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Peztome. Llenw. [lenvro uccredosanus A6s1emcs onpedeneHue ONmuMaibHO20 PACnOLONCEHUS
ONoOp 6 Naume nepekpvlmusi NPOMbluLIeHH020 30anusi Memod. [{ns onpedenenus onmumMaibHO20 pac-
NOOJNCEHUSL KOJIOHH UCNOIb308aH Memoo Monme-Kapio 6 couemanuu ¢ MemoOoom KOHEUHbIX dNeMeH-
mos. Pacuem npouzeoouncs na ochose meopuu ynpyeux mowxkux nium. Pesynemam. B cmamove
NPeoOCmasieHo peulerue 3a0adu 0 HAXOHCOEHUU ONMUMALLHO2O PACNONONCEHU 3A0AHH020 KOUYe-
CMBa MOYeUHbIX ONOP NJAUMbL NEPEKPLIMUSL N U3 YCA0GUSI MUHUMYMA Yeredoll (hyHkyuu. B kawecmee
yenesol (hyHKyuu OvLIU 8bIOPAHbL MAKCUMALbHBIN NPO2UO NAUmMbl, NOMEHYUAIbHAs IHepeus 0ehop-
mayuu u pacxoo apmamypul. [10060p apmamypvl npou3600UIC 8 COOMBEMCMBUL C OCUCMBEYIOUUMU
HOPMAMU NPOeKmupOBaHUsL Hcele300emOHHbIX KOHCMPYKYUU. Boluucienus 6binoaHaiucs npu nomowu
paspabomannot asmopamu npoepammsl 8 cpede MATLAB. Ilpusedenvt pesynomamol npu n = 3,4,5.
Buvinonnena moouguxayus ancopumma ons 60oavuioeo yucia onop N u npedcmaesiieHo cpasHeHue 6azo-
6020 U MoOupuyuposanno2o ancopumma npu N=25. [lokazana 603MOICHOCMb CYUECMBEHHO2O0
YMeHbuleHus depopmayuil NaAUmMsl NPU HePe2yIsAPHOM PACHOLONCEHUU ONOP NO CPABHEHUIO C pe2ylsp-
HbiM. Bo1800. [Ipeonoscena memoouxa HaxoHcOeHus: PAYUOHAILHOZO PACHOLONCEHUSL MOYEYHBIX ONOP
NAUMbL NEPEKPLIMUSL NPU 3A0AHHOM UX KOAUYECBe U3 VCI08USL MUHUMYMA Npocuda, nOMeHYuaIbHol
9Hepauu deghopmayuu u pacxooa apmamypel Ha ocHoge memooa Moume-Kapno. /lannas memoouxa
noOX00um OJisi NPOU3BOTIbHBIX KOHpuUYypayuil naumol U nPoU3BOIbHLIX Haepy3okK. IIpeocmasnena mo-
oughuxayus aneopumma, nooxooawas ons 601buio2o yucia onop. Ha mecmogom npumepe nokasato,
YUMo NO CPABHEHUIO C PE2YNAPHbIM UWALOM KOJOHH MAKCUMATbHBIL NPO2UO MONCHO CHU3UMb Ha 42%. B
PACCMOMPEHHBIX NPUMEPAX NOJIOAHCEHUE 8CEX ONOP 3apanee CYHUMANOCh HeU3BeCMHbIM, 0OHAKO pa3pa-
OOMAaHHBII ANCOPUMM JIe2KO NO36O0JIslem YUeCmb U CMAYUOHAPHble ONOPbl, NOJOJCEHUe KOMOopble He
MeHsemcs.

