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IonTaBckas rocyjapcTBeHHAs arpapHasi akaJeMHs

IMTPUMEHEHHWE METOJOB OIITUMU3 AU,
OCHOBAHHBIX HA KOJIE I'PEs, I1PU UCCJIEJOBAHUU TEXHOJIOI'NYECKHUX
ITPOLECCOB 1 ITPUBOPOB

B oaunou pabome npeonosicennvle memoovl onmuMusayuy RO CMOUMOCHHBIM (8DEMEHHbIM) 3ampamam
NIAHO8 MAKUX MHO20QAKMOPHBIX IKCHEPUMEHMO8, KAK OpOOHbIL U HOAHbIUL (DAKMOPHLIE IKCHEPUMEHMb,
KOMNO3UYUOHHbIE NIAHbL NPUMEHSAIUCL OISl UCCIe008ANUSL MEXHOIOSUYECKUX npoyeccos u npubopos. Ilpu smom
UCCIe008aNUCy MEXHONO2UHECKUE NPOYeCcybl NPecco8anuUs KOpnycd Kamepda U3 CMeKIONAACMUKd U Jumvs noo
OagneHueM Ha MepMONIACMOA8mMOMAmax, GOomodIeKmpuieckutl npeobpazoeament yen06vix nepemewjenu u
NOAYNPOBOOHUKOGYIL  mepmope2yasmop. Jlokaszana pabomocnocoOHocms U d@GekmusHocms  nPeodod’CeHHbIX
Memo008 ONMUMUZAYUU NIAHOE MHO2ODAKMOPHBIX IKCNEPUMEHIMOS.

Kniouegvie crosa: niamn, skcnepumenm, onmuMu3ayus, Memoo, CMouMoChb, MEXHOL02ULEeCKUL NPOYeCc,
npubop.
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IMonTaBchka Aep:kaBHA arpapHa aKaJeMis

3ACTOCYBAHHS METOIB OIITUMI3AIIIL, 3ACHOBAHUX HA KO/II I'PES,
A JOCHILIZKEHHA TEXHOJIOTTYHUX MPOLECIB I ITPUJIAAIB

YV oaniu pobomi zanpononosani memoou onmumizayii 3a eapmicHumu (Yaco8uUMu) SUMpPaAmMamu NiAHI8
maxux 6a2amo@axkmopHux excnepumernmie, K OpiOHUL i NOGHUL PAKMOPHI eKChepuMeHmu, KOMNOUYIUHI NiaHU
3acmocogysanucs 0as  O0CHIONCeHHA MeXHONo2iuHUX npoyecié i npunadis. Ilpu yvomy Oocnidxcysanucs
MEXHON02IUHI  npoyecu NpecyGamHs KOpnycy Kamepa i3 CKIONIACMUKA, JUMmA ni0  MUCKOM  HaA
MEPMONIACMOAsMOMamax, GomoeieKmpuuHuli nepemeoplosay Kymogux nepemiujenv i HanienpogioHuKoeull
mepmopezyaamop. Jlokasana npaye30amHicms ma e@pexmueHicmy 3anponoHo8aHUx Memooie onmumizayii niaie
6a2amogakmopHux exCnepumMenmis.

Kniouoei cnosa: naamn, excnepumenm, onmumizayis, Memoo, 6apmicims, MexXHOI02IHUL npoyec, npuaao.
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APPLICATION OF OPTIMIZATION METHODS, BASED ON THE GRAIN CODE,
IN RESEARCH OF TECHNOLOGICAL PROCESSES AND DEVICES

In this article the optimization methods in the price (time) costs of plans of such multi-factor experiments as
fractional and full factor experiments, were proposed. Compositional plans were used in study of technological
processes and devices. At the same time technological processes of pressing the hull of a boat made of fiberglass
and casting under pressure in thermoplastic automata, a photoelectric converter of angular displacements and a
semiconductor thermoregulator were studied The efficiency and effectiveness of the proposed methods for
optimizing the plans of multifactorial experiments are proved.

