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S1. MO DAU

. Chc bai tokn séng frong méi trrong dan hdi khong. c6 ¢ng sufi truée dwge
nghién cén trong [1, 5, 6}. ‘Trong moi truéng’ ¢6 bién dang ban din thudn nhit, chung
dugc nghign efru trong nhidu cdmg trinh. i du [3, 4,7, 8, 9]... Trong thye t&, bign
dang ban diu cla moi trudng khong phdi bao gid cling twan. th@o qui luét don gm.n'
.nhu viy, ching cé th? khéng thudu ulidt. Do vay, vitc nghiéa eftu cde. DAl toan su‘.ng
trong méi tregng dan. hdi ¢6 bién dang ban din khéng thudn nhit 1a rdt cAn thist.
Trong bail bdo niy, chung ta nghitn ctru- bii todn vE-sy phin xa vi khiic xa cla séng
SH 48i voi 1op var ligu o6 hidn dang ban diu khéng thuin nhit theo mot hwdng. Vige
tim nghi¢m chinh xdc cdia bii.todn 1a rit khoé khin, do viy ta s& dung cac phuong phép
x4p x1 4% tim nghigm gin ding cla bai toan.

s:z DM‘ BAI TOAN

Xét moi trudng vd h4n gdm mot 16p vat Heu dit gitta hai hén khbng gian (h.1),
Ta phan bigt ba trang thii cla méi trwdng : trang thai ty nhién. trang théi ban diu
va trang thai tai thoi didm. dang xét, Gif-thidt ‘

- trang thai thoi didm dang xét khie rat it trang e
thai ban dau. Khi d6 phidu ddng 13 bé. Ta dua
vao hé toa 46 Lagring (X{', X1, X4Hme & -
trang thai to nhidn nd tring vwoi cac h«} toa d6 .
BE-chic vubng clia hai bén khoéng gian vd 1ép
(J =1, 83 Gng véi ban khdng gian trén vi dudi, @
I=2#ng véilop). O lrang thai ban &da, {a sh
dung he toa &) P&-cdc vudng gbe OZ1Z273 chung nE4 Z
cho ¢4 moi trudng, trong d6 mit phing 0Z1Z; .
tring v4i mit phiing dwéi clia 16p (ché § réng - @ &
che truc xP vudng goe voi 1op). ,

. . Gid st bién dang ban din eda hal baa ’ Hiok 1
khéng gian 12 thudo nhit, cén bién datig ban diuy '
ciia 16p 12 khong thulin nhft theo hudng 023, tare I3t

uot) = Byl — 1);&“’, (m=1"223i=13 . @D

unmmé k(AL =—-1§:~J?> (m = 1, ), 9“" = z(w” b, e
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f : C
irong d6 I & {011]

(H 12 d diy clta 16p & trang thai tr nhitn).
T (2 1) {2.2) suy ra’ y :

, 1”{};(23)%0 '\@ﬁ'xﬂ;) € [0H], £0) = 0. Q)

 fm }\.‘” \03} (khéng cénﬁ theo m, m -—-1 2 J-« Iy .,.,3)

Zy = AU X + f(H), K&U o= 03
Zg = AP XM, P < o0;

Zy = f(X2), 0 X2 < H.

Goi H 14 46 ddy ciia 16p & trang thii ban @aws tir (2.2), (2.3)suy ra: H = ().
Gid st mdi truedng 13 nén duge, klu ds phuong trinh co ban cha nhlEu chuyen
djch eda séng SH trong hg (x{h, xfﬁ, ) i (xem'[2]):

" d%ua : S I o
(ot o)+ (@i ubls) = . - (2.5)
‘ .t 3 I / "
trong dé m 31 m322'3 dirge xéc dmh b&i (11.33) txong [3]. D& dang chuug minh rang
wtzzl = cons’s(]),' “’é%z‘ = coust!?® vai j = 1, 3, can m;‘_".z’l, mg;%q 14 cde bim cfa xl.f.z.? e
Chuy?n sang he 0712323 phuwong frich (2.3) ¢6 dang: .. ' L
2, 6 ~ 3% R
~p @ agi? d cn us) Ty ey -
"’1221 T © 329 =8 — (26)
371 373 373 | Mz S Do
tron’g dé « B - S
' ‘ l J et 7\(})0) i ~ “{i); S CoL T
= ) :221 tn 3223 3 {2 z] R
= ..-—_.__.. 3 = -_--—----———, s vt S Y -—f X 2.
0.)1221 ) )\(23') )é’] » 3523 )\%]] )\;1) e 7\[])?\.[3] [])c 3 ( IS ) ’ ( 7)

Do (2.3) nén ¢o tHn tai ham ngwge X:;za = f‘l(Zs) = '{1[ ], cho néu che hé 36 ciia (2 6) L
I_

