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MHCbOpMaTMKa N BblYNCIINTEeINbHaA TeXHUKa

YOK 004.4 DOI: 10.14529/ctcr210201

noaxon K ®OPMUPOBAHUIO BUPTYAITbHOU
METACTPYKTYPbI LU®GPOBOIO MPOEKTHOMO OBONHUKA
KOPMOPATUBHOU UH®OPMALIMOHHON CUCTEMbI
MALUMHOCTPOUTENBLHOIO NPEONPUATUA

A.l0. CanoxHukos’, A.A. Ky3neuoe', A.C. Maspuna’, I'.I". Kynukoe?

" Yepumckuii 20cydapcmeeHHbIl aguauuoHHbILU mexHuYecKull yHusepcumem, 2. Yepa, Poccus,
2 AO «Yepumckoe HayuHo-npoussodcmeeHHoe npednpusmue «MonHusy», 2. Yeha, Poccus

B Hacrosiiee BpeMst (hOpMHUPYETCsT METOJOIOTHS CUCTEMHON MHXKEHEPUH, MPOILYKTOM KOTOPOH
SIBJIICTCS, KaK MPAaBWIIO, CO3AaHNE MH(OPMAIMOHHBIX MOJENECH pealbHBIX 0OBEKTOB, JOMOIHEHHBIX
BUPTYaJIbHBIMHA COCTABIIOIINMH, U HA00OPOT, BUPTYAJIbHBIX OOBEKTOB, NOIOJHEHHBIX PEabHBIMHU
cocTapisironuMu. Hanpumep, nHdopmMannonHas MoJelb TEXHOJIOTHIECKOro 00beKTa — crienuduka-
LUsT peabHOrO 00OpYIOBaHMUS, JIONOJHEHHAs crennuKanueid mpruodpeTaeMoro o0OpynOBaHHA
KaKOTo-TM00 TEXHOJOTHUYECKOTO TMpoliecca 1 HaobopoT. [1o ananoruu ¢ oomieit nHxeHepueit B obmac-
TH TEXHUYECKOH JEATEIbHOCTH METACTPYKTYPHl TaKUX MH(POPMALIMOHHBIX MOJIEIEH JTOIDKHEI YI0BIIe-
TBOPSTH V-00pa3HOi CTPYKType MPOLIECCOB BATUAALUK U Bepupukanuu. To ecTb MOJEIH B T€UCHHE
UX JKM3HEHHOTO IMKJIA JOJDKHBI PETYJIIPHO TPOBEPSTHCS ITyTEM OLEHKH CTEIIEHH COOTBETCTBHS €&
CTPYKTYPHI M IIAPaMEeTPOB PeasbHbIM U BUPTYaJIbHBIM 00BeKTaM. CeroiHs CyLIECTBYIOT YCIOBHS CO-
BMECTHOTO pEUIeHHs 3aJaddl CHCTEMHOT0 HH(MOPMAIMOHHOTO MOJEIMPOBAHMS TEXHOIOTHIECKHX
00BEKTOB C YUETOM MX BHYTPEHHEH ((U3MUECKOil) CTPYKTYpHI U BHEUIHEH CTPYKTYpPhI IIU(POBOIL cpe-
161 B o0mereopernueckoM IuiaHe B OCHOBE TIOCTPOEHHSI CHCTEMHBIX MoJIeneit JIeXuT npobiema dop-
MaJIbHOTO HEMPOTHUBOPEUMBOTO OMNUCAHHS (IPAMMATHYECKOr0 MCUYMCICHUS) CTPYKTYpPbI M (YHKIIHO-
HaJIbHBIX 3aKOHOMEPHOCTEH MHOXECTBAa OOBEKTOB M MX CBSI3E€H B MCCIIEyeMOH MPeIMETHOW 00JIacTH.
B ocHOBY m311araemMoro moaxojia CHCTEMHOTO MOJICJIMPOBAHUSI pacCMaTpHBaeMOl IpeIMeTHO obac-
TH TIOJIO’KEHA KJIACCHYECKast MOJIENb Y4eOHO-IIPOU3BOICTBEHHOM JEATEIEHOCTH MAIIMHOCTPOUTEIILHO-
ro npexanpustusi (MII) u By3a. Heab uccienopanus. [IpuMeHNTs TPUHINIBI TPOEKTHOTO MOIXO0/A
Jutst GOPMHUPOBAHKS METACTPYKTYPBI IHU(POBOTro JBOHHNKA KOPHOPATHBHON MHPOPMAIIMOHHOHN CHCTEMBI
(KMC) ManmmHOCTPOUTENBHOTO TPENPUATHS, UCCIICIOBATh IIEPCIEKTHREI €ro MPUMEHEHHS, ONPEICINTh
KITI0YeBbIe MH(POpPMaMOHHBIE KOMITOHEHTHI B YIIPABJICHUHN TIPEIMETHO-OPUEHTUPOBAHHBIMY 3HAHUSIMHU 1
JIAHHBIMH, a TaKXKe BO3MOKHOCTh MacIITa0MpOBaHMsI TEXHOJIOTUI Tpy (OPMHUPOBaHUH LIU(PPOBOIL cpebl
JUISL apXUTEKTYpbl coBpeMeHHoro MII, nosbienns 3¢ (GeKTHBHOCTH B3aUMOJICHCTBHS yIaCTHUKOB OM3-
Hec-TiporieccoB. MeToaAbl Hec/IeIOBAHMS, HCIOIb30BAHHbIE B padoTe: IPUHLUIIEI METOJOJIOTUH CHC-
TEMHOW MH)XeHEepHH (TIPOLIECCHOTO TT0/IX0/1a, )KM3HEHHOTO LIUKJIA M p.); KOMIUICKCHBIHN MOAXO/ U CTPYK-
TYpHBIN aHaIU3 mporecca mpoektupoBanust mo merogonorud SADT (Structured Analyze and Design
Technology); merononorus TOGAF (The Open Group Architecture Framework). Pe3yabrarsl. I1pen-
JIOKEHHBIN TTOJX0] CHCTEMHOT'O MOJICTUPOBAHMUS PacCMaTPUBAEMOi TIPEAMETHOM 00JIaCTH SABIIACTCS pas-
BUTHEM pabOT KOJUIEKTHBA aBTOPOB; AEMOHCTPHPYETCSI BO3MOXKHOCTh €r0 MacIITaOMpOBaHUs Ha IIpHMe-
pe B3aumozeiictBusi yuactHukoB HOILL ¢ ucrnonb3oBanueM B coctaBe By3a nudposoro noitauka KHC
TPEIPHATHS PEasIbHOTO CEKTOpa SKOHOMUKH. [1oka3aHa HEOOXOIMMOCTh Pa3pabOTKU MOJIEIH YIIPaB-
JICHUS 3HAaHUAMH, BO3PACTAIOIIasi posib HH(POPMAIIMOHHO-TIONCKOBBIX CHCTEM. 3aKiaodeHue. [Ipemo-
KEHHBIH ITOAXOJ pacIIupsieT MPUMEHEHHE METacCTPyKTYphl IM(pPOBOr0 NBOIHMUKA, MO3BOJSET CKOP-
PEKTHPOBATh APXUTEKTYPY MPEINPHUATHS IJIs1 TOBBIIICHUS 3 (HEKTUBHOCTH OU3HEC-TIPOIIECCOB.

Kniouesvie crnosa: apxumexmypa npeonpuamus, TOGAF, cucmemnoe modenupoganue ousnec-
npoyeccos, ungopmayuonnas niamepopma, PLM-cucmema, bazoeas rxagedpa, ungopmayuonno-
nouckos8as cucmema.

Beenenne

B Hacrosee Bpems B muTepaType WHPOPMAIMOHHBIE MOJICIH, CO3/IaBaeMble METOJIJaMH CUCTEMHOMN
WH)XEHEPUH, IPUHATO HA3bIBaTh HUPPOBBIME ABOMHUKaMH (LI1), KoTOphie peaar30BaHbl ¢ MIPUMEHEHH-
em CALS rtexnonoruii [1]. OueBUAHO, COCTABIAIOUIMMHU aPXUTEKTYPbl HHPOPMATIOHHON CHCTEMBI AJIS
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UX peanu3aliy SBISETCS MPEXkKAE BCEro PEeecTp, ONPEeIIOMNNA MHOXKECTBO MPEeIMETHO-OPUEHTUPO-
BaHHBIX OPraHU3AIMOHHO-()YHKIIMOHAIBHBIX O0BEKTOB, HANPHMEP, B COOTBETCTBHH C METOJOJIOTHEN
ISO 15288 cucreM MHOXKECTBO OW3HEC-TIPOILIECCOB, a Ha CIEIYIOMEM YPOBHE CIEIHaTH3HPOBAHHBIX
umkenepHpix cuctem tuna ERP/PLM/CAD/CAM/CAE/MES/SCADA wu np. [2-8].

[MocTpoeHHast mpu TaKOM TOAXOJIE KOMIUIEKCHAas CUCTEMHAas aTpUOyTHBHAs MOJENb IUIATQOPMEI
KUC (CMkuc(a)) kak komno3unus cucteMHoi mojnenu L)1 mccnexyemoro oonexra (CMiyr,uo(b)) u
MH(QOPMaIMOHHON MHXeHepHOH cpenbl (CMuc(c)) Kak paclIMpeHne CBOMCTB HX JAEKapTOBOIO MPOH3Be-
JOeHusl (YHKIMOHAIBHO CBSI3aHBI yepe3 4-¢ M3MepeHue 3TanoB ku3HeHHoro mukiaa T. To ecTb Kom-
iekcHas cucreMHas mozaenb KHMC obpatuma no e€ nudpoBoro nBoitHMKa. Ha TeopeTHKo-MHOXKECT-
BEHHOM SI3BIKE 3TO COOTBETCTBYET CTPYKTYpe POpManbHON (YHKIIMOHATEHOW MOJIETH BUA:

KHC (CMxknc(a)(T)) = CMug,uo(b)(T) o CMuc(c)(T). (1)

CrenyronuM 11aroM METacTpyKTYPHOH KOMITO3UIIMH CUCTEMHBIX MoJjiernieit Tuna (1) sensercs uaTe-
rpanyst ux B OusHec-apxutektypy npeanpuarus (All).

B nacrosimee Bpems i GopmansHoro onucanus All HaxoguT mupokoe mpuMeHeHHe Gopma-
nu3M, npeanokeHHsid [k, 3axmanom [9, 10]. dopmanu3m npeacraBisier codoil 0000MEHHBINA C0-
Bapb M CTPYKTYPHI JUIS OTIMCAHHS COBPEMEHHBIX CJIOXHBIX KOPIOPATUBHBIX CHCTEM B JCKapTOBOM
NPOCTPAHCTBE OOLICTIPHHATHIX KiaccupukaTopoB (crenudukanuii) B popme OLAP-ky6oB. Jlorndeckas
KOHIICTIIMS 3TOH (hopMalu3aluy mpeciieayeT Ielb MPEJCTaBUTh CUCTEMHOE BHYTPEHHEE OIMCaHHe
00BEKTOB U UX BHEITHEE B3aMMOJICHCTBHE C BBIJCIICHHBIX TOYEK 3PEHUSI U COOTBETCTBYIOIINX YPOBHEH
acnekToB (abCTpaKIium).

Knaccuueckas mozaenb npeacTaBiseTcs B Buae MaTpuusl (puc. 1).

O6BeKTsI DYHKIMH Jucnoxanus, Jroau Bpemsa MoTHBaHA
YTO KAK ceTh KTO KOraga MNOYEMY
TAE
s InanupoB- | CHHMCOK Bax- CIHCOK OCHOB- TeppHTOpH- Kimouerie BaxHeimue BusHec-uenmu | Cdepa geii-
a MK | HBIX IOHATHH | HBIX 6M3Hec-nipo- | anbHoe pac- OpraHH3alHH coBBITHA M CTpaTerHH | cTBHA (KOH-
E E H 06beKTOB L1eCCOB TIO/IOKEeH e TeKCT)
§ § Bnagenen, | Kouuenrtyams- | Mozgens 6usHec- Cxema JIoTH- Mogens MacTep-mwiaH Buanec-mnan | Moaens mpea-
2 MeHemMxep | Hasd MoAenb NpoLEeccoB CTHKH moroka pabor | peanHzanuu TIpHATHA
0 JlaHHBIX (workflow)
KoHerpyk- | Jloruyeckue ApxuTeKTypa Mogens pac- ApxurexTypa Crpykrypa | Ponu u moaenu | Mogens
TOp, APXH- | MOJENH AAHHBIX | MpHIOKEeHHH npefeneHHoOH uHTepdeiica mpoueccoB | GH3HeC-MpaBHI | CHCTEMBI
TEKTOp ApXMTEKTYPH | MOAL3OBaTeNA
2 Mpoextu- | ®Puanyeckas CucTeMHbIH TexHonorude- | ApXuTeKTypa Crpyxrypst | Onucanus 6us- | TexHomoruye-
& POBIIMK | MOAEb JAHHBIX MPOEKT CKas apXHTeK- | TpeseHTaUMH | YympaBleHHA Hec-paBw1 | ckas ($pusmye-
5 Typa cKan) Mofenb
E § Paspabot- Omnucanxe IMporpammutiii | CereBas apxu- | ApxurexTypa | Onpeaenenue | Peammusamma | JleTanu peamu-
fol-4 YHK | CTPYKTYpHI KOZA TeKTypa Ge3onacHOCTH | BpeMeHHBIX | GM3HEC-IOTHKH | 3alfHH
R JAHHBIX NIPHBA30K
JlaHHBIE Paboraiomue Cetn PeanbHbie BusHec-cobbl- | Pa6oraomue | PaGotaromee
nporpamMMsl JIFOAH, OPraHH- THA GH3Hec-cTpa- | MpeanpuATHE
3alMu TEruu
JaHHble DYHKIMH, CeTh, Jlionm, Bpewms, MoTuBauus
npoLecck pacnosnoxe- opraH13aluu pacrnHcaHHs
HHE CHCTEM

Puc. 1. Mogenb 3axmaHa
Fig. 1. The Zachman's model

CymecTBYIOT crienyanu3upoBaHHbIe MPOAYKTHI, Takue kak Popkin Software Architect [11], ocHo-
BaHHbIE HA MOZAEIH 3aXMaHa U MO3BOJISIOIINE 1OCTATOYHO 3P (PEKTUBHO YIPABIATH CO3JaHUEM MOJEIEH
u apredaktoB onucanus All

CooTtBetcTBytolIee 00001IeHHE TTOAX0a 3axMaHa ObLIo TpeioxkeHo B paborax E.b. Sunnepa [12].
OcHoBHast Hjesl 3aKII0YaeTcsl B 00eCIeueHH BO3MOKHOCTEH OTPaXKEHHUs MOCTOSTHHOTO PAa3BUTHUS TIPE/-
OpUATHS U €r0 MH(GOPMAIMOHHBIX CHCTEM KaK HeTpepbhIBHOW MOCIE0BaTEIbHOCTH TpaHchopMaluii B
KU3HECHHOM IHKIIC.
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BmecTo TpaauuuMoHHON AByMEpHOH TaOMMLbI OBLIO MPEATIOKEHO BBECTH TPEXMEPHYIO CXEMY, I10-
0aBUB K IJIOCKMM CXeMaM OCh CTPaTernueckoro BpeMeHu. Ha 3Toii ocu pacrnonararorcsi OTpe3Ku BpeMe-
HU OCYIIECTBJICHUS Pa3IMYHBIX IPOEKTOB U CTAUH Pa3BUTHS HHPOPMAITMOHHBIX CUCTEM U BCETO IMpe/I-
npusttuda. Ha puc. 2 npuBeseH npuMep TpeXMEPHOIl CXeMBI.

Touka 3peHua UCMONTHUTENSA

TouKa 3peHna paspaboTunka /f /
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/ &
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= || - =0 | &
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== '8 I § B
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Puc. 2. TpexMmepHasi cxeMa apXuTeKTypbl NpeanpuUsaTUs
Fig. 2. Three-dimensional diagram of the enterprise architecture

Takum oOpazom, «o0bemHas» cxema All nim mogens «4D-npennpusiTie» CTPOUTCS B TPEX MU3Me-
pPEHMSIX C YIETOM BPEMEHHOTO TPOCTPAHCTBA.

[pumep popmMupoBaHusi BUPTYAJIbHOI MeTACTPYKTYPhI HU(POBOro NPoeKTHOI0 IBOIHUKA

KHC MII pj151 00pa3oBaTebHOr0 Npouecca TEXHMYECKOro By3a

Bonpockl B3anMoJieiicTBUSI BY30B W TPOW3BOJICTBEHHBIX NMPEINPUSATHI C HUCIONB30BAaHHEM MeXa-
HU3Ma 0a30BbIX Kadeap ocBeleHsl B paboTax psga aBTopoB [13—16]. Opuenrauus nporpaMm 0a30BBIX
Kadeap Ha MCHOJIB30BAHUE MEPEIOBBIX TEXHOIOTUH KOHKPETHOTO MPEANPHUITHS NPUBOIUT K aKTyallb-
HOW 3ajJadye MO OpraHu3alyy WHHOBALMOHHOH oOyuaromieid IUIOMmAAKH B BUAE UHU(POBOrO ABOMHMKA
(1) xopniopatuBHO# nHDopMannonHoi cuctemsl (KMC) npeanpusaTus B yHUBEpCUTETE.

KHWC npennpusatus (co CBOMM BHEITHUM M BHYTPEHHUM COJEPKAHHUEM) — 3TO MHOXKECTBO MHTEIPHU-
POBaHHBIX MEXKAY cO0OW CHCTEM Pa3NIMUHBIX KJIACCOB, MpeIHA3HAUCHHBIX JUIS TIPUMCHEHHS B pealn3a-
un pemennid. B atom cmeicie KUC BocipuHuMaeTcs kKak HHOPACTPYKTYpa apXUTEKTYPhl PEIICHUH.
CrnenuanucTsl 10 WHPOPMAMOHHBIM TEXHOJIOTHSIM TTOCTOSIHHO MMEIOT JIeJI0 C €€ OCHOBHBIMU KOMIIO-
HeHTamMu: npuiokeHusMu (Application), nanneiMu (Data), texnonmorusimu (Technology) u apyrumu
apXUTEKTYpHBIMU Qopmamu (Oe3omacHOCTh (Security), TectupoarueM (Testing)) mpu pazpaboTke HH-
(OpPMAaIMOHHBIX CUCTEM M OOCITYKUBAHHUS TIPOCKTOB.

B 1990-e roxapl nosiBuIIach OTAENbHAs MpenIMeTHas 001acTh — apxumexkmypa dusneca. [IpuHsaTO
CYHUTATh, YTO €€ 3HAYUMBIMHU acleKkTamu sBJstoTcs mpouecc (Process) m madopmanus (Information),
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opranmzanusa (Organization) n npousBogutensHocTs (Performance). IlepBeie nBa kiaccuuuupyor
OM3HeC-TIPOIeCcChl U ONOPHBIE CTPYKTYPHI, KOTOPBIE COCTaBISIOT OM3HEC-MO/eb opranu3anuu. [loss-
JICHHE 3TOW MPEeIMETHOW OOJIACTH CBS3aHO C KEJaHWEM NPEANPUITHIA ONTHUMH3UPOBATH CBOU OM3HEC-
MPOLIECCHI.

WUuctutyr paspabotku apxutekTypbl mnpeanpusituii (Institute for Enterprise Architecture
Development, IFEAD) 00600maer OCHOBHBIE PYKOBOJSIIHME MPHHIUIBI JUCHHUILITHHBL apXUTEKTYPHI
npennpuarus [17]: «HeT cTparernueckrux Mpor1o3oB — HET apXUTEKTYpPHI NPEANPHUATH». BaykHbIi ac-
HEKT 3TOr0 YTBEP)KICHHUS 3aKIII0YAETCSI B TOM, YTO apXUTEKTypa NPEANPHUATHS — 3TO LEJIOCTHAS AUCIH-
IUIMHA, KOTOpasi OObEANHSET DJIEMEHTHl OM3HECa U TEXHOJIOTHH, UCXOs M3 OOIIEro CTPATETHYECKOro
NPOTHO3a NPEATIPHUATHSL.

Ecnu ectb apxutekrypa, To pa3surue UT Ha npeAnpuaTHd MPOUCXOAUT HE CHOHTAHHO (TI0 MHEHHIO
PYKOBOAMTENEH MM MO PEKOMEHAALMSM BEHAOPOB), a BCS JEATENBHOCTh MOAYMHEHA OM3HECY M €ro
CTpaTerMueckuM HHTepecaM. [paiiBepoM MpopabOTKH apXHUTEKTYPbl MOTYT CIIY)KUTh TaKHe PEIICHHUS,
KaK paJuKalbHas MOJCpHHU3aLKs, HAIpUMep, e€ IepeBo B «00IaKo».

Korga npuxomut Bpemsi BBIOpaTh METONOJOTHIO/MHPPACTPYKTYpYy All, GONBIIMHCTBO M3 IOCTYII-
HBIX ITapaMEeTPOB MPUHUMAIOT POPMY YACTUYHO TOCTPOSHHBIX «PEIICHUI», KOTOPhIe MOTYT OBITh ajar-
THUPOBAHBI K MOTPEOHOCTSIM KOHKPETHOM OpraHU3alHy.

B neiicTBuTEnbHOCTH OONMBIIMHCTBO U3 HUX JINOO HEBO3MOXKHO MOBTOPHO MCIOJB30BAaTh HA MpakK-
TUKE, MO0 OHU TpeOyIoT cyliecTBeHHOH amantanun. KpoMe cepbe3HOil mpoOiieMbl ajanTaiud CIoXK-
HBIM SIBJISIETCS] TO, YTO MaJIO KOJMYECTBO MMEIOILINXCS PyKOBOJCTB, HECMOTPSI HA BBICOKHH YPOBEHB I10-
HUMaHUS IeTajei, KOTOPBIN TpeOyeTcst IJisl MX BOIUIOIICHHMS.

BonbmmHCTBO cymecTBYOMUX HHOPACTPYKTYP JTUO0 PACHIMPSIIOT APYTHE apXUTEKTYpHI, THO0 1O~
BTOPSIFOT UX JUUIsI KOHKPETHBIX 3ana4. Hanpumep, nadpactpykrypa EUP sBisiercs pacmmpennem RUP,
OHa UMHUTHUPYET €ro MOIXOJA K ONHCAaHHI0 PadOYMX MOTOKOB Ipolecca M JESTENbHOCTEH, Toraa Kak
FEAF u CnuBak (Spewak EA Planning Methodology) nacneaytoT nndpactpykrypy 3axmana.

TOGAF — sto undpactpykrypa All, koTopas MOSBUIACH B MOCIEIHHUE 1BA ICCATUICTHS, TPOUCXO-
IUT OT PaHHMX, CICHHANU3UPOBAHHBIX TEXHHUUYECKUX MH(PPACTPYKTYp apXUTEKTYypbl MPEeANpPUATHS, Ta-
kux kak Technical Architecture Framework for Information Management (TAFIM), u co3mana B cOOT-
BeTcTBUM ¢ pexomeHmarusiMu ANSI ans apxurextyps! npennpustuil (IEEE 1471-2000). I'maBHo# 11e-
npt0 TOGAF 06bu10 co3fate craHmapT pa3paboTku apxUTeKTypbl npeanpustus. ChopmynrpoaHHast
ynenamu koHcopuuyma Open Group TOGAF He Bceraa BOIUIOMIAET LEIOCTHYIO KOHLICTIMIO ApXUTEK-
Typsl npeanpusatus. Cuayana TOGAF Bxkioyana TONbKO TEXHHUECKHE aCIEKThl apXUTEKTYPHI (BepCHH
¢ 1-i o 7-10), 0JJHAKO HEJABHO B 3Ty MHPPACTPYKTYpy Oblia J00aBicHa MpeaMeTHas 00J1aCTh apXUTEK-
Typsl Ou3Heca (Bepcust 8, Enterprise Edition), B pesynsrate TOGAF ObicTpo nepemecTuiach Ha nepen-
HUM TUTaH COBPEMEHHBIX BAPHAHTOB HH(PPACTPYKTYP apXUTEKTYPhl IPEATIPUSTHA.

Ceroanst TOGAF — 3T0 BBICOKOYPOBHEBBIN MOAXO] K MPOCKTUPOBAHUIO, METOOJIOTHH OIHCAHUS
ApXUTEKTYpbl TNPEANpPUATHS, NPEANoNaralouid pa3paboTKy, IUlaHupoBaHue, BHenpenue [T-
APXUTEKTYPHI.

OcnoBuble Tepmunbl B crangapte TOGAF mpusenensr B cranmaptre ISO 42010 «IIporpammuas
umkenepus — Onucanune apxurektype». TOGAF paccmaTpuBaeT opraHu3anuio Kak CUCTEMY, SIBISIETCS
pykoBozsmeii ocHoBoil (Framework) ans paspaborkum u moamepxkaHusi apxurekTypsl. CormacHo
TOGAF apxutextypy NpeanpusITis MOKHO MPEACTaBUTH B BUJIE 4 OCHOBHBIX IOMEHOB:

1) Ou3HEC-apXUTEKTypa — ONpPE/EIIsIeT CTPATETHIO TPEANIPUATHSI, CTPYKTYPY YIPaBICHUS U KITIOUe-
BbIe OM3HEC-TIPOLIECCHI;

2) apXUTEKTypa JaHHbIX — ONMUCHIBACT JIOTMYECKYIO M (PU3NYECKYIO CTPYKTYPY AaHHBIX OpraHu3a-
UM, & TAKXKE CTPYKTYPY KOPIOPATUBHBIX PECYPCOB IS YIIPABJICHHS JAHHBIMU;

3) apxuTeKTypa NPUIOKEHUN — CIIy>KUT CBOCOOPa3HOW KapTOH BCEX KOPIOPATHBHBIX MPUIOKEHUH
U OIpenelsieT, BO-TEPBbIX, YYacTHE KaKIOr0 M3 MPUIOKEHUH B OW3HEc-poleccax KOMIIAHUH H,
BO-BTOPBIX, B3aUMOICHCTBHE TPUIIOKECHHUH JIPYT € IPYTOM U BHEITHUMH CEPBHCAMU;

4) TexHoJOTHYeCKas apXUTeKTypa (MH(GPACcTpyKTypa) — OmpeAessieT CTPYKTYpY M JIOTHKY IIpO-
TPaMMHOTO 00eCIIeUeHHs U anmnapaTHOl cpeabl, HEOOXOAUMBIX I pabOThl OM3HEC-TIPUIIOKEHUI U AOC-
TyIla K HY>KHBIM IaHHBIM. DTOT YpOBeHb BKIto4aeT Bcto IT-undpactpykrypy (cetu, cepBepa u T. 1.).

Ha puc. 3 npencraieHa apxuTekTypa KOMIIAHUU Ha IPUMeEpe MPEANPUATHS MAIIHHOCTPOUTEIbHOM
OTpAaCIIH.
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Puc. 3. ApxutekTypa kKoMnaHuu (Ha npumepe NpeanpuUATUA MaLMHOCTPOUTENbLHOMW OTpacnun)
Fig. 3. The company architecture (on the example of an enterprise in the machine-building industry)

Hudposoit (uadopmarmonnsiii) apoinuk KMC kak amekBaTHOE OTOOpakeHHE OOBEKTOB U HUX
CBsi3ell B MCCIIEyEeMON MPEIMETHO-OPUEHTHUPOBAHHOM 00JIaCTH B COOTBETCTBUHU C MPUHIIUAIIOM JIBOM-
CTBEHHOCTH TapajuIebHO OTOOpa)kaeTcs CTPYKTYPOW BHEIIHEH Cpellbl U CTPYKTYPOWl BHYTPEHHETO
COJECPIKAHUSL.

C TOYKH 3peHHS BHYTPEHHETO COJIEP)KaHuUs C UCIOIb30BaHueM 1TU(GPoBbIX nBoiHNKOB KMC B yHU-
BEpPCHUTETE MOTYT OTpabaThIBATHCS HOBBIE MOAXOJBI K apXUTEKType MPEANPULTHIA U OpraHU3aluu On3-
HEC-TIPOIIECCOB, KOTOphIe 3aTeM OynyT BHeapeHsl. [{udposoii apoitnuk KUC cTaHOBUTCS «IECOYHH-
ey, coaieprkaiiei KOHKPETHBIC TEXHOJIOTHH, B KOTOPOU ¢ MPUBIICYCHIEM HAYYHOTO MTOTCHIINAJIA TTOSB-
JISTFOTCSI HOBBIE PEIIICHUSI.

Coznannie apXUTEKTYPhl MPEIMPHUITUAS XapaKTePU3yeTCs MUKINIHOCTHIO, UTEPAIllui CIIeIyeT ILIa-
HUPOBATh B COOTBETCTBHHU C KPYIHBIMH (a3amu B pa3paboTke O6uzHeca. Kak m3BectHO [18], BRIACTSIOT
4 KaTeropuu IMpPOIECCOB: OCHOBHBIC, BCIIOMOTATEIbHBIC, YIIPaBICHHSI, COBEPIICHCTBOBAaHMSI. B 3TOM
CMBICIIE TIPOSIBIISICTCS BIUSHUE BHEIIHEH cpenbl, hOpMUPYIONIEH TpeOOBaHUs K MU(POBOMY JTBOHHUKY,
TOPSIZIOK €ro co3naHus U pasButusa. M3naganeHo noctpoenue L/ KMC 6a3upyercs Ha omHOM W3 OC-
HOBHBIX OHU3HEC-TIPOLIECCOB.
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[IponemoHCcTpUpyeM BIMSHUE BHEIIHEH Cpeabl Ha mpuMmepe co3panus uudposoro nsoiHuka KUC
KOHCTPYKTOPCKOTO OI0OpO MAaITMHOCTPOUTENHHONW OTPACiIH, I/I€ OAHUM U3 OCHOBHBIX IPOIIECCOB SBISET-
cs pa3paboTKa KOHCTPYKTOPCKOM IOKyMEHTAlH. B 3ToM ciydae Ha mepBoil uTepaiuy npu pealn3aiin
mudposoro apoiHuka KWUC nomkHBL OBITH peann30BaHbl NPUIOKEHUS, TEXHOIOTHYECKHE PECYpPCHI,
oOecrnednBaronue TaHHBINA Ou3Hec-mporiecc (Ha puc. 4 061acTb, BbIIETICHHAS IYHKTHPOM).
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Fig. 4. The twin of an industry-specific digital platform

JHanbHeliniee MactabupoBaHUE MPOUCXOANUT B MOPSIKE MPOPAOOTKH OU3HEC-TIPOIIECCOB, yKa3aH-
HoM B [18]. Kak Buano u3 puc. 4, Bce craaun XKL cBs3ansl PLM-cuctemoii. Pacimpenue ee GyHkimo-
HAJIBHBIX BO3MOKHOCTEH Uil mpolecca pa3paboTKi KOHCTPYKTOPCKOM JAOKYMEHTAllMH MOAPOOHO pac-
cMoTpeHo B [19, 20].

B pamkax nanmonampHOro mpoekta «Hayka» B Poccum mosiBunocs 10 HayuHO-00pa3zoBaTeNbHBIX
nertpoB (HOLL) mupoBoro ypoBHs. VX menbio sBIsIETCS pOCT HAyKH, 00pa30BaHuUsl, TEXHOJIOTHH B CO-
UAJIBHO-9KOHOMUYECKOE PA3BUTHE PETHOHA U CTPaHBI, BEIPAKEHHOE B YBEJIMUEHUH BKJIa1a YYaCTHUKOB
IlenTpa B mocTWKeHUE HALMOHAIBHBIX Lenei pazBuTus P@, onpeneneHHbix Yka3om Ilpesuaenta PO
Ne 474 ot 21 mronst 2020 r . B cocraBe HOLL 00beauHSAIOTCS yCHIINS BELYIMX YHUBEPCHTETOB, HAYY-
HBIX OpraHM3allii, KOMIIAHUI peanbHOr0 CEKTOpa SKOHOMHKM JUIsl PEIICHUS aKTyaJdbHBIX HAy4HO-
TEXHUYECKUX 3a]1a4.

Hudposas nmoaaepxkka HOL[ MoxkeT obecrneunBaThCs B3aUMOCHCTBHEM HH(OPMAIIMOHHBIX ILIAT-
¢dopwm, sBisronuxcst nudposbivu aBoitHukamMu KUC B IT-undpactpykrype yHuBepcuTeToB, HHQOpMa-
LUOHHBIX CHCTeM MasblXx MHHOBaUMOHHBIX npennpustuil (MC MUII), a Taxxke KMC HayuHbIX Opranu-
3alMid U OpraHu3alMil peanbHOTo cekTopa SKOHOMUKH. [lockonpky HOLL opranu3yroTcst o pernoHasib-
HOMY IPHHLUIY, OAJEPKUBAs, B MEPBYIO OUEPEb, «CHIIBHBIE MPEANPUATHSI pa3INYHBIX HaIpaBie-
HHUH W OTpacyied, TO B OMOPHBIX By3aX MOXKET CYIIECTBOBATh psii 0a30BBIX Kadeap 0JHOro MHAYCTPH-
aJBHOTO MapTHEPa WK HECKONBKUX (pHUC. 5), cBsi3anHbIX co cBouM L) KNUC kaxmas.

Opranun3zanyst paboThI HaJl MPOSKTAMH B KOOTIEpAIlMK HECKOJILKAX YYACTHUKOB O3HAYAET TOSBIICHUE
Y HaKOIUICHHE HOBBIX BUJOB CTPYKTYPHUPOBAaHHOHN MM HECTPYKTYPUPOBAaHHOW MH(pOpMAaLUH, pacipee-
JIEHHOHM TI0 MHOTOYMWCJIEHHBIM Yy3JaM BBIYHCIUTEIBHONW CETH, YTO IPHUBOAMT K IOSBICHUIO 3aJa4d
0osbIIoi pasmepHocTd. Hanmnume 0a3 maHHBIX M 0a3 3HAHMIA, a TAK)KE WHHUIMALUS 3alPOCOB K HUM C
UCTIONIb30BaHUEM MHTepdeiica yKa3blBaeT HA HEOOXOAUMOCTh Pa3padOTKH MOAEIH YIPABICHUS 3HAHUAMHU.

10 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
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Fig. 5. The scheme of REC participants interaction

B kadectBe mojmxoma B o0NacTH yNpaBICHUS W WHTETpallMM JAaHHBIX Tpeaiaraercss ruatdopma
MOJJICPXKKY pocTpaHCcTB MaHHBIX — DSSP (dataspace support platform) [21].

Hcnonp3oBaHue cucTeM MOAAEPKKUA MH(OPMALMOHHBIX MPOCTPAHCTB MO3BOJISIET 00ECIICUUTH OIIe-
paTUBHBINA IOCTYI K MH(GOpPMALWH, HAXOSIICHCS B PAa3IMYHBIX UCTOUYHHKAX C PA3IHYHBIMH MOJEISIMH
JaHHBIX U CIIOCO0aMU XpaHCHHUS.

[Ipennoxennas B padote [22, 23] MozeIb aHHOTUPOBAHHUS U MACHTH(DHUKAIIMK MOXET OBITh peali-
30BaHa C UCIIOJIb30BaHHEM WH(POPMAIMOHHO-TIONCKOBBIX cUCTEM. [TOMCK TOKYMEHTOB M3 KOJUICKIIUH,
KOTOPBIC SIBIISIIOTCS HauOoJiee peIeBAHTHBIMU IO OTHOIIEHUIO K TIPOU3BOJILHBIM HH()OPMAIIMOHHBIM T10-
TpeOHOCTSIM, COOOIIAEMbIM CHCTEME IPH MOMOIIM OAHOKPATHBIX, WHUIIUHUPOBAHHBIX MOJIH30BATEIEM
3aIlpoCoB, MPOJEMOHCTPHUPOBAH Ha MpUMepe KadeaApsl YHUBEPCUTETA.

AKTyaabHOCTh MH()OPMAIMOHHO-TIOUCKOBOM CHCTEMBI BO3pacTaeT NpPH KOJJIEKTHBHOW paboTe B
CJIOKHBIX CTPYKTypax, OJHON u3 KOTopbIX sABnseTcss HOLIL.

BoiBoabI

1. PaccMoTpeH mpHUKIaIHON acleKT co3[aHusl U pa3BuTus nupossix nsoiiHnkoB KUC npeanpu-
ATUH ¢ y4eToM TpeOOBaHHH K apXUTEKType pellleHH, apXUTeKType Ou3Heca U apXUTEKType MpepH-
satuit (TOGAF).

2. PaccMoTpeHBI IepCeKTUBEI UCTIONb30BaHus LudpoBbix ABoiHNKOB KMC mpeanpustuii B cocTa-
B€ YHUBepcHUTETa I UX 3()()EKTUBHON MHTETPALMH B COCTaB BHEIIHUX CTPYKTYP.

3. Ucnonb3oBanue HMHGOPMALUOHHO-TIOMCKOBBIX CHCTEM II03BOJIIET B aBTOMATH3MPOBAaHHOM pe-
KHME TIPOU3BOJNTH HJICHTUPHUKAIMIO 00BEKTOB HH(POPMAIIMOHHOTO TPOCTPAHCTBA, BBITIONHATH HX T10-
WCK Y HaBUTALHUIO.
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4. IlpennoxkeHa KOHLENTyalbHAasi MOJEIb AJIA OpraHu3aluu B3auMozeicTBusi yuyactHukoB HOLI,
oOecnieunBaronias GOpMUPOBAHKUE JICMEHTOB HOBOM CHCTEMBbI OPraHU3allii HAyKH, MOBBIIICHUE YPOB-
HS ¥ CTaTyca POCCUMCKON HAyKH, YCKOPEHUE TEXHOJIOTHIECKOTO Pa3BUTHSL.

Hccaenopanue BbINOJHEHO Npu (uHaHcoBOoi nmoaaep:kke POD®U B pamkax Hay4yHOro HpOeKTa
Ne 20-37-90061.
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Currently, the methodology of system engineering is being formed, the product of which is, as
usual, the creation of real objects information models, supplemented by virtual components, and on
the contrary, virtual objects, supplemented by real components. For example, an information model
of a technological object is a specification of real equipment, supplemented by a specification of
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the purchased equipment of a technological process and on the contrary. By analogy with general
engineering in the field of technical activity, the metastructures of such information models must
meet the V-shaped structure of the validation and verification processes. Therefore, models should
be regularly checked during their life cycle to ensure that their structure and parameters correspond
to real and virtual objects. At the present, there are conditions for a coordinated decision of techno-
logical objects system information modeling, taking into account their internal (physical) structure
and of the digital environment the external structure. In general theoretical terms, the construction of
system models is based on the problem of formal consistent description (grammatical calculus) of
the structure and functional regularities of a set of objects and their connections in the subject area
under study. The presented approach of the subject area system modeling under consideration is
based on the classical model of a machine-building enterprise (MP) educational and production ac-
tivities and a university. Aim. To apply the principles of the design approach for the formation of
a corporate information system (CIS) engineering company metastructure digital twin, to explore
the prospects of its application, to show the key information components in the management of sub-
ject-oriented knowledge and data, as well as the ability to scale technology in the formation of
a digital environment for architecture and modern MP, improving the efficiency of business processes
participants interaction. Materials and methods. The principles of the system engineering methodo-
logy (process approach, life cycle, etc.), an integrated approach and structural analysis of the design
process according to the SADT (Structured Analysis and Design Technology) methodology, and
the TOGAF (The Open Group Architecture Framework) methodology are used. Results. The pro-
posed approach for system modeling the subject area is the development of works of the authors,
demonstrates the possibility of scaling on the example of interaction of participants of the REC using
part of the University's digital twin KIS enterprises of the real sector of the economy. The requisite
of developing a knowledge management model and the increasing role of information search engines
are shown. Conclusion. The proposed approach expands the application of the digital twin
metastructure, allows correcting the enterprise architecture to improve the efficiency of business
processes.

Keywords: architecture framework, TOGAF, system modeling of business processes, infor-
mation platform, PLM-system, basic chair, information and search engine.

The reported study was funded by RFBR, project No. 20-37-90061.

References

1. Bratukhin A.G. (Ed.) Mezhdunarodnaya entsiklopediya CALS [International Encyclopedia of
CALS. Aviation and space engineering]. Moscow, JSC “SIC ASK”, 2015. 608 p.

2. Frolov D. [Review of the capabilities of ANSYS Mechanical for solving engineering problems].
CAD and Graphics, 2010, no. 11, pp. 46—49. (in Russ.)

3. [Siemens PLM Software solutions modernize the production of Russian aircraft engines]. CAD
and Graphics, 2010, no. 3, pp. 54-57. (in Russ.)

4. Grigoriev A.A., Titov V.A. [Characteristic, structure, organization of ERP, ERPII and ERP III
management systems). Fundamental Research, 2017, no. 2, pp. 48—51. (in Russ.)

5. Kizina I.D. [Mathematical modeling and applied information technologies for MES-level mana-
gement]. Automation, telemechanization and communication in the oil industry, 2008, no. 4, pp. 37—44.
(in Russ.)

6. Kiselev A.G. [The concept of the structure of the CIS of an industrial enterprise
(ERP&MES&SCADA+BPM) and the problem of training specialists]. /nnovations in the development
of information and communication technologies, 2008, no. 1, pp. 220-223. (in Russ.)

7. Khisamutdinov M.R. [Aspects of ERP integration with PLM and MES information systems at
import substitution of IT products]. Scientific and Technical Vestnik of the Volga Region, 2015, no. 6,
pp. 208-212. (in Russ.)

8. Zilberburg L.I., Maryanovsky S.M., Molochnik V.I., Yablochnikov E.I. Cimatronit — komp yu-
ternoye proyektirovaniye i proizvodstvo [Cimatronit — computer design and production]. St. Petersburg,
KPC “Mir*, 1998. 166 p.

9. Rizvanov K.A. Informatsionnaya sistema podderzhki protsessov ispytaniy GTD na osnove
organizatsionno-funktsional 'noy modeli. Dis. kand. tekhn. nauk [Information system for supporting
the GTD test processes based on the organizational and functional model. Cand. sci. diss.]. Ufa, 2008. 16 p.

14 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2021, vol. 21, no. 2, pp. 5-15



CanoxHukoe A.1O., Ky3Heyos A.A., IModx00 k ghopmupoeaHuto eupmyasibHOlU MemacmpyKkmypbl
MaepuHa A.C., Kynukoe I'.T". yughpoeo2o NMPoeKmMHo20 080UHUKa...

10. Sowa J.F., Zachman J.A. Extending and Formalizing the Framework for Information System
Architecture. IBM Systems Journal, 1992, vol. 31, no. 3, pp. 17-25.

11. Harmon P. Software: System Architect 9.0. Business Process Trends, 2002, pp. 1-8.

12. Zinder E.Z. [“3D-enterprise” — a model of a transforming system|. Director of IS, 2000, no. 4,
pp. 12-15. (in Russ.)

13. Kulikov G.G., Sapozhnikov A.Yu., Kuznetsov A.A. [Information technology model of the ap-
plied digital platform of the basic Department in science-intensive industries|. Economic management:
methods, models, technologies: materials of the XIX International scientific conference. Ufa, RIK
UGATU, 2019, pp. 282-285. (in Russ.)

14. Kulikov G.G., Sapozhnikov A.Yu., Kuznetsov A. A., Mavrina A. S., Zagidullin D. L.[Approach
to the application of the concept of digital doubles for the transformation of the corporate information
system under the requirements of INDUSTRY 4.0 (on the example of creating a single information
space “university — enterprise”)]. Vestnik USATU, 2019, vol. 23, no. 4 (86), pp. 154—160. (in Russ.)

15. Radionov A.A., Rulevskiy A.D. Conditions of Effectiveness of University Basic Departments.
Bulletin of the South Ural State University. Ser. Education. Educational Sciences. 2016, vol. 8, no. 1,
pp. 87-93. (in Russ.) DOI: 10.14529/ped160112

16. Fakhrullina A.R. Modeli i metody proyektirovaniya programmnykh sistem dlya obrabotki
raznorodnykh dannykh (na primere programmnogo obespecheniya obrazovatel no-proizvodstvennoy
sredy). Dis. kand. tekhn. nauk [Models and methods of designing software systems for processing heter-
ogeneous data (on the example of software for the educational and production environment). Cand. sci.
diss.]. Ufa, 2016. 16 p.

17. Temnenko V. [To be or not to be TOGAF: Extending enterprise architecture beyond
the boundaries of RUP]. Available at: http://ibm.com/developerworks/ru/library/r-temnenco (accessed
20.01.2021). (in Russ.)

18. Rybakov M.Yu. Biznes-protsessy: kak ikh opisat’, otladit’ i vnedrit’. Praktikum [Business processes:
how to describe them set them up and implement them]. Moscow, Mikhail Rybakov Publ., 2016. 392 p.

19. Lyutov A.G., Ogorodov V.A., Sapozhnikov A.Yu., Mavrina A.S. [Development of an algorithm
of expert system for control of design documentation in uis of engineering enterprises]. A/l-Russian Sci-
entific and practical conference “Machine tool construction and innovative mechanical engineering.
Problems and points of growth”. Ufa, 2019, pp. 152—159. (in Russ.)

20. Mavrina A.S., Zagidullin D.I., Ogorodov V.A., Sapozhnikov A.Yu. [Development of the algo-
rithm of the expert system for the control of the CD in the IIP of machine-building enterprises]. X1/ All-
Russian Youth Scientific Conference “Mavlyutov readings”’. Ufa, 2019, vol. 4, part 1, pp. 29-35. (in Russ.)

21. Franclin M., Halevy A., Maier D. From databases to datespaces: a new abstraction for information
monedement. Available at: http: //www.citforum.ru//databe/articles/from _ab to ds/ (accessed 20.01.2021).

22. Barmin A.A. [Structuring the content of the information space for the tasks solved in the subject
area]. Proceedings of the Second International Conference “Information Technologies of Intellectual
Decision Support”, May 18-21, 2014, Ufa, Russia, pp. 148—154. (in Russ.)

23. Babak S.F., Kulikov G.G., Barmin A.A., Startsev G.V. [Structuring the content of the infor-
mation space of the technical university using the process approach and semantic identification]. Vestnik
USATU, 2014, vol. 18, no. 4 (65), pp. 105-114. (in Russ.)

Received 1 February 2021
OBPA3EIl HUTUPOBAHMUS FOR CITATION
[Tonxon x QopMHPOBaHHIO BHUPTYaJbHOH MeTa- Sapozhnikov A.Yu., Kuznetsov A.A., Mavrina A.S.,
CTPYKTYPBI IIU(POBOTO MPOESKTHOTO JBOMHUKA KOpIOpa- Kulikov G.G. An Approach to the Transformation of
TUBHOH WH(OPMAIIMOHHOW CHCTEMBI MAIIHHOCTPOUTEIh- a Virtual Metastructure of a Digital Design Twin of
Horo npeanpustus / A.1O. Canoxxankos, A.A. Ky3Heros, a Machine-building Enterprise Corporate Information
A.C. Magpuna, I'.I'. Kymukos // Bectauk IOYpI'Y. Ce- System. Bulletin of the South Ural State University.
pust «KoMIbIOTepHBIE TEXHOJIOTHH, YIPaBICHUE, PaIHO- Ser. Computer Technologies, Automatic Control, Radio
anektponukay. — 2021, — T. 21, Ne 2. — C. 5-15. DOL: Electronics, 2021, vol. 21, no. 2, pp. 5-15. (in Russ.)
10.14529/ctcr210201 DOI: 10.14529/ctcr210201
BecTHuk HOYpIlY. Cepusi «KKomnbloTepHble TEXHOMOMUY, ynpaBrieHne, pagnoaneKTPoHUKay. 15

2021.T.21,Ne 2. C. 5-15



YOK 62; 004; 007 DOI: 10.14529/ctcr210202

POJlb NPOrPAMMHOIO OBECINEYEHUA C OTKPbITbIM
NCXoaHbIM KOOAOM B COBPEMEHHOU PA3PABOTKE
KOPMOPATUBHbLIX UHO®POPMALIMOHHbLIX CUCTEM

A.A. lluHkapes
OO0 «Cogpmmacm-UTy, e. HenabuHck, Poccusi

Ha Texymuii MOMEHT CyIIecTByeT MHOXKECTBO IPOTPaMMHBIX NPOAYKTOB WIJIM MAaKeTOB C OT-
KPBITBIM MCXOJHBIM KOJIOM, M MX KOJHMYECTBO C KaKABIM JTHEM yBelIWduBaeTcs. M3 3Toro MoxHO
C/leNnaTh BBIBOJ O TOM, UTO ITyOJMKaIMs MCXOJHOTO KOJa CTAaHOBHUTCS Bce Oosiee M Oosee moImyJsip-
HBIM BESTHHEM B MHpeE pa3paboTku mporpamMMmHoro obecrneuerns. Ocoboe BHUMaHHE NpU MyOinKa-
IIUM UCXOJHOTO KOJa MPOrPaMMHOTO PEIIeHHs WIM MakeTa Ui €ro MCIOJIh30BaHUSA B COOOIIECTBE
pa3paboTUYHUKOB CIIEeIyeT YACIUTh TUILY JUILEH3UU — OT 3TOTO 3aBUCHUT TO, KaKUe CLIEHapUu OyIyT JoC-
TYIIHBI JUIS UCTIOJIB30BAHUS C IPUMEHEHHUEM OITyOJIMKOBAaHHOTO IaKeTa WM MPOTPAaMMHOIO PEIICHUS.
Taxoke He0OXOMMO COCTABUTH MOJHYIO M MOAPOOHYIO JOKYMEHTAIHIO U ONPEAETUTECS CO CIIoco0aMu
MPOJBIDKEHMS IMyOJIMKYyeMOoro nmakera B cpefie paspadorankos. Heab ucciaenosanns. O60cHOBATH Lie-
J1€c000pa3HOCTh U HEOOXOANMOCTD MyOJHMKALMK MIPOTPAMMHBIX IPOAYKTOB, MAKETOB M OMOIMOTEK
JUISL NCTIONIB30BAaHMSL X JPYTMMHU pa3pabOTYNKaMHM JUIs TIOCTPOCHUSI COOCTBEHHBIX CHCTEM M CEPBH-
coB. [IpuBecTH onmcanne OCHOBHBIX THIOB JIMIEH3UH OTKPHITOTO MPOTPaMMHOTO 00ECIICUeHHs, BbI-
SBUTHh UX OCOOCHHOCTH W OTJIMYMS, a TAKXKE ONHCATh TC CUTYaIMH, ISl KOTOPBIX TOT WIIM MHOM THUI
JMLEH3UN TOAXOANUT B Oonbmiel i MeHplel creneHn. OO0CHOBaTh HEOOXOIUMOCTh HAITMCAHHS
JokyMmeHTaruu. Onucars crocoObl MPOABIKEHHS M HOMYJISIPHU3AIMK B COOOIECTBE pa3pabOTINKOB
MyOJIMKyeMbIX MIPOrpaMMHBIX IPOAYKTOB, IAaKeTOB M OuOIHOTeK. MaTepuaabsl M MeTolbl. Pac-
CMaTPHUBAIOTCA OQUIMATIbHbIE JOKYMEHTHI JHUIIEH3UN C OMHCAHHUEM YCJIOBHI HCIIONB30BaHU, BOC-
MPOM3BEACHUS U PACIPOCTPAHCHUSA. AHATU3UPYIOTCS OCHOBHBIE IIYTH M CIOCOOBI NPOJBIKECHUS
MPOTPAMMHBIX TPOTYKTOB C OTKPHITHIM MCXOIHBIM KoJoM. Pe3yabTaThl. B crathe aBTOpOM 000C-
HOBBIBACTCS aKTYyaJbHOCTh ITyOJIMKAI[MH M HCIIONB30BaHMUS MCXOJHOTO KOAa pa3pabOTaHHOTO IIpo-
TrPaMMHOTO TIPOAYKTA, TMaKeTa Wi Oubnmorexu. ONHCHIBAIOTCS OCHOBHBIE IOJIOKEHMSI Hamboiee
pacrpocTpaHeHHBIX THIIOB JHIEH3MH. Takke MPUBOAATCS COBETHI IO BBHIOOPY THIIA JIMIEH3UH NPU
MyOJMKALMK HCXOJHOTO KOAA Il CBOOOTHOTO MCHONb30BaHUS. OOOCHOBBIBACTCS HEOOXOIMMOCTD
HaIlMCcaHusl JOKyMEHTAIMH 110 ITy0IMKyeMOMy NPOTrpaMMHOMY NPOAYKTY. OIUCHIBAIOTCSI HEKOTOPHIE
CIIOCOOBI JUIsi NPOABM)KCHHUS OIyOJIMKOBAaHHBIX MAKETOB, HAIpUMEp, TaKUe KaK I'PaMOTHBINA BBIOOD
MMEHH, BBICTYIUICHHE Ha KOH(PEPEHINIX WM ITyOJIMKAIHS CTaThel ¢ MpUMepaMH HCIOJIb30BaHMsL.

Kniouegvie cnosa: xopnopamushvle UHOOPMAYUOHHBIE CUCEMbL, NPOSPAMMHOE obecneyeHue
¢ omxpuimuvim ucxoouvim kooom, MIT, Mozilla Public License 2.0, Apache License 2.0.

Beenenue

CerozHst Bce Ooubliiee 3HaUCHHE TPHOOPETAET OTKPHITOCTh KOMITAaHHH, 3aHUMAOIIUXCST pa3padoT-
KO# mporpaMMHoro odecrieueHus. [101 OTKPBITOCTBIO MOJIPa3yMeBaeTCsl HE CTONBKO (PMHAHCOBAS MPO-
3pavyHOCTh WM KOHTPOJIUPYEMOCTh BHYTPUKOPIIOPATUBHBIX MPOIECCOB U3BHE, CKOJIIBKO MX TEXHOJIOTH-
9ecKasi OTKPBITOCTh, HX MPUBEPIKEHHOCTh COOOIIECTBY CBOOOAHOTO mporpaMmmHoro obecrieuenus (Free
Software Community) [1]. Yto ke Takoe TexHomoruueckas oTkpbitocts UT-komnanuu 31ech U ceityac?
[oa TeXHOIOTUYECKON OTKPHITOCTBIO C OJTHOIM CTOPOHBI MO’KHO MOHMMATh CTETICHb BOBJICYCHHOCTH pe-
CYpCOB KOMITaHHHU B Pa3pabOTKy MPOTrPaMMHOT0 00ECHEYCHHUS C OTKPBITHIM HCXOIHBIM KOZOM, a C ApY-
roi — CTpeMJICHUE TIOBTOPHO UCIIOJIb30BaTh PEIICHUs, pa3paboTaHHbIe IPYTUMH WICHAMH COOOIIECTRA.

[IpakTH4eckn HUA OJJMH COBPEMEHHBIH MPOEKT Mo pa3paboTke MporpaMMHOro obecrieueHus He 00-
X0auTCs 0€3 UCTIONIH30BAHUS OTKPHITHIX U B OOJBIIMHCTBE CBOEM OECILIATHBIX MPOTPAMMHBIX ITaKETOB,
YCKOPSIFOIIUX Pa3paboTKy M CHUKAIONIMX €€ KOHEUHYIO0 CTOMMOCTh. OIHAKO IMOKa HE TaK MHOTO KOMIIa-
HUI paccMaTpPHBAIOT BO3MOXKHOCTH MyOJIMKAIIMKA CBOMX HapabOTOK B OTKpBITOM jaocTtyre. [lomumo He-
JKEJIaHWUsI y9aCTBOBATh B pa3pabdOTKe MPOrPaMMHOI0 00ECIICUSHHUS C OTKPBITHIM HCXOIHBIM KOJIOM MHO-
THe TaKKe HE CYMTAIOT LEJIECOO0pa3HbIM IOICPKUBATh CYIIECTBYIOIINE TAKETHl U BHOCHTh B HUX H3-
MEHEHUS Il CBOMX HYXJ. BMecTo 3Toro HaumHaeTcst pa3pabOTKa CBOETO PEIICHHS YK€ B KaKOM-TO
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LuHkapee A.A. Posib npo2paMMHO20 ob6ecrieyeHusi ¢ OMKPbIMbIM UCXOOHbIM KOOOM
8 cospeMeHHoOl pa3pabomke KoprnopamueHbIX UHOPMayUOHHbIX cucmem

BUJIEC PELICHHOW 3a/la4M, YTO B HEKOTOPOM CMBICJIC PUBOAUT K OCBOCHHIO OIO/KeTa Ha pa3paboTKy U
CO3JJaHMIO MHTEPECHBIX 3a/1a4 JUIA IPOrPaMMHUCTOB BMECTO peIICHHS MPOOJIeM, CTOSIUX Mepes Ou3Hec-
[IOJIB30BATEISIMU IPUIIOKEHUH.

Kputnueckn BaxkHpiM HaBbikoM aisi UT-monmpasgeneHus COBPEMEHHBIX KOMITAHHM CTaHOBHUTCS
yMeHHue coOmonaTh 0amanc Mexay pa3paboTKON 3aKphITOM KOIOBOH 0a3bl NPUIIOKEHUH M y4acTHEM B
pa3paboTKe MPOrpaMMHOTO 00ECTIEYEHUS C OTKPBITHIM UCXOTHBIM KOJIOM JUISl T€X YacTel MPHIIOKEHUs,
KOTOpPBIC HE HEeCyT OM3HEC-IIEHHOCTH, a JIUIIb COMPOBOXIAIOT BBHITIOJHEHUE OCHOBHBIX Ieneil. Tummy-
HBIM [IPUMEPOM BHYTPEHHEH Pa3pabOTKH, KOTOPYIO HYXHO JMOO BEIHOCHTH B OTKPBHITOE MPOCTPAHCTBO,
7100 TONHOCTBIO 3aMEHSTh Ha UCIOJIb30BaHUE TOTOBOTO, SIBIACTCS pa3padoTKa CBOMX OMOINOTEK KOM-
MIOHEHTOB TOJIb30BATENECKOTO UHTEp(dEiica, a TakKe CO3JaHHE CBOMX WHCTPYMEHTOB MOJJICPIKKU U CO-
MPOBOXICHUS aKTUBHOCTEH MO pa3BepThiBaHuIO npuiiokeHuid (DevOps) [2], moacucrem ayTeHTUHKA-
UM ¥ aBTOPU3ALMH, Ia0JIOHOB BEO-IPUIOKEHUI M CEPBEPHBIX CEPBHCOB, TO €CTh JIIOOBIX MpOrpam-
MHBIX pEUIeHUH, KOTOpbIe HE HECYT YHUKAIbHOM JJ1s1 OM3Heca [EHHOCTH.

1. OcHOBHBIE THIIBI JTHIEH3MII TPOrPAMMHOI0 00ecre4YeHusl ¢ OTKPBITBIM HCXOJAHBIM KOAOM

Ha cerogusmHui AeHb CYIIECTBYET IOBOJBHO BHYIIMTEIBHOE KOIMYECTBO JHULEH3WHM IS IpoO-
TPAMMHOTO OOECIICUEHHSI C OTKPBITHIM MCXOMHBIM KOJOM. O3HAKOMHTBCS C JIOCTATOYHO MOJHBIM CITH-
CKOM HIMPOKO PACIPOCTPAHEHHBIX JIMLEH3UN A1 IPOrPaMMHOT0 o0ecrieueHusI MOKHO 37ech [3].

[Ipennaraercst paccCMOTPETH JIHILIL HECKOIBKO THIIOB JIMLEH3UH, KOTOPbIE O3BOJISIOT IMyOJINKOBATh
WCXOJIHBIA KOJI MPOTPAaMMHBIX PEUICHWH ¢ Hanbojiee TMOKMMHU YCIOBUSIMH HCIIOJB30BaHUS U PACIPO-
CTpaHEHHUS U B TO XK€ BpeMs HajaraloT MHHHMAlIbHOE KOJIMYECTBO OTPAaHMYECHUH, YTO YIIPOIIAeT HC-
MOJIb30BaHUE MIPOTPAMMHOI0 KOJIa B KOMMEPUECKON KOPIIOPAaTUBHOM pa3paboTke.

Kak u B cimyyae ¢ Hayasiom paboThl ¢ HOBBIM MPOTPaMMHBIM [TAaKETOM, KOT'/Ia BaXKHa NMPOCTOTA U MU-
HUMAaJIbHOE BpeMs 0 TMOJyYeHHs MEePBBIX Pe3yIbTaTOB pabOThI, B COy4ae C JUIIEH3UPOBAHHEM BaXKHO
TO, HACKOJIBKO MPOCTO paboTaTh C JULEH3UEH U HACKOJBKO NOHSATHBI U IPO3PauHbIC €€ YCIOBUSL.

[Ipu onucannu 0cOOCHHOCTEH JTULIEH3UH NCTIONB30BAIUCH CIEAYIOLIHNE pecypehl [4—8].

1.1. Jluyenzua MIT

[Ipencrasisier co0oi pa3peMIUTEIbHYIO JIHIIEH3UIO, Pa3peliaeT JAeiaTh ¢ KOJIOM MPaKTHIECKU BCe,
YTO YIOJHO, IIPY YCJIOBHH, YTO CaMa JIMIICH3Us U YKa3aHUe aBTOPCTBA OCTaHYTCs 0e3 U3MEHEHH JJaXke B
ClIy4yae 3HAYUTEIIbHON PECTPYKTYPHU3AIMH TIEPBOHAYAIILHOTO IIPOTPAMMHOTO OOECIICUCHHUSI, TOCTaBJIse-
MOTO IIOJT TOM JIMIICH3UCH.

V 3Tol MUIIEH3UH €CTh OJWH CYIIECTBCHHBIN MUHYC — OHA HE TapaHTHUPYET MOJIH30BATEIIIO MTATEHT-
HBIX TIpaB [9].

JaHHas MUIEH3US MOXKET XOpOILO MOJOUTH JJisl CUTyalui, KOrja KOMIIAHUS XOYET MOACIUTHCA
TEXHHYECKUMHU HapabOTKaMH, HE JAOIUMHU OU3HECY KOHKYPEHTHBIX TIPEUMYIIECTB, HO MTO3BOJISIONUMHI
TTOBTOPHO MCIIOJB30BATh YAAYHBIC PEIICHUS B APYTUX MPOCKTAX.

1.2. Jluyenszua Apache License 2.0

Eme onHa paspemmTenbHas JuLeH3us, cxoxkas ¢ MIT, HO ¢ HECKOJIBKUMH BaKHBIMU OTJIMYUTENbHbI-
MU 4yepTamiu. Bo-miepBbIX, MpH HCIIOIB30BAHUH MPOTPAMMHOIO 00ECIIEUEHH s, BBIYIIIEHHOTO 10/ TaHHOMH
JMLEH3KEH, 00s3aTeNbHO YKa3aHue W3MEHEHUH, BHECCHHBIX B OPUTMHAJIBHOE pelieHne. Bo-BTopeIx, mis
MIPOM3BOJHBIX PELICHUI HENb3sI UCIIONIB30BaTh T€ e HA3BaHMUs, €CIIM OHHU SIBJIIOTCS TOPrOBBIMHU.

BaxxnsIM npenmMyiiecTBOM O cpaBHeHHIO ¢ MIT sBisieTCsl MpenocTaBiIeHUE MATEHTHBIX NPaB Ha
[IPOU3BOAHBIE ITPOrPAMMHBIE ITPOLYKTEL.

JaHHas nuneH3us MoaXoOuT B CIydae, Korga HeoO0X0IUMO OMyOJMKOBAaTh B OTKPBITOM JOCTYIIE pe-
HIeHHUE, MPECTaBIIsIoNnIee COO0H MPOIYKT C ONPEICIeHHBIM Ha3BaHUEM, KOTOPOE UCTIONIL3YETCS TIPH €T
pacnpoctpaneHud. [IpoayKT MOKeT OBITh KaK MOJHOCTHIO OECIUIaTHBIM, TaK U KOMOMHHUPOBATH TIATHOE
u OecIulaTHOE PacHpOCTpaHEHHE B Pa3HbIX CLEHAPUSAX HMCIOJb30BaHUs. Hanmpumep, 3ta nuueHsus mo-
JOWAeT AMsl MyOJIMKaluy UCXOJHOTO KOJa MOOMIBHOTO MPHIIOKEHHS, YTO JIeNIaeT JIOTUKY ero padoTh
MPO3pavyHOil, HO M 3aIIUIIAET YK€ BHIOpaHHOE UM OT HEXKEJIATENbHOTO MOBTOPHOTO HCIOIB30BaHHUS.
JpyruM npuMepoM MOKET ObITh UCXOAHBIA KOZ 00JIAYHOTO CepPBHCA, KOTOPBIM BBIIOIHAET ONpeaeIcH-
HYIO LIEHHYIO paboTy M MPEeAOCTaBIETCS KaK IJIATHO MO MOAMNMCKE, TaK W OECIUIaTHO B CIIydae caMo-
CTOSITEJIBHOT'O Pa3BEPTHIBAHMSI U ITOAJECPKKHA HA BHYTPUKOPIIOPATUBHBIX CEPBEPHBIX MOIIIHOCTSIX.

BecTHuk HOYplY. Cepus «KomnbioTepHble TEXHONOrMK, ynpasreHue, PaauoaneKkTPoHUKay. 17
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1.3. Mozilla Public License 2.0

JlaHHas JTUIEH3MST XOPOIIO MOIXOAUT IS pa3paboTku OUOIMOTEK M3-3a clabbiX MpaBWIl Komuied-
Ta, KOIJla HET HEOOXOAMMOCTH PACHpPOCTPaHATh UCXOMHBIM KOJ OHOJHMOTEKH BMECTE C MPOrPaMMHBIM
oOecrieyeHneM, B KOTOPOM OHA HMcnonb3yercs. OMHAaKO 3Ta JHLIEH3Hs NpeanoiaraeT JHICH3UPOBaHUE
IIPOU3BOJHBIX ITPOTPAMMHBIX IIPOAYKTOB O] TOM K€ JUUEH3UEH, YTO BaXKHO B TOM Cllydae, KOI/a He-
JKelaTeIbHO, YTOObI T0paboTKu OMOIHOTEKH WMEINH, HanpuMep, Ooliee OrpaHUYHUBAIONIYIO JINIECH3HIO,
94eM 3alyMBIBAJIOCH aBTOPOM.

Takke B MPOM3BOIHBIX pabOTax 3alIWIIEHbI Ha3BaHUA, UCIIONB3yEeMbIE B MIPOCKTE, €CIH OHM SIBIIS-
IOTCSI TOPTOBBIMU MapKaMHU.

2. CueHapuu co3JaHUsI IPOrPaMMHOI0 o0ecrnedeHusi ¢ OTKPBITBIM HCXOAHBIM KOIOM

B paMKaX BHYTPHKOPNOPATHBHOI pa3padoTKu

B coBpeMeHHBIX YCIOBUSIX CO3/IaHHS BHYTPHKOPIIOPATUBHOTO MTPOrPAMMHOTO 00ECTICYCHHUST MOXKHO
BBIJICJINTH TPU OCHOBHBIX HAIPaBIICHUS.

1. Pa3paboTka KIMEHTCKHX BeO-NPHIIOKCHUH WM ke (poHTeHa-pa3padorka (frontend develop-
ment).

2. Pazpabotka cepBepHOi yacTd MHG)OPMAILMOHHBIX pelIeHHH mim OekeHa-paspaboTka (backend
development).

3. PaboTa B HampaBlIeHUN aBTOMATU3AI[MH Pa3BEPTHIBAHUS M YIPABICHUS )KU3HEHHBIM IIMKJIOM HH-
¢opmannonnsix cucteM uin gesorc (DevOps).

B pamkax kaxmoro HampaBie€HHUsS pa3pabOTKH CEroAHs BO3MOXHO M IeJIecOO0pa3HO BEICHUE aK-
TUBHOCTH TI0 MyOJIMKAI[MK HapaOOTOK B OTKPBITOE MPOCTPAHCTBO JJISl IOBTOPHOTO HCIIOJNIL30BAHUS, B
TOM YHCIIE IPYTHMHU KOMITaHUAMU. Vcnonb30BaHue MyOIUYHBIX PEIO3UTOPUEB (Tepository) ¢ HCXOHBIM
KOZIOM OMOJHMOTEK B COUYETaHWU C MyOJUKalMed UX cOOpOK B MyOJNMYHBIC PETHCTPBI, TAKME KaK npm,
nuget, pip [10], BeayT He TONBKO K OONbLIEH NPO3PAYHOCTH M HAAEKHOCTH, HO M CO3/IAI0T TOJIOKUTEIIb-
HBIH 00pa3 KOMIIAaHHWU B TJIa3ax pa3pabOTUYHUKOB, YTO, B CBOIO OUYepE/Ib, YIPOIIAET MPOLECC MTOMCKa KaH-
JUIATOB Ha OTKPBIBAIOIINECS BAKAHCHH.

PaccmarpuBas ¢ppoHTeHI-pa3zpabOTKy W HanboIee pacpoCTpaHEHHbIC CLIEHAPUH CO3JaHMs pase-
JSIEMBIX TIAKETOB, B TOM YHUCIIE M HE JOCTYMHBIX MyOIMYHO, MOYKHO BBIJICIUTH 3a/la4y CO37aHusi Ouo-
JMOTEKH KOMIIOHCHTOB IOJIb30BATEILCKOT0 WHTEpdelica Uisi TOW WM MHOHW IUIaT(OpPMBI, TAKUX Kak
React, Angular mmm Vue [11].

Camo 1o cebe co3naHue MoJ0OHON OMOJIMOTEKH KOMITIOHCHTORB IIOJIh30BATEILCKOTO HHTEpdeiica
MO3BOJISICT PEIINTh 3a/1a4y CO3JaHUS OOIIEro CTHJIS TPYMITBI MPHIOKEHUH, B KOTOPBIX OHU HCIIOINB3Y-
I0TCS, TIONTyYUTh TaK Ha3bIBaeMBbId crainraiin (style guide). OmHako crouT Bceraa oOpaiiarh BHUMaHHE
Ha CYIIECTBYIONIUE OMONMOTEKH, Belb JUIsl OM3HEeca MOXKET OBITh Kyaa Oollee MpaKTHYHOU MOopaboTKa
CYIIECTBYIOILIETO PENICHUs MoJ ce0sl, HeXKEeIIM HalMCcaHHe CBOCTO PEIIeHHs C HYJS, IPU KOTOPOM TpH-
JETCsl CTOJIKHYTBHCSI CO BCEMHU MOABOAHBIMU KaMHSIMH, KOTOpPBIE YK€ BO MHOTOM OBUIM KEM-TO IIPEOI0-
JICHBI paHee.

Taxoke pacnpoCTpaHCHHOH 3a/1adueii MOXKET CTaTh CO3JaHME I1a0JIOHOB MPHJIOKEHHM, KOTOPBIE IO~
3BOJISIFOT OCYIIECTBHUTH OBICTPBIN CTAPT HOBOTO MPOEKTA, YTO aKTYILHO KaK JJIsl PPOHTEH/I-, TAK U IS
OekeHa-pa3paboTku. B naHHOM cityyae MOXeT ObITh 11e7eco00pa3HO MOANEeP)KUBATh TaKUe IIA0JOHBI B
OTKPBITOM JIOCTYIIE M aKTyaJU3UPOBAThH MApaUICNBHO C TEKyIIeH paOoTOH Haja MpPOEKTaMH, KOTOpBIE
OBLIM CO3JAaHbI C UX TOMOIIBIO.

B 6ekenn-pazpaboTke akTyaqbHO CO3AaHUE PAa3IMYHBIX TAKETOB, CKPHIBAIOLINX B cebe, Hampumep,
noruky padotel ¢ JWT-ayrentuduxanueit [12] nim KOHTpaKT MOMYUYESHUS! JAHHBIX Ul IIOCTPAHUYHOTO
3arpoca JaHHbIX ¢ QUIbTpanyel 1 copTupoBKoi. [1o/100HbIE MTAKETHl 3a4aCTyIO HallEIEHbI HE TOJIBKO Ha
SI3BIK TIPOTPaMMHPOBAHUS, UCIIONb3yEMbId KOHKPETHOW KOMAaHAOM, HO U Ha IIATPOpMy CO3IaHHS cep-
BucoB, kak Hanpumep Asp .NET Core, NodeJS, Flask u 1. 1.

B cdepe paboT o HampaplIeHHIO IEBOIC HanOoJee PaCcIIPOCTPAHEHHOW 3a/1a4ueii, pelaeMoi BCEMHU
KOMITAaHUSIMH B TOM WJIM UHOM BHJIE, SBIISICTCS aBTOMATH3AIMSI IPOIIECCOB COOPKHU M JOCTABKH PEIICHUN
Ha MPOAYKTOBOE OKpYykeHue (production environment). Takue pemeHuss MOTYT XOpomIo 0000marscs u
OBITH IPUMEHHUMBI M K APYTHM IPOEKTaM. 3a4acTylo NPEANOChUTKAMH IJIsl YHUBEPCAIH3alUU SIBISETCS
UCIIOJIb30BaHUE KOMaHaMH pa3paboTku Takux mnpakTuk, kak GitFlow [13], Conventional Commit [14],
Semantic Versioning [15]. Pemenusi, nocTpoeHHbIE U aBTOMAaTH3UPOBAHHBIE C YIETOM 3TUX MOAXOIOB,
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XOopouro O606H.IaIOTC$I Ha APYTryue MpOCKTHI 3a CYCT TOr'0, YTO 3TO YIKC CTAJIO KOPIOPATUBHBIM CTAHAAP-
TOM B OTpacCiin pa3pa60TKH nporpaMMHOI 0 obecrieucHus.

3. [IponBu:KeHHE POTPAMMHOT0 00ecneYeHNsl ¢ OTKPBITHIM HCXOIHBIM KOJI0M

HecmoTps Ha BCIO yBIIEKaTeNBHOCTh IPOLIECCA CO3AAHUS M IMYOIUKALIMK MTOTEHIHAIBHO MOJIE3HOTO
JUIsL IPYTUX TIPOTPaMMHOTO KOJIa, CYIIECTBYET €llie OJIHA BaXKHAs 3aJ1a4a, UAyIlas pyka o0 pyKy C co3-
naHueM OMOIMOTEKH, 8 UMEHHO — MPOJIBIDKEHHE. BakHO HE TOJNBKO HAMMCATh MOJIE3HBIH MPOrpaMMHBIHA
MOJyJb, HO U CYMETh PaccKazaTh O HEM, YTOOBI T€, KOMY OH MOXET MPUTOAUTHCS, CMOIJTIM HAHTH €ro Ha
npocropax MHTepHeTa, rlie CKopee BCEro YK€ CyLIeCTBYIOT Mo00HbIe makeTbl. OJHUM M3 CaMbIX BaX-
HBIX aTpUOYTOB MPOTPAMMHOTO MPOJYKTa C OTKPBITHIM MCXOJHBIM KOJIOM SIBJISIETCSl ero uMs. Beibopy
MOJIXOMAIIET0 UMEHH MaKeTa CTOUTh YIenuTh ocoboe BHUMaHNe. HeoOxoaumMo pemmts, OyaeT i OHO
coepxarh B cebe MMs KOMIAHWUHM WIN OyIeT UMETh MMsi, roBopsmee o (yHKIHOHATBHOCTH, WM Ha-
000pOT — HE UMETh HUYETO OOIIET0 ¢ Ha3HAYCHUEM.

[TomMrMo MMeEHH makeTa Takxke 0cob00e BHUMAaHUE HYXKHO YAETUTh JOKYMEHTAIMH U BPEMEHH, KO-
TOpbIe HEOOXOAMMO, YTOOBI HauaTh padoTaTh ¢ OubIMoTekol. YeM mpoiie mporecc ObICTPOro crapTa,
TeM OoJIbIle IAHCOB Ha TO, YTO, MONPOOOBaB OMOINOTEKY, OIB30BATENb IPOIOJDKUT C HEH paboTaTh U
W3y4yaTh JOKYMEHTAIHUIO JIIsi O0OJiee CIOXHBIX M PEATMCTHYHBIX CIydacB MCIONb30BaHus. Uem Ooubliie
BPEMEHHU HY>KHO, YTOOBI Ha4aTh paboTaTh C MPOTPaMMHBIM ITAKETOM, U YeM XYK€ COCTaBJICHA JIOKYMEH-
Talusl, TEM MEHbLIE [IaHCOB, YTO TAKETOM OYZET MOJIb30BATHCS KTO-TO, KPOME aBTOPOB.

JIOTIOMHHUTENFHO K JOKYMEHTAIUU TIaKeTa TOJIE3HBIM SIBJISIETCSl HAIMCAHWE CTaTel, KOTOpbIE ObI
pacckaspIBalId 0 OMOIHOTEKE, O TOM, KaKUe 3a/1a4i OHA pelliacT, MPUBOIWIN OBl IPUMEPHI UCTIONb30Ba-
Hus. [Ipy HanMcaHUM CTaTeil MEET CMBICH YYUTHIBATh TY HH(OPMALMIO, KOTOPYIO pa3paObOoTYHKU HITYT
B MHTepHere uIsi pelleHHsT CXOKUX 3ajady, aHAU3Upys IOMCKOBBIE 3ampockl kak mpu SEO-
ONTUMHM3ALIUH CONEPKUMOTO calfToB. Mcronb3ys JaHHBIE O MOUCKOBBIX 3aIllpocax, HE0OXO0AUMO B TOM
YHCIIe ONTUMHU3UPOBATH TEKCT CTaTei, YTOObI OHM MONAJaIid B IIOMCKOBYIO BhIaUy pa3paboTUMKOB.

Brictynnenuns Ha KoH(QEpeHIHX, TIe MOKHO INPOJEMOHCTPUPOBATh pa3paboTaHHy0 OMOIHOTEKY,
TaKXKe TOJOXKUTEIBHO BIUSIOT Ha TPOJBIKEHHE Pa3pabOTAaHHOTO MPOTrpaMMHOTO OOecTiedeHus! B CO-
o01ecTBe pa3pabOTYHKOB.

3akiouenune

CoBpeMeHHBIII MUp Pa3pabOTKH MPOTPAMMHOIO OOECIIEYEeHUs] BCE CHIIbBHEE OpUEHTHUPYETCsS Ha
MOJHBIC TeHACHUUH. M 0AHOM U3 TaKMX TEHICHUMH sBIsIeTCs pa3paboTKa MPOrpaMMHOTO oOecreyeHHs
C OTKPBITBIM UCXOJIHBIM KoJ0M. KOMITaHUsIM, KOTOpbIEe CMOTYT OPIraHUYHO BIIUCATHCS B ATOT TpeH, Oy-
JeT TpOIlle MPUBJIEKaTh HOBBIX TAJAHTIMBBIX COTPYIHUKOB. Benp To, B KakuxX MyOJWYHBIX MpPOEKTax
Y4acCTBYET KOMIIAHUS U HACKOJIBKO OHU TOJIE3HBI U U3BECTHBI, HAIPSIMYIO BIUSET Ha UMUK KOMIAHUU
Ha pBIHKE Tpyaa.

[ToMUMO pernyTalMOHHON COCTABIIAIONICH HE MEHEe BaKHBIM (haKTOPOM, TOOYKIAAMOIINM YIacTBO-
BaTh B Pa3pabOTKe MPOTPaMMHOTO 00ECIEUEHHUsI C OTKPBITBIM MCXOJTHBIM KOJIOM W IyOJIMKOBaTh yiKe
CYIIECTBYIOIIME HapaOOTKH, SBISETCS PEIIeHUE 3a7add MOJIIEPKKA U Pa3BUTHUS MPOCKTOB HE TOJBKO
CBOMMH, 3a4acCTyI0 OTPaHWYEHHBIMH CHJIAMH, HO ¥ TIPUBJICKasl pa3pabOTIMKOB Ha mpocTopax UHTepHe-
ta. [TopazuTenbHO, HACKOIBKO CHUIIFHO Ha KaYeCTBO MPOTPaMMHOTO KOJIa BIUSIET OCO3HAHUE TOTO (hakTa,
9TO 000K CMOXET €ro YBHIECTb M OLECHUTb. DTa OTKPBITOCTh 3aCTABISET OOJBIIMHCTBO YYaCTHUKOB
MOTOOHBIX MPOEKTOB BHUMATEIhHEE OTHOCUTHCA K HAITMCAHHIO MPOTPAMMHOTO KOJIa, KOMMEHTapHeB K
HEMY, JOKyMEHTHPOBaHHUIO ()YHKIIMOHANA, TECTUPOBAHUIO U JIAXKE CTHIIIO HAIIMCAHWUS TEKCTa KOMMHUTOB
(commits).

Korna xomnanusi moAXoAUT K ATally CBOETO Pa3BUTHS, HA KOTOPOM €M €CTh YeM MOJEIUTHCS C CO-
OO0IIIECTBOM, BCTAeT BHIOOP THIIA JIMIEH3UU IS POTPAMMHOTO O00ECIIEYEHHsI C OTKPHITHIM HUCXOJIHBIM
KoZioM. B 3aBHCHMOCTH OT HyXJ HaKeTa ¥ HAIWYHS WIH OTCYTCTBUS B HEM TOPTOBBIX MapoOK MOAOHIET
OJlHA M3 PacCMaTPHUBAEMBIX B CTaThe JHMIICH3UNA. Eciu muiaHupyeTcst co3manne OubIMoTekn o0mero Ha-
3HAYEHUs, TO XOpoluo noaouaet nuueH3uss MIT. Ecinu pedb UAET 0 BBIYCKE Ha PHIHOK MPOJYKTa C OT-
KPBITBIM HCXOJHBIM KOJIOM, TO UMEET CMBICI BEIOMpATh Mex 1y paccMaTpuBaeMbiMu Apache License 2.0
u Mozilla Public License 2.0. be3ycnoBHo, CymecTByeT HAMHOTO OOJbLIEC THIIOB JHLEH3UI, HO Ha Ha-
YallbHBIX 3TaraxX MOXET OBITh JIOCTATOYHO TEX, YTO PACCMATPHUBAIOTCS B CTaThe. Takke HE CTOUT ITyO-
JIUKOBAaTh NMPOTPaMMHBINA KO 0e3 yKa3aHHs JHUIEH3UH, TaK KaK 3TO MOXKET MPHUBECTH K HEOKUIAAHHBIM
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MOCIIEACTBUSAM H3-3a HIOAHCOB B 3aKOHOJATENbCTBE, KACAIOIEMCS] aBTOPCKUX U MATEHTHBIX NpaB B pa3-
HBIX CTpaHax.

B pamkax co3naHus mo-HACTOSIIEMY YCIEIIHOTO MPOrPaMMHOT0 00eCiedeHus C OTKPBITHIM HCXO/I-
HBIM KOZIOM HEOOXOAMMO YACNSATh TOCTOMHOE BHUMAaHKE MPOABIKCHUIO CO3/1aBAEMOT0 PEIICHHs Cpean
pa3paboTYMKOB. 3a4acTyI0 MOKHO HAOJIO/IaTh ITAYEBHYIO CUTYAIIHIO, KOT/Ia XOPOIIO MPOpadOTaHHbIH
Y TIOTEHIIMAJIBHO IOJIE3HBIM TSI MHOTHX IMaKeT TaK M He HaXOJUT CBOIO ayJUTOPHIO IO TOW MpUYHHE,
YTO O HEM MPAKTUYECKHA HEBO3MOXKHO Y3HATH M OYEHb CIIOKHO PA3JIMIUTH €r0 JOCTOMHCTBA IO CpaBHE-
HUIO C YK€ CYIIECTBYIOLIMMH PELICHUSAMH B 3TOH HUIIe. MOXXHO Jaxke chOopMyInpoBaTh 3a4aqy HOIy-
JSIPU3AIMN PEIICHHS C TEM K€ MPUOPUTETOM, YTO UMEET pa3padoTKa caMoro MporpaMMHOTO obecriede-
HUSl BMECTE C HallMCaHHEM MCUEPIBIBAIOIIEH U XOPOLIO CTPYKTYPHPOBAaHHON TOKYMEHTAINH, BEAb 3TO
HaIpsMYyH0 BIUSET B TOM YHCJIE HAa MOTHBALUIO OCYLIECTBIATh AAJBHEHIIYIO NOIAEPKKY M pa3BUTHE
pa3paboTaHHOTO IIPOrPAMMHOT0 00ECTICUCHUSI.

