ISSN 2074-7888, HaykoBi mpaiii JJoHeIIbKOro HallloHAJIbHOTO TEXHIYHOTO YHIBEPCUTETY,
cepis [IpoGnemu moaentoBaHHs Ta aBToMatu3allii npoexkryBanus, 2011, Bunyck 10 (197)

UDC 624.07:519.83+004.42

V. V. Romanuke (cand. of tech. sc.)

Khmelnytskyy National University
romanukevadimv(@mail.ru

CONTROLLING PROGRAMMATICALLY THE REGULAR
PROJECTOR OPTIMAL STRATEGY IN
THE FOUR-SUPPORTS-CONSTRUCTION WITH
PARTIALLY UNDETERMINED COMPRESSIVE FORCES

A program Matlab-tool has been designed for determining the projector optimal
strategy in the four-supports-construction, meaning the most appropriate four cross-sections
squares, which are compressively loaded with partially undetermined forces. This optimal
strategy had been called regular as it is determined under the special condition, and examples
of getting its regular components are being laid in screenshots.
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compressive forces, partial indeterminancy, continuous antagonistic game, projector
optimal strategy, regular components, program Matlab-tool.

A problem introduction

A problem of rationally sharing available resources comes up within any
common activity. Such a problem is pretty natural for structural mechanics, and
especially in its building support constructions. There always is a dilemma,
where it is necessary to ensure reliability, safety, and security with expending
additionally metallic alloys, nonorganic composites, wood, timbers and some,
standing against saving the building resources and finances, as well as
minimizing the total weight and massiveness of the support construction.
Certainly, there must not be any compromises, because this is a matter of entire
reliability [1]. So, decisions with probabilities or math expectances are
inadmissible here. In building the N -support constructions there is a problem of
evaluating the load or compressive forces [2, 3], acting on it or its supports
(pillars, bars or other identical geometrical form supports). Often the load or
compressive forces are determined only partially [4, 5], that is, after having unit-
normed the acting load, the i -th support is compressed with force x; by

x €la;b]c(0;1)<[0;1] Vi=1,N (1)
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and

ue([a:5])>0 Vi=LN. (2)
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Obviously, that the total load on the N -support construction is unit, what
lets stating

N

Zx,. 1. 3)

i=1

So, having nonzero [a;;b,]-undetermined compression on the i-th
support V i=1, N, the main problem is to distribute the unit-normed total cross-

section square among the N supports into their cross-section squares { yl.}jil,

that the maximum of the statements

{7: (xD yi)}i]il :{a%} 4)

i Ji=1

would be minimal [2, 3, 6], where o > 0 is a mechanical factor. Here, obviously,

v, €la;b]c(0;1)c[0;1] Vi=L N )
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and it is unknown the relationship between x, and y’, though, if it were at

x, =y’ Vi= 1, N, then the problem would have been disappeared.

Analysis of investigations on optimal projection models

As it has been said, optimal projection models in building construction
must give solutions with guaranteed result, ensuring safety fixedly. To solve the
described problem there is a learned antagonistic model in the form of the
continuous antagonistic game [6]. And for the further being spoken classic four-
supports-construction this game kernel

4

T(X,Y)=T(x1,x2,x3; Yis Vas yS):maX{{ i(xl" yl')}izl

=max{7] (xp Jﬁ)a Tz(xza yz)» Tﬂs(xw y3)7 T4(x4, y4)} =

———

X X X l-x—x,—x
1 2 3 1 2 3
=max|o—, t—5, L—>, o =

M Yo o Vs (I_J/1_y2_y3)2

X, X, X l-x,—x,—x
=omax{—, =, — L_—2 3

ERDE) 2 (6)
i W y3 (1—y1—y2—y3)
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is defined on the Cartesian product

