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Mot cong cu tinh todn ddm phing don gian dugc xay dyng trén nén tang Excel bing VBA dia theo phwong
phép ma tran (Matrix Structural Analysis — MSA). Phitong phap niy mé ta mbi quan hé giita lyc niit, chuyén
vi niit va d6 citng cia két ciu théng qua hé phwong trinh can bing dang ma tran. Chwong trinh ty dong héa
qué trinh tinh toan gdm thiét 14p ma tran d6 cting, quy dbi tai trong phan b, giai hé phiong trinh dé xéac
dinh chuyén vi, phan Iyc gbi va néi luc trong dim. Két qua duoce hién thi trivc quan bing bang va bidu dd
momen - lyc cit. Ngoai ra, bai viét so sanh két qua giita MSA va phuong phap phin ti hitu han (FEM), qua
d6 1am r6 vu diém v@ tinh don gian, tric quan va kha niing Gng dung ctia MSA trong giang day va nghién

cttu két cAu tuyén tinh.

ABSTRACT

VBA Excel
MSA

FEM
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Reaction force

A simple computational tool for planar beam analysis is developed in Excel using VBA based on the Matrix
Structural Analysis (MSA) method. This method describes the relationship between nodal forces, nodal
displacements, and structural stiffness through a matrix-form equilibrium equation. The program automates
the calculation process, including stiffness matrix formulation, conversion of distributed loads into equivalent
nodal forces, and solving the system of equations to determine displacements, support reactions, and internal
forces of the beam. The results are presented visually through tables and shear-moment diagrams. In
addition, the study compares the results of MSA with those of the Finite Element Method (FEM), highlighting

the simplicity, transparency, and applicability of MSA in teaching and linear structural analysis research.

1. Dt van dé

Trong linh vite phan tich két cdu cong trinh, viée x4c dinh ndi e
va phan Iyc ctia céc cAu kién nhuw dim, khung va dan 13 mét n6i dung co
ban nhung c6 vai trd ddc biét quan trong. Trude day, qué trinh tinh toan
thuong dugce thie hién tha céng [11, [2], [3]hodc dya trén cac phén mém
thwong mai c6 chi phi cao va hoic giao dién phin mém phitc tap, giy
khé khin cho sinh vién trong viéc nim bét ban chit ctia bai toan.

S phat trién ctia cong cu l4p trinh trong Excel mé ra kha ning
tw dong héa cac budc tinh toan va minh hoa tric quan quy trinh phan
tich két cAu [3], [4]. Trong d6, phitong phéap ma tran (Matrix Structural
Analysis — MSA) [5], [6], [7] dugc xem 14 mdt cong cu hiéu qua, vira
mang tinh tdng quat cao cua ly thuyét dai s6 tuyén tinh, vira d& trién
khai trén cic nén tang don gian nhu VBA Excel.

Tuy nhién, trong khi phuong phap phin ti hitu han (Finite
Element Method — FEM) d4 dugc ¢ng dung rong rii, thi MSA — véi ciu
triic ma tran gon nhe, d& hiéu va phit hgp cho cac bai toan két cAu tuyén
tinh - lai chia dugc khai thac nhiéu trong méi tredng hoc tap va thic
hanh ky thuat. Do d6, viéc xdy dung moét chuwong trinh tinh toan ndi
Ive ddm phéng bing MSA trén nén VBA Excel khong chi gitp don gian
héa quy trinh phén tich, ma con ting tinh tric quan va kha ning kiém
soét titng budce tinh toan.
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Muc tiéu ctia bai viét nay 14 xay dung va tng dung céng cu VBA
Excel dé thiyc hién phén tich dim phing theo phuong phap ma tran,
ddng thoi so sanh véi FEM nhim danh gia wu diém, han ché va tidm

ning Gng dung ctia MSA trong giang day va nghién ctu co hoc két ciu.
2. Phuong phap nghién citu

Trong phén tich két cdu theo phwong phdp ma trdn (Matrix
Structural Analysis — MSA), trang thai cin biing ctia hé dwgc biéu din
théng qua méi quan hé giita lwc nit, chuyén vi nit, va do citng ciia két
cAu. Thay vi xem xét toan bd hé dwdi dang lién tuc, MSA chia két ciu
thanh cac phin ti co ban, trong d¢6 mdi phan tit digc mé hinh héa nhw
mot phin ti dan hdi tuyén tinh 6 cac nit lién két v&i nhau tai nhitng
vi tri ddc trung.

