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[TomyuyeHHble pe3ynbTaThl MOKA3bIBAIOT, YTO HCIHOJIb30BAHHE MHUKPOKOHTPOJUIEPA
ESP32-S3 no3BosnsieT peanu3oBaTh IBYXPEKHUMHOE YCTPOMCTBO XpaHEHHUS C MUHHMAJlb-
HBIMH alNapaTHbIMU 3aTpaTaMM U TMOKOW mporpaMMHO# apxuTekTypoil. Takoe pemieHue
MO’KET IPUMEHSTHCS B IPOMBILUIEHHOM 000pYy/10BaHUH, CTaHKax U cToikax ¢ YIIY u cuc-
TeMax 0OMeHa TEXHOJIOrMYeCKol HHpopmanueil.

Paspaboran ¢ysknmonaneabii nporotun USB Wi-Fi HakomuTens, coderaromuii
peuMylIecTBa TPAJUIMOHHBIX U 00JaYyHBIX CIIOCOOOB XpaHEHMs JaHHbIX. Peann3oBaHHas
apXUTEKTypa AEMOHCTPHPYET BO3MOXKHOCTh CO3JaHHUS KOMIAKTHBIX W HAJEKHBIX CHCTEM
JIOKaJbHOIO M YAAJICHHOTO J0CTyna 0e3 MCHOJIb30BaHUS CTOPOHHMX cepBUCOB. Ilepcnek-
TUBHBIM HAaIPaBIICHUEM MATbHEHUINNX HMCCICIOBAHUN SIBISCTCS ONTHMHU3AIUS CKOPOCTH
YTEHUs U 3aUcu UH(POpMaIum.
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Lenv uccredosanusi — @vloenums OCHOGHBIE MEMOObL MHOLOKPUMEPUATLHOU ONMUMUZAYUY U
0060CcHO8aMb UX 6E0VULYIO POIb 8 MEOPUlL U NPAKIMUKE NPUHSMUS Pelenull NPUMEHUMETbHO K 3a0ade
CIMPYKIMYPHOU ONMUMUBAYUY MEXHON0UYeCKUX npoyeccos. Ha ocnose ananuza HayuHoU umepamypol
u npumepa uz cmamvu Kusgyc u Xonobosa paccmompenvl memoo 21agHo20 Kpumepus, Memoo
CBEPMBIBAHUsL KPUMEPUES, Memo0 NOCIe008amelbHblX YCmynok, memoo Ilapemo-onmumanbHocmu u
Memoobl, OCHOBaKHble HA PyHKYuu noaesHocmu. TIokazano, umo ux YHUGEPCATbHOCHb U NPOCHMOMA
npUMeHerUsi 00ecneuueaom @QyHOAMEeHMAIbHOE 3HAYeHUe Ol UHICEHEPHBIX 3a0ay. Hcnomv3osanue
OAHHBIX NOOX0008 NPU BbLOOPE MEXHONOSUYECKUX CXeM 00pabomKu omeepcmuil nO360/1em YHumoléams
KaK HpoUu3gOOUMENIbHOCHb, AK U JHEPeO3Ampamvl, d mMaKdice QopMaruzo08amp dKCHEPMHbLE
NpeonoYmeHnusl.

KaoueBble cioBa: MHOTOKpUTEpHUAJIbHAasd ONTUMU3AlUA, METOJ INIaBHOT'O KPUTECPUS, METOJ
CBCPTBhIBAHUA KPUTCPUCB, MCTOJ MNOCJICA0BATCIbHLIX YCTYIIOK, HapCTO-OHTI/IMaHLHOCTL, KOMIICH-
CaTOPHBIC METOABI.

BASIC METHODS OF MULTICRITERIA OPTIMIZATION AND THEIR
APPLICATION TO STRUCTURAL OPTIMIZATION
OF TECHNOLOGICAL PROCESSES

A. P. Makayeva, O. N. Shishova
Belarusian-Russian University, Mogilev, Republic of Belarus

The purpose of this study is to identify the main methods of multi-criteria optimization and to
Justify their leading role in the theory and practice of decision-making in relation to the problem of
structural optimization of technological processes. Based on an analysis of scientific literature and
an example from the article by Klyaus and Zholobov, the main criterion method, the method of
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criterion reduction, the method of successive concessions, the Pareto-optimal method, and methods
based on the utility function are discussed. It is shown that their versatility and ease of application
make them fundamental for engineering problems. The use of these approaches in the selection of
technological schemes for processing holes allows for the consideration of both productivity and
energy consumption, as well as the formalization of expert preferences.

Keywords: multi-criteria optimization, main criterion method, criterion reduction method,
sequential compromise method, Pareto optimality, compensatory methods.