Knrwouesvie cnosa: onmumuzayus, sxeie300emoHHAs NIUma, cmoxacmudeckue memoobvl, pac-
X00 apmamypbul, NOMEHYUANbHASL IHEP2UsL Oeopmayuu
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BUILDING AND ARCHITECTURE

DETERMINATION OF THE OPTIMAL DISTRIBUTION OF SUPPORTS IN THE FLOOR
SLABS OF INDUSTRIAL BUILDINGS USING STOCHASTIC METHODS

E.A. Efimenko®, M.Yu Bekkiev?, D.R. Mayilyan®, A.S. Chepurnenko®
'Don State Technical University,
11 Gagarin pl., Rostov-on-Don 344000, Russia,
High-Mountain Geophysical Institute,
22 Lenin Ave., Nalchik 360003, Russia

Abstract. Aim. The purpose of the study is to determine the optimal location of supports used
in the floor slab of an industrial building. Method. In order to determine the optimal arrangement of
the columns, a Monte Carlo algorithm was used in combination with the finite element method. The
calculation was carried out on the basis of the theory of elastic thin plates. Results. The article pre-
sents a solution to the problem of determining the optimal location of a given number of point-
supports of a floor slab n from the condition of minimum objective function. For the objective function,
the maximum deflection of the slab, the potential energy of deformation and the flow rate of rein-
forcement were selected as variables. The selection of reinforcement was carried out in accordance
with current generally-accepted standards for the design of reinforced concrete structures. The calcu-
lations were performed using a program developed by the authors in the MATLAB computing envi-
ronment. The results are given for n = 3,4,5. The algorithm, which has been modified for a large num-
ber of supports n, is presented alongside a comparison of the basic and modified algorithm with n =
25. The possibility of a significant reduction in plate deformations with an irregular arrangement of
supports compared to a regular distribution is shown. Conclusion. A method is proposed for finding
the rational locations of point supports for a floor slab for a given quantity from the condition of min-
imum deflection, potential strain energy and consumption of reinforcement materials based on the
Monte Carlo method. This technique is suitable for arbitrary slab configurations and arbitrary loads.
A modification of the algorithm is presented that is suitable for a large number of supports. The test
example shows that the maximum deflection can be reduced by 42% when using an irregular support
configuration compared to regular column spacing. In the considered examples, the position of all the
supports was previously considered unknown, but the developed algorithm easily allows for stationary
supports, whose position does not change.

Keywords: optimisation, reinforced concrete slab, stochastic methods, consumption of rein-
forcement resources, potential strain energy

Beenenne. [IpoGneme onTuMU3aMM KeJIe300€TOHHBIX KOHCTPYKIUH, B TOM YUCIIE TUIUT Te-
PEKPBITUH, MOCBALIEHO OOJbIIOE KOJMYECTBO MyOnukauuid, Bkiatoyas [1-20]. B kadectBe croco6oB
ONTUMU3AIMH BBICTYNAIOT, KaK NMPaBUJIO, BAPbUPOBAHNUE XapaKTEPUCTHK OeToHa [3-6], palnoHanbHOe
apmupoBanue [7-16], BappupoBaHWE TONIIUHBI TJIUTHL [17] U panmoHanbHAs pacCTaHOBKa pedep
xectkoctH [ 18-20].

Eme ognum 3¢ deKTHBHBIM CcIOCOOOM ONTUMHU3ALMM SBJSETCS pallMOHAIbHAs pPacCTaHOBKA
orop. OIHaKO B JINTEpPAType TAKOH METO B OCHOBHOM pealiu3yeTcs TOIbKO Ut 0aiok [1-2].

IMocTranoBka 3agauyu. PaccMoTpum cnemyromyro 3amady. [lycTte mmeercs jxene300eTOHHas
TUTATA TIPOM3BOJIBHON KOH(MUTYpAIMK ¢ 3aJaHHOM TOJNIMHON h, XapakTepucTukamu Oetona Ep, Ry, V,
XapaKkTEPUCTUKAMU apMaTyphbl Ry, Rg.. Takke cUMTalOTCA M3BECTHBIMH PACCTOSHHUSA Oy, Oy, Ay, Qy,
OTpeeNSoNIMe MPUBSI3KY LIEHTPOB TSXKECTH apMaTyphl K BEpXHEW U HIKHEN OBEPXHOCTH.

