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AHHoTanusi. B craTbe MpUBOAUTCS peIICHUE 33a4d MCCICAOBAHHS XapaKTEPUCTUK pecypcodrPdHEKTUBHOCTH MO 3aJaHHOMY BPEMEHHOMY
HMHTEpBaJy B BHUJE pELICHHs 3aJauyd ONTUMH3ALUM (C HCHOJB30BAHHEM METO/OB JHHAMHYECKOrO IIPOTPaMMHUPOBAHHS M METOJA
PEKKYPEHTHBIX ypaBHeHHi bemnMana. Bbul ocylecTBieH MHOrOLIATOBBIA MOKMCK pEIICHHS MO 3aJaHHOMY MEpPHOAY IUIaHHPOBAHHUS
MIPOM3BO/ICTBEHHOM [ESATENBHOCTH. [Ipy aHanM3e MOJMYyYEHHBIX pe3yJIbTaToOB YYTEHO, YTO BBHIMOJHEHHE IKCTPEMANIBHBIX M T'PAHUYHBIX
TpeOOBaHMH BBHITOJIHAIOCH Pa3HBIM 00pa3oM, YTO OOYCIIOBJICHO MHOTOBAPHATHBHOCTHIO YIIPABIEHUYECKUX pelIeHHid. beum paccMoTpeHs
0COOCHHOCTH ONTHMM3AIMOHHOW Mojeny. PemieHne MHOroOImaroBoil 3agadd CBOAMTCS K MOCIEIOBATEIBHOMY DELICHHIO HECKOJBKUX
OJTHOIIATOBBIX 33724 onTUMu3aluu. OyHKIUS n3MeHeHHH pecypcodh(HEeKTHBHOCTH B TEXHOJIOTHSIX OEPEXITMBOrO IPOU3BO/ICTBA ObLIa 3aJaHa
[0 TMEPUOAY IUIAHUPOBAaHUs VI3MEHEHUs B TEXHOJOTHUSAX O PacCMaTpUBAEMBIM (YHKIHSIM JEMOHCTPHPYIOT, KAKUM 00pa3oM MEHSETCS
pecypcodpheKTUBHOCTD € yueToM BpeMeHHU HaOmoaeHus. OTMedaeTcsi, 4To 00IbLIOe 3HAYCHHE JUIsl COKPALICHHS BCEX BHJIOB IIOTEPh UMEET
HAKOIUICHHE OIbITA SKCIEPTOB U YYAaCTHHKOB MPOM3BOACTBEHHOIO MPOLIECCa MPH pealii3alii HHHOBALMOHHBIX MMOX0/0B. BhIsBICHO, 4TO
OJTHMM M3 KJIFOUYEBBIX N1apaMETPOB B MHOTOKPUTEPHAIBHON CUCTEME SIBIISICTCSI cOXpaHeHue 2 (pdexkTHBHON pabOTHI B OJCUCTEME, CBSI3aHHOI C
MHTEJUICKTYAIIbHON MOJJICPIKKOI NpUHTHS perieHnid. OnpeielieHsl ONTHMalbHble 00beMBbI 3aTpar. VX oleHKa OCyLIECTBISIIACH C YYETOM
TOTO, YTO NPHU PEIICHUH 3334 ONTHMH3AMU HEOOXOAUMO YUUTHIBATh TAKUE KPUTEPHUHU, IIPH KOTOPHIX 3HAYECHUSI NPHHUMAIOT YKCTPEMYMBI.
Ilpu momyuieHMH YCHENIHOTO PEIICHHs MOCTABICHHOW ONTHMHU3ALMOHHON 3aJa4d M aHajdu3€ IOJIyYCHHBIX PE3yJbTaTOB MPH Pa3OHEHHH
MHOTI'OIIIAr0BOr0 PEIICHKSI Ha TPH OJJHOILIArOBBIX, HOIYYMIN S-00pa3Hble (YHKIMK NP 3HAUCHUU QyHKIUH, paBHOM 6,8%
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Abstract. The article provides a solution to the problem of studying the characteristics of resource efficiency for a given time interval in the
form of solving an optimization problem (using dynamic programming methods and the method of recurrent Bellman equations. A multistep
search for a solution was carried out for a given period of planning production activities. Boundary requirements were met in different ways
due to the multivariate management decisions. The features of the optimization model were considered. The solution of the multistep problem
is reduced to the sequential solution of several one-step optimization problems. The function of changes in resource efficiency in lean
manufacturing technologies was set for the planning period. Changes in technologies for the capability involved demonstrate how resource
efficiency changes with the observation time. It is noted thaqt the experience accumulation of experts and participants in the production process
in the implementation of innovative approaches is of great importance for reducing all types of losses. It was revealed that one of the crucial
parameters in a multi-criteria system is the preservation of efficient operation in the subsystem associated with intelligent decision support.
The optimal amounts of costs have been determined. Their assessment was carried out to allow for the fact that when solving optimization
problems, it is necessary to take into account such criteria for which the values take extrema. Assuming a successful solution of the optimization
problem posed and analyzing the results obtained when dividing the multistep decision into three one-step ones, we received S-shaped functions
with a function value equal to 6.8%
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IIpesunente PO no crparern4eckoMy pa3BUTHIO
U HalMOHAJbHBIM IPOEKTaM IPOTOKOJIOM OT
24.12.2018 Ne 16 [1]. TIpuMeHeHME TEXHOIOTHIA 1
MHCTPYMEHTOB OEpEKINBOrO MPOU3BOACTBA o0ec-
MEYNBAECT SKOHOMHMYECKHMI pocT npennpustus. [lo-
CTaHOBKA 33/1a4Ml HCCIIEAOBAHUS XapaKTEPHUCTHK
pecypcodpHeKTUBHOCTH TIO 33]]AHHOMY BPEMEHHOMY
MHTEpBaIy B BUJE PEIICHUS 3a]]a4d ONTHUMHU3ALUN
(c wucnonbp30BaHMEM METOJOB JAWHAMUYECKOTO

