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UHhopmaTUKa u BbluUCIUTESNIbHAA TeXHUKA

Y[OK 004.855 DOI: 10.14529/ctcr190201

CEMAHTUYECKUN NOUCK YYEBHbIX OUCLUMMIINH
noa TPEBOBAHUA PbIHKA TPYAA HA OCHOBE
HEWPOCETEBbBIX MOOENEU A3bIKA

4.C. bomos, KO.B. JMumpuH, 10.[. KneHuH
YenabuHckuli eocydapcmeeHHbil yHusepcumem, e. HensbuHck, Poccusi

B ycnoBusix pocra 00beMa OTKPBHITOr0 00pa30BaTEILHOTO0 KOHTEHTA, ITOBBIILICHHST TPEOOBAHHUI
K Npo¢ecCHOHaTbHOMY 00pa30BaHHIO CO CTOPOHBI PHIHKA TPY/A, Pa3BUTHs KOHLEMIUK 00yUeHHS B
teuenue Beel xxu3HM (Lifelong Learning) ceroqus kpailiHe akTyalbHOM SIBISIETCS 3a/a4a peryisipHO-
ro OOHOBJICHHUS COZepIKaHUsI 00pPa30BaTENBHBIX IPOrPaMM U OTACNBHBIX TUCHHUIUIMH. B cTaThe pac-
CMaTPHBACTCS. METOJ] CEMAaHTHYECKOTO ITOHMCKa 00pa3oBaTeNIbHOIO KOHTEHTA I10[ 3aJaHHbIe TpeOo-
BaHUS PBIHKA TPyHa, ONpeelsieMble MPOo()EeCCHOHANBPHEIMU CTaHAAPTaMH. B OTiIM4ne OT Tpaguuu-
OHHBIX ITOJXOJIOB COIOCTABJICHUS M aHAJM3a COJACPKaHUS 00pa30BaTENbHBIX NPOTPaMM, OCHOBaH-
HBIX Ha OHTOJIOTHYECKHX MOJCNIAX ¥ MpaBIIaxX, IpeliiaraeTcs MCHONB30BaTh MOAXOM K pacrpese-
JICHHOMY TIpeicTaBieHuo cioB (Word embeddings) ¢ moMoIIb0 H3BECTHBIX HEHPOCETEBBIX MOJIEINEH
s3pika word2vec u fastText. B kauecTBe MCXOAHBIX 3aIIPOCOB BBICTYIAIOT (pparMeHTHI Mpodeccuo-
HaJIbHBIX CTaH/JapPTOB — KOHKPETHBIE TPEOOBaHMS K 3HAHUSIM, YMEHUSIM U OTIMCAHUS TPYIOBBIX ACH-
CTBHH M TPYIOBBIX (D)YHKIIMH, a B KAUECTBE UCKOMBIX JOKYMEHTOB — ONMHCAHHs y4EOHBIX AUCIUILINH
U OHJIaHH-KYpCOB, BKJIIOYAIOIINE aHHOTALINIO, Pe3yJIbTaThl 00y4eHHs, CTPYKTYPY U CO/Iep)KaHHEe OC-
HOBHBIX TeM. [IpHMBOJISTCS naHHBIE SKCIEPTHOW OLEHKHM KadecTBa PaHXMPOBAHHS IO METPHUKE
NDCG (Normalized Discounted Cumulative Gain) ¥ TOYHOCTH CEMaHTHYECKOTO IOMCKA 10 METPUKE
MAP (Mean Average Precision) Ha mpeiCTaBUTEIbHOM KOPITyCe MPOrpamMM Y4eOHBIX JUCIUILIHH BY-
30B 1o VT-HampapieHUsIM U MAacCOBBIX OTKPBITHIX OHJIAMH-KYpcoB. Jlydmme pe3ynbTaThl A1 MOUCKa
MOKa3bIBaIOT Mojiesi Word2vec u fastText, oOyuaembie Ge3 yuuTens Ha OOJBIIUX CIEHUATBHO MOATO-
TOBJICHHBIX KOPITyCax TEKCTOB MPOrpaMM y4eOHBIX IUCUMIUIMH U ONHMCAaHHI OHJAHH-KypcoB. s me-
pexojia OT BEKTOPOB CJIOB K BEKTOPaM TEKCTOB HCCICAYIOTCS PasHble COCOOBI YCPEIHEHHS BEKTOPOB
CJIOB, TTOJTyYEHHBIX OT HEMPOCETEBBIX MOJIENEH, B COYETaHUH C BEKTOPHOI Monenbio TF-1DF.

Kniouegvie crosa: cemanmuueckuti nOUcK, ceMaHmuyeckas Onu30cmv, OUCMpuOYmueHas ce-
manmuka, word2vec, fastText, yuebnas OUCYUNIUHA, MACCO8bIE OMKPbIMbLE OHAAUH-KYPCbl, PbIHOK
mpyoa.

Beenenne

B coBpemeHHOoM Mupe HaOIIOAAeTCsd CTPEMHTEIBHBINH POCT KOJIM4YECTBa 0Opa3oBaTEIbHBIX MPO-
rpaMM U MAacCOBBIX OTKDBITHIX OHJaiH-KypcoB (Massive Open Online Courses). C 0gHOBpeMEHHBIM
YBEJIMYEHHEM JOCTYITHOT'O OTKPBITOrO 00pa30BATEIbHOIO0 KOHTEHTAa IPOUCXOIUT OOHOBIIEHHE 00pa3o-
BaTENFHBIX M MPOPECCHOHATFHBIX CTaHIAPTOB, KOTOPOE OTPaXKaeT MOCTOSHHOE H3MEHEHHE TPeOOBaHH
K BBIMTYCKHHUKaM, TPEAbABISEMBIX PETHOHATBHBIM PHIHKOM TpyAa. C yd4eToM HOBBIX IPHUOPUTETOB pas-
BUTHSI TU(PPOBOH 3KOHOMHKH Bce OoJiee 3HAYMMOM CTaHOBHTCS MPOOJieMa KayecTBa COJEPKATEIbHOTO
KOHTEHTa M aKTYaJIbHOCTH OOpa30BaTENbHBIX MPOTPaMM, HEOOXOAMMOCTH MOCTPOEHUS MHIUBUAYAIb-
HBIX 00pa30BaTENbHBIX TPACKTOPHUI 00YYAFOIIUXCS C WCIIOIB30BaHUEM WH(POPMAIIMOHHO-KOMMYHHKA-
uuoHHbIX TexHonoruit (UKT) ¢ uenpro cokpaienus pa3peiBa Mex1y nNpodeCcCHOHaIbHBIM 00pa3oBaHu-
€M U IOTPEOHOCTAMH JUHAMUYHO Pa3BUBAIOLIMXCS OTpaciael HU(POBOH SKOHOMHUKH.

AKTyaJIbHOCTh TE€MBI HMCCIIEZIOBAHUS TOATBEPKAAETCS M pa3BUTHEM 3aKoHoAareidpcTBa PD. B Tek-
cre @enepanbHoro 3akoHa [1] B crarbe 96 «O npodeccnoHanbHO-00IECTBEHHON aKKpeauTanuu obpa-
30BaTeJIbHBIX IPOrpaMM» SIBHO yKa3aHO TpeOOBaHHE COOTBETCTBUS KaueCcTBA M YPOBHS MMOATOTOBKH BbI-
ITyCKHUKOB, OCBOMBIINX 00pa3oBaTeIbHbIE MTPOrpPaMMBbI, TPeOOBaHMSIM MPOGECCHOHATBHBIX CTaHAAPTOB
u TpeboBaHUAM phIHKA Tpyaa. B denepansHom 3akoHe ot 3 mrons 2016 r. [2] aBHO mpormcaHa mpoie-

BecTHuk HOYplY. Cepus «KomnbloTepHble TeXHONOrMU, ynpasrneHue, paauoaneKTpoHMKay. 5
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Jypa TIOATBEPKACHUS COOTBETCTBHS KBaMH(UKAIMKA PAOOTHUKA IOJIOKEHHUAM MPOGECCHOHATEHOTO
CTaHJapTa.

OMHOBPEMEHHO C 3THUM 3aBEPIIACTCS MEPEeX0J] K KOMIETCHTHOCTHO-OPUCHTUPOBAHHOW MOJCIH
npodeccuoHanbHOro oopazoBanus. KpaitHe BaxxHOE 3HAUYCHHE TIPU POCKTUPOBAHUU 00pa30BaTEIbHBIX
MpPOrpaMM UMEET IPaMOTHOE OTpeeicHHe MPO(HEeCCUOHATBHBIX KOMITCTCHIIMN U aKTyalIbHBIX Pe3yibTa-
TOB 00yUYeHUsI, KOTOPBIC B HOBBIX penakuusx denepanbHBIX roCyAapCTBEHHBIX 00pa30BaTEIIbHBIX CTaH-
naptoB (PI'OC BO 3++) onpenenstoress oOpa3oBaTeIbHON OpraHU3aIliell caMOCTOSTEIIBHO, UCXOII U3
TpeOOBaHMI MPOPECCHOHATHLHBIX CTAaHIAPTOB.

MoHO cienath BbIBOJ 00 aKTyaJIbHOCTH 3a/1auydl HABUTAIMU B MPOCTPAHCTBE 0OPa30BATEIILHOTO
KOHTEHTA W €0 COTIOCTABIICHUS U aKTyallU3allH MoJ| TpeOOBaHUS PBIHKA TPYJAa, ONMpeeNsieMbIX Mpo-
(hecCHOHABPHBIMU CTaHAAPTAMHU U paOOTONATEIISIMH.

1. O030p MOAX0/I0B K CEMAHTHYECKOMY IMOUCKY 00pa30BaTeJbLHOI0 KOHTEHTA

U TpeOoBaHMii ppIHKA TPy/Aa

Mertoapl aHanmu3a 00pa30BaTEIbHBIX MPOTPaMM Ha OCHOBE OHTOJIOTHUYECKHX MOIXOA0B U 3BPUCTHU-
YEeCKHUX aJITOPUTMOB JJIsl COMOCTABIICHUSI 1IeJIel U cofiep KaHusl 00pa30BaHUs U MPUHSTHS PELICHUN TpH
pa3paboTke 006pa30BaTENbHBIX IPOTPAMM U YIPABICHUS HHANBUIYAIBHBIMU 00pa30BaTEIbHBIMU TPAcK-
TOPHSAMH TIPE/ICTaBIICHBI B paboTax [3-5].

OcCHOBHasI CJIIOKHOCTDL HUCITOJIb30BaHHUS JAaHHBIX ITOAXOJAO0B Ha MNPAaKTUKE 3aKJIHOYACTCA B H€O6XOILI/I-
MOCTH IIOCTOSIHHOTO NPHBJICYEHHS IPEICTABUTEIILHOIO COCTaBa SKCIEPTOB Il METOAOB C HCIIOIb30Ba-
HHEM 3KCIIEPTHBIX OLICHOK, PELICHUH KpalHe TPyIOEeMKUX 3a1a4 (OPMHUPOBAHHA U MOALCPKKH B aKTy-
aJbHOM COCTOSIHUM OHTOJIOTHM, CUCTEM MHpPaBUJI JIOTMUECKOTO BBIBOAA W MPELEACHTOB ISl KaXI0W U3
NpeMETHBIX 00IacTel HalpaBJIeHUH MOATOTOBKH 00pa3oBaTelbHBIX mporpamm. Kpome Toro, ¢ moMmo-
IIBIO TAaHHBIX MOJENECH U METOJ0B HEBO3MOXKHO TMOKO Y4eCTh PEerOHAIbHbIE OCOOCHHOCTH U ITOCTOSH-
HO U3MEHAIOLINECS TOTPEOHOCTH PBIHKA TPYAA.

HecootBeTcTBHE MCKAY TPAAULIMOHHBIM KOMIICTCHTHOCTHBIM OIMMCAHWECM BBIITYCKHUKA U KOHKPET-
HBIMH, TOCTOSIHHO HM3MEHSIOIIMMUCS TPeOOBaHUSMH PEaJbHOTO PBIHKA TPyJa OTMEYAeTCs aBTOpaMu
MPOEKTa IO CO3/IaHUI0 CHCTEMBI MOHHTOpPWHTA MOTPEOHOCTEH phIHKa Tpyna [6]. B cBoeit pabore oHn
NpEeAJIaraloT ONpeJeNsiTh COOTBETCTBUE COJEp)KaHUS 00pa30BATENbHBIX MPOTPaMM BBISBICHHBIM I10-
TpeOHOCTSIM pBIHKA TPyJa Ha OCHOBE M3BECTHOW HeipoceTeBoil Mozenn word2vec [7], peanusyromniei
UCI0 TUCTPHUOYTHUBHON CEMaHTHKH. ABTOpPaMHU TaKKe MpelaraeTcs uiesi NPOrHO3UPOBAHMS H3MEHe-
HUW TOTPeOHOCTEH PhIHKA TPYy/a.

Pabora [8] mocesIeHa co3MaHUI0O HHCTPYMEHTA MOKUCKA 00pa3oBaTeIbHOTO KOHTEHTa — KYPCOB C
pasinuabix MOOC-mnargopm. B ocHOBe Je)HUT npeoOpazoBaHre TEKCTOB MPOrpaMM KypcoB B HA0Op
COCTaBJISIIOIIMX MX KOHUenToB. CaM MoMCK paboTaeT B /IBa dTama: MOMCK KOHLENTOB MO KIIIOYEBOMY
CJIOBY; TIOUCK KYPCOB, OJIMDKaHIINX K BHIOPAHHOMY KOHIENTY. ABTOpaMH MPHBOAATCS PE3yIbTaThl aH-
KETUPOBAHUS IOJIb30BATENECH, MOKA3bIBAIOIIMX IOJOXHUTEIbHYI0 OLEHKY KauecTBa pabOThl CHCTEMBI,
0JIHaKO 0o0Jiee KOHKPETHBIE KOJIMYECTBEHHBIE [TOKA3aTeJIN Ka4eCTBa PabOThl CHCTEMbI HE PUBEACHBI.

ABTOpBI HACTOSIIETO UCCIIAOBaHUs B pabore [9] uccienoBaiu NPUMEHUMOCTD Pa3IMUHBIX METO-
0B BCKTOPHOI'O IMPEACTABJICHHA TEKCTAa, TEMATUYCCKOI'0O MOACIUPOBAHUA U HeﬁpOCGTeBBIX MO,Z[eJ'Ieﬁ
A3bIKA JJIS1 CEMaHTHUYECKOTO MOMCKA OHJIAMH-KYPCOB MOJ 3aJaHHYIO MPOrpaMMy y4eOHON JUCLUIUTUHEL.
B pamkax naHHOH 3aauul JIydIlUe pe3yJIbTaThbl IIPU SKCIEPTHOM OLIEHKE TOYHOCTH IIOMCKA IIOKA3aIM Kiac-
crdeckast BektopHast Mojientb TF-IDF u monens ycpennennoro word2vec co B3BennBanueM ciioB 1o IDF.

B nannoii pabote npeanaraercst onpeaeauTb ONTUMATIBHBIN METOJ] TIOUCKAa U MOJIENTb SI3bIKa IS 3a-
Jla4¥ CEMaHTHYECKOI'O CONOCTABICHNS OHJIAHH-KYPCOB, IPOTPaMM JUCIMIUIMH YHUBEPCUTETOB € TpeOo-
BaHUSIMU PBIHKA TPYy/a, MPeJCTaBIeHHBIMU B MpodeccHOoHa bHBIX cTaHgaprax. Crenududeckoit oco-
OCHHOCTBIO MONCKA ABJISIETCS CYLIECTBEHHOE PAa3NIMuMe JIEKCUKU OMMCAHUS IPOrpaMM YUeOHBIX KypcOB
Y OIpaHHMYEHHOM JIEKCHKH MPO(ECCHOHAIBHBIX CTAaHAAPTOB, a TAKXKE PACIIMPEHHON MPOoQecCHOHATEHON
JIEKCHKH TEKCTOB BAaKAHCHH B CUCTEMAaX OHJIANH-PEKPYyTMEHTA.

2. MeToa ceMaHTH4YeCKOI0 MOMCKA Y4eOHBIX KypCcOB M Tpe0OOBaHUIl PbIHKA TpyAa

Jiist moncka peneBaHTHOrO 00pa30BaTEeIbHOTO KOHTEHTA MPEeUIaraeTcs UCIIOIb30BaTh CIEAYIONIYIO
WHQOPMAIUIO, U3BIIEKACMYIO M3 pabodnX MPOTrpaMM JUCIUILIMH W ONMCAHWN OHJIAHH-KYPCOB Ha pycC-
CKOM SI3BIKE:
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® Ha3BaHWE JUCIUTUINHBL,
® [[eJIH U 337a91 TUCITUTUINHBL,
® pe3yIbTaThl O0YUYCHHUS,

® COJICPXKAHUEC NJUCIIUIITITAHBI (nepequL Pas3aciioB U TEM C OMMUCAHUEM UX conepmaHI/m).

OO6mras cxemMa MeTo/1a MpeACcTaBlIeHa Ha puc. 1.

[./.- Hauano \I

,
e,

IMpepobpaborka TexcTor yuebmbm kypooe C={g} n
TpeboEammnT peEEa TPYHa S={ 5}

Onpen emeHie CeMEHTHHECKIN EEKTOPOE OMIA
TeKCTOE VHeOHBED KypCooE M Tpebopamtil peiHKa
TpVHa
ce=VM.,¥ceC s=VMs) ¥sE5

Onpen en e Mepbl CEMAHTHYECKOH BOIEZ0CTH
METY A0 aHHEIVMK TPeD 0B SHIAMV PRIHKS TPYAR B
VueDHBIMGD KV Cani
sim (c, s5) = cosine similarity(c, 5)

ParcanpoEarie KYPCOE [T0 CEMAHTHYECK 06
OImIZ0CTH K OTOTbHEIM Tpeh oEaHIaM pEHER TPYAA
simi{cy, 5 £ simicy, 5) 2 .. 2 simic, 5) 2 ..
YeceEC V5 ES

Onpepemeie peleEaHTHOCTH KyVPCa © BCeMY
MHCHECTEY 3a0aHHEL TpedoBa It phIHEA TPYOA S
relevance(c) := X(sim(c, 5. *w.)
YceC,¥sES

I'l/f Fonen \I

', ri
- =’
Puc. 1. Cxema MeToA4a CeMaHTU4YeCKOro noncka Kypcoe
Cc TpeGOBaHMHMM PbIHKa TpyAaa

B kadecTBe IOMCKOBEIX 3aIlIpOCOB BBICTYNAKOT OIMMCAaHUA TPYIAOBBIX q)YHKHHﬁ, H3BJICKACMBIC U3
TCKCTOB HpO(beCCHOHaHLHLIX CTaHAAapPTOB, a TAKKE OTACIIbHBIC 3JICMCHTBI OIIMCAHUA (bYHKHHfII TPpyAo-

BBIC HCﬁCTBHﬂ, Tpe60BaHI/I$I K 3HaHI/I$IM/YMeHI/I$IM.

Ha IIEPBOM ITAII€ TMOJTYUCHHBIC TCKCThI yT-Ie6HI)IX JUCHUIIIIMH H HpO(i)eCCI/IOHaHBHI)IX CTaHIapTOB
npoxXoaAaAT TPaAUIIMOHHYIO JUIA 3a/1a4 06pa6OTKI/I C€CTECCTBCHHOTI'O A3bIKAa npe;[06pa60TKy o CJICOAYHOINM

MMpUHIUIIAM:
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1. ToxeHu3zauus TeKcra.

2. O4ncTKa OT BCEX CUMBOJIOB, HE SIBISIIOLUIMXCS OyKBamH, muppaMu, 3HaKaMH Ipodea Wik HeKO-
TOPBIMH CITELICUMBOJIAMH.

3. JlemmaTuzanus (Ucmonb3yercs: Ondmuoteka pymorphy?2).

4. YaneHue CTOM-CIIOB U CIYXeOHBIX YacTel pedr (COI030B, IPEATIOrOB K MECTOMMEHHIA).

Ha BTOpOM 3Tame mpoucxoAuT BEKTOPHU3ALMs TEKCTOB — Y4eOHBIX KYPCOB U 3alpOCOB U3 Tpebo-
BaHMUH PO(eCCHOHATBHBIX CTAHAAPTOB C HCIOIH30BAaHHEM OJHOM M3 MOl BEKTOPHOTO IPE/ICTaB-
JICHUS TEKCTOB, X MOJAPOOHOE ONHCaHWE MPUBOIUTCSA B CIEAYIONIEM paszeiie. 3aTeM BBIIOIHACTCS
COIIOCTaBIIEHHUE 3aPOCOB C KAXKIBIM U3 JOKYMEHTOB M3 TEKCTOBOM KOJIEKIUH YIEOHBIX AUCIUIUINH U
OHJIaliH-KypcoB. B Xoze comocTaBieHus onpenenseTcss KOCHHyCHasi Mepa MEKIy BEKTOpaMu 3ampoca
JOKyMEHTa M3 KOJUIEKIIUH — TPaJUINOHHAs Mepa CeMaHTHIeCKOW OJIM30CTH B 3amadax momcka. Ha oc-
HOBE MOJYYEeHHBIX 3HAYCHUI MEp CEMaHTUYECKOHW OJIM30CTH MPOU3BOANTCS PaAaHXHUPOBaHUE U (HOPMHUPO-
BaHHE MOMCKOBOW BBIIA4M MMOJ OTAENBHBIA 3alpoCc — KOHKpETHOE TpeboBaHHME MPOQECcCHOHANTBHOIO
CTaH/apTa.

Ha mocnennem stamne pe3ynbTaThl OMCKA JJIS1 OTACIBHBIX 3a[IPOCOB MOTYT OBITH OOBETUHEHBI Y-
TE€M CyMMHUPOBAHHUSI MEP CEMaHTUYECKOW OIM30CTH Uil KAKIOTO M3 PEJCBAHTHBIX JOKYMEHTOB I10 OT-
HOIIICHHIO KO BceM 3ampocaM. [Ipu 3ToM sKcnepT WM MHTEIUISKTyallbHasl CUCTEMa MOICPKKH TIPHHS-
THSI PEIICHUI MOXKET 33/1aTh pa3jInuHbIe Beca — CTENEHb BAKHOCTH [UIS OTJCIBHBIX TpeOoBaHMI npod-
CTaHJapTa. DTO MO3BOJISET 'MOKO ONPENEIATh UTOTOBBIM HAOOp YIeOHBIX AUCIUIIINH U OHJIAIH-KYypCOB,
HOAXOAAIIMX O/ KOMIUIEKC 3aJlaHHBIX TPeOOBAaHHWI Ha ypOBHE Bcero mpodcraniapra WM OrpaHUYCH-
HBIX OIpPE/ICICHHBIMHI YPOBHIMU KBaTH()UKAIINH.

3. BekTopHble MoaeH (CTATHCTHYECKHE H HelpoceTeBbIe MOJIeJH SI3BIKA)

B nanHOM paszzaerne onuchIBalOTCS OCHOBHBIE BEKTOPHbBIE MOJEIH SA3bIKA, KOTOPBIE MOTYT MCIIOJIB30-
BaThCS B IPEAJIaracMOM METOAE CEMaHTHYECKOI'O ITOHMCKA.

3.1. TF-IDF

TF-IDF — 310 kmaccuueckasi cxema B3BEITMBAHUS BaXXKHOCTH CJIOB B KOJUIEKIIUU JOKYMEHTOB. [laH-
HBII aJlTOPUTM COCTOUT U3 ABYX KomnoHeHToB: TF (term frequency, yacrora TepmuHa) — 3T0 Mepa, CUH-
Tarolas CjioBa TEM BaXKHEE, YeM 4allle OHM BcTpedarorcs B koywiekiuu; IDF (inverse document
frequency, oOpaTHas JIOKYMEHTHas 4acToTa) — Mepa, Jaromias OONBIIMHA BEC TEM CIOBaM, KOTOpBIE
BCTPEYAIOTCS] B MEHBILEM YHCiie TOKyMeHTOB. KoMOMHaILMs 3THX ABYX CXEM B3BEIUIMBAHHS [103BOJISIET
YUUTHIBATh BAXXHOCTh M PEJICBAHTHOCTH KAKIOTO CJIOBA IO OTHOIIEHHIO K KOJUISKIIUH JOKYMEHTOB, ITPH
9TOM CHHW)Kasl BIMSHUE 00IICYyTOTPEOUMON JIEKCHKH U CTOII-CIIOB.

BekropHoe mpencraBieHre KaXJ0ro CIoBa B JAHHOW MOJIENH — 3TO BEKTOP C Pa3MEPHOCTHIO B KO-
JIMYECTBO YHHUKAJIBHBIX CJIOB B CJIOBape KOJJICKIMH, C €AMHCTBEHHBIM HEHYJIEBBIM HM3MEPEHHEM, COOT-
BETCTBYIOIIUM YHHKaJIbHOMY HAEeHTH(UKaTOpy 3TOro ciosa B cioBape u paBHbiM TF-IDF Becy storo
ciioBa. BeKTOpHI TOKYMEHTOB e MOIy4aroTCs IIyTeM CIIOKEHHSI BEKTOPOB BCEX CJIOB 3TOTO JOKYMEHTA.

3.2. Word2vec

Word2vec [7] — HeiipoceTeBast sI3BIKOBast MOJIEJb, OCHOBBIBAOIIASICA HA HETIIYOOKOW HEHPOHHOI
CETH C OJTHMM CKPBITHIM CIIOeM. 3ajaueil oOyueHHs U STOW CETH CTaBHTCS CONOCTABICHHE CIOB MX
KOHTEKCTaM, T. €. OIpeeeHrue Hanboiee BEpPOSTHOIO CJIOBA 10 €r0 KOHTEKCTY U Hanbosee BEpOSITHOTO
KOHTEKCTA T10 33JIaHHOMY CIIOBY. B mpoliecce onTumu3anyu mo 3Toi 3ajaue HeWpoHHas ceTh 00ydaeTcs
COIIOCTABJIATH CJIOBaM B TEKCTE BEKTOPHBIE MPEJICTABIICHUSI — TaK Ha3biBaeMble IN-TipefcTaBieHus s
Bxomsuux cinoB 1 OUT-mpencrasnenns 1 BeIxoqsamux. Kak npaBuiio, nocie 00y4eHus: UCIONb3YIOT-
cs1 Tonbko matpuua IN, onHako nmpakThka nokasbiBaeT [10], yTo B TO BpeMsi Kak KOCHUHYCHasi OJIM30CTh
it BektopoB IN-IN (06a Bekropa u3 IN-mipencTaBnenus) Boiie s GYHKIIMOHAIBHO OJHM3KHX CIIOB,
kocunycHas 6sm3octh 11t IN-OUT BeKTOpOB BbIIIE ISl CJIOB, KOTOPBIE YACTO COBMECTHO YMOTPEOIIs-
10TCsl. B Hammx skcreprMenTax Mbl HcciieqyeM 00a BapHaHTa BEKTOPHOTO IPEACTaBICHHS.

Jiist ony4deHus: BEKTOPHOTO TIPEJICTABICHHUS BCETO JIOKYMEHTa, KaK TPaBUIIO, TIPOU3BOJUTCS yC-
pellHeHHEe BEKTOPOB BXOMSIIMX B JOKYMEHT CJIOB, HHOTJ[A C YYETOM WHIUBHUIYaJbHOTO Beca Ka)JIOTO
cioBa (Harpumep, o IDF [11]).

Taxoke B TEKyIIeM HCCIIEIOBAHUN PACCMaTPUBACTCS U BapUAHT PACUIMPEHUSI HCXOTHOTO OUCKOBO-
ro 3ampoca HauOosee OJIM3KMMHU CIIOBaMU 1O MoJiesid word2vec ¢ JanpHeWuM (GOpMHPOBAHUEM BEK-
TOpa pacmmpeHHoro 3anpoca Ha ocHoBe TF-IDF.
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3.3. Paragraph2vec

Paragraph2vec [12], Takxke u3BecTHBIN kKak doc2vec, — 3TO pa3BuTue Mojenu word2vec, cTpems-
meecst K CO3JJaHHI0 BEKTOPOB JOKYMEHTOB TaKHM K€ 00pa3oM, Kak M BeKTopa cjoB. [y 3Toro B apxu-
TEKTYypy HEHPOHHOUN CETU BHOCUTCS M3MEHEHHE: TIOMUMO BEKTOPOB CJIOB, YIIOTPEOJISIOIIUXCS COBMECT-
HO C II€TIEBBIM CIIOBOM, KOHTEKCTOM TaKXKE€ CUHUTAETCA U CaM JOKYMEHT, IPECTaBIsIEMbIA COOCTBEHHBIM
BEKTOPOM, TTOIAJAIONINM B TO K€ IMPOCTPAHCTBO, YTO M OTACIbHEIC clloBa. Panee B pabore [9] mamHas
MOJIeTTh TTOKa3aya TOBOJFHO HU3KHE PE3YJIbTaThl IPH OIIEHKE KayecTBa MOWCKa 00pa30BaTeLHOTO KOH-
TEHTa, IO3TOMY B HAIllEeM HFCCIIEIOBAaHUH €€ Ka4eCTBO HE OIIEHUBAETCSI.

3.4. FastText

FastText [13] sBisieTcs aaropuTMoM, CX0XKHUM ¢ word2vec, OJTHAKO C OJJHUM KJIFOUEBBIM OTIHYUECM:
word2vec BOCIIpUHUMAET KaXK/IbIi 3JIEMEHT MOCIIE0BATSIIBHOCTH TOKSHOB (CJIOBO, YMCIIO, CHMBOJ) KaK
OTJENBHYIO HEJENMMYIO CYIIHOCTh, HE MMEIOIIYI0 BHYTpEHHEH CTpyKTyphl, Torna kak fastText yauTei-
BaeT TOT (PaKT, YTO CIIOBA UMEIOT BHYTPEHHUE B3aMMOCBS3aHHbIE KOMIIOHEHTHI. Pa3nuuHbie cioBa, co-
OTBETCTBEHHO, MOTYT OBITH CBSI3aHBI CHHTAKCHYECKH FJIN CEMAHTUYECKH, €CIIM OHU MMEIOT OIHH U Te
K€ KOMITOHEHTHI (HalpuMmep, OJHOKOpeHHbIe cioBa). [laHHas Momenp MoxkeT Ooiee 3¢ (eKTHBHO pe-
IaTh 33/1a4H CEMaHTHUECKON OJM30CTH B CpaBHEHHU ¢ Word2vec 0COOCHHO isl (PIIEKTUBHBIX SI3BIKOB, K
KOTOPBIM OTHOCUTCSI U PYCCKUH SI3BIK.

Takum obpasom, fastText ucmonb3yeT OTAeNbHbBIE CHMBOJBHBIE N-TPAMMBI B Ka4€CTBE DJIEMEHTOB
TeKcTa, 00y4JasCh COTIOCTABIATh KKl N-TPaMM C HEKOTOPBIM BEKTOPHBIM MpEACTaBICHUEM, TeHEPH-
pPySd BEKTOPHBIE TPEACTABICHUS IENbIX CIIOB, MCXOJS M3 BEKTOPOB BXOIANINX B HHUX CHMBOJIBHBIX
N-TpamMMOB.

4. OnucaHue TEKCTOBBIX KOPIYCOB VI BEKTOPHBIX Mo/eJIel

B 1abn. 1 mpencTaBieHbl XapaKTEPUCTUKH OCHOBHBIX TEKCTOBBIX KOPITYCOB, UCTIONB3YEMBIX B JIaH-
HOM ucclieioBannu. Kopryca ncnoib3yloTes Kak A 00ydeHus HeMpoceTeBbIX Mojeneii word2vec u
fastText, Tak U B KauecTBE KOJUIEKIUH JOKYMEHTOB, B KOTOPOI MPOU3BOIUTCS TOMCK.

Tabnuua 1
XapaKTepUCTUKM TEKCTOBbLIX KOPNYCOB YY4e6HbIX KypcoB
Yucino Yucno
Yucno JIOKYMEHTOB Yucno YHHUKaJIbHBIX
Kopnyc
HCTOYHHUKOB (y4eOHnbIx TOKEHOB TOKEHOB
KYpCOB) (cioBapn)
Kopnyc kypcos
4 MOQOC-mnardopmbl 2051 249 ThIC. 14 ThIC.
n3 MOOC-nnatdopm Gop
Koprmyc pabounx
prycp 10 yHUBEpCHTETOB 976 351 TEIC. 16 ThIC.
MPOTPaMM JUCIHIIIHH
OO1iee KOTMYECTBO 14 UCTOYHUKOB 3027 600 TBIC. 23 THIC.

B Tabn. 2 npexacrasnens! aeranbHbele ganHele 1o MOOC-mmatdgopMam u Kopiycy pabodnx Hpo-
rpamm gucuuioine (PITML), coOpanubie ¢ caiftoB 10 KpYyMHBIX POCCHICKHX BY30B II0 HAINPAaBJICHUSM
MOJITOTOBKH, CBS3aHHBIM ¢ HHPOPMAITHOHHBIMH TEXHOIOTUSIMHU.

Tabnuua 2
[eTannsaums KopnycoB OHJIaNH-KYPCOB U Y4€OHbIX AUCLUMITUH
Stepik OpenEDU Coursera Intuit PIIJT
Uucno J0KyMEHTOB 554 315 275 907 976
KonnyecTBOo TOKEHOB 39 394 93 866 39 669 75 942 351 459
Komuectso 6098 6574 6113 6693 15 688
YHHUKAJIBHBIX TOKCHOB
Cpennsa Auna 71 297 144 83 360
JIOKYMEHTa
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5. DkcnepuMEHT MO OlleHKe Ka4ecTBAa CEMAHTHYECKOI0 MOUCKA

J1 SKCTIEpUMEHTOB B Ka4eCTBE TTOMCKOBBIX 3aIPOCOB HMCIOIB30BANTHCH (POPMYIHPOBKH TPYIOBBIX
(GyHKIHIA, a Tak)Ke OT/IENBHBIX TPYJIOBBIX NEHCTBUI U TpeOOBaHMN K 3HAHWSM M YMEHUSIM U3 TPEX MPo-
¢deccuonanbupix cranaaptoB: «lIporpammuct», «CHCTeMHBI aIMUHHUCTPATOp HHPOPMALMOHHO-
KOMMYHHKALIMOHHBIX CUCTEM», «CenuanucT no WHPOPMaHOHHBIM CUCTEMaM).

OO11ee 9YMCiIo pa3IMIHbBIX TOUCKOBBIX 3aMPOCOB: 78.

K onenke xadecTBa moucka ObLIM MPUBJICUEHBI SKCIEPTHI-pab0TOAATENHN, PENOAAIONINE B By3axX
npohIIbHBIE AVCIUTUIHHEI, CBSI3aHHBIE C YKa3aHHBIMH MpodecchsMu. JKCIIEPTHl OIIEHUBAJIH PeJIeBaHT-
HOCTB PE3yJIbTATOB MOWCKa JIJIS KXKAON 13 Mojenei mo mkaie oT 1 go 5. [locne pasmeTkn Hecormaco-
BaHHBIE OIIEHKH JKCIIEPTOB OBLIN JINOO yIaIeHbI, TH00 KOJIIErHaaIbHO IEPECMOTPEHEI.

Jist OLeHKH KayecTBa MCIOIb30BAINCh TPAAULUOHHBIE METPUKU A7l HH)OPMALIMOHHOTO TIOMCKA:
Mean average precision (MAP) u Normalized Discounted Cumulative Gain (nDCG).

B Tabn. 3 npuBeneHbl mapaMeTpsl 0OyUeHHS AJS UCIOJIB3YEMbIX HEHpOCETeBBIX MOJAENEH, MoKa-
3aBIIME JIy4YlINe Pe3ylbTaThl B moucke. HelipoceTeBbie Moaenu OblIM 0OyUeHBI HA MCXOTHOM TEKCTO-
BOM KOPITyCc€ YIeOHBIX KypCOB C HCIIOIB30BaHUEM MPenoOpabOTKN TEKCTa, OTIICAHHOW BHIIIE B METO/IE.
Mopnenu, koTopsie ObLIH 00YYeHBI Ha OTKPHITHIX mHTepHET-Kopmycax (HKPS, Bukuneama, Araneum),
MOKA3bIBAIOT Ce0s B 3a/1ade CEMaHTUYECKOTO IMIOMCKA KYPCOB CYIIECTBEHHO XYK€ M B HTOTOBOU OIEHKE
KaueCTBa HC IIPUBOIATCA.

Tabnuua 3
MapameTpbl HeMpoceTeBbIX MoAenen sidbika (NoKas3aBLIMX NyyluMe pe3yrnbTaTbl)
Mopaens ApXHUTEKTypa Pa3zmepHocTh Min uactora Onoxu
BCTPEYH CIIOBA
Word2vec CBOW 300 3 50
FastText CBOW 300 3 50

Mogens TF-IDF — expansion w2v peanu3yeT KOHLEHIHIO PACIIUPEHUS] UCXOIHOTO KOPOTKOTO 3a-
npoca u3 8—12 cioB onucanus TpeboBaHus MpodcTaHAapTa OIU3KUMH CIOBaMH 1o Mozaenn word2vec.
Jlydammm amst 3ToM Mozenu ce0sl Mokas3ajl BapHaHT C PacIIMPEHHEM KaxKIOro ciioBa 3 OmKaimmmu
CJIOBaMH.

B Tabxn. 4 nmpencraBieHbl pe3ynbTaThl OLEHKA TOYHOCTH ITOMCKA Ha TiyOuHy Bbigaun — 1, S u 10, a
TaK)Ke MPHUBEJIEHBI PE3YNbTaThl IS IBYX TPaHMIl PEIEBAHTHOCTH PE3YJIHTATOB IO OLIEHKE JKCIEPTOB:
2,5 u 3,5. Jlyumme pe3ynbTarhl MOKa3bIBaeT MOJECIbL ycpeAHeHHOro word2vec. CTOUT OTMETHTh, YTO
11t 0oJiee TOUHOTO MOUCKA IO peNeBaHTHOCTHU ¢ 3,5 pesynbraThl Mojenu fastText mpubmmkarorcs 1o
kagecTBy Kk word2vec. HeipocereBble Mopenu ¢ npuMeHenneMm conoctasienus IN-OUT marpun npu
pacueTre CeMaHTHYECKOW OMM30CTH MOKAa3bIBalOT ceds XyKe B 3TOH 3ajaue BO BcexX ciydasx. Mojenb
TF-IDF ¢ pacmupenueM 3arpoca 1o word2vec ais moucKkoBo# BeIgaun TiryOuHbl 5 1 10 moka3siBaer
TMydIve pe3ynbTaThl, YeM ucxomnas Monenb TF-IDF 6e3 moaudukaum 3amnpoca.

Tabnuua 4
Pe3ynbTaThbl 3KCNEepUMEHTa MO OLleHKe TOYHOCTU CEMAHTUYECKOro NoMcKa KypcoB

Mogers Relevance > 2,5 Relevance > 3,5
MAP@1 | MAP@5 | MAP@10 | MAP@1 | MAP@5 | MAP@10

TF_IDF 0,903 0,752 0,660 0,801 0,607 0,518
TF-IDF — expansion w2v 0,830 0,768 0,699 0,667 0,618 0,521
Avg. Word2Vec 0,907 0,865 0,836 0,702 0,647 0,616
Avg Word2vec (IN-OUT) 0,930 0,825 0,749 0,733 0,631 0,542
Avg. Word2Vec — TF-IDF 0,867 0,816 0,789 0,667 0,593 0,562
Avg. Word2Vec — TF-IDF

(IN-OUT) 0,833 0,773 0,736 0,733 0,620 0,572
Avg. FastText 0,867 0,811 0,804 0,733 0,642 0,593
Avg. FastText (IN-OUT) 0,759 0,643 0,604 0,586 0,498 0,448
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Ha puc. 2 moka3aHa oOIieHKa TOYHOCTH TTOrcKa 1Mo MeTpuke MAP mist rirybuns! Beraun 5 (MAP@S)

JUIS. Pa3HOTO MOPOra PeIeBaHTHOCTH
9KCIIEPTOB BHILIE 4,5.

KYypCOB — OT 1,5 J0 CaMOro TOYHOI'O BapuaHTa IOKCKa C OIICHKOMU

0.9

0.8

0.7

MAP

0.6

0.5

0.4

--v-- TF-IDF
—— TF-IDF - expansion w2v
- —-=- Avg. Word2Vec
~eo- Avg. Word2Vec - TF-IDF
—— Avg. FastText

1.5 2.0

2.5 3.0 3.5 4.0 4.5
Relevance

Puc. 2. OueHka ka4yecTBa To4HOCTK noucka (MAP) BeKTOpHbIX Moaenen

npu pa3HOM 3Ha4YeHn

1 nopora peneBaHTHOCTU pe3ynbTaToB (oT 1,5 no 4,5)

Jist camMbIX BBICOKMX TIOPOT'OB PEJIeBAaHTHOCTH Jrydlle Bcero ceds nmokaseiBaeT TF-IDF ¢ pacmmpe-
HHeM 3anpoca 1o word2vec. Kpome 3T0ro, MoKHO 3aMeTUTb, 4TO KauecTBO Mojenu FastText cHikaer-
Csl TOpa3/l0 MEJICHHee NpU IMOBBIIICHUH IOpOra PeieBaHTHOCTH, YeM KauecTBO Mojeneir Word2vec.
3to nemaet mojens FastText Gonee mpeArnouTHTENEHON MPH BHICOKMX TPEOOBaHMSIX K TOYHOCTU TTOMC-

Ka, Korga Mbl OXXHUJAa€M B KaiyC€CTBC

pe3ysbTaToOB 00JIee Y3KHE MPEeIAMETHbIC Y4eOHBbIe KYpPChl, MaKCH-

MaJIbHO OJIM3KHE K MCXOAHOMY 3ampocy — TpeboBaHMIO npodceTaniapra, a He 6osee mMpokue 0a3oBbIe
npodeccuoHaNbHbIE KYyPChl, OKPBIBAIOIINE TPeOOBaHUE JIUIIL YACTUYHO.

B Tabn. 5 mpuBeaeHsl pe3ynbTaThl OLIEHKU KauecTBa pamkupoBanus 1o merpuke nDCG. Jlyqmme
pe3ysbTaThl 1eMOHCTpupyeT Moaens FastText, uto eme pa3 CBHACTENBCTBYET 00 yCTOHUYMBOCTH MOJEIN

K TIOMCKY 00JIe€ Y3KHX MPEIMETHBIX
pBIHKA TPY/A.

KypCOB, MAKCUMAJIbHO IIOJJHO OTBE€YAIOIUX HCXOOHOMY 3aIlpocCy

Tabnuua 5
Pe3ynbTaTbl 3KCNepuMMeHTa No oLeHKe Ka4yecTBa paHxupoBaHusa (MeTpuka nDCG)
CeMaHTM4ecKoro noucka Kypcos
Moenb nDCG@3 nDCG@5 nDCG@10
TF_IDF 0,742 0,729 0,757
TF-IDF — expansion w2v 0,716 0,719 0,733
Avg. Word2Vec 0,685 0,702 0,746
Avg Word2vec (IN-OUT) 0,683 0,709 0,724
Avg. Word2Vec — TF-IDF 0,643 0,677 0,717
Avg. Word2Vec-TF-IDF (IN-OUT) 0,647 0,663 0,726
Avg. FastText 0,771 0,778 0,811
Avg. FastText (IN-OUT) 0,593 0,606 0,689
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B Tabn. 6 npuseneH nmprMmep MOMCKOBOM BbLIAYX AJISL MIUIFOCTPALMK MPAKTUUECKOIO NPUMEHEHUS
NoJaX0/1a 00bEeJMHEHUS 3apOCOB ¢ TpeOOBaHUAMH MPOQCTAHAAPTA MPH MOMCKE YUYEOHBIX KypCOB UIS
onHol npodeccun «[IporpaMMucT» O CyMMapHOH ceMaHTHYECKOH OM30CTH Ha OCHOBE HEHPOCETEBON
Monenu FastText kak mocnenHui miar mpearaeMoro MeToJia CEMaHTHYECKOTO TTOUCKA TPOrpamMM AHC-
LUIUINH C TPeOOBAaHUSIMU PhIHKA TPYIa.

Tabnuua 6
Mpumep nouckoBow Bbigayn: Ton-10 y4eOHbIX AUCLUNIINH, TPOPAHXUPOBaHHbIX
no peneBaHTHOCTU NO cymmapHoﬁ CeMaHTU4YeCcKon 6nInM3ocTu K TpesOBaHMﬂM
npodpeccrmoHanbHoro craHaapTa «fMporpammucT»

Ne HazBanwne yueOHOM TUCTIMTLTHHBI 2(sim)
1 IIporpaMMHas HHKEHEPHS 3,0026
2 TecTupoBaHue U OTJIaKa IPOTPAMMHOI0 00CCIICUCHHS 2,6837
3 TexHonornu pazpaboTKH MPOrpaMMHOTO MPOTYKTa 2,4050
4 [TpoekTrpoBaHKE NPOTPAMMHBIX CHCTEM 2,3993
5 TexHoOrNN pa3pabOTKH MPOrPAMMHOI0 00CCIICUCHHS 2,3532
6 Bepudukanus u arrectaiysi IporpaMMHOT0 00ecIIeUeHHsI 2,3300
7 MeToibl TECTUPOBAHHUS TPOTPAMMHOT0 00ECTICUeHHUST 2,3129
8 TGXHOj'IOFI/II/I pa3paboTKH MPOrpaMMHOT0 00eCTIeYeHus AT MOOMITBHBIX 17895

YCTPOICTB '
9 BBeneHune B reHepannio mporpaMMHOro Koja 1,7017

10 | AHanu3 TpeOOBaHUM K MPOrPaMMHOMY 00ECIICUCHUIO 1,3147

3akia0ueHue

B nanHoii paboTe mpemiokeH METOJ CEeMaHTHYECKOro MOMCKa YYeOHBIX JUCLUIUIMH W OHJIalH-
KypCOB IIOA 3aJlaHHbIe TPeOOBaHUS NMPOQECCHOHANBHBIX CTaHAApTOB. IIpoBeneHa 3KCIepUMEHTaIbHAS
OIICHKa KadecTBa HewpoceTeBhIX Mojeneid word2vec u fastText B cpaBHEHHH CO CTAaTHCTHYECKOW BEK-
topHO# Moaensto TF-IDF. Monenu ycpennennoro word2vec u fastText mokazanu jydiine pe3yiabTaThl
M0 TOYHOCTH MoHcKa 1o Mmetpuke MAP, mpu sTom Mozaens fastText Taxke obecrieunBaeTt Jrydliee Kade-
CTBO paHKMpOBaHUs Belgaun 1o metpuke nDCG.

B kadecTBe JanpHEWIIMX MIaroB HUCCIEAOBAaHUS MpEIaraeTcs NPUMEHUTh MOJIENIM TEMaTHIECKOTO
monenupoBanus (PLSA, LDA) ¢ agnuTuBHOI perymnspusanueil Ui NpeaBapUTeIbHOr0 Cy>KeHHs Ipo-
CTPAHCTBA MOUCKA (KOJICKI[MHM KYPCOB) TOJT 3aJJaHHBIC TPEOOBAHUS ONPEICICHHBIX MPOQECCHOHATBHBIX
CTaHJApTOB, YTO MO3BOJHT MOBLICUTH KAueCTBO IMOMCKA Ha OOJIBIIYIO TIIyOMHY BBIJIA4M W 3apaHee OT-
cedb KypChl, KOTOpbIe HEpeJIeBaHTHBI I ONpeAeIeHHON nmpodeccuonansHol obactu. Takxe npemia-
raercsi peaju30BaTh OLEHKY Ba’KHOCTH CO CTOPOHBI paboTopaTeneil TeX WM MHBIX TpeOoBaHUU mpod-
CTaHJApTOB ITyTEM CEMaHTHYECKOTO aHajh3a TEKCTOB BaKAaHCHUH B CHUCTEMax OHJIAWH-PEKPyTMEHTa Ha
OCHOBE HeMpoceTeBbIX MOJIeNIEH S3bIKa.

HccnenoBanue BbInosHsieTcs: npu noaaep:xkke Poccuiickoro ¢ponaa pyHaaMmeHTanbHbIX HCCIEJ0BAHUI
B pamkax mpoekrta Ne 18-47-860013 p_a «MHTeNTeKTyaJbHAsA cucTeMa (JOPMHPOBAHHUA 00pa30BaTEIbHBIX
NMpOrpaMM Ha OCHOBe HelipoceTeBbIX MoJesiell eCTECTBEHHOIr0 SI3bIKA € Y4eTOM NnoTpedHocTell uMppoBoii
IKOHOMHKH XaHThI-MaHCUiiCKOro aBTOHOMHOT0 okpyra — FOrpen» (1orosop Ne 18-47-860013\18).
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With the growth of open educational content, growing demand for professional education from
the labor market, and the development of the concept of lifelong learning, the task of updating
the content of educational programs today is extremely important. The article discusses the semantic
search method to retrieval and ranking of educational content for the specified requirements of
the labor market, determined by professional standards. In contrast to traditional approaches of
matching and analyzing the content of educational programs based on ontological models and rules,
we propose the usage of word embedding and well-known neural network language models
word2vec and fastText. The initial requests are specific requirements for knowledge, skills and de-
scriptions of labor activities and labor functions extracted from professional standards. The search
results are the descriptions of academic disciplines and online courses, including goals and objec-
tives, learning outcomes, the structure and content of the main topics. We include the results of
the expert evaluation of the ranking quality for the semantic search by metrics NDCG (Normalized
Discounted Cumulative Gain) and MAP (Mean Average Precision) on the representative corpus of
IT disciplines programmes of universities and massive open online courses (MOOC). The best re-
sults for the search are shown by the word2vec and fastText models, which are trained without su-
pervision on large specially prepared corpuses of curriculum programs and descriptions of online
courses. To move from word vectors to document vectors various combinations of neural network
models with the TF-IDF weighting scheme are investigated.

Keywords: semantic search, semantic similarity, distributional semantic, word2vec, fastText,
academic discipline, massive open online courses, labor market.
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TO THE PROBLEM OF IMPROVE POSITIONING PRECISION
OF ROBOTIC MANIPULATOR UNDER CONDITIONS
OF INCOMPLETE INFORMATION
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South Ural State University, Chelyabinsk, Russian Federation

The control algorithm of robotic manipulator (RM) movement along the program trajectory by
the method of Lyapunov function is obtained. The method uses the decomposition of original multi-
ply-connected nonlinear system into subsystems and realizes the possibility of decentralized control
of each of moving RM links. The control signal is formed taking into account the dynamics of RM
mechanical system and electric drives. When constructing the control system, the coefficients of
nonlinear system dynamics equations a constructed in the form of the Lagrange — Maxwell equations
are calculated. The control for the initial nonlinear system is obtained explicitly. The stability of dy-
namical system in entire phase space and its dissipativity in region of phase space are investigated
with a significant influence of disturbing moments in operating conditions. To compensate for them,
an adaptive signal-type additive has been introduced into the control law, which ensures system per-
formance at significant rates of change in power moments on the output shafts of drives. The influ-
ence of measurement errors of RM state vector on the formation of control is taken into account.

In the Acsocad software according to the mathematical model of RM link, a block diagram is
made up with subsystems of gradient tuning and signal adjustment. The movement of one link along
the program trajectory is considered. To take into account the influence of measurement noise on
the values of current, speed and position, blocks with adding a random signal having a normal distri-
bution are added to system. Simulation was performed in the absence and influence of noise on
measurements both at constant values of adjustable coefficients, and using the coefficient gradient
tuning method. Constructed curves of coefficients optimal values to obtain the minimum deviation
value from the program trajectory. The efficiency of using the gradient tuning and signal adjustment
methods when RM is moving in conditions of incomplete information is shown.

Keywords: control, nonlinear systems, Lyapunov functions, bounded disturbances, uncertainty,
dissipativity, limiting set estimation, stability.

Introduction

A manipulation robot is a mechanical system whose dynamics is described by Lagrange's differen-
tial equations. The main difficulties encountered in solving problems of controlling such a mechanical
system are due to its high order, non-linearity and the presence of dynamic interaction between various
degrees of freedom. In the study of nonlinear continuous and discrete control systems, the main method
of analysis with the use of complete models of dynamics is the method of Lyapunov function. It is also
used to study the dissipativity of systems when the values of the constant parameters of the system are
uncertain. At the same time the main objective is to choose a Lyapunov function that would allow to
conduct the analysis effectively enough [1-3]. When solving the problem of synthesis of the control
moments of robot manipulator (RM) by this method, a function that reflects the change in the total ener-
gy of the dynamic system can be chosen as a Lyapunov function that allows to study the behavior of the
phase trajectories of the system in the entire phase space. With this approach, the Lyapunov function is
selected from the first integrals of the motion of the system. Along with the task of constructing a model
when managing a dynamic system, the task of measuring the state vector of a system with limited noise,
which considered in [4-20], is important.
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1. Formulation of the problem

The object of the study is a three-link robot manipulator with electric drives, the full model of
which dynamics is constructed in the form of Lagrange — Maxwell equations [16, 17] and according to
the well-known rules [21] is reduced to a non-linear model by the form of the relationship between its
input and output parameters, defined by the vector differential

i=F(x0.7), (1)
where U = (u;,uy....,u, )T are the input signals, and x =(x,,x,,...,x,, )T are the output signals, which are

determined ambiguously and depend on random factors v = (v1 V) ey Vg )T ,s=1,...,3n.

The dynamic system (1) operates under uncertainty. Along with external disturbances, the quality of
the control is also affected by the disturbances caused by errors in measuring the components of the state
vector of the system.

The problem of tracking the points of a program trajectory with control actions constrained in mag-

nitude is considered. The state vector of the RM x; =(m;.,n;., 1, )T is determined by manipulator gene-

ralized coordinates, given rotation angles nk , A=1,2,3 and angular velocities 1), of the links of the RM,
as well as generalized velocities of electric drives, that is the currents of motor armature windings /7, .
Generalized coordinates and velocities are assumed to be measurable at any specific time. The points of
the program trajectory are given by the generalized coordinates m, and velocities 7y, , 7, . The prob-

T
lem of the motion control of the RM at the point of the program trajectory x° = (n;,ﬁ;,l ak) is set as

the problem of return of a certain region from an arbitrary point due to deviation from the trajectory un-
der the action of disturbances.

Perturbations An", A", AI; are introduced as the difference between the current and program

values of the phase vector coordinates. It is assumed that the generalized coordinates and velocities of
the system are accessible to measurement, and the control forces are subject to restrictions on the norm.

The control is synthesized using the Lyapunov function method in the tensor form of the record,
which removes the cumbersomeness of the given expressions.

The Lyapunov function V'is constructed as a bundle of first integrals of the perturbed motion of
the system.

V=J+pJ,J,, A=1273,

where p is the positive constant,

1 o]
J= E%n’“n“ + E(LW = LY M, Mo ATSATY 4 W, (M), R,y =1,2,3, )

o o o aM
Jk = (Lakp _LZYMVHMVX)IW _(Laku _LZVMYHMVL)ILJ“ +L})/Yny and AT]B, %M,Y,V = 1a2a3a (3)
p

¢y 1s the manipulator metric tensor, L Ly, are inductance tensors, M, is the tensor of mutual

alp »
inductance of armature winding and stimulation of electric motors, LZ‘Y is calculated using the formula
vaxL%y =3, where & denotes Kronecker symbol; R,,, B, are tensors, defining the dissipation of

electromagnetic and mechanical energy of the system, accordingly, W, (n) is the manipulator potential

energy.

Total derivative ¥ of the function ¥ in the force of the system (1), taking into account (2), (3), has
the form

V= =B, " +(Ux _Rkp.[};)(pjk +5xpNa”),

operating on the degree of freedom A, U, is the control restrained by limitation U, € RS, RS is
the restricted closed set given from the control resources.
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Choosing the controls in the form of
U, =RM1]5—0L[JK +%8MAIEJ, 4
with positive constant o, we will obtain
2
V:—Bwﬁww—paﬂg+é6MA¢j.

The derivative ¥ of the Lyapunov function is negative definite, and, consequently, the equilibrium
position of the system is stable.

2. Parametrization of control law
The constructed control (4) contains two arbitrary parameters o and p. For their choice, we submit

the control law in the form
Uy =R 1, +KLLAI§ +KA2HA11K, Au=123, (5)
where the tensors K}\“ and Kf“ , whose elements contain unknown parameters, are to be calculated

and realized in the controller. Let us take the following objective function as a parameter choice
criterion

]
Q_z
T

where the vector of deviations Ax, € R : Ax, = (A];,Ank,Aﬁl) A=1,23.

(Ax, ),

When minimizing the objective function with respect to the required parameters, we shall take
the differential equations of the object as constraints in a simplified form: we assume that the RM is in
a potential-free field, the mutual inductance factors are negligible, and its dynamics is described by
a system of differential equations obtained from the system (1) by linearizing it in the position of
the robotic arm with orthogonal arrangement of links. These constrains have the form

X =AX+BU +Cv.

In this equation A4 is a block matrix whose structure is determined by the metric tensor of
the manipulator and the tensors of inductance and mutual inductance of the armature windings and

. . . . — T _— T . .
excitation of drive electric motors, U = (u,u,,uz) ,v =(v,v,,v3) — disturbances, B, C — matrixes

of the system.

Decentralized control (4) makes it easier to solve the problems of control by representing the initial
nonlinear system in the form of three subsystems, each of which is subject to mutually uncorrelated dis-
turbances. Given the small dimension of the subsystems, we obtain their equations linearized in
the neighborhood of the points of the program trajectory

x=4x+Bu+Cyv,

0 1 0 0

where x,u,v — are the vectors of the state, control, and disturbances, 4,,B, are the matrices;
C,,Cp are the coefficients of proportionality of the torque and EMF resulting from the rotation of
the motor armature; L, is the inductance of the armature winding; D, and R, are the coefficients of
the viscous friction and the resistance of armature winding, respectively, which determine the dissipa-
tion of mechanical and electromagnetic energies, respectively; J, is the moment of inertia of the sub-

system brought to the shaft of the electric motor.
When setting ratios the task of the subsystem is to find the minimum of the scalar function

0= %(AxK )2 ,A=1,...,N, by the gain coefficient vectors k, . Rate of change of the objective function

18 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2019, vol. 19, no. 2, pp. 16-28



lWupsiee B.W., Lljep6akoe B.T1., K 3adaye yny4yweHuss moyHocmu no3uyuoHuposaHus

BpazuHa A.A. po6oma-maHunynsmopa e ycsoeusix HernosHomsl UHghopmayuu
. o0 -
0, = (—k j (6)
ok ),

in the tuning process should be less than zero and as less as possible, thus ensuring the quickest des-
cent in the direction of the minimum Q, . It follows from the (6) that a gradient tuning algorithm

can be used to solve the minimization problem, which has the following form of the function under
consideration

kk = —(F(PT (AX)T) N
A
where I'; is the diagonal matrix of the coefficients of regulating loops.

3. Control under significant influence of disturbance torques

Among the main reasons for the deterioration of the quality of robot control are unpredictable
changes in load moments at the output actuator shafts, the effect of viscous and dry friction forces,
the elimination methods of which are difficult to implement, and the intensification of the destabilizing
interference of subsystems. These phenomena are difficult to overcome using actuators with only linear
feedback on the output variables of the subsystems, especially since the controller gains have design
constrains. One of the means of compensation for disturbing factors are signal-type control algorithms
that ensure the system's operability at significant rates of change in disturbing factors. The advantages of
algorithms include the high speed of adaptive processes and ease of implementation, however, due to
the limitation of input signals of electromechanical systems, the adaptability of algorithms is also limi-
ted. Accordingly, it is advisable to use them to control the object, when there are disturbing factors with
a limited range of their variation and high speed.

Let us construct an algorithm for RM control under a significant influence of disturbance torques
using the Lyapunov. We take into account the effect of the dry friction force moments

M = iﬁsign{f]u} in the elements of the mechanical transmissions of RM and the moment of forces
opposing the movement of the operating element, caused by the work performed M; = —k{uﬁFl , where

kﬁl and k;, are the diagonal matrices of the coefficients of friction and resistance, respectively. We shall
call a disturbance random torque caused by the impact of external factors, the emergence of which is

inevitable in the operating process of manipulating equipment, as M il . In the control synthesis, we shall

assume that M}’ is limited in value.
We shall add a relay component to the equation (5)
U, =U, +UY?, (7

sp_ _7.5p
where U," = kxu

ﬁp‘sign {Jk +18&A]a”} , ;’; is a diagonal matrix, the positive elements of which
p

are chosen based on the requirements imposed on the quality of control, control resources and magni-
tudes of the disturbance torques.
Evaluation of the stability of the movement of the RM in the management (7) gives inequality,

which should be guided by the choice of coefficients, based on the condition ¥ <0:
(L +—1 8“]AI +1 _6 vB An
ak ql bv
Y p * H on,, p

1,10, < ok, i

4. Simulation of control law
The structural diagram of the second subsystem of RM is shown in Fig. 1. The presented model rea-

lizes the movement along the program trajectory, which determined by the expressions n! =12 =0,

n? =0.5sin2¢. To obtain the measured values of current / 3 , velocity 7” and position n?, the Noise

blocks that allow generating Gaussian noise, as well as FK units that perform signal filtering, are added
to the diagram.
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. I w e aase
(k22 )

Fig. 1. Structural diagram of the second subsystem of RM

The control law of the second subsystem is simulated in the form (5). The value of the signal ad-
justment coefficient k22 (k22 in diagrams) has a constant value, and the values of the parameters Kéz

and K 222 (K21 and K22 in diagrams, respectively) are determined during the motion of subsystem using
a gradient adjustment with the values of the specified coefficients y; and y,. The structural diagrams of

the gradient adjustment subsystems for coefficients K3, u K3, are shown in Figs. 2, 3.

vl * — P K21

0.202 222
222 ~ .
K21 '¢
> *
"
1
<l |- — | -
1.23 |e—» — >
s K22 *
1 T 1
T > 19711 T
<l
0.02 |«
(An J—> s

Fig. 2. Structural diagram for adjusting the coefficient K21
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Fig. 3. Structural diagram for adjusting the coefficient K22

The initial values of the adjustable coefficients K,,, K, and k; are choosen to be equal to —
5 V/A, —13305 V/rad and 80 Vs/rad, respectively, and values of coefficients y, and y, are assumed to

be equal to —4000 and ~10,9', respectively. The results of simulation of the second subsystem without

regard to the influence of noise are shown in Figs. 4-6. The values of coefficients K 52 (Fig. 4) and K 222
(Fig. 5) are determined during the motion of subsystem in real-time mode for the purpose of decrease
deviation of position An? from the program value (Fig. 6).

Ky (VIA)
0
-1.25
-2.5
-3.75
-5
0 2 4 6 8 10 12 14 16 18 20
t(s)
Fig. 4. Curve of changes in the adjustable coefficient K21
Ky,(10°Virad)
0
-25
-50
-75
-100
0 2 4 6 8 10 12 14 16 18 20
t(s)
Fig. 5. Curve of changes in the adjustable coefficient K22
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Fig. 6. Curve of deviation of position from the program value

It should be noted that the observed transient processes are conventionally divided into two areas.
In the first area, the duration of which is up to 4 seconds, there is a significant change in current due
to the start of the engine. The maximum absolute error value (MAO) in this area is 0.14 rad, however,
the main program of RM is constructed so that during this period of time there is no interaction with
the object.

During this time, the primary gradient adjustment of the parameters K%Z and K 222 is carried out,
the values of which by the end of the first section are —2.186 V/A and —75363 V/rad, respectively. Fur-
ther, during the processing of the object, the values of the adjustable parameters change by no more than
10% relative to the values determined at the end of the first section, and MAO value in this area does not
exceed 0,004 rad.

If the gradient tuning and the signal adjustment are not used, and the values of —2,186 V/A and
—75363 V/rad are chosen as constant values of parameters Kj, and K3,, then MAO value will be
0,075 rad in the first area, and 0,0056 rad in the second area. If the signal adjustment is used, then
the MAO value in the second area is equal to 0,0065 rad. Thus, the use of constant coefficients with
the included signal adjustment allows to control the link in the absence of noise and disturbances more
accurately than without the use of signal adjustment.

To determine the optimal combination of parameter values K), and K3, , allowing to achieve maxi-
mum accuracy of movement along the program trajectory, a function § (K%z,Kzzz) is built, the value of

which at each point corresponds to the MAO value of the second trajectory area from 4 to 20 seconds
with corresponding values of coefficients K), and K3,. Fig. 7 shows the dependence K3, on Kj,,
which makes it possible to reach the minimum of the MAO value, and in Fig. 8, the curve of the MAO
value at the corresponding points.

Thus, with an increase in the value of the coefficients Kj, and K3,, a decrease in the MAO value

of the second area of the trajectory to a value of 0.0025 rad is observed.

This allows to increase in the specific case under consideration by 60% accuracy relative to the re-
sults of applying the gradient tuning method.

When the noise channels Noisel, Noise2, Noise3 are affected, having a deviation of the normal dis-
tribution of 1, 0.001 and 0.001, respectively, the MAO value increases. So, when using constant values

of coefficients K}, and K3, , improving accuracy by 60% without the influence of noise, the MAO value

of the second area of the trajectory will be 0.0286 rad.
However, when using a gradient tuning with signal adjustment, the MAO value of the second trajec-
tory area (Fig. 9) will be only 0.0106 rad.
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Fig. 7. Curve of optimal values of coefficients K21 and K22
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Fig. 8. MAO value of the second trajectory area
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Fig. 9. Curve of deviation of position from the program value
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Fig. 10. Curve of optimal values of coefficients K21 and K22
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Fig. 11. MAO value of the second trajectory area

Fig. 10 shows the dependence K3, on K,,, which makes it possible to reach the minimum of

the MAO value, and in Fig. 11, the curve of the MAO value at the corresponding points. The smallest
MAO value in this case is 0,01 rad that it is less than 6% higher than the result of the gradient tuning
method.

Conclusion

This allows to conclude that, despite the less accurate indicators of the gradient tuning method
using signal adjustment without regard to the influence of noise compared with the method of se-
lecting and using constant optimal coefficient values, this method works effectively in the condi-
tions of incomplete information and does not require additional calculations of values of the coeffi-

cients K}, and K3,.

