: integer; goaquay real; var xr,yr mteger),

Procedure quayvarr{xgoe,ygoc : integer; xv,yv,gocquay : real; var xr,yr: real);
Procedure anhdiem(mauz: integer); o :

"Procedure anhhinh( xz1,yz1,x22,y22: integer;var hinhchup: pointer);

Procedure dohoa;
Procedure tylescr(var tylesc : real), _
Procedure docso(mau,xoz,yoz: mteggr ‘var soz: real),

. Procedure vietfile(tenfile : ten);

Procedure docfile(tenfilez :ten );
Procedure nhactext{cotx,dongy,mauz: integer; cau: ten);
Procedure nhacgrap(xz,yz,mauz: integer; cau: ten);

Procedure baohieu(xz,yz,mau:integer;cau:ten); .
{**************************************}

IMPLEMENTATION
{1.01}
Procedure chonso;
begin
repeat
gz:=random(nz+1);
until gz in tapz;
, tapz:=tapz-[qz];
end; ; -
{=== - o -.____}
{1.02} _
Function bkt;
var 1:integer;
bkx : ten;

begin

bkx:='
for i: =1 to nz do bkx: -bkx+‘ "
bkt:=bkx;

end;



{1.03}
Procedure cho(xz,yz,iz :integer);
var 1:integer; ’
texti : string{4l;
begin :
1:=1;
repeat
str(i:4,texti);
seteolor(10);
cuttextxy(xz,yz.texti}; -
delay(3});
ir=i+1;
setcolor(Q);
ouftextxy(xz.yz,texti);
until i=iz;
end;

41.04} )
Function dthuc2(a1 a2,ad,ad : real) : real
begin

. dthuc2: —al*a4 a2*a3
end; o .
s L -}
{1.05} :

var mteger

Procedure cucdal(lz nz; lntegerq, pt matlr var ptmax real; var kz: integer);

begin : . ' -

for 1;=iz to riz do v
begin '
if 1=iz then
begin .
ptmax:=p'p[i];kz:=i;
~end else
if ptmax<pt[i] then
begin
ptmax:=pt[i];kz:=i;
end;
end;
end; .

{106}

Procedure cuctieui{iz,nz : integer; pt : matli;

var i:integer;
begin. '
for i:=1z to nz do

var ptmin: integer; var kz: integer);



begin
if i=iz then
begim
ptmin:=ptli};kz:=i;
end else if ptmin>pt[i] then
begin
pimin:=pt[i];kz:=i;
end;
end;
end;

(1.7}
Procedure cuctieu(iz,nz: integer; pt: matlr var ptmin: real; var kz: integer);
var : integer;
begin
for 1:=i% to nz do
begin
if i=iz then
begin
ptmin:=pt{iLke:=i;
end else if ptmin>pt[i] then
begin '
ptmin:=pt[i];kz:=i;
end; '
end;
end:

{1.08}
Procedure daycung(hamz ham x0z,Xxmz,buoc,saiso: real;
var songhiem: integer; var nghiemz: matlr),
var Xx,dx,y,yo,yl,dxo, dxl tich : real;
Ok,chuaco : boolean;
1,) : integer;
begin
X: —xoz-buoc,] =0; textcolor(ll),
while x<=xmz do
begin
Ok:=true;chuaco:=true;dx: —buoc L=0;
‘while Ok and (x<=xmz) do
begin
gotoxy(1l,1);
textcolor(15);
write(l);
x:=x+dx:i:=i+1;
y:=hamz({x);
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if (abs(y)<=saiso) then
begin
j:=j*+1;nghiemz[j]:=x;0k:=false;
end'else
begin
if i>1 then
begin
tich:=y*yo;
if tich<( then
begin :
dxo:=dx;dx:=dxo*y/(yoiy);dx1:=dx+dxo;
y1l:=vo:chuaco:=false; .
end else if not(chuaco) then
begin : :
yo:=yL;dxo:=dx1;dx:=dxo"y/(yo-y);dx1:=dx+dxo;
end; :
end;
end;
gotoxy(1l,1);
textcolor(12);
write(i);
Yo=Yy,
end;
end;
songhiem:=j;
gotoxy(l,1);
textcolor(0);
write(1);
elrser;
end;

{1.09} _
Procedure delaytn(jz: integer);
“var  j:integer;
begin
3:=0;
repeat .
=it
if keypressed then Qkd:=false;
until (j=)2) or not{Qkd);
setcolor(15);
outtextxy(cot,ymax-10,'An fim bat ky de tam dung’);
end;
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Procedure maphim;
var funckey: boolean;
begin
funckey := false; eodekb =0;
ch:=readkey;
if (ch = #27) and keypressed t.hen
begin
funcKey := true;
ch:=readkey;
end;
codekb = ord(ch});

{I.11}
Function gocx(co,si: real): real;
begin
if abs(c0)<=0.001 then
begin _
if co>0 then goex:=(pi/2}- arctan(colm)
else gocx.-—(pn’2) -arctan{co/si)+pi;
end else '
begin
if co>0 then gocx -arctan(su’co)
else gocx.--_p1+arctan(81fco),
end; .

{1.12} :
Function hev(x, xl x2 real): mteger,
begin : : '
if (x>-'x1) and (x<=x2) then hev —l else hev =0

{1.13}

Function mvolute(alfaz real): real; "
begin

involute: —-alfaz+sm(alfaz)!cos(alfaz),

{1.14}
Procedure noibot{nz: integer; ptv: matlr; var pt. matlr),
var 1,k :integer;
sodem : real;
begin
for i:=0 to nz do ptlil:=ptvli};
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1:=1;
while i<=nz do
begin
k:=1;j:=k-1;
while j>=0 do
begin
if ptlk]<pt[j] then
begin
sodem:=pt(k];pt(k]l:=ptlj);ptli):=sodem;
k:=k-1;j:=k-1;
end else j:=-1;
end;
=it
end;
end;

{1 15}

procedure quayvari(xgoc,ygoc,xv,yv: integer; gocquay: real; var xr,yr: integer);
begin
xr:=xgoc+round((xv-xg0c)*cos(gocquay)-round(yv-ygoc)*sin(gocquay));

yr:=ygoc+round((yv-ygoc)*cos(gocquay)+(xv-xgoc)*sin(gocquay));
end;

{I.16}
Procedure quayvarr(xgoe,ygoc : integer; xv ,yv,gocquay : real var xr,yr: real).
begin
Xy —xgoc+((xv—xgoc)*cos(gucquay) (yv-ygoc)*sm(gocquay)),
yr:=ygoe+{(yv- ygoc)*cos(gocquay) +(xv-—xgoc)*sm(gocquay)),
‘end,; . .
S -eeiiees)
{L.17}
Procedure anhdiem(mauz: integer); . h
var size: integer;
begin
putpixel(l,1,mauz);
size:=imagesize(0,0,2,2);
_getmem(pterl,size);
"getimage(0,0,2,2,pter1*);
putimage(0,0,pter1”,xorput);
end;

11.18}

Procedure anhhinh( xz1,yz1, x22,y22: 1nteger, var hinhchup: poihter):
var size: integer;
begin .

171



size:=imagesize(xz1,yzl,x22,yz2);

getmemChinhchup,size);

getimage(xzl,yzl,xz2,yz2,hinhchup?);

putimage(xz1,yzl ;hinhchup”,xorput);
end;

{1.19}
Procedure docso(mau,xoz,yoz: integer; var soz: real);
var cau: ten;
chu: char;
k,resultl,result2,valchu: integeri
Ok,chuacham,doc: boolean;
chuo: array[1..24] of char;
begin . . _
doc:=true;chuacham:=true;k:=0;cau:=";
while doc do
begin
maphim;
setcolor(méu);
if codekb=13 then doc:=false else
begin
chu:=chr(codekb);
Ok:=(chu="") and chuacham;
val{chu,valchu,resultl);
if (result1=0) or (codekb=45) then
begin
k:=k+1;
chuol[kl:=chu;
cau:=cau+chu;
outtextxy(xoz,yoz,chu);
x0z:=x0z+8;
end;
if Ok then
begin
k:=k+1;
chuolk]:=chu;
caw:=cau+chu; -
outtextxy(xoz,yoz,chu);
X0Z:=X02Z+8;
chuacham:=false;
end;
end;
if codekb=8 then
begin
X0Z.:=X0%Z-8;
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setcolor((}),
outtextxy(xoz,yoz, chuo[k]),
delete(cau,length(cau),1);
k:=k-1;
chuacham:=true;
end;
end;
val{cau,soz,result2);
end;

11.20)
Procedure dohoa;
var i,driver,mode: integer;
‘begin
repeat
driver:= detect;
initgraph(driver,mode,path);
1=graphresult;
if i<>grok then
if i = -3 then
begin
write(" Hay cho lal duong dan ");
readin(path);
end; )
until 1 = grok;
setgraphmode(vgahi);
end; : 2

{1.214

procedure tylescr(var tylesc : re_ali; L

var  xasp,yasp : word;

begin
getaspectratio(xasp,yasp);
tylesc:=xasp/yasp;

end;

{1.22}

Procedure vietfile(tenfile : ten);
var  xx,yy.i,sodong : integer;
dong,letrai : string;

ch : char;
vanban : text;
begin
texteolor(11);
sodong:=20;yy:=0; letral =
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assign{vanban,tenfile);
reset{vanban);
i=10; .
textcolor(11);
while not eof(vanban) do
begin .
if 1 > sodong then
begin
i:=0;
end;
inc(i);
readln(vanban,dong);
write(letrai); .
writeln(dong);
*x:=i mod sodong,;
if xx=0 then ch:=readkey;
end; '
close(vanban);
end;

= - -—=}

{1.23} .

Procedure docfile(tenfilez ¢ ten);

var vanban: text; .
cot,dong.sodbng,letrai,dongdau.i:_integer;
h: word;

procedure viet(var cot,dong: integer; cau : ten);
begin

outtextxy(cot,dong,can);

cot:= letrat;

dong:= dong+h:
end;

begin
-xmax:=getmaxx;ymax:=getmaxy;
letrai:=5;dongdau:=30;s0dong:=40;
cot:=letrai;dong:=dongdau;
h:=textheight("h")+6;
assign(vanban,tenfilez);
reset(vanban);
1:=0;
while not eof(vanban) do
begin
if i>sodong then i:=0
else inc(i);



-"‘

readln({vanban,cau);

if i<4 then
begin

settextstyle(1,0,1);

setcolor(1l);
end else
begin
seteolor(15);

settextstyle(0,0,1);

end;
viet{cot,dong,cau);
end;
close{vanban);
setcolor{14);

rectangle(10,10,630,dong+h);
cau:=" An motfim de tieptuc";
nhacgrap(10,ymax-15,12,cau);

ch:=readkey;

end;

Tp— S —

{1.24} TR .
Procedure nhactext;(m!;x.;lqngy.mauz: integer; cau: ten);
begin : . o '

repeat

delay(50);

gotoxy.(cotx,dong_y);'.

. texteolor(0);
write(cau);
delay(20);

" until keypressed;

gotoxv{cotx,dongy);
textcolor(0);
write{cau);
textcolér(mauz};

end;

{1.25}

Procedure nhacgrap(xz,yz,mauz : integer; cau : ten);:
begin

settextstyle(0,0,l);
repeat
setcolor(manz);

textcolor(mauz); 7
gotoxy(cotx,dongy); = .
 write(cau): - RN




" outtextxy{xz,yz,cau);
delay(250);
seteolor(15); -
outtextxy(xz,yz,caul,
delay(200); *

until keypressed;

end;

i1.26} .
Procedure bachieu(xz,yz,mauz : integer; cau ‘ten);

begin

textcolor{mauz);
gotoxy(xz,yz);
write(cau);

end;

END.

IL. UNIT NLMAY2 : CAC PROCEDURE DU LIEU CHO CAC
CHUONG TRINH TiNH

UNIT NLMAY2 gbém céc Procedure tao cd so dit 1igu cho cac chudng trinh tinh cac bai
tinh Nguyén ly may. Cé thé 1ay di lidu tit cac vi du cd s&n (dn chi V), hodc nhap dit lidu

mai

tit ban phim (&n chit F) va sau d6 14y lai di ligu nay tit dia (4n chi D). Cac

Procedure nay duge ky hiéu tit 11.01 dé&n 11.07, chitc néng cua ting Procedure nhu gau :
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[1.01 : Procedure DLBLE : Thu tuc tao dit liéu cho chuong trinh VTRI4KBL
I1.02 : Procedure DLCUL :Tha tuc tao dit lign cho chuong trinh DHOCULIT
11.03 ; Procedure DLCULD : Thu tyc tao dit lidu cho chuong trinh VTRICULID
11.04 : Procedure DLTQCT : Thu tuc tao dﬁ ligu cho chuong trinh DHOCTQCT
11.05 : Procedure DLLUC :Tha tuc tao di liéu cho chudng trinh LUC4I$L
11.06 : Procedure DLCDTH UC : Thatyc tao dit liéu cho chudng trinh . CHDGTHUC
11.07 : Procedure DLBR Thi tye tao dﬁ heu cho chudng trmh BANHRANG '
UNIT NLMAY2; _ _ - [ o
INTERFACE - REETREE
uses crt,graph,nimayl;
type ten = string{120];
var 1i,),no,nl,sv.xo0,yo: integer; .

fi3,fid,defi,omegal,tyle,lucP3 Jp3, momen3, beta3 XX,VY,

182,beta2,lucP,atam, modun alfa,i12,alfal : real;

tenfile,cau : ten;

fildl : text;

ch :char;

1,Is,beta,mk,js : matlr;

fi,omega,epsil,xt yt. mat2r.



xi,¥i: mat2i;
vidu: boolean;

{**************************************}

Procedure DLBLE;
Procedure DLCUL;
Procedure DLCULD;
Procedure DLTQCT,;
Procedure DLLUC;
Procedure PLCDTHUC:
Procedure DLBRG;
{**************************************}
IMPLEMENTATION
{I1.01}

Procedure DLBLE;

var

phgan : integer;
textpa : string[3];
Okq ,Okf : boolean;

procedure fim;
begin
Okq:=false;
repeat
for i:=1 to 4 do
begin

write('lf',1,'1=17;
readin(l[i]);

end;
Okq:=(abs(1(1])-1[4])>=abs(1[2)-1[3D);
Okq:=0kq and (I{1]+1[4]<=1[2]+1{3)]);
if not(Okq) then

begin :

textcolor(i2);

write('Dieukien quaytoanvong ');
writeln('cua khaul khong duoc thoaman’);
writeln('"Hay cho lai kichthuoe cac khau 1 *);

end;

textecolor(11);
until Okg;
writeln; :
write{'Goc vitri epa gia cfi4 =)
readln(fi4); N :
fid:=fi4*pi/180;
assign(fildl,tenfile);
rewrite(fildl);
for i:=1 to 4 do

12-NLMTZ2
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begin
writeln(fildL1[i]);
end;
writeln(fildl,fi4);
close(fild]);

end;

procedure dia;
begin

assign(fildl,tenfile);
reset(fildl);
for 1:=1 to 4 do
begin
readIn(fildL1[i]);
textcolor(il);
writeln(' 1[',1,'] = ' 1[1]:6:0);
end; ‘
writeln; .
readin(fildl,fi4), _ :
writeln{'Goc vitri cua gia : fid ="' ,(fi4*180/p1):6:2);
writeln; -
close(fildl);

- end;
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begin

closegraph;
textmode(3);
textceolor(11); .
write('Lay solieu trong vidu cho truoc (V) "); -
writeln("hay tu cho solieu (T} ?;
repeat ' -
ch:=readkey;
until upcase(ch) in ['V','T'};
clrser;
vidu:=false; .
if upcase(ch)="V’ then
begin -
vidu:=true; _
writeln('Co bon vidu :1,2,3,4 . Ban muon xem vidu nao ?);
write('Vidu so : ");
readln{phgan);
str(phgan,textpa);
tenfile:='a:vidublea.'+textpa;
texteolor{14);
clrser;



writeln(’ Cac solien cho truoc .");
writeln; B ' -
textcolor{l 1}
dia; .
no:=60;sv:=2;tyle:=2;
nhactext(1,24,15,'An ﬁm batky de tieptuch;
ch:=readkey; '
end else
begin
textcolor(14});
tenfile:='a;vidublex';
assign(fildl,tenfile);
($1-}reset{fild]l) {$I+};
Qkf:=(10result=0);
if not(Okf) then
begin
nhactext(40,24, 10 ‘An fim F de tieptuc);
repeat
. ch:=readkey;
untll upcase(ch)='F

end else LU

begin - ' .
nhactext(40 24 10.‘0110 duheu tu ﬁm (F) hay tu dia (D) '). :
repeat = - r_. L o

ch: -readkey. _ L
until upcase(ch) m E‘F" ')
end;
clrscr;
writeln(’
writeln; .

. texteolor{11);
case upcase{ch) of . R
. filTl. o R . ; L N : 'f1.. :”_ . %f??fn R
'D' dla, ’ A " L
end; : ' o

write('Hay cho tyle hi’nhvé ityle="); '

readln(tyle); ' .
write('So vong quay tev =Y
readln(svf; ' _
write('So vitri trong mot vong : no = ‘).
readln{no);

end;

defi:=2"pi/no:

“end;

{ == == —=======
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{11.02}
Procedure DLCUL;
var beta: real;

procedure fim;

begin
assign(fildl,tenfile);
textcolor(11);
write('l[',1,'] = ");
readin(1[11);
write('1['.4,'1 = ;
readin(l{4]);
1[2]):=0;
writeln;
write('Goc vitri cua gia :fid =Y,
read(fid);
fid:=fi4*pi/180;
rewrite(fild});
for i:=1 to 4 do if i<>3 then writeln(fild},I[i]);
writeln(fildl,fi4);

. close(fildl);

end;

1

procedure dia;

begin
assign(fild],tenfile);
reset(fildl);
for i:=1 to 4 do
begin

if i<>3 then
begin
readln(fildl,1(i]);
writeln{ 1[',1,'] = " 1[1]:6:0);
end; '
end;
writeln;

" write("Goc vitri cua gia fid =9
readIn(fildl,fid); :
writeln((fi4*180/pi):6:2); .
elose(fild]);

‘end;

fmmmmmmin- - s
begin "
textmode(3);
te:&tcolor(l 1);



~write('Lay solieu trong vidu cho truoe (V) ');
writelnChay tu cho solieu (T) 7');

répeat
ch:=readkey:;

until upcase{ch) in {'V",'T"};

cirser;

vidu:=false;

if upcase(ch)="V' then

begin
tyle:=1;
vidu:=true;
textcolor(14);
writeln(’
writeln;
textcolor(11);
tenfite:="a:viducula';
assign(fildl,tenfile);
dia;
no:=60;sv:=2;tyle:=1.5;

- nhactext(1,24,15%.'An:fim batky de tieptuc’); -

ch:=readkey;

end else

begin - o C
tenfile:='a:viduculx’;
textcolor(14); S
writeln('

. writeln; _
texteolor(ll);
repeat

ch:=readkey; _
until upcase(ch) in ['F','D'];
case upcase(ch) of

Ffim;

'D":dis;
end,; _

write('So vong quay
‘readin{sv);

write(‘So vitri trong mot vong .

readin{no);
write("Hay cho tyle hinhve
readln(tyle);

end; '

{11.03}

Cac solieu cho truoc N

18V = ');'

tpo =Y;

i tyle = ;);

]

7 Cho dulieu t_ﬁ*h&fgﬁiﬁ'g_ay“@;qg,fg_gigmmz')\: o

TP
Sakn TN
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. Procedure DLCULD;
var beta:real;,
Okq:boolean;

{__ —

—— —
procedure fim;
begin
Okq:=false;
assign(fildl,tenfile);
textcolor{11);
repeat
write('1[",3,' = ");
readIln{l{3]);
write('l(",4,'1 ="}
readin(i[4]);
1(2]:=0;
Okq:= (1[4]1<=1{3]);
if not(Okq) then
begin -
textcolor(12);
cau:='Dieukien quaytoanvong cua khaul khongduoc thoaman ;
writeln(cau); .
writeln{'Hay chb lai klchthuoc cac khau "y;
end; :
textcolor(l 1);
until Okg;
writeln;
. write('Goe vitri cua gia fid =');
read(fi4); '
fid:=fi4*pi/180;
rewrite(fildl); :
for i:=1 to 4 do if i<>1 then wnteln(fildl 1[1]), : S
writeln(fildl,fid); : . -
close(fildl); ' '
end;

procedure dia;
begin _
assign{fildl,tenfile);
reset{fildl); _ S
for i:=1 to 4 do ' T e
begin '

if i<>1 then

begin

readIn(fildLli]);
 writeln(' 1{",i,'] = " 1(i):6:0);
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‘end;
end;
writeln;
write('Goc vitri cua gia figa =",
readIn(fildl,fid);
writ.eln((fi4*130!pi):6:2);
close(fildl);
end; '

begin
textcolor(11);
write('Lay solieu trong vidu cho truoc vy
w_riteln('hay tu cho solieu (T) 7"
repeat
ch:=readkey;
until upcase(ch) in ['V','T'L;
. clrser;
vidu:=false;’
if upcase(ch)="V' then
begin
vidu:=true;
textcolor(14}; .
writeln{’ Cac solieu cho truoc .'};
writeln; S
- texteolor(il);
tenfile:='a:vduculda'’;
assign(fild],tenfile); '
dia;
no':=60;sv:=2;tyle:='l; :
caw="An fim batky de tieptuc';
"nhactext(1,24,15,cau); '
ch:=readkey;
end else
begih

tenfile:="a:vduculdx’; s et e

. textcolor{14), !
can:='Cho dulieu.tu banfim hay doe tu. dla(FiD)‘?
writeln(' ‘.cau);

~ writeln; |
textcolor{ll);
repeat

" ch:=readkey;
until upcase(ch) in ['F','D');
case upcase(ch) of
'F:fim;
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‘D':dia;
end; _
write('So vong quay : BV =");
readin(sv);
write('So vitri trong mot vong. :no = "}
readln(no); _
write('Hay cho tyle hinhve ttyle = 1),
readln(tyle);
end;
end;

{I1.04}
Procedure DLTQCT;
var beta: real;
Okq : boolean; _ _
A= g == = eme}
procedure fim;
begin
 Okq:=false;
repeat
for i:21 to 4 do
begin
if i<>3 then . -
begin
write(Cll’,1,'1 =");
read(i[1]); .
end;
end;
 Okqr= (M1]+1{4]<=1{2]);
if not(Okqg) then
begin
textcolor(12);
cau:='Dieukien quaytoanv:mg cua khaul khong duoc thoama
writeln{cau); '
writeln('Hay cho lai kichthuoc cac khau !');
end; :
until Okaqg; _ . S
texteolor{l1); : L
writeln; : ' ' :

write("Goc vitri cua phuongtruot (i3 =");

read(fid);

f13:=fi3*pi/180;

if 1{4]>0 then

begin _
write(‘Goc giua gia va phuongtruot beta Y
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~begin ‘ S SR
textmode(3); S R - I

read(beta):
fi4:=fi3+(beta*pi/180);
~end else fid:=0;
assign(fildl,tenfile);
rewrite(fildl);
for i:=1 to 4 do if i<>3 then writeln(fildl,1[i));
writeln(fildl fi3);
writeln(fildl,fi4);
close(fildl);
end; _
fosmumam e R Lt E -n)
procedure dia;
begin
assign(fildl,tenfile);
reset(fildD);
for i:=1 10 4 do
begin
if i<>3 then
begin
readln(fildL1[i]);
~ writeln(' 1,3, = ' 1[i]:6:0);
end; . '
“end;
writeln; - ' --.
write('Goc vitri cua phhong%t
readln(fildl,fi3);. 5 .
writeln(fi3*180/pi:6:2
write('Goe v:t.n_ e gl
readln(flldl fid):
wntein(ﬁti"lsmpt 6.3 H
close(ﬁldl), e
end;

—

texteolor(tl);

write('Lay solieu trong vidu cho truoc VA0 l e

writeln(Chay tu cho solieu (T) ?); ' T el e s

repeat B '
ch:=readkey;

until upease{ch) in ['V',"T"];

clrser;

vidu:=false;

if upcase{ch)="V' then

begin
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vidu:=true;
texteolor(14):
writeln(’ Cac solieu cho truoc .");
writeln;
textcolor(11);
tenfile:='a;vdutqeta';
dia;
no:=60;sv:=2;tyle:=1;
nhactext{1,24,15,'An fim batky de tieptuc');
ch:=readkey;
end else
begin
tenfile:='a:vdtgetx’;
textcolor(14); _
cau:='Cho dulieu tu banfim hay doc tu dia(F/D) 7";
writeln(’ '.cau);
 writeln;
texteolor(11);
repeat
. : ch:=readkey;
until (upcase{ch)="F") or (upcase(ch)="D");
case upcase(ch) of
'F':fim;
‘D':dia;
end; :
write('So vong quay v =)
readln(sv); _
write('So vitri trong mot vong tno =Y
readin(no); _
write('"Hay cho tyle hinhve s tyle =)
readin(tyle);
end;
end;

{11.05)
Procedure DLLUC;
var Okf : boolean; :
o Am—- -—--- -eeremess}
procedure docvable; :
begin
textcolor(15);
gotoxy(40,23);
. write(’Dang doc solieu . Hay cho *);
assign(fildl,'a:viduble.luc');
reset(fildl);

=======]
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readlin{fildl,omegal);
‘readIn(fildl,nl};
for i:=1 to 4 do readIn(fildl,l[i]);
for j:=0to nl do
begin
for i:=1 to 4 do readln(flldl ﬁ[:,]]), _
" texteolor(12);
gotoxy(40,23);
write('Dang doc solieu . Hay cho ');
for i:=1 to 3 do
begin
teadln(fildl,omegali,jl);
textcolor{15);
gotoxy(40,23
write(’Dang doc solieu . Hay cho ');
readIn(fildl);
readln(fildl,epsil[i,jl};
end;
end;
close(fildl):
cirser;
end; L . o
procedure soheucu S o o Y
texteolor(13); ' e T e
writeln(’ - gl | A | |
textcolor(14);
writein('
textcelor(l 0); _ :
writeln('l - chhthuoc dongh‘_ ¥ _'
textcolor(16); - . o
fori:=1toddo -
- begin - : S B T A
writeCl0',i,] =" Mil:6:3, O .- wddnaes . o
1iL:=1{il; | - | RS
if i=2 then writeln;
end;
writeln;
textcolor(10);
writeln('l - Vantoc goc khaudan');
texteolor(15); o
writeln('omegal ="',omegal:2);
end;

foreee Semmmmmmmmeneeammnnnn e )
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procedure solieuf;
begin
tenfile:="a:luc.bis";
assign(fild],tenfile);
textcolor{(14);
writeln(' Toa do trong tam : ");
textcolor(11);
for i:=2 to 3 do
begin
write('Khau ",i,': 1s[,i,'1="); .
dong:=wherey,
readln(ls(ih);
cot:=wherex;
gotoxy(cot+30,dong);
write(’betal',i,'1 =");
readin(betalil);
betalil:=betalil*pi/180;
end; .
textcolor(14); ' _ _
writeln( . Cac thongso guan tinh :7);
textcolor(11); ' S S
for i:=2 to 3 do
begin T
write(Khaw',i,' : mk[,i,1="
dong:=wherey; ‘
readln(mk(i]);
cot:=wherex; -
gotoxy(cot+30,dong);
write(§s[',i,)] =)
readln(jsfil);
end;
texteolor(14);

writeln(' : Ngoailuc va momen ngoailuc :

texteolor(10); :
writeln('l - Ngoailuc dat tren khau 3 )
textcolor(11);

write(lucP3 =1;

readln{lucP3);
dong:=wherey;cot:=wherex;
gotoxy(cot+17,dong-1);

write('lp3 =";
dong:=wherey;cot:=wherex;
readin(lp3);

gotoxy(cot+10,dong);

write('betad =");



readin(betad);

beta3‘=beta3*pif180;

textcolor(10);

wr1teln('2 Momen ngoailue dat tren khau 3 : %;

textcolor( 11);

write{'momend = '};

readln{momen3); . :
bachieu(40,24,15,'Dang nhap solieu . Hay cho ")
rewrlte(fxldl)

bachieu(40,24,12,'Dang nhap soheu Hay cho !");

writeln(fildl,omegal);
writeln(fildl,n1);

for i:=1 to 4 do writeln{fildl.l[iD);

for j:=0 to n1 do

begin _

for i:=1 to 4 do writeln(fildl,fi[i,j1);

bachieu(40,24,15,'Dang nhap solieu . Hay cho !);

for i:=1 to 3 do
- begin
writeln(fild], umega[i.j]),

: baohleu(40 24, 12 JDang nhap soheu Hay cho I');
wrlteln(ﬁldl), . _
wrlteln(flldl,epsll[l.]]), _

end; . S

end; '

L3
L}

for i:=2 to 3 do ; ‘ﬁf: N
begin .
wnteln(fildl ls[ll),
wrlteln(fild} beta[ll). -
end; - '
baohieu(40,24, 12 'Dang nhap aaheu
for1—2to3do : O LT
begin el \ . ’i
writeln(fildl, mkli}); | T
writein(fild},)s[i]);
end; : :
baohieu(40,24,15.'Dang nthap solieu’. Hay cho !');'
writeln(fild],lucP3); '
"~ writeln(fildl,1lp3);
writeln(fild]l,beta3);
writeln(fildl,momen3),
close(fildl);
baohieu(40,24,0,'Dang nhap solieu . Hay cho !');
nhactext(40,24,10,"An motfim de tieptuc');

S ISR S AS I  S
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procedure solieud:
begin

tenfile:="a:luc.bis"; ,
baohieu(40,24,12,'Dang doc solieu . Hay cho "y,
assign(fildl.tenfile); '
baohieu(40,24,15,' Dang doc solieu . Hay cho !');
reset(fildl); .
bachieu(40,24,12,'Dang doc solieu . Hay cho 1),
readln(fildl,omegal};
readln{fildl,nL); '
for i:=1 to 4 do readIn(fildLILD;
bachieu(40,24,15, Dang doc solieu . Hay cho !);
for :=0 to nl do
begin
for i:=1 to 4 do readin(fildl.fili,jl);
for i:=1 to 3 do
begin
reéadin(fildl,omegali,jl);
baohieu(40,24,12,'Dang doc solieu . Hay cho ');
readin(fildl);
readin(fildl,epsilfi,)));
bachieu(40,24,15,'Dang doc solieu . Hay cho ');
end;
end;
bachieu(40,24,12,'Dang doc solieu . Hay cho '),
fori:=2to 3do
begin
readIn(fildl,1s[i]);
readin(fildl,betalil};
beta[il:=betali]*pi/180;
end; '
baohieu(40,24,15,'Dang doc solieu . Hay cho !');
for i:=2 to 3 do
begin
readln(fildl,mklil);
readIn(fildl,jslil);
end;
baohieu(40,24,12,'Dang doc solieu . Hay cho I');
readIn(fild],lucP3);
readln(fildl,ip3):
readin(fild]l,beta3);
betad:=beta3*pi/180;
readin(fild]l,momen3):



close(fildl).
bachieu(40,24,0,'Dang doc solieu . Hay cho !'):
nhactext(40,24,10,'An motfim de tieptuc’):
ch:=readkey; '
clrser;
textcolor{14);
solieucu; * .
writeln(’ Toa do trong tam : ');
téxt.color(ll);
for i:=2 to 3 do
begin
write(Khau 'i,' 1 1s(',i,"] = ",1s[i]:6:3);
dong:=wherey;
cot:=wherex; e
gotoxv(cot+8,dong),
writeln('betal',i,] =".(beta[i]*180/pi):6:2);
end;

“textcolor(14);
writeln(’ Cac thongso quan tinh : ');
texteolor(11);
for i:=2 to 3 do
begin . T
- write(Khaw',i,' : mk[‘,i ']_= i_,‘m]a[i]:'ﬁzz);--
. dong —wherey, - AL
cot:=wherex;
gotoxy(cot+8 dbng),
writeln(jsf’,i,’]” = th] 5291!

end; . "

- texteolor{14);
writeln( Ngoailuc' A
textealor(10}y; }
writeln('l - Ngoailuc dat- t.ren khau !
gotoxy(1l,dong+3);-
textcolor(11); - P
write(lucP3 =",JucP3:6:2); S
dong:=wherey;cot:=wherex; R
gotoxy(cot+10,dong);

