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bensesa A. A. CuHTre3 onTUMaibHUX 3a BapTICHUMHU BHUTpAaTaMHU IUIAHIB
CKCTIICPUMEHTIB JIJI1  JOCIIDKCHHS TEXHOJIOTTYHUX IIPOIIECIB 1 CHCTEM. -
Kgpamidikamiitna HaykoBa mpartls Ha IpaBax PyKOIHUCY.

Jucepramiss Ha 3100yTTS HAYKOBOTO CTyMeHs JokTopa (imocodii 3a
cnetiaypHIicTIO 151- «ABTOMATH3AIllS Ta KOMIT FOTEPHO-IHTEIPOBaHI TEXHOJIOTI» —
HamionaneHuit aepokocmiunuii yHiBepcuteT iM. M. €. XKykoBcbkoro «XapkiBChKHA
aBlalifHUi 1HCTUTYTY», XapkiB, 2019.

VY nuceptaiiitHii poOOTI OyJi0 pPO3B’S3aHO AaKTyaJlbHY HAyKOBO-TIPUKIAJIHY
3a/layy, fiKa IOJSAra€ y 3MEHUIEHHI YacOBHMX 1 BapTICHUX BHUTpPAT Ha MPOBEACHHS
EKCIIEPUMEHTIB MIPH JTOCIIJKEHHI KOMIT IOTEPHUX CUCTEM 1 TEXHOJIOTTUHUX MPOIIECIB
3a paxyHOK poO3poOJICHHS Ta BIPOBAKEHHS METOJIB 1 MPOTPaMHUX 3ac001B s
ONnTHUMI3alli MaHiB 0araTo(pakTOPHOTO EKCIEPUMEHTY.

VY BeTymi OOIPYHTYBaHO AaKTyalbHICTh TEMH JAMCEpTallli, MOKa3aHO 3B'S30K
poOOTH 3 HAYKOBUMHM TEMaMM, a TaKOX C(POPMYJIbOBAHO METY 1 3aBJaHHA
JOCIIJIKEHHS, PO3KPUTO HAYKOBY HOBHU3HY Ta MPAKTHYHE 3HAYCHHS pE3yJIbTaTiB,
OTPUMAHUX TI1J] YaC BUKOHAHHS JOCITIIKCHHS.

Ock1JIbKM 33J1aya ONTUMI3alli IJIaHIB €KCIIEPUMEHTIB 3a BApTICHUMU BUTpaTaMu
€ NP-moBHOI0, TOOTO UIsi CBOro pilieHHsI MOTpeOye 4Yacy 1 BEIMKOI KUIBKOCTI
0OYHCIIEHb, IBUAKO 3pOCTAIOYUX 13 30UIBIIEHHSIM PO3MIPHOCTI 3aayl, TOMY MTOBHUN
nepedip yciX MOXKJIMBUX BaplaHTIB pIilIeHHA € cKiagauM. llpu  cuHTesi
ONTUMAJILHOTO TUIaHY EKCIEPUMEHTY 3 KUIBKICTIO (PakTopiB OUIbIIE HYOTUPHOX
BUHUKAE I1I¢ 1 MpobieMa TPUBAIOCTI HOro moOy10BH.

VY 3B's13Ky 3 UM HEOOXITHO 3HAXOJUTHU PIMIEHHS 3a JOMOMOTOI0 HAOIMKEHUX
METO/IIB, HAIMpHKIaJ, TaKWX SK METOAM MOOYJOBH ONTHMAJIbHHUX 3a BapTiICHUMU
(4acoBUMHM) BHUTpaTaMu IUIaHIB 0aratoakTOpPHOTO E€KCIIEPUMEHTY, OCHOBaHMX Ha
BUKOPHUCTAHHI BUIIAJKOBOTO MOIIYKY, Ta0y-TOIIYKY, PO YaCTOK JUIs ONTHUMIi3awii
[IMX IUIaHIB.

