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CPABHUTEJIbHBIN AHAJIN3 METO/IOB ONITUMHA3ALIMHA
MPU UCCIOEJOBAHUHU BECOU3ZMEPHTEJLHOMU CUCTEMBI
U TEPMOPETYJISAATOPA

Komesoit H. JI. — a-p Texn. nayk, npodeccop, 3asenyonmii kadeapoit aBHAIMOHHEIX TPHOOPOB # MIMCPEHMIT,
Haimonaisusit aspoxocsmirdeckuit yausepeurer M, H. E. Kykosckoro « XAy, Xapexos, Yxpauua.

Koctenko E. M. - 1-p rexn. Hayk, fouesT, [lonTapekas rocynapcTBeHHAA arpapHas akanemus, Yxpauna, [lorrasa.

BesimeBa A, A. — acnupanT xKadenps aBHAUMORNEX NPHGOPOB W Wameperuit, HauHOHATLHLI aspokocMudeckuit
yuusepenrer uM. H. E. XKykosckoro « XAH», Xapekos, Yipausa.

AHHOTAUMA

AKTYRIBHOCTE, Breparic: npe/uioacHo NpUMEHERHe MeTO0B Taly-NoHCKa, CTyHaifHoro MoMCKa, Pos YACTHIL JUIS NOCTPOEHHS
ONTHMATBHEIX 10 CTOKMOCTH MUIAHOB IKCHICPHMEATA MIPH HCCASI0BAHHHA BECORIMEPHTEALHON CHCTEMA H TEPMOPETYLTOPA.

Heus paGorsl — MPOBECTI CPABHATENLHLIFE aHAMN) PA3PABOTANHLIX METONOR OMMTHMIIALIMK, TAKKHX KAk Taly-nouck, caydainni
NOKCK, POil HaCTHY NPH NOMCKE ONTHMATLHLEIX IUIAHOB MPOBEICHHN IKCNCPHMCHTA BO BPEMA WCCICAOBAHHA BCCOMIMCPHTCTRHOR
CHCTEMB H TEPMOPEIyARTOPA.

Meron. [Mpeanoxenn MEYOIM NOCTPOCHUS ONTEMATLHOMN 110 CTOMMOCTH PCANHIAIMYE MATPHIIN ILIANHPOBAHKA IKCIIEPUMENTA C
HCTIONE30BANKEM ANTOPHTMOB POR 9AcTHI, Taby-ToHCKA K crywalnoro noucka. B nadane BBOJMICS KOIHYECTBO PAKTOPOH K CTOH-
MOCTH MEPEXOIOR JUIS XAKIOTO YPOBHS GAKTOPOR. 34TEM C YHCTOM BECACHHLIX JAHNKX (GOPMHPYETCS HCXOAHAN MATPHIA ILIAHHPO-
Banug akcncpuMenta. TIpi HCnogs30BaHKN ANTOPHTMA Taby-NONCKA HA KAXIOM LIArC HTCPAIHH B KAYECTRE HOBOIO TEKYIIEIO pe-
IICHHA BROHPACTCR MyHIiee PEliCHHE B OXPECTHOCTH TCKYUIETO W OCYICCTRAACTCA IPOBEPKA HE HAXOJHTCA JTH OHO B crimucxe Taby.
Taxum 06paIOM MPOHCXOIAT ILITHCIICHHS, MOKA AMTOPHTM KE JOCTHITET 3aannoro ncna wrepaunit, Croucox Tafy hopuupyercs
W3 PEMCHHH, HMEIOUIHX MUHHMATEHYIO CTOMMOCTE. MeToN cryHaifHoro noucka OCHOBAH HA NEPCCTAHOBKE CTONGIOR MaTPHITH nia-
whpoBanus. KonusecTso wrepanni amropuTMa 3anaeTes noablosatenem. MeTol pos HacTHIl OCHOBAH HA MOACAMPOBAHHM [10BEIe~
HHR nomyasums dactiil. B xakioit Touxe, rae nobniBana YacTHia, pacceiThiBacTCs IHAYEHHE CTONMOCTH [IPOBEICHHS AKCIICPHMEH-
Ta. Tpn 3ToM xamzas HACTHUA 3ANOMMHALT, Kax0e (W rae) nyumes 3HAYCHMC CTOMMOCTH IKCTICPHMCHTA OHA JAWYHO HAMNA M rae
PACTIONOKCHA TOHKA, ABAKIOMARCH Ayqiiei CPEaAM BCCX TOMEK, KOTOPHC PAIBCNANH HacTHllk. Ha Kawnoi Wrepaumn SacTHil Kop-
PEKTHPYIOT CBOIO CKOPOCTH (MOZYAh W Hanpaanesne). Yepes HEKOTOPOE KOAHUCCTBO HTCPAIHH 9acTHIN cobupaTes BOAHIN Hau-
Gonee xopomed TOYKH. 3aTeM CPEIH BCEX HOBMX TONMEK OCYUICCTBANETCH MPOBEPKA, HE HAMUTH JTH Mbl HOSYIO robaThrO Tywmyo
TOUKY, H, €CITH HAIIUTH, 3ATIOMMHACM ¢C KOOPIHHATII H IHAYCHHE CTOHMOCTH TIPOBEICHHA KCIEPUMENTA B Hedl. 3aTeM paccunTiBa-
€TCA BUHIPLIN 110 CPABHEHHIO € HCXOAHON CTOMMOCTLIO NPOBEACHNA IKCIIEPHMEHTA.

Peayabtarst. PaspaGotano nporpamauoc obecneycHHe, PCATHIYIOMES NPSITORCHHME METO/M, KOTOPOS MCIONL30BAHO LA
(POBEACHUS BLITHCIHTEIRHEB IKCITCPHMEHTOR 10 HCCACIOBARMIO CBOHCTR 3THX MCTONOB IIPH HCCICAOBRHHH BCCOHIMCPHTCThHOH
CHCTEMM H TEPMOPEryAsTOpa. CHHTCIHPOBAKK OITTHMANBHAIE 110 CTOMMOCTH DEANHIALHM TUIAHA! SKCIICPHMEHTOR, & TAKXXE NpPHBE-
JIEHE! BLIMIPAILUM B PE3YALTATAX ONTHMHIALHH (10 CPABHCHHIO C HCXOAHON H MAXCHMANLHOH CTOMMOCTAMM ITPOBCACHHA IKCOCPH-
MERHTa,

Buisosas. [1poBeiCHHNE SKCNICPHMEHTH NOITBEPUAIH PaBOTOCNOCODROCTE NPCVIOACHHRIX MCTOA0B M PETHIYIOUIEN0 HX Npo-
IPAMMHOTO 0GECIeNeHHS, & TIKKE NO3BONIRIOT PEKOMEHIOBATH MX LIS [IPHMCHEHHA Ha NPAKTHKC MPH NOCTPOCHHH ONTHMAThHKIX
MATPHIL IHAHUPOBAHKA YKCTICPAMCHTOS.

