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XMeNbHUIBKHN HALIOHAIBHUH YHIBEPCUTET

OBYUCJIEHHA OITUMAJIBHUX IVIOII ITIOITEPEYHUX ITIEPEPI3IB
Y KOHCTPYKIIII 3 TPhbOMA OIIOPAMM 3A YMOB
YACTKOBOI HEBU3HAYEHOCTI CTUCKAIOUYHNX 3YCHJIb
HA EJIEMEHTH 3 II03/IOB)KHBOIO CTIMKICTIO

CucmemamusoeaHo daHi npo onmumaabHi cmpamezii npoekmysa/abHuka y Modei dii HOpM0o8aH020 0OUHUYHO20
HasaHmMaxiceHHss Ha KOHCMPYKYil0 3 mpboma onopamu 3d yMO8 4acmkosoi HesU3HA4eHOCMmi CMUCKQI4UX 3yCU/b.
Ilo6ydosaHro npozpamHuil 3aci6 0415 sU3Ha4EHH ONMUMAAbHUX NJ10UW, NONepeYHUX nepepizie onop makoi KOHCMpYKYIi.

There have been systematized data on projector optimal strategies in the model of the normed unit load action on
three supports construction within partial uncertainties of compression forces. A program tool has been developed for
determining the optimal squares of cross-sections in supports of such construction.

Kitto4oBi c10Ba: yacTKoBa HEBU3HAYEHICTh, KOHCTPYKIlis 3 OlIOpaMH, HOpMoBaHe (OJJMHUYHE) HaBaHTAXKEHHS,
CTHCKaloue 3YyCWJLISA, IrpoBe aHTAaroHiCTUYHe MOJe/NIOBAaHHSA, aHTAroHiCTUYHa TIpa, ONTUMaJbHa CTpaTeria
(mpoeKTyBaJbHUKA).

IIpo akTyanapHicTh MPOOIEMH Y 3arajIbHOMY BHI|

3amaui Ta TPYIOHOILI, KOTpI BHHHUKAIOTh y OyaAiBeNbHIM MexaHill i MamMHOOYIyBaHHI, € 3aBXKIU
aKTyaJIbHUMH, TOTPeOYIOTh MIBUAKOTO BHUPINIEHHS, a TaKOXK YacTO BHMAaraloTh OE3KOMIIPOMICHHX pillleHb, HIO
noB’s13aHo 3 Oe3nekoro. [IpoekTyBanHs Oy/iBedbHNX a00 MalIMHHUX KOHCTPYKILIH-OMOp € caMe TI€ro 3ajadero, J1e
HEJOMyCTHUMI pO3B’SI3KM Yy (hopMi IMOBIPHICHMX PpO3MOJUIIB UM BIATIOBIIHUX MaTeMaTHUHHUX (TEOMETPHYHHX)
cepenHix. [IpuiHATHMM € JnWIIe NpeNCTaBIEHHS pilleHb A0 TaKOK 3agadi 3 TapaHTOBaHWUM (MaKCHMiHHHM)
pe3yIBTaToM, A€ ONTUMI3allisl BUTPAT IMPOCKTYBaHHA BiOyBaeThCs Ha (OHI 3a0e3MMeUeHHS MUTKOBUTOI HAMIHHOCTI.
Takuii pe3ynbTaT OTPHUMYETBCS YacTO 32 JOIMOMOTOI0 IrPOBOTO AHTAarOHICTHYHOIO MOJCINIOBAHHSA, A€ IEpILIOro
IPaBLS MePCOHi(piKyIOTh BHMAAKOBI 00CTaBMHM (IIPHUPOHI 00 Ti, SIKi BaXKo BpaxyBaTH y Mozeni). I orpuManHs
YUCTUX ONTHMAJBHHUX CTpaTeriii Juii Apyroro rpaBusi (IIPOEKTYBAIbHUKA) € AaKTYaJbHOIO MPOOJIEMOI0 MpH
BUPILICHHI ONMCAHUX 32/1a4 TIPOEKTYBAHHSI.

AHaJIi3 0CTaHHIX J0CTiIKeHb i myOJikaniii 3a npeaMeToM 10C/IiIKeHHS Ta OKpeCJIeHHsI MMTAHHSA
1010 YCYHEHHSI YaCTKOBHX HeBH3HA4YEHOCTell y 3a1auyax OyAiBeJIbHOT MeXaHiKH i MAIIMHOOY/TYBaHHSA

3ajaya ONTHMAIFHOTO BHUKOPHCTaHHS 1 PO3MOALTY OYAiBEIBHUX pecypciB y KOHCTPYKLIi-omopi, IO
CKJIQJIAETHCS 3 IEKUIBKOX €JIEMEHTIB OJJHAKOBOI TeOMETPHYHOI (popMH, Ha SIKi i€ BiZloMe HaBaHTAXEHHS, € BiTOMOIO
3a mpxepenamu [1 — 4]. Edexr cTrckarodoro 3ycuiist abo HaBaHTaXEHHSI, 10 Ji€ Ha OTIOpH, MO>KHA MOJIEITIOBAaTH 32
JIOTIOMOT'0I0 aHTAarOHICTHYHOI TP HACTYITHUM YMHOM. [lo-niepie, BBaskaeThCs, 110 3araibHe HABAHTAXKEHHSI, KOTPE
IisITIME Ha KOHCTPYKIFO-OTIOPY, € BiIOMFM, i BOHO HOPMY€ETHCS A0 omuHUYHOTO [2 — 4]. Ilo-mpyre, 9acTka Bif
TPaHUYHOIO HABAaHTa)KEHHS Ha i - eJleMeHT Oy[iBeIbHOI KOHCTPYKIIi 3 IUIOLIEI0 HOIEPedHOoro mepepisy y,, Ha