“write(1p3 = '1p3:6:3);
dong:=wherey;cot:=wherex;
gotoxy(cot+10,dong); -
writeln(‘betad =',(beta3*180/pi):6:2); -
betad:=heta3*pi/180;
texteolor(10);
writeln('2 - Momen ngoailuc dat tren khau 3:'%
textcolor(11);.
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writeln(‘mbmeni} ="' momend:6:2); ) .
nhactext(40,24,10,'An motfim de tieptuc');
ch:=readkey; :

end;

begin
closegraph;.
textmode(3);
~assign(fildl,'a:luc.bis");
{$1-}reset(fild]) {$I1+};
Okf:=(10result=0);
if not{Okf) then
begin
nhactext(40,24,10,'An fim F de tieptuc');
repeat :
ch:=readkey;
until upcase(ch)="F';
end else
begin - o :
nhactext(40,24,10,'Cho dulieu tu fim (F) hay tu dia (D) ");
repeat a
ch:=readkey;
until upcase(ch) in 'F',;'D'];
end;
clrscr;
case upcase(ch) of
'F:begin
docvable;
solieucu;
solieuf;
end;
'D';solieud;
end;
end;
;
{11.06}

—

_ Procedure DLCDTHUC;

var beta : real;
Okq : boolean;

procedure fim;

begin _
textcolor(12);
writeln('Cac thongso donghoc ');
Okq:=false; - '



Bl

repeat
textcolor(11);
writeln(Chieudai cac khau : ");-
for i:=1 to 4 do
begin
if 1<>3 then
begin
write('1l',1,’]
read(lfi]);
end;
end;
Okq:= (1[1]+1[4]<=1{2]);
if not{Qkq) then
begin
textcolor(12);
writeln('Khaul khong quay duoc toan vong');
writeln(Hay cho lai kichthuoc cac khau 1');
end; _
until Okq;
textcolor{11);
write('Goc vitri cua phuongtruot : fi3 =7,
read(fid); _ '
fi3:=i3*pi/180;
if 1[4]>0 then
begin _ _
write('Goc giua gia va phuongtruot : beta =');
read(beta); _ ' '
fid:=fi3+(beta*pi/180});
end else fi4:=0;
textcolor(12);
writeln("Toa do trongtam :);
textcolor(l1l);
write('ls2 =",
readln(1s2);
write('beta2 =");
readln(beta2);
beta2:=betal*pi/180;
texteolor(12);
writeln('Cac thongso quantinh va luc :');
textcolor(10); '5_”-
writeln('Khoiluong cac khau :');-
textcolor(11); '
for i:=2 to 3 do
begin
write('mk[,1,'] =')

"
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readin(mklil);
end;
texteolor(10);
writeln('Momen guantinh cac khau :');
textcolor{11);
for 1:=1 ta 2 do
begin
write()s('.1,)} =)
readln(js[i]);
end;
textcolor(10);
writeln('Luccan kythuat ')
texteolor{11);
write('lnep =)
readin{lucp);
texteolor{12);
writeln{"Vantoe goc trungbinh cua khaudan : ')
textcolor(11}); :
write('omegal =");
readln{omegal);
textcolor(15);
write('So vitri canxet no =')

. readln(no);

assign(fildl,tenfile);
rewrite(fildl);
for i:=1 to 4 do if 1<>3 then writeln(fildl,lLi]};
writeln(fildi,fi3);
writeln(fildlfi4);
writeln(fildl,1s2);
writeln{fildl,beta?2);
for i:=2 to 3 do writeln(fildl,mkfi}); = .
for i:=1 to 2 do writeln(fildl,js(il);
writeln{fildl,lucp); -
writeln(fildl,omegal);
writeln(fildl,no);
close(fildl);

end;

procedure dia; . S e
begin
assign(fildl,tenfile);
reset(fild));
for i:=1 to 4 do if i<>3 then readin(fild],li]);
readIn(fild],fi3});
readin(fild],fi4);



readin(fildl,1s2);
readln(fildl,beta2);

for 1:=2 to 3 do readln(fildl,mklil);
for i:=1 to 2 do readln(fildl,jslil);
readln(fild]l,lucp); '
readIn(fildl,omegal);
readln(fildl,no);

close(fildD);

texteolor(12);
“writeln(*Cac thongso donghoc :');
texteolor(11);

writeln("Chieudai cac khau : );
for 1:=1 to 4 do

if i<>3 then writeln(1[',i,'] = 1):6:2)
textcolor{11);
writeln(’Cac goc vitri cua cac khau 3 va 4: Y,
writeln('fi3 = ', (fi3*180/pi):6:2);
writeln('fid = '.(fi4*180/pi):6:2);
texteolor(12);
writeln('Toa do trongtam :'};
textcolor{11); '

writeln('ls2 = ',1s82:6: 2y

wr1te1n('beta2 = ‘,(beta2*180!p1) 6 2).
textcolor(12);

writeln(' Cac thongso quantmh va luec ;-
textcolor(lO) : '

writeln(' Khoiluong cac khau ) ' :-;‘-_»:Iv.':"'j TR
textcolor(11); Lo _
for i:=2 to 3 do wr1teln(‘mk[' i '] = ‘.mkh] 6 2). '
textcolor(10); : - T
writein{'Momen quantmh cac khau '), .
texteolor(11); w e
for i-=1 to 2 do writeln(js[',i,"] = ',js[i]:6:2);-;;'s-:_
texteolor{10); '
writeln('Luccan kythuat :');
texteolor(i1);
_writeln('lucp ="' Jucp:6:2);
texteolor{12}); .
writeln{'"Vantocgoc trungbinh cua khaudan :*); -
textcolor(11);
writeln{'omegal = .omegal:6:2);
textcolor(15);
writeln('So vitri canxet :no  =',no);
end; ’
{-m—-memmmmme oo e e —mmm oo }
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begin
texteolor(11);
tenfile:='a:dlgththe",
textcolor(14);
can:=' Cho dulieu tu banfim hay doc tu dia(F/D)?";
writeln(' ‘,cau);
repeat
ch:=readkey; ,
until (upcase(ch)="F") or (upcase(ch)='D");
clrser;
writeln(' Cac solieu cua baitinh ');
case upcase(ch) of '
'F':fim;
'D'-dia;
end;
writeln('Hay cho tyle hinhve cocau ( >=1000) : ');
write('tyle ="} : :
readin(tyle);
end; '

{ }

{ILOT}
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Procedure DLBRG:

procedure ghislieu;
begin
textcolor(14);
cau:='Cac solieu cho truoc cua cap banhrang’;
writeln(bkt(18),cau};
textcolor(11); : )
cau:="Khoangcachtruc'+bkt(12)+' : A =1
writeln{cau, atam:6:2);
writeln(Modun’, bkt(21),! : m  =', modun:6:2);
write('Goc apluc tren vongchia'bkt(3),' : alfa = B H
writeln({alfa*180/pi):6:2); _
writeln('Tisotruyen' bkt(16),' : i12 = 1,112:6:2);
end; . : '

procedure fim;

begin
textcolor(14);
‘cau="Cac solieu cho truoc cua cap banhrang’;
writeln(' _ ' cau);
writeln;
textcolor(11l);.
write(Khoangcachtruc',bkt(12)," A =");



readln(atam)ﬁ

 write('Modun’, bkt(21),: m =1

readln{modun);

write("Goc apluc tren vong chia
‘readin(alfa);

alfa:=alfa*pi/180;

write("Tiso truyen' bkt(15),": 112

readln(il2);
tenfile:='a:dlbrang’;
assign(fildl,tenfile);
rewrite(fildl);
writeln(fildl,atam);
writeln(fildl,modun);
writeIn(fildl,alfa);
writeln(fildl,i12);
close(fildl);

end;

procedure dia;

begin
tenfile;="'a:dlbrang';
assign(fildl, tenfile);

* reset(fildl); :
readln(fildl,atam);” -
readln(fild],modun);
readln(fildl,alfa); . -

readln(fildLil2); - o ou. o

close(fildl);
ghislieu;
end;

ralfa =");

)i

begm

nhactext(20,24, 12 cau), .

repeat. o :
ch: =readkey,

until upcase(ch) in [F' D1,
clrser;
textcolor(11); _
if upcase(ch)='F* then fim;

- if upcase(ch)='D' then dia;

i

nhactext(38,24,12,'An motfim de tieptuc');

ch:=readkey;
~ clrscr;

end;
END.

cau:=' Cho soheu tu h&nfxm (F) hay‘tuc , R
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. MOT sO CHUONG TRINH GIAI CAC BAI TINH NGUYEN LY MAY

Phdn nay gom cac chudng trlnh diung dé giai cac bal tinh Nguyén 1y may, duge xay
dung dua trén cac thuat toan da duge trinh bay trong tap 1 cia giao trinh nay [2]. Cac’
chudng trinh nay cé st dung UNIT NLMAY1 (cac- Function va Procedure chung) va
UNIT NLYMAY2 dé goi va nhap dit lidu cha baj tinh, cac dit lidu nay duge goi tx § A .
Cac chuong trinh duge ky hiéu tu 11101 d&n II1.11 , cu the nhu sau:

II1.01 : PROGRAM VTRI4KBL : Dung dé giai bai tinh vi tri va mé phong chuyén
déng cta ¢d edu bon khau ban 16,

I1I.02 : PROGRAM DHOC4KBL Gigi thiéu mat vi du vé v1éc tinh van téc va gia
toc cla co caw bdn khau bdn 18, sau khi da giai xong bai tinh vi tri. Cac s6 lidu vé vi tri
ctia khau bi din dugc 18y tit k&t qua cha bai tinh vi tri (file dit ligt VIDUBLE.PVA cla

chuong trinhVTRI4KBL ).

II1.03 : PROGRAM DHOCULIT : Dung € giai bai tinh vi tri, m6 phong chuyén
dong, tinh van tdc va gia tdc cia cd cdu cu lit.

111.04 : PROGRAM VTRICULID : Dung dé giai bai tinh vi tri, mé phong chuyén
dong clia cd chu culit déo . _

I11.05 : PROGRAM DHOCTQCT : Dung dé giai bai tinh vi tri, md phéng chuyén
déng, tinh van tdc va gia téc clia co cAu tay quay con trugt, -

II1.06 : PROGRAM MPHGCCAU : Ding dé giai bai tinh vi tri, md phéng chuyén
d6ng cna cac cd bén khiu va sdu khan. '

II1.07 : PROGRAM LUC4KBL - Dung d& xac dinh ap Iue khép ddong va mé mén cdn
béng ciia cg cAu chia bdn khau ban 18, Cae théng s8 déng hoc va cac gia tri gia t&c duge
ldy tit k&t qud ciia bai tinh phan tich ddng hoc ¢o cdu bén khau (file dﬁ ligu
VIDUBLE.I UC cua chudng trinh DHOC4KBL).

II1.08 : PROGRAM DLGTHTHE Gidi thiéu mét vi du tinh céc da' 1u0ng thay thé,
Co cdu chinh ctia may dude xét 1a mgt cd cdu tay quay con trugt.

I11.09 : PROGRAM CHDGTHUC : Gisi thigu mdt vi dy vé& viée xac dinh van tdc
thuyc eta khau dan va mé men quan tinh ctia banh da. Ca c8u chinh ctia may dugc xét 1a
mdt cd cAu tay quay con trugt. Gia tri ca cae dai lugng thay thé da duge xac dinh tu

trude bang chuong trinh tinh céc dai lugng thay thé (file'di ligu JVAM ctia chuang trinh
DLGTHTHE ). :

11110 : PROGRAM CAMLAN - D&ng de thiét ké co céu cam cdn déy va cn l4c day lan.

111 : PROGRAM BANHRANG : Dung d€ thidt k& dong hoc ciip banh rang than khai
phang khi cho trude cac théng s& : khodng cach tdm, mé dun, goéc ap lye va ti 86 truyén.
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{ITL.01} _
PROGRAM VTRI4KBL; .
uses crt,graph,nlmayl,nlmay2;
var nl,xo,yo.kv ; integer;
xx,yy : real;
alfa : matlr;
Xi,yi : mat2i;
xr,yr,fi : mat2r;
Okblel,0kble2,0kble3 : boolean;
%************\l'*****************ﬂ******ﬁ}
procedure modau;
begin
clrser;
textcolor(15);
path:="";
dohoa;
cleardevice;
xmax:=getmaxx;ymax:=getmaxy,
tylescr(tylesc);
closegraph;
textmode(3);
texteolor(15);
-end;

{ == aEmEosoomsE=T

procedure vitrble;

famemn Sy o el

procedure ble;

var alfa: matlr; 3 L _

If : real; _ : S g L A

Loreee e verseseeasaenra e seraseons b -

procedure tinhalfa(ll,12, 13 ‘real; var alfaz real},

var aa,bb : real;

begm : T . E U

aa:=(11*11+12*12- 13*13)1(2*11*12) ST O

bb:=sqrt{1-aa*aa); ' ' L
alfaz:=goex(aa,bb);

end;

procedure blel;
var hieuchinh : integer;
" deltafi3,deltafil : real;

begin '
alfaf0):=fi[1,j]+pi-fif4.i]; R
If:=sqrt(sqr{l{1])+sqr(l(4])- 2*1[1]*1[4]*cos(a1fa[0])),
tinhalfa(i[41,1f,1{1],alfal1]); '
tinhalfa(lf,1{2],1{3],alfa{2]);
tinhalfa(1{21,1{31,1f,alfal31);
if odd(trunc(alfa{0)/pi) mod 2) then
fi[2.j):=alfa[ 1]1-alfa[2)+fi[4,j]-pi
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else f1[2.]] =pi-alfaf 1]-alfa[2]+f1[4,]]

fi[3.)1:=fi[2,j)+pi-alfa[3);

if j>0 then

begin
deltafi3:=abs((fi[3,j)-1i[3,j-11));
hieuchinh:=round(deltafi3/(2*pi));
fi[3.j): —f1[3.]]+2*p1*hleuchmh

end;

end;

procedure ble2;
begin
alfal0]:=fi[1,j] -fil4,j}+pi;
1f:=sqrt{2*sqr{{1])*(1-cos(alfa[01)));
tinhalfa(1(2],1[3],1f,alfa[1]);
if odd({trune(alfa[0}/(2*pi)) mod 2) then:
begin
fi[2,j]:=(fi[1,j]+alfa[ 1]+fi[4,j]- pl)!2
fi[3,):=fi{2,j]+pi-alfa[ 1];
end else

* begin

200

fi{2,j1:=(fi[1,j1-alfa[ 1]+fi[4,;]-pi)/2;
fi(3,j): -f1[2.J]+p1+alfa[1]
end:
end;

procedure ble3;
begm '

fil2,5 =m-ﬁ[4.11 ﬁ[&:l —p1+f1[1.11.
end; . _ _ '

fil4,j]:=fi(4, 0] o

if Okblel then _blel;'_ -

if Okble2 then ble2;

if Okble3 then ble3;
end; : e
e - e
begin ' ' '

Okble2:=((1[1}=1{4]) and (}{2]=1[3])) ;
Okbled:=((1[2]=1[4]) and (I[1]=1[3D)) ;
Okblel:=not(Okble2) and not(Okbled);
if Okble2 then nl:=2*no else -
if (Okblel or Okble3) then nl:=no;
for j:=0 to nl do
begin :
fil1,jl:=j*defi;fi[4,)]:=fi4;
ble;

Okble2:=false;Okble3:=false;Okble1: =£alae,? o



end;

end;

{ =ma=s }
procedure td4k;

begin

x0:=240;y0:=round(0.6*ymax);
for j:=0 to nl do
- begin
XXIZXO;YY:I=Y0;
xi[0,j]:=x0;yil0,j1:=yo0;
" xil4.j):=x0;yil4;]:=yo;
for i:=1 to 3 do
begin
xx:=xx+{tyle*l[i]*cos(fil1,j1)):
yy:=yy+(tyle*tylesc*lli]*sin(fi(i,jD);
xr[i.jli=xx;yrli,j}=yy;
xili):=round(xrli,jl);yili,j:=round(yr{i,jD;
end; '
end;
end;

{m=s=s=sss========= )

procedure veble(J maukd ,maugia,maukhop : integer);
begin :
' f0r1=0t03do
begin
if i=3 then setcolor(maugia) elae setcolor(maukd);
line(xili,i],yili.j),xifi+1,j},yili+1,)]);
setcolor(maukhop);
circle(xi[i,jl, y1[1,]] 4);
end;
end;

{ _______ N ——

procedure detenvtir(cau:ten);

begin '
settextstyle(1,0,1);
seteolor(10);
settextjustify(centertext,centertext);
outtextxy(round(xmax/2),ymax-60,cau);
settextstyle(2,0,4);
setcolor(14);

cuttextxy(round(xmax/2},ymax-35,'Baitinh vitri-va mophong ),.
end;

{ = === = }

procedure mphgble(maukd, maugia,maukhop : mteger), -
begin ‘
for j:=0 to nl do
begin
veble(j,maukd maugxa maukhop),
delay(100);
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[ 3]
b

veble(j,1,1,1);
end;
veble(0,maukd maugla maukhop),
end;
! }
procedure nhvtrble;
begin
assign(fild],tenfile);
rewrite(fild]); :
for i:=1 to 4 do writeln{fild],}{iD;
writeln(fildl,fi4);
writeln(fildl,n1);
for j:=0 to nl do for 1:=1 to 3 do wrlteln(flldl fili,ih);
close(fildl);
end;
! ]
procedure chay;
begin
repeat
dible;
dohoa;
vitrble;
td4k;
detenvtr('Co cau bon khau ban le');
kv:=0; '
repeat
kv:=kv+1;
- mphgble(14,12,15);
until kv=sv; _
nhacgrap(300,ymax-20,15,'Chay chuong trinh nay nua hay thot (N/T)');
repeat
ch:=readkey;
closegraph;
textmode(3);
- until upcase(ch) in ['N",'T"];
until upcase(ch)="T";
if not(vidu) then
begin
textcolor(11);
write('Co can nhap ketqua tinh vitri ');
writeln('vaco dia khong ?:(C/K)");
repeat
ch:=readkey;
clrser;
until upcgge(ch) in ['C''K');
if upcase(ch)='C' then nhvtrble;
nhactext(1,24,15, 'An fim bat ky de dung chuongtrmh };
ch:=readkey;
end;




end;
{*************t************************}
begin

modau;

chay;
end.

{111.02}
PROGRAM DHOC4KBL;
uses  crt,graph,nlmayl,nlmay2;
type mat2r = array[0..4,0..100] of real;
mat2i = array[0..6,0..100] of integer;
var n1,x0,y0,Xv0,yv0,XXV,yyV,Cury,curyo, Xao,yao,xxa,yya
omegal,xx,yv,tylev,tylea : real;
Xi,¥1,xv,yv,xa,ya : mat2i;
fi,omega,epsil,vtoc,anx,any,atx,aty : mat2r;
tapcod:set of byte;
{**************************************}
procedure anho{mauz : integer);
var size : integer;
begin
setcolor(12);
rectangle(401,1,501,25);
setfillstyle(l,mauz);
floodfill(402,2,12); : : _
size: —1magesme(401 1, 501 25), ' ’ T T
getmem(pterl, size); S e N
getimage(401,1,501,25,pterl?); -
putimage(401,1,pterl”, xorput),
end; _ '
{ wRE===
procedure docvble;
begin - ) _ - _
tenfile:='a:viduble.pva’; - ' R
assign(fild),tenfile); o I S
reset(fildl); _ R A
for i:=1 to 4 do IR AR T

: integer;

begin e U B .-."*"_‘ R i
readln(fildl,1lfi]); .-;i-'-': b

1[i}:=11]*0.001; . o
end,
readIn(fildl,fi4);
readln(fildl,n1);
for j:=0 to n1 do for i:=1 to 3 do readln(ﬁldl f1[1,3]),
close(fildl);
cirser;
textcolor(14);
writeln(' Cae solieu cua bai tinh *);
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writeln;
textcolor(11);
for i:=1 to 4 do writeln(1[,1,'] = ' i) 7:8);
writeln('fia = ' (fid*180/pi):6:2);
writeln('So vitri duoce tinh :nl1 ='nl:6);
repeat : :
nhactext(1,24,13,'An fim (T) de tieptuc');
‘ch:=readkey;
until upcase(ch)='T';
end;
{ _ t
procedure td4k:
begin
for j:=0 to.nl do-
begin :
XX=X0;YVIZY0;
xi[0,jl:=x0;¥i(0,j]:=y0;
xi[4,j):=x0;yil4,j1:=yo;
for i:=1to 3 do
begin
xx:=xx+{tyle*1{il*cos(fili,iD)
yy:=yy+(tyie*tylesc*l[i]?sin(fi[.i,j}));
xi[i,j]:=rourid(xx);yi[i.j]:'=rou_nd(yy);
end; .
end;
end; : -
i ' }
procedure omgblel(j : integer);
var deltao,delta2,deltad:real;
xq,yq:matlr;
begin _
for i:=1 to 3 do
begin
xqlil:=1fi*cos(fili,}]);
yalil:=1li]*sin(fili,}]);
end; '
deltao:=dthuc2(-yq[2],-y’q[3],qu[2],xq[3]);
delta2:=dthuc2(yq[1],-YQ[3],-xq[1],xq[3]);
delta3:=dthuc2(-yq[2],yq[1].xq[2],—xq[1]);
omega[2,j]:=omega[1,j]*delta2fde1tao;
omega[3,j]:=omega[1,j]*delt‘a3lde1tao;
end;
{ _ }
procedure vantoc;
begin
for j:=0 to nl do
begin
omega[1,j]:=omegal;
omgble1();




for i:=1 to 3 do vtoeli,jl:=l[i]*omegali,j];
end;
end;
{=====F }
procedure epsblel(j : integer);
var bb2,bb3,deltao,deltal deltad:real;
Xq,yq:matlr;
begin
bb2:=0;bb3:=0;
for i:=1to 3 do
begin
bb2:=bb2- sqr(omegah,]])*1[1]*cos(f1[1,]]).
bb3: —-bb3+sqr(omega[1 J])*l[l]*sm(fl[l i
end;
for =2 to 3 do
begin
xqlil:={i}*cos(fi[i,}});
yalil:=1{i}*sin(fili,j]);
end;
deltao: -dthuc2(yq[2] yql3),xqf2],xql31);
delta2:=dthuc2(bb2,yq[31,bb3,xq{31);
delta3:=dthuc2(yqf2],bb2,xq[2],bb3);
epsil[2,jl:=delta2/deltaoc; :
epsil[3,j1:=deltad/deltao;

end; .
{ - = x—=_===} _
procedure giatoc;
begin
for j;=0 to nl do
begin im
epsill1,j}:=0;
- epsblel(d);
for i:=1t0o 3 do
begm

anx{i j): =-sqr(omega[1,J])*l[l]*cos(ﬁ{i,in. -
anyli,jl:=-sqr(omegali,jD*1i]*sin(fili,jl}

atx[i,jl:=-epsilli,j1*Hil*sin(fili.jl); _
atyli,jl:=epsilli,jl*Uil*cos(fili,jl; ~ - -7

end;
end;
end; _ .
= 3
procedure vvble;
begin
for j:=0 to nl do -
begin
xv{0,jl:=xvo;yv[0,j]:=yvo;
XXV EXVOYYVITYVO;
for i:=1 to 3 do
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begin L
xxv:=xxv-round(tylev* vtoc[l ]]*sm(fl[l,J])), _
- yywv =yyv+round(tylesc*tylev* vtoc[l,J]*cos(fl[l,J]))
xvli,jli=xxv:yvii,jl:=yyv;
end;
end;
end; :
i !
procedure vable;
begin
XXa:=xao,yya:=yao,
§:=0;
repeat
xa[0,j]:=xao;yal0,jl:=yao0;
1:=0;k:=0;
repeat
=i+ 1 ki=k+1;
gxa:=xxa+round(tylea*anx(i,jl);
yya:=yya+round(tylesc*tylea* any[l,J]),
xalk,jl:=xxa;yalk,)]:=yya;
k:=k+1;
xxa;=xxa+round(tylea*atx[i,jl); _
yyva:=yyatround(tylesc*tylea*atyli,jl};
xalk,jli=xxa;valk,jl:=yva;
until i=3;
i=i+L
until j>n1l;
end;
{ }
procedure deten(mauz,cot,dong:integer;cau:ten);
begin
setcolor{(mauz);
settextstyle(1,0,1);
outtextxv{cot,dong,cau);
settextstyle(0,0,1);
end;

\ H ’
procedure hoadova(mauz,maukhop : integer )

procedure vevitri{imauz,maukhop : integer};
begin
for 1:=0 ta 3 do
begin
if mauz<>1 then setcolor(mauz+i) else setcolor(l);
line(xifi,j1,¥ili,j),xi[i+1,j},¥ili+1,3)); .
setcolor(maukhop);
circle(xil1,j},¥il1,3],4);
end;
end;
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! :
procedure vevantoc(mauz : integer);
begin
for i:=0to 2 do
begin
if mauz<>1 then setcolor{mauz+i) else setcolor(l);
line (xv[i,jl.yvii.il,xvii+1,3),yvli+1,jD);
end;
if mauz<>1 then setcolor(mauz+4) else setcoler(l);
etrele(xv[0,3),yv[0,31,3);
end;

procedure vegiatoc(mauz : integer);
begin '
for x:=0 to 5 do
begin .
if mauz<>1 then seteolor(mauz+k mod 2) else setcolor(1);
line(xalk,jl.yalk.jl.xalk+1,3},ya[k+1,j]};
end;
cirele(xal0,i},val0,j1,3);
end;

begin 1
cot:=round(xmax/3);
deten(14,x0,20,"' Hoado vitri');
deten(10,xvo-80,20,'Hoado vantoc');
deten(13,xa0-40,ymax-50,'Hoado giatoc');
repeat

j:=0;0kd:=true;

setcolor(12);

rectangle(5,ymax-30,120,ymax-5);

repeat '
seteolor{13);

cuttextxy(xmax-125,ymax-25,'An T.de thei ve'); .- ¥

str(j:2,textj);
setcolor(14);
outtextxy(158,ymax-20,'Vitri j : ;-
setcolor(12); e e
outtextxy(15,ymax-20, +text)); s
vevitri{lmauz,maukhop);
vevantoc{mauz);
vegiatoc(mauz):
delaytn(10000);
setcolor(15); - '
outtextxy(xmax-125,ymax-25,'An T de thoi ve');
if not(Okd) then
begin .
setcolor(0);
outtextxy(cot,ymax-10,'An fim bat ky de tam dung');
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setcolor(10); :
outtextxy(cot,ymax-10,' ( An R de cho chay)’);
ch:=readkey;
setcolor(0);
outtextxy(cot,ymax-10," ( An R de cho chay )');
" end; .
if upcase{ch)='R’ then Okd:=true;
vevitri(1,1);
vevantoc(l);
vegiatoc(l);
delay(50);
=i+
setcolor(0); .
outtextxy(15,ymax-20, “+texty);
until (j=n1) or ( upcase(ch)="T";
until upcase(ch)="T"; '
3:=0;
vevitri{mauz,maukhop);
vevantoc(mauz);
vegiatoc(mauz);
end;

{ =}

procedure bangkqua;

var nb,xob,yob,buocx,buocy : integer;
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[ — - -
procedure bang;
begin
nb:=n1+6;x0b:=35;
buoex:=round({xmax-xcb)/7);
buocy:=round(ymax/nb);
yob:=3*buocy;
settextstyle(1,0,1);
getcolor(10});
outtextxy(200,0, 'Cac ketqua cua bamnh'),
settextstyle(0,0,1);
setcolor(15);
line(10,yob-buocy, xob+7*buocx,yob-buocy)
line(10, yob+buocy,xob+7*buocx,yob+buocy),
line(35,yob-buocy,35,ymax); : -
for 1:=1 to 7 do

hne(35+1*huocx,yob—buocy,35+1*buocx,ymax-15),
end;

procedure ghi;

begin
setcolor(11);
outtextxy(22,y0b,’j’);
fori=1to3do
begin



str{i ;,texU)
outtexbcy((;-l)*buocx+38,yob f;{ ‘+aext;+ ,J} ‘)
end; -
fori:=4t0 5 do
begin
str(i-2,textj);
outtextxy((i-1)*buocx+38,yob,’ omg[‘+text]+',]])
"~ end;
for i;=6 to 7 do
begin
atr(i-4,textj); ' _
outtextxy((i-1)*buocx+38,yob,’ eps[’+text}+ JI% '
end; _ %
for j:=0 to nl do S
begin
seteolor(11);
str(3:2,texti);
outtextxy(14,yob+4+(j+1)*buocy, text));
setcolor(15);
for i:=1 to 3 do
-begin
str((fili,j}*180/pi):6:2 text]). _
outtextxy((i- 1)*buocx+50 yob+4-+(j+ 1)*buocy,text]).
end; .
for1—2to3do _
begin :
str(omega[i,]] 6:2 text]). ) ' ERRE
outtextxy((1+1)*buocx+50,yob+4+ﬁ+l)"buocy.textl). :
str(epsilli,jl:6:2,textj); : .
outtextxy((1+3)*buocx+50,yob+4+{1+1)*hubcy text]). .-
end;
end; _ L
. end; _ . il

R

ghi; A g
_ nhacgrap(120, ymax-lﬁ 12, ‘An fim (M) de tro lal menu ‘),_
repeat
ch: -readkey,
until upcase(ch)="M";

end; .
{========================} ]
. proce ure dothi;

var - 1,j,y1: integer;

xg : array[1..4] of integer;
xf,yf,yom,yep : mat2i; '

* procedure tendothi;
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var .k:integer;
textk : string{3];
begin
for k:=0 to 2 do
begin
setcolor{(10+2*k); '
line(20,y1+180+20%k,80 y1+180+20*k)
if k=0 then outtextxy(100,y1+175+20*k 'fi');
if k=1 then outtextxy(100,y1+175+20%k,'omega’);
if k=2 then outtextxy{100,y1+175+20*k,'epsilon’);
end;
settextstyle(2,0,5);
seteolor(11);
for k:=2 to 3 do
begin
strik,textk);
outtextxy(xg[k]ﬂzo y1+130,'Khau '+textk)
setcolor(il);
outtextxy(xg[k]+round(xmax!2) ~-50,v1,' fll ),
end;
settextstyle(1,0,1);
setcolor(13); :
outtextxy(120,ymax-40,'Cac do t.h; vi tri,van toc goec,gia toc goc');
settextstyle(0,0,1);
end;
{-.-.- -as
procedure f10mep(1 integer);
var j : integer; :
. begin
defi:=2*pi/nl;
for j:=0 to nl do
begin
xfli.j): "xg[1]+round(1*def1*100.~*p1),
yili,jl:=y 1+round(50*tylesc*fili,j}/pi);
yoml[1,jl:=y1+round(15*tylesc*omegali,jl);
yepli,jl:=y1+round(1.5*tylesc*epsilli,j});
end;
end;

procedure vedothi(i : integer);
var j:integer;
~ texti: string[2];

begin

setcolor(15);

line(xgli},y1.xglil+round(xmax/2)-50,y1); :

hine(xglil,y1- round(ymax:’2)+70 xglil, yl+round(ymaxl2) 70),
‘- for ;=0 to nl-1 do

begin

setcolor(10);
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.lme(xf{:.J],yﬂl.J] sf[l.j-"l].yfh,i*-l]).
setcolor(12);
line(x{[i.}], yom[n.,)] xf[i,;ﬂ],yom[l.]-rl}).
. setcolor(14);
line(xfli,jl,yepi1,)), xf[i.,1+1] yep[i.;*ll)'
end;
end;

begin .
for 1:=2 to 3 do
begin

xglili= 10+(1-2)“'round(xmax!2) yl ﬂmund(ymaxm) 50
fiomen(i):
vedothi{i);
end;
tendothi;
nhacgrap(200,ymax-15 12,'An. ﬁm {M) de trolal menu Y
repeat '
- chi=readkey;

 until upcase(ch)='M'

end;

{:u: =wwm=a=a=nr-=zm==}

procedure’ nhapvai }

begin | L e

- dohoa; Tl
setcolor(10); - 7. : ' ' -
outtextxy(150, 200.‘9&113 n&an katqua vao dia Hay ¢ho "),
assign(fildl,'a:vidublex, lue'l; :
rewrite(fild}); e
writein{fildl, omegal).

