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ABSTRACT

In the paper, a calculating program named “KANTBP 4M — A program for
solving boundary problems of the self-adjoint system of ordinary second order
differential equations” is presented. The computational schemes and
algorithms are implemented in the form of problem-oriented complexes
programs in the Maple environment for the numerical and qualitative study
of mathematical models of low-dimensional quantum systems in external
fields, which are reduced to boundary value problems for systems of ordinary
second order differential equations with real- valued variable coefficients and
homogeneous boundary conditions. The reduced boundary value problems
are solved by KANTBP 4M program, the code of which is based on the high-
order finite element method with interpolation Hermite polynomials. The
mathematical models are studied by the KANTBP 4M as: the eigenvalue and
scattering problems for the Schrodinger equation with the one-dimensional
and d- dimensional potentials in real form; the eigenvalue and scattering
problems with constant or piece-wise continuous potentials;, and the
multichannel scattering problem of tunneling of two identical particles with
the oscillator interaction through the potential barrier, etc.

TOM TAT

Bai viét gii thiéu chiwong trinh c6 tén “KANTBP 4M — A program for solving
boundary problems of the self-adjoint system of ordinary second order
differential equations™ (Luong et al., 2015) va dwa ra nhitng ing dung cua
chirong trinh d@é phan tich cac mé hinh hé thong lwong tir it chiéu. Cac mé
hinh vt ly luong tir it chiéu ban dau dwgc dwa vé cdc mé hinh todn hoc dwoc
ddc trung boi bai toan bién co chira hé phwong trinh vi phdan thuong bdc hai
Vvéi cdc diéu kién bién dwoc don gidn hoa trong mién hitu han. Bdi todn bién
thu dwoc sé dirge phan tich bang chwong trinh tinh toin KANTBP 4M véi
code (md) so do tinh todn dua trén phwong phdp phan tur hitu hgn vdi da thirc
néi suy Hermite. Chirong trinh KANTBP 4M dugc viét trén phan mém Maple
dé khdo sdt cdc mé hinh todn hoc phike tap nhw bai todn tri riéng va bdi todn
tan xa doi véi phwong trinh Schrodinger véi cdc hé thé nang mot chiéu hodc
nhiéu chiéu; bdi todn tri riéng va bai todn tan xq vdi cdc hé thé nang khong
d6i va lién tuc tirng phdn; va bai todn tan xa nhiéu kénh mé ta sw truyén qua
hang rao thé nang cia hé hai hat dong nhdt véi twong téc dao dong,...

Trich din: Luong Lé Hai, Tran Thi Lya, A. A. Gusev, S. L. Vinitsky va O Chuluunbaatar, ‘2019. Ung dung
chuong trinh tinh toan danh cho su phﬁm tich cac mo hinh h¢ thong lugng tir it chicu. Tap chi Khoa
hoc Truong Pai hoc Can Tho. 55(So6 chuyén dé: Khoa hoc Gido duc): 47-55.
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1 GIOI THIEU

Chuong trinh KANTBP 4M (Luong et al., 2015)
duoc soan trén phin mém Maple (Maplesoft, 2019)
boi tac gia cua dé tai cing cac cong tac vién khoa
hoc ¢ Vién Lién hiép Hat nhan Dubna, Lién Bang
Nga. Chuong trinh ¢6 chita hon 1.000 ma code va
thudt toan phtc hop duoc thé hién qua cac so dd tinh
toan dya trén phuong phép phan tir hitu han véi da
thirc noi suy Hermite dé khao sat cac mo hinh toan
hoc dugc don gian hoa tir cac mo hinh vat 1y lugng
ttr it chiéu phirc tap.

(D-ED®(z)= (1
[ m d7f Az )7 V(z)+

voi f4(z)>0 va fp(z)>0 la nhling ham lién
tuc hoac lién tyc tung ph?m, I 1a ma tran don vi,
V(z) 1a ma tran ddi xtmg ( Vij (z)szi(z)) va Q(z)
1a ma trén phan xtng (J;j=-0j; ). Cac ma trén nay
¢6 kich thudc NxN va cac phan tir cia ching la
nhitng hé s6 lién tuc hodc lién tuc ting phén mang
gia tri thyc hodc phuc thudgc khong gian Sobolev
7-621 (Q). Nghiém cua phuong trinh (1) théa man
céc diéu kién bién thun nhat: Dirichlet (logi T) hodic
Neumann (loai II) hodc loai III tai cac diém bién

min _max
2z

trong khoang ze(z ) voi gia tri dugc cho

trude cua cac phan tir cia ma tran R(zt) c6 kich
thudc NxN .