BBenenune

B coBpeMEeHHBIX 3KOHOMHUYECKUX YCIOBHAX
pelieHus1, HarlpaBJieHHbIE Ha TIOJTHYF0 MUHUMHU3AIIAIO
M3/IepIKeK, MPUOOPETAIOT IMMPOKOE PACIIPOCTPAHEHNE
BO MHOTHX OTpPAaCJIAX HapOJHOTO XO3HCTBA U 3asB-
JIEHbl TIPUOPUTETOM TIIOJIMTHKH B paMKax HaIho-
HaJIbHOTO TIpoeKTa «[Ipon3BOIUTENBHOCTD TPy Aay,
yTBepXkAeHHOro mnpesuguymom CoBera mpH
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MPOrpaMMHUPOBAHHUSI W METO/a PEKKYpPEHTHBIX
ypaBHeHUIT bennMana), MO3BOJSET ONPEACTUTH
3aKOHOMEPHOCTH, IEMOHCTPHPYIOLINE KITIOUYEBBIE
XapaKTePUCTUKH MOJEJeH MPOTHO30B C YYE€TOM
Pa3HBIX BAPUAHTOB TIAHMPOBAHKS ¥ TIPY IPUMEHEHHI
Pa3IMYHBIX TEXHOJOTHH CHIDKEHHS 3aTpaT Ha BCEX
dTanax Mnpou3BoACcTBa. MarepHalibl 1 METOIbI.