HecmoTps Ha Bce HIOAHCHI M HEOJHO3HAYHOE MEPBOE BIEUATIEHHE, KOTOPOE MOXET BOZHUKHYTH y
Ou3Heca B OTBET HA UJCIO BHIHOCUTH YacTU MPOTrPAMMHBIX IPOAYKTOB B OTKPBITHIA JOCTYII, pa3padoTka
MIPOrpaMMHOT0 00ECIIEYeHHsI C OTKPBITHIM HCXOAHBIM KOJIOM CTaHOBUTCS Bce Oosee momymsipHoil. Kom-
MaHWU, KOTOPBIE CMOTYT BCTPOUTH y4acTHE B pa3padOTKe TaKOro MPOTrpaMMHOTO OOECIICUeHHs B CBOU
Ou3Hec-TIpoLecChl, OYAYT BBIACIATHCS CPEld MONMHOCTBIO 3aKPHITHIX KOHKYPEHTOB M CMOTYT HE BBIIACTh
u3 000HMBI B OyayieM, KOraa BeACHUE pa3paOOTKH MPOrPaMMHOIO OOECIICUEHHUS] YACTUYHO B OTKPHI-
TOM NIPOCTPaHCTBE OyAeT cTaHaapTHOU mpakTukoi B UT-unayctpun.
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At the moment there are many open source software products and packages, and their number is
increasing every day. So it can be concluded that publishing source code is becoming more and more
popular in the world of software development. When publishing the source code of a software solu-
tion or software package for use in the developer community, special attention should be given to the
license type — this affects which scenarios will be available for use of the published package or soft-
ware solution. It is also necessary to draw up full and detailed documentation and decide on
the ways to promote the published package among developers. The purpose of the study was to jus-
tify the feasibility and necessity of publishing software products, packages and libraries for their use
by other developers to build their own systems and services. The author meant to describe the major
open source licenses, identify their features and differences, and those situations for which this or
that type of license is suitable, as well as to demonstrate the need of writing documentation and de-
scribe ways to promote and popularize published software products, packages, and libraries in
the developer community. Materials and methods. The paper considers official license documents
describing conditions of use, reproduction, and distribution. The author analyzes the main ways and
means to promote open source software products. Results. The article substantiates the relevance of
publishing and using the source code of a software product, package or library. The author describes
the main provisions of the most common licenses and gives advice on choosing the type of license
when publishing source code for free use. The necessity of writing documentation for the published
software product is substantiated. The article also describes some of the ways to promote published
packages, such as the choice of name, speaking at conferences, and publishing articles with case
studies.

Keywords: enterprise information systems, open source software, MIT, Mozilla Public Li-
cense 2.0, Apache License 2.0.
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PEMPECCUOHHBIE NMPOrHO3bl YPOXXANHOCTU
OPOLWIAEMbIX O3UMbIX KYJIbTYP C UCTMNOJIb3OBAHUEM
CNYTHUKOBbIX BETETAUMOHHbIX UHOEKCOB:
MOOENW, NPEAUKTOPbLI N 9KCMNMEPUMEHTbI

3.X. Xanun, C.M. A60ynnaee
HOxHo-Ypanbckul eocydapcmeeHHbil yHusepcumem, 2. HensbuHck, Poccus

TeXHONIOTHH arpoOMETEOPOIOTHUYSCKUX IMPOTHO30B ypoxkaiHOoCcTH (AITY) 3epHOBBIX KYIBTYD,
BKITIOUas perpeccuoHHbie AITY, ocHOBaHHBIE HAa JaHHBIX O HOPMAJU30BAHHOM BEreTallMOHHOM WH-
nekce (NDVI), sBisroTCst BaXKHBIM DJIEMEHTOM COBPpEMEHHOM arpapHoil nHycTpuu. Lesnb uccieno-
BaHMsA: 000CHOBATh 3BPUCTUYECKYIO MOJIENb YPOKaHHOCTH M MOAXOBI K pa3paboTKe Mojaeen per-
peccuoHHBIX MeTonoB AIlY, BKimrouas mporenypy BbiOopa mpenuktopoB AITY mo manasiM NDVI
CIIyTHHUKOBOH cucTeMbl HaOmoaeHuit Moderate Resolution Imaging Spectroradiometer (MODIS) u
MIPOBECTH IKCIIEPUMEHTAILHOE POTHO3MPOBaHNe. MaTepuaiabl 1 MeTO/bl. VICTIONb3yIOTCS TaHHbIE
OpHUIUATEHON CTATUCTHKH YPOKAHHOCTH OPOIIAEMBIX O3MMBIX IMIICHUIBI U SYMEHS HUPAKCKOU MPO-
BuHImH [uBanus u HaOmoaenuss NDVI MODIS 3a 2001-2019 rozgsl. 3a OCHOBY IpHHSTA JBYXKOM-
MTOHEHTHAS IBPUCTHYECCKAs] MOJICNb YPOXKAWHOCTH, COIEpIKaIas TPEH] YpOKaHOCTH, 00yCIOBICH-
HbIM CpaBHUTEIBHO MEAJIEHHBIM M3MEHEHHEM TEXHOJIOTUM BO3JEJIbIBAHUS KYJBTYp, U KIMMaTH4e-
CKYIO KOMITOHEHTY, CBSI3aHHYIO C KOJICOAHUSIMH OMOJIOTHICCKON MPOTYKTHBHOCTH W3-3a TTOTOJHBIX
ycroBuid Beretarun. Pe3yasTarsl. C IOMOMIBIO 3BPUCTHICCKONH MOICTH Pa3BUT OOBEKTHO-OPUCH-
TUPOBAHHBIM MOAX0A K BBIOOPY NMPEIUKTOPOB perpeccroHHoil Momenu AIlY. Mcnons3ys 3aBucH-
MocTh NDVI 0T npOeKTUBHOIO MOKPHITUS U JIMCTOBOI'O MHAEKCA MOCEBOB, KAYECTBEHHO U KOJIMYe-
CTBEHHO onpenenuny 3sontonuo NDVI B oTaenpHbIX cTagusx pa3BUTHUs NIIEHULBI U suMmeHs. [lo-
KazaHo, 4To B AIlY Ha ypoBHE MPOBUHIIMH B Ka4eCTBE MCXOJIHBIX MPEIUKTOPOB CIEAYyET BHIOPAThH
BpemeHHbIe psinel NDVI-MODIS 3a nepByro ¥ BTOPYIO MOJIOBHHY (EeBpajsl B TPEX 3EPHOCEIOLINX
palioHax MPOBUHLUMU. DKCIEPUMEHTHI MIOKA3aJIU, YTO YJOBJIETBOPUTEIBHOE KAaU€CTBO PErPECCHOH-
HBIX AITY sS9UMeHs U MIICHHUIBI TOCTUTASTCS MPH Pa3IMIHBIX Habopax 2—3 MCXOTHBIX HEKOJDIHHEAp-
HBIX TPEAUKTOPOB M UX KOMOWHAIMEH C BEIMYMHOW YPOKAHHOCTH MPOILIOrO ToAa JHOO0 BKITFOYEC-
HUEM JIMHEHHBIX WIH KBaJpaTUUHBIX 3aBUCHUMOCTE. BbiBoabl. AIlY NIIEHULBI C OTHOCUTENIBLHOMN
omuoOkoi okoso 10 % moxy9aroTcs TOIBKO IpH MoA00pe HHTEpBaia 00yUeHIU MOIEIeH U KOHTPOJIE
apamMeTpoB aBTOPETrPECCUOHHOIO MPEIUKTOpa. Bricokoe KauecTBO MPOrHO30B PErPECCUOHHBIX MO-
neneit AITY stameHst 00yCIIOBIIEHO T€M, YTO B M3MEHUYMBOCTH €T0 YpOXKaifHOCTH mpeoliagaeT Kilu-
MaTudeckas KOMIoHeHTa. PazpaboTaHHbIi 00BEKTHO-OPUEHTUPOBAHHBIN MOAX0 MOXKET ObITh aar-
TUPOBAH K YCJIOBUSAM OOTapHOTO 3eMJIEIEIHS U IPOTHO3Y YPOKAWHOCTH APYTHX KYJIBTYD.

Kniouesvie cnosa: npozrno3ssl yposxcainocmu 03umMblX RUEHUYbL U AYMEHS, NOTUSHOE 3eMaedenue
6 Upaxe, NDVI MODIS, xnumamuyeckue aHOMAIUU YPOAICAUHOCU, PecPecCUOHHbIe MO,

Beenenne

JlaHHBIC TUCTAaHIIMOHHOTO 30HAMpOoBaHus 3eMiu ([133) 3 KocMoca MIMPOKO MPUMEHSIOTCS BO BCEX
cdepax COBPEMEHHOIO CENbCKOro X03sicTBa [1], BK/IIOYAs arpOMETEOPOJIOTHYECKHE MPOTHO3BI ypO-
xaitHocTH (AIlY) 03UMBIX U ApPOBBIX KYJIBTYp C 3a0ylaroBpeMeHHOCThIO OT 1 10 3 mecsues. [lomumo
paspabotku AITY oporraeMbIX 03UMBIX 36PHOBBIX KYJIBTYp [2] B 3TOH paboTe KpaTKO pacCMOTPEHBI Me-
TOJIBI IPOTHO3a YPOXKaHHOCTH Ha OCHOBE CITyTHHUKOBBIX MHIEKCOB BereTaluu (pasnen 1) u npemioxkeHa
JBYXKOMIIOHEHTHAsI 3BPUCTHUYECKAs MOJENb ypoxkailHOocTH (pa3zen 2); Ha e€ ocHOBe B pasgene 3.1
000CHOBaH 00BEKTHO-OPUEHTUPOBAHHBIN MOAX0 K pa3paboTKe perpecCHOHHBIX MOjIeNel U B paszene 3.2
00CYKIIAI0TCS PE3yNbTaThl IPOrHO3UPOBAHUS YPOXKaHHOCTH O3UMBbIX HieHHLs! (Triticum aestivum L.)
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u s;tamens (Hordéum vulgdre) B upakckoii npoBuHIn JuBanus. Jlemaercs BIBOA O BOZMOXKHOM afar-
TaIUuu pa3paboTaHHOTO METO0JIa K IPOTHO3Y YPOXKaHOCTH 3€PHOBBIX B IPYTUX PErHOHAX.

1. MeTonbl NPOrHO3UPOBAHNS YPOXKAHMHOCTH N0 JaHHBIM /133

B 3aBucuMOCTH OT HUCIIONB3yEMON IBPUCTUUSCKON M MaTeMaTUUECKON Mojenu [3—5], BBIICISIOTCS
CTaTHCTUYECKHE, JTMHAMUKO-CTaTUCTHYECKUE U CHHONTHKO-cTatucTuaeckue AITY. IIpu ucnons3zoBanun
cnyTHUKOBBIX /133 cpennero paspemenus [6] sta obmas knaccudukanus noaxonos k AITY cyxaercs:

1) mo MeTo0B rosa-aHanora, OCHOBAaHHBIX HA MPEATMONIOKEHUH, YTO €M 0 AaHHBIM J133 moceBbl
TEKYIIEro Ce30Ha Pa3BUBAIMCH IMOJOOHO OJJHOMY U3 MPOILILIX CE30HOB, TO U YPOXKANHOCTH OymeT Om3-
Ka K 3TOMY IrOly-aHaJIOTy;

2) METOZIOB MOCTPOEHUSI Pa3lIUYHbIX THIIOB PErPECCHUil C MCIOIb30BAHUEM METCOIAAHHBIX M MYJIb-
TUCTIEKTPAJIbHBIX CITyTHUKOBBIX HMHJCKCOB BEreTallM, KaueCTBEHHO OTPAKAIOMIUX OHOJIOTHYECKYIO
NPOJYKTHBHOCTH arpapHbIX JaH A TOB;

3) METOZIOB MMHTALIOHHOTO MOJAEIMPOBAHMS, IJE€ PACCUMTHIBACTCS PEAKUUS NPOLYKTUBHOCTH
naHmmapTa Ha M3MEHEHHE CBETOBBIX U THIAPOTEPMUYECKUX YCIOBHU BereTalu, BKIOYas (Gusuko-
XHUMHYECKOEe COCTOSIHUE TI0YB, PAacIpOCTpaHeHHE OOJIE3HEH W BpeauTeieldl pacTeHU U MHOTHE JpyrHe
(akTopsl.

Tabn. 1 oboOmaet omwit [3, 6, 7] mpumenenus: MetonoB AIlY ¢ ucnons30BaHMEM NPOCTPAHCTBEH-
HO-BPEMEHHBIX pacnpeneieHuii nanekca pereranuu Normalized Difference Vegetation Index (NDVI) n
Ipyrux nponyktoB renepupyemsbix /I3 Moderate Resolution Imaging Spectroradiometer (MODIS).

[IpeumyiiecTBO MeTONA aHAJIOTOB — MPOCTOTA AJTOPUTMOB KJIACCH()UKALMH, OLICHUBAIOIINX CTE-
NeHb 0IM30CTH KOHKpeTHOro pacnpeaenerns NDVI k cpeanum pacnpenenenusiMm NDVI ypoxxaitHbIX 1
HeypokaitHbIx jieT. He cormammasice ¢ [6], MBI OTHOCHM METOJl aHAJIOTOB K KOJHUYECTBEHHBIM METO/aM,
MIOCKOJIbKY BMECTO OMHAPHOM KiTacCU()MKAUU MOXKHO MCIIONB30BaTh HECKOIBKO IPaialiuii ypoxKaiHOCTH.

Tabnuua 1
MpenmywectBa n HegoctaTtku AlY no cnyTHMKOBbIM faHHbIM MODIS
(no [6] c AononHeHnsiMn)
Table 1
The advantages/disadvantages of forecast types using MODIS satellite data
(according to [6] with additions)

TToaxonsl IIpeumyiiecta Henocratku
Mertobl porHo3a 1o roxny- | [Ipoctorta ucnonszoBanus | OTcyTcTBHE OONMBIINX BHIOOPOK IS KJIac-
aHaIOTy (CTATHCTUYECKHE |B aBTOMAaTHYECKOM peXuMe, | curuKanun; HeoOX0AUMOCTh yueTa H3Me-
METO/IBI) 0e3 nmpeaBapuUTENbHON HEHHUH IUIOIIAAEH ceBa U 3aBUCUMOCTb OT
KaJIMOPOBKH cnenn(UKU KOHKPETHOTO PETHOHA
Perpeccuonnsie Mmetonpr | KonmndectBeHHBIM TTporaos3; | OTcyTcTBrE OONBIINX BEIOOPOK IS
(craTucTHUECKHE METO/BI) | HET HEOOXOAUMOCTH MIOCTPOEHUS PErPECCUU; HEM3BECTHOE
B IOJIEBBIX JAHHBIX kauyecTBO oduunansHoi cratictuky (OC) u
no3anee nosisieHue OC 3a nponuIbii ce30H
[Iponykuumonnoe moae- | HezaBucumocts ot OC; C0>XHOCTh aIrOpUTMa YCBOCHUS JAHHBIX
nupoBaHUE (IUHAMHUKO- | BO3MOXKHOCTP ydUeTa BHJIA 1 HEOOXOMMOCTh KaJIMOPOBKH I10 TIOJIe-
CTaTUCTUYECKHE METOMBI) | U COPTA PACTHTEIHHOM BBIM JJaHHBIM U MacKaM I10JIeH ¢ KOHKPET-
KYJbTYpBI HOM KynbTypoil

Perpeccuonnsie metoabl AITY naroT KoJIMUECTBEHHBIE OLICHKH ypoxkaiHocTH. CoryacHo [3] ormmo-
Ka MPOTrHO3a YPOXKANHOCTH O3UMBIX KPYIHBIX 3eMJIeIeIbUeCKUX PErHOHOB Poccuu perpeccHOHHBIMU
MeToJaMH He npeBbimaeT 15 %. B 1o ke BpeMs pe3ynbTaTsl [7] TOBOPAT O 3HAYUTENBHOM OTIMYMHU Ka-
YyecTBa MPOTHO3UPOBAHUS YPOKaHHOCTH OBOLICH, 36PHOBBIX M KapToQelis, B TOM YHCJIE CJIOXHOCTU Ha-
CTPOMKH JIOKAJIBHBIX MOJICIICH PErPecCHH M3-3a HEIOCTaTOUHOM MH(OPMAIIMK O CTATUCTUKE YPOXKaWHO-
CTH Ha ypOBHE aIMHUHHUCTPATUBHBIX PaliOHOB.

JluHaMHYeCKHE MOZAETN NPOTYKTUBHOCTH CENBCKOXO3SMCTBEHHBIX KyNbTYp, ONUpPAIOIIHECT Ha
eXKeJeKaIHyI0 arpoMETeOpOJIOTHYECcKYl0 MHQOPMAIMIO, BHEJAPEHB B OTCUECTBEHHYIO OIEPATHBHYIO
npakTuKy B 80-x ronax [8]. B aTu Mogenu BXOAAT mapaMeTphl, XapakTepU3yIOIIre HHTEHCUBHOCTH MPO-
1eccoB (DOTOCHHTE3a U IBIXaHHUS, paclpeaesieHus NPOIYKTOB aCCUMIISLIMK U TapaMeTphl, OMHUCHIBAO-
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Xanun 3.X., A6dynnaee C.M. PezapeccuoHHbIe MPO2HO3bl ypoXKallHOCMU OpowaeMbiX 03UMbIX
Kynbmyp ¢ Ucrnosib308aHueM CrlymHUKO8bIX 8e2emayuoHHbIX UHOEKCOS...

e U3MEHEHHs TpeOOBaHMI CEIbCKOXO3SIMCTBEHHBIX KYNbTYp K TEIULy M BJIare B pa3fIMuHBIX (azax
Beretanuu. Exenenensupie fanapie MODIS MOryT 3HaUMTENBHO YIYYIIUTh MIPOCTPAHCTBEHHOE paspe-
HIeHue HaOMIoIeHNH, HalpuMep, yCBOeHHOM (ppakiuu GoTocuHTeTHYECKH aKTUBHON paguanuu (DAP),
3aBUCSIIEH B CBOIO OUYepe/ib OT MHICKCA JIMCTOBOTO TIOKPBITHS B pa3iuyHble (a3bl )KU3HEHHOTO [IUKIIA
pacrtenuii [9, 10]. Tak, B [6], unTerpupys gpakuuo PAP B npoayKINOHHYIO MOJIENb YPOKAHMHOCTH PH-
ca, K MoMeHTy MakcuMyMma NDVI monyunnu BennunHy GHomMacchl, OJIM3KYI0 K H3MEPEHHON ypoXKaiHO-
ctu. B HacTodIee BpeMs onepaTuBHbIE MPOTYKIIHOHHBIE MOJIENH MTPOTHOZUPYIOT YPOKAHHOCTh KyKypy-
3bI ¥ IPOBBIX MIISHUIIBI U TIMEHs ¢ omuokoi 10-12 % [3].

3aMeTnM, 4TO B YCIOBUAX YKpauHsl [11] perpeccuonnsie u nuHamudeckue AITY o3umoi nieHu-
Ikl ¢ MCIOJIb30BaHUWeM aaHHbIXx NDVI mokasanu cxoxue pe3ysbTarhl mporHo3a. OOHaJEeKUBAIOIIME
pennockutku [3, 6, 11], kak ¥ OTCYTCTBHE NaHHBIX IJIS TUHAMHYECKUX IPOTHO30B (€KeAeKamaHas Me-
TeopoJoruiyeckas MH(GopMalys, MoJieBble HAOMIOACHUS PAa3BUTHA PACTCHUHN U JAp. JaHHBIE), ONpeneIu-
JIY, YTO B CJIEIYIONIUX pa3ziesiaXx Mbl UCCIIeZIOBaIH perpeccuoHubie AITY.

2. JBpHucTHYECKasi MOAEIb YPOKAHHOCTH

BpemenHbIe psabl ypoKaiHOCTH MIIEHUIB! U SYMEHS B IPOBUHIMH J{MBaHUs OBUIM MONTyYEHBI 110
JaHHBIM O(UIINATIBHON CTATHCTHKH ITyTEM JIEJICHHs BaJOBOro cOopa 3epHa Ha Iuioniaps moceBos. [lo-
CKOJIBKY NPOCTPAHCTBEHHO-BPEMEHHBIE CEPUU BereTalMOHHBIX MHAEeKcoB MODIS noctynHbl ¢ koHIA
2000 roga [12], To 11 MOCTPOEHUS pEerpecCcHii Mbl HCIONB3yeM psiabl ypoxkaitHocTr ¢ 2001 o 2019 rox

(puc. 1).
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Puc. 1. AnHaMmmka ypoxxamHOCTM NiueHuubl (a) n sumeHs (6) B npoBuHUuK AuBanus. MyHKTUP — TpeHAbl 2-ro nopsiaka
Yirena (t) — annpokcumupyowme psaabl ypoxanmHoctu. MpuBeaeHbl hopmyrnbl U KoadhuumMeHT aeTepMuHaLmum R?

Fig. 1. Dynamics of wheat (a) and barley (b) yields in Diwaniya province. Dotted lines represent second order
approximations of yield series Yy eqq(t). The formulas of Y,,enq(t) and determination coefficients R? are also presented

B kauectBe OCHOBHI JUIsl pa3paboTKH 3BpHcTHUECKOW Mozaenu AITY MbI HCHONB30BANN UICANTN3H-
poBaHHYO [4] IBYXKOMIIOHEHTHYIO MOJIE]Ib H3MEPEHHOMN ypOsKaHOCTH AaHHOTO roja Y (t):

Y(©) = Yirena (D) + Yweather (D (1)

B dopmyne (1) neppas komnoneHTa Yireng(t) — 3TO MMHEHHBIH Wik apaboauyYecKuil TpeHa, o0y-
CJIOBJICHHBI MHOTOJIETHUMH M3MEHEHHUSMHU TEXHOJOIWHU BhIpalluBaHus KynbTyp, Kak Buaum u3 puc. 1,
MOJIMHOMHAJIBHBIA TPEH]T BTOPOTO TMOpsi/iKa Mo BpeMeHn oObsicHseT 6onee 50 (70) % Bapuanmu psjaoB
yposkaitHOCTH sTuMeHs (TIILEHULIBI).

Bropas xomnonenta Gopmyisl Yieather(t) — 3TO Tak Ha3piBaeMasi KIIMMAaTHUECKU 0OYCIIOBICHHAS
aHoMaJusl ypoxaiHocTd [4]. DTo moHATHE O00YCIIOBIEHO TEM, YTO B HACAJIHHOM Clydac OTKIOHEHHE
YPOKalfHOCTH OT YpOKalHOCTH Ha TpeH/e OOYCIIOBICHO MMOTOMHBIMU YCIOBHSMH CEBa, BEreTallMd M
yOopku KyneTypbl. [ mapoTepMudeckuii M1 CBETOBOI pEXUM, pacTUTEIbHbIC JaHAWAPTHI B 30HaX 3UM-
HUX MOJMBHBIX MIIEHUIBI U SIMMEHS CYIIECTBEHHO OTIMYAIOTCA OT YCIOBHH CPEOHMX IIUPOT, AJIsl KOTO-
pBIX Gopmyna 1 nmpuMeHslach. B ToM duciie He 0YEBUIHO, YTO OTKJIOHEHHUS! OT TPEHIIOB YPOXKAWNHOCTH
Ha puc. | BbI3BaHbI MEXTOAOBOH M3MEHYMBOCTHIO PETHOHANBHOrO KnuMata. [1o3toMy, ucnosb3ys paH-
roBele Koppemsiuuu CupMeHa, Mbl JOKa3ald YyBCTBUTENBHOCTD Yyeather(f) OPOIIAEMBIX MIIEHUIBI U
STUMEHSI K M3MEHYMBOCTH METEOPOJIOTHUYECKHX XapaKTepUCTHK B TE4eHHe mepuoia Beretauuu [13].
B Tom uncne mo gannbM 3a 30-JIETHHIA TEPHO]] IOCTPOSHA PErPeCCHOHHAs MOJIEeh ypoxkaitHocTH. [To3xke
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HAMU MOKa3aHOo, YTO B JFO0OI Mecsll BereTaluu ¢ HOSOPS MO MapT MOXKHO HAlTH Mapy HpPeIuKTOPOB,
COBMECTHO OIMHUCKHIBAIONTUX OT 25 10 50 % Bapuaruii psaoB yposKaiHOCTH.

OTMeTHM, YTO MPOTrHO3WPOBAHUE IOJIOKUTEIBHBIX M OTPUIATEIBHBIX KIUMATHYSCKUX aHOMAJIHMA
Ha YpOBHE MPOBUHITUI SYKOHOMHUYECKH 000CHOBaHO. Hampumep, cpenHss 3a maTh MalOypOXKaHHBIX JIeT
MOTePs YPOKAWHOCTH MIICHUIIBI U SYMEHSI OTHOCUTEIFHO TPEHIa COCTaBIseT 2,5 1 2,2 1eHTHEpa C TeK-
Tapa; CpenHsasa NMpuOaBKa 3a MATh CaMbIX YPOXKalWHBIX JieT cocTtaBiseT 3,1 (2,0) m/ra. Takue konebanus
YPOXKAHHOCTH Ha IJIOMIAJAX MOCEBOB OKoJIO 150 ThIcAY rekrap npu eHax Ha 3epHo nopsaka 200 goi-
JapoB 3a TOHHY PKBUBAJICHTHHI KOJIEOaHUSM JI0XOA0B OT 4 10 6 MJTH JTOJUTapOB.

3. PernoHaJbHBIi NPOTHO3 YPOKAWHOCTH

B merteoponoruyeckux mporHozax 0OBIYHO HCHONB3YETCS OAMH M3 JABYX MOJXOIOB K BBIOOpY mpe-
IukTopoB [14]: 1) ncnonp30BaTh BECh BO3MOXHBIM HAOOP MPEAUKTOPOB, IOCTENEHHO HCKIIOUYaTh MEHEe
3HaYMMbIEe TPEAUKTOPHL; 2) HAYMHAS CO 3HAYMMBIX MPU3HAKOB TOCTEIIEHHO JTOOABISATH HOBBIC MPEIUK-
Topbl. OUEBUIHO, YTO HUCCIEIOBAHHUA KOMIIOHEHT 3BPUCTHUYECKAs MOJAEIb YPOKAHHOCTH WU dMIIUpPHYE-
CKHE CBSI3M MEXIy BereTannoHHBIM nHAekcoM NDVI u Omonorndyeckoil mpoayKTHBHOCTHIO ITOCEBOB
MO3BOJIIIOT 000CHOBATH MIMPOKYI0 rammy AITY ormnmuaromuxcst HabopoM npeankropoB. Huke moce
o030pa pe3ynbTaToB MEpPBOro IOAXOAA BbIOOpAa MNPEAUKTOPOB MBI 00OCHYeM OOBEKTHO-
opuentupoBanubiid AIY (paszmen 3.1) u 0OcyauM pe3ysbTaThl perpecCHOHHBIX MOAETICH.

3.1. IIpeonocwiiku 00eKmHO-0pUEeHMUPOBAHHO20 NPOZHO3A

B paborte [2] peanuzoBan nepsbid noaxon k AlIlY, rae xpome arperupoBaHHBIX XapaKTEPUCTHK
NDVI B HauanbHbI HA0Op NPEAUKTOPOB ObUIM BKJIIOUEHBI JIMHEHHBIC M KBaJIpAaTUUHBIC 3aBUCHMOCTH,
HEOOXOUMBIE ISl KOHCTPYKIUU TPEHIOB YPOXKAHHOCTH, U 3HAYCHUS YpPO’KaWHOCTH 3a MPOILIBIN TOJI.
[porecc UCKITIOYCHHUS TIPEIUKTOPOB OCITIOXKHSJICS TEM, UTO IIPH pa3Mmepe oOyuaroieii BIOOpku B 14 ner
Ul TIPelOTBpAILCHUS MEepeoOyUeHHs PErpeccud YHCIO OJHOBPEMEHHO OLECHHMBAEMBIX HPEAUKTOPOB
OrpaHUYMBaAIOCh 5—7. B pe3ynpTare TeCTUPOBAaHUS Ha BEIOOPKE U3 5 JIET MBI MOTYYHIIN KBa3WIMHEHHBIC
(MHeltHBIe) perpecCUOHHBIE MOJIENN YPOXKAHHOCTH MIIIEHULIBI (TYMEHS) ¢ 3—4 MpeAUKTOPaMHU.

ITockonpKy MpH MOATOHKE MOJENEN [2] NCIOIB30BANICA YNCICHHBIN U BU3yalbHBI KOHTPOJIb HTE-
pauui, ocTazoch COMHEHHE, YTO 3TH MOJIEIIH, BEIOpaHHbIE 06€3 MPSIMOTro yueTa 3BOJIOLIHHA 00BEKTa, CMO-
TYT B AajbHEHIIeM NOAIepKUBATh JOCTUTHYTOE KaueCTBO MIPOTHO3a.

[MosTOMY HHYKE, OCHOBBIBAsSCh Ha 3BPUCTUYECKOW MOJEIH ypOXKAWHOCTH, MBI OyJneM MocienoBa-
TEJIBHO OCYIIECTBIISTH MOUCK MIPEIUKTOPOB 3BOJIIOLMHI PETUMOHANBHBIX JaHIIA(TOB, CONOCTABISASA (a3bl
pa3BUTHUS 3€PHOBBIX KyJIbTYp ¢ auHamukoid NDVI. B 3ToM 00bEKTHO-OPHEHTUPOBAHHOM TIOUCKE TIpe-
JMUKTOPOB MBI TaKXKe Oy/eM OMUPATHCS HA OJHO W3 MOJOKCHHM KOHIIEIITUHN KU3HEHHOTO Iukia [15],
YTO Ha CTaJAWM MAKCUMyMa MHTEHCHUBHOCTH NPHPOJHO-aHTPOIOIEHHONH CHCTEMBI MOYKHO OINpPEAEITHUTH
OCHOBHBIEC CBOWCTBA €€ TOMUHHPYIOUIUX 3JIEMEHTOB (IIPOCTPAHCTBEHHO-BPEMEHHBIX KOMIIOHEHT). Tak,
ucronb3ys cauMku Landsat-8, B [16] mokaszaHo, 4to B eBpalie —MapTe TpeX pas3iudHbIX MO YPOKAHHO-
ctu aet (2014, 2015 u 2016) oTpakaTenbHbIE CBOMCTBA OPOIIAEMBIX TIOCEBOB 3HAYUTEIBHO OTJINYAIHCH
OT OKPY’KaIOIIMX NPUPOIHBIX JaHImadToB npoBuHUKH. [Ipn 3ToM mopor NDVI, otaensromuii miomia-
JIU 3[TOPOBBIX Pa3BHUTHIX 3€pHOBBIX, cocTaBisil Beero 0,3. CormacHo uccnenoBanuio [17], BIIOTE 10 mo-
pora Haceimenus <~ 0,7...0,8 3HageHne BeretanuonHoro nuaekca NDVI mpomnopiimoHaibHO TPOEKTHB-
HOMY TOKDBITHIO 3eJIeHOH puTomaccoii. [loaToMy kpuTHueckoe 3HaueHHe nHAeKca, pasHoe 0,3 Ha daze
MaKCHMAaJIbHOTO Pa3BUTH TIOCEBOB, PEIOIAraeT, YTO MPOSKTUBHOE MOKPHITHE B CPETHEM COCTABIISIET
Menee 20 % (tabu. 2). ITockonbKy B BhICOKOYypox)aiHOM 2016 TOIy ¢ MOJOKUTETHHOU KIUMATHIECKOM
aHOMaJIMeH YpOKaWHOCTH SIUMEHsSI M HIIEHHLB! (puc. la) OONMBIIMHCTBO IUIOMIAAEH MOCEBOB HMEJIO
NDVI B nuanazone 0,35—-0,5 [16], To 3TO 03Ha4aeT, YTO COBPEMEHHOE NMPOCKTUBHOE MOKPBITUE ILIOIIA-
Jiel moceroB He npesbimaeT 50 % (cM. Tadi. 2).

Tabnuua 2
CootBetcTBue NDVI knaccam npoeKTUBHOIro Nnokpbitus [17]
Table 2
Matching NDVI and crop coverage classes [17]
IIpoekTHBHOE NOKPBITHE, Yo 0-20 2040 40-60 60—-80 80—-100
Cpennee 0,387 0,512 0,578 0,660 0,768
CraHapTHOE OTKIOHEHHUE 0,069 0,054 0,041 0,048 0,045
Bapwuammst, % 17,8 10,5 7,1 7,3 5,9
26 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
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OnucaHHbIE BHINIE CBOMCTBA O00BEKTa MOXHO HCITONB30BaTh I YCTAaHOBJICHHS TOJOBOTO XO/a
NDVI u ero opueHTHPOBOYHOTO COOTBETCTBUS (Da3am pa3BUTHUS pacTeHUH. MOMEHT HACTYIUICHUS MaK-
cumyma NDVI o nanasiv MODIS omnpenensercs ¢ TOYHOCTBIO B 8—16 gHEH U 715 pa3pe’KeHHBIX MMoce-
BOB MPHUOJIM3UTENHHO COBIIAJaeT ¢ MOMEHTOM MaKCMMyMa JIMCTOBOTO MHIAEKca. B cBoro ouepenp, n3me-
HEHUS JIMCTOBOTO MHJEKCA COOTBETCTBYET OINPEACTICHHBIM CTaausIM U ¢azaM pa3BUTUS KyIbTyp [8, 9],
0OBIYHO BBIpKAEMBIX B JecITHUHON IiKaie 3azokca [18, 19]. [To3guue craguu pa3sBUTHS KyIbTyp (KO-
JIOIIICHHUE, [[BETCHHE, MOJIOYHON M BOCKOBOM CIENOCTH) 00bIuHO jyiaTcs 10—15 aHei, mosTtoMy, cormoc-
TaBIsisl TUMMMYHBIA XOJ] JIMCTOBOTO MHJEKCA IO aHHBIM MOJIEBBIX M3MepeHnid u xox NDVI BOmm3u nx
MaKCUMyMa, MOKHO OPHUEHTUPOBOYHO OMNPENEIUTh CTaAUN pa3BUTHA 371aKoB. Hanpumep, B )KU3HEHHOM
LUKJIE MIeHAIB [9] MakcUManbHBINA TUCTOBOM MHACKC (a 3Haunt, 1 NDVI!) Habmionaercs B ctaauu BbI-
Xoz1a B TpyOKy, mpuMepHO Ha (azax 4549 pa3putus mo mkaie 3agokca. 3aTeM B CTaJUI0 KOJIOIICHHS B
teuenue a3z 50—59 nuCTOBON MHIEKC HAUYMHAET MEIJICHHO CHIDKaThcsa. CTafus IBETESHUS MIIEHUIBI C
¢dazamu 60—69 KOpOTKas U JUTUTCS B MacIiTadax OJHOTO KPYITHOTO MO Bcero oy Heneno [20], B aTy
CTaJIMIO JIUCTOBOM MHJIEKC OBICTPO MajaeT n3-3a rubesid He ONMBUICHHBIX 1oOeroB [9]. Hampotus, B Ku3-
HEHHOM IIUKJIE siuYMeHsl coriacHo [10] MakcUMyM JIMCTOBOIO MHIEKCA TOCTUraeTCs B KOHIIE CTaJIUM LIBE-
TeHus Ha (paze 69 1 3aMeTHO HAUMHAET CHUXKATHCSI HA CTa/IMU MOJIOYHOH CIIEIOCTH, HaunHas ¢ ¢a3bl 71.

O4eBHIHO, YTO YpPOKAHHOCTh U MPOEKTUBHOE MOKPBHITHE MMOCEBOB OMPEICISETCS YHUCIEHHOCTBHIO
MPOJAYKTHBHEIX IMOOETOB HA eAUHMITY TuTomaan. OUeBUIHO TaKKe, YTO YBEIUYCHNE YUCIEHHOCTH T00e-
TOB Pa3pEKEHHBIX MMOCEBOB COMPOBOXKIAETCS YBEIMYEHUEM MAKCUMAJIBHOIO MPOCKTUBHOTO MOKPBITHS,
JTUCTOBOTO MHACKca U pocToM NDVI. DTo 03HaYaeT, YTO TEHICHIIUN YPOXKAWHOCTH U €€ aHOMAJIUH (CM.
puc. 1) J0DKHBI OTpaXkaThCs B 3HAYCHUU Tof0Boro Makcumyma NDVI 1 ero MeXrooBeIX BapHaIUsX.

B cBoro ouepenp, onupasich Ha KOHUEMLUIO >KM3HEHHOr0 uKia [15], Mbl ucnonbs3oBanu xon NDVI
(puc. 2) ans BeIIENEHUS B MPOBHUHIMH foro-zamaaHoii R1, ceBepHoit R2 u Bocrounoit R3 Tepputopu-
QIBHBIX TIOJICUCTEM MPUPOIONONB30BaHus. OMycKas 3JKOHOMUKO-Teorpaduieckue apryMeHThl B TIOJIb3Y
3TOH KiIacCU(pHUKaLUU, OTMETUM, YTO CYIIECTBEHHOE mpeBbilieHne MakcuMymMoB NDVI pernona R1 B
cpaBaeHnu ¢ R2 u R3 (puc. 2a) cBUACTENBCTBYIOT O 3HAYUTEIHLHON T'yCTOTE TIOCEBOB B 3TOM PETHOHE C
MPOEKTHBHBIM TOKpBITHEM 10 40 % (cM. Tabn. 2) ¥ MHOTOJIETHEM TOMWHHPOBAaHHH 3TOTO PETMOHA B
MIPOU3BOJACTBE 3€pHA.
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Puc. 2. AuHamnka NDVI Tpex 3epHocerowmx permoHoB R1, R2 u R3: a — ocpegHeHHbIn xoa NDVI ¢ nepson
nonosuHbl HOsAG6psA (N1) no BTopytlo nonosuHy anpens (A2); 6 — xon NDVI B pernoHe R1 (R3) B manoypoxaiHoe
1 BbICOKOYpOXallHOe NATUneTHe niueHuubl (A4MeHs)

Fig. 2. Dynamics of NDVI in cropping regions R1, R2 and R3: a — multi-year bi-weekly mean NDVI, First and second
half of November...April months are indicated by N1 and A2; b — bi-weekly NDVI in region R1 (R3) averaging
for five low and high yields of wheat (barley)

JobaBuM eliie 0JJH apryMeHT B M0JIb3y BBICKa3aHHBIX paccykaeHuH. [T0CKONbKY CKauko00pa3HbIi
POCT JIMCTOBOTO MHJEKCA MIPH NEPEXOAE OT CTaUX KYIIEHHs IIOCEBOB B CTAAWIO yAIuHEeHuUs ctedus [9, 10]
JIOJDKEH COIMPOBOXKIATHCS «ckaukoM NDVI», To, onpenensis mo puc. 2a ckadok NDVI, MOXHO BUIETE,
YTO MEPEeX0]l MEXAY dTUMU PAaHHUMHM CTAIMSIMH Pa3BUTHSA BO BCEX PETHOHAX MPOHCXOIUT OJTHOBPEMEH-
HO B KoHIe Aekadps (D2) nnm navane suBaps (J1). YuutsiBas, uto craaus makcumyma NDVI B pe-
ruoHe R1 nactymaer B mapre (M1), T. . B cpeaneM no3xe, yem B npyrux peruonax (F1, F2), o B pe-
ruoHe R1 ckopee Bcero BO3AENBIBAIOTCS MO3/HUE COPTA MIICHHUIIBI, 00Jee MPOAYKTUBHBIC, YeM PaH-
HECIIETbIE COopTa.
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Paznuuust Tpex 3epHOCEIONINX PETMOHOB MPOBUHIIMK OCOOCHHO 3aMETHBI TIPH CPaBHEHHUH TOJIOBOM
JUHAMUKH BETETAlMOHHOTO HMHJAEKCAa B MaJOypOXailHbIe M BBICOKOYypOaiitHble Toabl (puc. 20). [Ipu
9TOM KpuBble nHAeKkca NDVI, xapakTepHble Il MATWIETHN PA3INIHON YpPOXKAHHOCTH, TEMOHCTPHPY-
10T, YTO HauOoJIbIIasl PA3HOCTh MHIEKCA AOCTUTAeTCs B (eBpaie, T. €. 3a 1-2 mecsna 10 yOOpKH ypo-
xast. [Ipu mpounx paBHBIX YCIOBUSX Pa3HOCTh X0Jla MHAEKCa B MaoypoxkaiiHele Wlow U BBICOKOYpO-
skaliHble Toabpl Whigh i mineHuIbl Hanbosee 3aMeTHa JIJIs IIEPBOr0 PErHOHa, TJie 3HAYUTENbHBIC OT-
kionenus B 0,1, Habmogarotes yxe B ssuBape (J1, J2).

[IpoBenennoe Brilie conocrasieHue auHamMukd NDVI u ¢a3 pa3Butust pacteHuil mokasbIBaeT mnep-
CIIEKTHBHOCTh PETHOHAIBHBIX MPOTHO30B YPOXKaHHOCTH IO JTaHHBIM BEreTallMOHHOTO MHJeKca ¢ 3a0ia-
roBpeMeHHOCThIO 1 MecsI u 6oJee.

3.2. DKkcnepumenmanvrvle NPOZHO3bL

KonuuecTBeHHBIE OIIGHKH KayeCcTBa O0ydYEHHUS W MPOTrHO3a PErpEeCCHOHHBIX MOJCNCH ypoXKaiHo-
CTH IIICHULBI U SIYMEHS, OTIUYAIONINXCS HA0OPOM MPEIUKTOPOB (CIIOCOO0OM 00yUYeHHsT), TIPUBEICHBI
B Ta0x. 3, 4. Tabn. 3 u 4 gononHsOT puc. 3 u 4, WUTIOCTPUPYIOLINE KAYeCTBO MPOrHO3a TCHACHIUH U
KIIMMAaTHYECKUX aHOMAJINH ypOKailHOCTH.

B 1abn. 3 npuBeneHBl ypaBHEHHS perpeccun ypokaiiHoctu mureHuns! (1w, 2w) u sumens (1b, 2b),
paccurMTaHHbIC 10 psgaM cpeqHux 3HadeHnin NDVI 3a mepByto u BTopyto MojioBUHY (eBpalisi B IEPBOM
(1F1 u 1F2) u tpersem peruone (3F1 u 3F2). Jlannbiii HauanbHbI HA0Op MPEAUKTOPOB 0OOOCHOBAH HC-
KJIIOUEHHEM U3 Habopa KOJUIMHeapHbIX psinoB. Kak moka3piBaeT Hall ONBIT [2] U OMBIT APYTUX HUCCIIENO-
BaHu# [21], ansa yctpanenus 3¢(HeKToB MyJIbTUKOUIMHEAPHOCTH JTOCTATOYHO YJIAICHUS PSAIOB AaHHBIX
¢ ko3 urmentamu koppensiyn r > 0,5. B Hanrem ciyuae mexay psaamu cpegaux NDVI Broporo pe-
ruoHa (2F1 u 1F2) u nByx apyrux pernonoB HaOmoganucs r=0,73...0,78, a psasr NDVI nepsoro u
TPETHEr0 PErMOHa MMENU ci1aldylo Koppemiuuio Mexny coboit ¢ r=0,43...0,54. [Inuna Tectupyemoit
BeIOOpKH ¢ 2011 o 2019 rox BbIOpaHa mpUMEpHO paBHOHM AnuHE oOyuaromiei 3a mepuos ¢ 2001 mo
2010 ron c LeNbI0 CPaBHUMOCTH PE3yJIbTATOB KauecTBa MPOrHO3a W oOydeHus. KadecTBo mporHosa
OLICHMBAJIOCH MO 3HAYCHMSAM: KO3((UIMeHTa KOppEIALuN MeXAYy (aKTHUECKOH M MPOTHO3HPYEMOM
ypOoKaiHOCTBIO T; cpeaneit abcomrotHoi ommOku AE u otHocuTensHOHM ommnOku RE.

Ta6bnuua 3
MporHo3 ypoxxanHocTu nuwieHuubl U sumeHs no NDVI pernoHoB
Table 3
Wheat and barley yield forecast by the regional NDVI index
VDaBHCHIE DEFDECCHIL KauectBo 00yueHwms KadectBo mporuosa
p perp R” |SD,wra| r |AE, wra| RE, %
YpoxxkaliHOCTh nuieHuubl, YW
Iw=47,53 x 1F1 — 6,13 x 3F1 0,85 2,82 0,60 4,05 17,7
2w =46,84 x 1F2 — 10,62 x 3F2 0,85 2,80 0,68 3,88 16,5
3w =29,79 x 1F1 — 10,20 x 3F1 + 0,51 x YW(t— 1) 0,83 2,70 0,83 2,80 12,3
4w =30,24 x 1F2 - 1498 x 3F2 + 0,54 x YW(t— 1) 0,84 2,49 0,83 2,86 12,4
Sw=20,10x 1F2+ 0,46 x YW(t—1) 0,85 2,65 0,87 2,43 10,0
6w=18,13 x 1J1+ 0,62 x YW(t—1) 0,85 2,75 0,82 2,21 9,3
7w =28,76 X 2F1 + 0,815 x YW(t— 1) 0,85 2,96 0,77 2,05 8,6
8w =14,78 x 2F2 + 0,70 x YW(t— 1) 0,85 2,88 0,79 2,13 8,9
YpoxaiiHOCTh suMeHs, YB
1b=4,81 x 1F1 + 24,80 x 3F1 0,84 2,27 0,35 2,33 15,9
2b=11,91 x 1F2 + 15,85 x 3F2 0,84 2,40 [ 0,76 | 1,80 12,1
3b=5,22 x 1F1 +25,13 x3F1 - 0,03 x YB(t— 1) 0,82 2,42 0,35 2,36 16,2
4b=19,99 x 1F2 + 16,20 x 3F2 — 0,34 x YB(t— 1) 0,82 2,46 0,72 2,28 15,5
Sb=27,17 x 3F2+ 0,07 x YB(t— 1) 0,83 2,59 0,58 1,90 13,2
6b=133,64 x 1F2—-0,32 x YB(t— 1) 0,83 2,59 0,73 2,59 17,7
7b=37,91 x 2F1 — 0,03 x YB(t— 1) 0,84 2,23 0,82 3,62 25,1
8b=44,72 x 2F2 - 0,24 x YB(t— 1) 0,84 2,37 0,69 1,80 12,4
9b=23,45x1J1+0,31 x YB(t—1) 0,81 3,30 0,70 1,79 11,8
10b =9,34 x 1F1 + 14,92 x 3F1 + 0,385 x t 0,83 2,05 0,58 2,06 15,1
11b=10,50 x 1F2 + 13,31 x 3F2+ 0,30 x t 0,82 2,34 0,75 1,49 10,9
28 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
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Kax Bugum, perpeccun mmenuns! 1w, 2w u stamens 1b, 2b moxydeHsl ¢ HOpMUPOBAHHBIM KO-
s¢unmentom nerepmunanun R* = 0,84...0,85 u IpUMEpPHO PaBHBIMH CTAHIAPTHBIMU OTKIOHEHHAMH
STD = 2...3 w/ra, 0JHaKO Ka4e€CTBO IIPOTHO30B YPOKAHHOCTH 3HAYUTEIBHO OTiIndYaeTcs. Kak Buaum u3
Tabi. 3, MpU UCHOJIB30BAaHUU TOJNHKO XapaktepucTuk NDVI kauecTBO MPOTHO30B B menoM ciabee pe-
3yNbTaTOB MPOTHO30B [3, 6, 21], roe xapaktepHas cpenusas RE = 10 %. Jlume nporaos ypoxxaiHOCTH
SYMeHs1 1o perpeccud 2b ¢ kodddunueHToM koppensuud r= 0,76 U OTHOCHTEIHLHOW OIICHKOI
RE = 12 % B xako0ii-To Mepe MOKHO CYUTATh yIOBIECTBOPUTEIHbHBIM.

BusyansHoe conocrasnenue ¢pakrtuueckod YW u YB u npornosnoit yposxkaitnoctu (cM. puc. 3) mo-
Ka3bIBaeT, yTo perpeccuu 1w, 2w u 1b, 2b pearupyioT Ha «KJIMMaTH4YEeCKUE KOIEOaHUs ypOKaHHOCTI
MIIICHUITBI U SYMEHS, HO SIBHO 3aHIKAIOT 3HadeHUs YW u YB. C mo3umuu 3BpUCTHYECKON MOJCTH
(pa3zen 2) 3TO UHTEPIPETUPYETCS TEM, UTO B JIECATUIETHE 00ydaromield BEIOOPKH HAOMI0AAINCh HUCXO-
JsIIIUe TEHACHIMH ypOXKaiHOCTH (CM. puc. 1), a B IepHOA TECTOBOH BHIOOPKH (PHKCHPOBAIICS POCT YpO-
xaitHoctu. s komneHncanuu 3tux 3¢(eKToB B HA00P MPETUKTOPOB OCTATLHBIX PETPECCHI MBI BBOIH-
J1 MO0 3HAaYeHUs ypoxaiHocTH nponutoro roga YW(t—1) u YB(t— 1), mubo nuHeHHbIH psg BpeMeHH
(perpeccun 10b u 11b mas sumens).
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Puc. 3. NMpumepbl perpecCuoHHbIX NPOrHO30B YPOXXalHOCTMU NiueHuLbl (a) u suMeHs (6) Ha 2011-2019 rr. Perpeccun
noctpoeHbl no AaHHbIM NDVI pernoHos R1 n R3 3a 2001-2010 rr.

Fig. 3. Examples of regression forecasts of wheat (a) and barley (b) yields for 2011-2019. The regressions are
based on the NDVI data of the regions R1 and R3 for 2001-2010

PaccmoTpum mozenu 3w, 4w...8w ypoxaiiHocTH mieHuIpl Kak ykazaHo B Ta0u. 3 (puc. 3a), Bce Ko-
JIMYECTBEHHBIE (KaueCTBEHHBIE) MMOKA3aTe ! MPOrHO3a HOBBIX MOJIENel YpOKalHOCTH MIIEHUIIB] YTy YIlIi-
yuck. [Ipu 3TOM OTHOCHTENBHAS U a0COMIOTHASL OIIMOKH PErpeccHii C ABYMsI IPEAUKTOpaMH Sw, 6w, 7w H
8w ne mpessimaioT 10 % u 2,4 1w/ra, T. €. JOCTUIIIN YPOBHS ONEPATUBHBIX MPOrHO30B [3]. OTMeTHM n1BE
OCHOBHBIE 0COOEHHOCTH MPOTHO30B YPOKaHHOCTH IMIICHHUIIBL. Bo-TIepBhIX, B perpeccuu 6w ObLIO UCTIONb-
30BaHo 3HayeHue NDVI 3a suBapp mepsoro peruvona 1J1, T.e. 3a01aroBpeMEHHOCTH MPOTHO3a MOKET
OBITH yBeNMYEHA 10 2 MecsLeB. Bo-BTOPBIX, B «YCIIEIIHBIX» PErpeccuax 7w, 8w, HCHONb3YIOIUX 3Haye-
Hust NDVI Broporo peruona 2F1 u 2F2, Bknaz npomuiorogaet ypoxxkaitHoctu coctaBmi 70—80 %, T. e. Mbl
ne-(GaKkTo MPHILTH K MOJETSIM, OJTM3KUM K aBToperpeccuu. [loBeneHue 3THx Mozesel, OTOOpaKeHHOe Ha
puc. 3a, SIBHO OTAMYAECTCS OT MPEIBIAYIIMX PErpeccuil Sw U 6w, TAe CPaBHUTENBHO HU3KHUM BKJIAJ MPOILIIO-
roxmHel ypoxxatiHocT — 60 % U HIDKE — IO3BOJISIET YICP)KUBATh BBICOKUE KOA(PMHUIMEHTHI KOPPEAIY ¢ (ak-
THYECKUMH KITMIMATHUECKUMU KoJieOaHusIMU yporkaitHocTr. CoriacoBaHHOCTh MOJIETIEH SW 1 6W ¢ 3BPUCTH-
YeCKOW MOZEIIBIO YPOXKAHHOCTH MO3BOJISIET CYUTATH ATH PErPECCUH ONTUMaTTbHBIMU A7t AITY mieHuis!.

Mogenu AIlY sumens 3b, 4b...11b neMOHCTPUPYIOT 3aBHCMMOCTb KayecTBa MPOTHO3a OT THIIA
MPOTHO3UPYEMOH KYJIBTYPHI U BEIOOpa MpeAuKkTopoB. Tak, B oTiimune ot AIlY muieHunbl BBEACHUE aB-
TOPErpecCHOHHON KOMIOHEHTHl YB(t—1) He ynmy4mwio moka3aTelau MpOrHo3a SYMEHS B CPAaBHEHUU C
perpeccueii 2b. Jlump B perpeccur 9b ¢ npeaguKTopamu, MoA00HBIMH MOJETH 6W, MOBBIILICHHAs 3a01a-
TOBPEMEHHOCTD ITPOTHO3a COYETACTCS ¢ HEOOMBIION cpefiHel aOCOMOTHON M OTHOCHTEIBHOW OITUOKOM.
3aMeHa aBTOperpecCHOHHOTo npenukTopa YB(t—1), Tekymum BpemeneM B perpeccun 11b mo3onmia
JIOCTHYb OTHOcHUTeNbHOW ommOku B 11 %, monrBepknas MoOJib3y pPa3BUBAEMOr0 HaMH OOBEKTHO-
OPHUEHTHPOBAHHOTO MPOrHo3a. [Ipu 3ToM, Kak BUIUM M3 puc. 30, rpaduku perpeccuii 10b u 11b Haxo-
nstcst Bbime rpaduka GakTHUecKol ypOXKAHHOCTH, YTO MO3BOJSET PACCMAaTPHBATHL 3TH MOJEIH Kak
BEPXHIOIO OLICHKY YPO’KalHOCTH COBMECTHO C HIKHEH OLICHKOH 1o MozesMm 1b u 2b.
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Tabnuua 4
3aBucumocTb kavectBa AllY oT nHTepBana o6y4eHus
Table 4
The dependence of yield forecasts quality on the training interval
VpaBHEHHE perpeccun Obyuerme Hporuos
P perp Tomst | RZ | SD |Tomi | r | AE | RE
X1 =(1F1 +2F1 +3F1)/3, X2=YW(t— 1)
9w = 1,20X2t — 14,92X1 01;10| 0,85 | 3,10 | 11;19| 0,74 3,13 13,3
10w = 14,59X1 + 0,71X2 01;16| 0,90 | 3,20 | 17;19| 0,99 0,50 2,0
11w =1,45X2t - 114,97X1 10; 16 | 0,77 | 3,88 | 17;19| 0,51 6,88 26,9
12w =18,23X1 + 0,62X2 09;15| 0,79 | 1,66 | 17;19| 0,88 0,71 2,7
X1 =(2F1 +2F2)/2, X2 =YB(t - 1
12b=41,95X1t —10,15X2 01;10| 0,84 | 2,20 | 11;19| 0,67 1,55 11,0
13b=38,87X1t —10,05X2 01;16| 0,90 | 2,10 | 17;19| 0,95 0,61 3,8
14b =33,96X1 + 0,11X2 10; 16 | 0,99 | 3,88 |17;19| 0,97 0,31 1,8
15b=32,95X1 +0,14X2 11; 18| 0,78 | 1,93 19 0,70 3,9

[IpoBeneHHbI aHAMU3 3aBHCHMOCTH PE3YyJIbTATOB MOJCIHUPOBAHUS OT HAOOpa MPEIUKTOPOB (CM.
Tab7n. 3 u puc. 3) Obu1 OB HENOJHBIM 0e3 00CYXACHHS TOrO, YTO MapaMeTpPhl U KaueCTBO PETrPEeCCHOH-
HBIX Mozened AITY npu oJJHUX H TeX ke MPEJUKTOPax CHIIBHO 3aBHCAT OT MHTepBana o0ydenus. Tak, B
Tabn. 4 mpuBeAeHBl GOPMYIIBI PErPECCUl, MOCTPOCHHBIX C MCIOIb30BAHUEM aBTOPETPECCHOHHBIX KOM-
MOHEHT X2 M JOCTaTOYHO KOHCEPBATUBHBIX NMpeaukTopoB X1 ¢ ocpennenuem 3HaueHnit NDVI no npo-
CTpaHCTBY JuIs NieHHIb! (9w...12w) u o Bpemenu aus stumens (12b...15b). Perpeccuu 9w u 10b 00y-
yanuch Ha uaTepBajie ¢ 2001 mo 2010 roa (kak u perpeccuu B Ta0. 3) U UMEIM CPABHUTEIBHO XOPO-
mye nokasarenu nporxosa. Korna unrepsan o0ydenust 011 yBennueH 10 2016 roga, kadecTBO MPOTHO-
3a 10w (13b) cymecTBeHHO ymydrmmioch, qocturayB » = 0,99 (0,95) u RE = 2(4) % Ha TpexneTHel Tec-
ToBOH BBIOOpKE. OMHAKO MPH COKpalieHHOM mHTepBasie ooydeHus ¢ 2010 mo 2016 ron mokazarenu
AITY nenuns! perpeccueii 11w pe3ko ynanu, Toraa Kak mokasarenu Mojenu 14b st ssamenst npuoiu-
3UJIMCH K «UICATBHBIM.

OueBHIHO, YTO MOJEIbL 11w B cpaBHeHHMHU ¢ MOjEbI0 10w MeeT B Ba pa3a OonbIIui KO3 QHUIIK-
SHT aBTOPErPECCHOHHOTO MpeauKTopa X2, 4TO KaK M B PETPECCHH 9W MPUBOAUT K OOJBIITNM OIIHOKaM
BCJIE] 3a CWIIbHOW aHoManuel ypoxkaiiHoct 2016 rona (puc. 4a). 1I3MeHUB UHTEpBaiIbl 00y4YeHHs CABH-
TOM BCErO Ha rojl, MOXXHO yny4muTh nokazatenu AIlY mmenunsr (perpeccust 12w). I[lockonbky n3me-
HEHHsI MHTEpBaia 00y4YCeHHUs IMyTeM T0OABICHUS HOBBIX BPEMEHHBIX JAHHBIX M UCKITIOUCHHS TPEIbITY-
IIMX SIBJIAETCS MOMYJIAPHOM MPOLEAYpOd B MPOTHO3aX ypOKaWHOCTH [22], OUEBHAHO CIEAYET C Ipe-
JeNBHON OCTOPOKHOCTBIO OTHOCUTBCA K MOAOOHBIM mpolenypam. AHaJIOTHYHO CIEAYeT OTKa3aThCs OT
MIOMYJIAPHON B MAITMHHOM OOYYE€HHH PaHIOMM3ALMU 00ydaronieil ¥ TECTUPYEMOM BBIOOPKH ypOsKalHO-
CTH, UCTIONB3YeMOil Hampumep B [23].
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Puc. 4. PerpecCUOHHbIE MPOrHO3bl YPOXKAWHOCTU MNiLeHULbI (a) M AYMeHs (6) ¢ pa3nUyYHbIMM NnepuoaaMm obyveHus
¥ nporHo3a. NpeaunkTopbl ANsi NPOrHO30B GbINN OAHU U Te Xe

Fig. 4. Regression forecasts of wheat (a) and barley (b) yields with different training and forecast periods. Same
predictors were used for the predictions
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B T0 ke Bpems u3 puc. 40 Mbl BUIIUM, 4TO TpadUKHA MOJETH PErpeccuil SUYMEHs ¢ U3MEHEHHUEM WH-
TepBaJia 00YUYCHHS TOCTSIICHHO MPHOIIKAIOTCS K (PaKTHYECKOH YPOXKaWHOCTH, HO B IIEJIOM BEAYT ceOs
1mo/o0HO Mojienu 12b, J1st KOTOPOH BECh 3TOT MEPHOJ JIET OBbLT IIEPHOIOM MPOTHO3UpoBaHus! 3ameyast,
YTO BKJIaJl aBTOPETPECCHOHHOTO MPEIUKTOpa X2 YpOrKaHHOCTH STUMEHSI CPaBHUTEIBHO Mall (CM. Tabi. 4),
ATO O3HAYAeT, YTO MEXKTOJIOBbIC M3MEHEHHUS YPOXKAWHOCTH SUYMEHS TIaBHBIM 00pa3oM OMpPEEIIOTCS
KIMMAaTUYECKUMH aHOMATUSIMU, HHIUKATOPOM KOTOPBIX sIBIsitoTCs NDVIL

CrnenyeT cka3aTh, 4TO 00CyKJaeMble HAMH OCOOSHHOCTH PErPECCHOHHBIX IMPOTHO30B IMIICHUIIBI U
STIMEHS C OTJIENBHBIMYU HIOAHCAMU TMPOSBHIIUCH M B JPYTUX IKCIEPUMEHTaX, MPOBEACHHBIX C Pa3iiny-
HbIMH Ha0OpaMH MPEAUKTOPOB U MHTEpBajaMHu 00ydeHHs. TakuM 00pa3oM, MOBEJACHHE YPOKaWHOCTU
JBYX OJIM3KMX POJOB 3JIAKOBBIX KYJIBTYP, BHIPAIIIMBAEMbIX B CXOJHBIX YCJIOBUSAX MOXET CYIIECTBEHHO
OTIMYaThCs. [103TOMY HE YAUBUTEIBLHO CTOJIb OOJIBIIIOE KOJIMYSCTBO U reorpadus paboT mo pa3paboTke
CTaTHUCTUYECKUX METOJIOB IMPOTHO30B, MPUMEHEHHS Pa3IUYHBIX AITOPUTMOB MAaIIMHHOTO OOYYEHHS,
KCIIOJIb30BAaHUE HOBBIX BEr€TALIMOHHBIX UHACKCOB [24].

BrIBOABI

OcHOBHBIE 33/1a4¥ TPOBEACHHOTO BHIMIE MCCIENOBAaHMS — TO pa3paboTKa MOJEIH U aJrOPUTMOB
arpoMeTeopOSIOTHYECKUX MPOTHO30B ypoxkaHocTh (AITY) opolraeMbIX MIIEHUIB! U STUMEHS B KIMMa-
THYECKUX YCIIOBHUSX, XapaKTEPHBIX JIJIsl CyOTPOIMKOB FO’KHOTO M IeHTpasibHOTO Mpaka. Hamu mokaszano,
YTO B YCIOBUSAX HEAOCTATOYHOTO0 MH(POPMALMOHHOIO obecneueHus A MPOAYKUHMOHHBIX MOJeNe He-
o0xonumo pa3BuBarh perpeccuonHHsle AllY, ncnonb3ys B KauecTBe MPEAUKTOPAa MHIACKCH BEreTaluu
NDVI cuctemsl criytHUKOBBIX Habmoaernii MODIS. JIns ycBoeHUs 3TUX TaHHBIX U CO3JaHHUS MaTeMa-
TUYECKOW MOJENU IMPOrHO3a HAMHU IPENJIOKEHO HCIOIb30BaTh ABYXKOMIIOHEHTHYIO 3BPHCTHYECKYIO
MOJIETh YPOKaHOCTH, MPEANOIaralomlyio, YTo TeKyIas ypoKaiHOCTbh COAEPKUT MHOTOJIETHUI TEXHO-
JIOTMUYECKUH TPEHJ YPOKaHOCTH M MEXKTOJIOBBIC KIIMMAaTH4YeCKH 00YyCIIOBJICHHBIE aHOMAIIMHN YpOXKai-
HOCTH. [IpOMYKTHBHOCTB 3TOTO MOAXOJA YKe Oblia (opMaabHO J0Ka3aHa B [2], Korga 3Ta MOJCIb HC-
MOJIB30BaJIach Ui ONpenAeseHUs] Habopa MPEeIUKTOPOB PETPECCHOHHBIX Moaeneil. B aroii pabote, uc-
MOJIB3Yysl KOHLEIINIO )XKM3HEHHOTO LIMKJIA U peajbHO Habmromaemble (a3bl pa3BUTUSI PACTEHUM, MBI 1O-
Ka3aJi NEepPCIEeKTUBBl 00BbEKTHO-OPUEHTHPOBAHHOTO MOAX0Ja K pa3paboTKe MaTeMaTH4YeCKOW MOAEIH
AIlY u e€ npenukTopoB. B ToMm unciie 000cHOBaHO, YTO B YCIOBUSX Pa3peKEHHBIX TOCEBOB MAKCHMYM
NDVI, nabironaemMelii B ¢eBpaiie —MapTe, AajieK OT HACBHIIIECHUS U MOYET HCIIOJIB30BAaThCSA KaK Proxy
OMOJIOTHYECKON TMPOJAYKTHBHOCTH Ha CTaJMW LBETCHUS pacTeHWU. B cBOI ouepenpr m3ydeHue xona
NDVI 3a BereranuoHHbIN MEPUOJT ¢ HOSOPS IO arnpeib MO3BOJISET BBIICIUTh OTACIbHBIE TEPPUTOPHU-
aJIbHBIC MOJCHCTEMbI M YBEJIWYHUTH Pa3HOOOpa3ue MPEeIUKTOPOB MPOTHO3a, B TOM YHUCIE PELIUTh HpO-
OneMy BbIOOpA IPEIUKTOPOB TSl OTACIBHBIX KYJIBTYpP. DKCIIEpUMEHTAIBHBIC IPOrHO3BI TIOKA3AIH, YTO B
KAaueCTBE HEKOJJIMHEAPHBIX MPEIUKTOPOB, OTPAKAIOIIUX KIMMATUYECKHME AaHOMAIMH YPOXKaiHOCTH,
MOHO BbIOpath cpeguue NDVI 3a ¢eBpans nnn sHBapb OTAEIBHBIX PErHMOHOB JHOO MPOU3BECTH HX
MPOCTPAHCTBEHHOE WK BpeMeHHoe ocpennenue NDVI. Ornenka kauecTBa MPOTrHO30B TOKa3ajia HEoO-
xoaumocTs yueTa B AIlY TpeHna yposkaliHOCTH MIIEHUIBI U B MEHBIIIEH CTENEHN TPEHIa YPOKalHOCTH
s[IMEHs. B kauecTBa IpeIrKTOpa OTPa)KaroLel TPEH YPOXKAHHOCTH BBEIECHA YPOXKAMHOCTh IPOLIOTO
rofia, 4To MPHUBEJIO0 K CMEIIaHHOW MOJENHU MPOTHO3a, COIEpKaIeH CunbHyIo (cadyro) aBTOPErpecCHOH-
Hy!0 KoMIToHeHTY 11t AITY mimmeHuns! (ssaMens). OTa KOMIIOHEHTa MOKET ObITh 3aMEeHEHa Ha JTMHEHHBIH
WM KBaJpaTUYHBINA TpeHA BpeMeHu. MccnenoBanue 3aBUCHMOCTH KadecTBa MPOTHO30B OT BHIOPAHHOTO
HHTEpBajia 00y4YeHUs MOKA3aJI0, YTO YPOXKaHHOCTH SIYMEHS XOPOILIO MPOTHO3UPYETCs U3-3a SBHOW CBS3U
MEXIy MEKTOIOBBRIMHU KoJieOaHusIMu MakcumyMma NDVI 1 ki1uMaTHdIeCKUMU aHOMAIUSIME €T0 YpOKai-
HOCTU. [IpOTrHO3B! YPOKANHOCTH MIIEHUIIBI TAKXKE OTPAXKAIOT KIMMATHYECKUE aHOMAJIUU, HO U3MEHYH-
BOCTh TPEH/Ia YPOXKAHHOCTH 00YCIIABINBACT CHIIBHYIO 3aBUCUMOCTD KauecTBa MPOTrHO3a OT BEIOPAHHOTO
WHTEpBajia 00y4eHHs perpeccuu 1 TpedyeT KOHTPoIIst K03 puLueHToB perpeccun.

B nenom gocTUrHyTOE HaMM Ka4e€CTBO MTPOrHO30B YPO’KAEB OPOIIAEMBIX O3UMBIX IPEBOCXOAUT I10-
kazatenu AIlY 03UMBIX KyJAbTYp CPEAHHX IIHPOT, IJI€ BAXKHBIM YCIOBHEM YPOXKas SIBIIACTCS ONTHMAb-
HOE yBIQ)KHEHHE MOYB. B Onmkaiiiee BpeMsi Mbl JaluM OTBET Ha BOIPoc: «MOKET JIM MPeI0KESHHBIN
HaMHU 00BEKTHO-OPUEHTHPOBAHHBIN MOIX0A MOXKET ObITh pactnpocTpaneH Ha AIlY 03uMoii mieHuis B
pernoHax 6OTapHOTO 3eMIICICTHSI?».
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REGRESSION FORECASTS OF IRRIGATED WINTER CROP YIELDS
USING SATELLITE VEGETATION INDEXES: MODELS, PREDICTORS
AND EXPERIMENTS
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South Ural State University, Chelyabinsk, Russian Federation

The technologies of agrometeorological crop forecasts (ACF), based on data on the normalized
vegetation index (NDVI) are an important element of the modern agricultural industry. Aim. To es-
tablish the heuristic yield model and approaches to the development of models of regression fore-
casts, including the ACF predictors selection procedure by exploring satellite Moderate Imaging
Spectroradiometer (MODIS) NDVI data and conduct experimental forecasting. Materials and
methods. The official yield statistics of irrigated winter wheat and barley in Diwaniyah province of
Iraq and the NDVI MODIS observation for 2001-2019 are used. It is proposed to choose a two-
component heuristic yield model containing a yield trend, due to a relatively slow change in crop
cultivation technology and a climatic component associated with fluctuations in biological produc-
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tivity due to the effects of weather conditions. Results. Using of heuristic model as background,
an object-oriented approach to the choice of ACF regression model and predictor selection is devel-
oped. Firstly, we use NDVI semi-quantitative connection with crop coverage and crop leaf indexes
to determine NDVI evolution according with the wheat and barley growing stages. Then, it is shown
that in the province level ACF, as the original predictors should choose the NDVI time-series de-
rived on the first and second half of February for three distinct grain-producing regions of the pro-
vince. Experiments have shown that the satisfactory quality of the regressive ACF of both cultures
can be achieved with 2-3 different original non-collinear predictors by their combination with
the last year's yield or by inclusion of linear or quadratic dependencies. Conclusion. Wheat forecast
with a relative error of 10% is obtained only by special selecting of time interval to train model and
by control the parameters of the auto-regressive predictor. The high quality of the barley forecasting
models is due to the fact that the variability of barley yields is dominated by the climatic component.
The developed object-oriented approach can be adapted to the conditions of rainfed agriculture and
to forecast of yield of other crops.

Keywords: winter wheat and barley yield forecasts, irrigation farming in Iraq, NDVI MODIS,
climatic crop anomalies, regression models.
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This paper presents the results of a system analysis of the information-measuring system
(IMS) for correction of the working memory parameters of subjects during the learning process,
in which the neuroplasticity of the brain is triggered by stimulating the nerve formations of
the neck of a spatially distributed field of voltage impulses, the target of stimulation is the cervical
ganglia of the sympathetic nervous system, control of functional changes in the body is carried out
according to changes in the parameters of the blood supply system, and psychometric tests are
used to assess working memory parameters. Aim. Development of IMS, using neuroelectro-
stimulation of peripheral nerve formations of the neck for correction of working memory parame-
ters in the learning process. Materials and methods. The study involved 65 subjects, divided by
randomization into experimental, control and placebo groups. Working memory parameters were
assessed using the dual 2-back test, and the functional state was assessed using heart rate variabi-
lity (HRV) analysis. Results. The results of the study showed that the proposed structure of
the IMS and the method of correction working memory allow to improve the working memory pa-
rameters and normalize state of the autonomic nervous system after three correction procedures.
The obtained test results practically do not change and are saved after 2 months. Conclusion. IMS,
which provides multichannel neuroelectrostimulation of peripheral nerve formations in the neck,
is effective for correction of cognitive skills, which is important for solving problems in the field
of education.

Keywords: information measuring system, neuroelectrostimulation, system analysis, infor-
mation, methods and algorithms, cognitive characteristics, working memory.

Introduction

At the present stage of science and technology progress, in the context of the integration of the la-
test technologies, a person must have the ability to materialize his capabilities for active participation in
social life. In this process, a special role is assigned to the development of learning technology, and
the assessment of individual human learning abilities. In connection with the rapid development of
the technical component of complex systems against the background of a decrease in the general educa-
tional level of training, ensuring effective training of specialists in complex technical systems is currently
becoming an urgent task [1].

Learning disabilities can lead to poor performance in the child (student), which is unexpected when
considering their potential, intelligence quotient (IQ), quality of the learning process, intact sensory sys-
tem, adequate motivation, and appropriate learning conditions.

It is worth noting that learning disabilities are specific in the sense that they affect certain areas of
information processing (for example, reading, writing and math), in contrast to the global difficulties
seen in children with intellectual disabilities. Although they have medium to high IQ, people with disa-
bilities do not learn as quickly as others. This indicates that their problem cannot be simply explained by
an impaired intellectual development, the reasons may be more complex phenomena that should be paid
attention to [2].

People with learning disabilities may have deficits in one or more cognitive processes [3], including
phonological processing, long-term information retrieval, attention, short-term memory, and working
memory. Among several cognitive processes, working memory was found to be closely related to aca-
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demic skills. Numerous studies have shown a strong relationship between working memory perfor-
mance, reading skills and performance in mathematics [4].

Some researchers [5] suggest that working memory is even more important for learning than IQ, as
it is the best indicator of learning. It has been shown that IQ is a measure of what a person has already
learned, while working memory measures learning ability (actual learning potential).

As an empirical characteristic of a person's ability to learn, learnability includes many indicators
and parameters of a person's identity. These include, first of all, human cognitive capabilities (features
of sensory and perceptual processes, memory, attention, thinking and speech), personality traits — mo-
tivation, character, emotional manifestations [6]. Various parts of the brain are involved in these pro-
cesses, as well as various regulatory systems of the human body, of which the autonomic nervous sys-
tem (ANS) is the most significant. To quickly understand and evaluate information at performing
complex actions, the brain integrates complex and varied input signals from several sensory systems
at the same time. The interconnection of these systems is carried out through the work of neural net-
works [7].

According to one of the key principles of the neuroscience, our brains are plastic and constantly
change as a result of learning. In the process of learning, a person's cognitive reserve and adaptive re-
sponses to stress, traumatic events and diseases are formed. Thus, learning problems reflect the inef-
ficient use of the resources that the brain possesses [8]. The idea of activating these resources in order to
increase the speed and efficiency of training arises.

There are prerequisites that the combination of neurostimulation of the peripheral nervous system
with traditional learning methods will allow the use of an endogenous neural circuit to improve the qua-
lity of learning by accelerating the tuning of neural networks responsible for cognitive functions [7].
Therefore, it is of interest to explore the possibilities of such an approach to improve the quality of
learning.

This work presents the results of the IMS system analysis for correction of working memory para-
meters during the learning process, in which the neuroplasticity of the brain is triggered by stimulating
the neural formations of the neck with a spatially distributed field of voltage impulses, and the target of
stimulation is the cervical ganglia of the sympathetic nervous system [ 9], the control of human func-
tional changes is carried out according to heart rate variability (HRV) changes, and dual 2-back test are
used to assess the working memory parameters.

1. The structure of the information measurement system

To organize information measurement system (IMS), we will use the theory and technology of
biotechnical systems, which are a set of biological and technical elements interconnected in a single
control loop [10]. To the same extent, biotechnical systems include both systems in which a person
plays the role of a control link and technical systems that control the human body to solve specific
problems.

IMS for the correction of working memory parameters in the learning process belongs to the second
type of systems. Usually a person in this position is defined as a human operator, and the effectiveness
of such systems depends on how ready he is to perceive the external world and make the right deci-
sions [11]. When solving these problems, not only technical means are used, but also psychometric
techniques, as well as methods of functional studies of the human condition. An indispensable condition
for the optimal functioning of biotechnical systems are the principles of the adequacy of the coordina-
tion of the “management” characteristics of the technical and biological elements of the system and
the principle of identifying the information environment, which requires optimization of the intensity of
flows and the form of presentation of information, which are exchanged during the operation of tech-
nical and biological elements of the system [12].

Accordingly, the IMS block diagram for correction of working memory parameters can be presen-
ted as in Fig. 1.

The features of the organization and the tasks performed by units included in the IMS are consi-
dered below.
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Fig. 1. Block diagram of the information measuring system structure

1.1. Neuroelectrostimulation unit

Depending on the tasks of the study, the neuroelectrostimulation unit can have two realizations
of the structure of voltage pulse sequences that provide electrical stimulation of the nerve formations of
the neck: a multi-channel spatially distributed field of impulses, the target of which is the cervical gan-
glia of the sympathetic nervous system; a sequence of impulses between two electrodes — in this case,
the target of stimulation is one of the areas of the neck
in which the presence of fibers of the sympathetic
nervous system is minimal.

For the formation of different structures of impulse
sequences in the IMS, a neuroelectrostimulator device
“SYMPATHOCOR-01" was used [13]. General view
of the “SYMPATHOCOR-01" device is shown in Fig. 2.

The formation of a spatially distributed field of
voltage pulses occurs between 13 electrodes of one of
the multi-element electrodes (cathodes) and one or
more electrodes of the other (anodes). During one
switching cycle of the cathodes, a “burst” of such pul-
ses is formed, with a current flowing under each ca-

Fig. 2 The general view thode during one partial pulse, and in the region under

of the “SYMPATHOCOR-01” device the anode during the entire “pack” of pulses. Thus,

a spatially concentrated current structure is formed in

the neck tissues under the anode for one period of formation of a “pack™ of pulses, the duration of which

depends on the sum of the durations of 13 partial voltage pulses. And in the cathode zone there is a spa-

tially distributed current structure of 13 areas, each of which corresponds to the location of the partial
cathode, and the duration of the partial current pulse depends on the duration of the partial pulse.

The device can form partial current pulses with an amplitude of up to 15 mA, a duration of 15 to 60 us
and a “pack” of pulses with a frequency of 5 to 150 Hz.

The structure of impulse sequences, neuroelectrostimulation parameters and the treatment process
are controlled through the neuroelectrostimulation control unit via the BlueTooth channel formed by
the transmitting and receiving elements located in the “SYMPATHOCOR-01” device and a personal
computer.
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1.2. Measuring unit of functional parameters

Measuring unit of functional parameters provides registration of biomedical signals that reflect
the physical manifestations of the physiological processes of a living organism and can be measured and
presented in a convenient form for processing using electronic means.

The learning process requires from the body not only high resistance to extreme influences, but also
good plasticity, i.e. the ability to adapt (adapt) to new conditions of existence. In the course of such
adaptation, a new functional system is formed, which requires a certain tension of regulatory systems,
additional energy costs. This process also requires constant expenditure of functional reserves. Thus,
the normal level of functioning of the main systems of the body can be maintained only if there is no
overstrain of regulatory mechanisms and the functional reserve is not depleted.

It is known that the human nervous system is subdivided into central and peripheral [14]. The cen-
tral one includes the brain and spinal cord, the peripheral one includes the spinal and cranial nerves.
Separately, the ANS is also distinguished, which ensures the continuous functioning of autonomic pro-
cesses in the body (digestion, heartbeat, respiration, urination, etc.). The ANS is represented by its own
nerve plexuses and fibers near the organs. The higher control centers of this system are located in
the spinal cord and brain.

It was shown in [15] that HRV analysis has the greatest diagnostic value in neuroelectrostimulation
of nerve formations in the neck. At the same time, a significant improvement in the functional connec-
tions of the medial prefrontal cortex with the rest of the brain was noted, which indicates an improve-
ment in the connectivity of the brain regions, especially due to the activation of the frontal cortex.
To implement the functions of the measuring unit of functional parameters in the IMS, a portable elec-
troencephalograph — analyzer “Encephalan-EEGR-19/26 is used, which allows registering an electro-
cardiogram (ECQG) signal and analyzing of HRV. The measuring unit of functional parameters and
the unit for registration and evaluating unit of functional parameters are connected and synchronized
with each other into a single wireless network using BlueTooth technology.

1.3. Psychometric Assessment Unit

The block of psychometric assessments is presented in the form of an N-back test for assessing
working memory. The N-back technique is a modern and highly effective way to train working memory
[16-18].

In the study, the difficulty level was dual 2-back: subject works with a sequence of visual and audi-
tory stimuli, presented one at each time interval. Subject must give an answer if the current stimulus co-
incides with the element presented 2 intervals ago.

According to the test results, total score was determined. The test is implemented as a Brain Work-
shop software application on a personal computer.

1.4. Control and data output system

The control and data output system is presented in the form of a per-
sonal computer with a set of software systems and includes 4 elements: Amplitude, mA
a neuroelectrostimulation control unit, a registration and evaluation unit e 2
of functional parameters, a control unit of psychometric assessment pa-
rameters, a data processing and output unit. The neuroelectrostimulation
parameters are controlled using a software application for a personal
computer.

An example of a graphical interface for setting parameters is shown
in Fig. 3. The application for the control panel allows in real time to
change the structure of the pulse sequence, the amplitude, duration of
partial current pulses, the frequency of formation of the “pack” of pulses,
to change the stimulation target, to change the direction of the field during
neuroelectrostimulation [13].

The control of the parameters of registration of functional parame-
ters is implemented using the software application of the “Encephalan- m
EEGR-19/26” complex, and the block of psychometric assessments is
implemented through the Brain Workshop software application. Fig. 3. Graphical interface

The data processing and output unit is presented in the form of soft-  for setting of neurostimulation
ware tools necessary for the analysis, processing and output of the ob- parameters

1 #1 0.1 0.1

22

93
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tained data, implemented in the PYTHON programming language, and for statistical analysis,
the STATISTICA 12.0 software was used.

The obtained data is sent to the data storage unit.

1.5. Data storage unit

A data storage unit is a cloud storage of a database. The database allows: to save the data set neces-
sary for the IMS operation; displays them in an optimized way; provides fast search, reduces the time of
access to the necessary information.

In the developed database, information is placed in the form of tables (entities), which store unique
data sets of certain types. Instances of these entities act as rows of these tables, and their attributes act as
columns. The developed database includes a set of textual, numerical and visual data that allows you to
store general information about the research protocol, the name of the subject, the results of his testing,
data of functional parameters, as well as the results of statistical data processing.

The database is available to the investigator at any stage of the research.

2. Materials and methods

The research was carried out at the Ural Federal University named after the first President of Russia
B.N. Yeltsin.

The research involved 65 subjects aged 20 to 25 years, who gave informed consent to participate in
the research.

The research consisted of 2 parts:

I part: primary assessment of the basic values of the dual 2-back test and the formation of groups of
subjects to study the possibilities of correcting their working memory using IMS. Group formation was
carried out by randomizing study participants to include them in one of three groups: experimental, pla-
cebo and control. As a result, the experimental group included 33 subjects, the control group — 22, pla-
cebo — 10 (Table. 1).

II part: carrying out a correction technique using the developed IMS.

When correcting working memory for the subjects of the experimental group, neuroelectro-
stimulation was used with a spatially distributed field of voltage pulses (5 procedures for 5 days).

The placebo subjects were stimulated using a pulsed voltage sequence generated between one anode
and one cathode (5 treatments over 5 days).

For subjects of the control group, no stimulation was applied.