At the same time, the optimal experimental plan for the investigation of technological process of foundry
under pressure with thermoplastic automatic machines (the number of factors k = 4), obtained by the method of
optimization based on Gray's code, yields 2.56-fold increase in the cost of implementing the experiment in
comparison with the initial plan and in 1.16 times compared with the plan obtained by the analysis of permutations.

Optimization of the experiment plan (k = 5) for study of the technological process of pressing the hull of a
boat made of fiberglass by the method based on the Gray code, gave a gain in the cost of implementing the
experiment 1.94 times compared with the initial plan and 1.28 times compared with plan obtained by the limited-
search method.
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When the method based on Gray's code was applied, the plan of the full factorial experiment (k= 3) for the
study of the photoelectric converter of angular displacements,the plan was synthesized ant it coincides with the plan
obtained by the full search method.

Optimization of the experiment plan for rotatable central compositional planning (k = 4) for the
investigation of a semiconductor thermoregulator using the Gray-based method, greedy algorithm and annealing
simulation method, yielded 1.28-fold increase in the cost of implementing the experimental plan in comparison with
the random search and in 1.11 times in comparison with the method of serial sequences

Keywords: plan, experiment, optimization, method, cost, technological process, device.

ITocTtanoBKa NMpoGJIeMBbI

B Hacrosmiee Bpemsl IIMPOKO HCIIONB3YIOTCSI METOABI IUIAHMPOBAHMS SKCIIEPUMEHTOB IIPH NIPOBEICHNUHN
UCCIIEJIOBAaHUN Pa3IM4YHbIX O00BeKTOB. [lnaHMpoBaHHE OHKCIIEPUMEHTa IO3BOJSIET PELIUTh 3a/ady II0JIyYeHUs
MareMaTHueckoil Mojenu oO0beKkTa NP MHHUMAIbHBIX CTOMMOCTHBIX M BpPEMEHHBIX 3arparax. [lpuuem Ha
CTOMMOCTh pEaIN3allMM SKCIEPUMEHTa CYIICCTBEHHOE BIHMSHUE OKAa3bIBaCT MOPSJOK UEpPEeJOBaHUS OIBITOB B
paspaboraHHOM I1aHe. TakuM 0Opa3oM, BO3HUKAET 3a/1a4a ONTHMHU3AIMH TUIAHOB AKCIIEPUMEHTA 110 CTOUMOCTHBIM
(BpeMeHHBIM) 3aTpaTaM Ha ero MpoBeJcHHE. JTa 3ajJada OCOOEHHO aKTyalbHa MPH HUCCICIOBAHUU JUIUTEIBHBIX U
JIOPOTOCTOSIIUX TIPOLECCOB.

AHaJIN3 NOC/IeJHUX UCCIIeJOBAHUNH M MyOJaMKanuii

Pa3paboTanbl cnemyromupe METOABI ONTHMH3AIMU IO CTOMMOCTHBIM (BpEMEHHBIM) 3aTparaM IUIaHOB
MHOTO(aKTOPHBIX 3KCHEPUMEHTOB [1, 2]: orpaHn4eHHBIH 1epedop, CIydaiHbI MMOWCK, METOJ BETBEH WM TpaHMUII,
XKaJHBIH aJroOpuTM, UMHTALUS OTXKHIA, TCHETHYECKHE AalTOPUTMBI, CHMIUIEKC-METOA, aJITOPHTM OJMKanIiero
cocena, Ta0y-TIOMCK, METO] BIIOXKCHHBIX pa30MEHHUH, posl YaCTHIl, MypaBbUHBIN adroputMm. B pabote [2] mpuBenex
CpPaBHUTCNBHBIN aHanW3 3TUX MeTonoB. B [1] mokasaHa 3¢ dekTuBHOCTH pa3pabOTaHHBIX METOJOB IMpH
UCCIIEJOBAaHUN PANA PA3JIMUHBIX TEXHOJIOTHYECKHUX IIPOIECCOB, MPHOOPOB U cucTeM. OHAKO MM MPUCYIIN TaKue
HEIOCTaTKM KaK HHU3KO€ OBICTPOICHCTBHME, HE BCETZA HAXOMUTCA ONTHUMaibHOE pemeHue. Ilostomy Obutn
pa3paboTaHbl METOABI ONTUMH3AINHY TUIAHOB MHOTO(AKTOPHBIX SKCIIEPUMEHTOB, OCHOBAaHHBIE HA IPUMEHEHUH KO/Ia
I'pes [3-5].

