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B oannoii pabome npednodcennsie Memodbl ONMUMUIAYUN RO CMOUMOCTKBLM (EPEMENNBLM) 3ampamam
NAGHOS MAKUX MEO2OMAKMOPHBIX 3KCNEPUMENMOES, XaK OpoOublli 4 noaneiti haxmopHsie IKCnEpUMEHmbL,
KOMNOIUYUOHNMIE NAGHbE NPUMEHRIUCH OAR UCCIEOOEAHUR MEXHOAOZUNECKUX Npoyeccos u npubopos. Ilpu smom
HCCAeO0BANUCH MEXHONOZUNECKUE NPOYECCH RPECccOSaHUs KOpnyca Xamepa u3 cmexioniacmuxka u aumes nod
dagrenuem na mepmoniacmoasmomamax, Gomosnekmpuveckuti npeobpaloeames YeAOSNX nepeMewjenun u
noaynposooHuKoeslk mepmopezyasmop. Hoxasana pabomocnocobrocmb U IPGHeXMUSHOCMb NPLOTONCEHHBIX
MEMOO08 ONMUMUIAYUU RAAKOSE MHOZOPAKMOPHBIX IKCNEPUMERMOE,
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[MoaTasncha ACPAARHY SrPAPHA AKARCMIS

3ACTOCYBAHHSI METOJIB ONNTHMIBALII, 3ACHOBAHHX HA KOJUI I'PESI,
JUISA JOCIIUKEHHA TEXHOJOITYHHX MPOIECIB I TPHJIALIB

V daniit pobomi sanpononosani memodu onmumizayii 3a sapmichumu (YACOGUMU) BumMPAMAMU NAANIE
maxux 6azamopaxmopHux eXCnepUMenmis, AK OpibHul | NOGHUN (haKmopHi EXCNEPUMEHMU, KOMROIUYIUHI NAGHU
3ACMOCOBYSAIUCR  OR  QOCHIONCEHHR mexHotozinnux  npoyecie | npuiadie. [lpu ysomy Odocaidxcysarucs
MexHONO2iNKI  Mpoyecu  npecyeamMs  Kopmycy Kamepa i3 cxioniacmuxa, umms  nid  muckom  Ha
MepMONIACMOGEMOMAMAX, (HOMOEACKMPULHUL NEPEMBOPIOSAY  KYMOBUX NEpeMiuens | Hanisnposionuxosui
mepsopezyasmop. [oxazana npayesdamuicms ma eexmusHicmp 3anPpONOHOSAHUX Memodis onmuwwisayii nianis
BazamoghaxmopHux excnepumeHmis.
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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
Jfractional 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 cade, 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-

P 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.

Tlocranoska npobneMn

B HacTosIee BPEMS LWIMPOKO UCIONBIYIOTCH MCETOABI IUTAHHPOBAHUS 3KCIIEPHMCHTOB 1IPH TIPOBE/ICHUH
HeenenoBaHuid  pasaMuHbiX 06bexTOB, [INAHMpPOBAHME SKCHEPUMEHTa IO3BOMSET PEWHTh 3aflavy TMOTYYCHHS
MATEMATHHMECKOH Monend O€BEKTa NpH MUHUMAIBHBIX CTOMMOCTHBIX M BPeMEHHbIX 3arparax. [lpuuem Ha
CTOMMOCTH PEUIHIALMH DKCTIEPUMEHTA CYNIECTBEHHOE BIMAHME OKA3BIBACT MOPANOK YEPENOBAHUA ONBITOR B
paspaboranHoM mnane. Taxum o6pa3’oM, BOZHHKAET 3871a4a ONTHMH3ALMH [UIAHOB SKCIIEPUMEHTA 110 CTOMMOCTHRIM
(chMeHl!LIM) 3aTparaM Ha ero IpOBCACHHUC. Dra janava ocobeHHo AKTYyaJILHA IIPH HCCONCJOBAHHH JUIHTC/IBHBIX H
JOPOroCTOALIMX NMPOLECCOB,