KJIOYEBKIE CJOBA: MeTof, OnTHMIGANHR, poif HacTull, I14HHPOBAHKE IXCTHICPHMEHTOR, Taby-N0HCK, ONMTHMAILNRIY [L1aH,
cy4aiini HOMCK, CTOMMOCTS

HOMEHKJIATYPA Ulux — HANPSKEHHE HA BRIXOJIC TepMoperysiaTopa, B,

8 — norpemHOCTs H3MEPeHNHH, Yo,

S — qyBCTBHTENILHOCTE (KOMPOHIMEHT Nepeaayn);

@ — YI'0Jl HAKAOHA BECOHIMEPHTENLHOTO J10TKA, rpaj;

W~ BraxHOCTS Chimyyero MaTepuana, %,

Ja — X03pdMUMEHT TPEHHA ChITYYEro MarepHana s
ABHXCHHH,

hﬁ, b, bz, b). bu, bn, by bu)— KO3¢¢H“"CHTH Mmare-
MATHYCCKOH MOJCIH IIPH MCCICA0BAHHH BCCOHIMEDH-
TEARHOW CHCTEMEL,

U, — HanpskenHe MHTAHHA H3MECPHTEILHOIO MOCTa,
B;

U, ~ HAIIPSOKEHHE NUTAHAL TepMoperyasTopa, B;

T — Temneparypa BOMYUIHOH Cpelk! B 30HE JATYMKA
Temriepatypst, °C;

R, — COUPOTHBICHHE HAIpYIKM TepMOpEryIaTopa,
xkOMm;
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G - rpad;

N ~ muo)ecTBO BepmHH rpada;

t — Bpems paboTel IPOrpaMMil, ©;

B — prurpaim,

Coip — MAHMMAIBHAS CTOMMOCTH TNPOBE/ICHHA IKCHC-
PHMENHTA, YCIL.CAL;

Cox — HCXOJHAR CTOMMOCTE TPOBEICHHA IKCTIEPHMEN-
148, yeaLen.;

S, — WTOMMOCTH IMcpeXofa OT i-Fo OmKTa K j-My,
ycnen.o OGmas CTOMMOCTH NPOBEJICHHA JKCTEPHMEHTA,
yciLenL.;

k ~ xonwyecTso HaKToOpoB.

BBEJIEHUE

IKCICPHMEHTATLHAIC METOIB! MIHPOKO HCTIOMBIYIOTCA
K3K B HAYKC, TAK H B IPOMKIILIEHHOCTH. TIpH JToM rnas-

179



e-1SSN 1607-3274 Pamoenextponika, indopwamixa, ynpaativmg. 2018, Ae 4
p-1SSN 2313-688X Radio Electronics, Computer Science, Contral. 2018. N 4

e —

HOC 3HAYeHHC — NOBBIWEHHE IPHCKTHBHOCTH IKCTICPH-
MCHTAIBHBIX HCCNENOBAHHA, XOTOPhIE HANPABJICHHI HA
MONYHEHHE AUCKBATHON MATEMATHYECKOH Mojenu npo-
uecca. [TpuMeneHue IIaHHPOBAHKA HKCTIEPHMENTA Jlena-
€T MNOBEJCHHE IKCNCPUMCHTATOPA OPraHHIOBAHHWM H
LeeHanpaBieHHEIM, CTIOCOGCTBYCT CYIIECTBEHHOMY MO-
BRILUCHHIO HAJACKHOCTH TONYMCHHBIX PE3YILTATOR M
NPOH3BOAHTENLHOCTH TPYAa 3kcnepumentaropa. ObsexT
HCCNCOOBAHHS. TPOLECChl ONTHMH3AUMH MO CTOHMOCT-
HEIM 3aTPaTaM IUIAHOB MHOrODAKTOPHOIO 3KCICPHMCHTA
JUIS HCCIEA0BAHHA BECOHIMEPHTEILHON CHCTEMBI H Tep-
moperynsTopa. Tlpeamer MHCCICAOBAHMR: PE3YNKETATH
HCCIICAOBAHHA MCTOMOB ONTHMH3AIMK TUIAHOB MHOIO-
(aKTOPHBIX IKCMCPUMCHTOBIPH HIYUCHHH BCCOMIMEPH-
TeNLHOH cHCTeMbl M TepMoperynstopa. Llems uccnenona-
HHS: nonydense Haubosbinero obsema MHGOPMALMH O
BO3JICHCTBHM HCCICAyeMBIX (axTOpoB Ha NPOHIBOACT-
sennutit npouece. IMocae 31010 NMPOHCXOAMT NMOCTPOSHHUE
MaTeMaTHYECKOH Mouen® Hcecnenyemoro obbexta. A
TAKAE TONYYHTE 3TH MOJACTH HYKHO C MHHMMATEHRIMH
CTOMMOCTHRIMH H BpeMeHHbIMM 3atparamu. Ocobenno
BAKHOL IHAYCHUE ITO NPHOOPETAET NHPH HMCCHENOBAHMMK
JIOPOTOCTOAUIHX H JUTHTETLHAIX TPOLECCOB,

1 MOCTAHOBKA 3AIAYH

3ajaua ONTHMM3ALMH 10 CTOMMOCTHEIM 3aTpaTam
IL12HOB IKCTICPHMEHTOB fB.IgeTes NP-criokso#, noaromy
I CBOENO PEIleHHs TpeOyeT IHAYHTEILHLIX BPEMEHH H
Bonbioro obvemMa BUYHCICHHHA, KOTOphIe GRICTPO pacTyT
C YBCIHYEHHEM PA3MEPHOCTH 3a1aud. B obmem coyuae
3anaqy snbOpa ONTHMANLHOIO MUIAHA MHOTO(AKTOPHOIO
IKCHICPHMEHTZ MOKHO CHOPMYIHPOBATE  CACTYIOUIAM
obpaszom.

Hmeercs nosAbil  B3BSMEHHRH  OPHCHTHPOBAHHBIN
rpad G ¢ MHOXecTBOM Bepumn N={1,2, .. n}, rae n=2",
k-xommuectso (axTopos, Heca Becex Oyr HeOTpHLATCIb-
Hbl, HEOOXOIMMO HAHTH MYTH ¢ MWHHMAILHOW JNMHOM,
CToMMOCTs nepexoja or j-ro OneiTa K j-My pasHa S, .
Heobxoaumo HaHTH CTOHMOCTH MPOBCACHHA 3KCHEPH-
MEHTR Sy, TAKYIO, 4TO

n k
Sobm = ZZS,-J —> min .
J=ld=l

OnTHMAaTbHLIM PEIIEHHEM 3aJ1a9H BRICTYIACT Takas
MEPECTAHOBKA CTPOK MATPHIG! [LUIAHWPOBAHKA IKCTIEPH-
MEHTa, KOTOpas TO3BONACT HAHTH MHHHMAIBHYIO CTOH-
MOCTh TIpoBeNeHHA IKcnepiMenta. C yBenuueHueM uuc-
na daxropos (k) xonmwecrso npeobpasopaHHil 3HATH-
TenpHO Bo3pacTaer. CnenonarenkHo 1enecoodpaIHo bl
TATHCK HAHTH PELICHHA C NOMOMILI) MPHOMHKCHHBIX an-
TOPHTMOB, TAKHX KaK IrOpHTM CNy4aiiHoro noucka, ra-
6y-mOMCKa, POK YaCTHLL.

2 OB30P JIMTEPATYPhI
Jins peleHHs 3TOH 3a/aYH BOIMOKHO NPHMEHEHHE
MeTOI0B KOMOMHATOPHONH OTTHMm3aumK [1-5]. H3secThm
IPHMCPH TIOCTPOCHHA MHOTOMAKTOPHLIX [UIAHOB BKCTIe~
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PHMECHTA, KOTOPHIC OCHOBAHBI HA HCTIONBIOBAHWH TaKHX
MCTO/IOB ONTHMH3ALMK Xax: Nonxwf nepebop [6], cay-
yaiubi nouck [6]. bruta nokazana HddexTHBHOCT mpH-
MCHCHHA HTHX MCTOJIOB NIPH HCCACTOBAHKH BCCOHIMCPH-
TENbHOH cHCTEMBbl M TepMoperysTopa. Kamasni m3 otux
MCTOJIOR HMECT CBOH TPEHMYLIECTBA B HEAOCTaTKH. Mx
OCHOBHBIMH HCAOCTATKAMM BRICTYIIAIOT: HM3KHME [0Ka3Ia-
TenH BBICTPOACHCTBIA, H TO YTO HE BCCI/Id HailllcHHOE
PCIIEHHC ARNACTCA TOYHLIM, a YHacrcs HAlTH TOJNBKO
O/IH3KOE K ONTHMANLHOMY PELICHHE.

MMostoMy uenecoodpasHo Ui CPARHEHHS PE3yILTATOBR
OITTHMMU3AIMH TLIAHOB IKCTICPUMCHTR TIPHMEHUTD CIIEIYIo-
UHE ANTOPHTMEI OIMTMMH3AWAK: POH YacTHl, Taby-nHoHCK,
cryqaifHeIi NOKCK (NTEpecTanoBKH CTONOLOB MATPHIT T4~
HHposaniA), O6mmpHoe HeeTeoBaNHe MPHWIOKEHUH METO-
jta pos wactuiy cacnano TMomwm [7, 8], B. 4. Mansuenxo u
A. H. Shxavorsmd (9], 2 Taoxe Ln [10].