KUl 1i€ cTUCKarode 3yCUIII X, , 3HAXOJUThCS K

T (x, 7)) =B, (1)
Vi

ne B e xoedimieHTOM, KyIU BKJIFOUYEHO MEXaHIYHI BIACTHBOCTI Martepiamy i -1 komonu [1, c. 144]. Vi MoxITHBI

HOPMOBAHI HABAHTAXKEHHS, SIKI MOXKYTh CTHCKYBATH I -TY OIMOPY, 3HAXOSITHCS Y MEXKaX CErMEHTa
[al.; b,-] c (0; 1) c [O; 1] . 2)

HenynboBa Mmipa cermeHTa [a[; b[] i O3Haua€ YaCTKOBY HEBM3HAYEHICTh TOTO CTHCKAalO4e 3YCHIIA X,, KOTpe

JisiTUMe Ha i -Ty omopy. Y po0Oori [2] npeacTaBieHo MOeib 3aa4i Mpo po3paxyHOK MOB3JJ0OBKHBOI CTIHKOCTI IBOX
orop OyIiBeNbHOT KOHCTPYKLII mpH Oii Ha HUX HOPMOBAaHOI'O CTHUCKAIO4YOro 3ycwiuisi y ¢opmi crporo omyksiol
AQHTaroOHICTMYHOI Tpu 3 (yHKLIEIO BUrpaily Ha IiIMHOXHHI OJWHMYHOTO KBajpaTa, A€ Uil KOXKHOTO BHIIAJIKY
CHIBBiHOIICHHS KiHIIB CErMEHTAa YHCTHX CTPATETild IPYroro rpaBlisd, Y POJi SKOTO BHUCTYIA€ MPOCKTYBAIbHUK,
3HAlIEHO HOro YHCTY ONTHMalibHY cTpaterito. Y poboti [3] y ¢opmi aHTaroHicTMYHOI TpH Ha MiAMHOXHHI

OJIMHUYHOTO Tinepky6a B R* mpecTasieno Moaess BU3HAYEHHs ONTUMALHUX BUTPAT Oy/IiBEILHUX PECYPCIB MPH
MIPOEKTYBaHHI OMOPHOT KOHCTPYKIIT 3 TphoMa KOJOHaMHU. TaM ke 0OIPyHTOBAaHO CTPOTY OIYKIIICTh MPEICTABICHOT
TpU 1 BHU3HAYEHO OINTHMAJIBHY CTpATeril0 MpOEKTyBaJbHUKA 3a YCiX MOXKJIMBUX BapiaHTIB CITiBBIJHOIIECHb i3
MiHIMQJIFHUM Ta MaKCUMaJbHUM HAaBaHTQ)KEHHSM Ha KOXHY 3 JIBOX KOJIOH. TBEpIUKEHHS MpO CUTYallil piBHOBaru y
YHCTHX CTPaTErisIX Ta AesKi 0COOJIMBI BHIIAJAKU pO3DIAHYTI Yy [4]. YTim, icHye motpeda y moOyaoBi MporpaMHOro
3aco0y Ul IIBUIKOTO BH3HAYECHHS PE3yJbTATiB yCYHEHHs YacTKOBOI HEBU3HAYEHOCTI THILY (2) Ui i -TO eleMeHTa

KoHcTpyKuii-onopu. Lle nmoB’si3aH0 Hacammepen 3 THM, IO KiHII CETMEHTa [a,.; b.] TEX HEMOJIIUBO 3adiKcyBaTh

i
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OJTHO3HAYHO.
@DopMy.JTIIOBAHHS METH i MOCTAHOBKA 3aBAaHb CTATTI

[IporpamyBaHHS pe3yNbTaTiB yCYHEHHS 4aCTKOBHX HEBH3HAYEHOCTEH B KOHCTPYKLII 3 JBOMa ONOpaMH €
HEJIOUUIbHUM, OCKUIBKM BIANOBIJHI OOYUCIEHHS € MpakTUYHO “KalbKyssiTopHumu’ Tomy OynyBaTHMEMO
nporpaMHUi 3aci0 Ui BU3HAYEHHS ONTHUMAIBHUX TUION] ONEPEYHHX Tepepi3iB y KOHCTPYKIIT 3 TPhOMa OIOpaMHU.
Jl1st bOTO CrIoYaTKy CUCTEMaTH3YEMO JIaHi PO ONTHMAJIBHI CTpaTerii MpOeKTYBAIbHUKA Y MOAENI Al HOPMOBAaHOTO
OIVMHWYHOTO HABaHTAXEHHS Ha TPHUKOJIOHHY OyniBeNIbHY KOHCTPYKIIIO, IICIS YOro pPO3pOOSIATHMEMO
obuncroBaEHIT MATLAB-3aci0.