XxY :{[a13 b ]x[ay; b, ]x[ay; b3]}><{[al; b ]x[ay; b, |x[as; b}]} =

2

:H[al; bl]x[az; bz]x[a3; b3] -

:]ﬁ[[ﬁ[ad;bd]}cli[(();l)cﬁ[o;l]CR6 (7)

of two cubes

X = [anb] [as; b, ] [a3, )=
H[ad,b]cH (0;1) cHo 1]c R} ®)

and
Y =[a; b |x[a,; b, x[ay; by] =

Zﬁ[ad;bd]cli[(o;l)cli[[o; e®r’ ©)

as the subset of the unit six-dimensional hypercube, where (3) and the clearest

D n=l (10)

i=1

just have been applied for reduction of the eight variables {xl., yl.}; to six

{xd, yd}zzl. As it easy to see, the game with kernel (6) on the hypercube (7) is

conditionally strictly convex,

8yd )\
:%>0 V x,€la,;b,] and V y, ela,;b,] at d=1,3, (11)
d
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82 l—xl_xz_x3 j: 0 (2(1—)(:1—)(:2_)(:3)]:
8)’5 (l_yl_yz_y3)2 P (l_yl_yZ_y3)3
:6(1—x1—x2—x32>0 Vx,€la;b,] and ¥y, ela,;b,] at d=13, (12)

(l_yl _yz_y3)

that is almost everywhere

82

FT(XID‘)CZ) x3; y1) yz» y3)>0 de E[ad;bd]
Va

and Yy, €la,;b,] at d=1,3, (13)

and so the second player, having been personified by the projector, may have
here the single optimal pure strategy

3
Yo=[y o ]elasn)x[anb)x[as b= [lasb]=¥. (4

d=1

And there only should be found the components of (14) to control them
programmatically. Then this optimal projection model, ensuring safety fixedly

3
and y,=1- ) y,, will be

3

. . . : *
with minimaxed cross-section squares {yd}d1

acceptable.
Paper object and assignment

The started paper object is to develop a module for controlling
programmatically the projector optimal strategy (14) in the having been spoken

. . 3 . .
four-supports-construction with {[a ) d]}d—l -undetermined compressive forces.

To accomplish it there ought to be determined the strategy (14), and to be
designed the corresponding program tool.

Regular components of the projector optimal strategy (14)

For the conditionally strictly convex continuous antagonistic game with
kernel (6) on the hypercube (7) have
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max 7 (X, Y) = czmax { max x—lz,x—é,x_;’ l—xl—xz—x32 _
XeX XeX yl y2 y3 (l—yl—yz—y3)

{xl} {xz} {x3} e esie b
=omaxy max §—¢, max {—>¢, max |—5r, max =
xela; b W x€lay; by | V5 xy€fay; by ;5 XeX (1 — V=V, — y3)

:ocmax{%,b—zz,b—é, 1=a,~a,—a, } (15)
2

V3 (l_yl _yz_y3)2

Due to [6, p. 140 — 143] the optimal game value v. may be reached at each
component under maximum sign in (15), that is by

[ 3 »l=[n ¥ nl (16)

May this chance be called regularity with regular components [7] in R’-point
(16). So having

l—q —a. —
Vi =a b*lzzoc bfzzoc b*32=oc Cil af ajz, (17)
) () () (1= -y-»)
there are components
V= %y g3 (18)
Vi
and the fourth square
. s oa(l-a —a,—a
y4—1_y1_y2_y3_\/ ( 1V : 3)- (19)

Summing (18) and (19) properly on their side parts, get

1 [ob, [ab, Jabs oc(l—al—az—a3):
v, V. v V.

:\/a\/b71+\/g+ b3+\/1—a1—a2—a3:
-
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2\/5+ ll—iad
:\/a d=1 d=1 - (20)

N

The statement (20) gives the optimal game value in (17)

v*=oc(\/a+\/g+\/a+\/l—al—az—a3)2=

= o 2\/@+ /1—2% 1)

to substitute it into (18) and get finally the regular components of the projector
optimal strategy (14):

. b _
Vi _\/E+\/g+\/g+\/l—al—a2—a3 -
\/E ,1=1,3. (22)

:Z\/E+\/1—Z3:ad

d=1

At that the obvious condition of regularity is

Vb ela;b] Vi=1,3 (23)

3

Z\/E+\/1—Zad

d=1

simultaneously, as at least one of the three compulsory memberships in (23)
may be violated.