I): (I)(zt )=0, t=min va\hodc max (2)

—fA (zMAX ) (;MAX )5 (;MAX ) g (;MaX )+fA (Zmin )o° (zmin )G(Zmin )q)(zmin

H((I),E,zmin ’Zmax )=

2 D ( )dcb( )
I J ( ) dz

Zmlll

B (@0 V()02

140 (2)Q(= )”"I’(Z)

d(I)(z)

A Qo) 1B ) Ee (Z)‘D(Z)]dz

(6)
v6i G(2)=R(2)-Q(z) 1a ma tran d6i xtmg c6
kich thuéc NxN , ddu *1a hoan vi 7 hoic lién hop

min
4 = Zl

oi@ [Zrnin’zmax} 4

fa(z)
fB(2)

Q(/
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2 SOLUQC VE SU THANH LAP
CHUONG TRINH KANTBP 4M

2.1 Bai toan bién déi véi hé phwong trinh vi
phén thuong va phiém ham bic hai doi xing

Xét bai toan bién ¢ chira hé gdom N phuong
trinh vi phan thuong béc hai di véi ham sé cam tim

B()=(®(2)... 0y (2))]
z e (2™, 2™ (Streng and Fics, 1977):

cia bién sb doc lap

L df4()QE) gy ®(z)=0 (1)
dz  fg(2) dz

(I):  lim fA(z)(Id—Q(z)j(I)(z):O, t=min
t dz
z—z
va\hodc max (3)

(I1I):
d
(le_Q(Z))(D(Z)

=REHOED (4
zZ=Z
Nghiém ®(2)eH3>1(Q) cta cc bai toan bién

(1)—(4) duoc rat gon theo phép tinh toan s6 hoc cac
diém ding ciia phiém ham bac hai d6i ximg bing
cach sir dung phuwong phap phan tir hitu han.

E((I)’E,Zmln ’Zmax )E

jmln (z)(D-EN)®(z)dz= TI(®,E,z min Zmax

b )
Hermite T, tuc 1a chuyéI} vi v6i lién hop phtrc phu
thudc vao loai bai toan can giai.

2.2 Sw hinh thanh phwong phap phan tir
hiru han cia bai toan dai so

Trong khong gian mot chiéu, khoang
[ ,min _max } duoc chia thanh nhidu phin nho ma
mdi phin nho d6 duoc xem nhu 1a mot phan ti.
Khoang A:[Zmin zmax :‘ chiramot bo gdm 72 phan

tur
A = min _max _ _min tire 13 A_GA.
A AR A N T
J=1
Vi vay, chung ta thu dugc mét mang ludi:
max _min max
+hj=1,...,n Lz, =z, +hn=z }
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mm max

trong do, Z] j 1 ,j=2,...,n la cac diém mat
h = Pax ;o j D13 d6 dai (budc) ciia mdi phan
tr A Jj

Pa thirc ndi suy Hermite: Trong mdi phan tir
A j chung ta dinh nghia mot mang ludi con cach déu
h . (Z) .
J min max,_
7Lz

(z (j—l)pzz;nin max

’Z(j—l)p+ra”=1a~--ap_laszzzj }

v6i diem it z,=z( j_1) p4, duoc xéc dinh boi

cong thue (Gusev ef al., 2014; Luong et al., 2014):

z(j_l)pﬂ,:((p—r)z;nm+rz;nax )/ , r=0,..p.
(7

bé chon ham s&

ma;
{N[(Zszmlna ;nax)}] 0 5

bo co

p
Jmax _ Zr:O

KX , chung ta s dung da thirc ndi suy Hermite

r

HoX ()7, ™

z,,r=0,...