-writeln(fildl,nl); - -
for i:=1 to 4 do wut.eln(ﬁldl l[i]), RS
for j:=0 to nl do
begin

fil4,j);=fi4;

for i:=1 to 4 do.writeln(ﬁld] ﬁ[i j]). S ,

for i i =1 to 3 do
setcolor(l5) e e

outtextxy(150,200,'Dang nhap. kebqua v&ddia Ha?chn !f‘); o s

writeln{fildl, omega[t,]]).
setcolor(12);

outtextxy(150,200,'Dang nhap ketqua vao dla H'a_y.c;l'io Y c et

weiteln(fildl, vtocfi,jl):
writeln(fildl,epsilii.jl);
end; '
end;
close(fildl); -
setcolor(0);

LR
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outtextxy(150,200,'Dang nhap ketqua vao dia
cau:='Da nhapxong . An fim (T) de tieptuc ! ’;
repeat .
nhacgrap(10,ymax-20, 14,cau),
ch:=readkey;
until upcase(ch)="T";
end;

procedure bgmenu;
begin
setcolor(12}):
rectangle(19,10,121,115);
setfillstyle(1,7);
floodfill(21,21,12);
setcolor(0);
rectangle(19,10,121,115);
seteolor(l); o
outtextxy(24,20,'0.Doe ketqua ),
outtextxy(24,40,'1.Do thi');
outtextxy(24,60,'2.Hoa do");
outtextxy(24,80,'3.Ghi ketqua’);
outtextxy(24,100,'4. EXIT);
end;
{ }
procedure menu;
begin '
tapcod:=[13,27,72,80];
curyo:=0;
putimage(20,10+20*curyo,pterl” xorput);
repeat
cury:=curyo;
repeat
maphim;
until codekb in tapcod; .
case codekb of
72:if cury>0 t.hen
begin
© eury;=eury-1;

. Hay cho !);

putimage(20, 10+20*curyo.pter1"‘ xorput), e

putimage(20, 10+20*cury pterl“.xorpm.)
curyo:=cury;
end;

80:if cury<4 then . T A

begin
cury:=cury+l;
- putimage(20, 10+20*curyo,pterl®, xorput),
put1mage(20 10+20*cury pterl# xorput);

| curyo:=cury;

end;
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end; _
until codekb in [27,13);
putimage(20,10+20%cury, pterl".xorput),
if codekb=13 then
begin
cleardevice;
case cury of
O:bangkqua;
l:dothi;
2:hoadova(l1,15);
d:mhapva;
end;
end;
if cury=4 then codekb:=2T;
end;
{ }
procedure tinhtoan;
begin
Xxmax:=getmaxx;ymax:=getmaxy; '
tylescr(tylesc);
omegal:=10;

xo:=round(2*xmax/2.9);yo:=round(3*ymax/7); t.yle —500*tylesc. ,

td4k;

vantoc.

giatoc; _

end; R

{ === - : =======-} .J

procedure chbive; T ;{}‘*:-:’5;3..-- o

begin

Xvo: -round(xmaxM),yvo —round(xmaxﬂ)f
tylev:i=tyle*2/omegal: '

xao:=round{xmax/2.1);yao: —round(ymax"'o 65) o

tylea:=tyle*1, 8/sqr(omegal};
vvble;
vable;

‘end;

=== = :====}

procedure chonmenu;
begin

repeat

bgmenu;

menu;
~ cleardevice;
“until codekb=27 :
end; - _
{_ ==5=========}
procedure modau;
begin '
clrscr;

R

T [ 3
s e 1T
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textcolor(18);
path:='"

“.dohoa;
cleardevice;
docfile(’a:pvable.cht’);
closegraph;

entl;

. {**********t********ﬁ***********ﬁ**ﬂ***}

begin
modau;
docvble;
dohoa,; .
anho(8);
tinhtoan;
chbive;
chonmenu,

“end.

{m 03" '
PROGRAM DHOCULIT
uses  crt, graph,nlmayl nimay2;

“yar - kv,xo,vo, phuongan H mteger,

x%,yy : real;
alfa,omiegad, vtoct3,epsid ¢ matlr,
Xi,yi} mat2i; .

* 1t,xr,yr fi,omega ! mat2r;

_ t*wt«** e e r i e TR A LS L A bbb

procedure vitrcul;

-{_ - i o 4-.---_u¢h¢-}

' begm

214

procedure culit;

var aa,bb : real;

alfa matlr; _

- alfal0):=fi( 1;i1~f1[4-ﬂ.
aa:z-1t{1,j]*con{alfa[0))-1ti4,}};
bb:=-1t{1 ,j1*sin(alfal0]);
alfa{1}:=gotx(aa,bb);
f13,j):=fi{4,j)+alfal1];
fi(2,5):=hl8,k
14[3,j1:=aa/cos(alfaf 1]),
end; . _ T _
begin - _ : -
defi:=2"pi/no;
for j:=0 to no do
begin ' o
for i:=1 to 4 do if (1<>3) then 11'.[1,;1 th]‘ :
fif4,j]:=fi4; '




fil1,j);=j*defi;
culit;
end;
end;
{ 1] }
procedure tddk;
begin
for j:=0 to no do
begin
for i:=1 to 4 do if (i<>3) then 1tf1,j):=11k;
XX =XO0,YYI=Y0;
xi[0,j1:=x0;yi[0.i):=y0;
xi[4,)):=%0;yi[4,]):=yo;
for i:=1 to 3 do
begin : _
xx:=xx+(tyle*1t[i,i1*cos(fili,iD); '
yy:=yy+(tyle*tylesc*lt[i,jl*sin(fi[i.j]));
- xrlijl=xx;yeli,il=yy;
xi[i,j]:=i'0und(xr[i,j]);yi[i.j]:=round(yr[i,j]):
end; -

var dai,rong,xc,yc,x3,y3 : integer;

{-- - ,,;Jm:r{,m_ - '.-""--i} IR

procedure vectruot(xz,yz,mauct integer);
var  daironginteger; . .

xet,yct : array{0..4}of integery. . - PR TR
xrt,yrt : matley; SR

begin L T o
dai:'=r0und(l[1]*tylef5);ronk:_*fbuhﬂ]:ﬁl-}?t?lé}_?}g CL
setcolor(mauct); SRR

xct[O]:=xz—dai:xct[1]:=xz+dai;m§[2]:nwi_§"f-'fﬁi-' iz 8

xct{ 3]:=xct[0];xct[4]i=xct.[Ol;th[ﬁ]:?yz;:i'qﬂgi-' '

yct[21:=yz+rong;yct[3]:=yct[2];yct[I]':ﬂsf'_t'gt'.[_(}};'_ k.

yet[4):=yct[O]; " I

for i:=0 to 4 do- L .

begin . f__;.sz'-r.t
quayvarr(Xz.yz,xct[i],yct[i],fi[3.j],xrt[i_].yi'-t{i])-; :

xct[il:=r0und(xrt[i]);yct[i]:=round(yrt.[i]); R

end; ' oo

for 1:=0 to 3 do line(xctli},yctlil,xetli+1],yctli+11);

setfillstyle(1,0); .

floodfill(xz,yz, mauct);

end; . .
freenn cmemeee cmemeee)

procedure vecanlac;

begin
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setcolor(maukd);

x3:=xi[3,j]-round(tyle*1. 1*(1[4]+l[1])*003(1'1[3.]])). _
y3:=yi(3,jl-round(tyle*tylesc*1.1*(1{4]1+}{ 1])*sin(fi[3,j]));
line(xif3,j1,¥i(3,j1,x3 y3). ‘

“end;

{mmmees s v}
begin

vecanlac;
vectruot(xi{1,j},¥i[1,j],mauct);
setcolor(maukd);
line(xi{0,j1,yil0,j1,xi[1,)),¥il1,jD);
seteoclor(maugia);

~ line(xi(3,j1,yil3,j1,xil4,j],yil4,i1};

seteolor(maukhop);
for i:=0 to 3 do circle(xili,jl,yil1,jl, 4),

“end;-

- 216

{ == === }
procedure detenvtr(cau : ten);
begin
settextstyle(1,0,1);
setcolor(10);
settext]ustlfy(centertext centertext),
outtextxy(round(xmax/2),ymax-60,cau);
settextatyle(2,0,4); :
setcolor(14);

outtextxy(round{xmax/2),ymax-40, 'Baitinh vitri va mophong JH
end; .
== = = }
procedure mpheul(maukd,maugia,maukhop,mauct : mteger),
begin
detenvtr('Cocau culit ");
for j:=0 to no do
begin
~ vecul(j,maukd,maugia,maukhop,mauct);
delay(100); '
if vidu then vecul(j,1,1,1,1)
else vecul(J 0 0,0,0);
end; :
vecul(0, maukd maugla maukhop-,mauct),
end . . . ) . -

e — . s . s, e s
—— —— p———t b

procedure vecocau;
begin
cleardevice;
kv:=0;
repeat
- kvi=kv+1;
mpheul(14,12,15,11});
until kv=sv;




_ nhacgrap(300.ymax -15, 12 ‘An fim bat ky de ket thuc Bk
ch:=readkey;
end; '

e i e o o e e s i e e
{....____....____._.__a_.....=___.....__

procedure vtoculit;
var deltal,delta2,lt3:real;
. Xg,yq:matlr;
begin
omegal:=10;
omegall,jl:=omegal;
for 3:=0 to no do
‘begin
for i:=1to 3 do
begin
xqlil:=1t[1,j1*cos(fili,j1):
yqll:=1tli,j]*sin(fili,jD);
end;
delta1:=dt.huc2(yq[1],-yq[3],-xq[1],xq[3]):
delta2:=dthuc2(cos(fil3,i1),yal 1],sin(fi[3,i1),-xgl1]):;
1t3:=1t[3.i};
vtoctd[jl:=omegal*deltal/lt3;
omega3h] —omegal*delta2!1t3
end;
end; _
{.—_====..—.======-_‘-===—===a==}
procedure gtoculit;
var delta2a;1t3:real;
" b1,b2,b11,b22:real;
begin R L '
for j:=0 to no do o CoL T T
begin - C
omegall,jl: -omegal
b1:=0;b2:=0;
for ir=1 to 3 do
begin
bl: —~b1+sqr(omega[1,]])*lt[l.]]*cos(ﬁ[l,]]). .
b2: —b2+sqr(omega[1.3])*lt[l,J]*sm(fl[L.;l), g
end;
bll: -b1+2*omega3[3]*vtoct3[]] *sm(ﬁ[?:,ﬂ). -
 b22:=b2- 2*omegad(j)*vioct3[j] *cos(fi[3,i]);
" delta2a:=dthuc2(cos{fi{3,j}),b11 sm(ﬁ[3,11) b22), s N
1t3:=1t[3,j]; ) : T D

Vol fi

epsid(jl:=delta2a/lt3; : o T e
end; - ' : ) '2. .
end; . U Coen
[=========s == = } ) - BN TP

procedure ketqua;
var nb,xob,yob,buocxbuocy,yl,xgl: mteger,
yv,ya:matli;.
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xf,ys : mat2i; T
{omes - - }
procedure bang. :
begin _
nb:=no+6;x0b:=35;
‘buoex:=round({xmax/2-xob)/3);
buocy:=round{ymax/nb};
yob:=2*buocy;
gettextstyle(1,0,1);
setcolor(10);
outtextxy(50,b Bang ket qua ')
settextstyle(0,0,1);
seteolor(15);
line(10,yob-buocy+15, xob+7*buocx.yob-buocy+15),
line{10,yob+buocy+10, xob+3*buocx,yob+buocy+10);
line(35.yob'-buocy+15,3_5.ymax-20); '
for i:=1 to 3 do
line(35+i*buocx,yob-buocy+13, 35+1*buocx ymax-20); -
end; :
frmmeens Semmnmn- SR
procedure ghi;
begin
setcolor(11); _
outtextxy(22,yob+8.'j");
outtextxy({45,yob+8,' fi[1,j1);
outtextxy(buocx+35,yob+8,' omegal3,il');
outtextxy(2*buocx+35,yob+8,’ epsili3,j1");
for j:=0 to no do
begin '
setcolor{11);
str(j:2,textj);
outtextxy(14,yob+20+(j+1)*buocy,textj);
setcolor(15);
str((fi[1,j1*180/pi):6:2,textj);
. outtextxy(50, yob+20+()+1)*buocy text]).
striomegad(j):6:2,textj);
outtextxy(buocx+850, yob+20+(3+1)*buocy.text]), o
str(epsi3[j1:6:2,text));- :
outtextxy(2*buocx+50 yoh+20+0+1)*buocy,text3),' o
end; .
end; .
frmmmmees cemmnee }
procedure tendothi;
var textk : string{3];
begin
for k:=0 to 2 do
begin
setcolor(10+2*k); '
_ 1ine(480,y1+175+15%k,540,y1+175+16%k);




if k=0 then outtextxy(460,y1+170+15%k 'fi3);
if k=1 then outtextxy(460,y1+170+1 5*k,'om3');
if k=2 then outtextxy(460,y1+17o+15*k,‘ep3');
end; ) .
settextstyle(2,0,5);
seteolor(11);
outtextxy(390,y1+175,'Khau 3 I .
outtextay(xgl+round(no*defi* 100Ip1)+20 y1, fil");
settextstyle(1,0,1);
setcolor(13);.
outtextxy(350,5,' Do thi vi tri, vantoc, giatoc');
settextatyle(0,0,1);
end; :

procedure toadove; '

begin

- for j:=0 to no do

begin _
xf[l,]]‘sxgl-!-round(]*deﬁ*100!p1’),

. ysl3,3): =y1+300-round(ﬁO*tylesc*ﬁ[Zi.;l),
-yv(jlizy 1+round(7*tylesc” omega3ljl);
yaijl: —y1+round(3*tylesc epsla[ﬂ),

end;

end;.

procedure vedothl, .
begin

setcolor(16)! R S
line(xgl,y1, xglﬂ‘ound(xmaxﬂ) iOO,yl), T

5

hne(xgl.yl-round(ynﬁaﬂﬁ)ﬂﬁ xgl.yfﬂound{ymdx&) 70),_. ‘

for j;=0 to no-1do -
begin N _
: setcolor(lO). o Y

line(xf[1,j1,yat3.j). xf[l ,+11 yo(3 j+111..""r" SR TR

setcolor(12);

line(xfl1,j], yv[sl.xftl,:ﬂ],yvhﬂl). -
aeteolor(14); - o
lme(xf[1ij].yabl,xfll.sﬂl.ya[s'rll).
end

end;

begin
cleardevice, . :
xgl: =30+round(xmax!2),y1 -round(ymax!2)+20
bang;
ghi;
tendothi;
toadove;
vedothi;

! L . | i ) | _. .. __._‘: . Ly
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nhacgrap(ZOO.ymax 15,12,'An fim bat ky de ket thuc '), o
end; . o
=== e }
procedure menu;
begin
repeat
nhacgrap(200,ymax-15,12,'’Xem mo phong {M) hay ketqua (K"
ch:=readkey;
until (upecase(ch)="M") or (upcase(ch)='K).
case upcase(ch) of
'M":vecocau;
‘K':ketqua;
end;

end; : :
{** e de e e e o e e e I o e o o o e e o ol e o e e v o e o **********}

N

begin
clrser;
dohoa;.
dleul;
dohoa;
tyleser({tylesc);
Xxmax:=getmaxx;ymax:=getmaxy;
x0:=200;vo:=round{ymax/2};
vitrcul;
td4k;
dohoa;
vtoculit;
gtoculit;
- menu;
end.

{TIL.04}
PROGRAM VTRICULD;
uses crt,graph,nlmayl,nlmay?2;
type tap = set of char;
var - kv,xo,yo,phuongan : integer; -
XX,yy : real; e
~alfa : matlr; '
xi,yi : mat2i;
1f,xr,yr.fi : mat2r;
textpa : ten;
{********ﬁ**********"***t*******t**t***}

procedure vitrculd; : C
feememee e }
procedure culd;
var aa,bb:real;

alfa :matlr;

- begin
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1t[2,11:=0;

for i:=2 to 4 do 1t[i,j1:=1t(i,0L
fil4,j]:=fil4,0];
bb:=-lt[4,j]*sin(fi[4.j]-'fi[1,j])!1t[3,j];- :
aa:=sqrt(1-bb*bb);
alfal0]:=gocx(aa,bb);
fi(3,3):=fi(1,j1+pi-alfaf0);
1601,j):=-1t[3.j1*cos(fi[3,j}-fil1.j])
~1t[4,j1*cosa(fil4,i1-fil1,i]):

- end;

begin
defi:=2*pi/no;
for j:=0 to no do
begin
for i:=1 to 4 do if (i<>1) then 1t{i,jl:=il
fif4.)1:=fi4;. '
fi{1,i}:=1*defi;
culd;
~ end;
end;
procedure td4k;
begin '
for :=0 to no do’
begin o S R .
for i:=1 to 4 do if (i<>1) then Xs[i,jl=lil;
XX=XOYYI=Y0; . - e e

xi[0,j):=x0;¥i{0,j):=yo0; L a
xil4,j}:=xoyil4,jk=ye; = - s 5
for i:=1.to 3 do o '
begin _ - “___ R R
xx=xx-+H(yle* 1t j] con(filiiD .~ - S
yy:=yy+(tyle*tylesc*lt[i.j]*ain(fi[i,i_])); Co LT e T
xr(ijl=xx;yrli,ik=yy; Gt S plee b et
xi[i.j]:=round(xr[i.j]);yi[i,j]:=roi_md.(yr[i.j});ﬁ- e -
end; - ' o )
end;
end;
{======= =====} .

procedure veculd(j,maukd,maugia,maukhop,mauct
var dai,rong,xc,yc,x3,y3 : integer; '

{ w——- -}

procedure vectruot(xz,yz,mauct : integer);

var dai,rong : integer; :

xet,yet ; array{0..4] of integer;

xrt,yrt : array[0..4] of real;

begin
setcolor(mauct);

: inte ger);
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dai:=round(l[3]*tyle!9);rong:=rou‘nd(l[3]*tylef 12);

xct{O]:=xz-dai:xct[1]:=xz+dai;xct[2]:=xct[1];

xct[3]:=xct.[0];xct[4]:=xct[0]:yct[0]:=yz-rong;

yct[2]:=yz+r0ng;yct[3]:=yct[2];yct[l]:=yct[01;

yet{4):=yctiO);

for 1:=0 to 4 do

begin .
quayvarr(xz,yz.xct[i],yct[i],fi[1.j].xrt[i].}'rt[i]);
xct,[i]:=r0und(xrt[i]);yct[i]:=round(yrt[i]):

end; _ -

for 1:=0 to 3 do line(xct[i],yct[i],xct[i+1],yct.[i+1]);

setfilistyvle(1,0);

floodfill(xz,yz, mauct);

end;

procedure vetquay;
begin
setcolor(maukd);
x3:=xi{0,j]+r0und(tyle*(l[3]+l[4])*cos(fi[I,j}));
y3:=yi[0,j]+round(tyle*tylesc*(l[3]+l[4])*sin(fi[l,j])}; '
line(xi{0,j1,yi{0,j1,x3,y3);
- end; -
{--_.’ —— rme—emm—————————— }
begin -
- vetquay;
vectruot(xi[1,j1.yi{1.j],mauct);
setecolor(maukd);
line(xi[3.j],yi[3.j].xi[1.j],yi[l,j]);
setcolor(maugia);
line(xil3,j},yi(3,i1,xi(4.j1,yil4,iD;
setcolor{maukhop);
for i:=0 to 3 do cirele(xifi,jl,yili,jl,4);
end; ' :
Ers=smsoEsEIEEETEEs S ST H .

procedure mphculd(maukd.maugia,maukhop,mauct : integer); .

for ):=0 to no do

begin
veculd(j,maukd,maugia,maukhop,mauct);
delay(100}); : g '
veculd(),1,1,1,1);

end;

veculd({),maukd,maugia,maukhop.mauct};

end; o

J. :_—_.===}

procedure detenvtr{cau : ten);

begin
settextstyle(1,0,1);
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setcolor{10};
settextjustify(centertext,centertext);
outtextxy(round({xmax/2),ymax-60,cau);
settextstyle(2,0,4);

setcolor(14);
outtextxy(round(xmaxifl) ymax-35 'Baitinh vitri va mophong');
end;
{====s =}
procedure nvtreuld;
begin

writeln("Ten file ketqua cua baitinh nay se la kvtreuld.i');

writeln(’( i la so thutu cua phuengan)');

writeln('Hay choi1 ')

write('i ="); '

readln{phuongan);

str(phuongan, textpa);

tenfile:="a:kvtrculd.'+textpa;

texteolor(12);

writein{tenfile);

assign(fildl,tenfile);

rewrite(fildl);

‘writeln(fildi,no); :

for :=1 to 4 do if i<>1 then writeln(fild],lfil);

writeln(fildl,fid); ' ' *

for j:=0 to no do .

begin - ' .

for i:=} to 3 do erteln(fildl f\[l,ﬂ), o

writeln(fildi, lt[l.]}),, Cor
end; e
close(fildl); ST

end: R

{=========—========—==;aag}

procedure modau;

begin
clrscr;
texteolor(156);
path:=""
dohoa;
tylescr(tylesc); .
ymax:=getmaxy;xmax: —getmaxx. ‘ IR
x0:=round(xmax/2);yo: -—round(ymax!ﬁ) 50
closegraph;
textmode(3);
texteolor(15);

end;

procedure chay,
.begin
repeat

. T N e m
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diculd;
dohoa;
vitrculd;
td4k;
detenvtr('Cocau culit dao)
kv:=0; :
repeat _
kvi=kv+l;
mpheuld(14,12,15,11);
until kv=sv;
nhacgrap(300,ymax-20,15,'Co chay chuongtrmh nay nua hay thoi (N/T)?');
repeat
ch:=readkey;
closegraph;
textmode(3);
until upease(ch) in ['N,'T'];
until upease(ch)="T";
if not(vidu) then
begin
textcolor(11);
cau:=("Co nhap ketqua tinh vao dia khong ? C!K) };
writeln{cau); '
repeat
ch:=readkey; :
until{upcase{ch)='C") or (upcase(ch)—'K'),
if upcase(ch)='C'then nvirculd;
end;
end;
{**************************************}
begin
modau;
chay;
can:=An fim batky de ketthue chuongtrinh’;
nhactext{1,24,12,caun);
end. :

{I11.05} _ :
PROGRAM DHOCTQCT;
uses crt,graph,nlmayl,nimay2;
var kv,xo,yo,phuongan : integer;
xx.yy.epsil : real;”
alfa,v3,a3,epsi2 : matlr;
xi,yi : mat2i; '
omega,lt,xr,yr fi : mat2r;
{******i****i*********************ﬁ****}
procedure vitriqct; .
{memmeerennes - }
procedure tacht
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var aa,bb: real;
alfa : matlr:
begin .
alfa[0): '"f1[1,]]-ﬁ[3,]1
alfa{2):=fi[4,j1-fil8.]];
bb:=(1t[4,j1*sin(alfa[2])
+1t[1,j1*sin(alfalON)NL(2,]];
aa:=sqrt{1-bb*bb);
alfal11:=gocx(aa,bb);
fi[2,j):=alfa[ 1)+fi[3,j}+pi;
1t03,31: -—lt[l.]]*cos(alfa[()]) -1t[2,j1*cos(fil2,)]-fi(3.3});
end;

begin
defi:=2*pi/no;
for j:=0 to no do
begin
fi{3,j):=fi3;fil4,)]: —f14
. for i:=1 to 4 do if i<>3 then li[i,)): —1[1].
» fi[1,1]:=)*defi;
. tayqet;
end; '
end;
{:=====—===_.====__....==._====
procedure td4k
_begin
for j:=0 to no do
begin
XX:=X0;VY:=Y0; e
xi[0,j1:=x0;yil0,jl:=yo;
xil4,j1:=x0;yi[4,i):*yo0;
for 1:=1 to 3 do
begin . o
XX: —-xx+(tyle*lt[l.J]*cos(ﬁ[l,}])), )
vy -—yy+(tyle*tylesc*]t[l.]]*sm(ﬁ[l,;]))
xrli,ji=xyr(ii1=yy;
xili,j}: -round(xrh,llhyl[x.ﬂ 'round(yril.ﬂ). A

-

" end;
. erdd,;
end; _ o
{ — — - . ‘i . . R A

procedure vetqet(j,maukd, maugia,maukhop : mteger).
var dai,rong,xc,yc,x3,y3 : integer;
{rracmnmmmn NEE———— e Yy
procedure vectruot(xz,yz,mauct : integer);
" yar  dai,rong ' integer; : '
' " xet,yet : array[0..4] of integer;
xrt,yrt : array(0..4] of real;

begin
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setcolor(mauct),
dai:=round{1{2]*tyle/12);rong: -round(l[2]*ty1e118), :
xct{0]:=xz-dai;xct{1):=xz+dai;xct[2]: =xct[1]); '
xct[3):=xct(0];xct[4]: ‘xct[O],yct[O] =yZ-Yong;
yet[2):=yz+rong;ycti3]: =yet[2];yct(1]: —yct[O],
yet{4):=yet{0];
for :=0 to 4 do
begin
quayvarr(xz,yz,xct[i],yct[i].fiS,xrt[i],yrt[i]);
xct[i]:=round(xrt[i]);yct[i]:=roUnd(yrt[i]);
end; '
for i:=0 to 3 do
line(xct[i],yct[i};xct[i+1],yct[i+1]);
setfillstyle(1,0);
floodfill(xz,yz,maukd);
end;
[om=- ---- - ~memmmmmmeenn}

procedure vegia;

‘begin

setcolor{(maugia);
x3:=xo-round(tyle*1{4}*cos(fid));
y3:=yo-round(tylesc*tyle*l[4]*sin(fi4)):
xc:=x3-rou_nd(tyle*(1[1]+l[2])*cos(fi3));
‘ye:=y3-round(tylesc*tyle (1l 17+ 2D *sin(f13));
line(xi[0,j1,yi(0,j1.x8,y3);
line(x3,y3,xc,yc);
end

begin
vegia,
vectruot(xi[2,j1,yi(2,j],maukd); -
setcolor(maukd);
for i;=0 to 1 deo
if 1=2 then
line(xili,j1-dai,yi[1.i], x1[1+1,]] yili+1,i])
else
line{xifi,)1,yili,il, x1[1+1,]] y1[1+1,]])
if {4]<>0 then
begin ‘
setcolor(maugia);
line(xil3,j},yil3,j},xil4, J] Y1I4.Jl).
end;
setcolor(maukhop), :
for i:=0 to 2 do circle(xifi,jl,yili.il,4);
end;

{ }

“procedure mphtqct(maukd,maugia,maukhop_:__ integer); '

TR

procedure vevet;



hegin
setcolor(1); : :
line(xi[0,i1,yi{0,i1,xi[1,Lyil1.iD;
for i:=0 to 1 do circle(xili,jl,yifi.il4);
end; - .
{ommeeee R )
begin _ o
for j:=0 to no do
begin . :
vetqct(j,maukd,maugia,maukhop};
delay(100);
vetget(j.1,1.1);
if vidu then vevet;
end;
vetqct(O,maukd.maugia.maukhop);
end; '
{ . }
procedure detenvtr(cau : ten);
begin - '
settextetyle(1,0,1);
seteolor(10);
settextjustify(c_enterte_xt;ceptertekt);
outtextxy(round(xmax/2),ymax-50,cau);
settextstyle(2,0,4); i
setcolor(14); -~ =
cau:='Baitinh vitri va mophong’
outtextxy{round(xmaxm);ymax-'30-,ca'h);;
end; . R

{==== ====4”"=#=§===}_ S

procedure vecocau; R A St o

begin
. cleardevice; - R -
detenvir(‘Co cau tay quay con truot’); o
kv:=0; ' SERRE
"repeat = o IR N
kv:=kv+]; '
mphtqet(14,12,15)
until kv=av; _ R o :
nhacgrap(350,ymax-15,12,'An fim bat ky de ket thuc ;=
ch:=readkey; ERE I
end; -

S SRR TS

procedure vtoctqet; -
var deltao,deltal,g@ltaZ:réal:
xq,ya:matle;
begin
omegal:=10;
omega[1l,jl;:=omegal;
for j:=0 to no do
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begin
" for 1:=1 to 2 do.
begin
xglil: -l[ll*cos(fl[l,]])
yalil:=li1*sin(fi[i,j});
end; .
deltao:ﬁdthuCZ(cos(fi[S.j]).—yq[2],sin(fi[3,j]),xq[2]):
deltal:=dthuc2(yql1l,-yql2].-xq[1],xq{2]); '
delta2:=dthuc2(cos(fi[3,;1),yql11,sin(fi{3,i]), -xq[l]),'
omegal2,jl:=omegal*delta2/deltao;
v3ljl: —omegal*deltalldeltao
end;
end;

procedure gtoctqet;
var deltaoa,deltala,deltaZa:real;
bl,b2:real;xq,yq :matlr;
begin
for i:=0 to no do
begin
omegall,jl:=omegal;
bl:=0;b2:=0;
for i:=1 to 2 do
begin’ )
bl:=bl-sqr(omegali,jl)*1[i]*cos(fi[i,j);
b2: “b2+sqr(omega[1,]})*l[;]*sm(ﬁ[l il
end;
for i:=1to 2 do
begin
xqfil:=1{i]*cos(fili,j]);
yali}:=I{i]*sin(fili,j});
end;
deltaoa:=1[2]*cos(fi[2,J1-fi{3,]]);
“deltala:=dthuc2(bl,-cos(fi[3,j1).b2,sin(fi{3,i1);
delta2a:=dthuc2(yq(2],b1,xq[2],b2);
epsi2(jl:=deltala/deltaca;
a3(jl:=delta2a/deltaoa;
end;
end; : :
{=== . =====}
procedure ketqua;
var nb,Xob,yob,buocx,buocy,¥1l,xgl : integer;
yv,yva:matli;
xf,xs : mat2i;

procedure bang;

“begin

nb:=no+6; xob =35;
buock: =round((xmax/2-xob})/3);



buocy:=round(ymax/nb); -
yob:=2*buocy; . '
settextstyle(1,0,1);

setcolor(10); .

outtextxy(b0,5, Bang ket qua );
settextatyle(0,0,1);

" geteolor(15);
line(10,yob-buocy+15,x0b+7*buocx,yob-buocy+15);
line(10,yob+buocy+10,x0b+3*buocx,yob+buocy+10);
line{35,yob-buocy+15,35 ymax—20), J
for i:=1 to 3 do

line(35-+i*buocx,yob- buocy+15 35+1*buocxk, ymax- 20) _ :
end; L : !

procedure ghi;
begin
setcolor(11);
outtextxy(22,yob+8,"}');
outtextxy(45,yob+8,' fi[1,)1');
outtextxy(buocx+35,yob+8,' v[3,i1'};
outtextxy(2*buocx+35,yob+8," a[3,j1);
for j:=0 to no do
begin '
"setcolor(11); -
str(j:2,textj); ' ' '
outtextxy(14, yoh+20+(1+1)*huocy text;)
setcolor(15); R L
str((f1[1,]]*180!pl) 6 2 textj), AT AN T S LA PR
out.textxy(50,yob+20+{ﬁ1)"bm '
str(v3[j):6:2,textj); - :
outtextxy(buocx+50, yo’b+20+(§$-
str(a3(jl:6:2,text}); R
out.textxy(2*buocx+50 yob-tﬁ .
end;
end;

procedure tendothi; o
var textk sttmg[3],
_begin
for k:=0 to 2 do
begin
: setcolor(10+2*k), : '
" line(480,y14+175+15%k, 540.y1+175+15*k).
if k=0 then outtextxy(480,y1+170+18"k,'s3");
if k=1 then outtextxy(460,y1+170+15%k,'v3');
" if k=2 then out.t.extxy(460,y1+170+15*k 'ad’);
end; .
settextstyle(2 0,5):
seteolor(11);
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outtextxy(390,y1+175,’'Khau 3 b H
outtextxy(xgl+round(no*defi* 100/pi)+20,y1," fil');
settextstyle(1,0, 1); '
setcolor(13);

outtextxy(350,5,' Do thi vi tri,van toc,gia toch);
settextstyle(0,0,1); :

procedure toadove;
begin
for j:=0 to ho do_
begin .
xﬁl,j]:=xgl+round(j*defi* 100/pi);- :
xq[2,j]:=y1-round(O.2"t.y1esc*(xi[2,0]-xi[2,j]));
§v[j]:=y1+round(0.0ﬁ*tylesc“v3[j]);
ya[jl:=yl+round(0.01 *tylesc*a3lil);
end; : : -
. end; . B . - .
? : —mmimm=-}
procedure vedothi; PR
begin -
seteolor(16); . o :
line(xgl,y1,xgl+round(xmax/2)-100,y1); :
line(xgi,_yléround(ymaﬂ2)+'70,xg1,y1+round(ymaxr‘2)—70);
for j:=0 to ne-1 do ' -
begin
setcglor(20); .
line(xﬁl',j].xs[Z.j],xf[l,j+1],xs[2,j+l]);
setcolor(12); -
line(xf1,i1,yv{jl,xf1,j+1},yv(i+1]);
- setcolor(14); )
. line(xf{1,j1.yali},xf{1,j+1],yalj+11);
end;- ' :
end;
A promramm= —-wmnmeen)
begin '
cleardevide; _ -
' xg1:=30+ﬁouhd(xma112);y1:=round(ymaxf2)+20;
bang; - o
ghi; .
tendothi;
toadove;
vedothi; K , - S
nhacgrap(200,ymax-15,12,'An fim bat ky de ket thuc ");
end; . : o L
{mm=m ======c)
procedure menu;
© begin . : S
nhacgrap(200,ymax-15,12,'Xem mo phong (M) hay ketqua {(K) )
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repeat
ch:=readkey;
until (upcase(ch)="M") or (upcase(ch)="K");
case upcase(ch) of
‘M':vecocau;

“'K':ketqua;

end;
end;
{\\'********************.************'k****}
begin

clrser;

dohoa;

dltqet;

dohoa,;

tylescr(tylesc);

Xxmax:=getmaxx;ymax:=getmaxy,

x0:=200;yo:=round(ymax/2);

vitrtget;

tddk;

dohoa;

vtoctqcet;

gtoctqet,

menu;
end.