[Inuta onmpaeTcss Ha M TOYEUYHBIX ONOpP (KOJOHH), YMCIO KOTOPHIX CUMTAETCS 3aJaHHBIM, a
pPacmosoKeHUuEe MOXKET ObITh IPOU3BOJIbHBIM. [IOMHMO 3THX KOJIOHH MOTYT OBITh CTal[MOHAPHBIE OMO-
PBl, IOJIO)KEHNE KOTOPBIX HE MeHseTcs. Ha mumry neficTByeT mpou3BOJIbHAs, HO 3apaHee U3BECTHAs
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Harpy3ka. TpeOyercs ompenenuTh palloHaIbHOE PACIOJIOKEHHE KOJOHH, MPH KOTOPOM IieseBast
(GYHKIMS TPUHUMAET MHHIMAIILHOE 3HAUCHUE.

B kauectBe 1eneBoit pyHkIM OyieM paccMaTpUBaTh CIEAYIONIUE BETMYUHBL:

1. MakcuManbHOE 3HaYEHHUE MPOTUda MITUTHl Wiy qx, MM;

2. BenmnunHa noteHIMaIbHON sHeprun aepopmanuu W, k/bx;

3. Pacxon apmatypsl mg, T.

Bri0op B kauecTBe 11e51eBOM PyHKIMH MOTeHIMaIbHOU sHeprun aedopmarun (I13/1) oObsicHs-
€TCi TEeM, 4YTO OHa SBISAETCA WHTETPAIBHOW MEpOM, OINpEeAeNAonlel YpPOBEHb HaIPSKEHHO-
nedhopmupoBaHHoro coctossaus [1]. YUem menbie BenmnuuHa W, TeM jrydine cucteMa COMPOTUBIISICTCS
BHEIIIHUM BO3JCHCTBUSM [2].

Metoasbl uccaenoBanms. [Ipyu uCnoap30BaHNM B KAUECTBE LEIEBBIX 3HAYCHUN BETUYUH Wiy g
u W OyzneM cuuTaTh 4TO JKECTKOCTh IUTUTHI HE 3aBUCUT OT KOOpAWHAT X U Y. PacueTr OyneT mpousBo-
JUTHCS HA OCHOBE TEOPUHU YIPYTHUX TOHKHUX TUTUT.

Jlng ompeneneHus: ONTUMAIBHOTO PACHOJIOKEHUSI KOJIOHH MbI OyJeM HCIONb30BaTh METO]
Momnre-Kapio B coueTaHuu ¢ METOJIOM KOHEYHBIX 3JIEMEHTOB.

Ha nepBom 3Tamne minTa B 3aBUCUMOCTH OT €€ '€éOMETPUU pa3OUBAETCsl CETKOM TPEYroIbHBIX
WJIU TIPSMOYTOJIBHBIX KOHEYHBIX 3JIEMEHTOB. BhIUMCIIA€TCS MaTpuIla )KECTKOCTH KOHCTPYKIIUU U BEK-
TOp HArpy30K C y4ETOM CTAllHOHAPHBIX OMOP, HO 0€3 y4yeTa KOJOHH, MOJIOKEHHE KOTOPBIX MOXKET Ba-
pBUPOBATHCA.

Jlanee mpu MoMoOLIM reHepaTopa ClIydalHbIX 4YHMCENl F€HEpUPYETCs N paBHOMEPHO paclpee-
JICHHBIX CIy4YalHBIX 3HAYEHUU, OMPEEIAIONINX HOMEpa Y3JI0B, B KOTOPHIX YCTAHABIMBAIOTCS KOJIOH-
Hbl. BbInonHseTcs mpoBepka Ha OTCYTCTBUE MOBTOPSIOIIMXCS HOMEPOB Y3JIOB, a TAKKE KOHTPOIUPY-
€TCsl, YTOOBI MHHHMAJILHOE PACCTOSIHHE MEX]Ty OTIOpaMH ObLIO OOJIbINe 33JaHHON BETUYHHBI. B mpo-
TUBHOM CJly4ae FeHepalus CIy4ailHbIX YUCEN MPOU3BOUTCS TOBTOPHO.

3aTeM Ha MaTpUIly *KECTKOCTH M BEKTOP HArpy3Kd HAaKJIAJIBIBAIOTCS TPAaHUYHBIC YCJIOBHS C
Y4€TOM BBIOPAHHOTO PACIIONIOKEHUS KOJIOHH, BBIIIOJIHAETCS pPellieHHe cucTeMbl ypaBHeHun MKD:

[K1{U} = {P}, @)

rae [K] — matpuna sxxecTkocTH, {U} — BEKTOp Y3JI0BBIX T€peMeNIeHnid, { P} — BEKTOp HArpy3oK.