O cip d6 phan tit, mbi quan hé gita lyc nit va chuyén vi nit
dugc thiét 1ap duya trén gia thiét vat liéu dan hdi tuyén tinh va bién
dang nho, din dén mét hé phwong trinh tuyén tinh c6 dang ma tréan.
Phuong trinh nay thé hién sy twong quan triyc tiép gitta bién dang hinh
hoc va phan @ng ndi lvc ctia phén t nhu sau [6], [7]:

[ke]{ue} = {Pe} - {Pfe} (D
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Trong d6:

>  [k.]: La ma trin d6 cttng phin t trong hé toa db cuc bd,

> {u,}: La vecto chuyén vi nit phin t,

»  {P.}: La vecto luc niit tic dung bén ngoai 1én phin ti,

> {Pr.}: La vecto lyc nit twong duong do tai trong phan b

trén phin tit gay ra.

Tai trong tac dung 1én ddm khong chi 12 céc luwe tip trung tai nit
ma con ¢6 thé 12 tai phan bé déu, tam gidc hodc tai tAp trung gitta nhip.
Pé 4p dung phwong phap ma trin, cdc tai trong ndy dugc quy dbi vé
lye ndt twong dwong nhim dam bao cling diu kién can bing ning
lwgng véi tai thue té [5], [6].

-

YH | u}—

L !
Hinh 1. Tai trong tuong duwong tai cic diu ndt ctia phan ti
khi chiu lyc tip trung.

Ma tran do ciing phén t¢ dAm (Beam element) c6 dang [8]:
12 6L —12 6L
EI| 6L 412 —6L 212
L3f-12 —6L 12 —6L
6L 212 —6L 4l?
Cac thanh phan nay dugc cong hoic triv tity theo chidu dwong

[k.] = )

quy uwéc cta lye nat. Khi quy dbi xong, cac tai trong ngoai phan bé trén
titng phin tit ddu dugc dwa vé nit, cho phép mé hinh héa toan bd hé
két cAu bfing cdc ma tran phan to@ tuyén tinh.

Két qua nay cho phép xay dwng bidu dd ndi lc va bién dang
dim, qua d6 danh gia kha ning chiu lyc va trang thai 1am viéc cta két
cAu trong titng giai doan chiu tai. Thong qua viéc phan tich phan b noi
lwe doc theo chidu dai dim, sinh vién c6 thé x4c dinh dvgc vi tri nguy
hiém, gia tri ndi lc ciic tri trong cc két qua tinh toan ti¥ ma tran.

C6 thé théy réng phuong phap ma tran (MSA) [5], [6], [7] va
phuiong phap phin tit hitu han (FEM) [8]déu dugc x4y dung trén ciing
mot nén tang toan hoc ctia dai sé tuyén tinh, trong d6 trang thai ctia hé
két cAu dwgc mo ta bing mbi quan hé giita chuyén vi nit, lic ndt va
ma tran do cting. Ca hai phwong phap déu sit dung tu duy r&i rac héa
két cAu — chia hé lién tuc thanh cac phin t c6 quy luat bién dang xac
dinh — nhdm chuyén bai toan co hoc phitc tap thanh hé phvong trinh
dai s6 ¢6 thé giai bing méy tinh.

Tuy nhién, muc tiéu, cich tiép cin va pham vi ng dung ctia hai
phuong phap lai c¢6 su khac biét ro rét. MSA [5], [6], [7] dugc xem
nhv buéce phat trién trung gian gitta co hoc két ciu cb dién va FEM [8],
tap trung vio cac hé khung, dan hodic dim tuyén tinh c6 quy mo vita
phai, noi mdi phin tit c6 thé duge mo ta bing ma tran d6 cling xéac

dinh twdng minh. Nho ciu tric ma trn don gian va quy trinh tinh toan

16 rang, MSA gitip ngudi hoc d& dang theo dai, kiém soat két qua tinh

to4n va hiéu sdu ban chét ctia qué trinh phan tich két ciu.

Bdi toan dwoc chia thanh cée phan tir sao cho di
gua cdac Vi irl cdn tinh todn ngi lyee.