eas ucciaenoBanmsi

Lenp paboThl — 10Ka3aTh Ha psle pealbHBIX NMPUMEPOB I(P(PEKTHBHOCTH METOJOB ONTHMHU3ALUU IO
CTOMMOCTHBIM (BPEMEHHbBIM) 3aTparaM IUIAHOB MHOTO(AaKTOPHBIX 3KCHEPHUMEHTOB, OCHOBAaHHBIX Ha NMPUMEHEHHUH
kopaa 'pest.

H3n0xeHne 0CHOBHOTO MaTepHaJIa MCCIeT0BAHUS

IIpoBepky paboTocmocoOHOCTH U 3P HEKTUBHOCTH MPEIIOKEHHOTO METO/Ia CHHTE3a ONTHUMAJIBHBIX TUTAHOB
JIpoOHOTO (haKTOPHOTO HKCIIEPUMEHTa, OCHOBAaHHOTO Ha Koze ['pest [3], ocyImiecTBisin Ha mpuMepe MCCIIeA0BaHus
TEXHOJIOTUYECKOTO IPOIIecca JINThS 1O/ IaBIEHUEM Ha TepMoruiacroaBromarax [1, 6]. Ilpu 3ToM mcXomHsi mian
9KCIIEPUMEHTA C KOJIMYECTBOM (haKTOpOB k=4 M CTOMMOCTH U3MEHEHHH 3HaYCHUI NX ypOBHEH ITpHBeEHHI B paboTte
[1]. CunTE3MpOBaHHBIN 3THM METOJIOM IUIAH SKCIIEPUMEHTA MPEICTaBICH B Ta0I. 1.

Tab6muma 1
OnTuMalbHBII IVIaH IKCIEPUMEHTAa, CHHTe3NPOBAHHBI METOIOM,
OCHOBaHHBIM Ha koje I'pest (k =4)

O6o3Ha4yenue HaKToOpoB
Howmep onbiTa X Xo X X4
Hogrle 0003Ha"eHUS PaKTOPOB

X Xy X X3

1 -1 -1 —1 +1
2 +1 -1 -1 +1
3 +1 +1 -1 -1
4 -1 +1 -1 -1
5 -1 +1 +1 +1
6 +1 +1 +1 +1
7 +1 —1 +1 -1
8 -1 -1 +1 -1

CrouMoCTh peanu3alluy IJIaHa cocTaBiseT 862 ycia. el., B TO BpeMs Kak CTOMMOCTb IPOBEJICHHS
SKCIIEPUMEHTA TI0 UCXOJHOMY IiaHy — 2206 yci. €., a MoJyuYeHHOr0 METOJIOM aHaju3a MepecTaHoBOK — 998 yci.
en. Takum 00pazoM, TOCTHIHYT BBIMTPHINI IO CTOMMOCTH PeIN3aliy SKCIIEpUMenTa B 2,56 pa3a 10 CpaBHEHHIO C
HCXOJHBIM TUIAaHOM U B 1,16 pa3a 1o cpaBHEHHIO C IUIAHOM, MOJTYYEHHBIM METOJIOM aHaJM3a MepeCcCTaHOBOK.
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C HCmoNb30BaHUEM 3TOTO K€ MeToAa [3] ONTUMHU3MPOBAH IJIaH JJISl MCCIENOBAaHUS TEXHOJIOTUYECKOTO
Mpoliecca NpeccoBaHusl KOpIyca KaTepa U3 cTeKJomiacTuka. VIcXonHbIi MIaH ¥ CTOUMOCTHA M3MEHEHUN 3HA4YeHMI
ypoBHeil ¢dakTopoB mpuBeneHsl B pabore [1]. Ilopsmok mnpoBeneHHsT ONBITOB ONTHMH3MPOBAHHOIO ILIaHA
npezcrasiieH B Ta0u. 2. CTOMMOCTh peaM3aliy SKCIIEpUMEHTa 110 3TOMY IUIaHy cocTasisieT 171 yei. e, Torna xaxk
CTOMMOCTh IIPOBEJCHUSI DKCIIEPUMEHTa MO HCXOoAHOMY Iutany — 331, 5 yciu. en., a MOJydYeHHOMY IO METOIy
orpanndeHHoro nepedopa — 219, 5 ycn. ex.