14 cde ham phy thude llen tuc vao 73 trén {0, H1 Ta cung gid thiét thém
C0!3223 =+0 Yz € {0, H}

Tai trong trén mit Zs = const ¢6 dang (Xem (I1.27) trong [3}):

- 313{3-‘ .
PO = ) SR (2.8)
L 228 "o
[ L
(xig sir tai ban kheng gian trén cho séng (61 SH e6 bién 46 don vi:
: o
ugr = exp (K Zysinbi — KiZgcond), {2.9)

trong 46 @ 81 ~ géctél, Ky = wfCe, Cog = ou ol p“3]“2, o 12 tin 36 séng Khi d6 song
phin za vi khie x3 ¢6 dang :

u;,p] = C.exp i (Ki1Zsin®y + KiZscoshy),: o

u_!;; = W.expi(K3Zssinfs — Ix;;ZScos@s):

‘trong 46 B; — géc khie xg, Kla:nth = 11351711@‘3 f_ E 0’ d&fy, cté dun glén céch
qua nhin ¥ exp (—iot), ' :




Ta phéx tinh céde he¢ 38 phin xa vid khic xa G W, ’\iuosﬁ vay ta tim nghlem um
’3‘ trén- [0, H] vm ditu kiép lign tuctai 43 = 0 va 7y = H. ‘

ab (o) = i’(o), P‘i‘(e)‘ = P80,

[l) (1]

WP E) = ubf (1) + u‘“(m 13[2’(1;3~ P T+ P (0 (2.11)

| §--3-~rﬁ;r_crm PHAP GIAL

Te tim nghi¢m cla (2 8) duéi-dang : u(23 = u{Z3) expi 571 ' 3
W (3.1) vao (2.6) ta ¢o: - _ ‘ '
P + -p(z'lm — Q)[ % ] u=4a . (3.2)
dzs[ 3 e 1221 . U s Y
e didy kign lidn tye (211> suy ra;
u(0) = (@) = (—iKs0 azzswu ;ﬁ.’zsce);
: 3 .
u (H) = exp (—ik1H) + C.exp(Ku), © (38
du '

— (= (=iKgs 0 §3pg | © ‘,22’,3 ) [exp (—iKi;H)'= C exp(lhle)]
3

rong d4é: Kj: = Kjcosb; (j = 1,3) Nhu- vay. 48 tim C, W ta phdi gidi (3 2) vé&i d1§u k1en- .

Foam

bieu (3.3). Dgt yi (z3) = o'®, —&? .Y2(£3)- w khi d6 tt {3.2) ta cé hé phuong trink vi
3 . L

phin tuy&n tinh thulln nhit san:

)Y G4

- dY (Zs)
lZs
irong 441
: . 8 &) (12;)21 E2 ol o2 :
Mz =) ‘ (3.8)
2 |
L }“’3223% G
. 71 . .
Y (Z3) = , [0} bidu thi ma traa.

L ¥
Tk (3.3) suy ra: ' _ ‘ .
. o & . " . _,__' N‘—_ U
Y(0) = —iKyz tgypg - W |y =" iKiz {exp ( lKix.H) c, exp (iKyz H) . (3.6)
W ~exp.(~ iK1z H) + C.exp (ii{izH) '
Nbu viy, dB gidi bai todn, ta phii gidi hé (3.4) voi dizu kidn bian (3.6). Viee tim nghigm

chioh xic cla hé (3.4), (3.8) 1a r&t kho khiin, chi cé ihd thye hign ddge trong mot s rit
it treéng hop djc bigt cla ma tran A(Zs). Do vay ta di tim ng‘mem gin ddng cdz nd.

28



Chia -{0, ] thinh N doan bing nhan c6 49 dai § = H/N béi cac &idm . chid .

2 (n =1, N+6 Z49 = 0, Z{D = H). Sau 3¢ ta tim nghitm lien tuc cfia he saus™ 0o

£ (7 Do e y
i'lmaé—_-s)—'ﬂ_A(Z[s“))Y:Aa..Y(nm 4N}
17 3

voi dida iilén bidn dang (3 6) thay (Y, C, “ hing Y C W) & iy A (Zm) = K.

i Z‘m < Zy << 232 (n =1, N). (3.8).