1 ., ez ,
} duogc cho tai cac diém nut
, P cuamang ludi (7). Tai modi diém

nit Z,, gid tri ciia ham @, (z) cung véi dao ham

max

dén bac (x maX—l) nghia la x=0,. -1, véi

max

K

. duge goi la boi so cta diem nit Zz,., dugc

x4c dinh bang biéu thuc (Berezin and Zhidkov,
1962):

dKJ K(z
wir,('()bzzr' =0y Oerc’ (8)

zZ

¢;}’f (z5)=6p'0x 0>

Bac cua tit ca cic da thic ndi suy Hermite

@l’f (Z) khong phu thugc vao Kva bang

p'= Z &M% _1_ Chi xét da thic noi suy Hermite
r'=0

véi cac nut cd6 boi sO bang nhau va bang

aX _ Max =.—0,...,p. Trong trudong hop nay

max

béc ciia da thirc bang p'=x™3% (p+1)-1. Dbi voi da

thirc ndi suy Hermite ta dung ki higu:
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N max, . (z, Zmln’ ,max )=
J J
oK (2), r=0,..p, xk=0,., k"]

Céc da thtic ndi suy Hermite nay tao mot
thanh mdt co so trong khong gian da thirc bac

p'="MX (p11)-1 trén mdi phan tor
ze[zmm, 3nax] va ¢6 dao ham lién tyc dén bac
KT i cic diém bien 27 va 2™ cia
phan tir ze[zmm,z?lax].

3 MO TA NGAN GON CAC LOAI BAI

TOAN
3.1 Bai toan tri riéng dai so
Chuong trinh KANTBP 4M tinh toan bo M tri
riéng EREISREHN<..<RE)s tuong Gng véi bo
ham

O(2)={@" (2)})]

riéng

M @ (=™ 2),...00M )T

thudc khong gian 7—6 ctia hé (1). Chi xét ham thé

c6 gia tri thuc, diu * trong phiém ham béc hai (5)

1a lién hop Hermite T, khi @6 diéu kién chuén héa
va truc giao cia ham riéng la:

< (ID(m) | d)(m’) >

' )
= @™ @) o™ e = 5
z

Dé giai bai todn cua cac trang thai lién két gidi
han trén truc hodc nira truc, bai toan ban dau duoc
don gian hoa thanh bai todn bién (1)—(4) trén khoang

min

hituhan z € (2™, 2™ véi cac diéu kién bién
(2)—4).

3.2 Bai to4n tan xa nhiéu kénh

Trén truc ze(—oo,+)
khong d6i  E=RE, nghiém
o=@V Y, o o=aDe)...00) ) cia
bai toan bién (1) (chi s6 dudi v chi hudng ban dau
cua song tdi tir trai sang phai —> hoac tir phai sang
trai <—) trong khoang ze(z™",z™M3%) dugc tinh
toan bang phuong trinh KANTBP 4M. Cac nghiém
nay phai thdéa man diéu kién (4) tai cac dieém bién
min ,max

voi gia tri nang lugng

can  tim

trong khoang ze(z ) voi tiém can c6 dang
“song téi + song truyén qua” trong cac kénh mo

=1,...,N, (Gusev et al., 2016):
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max

X(+)(Z)TV, ze[z ,+00),
) 21X (2R ming "’
®, (z400) XV (2)+XY /(2)Ry,, ze(-oo,z 1, (10)
X2+ xXH ()R, ze[2M2X too),
. VZH,
X(_)(z)Tv, ze(—OO,me],

voi T, va Ry, lan luot 1a ma trén bién d cua

song truyén qua va song phan xa. Ma tran tan xa S
13 ma trdn dbi xtng va don nhit c6 kich thudc

NN, S= R T

4 UNG DUNG CHUONG TRINH
KANTBP 4M

4.1 Bai toan tri riéng ddi dao dong tir diéu
hoa mét chiéu va d — chiéu (d > 2)

Tu trinh ) khi
fB(2)=f4(2)=22 L N=1V ()= | (2)=2%, ta duoc
phuong trinh Schrodinger cua dao dong tir didu hoa
d— chidu cho cac trang thai lién két:
(D—Ep) Dy (2)= [ L d d-1,.2 p J 1 (2)=0