IHonepenni BizoMocTi Npo onTUMAaNbHi cTpaTerii NpoeKTyBaJbHUKA Y Mo/ieJIi 1il HOpMOBAHOTO OAUNHUYHOT O
HABAHTAKeHHSI HA TPUKOJIOHHY OyAiBeJbHY KOHCTPYKIIiIO

Hexaii mae micne (2) V i=1, 3. Toai JoctaTHO MaTH JjaHi PO HEBU3HAYEHOCTI Y CTHCKAIOYHX 3YCHILISAX
Ha JIBl 3 TPHOX OTIOp —

x €la; b)) 1a x, €la,; b,], (3)
3BIJIKH
x3:1—(x1+x2). “)

CyMapHa Iuiolia MornepevHx nepepiziB TphOX OMop TeX HOpMOBaHa i

yle[al;bl],yze[az;bz],y3:1—(yl+y2). 5)
MaroTh Miclle yMOBH
O<a <b <1,0<a,<b, <1, b+b, <1 6)
3aBJISIKH TOMY, 110 Mipa
u.([a:5])>0 Vi=13. (7

Snpom nodyznoBanoi B [3] aHTaroHiCTUYHOT TPH € TiEPIIOBEPXHS

T(X, Y)=T(x1, Y25 Vis yz)zmax{Tl (x1: yl)’ TZ('XZ’ yz): T3(x3, y3)} =

X, X 1-x, —x X, X 1-x, —x
—max|p p2, p 100 gy X B _1oxon L ®)
Vi V2 (l—y,—yQ) Yoo (1_)’1_)’2)

KOTpa 3a1a€ThbCA Ha napaﬂener[inez(i

.

XxY:{[a1;hl]x[u3; bz]}x{[al; b ]x[a,: bz]} :H[a1;bl]x[a3; bl]clj({]; ]]Clj[(); R )

s=I

3 ymoBamu (3) — (6). Ilepen npoekTyBaNbHHKOM CTOITh 3aJa4a BUOpATH IUIONLY MOMEPEYHOro Mepepizy KOKHOI 3
TPBOX OIOp TaK, MO0 MiHIMI3yBaTW MakCHMallbHO MOXJIMBUE aucOananc [1, c. 130, c. 144] y HaBaHTaXXeHHI
(ctuckaroyomy 3ycwiuli) Ha HHX. | came OOMEXEHHs 0 BEPXHbOMY 3HAUEHHIO IUIOIII IOTEPEYHOro Iepepizy
KOXKHOI Ormopu abo OoOMEeXeHHs 10 CyMapHil KUIBKOCTI HasBHOTO Marepiany, 3 sIKOrO BHTOTOBJISIOTH OINOPH, 1
MOPOJDKY€E aHTATOHICTHYHY TPy [2, 3].

OOrpyHTYBaHHS CTPOTOi OIYKJIOCTI TpH 3 simpoM (8) Ha mapanenemineni (9) Bindynocs B [3, c. 19]. Tomy
rpa 3 sixpoM (8) Ha mapanenenineni (9) 3 ymoBamu (3) — (6) € CTPOro OIMyKIIOI0, i Y Hilf IPOEKTYBAIEHUK MA€ €INHY
YHCTY ONTHMAJIbHY CTPATErifo

Y=y v ]ela:b]x[a:b,]. (10)
KomroneHTamMu ONTHUMANBHOI CTpaTeril MpoeKTyBajbHUKA € [3, ¢. 20]

y = Vb
SN RN AN

(11
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¥y = e ; (12)
? \/E+\/E+1/1—al—a2

mpote (11) i (12) MaroTh Micte e 3a yMOB

S

\/E“‘\/EJ“”_% -a,
B

\/E+\/E+Jl—al—a2

3aBAAKHU OIMYKJIOCTI rimepnoBepxHi (§) mo 3MiHHUM Y, Ta y, NpU

\/E <a (15)
\/E+\/E+1/1—al—a2 :

ela; b], (13)

ay; bz]. (14)

6yne y, = a,. Tak camo npu

/5
16
\/E+\/E+\/l—al—a2 = (16)

Gyne y, = a, , upu

J5
b 17
\/E+\/E+,ll—al—a2 = 1n

6yne y, =b,,anpu

\/E >b (18)
\/E+\/E+Jl—al—a2 ’

* . . oo
O6yne y, =b,. Orxe, 3a ymoB (13) i (14) onTUMaIBbHOIO CTpaTETi€l0 MPOEKTYBAIbHHUKA € (11 KOMIOHEHTH MOXKHA

HA3WBAaTH HE3MIMIEHUMH a00 PETryISIPHIMH)

Y. = \/E \/E . (19)
\/E+\/g+,/1—al—a2 \/E"‘\/EJ“/I_%_%

[Ipu HeBuKOHaHHI Xx04a 6 oxgHoro 3i crniBBigHOmEHb (13) 1 (14) B [3] BpaxoBaHO HacTynHi BUMaAKu. s