With the help of the measuring block of the IMS functional parameters, the ECG signal was recor-
ded for the purpose of further analysis of the HRV parameters.

Table 1
Description of the study groups
Group Number of Subjects Impact
Experimental 33 Neuroelectrostimulation
Placebo 22 Placebo-stimulation
Control 10 No stimulation
The sequence diagram of the one day of the study is presented in Table. 2.
Table 2
Sequence diagram of the study
Stace Groups Time,
g Experimental | Placebo | Control min
1 Background 5
2 Neuroelectrostimulation + dual 2 back | Stimulation + dual 2 back | dual 2 back 5
3 Rest 5
4 Neuroelectrostimulation + dual 2 back | Stimulation + dual 2 back | dual 2 back 5
5 Aftereffect 5
40 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.

2021, vol. 21, no. 2, pp. 36-46



MempeHko A.A., Ky6naHoe B.C. UHopmayuoHHO-u3MepumesnbHasi cucmema OJisi Koppekyuu
napamempoe pabouyell namssmu e npoyecce oby4yeHust

3. Research results

3.1. Dual 2-back test results

To assess changes in working memory parameters during the use of the developed IMS, an analysis
of variance was carried out for the dual 2-back test parameters. The results are shown in Fig. 4.
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Fig. 4. Total score

According to the primary assessment of the dual 2-back test parameters, the average indicator of
the total score in the three groups was (41 = 1.9)%.

After the first procedure, the greatest increase in the indicator of the total score in all three groups
is observed: the average indicator of the total score in the experimental group was (58.5 £ 1.9)%, in
the control group — (53.3 + 3, 1)%, in the placebo group — (52.7 + 2.1)%.

The greatest significant difference between the three groups is observed after the third procedure.
The average indicator of the total score in the experimental group after the third procedure was
(69.6 = 1.8)%, in the control group — (63 + 5.6)%, in the placebo group — (63 £+ 2.3)%

3.2. HRV data results

In the experimental and placebo groups, in order to assess functional changes during the implemen-
tation of the correction technique of neuroelectrostimulation, the HRV parameters were analyzed on
the fifth day of correction. In the course of data processing, the values of the Total Power (TP) of
the spectrum, High Frequency — HF, Low Frequency — LF, Very Low Frequency — VLF spectral
components, their normalized values HF,, = HF - 100/ (TP — VLF), LF,, = LF-100/(TP — VLF) and
VLF,, = VLF - 100/(TP — VLF), as well as the vegetative balance index LF/HF were obtained. Within
each group, the mean values of these parameters and the corresponding standard deviations were calcu-
lated. The results of analysis of variance of HRV data are presented in Figs. 5-7.

From the obtained data, it follows that in the experimental group during the 2 and 4 stages, which
corresponds to the simultaneous action of neurostimulation and the performance of the dual 2 back
test, there is a decrease in the LF,, component, an increase in the HF,, component and a decrease in
the LF/HF. The increase in HF,, is associated with a decrease in sympathoadrenal activity and more
pronounced vagal influences on the heart rate. A decrease in the LF/HF index indicates the normaliza-
tion of the vegetative balance.

In the placebo group, the opposite tendency is observed: during stages 2 and 4, an increase in
the LF,, component, a decrease in the HF,, component, and an increase in the LF/HF autonomic ba-
lance index are observed. An increase in the LF,, spectrum component predominantly characterizes
the state of strengthening of the sympathetic center of vascular tone regulation. An increase in
the LF/HF parameter indicates a vegetative disbalance. The placebo group is characterized by excessive
activation of the sympathetic-adrenal system and a decrease in the activity of parasympathetic regulation.
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3.3. Dual 2-back test results after 2 months

At re-evaluating the test parameters after 2 months in the experimental group, the obtained results
are preserved: after the fifth procedure, the values of the total score were (78.4 & 1.8)%, after 2 months —
(75.4 + 1.9)% (Fig. 8).
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Conclusion

The paper considers the possibilities of IMS for the correction of working memory parameters using
neuroelectrostimulation of the peripheral nerve formations of the neck.

Shown, that:

* the proposed structure of the IMS provides the principles of the adequacy of the coordination of
“management” characteristics and information flows of technical and biological elements of the IMS;

* application for stimulation of a spatially distributed field of voltage pulses formed in
the “SYMPATHOCOR-01" device provides correction of working memory parameters in subjects
whose total score of the dual 2-back test was below 47%;

* significant intergroup differences in the parameters of the dual 2-back test are observed on
the third day: the average indicator of the total score in the experimental group was (58.5 £ 1.9)%, in
the control group — (53.3 + 3.1)%, in the placebo group — (52.7 + 2.1)%;

« results of the dual 2-back test in the experimental group are saved at a temporary distance: the va-
lues of the total score after 2 months changed insignificantly — from (78.4 + 1.8)% to (75.4 + 1.9)%;

« it was found that with neuroelectrostimulation there is an increase in the activity of the parasympa-
thetic nervous system of the body and the normalization of the autonomic balance.

The obtained results of the study can be applied in the development of new programs and methods

of the educational process aimed at improving the quality of learning and the speed of mastering new
skills.
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WH®OPMALINOHHO-USMEPUTENIbHAA CUCTEMA
AnA KOPPEKUUU NAPAMETPOB PABOYEU NAMATHU
B NMPOLUECCE OBYYEHUA

A.A. lMempeHko, B.C. Ky6naHoe

Ypanbckut ¢pedepanbHbili yHUsepcumem umeHu nepgozo lNpesudeqHma Poccuu
b6.H. EnbyuHa, 2. EkamepuHbype, Poccusi

B Hacrosmeit padore nmpuBeieHb! pe3ysbTaThl CUCTEMHOTO aHANIN3a HHGOpManOHHO-U3MEpH-
tenpHOM cuctemsl (MUC) mns Koppekiuu mapamMeTpoB padodeil mamMsaTH J0OPOBOJIBIEB-HCIIBITYE-
MBIX B IIpoliecce oOyueHHs, B KOTOPOH 3amyCcK IpoIecca HEHPOIUITACTHYHOCTH TOJIOBHOTO MO3Ta
OCYILECTBIISICTCS C MOMOIIBIO CTUMYJISIIMKM HEPBHBIX 00Pa30BaHHM IIEW MPOCTPAHCTBEHHO pacIpe-
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MempeHko A.A., Ky6naHoe B.C. UHopmayuoHHO-u3MepumesnbHasi cucmema OJisi Koppekyuu
napamempoe pabouyell namssmu e npoyecce oby4yeHust

JICIICHHBIM TIOJIEM HMITYyJIhCOB HANPSIKCHUS, MUIICHBIO CTUMYJISAIUH SBISIOTCS MICHHBIC TaHTIHA
CHUMITATUYECKO HEPBHOW CHCTEMBI, KOHTPOJIb (PYHKIIMOHAIFHBIX H3MCHEHUH B OpraHU3ME OCYIIe-
CTBJISICTCS IO JaHHBIM U3MCHCHUH MapaMeTPOB CHCTEMBI KPOBOCHAOXKEHUS, a U OLICHKH padoueit
MAMSATH HCTIONB3YIOTCS IcuxoMerprdeckue TecTol. Leas padorsl: pazpadorka MMC ¢ ucnonp3oBa-
HHEM HEUPOAIIEKTPOCTUMYIIAIINH Mepr(epHIeCKUX HEPBHBIX 00pa30BaHMUI IIeH I KOPPEKIUH T1a-
pameTpoB pabodell maMsATH B mpoliecce o0ydeHrs. MaTepuajbl H MeTOABL. B uccnenoBanuu mpu-
HSUTH ydacTue 65 noOpOBOJIBIIEB-UCTIBITYEMBIX, Pa3/IeICHHBIX C TIOMOIIBI0 PAaHAOMH3AIMY Ha IKCIIe-
PUMEHTaNBHYI0, KOHTPOJIBHYIO U Iutaredo rpynmnsl. OneHka mapaMeTpoB pabodeit maMaTH IpOBOIH-
Jach ¢ ucmosb3oBanueM tecta dual 2-back, a omenka QyHKIIMOHAILHOTO COCTOSHHS MPOBOAUIACH C
MIOMOIIBI0 aHanmn3a BapuadenbHOoCTH cepaednoro putMma (BCP). Pesyabtarbl. PesynsTaTsl nccie-
JIOBaHHUSA TOKAa3ajy, 4To IpemyoxkeHHas cTpykrypa MUC u meronuka KoppeKuuu paboder mamstu
MO3BOJIAIOT YJIYYIIATh TOKa3aTeNd pabodeil MaMsTH W HOPMAlU30BaTh COCTOSIHAE BETeTaTHBHOM
HEPBHOW CHUCTEMEI ITOCIIE TPEX MpOoIeayp KoppeKuuu. [lomrydeHHbIe pe3yabTaThl IO TECTY MpaKTHIe-
CKH HE U3MCHSIOTCS M COXPaHSIOTCS depe3 2 mecsana. 3akmodenune. M C, obecreunBaroniast MHO-
TOKaHAIBHYI0 HEHPOIICKTPOCTUMYJIIHIO Mepu()epHICCKIX HEPBHBIX 00pa30BaHUIl IICH, SBISCTCS
3¢ GEKTUBHON U1 KOPPEKINU KOTHUTHBHBIX HABBIKOB, UTO aKTYaJIbHO JJIS PEIICHUS 3a1a4 u3 che-
pBI 00pa3oBaHMUSL.

Kniouesvie cnosa: ungopmayuonno-uzmepumenvhas Cucmemd, HeuposLeKmpoCmuMyIayus,
cucmemHblll aHAIU3, UHGOpMayUs, Memoobl U AleoPUMMbl, KOZHUMUEHbIE XAPAKMePpUCMUKU, pabo-
uas namams.
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To ensure safety and improve the efficiency of flight missions, reliable information about
the altitude and speed parameters of the aircraft (AC) is required. Therefore, improving the algo-
rithm for calculating the vertical speed used as part of the algorithmic support for air signal systems
(ASS) is a very urgent task. Purpose of the study. The problem of calculating the vertical speed
of an aircraft in the ASS is considered. Materials and methods. The analysis of literature data on
the use of numerical differentiation procedures to solve this problem is carried out, it is noted that
the methods used are based on different ideas and approaches. It is indicated that two-point algo-
rithms are significantly worse than multi-point algorithms in terms of the achieved accuracy, howe-
ver, they are characterized by significant simplicity and speed. Various versions of multipoint algo-
rithms are used, differing in complexity, the amount of information used, and the accuracy achieved.
The features of the regularizing algorithms, which are essentially filters of a low-frequency useful
signal, suppressing the high-frequency component of the error in measuring the altitude signal or,
what is the same, atmospheric pressure, are noted. The data on systems with hardware differentiation
of the height signal are given. Results. A fairly simple four-point algorithm for numerical differen-
tiation is proposed and substantiated. Due to the averaging of both the measurement results them-
selves and the estimates of the derivatives, significant filtering of noise is realized, which is an im-
portant advantage of the algorithm. For greater accuracy in estimating the vertical speed, it is envisa-
ged to include a preliminary filtering algorithm in the experimental data processing scheme. The fil-
tering algorithm is found from the solution of the optimization problem; it is shown that this algo-
rithm is structurally similar to the filtering algorithms constructed according to the well-known ap-
proaches of R. Kalman. The results of computational experiments on the study of the features and
characteristics of the proposed algorithms are presented, illustrating their advantages, performance
and the possibility of further use in ASS. It is shown that preliminary filtering significantly increases
the accuracy of the vertical velocity estimation. Conclusion. The developed algorithms can be used
to improve the algorithmic support of the ASS.

Keywords: vertical speed, aircraft, air signal system, numerical differentiation, altitude, atmos-
pheric pressure, multi-point algorithms, preliminary filtering, estimation accuracy.

Statement of the problem

One of functions of the system of air signals (ASS) is the problem of calculation of vertical velocity
of the aircraft. As a rule, this problem is solved by method of numerical differentiation of signal of
the barometric height determined by ASS. The algorithm of calculation of vertical velocity as it is well
known [1], can be written down as follows:

h=hp+ 0Pyt ARy o4O Ry (pyp ¥R 0P (1)
Y Po g dt g Po Do g ok

BecTHuk HOYplY. Cepus «<KomnbioTepHble TEXHONOrMK, ynpaBreHue, PaauoaneKkTPoHUKay. 47
2021. T. 21, Ne 2. C. 47-57



NMpubopocTpoeHne, METPOSIOrUs...

where 7y =0.0065 K/m — temperature gradient, g — acceleration of gravity, R — gas constant, p (1) —
atmospheric pressure on the altitude %4 (1), t— time, p, and T — respectively pressure and tempera-

ture at some height /4, , taken for the beginning of its counting, T — operation of exponentiation.

It is clear that both atmospheric pressure and relative altitude are determined with errors. Because of
this, as is well known, the problem of a sufficiently accurate numerical estimate of the signal derivative
with errors is difficult to implement, primarily due to its incorrectness [2—5]. Algorithms known in
the literature [2—14] are based on different ideas and approaches, these algorithms have been developed
for specific problems and conditions, and are characterized by different advantages and disadvantages.
Therefore, directly, without additional tuning and optimization, it is rather difficult to use one or another
well-known algorithm; there is an urgent need to develop a specific method for implementing the diffe-
rentiation procedure for a specific problem to be solved.

So-called dot algorithms are known, for example, the simplest point-to-point algorithm of differen-
tiation used, in particular, and in SVS is represented by means of the following formula [6-8, 15]:

dx(t;,) X X
dt At
where x(t) — the measured signal, At — period between the information retrieval moments
At=1,,-1,i=0,1,2,..., 1, =ixAt .
It is known also that the best accuracy is reached when using point-to-point algorithm of the central
approximation [6]. However the big accuracy of calculation of derivative can be reached when using

multipoint algorithms, in particular, due to averaging of results of calculations of derivative for two next
points on point-to-point algorithm with step 2At [9, 15].

; 2

In addition, various regularizing algorithms are also known [2—14]. It often uses algorithms based
on the approximation of the measured signal by an algebraic polynomial followed by its analytical
differentiation [7, 9—11], for example, in [11], cubic spline approximation of the measured data is
used.

It is necessary to notice that regularization as a matter of fact as it is frequent and is specified in lit-
erature, represents suppression (filtration) of high-frequency component of measurement error of signal.
As it is represented to us, and some multipoint algorithms including procedures of averaging in
the structure can also be carried to regularizing algorithms.

In [13], to solve the differentiation problem, a frequency approach is used, an approximating func-
tion with a finite frequency spectrum is selected according to the properties of its derivative, here regu-
larization is reduced to minimizing the Euclidean norm of the derivative estimate.

The problem of differentiation can be solved and as follows. It is well known that

J- dx (1)
o 4
different entry conditions — values x(0) ) i.e. if the task is brought to zero entry conditions that it is

dt=x(t)—x(0). If at the same time x(0)=0 (in this case there is no need to tie the decision to

simple to implement then the problem of differentiation comes down to the solution of the integrated

()

equation I ( )dr =x(t) relatively —— . Such regularizing approach is used in work [12].
dt
Accordlng to the data of [9, 15], both point and approximating approaches are used in the ASS, in
particular, in the SVS-2Ts-1M, a two-point algorithm (2) [9] is implemented, piecewise-polynomial ap-
proximation of all dependences used to calculate the altitude and speed parameters of the aircraft. In this
h(v)

dt

case, naturally, it is not difficult to find an analytical expression for the derivative and deter-

mine its numerical value.

In [8] estimates of derivative are calculated on the simplest point-to-point algorithm (2) with the same
period of time between points. At the same time it is considered that on the interval of time used at cal-
culations the true derivative is equal to the same value, i.¢e. is const. For search of the resulting asses-
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sment of derivative the system of the linear algebraic equations (SLAE) is solved. It is established what
with increase in quantity of private estimates based on the ratio of (2) accuracy of the resulting asses-
sment of derivative increases, however increases also computing complexity of the procedure that can
serve as obstacle for its use in real time.

The algorithm of work [12], based on the solution of an integral equation, is also computationally
complex. Similar in complexity to the algorithms of [8] and [12] should be considered the algorithms of
[11, 13], which also require the solution of the SLAE.

In [14], it is noted that often when differentiating signals, the speed of the methods and the possibi-
lity of their use in real time are in demand, all this, of course, is determined by their computational re-
source intensity. It is indicated that the regularizing algorithm of A.N. Tikhonov, in which the integral
equation is solved, requires large computational resources.

Also the calculators of vertical velocity using methods of hardware differentiation (the differentia-
ting amplifiers are used) are known [16, 17]. However such measuring instruments as it is known, on
number of indicators it is much worse than digital differentiators.

Thus, the problem of numerical differentiation is still far from its final solution; it is required to de-
velop sufficiently reliable and computationally simple algorithms that sufficiently meet the requirements
imposed on them. Moreover, when applying any approach, preliminary filtering of the differentiated
signal can be applied.

Algorithm for calculating the derivative
Let's consider the following solution of objective. First, we will evaluate signal mean in (7 +1) -ty

timepoint on four points including the current measurement and three previous i. e.
X = (X + X+ X+ X)) /4. 3)
It is known that the arithmetic average is more exact assessment of true value, than result of one
measurement.

Secondly, let us refer the average value found in this way to x the middle of the time interval on
which these points are located. The location of the points used is shown in Fig. 1.

X i+l
[ ]
x T
[ ]
Xi ®

[ ]
Xio

L & L L B
T Tia (2, Tin &

Fig. 1. The layout of the points used for differentiation

It is obvious that in this case it is possible to use the following four estimates of derivative of signal
in (i +1) -ty timepoint:
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dx(TiH) ~ Xiyp =X,

1 ; 4
dt 1.5A7 )
dx(t;,,) T ®)]
dt 0.5At°
dx(riﬂ) zx_xi—l . (6)
dt 0.5At
dx(TiH ) ~ X=X o (7)
dt 1.5At

It is well-known that the best assessment of derivative in (i +1) -ty timepoint will be arithmetic
average of the found private estimates for this purpose (i +1) -th timepoint, i. e.

dx(fm)_[xm_; xi_x_i_;_xi—l x_xi—Z]/4_
dr 1.5At  0.5At 0.5At 1.5At

=i[3(xl.+1 —x)+2(x; —x) +2(}—x,.,1)+3(}—xi,2)]/4 =
At 3 3

1.1 -1 - 1 - 1 —
:A_T[E(X[H _x)+5(xi _x)+5(x_xi—l)+g(x_xi—2)] =

1 - - — —
= 6—AT[(XI'+1 —x)+3(x; —x) +3(x —x; )+ (x —x;,)] =
1
= 6_A’C[Xi+l +3x; =3x,_, —x; 5] (8)

As it is visible from formula (8), bigger weight is given to values of signal in -ty and (i —1)-th

timepoints, and three times smaller weight to its values, extreme for the considered period, that is rather
expedient.

It should be noted that due to the averaging of both the measurement results themselves (the arith-
metic mean of the readings is used) and the estimates of the derivatives, noise filtering will be carried
out, this is a well-known and absolutely verified result. In addition, as can be seen from formula (8),
the algorithm is quite simple computationally, which, of course, is its undoubted advantage.

Computing research of algorithm of differentiation

Fig. 2 shows the curve of the change in the height of the aircraft (AC) during the flight, while in the
process of modeling for a regular (useful) signal of the form /% (t)=A(0)+3.5x1+ axsin(wt), where
h(0) — height of the beginning of maneuver of VS, interference was superimposed — the noise compo-
nent of the barometric altitude signal. The interference was simulated using a random number generator
with a uniform distribution law.

1350

1300k P ....... ........ ...... ....... P ...... ....... .......
1250
1200
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1100

1050

1000
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Fig. 2. Aircraft altitude change curve during flight

50 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2021, vol. 21, no. 2, pp. 47-57



lMaHghepoe B.U., MaHghepoe C.B., 06 00HOM peweHuu 3adayqyu YucsieHHo20 dughghepeHyuposaHus
XaromuH A.M., TpeHuH H.A. npu eblyucsIeHUU 8epmukKasibHOU cKopocmu 8030yWHO20 cyOHa

Fig. 3 shows the graphs of changes in the estimate of the derivative of the height — the vertical
speed of the aircraft according to the algorithm (2), and in Fig. 4 according to algorithm (8). In this case,
naturally, it was assumed that x(t)=#4 (7) .

Apparently from Figs. 3 and 4 the availability of sinusoidal component in regular part of signal is
rather distinctly monitored by both algorithms. It indicates rather high speed of both algorithms.
The accidental component as it is visible from Figs. 3 and 4, affects result of assessment on algorithm
(8), than on algorithm (2) much less that confirms significant efficiency of algorithm (8). Therefore as
a part of algorithmic providing SVS it is more preferable to use algorithm (8), but not algorithm (2).

verical velocity, més
verical velocity, més

o i i i | i i i i i o i \ i i i i i
O 10 20 30 40 50 61 70 81 90 10D 0 10 22 30 40 8 60 70 80 90 100

time, s time, s
Fig. 3. Results of calculating the vertical speed Fig. 4. Results of calculating the vertical speed
by the algorithm (2) by the algorithm (8)

Joint schedules of change of estimates of derivative on algorithm (2) — continuous and on algorithm
(8) — dash-dotted curves when the sinusoidal component, i.e. for case is excluded from regular part of
signal of height are provided on Fig. 5 4 (t)=h(0)+3.5xt and in this case the noticeable efficiency of
algorithm is visible (8).

vertical velocity, m/s

; : : : : ; : :
i 10 20 30 40 50 GO 70 a0 50 100
time, 5

Fig. 5. Changing Derivative Estimates

In all cases the big errors of assessment at the beginning of curves are explained by availability of
transitional component in work of algorithms.

Preliminary filtration of signal of height
As is well-known [2, 3] error of calculation of derivative has two components: 1) computing error —
the error caused by rounding and representation of values of signal in the computer; 2) the error con-

BecTHuk HOYplY. Cepus «<KomnbioTepHble TEXHONOrMK, ynpaBreHue, PaauoaneKkTPoHUKay. 51
2021. T. 21, Ne 2. C. 47-57



NMpubopocTpoeHne, METPOSIOrUs...

nected with signal measurement errors (errors of basic data). It is known also that if influence of the se-
cond component is not too big and if the useful component of signal not too quickly changes
(“...behaves ‘rather well’” [8], then dot algorithms of differentiation yield almost acceptable results.
Otherwise it is necessary to use special approaches to the solution of problem, in particular, of the pro-
cedure of preliminary smoothing [18], recommend to use also algorithms of preliminary filtration of
signal of height. In this regard we will consider question of creation of such algorithm.

We will consider problem of preliminary filtration as the following problem of optimization [19]:

Wiy =AY+ O =h2)? > min, ©)

where 5, — measured signal value in i -ty moment (counting), hl-q) — evaluation of the useful signal for
i -th point in time (filter output), vy, and vy, — weight coefficients.

Solving this problem of optimization, have established that optimum assessment of useful signal has
to be determined by the following formula:

o Vi Yokt (10)

Vi+tV¥,

At such value h;b the minimum of criterion (9) as the second derivative calculated in this point is
equal is really reached 2y, + 2y, >0.

Sometimes for realization to write down conveniently this ratio in the following look:

B =h® + —Y(h,—h®). (11)

1 1

+

Apparently \';rlonzv tzhe last equation if the signal has not changed for period between (i —1)-th and
i -m the moments, then estimates 4" and 4", will coincide. Besides, we will note that reduction v,
and increase , leads to strengthening of the filtering properties of algorithm. It is explained by the fact
that the component v, (hiq) —hf_)] )? of criterion (9) sets proximity of the next estimates.

It is generally recommended concrete values y, and y, to select, proceeding from real statistical

situation on subject to control. To the place we will notice that this algorithm of filtration is quite suc-
cessfully approved in works [20-22].
Let's note also that the algorithm (11) can be presented also in the following form:

hszLhﬁ(l— Vi )hl.qjl:KzL
Yty Y +y, Y+,

It representations is most characteristic of the algorithms of filtration developed with use of ap-
proach of Kallman [18, 23], only in this case the optimum value of coefficient of Kallman K is found

=Kh+(1-K)h?,. (12)

from the solution of the following problem of optimization:
M{e?y = M{(h" — h?)*} — min, (13)
K

i.e. the expected value of square of mistake — the difference between the output of the filter and true
value of the measured quantity is minimized hl-l/I . At the same time it should be noted that in task (13)

structure of algorithm of filtration — the ratio (12) is set a priori, only the optimum value of coefficient of
Kallman is found. Solving problem (9), we, on the contrary, find optimum structure of algorithm of fil-
tration which as it is shown, coincides with that structure which a priori is accepted in Kallman's tasks.
Results of assessment of vertical velocity for conditions of Fig. 1 at additional use of the offered filter
(11) are given in Figs. 6 and 7. Setup of the filter coefficient of Kallman in both cases it is equal K =0.2.

Apparently from Figs. 6 and 7 the filtration significantly increases the accuracy of assessment both
on the simplest point-to-point algorithm (2), and on the offered algorithm (8), oscillation frequency in
both cases has considerably decreased. Thus, the algorithm (11) has the noticeable filtering properties,
on temporary sign it should be carried to algorithm of the late estimation [20—22] that is quite explaina-
ble as the algorithm on characteristics is close to inertial link of the first order (exponential smoothing of
the first order) [24].

52 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2021, vol. 21, no. 2, pp. 47-57



lMaHghepoe B.U., MaHghepoe C.B., 06 00HOM peweHuu 3adayqyu YucsieHHo20 dughghepeHyuposaHus

XaromuH A.M., TpeHuH H.A. npu eblyucsIeHUU 8epmukKasibHOU cKopocmu 8030yWHO20 cyOHa
4 ! T R ! ; 4 ! '
35+ 35F
3 at
E_ 25 E 25
| Bl s s e s ] 3,
o T R R e T S T e e % T ] SV RO AOSTI IO  NICIT, CHCION C o, o
1 | % L [ OO SO . SUNS . SUPRL OO, ) SO U SOV N
05 , B g oL P
O @ 220 30 4 50 B0 70 &) 80 100 0 10 20 30 41 50 B0 70 81 90 100
time, s time, 5
Fig. 6. Estimation of aircraft vertical speed according Fig. 7. Estimation of aircraft vertical speed using
to algorithm (2) with preliminary filtering algorithm (8) with preliminary filtering
of the altitude signal of the altitude signal

Indeed, the operation of the algorithm can be represented as follows. Let experimental infor-
mation A(t) is fed to the input of the inertial link of the Ist order, and the output value of such a link

is the current estimate of the useful signal — the filter output hq’(r) (Fig. 8). Here p — the operator of

differentiation.
Then [24] differential equation connecting entrance and output sizes will have appearance:
d h® (1)
h(z) I 7'(x) T+ ()=h, (). (14)
Tp+1 Here T — constant of time of inertial link. It is known that finite

, . . _ difference approximation of this equation can be written down
Fig. 8. The signal processing unit

as follows:
he —p?
T pb =p,. (15)
At
Further, it is easy to rewrite the equation (15) in the look similar to the equation (11)
At
h =h®, + T+Ar(hl.—hfil). (16)

Comparing equations (11) and (16), we can conclude that the parameter y, can be interpreted as
a discreteness interval At, and the parameter y, as a link time constant 7" . Therefore, it becomes
extremely clear that decreasing y, and increasing y, (time constant) leads to an increase in the filter-

ing properties of the algorithm. The deviation of the estimates obtained from its true values decreases
markedly. In our calculations, it was always possible to bring this deviation to an acceptable value due
to the filtering algorithm settings (by choosing v, and v, ). Thus, the use of algorithms (8) and (11)

makes it possible to obtain a completely efficient procedure for estimating the aircraft vertical speed.

Conclusions

The algorithm of numerical differentiation differing in small computing complexity and essential
bigger accuracy than the point-to-point algorithm used in algorithmic providing SVS is offered and ap-
proved. The algorithm is complemented with the procedure of preliminary filtration of signal of baro-
metric height of VS, the algorithm of filtration is the solution of problem of optimization on assessment
of useful signal by results of measurements. Results of work are recommended for use when developing
algorithmic providing SVS of aircratft.
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Ob OAHOM PELUEHWUU 3A0AYUN YNCITIEHHOIO
ANPPEPEHLUUPOBAHUA NMPU BbIYUCIIEHUN
BEPTUKAJIbHOU CKOPOCTWU BO3QYLUHOIO CYAHA

B.J. ﬂaHd)epoe1’ 2 c.B. I'lchpepoez, A.M. XaromuH', H.A.TpeHUH1

" BoeHHbIll y4yebHO-HayyHbIl UeHmp BoeHHO-8030yWHbIX cun «BoeHHo-8030ywHast
akademusi um. npoh. H.E. XKykoeckozo u FO.A. lazapuHa», chunuan e 2. HensbuHcke,
2. YenabuHck, Poccus,

2 OxHO-Ypanbckuli 2ocydapcmeeHHbill yHusepcumem, 2. Yensburck, Poccust

Jna obecriedeHuss 6e30MaCHOCTH M MOBBIMICHHUS 3(PPEKTUBHOCTH OTPAOOTKH MOJETHBIX 3aja-
HUIl HEoOXoIMMa IOCTOBEpHas WHGOpMAalnus O BBICOTHO-CKOPOCTHBIX IapaMeTpax BO3AYIIHOTO
cynna (BC). IToaToMy coBepIIeHCTBOBaHUE ajTOPUTMa BBHIYUCIEHUS BEPTHKAIBHONW CKOPOCTH, WC-
MIOJIb3YEMOT0 B COCTaBe alrOPUTMHUYECKOro o0ecreueHns cucteM Bo3ayIuHbIx curHaioB (CBC), sB-
JsieTcs BIOJHE akTyanbHOH 3amaueil. lean mccnenoBanms. PaccmarpuBaeTcs 3aada BHIYUCICHUS
BEPTUKAJIBbHOI ckopocTH Bo3aymHoro cygHa B CBC. Marepuajbl U MeToabl. IIpoBenen anamus
JUTEPATYPHBIX JaHHBIX II0 WCIIOJIB30BAHHIO MPOLEAYp YMCICHHOrO nuddepeHnnpoBanus sl pe-
LIEHHS 3TOH MPOOIEMBbI, OTMEUEHO, YTO HCIIOJIb3yEMbIE METOIBI 0a3HPYIOTCS Ha Pa3UYHBIX UICSIX U
MoJX0/1ax. YKa3aHO, YTO JABYXTOUYCUHBIC AITOPHUTMBI CYIIECTBEHHO XYy>K€ MHOTOTOYEYHBIX II0 JIOC-
TUTaeMOW TOYHOCTH, OJTHAKO XapaKTEePHU3YIOTCS CYLIECTBEHHON MPOCTOTOH M OBICTPOACHCTBHEM.
Vcnonp3yroTcs pa3MuyHble BAPHAHTHI MHOTOTOYEUHBIX aJITOPUTMOB, PA3INYAIOLINXCS CIIOKHOCTBIO,
00bEMOM HUCTIONIb3yeMOil HH(POPMALIMH, JOCTUTAeMO TOYHOCTHI0. OTMEUYEHBI 0COOEHHOCTH PeryJis-
PHU3UPYIOIINX aNTOPUTMOB, IIPEICTABIIIOIINX, IO CYIIECTBY, (PUIBTPHI HU3KOYACTOTHOTO MOJIE3HOTO
CUTHAaJa, MOJABIISAIONINE BEICOKOYACTOTHYIO COCTABIISAIONIYIO ITOTPEITHOCTH U3MEPEHHS CUTHAJIa BBI-
COTBI WJIH, YTO TO K€ camoe, atMoc(epHoro nasneHus. [IpuBeneHpl JaHHBIC 1TO CHCTEMaM C ama-
patHbBIM nudQepeHIIPOBaHUEM CHrHana BeICOTHL. Pedyabrarsl. [IpeanoxeHn u o6ocHOBaH mocTa-
TOYHO TPOCTOH YETHIPEXTOUECUHBIH anropuT™ YucieHHoro nuddepenunposanus. M3-3a ycpennenus
KaK CaMHX PpEe3yJIbTaTOB WM3MEPEHHUS, TaK U OLIEHOK IMPOU3BOIHBIX PEANHU3YyeTCA CYILIECTBEHHAs
(GUIbTPaLMs TTOMEX, YTO SBISIETCS BaXKHBIM JIOCTOMHCTBOM anroputMa. s Oosbiueidl TouHOCTH
OILIEHKH BEPTUKAIBHOI CKOPOCTH NPEIyCMaTPUBAETCS BKIIIOYEHHE B CXeMY 00pabOTKH 3KCIIepUMEH-
TAJIbHBIX JaHHBIX €lIe U aIrOpUTMa MPEABAPUTENLHON PuiIbTpaluu. AJIroputM GpuibTpanuu Hau-
JIeH U3 pelIeHHs 3aja4l ONTUMH3ALNH; TI0Ka3aHO, YTO JAHHBII aJrOpUTM IO CTPYKTYPE aHAIOTHYEH
anropuT™Mam (GUIBTPAIUH, TOCTPOSHHBIM COTIACHO M3BeCTHRIM noaxonaam P. Kanmana. IlpuBoasrcs
pe3yIBTAaThl BEIYUCINUTEIBHBIX SKCIICPUMEHTOB 10 MCCICIOBAHUIO OCOOCHHOCTEH M XapaKTEPUCTHK
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mpelaraeMbIX aJrOPUTMOB, HIUTIOCTPUPYIOMINE WX MPEUMYIIecTBa, pabOTOCHOCOOHOCTh M BO3-
MOKHOCTh JajibHelniero ucnoip3oBanus B CBC. IlokazaHo, 4TO mpeaBapuTeNbHAs (QIITBTPAIHSL
CYIIECTBEHHO MOBBIIIAET TOYHOCTH OIIEHKH BEPTHUKAIBHON cKopocTd. 3ak/arouenue. PazpaboraHHbIe
AITOPUTMBI MOTYT OBITH HCIIOJIb30BaHBI MPH COBEPIICHCTBOBAHUN AJTOPUTMHUYCCKOTO 0OECIICUeHUs
CBC.

Knrouesvie cnosa: eepmuxanvhas ckopocms, 8030yuiHoe CyOHO, cCucmema 8030YUIHbIX CUSHATIO8,
yuciennoe ouggepenyuposane, 8bicoma, ammoceproe dasienue, MHO2ZOMOUEUHble AN20PUNIMBL,
npedeapumenvHas puibmpayus, MoYHOCMb OYEHKU.
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Yn paBlieéHne B COUNaNIbHO-3KOHOMUNYECKUX
cunctemMmax
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NMPOrPAMMHBIV U MPOEKTHbIA NOAXO4bl NMPU PELLEHUA
KPYNMHOMACLUTABHbIX 3KOJIOTMYECKUX NMPOBJIEM

A.0. Fenbpyd’, E.B. Ku6anoe?, B.FO. Manoe ?

" FOxHO-Ypanbckull 20cydapcmeeHHbill yHusepcumem, 2. YensbuHck, Poccus,
2 YlHcmumym 3KOHOMUKU U Op2aHUu3auyuU MpoMbILUIEHHO20 Npou3sodcmea
Cubupckoao omdeneHusi Pocculickoli akademuu Hayk, 2. Hosocubupck, Poccusi

B crathe paccmarpuBaetcs QenepaibHas nporpamma «Dkojorus AHrapo-EHucelickoro pe-
THOHay. JIaHO OIMCAaHHE CUCTEMHOTO CHHTE3a Pa3HBIX MOJXOJO0B K OLIEHKE NMPOrpaMMBbl BOCCTaHOB-
JICHWS W COXpaHEHHWs IMPUPOJHOTO KoMIUlekca EHHMces Kak CKeleTHOH OCHOBBI 3KOJIOTO-
ACCUMUIISIIMOHHOTO ToTeHnrana AHrapo-Enuceiickoro pernona. O60CHOBBIBaeTCSI HEOOXOIUMOCTh
yu€ra (hakTopa HEONpPEIEJICHHOCTH IMPU OLCHKE KPYMHOMACIITAOHBIX JKOJOTHYECKUX IPOEKTOB.
Hean uccnexopanus. [Tokazare, 4To 3 PEKTH, OKa3bIBAEMBIC KPYITHOMACIITAOHBIMU MPOEKTaMHU,
BIMAIOT HAa CaM CLIEHApUl pa3sBUTHSA 3KOHOMHUKH, B 3TOH CBSA3M HEKOPPEKTHO UCHOIb30BATh MPUMHU-
THUBHOE MHTETPHPOBAHKE AJIbTCPHATHBEI (CTPATETUH) B OJIMH U TOT )K€ CLIEHAPHH, II0Ka3aHO, YTO He-
00XOJIMO OLICHMBATh COOTHOIICHWS «IIPOEKT — cleHapuil». MaTepuajbl U MeTOAbl. ABTOpamMH
npejuIaraeTcs IJisl OIIEHKH KPYITHOMACIITA0HBIX NMPOEKTOB MCIIONB30BATh TPH YPOBHS OIIEHKH: Makpo-
YpPOBEHb, ME30yPOBEHb M MHUKPOYPOBEHb. Takas KiacCU(PUKAIMs MO3BOJISAET ITOCTCIIEHHO CHUXKATh
YpOBEHb HeompeaeaeHHoCcTH. VHpopManus, mojydeHHas Ha MpeIblIylieM YPOBHE OICHKH, SBISCT-
Cs1 MCXOJHOM sl HIDKeCTosIero ypoBHs. Pesdyiabrarel. Ha nmepBom arane CyXAE€HHs 3KCIIEPTOB
00pabaThIBAIUCH C TIOMOIIBI0 KOMITBIOTEPHBIX MPOAYKTOB, pa3padoTanHsix B UDOIIII. Ha BTopom
nrare ObUT poaHanu3upoBaH HarmoHansHbI mpoekT «Oxojorus Poccum» B coctase 11 denepans-
HBIX IIPOEKTOB, OblIa pa3zpaboTaHa MaTeMaTHYecKas MOJAETh MHOTOKPUTEPHAIBHON 3aJadd OITHU-
MaJIbHOTO YIPABJICHUS 3aTpaTaMy IPOeKTa ¢ y4éToM (hakTopa HEolpeaeleHHOCTH. Pe3ynbraToM
TPETHEro MIara CTajo Co3/laHHe IMOPUAHONH MOJENH OLEHKH KPYITHOMAcIITaOHBIX 3KOJOTHYECKUX
MPOEKTOB M3 JIOTHKO-3BPUCTHYECKONW MOJIeNH, Oa3upyromeiicss Ha SKCIIepTHON WHpOpMany, H 3KO-
HOMHKO-MaTeMaTHYeCKOW MOJIeNTH. AHAJIOTH TOJZOOHBIX MOJENEH, CO3MaHHbIe C YIaCTHEM aBTOPOB,
paboTaroT pu OLEHKe KPYIMHOMACIITAOHBIX JKeJIe3HOOPOXKHBIX IPOEKTOB. IMeeTcst B Buy cemei-
CTBO IOJIyIMHAMUYECKUX ONTHMHU3ALUOHHBIX MOJEJICH, B Pa3HOIl CTENEHN anpoOHUpPOBaHHOE MPH
pelleHuy 3a1ad MEe30ypOBHs, KaK B IJIAHOBOM, Tak U B PbIHOYHOHM »KOHOMUKax. boisee Toro, Ha
0a3e OJHOH M3 BEepCHii ITOTO CeMeicTBa pa3paboTaHa MEIUKO-IKOJIOT0-3KOHOMHYECKash MOJIENb U
C €€ TIOMOIIBIO OCYILECTBJICH CIICHAPHBIM aHaIN3 pa3BUTHS CyOBEKTOB A3naTckoi yacTu Poccum.
3akiouenue. B cratbe naéres kpaTkoe onmcaHue (YHKIMOHAIBHOCTH U HEOOXOIUMOCTH UCIIOJb-
30BaHMUsI COOTBETCTBYIOIIMX MaTeMaTHYECKUX U MIPOTPAMMHBIX CPEJCTB 10 Mepe MPOABHKECHHUS ITa-
OB KPYITHOMACIITaOHBIX 3KOJOTHYECKUX MPOEKTOB OT 3aMbICIIa IO BOIUIOLICHHUS.

Kniouesvie cnosa: Awneapo-Enuceiickuil pecuoH, HeOCUCMEMHbLL HOOX00, HEOKIACCUYeCKUll
MIUHCMPUM, ONMUMUIAYUOHHBIE MEICPESUOHANbHBIE MENCOMPACTEBble MOOEITU.

Beenenue

B oTnnume oT KaHOHOB TPAAMIIMOHHOTO CUCTEMHOTO aHAJIN3a U CLIEHAPHOTO TOX0/1a MBI paccMaT-
pHBaeM KpPYMHOMACIITAOHbIE HKOJOIMYECKHE MPOOIEeMBl HE TOJIBKO KaK MEKOTPACIECBBIE U MEKPErHo-
HaIIbHBIE BHYTPUPOCCHUIICKHE, HO Ha OoJiee BERICOKOM YPOBHE OOILITHOCTH, CIIEysl YCTAHOBKAM CUCTEMHON
napaaurmel S. Kopuau [1]. CyTh mapaaurMel B TOM, YTO KPyIMHOMACIITAOHbIE MHOTOACIIEKTHBIE MTPO-
OJIeMBI M CPEICTBA UX PELICHUSA — IPOTrPaMMBbl U MPOEKTHI — AOJDKHBI PACCMATPUBATHCS B PA3ITUUHBIX
napajgurMax B CIEKTpE «MapKCH3M — HEOKIACCHYECKH MAIMHCTPHM», a BBIBOABI O NMPEATOYTHUTENb-
HBIX cII0co0ax pemeHus npodaeM ciaeayeT AeNaTh ¢ MAKCUMANbHOU OCIMOPOICHOCMbIO, TIPUHAMASI BO
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Fenbpyd A.4., Kubanoe E.b., MpozpamMMHbIl U NPOeKMHbIU M00X00bI NPU peweHuUU
Manoe B.1O. KpynHomacuwma6HbIX 3Kos102u4ecKux npobnem

BHUMaHHUE (PaKTOp HEONPEAETCHHOCTH MOCIEACTBUN, ONpeNesieMbIX HEpeaKo omnboyHo. B pamkax
YKa3aHHOW MapaJurMbl TPAaIUIHMOHHBI CHCTEMHBIH aHANIW3 TPaHC(HOPMHUpPYETCS B TaK Ha3bIBACMBIN
HEOCUCTEMHBINH TOIX0[ [2], KOTOPBIN C TOYKM 3pEHUS] HAYYHOTO COAEP)KaHUSA HE TOJIBKO OTIMYAETCs
LIMPOTOH OXBAaTa PaCCMATPUBAEMBIX SIBJICHHI OT CBOETO NPEAIIECTBEHHUKA, HO U CTPYKTYpOH HCCle-
JOBATEJICKOIO0 MHCTPYMEHTApHA. A UIMEHHO: IJIaBHBIM HHCTPYMEHTOM aHaJIM3a CJIOXKHBIX DKOJIOTHYE-
CKHX HpO6HeM U CHUHTC3a BAapUAHTOB HUX PCIICHUA CTAHOBATCA JIOTUKO-3BPUCTUYCCKHUE MOJOCIU, UH-
(OpMaIMOHHO OMHpAIONINECs Ha CYXXACHHUS DKCIIEPTOB, & MOJCIN YKOHOMHKO-MaTeMaTHUECKUE, HC-
MOJIB3YIOIINE MPEUMYILECTBEHHO CTATUCTHYECKYI0 HH(POPMALIKIO, OCTAIOTCS B apCeHANe YYEHBIX, HO
3aHUMAIOT 00Jiee CKPOMHOE MECTO, YeM 3TO ObUIO B MapagurMe HEOKIaCCHYECKOro MIHHCTPUMA CO
BpeMmeH Keifnca.

1. Konkperusanust o01eil MoCTAHOBKH

Omnwmpasice Ha BBILIECKa3aHHOE, MpeJIaraeTcsi 000CHOBATh, pa3paboTaTh W peanu3oBaTh (eaepans-
HYI0O PEKOHBAJIECIICHTHYIO (JIeueOHYyI0) TpOorpaMMy C YCIIOBHBIM Ha3zBaHHEM <«JKOJorus AHrapo-
Enmnceiickoro peruona (AEP)», neiicTBys npu 3TOM Kak ONBITHBIN Bpad B COOTBETCTBUHU C MPHHIIUIIOM
«He HaBpeaw». JeficTBUTENbHO, KAaKUM OBl HECOBEPIICHHBIM HU ObUI NEHCTBYIOLIMH HBIHE MEXaHU3M
¢ynkunonupoBanus u pa3sutusi AEP, 310 paboratomuii ycnoBHo 000co0neHHBIN 0510K B cocTaBe PO,
U ero M3JICUYeHHE OT HKOJOTMYECKUX HEAYTOB JOJDKHO MPOUCXOAUTH 0e3 moTepH 3 (PpeKTHBHOCTH peaib-
HO paOoTaromieil cCUCTeMbl, TeM 0ojiee B CUTYallMd 3HAYUMOCTH IPOLIECCOB, MPOUCXOSAIINX B COBpe-
MEHHOM MHpE, TaKUX KaKk 000CTpEHHE MPOTHBOPEUYMH MEXKIY KPYIMHEHITUMH MHUPOBBIMHU JCpiKaBaMH,
ycusieHne O0phOBI 32 pecypehl, TEPPUTOPUHN, PHIHKM M YMOHACTPOCHUS, CTPEMJICHHUE K JIUJICPCTBY B
cdepe BOCHHBIX, IPOMBIIIJICHHBIX U HH)OPMAIIMOHHBIX TEXHOJIOTHH.

CrpaternueckuM KOpHIOPOM I IPOBEAECHHS MEPOIIPUATHH NpeAsiaraeMoi MporpaMMsl cTan Ykas
[Ipesunenta B.B. [lytuna «O Ctparterun skojormueckoil 6ezomacHoctu Poccuiickoit @enepaunn Ha
nepuroA 1o 2025 roma» [3], B KOTOpOM (pHUKCUPOBaANIach KaTacTpoduueckas KOJOrHUeCKas CUTyallusl B
Poccum o coctostauio Ha 2017 1. TeppuTopuu KOHIIEHTPAIMH 3KOJIOTHYecKoro Hebnaronomyuuns Poc-
CHM B HEM HE Ha3bIBAJIMCh, HO BCEM HCIIOJHUTENBHBIM OpraHaM IOCyJapCTBEHHON BIACTH MPEANHCHIBA-
JIOCh HKOJIOTHYECKYIO 0€30MacHOCTh MOHUMATh KaK 4acTh HALlMOHAJILHON 0E€30MaCHOCTH CTpaHbl U IpH-
HATH y4acTHe B pa3pabOTKe CTpaTeTrHH, HANPaBICHHOW Ha pealu3alio rOCyJAapCTBEHHON MONUTHKU B
cdepe obecriedeHUsT FIKOIOTHUECKON Oe30MacHOCTH Ha (pefiepaibHOM, PerHOHaTbHOM, MYHHIIMTTIATEHOM
Y OTpacieBOM YPOBHSIX.

EcTecTBeHHO, Mpek/Ie BCEr0 BO3HUK BOIPOC O LIETEBBIX YCTAHOBKAX MporpamMmsl «kosorus AEP
B paMKax «IpPe3HJEHTCKOT0» CTPATETHYECKOro KOPHIO0pa, T. €. IPU IPUBA3KE €€ MEPONIPUATHH K MECTY,
BpPEMEHH U peCypcHOMY obecrnieueHHt0. Takux ycTaHOBOK ObIJIO 0003HAYEHO TPH.

1. [IponomkeHrne MCTOPHYECKH CIOXKMBILIEHCS TOJIUTUKH TOCYAApCTBA: HA30BEM €€ IMOJUTHKOU
npoekmuo2o peryaupoBaHus SKoJorudeckoi cutyanuu B AEP.

2. MakcuManbHO BO3MOYKHOE BOCCTAHOBJIEHHME SKOJION0-aCCUMIIALMOHHOTO mnorteHnuana AEP,
MHOTHE TOJIbl pa3pyIIaBIIErocs B MPOLECCE HHAYCTPHUAIBHOTO PA3BUTHS CIIOKHO TIOCTPOEHHOTO PETHO-
Ha; HA30BEM TaKyl0 YCTaHOBKY NpOcPAMMHOU.

3. KommpomMuccHasi ycTaHOBKa, YUMTHIBAIONIAsl pealibHbIe pPeCypCHbIE OrpaHHUYEHHUsI CTpPaHbl B CO-
BPEMEHHBIX YCJIOBHUSAX, HEOIArOMPUATHBIX AJIS €€ yCTOMUMBOTO pa3BUTH; HA30BEM TaKyl0 yCTAaHOBKY
PEKOHBAJIECLIEHTHOH (JIeYaIlero TUIa).

[lepeuncienHble YCTAHOBKH M PEATU3YIOIINE WX MPOEKTHI MO0 HEOOXOANMOCTH JOJKHBI OBITH PaH-
KUPOBAHBI TI0 CTENEHU NPEANOYTUTEIHHOCTH B TPEX CLIEHAPHUIX-KOHTpAcTaxX, BO3ACHCTBYIOIIMX Ha
KOH(QUTYPALUIO «IIPE3UIECHTCKOT0» KOPHJIOpa MO BIHUSHUEM MEHSIONIMXCS XapaKTEPUCTHK BHEITHEH
Cpelbl: BHYTPUPOCCHUUCKON M MHUPOXO3AWCTBEHHOM B acmeKkTax MOJUTHYECKOM, IKOHOMHUYECKOM U
BOEHHO-CTPAaTETHYECKOM.

2. Pemrenue npo0semMbl: nepBblii mar

bruta coznana rpymnma skcneptoB B coctaBe cneranuctoB UDOIIIT CO PAH, CI'YIIC Pocxennopa,
Kpacnosipckoro nHayunoro nentpa CO PAH u npencraBureneii 3apy0oesxxnoi Hayku. CyKICHHUS dKCIIEp-
TOB BBISIBJSUTUCH METOJAMH aHKETHPOBAHMSI M JIMUHBIX MHTEPBBIO (pUc. 1, aHKeTa) 1 00padaThHIBAIUCH C
MOMOILBI0 KOMITBIOTEPHBIX IPOAYKTOB, paspadoranusix B UDOIII u CI'YIIC.
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Puc. 1. Kapta-cxema AHrapo-EHucenckoro pernona B uccnegosanusix no nnavy FO3J1PO (1920 r.)
Fig. 1. Map-scheme of the Angara-Yenisei region in studies according to the GOELRO plan (1920)

Ucrounuk: Tpynsl rocynapcTBeHpoit komuccun 1o anektpudukanun Poccun — TODJIPO — JlokyMeHTBI M MaTepHalibl.
M.: U3a-Bo coruair.-3koH. auT., 1960. C. 102.

OJHOBPEMEHHO KaK CIJIE/ICTBUE BEKOBOTO KPYIMHOMACIITAOHOTO NMPOMBIIIJICHHOTO OCBOCHHS 0€3 JOJKHBIX JKOJOIrH4e-
CKUX OTpaHUYCHUI NepBO3IaHHbIN NMpupoaHblid kommieke AEP k HacToslieMy BpeMEHH OCHOBATEIbHO Pa3pyIIeH BO BCEX €ro
yacTAX, HauhHas ¢ BepxoBuil Enmces (Aurapck, Yconbe-Cubupckoe), ero cepenunnoin wactu (Hikuee Ilpuanrapee u
03. Baiikain), Hu3ouit (Hopuibck), u cuTyanust HAXOIUTCS Ha TPaHU KaTacTPOpUIECKOH.

B Mupe Taxke mMeeT MecTo 000CTPEHHE YKOIOTHYESCKHUX MPOOIEM U UMIIEPATHBOM CTAHOBUTCS PAa3BUTHE C aKIIEHTOM Ha
COXpaHEHHEe MPUPOJTHOTO KOMIUIEKCa KaK 3JIeMEHTa HalMOHANBHOU O6e30macHOCTH cTpaHbl. B Poccun Takoe moHMMaHMe AeKia-
pHUpyeTcsi, HO IPAaKTHYECKHU JIENIaeTCsl OYCHb MaJIo.

C y4eToM CKa3aHHOTO MPOCHM, OOPAaTUBIIUCH K TaOJIHIlE, B TOPSIKOBOI! IIKaJie OIIEHUTH BO3MOXKHBIC CTPATETHH PELICHUS
sKoJormdeckoit mpodaemsr AEP B cieHapusax-koHTpacTax pa3Butus Poccun Ha BpemernHoM uHTepBaie 2021-2040 rr.

Tabnuua
Cuenapuu passurus Poccnn
Okonorunueckue nporpammel AEP (amprepHaTHBED) 1. Ontumuctu- | 2. [leccummucTn- 3. HaubGomnee
yecKuit yecKuit BEPOSTHBIN

1. IIporomkate MOJIUTHKY IPOSKTHOTO PETYIMPOBAHUS SKOIOTH- 3 1 3
yeckoil npobnems! AEP (Al)
2. Peanmm3oBaTh KpymHOMacIITabHYIO IIPOTpaMMy ITOJTHOTO BOC- 1 3 5
CTaHOBIICHHUS IKOJIOT0-aCCUMITHIIMOHHOTO NoTeHImana AEP (A2)
3. Pa3paboTaTh 1 IPHHATH PEKOHBAIECIEHTHYIO IIPOTpaMMy 5 5 1
peeHus sxonorudeckoit mpodiuemsl AEP (A3)

[Ipumep 3amoTHEHNS SKCIIEPTOM TaOIIHIIBL.

1. Ecnu skcnepT cuuTaeT, 94TO B ONTUMHCTHYECKOM cieHapuu 1 pasButus Poccum crparermst 2 Hambolee MpeanodTu-
TeNbHA, TO B KJIETKE TaONUIBI HA TiepecedeHun cronoua 1 u cTpoku 2 oH craBuT mudpy 1. Eciu B TOM ke ceHapuu ciemyro-
el 1Mo MPEAMOYTHTEIFHOCTH SKCIEPT CUUTAET CTPATETHIO 3, TO Ha MEPECeUeHUH cToona 1 u cTpoku 3 oH cTtaBUT mHDPY 2.
EcrectBenHo, Ha nepeceucHun 1—1 craBurcs nudpa 3.

2. IIpouenypa noBropsieTcs A BCEX OCTATIbHBIX KJIETOK TaOIHULIbL.

3. Pamxwupyiite Crienapun pa3BuTHs Poccum 1mo BO3MOXHOCTHM HMX aKTyalu3aluH, MOCTaBUB Iudpy | mox Ha3zBaHUEeM
clieHapus B TaOJIUIIE, €CIIU ATOT CLIEHAPHHA, 110 BallleMy MHEHHIO, Haubojee J0CTOBepeH; Udpy 2 — BTOPOMY IO JJOCTOBEPHO-
cTH ¥ TUdpy 3 — TpeTheMy.
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B pesynbpTare 00pabOTKH aHKET CHENHMATBHO pa3pabOTaHHBIMU KOMITBIOTEPHBIMU MPOIYKTaMH ObI-
na mony4eHa cienyromast OneHodnas marpuna (tabmn. 1).

Ta6nuua 1
OueHo4HasaA maTpuua
Table 1
Evaluation matrix
Cuenapun
AJbTepHATHUBEI 1 > 3
Al 0,01 0,56 0,21
A2 0,81 0,13 0,07
A3 0,19 0,32 0,71
Beposmnocmu cyenapues 0,11 0,38 0,52

B tabin. 1 HeT moMuHUMpYIOIIEH anbTepHaTUBbI (IPOrPaMMBI), CIEI0BATEIFHO, UMEET MECTO HEOoIpese-
JICHHOCTb, KOTOPasi BCKPBIBAETCA C TIOMOLIBI0 KpuTepreB Banbaa, Casumka, I'ypeuna u Jlamaca (tadm. 2).

Tabnuua 2
Kputepum oueHku anbTepHaTuB
Table 2
Criteria for evaluating alternatives
Kpurepuu
AnbTepHaTUBBI v
Banbna CoBumka I'ypBuna Baiieca Jlannaca MaKCHUMaKca
Al
A2 *
A3 * * * * *

U3 tabn. 2 BUIHO, 4TO MPEANOYTUTEIBHOM 110 BCeM KPUTEPUAM, KPOME MaKCHUMAKCa, SIBIISICTCS Allb-
tepHaTHBa A3 — «Pa3paboTaTh W MPUHATH PEKOHBAIECIICHTHYIO MPOTrPaMMy PEUICHHUSI IKOJIOTMYECKOi
npobnembl AEP» (oTmedena cumBosiom *). OcraeTcss yTOUYHHTh, YTO CTOUT 3a MOHSATHEM PEKOHBAJIEC-
LIEHTHAsI IPOrpaMMa IPUMEHUTEIBHO K HHTEPECYIOIEMY Hac CIyvaro.

KomMMeHnTHpys moydeHHBIH pe3ybTaT, KOPOTKO OCTAaHOBHMCS Ha €ro CTPaTErMYecKOM acIeKkTe.
Amnrapo-Enuncelickuii perioH paccMaTpuBaeTcd HAaMH He TOJBKO M HE CTOJBKO KaK CHCTeMa Ui pelle-
HUS PECYpCHBIX NPOOIEM CTpaHBbl, T. €. YTHIUTAPHO [4], HO M KaK OJWH U3 YEThIpeX 0a30BbIX MPHPOI-
HBIX KiactepoB Cubupu n ansHero Bocroka, GyHAMPYIOIIMX POCCHICKYIO IMBUIM3ALMUIO KaK IyMa-
HUTapHbIA (eHoMeH Poccuiickoit A3uu. DTH KiacTepbl IUCIOIUPOBAHBI Ha TEPPHUTOPHUAX BOAOCOOpPA
O6wu, Enuces, Jlensl 1 AMypa U B COBOKYITHOCTH 00pa3yoT (yHOAMEHT 3KOJIOr0-aCCUMHIILIHOHHOTO
noTeHnyana 3aypanes. Ero gerpaganus onacHa Kak B KpaTKOCPOYHOM, Tak M JOITOCPOYHOM MEPCIIEKTH-
BaX, IIOCKOJIBKY BJIQZICHUE UM SIBJIIETCS] CTPATETMYECKUM IIPEUMYILECTBOM Poccuu B KOHKYPEHTHOM, Typ-
OynenTHO pasBuBaromieMcs Mupe XXI Beka. COXpaHEHHIO YKa3aHHOTO MPEUMYIIECTBA, COOCTBEHHO, U
MOCBAIIEHA HACTOSAIIASI CTaThsl, U TIEPBBIN IIar 10 AaHKETUPOBAHUIO IPYTIIBI SKCIIEPTOB, OMMCAHHBIN BBIILIE
B paMKax METOJOJIOTMA HEOCUCTEMHOTO IMOAX0/a, oTBedaeT Ha Bompoc «HTO?» npumenurensHo Kk AEP.
Tem caMbpIM pacKpbIBaeTCsl BEPXHUM CIIOW paJMKalbHOMN (HEBEpOATHOCTHOM) HEOIIPEAETIeHHOCTH, a UCXO-
Has poOJieMHast CUTyalus U3 He- CTPYKTYpPUPOBAaHHOH MPEBPAIIacTCs B CI1a00CTPYKTYPHPOBaHHYIO [5].

3. Pemienue npo6ieMbl: BTOPO# 1miar

Bynem paznuyarh MPOEKTHBIM U MPOrPAMMHBIN MMOAXO/bI K PEIICHHUIO JIFOOBIX CIOXHBIX U KPYITHO-
MacmTaOHBIX mpobseM. OTeduecTBeHHAS XO3SMCTBEHHAS MPAKTUKA, a TAKXKE, K COXAICHHUIO, HEPEIKO U
HayKa 3TH MOJIXObl HE Pa3IMYarOT, YTO MPUBOAMT K HE aJeKBaTHOMY CIIO)KHOCTH MPOOJIEMEI BBIOOPY
CpPEICTB ee pemieHns. be3 Manoro yeTBepTh Beka ToMy Hazazg o0 3tom mucan M.B. Parr [6], HO, k coxkae-
HUIO, HE OBUT yCJbINIaH «MiazgopedopMaTopaMuy», PaTOBaBIIMMH B TO BpeMs 3a «POCCHIO PETHOHOBY.
B sr10ii nronepHol myOnukaipy ObIIO YKa3aHO Ha PEIIAroIee pa3iiive MPOEKTHOrO W MPOrpaMMHOTO
TIOJIXOJIOB: TIEPBBIA BBUILY XOJIMCTCKOW CBOEW MPHUPOABI B MPUHIIMIIC HE TOAWUTCS JJIS OIIEHKH KPYITHOMAC-
IITAOHBIX KOMIUIEKCHBIX ITPOrPaMM, TPH OLICHKE KOTOPBIX «CJIMIIKOM BEJIHK 3JICMEHT HEOITPEACIICHHOCTIY.

Okomnorust AEP, Ha Hamn B3y, sSBISETCS THITMYHBIM IPUMEPOM Takoro poaa. JeiicTBurensHO, mocie
sKoJIorudeckux nepurnetuii 3toro (2020) roma B Hopuikckoit TyHnpe ['ocmyma PO roroBuT perreHus, kak
Ooiee 3((HEKTUBHO JCIUTH CPEICTBA HA KOMIICHCAIIMIO SKOJIOTHUSCKHUX YIIIEPOOB, MOTYyYSHHBIX TOCYAapCT-
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BoM OT HopHukens 1 adhdUIMpoBaHHBIX ¢ HUM CTPYKTYP-pa3pylIuTesneii IpUpOTHOTO KOMIUIEKCA HU30BHUI
Ennces. C Touku 3peHUs] MPOEKTHOTO MOAXO0/a BCEe MPAaBHIIFHO: HAHEC TOCYAapCTBY-COOCTBEHHUKY BOJ-
HBIX PECypCOB YyIIepO, TIOKATM30BaHHBIN M0 MECTY M BPEMEHH, IUIATH TOCYIapCTBY KaK ITOCTPaaBIICi
ctopoHe. OTHAKO OTKPBITEIM OCTAETCsI BOMPOC: KaK TOCYIAPCTBO PACIPEICIUT MOTYyYSHHYO KOMIICHCA-
A0 MEKTY MHOTOYHCIICHHBIMU OYaraMu TEXHOTCHHBIX TPaBM, HAHECEHHBIX MTPUPOJIC B PA3HBIX PETHOHAX
ctpanbl? Bee oTmact, HampuMmep, Ha BOCCTAHOBJIGHHE BOJIHBIX 00bekToB Hivkuelt Bonru wim bBaiikana
BMecTe ¢ AHTrapod M MUTAIMUMH 03epo pekamu? W Kak B3BECHT TEKYIUE BBITOIBI OT «IPABUIILHOW
pacrpeeNnuTeTbHON TOMUTHKN C OJATOCPOYHBIMH TTOCIIEACTBUSIMUA PEIICHUH, TPUHATHIX «3JIECh U CeH-
gacy»? [IpoekTHBIN MTOAX0 OTBETOB Ha TAaKHE BOIPOCHI HE JaeT (CM., HampuMmep, [7]), MOCKOIBKY 10 CBOSH
npupo/e JokaneH. L{enn moObIX MPOEKTOB MO ONPEENICHUIO JKECTKO (PUKCHPOBAHBI, TaK K€ KaK U IPo-
JIOTDKUATENTFHOCTD WX KU3HEHHBIX IUKIIOB. B TO BpeMs Kak MpOIODKUTENLHOCTh JKU3HEHHBIX IUKIIOB TIPH-
pOmHBIX KOMILIEKcOB Bpoje AEP, 00pazoBaBIIMXCsl IBOMIOIMOHHO BOKPYT PEK, MOXKHO CUHTATh OECKO-
HEYHOM. J[J1s TaKiX 0OBEKTOB, OIISITH XKE IO ONPEETICHUIO, aIeKBATHBIM CPEJICTBOM PEIICHHS YKOJIOTHYe-
CKHUX IPOOIIEM SIBIISIETCS NpOSpaMMa, TIENA KOTOPOH MOTYT CUTYaTHBHO MEHSTHCSA, a TIPOJIOJDKUTELHOCTD
JKU3HEHHOTO IIMKIIA, KaK [TPAaBUIIO, HE OTOBAPUBACTCS, OHA TOXKE MOXKET U3MEHSATHCS IT0 00CTOSTEIHLCTBAM.

PanmonanpHast noruka moJCKa3bIBaeT, YTO MOAXOAbI CIEIYET COTJIaCOBAaHHO COYETaTh, HO KakK: MO
STUJION rocyAapcTBa Kak aKTHBHOTO aKTopa MPOBEAEHHUS COLMAIbHON M MpupojocOeperaromeil noiu-
TUKH, WIA TOCYAApCTBA — KHOYHOTO CTOPOXKay, MOBEACHUE KOTOPOTO PEIHOYHO 3¢ (EeKTUBHO, HO HEPE/I-
KO aHTHCOIMAIFHO U aHTHAKOIOTHIHO? VICTOPHS MOKa3hIBaET, YTO BEIOOP TOUYKH KOMIIPOMHCCA 3aBUCHT
0T P PEKTHBHOCTU XO3SIMCTBEHHO-TIOJIUTUIECKOTO MeXaHH3Ma (DYHKIIMOHUPOBAHHS U Pa3BUTHA KOH-
KpPETHOTO rocyAapcTBa. Uem MolllHee 3TOT MEXaHH3M, IMOCTPOCHHBIN Ha KOHKYPEHIIMH BCEX CO BCEM,
TEM MPOEKTHBIA MOAXO0 KaK MHCTPYMEHT PEIICHHUS COIMATBHBIX U AKOJIIOTHIECKHX MPOOIIeM JIeTIeHTpa-
JTU30BAaHHOTO TOCY/IapcTBa 0OJiee COOTBETCTBYET €0 HHTEpecaM U BO3MOXKHOCTSM. Ecin ke peus (mo-
YepKHEM: MIPH MPOYUX PABHBIX) WJET O claboil IKOHOMHUKE IICHTPAIM30BaHHOTO TOCYIapCcTBa, TO JIyd-
[IMM BBIOOPOM SIBJISIETCS] TIPOTPAMMHBIN MTOJIXO/, B paMKax KOTOPOTO rOCYJapCTBO UMEET BO3MOXKHOCTh
KOHIICHTPUPOBATh OTPaHUYEHHBIC PECYPCHI HA CUTYalIMOHHO IPUOPUTETHBIX LENAX.

[lox TakuM yriioMm 3peHHsI Ha BTOPOM Iare HaMu ObUT ITpoaHaTW3UpOBaH HalMoHaNBHBIN MPOEKT
«Qxonorust Poccuny» (manee — HIIOP) B cocraBe 11 denepansupix npoektoB [8]. M3 camux Ha3BaHUi
HKOJIOTUYECKUX MEPOIPHUATHH CIEIyeT, YTO OHU OYIYyT MPOBOAUTHCS B paMKax IMPOEKTHOTO MOJXOAA.
OT0 03HauaeT (C TOYKH 3pEHHS BBIIICTIPUBEACHHON TEOPHUH), YTO POCCHIICKHE BIIACTH IMOJIATAIOT SKOHO-
MHUKY CTpaHbl 3P (GEKTUBHO (YHKIIMOHUPYIOIICH M MPOCKTHBIN MMOAX0/]] aICKBATHBIM TAKOMY €€ KauecT-
By (110 KpaifHel Mepe Ha cpelHecpouYHOM uHTepBaie). [Ipumem [ Havana 3Ty CHIIbHYIO TIPEANOCHUIKY
B KaueCTBE 6@30601 1 Ha HEW MMOCTPOUM JalbHEHIITNI aHaH3.

Haunem ananuz HIIOP, onupasce Ha ero onucanue B nacrnopre npoekra [9]. CTpykTypy U cocTas
MIPOEKTa MPEACTABUM C MIOMOIIBIO PUC. 2, ClIeAys Ipu 3ToM padote [10].
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Puc. 2. CtpykTtypa HM3P kak nepapxusi no BXoguMOCTH1
Fig. 2. The structure of the NPER as a hierarchy of inputs
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TpancdopmupyeM CTpyKTypy HpOeKTa Ha puc. 2 B cucTemy «uenu — cpeacrsa» HIIOP (puc. 3) u
KBaHTH(DHUIIIPYEM TOJTYUSHHOE IEPEBO IeIeld METOJIOM «CHHU3Y — BBEpX» (CM., Hampumep, [11, c. 55-57,
126, 127]). dns 3TOTO HCIMONB3yeM JaHHBIE 1. 5. «DUHAHCOBOE 00ECIIeUeHNE peaTn3alui HallMOHAIb-
HOTO TIPOeKTa» u3 Ilacnopra HalMOHAIBHOTO HpoekTa «JKonorus» [9]' u BepbaTbHyIO (OPMYIHPOBKY
npobiemMsl (Kak oHa MoHsATa Hamu) u3 Ykasa Ilpesuaenta PO B.B. [lyruna «O Crpareruu sKoioruye-
ckoit 6e3onacHocT Poccuiickort denepanuu Ha nepuoa 10 2025 romax» [3].
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Puc. 3. Cuctema «uenu — cpepgctea» HIMIP
Fig. 3. The “goals — means” system of the NPER

Ucnonb3ys Ha3BaHHBIE TIEPBOMCTOYHUKH, MBI C TIOMOIIBIO pUC. 1 U 2 OCyIeCTBWIIM HA pHC. 3 mep-
BUYHYIO CTPYKTYPH3AIMIO NMPOOJIEMBbI, KOTJIa [IEIM M CPEJICTBA MO BO3MOXKHOCTH YETKO Pa3JiesieHbl U
JacTHYHO KBaHTH(HUIHpoBaHkel. O4yeBuHO, 4TO B 11 denepanpubix mpoekrax HIIDP oTcyTcTByeT npen-
CTaBIJICHHBIN B SIBHOW (pOopMe MPOEKT, Kacaroluiicss EHuces Tak, Kak 3TO C/IeNaHo B OTHOLICHUU Bonru u
03. baiikan. J{axxe ecnu 3aTparhl Ha MOIOOHBIN TPOEKT A1t EHHCEs IO yMOTYaHUIO BXOMAT B CYMMY 3a-

! YrBepxkaeH npesumuymMoMm Coera mipu [Ipesunente Poccuiickoit depepariu mo cTpaTerndeckoMy Pa3BUTHIO U HAIIHO-
HaJIbHBIM IIPOEKTaM (IpOTOKOT oT 24 nexadps 2018 r. Ne 16).

BecTHuk HOYplY. Cepus «<KomnbioTepHble TEXHONOrMK, ynpaBreHue, PaauoaneKkTPoHUKay. 63
2021.T. 21, Ne 2. C. 58-69



anaBneHMe B cCOUMNaribHO-3AKOHOMUMNYECKUX CUuctemax

TpaT no npoekTam 4 u 6 u3 knacrepa «HucToie BOAB Ha pUC. 3, TO HEACHO, KaKasl IOJIsl 3TOM CyMMBI
npeanasHadeHa s Eaucest u AEP.

B tabxn. 3 npencrasieHsl JaHHBIE, 3anMcTBOBaHHBIE U3 [lacmopra HIIDP, B BuAe 11emodku omnepa-
Ui (3JIEMEHTapHOM CETH) 10 OCBOEHMIO CPEJICTB, BBIIEIEHHBIX Ha KaKAbli rox (V) peanusanuu mnpo-
FpaMMBIz. OTO OJUH U3 BO3MOXKHBIX BAPUAHTOB, Y KOTOPOT'O 3IIOPa 3aTpaT CPEACTB CIBUHYTA K KOHILY
JKU3HEHHOT'O ITMKIIa HHBP U Takas NUHAMHKA BIIOKCHUM, €CTECTBEHHO, MUHUMUBHPYET CyMMY AMC-

KOHTHPOBAHHBIX 3aTpart (V2 i )-

Tabnuua 3
OcBoeHue cpefCcTB B NO3AHUE CPOKU
Table 3
Late disbursement of funds
T'onpr 2019 2020 2021 2022 2023 2024
V:, MJIH pyO. 221 533,3 528 693,7 659 1964 892 258.9 889 565,5 849 794,2
6
W= ——=2505179,56,
,:1 1 + r)

IJie  — CTaBKA JUCKOHTHPOBAHMS I IPOEKTA, paBHas 13 %’ .
OcymectBuB Bce omepaunu HIIOP B pannme cpoxu CBepIHeHI/IH, [IOJIy4aeM pacIpeneseHue

CPEJICTB, MAKCUMU3UPYIOLIEE CyMMY JUCKOHTUPOBAHHBIX 3aTPaT (V. D ) (tabm. 4).

Tabnuua 4
OcBoeHue cpeacTB B paHHUE CPOKU
Table 4
Early disbursement of funds

Tlogsr 2019 2020 2021 2022 2023 2024
Vi, maH py0. | 865 023,50 | 899 325,10 | 850 544,60 | 622 541,90 | 502 410,50 | 301 196,40

5
Vs = 2 ,———=2858456,17.

BrnoxeHunsi ¢ mMo3AHUM CPOKOM OCYIIECTBIICHHS XapaKTEPU3YIOT HANPSDKEHHBIN IJIaH, TaK KaK y
BCEX ONepalMid OTCYTCTBYIOT PE3€PBbl BPEMEHH JJIsl OCBOCHHUS FOJOBBIX 3aTPaT B MOJHOM (3aIIaHUPO-
BaHHOM) 0ObeMe. DTOT IUIaH UMEET CaMylO BBICOKYIO CTETEHb PUCKA HEJTOCTIDKEHHS] KOHEUHBIX Lienen
npoekTa. COOTBETCTBEHHO, IUIaH C BIOXKEHUSIMH, OCYILECTBICHHBIMUA B PaHHUE CPOKH, UMEET MUHH-
MaJIbHYIO CTETICHb PUCKa HEJOCTIKEHUH KOHEUHBIX 1IeJIeH MIPOEeKTa Cpeay BceX APYruX pacipeneneHui
BBIJICJICHHBIX CYMMAapHBIX cpelcTB. TakuM 0Opa3oM, BO3HUKAET JBYXKpUTEpUANIbHAS 3ajaua yIpasiie-
HUSI 3aTpaTaMH CPEACTB, MaTEMAaTHIECKasi MOJICNb KOTOPOU BBITIISIUT CIEMYIOIIM 00pa3oM.

[Iycth k-ii BapuaHT (PUHAHCHUPOBAHUS NPOEKTA XAPAKTEPHU3YETCS COOTBETCTBYIOIIECH AMHAMHKOMN

3aTpar cpeiacTB V) B f-i mEpHOJ, MPH TOM BapHaHTHI, HpeI[CTaBJIeHHBIe B Ta0On. 3 u 4, ABIAIOTCA

«KpaI/IHI/IMI/I» HUMCHOIIMMU MUHUMAJIbHYTO ( ) U MaKCUMAJIbHYIO ( ) CYMMY JUCKOHTHPOBAHHBIX

min max

3atpar. OcTajbHbIC BapHaHTHI UMEIOT IPOMEKYTOUYHbIE OOBEMBI PE3EPBOB BPEMEHH Y HerI/ITI/IT-IeCKI/IX

onepanui (T ) H, COOTBETCTBEHHO, CyMMBI TMCKOHTHPOBAHHBIX 3aTpaT B HHTEpBae ot (V.1 min ) 20 (Viax )

ZVk =Q; T,7, T — 3Ha4eHUs PaHHUX U MO3AHUX CPOKOB CBEPIICHHS i-X COOBITHI rpadyKa BBIIOI-

i
HEHUs OIlepaluii; Ttk — 3HAuYEHUSI CPOKOB CBEPIICHHUS I-X COOBITUH k-ro BapuaHTa (PMHAHCHPOBAHUS.
Torma

2
Jlanee UCTIONIB3yeTCs TEPMUHOJIOTHS, IPUHATAsE B CETEBOM IUIAHHUPOBAHUH.
3 Takas cTaBKa THCKOHTHPOBAHWS SBISIETCS CPEIHEB3BELICHHOM CTOMMOCTBIO KarnTaa (weighted average cost of capital —
WACC).
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T* sBnsiercs OLEHKO pHUCKa HEBBIMTOJHEHHS CPOKOB CTPOUTENHCTBA (MaKCUMalIbHOE 3HaueHue 7' k
COOTBETCTBYET MHHHMMAJBHON CTENEHH pHcKa). Tpebdyercs ompeaenuTh TaKOW BapHaHT BBITIOIHEHUS
MPOEKTa U COOTBETCTBYIOINE €My 00BEMBI CPEICTB, KOTOPBIE 0OecrieyaT MUHUMYM CYMMBI TUCKOHTH-
POBaHHBIX 3aTpaT Ul 3aJaHHOIO YPOBHS PHCKA WIM MUHUMAIbHBIA pasMeEp pUCKa JJI OKHUIAEMOTO
3HAYEHHUS CyMMBI JITUCKOHTUPOBAHHBIX 3aTpPaT.

Takum o0paszom, TpedyeTcs HaWTH:

1, ecni MPOMCXOAMT BIIOKEHHE CPEICTB MO k-My BapHaTy IpPOEKTa,
X, =
0, B IpOTHBHOM ciTyJae.

IpU OrpaHUYCHMSIX:
TP <TF<T’, (1)

n
t
22V x =0 2)
i k=l
IeneBbie GyHKIMU:
MHUHHMHA3AIHS CYMMBI THCKOHTHPOBAHHBIX 3aTPar:
T n
FE=Y|>xV (1+r)_t — min; (3)
=0\ k=1
MHHUMHU3AIHS PUCKA:

n
F, = Zxk‘Tk —> max. 4)

k=1
[Ipu pemeHny NMOCTaBICHHOW 3aJa4dM MCIIONb3YyEeM METO[ IMOCIECI0BATENBHBIX YCTYIOK, KOTOPBIN
3aKIII0YaeTCs B CIEAYIOIIEM: cHadana pemaeM 3agady (1)—(3), He yuutbiBast BTopoil kputepuii (4). Ilo-

ayuyaeM pemenue { x; (1)} npu 3HaueHnu nepBoil LeneBoi GyHKIMU Fl1 . 3aTeM BBIUMCIISEM 3HAYCHUE
2-r0 KpUTEpUs le MIPH TIOJTYICHHOM PEIICHUH. Y BeIMYMBaeM 3HaUSHHE IePBOT0 KpuTepus (Hanpumep,

Ha 5 %) — F]2 = l,OSFI1 Y TIEPEBOJIUM €TO B OTpaHUUYCHUE:
T n
I Dx V| (1+7) <R Q)
t=0\ k=1
Ha Btopom »atame pemaercst ucxonnas 3anava (1)—(2) mpu OOMONHUTENBHOM OrpaHudeHuu (95),
B KOTOPOH MaKCHUMHU3UpYyeTcs BTopas uenenas ¢yHkuus (4). B pesynprare nmomydaercss HOBOE pelieHHe

{x;(2)}, y KoTOporo 3HadeHue NepBOi LeneBoi (GyHKUUH Oyner F*>F!', a Broporo kpurepus —
F22 < le . I[Ipogomixas 3TOT NOLIAroBbIi MPOLECC, NOIyYHM IOCIEI0BAaTENbHO Habop pemmenuil { x; (1)},

{x:(2)}, ..., {x;(N)} , UMeromuX COOTBETCTBYIOIIUE 3HAYEHUSI KDHUTEPHEB.

Kaxnoe nonyuennoe pemenue 3toro Habopa ssisiercs [lapero-onTuManbHeIM, 00pa3ysi MHOMKECT-
BO BapHaHTOB, KOTOPbIEe MOT'YT OBITh IPUHATHI K peanuzanuu. [lomyuennas ynopsamoueHHas ociae10Ba-
TENBHOCTh BapUaHTOB NPOEKTa 00NafaeT CIEAYIOIIMM CBOMCTBOM: KaXKIBIH MOCHEAYIOIIMN BapuaHT
uMeeT OOJNBLIYI0 CyMMY NUCKOHTHPOBAaHHBIX 3aTpaTt, IPU 3TOM YOBIBA€T PHUCK HEBBINOJHEHHUS MPO-
IpaMMBbl B 3aIJTaHUPOBaHHBIE CPOKU. BrIOpaHHBIE BapuaHTHl HATJISIHO MOKA3bIBAIOT TECHYIO B3aUMO-
CBA3b MEXKIy CYMMOM IHCKOHTHPOBAHHBIX 3aTpaT M PUCKOM M JAIOT BO3MOXXHOCTbH NpuUHATH [lapero-
MOTHUBUPOBAHHBIA BapHaHT Hpoekra. [IpencraBneHHast BhIIe NMOCTAaHOBKA 3a/Jaud BHIOOpa BapHaHTa

TIPOEKTa 0OECTIEYMBAET BEIOOP 00BEMA TOOBBIX HHBECTUIIMI B HETO — V). .

Ho kak BeIOpaHHas nWHAMHKA paclpeieleHus CPEACTB CKAXKETCS Ha HAJeKHOCTU JTOCTHKCHHS
skoJsiorudeckux 1ened HIIOP k 3aBepiiaromieMy roay >KU3HEHHOTO ITMKIIA MpoekTa? OKas3bIBaeTcs, Mo-
pa3sHOMY, €CJHM Pe3yJbTaThl (BHITOABI) MPOCKTA OIEHWBATH C MOMOIIBIO MOHATHS «AHTHUXPYIKOCTHY,
BBEJICHHOTO B Hay4HbId 00opot H. Tanebom [12]. [leficTBUTENBHO, €CIIN MPEIIOIOKUTD, YTO (DYHKIIHS
BBITOJT OT TOJIOBBIX 3aTpaT CPEACTB UMEET MPOCTECHIYIO KBaIpaTHUHYIO (opMy (T. €. OHA BBIMYKJIA), TO
3JIeMeHTapHbIe pacueThl 10 TaneOy (Bo3bMeM i MpUMepa IUIaH ¢ MUHUMAJIBHOM CYyMMOMN THCKOHTH-
POBaHHBIX 3aTpar, IPEJACTaBICHHBIN B Ta0JI. 3) HalOT CIICAYIONIUI pe3yJbTaT:
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MI(V))? =453 611679 049,00.

Cpennee 3HaueHUE (YHKIINU:

M(Viz) =512122805162,44.

Paznocts 512 122 805 162,44 — 453 611 679 049,00 =58 511 126 113,44 sBnsieTcsi CKPBITOH BBITO-
JOH OT aHTUXPYNKOCTH JaHHOW AuHAMHUKH ¢puHaHcuposanus HOIIP.

Pa3HOCTH MEXIIy STHMU BETMYMHAM TIPU JAaHHON (DYHKITUHU BBITOJ €CTh JIUCIEPCHS OT TOJOBHIX 3a-
Tpat CPEeACTB, KOTOPask MOXKET ObITh BBIYUCIICHA JJI KAKIOTO k-T0 BapHaHTa PACIPEACICHUS CPEICTB U
BBEJICHA B MATEMATHYECKYIO MOJICNIb B KAUE€CTBE TPETHETO KPUTEPHSL.