Ld-1dz
(In

phuong

Phuong trinh (11) c6 nghiém giai tich — tri

exact

riéng Eg va ham riéng cua ®SX3 (2, dugce

chuin héa béi diéu kién (9).
Khi d=1 trén khoang vd han z&(—0,40) ta ¢O tri

rieng ESAUM_2m+1, m=0,1,.., va ham riéng dugc

chudn hoa (I)%’fa“( )= exp(~—z /Z)Hm 1(2)  Khi

42" Jonh)1

d >2 trén nira khoang vo han z€(0,40) ta ¢o tri

rieng ESA =g iam, m=0,1,...,

chuan hoa

poxact () NILOmtd/ DT o 2 ) 52 (i a2,22)

(d/2)

va ham riéng dugc

Két qua tinh toan boi chuong trinh KANTBP 4M
duoc bi€u dién trén cac Hinh 1, Hinh 2 va Hinh 3.

Hinh 1 biéu dién ham riéng va tri riéng twong
ung cua trang thai thi 4 va thir 5 cia dao dong tu

diéu hoa d=1 chiéu va trang thai thir 6 ciia dao dong
tr diéu hoa ¢=5 chicu (tir trai sang phai) duoc tinh
toan bang chuong trinh KANTBP 4M, véi
p=3, K™= p=7,

Hinh 2 biéu dién sai s6 cua ham riéng cua trang
thai thir 4 va thr 5 cua dao dong tur dicu hoa d=1
chiu va trang thai th 6 cua dao dong tir di€u hoa
d=5 chicu (tur trai sang phai). Sai s6 cia ham riéng
duoc bicu dien bang do thi & dang thang do Logarit
clia gi4 tri tuyét déi ciia hicu sb |OL (2)-@EXact (y)
giita ham riéng giai tich X3 (2) va ham riéng
CD}rh(z) dugc tinh toan bang chwong trinh
KANTBP 4M, véi p=3, k™ =2, p'=7.

Hinh 3 biéu dién sai s6 cua trj riéng (trai) va ham
riéng (phai) cua trang thai thi nam ddi voi dao dong
tr didu hoa d=1 chidu (hang trén) va d=5 chiéu
(hang dudi) v6i cac gia tri khac nhau ciia p, k™3 p'
tuong tmg trén cac khoang cach déu z € (—10, 10)
va z € (0, 10) trong sy phu thudc vao s6 hang L cua
ma trdn cua bai toan tri riéng dai sb. Hinh v& cho
thdy dd thi biéu dién sai s6 tinh toan & dang thang
do Logarit kép gin gidng nhu nhitng duong thing,
d6 nghiéng cta cac dudng thing nay chi rd su dung

ddn ciia uoc tinh 1y thuyét  [E) —El<ch®P’ va

h "+1
[Pm (2)-®m (g <e2h?

(Chuluunbaatar et al., 2007; Streng and Fics,
1977).

4.2 Bai toan tri riéng va bai todn tan xa véi
ham thé khong doi lién tuc tirng phan

4.2.1 Bai toan tri riéng

Trong phuong trinh khi
IB(2)=f4(2)=1, Q(2)=0, ta dugc:

(M
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d=1 ¢igv4=7.00000000549676+0.*1

A.‘/\
2
-6 -4 =2 2 4 6
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d=1 ¢igv5=9.00000000659372+0."1