Y mepuioMy po3niii MPOAHANMI30BAHO CYYacHI METOAM  IUTAHYBAaHHS

eKCIIEPUMEHTY, SKI MOXHa BUKOPHCTOBYBaTH JUIsl  ONTHUMI3Allil  IJIaHIB



0araroakTOpHOTO EKCIIEPUMEHTY 32 YaCOBUMH (BapTICHUMHU) BUTpATaAMU: TOBHOTO
nepebopy, BUIAIKOBOTO TOIIYKY, TIIOK 1 MEX, HaHOIMKYOro cyciga, »*amgiOHOTO
aNITOPUTMY, IMITaIIl] BiJIMAy, MypallliHi AJITOPUTMHU, TCHETUYH] aJITOPUTMH.

Koxen 13 MeToniB ontuMizaiii, pO3MISIHYTHX y THEPIIOMY pO3[Iili, Ma€e CBOI
nepeBaru 1 Hemoniku. Harmpukian, MeTol MOBHOro mepedopy 03BOJSE OTPUMATH
TOYHUN pe3yabTaT, MPOTE BIH Ma€ HU3BKY MIBUAKOIIIO 1 JJISI BETUKOI KIIBKOCTI
daktopiB (k> 4) ioro 3acTocyBaHHS HEMOXJIHMBE. A SKIIO 3aCTOCOBYBATH 1HIII
QITOPUTMH, TO MOXKHA OTPUMATH TUIBKM HAOMMKEHHH 10 ONTHUMAJIbHOIO IUIaH
ekcrepuMeHTy. KpiM Toro, BOHM MaroTh 0OMEKEHHS Ha KUIbKICTh (pakTopiB k 1 pi3H1
MMOKAa3HUKHU IIBUIKOI].

Jlnst BuObOpy HaMKkpamoro MeETOAYy ONTUMI3aIli IUIaHiB 0aratoakTOpHOTO
EKCIEPUMEHTY Tpeba KepyBaTHUCs SIK PO3MIPHICTIO 33/1aul, TaK 1 XapaKTepoM ILIbOBOI
¢dbyukiii. Ha 0oCHOB1 MOPIBHSUIBHOTO aHAJI3y MX METOAIB y IEpIIOMY po3aim Oyio
chopMyJILOBAHO 3aJ1a4l JUCEPTALIMHOTO AOCIIIKCHHS.

Y napyromy po3aiial 3alpONOHOBAHO METOAM TMOOYIOBH ONTUMAJIBHUX 3a
BapTICHUMU  (YACOBMMH) BHUTpaTaMHU IIJIaHIB 0araToakTOpPHOTO EKCIEPUMEHTY,
3aCHOBAHI HAa BHMKOPHUCTAaHHI [UJI IX ONTHUMI3allli BHUIIAJKOBOIO TOIIYKY, Taly-
MOIIYKY, POI YacTOK. Takox Oyno po3poOJieHO BIAMOBIIHE MPOrpaMHe
3abe3neueHHs. OCHOBHI Pe3yJIbTaTH IPYroro po3ainy Bimoopaxeno B [10 - 16].

Tpetiil po3aia MICTUTh MIPAKTUYHI PE3YJIBTATH 3aCTOCYBAHHS METO/IIB TOOYI0BH
ONTUMAJIbHUX 3a BapTICHUMHU (YaCOBMMH) BUTpaTaMH IUIaHIB OaraTopakTOpHOTO
EKCIIEPUMEHTY, OCHOBAaHWX Ha BUKOPHUCTAHHI BUIIQJKOBOTO IOIIYKY, Ta0y-TIONIYKY,
OO YACTOK JIJIsI ONITUMI3allli [IUX TJIaHIB.