Réi rac hda két cau
(Structural Discretization)

v

Xay dumg ma tran dé cumg

Ma tran dg cimg déiam mé ta méi quan hé fuyvén

phén tirk tinh giita lyee niit va chigvén vi niit ctia phén fir,

)

Lap ghép hé vao ma trén d@g
cimg réng rhé ciia hé - K

v

Xay dung vécto e rfgng thé

Ma trén da cimg K !o:ng thé mé ta img xur tai
céic vi i béc ne do trong hé dém dang phan tich.

DPucoe xav dimg diea trén nguvén v can bang lee

tai cae niit Py va cdng dén He cac lee dau miit ciia phan fie

V

Xav dung vécto lue tip
frung tai cac niit P

y

Giai hé phirong rinh rim

Vécto tdi tai cac niit ¢é dinh (Bao gém moment
tap trumg va e tdp trung) tai cac nit phan nr.

Khi im dwge chigvén vi u tai fimg vi vl niit, ta co
thé dé dang tinh toan va vé diege biéu ds néi lyec.

chrg!e:n viutirKu=P-Py

Hinh 2. Luu dd thic hién quy trinh tinh toan dAm phéng
bing phrong phap ma tran.

Trong khi d6, FEM 1a phwong phép tbng quat hon, cho phép mé
hinh héa céac bai toan c6 hinh hoc phtc tap, vat liéu phi tuyén hoéc
diéu kién bién da dang, nhd st dung cic ham dang (Shape functions)
va tich phan phin tit dé xdy dyng ma trn d6 cing. S¥ mé réng nay
mang lai d6 chinh xac va tinh linh hoat cao, nhing ddng thdi ciing doi
hoi nén tang 1y thuyét, thuit toan va céng cu tinh toan phtc tap hon.

Pé 1am rd6 hon mébi lién hé ké thita va sy khéc biét giita hai
phuong phap, bang dwéi day trinh bay so sanh téng quan giita MSA
[5], [6] va FEM [8] v& nguyén ly x4y dung, quy trinh tinh todn, kha
ning tng dung va mic d6 phic tap trong trién khai.

3. Két qua

Chuong trinh tinh toan dim phéng bing phwong phép ma tran
(MSA) [5], [6] dugc xay dung trén nén tang Excel — VBA da dugc kiém
chitng théng qua nhidu bai todn miu véi diéu kién bién va dang tai
trong khac nhau. Két qua cho thiy céng cu ¢ kha ning xac dinh chinh
xéc chuyén vi nit, phan liee gbi va noi Iytc trong cdc phin tit dim, ddng
thoi biéu dién tric quan thong qua bang sb liéu, biéu dd momen.

Viéc phét trién chwong trinh trong méi tredng Excel mang lai 1oi
ich dic biét cho sinh vién théng qua viéc quan sat tric tiép titng budc
tinh todn, tir thiét 1ap ma tran d6 citng, 14p ghép hé két ciu cho dén giai
hé phuong trinh can bing, sinh vién c6 thé hiéu ré ban chit cia phwong
phép ma tran, thay vi chi tiép can két qua dAu ra nhu trong cic phin
mém thuong mai. Giao dién than thién va kha nang hién thi két qua
trie quan ciing gitp ngudi hoc d& dang kiém ching, dbi chiéu va mé
rong bai ton, gép phin ting tinh cht dong va tu duy phan tich trong

qua trinh hoc tip va nghién cttu co hoc két ciu.
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Bang 1. Phwong phap MSA va phuong phép FEM.

Tiéu chi Matrix structural analysis - MSA Finite element method - FEM
so sdnh Phurong phdp phin tich dai sé6 ma trin Phurong phdp mé phong xip xi phan tie hitu han
MSA duoc xay dung trén nguyén tic can bang lyc va | FEM dwoc phat trién tir co hoc lién tuc va giai s6 céc
Co 56 Iy chuyén vi ciia cac mit thanh trong méi phan ti. phwong trinh dao ham riéng (PDEs)
thuyét ZF—[I'ZM—O d B du
=0; = — o\ KO ) Hau =100
Céc logi | Dang thanh, khong mo ta duwoc mién cong hodc dic. Pa dang hon. M6 phong t6t hinh hoc bat ky. mién
phéan tir | Phan tich khung, gian, dam, cau tric thanh 2D, 3D. cong, vat thé ran, tam, voé, khdi 3D.
Cdp ma Kich thuée ma tran nhé hon nhidu so véi FEM. Kich thwée ma tran rat 1én dé cé nghiém chinh xac.
tran Ma tran theo cap s6 cong cia bac tir do phan tir. Ma tran theo cap s6 nhan cia bac tir do phan t.