ARAJIH3I NOCTCANNX HCCTCAOBARKN W myOmmcanwii

PMP&GOTBHN CHACOYIOMEC MCTOAB! OITHMH3ALUMHN [10 CTOMMOCTHBIM (BpeMeHHHM) jarpataM IUTaHOB
MHorodakTopHeX akcnepuMenTos [1, 2]: orpannacHHbIl nepebop, caydalHbli IOHCK, METON BETBEH M rpaHML,
KATHBIH ATTOPUTM, MMUTAIKS OTKUIA, NEHCTHYECKUE UITOPHTMEL, CHMILICKC-METOM, aNroputM Gmixaiimero
coce1a, Taby-noueK, METOJI BIOXEHHEIX pa3buennii, pos vacTiil, MypasbHibId anropurm. B pabore [2] npusencH
cpasHuTENbHLIA  ananus atux meronoB. B [1] nokaszawa addexrmsrocTh  pazpaboTaHHBIX  METOAOB NpH
MCCNIEJIOBAHHA PAia Pas/IMYHEIX TEXHONOTHYECKHUX TIPOLECCOB, NpuOOpoR M cueteM, ORAKO MM MPHCYIIH Takne
HEJIOCTATKH Kak HU3Koe OwicTpoJcHCTBHE, He BCErna HAXOAWTCA onTuManbHoe pemeHde. Iloatomy Owumn
pa3paboTaHkl METOMBI ONITHMHAAIMH MIAHOR MHOTO(AKTOPHEIX HKCTIEPUMEHTOR, OCHOBAHHBIE HA TPHMEHEHHH KOJIa
I'pes [3-5].

Llenn wecaenoBanug

Lleas paborsr — noka3aTh Ha PAAC PEATBHBIX NPUMEPOB S(GGHEKTHRHOCTE METONOB ONTHMM3AUMH 10O
CTOMMOCTHEIM (BPCMCH‘HNM) JaTparaM IUIaHOB MHOX‘OQ)&KTOPHL!X IKCINCPUMEHTOB, OCHOBAHHAIX HAa NMPUMEHCHHH
kona I'pes.

Haji0xkeHHe OCHOBHOI'O MATEPHANA HCCACKOBAHNN

I[Tporepky paborocnocobnocTi ¥ 3 (HeKTHBHOCTH NPELIOKEHHOTO METOMIA CHHTE3a ONTHMANBLHEIX TJIaHOB
NpoBHOro GakTOpHOTO KCHEPUMEHTA, OCHOBAHHOIO Ha koxe I'pes [3], ocywecTBAIIN HA IPUMEPE UCCIIEROBAHHS
TEXHOIOIHYECKOrO MPONECCA TUThs NOJ JABNCHUEM Ha TepMoriactoasTomarax [1, 6], TIpn 5T0M HCXOAHLIA rU1aH
HKCIIEPHMCHTA ¢ KOJIMYECTBOM (HaKTOPOB k=4 N CTOMMOCTH M3MCHCHMH 3HAUCHNH MX YPOBHEH NpuBeaeHsl B paboTe
[1]. CHHTE3HpOBAHHBIH STHM METOJIOM TUIAH AKCTICPUMEHTA TpeJICTaRNEH B Tabu. 1.

Ta6muua |
OnruMAJIBHLIH IVIAH JKCIEPHMEHTA, CHHTEINPOBAHHLIH METOIOM,
OCHOBAHHBLIM Ha koje I'pes (k =4)

O6oanayenne haxTopon
Homep onsrra X X X3 Xa
Hoegie 0603naucHus hakropor

X\ X4 Xo X3

| =] -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
7 +1 =1 +1 -1
8 ~1 -] +1 ~1

CTOMMOCTh peanHsalMu miaHa cocrasaser 862 ycn en, B TO BpPEMS KaKk CTOMMOCTh IPOBEACHHS
IKCMEPUMEHTA 1O UCXOUHOMY IUIaHy — 2206 yei. efl.,, a8 IONYHEHHOT0 METOIOM aHATHM3a [EPECTAHOBOK — 998 yeir.
en. Taknm 06pa3oM, NOCTHIHYT BLIUIPHILL II0 CTOMMOCTH PCANM3ALMH KCIIEPUMENTa B 2,56 pasa 110 CpaBHEHHIO ¢
HCXOJHEIM TUIAHOM M B 1,16 pasa 110 CPABHEHRIO ¢ IUIAHOM, NOTYHCHHBIM METOLOM AHANK3A NIEPECTAHOBOK.