B uccienoBaHuy UCIONBE30BATUCH METOJIBI,
OTHpAaIOIINecs Ha KOHIEMINIO TEOPHI ONTHMAaITb-
HOro ympaBieHus. VCmonb30BalUCh IMOAXOIBI,
MpUMEHsIeMble B (YHKIIMOHAILHOM aHaIHW3e U
Npy pelieHun nTudepeHInanbHbIX YpaBHEHHN U
HaXOK/ICHUSI YaCTHBIX MPOU3BOIHBIX. KpoMme Toro,
TPUMEHSIIICS METO/T ISKOMITO3HIIMHN O0IIIeH 3a1auu Ha
HECKOJIbKO 0OJIee MENKHX 3a7ad, YTo 00YCIIaBINBAIIO
HE0OXOIMMOCTh Pa30MEHHsI MHOTOIIArOBOM ONTUMU-
3alIMOHHOM 337a4K HA HECKOJIBKO O/THOILIArOBBIX.

PesyabTarbl

CTpykTypa pa3paboTaHHBIX B JJAHHOM HCCIIe-
JIOBaHWH MOJIENIeH B COBOKYITHOCTH C JITOPUTMAMHU
pEIICHNs ONTUMU3ALMOHHBIX 33/1a4 ONPEICNISIOTCS
BUJOM IONYYECHHBIX (YyHKIMH. ABTOpaMu ObLI
OCYIIIECTBIICH MHOTOIIATOBBIA TOUCK PEUICHUS
MO 3aJaHHOMY IIEPUOJY TUTAHMPOBAHHS TPOU3BO/I-
CTBEHHOM JesiTebHOCTH. [Ipy aHaM3e MoTydYeHHBIX
pE3yJIbTaTOB yYTEHO, YTO BBHINOJHEHHE IKCTpe-
MAaJIbHBIX U TPAHUYHBIX TPEOOBAHUIA BRITTOIHSIOCH
pasHBIM 00pa3oM, 4TO 00YCIIOBJICHO MHOTOBapHa-
TUBHOCTBIO yIIpaBIIEHUECKUX perreHuin. OTHUM 13
MIEPCIIEKTUBHBIX TOJIXOJIOB SIBIISICTCS MCIIOJIb30BAHUE
MeTo/Ia SKCIIEPTHBIX oreHoK [10-20].

TpeOyembie BapraHThI BEIOMPAIOTCS C YYETOM
UX PAaH)XHUPOBAHUS OTHOCUTENIBHO MX 3HAYUMOCTH.
Bornbiioe 3HaueHue Uil COKpAILICHHUsT BCEX BUJIOB
MOTEph MMEET HAKOIUIGHUE OIbITa JKCIEPTOB U
YYaCTHUKOB MPOM3BOJICTBEHHOTO Ipoliecca Mpu
peanu3anuyd MHHOBAIMOHHBIX MOJAXOMO0B. Takum
00pa3oM, OTHUM U3 KIIIOYEBBIX TIaPaMETPOB B yKa-
3aHHOM MHOTOKPUTEPHAJIBHOM CHUCTEME SIBISIETCS
coxpanenue 3G PpekTUBHON pabOThI B MOJICUCTEME,
CBSI3aHHOM € MHTEJUIEKTYaJIbHOM TOAAEPHKKOM
OpUHATHS perieHnit [8].

Ontumuzanuioo B pa3paboTaHHOH MOJENH
CIIEAyeT BECTH OTHOCHUTEJILHO pachpeaercHui
JIOTIOJIHUTEINIBHBIX 3aTpaT, KOTOPBIE BBITCKAIOT U3
obecrieyeHns1 YCIoBUil pocta pecypco-3PQeKTHBHO-
ctu peanpusTHst. OHIM U3 CTIOCO00B OTIPEICIICHHS
ONTUMAJILHOTO BapuaHTa B YNPaBICHUYECKUX
PELICHUSAX MOXET CIYXUTh €ro BepU(pHKAIUs
Ha OCHOBE CPaBHCHHUS PEHTHHra KOMIIAHUH CPEIH
JPYTHX aHAJTOTUYHBIX [4].