{111.06}
PROGRAM MPHGCCAU;
uses crt,graph,nlmayl,nlmay2;
const n=50;
type matlim=array[0..n] of integer;
matlrm=array[0..n] of real;
mat2im=array[0..8,0..n] of integer;
mat2rm=array(0..8,0..n] of real;
mat3r=array{0..8,0..n,1..2] of real;
mat3i=array[1..6,0..n,0..4] of integer;
ten=string{160];
contro=pointer;
bang=record
rlamda,rmuy:matlrm;
thso,rl,rfi,rx,ry, rxm,rym:mat2rm;
end;
tap=set of byte;
var
yb,trs,result,vidu,buocx,
buocy,socot,sodong,khaunoi,sokhai,cach, xmax,ymax iinteger;
tapi,tapl,tapfi:array(0..8] of tap;
tapx:tap; :
textvidu:string[32];

dong,i.j,k,m,jo,ic,id ke,sc,qq,%0,y0,x00,y00,nj,xa,ya,xb,
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dulieu:bang;

hink1,hinh2 hinh3:contro;

filedl:file of bang;

tenfile,texti,textj, textk,caut,cau:ten;

rtj,rnj,xx,yy le fie,tyle,tylesec,defi,cao,rong,thsoo:real;
lamda,muy,fio:matlrm;

L,fi,x,y,xm,ym:mat2rm;

phgan,khau khaub,phuong,phuongb,kieucocau:matlim;
Xr,yr,xmr,ymr:mat2im;

xct,yet:mat3i;

ch:char;

lientuc,OKvidu,dangchay,landau:boolean;
Oktruot:array[1..2] of boolean; '
path:string[72});

Jl**'&*********ﬁ-*************************}

procedure Oxyhve(iz,nz:integer;xvao,yvao:matlrm;var xra,yra:matlim);

var iiinteger;
begin
for i:=iz to nz do
begin _
xralil:=xo+round(tyle*xvaolil);
yra[il:=round{tylesc*(yo+tyle*yvao[il}));
end;
end;
{ ;
function iq(i,ic:integer):integer; -
begin
iq:=(ic-1)*4+i;
end;
it i
procedure khung{maukhung,maunen,xz1,yzl, sz vzl 1nteger)
begin
setcolor(maukhung),
rectangle(xzl,yz1,x22,y22);
setfillstyle(1,maunen);
floodfill(xz1+1,yz1+1,maukhung);
end;
{ == H
procedure chuphinh(var hinhchup:contro;xz1,yz1,x22,yz2:integer);
var- size:integer;
begin
size:=imagesize(xzl,yzl,xz2 yz2),
getmem(hinhchup,size);
getimage(xzl,yz1,x22,y22, hinhchup®);
putimage(xz1,yzl,hinhchup”®,xorput});
end; :
{ = i
procedure khgnhay(hinhchup:contro;xoz,yoz:integer);
begin




repeat
putimage(xoz,yoz,hinhchup”,xorput);
delay(50); _
putimage(xoz,yoz,hinhchup” xorput);
delay(50);
until keypressed:
end; '
{ H
procedure vietchu(kieuchu,cochu,mauchu.xz,yz:integer;cau:ten);
begin
settextstyle(kieuchu,Q,cochu);
setcolor(mauchu);
ocuttextxy(xz,yz,cau);
end;
{ }
procedure vietso(soz:real;kieuchu,cochu,mau,xz,yz:integer);
var textso:ten; '
begin
str(soz:3:0,textso); .
vietchu(kieuchu,cochu,mau,xz,yz,textso);
end;
- : '
procedure xoa(xzl,yzl,xz2,yz2:integer);
begin
setfillstyle(1,0);
bar(xzl,yz1,x22,yz2);
end;

{s======c =======| '

procedure docso(mau,xoz,yoz:integer;var soz:real);
var cau:ten;
chu:char;
k,resultl,result2,valchu:integer;
Ok,chuacham,doc:boolean;
chuo:array[1..24] of char;
begin :
doc:=true;chuacham:=true;k:=0;can:=";
while doc do
begin
maphim;
setecalor(mau);
if codekb=13 then doc:=false else
begin
chu:=chr(codekhb);
Ok:=(chu="") and chuacham;
val{chu,valchu,result1):
if (result1=0) or (codekb=45) then
begin
ki=k+1;
chuolk]:=chu;
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cau:=cau+chu;
outtextxy(xoz,yoz,chu);
X0Z:=X02+8;

end;

if Ok then

begin
k:=k+1;
chuolk}:=chu;
caun:=cau+chu;
outtextxy({xoz,yoz,chu);
X0Z:=X0z+8;
chuacham:=false;

end:

end;

if codekb=8 then

begin
X0z:=x02z-8;
setcolor(0);

outtextxy(xoz,yoz,chuolkl);
delete(cau,length{cau),1);

k:i=k-1;
chuacham:=true;
end;
end;
val(cau,soz,result2);

end;
| 1

1 " f

procedure vietsl{mau,cotz,dongz:integer;var ptz:real):

begin : :

. khgnhay(hinh2,xoo+(cotz—1)*buocx+cach,yoo+(d0ngz-1)"’buocy+3);

doeso(11,x00+(cotz- 1)*buocx+cach+25,yoo+(dongz-1)*buocy+13,ptz);

end: '

] - '

procedure chnen;

begin
khung(10,0,xa,va,xb,yb);
chuphinh¢hinh1,xa,ya,xb,yb):
khung(12,0,xa+cach,ya+3,xb-3,yb-3);
chuphinh(hinh2,xa+cach,ya+3,xb-3,yb-3):
khung(13,15,xa+cach,ya,xb,yb);
chuphinh(hinh3,xa+cach,ya,xb,yb):

end;

{ I

procedure deten;

begin
vietchu(1,0,10,x00+buoex+140,25," Co cau phang '):
vietchu(1,1,14,x00+buocx+150,65,' Mo phong chuyen dong "
seteolor(15);
line{10,320,640,320);
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procedure manhinh(sococau,socot,sodong:integer);
var kx:matlim;
begin
for i:=1 to 2 do kx[i]:=1;
for i:=3 to sodong do kx[il:=socot; .
for i:=1 to (sococau*3+1) de for k:=1 to kx[i} do
putimage(xoo+(k—1)*buocx,yoo+(i—1)*buocy',hinhlh,normalput);
vietchu(0,1,14,x00,y00+15," So khau :);
for i:=1 to se do
begin
qe:=i*2+(1+1)mod 2;
if i=1 then texti:=" Co cau 1 'else texti:=' Co cau 2
vietchu(0,1,14,x00,y00+(qq-1}*buccy+15,texti+"");
qQ:=3%i;
if 1=2 then
begin
vietchu(0,1,14,x00+buocx,yoo+4*buocy+15, Khau noi :');
vietchu(0,1,14,x00+2*buoex,yoo+4*buocy+15,' 1 khau noi:"):
vietchu(0,1,14,x00+3*buocx,yoo+4*buocy+15," Goc noi : ')
end;
for k:=i to 4 do
begin
str(iq(k,i),textk);
vietchu(0,1,14,x00+(k-1)*buocx,yoo+(qq-1)*buoccy+15," ['+textk+.0] :);
- end;
qq:=3*i+1;
for k:=3 to 4 do
begin '
str(iq(k,i),textk);
vietchu(0,1,14,x00+(k-1)*buocx,yoo+(qq-1)*buocy+15," fi{"+textk+".0] )
end;
- vietchu(0,1,14,%00,y00+(qq-1)*buocy+15,' Phuong an :*);
end;
end;
{
procedure vemhinh;
begin
sc:=sokhau div 3;
socot:=4;s0dong:=1+sc*3;
manhinh(se,socot,sodong);
str(sokhau,texti);

——

seteolor(11);
vietchu(0,1,14,xo00+cach-6,y00+15," : "+texti);
end; :
{== 1 \

procedure curs(sodong,socot,buocxz,buoeyz:integer;var cotz,dongz:integer);
var cotmin,dongmin:integer;
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begin
cotmin:=1;dongmin:=1;
if landau then
begin
cotz:=socot;dongz:=sodong;
end; :
putimage(xoo+(cotz—-1)*buocxz+ca_ch,y_oo+(dong'z-—1)*buocyz,hinh3",xorput);
repeat ' '
maphim;
landau;=false;
case codekb of
72:if dongz>dongmin then dongz:=dongz-1;
75:if cotz>cotmin then cotz:=cotz-17
77:if cotz<socot then cotz:=cotz+1:
B0:1f dongz<sodong then dongz:=dongz+1;
end;
if codekb<>27 then
putimage(xoo-i-(cotz-1)*buocxz+cach,yoo+{dongz-1)*buoc_yz,hinh3".xorput);
until {codekb=13) or (codekb=27);
end;
t }
procedure taplg;
begin
tapl[1]:=[1,2,3,41;tapl{2}:={1,4];tapl3]:=[3,4];
tapl(4]:=[1,4}tapl{5):=[4);tapli6}:=[1,2,4];
for i:=1 to 5 do tapfilil:=[4];
end;
{ 3
procedure tapchua;
begin
tapilll:={1);tapi[2]:=[1];
for ic:=1 to sc do '
begin
qq:=3%ic;
tapilqq]:=tapllkieucocau[ic]]:
qq:=3*ic+1; '
tapilgql:=tapfi[kieucocaulicll;
if (kieucocaulic}=2) or (kieucocaulic]=6) then tapilqgl:=tapi{qql+(1];
if sc=2 then
begin
if (kieucocau[ic]<>5) and (kieucocaulic]<>3) then tapif5]:={2..4]
else tapi[51:=[2,4];
tapi[6):=tapllkieucocaulic]])-[1}:
end else if sc=1 then tapi[5):={];
end; :
end; _
! i
procedure chonkieu;
begin




4},

' Qq:=1c*2+(ic+ Dmod 2:
vietsl(11,1,qq,dulieu.thsolqq,1]);
kieucocau[ic]:=r0und(du1ieu.thso[qq,1]};

end; _

(== X

procedure chothso;
begin
for ie:=] to sc do
begin
if (ic=2) then for k:=2 to 4 do
if {kieucocau[ic]<>5) and (kieucocaulic]<>3)
then vietsl(11.k,5,dulieu.thso[5,k])
else if k<>3 then vietsl(11,k,5,dulien.thso[5,k]);
qq:=3%ic;
for k:=ic to 4 do if k in taplkieucocaufic]] then
vietsl(11,k,qq,dulieu.thso[qq,k]);
thsoo:=dulieu.thso[qq,4];
qQ:=3*ic+1;
if (kieucocaulic]=6) then
~ begin
if (thsoo=0) then vietsl(1 1,3,qq,dulieu.thsolqq,3]D)
else for k:=3 to 4 do vietsl(11,k,qq,dulieu.thso[qq,k]);
end else for k:=3 to 4 do if k in tapfi[kieucocaulic]]
then vietsl(11,k,qq,dulieu.thsolgq,k);
if (kieucocauficl=2) or (kieucocau{ic)=6) then
vietsl(11,1,qq,dulieu.thsolqq,1)) ;
end;
end;
i :
procedure chuathso(ke,id:integer);
begin : .
xoa(xoo+(kc-1)*buocx+cach+1,yoo+(id-1)*buocy+4,xoo+kc*buocx—4,yoo+id"’buocy-

vietsl(11 ke,id,dulieu.thsolid,ked);
landau:=false:
end;

{ }

- procedure quythso;

begin
with dulieu do
begin
sokhau:=round(thso[1,1]);
for ic:=1 to sc do
begin
kieucocau(ic]:=round(thso[2*ic+(ic+l)mod 2,1D;
if ie=2 then
begin
khaunoi:=round(thsol5,2));
le:=(thso[5,3]):
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fie:=(thso(5,41*pi/180);
end;
qq:=3*ic; .
for k:=ic to 4 do 1f kin tapl[kieucocaullc]]
then l[ig(k.ic},0):=thsolqq,k];
thsoo:=thsolqq,4]:
qq:=3%ic+1;
if (kieucocaulic]=6) then
begin
if (thsoo=0) then fi{iq(3,ie}, 0] =thsolqq,3]*pi/180 else
for k:=3 to 4 do fi[iq(k,ic),0]:=thsolqqg,k]*pi/180;
end else fi[iq{4,ic},0]:=thso[qq,4]*pi/180;
if (kieucocau[ic]=6) or (kieucocaulicj=2) then
phgan(icl:=round(thsolaq,1]);
end;
end;
end;
{
procedure dlflm.
begin
assign{filedl,tenfile);
rewrite(filedl):
x0a(10,321,640,345);
vietchu(0,1,11,20,330,'Cho du lieu bang ban fim.An fim bat ky de ket thuc. ;
vietchu(0,1,14,x00-15,yoo+15, 'So khau :');
with dulieu do
begin
vietsl(11,1,1,theel1,1]);
sokhau:=round(thso(1,1]):
end; :
x0a(x00-15,y00+15,%00+100,y00+40);
vemhinh; _
for ic:=1 to sc do chonkieu;
chothso;
vietchu(0,1,0,20,330,'Cho du lieu bang ban fim.An fim bat ky de ket. thuc. ),
write(filed],dulieu);
close(filed));
end; :
| H
procedure dldia;
begin
assign(filedl,tenfile);
reset(filedl);
read(filed]l,dulieu);
with dulieu do
begin
sokhau:=round(thso[1,1]);
sc:=sokhau div 3;
vemhinh:

i
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xoa(xoo+round(buocx!1.55),y00+15.x00+buocx-3,y00+buocy—3);
vietso(sokhau*l.O.O,1,14.x00+r0und(buocxll.55),yoo+15);
for ic:=1 to sc do '
begin
qq:=ic*2+(ic+1)mod 2;
kieucocau[ic]:=r0und(thso{qq.l]);
str(kieucocaulic], texti); :
vietchu((},l,14,xoo+round(buocx}'1.55)+15,y00+(qq-1)*buocy+15,texti);

end;

for ic:=1 to se do
begin

"if ie=2 then
~ begin

vietso(thso[5,2],0,1,14,xoo+buocx+round(huocxf1.55), yoo+4*buocy+15):
if (kieucocaulie]<>5) and (kieucocaufic]<>3) then _
vietso(thso[5,3],0,1,14,xoo+2*buocx+round(buocxl1.55), yoo+4*buocy+15)

vietso(thso[5,4],0,1, 14,x00+3*buocx+round(buocx/1 .55), yoo+4*buocy+ 15);
end;

qq:=3%ic;
for ki=ic to d do if k in tapllkieucocaufic]] then

vietso(thsolqq,k],0,1,14,%00+(k- 1)*buocx+round(buocx/1.55),
I*buocy+15):

thsoo:=thso[qq,4];
qq:=3%ic+1;
if (kieucocaulic]=6) then -
begin
if (thsoo=0) then vietso(thso[qq,3],0,
1,14,xoo+2*buocx+r0und(buocx:’1.55), yoo+{qq-1)*buocy+15)

yoo+(qq-

else begin
for k:=3 to 4 do

vietso(thso{qq,k],0,1,14,x00+(k- 1)*buocx+round(buocx/1.55), yoo+{qqg-
1)"buocy+15); ' '

end;
-end else
for k:=3 to 4 do
if k in tapfi[kieucocaulic]] then.

vietso(thso[qq,k],0,1,1 4,x00+(k-~1)*buocx+round(buocx/1. 55),
1Y*buocy+15); : o '

if (kieuéocau[ic]=2) or (kieucocau[ic]=6) then _
vietso(thso[qq,1],0,1, 14,x00+round(buocx/1.55), yoo+{qq-1)*buocy+15);
end;
end:
close(filed]);
end;
{ '
procedure chuade: '
begin
assign(filedl,tenfile);
reset(filedl);

yoo+(qq-
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if k in tapl[kieucocaufic]]) then
vietsl(11,k,qq,thso[qq,k]):
end;
thsoo:=thso[qq,4];
qq:=(3*ic+1);
if kieucocau{ic]=6 then
begin
if thsoo=0 then vietsl(11,3,qq,thso[qq,3])
else for k:=3 to 4 do vietsl(11,k qq,thso[qq kD
end else for k:=3 to 4 do '
if k in tapfi[kieucocau[ic]] then vietsl(11,k,qq,thso[qq,k]);
if (kieucocaulic]=2) or (kieucocau[ic]=6) then
vietsl(11,1,qq,thsolqq,11);
tapchua;
end;
landau:=true;
if (id=5) and (ke in tapi{5]) then chuathso(kc id};
~ifid in [3,6] then
begin
ic:=round(id/3);
if ke in tapifid] then
begin
chuathso(ke,id); _
if (ke=4) and (kieucocaulic]=6) then
begin
if dulieu.thsolid,4]<>0 then chuathso(d, id+1)
else xoa(xoo+(ke- 1)*buocx+cach+1,yoo+(ad)*buocy+4
x00+ke*buocx-4,yoo+(id+1)*buocy-4);
end;
end,;
end;
if id in [4,7] then
begin
ic:=round({id-1)/3};
if ke in tapilid] then chuathso(ke,id);
end;
end;
.end;
end;
seek(filedl,D);
write(filed],dulieu);
close(filedl);
end; ' _
{ h
procedure dikt;
begin
taplg;
x00:720;y00:=40;}:=0;
xa:=10;ya:=10;xb:=155;yb:=40; '
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buocx:=xh-xa;buocy:=yb-ya;cach:=round(buocx/1.65);
chnen;
deten:
if OKvidu then
begin
strividu,textvidu);
tenfile:='a:vidu'+textvidu;
dldia;
x0a(10,321,640,345);
nhacgrap(120,ymax-140,12," An mot fim de tiep tuc');
x0a(10,321,640,345);
ch:=readkey;
end else
begin
tenfile:="a:sltucho’;
nhacgrap(120,ymax-20,12,' Cho du lieu bang ban fim hay dia (F!D) "') -
xea{l0,321,640,345); :
repeat
ch:=readkey;
until (upcase(ch)="F'} or (upcase(ch)“'D‘)
case upcase(ch) of
'Fdifim;
‘D" dldia;
end;
tapchua;
x0a(10,321,640,345); g -
nhacgrap(120,ymax-140,12,' Co muon thay doi du lieu khong (C/K) ?';
%0a(10,321,640,345);
repeat
maphim,;
until (codekb=99} or {codekb=107);
if codekb=99 then chuade;
end;
quythso;

end;

}

procedure tinhalfa(l1,12,13:real;var alfaz:real);
var aa,bb:real;
begin

aa:=(11*11+12*12-13*13)/(2*11*12);
bb:=sqrt(1-aa*aa);
alfaz:=gocx{aa,bb);

end;

1

)

procedure ble(ic:integer;var l1z,fizzmat2rm};
var ss:integer;

alfa:matlrm;
if:real;



procedure blel(ic:integer);
var hieuchinh:integer;
deltafi3,deltafil:real;
begin
alfa[0]:=fizfiq(1.ic),j]+pi-fizliq(4,ic),j};
If:=sqrt(sqrlzliq{l,ic),jl}+sqr{izliq(4,ic),i])
. -2*1z[ig(1,ic),j1*1z[iq{4,ic),j1*cos(alfal0]));
tinhalfa(izfig(4,ic),jl,1f 12{iq{1,ic),j],alfa[1]);
tinhalfa(lf 1z[iq(2,ic),j1,12[iq(3,ic),}1,alfa[2]);
tinhalfa(lz[iq(2,ic),j],1z[iq(3,ic},j1,1f,alfa[3]);
ss:=truncalfa[0}/p1) mod 2;
if 8s=0 then fiz[iq(2,ic),j]:=pi-a1fa[1]—alfa[Z]+fi'z[i.q(4,ic),j] else
if ss=1 then fiz[iq(2,ic),jl:=alfal1]-alfal2]+fiz{iq(4,ic),i]-pi;
fizlig(3,ic},jl:=fiz{iq{2, 1c),]]+p1 alfa[3]; '
if j>0 then
begin
deltafi3:=abs((fiz{iq(3,1¢),j]-fiz[iq{8,ie},]-11);
hieuchinh:=round(deltafi3/{2*pi));
fiz[iq(3,ic),j):=fizlig(3, 1c),3]+2*p1*h1euch1nh
end;
end;

procedure ble2(ic:integer);
begin
alfal0):=fiz{iq(1,ic),j} -fizligq(4,ic),jl+pi;
If:=sqrt(2*sqr{zliq(l,ic),j1}*(1-cos(alfal0])));
tinhaifa(lz[iq(2,ic),31,12liq(3,1e),j],1f, alfa[1]);
ss:=trunc(alfa[0]/(2*pi)) mod 2;
if ss=0 then
begin .
fiz[iq(2,ic),jl:=(fizlig(1,ic),j]-alfal 1]1+fiz[iq(4,ic),j1-pi}2;
fizliq(3,ic),)):=fiz[iq(2,ic),j]+pi+alfali];
end else if ss=1 then
begin
fizliq(2,ic),jl:=(fizl1q(1,1c), J]+alfa[1]+flz[1q(4 lc),J} pi)/2;
fiz[iq(8,ic),j):=f1z[iq(2,1¢),j]+pi- alfa[1};
end;
end;

- procedure ble3(ic:integer);
begin

fizliq(2,ie),j]:=pi-fizlig(4,ic),j};Hiz[ig(3, lc).]] -—p1+flz[1q(l ic),jl;
end;

begin '
for i:=1 to 4 do lzliq(i,ie),j]:=12{iq{i,ic),0];
fizliq(4,ic),}}:=f1zliq(4,ic),0];

if (1zliq(1,ic),j1=12liq(4,ic),j]) and (1z[ig(2,ic}, J]-lz[1q(3 ic),il)
then b1e2(1c) else
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if (lzlig{i,ic)j}=teliq(3,ie),i]y and (lz[iq{2,ic),j]1=1zliq(4,ic),3]} -
then ble3(ic) else blel(ic);

end; ' :
! H
procedure culit{iciinteger;var lz fizzmat2rm);
var aa,bb:real;

alfa:matirm,;
begin S
for i:=1 to 4 do if (i<>2) and {(i<>3) then lz[iq(i,ic},j]:=l2[ig{i,ic),0];
1z[1g¢2,1c),j]1:=0;
fiz[iq(4,ie}.j]:=fiz[iq(4,ic),0];
alfaf0]:=fiz[iq(1.ic},j]1-fiz[iq(4,ic),j];
aa:=-lz[ig(1,ic),jl*cos(alfal0])~1z{iq(4,ie),}};
bb:=-lz[iq(1,ic},j1*sin(alfa[0]};
alfa[1]:=gocx{aa,bb);
fiz[iq(3.1c),jl:=fiz[iq(4,1¢),))+alfa[1];
fizfiq(2,ie),}k:=f1z{iq(3,i 3X 1zliq(8,ic),j):=aalcos(alfal1]);

if phgan{ic] =1 then khau[ic]:=iq(1,ic} -
else if phgan[ic]=2 then khaulic]l:=iq(3,ic);
phuong(icl:=1q(2,ic);

end;

= H

procedure culitdaofic:integer;var 1z,fiz:mat2rm);

var aa,bb:real;

alfa ‘matirm;

begin

-1zliq(2,1c),]1:=0;
for 1:=2 to 4 do lz[ig(i,ic),j):=lz[iq(i,ic),0];
fiz[ig{4,ic),j]:=fizliq{4.ic),0);
alfa[0]:=fizliq(4.ic}.j]l-fiz[iq(1,ic),i];
"bb:=1z[ig{4,ic),})*sin(alfa[0])/-12[iq(3,1c),3};
aa:;=sqrt(1-bb*bh);
alfa[1}:=gocx{aa,bb);
fiz(ig(3,ic),j]:=fizliq(1,ic),j}+alfal1];
fiz[iq(2,ic),j}:=fizliq(3,ic).i);
lzliq(1,ic),jl:=-12[iq(3,1c),)}*cos(alfa[1}) -1z[iq(4,ic),j]*cos(alfa[0]);
khaulic]:=iq(1,ic);phuonglic]l:=iq(1,ic);

end;

! !

procedure cesin(ic:integer;var lz fiz:mat2rm);

var alfa:matirm; '

begin
fiz[iq{4,ic),)J:=fiz[iq{4,ic),0%;
fiz[iq(3,ie),j]:=fizliq(4,ic),0]+pi/2;
fizl1q(2,1ic),j1:=fizliq(3,ic),j1+pi/2;
alfa[01:=fiz[iq(1,i2),j]-fizliq(2,ic),j];
1z[ig{1,1e),}}:=1z[1q{1,1e),0);1z{iq(4,ic),j}:=1zliq(4,1c),0];
1z[iq(3,1c),j1i=kzlig(1,ic),j]*sin(alfalO]);
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12{iq(2,ic).jl:=lz[ig{4.ic),j}-1z[ig(1,ic),j]*cos(alfa[0]);
khaulicl:=ia(l,ic);phuong[ic):=iq(2,ic);
khaublicl:=iq(2,i¢};phuongblicl:=iq(3,ic);

end;
]

1 - ¥

procedure cctang(ic:integer;var lz fizzmat2rm);

var alfa:matlrm;

begin
1z[iq(4,1¢},j]:=1zl1g(4,ic),0];
tz[iq(2,ic),j}:=0;
fiz[ig(4,ic),j):=fiz[iq(4,ic),0];
fiz{iq(3,ic),j):=fizliq(4,ic),j1+pi/2;
alfa[0]:=fizliq(1,ic},j]-fizligq(4,ic),j];
izliq(1,ie),jE:=-1z[iq(4,ie),}Veos(alfa[0]);
1z[1g{3,ic),j):=l2[iq{4,ic),j1*(sin{alfal0])/cos(alfa[Q])});
khau[icl:=iq{1,ic);khaublic]:=iq(2,ic);
phuonglicl:=ig(1,ic);phuongb[ic]:=iq(3,ic);

end;

{ _ b

procedure thtruyen(ic:iinteger;var lz.fiz.mat2rm);

var aa,bb:real;

alfa:matlirm;

begin

 for i:=3 to 4 do fizliq(i,ic),j1:=fiz[iq(i,ic),0];
for i:=1 teo 4 de lz[iq(i,ic),)):=1zliq(i,ic),0];

- alfa[0]:=fizliq(1,ic),j]-fizliq(3,ie),jL;
alfa[2]:=fiz{iq(4.ic},il-fiz[iq(3,ie),j];
bb:=(lz[ig(4,ic),j}*sin{alfal2])

+1zlig(1,ic),j1*sin(alfal[0]))/t2[ig(2.ic),}];
aa:=sqri{1-bb*bb);
alfa[1]:=gocx(aa,bb);
if phganlic] =1 then fiz[iq(2,1e),jl:=alfa[11+fiz[iq(3,ic),j]+pi
else if phgan[ic]=2 then fiz{ig(2,ic),}):=-(alfal11+fiz[iq(3.ic),j]):
1z(iq(8,ic),j]:=-1z[ig(1,ic),j]*cos(alfal0])-1z[iq(2,ic),j] '

*cos(fizliq(2.ic).j]-fiz[iq(3,ic),j1);

khaulicl:=iq(2,i¢):phuonglic):=iq(3,1¢);

end; :

! ' H

procedure vitridk(ic:integer);

var xx,yy:real;

begin .
xx:=0;x[iq(0,ie),j1:=0;yy:=0;y[iq(0,ic),j}:=0;
for i:=1 to 3 do
begin '

xx:=xx+l[iqfi,e),31*cos(fi[iq(i,ic),i]);

yy:=yy+lliq(i,ic),j]*sin(filig(i,ic),i1);

x[iq(,ic),jl:=xx:¥[iq(i.ic},il:=yy;
end: '

' end;
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| 1
procedure contruot(id,ip:integer);
var xcto,ycto,xctl,yctl:matlrm;
xct2,yet2:matlim:
begin
for k:=0 to 3 do
begin
if k>1 then veto[k]:=y[id,jJ+cao else yetolk]:=y[id,jl-cao;
if (k mod 3)=0 then xctolk]:=x[id,j]-rong else xctolk]:=x[id,j)}+rong; .
end;
xcto[4]:=xcto[0];yeto[4]):=ycto[0];
for k:=0 to 4 do quayvarr(round(xlid,j}),round(y[id,j]),
xcto[k],ycto[k],fi[ip,j],xetl[k],yctl[k]);
Oxyhve(DA,xctl,yctl,xct2,yct2);
for k:=0 to 4 do
begin _ :
xct[id,j,k]:=xct2[k];yct[id,j,k]:=yct2[k];-
end;
end;
{ : 1
procedure diemthuB(ic:integer);
begin
for i:=1 to 3 do
begin :
xm[iq(i,ic),j]:=x[iq(i,ic)-1,j]+l[iq(i,ic),j]*(lamda[iq(i,ic)]*
cos(fi[iq(i,ic),j])-muy[iq(i,ic_)]*si'n(fi[iq(-i,ic),j]));
ym[iq(i,iC),j]:=y[iq(i,i0)-1,J']+1[iCI(i.iC).j]*(lamda[iq(.i,ic)]*
sin(ﬁ[iq(i,ic),j])+muy[iq(i,ic)]*cos(fi[iq(i,ic),j]));

end;
end;
{ 1
procedure tdothuej(ic:integer):
var xot,yot:integer;
begin _
str(),textj);
if ic=1 then texti:="co caul’ else texti:='co cau 2"
seteolor(11);
settextstyle(2,0,4);
outtextxy(200,280,' Dang tinh "+texti+’ Hay doi 'y,
setcolor(13);
outtextxy(260,290,' ) = '+textj):
filiq(1,ie),jl:=fiofj];
if fi[ig(1,ic),j1<0 then fi[iq(l,ic),j]:=2*pi+fi[iq(l’ic),j];
case kieucocau[ic] of .
l:ble(ic,],fi); _ o L >
2:culit(ie,],f);
3:culitdaoc(ic,],fi):
4:eesindie, 1 fi);
5:cetang(ic,l fi):