[ToTenuuanpHas sHeprus aedopMaiuu onpeaensercs mno hopmyne:

w = %{U}T[K]{U}. )

[TonGop apmatypsl B mmute npousBoautcs Ha ocHoBe CIT 63.13330.2018 u3 ycrnosuii:

(Mx,ult - Mx)(My,ult - My) - MJ%y = 0;
Myt 2 My;
My e = My;
Mxy,ult > Mxyf
rae My, My, M, — u3rubaromue u KpyTsIIue MOMEHTBI, IEHCTBYIOIIME Ha IUIOCKUH BBIIENEH-
HBIA 31EMEHT, My ¢, My, 11t Myy 1y¢ — TIPENETBHBIE U3THOAIOIIME M KPYTALIME MOMEHTBI, BOCIPHHH-
MaeMbIe TUIOCKUM BBIICJICHHBIM AJIEMEHTOM.

Benmnunna neneBoit pyHkmuu f cpaBHHBAeTCS CO 3HAYCHHUEM f;, B Ka4eCTBE KOTOPOTO HM3Ha-

YJaJIbHO TPHHUMAETCSI OYeHb OoJbioe gucio. Eciu f < f;,, To BenmuuuHe f, mpucBanBaeTCs 3HAYCHUE

f.

©)

Pacuer co cimyyaifHBIM pacnojOXKeHHeM KOJIOHH MOBTOpsieTcs OO0JbIIOe YUCI0 pa3 (HaMU Yuc-
JIO MCTIBITHIHMHN k mpuHuHManock pasHeiM 108 u Gonee). KonmuecTBo BO3MOMKHBIX BAPUAHTOB PACIIO-
JIO’)KEHUS ONOpP 3aBUCHUT OT TYCTOThI KOHEUHO-3JIEMEHTHOW CETKH U PE3KO BO3PACTAET C YBEIMUYECHUEM
n. [loaromy nosay4deHHbIE B pe3ysibTaTe pabOThl MPOrpaMMbl BApUAHTHI PACIONIOKEHUs CKopee OynyT
PAYUOHATbHBIMU, HO HE CAMBIMHM ONTUMAJIBHBIMHU.

O6cy:kaenne pe3yabTaToB. [Ipu MOMOIM OMMCAHHOTO aNTOPUTMA ObLIa MPOBEIACHA CEPHS
YUCJIEHHBIX 3KCIEpUMEHTOB. PaccmarpuBanach kBaapaTHas miuuta pasMmepamu 10x10 M, TommmHOR
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h = 20 cm, 6eton B30, apmatypa A400, mox neiicTBreM paBHOMEPHO pacIpenelIeHHON MO TUIOIIA TN
Harpy3ku ( = 20 klla.

Boruucnenus npousBoaunuck B makere MATLAB ¢ ucnonb3oBanueM pa3paboTaHHON aBTO-
pamMu IpOTpaMMBbIL.

Ha puc. 1 npeacrapieHo nmoiay4yeHHOE HAMH PaCIOIOKEHUE TPEX OIOp MPH BhIOOpE B KAYECTBE
1eJIeBOM (PYHKIIMM MaKCUMAaIbHOTO MPOTu0a Wy, ,,, NOTEHLIUAIbHOU 3Hepruu aedpopmanuu W u pac-
X0J1a apMaTypsl Mg B CiIydae pa30MeHHs IUIUTHI Ha TpeyroyibHbie KO.

V37161, B KOTOPBIX PaCIOIOKEHBI OMOPBI, OTMEUYEHBI HOMEpaMu. Benuaunsl {Wy,q,, W, mg} co-
cTaBwIH JyTst iepBoro Bapuanta {31.9 mm, 11.79 xJIx, 1.45 T }, {50.9 mm, 9.53 xJIx, 1.23 T} must BTO-
poro u {40.3 mm, 9.73 k]I, 1.25 T} ays TpeThero BapuaHTa.