The decentralized control algorithm of the RM by the direct Lyapunov method is constructed using
the complete nonlinear model of the dynamics of the control object, ensuring a stable movement to
the point of the program trajectory. With the destabilizing influence of the interconnections of RM sub-
systems, the significant influence of disturbances in the operating mode and the availability of typical
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nonlinearities, the expediency of using the control algorithm of the signal type is substantiated.
The property of the system dissipativity and the stability resulting from it under certain conditions are
considered. The results of simulation are presented.

The work was supported by Act 211 Government of the Russian Federation, contract No. 02.A03.21.0011.
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K 3AOAYE YNYHWWEHUA TOYHOCTH
NO3NUNOHUPOBAHUA POBOTA-MAHUNMYJIATOPA
B YCNIOBUAX HEMNOJIHOTbl AH®OPMALIUU

B.A. Wupsies, B.I. Lljepb6akos, A.A. BpazuHa
FOxHO-Yparnbckul 2ocyGapcmeeHHbIlU yHusepcumem, 2. YenssibuHck, Poccus

[TomyyeH anropuT™M yIpaBieHHs IBHXCHHEM MaHMITYJSAIHOHHOTO poborta (MP) mo mporpam-
MHOH TpaekTopuu MeToxoM (yHKIui JlsmyHoBa. MeTox HCIONB3YyeT NEKOMITO3HIMIO MCXOIHOM
MHOT'OCBSI3HOW HEJTMHEWHON CHUCTEMbl Ha MOJCHUCTEMBI U pealiu3yeT BO3MOKHOCTb JELEHTPAIN30-
BaHHOTO YMPaBJICHUs KaXIbIM U3 TIOJBUKHBIX 3BeHbeB MP. Ympapistonuii curaan GopMupyercs ¢
Y4eTOM JMHAMMKH MeXaHuueckoil cucremsl MP un anextponpuBoos. IIpu mocTpoeHuH cuCTEMBI
YIIPABIICHUS BBIYUCIIOTCS KO3((GHUINECHTH YpaBHEHUH AWHAMUKN HEIWHEWHON CHCTEMBI, IOCTPO-
SHHBIX B opme ypaBHeHmid Jlarpamka — MakcBeiuta. YpaBieHHe s UCXOTHON HEIMHEHHON CHC-
TEMBbI MOJIYYEHO B SIBHOM BHze. ccienoBana ycTOHYNBOCTh AMHAMUYECKONW CHCTEMBI BO BceM (ha-
30BOM NPOCTPAHCTBE M €€ AUCCHIIATHBHOCTH B 00J1acTH (Da30BOTO MIPOCTPAHCTBA MPH CYIIECTBEHHOM
BIIMSIHUM BO3MYIIAIOIIAX MOMEHTOB B pabodmx pexkumax. s nx KOMIIEHCAlMy B 3aKOH yIIpaBliie-
HUS BBEJIeHA a/IallTHBHAsA N00aBKa CHUTHAIBHOTO THUIA, o0ecrneunBaromas paboTocrnocoOHOCTh CUC-
TEMBI [P 3HAYUTEIBHBIX CKOPOCTSAX M3MEHEHHS CHJIOBBIX MOMEHTOB Ha BBIXOJHBIX Bajax IPUBO-
JIOB. YUTEHO BIUSHHUE OIIHOOK H3MEepeHHs BekTopa cocTosiHus MP Ha ¢opmupoBaHue ynpaBieHuUs.

B mporpammuom npoaykre Acsocad mo maremarudeckoit Mozenu 3BeHa MP cocraBieHa cTpyk-
TypHas CXeMa € MOJICUCTEMaMU I'PaIMEHTHON HACTPOMKY U CUIHAJIbHOM NOACTPOMKU. PaccMaTpuBaer-
sl IBMDKEHUE OJJHOTO 3B€HA 110 MPOrpaMMHON TpaeKTopuu. JIsl ydeTa BIMSHMS IIyMa M3MEPEHHH Ha
3Ha4YEeHHs TOKA, CKOPOCTH U IOJOKEHHUS B CUCTEMY BBEJCHBI OJIOKH, MOOABISFOLINE CITydalfHbIH CHT-
HaJl, IMEIOIIUI HOPMAJbHOE paclpesieieHe. BRIMOIHEHO MOIEUPOBaHUE B YCIOBHSIX OTCYTCTBUS U
BIIMSTHUS IIyMa Ha M3MEPEHMS KaK IPH ITOCTOSHHBIX 3HAUYCHMSAX HAcTpauBaeMbIX K03()(uIMEeHTOB,
TaK W C UCIIOJIL30BAaHMEM METO/A I'paJMeHTHON HacTpolikn ko3¢ ¢uumenros. [locTpoeHs! KpUBBIE
ONTHMAJILHBIX 3HAUCHUH KO3((HUIMEHTOB IS TOIyYSHNS! MUHUMAIBHOTO 3HAYCHUS OTKJIIOHEHHS OT
nporpaMMHON TpaekTtopuu. ITokasana 3(h(heKTHBHOCTh MCHOIB30BAaHUS METOAOB I'PAIMECHTHON Ha-
CTPOMKH U CUTHAJILHOM MOJCTPOIKH NPpH JBIKeHUH MP B yCIIOBHSX HEIOIHOTH HH(POPMAIIHH.

Knrouesvie cnoea: ynpasnenue, HeluHelinble CUcmemsl, Memoo @yukyuii JIanynoea, ocpanuyen-
Hble G03MYWeHUs, HeONnpeoeleHHOCMb, CEOUCMEO OUCCUNAMUBHOCHU, NPEOeNbHOE MHOICECTEO,
cmabunuzayus.
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AJTTOPUTM ONTUMAIIbHOIO AOANTUBHOIO TEPMUHAIILHOI'O
YNPABJIEHUA PACXOOOM TOMMMUBA XXKWOAKOCTHOM
ABUTATEJIIbHOU YCTAHOBKWU PAKETbI-HOCUTENA. YACTb I

A.9®. lllopukoe’, B.WN. Kanée" ?

" Ypansckuti pedepansHbill yHUsepcumem um. nepeozo [peaudeHma Poccuu b.H. EnbyuHa,
2. EkamepuHbype, Poccus,
2 AO «HIMNO asmomamuku um. akademuka H.A. Cemuxamosay, 2. ExkamepuHbype, Poccusi

IIpennaraercst aIropuTM pelIeHUs 3aJa4l YIPaBICHUS PACXOAOM TOIUIMBA KMIKOCTHOW JBU-
raTeNbHOM YCTAaHOBKM IEPBOM CTYNEHH PAaKETHI-HOCUTEIS, B KOTOPOM 3Ta 3ajada (GopMynupyercs
KaK 3aJjada ONTHUMAJIBHOTO aJaNTHBHOTO TEPMUHAIBHOIO YIPABIECHUS JUIs COOTBETCTBYIOLIEH JIH-
HEWHOU TUCKPETHOW TMHAMHUYECKOMN cucTeMbl. JJis 3TOro ucxoHasi HeJIMHEWHAasl HelpepbIBHAS CUC-
TeMa, ONMCHIBAIOUIasi TUHAMHUKY OOBEKTa YIIPaBICHMSA, JIMHEAPU3YETCS OTHOCHUTEIHHO 3aJAaHHOU
OTIOPHOM TPAeKTOPHHU U 3aTEM JAUCKPETU3UPYETCS COTJIACHO TPEOOBAHUAM K IPOLECCY YIPABICHHUS,
B pe3ysbrare yero copMHpOBaHHAs allPOKCHMUPYIOMIas MOJAETb MPEACTaBIseT co00il cuctemy
BEKTOPHO-MaTPUYHBIX PEKYPPEHTHBIX COOTHOLICHUH. B annpoKcUMUpPYIOIIEH CUCTEME YUUTBIBAOT-
csl BCE OIpaHHYCHMS, HAJIOKEHHBIE Ha ()a30BBIN BEKTOP M BEKTOP YIPABJICHUS, H, KpPOME TOTO, Ipea-
MOJIAraeTCs, YTO 3TH OTPAHUYEHUS MMEIOT BUJ BBINYKIBIX, 3aMKHYTBIX M OTPAaHUYEHHBIX MHOTO-
T'PaHHUKOB C KOHEYHBIM YHCIIOM BEPIIMH B COOTBETCTBYIOLIMX BEKTOPHBIX MpOCTpaHcTBax. B pado-
Te opMyIMpyIOTCS 3aauM ONTUMAIBHOTO IPOrPaMMHOTO U aJalTHBHOTO TEPMUHAIBHOTO yIPaB-
JeHus U1 cQOpMUPOBAHHOM JIMHEHHOW TUCKPETHOW JTMHAMUYECKOH cucTteMbl. Ha ocHOBe penieHus
KOHEYHOU MOCNEJOBAaTENIbHOCTU 331a4 ONTHMAaNbHOTO MPOrpaMMHOI0 TEPMHHAIBHOIO YIPAaBICHUS
JUIs allIPOKCUMUPYIOIIEH JINHEHHOM MOJIENH NIPEIaracTcsl pEKypPEHTHBIN aIrOpUTM ONTUMAaJIbHO-
IO aJalTUBHOIO TEPMHUHAIBHOIO YIPABJICHUS HCXOJHON HEIMHEMHON IMHAMUYECKOW CUCTEMOM.
IIpu peanuszanuu anropuTMa ONTUMAIBHOIO IPOrPaMMHOIO TEPMUHAIBHOIO YIIPABJIEHUS UCIIOIb3Y-
€Tcs ammapar MOCTPOSHHS U aHajiu3a o0jacTel JOCTHKUMOCTH, PEeaIM30BaHHbIN MPH MTOMOIIX 00-
IIETO aIre0pandeckoro PeKyppeHTHOTO METOIa MOCTPOCHHS 00JacTel JTOCTHKMMOCTH JIMHEHHBIX
JIUCKPETHBIX JMHAMUYECKUX CHCTEM C HECKOJBKHMH €ro MOJM(UKALMIMH, HAIIPaBICHHBIMUA B OC-
HOBHOM Ha CHWD)KCHHE BBIYHMCIINTEIHHON CIIO)KHOCTH M, KaK CIICICTBHE, HAa YBEIMUCHUE €T0 OBICTPO-
neiictBua. DPdexkTHBHOCTh pa3pabOTaHHOTO AJITOPUTMA ONTHMAILHOTO AJAaNTHBHOTO TEPMHHAIIb-
HOTO YNPaBJECHUS JEMOHCTPHPYETCS HAa YHMCIEHHOM MOJAEIBHOM IpUMEpE ONTUMU3ALMU aJalTUB-
HOTO YNpPaBJICHUS pPacXOJOM TOIUIMBA JKUAKOCTHOHN IBUTATENbHOM YCTaHOBKH MEPBON CTYNEHU pa-
KETBI-HOCUTEIIS.

JlanHas paboTa gBnsSeTCS BTOPOH YacCThIO CTaThU.

Kniouesvie cnosa: onmumanbHoe npocpammHoe U adanmueHoe YnpaeneHue, mepmuHaibHoe
Ynpaenenue, pacxoo monauea, pakema-Hocumens, 001acmu 00CMUACUMOCHIU.

BBenenue

B nanHoii craTthe Ha ocHOBaHWU paboT [1-10] mis penieHns 3aJaud ONTHMAIbHOTO aJalTHBHOTO
YIpaBJICHUS AUCKPETHOW TUHAMUYECKON CHUCTEMOM MpeajiaraeTcss peKyppeHTHBIM allfOpUTM, KOTOPBII
CBOAUT HUCXOJHYI0O MHOTOIIATOBYIO 3aJayy K PEUICHUI0 KOHEYHOW MOCIIEAOBATENBHOCTH 3a1a4 ONTH-
MaJIbHOTO MPOrPaMMHOI0 TEPMHUHAJILHOIO yrnpasicHus B opme 3amauu 1. B cBoro ouepens, kaxmas
3agada 1 cBOAMTCS K peanm3allid KOHCYHOM IOCIEAOBATEILHOCTH OHOIIATOBBIX OTEPAlUi PEIICHUS
3aJ1a4 JIMHEWHOTO U BBIMYKJIOT0 MaTEMaTHYECKOTO MPOTPaMMHUPOBAHUS, alTreOpandecKuX onepanuii Ha
BBIMYKIIBIMA KOMITAKTHBIMA MHOTOTPaHHUKaMH, CUCTEM JIMHEHHBIX anreOpandecKux orepariiii 1 BCIo-
MOTaTeNbHbIX OJHOLIATOBBIX KPAaeBbIX 3a7a4 JUIsl TUHEHHBIX YIIPABISEMbIX CUCTEM.

HeiicTBue npeanaraeMeix B paboTe alropuTMOB peaii30BaHO B nporpammuoi cpeae MATLAB u
MPOWLTIOCTPUPOBAHO HA MOJAEIBLHOM IpuMepe. PaboTa mpomomkaeT mepByro 4acTh dTOW CTAaTbH, TEP-
MUHBI 1 0003HaUEHUS M3 KOTOPOH HCIONB3YIOTCS 37€Ch O3 TOTOTHUTEIBHBIX MOSICHEHUH.
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1. Anroput™ opMHUPOBAHHUSI MHOKECTBA ONITHMAJILHBIX IIPOTPAMMHBIX
TePMHHAJIBHBIX YIIPABJICHHI
[IycTh B AMCKpETHON JUHAMUYECKOM cucTeMe

x(t+1) = A@1)x(t) + B(t)u(t), x(0)=x, (1)
C OrpaHUYCHUAMU (1)330301"0 COCTOSHUSA U YIIPABJICHUA

x()eX,(cR*,te0,T; )

u()eU,(H)cR',1€0,T -1, (3)

Ka4eCTBO yNPaBJICHHUS B KOTOPOW Ha BPEMEHHOM HHTEpBaJIe 7,7 <0,T oueHusaercs (YHKIIMOHAIIOM
Yo (W,u()) = [x(T) = x4, = (T, 4

copmuposana t-nozuims w' (1) = {1, x (1)} e W(1) (w'?(0)=wj ). Toraa muist BHIYUCICHHS MHOKE-

CTBa ONTUMAJIBHBIX IPOTrPaMMHBIX yIpPaBICHAN [ (’E,_T, {x(r)},Xi% () c U(‘C,_T) pas3paboTaH MeTox

OPSMBIX U 00PaTHBIX KOHCTPYKUUH [3, 6], KOTOPBIM MIPUMEHHUTENBHO K pacCMaTpUBaeMOil ylpaBiseMon
JTUHAMHYECKOM CHCTEME peaTu3yeTcs MyTeM BBIOJIHEHHUS HIKECIEYIOIUX OTepariHii:

1) momraroBoro nocTpoeHus NpsAMbIX obnactei poctwxuMoctd G, (T, x(e)(t);t) , Vtet+1,T Ha

OocHOBe MoAuduKanuu 00IIero peKyppeHTHOro anredpandeckoro Meroaa [10] myrem pemeHus pekyp-
PEHTHOI TOCIeI0BaTeILHOCTH 3a7ad JUHEHHOT0 MaTeMaTH4YeCKOTO MPOrpaMMHUPOBAHMS, BHITIOJHEHUS
OJIHOIIATOBBIX OMepaluil Hal KOMIAKTHBIMA MHOTOTPaHHUKAMH M OIKMCAHHS UX C MOMOIIBIO BEpPIIUH U
KOHEUYHBIX CHCTEM anreOpandeckux paBeHCTB U HEPABCHCTB;

2) onrrumusauuy QyHKIMoHaNa Y (w(t),u(")) , onpenensemoro (4), Ha MHOXecTBe G +(17,x(e)(t);T ),
T. €. pOPMUPOBAHHS MHOXKECTBA Xgel (c R* onTuManbHBIX (uHANTBHBIX cocTosiHUM cucTeMsl (1)—(4)
., T
MyTeM pelIeHHs cielyromei 3aau BRITyKIOr0 MaTeMaTH4eCcKOro mporpaMMupoBanus [6, 117]:

X (T)={x<e> (D] (1) G (1x (@) T),

(e) —_— _ (é‘) _ . (e‘) _ .
CY (TaTa W(T)) - q)r,T - mln(e) . Hx (T) Xd “4}’
x(T)eG, (1,x*) (1);T)

3) momaroBoro IoCTpoeHus o0OpaTHBIX oOsacteit  poctmxumoctd  G_ (T, Xge)i (T); 1),
1,7

Vte{T-1,T-2,...,1+1} Ha ocHOBe MOAN(HKALNH OOIIEr0 PEKypPEHTHOTO anredpandeckoro MeTosa
[10] myTem pemenusi peKyppeHTHOM MOCIEAOBATENBHOCTH 3aa4 JIMHEHHOIO MaTeMaTH4eCKOro IMpo-
rPaMMHPOBaHUsI, BHIIIOJHEHHUS] OJHOIIATOBBIX ONEpalMid HaJ KOMIAKTHBIMA MHOTOTPaHHHKAMU M OIIHU-
CaHMA MX C IOMOILBIO BEPIINH U KOHEYHBIX CHUCTEM aJIre€OpandecKuX PaBEHCTB U HEPABEHCTB;

4) mocneaoBaTeIbHOTO MOCTPOSHHS MepeceueHri chOpMUPOBAHHBIX MPSIMBIX U 00paTHBIX objac-
Tel JOCTIKUMOCTH ITyTEM peasn3allii KOHEUHOM MMOCIe0BaTEIbHOCTH OTHOIIATOBBIX OTepaliii nepe-
X0JIa OT BEPUIMHHOTO OMUCAHUS 00JIaCTeH TOCTHKUMOCTH K OTMCAHHUIO COOTBETCTBYIOIIMMH CHCTEMaMHU
JUHEWHBIX anreOpanyecKrx ypaBHEHUI U HEPABEHCTB U HA0OOPOT:

G(x(:0) =G, (Lx(x)NG_ (T X[ (T, Ve, T -1;

G(rx(1):0) = (1 G(ox(0:T) = X (T);

5) peuieHust BCIOMOTaTeNbHBIX KPaeBbIX 337a4 Ha MPOMEXyTKe BpemeHu T,7 mis cuctems! (1)—(4)

¢ xpaeBbiMu ycnoBusiMu x(t) u x(7) = x© (e X(yel (T'), T. e. HAXOXJIEHUS CIICIYIONIETO MHOXKECTBA
1,7

ONITUMAJILHBIX MPOTPAMMHBIX YIPABICHUH IyTeM peaju3allid KOHEYHOH IMOCIeoBaTENbHOCTH anreo-
panyecKux onepanui:

U T (@)X (1) =0 |u' (1) e Uy0). Ve et T -1,

Xt +1) = A@)x' @)+ B(Ou' (1) € G(t,x(v); £ + 1), x'9 (1) e X, (1)}
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2. Aaroput™ (popMHPOBAHMSA ONITHMAJIBHOI0 AJANITHBHOIO
TEePMHUHAJIBHOIO YIIPABJIEHUA
[IycTh B nuckpeTHOl nuHaMuueckoit cucteme (1)—(4) chopmupoBana T-mo3unus

w9 (0) = {,x (1)} e W(r) (W (0) =wy).

r (o) *
Torma mns 1€ 0,7 —1 onTrManbHas aganTUBHAS CTPATETHs YIIPABICHUS Uif) =U. €U, dopmupyer-
Cs Ha OCHOBE MPUMEHEHHUS METOJA MPSAMBIX U OOPaTHBIX KOHCTPYKIHUH [3, 6] myTeM peaau3aliu cie-

JYIOIIEH MOCIeI0BaTEIFHOCTH OTICPAITHA.
1. Pemenus 3agaun 1, T. €. BEIYMCICHUS MHOYKECTBA

U (@ T w(0) = U@ T x(0)}), X (1) e U(nT)

U 4HClia cée)(r,_T, w(t)) = d)% Ha OTpe3Ke BpeMeHu T,7 .
2. Ha ocnoBanuu ¢hopmyi (13)—(15) nepBoit yacTu CTaTby BHIYMCIICHUS MHOXKECTBA yIIPaBICHUN
=(e)
UP W @)=Us W) cUy(D).
3. BeiGopa mo6oro yrpasnenus 1 (1) UEf) W (7).
4. BolyuciieHUs 110 YPaBHEHUSAM HEJIMHEHHOTo 00bekTa (T+1)-1mo3uiuu:
W +) =+ Lx90+ D x 9+ ) = Ft+ L1, t+L,x91),u'9 (1) .
5.Ecau (t+1)<T -1, To ocymiecTBUTh epexo Ha 1. 1, nHave — Ha 1. 6.

6. Pacder uucma ct(f; (O,_T, Wy) = Yo7 (wo,u(e)(~)) — ONTHUMAIBHOTO pe3yibTaTa pemieHus 3amadu 2,
COOTBETCTBYIOIIETO peau3allii YIPaBICHUS u(e)(‘) = {u(e) D}, o775 € U(O,_T) , TIOJIy4€HHOIr'0 Mocpe-

¥ > (e) =~(e) *
CTBOM IIPUMCHCHUS OINITUMAJIBHOU aJAlITUBHOU CTPATCIUA Ua = Ua S Ua .

B paborax [3, 6] mokaszaHo, 9TO AJIs TMHEHHBIX TUCKPETHBIX cucteM Buna (1)—(3) mpenioxxeHHbIH
AJITOPHUTM aJaNTUBHOTO YIPAaBJICHMS, OCHOBAaHHBIA HA PEIICHUU BCIOMOIATE/IbHBIX 3a/a4 ONTHUMAJb-
HOTO MPOTrPaMMHOT0 TEPMHHAJIBHOTO YIPABJICHUS METOIOM MPSIMBIX U OOPAaTHBIX KOHCTPYKIIHUH,
SIBJISICTCS. ONTHUMAJIBHBIM aJTOPUTMOM aJalTUBHOTO YNPAaBJICHUS JJI TEPMUHAIBHOrO (hYHKIMOHAIA
Buaa (4).

OTMeTHM, 4TO TMPEATOKEHHBIN aAITOPUTM PEIIeHHUs 3a/1a4ll ONTHUMAaJIbHOIO aJalTUBHOTO YIpaBie-
HUSl CBOAMTCS K PEIICHUI0 KOHEYHOTO YHCIa 337a4 JIMHEHHOTO M BBITYKJIOTO MaTeMaTHYeCKOTO TpO-
TpaMMHUPOBaHUSs, BBHITOIHEHHS OJHOIIATOBBIX OTEpalnii HaJl MHOTOTPAaHHUKAMH W OIHCAHUS UX C TI0-
MOIIIbIO BEPIIMH U KOHEYHBIX CHUCTEM allreOpanuyecKUX PaBEHCTB M HEPABEHCTB, PELICHHS BCIIOMOTa-
TEJbHBIX KPAeBBIX 3a7ad.

3. UncneHHBI MOACJIBHBII NPUMeP pelleHHs] 3a1a4H ONTHMAJIBHOI0 aJaITHBHOI0

TepMHHAJBHOTO ynpasiaenus /1Y PH

[Nokaxxem 3 PpeKTUBHOCTD MPENTIOKEHHOI0 MOAX01a M COOTBETCTBYIOIIUX aITOPUTMOB Ha YHCIICH-
HOM TNIpUMeEpE, MOACTUPYIOIIEM PEIIECHUE 33Ja4d ONTUMAIBHOTO aJallTUBHOIO TEPMUHAIBHOTO YIIPaB-
nenust pacxonom tormuBa Y PH [8, 9]. PaccmaTtpuBaeTcst HenuHelHas HeNpepbIBHAs yrpaBisiemMast
cucrema, onvceiBaromas nuHamuky /1Y PH na npomexytke Bpemenu [0, #] ypaBHEHUSIMHU:

(P+cU(t)* + U)K +U(1))

m, () = ! ,
U +cU@) +cU@)(1+ K +U(2)) )
o (0) = P+cU(t)* +c,U(1)
P U+ U@ +eU)1+ K +U®1)
M, ()= M0 +AM, ~ [ m,(t)dr,
fo
0 ) ©)
M ()= My +AM = [ 'm (dr,
C mapameTpamy, 3aJJaHHBIMHU B TaOI. 1.
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Tabnuua 1
MapameTpbl MICXOAHOW HENTMHENHOW CUCTEMbI
I c P, xr K, 6/p M(? , KT Mjg , KT AM,, xr AM;, xr
320 528 000 8/3 120 000 45 000 -500 300
AK, 6/p c1, 0/p ¢, 0/p c3, 0/p cy4, O/p cs, 0/p f,C
—1/25 8/75 —-6700 9000 -15 -12 100

HcxonHolt HEMMHEWHOW HENPEpPHIBHOW CUCTEME IMOCTaBJIEHA B COOTBETCTBUE AIIPOKCUMUPYIOIIAs
JMMHENHasl TUCKPETHAsI JUHAMHUYECKAsi CUCTEMa, MOJyUYE€HHAs NOCPEICTBOM JIMHEAPU3AUU BAOIbL OMOP-
HOH TPaeKTOPUU BUA TPACKTOPHUU:

PK , PK
md () =—>"—, |MIO)=M——"—
o ) I+1-K o (=M, I+1-K )
m'? (1) . M"Y 1)=M" __r
4 I1+1°K’ 4 I Ik

U TUCKpeTu3anuu. Takum o0pa3oM, anmpoKCUMUPYIOIIas peKyppeHTHas BEKTOPHO-MaTpUYHAs CUCTEMA,
cootBeTcTBytomas (1), umeer Buj

x(t+1) = A()x(¢) + B(t)u(t), t € 0,15,
e x(f) ={x; (1), %, (1), x3(£),x,(t)} € R*; x,(f) — pacxon oxucmurens JIY PH; x,(f) — Macca oknciuTe-
a1 AY; x;(t) — pacxon roprouero 1Y PH; x,(¢) — macca roprouero 1Y PH; u(r) € R' — BexTop ympas-

nenns; x(0)=x, =(1192.5,119 500, 454, 45 300)” — HauanmbHbIT (a3oBBIl BeKTOp 0OBEKTA YIpaBIe-
HUs; MaTpulsl A(t) u B(¢) cranunoHapHbIE U UMEIOT CIEAYIONINe 3HAUYSHHS:

1 0 0 0 17
6251 0 0
A(t) = , B(t)= , Vte0,15.
0 0 1 0 -12
0 0 -625 1 0

®azosslie orpannvenus Y PH mns Becex ¢t €0,16 umerot Bup
x, (1) €[1176;1224], |x, (1)] <120 000, x5 (1) €[432; 468], |x, (1)| < 46 000.
KauectBo nmpouecca ynpasienus xuakoctHoi 1Y PH onenuBaercs 3Hau€HHEM BBITYKJIOTO TEPMU-

HaAJIHOTO ()YHKLMOHAJIA B MOMEHT BpeMeHH 1 = 16, COOTBETCTBYIOIINI MOMEHTY BpemenH ¢ = 100 ms
HAYaJbHOU HEJIMHEHHON HEMPEPhIBHON CUCTEMBbI, 3HAYCHHS KOTOPOI'O BBIUUCIISIOTCS 110 hopMyJie

D(x(T)) = \/(1 200 x,(T))’ +x,(T)? + K2 (450 - x,(T))’ + K2x,(T)?

/i€ IepBBINA U TPETUH YJIeHbI 0] KBaAPaTHBIM KOPHEM 0003HAYar0T OTKJIOHEHHE PacX00B KOMIIO-
HCHTOB TOILIMBaA OT Tpe6yeMLIX 3Ha‘leHHﬁ, a BTOpOﬁ n ‘leTBepTHﬁ YJIeHBI — KOJIMYECTBO TOILIMBA B Oa-
kax xuakoctHoit J[Y PH.

Pemenne 3aga4yd OITUMAJIBHOI'O IPOTPaMMHOI'0 TCPMUHAJIBHOTO YIIPABJICHUA JJId JIMHEHHOM JnC-
KPETHOW CHCTEMBI PEAIIM30BAHO C ITOMOIIBIO alrOpUTMa, IPUBEICHHOTO B TIEPBOM IIaBe JaHHOW pabo-
TBI, W  TpeAcTaBisieT coboii  (QopMUpOBaHME  MHOXKECTBA  ONTHMAIBHBIX  YIPAaBJICHUIA
U= PO} g W e Lk O = =P 0}

1015 KOTOpOC MHOpOKAACT COOTBCTCTBYIOLIUC

ontumanbhbie Tpaektopun x“7 () = %(-;0,16,xy,u*" (), j € I,k . DUHANBHOE COCTOSHUE TAKHX Tpa-

EKTOpUit XD (16)=%(16;0,16,x5,u“" (), mms Becex jel,k ecTb BBIYMCICHHBIH BEKTOP
¥ (16) = (1200.1, 38.97, 450.03, 10.5), KOTOPHIii nocTaBiisieT GyHKIMOHAIY KayecTBa @ MUHUMAIIL-
(16) =( , , , ) p y y

noe smauenne O =O(x'9(16))=47,988. Jlanee BHIOHPAIOTCS HYETHIPE MPOTPAMMHBIX YIPABICHHS
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u'®?, j= 1,4 ¥ [OJCTABISIOTCS B HCXOMHYIO cuctemMy (5), (6) M cpaBHEHUS pe3yIbTaTOB pealn3alun

[IpoLEeayp IPOrpaMMHOIO U aJalITUBHOIO YIIPABIICHUS.
Pewrenne 3a1aun ONTUMAIBHOIO aIalITUBHOIO TEPMUHAIBHOIO YIIPABICHUS HENMMHEWUHON CUCTEMOM
peaM30BaHo ¢ MOMOIIBIO ATOPUTMA, IPUBEJACHHOTO BO BTOPOM IIaBe JaHHOW PaOOThI, M ONHCHIBACTCSI

mHOXKecTBOM ympasnernii U9 (-) = (1) O} - Ve 1,d: ' () = () (x(1))} 1015 A1A cpaBHe-
HUS TIOJTyYSHHBIX PE3yJbTaTOB pealln3allii MPOTPaMMHOTO M aJalTUBHOTO YIPAaBJICHUS B pacCMaTpH-
BaeMOM NpuMepe ObLIM BBIOpaHBI M MOJACTABJICHBI MOIIArOBO B cucTeMy (5), (6) 4eThipe CTpaTeruu
aJJalITUBHOTO YIIPABJICHUSA uge’j ) (x(®)), je 1,_4 . IIpoekuuy COOTBETCTBYIOLIUX TPACKTOPUNA IIPEICTaBIIE-
HBI Ha puc. 1.

x10* x10* %10 x10*

05 a 05

0 0
1180 1190 1200 1210 1220 440 445 450 455 460
X, X

1

0 - 0
1180 1190 1200 1210 1220 440 445

‘ 2) 6) 3
10t x10* 10t x10*
12 I 4.5 12 45
s : 4
10 i 10
/ ' 3.5 35
sf 1 3 8 3
i 25 25
e ! < S <
l 2 2
“
4 : \ 15 4 15 ¥
1 \, 1 / 1
2 | - 2
N 05 05
N
0 0 0 0
1180 1190 1200 1210 1220 440 445 1180 1190 1200 1210 1220 440 445 480
X 1
B) r)
[Ipoextms da3oBoii TpackTOpHK [Ipoexims da3oBoit TpackTopun
—#— [IPH OINTAMAIBHOM AN THBHOM —— [IpY ONTUMAIBLHOM IPOrPAMMHOM === [Ipoexims onopHo# TpaekTopUN
(e.)) i=14 ; LT
yrparermn u,”(x(1)), j = 1,4 ynpaenernn (1), j=14

Puc. 1. Mpoekuun ha3oBbIX TpaeKkTOpUM NpU ynpaBreHUAX:
a) u©@D n u‘(le,l) : 6) u©? n u‘(le,z); B) PG u‘(leﬁ); r) u®?Y n u‘(le,4)

B Ta6n. 2 npusenens! 3HadeHus GpyHkiuonana © misi TpaeKTOpHi, COOTBETCTBYIOIINX peaTU3ally-
SIM ONTUMAJIBHOTO MPOrPaMMHOI0 TEPMHUHAIBHOTO YIPABIEHUS JIMHEWHON U HEJIMHEHHON CHCTEeMaMHu,
a TaKXe aJanTUBHOIO TEPMUHAIBHOTO YIPABICHUS UCXOAHON HETMHEHMHON CUCTEMOM.

Ilepuon BpemMeHM MOAEIUPOBAHUS ISl ONHOIO BapuUaHTa PEUICHUS 3aJayd ONTUMAIbHOrO MPO-
IpaMMHOTO TepMHUHAIBHOTO yrpaBieHus kuakoctHoit JIY PH cocrasnser 0,4 c. Becs nepuon Bpemenu
MOJIETTMPOBAHHUS PEUIEHUA 3a/1a4d ONTUMAJIBHOTO aIallTUBHOTO TEPMUHAIBHOIO YIIPABIEHUS COCTABIIS-
et 10 c. U3 Tabmn. 2 BUAHO, YTO JUIsl HICXOTHOW HEJTMHEWHOW CHCTEMBI Pe3yIbTaT pealln3alii ONTHMATb-
HOTO aJalTUBHOTO TEPMHUHAIBHOTO YIPaBICHUS Jy4ylle, YEM PE3yJbTAaT peaju3allid ONTHUMAaJIbHOTO
MPOTPAMMHOTO TEPMUHAIIBHOT'O YIIPABJICHUS.
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Tabnuua 2
Pe3ynbTaThl pelwleHna MoaenbLHOro npumepa

Ynpapienue x1(7) x2(7) x3(7) x4(T) Dx(7))

OrnopHast TpaeKTopHst u()=0 1200 0 450 0 0
u' @V (1) 1200,1 39,1 450 10,6 48,261
ul (x(1)) 1200,2 32,7 4499 8,5 39,837
u®@D (1) 1200,1 39,6 450 12,1 51,021
Hemmeiin eneren u'®? (x(1)) 1200,1 36,3 450 9,5 44,228
u@d (1) 1200 38,7 450 9,6 46,339
' (x(1)) 1200,1 31,1 450 8,2 37,935
u®@Y () 1200,1 39,9 450 10,6 48,906
ul® (x(1)) 1200 36,6 450 10,1 45,372
Jluneiinas cucrema u'@ (1) 1200,1 39 450 10,5 47,988

UrcneHHoe MOJIENUPOBaHNE TIPUMEpPa PeIIeHus 3a7ad ONTUMAIBHOTO IPOrPaMMHOTO U aJalTHBHO-
ro TepMHUHAJILHOTO ynpasieHus xxuaxoctHoit 1Y PH peanuzosano B cpene MATLAB R2014a na I1K ¢
Intel© Core™ i7-3770 CPU @ 3.4 GHz, 8 Gb RAM.

3axioueHue

B cratee nuHamuyeckas cucTeMa yNpaBieHUs pacxodoM Tomuinba >xuiakoctHoil Y PH omnmcana
KaK HeJIMHelHas HenpepbiBHAsA auddepenuuanbias cucteMa. 3agada TEPMUHAIBHOTO YIIPABICHUS pac-
xonoM ToruuBa xxuaxoctHoil Y PH cdopmynmpoBana kak 3agada ONTHMAaIbHOTO aJalTUBHOTO Tep-
MUHAJIBHOTO YIPABJICHUS COOTBETCTBYIOLIEH AIIIPOKCUMUPYIOLIEH JTMHEHHON AMCKPETHONW ITHHAMHYe-
CKOH cucTeMoM. JIyig BBIYMCIIEHAS ONTUMAJIBHOIO aJalTUBHOIO TepMUHaIbHOrO ynpasienus Y PH c
HEJIMHEHHOW TMHAMHUKOW MpeAoKeHa Mpolelypa, OCHOBaHHAs Ha pealu3aliy pelleHns KOHEYHOH pe-
KypPPEHTHOH MOCIEN0BATENILHOCTH BCIIOMOTaTeIbHBIX 33/1a4 ONTUMAIBHOTO IPOrPaMMHOI0 TEPMHUHAIb-
HOTO YIIPaBJIEHUSI COOTBETCTBYIOLIEH alpOKCUMHPYIOIIEH JTHHEHHOI auckpeTHON cuctemoi. Ilonpo6-
HO ONMCAHbl AITOPUTMBI PELIEHUS] OCHOBHOM M BCIIOMOIAaTENIbHOM 337a4 ONTHUMAJIBHOIO YIIPaBJICHUS.
ITokazaHo, 4TO 3a7ayy ONTUMAJIBHOIO AJANTUBHOIO TEPMUHAIBHOIO YIPABICHUS MOXHO CBECTH K pe-
IIEHHIO KOHEYHOTO YMCIIA 3a7a4 JIMHEHHOTO U BBITYKJIOr0 MaTeMATHYECKOr0 MPOrpaMMHUPOBAaHMsI, BbI-
MOJTHEHUSI OJTHOILIATOBBIX ONepaluii Hal KOMIAKTHBIMA MHOTOTPaHHUKAaMH M ONIACaHMS UX C TIOMOIIBIO
BEPIUIMH U KOHEYHBIX CHUCTEM alreOpanyuecKhX PaBEHCTB M HEPAaBEHCTB, PEIICHHsI BCIIOMOTATEIbHBIX
KpaeBbIX 3a/1a4. Pe3ynbTaThl KOMIBIOTEPHOTO MOJEIUPOBAHUS MOKA3aJIM MPUMEHUMOCTD OOIIETO pe-
KYPPEHTHOT'O anre0paniyeckoro MeToa NOCTPOSHUs 00J1acTeld JOCTHKUMOCTH U METOJa IPSIMBIX B 00-
paTHBIX KOHCTPYKIMH [3] K pelIeHUIO 3aja4l ONTUMAIBHOIO aJalTHBHOIO TEPMUHAIBHOTO YIIPaBICHUS
pacxoA0M TorrBa xxuakoctHout 1Y PH.

Pabora BbinoJsiHeHa npu ¢punancoBoii noaaep:xkke POPU (mpoext Ne 18-01-00544).
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THE OPTIMAL CLOSED-LOOP TERMINAL PROPELLANT
CONSUMPTION CONTROL ALGORITHM FOR LIQUID
PROPULSION SYSTEM OF LAUNCH VEHICLE. PART I
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N.A. Semikhatov’, Ekaterinburg, Russian Federation

In this paper, we propose the algorithm of launch vehicle’s liquid propulsion system propellant
consumption control problem solving, in which this problem is formulated as the optimal closed-
loop terminal control problem for corresponding linear discrete-time dynamical system. To achieve
this, initial nonlinear continuous model, which describes the plant dynamics, is linearized along given
reference trajectory and then is discretized in accordance to control process requirements. As the re-
sult of this, we have formed approximating model represented as the vector-matrix system of recur-
rence equations. The constraints of state vector and control vector are also taken into account in this
approximating system, and we assume that the constraints are convex, closed and limited polyhedra
with finite number of vertices in corresponding vector spaces. The optimal open-loop and closed-
loop terminal control problems are formulated for generated linear discrete-time dynamical system.
For solving the problems the optimal closed-loop terminal control recurrence algorithm is developed,
which consists in the solving of number of optimal open-loop terminal control problems for linear
discrete-time dynamical system. Based on solution of finite sequence of optimal open-loop terminal
control problem for linear approximate model we provide recurrence optimal closed-loop terminal
control algorithm for initial nonlinear dynamical system. In the implementation of proposed optimal
open-loop control algorithm we use the tool of reachable sets computation and analysis based on
general algebraic recurrence approach for linear discrete-time dynamical systems and some modifi-
cations of this approach intended for reducing the computational complexity and consequently for
increasing the operation speed. The performance of developed optimal closed-loop terminal control
algorithm is presented on numerical model example of launch vehicle’s first stage liquid propulsion
system propellant consumption closed-loop control optimization.

This work is a second part of a paper.

Keywords: optimal closed-loop control, terminal control, propellant consumption, launch vehicle,
reachable sets.
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APXUTEKTYPA TPEHAXXEPHOW CUCTEMbI NOAroTOBKH
OMNEPATOPOB PAOUALMNOHHO CTOUKUX MAHUNYNIATOPOB

M.B. Hocukoe

FOxHo-Ypanbckuli 2ocydapcmeeHHbIl yHUsepcumem, ¢hunuan e e. Muacce,
2. Muacc, Poccusi

OnucaHa KOHLENIHXS TOCTPOCHHSI, CTPYKTypa U MpaKkTHYeCKasi peain3als TPeHAKEPHOU ChC-
TEMBI JUIsl HOATOTOBKU ONEPATOPOB PaIHAllIOHHO CTOMKUX AUCTAHIIMOHHO YIPABISIEMBIX POOOTHU3H-
POBaHHBIX 3JIEKTPOMEXAaHHYCCKUX MAHHITYISATOPOB, YCTAHABIWBACMBIX B TEPMCETHUYHBIX KaMepax.
B HacTosmiee BpeMs Ha MPEeIUPUATHAX aTOMHOH OTPaciid IMIHPOKO MPUMEHSIOTCS MEXaHHYECKUE U
JIEKTPOMEXaHUUECKUE MAaHUITYIATOPEl Komupytomero tuma. CoBpeMEHHBIC MOIXOABI K MOCTpOE-
HUIO CHCTEM YTIPABIICHUS U YEIOBCKO-MAIIMHHBIX MHTEP(EHCOB MO3BOIAIOT YHTH OT CcIlocoda mpsi-
MOTO KOTHPOBaHUS KHHEMATHYCCKUX KOH(QUTYpaluil 3aJaroliero W UCIONHUTCIFHOTO OPTaHOB U
peaM30BBIBATh KaK aBTOMATH3UPOBAHHBIC, TAK M aBTOMATHUYCCKUE PEXHUMBI yrpaBicHus. Kirroue-
BOW 0OCOOCHHOCTBIO SIBJISIETCS] TIPUCYTCTBHE YEJIOBEKA B KOHTYpE YIPaBJICHHS, YTO 00YCIOBIMBACTCS
0O0JIBIIUM Pa3HOOOpa3HEM U CIIOKHOCTBIO BBITIOJIHAEMBIX OTEPAlMii U B PsJe CIIyyacB HelETePMHU-
HHPOBAHHOCTBIO CaMoii paboueil cpeabl. B cBs3M ¢ 3TUM BHE 3aBUCHMOCTH OT THIIA MPHUMEHIEMBIX
OpraHoB YIpaBJIeHHUs HEOOX0AUMO (HOPMHUPOBAHUE YCTOMYHMBBIX HABBIKOB BBIIIOJIHEHHUS OTIEpaliid, B
TOM YHCJIE C UCIIOJIb30BAHUEM CUCTEM OOYYEHHS M TPEHAKEPHBIX CUCTEM. 3a/lauaMH TPEHAKEPHBIX
cucTeM AJsi 000pYAOBaHUs MOJOOHOTO THIA SIBJISIOTCS: TEOPETHYECKasi MOJIrOTOBKA ONEPaTOpOB,
MOSTAITHAS TTOATOTOBKA OMEPATOPOB K BBIMOIHCHHUIO MPAKTHICCKUX (DYHKIMU YIpaBICHUS MaHUITY-
JATOpaMU, peau3alus MePHOIUISCKOT0 KOHTPOIS KBaTU(UKAIIMK ONEPaTopa, BHITOTHCHUE (PYHK-
U MOHHUTOPHWHIA YIPABIIONINX BO3JCHCTBHI Ha BCEX JTAlaX BBIMOJHCHHS TEXHOIOTHYCCKHX
orepanuii, perUCTpalus W aHAJNU3 MPEeIaBapUHHBIX U aBapUUHBIX COCTOSIHUN KaK MaHUITYJATOpa,
TaK ¥ €ro CHCTEMBI YIpaBJicHHUs. VICIomp30BaHHE B COCTAaBE CHCTEMBI JIOMIOJHUTEIHHON paboueit
CTaHIMU WHCTPYKTOpPA IO3BOJIIET CTPOUTH IMPOIECC MOATOTOBKHA B PEXKUME HEIOCPEACTBEHHOTO
B3aUMO/ICHCTBUS 1 COBMECTHOTO YIPABIICHUSI «OTIEPATOP — MHCTPYKTOp». B pabote nmpuBeneHs! ap-
XUTEKTypa HPOrPaMMHON YacTH TPEHAXEPHOH CUCTEMbI, HHTeP(EHChl B3aUMOJICHCTBHS C CUCTEMOI
yIpaBJICHUsI, CTPYKTYypa 0a3bl JaHHBIX PETUCTPUPYEMOW HH(OPMALIUH.

Kmouesvie cnosa: pobom-manunyasmop, mpenadicepnas cucmema, ROS, 6aza oanmvix, cuc-
mema ynpasieHus.

Beenenue

CoBpeMeHHBIE MHOTOKOOPAMHATHBIE POOOTOTEXHUYECKUE KOMILIEKCHI M MaHUITYJISTOPBI C 3JIEK-
TPUUECKUMHU HCTIONHUTENPHBIMA MPUBOAAMH IIMPOKO HCHOIB3YIOTCS BO MHOTHUX OTPACISAX MPOMBIII-
JICHHOCTH U B OOJIBIIMHCTBE CIIy4yaeB SIBJISIFOTCS BBICOKOABTOHOMHBIMH CHCTEMaMH, (YHKLHOHHUPYIO-
IIMMHU B aBTOMAaTUYECKOM pexkuMe. VX THIIOBBIMH peXUMaMH PaOOTHI SBISIOTCS: BBIOJHEHUE ABHKE-
HUI TI0 33/IaHHOM TPaeKTOpHH C TpeOyeMOl CKOpOCThIO 0e3 ydera HeJeTepMUHHPOBAHHOCTH BHEITHEH
Cpelbl; alaTHBHOE BBIMOJIHEHNE ABMKEHUH 10 TpeOyeMOl TPAaeKTOPUH C aHAIN30M BHEIIHUX YCIOBHI
cpenpl (HapuMep, IpU UCIIOIb30BAHUHN CUCTEMBI TEXHUYECKOTO 3PEHHS).

OtnenbHBIM Ki1accoM pobotorexandeckux komiuiekcoB (PTK), MOOMIBHBIX M CTallMOHAPHBIX Ma-
HUIYJSIIIMOHHBIX CHUCTEM SABJISIOTCS KOMIUIEKCHI C yYacTHEM YeJIOBeKa HEMOCPEACTBEHHO B KOHTYpE
ynpasnenus. PTK ganHoro Tuma npuMeHSIOTCS B TEXHHMYECKHX OO0JIACTAX C HECTALMOHAPHBIMU W/HIIH
HeleTepMUHHUPOBAaHHBIMU YCJIOBUSIMH BHeUIHEH cpenpbl, B yactHocTH: PTK s Boenno# cdepsr, PTK
cucTeMbl pasmMuHHpoBaHus, noxkapueie PTK. Onnoli u3 Baxkuelmmx cdep npumenenuss PTK takoro
THUIA SIBIISICTCS aTOMHAasi IPOMBILIUIEHHOCTD, T71€ BIMSHHUE PAAa OHACHBIX (PaKTOPOB (paZnualiMOHHBIE 110-
JI5, XUMHUYECKU arpecCHBHAs cpeia U T. [I.) U BBICOKAs CTENCHb BAPHATUBHOCTH BBIMOJHIEMBIX OIepa-
Ui coueTaeTcss ¢ HEOOXOIMMOCTBIO 3allUTHl YEIOBEKa OT ONAcHBIX (hakTopoB. PaspabGoranHbIe B
60—70-¢ . XX B. MAHHITYJIATOPHI OBUIH ITOCTPOCHBI MO CXeME KOIMPOBAHUS TIOJIOKECHUS 32IAI0IIETO Op-
raHa UCTHOJHUTEIFHOMY MEXaHU3MY (MaHUMYJISITOPY) MEXaHUYECKHMH MepeJadyaMy WM 3JIeKTpoMexa-
HUYECKOW CENbCUHHOM cucTeMoi [1]. Psinm oTeuecTBeHHBIX U 3apyOeKHBIX MPEANPHUIATUI 110 HACTOSILEE
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BpEeMs BBIITYCKAET JIEKTPOMEXAHUYECKUE KOMHPYIO-
M€ MaHUIYJIATOPBI, a KOJUYECTBO SKCIUTyaTHpye-
Mbix PTK manHoro tuma Ha mpeanpuATHSAX aTOMHOM
otpaciu PO 1oxoauT 10 HECKOJIBKUX COTEH €IMHUII.
Ha puc. 1 u300paxkeH THIOBOH 3JIEKTpOMEXaHHYE-
CKHMI MaHHUITYJISITOP JIETKOTO KJlacca TPy30M0IbeMHO-
CThIO 110 15 K. MecToM yCTaHOBKH HCTIOTHUTEIBHBIX
OpraHoB (MaHUIYJIATOPOB) SIBISICTCS MOTOJOK TOJ-
CTOCTCHHOW T'€pMETUYHON KaMephl, TapaHTHPOBAHHO
3alMIIAOIIEH oneparopa U OOCITYKUBAIOIIUHA Iep-
COHAN OT BIUSHMS OmacHbIX (hakropoB. Omeparop
BBITOJIHSET TpeOyeMble TEXHOJOTHYECKHE OIeparun
MyTEM MEXaHUYECKOTO BO3JIEHCTBUS U TIEpEMEICHHUS
3a/1aI0IET0 OpraHa, KMHEMAaTHYECKH HJEHTUYHOIO | MexannaccKas wi
VMICTIOJTHUTEILHOMY Oprany. KOHTpomb BbIMONHEHHMs —/  SaAawoumuil L /1EKTPOMEXaHHUECKAs
orepauuil OCyIIECTBISETCS MyTeM BH3YaJIBHOIO Ha- opran nepenaya
OMOZIeHUsT Yepe3 TOJICTOCTEHHOE CTEKIIO IMepeaHei 5 /
cTeHKH Kamepwl. Ha puc. 2 npuseneH paspes (Buj Henommrens i

o o OpraH co CXBaToM
cOOKYy) THUIIOBOM T'€pMETHYHOH KaMepbl C YCTaHOB-
JICHHBIMU MAHHUITYJIITOPOM U 33JAFOIIUM OPTaHOM. Puc. 1. Konupytowmint MaHUnynstop nerkoro knacca

(M

R R R R T

Puc. 2. FepmeTnyHan 3awmTHaA kamepa (BuA c60Ky, paspes)

Ha puc. 2 o603Ha4eHBbI:

1 — repMeTH4HBIH 00bEM KaMEpHI;

2 — TIOTOJIOK KaMephl;

3 — repMeTHYHbIE KaHANbI (IIPOXOIKW») ISl TEXHOJIOTHYECKOT0 000PYI0BaHH M MAHUITYJIATOPOB;

4 — mepeaHssa CTEHKa KaMephl;

5 — TOJICTOCTEHHOE 3aLIUTHOE CTEKJIO;

6 — paboyee MPOCTPAHCTBO TEXHOJIOTUYECKOTO O0OPYAOBaHMS M MaHHUIYJISTOPOB TPH BBITOIHE-
HHUH THIOBBIX BHYTPUKAMEPHBIX OIEpaLiii;

BecTHuk HOYplY. Cepus «<KomnbioTepHble TEXHONOrMK, ynpaBreHue, PaauoaneKkTPoHUKay. 39
2019. T. 19, Ne 2. C. 38-53



anaBneHMe B TeEXHUYECKNX CUCctTemMax

7 — OCHOBHBIE U BCIIOMOTaTeNbHbIE paboure TOBEPXHOCTHU IS pa3MeleHuss 000pyI0BaHUs U Ma-
TEepHAaJIOB;

8 — BHyTpHUKaMepHbIC TEXHOJIIOTHYECKUE MTPUCTIOCOOIICHHSI, N3MEPHUTEIBHBIC YCTPONCTBRA,

9 — TexHONOrMYECKasA Nocya (Tapa) B KOHTEHHEDE;

10 — TexHoMOTMYECKast 30HA (TPAHCIOPTHBIA KOPHUIOP) Ui OCYUIECTBICHHUS MEKKaMEpPHBIX
TPAHCIIOPTHBIX OIEPALIMIA;

11 — TexHONOrMYECKOEe OKHO MEXAY KaMepOod M TPaHCIOPTHBIM KOPHIOPOM (TIpHEeMHas 30Ha Ka-
Mephl);

12 — TpaHCnIOpTHOE 00OPYAOBAHHE JIJISI MEXKKAMEPHBIX OTICpAIIH;

13 — onepaTopckas 30Ha;

14 — BHYTpUKaMEPHBII MaHUITYJISTOP;

15 — KHHEMATUIECKU-TIOJOOHBIHN 3aal0NUii OpraH.

Hecmotps Ha o4eBHIHOE JOCTOMHCTBO KHHEMATHUECKU-TIOAOOHBIX CUCTEM B YaCTH HMACHTUYHOCTH
KHHEMAaTHYECKUX KOHMUTYypaluid 3aJaiollero W UCIOIHUTEIBHOTO OPraHOB MPH BBHINOJHEHWU OIepa-
U, KOMUPYIOIINE MAaHUITYJISTOPHI HIMEIOT Psi/i HEOCTATKOB:

1) BbICOKHE BEIMYMHBI MEXaHUYECKHX HArpy30K Ha PYKH OIepaTopa, BHICOKAs yTOMIIIEMOCTb MpH
JUTNTENTEHOM BBITIOJTHEHUH TEXHOJIOTHYECKUX ONepaLuii;

2) Hanimure MI0(TOB B KUHEMAaTHUECKUX Mapax KaKk MaHUIYJIATOpa, TaK U 3aJal0ILero opraHa, mpu-
BOJISIIME K MTOTEPE TOYHOCTHU MO3UIIMOHUPOBAHUS, a B PSJIe CIy4aeB — K HEBO3MOYKHOCTH BBITIOJTHEHHUS
TpeOyeMBbIX onepauuii;

3) ¢ukcupoBaHHbIe nepenaToyHble oTHOmEHHA (1: 1) Mexay 3a1aromuM OpraHOM M MaHHITYJISTO-
POM, HYTO BBI3BIBAET OIpPE/ICICHHBIC TPYIHOCTH TIPH OCYIICCTBICHUH OTepallyii, TPEOYIOINX MOBBIIICH-
HOM TOYHOCTH TO3ULIMOHUPOBAHUS CXBATa;

4) HEBO3MOXXHOCTh aBTOMATU3AIMH OIE€PaLi, BHIIOIHAEMBIX C IOMOILBI0 MaHUITYJISITOPOB TaHHO-
ro THIIA.

CoBpeMeHHbIE TEXHHUYECKUE CPECTBA M KOMILIEKCHI MPOrPaMMHBIX MPOAYKTOB JIsI CHHTE3a CHC-
TEM YIIPaBJICHHUS MTO3BOJISIIOT CTPOUTH BBICOKO3(p(hEKTUBHBIE PELICHUS MO YIPABJICHHIO CIIOKHBIMH TEX-
HUYECKUMH OOBEKTaMH, B TOM YHCIE MHOTOKOOPIMHATHBIMH MaHHMITyJsITOpaMHu. B memnom k 3amayam
cucteMm ynpasienus PTK ¢ ygactuem dersoBeka B KOHTYpe YIpaBiIeHHUS MOKHO OTHECTH:

1) obecriedeHne BBITOTHEHUSI TEXHOJOTHYECKHX MAaHHITYJSIIIMOHHBIX ONEpanuil ¢ TpeOyeMbIMU
TOYHOCTBIO M OBICTpOJICHCTBHEM; 0OecrieueHHEe BO3SMOXKHOCTH PaOOTHI B PYyYHOM, aBTOMAaTU3UPOBAHHOM
Y aBTOMaTHYECKOM peXKHMax;

2) mpenocTaBlieHHE OIepaTopy CPEJICTB BO3IEHCTBUS/yIpaBleHHs (3aJaloliX OpPraHoB), MO3BO-
JSIOIMX (OPMHUPOBATH M KOHTPOJIUPOBATH BEJIIMUMHY M, MPH HEOOXOAWMOCTH, HAaNpaBICHHE YIpaB-
JISIOIINX BO3JACHCTBHH;

3) dbopmupoBaHUE U BU3YaTH3alMIO C TIOMOIIBI0O TEXHUYECKUX CPEJICTB BEKTOpa COCTOSIHUS CHCTE-
MBI, HEOOXOAXMOT0 ¥ JOCTATOYHOT'O ISl OTHO3HAYHOT'O €r0 BOCIIPHUSTHS ONEPaTOPOM;

4) oOecrnieyeHre QyHKIMH KOHTPOJIS U O€30MIACHOCTH IPU MAHUITYJISIIHOHHBIX ACHCTBUSAX;

5) obecriedeHue COMPSHKEHUsI ¢ CHCTEMaMHU 0ojiee BBICOKOTO YPOBHS C €0 MH(DOPMAIMOHHOM
UHTETpaIy OTJCIBHBIX TEXHOJIOTMYECKUX 30H B €IMHOC WHPOPMAIMOHHOE MPOCTPAHCTBO COBPEMEH-
HBIX MIPOU3BOJCTB (TEXHOJIOTHH «LM(POBOE MPOU3BOACTBOY, «Muayctpus 4.0» u T. 1.).

B xauecTBe uenoBeko-MalIMHHOTO UHTep(deiica B YaCTH 3a/1al0IUX OPraHOB BO3MOXKHO MpUMeE-
HEHHE IEJOr0 psAJa COBPEMEHHBIX YCTPOMCTB: yCTpOWCTBAa yHpaBJIEHHUS THIA «MBIIIb»; ABYX- U
MHOT00CEBbIE HKOWCTUKH; 3aJal0LIie yCTPOICTBA C TPEMS MOCTYNATEABHBIMUA U TPEMsI BpallaTeilb-
HBIMH CTETECHSIMH CBOOOJBI, B TOM 4Hciie OecpoBOAHBIE HA 0a3e MHEPIHUAIBHBIX CEHCOPOB; HK30-
CKEeJIeTHI U T. 1.

3apyOeskHble TPOU3BOAUTENHN PAJIUALMOHHO CTOWKHX MAaHHITYJISTOPOB (B YAaCTHOCTH (ppaHIly3CcKasi
¢upma LaCalhene) npucTynmim K CO3JaHMIO M ONBITHOW 3KCIUTyaTauuu monoOHbIX cucteM [2]. Jlabo-
patopust poboroTexuuku punuana FOYpIl'Y B r. Muacce B iepuon 2015—2018 rr. BBIIOJHUIIA TPOSKTH-
pOBaHKE, U3TOTOBJICHUE M BBOJ B OMBITHYIO SKCIUTyaTaIlHIO MIECTUCTENIEHHOTO PaJHalliOHHO CTOMKOTOo
MaHumysropa «MP-48» rpyzonoasemMHoCThIO 10 15 KT [3—5]. BXOAsmuil B cocTaB MysbTa yIpaBlIeHUs
NPOMBIIICHHBIN IEPCOHANBHBIA KOMIIBIOTEP C CEHCOPHBIM 3KPaHOM 00eCHeYMBAET BU3YAIM3ALHIO CO-
CTOSTHHSI KOMIUIEKCa B TpaUueckoM M TEKCTOBOM BHJaX. B kadecTBe 3a/1al0IMX OPraHOB UCTIONB3YIOT-
Cs1 1Ba MPOMBILICHHBIX MHOTOOCEBBIX JKONUCTHKA (pHC. 3).
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Puc. 3. Manunynsatop MP-48 n ero nynbT ynpaBneHusi (onepatopckasa paboyas ctaHuus)

B mporecce ompITHONW AKCIUTyaTtanus MaHUmylsTopa «MP-48» ocymiecTBisiiack perucTpanus u
aHaNMM3 NIEHCTBUI omepaTopa Ha 3aal0lIie OPTaHbl, a TAKXKE BBITONHSIICS OOLIMI aHAIN3 TOTOBHOCTH
ONEPATOPOB K HCIHOJB30BAHMIO OUCTAaHUMOHHO ympaisemMbix PTK ¢ 3apmaromuMu opranamul Tumna
«mxorcTuKy». C MeIblo YIIyYIIeHs] HABBIKOB pa0OTHI OMEpaTopa Kak B OOBIYHBIX YCIOBHSAX DKCILTyaTa-
UM, TaK ¥ [IPU aBAPUIHBIX peKUMax paboThl ObUIA TIPEATIOKEHA ITOICUCTEMA TPEHAKEPHOTO 00yUEHMS,
MOHHUTOpPYHTA U aHaJN3a ASUCTBUH omepaTopa Kak 4acTh MPOrPaMMHOTO KOMITJIEKCa CHCTEMBI yIIpaBie-
Hus «MP-48y.

OO0mas apxuTeKTypa TPeHasKepHOH CHCTeMbI

3agadyamMy TPEHKEPHOM CHUCTEMBI SABJSIFOTCA TEOPETHUYECKasl MOATOTOBKA, (POPMHUPOBAHHE, OTpa-
00TKa U OIeHKAa MPAKTHYECKUX HABBIKOB PaOOTHI C AMCTAHIIMOHHO YIPABISEMBIMA MaHUITYJISTOPAMH.
[Iporecc 00y4eHUsT MOKET ObITh Pa30MT Ha CJICAYIOIIME ITAIIbI:

TeopeTuyeckas 4acTb:

o texuudeckue xapakrepuctuku PTK, xonctpykuus PTK, paGouas 30Ha MaHUMynsTOpa, MpUMe-
HSIEMBI CMEHHBIN HHCTPYMEHT;

® CTPYKTypa MyJjbTa YIPaBICHUS U OPraHOB YIIPABICHUSI MAHUITYJISITOPOM;

e Ipolienyphl BKItoueHus u octanoBa PTK;

e o0mmue npuHIUnbl ynpasiaexus PTK.

IIpakTrueckas 4acTh:

® paboTa ¢ MOJCUCTEMON BU3yalu3aluu (pabodyre OKHA IMPOrpaMMHOr0 oOecreueHus, M3MCHEHUE
cocTaBa 0TOOpa)kaeMbIX ITapaMeTpoB, BHEIIHEro Buaa 3D-moxpeneii u T. 11.);

e 06a30BbIC KOMAH/IBI ¥ ONEpALMU 110 PEKOH(UTYPALIH MaHUITYJIATOPA;

® BBINOJHEHHE OIEepalfii B IPSAMOYTOJIbHON JEKAPTOBOM CUCTEME KOOPAMHAT CXBaTa;

e BBINIOJIHEHHUE OTEepalrii B IPSIMOYTOJIbHON 06a30BOH cHCTEME KOOPIUHAT;

® 3aXBaT M OTITyCKaHUE OOBEKTOB;

e hopMHpOBaHHUE, COXPAHEHHE U BOCIPOU3BEICHUE TPACKTOPUH IBHXKEHHUS,;

® TICPEBOJ] MAHUITYJISITOPA B HCXOJHOE MOJIOKEHHUE («ITaPKOBKa» MaHHITYJISTOPA);

® BBLITIOJIHEHUE OTICpaIii PH aBapUHHBIX PeXUMaxX pabOThl MAHUITYJIISITOPA.

B Teopernyeckoil yacTH BO3MOXHA OpPraHU3alUsl IPOBEACHUS NMPOMEKYTOUHBIX U UTOTOBBIX TEC-
TOB. [OTOBHOCTh 00y4aeMbIX OIEPAaTOPOB K BBIMOJHEHHIO MpakTHUeCKO# skciutyaTamuu PTK moxer
0a3upoBaThCS Ha OIIGHKE MHCTPYKTOPA, aHAIN3E 3aPETUCTPUPOBAHHBIX CUCTEMON YIPABICHUS JaHHBIX
0 XapakTepe yIpaBJICHHsI, TOYHOCTH U OBICTPOTE BBHIIOIHEHHUS OTICPAITHIA.
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UYenoBeko-MamHHBIH HHTEp(elic (MHTepdeiic «ueIoBeK-MaHUYIATOP») BKIIOYAaeT B ceds ye-
TBIPEXOCEBOU U TPEXOCEBOU JHUKOMCTUKH C MPONOPLUOHAIBHBIMUA U AUCKPETHBIMU KaHAJaMH YIIPaB-
JICHHA, CeHCOpHLIﬁ MOHMUTOD, KOTOpLIﬁ TAKXE€ MOXKET ABJIATHCA NCTOYHUKOM YIPaBJIAIOMNX CUT'HAJIOB.
Puc. 4 otobpakaer OOIIyI0 CTPYKTYPY B3aUMOJCHUCTBHS «UEJIOBEK-MaHUITYJIATOp». OnepaTop pykamu
BBITIOJTHSIET MEXaHHIECKOE IMepEMEIEHIe PYKOSITOK 3a/Ial0INX OPTaHOB, YTO BHI3bIBACT (POPMUPOBAHHE
VIPaBISIONINX BO3JACUCTBUH, SIBITIOMUXCS YCTaBKaMH sl YTIIOBOH CKOPOCTH WIJIH YTIOBOTO TMOJIOXKe-
HUA 3BCHBCB U KUCTH MaHUITYJIATOPA.

BekTop ynpasnsiommx
BO3AEUCTBUH
(MpONOPIHOHANILHBIE H
JNUCKPETHBIE CHTHAbI

yIpaBICHUSA )
Oprams!
VIIpaBIeHUs
H HHIHKAaITHH
=
=
i Opc(t. geets - f59pc_m) =
Quult, qruts-- -,qLnz7) - % > %
o L I~ =
g o =
) Onc(t, gnets. . »qne_n) E“ ';',
% | > =
E i g =
@) Qrult, Qrutts- - -»qri1z7) = =
> Voc(t, Yocis--2Voc w) (5 s
- E |— =
— =
Q

BekTop cocTosiHuA
CHCTEMBI

Puc. 4. O6wan cTpykTypa B3aMMoA4enCTBUS «4erloBEK-MaHUNYyNATOp»

Ha puc. 4 0003Ha4CHBI:

Qru — BEeKTOp nepeMenieHus (IoJ0KEeHNUs) JIEBOM PYKH OIepaTopa;

Qry — BEKTOp nepeMereHus (I0NI0KeHHsT) IpaBoi pyKH OIeparopa;

Opc — BEKTOp BEJIMYMHBI OTKJIOHEHHUS PYKOSITKH JHKOWCTHKOB (IIPOMOPIMOHANBHBIX KaHAJIOB
YIpaBICHUS);

Opc — BEKTOP COCTOSIHUS TUCKPETHBIX KaHAJIOB yIpaBieHUs (ammapaTHble U MPOrpaMMHBIE KHOTI-
KU ¥ TyMOJIepbI);

Voc — BEKTOp COCTOSTHHS MaHMITYJISITOPA M CUCTEMBI YIIPABIICHUS.