Kak u3BecTHO, J1100YyI0 ONTHUMHU32-IIUOHHYIO
3aJlaqy MOYKHO OTHCATh ypaBHeHHeM bemnmana, T. e.
b depeHIMATEHIM YPaBHEHHEM B YaCTHBIX TIPO-
W3BOJIHBIX C HEKOTOPHIMH HAYAITbHBIMU YCIIOBHSIMH,
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KOTOPBIE ONPENEIISIOTCS IS TOCIIETHETO MOMEHTA
BpeMeHH. [Ipu 3ToM peliieHre MHOTOIIAroBOM 3a/1auu
CBOIUTCA K IOC/ICOBATEIEHOMY PELICHHIO HECKOJIb-
KUX OJTHOIIArOBBIX 33134 ONTHMH3ALUH [5].

Jns Hamero cimydas OpPEANOIOXKHM, YTO
GyHKUIUS UW3MEHEHUH pecypcoddPeKTUBHOCTH
B TEXHOJIOTHSIX OEpEKIIMBOrO MPOU3BOACTBA 33/1aHA
[0 TepHoAy IulaHMpoBaHuUs. Torma B ykazaHHOM
BBIpQXXCHUN UMEEM YPaBHEHUSI:

— B BUJI€ 3aBUCHMOCTH pOCTa pecypcodddex-
THUBHOCTH TEXHOJIOT U O€pEeXIMBOTO IIPOU3BOACTBA
OT pocTa 3arpaT IO BPEMEHHBIM HWHTEpBajaM
7=1LA;

— B BUJIE I1OCTIEIOBATENIbHBIM 00pa30oM ompe-
JIeNAeMbIX 3Ha4eHHH pecypcod(-(peKTHBHOCTH
TEXHOJIOTUI OepeKIIMBOrO MPOU3BOJCTBA, KOTOpHIE
CBSI3aHBI C BpEMEHHBIMH MHTEPBaJIaMH.

C mnpuBieueHHEM MOJEIH CIEAYIOMETO
Buga (1):

H= f(Xl,XZ,t) 1)
MOEM OCYIIECTBHUThH IIPOTHO3 pOCTa pecypcodd-
(eKTUBHOCTH TIPH TPUMEHEHHH TEXHOJIOTHI
OepeXIIMBOro NMPOU3BOJCTBA C YYETOM 3HAYEHUS
MHTEpBaja MIaHUPOBAHUS

T+7,7 =1,_A .
[Mpumem cnegyromue o6o3HaueHus B (1):
X, — IOKa3aTeJH, CBI3aHHbIC C U3MEHEHUSIMU pac-
XOJIOB MIPEINPHUATHS, X,— IOKa3aTelu, CBSI3aHHbIE
¢ pacxomamu OyAyIIMX NEPUOIOB (T. €. 3aTpPaThl,
MOHECCHHBIE OpraHM3alieldl B MPEe/IIeCTBYIOINEM
WIN HACTOSIIEM IEPHOJE, HO KOTOpbIE BIHSIOT
Ha JIOXO/bI B OyIyIiem).
WX 3HaueHHs UMEIOT CIIeIYIONUE OTPaHK-
yenusa: 0<x2< X, r=1,_A.
Torma no mro6omy u3 3HaYeHUH 7 M X,
C ydeToM orpaHMyeHui, a Takxke wmomenu (1)
BeeTCs pacyeT GyHKUUH
f(x,,t), V=LA (2

W3menenns B TEXHONOTHAX (C TPHIMEHEHHEM
OepeXIIMBOr0 TPOU3BOACTBA) MO (QYHKIUSIM (2)
BHYTPH NEPUOOB IUIAHUPOBAHHUS IEMOHCTPUPYIOT,
KakuM 00pazoM MeHsieTcs: pecypcodheKTHBHOCTD

C y4eToM BpeMeHH HabmoneHus 7 =1 A.
3ajaM OrpaHUueHHs 110 00beMaM PacXo/IoB:

ZA;XZT <X 3

Beemem  dyukimio  f2(X,,) 3aBucsuryro
OT M3MEHEHWH B 3HAUEHWAX X, TPH OTpaHHYe-

Husax 0<x, <X.
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Toraa a1 OTHOCUTENBHBIX 3HAUEHUH Tepe-
MEHHBIX X2, HMeeM:

x27::35j5321-1009@ @)
2~ 11

roe f(A) — pecypcondhekTHBHOCTD TEXHOIOTHHA

-100%, (5)

OepexIMBOro IMpPOU3BOJCTBA, KOTOPYIO MHMOIYUMT
KOMIaHMs TpU BKIIOYEHHUH A -TO BPEMEHHOI0
MHTEpBaa.

Jis onTHUManpHOrO oO0beMa MO 3aTpaTam
MIPH OTPAHUYCHHSIX

0<%, <X, 7=1A (6)

nepeMeHHble (4) OynyT LEIOYHCIEHHBIMH, TMPO-
THO3 U3MEHEeHM B (hyHKIHA (5) OCYIIEeCTBIACTCS
NPY OTpaHUYCHUU
0< f2(r)<F. (M
[IpencraBnennas ¢yHKus OyAeT HMETh
BUJI cIuTaiiHa S-00pa3Hoil hopmbl (pucyHOK 1).

2(1) %
f(4)
0 I B
X %
Pucynok 1. S-oOpasHas ¢QyHKIMS  HM3MEHECHUS

pecypcodpPpeKTHBHOCTH C MIPUMEHEHHEM TEXHOJIOTUH
OepeXITMBOTO TIPOU3BOACTBA, %0

Figure 1. S-shaped function of change in resource
efficiency with the use of lean manufacturing
technologies, %

PecypcoaddekTHBHOCTE TEXHONOTHI Oepesk-
JIMBOTO MPOU3BOJCTBA PACCMATPUBACTCS C TOUYKH
3pEHMSI TOTO, YTO BEITIONHSIOTCS ycnoBus (6) u (7).
OmpenenuM ONTHMAaNbHBEIE 00BEMBI 3arpaT. Ux
OLICHKY MOKHO OCYIIECTBUTH Pa3HBIMH CIOCO-
Oamu [6]. Bysem y4uThIBaTh, 4TO JUIS PELICHUS
JIAHHOM 3aJ1a4¥ ONTHUMH3AIWH JUISl TOXOJIOB JIOJDKEH
HabmofaThea mpoliecc pocta. Torma 3HadeHue
¢byHKIMU A71s1 TF000T0 M3 pacCUUTHIBAEMBIX MHTEP-
BaJIOB BPEMEHH JIOJDKHO CTPEMHUTHCS K MAKCUMYMY':

(8)

A
f(x,.) = max
Z (21) Xz,,T:ﬂ
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OTO JOCTHraeTcsi NMpH pPELIeHUH 3aJadyd
cenapabenpHOr0 MPOTPaMMHPOBAHUSA C  yUETOM
3HAuYeHUs] (QYHKUUH (2), BBIIOJHEHUS YCIOBUS
orpaHudeHust X2, > 0 ¥ yCIOBUS ONTUMAIBLHOCTH.

OO6cy:xnenne

C yueroM [OIyIIEHUs, YTO IIOCTABIEHHAs
ONTUMM3ALUOHHAS 3a/la4ya YCIIELIHO pPeIlaeTcs W,
aHaNM3Upys TpH mara (Ipy HayaJlbHOM YCIIOBUH
NpPEACTaBICHUs] MHOTOLIATOBOM 3aJauyd B BHIE
HECKOJTBKUX OJIHOIIATOBBIX), HaiifieM 3 3HaueHus: X2,_,

KOTOpBIE COOTBETCTBYIOT OIPENENICHHOMY HHTEp-
Bary. MBI nipuzieM K S—00pa3HeIM (YHKIISIM, €CITH
Oyner coenan Beioop X =5,8%, f(A)=6,8%. Hixe
TMOKa3aH Mepexo/l K ONTUMU3AIMOHHON MOJICIH:
f(x2,)+ f(x2,,)+ f(x2,)—> max

X221,X293 X253
X2, +X2,, +X2,, =6
X2,1,X2,,,X2,,=0,1,2,3,4,5,6.