Takum 00pa3oM, JOCTHTHYT BBIMTPHIN IO CTOMMOCTH peaIM3aluy 3KcrepuMmeHTa B 1,94 pasa mo
CPaBHEHHIO C MCXOIHBIM IUTAHOM U B 1,28 pa3a 1o cpaBHEHMIO C IUTAHOM, MOJIYYEHHBIM METOIOM OTPAaHHYCHHOTO
mepedopa.

[Ipu onTuMHU3aMK TPEINIOKEHHBIM METO0M [4] turaHa monHoro (akropHOro 3kcrepuMenTa (IIDD) mns
HCCIIEIOBAaHUS  (POTOIIEKTPHUECKOTO TpeoOpa3oBaTeNs YIJOBBIX MepeMemeHnid (k=3) TolydeH IUIaH,
IpeICTaBICHHBIN B Ta0I. 3.

Tabmwuma 2
OnTuMaibHBI IUIaAH IKCIIEPUMEHTA, CAHTE3NPOBAHHBIN METOI0M,
ocHOBaHHBIM Ha kone ['pes (k =5)
O6o03HaueHue HakTopoB
H X, X X; | xi=xx Xs =X\
OMep OITbITa
Hosrle 0603HaueHN PaKTOPOB

X X3 X4 X Xs

1 —1 -1 -1 +1 +1

2 +1 —1 —1 +1 —1

3 +1 +1 —1 —1 -1

4 —1 +1 -1 -1 +1

5 -1 +1 +1 +1 -1

6 +1 +1 +1 +1 +1

7 +1 —1 +1 —1 +1

8 -1 -1 +1 -1 —1
Tabmnuma 3

OnTHMaAJILHBIN IJIAH NOJHOT0 (aKTOPHOIO0 IKCIEPUMEHTA,
CHHTE3MPOBAHHBIN METOI0M, 0CHOBAHHBIM Ha Koje ['pes (k =3)

O6o03HaueHme paKTopoB
X, | X, | X;
Howmep omnbita
Hosbie 0003HaueHus (hakTOpoB
X1 X3 Xo
1 —1 —1 —1
2 +1 -1 —1
3 +1 +1 —1
4 -1 +1 -1
5 -1 +1 +1
6 +1 +1 +1
7 +1 -1 +1
8 —1 —1 +1

IIpm STOM HCXOIHBIH TIUIAH 3KCIEPUMEHTa W CTOMMOCTH W3MEHEHHHA 3HAa4eHHH YpOBHEH (axTopoB
npuBeneHsl B padore [1]. CTonMocTs peanu3aiy 3TOro IUlaHa SKCIEPUMEHTa, TakKe KaK W IUIaHa, MOJIYyYCHHOTO
METOIOM TOJIHOTO Tepedopa, coctariseT 22,2 yCil. elI., YTO MOATBEPKAACT PabOTOCIOCOOHOCTh U 3 (HEKTHBHOCTD
paspaboraHHOro merosa [4].