30kpeMa po3poOsIeHI METOAM O3BOJSIOTH ONTHUMI3YBATHU TUTAHW 3 KUIBKICTIO
daxropiB K=3...7. Ilpu gocaiKeHHI CUCTeMH I BUMIPIOBAHHS BaroBOi BHUTPATH
I'PaHyJILOBAHOTO a00 TOPOIIKOMOAIOHOTO MaTepiaixy, sSKa MOXE 3aCTOCOBYBATHCS
UIsi  0aratbOX  MIANPUEMCTB  XapyoBOi, METAIYpTiHOI Ta TIPHUYOPYHHOI
MIPOMUCIIOBOCTEH, OYJI0 TPOBEJIEHO ONTUMI3AIIIIO TIJIaHIB €KCTIEPUMEHTY JIJISI IPOLIECY
BUMIpIOBaHHA. BapricTe peanizamii npu BUKOPUCTAHHI METOAY pPOIO YacTOK

nopiBHoe 110 yMm. oa. 1 wac paxynky 0,01 ¢, a namda onTUMaJbHOrO IUIaHY,



OTPUMAHOIO MpHU MOBHOMY Mepebopi psnkiB, - 102 ym. ox. 1 yac paxyHky 25 c.
MeTon moOymoBH ONTHMAJIbHHX 3a BapTICHUMHU (YaCOBUMH) BHUTpAaTaMHU ILIAHIB
0araroakTOpHOr0 EKCHEPUMEHTY, OCHOBAHMX Ha BHUKOPHUCTAHHI MOILIYKY POEM
YacTOK, J1a€ Pe3ylbTaTd, TPOXH TIpIli, 32 METOJ MEPECTaHOBKU PAIKIB, OJHAK M€
Kpallll MTOKa3HUKHW IBUIKOIII.

3 BUKOPHUCTAHHSIM PO3POOJICHOTO MPOTPaMHOTO 3a0e3MEeUEHHS OCIHIKYBaIH
MJIaHU €KCIIEPUMEHTY 3% U151 BHBUCHHS IIIOPCTKOCTI TTOBEPXHI KPEMHIIO y MpoIecax
rIIMOOKOTO TIa3MoXiMigHOro TpaBiieHHs eneMeHTiB MEMC 1 MeToay BUMIpIOBaHHS
HIUIBHOCTI CTPyMYy TaJIbBaHIYHUX BaHH 13 MIpHMMH AaTuukamMu. ONTHMI30BaHUN
IJIaH €KCIIEPUMEHTY MPH AOCTIPKEHHI MIOPCTKOCTI MOBEPXHI KPEMHIIO Ma€ BapTICTh
peamizamii 142 ym. on., a BuximHuii miaH - 370 ym. ox. Burpam 3a BapricTio
IIPOBENICHHSI €KCIIEPUMEHTY CTAHOBUTH 2,61 pasa, a mpu 3acTOCyBaHHI METOAY T'UIOK 1
mex - 1,28 paza. 3a yMOBM BUKOPHUCTAHHS METOJYy POI0 YAaCTOK Ha ONTHMI3allilo
many HeooOximHo BuTpatuTH 0,33 ¢, a Ha peaizalliro MeTOA0M T'JIOK 1 Mex - 137 xB.

Bapricte peanizaiii ONTUMaJbHOTO IUIAHY NPH  JOCIIPKEHHI METOAY
BUMIPIOBAHHS HIIJIBHOCTI CTPYyMY TaJIbBaHIYHUX BaHH Ma€ 3HA4YeHHS 85 yMm. 0., a
BapTICTh peaji3alii BHUXIJHOI MaTpull IUlaHyBaHHS - 174 ym. opd., Toml Sk
MaKCUMaJibHa BapTICTh - 225 yM. on. TakuM 4rHOM, BUTpAIll 32 BAPTICTIO peajizaiii
cTaHOBUTH 2,05 pa3a MOPIBHSIHO 3 BUXIJTHUM IJIAHOM €KCIIEPUMEHTY, a TOPIBHSHO 3
MJIaHOM MaKCHUMAJIbHOI BapToCTi - y 2,64 pa3sa.

Takok 3 BHUKOPUCTAHHSM PO3POOJICHMX METOMIB OYyJ0  JTOCHIJIKEHO
KOMITO3UIIIMHI [JIaHU JPYroro MOpsAKy JUisi TpoLecy TepMIYHOI 0OpOOKH MOPUCTUX
MartepianiB. Burpam 3a BaprTicTiO peani3aulii €KCIEpUMEHTY NpU BUKOPUCTAHHI
METOJIy POI0 YacTOK CTAaHOBHB 5,92 pa3za, y TOH Yac SK IpPU 3aCTOCYBaHHI METOJIB:
Tal0y-nomyky — 5,49 pasa, ruiok 1 Mex — 5,47 pasza, MOCIIIOBHOTO HAOJUKEHHS —
5,47 paza.