242



BICHHK XHTY Me3(66), TOM 2, 2018 p. THXEHEPHT HAYKH

C HCIOMb30OBAHHEM 3TOTO ke METola [3] OITHMM3IMPOBAH IUIAH A% HCCICAOBAHME TCXHONOTHYCCKOTO
MPOLECCa NPECCOBAIMA KOPIyca KaTepa w3 crexaonnactrka. MexoMnsiif nuaH ¥ CTOMMOCTH M3MEHCHHH 3HAYCHHH
yposHeit ¢daxTopor npusencHsl B pabore [1]. ITopSa0k TNpoBENCHHS OIKITOR ONTHMM3MPOBAHHOIO [UIAHA
upeacrassies B 1abn. 2. CTOMMOCTS PeaTnIaliiH IKCIEPHMERTA 110 3TOMY TUIany coctasiser 171 yea. en, Torna kax
CTOMMOCThL NPOBEEHHS JKCICPHMEHTA TI0 HCXODHOMY MnaHy - 331, 5 yei. e, a NOodyqeHHOMY M0 MEeToay
orpatiyenHoro nepebopa — 219, 5 yen. en,

Takum 00pasoM, NOCTHTHYT BRIMIPHIL MO CTOMMOCTH pEaTHIauHH akcrniepumenta s 1,94 pasa no
CPaBHEHHIO ¢ HCXOAHBIM Mianom H B 1,28 pasa no CpaBHEHHIO C IUIAHOM, NOJYHEHHLIM METOOM OIPAHHYCHHOTO
nepebopa.

[Mpu orrrHMM3aIMH MPeNIoKeHHLIM MeToioM [4] naana nonworo daxroproro axkcnepwmenta (TIDD) ans
WecneoBanus  GOTOINCKTPHUECKOr0 npeobpasosaTe/ls  YIIOBRIX nepeMclicHu#  (x=3) mnonmyden 1w,
npejcTasneHHnil B vabm. 3.

Tabmuua 2
OnTHMATERBIR TUIAR JKCTIEPAMENRTA, CHHTEIHPOBARHEIH METOTOM,
ocHOBRHHLIM BA Koje I'pea (k =5)
O603nadeHHe GakTopor
Vi ki Xi | X | X; | %=x | X=xiX
Hoseie 0bo3nadesus paxropos
X, X3 X X2 Xs
1 =1 -1 =1 +1 |
2 +1 -1 -1 +1 -1
3 +1 +1 =] =1 =1
4 -1 +1 -1 -1 +1
S -1 +1 +1 +1 -1
6 +1 +1 +1 +1 +1
7 +1 -1 +1 -1 +1
8 -1 =1 +1 = =1
Tabnwuua 3
OnTHMANLALIA IR NOAROT0 GAKTOPHOIO IKCIIEPHMENTA,
CHHTEIHPOBAHHBIH METOA0M, OCHOBAHHLIM Ha Koe [pes (k =3)
O6o3naucHne HakTopos
Homep onbira Xi l a l Xs
Hoexrie o603navenna GakTopon

X, Xi X

| ~1 -1 -1

2 +1 =1 =1

3 +1 +1 -1

4 -1 +1 =1

5 =1 +1 +1

(1 +1 +1 +1

7 +1 =1 +1

8 -1 = +1

[Tpr 3TOM MCXOAHMWIH NMIaH 3KCNEPHMEHTA M CTOMMOCTH H3MEHEHHWIt 3uadeHuil ypoeweid Qaxropos
npusejenn B pabore [1]. CrouMocTs peamisamiy 31010 MUIaHA IKCNEPHMENTA, TAKKC KAK H [UIAHA, TIOTYYEeHHOTO
MCTOOM MONHOrO repebopa, coctasmser 22,2 yeiu. en., 9To nojreepxiaer paborocnocobrocts 1 3PHEKTHBHOCTL
paspaboraxnoro meroaa [4].