Brenenue qOMOMHUTENFHOTO MOKA3aTeN «A@HTUXPYIKOCTEY MTO3BOJISIET TIOMYYUTh YUCIOBYIO OICH-
Ky aJUIOKaTUBHOW 3 QpeKTUBHOCTH pacnpeneneHus cpeacts HIIDP Bo BpemeHM mpu TOYEUHOM, Tpe-
MMYIIECTBEHHO TEXHMYECKOM monaxonae. Tem He MeHee HpU BCEX TOCTOMHCTBAX YMCIOBBIX OLIEHOK
KPYITHOMACIITA0OHBIX JKOJOTUYSCKUX IMPOTrpamMM KadeCTBEHHBIH aHAN3 MPOCTPAHCTBEHHOTO AacIleKTa
MPOOJIEMBI OCTAETCSI HEOTHEMIIEMOM YacThIO CHCTEMHOM OIICHKH. BBIllle MaHO OMHMCaHWE CHCTEMHOIO
CHHTE3a Pa3HBIX MOAXOJOB K OIICHKE MPOTPAMMBEI BOCCTAHOBJICHHS M COXPAHECHHS MPUPOTHOTO KOM-
wiekca EHuces Kak cKelneTHON OCHOBBI AKONOro-accuMuiisinnonHoro norenuuana AEP. K nonyueHHbiM
pe3ynbTaTaM CJIeIyeT OTHOCHTBCS ¢ MAKCUMANbHOU OCMOPOICHOCHbIO, TIAMATYS, YTO MpodiieMa ydeTa
(hakTOpa HEOIMPEIEICHHOCTH MHOT'OACIICKTHA U HAMM PaCCMOTPEH JIMIIIb €€ YaCTHBIM Claydail B pamkax
napagurmsl 5. Kopaau.

4. Pemienne npo0semMbl: TpeTHii miar

B oTnmume ot ABYX NMEpBBIX, 1€ PACCMATPUBAINCh PE3YIbTATHI IPOBEACHHBIX MOJAEIBHBIX JKCIIE-
PUMEHTOB C TIOMOIIBIO BepOAIBHBIX M YaCTUYHO ONU(POBAHHBIX MOJIEJICH CHCTEMHOTO aHaIn3a Ha KOH-
kpetHoM nipumepe HITOP, naHHbIi mar B M3BECTHON CTEIIEHW HOCUT THUIOTETHYECKUH XapakTtep. O0bsc-
HSETCSI TAaKOE OTpEICTICHNE CIIeAYIoINM 00pazoM. Eciii o0paTHTECS K HAaYaIbHOMY CIOJKETY CTaThbu, TO
JIOTHYECKUM PE3YJbTAaTOM TPETHEro Ilara JOJKHO CTaTh CO3JaHHE MMOPUAHOM MOIENM OLEHKH KpyIl-
HOMAcCIUTa0HBIX KOJOTMYECKUX MPOEKTOB U3 JOTUKO-IBPUCTHYECKON MOJENH, 0a3UpyIOLIecs Ha IKC-
MIEPTHOM MH(pOPMAIIMH, U SIKOHOMHKO-MaTeMaTndeckord Moaenu (JIOM + OMM) u onucaHue pe3yiibTa-
TOB MOJICTILHBIX KCIIEPUMEHTOB C €€ TOMOIIBI0. AHAIOTH TOJAOOHBIX MOJENE CO3J]aHbl C y4acTHEM
aBTOPOB, M OHU PabOTAIOT, HATIPUMED, MPH OIEHKE KPYIMHOMACIITAOHBIX JKEJIE3HOIO0POKHBIX MPOEKTOB,
HO, K COXaJICHHIO, CTielu(HKa SKOJIOTHYECKUX Ipo0iIeM U mporpaMM B HUX He yureHa. Mmeercs B Buy
CEMEICTBO TOJIYAMHAMHYECKUX ONTUMU3AIMOHHEIX Mojened OMMM (Onrumuszanuonsasie Mexpe-
THOHaJIbHBIE MexoTpacieBbie Mojienin), B pa3HOi CTEIEeHH anpoOUpOBaHHOE IPU PEIICHUH 3a7a4 Me-
30ypOBHS Kak B IUITAHOBOM, TaK U B PHIHOYHON 3KOHOMHKaAX [13—15].

Bonee Toro, Ha 0Oa3e omHoW M3 Bepcuii cemerictBa OMMM pa3paboTaHa MEIUKO-3KOJIOrO-
sKOHOMHYECKass Mojenb (MDOOM) u ¢ ee NOMOIIBIO OCYIIECTBIICH CLEHAPHBIA aHaIU3 Pa3BUTHS
cyOBpekToB Asuatckoil uactu Poccuu [16]. Onnako ucnonp3zoBate MOOM Ha TpeTheM 3Tane Halux
pacdeToB IMOKa HEBO3MOXKHO M3-32 HECOBIAJIEHUsI Ha0opa aHaTM3UPYEMBIX B Hell mokasarenei ¢ Ha-
O6opom moxasateneil Hamei JIOM, a Taxke Mo MpUYMHE PA3TUYHON APXUTEKTYpPHI MPOTPaAMMHBIX
koMIiekcoB OMMM u MOOM. B nactodmiee BpeMs HAMH aKTHBHO NMPOBOJATCA «CTHIKOBOYHBIE)
MEpOTIPUATHS U COBEPIICHCTBOBAHHWE YKa3aHHBIX MOJENEH ¢ OpHEHTAalMeld Ha KOHEYHYIO LENb: CO3-
JaThb THOPUIHYIO MOJEIb OLCHKH IOCIEACTBUH peanu3alydyd KPYMHOMACIITAOHBIX 3KOJOTHYECKHUX
nporpamm. [J1aBHas TpYJHOCTh COCTOHT B HAXOXKACHWW YHHBEPCAILHOTO criocoba ydyera (pakropa pa-
JIUKaJIBbHOI HEONpeeIEeHHOCTH, M aBTOpaM HACTOSAMIEH CTaThU B CBOMX HCCIENOBAHUAX YAAIOCHh MPO-
JIBUHYTHCS JIUIIb B HEKOTOPBIX YACTHBIX ciydasax. [Iorck yHHBepCcalnbHOTO MOAX0a OCYIIECTBIAETCS
B paMKax TeXHOJOruu Oonbinx aaHHbIX (Big Data). Mcxon moucka ceronHs mpenckasarb HEBO3MOX-
HO; UMEHHO MO3TOMY TPETHH IIAr MCCIEIOBAHM, OCBEIIAEMOTr0 B CTAaThE, CIETYET CUNTATh TUIIOTETH-
YECKHUM.
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Ya.D. Gelrud', gelrudid@susu.ru,
E.B. KibaloV?, kibalovE@mail.ru,
V.Yu. Malov %, malov@ieie.nsc.ru

" South Ural State University, Chelyabinsk, Russian Federation,
2 Institute of Economics and Industrial Engineering, Siberian Branch
of the Russian Academy of Sciences, Novosibirsk, Russian Federation

The article discusses the federal program “Ecology of the Angara-Yenisei region (AYR)”.
The description of the systemic synthesis of different approaches to the assessment of the program of
restoration and preservation of the natural complex of the Yenisei, as the skeletal basis of the ecolo-
gical-assimilation potential of AEP is given. The necessity of taking into account the uncertainty fac-
tor when evaluating large-scale environmental projects is substantiated. Purpose of the study. Show
that the effects of large-scale projects affect the very scenario of economic development, in this re-
gard, it is incorrect to use the primitive integration of an alternative (strategy) into the same sce-
nario, it is shown that it is necessary to evaluate the “project — scenario” relationship. Materials
and methods. The authors propose to use three levels of assessment for evaluating large-scale pro-
jects: macro level, meso level and micro level. This classification allows you to gradually reduce
the level of uncertainty. The information obtained at the previous level of assessment is the source
for the lower level. Results. At the first stage, the judgments of the experts were processed using
computer products developed at the IEIE. At the second step, the National Project “Ecology of Rus-
sia” was analyzed, consisting of 11 federal projects, and a mathematical model was developed for
the multicriteria problem of optimal cost management of the project, taking into account the uncer-
tainty factor. The result of the third step was the creation of a hybrid model for assessing large-scale
environmental projects from a logical-heuristic model based on expert information and an economic-
mathematical model. Analogs of such models, created with the participation of the authors, work in
the evaluation of large-scale railway projects. This refers to a family of semi-dynamic optimization
models, which have been tested to varying degrees in solving meso-level problems, both in planned
and market economies. Moreover, on the basis of one of the versions of this family, a medical-
ecological-economic model was developed, and with its help, a scenario analysis of the development
of the subjects of the Asian part of Russia was carried out. Conclusion. The article provides a brief
description of the functionality and the need to use the appropriate mathematical and software tools
as the stages of large-scale projects progress from concept to implementation.

Keywords: Angara-Yenisei region, neo-systemic approach, neoclassical mainstream, optimiza-
tion inter-regional intersectoral models.

References

1. Kornai J. [System paradigm]. Voprosy ekonomiki, 2002, no. 4, pp. 4-22. (in Russ.)

2. Kleiner G.B. Evolyutsiya institutsionalnich sistem [Evolution of institutional systems]. Moscow,
Nauka Publ., 2004. 240 p.

3. Available at: http: /government.ru/docs/all/111285/ (accessed 08.18.2020). (in Russ.)

4. Bandman M.K. Isbrannye trudy i prodolzhenie nachatogo [Selected works and continuation of
what was begun]. Novosibirsk, IEOPP SO RAN, 2014. 448 p.

5. Simon H. The Structure of Ill-structured Problems. Artifical Intelligence, 1973, vol. 4, pp. 181-202.

6. Rat M. [“White” and “red”]. Nezavisimaya gazeta, 08.10.1996, p. 5.

7. Charkina E.S. Razvitie proektnogo podkhoda v sisteme gosudarstvennogo upravleniya: metodolo-
giva, opyt, problemy [Development of the project approach in the public administration system: metho-
dology, experience, problems]. Moscow, IE RAN, 2017. 54 p.

8. Available at: https://naynpoexmaxonocus.pg/v-gosdume-obsudili-v-kakoy-byudzhet-napravlyat-
vyplaty-za-ushcherb-ekologii/ (accessed 08.18.2020). (in Russ.)

68 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2021, vol. 21, no. 2, pp. 58—-69



Fenbpyd A.4., Kubanoe E.b., MpozpamMMHbIl U NPOeKMHbIU M00X00bI NPU peweHuUU
Manoe B.1O. KpynHomacuwma6HbIX 3Kos102u4ecKux npobnem

9. Pasport natsional 'nogo proyekta “Ekologiya”, utverzhdennyy prezidiumom Soveta pri Prezidente
Rossiyskoy Federatsii po strategicheskomu razvitiyu i natsional ' nym proyektam (protokol ot 24 dekabrya
2018 g. No. 16) [Passport of the national project “Ecology”, approved by the Presidium of the Council
under the President of the Russian Federation for Strategic Development and National Projects (protocol
of December 24, 2018 No. 16)]. Available at: file:///C:/Users/PC/Desktop/ecology.pdf.

10. Venitsianov E.V. (Institute of Water Problems RAS). [On the national project “Ecology”].
Available at: https://eco-project.org/data/upload/Venicianov_lekciya po prektu Ekologiya.-
20200512083929.pdf (accessed 08/18/2020). (in Russ.)

11. Keene R.L, Raifa H. Prinyatie reshenii pri mnogikh kriteriyakh: predpochteniya i zamesheniya
[Decision-making under many criteria: preferences and substitutions]. Moscow, Radio and communica-
tion, 1981. 560 p.

12. Taleb N.N. Antikhrupkost’. Kak izvlech’ vygodu iz khaosa [Antifragility. How to benefit from
chaos]. Transl. from Engl. Moscow, CoLibri, Azbuka-Atticus, 2015. 768 p.

13. Granberg A.G. [Modeling the spatial development of the national and world economy: evolu-
tion of approaches]. Region: ekonomika i sotsiologiya, 2007, no. 1, pp. 87-107. (in Russ.)

14. Kuleshov V.V., Suslov N.I. (Eds.). Sistemnoe modelirovanie i analiz mezo- i mikroekono-
micheskikh ob ektov [System modeling and analysis of meso- and microeconomic objects]. Novosibirsk,
Sib. department, [IEOPP SD RAS, 2014. 488 p.

15. Kibalov E.B., Bespalov 1.A., Buzulutskov V.F. et al. Kompleksnyi podkhod k otsenke
obshestvennoi effektivnosti krupnomasshtabnykh zheleznodorozhnykh proektov [An integrated approach
to assessing the social efficiency of large-scale railway projects]. Novosibirsk, Publishing house of
SGUPS, 2015. 160 p.

16. Lamin V.A., Malov V.Yu. (Eds.). Aziatskaya chast’ Possii: modelirovanie ekonomicheskogo
razvitiya v kontekste opyta istorii [The Asian part of Russia: modeling economic development in
the context of the experience of history]. Novosibirsk, Publishing house of the SB RAS, 2012, iss. 34.
464 p. (Integration projects of the SB RAS).

Received 17 February 2021

OBPA3EIl HIUTUPOBAHUSI FOR CITATION
Tlenepyn, S1.J1. [IporpaMMHBIil U TIPOEKTHBIA MOIXO- Gelrud Ya.D., Kibalov E.B., Malov V.Yu. Program
Il TIPH PEHICHUH KPYITHOMACIITAOHBIX JKOJOTHYECKHX and Project Approaches to Solving Large-Scale Environ-
npobnem / S./1. Tenspyn, E.b. Ku6anos, B.IO. Manos // mental Problems. Bulletin of the South Ural State Univer-
Becthnuk IOYpI'Y. Cepust «KoMnbloTepHbIE TEXHOJIOTHH, sity. Ser. Computer Technologies, Automatic Control,
yIpapjeHue, paguodniekTpoHukay. — 2021. — T. 21, Ne 2. — Radio Electronics, 2021, vol. 21, no. 2, pp. 58-69.
C. 58—69. DOI: 10.14529/ctcr210206 (in Russ.) DOI: 10.14529/ctcr210206
BecTHuk HOYplY. Cepusi «KomnbloTepHble TEXHOMOMUY, ynpaBreHne, pagnoarneKTPoHuKay. 69

2021. T. 21, Ne 2. C. 58-69



DOI: 10.14529/ctcr210207

APPLICATION OF FUZZY LOGIC
TO ASSESS BANKS' CREDIT RISK

M.I. Ozerova, ozerovam@rambler.ru,
LE. Zhigalov, ikgij@visu.ru

Vladimir State University named after Alexander and Nicolay Stoletovs, Vladimir,
Russian Federation

The banking system is a constantly evolving system. The information environment of the bank
is growing, the volumes of processed information are increasing due to the growth of users and
banking products. To reduce risks, banks make a financial assessment of the situation of individuals
and legal entities. The aim of the work is to develop fuzzy multi-connected models designed to pre-
dict the receipt of a positive or negative decision to receive a banking product. The decision is made
based on scoring. Scoring consists in assigning points for completing a certain questionnaire deve-
loped by underwriters of credit risk assessors. Based on the results of the points gained, the system
automatically makes a decision on approving or refusing to issue a loan. Different banks have diffe-
rent scoring models. Purpose of the study. The paper considers the use of fuzzy models for making
a decision by a bank to issue a banking product that implements the concept of “soft computing”.
Methods. The use of fuzzy logic methods in credit scoring is not new, but it is not widely used in
practice because it is expensive to integrate into existing systems. Each bank uses its own indicators
of the client's financial reliability in scoring. Most of the indicators in banks are the same, but when
deciding to issue different banking products, they have different numerical values. The data of
the standard scoring methodology of a real bank were taken as the initial data. To predict a bank's
decision to issue a banking product to a client, a fuzzy model was applied, production rules were
proposed, and membership functions were determined. The model focused on the simultaneous pro-
cessing of incoming data from multiple clients and for different banks and different scoring models.
Results. The developed mathematical model for assessing the client's rating and predicting the decision
to receive a banking product based on the fuzzy inference rule. The obtained results are proposed to be
used in a multi-banking web-oriented system of providing banking products to corporate clients.

Keywords: mathematical models, credit rating, scoring, fuzzy logic.

Introduction

The work of banks is associated with lending activities, investment of funds, and therefore in their
activities should take into account the risks of loss of funds. To this end, banks regularly identify signifi-
cant risks and analyze the causes of their occurrence. To reduce risks, banks make a financial assessment
of the situation of individuals and legal entities. Deciding on the basis of which method to build a sco-
ring system that determines the rating is a difficult problem, since the quality of the solution depends
both on the model and on the quality of the available data, their noisiness and heterogeneity. The bank
evaluates the financial position of the client, first, based on the information available to the bank about
the client and, secondly, by requesting additional information on income from the client himself. Fur-
ther, the data is processed according to its own algorithm adopted in each bank and a customer reliability
rating is obtained. The rating is an aggregated assessment of the client's financial position. The rating
model for assessing credit risk is quite popular and consists of a set of quantitative and qualitative cha-
racteristics of the client. These characteristics are checked, analyzed by the bank and they determine
the creditworthiness of the client.

To conduct an adequate analysis of the client's financial position in terms of qualitative characteris-
tics, reliable, from the point of view of the bank, sources of information are used [1]. These are accoun-
ting data, data from the tax service, documents received from various departments of the bank. Nowa-
days, it has become popular to analyze customer data posted on the Internet, media, and social networks.

For quantitative analysis, the data provided by the client in the financial statements is used.

It should be noted that each bank uses its own methodology for calculating the customer's reliability
rating and assessing his financial position.
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Domain analysis

One of the most popular methods for determining the credit rating based on the summation of
points [2]. Quantitative and qualitative characteristics, according to expert judgment, are determined in
the form of points. The score based on a rating scale, from highest (good) to lowest (bad). To determine
the final indicator of the client's financial position, the arithmetic mean of the points considered based on
the sum of all criteria, quantitative and qualitative characteristics.

For example, there is a group of indicators of the bank XXX: quantitative, qualitative and corrective
characteristics of the client (X;). Each group is characterized by # characteristics.

For each group, the average score of the analyzed group is calculated, and is calculated using
the following formula:

(X +X,+X,)
Xaverage = ZX b
n

where X ... — the average score of the characteristics of the analyzed subgroup; X, — the analyzed

parameter of the characteristics of the subgroup; X; — subgroup indicator; X, — a subgroup indicator.

For each subgroup, the total number of points of quantitative, qualitative parameters and indicators
calculated which adjust the client's credit rating. The client's credit rating determined by the formula:
R=>X +2X, +2X;5

where X,,,,,,, — the average score of the quality parameters of the Client; X, ., — the average score

laverage average average>

of the quantitative parameters of the Client; X, — the average score of the correcting parameters.

average
Based on the totality of the assigned points, taking into account the established intervals of the sco-
ring values, the final credit rating of the client (R) and his financial position are determined.
The Table 1 contains a description of the client's financial position in accordance with the rating
determined by the parameters of bank XXX.

Table 1
Compliance of the rating with the assessment of financial position
Score Score | Rating Financial Descrition
Min Max R position P

Low degree of creditworthiness. The main indica-
tors of the financial position assessed as satisfactory
0 <1.5 C not satisfactory | or close to satisfactory, but their stability is ques-
tionable. The company has serious enough problems
or is at a significant risk of serious problems
Average degree of creditworthiness. The financial
position assessed as satisfactory and stable in
the short term. The company has no problems that
could lead to loss of creditworthiness

High degree of creditworthiness. The financial posi-
>5.1 <8 A high position | tion assessed as good and stable in the long term.
The company has no discernible problems

>1.5 <5 B satisfactory

The aim of the work is to develop fuzzy multi-connected models [3, 4], designed to predict the re-
ceipt of a positive or negative decision to receive a banking product, including the assessment of
the credit rating of a legal entity (Client).

Modeling method

The use of fuzzy logic methods in credit scoring is not new, it is presented in works [5-8], and
however, with the growth of information technologies, new opportunities for their implementation ap-
pear. Currently, neural networks and systems with fuzzy logic have proven themselves well in forecas-
ting in the form of a fuzzy neural network [9—12]. The concept of “fuzzy set” fuzzy set, introduced by
L. Zadeh in 1965 [13], admits that the characteristic function (the function of membership of an element
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in a set) can take any values in the interval [0, 1], and not only values 0 or 1. This relation is described
using the membership function u — [0, 1]. L. Zadeh proposed, by analogy with the theory of probabi-
lity, to use the function [14] as a mathematical model of the linguistic uncertainty of the object [15]:

xe X :J10]. ¥ =p(x, B),
where Y is the result of calculating the function, expressing the measure of uncertainty (fuzziness) for
a specific object xe X'; p is a continuous function such that u: X — [0, 1]. In essence, the function p
determines the distribution of uncertainty on X; X — the domain of definition of the function p.

The domain of definition specified by an ordered set of values, of an arbitrary nature, called a uni-
versal set (or universe).

The support of the function p(x, B) is the subset w X, on which the function p(x, B) takes on
a nonzero value. The set of real numbers usually given as a universal set; B — a vector of function pa-
rameters, usually numeric.

Fuzzy inference systems based on rules [16], which can be represented by the following types
of production rules, containing in the right-hand sides: three types of production rules, containing in
the right parts, can represent constants:

constants

0. . 0 . 0 . 0 _ 0

R”:if xjis Xy, x,i1s X5,...,x,,1s X,,, then y=c", (D)
fuzzy sets

8.:0 . i vO .0 .0 . y0

R :if xjis X, x, 18 X5,...,x, 1s X,,, then yis Y~ 2)
and linear equations

RY:if x, is X7, xy is X3, ..., x,, is X0, 3)

m
0_ 0
I=1
where 0=1,n, [ =1,m; 0 — is the rule number; n — number of rules; / — number of input; m — number of

6 0 6

input variables; c¢° =(c0, Clyenns cm) — vector of coefficients; X;,Y® — fuzzy sets characterized by

membership functions X 16 (xl , d,e ), Y® ( v,d e) the shape, size and location of which depends on the vec-

tors of parameters d{ u d°.
Fuzzy forecast models are calculated using the formula:

W= f(XP (k). 20 (K)e?), )
where & — the vector of parameters and structural elements of the fuzzy i-th model (rules 1, 2, 3).

In this case, the following conditions must be observed [17]:

1. There is at least one rule for each linguistic term of the output variable.

2. For any term of the input variable, there is at least one rule in which this term used as a prerequi-
site (left side of the rule). Otherwise, there is an incomplete fuzzy rule base.

To predict the bank's decision (Y)) to issue a banking product (BP) to the Client, apply fuzzy models
like (1)—(3), with parametric and structural learning algorithms and implementing the concept of “soft
computing” [18].

Let us introduce the following notation:

Qualitative parameters of the Client X::
U(k)=(U,(k)...U,(k)), the variables defining Y, respectively: U (k)= (Ulj (k)..U (k)) :

Uy

Quantitative indicators of the Client Z;:

Z(k)=(2,(k)...Z,(k)).

The variables defining ¥}, respectively: Z; (k) = (le (k) Ly (k))
Indicators adjusting the Client's credit rating (&,):

G(b)=(G,(b)...G, (b)) and accordingly G, (b)=(Gi,(b)...G,,; (b))-
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In addition, it is necessary to take into account the type of banking product (BP) having the number
g=1,N.

Then, according to formula (4), to predict the optimal solution Y; in the b-th bank, fuzzy models of
forecasting the optimal solution Y; are required, we obtain the formula:

vi = (U (k). 25 (k)G (b)<5). (3)
g = 1, m’ j = n’
where m — the number of bank products; n — sample length; 8§ — a vector of parameters and structural
elements of the fuzzy j model.
The accuracy of the forecast is the proximity of the calculated y}g to the given Y¥ value is estima-
ted by the value of the criterion, which is a function of the error:
J(a;-f (b)) - cp(g§ (b)).
Next, you need to check the fuzzy model by the condition:
1 & A
Ji :_Z|yi(p)_yip
N s=1
0<J,<0,2.
In the process of training the model, it is possible to change the number of variables in groups,
therefore, to simplify formula (5), we introduce the notation U (k), Z(k) and G, (b) through X; we

obtain formula:
v = 1(U5 (5y), 25 ()65 (o)) ©
Table 2 shows the groups of input variables that influence the decision to provide a banking
product (V).

,Vi=1l,q,

Table 2
Groups of input variables influencing the decision to provide a banking product
Variable Variable label Categories of Possible Values Measurement
name scale
Dependent variables
Customer not receiving banking products. |0 —bad .
Y: . . . Nominal
Receipt of a banking product by a client 1 — good
Independent variables
. . . 0 —not incl. to the register .
X Principal (client) region I —incl. to the register Nominal
Limit of the banking product of the princi- |Strong. Good, Satisfactory, o
2 pal (client) in the given bank Weak Quantitative
X3 Number of applications in this bank %re(;rll(g. Good, Satisfactory, Quantitative
X4 Procurement Law 0- pot incl. to the'reglster Nominal
1 —incl. to the register
S . 0 — not incl. to the register .
Xs Principal's form of ownership I —incl. to the register Nominal
Xj

It should be borne in mind that each bank has individual scoring models [19], in this case we have
39 different models that are built according to these variables. Thus, passing to the new designations of
the input variables x;: [ =1, j =1, ¢ = 39 where ¢ is the number of fuzzy forecast models by formula (4),
we obtain y;:

v =10 );
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RY :if xy (k) is X7, xy (k) is X7, ..., x; (k) is X7, ..., x,, (k) is X

i im>
yle (k) = cl-0 + cl-lx1 (k) +...+ cyx] (k) +...+ szxm (k)
0= l,n, , I= ﬁ,
where X — fuzzy sets described by membership functions: X (x o djj ) depending on the input variables
x; and the parameter vectors

de (d,jladtﬂ" ,d,?(,)

where 0= l,n, j= l,m, i= 1,q; 0, n; —number and number of production rules of a fuzzy model predic-

)

ting the i-th probability indicator y, ; c?- — coefficients of linear equations.

The production rules and the fuzzification operation form a fuzzy model [20], which has the follow-
ing analytical form:

v (=3 () 0 (k.d?),

6=1

T
where (cl-e ) = (cieo, cl.el oo Co ) — vector of coefficients of the linear equation of the 0-th rule;

0=1,n; i) (k)= ([3?, BYx, (k),.... BYx,, (k)) — extended input vector of the Oth rule, containing as

a multiplier a nonlinear fuzzy function of parameters a’ie

0
G (dl-e ) = ZV+,
1 We
where W,” —the truth value of the 8-th rule, equal to the product of the membership functions.

- X%q) X0 (1) Y ().

The vector ¢ is refined by the identification algorithm, we indicate parametric (coefficients of linear
equations ¢ = {cg} , parameters = {dg} , 0= I,_n, j= I,_m, i= E ) and structural elements (the number of
rules n and the number m and the composition of the variables).

Getting the forecasting valuey; (k) , ncheck the accuracy of the forecast and if the value J;;(i) not
lower than the permissible value J5 = 0.8 and satisfies the condition J7; (i) JG , then we accept.

The structure of a multiply connected fuzzy model is shown in Fig. 1.

; X - Y1
: Fuz 1 FI —ﬁl-—hll Def |—
: X —— 3
) Fuz R —B'*—-'[ Def -7
X . . .

. X — Yq

Fig. 1. Structure of a multiply connected fuzzy model

The model is focused on the simultaneous processing of incoming data from many clients and for
different banks and different scoring models, so the entire space of incoming data is divided into sub-
spaces using the FCM clustering method. The calculation was performed in the MATLAB system.
Fig. 2 shows a fragment of the result of the proposed methodology in a multi-banking system.
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========= RESTART: D:\All_material\WorkPrograms\Python27\module5.py =========
leHepupyem cayyaiHbiin ckopuHr (True, False) c sepoaTHocTbio = 0.8

========= RESTART: D:\All_material\WorkPrograms\Python27\module5.py =========
l'eHepupyem cny4aiiHbIin ckopuHr (True, False) c sepoaTHocTbiO = 0.8

CymmapHoe vonmyectso 3aasok = 2000.0

Fig. 2. A fragment of the result of the algorithm

Conclusion

To predict the customer's reliability rating, three types of fuzzy models were taken, for certain
groups of customer financial indicators and the requirements of banks. For each model, production rules
are proposed, membership functions are defined.

The developed mathematical model for assessing the client's rating and predicting the decision to
receive a banking product based on the fuzzy inference rule made it possible to find the most acceptable
conclusion. The results obtained were proposed to be used in a multi-banking web-oriented system of
providing banking products to corporate clients.
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NMPUMEHEHME HEYETKOMN NOIMKU
ansA OUEHKU KPEOUTHOIO PUCKA BAHKOB

M.U. O3epoea, U.E. XKuzanoe

Bnadumupckuti 2ocydapcmeeHHbili yHugepcumem umeHuU AnekcaHopa pueopbesuyda
u Hukonas puzopbesuda Cmonemossix, 2. Bnadumup, Poccusi

BbankoBcKas cuctema sIBJISieTCs TOCTOSHHO pa3BUBaromielicst cucteMoil. MHpopMaronsas cpe-
Jla 0aHKa pacTeT, yBEJIMUNBAIOTCS 00beMbl 00pabaTeiBaeMOil HHGOPMAIMK U3-3a POCTA MOJIb30BaTe-
Jel 1 OaHKOBCKMX IPOXYKTOB. [l COKpameHust pucKOB OaHKM NMPOU3BOAAT (PHMHAHCOBYIO OLICHKY
TOJIOKEHHST (pU3NYECKUX M ropuaudeckux Jymi. llenbio pa®oTel sBisieTcst pa3paOoTKa HEYETKHX
MHOTOCBSI3HBIX MOJEINEH, MpeIHa3HAuYeHHbIX U1 MPOTHO3UPOBAHUSA IMOTYYEHHS IMOJIOKUTEIBLHOIO
WIN OTPULATENLHOTO PEIICHUS Ha IMOJy4YeHHe OaHKOBCKOTO NMpOAYyKTa. PemieHue mpuHUMaeTcs: Ha
OCHOBe CKOpHHIa. CKOPHHT 3aKJIF04aeTCs B MPUCBOCHUHU 0aJIOB IO 3aMOJHEHHMIO HEKOH aHKETHI,
pa3paboTaHHOI OICHIIMKAMM KPEeIUTHBIX PUCKOB aHaeppaiTepamu. Ilo pesynpraTam HaOpaHHBIX
0aJUIOB CHCTEMOH aBTOMAaTHYECKH NIPHHUMAETCA perieHne 00 0100peHnH M OTKase B BbIIade Kpe-
quta. Mojenu CKOpUHTa y pa3HbIX O0aHkoB pasnuuHble. Lleab mcciaemoBanus. Paccmorpeno mpu-
MEHEHHE HEUeTKMX MoJeNel Ui MPUHATHS pelleHus OaHKOM Ha BbLIAady OaHKOBCKOTO IPOIYKTa,
peanu3yromuX KOHIENINIO «MATKUX BbIUUCIeHU». MeToabl. IIpuMeHeHne METON0B HEYETKOH JI0-
THKH B KPEIUTHOM CKOPHUHIE HE HOBO, HO HE MMEET HIMPOKOr0 IPUMEHEHUS Ha MPAKTUKE MOTOMY,
YTO JOPOTro OOXOIUTCS MHTErpalys B CymiecTByIomue cucteMbl. Kaxaplii 0aHK MpUMEHSET B CKO-
PHHTE CBOM ITOKa3aTeNy (PMHAHCOBOI OJaroHajeKHOCTH KiMEHTa. boibinas gacTe mokasareneil B
0aHKax OJMHAKOBBIE, HO IPH PEIICHUH Ha BBIAAYY PA3HBIX OAHKOBCKUX NPOAYKTOB UMEIOT Pa3iIHd-
HBIC YMCIIOBBIC 3HaUCHMS. B KauecTBe MCXOIHBIX TaHHBIX OBIIM B3STHI JaHHBIE CTAaHJAPTHOW Oalib-
HOW METOJIMKHU peanbHoro 0aHka. /[ MporHo3upoBaHMs peIIeHUs O0aHKa Ha BbIAYy KIHUCHTY OaH-
KOBCKOTO TPOXYKTa OblIa MpHMEHEHa HeyeTKas MOJENb, MPEI0KEeHB MPOTyKIIMOHHbIE MpaBUIIa,
orpejeneHbl QyHKIMY MPUHAAICKHOCTH. MoJienb OpUeHTHpyeMa Ha OJHOBPEMEHHYI0 00paboTKy
BXOJSIIIUX JTAHHBIX OT MHO’KECTBA KIMEHTOB M ISl pa3HBIX OAHKOB U Pa3INYHBIX CKOPUHTOBBIX MO-
neneit. PesynbTarhl. Pazpabotana maTreMaTHuUecKasi MOAETh OICHKH PEHTHHTa KIMEHTa U MPOTHO-
3MPOBAHUS PEIICHUS Ha MOJTy4YeHHEe OAHKOBCKOTO NMPOIYKTa HA OCHOBE MPaBMJIa HEYETKOTO BBHIBOJA.
[MoxyueHHBIE Pe3yNbTaThI MPEUIOKEHO HCIIOIb30BaTh B MYJIbTHOAHKOBCKOI BeO-OpHEHTUPOBAHHOM
CHCTeMe MPEOCTABICHHUS KOPIIOPATUBHBIM KIIMEHTaM OaHKOBCKHX MPOJYKTOB.

Kniouegvie crnosa: mamemamuueckue mooenu, KpeOummblii pelimune, CKopuHe, Heuemkue MHO-
Jicecmea.
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COBEPLWIEHCTBOBAHWE BU3HEC-MOAENN
CTPOUTEJIbHOU KOMNAHWUN B YCIIOBUAX
NAHAEMUU U NOCTNAHOEMUWUHBIU NMEPUOL

T.A. AsepuHa, C.A. bapkanos, M.A. Kproykoea
Boponexckuli 2ocydapcmeeHHbil mexHudeckul yHueepcumem, 2. BopoHex, Poccus

BrzoBoM u motpsiceHueM uis Bcero mupa ctana mangemus COVID-19. M3menuncs ykinan
JKU3HU JIIOJIEd M KOMIAHWHM pa3iuyHbIX oTpacieil. TpeOyroTcsi KOppEeKTUPOBKU OW3HEC-MOJee
KOMIIaHHH JJI1 BOCCTAHOBJICHHS W HOPMAJIBHOTO (PYHKIIMOHHpOBaHUA. Bo BpeMs maHIeMHUH Ipen-
MIPUATUS CTPOUTENBHOM OTPACIIM TakKe CTOJIKHYJINCH cO MHOXecTBO mpobieM. Ilesas uccienoBa-
HMSI: Pa3pa0oTaTh aJITOPUTM COBEPIICHCTBOBAHUS OM3HEC-MOJENCH CTPOWTEIBHBIX KOMIIAHHH C
YYeTOM M3MEHEHUH MpeArnoYTeHnH norpedbureneil B cBsi3u ¢ pacnpocrpaHenueM COVID-19. Mare-
puanbl ¥ MeToAbI. B pabore mprMeHEHBI METO/IbI CHCTEMHOTO aHAJIN3a, METOJIbl ONTHMU3AINN U
Teopun npuHATHs pemennii. [labnon ans GopmupoBanns OuzHec-Mozenu ObUT BHIJENCH Ha OCHO-
BaHWM aHaJIM3a CYIIECTBYIOUINX HCCIEeA0BaHNi B qaHHON oOnactu. Pe3yabrarsl. BrisiBieHo, 4To B
CJIOKMBILHMXCSI YCIOBHSX 0COOOT0 BHUMAHHUS PYKOBOJICTBA CTPOUTEIBHBIX KOMITaHHUH TpeOyroT mep-
CoHaJ, (PMHAHCHI, LIEIOYKH IOCTaBOK. B paboTe mpeiokeH aaropuT™ COBEPIICHCTBOBAHUS OM3HEC-
MOJIeNy KOMITaHWH, BKJIIOYAIOIINI CIEAYIOIIe OCHOBHBIE 3Tambl: 1. OnpenenuTs ycIoBHA U MyTH
CO3/aHUs IIEHHOCTH. B MaHHOM ciydae y4WTBIBAIOTCS M3MEHEHMs MOTpeOHocTel moTpedureneit B
CBSI3M C MaHAeMuel. 2. BBIIBUTH 1eeBble CErMEHTHI MOTpeOnTeNel, peaan3oBaB KiIacCUPUKAIIUIO
10 HECKOJIbKUM NIpH3HaKaM. PaccMOTpeTh BO3MOXKHOCTh 00beANHEHHS (YKPYITHEHHS) LIEIEeBBIX Cer-
MEHTOB OTHOCHUTEIHHO CXOJACTBa TpeboBaHui. 3. BeicTpouth OM3HEC-MOIeNb B 00IIEM BHUE, OTpa-
3MB CIEIYIOIINE aCIEKThI: 1IeJIeBOH KIMEHT, NMPEJIOKEHUE, PECYpPCHI, Ioy4eHue aoxona. 4. Jera-
JM3UPOBaTh OM3HEC MOAENb, 3aroJHNUB mabinoH Anekcanapa OctepBanpaepa. 5. Coenats cOOTBET-
CTBYIOIIIME BHIBOABL. 3akJioueHue. Pa3paboTaHHbIA alNropuTM NMPUMEHEH Ha NPUMEpPE CTPOHUTEIb-
HBIX KOMIAHUH, peai3yIouX MPOCeKTHl B cepe KUIMIIHOTO cTpouTenscTBa. [lorpedHOCTH Baph-
UPYIOTCS. M M3MEHSIOTCS B CBSI3M ¢ NaHAeMuei. @opMupoBaHKe IIEHHOCTHOT'O NPEAI0KEHH KOMIIa-
HUH B HACTOSIIEe BpeMs OJDKHO OBITh HAIIPABJICHO HAa yJOBICTBOPEHUE M3MEHHUBIINXCS MOTPEOHO-
cTei. B 9acTHOCTH, yCTaHOBIICHO, YTO MOTPEOUTEIN OPUEHTUPOBAHB! B HACTOSIIEE BpeMs Ha MOKYTI-
Ky ZIOMOB, yIENSIOT OOJblliee BHUMAaHHWE O€30MaCHOCTH, SKOJOTMYHOCTH M aBTOHOMHOCTH JKHJIBS,
TOTOBBI UCIIOJIB30BaTh YMHBIE TEXHOIOTHH. CTOUT OTMETUTH MEPCHEKTUBHOCTD y4eTa B pa3pabaTsl-
BaeMBIX IITAHUPOBKAX KBAPTHP U JOMOB, BO3MOXKHOCTh 000pynoBaHus gomamnrHero opuca (WFH) u
OTZEIEHUS BXOAHOMN 30HBI.

Knrouegvle cnosa: busnec-moodens, ynpasierue, cmpoumenshvie komnanuu, nanoemusi COVID-19,
KpU3UC.

Beenenne

Ilocnennuii rog cran ucnbITaHUEM AJs Bcero Mupa. Mup oxBauen nangemueit COVID-19. Ha ce-
TOAHALIHUN JI€Hb MBI CTAJIKHBAaeMCs ¢ OecpeleJeHTHBIM MacIiTaboM COLUaIbHO-3KOHOMHUYECKUX T10-
TPSICEHUI HE TOJBKO U3-3a 0e3pabOTHIIBI, HO U M3-3a TOTO, KaK padoTaeT MPOMBIIUIEHHOCTh. W cTpou-
TENbHBIA OM3HEC MEHSAETCS C MOMYJIIpH3aLMeH yOaleHHON paboThl M HOBBIX HEOOXOAUMBIX YCIOBHM
obecniedeHus: 6€30MaCHOCTH.

Texymuii KpU3KC 3acTaBUI 00PaTUTh BHUMAaHUE Ha TO, YTO OTPACIb OOJbIIE HE MOKET MPUHUMATh
CTaTyC-KBO, BKJIIOYas HU3KYIO NMPOU3BOJIUTEIHHOCTh, HU3KYIO MPEICKa3yeMOCTh, COCTA3aTENbHbIE MO-
JeNy IeHOo0Opa3oBaHus, (PUHAHCOBYIO XPYIIKOCTb, OTCYTCTBUE COTPYAHUYECTBA, HEIOCTATOK MHBECTH-
muii B HUOKP u nnHOBanmu. Bo3HUKAIOT HOBBIE BOIIPOCH M BCECTOPOHHUE OOCYKICHUS, TTOCKOJIBKY
OHM 3aJI0)KaT OCHOBBI TOTO, KaK CTPOMTENIbHAs OTpacib OyAeT pa3BHUBATHCS IMOCIE BOCCTAHOBIECHUS
HOPMAaJIbHOM JKU3HU.

Jlerkoro BeIXoJa M3 3TOTr0 KpHu3uca He cyuiectByeT. Ho ecth OoJee mepcnekTUBHAs anbTepHATUBA —
TpaHchopmanusi Ou3Hec-Mozeneld. ITH M3MEHEHHsI He mpocTo «reHaeHms» 2020-2021 romos; 310
«TpEeH[1», KOTOPBIA M3MEHUT CIeAyIollee NeCATHICTHE, BO3MOXKHO, Jake Aojblie. KoMmaHuu 0 KHBI
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MOHATH 3TO, YTOOBI BBKHUTH U MpoLBeTaTh. M300peraTs anbTepHaTUBHBIE OM3HEC-MOAEIH — 3TO HE POC-
KOIIIb, 3TO YCJIOBHE OyAyIIHMX ycnexoB [1-4].

[MosTOMY TSI TIPEATIPUATHI CTPOUTENHHON cephbl BOMPOC COBEPUICHCTBOBAHUSI OHM3HEC-MOJIENeH
SIBIISICTCS aKTyaJIbHBIM, OCOOCHHO B COBPEMEHHBIX YCJIOBHSX B CBA3H C pacnpoctpanenneM COVID-19.
KoMmnanusM HEoOX0JAMMO COBEPIICHCTBOBATH CBOM OM3HEC-MOJENH ISl BOCCTAHOBJICHUS ACITEIb-
HOCTH.

BeisiBiieHre npo0sieM CTPOUTENbHBIX KOMIIAHMI B CBSI3H € aHAeMHel
PaccmoTpum Gonee moapoOHO TPOOIIEMBI, C KOTOPBIMU MOTYT CTOJIKHYTHCSI KOMITAHHH CTPOHHHIY-
CTPUH U BO3MOXKHBIE IIyTH UX pertenus [5] (puc. 1).

o CHMXKEHHME cIIpoca )

* Bo3MoxHO, HEKOTOPBIE TPOEKTHI OYIYT OTIOKEHBI, a OyIyIlIUe PacXosl

OynyT cokpamieHsl. Takoii ciieHapHii MOXKET BEI3BATh IPOOICMEI
)50 r im0 CJIMKBUIHOCTHIO JIEHEKHBIX IOTOKOB M TPYAHOCTH B YIIPABIEHHH
JONTOBBIMH 00s13aTeNLCTBAMH

_\
* Yenosust Tpyna (cobmogenue quctaHinun). bonsuras 4acts padoTsl
J0JIKHA BBITIOJTHATHCS. HA MECTE M HE MOXKET BBITIOJIHATBCA YAaISHHO
* HeoGxoaumocTh nepesadl HEKOTOPBIX KOPIOPATUBHBIX (DYHKLUI
SELEUTENE g aytcopennr y

¢ IlocTaBUIMKK MOI'YT CTOJIKHYTBCS C ON€PAllMOHHBIMH HIIU
(PMHAHCOBBIMHU TPYIHOCTSAMM, H KaK CJIEJICTBHE — 33JIEPKKH H CPbIBBI
IIOCTaBOK

Puc. 1. BoaMoxHble Npo6rieMbl CTPOUTENbHbLIX KOMMNAHUMA
B YyCNOBMAX NaHAEMUU U NOCTNaHAEeMUWHBbIN Nnepuoa
Fig. 1. Possible problems for construction companies

in a pandemic and post-pandemic period

Takum 00pa3oM, MHOTHE CTPOUTENIbHBIC KOMIIAHUH OYIyT BBIHYKACHBI J1eJIaTh COKPAILEHUS B 3TOT
HecTaOMJIBHBIH nepuo]. Hexotopele OyIyT CTPOTMMHU. HO TaKOBa HEOOXOJUMOCTh HACTOSIIETO BpeMe-
HU. Mepbl 5KOHOMHH JOJDKHBI OBITh BBEJEHBI, YTOOBI COXPAHUTH JOJTOCPOYHBIE TIEITH.

Hanee paccmorpum pekomennauuu [lona Jomnun [6], TTaBHOrO ONEPALlMOHHOTO AUPEKTOpPA KOH-
CaJITUHT'OBOM CITY>KOBI 110 OKa3aHHIO MPpOoQecCHOHATBHBIX yeayT WSP.

[Ton JlonauH BBICKa3bIBAET CIEAYIOIIYI0 HHTEPECHYIO TOUKY 3PEHHS O TOM, YTO MBI MOJOILIH K
COVID-19 ¢ MEHTanuTeTOM «IJIaHUPYEM XYJIIEE, CTPEMUMCS K JIy4IIEMY», CTPEMSCH K PEIIUTEIb-
HBIM, OBICTPHIM JOEHCTBHUAM MO 3alIuTe OC30MACHOCTH JIOAEH, MPOrpaMM KIMEHTOB M JOJTOJICTHIO
OusHeca.

OcHOBHas M HEMOCPEACTBEHHAs 3a/ada KaKAOW OpraHu3aluy — MPOJODKATh YIOBIETBOPATh YHHU-
KaJIbHbIE TOTPEOHOCTH KaXAOro KIMEHTA, MPEABUS, KaK 3TH MOTPEOHOCTH MOTYT U3MEHUTHCS B TEKY-
mieii cpeae. Kommnanusim cienyer UCIoib30BaTh TO, YTO OHU BHUJIAT B KAUECTBE KIIIOUEBOM CHIIBI OTepa-
[IUOHHOM MOJEIH, KOTOpas 3aKJIF0YaeTCsa B PaCIIMPEHNH BO3MOKHOCTEH MECTHBIX PYKOBOIALINX TPYIIIL,
Haubosnee OIM3KUX K KinueHTaM. JInaepsl MOTYT aganTHPOBaTh CBOM ONEPAMOHHBIC TTOIXOABI K HA/30-
Py 3@ CTPOHUTENbHBIMU PabOTaMH, HCIIOJIb3Ysl BUICOKOH(PEPEHINH ISl IPOBEPKU MPOEKTOB U MpOBee-
HUSI TIPE3EHTAIlNI, aKTHBU3UPOBATh YCHIIUS 10 BBISBICHUIO, 00paboTKe W mepeade BakHOW HH(pOopMa-
LMW KJIMEHTaM.

BrisBiieHO, 4TO B3aUMOJCHCTBHE ¢ KIIMEHTOM BO3MOKHO HE TOJIBKO B KOHTEKCTE OJIOKMPOBKH, HO
u Oolee MUPOKO, Oosiee CIIOKOHHO U 4acTo. Bo MHOTHX Cily4asix KJIIMEHTHI TOTOBBI OOIIATHCS 10 BH-
JIEOCBSI3M OOJIbIIIE BPEeMEHHU, YeM OHHM XOTeNH OBl MPOBECTH HA BCTpeue B cBoMX oducax. Bedunapsi,
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OTKPBITBIE AJIS1 BCEX COTPYAHUKOB M IIMPOKOH OOLIECTBEHHOCTH, NO3BOJIIIOT CBOEBPEMEHHO OOMEHHM-
BaThCsl MHPOPMAaLIUEH, aHAIN30M U JIyYIIUMH [IPAKTUKAMH OT JIUACPOB.

DTOT CTpaTermyeckuil CIBUT TPEOYeT MepeOoCMBICICHUSI U 00AyMbIBAaHHS OTHOCHUTEIBHO TOTO, KaK
MIPEBPATUTH TH MOJOKHUTENbHBIE PE3yIbTAThl B TOJITOBPEMEHHYIO IPAKTUKY A5l Kommanuu [7—10].

Kpome toro, Heobxoaumo yaensiTb 0coboe BHUMAHUE NICUXUYECKOMY 3I0POBBIO M OJIarOMOIyYrIo
COTPYIHHUKOB, KOTJIa OHH paboTatoT u3 goma. COTpyIHUKH TaKKe MOTYT Y4aCTBOBAaTh B MHOTOUYHCIICH-
HBIX KOHCYJIbTAIIHOHHBIX CECCHSX, CTIOHCHPYEMBIX KOMITAaHHEH, KaK Jisi ceOsl, Tak U JUIsl CBOMX CEMEH.
[lepcneKTUBHBIM HampaBJICHUEM SIBIISETCS MOANECPKKA COTPYAHHUKOB C IOMOILIBIO MOCTOSHHBIX BHUPTY-
QJIBHBIX TPYMI MOAACPKKH, 00pa30BaTENbHBIX BEOMHAPOB M CEAHCOB OCO3HAHHOCTH, KOTOPBIE MPU3Ba-
HBI IOMOYb JIIOJSIM TIOYYBCTBOBATh CBS3b APYT C APYTOM, JAXKe €cli OHH (PU3UYECKH HE HaXOJATCS B
OJHOM NPOCTPAHCTBE.

Komnanun AONOMHAIOT 3TH MEPONIPHUATHS, OPraHU3Ysl BUPTYyaJlbHbIC UTPOBBIE Beuepa, KOHKYPCHI U
0O0IIIECTBEHHBIE MEPOIPHUSITHSI.

BuptyanbHble HHTEpaKTHBHBIE CEMUHAPBI MOTYT OOBETUHHUTD Pa3IMYHbIC TPYIIIBI ISl IPOJIBUKE-
HUS Tpoliecca IIAaHUPOBaHKsL. DTH CEMHUHAPBI MOTYT MTOMOYb ONPEAEIUTh NapaMeTpbl IPOEKTOB, KOTO-
pBle cleqyeT HMPOABUTaTh K MPOEKTHPOBAHUIO U CTPOUTENHCTBY. Vcmonp30BaHnEe TEXHOJIOTHH BHIEO-
3axBara Jyisl MPOBEPKH IJIOMIAJ0K U METOJIOB TUCTAHIIMOHHOTO 30HMPOBAHMS BMECTO ITOJIEBBIX 00CIIe-
JOBAaHHH SIBIISETCS] BO3MOXKHBIM U MEPCIIEKTUBHBIM Il CTPOUTENBHBIX POEKTOB.

U Bo Bpems Kpu3uca MHOTHE KOMIIAHHM OCO3HAJIM, YTO MOAJEPKAHUE U PACIIUPEHHE B3aUMOICH-
CTBHS C KJIMEHTAMU SIBJISIETCS] KIIFOUOM K YKPEIUICHHUIO JOBEpHUS U d3PPEKTUBHOMY MPUHSITHIO PEIICHUH.
Heotbsemiiemas yacTh 3TUX YCHIIUH — JepKaTh BCeX B Kypce nocieanux coowituii ¢ COVID-19 mocpen-
CTBOM 3BOHKOB M BUPTYaJIbHBIX BCTPEY.

®opMupoBaHue Mada0Ha OM3HeC-MO/IeJI CTPONTEJLHONH OPraHnu3auun

Konuemnmust 6usHec-Momenn MMEET HECKOJBKO MOJE3HBIX pOJieH B YNPABICHHUH CTPOUTEIBLHBIM
OM3HECOM: OHa MPENOCTaBIIIET MEHEIKEPaM COIIACOBAHHYIO CTPYKTYPY AJSl IOHUMAHUS U Pa3BUTUS
Ou3Heca ¢ TOYKHU 3PCHHUS CO3/IaHus OTPEOUTENILCKOM LIEHHOCTH [5].

TepmuHOIOTHsT OM3HEC-MOJENH M YETKO OIPECTICHHBIE 3JIeMEHTHI OM3HEC-MOAETIH TaKKe Mpeaoc-
TaBJIAIOT OOIIMI A3BIK AJ1s1 OOCYXIEHHUSI U 0OMeHa OM3HEC-MOAETSIMH MEKIY WICHAMH OpraHU3alud
corJlacoBaHMs MX ycuini. B cBoro odepenp, 4eTKO ompeseneHHble OU3HEC-MOJIeTH 00eCIeUNBAIOT OC-
HOBY JUIS TIOCJICZIOBATEIHLHOM MPAKTUKU YIPABICHUS U pa3pabOTKH MPOIECCOB, TEM CaMbIM (HOPMUPYs
peanbHble OM3HEC-MO/IEIH, KOTOPhIE B KOHEUHOM UTOre ONPEACSIIOT OU3HEC.

B Hacrosimee Bpemst OM3HEC-MOJIENb PacCMaTpPUBAETCS KaK HEOTheMJIeMasi 4acTh YCHEITHOTO On3-
Heca, TaK Kak ee IJlaBHas I1eJib — MHIMBUAYaIN3HUpOBaTh KOMIIAHUIO U JaTh €l MPEeUMYILEecTBO Mepes
KOHKypeHTamH [4, 11-13].

buznec-monens onpenenser, Kak padoTaeT KOMIIAHUs, KaK OHAa CO3/aeT LEHHOCTh Ul CBOMX KIIH-
€HTOB U KaK MOKET U3BJIEKATh MPUOBLIB 17151 ceOsl.

[locnennue pa3paboTKu B 3TOH 00JIACTH MCCIEIOBAHUI TaKXKe MPHUBEIHM K BU3yaJIM3allMHu OM3HEC-
MOJIEJIN, YTO NPUBOAMT K JIy4dIIeMy MOHUMAHHUIO PA3TUYHON OM3HEC-JIOTMKH U TOTO, KaK OU3HEC-MOAETH
WCTIONB3YIOTCS B KauecTBe d3(EeKTHBHOTO HHCTPYMEHTA YIIPABIICHHS ISl peallu3alliy CTPATEIHU.

[Ipu sTOM OHM3HEC-MO/Eb TpeOyeT MOCTOSHHON aJanTalui K U3MEHSIOIUMCS YCIOBHSIM BHEIITHEH
Cpeabl U KaK CIEACTBUE — H3MEHEHUSIM MPEINOYTEHUN NOoTpeOuTeneH.

Ha ocHoBanmu cymecTByronux uccienoBanuii [2, 11-13] npemyaraercss HCnoiab30BaTh CTPYKTY-
py Ou3HEec-MoAenu sl CTPOUTEIBHOW KOMITAaHWH, KOTOPYIO MOKHO OIpENeNuTh, Kak MOKa3aHO Ha
puc. 2.

CrpykTypa 6u3Hec-Moenu Obliia OrpaHn4eHa BHIOOPOM KOMIIOHEHTOB U IIEPEMEHHBIX, 110 KOTOPBIM
HMMEIOTCS TaHHBIE.

UToOBl 00€creunuTh YeTKOE MpeICTaBlIeHuEe O CO3JJaHUU UM 3aXBaTe IICHHOCTH, B MCCICIOBAHUU
HCIIOJIB3YIOTCS BOMPOCHI, ciaenytomue n3 Gassmann et al. (2014). [IpuasaT 4eTbIpexMepHbIi BOIPOC-
HUK: «KTO», «YTO», «KaK» U «IEHHOCTH», MbI OyJIeM HCIOJb30BaTh TPEXMEPHBIE BOIPOCHI: «KTO»,
«UTO» U KKAK».

Uzmepenue «kTo» 00BSICHSAET, KTO LeJIeBOW KIMEHT. [IocKoIbKy Kaxaas OM3Hec-MOAEIb O0CTyKH-
BAaeT ONpPEACICHHYIO IPYIY KIHEHTOB, IIEJICBOM KIMEHT — OJHO U3 OCHOBHBIX U3MEpPEHHH B pa3paboTke
On3HeC-MOJIeIH.
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KmnroueBnie
pecypchI

Tlonyuerne
Joxona

IIpennoxeHne

Puc. 2. CtpykTypa 6usHec-mogenu
Fig. 2. Business model structure

Nsmepenne «uto» oToOpakaeT To, YTO IMpeiaracTcs IelleBOMY KIHEeHTY. ETo MOKHO onpenenTh
KaK IICJIOCTHOE MPEACTaBICHHE 0 HAOOpe MPOSKTOB KOMIIAHWU U YCIIYTH, HPEIACTABIAIONINE [ICHHOCTh
JUTS KITMEHTA.

Nsmepenne «kak» ONMUCHIBAET, KaK CO3JaTh MPEIJIOKEHIE U Kak 3apaboTaTh JCHBTH.

KitroueBble pecypchl UCIONIB3YIOTCS ISl CO3IaHUS IICHHOCTH, KOTOPYIO BBIMTOJIHACT (hUpMa OTHOCH-
TCJIBHO JIY4YlIC, YEM JIpYyruc.

[Tomyuenue moxona OObEIMHSET TAKUE ACMEKTHI, KAK CTPYKTYypa 3aTpaT U MEXaHW3M IOy4YeHUS U
MIPEYMHOKEHUS TI0X0/1a.

B cBs3u ¢ 3THM TipesiaraemMasi MoJieNb OM3HEC-CTPYKTYPBI UMEET YeThipe OM3HEC-KOMITOHEHTHI MO-
JISNA: TIeTIEBOM KJIMEHT, MPeJIOKeHNe, KIIF0UeBbIe PECYpChl U monydeHue jgoxona. Ocoboe BHUMaHME
YAETSETCS TPEXMEPHBIM BOIIPOCAM: «KTOY, «4TO» U KKAKY.

IleneBoil KIMEHT OMMUCBHIBAET CEIMEHT KIMEHTOB, KOTOPOMY KOMIIAHUS CTPEMMTCS IHMPEMJIOKUTH
LICHHOCTb.

[IpennoxeHrne OTHOCUTCS KO BCEMY, UTO IMpeIIaraeTcs PHIHKY, YTO MOXKET yIOBIETBOPUTH Kella-
HUE WU MOTPEOHOCTH 1IN,

U B 3TOIi CBS3M €CTh CMBICI O0paTHTHCS K TUBEPCHU(PHUKALINN B COBPEMEHHBIX yCIOBUsX. [luBepcH-
(hukanuy MOXKET IMOMOYh MUHUMU3UPOBATH PUCKH U YBEITMUUBATH JTOXOJTHOCTD.

KittoueBsie pecypchl OMUCHIBAIOT, KAK CO3/IAETCS MPEIIOKEHIE.

KiroueBble pecypchl ONMUCHIBAIOT HAN00JIee BaXKHBIC aKTUBBI, KOTOPBIC TPEOYIOT CO3MaHMsI IIPeIO-
JKEHUS JUTSI [IEIEBOTO KIIMEHTa W OOBIYHO OTIMYAIOTCS OT KITFOUEBBIX PECYpCOB, UCTIOIB3yEeMBIX KOHKY-
peHTamu.

[TonpoGHee paccMOTPUM JIFOJICKUE, PU3NUYESCKHE U (PUHAHCOBBIC PECYPCHI.

YemoBeueckue PECYPCEHI ABJIAKOTCSA OCHOBHBIM AKTUBOM CTPOUTCIbHBIX KOMHaHI/Iﬁ, urpast BaXXHYyIo
pOJIb B IOCTHKCHHH KOHKYPEHTHOTO IPEUMYIINECTBA, MTOTOMY 4YTO (DMPMBI MOTYT BEIOMPATh COTPY-
HUKOB C BBICOKMMH CITOCOOHOCTSIMU U O6y‘-IaTB X CO3JJaHHUIO YHUKAJbHBIX HAaBBIKOB, KOTOPLIC IPY-
TMM KOMIIAHUSIM TPYJAHO BOCIIPOM3BECTH, YTO MOXKET INPUBECTU K YCTOWYHBOMY KOHKYPEHTHOMY
MIPEUMYIIECTBY.

du3nveckre pecypchl OTHOCATCS K YPOBHIO CIOXHOCTH TEXHOJIOTHH, KOTOPOW oOiamaer ¢pupMma:
o0opynoBanue, reorpaduueckoe MoI0KEHHE U TOCTYII K CHIPBIO.

(DUHAHCOBBIE PECYPCHI XapaKTEPU3YIOT CHITYy KOMIIAaHUU Ha PHIHKE C TOYKH 3PEHUS €€ CIIOCOOHOCTH
BBITIOHSTH MPOEKTHl. Hanmmune afexkBaTHRIX (PMHAHCOBBIX PECYPCOB MO3BOJISIET KOMIIAHUU CIIPABIATHCS
C PUCKOBaHHBIMH CUTYyallUAIMU U UMCTH IICPCIICKTUBY BBICOKOM JOXOOAHOCTH.
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[Tomrydenue moxoma OTHOCHUTCS K TOMY, KaK JCHBTH MMOCTYMAOT B OPTaHU3AIHI0. ITOT KOMIOHEHT
H3MEpPSIET CIOCOOHOCTh (PUPMBI MEPEBOANTH IICHHOCTh, KOTOPYIO OHA IpejyiaraeT CBOMM KJIMEHTaM B
JIEHBI'H, TCHEPHUPYS MTOTOK JOXOJIOB.

ITocne Toro xak ocHoBa OHM3HEC-MOJIEIH CPOPMHUPOBAaHA, CIACAYET NMEPEXOAUTh K e€e Ooiee ie-
TaneHOU mpopabotke. [ Oonpiielt HGOPMATHBHOCTH CIEIyeT 3aONHUTH 1adinoH A. OcTtepBalb-
nepa [3, 4].

W 3pmeck yxxe HE0OX0aUMO 0OOpaTHTh BHHMaHWE Ha Oojiee MIMPOKUN KPYr BOMPOCOB: OYIyIIYIO
CTPYKTYpPY Pacxo/i0OB, B3AUMOOTHOIICHUS W TOUCK TOCTAaBIIMKOB, KaHAIBI OOIIEHUS W TMPOBUKECHUS
MIPOJYKTOB B IICJICBOM CEIMEHTE U T. II.

Takum o0pa3om, B OOIEM BHJE aITOPUTM COBEPIICHCTBOBAaHWSA OW3HEC-MOJICIH CTPOUTEIILHOM
KOMITAaHWH MOYKHO MPEICTABUTH CICAYIOMHIM 00pa3oM (puc. 3).

* OnpenenuTs yCIOBUA W MYTH CO31aHUS LIEHHOCTH

* B 1aHHOM CiTydae YYMTHIBAIOTCS W3MEHEHHSI MOTpeOHOCTEH moTpeduTencii
B CBAI3H C MaHIEeMHEH )

* BELIBHTE LeneBBIe CerMEHTHI MOTpeduTeNneil, peaan3oBaB KiacCu(hUKaLNIO
IO HECKOJIBKHUM TIpH3HaKkaM. PaccMOTpeTh BO3MOKHOCTE OObEeTHHEHUS
(YKpYITHEHHS) TIENIEBBIX CETMCHTOB OTHOCHTENBHO CXOACTBA TPeOOBaHUM

* BricTponTs OH3HEC-MOZENE B 00IIeM BHIE, OTPA3HB CIIEAYIOLIHE ACIIeKTEL:
LeJICBOH KITUEHT, IPEATI0XKEHHE, PECYPCHL, TOIYYEHHE 10X0Aa

* Heranusuporath OU3HEC-MO/IEIb, 3ATIOJHUB LA0M0H AJleKCaHIpa
Ocrepeanbaepa

» Cnenarb COOTBETCTBYIONINE BHIBOJIBI

Puc. 3. Anroputm coBeplueHCTBOBaHUA GU3Hec-moaenu
Fig. 3. Algorithm for improving the business model

Omnpenesnenne H3MeHEeHHH B PeANOYTEHUAX MOTPeOHTEICH

B cepe KUJIUIIHOTO CTPOUTEIbCTBA

[lockonbKy I10AKM BO BCEM MHUpPE CTAJIKHBAIOTCS C PEaTUsIMH CAMOM30JISILIUU, PACCMOTPUM, KaK Ha-
M JTOMa M3MEHSTCA, KOT/]a TTaHeMUsI KOPOHABUPYCa 3aKOHYUTCS (HA OCHOBaHWUHM MHEHHH JTU3aliHEpOB
U apXUTEKTOPOB).

JKuznp mocne Benbiniku Covid-19 Hukoraa He OyaeT npeskHed. MBI B Hauae KOHIa, 0KKj1asi HOBO-
ro Havana. [lmanera 3emis HapyUIMT COTJALIEHUE O COTPYJHHYECTBE C YEJIOBEUECTBOM, €CIIM MBI HE
OyzneM Cpo4HO IepecMaTpUBaTh CBOE IOBEICHHE.

[IporHo3sl MOSIBISIIOTCS OOUH 32 ApyruM. HekoTopble u3 HuX 0ojiee ONTUMHUCTHYHBI, HEKOTOPBIC —
HeT. Ho mouTu Bce cornacHel ¢ TeM, YTO, HECMOTPS Ha CTOJb OeCHpeneAeHTHBIN craj, YeJI0BEYeCTBO
BCE K€ Hal/IeT B cebe CHITbI BBI3JIOPOBETh.

LleHHOCTH M3MEHSTCS, HAIlA YKU3Hb M MPUBBIYKK MU3MEHSATCS, M HAIlK JIOMa TaK)Xe U3MEHSTCS IO
3TUM BiusgHUEM. MIMes 3T0 B BUly, paCCMOTPHUM CE€Mb HalpaBieHUH A nu3MeHeHui [14], kotopsie Mo-
T'YT IPOM30UTH: AOMa, U3MEHEHUsI B IUIAHUPOBKE, CAMOJOCTATOYHOCTh (KOMMYHHUKAINHN), (QUIIBTPALHSL,
nomaminuit opuc (WFH), ozenenenne, yMHbIE TEXHOJIOTHH.

Loma, ne keapmupul

BricoTHble 31aH1sI ObUIH MPEAHA3HAYEHB! J1s1 OPraHU3alul KaK MOKHO OOJIBILIET0 KOJIMYECTBA JIF0-
Jieil B OJTHOM MecTe. 3I0pOBbE M TUTHEHA HE PacCMaTpUBAIMCH KaK MpUOpHUTETHRIE. Bo Bpemena nmane-
MHUH HEO0O0XOJWMO OBUIO YMEHBUIIUTH KOHTAKT CO BCEM, YTO HCIIONB3YeTCS B MHOTOITKHBIX JIOMAaxX:
TUQTOM, KHOTIKAMH JTU(TA, IBEPHBIMU PyYKaMH, TOBEPXHOCTSIMHU H MIPEXK]IE BCETO COCESIMH.
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[Tocnie BBIHYXIEHHOW CaMOM3OJIALIMM Ha Pa3HBIX 3TakaxX Haj 3emJeil, yacto Oe3 OankoHa WiIn
Teppackl, Bce XOTAT UMeTh A0M. OH MOXET ObITh HEOONBIINM, HO C BHYTPEHHHM JBOPOM H Tep-
pacoii.

Ha mpoTspbkeHnn Bcero BpeMeHH OCHOBHOW (yHKIMeH noma Obuia 6e3omnacHocTb. CeroqHs MoasuM
HYCEH JIOM, KOTOPBIi MOXeT 3pPeKTUBHO 00eCTIEUUTh COIMATBHYIO U30JISIIHIO.

JloM Teriepb OOJIBIIIE, YeM MOOET OT PYTHHBI U TOPOJICKOTO Xa0ca, TPeroaraeT yoexKHuIie OT BUPYCOB
u nHpeKuuil. YpbaHuzamus JejaeT mar Ha3ajl, Koraa Mbl [lepee3kacM B IPUrOpoAbl TOpoa.

st TeX, KTO MOCTOSIHHO TOTOBHUTCSI BBDKUTH B TPSAYILIEM aroKaJUICHCE, YK€ OblIa XapakTepHa
TEHJICHIIMS K YKpeTuIeHn o 31anuidi. Ho Teneps MOYXHO OKHIaTh, YTO dTa TEHACHIMs cTaHeT OoJiee pac-
MIPOCTPaHEHHOM.

JKenanue moAroToBUTH CBOH JOM K NPUPOAHBIM WIIM TEXHOTEHHBIM ONACHOCTSIM Y€ HE BBI3bIBACT
ynuBieHus. Bozne moMa OyneT He TONMBKO rapak, HO M OyHKep WM XOTsl OBl YKPEIJICHHBIH «MUHYCH
3TaXx C KJIAJI0BOU IS €1bI U BOJIBI.

MBI Taxke MOKEM MONPOILIAThCS ¢ OJHOM U3 TMIAaBHBIX TEHAECHIMH MOCIEIHUX JIET: OTKPBITHIE PO-
CTpaHCTBa, 00BEIUHSIONINE BXO/l, TOCTUHYIO, CTOJIOBYIO M KyxHio. [lociie mannemun BXxomHas 30Ha Oy-
JIET paszzieiieHa, YTOObI MOKHO OBIJIO OCTaBJIATH 00YBb, OJICKIY U BEIU B KOPUIOPE M HE BHOCUTH I'PS3b
B JKMJIbIE TIOMEIICHUS.

Camodocmamounocme (KOMMYHUKAYULL)

3nanus Oyayliero, BEPOATHO, OYIYT CaMOIOCTaATOUHBIMUA M HE3aBUCHMBIMH, C COOCTBEHHBIM BOJIO-
cHaO>KeHHeM U OToIIeHueM. ['eoTepManbHble CKBaXKHMHBI YK€ HaOUparoT MOMyIApHOCTh. [loMuMo BoabI
OHHU MOT'YT YaCTHYHO OOECTICUUTh IOM OTOIIJICHUEM.

B kauectBe cuctembl 6e30macHOCTH OyAE€T HECKOIBKO APYTUX UCTOYHUKOB OTOIUICHUS: IJIUTA, Ka-
MUH, TBEpAOTOIUIMBHBIN KOTEI, FTeHEPaTop TOIUINBA, COTHEUHbIE OaTapen. ABTOHOMHbBIE MUHU-CTAHITUH,
TeHEePHUPYIOLINE ANbTEPHATHBHYIO SHEPrHI0, CTaHYT peanbHOCThIO0. Llenpio Oyner He3aBUCHMOCTH OT
BHEILIHETO MUPA, MUHHUMHU3ALUs PUCKOB B CIIy4ae MOJHOTO OTKIIIOUEHHS.

CIyTHUKOBBIM UHTEPHET B HACTOSIIIIEE BPEMSI SIBJISICTCS JOPOTOCTOSIINM U HEYJJOOHBIM CEPBUCOM,
JOCTYIHBIM TOJBKO ONPEIEICHHBIM JINLAM U OpraHu3alusIM, TAKUM KaK MOPCKOM TPaHCHOPT, TOPHO-
IOOBIBAIOIIME U CTPOUTENbHbIE KOMIAHUM M BOEHHBIC OpraHu3auuu. B Oyaymem OyayT ycKOpeHbBI
pa3paboTKK JJIs TPaXKAAHCKOTO HCIIOJb30BaHMs, YTO OOCCICUYUT HaM OYCHb OBICTpBIN moctyn Kk WUH-
TEpHETY.

OneWeb u SpaceX yxe IIIaHUPOBAJIH MOKPHITH BCIO TUIAHETY 3TOW TEXHOJIOTHEH 10 Havaja MaHjae-
mun. OneWeb yxe passepuyn 40 u3 3amaHUpOBaHHBIX 648 CITyTHUKOB Ha OpOUTE 3eMIIH, B TO BpEeMs
kak npoekT Starlink kommanuu SpaceX npenycmarpusaert 3amyck 12 000 criyTHUKOB Ha HU3KYIO OpOHTY
K cepeaune 2020-x roos.

Dunvmpayus

[Nocne nangeMun OTHOIIEHHE K CUCTEMaM (DUIIBTpalluy U3MEHUTCS, TaK KaK JEOIU OECIIOKOSATCS O
TOM, YTO MOXET IPOU30MTH, €CIIH BUPYC NOMAAET B BOJIOCHAOKECHHUE.

[IpousBoguTeny cUCTEM YMHOTO I0Ma MOWAYT ewle fanpiie. Mx nporpaMmel OyIyT HE TOJIBKO KOH-
TPOJMPOBATh TEMIEPATYPy BO3yXa B JOME, HO U €r0 Ka4eCTBO U, IPU HEOOXOANMOCTH, aBTOMAaTHYECKH
oumIaTh ero. Bo3ayx cHapyxu Oyzier, KOHEUHO, PUIBTPOBATHCA.

Jlom kax Hogblil oghuc

Bo Bpemst kapaHTHHa OOJNBIIMHCTBO OBUTH BBIHYXKJEHBI padoraTh u3 aoma. [locie ero okoH4aHUS
€CTb JIIOJIM, KTO HE 3aX0UeT BO3BpamaThes B oduc. bombilie BHUMaHUS OyET yIEeNAThCS 00yCTPOUCTBY
pabouero mecta noma. IlpocTpancTBeHHas: opraHuzanys U3MEHUTCA. Teneps 3TO OyOeT COBEPLICHHO
OTAeNbHast KOMHATa ¢ OOJIBIINMH OKHAMH, INIOTHBIMH LITOpaMH U yoOHOH Mebenbio. OH OyAeT TexXHH-
YEeCKH 000PYI0BaH U 3BYKOU30IUPOBAH.

Ymnvie mexnonozuu

[epeynopsinouenue nocie COVID-19 moutn HaBepHsKa Takke OyAeT MMETh HEOXKUIAHHBIC HC-
XOJHbIE 3P PEKTHI, B TOM YUCIIE TO, KAK apXUTEKTOPHI MPEJICTABIISIOT HOBOE OTIPENIEIICHUE «IOMay TOCIIe
HECKOJIbKMX MECSIICB YKDPBITHS JIOACH Ha MecTe. DTO nmpuMeT GopMy OoJice OECKOHTAKTHBIX TEXHOJIO-
Ui B BBICOTHBIX 3[aHMAX, OOJiee IIUPOKOE MCIOJIb30BAHHE AMCTAHLIMOHHO AOCTYIHBIX TEXHOJIOTHH,
TaKuX KaK 3aMKH, U TIPOEKTHI JOMOB, co3nanHble it #WFH (pabota u3 noma).

«Temepb, KorJa AMepuKa Mpolia YCKOPEHHBIH Kypc Mo padoTe Ha JIOMY, 5 JIyMaro, 4TO OHA CTaHET
ropaszno OoJiplIel 4acThlO Halllell MOBCEAHEBHOW XH3HU, — MporHosupyetr Poys. — Mory mocnopuTs,
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YTO JOMAaIHUE O(UCHI, KOTOPBIE MPUCIIOCOOJICHBI IS CYIIECTBOBAaHUS MU(POBOH pabOTHI, CTAHYT HO-
Bedmmmu yaooctBamu. [IpencraBete cede, yTo €ro M ee JoMaliHue OQUCH TOTOBBI K BE3AECYyLIeH KOH-
¢depennu Zoom, H300MITYIOIICH 3€JICHBIM 3KPaHOM JUIs BAIIETO BUPTYyalIbHOTO oHay [15].

McFeely n3 Compass cuuraet, uTo Joiarocpounsie nociencteus Covid-19 6osee 3HaAYUTEIbHBI.

«Uto KacaeTcs COUMANBHBIX U KYJIBTyPHBIX CIBUTOB, sl AyMAlO, YTO JIFOIW TEHCTBUTEIHLHO OCO3HA-
0T LEHHOCTh J0Ma, U HUKOrJAa He ObLIo OoJyiee 0YEBHIHO, HACKOJIBKO BaXKHBI HALIM JOMa, — TOBOPHUT
Maxdumu. — S nymaro, 4To HEJeH U MECSIIbI, KOTOPbIE MBI IIPOBOJIMM BHYTPH, HABCET/a U3MEHST Ha-
I TIPEJICTaBJICHUS O oMe. JJoM — 3To To, I/ie MBI ceivac euM, CIIiM, UrpaeM, padoTaeM U o0ydaeMmcsl.
Te, KTO POJIOIDKUT PabOTATh U3 JJOMa, MOTYT OBITh HACTPOECHHI Ha paboTy u pomainHuil oduc. Hapyx-
HBIE MIPOCTPAHCTBA, BHYTPEHHUE JBOPUKH MOTYT Teleph Ka3aThCs HEOOXOomuMocThio. U s mymaro, 9To
0€301aCHOCTb M YYBCTBO OOILIHOCTH CTaHYT 00Jiee BaXKHBIMM».

Topodckoe xo3s1icmeo cmanosumcs 2LooAIbHbIM

Panbiie ObUT0 MOZHO 3aBOJUTH HEOOJNBIINE CAJMKU BO3JIEC IOMOB MM Ha OalKoHaX, HO Teleph 3TO
Oyzaer Oym. JlokazaHo, 4TO (PU3MUYECKOE B3aUMOJCHCTBUE C KUBBIMU PACTCHHSIMHU IOJIC3HO JIJIS HAIIETO
MICUXUYECKOTO 370POBBSL.

BripamuBanue Toro, 4To BBl €AUTE, NPUATHO U AaET BaM HEKOTOPYIO CBOOOIY OT MOBCEIHEBHOCTH,
0coOEHHO BO BpeMsi caMou3oisiuu. KapaHTuH, BO3MOXKHO, Jydiee BpeMs, 4TOObl y3HATh OOJIbIIE O
KOMHATHBIX CaJilaX — KaK BbIPACTUTh PACTCHUA U3 CEMAH U CO3aTh PAllMOH NHUTAHUA, 1aXXC CCJIN BBl KU~
BETC B MHOI'O3TA>XHOM 31aHUHU. B JOIOJHCHUEC K IMPOU3BOACTBY IMUIIHW BHYTPEHHUEC Calbl MOT'YT oOecrre-
YUTh KACIOPOAOM. TeHIeHI K (UTOCTEHAM CYIIECTBYET YK€ MHOTO JIET, HO BECh €€ IMOTCHIIUAN eIlle
HE UCCIIEIOBaH.

IIpumMeHeHue npeaIaraeMoro aJIropuTMa coBepuieHCTBOBAHUSA OU3Hec-Mo/eiei

JJIsI KOMIIAHUH c(epbl JKUJIMITHOTO CTPOUTEIbLCTBA

Ceemenmupoganue nompedoumenet

Panee Opl1a OTMEUEHA BaXXHOCTh CETMEHTHPOBAHHUSI TIOTPEOUTENEH U CO3JaHus IIEHHOCTHOTO TIpe/I-
JIO’KEHUS TIOM KKl CETMEHT.

B Hacrosiiee BpeMs CTOMT TOBOPUTH 0 HEOOXOTUMOCTH 00JIee TINATEIILHOM CerMEHTAaIlUH MTOTPeOu-
TeJleil, OCHOBAHHOM Y€ HE Ha OJJHOM, & HECKOJIbKUX MpPU3HAKaX.

PaccMoTpuM KUIHITHOE CTPOUTEIHCTBO.

Pazymeercst, eCTh CMBICH paccMaTpPUBaTh TPYAOCIIOCOOHOE HACEIeHUE, UMEIOIEe MOCTOSHHBIN
WM OTHOCHUTENHHO MOCTOSIHHBIA TOXOJ], B MPUHIHNIE O0Jafaroliee MOKynaTeaIbHONH CIIOCOOHOCTHIO
XKWIbs (BO3MOXKHO M Ha Pa3HBIX YCJIOBHUSIX — COOCTBEHHBIN KalUTal, UIIOTEKA, MATCPUHCKHUMA KaIlu-
TaJI | Ip.).

Kpome Toro, HEOOXOAMMO YYHTHIBATh, YTO KaK MPABUJIO MOKYIATENbHAS CIIOCOOHOCTh 3aBUCUT OT
BO3pacrTa.

IToaTomy B KadecTBe MpHU3HAKA JJISI CETMEHTAINH MPUMEHUM BO3PACTHON KPUTEPHIA U YCIIOBHO BHI-
JIEINM CJICITYIOINE KaTeropuu: JIOAU cpemHero Bo3pacT ( oT 35 mo 45 mer); momoaexsb (oT 18 mo
35 neT); moau cTaple cpeaHero Bo3pacta (crapiie 45 JeT).

CrnenyeT oOpaTuTh BHUMaHHE Ha TOTPEOHOCTH BHINICYKa3aHHBIX KAaTETOPUI C Yy4eTOM CpeIHecTa-
THCTUYECKOTO KOIMYECTBEHHOTO U CTPYKTYPHOTO COCTaBa CEMBH.

Takxe cienyeT y4YuThIBaTh, YTO 3a4acCTYIO KaTErOpHs MOJOJEXKb OyJeT OpUESHTHPOBAHA HA JKUIIbE
st 1-3 denmoBek (OJWHOKHE, CEMEHWHBIE Maphl, CEMEHHBIC Maphl C PEOCHKOM), CpPEIHUN BO3pacT —
3-5 yenmoBek (ceMeiiHble Maphl, UMeronMe 1—3 peOeHKa), JIIOIU CTaplIiero Bo3pacta — 2—3 yelloBeKa
(ceMeliHbIC TIAPHI).

Hanwuue m mepcnekTiBa MaleHBKUX JIETeH TakKe BHOCHUT KOPPEKTHBHI IIPH (POPMHUPOBAHUU IICH-
HOCTHOTO TIpeuiokeHus. [1oaToMy cerMeHTanuo 1erecoo0pa3Ho MPOBOIUTE C YYETOM MOTEHIIUAIBHO-
I'0 COCTaBa CEMbH, BBLIEIISISI OAMHOKUX, CEMEHHBIC Maphl U CEMbU C JICTHMH.

[Ipu GhopMUPOBaHUHU YKPYITHCHHBIX IICHHOCTHBIX MPEAJIOKECHUN MOXKET OKa3aThCs BO3MOXKHBIM M
11eecoo0pa3HpIM 00bEeTUHEHHE HEKOTOPBIX CETMEHTOB.

Buiasnenue nepcnexkmugnuvix mexnonoeuti

PaccmoTpum Gosiee OapOOHO MEPCIIEKTUBHBIE TEXHOJIOTHU B COOTBETCTBUHU C IPEAIIOYTECHUSIMHU
notpeduTesel 1 MpoaHaIu3UPyeM UMEIOIIUICS MUPOBOH OTBIT (puc. 4).
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BepTI/IKaJ'H)HLle caabl
O3enenenne |

3eNeHbIe KPBILIH

HepCHeKTHBHBIe
TEXHOJIOTHH BecKOHTaKTHBIC
B CTPOHUTCIILCTBEC TEXHOJIOI'HH
HKHITBbST

OTonieHHE, OCBELLIEHHE

YMHBIE

TEXHOJIOTHH
BesomacHocTh

ViobcrBo

Puc. 4. NepcnekTMBHbIe TEXHONOIMMU ANSi NPUMEHEHUA B XUITULLHOM CTPOUTENbLCTBE
Fig. 4. Advanced technologies for use in housing construction

[ToTpebHOCTH BapbUpyIOTCA M M3MEHSIOTCSA B CBA3M ¢ maHiemueil. dopMupoBaHue 1EHHOCTHOTO
NPEJIOKEHNST KOMIIAHMK B HACTOSIIIEE BPeMs JIOJDKHO OBITh HANpaBICHO Ha YAOBJICTBOPCHUE H3MeE-

HUBIIUXCS TOTpeOHOCTEH.
Brinenum Tpu kaTeropuu moTpedHTENeH U paccMOTPUM Uil HUX OOIILYI0 cxeMy OM3Hec-Mojeneit

(tabm. 1, puc. 5-7).

Tabnuua 1
CermeHTauus notpe6ureneil B KOHTEKCTE XUITULWHOIO CTPOUTENbLCTBA
Table 1
Segmentation of consumers in the context of housing construction
OnuHoKHE Cewmeiinble mapbl CeMbH C IETBMU

Monoaexs
Jlronu cpenHero Bo3pacra
Jlronmu crapie cpenHero Bo3pacra

VaepxaHHE
TIEHHOCTH

Co3maHne
TCHHOCTH MapHI (CpeTHHH

BO3pacTH

10 CII€OCTBHH
COVID-19

ITomaHa 4-6
KBapTHpP

Puc. 5. BusHec-mogenb ansA cermeHTa «CemeinHble napbl (CpeaHUI BO3pacT U cTaplue)»
Fig. 5. Business model for a segment “Middle-aged and older married couples”
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Co3nanne
IIEHHOCTH

Vnep:xanne
IIEHHOCTH

MO CIIEICTBHH
COVID-19

ITAKHOCTH
(ue Oomee S
ITaKEH

Puc. 6. BusHec-mopgenb ansa cermeHTa «CemenHble napbi»
Fig. 6. Business model for the segment “Couples”

Co3naHHe Vnaep:xanue
IIEeHHOCTH IIEHHOCTH
Momnogexs
DHHAHCEL Vet l
OcBoeHHe HSBH\??BT?I;H
HOBBIX )
TEXHOJIOTHIA

! WFH.