BpemenHsle MHTEpBabl MOCHEI0BATENBHBIM
00pa3oM clenyloT ApyT 3a ApyroM. s xaxxaoro
W3 HUX OyIeT cooTBeTCTByIOmee cocrtosiHue J,

aHaIM3UpyeMol cuctemsl [3].

IIporiecc nomydeHus: ONTUMATBHOTO PELLIEHUS
MOYKHO YBHUIETh IIPH aHAJIN3€ PE3yJIbTaTOB B Ipe-
CTaBJIEHHOI Taomie 1.

[TepBoe 3HaueHHe X2, = 0 HaMH aHAIU3H-
poBaioch Kak ontuManbHoe. [Ipu aTom B cucteme
cocrostiue 0= 12 GymeT HCKOMBIM.

Pabota sKcnepToB 3aKiII04acTCs B pealii3aliy
mporiecca BEI00pa ONTHMATBHOTO PEICHHUS B PaM-
Kax MHOXKECTBa BO3MOKHBIX. Ha mpakTuke kaxnas
MIOCJIEI0BATENBLHOCTH 110 BapuaHTaM OyneT 0003Ha-
YaThCsl, COOTBETCTBEHHO, KAXIbIM W3 3KCIEPTOB
OT Xy/ALIMX BAPHAHTOB K JIyUIINM.

Tabnaumna 1.
[TomrydeHnue onTUMAaTBFHOTO PEIICHHS
Table 1.
Getting the optimal solution
1 mar di 0|7 8 |9/10| 11 | 12
Istep | x2a(d) | 0 [7] 8 [9[10] 11 | 12
2 mar di 0 (7] 8 (9|10 11 | 12
2 step X22i(di) 0|7 8 |9/10| 11 | 12
3 mrar di 0|7 8 |9/10| 11 12
3 step x22i(di) 0 (0;1] 0;1 (0] O | 0;1 | 01
3akaoueHue

[lpn BHEIpEeHWH TMOAXOAOB OEPEKIUBOIO
MPOU3BOJICTBA BO3MOXKHO HE TOJNBKO BBICTPAWBAHUC
Bcel cuctembl npemmnpustis Ha LEAN-ipuHInmax
(4ro TpeOyeT 3HAYMTEIBHBIX PECYPCHBIX U Bpe-
MEHHBIX 3aTpaT), HO M peaju3alud OTACIbHBIX
TexHonoruit. [ToaToMy peliieHne 3a/1a4 ONTHMH3AIIH
MOYET OKa3aTh CYIICCTBEHHOE BIUSHUE HE TOJBKO



Preobrazhenskij A.P. et al. Proceedings of VSUET, 2021, vol. 83, no. 4, pp. 321-325

Ha CHIDKEHUE 3aTPaT U POCT AOXO0B, HO U IOBKI-
meHne pecypcodhHEKTUBHOCTH B IIETIOM.

Taxum 00pazoM, MPUBE/ICHHAS B UCCIICIOBAHUH
BBIOOPKa ONTHUMATBHOTO PEIICHHS B PAMKaX MHOXe-
CTBa BO3MOXKHBIX, MOXET CIYKHTh 3(P(HEKTHBHBIM
METOJAOM pCIICHUA 3aJa4 ONTUMU3ALUXA MHOT O11Ia-
TOBBIX TIPOIIECCOB, I/I€ KPUTEPUH ONTUMATBHOCTH

post@uestnik-vsuet.ru

npeacTaBieHbl (QyHKUNEH KpUTEpUEeB ONTHMAallb-
HOCTHU OTJENbHBIX CTaIuil.
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