lMposepxa paBorocnocobHocTi W IDPEKTHRHOCTH NpenokeHHOro Meroaa [5] ans onTHMHIAUMH
KOMTIO3MIIHOHHOTO TUIAHA IKCIEPAMCHTA POTATAGC/IBHOI0 UCHTPAILHOIO KOMMOZHUHOHHOTO [UIGHMPOBAHKA
(PLIKIT) ocywmecTmisiack Ha NMpHUMEpEe HCCIAEJOBAHWS NOMYNPOBOAHWKOBOTO Tepmoperynstopa [1]. Tlpr atom
HCXOHBIA TUIaH IKCIePHMEHTa H CTOMMOCTH HIMEHCHHA YpoRHeH $akTopor npuBeaens! B pabore [1].

CHHTEINPOBAHHAIA ONTHMANBHBIA [10 CTOMMOCTH peanniaimn niaun upa PIIKIT upexcrasney 8 tabnd.
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Tabmsua 4
OnteMaasusiit niaan sapa PIKTI (k =4)
0Ob6o3naycHue haKTopos
X, L X | X3 | Xa
EiMgponsite Hosuie o6o3ravenns Gaxropor

Xa Xl XZ XJ
1 =1 =1 =1 -1
2 +1 -1 ~1 ~1
3 +l +1 -1 =]
4 - | *1 =1 - |
5 =l +1 +1 - |
6 +1 +1 +1 =1
7 +1 =1 +1 =1
8 =1 -1 +1 |
9 =1 = | +1] +1
10 +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

Croumocts 310r0 Tana cocrasnger 107 yen. en. Onmummzamms nnana noctpoixu O3 zo PLIKIT
OCYIIECTRIAMACh KOMOHHHPOBAHHEIM METONOM (KAIHRIT ANTOPHTM — WMHTAIHR oTxuTa) (Tabn. 5). CToumocTs
ero peanuiaunu cocrasnset 86,4 yen. en., a cymMMmapras CTOMMOCTE NMPOBECHHA 3KcnepumMenTa no rany PLKT
Gyacr pasna 193,4 yen. ex. Croumocts peanmmsanun maasa PIKTI, noxydcHHOrO METOIOM CITyHaifHOIO MOHCKA —
2478 yei1. ell., 8 METONOM CepHHHEIX mocnenoparensHocTel — 214,5 yen. e, TakuM ofpatoM, uMmeeMm caeayonme
BRIHIPHIIIM MO CTOMMOCTH PCUTH3ALHH MNEHA! N0 CPaBHEHMIO ¢ MCTONOM CIydanHOro mowcka B 1,28 pasa; mo
CPABHEHMIO € METONOM CEPHIREIX MocaetoBaTensrocTedi 8 1,11 paza.

Tabnuua 5
[Lnan pocrpoitkn MM no PIKI
OB6o3raucHue hakropos

Homep onuita T T, Y A
] 0 0 0 a
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 a 0 0 0
9 0 0 0 0
10 — 0 0 0
11 0 0 a 0
12 0 o 0 0
13 0 0 —0 0
14 0 -~ 0 0
15 0 0 0 -~

Bhigoant

1. ONTHMHINPOBaHEL  TUIaHK  APOOHOTO H  NOJHOTO  (GAKTOPHOrO  IKCTIEPHMEHTOB, a TaKwe
KOMMOZNUMOKHBIN MIAR 1K HECIEZA0BAHKA TEXHONOTHYECKHX NpoNeccos u npubopos.

2. Jlokazana paborocnocofrocTs # 3DPEKTHBHOCTE METON0B ONTHMH3ALHH TUIAHOB MHOroakTOpHBIX
IKCNECPHMEHTOB, OCHOBAHHBIX Ha IPHMCHCHHH Kofa [pes.
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