3 MATEPHAJTBI H METO/1bI

B kauecrse BECOMIMEPHTEIBHON CHCTEMBI IPUMCHS-
crcs cucrema [11], koropas ofecnicuHBaeT BOIMOKHOCTH
MOJACTHPOBAHMS ITPOLIECCOB WIMEPECHHA BECOBOTO Pacxo-
N4 CHITYYHX MATEPHAIOB M JIACT NORBIULCHHE TOWHOCTH
uamepenns. Ha puc. | npusenena GyHKUHOHANLHAR CX¢-
Ma BECOM3IMEPHTCIBRONA CHCTEMEI, 2 KOHCTPYKUWS HiMe-
PHTCIBHONO OTKA ¥ OBmM#l RHA CHCTEMEI NMOKa3aHR! HA
pHC. 2.

Pucynok | — DyHKUHOHAIBHAS CXEMA BECOH3IMEPH-
TeNLHOH CHCTEMAI

Becousmepurensnas cucrema Bxmoyaer 8 cebs Gyu-
Kep | © JI03HPYEMAIM KOMNOHERTOM, 3NeKTpoRnbparop 2
W MaTHAK RIDKHOCTH MaTepHana 3 pacnosokern B OyH-
kepe. [Mon Gynkepom ycTaHOBIICH IEHTOUHEIH KOHBElHep 4
¢ anexkTponpusojiom 5. Takke B COCTAB BXOAMT JATHUMK
CKOPOCTH JBIKCHIA 6 JICHTS! KOHBeHepa. JloTok 7 3akpe-
nien noA kouselepom. HiMeprRTENLHRH N0TOX COETHHEN
¢ MOMONILID IAPHHPHKIX COCAMHCHHH C TCH30PC3CCTHB-
HEIMH JaTunkamu cunbt 8, 9, 10 | KoTOopbie NOAKTIOHEHB!
K asanoro-unpposniM npeodpazosarensm 11, 12, 13,
KOTOpHIE COCIMHEHE ¢ MIKponpolieccopoM 14,
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Pucynox 2 ~ O6usil Brt CHCTEMBI M KOHCTPYKIHA
HIMEPHTCABHOIO 0TKA

Jarauk pacTsKeHHs JCHTH 15, KOHIEBLIC BHKIIOHA-
Teaw 16, JaTYMK CKOPOCTH ABHKEHMA JIEHThI KOHBeiepa,
3aKpCIUICHHBIC HA KOHBeHeDe, M JMaTYHK Temnepatypsl 17
NOJIKIIOYENE! K MHKPOITPOICCCOPY, KOTOPLIH COS/IMHEH C©
anpecHsiM pewnpparopom 18, Hakonurernem namsty 19,
2 TAKKE C ONepaTHBHEIM IANMOMHHAIONIMM YCTPOHCTBOM
20, perucrpom agpeca 21, SnokoM HRAMKAUHK 22, PYHK-
UHOHATBHON KAABMATYPOH 23, uM(po-aHATOroBLIM Ipe-
obpasosareieM 24, KOTOPbIA B CBOK OYepelh MOAKTIOYCH
K VIEKTPONPUBORY 5 # iekTposubparopy 2.

Yepes umdpo-ananorossii npeobpazoparens 24 «
MEKponpoueccopy 14 nonximoueHst aozatop 25, xoro-
puiit pactosoxer B OyHkepe 1, 1 anexrponpuson 26 Hi-
MEPHTEJIBHOTO JToTKa 7.

Ha newrounwiii KoHBeilep 4 nocrynaer wHxTa Wi
Gynkepa |, a 3aTeM — Ha H3MCpHTEIbHLI d0ToK 7. C 1o-
MOIIBIO KOHTIEBRIX BRIKIMIOHATENeH 16, pa3MeIeHHBIX 1o
MOBEPXHOCTLIO KOHBEHepa 4, KOHTPONMPYETCA MOCTYN-
JICHHE CHIYHMEr0 MaTepHaia Ha JEeHTOYHBIH KoHBeifep.
Ecnu cuimy4mii MatepHan mnocTymaer B HeoOXOAMMOM
KOMTHYCCTBE HA JCHTOYHLIA kouseliep 4, To He cpabarTn-
BT KOHICRKIE BHIKTOYA™CTH 16, & €CIH B MeHBLIEM
KonudyecTse, T0 oHH cpabatummaior. Ecam cpabarmsaior
KOHLCBRIE BRICTIOYaTENH |6, TO CHrHAN nogacrcs Ha
Mukponponeccop 14, a 3atem ¢ Hero uepes undpo-
aHanorosuli npcobpasosarns 24 CHrHAN NOCTYIAET HA
anexTposrOparop 2. B cmyriac ccaM NMoCTyTUIeHHE CRITIY-
Hero MaTepHana He HAvanoCs, TO MHKponpoueccop 14
TIOAET CHIHAN HA MeKTPONPHBOJ S IEHTOYHOTO KOHBEH-
epa 4, yTobnl OCYIECTBHT,> €O OCTAHOBKY, W Ha GOk
HHAMKAUMHY 22 — CUI'HAN AEAPUIFHOM OCTAHOBKH JICHTOH-
HOTO KoHEeHepa 4.

Cramyusii MarepHall ¢ KOHBEHEPA NOCTYTIAET Ha HIMEPH-
TeMbHBIR 10ToK 7. Chimyunit MarepHan, KOTOphI JIBIKETCR
No HIMEPHTETBHOMY TOTKY ', BO3AeliCTRYET HA TEHIOPEIH-
CTHRHLIE faTauks cntel pactoxkenus (TAC) 8, 9, 10. Cur-
nans ¢ TIC nocpeacTsom aHanoro-uHdposLx npeodpaso-
sarencdt 11, 12, 13 npeobpasosusaiores B unudpossie 1 06-
pabarbisarores MuKponpoueccopoM 14, B npeanaraemoit
CHCTEME HCMOMBIYeTCs LIAPHHPHOE KPETUIEHHE BCEX YATOR,
970 0DecrcHMBacT BOIMOXHICTL H3DABJICHMS OT nonepey-
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WBIX CHII ¥ MOMEHTOR, BOSHWKAIOIMX B pe3yasTaTe aehop-
MAIHH W TEMTIEPATYPHOTO BIHAHAS OTIENbHEIX AeTaneii o
YAI0B MOHTAXA.

Yrobs ofecnednTs yIeT WIHSHHS BARKHOCTH Chimy-
HCI'O MATCpHA/IA MPHMCHACTCA JATYHMK BIAKHOCTH 3, KO-
TOpRIA Coc/MHEH C MuKponpoucccopom 14. B cayuae,
KOTJI2 BJIAXHOCTE MarepHana OT/IHYACTCs OT 3alaHHOH,
MHKpOnpoueccop 14 CHrHAIMIRPYET ONEpaTopy o Heod-
XOMHMMOCTH HMIMCHCHHA YI71a8 HAKIOHS H3IMCPHTEILHOTO
notka 7.