OOHOBJICHNE 3HAYCHHI KOMIIOHCHT BEKTOPOB YIpaBistoniux Bo3aeicTeuil Opc, Opc MOXkeT dhop-
MHUPOBAThCSl ACHHXPOHHO, 3HAYCHHSI KOMIIOHEHT BEKTOpa COCTOSHHUS CHCTEMBI Voc OOHOBISIOTCS
CUHXPOHHO B COOTBETCTBHU C (PUKCUPOBAHHBIM TAKTOM BBIYHCIICHHS KOHTYPOB YIPABJICHUS CUCTEMBI
(puc. 5).

[Ipu peanuzanmy TpeHaXKEPHOH cHCTEMBbI (MPAKTHUECKON YacTH) HEOOXOAMMO 00ECTICUUTh BBIMOJI-
HEHHE CIeIyIOINX 3a/1a4:

1. ®opmupoBaHre Ha0Opa 0OyUYAIOMINX U KOHTPOJILHBIX MPAKTHYECKUX 3aJaHuil (TpaeKTopuil IBH-
JKEHUsI, HCXOJHBIX M (UHAJBHBIX KOHMOUTYpalMid MaHWUMYJISITOpa M T. J.) JUIsl Pa3IMYHBIX ClIEHAPHEB
peanu3anriy TEXHOIOTHUECKUX ONEPaLHi.

2. ObecrieueHne TapaHTUPOBAHHOW 3amucy Ha WH(POPMALMOHHBI HOCHUTENb BCEX YIPAaBIISIOLIMX
BEKTOPOB, BEKTOPOB COCTOSIHHS, PEKMMOB M HACTPOEUYHBIX MapaMeTpoB CHCTeMbl. Peanmuzaius nanHoOH
3a/1a4¥ MO3BOJIAET POBECTH:
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® aHAJIM3 BO3JCHCTBHUI OIlepaTropa Ha OpraHbl YIPaBJICHUS B TEUCHHE BCErO 3Tama OOydYeHHS HIIN
BBIIIOJTHEHHUS TEXHOJIOTHUECKON orepanuu;

® aHaTM3 aJeKBaTHOCTH BO3ICUCTBHIA oOllepaTopa, MCXOAS W3 COCTOSHHUS CHCTEMBI (KHHEMAaTHYE-
CKO#1 KOH(UTYpaK MaHUITYJIATOPA);

® ITIOBTOPHOE BOCTIPOM3BEICHNE BO3JCHCTBUI onepaTopa M MapaMeTpOB IBIKEHUS MaHUITYJISATOPA,
B TOM YHCIIE C Pa3IMYHBIM MacIITaboM 1o BpeMeHH. [loBTOpHOE BOCTIpOM3BEICHUE U aHAIHM3 COCTOSHUS
CUCTEMBI MOTYT OBITH BBITIOJTHEHBI KaK Ha MAHHUITYJISATOPE, TAK U HAa €r0 MPOTPaMMHON MaTeMaTHIeCKON
MOJIEIH.

3. Opranuzanusi y9acTusi HHCTPYKTOpa B MPOIECCE TPEHAKEPHON CECCHH C IIENIBI0 ONepaTUBHOM
KOPPEKIIMU JIEHCTBUI 00ydaeMoro oneparopa. JlaHHbBIM MOAX0]] peAroiaraeT Hajludue pabo4ero Mec-
Ta UHCTPYKTOpPA C UACHTUYHBIM OIEPATOPCKOMY COCTaBY 3aJarOLIUX OPraHOB, MPU 3TOM BO3ICUCTBHS
WHCTPYKTOpa HA 3aJal0IINe OPTaHbl IOJKHBI UMETh 0OJiee BBICOKHA MPHOPHUTET 110 CPABHEHUIO C BO3-
JIEUCTBUSAMM OTIEpaTopa.

CocrosiHue KaHAJIOB yupagpJjeHnus

H3MeHeHUs B 3HaYEHHUST KOMIIOHEHT BeKTOPOB yrparieHus Opc, Opc

¢ I |

-~y

ABI;I‘IHC.J'IEHHE YIPABJSIONHX BO3AeHCTBHIT

djiarv HeOOX0AMMOCTH
BBIYMCIICHHS YIIPABISIONINX

BO3ICHCTBHIA
| OOGHOBJICHUE BEKTOPA

¢ coctosiHus Vo

CALC CALC CALC CALC CALC
»

—

Tes

N (D}"HKLLHH BbIYHUCIICHHUSA
YOPaBIAOIIIX BO3EHCTBHIA

A
Y

Puc. 5. O6was cTpykTypa B3amMoAencTBUs «4eroBeK-MaHUNynsaTop»

B mpornecce moaAroTOBKK TPEHAXEPHOH CECCHHM MHCTPYKTOP (POPMHUPYET WM BBIOMPACT U3 CIIHCKA
THUTIOBBIX OTEpanyil TeKyllee 3aflaHue, YUUTHIBAs TPH 3TOM KBaJTU(HKANWIO 00yd4aeMoro oreparopa.
Hacrpoiika 3ananus BBIONHSETCS HAa pabodeil CTaHIMHM MHCTPYKTOpa (pHc. 6) U MOXKET BKIOYATh B
ce0si: HaYaIbHYI0 KHHEMaTHYECKYIO0 KOH(PUTYpaIMI0 MaHUITYJIATOPA, KOJIMYECTBO OOBEKTOB MAHUITYIIH-
pOBaHUs, KOHPUT'YPALUIO PACTIONIOKEHHS PSS TCTBUM U T. 1.
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BozaelcTBUsI MHCTPYKTOpa
/ na sagaromue opransl Orc_i(t), Opci(t)

Kananer oGMeHa | Tekyuiee 3a1anye Ha TPEHAKEPHYIO

. */ CeCcCcHIO
uHpopMmanmeit VA
-« »  Pabouas > 2 MaHuIyIsaTOp
Cepgep cramnus g HJIH ero
TAHHBIX ™ uHcrpykropa <
| mporpaMmHas
|
Mo/IeNb
Opc(t), Y v i A
Hy.]'l bT Opc(t) > OBM Y(t) |
yIipaBJ/ieHHA -‘V = CHCTEMBL = MaHunyasaTop
. > |
oneparopa ockT) =% ynpassenns i
‘ '
l
YyBCTBHUTEIBHEIC
s® Y
} 2JICMCHTBI
|
i MaHHITYJIITOpa
|
! ATYHKH
Em(t) | a
‘ COCTOSIHUSA
|
|
|
|

BHELUHE cpelbl

Puc. 6. YkpynHeHHas CTPYKTypHO-PYHKLMOHanbHasA cxeMa TpeHaXXepHON CUCTeMbI

IIporpamMmmHoe oGecnieueHre TPeHAKEPHON CHCTEMBbI

[Ipu peanuzanmu nporpaMMHBIX MOZIYJEH TPEHaKEPHOW CHUCTEMbI TpeOyeTCs MCXOTUTh U3 ara-
paTHO-TIPOTPAMMHOM apXUTeKTyphl cuctemsl yipasineHus PTK. Ha cerogusmnuil 1eHs CyIecTByeT psij
MOJIXOJIOB ¥ TIPOTPaMMHBIX IIaThHOpM ISl pean3aiii CHCTEM YIIpaBJIeHNUs, OJUH M3 HanOoJee Iupo-
KO TNPHUMEHSIOIUXCS — MCIOJIb30BaHUE CHEUUAIN3UPOBAHHBIX IMPOrPaMMHBIX HaOOpoB OHOIHOTEK
(«dpaiMBOPKOBY», HAOOPOB AITOPUTMOB, QYHKLIUI U NPOrPaMMHBIX KiaccoB). OIHUM U3 HauboJee mo-
MYJSIPHBIX PEIICHUH TS 3a/1a4 MOOMIIBHOW M CTAIlHOHAPHON POOOTOTEXHUKH SIBISICTCS MCTIOIb30BaHHE
(dhpaiimBopka Robotic Operating System (ROS, ROS2, ROS-Industrial) [6, 7]. ®patimBopk ROS sBnsieT-
Csl «HaJICTPOKoOI» HaJ oneparronHon cuctemoit (OC, 6azoBoii sBisirorcs OC kimacca Linux). B cocras
ROS Bxogut sapo cHCTeMbl, BBINONHsIONIEe (YHKIMU apOWTpa)ka, CUHXPOHH3ALUH, OpraHU3alluu
MEXKITPOIIECCHOTO B3aMMOJICHCTBUS, OOJBIIOE KOJMYECTBO CIICIUATM3MPOBAHHBIX MPOTPaMMHBIX OHO-
JHOTEK W MOAYJEH, pealn3yomux crequduyabie Aas poOOTOTEXHUUYECKUX NMPUMEHEHUH aIrOpUTMBI
npruemMa U 00pabOTKM JaHHBIX MEPBUYHBIX M3MEPHUTENECH, pelleHus 3a7a4 HaBUTallMY, KHHEMAaTUKU U
nuHamuku PTK, mokanuzanmu v mpoxsIagkyu MapuipyToB U TpaeKTopuil ABkeHus. [IporpaMmMuas apxu-
tektypa ROS monaep;xuBaercsi OONBIIMM YHCIOM KaK MCCIEAOBATEIbCKUX MPOEKTOB M Ja00PaTOpHi,
TaK ¥ BELYLIMMH MPOM3BOAUTEISIMU HPOMBILUIEHHOTO POOOTOTEXHUYECKOT0 00OOpYIOBaHUs, TaKUMH
kak FANUC, ABB, Universal Robots. Pa3paborurkam cuctem ynpasnenust PTK npenocrasisiercs mm-
POKHI CHEKTP CPEACTB pa3pabOTKU U OTIAAKHA COOCTBEHHBIX MPOTrPaMMHBIX MOAYJICH, HHTETPUPYEMBIX
B 0011Ly10 IporpaMMHuyto HHPpacTpykTypy ROS («Moayns 1», «Moxyns N», puc. 7).

OnHoii u3 KiIrOUeBBIX ocobeHHocTer ROS sBisercst momcucremMa oOMeHa COOOLICHUSMH MEXKIY
NPOTPaMMHBIMH KOMITOHEHTAMU CHCTEMbI YIIPABIICHHUS, BBIMOJHSIONIAS TapaHTUPOBAHHYIO JIOCTABKY
MHQOpPMaLMK OT MOIYJSA-OTIIPABUTENS K MOAymo-nonydatento. [logcucrema mo3BosisieT BBINOJIHATH
00MEH KakK THIIOBBIMH CTPYKTYpaMHy JaHHBIX (Lienble M ApOOHBIC YKCia Pa3IMyHOro GopmMara, CTpOKO-
BbIe COOOIIEHUSI, COOOIIEHHs OT CTaHAAPTHBIX YCTPOWUCTB BBOJA-BBIBOJIA), CIICIHATM3HPOBAHHBIMHU CO-
o0meHusIMH (MaTpUIBl OAHOPOIHBIX NPEOOpa30BaHUM, COOOIIEHHUS-BEKTOpa TEKyIled KOH(QUTypanuu
MaHHMITYJISITOPa), TAK U CIOKHBIMU TIOJIb30BaTEIbCKUMHU CTPYKTypaMu coodmenuil. Ilogcucrema MoHU-
TopuHra coobuieanii ROS To3BoIsIeT OCYIIECTBISATH MOHUTOPHUHT Tepeiadd COOOIICHHUH, HCIIONb3Ys
pa3InvHbIe KPUTEPUH (UIBTPAIMH, TEKCTOBBIM M Tpaduyeckuil BHIBOJ MHPOPMAIIMOHHBIX JaHHBIX H
T. 1. 17151 TpeHaxkepHO# cUcTeMbl noJcucTeMa ooMeHa coodmennsaMu ROS saBmsieTcss OCHOBHBIM HCTOY-
HUKOM MH(pOopMarmu o TekymeMm coctosiaun CY, 1elCTBUSX oreparopa H HHCTPYKTOPA.
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PTK
Ilonp3oBarenberue
Moayms 1| » + « .«  Monxyne N POrpaMMHbIE
H S MOIYTH
HpHKﬁaﬂHme o
Gumuorexu || PO ROS
Hudpactpykrypa
Robotic Operating System (ROS)
- Hudopmanuounsie
~  — — ———— kanans oOMeHa
Onepaunonnas cuctema AaHHBIMH

yrpasastolieil 3BM

AnnapatHoe obecnedeHue
CHUCTEMBI YIIPABICHHA

Cucrema
YOPaBJICHUA

Pabouas cpena

Manumysatop MaHUMyJIATOpa

Puc. 7. UndpacTpykTypa ROS B cocTaBe annapaTHO-NPOrpaMMHON CUCTEMbI
ynpasneHus PTK

ANTOPUTMBI 3aITyCKa U MHUIIAATH3AINH [TOJIb30BaTEIbCKUX IPOTPAMMHBIX MOAYJIEH (IMEHYEeMbIX B
ROS y3namu) no3poistor nepenasath sapy ROS nepedeHb cooOIeHH, KOTOPbIe TPEOYIOTCS JaHHOMY
y3JIy OT JIPyTUX KOMITOHEHT ¥ Y3JIOB CUCTEMBI, a TAKXKe TepeueHb COOOIIeHHH, (POPMUPYEMBIX JTaHHBIM
Y3JI0M TIPH BBIMOJIHEHUH NEPUOAMYECKUX WM allepUOAMYEecKUX AedcTBuil. Takum obpasom Gopmupy-
eTcs Tabnuia HHGOPMAIIMOHHOTO B3aMMOJICHCTBHUS TPOTPAMMHBIX Y3JIOB, TPUMEpP KOTOpOo B rpadude-
CKOM BHJIe, MOJATOTOBJICHHBIM craHnapTtHod ROS-yrumuroit rqt _graph, mpeacrasneH Ha puc. 8. Ilpu
MOJYYEHUH COOOLICHUS ONPEAEICHHOIO THUIIA MIPOTPaMMHBIN y3ell BBI3bIBAET (PYHKIHIO 00pabOTKHU CO-
0O0IIeHNsI, BBIMOJHIET HEOOXOANMBIE MaTEMAaTUUYECKUE W/WUIIN JIOTHYECKUE ONepauul U GOpMUPYET OT-
BETHOE COOOIIECHHE.

map_nav_broadcaster

/map_nav_broadcaster

/tf_static
odometry \ I
@ > ftf [T /slam_gmapping 4 /map
hokuyo_node >
|__»{ /scan N\
/hokuyo—nOde ‘ ‘ \“
\ T
. ) \ ~— MexnpoueccHbie
[TporpaMMHBIii Tun KOMMYHHKAIIMOHHDIE
MOZYTb (y3en)  COOGIICHHS KaHaJIbl

Puc. 8. Mpumep rpada cBszen NporpamMMHbIX Y3NOB CUCTEMbI YNpaBlieHUs,
NOAroToBleHHbIM yTunuTon rqt_graph
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Hnst obecrieuenust GyHKUUN ynpaieHus MaHunmynaropoM MP-48 u ¢yHkuumii TpeHaxxepHoO# cuc-
TEMBI B IPOrPaMMHON YaCTH CHCTEMBI YIIPABJICHUS PEaln30BaH CICIYIOIIUI COCTaB MPOTPaMMHBIX MO-
IyJei (y3710B) U B3aUMOAEHCTBHE Mekay HuMH (Tadm. 1, puc. 9):

Ta6bnuua 1

OcHoBHbIe nporpammHbie ROS-moaynu (y3nbl) cuctembl ynpasneHus MP-48

V3en

(I)yHKLIHOHaJ'IBHOQ Ha3HA4YCHHC

/mr_algorithms

OCHOBHOH POrPaMMHBIH MOYJb, PEATN3YIOIIUN AITOPUTMBI YIIPABICHUS
MP-48

/mr_hrdw_interface

Monynb oOMeHa nHpOpMAaIHel ¢ aganTepaMy BBOIa-BBIBOIAa MAHUITYJISITOPA
MP-48. Peanu3yeT BbIiauy YIpaBIISIONIMX BO3JCHCTBHUIA U MpreM HH(popMarmn
OT YYBCTBUTEJBHBIX JJIEMEHTOB MaHHUITYJISITOPa

/trainee_ctrls
/instructor_ctrls

[IporpamMmHBIe MOZYNH, pEaTU3YIOLINE IPUEM CUTHAJIOB OT IPOMOPLUOHAIIb-
HBIX U IUCKPETHBIX KaHAJIOB yNPABICHUS 33AaI0LINX OPraHoOB OIlepaTopa u
WHCTPYKTOpa

/training_task

[IporpammMHBIi MOAYIE (GOPMHUPOBAHKS TEKYIIETO 3aIaHUs BO BpEMsI TpeHa-
JKEPHOH ceccuu

/storage

HpOFpaMMHBIﬁ MOAYJIb XpaHCHUS BEKTOPOB COCTOAHUA U YIIPABJICHUA, B3an-
MOHeﬁCTBHe C CCPBCPOM 0a3bl JaHHBbIX

/usb_cam

IIporpaMMHBIIl MOZLyJIb IPUEMA U BU3yAJIM3aLMU BUACOJAHHBIX OT BUJICOKA-
Mep, YCTaHOBIICHHBIX Ha MAHUIYJISITOPE W/WJIH B TEPMETHYHON Kamepe

/speech_database
/sound_play

[IporpammHubie MOAYIH (OPMHUPOBAHKS PEUEBOH U ayHOMH(DOpMaIHK TIPU
BBITIOJTHEHUHU ONPEAEITICHHBIX ITAIlOB TPEHAXKEPHOU ceccuu TM00 HACTYIJICHUH
OIIpEJICICHHBIX COOBITHH B CUCTEME YIIPABICHUS

| External software

/tf

/rus_hridge

mr_hrdw_interface /juinf_sfures

mr_driver

/mr_driver/joint_speed '4

/mr_ulgorithms

/trainee_ctrls Jtr_ctrls
finstr_ctrls

Database engine

'

/iruining_fusk /fruining_evenfs
| /objects

rosbag

usb_cam
/ush_tum/imuge_ruw |-\

visp_auto_tracker

/Jusb_cam/camera_info |/

Puc. 9. N'pac BzaumoperictBua ROS-y3noB cuctems! ynpaBsneHusa MP-48
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s peructpanuu (CoXxpaHeHHs) MEKMOIYJIBHOTO B3anMoeicTBus B cucteMe ROS ncnonbiyercs
cepBuC rosbag — Ha0Op (YHKIIMOHAIBHBIX MOIYJEH W Mpoueayp Uit 00eCTieueHus 3aicH TPeOyeMbIX
COOO0IICHHH B (hailIOBYIO CHCTEMY, UCIIOJB3Ysl 3aJaHHbIe KpuTepHH. B mpoliecce 3amucu o0ecreynBacT-
Csl aBTOMAaTHYECKOe (POPMHUPOBAHKE MOPSIKOBOTO HOMEpa COOOIICHMS U €ro CTporas IpUBs3Ka K CHC-
TEMHOMY BPEMEHH. 3alMCaHHbIe COOOIIEHNS MOTYT OBITh BU3YaJIM3UPOBAHEI B rpa)MuecKoOM U TaOIHd-
HOM BHJI€ KaK BHYTpEHHUMH cpeacTBaMu ROS, Tak ¥ BHEIIHUM IIPOTpaMMHBIM oOecriedeHueM. B cuc-
TeMe TPCHAXKEPHOIro 00ydYeHHMs 3arrcaHHas HH(OpPMAIUs MOXKET OBITh MCIIOJIb30BaHa Kak JjIs aHajIu3a
NEHCTBHUI B PEKUME «OTIIOKEHHOTO BPEMEHH», TaK W OBITh BOCIPOW3BEJEHA MMOBTOPHO AJISI OLICHKU
NEHCTBHIA B pexXUMe «peallbHOTo BpeMmeHn». [Ipumep 3aromoBka rosbag-taiina ¢ cymmapHoit uHpopma-
1uel o TUIe U 00beMe 3alucaHHol HH(popManuu npuBecH Ha puc. 10.

Hudopmanys 0 XpaHUMbIX COODILEHHIX
CymMmapHas uHpopmaius 00 o0beMe JaHHBIX

O0was uHGpOopMaLHs 0 XPaHUMBIX JaHHBIX

lab302-02@lab302-02:~/catkin_ws$S rosbag info test2_2018-08-07-20-48-17.bag

path: test2_2018-08-07-20-48-17.bag
version: 2.0
duration: 23.5s
| start: Aug 07 2018 20:48:17.87 (1533656897.87)
end: Aug ©7 2018 20:48:41.33 (1533656921.33)
size: 1.0 MB
messages: 3327
| compression: none [2/2 chunks]
types: sensor_msgs/JointState [3066dcd76a6cfaef579bdof34173e9fd]
_sensor_msgs/Joy [5a9ea5f83505693b71e785041e67a8bb]
topics: /joint_states 2934 msgs i [sensor_msgs/JointState
/joy 393 msgs | :|sensor_msgs/Joy
Tumel coodmennii  KomnuecTro CrpykTypa
cooOnIeHHI COOOIEHHH

Puc. 10. NMpumep 3aronoBka 3apernctpupoBaHHoro rosbag-canna
cuctemMbl ynpaBneHus MP-48

B 1abn. 2 npuBeneHsb! TUITBI XpaHUMBIX B CUCTEMaXx YIpaBJICHHUs U TpeHakepHoro o0y4yenus MP-48
cOO0OIICHUH, TEPUOANIHOCTH UX IMOCTYIJICHNS M OLIEHOYHBIE 00BEMBI COXpaHsieMOoil HHpOpMaLnH.

Tabnuua 2
Tunbl n 06beMbl AaHHbIX PErMCTPUPYEMbIX COOOLLEeHUI cucTeMbl ynpaBneHna MP-48
O6BeM
Temn erUCTPUPYEMOU
Turm cooOrieHus Ormmcanue MOCTYILICHUS, p TPHpY
I WHPOPMAITUH,

MB/vun
/tr_ctrls VYrpapisitolue BO3ACHCTBUA Ha 3a/al0- 1-50 0.1-1
/instr_ctrls 1IM€ OPTaHbl OIepaTopa U HHCTPYKTOpA ’

Kunematudeckass KOHQUrypaius MaHH-

/joint states nyJisTopa (yrjoBbIe MOJIOKECHUS U YIJIO- 50 2

BbI€ CKOPOCTH 3BEHBEB MAHUITYJITOPA)

Marpuubsl OZHOPOIHBIX Tpeodpa3oBa-
/tf HUH TeKyIlel KHHEMaTU4ecKoW KOoH(pH- 50 2
rypauuy MaHUIYJISITOpa
TekcToBbIE M YMCIIOBBIE COOOIICHHA O | HENepHOAU-

/training_events o o 0,1
— TEKYIICH TPEHAKEPHOU CECCHU YECKHUE
. BuneomnoTok manueix ot BHemrHe# USB-
/usb_cam/image raw A A 10-50 10-100
- - KaMephl
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[Iporpammusiii Mogynbs «Database engine» (cM. puc. 9) obecrieuynBaeT OpraHU3aLUI0 XPaHEHUS UH-
(hopMalmu 0 mporecce TPESHAKEPHOH MOATOTOBKH, BKJIHOYAs HWACHTU(UKALMOHHYIO MH(OpManuio 00
oreparope, UHCTPYKTOPE, TPEHAKEPHBIX 3aJaHUAX, TPEHAKEPHBIX CECCHSIX, pe3yIbTaTaX BBIMOIHEHHUS
OIIepaToOpPOM TOTO WJIM MHOTO 3aaanHusl. Monyns «Database engine» ocyiecTBIsIET HHTETPALMIO JaHHOM
uHQopMalmu ¢ nHGopMaIrel, 3aperucTpupoBaHHON B rosbag-daiine B eaunol pensunonHoi SQL 6aze
nanHeix (MariaDB 5.0). VhpolueHHBIH BapHaHT CTPYKTYpbl TaONHIl 0a3bl JTAHHBIX M WX OTHOIICHUIM
npuBeAeH Ha puc. 11.

Trainees Instructors Tests
TraineelD ! InstructorlD ! TestlD
TraineeClass Comments T * | InstructorID
Comments > TraineelD

* TaskID
DataTimeStamp
| Courses Tasks | LinkToRealTrajectory
— CourselD TaskID TestComments
CourseName *[ SessionID TestResults
CourseDescription TaskDescription
TaskQualification

Sessions LinkToldealTrajectory

SessionlD !

> CourselD
SessionDescription
Taduuua Onucanune

Trainees Tabnuia gaHHbIX 00 00yUaeMbIX
Instructors Tabnmura 1aHABIX 00 HHCTPYKTOpax
Courses Tabunua JaHHBIX O HPOrpaMMe HOAIOTOBKH
Sessions Tabnuia JaHHBIX 0 TPEHAKEPHBIX CECCHAX
Tasks Tabmura JaHHBIX O BHITOTHACMEIX 3aaHHAX
Tests Tabnuua JaHHBIX O Pe3ylIbTATHIX BHIOJIHHEHHUS 38/ laHII

Puc. 11. YnpollueHHasa cTpykTypa 6a3bl AaHHbIX TPeHaXXepHON CUCTEMbI

IIporpamMmmHbIe cpeacTBa AaHAJIN3A TAHHBIX TPEHAKEPHOIi CCTEMBbI

HNHCcTpyKTOp MMEET BO3MOXHOCTh OCYHIECTBIIATH aHaiu3 JAEHCTBHM omepaTopa M Ha OCHOBAHUU
JaHHOW MH(pOpMalUU NPUHUMATh PELICHUE O KBaJU(UKaLUN OnepaTopa, UCTIONb3Ys CIeIyIOIHe cpell-
CTBa:

1) HabnroneHue 3a ASUCTBUSIMU OllepaTopa, KOH(UTypanyeld U NBUKCHUSIMA MaHUITYJISITOpa B pe-
KM€ PeaNbHOTO BPEMEHH, HCITOIb3Yys IPOrPaMMHBIE CPEJICTBA BU3YaIH3alUU TEKYIeH HHPOpMAIInH;

2) aHanu3 3aMCaHHON BUACOMH(POPMALIMH ¢ KaMep 0030pa, YCTAHOBJIEHHBIX HA MAHUITYJISITOPE WK
B FEPMETUYHOM KaMepe;

3) aHanM3 3aperuCTPUPOBAHHBIX BEKTOPOB COCTOSIHUS U YIIPABIICHUS B BHJIE JIBYMEPHBIX rpad)uKoB
C OJHOBPEMEHHBIM OTOOpaKEHHEM (B PEXHME HAJIOKEHHUs1) TpeOyeMbIX (3alaHHbIX, HICATbHBIX) ACHCT-
BUI U TPAaeKTOPHH M BO3MOXXHOCTBIO MOBTOPEHHUS (PEKUM BOCHPOU3BEICHHUS) ONPENEICHHBIX BPEMEH-
HBIX HHTEpBaJIOB (pHcC. 12);

4) oroOpaxkeHHEe TPEXMEPHBIX KOHPUTyparui 1 JBIKEHUH MaHUITYJISITOPA C HECKOJIBKUX TOYEK 00-
30pa. JJaHHBIH pexXuM NpUMEHSETCS Ha BUPTYaJIbHON MOJEIHN MaHUIyJsTopa (puc. 13).
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onepamopoe paduayUuoHHO cMOUKUX MaHUmMyJsisimopos

MatPlot 0i@ -0
Topic| fjoy/axes[1] ) m=- & autoscroll | [l
ﬁ ° o + & B . ﬁ panfzoom, x=575.738  y=-0.0156147

—  Jjoint_states/position[1]
— Jjoylaxes[1]

OnTUMaibHOE OTKIIOHCHHE
3aJAI0LIET0 OPTaHa UL BEACHHS
10 33IJaHHOH TPAEKTOPHH

“ [ ] f_Y\\D‘ |

=05

05

565 570 7‘ 575 / io/ ED 590
[ f
Bo3aneiicTrie / / ;L 3aj1aHHas MHCTPYKTOPOM TPaeKTOpHs
oneparopa fﬂ JIBHIKEHHS 3BEHA MAHHITYIIATOPA
(oTKIIOHEHHE /
3a1210MIETO Oprana) | dakTHuecKas TPACKTOPHST
JIBHIKCHHA 3BEHA MAHUITYJIATOPA

Puc. 12. AHanu3 percTBUI onepaTtopa, NnpeacTaBleHHbIX B BUAe BPeMeHHOW 3aBUCUMOCTHU

"Kondurypanms \ Hexonnas [ Kondurypanus

L I'yp \ ryp
MaHHITYIATOpA MpH KHHCMaTHHCECKAH MaHHMILYJISTOpa 1IpU
NEHCTRHAX HHCTPYKTOpa KoHurypaus IEHCTBHSIX OTepaTopa

MaHHITYIATOpa

Puc. 13. AHanu3 gencTBUiA onepaTtopa U MHCTPYKTOpa, NpeAcTaBneHHble B Buae
TpexmepHOW MoAenu MaHunynATopa

Jli1s1 oTOOpakeHUs TEKYIIeH CUCTEMHON UH(OpMAIIMK B PSKUME PEAIbHOTO BPEMEHH ITPEAJIOKEH IO~
XOJI, OCHOBaHHBIN Ha pacrpe/leNIeHHOH (CETeBOi) apXUTEKTYpe C BO3MOXKHOCTHIO 00MeHa ROS-coobmenusiMu
MEXy y3J1aMH CETH WM WCIIONB30BaHUU BeO-Opay3epoB Kak YHHBEPCAILHOTO CPEICTBA BBIBO/IA TEKCTOBOM,
TaOJIMYHON U rpaduueckoii nHpopMaimu. Pa3BuTre COBpeMEeHHBIX HH()OPMAIIMOHHBIX TEXHOJOTUH M BBICO-
KOYPOBHEBBIX IIPOTPAaMMHBIX CPEIICTB MPECTaBICHHsT HH(OPMAIIHN TTO3BOJISIET CTPOUTH (D ()EKTUBHBIE Ye-
JIOBEKO-MAIIMHHBIE CHCTEMBI C YYETOM CIIENM(MUKHN BOCTIPUATHS MHPOPMAIIAH ONPEISTICHHOTO THIIA.
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B cucreme TpeHaxepHOro o0y4eHus B pexuMe MOHUTOPHHIA ICHCTBUI onieparopa Ajsl BU3yaln3a-
MW COCTOSIHUS CUCTEMBI HCTIOIB3YIOTCS CISAYIONINE IPOrpaMMHBIC TTPOYKTHI U TPOTOKOIHI (puc. 14):

® IporpaMMHBIN MOAYJb ros-bridge, obecnieunBaroImnii 0OMEH COOOIICHUSME MEX Ty HHQPacTpyK-
typoii ROS m BHemHuM mnporpamMmHBIM obecriedeHueM, uctonbdys TCP-coennHeHue, TEXHOIOTUH

WebSockets u JSON;

e BeO-Opasyep ¢ moanepxkoit rexnonorun WebSockets;

® 53bIK pa3METKH TeKCTOBOHM 1 MenuanHpopmanuu HTMLS;

® CKPHUITOBBIH S3bIK CO3AaHus BeO-ipuiioxkenuit JavaScript (ECMAScript 2018);

® IIPOTOKOJ TEKCTOBOTO oOMeHa coodmmeHusiMu JSONS.

Ha puc. 15, 16 npuBeneHsl nmpruMepsl OKOH Opay3epa pabouei cTaHIIMU UHCTPYKTOPa, HyHKIIMOHU-
pyroLIed B peKUME MOHUTOPUHTIA IEHCTBUI ONIEPATOPA B PEXKUME PEaIbHOTO BPEMEHH.

PabGouas ctaHuus oneparopa (IIyJibT YNpPaBJIeHHS

Paboyas cTaHUuUs HHCTPYKTOPA

Web-0paysep

Web-npunoxenne (Web-crpannna)

Ilong OT06pa}K€HI/I}I H BBOJa

ROS

Sapo ROS

Moy cuereml - Monyas " Cerepoit
yupasJjICHHAsA . ros- L] BBO/I-
MP-48 bridge BLIBOJL

CereBoit
BBOJI-
BBIBOJT

uHpOpMAIHT
Mopnyib Monyinb
& WEB- :: 00mena JavaScript-kon
Sockets JSON

TCP-coenunenne (IPv4, TPv6)

Puc. 14. Ctpyktypa uicpopmaumoHHoro Bzaumopencteus Web-6paysepa n cucrembl ynpasneHust MP-48

[ test2.html x

O6wasn uudopmanuna

C | @ filey///home/lab302-02/reps_tmp/software2/software_UR10/ROS/roslibjs/simpleTest/test2.html

KoHco/1b MOHMTOPHHTA yrpaB/ieHHa MP-48 (pabouas cTaHI[HA HHCTPYKTopa)

3neHo ¥Yroa |CKopocTs|
(OcHoBanme 69.27 |0.00
TMneso -17.47 [0.00
TMpegnnese  |-159.8310.00
Kucrs vakaon |-85.59 0.00
Kucrs nosopor [4.87 (0,00
Cxgar 021 [0.00

CocTofiHHe 0PraHoB YIpaB/leHHs

o

Oc, paoiicria| Ominonerie
0.00
0.00

S[A[ =R~ =
&
w

[Kmonka wwoiicruxal 1]2[3[4[5[6]7[8[9[10] 11] 12|
IR NNNEN N

| Cocronsme

CocTofiHHe MaHHITY/IATOPa (YIVIbl, YI/IOBbIe CKOPOCTH)

Oneparop Heuerxo C.H. Hucrpyxrop aanoe H.H.|3as Ne Mauuny.mopa}ﬂllll
Hauano paborst 05.07.2018 09:45:06 11 e/ILHOCTE paoThi 3163 ¢
Kos-Bo coouiennii o cocronnnn MP-48|395710 Koa-so it o OpranoB 774

30Ha BEIBOIA 0OIIEH

| wabOpMaIIH

30Ha TaOJIMYHOTO H
rpadH4ecKoro
[PEeACTaBICHUS BEKTOPA
COCTOSIHHS MaHHITYJISTOPA

3oHa BLIBOJIA
UH(pOPMALIHH O
BEKTOPE YIPaBICHHS
(cocTostHUr
38/IaF0IIMX OPraHoB)

Puc. 15. O6wmi BUO okHa 6pay3epa paboyen cTaHLUUN MHCTPYKTOPA B peXXMMe MOHUTOPUHIa AeCTBUIA onepaTopa
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C | © files///home/lab302-02/reps_tmp/software2/software_UR10/ROS/roslibjs/simpleTest/test2.html

KoHco/1b MOHMTOPHHTA ynpaBieHusi MP-48 (padouasi cTaHI{Usl HHCTPYKTOpPA)

O6man uadopmanus

Oneparop Meuenko C.H. HHcTpyKTOp Maenoe U.H. [3aB Ne Manunynnmpaloml

Hauano paborst 05.07.2018 09:45:06 TIpogo/KkHTeILHOCTL PaboThl 3320 ¢

Kon-Bo coobuyennii o cocrosnuun MP-48(415310 Ko1-Bo coofennii 0 COCTOSHHH OPraHoB 8630

CocTosiHHe MaHHNY/IATOPA (YIJIbI, YIJIOBbIE CKOPOCTH)

3BeHo Yron | CKopocTs|

OcHoBanue 78.52 [1.19

Treuo -17.61_[0.00 I[BP[)KBHI/IC MaHHUITYJIsITOpa O AIBYyM
Mpeanaeuse  |-159.84 (0.00
BpalaTeJIibHbIM KOOpJAWHATAM

Kucrs Haknon |-85.72 |0.00

Kucts nosopor [9.96  |1.16
Cxgar -0.44 10.00

CocTosiHHe OPraHoOB yNpaB/IeHHs

.............. OTKJIOHEHHE PYKOATKH OpraHa
T 44— ynpasuenus no ocu X, Y u yray ¢

BxutoueHHOE cOCTOSIHUE BYX
EROOO000000 / JINCKPETHBIX KAHAJIOB yIIPABICHUS

Ocs pxoiicTuka | OTK/10HeHHE
o OTKJIOHEHHE PYKOSITKH OpraHa
0561 yrpasyieHus no 4—m u3 6 oceit
-0.33
0.00
0.00

A

A

Sla[&|w| o] =

IKuom(aMnﬁmxawﬂdlslshlalslwlll|lZ| Biuniouennoe cocrosnme ABYX
[Cocromue 1] JIUCKPETHBIX KaHAJIOB YIPABJICHUSA

Puc. 16. NMpumep okHa Gpay3epa pabo4en cTaHLMM MHCTPYKTOPA Npu BO3AeNCTBUMN onepaTopa
Ha 3ajaloLLme opraHbl

3axinoueHue

[IpemiokeHHas cucTeMa TPEHAXKEPHOTO OOYYEHUsI MO3BOJISIET OPraHu30BaTh dPQPEKTHBHBIA TPO-
1ecc o0ydeHHs OIepaTopoB AUCTaHIMOHHO yrpasisieMbix PTK ¢ nudpoBbiMu cuctemMamu ynpaBiieHHsL.
Hcnonb3oBanue cBOOOJHO pacHpOCTpaHsIeMbIX MPOrPAMMHBIX MPOIYKTOB (B TOM YHCIIE C OTKPHITHIM
HCXOJIHBIM KOJIOM) TO3BOJISIET HApaIlMBaTh ()yHKIIMOHAIBHBIE BOSMOYKHOCTH CHCTEMBI, HAIIPUMEp, OCY-
LIECTBIATE MOHUTOPHHI HECKOJBKHX BHYTPHKAMEPHBIX WM OObEAMHEHHBIX B TEXHOJOTMYECKYIO Lie-
MOYKY MaHUIYJIATOPOB. ABTOPOM INPEIOKEHBI: MPOrpaMMHAs apXUTEKTypa, HHOOPMAIIMOHHAS CTPYK-
Typa W CIOCOObI B3aMMOJICHCTBHSI CUCTEMBI YIPABICHHUS PAJUAIIMOHHO CTOMKMM MaHHITYJISTOPOM H
MOJCUCTEMBI TpEeHaXXepHOro oO0yuenus. Pa3paborka, oTiagka U TECTUPOBAHHE CHUCTEMBbl OBUIM BBINOJI-
HeHbl B Jaboparopusix «Pobororexarka» u «MoaenrupoBaHue JUHAMUKH IBMKEHIs» pununana OYpl'Y
B I. Muacce.
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THE ARCHITECTURE OF HUMAN-CONTROLLED
ARM MANIPULATOR OPERATOR TRAINING SYSTEM

M.V. Nosikov, nosikovmv@susu.ru
South Ural State University, Miass, Russian Federation

Nowadays Industrial robots of different kinematic structures and functionality are widely used
nowadays in different areas of industry and most of them function autonomously with pre-
programmed set of actions or typical trajectories. Some special purposes mobile and stationary ro-
bots are human-controlled and in most cases require qualified operator skills. For example, in nucle-
ar industry the mechanical and electro-mechanical “master arm — slave arm” manipulators are widely
used. Modern approaches of control systems and human machine interfaces designs allow to elimi-
nate direct copy of kinematic configuration of manipulator arms, add semi-automatic and automated
control modes. Key feature of such manipulator systems is a presence of human in control loop, by
reason of variety and complexity of manipulations and, in some cases, non-deterministic environ-
ment. Due to these factors, it is very desirable to form operator sustainable skills to control such ma-
nipulators, including learning process using training systems. This article describes general ap-
proaches and practical aspects of the operator training and qualification system for arm-based special
purpose manipulators. The set of training system functions include: general manipulator control
(basic motion) and grasping actions, manipulator operations in restricted working areas, operator
actions using virtual reality helms and multi-monitor visualization, etc. The hardware and software
architecture of training system should allow effective training process and teamwork of trainee and
instructor to reach good results. The paper proposes ROS-based software part of training system with
description of inter-process communication messages, data formats, integration with database and
following analysis of trainee action.

Keywords: training system, manipulator, software architecture, ROS, database.
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METOO NPOrHO3UPOBAHUA TEMIMNEPATYPHOI'O
COCTOAHUA ULMNUHAOPA NPU TEPMOOBPABOTKE
B YCNOBUAX HEMNOJIHOUX UICXOOAHOU NHOOPMALNA

H.M. Slnapoea
FOxHO-Yparnbckul 2ocyGapcmeeHHbIU yHusepcumem, 2. YensbuHck, Poccus

[IpennoxeHn MeTox ONpeeeHUs] TEMIIEPaTypPhl IPX HEIWHEHHOM TEIUIONIEpEeHOCEe BHYTPH IHU-
JMHAPUYECKOTO TeJIa C HEW3BECTHON HAa4dalbHOW TemrepaTypoil. IcXOAHBIMH NaHHBIMU SIBIISIOTCS
pe3yiIbTaThl U3MEPEHUI TeMIlepaTypHBIX (YHKIMH BOJIM3M MOBEpXHOCTH Tela. PaccmarpuBaemas
3a7a4a BO3HHUKACT NP TEPMHUUYECKOH 00pabOoTKe M3eHii B KAMEpHBIX Iedax. MaTemaTnieckast Mo-
JIeTIb TIpoliecca BKIIIOYaeT B ce0sl HeTMHEHHOe ypaBHEHUE TEIUIONPOBOJHOCTH, YUUTHIBAIOIIEE 3aBH-
CHMOCTh TeIIO(H3MIECKUX CBOICTB MaTepuasia OT TEMIIEPaTypbl, 1 TPAHUYHbBIE YCIOBHS, XapaKTe-
pH3YIOIIUE Ipolece TeIUI000MeHa Ha IOBEPXHOCTH Tena. JlId ompelneneHus TeMiepaTypsl BHYTpH
TeJla NMPEAJIOKEH METOJ NUCKPETHOH peryispHu3aluy, IO3BOJIIOMMI IOCIEeI0BATENbHO HAXOIUTh
TEeMIlepaTypy B HallpaBJICHHH OT MOBEPXHOCTH K OCH IMJIMHApA. BhIUMCIHTENBHAS cXeMa MeToja
HpeIosaraeT UCIOJIb30BaHHE CTAOMIU3UPYIOMINX (YHKIIMOHAIOB, a TaKKe KOHEYHO-Pa3HOCTHBIX
YpaBHEHHH ISl ONpEACNICHH TEMIIEPaTYpHBIX 3HAYEHUH IO MPOCTPAHCTBEHHOW NMEPEeMEHHOM, 4To
MIO3BOJISIET YMEHBIINTH BIIMSHUE HEM3BECTHBIX HavajbHBIX ycioBHH. Mcronp3oBanme crabwimsu-
pytomux (pyHKIMOHAJIOB MO3BOJISIET 00ECIIEYUTh YCTOHYMBOCTD BEIYMCIUTENILHOM MTPOLIEAYphl OTHO-
CHUTEJIFHO TOTPEIIHOCTH MCXOIHBIX JAHHBIX. B craThe mpuBeneHbI pe3yiabTaThl HCCIEAOBaHUH yc-
TOWYHMBOCTH BEIYHCINTENHHON cxeMbl. C 1eNbI0 IPOBEPKH MPUHINIHAIGHONH BO3MOKHOCTH OMpe/ie-
JICHUSI TEMIIEPaTypbl M IOJIY4YEHHs SKCIEPHMEHTAIBHBIX OLICHOK TeMIEpaTypHBIX HOIPEIIHOCTEH
NPOBEICH BBIYUCIIUTEIBHBIA JKCIEPUMEHT. B 3KCIIEpUMEHTE BBINOJIHEH pacdeT TEeMIepaTypHOro
[OJI WIMHJPA ¢ HEU3BECTHOW HadyaJbHOW TEMIIEPaTypOil, IPOBEEH CPAaBHUTENILHBIN aHAIU3 Hail-
JICHHBIX TeMIIEpaTypHbIX (DYHKLIHUI C TECTOBBHIMU 3HAYCHUSIMH W TIOJNYYEHBI SKCIEPUMEHTAIIbHBIC
OLICHKH YKJIOHEHU BBIYMCICHHBIX TEMIEPATyp OT TECTOBBIX 3HAYCHUH. Pe3ynbTaThl BEIYMCIUTEIb-
HOTO DKCIIEPUMEHTA TIPEJCTaBICHBI B paboTe, COTIacylOTCsl C TEOPETUUECKHUMHU OLICHKAMU U TMOJI-
TBEPXKIAIOT 3)(HEKTUBHOCTD U HAJACKHOCTH MPEAIaraeMoi BHIYUCIUTEIEHON CXEMBI.

Knrouesvie cnosa: mennonepenoc, obpamuas 3adaua;, memoo pezyisapusayuu, mMemoo oopa-
bomxu uH@opmayuu; yCmouuueoCms, OYeHKa noepeuHoCni.

Beenenue

B coBpeMeHHBIX TEXHOJIOTHSX, CBSI3aHHBIX C MPOIECCaMU TEIUIONEpeHoca, 0codoe BHUMAHHUE yIie-
JSIETCSl TIPOLIEAYPE TEMIEpaTypHOTO KOHTPOJIS 00BbEKTa M BEIOOPY COOTBETCTBYIOIIMX TEMIIEPATypPHBIX
PEKUMOB, TIO3BOJISIIONINX PEaH30BLIBATH TpeOyeMblie CBOHCTBA 00beKTa. M3yueHue BIUSHHS BhIOpaH-
HBIX PEKUMOB Ha XapaKTEPUCTHKH OOBEKTa, KOTAA MO Pe3yJIbTaTaM TeMIepaTypHbIX U3MEPEHUil BOMM3n
MOBEPXHOCTH TeJIa HEOOXOUMO OIPENETIUTh TEMIIEPATYPY BO BHYTPEHHUX TOUYKAX, BBI3BIBACT OOJIBILON
uHTepec [1-5]. MaremaTuueckrue MOZEIH TeIUIoNepeHoca, Kak IpaBUiIo, BKIIOYAIOT B ce0s ypaBHEHHE
WIN CUCTEMY YPaBHEHHI TEIUIONPOBOJIHOCTH, TPAHUYHBIC YCIOBHS, (OPMUPYEMBIE U3 PE3YJIBTATOB H3-
MEPEHUH TeMITepPaTypHbIX (PYHKIIMH BOJIM3U MOBEPXHOCTH W HAYAJIbHBIX YCIIOBHUH, ONPEACIICMbBIX TEM-
nepaTypHbIM COCTOSIHUEM Tejla B HayaJbHBIK MOMEHT BpeMeHH. 3ajada OIpelesiCHHsS TeMIIEepaTyphl
BHYTpPH T€Ja IO U3BECTHOMY TEIUIOBOMY PEXHMY, 33JaHHOMY Ha BHEIIHEH MOBEPXHOCTU, OTHOCUTCS K
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KJlaccy OOpaTHBIX 3aJad, U AJIS €€ PelIeHUs] HeOOXOAMMO HCIIONb30BaTh PETYIISIPU3YIOLINE ajJrOPUTMBL,
MO3BOJISIOLINE MONTyYaTh MPUOIMKEHHBIE PEICHHs, YCTOWYNBBIE OTHOCUTEIFHO MOTPEIIHOCTH HCXO-
HBIX JaHHBIX. C pa3paOOTKOH M MCCIEAOBAaHUEM METOJOB PELICHUS! OOpAaTHBIX 3a/ad CBA3aHBI PaOOTHI
MHOTHX uccnenoBareneid [6—14]. CymecTBeHHas 0COOEHHOCTh YHCIIEHHBIX METOJIOB pPElIeHHsT 00paT-
HBIX 33/1a4 3aKJII0YaeTCs] B TOM, YTO OHHU pa3palbaThIBAlOTCA C YyUE€TOM M3BECTHBIX HAUAJIBHBIX YCIOBHIM.
C npyroii cTOpOHBI, MHOTHE TPOLIECCHI TEIJIONEPEHOCa CBSI3aHbl C CUTyaluel, Kora B HadyaabHbIH MO-
MEHT BPEMEHM HEBO3MOXKHO H3MEpPHUTh TEMIEparypy BHYTpPH Tena. Takas cuTyalus BO3ZHHKAaeT MpPU
KOMILICKCHOH TepM00oOpadoTKe U3ACINI Ha dTare OTIyCKa WM HOPMAalIHU3aluH. JTO IPUBOJHUT K BO3-
HUKHOBEHHIO 33124 C HEM3BECTHBIMU HadaJIbHBIMHU YCIOBUSIMHU.

B nanHoii pabote paccMmaTpuBaeTcs 3ajada ONpeAeiICHUS TEMIEpaTypsl BO BHYTPEHHUX TOUYKaX
HWIMHAPUYIECKOTO Tela, MMOJBEPraeMoro OTIYCKY B Ipoliecce KOMIUIEKCHOH TepmoobOpaboTku. Uc-
XOJHBIMH JTAaHHBIMH SIBIISIIOTCA PE3YJIbTaThl MU3MEPEHHM, MOJIYUYCHHBIE OT BHELIHMX TEMIIEPAaTypHBIX
naT4yuKoB. B 3amade TpeOyercs onpenenuTh U3MEHEHHs TEMIEpaTypbl BHYTPH Tejla MPU BHIOPaHHOM
BHEIIIHEM TEIJIOBOM PEKHMMeE BO3CHCTBUS HAa MOBEPXHOCTH Tesia. MaremMaTruyeckast MOJeNb TeTJIone-
peHoca BKIIIOYAET YPaBHEHUS TEILIONPOBOAHOCTH, KO3(PPUIIMEHTH KOTOPOTO 3aBUCAT OT TEMIIEpaTy-
PBL, ¥ TPAaHUYHBIX ycJI0BUH. CylecTBEHHOH OCOOCHHOCTBHIO NAHHOW 3aJadM SIBJSETCS HAJIMYUE I10-
I'PEIIHOCTEN B pe3ybTaTax U3MEPEHNUs, a TAK)KE OTCYTCTBHE MH(POPMALIMK O HAYAJILHOM TeMIepaType
Tena.

B craThe nmpeaniokeH MeToJ ONpeaeIeHHs TEMIIEPATYPhl BO BHYTPEHHUX TOYKaxX IO pe3ysibTaTaM
MTOBEPXHOCTHBIX M3MEPEeHUN. MeTo 1 OCHOBAaH Ha HCIOJIb30BaHUU KOHEYHO-PA3HOCTHBIX YpaBHEHUH U
perynsapusupyromux QyHkuuoHanoB. OCHOBHAs UIesl METOAA 3aKI0YaeTcs B TOM, YTO, B OTJIMYHE OT
CYLIECTBYIOIIMX IMOAXOJO0B, Ha KaXJIOM LIare HEW3BeCTHas TemmepaTypHas QyHKIHUS ONpeaemsieTcs
OTHOCHUTEJIBHO NMPOCTPAHCTBEHHOW NepeMeHHOH. TakuM o0pa3oM, cxema IM03BOJIIET OJHOBPEMEHHO
HAWTH TemIepatypy BHYTPH pacCMaTpHBaeMO# OOJACTH BIUIOTh O OCH LUWIHHIpPAa U YMEHBIIHUThH
BIIMSIHUE HEW3BECTHBIX HAa4YaJIbHBIX YCJIOBHM Ha pe3ynbTarhl BeUuciIeHHH. [1og00HBIN moaxon ObLT
MpEeANIoKEH B [15] B cUTyaliuu IMHEHHOTO TEIUIONEPEHOCA TPU HEM3BECTHOM HaYaIbHOW TeMIlepaType
o0BeKTa.

B pabore nmokazana jokanpHasi yCTOMYMBOCTh METOAA IIPU COOTBETCTBYIOLIEM COOTHOILICHHUH IIaroB
JUCKPETH3aLMU U MapaMeTpa peryJsipu3alii, MpUBeIeHbl pe3ysIbTaThl CPABHUTEIHLHOIO aHaIN3a MOJTy-
YaeMbIX TEMIEepaTyp ¢ TECTOBBIMH 3HAYEHHUSIMHM, a TAaK)K€ MOJTYUYECHbI OIEHKH TeMIIePaTypHBIX MOTpel-
Hoctell. [lomyueHHbIe OLIEHKH COTJIACYIOTCSI C TEOPETUYECKUMH PE3YIbTaTaMU M CBHIETEILCTBYIOT O
TOM, YTO IPEUIOKEHHAsI BBIYMCIUTENbHAS CXeMa I03BOJISICT MPOTHO3UPOBATh TEMIEpaTypy BO BHYT-
PEHHUX TOYKax Teja, IOABEPracMOro BHEIIHEMY TEIUIOBOMY BO3/ICHCTBHIO.

ITocTanoBka 3aga4n

B pabote paccmaTpuBaercs 3aada, CBSI3aHHAsS C MIPOIECCOM TEIUIONEPEHOCA B IMIMHAPE PaIHy-
coMm [ (puc. la). Ilpu Tepmuyeckoii 00padOTKe B MEYM TEJNO MOJBEPraeTcs BHELIIHEMY TEIUIOBOMY BO3-
JNEHCTBHIO, MPOJOKATENBHOCTh BO3IEHCTBHA OrpaHWdYeHa BenuunHoW 7. TemmepaTypa B KaKIOW
BHYTpEHHEH TOUKE A B TEKYIIMH MOMEHT BPEMEHH ! XapakTepu3yercst QyHKIHeH u(A,t) .

OcHoBHBIE TeMIO(U3NYECKUE CBOWCTBA MaTepualia: TEIJIOEMKOCTb, MJIOTHOCTh M KO3((UIHEHT
TEIUIONPOBOHOCTH B Ka)KAOM BHYTPEHHEW TOUKEe A 3aBHUCAT OT 3HAYCHMS TEMIEPAaTyphl B TEKYLIHi
MOMEHT BpeMmeHu ! . Cneunduka npouecca TepMooOpabOTKU MO3BOJISIET NPUHSTH CICIYIOLINE JOIYIIe-

Hus. TermoBoe BOBH@ﬁCTBHe, OCYLICCTBIIICMOC YCpPC3 6OKOByIO IMOBCPXHOCTDH aSg, OJWHAaKOBO B KaXK-

)Z[OI\/'I TOYKE OS/ " J0CTAaTOYHO BCJIMKO IO CPABHCHHIO C TCIJIOBBIMH U3MCHCHHUAMMU, IMOJTYyUYaCMbIMHU Y€PE3
TOpubl. TEnaoBoe BO3AEHCTBUE PETYIUPYETCS B KAXKIbIH MOMEHT BPEMEHU ! U IUIOTHOCTh TEIUIOBBIX
NOTOKOB Xapakrtepusyercs Qpyukuueit ¢(7) . [lonaraem, 4Tto TeMeparypa NPUHAMAET MOCTOSHHBIE 3HA-
YEHUS BIOJb JF000M MPSIMOM, MapauieIbHOM OCH IIIUHIPA.

[IpunsTBIC HONYLICHMS MO3BOJIIOT CBECTU 33Jauy 00 ONPEACICHHH TEMIICPAaTyphl BHYTPU Tela K

3aJ1a4ye pacrpoCTpaHSHMs TeIla B CCUCHUM IIMIIMHAPA IIOCKOCThIO, TIEPIICHAUKYIISIPHOW OCH LIUIMHIPA
(puc. 16).
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BENRE RN N

a) 6)

Puc. 1. Cxema HarpeBa uunmHgpa

CymecTBeHHass 0COOEHHOCTh TEXHOJIOIHYECKOTO Mpolecca TepMOOOpabOTKY B TIEUH 3aKIIOYAETCS B
cnenytomeM. TepmooOpaboTKa B Meun SBJISETCS MPOMEKYTOUHBIM 3TalioM KOMIUIEKCHOH TepMooOpa-
OOTKH, U K Hadaxy 3TOr0 3Tana COXPaHAETCs BIMSAHUE OCTATOYHBIX TEIUIOBBIX MPOLIECCOB BO BHYTPEH-
HUX TOYKaX. YUHUTBIBas, YTO JOCTYITHOH JJIsl U3MEPEHHS 0OJACTHIO SIBIISICTCS TOJNBKO BHEIIHSSI TIOBEPX-
HOCTh TeJla, MOJy4yaeM, 4TO TeMmIlepaTypa BO BHYTPEHHHX TOYKaX B HAaYaJbHBIA MOMEHT BPEMEHHU HE
MOJKET OBIThH MOJTyueHa U3 Pe3yTbTaTOB U3MEPEHHUN U SIBISIETCS HEM3BECTHOM.

Matematndeckas MOJENb pacCMaTpUBAEMOI0 MpOLECCca TEIJIONEPEHOCAa B MOSPHON cHCTEME KO-
OpAMHAT UMEET CIETYIOINN BU:

ou 10 0
C(u)p(u)a—?=;5(k(u)ra—z], (r,t) € Or; (1)
u(f,t)zp(t), —k(u)%zq(f), te[O,T], 2)

rae r — Tekyuwmii paguyc, oonacte Qp =(0,¢)x(0,T), temneparypHas GyHKuus u(r,f) — OCECUMMET-
pudHa, kKodpdunuentsl c(u), p(u), AM(#) COOTBETCTBYIOT 3HAUEHHUSIM TEIUIOEMKOCTH, TUIOTHOCTH U KO-
3¢ ¢uIHMeHTa TEIIONPOBOAHOCTH B KaXIIOW TOYKE Tela B KKIBIH MOMEHT BpeMeHH, QpyHKIMS p(f)
(dopmupyeTcst U3 pe3yNbTaTOB U3MEPEHHN TeMIIepaTyphl BOJM3H MOBEPXHOCTH Tena, a GyHKIusS ¢(z)

XapaKTepu3yeT IJIOTHOCTh TEIIOBOI'O MOTOKA Ha MOBEPXHOCTH Tena. B 3Toii 3amaue TpeOyercs: HalTH
u(r,t), ynosnersopsmouyio (1), (2), a Taxxe Temrneparypy Ha OCH LIUIHMHIPA

u(0,1)= (), 1[0, T]. 3

¥ ro_ _
CyIecTBOBaHHE TOYHOTO PeLIeHHs U (7,t) € Hzﬂ’1+2 (QT) ﬂHLZ (QT) ,ve(0,1), Or = [0,(] x[O,T]

3anaun (1)—(3) npu gelcTBUTENBHBIX 3HAUCHUAX p,(f) U ¢, (t) noka3aHO B pabotax [6], [16], a equn-

CTBEHHOCTB pPELIEHUs B HEKOTOpol noxobnactu D,  Op obocHoBaHa B [6].

[MpuHuMas Bo BHUMaHHE, YTO MPH TEPMOOOPaOOTKE M3/ENUs B KAMEPHBIX TIeYax B CHITy HHEPTHO-
CTH TEIUIONEPEHOCA HATPEB U3/EIINS IPOUCXOAUT IOCTEIIEHHO, a TAKKE YUUTHIBasl MPOAOLKUTEIBHOCTh
¥ HanOOJIBIIYIO TEMIIEpaTypy HarpeBa, 1ojaraeM, 4To UIMEIOT MECTO CIIeYyIOIINe JOIMyILCHHUS:

,max |urrr |} = C (4)
9

max|u(r,t)| < P, max{max|un ,max|u,,
Or 9 9
[Ipu onpenenenun TemmnepaTypsl u(r,¢) BO BHYTPEHHUX TOYKAaX HEOOXOJMMO YyUHUTHIBAThH, YTO IPH
NPOBEICHUH M3MEPEHUH BOJIHM3M MOBEPXHOCTH Tejla HEM30EKHO BOZHUKAIOT YKJIOHEHHUS M3MEPEHHBIX
BEIIMYMH Dy, ¢5 OT ACHCTBUTEIBHBIX 3HaYEHUH p((f) U g,(¢). B MaTemaTHueckoit MOJEIN 3Ty CUTYya-

IMIO TIPEJICTABUM CJIEIYIOIMM 00pa3oM. BMecTo TouHbIX 3HaueHuil p,(¢), ¢,(¢) U3BECTHBI HEKOTOPbIE
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npubmkenus ps(t), gs(f) ¥ O Takue, 4TO max{ ||p0(t)—p5 I, ||q0(t)—q5 ||}§8. TakuMm 00pazom,

HE00XO0MMO IO MPUOIMKEHHBIM JaHHBIM ps(t), g5(t) m O Haiith QyHKIMIO 4g5(7,t), YAOBIETBOPSIO-

myto (1), (2), a Takxe Temnepatypy ¢s(f) Ha OCH LUIHHApPA.

MeTtoa NpOrHOo3UpPOBaHNUs TeMIepPaTypbl
BrruncnutensHas npoueaypa MpOrHO3WPOBAaHUS TEMIIEpaTypbl OCHOBaHA HA METOJE TUCKPETHOM
perynsapu3alii U 3aKiIoYaeTcs B CleayomneM. BBeaeM B paccMoTpeHHe KOHEYHO-Pa3HOCTHYIO CETKY:

(rt)): r=(N+1=0)h, t=(j-Dr;
h=0/N; t=T/M; i=LN+1; j=1,M +1,

rac h ¥ T — IIard CeTKH II0 MEPEMCHHBIM 7 U T COOTBETCTBCHHO, a TAKKC MHOXKCCTBO MTUCKPETHBIX

G=

byHkMin VY :{v(rl-,t j) =V j} , 3agaHHbIX HAa G . Mcnonb3ys KOHEYHO-Pa3HOCTHBIN aHAJIOTM YaCTHBIX

MIPOM3BOAHBIX, IpeacTaBuM (1), (2) B cienyromeM BUae:

2
P o Bk N R ) LM Ve Ve

i,jVi, X

o T Vitl,j ~Vi,j h? (l—l)h h
V. 1) —2\).’ . +v._1’ -
+1,; — h’zf L i=2,N, k=1,M +1. (5)
q; L
N, =Pjs Vz,j:pj——xj h, j=1,LM +1. (6)

Lj
Y4uuThIBask XapakTePUCTUKU TEXHOJOTMYECKOTO MpOIlecca M Pe3yNbTaThl, MpeJCcTaBlIeHHbIe B [17,
18], momaraem, uro c(u), p(u), A(#) MOMOKHUTENBHBI, ABAXIbI HENPEPHIBHO AU depeHpyeMbl B COOT-

BETCTBYIOILEH 00JIACTH M ONPEACIAIOTCS (hOPMYJIaMH:

cu; ;) =co+keu; ;o plu; ;) =po+kou; ;5 Mu; ;)=ho+ku; ;, (7
TJle 3HAYEHUs C :c(u(é,O)), Po = p(u(ﬁ,t)), Ao = k(u(f,O)) , a BenmumHbI k,, k,, k; cornacosa-

HBI C COOTBETCTBYIOLIMMHU XapaKTEPUCTHKAMU, IPEACTABICHHBIMH, Hanpumep, B [18].
OcHoBHas 1aes NpeIaraéMoro MeToa 3aKroyaeTcss B TOM, YTO Ha KaXIOM CIIEAYIOLIEM IIare urepa-

IMUOHHOI'O MpoHecca, UCIOJIb3YsL (5), BBIYHCJIAOT 3HAYCHUA V;

i+1,; B TOUKaX (VM,tj) ansBeex j=1,M :

c. o (i=Dh> v, ... —v, . Ao ((—-1
1,_/pz,_/( ) i,j+1 i,] + 1,_/( ) ( g —Vl-_laj), (8)

A VT FS) Mrar G~ D)+
i, (=D 2 T i, (=D +2A;
HayMHasg OT TOYKH (rl.,t j) , 1=3,N, pacrnojo)eHHOH BOJM3M BHEIIHECH TPaHMIIBI, K TOYKE (rN 41t j),
i j
Oco0eHHOCTh 3a7]au 3aKII0YaeTCs B TOM, YTO HETIOCPECTBEHHOE HCIIOIB30BaHNE ypaBHEHHS (8)
HE TO3BOJISET IMOJy4aTh MPUOIMKEHHBIE PEUICHHS, YCTOWYMBBIE OTHOCHUTEIEHO TOTPEITHOCTH HCXOJ-

HBIX JAaHHBIX. 7151 o0ecrieueHus] yCTOMUYMBOCTH METO/Ia MOCTYMAIOT cleayromuM oopasom. I1pu Berumc-
neHuy koo duumenta A, ; B (8) UCHOIB3yeTCst MOAUULUPOBAHHOE COOTHOLICHHE (7) C BBEACHHBIM B

=g +(k, —a)v

i
pHu3anyK o . 3HAUCHHE MMapamMeTpa o ¥ BEIMYUHY /I COTIACYIOTC T U J.

pacrooKeHHOH Ha ocH HHApa. Koagduuments c;

1o Pijs BBIUMCIISIOTCS 110 hopmyite (7).