Takum 00pazom, mpu BEIOOpE B KAUECTBE 11EI€BOM (PYHKIIMH NMOTCHIIMATBHON SHEPTUU 1edop-
Maiuii Obul oOecriedeH 1 MUHUMYM pacxojia apMaTyphl, HO TPETHIl BapUaHT IO CPaBHEHHUIO CO BTO-
pBIM sBIIIETCS 00JIee ONTUMAIBHBIM 110 BETMYMHE MPOruoda.

PesynbTathl, moMy4eHHBIC IPH N = 3 ¢ UCHOJIB30BAHUEM NPSIMOYTONbHBIX KO, nmpuBeeHsl Ha
puc. 2. Benuuunbl {Wy,q,, W, mg} Tipu BeIOOpE B KauecTBe IeJICBOM (YHKIIMU MPOTHOa COCTABUIIH
{35.5 mm, 13.4 ][Ik, 1.66 T}.

[Tpu BbIOOpPE B KauecTBE MUHUMU3HPYEMOUN BETMYHHBI pacxoaa apMaTypsl wiu [13]] nomyuen
OJIMHAKOBBIN pe3ynbrat: {49.5 MM, 9.86 k/lx, 1.26 T}.

W3 puc. 2 BUAHO, YTO BapUaHTHl PACIOJIOKEHHS OTOP NP HCIOJIB30BAaHUH JIBYX YKa3aHHBIX
KPUTEPUEB OKA3aJTUCh CHMMETPUYHBIMU OTHOCHTEIBHO LIEHTPA TIIUTHI.
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Puc.1.0nTumansHoe pacnoJioxeHne Tpex onop npu Puc.2.0OntumajbHoe pacnojio:keHHe Tpex OInop
HCIOJb30BAHHM TPEYrOJbHBIX KOHEYHBIX 7Jjie- NPH HCIO0JIbL30BAHUH NMPSAMOYIOJbHbLIX KOHEYHbBIX

MEHTOB 3JIEMCHTOB
Fig. 1. The optimal arrangement of the three sup- Fig. 2. The optimal arrangement of the three sup-
ports when using triangular finite elements ports when using rectangular finite elements

CuHue y371bl — U3 YCIOBUS MUHMMYyMa Nporuda, KpacHbIE Y3Jbl — U3 YCJIOBHUS MHUHHUMYyMa
[I9/1, yepHbIe y371bI — U3 YCIOBHUSI MUHUMYyMa pacxoa apMaTypsl.

Pa3Huna pe3ynbTaToB IpH HMCMONB30BAHUM TPEYTOJbHBIX W MpsiMOyroibHbIX KO cBsizaHa ¢
pa3nu4HoM rycrotoi cetku. Ha puc. 3 moka3aHbl pe3yapTaThl, MOJIYyYEHHBIE C UCIOJb30BAHUEM NpS-
MoyronbHBIX KO mipu n = 4. 3HaueHus neneBbX QYHKUUN Wipqy, W, Mg A0S npencTaBieHHBIX Bapu-
aHTOB MpUBEAEHBI B Ta0M. 1.
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Puc.3. OnTumajbHoOe pacnoJioxKeHHe YeThIpex Onop: CHHUE Y3JIbl — U3 YCJI0BUA MUHUMYMA MPOTH-
0a, KpacHble y3Jbl — U3 ycaoBuaA MuHuMyMma I3/, yepHble y3/IbI — U3 YCI0BMA MHHMMYMa pacxoaa ap-
MaTyphbl

Fig. 3. The optimal location of the four supports: blue nodes - from the condition of minimum de-
flection, red nodes - from the condition of minimum SEM, black nodes - from the condition of minimum
consumption of reinforcement

Taboauua 1.3nauenns nesaeBbIX GyHKUMH 1JIs1 ONTUMAJIbHBIX BADHAHTOB PACIIOJIOKEHHS KOJIOHH NIPH

n=4
Table 1. The values of the objective functions for the optimal options for the arrangement of columns
withn=4
W3 munuMyma nporuba N3 munumyma I19 /1 W3 muanMyma pacxoaa apMarypsl
From minimum deflection From minimum PEM From minimum consumption of
reinforcement

Whax | W, Mg, T | Wnae MM | W, KIDK | Mg, T | Wygy, MM W, xJ1x ms, T
MM kJx

11.3 4.72 0.908 | 14.3 3.75 0.794 | 15.8 3.76 0.729

ABTopamu Oblja clenaHa MONbITKa BHECTH KOPPEKTHUPOBKY B BapUaHT, 00eCHeynBarOMIUi MU-
HUMYM MOTEHIIMATILHONU SHEPTUH 1ehopMalinu.