ITposepka paboTtocrocoOHOCTH ¥ 3GGEKTHBHOCTH MPEIIOKEHHOTO MeTofa [5] uis ONTHMU3aIMH
KOMITO3MIIMOHHOTO TUIaHa SKCIEPHMEHTa pPOTAaTabeNbHOr0 MEHTPAIBHOTO KOMITO3MIIMOHHOTO IUIAaHUPOBAHUS
(PLKII) ocymecTBisiack Ha NpPUMEPE HCCIEAOBAHUS IOIYNPOBOAHUKOBOrO TepMoperyisitopa [1]. Ilpu stom
WCXOJIHBIN TUIaH SKCIIEPUMEHTA ¥ CTOMMOCTH H3MECHEHUH YpOBHEH (haKTOPOB MPUBEACHBI B padote [1].

CuHTEe3MpOBaHHBIN ONTHMANBHBIH 10 cCTOMMOCTH peanm3anuy miaH sapa PLIKII npencrasien B Ta6m.4.
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Tabnwua 4
Onrumanbhblii nian sapa PUKII (k =4)
O6o03Ha4yeHue (HaKTopoB
X, X, | X; X,
Howmep onbiTa
HoBeie 0603HaueHNS GaKkTOPOB

X4 Xl X2 X3
1 —1 —1 —1 —1
2 +1 -1 -1 —1
3 +1 +1 —1 -1
4 -1 +1 —1 —1
5 -1 +1 +1 —1
6 +1 +1 +1 —1
7 +1 —1 +1 -1
8 —1 -1 +1 —1
9 -1 —1 +1 +1
10 +1 —1 +1 +1
11 +1 +1 +1 +1
12 —1 +1 +1 +1
13 —1 +1 -1 +1
14 +1 +1 -1 +1
15 +1 -1 -1 +1
16 —1 —1 -1 +1

Croumocth 3Toro mnaHa coctasiser 107 ycn. en. Onrummzanus miaHa aoctpoiiku [1PD go PIKIIL
OCYIIECTBIISIIACh KOMOMHMPOBAHHBIM METOJOM (KaIHBIA alrOpuTM — MMUTalMs oTxkura) (Tadiu. 5). CTouMocTh
€ro pealusanuu cocrasiser 86,4 yci. ef., a cyMMapHas CTOUMOCTb IpOBeeHHs dkcnepumenTta no miany PIKII
Oyzner paBHa 193,4 ycn. en. Crommocth peanm3anuu wiaHa PIKII, moxy4eHHOr0 METOOM CIy4YaifHOTO MOHMCKA —
247,8 yci. efi., a METOJIOM CEpPHUHBIX MocienoBarenbHocTell — 214,5 yen. en. Takum o0pa3om, ©UMeeM CIICIyIOIIUE
BBIMTPHIIIN 110 CTOMMOCTH pEaIHM3alliM IUIaHa: 110 CPaBHEHHIO C METOJOM CIydaiiHOro moucka B 1,28 pasa; mo
CPaBHEHMIO C METOJIOM CEpUMHBIX MocaenoBaTenbHocTel B 1,11 pasa.

Tabmuma 5
Inan gocrpoiiku 1P no PIIKII

O6o3HaueHne (aKTopoB

Howmep onbita X X, Y T
1 0 0 0 o
2 0 0 0 0
3 0 0 0 0
4 0 0 0 0
5 0 0 0 0
6 0 0 0 0
7 0 0 0 0
8 o 0 0 0
9 0 0 0 0
10 —0 0 0 0
11 0 0 o 0
12 0 o 0 0
13 0 0 —a, 0
14 0 —0 0 0
15 0 0 0 —a,

BriBoabI

1. OnTUMHU3MPOBaHBl  IUIAHBI  APOOHOTO M TOJHOTO  ()aKTOPHOTO  ODKCIIEPUMEHTOB, a  TaKxkKe
KOMITO3MIIMOHHBIN TIJIaH JIIsS UCCIIEI0BAHUS TEXHOJIOTMYECKHUX MPOIIECCOB M MPUOOPOB.

2. [lokazana pabOTOCIIOCOOHOCTh M A(PPEKTUBHOCTH METOJOB ONTHUMH3AIMH IIJIAHOB MHOTO(AKTOPHBIX
9KCIIEPHMEHTOB, OCHOBaHHBIX Ha MPUMEHEHNH Koxa ['pest.
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