Téc dé va

Rét nhanh, cho nghiém phrong trinh chinh x4c bing

Cham hon nheg khong déng ké. cho nghidém ndi suy

chinh xdc phirong phép dai s6. Xap xi voi cac bai toan c6 mién pie tap.
D6 6n Y C6 thé gip tinh trang khé tim dwge nghiém 6n dinh
; Cao, cho két hoi tu nhanh. T .. o a '
dinh a0, cho et qua flot fy nha hoéc két qua bi sai 1éch do sai s6 tinh toan.
BDé plni = - .. . Phiec tap hon, khé tinh todn va kho lap trinh hon, phi
¢ phe Dé lap trinh, dé tinh toan hon. Phu hop véi sinh vién, e tap cm © .. oanl*ta ,0 P ] ot Phu
tap hop véi hoe vién nghién ctru sau dai hoe.
An sé Chuyén vi u ciia cac nut. Sau d6 ding chuyén vi dé xit Iy tat ca cac bai toan con lai
3.1.  Giao dién chuong trinh

-] §J 5 Matrix Besm-Sevexlem - Thién Thanh Searc 0 - a b4
File Home Insert Page Layout Formulas Data Review View Developer Tiénich  Bdo mit
L Nat ¥ M TT Giat TT Giaty 1 E 1 Y M Phin tr Loai hpe q q Ly L,
ollld| 1] 1] 1 dl 20000(| | 50 12113 ol o 1 30 0 120 | 120
113 = =
2401 |5l 0 = S00|| f=e| | 2 | 3 1 3 0 0 3 0 0.125 120 | 120
=
420 ! 3 0 o 10| | 4 1 3 0 0 § 1 ( 0 0 0
660 4 1 2 87 0 0
=
=
— |
1 2 3 4 5 6 7

Hinh 3. Giao dién ctia chwvong trinh phan tich trén nén chwwong trinh Microsoft excel.

Bang 2. Théng tin huédng dan nhép liéu vio céc vi trf ctia chiong trinh.

STT Tén Chtic néng
1 Chiéu dai phan ti Khai bdo titng chidu dai titng phin t dim trong hé.
2 Gbi tya Khai béo vi tri ctia gbi tiwa dia vao vi tri niit theo s& phan tir.
3 Modul dan héi E Khai bdo céc gia tri cia modul dan héi E.
4 Moment quan tinh I Khai bdo cac gid tri cia moment quén tinh chinh trung tam I.
5 T hop Gan thong tin modul E va moment quén tinh I cho phin ti.
6 Luc tép trung Khai bao luc tap trung, moment tap trung tai céc vi tri nit.
7 Luc Khai béo litc phan b hoic lic tip trung trén phan tit dAm.

JOMC

112



Tap chi Vit liéu & Xdy dung Tdp 16 S6 01 ndm 2026

-] €~ %3 = Advanced structural mechanics - Thién Thanh £ search

file  Home insert Page layout  Formulas

1 Biic ty do: 1:
2/ Ma trin &% cimg phan nir:

Phin ti thif 1:
1283854 1540625 -12.6385 1540.62¢

Phim tir thiy 2
304321 2738.880 -30.4321 2733.889
1738880 32B666.7 -2738.80 1643333
304320 -2738.89 304371 -2T3BE9
1735889 1643333 -2738.89 318666.7

Phin tif thii 3:
1283854 1540625 .12 8385 1540625
1540625 246500 S
-1 -1540.63

1540625 123250 1540063 246500

Data Review \View Developer Tiénich Bio mit

3 Ma trin 85 cimg: 4/ Qe 5Py &P TE-Py

375166.667 1643333 Brogn dam thar 1 400

164333333 $75166.7 FSb 15
Fub 200

FSe 15

FMe 500

Do dim thir 2

FSb

Fib

FSe

Fide

Dogn dim thir 3

FSb 15

FMb 600

Fse 15

Fie -0

Dogn dim thit 4

FSb

FAfb

3 F5r4

Fhle

e oo

e e e o

5|16 7

g

& u (x107) [ Phin hec Rz

18.125
1150
12.98611
11.38880
175

800

Hinh 4.

Giao dién hién thi két qua phan tich dia theo sb liéu d& bai nhap vio.

Bang 3. Théng tin hiéng din doc két qua phan tich diu ra.