6:thtruyen(e,l,f);
end;
vitridk(ic):
Xot:=xo:.yvot:=yo;
if ic=2 then if (khaunoi<>1) then
begin
yo:=yo+round(-1[4,01*sin(fi[4,0])*tyle);
xo:=xo+round(-1[4,01*cos(fil4,0])*tyle);
end; .
if Oktruot[ic] then
begin
contruot(khaulic],phuonglicl);
if (kieucocaulic)=4) or (kieucecaulic]l=5)
then contruot(khaublic]l,phuongblic]);
end;
xo:=xof;yo:=yot,;
‘setcolor(0);
settextstyle(2,0,4); '
outtextxy(200,280,' Dang tinh '+texti+' . Hay doi !");
outtextxy(260,290," ) = "+text;]);
settextstyle(0,0,1}; '
end;
{ ¥
procedure tdothuc(ic:integer);
begin
for j:=0 to trs*nj do
begin
if ic=1 then
begin
fio[)]:=)*defl;
tdothuej(ic);
end;
end;
if ic=2 then
begin
for j:=0 to trs*nj do
begin
if (kieucocaulic]<>4) and (kieucocau[ic]<>5) then
begin
if (khaunoi=1) or (khaunoi=3) then
begin
fioljl:=pi*(khaunot div 3)+fi[khaunoi,ji+fie;
1[5,j1:=le;
end else if khaunoi=2 then
begin
x{5,j):=x[1,j]1+He*cos(fil 2,j)+fie);
y[5,1k:=yl1,jl+le*sin(fi[ 2,}]}+fie);
105,0]:=sqrt{(x[5,}]-x{3,]) *(x[5,j]-x[3,)])
+(y[5,1-y[3,1D*(y5.0D)-yI3.iD);
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fiolj]:=goex((x[5,3]1-x[3,i1),(¥(5,i1-y[3,511;
end;
end else
begin
fio[jl:=pi*(khaunoi div 3)+f1[khaun01,]]+fle
if (kieucocaulic]<>8) then 1[5,j]:=le:
end;
tdothucj(ic);
end;
if (khaunoi<>1) then
begin _
yo:=yo+round(-1{4,0]*sin(fi[4,0])*tyle);
xa:=xo+round(-1{4,0]*cos(fi[4,0]) *tyle);
end;
end;
gotoxy(1l,1);
end;
{: }
procedure ghiktqua;
begin
assign(filedl,tenfile);
reset(filedl);
with dulieu do
begin
for j:=0 to trs*nj do for ic:=1 to sc do
begin
for k:=1 to 4 do
begin ‘
rfiliq(k,ic),jl:=filiq(k,ic),j};
rifig(k,ie),jl:=1{iq(k,ic),j);
end;
for k:=0 to 3 do
begin
rxlig(k,ic),j):=x[iq(k,ic).i];
rylig(k,ic),}):=yliq(k,ic},j];
end;
end;
end;
seek(filedl,0):
write(filedl,dulieu);
close(fﬂsdl),
end;
{ }
procedure docktqua;
begin
assign(filedl,tenfile);
reset(filedl);
seek(filedl,();
read(filed],dulieu);
quythso;
with dulieu do
begin :
for j:=0 to trs*nj do for ic:=1 to sc¢ do




begin
for k:=1to 4 do
begin
filig(k,ic),jl:=rfifiq(k,ic),i};
gk, 1c)‘J] =ri[iq(k,ic),j1;
end;
for k:=0 to 3 do
begin
x[ig(k,ie),jl:=rx[iqk,ic),}};
yliak,ic),jl:=rylig(k.ic),);
end;
end;
end;
close{filed]);
end; .
{ }
procedure tdove(ic:integer);
var Xxv,yv,xvm,yvm:matlrm;xra,yra,xmra,ymra:matlim;
begin
for 1:=0 to 3 do
begin
for 3:=0 to trs*nj do
begin
xv[il:=xlig,ic),ikiyvlil=ylig(,ic),);
end; -
Oxyhve(0,trs*nj,xv,yv,xra,yra);
for j:=0 to trs*nj do

begin
xrligq(,ic),jl:=xralj}yrligd, lc).J] =yraljl;
end;
end;
end;
{=== ' '

procedure ve4dkhau(u,v:mat2im; 1c,r,maul mau2, mau3 integer);
begin
setcolor(maul),
for i:=(ic-1) to 2 do line(u[ig(i,ic),jl,v[1q(1,1e),]],
ufig@,ic)+1,jl,vliqQi,ic)+1,j1);
for 1:=(1c-1) to 3 do
begin .
if (i=1) or (i=2) then
begin
setcolor{mau2);
circle{ulig{i,ie),jl,vliq(i,ic),j],1);
end else
begin
seteoler{maud);
circle(ulig(i,ic),j), vlig(i,ic},jl,r);
end;
end;
setcolor(maul);
- line(ufig(0,ie),jl,v[ig(0,ic),jl. u[1q(3 ic), 31, vliq(3,ie),i):
end,; X
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procedure vectruot(iz,id1,id2,maul,mau2:integer);

procedure ctruotl(id, mau:integer);
bhegin

setcolor(mau);

for k:=0 to 3 do line(xet[id,j, k], yet[id,j k], xctlid,j, k+1], yetlid,j k+1]).
end;

begin

250

ctruotl(idl,maul);
if (kieucocaulic]=4) or (kieucocau[ic]=5) then ctruotl(id2,mau2);
end;
{ i
procedure simulee(se:integer);
var conve:boolean;

procedure noikhau(mau:integer);
begin
case khaunoi of
l:begin
setcolor{mau);
line(xrfkhaunoi,jl,yr[khaunoi,jl,xr{5,j], yr[5,3]),
line(xr{4,j],yr[4,)},xr[5,}], yr[5,ﬂ).
end;
2:begin
setcolor{mau);
line(xr{khaunoi,jl,yr[khaunoi,jl,xr{5,)],yr{5,1]);
Iine(xr(khaunoi-1,j],yr[khaunoi-1,j],xr[5,j],¥r[5,]1);
end;
3:begin
seteolor{mau);
line(xrfkhaunoi-1,j]l,yr[khaunoi-1,j1,xr[5,j},yr[5,j1};
line(xr{4,j},yr[4,i),xr[5,;],yr5,i]); .

end;
end;
end;
= o }
begin .
if OKvidu then
begin
settextsatyle(1,0,2);
setcolor(11);
case vidu of . :
l:caut:=' Co cau bon khau ban le ';
2:caut:=" Co cau culit ’;
3:caut:=' Co cau culit dao '
4:caut:=' Co cau tay quay con truot';
B:caut:=' Co cau may sang ';
G.caut:=' Co cau may bao ';
Tcaut:=' Co cau may bao ';
end; '

outtextxy(160,400,caut);



settextstyle(0,0,1);
setcolor(0);
end;
for ;=0 to trs*nj do
begin
for ic:=1 to sc do
begin
if >0 then
begin
3=j-1; - o
if Oktruot{ic] then vectruot(ic,khaulic]l,khaub{ic],0,0);
if sc=2 then
begin
noikhau(0);
noikhau(l);
end;
vedkhau(xr,yr,ic,4,0,0,0); .
vedkhau(xr,yr,ic,2,1,14,14);
1=+
end;
end;
for ic:=1 to sc do
begin
if Oktruot{ic] then vectruot{ic,khaulic],khaub[ic],14,12);
if sc=2 then noikhau(14); '
vedkhau(xr,yr,ic,4,14,12,10);
end;
if lientue then delay(150)
else ch:=readkey;
end;
setfillstyle(1,0);
end;
{
procedure donghocl;
begin
dlkt;
for 1:=1 to sc do if kieucocauf{i}>»1 then Oktruot{il:=true
else Oktruot{i}:=false;
tyle:=2;y0:=240;ca0:=3;rong:=6;
if OKvidu then

-

begin
if vidu in [2,3,6,7] then x0:=300
else x0:=230; '

end else x0:=230;

defi:=2*pi/n);

tdothue(l);

tdove(1);

if sc=2 then

begin
tdothuc(2);

~ tdove(2);

end;

ghiktqua;
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cleardevice;
simulec(se);

end;

{

procedure gioithieu;

begin

cleardevice;
settextstyle(1,0,3);
outtextxy(180,150," Co cau phang toan khop thap ");
outtextxy(210,180,' Mo phong chuyen dong ');
1:=0;
repeat
J=)els
str{j,textj);
settextstyle(2,0,4);
setcolor(13);
outtextxy(470,315,textj);
delay(50);
setcolor(0);
outtextxy(470,315,text));
until j=50;
cleardevice;

end;
{*******\i’******************************}

begin

texteolor(15);

clrser;

path:=""

dohoa;
Xmax:=getmaxx;ymax:=getmaxy:
tylescr(tylese);

gloithieu;

docfile( "a:mpec.cht');
tapx:=[49,50,51,52,53,54,55);
dangchay:=true;

cleardevice;
nhacgrap(120,ymax-20,12, '( An fim V khi xet tung vitri hay M khi mophong

chuyendong );

repeat
ch:=readkey;

until (upcase(ch)='V") or (upcase(ch)="M";

while dangchay do

begin
cleardevice;
if upcase(ch)="V" then lientuc:=false else if upcase(ch)"'M‘ then lientuc:=true;
settextstyle(0,0,1);
seteolor(15);
outtextxy(180,100," Xet mot vidu san co ');
outtextxy(180,115,'hay tu cho solieu cua bai tinh ? %;
setcolor(l4):
settextstyle(2,0,4);

nhacgrap(120, ymefx 140,12, '( An fim V khi xet vidu cho san , fim T khi tu cho so

lieu )";
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repeat
ch:=readkey;
until (upcase{ch)='"T"} or (upcase(ch)="V";
cleardevice;
if upcase(ch)="V' then
begin
OKvidu:=true;
n):=24;trs:=2;
settextstyle(0,0,1);
outtextxy(180,100,' Cotatca 7vidu:1,2,3,4,5,6,7 ')
outtextxy(180,115," Muon xem vidu thu may ?');
settextstyle(2,0,4});
setcolor(13);
nhacgrap(200,ymax-140,12, '( An so tuong ung de tieptuc }');
repeat
maphim;
until codekb in tapx ;
val(chr{codekb),vidu,result);
end else if upcase(ch)="T" then
begin
OKvidu:=false;
cleardevice;
outtextxy(180,100," Hay cho so vi tri cua co cau');
outtextxy(180,115," va so vong quay cua khau dan *);
outtextxy(165,130,' 1 - So vi tri . tnj="Y
docso(15,400,130,rnj);
outtextxy(165,145,' 2 - So vong quay :nv ="'}
docsa(15,400,145,rt));
nj:=round(rnj);
trs:=round(rtj);
end;
cleardevice;
donghocl;
nhacgrap(180,ymax-40,12," ( Tieptuc hay dung ( T/D)?));
repeat
ch:=readkey;
until (upecase(ch)="T") or (upcase(ch)="D");
gotoxy(50,23);
write(’ B E
if upcase(ch)="T" then dangchay:=true
else if upcase{ch)='D' then dangchay =falge;
end;
closegraph;
textmode(3);
textcolor(15);
clrser;
end.
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{II1.07}

PROGRAM LUC4KBL;

uses  crt,graph,nlmayl,nlmay2;
var tylep : real;

R12x,R12y.R32x.R32y.R43x,R43y, momench : matlr;

xi,¥i : mat2i; _
asx,asy,xxs,yys,lucqx,lueqy,mq : mat2r:
Okd : boolean;

{***t*************t***t*******t***t****}

procedure td4k:

begin
for j:=0 to n1 do
begin
xx:=0;yy:=0:
for i:=1 to 3 do
begin

xx:=xx+I[i]*cos(fi[i,j1);
yy:=yy+l[i]*sin(fi[i,j]);
xtli)):=xx;¥t(i,i1:=yy;
end;
end;
for }:=0 to n1 do
begin
XX:TXO,YV:=Y0;
xi[0,j1:=x0;y1[0,j]:=yo:
xi[4,j):=x0;yi{4,j]:=yo;
for i:=1 to 3 do
begin
xi[i,j]:=xo+round(tyle*xt[i.j]):
yi[i,j]:=yo+round(tylesc*hyle*yt[i,j]};
end; '
end;
end;

procedure toadosi(iz : integer);
begin
i:=1; xx:=0;yy:=0;
repeat
xx:=xx+1[i]*cos(fi(i,}]);
yy:=yy+l[i]*sin(fil1,j1);
L=i+];
until i=iz; _
xxs[iz.j]:=xx+ls[iz]*cos(fi[iz,j]+bet.a[iz]);
yys[iz,j]:=yy+ls[iz]*sin(fi[iz,j]+beta[iz]);
end;



begin |
for j:=0 to nl do for i:=2 to 3 do toadosi{i);
end;

{== s=ss======)

procedure giatocs;

procedure gi_atocsi(iz : integer);
var k : integer;

xX,vy : real; ' L e
begin )
k:=1;
xx:=0;yy:=0;epsil[1,)):=0;
repeat

gx:=xx-1[k]*(sqr(omegalk,j])*cos(filk, i+ epsﬂ[k.]]*sm(ﬁ[k,]])),

VY =yy- l[k]*(sqr(omega[k,J])*sm(fl[k.J]) epsﬂ[kJ]*cos(ﬁ[kJ])).

k:=k+1;
until k=iz; :
asx{iz,)):=xx- lsllz]*(sqr(omega[lz.]])*cos(ﬂ[m,]]+beta[1z])
+ epail(iz,j]*sin(filiz,j}+betaliz]));
asy[lz.]] —yy-ls[lz]*(sqr(omegallz,]])*sm(ﬁ[1z.3]+beta[1z])
- epsﬂ[lz,J]*cos(fl[lz,]]+betahz])),

end;
{-- me—- - -}.
begin ' o

for j:=0 tonl do for i:=2 td 3db. glatmdt(l},
end; ]
{===================z====}

procedure veble(maukhau Lmaumbmukhop,. mt,ndtk

for i:=0 to 3 do JURT S
begin S RIS A S
if 1<>3 then setcolor(maukhau) else setcolor(mauqla) R
line(xili,j1,yili,j},xi{i+1,jl, y1[1+1.1]). R ;DR
setcolor(maukhop); L ' i
circle(xili,jl, yili,].4):
end;
end;
{ - ==}
function ngoailuc( : integer) : real
begin

if omegal3.j] >0 then ngoailuc: —-lucp3*(l[3]-lp3) momens _
else ngoailuc:=0;

end;

{ S==== == ===

function lucp3t( : integer) : real;
~ begin

if omegal3,j] >0 then lucp3t:=-lucp3 else lucp3t:=0;
end;
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!
procedure lucqgt;
begin '
giatocs;
for j:=0 to ni1 do
begin
for i:=2 to 3 do
begin
lucqx(i,jl:=-mkli}*asx[i.j};
lueqyli,jl:=-mk[i]*asy(i.jl;
mq[i,j): -]s[ll*epsﬂ[l il;
end;
end;
end; _ T :
= smmmmmsey
function sigmom(jz,kz : integer) : real;
var 1:integer; '
momg,momq,momp xx‘,yy :'re'al; :
begin i G T
i:=2;momg: =0; momq =0); momp'=0 '
repeat :
XX: -—xxsh.]z]-xt[kz.]z]
yy:=yysli,jzl-ytikz,jzl;
momg:=momg+mkfil*10*xx;
momgq:=momgq+lucqx(i,jz]*yy-lucqyli,jz)*xx+mqli,jzl;
=i+l
until 1>kz;
if kz=3 then sigmom:=ngoailuc(iz)+momg+momq
else sigmom:=momg+momgq;
end; _
{mr=====e= }
procedure apluckd; o
var  gocd,gama,teta,R12 : real;
1f,alfa2,gocR12 : matlr;
lucT : mat2r; ' :
s - -}
procedure lfalfa;
var alfao:real;

et

procedure tinhalfa(11,12,13 : real var alfaz real);
var aa,bb: real v . -
begin
aa:=(11*11+12*12-13*13)/(2*11*12);
bh:=sqrt(l-aa*aa);
alfaz:=gocx{aa,bb);
end;
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for j:=0 to nl do
begin
alfao: -f1[1.]]+p1 -fi{4,j];
ifjl:=sqrt(sqr({1])+sqr(l(4])- 2*1[1]*1[4]*cos(a1fao)),
tinhalfa(1i{j1,1[21,1[3],alfa2[;]);
end;
end;

1falfa;

lueqt;

for 3:=0 to nl do

begin
lueT(2,j):=sigmom(j,2)/1[2);
lueTi3,jl:=sigmom(j,3)A[;];

" if sigmom(j,2)*sigmom(j,3)>0 then goed:=alfa2[))
else goed:=pi+alfallj];
xx:=0;
for i:=2 to 3 do xx:=xx+eqr(lucT(,jl};
xx:=xx-2*IueT[2,j1*1ueTL3,j]*cos{gocd);
xx:=sqré(xx);
R12:=xx/abs(sin(gocd));

Cxx:=lueT{2,i1/R12;yy:=sqrt{1-xx*xx);
gama:=gocx(xx,yy);
if (sigmom(j,2)*sigmom(j,3)>0) then
begin

if tucTL3,j]*cos(alfa2(i1)>1ucT[2,i]) then teta:=gama

_else teta:=2*pi-gama; _
end else teta:=2*pi-gama;
gocR12[j1:=fi[2,j]+teta+pi/2;
R12x[jl:=R12*cos(gocR12[j]); .
R12y[j):=R12*sin(gocR12[j1};
R32x(jl:=-(R12x[j]+luecqx([2,)]};
R32y[j1:=-(R12y{jl+lucqy[2,j]+10*mk{(2]);
R43x[j]:=R32x(j]-lucqx[3,j1-lucp3t(§)*cos(fil3,]]+pi/2);

R43y{1:=Ra2y[j1-(lucqyl3,j}+mk(3}*10)- 1ucp3t(1)*sm(t'1[3,;]+p1!2),- o

momench[jl:=1[11*R12*sin(gocR12{}}-fi[1,}]); .
end;
end;

{=== === ==}

procedure chbwe,
begin
dohoa;
tylescr(tylesc);
ymax:=getmaxy,, :
%0:=320;y0:=round(0. 4*ymax) tyle:=600;tylep:=0.25;
-end; :

17-NLMTZ
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“
procedure veaplue;
var ril,ri2,ri3,ri4 : mat2i;
goci : integer;
gocr - veal;
begin
for ;=0 tonl do
begin _ '
ril[1,jl:=xo+round{tylep*R12x{j]).
ril[2.jl:=yo+round{tylesc*tylep*R12y(jl};
ri2[1,i1:=xi{1,jl-round(tylep*R12x[}1);
ri2[2,j1:=yil1,j]-round(tylesc*tylep*R12y[}]);
ri3[1,j}:=xi[2,j]+round(tylep*R32x{j]); .
ri3[2,j1:=yi[2,j]+round(tylesc*tylep*R32y(j]);
rid[1,jl:=xil3,j}+round(tylep*R43x[jD);
ri4[2,i]:=yi[3,j]+round(tylesc*tylep*R43yljl);
end; : . o
for j:=0 to nl do
begin
veble(14,12,15);
setcolor(13);
line(xil3,j1,¥i(3,)1,ri4[1,j],ri4(2,i]);
line(xo,yo,ril{1,j1,ri1l[2,i);
setcolor(ll); _
line(xi[1,j},¥i[1,j},r12[1,j},ri2[2,j]);
line(xi(2,j1,¥1(2,j1,r13{1,j1,ri3[2,31);
delay(300);
veble(0,0,0);
setcolor(7);
line(xi[3,j),yi[3,]]1,ri4{1,j],ri4[2,3]);
line(xo,yo,ril[1,j1,ril{2,j));
setcolor{0);
line(xi[1,j1,yi[1.5},ri2[1,j1,ri2(2,j1);
line(xi[2,)],y1{2,j],r13[1,j],ri3{2,0D);
end;
3:=0;
veble(14,12,15);
setcolor(10);
for j:=0 to n1-1 do
- begin
line(ril(1,j1,ri1[2,3,rill1,j+1],ri1{2,j+1D);
line(ridl1,j],ri4[2,5),ri4[1,j+1],ri4[2,j+1]);
end; _
setcolor{l1);
outtextxy(xil3,0]-30,yi[3,01+55,'Apluc R43");
outtextxy(xi[o,0]-55.yi[0,0]—55,'_Ap1uc R41Y;
end; S

{ }

o




procedure dothimeb;
var  xco,yco.ksup : integer;
mcbhmax,mebmin,mib,tylem : real;
mchi,xci : array[0..n] of integer;
begin '
cucdai(0,n1,momench, mebmax ksup);
cuctieu(0,n1,momencb,mcbmin,ksup);
mth:=(mcbmax+mcbmin)/2;
tylem:=150/(mchmax-mcbmin);
xc0:=30;yco:=ymax-round(tylem*mth)- 120;
for j:=0 to nl do
begin
xcifjl: —xco+round(f1[1,j]*1201‘p1), '

" mebi[jl:=yco-round(tylem*(momencb(jl-mtb));

end;
str{mtb:6:3,text));
setcolor(15);

- outtextxy(285,ymax-125,'Fil’);
outtextxy(2,yco-5,'mtb");
outtextxy(30,yco-135,"'Mchb'});
outtextxy(10,ymax- 125 0'),
setcolor{13);
line(xco,yco,xco+250,y¢0);
line(55,ymax-67,90,ymax- 67),
setcolor(11); '

outtextxy(45.ymax 70 ‘( _ mt_b =_'ftg§ttj+' Nm )");

setcolor(11); . _
lme(xco,yco 120 XCO yoo-lrlOO), .

line(xco,ymax-120, xco+250 ymaﬁ-lﬂﬁ)‘ - )

setcolor(14);

for ;=0 to nl1-1 do-lm“e(xm[yl mcbx{;j,xm[y!-l},mcbihﬂ}),‘ . |

. seteolor(12);

for j:=0 to nl do clrcle(xcl[]],mch!{ﬂ 2’), R

settextstyle(l 0,3 .
getcolor(10); o
outtextxy(30,10,' Ap luc khop. dong‘),
outtextxy(30,30,' va Mo men can bang*),
settextsty]e(o 0.,1);

{——'—— =========x!|
procedure modau. _
begin
clrser;
_textcolor(15);
path:=""
dohoa;
cleardevice;
ymax;=getmaxy;
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docfile('a:luc.cht’);

“end;

== ==}
procedure chay;
begin
repeat
dliuc;
chbive;
td4k;
apluckd;
veapluc;
dothimcehb;
cau:="Co chay chuongtrinh.nay nua hay thoi (NITH?":
nhacgrap(10,ymax-10,12.cau); :
repeat )
ch:=readkey;
until upcase(ch) in ['N'TT
clrser;
textmode(3);
until upcase(ch)="T"
end;
{ﬂ'************'k***********************ﬂ}
begin
modau;
chay;
end.

- {II1.08}

260

PROGRAM DLGTHTHE;
uses crt,graph.-nlmayl,nlmay2;
var dx:integer; '
xx,yy,fib1,fib2 : real;
lucPj, mtt,jtt : matlr;
pli.mit,jb,ui,vi.wi.mtti,jtti : matli;
xi,yi : mat2i; o
lt,vs,fivé T mat2r; A
Okt : boolean; ' SR
{************i***t****i.f****t*i*'t*i.'**_.***} .
procedure ganitfi(nz . integer); o ST eEE
begin : '
for j;=0 to nz do
begin
fi[3,j]:=l‘i3;f'1[4,j]:=fi4; . :
for i:=1 to 4 doif j<>3 then 1t3,3):=101
. end; ' '
enfd;

{' : . ——L T




procedure vitrib(tylechua : real var ax,bx: real),
var  aa,bb,alfa :real;
fi1,lx : array(1..2] of real;
begin '
1x[11:=1{2]- 1[1]+tylechua*l{1];
Ix[2]:=1{2]+1{1]- -tylechua*1{1];:
for i:=1 to 2 do
begin
aa:=(sqr[1))+sqr{x{iD)- sqr(l[2])).~'(2*l[1]*1x[i]);
bb:=sqrt(1-sqr(aa)); '
alfa:=gocx(aa,bb);
fi1[1]:=fi3+pi-alfa;
end;
ax:=fil[1]);bx:=fill2); |
end;
=== }
procedure xeplaifi(nz : integer);
var  xfyf: matlr;
" Qkjl, ij2 : boolean,;
begin '
for j:=0 to nz+2 do xf[j}: —fl[l,]]
noibot(nz+2,xf,¥f); :
for j:=0 to nz+2 do fi{1,}}: =yflj];
i:=0;0kjl: -false 0kj2 "false, h
repeat _ .
if fi(1,j)=fibl then _
begin. - e
ib[11:=3; 0k31 -tme. CE
‘end;
W fil1,jl=fib2 t.hen :
. begin. . :
jbi2): —],01(}2 =true;
end;
'] -]-I-l .
until (Ole and Oki2);
end; _
{ = ==========_}
procedure tinhfilj; '
begin '
defi:=2*pi/no;
for j:=0 to no do fil1,)): —]*deﬁ+pu‘360
ganltfi(no);
vitrib(0.2,fi[1,no+1},fil1, no+21);
fib1:=fil1,no+1];fib2:=fi{1,no+2];
xeplaifi(no);
no:=no+2;
ganltfi(no);
‘end;
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= ¥
procedure vitrtqet; '
var aa,bb: real;
alfa : matlir;
begin
for j:=0 to no do
begin ‘
alfa[01:=fil1,j]-fi13,}];
alfa[2):=fil4,31-fi[3,i}; : R .
bb;=(1t[4,j]*sin(alfa[21)+1t[1,j]*sin(alfatol))ﬂt[2,j];
aa:=sqrt(1-bb*bb); '
alfa[1}:=gocx{aa,bb);
fi[2,j]:=a1fa[1]+fi[3,j]+pi'.
1t[3.j]:=-1t[1,j]*cos(alfa[O])-lt[2.j]*cos(fi[Z,j]-fi[3,j]);
end; : :
end;
i }
procedure toadodk; '
begin ’
vitrtqet;
for j:=0 to no do
begin '
XX:=XO0;YY:=Y0;
xi[0,j1:=x0;yi[0,j):=y0;
xil4,j}:=xoiyil4,j}:=yo;
‘for i:=1to 3 do '
begin :
xxe=xx-+tyle*1tli,jl*cos(fili,ih));
yy:=yy+(tyle*tylesc'*lt[i,j]*sin(ﬁ[i,j]));
-xi_[i,j]:=rou'nd(xx);yi[i,j]:=round(yy);
end; o
end;
end;
{
procedure tinhvtoc;
var v1i:real;
begin
for j:==0 to no do
begin
 vl:=omegal*l{1}; . _
omega[2.j]:=-v1*cos(fi3-fi[1.j])!(1[2]*005(ﬁ3-ﬁ[2,]‘]));'_
vs[3,j]:=v1*sin(fi[1,j]-fi[2,j])!cOs(fi3-—fi[2,j])';' -
end; . o
“end; . _ '
{ : - ==}
procedure vtoes2(1s2z,betaz : real);
“yar 1:integer; ' '
xxv,yyv : real;

St
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veX,Vvsy : matli;
‘ls : array[1..2] of real;
fis : array[1..2,0..n] of real;
begin '
for ;=0 to no do
begin
omegall,jl:=omegal;
fis[1,j):=fil1,];
fis(2,j1:=fi[2,}1+betalz;
1s[11:=1[1];1s12):=1s22z;

end;

for j:=0 to no do

begin
xxv:=0;yyv:=0;
for i:=1 to 2 do
begin

xxv:=xxv-(Is[i]*omegaly, ]]*sm(fls[l,J])),
yyv:=yyv+(ls[i]*omegali,jl*cos(fis[i,i]});
end;
vex[jl:=round(xxv);vsyljl:=round(yyv);
fivs[2.j):=goex(xXxv,yyv);
-vs[2,J] —round(sqrt(sqr(xxv)+sqr(yyv))),
end;
end; _ _ R
.' {======'==='=;—..===r-= =======} :
procedure tmhl'uc,
var cong: real
begin = . -
for j: Otonodo .
begin - - S SO
luepjljl: —-Iucp*sm(fi[I,JD*hbv(ﬁ[Lﬂ.ﬂ‘!l f:bz), -
cong:=(lucpj{il*ve[3,j1-mk[2]1*10* val2,} j‘*sm(ﬁvs{ ]]}), |
- mtt[jl:=cong/omegal; e
enc‘l_ :
end; : _ o
{m===: ======} -
procedure tinhjtt; : _ I el
var XX :real; o N
begin _ o S
ja[31:=0; mk[l] =0; ' N R
for ;=0 tonodo : ' s
begin
xx:=0;vs[1,j]:=0; omega[3,]] =0 SR
for i:=1 to 3 do xx: -xx+(Js[1]*sqr(omega[1 ih+ mk[ll*sqr(vs[l.ﬂ)),
jttlil:=xx/sqr{omegall,jl);
end;
end,

{ }

263



procedure vetqct(j,maukd,maugi'a.maukhﬁp : integer);
var  dai,rong,xc,yc,x3,y3 : integer; . '
femmmmmmm e }

procedure vectruot(xz,yz,mauct : integer);

var dai,rong : integer; :

xct,yet : array[0..4] of integer;

xrt,yrt : array(0..4] of real;

begin
setcolor(mauct);
dai:=round(1{2]*tyle/12);rong:=round(1{2]*tyle/18);
xct[O]:=xz—dai;xct[1]:'=xz+dai;xct[2]:=xct[1];
xet[31:=xet[0);xct{4]:=xect{0);ycti0):=yz-rong;
yet{2):=yz+rong;yct[3):=yct[2);yctl1]:=yet[0);
yet{4]:=yet[0];
for i:=0 to 3 do line(xct[il,yctlil, xct[1+1],yct.[1+1]), _
setfillstyle(1,0);
floodflll(xz vz, maukd),

end;

{rmmnmmnen ceemmmemmeenen]

procedure vegia; '

begin
setcolor(maugia);
x3:=xo-round(tyle*1[4]*cos(fi4));
y3:=yo-round(tylesc*tyle*1[4]*sin(fi4));
xe:=x3-round(tyle*(1{1]+[2])*cos(fi3));
ye:=y3-round(tylese*tyle*(1{11+1[2])*sin(fi3}));
line(xi[0,31,¥1[0,)1.x3,¥3);
line(x3,y3,xc,yc);

end;

begin -
vegia; :
vectruot(xi[2,J1,¥i[2,3], maukd), _
setcoler(maukd); :
for i:=0 to 1 do
if i=2 then line(xi[1,j}1- da1,y1[1,J] xifi+1,j], y1[1+1.J])
else line(xili,jl,yili,jl,xifi+1,j},yili+1,i]); ‘
if 1[4]<>0 then '
begin |
setcolor(maugia);
line(xil3,j),yi(3,j1,xi[4,},yi[4,1]);
end;
seteolor(maukhop);
for i:=0 to 2 do cirele(xili,jl,vili,}l, 4),
end;
{===== ===}
procedure mphgtqct(maukd, maugla maukhop : mteger),
begin
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for j:=0 to no do
begin
vetget(j,maukd,maugia, maukhop).
delay(100);
vetqct(,1.1,1);
end; . _
vetqet(0,maukd, maugia,maukhop);
end;

{m===a=== =

====}

procedure vecocau;
begin
mphgtqet(14,12,18),;
for k:=1 to 2 do for i:=0to 1 do
begin '
setcolor(10);
line(xili,jblk]1),yili,jbfk]),xi[i+1,jblk]}],yili+1,ib(k]});
setcolor(13);
circle(xili;jblk]],yili,jblk1l,5);
end;
end;

(m=s=s==s== )

procedure tructdo(xoz,yoz dx dy1,dy2,mauz: mteger),
begin :
setcolor{mauz); .
line(xoz,y0z,x02+dx,yoz);,
line(xoz,yoz-dyl, xoz,yoz+dy2). .
end;
{============== ——===r.=_.=} . . . . _
procedure dothw(xoz,yoz dx mau : mteger.tylev tyleom -real);
begin : : : :
for j:=0 to no do’

begin : - L ',_ -\_--,"_.

uifj): "xoz+round(f1[1,]]*dxf(2*p1)), L *;4‘] '.’-r- '

wiljl:=yoz- round(tyleom*omegam,]}), R,

vi{jl:=yoz-round(tylev* vs[3,j}),
seteolor(mau);
circie(uifj},wil}j},2); _ R :
setcolor(mau+9); : ' o RTINS 1
cirele{uiljl, vl{]] 2; : o

end;

for j:=0 to no-1 do

begin _
seteolor{mau+8);
line(uiljl,wiljl, wilj+1],wilj+11);
setcolor(mau+b);
line(uifjl,viljl,uilj+11,vifj+11);

‘end; ’

setcolor(l1);
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line(ui[no],yoz.u’:[ho],wi[no]};
outtextxy(xoz+dx+10,yoz-5.'fi1');
setcolor(13}); '
1ine(50,ymax-80.100,ymax—80);
setcolor(10);
line.(50,yr_nax-70,100.ymax-70); '
getcolor(11); ' '
outtextxy(110,ymax-85, omega2 %
outtextxy(110,ymax-75,' vantoc contruot');
getcolor(10);
settextstyle(1,0,1);
out.t.extxy(400,ymax—90,'Dothi vantoc");
settextstyle(0,0,1); '
end;
1 : I ' .
procedure dothiluc(xoz,yoz,dx,mau : integer;tylep,tylem:real);
var  j1,j2 : array[1..3] of integer;
begin :
for j:=0 to no do
begin
plifjl:=yoz- round(tylep*lucp][ﬂ),
mitljl:=yoz-round(tylem* mtt[}1);
ui[j]:=xoz+roun_d((fi[1.j]*dx)!(2*pi));
end; '
j1[11:=0;32[11:=jbl1]-2;
j1{2):=jb{2]+1;j2[2]:=no-1;
j1[81:=jbl1];j2(8):=jb[2]-1;
for k:=1to 3 do
begin :
for j: —jl[k] to j2[k] do
begin
setcolor(mau);
 line(uiljl;plij),uili+1],plilj+1));
setcolor(mau+2); :
line(uiljl,mit(jl,uilj+1], mlt[]+l]),
end, : '
end; _
. for ki=1to 2 do
begin
j:=jblk}+k-2;
seteolor(12);
line(ui[i]-pli[j+k-1].-ui[j+1_].pli[j+k—1]);
setcolor(14);
line(uilj], mit[j+k-1),uilj+1], mitlj+k-11};
.end;
for k:=1 to 2 do
begin '
setcolor(12);
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lme(m{Jb[k]].yo wiljb(k11,plifiblkiD:;
end; .
: setcolor(lZ), o
line(50,ymax-60,100 ymax ~-60};
setcolor(14);
line(50,ymax-50,100,ymax- 50),
seteolor(1l); -
' outtextxy(110,ymax-65,' luc');
outtextxy(110,ymax-55,' momenluc thaythe Y
setcolor(14); .
settextstyle(1,0,1); :
outtextxy(300,ymax-60,'Dothl luc va momenluc thaythe');
settextstyle(0,0,1);
end;
( ) -
procedure dothl]tt(xozl yozl dxzl,mau : mteger tylezl real);
begin
for j:=0 to no do
begin
jttiljl:=yozl-round(tylez1*jtt{j]); '
uifjl: -—xozl+round(f1[1,]]*dlef(2*p1)), _
end;
setcolor(mau);
for j:=0 to no-1 do hne(ul[,]],]ttl[]] u1[3+1],1tt1[3+1]),
end;