Yrobm yuecTs RIMAHHE TEMNEPATYPh! HCNOJb3YETCH
MHKPONICKTPOHHMH TeMIeparypHbii aatank 17, xoTophri
coe/MHen ¢ MUKpornpoucccopom 14, Komivectso wmxThi,
TIOCTYTIAIONIEH HA H3MEPHTETBHEIN JIOTOK 7, peryiupyerca
HIMCHEHHEM CKOPOCTH JABMXEHHS JICHThI KOHBeiepa 4,
Yrobul 3T0 OCYIIECTBHTH B CHCTEME TIPHMCHSIOT JATYHK
CKOPOCTH NBHXCHHA KOHBCHCPHOM JCHTRL

B crnyyae, xorza pacxoj IUMXTH HEIAOCTATOMHMIN,
Mukponpoueccop 14 BLIIACT CHIHAN Ha MIEKTPONPHBOL 5
KOHBEHEPa 4 ¢ LCABIO HMOBLIICHUA CKOPOCTH ABHACHHS
KOHBEHEPHOH NENTHI. A B cyyae, KOIrJa pacXon MHXThl
npessitacT TpeyeMoe 3naveHue, MHKponponeccop 14
BLUIEET CHIHAN HA SICKTPONpHBOA S kouseiicpa 4, 9ToOw!
YMCHBIIKTL CKOPOCTH ABHKCHUS KOHBCHEPHOH NCHTH.
Bunonsenne 3TAX ACHCTBHI NMPOMCXOAWT 10 Tex nop,
NOKA PAcxojl Marepuana He GyAeT COOTBCTCTRORATH 3a-
JIAHHOW BETHIHHE,

B muxponponeccope 14 coXpaHAeTCA MATpHUA Mna-
HHPOBAHHKS 3KCnepumenTa, B xauectse kpuTepres onTa-
MH3AUHH OLUTH RLIOPAHKI TAKHE TEXHHUCCKHE NOKA3ATEH
BCCOM3MCPHTCILHON CHCTCMLIL IIOTPEHIHOCTE HIMEPCHHA
6, %; 4yscTBHTCABHOCTD (KO3(dHUMEHT nepepaun) S.
DaxTophl, KOTOPhIE BAMAIOT HA 3TH noxasarenu: X| —
YTOII HAKIOHA BCCOMIMEPHTCILHOTO NOTKA, , rpai; X; —
RIIAXKHOCTE Chittydero marcprana, W, %; Xy - koadidwum-
CHT TPCHHS CHITTYYEro MaTepHana B ABHKEHNH, [y,

Jing ycranoRkM 3naucHMi yposHeH daxTtopos, Koto-
phIC 3A7IAKTCA NICPBOH CTPOKOH MATPHIK TUIAHHPORAHNS,
MuKkponporneccop 14 yepes undpo-ananorossiit mpeobpa-~
josarens 24 nofaeT CHrHAT Ka MICKTPONpHBoa 26, XoTo-
phIii YCTAHARIHBAET COOTBETCTRYIONIHI yrOJ @ HAKIOHA
WIMEPHTCILHOIO 10TKA 7. BuakuocTh cuimyuero mare-
pHana, KOTOpas W3IMEPSCTCH JaTYMKOM 3, B MHKPOIpO-
eccope 14 cpaBHHBACTCR ¢ TpeOyeMbIM IHAYCHHCM, KO-
TOPOC 3AUACTCA NCPBOH CTPOKOH MATPHIBI IUTAHMPOBA-
Hus, B cayvae paccoriacoBaHMs 3THX 3HAYCHHMH MHKPO-
npoueccop 14 uvepes umdpo-ananoroesiit npeobpazosa-
Tenb 24 BRINAET CHTHAN Ha NO3ATOpH 25 1ns WIMEHEeHHs
BraxHocTH W Mmatcepuana. Mamenenme xoadpuumenta
tpenna fd JOCTHIAaeTCR 38 CHET 3aMEHB! THIIA MAaTCpHANA,
norpyxaemoro B Oyukep 1.

Cpasy nocsic yCTaHOBKW 3HAYCHHH ypoBHe# (axto-
POB, KOTOphIE 3a42K0TCH NEPROH CTPOKOH MaTpHIE [12-
HHPOBAHKA, BEC ChITYHEro MAaTCPHAA BHIYHUCIAETCR MHX-
ponpoueccopoM 14. B muxponpoueccope enie BRYHCIS-
eTcs M norpelHocTs uamepetns &. [lorom ycraHasnusa-
IOTCS 3HAYCHUA YpOBHeH (aKTOPOB, KOTOPLIC 33AAKOTCH
BTOPO CTPOKOH MATPHIL! ILIAHHPOBAHNA IKCTICPHMENTR,
IMocae BMNOJHCHNAS BCEX ONLITOB [UIdHA IKCINCPHMCHTA B
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MHKponpolieccope 14 BRYHCARIOTCH KOdDHIMeHT Ma-
TEMATHYCCKOH MOZICJIH:

S=by +H X, + b, Xy + b3 Xy +hp X Xy +
+o3 X1 X3 + b 5 Xy + B3 X1 Xy Xy

Hcnonb3ys MaTeMaTHHMECKYIO MOJENb, ONPEACHKIOT
onTHMaIkHeIC napamerpsl a, W, fd, xotopuie oBecneyn-
BAlOT MHHHMAILHYH [OrPEILHOCTE & BCCOM3MCPHTCIL-
HOH CHCTEMBI,

Bricokonpou3soHTebas, Oe30nacHas W IKOHOMHY-
Has pabora pazawarnx npubopos u ycrpoiicts tpebyer
NPUMEHCHAR COBPEMEHHAIX METOJIOB M CPEACTE UIMCPECHUS
NapaMeTpoB, KOTOPLIE XapaxkTepH3yloT XOI MPOH3BOJNCT-
BEHHOTO MPOLIECCA W COCTORHHE 00opymosanua. Temnepa-
TYpa -~ OAWH W3 BAKHEHIUMX TMapaMeTpoB TEXHONOTHYC-
ckHX npoiteccos. OHa 06na/iacT HCKOTOPRIMH BAKHEHLIH-
MH OCOGCHHOCTSMH, 41O O6YCIOBTHBACT HCOOXOAMMOCTS
HCIIONB30BAHMA BONBILOrO YMC/A METOAOB H TEXHHYCCKHUX
CPelCTB i ee TOYHOro nimepenus. Ilpu uaroToRIeHMM
pauiyHuX npubopos, aetviei Take Heobxoaumo obec-
NEYHTh BOIMOKHOCTE €€ PETYIHPOBATSL JUIA TONACPAKKH
3aJIaHHRIX TEMITEPATYPHBIX PEKHMOB, KOTOPLIE JAI0KECHbI
B TexHonorHyeckoM mpoiecce. [Tpu Hecnenoranuu nomy-
TIPOBOIHHKOBOTO TepMopelynsropa (6, 13] 8 kawecTse
HE3ARHCHMBIX MEPEMEHHBIX, KOTOPHIC RIMAIOT HAa ero pa-
Boty, BawThl 0GODBINCHABIE NapaMeTpal: X| — HANPEKCHHE
NHTAHHA HamMepuTeasHoro Mocta U, B; X, — nanpaxenne
nuTauus Tepmoperyastopa Uy, B; X; — remneparypa pos-
AYWHOA cpehl B 30He naTinka Temueparypu T, °C, X, —
COIPOTHRICHHE HAIPY3IKH TepMmoperyastopa R,, xOwm.
B kauecTRe mapaMerpa OmTMMH3AUMK BhOpano Hanmpse-
HMC Ha BRIXOje Tepmoperyiaropa Uy, B.