Tool for controlling the regular projector optimal strategy (14)

For developing the program tool will apply the programmable
environment Matlab [8, 9]. May a Matlab-function, being further the tool for
controlling the regular projector optimal strategy (14) with its components (22),
be named “optregsqrd4sc” (as a several words lettered abbreviation of the
sentence ‘“optimal regular squares in four-supports-construction™). The first
assigning line and the header comment (needed when the help is called) in its
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code are on figure 1. The tool has a single input argument, what is the

undetermined forces, included into 3x2-matrix with left and right ends of the
3 : : 4
segments {[a d;bd]}dzl' The output argument is optimal squares set { v }5:1'
Typing on, there comes the check whether the input is a 3x2-matrix at all
(figure 2). If the input is a 3x2-matrix, then its elements are being renamed

(figure 3) for more convenient use.

E E\MATLAB7pOp1'work' AG Theory DoctoralDiss and Support’ AGT FUNCTIONS' optregsqrdsc.m & |EI|5|
File Edit Text Cell Tools Debug Ceskiop ‘Window Help L
D | i@« |5 80 BRE DA | swxea x|
i function [OptSguares] = optregsgrdsc (SegqmentlUncertainties)
2 % This tool calculates the optimal squares of cross-sections in
3 % the FOUR-3UPPORTI-CONITRUCTION (mechanical or building construction).
4 % BegmentUncertainties is a 3*2-watrix with elements frow interwval (0: 1),
5 % giving the uncertainties of cowmpression force on three supparts.|
6
I | 2
|optregsqr4sc |Ln 5 Col 67 |OVR 4

Figure 1 — Starting creation of Matlab-tool “optregsqr4sc” with its first
assigning line and the header comment in lines 2 — 5

E E\MATLAB7pOp1'work' AG Theory DoctoralDiss and Support’ AGT FUNCTIONS' optregsqrdsc.m & |EI|5|
File Edit Text Cell Tools Debug Ceskiop ‘Window Help L
D | i@« |5 80 BRE DA | swxea x|
i function [OptSguares] = optregsgrdsc (SegqmentlUncertainties)
2 % This tool calculates the optimal squares of cross-sections in
3 % the FOUR-3UPPORTI-CONITRUCTION (mechanical or building construction).
4 % BegmentUncertainties is a 3*2-watrix with elements frow interwval (0: 1),
5 % giving the uncertainties of compression force on three supports.
Bl = [d w] = size(SegqmentlUncertainties):
BAEl i id ~="3)](m ~="2])
= b error (' This tool input mwust be 53-by-Z matrix.')
2= endl
Kl | gL
|optregsqr4sc |Ln g Cal 4 |OVR 4

Figure 2 — Checking whether the input is a 3x 2 -matrix at all (lines 6 — 9)

E E\MATLAB7pOp1'work' AG Theory DoctoralDiss and Support’ AGT FUNCTIONS' optregsqrdsc.m & |EI|5|
File Edit Text Cell Tools Debug Ceskiop ‘Window Help L

aﬁ|@%@@@|ﬁacglﬁa.. 7|

DS | 2R |5 #f

5 % giving the uncertainties of cowpression foroce on three supports. ;I

5 | = [d ] = size(fegqmentlUncertainties).;

7 - if (d ~= 3)| (m ~= 2]

= error (' This tool input mwust be 3-by-2 matrix.')

Sl = end

A = al = SegmentlUncertainties(l, 1): bl = ZegmentUncertainties(l, Z):

abak | = aiZ = SegmentUncertaintiesi(Z, 1); hi = ZegnentUncertalnties(Z, Z):

12 = ai = SegqmentUncertainties(3, 1): h3i = ZegmentUncertainties(3i, Z):

13 =

Rl | E

|optregsqr4sc Lh 12 Col BE |O'V’R 4

Figure 3 — Renaming the elements of the input 3 x 2 -matrix into {a d}zzl
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and { } (lines 10 — 12)

As those pretty preluding checks and renames are carried out, there goes
turn to confirm that numbers {a d}zzl and {b, }3:1 are relevant to (1) or (5) and
(2). In other words, lines 13 — 19 verify whether (figure 4)

a,>0,a,<b,, b,<1 ¥Yd=1,3. (24)

Verification of the condition

Zbd <1 (25)

is in lines 20 — 24 (figure 5). The condition (24) is equivalent to (1) or (5) and
(2) without V i =1, N . The condition (25) completes the check of (1) or (5) and
(2), making the fourth compressive force be nonzero.