{=============::=—=======} ’

procedure cacttoan;
begin
tinhfilj;

toado4k; : T P T S _k;‘_i'_‘_-:?--":__ui.:--._ g s

tinhvtoe; T N
vioes2(182,0); ‘ o
tinhlue;
tinhitt;
end;
‘ =} . R
procedure cacdothi; S man
begin '
dohoa;
x0:=20;yo:=round(0.45*ymax};dx: -320
tructdo(xo,yo,dx,140,140,11); . :
dothiv(xo,yo,dx,5,100,5); o A
dothilue(xo,yo,dx,12,0.2,7); '
nhacgrap(xmax-280,ymax-15,12,'(An fim batky de tlept.uc)'),
ch:=readkey;
cleardevice;
x0:=20;y0:=round(0.6*ymax);dx:=240;
tructdo(xo,yo0,dx,190,0,11);
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dothilue(xo,ye,dx,12,0.2,7};
x0:=300;
tructdo{xo,yo0,dx%,190,0,11};
dothijtt(xo,y0,dx,13,600);
setfillstyle(1,0);
bar(300,y0+10,645,ymax);
getcolor(158);
settextstyle(1,0,1); -
outtextxy(25,0,'Luc va Momenluc thaythe",;
outtextxy(310,0,'Momen quantinh thaythe');
settextstyle(0,0,1);

end;

|{======se== ==}

procedure bangjm(nz : integer);
var . k.sk,‘le,buoc,ib,sodong,dongo,sod : integer;
|- crmmmmera - - -
functlon bkt(nz. 1nteger) ten;
var i:integer;
bkx : ten;
begin
bkx:="" _
for i:= 1 to nz do bkx: -bkx-l-' ‘
bkt:=bkx;
end;

begin
closegraph;
textmode(3);
textcolor(14);
caun:='Doc cac giatri momen quantinh va momenluc thay the !';
writeln(" ‘,cau);
i'epeat
textcolor(13);
writeln('Sodong can doc : ');
. write('sodong =");’
readln(sodong);
writeln('Cho dong batdau doc 2 ;
' wrlte('dongo =" -
readln(dongo);
clrscr;
textcolor(10);
cau;='Cac giatri Jtt va Mtt can doc ;
writeln(’ - '.eau);
writeln; '
texteolor(15);
le:=T;
write(bkt(le));
sk:=T;
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textcolor(11);
for i:=1 to 2 do
write('fil' Jbkt(sk),’ Jtt' bkt(sk). mtt’ bkt.(sk))
writeln;
writeln;
le:=le-2;
sk:=s8k-3;
j==dongo;ib: -round((sodong)!2),
sod:=round{{nz- dongo))
if ((sodong+dongo)>sod) then ib:=round(sod/2);
textcolor(15); :
repeat
write(bkt(le));
for k:==0to 1 do
begin
write((fi[1,j+ib*k]*180/p1):6:2 bkt.(sk))
write(jtt[j+ib*k]:6:2,bkt(sk), mtt[j+ib*k]:6:2);
write(bkt{sk)});
_end;
writeln;
=+l
untll J>-1b+dongo,
‘writeln; _
textcolor(12), :
writeln(*Co doc nep nua hay th01 (NI‘T) ? )
repeat
ch: =readkey, ' S
umntil (upcase(ch)=‘N') or. (upeaqo{ "h)
if (upcase(ch)="N" then clrlcr'
until (upcase(ch)='T‘), A
dohoa.
end; L
{:::::::::z:é:::‘{:#:#}
procedure ghijvam; - - "
begin - '
dohoa;
assign(fildl,’a ]vamx ),
rewrite(fildl); _
writeln(fildl,omegal);
writeln(fildl,no);
cau:='"Dang nhapketqua vao dia . Hay cho !
settextstyle(2,0,5); '
for 3:=0 to no do
begin
setcolor(15);
cuttextxy(180,ymax- -180 cau),
 writeln(fildl,fil1,j1);
writeln(fildl,jtt[i});

.a_;

ST

3 1.}] T TS U T s o,

269



setcolor(12);
outtextxy(l80,ymax-180,cau);
writeln(fildl, mtt[i]);
end;
close(fildl);
getcolor(0);
outtextxy(l80,ymax—180,cau);
end,
{.. - = —=}
procedure display;
begin
repeat
cau:='(An fim K de ketthuc chuongtrinh, O de tieptuc)’;
nhacgrap(xmax-400,ymax~20,10,cau);
ch:=readkey; : :
until upcase(ch) in [K','0";
if upcase(ch)='K' then Okt:=true;
end;

procedure chonmenu(var Okt :boolean);
begin
closegraph;
textmode(3);
vietfile('a:menu.dlt');
repeat '
ch:=readkey;
until upcase(ch) in ['M','D',‘V',‘G','K‘];
case upcase(ch) of
‘M':begin .
dohoa; ' ’
vecocau;
end; _
'D-bangim{no);
_ "V:begin
cacdothi;
"end;
'‘G':ghijvam;
end;
display;
end;
{:================‘======}
proce'dure modau;
begin
clrser;
textcolor(15);
path:="' "}
dohoa;
cleardevice;
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ymax:=getmaxy, .
docfile(’a:dlgththe.cht');
closegraph;
end;
{i‘ kARt hkdihirdy drkkkkd et e ded g ok ek ke *}
begin
modau;
dledthuc;
dohoa;
tylescr(tylesc);

Xxmax:=getmaxx;ymax: =getmaxy;xo; —200,yo -round(ymaxﬂ), '

Okt:=false;

cacttoan,

repeat

chonmenu(0Okt);

until Okt;

closegraph;

textmode(3);
end.

{111, 09}

PROGRAM CHDGTHUC;

uses - crt,graph,nlmayl, nlmay2;

var dx,dy: mteger, _ :
omtb,om1lmax,omlmin, deltap,deltathuc,;da real
oml,jtt,mtt, adong,acan,deltae matlr, R

ui,vi,jtti,deltaei : math, RIS TOA

xi,yi: mat2i; - :

fi: mat2r; _ : _ :

Okt : boolean; L s ey
{**************t***i***tttt*ﬂ**tb*tttt} TN I \ Lo

begin
assign(fildl,'a:jvam’);

" reset(fildl); . N A T R L

readln(fildl,omegal);
readln(fildl,no);
for j:=0 to no do

begin C ot SR e

gotoxy(77,23); . R
textcolor(12); -

write(j);

readIn(fildl,fi[1,j1);

readin(fild},jtt{3));

gotoxy(77,23);

textcolor(15); _ .

write(i); LT e

readin(fildl, mttfj)); S ;
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end;
close(fildl);
gotoxy(77,23); -
textcolor(0);
write(j);

end;

{ == = = ===

procedure tinhcong(ﬂz : integer);
var j:integer;
mtb,deltafi,tong kt : real; .

begin
j:=0;tong:=0;acan[0]: -—0
repeat
mtb:={mtt[j]+mtt[j+1])/2;
deltafi:=fi[1,j+1]-fi[1,j];
tong:=tong+mtb*deltafi;
acan[j+1]:=tong;
=ity
until j=nz;
kt:=acan{nz}/(2*pi);
for j:=0 to ne do
begin
adong[jl:=kt*fi[1,j];
deltaefjl:=adong[j]l~acan(j];
end;
end;

{‘ = == == ===

procedure tructdo(xoz,yoz,dx,dyl, dy2 maug ; mt.eger)
begin
setcolor(mausz);
line(xoz,yoz,x0z+dX,yo0z);
. line{xoz,yoz—dy1, xoz,yoz+dy2),
end,
{ == ZommEmIsTERDS
procedure dothijtt(xoz1,yozl,dxz1, mau : mteger, ty!ezl
begin
for j:=0 to no do
begin
jttifi]:=xozl+round(tylez1*jtt{il);
uifi): -yozl+round(ﬁ[1,]]*dxz1!(2*1:1)),
end;
setcolor{mau);
for j:=0 to no-1 do
" line(ttifj),uilj],jttili+1], u1b+1]),
end;

{ —_— e - e o

——= =t——r—

procedure dothie(xoz,yoz,dxz : integer; tylez : real),
var adongi,acani : matli;

reﬁ.l).;



begin
for j:=0 to no do -
begin
adongi[j]:=yo-round(tylez*adong(i]);
acani[j):=yo-round(tylez*acanfj]);
deltaei[j): "yo-round(tylez*deltae{)])
uifjl:=xo+round(fil1,j]*dx2/(2*p1));
end;
for j:=0 to no do
begin
setcolor(10);
circle(ui[j),adongi(il, 1);
setcolor(13);
eircle(ui(j],acanifj],1);
end; '
setcolor(14);
for j:=0 to no-1 do
line(uifj], deltaex[_]] u1[3+1] deltae1[J+1]),
end;
'{n == == e = }
procedure dothlej(xoz,yoz dxz : mteger tylezl,tylez2 :real);
- begin
for j:=0 to no do
begin
jttifi): —-xoz-l-round(tylezI*Jtt[j]), _ : _ .
deltaeilj}: —yoz—round(tylsz2"de1taeL]]), b e b
end; PR S
setcolor(10);
for j:=0 to no-1 do
line(jttifj],deltaei[j},jttilj+1], deltaelb-!-l]),.
end;

== = == ======~==}_,

procedure vitenbao;

begin :
x0:=10;y0:=round(0.7*ymax);dx: —250
tructdo(xo,yo,dx,130,10,11);
dothie{xo,yo,dx,3.5);
setcolor(15);
outtextxy(xo-5,y0-140,'DE');
outtextxy(xo+255,y0-5, Fi');
x0:=400;y0:=10;dx:=140;
tructdo(xo,y0,dx,0,150,11);
dothijtt{xo,yo,dx,12,400);
setcolor(15);
outtextxy(xo+146,y0-5,'J");
outtextxy(xo,yo+1565,'Fi");
x0:=400;yo:=round(0.7*ymax);dx:=150;
tructdo(xo,y0,dx,100,60,11);
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'dothiej{xo,y0,dx,400,3.5);
getecolor(15);
outtextxy(xo-5,yo- 110 'DE');

© outtextxy(xo+165,y0-5,"d";
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settextstyle(1,0,4);

setcolor(15);
outtextxy(30,0,'Dothi Vittenbao";
settextstyle(0,0,1);

end; .

{ =====}

procedure omthuc;

var J,k.kvksup : integer;

xX,yy,e0,buoc,dau,dauo,deltao,deltaom : real;
Okd : boolean;
begin
closegraph;
textmode(3); -
_texteolor(15);
deltao:=0.005%omegal;0kd: =false;
om1([0):=omegal; k:=1;buoc:=0.5;kv:=1;e0: -0

repeat . e

gotoxy(77,23); .

textcolor(12);

write(kv);

j:=0;)da:=0.1;

repeat
eo;=(jda+jtt{0})*sqr(om1[0});

- xx:=eot+2*deltaelj];

xx:=xx/(jda+jtt{jl);
omlfjl:=sqrt(xx);
.

untll j>no;

_ cuedai(0,no,oml,omlmax ksup),
cuctieu(Q,no,oml,omlmin, ksup};
omtb:=(om1max+om1min)12; '
deltaom:=omtb-omegal;
if deltaom<0 then dau:=-1 else dau:=1;
if k=1 then dauo:=dau else
begin

- if dau*dauo<0 then buoc =buoc*0.5;
end; .
if abs(deltaom)<—-deltao then Okd =true elge
om1[0}:=om1[0]-buoc*dau;
k:=2:dauo:=dauy;
kv:=kv+1;
gotoxy(77,23);
texteolor(0);
write{(kv);



until Okd;
omtb:=(om1lmax+omlmin)/2;
deltathue: *‘(omlmax-omlmm)lomtb
nhactext(60,23,12,'An Enter de tieptue ;
repeat '
maphim; -
until codekb=13;
end;
{
procedure ghikq;
begin
textcolor{14); . L4
caw:= 'Chedo binh on truoc khi lap banhda’;
writeln(' ~ ‘eau);
writeln;
textcolor{l1);
write(’ max omega =",
writeln{omlmax:6:2);
write(' min omega =",
writeln(om1min:6:2);
textcolor(11);
write( - omega trungbinh =17,
writeln(omtb:6:2); '
textcolor{11); .
write(" hesokhongdeu ='). e
wnteln(deltathuc 6 2) SR
end

i

procedure bangomg{nz i tetat‘)..
var  jksklebuoe, ib. sodoni;ﬁougu,
s _ =)

var mteger,
hkx : ten;
begin o
bkx:="" "
for i: -1 to nz do bx:=bks+' ; TR
bkt:=bkx; . e
end; . - :
begin ' '
closegraph;
textmode(3);
texteolor(14):

cau:='Doc cac giatri momen guantinh va momenluc thaythe v

writeln{cau);
repeat
texteolor(15);

B A
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writeln('Sodong can doc :');
write('sodong =");
readln(sodong); _
writeln{'Cho dong batdau doc : ');
write('dongo =');
readln(dongo);
clracr;
textcolor(10);
cau:='Cac giatri Jtt va Mtt can doc';
writeln(’ ‘,eau);
writeln: ' .
textcolor{l15);
le:=T;
write{bkt(le));
ski=T;
texteolor(11);
for 1:=1 to 8 do
write('fil’,bkt(sk),'om1’, bkt(sk));
writeln; '
writeln;
le:=le-2;
sk:=sk-3; }
j:=dongo;ib:=round((sodong)/3);
sod:=round((nz—donge)};
if ((sodong+dongo)>sod) then ib:=round(sod/3);
textcolor(15); '
repeat
write(bkt(le));
for k:=0to 2 do
begin
write((fi[1,j+ib*k]*180/pi):6:2,bkt(sk));
write(om1[j+ib*k]:6:2);
. write(bkt(sk});
end;
writeln;
ji=jrl;
until j>=ib+dongo;
writeln;
ghikq; , .
cau:='Co doc tiep nua hay thoi (N/T} 2", ~ "~
textcolor(12);
writeln(' _ cau);
repeat
ch:=readkey;
until upease(ch) in ['N',"T"];
if (upcase(ch)="N'} then clrser;
until {upcase{ch)="T");
dohoa;
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end;

{ == =S ETET =====

procedure lamdeu;

var  k1,k2,dau : integer;
ytmax,ytmin : real;
y1,y2,08upr : matlr;

procedure osup;
var i: integer;

begin
for 1:=1 to 2 do
begin
dau:=3-i*2;

osupr[i]:=omegal*(1+(dau*deltap/2)),
© end;
end;

begin
¢lrscr;
writeln('Hay cho he g0 khong deu cho phep :);
write('deltap =7); ,
readln(deltap);
osup;
for j:=0 to no do
begin . .
y10}: ~—de1tae[J]—Jtt[)]*sqr(osupr[l})lz __
y20l: "deltaeb]-}ttb}*sqr(oduprﬂ])m :
end; :
cucdai(0, no,yl.ytmax,kl), ST
cuctieu(0,no,y2,ytmin,k2);. o "ii P

jda: -(ytmax—ytmm)l(deltap*aqr(omegal)), R -
clrser; , t
textcolor(14};

writeln(’ Ketqua tinh banhda'); -

writeln; S o
textcolor(11); _
write(' Momen quantinh cua banhda :');
writeln('jda = ',jda:6:3);

write(' Heso khongdeu chophep I
writeln('deltap = ',deltap:6:3); :
nhactext(40,23,13, 'An Enter de tieptuc’);
repeat
maphim;

until codekb"'13
dohoa;

end;

{ == =}

procedure chonmenu(var Okt :boolean};
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procedure display;
begin
repeat .
cau:="(An fim K de ketthuc chuongtrinh, O de tieptuc)’;
nhacgrap(xmax-400,ymax-20,10,cau);
ch:=readkey;
until upcase(ch) in ['K','O'];
if upcase{ch)='K' then Okt:=true;
‘end; '
=== --- - -~-=}
begin
closegraph;
textmode(3);
vietfile(Ca:menu.cdt");
fepeat
ch:=readkey;
until upcase(ch) in ['D",'V','J''K'];
case upcase(ch) of
‘D" begin
‘dohoa;
vitenbao;
end; :
'V'bangomg(no);
M lamdeu;
end;
display;
end;

{—————-

s=sem===ax)

procedure modau;
begin
clrser;
textecolor(15);
path:="";
dohoa;
cleardevice;
docfile('a:chdgthuc.cht'); .
- clogegraph;
textmode(3);
end; . . .
{*************************ﬁ*****?****f*} . ) o
begin L
modan;
docdlien;
tinhcong(no);
dochoa; :
xmax:=getmaxx;ymax:=getmaxy;
- Okt:=false; - '
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omthuc;
' -repeat
' chonmenu(Okt),
- until Okt; '
closegraph;
textmode(3);
end. :

{11110}
PROGRAM CAMLAN;
. uses graph,crt,nlmayl,nlmay2;
type ham = function(iz: integer;xz : real) real
matq = array[0..500] of integer;
var  q,lcan,ns,xtam,ytam,rlan : integer;
tylef,tylec,kf,fio,fi,hanhtrinh, alfamax ,tyles,tylev,tylea : real;
‘quyluat : char;
can : ten;
bkinh : matli; _
xcamt,ycamt,xcam,ycam:matq;
fa : matir;
xci,yel,xbi,ybi : mat2i;
© ¥8),¥vi,yaj,xb,yb fij : mat2r;
hama,hamv,hams : ham; -
Okdung.Okh.Okv Okp boolean,
filtam : text;. S -
{***t*******ﬂti****ﬁﬁtniwtﬂtt*toi ‘tt**}
procedure contmi(mt i
var size: mteger. :
begin Do
setcolor(mauz), _
cirele(rz,rz,rz);
setcolor(14); -
circle(rz,rz,4);
size: ﬂmageslze({) 0 a* rz,z*rz) i
getmem(pterl, size),
getimage(0,0,2*rz 2"'rz,pter1 ), Rt
putlmage(o O,ptarl",xorput), B
end; '

R T Em—— o T A JE T B VP el ee i
{_________........_::_____..........._..._—} i o P LT

procedure tructdo(xoz,yoz dx,dyl, dy2 mauz : mteg‘eﬂ, T PR
begin _ ' . Ll
setcolor(mauz}; .

line(xoz,yoz, x0z+dx,yoz);
lme(xoz,fmz dyl, xoz.yoz+dy2)
end; .

function dau(iz : integer )':integer;
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begin .
if iz=1 then dau:=1;
if iz=3 then dau:;=-1;
end;
t = _ }
function heso(iz : integer ):integer;
begin '
if iz=1 then heso:=0;
if 1z=3 then heso:=1;
end; :
{ }
procedure sapdiem(nz : integer;av : mat2i;
var ¢z :integer; var ar :matq);
var 1,j.p,8: integer;
begin
k:=0;p:=0;
repeat
k:=k+1;
for j:=0 to nz-1 do
begin _
q:=p+);
ar(gqli=avlk,jl;
end;
p:=q+l,
until k=4;
ar{pl:=av([4,nol;
qz:=p;
end;
( 1
1$F+|
function acesin(iz : integer; fiz : real) : real;
begin
kf:=2*piffaliz]; '
acesin: —dau(lz)*2*p1*hanhtr1nh*sm(kf*flz)!sqr(fa[lz]),
end;

{—'———--————'-—-— ]

function acecos(iz : integer; fiz : real) : real
begin

kf: -pl!fa[lz]

acecos: —dau(lz)*kf*kf*hanhtnnh*cos(kf*flz)!2
end; S
= = H i
function acehang(iz : integer; fiz : real) : real
var  daulhesol : integer;
begin

if fiz<=faliz}/2 then

begin _

daul:=1l;hesol:=0;
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end else

begin
daul:=-1:;hesol:=1;
end;
acehang: --4*hanht.r1nh*dau(m)*dau lfsqr(fahz]),
end;

= ===m== ]

function acettinh(iz : integer; fiz : real) : real;

var X : real;

begin '

x:=faliz)*sqr(faliz]); :
acettinh: -—dau(lz)*G*hanhtrmh*(fa[lz] -2%fiz)/x;

end;

i - |
function vsin{iz : integer; fiz ; real) : real;
begin

kf:=2*pilfalizl;
vein:=dau{iz)*hanhtrinh*{1i-cos(kf*fiz))/faliz];
end; '
1

1 = ;

i
function vcos(iz : integer; fiz ; real) : real;

begin
kf: ——pl!fa[lz] Y
vCoSs: =dau(lz)*hanhtrnnh*kf"’sm(kf*fm)l2
end;

=======-==—-} Lt
function vhang(iz : integeér; fiz.: real) ;ra,ql‘ RIS
var  daulhesol : integer;. . )
begin . B
if fiz<=faliz}/2 then BRI
begin T s
daul:=1;hesol: -0
end else
begin
daul:=-1;hesol:=1;
end; " Ce e
vhang: —4*hanhtrmh*((flz*daullsqr(fa[lz])-l- LU ey
(hesol/faliz]))*dau(iz)); ' o
end;
i = = !
function vttinh(iz : integer; fiz : real) : real
var X : real;

begin
x:=sqr(faliz]}*faliz]; :
vitinh: -dau(lz)*G*hanhtrmh*(fa[lz]*f1z~ﬁz*ﬁz)lx
end;
{ TRmSmE=T =t

function ssin(iz : integer; fiz : real) : real;

281



begin

. kf:=2*piffaliz];

- gsin:=hanhtrinh*(heso(iz)+

dau(iz)*(kf*fiz-sin(kf*{iz))/(2*pi)); -

{ =E=mremmm—we P 2 \

]
function scos(iz : integer; fiz : real) : real
begin | :
kf:=pi/ffalizl];
scos:=hanhtrinh*(heso(iz)+dau(iz)*(1- cos(kf*flz))f2),
end;

{= Ss====zzam }

function shang(iz : integer; fiz: real) : real;
var daul,hesol : integer;
begin
if fiz<=fa{iz]/2 then
begin
daul:=1;hesol:=0; ST
end else
begin
daul:=-1; hesol =1;
end;
shang:=hanhtrinh*{((2*fiz*fiz*daul/sqr({fafiz])
+((4*fiz/faliz])-1)*hesol)*dau(iz)+heso(iz)));
end;

e e -

t
function sttinh(iz ; integer; fiz : real) : real;
var X : real;
begin
x:=sqr{fafiz])*faliz); -

sttinh: *hanhtrmh*((dau(xz)*i1z*fiz*(3*t‘a[1z] 2*fiz)ix +heso(1z))).
end; :
{F-} |

procedure dlcam; :

‘var  phuongan : integer;

textpa : string{10]; - R : o c
fildl : text; - : L
{ - )

procedure gledcan; b

~ begin
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case quyluat of
‘8":begin
writeln(' sin");
hama:=acesin;
hamv:=vsin;
hams:=ssin;
end;



'Cbegin
writeln(' cos');
hama:=acecos;
hamv:=veos;
hams:=scos;
end,
'H"begin -

- writeln(" hang');
hama:=acehang;
hamv:=vhang;
hams:=shang;

~ end;
"T":begin
writeln(' tuyentinh');
hama:=acettinh;
hamv:=vttinh;
hams:=sttinh; -
end;
end;
end;
{ ettt bttt ittt 1
procedure ﬁm, :
begin
fori:=1to3do
begin ' o
write(fal’,i,1 =%
readln(fa[ll), '
end;
fa[4]:=360- (fa[1]+fa[2]+fa[3]).
for i:=1 to 4 do falil: “'fa[ll*pilIBO
wnte(‘hanhtrmh o=
" readin(hanhtrinh); :
. writeln('Quyluat bienthien cua glat.oc
write('( sin (8) hay cos (C) hay ¥

writeln(' hang (H) hay ttinh Mmny '

. write('quyluat giatoc : ');
repeat
ch:=readkey,
until upcase(ch) i in [‘S‘ ‘C'H 'T'].
“gquyluat:=upcase{ch);
qlcdcan;
writeln('Loai can
write('loaican )
repeat
ch:=readkey;
until upcase(ch) in LD
can:=upcase(ch);
. if can="L' then writeln('lac");

: lae (L) hay day .(D) )

| '?'g.-'- L PP
IS TaS TS ok YL SR R A
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if can="D' then writeln('day";
write('alfamax. ="
readin(alfamax);
alfamax:=alfamax*pi/180;
write('rlan ="');
readln{rlan);
assign(fildl. tenfile);
rewrite(fild]);
for i:=1 to 4 do writeln(fildl,fali});
writeln{fildl,quyluat);
writeln(fildl,can);
writeln(fildl,alfamax);
writeln{fildl,rlan);
if can='L’ then
begin :
hanhtrinh:=hanhtrinh*pi/180;
write('lcan ='%
readin(lcan):
writeln(fildl,lcan);
end; .
writeln(fildl,hanhtrinh};
close(fild]);
nhactext(40,23,12,' An motfim de tieptuc ");
end; .
{-------- R ittt i
procedure dia;
begin
agsign{fild],tenfile);
reset(fildDy;
for i:=1 to 4 do readln(fildl.fa[i));
readin(fildl,quyluat);
readln(fildl,can);
readln(fildl,alfaniax);
readIn(fildl,rlan):
if can='L! then readin(fildl,lcan);
readln(fild],hanhtrinh);
close(fildl); '
for i:=1 to 4 do ; :
writeln('fal'.1,'] ="' (fali]*180/pi):8:2);
writeln{'hanhtrinh ='hanhtrinh:8:2};
write('quyluat ="'} '

¢gledean; T P
writeln('alfamax ='(alfamax*180/pi):8:2);
writeln('rlan =‘rlan:5);
if can='L' then
begin

writeln('loaican = lac"):

writeln(lcan ~ ='lcan:5);



end else writeln(loaican = - day";
nhactext{40,23,12,' An motfim de tieptuc )

|oeemmmmmmm oo wmmmmermm——— 4
begin '

closegraph;
textmode(3);
dong:=wherey;
if Okv then
begin
texteolor(ll);
writeln(' Ce 4 vidu . Muon xem v1du nao (1,2,3 4) ™M
write(' Vidu so : ');
readin{phuongan);
str(phﬁongan,textpa);
tenfile:="a:viducam'+textpa;
clrser; .
textcolor{13);
writeln(" Thiet ke cam can day lan');
writeln;
textcolor(1il);
dia; ' -
El'ld;
if Okp then
begin
textcolor(13); o
writeln{' Thlet ke cam can day 1an').
tenfile:='a; dlleucam 3 e S
repeat ' #
cau:="Cho soheu tu banﬁm: hhy tll du(F
nhactext(40,23,12,cau);
ch:=readkey;
until upcase(ch) in ['F",'D'l;
gotoxy(1,2); '
textcolor(11);
writeln;
case upcase(ch) of
'F:fim;
D':dia;
end;
clrser;
end;
end; . . . e O L LA
procedure triham(hamz : ham; iz: integer ; fiz s real’; var yz': feak )y
begin
yz:=hamz(iz,fiz);
end;




{=============m==========}

" procedure avscan;
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begin
for i:=0 to 1 do
begin
k:=1+2"%i;
defi:=falk)/no;
for j:=0 to no do
begin ’
fijlk,jl:=)*defi; .
triham(hams,k,fij(k.jl,ysj(k.j1);
triham(hamv,k,fijlk,il,yvilk.jl);
triham(hama,k fij{k,il,yailk,j}};
end; :

end;
end;
{========================
procedure tyledthi;

var = .ysq,yvq,yaq:@ matle;
maxs,maxv,maxa :real;
kmax,nw : integer;
{=- - : --==}
procedure dothiavs;
var  noo,q :integer;
begin
k:=1;no0:=0;
repeat .
for j:=0 to no do
begin
q:=noo+j;
ysqlaql:=ysilk,jl;
yvalql:=yvilk.j)
yaqlql:=yajlk,jl;
end;
k:=k+2;no00:=no; -
until k>3; '
nwi=q;
end; - R
{ -or e o) N
begin o ’
dothiavs;
cucdai(0,nw,ysq,maxs, kmax};
. cucdai(0,nw,yvq,maxv,.kmax); -
cucdai(0,nw,yaq,maxa kmax);
tyles:=80/maxs;tylev:=60/maxv;tylea:=50/
end; :

R ———
s=zz====ss==zzcss=sesm==s)

procedure dothiavs;

maxa;



"var  tylex : real;
X08,Y08,X0V,yov,xo0a,yo0a,dx,ddx,
i{max . integer; '
{omme - o} .
procedure dothi(kz,xoz,yoz : integer; tylex, tyley - real;
fiz,yz : mat2r);
var j:integer;
XX,yy : mat2i;
‘begin
for j:=0 to no do
begin
xx{kz,jl: —xoz+round(ty1ex*fxz[kz,J]*180!p1)
yylkz,jl:=yoz-round(tyley*yztkz,jl):
end;
if notfOkh) then
for 3:=0 to no-1 do
line(xx[kz,j],yylkz.j),xxlkz,i+1], yy[kz,]+1])
else begin
for j:=0 to round(no/2)-1 do
line(xx[kz,jl,yyikz,j},xxlkz,j+1),yylkz,j+1]);
j:=round(no/2); '
yylkz,j}:=yylkz,j+1};
for j:=round(no/2) to no-1 do
line(xx[kz,jl.yylkz,j) xx{kz,j+1], Yy[kz.]-l-i]),
lme(xx[kz.round(no!2)],yy[kz round(no/2)-1],
xx[kz,round{nol%),].yy[kz,no]). L

end
end;
N
begin e
tyledthi; ~ - %"
Okh:=false; o
if ean="L' then tylex =180."
- tylefi=1; E
x08:=10;y08: -ymnx-ﬁﬁ TR
- xov:=10;yov:=round(0. 5*ymax).' '
xoa:=10;yoa:=round(0. 2%*ymax); . "
dx: -round((2*p1-fa[4])"’180*tyleﬂp1).
ddx: -round((fa[1]+fa[2])*180*tyleflpz) .
tructdo(xos,yos,dx, 100,0,11);
outtextxy(xos+dx+5,y08-5, ‘Fi');
tructdo{xov,yov,dx,70,60,11);

outtextxy(xos+dx+5,yov-5,'Fi'); I ﬂ o

tructdo(xoa,yoa,dx,70,60,11);
outtextxy(xos+dx+5 yoa- -b, Fl'),

repeat
xo0s:=x05+i*ddx;X0V:=X08;X0a.7X08;
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k:=2%i+1;

setcalor(14);
dothi(k,xos,vos,tylef,tyles, fij,ysj):
line{330,ymax-178,420,ymax-178};
setcolor{12); ' '
dothi{k,xov,yov,tylef,tylev fij,yvi);
line(330,ymax~193,420,ymax-193);
setcolor(13);

if quyluat="H' then Okh:=true else Okh:=false;
‘dothitk,xoa,yoa,tylef,tylea,fij,yaj):
line(330,ymax-208,420,ymax-208);

setcolor(11); .
outtextxy(430,ymax-195,": vantoe cua can ')
outtextxy(430,ymax-210,"': giatoc cua can ');

" outtextxy(430,ymax-180,": chuyenvi cua can');
Okh:=false;
Li=i+1,
until i=2;
setcolor(12); o
rectangle(330,ymax-150,585 ymax-50) '
setcolor(10);
settextstyle(1,0,1);
outtextxy(380,ymax-140,"Tyle cac dothi :');
settextstyle(2,0,5); ' '
str(tyles:5:3,texti);
outtextxy(340,ymax-70,'dothi chuyenvi = : ‘Ftextj);
str(tylev:5:3,textj); '
outtextxy(340,ymax-90,"dothi vantoc. : 'Hextj);
str{tylea:5:3,text));
outtextxy(340,ymax-110,'dothi giatoc : +textj);
settextstyle(1,0,2);
setcolor(15);
outtextxy(300,ymax-340,'Dothi chuyen\n dothi vantoc %
outtextxy(300,ymax-320," va dothi giatoc cua can');
. settextstyle(0,0,1); e
ch: -readkey, o
end BT R e TP
! === z===zmwEs) o ot
procedure diemb;
var  k:integer;
fomoomoaneom e ammmmee)
procedure diembk(k : mt.eger)‘
var J : integer;
begin
for j:=0 to no do
begin
if can="L' then
begin




xb{k,j):=lcan*cos(pi+ysjlk,jl-hanhtrinh/2);
ybik,jl:=lean*sin(pi+ysj{k,jl-hanhtrinh/2);
. end;
if can='D) then
begin
xb(k,j]):=0;
ybik,jl:=-ysjlk,j]; -
end;
end;
end; o ' :
{ - : - - |
begin - : .
k:=1;
repeat
diembk(k);
ki=k+2;
until k>3;
end; '
{= =F== =z==z}
procedure tinhbdau;
begin
avscan;
diemb;' '
end;
{==a===-====-====—=======}
procedure dgch
begin -
k:=1;
repeat
for j:=0 to no do
begln T S L
" xbilk,j]: —xo+round(tylec*xb[k,ﬂ), FON
_ybi[k,jl:=yo+round( tylec*yb[k,]]). LR
setcolor(?). o __ R
lme(xo yo, xbl[k,]],ybl[k,ﬂ), '
- geteolor(10); : '
circle(xbi(k, ]1 ybilk.j], 1),_ _
end;
k: =k+2;
until k>3; -

{==================§=====} _ _
procedure tamcam; Ty
var  q,qq kmin,wmin : integer;

jim,vv,ww : matli;

xei,yei,wr,vr : mat2i;

Xe,ye :matlr;

{ e . S
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procedure dleme(k integer);
begin

for j:=0 to no do
begin
if can="L’ then
begin '
xelk,jl:=lean*(1-yvjlk,j]}*cos(pi+ysjlk,j] hanhti'inh!2), :

velk,jl:=lcan*{1- yVJ[k J])*sm(pl+y33[k il -hanhtr1nhl2),
end; '

if can='D"' then
begin
xelk,jl:=yvilk,il;
yelk,)l:=-ysjik,j);
end;
end;

end;

procedure dgcgE
bhegin

k:=1;
repeat
dieme(k);
for j:=0 to no do
begin
“xbilk,}): —xo+round(tylec xb[k,j1);
ybi{k,j}l:=yo+round(tylesc*tylec*vbik,j]);
xeilk,jl:=xo+round(tylec*xelk,jl);
yeilk,jl: -yo+round(tylesc*tylec yelk,jl);
end;
for j:=0 to no do
begin
setcolor(7);
line(xo,y0,xbi(k,j], yb1[k.]]).
setcolor(10);
clrcle(xb1[k,3],ybi[k,j],2);
setcolor{12);
c1rcle(xe1[k,]],yel[k il,2);
end;
if can="T} then
begin
setcolor(7);
for j:=0 to no-1 do
line(xeilk,jl,yeilk,j),(xeilk,j+11),veilk,j+1]);
end; '
k:=k+2;
until k>3;
setcolor(11);
for j:=0 to no do



line(xeil1,)],yeil1,j],xeil3, no-jl,yeil3,no-jl);
end; ' .
t- | e
procedure dgdcltal;
var lamda,x,dx,w : real;
- u: matlr;
procedure vedeltal;
begin ’
k:=1;
repeat
x:=20;dx:=6;q:=0;
repeat
x:=x+dx;qr=q+l;
striq,text));
seteolor(15);
outtextxy(10,10,textj);
for j:=0 to no do
begin
‘lamda: -dau(k)*alfamax+y53[k jl+(pi-hanhtrinh)/2;
uljl: "yel[k,]]-i-(x-xel[k,J])*sm(lamda)lcos(lamda),
end;
cucdal(O.no-,u.w,Jm[q]),
wrlk,q):=round(w);
vrlk,ql:=round(x);

setcolor(7);
line(vr(k,ql, wr[k.qlmei[k.mtqﬂ.yel[k.}m[q]]),
setcolor(?), .‘ o TR
circle(vrik,ql,wrlk,ql, 2), L e
delay(20); e o PRI

setcolor(0); o B BRI AR SR Tl et e
outtextxy(10,10 textiy; B R R
until x>=630; ST TR R P R

L ag=as ' B S

ki=k+2; " R e :_‘I. i . N\

until k>3; ' | o

end; C S R X .