S O

o

d=5 ¢igv6=24.9999985894023+0.*1

Hinh 1: Ham riéng va tri riéng twong &ng cia trang thai thi 4, thir 5 va thir 6

d=1 So sanh véi ham riéng gidi tich ciia trang d=1 So sanh v&i ham riéng giai tich cia trang d=35 Sosanh véi ham riéng giai tich cia trang
thai thie 4 thai thie 5 thai thir 6
10-€ 10-¢ 10743
- 1077 1073
10"
108 1064
10-%
10°° 1077
10-¢
101 1
10°% 10°%
10-1t
1 3 ER 5 7 i 3 H 3 H 1 3 3 z i H 5
Hinh 2: Sai so ctia cac ham riéng cia trang thai thir 4, thir 5 va thir 6
e ——(1,11) e e e
— £3
001 !-\ l-hI—._.__-_._."—_-l_:zf) \\ l\.“_'-- —a—(1,3,3)
-y . -~ ——(2.13)
EIL "\..._____ —a—(1,33) I, \\‘\ -'"'---..._.__—n— (1,4,4)
. Lt ~n
—~— 1E-3 4 \\ .
1E-4 -'—1-‘:::\‘ \._‘0-“ —n—ﬁ::‘lﬁ; \ " \\ —a— |1.5,::
\.\- — & ";\:‘\ \.\. —e—(2.25)
o 4E.5 3 " i .. w0 Biga = e Y T o 318)
b \n "“‘-‘\“\.\ —a—(1,5,5) bl | "\.\“‘;\‘_ S,
- ~ = —e—(2,2,6) = s T,
—= ’L\—;“::\' \u '\.“"t:\"""-:_o_”"'s, &\:—{0\-\\“\ '-“'\:\-
S . e W T P i i
= . s e 1E-6 e R ™ e
g \\ g Lo ~. ey
NN R
~o e 5
1E-9 ey 1E-6 - .S \."‘- i S \n maasaasas
100 150 200 250 300 350 400 450 500 100 150 200 250 300 350 400 450 500
L |
L —e—(1,1,1)
—— (1,2, —a— (11,
0,01 —---—l-...z.l_ T ——— —~—hzn
0,01 4 Tt —— ——(13,3)
1E3 ——(1,3,3) P, —~——— —e—(21,3)
——(2,1,3) . e NS Bacar = Fliil
ol” 1E-4 —o—(1,4,4) o Ve ~——
- s . - \\\:‘\. \“\. —=—(1.5,5)
1E-§ oy & \ ""-0.___ —e—(2,2,85)
—a—(1,5,5) =) B8
. —-(z28 e s P ™
- s Uy b
1E-7 o o] \\v\ o, \\\’\._:_:_.____.
. NS
— -
1E-8 ' e 166 \'\ \\-\\ b 9
140 160 180 200 220240 80 100 150 200 250
L

Hinh 3: Sai s6 ciia tri riéng (trai) va ham riéng (phai) trong sy phu thudc vao s6 hang L ciia ma trin

cta bai toan tri riéng dai so
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d :
—I—+V(2)-E| tung phan kich thude NxN:

2 v6i V(z) — ma tran ham thé khong doi va lién tuc
2 Ql’ (Z):Oe
dz

y4
T (@) @ (2)dz=5, (12)

Zmin
Vij D=V ji(2)=Vij1.25213Vij;2,2520 5 Vi sk —1,252k 13V ij 2> 2k 13 (13)
Day la bai todn mo ta mo hinh song ngang cia  thanh bai toan (1)~(3) trén doan z € (Zmin, Zmax)
dang ong dan séng (Gevorkyan et al., 2015). Vi cac (Zmin<Z1 V& Zmax>Zi-1).
ham riéng f:ﬁa Phé gién doankgiém theo ha‘tmltqnﬁ khi Véi k=3 va N=13taco thé cho ham thé &
z — oo, nén bai toan ban dau dugc don gian hoa dang nhu sau:
0 0 O -5 4 4 00 O
V(z)=1|0 5 0]z<2] 4 0 4|-2<222{0 0 0 |z>21. (14)
0 0 10 4 4 10 0 0 10
Két qué tinh toan bai chuong trinh KANTBP 4M Nghiém cta bai todn bién (12) duoc tinh toan bc"_rg
dugc biéu didn trén Hinh 4. Hinh goc trén bén trai ~ chuong trinh KANTBP 4M cho d¢ chinh xac 1a 10
biéu dién sb thir tw va sé lugng ham séng thanh phan s0 voi nghiém cuia bai toan ban dau trén toan tryc
chira trong h¢ phuong trinh (12) cta bai ton dang z&(-o0,+0) (Gevorkyan et al., 2015).
xet, cu theé & day co6 hé ba phuong trinh nén s& ¢ ba 4.2.2 Bai todn tan xa
ham riéng can tim Gng véi ba mau cua cac duong o . o
nim ngang. BO ham riéng ®(2)=(®1(z), Dx(2), Xét bai toan tan xa voi gia tri thuc cho trude cua

®3(z))" va tri riéng (E, = eigvt, t=1,..,5) tuong ung tham s6 pho nang lugng £ trén truc ze(—e,+o0)

cia  nam trang thai dau  tién,  voi (Gevorkyan ef al., 2015; Gusev et al., 2016):
Zmin=-12,1j=1,..10=L/j=11,...,20=04,

hj=21,...30=1.zmax =12 va p=3kT=2p'=7.