BepTHKaneHOE
O3elIeHEHHE

Puc. 7. BusHec-mogenb ana cermeHta «Monoagexb»
Fig. 7. Segment Business Model “Youth”

Hanee paccmoTrpuM Ooliee moJpoOHO OCHOBHBIEC aCTIEKTHI peain3anuu. bygeM ciienoBath CTpyKType
ouszHec-monenu Anekcannapa OcrepBanbepa (Tadm. 2).

U3 Tabn. 2 caepyer, 4TO U TOrO YTOOBI MAaKCUMAaJIbHO YAOBIETBOPSTH IMOTPEOHOCTH MOTPeOUTE-
JIel B COBPEMEHHBIX YCIOBUIX, KOMIIAHUAM LI€Jeco00pasHo:

1) Hanma)KUBaTh KOHTAKTHI C MOCTaBIIMKAMH «YMHBIX TEXHOJOTH» (BHYTPHIOMOBBIE M BHYTpH-
KBAPTHUPHBIE) U «3EJICHBIX TEXHOJOTHUH» (03elCHEHUE), MpHU BBIOOPE HEOOXOAMMO YUUTHIBATH CTOM-
MOCTb, TaK KaK 3KOHOMHUYECKasi CUTyalisi B CTPAaHe TSDKENAs M JT0XO0/Ibl HaCEJICHHUS UMEIOT TeHICHINIO K
cHmkeHnto. He crout 3a0bIBaTh 0 HEOOXOAMMOCTH O0YUYECHHUS TIEpCOHAIA JJIsl Pa0OTHl C HOBBIMU TEXHO-
JIOTHSIMU ¥ MHPOPMHUPOBAHUH TTOTCHIIUAIBHBIX TIOTpEOUTENEH;

2) coznaBatb npoekThl JKK ¢ yueTom crpoca 1 Ha MaJlodTaXXHOE KHUIIbE;

3) mpu pa3pabOTKe MPOCKTOB CTPOHUTEILCTBA YUYUTHIBATH HEOOXOAMMOCTh CO3JaHHUS COLMAIBHOM,
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CHOPTUBHOHN U KyJIbTYpHOH HHMpacTpyKTypbl B paMkax JKK (TpeHaxepHbIil 3aJ1, IO BO3MOXKHOCTH JIET-
CKHH cajl, CyliepMapKeT H IIp.), 0c000€ BHUMaHUE YAETSATh 03€JICHEHUIO TEPPUTOPUIL;
4) mpu CO3AaHMU MPOEKTOB IUIAHUPOBOK KBApPTHUP YAENATh BHHUMaHHE HEOOXOTUMOCTH H3OJISIUH

BXOJ/IHOW 30HBI M HATMYHWIO YCIIOBHI JIJISl CO3/IaHUSI JOMAIITHETO Oca.

OcHaienrie 00bEKTOB HEOOXO-
JTUMOH HHPPACTPYKTYPOH.
JononHuTtensHOE 03€JIeHEHUE.
Yyet npu npoektupoBanuu WFH

OcHoBHBIE pecypchl
DurHaHCHI.
YenoBedeckue pecypesl.
Hossle TexHonoruu

Kanaabl
Caiir.
CouuaibHbBIE CETH.
Oducel npogaxk

Tabnuua 2
Detanusauusa 6usHec-mogenu no AnekcaHpgpy OctepBanbaepy
Table 2
Detailing the business model according to Alexander Osterwalder
OcHoBHBIC OcHOBHBIC HATIPABJICHUS Hpenpnaraemere OTtHomeHust CermeHThI
NapTHePbI aesITeIbHOCTH NpenuMyLIecTBa ¢ KJIMeHTaMH KJIHCHTOB
Komnanunu-noc- Ilonynsapusanus u peanuzauus | YaosinerBopenue | Bupeocemunapel. | Mononexs.
TaBIIUKH YMHBIX MAaJI03TaXKHOM 3aCTPOMKH. noTpedHOCTEH Buneokoncyns- | Cemeiinble
TEXHOJIOTUI ObecneueHne BO3BOIUMBIX KJIMEHTOB C Y4€TOM | TallUu. apbl CPEIHETO
U TEXHOJIOTUH 31aHUI COOCTBEHHBIMU KOMMY- | MaHAEMUH U NocT- | OHNIaiH-IOKa3bl. | BO3pacTta
BEPTUKAIBHOIO HUKAIUAMHU, COBPEMEHHBIMU HaHIEMHUIHOTO OOparHasi CBsI3b | U cTaplle.
Y TOPU30HTAILHOTO | TEXHOJIOTUAMH (DMIIbTpALINH, nepuoja yepes coll. ceTd | CeMbH C AeTbMH
03€JICHEHHUS 0ECKOHTAKTHBIMU TEXHOJIOTHAMHU.

IMoToxu BLIpYyUKH
J1oXoz OT pa3oBBIX C/EINOK.
Bo3moxHO BBeieHHE cepBHCa ISl HOBBIX
TEXHOJIOTHI U NOJTy4YEeHHE MIOCTOSHHOTO 10X01a
(YMHBIE TEXHOJIOTHHU U O3€JICHCHHUE)

CTpykTypa pacxoioB
OcBoeHHE HOBBIX TEXHOJIOTHI B CTPOUTENBCTBE U OCHAILICHUT
JIOMOB U KBapTHpP (YMHBIE TEXHOJIOTUH, OECKOHTAKTHBIC
TEXHOJIOTUH, TEXHOJIOTHU O3EJICHEeHUS).
Paspabotka HoBEIX poekToB (JKK co Bceit HeoOxoanmoi
HHPPACTPYKTYPOH,
KK, BKIIrOUaroIie MajJodTaXKHbIE 3/1aHHs, aBTOHOMHBIE
CHCTEMBI OTOIJICHUSI U TIP., IJIAHUPOBKH C N30JIMPOBAHHOM
BXOJHOM 30HOi M JOMaITHUMH O0(HCaMU)

CoBepIlieHCTBOBaHHE OU3HEC-MOJIENIM KOMITAHHU C YY€TOM I'PaMOTHOTO OTHOIIEHHS K 3aTparam |
BHIOOpa HAJICKHBIX MMOCTABIIMKOB B MEPCIEKTHBE JIOJDKHO MPUBECTH K YBEIWYCHUIO MPUOBLUIH OpPraHU-
3allM¥ U TIOBBIIICHUIO 3)PEKTUBHOCTH €€ JIesITeTbHOCTH.

3akinoueHue

[IprMeneHune npeIoKEHHOr0 alNrOpUTMa MO3BOJIMIIO AaTh PEKOMEHAALMH 110 COBEPLICHCTBOBAHHIO
OouszHec-Mozeny B chepe JKUIMIIHOTO CTPOUTENILCTBA C YUETOM M3MEHEHMS NPEANOYTEHUH MOTpeOuTe-
Jiell B CBSA3U C MAHAEMUEH, B YaCTHOCTH: MOMYJISIPU3ALMS U pean3alus MaJodTaXHOH 3acTpoiiku, obec-
neYeHre BO3BOJHMMBIX 3JIaHWH COOCTBEHHBIMH KOMMYHHWKAIMSIMH, COBPEMEHHBIMH TEXHOJIOTHSIMHU
¢unpTpanuy, 0ECKOHTAKTHBIMH TEXHOJIOTHSAMH, OCHAIIEHHE OOBEKTOB HEOOXOAMMOW WH(PACTPYKTY-
POii, TONOJHUTENIBHOE O3EIEHEHHE, yUeT IIpU npoexktupoBanu WFH.
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IMPROVING THE BUSINESS MODEL OF A CONSTRUCTION
COMPANY IN A PANDEMIC AND POST-PANDEMIC PERIOD
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S.A. Barkalov, bsa610@yandex.ru,
M.A. Kryuchkova, kruchkova_mariya@mail.ru

Voronezh State Technical University, Voronezh, Russian Federation

The COVID-19 pandemic has become a challenge and shock for the whole world. The way of
life in various industries has changed. Adjustments are required to companies' business models for
recovery and normal operation. During the pandemic, the construction industry also faced many
challenges. Research objective. Develop an algorithm for improving the business models of con-
struction companies, taking into account changes in consumer preferences in connection with
the spread of COVID-19. Materials and methods. Methods of systems analysis, optimization me-
thods and decision-making theory were applied in the work. The template for the formation of
a business model was selected based on the analysis of existing research in this area. Results. It was
revealed that in the current conditions, the management of construction companies require special at-
tention from personnel, finances, and supply chains. The paper proposes an algorithm for improving
the company's business model, which includes the following main stages: 1. Determine the condi-
tions and ways of creating value. In this case, changes in consumer needs due to the pandemic are
taken into account. 2. Identify target segments of consumers by implementing a classification based
on several criteria. Consider the possibility of combining (consolidating) target segments in relation
to the similarity of requirements. 3. Build a business model in general terms, reflecting the following
aspects: target customer, offer, resources, income generation. 4. Detail the business model by filling
in the Alexander Osterwalder template. 5. Make the appropriate conclusions. Conclusion. The deve-
loped algorithm is applied on the example of construction companies implementing projects in
the field of housing construction. Needs vary and change due to the pandemic. The formation of
the company's value proposition now must be aimed at meeting the changed needs. In particular,
it was found that consumers are currently focused on buying houses, pay more attention to safety,
environmental friendliness and autonomy of housing, and are ready to use smart technologies. It is
worth noting the prospect of accounting in the developed layouts of apartments and houses, the pos-
sibility of equipping a home office (WFH) and separating the entrance area.

Keywords: business model, management, construction companies, COVID-19 pandemic, crisis.
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MOAEJIb 3AKPEMJIEHUA YHMEHUKA 3A HACTABHUKOM
B CUCTEME OBYYEHUA NEPCOHAJIA OPITrAHU3ALIUN

O.C. lNepesanosa, C.A. bapkanoe, H.FO. KanuHuHa, [.H. Bampakoea
BopoHexckuli 2ocydapcmeeHHbIl mexHudeckul yHusepcumem, 2. Boporex, Poccusi

B nmanHO# cTaThe peub UAET O MPOIECCE HACTABHUYECTBA, KOTOPHIN B3aMMOCBS3aH C TAKUMH
(GYHKUMSAMHU YOpaBIICHHsT NEPCOHAJIOM, Kak aJanTalus, MOTHBaIMs U oOyueHue. M B mocnenHee
BpeMsi MHOTHE PaboToAaTeNH M3 MHOXKECTBa aJbTEpHATUB JETal0T BHIOOD UMEHHO B €ro IOJIb3Y.
Iesas uccaenoBanns. B pabore paccMaTpuBaroTCsi OCHOBHBIE (DYHKITMH HACTABHUYECTBA, €TO IpakK-
THUECKas T10Jib3a U 00JacTH NMPUMEHEHHUs, a OCHOBHOE BHUMaHHWE OyleT HaIlpaBJeHO Ha BOMpOC,
CBSI3aHHBIN ¢ (DOPMHPOBAHUEM Iap HACTABHUKOB U YUYEHHKOB C LIEJIBIO JIOCTHIKEHUS! HanOOIBILETO
a¢dekra oT ux BlauMoAcHcTBH. MaTepuaibl U MeTObI. B mpolecce TOCTIKESHUS 1IENH UCCIe0-
BaHMs HA HAYAIHLHOM 3Talle [UIAHUPOBAIOCH PEIIUTh BOMPOC 3aKPEIJICHHUS YUECHHKA 32 HACTABHUKOM
nyteM (opmupoBanusi Haubonee «3(H(HEKTUBHBIX» Map HACTABHUKOB M YUYEHHKOB. DTH 3a/1aud pe-
HIANKCH C TOMOIIBI0 BEHrepckoro merona. Ho Bce MoJydeHHbIE PELICHUs] CBUICTEILCTBOBAIHN 00
ONTUMAILHOCTH JIFOOOTO pelIeHust 3To# 3amaaun. M3 3Toro ObUT ClenaH BbIBOJ 00 OTCYTCTBUU 3HA-
YHUMOCTH B COBMEIICHHH HACTABHUKOB M YUYEHHKOB, HCXO/s U3 KOMIUIEKCHOM OIIEHKU UX KOMIIETEH-
1M, HaBBIKOB U Jip. CielCcTBUEM IMOJYYEHHOTO pe3ysibTaTa M aHallM3a Pa3linuHbIX JUTEPaTYPHBIX
HCTOYHHMKOB CTaJl BBIBOA O TOM, 4TO Haubojee 3(P(EeKTHBHBIM KpPUTEPHUEM COCTABICHHUS Iap
«HACTAaBHHUK — YYCHHUK» SIBIISIETCS COBMECTUMOCTbH (TICUXOJOTHYECKasi U COLUAIbHO-IICHX0JIOTHYe-
CKasl), HAJIMYKME KOTOPO# OJIArONPHUATHO OTPA3UTCs Ha IPPEKTUBHOCTH B3aUMO/ICHCTBUS HACTAaBHHKA
U yueHuka. CieoBaTeNIbHO, OT/ENY MO YIPABICHHIO YEJIOBEYECKUMH PecypcaMi HEOOXOAUMO To-
MHMO OLIEHKHM KOMIIETEHIINH, HAaBBIKOB U APYTHX MapaMeTpoB 3((GEKTUBHOCTH HACTABHUKOB U yue-
HHUKOB, IIPOBOJIUThH OLIEHKY MX MCHUXOTHUIIOB WU/WIIA MPUMEHSTH PA3IHYHbIE METObI 110 OMPEAEICHHIO
COBMECTHMOCTH YYACTHHKOB IpoIiecca HacTaBHIUUYECTBA. Pe3yabTarhl. OCHOBHBIM PE3yNbTaTOM pa-
OOTBI SBISIETCSI MEXAHU3M 3aKPEIUICHHs YISHHKA 33 HACTABHUKOM U OIIPOBEPKEHUE TOTo (DaKTa, 4To
<« PEeKTUBHOCTh» HACTABHUKOB M YYCHHKOB, T. €. OaJIbHAS OICHKA MX KOMIICTCHIUI, HABBIKOB U
Ka4eCTB, MOXET SIBJISATHCS OMPEIEISIONUM (PAKTOPOM TP (POPMUPOBAHKH AP HACTABHUKOB U yue-
HHUKOB. 3akiouenue. Mtak, npu GopMUpOBaHHUHU Map HACTABHUKOB M YYEHHKOB, T. €. IIPU pacrpe-
JICTICHUM YYEHHKOB [0 HACTaBHMKAM, MPEIJIAracTcsi OPUEHTUPOBATHCS HA MX IICHXOJIOTHYECKYIO U
COLMAIBHO-TICHXOJIOTHYECKYI0 COBMECTUMOCTb.

Kniouegvie cnosa: nacmasnuuecmeo, oyeHka nepconand, 3aKpenjieHue HACmAasHUKo8, CoeMec-
MUMOCHb, MOOEb, ANCOPUTM.

Beenenue

[Iponienypa HacTaBHUYECTBA HE SIBIISICTCSI HOBOM MCEH I HAIIeH CTpaHbl. DTOT METO] O0yUCHHUS
nepcoHana ObLT OYEeHb MOIYJISIPEH B COBETCKOe BpeMs. Ho BmocneacTBum ctamu Oolee MOMmyNsspHbI Ta-
KHe TIPOTPaMMbl OOYYEHHsI, KaK CTaXHPOBKH, TPCHUHTH, KOYYHHTH U T. 1. OJTHAKO B TIOCTIETHEE BpeMs
Bce 0oJbllie paboTojarenei BO3BpalIAlOTCs K CTOJbh 3HAKOMOMY HaM METOAy OOydeHHs Ha pabodeM
MECTe — HacTaBHUYECTBY [1]. DTO 0OBICHIETCSA BBICOKOH 3((EKTHBHOCTHIO METO/Ia, €0 3KOHOMHYHO-
CTBIO JUI OpraHU3aIiH, a TAK)KE€ BOZMOKHOCTHIO HE TOJIBKO HAyUYUTh U yJAEP>KaTh MOJIOJOTO CTIELHAIH-
CTa, HO ¥ TMO3BOJIUTH JICHCTBYIOIINM COTPYIHHUKAM IIPOSBUTH ce0sl B HOBOW pond. B opranmzamusx ero
WCTIONB3YIOT KaK YISl TIOATOTOBKY MOJIOJIBIX CIEIHAUCTOB, TaK U JJIS MOBBIIICHUS KBATN(UKAIINN Je-
cTByomux [2—4].

HacTtaBHnuecTBO MMeeT MpakTUYECKYIO HAIIPABIEHHOCTh U, KaK MPaBHJIO, OCYIIIECTBISETCS B HH U~
BUIyasibHON (opme. JIJ1si HOBOTO COTpYIHHMKA HACTABHUK JOJDKEH CTaTh TEM YEJIOBEKOM, KOTOPHIH He
MPOCTO AACT 3HAHHUA O paboveM mpolecce, HO M BOBJICUET B KOPIIOPATUBHYIO JKU3Hb, IPUBBET OCHOBBI
KOPIIOPATUBHOM KYJNBTYPhI, TOMOXKET OCO3HATh MPHUHIIUITEI U IEHHOCTH KOMITAaHWH, C(HOPMHUPYET K Hel
JIOSUTBHOE OTHOIICHWE. B 11eoM MOKHO cKa3aTh, YTO B OTJIIMYKE OT JAPYTUX (hopM oOydeHHsI B OCHOBE
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HACTaBHUYECTBA JISKAT MAPTHEPCKUE U JOBEPUTEIHHBIE OTHOIIEHWSI, KOHCTPYKTHBHBIN JHAIIOT U B3au-
MOBBITOJTHOE COTPYIHHYECTBO.

ITox HacTaBHHYECTBOM MOHMUMAETCS CIOCO0 Tepenayn Mpo(ecCHOHATBHBIX 3HAHWUN W IMpaKTHYe-
CKHX HaBBIKOB OT OIBITHOTO COTPYIHHUKA HOBHYKY.

PaccmoTpuM OCHOBHEIE 3371a4i, KOTOPBIE peIiacT METO HACTABHUYECTBA B OPTaHU3AIHIX.

1. BBegeHne HOBHMYKA B KOPIIOPATUBHYIO KYJIBTYPY, MOBBIIIEHHE €TI0 JOSIHLHOCTH K KOMITAaHUH,
3HaKOMCTBO C KOJJIEKTHBOM. Bce 3TO TO3BOJISET 3aiepKaTh COTPYAHUKA B OPraHW3AlMN, YMEHBIIAET
BEPOATHOCTB €ro OBICTPOTO yX0/1a M3 KOMITAHUH.

2. Ckopeiimiasi UHTErpanus HOBOTO COTPYIHUKA B OPTaHU3AIIMIO, CO3/IaHNE Y HETO MOTHUBALIUU JJIS
JaJIbHEHIIIeH YCIIEeIIHON paObOThI, TEM CaMbIM MOBBIIIACTCS 3PPEKTUBHOCTD €r0 ASATCIbHOCTH.

3. CucteMa HacTaBHUYECTBA TIOMOTaeT N30eXaTh MPOoPEeCCHOHAIEHOTO BEHITOPAHUS YV OMBITHBIX CO-
TPYJIHHUKOB, TaK KakK BHIMOJHEHNWE (YHKIIUHA HACTABHUKA SBISETCS TOPU3OHTAIBHBIM Pa3BUTHEM Kaphe-
PBI U Ta€T 9yBCTBO 3HAYMMOCTH.

Takum 06pa3zoM, MBI MOXKET BBIJICTUTD MOJIB3Y KaK JJISI HOBHYKA, TaK W JJIS CAMOTO HaCTaBHUKA
[5, 6].

[Tonb3a Ist HACTAaBHUKA 3aKITFOYAETCS B CIEAYIOIIEM:

1. Bo3aMOXHOCTB TIOKa3aTh CBOM HABBIKM PYKOBOJICTBA, MIOMACTh B KJAPOBBIA Pe3ePB HA 3aMeIleHHE
0oJiee BEICOKHX JIOJDKHOCTEH B CIydae HeOOXOIMMOCTH.

2. IloBpIeHUE JIMIHON MOTHBAIIUY 32 CUST MPU3HAHUS 3aCIYyT KOJUIEraMHi B PYKOBOJICTBOM.

3. B mporiecce HaCTaBHUYECTBA TIPOUCXOTUT CUCTEMATH3AIUS UMEIOIINXCS 3HAHUN U OTIBITA.

4. llosiBnsieTcst BO3MOKHOCTD YBHJIETh PaHee He3aMETHBIE MTPOOJIEMbI M HAUTH HOBBIE CIIOCOOBI pe-
IICHHS 331249 TJIa3aMH yYeHUKa.

[Tonp30# AMis y4eHHKA SIBISTIOTCS CIEIYIONUE MOMEHTHI:

1. HactaBHUK qaeT onopy M MOAJCPIKKY, U30aBIISET OT cTpaxa Iepej] HOBBIM MECTOM PabOThI | T0-
MOTaeT HaJaUTh KOHTAKT C APYrMMHU paboTHUKamMu. OT MOHUMaHHS «IPOPECCHOHATBHOTO ONCKYHCTBa»
Y HOBHYKA BO3pACTaeT YyBCTBO OTBETCTBEHHOCTH Nepel] KOMIAHHUEH, MOSBISIETCS OIYIIICHHe TIPUJacT-
HOCTH K KOJUIEKTHBY U K OpPraHU3allUH B LIETIOM [6].

2. BOnpIIMHCTBO HOBMYKOB OY€HBb OOSATCSI COBEpIIATh OMIMOKH, M3-32 YETO YacTO HE MOTYT B MOJI-
HOM Mepe pacKpbITh CBOW moTeHuuan. C rpaMOTHBIM HACTaBHUKOM HOBBIH PaOOTHUK M30aBISETCS OT
ATOTO CTpPaxa ¥ B IIEJIOM HCTBITHIBACT MEHBIIIE CTPECCA B IIEPUO/ aIalITAIlHH.

3. 3a mepro HACTAaBHUYECTBA YUYCHHK TOIyYaeT HEe0OXOJUMbIe 3HAHUS U HABBIKH JUTSI NaTbHEUIICH
paboThI, TIOBHIMIALT YK€ UMEIOIIHEcs MpodeCCHOHALHBIE KOMIIETEHIIMH M OCO3HAET BCE OCOOCHHOCTH
pabodero mpolecca B KOHKPETHON OpraHu3aIiim.

CTOUT OTMETHTH, YTO METOJ| HACTABHUYECCTBA KaK MPABHIO HE SBJISCTCS 3aTPaTHBIM IS CaMOM
KOMITAHWH, TIPU 3TOM HMEET Psi HEOCTIOPUMBIX IUTIOCOB JJIA BCEX YYAaCTHHUKOB JAaHHOTO METO/A, YTO
JICJTaeT €ro aKTyalIbHbIM JJIs UCIIOIb30BaHMS MTPAKTHUECKHU B J1t000# chepe [6, 7].

1. Onucanue noaxoaa

IIponienypa HacTaBHUYECTBA MPEATIOIATACT OMEPANHIO 3aKPEIJICHHS 3a YUYEHUKOM FUIM yYUYCHH-
KaMH HacTaBHUKa (B HalIeM ciydyae He OoJjiee IBYX, TaK KakK MPOIEaypa HaCTaBHUYECTBA MOXKET
ctath HedhPekTuBHOW). CreoOBaTENIFHO, UIMEET MECTO 3aj7]a4a paclpeelIeHnss HAaCTaBHUKOB TI0 yde-
HHKaM.

IlycTe uMeeM MHOKECTBa HACTABHUKOB — H U yueHUKOB — U OJJMHAKOBOTO pa3Mepa f, TIe KaKIbli
M3 3JICMEHTOB MHOYKECTBA UMEET OIICHKY 0; U 0,, COOTBETCTBEHHO, KOTOpas ObLia MOJy4YeHa Ha dTare
MPEIBAPUTEILHON OLIEHKH MOTCHIIHAIbHBIX HACTAaBHUKOB M YYCHUKOB; [ — YHCIIO TOMBITOK, KOTOPOE
yCTaHaBIUBaeTCs opraHu3aiuei [8] (puc. 1).

3aMeTUM: TaK KaK HACTABHUKHU M YUYCHUKHU OLICHMBAIOTCS MO OJHUM U TEM Xe mapamerpam [9, 10],
TO OIIEHKAa YYE€HHKa, eCTECTBEHHO, JOJDKHA OBITH MEHBIIIEC OICHKM HACTaBHUKA, MHAYE B MPOICAYypE Ha-
CTaBHHMYECTBA HET CMbICIIA.
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PaszpadoTka nomoxkeHus 0
HACTABHIUECTBE U Ip.
TOKYMEHTOB

v
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HACTABHHKOR U YUEHHKOR
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Puc. 1. Anroputm BHeApeHUsi cMcTeMbl HacTaBHMYeCTBa B opraHu3auum [8]
Fig. 1. Algorithm for implementing a mentoring system in an organization [8]

Heo0xoaumo pacripeienuts HaCTaBHUKOB IO YY€HHKaM TaKUM 00pa3oM, 4TOObI pa3HUIla MEKIY X
OLIEHKaMH ObllIa MUHUMAaJIbHOM:

F(X)zzzt:;(o, ~0,,) -> min; (1)

I=1 m=1

0> 0,; )
t
Z(xlm)zl,meU; (3)
I=1

(x,)=L1eH; 4
m=1
xlme{O;l}, leH,meU. 3

To ecTb MPUHOMIT paClIpCACICHUS 3aKJIH0OYaCcTCA B TOM, YTOOBI Cpe,I[HI/Iﬁ Oamn napbl «HAaCTABHUK —
YUCHHUK» CTPEMUJIICIA K MAKCUMYMY:

+
% — max. (6)

npH o; —o,, —> min,

PaccmaTtprBaemas 3amava sIBIsIeTCS 3a/ja4eii O Ha3HAYCHUAX. 3aj7jada COCTOUT B MTOMCKE MUHUMAIb-
HOWM CyMMBI JIyT BO B3BEIICHHOM JIBYIOJIbHOM rpade.

3a/1aun TaHHOTO TUTIA MOYKHO PEIIUTH C TIOMOIIBI0 BEHTEPCKOTO METO/IA.

Benrepckuii MeTOT — OJTUH W3 MHOTHX aJITOPUTMOB, Pa3padOTaHHBIN IS PEIISHUs JINHEHHON 3a/a-
YU O Ha3HAYCHUAX 32 MMOJIMHOMUATIBHOE BpEeMs OT 4Kciia padoT (puc. 2).
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HcxonHple TaHHEIE:
MaTpuua 3aTpaT C={¢; }nxn

v

Otan 1. [Ipusenerue
Matpuusl C

v

OT1am 2. BerdHcieHne
MaKCHMAIBHOTO IHCa k —

He3aBHUCHMEIX Hynel B MaTpuie C

Otam 3. [TonydeHHe HOBBIX
k=n & k=>n HyIeit

Otam 4. OTEICKaHHE N
He3aBHCHMEIX HyIei

Puc. 2. Anroputm BeHrepckoro metoaa [11]
Fig. 2. Algorithm of the Hungarian method [11]

Ha TPETHEM ITAIIC AJITOPHUTMA HYKHO npeo6pa30BaTL MaTpuny 1o npaBuily:

cl-g-k) -, (He3auepKHYyTHIE)
clg,k“) = cl.'j(k), (3a4epKHYTBIC OIUH pa3)

cl.'J'.(k) +7v.  (3a4epKHyThIe JBa pa3a)

rac y= min Cij — MUHUMAJIBHOC YHCJIO U3 HE3AYCPKHYTBIX 3JICMCHTOB,

(k) .
cij — HE3aYCPKHYTLIC 2JICMCHTBI MaTPHULbI;

k
cl;( )~ snementsr MaTpUIIbl, 3a4EPKHYTHIE OJIUH Pas3;

k
Cl’j’( ) — DJICMCHTBI MAaTpHUIbl, 3a4UCPKHYTBHIC IBAXK/IbI.

2. IlpakTH4yeckue pacyeTsl
PaccmoTpum crienyrommii abCTpaKTHBIN mpUMep.
Ilpumep 1.

(7

B opranuzaiiuu uMeeTcss He00X0AUMOCTh MPOBEACHHUS MPOLICAYPhl HaCTaBHUYECTBA 6 yueHUKOB. Op-
raHu3alus UMEET JUIsl 3TOT0 JOCTATOYHBIN IITaT HACTABHUKOB. OIICHKH YYEHUKOB U HACTABHUKOB IPUBE-
nieHbl B Tabn. 1. HamoMHuM, 9TO JUIS OlIEHUBAHUS TIPE]IaraeTcs UCIIONb30BaTh AECATHOAITBHYIO IIKATY.
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Tabnuua 1
UcxoaHble aaHHbIe K npumepy 1
(oUeHKM HaCTaBHMKOB U Y4€HUKOB), B 6annax
Table 1
Initial data for example 1
(assessments of mentors and students), in points

Ne n/m Or1leHKa HACTaBHUKA (0,) OrneHKa y4eHUKa (om)
1 9 5
2 8 6
3 8 4
4 9 6
5 7 4
6 10 3
Pemenue.
PaccuntaeM pa3HOCTH OIIEHOK BCEX BO3MOKHBIX AP «HACTABHHUK — YICHHK:
o -0, . ®)

To ecTh s IEPBOTr0 HACTaBHMKA 3HAYCHUS (8) OyIET CIEeAYIOINMU: €ClIM OH OyAeT B mape ¢ mnep-
BBIM YYEHHKOM, TO 0, —0,=9—-5=4, ecanm co BTOpBIM — 0, —0,=9—-6=3, ecau c TpeTbuMm —
0,—03=9-4=5ur. 1.

Pe3ynbraThl 3anuckiBaeM B IEPBOi CTpOKe MaTpuIlbl. Jlanee MpoBOJUM TaKHe Ke pacdeThl A1 Kaxk-
JI0ro KypaTopa. Pe3ynbTaTel BceX pacueToB IPECTABICHbI B MATPULIE:

435356

324245

324245
: )

435356

213134

546467

HpI/IMeHI/IM BeHFepCKI/Iﬁ AJITOPUTM JIA HaXOXJACHUA ONTUMAJIBHOIO PACIIPEACIICHHA YUCHHUKOB I10
HaCTaBHHUKaM.

Oran 0 (mpUBeIEHNE UCXOTHOW MATPHIIHI).

435356\3 102023 000000
324245/|2 L02023 000000
324245|2 102023 000000
435356 |3 (1020231 000000 (10)
213134 |1 b02023 000000
102023
5464674 —_— 000000
102023

CrenoBatenpHO, JIF000E pelIeHne 3TOH 3a1aun OyneT ONTUMAaJbHBIM, T. €. JaBaTh IJIaH paclpene-
JICHWsI HACTaBHUKOB 10 YYEHHKaM TaKOW, YTO cyMMa Pa3HOCTEH OLIEHKM Map «HACTaBHUK — YUCHHK)»
OyeT MUHUMATBLHOM.

3ameuanue. CTOUT OTMETHUTD, YTO PELIEHHUE 3a1a4M B TAKOM IIOCTAHOBKE BCETJA NAET aHAJOTUYHBIN
OTBET.

Paccmotpum eme ogun npumep (mpumep 2).

Ipumep 2.

B opranmzaunu nmeercss HEOOXOAUMOCTh MPOBEACHHUS MPOLEAYpPhl HACTABHUYECTBA 6 yYCHHUKOB.
Opranuzanusi UMeeT Ui 3TOTO0 JOCTAaTOYHBIN MITaT HaCTaBHUKOB. OIEHKHM YYEHWKOB M HACTaBHHUKOB
npUBeIeHBI B Ta0M. 2. HarmoMHMM, 4TO /7Sl OLIEHMBAHUS MIPEJUIaraeTcsi HCIOIb30BaTh JeCATUOAITEHYIO
IHIKaJy.
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Tabnuua 2
UcxopHble faHHbIe K npumepy 2
(OLIeHKM HacTaBHMKOB M Y4E€HUKOB), B 6annax
Table 2
Initial data for example 2
(assessments of mentors and students), in points

Ne mi/m O1leHKa HaCTaBHUKA (0,) OueHka yyeHuka (om)
1 9 5
2 8 6
3 8 4
4 9 6
5 7 4
6 10 3

Heobxomumo pacripeiennTh HACTABHUKOB 110 YYCHHUKA TaKUM 00pa3oM, YTOOBI pa3HUIA MEXKITY UX
olleHKaMH ObliIa MUHUMAaJIbHOM:

F(X):ii(‘“T"m-(—nJ—min; (1)

=1 m=1
0> 0,; (12)
t
Z(xlm)zl,meU; (13)
I=1
i(x,m)zl,leH; (14)
m=1
x,me{O;l},leH,meU. (15)

To ecTh MPUHIMIT paclpeaeICHHUs 3aKJII0UaeTCsl B TOM, YTOOBI CPEAHMIA Oayll Mapbl «HACTABHUK —
YUICHHUK» CTPEMUJIICS K MAKCUMYMY.

Pemenne.

CocrapisieM UCXOHYIO MaTPHUITY, COCTOSIIYIO U3 CPSTHUX 0AJIOB Map «HACTABHUK — YUCHUKY:

-7 -7,5 -6,5 =7,5 -=6,5 -6
-6,5 -7 -6 -7 -6-5,5
-6,5 -7 -6 -7 -6-5,5
-7 -7,5 -6,5-7,5-6,5 -6
-6 -6,5 -5,5 —-6,5 =5,5 -5
-7,5 -8 -7 -8 =7 -6,5
IIpuMeHHM BEHrepCKHU anrOpUTM U1 HAXOXACHUS ONTHMANBbHOTO PACIPENEICHUs YYEHUKOB IO

HacCTaBHHUKaM.
Ortan 0 (mpuBeAeHNE UCXOIHOM MaTPHULIBI).

(16)

7 -7.5-6,5-7,5-6,5 -6 \-7,5 05 010115 000000

_65_’_é_,_6’ ;5_’ 05010115 000000

_6,5_3 _6 _; _6_5,5 _; 05 010115 000000

S _5_65_5_65_’6_5_)0’501011’5%000000' 17

_Z_Z,_,Jé’_,_ _Z, 05 010115 000000

-6 —6,5 —5,5 —6,5 —5,5 =5 ||-6,5 0501 01Ls

-75-8 -7 -8 -7 -6,5 )-8 000000
05010115

CremoBaTenbHO, JII000E pelieHne 3TON 3a7a4yn OyAeT ONTHUMANIBHBIM, T. €. JaBaTh IUIAH pacrpese-
JICHUS] HACTABHHUKOB 10 YYEHHKAM TAaKOW, YTO CyMMa pa3HOCTEH OICHKH Map «HACTABHHUK — YUEHHK)
OyZeT MUHUMAIIEHOM.
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Tak xak Bce pacCMOTpEHHbBIE MPUMEPHI TIPEIIOIAraloT pacipeaeleHie HAaCTABHUKOB 110 YYCHUKAM
Ha OCHOBaHWH OIICHOK 3(PPEKTHBHOCTH PabOTHI HACTABHUKA WM CpEAHEro Oayuia (OIEHKH) HaCTaBHUKA U
YUeHHKA C [ENbI0 MUHUMHU3AINH WM MAaKCUMH3AIUU paccMaTpuBaeMoro mapamerpa u aarwt oteet (10),
TO OBLIO BBIIBHHYTO MPEANOJIOKCHUE, YTO PACIPEC/IATh HACTABHUKOB IO YYCHHKAM, MCXOMAS U3 HX
«3hekTUBHOCTHY, HE UMeeT cMbIcia. [103ToMy OBLIO BBIIBUHYTO MHPEIOKEHUE TPU PACIPEICICHUN
YYEHUKOB 0 HACTaBHHUKAM PYKOBOJCTBOBATHCS MX COBMECTUMOCTBIO JUIS HAJAXKUBAHUSA MEXKIY HUMH
HauOoJIee Pe3yIbTATUBHBIX B3aUMOOTHOIICHHH.

Bynem paccMmarpuBarh COBMECTHMOCTh KaK TaKO€ COYETaHHE COIUAITBHO-TICHXOIOTHUECKUX
CBOWCTB, TIpY KOTOPOM 00ecrieunBaeTcsi MakCUManbHO 3(h(PEeKTHBHOE COCYIIECTBOBaHHE KOHTAKTHPYIO-
X gronen [12].

[ToHsiTHE COBMECTUMOCTH HEOOXOAMMO IPH M3YyYCHHHM BCEX BHJIOB MEXJIMYHOCTHBIX M MEKIPYII-
MOBBIX KOMMYHHKAIUI, 0COOEHHO B chepe HaCTaBHUYECCTBA. BBIIO BBISBICHO, UTO CIAXXEHHOCTD JCHCT-
BUH M ONTHUMAJIbHBIA PE3YJIbTAT JOCTUTAIOTCS MMEHHO IPY HAWIYYIIEM B3aUMOOTHOIIICHUU CyOBEKTOB.
B cnyuasx, korma He yJaeTcs HajJaJuTh OJaronpusTHOE B3auMojcicTBue, 3Q(OEeKTHBHOCTH IMpolecca
TPYAOBOH IEATENBHOCTH 3aMETHO yxyamaercs [13].

MO>XHO BBIIETTUTH TPH BUJAa COBMECTHMOCTH (puc. 3). B opraHmsanusx nemaercss ynop Ha MCHXO-
JIOTUYECKYIO ¥ COIUATLHO-TICUXOJIOTHYECKYI0 COBMECTHMOCTb.

s N
HCHXO@)I/ISHOHOFH‘IECKBH COBMCCTHMOCTE ITOAPA3yMEBACT OIIPCACIICHHOC CXOACTBO
HCHXO(i)I/ISHOHOFI’I‘IECKI/IX XAPaKTEPHCTHUK HIOI[Eﬁ M Ha 3TOI OCHOBE COINIaCOBAHHOCTH
HX CeHCOMOTOprIX peaKHHﬁ, CHHXpOHHSaL{H}O TEMIIA COBMCCTHOﬁ ACATECIIBHOCTH

\, /
e p
COHHaﬂbHO—HCHXOHOFH'{eCKaﬂ COBMECTHMOCTD SIBJISICTCs CJACACTBHUEM OIITHUMAJIBHOI'O
COYECTAHUA THUIIOB IMOBCICHHUA H}O}IGI‘;I B I'pyniiax, a Takxke OGHIHOCTH HNX COOHUAJIbBHBIX
YCTAHOBOK, HOTpE6HOCTEﬁ H UHTEPECOB, HIEHHOCTHBIX OpI/ICHTaL[Hﬁ

\ /

(HCHXOHOFI/I‘-IECKE[H COBMECCTHMOCTDE — XdPaKTCPHCTUKA HJIMTEIIBHOI'O BSaI/IMO,Z[EI‘/‘ICTBI/IH\
MEXKIAY ABYMA H Ooutee HHIAWBHIdMH, IIPH KOTOPOM IIPOABJICHHUA CBOMCTBEHHBIX
JaHHBIM HHJHWBHIaM yCTOﬁqHBbIX HEpT XapakTepa HE MNPUBOJAAT K JJIHTEIbHBIM H
\HepaSpeIHHMBIM 0e3 BHEIIHEro BMEIIATe/IbCTRA IPOTHBOPCHHAM

J

Puc. 3. Bugbl coBMecTMMOCTH
Fig. 3. Types of compatibility

Jlst Toro 4TOOBI TPYNIBl «HACTABHUK — YYEHUK» HE pacHaJaiich 1 MUHUMHU3WPOBATh YUCIO KOH-
(bIUKTOB B TpymIe, pyKOBOJAUTENO / OTBETCTBEHHOMY PaOOTHHUKY OTIeENa IO YIPAaBJICHUIO YeloBeUe-
CKHMH pecypcamMy HEOOXOIUMO 3HATh COIMATBHO-TICHXOJIOTUIECKHIE M TICUXOJIOTHYECKHEe 0COOCHHOCTH
B3aUMOOTHOIIICHUM B HUX.

Crioco0bl OIIEHKH pa3HBIX BUIOB COBMECTUMOCTH COTPYIHUKOB [ 14] mpencTaBieHs! Ha puc. 4.

4 N
[IpoBeaeHue NICUXOreOMEeTPHUUECKHX TECTOB

\
i

.

HcenenopaHue NCHXOTHIA COTPYAHHKOB
\
>
HccenenoBanue cOBMECTHMOCTH COTPYAHHKOB IIPU paclpeleleHuy 00a3aHHoCTeH —
| KOMaH/IHBIX pOJIeH

TN,

y .

p
HccnenoBaHHe COBMECTHMOCTH 110 SMOLIMOHAILHOMY H COLTHAIEHOMY MHTEIIIEKTY
| COTPYIHHKOB

A

>
HcenenoBanue COBMECTHMOCTH 10 TOPOCKOTY, JIaT€ POK/AEHHA M COLMOHHMYECKUM
| THITaM | JIp.

Puc. 4. Cnoco6bl oLeHKN pa3HbIX BUAOB COBMECTUMOCTU
Fig. 4. Methods for assessing different types of compatibility
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Criocobamu co6opa uH(popMaMy IpU UCCIECIOBAHUHA COBMECTUMOCTH OYIyT TECTHPOBAaHHE, OIPOC
(aHKETHpOBaHNE U MHTEPBBIOMPOBAHNE) U HETIOCPEACTBEHHBIN OCMOTp (HAOII0AEHUE 32 COTPYAHUKOM).

Kak Ham yxe ynanoch BESICHUTB, IPU COBMECTHOM pabOTe OJIMH M3 BKHEHIIINX KPUTEPUEB yCIIeXa —
rapMOHUYHBIE OTHOLICHUSI MEXY COTpYAHUKaMH. OT NCHXOJOIHYECKOTO KIMMaTa B KOJUIEKTHBE 3aBH-
CUT YPOBEHb CaMOOTIAYH, )KEJaHWE MPUXOAUTH Ha PabOTy U JENUThCA UAesIMU. BaXHBIM MOMEHTOM
SBIISIETCSL TO, YTO NPH ONaronpUsTHBIX B3aUMOOTHOLICHHUSX JIIOJU FOTOBBI 00Jiee OTKPBITO TOBOPHUTH U
Oosiee BHUMATENBHO CIYLIATh, Olarogapsi yemy MOsIBJIIETCS BO3MOXKHOCTb PACCMOTPETh 3a7ady C pas-
HBIX cTOpoH. [loMuMoO 3TOrO, MOAAEPKKA KOJUIET JACT YyBCTBO YBEPEHHOCTH, MIO3BOJISIOIIEE PACKPHITh-
¢s COTPYAHHUKY B IIOJIHOM Mepe.

Onun u3 hakTopoB GopMUPOBaHUS CILIOYEHHOW KOMaHIbI — 3TO 00MIas 1ejb, K KOTOPOH CTPEMHUT-
Csl KXKIBIA M3 ydyacTHUKOB. Llenb joikHa OBITH MOCTaBIIeHA MaKCHMAIBHO TIOHSATHO W JaBaTh Ipe.-
CTaBJICHUA O TOM, KakKuUM OyZeT pe3ynsTar. B psge ciyyae oOmias menb MOXKET ObITh pa30OuTa Ha He-
OoJbLIMeE 331241, TIO3TAIIHOE PEIICHUE KOTOPBIX NPUOIKACT KOMaHAy K TOCTHKEHHIO Lenu [13].

[lomumo oOmielt menu 00A3aTeNbHBIM KOMIIOHEHTOM IICHMXOJOTHUECKONH CTPYKTYpPhl COBMECTHOMN
JESITETbHOCTH SIBIAETCS OOIUI MOTHB, T. €. YYaCTHHKH IOJDKHBI MIMETh CTUMYI paboTaTh IMEHHO BMe-
CTe, B CYHIECTBYIONIEM KOJUIEKTUBE (BKHO MIOMHUTH, YTO HaJMUUe OOIIEro MOTHMBA HE JIMIIACT y4acT-
HUKOB WH/INBUIYaIIbHBIX MOTHBOB)

Emie ouH KOMITOHEHT — COBMECTHBIE JICHCTBHSI, KOTOPBIC HAIIPABIICHBI HAa pellicHHe 3a1a4 o0miei
JESTETBHOCTH. MOryT OBITh KaK TPYHIIOBBIMH, TaK M MHIUBHIYalTbHBIMU, HO OOS3aTEIBHO JOJIKHBI
OBITH HampaBJICHbI HA TOCTH)KEHUE OOIIEH LIEH.

3aBepIIaroIiiM KOMIIOHEHTOM CTPYKTYPbl COBMECTHOM IEATEIBHOCTH SIBIISICTCS OOLIUM pe3ybTar,
JIOCTUTHYTBI yJyaCcTHHKaMH [15].

CxeMaTHYHO €€ MOXKHO IPEJCTaBUTh CIICAYIONUM 00pa3oM (puc. 5).

QO0mmas LeIp

CoBMecCTHBIE JCICTBIA

Mot

OO0mt pe3yviapTaT

Puc. 5. Cxema NOHATUA «COBMeCTHas AeATeNIbHOCTbY
Fig. 5. Scheme of the concept of “joint activities”

Wrak, mis GpopMupoBaHUs Map «HACTABHUK — YUEHUK» OINPEICIIFOIIMM MOMEHTOM JIOJDKHA OBITh
MICUXOJIOTHYECKAasl COBMECTUMOCTD, CJIENOBATENBHO, OTACIY 10 YIIPABICHHUIO YEJIOBEYECKUMU peECypca-
MU HE CIieAyeT MpeHeOperaTh MCCIeNOBaHIEeM ATOr0 MapaMeTpa y YYaCTHHUKOB MpoIlecca HacTaBHUYE-
CTBAa, TaK KakK OT 3TOTO Oy/IeT 3aBUCETh €ro APPEKTUBHOCTS.

B tom ciyuae, xorga mporpaMMa HACTaBHHYECTBA BHEIPSETCS B HEOOMBIION OpraHu3aluu, Co-
TpyaHuku HR-oTnena MoryT camMoCTOATENbHO COCTaBUTh CIUCKH MOTEHIMAIBHBIX HACTABHUKOB, MPO-
BECTH C HUMH co0OeceZloBaHUe, ICUXOJIOTUYECKHE TECTHl Ha COBMECTUMOCTh M 3aKpPEIUTh 3a HACTaBHU-
KOM YY€HHKA.
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Ecnu xommanus Gonpiias ¥ uMeeT (Priuallbl B Pa3HBIX TOpPOJaX, TO CTOMT PACCMOTPETh BapUaHT
BHEJIPEHUS CIHEIHATBHOTO IPOTPAMMHOTO 00ECTIEUeHHSI, C TIOMOIIbI0 KOTOPOTO MOKET OBITh MPOU3BE-
JIeH aHau3 mpoQuiiel YIeHUKOB U MPEJIOKEHBI BAPUAHTHI COCTABIICHHUS T1ap.

HexoTtopsie crienmamucThl MpeiaraloT UCTOIb30BaTh TEXHUKY «BBICTphIe CBHAaHMS», OHA Oynmer
YMECTHA B T€X CIIydasX, KOrja MPEeTeHICHTOB HECKOJIBKO M OHU HE 3HAKOMBI JPYT C JAPYTrOM 3apaHee.
Kaxk mpaBuiio, 3TOT METO] BOCIIPUHUMACTCSI KaK HEKHI UTPOBOM MPOIECC, YTO MO3BOJIIET YyBCTBOBATH
ceOst Oosiee pacciaalIeHO Kak MOTSHIMAIbHBIM HACTAaBHHUKAM, TaK M yueHUKaM. OOIEeHUE ITUTCIbHO-
CTBhIO 5—15 MHHYT TIOMOKET COCTABUTH IIEPBOE MIPEIICTABICHUE JPYT O JPYTe U «OTCEATHY HEKEIaTeb-
HYIO JUTsl KOTO-TO Tapy.

BrnaronpusaTHeIE OTHOIICHHUS, KOTOPHIE TIPU MPABUIHLHOM TOJXOE BBICTPAUBAIOTCS MEXIY YICHH-
KaMHU U HaCTaBHHMKOM, TO3BOJISIFOT PACKPBITh MOJIOJIOTO CIICIHAINCTA, CO31aTh KOM(OPTHYIO pabodyro
00CTaHOBKY U, BO3MOXXHO, «BBIPACTHTB)» OyIyIIEro JHACPa.

3akiaoueHue

HacrtaBHauuecTBo siBisieTcst 3h(GEKTHBHBIM METOIOM BHEAPCHHS B pabounii MPOLIECC )i OpraHu3a-
1uu oooro Macimrada. OcoOeHHO aKTyaabHO IPUMEHSTh €T0 B CIyJasiX, KOT/Aa:

— Ha MIPEeANPUSTHN BBICOKAs TEKyYKa KaJpoB, OCOOEHHO CPEIH MOJIOABIX CHEIHATUCTOB;

— cepa AeATEIBHOCTH MPENIoiaraeT BRICOKYIO CTENeHh PUCKa, TPEOyeT BpeMsl s BXOXKCHUS B
JIOJDKHOCTH M HEOOXOAMMO MUHUMU3UPOBATH OMMOKY (HAIPUMED, METUIINHA);

— IPOCKT SIBJIACTCS HOBBIM HJIM JIAYKE YHUKAJIBHBIM, H OT COTPYAHUKOB TPEOYIOTCS OCOOBIC 3HAHUS
Y HaBBIKH;

— cepa nesaTenbHOCTH TpeArnonaracT OBICTPO MEHSIOIIMECS TEXHOJIOTHYECKUe miatdopmbl (Ha-
npumep, IT-chepa).

B moGoMm cirydae HacTaBHWYECTBO OyAeT SBISTHCA TUTFOCOM ISl OpraHu3anuu. Bembp moMumo
«B3pAIUBaHUIY» HOBOTO COTPYIHUKA IO HOPMBI ¥ CTAaHAAPTHI KOMIAHUH OHO IIOMOTaeT MOTHBUPOBATh
1 TIpoOYKJaTh Yracaroliuil HHTEPEC Y y)KE COCTOSIBIINXCS CIIEIUAIMCTOB (HACTaBHUKOB). OJTHAKO CTOUT
elIe pa3 OTMETUTh, YTO MOJIOKHUTEIbHBIN 3PPEKT OyAeT OIIyTHM JIUIIb IIPH IPAMOTHON OpraHHU3aIUd
3TOTO IMpolecca.
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This article will focus on the mentoring process, which is interconnected with such HR func-
tions as adaptation, motivation and training. And recently, many employers from a variety of alterna-
tives have made a choice in its favor. Aim. The work examines the main functions of mentoring, its
practical benefits and areas of application, and the main attention will be focused on the issue asso-
ciated with the formation of pairs of mentors and students in order to achieve the greatest effect from
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their interaction. Materials and methods. In the process of achieving the research goal at the initial
stage, it was planned to solve the problem of assigning a student to a mentor by forming the most
“effective” pairs of mentors and students. These tasks were solved using the Hungarian method. But
all the solutions obtained testified to the optimality of any solution to this problem. From this, it was
concluded that there was no significance in combining mentors and students, based on a comprehen-
sive assessment of their competencies, skills, etc. As a consequence of the result obtained and analy-
sis of various literary sources, it was concluded that the most effective criterion for composing pairs
“mentor — teaching” is compatibility (psychological and socio-psychological), the presence of which
will favorably affect the effectiveness of the interaction between the mentor and the student. Conse-
quently, the human resource management department needs, in addition to assessing the competen-
cies, skills and other parameters of the effectiveness of mentors and students, to assess their
psychotypes and/or apply various methods to determine the compatibility of the participants in
the mentoring process. Results. The main result of the work is a mechanism for securing a student
for a mentor and a refutation of the fact that the “effectiveness” of mentors and students, i.e. a point
assessment of their competencies, skills and qualities can be a determining factor in the formation of
pairs of mentors and students. Conclusion. So, when forming pairs of mentors and students, i.e. dis-
tribution of students by mentors, it is proposed to focus on their psychological and socio-
psychological compatibility.
Keywords: mentoring, personnel assessment, mentoring, compatibility, model, algorithm.
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MOOENMPOBAHUE OAUHAMUKH
BAJNOBOIO PETMOHAJIbBHOI'O NMPOAYKTA

A.B. KymbiwkuH
FOzopckuti 2ocydapcmeeHHbIl yHusepcumem, 2. XaHmbi-MaHculick, Poccusi

BanoBoii pernoHaNbHBIA TPOIYKT SBISICTCS KIIFOYCBHIM MAaKPOIKOHOMHYECKHM ITOKAa3aTeIIeM,
KOTOPBII XapaKTepH3yeT Pa3BHTHE PErHOHAIBHON CONHAIEHO-IKOHOMHYCCKONW CHUCTeMBL. Momenun-
pOBaHME NMHAMUKH JAHHOTO MOKa3aTessl Kak KOHEUHOTO MPOyKTa IKOHOMUYECKOW CHCTEMBI MPe.i-
MoJlaraeT Takke pa3padoTKy Mojeliell M3MEHEHHWs 3HAUYeHUW arperupoBaHHBIX (PAKTOPOB 3arTpart,
CBSI3aHHBIX C €ro MPOU3BOACTBOM. OJHUM W3 HAMpaBICHUH HCIIOJIb30BAHMS pa3pabOTaHHBIX MOJe-
neit sBasieTcs: (OPMHUPOBAHHME KPATKOCPOUYHBIX IMPOTHO30B HEMOCPEICTBEHHO 3HAYCHUN BAJIOBOTO
PETHOHAILHOTO MPOAYKTa W 00YCIAaBIMBAIOIINX MX 3HAUCHUH (HaKTOPOB 3aTpaT TpyjAa W KamuTaia
peruoHabHON 3KoHOMUKH. Llenb uccjeqoBanus: MOJACTUPOBAHUE JUHAMUKHI 3HAYCHUS BAJIOBOTO
MPOAYKTa PErHOHATBFHON YKOHOMUKH SIMano-HeHerkoro aBTOHOMHOTO OKpyra Ha OCHOBE OJTHOCEK-
topHOU Mojenu P. Conoy aist popMEpOBaHUS KPaTKOCPOUHBIX IPOTHO30B 3HAYCHUS JTAHHOTO ITOKa-
3arerss. MaTtepuaabl H MeToAbl. lcronp3yeTcss 0MHOCEKTOpHAsT MOJETh SKOHOMHYECKOTO pOoCTa
P. Comnoy, B xoTOopoii (hyHKIIMOHHPOBAHUEC PETHOHAIBHOW YKOHOMHKH OIHCBHIBACTCS IBYX(PAKTOP-
HBIMH HEOKJIACCHYCCKUMU (DYHKIIHSAMU C TIOCTOSIHHOW DIIACTHYHOCTHIO 3aMEIeHHs (PaKTOPOB 3aTPaT
MPOU3BOJCTBA. VIeHTU(DUKAIMS TPOU3BOICTBCHHBIX (DYHKIUN OCYIISCTBISICTCS HA PETPOCIICKTHB-
HBIX TOCJIEJIOBATEIHLHOCTSAX WHACKCOB BAJOBOTO PETHMOHAIBLHOTO MPOAYKTa M (AKTOPOB 3aTpaT pe-
THOHAIBHON KOHOMUKU. KpaTkocpouHOE MPOrHO3UPOBAHKME BETUYHMHBI BAJIOBOTO MPOIYKTa PETHO-
HAJTbHON SKOHOMHKH OCYIIECTBIISIETCS C UCIOIB30BAHUEM MPOM3BOJICTBEHHOW (YHKITUHU, 0Oecredn-
BaIOIIEH JIydiliee MPUOJIMIKEHHE PETPOCTIEKTUBHBIX JaHHBIX BPEMEHHOTO WHTEpBaja, MPEAIIecT-
BYIOIIETO TOJy MPOTHO3UpoBaHUs. Pe3dyiabTarbl. [locTpoeHbl HeokmTaccuyeckue IBYX(PaKTOpHBIC
MPOM3BOJICTBEHHBIE (DYHKIIMU C MOCTOSHHOM 3JIaCTUYHOCTHIO 3aMelleHus (haKTOpOB 3aTpaT Peruo-
HaIbHOU dKOHOMHKH SImano-Henerkoro aBronomuoro okpyra (IHAO) mis mepuoma ¢ 2001 mo
2018 r. Paccuntanbl 3Ha4eHHs BaJIOBOI'O PETHOHAIBLHOTO MPOAYKTA U CPEIHEr0JJOBON YHCIECHHOCTH
3aHAThIX B 9KOHOMUKe SAIHAO mnst 2017-2019 rr., KOTOpBIE CONOCTABISUIMCH C COOTBETCTBYIOIIUMHU
JMAHHBIMH, MyOIuKyeMbIMH PoccratomM P®, W MpOTHO3HBIMU 3HAYCHUSMHU, ITYOJIUKYEMBIMH PETHO-
HAITLHOW aJIMUHUCTpanyedl. 3aK/rodeHne. Y CTAaHOBICHO, YTO HCIIONB3YEMbIC NMPOU3BOJICTBCHHEIC
(byHKIIMK Jar0T TmpUeMIIeMbIe OIEHKH anmpoKcUManuu (PaKTHUYECKUX 3HAYeHHH BaJOBOTO PETHO-
HAJBHOTO MPOJIYKTa paccMaTpUBAEMON PETMOHAIBLHON YKOHOMHUKH Ha PACCMOTPEHHOM BPEMEHHOM
uHTepBaiie. Moaudukanus Moaeneii n3MeHEeHUs 3HaYeHUH (PaKTOPOB 3aTPaT Jajia BO3MOXKHOCTH TO-
BBICUTh TOYHOCTh KPAaTKOCPOYHBIX MPOTHO30B KaK HETMOCPEJCTBEHHO 3HAYCHHH BAJIOBOTO PETHO-
HAJIBHOTO MPOJYKTA, TaK ¥ 3HAYCHUU (PAaKTOPOB 3aTpaT Tpy/Ja U KamuTama.

Kmouesvie cnosa: pecuonanvuas 3kOHOMUKA, BAN0BOU PE2UOHANbHDIL NPOOYKM, MOOEIUPOBAHUE
OUHAMUKU aKmopos 3ampam, npou38o00CmeeHHble YHKYUL.

Beenenue

MopenupoBanue QyHKIIMOHUPOBAHUS PETHOHATBHON SKOHOMHKH TPEIIONaraeT OleHKY TUHAMUKA
TaKUX MaKpOIKOHOMHUYECKHX IOKa3aTejel, Kak BalnoBoi pernoHanbHbil mpoaykt (BPII) Y, croumocTs
OCHOBHBIX NPOW3BOACTBEHHBIX (OHAOB K M CPEAHErol0BON UYMCIECHHOCTH 3aHITHIX B PETMOHAIBHON
skoHoMuKke L. ITokazatenu K u L xapakTepu3yroT (akTophl 3aTpaT B perHoOHaIbHON dKoHOMUKe (PD).
OnmHO¥ M3 MOJENEH, UCTIONB3YEeMOH NI pelIeHUs JaHHOW 3aJadM, SBIICTCS OJHOCEKTOpPHAs MOJETb
skoHOMHuYeckor cuctembl P. Comoy [1, 2]. PaGoThl, MOCBsIIEHHBIE HCCIEIOBAHUAM IIPUMEHEHUS JaH-
HOW MOJIEJH JUISI MOZIETHPOBAHHUA SKOHOMHUYECKIX CHCTEM, MOXHO Pa3/ieluTh Ha Be rpynmnsl. K nepsoit
TpyIIe OTHOCITCA pabOThl TEOPETUYECKOTO XapaKTepa, B KOTOPhIX OCHOBHOE BHUMAaHHE YJENSeTCs I0-
JTYYEHHUIO aHATUTUYECKUX BBIPAKECHUM, XapaKTEpU3YIOIIKX YIpPaBIeHUE paccCMaTpuBacMON 3KOHOMHYE-
ckoil cuctemoit [3—5]. B atux pabotax ans onvcaHus (QYHKIMOHHPOBAHHS 3KOHOMHUYECKOW CHCTEMBI
BCETJIa MCIIONB3YIOTCS MPOU3BOcTBeHHBIE (hyHKIMN Ko6b6a — Jlyriaca. Hapsimy ¢ aTum BBOJSITCS Orpa-
HUYEHHUS U JIOMYILICHHS, B ONPEACICHHON CTENECHM YHPOLIAIOIIUe yCIOBUS (YHKIMOHHUPOBAHUS pac-
CMaTpUBAaEMOM 3KOHOMHUYECKOW CHCTEMBI TaKHe, KaK, HallpUMep, IIOCTOSHCTBO HOPMBI HAKOIUIEHUS WIN
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TEMIIOB pOCTa 3aHATBHIX B PacCMaTpUBAaEMOIl cucTeMe. JTO B LIEIOM CHIDKACT NPAKTHUECKYIO 3HAuu-
MOCTh JaHHBIX paboT. Bropas rpynmna BiioyaeT paboThl NPUKJIAAHOTO XapakTepa, HOCBSIIECHHBIE MO-
JIeTUPOBAHUIO (PYHKIIMOHUPOBAHKS YKOHOMUYECKHX CHCTEM poccHiickux peruonoB [6—10]. K nemoc-
TaTKaM 3THX pa0OT MOKHO OTHECTH UCIIOJIb30BAHKE TOIBKO OJJHOTO BHJIA IIPOU3BOJICTBEHHOW (DYHKIINH,
WCTIONB30BaHKUE NPU €€ UACHTHU(UKAUKY 3HAYeHUH (aKTOpPOB 3aTpaT B HATYPaJbHOM MCUMCIICHHH, OT-
CYTCTBHE CPaBHUTEIILHOTO aHAJIN3a MOJIEINPYEMOTO N3MEHEHUs (PakTopoB 3aTpar ¢ UX (paKkTHYECKHUMHU
3HaueHHsIMH. B maHHO#N paboTe paccMaTpuBaeTcsl HCIOJIb30BaHWE OJHOCeKTOpHOUM Moxaenu P. Comnoy
U1 MOAETUPOBaHUs (PYHKIMOHUPOBAHHS PETHOHAIBHON SKOHOMHKH fIMano-HeHenkoro aBTOHOMHOTO
okpyra (IHAO), sBastromerocst OAHUM U3 KIIOUEBBIX pecypconoObiBatomux pernonoB PO. Pazpaborka
OA0OHOTO poa MOJIENEH, IO MHEHHUIO aBTOPA, JOCTaTOYHO aKTyaslbHa, TaK KaK JaHHBIE MOJICIH MOXHO
HCIIONIB30BaTh KakK U1 KpaTKOCPOYHOTO NMPOTHO3MPOBAHMSA JUHAMMKHU KIHOYEBOro mokasarens — BPII,
XapaKTEePHU3YIOLIET0 COCTOSHUE PErHMOHAJIbHOM SKOHOMHKH, TaK W JUIsl OLIGHKM M3MEHEHHMH 3HauCHHUN
MaKpO3KOHOMHMYECKHUX MOKa3aTeNel, BKIIOUEHHBIX B JAHHBIE MOJIEIIH.

Hennr uccaenoBaHus: MOJCIMPOBAHME JMHAMUKHM 3HAYEHUI BajOBOIO INMPOAYKTAa PErMOHAIbHOU
9KOHOMHUKH SIMano-HeHenkoro aBTOHOMHOTO OKpyra Ha OCHOBE OJHOCEKTOpHOI Mozenu P. Conoy s
(hopMHPOBaHUs KPATKOCPOUYHBIX MPOTHO30B 3HAUCHUS JaHHOTO IIOKA3aTeIsl.

Marepunajusl 1 METOABI

Teopemuueckue acnekmol MOOEAUPOCAHUSL OUHAMUKY 3HAYEHUTL

647106020 Pe2UOHAIbHO20 NPOOYKIMA

Mogens P. Conoy npenctapisieT co60i MakpOIKOHOMHYECKYIO MOZAETb 3KOHOMUYECKoro pocta [1, 2],
COTJIaCHO KOTOPOM pernoHaibHas SKOHOMHKA paccMaTpUBaeTCs KaKk HECTPYKTYPUPOBAHHOE 3aMKHYTOE €]TH-
HOE 11eJ10€, B KOTOPOM MPOU3BOJUTCS TOJIBKO OJHH YHUBEPCAIBHBIH (arperupoBaHHbIN) KOHEUHBIN MPOLYKT —
BaJIOBOH PErMOHATBHBIN MPOIYKT, KOTOPBII HAalpaBiseTcsl Ha MOTpeOlIeHne U MHBECTHPYETCS HEOCPEACT-
BEHHO B PETMOHAJIBHYIO 3KOHOMHKY. CUHTAeTCsl, 4TO YCIOBHA (DYHKIMOHUPOBAHHS PETHOHAIBHONW 3KOHO-
MUKH YCJIOBHO CTaOWJIBHBI, XapakTep M3MeHeHni (akTopoB 3aTpar K W L B 1IeIOM H3BECTCH; BPEMCHHEIC
JIard MEX]Ty WHBECTHIIMSIMU B OCHOBHOM KaITUTall 1 CTOMMOCTBIO OCHOBHBIX TPOM3BOJCTBEHHBIX (DOH/IOB
(OIN®) pernoHaIbHOM SKOHOMUKH HE YUMThIBAOTCA. JInHamuika BeIObITHs/mukBuaaimy OID u uamMeHeHue
CpPEIHETOZI0BOM YHCIEHHOCTH 3aHATHIX B PO OMUCHIBaIOTCS M3BECTHBIMU CTATUCTUYECKIMH MOKa3aTesIMU.
Mogens P. Comnoy ¢ JUCKpETHBIM BPEMEHEM XapaKTepU3yeTcs CIEAYIOIIEH CUCTEMON YpaBHEHUH [2]:

Y(1)=F(K(1).L(1). (1)
Y(t)=1In(1)+C(2), (1.2)
K(t)=(1-p)K(t=1)+1In(z), (1.3)
L(t)=(1+Vv)L(t-1), t€[t,.t ] (1.4)
31eck v — TeMIT IPUPOCTa CPEAHETOI0BON YHUCICHHOCTH 3aHITHIX B PJ; 1L — KO3 GHUIIMEHT JUKBUIAIIUH OC-
HOBHBIX (onnoB PJ; [,(f) — uHBecTHIINK B OCHOBHOM Kanutan PO B roxy ¢, C(f) — BenuurHa MOTpeOJICHUS B
paccMmarprBaeMoi 3KOHOMHYECKOW CHCTEME B TOAY f; (4, #;] — MEpUOA BpEMEHH, B TEUEHHE KOTOPOTO Ha-
Omroaercs (yHKIIMOHUPOBaHUE paccMatpuBaeMoit PO (¢, ¢, — 6a30BbIi (HAYAIbHBII) i KOHEUHBIH TO/IBI).
3uaueHus nepeMeHHbIX K(t,), L(t,), 1,(t;) n3BecTHBI. DYHKIIMOHUPOBAHUE PETUOHATBHON SKOHOMHU-

ku (1.1) galme Bcero onuchiBaeTCs HEOKJIACCUIECKOH IMHEHHO-0HOPOHON ABYX(aKTOPHOU MTPOU3BO/I-
crBenHoil ¢pynkuueit (I1d) Ko66a — dyrnaca (ITd KJT) [6-10]:

Y(1)=F(K(),L(1))= 4 (K ()" (L(1)] ;0> 0,8>0,0+B=1,5=1, @)
rzae o, B — snactuanocty BPII mo daxrtopam 3arpart K(f) u L(f) COOTBETCTBEHHO; G — JIACTHYHOCTD 3a-
MereHust paktopos 3atpat K(f) u L(?).

B nannoit padote B kauectse [1d momumo (2) npeanaraercs ucronszoars [1® tuna CES — ¢yHk-
uus (I1d CES) [11]:

Y=F(K(t),L(t))= 4 (bK(z)*p +(1-b)L (1) )_%,

e

3)
l-o
0=1,p=——,0<0<1,c=const.
c
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3navenus a, B, 41, 4>, b onpenensiores npu uaeHTHuGUKanuu (2), (3) Mo peTPOCHEKTUBHBIM AaH-
HeIM Y(£), K(?), L(f) BpeMEeHHOT'0 UHTEpBaia [f,, #;] AN pacCMaTpUBAEMON PETHOHAIBHON 3KOHOMHUKH.

[Ipu naentudukanuu [1O B kavecTBe 3aTpaT hakTopa Tpyna L(f) UCHONB3yeTcs MOKa3aTeib CPel-
HETOJIOBOHM YHCIICHHOCTH 3aHATBHIX B PETHOHAILHOM SKOHOMUKE, a AJis (hakTopa 3arpar Kanutana K(f) —
CTOMMOCTH OCHOBHBIX TIPOU3BOJICTBEHHBIX (DOHJIOB pErHMOHATIBHON SKOHOMHUKH 0€3 y4eTa WIH C YI9eTOM
ux 3arpy3ku. [lepemennsie Y(¢), K(f), I(f) npemnaraercst IpeCTaBIsATh B BUIe OA3UCHBIX OTHOCHUTEIHHO
2001 r. nanexcoB ¢puszuyeckoro oobema (MDO) I(t), Ix(t), I1,(f), a mepemennyro L(f) — B Buae 0a3ucHO-
ro MHJEKCa OTHOCUTENBHO TOTO0 ke roaa I;(f).

Onenky n3Menenus 3HaueHus K(¢) (1.3) menecooOpa3HO COMOCTABUTH C OLCHKAMH JTAHHOIO IOKa-
3aress, NOJIy4aeMbIMH COTJIACHO METoAMKe paldoThl [12], KOTOpas Takke MO3BOJSIET UCUUCIATh U UH-
nekc ¢uzudeckoro oovema croumoctd OIID [x(f) paccMaTprBaeMOil SKOHOMUYECKOH CHCTEMBbI. 3Haue-
HUSI TIOCJICJTHETO B TEPPUTOPHATIBHOM pa3pe3e He TakK 4acTo MyOJHMKYIOTCS B OTKPBITOH MeyaTH, 4TO HE
MIO3BOJISIET COMOCTABUTH O(QUIMATIbHBIC CTATUCTUYECKUE JIaHHBIE ITOTO TOKa3aTels ¢ pacdeTHbIMU. Co-
IJIACHO YKa3aHHOM MeTOIMKe /x(f) OLICHUBAETCS BBIPAKCHUAMHU:

_K(t+1)_
K(t+1)=K(T)+ § K,(1)- § K, (7); (5
=T+l =T+l
_0.(t) ar. _9(1) a T _
K”(t)——[p(T’t) at,K,l(t)—Ip(T’t) at,]p(T,t)—Tgllp(r 1,1). (6)

3nech QO,(f), O,(f) — cronMOCTh BBEJICHHBIX B CTPOM U MTUKBUANPOBaHHBIX OIID pernoHanbHON SKOHO-
MUKH B [IEHaX TEKYIIEro To/ia t; d,, dr — MONPaBOYHbIC KOA(OUIIMEHTHI, KOTOPBIE OMPEEISIOTCS Ha OC-
HOBE MOJIEJIU PaCIPeAEIEHHOrO CTPOUTENBbHOrO ara u pasuele 1,0 ¢ 1995 r. [12]; [(t— 1, t) — uHAekc-
aeQaTop Ui roJia T 10 OTHOLIEHMIO K Toxy T— 1.

B obmem cirydae unnekc-nedaarop 1,(¢, ¢+ 1) s roga £+ 1 0o OTHOIIEHHUIO K IOy ¢ HAXOJAUTCS 3
CJIETyIOIIEro BBIPAKECHUS:

Ip(t,t+1)=V’”(t+1)- ! (7

Vln (t) Iln (t+1),
rae 1,,(f) — uHaeKe GU3NIecKoro o0beMa MHBECTHUIIMIA, 3HAUCHUS KOTOPOIO €KETrOIHO MyOIUKYIOTCS B
CTATUCTHUYECKUX CIPABOYHUKAX O COIMAIEHO-YKOHOMUYIECKOM COCTOSIHUH peruoHoB P®D; V() — Benu-
YWHA WHBECTHUIINA B OCHOBHOW KaIUTaJI PETHOHAIHHON 3KOHOMHKH B TEKYIIHUX IIEHAX roja f.

s momydeHus 3HadYeHUH OasucHBIX MHIEKCOB [i(f) otHOCUTEenbHO 2001 T. cnaraemsie (1.3) mpe-
00pa30BBIBAIOTCS C MCMONB30BaHueM BbipaxeHuit (6), (7). B nanpneiimem UDO OIID, paccuutanHbINd
Ha ocHoBaHMH (4), o6o3HavaeTcs Iy ((f), a paccuuTaHHBIN ¢ Hcronb30BaHueM (1.3) — I »(¢).

3aBucumocTs (1.4) mpencrasiseT coOOH CBOEro pozxa aBTOPErpeccHro MepBoro mopsaka [13] mms
L(#). OGecnieunTh MOCTATOYHO BBICOKYH) TOYHOCTH aNMPOKCHUMAIMK TAKMM BBIPAKCHHEM HCXOJHBIX
JAHHBIX L(f) 9KOHOMHUYECKOW CUCTEMBI, KOTOpasi GYHKIIMOHUPYET B JJOCTATOYHO BOJATHUIIHHOW BHEIIHEH
cpelle, He BCErla BO3MOXKHO, TIOSTOMY aBTOpP IMpeljiaraeT He OrpaHHYMBATHCS YKa3aHHOW MOJEIBhIO U
py HEOOXOIUMOCTH HCIIOIh30BaTh KOMOMHHPOBAHHBIE MOJICIH, BKJIIOYAIOIIUE ITOAXOSINE TPEHIO0-
BBIC MOJIEJIN U aBTOperpeccuto ommook annpokcumanuu [13]. [lo anamoruu ¢ Iy (f) u Ix,(f) 6a3ucHeie
WHJIEKCHl CPEIHETOIOBON YHCIECHHOCTH 3aHATHIX B pernoHanbHOU skoHOMuKe SIHAO oOo3HadaroTcs
creayromumM o0pasoMm: I 4(f) — MHAEKC, COOTBETCTBYIONIMI CTATUCTUYECKUM JIaHHBIM; 7 1(¢) — MHAEKC,
paccunTaHHBIN O aBTOoperpeccuu mnepporo nopsaka (1.4); I, ,(f) — nHIeKe, pacCUUTaHHBIA 1O KOMOU-
HUPOBAaHHOW MOJEIH, BKIIOYAIOIISH MMOAXOSAIINE TPEHIOBBIE MOJIEIH U aBTOPErPECCHI0 OIHNOOK afl-
npokcuManuu. Takum obpaszoM, npennonaraercst nocrpoenue 1P (2), (3) ana aByx HaOOPOB NaHHBIX:
I2), Ix1(D), I[11(2)) — TID K1, TID CESI1; (If?), Ikx(t), 12(2)) — TID KJ2, 1D CES2. KoppekTHOCTH
MOCTPOCHUS YKa3aHHBIX MPOM3BOACTBEHHBIX (PYHKIUI OIIEHUBACTCSl OOMIETIPHUHATHIMU CTATHCTUUECKU-
MU KPHTEPUAMH: KO3(pHIHEHTOM AeTepMUHaHH R°, kputepuem Purepa (Fpacy) ¥ KpuTEpUEM JlapOu-
Ha — YorcoHa (DWyey). Fpacy CONOCTABIISUINCH C KPUTHYECKUM 3HAYEHUEM ['7 IPU yPOBHE 3HAYMMOCTH
0,05 1 3a1aHHOM KOJIMYECTBE OOBACHSIOIUX IEPEMEHHBIX 71 ¥ UCTIBITAHUH 11, @ D W ey COMOCTABIISAINCH
C BEpXHHM 3HaUCHUEM JaHHOTO KpuTepuss DWW miis cooTBeTCTBYOIINX 3HaUeHUH m u n [13].
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~ * v
CJ'IG,Z[CTBI/IGM ( 1) SABJIACTCA NMOHATHUEC KYCTOUYMUBOI'O YPOBHA KAaIIUTATIOBOOPYKCHHOCTH» k , KOTOpbIN

HaxoJUTCA U3 cooTHoeHus [1, 2]:
o g (k)= (n+v)k (1) = 0; g(k):—F(Ky();)L(t)); k(t):%.

3nech g(k) — cpenHsisi NIPOU3BOAUTEIFHOCT TPY/la B PETHOHANBHONW 3KOHOMHKE; p — YPOBEHb HaKOILIe-
HUS B PETHOHAIBHON DKOHOMHUKE, XapakTepusyromuii om0 BPII, nHBeCTHIIMM B OCHOBHBIE IIPOU3BOI-
cTBeHHBIE QPOoHIBI PD.

WHaTepniperanys 3aBUCUMOCTH (8) COCTOHUT B TOM, YTO MHBECTUIINH, OOCCTICUNBAIOIINE YCTONUNBBIA
poct OII® pernoHanbHOM SKOHOMKH U, KaK clieicTBre, pocT ee BPIL, momkHBI KOMIIEHCHPOBATh pacxo-
Il Ha 3aMeny JukBuaupyeMbix OIID PO u poct morpebieHns pabOTHUKAMHU, 3aHATHIMU B SKOHOMUKE,
1 obecrieunBasi Ipy 3TOM ero Makcummsanuio [ 1-5]. Onpenenenue k" (8) ans UHTEpBana [t,, t;] ocyuie-
CTBJISICTCS TIPU JAOMYIICHHUSIX O MOCTOSHCTBE BenmuuuH [W(¢), v(¢) u p(?) (1). B Tom ciygae, ecnu xoneba-
HYSI 3HAYCHWH yKA3aHHBIX MOKA3aTenell CyIIECTBEHHBI, TO pacdyeT kK HEOOXOIMMO OCYIIECTBIATh IS

®)

.
KaX/I0ro f € [tH,tk] , OLICHHBAsi TAKMM 00pa3oM IMHAMUKY K B 3TOM BpeMeHHOM HHTepBaie. Cienyer

TaKk)xe OTMETHUTH, 4To (1.2) u (8) mpeamnonaraoT HaJTM4ME y MEHEKMEHTa pacCMaTpUBaeMoOil SKOHOMHU-
YECKOH CHCTEeMbl MEXaHU3MOB, MO3BOJIIONINX MU3MEHATh cooTHoueHue mexnay [,(f) u C(¢), ucxoas u3
IUTAHOB €€ Pa3BUTHA B KPATKOCPOYHOM M JOJNTOCPOYHON MEpCHEKTHBE. PernoHanpHas e agMUHUCTpa-
LY NOJHOLIEHHBIM MHCTPYMEHTAPUEM TAaKOI'O POJA HE PACIOJIaraeT, IIOCKOJIbKY PELIEHUSI OTHOCUTEIb-
HO BENUYUHBEI /,(f) SBIAIOTCS MPEpPOraTUBOM BIAIENBIEB NMPEANPUATHI, 00beINHAEMBIX PErHOHAIBEHON
SKOHOMHMKOH. BceiiecTBue 3Toro mouck «ymnpaBieHUs», 00eCHeuuBaloOIero peanu3anuio (8), B Takoi
CUTYyaLlH [IPECTABISIET CKOPEE TEOPETUUECKUM, HEKEIH TPAKTUUECKUN MHTEPEC.

Iloozomosexa cmamucmuyeckux OAHHBIX 0 PYHKYUOHUPOBAHUL

pezuonanvuou Ikonomuxku AHAO

Ha ocnoBe cratuctuueckux ganubix [14, 15] o pernonansHoit sxonomuke AHAO — 3nauenus BPII
(Yy(9)), baxTopos 3aTpat npouspoicTBa Ky(?), Ly(f), a Takxke 3HaUCHHs WHBECTULIUI B OCHOBHOM KaItu-
Tan Ing(f) — paccuuTaHbl 3Ha4€HUsI MHIEKCOB [y (1), Ik 1(f), Ixo(f), npuBeneHHble B Tabn. 1. 3HadeHus
Kod(HIIMeHTa IMKBUIAIUA OCHOBHBIX ()OHIOB | peruoHanbHol 3koHoMuKH SAHAO [14, 15] ¢ 2001 no
2018 r. mpaktuyecku noctosHHBI (L = 0,003), T. €. B KpaTKOCPOUHOH MEPCIEKTHBE MOKHO HCIOIB30-
BaTh JAaHHOE 3HAYCHUE L.

YpaBHEHHE aBTOPETPECCHH MEPBOTO MOPSIIKA, KOTOPOE MO CBOEH cTpykType Omu3ko Kk (1.4), ans
uaTepBaia ¢ 2001 mo 2018 r. uMmeeT BU:

L, () =45,845+0,892- Ly (¢ —1). ©)

3HaYCHHS CTATUCTUIECKUX KpuTepuen mis (8): R’ =0,918; Fpaca = 168,84, F1(0,05; 2,15) = 3,633;
DWyaeo = 1,477, DW*(2,18) = 1,239.

Ta6nuua 1
BasucHble nHaekcbl husnyeckoro o6vema Iy (1), Ix (1), I (f)
pervoHanbHou akoHomukn AHAO 3a nepuopg c 2001 no 2018 r.
Table 1
Basic indexes of actual volume Iy 4(?), Ix(?), Ix ()
of the regional economy of the YNAO for the period from 2001 to 2018
FOII, t [th(t) IKAl(t) IKAz(l‘) FOII, t [th(t) ]Kl(t) [K‘z(l‘)
2001 1,000 1,000 1,000 2010 1,367 2,192 2,715
2002 1,098 1,023 1,445 2011 1,404 2,570 3,071
2003 1,191 1,159 1,332 2012 1,435 2,922 3,550
2004 1,196 1,531 1,501 2013 1,491 3,218 3,218
2005 1,210 1,435 2,229 2014 1,576 3,612 3,437
2006 1,266 1,621 2,704 2015 1,546 3,454 3,071
2007 1,310 2,330 1,955 2016 1,632 3,604 3,371
2008 1,383 2,815 2,011 2017 1,760 3,364 3,633
2009 1,242 2,127 2,381 2018 1,962 3,532 4,556
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Hapsimy ¢ (9) ans onmcanust auHaMuky L(f) ipesyiaraeTcst UCTIONB30BaTh MOJIENb cleyromero Buaa [13]:
L, (t) =L, (t) +0,611- z(t - l) -0,562- z(t - 2); (10)

Ly, (t)=—-0,0773t* +6,57541 +322,3; (11)

z(1)=Ly (1)~ Ly, (1)

3HaveHMsI cTaTUCTUYECKUX Kputepues: st (10): R’ =0,939; Fpaca = 34,84, F1(0,05; 2,15) = 3,633;
DWpaeo = 1,729, DW?(4,18) = 1,604; mna (11): R’ =0,9533; Fraca = 6,149, F{0,05; 2,15)=3,633;
DWypew = 1,627, DW*(3,18) = 1,422.

basucuele otHocuTenbHO 2001 1. mHIEKCHI 1 ¢(f) M paccuntannbie A Li(2) (8) — 1..1(2), LA(?) (9) —
1} »(t) npuBeneHs! B Ta0M. 2.