(- L — _

‘procedure tamelac;
var q: integer;
" begin’
for q:= ltc'-qqdo '
begin
if wrll, q]>wr[3,q] then
begin
wwiql: -wr[l,q]
vvig):=vr[(l,q];
_end else
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begin
wwlql:=wr(3.a};
vvlql:=vri3,ql;
end;
end;

cuctieui(l,qq,ww,wmin,kmin);

xtam:=vv[kmin};ytam:=wmin;

end;

begin
vedeltal;
tamclac;
end;

procedure dgdeitaD;
var k :integer;

-

lamda,ym : array[1..3) of real;
km,xmax : array[1..3] of integer;

xm,ksup : matli;
yd : matir;
hegin
k:=1;
repeat

lamda[k]:=dé.u(k)*alfamax+pi.~"2;

for j:=0 to no do
begin

yd[j]:=(_yei[k,i]+((xo-xei[k,j])"'sin(lamda[kl)d’cos(lamda[k])))_;

end;

cucdai(0,no,yd,ym[k],ksup[kl);

setcolor(13);

circle(xeilk, ksuplkl),yeilk ksupik]l,4);

setfillstyle(1,14);

floodfill(xeilk, ksuplk]},yeilk, ksupik]],13);
. xm[ksup[k]]:=xei[k,ksup[k]]- round{dau(k)

"_‘(ymax-yei[k,ksup[k]])*sin(alfamai)fcds(al_famax)}; -

- setcolor(T); .

line(xm[.ksup[k]],ymax,xei[k,ksup[k]l.yei[k,_ksu-p[kl]);

k:=k-_l-'2; _
until k>3;.

ytam:=round{(ym([1]+ymi3])/2);

end;

xtam :=xo-roun’d((ytgm~ym[1])*sin(alfé.max)!cos(alfam_ax)j;

procedure bankinh;

var gs : word;

begin
ss:=sqr{xtam-xbi[1,0});

gs:=sa+eqr(ytam-ybil1,0]); .
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bkinh[4]:=round(sqrt(ss));
sa:=sqr(xtam-xbi{l,nol);
ss:=ss+sqr(ytam-ybill,nol)
bkinh[2): —round(sqrt(ss)),
end; )
{ . Sttt }
procedure deten;
begin
getfillstyle(1,11);
floodfill(xtam,ymax-10, 7),
setcolor(l);
settextstyle(1,0,4);
outtextxy(xtam-75,ymax-60, "Mien tam cam ).
settextstyle(1,0,1);
setcolor(12);
circie{(x0,y0,5);
circle(xtam,ytam,5);
setfillstyle(1,1);
floodfill(xtam,ytam,12);
floodfill(xo,vy0,12);
setcolor(13);
outtextxy(xtam+30,ytam-25,'Tam cam o1
- if can="L' then _
outtextxy(xo-40,y0-35,"Tam can 02' ),
settextstyle(0,0,1); ;.- "
setfillstyle(1,0); N
bar(0,ymax-20, 650.ymax), o
setcolor(15); )
end;

ST
.

hegin
dgegk;
if can="L' then dgdeltaL;
if can='D" then dgdeltaD
bankinh;
deten;

nhacgrap(10,ymax- -20,12,'An motf:m de tleptuc'), .
cleardevice;”

end;

{========-=========_=====
procedure bdglyth(mauz : integer);
(- emsremens)

procedure vecgtron(kz : integer);
var  iqinteger;

xaa,yaa : integer;

ff, defi,fi : real;

XXr,yyr : mat2i;
begin
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if kz=2 then q:=no;
if kz=4 then ¢:=0;

- =0,

for 1:=1 to kz-1.do fi:=ff+{a[i];

defi:=fa[kz)/no;

for j:=0 to no do

begin
fi:=-ff-j*defi; _
quayvari(xtam,ytam,xbi[1,q),ybi{1,q),fi,xcilkz,j],ycilkz,j1);

end;

setcolor(mauz);

for j:=0 to no-1 do

line(xcilkz,jl,yeilkz,j], xc1[kz.1+1] yeilkz,i+1]);

end; )
{------ - }
begin _ ' :
for i:=0to 1 do
bhegin
fio:= *(fa[1]+fa[2]),
k:=2%i+1; -

defi:=fa[k)/no;
for j:=0 to no do
begin
fi:=fio+j*defi; : '
quayvari(xtam,ytam, xbl[k,]] yhilk,jl,-fi xc1[k,1],yc1[k,]]),
end;
end;
setcolor(mauz);
for i:=0 to' 1 do
begin
k:=2*i+1;
- for j:=0 to no-1 do
hne(xcx[k,;],ym[ka],xcx[k,]-l-l] yei(k,j+1));
vecgtron(kﬂ)
end;

procedure bdgthuc(dauz 1nteger),
var - :integer;
-dx,dy,ds, deltax,deltay : real; S e

begin - B AR
j:=0; : : ' :
repeat

=it

dx:=xcam{j}-xcam(j-1J;

dy:=ycaml[jl-ycaml[j-1];

ds:=sqrt(sqr{dx)+sqr{dy));

deltax:=-dauz*rlan*dy/ds;



deltay:=dauz*rlan*dx/ds;
xcamt[j-1]:=round(xcam[j-1]+deltax);
ycamt[j—l]:=round(ycam[j—11+deltay);
until j=ns;
end; :
{ ===}

procedure bachinh;

procedure vbaohinh;
begin
seteolor(13d);
for j:=0 to ns-2 do
begin )
line(xcamt[j],ycamt[j],xcamt[j+l],ycamt[j+1]);
delay(30); :
end;
line(xcamt[ns-1],ycamt[ns-1],xcamt[0],ycamt[0]):
end;

s }

procedure conlan(rlan:integer);

begin :
for :=0 to ns-1 do putimage(xcam[j]-rlan,ycam[j]-rlan,pter 14, 0rput);

end; : '

femmn o )

begin ' o T

sapdiem(no,xci,ns;xcam);
' sapdiem(no,yci,ng,yeam); . .
conlan(rlan); = - - . 7
. bdgthuc(l);
vbaochinh;
bdgthuc(-1);
vbaochinh; _
ch:=readkey; .

procedure vecam;

begin : ’ S - St pEe Db ‘..-'.:

dgegB;

setcolor(12);
circle(xtam,ytam,5);
cirele(xo,y0,5);
setfillstyle(1,1);
floodfill(xo0,y0,12);
floodfill{xtam,ytam,12);
bdglyth(10);
baochinh;

if can="L' then
begin
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setcolor(12);
line(xtam,ytam,xo0,yo0);
end else if can='D' then
begin
setlinestyle(2, 0 1);
setcolor(7),;
_ line(xo,ytam,xtam,ytam);
setlinestyle(0,0,1);
setcolor(10),
line(xo,y0,x0,ytam);
settextstyle(2,0,4);
outtextxy(xtam+10,ytam+15,'Tamsai e'); .
end; :
end; : :
A======= = ===}
procedure chbive; '
begin
dohoa; _
tylescr(tylesc);
. ymax:=getmaxy;
if can='L' then
begin -
' x0:=560;y0:=90;
end;
if can='D' then
begin
x0:=360;y0:= 120
end;
tylec:=1.8;
end;
{ ====es
procedure thkecam;
begin . '
tinhbdau;
- chbive;
dothiavs; :
nhaegrap(10,ymax-20, 12, 'An motfim de txept.uc').
ch: —readkey,
cleardevice;
tamcam;
control(6,round{rlan));
dgegB; '
vecam;
cai:="Tieptuc nua (N) hay ketthuc (K)'
nhacgrap(10,ymax-20,12,cau);
repeat
ch:=readkey;
until upease(ch)in ['N,K');

——
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if upcase(ch)='N' thsn
‘begin -
cleardevice;
Okdung:=false;
if Okv then
‘begin :
cau:="Tieptuc xem vidu (V) khac hay tu cho soheu Ty,
nhaégrap(10,ymax-20,10,cau);
repeat '
cleardevice;
ch:=readkey;
until upcase(ch) m 'V, "I“],
if upcase(ch)='T" then
begin
Okv:=false;Okp: -true
end;
end;
end else if upcase(ch)"'K‘ then Okdung =true;
end;
: {===...==-===:=-=============
procedure gthxeu,
begin
clrser; .
textcolor(16);
path:="";
dohoa; - _
" cleardevice;
 docfile(‘a:cam.cht');
cieardevice; :
cau:=' Xem vidu (V) hay tu cho solmu (’I') "
nhacgrap(10,ymax- 20 12 cau), ' ey
repeat
" cleardevice;
ch:=readkey;
until upcase(ch) in ['V', 'T]
Okv:=( upcase(ch)="V');
Okp:=( upcase(ch)="T");
cleardevice;
end; .
{t*iﬂ‘*t***************ﬂ***********!**ﬁ*}

¥

begin
gthieu;
"no:=18;
repeat
"dlcam;
thkecam;
until Okdung;
closegraph; .



textmode(3);
textcolor(la),
end.

' {** e e e e v e ke e e e e o e e v e vededy e dr el e e *******}
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{111.11}
PROGRAM BANHRANG
uses graph.crt,nlmayl, nlmay2;
var q: integer;
z : matli;

re,ro,rl,re,ri,ksi,alfae,ldh, Ich,ksic,muy,se,sd ksigh : matlr '
alfal tetac,tetal ksit,lamda, nuy,epsilon,ksisup :

caul,cau,texti: ten;
hamse,hameps : ham;
ksiz: matlr; '
Okcbg : boolean ;

procedure brgbuocl;
var Xx,yy : real; '
{--- -- - s
procedure alfalan;
var aa,bh : real;
begin
aa:=(ro[1]+ro[2])/atam;
bb:=sqrt(l-aa*aa);

_ alfal:=gocx(aa,bb});

end;

procedure ldaksinu;

begin
ksit,:=(z[1]+z[2])*(tetal-tetac)!(Z*xx);
1amda:=(atam-(rc[1]+rc[2]))im0du-n;
nuy:=ksit-lamda;

end;
(- - -}
begin
z[l]:=trunc(2*atam!(modun*(1+il2)));
z[2];=round(2{11*112);
for i:=1 to 2 do
begin '

‘rc[i]:=z[i]*modunl2;
ro[i]:f—-rc[i]*cos(alfa);
end;
alfalan;
for i:=1 to 2 do rl[il: —ro[l]!‘cos(alfal),
xx:=sin(alfa)/cos(alfa);
yy:=sin(alfa1)fcos(a1fal);
tetac:=involute(alfa);



tetal:=involute(alfal);
ldaksinu;
end;

= === ===z

procedure ktrsolieu;
var Qkchon : boolean;

{-- cmvmmmm - -_—

procedure chon;
begin

if (z[1]+z[2])>=(34-r0und(1T*kSit)) then Okchon:=true. ' - = '

else Okchon:=false;
end; '

" repeat
brgbuocl;
chor};
if not(Okchon) then
begin

writeln(' Solieu chon chua hoply");

can:="An fim batky sau do anfim F de chon lai solieu !';

nhactext(1,2,12,cau);
ch:=readkey;
dlbrg; -
end; . i
until Okchon;
end; - ' . L e

{=============éi====_===,-=g}- o

procedure ghanksi;
var  x1,x2:real;
begin L R
ksighl1:=(17-201DAT
x1:=(17-2[2])/17;32:=nuy-1;

if x1<x2 then ksighl2k=ksit-x2 . . -

else ksigh[2]:=ksit-x1; . .
end; : o

{ ============}

{$F+} :
procedure vongdinh(ksix : Teal);
var 1,is: integer;

aa,bb : real;
begin

ksi[1]:=ksix;ksi[2]:=ksit-ksix; .

for i:=1 to 2 do
begin

re[i]:=rc[i]+modun*(1+ksi[i]-nuy);
aa:=rolil/re(il;bb:=sqrt(l-aa*aa);

"alfae[i]:=gocx(aa,bb);
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1dh(i):=sqrt(re[i]*re[il-roli}*rolil);
is:=(i mod 2)+1;
lchlis]:=atam*sin{alfal)-1dh(i];
end;
end;
{ ] TH T T = ==}
procedure tinhs(ksix : real);
var tetae : matlr;
begin _
ksi[1]:=ksix:ksi[2):=ksit-ksi[1];
vongdinh(ksil1]);
tetac:=involute(alfa);
for i:=1 to 2 do
begin
sd[i}:=modun*(pi/2+(2*ksili)*sin(alfa)/cos(alfa)));
tetaelil:=involute(alfae(il});
gelil:=2*re[i]*(tetac-tetae[i}+(sd[i}/(2*rc[il)));

-end;
end;
{= T =:========}
function dsel(ksix :real) :real;
begin
tinhs(ksix);
dsel:=ge[1]-0.4*modun;
end;

{ == == E== =

function dse2(ksix :real) :real;

begin
tinhs(ksix);
dse2:=se[2)-0.4*modun;
end; : _
{========================}

function epsil(ksix : real ) :real;

var XX :real;

begin - ' _

 vongdinh(ksix);
xx:=1dh[1}+}dh[2)-atam*zin(alfal);
epsil:=xx/(pi*modun*cos(alfa));

end; .

{========================}

function depsil(ksix : real) : real;

begin . '
depsil:=epsil(ksix)-1.1;

end;

{' EmEmmmmo e ====}

procedure tinhmuy(kaix : real);
var  is,iq: integer;
begin
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vongdinh(ksix);
for iq:=1 to 2 do
begin
is:=(iq mod 2)+1;
) muyligl:=1-I1dh{is]*rc[iq)/(lch[iq]*rc{isl);
end;
end;

= S===== }

function demuy(ksix : real) : real;
var is.iq : integer;
begin
tinhmuy(ksix);
demuy:=muy[1]*i12-muy[2];
end;

{$F-}
i }

procedure nghiem(hamz : ham; X0z,Xxmz,buoc,saiso : real:
var songhiem : integer; var nghiemz : matlr);-

var x,dx,y,y0,y1,dx0,dx1,tich : real:
Ok,chuaco : boolean:
1,) : integer;
zz:real;
begin
x:=xo0z-buoc;j:=0;textcolor(11);
while x<=xmz do
begin
Ok:=true;chuaco:=t.rue;dx_:=bl.1_oc;i:=0;
while Ok and (x<=xmz) do
begin
gotoxy(1,1);
textcolor{15);
write(i);
X:=x+dx;ii=i+1;
y:=hamz(x);
if (abs(y)<=saiso) then
begin
):=j+1;nghiemz{j}:=x;0k:=false:
end else
begin
if i>1 then
begin
tich:=y*yo;
if tich<0 then
begin
dxo:=dx;dx:=dxo*y/(yo-y);dx1:=dx+dxo;
yl:=yo;chuaco:=false;
end else if not{chuaco) then
begin
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yo:=yl; dxo =dx1;dx:=dxo*y/(yo-y);dx1:=dx+dxo;

end;
end;
end;
gotoxy(1l,1);
textcolor(0);
write(i);
yor=y;
end;
end;
songhiem:=j;
gotoxy(l,1);
textcolor(0);
write(i);
clrser;
texteolor{15);
end;

—

procedure cbgmuy;
begin
nghiem(demuy,ksigh{1],ksigh[2],0.1,0.001,q,ksiz):
if g>0 then
begin
ksi[1):=ksiz{1];
Okcbg:=true:
end else
begin
Okcbg:=false:
writeln(' Khong ¢o nghiem");
ksi[1]:=ksisup;
end;
end;

procedure brgbuoc2;

var ksup : integer;

begin
ghanksi; o
nghiem(dse2,ksighl1],ksigh[2],0.05,0.001,q,ksiz):
if g>0 then ksic[1]:=ksiz[1]
else ksic[1):=ksigh[2];
nghiem(dsel,ksigh[1],ksigh{21,0.05,0.001,q,ksiz);
if >0 then ksic[2]:=ksiz[1]

.else ksic[2]:=ksigh[2];
nghiem(depsil ksigh[1],ksigh[2],0. 05 O 001 q kmz),
if g>0 then ksic[3]:=ksiz[1] '
else ksic[3):=ksigh[2];
cuctieu(l,3,ksie, ksisup,ksup);
cbgmuy;



end;
! }
procedure tinhthso;
begin
ksi[2]:=ksit-ksi[1];
vongdinh(ksi[1]);
for i:=1 to 2 do
hegin
ri[il:=re[i]-(1.25-kaifi])*modun;
re[il:=atam-ri{i]-0.25*modun;
sd[1i]: -—modun*((2"’k31[1]*31n(alfa)!cos(alfa))+p1!2),
end;
tinhs(ksi[11};
epstlon:=epsil(ksi[1]);
tinhmuy(ksi{11});
end;
{
procedure ketqua;
begin
clrser;
texteolor(14);
caw:="Cac solieu cho truoc cua cap banhrang'; -
writeln{bkt{18),cau);
textcolor(11); -
cau:='Khoangecachtruc'+bkt(12)+' : A ="
writeln{cau, atam:6:2});
writeln('Modun',bkt(21),) : m = ' modun:6:2);
write("Goc apluc tren vongchia’,bkt(3),’ : alfa = ‘);
writein{{alfa*180/pi):6:2};
writeln{'Tisotruyen',bkt(16),' : 112 ='112:6:2);
texteolor{13); '
cau;="Cac thongso ankhop’;
writeln{bkt(25),can);
textecolor{15);
write('l - Bankinh cac vonglan )
for i:=1 to 2 do
write{" rl{'.1,)] ="'rl{i}:6:2, "
writeln;
write('2 - Gocankhop ',bkt(12));
writeln(' : alfalan = ',(alfal*180/pi):6:2);
write('d - Heso dichdao tong',bkt(5));
writeln(' : ksit = ' ksit:6:3);
write('4 - Heso phanly',bkt{11));
writeln(" : lamda = 'lamda:6:3); -
write('5 - Heso giam chieucao rang : ");
writeln(' nuy - = ''nuy:6:3);
write('6 - Heso trungkhop ' :"); -
texteolor(12);

—_——
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writeln(' epsilon = ",epsilon:6:3);
textcolor(13);

cau:="Cac thongso chetao';
writeln(bkt(26),cau);

texteolor(10);

write('l - 8o rang cac banhrang :");
for i:=1to 2 do

write(" z{'.i.'] =.bkt(1),2[i):6,bkt(2));
writeln;

write('2 - Bankinh cac vongchia ')
for i:=1 to 2 do .
write(' rel’,i,'] ='bkt(1),rc[i]:6:2,bkt{2));
writeln; '

write('3 - Bankinh cac vongeoso ')
for i:=] to 2 do

write(’ ro[',i,"] ="bkt(1),ro[il: 6 2,bkt(2));
writeln;

write('4 - Heso dich dao',bkt(10),': )
for i:=1 to 2 do

write(" ksi[',3,'] =',bkt(1),ksi[i):6:3,bkt(2));

writeln;

write('s - Bankinh cac vongdinh : *);

fori:=1to 2 do

write(" rel’,i,'] ='bkt(1),re(i]:6:2 bkt(2)),

writeln;

write('6 - Bankinh cac vongchan :");

for i:=1 to 2 do R

write(" ril',i,'] ='bkt(1),rili):6:2,bkt(2));

writeln; '

write('7 - Chieurongrang vongchia :');

for 1:=1 to 2 do

write(' sd[',i,'] = bkt(1),sd[i}:6:2,bkt(2));

writeln; '

write('8 - Chieurongrang vongdinh :;
textcolor(12);

for i:=1 to 2 do : .

write(’ sel’,i,'] ='"bkt(1),se[i]:6:2,bkt(2));

writeln;

textcolor(10); _

write('d - Hesotruot chanrang s

textcolor(12);

for :=1to 2 do

write(" muy['.i,)] =" bkt(1), muy[l] 6:3 bkt(l)). .
writeln;

str{(muy[1]*i12):7:3,texti); :
caul:='Khong canbangduoc hesotruot muy[l]*112 =5
caul:=caul+texti;
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strimuy{2):7:3,texti);
caul:=caul+ muy[2] = '+toxti;
str((muy[1]*112):7:3,texti); _ .
cau2:='Da canbangduoc hesotruot muy[1]*i12 =
cau:=cau+texti;
str(muy[2]:7:3, texti);
cau2:=cau2+ muy[2] = '+texti;
texteolor(14);
if not(OQkcbg) then writeln{caul) else writeln(cau2);
hhactext(30,24,12,'( An mot fim de tiep tuc )":
ch:=readkey; '
end;
{
procedure gthieu;
begin
clrser;
path:='";
dohoa:
cleardevice;
docfile(’a:brang.cht";
closegraph;
textmode(3);
clrser;

end;
{**ﬁ'***********************************}

—

begin
gthieu;
repeat
dlbrg;
kirsolieu:
brgbuoel;
brgbuoc?;
tinhthso;
ketqua;
cau:=' Tieptucnua (N) nua hay ketthuc (K) 7
nhactext(20,24,13,cau);
repeat
ch:=readkey;
until upcase(ch) in ['N’,'K'];
until upease(ch)='K";
textcolor(15);
clrser;
end.
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IV. MOT SO CHUONG TRINH DUNG TRONG PHUGONG PHAP
NHUOM MAU

Phin nay gidi thiéu mét phudng phap dé thi trén may vi tinh goi la phuong phap
nhudm mau dé gidi mat 86 bai tinh k¥ thult, co sd 1y thuyét cha phudng phap nay da
duge trinh bay trong sich "Ung dung tin hoc trong thiét k& Nguyén Iy may" [1). Trong
phudng phidp nhudm mau ta khai thic mau eia cac hinh trén may tinh Idé thyc hién céc
thuat toan khac nhau, nhy : xac dinh toa d¢ cta cac diém nim trén mjt dudng cong, xac
dinh sy tiép x1c cla cac dudng, x4c dinh véng tron nhd nhat ngoai ti€p v6i mdt hinh bat
ky .x4c dinh vong tron to nhat ndi tiép vdi mét dudng cong kin bdt k9. Nhitng thuat toan
nay cé thé duge ing dung trong nhiéu bai tinh ky thuat, vi du nhu tim didu kién quay
lién tuc cha khau ndi gia cta cd cdu sau khau, Vé mit 1y thuyét, didu kién quay lién tuc
nay da duge trinh bay trong sach " Nguyén Iy may - tap 1 " [2]. Cac chuong trinh nay ¢6
sit dung UNIT NLYMAY1 va duge ky hiéu tir IV.01 dén IV.04 :

IV.01 : PROGRAM NHMAUJ - Chuong trinh xac dinﬁ toa d¢ cac diém nim trén mét
dudng cong kin trén man hinh, dudng cong nay la két qué cha mdt phép vé tit trude ma
ta chua bi&t phuong trinh va toa dé cac diém etia né.

IV.02 : PROGRAM NHMAU? - Chuong trinh x4c dinh toa 4% cac diém nim trén dm‘mg
bién cua mét hinh. . -

IV.03 : PROGRAM NHMAU3 : Chudng trinh tim mét dudng tron 16n nhat nim trong
mét mién dd cho. O 44y mién nay chinh 1a mién véi téi ciia dédu thanh truyén duge tao
bdi ¢o cdu bdn khéu ban 18 phy. -

1V.04 : PROGRAM NHMAU4 : Chuong trinh tim mét dudng tron nhd nhit bao hant
mot mién cho trude. '
{IV.01)
PROGRAM NHMAUI;
uses  crt,graph,nlmayl;
const n = 2000;
type ten = string[50];
matli = array[0..n] of integer:
matlr = array[0..n] of real;
mat2i = array[0..10,1..12] of integer:
var im,iq,is,js,mm.no,xo,yo,xmin.ymin,ymaxx,maux,xd,yd,bkinh,suppl : integer;
mi,sonut,xnut,ynut.xc,yc,xk,yk : matli;
jn : mat2i; '
pter2 : pointer;
0k1,0k2 : boolean;
{'l'*************************************}
procedure vietxoa(xz,yz,mau : integer; cau : ten);
begin '
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setcolor{mau);
" outtextxy(xz,yz,cau);
end;

{———-—

====}

procedure anhtron(maubien,maunen,rz : integer);

var size : integer;

begin
setcolor(maubien);
circle(rz,rz,rz);
setfillstyle(l,maunen);
floodfill(rz,rz,maubien);
size:=imagesize(0,0,2*rz,2*rz); _
getmem(pter2,size);
getimage(0,0,2%rz,2%rz,pter2”);

putimage(0,0,pter2*,xorput);

end; :

{ H

procedure velmien;

fommems R )

procedure duongC(mauzl : integer);

var  xa,ya: matli;

begin _ .
xa[1]:=100;ya[11:=110;xa[2]:=230;ya[2]):=110;xa[3]:=281;
ya[3):=144;xa(4]1:=238,ya[4]):=163;xa[5]:=200;ya[61:=136;
xa[6]:=289;ya[6):=116;xa[7):=300;ya[ 7):=124;xa[8):=290;

ya[8]:=200;xa[9]:=200;ya(9]:=260;xa{ 10]:=195;ya[10]:=220;

xa[11):=210;ya[11):=205;xa{12):=225:ya[12]:=220;

xa[13]:=210;ya[13):=281;xa(14]:=187;ya[141:=207;

setcolor(mlauzl);

xa[0]:=xa[14];ya[0]):=yal14];

for i:=0 to 13 do line(xalil,yafi),xali+1],yali+1]);
end; '

begin
settextstyle(0,0,1);
" seteolor(15);
outtextxy(10,ymaxx-40,' Ve mot duongcong ');
xmin:=130;xmax:=355;ymin:=90;ymax:=26(;
duongC(13);
anhdiem(14);
bkinh:=20;
anhtron(10,11,bkinh);

nhacgrap(10,ymaxx-20,12,'( An fim bat ky de tlep tuc )Y;
seteolor(0); .
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readkey;

outtextxy(10,vymaxx-40," Ve mot duongcong’);
end;
{ - !
procedure ban(xz1.xz2,yz,mauzl,mauz2 : integer);
begin

yd:=yz;

repeat

xd:=xzl;

repeat
setcolor(l4);
outtextxy(10,yd,"*";
xd:=xd+1;
putimage(xd-1,yd-1,pter1*,xorput);
maux:=getpixel(xd,yd); “
delay(2);
putimage(xd-1,yd-1,pter1”, xorput);
seteolor(0);
outtextxy(10,yd,"™"); :
until (maux=(mauzl xor mauz2)) or (xd>=xz2);
if xd>=xz2 then yd:=yd+10;
until maux=({mauzl xor mauz?2);
end;
i H
procedure matmau(xz,yz,mauchuan : integer);
var  xt,yt,xu,yu,i,j: integer;
begin
Ok1l:=false;im:=0;
xti=xz-2;yt:=yz-2;
for i:=1 to 3 do
for j:=1 to 3 do
begin
XW =Nt yus=yt+;

maux:=getpixel(xu,yu);
if maux=mauchuan then

begin
im:=im+1;
xk[im]l:=xu;yk[im]:=yu;
Ok1l:=true;
end;
end;
end;

{ == ====}

procedure laytdo(var xv,yv : matli;mauchuan : integer);
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var ddx,ddy : integer;
begin
Ok2:=true;is:=0;
repeat
jsi=)s+1;
matmau(xd,yd,mauchuan);
ddx:=abs(xd-xo);ddy:=abs(yd-yo);
if im>=4 then
begin
is:=ig+1:
xnut[is]:=xd;ynutlis):=yd;
inliq,is]:=js;
end;
if im<=1 then
begin

if (ddx<=1) and (ddy<=1) then Ok2:=false else

begin
repeat
js:=is-1;
xd:=xv[jskyd:=yv[js];
matmau(xd,yd,mauchuan);
until Ok1:
end;
end;
putimage(xd-1,yd-1,pter1* orput);
xd:=xk[1];yd:=yk[1];
if not(Ok1) then
begin
ii=1;
repeat
i1=i+1;
xd:=xk[il;yd:=yk[il;
matmau(xd,yd,mauchuan);
until Ok1;
end;
xvljs):=xd;yv[jsl:=vyd;
if ymin>yv{js]} then ymin:=yv([js];
until not{Ok2);
sonutfiql:=is;
mifiql:=js-1;
 end;
{ H
procedure vong{mauchuan : integer);
var jp : integer;
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xb,yb : matli;
begin
is:=n[0,iql:jp:=is;
xd:=xnut[iql;yd:=ynutliq];
xor=xd;vo:=yd;
laytdo(xb,yb,mauchuan);
suppl:=mifliql-jp;
mm:=mm+suppl;
for i:=miliq]+1 to mm do
begin
xblil:=xc{i-suppl];yblil:=yeli-suppl];
end;
for i:=jp+1 to mm do
begin
xclili=xb[il;ye{i]l:=ybli];
end; '
end;

{_-— ——

procedure banvaoC;
begin
vietxoa(10,ymaxx-40,15,'Ban vao duongcong');
ban(20,350,100,13,14);
1q:=0;
js:=0ixeljs]:=xd;yveljsl:=yd;x0:=xd;yo:=yd;
ymin:=300;
nhacgrap(10,ymaxx-20,12,'( An fim bat ky de tiep tuc )');
readkey; . ;
viétxoa(10,ymaxx-40,0,'Ban vao duongeong’);
end; '
{ _ }
procedure laytdoC;
begin .
vietxoa'(lo,ymaxx-é.o,15,'Lay toado cac diem tren duongeong');
laytdo(xe,yc,13); ' '
mm:=mi(0];suppl:=0;
iq:=1;
repeat -
vong(13);
for i:=iq+1 to sonut{0] do jn[0,i):=n[0,i1}+suppl;
Clgi=ig+l; :
until ig>sonut{0};
iq:=ig+1;