HETO CTaOWIM3UPYIOMUM (DYHKIIMOHATIOM A BKJIFOYAIOIIMM I1apaMeTp Peryiis-

i+1,j

YceToHunBOCTDh BHIYHCIAUTEIbHOH CXeMBI METOAA
Hccnenyem ycTOMUHMBOCTD BBIYMCIUTEIBHON CXEMBI, UCHOJB3YS MOAXO/, MPUHATHIM B TEOpUU pe-
rynspusanuu [2], [13], BBeas B paccMoTpeHue GyHKLIUU W, , olipeenseMsie GopMynoi

W, ;= max |V ;—V: |
+1 7‘ +1, s ‘
T am T
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Cornacyem 3HaueHue N , XapaKTepU3yOIlee TUCKPETH3ALHUIO [0 MPOCTPAHCTBEHHOH epEeMEHHOH,
C KOJIMYECTBOM M3MEPECHUI (M + 1) , @ TapaMeTp Peryspu3alud o, BBIOEpEM TaK, YTOOBI IIPU U3BECT-

HOM 3HAa4€HUU (M +1) BEJIMYMHA TEMIIEPAaTYpPHOH IMOTPENIHOCTH YJOBJIETBOpsUIa OBl HEPaBEHCTBY

Wy, S KO, rne K — HekoTopast KOHCTaHTa. BBeneM cienyromue napaMeTpsl:

no(i—1 N e | h2
, W =max l’j,(l ) , T =max 6P (1) . )
i M (I=1)+ A b (K (1=1) 2 )t

Brioupaem o Takum, uto npu Bcex i =1, N+1 u j=1,M +1 ObUIO BEINIOIHEHO YCIOBUE

S = max
J=1,M +1

g

. i,j
o< mm_—j . (10)
i) (l—l)|vl-,j \
VYuuThiBas Terohu3nvIeckue CBOWCTBA Mpoliecca TepMooOpadOTKU B Tevax, MoxydaeM, 4yto <1,
TOT/a, UIMEET MECTO CIIEeAYIOLIas OLEHKa
Wi SNMAx | v ;o — v [+uw; . (11)
Jj=LM
VY4uThIBas OrpaHUYCHHOCTh QYHKIMU u(7,t), U3 (4) momydaeM, 4To

max |v; v ;IS 2me"T (12)
j=L.M ’
U3 (9)—~(12), momyqaem

Wy = max |[v, ;—v ;|< max |q;h|<h(S+8)<S+3,
J=LM+1 ’ j=L,M+1

N

W, < 20eT li H(S+) T, i=3, N+ 1.
-u
Torz[a HUMECT MECTO CJICAYyIoIas OLCHKa
Wy <2nDe’ T IL +(S+8)u 2,
—u

XapaKTepu3ylollas BEJIMUYUHY HOIPEIIHOCTH YMCIEHHOro Merona perteHus 3aaaun (1)—(3). YuurbiBas
9), (10) 1 To, ut0 Asyy; =Ao+(k; —0)y,

; j » BBIOGPEM LIark AMCKPETH3ALMH TaK, YTOObI MMEJIO MECTO

i+1,j

YCJIOBHUC M < . TOF,I[a MOoJIy4acM, 4TO IIPU BBINIOJIHCHUHU CIICAYIOLICTO YCIIOBUS

2q)e( f—%—T)

h? ) . Aij
—< Tt min _—
T 20D | iz N+, =M +1| ¢

(13)

i,jPi.j
8 N-2
= . 5 5 5
HUMEET MECTO OLIEHKA Wy, < " +(S+9d)u [IpyauMas Bo BHUMaHMeE, 9TO W <1, moxydaeM, 4To
—u

TP COOTIOACHUH YCIOBHS

N>2+log, K—% S66 ,

(14)

1
rne K >1+ L OyIeT BBIIOIHEHO TpeOyeMoe HepaBeHCTBO Wy, < KO . Coornomenus (13), (14) cBuze-

TENBCTBYIOT O JIOKATLHON YCTOMYMBOCTH MPEIaraéMoro METO/1a ONPEACTICHAS TEMITEPaTyp.

3amMeTHM, YTO aHaJOTHYHBIC Pe3yJIbTaThl OBLIN MOJMYy4YeHBI B padote [19] mist 3amaun uamepeHus
ONpeAeNieHNs] TEMIIEPATyphl Ha MOBEPXHOCTU UWIMHAPA MO pe3yabTaTaM U3MEPEHUI Ha OCH, CBSI3aH-
HOHM ¢ AMAarHOCTUKOM COCTOSIHUA TEMIIEPATypHOr0 JaTYMKA. DTO CBUACTEIBLCTBYET O TOM, UTO B OTJIU-
YHe OT METOJ0B, OPUCHTUPOBAHHBIX HAa BHIYUCIICHUS 10 IEPEMEHHOMN, XapaKTepu3yIoield Bpems, Ipu
W3MCHCHUM HalpPaBJICHUS BHIYUCIICHUN 110 MPOCTPAHCTBEHHOM IIEPEeMEHHON HE TpeOyeTcs pa3paboTka
MPUHIIMITHAIEHO HOBOW BBIYHCIUTEIBHON CXEMBI, a JOCTaTOYHO OIPaHMYUTHCA Moaudukamueit oc-
HOBHOM CXEMBI.
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OneHka TeMIepaTypHbIX NOTPeLIHOCTEH
OHCHI/IM BCIIMYUHY HauOOJIBIIEr0 BO3MOYKHOI'O YKIIOHCHUA BBIYMCIICHHBIX TEMIICPATYPHBIX 3HAYC-
HHI OT JeHCTBUTEIBHBIX, HCIONb3YsI BEIMUUHEI S; , OpeaesieMble GopMynoi

, i=1LN+1,

§; = max Vi,j_ui,j

j=1,M+1

e V; ; SIBISICTCS HPUOMIKCHHBIM peruenneM 3anaqu (5), (6), a u; ; COOTBETCTBYCT [ICHCTBUTCIBHBIM

3HAYCHUSIM TEMIICPaTypbl [IPH TEKYIIEM 3HAYCHUH PaJjiyca 7 =7; B MOMCHT BpeMeHH ¢ =1 ;. Fimeem

Ci,jPi,j (i—l)h2 2d)e(“T) ) 7‘1',]' (i _1)

S S8+ . s +
: (7‘z+1j( 1)+4,; ) Mg (i=1) 42
i (i=1)R? Aoy =N )i—=1)A
Csztj(l ) 0(T)+2( il .,’j)(l ) o)
M, (1 =1) + M, (I=1)+ 2

R CRNELY /)(i—l)hz
(U ”U)(km/( )"‘7»1 i)
7‘1‘ §i (i—l)h2
i o) ( ) + 7“
OnenuBas cnaraemeie B (15) u yuursiBas (13) u (14), momyuaem
¢ P (i ~1)n*
(A, (i=1)+2 ;)1

U3 (11), (15), onpenernenns | 1 0AX0J K BBIYUCIICHHUIO A, ; MOJTy4aeM:

A h
)y + LY O(h)+
( ) 7»1-+1q]-(l—1)+7»l-,j

O(hz). (15)

201 <5 (16)

“\'Hl] X[j\(i—l)s OL|Vi,j|(i_1) < 7”!',]' < H SE‘ (17)
Mg (=D 42 My (=) + 25 Ayji—alv [(i=1) =12
A (-1 A
i (171) <u, L] < M B (18)
M (i=1)+ 0, Mg (i=1)+0;; i-1 2
x . Mivij =M
O06o3HaULM A~ = min A; ;- YUHTBIBas, 4T0 ————= =k, , nmeeM
i=l,N+Lj=lLM+1 “i+l,j_ui,j
|7\’l+1j 7\‘1/| (1_1) k_}\
‘ Uir,j = ‘7%1] 1)+7\'i,j A
Otcronia 1 U3 COOTHOIICHMI (4), (15)—(18) CIIeIyeT, 4TO
k
si <(1+20)s; +5+[T]C’C 2ucn+ (xﬁ C2+%th4j, i=2,N.
VYyureiBas (14), monyqaem pu i =2, N +1
2 2 )4 4
k
s <(1+2p)s; +8+mC? Q3R K O Cut 19)

2N2  A* N* 2Nt
2 2,4 4
cue +k_KC l N cwl

Ilomaraem ¥ = nC12 +
2N? A N' O 2N?

. Torga cootHommenwue (19) nmeeT Bu

-2
s S(1420) s, +8+ P < (1+2p) s, (Z(qu) ](8+‘P).
k=0
VuureiBas, 4to s, = ~n11jaux+1‘v2’ ;U j‘ <&+ h(S + C) , TIOJIy4aeM, 4TO JUIid BEJTMYHMHBI Sy, XapaK-
J=1
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TepH3YIOH1€ﬁ HauOOJbIIee OTKIOHECHHUE YUCICHHOIO pemcHuA OT UCTUHHBIX TCMIICPATYp HAa OCH LH-
JIMHApPA, UMECT MECTO CJICAYIOIIas OLCHKA:

((8+C) 1

0 4
2+log, [M] H

W3 coornomenwmii (14), (20) cremxyer, 9TO CXOAMMOCTh METOJIa 3aBUCUT OT BEIUYMHBI IIAr0OB JIHC-
KpETHU3aIliH, CIIeIOBATEIHLHO, METO/ SBIISETCS YCIOBHO CXOSIIMMCS U JIJISl TIOMYYSHHS TPUOIIKEHHOTO
peleHns HeoOXOMMO BBIOUPATh JOCTATOYHO HEOOJbINE 3HAUCHUS N .

sy S(1+ Zu)N_1 5+

_(5+¥) . 20)

N3 coornomenus (20) cneayer, 4To BENUYMHA Sy, |, COOTBETCTBYIOIAs HAUOOBIIEH TEMIIEpaTyp-
HO¥i ITOrPeIHOCTH, Oy/IeT 0CTaTo4HO Bennka Ha BeeM [0,7]. DTo cornmacyercs ¢ pesy sTaTaMi, Ipes-
CTaBJICHHBIMU B [6], B COOTBETCTBHU C KOTOPHIMH HEBO3MOXKHO IOJIyYHTh €IMHCTBEHHOE PEIICHUE BO

Bceil oOmacTu QT , a4 CJICA0BATCIbHO, HCBO3MOKHO TOYHO OLCHUTH TCMIICPATYPHBIC MOTPCIIHOCTHU BO

Bcel obmact Oy , HO BO3MOXHO MOJY4YUTh 00Jiee TOUHYIO OIIEHKY TEMIIEPAaTYpHBIX IMOIPEIIHOCTEH
(oLleHKy MOTpPEeIIHOCTH METO0Ja) TOJIBKO B HEKOTOpOH mojobnactu D, . Jns moiydyeHHs yTOYHEHHBIX

OIICHOK HOFpeIHHOCTeﬁ ObLI OPpOBCACH BBIYMCIIUTCIIBHBIN OKCIICPUMCHT Ha OCHOBC UMUTAIUOHHOI'O MO-
ACIIUPOBAHUA. PeBynLTaTBI OKCIICPUMCHTA NPCACTABJICHLI B ,Z[aHHOﬁ pa60Te.

Pe3yabTaThl BBIYMCJINTEIBLHOT0 IKCIIEPUMEHTa

C nenpio NpOBEPKU NPUHLMIINAIBHON BO3MOXHOCTH OIIpEENICHUS TEMIIEPaTyphl BHYTPHU Teja 1o
pe3yibTaTaM MOBEPXHOCTHBIX M3MEPEHUH M MOJYyYEHHs] OLUEHKH TEMIEepaTypHOW MOTPELIHOCTH ObLI
MIPOBEICH BBIYHUCIUTEIBHBIN 3KCIIEPUMEHT HAa OCHOBE MMHUTAIIMOHHOTO MOJIEINPOBAHUSI.

Mertoaurka 3KclepUMeHTa 3aKiroydanachk B cienyroomeM. Ha HadanbHOM 3Tame sKCIepuMeHTa Haxo-
UK pellieHuEe IpsSMON 3a1auu:

0 0 0
cwmw5§=}5{MWq§}(nae@g @1
u(0,1)=0o(0), u(¢,t)=py(), 1€[0,T]; (22)
u(r,O)zgo(r), re[O,f]. (23)

Ionyuennoe pemenue u,(r,t) npsamoii 3agaun (21)—(23), xapakrepusyrolee TeMIEpaTypHOE MOJIE 1IH-
auHapa, U GyHKIHIO (7)) , COOTBETCTBYIOLIYIO TEMIIEPAaType Ha OCU LIMIIMHAPA, UCIOIb30BATIN B J1allb-
HEHIIIeM B Ka4eCTBE TECTOBBIX (hyHKITHIA.

Ha BTOopoM 3Tamne 3KCIepuMEHTa OCYLIECTBIIIN MOAENIUPOBaHUue GYHKLIUU ¢ (), XapaKTepu3sylo-
el BHEIIHEee TEeIUIoBOe Bo3JeiicTBre. CUTyallMi0 BOSHUKHOBEHHS ITOTPEITHOCTEH B pe3ysbTaTax mu3Me-
PEHUSL IPE/ICTABIISUIN CICAYIOIUM 00pasoM. B kaxioi Touke ¢; $hopMupoBaIn NPHOIMKEHHbIC 3HAYC-

HUA p;(t), g5(t), ucnonw3ys ciaeyromue GopMyJbl:
Ps(t;)=po(t;) +er, (tj), qs5(t;)=qo(t;) +er, (tj) .

Benuunust er, (t j) u er, (t j) COOTBETCTBYIOT 3HAYCHUSIM CIY4YallHBIX BEIMYHMH, pABHOMEPHO pacIpe-
JICJIEHHBIX Ha [—8,8] . [Ipennaraemslil moaxox K MOJAEIUPOBAHUIO pg(t), ¢s(t), DKBUBAIECHTEH MOSIBIIE-

HUIO aJJUTUBHBIX CHy‘I&ﬁHBIX HOFpeIHHOCTeﬁ B pE3yJjibTaTax H3MepeHI/II>'I BOJIN3HU IMOBEPXHOCTHU LMUJIVH/-
pa, YpOBEHb KOTOPBIX HE MPEBOCXOIUT BeIW4UHbI O . [lomyuennsle 3HaueHus py(f), ¢s(f) onmpenensm
UCXOJIHBIC naHHbIe B 3a1a4de (1)—(3).

Ha crnenyromem srarne 5kcriepuMeHTa HaXOIWMIM NPHONIMKEHHOE pemeHue ug(r,¢) 3anaun (1)—(3)

0 HCXOMHBIM JaHHBIM ps(f), ¢s(f), O ¥ BBHUUCIIM 3HAYCHHUS TEMICPATYPHOH (yHKIUH
Us (O,t) =05(¢) . Dynkuusa ug(r,f) COOTBETCTBYET IMPOTHO3UPYEMBIM TEMIIEPATYPHBIM 3HAYECHUSM, I10-

Jdy4daeMbIM B obnacTtu u3 ps(t), gs(f) ¢ MOMOIIBIO MpeIaraéMoro MeToaa AUCKPETHON perynspusa-
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1y, a GyHKIMA ¢s(f) COOTBETCTBYET TEMIEPAaTypHBIM 3HAUCHUSIM Ha OocH LumMHApa. Ha criemyromem
3Tare 3KCHEepPUMEHTa IPOBOAMIN CPAaBHUTENIBHbIN aHAIN3 ITOTyYCHHBIX YUCICHHBIX PEIIeHUH ug(r,t) u
¢5(f) ¢ TeCTOBBIMH (PYHKIHAMH.

B pabote mpencraBieHbl pe3yabTaThl BHIYUCIUTEIFHOTO YKCIEPUMEHTA, IPOBEACHHOTO HA OCHOBE
MMHUTAHIOHHOTO MOAEIMPOBAHMS B COOTBETCTBUH C MPEIJIOKECHHON METOAMKOM. B KauecTBe 3TanoHHOM
MOJIEJIH PaccMaTpPHUBAJICS TIPOLIECC TeIIonepeHoca B MWIMHAPe paauyca ¢ =1, MOMENIEHHOTO B Kamep-
HyI0 Tieub, pazorperyio o Temmepatypbl 400 °C. Temnodusnueckue XapaKTEpUCTHKH MaTepHania
c(u), p(u), M(u) coorBeTcTBOBaNM XapakTepucTrkam craiu Mmapku Ct45, [17], [18]. [Ipomomxurens-

HOCTH Tiporiecca coctaBuna /' =60 muH. llpu perrenun npsmoit 3amaaqn (21)—~(23) nomaranu, 9YTo HaYaIb-
HOW TeMIIepaType Tejla COOTBETCTBOBAJIO 3HAYEHHE U (r,O) =25°C,re [O,E ] . Ilpu popmupoBanuu tecto-

Boi pyHKIMU p(?), ¢(f), a Taroke QyHKUUHU ¢(f) UCTIONB30BAIM PE3YJIBTATHI, peAcTaBiIeHHbIE B [20].
Pe3ynbTaThl BBIYMCICHHS TEMIEPATYPHOTO IO LUIMHApA ug(r,t), MONydEeHHBIE B IOJ00IAaCTH
D, <O, D,=[0,0]x(&,T —¢) npu 5=0,05 ¢ NOMOLIBIO IPEUIOKEHHON BHIYMCIHTEIBHOM CXEMBI, 2
TaKke TecroBas GyHKuUS uy(r,¢) mpencrasieHsl Ha puc. 2a. [ToBepxnocts Exact solution coorBerct-
BYeT rpa(uKy TeCTOBOH TemrepaTypHoit GyHKIuH u,(r,t), a moBepxHocTh Regularized solution npen-
craBisieT rpaduk NpHOIIKEHHOTO petieHus ug(r,t) 3agadn (1)—(3), cooTBeTCTBYOMINE POTHO3UPYE-

MbIM TEMIICPATYPHBIM 3HAYCHUSAM B HO,Z[O6J'IaCTI/I Da .

Exact Solution Regularized Solulion function u(0,1)

400 T T 7

600, 480, . 1570 S S S

480 | - 4} :
300 [+t
400 |.- ag .

380 | 300

300" 2604,

280

200 ).

i I I i i I i
0 500 1000 1500 2000 2500 3000 3500 4000

Radius Time Radius o o Time Time

00

a) 6)

Puc. 2. TemnepatypHoe none uunuHapa

PesynbraThl BEIUKMCIIEHHS TEMIIEpATyp Ha OCU LuIUHIpa {Og(¢f) u rpaduk TectoBol GyHKIMU O ()
npu e€(e,T—¢) npeacraBneHsl Ha puc. 26. OGO3HAYeHHE U, COOTBETCTBYET IPAHKy TECTOBOI
dyukmn ¢y (7), a o6o3Hadenue us — rpaduky dncneHnoro perenus ¢g(¢) 3amaau (1)—-(3).

Kak ormeuanocs paHee, HEBOZMOXKHO TOYHO OLIEHHUTH TeMIIEpaTypHBIE MOTPEIIHOCTH TMPH BCEX
te[O,T ], MOJYYUTh OLEHKY IMOTPEIIHOCTH METOAa BO3MOXKHO TOJBKO B HEKOTOPOH Moxo0iacTu

(S,T - 8) . B skcniepumenTe OBUT MTPOBENIEH CPAaBHUTENBHBIN aHAIN3 TECTOBOH TeMIepaTypHOH QYHKIUH
¢ (?) , 3a1aHHOMN HA OCH LUINHIpPA, U TEMIIEPaTypHON QyHKIUHN §g(f) , BBIMUCICHHON HaA ocH. [ npo-

BEJICHHUsI CPAaBHUTENILHOTO aHamu3a ¢ (f) U ¢5(¢) B FKCIepuMeHTe ObUTH UCIIONB30BaHbl BEIMYMHBI A U
®, onpexnemnsieMble HOPMyIaMu:

1)—o(r
A= max |¢5(1)—(1)|, ®= ma M.
te(e,T—¢) te(e,T—¢) | ¢(t) |
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BenmuunHa A COOTBETCTBYEeT HaMOOJbBINEH OIIEHKE OTKIOHEHHWH TeMIIeparyp, HalIEHHBIX C TOMOIIBIO
MPEIOKEHHOTO0 METO/1a BO BHYTPEHHHX TOYKAaX IFIMHJPA, OT TECTOBBIX 3HAUCHUH. Pe3ympTaTel cpas-
HUTEJILHOTO aHaAIM3a P Pa3InyHbIX 3HaueHusX 0 U N u € =0,037 npeacTaBiieHbl B TaOJIHIIC.

OueHKM TeMnepaTypHbIX NOrpeLHocTen

S N A ®
0,05 5 27,95 0,2023
6 26,86 0,1944
7 25,56 0,1850
8 20,72 0,1511

9 2:10%° -

10 0,5-10'% -
0,1 5 29,54 0,2307
6 27,12 0,2118
7 26,08 0,2037
8 21,76 0,1691

9 0,5:10° -

10 2-10™ —

Ucnonb3ys Benmunabl A 1 © , onpenensiembie popmyioit (24), noxyunnu, uto npu 6= 0,05 mis
paccMaTpUBacMOro mpuMepa BeJWYMHA TEMIIEPaTypHBIX MOTPEIIHOCTEH Ha OCH LUWIMHAPA COCTaBUJA
A=21°C, u ®=0,15 npu €=0,037, anpu €=0,067 3HaYeHUS FTUX BEIUYUH cocTaBWIN A =9 °C,
1 ®=0,05 COOTBETCTBEHHO.

Takum 00pazoM, pe3ynbTaThl BHIYUCIHUTENBHOTO SKCIEPUMEHTa CBUICTEIBCTBYIOT O TOM, YTO
MIPEIOKEHHBI METOJ] MO3BOJSET ¢ JOCTATOYHONH TOYHOCTHIO HAXOIUTh TpeOyeMyro TeMIlepaTypHYIO
(hyHKIIIO u(r,t) BO BHYTPEHHHUX TOYKaX IMIMHAPUIECKOTO TeJa MpH COONIOICHUH YCIOBHI COTIaco-

BaHUWs BCJIWYHMH IIara JUCKpPETU3ALUU h , HapaMeTpa peryjapu3aguu o € UHTEPBAJIOM U3MCPCHUA T,
a HauOOIbIINE 3HAYCHUS OLEHOK TEMIEPATyPHBIX MOIPEMIHOCTEH SBISIOTCS TOCTATOYHO TOYHBIMU B
unrepsane (&7 —¢).

3akinoueHue

B pabote paccMoTpeHa MaTemMaTHIecKasi MOJEIb TEIUIOIEPEHOCa BHYTPH MWIMHAPHUYECKOTO Tela C
HEM3BECTHON HayaJlbHOW TEMIEpaTypOi U MPEATIORKEH METOJ ONpeIeNICHHs TEMIIEPATYPHOTO COCTOSHUS
TeJIa TI0 UCXOJHBIM JTaHHBIM, M3BECTHBIM Ha MOBEPXHOCTH. BhlunciuTenbHas cxema MeToJa OCHOBaHa
Ha MCNOJIb30BaHUH KOHEYHO-PA3HOCTHBIX YPAaBHEHUH M BKIIOYACT PETYJIAPU3YIOIIUNA AJTOPUTM HJIECH-
tudukanmuu kodpdunmuenToB. [lokazana yokanbHas yCTOWYMBOCTh METO/IA, a TAK)KE Hal/ieHa TEOpeTH-
YyecKasi OLIEHKA MOTPELIHOCTH METO0JIa, COOTBETCTBYIOIIAsl OLIEHKE HAHMOOJBILEr0 OTKJIOHEHUS BBIUMC-
JICHHBIX TeMIIepaTyp OT AEUCTBUTENbHBIX 3HaueHuil. B pabore mpencraBieHbl pe3yabTaThl BHIYHCIIH-
TEJILHOTO YKCIIEPUMEHTA, KOTOPBIE COTJIACYIOTCS ¢ TEOPETUIECKUMH PE3yJIbTaTaMU M CBHJICTEIHCTBYIOT
0 TOM, YTO IPEAJIOKECHHAsI BEIYMCIUTENbHAS CXeMa MO3BOJISIET IPOrHO3UPOBATH TEMIIEPATYPY BO BHYT-
PEHHHUX TOYKAax Teja, [OABEPraeMoro BHEIIHEMY TEIUIOBOMY BO3JEHCTBHUIO C JOCTATOYHON TOYHOCTBIO.

Pabora BhImosHsAJIach NpU (pMHAHCOBOI moaepxke MuHHCTepcTBa o0pa3oBaHus M Hayku Poccuii-
ckoii Peepannu NPUKIAIHBIX HAYYHBIX MCCIeI0BaHUI B paMKax 6a3oBoii yactu ['ocyrapcrBeHHOro 3aaa-
Hus «Pa3paborka, uccier0BaHue U peaiM3auMsa AJrOPUTMOB 00padOTKH JaHHBIX IMHAMMYECKHX H3Mepe-
HHIl IPOCTPAHCTBEHHO-PacNpe/ie/IeHHbIX 00beKTOBY», TeXHHYecKkoe 3aganue 8.9692.2017/8.9 ot 17.02.2017.
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METHOD FOR DETERMINING THE TEMPERATURE STATE
OF A CYLINDER AT THE HEAT TREATMENT
WITH INCOMPLETE INITIAL DATA

N.M. Yaparova, iaparovanm@susu.ru
South Ural State University, Chelyabinsk, Russian Federation

The paper is devoted to the problem of determining the temperature inside the cylinder based on
the surface measurements. The main characteristics of the material such as specific heat, thermal
conductivity and material density depend on the temperature at each point of the body. This problem
appears in complex heat treatment of products. The mathematical model of heat transfer is presented
as nonlinear heat conduction equation with unknown initial condition. In this problem, both
the Dirichlet and Neumann boundary conditions are given. The computational scheme of the method
is based on the using of finite-difference equations and regularization technique. This approach al-
lows to obtain the temperature inside cylindrical body and then to determine the unknown tempera-
ture on the cylinder axis. We investigate the stability of computational method and obtain the de-
pendence of stability on the discretization steps and level error of the initial data. The reliability and
the efficiency of the method were confirmed by results of computational experiments.

Keywords: heat transfer, inverse problem; regularization method,; data processing method;
computational stability, error estimate.
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Yn paBlieéHne B COUuNaNibHO-3IKOHOMUNYEeCKUX
cncrtemax
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3A0AYN MAKCUMU3ALUNUN OB BEMA BbINMOJIHEHHBIX PABOT
B YINPABJIEHUU NMPOEKTAMMU

C.A. Bapkanose', B.H. Bypkoe®, A.M. XodyHoe"

! BopoHexckuli 2ocydapcmeeHHbIll mexHu4Yeckull yHusepcumem, 2. BopoHex, Poccus,
2 MHecmumym npobnem ynpaeneHus um. B.A. TpanesHukosa PAH, 2. Mocksa, Poccus

3ajaun KaJeHAAPHOTO IUIaHHPOBaHUs (YNpaBJICHHS BPEMEHEM) SIBISIFOTCS BAXKHOM (YHKLIHO-
HaJbHOIM 00JacThlo ynpaBieHHs NpoekTamu. Kak mpaBuiio, NpH 3aJaHHON HPOTOJDKHTEIBHOCTH
NPOCSKTA PACCMATPUBAIOTCS 331a9H MUHHMH3AIMU KOIHYECTBA TpeOYyEeMbIX pecypcoB JIMOO THIa 3a-
Tpar (CTOMMOCTB), JTUOO TUITa MOIIHOCTH (00opynoBanue). Takue 3aqadl BOSHUKAIOT B IBYX CIIyda-
AX. B mepBoM cirydae npoaoDKHTEIBHOCT pean3alyy MPOeKTa (MIpOorpaMMbl) KECTKO OTpaHHYCHa,
HO JIOIyCKaeTCsl ero YacTHYHas peanu3anus. Bo BTopoM ciydae mpoekT (IIporpaMmma) BBIIOIHSAETCS
M0 TIEpHOJIaM U CTABHUTCS 3a/laua MaKCUMHU3AIMU IIEHHOCTU (B3BELIEHHOTO 00BbEMa) BBIOJHEHHBIX
paboT B kKaxkaoM nepuoje. B pabore paccmarpusaroTcs 3agaun GOpMUPOBaHUS KalCHAAPHBIX ILIa-
HOB pa0oT MpoekTa (MM MPOEKTOB MPOTrPaMMBbl) MO KPUTEPUIO MAKCUMH3AIMH CYMMapHOTO B3Be-
IIEHHOTO 00beMa BBITIOJIHEHHBIX Pa0OT MpPU OTPaHUUYCHUSAX HA MPOAOJIKUTEIBHOCTh MpOeKTa (Ipo-
rpaMMBbI) U Ha €ro cTouMocTb. [Ipu 3TOM 3a/1aHbI 3aBUCHMOCTH CTOUMOCTH Pa0dOT OT UX MPOJIOIKHU-
TENBHOCTH. PaccMOTpeHbI cllydaldl HE3aBHCHUMBIX pPaboT, MOCIEIOBATEIBHBIX pabOT, IPOEKTa,
COCTOSIIME U3 HECKOJIBKHX LEMOYeK MOCIeIOBATENbHBIX PaboT, MPOCKTA, OIHCHIBAEMOrO CETEBBIM
rpaduKoM ¢ ynopsIo4eHHBIMH COOBITHAMH. [IpencTaBieHbl IpUMephl PelIeHHs 3a1aqn IS pa3HBIX
CITy4acB.

Knrouegvie crosa: yennocmv pabomsl, KaneHOAPHbIU NIAH, 3A8UCUMOCIU 8peMeHu pabom,
CMOUMOCIU, Cemb ¢ YNOPAOOYEHHbIMU PAbomamu.

Beenenue

3a/aun KaJeHAapHOTO MJIaHUpOBaHUs (YIPAaBJICHUS BPEMEHEM) SIBISIOTCS BKHOW (YHKIIMOHAIb-
HOW 00NacThIO YIpaBlieHUs mpoekTamu. Kak mpaBwiio, MpH 3aJaHHON MPOJOIDKUTEIBHOCTH IMIPOEKTa
paccMaTpUBAIOTCS 33J]a4d MUHUMH3AIUK KOJIWYeCTBa TpeOyeMbIX pecypcoB JHOO THMa 3arpar (CTOH-
MOCTB), TH0O THIa MOITHOCTH (00opymoBanue) [1, 2]. B craThe paccMaTpuBaroTCs 3a7aui KaJleHIapHO-
TO TUTAHWPOBAHUS, TaKHE YTO 33/IaHO W BPEMsI pealu3alliyl MPOEKTa, M PECYPCHI, BEICTICHHBIE TS €r0
peanmzanuu. 3aava 3aKIFOYAETCs B MAKCHMH3AIMYA 00bEKTa BBITIOMTHEHHBIX 32 3TO BpeMs padoT ¢ yde-
TOM HX IIEHHOCTH (B3BEIICHHBIN 00beM). Takue 3a1aun BO3HUKAIOT B JBYX CiIydasx. B mepBoM ciydae
MIPOJOJDKUATENBHOCTD Pealln3allii MPoeKTa (ITPOrpaMMbl) )KECTKO OTpaHUYeHa, HO JOITyCKAeTCs ero 4ac-
TUYHAsA peanu3anus. Bo BTopoM ciydae mpoekT (IIporpamMma) BBITOIHSAETCS 110 MEPUOAaM U CTaBUTCA
3a/1a9a MaKCUMH3aIINU IIEHHOCTH (B3BEIICHHOT'O0 00hbeMa) BEITIOTHEHHBIX PabOT B KaXKI0M MTEPHO/IE.

B pa6ore [3] 3ama4a paccMOTpeHa JJis cydasi, KOra 3a/aHbl 3aBUCUMOCTH CKOPOCTH BBITIOJHEHHS
paboThl OT KOJIMYECTBA PECYpcoB. B maHHOH craThe paccMaTpuBaeTcs Cilydail, Korjga npoJoJDKUTENb-
HOCTh Pa0OTHI 3aBHCUT OT €€ CTOMMOCTH. [IpeioskeHbl METOBI PEICHHUS ISl Pa3JInYHbIX BUIOB CETe-
BBIX Ipa)uKoB (HE3aBUCHMBIC Pa0OTHI, CETEBOH TpaduK — MyTh, CETEBOH TpaduK — HECKOJIBLKO HE3aBU-
CHUMBIX IIyTei, ceTeBor rpaduK ¢ yHOpsIIOYEHHBIMU COOBITUSMHU).

1. ITocTaHoBKA 3a1a4H
PaccmoTpum mpoekT u3 N padot. Kaxnas pabora onuceiBaeTcsi 3aBUCUMOCTBIO S (T;) €€ CTOMMO-

CTH (3aTpaThl HA BBHIIOJIHEHNE) OT BpeMeH! U 3(h(PexToM (IIEHHOCTHIO) OT €€ BBHINIOJHEHH. 3aaHa Mpo-
JOJDKUTEIIBHOCTD NPOeKTa 7' M €ro CTOUMOCTh S.
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3agaua. OnpeaenuTs MHOKeCTBO Q BBIIOJIHIEMBIX PadOT, TaKOE€ YTOOBI BBIIOJIHSINCH OrpaHHYe-
HUS TI0 TIPOAOJDKUATENIEHOCTA M CTOMMOCTH paboT, a cyMMapHas 3¢ ()eKTUBHOCTD BHITIOJHEHHBIX PadoT
ObLIa MaKCHUMAbHOW. PerreHre 3a1aun BO MHOTOM 3aBHCHUT OT BHJa CETEBOTO Ipadrka MpoeKTa, ornpe-
JISJISFOIET0 HEOOXOIMMYO OUE€PEIHOCTh BBITIOJTHEHUS PaloT.

PaccMoTpuM paznudHbIe Citydau.

2. He3aBucumble padoThl
Ecnu paGoThl HE3aBUCUMBI, TO UX MOXHO BBITIONHATH NapauienbHo. Eciu Bpems T 3amaHo, TO Mu-

HUMaJIbHBIE 3aTpaThl paBHEI S; = S;(7") , mockonbKy S, (T;) yObIBaromas (HeBo3pacTarommas) QyHKIHS T; .
I[Ipenmonaraem, 4to S;(1;)<o0, TO €CTh paboTa MOKET ObITh BBINONHEHA 3a BpeMs 7. O603HaunM x;=1,
ecinu pabota | BemonHseTcs, X;=0 B IPOTHBHOM cirydae.

3apaua 1. Onpenenuts x ={x;}, MAKCUMH3UPYIOLIIE

A(x) =Zaixi , @
i
IPH OTPaHHUYCHHUSIX
> % <S. )
i

OTo KIaccuueckas 3a1ada o paHie, 3p(HeKTUBHO peraeTcs Npu LEIOYHCICHHBIX apaMeTpax Me-
TO/IOM IMXOTOMHMYECKOTO MporpaMmupoBanus [4, 5].

3. ITocienoBartesibHbIe padOThI

ITycth cereBoii rpaduk mpeacTaBiseT co0OH myTh. B 3TOM ciydae pemieHue 3aaq9u COCTOUT B TI0-
CJIEIOBATEIbHOM PEIICHUM pPsifia 3aJad MUHUMH3ALMU 3aTpaT NPH OrPaHMYEHUH HA MPOAOJIKHTENb-
HOCTB IIPOEKTA CIIEAYIOLIEero Buaa. PaccMoTpuM noanpoexT u3 K nepsbix pador.

3agaya 2. Onpenenuts T, 1 =1,K, MuHEMH3HpYOLIHE

k
Sk(T):ZSi(Ti)! 3)
i=1
TP OTPaHUYEHUSIX
Z T, <T. (4)

CI10)XHOCTb pelIeHHUs 3TOH 3a7a4n 3aBUCHT OT Buaa Gynkimit S;(t;) . PaccMorpum Heckonbko 4a-

CTHBIX CITy4aeB:
a) MycTh

STOMUEY! ©)

rae ¢(+) — BBINMyKIIas, HenpepbiBHO Auddepenimpyemas Gpynkmus, npuaem ¢'(0)=0.
[pumensist MeTo/T MHOKHTENEH Jlarpamka, M0JlydaeM yCIOBUE ONTHMATbHOCTH

rae A — MHoxuTens Jlarpamka. OTcroa clielyeT, YTO ONTUMAIbHOE PEIICHNE UMEET BHUI

A
H,
k
rne H, = Z’"i :
i=1
Nmeem
T
S (M) =Hyo| —— |
Hy
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YnpaBneHue B counaribHO-3KOHOMMUYECKUX CUCTEeMaXx

I[J'ISI ONpE€ACIICHUA ONTUMAJIBHOIO PEIICHUA HaXOJUM MaKCHMAaJIbHOC k, YAOBJIETBOPAIOLIEE yC-
JJOBHUIO

S (T)<S. 7)

I[Tycts, Hanpumep, S;(t;) sABmsAoTCA QpyHKuusmu Tuna Koo6a — lyriaca

Si(ri):l’i[%J_ . a>0.
| 1

-0l
T
B atom ciydae S, (T) =H, (H—} uu3 ycnous Sy (T)<S momyyaem H, < (ST )1+°t ;
k

0) MMHEWHBIN cryYai
Si(t)=b —gt;, dj <7 <D;,i=1Ln.
Kaxk u panee, penraem 3aaqy MUHUMH3AIMK 3aTPAT Ha BBITIOJIHEHUE NIEpBbIX K paboT 3a Bpems T.

Onucanue anzopumma
1 mar. YnopsimounBaem mepsbie K paboT 1o Bo3pacTanuio (HeyObIBaHHUIO) Q:
G, <G, <..< .

2 mar. O6o3naunm A;= D; —d; . Onpeznensiem HoMep M, Takoi 4TO
m+1

ZA >ZD -T >ZA
3 miar. HonaraeM
TiS:di y S=l_m

K m
'm+1 Z Zl

T, =0, s>m+1.

DTOT AITOPUTM SIBIISICTCS YACTHBIM CITy4aeM alrOpHTMa ONTUMHU3AIUK CeTH 110 ctonMocTu. OH 1a-
€T ONTHMAJIbHOE PEIICHHE 3a/1a4H.

Eciv ipu ouepenom K, S, (T) < S, To yBenmumnBaeMm K Ha | 1 TOBTOpsieM arOpHUTM.

Ipumep 1. imeem mpoekT U3 yeTbipex paboT, TaHHBIE O KOTOPBIX MPUBEICHBI B Ta0. 1.

Ta6nuua 1
i 1 2 3 4
b, 40 20 25 15
g 5 3 2 1
d; 2 1 4 3
D, 6 5 8 8
A, 4 4 4 5

[Ipumem 7T'= 15, S = 30.

OueBuHo, uTo pu K =1 1 2 pabOTHl MOYKHO BBIMOJHATh C MAKCHUMAJILHBIMHU TPOOKUTEIBHO-
cramu 1;=6, 1,=5, $;(15) =10, S,(15) =15 < 30.

Bosemem k = 3.

YmopsimodeHune paboT UMeeT BU

R <n<h.

Brrancasem

3
> D -T=19-15=4.
s=1
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Nmeem
[ToaToMy cokpalaeM MpoJoJKUTEILHOCTh PA0OTHI 3 Ha 4 eJMHUILIBI, T3=4
S3(15)=10+5+17=22<30.
Bosemewm k = 4.
YropsgodeHue paboT UMeeT BU
r4 < r3 < r2 <I’1.
Brrancasem
4
D>.D, -T=27-15=12.
s=1
HNmeem
A4:5<12, T4:3,
T]_: 6 ’
S4(15)=10+14 + 17 + 12 =53 > 30.
Crie1oBaTeNIbHO, ONTUMAJIBHOE PEIICHUE COCTOUT B BBITOJHEHUH MIEPBBIX TPEX padoT.

4. ITocienoBaTebHO-NIAPAJLJIe/bHbIE IPOEKTHI
[TpoeKT coCTOUT MX N MoCIeq0BaTENBHBIX 1IeTIoUeK (MyTel), a KakIblid MyTh COCTOUT U3 M; pador,

i=1n.
Onucanue anzopumma
1 mar. [{yis kaxmo nocienosatensHoi menouku (I1L) pemaem 3amady npeapiIyIero myHKTa U Moiry-

4aeM 3aBUCHMOCTb Sjj MUHHMAJIbHBIX 3aTPAT Ha BBIIOIHEHHE EPBBIX j paboT3aBpems T, j=1m, i=1n.
2 war. O6o3nauum X;=1, ecnu qist i-i T1L] BeIOpan BapuaHT j, TO €CTb BBINOJHSIOTCS MEPBBIE ]

pabor, ajj — cymmapHbIii 9¢p ekt OT 3THX j pador.

3anpaua 3. Onpeaenuts x = {xij } , MAKCUMU3HUPYIOTHE

A(x) :zaijxij 8
ij
[PH OrPAaHUYCHHSX
i

3a/1aqa IIpU OCJIOYHCIICHHBIX TapaMeTpax 3(1)(1)€KTI/IBHO pemaeTca METOA0M JUXOTOMHUYCCKOTO IIPO-

rpaMmupoBanus [4]
Mpumep 2. [poekt coctout ux 4 INL, kaxaas u3 KOTOPBIX COCTOUT U3 3 padort. [Ipumenss anro-

puT™ 1. 3, oMy4aeM 3aBUCUMOCTH (S;;) , IPUBEIEHHBIE B Tabu. 2.

Benmnuntet a¢extoB (UeHHOCTEH) ajj NPHBEICHBI B TA0I. 3.

Tabnuua 2 Tabnuua 3
i i
: 1 2 . 1 2
J J
1 5 12 1 10 18
2 7 10 2 21 23
3 8 13 3 10 16
4 3 9 4 9 15
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Bo3bMeM CTPYKTYpY JMXOTOMHYECKOTO TPEICTABICHHS 3a1auu B Bue puc. 1 [2].

[pumewm S = 20.

1 mar. PaccmarpuBaem I11] 1 u 2. Pemmenne npuseneno B Tadm. 4.
Pesynbrarel cBeneHbI B Ta0M. 5.

Puc. 1

Tabnuua 4 Tabnuua 5
2 10;23 | 15;33 — Bapuant 0 1 2 3 ) 5 6
1 721 | 12;31 | 19;39 3aTpatbl 0 5 7 10 12 15 19
0 0 | 510 | 12;18 Dppexr | 0 | 10 | 21 | 23 | 31 | 33 | 39
2
1 0 1 2

[lapero-moMuHUpYyEMBbIE BAPHAHTHI yIaJICHEI.
2 mar. PaccmarpuBaem I11] 3 u 4. Pemrenue npuBeneHo B TadiI. 6.
Pesynbrarel cBenieHbl B Ta0m. 7. O0beAuHEeHHBIH moapoekT |l

Tabnuua 6 Tabnuua 7
2 9;15 - - Bapuant 0 1 2 3 4
1 3:9 11;19 - 3aTpatbl 0 3 8 9 11
0 0 8;10 | 13;16 Oddext 0 9 10 15 19
4
3 0 1 2

3 mar. PaccmarpuBaem oboweauHeHHbIe TpoekTh | u 1. Penrenne npuseaeno B Tadm. 8.

Ta6nuua 8

6 19;39 - - - -
5 15;33 | 18;42 - - -
4 12;31 | 15;40 | 20;41 - -
3 10;23 | 13;32 | 18;33 - -
2 7;12 | 10;28 | 15;31 | 16;36 | 18;40
1 5;10 8;19 | 13;20 | 14;34 | 16;38
0 0 3;9 8;10 9;15 11;19

e 1 2 3 4
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OnTumaneHOE perienne onpenensercs kinetkoit (18;42). EMy cooTBeTcTByeT BapHaHT 5 00bequ-
HeHHOTO mpoekTa | u Bapuant 1 oobeaunennoro npoekta |l. Bapuanty 5 o6wenunenHoro mpoekrta |
cootBetrcTByeT Bapuant 2 I11] 2 u Bapuant 1 I11] 1, To ecth Bhmonuenue padoter 1 [TI[1 u pabora 1,2
[I112. Bapuanty 1 oobpenunennoro npoekta |l coorserctByer Bapuant 0 111 3 u Bapumant 1 I1L] 4, TO
ects HeBbImoHeHue 1113 u BemmonHeHne padotsr 1 11114,

Cemeeoii zpagpuk — Kycm

Ilyctp cereBoii Tpaduk SBISETCS KYCTOM, TO €CTh IpadoM, COCTOSIINM U3 KOPHEBOH BEpIIHHBI
(m+ 1) u M cMEXHBIX ¢ HEl BUCIUYMX BEpIIHH. Takue CTPYKTYPhl BO3HUKAIOT, KOT/Ia MMEESTCS OJIHA pa-
0oTa (ell COOTBETCTBYET KOPHEBasl BEpIIHMHA), PE3yJbTaThl KOTOPON HCIIOJNB3YIOTCS NPU MPOBEACHHUU

m mpyrux padot (puc. 2).

Ecau npoaomKUTeIbHOCTh KOPHEBOU PaOOTHI paBHA Ty,,1 , TO MPOAOILKUTEIBHOCTH OCTAIbHBIX pa-

Puc. 2

0ot paBHBI 1 —T,q -

IIpumem, 4o pabora (M + 1) HMeeT HECKONBKO AMCKPETHBIX BAPHAHTOB C 3atpataMu (Sp; ) H

IPOJOIDKHTENIBHOCTBIO Tpy g, =1,q. 3amauy GyxeM pelmaTh METOIOM IepeGopa BCex (| BapHAHTOB.
I[Ipu BBIOpaHHOM BapHaHTe J MPOJOJIKMTEILHOCTH M OCTaNbHBIX paboT paBHa A =T —T, 4 j - 3amada
CBeJlach K 3aj7ade ¢ He3aBUCHMBIMU paboramu (3amaya 1). PemmB ee, momyuaem 3aBHCHMOCTb MaKCH-
ManbHOTO 3P dekta 4 ot 3aTpat S. Eciu KycToB HECKOIBKO, TO pelaeM 3a1ady sl KaKI0ro Kycra, mo-
Ty4daeM 3aBHCHMOCTb 4 (S;) addekra 1 i-ro KycTa OT 3arpar, BBIIEICHHBIX JUIS HETO, | =1,_p , TIe
p — 4ucIo KycToB. Jlanee pemiaeM 3amady onpeereHHs ONTHMAlIbHBIX BEIMYUH S; TpH 00IIeM orpa-
HUYEeHUH S. DTa 3a/aya aHAJIOrMYHa 3a/1a4ye 2, pACCMOTPEHHOM BHIIIIE.

5. luckpeTHbie 3aBUCHMOCTH
PaccmoTpum 3a1a4u, Koraa 3aBUCUMOCTH S;(T;) SIBISIOTCS AUCKPETHBIMHL.
[Ipumem 6e3 orpaHrYeHHs: OOLIHOCTH, YTO Kakaas paboTa UMeeT M BapUaHTOB BhionHeHUs . O60-

3HAYUM Tjj, Sjj , COOTBETCTBEHHO MPOJIODKHTEIBHOCTE U CTOMMOCTb j-ro BapuaHTa i-ii paboTHI x;=1,

ecin Ha i-ii pabote BbIOpan BapuaHT j, x;;=0 — B IPOTMBHOM CiTy4ae.
3amMeTuM, 9TO
Tit <Tj2 <o e <Tip»
Si1 >Sjp >... >S5,
Paccmompum 3adauy 1
OmnpeneniM MakCUMaIbHBIH HOMep K; BApraHTa BBITIOIHEHUSI i-if pabOThI, TAKOW YTO T, < T.

COOTBGTCTBy}OH_II/IC 3aTpaThbl 0003HaYUM Si. Jlerko BUACTH, YTO IIOCTAHOBKA 3aa4l MaKCHUMU3allUH
3(1)(1)€KT3 (L[CHHOCTI/I) OT BBIIIOJIHCHHBIX 3aJa4 IIOJHOCTBIO COBIIAAACT C 3az[aqef/'1 1.
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Paccmompum 3a0auy 2

Kak u B HENIPEPBLIBHOM CJIy4da€ IJIA KaXXJI0To 4YHucia K BBEIIOJTHAEMBIX pa60T peumaeM 3aga4y MUHU-
MHU3allun

2 %Si
i
MPHA OTPAHUYEHUSIX

ZXU =1, | =1,_k,
]

k
ZZrin-- <T.

j —
i=1 j

MuHuMaNbHBIE 3aTpaThl MpH BeimosHeHun K padot 06o3uaunm Sy(T). Onpenenum MakcumanbHoe K,
takoe 9To Sy(T) < S. Dra Benmuuuna K ompeaenseT OonTUMalIbHOE PEIICHHE 3a1auu.

PaccMoTtpum erme oiHy MTOCTaHOBKY 3a7]a9d ¢ HE3aBUCUMBIMA paboTamu. OHAKO B TaHHOM Cydae
paboThl MOTYT BBIMOJHATHCS TOJIBKO MOCIEIOBATENBHO (HampuMep, paboTa BHIMOIHICTCS OJHON OpHra-
noit). B aTom citydae monydaem ClIeIyIONIyIo 3a/1a4y:

3agaya 4. Onpenenuts x = {

Xjj } , Makcummupyromue (8) npu orpaHUICHUSIX
i
ij
j

(13)

PaccmoTpuM npuOIMKEHHBIH aNrOpUTM PEeIleHHs 331a4H, B OCHOBE KOTOPOTO JIEKHUT METOJ JUXO-

TOMUYECKOT0 IIPOrPaMMHPOBAHUS U METOJ MHOKUTENeH Jlarpanxka.
Brinumem Jlarpanxxuan

L(}\.,X) Zzaijxij _)L zsijxij _S y
ij ij

(14)
rac A — MHO>KHTEIIb HarpaHn(a.
Onuem HJCHO aJIrOpUTMaA.

| aran. [Ipu ¢ukcupoBanHoM A perraem 3azauy (11), (13), (14) MeTomoM TUXOTOMHUYECKOTO MPO-
TpaMMHUPOBaHUSI.

HAThCS HepaBeHCTBO (12). [lomyueHHoOe pu 3TOM pemieHre OyaeT naBaTh NPUOIMKEHHOE PEIICHHUE HC-
XOJIHOM 3aJauyu.

Il stan. OnpenenseM MUHUMAJIBHOE A, IPU KOTOPOM ISl ONTHMAJIBHOTO PELIeHUs] OyAeT BBINOJI-
JlemMma. Ecnu st mpubamkeHHOTo penieHust HepaBeHCTBO (12) BBIMONHAETCS KaK CTPOroe paBeH-
CTBO, TO 3TO PEIICHHUE SABJISIETCS] ONTUMAIILHBIM.

Loxazamenvcmeo. Kak u3BecTHo, JlarpaHkuaH JaeT BEPXHIOO OLICHKY JIsl UICXOAHOM 3anaun. Eciau
HepaBeHCTBO (12) BBIMONHSAETCS Kak CTPOroe paBEHCTBO, TO 3Ta OIEHKA JOCTIKMMA, a CIeI0BaTeNbHO,
peIeHue SIBISIETCS] ONTUMATBHBIM.

6. CeTeBoii rpaduk — 1epeBo

PaccmoTpum cityuali JUCKPETHBIX 3aBUCUMOCTEH, KOTJa CETEeBOH TpauK SBISETCS JEPEBOM
(puc. 3) wiu necoMm (JiecoMm HaszbiBaeTcs rpad), Kaxaas KOMIIOHEHTa KOTOPOro siBjiseTcs Aepesom). [1pu-

MEM, YTO KaXXaas paGOTa HUMECT TOJIBKO OAVWH BAapHAaHT BBINIOJIHCHUA C 3aTpaTaMu Si " IIPOAODKHUTEIIb-
HOCTBIO T;,1=1n.
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[5]

[11]

[3] 15]

[21]

Puc. 3

Onucanue anzopumma
| oTan. OnpenenseM paHHHE MOMEHTBI OKOHYAHMs PaboT t; , MPUMEHAA METO KPUTHYECKOTO ITyTH.

Pabotsl, 11 KOTOPBIX 1> T, HCKIIIOYaeM.

Il sran. Bepem MpOW3BOJBHBIA KYCT, COCTOSIIMN M3 M BHCAYMX BEPIIMH U KOPHEBOH BEPILIHWHBI
(m + 1). O6o3HaunM X;=1, eciu BeplIMHA | BXOAUT B pelIeHUE 3aa4d, X;=0 — B IPOTUBHOM CIydae.

3anaua S. Onpenenuts x = {xij } , MAKCUMUBHUPYIOITUE

m
A(x) = Zaixi : (15)
i=1
IPH OrPaHUYECHHH
m
i=1

rae Y —mapamerp 0<Y <S.
3aauy peniaeM METOJ0M JUXOTOMHUYECKOTO MPOrpaMMUPOBAHHS.
m
B utorosyto Tabimiy pemenus A(Y) mobaBiseM MOCIeIHUE CTONOEI ¢ 3aTpaTaMu Zsi +Sma
i=1

m
(ecnm »TH 3aTpaThl He Oosble S) U 3hdeKToM Zai + a1 - B pesynbraTe noay4aeM napaMeTpUIECKyTO
i=1
3aBucumoctb A(Y). Kyct 3amensiem oHo# BepiiHOi ¢ 3aBucuMOCThi0 A(Y).
[anee Oepem ciieyromIuii KycT ¥ TOBTOPSIEM MIPOIIETypPY | T. 1.
Ipumep 3. PaccmoTtpum aepeBo puc. 3. JlaHHBIE O MPOAOIDKHUTENBLHOCTIX, 3aTpaTax U 3Qdexrax
MpUBEACHHI B Ta0IMI. 9.

Tabnuua 9
i 1 2 4 5 6 7 8
T; 5 3 4 7 3 5 6
s; 6 2 4 3 8 5 7
a 9 5 10 6 7 11 8 9
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pumem T =17, S=16.
| 3Tan. B kBaspaTHBIX CKOOKaX yKa3aHbI MO3JHHE BPEMEHA OKOHYAHUS paboT. Y paiseM BEepIIuHY 8,
Tak Kak tg =21>17 . [lomyuaem cereBoii rpaduk (j1€c), COCTOAIIMNIA U3 ABYX AepeBbeB (puc. 4).

O
9

Puc. 4

Il ram.

1 mar. bepeMm kycT ¢ kopHeBo# BepimmHOH 3. PemaeM 3amauy MakCUMHU3aIuy
9x +5x,
1

[PU OrPaHHYEHUH
6x1 +2x,<Y, 0<Y <16.

Pemenue npuseneHo B Tabm. 10.
Ta6bnuua 10
BapwuaHT |

Bapuant 0 1 2 3 4
3arpatsl 0 2 6 8 15
Db dexr 0 5 9 14 24

B Tat6u. 10 noGasiien nocieHui cTonbell ¢ 3aTpatamMu S, +S,+S3 =15 naddekrom a +ay+a; =24.

3aMeHNM KyCT OJHOHM BEpILIMHOI ¢ HoMepoM |.

2 mar. bepem xycT ¢ kopHEBO# BepmnHON 4. Cpa3y BBINMHCHIBAEM apaMEeTPUIECKYIO 3aBUCHMOCTD
A4(Y), mockoneKy oHa coBmazaet ¢ Tabm. 10 mara 1 (mo6aBieHne 3aTpar paboTel 5 HapyIraeT OrpaHu-
yeHue Ha 3aTpaTbl). OcraBiseM BepiuuHy .

3 mar. PaccmaTtpuBaem KycT ¢ KOPHEBOH BepIIuHOM 7. Perraem 3agaqy MaKCUMU3AITII

Ix, +11xg

[PH OrPaHHYEHUH
3x5 +8x,<Y, 0<Y <16.

Pemenwne npuseneHo B Tabm. 11.
Ta6nuua 11
BapwuanT Il

Bapuanr 0 1 2 3 4
3arpatsl 0 |3 8 11 16
D¢ dexr 0 |7 11 18 26

3aMeHsieM KycT BepuInHOii 1.
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4 mar. PaccmarpuBaem Bepmunsl | 1 |l. Pemenne mpusenero B Tadi. 12.

Ta6nuua 12
4 1524 | - - - -
3 8:14 11;21 | 16:;25 - -
2 6:9 9:16 14:20 - -
1 2;5 5;12 10;16 | 13;23 -
0 0 3;7 8;11 11;18 | 16;26
. 0 1 2 3 4

B xnetkax Tabn. 12 mepBoe 4ucio — 3aTpathl, BTopoe — 3@dekt. OnTuMansHoe peleHne onpeaes-
ercst knetkoii (16;26). EMy cooTBeTcTBYeT BhINONHEHKE PadoT 1, 2, 3, 4 ¢ 3arpatamu 16 u apdextom 26.
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MAXIMIZATION PROBLEMS THE VOLUME
OF PERFORMED WORKS IN PROJECT MANAGEMENT
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Scheduling tasks (time management) are an important functional area of project management.
As a rule, for a given project duration, the tasks of minimizing the amount of required resources,
either of the type of costs (cost) or type of capacity (equipment), are considered. Such tasks arise
in two cases. In the first case, the duration of the project (program) is strictly limited, but its partial
implementation is allowed. In the second case, the project (program) is carried out by periods and the
task of maximizing the value (weighted volume) of work performed in each period is set. The paper
considers the tasks of forming the calendar work plans of a project (or program projects) by the crite-
rion of maximizing the total weighted volume of work performed, with restrictions on the duration
of the project (program) and its cost. In this case, the dependence of the works cost on their duration
are given. The cases of independent works, consecutive works, a project consisting of several chains
of consecutive works, a project described by a network schedule with ordered events are considered.
Examples of solving the problem for different cases are presented.

Keywords: work value, schedule, work time dependencies, costs, network with orderly works.
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BHEOPEHUE KOPMOPATUBHbIX UH®OPMALIMOHHBIX CUCTEM
AnA AOCTUXEHUA CTPATETMHECKUX NOKA3ATEIEN
NMPOMBILWNEHHBIX NPEANMPUATUN

T.B. Maenosuy’, E.A. fpont?, .. Kynukoe®

" ®uHaHcosnIll yHusepcumem npu lMNpasumenscmee Poccutickoti ®edepayuu,

2. Mockea, Poccus,

2 Ypumckuti 2ocydapcmeeHHbill aguauUoHHBIL mexHuYeckull yHusepcumem, 2. Yopa, Poccus,
3 AO «Ypbumckoe HayyHo-npou3ssodcmeeHHoe npednpusmue «MonHus», 2. Yeba, Poccust

CraThs TOCBSIICHA BOIIPOCAM TOBBIIICHHS POU3BOAUTEIIEHOCTH TPYIa U Ka4eCTBA MPOIYKTOB
W YCIIYT MyTeM BHeIpeHHs KoprnopatuBHbIX HH(GopMannoHHbIx cucteM (KUC). [IpoaHanu3upoBaHsl
uenn BHeApeHus KMC 1 B3auUMOCBs3b aBTOMATH3AINH C JOCTIDKCHIEM CTPAaTEeTHICCKUX Ieiei Hed-
Tera3o100bIBAOIINX MIPEATIPUATHI.

BrisBiieHa n 000CHOBaHa HEOOXOIMMOCTH pa3pabOTKH CHCTEMBI KITFOYEBEIX MMOKa3aTeNeH 3¢-
¢dextuBrocT (KIID) B paspese OM3HEC-TIPOIECCOB MPEANPUATHS [UIS ONMPEICIICHUS HU3KOA(EK-
TUBHBIX TIpoleccoB. Takke 0OOCHOBaHA WICs MPOBEACHHS aHAIM3a TYUIIUX MPAKTHK JJIS OLCHKH
a¢dexTHBHOCTH TIpotieccHoi Moaenu npeanpustus AS IS. Ileneas mogens TO BE gesrensHocTH
MPEIIPUATHS TOJDKHA Oa3MPOBATHCS, C OJHOW CTOPOHBI, HA aHAIH3E YUIIUX MIPAKTHK, a C APYTron —
Ha aHaymse KIID, paccunTaHHbBIX B X0/1€ (QYHKIMOHAIbHO-cToMMocTHOro aHamm3a (PCA nmm ABC-
aHanu3) OU3HEC-TIPOIECCOB.

Ha ocHOBe pOBEICHHOTO MCCICIOBAHUS aBTOPAMH TIpeIaracTcs BeIEIUTh 10 3TamoB moaro-
TOBKH K BBIOOPY M BHEAPECHUIO MH(POPMAIMOHHBIX CUCTEM JJIsl JOCTUIKEHHSI CTPATETHUECKUX MOKa-
3areneit nmpennpustus. [log ycermemaeiv BHenperneM KMC moHMMaeTcs COCTOSHHE HpPEATPHSTHS,
IIpU KOTOPOM OHO CTaOMJIBHO JOCTHraeT IMOCTaBJICHHBIX CTPAaTeTHYecKUX Lieied. B craree mpen-
CTaBIICHBI PE3YIBTATHl MPAKTHICCKOTO IIPUMCHEHUS TaHHBIX 3TAlloB Ha IpUMepe Beayuieil Hedrera-
30700bIBatonIel kommaHuu Poccuiickoit @enepanuu. Kaxnaplii sTanm BHOCUT CBOW COOCTBEHHBIH
BKJIaJI B UTOTOBBIM yCIIeX BHEIPCHUS HHPOPMAIMOHHBIX cUcTeM. Kak moka3anu pe3yiabTaThl IIPOBe-
JIEHHOTO MCCJICJIOBAaHUS, UCKIIIOUCHNE MM HEHa/JIe)Kalllee BBHIIIOTHEHHE 3TAlloB MOXKET MPUBECTH K
npoBanam npu BHeapenun KMUC.

B cratee Takke paccMOTpeHa B3amMOCBs3b HeycmemrHoro BHenpeHuss KMC u ympaBneHus
JIOABMH, a TaKXKe MPEACTABICH OOIIMIA OAXO0/ K YIPaBICHUIO YeJI0OBEYSCKAM KalUTAIOM TIPH pea-
JU3aIMK IPOEKTOB aBTOMaTH3anuu. [loquepkHyTa BaXKHOCTh CO3JJaHUS JTMHUN TBYXCTOPOHHErO 00-
IICHUS ¢ PyKOBOJAUTEIIMHU U PSIOBBIMHU MOJB30BATEISIMA CHCTEMBI TIPH IIAHHPOBAHUH MPOCKTA 110
BHeapeHuto KMC, a Taxoke mocie BBOJa CUCTEMBI B IIPAKTHUECKYIO 3KcIuTyaTanuio. Coriacue U uc-
KPEHHSS TOJJICPKKa JIFOJICH MPOCKTOB aBTOMATHU3AlUH SBISCTCS KIFOUYEBBIM (PaKTOPOM YCIICITHOTO
BHEIPEHUSI U3MEHECHUM.

Kurouesvie crosa: kopnopamusheie ungopmayuonnsie cucmemot (KUC), knouesvie nokazame-
au a¢pgpexmusnocmu (KI1D), busnec-npoyeccol, aHanus iyuuux npakmux (benumapkune), QyHkyuo-
HanvHo-cmoumocmuou ananruz (OCA), cmpamezuueckue nokazamenu.

Beenenue

B nacrosmee BpeMs 3a1a4a MOBBIIIEHUS IPOU3BOAUTEIHHOCTH TPY/Aa U Ka4eCcTBa MPOIYKTOB U YC-
JYT SIBISICTCA KIIOYEBOM Ul HEPTSAHBIX KOMIIAHWH, a TaKXKe JUIsl MPOU3BOJICTBEHHBIX M CEPBHCHBIX
KOMITaHU# JTI00BIX Opyrux obnacteil 6e3 uckimoueHus. 1o 00yCIOBIEHO BBICOKOH KOHKYPEHLIMEH Kak
BHYTpPH CTPaHbI, TAK U Ha MEXIYHAPOTHOM YpOBHE. JKOHOMHUECKas () (PEKTUBHOCTD JIF000N KOMITAHHH
WJIHM TIPOEKTa IJIaBHBIM 00pa3oM OmpeesnsieTcs] MPOU3BOAUTEIHHOCTRIO TPYIa U Ka4eCTBOM IPEIOCTaB-
JIIEMBIX MPOTYKTOB U YCIIYT.

[Ipon3BOAUTENHHOCTD TPYJa U KAUECTBO MPOIYKIIMU 3aBUCAT OT OpraHHU3allH AEATeIHLHOCTH KOM-
naHuy. J{esTenbHOCTh KOMIIAHWHU TIPEJICTABISICT cOO0M HAaOOp B3aMMOCBS3aHHBIX OW3HEC-TIPOIIECCOB,
KKIBIA U3 KOTOPBIX JOJDKEH UMETh CBOKO LIEJb, KOHEUHBIN MPOAYKT, OTBETCTBEHHBIX M KIFOYEBBIE ITO-
kazarenu ¢ ¢exrusaoctu (KII3). Ipumepamu KIID ans mporeccoB MOTyT ObITh: 3aTpaThl, BpeMsi, A0-
X0J1, BbIpaOOTKa Ha OJTHOTO paboyero u T. 1.
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Kopmioparusabie nHpopmarmionnsie cucreMbl (KWC) BHempsroTcs Ui aBTOMAaTH3aIlUH OW3HEC-
MIPOIIECCOB C IIEJIBIO MOBBIIICHUSA UX d3PPEKTUBHOCTU U TOCTHXEeHHS eneBbix KI1D.

1. Orans! Be10opa KUC s nocruskenus crparerndecknx KIID npexnpusitus

B nacrosmee Bpems paspadoransl KUC miis aBTOMaTH3auy MpakTHYECKH KaKIOTO HaIpaBIICHUS
JeSITETbHOCTH TIPEIANPHUITUN: MPOAaXK, MPOU3BOJICTBA, IOKYMEHTOO00pOTa, 3aKYIOK, JOTHCTHKH, OyX-
raJTepCKOro y4yera, OM3HEeC-aHAMUTHKH U T. A.

Kaxnas KUC npexxzae Bcero HampasieHa Ha MOBBILIEHHE 3((EKTUBHOCTH M JOCTIKEHHE MOKa3a-
TeJel MO COOTBETCTBYIOUIMM HAIPaBIEHUSAM JIEATEIBHOCTU: MPOAAXKaM, MPOU3BOACTBY, JIOTUCTHKE U
npouee, a TaKkKe Ha MOBbIIIeHUE 3P PEeKTUBHOCTH NpeanpusaTHA B enoM. Bece HanpaBieHus aesiTenbHO-
CTH TIPEOUPHUSATHSA CBA3aHBI MEXIY COOOH, M M3MEHEHHE PabOThl OJHOTO HAIPaBJICHUS HENPEMEHHO
CKa)KeTCsl Ha pe3ylibTarax paboThl APYrHX HANpaBleHWH W Ha JEATEILHOCTH BCETro mpennpusitus. Ha-
npuMep, B paMKax ONTHMHU3AIMU JIEATEIHHOCTH OJHOTO M3 BEAYIIUX POCCHHCKHUX HE(TEra3zo o0bIBaro-
MIUX OpeAnpHuATHil ObUT0 TpaHC(HOPMHUPOBAHO HAIPABICHHE 3AKYNOK M JIOTHCTHKH. DTO MPUBEIO K
CHIDKCHHUIO Ce0ECTOMMOCTH JTOOBIUM yriieBoA0poa0B (YB) 1 K MOBBIIICHHIO KauecTBa J00BIBAEMOTO ChI-
pBsi. B cBA3M € 3TUM y mpeanpusITHs MOSIBIINCH HOBBIE MEKIYHAPOIHbIE KOHTPAKTHl Ha Tpoaaxy Y B.
@DHUHAHCOBBIE Pe3yJbTAThl MPEANPUATHS 3HAYUTENBHO YIYUYIIMINCh M, 4TO OoJjiee BaXXHO, NpUOOpenn
YCTOMYMBBIN pacTyIIUH TPEH.