[MTomrykx onTuManbHOro abo GJIM3BKOTO 0 ONTUMAIBHOTO IUIaHY €KCIIEPUMEHTY,
OTPUMAHOTO METOJOM TOOYJOBM ONTUMAJIbHUX 32 BapTICHUMHU (YaCOBHUMH)
BUTpaTaMH IJIaHiB 0araTo()akTOPHOTO eKCIEPUMEHTY, OCHOBAaHOTO Ha BUKOPHUCTAHHI

ONTHUMI3allli POEM YAaCTOK, PEaNi3yeThCs 32 CYTTEBO MEHIIUNA Yac paxyHKy, HUK Mpu



METO/I1 T1JIOK 1 MEX Ta METO/Il BUMAJAKOBOIO MOIIyKy. Burpam y BapTocti peanizarii
IUTaHIB €KCIIEPUMEHTIB NMPU BUKOPHUCTAHHI JAHOTO METOAY 3HaYHO OLIBIINM, HIXK MPH
METO/aX BHIIAJIKOBOIO TMOHIYKY 1 TaOy-TIOIIyKY. 3acTOCYBaHHS pPO3POOJIEHOrO
IPOrpaMHOTO 3a0€3MeYeHHSI, OCHOBAHOTO HAa BHUKOPHUCTAaHHI METOJIB BHIIAJKOBOTO
MOIIYKYy, Ta0y-TOIIYKY 1 PO 4YacTOK, €(PEKTUBHO MpH KUIBKOCTI ¢akTopiB k>3.
OCHOBHI pe3yJbTaTH TPETHOTO PO3/iTY BioOpaxkeHo B [2 - 9,24 - 30].

YeTBepTHil pO3ia MPUCBIUYECHO PO3POOJICHHIO BaroBUMIPIOBAJILHOI CHCTEMH,
sKa HaJEXKHUTh 0 3acCO0IB JJi1 BUMIPIOBAHHS BaroBOi BUTPATH I'PaHyJbOBAHOIO a0o
MOPOIIKOMOIIOHOT0  Marepialy Ta MOXKE 3aCTOCOBYBaTHCA g 0Oaratbox
HIJIPUEMCTB XapyoBOi, METAIYypriiiHOI Ta TIpHUYOPYAHOI mpomucioBocterd. Ha
TOYHICTb BHMIPIOBAaHHA CHUCTEeMH BIUIMBae Oe3miu  dakropiB. OgHum 3
HalBaXIUBIKX (AKTOPIB € Temmneparypa. s migBUIIEHHS TOYHOCTI BUMIPIOBAHb
OyJI0 3alpONOHOBAHO BOJIOKOHHO-ONTUYHUMN JAaTYMK BOJIOTOCTI M TemmepaTypH, /1Ba
TEPMOPETYJIATOPH, /iBa OIMETANIEBUX AATUYMKU TEMIIEPATypH.

VY 10CKOHAJIEHO BaroBUMIPIOBAJbHY CHUCTEMY LIUJISXOM YBEIAEHHS [0 il CKIIaay
TEPMOPETYJIATOPA, A0 SKOTO MIAKIIOUEHO JaTYUK TEMIIepaTypH.

3arpornoHOBaHNK BOJOKOHHO-ONTUYHUM JAaTYUK MOXKE 3aCTOCOBYBATHUCS MJIs
BUMIPIOBAHHS TEMIEPATYpPH Yy BaroBUMIpIOBaiIbHIN cucTeMi. OCKUIBKK JTOAaBaHHS
e OJHOTO  CBITJIOBOAY /IS  BHUMIPDIOBAaHHS  TIOKa3HHWKIB  TEeMIIEpaTypu
KOHTPOJIbOBAHOTO CEpPEAOBUINA TMPUBOAWTH 1O BHIYyYEHHS B3a€EMHOTO BIUIUBY
BUMIPIOBAHUX TIapaMeTPiB HA caMl Pe3ylbTaTH BUMIPIOBaHHS, TaK SK BUMIPIOBAHHS
BOJIOTOCTI Ta TEMIIEpaTypH BiIOYBAETHCS Yepe3 OKPEMI HE3aIEKHI KaHAIH.