Jesend eigvl= - 6.94473223764429+0.*I eigv2=- 5.63583463231327+0.*1
egen
3
0.4
25
02
comps 2
-10 5 10
15 z
-10 5 10
1 =
0 02 04 06 08 1
eigv3= - 3.53071254014711+0.*T eigv4=- 0.885050213723355+0.~T eigv5=- 0.231116917561514+0.*1
0.4
0.4 4
03
0 ol2
0.
: 0f1
-10 -5 0 5 10 K
-0 . 10 -5 o 5 10
-0.11 =
-0
_0_2_

Hinh 4: B ham riéng va tri riéng twong ng ciia nim trang thai dau tién
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22
151V (2)-E |@;(2)=0,

2 (15)

Véi I—ma tran don vi, V(z) — ma tran ham thé
khong doi va lién tuc ting phan kich thuéc NxN
duoc cho ¢ dang (13) va (14).

Két qué tinh toan dugc thé hién trén Hinh 5,
trong do bd ham riéng
D1, (2),@1; (2),P2.¢ (z) va ma tran tan xa S

cia bai toan tan xa nhiéu kénh v&i
Zmin==6.4;=1,..30=0.4,2zmax =6 va

p=3,M8%_3 »,—7 . T Hinh 5 ta thdy, v6i gia tri

E=3,8 déi voi séng t6i tir bén trai s& 6 NLy=1 kénh
b N i 1a o~ R A . .

mo, va tir bén phai s& c6 N 0 = 2 kénh mé. Hinh

goc trén bén trai dugc miéu ta twong ty nhu bai toan
tri riéng dugc khao sat ¢ phan trudc. Cac hinh con

legend
3 -
2.51

comps 21

1.59

1

0O 02 04 06 08 1

Song téi tir phii sang trai RLL(1): E=3.8
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lai biéu dien ham song cua bai toan tri riéng va bai
toan tan xa, do thi nét lién bi€u dién phan thyc con
nét dut biéu dien phan do cuia ham song.

Trong chuong trinh KANTBP 4M c6 chira mot
chuong trinh phu c6 tén goi 1&8 SMART. Chuong
trinh nay tinh toan nghiém giai tich cua bai toan &
dang t6 hop tuyén tinh cia cic ham luong gidc va
ham sb mil v&i cac hé sé chua biét.

So sanh cac két qua thu duge boi chuong trinh
KANTBP 4M véi céc két qua nhan dugc tir hé
phuong trinh bdi chuong trinh SMART cho d¢
chinh xac accuracy=San—Smatr cua tinh toan cac
ma trdn vuong cua bién d6 phan xa R— va R« véi
kich thudc 1x1 va 2x2, va ma trin chit nhit cua bién
d6 truyén qua T— va T« v&i kich thude 2x1 va 1x2
vao khoang ~ 10713, Ngoai ta, d6 chinh xac cua viéc
kiém tra diéu kién ddi xung va don nhét ciia ma tran
tinxaS~ 1013

Séng téi tir trai sang phai LR(1): E=3.8

Soéng téi tir phii sang trai RL(2): E=3.8

[ NT2N

AN

TN A

0,172112308697617 + 0,287217875108078 I 0,805053671635163 — 0,412009312027338 I 0,0370164789722525 + 0,262011332364042 1

Smatr =

0,805053671635159 — 0,4120093120273371 0,0596794820525667 + 0,2348380918113371 -0316071711078588 + 0,153378668991837 1

0,0370164789722513 + 0,2620113323640411 -0,316071711078588 + 0,153378668991838 1 0.228490505982369 + 0,868530706438974 1