4 DKCITEPHMEHTHI

Buno paspaGorano nporpammuoe obecnieuenne, pea-
IH3yIoee MeTosl Taby-noucka (Ceig. npo pecctpanio
aBTOPCEKOTO mpasa Ha TBIp Ne63466) ciyyainoro moucxa
(Csil. npo pEECTpauilio ABTOPCHKOrO nNpasa Ha TBIp
N263747), pos wactiu (CBia, mpo peecTpaiiio aBTOPCHKO-
ro mpasa Ha TRIp Ne71243). Sk nporpaMMHpOBAHHA —
Java. TIpocteTsl BRTIONHAUTACH HA KOMITBIOTEPE C Mpouec-
copom Intel Pentium G620 ¢ wactoroit 2.60 GHz. Koan-
9eCTBO (DAKTOPOB H CTOMMOCTH IICPEXOL0B YpOBHCH dak-
TOPOB BBOAATCH ¢ KIABHATYPhL Jl1% BRIABICHHA 3aKOHO-
MEPHOCTEH JOIMPOBAHHA M HAXOMICHHA ONMTHMATLHBIX
PEAHMOB M KOHCTPYKTHBHGLIX MAPAMCTPOB BECOMIMCPH-
TenbHOH cHcTemsl Obut BOpan Havamesblid naan [1OD
tuna 2% (smeno dakropor k=3, uwuciao omwto N=8).
MarpHiia MIaHHPOBAHHS TAKOTO IKCICPHMEHTA ITPHBE-
nena 8 Tabiuue |, C yNeTroM TOro, YT0 ONKTH A0pOTO-
CTOAIME, MPHHATO PELICHHE ONTHMH3HPOBATS HAYAIB-
HEIH [U1aH (10 KPHTEPHIO MHHHMYMa CTOHMOCTHBIX 3aTpaT
Ha ero peanniamHio. CTOMMOCTH M3MEHEHMIt IHAMCHMH
ypoBHeH (aKkTopos 0T «-1» K «+In i oT «+ln K «-I»n
pejcTaBneHbl B Tabamue 2, 4 CTOHMOCTH Ha4albHOH
YCTAHOBKM yporne# daktopoer — B Tabn. 3.
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Tabanna | — MaTpria MIaRHPOBAHKE HAYANLHOTO IKCHE-

PHMeHETR
Daxrop

Homep onura A A ¥,
1 -1 ~1 -1
2 =1 -1 -1
3 -1 +1 -1
4 +1 +] -1
5 -1 -1 +1
I3 +1 -1 +1
7 ~1 +1 +1
8 +1 +1 +1

Tabnuua 2 — CTOMMOCTH H3MCHEHHIT 3HaYeHHH
yposneit paxropos

CrouMocTs HIMCHEHNS, yen, e
Duxzop O1 =1 k «tln Or «tin g aln
Xila) 12,0 8.0
XA 160 240
X 10,0 10,0
Tabmuua 3 ~ CTONMOCTH HAYATLHOR YCTAROBKH
yporueH daxropos
CTIoNMOCTS HIMCHENHR, Yea.ei.
il Ot 0w & av1n Ot 0w & #-1»
Xi(a) 6,0 4.0
X(W) R0 12,0
Xulfa) 10,0 10,0

Marpiua TIaHHPOBAHHR SKCOCPHMCHTA NpH Hcche-
JOBAHHH MOJIYIPOBOJHHKOBOTO TepMoperynstopa [12]
npusciesa 8 tabn, 4, CrouMocTy MIMeHCHH JHageruit
yposHei akTopos npejcTasieHhbl 8 Tadu. 5.

Tabnuua 4 ~ MaTpHua NIAHHPOBAHUS HAYATEHOIO

IKCICPHMEHTE
Howmep Daxtop
onkTa X X; Xy X
1 -1 -1 ~1 -1
2 +1 -1 -1 -1
3 -1 +1 | -1
4 +1 +1 -1 -1
) -1 -1 +1 -1
6 +1 -1 +1 -1
7 -1 “1 *1 ~1
R +1 +1 =1 -1
9 -1 -1 -1 *|
10 +1 -1 ~1 +1
11 -1 +1 -1 +1
12 41 +1 -1 +1
13 -1 ~| +| +1
14 11 -1 +1 +1
15 -1 +1 +| +1
16 =1 +] “1 +]
Tabmnua 5 — CronmocTit HaMeHE M IHadcHu
yposHcit haxropon
CTOHMOCTH HIMe- Obosuaucumue daxtopos
HeHuHR sHayenwi
ypossell paxropos, X, X; X X
L3,
W3 o019 B wtin 2,0 24 60,0 1.6
u3 ot lwne=lIn 24 28 30,0 2,0
w3 «0» B w—1n 1,2 1.4 15,0 1,0
us «Ow B ot ln 1.0 1,2 30,0 0.8
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S PERYJIBTATHI

IpoBesieHALIe IKCMEPHMEHTI! NOATBEPIHIH paboTo-
crnocoGHOCTE MeTONOB: THBY-NOMCK, coydaiHbi NOHCK
(nepecTaHoBKH CTOIOUOB MATPHLE! ILTAHHPOBAHNS), PO
wacTHil. JUis cTOMMOCTEH HiIMeHEHHA ypoBHeH (akTopos
NPH HCCACJOBAHHH BCCOMIMEPHTEALHON CHCTEMBI, Npeli-
craBneHHLIX B Tabn. 2 # 1abin. 3, noaydcHm pelynsTaTl
ONTHMU3ALUMK, OTpawenHsie B Tabn. 6. CpasuuTensHas
XAPAKTCPHCTHKE METONIOR MPH WCCIEAOBAHHH BECOH3IME-
PHTCILHON CHCTCMEI ITPCACTARNCHA B TabiL. 7.

g crouMoctedl HIMCHEHUS YPOBHEH dakTopor npw
WCCNEIOBAHMH MOMYIPOBOIHHKOBOTO TEPMODPEryasTopa,
NPEJICTARAEHARIX B Taba. 5, NOMyYeHh! pe3yabTaThl On-
THMH3AUHN, oTpakenusie B Tabn. 8 u Tabu. 9. CpaBHu-
TCALHAX XAPAKTCPHCTHKA NPEUIOKEHHLIX MCTOA0B NPH
HCCACROBAHMH NOIYNPOBOAHHKOBOIO TEPMOpPEIYASTOpaA
npeacrasnena B Tabmane 10, IlpH 310M HCXOQHAR CTOM-
MOCTS MpoReAcHUN dxcnepumenta 2024 yen.ei, a mMak-
cumaneias 611,6 yeren.

Tabnuua 6 — TL1ansl 3KCICPUMERTA JUIS HCCIGAOBAHHA BECOHIMEPHTENBHON CHCTEMB! JIO3HPOBAHHA ChITYTHX

MAaTepHAIOB
Monneit nepebop Anropims Tafy-noncka Metoa pos SBcTHI
Homep Obosnauenne Gaxvopos Hosep O6oauaseIme diaxropon Homep OGosnascnne dpaxropos
onMTa X X X, OIWTa X\ X, X NWTa Xy Xy X
1 -1 -1 -1 7 1 1 -] 5 1 ~1 -
2 -1 ~1 1 3 -1 1 -1 7 1 | -1
6 1 -1 1 4 -1 | 1 3 - -1 1
s 1 -1 -1 8 1 1 i 4 —1 1 1
7 1 1 ~1 6 1 ~1 1 8 1 1 1
8 1 1 1 5 1 -1 -] 6 1 -1 1
) -1 1 1 1 -1 -1 -1 2 -1 ~1 1
3 | | -1 2 -1 -~ 1 1 | ~| ~1

Tabnwua 7 — CpasAUTEIIbAAA XaPAKTEPHCTHKA METO/IOR MPH HCCICOBAHHH BECOHIMEPHTEILHON CHCTEMB!

MeToa onTHMMIaIH CTosMOCTE pealiH3aumm Bpess cuera nporpased Banupaam, pay
IKCIEPUMENTa, YCil. el e
Poli yacTuu 104 0,01 1,59
Taly-noncx 108 0,52 1,53
Tomuait um 102 10 1,61
Caysafiunit nowcx 102 25 161

Tabmiua 8 —~ Mexomuwii # onTHMaitbHEIE [L1aHK! (Taby-TIOHCK, cayYaiiHuil nonck) 11D npH yeclenoBanty