PesynbTaThl MpoBeIEHHBIX HCCIEOBAHHMA Psilia POCCHICKUX HE(PTEra30J00bIBAIOIINX PEATIPHATHI
u ctpad CHI' moka3piBaoT HE0OXOAUMOCTh MOATOTOBUTENIFHON pabOThI AJsl B3BELICHHOTO BBIOOpA U
ycnemnoro BaeAapenuss KMC. bes npoBenenus coOOTBETCTBYIOLIEH MOATOTOBUTEIbHON pabOTHI 3HAUM-
TEJIbHO BO3pAcTaeT PUCK HEJAOCTIKEHHUS CTpaTerHuecKUX IMoKasarened mpeanpusatus. B pamkax cymie-
CTBYIOIICH BBICOKOM KOHKYPEHIIMH 3TO MPUBOJUT K IOTEPE PHIHOYHBIX MO3HIUI U K moTepe GpuHaHCOo-
BOH YCTOMYMBOCTH KOMITAaHUI.

CornacHo marepuanam komnanuu Deloitten cratuctuku Gartner Group [1], Heynauu npu BHeape-
Huu komiekcHbIx KUC (nampumep, Takux kak ERP) cocrasnstor nopsiaka 5575 %.

B BBIOOPKY aHAMM3UPYEMBIX NPEANPHUIATHN BOLUIM KOMIIAHUH, KOTOPBIE MTPOBOJUIN HEOOXOIUMYIO
NOATOTOBUTENBbHYIO PabOTy 11 BbIOOpa 1 moArotoBku K BHeApeHuto KWC, a Taxke npeanpusTusi, Ko-
TOpBIE HE TIPOBOAMIM JAaHHOH paboThl. Ha ocHOBaHMM aHanM3a JBYX COBEPIIEHHO Pa3HBIX TOIXOJ0B
OBLIM OIpe/IeIeHbl KIF0UYEBbIE 3aJa4l UIH ATAIlbl, KOTOpble MUHUMH3UPYIOT PUCKH HEyAa4 U ABISIOTCS
3aJI0TOM YCIEUIHOTO BHEAPEHUS HH()OPMAIIMOHHBIX CUCTEM.

10 aramoB moarotoBku K BeIOOpy W BHeapenuto KMC mns moctmwkenus crpatermdeckux KIIOD
MIPEITPUIATHS:

1) AeKOMIO3HUIMS CTPATErMYECKOM LEJU 10 OU3HEC-CerMEeHTaM WMJIM 0 HANpPaBJICHUSIM AEATEIBHO-
ctu npeanpustusa. CTpaTernyeckas Ledb ONpeesieTcs U YTBepKIaeTcsl aK[OHepaMu Ha OCHOBaHHUU
MUCCHH U BUACHUA NIPEINPUATHUS;

2) dhopmanu3zanys CyIIECTBYIOIINX OW3HEC-MPOLECCOB IMyTEM JEKOMIIO3ULUHN CBEPXY-BHU3 H CO3-
nmanne moaenu AS IS;

3) npoBenenue pyHKIMOHATBHO-cTOUMOCTHOTO ananm3a (PCA) moxenu AS IS. IMo pesynbratam
DCA onpenenstores KIID ms kaxkaoro ousHec-mporiecca moaenu AS IS u orleHHBaeTCs BO3MOKHOCTD
JOCTIDKEHHS OCTaBICHHBIX cTparerndyeckux KI19;

4) BpIOOp OeHUMapKoOB JJIst JaHHOTO Npeanpusatus u cpapaenne KI1O monemu AS IS ¢ KIID 6enu-
MapKoOB;

5) onpenenenne HU3K03(HEKTUBHBIX MPOLECCOB MPEIIPUITHS;

6) Be16op KNUC mis mosbimeHust 3 (QeKTUBHOCTH MPOOIEMHBIX OM3HEC-IPOLIECCOB ¢ yueToM (u-
HAHCOBBIX BO3MOKHOCTEH MPEAPUATHS;

7) ontumuzanus npoOneMHBIX OumsHec-mpoueccoB U (opmuposanue mozenun TO BE. Mopens
TO BE moxert ObITh chopMUpOBaHa HA OCHOBE aHAJIM3a JIYUIIEro OIbITa KOMIaHUH-0eHUMapKOB;

8) mpoeenenune ®CA nmns monenu TO BE;

9) mepecMOTp CYIIECTBYIOUIUX CTPAaTErMYECKUX LeJed W MPUHATHE OKOHYATEIHHOTO PElIeHHUs O
TOM, KaK OyAyT BBICTPOEHBI ONTHMHU3UPOBaHHBIE OM3HEc-pouecchl. Moaens npoueccoB TO BE momxk-
Ha 00ecreynBaTh JOCTHKEHUE aKTyaIM3UPOBAHHOM CTPAaTEerHUeCKON ey,

10) paspabotka I1aHoB BHeApeHus BbiOpanHOH KWMC s aBTOMAaTH3aIluM MOJEIH IPOIECCOB
TO BE u goctuxenus nenessix KII9 nanHbIX mpoieccos.
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lMaenosuy T.B., [lpoHb E.A., BHedpeHue koprnopamueHbIX UHhOPMaYUOHHbLIX cucmem
Kynukoe I'.I". Onsi docmuskeHuUs1 cmpamea2u4yecKkux rnokasamerned. ..

2. PaccmoTtpenne 3tanos BHeaApenust KUC na npumepax

Ha puc. 1 narnaano npeacrasnens! 3 stana Beioopa KMC Ha mpumepe HedTerazonoObiBaromeit
KOMITaHUH.

Crparermyeckas ueb: NOIOXKUTENbHbIM pocCT

3KOHOMMYECKOMN NpubbIn (EVA)

v v v v

KoadpdpuumeHt BocnonHeHus
3anacos

0O6bem Banoeoii 4o6blun YB O6wme 3anacbl YB 0O6bem npogaxk YB

Y
Crtparternyeckue nokasarenu sppekTMsHoCcTH 1-ro ypoBHA

CrtpaTternyeckue nokasarenu apdpektusHoctu (KMN3) 8 paspese 6u3Hec-cermeHTOB

NoasemHoe Peanusauusa YB n
Passeaka n aoGbra [ Tpancnoptuposka I oo lo e rasa Nepepa6oTka YB Mpowussoacteo CNI |l npoaykTos
vB vB (NXr) nepepaboTku
* O6vem fo6blun * 06bem . * O6bem * O6bem .
* MpupocT 3anacos TPaHCMNOPTMPOBKM O6vem MXr nepepaboTku npoussoacTea CMNI O6bem npojax

KM3, peneBaHTHble ANA KaXaoro 6UsHec-cermeHTa:
* MMpon3BOAMUTENBHOCTL TPYAA, ThiC TY6./yenosek-yac * YaenbHble 3aTpaThl*

Mogenb npoueccos AS IS ana 6usHec-cermeHTa Passegka u go6biua YB **

* CHUMKEHMe onepaLMoHHbIX pacxogos, %

MnaHnpoBaHne
cornacHo
cTpaTernyeckum
nokasaTenam
apopekTmBHoOCTH 1-T0

[eAatenbHoCTb
NnoAAepPKUBAOLLMX

dyHKLM (HR, topucTsl,
byxrantepua n T.g.)

3aKynku n
NOTUCTUKA

MposeaeHne
reonoro-
pa3BeAoUHbIX paboT

[obbiya YB

YB-cbipbe
F———>

| EER

IIpumeuanue: * YaenbHbIE 3aTpaThl — 3TO 3aTPaThl HA €IUHUILY IPOM3BENCHHOI POAYKINHK WK yciryry. HampumMep, yaenbHbIe 3aTpaThl 11
I00BIUM ra3a H3MEPSIOTCS B pyOIIsIX 32 TOHHY yCIOBHOTO TOILTHBA (T.Y.T). YIe/IbHBIE 3aTPaThl Ha TPAHCIOPTHPOBKY ra3a H3MEPSIIOTCS B
pyOsix 3a Teic. M3 Ha 100 kM.

** 1o aHAIOT MY IGKOMITO3MPYIOTCS OM3HEC-TIPOIECCHI IPYTHX OH3HEC-CErMEHTOB.

m - KiroueBble mokasarenn 3>(QQEKTHBHOCTH, KOTOpHIE OBLIM OINpPEIENCHBbl O PEe3yNbraT™M (yHKIMOHAIBHO-CTOMMOCTHOTO
aHanu3a ousHec-nporecco. M3 nanusix KITD ckiapIBalOTCs TOKA3aTEIN BBIIECTOSIIMX IPOLIECCOB U O IIPEIPUSATHIO B LIEIOM.

Puc. 1. NepBble Tpu 3Tana BbiGopa u NoArotoBku kK BHeapeHuto KUC
Ha npumepe HecTerazonobbIBalOLLENn KOMMaHUU

B pamkax 1-ro srama crparermyeckas 1eilb U CTpaTerHuecKue mokasatenu 3(pQekTuBHOCTH 1-TO
YPOBHS JEKOMIIO3UPYIOTCA B pa3pese OM3Hec-CeTMEHTOB. B pesynbraTe onpeaesnsioTes CTpaTerndeckue
KITIO4EBbIe TIOKa3aTeNu 3((EeKTUBHOCTH AT KaXKA0Tr0 OM3HEC-CerMeHTa.

Ha 2-m stame ans xaxmoro OMsHec-cerMeHTa (OpMalIu3yrTCsl OU3HEC-TPOLIECChl U pa3padaThiBa-
ercs monientb AS IS [2-8]. [Ipumep monenu AS IS ans 6usnec-cermenta PasBenka 1 1o0ObI4a npeacTras-
JIeH B HIDKHEH yacTu puc. 1.

B pamkax 3-ro stana npoBoautcs GpyHKIHOHAIBHO-cTouMOCTHOH aHanu3 (PCA unun ABC-ananus)
W PacCUMTHIBAIOTCS MOKA3aTeNH ISl KAXKJ0ro Ou3Hec-mporiecca. JlaHHbIe OKa3aTel SBISTIOTCS KITtoUe-
BbIMHU nokazatessiMu 3¢ gextusroctr (KI19) kaxnoro nmponecca. M3 nanneix KII3 cknaneiBaercs uto-
TOBBIN MOKa3aTenb 3¢ dexkTuBHOCTH AesTenbHOCTH Ou3Hec-cermenTa. Ha ocHoBanuu KIID no kaxxnomy
OM3HEC-CErMEHTY aHAIM3UPYETCS BOBMOXKHOCTD JOCTHKCHHUSI CTPATErMYEeCKUX TIoKaszarteneil s peKTuB-
HOCTH 1-r0O YPOBHS, a TaK)Ke CTPATETHYSCKON 1e)IM He)Tera3o100bIBaIOIICH KOMIIAHUY B 11EJIOM [9].

Pesynpratamu nepBbIX Tpex 3TaNoB BbIOOpa U moaroToBku K BHeApeHHo KUC sBusrorest:

— MoJIeTh OM3HEC-TIPOTIECCOB AesaTenbHoCTH Tipeanpusatus AS IS;

— Habop KII3 mist kaxmoro OH3HEC-TIpoIiecca;

— OIEHKA JIOCTIKEHHS CTPATErHuecKOoi LeH.

Ha puc. 2 HarmsimHo npeacTaBlieH MOaXo K peanusanuu 31anoB 4 u 5 Beioopa KUC mist moctmxe-
Hus crpaterndeckux KII9 mpennpusrus.
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Crpaternueckne KIID o0u3nec-cermenta PazBenka u 1o6b14a rasa

* O0bem 100b1un YB * Koadduumenr BocnoiHeHus 3anacos

Benumapk 1 Benumapk 2 Benumapk 3

g = | [ [ o e e

Mopneanb nponeccos AS IS 6usnec-cermenta Pa3Beaka u 1o6n14a YB

IInanupoBanue
COITacHO
CTpaTerHYecKuM
HI0Ka3aTeNsIM

JlesarenbHOCTh
IOJIICPKUBAIOLINX
¢ynxunmii (HR,
FOPUCTBI, OyXTrajarepus
HT.J.)

13aKynKku u
:IOTHCTHKA

IIpoBenenue
reoJIoro-
pa3BeIOYHBIX PadoT

Jo6siua YB
VB-chipbe
-

___IISEER

Ilo pe3ynbTaTam GeHUMApPKHHTA ONpeaeJsiioTcs Hu3KodGdekTuBHBIE Mpouecchl. B Hamem npumepe
ObL1 onpenenen HU3K0I(G(PeKTUBHBII NMpouece 3aKyNKH U JIOTHCTHKA®

= JJOrHCTHKA

KIID

pessnsnns

Ilpumeuanue: *[lanuplii mpouecc ObUT BBIOpaH IS TpUMepa. ITO He MMEeT OTHOLICHHS K PealbHOW CUTYalluH B BeAyLIeit
Hedrera3o00bIBaoIIel KOMIIAHUH.

Puc. 2. MNoaxop k onpeaeneHno HU3K03pheKTUBHBLIX NPOLLECCOB NpeanpuAaTUs

Ha starme 4 ocymectsisierca BbIOOp KOMIaHHI-aHAIOTOB (G€HUMapKOB) s IpeanpusaTis. Monaenu
ousHec-mporieccoB u KIID kakaoro BEIOpaHHOrO OCHUMapKa CpaBHUBAIOTCSA ¢ Mojenbio AS IS mpen-
OpUATHS U GOPMHUPYIOTCS BBHIBOABI B OTHOLICHUH 3()()EKTUBHOCTH CYIIECTBYIOIINX OM3HEC-TIPOLIECCOB.

Ha srane 5 mo pesynpTatam CpaBHHUTENBHOTO aHAIN3a BHIOPAHHBIX OCHUMApKOB ONPENENISIOTCS
HU3K03(hhexTuBHBIe Tporiecchl Moaenu AS IS mpennpustust. lanHbie HU3KOA(Q(EKTUBHBIE MPOIECCHI
paccMaTpUBAIOTCS KaK PUCKH Ui JOCTHKeHUs ctpaTerndeckux KII13.

Tak, B pe3yJibTaTe BHIIOJIHEHUS 3TAoB 4 U 5 onpeaenstoTcs: HU3K03(GEeKTUBHBIE TPOLECCHI MPeI-
TPUSTHSL.

Ha puc. 3 npeacrasien noaxoy k Beioopy KHC niist ontuMHu3anny 1 aBToMaTH3auy HU3K03hdek-
THUBHOTO NpoLecca 3aKylnKH U JOTUCTHKA.

Ha stane 6 ocymectisiercst Beioop KUC. st 3TOrO0 Ompenenstorcsi BaXKHBIE IS MPENNPUATHS
KpUTEpHU 0TOOPA, 1O KOTOPBIM OIICHUBAIOTCS CYIIECTBYIOIINE Ha OTEUYECTBEHHOM U 3apyOEKHOM PBIH-
kax KUC. Ogaum u3 kmoueBbix kpurepueB Bbibopa KNMC noMuMo ¢yHKIMOHAIBHBIX BO3MOXKHOCTEH
SIBIISICTCS LIEHA IPOrPaMMHOTO MPOAYKTA, a TAaK)Ke CTOMMOCTD BJIQJCHUS CHCTEMOI 1OCIie ee BHEAPEHHS
Y UCTOJIB30BaHUA B NMPOMBIIIJICHHON 3KCIUTyaTaluu. J[Js1 MpUHATHS B3BEUICHHOTO PEIICHHS] pEKOMEH-
JyeTcsi IPOBOAUTH OIEHKY mpoekTa 1o BHeapeHuto KMC mo aHamoruu ¢ ONEeHKOW WHBECTHUIIMOHHOTO
NPOEKTa. DTO MO3BOJUT PACCUUTATh PEHTAOCIbHOCTh MHBECTHLINHI, IEPHOA OKYIIaeMOCTH U 00Ul Gu-
HaHCOBBIHN 3 (dekT oT BHeapeHus. Pe3ynbpraToM ganHOro 3Tana seisercs BeioOpannas KUC mist ontumu-
3allMy ¥ aBTOMaTH3aIiK Hu3ko3GhekTuBHOTO mpoiecca [10].

Ha srane 7 paccMaTpuBaroTcs JTydIine NPaKTHKH 110 ONTUMHU3AMK HU3K03()()EKTUBHOTO Mpolecca,
KOTOpBbIE, KaK MpaBuio, npeaocTasisitorcs BenaopoM KMC. Takxke MOryT yUUTBIBAaTbCSA JIydIlIUE MPaK-
TUKU KOMTaHWH-aHanmoroB (OeHuMapkoB). Ha ocHOBaHHMHM ITydIUX TPaKTHK JUIT HU3KOA(P(HEKTHBHOTO
npouecca popmupyercst monens TO BE.

B pamkax sTama 8 nmpoBoauTcst QYHKIIMOHATHHO-CTOMMOCTHON aHanmm3 s onleHKH Mojenu TO BE
Y TIOATBEP>KACHUS 3HAYUTEIBHOTO MOBBINICHUS d()(HEKTUBHOCTH Mporiecca 3aKynku U joructuka. Lle-
nbto coznanus mosienn TO BE sBnsieTcs cymecTBeHHbBIH pocT 2 GEKTHBHOCTH Tpoliecca U MOATOTOBKA
JaHHOTO Ipollecca K aBTOMAaTH3aluK ITyTeM BHeApeHus BeiopanHoi KHC.
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Ha stane 9 mepecmarpuBaroTcsi (MHAHCOBBIC MOKA3aTeIH NPENNPUATHA NPH IUIAHUPOBAHUM BHE-
npennst KUC u noseimenus 3¢ GekTHBHOCTH On3Hec-nporeccoB. Kak mokasaHno Ha puc. 4, B pe3yibraTe
CHIDKCHHS PAacXOJIOB Ha Tpollecc 3aKyNKH M JOTHCTHKA IMoKa3arenb YNUCTOM MpuObUIM YBEIUYHIICS Ha
18 %. Poct UncToil npuObLIIH SBIISIETCS OCHOBAHUEM AJISI IEPECMOTpPA CTPATETNMUECKON LeNH MpeanpH-
atus. BaxHO OTMETUTH, UTO ONTUMU3AIUS U aBTOMATH3AIMs KaKOro-1100 OJHOTO Mpoliecca MPUBOIUT
K TOBBIIICHHIO d3QPEKTUBHOCTH JPyrux nporeccoB npennpustus [1]. Hanpumep, noseimenne 3¢ dek-
TUBHOCTH Tpoliecca 3aKyNKH U JIOTUCTHKA YIYUIIUT MOKa3aTeIH MPOU3BOJICTBEHHBIX MIPOLECCOB. JTO
NPOM30MAET 10 IPUYMHE ONEPATUBHOIO CHAOKEHHUS MPOM3BOJCTBa HEOOXOAUMBIMU MaTepHajIaMu Tpe-
OyeMoro kKavecTBa | Mo onTuMansHOU 1ieHe. [loBeimenue 3 QekTHBHOCTH MPOU3BOJICTBEHHBIX MPOIIEC-
COB IOJIOKHUTEIBHO CKAXKETCSl Ha Mpoleccax MPOoAaX M ApYrux mporeccax. JpyruMu cioBaMu, yiyd-
IIEHUE OHOTO Ipolecca NOBIIAET 3 (PEeKTUBHOCTD APYTUX NPOLIECCOB U MPEANPHUITUS B LIETIOM.

Pesynbrarom stana 9 sBnseTcs akTyalu3HpOBaHHAs cTpaTerHueckas Lejib, a TAaKkKe UTOrOBOE pe-
menue no BHeApeHuto BeiopanHoit KMC u 610xeT MHBECTUIIMOHHBIX 3aTpaT.

Ha 3axmountensHoM 10-M sTame pa3pabaTbIBaroTCs IUIaHBI MPOEKTA 110 BHEAPEHUIO BBIOPAHHOM
KOPIOPaTUBHOW MH(POPMAIMOHHON CHUCTEMBI C YYETOM OIO/KeTa MHBECTUIMOHHBIX 3arpar. BHeapse-
Mmast KMC nomkHa obecrieunBath JocTReHHE 1eneBbix KIID Ou3Hec-Ipo1eccoB U akTyaaIu3upoBaHHON
CTpaTErHUeCKON LIEIH MPEAIIPHUATHSL.

3. lIpuunnbl HeycnemHoro BHeapenns KM C u ynpasJieHue J10AbMHu

[lon HeycmemHpIM BHEIpEHHNEM HH(POPMAIIMOHHBIX CHCTEM MOHUMAETCS! HEAOCTHKEHUE Mpennpu-
SITUEM LIEJICBBIX MOKa3aresiel 3)()hEeKTUBHOCTH U CTPAaTETHUECKUX Leier. [ MCKIItoueHus] pUCKOB He-
ycnemrHoro BHeapenuss KMC nHeoOxoauMo yaenuts ocoboe BHUMAHUE JIOAAM, KOTOpPbIE SIBIAIOTCS ca-
MBIM TJIaBHBIM aKTHBOM JIF00OTO MPEANPHUSITHS.

Bo-nepBbix, HEOOXOAMMO OCTPOUTH OTKPBITOE OOIIEHHE C COTPYAHUKAMH A0 3aIyCKa MPOEKTa I10
BHenpenuto KHC. PykoBoauTenu Bcex ypoBHEH, a TaKKE PSAOBbIE COTPYIHUKH JOKHBI IPUHSTH UICIO
TUTAHUPYEMOTO BHEAPCHUS MHOOPMAIIMOHHOW CHUCTEMBI M MCKPEHHE TOJAJEPKUBATh JIAHHBIA MPOEKT.
i TOCTHKEHHS 3TOTO COrIacusl MOXKeET MOTpeOoBaThCsl HeMajlo BpeMeHu U ycuiuid. Ho B pesynbrare
3HAYUTEJIEHO MOBBIIIAIOTCS IAHCH YCIIeXa MPOEKTa.

OTKpBITOE JIBYXCTOPOHHEE OOIICHHE C TEPCOHAJIOM MNPEANPHATHS JOJDKHO OBITh BBICTPOCHO Ha
BCEX JTalax peajn3alyyd MPOeKTa, BKIII0OYas BBOJ WHPOPMAIMOHHONW CHCTEMBI B IPOMBIIIICHHYIO 3KC-
wiyaranquio. COTpyIHUKH JOJKHBI ITOJyYUTh HEOOXOAUMYIO MOAJCPXKKY U 00ydeHHE MPHU MEpexoae Ha
HOBYIO HH()OPMAIIMOHHYIO CUCTEMY.

B xone nmpomebinuieHHOH dkcrutyaTanun BHeapenHoi KMC Takke HEOOXOJMMO pa3BHBaTh U pac-
MIUPSTH JTMHUM KOMMYHHKALUK C COTPYJHUKAMHU, TaK KaK OHM SIBJISTIOTCS KJIFOUEBBIMH I10JIb30BATEIISIMU
cucteMbl. OOpaTHYIO CBS3b OT JIIOACH ClIeAyeT TLIATENbHO aHAIW3UPOBATh U ONEPATUBHO MPUHUMATH
COOTBETCTBYIOIIHE MEPHI IS yPETYINPOBAaHUS MPOOJIEMHBIX BOIPOCOB. DTO Oy/IeT MOTHBHPOBATH JIIO-
Jei MPUHUMATh U NOAAEPKUBATH BHEAPECHHbBIC N3MEHEHUSI.

Bo-BTOpBIX, HEOOXOIUMO U3MEHHUTH OPTAaHU3ALMOHHYIO CTPYKTYPY B COOTBETCTBHH ¢ MoJebio TO
BE. OpranuzanuoHHasi CTpyKTypa JOJKHA MOAAEPKUBATh ONTUMU3MPOBAaHHBIE TIporiecchl. M3MeHeHmne
OpraHM3allMOHHON CTPYKTYPHI CIEAYeT paccMaTpUBaTh KakK OTJENbHBIN MPOEKT, TaK KaK 3TO CBA3aHO C
MOTHUBaLMEH, HHTEpECaMU U OKUJaHusAMHU Jroaeit [11].

Jlrobast nHpOopMaLIMOHHAS CHCTEMa TIPENICTABIISIET COO0M MHCTPYMEHT TIOMOIIH COTPYTHUKAM B pe-
HICHUH TTPOU3BOJICTBEHHBIX 3a1a4. OT TOTO, KaK MepcoHan OyIeT UCIONIb30BaTh JaHHBIH HHCTPYMEHT,
3aBHUCHUT yCIIeX MPOEKTOB aBTOMATH3aIMU 1 JOCTHKEHNE CTPATErNIECKUX MOKa3aTesIed npeaupusITHs.

3axkioueHue

[IpencraBiensl pe3ynbTaTbl UCCIECAOBAHHS YCIICIIHOTO M HEYCIICIIHOTO BHEAPEHUS! KOMIUIEKCHBIX
KHC na Bemymux poccuickux He(dTera3onoOBIBAIOIIMX MPEANPHUATUAX M HA NPEANPHUATHUSAX CTpaH
CHI'. B pesynbrare uccienoBanuid ObiiH omnpezeneHsl 10 3TarnoB MOATOTOBKH K BEIOOPY U BHEIPCHUIO
KHUC, xoropsie B 3HAYMTENLHOW CTENCHU IOBBIIIAIOT YCIIEX BHEAPEHUS W BEPOSITHOCTH JTOCTHKEHUS
LeJIEBBIX MOKa3arenel 3ppekTMBHOCTH OM3HEC-TIPOLIECCOB M CTPATETMYECKUX LIETEH.

Taxoxe npencrasieH 0030p npuuuH HeycneHoro BHeApenus KN C, koToprle CBsI3aHbI ¢ YeOBEYECKUM
taxropom. CopMympoBaHbl TOIXOIB! TS 3QPEKTUBHOTO YIIPABICHHS JIFOIBMH MPY BHEPEHUN MacIITa0-
HBIX U KOMIUICKCHBIX W3MEHEHHH, TO3BOJISIOIIIE 3HAYUTEIILHO TIOBBICUTD YCIIEX MPOEKTOB aBTOMATH3ALIHH.
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The article is considered to the issues of increasing labor productivity and the quality of pro-
ducts and services by corporate information systems (CIS) implementation.

The article provides with expediency to develop a system of key performance indicators (KPI)
to identify low-efficiency processes. The idea of the best practices analysis to evaluate the effective-
ness of the AS IS business process model is also justified. The target TO BE model should be based
on the best practices analysis and on KPIs analysis. KPIs should be calculated by Activity Based
Costing (ABC) approach. KPI analysis should take into account the future trend of indicators.

Based on the study, the authors propose to highlight 10 stagers of choosing information systems
to achieve strategic objectives of enterprises. Successful CIS implementation means the sustain con-
dition when an enterprise achieves strategic goals. The article provides with the results of these stagers
applying in one leading oil and gas company of the Russian Federation.

The article also considers the key reasons for the unsuccessful CIS implementation regarding
people site management and presents the general approach to their elimination. The authors high-
lighted the importance of two-way communication lines creating. These two-way communication
lines should connect a project team with leaders and end-users. These lines are necessary to install
during the planning of CIS implementation and develop them after the industrial stage too. Sincere
people support of automation projects is the key success factor of changes implementation.

Keywords: key performance indicators (KPIs), Corporate Information Systems (CIS), business-
processes, the best practice analysis (benchmarking), Activity Based Costing (ABC) analysis, strate-
gic objectives.
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TEXHONOInA 3KCMNPECC-AHAITN3A BOJIbLUUX MACCUBOB
AAHHBIX MO OBOPOTHLIM AKTUBAM MPOMBbILLJTIEHHBIX
NMPEANPUATUA
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BanoBsle moka3aTen NMPOMBIIUIEHHBIX OpraHM3aluil Poccuy 3HaUMTENBHO YBEINYMBAJINChH 32
2003-2017 rr. (c HEKOTOPBIM crajoM B nepuoj ¢punaHcoBoro kpusuca 2009 r.). braromaps stomy
9KOHOMHKA Poccuu no pasmepy cMmoruia 3aHsTh JOCTOMHOE MecTO B Mupe. [[nsl nanbHeHIero npo-
JIBIDKCHUS] HEOOXOIUMBI HE TOJIBKO SKCTEHCUBHBIN POCT, HO U MOBbIIIeHNE 3()(YEKTUBHOCTH POCCHIA-
CKUX MPEINpPUATHH, KOTOPas, K COKAIEHUIO, CHCTEMHO HE yJIydIlaeTcs 3a mocienHue roasl. Hanbo-
Jiee CyIIeCTBEHHBIE TOKA3aTeNd IKOHOMHYECKON AEATEIIBHOCTH — PEHTa0eIbHOCTh (M CBSI3aHHBIC C
HeW yzenbHBIC 3aTpaThl) U CPOKH 0OOPAuMBAEMOCTH — M3MEHSIOTCSI B OTHOCHUTEIBHO HEOOJBIIOM
JManasoHe, IpHYeM II0 CPOKY 000pauMBacMOCTH HAOIIOAaeTCs TCHACHIMS K YXYALICHHIO.

VYnpapneHne napaMeTpaMu OIEPAMOHHONW 3((EKTUBHOCTH SBISIETCS KIIOYEBBIM (DaKTOpPOM
JUISL TAJTBHEHIIIEro pocTa.

B pabore mokazan npumep ucnonezoBaHusi OLAP TexHomormn aHanuza OONBIINX JaHHBIX
(BigData) nis moBblmeHust 3(GQEKTUBHOCTH (HUHAHCOBO-DKOHOMHYECKOTO YIPABJICHUS MpPEAIpHU-
ATHEM, B YaCTHOCTH — 110 0OOPOTHBIM aKTHBaM. Mcrosnb30BaHIEe HIMEHHO 3TOTrO MOAX0a HO3BOJISET
MPOBECTU aHAJIN3 B 3KCIIPECC-PeXHUMe, 3a epruol B 5—10 pa3 MeHbIe, 4eM IpH TPAJUIMOHHBIX Me-
TOJIaX aHaJu3a.

Ha Br160pke okosio 10 mpeanpusATHii peaJbHOTO CEKTOpa MO pe3yibTaTaM YIIyOJeHHBIX aHATHU-
30B B IpoIiecce KOHCYIbTAIIMOHHBIX MPOECKTOB IOKA3aHO, YTO A0 HE3(PPEKTUBHBIX 3a11acoB (HEIH-
KBHJIOB U CBEPXHOPMATHUBOB) cocTaBisieT 35—40 % OT ux oOIIel BeTNIHHBEL.

AHanuTuuecKkass MOZIETb CTOMMOCTH KaK MHCTPYMEHT JKCIIPECC-aHaM3a MO3BOJISET OLCHUTH
MIOCJIC/ICTBHS YNIPABJICHUsI 0OOPOTHBIMH aKTHBAMHM 110 BIMSHHUIO HA (YHIAMEHTaJIbHYIO CTOMMOCTb
KOMIaHNH. MoJeTbHBIE pacdyeThl IOKa3bIBAIOT, YTO OJHOKPATHOE COKpAILEHHE CPOKa 000padrBacMo-
cTH 000pOTHBIX akTHBOB Ha 20 % obecreunBaeT NpupocT GpyHAaMeHTaNbHOM cTonmMocTH Ha 35 %.

Ecnu nanHBIN pe3ysbTaT THPAXXUPOBATh HA BCE IIPOMBIIIIICHHBIE IPEAIIPUSITHS CTPAHbI, 3P HEKT
M0 JIOMOJTHUTEIBHOMY ICHEKHOMY IOTOKY COCTaBHUT 5,8 TpiH pyO., MO YBEINYEHUIO CTOUMOCTH —
0K0JI0 3 TpJH pyoO.

Kniouegvle cnosa: uiecmoti mexHono2uyeckuil yYKiao, aHaiu3 OOnbuux OAHHBIX, NpuHAmMuUe
pewienuti, npocpamma pazeumus, IKCHPecc-percum, MoOeIuposanue, cmoumocms ousneca, QuHan-
cogoe npoenosuposanue, OLAP, BI.

Beenenue

Poct 3KOHOMUKHM CTpaHbl BO3MOXKEH IO COYETAHUIO KaK SKCTCHCHUBHBIX, TAK U MHTCHCUBHBIX (ak-
TopoB pocta. s Poccun sxcTeHcuBHBIE (PaKTOpHI, B 3HAYUTENBbHONW Mepe o0ycioBieHHbIE 3(dekTom
HU3KOH 0a3bl U majeHueM B 90-¢ Tojbl, MPaKTHYCCKH MEPeCTaln ACHCTBOBaTh. PeXKUM CaHKIUH pe3Ko
COKPATWJI BO3MOKHOCTH IKCIIOPTA.

MupoBasi 5KOHOMHKA BCTyMNaeT (WM yXKe BCTYNWIIa) B HOBBIH 6-i TexHonornueckuii ykian. B Poc-
CHHM €r0 4YacTO XapaKTEepPHU3YIOT KakK «uudpoBas dKOHOMHKa». OJHUM W3 BaKHEHWIIMX HampaBliCHHN
UQPOBOI SKOHOMUKH sBJIsieTcs i poBasi oopadoTka nHGOpMaIyH.

Kak B mo0oe BpeMs mepeMeH, HapacTatoT (GakTOPbl HEOMPEAEICHHOCTH U CTPYKTYPHBIX H3MEHEHUHN
Ha phIHKax. OT0 TpeOyeT ropaszao 6ojee OBICTPBIX, ONIEPATUBHBIX METOJOB K MHCTPYMEHTOB (KCIpecc-
METOJIOB) JJIs1 IPUHATHUS PEIICHUH.

IToaTomMy BO3pacTaeT pojib aHalW3a U NPUMEHEHHS WHCTPYMEHTOB MHTEHCHUBHOrO pasBuTus [1].
B nanHoi#i paboTe paccMaTpuBarOTCsl TEXHOJIOTUHU MOBBILIEHUS 3()()EKTUBHOCTH YIPABICHUS TPOU3BO-
CTBCHHBIMHU TIPEINPUATHSIMHA Ha OCHOBE HCIIOJIB30BAHUSI MHCTPYMEHTOB aHANNM3a OOJBIIMX MAacCHBOB
JIAHHBIX IO 3aracaM IPEIIPHUATHS C TIOMOIIBIO THIepKy0oB (TexHonoruun OLAP).
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B nmannoii cratee Tepmunbl Bl, OLAP u runepkyObl HCHOJNB3YIOTCS B Ka4eCTBE CHHOHMMOB IS
YIIy4IIEHUs] CTUIUCTUKY TEKCTa.

1. AKTYaJIbHOCTB — AaHAJIU3 HEKOTOPBIX IKOHOMMYECKHUX MoKa3aTeJei

npomMseinieHHOcTH Poccun

Poccust 3aHuMaeT AOCTOIHOE IIEeCTOe MECTO CPpeAr SKOHOMHMK MHpa 110 HOKa3aTelo BalOBON BHYT-
pennnii npoxykt (BBIT) o naputery nokynarensHoii crioco6uoctr (ITIIC)', yxe ¢ HeGOIBIIIM OTCTa-
BaHHEM OT | epMaHHH.

YkpynHeHHbIe MToKa3aTenn Poccrn B COMOCTaBIEHUH ¢ BeAyllei pa3suToii crpanoit — CLLIA — npu-
BeJieHbI B Ta0I. 1. I1o OTHOCHTENIbHOM IPOM3BOIUTEIILHOCTH Ha OJHOTO YeoBeKa 1o mokasareno BBIT
o IIIIC na ogHoro yenoseka Poccust npumepHo B ABa pasa otcraeT ot CIIIA. Ecnu cyauts mo nokasa-
tearo BBII no IIIIC, Pocecusa passuBaetcsa ycnemmso. [Ipuuem nunHammka pocra nokasarens BBII mo
IIIC na omHoro yenoseka B Poccun xopoimasi, 4To MOXKET ObITh 00YCIIOBICHO KaK 3P (EeKTOM «HU3KOH
0a3bI», TaK ¥ peallbHBIM Pa3BUTHEM SKOHOMHKH, XOTS U C TIEPEKOCOM B IOOBIBAIOIINE OTPACIIH.

OtmetuM, 4to o mokasareiaro BBII (mo odunuansHoMy oOMeHHOMY Kypcy) Poccust 3aHumaer
11-12-e mecto (The World Factbook L[PY?, MupoBsoii 6aHK’).

Tabnuua 1
ConocTtaBneHue nokasarteneu Poccumn u CLLUA
OtHommeHne

Ne Iloxa3zarenn Poccus CIIA CIIA/Pocens
1 BBII o II1C, 2017 r., TpaH 10JII. 4,00 19,36 4.8
2 Hacenenue, urons 2017 r., MJIIH 4Yell. 142,3 326,6 2.3
3 BBII o IIIIC na oxguoro yenoseka, 2017 r., 27.9 59.5 2.1

TBIC. TOJII.
4 PLIHO‘IHaiI KanUTaIU3alus KpyMHEHIITNX 0.6 25.1 42

kommanuii, 2017 r., TpnH g0
5 KonuuecTBo kpynHeHIMX KOMIIaHUN 300 2369 7.9

B aHanu3e Kanuranuzanuu, 2017 ., mrT.

Psn sxoHOMHYECKHX ITOKa3aTeNled NpeanpusIThii Poccuy 3HaYUTENIBHO BBIPOCIIH 3a IIOCIEIHEE Bpe-
Ms: BBIPYYKa, aKTUBHI W TNaccuBbl. Ho (yHmaMeHTanbHas CTOMMOCTh KOMNAHHN (KaKk KOMIUIEKCHAS
OLICHKA) U YAEJbHbIC XapaKTEPUCTUKHU 3(P(PEKTUBHOCTU MPAKTHUECKH HE yiydlnatoTcs. B ganHoM pas-
Jieie IPUBEICH aHaJIH3 HEKOTOPBIX 3KOHOMHYECKUX MMOKa3aTenel mpoMbIIeHHoCcTH Poccuu it o6oc-
HOBaHUS aKTyaJbHOCTH MOBBIIICHUS 3Q()EKTUBHOCTH NPEATPHUITHH.

I'paduk BBIpYYKH TOJIHOTO Kpyra IPOMBIIUICHHBIX opranm3anuid 3a 2003-2017 rr. mo AaHHBIM
Poccrara [6] npuBenen Ha puc. 1. CpenHerooBoil pocT BHIPYUKH (10 S3KCIIOHEHIUATBHOMY TPEHAY) B
TEeKyILIUX LeHax coctasisier 14,9 %.

U3 puc. 1 BUIEH CYIIECTBEHHBIA U MOCIEA0BATEIbHBIA POCT BEIPYYKH U aKTUBOB IPOMBILIUICHHBIX
opraHuzanui 3a mociennue 15 net (kpome xkpusuca 2009 r.).

Ucrounnku nadopmanmu Poccrara:

a) BBIPYYKa, AKTUBBI ¥ ITACCHUBBI MOJTHOTO KPyra OpraHu3alHii COrMIaCHO OyXTanTepCKOi OTYETHOCTH
mo PCBY no 2015 r.;

0) 000pOT OpraHU3aIMii MO0 BUIAM 3KOHOMHYECKOHN JEesITeNbHOCTH (110 OpraHu3aImsM 0e3 CyOhek-
TOB MaJIOTO MPeANPHHUMATENBCTBA, TO €CTh KPYIHBIX U cpennux) 3a 2005-2017 rr.;

B) TiepecyeT BBIPYUYKU KPYIHBIX M CPETHUX OpraHU3alrii Ha MOJIHBIA KPYT.

'GDP (Purchasing Power Parity). URL: https://www.cia.gov/library/publications/the-world-factbook/rankorder/
2001rank.html (nara obpamenus: 06.09.2018).

2GDP (official exchange rate). URL: https://www.cia.gov/librarY/publications/the-world-factbook/fields/2195.html (zara
obpamenus: 06.09.2018).

3Gross domestic product 2017. URL: https://databank. worldbank.org/data/download/GDP.pdf (nata oGpamteHus:
06.09.2018).
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Tpnn.py6. JAMHAMUKA BbIPYYKM U aKTMBOB NPOMbILLINEHHOCTU Poccum
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Puc. 1. InHamMurKa BbIPY4KU U aKTUBOB NMPOMbILLIIEHHbIX OpraHusauui P®

Janee moa cpeaHEPOCCUHCKUM TMpEeAnpHUsTHEM OyaeM MOHUMATh «yCPEAHEHHOE» MPEeANPHITHE C
OTYETHOCTBIO COTJIACHO «TIOJIHOMY KPYTY» POCCHUHMCKHMX OpraHu3aluii (10 BceM pa3MepaM, BHAAM Jes-
TEJILHOCTH, (hopMaM COOCTBEHHOCTH, TEPPUTOPUSIM), peAcTaBieHHON B LleHTpansHo#i 0aze craTucTu-
yeckux JaHHbIX DepepanbHOil ci1yxO0bl rocyaapcTBeHHOM cratuctuku (Poccrar).

Ion «npomviuunennocmsioy (MPOMBILIIICHHBIMU NPEIIPUATHAMHU) OyJeM MOHUMAaTh OpraHU3alMy,
otHocsimuecs Kk rpynne «Pasmen D. O6pabateiBatomue npousBonacTBa» Poccrara. [lon «mopeosneiiy
OyJeM MOHUMAaTh OpraHu3aluy, oTHocsmuecs K rpynmne «Pasnen G. OnToBas U po3HUYHAs] TOPTOBIIS;
PEMOHT aBTOTPAHCIIOPTHBIX CPEJCTB, MOTOLMKJIOB, OBITOBBIX M3JCIUIA U MPEAMETOB JIMYHOTO TOJIb30-
BaHUsI», IPUYEM JIOJNISI PEMOHTA aBTOTPAaHCIIOPTHBIX CPEACTB M MOTOLIMKIIOB NpeHeOpexkuMo Mmaina. Jo-
ovigarowyue npennpusatust («Pazgen C. J[oObI4a MoJje3HBIX UCKOMAEMbIX») M OPTaHU3ALUH IHEP2emuKy
(«Pa3men E. [Ipon3BoacTBO U pacnpesaeieHue IeKTPO3HEPTHH, ra3a U BOIbDY) HE pacCMaTpUBAIOTCA B
JIAaHHOM CTaThe.

Hapsiny ¢ mo3uTHBHBIMU TpeHIaMH pocTa HaOIIONAIOTCA HEKOTOPbIe HEraTHBHBIC (PaKTOPHI pa3BU-
THS.

OTmeTHM, YTO TEMIIBI pOCTa BBIPYYKH B TEKYIIMX II€HAX CTAIH 3aMeIUIAThCS, B TOM YHCIE M3-3a
yYMEHbIICHUS! HHQIAIUH. JTo BUAHO Ha puc. 1. B Tabmn. 2, 3 npuBeseHbl TEMITbI POCTa BBIPYYKH MPO-
MBILUIEHHOCTH ¥ TOPTOBIIH.

Tabnuua 2
Temnbl pocTa BbIPYYKU NPOMbILLNEHHOCTH, %

TeMnbl pocTa BbIPY4YKu TOProBnu, %

ITokazaTenb 2003-2008 rr. | 2009 1. |[2010-2012 1r. |2013-2017 TT.
OKCIOHECHITMAILHBIN TPEH T 25,73 -12,99 21,69 8,21
Cpennuii K03pPUIHMEHT pocTa 1o rojam 26,39 —12,99 22,94 8,48
CpenHerogoBoi TeMIl pocTa 26,19 -12,99 21,69 8,33

Ta6nuua 3

ITokazarenn 2003-2008 rr. 2009 . |2010-20167rr.|2016-2017 IT.
OKCMOHEHIMAJIBHBIN TpeH] 22,42 —13,54 17,33 -3,60
Cpennuii K03pPUIHMEHT pocTa 1o rojam 30,20 —13,54 16,93 -3,55
CpenHerooBoii TeMIT pocTa 25,73 —13,54 17,02 -3,60
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Pacuer nokazareneil mpoBOAUTCS MO CAEAYIOLINM alrOpUTMAaM:

— 3KCTIOHEHIHAIBHBINA TPEH — 10 METOAY HaMMEHBIINX KBaJpaToB;

— cpenHuil KO3 UIMEHT pocTa 10 roJjaM — yCpeTHEHNUE TEMIIOB POCTa 110 OTIEILHBIM T0JIaM;

— CpPEIHET0I0OBOM TEMIT POCTa — M0 Ha4aJIbHOM M KOHEYHOM TOUKE.

Poct akTuBOB OOecrmieunBaeTcsi OnepeKaroyuM (UHAHCHPOBAHHUEM 3a CUET 3a€MHOTO KalMTala,
MIPUPOCT COOCTBEHHOTO KamuTasa npakThuuecku octanoBmwica B 20122015 rr. (puc. 2). Ilo kocBeHHBIM
MpU3HAKaM (aBTOPBI HE 3HAIOT PETYJSIPHOTO UCTOYHUKA CBOJHON MH(OpMAIMK N0 aKTUBaM/TIACCHBAM B
CTpaHe) 3Ta TeHAeHuus coxpanwiack B 2016—2017 rr. YXynmaioTcs MOKa3aTeld PUCKOB, TaKHE Kak
(bMHAHCOBBIN pbIYAr.

TpAH.pyb. AvnHamuKa naccMBoB npombilsieHHOCTU Poccum
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Puc. 2. lvHamuka naccUBOB NPOMbILLIIeHHbIX opraHusauun PP

3aBUCUMOCTh BH/IOB aKTHBOB (BHEOOOPOTHBIX U OOOPOTHBIX) OT BBIPYUKH Ul TIOJHOTO Kpyra o0-
pabaTbIBaroleii mpoMbIUIeHHOCTH Poccun mokazana Ha puc. 3. 13 rpaduka BuaeH NpaKkTUUECKH JU-
HEHHBI pocT 000POTHBIX M BHEOOOPOTHBIX aKTHBOB MPHU yBeTWUUeHUH BBIpyukd. Koaddumment ysenu-
yerus coctaBusger 0,6553 nns BHeoOOpOTHBIX akTHBOB U 0,666 mist 000poTHBIX, a Takxke 0,3187 s
KpPEIUTOPCKOH 3a10JKEHHOCTH (Ha rpaduke He mokazaHo). Takum oOpas3om, koadduuueHT kanurano-
eMKOCTH oOpabarsiBatoniell npomeinuieHHOCTH Pocenu cocramser 1,003. binzocts k03GdUIIIEHTOB
JUIsE OOOPOTHBIX M BHEOOOPOTHBIX aKTUBOB — TUIWYHA JIJISI IPOMBIIIEHHBIX MPEANPUSATHIA, IS OpraHu-
3alUil JPyTrUX BUAOB ACSATEIBHOCTH MPOMOPLMU MOTYT OBITH HHBIMHU.

Ha puc. 4 nokazan aHaiau3 JUHAMHKH CPOKOB 000payrMBaeMOCTH OOOPOTHBIX aKTHBOB, a TAKXKE MX
OCHOBHBIX KOMITOHEHT: 3allacoB, 3aTpaT M JeOUTOPCKOH 3anoibKeHHOCTH. M3 rpaduka BHaHA oOIIas
TCHIICHIIUS YBEIWYCHHUS CPOKa 00OpadMBAEMOCTH OOOPOTHBIX AKTHBOB (CPEAHETOJOBOM TEMIT POCTa
coctasmsiet 11 % 3a 20122015 rT.).

JoJIsl HONHBIX PACXOJIOB MO MONHOMY KPYT'y OpraHH3aiuii cocTaBiser 97 % oT BHIPYUKH® (pacueTsl
aBTopa 1o maHHbeIM Poccrara [6], Takxke cM. [7]). Ha puc. 5 mokazana 3aBUCHMOCTH MOJHBIX 3aTpaTr OT
BBIPYUYKH IIOJIHOI'O Kpyra Opranusanuil. MOXHO clienarh BbIBOJ O CHJIBHON MHEPLHUOHHOCTH PacxoJ0B
poccuiickux KoMmanuii (mokasarens R paser 0,9989).

4 o

ITo ocu X oTnokeHa BBIpydYKa 32 COOTBETCTBYIOIIUI IO, M0 OCH Y — BEIMYMHA MOJHBIX 3aTpaT. MeTo0M HanMEHb-
IMX KBaJpaTOB IPOBOJUTCS JHHHUSA TPEHNA, KOTOpas HAMIYyYIIHM 00pa3oM IMOKa3bIBaeT JTHHEHHYIO 3aBHCHMOCTHh TOYEK Y
OT TOYEK X.
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Puc. 5. 3aBUCUMOCTb NOSIHbLIX PAacCXOAOB OT BbIPY4KM MOJTHOFO Kpyra
NpPOMbILWNEHHbIX opraHusaumn Poccuu, 2003-2015 rr.
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OnHOI U3 OCHOBHBIX LeNICH pa3BUTHS NPEANPHUITUI pacCMaTPUBACTCS YBEIMUCHNE KATUTATN3ALUH
(croumoctu Ou3Heca). OTMETHM, YTO KPOME KAaIHUTANIM3alUK HEKOTOPbIE aBTOPHI pacCMaTpUBAIOT 00-
raTcTBO akiuoHepoB. OJHO3HAYHBIX CHOCOOOB pacdera CTOMMOCTH OW3Heca HeT, HawboJjee pacrhpo-
CTpaHeHHBIE CITOCOObI TPEOYIOT 3HAHWsI BHYTPEHHEH WHQPOPMAIUK O BO3MOXHOCTAX Pa3BUTHS MpeE-
npuATHs (4TO BHEIIHMM HHBECTOpPAaM PEAKO AocTynHo). [IporHosmpoBaHue ABMKEHHS EHEKHBIX
CpPE/CTB JIJIsl OIICHKH CTOMMOCTH JIOXOJIHBIM METOJIOM — JOCTaTOYHO 00beMHas 3ajada, TpeOyeT 00ib-
X ¥ KPOTIOTIUBBIX PacueTOB. DKCIPECC-METO/I MPOTHO3UPOBAHUS JICHEKHBIX IMOTOKOB Ha 0Oase ¢u-
HAaHCOBOW OTYETHOCTH, pacCCMaTpUBAEMbIil B JAHHOW CTaThE, IMO3BOJIET YIPOCTHTH U TJIABHOE — yCKO-
pUTH HOPMHUPOBAHUE IPOTHO3a ABHKCHHUS ACHEKHBIX CPEACTB.

PhIHOYHAs KanuTaausauus KpynHeimux 300 kommanmii Poccun Ha MoCKOBCKOi GUpXke COCTaB-
nsana 35,9 tpiuu py6. (0,6 TpiH o) Ha 31 nexa6ps 2017 roxa’. Creayer oTMETHTh OYEHb GONBIIYIO
HEPaBHOMEPHOCTh pacipelefeHuss KOMIaHui no ctouMoctd. Camble kpynHbele 10 KOMIaHMHA CTOMIH
21,6 TpnH py06. (nm 60 %), a kpynueimue 40 kommanuit crounu 32,1 Tpiu py6. (90 %, npasuio [lape-
T0 «20 Ha 80» 3aMETHO MEPEBBINTOIHAETCS).

[lo nmokazaremto KanuTanu3aluy KoMrnaHuili Ha oupxke Poccust (623 mapa.nom., 2017 r.) B 40 pa3
orctaer ot CIIIA ($25,07 TpuminoHos) .

CroumocTs kommnanuii (rmo uHaekcy MMBbB unn no cymmapHoi croumoctd Ha MMBB) ymana c
2007 r. u He3HaunTenbHO m3mensercs ¢ 2010 . (puc. 6).
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Puc. 6. AuHamuka ctommMocTu 6upxeBbIX KomnaHum Poccumn

Bv1600: HaOm01a10TCsl HETaTUBHBIE TEHIEHIIMU IO YMEHBIICHUIO TEMIIOB POCTa BBIPYUKH, B peajb-
HOM M3MCHECHUU — JIaXKe MaJIcHUE B OTACIbHBIC Tobl. OOOPOTHBIC aKTHUBBI PacTyT, CPOK 000paunBaeMo-
CTH pacTer.

Heobxonumo mpuHsATHE YHpaBIEHUYECKUX PEIICHUN IO YIyYIICHHIO (PMHAHCOBO-3KOHOMHYECKOTO
COCTOSIHHSL OPraHU3ALMM.

2. ®opMupoBaHHe NPOrPaAaMMbI MHHOBALIMOHHBIX padoT
OnaHUM U3 HHCTPYMEHTOB IO MOBBILEHUIO 3 (EKTUBHOCTH NPEATIPUATHS SIBIsICTCA YOPMUPOBAHHUE
Y peayu3alys NporpaMMbl HHHOBaIMOHHBIX padoT (IT1P).

> TepMuHONIOrHYecKas 106aBka. I10J] CTOMMOCTBIO KOMIAHHM B paboTe OyleM MOHHMATb OLEHKY (yHIAMEHTAIbHOIL
CTOMMOCTH IIOJIHOTO KaIliTalla, BKJIFOYAIOUIEro Kak cOOCTBEHHBIH, Tak M 3aeMHbIH Kamutai. [lox kanuranusanueir Oynem mo-
HHUMATh OIIEHKY CTOMMOCTH COOCTBEHHOTO KaIHTasIa.

8 PacueTsl aBTOpA 1O TaHHBIM MOCKOBCKOH OUpKH.

"URL: https://www.cia.gov/librarY/publications/the-world-factbook/fields/2200.html. Tammsre 2015 r.
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Okcnpecc-MoJeNb OLEHKH CTOMMOCTH IO3BOJISIET PYKOBOJCTBY IMPEANPUSATHS BBIACIUTH HauOoiee
CYIIECTBEHHBIC TIApaMETPhI BIMSHUS HA OLIEHKY OM3HEeca U B OTIEPAaTUBHOM pekuMe (B TeueHue 1-2 aHeit)
BBIPa0O0TaTh MEPONPHUATHS IO Pa3BUTHIO, MAKCHUMAaJIbHO YBEJIMUYUBAIOIIME LIENEBOH Kpurepuid. OTMme-
THM, YTO PYKOBOJICTBO MHOTHUX MPEINPUITUH OPUCHTUPYETCS HA MMOKA3aTeH BHIPYYKU U MPUOBLIH, TaK
KaK CTOMMOCTb OM3Heca — ropaszio 0osiee CIOXKHBIM KOMIUIEKCHBI IOKa3aTellb W YYUTBHIBAET 3HAUH-
TEJIbHO OOoJIee MUPOKHA TiepeueHb (PAKTOPOB Pa3BHUTHSL.

MopenbHbIe UCCIIEOBAHUS TIO3BOJISIOT BBIICIIUTH OCHOBHBIC HAINPABJICHUS JKellaTeIbHBIX H3MEHE-
HUH. AHaJIU3 YyBCTBUTEIBHOCTH LEJIEBBIX MOKa3aTeled K M3MEHEHUIO MapaMeTpoB, a TaKXKe KCIEPT-
HBIE OLICHKH B HKCIIPECC-PEKUME MO3BOJISIOT BEIPA00OTATh OLIEHKY BO3MOKHOTO YIy4lIeHUs! (PHHAHCOBO-
HKOHOMHYECKOTO COCTOSHHS MPEIUpPHUATHA, & TaKKe BbIpabOTaTh NPUOPHUTETH HANPaBICHUN peau3a-
UM MEPONPUSITHI TOBBINICHHUS OTepanuoHHol 3 dexTuBHOCTH. OCHOBHBIC TPYMITBI (PAKTOPOB clie-
JyIoIue:

— YBEJIMYEHUE MPOIaXK — TEMIT POCTA BHIPYUKH;

— COKpaIlleHHE 3aTpaT — YMEHbBIIICHNE YAEIbHBIX 3aTpar;

— ONTHMU3ALM WHBECTULIMOHHON MPOrpaMMbl — COKpAILCHHWE YIENbHBIX KallUTaJIOBIOKEHUH BO
BHEOOOPOTHBIE aKTUBBI, CPOKOB OKYIIAEMOCTH HHBECTHLIMOHHBIX MTPOEKTOB;

— COKpallIeHHE CpoKa 000paurBaeMOCTH 00OPOTHOTO KanuTana,

— opMupOBaHHE CUCTEMBI YIIPABICHUS M MOTHBALIUH, ITO3BOJISIFOIIUX MOBBICHTH AKTHBHOCThH PYKO-
BOJICTBA U OTNIEPATHBHO PEarupoBaTh Ha BHI30BBI BPEMEHU;

— BBIPa0OTKa MEPOTIPHUSITUH MO YCTPAHEHUIO PUCKOB — YMEHBIIIGHUE CTaBKH JUCKOHTUPOBAaHUS Oy-
IYUIUX JTOXOOB;

— IpyTHE TTapaMeTphl.

Ho Bompoc mpakTuieckoil peann3yeMoCcTy 3a4acTyio OCTaeTcs OTKPBITHIM. B poccuiickoil murepa-
Type HE OYeHb MHOT'O MaTEpHaIOB IO MOBHILIICHUIO BHYTpeHHEH 3¢ dexTrBHOCTH npennpustuid. [lpu-
Mepbl KOHKPETHOTO BHJIa MIEPEYHST MEPONIPHUITHN PUBEACHBI B KHUTAX M CTATHSIX, OMMCHIBAFOIIUX OIBIT
pasBUTHUS YCHEIHBIX poccuiickux npeanpustuii [9]. IlpocteiM 1 3 dekTnBHBIM MeTOoI0M 0TOOpa Me-
POTIPUSATHH CITy’KUT METOJ «3aTpaThl — 3PPEKTHBHOCTEY [12].

3. Kparkas xapakrepuctuka Bl (OLAP) cucrem — Teopust

B kauectBe mporpammHoO# matopmsl st HHGOPMAIIMOHHO-aHATUTHYECKON CHUCTEMBI yIpaBiie-
HUSl TIPOMBITIUIEHHBIX TPEATIPUATHN 1eIeco00pa3Ho HCIIONBb30BaTh pelleHrne kiacca Business Intelli-
gence (BI-cuctem).

Honstie Business Intelligence’ ncrmons3yror s 0603HAYCHHST KOMIBIOTEPHBIX METOIOB H MHCT-
PYMEHTOB UIs TIepeBoJia IeNoBoM HH(popMalmy B opMe OTIIENbHBIX orepanuil (TpaHcakiuii) B popmy,
MIPUTOJIHYIO It OM3HEC-aHaIu3a, a Tak)Ke CPEJICTBA I MacCOBOM pabOThI ¢ Takoi 00pabOTaHHOM MH-
tdhopmarnueii. [lens Bl — unaTEpripeTHpoBaTh 0ONBIIOE KOMTUYECTBO JAHHBIX, 3A0CTPsisi BHUMAaHUE JIHUIIb
Ha KJIFOYEBHIX (hakTopax 3(h(PEeKTUBHOCTH, MOIETHPYS UCXOJ PAa3THUYHBIX BapUAaHTOB JEHCTBHIA, OTCIE-
JKUBAs PE3YJIbTAThl IPUHSATHS PEIICHUH.

Business Intelligence’ B ImpokoM cMbICIIe OMPEIENISIOT KaK:

® IPOIIECC MPEBPAIICHHS JaHHBIX B MHPOPMAIIMIO U 3HAHUSA O OM3HECE I MOIACPIKKH MPUHITHS
YIYYIICHHBIX U He(OPMATBHBIX PEIICHUIA;

® HH(POPMAITMOHHBIE TEXHOJIOTHH (METOJBI U CPEJCTBa) cOOpa NaHHBIX, KOHCOMUAANNN WHpOpMa-
IIUY ¥ 00ECIICUCHUS IOCTYya OU3HEC-TT0JIH30BATEIICH K 3HAHUSM;

® 3HaHMA O OW3Hece, NOOBITHIE B PE3yJIbTaTe YIIyOJICHHOTO aHAM3a JeTANbHBIX JaHHBIX U KOHCO-
JTUIUPOBAHHON MH(OPMAITHH.

OcHoBHOI1 1lenpro Bl-mmaTdopmel sBiseTcs HHTEpIpeTanys 3HAa9UTEIBHOTO 00hEMa HECTPYKTYPH-
POBaHHBIX JINOO cnabo yMOpsAOUYEHHBIX JaHHBIX, BBITIONHSS BBIOOPKY C MPUIEIIOM Ha KIFOUEBbIC (ax-
TOpBl APPEKTUBHOCTH, 00eCIeUnBasi MOJCITUPOBAHUE TIOCIIEACTBUI pa3IMYHBIX BapHAHTOB YIIPaBIICH-
YECKUX JCHUCTBUU U CHHTE3 HH(POPMAIIMH C ISJIBIO TTOCICIYIOIIET0 IPUHATHS PEIICHUM.

8 URL: https://ru.wikipedia.org/wiki/Business_Intelligence (zata oGpamerms: 09.09.2018).
° Bantepuii Apremben. OTKpBITHE crcTeMsl #04/2003 T. URL: http://citforum.ru/consulting/Bl/whatis/ (nata obpameHmus:
02.09.2018).
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OcnoBy Bl-cucrem cocrasnsitor komnoneHTs! OLAP.

OLAP (Online Analytical Processing) — 310 TexHonorus o0paOOTKK JaHHBIX, 3aKJIIOYAIONIAsICs B
CTPYKTYpH3AIMU JaHHBIX 110 MHOTOMEPHOMY MPUHIMITY (THIEPKYObl HH(POPMAIMK) 1 MOATOTOBKE CyM-
MapHOM (arperupoBaHHoO}) HHGOpMAIMK HA OCHOBE OOJILIINX MACCHBOB JIAHHBIX.

[Ipuunna ucnons3zoBanust OLAP s 06paboTKu 3a1ipocoB — CKOPOCTb.

OtmetuM, uto onucanus TexHonorun OLAP (OnLine Analytical Processing) B nuteparype opueH-
TUPOBAHBI HA IPOTPAMMHCTCKHIT», a HE «IOJB30BATENbCKUN» NOAXon. [IpuBoasSTCS OOBSICHEHUS W
(OpMyYIHPOBKU 10 OCOOCHHOCTSM (POPMHUPOBAHUSI MHOTOMEPHBIX MJIH PEJIILUOHHBIX TUIIEPKYOOB, a HE
KaK HCIOJb30BaTh HOBbIE BO3MOKHOCTH 110 aHAIN3Y HH(POPMALIMH, KOTOPbIe He ObUIN TOCTYIIHBI PaHee.

Cpenu BaXHEHIIINX MOJIb30BaTENbCKUX CBOUCTB OLAP-mpriioskeHuit MOKHO BBIJICIHUTD CJICTYIOIINE:

— nepectpoeHre (HOpM OTUETHOCTH IO PA3TUYHBIM HEPAPXHUYECKHM AHAIUTHYECKHM MpH3HAKaM
(Slicing and Dicing). TakumMu aHaTUTHYECKUMH MPU3HAKAMH MOTYT OBITh: «HaMMEHOBaHHE» (Tpymma /
MOJrpynma / HauMEHOBaHKeE), «Ieproa» (roja / KBaptan / Mecsl / ekaaa / IeHb), «peruon» (ctpaHa /
00J1acTh / TOPOJ), «OpraHu3aNus, «IU1aH / (akT» U Apyrue. B TepMuHAX TUIIEpKyOOB 3TO COOTBETCTBY-
€T BBIOOPY TUIEPIIOCKOCTEH HH(OpMaUy O JPYTUM aHAIUTHYECKUM Mpu3HakaM. CyIecTBEHHO, YTO
MOPSIIOK (CLEHAPUH) NEPECTPOCHHS OTYETOB MOTYT OBITh JIIOOBIMHU U BPEMsI IEPECTPOCHUSI COCTABIISET
CeKyHJBI. B TpaJUIIMOHHBIX CHCTEMaX OTYETHOCTH 3TO SKBUBAICHTHO MOJATOTOBKE W XpaHEHHIO (popm
otueroB (1 pa3) u nepexony K HOBBIM OTYETaM (MUHYTHI);

— neranuzanua uHopmanuu (DrillDown) — «mpoBanuBanue» Ha ClEAyIOIIUI ypOBEHb pacuiud-
POBKH MH(POPMAIMH 0 aHAIUTHYeCKUM Tpu3HakaMm. B OLAP-cucremax 3T0 mpoHCcXoauT 3a 1 «KITMK»
MBIIIKOW (CEKYH[IBI), B TPAAMIMOHHBIX MOJIXO/AaX — IEePexo]] K IPYruM OTYETaM W/WIIM BBIOOP JPYrux
AHAJTMTUYECKUX MIPU3HAKOB (€AWHUILBI WIN ACCATKH MUHYT);

— omnepanyy HaJ TUIEePIUIocKOCTsIMU. [IporutocTpupyeM IpUMeEpOM: BBEIpYUKa IO TOBApY OIpe/ie-
JIIeTCs TIPOU3BEACHUEM IIeHBI Ha KoaudecTBo. J[ms1 OLAP-npunoxxeHuii 3To MOXKET OBITh PEaTM30BaHO
KaK «THIIEPIUIOCKOCTh BBIPYUYKH» = «THIEPITIOCKOCTh LEHB» X «THIEPILIOCKOCTh KonndecTBay. [lpu
JOOBIX NEPECTPOCHUSX TUIEPKyOa BBIYMCICHUS IMPOU3BOMAATCS IO AaHHBIM Cpa3y BCEil TMIEpIUIOCKO-
ctu (mnoxo yuraetcs). Eciu pacueTsl B oTAenbHbIX sueiikax Excel MoxHO paccmaTpuBaTh Kak TOY€H-
HbIe QOPMYIIBI (KOTOPBIE JIETKO KOMUPYIOTCS), TO ONEpaliK HaJl TUIIEPILIOCKOCTSIMH aHaJIOTHYHbI BEK-
TOPHBIM BBIYHCIICHUSAM (JIPYTroii ypoBeHB). Bpemst pacueToB coCTaBIseT A0JIM CEKYH/IbI (Ha MPHIIOXKECHU-
SIX, C KOTOPBIMHU CTAJIKUBAJINCh aBTOPHI).

4. TexH010THA UCT0JIb30BaAHUA BI-HHCTPYMEHTOB 1151 BBISIBJICHUS

HEJMKBHIHBIX 000POTHBIX AKTUBOB — MPAKTHKA

TexHonorus ucnons3zoBanusi Bl-uncrpymentoB (OLAP-runepky0OoB) Asisi BBISBICHUS HEIMKBHI-
HBIX OOOPOTHBIX aKTUBOB ITO3BOJISIET 00paboTaTh MH(YOPMAIMIO 110 HENMKBUIHBIM U CBEPXHOPMATHB-
HBIM 3aracaM NpakTUYeCKH B PEKUME PeaJbHOTO BPEMEHH.