CoBpeMeHHbIE 3a1a4d ONTHMU3ALUN B HAYKE M TEXHHUKE XapaKTEPU3YIOTCS MHOXe-
CTBEHHOCTHIO M MPOTHUBOPEUYHUBOCTHIO KpUTepHueB. B Takux oOiacTsax, Kak MalIMHOCTpOe-
HUE, PHEPreTUKa W SKOHOMHUKA, MHXKCHEpP CTAJIKHBAETCS C HEOOXOIUMOCTBIO HE TOJBKO
MUHUMH3UPOBATh 3aTpaThl BPEMEHH U PECYpCcoB, HO U oOecreunBaTh TpeOyemble mapa-
METpPBI KaueCcTBa MPOAYKIIMU. ITH 3a/1aul OTHOCATCS K KJIACCy MHOTOKPUTEPHAILHON OTI-
TUMM3ALUHU, KOTOPbII aKTUBHO Pa3BUBAETCS B MOCIEAHHUE I€CATUIICTHS.

Oco0y10 BaXHOCTh MTPHOOPETAIOT METOIBI, TO3BOJISIFOIINE YIUTHIBATh Pa3HOHAIIPAB-
JICHHBIE 1EM M HaXOAUTh KOMIIpOMHUCCHBIE perieHus. Cpenu Haubosnee 3PQPEeKTUBHBIX U
BOCTPEOOBAHHBIX MOAXOO0B BBIJCISIIOTCS METOJI TJIABHOT'O KPUTEPHS, METOJ CBEPTHIBAHUS
KPUTEPHUEB, METOJ TOCIEA0BATENbHBIX YCTYNOK, MeTOJ [lapeTo-onTuManbHOCTH U METO
aHanm3a uepapxuil. X akTyanbHOCTh HATJISAHO JEMOHCTPUPYETCS HA MPUMEPE MCCIIEI0-
Banus Knsyc u XKonoGosa [1], rie JaHHBIE METOABI HAXOIAT MPAKTHUECKOE MPUMEHEHHE
MIPU CTPYKTYPHOM ONMTUMHU3AIUU TEXHOJIOTUYECKUX MTPOIIECCOB.

Meroa riaBHOTO KpUTEpUsl IPUMEHSETCS PU JOMUHUPOBAHUU OJIHOTO IOKa3aTels,
HarpuMep, BpeMeHU 00pabOTKH, YTO MO3BOJISET CBECTH 3a/1auy K OJHOKPUTEPUATIBLHOM OII-
TuMH3anuu. B uccnenoBanuu [1] maHHBIA METOJ peanu3yeTcs 4yepe3 MUHMMH3ALUI0 OC-
HOBHOTO BpeMeHHU To ¥ NMpu OTpaHUYEHUU 0 dHEepro3arparam A.

MeTto cBepThIBaHUS KPUTEPUEB Hambosee ONM30K K MOAXOAY, MPEIOKEHHOMY aB-
topamu. KomrutekcHeiii mokazarens K = To + A mpencrasnser co00i THHEHHYIO CBEPTKY
Pa3HOPOJIHBIX KPUTEPHUEB, (POPMATU3YIOUTYI0 MHOTOKPUTEPHAIBHYIO 337auy B BUJE €/IU-
HOU 1eneBoi (QyHKIMHA. DTO 00ECIeYrBaeT MPOCTOTY MPUMEHEHHUS M COBMECTUMOCTH C
TPaAUIMOHHBIMU aJITOPUTMAMU ONTUMU3AIMH [2].

MeTo/ mociIeIOBaTeIbHBIX YCTYIIOK HCIIOJIB3YETCs MPU KOH(MIUKTE KpUTEPHEB, Ha-
puMep, BpEMEHU U 3Hepro3aTpar. OH NO3BOJISIET MO3TAMHO BBOAUTH OTPAHUYEHUS 110 OA-
HOMY ITOKa3aTeIl0 1 MUHUMHU3HPOBATH IPYTOM, 4TO 00ECIIEYNBACT BEIOOP KOMIIPOMHCCHO-
r0 TEXHOJIOTMYECKOTO pelieHus [2].

Meron [lapero-onTuManbHOCTH (GOPMHUPYET MHOXKECTBO HEAOMHHHPYEMBIX peIlie-
HUH, BBISBIIAS BCE pallMOHAIbHBIE BAPUAHTBI TEXHOJIOTMH 10 KpuTepusm To u A. D10 oco-
OCHHO Ba)KHO MPU PABHO3HAYHOCTH KPUTEPUEB WIM HEBO3MOXKHOCTHU 3apaHee OINpPEACIIUTh
npUOpUTETHI [3].