TEPMOPErYIATOpa
Hexommait man Tafy-noucx Cnmmmomu:(nmnun ;mm'
| IURAHRPOBSHRN
Howmep Obo3ravenne GaxTopos Homep Obosnanense Gakropon Homep Oboasauenne GaxTof
idoniria Xi X X Xy | onuma X X; Xy Xe onLTR X X Xy X
1 -1 -1 =l ~1 | -1 -1 ~1 -1 1 -1 -1 -1 -1
2 +1 ot —-1 -l 9 -1 -1 ~1 +1 6 +1 -1 +1 -1
3 -1 +1 -l ~1 11 =1 +1 ~1 +1 5 -1 -1 +1 ~1
4 | +1 -1 -1 3 -1 ~1 = -1 10 +1 ot | -1 +1
5 -1 -1 +| -1 < -1 +1 - -1 14 +1 -1 +1 +1
6 +] -1 +1 -1 12 +1 +1 -1 +] 9 ~1 ~I =1 +1
7 -1 +1 +| -1 16 +1 +1 ~1 +1 2 +1 -1 -l -l
8 +] +1 +| -l 15 -1 +1 +1 +1 8 +1 +1 +1 - |
9 -1 ~| - +1 8 +1 +1 +1 -1 16 +1 -1 +1 +1
10 +1 -1 -t +1 7 -1 +l +1 -1 4 +1 +1 -1 -1
11 -1 +1 -1 +1 5 -1 -1 +1 -1 3 ~1 +1 =1 -1
12 41 +1 -] +1 13 ~1 -1 +1 +1 A -\ +1 =1 +]
13 -1 -1 +1 +1 14 +1 -1 +1 +1 12 “1 +1 ~1 +1
14 +1 ~1 +) +1 5 -1 -1 +1 -1 15 -1 “1 + +1
15 -1 +1 + +1 2 +1 -1 -1 -1 7 -1 +1 +1 ~1
16 +1 +1 +i +1 10 +1 -1 -1 +1 13 -1 -1 +1 +1
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Tatmaua 9 — Hexonumit u onTHMansHu moiaks: (poii 2actin) [TO3 npy HeceIOBaHAN TEPMOpPETyIIATOpa

Hexoaumid nnan Poif sacTim

Hosep Oboznagerne paxTopos Homep Obo3naTenne GaxTopos

e X, x: X, G | 7 X § 4 X,
1 -1 -1 -1 -1 1 -1 -1 -1 -1
2 +1 ~1 -t -1 13 —1 -1 =1 +1
3 = +1 -1 ~1 x +1 +1 +1 -1
4 +1 +1 —1 -1 15 -1 +1 =1 +1
5 -1 -1 +1 -1 3 -1 +1 -1 -1
6 +1 -1 +1 -1 7 -1 +1 =1 -1
7 -1 +1 +1 -1 11 -1 +1 -1 +1
R +] +1 +1 = 16 +1 +1 +1 +1
9 -1 -1 -1 +1 12 +1 +1 -1 +1
0 +1 -1 -1 +1 4 +1 +1 -1 -1
11 -1 +1 -1 +1 14 +1 ~1 +1 +1
12 +1 + -1 +1 10 +1 -1 -1 +1
13 —1 -1 +1 +1 9 -1 -1 —1 +1
14 +1 -1 +1 +1 5 -1 = +1 -1
15 -1 +1 +1 +1 6 +1 -1 +1 —1
16 +1 + +1 +1 2 +1 Y =1 =

Tax xak NOJyYeHHAs MATEMaTHYeCKas MOZETh OKasa-
nacs HeanekeaTHO# [13], To ObLIO NPHHSTO pemenue 10-

crpouts nad [I®3 no mnaHa porataGelbHOTO HEH-
TPANBHOIO XOMIMO3WIMOHKOoro mnnanuposanus (PLIKIT)

ucxogsHoro mwiasa — 3840 ycned., a MakcHMamnHas
cTouMocTs — 3849 yen.en.

Tabmuua 10 — CpasunTenbHas XapaKTEPHCTHKA METOAOB
[PH HCCACAOBAHHH TEPMOPETYANTOpA

[11]. Tipu 3ToM onTumansiud nnad [1D3, nomyuenusiii CromMocTs pea-
METOINOM pOS YacTHIl, JOCTpaHBaEM METOIOM HTepald- Merox orminamawm mma skcne- | Bumrpam, pas
FMEHTR, YOI €1
OHHOTO FUIAaHMPOBaHHA JKcnepuMmenta no mnasa PLHKII e —— 130 1.56
nocpeacTsoM nobaBienus CTpoK. ONTHMANBHEE M MC- | Cryuslissii nokck (nepe-
xommsit riansl PLIKIL, B COOTBETCTBHH ¢ XKOTOpEIM po- | CTanoska “P“i MaTpHIT 816 243
IUIaHHPOB2HHR
BOAMITH HCCNeoBaHHe, nmpuBencH B Tadn. 11. Croumoctn e Ee— P7) 293
H3MCHCHMH 3HauYeHHH yponHeHd (akTOpOB NMPHBEICHE! B Taby-nomcx T 281
Taba. 12. [ e
CpaBHHTE/ILHAS XapaKTepHCTHKA NPEIOKEHHEIX Me- '“"‘""'::"'“"6“‘” ";’" 124 1.6
TONOB MPH MCCISAOBaHMH HOMYTIPOROIHHKOBOTO TEPMO- £ I
peryasropa npeacrasnesa B Tabmmue 13. Crommocts
Tabauua 11 — Ucxonssit u onTeMansike maaus OLIKIT
Hexonsei nran OnrumansEnGE naan (Taby-noscx) OnTHMansENG I2E(pORA HaCTHIT)
Hosp . ¢ H a 060? daxro-
X Xz X3 Xe X, x X5 X © X X X5 X,
1 —a 0 0 0 1 -a 0 0 0 7 0 0 0 -
2 +u 0 0 0 8 0 0 0 +a 2 +a 0 i} 0
3 0 —a ] 0 7 0 o o -a 6 0 0 +a 0
B 0 +a 0 o 2 0 0 0 0 15 o 0 0 i}
5 0 0 - 0 9 0 0 0 0 5 0 0 —a 0
6 0 0 +a 0 10 0 0 0 0 3 0 | < 0 0
7 0 0 0 -a 11 0 0 0 0 4 0 | +a| 0 0
8 0 0 0 +a 12 0 0 [} 0 14 0 0 0 0
9 0 0 0 0 4 0 +a 0 0 12 0 0 0 0
10 0 0 0 ] 13 0 0 0 0 13 0 0 0 0
11 0 0 0 0 3 0 - 0 0 11 0 0 0 0
12 0 1] 0 0 6 0 o +a 0 1 -a 0 0 0
13 0 0 0 L] 14 0 0 0 0 9 0 0 Q 0
14 0 0 0 0 15 0 0 0 0 10 0 0 0 0
15 0 0 0 0 5 0 0 -a 0 g 0 0 0 |
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Tabmuua 12 ~ CTOMMOCTH W3IMEHEHHH IHaYEHUIT ypoBHEH hakTopoR

CrommocTn samesienmit spaecmiit | OBosnaverie daxropos
yposHeii axTopon X X X, X
W3 w=ln B w-an 12 14 15,0 1o
3wt ln B e—an 43 56 60,0 40
[EEElE T 40 48 1200 32
MY ot Do B ahan 20 24 60,0 1.6
W3 w0 & w-an 2,0 24 60,0 1.6
u3 o« B @ an 2,0 24 60,0 1.6
w3 w-an B «Dn 20 24 60,0 1.6
3 ot B oOn 24 28 30,0 20
WY -0 B oan 8,0 9.6 2400 6,4
WY T B o-an 9.6 112 1200 80
#3 w-1n 8 «On 1.3 1,6 40,0 11
w3 o= Inn oOn 1.6 19 20,0 13

Tabrmuna 13 — CpapHHTEIBHAR XAPAKTEPHCTHKR METO-
JIOB [IPH HCCTEAOBAHIH [OIYITPOBOAHHKOBOTO

TCPMOpEryIsTopa
Meroa Croumects peaawsanuy | Baanrpaon,
O THMMSALTH INCACP AMCHTA, Vel pas
Amames
< 1934 1,99
Caywaiisuil noHcK 166,2 231
Poii sacTun 1471 2,61
Taby-nowcx 152.3 2,53
6 OBCYXKJEHHA