B E:\MATLAB7p0p1'work'AG Theory DoctoralDiss and Support' AGT FUNCTIONS' optreasardsc.am =100 x|

File Edit Text Cell Tools Debug Ceskiop ‘Window Help L

DD’“EU% B2 @ o o Stac:lg:IEia.. Vl

aiak [ a2 = ZegmentUncertainties (2, 1); b2 = SegwentUncertainties(Z, 2): ;I

12 = a3 = SBegmentlUncertainties (3, 1):; kb3 = Segmentlncertcainties (3, 2):

SR if (~(ml. > 05)|i~{al. < b1))|i~ibl < 131 ]...

14 (~(@2 > 0))| (~(a2 < B2)) | (~(kb2 < 1)) ...

15 (=(a3 > 0)) ) (~(a3 < B3)) | (~(k3 < 1

Al errormes=['This tool input must be 3-by-2 matrix with the elements '...

17 'from interwval (0; 1), giving the uncertainties of compression forces.']:

abiE [ o ErEOr [Errormes)

aEE] e endj

z0 -

4| | »

|optregsqr4sc |Ln 19 Cal 4 |O'V’R 4

Figure 4 — Verifying whether (24) is true (lines 13 — 19)

B E:\MATLAB7p0p1',work’AG Theory DoctoralDiss and Support’, AGT FUNCTIONS optregsqrdsc.m ol x|

Filz  Edit Text Cell Tools Debug Deskiop  Window  Help ™

DE”'E|J{, By B v o Stac:lg:IEia.. Vl

Akl [ oz errormes=['This tool input must be 3-by-2 matrix with the elements '... :l

12 'from interval (0; 1), giving the uncertainties of compression forces.']:

Ak e Error [errormes)

abE] [ enc

20 = if ~ibl + B2 + k3 < 1)

2ol = errormes=['This tool input must be 3-by-2 matrix with the elements '...

Zz 'from interval (0:; 1), and the second coluwn sum should bhe less than 1.']:

el &= Error [errormes)

i b= end.l

25 v

1] | 3

|optregsqr4sc |Ln 24 col 4 |OVR v

Figure 5 — Verifying whether (25) is true (lines 20 — 24)
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After that there are lines 25 — 27 with computing the components (22),
and their regularity is going to be checked down deeper (figure 6). Actually, it is
being accomplished in lines 28 — 51, shown on figure 7. If the computed
strategy 1s regular, that is its components (22) satisfy (23), then the fourth
optimal square is computed (lines 52 — 56 on figure 8). Otherwise the error
message will appear when the tool runs. Before the general error message there

)3 .
is displayed a message on what exact of the components { yd}d_l is less than the

one of the three ends {a d}3 or is greater than the one of the three ends {b, }3:1'

d=1

B E:\MATLAB7pOp1'work' AG Theory DoctoralDiss and Support’, AGT FUNCTIONS' optregsardscin =1afx=l

Filz Edit Text Cell Tools Debug Deskiop  Window  Help ™

N H| '@ « | M 080 BRE DA sxle o]

20 = if ~i(b1l + b2 + b3 < 1) :I

el i errormes=['This tool input must be 3-hby-2 matrix with the elements '...

22 Ufrom dnterval. (0: 1), and the second. ool sum should. be: Yessthar 1.']:

2eall = ErEOr [Errormes)

22 B end

25 —  OptScquares(l) = sqgrtibl)/{sgrtibl) + sqgrt(b2) + sgrt(b3) + =sqgrt(l - al - a2 - a3));

26 — Opt3quares(2] = sgrti(b2)/(sqgrtibl] + sqgrt(b2) + sgrt(b3) + sgrt(l - al — a2 - a3)):

27 -  OptSgquares(3) = sqgrtib3)/f{sgrtibl) + sgrt(b2) + sgrt(b3) + sqgrt(l - al - a2 - a3)) :|