Tabnuua 2
BasucHble uHaekcol I, 4(?), I;.1(?), 1, ,(f) Ana pernoHansHon akoHomukn AHAO
3a nepuog c 2001 no 2018 r.
Table 2
Basic indexes I, 4(?), I,.1(?), I,.,(?) of the regional economy of the YNAO
for the period from 2001 to 2018

FOI[, t IL.d)(t) [L.l(t) [le(t) FOI[, t [L.d)(t) IL.](I) [le(t)
2001 1,000 1,000 1,000 2010 1,215 1,160 1,165
2002 1,037 1,023 1,023 2011 1,222 1,213 1,200
2003 1,107 1,056 1,054 2012 1,231 1,219 1,202
2004 1,120 1,117 1,083 2013 1,242 1,227 1,215
2005 1,128 1,129 1,086 2014 1,239 1,236 1,228
2006 1,116 1,136 1,103 2015 1,234 1,234 1,233
2007 1,120 1,125 1,114 2016 1,263 1,230 1,246
2008 1,143 1,129 1,132 2017 1,318 1,255 1,268
2009 1,155 1,149 1,153 2018 1,309 1,304 1,290

Pezynomamour modenuposanun OuHAMUKY 3HAYEHUI

641106020 pecuonanvrozo npooykma AHAO

3nauenus nepemeHHsbix (2), (3) [1d K1, [1d CESI, I1d K/2, II® CES2 B cpene MATLAB 15™
[t BpemeHHoro uarepsana ¢ 2001 mo 2018 r. npexncTaBneHsl B Tadi. 3, COMIACHO UM JIYUILYIO alllpoOK-
cuManuio 3HaueHuil Iy q(f) obecnieunsaer I1® CESI npu R’ = 0,932. Cneftyer OTMETHUTb, 4TO OTIHYHS
[® KA1 u [1d KA2 apyr ot apyra, kak u [1d CES1 ot [1® CES2, He3HaUUTENbHBL, YTO O0BSICHSETCS
JIOCTaTOYHO YCTOMUYMBBIM POCTOM BCEX MaKPOIKOHOMHYECKHX MOKa3aTelell perHoHaIbHON 3KOHOMMKH
SHAO (cmM. Tabm. 1).

Ta6nuua 3
UpeHtudmumpoBaHHbie N® Ko66a — flyrnaca u N® tuna CES-dyHKuusa
AnsA pernoHanbHon akoHomuku AHAO B nHtepBane 2001-2018 rr.
Table 3
The identified Cobb-Douglas PFs and CES PFs
for the regional economy of the YNAO in the interval 2001-2018
o 3HaueHHUSI IEPEMEHHBIX DWpacq R F pacu
MIPOU3BOACTBEHHBIX (DYHKIIHN DWW F
1D 1 A, =1,054; 0.=0,223; 3 =0,777 L,478 0,836 40,45
KA 1= 1,054, 0=0,223, =0, 1,422 ’ 3,633
IId CES1 A>,=1,0212; b =0,2306; ¢ = 0,9989 ﬂ 0,932 w
27 RS 07 BB 0T 1,604 : 3,239
I1D K12 A1 =1,0042; a.=0,2294; 3 = 0,7706 ﬂ 0,85 @
I[ 11— 4 o=, ’B_ ) 1,422 > 3,633
[I® CES2 | A4,=0,9986; b =0,2263; 6 = 0,999 S 742 0,842 34,52
27 07T 07 00503, 0 7 1,604 : 3,239
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OnHUM 13 NPUIOKEHUH MOAETUPOBAHUS JUHAMHUKU BAJOBOI'O PETHOHAIBHOTO MPOAYKTA SIBIS-
ercs (OpMHPOBAHHE KPAaTKOCPOYHBIX NPOTHO30B €ro 3HaueHWH [y,(f), KOTOphIE 1LEIeco00pas3Ho
COMNOCTABIATH Kak C [y ¢(f) (cM. Tabu. 1), Tak U ¢ OLEHKAMHU ATOTO MOKA3ATENS Iy npas(?), KOTOPBIE OII-
penensioTcs B paMKax MPOTHO3WPOBAHUS OCHOBHBIX MapaMeTPOB COIHAIbHO-3KOHOMHYECKOTO pa3-
Butusg SIHAO, mpoBOOMMOro COOTBETCTBYIOIIMMH MOIPa3JeNCHUIMH AJMHUHUCTPALUd OKpyra
(https://de.yanao.ru/activity/13/?nav-documents=page-1). Hapsiny ¢ oLeHKOI [y pas(?) OCyLIECTBIACTCS U
OIIEHKA CPEJHEr0/I0OBOM YUCICHHOCTH 3aHATHIX B PETMOHAIBHON SKOHOMHUKE anaB(z‘), KOTOpAasi COMOCTaB-
asetcs ¢ Ly(f) n Ly(f) (9). IlpornosupoBanue ke CTOUMOCTH €€ OCHOBHBIX IIPOM3BOJICTBEHHBIX (DOHIIOB
He npoBoauTcs. Kpatkocpoynoe npornosuposanue 3HaueHui [y (1) PO IHAO na 2017-2019 rr. ocymue-
CTBIIAETCA ¢ ucnonb3oBanueM 1oii [1® (2), (3), koTopas Gojiee TOUHO aMMPOKCUMHUPYET PETPOCTIEKTHB-
Hble 3HayeHus lyq(f) paccMaTpuBaeMoro uHTepBana Bpemend. Mcnons3osanue 11O K2 u I1d CES2
IUIsL KPaTKOCPOYHOT'O MPOTHO3UPOBAHUS 3aTPYyIHEHO TeM, YTO OLeHKa [k (¢ + 1), T. €. HemoCpeICTBEHHO
JUIS TO/1a TIPOTHO3MPOBAHUSA, BO3ZMOKHA TOJIBKO MPH HATUYMWW 3HAYEHHH BBEJACHHBIX B SKCIUTyaTallHIO
OCHOBHBIX IPOU3BOJICTBEHHBIX ()OHJOB pernoHanbHOW 3KOHOMUKH K, (z+ 1). [lostomy mns kpaTko-
CPOYHOI0 MPOTrHO3UPOBaHUA y (1) ucnonbsyercs 11D K1 u IId CESI. B Tabn. 4 npusejeHsl napa-
MeTpsl 11O KJ[1, IId CES1, nocTpoeHHBIX 1715 HHTEPBAJIOB BPEMEHH, IPEAIIECTBYIOIIUX IOy IPOTHO-
3a.

Tabnuua 4
UpeHTudmumpoBaHHble 3Ha4YeHUs nepemMeHHbIx NP Ko66a — Ayrnaca
1 N® Tuna CES-dyHKUnA permoHanbHom akoHomuku AHAO
Table 4
The identified values of the variables PF Cobb-Douglas
and PF CES of the regional economy of the YNAO
Bpemennoi 3HaueHHs TEPEMEHHBIX 2
o R Fpacq/FT
VHTEpBAa, [f,, ] MTPOU3BOJICTBEHHBIX (DYHKITHIA
I1d Kob6a — [lyrnaca
2001-2016 Ay =1,038; 0 =0,1954; B = 0,8046 0,926 87,17/3,739
2001-2017 A1 =1,033; 0=0,1948; § = 0,8052 0,894 59,06/3,682
2001-2018 A, =1,054; 0 =0,223; B =0,777 0,836 40,45/3,633
1D CES-dynkus
2001-2016 A>,=1,0357; b=0,1797; 6 = 0,998 0,866 64,46/3,49
2001-2017 A>=1,0298; b =0,2012; 6 = 0,999 0,818 29,62/3,287
2001-2018 A>,=1,0212; b =0,2306; ¢ = 0,998 0,932 89,34/3,239

B tabun. 5 u 6 npuBeneHsI CleaAyIONIe JaHHbIC:

— OLEHKU Iy pae(t + 1) 1 Lyypee(t+ 1) amst 2017-2019 rr., chopMupoBaHHbIE COOTBETCTBYIOLUIMMH MO/~
pasnenenusmu aqmuaucTparyn IHAO u omy0irkoBaHHEIE Ha e€ BeD-caiiTe, yKa3aHHOM BBIIIIE;

— JUIS 3TOTO K€ BPEMEHHOI'0 MHTEPBalla pacyeTHbIe OLEHKH ly,(f+ 1) ¢ ucnons3oBaHueM cieayo-
mux uaeHTugunupoBanHeix [1O (cm. tadm. 4): 2001-2016 rr. — [1d KA1; 2001-2017 rr. — 1D KJI1;
2001-2017 rr. — I1® CES1;

— pacueTHble oneHKH L,(t+1) 2017-2019 rr., nony4eHHbIe ¢ UCIOIb30BAHMEM MOJEIN IUHAMHKI
Ly(t+1) 9).

— 3HAYEHUS] OTHOCUTENILHON OIMOKY IIPOTHO3UPOBAHUS € p (t) , KOTOPBIE OTPENENSICTCS BRIPAKCHUECM:

%ac'i (t) B Ptb (t)
ep (1) =)ol
By (1)
rae Ppaca(?), Pyp(t+1) — pacdeTHOE M (haKTHUYECKOE 3HAYECHHS TTOKa3aTes.

3nauenns (1), v(f), p(f) 1 pacueTHble 3HaueHus k (£) (8) mpuBeseHs! B Tabn. 7. 3HadeHus v(f) pac-
CUHTHIBAIINCH Kak K03 uImeHT IMHeHON perpeccuu 6e3 CBOOOIHOTO 4jieHa, KOTopas animpOKCUMHU-
pyer Lg(f) B MHTEpBaje BpEMEHH, IIPEILIECTBYIOIIEM PACCMAaTPUBAEMOMY TOY.

[Ipu nenocpencteenHoM pacuete cornacHo (1.4) mis 2006, 2015 u 2018 rT. moay4arTCs OTpHULA-

TeJbHBIE 3HaYeHHS V(f) TI0 CBOSH aOCONFOTHON BeNMYUHE, MPEBBIIIAOIINE [I(f), YTO HE MTO3BOJISET OIpe-
*
JEeNUTh k (f) U1 3THX JIET.

2
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Tabnuua 5
MporHo3Hble 3Ha4yeHus BPI pernoHanbHon 3akoHoMuku AHAO
Ha nepuoa ¢ 2017 no 2019 r.
Table 5
Forecasted GRP values of the regional economy of the YNAO
for the period from 2017 to 2019
FO,I[, t [Y.(i)(t) IY.npaB(t) SY,HpaB(t) [Y.p(t) SY(t)
2017 1,4943 1,5093 0,009 1,5033 0,006
2018 1,4944 1,4958 0,001 1,4884 —0,005
2019 1,4788 1,4943 —-0,01 1,4869 0,005
Ta6nuua 6
MNporHo3Hble 3HaYeHUs1 cpeaHEerofoBOM YNCINIEHHOCTU 3aHATLIX (ThIC. Yen.)
B permoHanbHon akoHomuke AHAO Ha nepuoa 2017-2019 rr.
Table 6
Forecasted values of the average annual number of employed (thousand people)
in the regional economy of the YNAO for the period from 2017 to 2019
T'on, ¢ Ld)(t) anaB(t) 8ana3(t) Lp(t) SLAp(t)
2017 420,50 383,35 0,088 405,61 0,035
2018 417,70 386,79 0,074 421,24 —0,008
2019 423,00 406,25 0,040 419,53 0,008
Tabnuua 7
3HauveHus p(t), v(7), p(r) n k*(t) ANA permoHanbHon akoHomukn AHAO
B nepuog c 2001 no 2018 r.
Table 7
The values of p(z), v(¢), p(¥) n k*(t) for the regional economy of the YNAO
in the period from 2001 to 2018
Lon () v(t) p(?) k(1) Ton p() V(1) p(1) k(1)
2001 0,002 0,003 0,834 775,1 2010 0,003 0,022 0,648 72,5
2002 0,002 0,037 0,599 36,5 2011 0,003 0,019 0,659 87,12
2003 0,002 0,048 0,576 25,01 2012 0,003 0,02 0,563 65,54
2004 0,003 0,041 0,54 26,68 2013 0,003 0,02 0,522 59,49
2005 0,002 0,035 0,506 30,65 2014 0,003 0,019 0,449 51,04
2006 0,003 0,029 0,561 42,35 2015 0,004 0,019 0,428 47,34
2007 0,003 0,025 0,641 59,92 2016 0,003 0,018 0,395 46,66
2008 0,002 0,023 0,671 73,81 2017 0,003 0,018 0,375 45,08
2009 0,002 0,021 0,727 89,1 2018 0,003 0,017 0,288 32,88

Ouenka p(f) oCyIIECTBIsUIACh C HCIIOIb30BAaHUEM IOKa3aTens «(paKTH4ecKoe KOHEYHOe MoTpediie-
HHE JOMAIIHUX XO034HCTB Ha AYIIy HACEICHHU» C YUETOM MHICKCA MOTPEOUTEIbCKUX 1IeH U Tapu(oB Ha
ToBapsl U ycrmyru st SIHAO.

3akiI04eHue U BHIBOABI

Hannpie Tabn. 5 1 6 MOKa3pIBAIOT, YTO KPATKOCPOUHBIE MMPOTHO3HBIE OLCHKH 3HAYECHHUIl BaJOBOTO
PETMOHAIBHOIO MPOyKTa [y,(f) 1 CPEHEr010BOM YHCICHHOCTH 3aHATBHIX B PETHOHAIBHON DKOHOMHKE
L,(t) IHAO nocTaToyHO XOpOIIO COINIAcylOTCad ¢ (PAKTMYECKMMM 3HAYEHHMSAMH JTHX IOKas3aTelew,
oryOnMKOBaHHBIMH B M3faHusix Poccrara P®. OtHocutenbHast ommoOKka €y(f) He mpeBocxomut 1 % u
XapaKTepu3yeT MPOrHO3 KaK HIKHIOK OLIEHKY pacCMaTpUBAEeMOro Mokasareist. AHaJIOTHYHAas CUTyalus
U NIPOTHO3UPOBAHUEM L,(?), Ul KOTOPOii €, ,(¢) Tonbko A 2017 r. npessimaer 1 %. Iomyyennsie mpo-
THO3HBIE 3Ha4eHHus [y, (f) u L,(f) 11 paccMaTpMBaeMOro BpEMEHHOI'O MHTEPBalla HE YCTYNaloT 110 TOY-
HOCTH COOTBETCTBYIOIIUM JIAaHHBIM, OMYOJIIMKOBAaHHBIM MPOQUILHBIMU MOPa3IelICHUSIMU aIMHHUCTPA-
mn THAO. Orenikn & (7) (taGm. 7) s pernonanbHoi sxonoMukn STHAO B paccMOTPEHHOM BpPEMEH-
HOM MHTEpBaJle CYIIECTBEHHO BBIIIE 3HAYEHUH A(f), PACCUNTAHHBIX 10 CTATUCTUYECKUM JaHHBIM K (?)
u Ly(¢). Haunnag ¢ 20092010 rr. chopmupoBanachk TeHACHIU CHYKEHHs 3HAYEHUI k'(f) Ha pome yc-
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TOHYHBOTO POCTA MOTPEOIEHHS CO CTOPOHB! HACEICHHS PErHoHa. Bimsuue nauHOro (akropa Ha k (7)
HOCUT OTPaHMYCHHBIH XapaKTep, YTO OOYCIOBJIEHO NMPHUPOTHO-KIMMATHYECKHUMH OCOOCHHOCTSIMH pe-
ruoHa. Tak, 3a nepuos ¢ 2001 o 2018 r. Ly(?) yBennuumnoch 6onee yem Ha 30 %, Torga Kak Hermocpen-
crBenHo HaceneHnue SIHAO Bwipociio mMernee yem Ha 15 %. DT ke (HakTOpbl OKa3bIBAIOT BIMSHUE W HA
AuHaMHKy Kg(f) SKOHOMUKHM perMoHa. MIHBECTHIIMM UCHIONB3YIOTCS IS MOIEPKaHUs SKCILTyaTallioH-
HbIX XapakTepucTuk OII® permoHanbHON 3KOHOMHKH, YTO IMOATBEPXKIACTCS JOCTATOYHO HHU3KUM IO
CPaBHEHHIO C IPYTUMH PETHOHAMH TIOKa3aTtesieM ux n3noca. Koapdumuenr xe ooHoBiaeHMss OI1D s
HauuHas ¢ 2016 r. npeBeick1 panee chOpMHUPOBABLIMICS ypoBeHb Ha 5—6 %. Takum 00pa3om, HCIIOIb-
30BaHME MOJIENTU OJHOCEKTOpHON 3KOHOMUKHU P. CoJoy B 11€70M HO3BOJISIET MOJIyYaTh IPHEMIIEMBIC KaK
KOJJMUYECTBEHHbIE OLIEHKHA TUHAMHUKH BAJIOBOTO PErMOHAIBHOTO MPOAYKTA, TaK M KAUECTBEHHBIE OIICHKH,
XapakTepHU3YIOLINe HETTOCPEICTBEHHO PAa3BUTHE PACCMAaTPUBAEMON 3KOHOMUYECKON CHCTEMBI.

PaGora BbInoJiHeHa npu noaaepxke rpanta PO®U u IlpapureascrBa XMAO-IOrpa na peanusanuio
HayyHoro mpoexra Ne 18-47-860016 «KomnbioTepHoe MOJAeJMPOBAHUE JUHAMHKH COUMAJIBLHO-IKOHOMM-
4ecKoil cucTeMbl pecypcogo0bIBalOIero pernoHa cesepa Poccuu ¢ ucnoab3oBaHUEM TeOPUH POCTa, areHT-
Horo nmoaxoaa u I'MC-rexHogormii».
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MODELING THE DYNAMICS OF GROSS REGIONAL PRODUCT

A.V. Kutyshkin, avk_200761@mail.ru
Yugra State University, Khanty-Mansiysk, Russian Federation

The gross regional product is a key macroeconomic indicator that characterizes the develop-
ment of the regional socio-economic system. Modeling the dynamics of this indicator, as the final
product of the economic system, also involves the development of models for changing the values of
aggregated cost factors associated with its production. One of the directions of using the developed
models is the formation of short-term forecasts of the direct values of the gross regional product and
the factors of labor and capital costs of the regional economy that determine them. Aim. Modeling
the dynamics of the value of the gross product of the regional economy of the Yamal-Nenets Auton-
omous Okrug on the basis of the one-sector model of R. Solow for the formation of short-term fore-
casts of the value of this indicator. Materials and methods. The one-sector model of economic
growth by R. Solow is used, in which the functioning of the regional economy is described by two-
factor neoclassical functions with a constant elasticity of substitution of factors of production costs.
Production functions are identified using retrospective sequences of indices of gross regional product
and cost factors of the regional economy. Short-term forecasting of the gross product of the regional
economy is carried out using a production function that provides a better approximation of retrospec-
tive data of the time interval of the previous forecasting year. Results. Neoclassical two-factor pro-
duction functions with constant elasticity of substitution of cost factors of the regional economy of
the Yamalo-Nenets Autonomous Okrug (YNAO) for the period from 2001 to 2018 were construct-
ed.The values of the gross regional product and the average annual number of employed in
the Yamal-Nenets economy were calculated for 2017-2019, which were compared with the corre-
sponding data published by the Federal State Statistics Service of the Russian Federation, and
the forecast values published by the regional administration. Conclusion. It has been established that
the used production functions give acceptable estimates of the approximation of the actual values of
the gross regional product of the considered regional economy in the considered time interval. Modi-
fication of the models for changing the values of cost factors made it possible to increase the accura-
cy of short-term forecasts, both directly of the values of the gross regional product and the values of
factors of labor and capital costs.

Keywords: regional economy, the gross regional product, modeling the dynamics of cost fac-
tors, production functions.
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The specifics of human resource management primarily consider the work with the personnel of
enterprises and organizations, and the basic concept that existed earlier said that the human resource
and personnel of enterprises and organizations are some expenses that need to be constantly repaid.
Now, personnel-human resources are considered as the resources of the enterprise, and this approach
is used to increase the understanding of the belonging of employees and more effective use of their
competencies in the organization system. Respectively, as resources are one of the most important
characteristics of the enterprise and personnel should be attributed to the resources necessary for
the sustainable development and functioning of the enterprise. The general concept of human re-
source management provides for a set of certain beliefs and suggestions that are formed and focused
in one company, so you can talk about the corporate culture, about specific factors that are accepted in
the company, and are, in turn, also a certain resource. The aim of the study is to form an up-to-date
approach to improving the efficiency of human resource management at an industrial enterprise.
Materials and methods. As part of the materials and methods, it is necessary to note the analysis of
approaches, methods and models of human resource management presented in the scientific and
technical literature, as well as the results of their implementation in the practice of industrial enter-
prise management. Results. The article substantiates the main scientific provisions and the need
to form a general strategy for personnel development, which forms employees' self-determination in
the organizational structure of the enterprise and the vector of their development, and the manage-
ment has a clear idea in the development of personnel management decisions. Conclusion. A vague
formulation, the absence of a personnel development strategy or its inconsistency with the general
strategy of the enterprise and the dynamics of the influence of external and internal factors creates
some uncertainty, which further leads to the “turnover” of personnel and does not allow achieving
the goals set by the management of the enterprise.

Keywords: personnel, human resources, strategy, personnel development, human resource
management, personnel policy, personnel management.

Introduction

An extensive scientific and technical literature is devoted to the study of the analysis of the state and
development of human resources of enterprises and organizations. [1, 4-8, 11, 14, 19].

In the history of human resources development, personnel management, three main approaches are
widely known: economic, organic and humanistic [9, 10, 25, 26].

The economic approach assigns a leading place in personnel management not to managerial, but to
purely technical training of workers. This approach is based on: ensuring the unity of the leadership;
creating a clear management vertical; separation of analytical and linear production structures of the en-
terprise; full subordination of the personal interests of the company's employees to the goals and objec-
tives of the enterprise. This approach was most widely used for personnel management of enterprises in
the Soviet Union.

Based on the organic approach, the concept of “personnel management” and then the concept of
“human resource management” were formed. The organic approach brought this type of management
activity far beyond the previously established functions of personnel services, when personnel functions
from registration and control expanded and extended to the search and selection of employees, career
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planning for leading employees of the enterprise, analysis of activities and advanced training of employees
of the enterprise, etc.

The humanistic approach suggested that the personnel services of an industrial enterprise should fo-
cus on the management of individuals in the team and the representation of the organization as a kind of
“cultural phenomenon”. At the same time, it was proposed to consider culture in the system of ideology,
values, laws, etc. In particular, in Japan, organizations began to position themselves as collectives where
the spirit of cooperation and mutual assistance reigns, and a lifetime of hiring turns them into an exten-
sion of the family.

Among modern works in the field of human resource management, the following can be noted.

In [2], management culture from the standpoint of the concept of “human resources” management is
considered as an integral phenomenon that describes the property of a person employed in the field
of management, capable of solving problems and tasks arising in the production process and helping
an employee in a difficult professional situation. And also in situations requiring managerial influence
using knowledge and experience, values, abilities and inclinations.

The authors note [3, 27] that the strategy of human resources development is determined by the fac-
tors of the external and internal environment, the specifics of the implementation of the goals and objec-
tives of the enterprise development, its industry affiliation and other conditions. The strategy should be
aimed at achieving the required quantitative and qualitative characteristics of the personnel, which will
ensure goal orientation and adapt the strategy development algorithm to the industry specifics of
the management object.

As shown in [13, 28], the analysis of modern concepts of human resource management allows us to
conclude that the focus is on practical aspects, rather than on the philosophy of human resource ma-
nagement. To identify and explain what is happening in practice, modern researchers use the concept of
“analytical human resource management”, the main task of which is to build a theory and collect empi-
rical data to account for the behavior of management in the organization of work and management of
people in different workplaces, companies, and industries.

However, modern conditions are characterized for domestic companies by constantly growing uncer-
tainty in interaction with suppliers and consumers of products, both in Russian and foreign markets, as
well as the possibility of imposing sanctions on the part of Western powers wishing to eliminate their ex-
ternal competitors and other similar features. In addition, the complexities of doing business. At the same
time, the effective management of the development of human resources of industrial enterprises in mo-
dern realities should be based on the authors' point of view on more important and constructive ideas.
As a result, the conditions in which modern domestic industrial enterprises have to work have changed
dramatically in recent years. First of all, this concerns the impact of external factors on industrial enter-
prises, but the state of internal factors characteristic of medium and large industrial enterprises, and va-
rious areas of activity, has also undergone significant changes. The authors of this article have devoted
a number of scientific works to the study of these issues [12, 15-24, 29, 30].

It is especially important to emphasize the fact that industrial enterprises today have to first of all
pay attention not to the factors of direct external influence on the enterprise and its internal develop-
ment, but first of all to the factors of indirect external influence [22]:

e the needs of the largest buyers of the products of an industrial enterprise on the world market;

e prices for the products produced by the enterprise on international markets;

e exchange rates;

o ctc.

It is convincingly shown [19, 22] that in order to work flexibly and effectively in such conditions,
industrial enterprises need a new approach to management, which would make it possible to develop
enterprises not only during periods of stable development of the world economy, but also during periods
of financial and economic instability or global crises caused by various causes.

Thus, any modern large industrial enterprise, on the one hand, should formulate the concept and
program of its strategic development, both for the near and long-term prospects. And on the other hand,
ensure effective operational management of the industrial enterprise, which allows achieving maximum
profit for the company or compliance with the results work other criteria established by the owners [15].

In this regard, the achievement of these goals and objectives of an industrial enterprise cannot but
be interrelated with the purposeful, comprehensively justified development of human resources, ensu-
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ring their preparation for the competent implementation of the tasks set by the company's manage-
ment, both of an operational and strategic nature. This, in fact, is the key principle of the formation of
an up-to-date approach to the management of human resources of an industrial enterprise.

An actual approach to improving the efficiency of human resource management

in an industrial enterprise

The main tasks of human resources management traditionally include the timely development of in-
formed decisions that determine the requirements for the company's human resources potential that is
what kind of human resources and in what quantity are need to achieve the goals set by the owners of
the enterprise. Moreover, as shown in [22], the classical tasks of human resource management are:

1. Resource planning (development of a plan to meet future human resource needs, consisting of the
following stages: assessment of available resources, assessment of future needs for them, development
of a program to meet identified needs).

2. Recruitment of personnel (creation of the necessary reserve of candidates for all positions and
specialties, from which the company selects the most suitable employees for it).

3. Personnel selection (evaluation of candidates and selection of the best from the created reserve).

4. Career guidance and adaptation of employees to the requirements of a particular enterprise
(development of employees' understanding of what the organization expects from it and what kind of
work in it gets a well-deserved assessment).

5. Training (and developing training programs) for the job skills required to do the job effectively.

6. Determination of the amount of wages and other remuneration or compensation (creation of
a methodology for calculating wages and other payments: bonuses, sick leave payments, maternity
leave, etc.).

7. Assessment of labor activity (formation of methods for assessing labor activity and bringing it to
the employee).

8. Management training and development plans for their career advancement (development of pro-
grams aimed at developing the abilities and increasing the efficiency of the work of management per-
sonnel).

9. Promotion, demotion, transfer, dismissal (choice of methods of movement of workers to positions
with greater or lesser responsibility, develop their professional experience by working in other positions
or areas, and procedures for termination of contract of employment).

10. Training and professional development of employees of the enterprise, career planning, person-
nel motivation [18, 24].

It should be noted that human resource management is, in fact, a kind of closed business process
that is part of the overall process of managing the activities of the enterprise, although human resource
management is often organized in most enterprises in its own way.

Unfortunately, even today, the tasks of personnel administration are mainly traditional accounting
functions, which include staffing support; personnel accounting; time table accounting; payroll calcula-
tion; accounting in the Pension Fund of Russia, the Ministry of Taxes and Duties.

However, successful management of human resources of an enterprise cannot be carried out only
through administration. This requires a well-thought-out personnel policy, which is a system of princi-
ples, approaches and rules that bring human resources in line with the goals and objectives of the enter-
prise, its strategy. All work with personnel-the selection of employees, staffing, certification, training,
promotion, etc. should be the result of ensuring the implementation of the goals and objectives of
the organization, the most optimal implementation of its strategic development.

The personnel policy of the company traditionally includes:

o development of general principles of personnel policy, setting priorities for goals;

¢ planning the need for labor resources, forming the structure and staff, appointments, creating a re-
serve, moving;

e creation and support of the personnel information movement system,;

o formulation of the principles of allocation of funds, ensuring an effective system of labor incen-
tives;

e providing a development program, career guidance and adaptation of employees, planning indi-
vidual promotion, professional training and professional development;
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e performance evaluation or analysis of the compliance of the personnel policy with the company's
strategy, identification of problems in personnel work, assessment of personnel potential and other
methods of analyzing the effectiveness of personnel activities.

Effective management of personnel policy cannot be carried out without understanding the essence
of the domestic system of industrial and economic management in the country, as well as the strategic
goals and objectives of the development of a particular enterprise that largely follow from this. Without
studying these issues, any developed strategy for the development of an enterprise will never be ade-
quate to the true, and not “book”, problems of industrial development of any collectives. Unfortunately,
many works on the problems of the theory and practice of management of enterprises and groups of en-
terprises are not very suitable for Russian conditions, since the history of domestic management and
the system of industrial management that has developed in its course in Russia is not at all similar to
Western or Eastern counterparts. Its specifics are so different from those declared in pro-Western,
oriented manuals and monographs on industrial management that the use of the recommendations of
the latter can hardly allow the heads of enterprises to achieve the desired results [19].

Personnel management of industrial enterprises should begin with an analysis of the state of affairs,
the forecast of development and determination of the desired results of the enterprise, i.e. first of all,
a plan-forecast of sales (sales) of products, which should be based on carefully conducted marketing
research, take into account long-term contracts and the forecast of market dynamics. On this basis, seve-
ral variants of the plan are drawn up. These options determine the personal strategy of the head of
the enterprise for its development in the future. On this basis, production plans, standards, the utilization
of production assets, the policy of interaction with suppliers of raw materials and consumers of products,
as well as the need for human resources are then developed.

The system of measures that management can implement largely depends on whether the volume of
supply of the company's products will increase, or vice versa, the market is in a state of decline. For exam-
ple, in the case of a sharp increase in demand for the company's products, the manager should solve
the problems associated with the need to put into operation new production facilities, as well as with
the search for qualified personnel for the resulting jobs, etc. In the case of a sharp reduction in the sales
market, on the contrary, it is necessary either to re-profile production to produce other products, or to
preserve fixed assets.

Positive qualities of the labor collective are an additional incentive that contributes to stable person-
nel dynamics and job satisfaction.

The nature of the personnel policy is also influenced by the management style of the labor collec-
tive that has developed in the company. Nevertheless, we can distinguish two initial strategic elements
of the personnel policy:

1. Strategic intentions (attracting and retaining responsible, efficient, highly qualified and talented
people to the corporation. This is the key task of any company in the field of human resources manage-
ment, the most important link in long-term personnel processes that provide competitive advantages to
the enterprise due to the uniqueness of human potential and a high level of responsibility of all its em-
ployees. At the same time, corporate culture generates responsibility, and people's abilities create com-
petitive advantages. Therefore, the HR manager solves, as it were, two strategic tasks: to create a com-
petitive advantage for the company by increasing the level of responsibility of its employees, using
the means of managing corporate culture; to provide competitive advantages to the company by increas-
ing the quality of human potential and the growth of professional competence of employees;

2. The strategic directions of the enterprise development are also a component of the system of stra-
tegic goals of the corporation. But before choosing these areas, it is necessary to create a clear image of
the future enterprise. A structured vision of the future of the enterprise (the share of sales and market
positions, the organizational structure, the technologies of the main and auxiliary production, the mana-
gement style, the dominant organizational cultures, marketing policy, professional and personal charac-
teristics of the personnel potential) should help to build, including a competent personnel policy of
the enterprise.

However, to ensure the implementation of these areas in the face of growing competition in
the markets of highly qualified labor is a very difficult task. Human resources services, if they are to
solve it effectively, should cease to function as bureaucratic structures: they should acquire the features
of management and marketing groups.
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Human resources services, together with the management of the enterprise, should strive to reduce
costs due to both ineffective use of the existing human potential and excessive human resources in
the corporation. In addition, HR departments, by their traditional HR style, are themselves a source of
unnecessary costs. Establishing effective interaction with the structural divisions of the corporation is
a certain guarantee of reducing such costs, especially in the field of optimizing the existing systems of
remuneration and labor incentives.

Conclusion

Thus, the approach to human resource management and personnel incentives for a large industrial
enterprise includes the implementation of the following provisions:

— The personnel policy of the enterprise should be aimed at bringing the personnel potential in line
with the goals and development strategy of the corporation and fully comply with the personal concept
of the vision of the future of the company by the first head.

— The openness or closeness of the personnel policy should be determined depending on the factors
of the external environment, corporate culture, etc.

— The type of personnel policy of the enterprise should be directly related to the level of awareness
and the degree of influence on the personnel situation of the style and the existing management system
of the enterprise.

— In order to form an adequate personnel policy, it is necessary to develop an understanding of the
goals, norms and methods of implementing personnel measures. The main mechanism for maintaining
an adequate personnel policy should be personnel monitoring.

— When forming a personnel policy, an enterprise or a corporation needs to determine a personnel
strategy, strategic intentions and strategic directions of its development, as well as to select professional
personnel managers.
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YNPABJIEHUE COCTOAHUEM U PASBUTUEM
YEJIOBEYECKUX PECYPCOB NPOMBbILUWIIEHHOIO
NPEANPUATUA B COOTBETCTBUM C OUHAMUKON
BIMMAHNA BHELULHUX W BHYTPEHHUX ®PAKTOPOB

K.A. KopenHas', O.B. Jloeaunoeckuii’, B.B. 3axapoe’

"AO «Ky3Heuykue gpbeppocrinasni», 2. HogokysHeuk, Poccus,
2 FOxHo-Ypansckutl 2ocydapcmeeHHbill yHusepcumem, 2. YensbuHck, Poccusi

Crneunduka ynpaBiieHHs: YeJIOBEUECKUMHU PECypCcaMH pacCMaTpHUBaeT B IIEPBYIO o4Yepeb pado-
Ty C IEpCOHAIOM HPEANPHUATHH U OpraHu3aluii, 1 OCHOBHAs KOHLEHIMs, KOTOpas CyIIecTBOBajla
paHee, TOBOPHJIA O TOM, YTO YEJIOBEUECKUH pecypc M MepCoHA MPEeAUpUATHH ¥ OpraHU3alui — 3TO
HEKOTOpBIE PacXo/ibl, KOTOphIe HEOOXOIUMO ITOCTOSHHO moramats. Ha ceroqHsmHmi MOMEHT mep-
COHAJI — YeJIOBEYECKHE PECYPCH pacCMaTPUBAIOTCS KaK PECypChl NPEANPHUITHSA, U TaKOH MOIXOM HC-
MOJIB3YETCS JJIsl TIOBBIIICHHS ITOHUMAaHUS NPUHAJICKHOCTH COTPYAHHUKOB M Oosiee 3(PPEKTUBHOTO
UCIIONIB30BaHUsl UX KOMIIETEHIMH B cUcTeMe opraHm3anu. Y coOTBETCTBEHHO, KaK pPeCypChl sSIBIIs-
IOTCSL OTHOW M3 BOKHEHUINX XaPaKTEPUCTUK MPENNPUATHUS, TaK U IEPCOHAI CIIEAYET OTHOCHUTH K He-
00XOIMMBIM JJIsI YCTOMYMBOTO Pa3BUTHA M (YHKIMOHHMPOBAaHUS pecypcam mpennpusrus. OOmas
KOHILETIIUSI YIIPABIICHUS YEIOBEUECKUMH PEecypcamMy IperycMaTpuBacT Habop onpenesieHHBIX yoe-
JKACHUHN U MIpeIoKeHU, KOTopsle COpMUPOBaHBI U C(POKYCUPOBAHBI B OJHOW KOMITAHHUH, TAaKUM
00pa30oM MOKHO TOBOPHTH O KOPIIOPATHBHOM KYJIbType, O KOHKPETHBIX (PakTopax, KOTOpHIE MPHUHSA-
THI B KOMIIAaHUH U SABJISIOTCS B CBOIO OUYepelb TaKXKe OIpeesieHHBIM pecypcoM. Ilebio uceiienopa-
HMA SIBIIETCS (OPMHUPOBAHUE AKTYaJBHOTO MOAXOAA K HOBBIMICHHUIO 3(p(PEKTHBHOCTH yNpaBICHUS
YeJIOBCUECKHMHU PecypcaMH Ha MPOMBIIUICHHOM NpeanpusaTui. MaTtepuajbl 1 MeToabl. B cocrase
MaTepralioB U METOAOB CJIEAYEeT OTMETUTh aHANIN3 MTOXO0JI0B, METOIOB M MOJIENEH yIpaBIeHHs Yelo-
BEUECKHMHU PECypcaMHy, MPEACTABICHHBIX B HAYYHO-TEXHHYECKOW JHUTEpAType, a TAKKE PE3yIbTaToOB
UX BHEJPEHUs B MPAKTHKY YIPaBICHUs NMPOMBIIUIEHHBIMH Ipeanpustuamu. Pesynbrarsl. B cratee
00OCHOBBIBAIOTCSl OCHOBHBIE Hay4YHbBIE MOJOXKEHHS M HEOOXOIMMOCTh (hOpMHpOBaHHUS 00mIel cTpa-
TETUH Pa3BUTHS NIEpCOHANA, KOTOpas (JOPMHUPYET Y COTPYIHUKOB CaMOOIIpEIe/ICHNE B OpraHH3alH-
OHHOM CTPYKType NPEeINpPUATUS U BEKTOP UX Pa3BUTH, a Y PyKOBOACTBA — YETKOE MPEACTABICHUE B
BBIPA0OTKE KaJPOBBIX YIIPABIEHUECKHX peuieHui. 3akiaiouenne. Hederkas GpopMynupoBKa, OTCYT-
CTBHE CTpPAaTerMy Pa3BUTH IIEPCOHANA WM €€ HECOOTBETCTBHE OOINEH CTpaTernu MPeaIpUsaTHS H
JMHAMHKE BIIUSHUS BHELIHUX U BHYTPEHHUX (pakTOpoB (hOpMHpYET HEKYI0 HEONpeIeeHHOCTb, KO-
TOpasi IPUBOIUT B JaJbHEHIIIEM K «TEKy4eCTH» KaIpOB M HE ITO3BOJISIET JOCTUYD MTOCTaBICHHBIX PY-
KOBOJICTBOM IIPEIIIPUATHS LIETCH.

Knioueswvie cnoea: nepconan, uenogedeckue pecypcul, cmpameaus, pa3sumie nepcorana, ynpas-
JIeHue 4e08e4ecKuMU pecypcamy, Kaopoeds NOIUMUKA, YNPAGIeHUe NePCOHATIOM.
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ABTOMaTVI3VIpOBaHHbIe CucTtemMbl ynpasneHus
TexXHOJTIOrm4YeCKMmMu npoueccamm

YOK 622.6 + 004.92 DOI: 10.14529/ctcr210212

PELLEHUE 3AANAYU OOOMETPMYECKOIO NO3MLUMOHUPOBAHUA
FTOPHO-BLIEMO4YHOU MALWLWHbI NOA 3EMJIEUN
NMOCPEACTBOM NPUMEHEHUA ®PUTIBTPA KAJIMAHA

U.M. LLlesenes, A.B. 3amoHcKul

lMepmcKuli HayuoHarnbHbIl uccriedosameribCKul NoauMexHU4YecKul yHusepcumem,
GepesHukosckul ¢ounuarn, e. bepesHuku, Poccus

B coBpeMeHHOI rOpHOI0OBIBAIOIIEH TPOMBIIINIEHHOCTH aKTyaIbHONH TEXHHUUYECKOH 3a1auei siB-
JeTca BHEAPEHHE aBTOMAaTHYECKUX CHUCTEM, OOECIEUHBAIOIIUX OPHUCHTHPOBAHUE M ITO3UIIMOHHPO-
BaHHE TOPHO-BBIEMOYHBIX MAIIMH MPU OTPAaOOTKE MPOMBIIIICHHBIX IIacToB. CyIecTByeT HECKOJIb-
KO OCHOBHBIX TEXHOJIOTHH, IPUMEHIEMBbIX I TO3HIMOHUPOBAHUS KOMOAtHOB 1O/ 3eMIIeH, OJJHaKO
chepa MX NPUMEHEHHsS OrpaHWYEHA Pa3IMYHBIMH TOPHO-T€OJIOIMYECKUMH M TEXHOJOTMYECKUMH
(axropamu. B ycrnoBusix orpadoTky npomsinuieHHBIX m1actoB BKMKC nopassiomee 00IbIIHHCT-
BO M3 HUX He nmoaxoaut. Ileap padorsl: pa3paboTaTh HOBBIM MOAXOA K 3aJade OJOMETPHYECKOTO
MO3ULIHOHUPOBAHUS TOPHO-BBIEMOYHON MAIIMHBI O[] 3€MJIEH, a TAKXKE CO3/aTh MIMUTALIMOHHYIO MO-
JIeTTh, TTO3BOJIIOIYIO ¢ HEOOXOIMMOM CTETICHBIO TOYHOCTH OTPEIENATh TEKyIlee U IPOrHO3UpyeMoe
yraneHue kom0aifHa OT Hadaa BHIPAOOTKH B YCIOBHSX 3alIyMJICHHOCTH M3MEpeHUH. MaTepuasbl
U MeToAbl. B xauecTBe TEXHHUECKOTO PELICHHS MOCTaBJICHHOHN 3aJa4M IMpelaraeTcsi MIpUMEHEHHE
texHosorun BLE (Bluetooth Low Energy): iBeacon-masiuku OyayT cOpachIBaThCs 10 X0y JIBHXKE-
HUS KoMOaifHa, a JaT4mK, NMPUKPEIUICHHBIN c3aau OyHKepa-eperpyxarteis, OyIeT CUUTHIBATh pac-
CTOSIHUSA 10 Mastuka. J[JIs1 IMUTAIIMOHHOTO MOJETHUPOBAHNS HEOIPEACIICHHOCTH NIPH IBHKEHUU KOM-
6aifHa paccMaTpHUBaIach THIIOTE3a O HOPMAIBHOM PacIpeaeICeHIH CKOPOCTH IBHKEHUS Ha y4acTKaxX
ciaydaitHot niuHbBL. [Ipu MoaenupoBaHuUW cOpachbIBaHUS Masyka HCIOJb30BANACh TUIIOTE32 O TOM,
YTO BEJIMYUHA PACCESHUs Masuka MPU NaJeHUH SBISIETCS JIBYMEPHOH HOPMANBHO PACIpeneIeHHON
ClIy4ailHOW BENMYMHOM. 3allyMIIEHHBIE M3MEPEHHs I'€HEPUPOBAINUCH CTOXACTHYECKUM IIPOLECCOM C
BO3pACTAIOIIMMH TpaHULIAMHU pa3dpoca MpH YAUICHUH JaT4rKa OT Masuka. B kauecTBe WHCTpyMEHTa,
00pabaThIBarOLIEro 3allyMIICHHsT H3MepeHust, npumensuica ¢unbTp Kanvana. PesyasTarsl. Coznana
MOJIeTb, UMHTHPYIOIIAs CIydalHble CKOPOCTH JBIDKCHHSI KOMOaliHa Ha y4acTKax CIy4aidHOH uin-
HBI, a TaK)Ke CMOJIETIMPOBAH CIIydaiHbIN pa3dpoc mpu ckuasiBaHuu Bluetooth-mastakos. st rene-
pammy U3MEepeHHi JaT4yrKa pa3paboTaH adrOpUTM, HO3BONSIONINN YUHUTHIBATh YBEJINYCHUE 3allyM-
JICHHOCTH TOKa3aHUH MPH yJaJeHUH OT Onmkaiinero copomeHHoro Masaka. [lng o6paboTku Moze-
JUPYEMBIX W3MEPEHHUI M NMPaBIIBHOTO ONpPENeIeHUs AUCTAaHIMK MasdoK-IaTYUK HCIIOJIB30BAaH aj-
roputM KanmaHoBckoi ¢uiabTparmu. 3akiawdenne. [IpengaraeMpiii OAX0M U CO3JAaHHAS HUMHUTA-
LHOHHAsI MOJIENb MO3BOJIIIOT C 33JaHHON CTENEHBIO TOYHOCTH ONPEAEIATh U MPOrHO3UPOBATh pac-
CTOSIHHE JI0 yAAJSIONIerocsi KomOaiiHa 1pu oTpaboTKe MPOMBIIIIEHHBIX IIIaCTOB.

Kniouegvie cnoea: zopHo-gvlemounvlie MauwiuHbl, HOO3EMHOE NOZUYUOHUPOBAHUE, 00OMeEmp,
Bluetooth Low Energy, iBeacon, puremp Karmana.

BBenenue

B coBpeMeHHOI TOPHOH MPOMBIIUICHHOCTH ONTHUMAJIbHBIC PEKUMBI pa0OThI Pa3IMYHBIX KOMILICK-
COB M MEXaHHM3MOB, 00ECIIEYNBAIOIINX HEOOXOANUMYIO 3(PPEKTUBHOCT MPH AOOBIYE MOJIE3HOTO HCKO-
MaeMoro, He MOTYT OBITh BEHITIOJTHEHBI 0e3 BHEAPEHUS aBTOMATH3UPOBAHHBIX CHUCTEM YIpaBICHHs. AK-
TyaJIbHOCTh aBTOMATHU3alMU PACTET M B KAJIUWHOW OTPaCiH, TJie¢ TOYHOCTh OTPAOOTKH OCTATOYHO He-
0O0JIBIINX TPOMBIIUICHHBIX IJIACTOB MOXET OBbITh O0ECIICYCHA TOJILKO COBPEMEHHBIMHU ITPOIPaMMHO-
TEXHHYECKUMU CPEJICTBAMH, BHEJPSIEMBIMH B OTPa0OTaHHBIC TOJJaMH MPOIIECCHl MEXaHU3AIMH TIPU TIPO-
BEIICHUU BEIPAOOTOK [1].
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[IpoBenenue ropHbIX BbIpaOOTOK MpU OTPabOTKE IJIACTOB OCYIIECCTBIISICTCS MOCPEICTBOM JOOBIY-
HBIX KOMOAHOBBIX KOMIUIEKCOB (pHc. 1), B cOCTaB KOTOPBIX BXOJST MPOXOAYECKO-OUUCTHON KOMOaiiH,
OyHKep-TieperpyKareib 1 IIaXTHBIA CAaMOXOAHBIHN BaroH [2].

Puc. 1. Kom6ariHOBbIW KOMMEKC: 1 — MPOXoA4YeCcKO-OYUCTHON KOMbaWH; 2 — GyHKep-neperpyxaresb;
3 — WWaXTHbIA caMOXOA4HbIN BaroH
Fig. 1. Combine complex: 1 — road heading machine; 2 — loading bunker; 3 — mine self-propelled car

BaxxHoCTh COOMIONIEHUST MapKIIeHJepCKUX YKa3aHWH MpH TOPHOIPOXOJYecKHx padoTax Ha
BKMKC obycnaBnuBaeTcst HEOOXOUMOCTBIO OCTABICHHS [IETHKOB U KaMep 3aIaHHBIX POSKTHPYEMBIX
pa3MepoB B IEJSIX MPEXKIE BCET0 COXPAaHEHUS HECYIIeld MOIITHOCTH BOIO3AUTHON Tommu [3].

Takum oOpa3oM, mpoOeMa OPUSHTHPOBAHUS U TO3UIMOHUPOBAHUS T'OPHO-BHICMOYHOW MAIIMHBI
TIOJT 3eMJICH SIBIIICTCS] BAYKHON TEXHUYECKOH 3a1a4eii, KOTopas MOXKeT ObITh pellieHa B TOM YHCJIe W BHE-
JIPEHVEM aBTOMAaTHYECKHX CHCTEM, 00ECIeUnBAIONINX MPOBEJACHNE BEIPa0OTOK B 33JJaHHOM HampaBlie-
HUH, C IEJbI0 00CCIeYCHH MPOrPaMMHOI0 KOHTPOJIS 33 IMOJOKEHHEM KOMOaliHa B BEPTHKAJIBHON U
TOPU30HTAIBLHON TIOCKOCTSIX.

Jlia penieHus oCcTaBieHHON 3a/1a4l HEOOXOIUMBI TaTYUKH 10 OTKIoHeHUi0 [ BM B ropu3oHTaib-
HOHM M BEPTHUKAIBHOHN TUIOCKOCTH, a TAaKXKE OJIOMETPHUECKHE MAaHHBIC 10 YIAICHHIO KOMOaifHa OT cTap-
TOBOH MO3UIIKH (TIPEATIONaraeTcs, 4To KpeH komOaiiHa BI€BO-BIIPABO OTCYTCTBYET B CBSI3H C HAJEKHBI-
MU JaHHBIMU THPOCKOIIA B KaOMHE KoMOaiiHepa).

B nmanHol paboTe paccMaTpuBaeTCs 3aada MOJCIMPOBAHUS MOKa3aHU BUPTYaIbHOI'O OJIOMETpa,
a TaKXKe MPOIIEeCC MOCTPOSHHUS AITOPUTMA, HEOOXOAMMOTO I Mo3UIoHupoBanust [ BM 1o 3tum noka-
3aausM. [Ipu 3TOM yuuTBIBaETCS, 9TO OJOMETpP OyET UCTIONH30BATHCA KaK BCIIOMOTATEIbHBIN JATYHK B
KOMOWHAIIMU C IPYTHMH JaTdyuKamu [4, 5], Tak Kak u3-3a JBW)KCHUS KOMOaifHa B Pa3HBIX TIOCKOCTSIX
JIAHHBIX OJIHOTO OJIOMETPa JJIsl OLICHKU MOJIOKEHHS OyIET HEIOCTATOYHO.

Cy1iecTBYIOT pa3InyHble TEXHOJIOTHUU, IpUMeHseMble Juist opueHTanuu 'BM nmox 3emuneit [6], ox-
HAKO B YCJOBHAX OTpabOTKH mpombiiuieHHBIX miactoB BKMKC monmasnstomniee OOMBIIMHCTBO W3 HHUX
He moaxoauT. [IpuMeHeHune na3epHbIX U ONTHYECKUX CHCTEM IS OPHEHTAIIMA HEBO3MOXKHO B CBS3H C
HU3KOH BHIMMOCTBIO IO MPUYUHE HEU30S)KHOM 3albUICHHOCTH MPOXOJUMBIX BBIPAOOTOK; TaXEOMETPH-
YECKUE CUCTEMBI HE MOTYT OBITh TPUMEHUMBI M3-32 OTPAHUYCHHI Ha UCIIOIH30BaHUE PA3IMYHOTO BUAA
TpaHCIIOPTa JJIsi OTOMTOM MOPHON MacChl; MPUMEHEHUE MHEPIHABHBIX CHCTEM OyIeT CBS3aHO C OO0Jb-
IIMMH TTOTPEIIHOCTAMU B CBSI3U C BHICOKMMH BUOPAIIMOHHBIMHU BO3MYIIICHUAMHU KOMOaliHa, BhI3BaHHBIMU
paboTOl UCTIONHUTENBHOTO OpPraHa, a TAaK)Ke CAMUM IepeMeIeHIEeM 3a CYEeT TYCEHHYHOT0 XOJ1a.

1. ITpenJiaraemoe TeXHMYECKOE pPellIeHHE

B nannoii paboTe Ui peleHus: 0A0METPUUYECKOH 3a1auu peaIaraeTcsl HCIoIb30BaTh TEXHOIOTHIO
BLE (Bluetooth Low Energy), koTopas y:xe JaBHO BHEAPSAETCS ISl peIliCHHUs pa3IMuHbIX 3aaa4 indoor-
HaBUTAIMK BHYTpH nomemieHuit [7, 8]. C3aau OyHKepa-mieperpyareis 1o IEHTPY Ha BbICOTE /i OT
NOYBBI KaMepbl OyJeT yCTaHOBJECH NaTYMK, MPUHUMAIOIIUA curHan. YyTe HIKE HOA JAaTYUKOM OyAeT
HaXOAMTHCS YCTPOUCTBO, cOpachiBarollee ibeacon-MasyoK MPpHU yJaJICHUU AaTYMKa Ha 3aJaHHbIM mar A
OT MPEIBITYIIET0 COPOIICHHOTO MasiKa (puc. 2).

[Ipu ynanennn komOaliHa OT MOCJIEAHEro COPOIIEHHOTO MasyKa AaT4UK OyJeT NMPUHUMATh BCE
YMEHBIIAIOUINNACS YPOBEHb CHTHAJIa U IMOKA3bIBaTh PACCTOSHUE MEXIY MasdyKOM M JaTYHKOM (pHC. 3).
3Ha4YeHUs paCCTOSIHUHN, COOTBETCTBYIOIIHNE ONPEICICHHOMY YPOBHIO CUTHAJA, OYAYT SBISTHCS TEXHUYC-
CKUMH XapaKTePUCTUKAMH KOHKPETHOT'O YCTPOWCTBA, HACTPAaMBAaEMbIMU IO YCJIOBHUS 3KCILTyaTallUH U
OTIpeIesIIEMBIMU MIPU ero Kanuoposke [9].
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Puc. 2. PacnonoxeHune gaTymka u yctporMcTsa Ans copacbiBaHUs Masyka
Ha GyHKepe-neperpyxarene
Fig. 2. Location of the sensor and device for dropping the beacon
on the loading bunker

Puc. 3. Mpumep copacbiBaHUA MasiuKoB Mo XoAy ABUKEHUA kombainHa (cpe3 cBepxy)
Fig. 3. An example of dropping beacons in the direction of the combine’'s movement
(cut from above)

JIyis MOJCTUPOBAHUS TIOJTYYAEMBIX JATYUKOM OT OJIMYKANIIIEro Masiyka 3allyMJICHHBIX HAOII0ICHUI
ObL1a MOCTPOCHA MOJICIb ABMIKEHHUS KoMOaiiHa.

2. Co3anne UMUTATHOHHOW MOIeTH

2.1. Mooenuposanue osudicenus Komoaina

Ha nepBom miare mozaenupoBaHus ObLIO CIENAHO MPEIINONIOKEHHE, YTO MPOIECC MPOXOJKU BCeH
JUTHHBI 0Tpa0aThIBaeMO KaMephl COCTOUT M3 HECKOJIBKMX yYacTKOB, HA KOTOPBIX CKOPOCTh KOMOaiiHa
nmpuMepHo moctosiHHa. [loaromy kamepa mmuHO# 200 MeTpoB pa3OuBanach Ha CllydaliHOE KOJIMYECTBO
OTpe3KOB ciaydaiHou amunel U . [Ipu 3TOM IpUHUMAaIack TUIIOTE3a O TOM, YTO CaydaiitHas BenudunHa U
pacmpeziesieHa paBHOMEpHO, TaK KakK JUIMHA KaKIO0T0 U3 TAKUX OTPE3KOB PaBHOBEPOSITHA, U UMEET ILJIOT-
HOCTb paclpeieIeHNs:

l .
()= m,ecnnue[a,b], 0

0,ecmuu ¢[a,b],

rzie 3Ha4eHust a u b mMoryt ObITh M00sIME 0T 0 10 200 (B paboTe mpuHUMAaIIOCh, Harpumep, 4to a =0,
b=20).
3nauenus U; MozaenupoBalIuCh O TeX HOP, IOKa UX CyMMa He MpeBbllIana AIUHY OTpabaTbiBae-
k
MO KaMepBl: ZU ; <200 . IIpu 5TOM UIMHA TIOCIIEIHETO YYaCTKa KOPPEKTUPOBAIACh TaK:
i=l
k+1
Ui =Uk — (ZUi —200).
i=1
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Ha cnenyromem mare MoaeaMpOBaHMs JUIs KakJaoro 3HadyeHuss U; reHepHpoBajoCh 3HaYEHHE

V; — npuMepHoOii cpeHel ckopocTH KoMOaiiHa Ha JaHHOM y4acTKe. Bplia MpuHATa TUIOTE3a O TOM,
yTto V' — ciaydaliHas BeIMYMHA C HOPMAJbHBIM 3aKOHOM PAacCHpeIeNeHUs] U MNIOTHOCTBIO BEPOATHO-
ctu [10]:

_ (V_ch )2

f)=—t e 2 ®)

5,21

Iie G, — CPEAHEKBAIpaTHYECKOE OTKIIOHEHHE 0T MV = Vep -

W3 HOpMATHBHBIX JOKYMEHTOB M3BECTHO, YTO MaKCHUMallbHAsh CKOPOCTh KOMOaifHa Ha IeperoHax
paBHsieTcst 3 M/mMuH. OIHAKO MPH OTPaOOTKE T'OPHOH MOPOJABI Takas CKOPOCTh HE TOJUTCS, IMO3TOMY
Cpe/iHee 3HaUCHUE CKOPOCTH Vg, NPH 0TpaboTKe ObUIO paccuuTaHo no-apyromy [11, 12]:

ch = —S ' Y .
rae O — cpeaHss MPOU3BOAUTENBHOCTh KoMOaiiHa Ypan-2011, T/MuH; S — TuIonaas mornepevyHoro ceve-

3)

HUS BBIPaOOTKH, M Y — yIelbHas INIOTHOCTH TOOBIBAEMBIX COJIEBBIX TIOPOI, /™.
B utore 6110 TOMTyYEHO CiEAyIONIEE 3HAUCHHUE IS CPEIHEH CKOPOCTH Vep TPH 0TpaboTKe Tpo-
MBIIIJIEHHBIX IJIaCTOB:
8 T/MuH

Vep = 5 =~ 0,25 m/mun = 0,004 m/c .
15,6 M~ -2,08 /M

I[J'IH pacdc€Ta G, HNpearojaarajloChb, 4YT0O MUHUMaIbHAsl CKOPOCTh U MaKCHUMaJIbHAsl CKOPOCTD IIpHU OT-

paboTKe TIacTa MPUMEPHO PaBHOYIANICHBI OT V., , TO €CTh MUHUMAaJbHAs CKOPOCTH OJIM3Ka K HYJIIO, a

cp
MakcuManbHas 0mm3ka k 0,01 M/c, Tora corliacHO MPaBHITY «TPEX CUTMay:
0,01 m/c—0,004 m/c
c,=
3
TakuM 00pa3oM yaajioch CMOJCIMPOBATh JIBM)KCHHE KOMOaliHa CO CIy4YalHBIMM CKOPOCTSIMH Ha
OoTpe3Kax ciiydaiiHoHM jyinHbl. [I0CeKyHIHBIN 3aMep PacCTOSIHUA OT yNAJNAIOUIErocs JaTyrdka A0 Hadala
KOOpPJIMHAT MOKAa3aH Ha puc. 4.

~ (0,002 m/c.

140| 4. m

3

120 ¥ sl
7

100 //

80 /

’ /

/

PR

40 /

20 ~
/ t, cex
0 10000 20000 30000 40000 50000

Puc. 4. MocekyHOHbIN 3aMep pacCTOAHUA OT yAansoLWerocs gaTyvMka Ao Hayana koopauHat
Fig. 4. Secondary measurement of the distance from the receding sensor to the origin
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2.2. Mooenuposanue copoca maauxa

[anee MonennpoBanochk ciydailHOe CKUIbIBAaHHE Masdyka. Masdok u3-3a BuUOpauuu KomOaiiHa mpu
CKUJIBIBAHWUY CIy4aiiHO OTKIIOHSIETCSI B CTOPOHBI Mo KoopauHare X u Y . Jlns monmenupoBanus Obuia
paccMOTpeHa THUIOTE3a O HOPMAJIbHOM pPaCIpEIEICHUN TaKOW JBYMEPHOW Cly4yalHOW BEITWYUHBI
M (X,Y) c IIOTHOCTBIO pacHpeAeICHuUs:

1 -
Quy (6,7) = ——————e” 1, )
216,60 ,41-p
2 2
- - —-a —-a
rre L(x,y) = 1 . x—a, _2p.x a, v v, y—a,
2(1-p%) o, o, c, c,

IIpu sTOM cumTanock, 4to ciydaiiHple BennduHbl X W Y HE3aBUCHUMBI JpyT OT apyra (XOTs, BO-
00I1Ie TOBOPS, 3TO HEOOSI3aTENBHO TaK, HO B JIAHHON MOJIENH pacCMaTPUBANICS UMEHHO TaKo# cirydail),
MO3TOMY KO3(DPHUIIMEHT KOpPeIAlud p MeKIy X U Y NpakTHYeCKH OyAET PaBeH HYJIIO, TO €CTh UM
MOKHO TIpeHeOpeyb, MO3TOMY ypaBHEHHE ISl INIOTHOCTH pPaclpeAeTIeHHs IBYMEPHOH CITy4aitHO! BeJH-
YHHBI YITPOIIAIOCH:

1

— = L(x,y)
Py (xa y) - 2 e > (5)
oM
rae
2 2
l1|{x—a y—a
Lx,y)== =+ =1 |
2 o, c,
rae a, U a, — KOOPAUHATBI X U y ycTpoiicTBa cOpachlBaHUs Masuka B MOMEHT cOpachlBaHus; G, U
G, — CPEAHEKBAJPATHYICCKUE OTKIOHCHHS, XapaKTEPHU3YIOLIMe pa3dpoc [0 X U ) COOTBETCTBECHHO; B
1-0
MOJIC/IH TIPHHUMAJIOCh, YTO G, =0, =T=O,333 M COIVIACHO «IIPaBUJIy TPEX CUIMa» JUIsl MaKCH-

MaJIbHOTO pazbpoca B 1 M.

Ha puc. 5 noka3an nocexkyHIHbIH 3aMep pacCTOSIHUA OT yJAJISIOLIErocsl JaTyuka A0 Hadaja Koop-
nuHat (JuHuS 1), a TakKe MOCeKYHIHBIN 3aMep OT YJaJISIONIerocs JaTyuka 10 OrKaiiiero coporieH-
HOTO Masiuka (JIMHUSA 2), C yI€TOM TOTO0, YTO LIar cOpackiBaHHs paBeH 15 M.

60\d, m

40 /
2

20

t, cex
0 5000 10000 15000

Puc. 5. MocekyHAHbIN 3aMep paccTOAHUA: 1 — OT yAansilowWweroca AaTynka Ao Hayana KoopauHar;
2 — oT ypansiowerocs aaTunka Ao 6nuxaniiero c6poLeHHoro Masiuka
Fig. 5. Measuring the distance per second: 1 — from the remote sensor to the origin;
2 — from the remote sensor to the nearest dropped beacon

BecTHuk HOYplY. Cepus «<KomnbioTepHble TEXHONOrMK, ynpaBreHue, PaauoaneKkTPoHUKay. 127
2021.T. 21, Ne 2. C. 123-135



ABTOMaTM3MpOBaHHbIe CUcTemMbl ynpaBJrieHus...

2.3. Mooenuposanue wiyma oamuuxa

[MocnenyronM maroM MoJeIMPOBaHUsT OBUIO MOJCIMPOBAHKE IIyMa U3MEPEHHUH PAcCTOSHUN yia-
JIIOIIETOCS TaT4MKa 10 Oivkaiiiiero masuka. Lllym mokasaHuil maTyvka MOJCIUPOBAJICS HOPMAJIbHO
pacupeneeHHONW CIy4ailHOW BETUYMHON D C MJIOTHOCTBIO PACIpEEICHUs:

1 N 20(2)
fpd)=——p=e %, (6)
Gy V21
e 0; — PacCTOSHHE OT GIIMDKANINEro MasiKa 0 JaTIMKa B k-l MOMCHT BPDEMCHH; G, — CPEIHCKBal-
paTHYecKoe OTKIOHEHME, XapaKTepHU3yIolllee I'PaHULbl pa3dpoca NOKa3aHWH JaTduka B k-l MOMEHT
BPEMEHH.
I[Ipu 5TOM NPy MOJEIMPOBAHMHU HIyMa HEOOXOJAMMO OBLIO YUUTHIBATh, YTO PAHMIBI pa3dpoca 3a-

ITyMJICHHBIX TIOKa3aHWM BO3PACTAIOT JIMHEHHO B 3aBUCUMOCTH OT YIAJICHHs AaTdynka oT masdka [13].
ITosToMy OBLIO MPUHATO, YTO BEPXHsA TPAaHUIA g,(0,) M HWXKHSS TpaHUIBl g;(0;) IIyMa 3aBUCAT OT

PAcCTOSHUSA O) CIEAYIOMIUM 00pa3oM:
£1(0,)=0,50;;
8,(0) =150,

4TO O0TOOpaXeHO Ha puc. 6 (R, — paccTosHUE OT MasuKa 10 JaT4UKa, CPEAHSS JIMHUS — O) , BEPXHSA

(7

rpaHuLa — g,(0y), HIKHsI rpaHula — g;(dy) ), a O, B KaX/blil k-l MOMCHT BPEMEHH PaCCUUTHIBAIOCH
COTJIACHO TIPABUITY «TPEX CHI'Ma) TaK:

_ [gz(ak)_gl(ak)]/z
Gy, = 3 ,

®)

")

0 10 O 20 30 40

Puc. 6. Bo3pacTtaHue rpaHuu pa3bpoca uamepeHur npu yaaneHum gatymka ot Masyka
Fig. 6. The increase in the measurement scatter boundaries when the sensor moves away
from the beacon

B pesynbpTate ynanochk cMOJEIMpOBaTh 3allyMJIEHHbIE CIydalHble MOKa3aHUs d, yOasoILEerocs
OT OurKaifiero Masiaka JaT4rika ¢ marom cKuneiBanus 15 m (puc. 7).
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60 4 um
Ty i ‘Inid}“lll [,
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Puc. 7. 3awymneHHble NOCEeKYHOHbIE 3aMepbl PAaCCTOAHUSA OT AaTyMKa A0 Gnuxanliero Masiyka
(war cépacbiBaHUA paBeH 15 M)
Fig. 7. Noisy per-second measurements of the distance from the sensor to the nearest beacon
(dropping step is 15 m)

3. O6padoTKa pe3yJbTATOB H3MePeHUs!
[Ipu o6paboTke 3alIyMJIICHHBIX W3MEPEHHH MOTYT OBbITh HCIIOJIB30BAaHBI Pa3IMYHbIC MaTeMaTHhde-
ckue WHCTpyMeHTHI [14]. B manHOH paboTe miist ycTpaHEHHs IOTPEIIHOCTH TONYyYaeMbIX H3MEpPeHUH

JaTyuKa d;, W TOIy4eHUs XOpoulel TOUHOCTH Ul TMOCEKYHIHOW OLEHKU PAcCTOSHHSA NP YAAJICHUH
JaTyrKa OT Masuka ObLJIO MPHHATO pelleHHe ucnoip3oBaTh GuisTp Kammana [15]. MaremaTtnyeckas
MOJIEJIb TIPOLIECCa, OMUCHIBAEMOT0 (PMIIBTPOM, BBITTISIANUT TaK:

X, =F-X,_+B-U,+W,, )
rae X; — 3HaUEHUS BEKTOPA COCTOSHMS CUCTEMBI B MOMEHT k , IPOrHO3UpYeMble (PUIBTPOM Ha OCHO-
BaHMU IPEBIIYILEr0 BEKTOpa 3Ha4eHUH X, _;; Tak Kak JJI1 MOAEIUPOBAHUS JBU)KEHUS JAaTUUKa ObLIN
UCIIOJIb30BaHbI JIBE IEPEMEHHBIE: KOOPANHATA X; M CKOPOCTh X; (KOOpAMHATA ); B JAHHOH MOJEIH HE
paccMaTpuBaiach, TaK Kak MPeANoaraioch, YT0 KOMOAHH IBUTAETCs MPSIMO (32 OTKJIOHEHHS IIPH MTOBO-
poTe OyayT OTBEYaTh ApYrue AaTYMKHU), KOOPAMHATA Z;, B JAHHOM MOJENIM TaK)Ke HE pacCMaTpUBalach,
TaK Kak IpeJrosaranock, 4ro komOaiiH nBuraercs 0e3 oTkiaoHeHuil B miockoctu OXY ); Bektop X
BBITJISIIUT TaK:

Xk = ).Ck 5

Xk

F — maTpuna 3BOMIOIMH MpoLIecca; TaK Kak B Ka4eCTBE MOJIENH Ipoliecca Oblia B3ATa MOJIEIb paB-

HOMEPHOTO JBW)KEHUS Ha KaXKJIOM I -M y4acTKe, MaTpHIla 9BOJIIOLUH MPOIiecca MOTyIHIach TaKOM:
1 At
0 1

B — mMaTpuna ynpasiieHHs, KOTOPasi NPUKJIAABIBAETCS K BEKTOPY yNpapisromux BozaencTeui U, ;

2

TaKk KaKk B paccMaTpuBaeMON MOJENN MPOMCXOAMUT TOJHKO HAOIIOAEHHE 3a MOKa3aHMSAMHU JaT4dHKa, TO
JaHHOE CIITaraéMoe OTCYTCTBYET;

W, — HOpMAaNBHBII CIy4aliHBII IIPOLECC C HYJIEBBIM MaTeMaTHYECKHM OXXHIAHUEM U KOBapHalu-
OHHOH MaTpuuei Q, KOTOpPbIH ONMCBIBAET CIy4alHbI XapakTep dBomouun cuctemsl: W, ~ N(0,Q);
MpU MOJICIIUPOBAHNY JIBIXKCHUS JaTYMKA MPEJIoNarajJochk, 4To Ha i -M y4yacTke KomOaliH Oyner nBu-
raThCs CO CKOPOCTBIO V;, HO U3-3a HEPOBHOCTEH MOYBBI KaMEphl, U3-32 PA3HON MJIOTHOCTH OTPabaThl-
BaeMbIX MOPOJ, TPOCKaIb3bIBAHHS TYCEHHUI] KOMOaliHa U psijia APYTHX CIy4alHbIX (aKTOPOB CKOPOCTh
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B MOMEHT BPEMEHH k Bcerjaa OyleT HEMHOTO OTIMYaThCs OT PACCMOTPEHHON CKOPOCTH V; Ha JaHHOM

i-M y4yacTKe; JaHHas CIy4allHOCTb IPH PACXOXACHUH IMPOTHO3UPYEMBIX MOKa3aHUH OT peanbHBIX 00y-
CIIaBJIMBAET HEOOXOAMMOCTh A00aBleHMs K Mojenu ciaaraemoro W, ; KoBapualMOHHas Mmarpuina Q

OyZleT onpenenaThes CleIyIomuM 00pa3oMm:

2

2 T At™ At 2 At
Q=0,GG" = oy G= R (10)

At 1 1
rae G — cron0er U3 MaTpULbl ABOJIIOLHUU CUCTeMbl F ¢ HaMBBICIIUM HOPAIKOM IIPOU3BOIHOH; G, —
CPEAHCKBAPATUICCKOC OTKIOHECHHE OT V, .
[Iponecc nmporno3upoBanus anroputMom Kanmanosckoit ¢punbrpanun [16—19] noapaszymenaer n8a
9Tana: 3KCTPANoJALUK U KOPPEeKIMH. B Hamel Moaenu Ha sTare dKCTparnosIMA pacCUUTHIBATIOCH 3HA-

YyeHHe

X 1 At x4
X 0 1 ){x%
[Ipu 5TOM A7 pacueTa MepBoro mara MpeArnoiaraioch, 4YTo MPH Havyaje BUKEHUS KOMOAalH Haxo-
JUTCSI B TOUKE C KOOpAMHATOH X, =0 M, u uMmeeT ckopocth X, = 0,004 M/c B HauaIbHbI MOMEHT Bpe-
MEHH.

B MoMeHT BpeMeHH k IPOU3BOAUTCS M3MEPEHHUE d, — PAacCTOSHUS OT Masdka 10 narduka. ITo Ha-
01110/1aeMOMY 3HAYEHHIO ¢, PAacCUUTHIBACTCS KOOPIHHATA

xXp =Ndi —h*, (11)

rie s —3To BBICOTA PACTIONOKEHUS JaTYNKa OT IOYBBI KAMEPHI.
B coorBercTBHu ¢ Mozenbio KanMana 3amrymiieHHbINH BEKTOp u3MepeHnii X; ¥ HCTUHHOE 3HAYCHHUE

BEKTOpa U3MEPAEMOi IepeMeHHON X, CBA3aHbI MEXKAY CO00H ypaBHEHUEM

X, =H-X, +E,, (12)
rac H - MaTtpulia H3MepeHHﬁ, CBsA3bIBAKOIIasn ACTHHHBIA BCKTOP COCTOAHUA U BEKTOP HNPOU3BCACHHBIX
HBMCpeHHﬁ; E Kk Oeblit FaYCCOBCKI/Iﬁ mIyMm € HYJICBBIM MAaTCMAaTUYCCKUM OXXUAAHHUCM U KOBApHUAITUOH-

Hoii matpuueii R,, E, ~N(O,R,); B HameMm ciydyae u3-3a TOro, YTO JATYMK OAUH U U3MEpPSETCS
TOJILKO KOOpAMHATA, MaTpulla u3MepeHuid Oyaer takoii: H = (1 0) , TIe eIMHNUIA 03HAYaeT, YTo napa-
METpP-KOOpAUHATA U3MEPSETCs, a Hyllb — YTO MapaMeTp-CKOpOCTb He U3MepsieTcs, a B KadecTBe R
2 .
MOXXHO PaccMOTPETh JWMCIEPCUI0 O ~CIy4ailHOro mporecca &, XapaKTepU3YIOLIEro LIyM OJHOTO
. _ 2
JaTauKa: &, ~ N(0,0¢, ), Ry =0, .

Tak kak IIpu yaaJICHUU JaTYHWKa OT Masg4dkKa p8,36p00 HBMepeHI/Iﬁ BO3pacCTacT, Aucrepcus mporuecca
G&k TaKXXC OOJDKHA MCHATBHCA, ITOITOMY IJId MOOCIMPOBAHUA 10 KanMaHy HGOGXOI{I/IMO OLCHUTDH XOTsA

OBI TIPEATIONIOKUTETHHO, KaK Oy/IeT U3MEHSTHCS cék NpY yIAICHUH JIATYMKA OT MasdKa; B HAIIEM IIPH-
Mepe MPEe/IIONOKHUTEIbHO Opaoch CpefHee 3HAYEHHEe CKOPOCTH Vg, =0,004 M/c u npexnonaranocs,

4YTO pa3Opoc 3HAUYCHUN & BO3pAacTaeT COTJacHO MPaBUIY, PACCMOTPEHHOMY BHIIIE (CM. pucC. 6).
ITpu Takoii cpetHel CKOPOCTH JUIsl KaXKI0TO X; IIPH yIAJI€HUH OT IOCIETHEro COPOIIEHHOrO Masy-

Ka (C y4eToM TOro, 4To Mas4dok cOpacbiBaeTcs ¢ marom A =15M) MOXKHO paccuuTaTh d; = Jsz +h?,

3aTeM paccuuTaTh NpeanonaraeMelil pasopoc dy =d, —€, u d,, =d; +g, U 3aTeM paccuuTaTh

)?kl=_k—ock1=«/(c7k1—sk)2—h2 u Xy =X, + 0y = \(dy, +8,)° — I (puc. 8),  Torma

[%2 — %]/ 2

[ Xk2 T X

Gik = f (10 IpaBUITY «TPEX CUTMa»).
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Xp—0pn fk .fk+aﬂ Xk

Puc. 8. Npacdhnyeckaa nHTepnpeTauus pacyera Gik

Fig. 8. Graphic interpretation of the calculation of the Og,

Taxxe Ha dTamne SKCTpaoAIuU paCCYUThIBACTCA MaTpUIla

T
P, =F-P,_,-F' +Q. (13)
Ha HYJICBOM MIare 3Ha4CHUsI MaTPUIbL PO 3a1ar0TCA B COOTBETCTBHUU C TCM, YEMY MbI 0oJbIIE n0-

BEpsieM BHadajle NpU MOCTPOSCHUM: 3aJlaHHOM MOJIENM WM TMOJYy4YaeMbIM H3MEPEHUSAM OT JlaTyhKa.
B Hamie#t Mojienii CUIIbHBIN pa30poc 3HaUYCHUH AaTyrKa HaOJIF0AaeTCs IPH YAAJCHUH OT Masiuka, o3To-
My BHayalle ocje coOpoca Masiaka Mbl O0JbIe OyneM JOBEPSITh JaTIUKy, a HE MOJEIIH:

0,1 0
1o o1
Jlayiee IpOMCXOIUT 3TAl KOPPEKIMHK I pacueTa koddduienta ycuienus Kanmana.

PaccunThiBaeM BEKTOp, XapaKTEPU3YIOIINI clydallHble OTKJIOHEHHS IMOJNYYCHHBIX Ha Iiare k 3Ha-
YEHUH U3MEpsIeMON BEJIMYMHBI OT BEJIMYMHBI, 0)KHJAEMOM MPH MPOU3BEACHHOMN 3KCTPANOIALINN:

E, =X, -H-X,. (14)
Hanee paccunteiBaeM Matpully K, , coctosmyro u3 KanmaHoBckux k03 (HIEHTOB YCUIEHHUS:
K, =P, -H' .S, (15)

rac Sk — KOBapualnmMOHHAs MaTpula AJid BCKTOpAa OTKIIOHCHHA (BeKTOpa OH.II/I6KI/I), paccuuTbIBacMast

CIIeIyIomUM 00pa3zoM:

S,=H-P,-H' +R,. (16)
Jlanee npoucxouT KOPPEKIUs NOIy4eHHON SKCTPAOJIAIMKU BEKTOpa X, MOJAEIUPYEMON BEINYMHBIL:

s CKOppGKTPIpOBaHHOﬁ KOOPANHATLI X ;. PaCCUUTBIBACTC CKOPPCKTHPOBAHHOC 3HAYCHUC PACCTOAHMA:

d, =32+ 1> (18)

I[aﬂee Ha MMOCJICAHCM HIare nmpoucCxoJuT KOPPCKIUA MAaTPUILIbL Pk OLICHKHU BCKTOpA COCTOAHUA CUC-
TCMBI.

P, =(1-K, -H)-P,, (19)
rae I — equHnyHag matpuua.

[TocekyHaHBIC PE3Y/IbTAThI 3AIIYMIICHHBIX 3aMEPOB PACCTOSHUI OT JaTYKMKa 0 OJMKANUIIEro Mastd-
Ka, a TaKXKe PacCTOSHU, 00paboTaHHBIE MOCpeACTBOM anroputMma KaiamaHnoBckoil ¢unbTpanuu, npen-
CTABJICHBI HA pUC. 9.
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Puc. 9. O6paboTka nsmepeHumn anroputmom KanmaHoBckon cpunbTpaumm
Fig. 9. Processing of measurements by the Kalman filtering algorithm

3akioueHne

[TogBomst wTOT, MOKHO CKa3zaTh cienmyromiee. IIporecc MOAenupoBaHUS COCTOSII M3 HECKOJBKUX
sranoB. Ha mepBrIx 3Tamax Oblia co3/aHa MMUTAIMOHHAS MOJETh Ipollecca ABMKCHHUS KoMOaifHa mo-
CPEACTBOM €€ CBEJICHUA K MOJEIN PABHOMEPHOTO JIBIKECHUS MATepUATbHOU TOUKH, B KAYECTBE KOTOPOMl
BBICTYIAI JATYUK, PACTIOJIOXKEHHBIN Ha BEICOTE /I OT MIOYBBI KAMEPHI.

Crnenyrommm 3TaroM ObLTO MOJEIMPOBaHUE COPACcHIBAaHUS MasdKOB M 3aMepa PacCTOSHHUM OT JaT-
YUK JI0 TIOCJIETHETO MasiyKa CHadana 0e3 ydera 3auryMICHHOCTH ITOKa3aHWH TaTIrKa, a 3aTeM C yUeTOM
myMa. B pesynprate yaanock cMOAEIMPOBATh 3alllyMJICHHbIE CoydaiiHble MOKa3aHus d) yoalsroLero-

¢S OT OJIbKaiIero Mastyka JaT4yMKa ¢ I1aroM CKUIbIBaHus 15 M.

Hanee mo 3amyMiIeHHBIM HAaOIIOJEHUSM MOCPEACTBOM MHCTpyMeHTa KanMaHOBcko# ¢uibTpannn
yIAIOCh ONpPENeNATh U MPOTHO3UPOBATh PACCTOSHUE A0 YAAISIOMETrocs 00bEKTa.

TakuMm 06pazom, OTyYEHHBIE B XO/I€ PEIICHUs TOCTaBIEHHOW OJJOMETPUUYECKOM 3a7aun pe3yibTa-
TBI JAIOT BO3MOKHOCThH BBIOMPATh Pa3IMUHbIE «aJeKBAaTHBIC» KOMOMHAILIMH TaPAMETPOB C LEJIbI0 MUHU-
MU3ALMU BETUYUHBI 3, XapakTepHU3yIOLIel OrPeIHOCTh 3aMEPOB PACCTOSHUSL:

B:f(quan anaGyaG()kaK)a (20)
IJie ¢ — KOJMYECTBO COPAChIBAEMBIX 3a IIAr MasukoB; A — IIar cOPachbIBaHUS MasyKOB; 1| — KOJIUYECT-
BO M3MEPCHHUH 3a CAMHUILY BDEMEHH; G, M G, — pa30poCkl NPy COpAaChIBAHUM MasuKa; Gy, — pa3opoc

noKa3aHui narumnka; K — «HacTporkm» ¢pmibTpa Kanmana.
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SOLUTION OF THE PROBLEM OF ODOMETRIC POSITIONING
OF A MINING MACHINE UNDER THE GROUND
BY USING A KALMAN FILTER
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Perm National Research Polytechnic University, Berezniki Branch, Berezniki, Russian Federation

In the modern mining industry, an urgent technical challenge is the introduction of automatic
systems that provide orientation and positioning of mining machines during the development of in-
dustrial seams. There are several basic technologies used for positioning combines underground, but
their scope is limited by various mining, geological and technological factors. In the conditions of
industrial development of VKMKS seams, the vast majority of them are not suitable. Aim. To develop
a new approach to the problem of odometric positioning of a mining machine under
the ground, as well as to create a simulation model that allows with the required degree of accuracy
to determine the current and predicted distance of the miner from the start of production in condi-
tions of noisy measurements. Materials and methods. As a technical solution to the task, the use of
BLE (Bluetooth Low Energy) technology is proposed: iBeacon beacons will be dropped in the direc-
tion of the combine's movement, and a sensor attached to the rear of the loading bunker will read the
distance to the beacon. For simulation modeling of uncertainty during the movement of the combine,
the hypothesis of the normal distribution of the speed of movement on sections of random length
was considered. When simulating the dropping of the beacon, the hypothesis was used that
the scattering value of the beacon upon falling is a two-dimensional normally distributed random
variable. Noisy measurements were generated by a stochastic process with increasing scatter bound-
aries as the sensor moved away from the beacon. The Kalman filter was used as a tool for processing
measurement noise. Results. A model has been created that simulates random speeds of the com-
bine's movement on sections of random length, and also a random spread when throwing off Blue-
tooth beacons has been simulated. To generate sensor measurements, an algorithm has been deve-
loped that takes into account the increase in the noise level of the readings when moving away from
the nearest dropped beacon. To process the simulated measurements and correctly determine the dis-
tance of the beacon-sensor, the Kalman filtering algorithm was used. Conclusion. The proposed ap-
proach and the created simulation model make it possible, with a given degree of accuracy, to de-
termine and predict the distance to the withdrawing shearer when mining industrial seams.