Bunazaky y; =a, npu (14) ta (15) 32 ymoBu y;<1> € [az; b, ) , 71e (3MileHa KOMITOHEHTa)

1) _ (1 —4q )\/E (20)

E
Y*—{al (1=a)\b, } @)
\/E +l-a —a,
Ipu y;<1> < a, ONTHMAJbHOIO CTPATETIEI0 MPOEKTYBAIbHUKA Oy Ie
Y, = [a1 az] . (22)

[Ipu onHouacuomy BuKoHaHHi (13) i (16) 3a ymoBH yl* 0 e [al; b, ) , Ie (3MiIeHa KOMITOHEHTA)
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qap_ (1=ay) b 23
N \/E'f‘ l—l—al—aZ 5 (23)

Oyne

_ (l_aZ)\/E
Y*{—\/E+ N a, |. 4)

A npu yl* W< a, ONTHMAJIbHOIO CTpATeri€lo NpoeKTyBanbHUKa Oyne (22). IIpu oqHouacHOMy BuKOHaHHI (15) 1 (16)

crpareris (22) 3anumaeTbcs ONTHMAIBHOIO, a TIPH oxHOYacHOMY BHKoHaHHI (17) i (18) onTtumanbHa crpareris
MIPOCKTYBaJIbHUKA

Y.=[n b (25)

[pu ogHouacHoMy BukoHanHi (14) 1 (17) onTUMaiibHa CTpaTeTisi MPOSKTYBAbHUKA

&
Y. =|b . 26
{1 e 20

VY cumerpuyHOMY BUNAKY, KOJIM ogHOYacHO BUKOHaHI (13) i (18), onTuManbHa cTpaTerist MpOeKTyBaJIbHUKA

S
Y. = . b, |. (27)
L/E+\/E+Jl—al—a2 21
[Tpn onHowacHOMy BukoHaHHi (15) 1 (18) 32 ymoBH
L) 1—(.*,—5.‘31 (28)
b, (]—a]—bz)_
ONITHMAJIEHOIO CTPATETIEI0 POEKTYBAIBHIKA €
Y. =[q, b,]. (29)
VY BumanKy BUKOHAHHSI HEPIBHOCTI
i<—1_"‘_“22 (30)
bz (1 — Cll — bz )

npH y;<1> € [az; b2) ONITUMAJIBHOIO CTpATerielo MpoeKTyBabHUKA Oyxe (21), a mpu y;<l> <a, BekTop (22) € iioro

ONTHMaNBHOIO cTpaterieto. [Ipu oqnouacHomy BukonaHHi (16) i (17) mipkyBaHHS € cumeTpudHUMH. [Ipn

l-a —a,

1
PR 6D
OINITHMAJIbHA CTPATETis IPOCKTYBABHUKA
Y.=[h al. (32)
VY BumanKy BUKOHAHHSI HEPIBHOCTI
1 l-a,—a
b " (1 —bll— a;)2 9

npu yl* W e [al; b1) Oyne (24), a pu yl* W< @, ONTUMAJIbHOIO CTPATETIEI0 IPOEKTyBaIbHUKaA Oy e (22).

IIporpamuuii 3aci6é 1151 BU3HAYEHHS ONTHMAJBHHX IO IONlePeYHHUX Mepepi3iB y KoHCTpyKuii
3 TPHOMA ONOPAMH 32 YMOB YACTKOBOI HEBU3HAYEHOCTI CTUCKAIOYHX 3yCHJIb
Obupaemo nporpamue cepenoBuiie MATLAB it 1moOyJnoBH 3aco0y OOYMCIICHHS OJHOTO 3 JIEB’STH
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BUIIA/IKIB ONTHMANbHOI CTpaterii mpoekrysanbHuka (19), (21), (22), (24) — (27), (29), (32). Leit MATLAB-3aci0
Ha3BeMmo Optsqr3pc (optimal squares in three-pillar construction). Moro BxigHuM apryMeHTOM OYIyTh, O4E€BH/IHO,
YOTUpH YuCHa «,, b, a,, b,, KOTpi OKPECITIOIOTh YMOBH 4aCTKOBOI HeBM3HaueHOCTI. 111 4ucia nominbHO yBOIUTH

a b
1 1
SIK 2 X 2 -MaTpULo . Ha puc. 1 — 4 noka3aHo MOYaTOK 3aMUCy MPOTrPaMHOTO KOAY 1O MOMEHTY
a
2 2

obumcienns 3qaueHb (11) 1 (12).