28 >
1| | »

|optregsqr4sc |Ln pers Col 84 |OVR -

Figure 6 — Computing the components (22) in lines 25 — 27
before checking them to be regular

B E:\MATLAB7p0p1\work\AG Theory DoctoralDiss and Support\AGT FUNCTIONS' optregsqr T =10 =]

File Edit Text Cell Tools Debug Deskiop ‘Window Help ~

D H| 2B o |& 85 8080 B8 sx6 7]

27 = OptScaquares (3] = sgrti(b3)/ (sgrtibl) + =sgrt(b2) + sgrt(b3) + sgre(l - al - a2 - a3)); ;I

o = if Opt3guares (1) < al

Zial = warningl = 1;

Sl = disp('The first support optimal sguare is nonregular as it is less than al.!')

SElEs  end

G| = if OprtSguares (1) > bl

Sl = warningl = 1;

G | disp('The first support optimal sguare is nonregular as it is greater than bl.')

Genllsd  end

= if Opt3guares(Z) < az

(= warningl = 1;

s | disp('The second support optimsl sguare is nonregular as it is less than a2.')

S8 5 end

40 - if Opt3guares(2) > bz

G = warningl = 1;

e disp('The second support optimal sguare is nonregular as it is greater than ba.')

gaaE  end

SR = if Opr3guares(3) < a3

hi warningl = 1;

s | dispi!The. third support. optimal Sguare. is nonregular as it is less than.a&a3. ')

Rl end

45 - if Opt3guares(3) > b3

Sl = warningl = 1;

B | <z disp('The third support optimal scguare is nonregular as it is greater than b3.')

Sl =5 endj

52 =
Rl | B

|optregsqr4sc |Ln 51 Cal 4 |O'V’R 4

Figure 7 — Checking regularity of the strategy (14) components (lines 28 — 51)
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E E\MATLAB7pOp1'work' AG Theory DoctoralDiss and Support' AGT FUNCTIONS' optregsqr n _|EI|1|

File Edit Text Cell Tools Debug Ceskiop ‘Window Help L

NEEH| ) 2RBo « |3 M 080 BRE BB | sexe 2]

51 - end |

ol = if exist('warningl', 'war')

S5 error (' There is a nonregular projector optimal strategy. Correct segwent uncertainties.')

St else

551 = Optlgquares (4] = 1 - Opt3guares(l) - Optlquares (2] - Opt3guares(3):

S = endj

f=in) ¥
4| | »

|optregsqr4sc |Ln 56 Cal 4 |OVE! 4

Figure 8 — The fourth optimal square is computed only in the case with all
regular strategy (14) components (lines 52 — 56),
and then there is no any message

Finally, the tool “optregsqrdsc” should visualize the optimal cross-
sections of the four supports, that will help the projector in orienting on the
construction. The lines 57 — 59 are for plotting such visualization in the form of
a rectangular (figure 9), where the left lower node corresponds to the first
optimal cross-section square, the left upper node corresponds to the second, the
right upper node corresponds to the third, and the right lower node corresponds
to the fourth optimal cross-section square.

E E\MATLAB7pOp1'work' AG Theory DoctoralDiss and Support' AGT FUNCTIONS' optregsqr n _|EI|1|

File Edit Text Cell Tools Debug Ceskiop ‘Window Help L

D H| @B «|& 85 8080 B8 sxe 7]

53 = error (' There is a nonrecgqular projector optimal strategy. Correct Sedment uncertainties.'];l

EAE clae

iG] = OptSquares(4) = 1 - Opt3guares(l) - Opt3guares(Z] - Opt3guares(3):

Sin) end

S = s=scatter ([0 0 1 1],[0 1 1 0], S000F[Opt3gquares(1l), OptI3quares (2], Optigquaresi3), Optigquares

58l = set (3, 'MarkerEdgeColor', [0.5020 0.5020 0.5020], 'MarkerFaceColor!', [0.5020 0.502Z0 0O.5020]7)

59 - Setiligeas SRR L., R ], et e ) -
4| | »

|optregsqr4sc |Ln 59 Col 42 |OVE! 4

Figure 9 — Visualizing the optimal cross-sections of the four supports in the
form of a rectangular (lines 57 — 59)

At now it remains to exemplify the developed Matlab-tool, what will
provide users with the corresponding guidance.