[TonoxxeHue ABYX KOJOHH B y371ax 25 u 91 ObU10 ocTaBieHO 0e3 U3MEHEHUH, a KOJIOHHBI B y3J1axX
96 u 42 ObUIM cMelleHbl B TOYKU ¢ KoopauHatamHu (8,8) u (2,8) cooTBeTrcTBeHHO. [laHHBIH BapuaHT
OKa3aJiCsl MEHEE ONTUMAJIbHBIM C TOYKHM 3PEHHUs pacxoia apMaTypbl U NOTEHLMAJIbHOW DHEPIuu Je-
dopmanuu, HO 60Jiee ONTUMAIBHBIM 110 IPOorudy. Benuuuubl {W, ., W, ms} cocraBunu {13 mm, 4.24
k/lx, 0.816 T}.

W3 cumMmeTpun 3a1aum Ipu n = 4 cienyer, 4YTO ONTUMAIbHOE PACOJIOKEHNE KOJIOHH JTOJKHO
OBITH CHMMETPUYHBIM OTHOCUTENIBHO LIEHTPA TUIUTHI, OJHAKO B MPE/ICTABICHHBIX Ha PUC. 3 BapUaHTax
CUMMETpUs He HaONI0AAaeTCs U3-3a OTPaHHUYEHUs Ha PaclojoXkeHHe onop (KOJOHHBI MOTYT pacrojia-
raTbCsl TOJIBKO B y3J1aX KOHEYHO-3JIEMEHTHON CETKN).

IIpu n = 5 ¢ ucnonp3oBaHueM NpAMOYroibHbIX KO Obu10 HaiiieHo pacnoioKeHHue orop, yao-
BJIETBOPSAIOLIEE OJHOBPEMEHHO MUHUMYMY NE€peMEelIeHUH, TOTeHIIMAIbHON Hepruu aedopManuu u
pacxona apMatypsl (puc. 4). Benuuunsl {Wy,q,, W, mg} coctaBunu {5.48 mmMm, 2.13 x/Ix, 0.551 T}.
OTmeTHM, 4TO XapaKTepUCTUKU OETOHA W apMaTyphbl, BEIMYMHA HArpy3KH, TOJIIIMHA IIUTHI HE BIUA-
10T Ha ONTUMAJIBHOE PacoIOKEHNE KOJIOHH.

Kpome Toro, oTHOCUTENBHOE PACIOI0KEHNE KOJIOHH HE 3aBUCHUT OT Pa3MEPOB IUIUTHI, & 3aBUCHUT
TOJILKO OT COOTHOLIEHUs ee CTOpOH. [lepelinem nanee k 60JbIIOMY YHUCITY OIOP M.
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Ha puc. 5 nmpeacraBiieHo pacnoyioskeHue 25 KOJOHH, MOJYyYeHHOE Ha OCHOBE OMMCAHHOTO BBIIIE
aIropuTMa B pe3ysbTaTe 10® wcnsrTanmit ISt ITATEL pasmepamu 24x24 M npu BeIOOpE B KaUeCTBE IIe-
neBoit pyHKIMHM nporuda. MakcumansHblil nporu6 npu E, = 3-10* MIla, g = 50 klla, h = 20 cm
coctaBuia 58.4 mm. J{Jis TOM e MJIUTHI IPYU PABHOMEPHOM I11are KOJIOHH 6 M Wy 4, = 43.6 MM. Takum