ATLABTpOpL'work',AG Theory DoctoralDiss and Support}AGT FUNCTIONS',optsqr3pe.m - (A x|
Fle Edt Tsxt Cel Tools Debug Desktop Vndow Help ~
DS H tRBo (S f| AR 80 RS swE -
1 function [OptSeuares] = optsgrdpe [SeguentUncertainties)
2 % This module calculates the optimal squares of cross-sections in the three-pillar mechanical (building) construetion.
3 % SegqmentUncertainties is a Z¥2-matrix with elements
4 | |
| optsarzne EEECEEREE 4

Puc. 1. 3aronoBok MATLAB-3ac0o0y (MATLAB-pyHkuii) optsqr3pcC i nadupanns onucy (MOsICHEHHsI) 10 MeTH i{0r0 BHKOPHCTAHHS

IATLABZpOp1\work’\AG Theory DoctoralDiss and Support}AGT FUNI . - (ol x|
File Edit Text Cel Tools Debug Desktop ‘window Help £
D H ¢ BB~ |56 80 BB EA]| s -
1 function [OptSguares] = optsgripe (SegmentUncertainties)
2 % This module calculates the optimal squares of cross-sections in the three-pillar mechanical (building) construction.
3 & SegmentUncertainties is a Z#Z-matrix with elements from incerval (0; 1), giving the uncertainties of compression force on two pillars.
4 - [mn] = size(SeguentUncertainties):
5 - if {m ~= 2| {n ~= 2}
6 - error('This function input must he Z-hy-2 matrix.')
7 - end
8 - al = SegmentUncertaintiesil, 1); bl = SegmentUncertainties(l, 2); a2 = SegmentUncertainties(Z, 1); bZ = SegmentUncertainties(2, 2);
S - if
4 | I
| optsarzpe [tns cora fovr

Puc. 2. Anani3 po3mipy BxinHoro aprymenty MATLAB-3ac00y OptsSqr3pcC sik MaTpuui 3 KiHUsIMH CerMeHTiB [al; bl] 71 [az; bz]

(psinku 4 — 7) Ta 3anuc NUX KiHOIB y 3py4Hiii ¢popmi (BocsMuii psaok)

NS',optsqr3pe.m 1o =|
Flle Edt Text Cel Tools Debug Deskiop tindow Help N
DS H tRBo (S f| AR 80 RS swE -
1 function [OptSguares] = optsgrdpe (SegmentUncertainties)
2 % Thiz module calculates the optimal squares of cross-sections in the three-pillar mechanical (building) construction.
3 & SegmentUncertainties is a Z+#2-matrix with elements from interval (0; 1), giving the uncertainties of compression force on two pillars.
4 - [mn] = size(SegwentUncertainties):
5 - if {m ~= 2)|{n ~= 2}
6 - error('This function input must be 2-hy-2 matrix.')
7 - end
8 - &l = SegmentUncertaintiesil, 1): bl = SegmentUncertainties(l, 2j: a2 = SegmentUncertainties(2, 1): b2 = SegmentUncertainties{z, 2):
9 - if {~({al > 0))|(~(al < b1]})|(~ibl < 1)) |(~(a2 > 0))|i~(a2 < b2} j[{~(bZ < 1]}
10 - error('This function input xust be 2Z-by-2 matrix with the slements from interval {0: 1], giving the uncertainties of compression force.')
11 - end
12 - if ~(bl + bz < 1)
13 - error('This function input must be 2Z-by-2 matrix with the elements from interval {0; 1], and the second coluwm sum should be less than 1.')
14 - end
15 - OptSguares(i] =
4| | |
| optsarane [tn 15 ca 17 [owr A

Puc. 3. [lepeBipka (psiaku 9 — 14) yBeJjeHUX KiHIiB cerMeHTiB [a1 ; b1 ] i [az; b2] HA BUKOHAHHsS yMOB (6)

G Theory Doctos NS'0ptsqr3pe.m i [u] ]
File Edit Text Cel Tools Debug Desktop ‘window Help £

Pl s R o |(2|Mr 08 BARY BB s =

1 function [OptSguares] = optsgripe (SegmentUncertainties)
2 % This module calculates the optimal squares of cross-sections in the three-pillar mechanical (building) construction.
3 & SegmentUncertainties is a Z#Z-matrix with elements from incerval (0; 1), giving the uncertainties of compression force on two pillars.
4 - [mn] = size(SeguentUncertainties):
5 - if {m ~= 2| {n ~= 2}
6 - error('This function input must he Z-hy-2 matrix.')
7 - end
8 - @&l = SegmentUncertaintiesil, 1); bl = SegmentUncertainties(l, 2); a2 = SegmentUncertainties(Z, 1); bZ = SegmentUncertainties(2, 2);
5 - if d~(al » 0]) | (~(al < bl)) | {~ibl < 1)) i~(a2 > O))|(~(a2 < b2))|(~(b2 < 1]]
10 - error('This function input must be Z-hy-2 metrix with the elements from interval (0; 1), giving the uncertainties of compression force.')
11 - end
12 -  if ~{bl + bZ < 1)
13 - error (' This function input wust he 2-by-2 matrix with the eslements from interval (0; 1), and the second column sww should ke less than 1.')
14 - end
15 - OptSguares(l) = =sqre(bl)/isgrtibl] + sqro(b2) + sgrtil - al - a2)); % formula (11)
16 - OptSguares(2) = sgrt(bz)/(sgrtibl) + sgrt(b2] + sgrtil - al — aZ)); % formula (12)
17
4 I |

| optsarzpe Ln 17 Col 1 |ovR y

Puc. 4. O6uncaenns (paaku 15 i 16) 3navens (11) i (12)
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Micnst Toro, sik 3HaueHHs (11) 1 (12) obumcneni y psaakax 15 i 16, BinOyBaeTbcs cUCTEMaTH3AMiA YMOB i
obuucnenHs (puc. S, puc. 6) OIHOTO 3 JIeB’ATH BUIMA/IKIB ONTUMAaIbHOI cTparerii npoektyBansHuKa (19), (21), (22),
(24) — (27), (29), (32). BianoBigHi KOMEHTapi TO3BOJISIOTH JIETKO iNEHTH(IKYBATH YaCTUHH KOy 3 IMMH YMOBaMH 1
dhopmynoro s (10). [puknaau (puc. 7) € IEMOHCTpAIIi€lo IpaIe3aaTHOCTI po3podaeHoro MATLAB-3ac00y.