Hinh 5: B) ham riéng va ma trin tin xa ciia bai to4n tin xa nhi¢u kénh
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4.3 Bai toan tan xa nhiéu kénh mé ta sy Vi (2)=]+° dnd¥5¢ ( x)(V (z=x)N2)+V, ((Z+x)/ﬁ))q>950 (x)
truve s A 2 LA a A A o ze i —00 i g g J
ruyen qua rao theé cua hé hai hat dong nhat véi
twong tac dao djng V6i <D(J)-SC(x) 12 ham riéng cta dao dong tir didu hoa

Xét he hai hat dong nhat c6 toa do x va . . .
3 ’ ) g’ T Va2 v6iham the Vosc(x):x2 vatririéng Egg-=1,5,9,13,...
truyén qua rao thé  Gaussian Velxs)=

. / (a x/ﬁ)exp(—xg /02) Vi tuong tc dao dong .‘Ngh1¢rn Dcyen Va Ppgq cua bai toan tan xa
nhicéu kénh trén ban truc z € (O, +OO) duoc tinh
Vose(x—2){x1-x2)2/2, trong d6 s=1.2, 0.1,  todn boi chuong trinh KANTBP 4M duoe bidu dién
trén Hinh 6. Hinh ngoai cung bén trai biéu dien so
thir tu va s luong ham song (N=5) ciia bai toan. Cac
0(2)=0, f4(z)=/p(2)=1 va V;;(2) dugcchos  hinh con lai biéu didn him song cua bai todn. D thi
dang giai tich (Gusev et al., 2014; Vinitsky, et al. nét lién bicu dicn phan thuc ¢ on nét dﬁ? bicu d%én
201 4): ’ ’ ’ ’ phan 4o cua ham soéng. Nghiém cia bai todn bién
(1) thoa dicu kién bién loai ba (4) va ma tran tan xa
S duoc tinh toan bang chuong trinh KANTBP 4M
trén mot mang ludi déng nhét véi Zmin="5,

a=alpha =5. Trong h¢ phuong trinh (1), ta cho

Zmax=6, N=5, p=3, K"*=2.

Séng téi tir trai sang phdi LR(1): E=5.45  Seng t6i tir trai sang phai LR(2): E=5.45
legend .
5 TN

comps 3

0.5

-1

0,52783922 + 0,427988411  0,11992651 — 0,229289501  0,36819798 — 0,552005231 0,013947193 — 0,17544696
0,11992649 — 0,229289481  0,67135175 + 0670334831 0,013947191 — 0,175446591 -0,025995490 — 0,036472486 1

Smatr =
nm 0,36819795 — 0,552005211 0013947186 — 0175446591 0,52784212 + 0427984421  0,11992588 — 0,22929106 I
0013947195 — 0,17544696 1 -0,025995491 — 0,0364724871 0,11992590 — 0229291061  0,67135432 + 0,67033173 1
Hinh 6: Nghiém ciia bai toan bién théa diéu kién bién loai ba va ma trin tin xa
< . han tich cac mo hinh hé thdng lwong tir it chidu
5 KET LUAN p © thong luong

duoc dua vé cac md hinh toan hoc. Két qua tinh toan
Bai bao da gidi thiéu chuong trinh KANTBP 4M s0 hoc boi chuong trinh cho d§ chinh xac cao so vai
va nhitng Gng dung ctua chuong trinh trong viéc
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cic phuong phap sd hoc hodc giai tich dugc trinh
bay trong cac cong trinh khac.

Chuong trinh KANTBP 4M la mét cong cu hitu
ich cho cac nha nghién ctru déc biét trong linh vuc
khoa hoc tu nhién va khoa hoc k¥ thuat dé khao sat
cac hang loat cac mo hinh tinh toan dya trén cac mo
hinh vat ly nhu ve_it’ 1y, lugng tir, vat 1y hat nhan
nguyén tu, vat ly chat ran,...

LOI CAM TA:

Nghién ctru nay duge hd tro boi Truong Dai hoe
Su pham Thanh ph6 H6 Chi Minh qua d¢ tai cap
Truodng voi ma s6 CS.2018.19.50.
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