ANTOpUTM aHaNM3a 3aacoB U AEOUTOPCKOM / KPEAUTOPCKON 3a10JKEHHOCTEH:

— BBITPY3Ka JAHHBIX U3 YUETHOW CHUCTEMBI,

— JIONIOJTHEHHE HEIOCTAIOIIEH aHATUTUKON (aHATUTUYECKUMHU ITPU3HAKaMH );

— IOCTPOEHHE TUIIEPKYOOB;

— aHaJIM3 3aM1acoB U JeOUTOPCKOM 3aJ0JKEHHOCTH I10 TpyMaM 000paunBacMOCTH;

— BBIJICJICHUE TPYIII 000paurMBaeMOCTH C OOJIBIIION J10JIeH 3a1acoB;

— IeTanu3anys rpynn o0opadyruBaeMOCTH (HEIMKBHIOB, CBEPXHOPMATHUBOB, 3allacOB C PaHHEW 3a-
KYIKOH) 110 HOMEHKJIaType u3aenuii u koutpareHToB (Drilldown);

— coJiepKaTeNbHBIN aHalIu3 IO HOMEHKJIATYpE;

— ONpeieTIeHNe OTBETCTBEHHBIX CIICIIUAIICTOB 33 COJICPIKATENbHBIN aHAIN3 000POTHBIX AKTHBOB IO
MO3ULIVSIM;

— MIPUHATHE YIPABICHYECKUX PEIICHUH M0 HOMEHKIAType 3amacoB ¢ OOJBIINM CPOKOM 00Opayu-
BaeMOCTH (HETMKBU/IbI, CBEPXHOPMATHBEI);

— (opMUpOBaHHE «IPEAOTBPAIIAIOLINX) MEP MO0 COKPAILEHHIO 00OPOTHBIX CPEACTB.

B Tabn. 4 moka3aHbl BapHaHTbl BpEMEHH Ha NPOBEICHHWE aHAIN3a U BBIPAOOTKY MEPOIPUATHH B
TPaJAULMOHHON TEXHOJOTWH (TIpY HAJMYWU aBTOMATH3MPOBAHHBIX y4eTHBIX Tuna 1C WM CKIaaCcKoro
y4deTa) Wi PU aHalIKu3e C MOMOIIbIO THIEPKyOoB. OTMETUM, peann3alus aAPeCHbIX MEPOIPHUSITHH 110
MOBBILEHUIO 3()()EKTUBHOCTH HCHOIB30BAHUSI OOOPOTHBIX aKTHBOB COCTABISIET HECKOJBKO MECSIICB,
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HO B npoBeaeHne OLAP-ananusa no3BosisieT MHUIUUPOBATH U MIPOBECTU TaKylo paboTy MPaKTHYECKH B
M000i1 MOMEHT, B TO BpeMsl KaK TPaJHIIMOHHBIC CPEICTBA aHAJM3a MMO3BOJISIOT MPOBOUTH TaKyl0 pado-
Ty, HO B YCIIOBHSX Je(QUINTA CIECIAAINCTOB HA TIPEATIPUATHSIX 3TO HE POBOJUTCS COBCEM.

Ta6bnuua 4
BapmaHTbl 06paboTkun AaHHbIX

No IToka3aTens OLAP-ananu3 AHanu3 TpaguIMOHHBIMU CPEICTBAMU
Brirpyska gaHHbpIX, MOATOTOBKA
AHATUTHYCCKUX MTPU3HAKOB

15 MuH 0 — B yuerHoii cucteme (1C)

1 mens mo 1 THIC. TTO3UITUH,

2 | CopepxaTenbHbIN aHAIH3 60 MuH 2-3 mus qag 10 TeIC. TO3HUITHH,

5—-14 mueii mia 20—-100 TBIC. TO3UITHHA
1 gac m1st 100 OCHOBHBIX HO3HITHIA

Jexommno3uiius crucka

3 10 mun
10 OTBETCTBEHHBIM 110 000POTY MJIM HE IPOBOAUTCS COBCEM
BripaboTka aapecHbIX N o
P vﬂ P 5 maert md 10—20 OCHOBHBIX HO3UIAN
4 | MepoIpHATHN TIO IOBBIIICHUIO 1-2 nus
10 000POTY MJIM HE IPOBOAUTCS COBCEM
3¢ dEeKTHBHOCTH

[Mpumep pe3ynbTaToB aHaM3a MpUBeJeH HIKe. [lociie aHanmM3a ajpecHo CTaBUTCA 3ajjada peain3a-
UM HEJIMKBUIOB ¥ CBEPXHOPMATHBOB C BHICBOOOKICHUEM «3aMOPOKEHHBIX» 00OPOTHBIX aKTHBOB.

Kak mpaBuio, B kauecTBe aHATUTUYECKUX Mpu3HaKoB (dimensions B TepmuHax OLAP) ncnons3y-
IOTCS:

— c4eT U cyOcueT OyXranTepcKoro yueTa;

— MPU3HAK KOJUYECTBEHHOI'O MJIM CTOMMOCTHOrO yyera. [lanee mpuMepsl aHanu3a NpUBEACHBI IS
CTOMMOCTHOTO yU€Ta;

— HAUMCHOBAHUE;

— rpy1Ia TOBapoB.,

— nHopManus 1Mo OCTaTKaM Ha HAdalo M KOHEI Mepuoja, a Takke o mpuxoze/pacxoze (nedure/
KpeauTe);

— MECTOTIONIOKEHUE 3a1macoB (CKIIam);

— OTBETCTBEHHBIH 3a XpaHeHue (T01pa3ieieHue, MEHEIKeD);

— MEPUOJI aHAJIN3A;

— JIpyrue MpU3HAKH.

Cpok 000payMBaeMOCTH 3aMacOB MO KaXJOH MO3ULUM HOMEHKIATYpbl PAacCUUTHIBACTCS II0
dhopmyie

Cpox obopauusaemocmu = (3anac / Omepysxa) x [numensnocms nepuooa.

[lon 3amacamu paccMaTpUBAIOTCS 3aMachl CHIPbs, MATEPUATIOB WM TOTOBOH npoxykuuu. Cpok 060-
pauuBaCMOCTH XapaKTepU3yeT MEePHOI, 32 KOTOPHIH OyAeT U3pacxoI0BaH NMEIOIIUICS 3arac.

ToBapbl rpynnupyroTcs 1O CISAYIOIUM IPyINaM cpoka o0opaunBaeMocTH (Tadir. 5).

Tabnuua 5
Fpynnbi 3anacoB nNo o6opa4yMBaemMocTy
['pynna XapaKTepucTuka
Tprxos 6es pacxoria Ecth npuxom, HeT pacxoa. Bo3aMoxHO, ObLIT IPUXO B MOCICAHUE THU
nepe 3aKphITHEM MIEPUOIa
<30 guen Memnee 30 nueit
> 30 guen Ot 30 go 90 muent
> 90 nHewn Ot 90 o 180 gueit
> 180 nuei Ot 180 mo 360 gueit
> 1 roga Bonee 1 roma (cBepXHOPMATHBHI)
>3 qer Bosnee 3 net (cBepXHOPMATHUBBI)
> 10 net Bonee 10 ner (cBepXxHOpPMATHBBI)
bes pacxona Her a1 nmpuxoja, H1 pacxoja (HETUKBHUIBI)
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Hwxke npuBeneH mpumep aHannza 00OpPayMBAEMOCTH 3alacoB MPEANPHUITHS MAalIMHOCTPOCHHS.
B pacuere ncnonb3oBanach mHGOpManus Mo pacmr(poBKaM OyXralTepcKod OTYETHOCTH 3a 9 Mec.
2016 r. B aToM cnyyae AIUTEIBHOCTD NEPUOA IpUHsTA 273 THS.

Bbv1600v1 no ananuzy obopauusaemocmu MauuHOCMpoOUmenbHo20 3a6004.:

® [IOTCHIIMAJIBHO — HEJIMKBUAOB M CBEPXHOPMATHUBOB Ha 69 MiH py0., uiau okoso 50 % (!) 3ana-
COB;

® 3aKa3aHO MPOLYKLHHU, KOTOpasi He Oblia HCIOJb30BaHa B TEUCHHE 2 MECALEB, HA CyMMY 38 MIIH pYO.
(28 % Benu4MHBI 3a11aCOB);

e cyMMapHo okoJi0 3/4 (77 %) 3amacoB UMEIOT MPU3HAKK U30BITOYHOCTH.

[o cocrosiHUIO Ha ATy aHAIHM3a CTPYKTYpa 3a1acoB MpejcTaBieHa B Tab. 6.

Tabnuua 6
CTpyKTypa 3anacoB

Cratbs OanaHca OCTaTOK\, Jr Kt Ocratok "

BXOISALINN HUCXO TSN

ChIpbe 1 MaTepHabl 67 712 680 300 374 660 273 083 053 95 004 286

3aTpaTEl B HESABEPIICHHOM | ¢ 554 459 1508 827860 | 1503 858066 11494 243
MIPOU3BOICTBE

I'oToBast mpoLyKITHUs 41397 727 505 599 400 501 723 943 45273 184

Bceero 115 634 856 2 314 801 919 2278 665 062 151 771 714

OCHOBHBIE 3amachl COCPENOTOUEHEI B cTaThAX «ChIpbe U MaTepraib» U «I'0ToBasg NPOAYKIHS U TO-
Baphbl U1 IePenpoAaKu», IOITOMY Jajee aHATM3UPYETCs TaHHas CTaThs 110 HOMEHKJIaType.
CBoj Bcex rpynn 000paunBaeMOCTH ChIPbsl M TOTOBOM MPOIYKIMY TIPE/ICTaBIeH B Ta0II. 7.

Tabnuua 7
CBopa Bcex rpynn o6opa4yMBaeMoOCTH CbipbA U FOTOBOW NPOAYKLUU
I'pymnma yxoma, nau Hauano [Tpuxon Pacxon Konen Hois, %
[Tpuxon 6e3 pacxona 21543 48 649 581 0 48 671 124 35
<30 14 185 370 712 001 746 725 973 457 213 659 0
>30 9719 841 7 586 083 14 003 607 3302316 2
>90 11 308 586 8453 863 13 229 898 6 532 550 5
> 180 14 696 504 9987222 12 297 593 12 386 133 9
>1ron 12 494 911 11233 577 7 907 845 15 820 643 11
>3 roma 393 340 8 061 646 1325091 7 129 894 5
> 10 ner 1428 175 342 69 503 1359014 1
bes pacxona 44 862 138 0 0 44 862 138 32
OO61mii uTor 109 110 407 805 974 060 774 806 996 140 277 471 100

Ananus epynnet «Henuxeuowvly no Homenkiamype

B rpynmny «HenukBuapDy BKIIOYEHBI TPYIIIBI 000paYHBaEMOCTH «0€3 pacxoiay.

Bcero nozummii: 387 mt. Beero cymma 3amacos Ha konell: 44 862 138 py0. AHanu3 rpynmsl Mo HO-
MEHKJIaType IpeCTaBlIeH B Ta0I. 8.

Ta6bnuua 8
Ananus rpynnbl «HenukBuabi»
HaumenoBanue Hauaio [Tpuxon Pacxon Konen
ToBap Al 13 161 201 0 0 13 161 201
Tosap A2 10 300 852 0 0 10 300 852
Tosap A3 4 345 000 0 0 4345 000
0 0
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Ananuz epynnvi «C8epXHOPMAMUBHLY NO HOMEHKIAMYype

B rpynny «cBepXHOpPMATHBBED) BKJIIOUYEHBI TPYMIBI 000paynmBaeMocTd «> 1 roman», «> 3 meT»,
« 10 ner».

Bcero nmozuruit: 75 mt. Beero cymma Ha xonertt: 24 309 551 py®.

AHanu3 rpyIsl 0 HOMEHKIIATYpe MPeICTaBiIeH B Tab. 9.

Ta6bnuua 9
AHanus rpynnbl «CBEpXHOPMaTUBbI»
HaumenoBanue Hauamo IIpuxon Pacxon Komnerr
Torap bl 1628 071 5264216 1628 071 5264216
Tosap b2 0 4275 553 752 306 3523 247
Tosap b3 0 3192 742 376 153 2 816 589

Ananuz epynnoi «Pannsas nocmaexay

B rpynny «PanHsS moctaBka» BKIIIOYEHA TPyIIa «Ipuxon 0e3 pacxoaay», 6e3 omepauui 3a 2 mo-
CIIETHUX MecsIIa.

Bcero mosurwmii: 68 mr. Beero cymma npuxoza: 38 672 154 py0.

AHanu3 Tpynsl 10 HOMEHKJIAaType npeacTasieH B Tadi. 10.

Ta6nuua 10
AHanus rpynnbl «PaHHAA nocTaBka»
HaumenoBanue Hauamo IIpuxon Pacxon Komnerr
Tosap I11 0 7701011 0 7701011
Tosap 112 0 3916 300 0 3916 300
Togap I13 0 3888314 0 3888314

5. IlpuMepsl aHaIM3a 000PAYNBAEMOCTH 0 PSIAY NpeInpUusTHI

Hwxe npusenena undopmManus o psay OpraHu3aldil IPOMBIIUIEHHOCTH, B KOTOPBIX ObLT MpOBe-
JICH aHaJIN3 CBEPXHOPMATHBOB U HEJHMKBHJIOB B Tpoliecce GOPMUPOBAHHS MPOTPaMM MOBBIIIECHHS OTle-
pannoHHON P PEKTUBHOCTH. AHATIOTHYHAs PadOTa POBOAMIACK ISl aHAIM3a IPYTUX KOMIOHEHT 000-
POTHOTO KamuTaja: JeOUTOPCKOM M KpeIUTOPCKOM 3a0IKEHHOCTH, a TakXkKe piga APYrux (Kak npaBu-
710, 60JIee MEIIKHUX CTaTel).

Ha MHOrMX npeanpusaTHsIX KOJIHMYECTBO IO3HMIIMH HOMEHKIAaTypel (Tabi. 11) cocraBiseT He-
CKOJIBKO TBICSY TIO3UIIMHA, HEPEJKHU CIy4aH JECATKOB ThICSY MO3ULUA. TpagullMOHHBIMU METOIaMU
¢$hopMupoBaHus 0TYETOB 00pabOTKa TAKMX MAacCHBOB MH(OpMAaLMK HE Pean3yeTcs NMPHU BBIIOIHE-
HUU U IpYruxX QYHKUMNA yNpaBiIeHUS NPEeIUPHUIATHIMH (TO €CTh HYXKHBI CIIELIHAJIU3UPOBaHHBIC aHa-
JIUTUKH).

HanpHelias mpopaboTKa MOKa3bIBAET, YTO O BBISIBICHHBIM HEd(P(PEKTHBHBIM OOOPOTHBIM aKTHU-
BaM Ok0J0 50 % «MOXXHO BEpHYTH B O0OOPOT», TO €CTh COKPAaTHTh BEIMYUHY OOOPOTHBIX aKTHBOB
Ha 20 %.

Hons HeahhekTHBHBIX 3amacoB cocTaniseT okoio 40 % it MHOTUX MPEANPHUITHH.

Coxkpaienne Hea(h(HEKTHBHBIX 3allacoOB HAIMOJIOBUHY BbICBOOOXIaeT 20 % OT BeIMYMHBI 3amia-
COB.

[IpruMeHeHne faHHOTO METO/A K APYTUM CTaThsIM MO3BOJISIET OLICHUTH 00IIee COKpalleHue moTped-
HOCTH B 000pOTHBIX cpeacTBax B 20 % OT UX BETMYUHEL.
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Ta6bnuua 11
XapakTepucTuKa opraHM3aumii aHanusa 3anacos
Homns
KomnuuecTBo Hons Moz Hea(ek-
. CBEpXHOp- I'on
Ne Peruvon OTtpacib MO3UIUH, | HEJIUKBHU- TUBHBIX
MaTHBOB, aHam3a
TBIC. €]1. I0B, % o 3a1macoB
C 1 (5+6).%
1 Henrpanbias MammHocTpoeHne 5 32 17 49 2017
yacTh Poccun
2 |10r o 8 28 16 44 2017
MIPOMBIIIIIIEHHOCTh
3 | Tloamockosse | ALIcBaA 03 0 5 5 2016
MPOMBIIIIJICHHOCTh
4 |Cenepo-3amay | 1HCBA 4 26 15 41 2015
MIPOMBIIIIIIEHHOCTh
5 Bocrounas JloOpIBarommas 6 10 75 35 2014
Cubupsn MPOMBIIIIJICHHOCTh
3amnaaHas N
6 CrGups CrpoliunaycTtpus 6 20 25 45 2013
7 |1Or Toprosns 21 16 20 36 2013
C/X TEXHUKOU
] HentpanbHas | Xumudeckas 15 29 14 43 2011
4yacTh POCCHM | MPOMBIIIIIICHHOCTh
BocTounas N
9 CuGups CrpoliunaycTtpus 2,5 19 19 38 2010
10 [3apy6enpe  |A0OpBAIOMA 19 46 31 78 2007
MIPOMBIIIIJIEHHOCTh
1 |Dmwknee | Tikeroe 55 0 50 92 | 2008
3apy0exbe MAaIIHHOCTPOCHUE

6. Moneb OCHOBHOTO 11€J1eBOT0 KPUTEPHUs — CTOMMOCTH OM3Heca

B kadecTBe OCHOBHOTO II€JICBOTO KPUTEPHUS aHAJIM3a UCIIOIb3yeM CTOMMOCTh Om3Heca [8].

Crnenmyer OTMETHTh, YTO B JIAHHOW pabOTe MPOBOJHUTCS OICHKA PacdeTHOH, (yHIaMEeHTaIbHOM
croumocTH (intrinsic value), a Ha Oup)ke U3BeCTHA PhIHOYHAS, TOpryeMasi Ha OUp>Ke CTOMMOCTD aKIH.
Ha pbIHOYHYIO CTOMMOCTB TOpa3lo CHIbHEE BIUAIOT (YUHAHCOBBIE KPU3HUCHI (B pa3bl), HOBOCTHU (Ha Je-
CSITKH MIPOLIEHTOB), HHTEPEC CO CTOPOHBI OTAEIBHBIX aKIMOHEPOB (€AWHHIBI — IECSITKU IPOLEHTOB), TO
€CTh PBIHOYHAS CTOMMOCTH MOJIBEPKCHA 3HAYMTENHLHO OoJiee CHIBHBIM H3MEHEHHSIM («BOJIATHIILHO-
CTH»), 4YeM OIIEeHKH (yHIaMEHTaIbHOH cTonMocTh. Ho comocTraBiieHre pplHOYHOH U (PyHIaMEeHTATEHON
CTOMMOCTH — He IIeJIb JaHHOW CTaTbU.

AHanmuTH4yecKasi MOJIENIb OIIEHKH CTOMMOCTH KOMITAaHHH JOXOIHBIM CIIOCOOOM € U3MEHSIOLIMMUCS
napamMeTpaMi 3aTpaT U KaluTAJTOEMKOCTH MOKET IPUMEHSITHCA VISl SKCIPECC-PAcueTOB BIMSHUS MEPO-
MPUATHHA O HOBBILIEHUIO 3QPEKTUBHOCTH Ha LIEIEBON KPUTEPHH.

OneHka CTOMMOCTH OM3HECa JOXOAHBIM CHOCOOOM IO TUCKOHTHPOBAaHHBIM JICHEKHBIM ITOTOKaM
onpeaenseTcs mno Gopmysne [2]

0 N o0
EV=>) FCFft = FCFft - —FCFft =EV,+EV,, )
t:o(l-l—l") t:0(1+}") t:N+1(1+I")
rae EV — croumocts OusHeca; FCF — cBOOOIHBIN JNEHEKHBIM MOTOK B COOTBETCTBYIOIIUN TIEPUO;
r — cTaBKa AUCKOHTHpoBaHus;, £V, u EV, — ctrouMocTh OM3HEca B MPOTHO3HBIA M MOCTIPOTHO3HBIH Tie-
PHOJIBI COOTBETCTBEHHO; N — AITUTENBHOCTh IPOTHO3HOTO MEPHUOAA; ¢ — HHACKC BPEMEHH.

OcHoOBHast MPeINOChIIKA aHATUTHYECKOW MOJEIU CTOMMOCTH — ()OPMUPOBAHHE MPOTHO3a JIBHIKE-
Husl AeHexHsIx cpeactB ([/IC) xommaHuu Ha OCHOBaHMHU €€ (PMHAHCOBOM OTYETHOCTH HPOLUIBIX Iie-
PHOOB.
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[Iporaos JJIC crierapHbIM IOIX0A0M (GOPMHUPYETCS ISl KaXKAO0T0 MEPUO/IA MO TaHHBIM POCTa 00b-
eMa MPoJak M W3MEHEHUEM DHIIOTEHHBIX SKOHOMHUKO-TEXHOJIOTHUECKUX MapaMeTpoB (yIeIbHbIe 3aTpa-
ThI, JUIUTEIBHOCTh OU3HEC-TIPOLIECCOB). DHIAOICHHBIC MapaMeTPhl MPOTHO3UPYIOTCS Ha MEPCIEKTUBY, U
paccMaTpUBAaCTCS BO3MOXKHOCTh MX HM3MEHCHHUS (YIPaBJICHHS) IIEJIEBBIM O0pa3oM I TOCTHIKCHIHS
MPEANOYTUTENbHBIX PE3YIBTATOB.

DKcIpecc-MeTo IPOTHO3UPOBAHUS JICHEKHBIX IMOTOKOB Ha 6a3e (PMHAHCOBOW OTYETHOCTH IO3BO-
JISIET YIPOCTUTh (POPMHUPOBAHUE OLCHKU CTOMMOCTH KOMITAaHUU [3], a TaKKe COPUEHTUPOBATh Ha METO-
JIbI TIOBBIIIEHUST CTOMMOCTH.

OcHoOBBIBasiCh Ha (PMHAHCOBOHN OTYETHOCTH KOMIAHHUH, MOKHO MTOCTPOUTH MTPOTHO3 JIBIKEHUS CBO-
OOTHBIX JIEHEXKHBIX CPEACTB [4] ams meneit OIeHKHU CTOMMOCTH

FCF,=§,(1-¢,)-1,, 2)
rae FCF — cBOOOHBIN ACHEKHBIN TIOTOK; S — BEIPYUKa; ¢ — yJelIbHbIE 3aTPaThL; / — NHBECTUIHH.

dopmyna UIsT UHBECTUIMN C y4eTOM KO3 PHUIMEHTa KaITUTAIOEMKOCTH UMEET BH/T

I, =AM, =a,AS, =a,(S,—-S,_)=a,s, S, =a,s,/(1+5,) S,, 3)
rae A — akTUBBL;, a — KAIUTaJIOEMKOCTb; § — TEMIT POCTA BBIPYYKH.

ITocne npeoOpa3zoBaHuii MOIydaeM

FCF,=S,(1-¢c) =S, a, 5,/ (1+ 5,)=8,(1-¢, —a, 5,/ (1+ s,)). 4)

[MoncraBnsist BeIpaxkeHUe AeHEXKHOTO NoToKa (4) B hopmyny s EV; (1), momydunm

V- - FCF, < Sil=¢,—as, /(1+5))
a1+ I (1+r)
HyCTB YACIBbHBIC MMAPaAMETPbl CUCTECMbI (y)_IeJ'IBHLIe 3aTpaThl ¢ U KAIIUTAJIOCMKOCTb a) HU3MCHSAKOTCA
C NIOCTOSSTHHBIM TEMIIOM AC u Aa B 1ol COOTBETCTBCHHO, TO €CTh

¢, =co(1+Ac) ;
a, =ay(1+Aa)" .
Torzna nmpu MOCTOAHHOM TeMIIE POCTa BBIPYYKH s popmyna EV; uMmeeT BU

BV, :iSO(lJrS)’(l—cO(lJrAc)’ —ay(1+Aa) s/ (1+5)) ‘

&)
=1 (L+r)
I[Tocne npeobpa3oBaHuii CyMMUPOBaHHUS
(1+st_1 [(1+s)(1+Ac))N_l ((1+s)(1+Aa)jN_1
EV, =8, 1T — L+r ——ays / (1+5) I+r - (6)
- 1+s - (1+s)1+Ac) - (1+s)(1+Aa)
I+r I+r 1+7r
O603na4nm 1151 kKomnaktHoctd oo =1+s/1+7, B=a(l+Ac), y=a(l+Aa) . Torna
N N N
-1 -1 -1
EV, =S,42 l—col3 ——ags / (1+s)T— 1. (7)
l—a' V1-p I

CroumocTh OM3HECa B TOCTIPOTHO3HBIN niepuoj EV, npu M3MEHEHHH MapaMeTpoOB YACIbHBIX 3a-
TpaT ¥ KaluTaJIOEMKOCTH Oy/IeT UMETh BU

5V ‘i FCFy(1+g)  Sy(+5)"(1-cy(1+Ac)Y —ay(1+Aa) g/ (1+g) 1+ ¢
S+ A+ 1+ r—g’

BKCHPQCC—MOHGHL OLICHKHA IIOJIHOH CTOUMOCTH, BKIIIOYAIOMIYHO CTOUMOCTL B HpOFHO3HLII>i Hn I10CT-
HpOFHOBHBIﬁ nepnoa, UMeCT BUJ

®)

N N N
-1 -1 -1 1+
=50t Bl a9 0N (— a1+ A)Y —ay (14 Aa) g/ (1+ g) L (9)
l1-o' T1-p! 1-y~! r—g
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7. ¢ dexT 10 BIAUSIHHIO HA KOHEYHbIE MI0Ka3aTeJ N

[IpuBeneM pacyeTsl MO OLIEHKE BIUSHHS MU3MEHEHHS OOOPOTHBIX aKTHBOB Ha IEJIEBOIl MOKa3aTelb
CTOMMOCTH OM3HEca, a TAKXKe Ha BEJIMYMHY BEICBOOOKIAEMOTO JICHE)KHOTO MOTOKA.

B xadecTBe mpumepa paccMOTpUM npennpusitie ¢ Beipyukoir 1 000 MitH py0. (YMCICHHOCTH OKOJIO
300 gen.), a yaedbHbIC TOKA3aTEIN UCIONB3YEM Kak JJIsl YCPEAHEHHOTO NPEANpUsATHs cTpaHbl. PacueTsl
10 TPEM CLIEHapHsIM MIPUBEACHBI B Ta0M. 12:

— pa3BuTHe 0€3 U3MEHEHUH;

— OZJHOKpaTHOE COKpalleHHEe cpoka oOopaunBaeMocTH 000poTHBIX akTHBOB Ha 20 %. Ilpupoct
CTOMMOCTH COCTaBIIIET 35 %;

— MIOCTETICHHOE COKpAIlleHHE CPOKa 000paurMBacMOCTH OOOpPOTHBIX akTHUBOB Ha 20 % B TeueHHUE
mporro3Horo nepuoja. [Ipupoct ctonmoctu cocrasiser 22 %.

B pacuere mpuHATHI clieAyroIMe MapaMeTpbl: TEMI pPOCTa BBIPYYKHM B IPOTHO3HBIM MEpUOL
s =7,2 %, ynenbHble 3atpaThl ¢ = (0,945, craBka quckoHTupoBanus » = 10,6 %, IIUTETbHOCTh IPOTHO3-
HOro nepuoaa N =5 JieT, TeMI pocTa B MOCTIPOrHO3HBIN nepruon g = 3 %. Hexoropele mapaMeTpsl oc-
HOBaHBI HA MPOTHO3€ AOJITOCPOYHOI'O COLUATIBHO-3KOHOMHYECKOT0 pa3BuTHsi Poccuiickoit Peneparu
Ha niepuon a0 2030 roxa [5].

OreHKa JOMOJTHHUTENHLHOTO JEHEXKHOTO MOTOKA 338 CYET COKpAaIleHHs: 00OPOTHBIX aKTHBOB COCTaB-
qseT 133 mutH pyo.

Tabnuua 12
OueHka chyHaaMeHTanbHOM CTOMMOCTHU
Ontummsanus | OnTuMusanus
PasButune 00OPOTHBIX 000pOTHBIX
HaunmenoBanue
OTCYTCTBYET aKTHUBOB aKTHBOB

OJTHOKpATHAsl | MOCTETICHHAS
Temn pocTa BBIPYUYKH B IPOTHO3HBIN Nepuo, % 7,2 7,2 7,2
ITpubsutbHOCTE (NOPLAT/Sales), HauanbHast, % 5,5 5,5 5,5
KanmuranoeMKkocTh HAaYaIbHOTO TIEPHOa 1,0026 0,8694 1,0026
M3MmeHeHne KamuTaaI0eMKOCTH B 1011, % 0,0 0,0 2,7
Pe3ynbTaThl pacueroB
CronMocTh KOMNaHUH HA 1 py0Jib BBIPYYKH 0,24 0,33 0,30
CTOMMOCTH KOMITAaHUH 32 TPOTHO3HBIN MEPHO.T —-0,06 —-0,02 —-0,05
CTOMMOCTBH KOMIIAaHUH 32 TIOCTIIPOTHO3HBIN TIEPUOJ 0,30 0,34 0,34
Bripyuka 6a3oBoro rozna 1 000 1 000 1 000
CTonMoCTh pacyeTHas 243 328 296
IIpupoct ctonmoctH, % 35 22

Ecnu nanHbIi pe3ynbTaT THPAXKUPOBATh Ha BCE MPOMBINUICHHBIE TIPEINPUSATHS CTPaHbL, 3PQEKT 1Mo
JIOTIOJTHUTEIILHOMY JICHE)KHOMY TOTOKY COCTaBUT 5,8 TpiH pyo., M0 YBEIUYCHUIO CTOUMOCTH — OKOJIO
3 TpaH py6. OTMeTnM, yTo Kanutanu3anus ["asnpoma Ha 09.09.2018 cocrasmnsina 3,5 Tpau py6. [10].

3neck ymecTHO mpuBecTH cioBa akagemuka PAH A.E. lllefinanuna [11]: «Boobme moe mudHOE
MHEHHE: JTI00bIe MPOTHO3bl HUKAKOH IIEHHOCTH HE UMEIOT. To ecTh TO, YTO MBI ceidyac OLIEHUBAaEM, K
2030 rony He O6yzaeT peann3oBaHo. Hu oguH nmporyo3s, a s epkail B CBOMX pyKaxX BCe MPOTHO3bI pPa3BH-
THS SHEPTeTHUKH 32 IOCIETHUE CEMBIECST JIeT, He peanu3oBajcsa. Ho mporuo3 HyxeH Ijs MOHUMaHUI
LIeJIH, Ky/1a Ha/I0 HalpaBUTh CETOIHS YAap».

3akiouenne

PaccmoTpeHs! HHCTpYMEHTHI paOboThl OONBIINX MacCHBOB NaHHbIX (BigData) ans ananmza o6opot-
HBIX CPEJICTB.

PaccMOTpeHO HECKONBKO CIIEHAPUEB BO3MOXKHOTO Pa3BUTHSI MPEANIPHUATHI C Pa3IMIHBIM COKpaIle-
HHEM CpOKa 000pPauyuBaEMOCTH OOOPOTHBIX aKTHBOB.

[Ipoananu3npoBanbl (aKTUUECKUE 3HAYCHUS YIENBHBIX TMOKa3arened 3(QPEeKTHBHOCTH, TaKHE Kak
yZAENbHBIE 3aTPaThl U CPOK 000PaUNBAEMOCTH.
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Hcnonb3oBanne aHaIUTUYECKOW MOAETH CTOMMOCTH JOXOIHBIM CIIOCOOOM MO3BOJIAET OLICHUTD
BJIMSIHUE M3MEHEHHUsI CpOoKa 000pavunBacMOCTH Ha (pyHIAMEHTAILHYIO CTOMMOCTb KOMIaHuH. J{Js pac-
CMaTpPUBAaEMBIX MPUMEPOB YBEIHMUEHHE CTOMMOCTH cocTaBisieT okoyio 30 %, a yBenuyeHue JeHEeKHOTO
MoToka — 0koJio 13 % OT To0BOI BEIPYUKH.
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Gross indicators of industrial organizations in Russia increased significantly in 2003-2017.
(with some decline in the financial crisis of 2009). Due to this, the Russian economy in size was able
to take a worthy place in the world. For further advancement, not only extensive growth is necessary,
but also an increase in the efficiency of Russian enterprises, which, unfortunately, has not improved
systemically in recent years. The most significant indicators of economic activity: profitability (and
the unit costs associated with it) and turnover periods vary in a relatively small range, with a tendency
towards deterioration in the turnover period.

Managing operational efficiency is key to growth.

The paper shows an example of using OLAP technology of big data analysis (BigData) to in-
crease the efficiency of financial and economic management of an enterprise, in particular, on current
assets. The use of this approach allows the analysis in the express mode, for a period of 5-10 times
less than with traditional methods of analysis.

On a sample of about 10 enterprises of the real sector, according to the results of in-depth ana-
lyzes in the process of consulting projects, it was shown that the share of inefficient stocks (illiquid
assets and excess standards) is 35—40 % of their total value.

The analytical model of value as a tool for express analysis makes it possible to assess the con-
sequences of managing current assets by influencing the company's fundamental value. Model calcu-
lations show that a one-time reduction in the turnover of current assets by 20 % provides for a 35 %
increase in the fundamental value.

If this result is replicated to all industrial enterprises of the country, the effect on additional cash
flow will amount to 5.8 trillion rubles, to increase in value — about 3 trillion rubles.

Keywords: sixth technological order, big data analysis, decision making, development program,
express mode, modeling, business value, financial forecasting, OLAP, BI.
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OUATHOCTUKA YCTOMYMBOCTU PA3BUTUA PETMOHATIbHbIX
COUMAINIbHO-3KOHOMWUYECKUX CUCTEM HA NMPUMEPE
XAHTbI-MAHCUNCKOIO ABTOHOMHOI'O OKPYTA - IOIPbl

A.B. KymbiwkuH, [.C. Opnosa
HOzopckuti eocydapcmeeHHbIl yHUsepcumem, . XaHmsi-MaHculick, Poccusi

[IpencraBneHsl pe3yabTaThl AUATHOCTUKHA YCTOWYMBOCTH PAa3BUTHUS PETHOHATIBHOM COIMANIbHO-
skoHOoMmUecKko# cucteMbl (PCOC) XanTei-MaHCHIICKOTO aBTOHOMHOTO OKpyra — FOrpsl 3a epuo ¢
2001 mo 2015 r. mo 1aHHBIM O(UIINATIFHON CTATUCTHYECKONH OTYETHOCTH, NIPEACTABIAEMON B peruo-
HaJIBHOM pa3pese. JIMarHocTHKa OCYIIECTBIISIIACh C UCTIOIb30BaHNEM METOOJIOTHH JHHAMUYECKOTO
HOpMAaTHBa, KOTOPasi O3BOJIACT OIICHUBATh OTKIIOHCHUS B PA3BUTHUHU PAacCMATPHUBACMON PETHOHANb-
HOW COIMAFHO-3KOHOMHUYECKOH CHCTEMBI OT Harepe[ 3aaHHOTO I Hee HOPMATUBHOTO — yCTOM-
YHBOTO pa3BHUTHA. VICHOIB30BABIIMICS AMHAMUYCCKUN HOPMATHB IPEICTABISCT COOOM KOMILICKC
TUHAMAYECKUX HOPMATHUBOB, XapaKTEPU3YIOIINX B CBOIO OYEPEIb OTKIOHEHHS OT YCTOWYHBOTO pas3-
BHTHS TPEX KIFOYCBBIX MOJCHCTEM TAaHHON CHCTEMBI — SKOHOMHYECKOH, COIMANBHON U 3KOIOTHYC-
cKoii. B 3Tn quHAMHYECKUE HOPMATUBB! OBLTH BKITFOUYCHEI M YIIOPSIOYCHBI TEMITHI M3MCHEHUH TIOKa-
3areneif, KoTopsle HanboJee MOJHO XapaKTepU30Bal pa3BUTHE ITUX HOACUCTEM. 3HAYCHHS JaHHBIX
IoKaszaTeJe mepej pacyeToM TEMIIOB M3MEHEHHH NPHUBOIIIINCH K Oa3UCHBIM HHAEKCAM OTHOCH-
tenpHO 2001 1. B paGote nmpoBesieH KPUTHUECKHUI aHAIM3 Psa 3aBUCHMOCTEH, Yyallle BCEro mpruMe-
HSEMBIX B HACTOSIIEe BpeMs Ui pacueTa Moka3aTellsi KOMIUIEKCHOW OLIEHKH YCTOHYHMBOCTU pa3BH-
THS CUCTEM NTOI0OOHOTO BHJA, IO pe3yibTaTaM KOTOpOro Oblila MpeAIo’KeHa OpUTHHAIbHAS METOIH-
Ka pacdera 3TOTO IMOKa3aTess. AHAJIN3 MOIYYCHHBIX PE3yJIbTaTOB OIEHKH YCTONYHMBOCTH Pa3BUTHUS
PETHOHATBHON CONMANEHO-IKOHOMHYECKON CHCTEMBI XaHThI-MaHCHICKOTO0 aBTOHOMHOT'O OKpyTa —
IOrper 3a yka3aHHBINA TEPHOJT TO3BOIIII KIIacCH(UITUPOBATH JAaHHYIO XapaKTePUCTUKY IS paccMart-
pHUBacMOil CHCTEMBI COTTIACHO MPUHATON Ha CETOHANIHHN JIEHh COOTBETCTBYIOMICH mmiKane. Hapsmy
C 3THM OBUTH TaKXe IOTyYeHBI OIICHKHA B3aNMHOTO BIUSHHS Pa3BUTHS YKA3aHHBIX BEIIIC MTOJICUCTEM
paccmoTperHoit PCOC, a Takke KOCBCHHBIC KAUSCTBEHHBIC OIICHKU d(P(PEKTHBHOCTH (DYHKITHOHHPO-
BaHUS €€ MOACHCTEMbI YIPABJICHUS — OPTaHOB aJIMUHUCTPATUBHON M 3aKOHOJNATEIFHON BJIACTH pe-
THOHA.

Kniouesvle cnosa: ycmoiiuusoe pasgumue, OUaAZHOCMUKA YCMOUYUBO20 PA3BUMUS, PeUOHANbHAS
COYUANLHO-IKOHOMUYECKAS CUCTNeMd, MemoO OUHAMUYECKO2O0 HOPMAMUBA, KOMNIEKCHAS OYeHKA
yemouuugocmu pazeumus, Xauwmoi-Mancutickuti asmonomuwiil oxkpye — FOepa.

Beenenue

IIpn peannsanuu npouecca ynpaBieHUs TEXHUUECKUMHU H OPTaHW3ALMOHHO-TEXHUYECKUMHU CHCTe-
MaMH Pa3IMYHOHN CIIOKHOCTH IMArHOCTHKA MX COCTOSHUS, B TOM 4HCJe M (YHKUMOHHUPOBAHUS, OCYILIe-
CTBIISIETCSI B PaMKax TaKHX MPOLEAYP JaHHOTO Mpoliecca, Kak QUKcaus 1 cOop NaHHBIX (3HAUCHHN TMO-
Kazaresei), XapaKTepU3yIOIuX COCTOSTHUE TUarHOCTHPYEMOIN CHCTEMBI, aHAJIN3a COOPaHHBIX JTAaHHBIX, a
TaKKe MOHHMTOPHHIA pealu3alliyd BHIPAaOOTaHHBIX HA OCHOBE PE3YJIbTAaTOB aHAJIHM3a YHPABICHUYECKUX
pewenuid. [IpoBeaeHne TUArHOCTUKHU COCTOSHHS U (YHKIIMOHHPOBAHUS CUCTEMBI MPEATIONaraeT Hallu-
Yre KOMIUIEKCa U3MEPUMBIX MOKa3aTeleld, HHCTPYMEHTapHUsl WX U3MEPEHUs/KOHTPOJISI H COOTBETCTBYIO-
[IMe HOPMATHUBHBIC/TIOPOTOBBIE 3HAYCHUS JTAHHBIX MOKa3aTeNIel WIN JIOMYCTUMBIE IUANa30Hbl HX U3Me-
HeHus. CnenyeT OTMETUTh, YTO NIPOBEACHUE AUATHOCTUKU 3aBUCUT OT COOTBETCTBYIOIIMX LIEIEBBIX yC-
TAHOBOK, ONPEAEISIEMbIX HETOCPEICTBEHHO LETIMU (DYHKIMOHUPOBAHMS JUATHOCTHPYEMON CHCTEMBI.
Juarnoctnka (QyHKIIMOHMPOBAHHS OPTraHU3allMOHHO-TEXHUYECKHX CHCTEM, K KOTOPBIM OTHOCSTCS
MpEeNnpusIThs U OpTraHM3aluu, a Takke «OonplIne» cuctemsl [l] — peruoHalbHBIE COLMANBHO-
sxoHomudeckue cucremsl (PCOC), Bo3MoKHa NMPpH HAIMYMHK YKa3aHHBIX BbIIe aTpuOyToB. s mpen-
NPUATHA U OpraHU3alii B KAUeCTBE KOMILJIEKCa U3MEPUMBIX U KOHTPOIUPYEMBIX (IHarHOCTHPYEMBIX)
nokasarenel BhICTYNaroT GpuHaHcoBbIe onepaTuBHbIe KodQdunueHTsl (POK) [2—8]. nuTenbHblil u mo-
JIOXKUTENBHBIA OMBIT WCHONB30BAaHHUSA dTHX KOI(DOUIMEHTOB Ul PEUICHUsS HIMPOKOTO CIEKTpa 3aaad
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aHanm3a (PUHAHCOBO-XO3SIMCTBEHHOM NESATENbHOCTH MPEANPHUSITAN U OpTaHU3alli, HAIMYME B TOW MU
WHOW Mepe OOOCHOBAHHBIX Ha CETOAHSIIHUI J€Hh COOTBETCTBYIONIMX MOPOTroBbIX 3HaueHWd DOK,
a TaKke HECPAaBHEHHO MEHBIINE pa3Mephl U CI0KHOCTh CAMUX CHUCTEeM (TIPEANPHUATHIA U OpraHU3aIuil)
o cpaBHeHuio ¢ PCOC mo3BosimiKM TeOpEeTHYeCKH 000CHOBAaTh Kak B3aumMoOcBs3u Mexay POK, Tak u
COOTHOILCHHS MOPSIIKAa MEXKIY U3MEHEHUSIMU uX 3HadeHui [ 1, 4—7]. Takum oOpazom, chopMHpOBaIHCH
JBa MOAXOAa K peai3aliy AUarHOCTUKU COCTOSHUS M (DYHKIIMOHUPOBAHUS YKa3aHHBIX OpPraHu3alioOHHO-
TEXHUYECKUX CHCTEM: YCIOBHO T'OBOpS, CTaTHUECKas TWArHOCTHKa, HMcroisb3yiomas kommieke POK
[2, 3], m quHAMHUYeCKas TUATHOCTHKA, ONHPAIOIIAsACA Ha MPUMEHEHHe TaKOro MHCTPYMEHTA, KakK JWHa-
muueckuit Hopmatus ([{H) [1, 4-7], npeacrasnstonuii co00H onpeneseHHBIM 00pa3oM yIopsA04eHHOEe
MHOKECTBO TeMITOB m3MeHeHHH 3HaueHni! @OK 3a HEKoTOpbI NpoMexyTok BpemeHH. Yale Bcero B
Ka4yecTBE IICNIEBBIX YCTAHOBOK MPOBOJMMONM JIMAarHOCTHKH BBICTYNAajda (UHAHCOBAas YCTOHYHBOCTH
(dyHKkMoHMpoBanus npeanpuatus [1-8]. PerrnoHanbHbIe CONMANEHO-DKOHOMHUYECKHUE CHUCTEMBI MPE-
CTaBISIIOT COOOH CYIECTBEHHO OoJiee CIOXKHBIC OPraHW3ALMOHHO-TEXHUYECKUE CHUCTEMBI, B KOTOPBIX
NPUHATO BBIIENATH TAKUE KIIOYEBBIE IMOACHUCTEMBI, KAK SKOHOMHYECKYIO, COLMAIBHYIO M 3KOJIOTHYe-
ckyto [9-20]. Ykazannas cnoxknocts PCOC npenonpenenunia, Ha Hall B3IJISA, SKCHOEPTHBINA MOAXOI K
OTIpeJIeTICHHI0O MUHUMAaIIbHO HEO0X0IUMOTO TepeyHs (KOMIUIeKca) IMoKaszaTesnel, OTHOCSAIIMXCS K BbI-
JIEJICHHBIM TTOJICHCTEMaM, KOTOpbIe ObI BMECTE C TEM JOCTATOYHO MOJHO XapaKTepu30Bald QYyHKIHO-
HUPOBaHHUE KaK CaMUX TOJCHCTEM, TaK U Pa3BUTHE paccMaTpuBaeMoi cuctemsl B LenoM. Chopmupo-
BaHHBIM Ha OCHOBE O(PHUIMATBHON CTATUCTHMYECKOW OTYETHOCTH, MPEACTABISIEMOW B PETMOHAIHHOM
paspese, KOMIUIEKC MOKa3aTesleld UCTONb3yeTcsl B MEPBYIO Ouepeab IMpU MPOBEACHUH AUHAMHYECKOMN
muarnoctuku cocrostauss PCOC [9-20]. Ins cTaTHUecKOW AMArHOCTUKH MCIONB3YIOTCS BEIOOPKH TTO-
KaszareJeil TOM e CTaTUCTHYECKOH OTYETHOCTH, CHOPMHUPOBAHHBIC C YUETOM LiEJeH ee MpOBEICHUS.
Crnenyer OTMETUTB, YTO NEPEUYEHb MOKAa3aTeNel IpeTepIell CyleCTBEHHbIE H3MEHEHUS, IBOJIIOIIMOH -
pys OT CMemaHHOTro Habopa MmokazaTeliel, OTHOCAIINXCS K BBIICTICHHBIM TojicucTeMaM [9, 16, 18], no
(hopMHUpOBaHUS CBA3AHHBIX HEIOCPEACTBEHHO C STUMH IOACUCTEMaMH HaOOpoB mokasarenei [10—13,
19, 20]. Oto mpuBeno K pa3pabOTKe AMHAMHUYECKHX HOPMATHBOB 3TAJOHHOI'O PAa3BUTUS KaXIOH U3
3THX mojcucTeM. B oboux BapuaHTax mepedHs mokasateneid IH mpoBoauTcs oneHKa M aHAJINA3 OT-
KJIOHCHUH (haKTMUECKUX 3HAUCHHUH STUX TOKa3aTele (IUarHOCTUPYETCS COCTOSIHHE IOJICUCTEM
PCOC) 1 Ha OCHOBaHMH €r0 Pe3yJbTaTOB (HOPMHUPYETCS 3aKIIFOUCHUE O XapaKTepe Pa3BUTHs paccMart-
puBaemoii PCOC.

C ToYKM 3peHHs LENEeBbIX YCTAHOBOK MOJABIIIONIEe OOIBLIIMHCTBO padoT Mo npodjieMaTuke JaHHOM
CTaThU aKI[CHTUPOBAHO Ha TUArHOCTHKE ycTonunBocTH paszutust PCOC. Tak B paborax [9, 14, 15, 17]
NPE/CTABICHBl PE3yNbTaThl TEOPETHUECKOTO aHalu3a HUCCIEOBAHUN B 3TOM 00J7acTH JOCTATOYHO
0O0JBILIOr0 KOJMYECTBA OTEUECTBEHHBIX U 3apyOEKHBIX aBTOPOB, YTO B LIEJIOM IIO3BOJIMIIO CHOPMYITUPO-
BaThb KaK CaMO MOHATHE «yCTOMYMBOCTb Pa3BUTHS PETHMOHA/TEPPUTOPUM», TaK M BBISIBUTH OCHOBHBIC
(hakTOpBl ¥ UCTOYHHKH BHEIIHEH W BHYTPEHHEH Cpelbl JAHHOW CHCTEMBI, OKa3bIBAIOIMEe Hanboee cy-
IIICCTBEHHOE BIUSHUE HA peaau3alliio Takoro pexxuma pyukuunonuposanus PCOC. 3a nocienHee BpeMs
B OTKPBITOH NeyaTH OMyOJIMKOBAHBI CIEAYIOIIME 3HAYUMBIE PE3YJIbTAThl HCCICAOBAHUN YCTOMYMBOTO
PasBUTHSL PETUOHAIBHBIX COLHAIbHO-’KOHOMHYECKHX CHCTEM, HOJyYCHHbIE C MCIIOIb30BAHUEM JAWHA-
MHYECKOT0 HOPMaTHBA:

— peruonsl CeBepo-3anaaHoro ¢eaepanbHoro okpyra (2011 r.) [16];

— Bonoronckas o6macts (2001-2012 rr.) [18];

— peruonst LIOO (2006-2010 rr.) [20];

— ®enepanpabie okpyra PO (2000-2013 rr.) [10];

— Hosropoxckas o6macts (200-2014 rr.) [19];

— IlepMmckuii kpait (2004-2014 rr.) [11];

— peruonsl Ypanbsckoro u [IpuBomkckoro ¢enepanbueix okpyros (2005-2014 rr.) [13].

B nannoil paGore aBTOpaMHu NpeACTaBICHBI PE3yJIbTaThl JUATHOCTHKH YCTOMYMBOIO PAa3BUTHS
PCOC Xantsi-Mancuiickoro aBroHoMHOT0 okpyra — Orpsr (XMAO-IOrpa) Ha 0cHOBE MCTIOTIB30BaHUSA
JMHaMU4eckoro HopMmatuBa. HeoOxomumo otmetnth, yto XMAO-IOrpa He ObUT BKITIOYEH B BBIOOPKY
PETHOHOB YpanbcKoro (eaepaqbHOro OKpYra, pe3yibTaThl 00CIIeAOBaHMS KOTOPBIX NMPEICTABICHBI B
pabote [13].
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1. lmHaMu4ecKnii HOPMATHB JJIsl OEHKH Pa3BUTHSA

PErHOHATBHON COLMAIBHO-)KOHOMHUYECKOH CHCTeMBbI

JnHaMuyecKknii HOpMaTUB JJIs OLIEHKH YCTOWYMBOIO Pa3BUTUS PETMOHAIBHOM COLMAIIBHO-3KOHO-
MHUYECKOW CHUCTEMBI TPEJICTABISET COOOM KOMIUIEKC TUHAMUYECKUX HOPMATHUBOB JJISI €€ KIFOUEBBIX
nojacuctem [10-13,18-20]: s5KOHOMUYECKON, COIMATTLHON 1 SKOJIOTHYECKOH.

s sxoHOMHYecKo# nofcucteMbl B JIH BrimrowaroTcs criemyromniue mokaszatenu [10—13]:

— MHJIEKC BaJIOBOTO perrnoHanbHoro npoaykra (BPID);

— MHJEKC 00beMa IPOMBIIIUIEHHOTO IPOU3BOJICTBA PerHoHanbHoi skoHomukH (1111);

— TOJIHASI yYETHAs! CTOMMOCTh OCHOBHBIX MPOM3BOICTBEHHBIX (POHIOB PErnoHanbHOM 3KoHOMUKH (OD);

— K03(UIMEHT N3HOCA OCHOBHBIX ITPOU3BOJICTBEHHBIX (DOHJIOB pernoHaIbHOM SKoHOMHKH (K1);

— YAETBbHBIA Bec (0s1) YOBITOUHBIX OpraHu3aliil B peruoHanbHoi skoHomuke (Y060);

—00beM HMHHOBALIMOHHBIX TOBAapOB, PabOT, YCIYTr, MPOU3BOAUMBIX PETHMOHAIBHONH 3KOHOMHUKOH
(UTPY);

— CyMMa BHYTPEHHHX 3aTpaT PETMOHAIBHON SKOHOMHUKHM Ha HaYYHbIC MCCIECOBaHMS U Pa3paboTKH
(B3 UP);

— MHJEKC MIPOU3BOIUTEIBHOCTH TPYyAa B peruoHanbHoi sxkonomuke (I17T);

— peanibHasl CpeIHEMecsYHasl HaUHCIIeHHas 3apa0oTHas 1myiaTta paboOTHUKY pernoHaIbHON 3KOHOMU-
ku (PH3I);

— CPEIHEToI0Basl J0JI 3aHATHIX B AKOHOMHUKE B OOLICH YMCIEHHOCTH 3KOHOMHYECKH aKTUBHOIO
HaceneHus (3).

. H H H
HopmaTtuBHOE ynmopsjouuBaHHE TEMIIOB HM3MEHEHUH fcop (4 5on )> T (£ 9k0n )» 18P (13 5k0m )

H H H H H H H
tutpy (t4.3KOH )’ feH 311 (tS.SKOH )’ frn (tG.SKOH )’ oo (t7.3KOH)’ B3 wp (t8.3KOH )’ I3 (t9.3KOH )’ tys0 (tIO.SKOH )’

xu (ZH_SKOH) MEPEUYHCICHHBIX BBIIIE MMOKa3aTenen Juisi skoHomudeckoil noacuctemel PCOC npuseneHo
Ha puc. 1 [10-13].
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Puc. 1. lpacdhmyeckoe npeacraBreHne HOPMaTUBHOIO yrnopsi4oYMBaHUA TEMMNOB M3Me-
HeHua nokasatenenn OHsww 3KOHOMMYeckon noacucteMbl PCIAC, xapakTepusyrowero
ee ycTonunBoe pasBuTtue
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HopmartuBHoe (3TanoHHOE) ynopsiAouMBaHUE TEMIIOB pocTa mokasarenei JH mis skoHOMuueckon
MOJICUCTEMBI PETHOHAJIBHOW COIMAIbHO-)KOHOMHYECKOH cHCTeMBI (CM. puc. 1) mpeoOpa3oBbIBaKCh B
Matpuunyto ¢popmy [1, 5-7,10-13]:
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MSKOH [BH]_{MU}’ lvlz] - (1)
0, ecti HOPMATHUBHOE YIIOPSATOYUBAHNE
i it
MEXKIY 1 son U1 5on HE YCTAHOBIICHO.
31ech Myyu[I1I] — MaTpuma sTanoHHOr0 yrnopsaodeHus mokaszateneit JJH mis a3KoHOMHUYECKON 1O I-
CHCTEMBI; [; — JJIEMEHT MaTpulbl Myou[OIl]; 7, j — Homepa mokaszarened JHywow (0 = 1, ..., Hoons
. H [N
J=1, ..., Bogons Hogon = 11); t;lamm > 1jxon — HOPMATHBHbIC TEMIIbI M3MCHEHMS [IOKA3aTeINCH i, j SKOHO-

MUYECKOU TIOJICUCTEMBI.

B munammueckuii HopMmatuB conuanbHON moacucteMbl PCOC (Hc,,) BKIIOYAIOTCS CIICTYIOIIHE
nokazatenu [10-13]:

— BaJIOBOM perHoHANBHBII MIPOAYKT B pacyeTe Ha Ayiry HaceneHus peruona (BPII IH);

— eXEMECSIHBIC CPEeTHETYIIIEBhIC CHEXKHBIC T0X0bI HaceneHus peruona (CIJ);

— ko3 durment Jxunu (KI);
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— MHJCKC PAa3BUTHUS YEIOBEUECKOTr0 NOTeHIMana Hacenenus peruona (MPUID);

— YHCJIEHHOCTh HaceneHus peruona (YH);

— YHCJIO 3aperucTpupoBaHHbIX npecTyruiennit Ha 100 000 nacenenus peruona (Y3I1);

— JIOJIS1 HACEJICHUSI PETHOHA C JEHEKHBIMH JA0XOJAaMH HM)KE BEIWYHMHBI MPOKUTOYHOTO MUHHUMYMa
(YH AHIIM);

— o0mas 3a001eBaeMOCTh (YHCIIO 3aperUCTPUPOBAHHBIX 3a00JICBAHUM y MAIMEHTOB C JAUArHO30M,
YCTAHOBJICHHBIM BIEpBBIC B KU3HH, B pacuete Ha 1000 nacenenus) (KO3);

— ypoBeHb Oe3pabotuiisl B peruoHe no merogonorud MOT (oTHomeHne 4ncieHHOCTH 0e3paboTHBIX
OTIpeJIeIEHHON BO3pAacTHOM IPYMITBI K YUCICHHOCTH paboyei CHITbI TOH ke Bo3pacTHOH rpymisl) (UB);

— BEJIMYMHA PAacXoJ0B Ha KOHEYHOE MOTpeOIeHre B pacdyeTe Ha AyIly HACEICHHUs] PErMOHa B MECSII
(PKID);

— BEJIMYMHA KWIMIITHOTO OH/IA, MPUXOASAIIErocs B CpeiHEM Ha otHOTO >kurens peruoHa (KD [1H);

— OXHU1aeMasi IPOIOJDKUTENFHOCTD )KM3HH HaceneHus peruona (OITK).

HopmatuBHoe ynopsaouuBaHUE TEMIIOB U3MEHEHUH fpprr n (lll,{c()u ), tcun (z‘ECOu ), o u (t3}.ICou ),

H H H H H H H
texrt (L4 con)» tun (Z5.con )> tupunt (Zg.con )s forok (£7.con)s fun rmm (3.con )s fust (£9.con )s T (£10.con )
03 (tlHl_C011 ), tus (tg_c(m) NIEPEUNCIICHHBIX BBILIE IOKa3aTeled Uit couuanbHol noacucreMel PCOC

npuBeaeHo Ha puc. 2 [10-13].
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Puc. 2. Ipadmyeckoe npeacTaBrieHMe HOPMATUBHOIrO YNOpPsSiAOUYMBAHUS TEMMNOB
n3mMeHeHuA nokasareneun [Hco, coumansHon nogcucrtembl PCIAC, xapakrepusyioLiero
ee ycTonynBoe pa3BuTtue

B nuramudeckuii HopmaTuB sKkonorndeckoi noacucteMbl PCOC ([AHxsy,,) BKIIOYAIOTCS CIEmyIO-
e nokazarenu [10—-13]:

— 00bEM HCIIOIB30BaHMS U 00E3BPEKUBAHUS OTX0J0B ipon3BoicTBa u orpednenus (MOOIII);

— 00bEM YIIOBIICHHBIX M 00€3BPEIKEHHBIX 3arpsi3Hsonmx armochepy Bemiects (YO3AB);

— TEKYILKEe 3aTpaThl PErHOHA Ha oXpaHy okpyxkatomeil cpenst (T300C);

— 00BeMBI JIeCOBOCCTaHOBIICHUS B peruone (JIB);

— 00BeM cOpoca 3arps3HeHHBIX CTOYHBIX BOZ B peruone (C3CB);

— 00beM BBIOPOCOB B aTMoc(epy 3arpsi3HIOMUX BemecTB B pernone (BA3B);

— 00beM 00pa3oBaHMsI OTXOA0B NPOoU3BOACTBA U oTpedneHus B pernone (OOIIII);

— 00beM 000POTHOH U MOCIEA0BATENBHO HCII0NIb3yeMol Boaibl B pernone (OOulllB).

. H H H
HopmatuBHOE ynopsaounBaHue TEMIIOB M3MEHEHHH tioorm (4 5xon)s 1v03aB (£35¢0n )s 118 (13500 )

H H H H H
tT3OOC (t4.31<0n ), tOOnHI/IB (t5.31<0n ), tC3CB (tG.SKon ), tBA3B (t7.31<on ), foonn (t8.31<0n) Hepe‘H/ICHeHHLIX BBIIIIC
nokasatenei ais skojorudeckoit nogcuctemsl PCOC npuseneno Ha puc. 3 [10-13].
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Puc. 3. Npacdmyeckoe npeacraBneHne HOPMaTUBHOIO yNopsifoYMBaHWUA TEMMNOB U3Me-
HeHusa nokasaTtenen AOHs«n 3konornveckon noacuctembl PCIC, xapakTrepusyloLero
ee ycTonuymBoe pa3BuTue
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MaTpuIibl 3TaIOHHOTO YIOPSAOYMBAHUSA ITOKa3aTene conuanbHoOu Moy [DI1] (ncon = 12) 1 3K0IO-
THYECKON Moyor [DI] (50x = 8) moacucTem hopmupyrorcst ananoruvso (1).

@akTUyecKUe 3HA4YCeHUs Mokazareneld, BKIOUEHHBIX B AHnyeon, AHcoy 1 AHreo, DomcucTeM pac-
cmarpuBaemoit PCOC, paccunThIBaInCh MO JaHHBIM O(QHUUIUAIBHONW CTATUCTUYECKON OTYETHOCTH, IPEa-
craBisieMoit depepanbHOil ciy)00ii roCyJapCTBEHHON CTATUCTUKU B PETHOHAIILHOM paspese. Ha ocHo-
BaHUHM TIOJYYEHHBIX pAaCUYETHBIX 3HAUCHHWU TOKa3aTeled (POPMHPOBAIUCH MATPUIBL My PIT],
Mecou[ PIT], Moon[ PII] anst cooTBeTCTBYIOMUX MOAcHcTeM paccMarpuBaemoit PCOC mo crnenyromemy
npasuiy [ 10—13] (uEnekcanus npuBeaeHa A Mo, PI1]):
® ®
i Dxor = tj.SKOH »
@ ®
—1, ecimn L Do j.Dxon > (2)
0, ecii HOpMaTUBHOE YIOPSIIOUHBAHUE

D o]
iDxon ¥ tj.BKOH

1, ecout B TOM YHCIIC U IS i = J,

MSKOH [(DH]:{T]U}, n; = <t

MEXY ¢ HE YCTaHOBJICHO.

3nech My, [PIT] — MaTpuna akTuyeckoro ynopsaoueHus nmokaszareiaeid JAHy o, IS SKOHOMUYESCKOM
nozicucTeMsl paccmarpuBaemoit PCIC; 1; — sneMeHT MaTpuIbl Moy, [PI1]; 7, j — HOMepa mokasaTernen

- L= . — . 4@ @
HHoouw (P =1, ..y Bogows J = 1, oo, Bogons Mokon = 11)5 2 50n » ! okon — (hakTHYECKUE TEMITI U3MEHEHUS

nokazatenei i, j JHson-

st onenku «mepsbl/crenieHu cxoactsay marpur; M[OI1] u M[®II] ucnons3yeTcst Benn4uHa S, KO-
TOpas XapaKkTepU3yeT YHCIIO COBMAJIEHUI HEHYJIEBbIX 3HAYCHHH B YKa3aHHBIX MaTpUIaX K OOIIeMy YucC-
Jly HEHYJIEBBIX 3HaueHuN [; B MaTpuue M[OII] [1, 5, 7, 10-13]. 3aBucumocTs Ui pacyera S UMEET Clie-
JOYIOIIUHN BU:

3kon MIkon

S3K0H= 1- = > (3)

rae K — KomM4ecTBO HEHYJEBBIX L B Mooy [DI1] O€3 yuera 3HaueHHIt ;.

OueBUIHO, YTO BEIMYHUHA Sh,, HOpMHUpPOBaHA, T.€. 0< S <1. D10 03HA4aeT, 4TO MPH Sy = 0
CXOJICTBO MEXAY Mnyoy [DII] 1 My, [PII] oTCyTCTBYET, @ IPU SHeoy = 1 UMEET MECTO OBITH TOJTHOE
COBIAZCHUE MEXKIY Mnyoy [DI1] 11 My, [PII]. AHamorngso (3) pacCUUTHIBAIOTCS 3HAYCHUS Scoy M Sogon
JUTsl COLMAIbHOM U 3KOJ0ruueckoi moacuctem paccmarpuaemoit PCOC.

2. KoMIuIeKCHBIH MOKa3aTe/ib YCTOMYHUBOr0 Pa3BUTHS

PernoHaNbHON COUMATBHO-IKOHOMHYECKOH CHCTEMBI

B kauecTBe KOMILIEKCHOTO TIOKa3aTems, XapaKTepU3YIOIIeT0 YCTOMYUBOCTh PA3BUTHUSI PETHOHAIb-
HOW COIHMAaIhbHO-5KOHOMHYECKON CHUCTEMBI, aBTOpaMu padOT MO JaHHOW MpoOJeMaTHKe IMpejiaracTcs
HCIIOJIH30BATh CIICTYIOIINE BETUINHBL.

Koadduuuent ycroitunsoctu pazsurus PCIC [10], npencrapnsromuii codoi kodahUIMEHTH Ba-
pUAIK 3HAYSHUA BETHIUH Ssgon, Scon ¥ Soxoxn (3), OTpeieNiieMble BEIpAKCHHEM

Kg=2, @)

S

rle Gg, S — CPeHEKBAIPATUYECKOE OTKIOHEHUE U cpeanee 3HaueHue S noacucrem PCOC 3a pacemar-

pUBaeMBbIil IEPUOJ BPEMEHH.
WHTerpansuelil nHAekC yectoiuusoro passutus PCOC [11-13]:

N
ZXNI'

[16,: G, ==— (5)
J=1 h
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3nech Xy; — HOpMHUPOBAHHBIE 3HAUCHUSA IMOKa3aTesied, BKIIOYEHHBIX B J-H JUHAMUYECKUNA HOPMATHUB:
J =1 — skoHOMHUYECKasg mojacucTema; J = 2 — conuaiabHasg nojacucreMa; J = 3 — 3KoJorudyeckas ImoJ-
cucTeMa.

Pacuer Xy; ocymecTBiseTcst COTIacHO CIeAYIONUM 3aBucuMocTsm [ 11-13]:

X.
Xyi=—"; (6)
maxXi
X
Xy ==t (7

1

3aBUCUMOCTH (6) peKOMEHAyeTCsl UCTIOIb30BaTh AJIsl HOpMUpoBaHUs nokazateneil J{H, poct 3Haue-
HHUM KOTOPBIX OKa3bIBaET MOJIOKUTENbHOE BinsiHUE Ha pa3Butue PCOC, a 3aBucumMocts (7) peKoMeHay-
€TCs UCTIOJIb30BaTh A TeX Mnokaszareneil J\H, KoTopele 0ka3bIBalOT OTPULIATENBHOE BIUSHUE HA yCTOM-
YUBOCTB PAa3BUTHS PETUOHA.