Né&uw ta ching dinh duee tding: lim Y=Y, lim C=C(, lm '\R o= W thtY 19. .‘f'_' |

8 -0 3—~8 8—-v0

nghi¢m xdp xI ¥ va €, W Ia che gia tri gin ddng clin tim cie C, W: , :

D8 tim Y, tredc hét ta tim ma trén nghigm co bin, lidn tue F(Zs) eda h(—, (3.7)_._.

vai didn kign ® F(0)=E (£ — ma tI‘An don v1 efp hal) Sau mét 86 tinh toén ta co. .
(z5 — 2D S\n 3An 1 3A1 :

= ‘ Lk

A A | - o L
Ap dung cong thie: et = E 4+ — 4.0 o+ —— + ... d& dang chirng minh q!fgc:¢_3¢

1! k!

cdng thire san: . L
: SN [ coste  sin Gafan

efdn =) azsinfa  cosfa

, = 3. ﬂn. pn = [(Pti) (Zinl)w __(‘)[22}21 Z(nl) 52)! (32;23 (Zé‘“)]”{

2 {n) ! tayy ™
ap = = (Z )pn] (ZS—ZS )An
* [ Bzes « Mo trdne o
c6 dang (3.10) trong 6 8a duge lhay boi 0% = (Zy = L) 8,

‘ R Y]

N o " Hii  Hijz

byt e’S - Ao, eS‘Au“”1 e oA H®) = " i

' H, H

‘!Jdna phép chx}ng mink quy nup, ta chu*nri minh ducc rﬁng
2) Néu n = 2m {n — 56 chin) thi:

_ _ 2m sz
L . H(lln} - n cos Oy + (2 Z __{_i_ sin 611 gin Bu n cosﬁ + .
' i=1 11<12 i o= iy
+ (i)zm oL a‘am L sin 8z... gin O2m,
& © 42,34 .. azm
Chm

=—()? Z sto8s H eonly —.,

i=1 k=fai -

]_ trong dé: | (310)

L
|
1
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2’- .
Lzlm !

e L BQp e Hizmez o ‘ T |
—~ {iym E 3 2l el sinfy sindiy, g ] costy é
: t

tig o Bamay

iy le<am-4 . k=
(1 E aisinfy H cosbi + ..
S 2 =t ksl
toastt o o R
4 o(iRm Z Ady " Plam-g sinf, e sinfiyy l :l cosby,
ai?. e aiz‘n_z ) . - .
i<l e <izm-1 . o . k==
* 7 8m -, Czm . : -
H;T = cosﬁ; + (1)2 E 2. sinfy, sinfj, 1_[ cost +
l ! air
=1 <iz iRl , |
. a2, ad .- 4 o . . -
+ (i)2m —3—3———}3 sm@; smezm (i € {1, 2.0, 2m}). @I

afeldgs.eflzm—~1
b) Khiin=2m 41 (n— lé) ta co cho cbng thtte- tucmg .
- To (3 9) th c6:

F11673) = Hi1 V) cos® + H 31 - sin /aa,

=13

~ ’ -1 . "
t12(Zs) = Mz cost* + H 5? Ysinf®fan

d

=~ -1y a -1y . ‘ .
f21(Zs) = H(_z]ia Y cos® — Hif atl ansin®®, 7 o (3

1)

~ - | 1y : 1y ——
fa2 (Zg) = 043 cosﬁ’,‘{ — Hiz™? an.uu@ﬁ voi gy K< 28 YV =1, N

4 day f:](Zs) 14 cac phin th cud ma trin F(?a)
Do- vay:

~

> AT+ EE : '
WZs) = : (319

—~

A Tz 4 B 122 _ ‘
» B 1a clc hing s8 xéc.c'finh lu* didu kitn (3.6). Dat (5.19), (3.18) 740 (3.8) tu ca:

k| : v -

i b ingmgﬁa]gs : ) A 1]
8 1 -1 0 B 9
™ N ™l o o "~ = I . -~ .
Hﬂ} Hiz) ¢ - 'i'giizm%gizz exp (iKiH) W - 1hlzmgﬂ;g)zs expl— 1K19.HE
N N R . -~ et iyl }
Ha1®  Hi3 o ~expikisH) ]| C exp( — iK1:H)
' _ ' ' (3.14)
“GiAi he (3.14) ta co: . .
C = exp(—2AKLM {21 + %} [z - z2}', o (3.15)
r Eand 1. Land b Lad . .
W = 2iKi:0828 exp(— iK1 H) {2y — Z2}*!, (3.18)

3 epey Y M) TRy (NI, (M T8 3y
1 = lhlzw‘szza{H!z —‘--11_x321033}23 Hz1 }, Ly w2 Hiz - iKszt03223 Hl]_)n _ (3?17)




de gio ta chitng mink Lim Y = ¥, Lim ¢ = C. Lim W = W (3&8)!4 _
) S-= 30 8-s ! e
Goi F(Z;) I+ ma tréln aghiém co bdn chia hé {(3.4) ‘ :
(F@® = E), theo dink 1y v& sy phy ihﬁ@c- lign tue cha nghiem mét he pﬁuf_iﬁ :
vi phan vao v& phiita co: EimfF ~Ell =0
, 0 -
Gid st f1j(Z3) 14 cae philn tir cha B, tu (319) suy 4 :
lim £i;(Z2) = £1jZ9)