Exempilification in Matlab Command Window

To exemplify the developed Matlab-tool assume, that cross-sections
indeterminancies have been concluded within the following segments:

[a; 5,]=[0.1;0.2], [a,; b,] =[0.15;0.25], [a;; b,]=[0.4;0.5].  (26)



ISSN 2074-7888, HaykoBi mpaiii JJoHeIIbKOro HallioHaAJIbHOTO TEXHIYHOTO YHIBEPCUTETY,
cepis [IpoGnemu mozentoBaHHs Ta aBToMatu3ailii npoexkryBanHs, 2011, Bunyck 10 (197)

After having typed the data (26) in the Matlab Command Window prompt
line (figure 10), run the tool “optregsqrdsc” and get the optimal squares (figure
11). As it is clear there must be corrected the third indeterminancy segment to
try getting the regular strategy (14). Letting a, =0.3 gives the desired regularity
(figure 12 and figure 13 with the screenshot of the four supports optimal cross-
sections visualization).

=10l

Filz Edit Debug Desktop ‘Window Help
0 g’.‘:| L BB o ‘ﬁ ﬁ| 7 ||E:'Lru1ATLAEITpEIp11WDrk'IAG Theary DoctoraiDiss and Suppartlas’ = | J

>» Optl3gquares = optregsgrdsc([0.1 D.Z;D.1|

fdhatartl /g
=10] x|

Filz Edit Debug Desktop ‘Window Help
0 g’.‘:| L BB o ‘ﬁ ﬁ| 7 ||E:'Lru1ATLAEITpEIp11WDrk'IAG Theary DoctoraiDiss and Suppartlas’ = | J

>» Optl3gquares = optregsgrdsc([0.1 0.2;0.15 0.25;

fdhatartl /g
=10] x|

Filz Edit Debug Desktop ‘Window Help
0 g’.‘:| L BB o ‘ﬁ ﬁ| 7 ||E:'Lru1ATLAEITpEIp11WDrk'IAG Theary DoctoraiDiss and Suppartlas’ = | J

>» Optl3gquares = optregsgrdsc([0.1 0.2;0.15 0.25;0.4 D.S]ﬂ

A start | -

Figure 10 — Typing the data (26) in the Matlab Command Window prompt line

=0l

File Edit Debug Desktop ‘Window Help
0 ﬁ.‘| L BB v o ‘ﬁ ﬁ| 7 ||5;m-1ATLAE:?pnpﬂwnrmG Theory DoctoraiDiss and Supportlae’ = | J

>» Opt3quares = optregsgrdsc([0.1 0.2:;0.15 0.25;0.4 0.5])

The third support optimal sgquare is nonregular as it is less than as.

2?72 Error using ==> optregsdgrdsc

Theie 18 & nonEegular. projectar Ooptimal Stratedgy. Correct. Sedgment -uhcertaintises:

>>|

A start | -

Figure 11 — The tool “optregsqr4sc” had been run: the strategy (14) has
appeared to be nonregular as y; by (22) is less than a,
(there is an appropriate message on it and the general error message)
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+):MATLAB =10J x|

File Edit Debug Desktop ‘Window Help

O ﬁ"-| d BB o o ‘ﬁ ﬂf’| 7 ||E:1.r\-1ATLAEITpr1IWDrk'I.&.G Theory DoctoralDiss and Supportibc = | J
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Figure 12 — Running the tool “optregsqrdsc” once again
with only changed value a, =0.3
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Figure 13 — Four supports optimal cross-sections visualization,
corresponding to (26) by the changed a, =0.4 down to a, =0.3

Conclusion and outlook for keeping the investigation on

The designed tool “optregsqrdsc” is an only slight reflection of those
needs and wants, arising in building support constructions. A scheme like the
one on figure 13 is for helping the projector to evaluate the cross-section
visually, and, possibly, to re-arrange the construction in the case of
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nonregularity of one of the components { v, }d_l . A nonregular component can be

regularized [3, 5, 7], but there is a hazard to have the regularized component,
being equal to one of the end of the indeterminancy segment, what may cause

superfluous marginality in supporting. And the regular values { y::}: ensure the

needed reliability. An outlook for keeping the investigation on is to explore the
question of regularization as profound as it will be needed.
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B. B. Pomaniok
XMEeNbHUIIbKUIA HAIIIOHATbHUM YHIBEPCUTET