STT Tén Chttc néng
1 Bic tu do Hién thi két qua téng sé bac tv do hién tai clia hé.
2 Ma tran d6 ciéng k, Hién thi két qua ma trdn d6 ciing ctia cac phan tif khai béo.

Bang 4. Théng tin hudng din doc két qua phén tich diu ra (Tiép theo).

STT Tén Chtic néng
3 Ma trin d6 cing K Hién thi két qua ma tran d6 citng téng thé ctia hé.
4 Qs Hién thi gi4 tri lc twong dwong tinh dwgc tai cic nit & phin ti.
5 P, Vécto tai twong dwong tdng thé tai cic bac ty do rang budc.
6 P Vécto gia tri tai trong tip trung tai cic nit clia phin ti.
7 P-P, Vécto gid tri lue tic dung thudn bén ngoai.
8 u Vécto gid tri chuyén vi tai cic nit trén phin tir.
9 Phan luc R Vécto gia tri phan lyc tai titng vi tri bi rang budc.
10 Cac n1t chic néng Giai mé hinh, hd trg lvu va mé md hinh di luy, ...

3.2.  Ung dung hé két cdu ddm tinh dinh

P = 10kN

M, =04 V,4+q21-P3=0

&V, =5kN
2 M, =0V, 4-925-P.1=0
&V, =15kN

H 5 i5

H

[ o L
10 N

Hinh 5. Vi du v& mét bai toan dim tinh dinh [9], [10].
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File  Heme Insert Draw Pagelayout Formulss Data Review View Developer Help Tiénich  Bao mat

L Nit Y M T Giawi TT  Gid tri Lok E I Y M Phin tir Loailue g @
El o B 1 oo & =1 oHl 2 ol o 1 3 5 5
=1 2 10 2 2031 |1 0| o 1 1 0 0 00
= B 0| 0 3 30411 0| o0
= | 2 |1 I
b5 6 4 1 0 3 1] 0
3 >
= &
|
b=
g

Hinh 6. Khai bao thong tin bai toan.
@ H - C 1 7 Adaedsiucini mechas - Thbn T ) P

File  Home insert Pagelayout Formulas Data  Review View Devoloper Tiénich  Bdo mit

R o ) [ ot oxa ]

% cing phia 0 3 M trin 85 cing: 4Qe P &P TUP-Pr % uxl0’) 9 Phin lecR:
15 15 1 o o 0 ‘Bogn dam thi 1 5 o -5 15
13 1 15 15 2 1 0 0 0 FSb 5 1.666667 o 5
13 1.5 1 15 0 FMb 1.666667 10660 o
15 v as » s e 5 o
15 1 -15 2 o 0 0666667 5333333 5333333 2 FMe -1.66667 0 o o
Phin i thir 2: 0 [ 0 L] 4 Doan dim thix 2: o o 0
G444 D.860687 044444 0886887 £ 0
068567 1333333 065667 0.666667 e 0
043444 7 0444444 -0.66667| FSe o
0666667 0.660667 066667 1333333 e 0
Pl s 3 Besn e 3.
2 s wm s sy 0
6 4 -6 2 FMb o
-12 B 12 -6 FSe o
e 2 4 4 ne o
Doan dim thir 4
FSb o
FMb o
e 0
e 0
~ A 2 A , , 2 N A . X N
Hinh 7. Két qua phén tich, tinh toan tit théng tin dau vao.
Biéu do lure cat Q Bieu do moment M

5 5 10

-5

0 1 2 3 4 S 6

0 1 2 3 4 5 6 5 N N
Hinh 10. Biéu 6 moment M (kNm) vé bang excel.

Hinh 8. Biéu db luc cat Q (kN) vé béng excel.

Hinh 9. Két qua biéu dd Iyzc cit trong hé ti¥ phan mém SAP2000.

3.3. Ung dung hé két cdu ddm siéu tinh

S S N S O A

A A A ¢
L1 L2 L3

Hinh 12. Vi du vé mot bai toan dam lién tuc (Hé két chu dim siéu tinh) [11].
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Bang 5. Bang thong s6 ctia hé dAm va théng tin vé vé tai trong.

/Ma trim 83 cimg:
08

R ya
0

-12.28

-12.28

0 1 2 3 4 5 6 7 38
Hinh 15. Biéu dd luc cht Q (kN) vé béng excel.

496 |

ST T

Hinh 16. Két qua biéu dd Iyc cit trong hé tif phin mém SAP2000.