—{ ‘
vh sy hoi ly & day 14 dBu. D4t vao (3.6) bidn thée:

Af11 + Bfiz

. . Y(Z3) = [
, Afgzy + Bfga

] {A, B 13 che hing s8)

_Ta thu dugc hé phuong trinh

o D.T =T, | L e
trong a6 b _ ' S
A ’ &
g B 0 ‘ -
F = N 1-' = » 3- 3
W ® - :I{lzm”‘ésexp(* !Kle) : (2)
C exp(— iKle)

Lo ! - - , ~ N ~ "‘"
cHn D c6 dang ma trdn D, clia he (3.14) trong do Hg” thay bé&i tij(H) Do Hi(.j] = fij(H)

nén theo (3,20) ma tr4n D, s& hdi tu t&i ma tran D ki & — 0. _
Mit khac, [o chinh 13 ma tran ty do- cfia hé (3.14), cho nén: lim A =4
N ’ - ) _8—*0_ : .
iim B=B, im C =€ lim W =W, lim Y = ¥ (Ppcm).
S0 80 ) S—(

MOT VAI TRUGNG HOP BAC BIET

L Bién dgng ban dau cda lép §a thulin nhat.

X N( ) z » -l; ) | : )
Ix!:u a6 g (i = 1, 2, 9‘2’ 18 che hdng s6. 8 dyng (3.11) ta chtmg winh dwoe ring!

NJ (‘\I ~(2) -~
lam H = cos@zH lim H = Gignog Bz sin BaH,
3-8 : 820 - - .
03] ~ (2) . N e o :
lim Hr)l = 311133[-1}033223 B2, lun,Hgiq‘ ) cas B H, (3.24)
Swe B=wg o '
trang (‘io . = [(9(2)“32 - (‘Oggjzl ﬁz)!@égéa}“z

Khi 6 che gi& trj chbinh xac € W duec tmh theo (3.18), (3.16) trong 66 H
dang (3.24). o s :
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3. Mol truong khéng ¢é bign dgng trede,

Khi d6 o =, g = o (j= 1,3), H=H. (3.95)
_Bﬁt (3 25) vao {3.15), (8.16) ta 88 thu dwgc ehe céng thirc 38 tinh ha s6 phan xa vi khis
xy clig song SH d6t vori i6p vat ligu khong co bién dang thuwée. Nu cho I =6 udng cae
két qua 46, la s& thu dwec cOng thire (4.9) trong {5] {ne s6 phin xa vi khic xa eha song
. SH ddi véi bien phﬁu Chla cua haa ban khOng gian khong &6 ng sufit. 1ru'évc)- _ LT

KET LUAN

Nt vay, trong bai bao nsly chung ta &8 nglien ctu bai todn vE sy phém i% Vi
khiic xa cia séng SH d8i voi 16p vat lidu cé bién dang ban diu khoug thudn nhil theo
mét huéng (0Z3). Ta di tim nghtém xdp xi cla bai todn, chiéng minh dwge sy hdi tu
clia ngh;em xip xI toi nghidgm chink xéc. Bing cdch cho que giéi han cic két gqud thu
duge, ta dd tim dwoe nghigm chinh xée trong céc truéng hep : khi 16p vat lidu c6 htén
dang ban ddu thuin nhft hoie ch mét trudng. khoug ¢6 bifn dang ban dau. .

Piachi ‘ Do legin ﬂgay 1’6]12[,’{985 ;
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PE3IOME
OTPAKEHWE ¥ TPEJIOMJIEHHEE BOJIHLL — $H OT CJIOA C
HAYAJIBHKIMI HEOJHOPOQHBIMU [JEQOPMALLHAME

B stofl cratee paccmo’rpeﬂa 3ajaya o OTPAMNKEHHH H HpeﬂOMJIeHHH BO.HHLI — SHot
&0f C HaualdbHblMH HEORHOPOMHEMA NedopMaunami. [TecKonbKy Toumoe pelieHue 3ajauy
Haiileso JUIDb [Ii% HEeKOTODWX UacPHHIX CJy4aes, 3jech 1IpefJoxer ipHOIHKEHHLIA
MeTo[ pemeHuit 5Tofl 3afaun, TIpy mepexofte K Ipeflesly H3 NOAYYEHHBIX PE3yJLTATOB,
TOMYSEHO TOWHOE PefileHHe B CJyYasx, KOTJa B c/o¢ HMEET MECTO Hauanlbhasi ONHGpOAHAsR
TeopMatHs HITH OTCYTCTBYET HauasbHan pedropManu,
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