00pa3oM, MPH TAKOM KOJIMYECTBE KOJIOHH MPEUIOKEHHBIN aTOpUTM OKazaics Hed(PPEeKTHBHBIM.
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Puc.4. OnTumajbHOE pacnoJio;KeHue NATH OTOp
Fig. 4. The optimal location of the five pillars

beuta BeIONIHEHA MOAM(UKAIUS TAHHOTO aJrOPUTMA, 3aKIIOYAIOMAsCs B  CICAYIOIICM.
HavansHoe pacnonoxeHne KOJIOHH 33/1aeTCsl PEryJISIPHBIM C 3a/IaHHbIM 11arom. Kaxxaplit mpoinet pas-
OMBaeTCs M KOHEYHBIX DJIEMEHTOB (HAMH IPHHUMAIOCh M = 6).

3areM sl KaKJ0M KOJIOHHBI T€HEpUPYETCs 2 CIy4allHbIX 3HAUEHHUS, ONPEICIAIOIINX UX CMe-
IICHUE OTHOCUTEIHLHO HAYAJIBLHOTO MOJIOKEHUS 10 X U Y.

Ha Bennuuny cMmenieHus: HaKjIaIbIBaeTCsl OrpaHUYeHHE, YTOOBI OHO HE MPEBHIIIATIO 10 MO0

(% — 1) - A, rae A — pa3Mep KOHEYHOTO 3JIEMEHTa 10 X WU Y, U ObLII0 KpaTHO pazMepy KD.

Pacuer Tax sxe Boimosasiercst 10° pa3 u BbIOMpaeTcs Hanbosiee ONTUMaIbHBIN BapuaHT. Pe3yib-
TaT MOMCKa ONTHUMAJIBHOIO BapuaHTa U3 yCIOBHMS MUHUMYMa Mporubda mnpuseeH Ha puc. 6. s npen-
CTaBJIEHHOTO Ha pUC. 6 PACTIONIOKEHHS OTIOP MaKCUMAJIbHBIN TPOrud cocTaBui 25.4 MM, 4TO 1O CpaB-
HEHUIO C PE3YJIbTaTOM IIPH PETYJISPHOM IlIare KOJOHH HUXeE Ha 42%.
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Puc.5. PesyabTraT moucka onTUMAaJbHOro BapuaHTa ¢ Puc.6. Pe3yabTar momcka onTHMaILHOIO BapHAHTA C HC-

HCII0JIb30BAHNEM 0a30BOr0 ajiropurMa MMOJb30BAHHEM MOLII/l(l)PIIIPIPOBaHHOI‘O ajiropurma
Fig. 5. The search result for the best option using the Fig. 6. The search result for the best option using a mod-
basic algorithm ified algorithm
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BeiBoa. [Ipeanoskena MeToiMKa HaX0XKJIEHUS! PAllMOHAIBHOTO PACTIOIOKEHUS TOUCUHBIX OIOp
TUTATHI TIEPEKPBITUS TIPU 33JAHHOM HX KOJIMYECTBE U3 YCIOBHSI MUHHMYyMa MPOru0a, MOTEHIIUAIBHON
SHepruu AedopMali U pacxoja apMarypbl Ha ocHOBe Merona Monrte-Kaprno. [lannas meroauka
MOIXOUT JIJISl IIPOM3BOJIBHBIX KOH(UTYPAIHiA ITTUTHI ¥ MIPOU3BOJILHBIX HATPY30K.

[IpencraBiena Moau@UKaIUs AITOPUTMA, TOAXOAAIIAs 17151 OOJBIIOTO YKCIa OTOpP.

Ha tecroBoM mpumepe moka3zaHo, 4YTO 1O CPABHEHHIO C PETYJSPHBIM IIaroM KOJIOHH MaKCH-
MaJIbHBIN IPOTUO MOYXKHO CHU3UTH Ha 42%.

B paccmoTpeHHBIX ITpuMepax MoJIOKEHUE BCEX OMOp 3apaHee CUUTAIOCh HEM3BECTHBIM, OJIHA-
KO pa3paOOTaHHBII AJITOPUTM JIETKO MO3BOJISIET YYECTh U CTAllMOHAPHBIE OMOPHI, MOJI0KEHHE KOTOPhIE
HE MEHSETCS.
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