Takoxx 1Ji1 BaroBUMIpIOBaJIbHOI CUCTEMHU OYyJIO pO3pOOJICHO TEPMOPETYIISTOD,
10 CKJIAJAETHCS 3 JIBOX 3yCTPIYHO-TIAPAJICIbHO BKIIFOUCHUX THPUCTOPIB 1 HarpiBaya,
a TaKOX PE3UCTOPIB Yy KOJII KEPYIOUHUX EJIEKTPOJIB. 3aCTOCYBaHHs OiMETajaeBOro
TEPMOMETPA, BKIIOYEHOIO MIX PE3UCTOpaMH, IO03BOJIsIE POOOTY 3 TEPMOMETPOM
3poOuTH O€3MEeUHOI0, a TAKOX IMiBUIIYE HOro HAAIMHICTD.

MoskHa 3acTOCOBYBaTH po3poOJieHMi OiMeTareBUi NAaTYUK TeMIlepaTypH, IO
Ma€ B CBOEMY CKJIaJl YyTJIMBHM €JIEMEHT y BUIJISNAl KOHCOJBHO 3aKpIMJICHOT

OiMeTaneBoi TIOCcKoi abo ckpydeHoi y (opmi crmipaii MjacTUHH. BUIbHMI KiHElb



IUTACTUHU 4Yepe3 IMepelaBajbHUl MeXaHI3M 3’€HAaHUIl 3 BajJOM KOHAEHCAToOpa
3MIHHOI €MHOCTI, SIKMi YBIMKHEHMH y KOHTyp LC-aBToreHeparopa eneKTpHUHHUX
KoJuBaHb. OCKUIBKM JaTYMK TEMIIEpATypU € MPUCTPOEM 3 YACTOTHUM BHUXOIOM,
TOMY BiH Ma€ MBHUILEHY YYTJIHMBICTb, 3aBaJOCTIMKICTh 1 JOCTaTHBO MPOCTY
cymicHicTs 3 EOM.

3acTocyBaHHS Yy BaroBUMIpIOBaJIbHINA CUCTEM] HOBUX €JIEMEHTIB Ta 3B’SI3KIB MIX
HUMH JO3BOJIMJIO MIJIBUINUTHA TOYHICTh BUMIPIOBAHHS BaroBOi BHUTpPATH MaTepialiB.
OCHOBHI pe3yJIbTaTH YeTBEPTOTrO po3Aiy BimoOpakeHo B [1,17 - 22].

HaykoBa HOBU3HaA aucepTaiiitHOi poOOTH TMojdsrae B PO3pOOJICHHI METOIB
CHUHTE3y ONTHUMAJIbHUX IUIaHIB 0araTo()akTOPHOTO EKCIEPHUMEHTY, B SKHX MOIIYK
TaKUX IUIAHIB PEai3y€eThCA MIJISXOM MEPECTAaHOBKHU CTOBIIIIB MAaTpPHUIll TUIAHYBAaHHS,
Ta0y-MOITYKOM, POEM YaCTOK, IO J03BOJISIE OyIyBaTH ONTUMAaJIbHI KOMOIHATOpHI
wiaHu 6e3 MOBHOTO Mepedopy BapiaHTIB MEPECTAHOBOK AOCHIAIB. TakoX OTpuUMaB
MOJAJIBIIUN PO3BUTOK MOPIBHSJIBHUN aHaji3 po3poOJIEHUX Ta ICHYIOUHMX METOIB
onTHUMi3alii MIaHiB 0araTopakTOPHOTO EKCIEPUMEHTY.