G Theory DoctoralDiss and Support! ptsqr3pc.m =& x|
Fle Edt Text Cell Tooks Debug Deskiop Window Help ~

D@ H |t @ oo |3(dr 808 8 ®%E B8 | s -

1 funcrion [Opt3guares] = optsgripciSeguentUneertainties) =t
z % Thiz module calculates the optimal squares of cross—sections in the three-pillar mechanical (building] construction.
3 % SequwentUncertainties is a 2%2Z-watrix with elements frow interval (0; 1), giving the uncertainties of compression force on two pillars.
4 - [mn] = size(SegmentUncertainties):
5 - if (m ~= 2)|(n ~= 2}
[ error (' This function input must be Z-hy-2 watrix.')
7 - end
& - al = SegmentUncertainties(l, 1); bl = SeguentUncertainties(l, 2); &2 = SegwentUncertainties(Z, 1); b2 = SegwentUncertainties(2, 2):
9 - if (vl > D))li~ial < L))l i~(bl < 1)) [~ (a2 > O0)] ] (~(a2 < b2)) | (~{k2 < 1))
10 - error (' This function input must be 2-by-2 watrix with the elements from interval (0; 1), giving the uncertainties of compression force.')
11 = end
12 -  if ~{bl + b2 < 1)
13 - error (' This function input must be 2-by-2 watrix with the elements from interval (0; 1), and the second column sum should he less than 1.')
14 - end
15 -  OptSquaresil) = sgre(bl)/ (sgrt(bl) + sgre(b2) + sqre(l - al - a2)); % formula (11)
16 - Optdgquaresi(2) = sgrrt(b2)/ (sgro(bl) + sgro(b2) + sqro(l - al - a2)); % formula (12)
17 - if (OptSguares (1) >= al) & (OptSquaresil] <= bl} & (OptSquares(Z) >= aZ) & (OptSquares(2) <= bZ) % checking (13) and [14]
18 - OptSgquares (3] = 1 - Opt3quares(l) - OptSguares(2);:
19 - disp (' The optimal sguares are regular. ')
20 - return b
21 - ela=
2z - ¥1 = (1 - aZ)*sgqrtibl)/ (sqrt(bl) + sqrt(l - al - aZ)): % formula (23]
3 |= w2 = (1 - al)*sgreib2)/ (sgre(b2) + sqro(l - al - &2)); % formula (20)
24 - if (OptSquares(il) < al) & ((OptSquares(Z) >= =a2) & (OptSguares (2] <= hZ)) % case with true [14] and (15)
25 - OptSquares(l) = al;
z6 - if (72 »= a2) & (F2 < h2) % checking whether (20) helongs to [a2; h2)
27 - OptSguares (2] = ¥2; % projector optimal strategy is (21)
28 - OptSguares (3] = 1 - Opt3quares(l) - OptScquares(2);:
z9 - disp{' The first optimal sguare is moved to the left uncertainty end, and the second is less than regular.')
30 - return
31 - else
32 - OptSguares (2] = a2; % projector optimal strategy is (22)
33 - OptSguares (3] = 1 - Opt3quares(l) - OptScquares(2);:
34 - disp(’ Both first and second optimal squares are moved to the left ends of the given uncertainties.')
35 - return
36 - end
37 - end
38 - if ((OptScuares(1) »= al) & (OptScuares(1) <= b1)) & (OptSquaresi2) < a2) % case with true [13] and (16)
39 - Optagquares(2) = ad;
40 - if (vl »= al} & (¥l < bl) % checking whether (23] belongs to [al: ki)
41 - OptSquares (1) = vl; % projector optimal strategy is (24)
4z - OptSguares [3] = 1 - OptSquares(l) - Opt3quares (2):
43 - disp (' The first optimal sguare is less than regular, and the second is moved to the left uncertainty end.')
44 - return
45 - elae
46 — OptSguares (1) = al; % projector optimal strategy is (22)
47 - Opt3guares (3) = 1 - Opt3quares(l) - Optiquaresiz):
48 - disp (' Both first and second optimal sguares are moved to the left ends of the given uncertainties.')
49 - returs| -
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49 - return =]
50 - end
51 - end
52 - if (OptSquares(i) < al) & (OptSquares(2) < a2) % case with true (15) and (161
53 - Optiquares (1) = al;
54 - OptSguares [2) = a2; % projector optimal strategy is (22)
55 - Opt3gquares(3) = 1 - OptS3guares (1] - OptSguares(2);
56 - disp(' Both first and second optimal squares are moved to the left ends of the given uncertainties.')
57 - return
58 - end
59 - if (OptSguares(1l) > bl) £ (OptSquares(2) > b2} % case with true (17) and (181
60 - OptSguares (1) = bil:
61 - Opt3quares (2) = b2; % projector optiwal strategy is [25)
62 - OptSguares [3) = 1 - OptSguares (1) - OptSguares (Z):
63 - disp(’ Both first and second optimal sgquares are moved to the right ends of the given uncertainties.')
64 = return
65 — end
66 — if (OptSquares(i) > bl) & ((OptSquares(2) >= aZ) & (OptSquares(Z) <= b2)) % case with trus (14} and (17)
67 - Opt3quares (1) = bl; % projector optiwal strategy is [26)
68 - OptSguares [3) = 1 - OptSguares (1) - OptSguares (Z):
69 - disp(’ The first optimal square is moved to the right uncertainty end, snd the second is regular.')
70 - return
71 - end
72 - if {(OptSguares(1) >= =al) & (OptSguaresil) <= b1)) & (OptScuares(2) > hZ) % case with trus (13} and (18)
73 - Opt3quares (2) = b2; % projector optiwal strategy is [27)
74 - OptSguares [3) = 1 - OptSguares (1) - OptSguares (Z): _
75 - disp(’ The first optimal square is regular, and the second is moved to the right uncertainty end.')
e - return
77 - end
78 - if (OptSquares(i) < al) & (OptSquares(2Z) > b2} % case with true (15) and (181
79 - if 1/bZ »= (1 - al - a2)/ (i1 - al - b2)"2) % checking whether (28) is trus
80 - OptSguares (1) = al:
81 - OptSquares(2) = b2; % projector optimal strategy is (29)
gz - OptSguares(3) = 1 — OptSguares (1) - Opt3guares(2):
83 - disp (' The first optimal sguare is woved to the left uncertainty end, and the second is moved to the right uncertainty end.')
84 - return
85 - else
g6 - if (¥2 >= a2) & (¥2 < b2) % checking whether (20) belongs to [a2: bZ) _l_|
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86 — if (92 »= a2) & (y2 < b2} % checking vhether (20) belongs to [a2; h2) =]