Keywords: mining machines, underground positioning, odometer, Bluetooth Low Energy,
iBeacon, Kalman filter.
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KpaTkue coobLieHus
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NMPUMEHEHME METO40OB UH®OPMALUOHHOWU MHXXEHEPUU
AnAa UBMEHEHUA CTPYKTYPbl MHOITOYPOBHEBbBLIX CUCTEM
OPIrAHU3ALUMNOHHOIO YIMNPABJIEHUA

B.E. benoycos, [.B. [lopogees, E.H. 3eHkoea
BopoHexckuti 2ocydapcmeeHHbIl mexHuU4eckul yHugepcumem, 2. BopoHex, Poccusi

B nannoit pabote hopMynupyercs 3aiada U MpeiaraeTcst MeTol peKOH(PUTypaluy CHCTEM Op-
TaHW3AaLMOHHOTO YIPABICHUS HA OCHOBE CHHTE3a (YHKUIHMOHAIBHON CTPYKTYpHI, OKa3bIBaIOIIEH
BJIHMSHNE Ha OOJUK BCEH CHCTEMBI, B 3HAUUTEIIFHONW Mepe ONpeesionieil mopsaok ee GyHKIHOHU-
poBaHMs, OOBETUHAIONIEH B €ANHOE LIEJIOE CPEJICTBA TEXHUYECKOTO M MaTeMaTHYECKOTo, Iporpam-
MHOTO M MH(pOpMaIoHHoro obecrieueHus. Lleap Mceaeq0BaHus 3aKIII049aeTCs B HEOOXOIUMOCTH
HOBBIIIEHHUS 3 PEKTUBHOCTH YIPABJICHHS OPTaHU3AIIMOHHBIMU CHCTEMaM1 Ha OCHOBE KOMIUICKCHOM
pa3paboTKy, BHEAPEHHSI U OCBOCHHS CPEICTB aBTOMATH3MPOBAHHOTO YIPABICHUS €€ 3JIEMCHTaMH.
Metoab! uccienoBanus. s cuHTe3a MOAOOHBIX CTPYKTYp MPUMEHSIOTCS KCIEPTHBIE CHCTEMBI
Ha OCHOBE JEKJIAPATUBHBIX S3BIKOB MPOrpaMMHpPOBaHUs. B kauecTBe MHCTpyMEHTa AN OIpenele-
HUs 6a3bl 3HaHUH 00 00J1aCTH PECTPYKTYPHU3AIMH CTPYKTYPHI YIIPAaBICHHUS HCIIOIB30BAHO BBIYHCIIEC-
HHC BI)Ipa)KeHI/Iﬁ " A3BIK JIOTUKW NPEAUKATOB, TO €CTh MATEMATHYCCKas JIOTHKA NEPBOI0 MOpsaKa.
Torna 3amauy pekoH(GUTypaluy UepapXUuecKoil CTPYKTYpbl CUCTEMBI YIIPaBICHHUsI MOXHO MpecTa-
BUTb JBOSIKO. BO-IIepBBIX, Kak 3a7ady ONpEAE/ICHUs] U3MEHEHUN M3BECTHOH pallMOHAIBLHOM Hepap-
XHYECKOH CTPYKTYpPBI, 00€CIEUNBAIOIINX MHHUMAIBHBIE TOTEPU OT BO3HUKIIMX (PYHKIHOHATBHBIX
OTKa30B. B0-BTOpBIX, B KauecTBE 3aJayd CO3JaHUS HOBOW palMOHAIBHON CTPYKTYphl, KOTOpas
obecrieuynBaeT ONTHMAIBLHOE HCIIOJIb30BAaHHE PECYPCOB, HMCIONB3YEMBIX B MPOLECCE IOCTHKEHHS
OIpENENEHHBIX 1IeTel B MEHSIOIUXCS yCIOBHAX. Pe3yabTaThl. B pesynprare nccnenoBaHus Ha oc-
HOBE 3aKoHa Jie Moprana onpezaensorcs (aKTopbl, BIUSIOINE Ha COCTOSIHIE CHCTEMBI OpraHH3a1u-
OHHOTO yIpaBlieHHs! B 1enoM. HeoOXomuMEId cocTaB pemaeMblxX 3aad 10 Bceil nepapXxuieckon
CTPYKTYpE OIPEEISIeTCS] CTEIICHBIO BIMSHMS PA3IMYHBIX (PAaKTOPOB HA XapAKTEPUCTUKU CTPYKTYPHI
ynpaBieHus. 3akaodyeHue. PaboTa moixy4eHHON 3KCIEPTHOM CHCTEMBI 3aKIIF0YaeTCs B MOCIEI0BA-
TCJIbHOM BBIINNOJHCHUU HJIW HEBBINIOJIHCHUHW MNPaBUJI U NEPEXOJAC U3 OJHOI'0 COCTOAHUA B APYTroe€.
B ciyyae TYNMKOBO#M CHTyaIluy SKCTIEpTHAs CHCTEMa BbIIaeT COOOIeHUe B BUEC TpeOOBaHUN aib-
TEepHATUBHOTO M3MEHEHUS TE€X WJIM MHBIX NpaBui (paxropos). HoBble mpaBuiia 3anmoMuHaoTCs. Takum
00pa3oM, cucremMa 3HaHUH HapaluBaeTCs.

Knroueswie cnoga: 3aoaua, 3Hanus, MOOenU, NPAsUla, CUCIMeMa, COCMOoAHUE, PeCypPC, deMeHMbL,
9KCHepmul.

Beenenue

OnHUM W3 TIIaBHBIX HAINPABICHUN pelIeHUs MPoOJieMbl TOBBIIICHUS 3PPEKTUBHOCTH YIpaBICHUS
OpraHM3allMOHHBIMU CHCTEMaMH SABJISIETCS] KOMIUIEKCHas pa3paboTka, BHEAPEHHE U OCBOCHHE CPEJICTB
aBTOMAaTH3UPOBAaHHOTO ynpasieHus (ACY) aneMeHTaMu 3TUX CHCTEM.

AHanu3 pa3BUTHA aBTOMATH3UPOBAHHBIX CHCTEM OPTaHM3AIIMOHHOTO YIPAaBJIEHHS MO3BOJISIET clie-
JaTh BBIBOJ O HEOOXOMUMOCTH YNYYIICHHWH OIEpPAaTHUBHBIX, TEXHHUECKUX, SIKOHOMUYECKUX XapaKTepH-
ctuk ACY He TOJBKO 3a CYET MOBBIIIEHUS TEXHUYECKHX MapaMeTPOB BBIYMCIUTENBHBIX CPEICTB U
CPEJICTB CBSI3U, HO U 3a CUET OPraHU3alMOHHO-TEXHUYECKUX MEPOIPHITHH, CBSI3aHHBIX C COBEPIIEHCT-
BOBaHHEM CTPYKTYpPHOTO ITOCTPOEHHUS TakuXx cucteM [1-3].

IlocTanoBka 3agaun

Oco0yt0 aKTyaabHOCTh CTPYKTYPHOH ONTHMHU3AINH MPUAAIOT COBPEMEHHBIC YCIOBHUS JIESITENILHOCTH
MPEIIPUATUN, OpPraHu3alui, Y4YpeXICHUH, OpraHOB TOCYJApCTBEHHOM BJIACTH, KOTOPBIE BBIHYKIAKOT
NPOBOANUTH PEKOHPUIYPALUIO CTPYKTYp OpPraHM3alMOHHBIX cucTeM. Hampumep, B HacTosiiee Bpems
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CTOHT BOIIPOC B OCHOBE KOTOPOI'O — KOMILJIEKCHAsI PEKOH(UTypaLusi CTPYKTYp YIPaBJICHUS BCEX CTPYKTYP
CJIO’KHBIX CHCTEM OPraHU3alMOHHOIO yIpaBleHUs. BaxkHeilme 3a1aun cTpyKTYpHOH ONTHUMHU3ALUH CBsI-
3aHbI C CUHTE30M (DYHKIIMOHAIBHOM CTPYKTYphl ACY, OKa3bIBaroIeH BIUSHUE Ha OOJIMK BCEH CHCTEMBI, B
3HAYUTENHLHON Mepe OIpEACISIoNIeH MOpsIOK ee PYHKIMOHUPOBAHHMSI, OOBEIUHSIONICH B €MHOE 11eI0e
CPEICTBa TEXHUUYECKOTO M MAaTEMaTHIECKOT 0, IPOrpaMMHOTO U MH(POPMALIMOHHOTO 00ecTieueHHSI.

Co3nanue opraHu3aliOHHON W COOTBETCTBYIONICH (PYHKIIMOHAILHON CTPYKTYPHI YIIPABICHUS — 3TO
OTIpe/ieTICHHE PAlMOHAIBFHON HepapXU4ecKON CTPYKTYphl YIpPaBJIECHHS, KOTOpas MO3BOJSET OpraHHu3a-
MU HAWIY4YIINM 00pa3oM MPUMEHATh PECYPCHl, UCHOIb3yeMbIe B IMPOLECCe AOCTIKEHUS ONpeeeH-
HBIX 11enen [4—6].

3HaYNUTENbHBIE TPYIHOCTH BO3HUKAIOT MPH MOUCKE ONTHMAIBHOIO PELICHUS! B 00JaCTH CTPYKTYD
CHCTEMBbl YIpaBJICHUs, YTO CBS3aHO C HalM4yheM OOJBIIOr0 KONWYecTBa (OpPMaJbHBIX (PakTOpOB,
BIUSIONINX Ha KaueCTBEHHBIE M KOJIMUYECTBEHHBIE XapaKTEPHUCTHUKU CTPYKTYpP CHUCTEMBI YIpPaBICHHSL.
J1ist ONIeHKH CTETIeHH MX BIMSHHS HEOOXOJUMO B COYETAHUM C TPATUIIMOHHBIMH METOJAMU HCIIONB30-
BaHHE METOA0B MH(pOpMaunoHHON HHXeHepuu [7—10].

BaxHble XapaKTEpUCTHKN MHOIOYPOBHEBOH HEPAPXUUECKON CTPYKTYPHI BKJIIOYAIOT BEPTUKAIBHBIN
pa3bop, NpUOPUTET aKTUBHOCTH U B3aMMO3aBHCHUMOCTH, KOTOPBIE TTO3BOJISIIOT IIPe0Opa30oBBIBATh BXO/ B
BBIX0JI. Kax/1plii 351eMeHT (KOHTPOJIBHBIM OpraH) BHIMONHSIET ONPEEICHHYIO ONepaluio, 000N Bepx-
HUI OpraH orpaHUYUBAcT JESATEIbHOCTh HWKHUX 33/IaHHBIM aJITOPUTMOM 00pa3oM, a CBSI3H MEKIY HU-
MU oOecnieunBaroT 3G PEKTHBHYIO padOTy CUCTEMBI YIIPABICHUS U KOHTPOJIS B LIETIOM.

CrnenyeT OTMETUTH CIEAYIOLIEE: POAUTEIb CUCTEMBI ONPENENSIET CTPATErHi0 MOBENECHUSA ITOTOMKA
JUTSL TOCTIDKEHUS OOIIEeH e, CBsI3aHHOM ¢ 6ojee KpyHMHBIMH IOJICUCTEMaMH M 0oJiee MEIICHHBIMHU
acrieKTaMH TOBEJCHHSI BCEil CUCTEMBbI, IOSTOMY BpeMsI IPUHATHS pelieHuil anmuaHoe. Onpenenenus 3a-
Jlad BBICOKOTO YPOBHSI MEHEE CTPYKTYPHUPOBAHBI, COAEPIKAT OOJBIIYI0 HEONPEeICHHOCTh U CaMU 0
ce0e IpeACTaBISIOT CJIOKHOCTh KBAHTOBAHUS; IOTOMOK ITPUMEHSET TAKTHYECKHE ABIKCHHUS CUCTEMBI U
OIIpeaeIsieT ee MOBeACHUE A ONMMKANILEro ONepaldoHHOro nepruoa. BpeMst mpuHATHA pelieHus o1-
penenseTcsi ¢ y4eToM TpeOOBaHHW PEryJIMpOBaHMS TEXHOJIOTHYECKOro Ipoliecca Wi yrpasieHus (Qu-
3MYECKUM TIPOIIECCOM; CYIIECTBOBAHHE UEPAPXHUH OMPABIAHO IIPU YCIOBHH MIPEIOCTABICHHS HEKOTOPOU
CBOOOJIbI JIGHCTBUH B TPUHATHH PEIICHHUN CIEIUAINCTAMU BCEX YPOBHEH YINPaBICHHS; JNOCTHKCHUE
r7100abHON 1NN JODKHO MPEBANUPOBATh HAJl JIOKAIBHBIMH LETSIMH KaXKAO0TO 3JIeMeHTa. OTo TpeboBa-
HHe o0ecrieunBaeTcsa HHTErpauuen JeHCTBUI OTIEIbHBIX IEMEHTOB IIOCPEACTBOM KOOPJAMHALNH UX Jes-
TEJIFHOCTH 3JIEMEHTAMH CHUCTEM 0oJiee BBICOKOIO YPOBHSI, HAIOKEHUEM COBOKYITHOCTH OTpaHMYEHHMH, Ha-
MPaBJICHHBIX HA JOCTHXEHHE 3(D(HEKTHBHOTO (DYHKITMOHUPOBAHUS 00BEKTa YIIPABICHUS B IIETIOM.

B kauecTBe HHCTpYMEHTA JJIs OIpeelieHns: 0a3bl 3HAaHUK 00 00JIACTH PECTPYKTYPH3ALUHN CTPYKTY-
PBI YIPaBICHHSI MOXHO HCIOJB30BaTh BBIUMCIICHUE BBIPRXKEHUN W S3BIK JIOTUKU MPEIUKATOB, TO €CTh
MaTEMaTHYECKYIO JIOTUKY MEPBOTO MOPAIKA.

Jns hopmanuzanmu 3agaun peKOHQUTYpa OpraHU3allMOHHON CTPYKTYPbl CHCTEMbI YIPABICHUS
HEOOXOIMMO BBECTH CIIETYIOIIIEe 0003HAYCHUS:

F — Habop npoOiieM i 00IIeT0 PeieHUs,

|F | =1, F,, —Habop npobjeM Ha 7-M YPOBHE CUCTEMBI, TOIja

F=\JF,, n=LN.
n

B manHOM citydae BO3MOXKHBI CIIEIYIONINE BAPUAHTHI:
1) HEeKoTOpbIe U3 MPOOIIeM OoJiee HU3KOTO YPOBHS MOTYT OBITH PEIICHBI 3a/jauaMi 0oJiee BEICOKOTO
YPOBH, T. €.

Fo1=F,O\F_ #0,F,, CF,_,Ynn=2,N;

n,n—1

2) HeKOTOpbIe (WK BCe) POOIIEMBI BEPXHETO YPOBHS MOTYT OBITh pellieHbI 3a1a4aMu OoJiee HU3KO-
ro ypOBHS, T. €.

Frv1=F,NFyy #6,Fy,y CFyy,¥nn=2,N;

n,n—1

3) 3a1a4n BEPXHETO YPOBHS HE MOTYT OBITh PELICHBI 3ajauaMu 00Jiee HU3KOTO YPOBHS U HA00OPOT:
F =F,NF,_, #¢,Yn,n=2,N,

n,n—1
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4) 0THO WU BA, WK TPH YCIOBUS MOTYT OBITh BBIIIOJHEHBI OJJHOBPEMEHHO [UIS PAa3HBIX YPOBHEH U
MOlypOBHEN NEPAPXUUECKON CTPYKTYpHI [11].

Br100op KOHKpETHOTO BapuaHTa OmpenelisieTcs TPeOOBaHMSIMU K KOHKPETHOW CTPYKType yrpasiie-
Hus [7, 8, 12].

Jia onucaHus B3aMMOCBSI3eH MEXIY 3aJadaMH, BXOMSIIMMHU B IIUKJI YNPaBJIEHUS, UCIOIB3YETCS
MaTpuIa;

C=||Cy|, Vi, i, 1,1 =11,

1, ecnut uist perneHws i-if 3agauu Tpedyercs pemienue i'-if 3amaum;

roe C.. =
“ | 0—B npoTuBHOM CryHae.

HeoOxomumelit cocTaB pelraeMbIX 3ajad 10 BCe MepapXU4ecKoi CTPYKType ONpenenseTcs cremne-
HBIO BIMSHUS Pa3IMYHBIX (AKTOPOB HAa XapaKTEPUCTUKU CTPYKTYpHI yrpaBieHUs. Briienenue 3TuX
(hakTOpOB M3-32 OOJIBIIOTO HX KOJIUYECTBA, CIIOKHON B3aUMOCBSI3U U OITOCPEIOBAHHOCTH MPOSIBICHUH —
3agada TpyaHo (popmanmzyemas [13]. Ee perienue Bo MHOIOM ONpeAessieTcsl 3BPUCTUUECKUMH IIPaBU-
JaMH dKCIepTa.

Iycts T ={t,ty,...,4,..., I | — MHOXECTBO (DaKTOPOB, BIHSIOIIMX HA PELICHUE 3374 B Hepap-
XHYECKO# CTpyKTYpe, O ={q,q2,...,q}>-..,q; | — MHOKECTBO (YYHKIMIi, ONPEACIAIOUIAX XaPaKTEPH-
CTHKH UEPAPXUYECKON CTPYKTYPHI, TJIE

a :q,(tll,té,...,t,lc,...,t,(l){tll,té,...,t,l(,...,tél} cT, Vi,l=1,L.

Torma BO3MOXKHOCTh PEILEHHs i-ii 3a7a4d B m-M y3J€ Ha n-M YPOBHE HEPAPXUUECKON CTPYKTYPHI

onpenensiercst popmynoit P, (T,0), rae P,, — NpenvkaT, HICTHHHOCTb KOTOPOTO ONpPENesseTcs KOH-

KPETHBIMHU 3HAYCHHUSAMH (PAKTOPOB U3 MHOXKECTBa T M 3HaUeHUsIMH (DYHKIIUH MHOKecTBa (.
Jnst popManuzanuu mporecca pemeHns 3a1ad, BXOAMINX B UK yIpaBlieHHs, HeOOX0AUMO BBe-

CTH CIIeyIOIINEe TEPEMEHHbIEC BETMYUHBIL:

¥i = 1, ecnu i-s1 3a7a4a JOJDKHA PELIATHCS B /m-M y3JI€ Ha n-M YPOBHE;
"™ | 0 — B IPOTHBHOM cITyHae.

Pemienue i-if 3aga4n MOKHO OIPeenuTh HOPMYIIOH

n,m
e o, (X - ) — IIpeMKaT UCTHHHBIHN, €CIIHM i-s1 3a/1a4a PeleHa.
3nech HEOOXOMMO OTMETHUTD, YTO
. / i
34/(q) € O)Vi.nm(tf = X3, )
100
Vq,(q; € Q)Vz,n,m(tk = Xom ),

T. €. XapaKTePUCTUKU HEPAPXUUECKONW CTPYKTYPbl 3aBUCST OT BapHaHTa Pa3MEIICHHUS 3aJad B 3TOU

CTPYKTYpE.
Ecnmu npennonokute, 4To AJsl pellieHus i-ii 3ajaun TpeOyeTcsl pelnTh - 3a1auu, Uil KOTOPhIX

C;y =1, To cooTBeTCTBYIOIAs (OpMYyIIa ¢ y4eTOM NPeoOpa30BaHUi, BBIIOIHEHHBIX 110 3aKOHY 1e Mop-
raHa, OyJaeT UMETh BU]I:

& ((Pi’(leIm)): & (V(le;n&})rli;n(T’Q))szCii'&(v(Xfl;n&l)rli;n(T’Q))_)(Pi'

=1 i'eip=1
HYCTB (‘Pil — ONpCAUKAT UCTUHHBIU, CCJIN 3alava (pil , BKJIFOYAromasa BECb HUKI YIIPABJICHUSA, PCIICHA.
Torna ee perieHre B uepapxuIecKoil CTPYKType omnpeaensercs GopMmyion
1 1
& | & & & (V(Xnm&an(T,Q))j >, (1)
1,6y ip =1 13:Ciy i3 =1 Ly =1\ n,m

HeobGxomumo oTMeTHTB, YTO B KauecTBe OAHOW H3 (yHKIMHA MHOXecTBO () BBIOMpaeTcs
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q; = Z X!, Tak Kak MOKET PacCMaTpHBAThCS OTHO3HAYHOE BHITIONHEHHE [IUKJIA YIPABICHHUS, T. €.
n m

q; =1,Vi,i=1,1,TaK u ¢ yueToM gyOnupoBanus (q; >1 1 3aJaHHBIX §).

3anauy peKOH(UTYpAlH HEPAPXUUECKOW CTPYKTYPBI CHCTEMBI YIIPABICHUS MOXKHO INPEICTABUTH
nBosiko [14, 15].

Bo-nepBbiX, Kak 3amady ONpEACNICHUS HM3MEHEHUN HW3BECTHOM PalUOHAIBHON HEPAPXUYECKOU
CTPYKTYpPBI, 00€CIICUNBAIOIINX MUHUMAJIBHBIE IIOTEPH OT BOSHUKIIMX (YHKIHMOHAIBHBIX OTKA30B.

Bo-BTOpEIX, B KadecTBe 3a7ayll CO3JaHHs HOBOW PallMOHANBHOM CTPYKTYpBI, KOTOpas oOecrneynBa-
€T ONTUMAaJBHOE HCIIOIB30BAHUE PECYPCOB, UCIOJIB3YEMBIX B MPOLECCE AOCTHKEHUS OIpPEIeTICHHBIX
LeJied B MEHSFOIIUXCS YCIIOBHSX.

[IpennoxxeHHOE IETIEHUE YCIOBHO, HO OUEBHIHO, YTO BTOpas 3aJadya 3HAYUTEIBHO CIIOKHEE Iep-
BOI1, TaK KaK TpeOyeT yueTa OONbIIero Yncia GakTopoB.

JleHiCTBUTENBHO, IyCTh M3HAYAIBHO 33/1aHa PAllOHATIbHAS HepapXUdecKasi CTPYKTypa, T. €. H3BECT-
HO MHOKECTBO

x° ={X"

nm? nm

i=LI,n=1LN,m= I,M},X’ — const, Vi, n,m.

OYHKIMOHAIBHBIE OTKa3bl HEPAPXUUECKON CTPYKTYpPHI CUCTEMBI YIPABICHHS OMUCHIBAIOTCS MHO-
’KECTBOM COCTOSIHUS Y3JIOB CTPYKTYPBL:

W= {w,,mn ~LN,m= 1,M},

rac w,,, —HOpcauKar HCTHHHBIﬁ, eclm m-u Yy3¢€JI Ha n-M YPOBHC UCIIPABCH.

—_ i _ ol
Torma Vn,m w,, — ZXnm =1,
i
rae [/ — 9HUCIO 3aaad, TPEOYIOMUX pacipeaesieHus, KOTOPOe OMPENesieTCs] MOIMHOCTREI0O MHOXKECTBA
HEUCIIPaBHBIX y3JI0B:

|VI_/ , Tae Wz{wnm},nzl,N,

m
I nw ZcZ,rne Z — KoMOMHATOpHOE MIPOCTPAHCTBO, COOTBETCTBYIOIIEE MHO-

IA

OueBungHO, 9TO [

JKECTBY X = {X Poi= 1,f ,an=1L,N,m=1,M } , Z — KOMOWHATOpHOE TMPOCTPAHCTBO, COOTBETCTBYIOIIIEE

nm?>

«
MHOXECTBY X .
TakuMm 00pa3oM, TPYIOEMKOCTh PEIICHUS 3aJadd PEKOH(HIypaluu HepapXU4eCKOH CTPYKTYPHI

OTIpEAETAETCS BETUUYNHON |Z | - ‘Z ‘ .

IIpu |Z|—‘Z‘:O 3ajjada pEKOH(QUTYpAIMK COBIAJaeT C 3aJadeidl MOCTPOCHUS pallMOHAIBHOM

HAEPapXUYECKON CTPYKTYPHI.

s dopmaiiM3anuy MpOCTPaHCTBA PEKOH(UIYypaluii M3BECTHON pPalMOHAIBLHOW HEpapXHUCCKOM
CTPYKTYPBI CHCTEMBI YIIPABIECHUS B YCIOBUAX (DYHKIIMOHATBHBIX OTKA30B €€ 3JIEMEHTOB HEOOXOIUMO
OTIPENETUTh (DAKTOPHI, OIPEICISIONINE COCTOSHUE CUCTEMBI B IIEITOM.

TakuM 06pa30M, H3BECTHO MHOKECTBO X M COOTBETCTBYIOIIHME NapaMeTphl PallMOHATBHON Hepap-
XHUYECKOI CTPYKTYpPhI CHCTEMBI yIIPABICHNS — MHOKecTBa I, O, a TaKKe 3aaHbI JOIMYCTHMBIC JTHAIIA-
30HBI U3MEHEHUS MapamMeTPOB 7o, Oron

Heo6X0auMO ONMpe/IenTh 3HAUCHHs IEMEHTOB MHOXECTBA X , KOTOpbIE 00ECIIeUHBaIn Obl BbI-
nosnuenue ycosus () mpu 7' T, ;0 O, -

B kauecTBe mpruMepa MOXHO IPUBECTU YIPOLIEHHBIN MPOTOTHUII SKCIEPTHON cUcTeMBI «PecTpyk-
TypHU3aLusl HEPAPXUUECKUX CTPYKTYP CUCTEM OPraHU3al[MOHHOTO YIIpaBJICHUA». JJaHHBIN IPOTOTHII HC-
MOJIB3YET TUIIOBbIE (PaKTOPHI, BIAMSIONINE Ha (PYHKIIMOHATIBHYIO CTPYKTYPY YIPaBICHUS:

1) n — HOMep ypOBHS;

2) m — HOMeD Y313,

3) i — HOMEp 3a7auH;

4) X ,’m — IiepeMeHHasl, CBA3BIBAIOLIAs PEIICHUE i-i 3374l C 1-M Y3JIOM U 1-M YPOBHEM;

BecTHuk HOYplY. Cepus «<KomnbioTepHble TEXHONOrMK, ynpaBreHue, PaauoaneKkTPoHUKay. 139
2021.T. 21, Ne 2. C. 136-144



KpaTtkme coobLieHus

5) w,,, —XapaKTepUCTHKa m-I0 y3]la Ha #1-M YPOBHE (UCIIPaBEH/HEUCIIPAaBEH/BO3MOKHO HCIIPABEH);

6) C;;— BelInMYNHA, yCTAHABIMBAIOIIAS IPUYUHHO-CIICACTBCHHYIO CBSA3b MEXIY PEIICHHUEM i-i 3a-
Jladyl ¥ perIeHueM I -1 3a1a4u;

7) pi®" =const — BeNMYMHA, XapaKTEPH3YHOILIas TPYZOSMKOCTh PEIICHHS -l 3a/a4d C YYeTOM
aBTOMaTU3alluu,

8) pP" =const — BeanuKMHA, XapaKTEPHU3YIOLIAst TPYAOEMKOCTb «PYIHOTO» PELICHHUS i-if 3a1a4H;

9) o, =const — BeIMYMHA, XapaKTePU3YIOILas IPOU3BOAUTENILHOCTD 7-T0O Y3/1a Ha 1-M YPOBHE;

10) &, =(7\.2m)Vl', i=1,1 — OyJIeBBI BEKTOP, OTPAKAIONIMH MaKCUMaJIbHO OOILIUI COCTaB 3ajad,
BO3MOXKHO pEIIacMBbIX #1-M Y3JIOM Ha 71-M YpPOBHE;

11) Ej,;” — BEJIMYWHA, XapaKTEePU3YIOIas TUIIOBOCTh Y3JI0B CTPYKTYPHI MO 3a/a4yaM (PacCUUThIBA-
ercs ucxonus u3 A, );

12) & — BemMuMHA MOPOTa TUIIOBOCTH (3a1a€TCA);

13) T,

14) y; =const — BaKHOCTb i-i 3a1auu (Hampumep, y; =1, eciu i-s 3aJaya CylUIECTBEHHA B LIUKJIE

woa = CONSt — OrpaHMYEHKE HA BPEMS LIUKJIA;

ynpasieHua 1 Y; =0 B IPOTUBHOM ClIy4ae);
15) B,,, — BeIMYMHA, XapaKTEPHU3yIOIlash MaKCUMAaJIbHOE YHCIIO Y3JIOB HOAYPOBHS 7-TO YpPOBHS

m-To y3Ja (Kak IpaBuiIo, ONPEASIIICTC TEXHUISCKUMH BO3MOYKHOCTAMHU CHCTEMBI);
16) v, —Ba)XHOCTb y3JI0B (IIPEAIONATracTCs NCIOJIb30BAHUE B3BEIICHHBIX OLICHOK Ba)KHOCTH Y3JI0B);

17) X,,,— OpeAnoYTUTEIbHOCTD NEPeAaun 3a1ad nm-ro y3iaa (Ha HUKHUM ypoBeHb, TEKYIIUi ypo-

BEHb, BEPXHHUI YPOBECHb).
OCHOBHBIM TIPAaBUJIOM PEKOH(UTYpAIIIH HEePAPXUICCKON CTPYKTYPHI JUIS JAHHOTO MPUMEpa CUUTa-
€TCs cIefyrouiee:

DX, =LVii=1l1,
n m

T. €. IPU HEUCTIPABHOCTHU OTHAEIHHBIX Y3JIOB PEKOH(UTYpPHPOBAHHAS HEepapXUdecKas CTPYKTypa JTOJKHA
pelaTe BCe 3a/1a4u UCXOIHON CTPYKTYPHI.

OcranbHble IPaBUIIa UIMEIOT CIICTYIOLIHIA BUI.

1. B mepByto ouepens pacupenesioTes 3a1a9d HeUCIPABHOTO y311a N-ro ypoBHs, 3ateM (N — 1)-ro
UT. 1.

2. B nepByro ouepeap pacnpenessioTcs 3aAadu HaunOojee BXKHOTO HEHCIIPABHOIO y3J1a TEKYILLIETO
YPOBHL.

3. llogunHeHHast 3a1a4a He MOXKET ObITh Ha OAMH WK 0oJiee ypOBEHb BbIIIE NOAUUHSIOMECH. 3ana-
YU PACHPEIEIISIOTCS C YIETOM MPEANOYTUTENIHOCTH:

3.1. B Texymmii ypoBEHb.

3.2. B HmxecToSmUN yPOBEHb.

3.3. B BoImecTosuii ypoBeHs.

4. 3amaun He MOTYT PACIPEENATECS B HEUCTIPABHBIE Y3IIbI:

4.1. PactipenensroTcs TOJIBKO B UCIIPaBHBIE Y3IIBL.

4.2. PacipenenstoTcs TOJMBKO B BO3MOXKHO HCIPABHBIC Y3IIbL.

5.3agaun pacnpenensoTcs B y3ibl, MPOU3BOAUTEIBLHOCTh KOTOPBIX ObLTa OBl AOCTATOYHOM IS
pelieHus 3a7a4 B 3aJaHHOE BpEMSI:

5.1. C yuerom aBTOMATH3AIUH.

5.2. C y4eToM «py4HOi» 00pabOTKH.

6. 3a1aun pacrpenessiFoTCs B yMBI C YI€TOM WX TUTIOBOCTH:

6.1. C MakCHMaJIbHON THIIOBOCTHIO (OOIIIHOCTBIO 33]1a49).

6.2. C THIIOBOCTBIO, YOBIETBOPSIOIIEH TOPOTY TUIIOBOCTH.

7. 3agaun pacupeaessiFoTCs B Y3JIbl COBMECTHO M Pa3/iENbHO:

7.1. B onuH y3en — Bce 3a1a4m.
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7.2. PactipenensiroTcsi CyIecTBEHHBIE /IS [IUKJIA 3aa49K.

7.3. PacnipenensiroTcst HECYIIIECTBEHHBIE [Tl IUKJIIA 3a/1a4H.

8. 3amaum pacnpenessiroTCs B y3€1, Ui KOTOPOTo YKCIIO Y3JI0B MOJIYyPOBHS TEKYIIETrO YPOBHS OyAeT
He 0OJIbIlIe MAKCUMAIIbHO BO3ZMOYKHOTO.

CereBoil rpaduk BBHITTOTHEHHUS PACCMOTPEHHBIX MPABUII IPEICTABIICH Ha PUCYHKE.

'
N ¥ e
1w =g = 4] — b 51 S T 67— s
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CeTeBoM rpadpvkK BbINONMHEHUA NPaBUIl 3KCMNEPTHOWU CUCTEMbI
Network diagram of execution of rules of expert system

Ha rpaduke 3HaK «*» o3Ha4aeT HEBHITIOJHEHHE MPABUIIA, YCIOBUS BHIMOJNHEHHS mpasui 7.2, 7.3
3aJlaHbl COOTBETCTBEHHO MapKkepamu 1, 2.
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In this work the task is formulated and the method of reconfiguration of systems of organiza-
tional management on the basis of synthesis of the functional structure having an impact on an ap-
pearance of all system considerably defining an order of its functioning, integrating in a whole
of means of technical and mathematical, program and information support is offered. The research
objective consists in need of increase in effective management of organizational systems on the ba-
sis of complex development, implementation and application of funds of automated management of
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its elements. Expert systems on the basis of declarative programming languages are applied to syn-
thesis of similar structures. Research methods. As the tool for definition of the knowledge base
about the field of restructuring of structure of management calculation of expressions and language
of a predicate logic, that is a logic theory of first order is used. Then, the problem of reconfiguration
of hierarchical structure of management system can be presented doubly. First, as a problem of defi-
nition of the changes of the known rational hierarchical structure providing minimum loss from
the arisen functional failures. Secondly, as a problem of creation of new rational structure which
provides optimum use of the resources used in the course of achievement of definite purposes in
the changing conditions. Results. As a result of a research, on the basis of de Morgan's law the fac-
tors influencing a system status of organizational management in general are defined. The necessary
structure of solvable tasks of all hierarchical structure is defined by extent of influence of different
factors on characteristics of structure of management. Conclusion. Work of the received expert sys-
tem consists in consecutive execution or failure to follow rules and transition from one status to an-
other. In case of an impasse the expert system gives the report in the form of requirements of alterna-
tive change of these or those rules (factors). New rules are remembered. Thus, the system of
knowledge is increased.
Keywords: task, knowledge, models, rules, system, status, resource, elements, experts.
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MPOEKT CO3AAHUA ABUALIMUOHHOI'O U3AENUA
KAK OCOBbIU KITACC MHHOBALIUUA

U.3. Mycmaee’, B.10. MsaHo&?, I'.I". Kynukoe®, T.U. Mycmaes'

" Yepumckuii 20cydapcmeeHHbIl aguauUoHHbILU mexHuYecKull yHusepcumem, 2. Yepa, Poccus,
2[MAO «O[K-Ybumckoe MOmopocmpoumesnsHoe npou3gsodcmeeHHoe 06bLedUHEHUE Y,
e. Yoba, Poccus

3 AO «Ypumckoe HayuHo-npoussodcmeeHHoe npednpusmue «MonHusy», 2. Yeha, Poccus

CraThs MOCBSINCHA M3JIOKCHHIO MOHATUHHO-KATETOPHAILHOIO aliapara MPOCKTOB CO3MaHHMs
CJIOKHBIX TEXHUYECCKHMX H3JCJIMA HOBOTO MOKOJeHHs. [loKa3aHo, 4TO KiIacCH(HKAIMS paccMaTpH-
BaeMBIX MMPOEKTOB CO31aCT METOI0JOTHUCCKUE MPEAMOCHLUIKH JIJIs MIOBBIIICHUS TOYHOCTH U KauecTBa
MIPOrHO30B BPEMCHHU U PECYPCOB. YTBEPXKIACTCS, YTO B OOIIEM MHOXECTBE WHHOBAI[HOHHBIX MPO-
1[ECCOB MHHOBAIMOHHBIC TIPOEKTHI CO3[aHusI ABUAIIMOHHBIX M3/ICJIUil HOBOTO MOKOJICHHUS MOMAIaI0T B
CaMOCTOSTENILHYIO TIOArPYIIITY HHHOBAI[HOHHBIX TPOEKTOB CO3JJAHUS CIOXKHBIX TEXHUUECKUX 00BEK-
TOB HOBOTO MOKOJICHUs. BbIiesieHre OT/Ie/IbHOM MOArPYIINbI IPOSKTOB MO3BOJISET (POPMHUPOBATH IS
HUX creu(UuIecKue METO/bl MOJCIUPOBAHKS, aHaIN3a, POrHO3a U yrpaBieHus. MaTtepuaibl u
MeToabl. OO0CHOBaHUE NMPOBOAUTCS B (DOpME JIOTHYECKOTO BEIBOA. BEIIEIEHBI YeThIpe moKa3aTels,
XapaKTePU3YIOIIKUE MPOCKTHBIC MPoIlecchl. Ha OCHOBaHMM MPOBEICHHOTO aHAIM3a OCOOCHHOCTEH
MIPOCKTOB CO3JaHMs aBHAIMOHHBIX M3C/IMH CICJaH BBIBOJ O HEOOXOIUMOCTH yTOYHCHHs Habopa
KPUTEPHEB I MPOCKTOB CO3IAaHUS CJIOXKHON TEXHUKHU HOBOTO MOKOJICHHUs. JIJIs 3TOW TPYIIIBI TPO-
€KTOB B JIOMOJIHEHHE K CYIIECCTBYIOIIMM YCTHIPEM KPUTEPHUSIM IIeJICH, CPOKOB, PECYpPCOB U OpraHU3a-
IUH UCIIOJTHEHUS MPOCKTa NpeIaracTcsi A00aBIsATh AT KPUTEPHIH — KPUTEPU HEONPEIeICHHO-
cti npoekra. Pe3yabrat. [TokaszaHo, 4TO B COBOKYITHOCTH TPYIINA U3 MATH KPUTEPHEB IO3BOJIICT
BBIJICJIUTh U3 BCETO MHOKECTBA MHHOBAIIMOHHBIX MPOIIECCOB, CBSI3aHHBIX C CO3J[aHUEM HOBOM TeX-
HUKH, MOATPYIIY MPOIECCOB CO3JaHUS CIIOKHONW TEXHUKH HOBOTO MOKOJeHHs. OTMEUYECHbI OTIIH-
Yusl IPUHATON B pabOTe UHTEPIPETALUN HEOTPEACICHHOCTH OT UCIOIb3yEeMOU B IIPOSKTHOM aHa-
JIM3€ UHTEPIPETALUHN HEOIPEIEIEHHOCTH KaK COBOKYITHOCTH PHCKOB, COMPOBOXIAIONIUX MPOCKTHI.
3axiaodenue. CHopMuUpoOBaH HHTETPATBHBIN KPUTSPUH BETHYNHBI COMUO(DU3NICCKOTO TTOTCHIINAIA,
00BEIMHSIOIUI KPUTEPUH 1eNell, CPOKOB, PECYPCOB, OPTraHM3alMi M HEOMPEAEICHHOCTH HHHOBA-
IUOHHBIX MPOCKTOB. [IpUBEICH MPUMEP MHTCPIPETAIIMYA HHTETPAIBHOIO KPUTEPHS IS CIydas CO3-
IaHUA aBUALMOHHOTO W31 HOBOTO IIOKOJICHUS.

Kniouesvie cnosa: unnosayus, uHHOBAYUOHHBIL NPOEKM, ABUAYUOHHBLU 08USAMENb, AGUAYUOH-
Hoe uzoenue, CONCHBII MexXHUYecKUull 00beKm.

BBenenue

PazpaboTka aBUAIIMOHHBIX arperaToB, JJIEMEHTOB U CHCTEM YITPABICHUS aBHAIIMOHHBIM JIBUTATEIIEM
HOBOTO MOKOJICHUSI COMPOBOXKAAETCA CO3aHUEM HOBBIX TEXHOJOTHMUA M MMEET XapaKTep WHHOBALIMOH-
HOM MHXEHEPHOW M OPraHM3alMOHHOMN JAedATelnbHOCTH. OpraHu3aius AeATeNbHOCTH UMEET MPOECKTHYIO
(hopMy, OmMHCHIBaeTCS W MPOBOJUTCS IO IMPaBHIIaM M TPeOOBaHHSM IMPOEKTHBIX cTaHAapToB. OIHAKO
HEOIPEAEIEHHOCTh, CONPOBOXKIAIOIIAs NHHOBALIMOHHBIE PELIEHUS, IPUBOJUT K TOMY, YTO HPOEKTHI HE
3aBEpIIAIOTCS B 3asBJICHHBIC CPOKH, KOTJa BO3HHUKAET MOTPEOHOCTh B (POPMHPOBAHMHM KOMIICTCHIIUH,
KOTOpPBIC HE TPEAYCMOTPEHBI B MPOEKTHBIX JOKYMEHTaX. DTO JUKTYET HEOOXOAMMOCTh JOMOIHUTEIb-
HBIX PECypPCOB, TaK YTO HTOTOBBIA 00HEM MOXKET CYIIIECTBEHHO MPEBBINIATH 3asIBICHHBIC IIH(PHI.

YTouHeHHE KIACCU(PHUKAIMHA MTPOSKTUPYEMBIX OOBEKTOB C IETbI0 JJOCTOBEPHOTO OTIEIIEHUS HHHO-
BAaIlMOHHBIX HpOHeCCOB, CBSI3aHHBIX C CO3AaHHUEM CJIOXKHBIX TCXHHUYCCKUX H3I[G.]]HI7[ HOBOI'O ITOKOJICHHMS,
SIBIISIETCSI 3a/layeil, pelIeHue KOTOPOU CO3/1aeT NMPEANOChUIKY MOBBIIICHHUSI TOUHOCTHA HNPOTHO3a BPEMEHU
1 pecypcoB. DTo NOBEIMAeT 3)(PEKTUBHOCTH MPOEKTOB.

MertonoJiorus
IIpunATO B Y3KOI MHTEPIPETALNN B POJIM NHHOBALIMN pacCMaTpUBaTh HOBOBBEACHUS, BHEAPAEMBIC
Ha npennpusatuu [1, 2]. [Ipeanpustue, npucTynas K CO3JaHUIO HOBOM TEXHHKH, PACCUMTHIBAET Ha TO,
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YTO B pe3yJIbTaTe MOBBICUTCS €ro KOHKYPEHTOCIOCOOHOCTh. [103TOMY ¢ cuCTeMHON TOYKHM 3peHHUs MPO-
eKT CO3JJaHMsl ABUAIIMOHHOTO H3JENUsI MOXKET PAacCMaTpUBAThCS KaK YIPaBISEMbIi WHHOBAIIMOHHBIN
NPOIIECC, PEeANTN3yeMbIid I 00eClieUeHHs JOJITOCPOYHON 3PPEKTHBHOCTU MPEANPHATHS, HA KOTOPOM
npoekT peanusyercs [3]. M3BecTHBI 1eCTh THIIOB MOJEJIEH YIpaBiICHUS! HHHOBALMSAMHU, KOTOPbIE UCTO-
pudecku chOpMHUPOBAJIH MISCTh MOKOJICHUH Mojeinel [4]. COBpeMEHHYIO MOJIENb, 10 KOTOPO# CO31ar0T-
Csl aBHALIMOHHBIC U3/ICTIHS, MOYKHO OTHECTHU K MATOMY IOKOJICHHUIO MOJIENICH YIpaBiIeH!s] HHHOBAIIUSMH.
KitoueBbIMU A7Is1 3TOH MOJENH SIBJISIOTCS BONPOCHI CUCTEMHOM MHTETpaluy, THOKOCTH, HapajlieIbHO’
00paboTKu 00IbpIINX 00BeMOB HHGOPMALUH, 3)()EKTUBHOCTH B3aMMOACHCTBHS C BHEIIHUMHU ITPOU3BO-
JMATEJISIMU M ¢ KOHTPareHTaMH 10 IETIOYKe CO3JJaHusI CTOUMOCTH [5-9].

[IpoexT ompenensercs, eciy 3aJaHbl: Lelb, CPOKH, PECYPChl U opranuzanus ero ucrnonaHenus [10].
B kaXI0M U3 3THX 3JIEMEHTOB IIPOEKT CO3JaHMsI ABUALIMOHHOTO M3JIEJIUSI HOBOTO IMOKOJICHHSI UMEET HU-
JKeTlepeurcIIeHHbIE 0COOCHHOCTH, BBIISNSIONINE ero U3 o01eii Macchl nmpoekTos [11, 12].

1. ABHAIIMOHHOE M3JIENNe UMEET JBOMCTBEHHOE IPUMEHEHHE — IPAKIAHCKOE M BOEHHOE.

2. PaccmaTpuBaeMble HPOEKTHl XapaKTEPHU3YIOTCS OONBIION M CBEPXOOJBIION AIUTEIBHOCTHIO.
JIMTenbHOCTh AKU3HEHHOTO [TUKJIA MTPOSKTa JJOCTUTACT BEIWYHH, KOTJa BpEMEHHON (haKTOp CTAaHOBUTCS
KPUTHYECKUM C TOYKH 3PEHHUS aIeKBATHOCTH OLICHOK.

3. IlpoekTel co37aHusl aBUALIMOHHBIX H3JENUIl HOBOTO MOKOJICHHS XapaKTEPU3YIOTCS BBICOKOM
CTOMMOCTBIO. JIJIsl peanu3ayu TakKuX MPOEKTOB TPEOYIOTCS, KaK MPaBUIIO0, HACTONBKO OOJBIINE 0OBEMBI
pa3HOO0Opa3HbIX PecypcoB Ha BCEX ATamax >KM3HEHHOTO IMKJIA, YTO IIeHa OIIMOKH B OLIEHKE PECypCOB
CTaHOBHTCS] KPUTHUECKON C TOUKH 3PEHHS NPEANPHUITHS, PEaTU3yIOIIEro ero.

4. IIpoeKThl co3aaHus aBUALMOHHBIX W3ETUI HOBOTO TIOKOJICHHS OTIMYAIOTCS MOBBIIICHHON HEOT-
PEIleIEHHOCTBIO, CBSI3aHHOW C TEM, YTO MOTYT MOTPeOOBATHCS TEXHOJOTHH, pa3padOTKa KOTOPBIX He
npeaycMaTpuBajiach HA MOMEHT Hayaja MpoeKTa.

Bonee noapobHO u3noxkeHne 0coOEHHOCTEH MPOEKTOB CO3aHMs ABUALIMOHHBIX M3JENUH, onpenae-
JISIFOILEE BBIACTICHUE OTAEIBHOrO KJIacCa MHHOBALIMOHHBIX IPOESKTOB CO3[AaHUS CIOKHON TEXHUKHA HOBO-
r'0 MOKOJIEHHS B OTAEIBHYIO IOJTPYIITY, CBOAUTCS K CIEAYIOLIEMY.

1. Co3nanme CNOXHBIX TEXHUYECKUX OOBEKTOB ABOMHOIO Ha3HaueHHs (PMHAHCHPYIOTCS B OCHOB-
HOM TrOCyJapCTBOM M B MHTepecax rocyaapctsa. I1lo MHEHMIO psiza aBTOPOB, SKOHOMHYECKHH aHAIIN3
JIOJDKEH OBITh MOIUGUIMPOBAH TOA crenuduky o0bekToB [13]. DTo mpenanonaraer ¢hopMUpOBaHUE
MOJIX0/1a, BKJIFOYAIOIIEro: U3MEHeHue KpurepueB dpdexTuBHOCTH [14], hopMupoBaHUe CrielUaTbHBIX
CXEM 3allUThl HHBecTUHi [15, 16], n3MeHeHre napagurmMbl YCTOHUMBOCTH ¢ (PMHAHCOBOW HA OpraHu-
3alIMOHHO-3KOHOMHYECKYIO [17], u3MeHeHue oueHku puckos [18] u apyrue nocneacTBusl.

2. [IpoekT sBnsieTcss KOHEYHBIM MPOIECCOM, UMEIOIMM YETKO OIpe/esieHHbIE MOMEHTHI Hadana u
OKOHYaHUs. JIUTeNbHOCTh IPOEKTOB, CBA3AHHBIX C Pa3pabOTKOi, IPOU3BOACTBOM M COIIPOBOXKACHUEM
ABUALIMOHHBIX U3ACIHH, JOCTUTAaeT HECKOJNBKHUX AECATKOB JIeT. Tak, )KM3HEHHbIH LMK aBHALIMOHHOTO
neurareis coctapisieT 40-50 jer. Ha ¢akTudeckuii Cpok OKYMaeMOCTH MPOEKTa CO3JaHHUs aBHAIMOH-
HOT'O M3JENHs B 3HAYUTEIIHON CTENICHU BIUSIOT HE MPOTHO3MPYEMbIE HA OOJBIINX MPOMEXYTKAX Bpe-
MEHH (PMHAHCOBO-3KOHOMHYECKHE XapaKTEPUCTUKH MPEIIPHUITHS.

B HacTosiee BpeMsi METOIOJIOTHYECKH Hepa3pelIeHHOH sBIseTcs mpodyieMa oleHKH () (eKTHBHO-
CTH TIPOCKTOB JUISI BOCHHBIX Iielieil. Peanu3anys Ha OTHOM M TOM JKe€ MPENNpPUSTHN NPOCKTOB aBHUAIIH-
OHHBIX M3JENUH KaK AJISl BOCHHBIX, TaK U AJIS TPAXKAAHCKUX LeJied MperoyiaracT comocTaBieHue 3¢-
(hEeKTUBHOCTH TaKUX MPOEKTOB MEXIy coboil. @opMupyeTcsi IpOTUBOpEUrE, KOTZla PElIeHUue BOIpoca
pean3anny CTpaTernuecky BaKHOTO MPOEKTa BOGHHOTO HAa3HAYeHMS MPEIoaraeT OLeHKY PHIHOYHOM
3¢ PEKTUBHOCTH TAKOTO PELICHUSI.

[IpoexTHOE 0OOCHOBaHME TPaKAAHCKOW MPOAYKLHMH OMUPAETCS HA HCIOJIB30BAHUE TOKA3aTeNs
yrcroii nmpuseaeHHor ctoumoctr (NPV) [19]. Benmuunna NPV 3aBucur ot onienku koadduimenra auc-
KOHTHUPOBAHHMS NMPOEKTA, KOTOPBIN ONpeesieTcs NPOrHO3UPyEMbIMU MIPOSKTHBIMUA prUcKaMu. Hens0ex-
Hasl HETOYHOCTh B MPOTHO3UPOBAHUN PUCKOB JUIMTEIBHBIX MPOEKTOB NMPUBOAUT K HEBEPHOU BEIMUYHHE
NPV u, kak crieacTue, K OMKXOOYHBIM TPAaKTOBKaM IMOMy4YeHHON U ymymieHHoH Beiros! [20]. Xapakrep
WHBECTUIIMOHHBIX PEIICHUH MPEINpPUATHS U3MEHSETCSI B TOJIb3Y WHHOBAIIMOHHOTO MPOEKTa B yIiepo
TeKyleMy OM3HeCy WM, Ha000pOT, B MONb3Y 00ECIeUeHUsI TEKYILETO COCTOSHU OU3Heca BMECTO pea-
JU3alKU MPOEKTOB MEPCHEKTUBHOIO POCTa. 31eCh HEOOXOAMMO MOAYEPKHYTh, YTO PELICHUs 3aTparu-
BAaIOT Pa3HOPOJHbIC aKTUBBI MPEANIPUATHS — KaK KPATKOCPOUYHBIE O0OPOTHBIC, TaK M JIONTOCPOYHBIC BHE-
obopotasIe [21].
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Eme onHa 0coOeHHOCTh MPUHUMAEMBIX PELICHUH CBA3aHa ¢ MpoOiIeMaMy «Hadaia U XBOCTa» IMpo-
exta [22]. CyTb CBOOUTCS K HEONPEIECIEHHOCTH B YUYE€TE€ MPOEKTHBIX 3aTpaT M, KakK CIEACTBHE, K He-
000CHOBaHHOMY H3MEHEHHUIO OIICHKH 3(PQPEeKTHBHOCTH TpoekTa. OTHECEHHE 3aTpaT MpeInpusTHS Ha
MPUHSATHIN K HCTIOJTHEHHUIO MTPOESKT MOHMXKAET ero 3P QeKTuBHOCTE. UITHOpUpOBaHHUE 3aTpaT B MPOEKTHBIX
cMeTax MoBbIIIaeT ux 3¢dexruBHOCTs. OHAKO, MOCKOJIBKY MPOECKTHBIE 3aTPaThl IEPEKIAABIBAIOTCS HA
TEKYIIUE PACcXOJIbl IPEATIPUSTHSI, 3TO PUBOJHUT K MOHMKCHUIO KOHKYPEHTOCTIOCOOHOCTH TIPEATIPHATHS,
Ha KOTOPOM MPOEKT peau3yeTcs.

B nenom M0>XKHO KOHCTaTUPOBaTh, YTO MMPOEKTHBIE PELIEHUS U3MEHSIOT HE TOJIBKO CTPAaTETHYECKYIO
WHBECTULMOHHYIO KApPTHHY, HO M €r0 TeKyIlue (YUHAHCOBO-3KOHOMHUYECKHUE MOKA3aTENN NPEAPUATHSL.

3. MOXKHO OTMETHTb, YTO CTOMMOCTH NPOrPaMMBI IO CO3JaHHI0 HcTpebutens F-35 mpepblmaer
$1,3 tpnu [23]. YkazanHas mudpa KOCBEHHO WILTIOCTPUPYET CTOMMOCTBH HCIIONB3YEMBIX PECYpCOB H
BO3MOXHYIO BBICOKYIO LIEHY OLIMOKHM MPOEKTHBIX PELICHUI.

Pecypchl mpoekTa mpencTaBisioT co00i COBOKYIMHOCTh (PMHAHCOBBIX M MaTepUAIbHBIX CPE/CTB,
OpPraHHU3alMOHHBIX, KaJPOBBIX, TEXHOJIOTMYECKUX, TEXHUYECKUX M WHBIX BO3MOXHOCTEH MpearnpusIThs,
HEOOXOIUMBIX AJIsl OCYILECTBICHUS NPOeKTa. VIHHOBAIIMOHHBIM NPOEKT HE SIBJISIETCSl HABCEra OIpese-
JICHHBIM CTaTHYHBIM SIBIICHHEM C OOYCIOBIEHHOM pecypcHOM Oa3oil. ['myOmHa M3MEHEHUH pecypcHOM
0a3bl MOXKET OBITh CYNIECTBEHHOW U 00YCIaBIMBATh KOPPEKTUPOBKY CPOKOB, KQUueCTBa M JPYTHX KIIO-
YEBBIX MAPaMETPOB MTPOEKTA.

4. CoBpeMeHHas TOYKa 3pEHUS Ha MpOILecC MPOSKTHPOBAHUS 3aKJIIOYAETCS B TOM, YTO YCHEX HIIH
HeyJlaya IMPOeKTa CBA3BIBAIOTCS C MOJHOTOM peau3aly TpeOOBaHUM, MPEABIBIAEMbIX K HHHOBAIINOH-
HOU TPOEKTHOU JesaTenbHOCTH. CUUTaeTCs, 9YT0 HEOOXOJUMO MaKCUMAalbHO PacIIMpPUTh y4acThue B UH-
HOBAIIMOHHON NMPOEKTHON AESATENBbHOCTH, AJIS YEro HCIOJb30BaTh MHCTPYMEHTHI, NMEIOIUE HHTETPH-
PYIOILYI0 MEXIUCIUILTHHAPHYIO MpHUpoLy. B mpoliecce mpoeKTUpoBaHus UCTIOIB3yeTCs HHCTPYMEHTa-
puii, o0ecrieunBaroLINil TapTHEPCTBO U WHTETPAIMIO CIEIIMATUCTOB pa3iINyHbIX oOnacTel 3HaHM [24].
OpHako CyIIECTBYIOIUE METOABI M1 MHCTPYMEHTBI MHTETPALU, OPHEHTUPOBAHHBIE HA UCIONb30BAHNE
nHGOPMALMOHHBIX TEXHOJIOTHH, TOPOTH U MoABepkeHb! omnOkam [25]. [Ipobiaema noucka npruemieMo-
rO IO IIeHEe, HA/IeXKHOTO U MOCIEA0BATeIbHO UHTEPIPETUPYEMOT0 crioco0a MpeaCTaBIeHUs Pa3HOPO-
HOW MH(pOpMaLMU Ha BCEX dTamnax MPOCKTHPOBAHMA HE peIlcHa, YIPaBIIEMOCTh IPOEKTOB CYLIECTBCH-
HO orpaHuueHa [26, 27].

PaccmoTpennbie yeThIpe KpUTEpHsl HE B MOJHOM Mepe OTpakaloT 0COOEHHOCTH WHHOBAIIMOHHBIX
MPOEKTOB CO3/IaHUs ABUAIIMOHHOW TEXHUKU HOBOT'O MOKoJeHus. [1o HaleMy MHEHUIO, UX HEOOX0aUMO
JOTIOJIHUTB ISITHIM KPUTEPHUEM IOBBIIIEHHON HEONPEAETIECHHOCTH.

5. Co3nanue aBHaIMOHHOTO M3JICNUsl HOBOTO TIOKOJICHHsI TpeOyeT MpOBEIcHNsT 00bEMHBIX HAyYHO-
HCCIIE/IOBATENBCKHUX M OMBITHO-KOHCTPYKTOPCKUX paboT. OCOOEHHOCTBIO TAKMX MPOCKTOB SIBISCTCS He-
00X0IUMOCTb CO3JaHHS TEXHOJIOTUH, Peann3yeMOoCTb KOTOPBIX HE rapaHTUpoBaHa. VIHBIMH CIOBaMH,
NPUCTYNasi K MHHOBALIMOHHOMY NPOEKTY, KOMaHAa MPOEKTa MOXKET He ObITh YBEPEHHOH B €ro pealu-
3yemocTd. [1oj peasm3yeMocThI0 MMOHUMAETCS] BO3MOXKHOCTh JOCTHKECHUSI TPEeOYyeMbIX (DPU3UKO-TEXHH-
YECKHX, TEXHOJIOTHYECKUX, COLMATbHO-3KOHOMUYECKUX, HH)OPMAIIMOHHBIX MOKa3aTesel B TpeOyeMble
MIPOMEXKYTKH BPEMEHU C MPUEMIIEMBIMU 3aTpaTaMH Pa3INYHBIX pecypcoB. B HacTosmee Bpems BOIpo-
CBI UCCIICIOBAHUS PEATM3YEMOCTH MTPOSKTOB WIIM BBIBOASTCS 3a cepy BHUMAHUS, WIH YIIPOLIAIOTCS 10
peanu3anuy BapUaHTHOTO Tepedopa ¢ NMPUBJICUCHHUEM B KauecTBE HKCIEPTOB MPOPHIBHBIX CHEIUAIN-
cToB. B KOHeUHOM cueTe, Bce CBOAMUTCS K AKCIEPTHOM olieHKe puckoB [28—30]. B kauecTBe MeTon0I10-
THYECKOro 0OOCHOBAaHUS TAKOTO MOAXO0Ja UCIIONIB3YETCSl HHTEPIPETALUs HEONPEACICHHOCTH KaK BEpO-
SITHOCTH COOBITHS, KOTOPOE BO3HUKAET B XOJ/I€ peajn3alii WHHOBAIMOHHOTO mpoekTa [31]. Ilpumenu-
TEJIbHO K HHHOBAIIMOHHBIM IIPOEKTaM CO3/IaHUs aBUALIMOHHON TEXHUKH HOBBIX IIOKOJIEHHI MPUMEHEHHUE
BEPOATHOCTHBIX OLIEHOK JTA€T HEBEPHBIC pe3ysbTaThl. HOBU3HA M yHHKAIBHOCTH IPOEKTOB MOApPA3yMe-
BaeT HE3HaHME Ha MOMEHT Hadaja MPOEeKTa TOro, KaKue TEXHOJOTHH MOoTpedyercs co3AaTh MO Mepe
peanu3ainuy NpoeKTa, T. €. HEONPEAeICHHOCTh HHHOBAIMOHHOTO MIPOEKTa MOXKET OBITh MPOUHTEPIIPETH-
pOBaHa KaKk HEBO3MOXKHOCTb ONPEAETICHHUS MOTHOTO MepeyHs puckoB. Cpeau HEN3BECTHBIX MOXKET OBITh
PHCK, KaTacTpopHUueCKHid A MpoekTa. EMy moinkHa OBITH TpUITHCaHa BEPOSITHOCTD, PaBHAS €IUHHUIIE.
BceMm octaBmmMMCs: KOMITOHEHTaM — BEPOSITHOCTbD, PaBHAsL HYJIIO.

OTKa3 OT UCTIOJIF30BAaHMS PUCKOB M OLIEHKAa BO3MOYKHBIX JTHANA30HOB M3MEHEHUS MCCIIETyeMbIX BENH-
YMH, HallpUMep, Mo cxeMe [32], UMeeT OrpaHMYeHHBIH MHTEPEC, MOCKOIBKY CYIIECTBEHHO YMEHBILAETCS
TOYHOCTb OTBETA JJIS aHAIM3UPYEMOro cirydast. VIconp30BaHNe TAKUX TOAXON0B HE MO3BOJISIET YUUTHIBAT
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WHIMBUYAITBHYIO CIISIM(PHUKY aBUAIIMOHHOTO MPEANPHITHS, HA KOTOPOM WHHOBAIIMOHHBIA MPOEKT TPE]-
ToJIaraeTcsl peain30BbIBaTh. MOXKHO COTIIACUTBCS C TE€M, YTO BOIPOC O TOM, KaKOBA HAWIy4Ilas Mepa
HEOMPEICAEHHOCTH, HESICHOCTH U HETOYHOCTH, Ha CEroHs ocTaéTes 0e3 yoenuTeIbHOro oTeeTa [33].

Wrak, U3 mpuBeneHHOrO CIIEAYET, YTO NHHOBAIIMOHHBIE MTPOSKTHI CO3/IaHUs aBHAIIMOHHON TEXHUKH
HOBOTO TIOKOJICHHS (POPMHUPYIOT OTAENBHYIO MOATPYIITY HHHOBAIMOHHBIX TpolieccoB. [ aHanmza u
yIpaBlieHUs STHMHU TPOIECCaMH IeNeco00pa3Ho pa3padoTaTh MOIXOJABI, B KOTOPBIX WHCTPYMEHTHI
OIICHKH HE TPEIONaraoT ONpe/IeICHUEe PUCKOB.

B kadecTtBe OJHHOTO M3 TaKUX WHCTPYMEHTOB IPEJIAraeTcsl MCIOIb30BaTh MHCTPYMEHTApU CO-
o u3nIecKuX moteHmanoB [34, 35]. Coruohu3nuecKuit MoTeHIMal MoToka ¢ = q(t) ompenensercs
no ¢popmyie

t
x,(0) = [_,a®)w(t —1)dr. (1)
Cormodusndeckass GyHKIHHS Y HMeEeT cienyromie cBoiictBa: |y (t)] = 0, eciu t — +oo;

v(0) =1, ||y|| = 1; dynkuus notokxa ¢ = q(t) MHTErpUpyeMa 1o BpeMeHH ¢ KBaApaToM: q € L2.

[loreHuman moToKa aKTUBOB MPOEKTA (xfsr (t)) U PE3yJIbTUPYIOLIETO MOTOKA MPOEKTa (xftr (t)) or-

PEleNsIOT MOAEb IPOEKTA, ONMHMCHIBAEMYI0 hOpMYIIOi
pr _ pr
Xrt = fpr (xrs ) (2)

[MoreHnmanbl MOTOKA aKTHBOB MPEATIPHUATHS (xfgl (t)) Y TIOTOKa BBIPYYKH MPEIIPUSTHS (xﬁ? (t))
(OpPMHUPYIOT MOJIEINTb IPEANIPUSATHS, OTIUCHIBAEMYIO (hOPMYIIOi
en _ en
xri = fen(Xrs). (3)
[TpoekT, peanu3yeMblii Ha MPEIIPUITHH, UMEET WHHOBAIMOHHBIA XapaKTep, €CIH BBIMOIHICTCS
CIIeIyIoIee COOTHOILIICHHE
' pr ! en
fpr (xrs ) = fen (xrs ) (4)
B HepaBeHcTBe (4) MPOU3BOIHBIC ONPEACISAIOTCS (POPMYITaAMH:

for () = = fir (),
fin () = == fon ().

HUcnionb3yem conmou3nyeckuil MOTEHIMAN, MTOrPYIINa HHOBAIIMOHHBIX MTPOCKTOB CO3JJAHUS CIIOXK-
HON TEeXHHKH HOBOTO HOKOJICHHS CIEAYIOIINM 00pa3oM: K YKa3aHHOM MOATPYIIIE OTHOCSATCS WHHOBALH-
OHHBIE MIPOEKTHI CO3JaHUS TEXHUKH, COLMOPHU3MUECKHE MOTEHIINAIbI KOTOPBIX MPEBBIIAIOT HEKOTOPYIO
NOpOroByIo BenuuuHy L. Bennunna L onpenensiercst TOMbKO (PU3UKO-TEXHUUECKUMH XapaKTePHCTHKA-
MU [IPOEKTHUPYEMOTO H3JICIHS:

L =L(@)q=g, (6)
IJie 0. — MHOXECTBO (PH3MKO-TEXHUYECKUX MEPEMEHHBIX, TPUHUMAIOIINX ISl TIPOEKTa CO3/IaHUs aBha-
LIMOHHOT'O M3/IeNHs 1IeJIeBbIe 3HAYCHUS 0L = g.

Bennunna L MoXeT paccMaTpuBaThCS Kak MEpEeMEHHas!, XapaKTepu3yolas rpyniy UHHOBaLUOH-
HBIX TIPOCKTOB CO3JIaHMsI TEXHUYECKUX M3JIEUH HOBOTO TIOKOJICHHS;, g — TpyImnoBoil napamerp. C yde-
ToM (4) opMupyercst uTOroBasi CHCTeMa HEpaBEHCTB:

for (675 ) 2 fen (F2); e
xk > L.

CucTeMa HepaBeHCTB (7) COTOCTABIAET TOTEHIMATBI POEKTA XLy C MOTEHIMATAMH TPEIPHATHS
xgt. VI3 ompeneneHuss MOKHO HMCKJIIOYHMTH MOTCHIMAT MHHOBAIIMOHHOTO mpoekta. C TOYKM 3peHHUS
OPEANPUSTHS, TPOSKT CO3IaHMS aBUAIIMOHHOTO M3/ICUS MOXKET OBITh OTHECEH K KIlacCy WHHOBAIIMOH-
HBIX MPOEKTOB, €CJIM Ha MOMEHT Hayana mnpoekta t = 0 U Ha MOMEHT OKOHYaHus mpoekta t = T mis
MOTCHIIMAIOB MPEPUSATHS CIIPABEIMBbI COOTHOIIICHHS:

fen CcF) =0 < fon ) e=- ®)

®)

PesyabTar

Ha ocHOBaHMHM H3JI0KEHHOT'O MOKHO CACJIaTh BbIBOJ, YTO ITPOCKTHI CO3AaHUSA aBUAIlUOHHBIX U31C-
T HOBOTO MOKOJIEHUST (POPMHUPYIOT CAMOCTOSTENEHYIO MOATPYIITY WHHOBAIIMOHHBIX TPOESKTOB. Bhie-
JICHUC OT,JJ;G.]'ILHOI‘/'I moArpynIibl IMpPOCKTOB ITIO3BOJIACT q)OpMI/IpOBaTI) JJIsI HUX cneumbnquKHe METOAbI
MOJIEJIMPOBAHMS, aHAIN3a, IPOTHO3a U YIIPABICHHUA.
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['pynmnoBoii mepeMeHHOH sBiIsETCS CONMOPU3NUECKUNA MOTEHIMAl NpoeKkTupyemoro uznenus. Co-
IUO(U3NIECKUH MOTEHIMAN TOJDKEH MPEBBILATh OPOTrOBYIO BETHMUYHHY, ONMPEEIIeMYIO TOJIBKO (HU3H-
KO-TeXHHUYECKUMH TTapaMeTpaMu MPOEKTHPYEMOTO H3/IETHS.

CdopMynHpoBaHO cIEyIoIee ONpe/eieHHe MPOeKTa CO3IaHNs aBUAIIMOHHOTO M3JeHs Kak diie-
MEHTa MOATPYIIIBI B IPYIIE HHHOBAMOHHBIX MPOEKTOB: MPOEKT CO3aHMs aBUALIMOHHOTO U3ACIHS HO-
BOTO MOKOJIEHHS] — 3TO MHHOBAIIMOHHBIN MPOEKT, Pealn3yeMblii Ha aBUAIlMOHHOM MPEANPUATHH U Ha-
MPaBJICHHBIA Ha CO3/aHKHE U3ZCNHs C TpeOyeMbIMH TEXHHUYECKHMMHU XapaKTEPUCTHKaMU B TpeOyeMbie
CPOKH, OTIIMYAIOIIUICS TBOHCTBEHHOCTBIO UCTIONB30BAHUS B TPAKAAHCKUX U BOCHHBIX LIENIAX, OOJIBIION
JUTMTEIIBHOCTBIO, 3HAUYUTEIbHBIMH TPeOyeMbIMH 0O0beMaMU pa3HOOOPAa3HBIX PECYpCOB, MpenIojararo-
M pa3paboTKy U MCIIOB30BaHUE TEXHOJOTHIA, HE CYIISCTBYIOIIMX HA MOMEHT Havaja MPOeKTa.

Crporoe MaTeMaTHYECKOE OIpeesiCHHE CBOOUTCS K cienyromemMy. [IpoekT co3panus aBuaiioHHO-
IO W3JIeNHs HOBOTO MOKOJICHUSI — 3TO MPOEKT, pealn3yeMblil Ha aBUAllMOHHOM MPEIANpPUATHH, HaIlpaB-
JICHHBIA Ha CO3JaHME U3IENus ¢ TpeOyEeMBbIMU TEXHUYECKUMH XapaKTEPUCTHKaMU B TpeOyeMble CPOKH,
JUIs1 KOTOPOTO BBIMIOJHSIETCS] CUCTeMa HepaBeHCTB (7).
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The article is devoted to the presentation of the conceptual and categorical apparatus of projects
for the creation of complex technical products of a new generation. It is shown that the classification
of the projects under consideration creates methodological prerequisites for increasing the accuracy
and quality of forecasts of time and resources. It is asserted that in the general set of innovative pro-
cesses, innovative projects for creating a new generation of aviation products fall into an independ-
ent subgroup of innovative projects for creating complex technical objects of a new generation.
Allocation of a separate subgroup of projects allows you to form specific methods of modeling,
analysis, forecasting and management for them. Materials and methods. Justification is carried out
in the form of a logical conclusion. There are four indicators that characterize the design processes.
Based on the analysis of the features of the projects for the creation of aircraft products, it was con-
cluded that it is necessary to clarify the set of criteria for projects to create complex equipment of
a new generation. For this group of projects, in addition to the existing four criteria of goals, timing,
resources and organization of project execution, it is proposed to add a fifth criterion — the criterion
of project uncertainty. Result. It is shown that in the aggregate a group of five criteria makes it
possible to single out from the whole set of innovative processes associated with the creation of
new technology, a subgroup of processes for creating complex technology of a new generation.
The differences between the interpretation of uncertainty adopted in the work and the interpreta-
tion of uncertainty used in the project analysis as a set of risks accompanying projects are noted.
Conclusion. An integral criterion for the magnitude of sociophysical potential has been formed,
combining the criteria of goals, timing, resources, organization and uncertainty of innovative pro-
jects. An example of the interpretation of the integral criterion for the case of creating a new gene-
ration aircraft product is given.

Keywords: innovation, innovation project, sociophysical potential, aviation product.
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NMPUMEHEHWE KOHEYHO-PA3HOCTHbIX MOAENEN
AnA KPATKOCPO4YHOI'O NMPOTrHO3NPOBAHUA
NMPUPOAHO-PECYPCHOI'O NOTEHUUAJIA NEPMCKOI'O KPAA

H.A. CupomuHa, A.B. Konomeea, A.B. 3amoHckuli

lMepmckuli HauuoHarnbHbIU uccriedogamernbCKUl nonumexHuU4ecKkuli yHusepcumem,
GepesHukosckul ¢unuan, e. bepesHuku, Poccusi

Cratbsi OCBsIIEHa NPOOJIEME MaTEeMaTHYEeCKOT0 MOJICITUPOBAHMS IIPUPOJHO-PECYPCHOTO I10-
TeHnMana [lepMckoro kpas Ha OCHOBE KOHEUHO-Pa3HOCTHBIX Mojieliel 1-ro u 2-ro mopsakoB. Panee
HaMu OBIJIO YCTaHOBJICHO, YTO IIPH HCCIIEIOBAaHUH CIIOXKHBIX COIMAILHO-SKOHOMUYECKUX IPOLIECCOB
TaKHe MOJIETH MO3BOJISIOT MOIy4aTh OoJiee KaueCTBEHHBIE IIPOTHO3HI 110 CPABHEHHUIO C TPAAUIIOHHO
NPUMEHSEMbIMH MOJICISIMHU JIMHEHHOW MHOXKECTBEHHOH perpeccud. Bbicokoe KadecTBO MOJENH
MPUPOIAHO-PECYPCHOTO TOTCHIHANA W COOTBETCTBYIOIIMX MPOTHO30B SBISETCS OJHUM U3 HE0OXO-
JMMBIX YCJIOBHH 3((EKTUBHOTO YIPaBICHHS MPUPOJAHBIMU OOTaTCTBAMHU PETHOHA C LIENbI0 odecrie-
YEHHS er0 yCTOWYHMBOTO 3KOHOMHYEeCcKoro pa3sutus. Ileab padorsl. Llenpio taHHOTO HCccae10BaHNs
SBJIUIOCH TIOCTPOCHHE HA OCHOBAaHWHM CTaTHCTUYECKUX MaHHBIX 3a mepuoa ¢ 2001 mo 2018 r. koHeuHo-
Pa3HOCTHBIX MOJIeNIell KOMIUIEKCHOTO TMOKa3aTessl MPUPOTHO-PECYPCHOTO MOTEHITHAla U OIIEHKa MX
MPOTHOCTUYECKMX CBOMCTB Ha mpumepe IlepMckoro kpas. MaTtepuajbl 1 MeToabl. B kauecTBe Oa-
3Bl CPAaBHEHUsI HCIIOJIb30BAIach MOJIENIb MHOXKECTBECHHON JIMHEHHOH perpeccuu. KoMmuiekcHsIi no-
Ka3aTellb MPUPOJHO-PECYPCHOTO MOTEHIMAA PETHOHA PaCCUMTHIBAJICS KaK B3BCILICHHAs CyMMa 4acT-
HBIX KPUTEPHEB, XapaKTEPHU3YIOIIHIX PUPOIHBIE OoraTcTBa pernoHa. KoHeuHo, pa3HOCTHBIE MOJIEIH
MIEPBOTO M BTOPOTO TOPSIKA MOIYUYCHBI IyTeM AO0OABIECHHUS B MOJEIb MHO)KECTBEHHOH JIMHEHHOM
perpeccun aBTOPETPECCHOHHBIX CIIaraeMbIX MEPBOTO ¥ BTOPOTO MOPSIKOB COOTBETCTBEHHO. OIeHKa
HEHM3BECTHBIX IApaMETPOB ypPAaBHEHUI BBINIOJHEHA HAa OCHOBAHUM MOAMGDUIIMPOBAHHOTO METOJa
HaMMEHBIINX KBAJIPaTOB, COXPAHSIOIIET0 3HAKH KO3 (HUINEHTOB IpH (aKkTOpax TAKUMH Ke, KaK B
UCXOAHOMW JHHEeitHOH Monenu. [Ipu 3ToM 0TOOp 00BACHAIOUIMX (AKTOPOB U OLIEHKA KayecTBa MOJe-
JIe OCYIIECTBIISUIMCH UCXO/IS M3 TOYHOCTH TOIYYEHHBIX [0 HUM IPOTHO3HBIX 3HAUYEHUH N3y4aeMoro
nokaszareis. Pe3yabTarhl HccaeqoBaHusl. B CBA3M ¢ M3MEHEHUSIMHM B METOIHKE (OPMHUPOBAHUS
CTaTHCTHYECKUX AaHHBIX, ONPENEISIONMX COCTABISIONME U (DAKTOPhI NPUPOTHO-PECYPCHOTO TO-
TeHLIMaJa, MPOIeypa MOCTPOCHHUSI KOHEYHO-PAa3HOCTHBIX MOJesel ObuIa BBHINOJHEHA JJIS TpeX pas-
JUYHBIX BpeMeHHbIX uHTepBaioB: 2001-2018, 2001-2008 u 2008-2018. Yucno pacueTHbIX Ipo-
THO3HBIX 3Ha4deHW# cocraBuio 18, mpuuem b B 4 u3 18 ciaydaes (22,2 %) uX KadecTBO OKaza-
JIOCh XYK€, YeM Y TIPOTHO30B C MCIOJIb30BaHNEM JIMHEHHONH MHOXKECTBEHHOW Monenu. O0cyxaenne
U 3aKJ04eHue. [omydeHHble pe3yIbTaThl MO3BOJIOT YTBEPXKIaTh, YTO NPEATI0KEHHAs MOIU(pUKa-
11 MHO>KECTBEHHOM JINHEHHON MOJIEIIN PETPECCHH ¢ 100aBICHHEM aBTOPErPECCHOHHBIX CIaraeMbIX
MO3BOJISIET MOBBICUTH KAa4eCTBO IPOTHO3WPOBAHMS KOMIIJIEKCHOTO IOKa3aTelsl HMpUPOIHO-pecypc-
HOTO TOTEHI[Majla PeruoHa W, CJIeJOBaTEeNIbHO, NMPHHHUMATh Oojee 3(deKTuBHBIC pemeHUs Npu
YIPaBIEHUH €TI0 YPOBHEM.

Knrouesvie cnosa: mamemamuueckoe MoOeIUposanue, npocHO3UPOGaAHUe, KOHEUHO-PA3HOCTNHAS
MOOenb, NPUPOOHO-pecyPCHbLL nomenyuan pecuona, Ilepmckuii Kpail.

BBeaenue

VYcroitunBoe 3KOHOMUYECKOE Pa3BUTHE PETHMOHA HAMPSIMYIO 3aBUCUT OT MUMEIOIIUXCS B HEM IpH-
POJIHBIX PECYPCOB, OT MX KaueCTBa W MPOIYKTHBHOCTH MCIOJb30BaHus. [ noBbIieHus 3hHekTuBHO-
CTHU HpI/IHSITI/IH ynpaBnqueCKHx peHIeHI/II\/'I I1I0 HUCITIOJIB30BAHHUIO peFI/IOHaJ'IBHBIX HpI/IpOJlHBIX peCprOB,
KOMIUIEKCHO XapaKTepU3YIOMIMXCS TMoKa3aTeleM NpupoaHo-pecypcHoro moreHnmana (I1PIT), mmpoxo
MPUMEHUMBI PA3JIUYHbIE METOJbI MPOTHO3UPOBAHMS, OCHOBAHHBIC HA JAHHBIX OTKPBITOM CTATHCTUKHU.
[Ipu 3ToM HanboJIee pacnpoOCTPAaHEHHBIC METO/IbI KOPPEIIALIMOHHOIO U PErPECCHOHHOTO aHalln3a HE BCe-
rJa JArT YAOBJIETBOPUTEIBHBIE PE3YJIbTAThl B DKOHOMHUYECKUX UCCIEAOBAHUAX 110 IPUUMHE CI0KHOCTU
COOTBETCTBYIOIINX OOBEKTOB M HAJMUYWS HESIBHBIX HEIMHEHHBIX 3aBUCHMOCTEH MEXIY KOJIHUYECTBEH-
HBIMU TTOKA3aTeJSIMU, HX XapakTepu3ylomuMu. B pesynbrare K03(hOUIHEHTHI MTOMyYSeHHBIX TAKUM Me-
TOJIOM MOJIeNIell MOTYT OKa3aThCsl HE MHTEPIIPETUPYEMBIMHU, & CAMH MOJICNIH He 00ECIeUnBaIOT JOKHO-
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CupomuHa H.A., Konomesa A.B., lpumeHeHuUe KOHe4YHO-pPa3HOCMHbIX Modesieli
3amoHckuli A.B. OJ151 KPAMKOCPOYHO20 MPO2HO3UPOBAHUSI...

ro KaucCTBa IMPOrHO3UPOBAHUA. B c¢Bs3u ¢ 3TUM BO3HHKAET HCO6XOILI/IMOCTL MO,I[I/I(I)I/IKaI_II/IH KJIaCcCHu4c-
CKHUX MCTOHOB IJI MOJYUYCHHA Oouee MMPpUCMJICMBIX C HpHKJ’Ia,Z[HOfI TOYKHU 3pCHHUA PE3YyJIbTATOB IIPU UC-
CJIICJOBAaHUHN COIMMATIBHO-O3KOHOMHYCCKHUX CUCTEM.

1. O030p AUTEPATYPHI

0O030p aKTyalbHBIX HCCIEIOBAHUN 10 JAaHHOW TeMaTHKE MOKa3al UX MPEUMYIIECTBEHHO IKOHOMHU-
YecKHuil XxapakTep, KpoMe TOTO, OOJBIIMHCTBO OTEYECTBEHHBIX pabOT MO JaHHON TEMaTHKE JOCTaTOYHO
ctapbie. PaboT, 3HAYMMEBIX C TOYKH 3peHHUS MaTeMaTmdeckoro MoxaenupoBanwus [IPII, B oTkpeITOM 1OC-
Tyne HalTH He yAaloch. B 4acTHOCTH, psj aBTOPOB pa3padaThIBalOT BOMPOC MOJIESIUPOBAHUS TIOTOKOB
HMHBECTHUIIMH C 11€J1610 3((EKTUBHOTO UCIOb30BaHus 1 ocBoeHus [1PI1 Ha nmpuMepe pa3IMyHBIX CTPaH U
peruoHoB: Tamkukucrana [1], Adpuxu [2], Kuras [3]. s xapaktepuctuku [1PI1 u ero snemeHTOB 1mu-
POKO PacIpoCTpaHEHO WCIOIb30BaHKUE IreOMH(GOPMAIIMOHHO-aHATUTHYECKUX CUCTeM. B gacTHOCTH, aB-
TOpHI [4] Mpou3BeIr KOMIUIEKCHYIO OLIEHKY IpHUpoiHOTO OorarcTBa [lepmckoro kpas, a B [5] paccmar-
puBaeTcs BO3MOXXHOCTh npuMeneHust [ UC ains ynpaBieHus NPUPOAHBIMH PECypcamMH pa3iU4HbIX TH-
NoB Ha TeppuTopuu Uuaum.

T'UC ucnone3yroTcs U Al MOAEIUPOBaHUS OTAENbHbIX coctaBistomux [IPII. B [6] aBTopsl uc-
nonb3ytoT 'MC B KOMIUIEKCE C PSIOM HHBIX METOJIOB [ OOHAPYKEHHS U UCCIIEIOBAHUS 3aI1acOB TO/-
3eMHbIX BoJ B Erunrte, B [7] I'MC-cucteMsl MpUMEHSIOTCSA A MOACIMPOBAHMA M MPOTHO3HPOBAHUS
HaBoaHeHUil B KuTae.