4. Kétluan

Bai viét d3 trinh bay viéc tng dung VBA Excel trong tinh todn,
phan tich ndi lvc dAm phing bing phwong phép ma trin (Matrix
Structural Analysis — MSA). Két qua cho thdy, MSA mang lai d6 chinh
xéc cao nho dia trén cac phép bién dbi dai sé tuyén tinh, ddng thoi c6
tbc d6 x( 1 nhanh va mé hinh tinh toén tbi gian hon so v&i phuong
phép phén ti hitu han (Finite Element Method — FEM).

Mot trong nhitng wu diém ndi bat cia MSA 12 kha ning xét dén

L1 L2 L3 q P M
Dai EI Dai EI Dai EI kN/m kN kNm
1 2 2 3 2 70 20
Nat Y M TT Giatr TT Giatri L L E 1 M Phan tir Loai hre Q Q@ L L,
E 1110 &1 1 1 1 #1211 0 E 1 3 2 2 2 2
k| = = =
Y 21| o| F|2 2 w2321 0 g 2 3 2 2 1 1
= = = g
3 3|1 ]o| §s 3 wl3lals]t 0 3 3 1 70 0 2| o
§ 4010 4 20| 8 4 1 0 0 o | o
o = =|
3 2 £
k¢ E
E 5]
3 g
- ]
<
Hinh 13. Khai b4o théng tin bai toan.
[ cai [ rinvaia ] [ Dete daus_]

¥Qr sp 6T

e Su(sle) HPhinlpR:
e thi . 266666 6

PN DsessT 066667 o useessT 196
Fst : 0 X X

P 206607

o i hir 2

20
3.86
A\/ 0
23104 156
0 1 2 3 4 5 6 7 8

Hinh 17. Biéu ¢4 moment M (kNm) vé béng excel.

e, 4

-

Hinh 18. Két qua biéu dd mé men trong hé tit phan mém SAP2000.

diéu kién bién mét cach tryc tiép, qua dé6 anh hwong dang rit 16n dén
tbc d6 tinh todn va d6 chinh xac ctia 16i giai. Cac phan t& quy dbi bit
budc phai khai bao théng qua céc lién két rang budc, dam bao tinh
twong thich va can bing ctia hé két ciu. Pang chd ¥, qua trinh 4p dit
cac rang budc va phin ti nay khéng lam sai 1éch két qua tinh toan noi
Iuc, do d6 vAn duy tri duge d6 tin cdy va én dinh clia nghiém thu duoc.

Ca MSA va FEM d8u dwa trén nguyén 1y quan hé lyc — chuyén vi
ctia hé két cAu duéi dang ma tran, nhing khac nhau vé mic do tdng

quét va pham vi 4p dung. V&i bai todn diAm Euler-Bernoulli, MSA t6 ra
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hiéu qua, dé 14ap trinh va tréc quan trong viéc x4c dinh phan luc nit,
dic biét phit hop cho hé két cu tuyén tinh, hinh hoc don gian. Ngugce
lai, FEM c¢6 myc d0 linh hoat va kha ning mé phéng cao hon, cho phép
phan tich cac hé két cAu c6 hinh hoc va diéu kién 1am viéc phic tap
hon tuy nhién FEM ciing doi hoi quy trinh tinh todn va mo hinh héa
cong phu hon rét nhidu so véi MSA.

MSA ¢6 thé xem 12 biéc dém nén tang gitp ngudi hoc tiép can,
1am quen FEM do ca hai ciing dia trén co s¢ rdi rac héa két cdu va lip
rap ma tran d6 citng toan cuc. Trén nén tang dé, viéc trién khai MSA
béng VBA Excel trong bai viét hién tai d6i v&i cac hé két cdu dim gop
phan rén luyén tu duy lap trinh k§ thuét cho sinh vién, hoc vién, ma
con tao mbi lién hé, hiéu biét chit ché giita 1y thuyét va thyc hanh.
Trong cac nghién cttu tiép theo, md hinh nay ¢6 thé dugc mé rong sang
phan tich cic hé két cAu phing khac nhu dan phing, khung phéng hoic
céc hé két cAu gian, khung khong gian. Qua d6 phat trién mot cong cu
tinh toan c6 giao dién gin giii, nhe nhang, truc quan va hiéu qua, phuc
vu tbt cho cong tac giang day, hoc tap va nghién citu v& linh vire co hoc

A A
két cau.
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