87 - OptSguares(l) = al:

ag - OptSquares(Z) = yZ; % projector optiwsl strategy is (21

89 - OptSguares(3) = 1 - OptSguares (1) - OptSguaresiZ):

a0 - disp | The first optiwal square is woved to the lefr uncertainty end, and the second is less than regular.'

91 - return

82 - else

93 - OptSguares(l) = al:

94 - OptSquares(Z) = aZ; % projector optiwal strategy is (22

95 - Opt3quares(3) = 1 - OptSguares (1] - Opt3quares(Z);

96 - disp | Both firat and second optimal sguares are moved to the left ends of the given uncertainties.'

o7 - return

a8 - end

99 - end

100 - end

101 - if (Opt3quares(1l) < aZ) & (OptSquares(Z) > bl) % case with true (16) and [17

10z - if 1/b1l »= (1 - al - &2)/i(1 - bl - a2)*2) % checking whether (31) is true

10% - OptSquares (1] = hi;

104 - Optiquares (2) = a2; % projector optimal strategy is (32)

105 - OptSquares (3] = 1 - OptSguares(l) - OptSguares(2);

106 - dispi(’ The first optimal sguare is moved to the right uncertainty end, and the second is moved to the left uncertainty end.')

107 - return

108 - else

109 - if (vl »= al) & iyl < b1} % checking whether (23] belongs to [al; bl

110 - Optdquares (1) = vil;

111 - OptSquares(2) = aZ; % projector optimal strategy is (24

11z - Optdguares(3) = 1 - Optigquares (1) - Optiquares(2);

113 - disp(’ The first optimal square is less than regular, and the second is moved to the left uncertainty end.'

114 - return

115 - else

116 - Optdquares(1l) = al:

117 - OptSquares(Z) = aZ; % projector optimal strategy is (22

118 - Optdquares(3) = 1 - Opticquares (1) - Optiquares(z):

119 - disp(’ Eoth first and second optimal sguares are moved to the left ends of the given uncertainties.'

1zo - return

1z1 - end

12z - end

123 - end

124 - end =
1 |
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Il

File Edit Debug Desktop Window Help

0= | & B o o | il | i ‘ Current Directory; | E-WATLABTpOpt wrork

>> Qptiquares = optscripe([0.01 0.6:0.1 0.3])
The optimal squares are regular.
Optl3gquares =
0.3418 0.2417 0.4164
> Optdquares = optsgripe([0.2 0.4:0.1 0.3])
The optimal sgquares are regular.,
OptSguares =
0.3138 0.2716 0.4148
>> Opt3guares = optsgripe([0.2 0.21;0.4 0.41]
The first optimsl sguare is moved to the right uncertainty end, and the second is moved to the left uncertainty end.
OptScuares =
0.2100 0.4000 0.3300
> Optiquares = optsgr3pe([0.2 0.21:0.4 0.45])
The first optimal square iz moved to the right uncertainty end, and the second is moved to the left uncertainty end.
Opt3guares =
0.z2100 0.4000 0.3300
>> Qptiquares = optscripe([0.2 0.21:0.4 0.6])
The first optimal square is moved to the right uncertainty end, and the second is regular.
Opt3gquares =
0.2100 0.4153 0.3747
> Optdquares = optsgripe([0.3 0.6:0.4 0.5])
277 Error using optsgripo
This function input must be Z-by-2 matrix with the elements from interval ([0; 1), snd the second column sum should be less than 1.