[IpakTiyHa IIHHICTD PO3POOJEHUX TMPOTPAMHUX TPOJYKTIB TMOJSITaE B
MO>KJIMBOCTI 3aCTOCYBAHHSI 1X HA MPAKTHIII JJI1 MOJEIIOBAHHS PI3HUX TEXHOJOTTYHUX
mpoleciB 1 mpwiaaiB. Pe3ynpTaTé TEOPETHYHHMX, a TaKOXK EKCIIePUMEHTaTIbHUX
JOCIIJIKEHb JUCEPTallii BUKOPUCTAHO B MPAKTHUINl MPOMUCIOBUX MIAMPUEMCTB 1
oprasizatiii, Mpo 10 CBIAYATh BIAMOBIIHI aKTH BIPOBAIKEHHS.

KitouoBi  crnoBa: TIaHyBaHHST — €KCIEPUMEHTY, BapTICTh, Taly-MONIYK,
BUMAJKOBUM TOIIYK, piil YacTOK, BaroBUMIpIOBaJIbHA CHCTEMa, OINTHUMI3allis,

TEPMOPETYJISATOP, OiMETaIeBUM TaTUMK, BOJIOKOHHO-ONITUYHUM JTaTUUK.
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ABSTRACT



Beliaieva A.A. Synthesis of cost-optimal plans of experiments for the study of
technological processes and systems. - Manuscript.

Thesis for a Doctor of Philosophy Degree in Specialty 151- "Automation and
Computer-Integrated Technologies" - National Aerospace University named after
M.E.Zhukovsky "Kharkov Aviation Institute”, Kharkiv, 2019.

In the dissertation, a topical scientific and applied problem was solved, which is
to reduce the time and cost of experiments in the study of computer systems and
technological processes by developing and implementing methods and software to
optimize plans for a multifactor experiment.

The introduction substantiates the relevance of the topic of the dissertation,
shows the relationship of work with scientific topics, as well as formulated the
purpose and objectives of the study, revealed the scientific novelty and practical
significance of the results obtained during the study.

Because the task of optimizing cost plans experiments is NP-complete, that is, it
requires time and a large number of calculations to grow rapidly with increasing
dimensionality of the problem, so it is difficult to make a complete list of all possible
solutions. When synthesizing an optimal experiment plan with more than four factors,
there is also a problem of the duration of its construction.

In this regard, it is necessary to find solutions using approximate methods, for
example, such as methods of constructing cost-effective (time) plans of a multivariate
experiment based on the use of random search, taboo search, particle swarm to
optimize these plans.

The first section analyzes the modern experiment planning methods that can be
used to optimize multi-factorial plans for time (cost): complete search, random
search, branches and boundaries, nearest neighbor, greedy algorithm, simulation
annealing, ant algorithms, genetic algorithms.

Each of the optimization methods discussed in the first section has its
advantages and disadvantages. For example, the full batch method allows to obtain
the exact result, but it has a low speed and for a large number of factors (k> 4) its use

IS not possible. And if you apply other algorithms, you can get only an approximate



plan of the experiment. In addition, they have limitations on the number of factors k
and different performance indicators.

In order to choose the best method for optimizing the plans of a multifactor
experiment, both the dimension of the task and the nature of the objective function
must be guided. Based on a comparative analysis of these methods, the tasks of the
dissertation are formulated in the first section.

The second section proposes methods for constructing cost-effective (time) cost
plans for a multivariate experiment, based on the use of random search, taboo search,
and particle swarms to optimize them. Appropriate software has also been developed.
The main results of the second section are reflected in [10 - 16].

The third section presents the practical results of applying methods for
constructing cost-effective (time) cost plans for a multivariate experiment based on
the use of random search, taboo search, and particle swarms to optimize these plans.

In particular, the developed methods allow to optimize plans with the number of
factors k = 3... 7. In the study of the system for measuring the weight flow of
granular or powdered material, which can be used for many enterprises of the food,
metallurgical and mining industries, the experimental plans for the measurement
process were optimized. The cost of implementing the method of particle swarm is
110 standard units and a count time of 0.01 s, and for the optimal plan obtained with
a full row search - 102 standard units and account time 25 s. The method of
constructing cost-effective (time) cost plans for a multivariate experiment based on
the use of particle swarms yields results that are slightly worse than the row
permutation method, but has better performance.