Pa3paboTaHHbiC NPOrpaMMBl NMO3BONKIOT HANTH MH-
HUMANBHYK) CTOMMOCTE MPOBEACHHA MHOTOGAKTOPHOTO
akcnepumenta (M®3), nocacA0BaTENLHOCTE PEATHIAHH
ONKITOR, BLIATPAILI N0 CPABHEHHIO C HCXOAHON MaTpHLeH
IU1aHHpOBaHKUS W BpeMs cyeTa. [IpH HeCIea0BaHHH BECO-
H3MEPHTEIBHON CHCTEMBI [J1S 3HAYEHHN CTOHMOCTEH m3-
MeHeHHS ypoBHeH (akTopoB, npHBCACHHRIX B Tabu 2,
[ONYYCHR! PE3YALTATRI ONTHMM3AMY [1AHOB 3KCIEPH-
MCHTa TOJMHBIM 1epebopoM, Taby-NOHCKOM M METONOM
orruMusauuy poem qactuit {raln. 6). Kak suano w3 raba.
7, BLMIPHIUM B PE3YALTATEX ONTHMH3AUAK TPH HCTIOh-
30BAHWK MeToaa moanoro nepebopa Gomwmie, uem npH
MeToaax Taly-nmoMcKa M pos HaCTHI, M OJWHAKOBHIE C
MeTOAOM crayuaiinoro nowucka. Oanaxo OwicTpoaeicTaHe
BRINOMHEHHS BLIMHCICHWH ITPH HCIHONB3OBAHHM MCTONA
MONHOTO NMepebopa JHATUTENRHO HIKE, 9EM [PH HCTOMb-
J0BAHHH MCTO/IOB Taby-TIOKSKa I POA YACTHIL

[Ipn WccnegoBaHMH TMOTYITPORONINKOBOIO TEPMOpE-
TYIATOpa NOMYSCHEB! ITOCHR/IOBATEALHOCTH [IPOBEICHHR
onsitos (Tabs. 8, 9), MPH XOTOPLIX CTOHMOCTH NpoOBEIC-
HHA IKCMEPHMENTA HMEIOT MCHBIIKE JHAYEHHS, JeM MpPH
HCMOJB30BAHHH MCTOAA OIPAHHYCHHOTO Nepebopa.

Tak Kak MOJYSCHHAS MATEMATHHECKAS MONENb NpH
HCCIEIOBAHHH MONYITPOBOJHHKOBOIO TCPMOpEryasTopa
okasanack meagexksatHoH ['3], 6510 NpUHATO pemeHMe
aocrpouts mnad (IO no nnanwa poratabeibHOrO LEH-
TPANBHOTO KOMIIO3HIMOHHOrO mianuposanns (PIIKIT).
Ipw aroM onmuMankHkii mnan [1O3, noryvyeHnsH MeTo-
[I0M PO YACTHL, GBLI JOCTPICH METOZOM HTCPALIMOHHOIO
nnasMposanus 3kcoepuMenta no maxa PLKIT myrem
nobasnenns crpox (tabn. | 1). Kak suaso w3 tabn. 13
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HaHGOIBIIMI BRIMIPBIN (PH ONTHMM3AUWM 3TOH a0CT-
POMKH I03BOJISET NOTYYHTL METO/ PO YACTHIL.

BbIBO/Ibl

B pesyiwtate npoBeneHHOro HocneaoBanus Ohuia
PCINCHA AKTYAULHAS 3A0a4a MOJYYCHUS NOCHCA0BATEIR~
HOCTH OMLITOB MPH NPOBCACHHH MHOrOMAKTOPHOTO IKC-
NEPUMEHTA, KOTOPAs JaeT BO3MOKHOCTH MOJYYHTH Cro
MHHHMATEHYIO CTOHMOCTh.

Hayunas HoBH3Ha paboTsl COCTOMT B TOM, 9TO BIIEPBbIE
NPEUIOKERD NPHMEHEHHE METOJIOR: PO HacTwi, Taby-
NOHCKA, cnywaﬁnom NOMCKA VIS OINTHMHIALMH 110 CTOHMO~
CTH PCATHIALMY (UIAHOB MHOIMOHAKTOPHOIO 3KCIICPHMCHTA.
Ha npimepax HCCIEeOBAHMS BECOMIMEPHTENLHON CHCTEMbI
H TepMOperynaropa AokadaHa paboTocnocofHOCTL M -
(exTHBHOCTL NPEJUIOAKEHHBIX MeTonoB. Hame wcenenosa-
HHE MOKA3AN0, YTO MOHCK ONMUMATHHOTO Wik GUIM3KOro K
ONTUMANLHOMY IUIaHA IKCICPHMCHTA IPH HCCIEI0BAHMH
BCCOHIMEPHTENLHON CHCTEMBI C HCHOMBIOBAHMEM MCTOIA
caysaliHoro MOWCKa AN BaWTyMImHe pesysbrarel. TIpH we-
CJISJOBAHHN NONYIIPOBOIHHKOBOIO PEIYANTOPa HAWGONb-
e BEATPLITH TOIBOIHI NOMYTHTE METON POS HACTHIL
Taxxe a10T MeTon ofnasmaeT GonbIIHMH noKasaTens My Os1-
CTPOJACHCTBHS, HCM MCTOjI TaDY-NOHCKE ¥ METOX CirydaiHo-
TO MOHCKA.

Hccienosakne Moker ObITh [ONE3HO HAYHHEIM pa-
GOTHUKAM, KOTOPHIC WHTEPECYIOTCH METOAAMH IUIBHHDPO-
BaHHA JKCIICPHMEHTOB, 2 TAKKE PAUTHIHBIMH METOj1aMH
ONTHMHM3ALMY NApAMETPOB  cHeTemul. Paspabotanmoe
nporpamMMHoe ofecnieuene, pearHiyiomee npeLioKeH-
Hble METOJIBl, 2 TAKXKE MPOBC/ICHHEIE HKCTICPHMEHTRI, KO-
TOphle TIOATBEPAAAIOT ero paboTocnocobHOCTD, MOKHO
PeKOMeH10BaTh 1R (OPMHPOBAHHA ONTHMAILHLIX Mar-
PHII IIAHHPOBAHKUS IKCICPHMEHTA,

Kpome HccrefoRaHMA BCCOMIMECPHTCIIBHON CHCTEMBI
H TCPMOpCIYJISTOPa, PACCMOTPCHHBLIX B ZanHoH pabore,
No HAmeMy MHEHHIO OO OLI HHTEPECHO WIYYMTE MpH-
MeHeHHe pa3paboTaHHBIX METOAOB Ha Oonee mMPOKOM
Habope NpaKTHYCCKHX 33134 [UIaHHPOBAHMS IKCICPH-
MCHTOB, TAKHX K3K TEXHOIOIHYCCKHE IPOLECCH! H3I0TOB-
neuus POA, npouece NosyucHus NOPUCTHIX MATEPHANOS,
HIrOTORJNCHHME JleTaNel ropadel WTaMIoBKoi | p.
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NOPIBHAIBHHHA AHAJI3 METO/IIB ONTHMIZALNT IPH JOCHALDKEHHI BATOBUMIPIOBAJILHOI CHCTEMH
TA TEPMOPEI'YJISSTOPA

Komonuit M. /L - 1-p 1o, Hayk, npodecop, 3aBiryBad KadeapH LBiamiHux Mpiiagis i suMiprosans, HaioHamsiui acpokocsisHmi
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Beasena A.A, -~ acnipadt xadeapu amiauifHux Npuaadis 1 BuMiploBans, HawioHaneHMil ACPOKOCMINHMA YHIBCPCHTET
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AHOTAIIA
AXTYRaLRiCTE. Bnepuie 3anponoRoBan0 BHKOPHCTAHHA MeTOs Ta0y-noMIyKy, BHNATKOBOTO MOUIYKY, PO $ACTOK UIf noby-
JIOBH ONTHMATBHMX 13 BAPTICTIO (LIANIS EKCOEPHMENTY PH JOC/ILDKCHHT BATOBHMIPIOBATEHOT CHCTEMH | TEPMOPETYARTOPA.
Mera poborw — NPOBECTH NOPIBHAILEKA 2HATIY PO3POGACHHX METOIB ONTHMIZALIT, TAKHX AK Taby-nomryk, BHNANKOBMI No-
1IyK, POIO YACTOK, MPH NONTYKY ONTHMATEHIX MUIAHIR TPORCACHHS EKCTICPHMCHTY I111 9aC AOCTI/UKCHHA BaroBHMIPIOBATLHOT CHETC-
MH 1 TEPMOPETYARTOPA.