»> OptSquares = optsgr3pe([0.3 0.6;0.3 0.35])
The first optimal square is less than regular, snd the second is moved to the left uncertainty end.
OptSquares =
0.3854 0.3000 0.3146
»> OptSquares = optsgr3pe([0.45 0.47:0.44 0.52])
Both first and second optimal sguares are moved to the left ends of the given uncertainties.
OptSquares =
0.2500 0.4400 0.1100
»> OptSquares = optsgr3pe([0.45 0.47:0.44 0.47])
Both first and second optimal sguares are moved to the left ends of the given uncertainties.
OptSquares =
0.2500 0.4400 0.1100
»> OptSquares = optsgr3pe([0.45 0.47:;0.1 0.47])
The first optimal square is moved to the left uncertainty end, and the second is less then regular.
OptSquares =
0.2500 0.2780 0.2720
»> OptSquares = optsgr3pe([0.15 0.47:;0.1 0.47])
The optimal squares are regular.
OptSquares =
0.3064 0.3064 0.3871
»> OptSquares = optsgr3pe([0.25 0.4;0.1 0.58])
The optimal squares are regular.
OptSquares =
0.2574 0.3461 0.3664
>>|
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Puc. 7. lIpukaaau 3acTrocyBaHHs po3podieHoro MATLAB-3aco0y optsqr3pc
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BUCHOBOK Ta mepcrneKTHBA MOJATBIIOr0 J0CTiIKeHHSI
Po3rmsinyti 11 mpuknaniB oOYMCIEHHS ONTHMAIBHHUX IUIONI IMOINEPEYHHX TMepepi3iB y KOHCTPYKIii 3
TPHOMA OIIOPaMH 32 YMOB YaCTKOBOT HEBH3HAYCHOCT] CTHCKAIOUHX 3yCHIIb

x, €[0.01;0.6] Ta x, €[0.1;0.3], (34)
x,€[0.2;0.4] ta x, €[0.1; 03], (35)

x, €[0.2;0.21] Ta x, €[0.4; 0.41], (36)
x, €[0.2;0.21] Ta x, €[0.4; 0.45], (37
x, €[0.2;0.21] Ta x, €[0.4; 0.6], (38)
x,€[0.3;0.6] Ta x, €[0.3; 0.35], (39)
x, €[0.45;0.47] Ta x, €[0.44; 0.52], (40)
x, €[0.45;0.47] 1a x, €[0.44; 0.47], (41)
x, €[0.45;0.47] a x, €[0.1; 0.47], (42)
x, €[0.15;0.47] a x, €[0.1; 0.47], (43)
x, €[0.25; 0.4] Ta x, €[0.1; 0.58] (44)

JIAf0Th ONTHMANBHI CTpaTeTii MPOeKTyBaIbHUKY (TIepIi ABi IJIOIII MONEPEeYHHUX Nepepi3iB) Ta, 3araioM, HOPMOBaHi
OIITHUMAaJbHI IUIOLIL

{0.3419,0.2417, 0.4164} ,
{0.3136, 0.2716, 04148},
{0.21,0.4,0.39},
{0.21,0.4,0.39},
{0.21,0.4153, 0.3747} ,
{0.3854,0.3,0.3146} ,
{0.45,0.44,0.11} ,
{0.45,0.44,0.11} ,
{0.45,0.278,0.272}
{0.3064, 0.3064, 0.3871} ,

{0.2874, 0.3461, 0.3664} (45)

BiNMOBiMHO HeBH3HAYCHOCTSM (34) — (44) i TMOBHICTIO MiATBEPIKYIOTHh MpaIe3qaTHICTh Po3poOieHoro MATLAB-
3aco0y optsqr3pc. Sk noTpiOHa Oiybllla TOYHICTH, @ TOMIJIKH 320KPYTJIEHD Y (45) BUKIIOYUTH HEMOXKIIMBO,
TO BOHA 30UIBLIYETHCS 3a aomoMororo MATLAB-komanam ‘“‘format long”. Y mopanbmiomy moniOHi mporpamMHi
NOPOAYKTH MOXKYTh PO3POOIATHCH JUIsl OLTBII CKITAJHUX 3a1ad OOYKCIICHHS TUIOLI MOMIEPEYHUX Mepepi3iB, 30KpemMa,
JUTSL KITACHYHOT KOHCTPYKIIT 3 YOTHPMa OMOPaMH, PO3TAIIOBAHUMH CHMETPUYHO Y BEPIINHAX MPSIMOKYTHHKA, alle Ha

SIKi JiATHMYTh [a;; b, | -HeBH3HaUeHi cTHCKatoui sycuiuis 3 ymoBamu W ([a;: 5,])>0 Vi=1,4.
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