Using the developed software, we investigated the plans of experiment 3% to
study the surface roughness of silicon in the processes of deep plasma chemical
etching of MEMS elements and the method of measuring the current density of
galvanic baths with dimensional sensors. An optimized experimental design for the
study of the surface roughness of silicon has a cost of 142 standard units, and the
original plan - 370 standard units. The gain in the cost of the experiment is 2.61

times, in the application of the method of branches and borders - 1.28 times. If the



particle swarm method is used, it is necessary to spend 0.33 s for optimizing the plan
and 137 min for the method of branches and boundaries.

The cost of implementing the optimal plan in the study of the method of
measuring the current density of galvanic baths is 85 standard units, and the cost of
implementing the original planning matrix - 174 standard units, while the maximum
cost is 225 standard units. Thus, the cost of implementation is 2.05 times compared to
the original plan of the experiment, and compared to the plan of maximum cost - 2.64
times.

Also using the developed methods were investigated second-order composite
plans for the process of heat treatment of porous materials. The gain on the cost of the
experiment using the method of particle swarm was 5.92 times, while the application
of methods: taboo search - 5.49 times, branches and borders - 5.47 times, sequential
approximation - 5.47 times.

Finding the optimal or close to the optimal experiment plan, obtained by the
method of constructing optimal plans at the cost (time) cost of a multifactor
experiment based on the use of a particle swarm optimization, is realized in a
significantly shorter computation time than the branch and bound method and the
random search method. The gain in the cost of implementing experiment plans is
much greater than using the random search and taboo search methods. Application of
the developed software based on the use methods of random search, taboo search and
swarm of particles, effectively at the number of factors k>3. The main results of the
third section are reflected in [2 - 9, 24-30].

The fourth section is devoted to the development of a weighing system, which is
related to the means for measuring the weight flow of granular or powdered material
and can be applied to many enterprises in the food, metallurgical and mining
industries. Many factors influence the accuracy of system measurement. One of the
most important factors is temperature. To improve the accuracy of the measurements,
a fiber optic humidity and temperature sensor, two temperature regulators, two

bimetallic temperature sensors were proposed.



The weighing system has been improved by incorporating a temperature
controller to which a temperature sensor is connected.

The proposed fiber optic sensor can be used to measure the temperature in a
weighing system. Since the addition of another fiber to measure the temperature of
the controlled environment leads to the elimination of the mutual influence of the
measured parameters on the measurement results, as the measurement of humidity
and temperature occurs through separate independent channels.

Also for the weighing system was developed a thermostat, consisting of two
counter-parallel switched thyristors and heater, as well as resistors in the circuit of the
control electrodes. The use of a bimetallic thermometer, which is included between
the resistors, makes the operation of the thermometer safe and also increases its
reliability.

You can use the developed bimetallic temperature sensor, which has a sensitive
element in the form of a cantilever mounted bimetal flat or twisted in the form of a
spiral plate. The free end of the plate is connected to a variable capacitor shaft via a
gearbox, which is incorporated into the circuit of the LC oscillator. Since the
temperature sensor is a device with a frequency output, it therefore has high
sensitivity, noise immunity and sufficiently simple compatibility with the computer.

The use of new elements and the links between them in the weighing system has
made it possible to improve the accuracy of measuring the weight consumption of
materials. The main results of the fourth section are reflected in [1, 17 - 22].

The scientific novelty of the dissertation is to develop methods for the synthesis
of optimal plans for a multifactor experiment, in which the search for such plans is
realized by permutation the columns of the planning matrix, taboo search, a swarm of
particles, which allows you to build optimal combinatorial plans without completely
looking through options for permutations of experiments. A comparative analysis of
the developed and existing methods of optimizing the plans of a multifactor
experiment was further developed.

The practical value of the developed software products is the possibility of their

application in practice for modeling of various technological processes and devices.



The results of theoretical as well as experimental research of the dissertation are used
in the practice of industrial enterprises and organizations, as evidenced by the
relevant acts of implementation.

Keywords: experiment planning, cost, taboo search, random search, particle

swarm, weighing system, optimization, thermostat, bimetal sensor, fiber optic sensor.