CxaysapHblii 1okaszatenb (Kpu;), XapakTepU3YIOIIUH yCTOMYMBOCTH Pa3BUTHS PacCMaTpUBAcMON
PCOC [6, 18, 19]:

(1+ Ko ) (1+ Koy )

K. . = . 8
pass 4 ( )

3neck Ken ¥ Kyew — K03 pUIIMEHTHI paHroBoit koppeisiiuu Crnimpmena U Kengamna [21] cooTBeTCTBEH-
HO, OIIpeIeTIsieMble CIEAYIOMUMHU BhIpaKeHHsIMH [6, 18, 19]:
— ko3¢ unrent Crnupmena:

6 n
Ken =1—2—Z(i—Ri)2, 9)
n(n —1)

i=1

rje n — obliee KOJMYECTBO MOKa3aTelel, BKIFOUCHHBIX B TMHAMUYECKUNA HOPMATHB; | — (DaKTUYECKHUE
panru nokasareneil [IH; R; — panru Tex ke mokasaTenei Uil UX 3TaloHHOTo yropsagodeHus B [IH;
— k03 Punment Kenmamna:

2(P-0)
n(n—l) ’

rae n — o0Iee Yucio nokasaTesneil, BKIIOYSHHBIX B JUHAMUYECKUIl HOpMATHB; P — YHCII0 BEPHBIX (I10-
JIOKUTENBHBIX) COOTHOIIICHUI MeXy paHramu mokasatened JIH; O — 4ucio HeBepHBIX (OTpHUIlATEIh-
HBIX) COOTHOLICHUH MEXIy paHraMmu mnokasatenei J{H.

[To MHeHUIO aBTOPOB JaHHOU CTaThH, UCIOJIB30BaHHUE MEPEUUCIIEHHBIX BBIIIE Moka3aTeneil K (4),
I5 (5), Kpass (8), Keni (9), Kicen (10) 11151 KOMIIIEKCHOH OLIEHKH ycTOuMBOro pazsutus PCOC He B nonHoM
Mepe 000CHOBaHO.

1. Koaddumment ycroitunoctu pazsurus PCOC K (4), paccUuThIBaeMBIi sl KOKION U3 €€ TOJI-
cucteM, OyJeT XapaKTepU30BaTh «KOJIe0ATENbHOCTEY 3HAYEHUH S OTHOCUTENFHO €€ CPEHETO 3HAUCHUS

KKeH = (10)

S st kaxaoit u3 mogcucreM. OUEeBUIHO, YTO YEM MEHBIIE 3HaueHne K I KaKIOH UX HHX, TEM 00-
nee ycroiunBbIM OyneT pyHkimonuposanue nojacucreM PCOC 3a paccMarpuBaeMblil IepHo BpEMEHH.
YTBepKIaTh, 4TO MUHAMAIbHBIC 3HaUeHUs K OyIyT 03Ha4aTh ycTOHUMBOCTE pazButus PCOC B menom,

JOCTaTOYHO CIOXKHO, TAK KaK OCTAeTCs! OTKPBITHIM BOIPOC O KOJIMYECTBEHHBIX OLIEHKAX S, KOTOPBIC OBl
3TOMY COOTBETCTBOBaIH. OTCYTCTBYIOT TaKk€ U 000CHOBaHHbBIE KOJIMYECTBEHHBIE OIIEHKH K , KOTOpbIE
MOJKHO CUMTATh yJOBJICTBOPUTEIBHBIMH C TOUKH 3PEHUS «YCTOHYMBOCTH pa3BuTus» PCIOC.

2. NurterpanpHblil nHACKC ycToituuBoro passutust PCIC I mpeacrapisier coOOi CPEeAHIOI reOMeT-
PHUECKYIO TPEX BEIUYWH, KaKAas U3 KOTOPBIX SIBISETCS CpeiHeldl apudmMeTnieckoi (pUKCHPOBAHHOTO
Habopa mokazarened (TemroB m3meHenus) JIH xaxnol u3 BeyaeneHHbIX noxacuctem PCOC. Opnaxo
CPEIIHIOI0 T€OMETPHUYECKYI0, KaK MPaBUIIO, UCIOIB3YIOT B TEX CIIydasxX, KOTJa UHANBHIyalbHbIE 3HaUE-
HUSI ONPEeNeICHHOT0 HAaOJII01aeMOro NMpU3HaKa NPEACTaBISIOT cOO0H OTHOCHTENbHBIC BEMTUUMHBI TUHA-
MHUKH, MOCTPOCHHBIE B BHUJE LIETIHBIX BEIMYMH, KaK OTHOLIEHHE K MPEIBIAYLIEMY YPOBHIO Ka)KIOTO
YpOBHS B Py AMHAMUKH, T. €. XapaKTepU3YIOT CPeIHUIl ypOBEeHb pocTa. J(MHaMHUecKue ke HOpMaTH-
BBl II0 CBOEH CTPYKType HE B IOJIHOM Mepe SABIAIOTCS PSAAAMH NHHAMHUKH OIPENECIICHHOTO IpPHU3HAKA,
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MIO3TOMY HCIOJIb30BaHHE MHTErpaNbHOrO MHAekca pasBuTths PCOC B gaHHOM cilydae HE COBCEM KOp-
PEKTHO.

3. Koadbdunuentst Kcpp (8) 1 Kien (9) TipeacTaBisitoT co00ii ABa BapuaHTa OIEHKH PAHTOBOW KOp-
penmsinuy (HaJMyhe W TECHOTa CBA3M) MEXAY IBYMS PAJaMH PaHXMPOBAHHBIX 3HAUEHHWH COIMOCTaBIIsie-
MBIX MOKa3zaTenel [21], kak mpaBuIo, XapaKTepU3YIOIUX pa3Hble MpHU3HAKH. PacueTHOEe 3HaUYeHHUE KO-
s puinenTa Ky, NpU MPOYUX PABHBIX YCIOBHIX BCerja OyIeT HECKOJBKO OOJIbINE, YeM pPacdyeTHOE
3HaueHue Kcr. [loaToMy He coBceM MOHATHO, YTO XapaKTepH3yeT (HaKTHUECKH MPOU3BEICHUE ITHX KO-
s} dunmenToB apyr Ha apyra B 3aBucumocty (8). He coBceM sAcHO Taxske, HodeMy 1 OUEHKH Ky, HC-
MOJIB3YETCsl UMEHHO 25 % OT MpOM3BEACHUS] YHMCIUTENs 3aBUCHUMOCTHU (8). BeneactBue 3T0oro aBTOpHI
JAHHOW CTaThH CUUTAIOT, YTO NMPUMEHEHUE JJII KOMIUIEKCHOU OIEHKU YCTOMYMBOCTH pa3Butus PCOC
3aBHCHMOCTH (8) HEI0CTaTOYHO 0OOCHOBAHO.

B xauecTBe anpTepHATUBHOIO BapHaHTA sl KOMIUIEKCHOM OLIEHKH YCTONYMBOCTH pa3BuTH PCOC
aBTOpaMH TpEUIaraeTcsi UCIOJIb30BaTh BeNWUMHY U, 3HAUeHHE KOTOPOH ONpenensieTcs BBIPaKCHHEM
CJICAYIOIIET0 BUJA:

U= \/(SSKOH )2 +(SCou )2 +(S3Kon )2 s (1 1)

€ Sokons SCous S9xon — BETTMUUHBI, PACCUUTHIBAEMBIE COTJIACHO (3) I KaXKI0M U3 BBIACICHHBIX MOJICHUC-
tem PCOC.

Bennunna U paccuuThiBaeTcs IUIS KQXKJIOTO ToJla U3 PacCMaTpUBAEMOTr0 BPEMEHHOTO MHTEpBaa
¢ynkumnonuposanus PCOC.

Bripaxenue (11) mpeacrasnser coGol 1€KapTOBO PACCTOSHHUE B TPEXMEPHOM IPOCTPAHCTBE, B KO-
TOPOM HOPMHUPOBAHHBIE BETUIHHBL Sogon, SCon, I9xon 0OPA3YIOT OCH KOOpAMHAT. TOUKa ¢ KOOpIMHATAMH
(0,0, 0), T. e. HauUaNO KOOPAUHAT JAHHOTO MPOCTPAHCTBA, JUI KaXION M3 YKa3aHHBIX HOPMHUPOBAHHBIX
BEJIMYMH XapaKTepU3yeT HAUMEHBINYI0 «Mepy/cTeneHb cxocTtBay Marpuil M[JI1] u M[®II], coorBeT-
crBytomux noacucremam PCOC. Takum oOpa3om, ueMm gajbliie OT Hayajla KOOPAUHAT U OJIKE K TOUKE
(1, 1, 1) OymeT HaXOAUTHCA TOYKA C KOOPAUHATAMH (S3xon> SCows Sox0n)> T- €. €M OOJNBINE OYIET pacueT-
Hoe 3HavyeHWe BennuuHbl U, TeM Ooliee yCTOHUYMBBIM OyneT (QYHKIIMOHHPOBAHHE paccMaTpHUBAEMOM
PCOCBrony T.

3. Onenka ycroituusoro pasputusa PCIC XMAO-IOrpa

€ UCNOJIb30BAHMEM IHHAMHYECKOT0 HOPpMaTHBA

JlanHple O(QUIIMANTBHON CTATUCTHYCCKOW OTYCTHOCTH, MPEICTABIIEMON B PErMOHAJIBLHOM pa3pese
(ctipaBounuku PenepanbHON cayKObl rocynapcTBeHHOM ctaTHcTUKU «Permonsl Poccun. ConmanbHo-
SKOHOMMYECKHE TMOKa3aTenn» http://www.gks.ru/wps/wem/connect/rosstat_main/rosstat/ru/statistics/
publications/catalog/doc 1138623506156), koTopble HECOOXOAMMBI JJIs pacuyeTa TEMIIOB U3MEHEHHH I10-
Ka3aresel, BKIIIOYEHHBIX B TMHAMUYECKHE HOPMATUBbI SKOHOMUYECKOM, COLIMAIBHON U 3KOJOTHYECKON
noacucrem PCOC XMAO-IOrpa 3a nepuog ¢ 2001 mo 2015 r., B JaHHO cTaThe HE MPUBOAATCS U3-32
orpannueHui mo e€ oobpemy. Ilo Toi e npuuuHE aBTOPHI HE MPUBOAAT MAaTPUUHBIE GOPMBI Moo DIT],
MCou[an]a M3K0J’I[3H] (1)a I[H3K0Ha I[HCoua I[HSKOH H COOTBCTCTBYIOIIHUC MSKOH[(DH], MCou[q)H]a
MSKOH[(DH] (2)

s obecriedyeHns KOPPEKTHOCTH COmMOCTaBlieHus TemrnoB m3meHeHui mokasareneit IH (dHsom,
HHcow, AHogon) MX 3HaYSHMS OBLIM NPUBEACHBI K MHIEKCHOMY BHIY M IIEPECUUTAHBI B PSIbl OA3UCHBIX
uHAeKcoB oTHOcUTENbHO 2001 r. OTO, M0 MHEHHUIO aBTOPOB, HEOOXOAMMO, TaK KaK MOKa3aTeNnr yKa3aH-
HBIX JMHAMHYECKHUX HOPMATHBOB B OQUIMAIBHON CTaTUCTUYECKOW OTUETHOCTH TPEICTAaBICHBI KaK B
BUJIC [IEMTHBIX WHJ/IEKCOB, TaK U B BUJIC OTHOCUTEIHHBIX U a0COIOTHBIX BEIMYHH, UMEIOLINX Pa3IHIHYIO
Pa3MepHOCTb.

B T1abn. 1 npuBeneHs! A paccMaTpUBAacMOr0 BPEMEHHOI'O NEPHOAA pacydeTHBIC 3HAUYEHHS Cie-
JYIOIUX BEJTHYUH:

— moKazatenedt Sscon, Scon X Sakon (3);

—mnokazatenss U (11), mpencTaBisiomero KOMIUIEKCHYIO XapaKTEPUCTHUKY CTENCHH YCTOHYMBOIO
Pa3BHUTHUSA paccMaTPUBAEMON PETMOHAIBHOM 3KOHOMMUYECKOM cucteMbl XMAO-IOrpa.
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Tabnuua 1
PacueTHble 3Ha4YeHUA NoKa3aTenemn, xapakTepusyoLmnx ycTonumBoe pa3BuTume
PC3C XMAO-KOrpa 3a nepuog 2001-2015 rr.
O603HACHIHE OruerHbll rog/ba3ucHsbIi rox
Ne HOKA3aTeIsL 2002 2003 2004 2005 2006 2007 2008
2001 2002 2003 2004 2005 2006 2007
1 Socon 0,38 0,38 0,42 0,29 0,64 0,69 0,69
2 Scon 0,73 0,5 0,62 0,71 0,7 0,72 0,84
3 S3xon 0,58 0,54 0,66 0,75 0,75 0,58 0,66
4 U 1,0068 0,8283 0,9982 1,0727 1,2092 1,1536 1,2717
O603HAYCHIE OrueTHbli rog/ba3ucHsIi rox
Ne HoKazATENS 2009 2010 2011 2012 2013 2014 2015
2008 2009 2010 2011 2012 2013 2014
1 Soxon 0,62 0,55 0,62 0,69 0,67 0,55 0,51
2 Scon 0,81 0,76 0,8 0,82 0,79 0,81 0,8
3 Sxon 0,54 0,42 0,5 0,5 0,42 0,42 0,42
4 U 1,1542 1,0279 1,1289 1,1826 1,1178 1,0654 1,0375

Ha puc. 4 npomnirocTpupoBaHa TUHAMUKA TTOKA3aTEICH S0 » Scon X Soxon (CM. TAOI. 1).

BbICOKMMA

CpeaHui

2001-2002 2002-2003 2003-2004 2004-2005 2005-2006 2006-2007 2007-2008 2008-2005 2005-2010 2010-2011 2011-2012 2012-2013 2013-2014 2014-2015

=&=3S3kon =W=5SCoy ==4= SIxon

Puc. 4. AuHamMurka noka3aTtenemn Sagon; Scouy U Sakon 32 Nepuoa 2001-2015 rr.

B Tabn. 2 nmpuBoaATcs mIKana ypoBHEH TUHAMUYECKOW cOanaHCHUPOBAHHOCTH ISl TPYHIIOBBIX WH-
JUKATOPOB YCTOMYMBOIO pa3BUTHS PErHOHA, IPeAIoKeHHas B paboTax [3-5].

Tabnuua 2
LLkana ypoBHel gMHaMuyeckon c6anaHCUPOBAHHOCTU rpynnoBbIX UHAUKATOPOB
ycTonunsoro pazsutnst PCIC (Sakons Scoy M Sakon)

3HaueHre Mephl CXOJICTBA
matpurl M[DI1] u M[®II] (3)

YpoBeHb cOaTaHCUPOBAHHOCTH JTUHAMHUKHI
IpyNNoBBIX HHANKATOpoB noacucteM PCOC

Ot 0,00 no 0,40 Hu3zkwmit
Or 0,41 0o 0,70 Cpennmit
Ot 0,71 mo 1,00 Bricokuit
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CorocTaBiaeHHE 3HAYCHHH Sogon M Sogon (CM. Ta0d. 1) MO3BONIIET clenaTh 3aKIFOUYECHUE O TOM, YTO
pPa3BHUTHE COOTBETCTBYIOIIMX MOJCUCTEM HAXOAWUTCS B MpOTHBO(da3e Apyr K APYTy, 4TO OOBSCHIETCS
cnenudukot cTpykrypsl skoHOMHKH PCOC XMAO-IOrpa. HecMoTpst Ha mpHHUMAaeMble MEPBI MOJICHC-
temoit ympasieans PCOC XMAO-HOrpa 1mo pa3BUTHIO SKOJIOTHYECKON TOICUCTEMBI U PSAY TOCTUTHY-
TBIX TIOJIOXKHUTEIBHBIX PE3yIbTATOB B 3TOW 00J7acTH, HAIIPUMEP, YPOBEHD MepepabOoTKU MOMYTHOTO Ta3a
3a yKazaHHbINd nepuo mpeBsicii 90 %, ypOBEHb YCTOMYHBOCTH PAa3BUTHS TaHHOMN IMOJCUCTEMBI MOKHO
OLICHUTh KaK «CPEIHUI» ¢ HeraTuBHOM TeHaeHuen. B 2011-2015 rr. Ha doHe cTarHanuy yCTOWYMBOCTH
Pa3BUTHS SKOHOMHYECKOHN TOACUCTEMbI 0)KHAEMOT0 POCTa YCTOWYMBOCTH SKOJIOTHUECKON MOJCHCTEMBI
He HaOmomaercs (cM. Tadu. 1). [To MHEHHIO aBTOPOB, 3TO 0OBACHAETCS HETATHBHBIM BIUSHHUEM JOCTATOY-
HO BBICOKOTO YPOBHSI YCTOWYHMBOCTH Pa3BUTHSI COLMAIBHON MOACHUCTEMBI, YTO, KaK MPABUIIO, COMTPOBOXK-
JaeTcst pocToM (pakTOpOB, HETaTUBHO BIMSIONINX HA SKOJIOTHIO PETHOHA, TAKMX KaK, HAIPUMEp, YBelnde-
HUE TapKa 3KCILTyaTHPYEMBIX aBTOMOOMJICH €ro )KUTEISIMH, YBEIIMIEHUE 00bEMOB TBEP/IBIX OBITOBBIX OT-
XOJIOB M3-32 POCTA YPOBHS JIMYHOTO MOTPEOJICHUS | T. I. Y CTOHYMBOCTD Pa3BUTHS COLUAIBHOMN MOICHC-
tembl PCOC XMAO-IOrpa 3a uckmouennem 2002-2005 rr. (cMm. Tabi. 1) olileHHBaeTCsl Kak «BBICOKAsD)
(cMm. Tabm. 2). KpusucHble sSBICHUS B 3KOHOMHUKE CTPaHbI, HAIISIIIINE CBOS OTPAKEHHUE B 3HAYCHUSIX Som,
HE OKa3aJH CYIIECTBEHHOTO BIUSHHS HAa 3HAYCHUS Scoy. ITO, IO MHEHHIO aBTOPOB, O0YCIIOBIIEHO TEM, YTO
B TE€UYEHHE BCErO paccMaTpUBAEMOro IepHoja mojicucreMa ynpasieHnus ganHod PCOC B menom pocra-
TOYHO YCHEITHO TUIAHUPYET U Pean3yeT MEPOIIPHUATHS IT0 PA3BUTHIO COIMATILHOM c(hephl OKpyTa.

[llkana ypoBHEW JMHAMHYECKOW COATAHCHPOBAHHOCTHU TPYIIOBBIX WHIUKATOPOB YCTOWYHBOTO pas-
BUTHSI perroHa (cM. Tabu. 2) [3—5] Oblia azanTupoBaHa MPUMEHHUTENLHO K TIokazatento U (11) (tadm. 3).

Ta6bnuua 3
LLikana ypoBHeW arpermpoBaHHOro nokasarens U,
XapaKTepusyloLwero creneHb ycromunsoro passutua PC3C

ypOBCHB C6aJ'IaHCI/IpOBaHHOCTI/I JUHaAMUKHU

Junanazonsl 3HaueHui nokazarens U
arperupoBaHHoro nokasarens U

Ot 0,00 10 0,69 Huzkwmit
O10,7 mo 1,21 Cpenuuit
Ot 1,22 10 1,73 Bricokuii

Ha puc. 5 npencraBiensl U3MEHEHUS 3HAYCHUI arperupoBaHHOrO nokasarenda U, xapakTepus3yro-
mero creneds ycroiunsoro pa3sutug PCOC XMAO-IOrpa 3a paccMaTpuBaeMblii epro] BpeMeHH.

BbICOKHMIA

CpeaHuWiA

06

2001-2002 2002-2003 2003-2004 2004-2005 2005-2006 2006-2007 2007-2008 2008-2005 2005-2010 2010-2011 2011-2012 2012-2013 2013-2014 2014-2015

==

Puc. 5. AlmHamuka nokasatensa U 3a nepuog 2001-2015 rr.
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CornacHo BBEJEHHON MIKaJle ypOBHEN mokaszarens U MOXHO KOHCTaTHPOBATh, YTO YCTOMYMBOCTH
pazButusi PCOC XMAO-IOrpa 3a paccMaTpuBaeMblil Teproj, BpeMEHH MOXKHO OXapaKTepH30BaTh Kak
«CPEIHIO». DTO 00YCIIOBICHO TEM, YTO 3HAUCHHS JBYX IPYIIIOBBIX HHAUKATOPOB YCTOWYHBOTO pa3BH-
THS PETHOHA Sron U Soxon B JAHHBIN MIEPHO COOTBETCTBOBAIM YPOBHIO «CpeAHMID» (CM. Tabm. 1, 2), mpu-
YeM 3HAYECHHE Sny,; HAXOANUTCS BOIM3M HUXKHEH TPaHULIbI COOTBETCTBYIOILETO AUAa3oHa (CM. Tad. 2).

3akiI09eHne ¥ BbIBObI

Ha ocHoBaHum momydeHHBIX B paboTe pe3yabTaTOB MOXHO KOHCTAaTHPOBAaTh, YTO AMHAMUYECKHIA
HOPMATUB, NIPeJHA3HAYCHHBIN JUIS OLIEHKU ycToiuuBocTH pa3Butusi PCOC u npeacTrapisiomuil coooi
COBOKYITHOCTh JTUHAMHUYECKUX HOPMATHUBOB €€ IKOHOMUYECKOH, COLMAIIBHON U 3KOJIOTHYECKOHN MOCHUC-
T€M, B LIEJIOM JOCTAaTOYHO XOPOLIO OTpa)kaeT MX PEaKIHI0O Ha M3MEHEHHS KaK BHEIIHErO OKPYXKEHHS,
TaK ¥ MapaMeTPOB BbIIETICHHBIX KJIIOUYEBbIX KOMIIOHEHTOB JAHHOM CHUCTEMbI. JTO yKa3bIBaeT Ha TO, YTO
BBIOOp HaOoOpa mokazaresedl u (GOpMUpPOBaHUE HA MX OCHOBE JMHAMHYCCKHX HOPMATHBOB, XapaKTepH-
3YIOIIUX YCTOMYMBOE Pa3BUTHE YKa3aHHBIX mojcucteM U PCOC, B 11€710M KOPPEKTEH.

AHanu3 TUHAMUKHM 3HAYEHHUH MOKa3aTeNeH Sokon, Scou M Saxon MO3BOJISAET HE TOJBKO COIJIACHO BBE-
JICHHBIM IIIKaJlaM OCYIIECTBIATh IPajalilio YCTOMYNBOCTH UX PAa3BUTHS, HO U MOJIy4aTh JOMOIHUTEIb-
HYI0, TYCTh ¥ KAYEeCTBEHHYI0, HHPOPMAIIUIO O XapaKTepe UX B3aWMHOTO BIHSHUS JPYT HA Jpyra ¢ yde-
ToM u3MeHeHHi BHemHero okpyxenus PCOC. Tak, mpumenutensHo k PCOC XMAO-IOrpa, nanpu-
Mep, U3MCHCHHSI 3HAYCHUI MOKa3aTeliel YCTOWYMBOCTH PA3BUTHUS YKOHOMUYECCKON Sy U IKOJOTHYE-
CKOM Sryo, MOACUCTEM, KaK OTMEYAJIOCH paHee, HAXOAATCS B MPOTHBO(A3e, YTO 00yCIaBIUBaeTCs CIIe-
IUQHUKON CTPYKTYphl PErHOHAJIbHOM 3KOHOMHUKH. A CTaOMIIBHO «BBICOKHID» YPOBEHb yCTOWYMBOCTHU
Pa3BUTHUS COLMAILHOM MOJCUCTEMbI HETaTUBHO CKa3bIBAETCS HA YPOBHE YCTOWYMBOCTH KOJIOTHUECKOM
MIOJICUCTEMBI, HUBETUPYSI TMONOKHUTEIHHOE BIUAHUSA OT CHIDKEHHS YCTOMUMBOCTH SKOHOMUYECKOW CHC-
TeMsl B riepuox ¢ 2012 r. mo 2015 r.

Hapsny c ouenkoii ycroitunsoctr passutust PCOC nenonszoBasmmiica JIH no3Bosder, 1o MHEHHIO
aBTOPOB, M0JIy4aTh KOCBEHHBIE KAUECTBEHHBIC OLIEHKH 3()()EeKTUBHOCTH (DYHKIMOHUPOBAHHUS €€ MOJICHC-
TEMBI YIIpaBlIeHUS (OPraHOB aJMHHHCTPATUBHON W 3aKOHOAATENBbHON BiacTh peruoHa). lIpumepowm,
MOJITBEPKIAIOIINM JaHHOE 3aKITI0UEHUE, MOXKET CIIY>KUTh «BBICOKHI YPOBEHb YCTOWYMBOCTH Pa3BUTHUS
comnanbpHOi moacucteMel PCOC XMAO-IOrpa B TedeHne NMpakTHMYECKH BCETO aHAIM3UPYEMOro Iie-
puona BpeMeHH. [TockoabKy AaHHasg MOJACUCTEMAa OYEHb YyBCTBUTENBHA K YIPABIIAIOINM BO3ICHCTBU-
sIM YKa3aHHBIX OPTaHOB YIIPABJIEHUs, TO TAKOH YPOBEHb YCTOMUMBOCTH €€ pa3BUTUSA KOCBEHHO OTPAYKAET
3¢ PEKTUBHOCTh UX PAOOTHI B COIMATIBHON chepe. AHATOTUYHBIM MPUMEPOM SIBIISIETCS H «HU3KHID YPO-
BEHb YCTOWYHMBOCTH Pa3BUTHS SKOJOTMYECKOW TOACHCTEMBI, TaK KaK AKOHOMHYECKas MOJCHCTEMa
PCOC XMAO-HOrpa momHOCTHIO SIBISIETCS] YaCTHOM, TO M CTEMEHb HEMOCPECTBEHHOTO BIFSHUS TIOI-
cuctemsl ynpasineHuss PCOC kpaifHe orpaHndeHa, 4To U OTpa)kaeTcs Ha TAKOM YPOBHE YCTOHYHMBOCTH,
HECMOTPS Ha UMEIOLIUECS MOJIOKUTEIbHBIE Pe3yIbTaThl B JAHHOW 00JacTy (10 epepadoTKU MOMyT-
HOTO Ta3a 3a aHATM3UPYEMBIi niepuox npeBbicuia 90 %).

[Tokazatens U, xapakTepu3yIOIIMA CTENEeHb ycToiumBocTh paszButuss PCOC B memoMm, B OCHOBE
CBOEH ABIISETCS aJUTUBHBIM IOKa3aTejeM, YTO B ONPeIeTICHHON Mepe HUBEIUPYET CTENEeHh B3aUMHOTO
BIMSIHMSL IpYT Ha Apyra BelIeneHHbIX noacucteM PCOC. Bmecte ¢ TeM pacyeTHbIE 3HAUEHUS MTOKa3aTe-
751 U Takke COTNIAacyIOTCsl C M3MEHEHUSIMH BHELIHUX U BHYTPEHHUX (PaKTOPOB, BIUSIOMINX HA (PYHKIIHO-
HUpPOBaHHUE U Pa3BUTHE pPacCMaTPUBAEMOIl CHCTEMBI.

TakuMm o6pa3zom, Ha HaIll B3IV, AMHAMUYECKHI HOPMATHB, XapaKTePU3YIOIUN CTENeHb yCTONIH-
BocTH pazputus PCOC, 1ienecoodpa3Ho UCMONb30BaTh KaK MHCTPYMEHT JUArHOCTHKH B paMKax IpoIle-
Jypbl MOHUTOPUHTA €€ Pa3BUTH.

Padora BbInosiHeHa npu noajaepsxkke rpanta PO®U u IIpaBurenscra XMAO-IOrpa na peanuzanuio
HayyHoro mpoexta Ne 18-47-860016 «KommnbloTepHoe MOjAeTUpPOBAHUE JUHAMHUKH COLMAJIBLHO-IKOHOMM-
YyecKoil cucTeMbl pecypcoo0bIBaloNiero pernona cesepa Poccun ¢ ucnoap3oBaHueM TeOpPUH POCTa, areHT-
Horo noaxoaa u F'MC-rexHonoruii».
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DIAGNOSTICS OF THE SUSTAINABLE DEVELOPMENT
OF REGIONAL SOCIO-ECONOMIC SYSTEMS ON THE EXAMPLE
OF THE KHANTY-MANSIYSK AUTONOMOUS OKRUG - YUGRA

A.V. Kutyshkin, avk_200761@mail.ru,
D.S. Orlova, ods1531b@gmail.com

Yugra State University, Khanty-Mansiysk, Russian Federation

The article presents the results of diagnostics of the sustainability of the development of the re-
gional socio-economic system (RSES) of the Khanty-Mansiysk Autonomous Okrug — Ugra for
the period from 2001 to 2015, according to official statistical reporting, presented in a regional con-
text. The diagnostics was carried out using the methodology of a dynamic standard, which allows us
to assess deviations in the development of the regional socio-economic system under consideration
from the standard set for it — sustainable development. The dynamic standard used is a complex of
dynamic standards characterizing, in turn, deviations from the sustainable development of the three
key subsystems of this system — economic, social and environmental. These dynamic standards in-
cluded and streamlined the rate of change of indicators that most fully characterized the development
of these subsystems. Before calculating the rates of change, the values of these indicators were re-
duced to basic indices relative to 2001. The work provided a critical analysis of a number of depen-
dencies, most often used at present for calculating the indicator of a comprehensive assessment of
the sustainability of development of systems of this type, according to the results of which the origi-
nal method of calculating this indicator was proposed. The analysis of the results of assessing
the sustainability of the development of the regional socio-economic system of the Khanty-Mansiysk
Autonomous Okrug — Ugra over a specified period allowed the classification of this characteristic
for the system under consideration according to the corresponding scale adopted to date. In addition,
assessments were made of the mutual influence of the development of the above subsystems consi-
dered by RSES, as well as indirect qualitative assessments of the functioning of its management sub-
system — the administrative and legislative authorities of the region.

Keywords: sustainable development, diagnostics of sustainable development regional socio-
economic system, dynamic standard method, integrated assessment of sustainable development,
Khanty-Mansiysk Autonomous Okrug — Yugra.
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HAMPABJIEHUA PA3BUTUA COLMAIIBHOIO
NMPEANPUHUMATENIbCTBA B PETMOHE

T.A. AeepuHa, A.A. BapmeHesa, O.C. llepesanosa
Boponexckuli 2ocydapcmeeHHbil mexHudeckul yHusepcumem, 2. BopoHex, Poccus

CouunalibHple YCIYTH OTIUYAIOTCS OT YCIYT, KOTOPBIE OKa3bIBAIOT NPEANPHUSITHS M OpraHH3aluu
B IPYTUX OTPACIIAX HEMPOU3BOJICTBCHHOW YaCTH YIKOHOMHKH, TOTOMY YTO CO3HAIOTCS M PacIpoCTpa-
HSIOTCS B MHTEpEcaX BCEX WICHOB 00MIecTBa. J[JIs TOCTPOCHHUS TPAMOTHOTO MEXaHH3Ma YIIPABICHUSL
U Pa3BUTHsI COIMAILHOTO MpEeANpPUHUMATENLCTBA HeoOXoauma pa3paboTka psga mep. B pabote
MPE/ACTABICH MOJIXOJ K OPraHM3aliy COLMAIBHOTO MPEIIPUHUMATENBCTBA B PErHOHE, 0COOCHHO-
CTBIO KOTOPOTO SIBJSIETCS KOMIUICKCHOE Pa3BUTHE C TO3UIMHA Pa3IHMYHBIX 3aUHTEPECOBAHHBIX CTO-
POH, B YaCTHOCTH, TOCYAapCTBa, KPYIMHOTO OM3HEca, Mayioro 6u3Heca u obmiectBa. OTMEUEHO, YTO B
HaCTOAIIEC BpEMs 3(1)(1)GKTI/IBHI)IM MEXaHU3MOM pa3BUTHUA COLNHAIBHOTO MPEANPUHUMATEILCTBA AB-
nsiercs peanmsanyst ['YII-ipoekToB, Tak Kak Mpu HEOOIBIINX 3aTpaTaX CO CTOPOHBI TOCYIApCTBa I0-
3BOJISIET MTOBBICUTH 00BEMBI IIPEOCTABISIEMBIX COLMAIBHBIX YCIYyT. D()(EKTUBHBIM HHCTPYMEHTOB B
Pa3BUTHU COLUAJIBHOI'O MPEANPHUHUMATEIILCTBA ABJIACTCA KOPIOpaTUBHAA COIMAJIbHAsA OTBETCTBCH-
HOCTh. briaronaps co3manuro LleHTpoB commanpHBIX WHHOBaIMH, [IIkon commanbHOTO MpeanpUHI-
MaTenbCTBa, IHCTUTYTOB HacTaBHMYeCTBa, KiryOoB pe3umenToB, [lapTHepCcKux mporpamm, IpuBIiIe-
YEHHMIO MaJjblX COLMAIbHBIX HMPEANPUATHA B MeponpusaTHs VIBEeHT-MEHeIKMEHTa KPYIHbIE KOMIa-
HUHM MOTYT CIIOCOOCTBOBATh Pa3BUTHIO COIHAIBHOTO MPEIIPUHIMATEIECTBA B PETHOHAX. BEISIBIICHO,
YTO MEPCHCKTHBHBIM MEXaHW3MOM DPAa3BHTHS COLHUAIBHOTO IMPEINPUHIMATEIBECTBA SBISIETCS pac-
IIPOCTPAHEHUE COLMANBHBIX (PpaHIIN3 yKe COCTOSABIIMXCS MpeanpuHuMareneii. s sToro Heobxo-
IMa pean3anus CIeIyIONINX MePOIPUATHIA: OpraHu3alus K1yda mo OCHUMApKUHTY JUIS COIHAb-
HBIX TpEATNPUHUMATENCH, CO3AaHNe SIUHOTO ANEKTPOHHOTO KAaTalora CONUANBHBIX (hPaHIIN3 10 pe-
rHoHy (OKpyry, CTpaHe), NOMyJsIpu3alius HHPOpPMAIUK 00 MX AeATeIbHOCTH 1o cpeacrBam CMU,
MpOBeJIeHHuEe O0YyYaroNMX CeMHUHApOB M BeOWHapoB. OmpeneneHa HEOOXoAUMOCTh ydeTa «Teopun
MOKOJICHHUI TIPU PA3BHTHH M PEANH3AIMN COIMAIBLHOTO MPEANPUHAMATENHCTBA. B yacTHOCTH, HEOO-
xouMa pa3paboTKa MporpaMM Pa3BUTHS COITUATBHOTO MPEANPUHIMATEIHCTBA C YI€TOM HEO00XOIH-
MOCTH BOBJICUEHHs OOJBIIET0 KOJMYECTBA MPEICTaBUTENeH OoKoJeHus Z B naHHywo chepy. Kpome
TOT0, B pabOTe aKICHTHPOBAHO BHHMAaHUC HAa OLCHKE COIMATbHOHN 3(h(hEeKTHBHOCTH MPOEKTOB COII-
ctepbl. B 3THX 1ensx paccMaTpHBaeTCs MOIXOJ, MO3BOJSIOMINK ONPEAETHTh CTOMMOCTHOE BBIpa-
JKCHHUC COL[PIaJ'II:HOIZ Bq)q)eKTI/IBHOCTI/I IIPOCKTOB, U ONPCACIICHBI HAIPABJICHUA UCIIOJIb30BaHUA 3TOI'O
oKa3aTeJs.

Kurouesvie crosa: coyuanvhoe npednpunumamenscmeo, pazgumue, ynpagieHue, UH8eCmuyul,
coyuanvbuslil d¢hgexm.

Beenenne

ConmaneHele yCIyTH OTJIMYAIOTCS OT YCIYT, KOTOPBIE OKa3bIBAIOT MPEANPUATHS U OpraHU3aliy B
JIPYTUX OTpAcisAX HEMPOU3BOACTBEHHON YaCTH 3KOHOMHUKH, TIOTOMY YTO CO3JAIOTCS U PacpOCTPAHSIOT-
Csl B MHTepecax BCEX WICHOB OOIIEeCTRa.

PaccmoTpuM HEKOTOpBIE 0COOEHHOCTH pealn3aluy NIPOSKTOB MMEHHO B colnainbHoil cdepe. Coun-
aspHast cepa ¢ FKOHOMHUYIECKON TOUKH 3PEHHUSI OXBAThIBAET KOMIUIEKC PHIHKOB YCIIYT, B COBOKYITHOCTH
o0ecTeYnBarONINX JOCTOWHYIO )KU3HB rpaxaaH (puc. 1).

Bce conmansHble yCIyrd UMEIOT pa3fABOEHHBINH XapakTep: ¢ OJHOW CTOPOHBI, OHU BBICTYMAIOT IO-
TpebieHneM Oiar, a ¢ Apyroid — MHBECTUPOBAHMEM B YEJIOBEUECKHH KamuTal. VX co3maHue u morpeo-
JICHUE OIIPEeENeTCs He TOJIBKO CIIPOCOM KaXKIO0ro MOTPEOUTENs, HO U MHTEPEeCaMH BCEro o0IIecTRa.

Nmenno nostomy colmanbsHast cepa HyKJaeTcsi B 0COOEHHO aKTUBHOM PETYJIMPOBAHUU CO CTOPO-
HBI TOCY1apCTBEHHBIX OPraHoB [1].

Omnera Enudanosa, Bune-ciukep I 'ocaymbl, OTMEYaET, YTO MMEHHO COLIMAIbHBIC IPEATIPUATHUS CTa-
HOBSTCSI ”HHOBAIIMOHHBIMH DJIEMEHTaMH B PEIICHUH HAaHOOJIee OCTPBIX CONMANILHBIX MPOOIeM — OT 0e3-
paboTHIBI 1O BOCCTAHOBJICHUS LENIBIX AEPEBEHb U MIPOMBICIIOB, OT 00ECIICUEHUs! JOCTYITHONW Cpebl IS

BecTHuk HOYplY. Cepus «<KomnbioTepHble TEXHONOrMK, ynpaBreHue, PaauoaneKkTPoHUKay. 117
2019.T. 19, Ne 2. C. 117127



anaBneHMe B coOUuMnaribHO-3AKOHOMUNYECKUX cuctemax

MaJIOMOOMJIBHBIX TPYIII 10 HOBBIX BHIOB COLMAIBHBIX YCIYT IJISl COLMAIbHO HE3AIIMIIEHHBIX KaTero-
puii rpaxkaas [2].

Counanbhas chepa

| O0OpazoBaHue

3/paBOOXPAHCHHC
Cropt 1 30K

| Hayxka
KynbTypa

CeMbs, MATEPUHCTBO M IETCTBO

| OnnaTa Tpyaa
| [lencuonnoe ogecneqeﬂne

| OKOJIOrUs

Puc. 1. OcHOBHbIe cocTaBnsioOLWMe coumnanbHon cdepbl

BaxnelmiuM pe3ynbTaToM COIHUAIBHOIO MPEANPUHUMATEIBCTBA SBIACTCA YBEIMYCHHE COLUATb-
HOM 700aBJICHHOW CTOMMOCTH MHHOBAIMI — MOBBIIICHUE KaYeCTBA )KM3HM HACCIICHUS 3a CUCT CIICIYIO-
IITUX MOMEHTOB (pHC. 2):

1 2 3
* coOmoneHus * HAXOKICHUS HOBBIX * CHHEPreTHYECKOTO
(mocTHKeHUs) Croco0O0B peleHus abdexra
MUHHMATbHBIX COIIMATBHOM B3aUMOJICHCTBUS
CTaHIApTOB KadecTBa npo0ieMsl pecypcoB
HKHU3HH M CaMOOPraHH3aluy
norpebureneit yenyr

Puc. 2. Pe3yanaTb| couunanbHOro npeanpuHumMmartenbCcTBa

[IpeanoceuikaMu pa3BUTHS COLUAIBLHOTO MPeNpUHIMATENLCTBA B Poccun siBisrorest [3]:

o Hi3Kas () (HEKTUBHOCTD PEUICHHUSI COIMATBHBIX MPOOJIEM TOCyIapCTBa Yepe3 paziHuyHbIe ero Co-
UaJbHbIE U OJaroTBOPUTENbHbIEC (DOH/IBI;

® CO3/IaHNE KOHKYPEHTHOM Cpebl I NOBBIILICHNS KAYeCTBa YCIyT;

® BO3MOXKHOCTbh CMSITYEHHUSI OCTPBIX MPOOJeM OOIIECTBa, YCKOPEHHs MX PELICHHUS 3a CUET yBelude-
HUSI YHCTIa 3aMHTEPECOBAHHBIX CTOPOH;

® BO3MOXKHOCTh CO3/]aHUSI CHCTEM, KOTOpBIC YIPABISIIOT U KOMIICHCUPYIOT pa3HHIly MEX]Iy BO3-
MOKHOCTSIMU U OJIarOCOCTOSIHMEM JIFOJICH B pa3iIWuHbIX cepax oOIecTBa depe3 OpraHu3alldH COLHU-
ANBHOTO TPEANPHHAMATENBCTBA,

® HeOOXOMMOCTh HOBBILLIECHUS! OCBEIOMIICHHOCTH, YyBCTBA OTBETCTBEHHOCTH JIFOACH, HHTETPALIUH
uX B cepy AesTEeNbHOCTH OCPEACTBOM JICHCTBUI OOIIECTBEHHBIX OpPraHU3allii HA KOMMEPYECKOH Oc-
HOBE.

Takum 00pa3oM, sl TOCTPOSHHS TPaMOTHOTO MEXaHHM3Ma YIPABICHHS W PAa3BUTHUSI COLMATLHOTO
NpeAnpUHAMATEIbCTBA He00X0AnMa pa3paboTKa psiia Mep.

C 3Toii TOUKH 3pEHHUsI aKTyaJIbHBIM OyJeT BBIABJICHHE YETKHX MOAXOAOB K OPraHM3alllM COLUalb-
HOT'O TIPEANIPUHUMATENBCTBA (HOPMATHBHO-TIPABOBOM acIeKT B padOTe HE paccMaTphBaeTcs) U OICHKa
3¢ GEKTUBHOCTH MX MPOEKTOB JJISl pEaTU3aIlMid BO3MOKHOCTH ITPHUBJICUSHUST MHBECTHIINH.

1. IToaxoa K opraHu3aIuy COMUATBHOTO NMPeANPHHUMATEIbLCTBA

PaccmoTpum cnemyronuii moxo/1 K OpraHu3aliy COUATBFHOTO peAPUHUMATENLCTBA, 0COOEHHO-
CTBIO KOTOPOTO SIBISIETCSI KOMILIEKCHOE Pa3BUTHE C TIO3UIUN Pa3IMYHBIX 3aMHTEPECOBAHHBIX CTOPOH, B
YaCTHOCTH, TOCY/IapCTBa, KPYIMHOTO OM3Heca, MaJioro Ou3zHeca u odmectsa (puc. 3).
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lepeeanoea O.C. npednpuHumamesibcmea e pe2uoHe
s I l_ —— ( * [loBpmenne
MIPOCKTEI > i ypoBus KCO
B COLIMAJIBHON \\
cepe
Kpynnbrii
/ T'ocynapcerBo Eniiee

Manblit /
OusHEC

OO0mecTBO

CouuanbHbIH
(hpaHYAH3HHT

* Yyet Teopu
IOKOJICHHH

Puc. 3. OcHOBHbIe HanpaBreHUA pa3BUTUA
coumManbHOro npeanpMHUMaTenbLCTBa

PaCCMOTpI/IM KaKA0C HAIIPABJICHUC HO,I[p06H€€.

1.1. I'ocyoapcmeenno-vacmuoe napmuepcmeo (I'd11)

B Hacrosimiee Bpems Takas (popMa B3aUMOJICHCTBHS TOCYAapcTBa U OM3HECa aKTUBHO pPa3BHBA-
eTcsl.

s rocynapera npoektsl ['UII B connanbHoi cdepe — 3T0 BO3ZMOKHOCTD PELINTh MpodiIeMy mo-
BBIILICHHS KaueCTBa M pa3HO00pa3us MPEeroCTaBIAEMbIX TpaskaaHaM OJar U yCIIyT MpHU OAHOBPEMEHHON
9KOHOMHH OIO/KETHBIX cpescTB [1].

B TO ke BpeMs NIl «4acTHBIX MapTHEPOB» coluaibHas chepa «IpOUTpPHIBACT» IPYTUM — Ha-
npuMep, TPAaHCIIOPTHON M pecypcoao0bIBaoOIIel — B CBSA3H C 0ojee HU3KOW peHTabenbHOCThIO, AJIH-
TEIBHBIMA CPOKAaMU OKYHNAaeMOCTH M HEM30EKHBIM «IIOBBIIICHHBIM» KOHTPOJIEM CO CTOPOHBI IOCY-
JapcTBa.

HMMeHHO 3TH 0COOCHHOCTH OOBICHAIOT TOT (haKT, YTO B HAICH CTpaHe colMalibHas cdepa He
cpa3y cTalla pacCMaTpUBATHCS TOCYNAapCTBOM Kak MEepCleKTHBHAS 00JacTh AJs BHEAPEHUS MPOCK-
toB ['UII.

TosnpKo B mOCHEAHNE OECATH JIET HIET akTHBHOE pa3BuThe npoektoB 'UIl B pa3Hbix obnactsax co-
IUanbHON cepbl, KOTOpasi B HACTOSIIIEE BpeMsl 3aHMMAET TPEThe MecTO (TOocie TPAHCHOPTHOW M KOM-
MYHAJIBHO-3HEPTeTHYECKOH ) 0 00beMaM WHBECTUPOBAHHBIX CPEJICTB.

B 10 e BpeMs1, HECMOTPs Ha 3HAYMTEIbHOE KondyecTBO npoekTo, ['UIl B conmanbHoOl cdepe pas-
BUBACTCS CTUXUUHO, COTTIAIICHNS HOCST JOKAIbHBINA XapakTep.

Bonpoc cranoBuTcs emie 6onee akTyaabHBIM, YUUTHIBas, 4To cornacHo [4, 5] B 2019 roay oxuna-
eTcs 3HAaUuTeNbHOEe HeA0(MHAHCHPOBAaHHUE MTPOEKTOB B colnanbHoi cdepe — 200 mupa pyo.

OueBuHO, YTO TepeAada Ja)ke YacTH IMOJIHOMOYHM MO NMPEeIOCTABIEHUIO HACEICHHUIO MCKIIOYH-
TEJNBHO OOIIECTBEHHBIX OJar HEBO3MOXKHA, B TO BpEMsI Kak COIMalbHbIe Oara, OM3Kue K CTaHJapTHBIM
PBIHOYHBIM TOBapaM — 00pa3oBaHKeE, 3APaBOOXPAaHEHUE, 0OecleueHHe JOCTyNa K CIIOPTUBHBIM OOBEK-
TaM U T. ., CTAHOBATCSI 00BEKTaMHU COOTBETCTBYIowIero coiamenus o I'YIT.

Ctout oTMETHUTH, YTO KOHLEeccus B PD 3aHuMaeT nepoe MecTo u3 GOpM peanu3ani IpOeKTOB
I'dI1. Cornamenus o 111/ mynununansHo-yacTHOM naptHepcTBe (MUII) B GonbIIMHCTBE Ci1y4yaeB
HCIIOJIB3YIOTCS JJIsl OpraHU3allii IPOSKTOB B cOLMaIbHOM chepe (3apaBooxpaHeHne, 00pa3oBaHue).

3aMeTHM, YTO Ha PETMOHAIBHOM M MYHHMLHUIAJIBLHOM YPOBHE pealu3yercs pAl MPOEKTOB (BCETO
176) B ananoroBeix (opmax [UIl, 3aKiIFOYEHHBIX B paMKax MHBIX OPraHU3ALMOHHO-TIPABOBBIX (OPM,
Hanpumep (puc. 4):
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JOJTOCPOYHOI0 HHBCCTUITHOHHOT'O

COIIALIEHMS U KOHTPAKTa KU3HEHHOIO KOHTPAKTa KU3HEHHOI'0 LIMK/IA
ITUKJIA, 3aKITI0YaeMbIX B paMKax B pamkax 44-@3
223-03

JOJATOCPOYHOIO JI0TOBOPA apeH bl
nyOIHYHON cOOCTBEHHOCTH, KOTOPBIH
HOAPAa3yMEBACT OIPEACIICHHBIE
WHBECTHIIMOHHBIC 00A3aTEIbLCTBA
apengaropa (Hopmbl 'K PO u
135-®3) u pewreHue onpeaeneHHbIX
COLIMAIbHO-3HAYMMBIX 3a]1a4

KOPIIOPAaTHBHOM (hOPMBI, IIPH
HCIIOIb30BAHHH KOTOPOil OCHOBHBIC
HPUHIUIIBI JIOJTOCPOYHOTO
HapTHepCTBa 3a(h)UKCHPOBAHBI

B aKIIHOHEPHBIX COTTAIIEHUAX HITN
MHBIX COIYTCTBYIOLIHMX JIOTOBOpaxX

Puc. 4. AHanoroBble cphopmbi M4

Hcxons 3 cka3aHHOTO BBIIE, MOKHO 3aKIIOUYUTh, 4TO B PO umeercs onbiT peanuzauuu Y11 npo-
€KTOB B COLIMAJIbHOMN chepe, CyIIeCTBYeT HEOOXOAMMOCTh 1 MOTSHIIMA JUIS €r0 PacIIUPEHUs, BBISBIIC-
HBI OTIPE/ICTICHHBIC BBITOJIBI KaK ISl «ITyOJIMYHOTO», TaK M IS «9aCTHOTO MapTHepay. Ho momkHa mpo-
BOJUTHCS 0OoJiee aKkTWBHAs WHGOPMAIMOHHAS KOMITAHWS, TPEXKAE BCEro CO CTOPOHBI «ITyOIMYHOTO
napTHEpay, IS IPUBJICYEHUS COLMANBHBIX MPEANpPUHUMATENCH.

1.2. Kopnopamuenasn coyuanvnas omeemcmeennocms (KCO)

ComnmansHasi OTBETCTBEHHOCTh OM3HECA CTAHOBHUTCS OJHHM W3 KIFOYEBBIX BOIPOCOB, C KOTOPHIM
CTaJIKMBAETCS YaCTHBIA U TOCYIapCTBEHHBIN CEKTOp, OOIIECTBO, JIOAH, (OPMHUPYIOIIHE O0IIEeCTBEHHOE
MHeHHE, U Jp. OCHOBHBIC MPHYUHBI BO3POCIICH 3HAYMMOCTH COLMAIBHON OTBETCTBEHHOCTH OM3HECa
3aKJIIOYAIOTCA B CICAYIOMIEM: BO3pociias pojih Ou3Heca; TrioOanu3allvs; YCHICHHE KOHKYPCHITHH;
CJIOHOCTh M U3MEHYHMBOCTH BHEIITHEH Cpejibl OM3HECa; pOCT MHHOBAIIHIA, POCT IPaXIaHCKO#M camoopra-
HU3aIUH.

[poucxoxnenne KCO MOXHO JTOCTATOYHO YETKO MACHTH()HIIMPOBATH IO CIACAYIOIIMM HaIpaBie-
HUsM [6, 7] (puc. 5):

OTBETCTBEHHOCTD
; 4eJIoBeKa
/ ™~ / N
KoproparugHas
OTBETCTBEHHOCTH
| couMranbHas
: o0wecrBa
; OTBETCTBEHHOCTH
L
7 \ ‘,"
OTBETCTBEHHOCTH
OTBETCTBEHHOCTh |
' Ou3Heca B 00/1aCTH
00IIeCTBEHHBIX A
L npodeccHOHANBHOR
IIOJICHCTEM TH00H
NesTeNbHOCTH U B cdepe
NPHPOABL
0JIarOTBOPHTEILHOCTH
Puc. 5. CywHocTtb KCO
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KCO kak cucrema MOXeT OBITh IPENCTaBICHA €€ BXKHEHIIMMU 3JIEMEHTAaMH, BHYTPSHHHMHU H
BHEITHUMH CBSI3SIMH, 00Pa3yIONIUMH €€ OCHOBY U 00€CIICUHNBAIOIUMI BO3MOYKHOCTD YIIPABJICHHUS €IO.

B naubonee obmem Buae cuctema KCO BKIrO4aeT B ceost:

® HJIEMEHTAPHYIO 0a3y, COCTOSIIYIO U3 CAaMON KOMITAHUU M CTEHKXOJIICPOB;

® IIPHUHITUIIBI B3aUMO/ICHCTBUS;

e cepbl ¥ YPOBHH OTBETCTBEHHOCTH.

CoBpeMeHHasi TEOpHs M MPAKTHKA Yallle BCero BeIICISIOT TpH chepsl KCO B cOOTBETCTBHUM C KOH-
LENLIKEH YCTOUYUBOTO PA3BUTHUS: SKOHOMHUYECKAs!, COLUAIbHAs, IKOIoruueckas [7].

Spxum npumepom nosbimeHus yposHa KCO Beictynaet tTangem OK «PYCAJI» u Arenrcrsa cTpa-
TETUYECKUX WHUIMATHB, CHIIAMH KOTOpPBIX ObUT co3maH lleHTp WHHOBammii B COIMANbHON chepe
(IMCC) — nexommepueckas opraHH3alys, KOTOpas 3aHMMAaeTCsl pa3BUTHEM COLIMAIBHOTO MpEATNpPUHH-
MartenscTBa [8].

Crout ot™MeTuTh, 4to LleHTp — TUIOMIaMKa 7S B3aUMOJCHCTBHS OM3HEC-COOOIIECTBA, CONMANBHBIX
MpennpruHUMaTeNeld u BiacTu. VIMEHHO Ha 3TOH IUIOM[a/IKe YYACTHUKAMH WACHTU(MUIUPYIOTCS «IIpO-
OJIEMHBIC MECTa» M «TOUYKH POCTa» IS BhICTpauBaHusA 3()(HEKTHUBHON CTPATErHH Pa3BUTHS COIMAIBLHOM
cdepsl B peruoHe.

[IpoekT momydmnin moaaepKKy MHOTUX KPYITHBIX KOMIIAHHUHA U TOCYJapCTBEHHBIX CTPYKTYP.

I'maBras nens [IUCC — 510 0OecrieueHne COUAIEHO HE3alUIEHHBIX KaTerOpUii HACEIeHUS JT0C-
TYIOM K JKH3HEHHO B&KHBIM YCIyraM U IpHU HEOOXOJMMOCTH BOBJICUCHUE UX B PA3IUYHBIC BUIBI JES-
TEJBLHOCTH, TEM CaAMBIM 00€CIIeYnBasl 3aHATOCTb.

B nensix copeiicTBrs MOTEHNUAIBHBIM cOIMaNbHBIM npeanpuHuMarensm [IUCC pabotaer no cre-
IYIOIIMM HarpaBieHusM (puc. 6):

[IkoBI COIUANTBHOTO HuctutyT
MpeAnpUHUMATEILCTBA HACTABHUYCCTBRA
ITapTHepckue
Ky pe3unentoB i
NIPOrpaMMBbl

Puc. 6. HanpaBneHus pa6otbl LUCC

[Momo6GHOTO po/ia OMBIT MOKET OBITH 3aMMCTBOBAH JIPYTUMH KPYITHBIMU KOMITAHUSIMU JIJIsI PELICHUS
COLIMANTBHBIX TPOOJIEM B pETHOHAX.

1.3. Coyuanvnuotii ppanuaiizune

CouumanbHblid (ppaHYali3uHr — OIUH U3 CIIOCOOOB TUPAXKHUPOBAHUS JTYUIIUX HMPAKTHK COLHAIHHOTO
MpeINPUHAMATEIHCTBA.

B ero ocHoBe — W3BECTHBIEC MPUHIMITEI (paHYaii3UHTa C HEKOTOPHIMU CHIENU(UIECKUMEI OCOOCHHO-
CTSIMH.

OCHOBHBIM OTJIMYHEM colUanbHOro (panHyuaiizunra (CP) aBmusercs, Kak MPaBUIO, OTCYTCTBUE KO-
MHUCCHOHHBIX U posuITH. CD 00513aH MPenoCTaBiATh COIMATbHBIC TOBAPHl WU YCIYTH Ha COTJIACOBAH-
HOM B JIOTOBOpPE ypOBHE IICHBI M KadecTBa. BBIBAIOT conuanbHble ()pPaHIIN3bI, 10 YCIOBHSIM KOTOPBIX
wiaTuT (QpaHyaiizep WK ke QppaHuaiizuatr 00sA3yeTcsl NPOU3BECTH/PEaTn30BaTh ONpPEICICHHBI 00beM
MPOAYKLMH/YCITYT.

BrigenuM ocHOBHBIE IyTH paboTh 10 (panimuse [9] (puc. 7):
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T | UneHCTBO B KOMaHae

TToMCK coLMabHbIX Commanenast Gppanmrmsa | (3ampoc
dpanmms (3anpoc ‘ (ITpennoxenue | Ha IPUCOETUHEHHE
Ha COLIMAIbHBIE paboTaromiero npoexTa | K YCIIEITHOMY HIPOEKTY
V3MEHEHHs) (MpaKTHKM) 17151 | (IPaKTHKE) B KauecTBe
TUPaKUPOBAHUA) | 4JIeHa NPOEKTHOM
an . | KOMaHBI) e

Puc. 7. OcHOBHbIe HanpaBneHUsa paboTbl ¢ (hpaHLLIN3OoN

Pazymeercst, 9TO 7Sl YCIIENIHOTO PACIPOCTPAaHEHUsT COIMAIbHBIX (PpaHIIN3 JObKHA OBITH 0becte-
YeHa COOTBETCTBYIOIIAS HH(POPMALIMOHHAS MMOIAEP)KKA JaHHOTO HAIIPaBJICHUs, B YaCTHOCTH (pHC. 8):

Opranu3zaius kiyda 1o OeHYMapKUHTY JUIS COITHATBHBIX TPEANpPHHAMATENeH

* INIOHIAAKH I10J BCTPCHH MOI'YT OBITH NpCaoCTaBJICHbI B 6I/I3HGC-I/IHKY63TOPE[X BY30B

Co3nanne eTHHOTO IMEKTPOHHOTO KAaTanora COIHANBHBIX ()PaHIIN3 IO PETHOHY
(oKpyry, cTpane)

¢ C pasMCIICHHEM CCBLJIKH Ha calTe OOHOro M3 JACNAapTaMCHTOB pCruoHa

HOHYHﬂpHBaHHH I/IH(bOpMa]_[I/IH 0 JE€ATCIBHOCTH TOI'O HJIH HHOI'O COHAJIBHOTO
npeanpHHuMaress nocpeacrsom CMHU

[TpoBeaenue o0yyaroLUX CEMHHAPOB U BEOMHAPOB

Puc. 8. MeponpusaTna no pasBMTUIO coLManbHOro cppaH4yan3mHra

Kpome TOro, xpynHble KOMIIAHHUHM IIPH pealH3alUd MEPONpHUATHH HBEeHT-MeHelkMeHTa (Event
management (0T aHTJ. event — «COOBITHE») — 3TO KOMIUIEKC MEPOIPUITHI TI0 CO3/IaHUI0 KOPIOpPATHB-
HbIX U MAaCCOBBIX COGBITHﬁ) MOT'YT NpuUrjiamarb MO0 HECKOJBKO COIHAJIBHBIX Hpe):[HpI/IHI/IMaTeHeﬁ JJIL
NPEACTABICHUS UX JESITEIbHOCTH C LEIIbIO IPUBJICUCHNS BHUMAHUS K UX HYX/1aM B PETHOHAX.

1.4. Yuem meopuu noxkoenuii

Jist KaKJ0ro MpelnpruHIMaTeNlsl BAXKHO TOHUMaHue cBoel ayauropun. K kaxIoMy BO3pacTy Hy-
JKEH CBOW MOJXO/I, U 37IECh KIIFOUOM K BBICTPAHUBAHHUIO TIEPCIIEKTUBHBIX B3aUMOOTHOIICHUH MOXKET TI0-
CIyXuTh «TeopHs MOKOJIEHUI», KoTopas Oblia mpeanoxena B 1991 rony amepukaHCKUMH HCCIIEI0Ba-
temsimu Hetimom Xoysom (Neil Howe) u Bunbsimom [Itpaycom (William Strauss) [10].

CMmonenupyeMm (cM. TaOJHUIY), KTO MOYET 3aHATHCS PEIICHHUEM COILHMAIBHBIX MPOOJIEM KaKIOoro
KOHKPETHOTO HaIpaBJIeHHUs (TEMHO-CEPHIH [IBET) U YbH OTPEOHOCTH TIPU 3TOM OYAYT YIOBIETBOPSTHCS
(cBeTio-cepslii UBET) B KOHTEKCTE «Teopru mokoaeHui».

[Ipu 3TOM CTOMT OTMETHUTH, 4TO, OE3yCIOBHO, HOKOJICHHUS «TOOEANUTENE» U «MOITYATUBBIX» HYX-
JIAIOTCS B TIOCTOSTHHOM BHUMAaHHWH ¥ 3200Te, HO MPH 3TOM JIMIIb HEMHOTHE M3 HUX YK€ MOTYT y4acTBO-
BaTh B pealM3alli CONMAIBHOTO MpeANpHHUMAaTENbeTBa. [loaTOMY B Tabnwie JaHHBIE TIOKOJICHHUS HE
MIPEJICTaBIICHBI.
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ConocTtaBneHue NoTpebHOCTEN U aKTUBHOCTU B obnactu
couManbHOro NnpeanpMHUMaTeNnbLCTBa PasfUYHbIX NOKONEHUN

Hanpasnenus conuansHOro ITokonenune Iloxonenue | Iloxkonenune | Ilokonenne
npeanpuHUMaTeNbeTBa [11] «bebu-0ymepon» X Y Z

TTomouis Ir0asIM B COLIMAJILHO OITACHOM -:

ITOJIOKCHUU

WHKI1I03UBHBIE TPOEKTHI M MPOEKTHI IS
HMHBAJIMAOB U JIIOJICH ¢ OrpaHUYCHHBIMU
BO3MOKHOCTSIMU 3/TOPOBBSI

KynwsTypa u apt

HanmonanbHast 1 MeX3THHUECKAS
chepa

Criopt u 310pOBEIi 00pa3 )KU3HH
[laTpuoTHueckoe BOCIIUTaHUE
MonozaexxHoe caMoynpaBiieHHE

1 MOJIOZICKHAS TIOJIUTHKA
HedopmanbHoe 00pa3oBaHue U Kaphepa
Hayunble u TexHHYECKHe HHHOBAIIUU
MeaunuHa U pelieHne akTyalbHbIX
po0JIeM MO OKAa3aHUI0 MEJULINHCKON
ITOMOILIM HACEJICHHIO

KKX. Ananus npoOneMHBIX MeCT
CEPBHCHOI MOJETH YIPaBISIONIIX
KOMIIaHUH U OCHOBHBIX IMOTPEOHOCTEH
JKUTENIe MHOTOKBAPTHPHBIX IOMOB
YnpoleHnue 1 MOBbILEHHE TOCTYITHO-
cTH (PMHAHCOBBIX OIEpALMii B TOPOJE

1 OOILECTBEHHBIX YUPEKICHHUAX
OnTuMu3anys ynpaBieHHUs TEPPUTO-
pusimu. [IpoeKThI O MOBBILIEHUIO
KayecTBa yHpaBJIeHUS U KOHTPOJIS B
rocyJapCTBEHHOM ammapare, B padote
YUHOBHHKOB

braroyctpoiicTBo TeppuTOpHA

B

W3 tabnuipl BUAHO, 9YTO HAMOOBIIMN MOTEHIMAT B PEalIn3allii COLUAIBHOTO MPeAPUHUMATEb-
CTBa UMEIOT NMOKoJeHusI X U Y, a HOTPeOUTENIIMH YCIYT COLUAIBHOTO NMPEANPUHIMATEIbCTBA SBIISIOT-
cst mokonenus: «bedu-6ymepo» n Y.

COOTBETCTBEHHO aKTyaJbHOH SIBISIETCS pa3padOTKa MpOrpaMM Pa3BUTHs COLMAIBHOTO Mpennpu-
HUMATEeJIbCTBA C Y4€TOM HEOOXOIMMOCTH BOBJIEUEHHs OOJBIIEro KOJMYeCTBa MpeACTaBUTENeH TOKoIe-
HUA Z B JaHHYIO cdepy.

2. OueHka cOMAIBHO-IKOHOMHUYECKOH I(PPEeKTUBHOCTH NPOEKTOB

B c(epe COMAIBLHOIO NMPeANPHHAMATEIbCTBA

PaccmoTpenHble Bblllle MEPONPUATHS 10 Pa3BUTUIO COLMATIBHOIO IPEANPUHUMATENbCTBA [103BOIIS-
10T HAJIaAuTh 3P PeKTHBHYIO0 OpraHU3aIMIo JaHHOTO BHUIA AesTelbHOCTH. Ho cTronT 00paTuTh BHUMaHUE
Ha CIIeLyIOLUI MOMEHT, O KOTOPOM Y>K€ TOBOPUJIOCH BBIIIE. DTO €0 HEMOIY/IIPHOCTh B Halllell cTpaHe.
C 3TO0if TOUYKH 3pEHUs aKTyalbHBIM OyaeT GopMUpOBaHUE HHCTPYMEHTA AJISl OLCHKH PE3YJIbTaTOB TAKHX
MPOEKTOB Ul HATJSIIHOIO MPEACTABICHUS NOTCHUWAIBHBIM NPEANPHUHUMATEISIM NaHHOM cdepbl ux
3¢ (HEeKTUBHOCTH.