JocTaTouHO pacmpocTpaHEeHO KaK B OTECUYECTBEHHBIX, TAK M B 3apYOEKHBIX HCTOYHUKAX MATEMaTH-
YecKO€ MOJAETUPOBAaHHE OTAEIBHBIX 3JIEMEHTOB NMPHPOIHO-PECYpCHOro moreHnmana. OIHUM W3 BO3-
MOKHBIX TTOJXOJIOB K OIeHKE 3 (EKTUBHOCTH HCIOIB30BAHUS PECYPCOB SIBISAETCS MOCTPOSHHUE OITH-
MHU3aLMOHHBIX MaTeMaTUYeCKUX MoJielel, HampuMmep B [8] MPUBOAATCS pe3yNbTaThl MOJETHPOBAHUS
JOOBIYU MPUPOJHOTO raza Ha PErMOHAILHOM U MHPOBOM ypoBHE. Takoii moIxo/ MpearnoiaraeT Halu4me
aJI€KBATHOI'O0 MATEMATHYECKOIO0 KPUTEPUs, MOMJIECKAIIEr0 ONTUMHU3ALUHY, a TAKXKE CUCTEMBbl OrpaHHYe-
HUU, a IpU UX OTCYTCTBUU JAHHBIM METOJ MpakTUuecku HempumenuM. MccnenoBanue [9] nocBsILIeHO
KpaTKkoMy 0030py CYHIECTBYIOIIMX ONTUMH3AIMOHHBIX JUHAMHUYECKUX MOJIENCH HEBO30OHOBIISIEMBIX
MNPUPOIHBIX pecypcoB. IIpu 3TOM paccMaTpuBaIOTCA JETEPMUHUPOBAHHBIE MOJAEIU OTIAEIBHBIX PECYp-
COB, YTO HE TIO3BOJISICT HANPAMYIO HCITONIF30BaTh UX JUIS CIydas IBYX W 0oJiee MX BHUJOB, YTO XapaKTep-
HO il OONBIIMHCTBA pernoHoB. KpoMme Toro, MCroib3yeMblil ammapar KJIACCHYECKOH TEOPHH OIITH-
MaJbHOTO YIpaBieHUs TpeOyeT OT HCCle[OoBaTeNs JOCTAaTOYHO BBICOKOTO YPOBHA MaTeMaTHYeCKOU
MOATOTOBKU M MOXET MPUBOAUTH K HEKOPPEKTHBIM PE3yJIbTaTaM MPUMEHHUTENIBHO K CTOXaCTUUYECKUM
SKOHOMHUYECKUM 00bekTaM. B padote [10] pa3paboraHa MHOIOKpUTEpHaIbHAS MHOTO(AKTOPHAS HEYCT-
Kasi MOJIEJIb YAaCTHYHO IIEIOYUCIIEHHOTO MPOTrPaMMHPOBAHUS JUIsI ONITUMHU3AINH PACIIPEIECNECHUS CElb-
CKOXO3MCTBEHHBIX BOJHBIX U 3€MEIBHBIX PECYPCOB B YCIOBHAX HeompeneneHHocTH. [logoOHoe coue-
TaHWEe METOJIOB BechbMa 3(pPeKTHUBHO I penieHus c1ado ¢popMaIn3yeMbIX 3aad, OJJHAKO TpeOyeT pas-
paboTKH Kak crielin(puIecKoro MaTeMaTHYECKOr0 HHCTPYMEHTAPHS, TaK M IPOrPaMMHOT0 00EeCTICYEeHUSI.
JTO CYIIECTBEHHO YCIOXKHSET IMPOIECC HAXOXKIEHUS PEIIeHHs, PAaCTSITUBAET €r0 BO BpEMEHU U TpeOyeT
JIOCTATOYHO BHICOKOM KBaNM(UKAHUU Pa3paOOTYMKOB COOTBETCTBYIONIEH CUCTEMBI TOICPKKY MTPHHS-
THS pelieHus. B 1esoM onTHMHU3aMOHHBIE MOJIENH MPEIIOIaraloT HAIMYUE ONTHMU3ZUPYeMOoi (QyHK-
IIUH, T. €. KAYECTBEHHOTO OMMHCAHK 00HEKTa B MATEMAaTHIECKOM (hopMe, B OTCYTCTBUE TAKOTO OTIMCAHHS
SIBJISIFOTCSL HETPUMEHUMBIMH.

B pabore [11] pa3paborana HenuHeHas MaTeMaTHYeCKas MOJEIb YIIPABICHUS MOPCKUMHU IPUPOA-
HBIMU pecypcamu B (hopMe CHCTEMBl HEJIMHEHHBIX JuddepeHInanbHbIX YpaBHEHHH W BBITIOJHEHO €e
KCCIIECAOBAHNUE B paMKaX TEOPUHM YCTOMUYMBOCTH AUHAMUYECKUX cucTeM. [[puMeHeHne JaHHOro nmoaxoaa
BO3MOJXKHO B CITy4ae, KOT/Ia UCCIIeyeMasi CUCTeMa MOXKET OBITh aJ]leKBaTHO OIHCAaHA CHUCTEMON OOBIKHO-
BeHHBIX AU depeHanbHbIX ypaBHeHHN. B [12] aBTOpHI NPUMEHSIOT IETEPMHUHUPOBAHHYIO U CTOXAC-
TUYECKYI0 MOJIETH BIUSHHS OCAIKOB Ha JIECHBIE PECYPCHI ISl OMpEIeNIEHUs] HaJMYUI U yCTONUYNBOCTH
PABHOBECHOI'O COCTOSIHUSI CUCTEMBI B 3aBUCHMOCTH OT €€ MapaMEeTPOB U XapaKTEPUCTUK CIy4YallHOU co-
crapisonieii. B [13] aBTopoM H3/I0KEeHa AMHAMUYECKas MaTeMaTHUeCKas MOJICNb W CIOCO0 OLICHKU
COCTOSTHUSI 3KOHOMHUKH PETHOHA C 33/IaHHBIM TIepeYHEeM TPOU3BOJICTB, PECYPCOB U T. . B (OPME CHCTE-
MBI qudQepeHIMaTbHbIX ypaBHEHUH. B menoM nerepMuHupOBaHHBIE (PaKTOPHBIE MOJAEIH B OOINBIIEH
CTETICHN TOAXOJAT I TEXHHYECKUX W (PUINYECKHX CHUCTEM, a IOBEACHHE CIIOXHBIX COIHAIBHO-
9KOHOMHUYECKHX CUCTEM HE BCETJa aJeKBaTHO OMHCHIBAIOT.
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ABTopHI B [14] paccMaTpuBarOT BO3MOXKHOCTh IPUMEHEHHUS OaJaHCOBBIX MOJIENICH IS aHANIK3a I10-
TpeOJieHHsT BOJHBIX pecypcoB. JlaHHBIM MOAX0J] HE MO3BOJISET aJ€KBATHO XapaKTEPU30BATh CIIOXKHEIC
JUHAMUYECKUE CTOXaCTUYEeCKUE O0BEKTHI, TOCKOIBKY OallaHCOBBIC MOJIENTU KaK MPABUIIO SIBJISIOTCS CTa-
TUYECKUMH JETEPMUHUPOBAHHBIMH.

Eme ogun pacnpocTpaHeHHBIH TOAXO0M K YNPaBICHUIO IPUPOJIHBIME PECypCaMH — MOJICTTUPOBaHHIE
C IeJIbI0 MUHUMU3AIIUU BO3IEHCTBUS Ha OKpYXarollyio cpeny. B [15] npeanpunsTa mompITKa OLEHKH
3 PEKTUBHOCTH MEPOTIPHUATHI IO BOCCTAHOBJICHUIO OKPY’KaIOIIeH MPUPOAHOM Cpenbl B paMKax MOCTa-
HOBKH M pELICHMs 3aJa4i JIMHEHHOr0 MporpaMMHpoBaHusA. ABTOPEI B [16] rccnenytoT BOpOCkl MoJe-
JUPOBaHUs B cepe MCTOUICHUS 3aracoB MPUPOIHBIX PECYPCOB M BOBIICUCHUS PECYPCOB TEXHOTCHHBIX
MECTOPOXKACHUH B X03HCTBEHHBIN 000poT. B pabote [17] aBTOpPHI N310KUIM CHOCOO MAaTEMaTHYECKOTO
MOJICJIMPOBAHMS YIIPABIECHNA PECYPCAMHU M OTXOAaMHU C HCIIOJIB30BAaHUEM KOMITIEKCHOTO TIOJXO0/aA.

JIOCTaTOYHO aKTHBHO B MYOJUKAIMAX PA3IMYHBIX aBTOPOB PACCMATPHUBAIOTCS 3a/a4d YIPABICHUS
MpoIeccaMy OTNEIBHBIX MPOU3BOJICTB, KOTOPBIC JKCIUTYaTUPYIOT IPHPOAHBIE pecypchl. Tak, B [18]
MPEUIOKEHbI BapUaHTBl ONTUMH3ALUK YIPABICHUs arpapHbBIM CEKTOPOM, B YACTHOCTH, 3€MEIbHBIMU
pecypcaMu, MPOU3BOJCTBOM PACTEHHEBOAUECKOI M JKUBOTHOBOIYECKOW MPOMYKIIUN HA OCHOBAHHUU MO-
Jieneid MaTeMaTHYecKoro MporpaMMHPOBAaHUS CO CIy4daiHbIMH MapameTpamu. B [19] aBTropamu npen-
NPUHATA TONBITKA ONpenesieH!sT Hanbojee paloHaIbHOTO CHOCO0a MCIOJIB30BAHUS SHEPreTUUECKUX
NPUPOAHBIX U TEXHOTCHHBIX PECYPCOB B arpOTEXHOJIOTHAX Ha 0aze 9KCepreTHUecKOl MOAEIN npeodpa-
30BaHuUs 3Hepruu opranusmMamu. B [20] npuBoauTCs 3KOHOMUKO-MaTeMaTHYeCcKasi MOJIeTb YIPaBICHUS
MIPON3BOACTBEHHO-9KOHOMUYECKON AEATEIBHOCTBIO CETbCKOXO3NCTBEHHOTO MPEATIPUATHS, UMEIOIIETO
CHEUUAIN3ALHIO )KUBOTHOBOACTBO, SBJISIOIIASCS MOAEIBIO YCIOBHON MUHUMH3ALMHU LeNeBor (QyHKIMN
3aTpaT B YCIOBHSIX OTPAaHUYEHHBIX pecypcoB. ABTOpHI B [21] aHaMM3UPYyIOT HCMOIB30BAaHHE BOIHBIX
pecypcoB Ha OCHOBE MOJIENIHU KOJIOTHUECKOro ciiesia. Takue ucciaeloBaHus, Kak paBuilo, NOCBAIIEHb
KOHKPETHBIM IIPOM3BOACTBAM M COOTBETCTBYIOIIIMM PECypcaM, YTO HE MO3BOJIAET UCIOJIb30BaTh UX AJIS
YIPaBIEHHUS COBOKYITHOCTBIO PECYPCOB B paMKax pErHOHA.

2. MaTtepnaJibl 1 METOABI

Takum 00pazoM, HECMOTPSL HA MHOT000pa3rue METOAOB, HU OJMH U3 HUX HE SIBJISIETCS] YHUBEPCAIIb-
HBIM. [I[pUMEHMMOCTS METOZIOB 3aBUCUT OT UMEIOLIUXCA B PACIIOPSIKEHUH MCCIEN0BaTeN TaHHBIX. JTO
03HA4YaeT, YTO METOJ, NMPUMEHEHHBII B OJHOM CIIydyae, MOXKET OKa3aTbCid HENPUMEHHMBIM B APYTOM.
Kpome Toro, Bonpoc maremarndeckoro mogenuposanus 11PII na yposae peruona Boobuie u Ilepmcko-
ro Kpas B YaCTHOCTH pa3paboTaH HETOCTATOYHO, a BHIOOP METOAa €cTh CyOBEeKTUBHBINA BBHIOOD HCCIIe0-
Batens. COOTBETCTBEHHO pa3paboTKa METO/1a, MOAXOAIIETO [T 1eJiell MOASTUPOBaHMS U IPOTHO3UPO-
Banus [1PI1, mo3BosstoIero ynpasisiTh €ro ypoBHEM C LENIbI0 00ECHeUeHHsl YCTOMYMBOTO PAa3BUTHUS U
3¢ PEeKTUBHOTO MCIOIB30BAHMS MPUPOJHBIX OOraTCTB PErHOHA, SBJISIETCS HMHTEPECHOH 3a7adeil ¢ Teope-
TUYECKOM U IPUKIIATHON TOUKM 3peHus. Ero peanusanus peanoiaraer:

1) BBIOOp MPEeanoOYTUTENLHOIO MaTeMaTHYecKOro METoZia MOJCIMPOBAaHMA; B JaHHOU paboTte pac-
cMmarpuBaercst Monudukanys JIMM B cuily ee mpOCTOTHI, PACHPOCTPAHEHHOCTH M UCIOIb30BAHUS OT-
KPBITBIX CTATUCTHYECKUX JAHHBIX B KauecTBE HH(OPMAIIMOHHON 0a3bl;

2) cOOp CTAaTUCTUYECKHUX JAaHHBIX 10 [lepMcKOMY Kparo, XapaKTepU3YIOIUX COCTABISIONIHE U (ak-
Topsbl, onpeaenstomue [TPI1;

3) moctpoenune Mmarematuyeckoro kpurepus [1PI1;

4) monenuposanue u nporuo3uposanue [1PIT [lepmckoro kpast Ha OCHOBaHUU MOAUMDUIIMPOBAHHON
MOJIEY MHOKECTBEHHOM JIMHEIHOMN perpeccuy;

5) BeIpaOOTKy cuctembl pekomengauuii 1uist JIIIP no moseimenuo 3gp@eKTHBHOCTH KPaTKOCPOYHO-
ro ynpasiuenus [IPII.

B pamkax nanHo#l paGoTel peanusyercsi HOCTpoeHUe (HopMalbHONH MOAETH MPUPOAHO-PECYPCHOTO
norenuuana (ITPII) na npumepe Ilepmckoro kpast 1 000CHOBBIBAIOTCS €€ JIy4LIHE MPOrHO3HBIC CBOUCT-
Ba B KpaTtkocpouHoM mepuoje. C 3Tol nenbto Boiaesstores: pakropsl, 3HaunmMeie tst [TPTT TTepmckoro
Kpasi, TPOU3BOJUTCS OIIEHKA HEM3BECTHBIX KOAPPHUIMEHTOB NpeanoxenHord moaenu [TPII, ocymiecTs-
nsiercst mporaosuposanue [1PI1 Ha ocHOBe KiIaccuueckoro M pa3paboTaHHOIO METOAOB, IPOBEPKA JTyd-
IIMX IPOTHOCTUYECKUX BO3MOYKHOCTEN MPEASIOKEHHOTO METOIA.

ITox npupoaHO-PECYPCHBIM MMOTEHUMAIOM CIEAYET IIOHUMATh COBOKYIHOCTh IPUPOJHBIX YCIOBHH
U 3amac NPUPOJHBIX PECYPCOB, KOTOPHIE MOTYT OBITh MCIIOJIB30BAHBI B XO3SMCTBEHHOH NESTEIHLHOCTU
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P TaHHOM YPOBHE Pa3BUTHsI TEXHUKH, TEXHOJIOTMH U SKOHOMHUYECKUX OTHOLIEHHH. B wacTHOCTH, oA
MPUPOAHO-PECYPCHBIM MOTEHIHAJIOM PErHMOHA ITOHUMAETCS! COBOKYIHAS CIIOCOOHOCTH BCETO MHOT000-
pa3us eCTECTBEHHBIX PECYPCOB U YCIOBHH TEPPUTOPUM 00ECTIEUNBATh )KU3HEIEATEIbHOCTD HACEIEHUS U
YAOBJIETBOPATH MOTPEOHOCTH OOIIECTBEHHOTO IPOM3BOJACTBA HAa KOHKPETHOM 3Talle HCTOPHYECKOTO
pa3BUTHSL.

O0606mennbiit kputepuii [IPI1 paccuutbiBaeTcsi B BUIe B3BEIICHHOH CYMMBI OT/EIBHBIX COCTaB-

asmomux TIPIT [22] Y (¢, )=o, - Y () +o, - Y, (8 )+...+a, - Y, (f,), TIe ¢, — MOMEHT BpPEMEHH B IIpejie-
JlaX U3y4aeMoro BpEMEHHOTO uHTepBana k=1,2,..., K. [ onpeneneHus 3HaUYCHUN BECOBBIX KO3(-
¢bunuentoB o,,i=1, 2, ..., n dactHele kpurepuu Y (#,),i=1,2,...,n,k=1,2,..., K ynopsaouuBaroTcs
1o creneHu BaxkHocTH Ais ypoBHA [IPII (pamxupyrorcs), T. €. KaXAOMy YaCTHOMY KPUTEPHUIO MPH-
cBauBaeTcs paHr R, e{l,2,...,n},i=12,...,n; torna a,;=1/R;. IIocKOIbKY CIIOKHBIE COLMATIBHO-
HKOHOMHUYECKUE CUCTEMBI JOCTATOYHO MHEPTHBI H, CJIEI0BATEIbHO, MEHSAIOTCS MEAJIEHHO, TO PaHTH R;

nox0HparoTcsl TaKUM 00pa3oM, 4ToObI obecreunTs HanOosee MIaBHYI0 JUHAMUKY CBOJHOIO MOKa3a-
tens IIPII, T. e. MUHUMHM3UPYIOT CyMMY KBaJIpaTOB Pa3sHOCTEH €ro TEKYIIETO M NPEIUIECTBYIOLIETO
3HAYEHUH:

api=1,2,n:8 =Y 0 (Y(1yy) - Y(t)) — min. (1)
i=1

,Z[OHO.HHI/ITCHBHBIM HpeI/IMyHIeCTBOM TaKoro Mertoaa paH)KI/IpOBaHI/IH YaCTHBIX KpI/ITepI/IeB SABJIACTCA
UCKIIIOYEHHE CYOBEKTUBHOCTU IPH YHOPSANOYEHHU UX 4YEIO0BEKOM. Pacuer BecOBBIX KOI(D(PUIMEHTOB O;,
i=1,2,..., n 1enecoodbpa3Ho MPOU3BOANTH MO0 HOPMHPOBAHHBIM JAHHBIM IS UCKIIOUCHUS BIUSHUS

pa3MepHOCTEH YaCTHBIX KPUTEPHUEB.
Hamnune o6o6mennoro kpurepust [1PI1 mo3BossieT CKOHCTPYUPOBATh €r0 JIMHEHHYI0 MHOXKECTBEH-
HYIO PErPECCUOHHYIO0 MOJIeJIb BUA

() =a+c - X\(t)+cy - Xyt +...4c, X, (1) =a+ D ¢;- X (&), )
J=

Ypacq

rae Y., (f) — pacueTHOe 3HAYCHHE MOACTUPYEMON BEINIHHBI B MOMEHT BPEMCHH #j;

@ — TIOCTOSTHHAS JTMHEHHON MHOTr0(akTOpHON MOJEIH, ONpeNesIonIas ypoBeHb MOJACITUPYEMOii Be-
JIMYUHBI IPU HYJIEBBIX 3HAYEHUSIX (aKTOPOB;
X;(#;) — 3HaueHus (aAKTOPOB, ONPCACISIOMINX 3HAYCHUC MOACIUPYCMON BEIMYUHEI, B MOMCHT

BpeMEHH 1, j=1,2,...,m;

¢; — K02 GUIIMEHTH! IMHEIHON MHO)KECTBEHHOM MOJIEIH, IIOKa3bIBAIOIIHE, HA CKOJIBKO M3MEHHUTCS

MOJIeIMpy€eMasl BEIMYMHA IPH yBEINYEHHU COOTBETCTBYOLIEro (pakropa X; Ha 1.

Vnpasnenue IIPII ocymiecTBisieTcs mOCpeAcTBOM BapbUPOBAaHUS OINPEACISAIOIIUX €r0 YPOBEHb
thakropos X (7, ), j=1,2,..., m . Ilpu 5TOM Kaxblil peTHOH 00IaaeT COOCTBECHHBIMU COCTABISIOLUMU

ITPII Y;(#;,) n HaOGopOM OIpeeNAIoIUX UX 3HaUYeHHs (a 3Ha4uT, U ypoBeHb coocTteenHo I1PIT) mokasa-
Teneilt X ;(#,) . PopmanbHbIil 0TOOp CYLIECTBCHHBIX (PAKTOPOB B ypaBHEHHE (2) OCYLICCTBICTCS Ha

OCHOBaHUM aHaJHM3a MATPUIBl MAPHBIX K03(QduUIeHToB Koppemsiiun. [Ipu 3ToM B Mojeilb OTOUPAOT
Takue OOBSACHAIOLINE NEepeMEHHBIE, KOTOPhIE TECHO CBSI3aHBbI C OOBICHAEMON BEIMYMHOHN, M ciaabo —
apyr ¢ apyrom [23]. Kpome Toro, BO3MOXHO MOCTPOEHHE MOJENH (2) C MOMOIIBIO MOIIArOBBIX MPOIe-
Iyp perpeccui, Korja (GpakTopsl JOOABISIOTCS B YpaBHEHHE WIIM UCKITIOYAIOTCS U3 HETO JI0 TeX TMOp, M0-
Ka MPOUCXOJUT YBEIUYEHHE HCIPABICHHOr0 KO3()(UIMEeHTa AeTePMUHALIMN COOTBETCTBYIOLINX ypaB-
Henuid. OHAaKO, KaK YTBEP)KIOAIOT MHOTME aBTOPHI [24, 25] u mokas3bpiBaeT NMpakTHKa, (popmanbHbIe
MPOLEeYyPhl 0TOOPa OOBICHSIONIMX IIEPEMEHHBIX He Beeraa 3PQEKTUBHBI MPU MOJCITUPOBAHUN COLIM-
aIbHO-3KOHOMUYECKHX MPOLECCOB. DTO MPOSBISETCS B HEYIOBJIETBOPUTEILHOM KAaueCTBE IOJIydae-
MBIX YPaBHEHHUH U MPOTHO30B HAa MX OCHOBAHUHU. B Takux ciydyasx NpUXOAUTCS BBIIOIHATH U KOppe-
JSTUOHHBINA, U KaYeCTBEHHBIN aHATW3bl U OTOMpaTh HaubOoyee 3HaUYUMbIE (DAKTOPHI C TOYKU 3PCHUS
MPHUPOJIBI MOJICTUPYEMOT0 00BEKTa C YUSTOM PEe3yJIbTATOB aHAIHM3a MATPHIGI MAPHBIX KOdPPUIIHEH-
TOB KOPPEJSLIUH.

BecTHuk HOYplY. Cepus «KomnbioTepHble TEXHONOrMK, ynpasreHue, PaauoaneKkTPoHUKay. 157
2021. T. 21, Ne 2. C. 154-166



KpaTtkme coobLieHus

[Ipu n3ydyeHUH TUHAMUKH MOKA3aTENsl €CTECTBEHHBIM SIBISETCS MPEIIONIONKEHUE O 3aBUCUMOCTHU
€ro 3HA4YCHHMsI B TEKYIIMI MOMEHT BPEMEHHU OT 3HaYEHUI B MpeAbIAYIME MOMEHTBI BpeMeHu. g yuera
TAKOTO BJIMSHHUS UCIIOJIb3YIOTCSI aBTOPETPECCUOHHBIE MOJEIN PA3JIMYHBIX MOPSIAKOB, PUYEM HOPSIOK
MOJICJIM COOTBETCTBYET MaKCUMaJIbHOMY BPEMEHHOMY Jjary. Torma MoaupUKaluy KIacCHUECKON MoJie-
JI1 MHO>XECTBEHHOW JIMHEHHON pErpeccuu, cojJepKallie aBTOPETPECCHOHHBIE CllaraéMble MEPBOTO U
BTOPOTO MOPSAJKOB, IPUMYT BU]I:

Y;)ac'{(tk):a'l'b'Y(tkfl)—i_zcj'Xj(tk); 3)
=

m
Y;)acq(tk) =a +b'Y(tk71) +d 'Y([k72)+zcj 'Xj(t)a 4)

=
rae b — mapameTp, MOKa3bIBAIOIINM, Ha CKOJIIBKO M3MEHHUTCS MOJENHpyeMas BelnuunHa Y (f,) Tpu yBe-
JIMYCHNN 3HAYCHHMSI H3y4aeMOii BETMYMHBI B MOMECHT BPEMEHH, MPE/UICCTBYONIMIA faHHOMY Y (¢, ), Ha

eIMHUILY;
d — mapameTp, MOKa3bIBAIOIINI, Ha CKOJIBKO M3MEHHMTCS MOAeNupyeMas BenuuuHa Y(¢,) mpu yBe-

JAUYEHUH 3HAYEHUS N3y4aeMOH BEIMYMHBI B MOMEHT BpeMeHU 1, ,Y (¢, ,) Ha eIUHHULY.

3ameruM, uto ypaBHeHus (3) u (4) MOryTr OBITH MOJIyYCHBI IIyTEM 3aMEHBI B PErpecCHOHHO-
I QepeHInaNBHBIX MOAESIX MEPBOH M BTOPOH MPOM3BOIHBIX M3YYaeMOTO IOKa3aTessl X KOHEYHO-
pa3HOCTHBIMU aHajioramu [26]. OTo qaeT ocHOBaHHME Ha3bIBaTh ypaBHEHUS (3) U (4) KOHEYHO-PA3HOCT-
HBIMHU MOJICJISIMU TIEPBOTO M BTOPOT'O MOPSIZIKOB COOTBETCTBEHHO.

[IpoBepka kadecTBa perpecCHOHHBIX MOJIENICH TPAJUIIMOHHO OTPAHUYNBACTCS UX CTATUCTUICCKUMHU
XapaKTepUCTUKAMH — 3HAYMMOCTBIO YPAaBHEHHUSI U €r0 MapameTpoB, a TaKKe YpOBHEM KOd(UIMEHTA
JEeTepMUHAINY, XapaKTepU3YIOLIETO ANlPOKCUMAIMOHHBIE CBOWCTBA COOTBETCTBYIOIIMX ypPaBHEHHI.
OpHako, MOCKOJIBKY 100aBlIEHHE B PETPECCHOHHYIO MOJENb AONOJHUTENBHBIX (DaKTOPOB aBTOMAaTHYE-
CKU YBEJIMYHMBAET KAueCTBO aNlPOKCHUMALMH, & aBTOPEIPECCHOHHBIC CllaraeMble SIBISIFOTCA, O CYTH,
J00aBOYHBIMU (PaKTOPAMH, B HAIlIEM UCCIICIOBAHUHI KaueCTBO PErPECCHOHHBIX YPABHEHUH OLICHUBACTCS
Ha OCHOBaHHMH WX MPOTHOCTHYECKUX cBoMCTB. Mx orenka s KPM IIPII BemonHsAETCS HA OCHOBAaHUHU
CJIETyIOILEro alrOpUTMA!

— paccuUMTHIBACTCS OTHOCUTEJBbHAS TOTPEIIHOCTh MPOTHO3a ¢ Mcnob3oBanueMm JIMM kak oTHoIe-
HHE Pa3HOCTH (PAKTHYECKOTO U MOJEJIBHOIO 3HAYEHHUH M3y4aeMOro IOKa3aTelsisi K ero (akTHYECKOMY
YPOBHIO, BBIPaKEHHOE B IIPOLICHTAX;

— paccuUMTHIBaETCSl OTHOCHUTENbHAS MOTPEIIHOCTh MPOrHO3a ¢ ucnoyb3oBanneM KPM kak oTHore-
HHUE Pa3HOCTH (PAKTHYECKOTO W MOJIEIBHOIO 3HAYCHHUH W3ydaeMOro IMOKa3aTels K ero (pakTHYECKOMY
YPOBHIO, BBIPAKEHHOE B TIPOLICHTAX;

— MOKa3aTelb KauecTBa MPOTHO3UPOBaHMS ¢ UcmoNib3oBaHneM KPM paccumThiBaeTCs Kak 4acTHOE
OT JICJICHUSI OTHOCUTENBHOW MOTPENIHOCTH MporHo3upoBaniss KPM Ha OTHOCHTENBHYIO MOTPENTHOCTh
nporroszuposanus JIMM, ymHoxeHHoe Ha 100 %.

Takum o6pazom, npoueaypa noctpoernus KPM ITPII Ilepmckoro kpast siBAsieTCs MTEPAaTUBHON U
OCYILIECTBIISIETCS CIELYIOINM 00pa3oM:

1) IpOU3BOAUTCS aHAIN3 MAaTPUIBI MAPHBIX KOA(PGUIMEHTOB KOPPEISIUN C 1eNbio (OPMaIbHOTO
WCKIJTIOUCHHUS] TECHO B3aUMOCBSI3aHHBIX (PaKTOPOB (yCTpaHEHHE MYJIbTHKOJUIMHEAPHOCTH);

2) IpOU3BOAMTCS KAYECTBEHHBIN aHAIIN3 OCTABIINXCS (DAaKTOPOB M MPOBEPSETCS, HE UCKIIIOYCHBI JTT
HanboJiee 3HAYUMEBIE C DKOHOMUYECKOH TOYKH 3peHus (aKTOpbl M3 MOJEIH M JOCTaTOYHO JIH OCTaB-
mmxcst pakTopoB yIA afekBaTHOro omucanus [1P11;

3) otleHMBalOTCS HEeU3BeCTHBIE MapaMeTpbl Mojenelr JIMM (2) u KPM (3), (4) mo ykopodeHHBIM Ha
1 u 2 3HaueHus BpeMeHHBIM psinaM Y (f,) u Xj(tk), j=1,2,...mk=12,..., K —1(K -2); nmpu 3TOM

3HaKU Koa(puumentos npu dakropax c;, j=1,2,...,m B (3) u (4) coBafaroT ¢ UX 3HaKaMHu B (2) s

o0ecreyeHus] 5KOHOMHUECKON HHTEPIIPETUPYEMOCTH UX 3HAUCHUIL;

4) paccuuTbiBatoTcs nporuo3usie 3HaueHus [1PI1 Ha ocHOBaHMM ypaBHeHHH (2)—(4) ona BpeMeH-
HBIX 1epuosioB K—1 u K U CpaBHUBAIOTCSI COOTBETCTBYIOININE OTHOCHUTENHLHBIE MOTPEITHOCTA MOJICITH-
poBanusg JIMM u KPM Ha ocHOBaHHH MTPEII0AKEHHOTO BBIIIE aJTOPUTMA;
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5) nenaetcs BBIBOJ O KadecTBe mporHosuposanusi KPM, eciin 0HO HEYJIOBIETBOPUTEIBHO, BO3Bpa-
maeMcs K mary 1, T. e. mepecMaTpUBAIOTCST KOPPEISIUOHHBIA U Ka4eCTBEHHBI aHaM3bl (DaKTOPOB U
MO/IEJIU NIEPECTPAUBAIOTCS C HOBBIM UX HAOOPOM.

3. Pe3yabTaThl HCCIE10BAHUSA

Jns xaxmoro peruoHa cocrasistomme [IPI1 u dakTopsl, ero xapakTepu3yIOHe, OMpeleIsIOTCs
WCXOJS M3 ero reorpauyeckux OCOOCHHOCTEW M JIOCTYITHOCTH CTATUCTHUYECKUX NaHHBIX. B ciydae
[lepMckoro kpasi COOTBETCTBYIOIINE TIOKA3aTEIH MPEICTABICHEI B Ta0. 1.

Tabnuua 1
Kputepuu u dakropsi MNPl NMNepmckoro kpas
Table 1
Natural resource potential criteria and factors for the Perm region
Ne Ob6o3HaueHHe HaunmenoBanue
1 Y, JoObrua HeTH, BKITFOUAst Ta30BBIN KOHJIEHCAT, THIC. T
2 Y, JI06bIua IPUPOTHOTO U TIOMYTHOTO IA30B, MIIH M’
3 2 [IponsBoacTBO y1oOpeHnii MUHEpaIbHBIX WM XUMUYECKUX (B Tiepecdere
Ha 100 % nuTaTenbHBIX BEIIECTB), THIC. T
4 Y, [TpoxyKIyst CeNbCKOro X03sMCcTBa, MIH PyO.
5 Ys IIpou3BOACTBO EIOBOM APEBECUHBI, THIC. IUIOTHBIX M
6 Xi IloceBHBIE TUIOMIAN CEIBCKOXO3SIMCTBEHHBIX KYJIBTYP, ThIC. I'a
7 X CpenHerooBasi YMCICHHOCTD 3aHATHIX B SKOHOMHKE, THIC. YEll.
8 X5 WHBecTuIM B OCHOBHOM KaUTaJ NPEANPHUITUIN, MIIH pyO.
9 X4 Buecenue ynoObpeHnii MUHEpaibHbIe YIOOpEHHs, ThIC. T
10 X Buecenne ynobpennii opranudeckue yqo0peHHs, ThIC. T
11 Xe CTOMMOCTh OCHOBHBIX (DOH/IOB Ha KOHEI[ r0Jia, MJIH pyo0.
12 X JlecoBoccTaHOBJICHHE, THIC. Ta
13 Xz Hucno npenpusaTHil 1 OpraHu3aiuii Ha KOHel roja
14 Xy Lena nedru Brent (cpegueronosoe 3Hauenne), USD 3a 6appenb
15 Xio Oxcnopt npoaykuuu TOK, man USD

HeoOxonumble cratuctuieckue AaHHbIE Mo [lepMcKOMYy Kparo COJepiKaTcsl B Pa3IMUHbIX HCTOYHH-
Kax (emepaJbHOTO M PEerHOHANLHOrO ypoBHeH: DenepanbHas ciayx0a rocyaapCTBEHHOM CTaTUCTHKH,
TEeppPUTOpHANIbHBIN opran PenepanbHON CITy>KObI TOCYyJapCTBEHHONW CTaTUCTHKU 10 IlepmckoMy Kkparo,
Jlecnoit mnan Ilepmckoro kpast Ha 2018-2027 rr., CTparerus conHanbHO-3KOHOMHUYECKOTO Pa3BUTHS
ITepmcxoro kpast 1o 2026 r., rocynapcTBeHHas nporpamMma Ilepmckoro kpas «Bocnpon3BoacTBo u uc-
MOJIb30BaHUE TPHUPOJHBIX pecypcoB». st mccienoBanus ObUIM COOpaHBI CTATHCTHYECKHE JaHHBIC
0 COOTBETCTBYIOINHUX MoKa3zareisix (cMm. tadi. 1) 3a mepuox ¢ 2001 mo 2018 r. Ha ux ocHoBaHWU ObLI
chopmupoBal komruiekcHbIN kputepuil [TPII Ilepmckoro kpas kak B3BELICHHAs! CyMMa YacTHBIX KpUTE-
pueBBBUAe Y=Y /5+Y,/4+Y;/24+Y,/3+Ys/1.

OtmetuM, yTO B cBsizu ¢ BHenpenueM cranaaptra CHC 2008 (cuctembl HallMOHAJBHBIX CUETOB
2008) nanHBIE B paMKax BPEMEHHBIX PSAFOB OKa3bIBAIOTCS HECOMIOCTABHUMBIM, B CBSI3U C YEM MOJEIHPO-
BaHHE NPOM3BOAMIOCH Ha BpeMeHHbIX HMHTepBanmax 2001-2008 u 2008-2018. OueHka mapameTpoB
ypaBHeHUH (2)—(4) s pa3in4HbIX HAOOPOB OOBACHIIOINX (PAKTOPOB M pacdeT OTHOCHUTENBHBIX I10-
IPEIIHOCTEH MPOTHO3MPOBAHMS BBIMOJIHEHB! cperncTBamu Visual Basic for Applications MS Excel.
Ha ocHoBaHMM MpoU3BENEHHBIX PACYETOB MCXOAS M3 MHHUMYMa OTHOCHUTENBHBIX MOTPEUIHOCTEH Mmpo-
THO3UPOBAHUS BHIOMpAINCh HAaHOO0JIee KAUeCTBECHHBIC MOJICIIH.

[Ipu monenuposanuu [TPIT [Tepmckoro kpast He yAanock mogoOpaTh YHUBEpCAIbHBIH Ha0Op (ak-
TOPOB, aJIEKBaTHO OMHCHIBAIOUINI €ro JMHAMUKY Ha MPOTSHKEHUH PAaCCMOTPEHHBIX BPEMEHHBIX MHTEp-
BaioB (Tabin. 2). Tak, mpu mogenupoBanuu B nepuox ¢ 2001 mo 2018 r. (puc. 1) ymanoch nNoCTpOUTh
YpaBHEHHUSI C MPUEMJIEMBIM KaueCTBOM IMPOTHO3MPOBaHU, BKIIOUaromme ¢Gaxkropel X, X3, XoX7, Xio.
Jns meprona mogenuposanus 2001-2008 (puc. 2) 3HAYNMBIMH OKa3anuch (HakTopsl Xy, Xs, XsX7, Xo, Xio,
a i nepuoja moaenupoBanus 20082018 (puc. 3) — dbakropsr Xi, Xa, Xy, XeX7, Xz, Xo, Xio. [Ipu 3TOM
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MOTPEIIHOCTH MPOTHO3UPOBaHMs ¢ ucronb3oBanueM KPM, kak mpaBuio, CyIIECTBEHHO HIKE, YEM C
ucnonb3zoBanuem JIMM (tabu. 3).

[Ipu nporuo3upoBanuu Ha 1 roxa BHepen 00€ KOHEUHO-PA3HOCTHBIE MOJICNIN MTOKA3alH JIy4llne pe-
3yJIbTaThl HAa BCEX TPEX PACCMOTPEHHBIX BPEMEHHBIX OTpe3kax. Jlydmmid pe3ynpTaT mpOrHO3UPOBAHUS
okazaics y KPM-2 Ha otpeske 2001-2008 — 3,34 % ot ypoBHs norpemnoctd JIMM. Taxke BecbMa
Heriox KPM-2 mporuos Ha otpeske 2001-2018 — 6,46 % OT ypOBHS HOTPEIIHOCTH MIPOTHO3UPOBAHUS
JIMM. Heckonbko xyxe pe3ynbTar Ha oTpe3ke 2008—2018 — 65,55 % oT ypOBHS MOTPEIIHOCTH ITPOTHO-
supoBanus JIMM s KPM-1 u 68,73 % ana KPM-2; TeM He MeHee naxe 37ech yAaeTCsl yIydIlnTh Ka-
YeCcTBO MIPOTHO3a 0osIee YeM Ha TPETb.

Tabnuua 2
3HaueHus koacdpuumnenTo JIMM, KPM-1 u KPM-2 MNMPMN MNMepmckoro kpas
Table 2
Multiple linear, 1-st and 2-nd type finite difference models coefficients for Perm region
Mapa- JIMM KPM-1 KPM-2
Meli 2001- | 2008- | 2001- | 2001- 2008— 2001- | 2001- | 2008- | 2001-
p 2008 2018 2018 2008 2018 2018 2008 2018 2018
a -1,859 | —-1,638 0,312 -1,027 | -2,679 0,295 -1,202 | -3,086 0,313
b — — — 0,032 0,686 0,667 | —0,133 0,871 0,580
cl — 1,742 | —0,429 - 4,594 | 0,361 — 5,561 —-0,386
c2 — —0,576 — - —2,894 — — -3,678 -
c3 — — 0,424 - - 0,000 — — 0,000
c4 0,938 0,173 0,068 0,795 0,000 0,000 0,937 0,000 0,000
c5 0,311 — — 0,000 — — 0,072 — —
c6 3,905 1,901 — 1,573 2,095 — 1,634 2,098 —
c7 0,549 -0,678 0,199 0,525 -1,876 0,064 0,593 -2,318 0,071
c8 — 1,352 — — 2,532 — — 2,998 —
9 —-1,635 0,926 — 0,000 3,009 — 0,000 3,696 -
cl0 1,125 0,363 0,136 0,660 0,291 0,022 0,763 0,270 0,027
d — — — - - — 0,279 0,129 0,063
1.8
1,5 .
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Puc. 1. Mogenu JIMM, KPM-1 u KPM-2 MNP Mepmckoro kpas B nepuog ¢ 2001 no 2018 r.
Fig. 1. Multiple linear, 1-st and 2-nd type finite difference models for Perm region in 2001-2018
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Fig. 2. Multiple linear, 1-st and 2-nd type finite difference models for Perm region in 2001-2008
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Fig. 3. Multiple linear, 1-st and 2-nd type finite difference models for Perm region in 2008-2018

Tabnuua 3

MorpewHocTn nporHo3upoBaHus MNPl NMepmckoro kpas

Table 3

Perm region natural resource potential forecasting errors

BpemeHnHol nHTEpBa Monens Hocrnporsos 1 ron 1 1;[:;{: RO F;) If(1>Il
JIMM 100 100 100

2001-2008 KPM ) AT o

20082018 gﬁé 2;32 jz:g igg

2001-2018 gl\M/& 36(32;360 16985,6085 15063,,5719

[Ipu mporHo3upoBaHuK Ha 2 Toja BIepe]] esiecoo0pa3Ho pacCMOTPETh Ka4eCTBO MPOTHO30B Ha 1 u
2 roga. IIporno3st KPM Ha 1 rog o6namaroT JIydmmmM KadyecTBOM 10 cpaBHeHHIO ¢ JIMM nums B mosio-

BHHE CITy4YaeB:

— Ha BpeMeHHOM HHTepBane 2008-2018 nporno3st KPM-1 u KPM-2 Ha 1 rox cymecTBeHHO JTydie

JIMM-niporuo3sa;

—Ha BpeMeHHOM uHTepBaje 2001-2018 nporuo3 KPM-1 na 1 roxg Oonee 4em Ha TpeTh JIydIle

JIMM-nporuo3sa;
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—Ha BpeMeHHOM uHTepBane 2001-2008 mpornossl KPM-1 1 KPM-2 Ha 1 roxm HamHOro Xxyxe
JIMM-nporuo3a;

— Ha BpemeHHOM HHTepBasie 2001-2018 mporunoz KPM-2 Ha 1 rox BaBoe xyxe JIMM-nporuosa.

OT0 03HavaeT, yTo Mcnonb3oBanne KPM, MocTpoeHHBIX 171 MPOrHO3UPOBAaHMS Ha 2 roja BIEpes,
JUIs IIPOTHO3KMPOBaHUA Ha 1 roji Biepe]] He Bcerza Heleslecoo0pasHo.

[Iporuossr KPM Ha 2 roga o6iafgaroT JTy4InM KadecTBOM 1o cpaBHeHuto ¢ JIMM B 5 u3 6 cinyyaes:

— Ha BpeMeHHOM uHTepBaie 2001-2008 nporuosst KPM-1 u KPM-2 Ha 2 roga cymecTBeHHO Iyd-
e JIMM-niporHosa; npu 3toM nporio3 KPM-2 nmo3Bossier 1oO0UTbCs MOTPEIIHOCTH NPOTrHO3UPOBAHUS
Ha ypoBHE 6,28 % oT morpenrHocTy nporaosuposanusa JIMM;

—Ha BpeMeHHOM uHTepBasie 2008-2018 mpornossl KPM-1 u KPM-2 nHa 2 roga myume JIMM-
NPOrHO3a; Mpu 3ToM nporuo3 KPM-2 no3BoJsieT CoOKpaTuTh MOTPEIHOCTD IPOTHO3UPOBAHUS 0oJiee dYeM
BJIBOE 10 CPABHEHHIO C MIOTPELIHOCTHIO MPOrHo3upoBanus JIMM;

—Ha BpeMeHHOM uHTepBaje 2001-2018 mporuno3 KPM-1 Ha 2 rona Heckonpko xyxe (Ha 3,79 %)
JIMM-npornosa; npu 3ToM nporHo3 KPM-2 mo3BosieT COKpPAaTUTh MOTPEMIHOCTH NMPOTHO3UPOBAHMS
0oJjee yeM BJIBOE 110 CPAaBHEHHIO C MOTPEITHOCTHIO porHo3upoBanus JIMM.

O0cyxneHue 1 3aKJII04YEHUE

Takum oOpaszom, kparkocpouHoe nporaoszuposanue I[IPIT Ilepmckoro kpas ¢ MCHOIB30BaHHEM
KPM mno3Bonsier 100MBaThCs CYIIECTBEHHO JIYUIIEro KayecTBa IO CPABHEHUIO C KIACCHYECKUMH JIU-
HeHHbIMU MozeIsIMU. C y4eTOM JIOTHYHOCTH A00aBJICHHUS aBTOPETPECCHOHHBIX CIaraeéMbIX B MHOXKECT-
BEHHYIO JTMHEHHYIO MOJEJb, €CTECTBEHHOCTH MHTEPIIPETalMy KO3(P(GHUIMEHTOB MIPH HHUX, a TAaKXKe Ipo-
CTOTHI MIPOLIEAYPHI OIleHKH napaMeTpoB KPM cyIiecTBeHHO yimydilleHHe WX MPOrHOCTHYECKUX CBOMCTB
110 cpaBHeHUIO ¢ JIMM. MOXHO ¢ YBEpEHHOCTBIO 3aKIHOYUTh, YTO UX UCIIONB30BAHUE ISl MOJEINPOBa-
Hust 1 iporHo3upoBanus [1PI1 umeet 60s1bI10# HAYYHBIN U IPUKJIAAHON MOTESHIIHAAL.
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The article is about a problem of mathematical modeling of the natural resource potential of
the Perm Territory by Ist and 2nd order finite-difference models. Such models can obtain better
forecasts of complex socio-economic processes in comparison with the traditionally used linear mul-
tiple regression models. A high quality model of the natural resource potential with forecast possibi-
lities is one of the necessary conditions for the effective management of the natural resources of
the region in order to ensure its sustainable economic development. Purpose of work. Aim of this
work is work construction of finite-difference models of a natural resource potential complex indica-
tors and an assessment of their prognostic properties. Materials and methods. Our research is based
on Perm region statistical data for the period from 2001 to 2018. A multiple linear regression model
is used as a comparison base. The natural resource potential complex indicator is calculated as
a weighted sum of particular criteria characterizing the natural resources of the region. First and
second order finite difference models are obtained by adding autoregressive terms of the first and se-
cond orders, respectively, to the multiple linear regression model. An estimation of the unknown
parameters of the equations is carried out by a modified least squares method, which preserves
the signs of the coefficients with the factors the same as in the original linear model. At the same time,
the selection of explanatory factors and the assessment of the quality of the models are carried out
based on the accuracy of the predicted values of the studied indicator. The results of the study. Com-
ponents and factors of the natural resource potential is obtained, and a procedure for constructing
finite-difference models is performed for three different time intervals: 2001-2018, 2001-2008, and
2008-2018. These intervals are chooseen because changes in the methodology for generating statis-
tical data nearly 2008. Discussion and conclusions. The number of calculated predicted values was
18, and only in 4 out of 18 cases (22,2%) their quality is worse than forecasts obtained by the linear
multiple model. So proposed modification of the multiple linear regression model with the addition
of autoregressive terms makes it possible to improve the forecasting quality of the complex indicator
of the natural resource potential of the region and, therefore, to make more effective decisions when
managing its level.

Keywords: mathematical modeling, forecasting, finite difference model, natural resource poten-
tial of the region, Perm region.
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KOHUENTYANbHbIA BA3UC CTPATEIT'MYECKOIO
N ONEPATUBHOIO YNPABJIEHUA NMPOMbILWWIEHHBIMU
NMPEANPUATUAMU B YCINOBUAX HECTABUJIBHOCTHU

K.A. KopeHHasi
AO «KysHeukue ¢beppocnnasbl», 2. HogokysHeuk, Poccus

[Ipobaemsl CTpaTerHuecKoro M ONepaTUBHOIO YIPABICHUS MPOMBIIIJICHHBIMU NPEIIPUATHIMH
B COBPEMEHHBIX YCJOBHSX INI00AbHOI HECTAOMILHOCTH HE MOTYT 3((EKTUBHO pelIaThCs, TaK iKe
KaK M B HeJaJiekoM nponuioM. Heo6xo1uMsl HOBBIE ITOAXO/BI, METOABI M MOJIEIH, KOTOPBIE OBl y4H-
THIBAJIM CIIOKHOCTH YIPABJICHUS MPOMBIIUICHHBIMH MPEIIPUATHAMU B COBPEMEHHBIX YCIOBHUSIX Be-
nennst 6usHeca. Ilenp mcciaenoBanms. HeoOxonumo co3naHue HOBOTO aJaNTHBHOTO MOAXOAA K
CTPaTEern4ecKOMy M OTEPATUBHOMY YIPABJICHUIO NPOMBIIUICHHBIMH IPEIIPUSATASIMH, KOTOPHIA ObI
TIO3BOJIMJI yYECTh YCKOPSIOUIYIOCS TUHAMHKY MEXTyHAapOIHBIX PHIHKOB, a TaKKe BIMSIOIIMX Ha
npeanpusTie (pakTopoB KOCBEHHOTO M MPSMOTO BO3/ACHCTBUS, KOTOPHIE TIIaBHBIM 00pa3oM M orpe-
JIETSIIOT er0 BO3MOXKHOCTH K ajantanun. Marepuanabl u MeToabl. [IpescTaBieHsl OCHOBHBIE MOJIO-
KEHUsI KOHIIETITYaJIbHOTO 0a3nca CTpaTerndeckKoro U ONEepaTHBHOTO YIPABJICHUS MPOMBIIIICHHBIMH
MPEINPUATHAMH, a TaK)Ke KOMIUIEKC MaTEeMaTHYeCKUX MOJeJNeH I peanu3aluy 3TOTo Ipoliecca.
PesyabTarsl. ChopMynupoBaHHBEIE B CTaThe MaTEpHaIIbl IO MOATOTOBKE U MPHUHATHIO YIIpaBIeHYE-
CKHX PELICHUH TO3BOJIAIOT COOCTBEHHHKAM U PYKOBOAMTENSM IPOMBIIIICHHBIX MPEINPUATHH o1e-
HHUTh BCE CTOPOHBI 3TOTO Ipoliecca BO B3aUMOCBS3H U CHOPMHUPOBATH, B CYIIHOCTH, HOBYIO Iapa-
JUrMy (QYHKIIMOHHUPOBAHUS MPOMBIIUICHHBIX NPEANPUITHH B YCIOBUSIX BOCHHO-ITOJUTHYECKON U
COIMANIbHO-9)KOHOMHUYECKOM HECTaOMIBHOCTH B MUPE, a TAaKXKE BBEACHHUS Pa3HOOOPA3HBIX CAHKIIMH
CO CTOPOHBI 3aMajJIHBIX CTPAaH IO OTHOUICHWIO K POCCHHUCKUM IPOMBIIUICHHBIM TPEIIPUSTHSIM.
ITpn 3TOM CTaHOBUTCS BO3MOXHBIM OCYILECTBJIATH y4eT (PaKTOPOB MPSIMOTO M KOCBEHHOTO BO3JCH-
CTBHS Ha IIPOMBIIUICHHBIE MPEINPHUATHS, KOTOPhIE B IOCIEIHHE Tobl MpHoOpenu 0co00 BaXKHOE
3HaueHHe. 3akJroueHue. [IpeacTaBiaeHHbIN B TaHHON cTaThe MOAX0J K (OPMHUPOBAHHIO KOHIIECTITY-
aJBHOTO 0a3nca CTPATETHYECKOTO M ONEPaTUBHOTO YHPABICHHS IIPOMBIIUICHHBIMU NPEANPUATHIME
SIBIISICTCA, B CYIIIHOCTH, HOBBIM M aKTyaJbHBIM, ITO3BOJIIONIMM aKIIMOHEpPaM KOMIIAHUH (opMHpO-
BaTh NEPCHEKTUBHBIE CTPATETUH PA3BUTUS MPOMBIIIJICHHBIX MPEINPUATHA BO B3aUMOCBSA3M C IIPO-
LeAypaMH OIEPATUBHOTO YIIPaBICHUA TEKYIIEeH NeATeNbHOCThIO MpeanpusaTHil. TakuM obpazom,
MOJTOTOBKY M HPUHATHE DPELICHHUH IO YIPABICHUIO NPOMBINUICHHBIMU TNPEINPUATHAMH KakK Ha
CTpaTeruueckoM, TaKk U Ha ONEPAaTUBHOM yPOBHE CTAHOBHUTCS BO3MOKHBIM OCYIIECTBIISTh HA OCHOBE
LEJIOCTHOTO aJITrOpUTMa, 6a3UPYyIOIIETOCs Ha pa3paboTaHHOM aBTOPOM KOMIUIEKCE MOJENel 1 MeTo-
JIOB CTPATETHUECKOTO U OIIEPATUBHOTO YIPABJICHUS MPOMBIIUICHHBIMH MPEATIPUATHIMH.

Kniouegvie crnosa: aoanmusuviii no0xXo0, KoHyenyus, cmpamezuieckoe u OnepamueHoe ynpaes-
JleHue, Mamemamuyeckue Mooeu.

BBenenue

KonuenrtyanbHbsle OCHOBBI CTPATETMYECKOTO M ONEPATUBHOIO YIPABICHUS HPOMBIILICHHBIMU
Hpe):[HpI/IHTI/ISIMI/I MCHAJINCHh HA HpOTH)KeHI/II/I BCCro Hepnoz[a C TexX HOp, KaK HpOI/I?,BOJlCTBeHHI)Ie KOoMIIa-
HUU 00JIee WM MEHEE B CJIIOKHMBIIEMCS BHJIC HAYaJIH OCYIICCTBIIATh CBOKO JICATEIILHOCTh. PaccMaTpuBas
pa3HOO00pa3Hble HAyYHBIE MIKOJIBI U MOAXOJBI K YIPABICHHUIO TIPEINPUATHIMA U OPTaHU3AIUSIMH, MOXK-
HO 3aMETUTH, YTO B NIPOILILJIOM BOIPOCaM CTPATErMUYECKOIO YIPABICHHS NPOMBILUIEHHBIMU MPEANpPH-
SITHSIMA OTBOJIMJIACH TOPA3/0 MEHBIIIAsl POJIb, YEM BOIIPOCAM yIpaBleHUs orepaTUBHOTO. Co BpeMeHEM
3HAYUMOCTDb CTpaTeFI/IT-IeCKOFO ynpaBJIeHI/IH IIOCTOSAHHO Bo3paCTana U K HaCTOHH_[eMy BpeMeHI/I (I)OpMI/I-
POBaHUIO CTPATETUU PA3BUTHUSL IMPOMBIIUICHHBIX MPEANPUSATUN U KOPIOpPALMUA OTBOJIUTCSA €4Ba JIU HE
00JIbIIas POJIb, YEM YIIPABJICHUIO OTICPAaTUBHOMY.

HGHBIO Q)yHKHHOHI/IpOBaHI/IH JII060F0 HpOMBIIHJIeHHOFO HpeI[HpI/IﬂTI/IH, OCYHIeCTBHHIOHleFO BBIHyCK
MPOAYKIIMA JJIS TIPOJIaXKH Ha PBIHKaX KaK BHYTPEHHETO, TaK U MEKIYHAPOAHOTO MacmiTaba, B CYIIHO-
CTH, SIBIIIETCS YKeJIaHHE COOCTBEHHHUKOB ATOTO MPEANPHUITHS MOJYIUTh HAUOONBITYI0 MpuObLTh. Camo
co00if pa3yMeeTcs, 4TO MOTy4YCHHUE TaKOW MPUOBLIA MOYKET TOCTHIaThCsl Ha MPOTSHKEHUH OTHOCUTEIBHO
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HEeOOJBIINX BPEMEHHBIX OTPE3KOB OT HECKOJNBKHX MECSIEB 0 HECKOJIBKUX JIET, 0€3 JAOTOIHUTEIbHBIX
BJIOKEHUH B Pa3sBUTHE ITOTO MPOMBIIUIEHHOTO HpeanpusaTHs. B MpoTUBHOM cilydae MpOMBIILIEHHOE
OPEANPHUITHE MOXKET TOTEPSATh CBOI0 KOHKYPEHTOCHOCOOHOCTD, TaK KaK MPOJIYKIHS €ro KOHKYPEHTOB
cTaHeT Oonee NMUKBUAHOW. [103TOMy Ha CErONHSIIHUMA A€Hb HU OJHO NMPOMBINUICHHOE MPEANPHUITHE HE
MOXKET ceOe MO3BOINTh NPeHeOpeub BOIIPOCAMHU CBOETO CTPATErHYeCKOro YNpaBJICHUs U oOecredeHus
KOHKYPEHTOCIIOCOOHOCTH CBOEH MPOAYKIIMU Ha OTEUECTBEHHOM M MHUPOBOM pBIHKax. TakuMm oOpazom,
KOHLENTYaJIbHBIA 0a3UC CTPATETHUECKOTO M OINEPAaTHBHOTO YNPaBJICHHUS HNPOMBIIUICHHBIMH HpPEANPH-
SITUSIMH TOJDKEH OBITh C(OPMHUPOBAH C YUETOM IIPEACTABICHHBIX COOOPaXEHUH U BKJIIOYaTh B ceOs Me-
TOJIOJIOTUYECKH IEJIOCTHBIM alrOPUTM MOATOTOBKH U IMIPUHSATHUS YIPABICHUYECKUX PEUICHUN, CBSI3aHHBIX
Kak ¢ ()OpMHUPOBAHHEM CTPATErH{ YIPABICHUS NPOMBILIUICHHBIM MPEANPHUITHEM, TaK M ONEPATUBHOIO
yhpaBiieHHs ero paboToil.

1. OcHOBHBIE MOJI0KeHHS 110 (POPMUPOBAHUIO CTPATETMU U TAKTHUKH yNIPABJIeHUS

NPOMbILILIEHHBIMU NPEINPUATHAMH B YCJIOBHAX IJ100aIbHON HECTAOMIbHOCTH

Ecam eme B coBceM HeMaBHEM MPOIUIOM YIIPABICHHUE IMPOMBIIUICHHBIMH MPEANPUITASIMHA MOTJIO
OCYIIECTBJIATHCS HAa OCHOBE TEOPETHUECKUX Pa3paboToK KoHIa XX — Havaja XI B., moIpoOHO omucaH-
HBIX B HAy4YHO-TeXHUUYecKou nureparype [1-6, 11-13], To B CBsI3U ¢ COOBITHUSIMUA HEAABHETO BPEMEHH —
YCUJICHHE BOCHHO-TIOJUTUYECKOM, COLIMAIBHON U SKOHOMUYECKON HANPS>KEHHOCTH B MUPE, POCT HECTa-
OWIBHOCTH, BBI3BAHHOW PA3IUYHOIO POJa CAHKIMSAMU CTpaH 3amaja 1Mo OTHOIIEHHI0 K POCCUUCKUM
MIPOMBIIIUICHHBIM TIPEATPUATHIM U JIp. (PaKTOPhI, — HA CETOIHSIIIHUHN JeHb JJIs1 COXPAHEHUS CBOECH KOH-
KYPEHTOCIIOCOOHOCTH OT€YECTBEHHBIM KOMITAHUSM HEOOXOAUMBI HOBBIE aJIeKBATHBIC ITOIX0/IbI, METOIBI
U MaTeMaTHYECKHEe MOJEIH CTPATETMUECKOro M OIEPAaTUBHOTO YIpaBICHUS. ABTOpaM JNAaHHOW CTaThbH
Takue pa3pabOTKH yIaJloch OCYHIeCTBUTh. CO3/1aH HOBBIN aJaNTHUBHBIA MOAXOM K CTPATETUYECKOMY H
OIepaTUBHOMY YIPABICHHUIO MPOMBINUICHHBIMU NpeanpusaTusamu [8, 9, 14]. CymHoCcTs TaHHOTO afamn-
THUBHOT'O MOJX0/1a K CTPATErMYECKOMY U ONEPATUBHOMY YIIPABICHUIO MPOMBIIIICHHBIMUA IPEANPUSTUS-
MH COCTOUT B TOM, YTO BCS MOATOTOBKA W NMPHHITHEC YIIPABJICHYECCKUX PEIICHUH 1Mo (OpMHUPOBAHHUIO
CTpaTerny W TAKTHKH YIPABIECHUS MPOMBIIUICHHBIMU MPEANPUSITASIMA OCHOBBIBAeTCS HA y4eTe TUHa-
MUYHO MEHSIOIIMXCS CUTYyallid, (pakKTOpOB BHEIIHEW Cpelbl, BO3EHCTBYIOMMX Ha mpeanpusarus. [lpu
3TOM 0C¢000€ BHUMAaHHE yJeNseTcsi (hakTopaM KOCBEHHOTO BO3JICHCTBHS Ha HPOMBIILICHHBIC TPEANPH-
STHSA, TaK KaK OHU B YCJIIOBHUSX INI00JIbHONW HECTAOMIBHOCTH BIIMSIOT HA PabOTy MPOMBIIUICHHBIX TPE/I-
npuATAH Oollee 3HAYUTENHHO, YeM BHEUTHHWE (aKTOpPhl NPSIMOTo BozaeicTBus. [lpu omepaTuBHOM
YIPaBJICHUH TPOMBINIICHHBIMH MPEIPUATUIMH JA0JDKHA ObITh YUTEHA TaK)KE BCE 00JIee YCKOPSIOIIAsICs
MWHAMUKA TIOJIOKCHUS NIeT Ha MEXIYHAPOIHBIX W BHYTPEHHHX PBIHKAX TOTOBOW MPOIYKIUU, YTO MO-
JKEeT OBITh CIIENaHO TOJBKO C KCIIOJNB30BAHHWEM pa3pabOTaHHOTO aBTOPaMHU IMPOTHO3HO-3IallTUBHOTO
nonxoja [10]. [lomoOHBII OIX0/] MO3BOISIET TTOCPEICTBOM MOMYyYEHHUS KPaTKOCPOYHBIX (MHOTIA JTaXKe
©KCTHEBHBIX) TIPOrHO30B CHTYaIlMi HAa MHUPOBBIX PBHIHKAX KOPPEKTHPOBATH IIAHBI MPOU3BOICTBA IIPO-
JIYKUUU IPEANpUsATUN, OTBEUAIOIINX 3aIIPOCaM 3TUX PHIHKOB.

Takum 00pa3oM, COBpEeMEHHBIN TOIX0 K CTPATErHYECKOMY Pa3BUTHIO M ONEPAaTUBHOMY YIIpaBlie-
HUIO TIPOMBITIUICHHBIMU TPEANPUSITHIME JOJDKEH O0CCIeUnBaTh B3aUMOCBS3h TUX JBYX, MHOTIA Ka-
JKYIIUXCS Ha TEPBBIN B3I OTIWYHBIX IPYT OT ApyTa IMpoleccoB. TeM HE MEeHee MMEHHO B TPOIECCE
YIpaBJIeHHUS MPOMBITILUICHHBIMU TPEIPUATUIMHI CO3/Ia€TCS MPHUOBLIbL U CTAHOBUTCS TMOHATHBIM, KaKHe
CTpaTEerMYeCcKUe acleKThl Han0ojee Ba)KHbI JJi1 KOMIIAHMM B €€ KOHKYPEHTHOW O0Opb0Oe Ha MEXIyHa-
POJIHBIX PBIHKAX KaK B OJIIDKANIEM, TaK U B OTJAJICHHOM OYTyIIIeM.

[TockoabKy OpPOMBILIIEHHBIE IPEANPUITHS TOJKHBI COBEPLICHCTBOBATh CBOM MPOU3BOJCTBEHHEIE,
yIpaBiieHIeCKue, HH(OPMAIIMOHHBIC W HHBIE TEXHOIOTHH, TO CPEJICTBA HAa 3TO HE MOTYT OBITH IOTy4YeHBI
WHAYe KaK M3 TeX JOXOJO0B, KOTOPHIC MPOMBIIIICHHOE MPEANPHUITHE JOCTUTACT B MPOIECCE CBOCH TEKy-
el mpou3BOACTBEHHOM AesaTenbHOCTH [15—17]. KanuranbHble BIOXEHHUS HA 3TU TEXHOJOTMU U TUIaHU-
pyeMbIe SKCIUTyaTallMOHHBIE 3aTpaThl HA HUX HE JOJLKHBI BHIXOJUTH 32 PAMKH T€X BO3MOXKHOCTEH, KOTO-
pble COOCTBEHHUKH MPOMBIIIUICHHOT'O MPEINPUATHS MOT'YT BBIICMTh HA 3TH LIEIH U3 TPUOBLTH KOMIIAHUH.

C npyroit CTOPOHBI, TPOMBINIJICHHBIC MPEAIPUITHS 00sS3aHBI COBEPIIICHCTBOBATH WMEIOIIHECS Y
HUX TEXHOJOTHH OXPaHbl 3alUTHl OKPYKAMOIIEH CPeIbl, U 3TH CPEACTBA TAKXKE MOTYT OBITH B3STHI
TOJIEKO U3 MPUOBLIH, TOTy4aeMON MPOMBIILICHHBIM IPEAPUITHEM.

[ToaTOMy B CBOMX CTpaTerMYECKHMX pacueTaX COOCTBCHHHUKH W PYKOBOIUTEIH IMPOMBIIUICHHBIX
MPEINPUATAN JIOJDKHBI Y€TKO OMPENeTUTh, KaKue CPEICTBA MOTYT OBITh M3PAcXOIOBaHbl HA TEXHHUYE-
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CKO€ MEPEBOOPYKEHNE MPOMBIIIIEHHOTO NPEANPUATHS, a KaKHe — Ha 3allUTy OKpPY>KaroLed cpeasl OT
€ro BBIOPOCOB. DTO COOTHOLICHHE, B CYLIHOCTH, ONPEAEsIET OCHOBHOW CTpaTErMYECKHi HUMIIEPATUB
Ka)XKJ0r0 KOHKPETHOT'O MPOMBIIIJICHHOTO Tipeanpuatus. [Ipu 3Tom coBepIiieHCTBOBaHHE TEXHOJIOTHI Ha
MPOMBIIIICHHBIX MPEIPUATHAX JTOJDKHO OCYIIECTBISTHCS Oojiee WM MEHee KoMIuleKcHo. Ecnm uc-
MOJIB30BaTh JUIsl 9TOW LENU aJalTHBHBIN MOAXOJ, TO YIpPaBJICHHUE Pa3BUTHUEM IMPOMBIIIICHHBIX MHpea-
MPUATUN U KOPIIOpALMil JOHKHO YYHUTHIBATh, YTO BCE MUMEIOIIUECS Ha MPEeANpHUsITUN TEXHOIOTHH (TIpo-
W3BOJICTBEHHBIC, MHPOPMAIIMOHHBIE, SKOHOMUYECKHUE, YIIPABICHUYECKUE U UHBIE) HE MOTYT Pa3BUBATHCS
0e3 kakoro-1mbo yueTta B3aUMOCBs3eil Mexay coOoi. [ nneprpodupoBaHHOe pa3BUTHE KaKOH-THOO 0a-
HOW M3 TEXHOJOTUI Ha MPEANPHUATHH, HECMOTPSI Ha pa3IM4YHbIC 3aTPaThl, CBSI3aHHBIE C THUM Pa3BUTHEM,
MOJKET HE J]aTh CYIIECTBEHHOTO SKOHOMHUECKOT0 3((dekra U axke B OTHCIBHBIX CIIydasX MOXKET MpH-
BECTH K OTpULATEIbHOMY pe3ynbTaTy. Hampumep, Hepa3yMHO 3aHMMAaThCs LU(POBH3ALMEH NpPOH3-
BOJCTB, B TO BpeMsI KaK JIOTUCTHKA U SKOHOMHUKA KOMIIaHWUH, & TAK)KE CUCTEMa MMOATOTOBKU U MPUHATHS
YIpaBIECHUYECKUX PEIIeHUI 0CTaloTCsA Ha JOMOTOMHOM YPOBHE. A TMOCKOJIBKY IPH 3TOM PELIaroTCs, Kak
MPaBUIIO, MHOTOKPHTEPUAIIBHBIE 33]]auH, TO TOTIa HEOOXOAMMO BOCIIONB30BaThCS MpUHIKIIOM [lapero,
COTJIACHO KOTOPOMY ONTHMHU3ALKA IO KAXKIOMY CIEIYIOIIEMY KPUTEPHIO HE TOJDKHA YXYALATh COCTOSI-
HUEe 00beKTa (WM KOMIIaHUH), JOCTUTHYTO€ MpPHU ONTUMH3ALMU [0 NPEALIECTBYIOUIUM KPUTEPHUSIM.
VYrpasieHue pa3BUTHEM TEXHOJIOTMH KOMIAHWHU JOJDKHO OCYHIECTBIIATHCS a0COJIIOTHO aHAJIOTHYHO.
B sTom cityuae 3aTpatbl, KOTOpbIE OyIyT HECTU MPOMBIIICHHBIC IPEATIPUATHS Ha Pa3BUTHE COOTBETCT-
BYIOIIMX TEXHOJIOTHH, OyAyT naBaTh Oojee 3¢ ¢eKTUBHBIC Pe3ynbTaThl U HE 3aCTaBsIT PYKOBOIUTEICH
KOMITAaHUH COXKaJIeTh O TOM, YTO OHH, TIOHECS CEPbE3HBIE 3aTPAThl HA Pa3BUTHE OTACIBHBIX TEXHOJIOTHII,
HE TOJYYMJIM KEJIAeMOT0 BBIMTPHIIIA A KOMIIAHUH B IEJIOM. DTH COOOPaXEHHS TaKXke IMOJHOCTHIO
COOTBETCTBYIOT M3BECTHOMY IOCTYJIAaTy O TOM, YTO TJIOOQJIBHBIA ONTUMYM CHUCTEMBI HE MOXET OBITh
paBeH cyMMe €€ JOKaJIbHBIX ONTHMYMOB.

Ha ocHoBe mpencTaBieHHOr0 Hoaxozaa chopMHpOBaHA METOAOJOTHS CTPATErHYECKOro M orepa-
TUBHOTO YIPaBJICHUs] MPOU3BOACTBEHHBIMH KOMIIAHMAMH, Oa3upyroLIascs Ha KOMIUIEKCaX COOTBETCT-
BYIOIIIMX METOZOB U MaTEMAaTHUYECKUX MOZEISAX.

2. CBeneHnsi 0 KOMILIEKCE MATEMATHYECKHAX Mo esIel CTPATerH4ecKoro

U ONIePATHBHOIO YNIPABJEHHs NPOMbILIJIEHHBIMU NPeNPUATUAMU

K umcny mopneneii B 001acTH CTPaTErHyeckKOro YIpaBJICHUS MPOMBIIUICHHBIMA TPEANPHUITHSIME
oTHOCATCA [8, 9, 14]:

— UHTETpajibHasl OLEHKA JESITEIbHOCTH IPOMBIIIJICHHOT'O TIPEATIPUSTHS;

— yIpaBJieHHEe MaTepUAbHBIME PECYpCaMH MPOMBIIUICHHOTO TPEANIPUATHS MPH 00ECIIEYCHUH €To
HSKOHOMHYECKHX U IKOJIOTUIECKUX MTPUOPUTETOB;

— ONTHMU3ALMS JOCTABKH IPY30B OT MPOU3BOIUTEINEH CHIPbS;

— pa3BUTHE NPOMBILUICHHOTO MPEINPUATHS Ha HOBBIX TEPPUTOPHUSIX;

— TOBBIIICHUE dPPEKTHBHOCTH YIIPABICHHUS YEIOBEYECKUMH PECYpCaMu Ha MPEINPUATHAX 33 CUET
COBEPILIECHCTBOBAHUS CUCTEM OIUIATHI TPYJa U CTUMYJIUPOBAHHS PAOOTHHKOB;

— ¢opMHpOBaHHE MPOU3BOJACTBEHHOTO IJIaHA MPOMBIIIJICHHOTO MPEANPHUATUS M0 BBIIYCKY MpPO-
TYKIIHU;

— MJIAaHUPOBaHWE NPOPHUIAKTHIESCKOTO OOCTY)KMBaHUsI OCHOBHBIX IPOM3BOJICTBEHHBIX (DOHIOB
MPOMBIIIJICHHOT'O IPEANIPUATHS U JIP.

[Iponecc omepaTuBHOrO ymnpaBieHHs MPOMBILIUICHHBIM MPEINPUATHEM LEIECO00Pa3HO OCYIIECTB-
JSITH C MCTOJIL30BaHUEM MOJIETIH, pa3pabOTaHHOH B paMKax MPOTHO3HO-aJalTHBHOTO momaxona [8, 9, 14].
Onucanue JaHHOW MOJIENN, aJalTUPOBAHHON [UIS MPEANPHUATHI IO IPOU3BOACTBY (heppOoCILIaBoB, MpH-
BeneHo B [10].

VYkazaHHasi ajganTUBHAas MOJENb JOTONHSIETCS TAaKKE MaTeMaTHYecKOd MOJENbI0 OmNpeiesIeHus
MPOAaXHON (OTITYCKHOM) IIeHBI TPOIYKIIMHU, TapaHTHpyIollel 0e3yObITOUHOCTh OCHOBHOTO BUjIA JIEs-
TENBHOCTH MPOMBIIIJICHHOTO NPEATIPHUATHS C 33JaHHON BEPOATHOCTBIO [7].

3akiouenue

PaccMoTpenHbIlt B TaHHOM cTaThe MOAXO0[ K (hOPMHUPOBAHUIO KOHIIETITYalIbHOTO 0a3uca cTpaTeru-
YECKOTO W ONEPATUBHOTO YIIPABIICHUS MPOMBINLIICHHBIMHU MPEANPUITHAMA JaeT BO3MOXKHOCTH COOCT-
BCHHUKaAM U pyKOBOI[I/ITeJIHM ATUX HpeI[HpI/ISITI/Iﬁ HpeIICTaBI/ITL Hpoueccm CO3JaHUA HepCHeKTI/IBHBIX
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CTpaTeruil UX pa3BUTHUA BO B3aUMOCBS3U C PEUICHHUEM 3aJa4 B paMKax TEKYLIEH AEATEIbHOCTU KOM-
MMaHuH.

Takum 00pa3oMm, MOATOTOBKA M IPHUHSATHE PEIICHUN IO yIPaBICHUIO MPOMBIIUICHHBIMHA TpE-
MNPUATUAMHI KaK Ha CTPATETMYECKOM, TaK U Ha ONEPAaTUBHOM YPOBHE CTaHOBUTCS BO3MOKHBIM OCYyLIe-
CTBIISITH HA OCHOBE IIEJIOCTHOTO aITOpUTMa, 0a3upyIOIIerocs Ha pa3paboTaHHOM aBTOPOM KOMILIEKCE
MOJIeJIel U METOJOB CTPATErMYECKOr0 M ONEPATUBHOIO YIPABJIEHUS MNPOMBIIIJIEHHBIMU MPEANPHUS-
THSIMH.
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ENTERPRISES IN CONDITIONS OF INSTABILITY
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JSC “Kuznetsk Ferroalloys”, Novokuznetsk, Russian Federation

The problems of strategic and operational management of industrial enterprises in modern con-
ditions of global instability cannot be effectively solved, as in the recent past. New approaches,
methods and models are needed that would take into account the complexities of managing industrial
enterprises in modern business conditions. Purpose of the study. It is necessary to create a new
adaptive approach to the strategic and operational management of industrial enterprises, which
would take into account the accelerating dynamics of international markets, as well as the factors of
indirect and direct impact on the enterprise, which mainly determine its adaptability. Materials and
methods. The main provisions of the conceptual basis of strategic and operational management of
industrial enterprises, as well as a set of mathematical models for the implementation of this process
are presented. Results. The materials formulated in the article on the preparation and adoption of
managerial decisions allow the owners and managers of industrial enterprises to assess all aspects of
this process in interrelation and form, in essence, a new paradigm for the functioning of industrial
enterprises in conditions of military-political and socio-economic instability in the world, as well as
the introduction various sanctions on the part of Western countries in relation to Russian industrial
enterprises. At the same time, it becomes possible to take into account the factors of direct and indi-
rect impact on industrial enterprises, which have become especially important in recent years. Con-
clusion. The approach presented in this article to the formation of the conceptual basis of strategic
and operational management of industrial enterprises is, in essence, new and relevant, allowing
company shareholders to form promising strategies for the development of industrial enterprises in
conjunction with the procedures for operational management of the current activities of enterprises.
Thus, the preparation and adoption of decisions on the management of industrial enterprises, both at
the strategic and operational levels, becomes possible to carry out on the basis of a holistic algorithm
based on the complex of models and methods of strategic and operational management of industrial
enterprises developed by the author.

Keywords: adaptive approach, concept, strategic and operational management, mathematical
models.
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NHOOPMAIUA IJIAA ABTOPOB

1. TemaTuka. B xyprane myOIMKyIOTCSl CTaTbU 0 CIIEAYIOIIMM HayYHBIM HAIpPABIICHHSM: yNpaBJICHUE B pas3-
JIMYHBIX OTPACIIAX TEXHHUKH, a TakXKe B aJMUHHUCTPATHBHOMN, KOMMEpUECKOM 1 (UHAHCOBOI! cepax; MaTeMaTHIECKoOe,
AITOPUTMHUYECKOE, TIPOrPaMMHOE U allllapaTypHOe 00ecIeueHne KOMITBIOTEPHBIX TEXHOJIOTHiA, B TOM YHCIIC KOMIIBIO-
TEPHBIX KOMIUIEKCOB, CUCTEM U CETEil; N3MEPUTEIIbHBIE CHCTEMBI, IPHOOPOCTPOCHHE, PATNO3IEKTPOHHUKA U CBSI3b.

2. Crpykrypa cratbu. Crates comepxutr Y/IK, HazBanue (ue 6omee 12—15 cioB), cnucoK aBTOPOB, aHHOTA-
1o (200-250 cnoB), CIMCOK KIIFOYEBBIX CIIOB, BBEICHNE, OCHOBHOM TEKCT (CTPYKTYPHPOBAHHBIN 10 pa3zaenam), 3a-
KITIo4YeHHe (00CyKIeHne pe3yIbTaToB), IUTEpaTypy (B nopsake uutuposanus, mo I'OCT 7.1-2003). B kone cratbn
CJICITYIOT SJIEMEHTHI HA aHTJIMHCKOM sI3BIKE: Ha3BaHWE, aHHOTAIMs, CIIMCOK KIIIOUEBBIX CJIOB, JIUTeparypa (references).
BymaxxHas Bepcus CTaThH MOAIHMCHIBACTCS BCEMH aBTOPAMH.

3. lapameTpsl HaOopa. Pa3mepsl nosneit: neBoe — 3 cM, npaBoe — 3 cM, BepXHee U HUKHee — 10 3 cM. Teket
crarey HaOupath mpudrom Times New Roman pasmepom 14 nt. BeipaBauBanue ab3anes — no mupuae. Oteryn
nepBoii crpoku adzana — 0,7 cM. MexaycTpOYHbIN HHTEpBAT — MOIYTOPHBIA. BKITIOUUTE PeXUM aBTOMAaTHYECKOTO
nepeHoca cioB. Bce KaBBIUKH TODKHBI OBITH YIIIOBBIME («»). Bee CHMBOIIBI «THpE» TOJKHBI OBITH CPEAHETO pas-
Mepa («—», a He «-»). KiroueBbIe 3JIeMeHThI CTaTbU — IIaITKa, 3ar0JI0BKH Pa3feiioB — CIEAYET BBIACISATH MOTYKUP-
HbIM. 3HaK pa3felieHus LEeJIOW M JACCATUIHOW YacTH 4Huclia — 3amsaTas. Mexay 4uciioM U eJUHHIICH U3MEpEeHHS
JOJDKEH CTOSITh Hepa3phiBHBINA poden (Ctrl + Shift + [Ipoben).

4. ®opmyabl. Habupatorcs B pemaktope ¢Gopmyn MathType mm6o Microsoft Equation ¢ otcrymom
0,7 cm ot sieBoro kpast. Pasmep oOBIYHBIX CHMBOJIOB — 11 1T, pa3Mephl HHIIEKCOB MepBoro nopsaka — 71 %, mHaeKkcoB
BTOpOro mopsiaka — 58 %. Homep dopmysner pasmenaercs 3a npenenamu (GopMysibl, HEIOCPEACTBEHHO OCIIE HEe, B
KPYIJIBIX CKOOKaXx.

5. Pucynku u Tadauusbl. Pucynkun umerot paspemienue He MeHee 300 dpi. PucyHku HyMepyroTcs U UMEIOT
Ha3zBaHus (Puc. 1. 3mecy cienyer HasBaHWEe pHCyHKa). TaOmuisl HymepyroTcs M uMeloT HaszaHus (Tabmu-
na 1. 3neck cinenyeT Ha3BaHUE TaONUIIBL).

6. Anpec pemaknmonHoii kosuterun. 454080, r. YensaOunck, nmpocnekt Jlenuna, 76, kopm. 30, 4-i 3tax —
Beiciast mkona 37eKTpOHUKH M KOMITBIOTEPHBIX HAYK, OTB. CEKpeTaplo JI.T.H., Aol ['omuiato A.B. Anpec anekTpoHHOM
MOYTHI OTBETCTBEHHOI'O CEKpeTaps xKypHana: gollaiav@susu.ru.

7. Ilogpodubie TpedoBanus Kk odopmieHuro. [TloaHyro Bepcuio TpeOoBaHUi K 0(OPMIICHHIO CTaTel U MpU-
Mep ohOpMIICHHSI MOXKHO 3arpy3uTh ¢ caiita xypHana http://vestnik.susu.ru/cter.

8. IlmaTa 3a myOIUKaIUIO PyKOITUCEH HE B3UMACTCSL.



CBEJEHUA Ob U3JAHUU

Kypnan «Bectauk IOxHO-Ypanbckoro rocygapcrseHHoro yHusepcurera. Cepust «KoMmmbroTepHble TeX-
HOJIOTHH, YIIPaBJICHHE, PAANO3JIEKTPOHNKa» ocHOBaH B 2001 roxy.

VYupeaurens — denepanbHOe TOCyIapCTBEHHOE aBTOHOMHOE 00pa30BaTelbHOE YUPEXKICHNE BICIIEro 00-
pasoBanust «HOKHO-YpanabCKuil TOCYIapPCTBEHHBIN YHUBEPCUTET (HAIIMOHAIBHBIN HCCIIEA0BATEIBLCKIH YHUBEP-
CHUTET)».

I'naBHbBIN penakTop — A.T.H., mpod. [llecrakoB Anekcanap JICOHHI0BHY.

CauperenbctBo 0 peructpanuu [TW Ne dC 77-57366 Boinano 24 mapta 2014 r. enepanpHoli ciyx00# 1m0
HaJ30py B cepe cBsi3u, THPOPMAIIMOHHBIX TEXHOJIOTHI 1 MacCOBBIX KOMMYHHUKAIUH.

XKypnan BxitodeH B Pedepatusnsiit xypHan u bassl qanasix BUHUTU. CBenenus o xKypHajie eXeroaHo
MyOJMKYIOTCS B MEKAYHAPOIHON CHPaBOYHOW CHCTEME IO NMEPUOIMYECKUM W IPOIOJDKAIOIIMMCS H3aHUSIM
«Ulrich’s Periodicals Directory».

Pemenunem Ipe3uanyma Briciieit arTecTanMonHoONM KoMUccurn MUHHCTEpCTBA 00pa3oBaHus U Hayku Poc-
cuiickoil Penepannu KypHai BKIrodeH B «IlepeueHp peneH3upyemMbIX HaydHbBIX W3AaHUH, B KOTOPBIX JOJDKHBI
OBITH OIyOJIMKOBAaHBI OCHOBHBIC HAYYHBIE PE3YJIbTAaThl HA COUCKAHNE YUEHOH CTETIeHN KaHAWIaTa HayK, HA COMC-
KaHHE YYEHON CTENEeHM JOKTOpa HayK» IO CIEeTYIOIINM HAyYHBIM CHEIHAIBHOCTSIM H COOTBETCTBYIOLIHM UM OT-
pacisim Hayku: 05.13.01 — CucteMHbIi aHanu3, yrpasieHne 1 00paboTka HHpOpMaIH (10 OTpacisiaM) (TeXHH-
yeckue Haykn); 05.13.06 — ABTOMaTH3aIMs U YIIPaBICHUE TEXHOJIOTHICCKUMH TIPOLIECCAMH U TIPOM3BOJCTBAMU
(mo otpacnam) (texHuueckue Hayku); 05.13.10 — VnpaBneHue B CONMAIbHBIX U DKOHOMHYECKUX CHCTEMax
(TeXHUYECKUE HAYKH).

Honmucuoit naneke 29008 B 00beauHeHHOM KaTanore «[Ipecca Poccumy.

[lepronudHOCTE BBIXOa — 4 HOMepa B IO,

Anpec penakmuun, uznatens: 454080, r. YensOunck, npocnekt Jlenuna, 76, M3narensckuit nuentp OYpl'Y,
ka0. 32.
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Wznarensckuii ieHTp FOKHO-YpanbcKkoro rocyiapcTBEHHOTO YHUBEPCUTETA

Ioxmucano B mevats 30.04.2021. dara Beixoaa B ceet 11.05.2021. ®dopmar 60x84 1/8. Ileuats mudpoast.
Ve meu. 1. 20,46. Tupax 500 k3. 3akaz 102/177. Lena ceoboHast.

Ortneuarano B Tunorpaduu Mzaarensckoro nenrpa FOYpIl'Y.
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