IIporpamuuii KOHTPOJIb PeryJsipHOi ONTUMAJIBHOI CTPaTerii NPOEeKTYBAJbLHUKA Yy
YOTHPbOXOINOPHii KOHCTPYKIIi 3 YACTKOBO HEBU3HAYEHUMHU CTHCKAKYUMH 3y CHUJISAMH.
Po3po6neno mporpamuuii Matlab-3aci6 a1 BU3HaYeHHsI ONTUMAIBHOT cTpaTerii
MIPOEKTYBAJIbHUKA Y YOTUPHOXOMOPHIA KOHCTPYKIIT, 1110 03HA4Ya€ HAHOLIBII M1IX0 A1 MO0
YOTHUPHOX MOIMEPEUHUX MEePEPI3iB, KOTPl HABAHTAXKYIOTHCS CTUCHEHHSIM 3 YaCTKOBO
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HEBU3HAuUECHUMU 3ycHuisiMU. L{st onTrManeHa cTpateris Oyja Ha3BaHa PEryJsipHOI0, OCKUIBKI
BOHA BU3HAYA€ETHCA 3a CIELIATIBHOI YMOBH, 1 IPUKIIAAN OTPUMAHHS ii PEryaIpHUX KOMIIOHEHT
HABOJSTHCS Y CKPIHIIOTAX.

Kurouosi cioBa: OyniBesibHa KOHCTPYKILisl, OIIOPHA KOHCTPYKIisl, OoNepeYHi nepepisu,
CTHCKA04i 3yCHJUIS, YACTKOBA HEBHM3HAYEHICTh, HellepepBHA AHTATOHICTHMYHA TIpa,
ONTHMAJbHA CTpPaTerigs MNPOEeKTYBAJbHMKA, PperyJjsipHi KOMIIOHEHTH, NPOrpaMHHIi
Matlab-3aci0.

B. B. Pomaniok
XMEeNbHULIKAN HAITMOHAJIbHBIA YHUBEPCUTET

IIporpaMMHBIii KOHTPOJIb PeryJsipHOi ONTHUMAJIBLHOH CTPaTerud MPOEKTHPOBIIMKA B
YeTHIPEXONMOPHOH KOHCTPYKIMH € 4YACTHYHO HeEOMmpeaeJéHHBIMH CKHUMAIOIIUMU
ycuausimu. PaspaGorano mporpammHoe Matlab-cpeacTBo st onpeneneHus ONTUMAIBHON
CTpaTeTuy MPOCKTHPOBIIMKA B YETHIPEXOIOPHOW KOHCTPYKIMH, YTO O3HAa4YaeT Hambojee
moaxoasaiue IJIomaau LIGTI)IpéX IMONCPCUYHBIX CequHﬁ, KOTOPBIC HArpYy>XarTCA CXKATHUEM C
YaCTU4YHO HGOHPCHCHéHHBIMI/I YCUIIHUAMMU. OTa onTUMalbHas CcTparcrusa OblJIa Ha3BaHa
PETyIsIpHOHM, IOCKOJBKY OHA OIpPENeNsIeTCs IO CHEeNUATbHOMY YCIOBHIO, M IPHMEPHI
IIOJIy4EHUS €€ PeryApHbIX KOMIIOHEHT IIPUBOJATCS B CKPUHILIOTAX.

KiwueBble c10Ba: cTpouTelbHAsi KOHCTPYKIMSI, ONMOPHAsi KOHCTPYKIUs, MONepeYHbIe
CeYeHHsl, CKUMAOIIME YCWINS, 4YACTUYHAS HeONpeaeJéHHOCTh, HelpepbIBHASA
AHTATOHHMCTHYECKAs] MIPa, ONTHMAJbHAS CTPaTerusi NMPOEKTHPOBIIMKA, peryjsipHbie
KOMIIOHEeHTHI, nporpammuoe Matlab-cpeacrBo.