Mertoapl, OCHOBaHHBIC Ha (DYHKIIMU TIOJIE3HOCTH (KOMIICHCATOPHBIE METO/IbI) ITO3BO-
JSIOT YYUTHIBATH B3aMMHYIO KOMIICHCAIIUIO KPUTEPUEB Yepe3 arperupyroniie QpyHKIHH.
B 3agaue ontumuszanun oOpabOTKU OTBEPCTUIl OHU 00ECTIEUNBAIOT UHTErPATIbHYIO OLEHKY
3¢ (HeKTUBHOCTH, paHXUPYs aJbTEPHATUBBI MO OaNaHCy MPOU3BOAUTEIBHOCTH U IHEPIo-
3¢ (HEeKTUBHOCTH.

B 3agaue, paccmorpennoit Knsiyc u XKomno6oBbIM, KOMIEHCATOPHBIE METOJBI MOTYT
OBITH MCITOJIG30BAHBI JUIsI OOBETMHEHUS TOKa3aTelIel BpeMeH! 00pabO0TKH M dHEpro3arpar
B €IMHYIO0 MHTETPATIbHYIO OIEHKY 3()()EKTUBHOCTH TEXHOIOTUYECKOTO IMpolecca. ITo Mo-
3BOJISICT PAHKUPOBATH ATbTCPHATHBHBIC BAPUAHTHI 00PaOOTKM OTBEPCTUH MO CTENEHHU X
MPEIMOYTUTENILHOCTH U BBIOUPATh pelleHue, obecrneynBaroniee HawTydnid 6anaHc Mex-
Iy TIPOU3BOIUTEIIBHOCTHIO M SHEPT03PHEKTUBHOCTHIO.
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[IpoBeneHHBIN aHAMU3 MOATBEPKIACT, UTO MOAX0J, mpuMeHeHHbl Kisyc u Xomo-
OOBBIM Il CTPYKTYPHOM ONTUMHU3ALUU ITpolecca (GOpMUpPOBaHUsI OTBEPCTHI, OCHOBAH Ha
3¢ heKTHBHOM KOMOWHUPOBAHUHU KIACCUYECKHX METOJI0B MHOTOKPUTEPUAIBHON ONMTUMU-
3auuu. KiroueBas ujes peannzoBaHa 4epe3 METOJ CBEPTHIBAHUS KPUTEPUEB C HUCIIOJIB30-
BaHHWEM KOMIUIEKCHOTO Toka3atenst To + A, 4TO MmO3BOJIIET CBECTH 337auy K OJHOKpHUTeE-
puanbHOM. JlaHHBIN MMOAXO0J KOHLENTYyaJbHO COOTBETCTBYET KOMIIEHCATOPHBIM METO/AAM,
JIOTIyCKasi B3aMHBIM y4ueT BpeMeHH 00pabOTKU M 3HEpProsarpar, a e€ro peanus3aius Moji-
JepKuBaeTcss npuHUunaMu Ilapero-onTuManbHOCTH 1711 BBIIEIEHHS PAllMOHAIBHBIX allb-
TEPHATUB U METOJIOM TOCJEI0BATENbHBIX YCTYMOK JJIsS COTJacOBaHUs MPOTUBOPEUUBBIX
TpeboBanuii. Takum 00pa3oM, KOMOMHAIIUS STUX METOI0B OOecreunBaeT (popMaIH3aImio
BbIOOPA U OOBEKTUBHYIO OLIEHKY TEXHOJIOTHUYECKUX PEHICHUN.
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IIpusedenvl pezyromamel usMeperull y2106biX pacnpeoeneHutl UHMeHCUGHOCIU PACCeSHHO20
nojid, 603HUKAOWe20 6 pesylbmame NONEPeyHou Ou@pakyuu 2ayccosa nyuka Ha QOmoOHHO-
KPUCALIUYecKoM 8010KHe. [Ipedcmagnen makem 9KCHePUMEHMANbHOU YCMAHOBKU 0I5l OemeKmu-
POBaHUs YKA3AHHBIX pacnpedenenuil. [lonyuennble 3a6UCUMOCTU CONOCMABTIEHbL C Pe3yIbmamami
YUCTIEHHO20 peuieHust OUppakyuoHHol 3adauu memooom @yukyut I puna.
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MEASUREMENT OF DIFFRACTION FIELDS IN OPTICAL
WAVEGUIDES
A. V. Shilov, A. B. Sotsky
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This paper presents results of measurements of the angular distributions of the scattered field
intensity arising as result of the lateral diffraction of the Gaussian beam on a photonic-crystal
fiber. An experimental setup is demonstrated. The obtained dependences are compared with the
results of a numerical solution of the diffraction problem using the Green’s function method.

Keywords: transverse diffraction, Gaussian light beams, microstructured fiber, photonic
crystal fiber, Green’s function method.

Ha ceropssiHuii 1eHh HHTEHCUBHO MPOBOISTCS UCCIICIOBAaHUsI, CBI3aHHBIC C pa3pa-
00TKON (POTOHHO-KPHUCTAJUIMYECKUX CEHCOpoB mapamerpoB cpen [1]. Ha pabory Takux