_ nhacgrap(lo,ymaxx-zo,12,'( An fim bat ky de tiep tuc)");

readkey;



vietxoa(10,ymaxx-40,0,'Lay toado cac diem tren duongcong');.
'end;
{
procedure velaiC;
begin

—

vietxoa(10,ymaxx-40,15,'Ve duongcong theo toado moi xacdinh');

' setcolor(14);
for i:=0 to mm-1 do
begin
line(xc(i]+250,yc(i),xcli+11+250,ye[i+1]);
delay(1);
end;

nhacgrap(10,ymaxx-20, 12 (An fim bat ky de tiep tuc )");
readkey;

vietxoa(10,ymaxx-40,0,'Ve duongcong theo toado moi xacdinh');
end; o )
{ : t
procedure bachinhB;
begin
vietxoa(10,ymaxx-40,15,'Ve baohinh');
for i:=0 to mm-1 do
putiinage(xcfi}-bkinh,yc[i]-bkinh,pter24,orput);
nhacgrap(10,ymaxx-20,12,( An fim bat ky de tiep tuc )";
readkey;
vietxoa(10,ymaxx-40,0,'Ve baohinh');
end;
{ .
procedure banvaoBe;
begin
vietxoa(10,ymaxx-40,15,'Ban duong bachinh ngoai");
ban(20,350,ymin,10,14);
iq:=iq+1;
i8:=0;xcljsk:=xd;yeljs]:=yd;x0:=xd;yo: -yd
nhacgrap(10,ymaxx-20,12,'( An fim bat ky de tiep tue )'}.
readkey; :
vietxoa(10,ymaxx-40,0,'Ban duong bachinh ngoai');
end;
{ =
procedure laytdoBe;
begin .
vietxoa(10,ymaxx-40,15,'Lay toada cac diem tren baohinh ngoai’);
laytdo(xe,ye,10);
nhacgrap(10,ymaxx-20,12,'( An fim bat ky de tiep tuc )");
readkey;

[

3
——
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vietxoa(10,ymaxx-40,0,'Lay toado cac diem tren bachinh ngoai");
end; )
{ }
procedure velaiBe;
begin _
vietxoa(10,ymaxx-40,15,'Ve lai duong baohinh ngoai');
setcolor(11);
for 1:=0 to mi[iql-1 do
begin
line(xe[i1+250,ycli), xc[i+11+250,ye[i+1]):;
delay(l);
end;
nhacgrap(10,ymaxx-20,12,'( An fim bat ky de tiep tuc )");
readkey; .
vietxoa(10,ymaxx-40,0,'Ve lai duong bachinh ngoai');
end; _
{ }
procedure banvaoBi;
begin
vietxoa(10,ymaxx-40,15,'Ban duong baohinh trong?;
ban(20,350,ymin,10,14);
setcolor(13);
iq:=ig+1; y
js:=0;xc[js]:=xd;yc[js]:=yd;xo:=xd;yo:=yd;
nhacgrap(10,ymaxx-20,12,'( An fim bat ky de tiep tuc "),
readkey;
vietxoa(10,ymaxx-40,0,'Ban duong bachinh trong";
end; .
{ }
procedure laytdoBi;
begin
vietxoa(10,ymaxx-40,15,'Lay toado cac diem tren baohinh trong');
laytdo(xe,ye,10);
nhacgrap(10,ymaxx-20,12,'( An fim bat ky de tiep tuc ¥')::

readkey;
~ vietxoa(10,ymaxx-40,0,'Lay toado cac diem tren baohinh trong');
end; ' '
{========s=z=ssz==czzz===== '
procedure velaiBi;
begin
vietxoa(10,ymaxx-40,15,'Ve lai duong bachinh trong");
setcolor(12);
for 1:=0 to miliq)-1 do
begin
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line(xc[i]+250,yc(i],xeli+11+250,ycli+11):
delay(1}); '
end; : -
nhacgrap(10,ymaxx-20,12,'( An fim bat ky de tiep tuc )
readikey; .
vietxoa(10,ymaxx-40,0,'Ve lai duong bachinh trong");
end:
{ 7 ==}
procedure modau:
begin
clrser;
path:=";
textcolor{15);
~ dohoa;
cleardevice;
end;
%****\I'*********************************}

begin
modau;
ymaxx:=getmaxy,;
velmien;
banva_dC;
laytdoC;
velaiC:
baochinhB;
banvaoBe;
laytdoBe;
velaiBe;
banvaoBi;
laytdoBi;
velaiBi;
seteolor(12); :
outtextxy(300,ymaxx-30,'Ket thue chuongtrinh'};
ch:=rcadkey; )
closegraph;
end,

{IvV.02)

PROGRAM NHMAU?2:

uses crt,graph,nlmayl;

type  matli = array[0..1500] of integer;

313



var  xd,yd,xv,yv,no,Xo,yo,ito,ms,ik,maux,mauxo,m : integer;

uu,vv,xk,vk : matli;
kk : array(0..2,0..2] of integer;
tapc : set of byte; .
{**************************************}
procedure vietxoa(xz,yz,mauvx : integer; cau : ten);
begin -
setcolor(mauvx);
outtextxy(xz,yz,cau);
end:
{ _ }
procedure mienT;
var defi,fio.fi : real;
xt,yt : integer;
begin
xt:=-80;§rt:=400;
defi:=pi/120;fio:=-pi/6;
setcolor(13);
for i:=0 to 40 do
begin
fi:=flo+1*defi;
xk[i]:=xt+round(250*cos(fi));
yvklil:=yt-round(250*cos(fi));
circle(xk[il,yk[i],100};
end;
Setcolor(lS);
rectangle(10,40,300,290);
setfillstyle(1,15);
floodfill(11,41,13);
setfillstyle(1,11);
floodfill(xk{1],yki{1],15);
setfillstyle(1,0);
floodfill(11,11,11);
seteolor(14);
circle(xk[301,yk[30}+30,80);
setfillstyle(1,0);
floodfill(xk[30],yk[30]+30,14);
setcolor(Q);
circle(xk[30]_,yk[30]+30,80);
.end;
(s=========sssozzooss=s=x 1 _
procedure ban(xz1l,yz,mauzl,mauz? : integer; var xd,yd
var  Okx,0kmau : boolean; '
i,jk,m,maux : integer;

314

: integer);



begin
xd:=xzl;yd:=yz,
repeat
xd:=xd+1;
putimage(xd-1,yd-1,pter1” xorput};.
maux:=getpixel(xd,yd);
delay(b);
' putimage(xd-1,yd-1,pter1” xorput);
Okmau:= (maux= {mauzl xor mauz2));
until Okmau;
putimage(xd-1,yd-1,pter1”,xorput);
end; ’
{==m=ss=ssszssosmssmEases Y
procedure matcol(xv,yv : integer; var un,vv
var  j,i,ak,xgvg: integer;

procedure xepo,;
var 1,a,k : integer;
begin
i:=1; . _
for a:=1 to 3 do kkii,al:=a;
1:=2; *
for m:=0to 1 do
begin
a:=2"m+1;
kkli,al:=2*(5-a);.
end;
i:=3;
for a:=1 to 3 do kkfi,a]:=8-a;
kk[2,2]:=0;
end;

Xgi=xv-2;ygi=yv-2;

ir=1;

for j:=1t0 3 do

begin
uulkk(i,jll:=xg+j;vvikkli,)]):=yg+i

end;

1:=2;

for m:=0to 1 do

begin
j:=2"m+1;

: matli); -
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unlkk[i,jl:=xg+j;vvikk(i,j]l:=yg+i;
end:
1:=3;
for :=1 tn 3 do
bhegin
uu[kkli,jl):=xg+);vvlkk(i,jl):=yg+i;
end;
nu[kk(2,2]):=xv;vvlkk{2,2]]:=yv;
uu[Sl:=uu[1];vv[91:=vv[1];
end;

procedure dgvien(xv,yv : integer; var xd,yd
var  1,8,],k,x00,y00" integer;
0k, 0k11,0x : boolean;

procedure ktra;
begin
=1
matcol{xv,yv,uu,vv);
repeat
Okll:=(getpixel(uulil,vvlih=11);
=L '
until {(Ok11) or (j=10));
end;

procedure lui;
begin
repeat
ik:=ik-1;
seteolor(l2);
xv:=xk[ikl;yv:=yklik];
ktra;
until Okl11;
end;

begin
matecol(xv,yv,uu,vv);
i:=1;8:=1,0k:=false;Ox:=false;Ok11:=true;
' ktra;
if not{(Ok11) then lui;
while not(Ok) do
begin _
maux:=getpixel{uu[il,vv[i]);
case maux of

: integer);



11:hegin
if s=1 then
begin

s:=2;xco:=uufil;yoo:=vv[i];mauxoc:=maux;

1:=i+1;
end else
begin
if mauxo=0 then
begin
Ok:=true;
xd:=uuli];yd:=vv[il;
putimage(xd-1,yd-1,pter1”, xorput);
ito:=i;
~end else
begin
xoo:=uulil;yoo:=vv[i];mauxo:=maux:
1:=i+1;
end;
end;
end;
0:begin
if s=1 then
begin

s:=2;x00:=uulil;yoo:=vviil:mauxo:=maux;

1:=i+1;
end else
begin
if mauxo=11 then
begin
Ok:=true;
xd:=x00;vd:=yo0;
putimage(xd-1,yd-1,pter1®, xorput);
1to=i;
end else
begin
xoo0:=uulil;yoo:=vv[il;mauxe:=maux;
1:=1+1;
end;
end;
end;
12:begin
if s=1 then i:=i+1 else
begin ‘
s:=1;
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ir=it+l;
end;
end;
end;
end;
end;
{ : '
procedure banmienD;
begin _
vietxoa(10,ymax-30,15,' Ban vao mienD");
ban(10,150,7,11, xd,yd); . N
nhacgrap(10,ymax-15,12,'(An mot phim bat ky de tiep tuc)?; -
ch:=readkey;
vietxoa(IO,ymax-30,0;' Ban vao mienD');
end;
{ ¢
procedure tdobienB:
var Okd,Okk,Okr : boolean:
begin
xv:=xd;yv:=yd-1;ik:=0;x0:=xd;y0:=yd; _
vietxoa(10,ymax-30,15, Lay toado bienB cua mienD");
repeat
ik:=ik+1;
xklik]:=xv;vk[ik):=yv;
. dgvien(xv,yv,xd,yd);
xv:=xd;yv:i=yd;
Okk:=ik>5;0kd:=((abs(xv-x0)<=1) and (abs(yv yoy<=1));
Okr:=(0kk) and (Okd):
until Okr;
ms;=ik;
nhacgrap(10,ymax-15,12,'(An mot phim bat ky de tiep tuc)');
ch:=readkey;
vietxoa(10,ymax-30,0,' Lay toado bienB cua mienD");
end;
{ }
procedure velaiB;
begin
vietxoa(10,ymax-30,15,' Ve lai bienB");
setcolor(10);
for 1:=1 to ms-1 do line(xk([i]+300,yk[i],xk[i+1]+300,yk[i+1]);
nhacgrap(10,ymax-15,12,'(An mot phim bat ky de tiep tuc)"); _
~ ch:=readkey;
vietxea(10,ymax-30,15," Ve lai bienB');
end;




|

|

{
—

procedure modau; .
begin

clrser; _
textcolor(156);
path:=";

dohoa;
cleardevice;
. end; .
) {**********‘***********************f****}
begin

modau;

ymax:=getmaxy;

" mienT;

anhdiem(7);

banmienD;

tdobienB;

velaiB;

setcolor(12);.

outtextxy(350,ymax =30, ‘Ket thue chuong trinh";
readkey; . . :

cleardevice;" : T

end. . . . e T

{IV.03}
PROGRAM NHMAU3
uses crt, graph nlmayl; .
type mat1r=array[0. 4] of real
ten=string[13]; ' .
var maux,maubien,maunen, hankihh kkgm US‘;’;’&)’]
maub,ig,jj,xm,ym,buoc,ro,nlt xq,yq.]s,m.aa.mj,bk xt, tinteger;. '
alfa,lamda,defi, fi,fin,gq4,l0,fi3: real; S :
" xr,yr,xa,ya,xb,yb,Xx,yy,p,xu,yu: matll,
rxq.ryq,rxm,rym:mat2i;
lg:matlr;
‘ fiq:mat2r; : : :
texti,textx,texty,teng,tenl,textk, textko,textjo: ten.
X8,V8! array[0..1500] of integer;
contro4,control,controd: pomter. _ _
tapa,tapx:tap; ' S
Okt,Okthoi,Ok,0kk, Oke,0kn,Okpi,noxong: ‘boolean;

yddm&dizé’,‘maud,
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{******* e e e etk e e vl v o e o s e e e ***}

procedure dibanle(tengoc,tenkhau:ten;var l matlr;var gd:real);
var tenfile:ten;fildl :text;
ch:char;
ok:boolean;
bkt:ten;
begin
tenfile:='a: nm3";
writeln(’ cho dulieu tu banfim hay doc tu dia(F/D)?");
ch:=readkey;
if upcase(ch)="D’ then
begin
assign(fildl,tenfile);
($1-}
reset(fildl);
{$1+}
Ok: —-{IOresult-—O),
if Ok then
begin =
for i:=1 to 4 do
begin
read(fild],bkt,I(i]);
write(' ",tenkhau,'[",i,']="1[i]:83:0);
end;
writeln;
write( ' gocnghieng cua gia g4 =Y,
read(fildl,bkt,g4);
write(g4*180/pi:4:0,' do');
end else
begin _
close(fildl); .
writeln(; file duliew banle chua ¢co trong dm‘)l T
erteln(' hay chp du hcu moi');i o : B s
writeln; - I I FAN
Ch."'F', . ) - _ ) E URTRPE R
end; e
end; '
if upcase(ch)='F' then
begin
for i:=1 to 4 do
begin
write(' ', tenkhau,'[',1,']=";
read(l[i]);
end;
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- writeln:
write( " gocnghieng cua gia g4 =",
read(gd):
writeln(' do”;
g4:=g4*pif180;
assign(fildl,tenfile);
rewrite(fildl);
for =1 to 4 do
begin
write(fildl,’ * ‘'tenkhau,'[’.i,"7="1[11};
end; -
writeln; :
write(fildl,' * 'tengoc,'d4=",g4);
close(fildl);
end:
end;
== _ ;
procedure banle(l:matlr;var fi:mat2r);
‘var aa,bb,cc,dd,ff,goce,gocv:real;
begin
aa:=1[11*cos(fi[1,j]- f1[4,]])+l[4], .
bb:=1[1]*sin(fi[ 1,)1-fil4.i]); -
gocx(aa,bb); -
goce:=gocx{aa,bb);
ff:=sqrt(aa* aa+bb*bb) o "
ce:= (if*ff+1[2]*1[2]-1[3}'}[3])!(2*1[2]*&, '
dd:=sqrt(l-cc*ee); e
gacx{ce,dd); o
gocvi=gocx(ee,dd); - o
fi[2,j]:=goce- gocv+ﬁ[4,]]+pr;
aa: -aa+l[2]*cos(f1[2,]]+fi[4,J]),
bhb: —bb+l[2]*sm(f1[2,1]+ﬁ{4,]]), o '
gocx(aa bb); o
gocv:=gocx(aa,bb); LT e e
fi[3,j):=gocv+fil4,i+pi; : [ R
end;

{ e

procedure vitridk(g:integer;xv,yv: mteger I: matlr fi mat2r,var rx ry mat21),
var Xx,yy:real;

X, y:matlr;
begin
xx:=xv;rx[O,q]:=xv;yy;=yv;ry[0,q}:=yv;
rx[4,ql=xv;yy:=yv;ryl4,ql:=yv;
for ;=1 to 3 do
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begin .
xx:=xx+[i]*cos(fi[i,j]);yv:=yy+I[i]*sin{fili,j]):
rx[i,q}:=round(xx);ry[i,q]:=round(yy):

end;

end;

{

procedure diem3(nz :integer;lamda,alfa:reél);
var x3,y3:real; )
begin
defi:=2*pi/nz;
for j:=0 to nz do
begin :
figl4.j):=gq4:fiq[1,j}:=j*defi;
banle(lq,fiq);
vitri4k(j,300,270,1q,fig,rxq,ryq);
rx3:=rxq[1,j];ry3:=ryql1,j1:fi3:=fiq[2,i];
x3:=rx3+lql2)*lamda*cos(alfa+fid);
y3:=ry3+ig[2]*lamda*sin{alfa+fi3);
rxmf3,jl:=round(x3);ryml[3,jl:=round(y3);
end; :
end;

(m=m=mmm== ' == ====)

procedure tronl(rz,mauz:integer);
begin
setcolor(mauz);
setlinestyle(0,0,3);
circle(rz,rz,rz);
setfillstyle(1,7); '
floodfill{rz,rz,mauz);
size:=imagesize(0,0,2%rz,2*rz);
getmem(control,size): s
getimage(0,0,2*rz.z‘*rz,contro_l")_;
putimage(0,0,control” xorput); -
setlinestyle(0,0,0);

end; - '
{ : ==}
procedure diemo{mauz:integer);
begin o

setcolor{mauz);

circle(1,1,1); -
size:=imagesize(0,0,2,2);
getmem(contro4,size);
getimage(0,0,2,2,controd?);
putimage(0,0,contro4” xorput);



end;

=TT = - ;

procedure tron3(maui : integer);
var  size : integer; - '
begin

setcolor{maux);

© eirele(3,3,3);

size:=imagesize(0,0,6,6);

getmem(controd,size);

getimage(0,0,6,6,contro3”);

putimage(0,0,controd”,xorput);
end;

{ = }

procedure xytron(xtz,ytz,bkz:integer;fiz:real;var xuz,yuz:integer);

begin

xuz:=xtz+round(bkz*cos(fiz));yuz:=ytz+round(bkz*sin{fiz));

end;

=—— - }

procedure ktramau(nz : integer);

var  jt,k,q: integer;
 tapz :'ta'p;

begin =

tapz;={0..nz]; _

defi:=2*pi/nz;i: -O.Jt -0

repeat

chonso(nz,q,tapz),

xytron(xt yt, bk, fi xu[x] yuh]), . 3
putimage(xu[i]-1,yufil- l,pterl‘_‘,xorput),
putimage(xufi]l-1,yuli]~1 contro4“,xorput)_ _'
delay(5); a
maux:= getpixel(xu[i],yu[i]); .
putimage(xulil-1,yufi]~1,pterl1 xorput); - :
putimage(xu[i]—1.yu[i]-1,contro4“,'xorput);_'
1f maux=12 then Okn:=true; :
if maux=11 then Okt:=true; . K
if maux=9 then Oke:=true; '
until (tapz={]) or (Okn};
end;
{ R —
procedure kirafi;
var deltafi: real;
j.k,poo,pol : integer;
begin

—
-
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ji=0;k:=0;
while j<=no do
‘begin
fir=j*defi;
xytron(xt,yt,bk,fi.xu[j'],yu[j]);'
putimage(xuljl-1,yuljl-1,pterl* xorput);
maux:= getpixel(xu(j],yuljl};
if maux=9 then
begin
putimage(xu[j]-S,yu[j]—3,contr03",xofput);
k:=k+1;plk]:=j;
if k>1 then
begin '
deltafi:=(p[k]-p[k-1])*defi;
if deltafi>=pi then
begin
' Okpi:=true;.
pol:=plkl;poo:=p[k-1];
end; _
end;
end:
j=itl
end; .
mj:=k;
if Oke then
‘begin
if (plmijl-pl1D*defi>=pi then
begin
if Okpi then fiu; "(p01+p00)*def1!2 else
noxong:=true; _
end else fiu:=pi+(p[mjl+p[1])*defi/2;

end; _ : - :
for i:=1 to mj do putimage(xulplill-3,yufp[i]]l-3,contro3” xorput);
{ ' =======) |
procedure chv1(f1uz real; var dxz dyz mteger),
var ds : integer; : R
begin ) '

if (round{abs(sin(fiuz)))=1) and (round(abs(coséﬁuz))) 1)
then ds:=1 else ds:=2;
dxz:=round(ds*cos{fiuz));
dyz:=round{ds*sin(fiuz));
end;
{ t
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. procedure ktra; '
var il:integer;
begin
11:=0;
_ repeat
if (xt=xslii]) and (yt=ysliil) then Okthoi;=true else '
begin '
Okthoi;=false;
1:=ii+1;
_ end; '
until (ii=ig) or (Okthoi=true);
end; '
{==== |
procedure ghikqua;

begin
seteolor(12);
rectangle(5,340,130,395);
setcolor(15);
outtextxy(10,350,‘ KET QUA"Y);
setcolor(10); . ' :
'str(xt:_3,textx);oi.l_ttéxtxy(l0,360,' gtam = "+textx);
str(yt:3, textx)'outtextxy(lo 370, ytam = '+{exix);

setcolor(ltl), CaT s :

str(bk:3,textx); 0uttextxy(10,380 bankmh = +textx), '
end; L
(==== R

procedure cono, .
var  Xmo,ymo, ke dx,dy;(fx
fivo : real T
begin .
noxong: —false ke: —O,Jj =0
getcolor(12);
circle(xt,yt,3); L :
o outtextxy(430 380, 'Dang tlrn hay cho ),‘
~ setcolor(10); - . :
outtextxy(10, 250 'DUONG DI CHUYEN) L T
outtextxy(10,265," CUA_TA_M__) ; 1-?'__‘»-1-,-- PR T I N
outtextxy(10,280,'( Da phong 6 lan)'); L PR T ISR
setcolor(11); ' _
repeat . _ S .
setcolor(14):
Okn:=false;Okc:=false;Okpi:=false; Okt =false;
ktramau(36);
if Okn then bk:=bk-1 else
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begin
if Oke then
begin
ke=ke+1;
ktrafi;
chvi(fiu,dx,dy);
if ke=1 then
begin
dxo:=dx;dyo:=dy;
fiuo:=fiu;
end else
begin
if (dxo=dx) and (dyo—-dy) then
begin
if abs(fiu-fiuo)>pi then fin:=(fiuo+fin)/2+pi;
if abs(fiu-fino)<=pi then fiu:=(fiuo+fiu)/2;
chvi(fin,dx,dy); ' -
end;
dxo:=dx;dyo:=dy;fino:=fiu;
end;
XMoI=XMm;ymo:=ym;
xm:=xm+6*dx;ym:=ym+6*dy;
xt:=xt+dx;yt=yt+dy;
setcolor{12); :
. circle(xm,ym,2);
sétcolor(14);
line(xmo,ymo,xm,ym};
I g
ig:=jj
if 33>1 then kira;
if Okthoi then
‘begin _
setcolor(12);. . -
circle(i_;m,ym,5);
ghikqua;
end; . . .
for j:=0 to no do putlmage(xu[ﬂ 1,yu{]] l,pt.erl",xorput),
end else bki=bk+1;
end ;
until noxong;
1:=0;
repeat
=i+l
fi:=plil*defi;
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xytron(xt,yt,bk,fi,xulil,yulil):
setcolor(d);
line(xt,yt,xulil,yulil):
until i=mj;
putimage(xt—3.yt-3,c0ntro3",xorput.);
end; - ) :
{*******ft*********************"IR*********}
begin
clrser;
tenl:='1q";teng:='fiq";
dlbanle(teng,tenl,lq,gq4):
no:=36;
dohoa;
cleardevice;
. diemo{12);
lamda:=0.4;alfa:=30;
alfa:=alfa*pi/180;
diem3(no,lamda,alfa);
bankinh:=65;
tronl{bankinh,5);
for j:=0 to no-1 do
begin
textjo:=textj;
seteolor(14);
xal[jl: —rxm[3,3]-bankmh
ya[jl:=rym[3,j]-bankinh; S
putimage(xaljl,yalil, control“.prput),
str(j,texti); S e T
setcolor(14); T T
outtextxy(530,400,textj); ' "
putimage(xaljl,yaljl,control®orput); - - - . i w
setcolor(0); ' B '
outtextxy(530,400,textj);
end,
anhdiem(12);
tron3(14);
xt:=300;yt:=270;
xm:=100;ym:=300;
setcolor(12);
circle(xt,yt,3);
bk:=50;

cono;

ghikqua;
setcolor(l);
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‘cirele (xt,yt,bk);

setcolor(14); _ :
‘outtextxy(10,450,’An mot phim de ket thue');
readkey; '
end.

{IV.04}
" PROGRAM NHMAU4;
uses crt,graph,nlmayl;
const n = 180;
type matli = array(0..n] of integer;
matlr = array[0..n] of real;
- wvar no,mj,bk,xt,yt,maux : integer;
. defi,fi,fiu : rea};
p.Xu,yu : matli;
.textx,texty': ten;
pter2,pter3 : pointer;
Okc,Okt,O_kpi.coxong : boolean;
{**********.***************-*************}
procedure anhdiem2(maux : integer);
var gize : integer; '
begin '
setcolor(maux);
cirele(3,3,3);
size:=imagesize(0,0,6,6);
getmem(pter2,size);
getimage(0,0,G,B,pterZ");
putimage(0,0,pter2",xorput);' )
end; ' _
- { - _——= =========}.
procedure anhdgl(maux : 1nteger), ‘
~ var size : mteger

begin
seteolor(maux);
setlinestyle(0,0,3); .
line(3,0,3,700);

. size: =imagesize(1,0,5 700),r
getmem(pter3,s;ze). .
getimage(1,0,5,700,pter3"); St
putimage(1,0,pter3",x0rput);

end;

{

N ..
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p_rocedure'xytrén(xtz,ytz,bkz . integer; fiz : real; VAT XUZ,YUZ :

begin

' xuz -xtz+round(bkz cos(f12));yuz: “‘ytz+round(bkz sm(flz)), .
end;

{ ' b

procedure vemient;
var  aabb,xo,yo:integer;
{-smmmrmmmemmmommmmmmmm e } _
procedure ellipse(nz,xz,yz,az,hz . integer);
var 1:integer;
xf,yf : matli;
xfr,yfr : matlr;
begin
de_fi:=2*piinz;
for i:=0 to nz do
begin
xfr{il;=xz+az cos(l*deﬁ),
yir(il:=yz+bz*sin(i*defi);
end; -~ ‘
for i:=0 to nz 'do
begin
quayvarr(xz,yz xfrlil,yfrlil, p1.-‘6 xfriil,vfrlil);
xflil: —round(xfr[ﬂ) yf[x] -round(yfrh]),
- end;
setcolor(5), _
setlinestyle(0,0 3y ' : LT
for 1:=0 to nz-1 do lme(xf[l} yf[1],xf[1+1] yf[1+1]),

begin
no:=180;x0:=200;y0:=200;aa: -100 bb —75
- defi:=2*pi/no; . L
elhpse(no,xo,yo,aa,bb); _ ' T LD
setfillstyle(1,7); v '
"floodfill(xo,v0,b);
setfillstyle(1,0);
bar(100,10,120,360);
putimage(l 19,1,-p£er3"‘,orput);
putimage(l19,1,pter3"‘,x0rput};
end;
{== ==}

procedure ktramau(nz : integer);

var jt,k,q:integer;
tapz: tap;

integer);
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begin
tapz:=[0..nz];
defi:=2*pi/nz;1:=0;jt:=0;
repeat
chonso(nz,q,tapz);
fi:=q*defi;
xytron{xt,yt,bk,fi xu[1],yu[1]),
putimage(xul[il-1,yulil-1,pter1”,xorput);
maux:= getpixel(xulil,yu[il};
putimage(xulil-1,yu[i]-1,pterl1”,xorput);
if maux=11 then Okt:=true;
if maux=9 then Oke:=true;
unti! {tapz=[1) or (Okt),
end; '
{ :
procedure ktrafi;
var deltafi ; real;
j.k,poo,pol : integer;
begin
'.—O.k.zo.
while j<=no do
begin
fi;=j*defi;
xytron(xt,yt,bk,fi,xuljl,yuliD;
putimage(xu[j1-1,yuljl-1,pterl”,xorput);
maux:= getpixel(xufjl,yufjl);
if maux=9 then
begin ' :
putimage(xu[jl-3,yufil-3,pter2”,xorput);
k:=k+1;plk}:=} ' '
if k>1 then -
begin
deltafi:=(plk]- P[k-ll)*deﬁ
~ if deltafi>=pi then
begin
Okpi:=true;
pol:=p{kl;poo: -p[k 1],
end;
end;
end;
3=+
end;

—

mj:=k;
“if Oke then



begin
if (pImjl-p(1)*defi>=pi then
begin '
if Okpi then' fin:=pi+(pol+poo)*defi/2 else
coxong:=true;
end else fiu:=(p[mjl+pl1])*defi/2;
end; ' : _ o
for i:=1 to mj do putimage(xu[p[i]]—3,yu[p[i]]-3,pter2“,xorput);
end; ' :
{ : _
pfocedure chvi(fiuz : real; var dxz,dyz : integer);
var ds : integer;
begin
if (round(abs(sin(fiuz)))=1) and (round{abs(cos(fiuz)})=1)
then ds:=1 else ds:=2;
dxz:=round{ds*cos(fiuz)});
dyz:=round(ds*sin(finz));
end; -
{3 =====)
procedure cono;
var ke;dx,dy,dxo, dyo Xq,54,X40,yq0 © integer; '
 fiuo : real;

begin - S
setlinestyle(0,0, 1). | ._/'_ o
setcolor(18); .~ IV .
outtextxy(400, 330 " H&nh trln]'l zam 01 %
0uttextxy(400 340, Da phong‘ dm sau lan IR

setcolor(l2), _
circle(xq,yq,5);
seteolor(11); :
str(xt,textx);str(yt, texty), R
outtextxy(xq,yq+10, 'Xuatphat x0= '+textx)
outtextxy(xq,yq+20,' : y0 = '+texty),
repeat '
setcolor{14);
Okt:=false;Oke: --i'alie Okp1 =false;
ktramau(no),
if Okt then bk: -bk-l-l else
bhegin
. if Oke then
begin
ke:=ke+1;
ktrafi;
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chvi(fiu,dx,dy);
if ke=1 then
begin
dxo:=dx;dyo:=dy;
fino:=fiu; '
end else
begin
if (dxo=-dx) and (dyo=-dy} then
begin _
if abs{fiu-fiuo)>pi then fiu:=(fino+fiu)/2+pi;
if abs{fin-fino)<=+pi then fiu:=(filuo+fiu)/2;
chvi(fiu,dx,dy);
end;
dxo:=dx;dyo:=dy;fino:=fiu;
end;
xt:=xt+dx;yt:=yi+dy;
XQO:=XQ;yqo:=yq;
Xq:=xq+6*dx;yq:=yq+6*dy;
setcolor(10);
cirele(xqo,yqo,2);
setcolor(14);
line(xqo,yqo,xq,yq); :
for j:=0 to no do putimage(xuljl-1,yuljl-1,pter1#, xorput);
end else bk:=bk-1;
end;
until coxong;
setcolor(12);
circle(xq,vq,.5);
setcolor{l1});
str(kt,textx);str(yt,texty);
oub‘textxy(xq-10,yq-23,'Diéh 1 x0 = "+textx);
outitextxy(xq-10,yq-13, y(O = "+texty);
1:=0; _ : '
repeat .
=i+l
fi:=plil*defi;
xytron(xt,yt, bk, fi,xufi],yuliD);
setcolor(s); _
line(xt,yt,xulil,yulil);
until i=my}; '
putimage(xt-3,yt-3,pter2, xorput); -

end; -

procedure ghikqua;



. nhacgrap(1o\.ym&§;'—;z;é 'An-mﬂt t‘n:n de ketthuc ),

“end;

begin
setcolor{i2);
rectangle(5,300,130,355);
ktrafi;
seteolor(15);
outtextxy(10,305,' KET QUAY;
setcolor(10);
str(‘x__t:3,textx);out_textxy(10,320,' xtam . = 'ttextx);
str(yt:3,textx);outtextxy(10,330," ytam = '"+textx); -
setcolor(14);

str(bk:3,textx); outtextxy(lf} 340, bankmh - '+textx);

end;
=== =}

procedure modau;

begin
clrser;
textcolor(15);
pé.th':='",

_ dohoa;

-ymax::?gct_maiy:
'plea_td.e\;ipe;'
end;”

{ _ === =

LD o

procedure ketthue; - -

SRy

‘ch:=readkey; " "
closegraph;. _
textmode(3);

{********'****t;***.\;ﬁ?@f1}'*.**;&;;?#?.
begin ' ; PR
modau,; S
anhdiem(12); . '
anhdiem2(14);

anhdg1(10};

vemient;

xt:=192;yt:=215;

bhk:=586:

cono; : A
ghikgua; '

ketthuc;

end.
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