Metoa. 3anponoHosano MeTOaH noSyA0BH ONTHMATEHOL 38 BAPTICTIO Peallizallii MATPHII IIAHYBAHHA EKCTIEPHMEHTY 3 BHKOPHC-
TAHHAM ANTOPUTMIB POIO HACTHHOK, Taby-nonryxy 1 BUnanxosoro nouryky, Ha noqarcy seoivrecs KLTLKICTS SHHHHKIR | BAPTOCTI nepe~
X0MiB ANS xoamorop:m daxTopis, llmbxsypuymummmmwym RHUXIIHE MATPHUS TUIAHYBAHHA CKCIICPHMEH-
1y. Tpw BHXOPHCTANHI AITOPHTMY Taby-NoMmyKy Ha KOKHOMY Kpolll iTepaniii 8 SX0CTi HOBOTO NOTOTHOTO pillesHs BHOHPAETLCH Kpaiie
PHICHHA B OKONHLY NOTOMHOIO | UNHCHIOCTECS IEPCBiPKa HH HEe NepelyBac BOHO B CITHCKY n&y Taxmw ynnost -mﬁynmm obunc-
JICHHR, TIOKH LITOPHTM He ZOCATHE 3a7akoro wwena irepanift. Cncok Taby GOpMycTics 3 pitnenb, MO MAKOTh MIHIMATEHY BapTICTs.
MeToj1 BHIAIKOBOTO NOMYKY 38CHOBANKI Ha NEPECTAHOBII CTOBILIB MaTPHu ianysanus. Kinexicrs irepauifl anropumuy sanacrscs
KOPHCTYBaueM. MeToJt pol0 HaCTOK 33CHOBAHKH HA MOCTIOBAHHI NOBSAIHKN MONMYNNINT YaCTHHOK, Y KOXHIN Toull, a¢ nofysana wac-
THHKA, POIPAXOBYECTHCA IAYEHHA BAPTOCTI MPOBEIEHHS CKCIIEPUMENTY. Ilpy upOMy KOXHA HACTKA 3anaM’STOBYE, sxe (i gc) xpaue
FHANCHHS BAPTOCTI CXCTIEPHMCHTY BOHA OCOOHMCTO 3HARIING | ¢ POITAMOBARA TOUKA, NKa € KPALLOK CCPEal YCIX TOUOK, SKi POSRULAIMN
aactin, Ha xomuift irepanil HacTsi XOPeKTYIOTh CROIO WBMIAKICT (MOZYE | HAITPAMOK). Yepes tefKy KUTRKICTS iTepariit macTku 10u-
PaKOTRCR NOGINIY mﬁﬁmm xopotuof Touxs. TToTiM cepet YEix HORMX TOSOK JUHCHIOCTECS NEPERTPKA, i He Al Mi BORY raoba-
NBHO KPAILY TOYKY, 1, AKINO 3mafilune, sarum m«ycuo 1l KOOPAMHATH | 3HAYCHMS BAPTOCT IPOBEACHMS EKCIIEPUMEHTY B Mil. TToriM
POIPAXOBYETHCH BUIPALD B NOPIHARHI 3 BEXIIHOIO BAPTICTIO IPOBEICHHS CKCTIEPHMCHTY.,

Pesyantama. PoapoGneno nporpamie 3a0e3neycHns, WO peanisye 3anpornoRoBaHi METOIH, SKe BHKOPHCTAHO JUIS NPOBELCHAR
OGHHCIIOBATLHMX EKCIICPHMCEHTIB 3 JOCALDKEHHA BIACTHBOCTEH UMX METO/IB NP AOCHUDKEHH] BArOBHMIPIOBANLHOI CHCTEMM | TEp-
Moperynaropa. CHHTC30BaHI O TTHMAIBHI 33 BAPTICTIO Peati3alii MUIAHH eKCTICPHMEHTIB, 8 TAKOXK HABCACHI BHIPAUN B PesyabTaTax
ONTHMIZALTT B NOPIBHAHHI 3 BHXUIHOK | MAKCHMATEHOKO BAPTOCTAMM NPOBEACHHS CKCTIEPHMENTY.
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BucHorku. [Tposeaeni excrnepuMenT MiXTRepiu (IPALCIIATHICTE 3aNPONIOHOBAHUX METOIB | IPOTPAMHOTO 3a0e3NCUCHHS,
Mo iX peamilye, 8 TAKOK HA03BONAIOTH PCKOMCHIYBATH iX JUIA 38CTOCYBAHHA HA NPaKTHUI MPH NobyI0BI ONTHMATEHUX MATPHILL TUTa-
HYyBAHHS EKCIIEPAMENTIB.

KJIIOHOBI CJIOBA: MeTOA, ONTHMIZALIS, P YACTHHOK, NJIAHYBAHHS CKCNEPHMEHTIB, Taby-nouyK, ONTHMANbHUH NJ1al, RH=
NAJKOBUI NOIWYK, BAPTICTH,
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COMPARATIVE ANALYSIS OF OPTIMIZATION METHODS IN THE INVESTIGATION OF A WEIGH-
MEASURING SYSTEM AND THERMOREGULATOR

Koshevoy N. D. — Dr. Sc., Professor, Head of Department of Aircraft Instrumentation and Measurements, National Acrospace
University named after M. E. Zhukovskoho “HAI", Kharkiv, Ukraine.

Kostenko E. M. - Doctor of Technical Science, Associate Professor, Poltava State Agrarian Academy, Poltava, Ukraine.

Belinieva A. A. — Post-graduate student of Department of Aircraft Instrumentation and Measurements, National Aerospace
University named after M, E. Zhukovskoho “HAI”, Kharkiv, Ukraine.

ABSTRACT

Context. For the first time, the use of taboo-search methods, random search, a swarm of particles for the construction of cost-
effective experiment plans for the study of a weighing system and a temperature regulator was proposed,

Objective ~ to carry out a comparative analysis of the developed optimization methods, such as taboo search, random search,
particle swarm when searching for the optimal plans for the experiment during the study of the weighing system and thermostat.

Method. Methods for constructing the experimentally optimal implementation matrix for the experiment using algorithms of a
swarm of particles, taboo search and random search are proposed. In the beginning, the number of factors and cost of transitions for
each level of factors is introduced. Then, taking into account the input data, the initial experimental design matrix is formed. When
using the taboo search algorithm at each iteration step, the best solution in the neighborhood of the current solution is chosen as the
new current solution and the check is made whether it is in the taboo list. Thus, calculations occur until the algorithm reaches the
specified number of iterations. The list of taboos is formed from decisions that have a minimum cost. The random scarch method is
based on permuting the colurans of the planning matrix. The number of iterations of the algorithm 1s specified by the user. The
method of the particle swarm is based on modeling the behavior of the particle population. At each point where the particle visited,
the value of the experiment is calculated. In this case, each particle remembers which (and where) the best value of the cost of the
experiment, she personally found and where the point is located, which is the best among all the points that explored the particles. At
each iteration, the particles correct their velocity (modulus and direction). After a certain number of iterations, the particles are col-
lected near the best point. Then, among all the new points, we check whether we have found a new globally better point, and if
found, remember its coordinatzs and the value of the cost of conducting the experiment in it. Then the gain is calculated in compari-
son with the initial cost of the :xperiment,

Results. The software that implements the proposed methods was developed, which was used to conduct computational experi-
ments to study the properties of these methods in the study of a weighing system and a temperature regulator. Optimized for the cost
of implementation of the experiment plans were synthesized, as well as the gaing in optimization results as compared to the initial
and maximum costs of the expzriment.

Conclusions. The conducted experiments confirmed the efficiency of the proposed methods and the software that implements
them, and also allow them to be recommended for application in practice when constructing optimal experimental design matrices,

KEYWORDS: method, optimization, particle swarm, experiment planning, taboo-search, optimal plan, random search, cost.
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