Heob6xoanmocTs 3Toi AeMOHCTpauy 00yCIOBIE€Ha TeM, YTO COLMAIBHOE MPEANPUHIMATEIBCTBO —
B JIIOOOM CITydae JIesTeNbHOCTh, IEPBOOYEPETHOM LIETIbI0 KOTOPOH SBISIETCS MOIyYeHUE PUOBLIH.
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3/1ech CTOUT OTMETHTD, 4TO 3()(PEKTHBHOCTH COIUALHOTO MPEIPHHUMATENHCTBA HENlb3sI pacCcUu-
THIBaTh OOBIYHBIMH CTIIOCO0AMHU, T. €. C TOYKH 3PSHHS TOJIBKO (PMHAHCOBOTO pe3yibrara. [loaTomy mpen-
JlaraeTcsi BOCIOIb30BaThCA MEXaHU3MOM, NPEIOKEHHBIM B [12].

Ero cyTh COCTOUT B HEOOXOIUMOCTHU JIaTh CTOMMOCTHOE OIPEIEIICHUE COLIMAIbHON COCTABIIAIONICH
npoekra. Jjis 3Toro mpeasiaraeTcsi HCIob30BaTh KOMILICKCHBIN IMOKa3aTellb COMUAIBHON 3P (HEKTUBHO-
ctu (CD) mpoekTa.

Eg=Cgq-Cry s (D)

rae Csg— koadduuuent CI;
Cry — K03 HUIHEHT pErHOHAIBHON TOJIE3HOCTH.
B pamkax mpezcTaBIieHHOTO MEXaHHW3Ma MPOEKT PACCMAaTPUBAETCS KAK MHBECTHUIIMOHHBIN U JIJIsI He-
ro HeoOXO0MMO HMPOCUNTATh BEIUUMHY YMCTOTO TUCKOHTUPOBAHHOTO noxonaa (NPV).
OrmeHka conuanbHOM 3 OEKTUBHOCTH OCYIIECTBISIETCS C TIOMOIIBIO CHCTEMBI MTOKa3aTesel Colab-
HOH 3()(peKTUBHOCTH MPOEKTA.
Koadduuument CI npoekta paccunThIBaeTCS KaKk
P
Csz = Y (ISE; xW;), 2)
i=0
rae ISE; —nokaszarens CO (puc. 9), % (onpenensercs SKCIEPTHBIM IIyTEM);

W. — Bec — 3TO 3HAYNMOCTb MOKa3atelrs, % (oI CACIACTCA OKCIICPTHBIM IIYTEM ),
i > i

P — Koan4ecTBO ITOKa3aTecH;

I — HOMEDP MOKa3aTeJsl.

CToHuT OTMETUTH, YTO B KaUECTBE IKCIEPTOB HaIlle BCErO BBICTYNAIOT HHBECTOPHI, TAKKE 3TO MOTYT
OBIT U IpyTHe 3aWHTEPECOBAHHBIE JIUIIA.

Koaddpuuument pernonaabHON NOJIE3HOCTH OMPEACIISIETCS KaK

Cry= (Pst+P/+Lp)/ 3, 3)
rae Ps— cooTHOLIeHHE ypOBHEH 00€CIeYeHHOCTH yCIyraMu, OKa3bIBaGMbIMU B XO/I€ peaii3aluu mpo-
eKTa, B pacuere Ha qyury HaceneHus (PO k peruony);

P; — cooTHOMIEHNE ypOoBHEH 00ECTICYCHHOCTH WHBECTHIMSMH B OCHOBHOH KalWTal B pacyeTe Ha
nyury HaceneHus (P® x peruony);

Lp — COOTHOIIIEHHE CPEIHETOJOBBIX YPOBHEH II€H Ha YCIYTH, OKa3blBaeéMbIe B XOJE€ peau3alliu
NPOEKTa, B pacuere Ha | ycayry (peruoH k PO).

Crenens BausiHUS pe3ynbTaroB peanuzanuu I Ha xxu3HbL HACEneHNs

* IIEHBI HA YCIIYTH 10 CPAaBHEHHIO C IEHAMH KOHKYPEHTOB

* TIOBBIIIICHUE YPOBHSI 3aHATOCTH HACEJICHHS

* BIMSHHE HA 00BEM YCIIYT

* BIMSHHWE HA KAYECTBO YCIYT B PE3YILTATE pealn3alliy MpoeKTa

Crenens cOUaTbHOM HarpaBJICHHOCTH MTPOEKTa

* cootBercTBHe nenu UII mpuopureram, neism U cTpaTeruu colHanbHO-
9KOHOMHYECKOTO Pa3BHTHS TEPPUTOPH Pealn3alvy IIPOEKTa

* YpOBEHb 00ECTIEYEHHOCTH TEPPUTOPHH pEATH3AIHH MTPOEKTa YCIIyTaMHu,
npenycMorpeHHsiMu I, 1o ero peanusanuu oT CpeqHEPOCCHHCKOTO YPOBHA

* OTpacieBasi IPHHAJIEKHOCTh IPOEKTA
* OXBar pe3ynbTaTaMU MPOEKTa HaceIeHUs

Puc. 9. BoaMmoxHble BapuaHTbl nokasatenen C3
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Teneps, ucnons3ys BenuuuHy Eg, paccyMTaeM pasMep YHCTOTO JHCKOHTHPOBAHHOIO JIOXOZA C
YYETOM COLHMaJIbHO-3KOHOMHYECKOro 3ddekra (CI3). Takum oOpa3oM, MOIyYUM HOBYIO BEIHUYHHY,
KoTopast oTpakaeT COD MpoeKTa W MPeACTaBseT cOOOH €ro yBeTMYCHHBIH YUCTHIA TUCKOHTHPOBAH-
HBIH 10XO[] C yYETOM COUUaIbHON 3¢ ekTuBHOCTH:

NPV,,. =Eg¢x NPV . “4)
Paccuuraem AOONOJHUTCIIbHYIO HEHHOCTD,
A=(NPV,,, —NPV), (5)

KOTOpasi OTpakaeT 100aBOYHYIO MOJIE3HOCTh KOHKPETHOTO MPOEKTA IS SKOHOMHUKH PErroHa U HaceJie-
HUSL, T. €. a0CTpaKkTHYIO BeanyuHy CO.

PaccuuTannsie no (4) u (5) mokazaTeny MOTYT OBITh HCIIOJIB30BAHBI JJIS1 PA3IMYHbIX LEICH:

e BEIOOp Haubosee 3P (PEeKTUBHOTO MpOoeKTa cHepbl COIUANTBHOTO MPEANPHHUMATEIBCTBA U3 HEKO-
TOPOI1 COBOKYITHOCTH TaKUX MPOEKTOB [13];

® [IOCTPOEHHUE PEITHHTa MPOEKTOB COLMAIEHOTO NPEANIPUHUMATENBCTBA [ 14];

e onpeneneHust nonmu CO B 00IIe CTOMMOCTH MPOEKTa A/ NPV, xotopas Oyner oTpaxkaTh JeJo-

BYIO PCIIYTALIUIO IIPOCKTA [12], qTo 6y;[eT TOJIC3HBIM UIA OIIPEACICHUA €O COLIPIaJ'ILHOfI 3HAYUMOCTHU U
HHBeCTHHHOHHOﬁ MIPUBJICKATCIIbHOCTHU B paMKax C(bepI)I CONUAJIBHOT'O MPECATTPUHUMATCIILCTBA U JP.

3axinoueHue

TakuMm o0pazoMm, B paMKax MpeiaraéMoro KOMIIEKCHOTO MOAXOAa K Pa3sBUTHIO COIHMAIBLHOTO
MpeINPUHIMATENHCTBA PEKOMEHIOBAHO aKICHTUPOBAThH BHUMAaHUE Ha PadoOTe cpa3y MO HECKOJIBKHM
HaTpaBJICHUIM:

® TocyapcTBO — obecrneyeHne peannzauuu Oombiuero konuuectsa npoektoB [UII B conmanbHOM
cdepe;

e KpymnHbIii 6u3Hec — noBeimeHne ypoBHs KCO, B 4acTHOCTH IyTEM BOBJICYEHHUS B COILHMAIBHOE
NPeANPUHUMATEbCTBO;

e Masblii OM3HEC — THPaKUPOBAHUE YCIICHIHBIX NPAKTHK COLMAIbHOrO (ppaHdai3unra, o0y4eHue mo
COOTBETCTBYIOIIEMY HAIlpaBJICHUIO;

e 001ecTBO — yueT «Teopuu MOKOJIICHHID) MpH pa3padoTKe MPOrpaMM COIMATIBHOTO MpeIpHHIMA-
TENbCTBA;

® IpUMEHEHHe KOMIUIEKCHON METOJMKHU OIIEHKH COLMATbHBIX MPOEKTOB, YUUTHIBAIOIIEH HE TOJIBKO
HKOHOMHYECKHIA, HO U COITUATILHBIN A PEKT.
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DIRECTIONS OF SOCIAL ENTREPRENEURSHIP
DEVELOPMENT IN THE REGION

T.A. Averina, A.A. Barteneva, O.S. Perevalova
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“ta_averina@mail.ru

Social services are different from services provided by enterprises and organizations in other
sectors of the non-productive part of the economy, because they are created and distributed in the in-
terests of all members of society. To create a competent management mechanism of social entrepre-
neurship development, it is necessary to implement a number of activities. The paper presents an ap-
proach to the organization of social entrepreneurship in the region, a feature of which is integrated
development from the standpoint of various stakeholders, in particular, the state, large business,
small business and society. It is noted that at present, an effective mechanism for the development
of social entrepreneurship is the implementation of PPP projects, since, at low cost on the part of
the state, it can increase the volume of provided social services. Effective tool in the development of
social entreprencurship is corporate social responsibility. Thanks to the creation of Social Innovation
Centers, Social Entrepreneurship Schools, Mentoring Institutions, Resident Clubs, Partnership Pro-
grams, the involvement of small social enterprises in Event Management, large companies can con-
tribute to the development of social entreprencurship in the regions. It has been revealed that a prom-
ising mechanism for the development of social entreprencurship is the spread of social franchises
of already established entrepreneurs. This requires the implementation of the following activities:
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organizing a benchmarking club for social entrepreneurs, creating a single electronic directory of so-
cial franchises in the region (district, country), popularizing information about their activities
through the media, conducting training seminars and webinars. The necessity of taking into account
the «Theory of Generations» in the development and implementation of social entrepreneurship has
been determined. Accordingly, it is necessary to create programmes for the development of social
entrepreneurship, taking into account the need to involve more representatives of generation Z.
In addition, the work focuses on assessing the social efficiency of social sphere projects. For these
purposes, an approach which allows determining the cost expression of projects social efficiency is
considered, and the directions for using this indicator are identified.
Keywords: social entrepreneurship, development, management, investment, social effect.
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ABTOMaTI/I3I/IpOBaHHbIe cCunctemMmbl ynpaerneHus
TexXHOJNMorm4eCKuMu npoueccamm

YOK 681.51.011 DOI: 10.14529/ctcr190211

BbIEOP PELULEHMA NPU ONEPATUBHOM HEMPOYNPABJIEHUU
NMPOLIECCOM NOMOIJA WKNXTbl B UEMEHTHOM NMPOU3BOLOCTBE

J1.C. KazapuHroe, [Jx.P. XacaHoe
FOxHO-Yparnbckul 2ocyGapcmeeHHbIlU yHusepcumem, 2. YensibuHck, Poccus

IIpennaraercss Merod HEWpOYNpaBICHUS] TEXHOJOTMUECKUM MPOLECCOM MOMOJa MIUXTHI B Iie-
MEHTHOM TIPOU3BOCTBE C LIEJIbI0 MOBBIIICHNS €ro dHeproddpexTuBHOCTH. Heo0xoauMocTh npume-
HEHUS] HEHPOYyTpaBIeHHs BbI3BAHO TEM, YTO Ka4eCTBO IMOMOJIA U MOTPeOJICHHE PECYPCOB 3aBUCUT OT
MHOTHX ()aKTOPOB, KOTOPBIE MPEACTABIAIOT OOJBIINE TPYTHOCTH MX U3MEPEHHUs M IPOTHO3UPOBA-
HUS MOKaszaTesei 3¢ dekTHBHOCTEH. J[0CTOBEpHOE M3MEpPEHUE BIUAIONIMX (PAKTOPOB HEOOXOAMMO
JUISL PEUICHUS 3aaudl ONpEACIICHHs HAMITY4IIero coYeTaHus o0beMa MapoBOi HArpy3KH IOMOJA U
HEOOXOIMMOT0 KOJIMIECTBA TBEPIBIX BEIIECTB ISl ONTHMHU3ALNH TIOKA3aTeNsl YMCHBIIICHUS pa3Mepa
YaCTHI] WIUXThl NPU MUHUMAJIBHOM YAEIBHOM pacxoje 3Hepruu. HelpoynpasieHue cTpouTcs Ha
OCHOBE OOydYCHHUS HEUPOHHOW CETH C yUYHTEIEeM, B POJH KOTOPOTO BBICTYIIACT OMBITHEIA OMEepaTop
MENBHUIIBI, peann3yomuil 3¢ (QeKTHBHOE yIpaBiIeHHe mporeccoM momMona. KonTporiep, mocTpoeH-
HBI HA OCHOBE HEWPOHHBIX CETH, JOJDKCH paboTaTh B pEealbHOM BPEMEHH H OTPaXkKaTh TEKYIIEE CO-
CTOSIHME TIpollecca momosa. BeIOop pemieHuil mpu pemeHrud 3a1aqu OTIepaTUBHOTO YIPABICHUS C
WCTIONb30BaHWEM HEUPOHHOW CETH OTHOCUTCS K KIIacCy MHOTOKpUTEPHANbHBIX 3amad. B pabote
MPCAJIOKEH MCTOJ MIPUHATHA pemeHHﬁ, HCXOJ U3 MHOXKCECTBA JOIYCTUMBIX TCXHUYCCKUX yC.HOBI/II\/'I7
HaKJIaJpIBaeMBIX Ha mporecc nomosna. IlogoOHas mocTaHoBKa 3ajadu B OOIIEM Cilydae SIBIISETCS
IpoTHBOpeUNBOi. B paboTre mpemnokeH MOAXO K PEeIICHUIO JaHHOM 3aJauyd Ha OCHOBE OIperelie-
HUS MaKCHMAJBHOTO YHCIIAa COBMECTHBIX B3BEUICHHBIX YCJIOBHUI, HajaraeMbIx Ha mporecc. [lomo0-
HBIH MTOJIXOJ TI03BOJISIET OPTaHU30BaTh MHTEPAKTUBHYIO MPOICTYPY BHIOOPA TOMYCTUMOTO PEUICHUS
MIpU ONEpPaTUBHOM YIPaBJIEHUU MpoLeccoM nomouna. [Ipeanoxxena onepaTuBHasi KOMIIBIOTEPHAs MO-
JIeNb [poliecca IOMOoJIa KIIMHKepa Npy IPOU3BOACTBE LIEMEHTA.

Kniouegvie cnosa: yemenm, kiunkep, HeUpoOHHbIN cemb, WUXMA, NPOYecc NOMONA, ONepamue-
Hoe ynpasjienue, 8b100p peueruti 8 NPomueope Uol NOCMAHOBKe.

Beenenue

TexHonormyeckuii mporece moMojia OTHOCUTCSI K DHEPrOEMKHUM IIPOU3BOJICTBaM. Bompockl, cBs-
3aHHBIC C YMEHBIICHHEM 3HEPronoTpeOeH s, MOBBILICHNEM KAaueCTBa U ONTUMH3ALNEH TeXHOJIOrHYe-
CKOT0 IIpoIIecca IIOMOJIa, SBISIOTCS aKTyalbHBIM.

Ha s dexruBHOCTS TpOIIECCa H3METBUSHHUS BIHSIET KaK CKOPOCTh pa3Molia, Tak ¥ CKOPOCTh TPaHC-
MNOPTUPOBKHU IIUXTHl Y€pe3 MEJIbHHILY, KOTOPBIE, B CBOIO OYEpEeb, 3aBUCAT OT KOHCTPYKTHBHBIX M 3KC-
IUTyaTalMOHHBIX (PaKTOPOB, TAKMX KaK MPOQHIb THIb3bl, 00bEM IPy3a, CBOMCTBA CYCIIEH3UU U CKOPOCTh
BpaieHus: MeabHuUIls! [ 1-3]. M3BecTHO, UTO Ha CTaHKax C MEPEMEHHON CKOPOCTBhIO, XapaKTEePHBIX IS
OOBIYHBIX IIAPOBBIX MEJIFHMILI, CBOMCTBA CYCIIEH3UH U 00BEM 3arpy3Kd SIBJISIOTCS HanOoJiee BIUATENb-
HBIMH pabounmu QakTopamu [4, 5].

Knuakep TpaHcnopTupyercsi K MEIbHHIIE, YTOOBI OBITh H3MEIBYCHHBIM B MEIKUI MOPOIIOK — Iie-
MeHT. J{J1s1 KOHTPOJIS 3aJJaHHBIX CBOMCTB IOJy4aeMOr0 IeMEHTa J00aBisieTcs HEOOBIOe KOJINIECTBO
TUICAa BO BpeMsl M3MebueHHsA. BecbMa TUNMUYHO A00aBIATH ONpedesieHHOE KOJIMYECTBO BOIBI M He-
OOJBIINE KOJTHYECTBA OPraHUUECKUX MUIM(POBAIBHBIX JOOABOK ISl KOHTPOJIS TEMIIEPATyphl MEIbHUIIBI
u o0JyerueHus nporecca uaMenbueHus. CMelIaHHble IEMEHTBI U KJIaJOYHbBIC IIEMEHTHl MOTYT BKJIIOYATh
6onpme no6asku (o 40 %) [6]. Haubonee pacnpocTpaHeHHBIM 00OpYZOBAaHHEM AJISI MU3MEIbUYCHHUS
LIEMEHTAa SIBIISICTCA LIapoBasi MEJIbHHIA, 3al0JHEHHAs CTaJbHBIMHM IIapamu. Marepuan, nogaBaeMblid
Yyepe3 MeNbHHILY, U3MeNbYaeTcs MPU yJape v MpU UCTUPAHUU MEX Ty mapamu. J{is noBeimeHus 3¢ dex-
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TUBHOCTH CHCTEMBI 3aMKHYTOI'O IMKJIA IHUPOKO HCHOIB3YETCA NMPH U3MENbUEHUM ILIEMEHTa MaTepHall,
BBIXOSIIIUI W3 IIapOBOM MEIBHMIIBI, KOTOPBIN HAIIPABISETCS B CEMApaTOp U pa3fessaeTcsl Ha KPyIHYIO
u Menkyro ¢pakiun. ['pybas dpakuus HanpapiseTcsl Ha BXOJ MEIBHHUIIBI JIJISl TIOBTOPHOTO M3MENbye-
HUS, a MenKkas ppakius cTaHoBUTCS eMeHTOM. CKOpOCTh HAYAIIBHON PeaKIuy [IEMEHTA U BOJIBI TIPSIMO
MPOMOPIMOHATbHA YAEIBHON MOBEPXHOCTH LEMEHTA [7], TOITOMY MPOLECC M3MEIBYEHUS TINATEIBHO
KOHTPOJIUPYETCS 7S MOYYEHHUS POAYKTA C KEIAeMbIMU XapaKTEPUCTUKAMU TOHKOCTH.

C npyroit CTOpOHBI, YPOBEHb 3aNIOJHEHHSI METBHUIIB! (00beM Harpys3Ku) OINpeneNseT PekuM JBH-
KEHUS HAarpy3KHU BHYTPH MEJBHUIBI U HHTEHCHUBHOCTD MTOMOJIA. DTH COOBITHS B 3HAUUTENHLHON CTEIICHH
BJIMSAIOT Ha MOTPEOJICHUE SHEPTUU U CKOPOCTh COKpalleHus pazmepoB. IloHnManue ocHOBHBIX 3 dek-
TOB B3aUMO/ICHCTBUS IBYX pabouux (akTOpOB MPOU3BOJUTEIHHOCTH MEIBHHUIBI HMEET BaYKHOE 3HAYe-
HUE Ul YCTaHOBIICHHUS ONITUMAJIbHBIX MapaMeTpoB s 3 (GeKTHBHOTO moMorIa.

IIpn npon3BOACTBE IEMEHTA HEBO3MOKHO M3MEPHUTH BCE MapaMeTPhl TOMOJIA, TO3TOMY ABIISAETCS
MEePCIEKTUBHBIM NPUMEHEHNE COBPEMEHHBIX WHTEIUIEKTYaIbHBIX TEXHOJOTUN Ha OCHOBE HEHPOHHBIX
cereil. [lpuMeHeHne HEHPOHHBIX ceTel BBHI3BIBAET OMPEIECICHHYIO CII0O)KHOCTh, TaK Kak TpeOyeTcs cTa-
THCTHKA 3a JJIUTENbHBIN nepuod. [lockonbKy mapaMeTpsl HCXOIHBIX MaTEPHAIOB MOTYT JTOCTATOYHO
OBICTPO M3MEHATHCS, TO AKTYAIBHOH 3aa4yeil 31ech SBISIeTCS ONepaTUBHAs HACTPOHKa CETH.

1. HelipoynpagJjieHne npoueccoM MoMoJIa IUXThI B IeMEHTHOM IIPON3BO/ICTBE

Heiiponnsie cetn obaagaeT LenbIM psIOM CBOIMCTB, IPUBJIEKATEIBHBIX C TOUKH 3PCHHS UX TPAKTH-
YeCKOT0 MCIOJIb30BaHMsI Ha MpoIeccaX U3MENbYCeHUS H KI1acCU(PHUKALINU:

® BBICOKOE OBICTPOAEHCTBHE 3a CUET UCIIOJIB30BAaHMS MapajlIeTn3Ma 00padoTKH HH(OpMALIUHT;

® TOJICPAHTHOCTH K OIUOKaM: pabOTOCTIOCOOHOCTh COXPaHSIETCs MPH MOBPEKICHUN 3HAYUTEIHHOTO
YHUCIIa HEUPOHOB;

® CIIOCOOHOCTh K 00Y4YEeHHIO, IPOrpaMMHUPOBAHHUE BBHIYUCIUTEIBLHON CHUCTEMBI 3aMEHSeTCs 00y4e-
HUEM.

Heiliponnas ceth
HpOl'HOS Ka4eCTBd H3Me/IbYeHHT
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Puc. 1. CTpykTypa cuctemMbl ynpaBrieHUA NpoL,eccom
nomMona 3aMKHYTOro Liukna

OddexTuBHOE yrpasieHue mporeccoM (puc. 1) umeeT 0OoJbIIOe 3HAYCHUE I YBEIUMYCHHS MPOITY-
CKHOM CIIOCOOHOCTH KOHTYpa M3MENbUYSHHsI U Ka4eCTBAa KOHEYHOTO MPOYKTa, a TaKKe I 3HAUUTETh-
HOTO COKpAIIICHHS TIPOU3BOJICTBEHHBIX 3aTPAT, 0COOCHHO B OTHOIICHHUHU MOTPEOICHUS SYHEPTHH, COCTAB-
JISFOLIETO BBICOKUN MPOIEHT TaKMX 3aTpaT [6]. B kauecTBe MeTona ympaBieHHUs IPUMEHsETCs] HeHpOH-
Hasl CeTh, HA OCHOBE KOTOPOH OCYIIECTBIISCTCS MPOrHO3UPOBAaHUE TIOBEIEHUS 00BEKTa YIIPABICHUS IPU
Pa3IMYHBIX BXOJIHBIX BO3MEHCTBIsIX. OOpaTHast CBA3b B TAKUX CHCTEMaX YIPABICHUS UCIIONB3YETCS IS
KOPPECKTUPOBKHU HeTO‘IHOCTeﬁ, CBSI3aHHBIX C BHEITHMMHM NOMEXaMH M HETOYHOCTBIO MaTeMaTHUEeCKOM
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Mo/ien 00BEeKTa yIpaBlieHHs. PerynsaTop monaraercss Ha 3MIMPHUYECKYI0 MOJEb MpoIecca Ui TOTO,
YTOOBI MPEJCKA3aTh JJbHEHIIICE €ro MOBEACHNE, OCHOBBIBAsCH HA MPEIbIIYIIUX 3HAYCHHUSIX IEPEMEH-
HBIX COCTOSIHUS [6, 7].

2. 3aMKHYTBIl HMKJ U3MeIbYeHust

[Ipu m3MenpYeHNH B 3aMKHYTOM IIHKJIC M3MEIBUYCHHBIA B MEIBHHUIIE MaTepral MOCTyIaeT B cema-
paTop, OTACISIONINI FOTOBBIM MPOIYKT OT Kjacca KPyHHOU «KPYIKH», KOTOpasl BO3BPAILAETCSA B MEJIb-
HUITy 178 u3MenbueHus (puc. 2). Kpymnka mupkynupyer B cucTeMe cenaparopa, oka He OyneT u3Melb-
yeHa J0 Tpedyemoii kpymHoctH [8—15].

T'oToERIT MpoOyET

(B3)

Cenapatop

Ilonaga e

B
/ ceraparop

Kpyrxa (B2)

Hcxopmeiii marepuan (BO)

lllapoeas mensHmMIa

Puc. 2. Usamenb4yeHne ¢ 3aMKHYTbIM KOHTYPOM

Ucxonuwiit matepuan (BO) (knuHKep, TUIC U 100aBOK) MOCTyMaeT B MenpHHIY. [lociie n3menbue-
HUS DJIEBATOP IMEepeaaeT Bech M3MeNbUeHHBIM MaTepua (B1) B poTopHBIi cenapaTop, TIe OH pa3aemseT-
cs Ha naBe (pakiuu. ['pyOas ¢pakuus npeacTaBiseT codol oTOpakoBKy (Kpyrnka) cemaparopa (B2), ko-
TOpasi OTHpaBIIECTCSI OOPaTHO Ha MEJIBHUILY AJSl JOMOJHUTEIBHOTO LMKIA M3MEIbUEHHs, TOr/Aa Kak
MenKas GpakIys CTAHOBUTCS KOHEYHBIM TpoaykToMm (B3).

KoHcTpyKTHBHBIE TTapaMeTphbl IPOMBIIUICHHON TPYOHOH MENBHHIIBI M POTOPHOTO cenaparopa Mmpu-
BeJleHbI B Ta0II. 1.

Tabnuua 1
PacyeTHble napameTpbl TPYOHOM WapoBOM MeNbHULUbI U cenapaTtopa
Otnenenue .

TpyOnas mapopasi MeJIbHHIIA 1 5 PortopHnsliii cenapaTtop
BuyTpennnii tnamerp, M 3,6 3,7 |HAuamerp poropa, M 2
Buytpennss anvna, M 3,6 8,4 |BricoTa potopa, M 1,6
Crenens HanonHeHH, % 29,5 34 MomnocTts MOTOpa, KBT 110
Bec 3arpysku, T 43 138 | Ckopocts poTopa, 00/MUH 260
Pa3mep mapos, MM 20-50 | 15-20 |MommHocTs BeHTMIIATOpa, KBT| 280
MOoIIHOCTb ABUraTelIs MEJIbHUIIEI, KBT 3200 Pacxox Bozmyxa, M/MUH 1500
CKOpOCTh METBHHUIIBI, 00/MUH 17 — —
MouHoCTh JBUTATENS] BEHTWIIATOPA, KBT 150 — —
[Tpon3BOUTENBHOCTS, T/4 90 — —
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PaGoune ycnoBust MenbHUIIBI, paboTaromiell B 3aMKHYTOM KOHTYpPE € Ceraparopam, MOT'YT OBITh BbI-
PaKeHbI CIEeIyIOIMMHA OCHOBHBIMHU YPAaBHEHUSIMHU:

Bla=B3b+ B2c;
Bl1=B3+B2=B0+ B2,

rae B0 — KOJTUYECTBO UCXOTHOTO MaTepuala, MOCTYTAIOIIEr0 B MEIHHUILY;

B1 — xonmnyecTBO MaTepuaa, MOCTYIAIOIIETO B cemapaTop;

B2 — xonn4ecTBO «KpPYIKH»;

B3 — konnyecTBO rOTOBOM NPOAYKIINH;

a, b, ¢ — xonMM4eCcTBO MENKON (paKIH, MPOXOAAIISH Yepe3 KOHTPOJILHOE CUTO, COOTBETCTBEHHO,
B MaTepuajie, MOCTYIAIOIIEM B CerapaTop; B TOTOBOM MPOAYKTE — KPyTKe, %o.

IIpu u3mMenpbuYeHUH B 3aMKHYTOM IHKJIE KOJMYIECTBO TOTOBOTO MPOAYKTA BCET/Ia PABHO KOJUYICCTBY
WCXOJHOTO MaTepuaia, IpyU MOBTOPHOM BXOJI€ B U3MeENbUEHHE UPKYIUPYIONINE 3€pHA MOTYT OBITH B
HECKOJIBKO pa3 Oolbllie UCXOMHOTO MaTepuana. l{upkynupytoriero Matepuana (KpymKi) MOXET OBITh B
HECKOJIBKO pa3 0OJIbIIIe, YeM MCXOIHOTO MaTepHaa.

CranuoHapHO€ KOJWMYECTBO IUPKYJIHMPYIOMIETO 3€pHA HA3BIBACTCS ITUPKYIUPYIOMECH HATrpy3KOMH,
KOTOPasi MOXKET OBITh BEIPAKEHA OTHOCUTEIHHBIM 3HAUCHUEM A, T. €. OTHOIICHUEM KOJUYIECTBA KPYIIKH,
BO3BPALLAEMOH B ceNapaTop, K KOJIMYECTBY FOTOBBIX MPOYKTOB WM UCXOJHOTO MaTepHana;

B2 B2

B3 B0
HpI/I 3aMKHYTOM HHKJIC HAa MCJIIbHUIY MOJAACTCA KOM6I/IHI/Ip0BaHHaH Harpyska, COCTosdIas U3 Hc-
XOAHOr'0 MaTepuaia u quKyany}omeﬁ KpYIIKH; €€ OTHOCUTCIIbHAs BCIIMYMNHA HA3bIBACTCA KPATHOCTBIO

LUAPKYJISIUH:

Bl Bl

Cu =— WM CLI =—.
B3 B0

KpaTHOCTb HUPKYISIANA MOYXKHO ONPEACTUTH [0 pe3ysibTaTaM IPoceBa Ha cuTax 1o GopmMyiie

bc

C,=

a—c

[IpousBoaurenbHOCTD cenapaTopa xapakrepusyercs 3HaueHueM KIIJI, T. e. oTHoleHne KoauuecTBa
MeJIKHX (Ppakimii B TOTOBOM MPOAYKTE K KOJIMYECTBY UX B MaTepHalle, MOCTYIAIOIIEM B CENapaTop:

bB3
KIJI =—-.
A aBl1
KII/T Mo>xeT OBITh OMPEJICNICH MO pe3yIbTaTaM MPOCceBa Ha CUTAX:
kg =2.4=¢.
a b-c

[Ipu 3aMKHYTOM LIUKJIE U3MEIbUCHHS MPOU3BOAUTENBLHOCTh MEJIBHULBI C TEM K€ SHEpromnorpede-
HHEM BO3pAacTaeT ¢ yBEIWYCHHEM KO3 UIMEeHTa HUpKyIsuud. Yem Oomnbiie k03)OUIUEHT TUPKYJIs-
LMY, TeM OOJNbIIe 3arpy3Ka MaTepraia B MEIbHHUILY. [I0CKONBbKY KOJIMYECTBO MAaTepHalIOB B MEJIbHHIIE
OCTaeTCsl MPAKTUYECKH MOCTOSIHHBIM, YBEIHMUEHHE KOJIMYECTBA 3arpy’kKaeMoro Marepuaia B MEIbHHIIE
BIIUSIET TOJIBKO Ha CKOPOCTH MPOXOXKACHNS MaTeprala 4epe3 MEbHULLY.

VYBenanueHue CKOpOCTH MPOXOKACHUS MaTepraa Yepe3 MEIbHUILY C YBEIUYEHNEM KPaTHOCTH LIHUp-
KYJISIUH CIIOCOOCTBYET MOBBILICHUIO 3()(EKTUBHOCTH pabOThI IapOB, YTO B CBOIO OYEpENb TAKKE BbI-
3BIBAET YBEIMUYEHHE TPOU3BOAUTEIHLHOCTH METbHHIIBI.

CrenoBatesbHO, IS KaXI0T0 M3MEJIbYaeMOro MaTepuaia J0JKHA ObITh BEIOpaHa ero coOCTBEHHAs
ONTUMaJIbHAsl KPATHOCTH LUPKYJISLUH B 3aBUCUMOCTH OT €r0 (PHM3UKO-MEXaHUYECKUX CBOUCTB.

C.E. AHapeeBBIM U psAAOM ApPYTUX HccienoBareneil [16] yCTaHOBIEHO, UTO OTpULATENBHOE BIIUS-
HUE HU3KOH 3P PeKTUBHOCTH cemaparopa Ha MPOU3BOJUTEIBHOCTh MEIBHUIBI BIUSET OOJBIIE MPH Ma-
JIBIX 3HAYEHHUSAX KPATHOCTH LUPKYJISAIUH, YeM MPHU BBICOKUX 3HaueHUsX. ONHUM U3 YCIOBUI HOPMallb-
HOU pabOThI IEHTPOOESIKHBIX CEMAPATOPOB SIBISIETCS] MX MOCTOSIHHASI paBHOMEpHAsI 3arpy3ka MaTepuaa.
HepaBrHoMepHOCTH MOgaun MaTepuaia B cenapaTop NPUBEAET K CHIKEHHIO KaueCTBa Cerapaliy U MpH-
BEZICT K YBEJIMUCHHIO COJIEPKAHUS TOTOBOM MEJIKOH (ppakuy B KPYyIKax, BO3BPAIIaEMbIX HA MEJIbHHUILY,
U B rpyOBIX MaTepuaiaXx B TOTOBOM MPOJYKTE.
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3. IToTpeOHOCTH B 3HEPrUM /Il IPOU3BOCTBA LIeMEHTA

[Tpou3BoACTBO 1EMEHTa SBISETCS SHEPrOEMKHM MpoIlieccoM. THIMMYHOE HEpPronoTpediieHue co-
BPEMEHHOTO IIEMEHTHOT'0 3aBojia cocTaBisieT okoio 110-120 kBT 'y Ha TOHHY IPOW3BOIUMOIO IIe-
MeHTa [17]. B TO Bpemst Kak OCTOSIHHO PacTYLINH MUPOBOI CIIPOC Ha IIEMEHT PacTeT, CIIPOC Ha SHEP-
THIO Ha 3aBOJIe Takke pacTeT. HecMOTpsa Ha TeXHONOTHYECKHe NHHOBALMU MOCIEIHUX ACCATHIETHH,
HalleJIeHHbIe Ha TOBbIIeHHEe 3()()EeKTHBHOCTH MPOU3BOJCTBEHHOTO Tporecca (CyXod mpoliecc Mo
CPaBHEHHUIO C MOKpPBIM; HMCIIOJB30BaHUE MOJOrpeBaTesiel, MPeaABapUTEIbHBIX KalbLUHATOPOB, BHICO-
KO3 (EKTUBHBIX TUHAMHYECKUX CENapaToOpoB U T. A.), IEMEHTHBIN 3aBOJ CETOJH HMEET IMOCTOSHHO
yBEJIUYMBalOIIeeCs 00Iee NmoTpeOsieHne dHepruu Ojarojaps 0oJjiee BBICOKMM IPOHM3BOACTBEHHBIM
[OKa3aTeNsiM, BO3BPATy K YTIJIIO0, MOBBILICHUIO TOHKOCTH LIEMEHTa U 0oJjiee CTPOrUM TPEeOOBAHUAM IO
3aIuTe OKpyXx)aromieit cpenst [17].

Pacmipenenenue oOieit a3Heprun, NoTpedIIeMol IEMEHTHBIM 3aBOJIOM, MEX/Iy dTallaMy MPOU3BO/I-
CTBEHHOTI'0 IIpoIlecca MoKa3aHo Ha puc. 3.

Hecmotps Ha TO, 9TO TeYb SABISETCA KPYII-
HeHIed IBWXKYIICHCS 4acThio 000OpYyIOBaHHS Ha
LIEMEHTHOM 3aBOJI€, OHa MCIOJB3YeT TOJIBKO 25 %
sHepruu 3aBoaa. Hanbonee sneproeMkum mpouec-
COM TIPOM3BOICTBA LEMEHTA SABISAETCS (DUHUIITHBII
MOMOJI, KOTOphIl moTpebnsier B cpeaneMm 40 %
BCEHl SHepruu, HEOOXOIUMOHW HJsl MPOU3BOJCTBA
ToHHBI TleMeHTa [17]. Takoe BBICOKOE 3HaYEeHHE
MOXeT OBITh ONpaBAaHO TeM (pakToM, YTO 3HAYH-
TeIbHOE KOJIMYECTBO PHEPIUH, TIOJJaBAEMON JIBUTA-
TEJIEM MEJbHULBI, BBIIENISACTCS B BUIE TEIUIA, CO3-
JaBaeMoOro TpPEHHEM B H3MeNbyalomell cpene.
Kpome Toro, moTpeOHOCTh B DHEPrUM H3MeJbue-
HUS TUIEPOOJTMUECKH BO3PACTAET C YBEIUYCHUEM
KPYITHOCTH YacTHIl LIEMEHTa [6].

B peanbHBIX yCTOBHSX SKCIUTyaTallid Mellb-
HUIIBI TTapaMeTpsl Mpoliecca MoMOoIa MOTYT M3Me-
Puc. 3. PacnpeneneHue aHeprum cpean o6opyaoBaHus HATHCA, B 3T9M cny‘jae CTOi{T 3aiat OTCpaTHBHOM

AN NPOM3BOACTBA LieMeHTa MIEPEHACTPONKN HEMPOHHOW ceTH. DTy 3aJady BO
MHOTHX CIyYasX PEUINTh CJI0XHO, TaK KaK TeKy-
1€ AaHHbIE SKCIUTyaTalli MOTYT HE COepKaTh JOCTaTOYHO HH(OpMALMU O TapaMeTpax mpolecca.

B pabote npennaraercst METO MPUHATHS PEIIECHUS 110 BRIOOPY YIPaBISIOMINX (HAKTOPOB C yUETOM
3aJJaHHBIX TEXHHKO-PKOHOMHUYECKHX OrpaHWUYCHHH, KOTOPBIA TMO3BOJISIET ONEpaTopy BHIOpATh ONTHU-
MaJbHbBIE TapaMeTPHI I 3arPY3KU MEITBHUIIBI, YTOOBI TIOJTYYUTh Ka4eCTBEHHBIN MPOIYKT IPU MUHUMHU-
3aLUH IOTPEOISIEMBIX PECYPCOB.

4. Pemienne 3a1a4y paljMoHAJLHOI0 BHIOOPA MapaMeTPoOB 3arpy3KH MeJIbHUIbI

Oco0eHHOCTh 3a7a4K BBIOOpA PALMOHAIIEHOTO BBIOOpA MapaMeTpOB 3arpy3KH MENbHHUIIBI COCTOUT B
TOM, YTO YHCJIO YHPAaBISIONMX (PaKTOPOB HEBEIHKO, & KOJIMYECTBO OrpPAaHHYCHUN 3HAYUTENLHO TPEBbI-
[IaeT YUCIIO YIPABISIOMUX (GaKTOPOB.

JeiicTBUTENBHO, B KauecTBE YMPaBIIOMUX (HaKTOPOB MBI OyZEeM paccMaTpHBaTh BEJIMYMHY 3a-

IPY3KH MEIBbHHULIBI X; — KIMHKEp, X, — MIC U X; — J00aBKU. BBIXOTHBIMH MapaMeTpaMu sIBISAIOTCS

MHO3KECTBO ITOKa3aTelei { yl.} coracHo Tabu1. 2. OrpaHMYCHUs HA TIOKA3aTeIH:
a; <y, <b. (D)

l
Ha ocHoBe mocTpoeHMsI SMIUPHYECKUX 3aBUCUMOCTEN C MCIONB30BAHWEM METOJa HAMMEHBIINX KBaJ-
PaTOB U HEMPOHHBIX CETEH MOYKHO MOJTyYUTh

Vi =h(xp,%,%3) . ()
C yuerom (1) u (2) MOKHO TTOTyYUTh

a; <hi(x,%,,x3)<b; i=1,2,3... 3)
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Tabnuua 2
[aHHble, coOGpaHHble C TeYeHMeM BpeMeHUn
BO BpeMS NPOMbILUNIEHHOro U3Mernb4YeHUs 3a OeHb

VY nenbHbII
OTKit0- MouHOCTh .
Hens/ | Ilomaua HeHO pacxon | . 3ByK BULATEN Poropusiii | Pacxon | Llupkynn-
Bpems, | (BO0), JJIEKTPO- >, | MEJIBHULIB, A MOTOp, |BO34yXa,| pyromas
(xpymnka) cM /T MEJIbHUIIBI, 3
Y:MHH T/4 (B2), 1/ SHEPTUU b o kBt M’/MUH | Harpyska
’ kBT u/T °

1/8:00 25,5 12,9 28 3820 82 79,3 108,4 1366 1,43
1/9:00 26 11 28,1 3840 83,3 79,1 105,6 1380 1,45
1/10:00 | 25,5 12,7 28,3 3885 81,9 79,3 108 1365 1,43
1/11:00 | 26,5 12,3 28 3850 82,7 79,3 108,3 1294 1,43
1/12:30 | 32,6 15 28,1 3660 86,1 74 113,5 1310 1,56
1/13:00 34 17 29 3835 85 75,9 113,8 1406 1,73
1/14:00 | 35,6 18 294 4105 85,7 76,1 122 1415 1,69
1/15:00 | 38,1 17,3 30 3860 81,3 78,5 121 1303 1,62
1/16:00 | 38,6 19,1 32 3825 80,7 78,8 128,1 1304 1,58
1/17:00 | 32,6 11,8 28,9 3660 86,1 74 113,5 1310 1,56
1/18:00 34 16,5 28,1 3835 85 75,9 113,8 1406 1,73
1/19:00 | 35,6 16,8 28,3 4105 85,7 76,1 122 1415 1,69
1/20:00 | 38,1 19,2 29,2 3860 81,3 78,5 121 1303 1,62

B urore pannoHansHbINA BEIOOp TApaMETPOB 3arpy3KH MENBHHUIIBI COCTOUT B (POPMATEHOM PEIICHUH
CHUCTEMBI HEpaBeHCTB (3).
Jlis pelieHus cucTeMa HepaBeHCTB MPUBOUTCS K KAHOHUUECKOH Gopme:

hi(xl,xz,x3)—bi <0; (4a)
a; —hi(xl,xz,x3)SO. (46)
®opMmanbHO HEPABEHCTBO (4) MOXKHO IMCATh B CIEAYIOLIEM BHUIE:

fi(x1.%5,x3)<0. 4)

B obmem cnydae cuctema HepaBeHCTB (5) siBisieTcst HecoBMecTHOM. [1loaToMy pemienue 3agauu pa-
LUOHAJIEHOT'O BBIOOPA apaMeTPOB 3arpy3Ku MEJIbHHLBI MATEMAaTHYECKH CBOJUTCS K PEIICHUIO CUCTEMBI
HECOBMECTHBIX HEPABEHCTB!

fi(x)<0, (€. (6)
3nech lyep — MHOKECTBO 3HAYEHMH MHJIEKCOB HEPABEHCTB COOTBETCTBEHHO; X — BEKTOP MCKOMBIX Iapa-

METPOB; fAX) — MOHOTOHHBIE, HelpeprIBHEIE U AuddepeHmpyemble pyHkunu. Heobxoaumo ompene-
JIUTHh MaKCHUMAJIbHO COBMECTHYIO MOJICUCTEMY YPaBHEHHH U HEPABEHCTB (6) 110 KPUTEPHIO

maxxC(x), C(x)zdb(u(x)), @)

IZie |L — BEKTOP, COCTABICHHBIN U3 XapaKTePUCTHUECKUX (HYHKLUH W; HepaBeHCTB (L; = 1, ecu i-e Hepa-
BEHCTBO BBINIOJHACTCS, B IPOTUBHOM citydae [; = 0); O(1) — MOHOTOHHAsI TTOJIOKHUTEIBHO OTpeeIeHHas
qrca0Basi PyHKIHS OyJIeBbIX EPEMEHHBIX LL.

B wactHOM ciryuae kpurepuii (7) umeeT BUA

m
C(x)zZocjuj(x), (8)
=
I7ie O ; — BECOBbIC KOO(DQULMCHTI, yAOBICTBOPSIOLIHUE YCIOBHSIM
m
o> =
Vo= Zocj L.
j=1
Pemenne cucrembl HepaBeHCTB (6) 1Mo KpUTEpHIO (8) TMO3BOJISAET BBIACIUTE CPEIN BCEX MaKCHMalb-

HO COBMCCTHBIX ITOACHCTEM CUCTCMbI (6) TaKyH0 MMOACHUCTEMY, KOTOpasa 06J1az[aeT MaKCUMAJIbHBIM CYM-
MapHbIM BECOM. I[pyTI/IMI/I CJIOBaMH, B JaHHOM CJIy4ac BBIACIACTCA MAKCHUMAJIbHO COBMCCTHAs MOACUC-
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TeMa, HanboJiee BaXKHAsl C TOUKH 3pPEHUS pelaeMoi npeaMeTHol 3agaun. [Ipu paBeHCTBE BecoB pelie-
Hue 3a7a4u (6), (8) BeLIEIsIeT MAaKCUMaJIbHO COBMECTHYIO MIOJICUCTEMY C MAaKCHMAJIbHBIM YHCJIOM Hepa-
BeHCTB. B 001ieM citydae, korjpa paccmarpuBaetcs 3agada (6), (7), COOTBETCTBYIOIIEE PEIICHUE MO3BO-
JSIeT BBLACIUTh MaKCUMaJbHO COBMECTHYIO CTPYKTYPY HEPaBEHCTB, ONTHMAIBHYIO 1O 0000IIEHHOMY
Kputeputio (6).

ConepxarenbHasi UHTEPIIPETAIHS PACCMOTPEHHOTO BBIIIIE AJITOPUTMA IMOMCKA ONTHMAIBHBIX pellie-
HHUI B IPOTUBOPEUUBBIX YCIOBUSAX COCTOUT B CIEAYIOIIEM.

Ha nauvansHoM sTane nuno, npuaumaromiee pemenus (JIIIP), dopmynupyer nabop ycnosuii, KOTO-
PBIM JIOJIDKHO YIOBJIETBOPSTH UCKOMOE pemeHue. [loHnMas, 4To He Bce jKelaTellbHbIe YCIOBUS MOTYT
ObITh BbImosiHeHsl, JIIIP dopmynupyer mpeamodreHus, Onpenensiolue >KelaTeIbHOCT BHIOJTHEHUS
OTIENBHBIX YCIIOBUH, a TakKe OOLIyI0 [eNeBYI0 (YHKINIO, KOTOpask KOJTMYECTBEHHO BBIPAXKAET CTCIICHb
BBITIOJTHEHHUS TIOCTABJICHHBIX YCIIOBUH B IIEJIOM.

C MaTeMaTUYeCKOW TOYKHU 3PCHHUS 1ieyieBast QYHKIUS MPEACTaBIsIeT cO00M 0TOOpaKeHHE

o T
Ho>Cp= (1, .0 1y,)
rae
1, ecnu Y; eDj;
M=

0, ecnmu Y; eDj; j=L2,..., n.

371ech KaxI0€ j-€ YCIOBUE OMUCHIBAETCSI BEKTOPOM CBOMX MapaMeTPoOB Y e Camo ycioBue mpencTaBis-
eTcs B BUE 00JaCTH JOMYCTUMBIX 3HAUYCHUHN MMapaMeTpoB D - XapakTtepucTruueckas QyHKIUS yCIOBHS
W, ompejenser (hakT MPUHAUIEKHOCTH BEKTOPA TTAPAMETPOB Y ,j COOTBETCTBYIOLICH o0JacTu TOmycCTH-
MBIX 3HaUeHuu D Iz

Janee, OCHOBBIBasicb Ha PACCMOTPEHHOM BBIILIE MeTO/Ie BeTBel u rpanul, JIIIP ocymectsuser rio-
OasbHBIM OUCK ONTHUMAJIBHOTO PEIICHHs MOCTAaBICHHOM 3a/layy COTJIACHO MPHBEIEHHOMY BBIIIE ajro-
putMy. O1HaKO MOJYYEHHOE PelIeHue B 00IIeM cilyyae MOKET He onpaBabiBaTh oxxuaanus JIIIP. Yacte
NOCTABJICHHBIX YCJIOBUH NpPU 3TOM HE OyOyT BBIIOJHEHBl M peajbHOE 3HAaUYCHHE LENeBOM (QyHKIHMN

CP(¢,) Gyner menbine oxunaemoro Cox . TlosToMy nomydenHoe peuienue x{”* GyeT ABIATHCS YacT-

HBIM.

JanbHeiee pa3BUTHE MPOLECCA PEIICHUS 3a1aUud MOXKET OCYILIECTBIATHCS HA OCHOBE JBYX IOJ-
XOJIOB.

IlepBslit MOAXO OCHOBBIBAETCS HA NEPEBOAE HENOCTHIHYTBHIX OTPAaHMUYEHUN B pa3psil YaCTHBIX Iie-
neBbIX (yHKIUA. B pe3ynbraTe MoKeT OBITH IMOCTABJICHA 3aJladya ONTHMHU3AIMH, B KOTOPOW OrpaHHye-
HUSIMU BBICTYTIAIOT BBIITOJHEHHBIC OTPAaHHYCHUS, & B KA4ECTBE LIEJIEBOH (DYHKIIMH UCIIONB3yeTcss 0000-
IIeHHAas 1eeBas (PyHKIMS, COCTaBICHHAs W3 YACTHBIX LIENEBBIX (YHKUWH HEOOCTHUTHYTBIX OrpaHHYe-
HUiA. B pesynbrare pemenus nogo0HOH 3a1aui ONTUMHU3AIUH OYIyT ONpeEIeICHbI BETHYUHBI OrpaHHye-
HUH, HEOOXOUMBIE JIJISI HSTPOTUBOPEUMBOM MMOCTAHOBKH 33J]a4M BHIOOpA PEIICHU.

Heo6xonumo 0TMETUTB, 4TO B O0IIEM Cilydae Ka)KI0€ OrpaHHUCHHE OTPakaeT ONpeneIeHHbIN ac-
NEKT PaCCMOTPEHHUS PEATbHOT0 00BEKTa ONTUMHU3ALNH, 32 KOTOPHIM CTOAT CHECLUAbHBIC TEOPUHU U TEX-
HU4eckue peuieHus. 1103Tomy nocraHoBKa 3ajauul CHATHS YaCTHBIX OTPAaHUYECHMM NPUBOJUT K COOTBET-
CTBYIOILIIMM 3aJla4aM CIELMAIbHBIX HAYYHO-IPAKTUUYECKUX UCCIIEA0BAHMM.

Btopoii moaxon 0CHOBBIBAETCS Ha CIETYIOIIEM.

ITocne nonyuyenust yactHoro pewmenust JIIIP cTpeMuTCss 1OCTHYL HEBBIIOJHEHHBIE OIPAHUYEHUS B
TOM BHUJIE, B KAKOM OHH OBUTH MOCTABJICHBI, H COCPEIOTOYHT Ha 3TOMU IeNIM CBOe BHUMaHKe. B pe3ynbra-
T€ U3MEHUTCA CTpYKTypa npennoureHuii JIIIP, cooTBeTcTBEHHO M3MEHUTCSA U LieneBast QyHKIHS 3aJauu:

42
p—>C.

Penrenue mocraBiieHHOM 3a/1a4M ¢ ©I3MEHEHHOM CTPYKTYpPOM 1eNieBOW ()YHKIIUH MTO3BOJHUT MOJTY4UTh

opt

cleayromee OINTUMAJIbHOC pCHICHUC X,  , A KOTOPOIo YiKeE 6y,E[YT BBITIOJIHATBCS PAaHCC HE BBIIOJI-

HUBHIUECCA YCIIOBUA. O,Z[HaKO 1 3TO PCIICHUC B OGIIICM ClIydac TakKe 6YI[GT YaCTHBIM, TaK KaK HE BCC
YCIIO0BHUA IIOCTaBIICHHOM 3agadn 6y,I[YT BBITIOJTHATHCA.
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[Ipouecc n3MeHeHHs CTPYKTYpHI 11e1eBOH (DYHKIIMM U IOBTOPHBIC PEILICHMS 3a1a4l MOTYT UTE€PATHB-

HO MOBTOPSATBCS JI0 TEX TI0P, MOKA HA COBOKYITHOCTH TOJYYEHHBIX YaCTHBIX pemennit { x”, x3¥', ...}

9

He OyIyT BBIIIOJHEHBI BCE TIOCTABIICHHBIEC yciaoBuUs. [lanpHelilnee ABMXEHHE BIEpell OCHOBBIBACTCS Ha
He(OPMATIBHOM COACPKATEIHHOM M3Y4YEHHH JaHHOM COBOKYIHOCTH YaCTHBIX PEIICHUN C LENBIO uccie-
JIOBaHUS BO3MOYKHOCTH HMX JIOTUYECKOTO O0bEeIUHEHHS B IIEJIOCTHYIO cucTeMy. B obmiem ciyyae moiry-
YEHHBIE YaCTHBIE PELIEHUS IPOTUBOPEYAT APYT APYTY, XapaKTepU3yIOTCd HECOBMECTUMBIMU CBOMCTBA-
Mu. [loaTOMYy 00BEAMHUTD UX MOXKHO JIMIIb Ha aOCTPAaKTHOM ypPOBHE ITyTE€M OTBJICUCHHS OT HECOBMEC-
THMBIX CBOMCTB M BBIIBM)KCHHS Ha 3TOH OCHOBE 0OIIeH oObeaunstomei uaen. [locnenyromias paspa-
00TKa BBIJIBUHYTOH HJIEH JOJDKHA OMHUPATHCS HA BCIO COBOKYIHOCTH 3HAHH B PACCMaTPUBAECMOU Tpe-
METHOM 00JIaCTH M MPEICTABIATh COO0H CIOXKHYIO MHTEIUIEKTYAIbHYIO ONEPaLii0 CHHTE3a KOHKPETHO-
ro peuieHus. B pesynprare momoOHONW MHTEPAKTUBHOM MPOIETyphl MOXKHO MPUHTH K CHHTETHYECKOMY
PEIICHHIO, JIOTHUECKU 00BETUHSIONIEMY CBOMCTBA, KOTOPBIE BHAYaIe ObLTH HECOBMECTHMBIMH.

Ha puc. 4 npencraBneHa onepaTUBHas KOMIIBIOTEPHAs MOJENb IMpoLEcca MOMONa KIMHKEpa MpH
MIPOU3BOJCTBE LIEMEHTA.

outt I
oupb——— 1P
22 »( ) outs
I—P In1
Constant1 Ooud———
outs e NN
Qut6
/ 1 I N
z Subsystem2
Ramp1 Unit Delay1 Scope1

Puc. 4. OnepaTMBHail KOMNbOTEpHasda moAaenb npouecca nomMmorna KrinHkepa npu npou3BoacTBe UeMeHTa

Pe3y.IIBTaTBI KOMIIBIOTECPHOT'O MOACIMPOBAHUSA ITPOLICCCA MOMOJIa KIIMHKEPa IIPH IMMPOU3BOJACTBE 1IC-
MCHTA IIPEACTAaBJICHBI HA PUC. 5.

Puc. 5. U3meHeHUs Kpynku Ha NOBTOPHOM nomone (scopel); yaenbHbIN pacxod 3NeKTPO3Hepruu,
KBT-u/T (scope2); TOHKOCTL nomona no BneiiHy, cm?/r (scope3); poTopHbIit MoTop, KBT (scoped);
MOLLHOCTb ABUratens menbHuubl, KBT (%) (scope5) n umpkynupyiowas Harpy3ka (scope6)
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Takum 06pa30M, B pC3YyJIbTATC UCCICAOBAHNSA, TPOBCACHHOTO HA KOMHBIOTepHOﬁ MOZACn mpouecca,
BBIABJICHBI KOHKPETHBIC TEXHOJIOT'MYCCKUE PEKUMBI ITPOBCACHUA ITPOLCCCa ITOMOJIA KIIMHKEpa MIpH I1po-
HU3BOJCTBC IECMCHTA.

3akioueHune

s noBbIieHUss 3(PGEKTUBHOCTH OMOJIA IUXTHI B IIEMEHTHOM IPOU3BOJACTBE MEPCIEKTUBHBIM
SIBJISIETCS] MCIIOJIb30BaHUE HEMPOHHBIX ceTeld. HacTpoiika HeHpOHHOH CeTH, KaK MPaBUIIO, IPOU3BOIUTCS
HA OCHOBE CTATHCTHKH JTaHHBIX AKCILTyaTallMd TEXHOJIOTHYECKOTO Ipoliecca momoia. Beibop pemennit
MIPU PEIICHUN 3aJladdl OIEPATUBHOTO YIPABICHUS C HCIIOIH30BAHUEM HEUPOHHOW CETH OTHOCUTCS K
KJIACCY MHOTOKPHUTEPHAIBLHBIX 3a/ady. B paboTe mpemiokeH MeTOA MPUHATHS PEIICHUH, UCXOAS U3
MHOJKECTBA JIOMYCTUMBIX TEXHUYECKHUX YCIOBUH, HAaKIaJBIBAEMBIX Ha Tporiecc nomona. [logobHas mo-
CTaHOBKa 3a/layd B OOIIEM Cliydyae SIBJISIETCS IMPOTHBOPEUUBOM. B paboTe mpemiokeH moaxoj K perie-
HUIO TAaHHOM 3aJ]au Ha OCHOBE OIpPEACICHNS MaKCUMAaJIBHOTO YUCJIAa COBMECTHBIX B3BCHICHHBIX yCIIO-
BUH, HaJMaraeMpIx Ha mpormecc. [10100HbIM T0aX01 TO3BONISIET OPTaHU30BATh MHTEPAKTUBHYIO TPOIIEITY-
Py BbIOOpa JAOMYCTUMOTO PEIICHUS TIPU ONEPATUBHOM YIPABICHUH MPOIECCOM IIOMOJIA.
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The article proposes a method of neurocontrol by the technological process of grinding the mix-
ture in cement production in order to increase its energy efficiency. The need to use neural control is
caused by the fact that the quality of grinding and the consumption of resources depend on many fac-
tors that present great difficulties in their measurement and prediction of performance indicators. Re-
liable measurement of influencing factors is necessary to solve the problem of determining the best
combination of the volume of the ball load of grinding and the required amount of solids to optimize
the rate of reduction of the particle size of the charge with a minimum specific energy consumption.
Neurocontrol is based on the training of a neural network with a teacher, which is played by an expe-
rienced mill operator, who realizes the effective control of the grinding process. The controller, built
on the basis of the neural network, should work in real time and reflect the current state of the grinding
process. The choice of solutions for solving operational control problems using a neural network
belongs to the class of multi-criteria tasks. The paper proposes a decision-making method based
on the set of permissible technical conditions imposed on the grinding process. Such a formulation
of the problem is generally contradictory. The paper proposes an approach to solving this problem
on the basis of determining the maximum number of joint weighted conditions imposed on the pro-
cess. This approach allows you to organize an interactive procedure for selecting a feasible solution
for the operational control of the grinding process. An operative computer model of the clinker
grinding process in cement production is proposed.

Keywords: cement, clinker, neural network, charge, grinding process, operational control,
choice of solutions in a contradictory formulation.
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Management of modern territorial development is carried out using a wide range of different
procedures for the preparation and adoption of management decisions in various fields of activity.
Only correct decisions and actions that stimulate the socio-economic development of territories can
ensure sustainable and balanced development of the economy of the Russian Federation. Conse-
quently, a significant part of the procedures for the preparation and adoption of management deci-
sions in territorial administration requires the mandatory accounting of information about the object
of management in order to achieve the most effective management potential.

Unfortunately, today in the Russian Federation, the legislation does not define specific methods
and models to ensure sustainable planning and management of populated areas and to conduct a set
of measures aimed at the socio-economic development of territories.

This work is the continuation of work on the creation of a modern methodology for managing
the development of territories and is devoted to a brief description of the generated algorithm for
managing the development of territories. The study of the developed algorithm was carried out with
the help of the analysis of the emerging situations of territorial management. The set of normative
documents and scientific research on the territorial and socio-economic development of territories is
considered. A modern algorithm of territorial development management and the block diagram of its
implementation in managing the development of territories within the framework of a constituent en-
tity of the Russian Federation are demonstrated. A brief description of the flowcharts for each block
is given. The conclusions are presented on the results of the analysis of the considered algorithm for
managing territorial development. The result of this study will be a set of measures to ensure the sus-
tainable implementation of the goals of socio-economic development of the territory.

Keywords: methods of management, condition assessment, socio-economic development,
the development of areas, effective management, territories rating.

In modern conditions of international instability and various kinds of sanctions imposed by
the United States of America and their satellites, that hit the most important spheres of life of the popula-
tion, it is extremely important for the state and society to find ways to improve the socio-economic situa-
tion of the country. Among the main measures to improve the situation, in the management of regions, is
the effective management of the development of the constituent entities of the Russian Federation.

Territorial development is managed through a wide range of different processes, with the help
of which regional authorities together with municipal authorities stimulate economic development of
the territory, form new and expand old opportunities for economic activity, create new jobs for the popu-
lation, and create and implement new competitive advantages.

In modern conditions of doing business, the complexity of managing such objects as a district, city
or region is continuously increasing. [1] But, unfortunately, in the Russian Federation legislation does
not define specific methodologies, optimization and dynamic models, which capable of ensuring sys-
tematic, methodologically holistic planning and management of populated areas that would allow for
a set of activities aimed at the socio-economic development of territories.

Thus, based on the analysis of the evolving situations on territory management, as well as a set of
regulatory documents [2—8] and scientific research [1, 9, 10—17], an actual algorithm and a flowchart of
its implementation in managing the development of territories within the subjects of Russia Federation
was created. The flowchart of this algorithm is shown in Fig. 1.
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Fig. 1. Flowchart of the territorial development management algorithm

The following is a description of the flowchart of the algorithm:

In block 1, a description of the socio-economic state of the development of the territories is carried
out, the main directions and priorities of the development of the territories and the quantitative and qua-
litative characteristics of the development of the territories are formed. In the future, the analysis will be
the basis for making high-quality and reasonable management decisions by territorial administration
bodies.

In block 2, an assessment of the socio-economic status of the territory and their economic sustaina-
bility is made, which is a combination of natural, human and economic resources involved in territorial
development.

Block 3 is designed to test the economic sustainability of the territory, which allows determining,
whether the territory has enough resource potential for development or whether it is necessary to take
measures to stabilize the socio-economic situation of the territory.
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In block 4, on the basis of an assessment of the state of the territories obtained in block 2, the vari-
ants of strategies for the socio-economic development of the territory are formed.

In block 5, the selection criteria are evaluated, priorities for the socio-economic development of
the territory are determined, both in the sectoral and territorial context. And on this basis, the definition
of options for the strategy carried out in the block.

In block 6, the formed strategy of the socio-economic development of the territory is analyzed. Taking
into account the allocated resources, the conditions for achieving the goals and objectives set by
the strategy, in a timely manner based on expert assessments are checked.

Block 7 is designed to determine the degree of the strategy's ability to ensure the sustainable im-
plementation of socio-economic development goals. If the strategy is not able to ensure sustainable
and consistent achievement of the goals and objectives set, then the strategy is adjusted by returning
to block 4.

Block 8 is intended for carrying out a set of measures for the implementation of a socio-economic
development strategy.

In block 9, the formation of a territory development strategy, with the economically unstable posi-
tion of the territory, is carried out.

In block 10, the strategy is analyzed and programs are developed to stabilize and strengthen the so-
cio-economic opportunities of the territory. After the development of programs to stabilize the socio-
economic sustainability of the territories, a strategy is being formed for the socio-economic development
of the territories through the transition to block 4.

The result of the above flowchart will be a set of measures that take into account economic sustain-
ability, resource potential and development priorities of the territories, which will ensure the sustainable
implementation of the objectives of socio-economic territorial development.
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®OPMUPOBAHUE COBPEMEHHOI'O AJIITOPUTMA YINPABJIEHUA
TEPPUTOPUAJIbHBbIM PA3BUTUEM

M.O. Knenukos
HOxHo-Ypanbckul eocydapcmeeHHbili yHUsepcumem, 2. HensbuHck, Poccus

VYnpasieHne COBPEMEHHBIM TEPPUTOPHAIBEHBIM PAa3BUTHEM OCYIIECTBISETCS C IMOMOIIBIO IITH-
POKOTO CIIEKTpa pa3jM4HbIX MPOLENyp IO MOATOTOBKE M NMPHUHSTHIO YIPABICHYECKUX PELICHUH B
pa3nuuHbIX cepax NesTeNbHOCTH. TOJBKO KOPPEKTHBIE PEIICHUS M JACHCTBUS, CTHUMYJIHPYIOIIUE
COLIMAJIBHO-OKOHOMHYECKOE Pa3BUTHE TEPPUTOPHIL, MOT'YT 00ECIIEUUTh YCTOHUMBOE U COaNaHCHpPO-
BAaHHOE pa3BUTHE YKOHOMUKH Poccuiickoit denepanun.

CienoBaTesbHO, 3HAUUTEJIbHAS YacTh MPOLEAYP IO MOJATOTOBKE M MPHHSATHIO YIPaBICHYECKUX
peLICHUiT B TEpPUTOPUATILHOM YIIPABICHUH TPeOyeT 00s3aTeNbHOro yueTa nHpopManuu o0 o0bekTe
YIOpaBJICHUS IS JOCTIDKEHUs Hamboiee 3()()eKTUBHOTO YIpaBlIeHYeCKOro noTeHnuana. K coxaie-
HUIO, ceroqHs B Poccuiickort @enepanuy 3aKOHOAaTEIILCTBOM HE OTIPEIEIICHBI KOHKPETHBIC METOIBI
U MOJICNH, IMO3BOJIAIOMINE O0ECIEeUNTh YCTOWYMBOEC IUIAHMPOBAHKE M YIIPABICHHUE HACEICHHBIMHU
MECTaMHU W MPOBECTH KOMIDICKC MEPOIPHUSATHHA, HAIIPABICHHBIX Ha CONUAIEHO-I)KOHOMHYECKOE pas3-
BUTHE TEPPUTOPHIL.

JlanHas paOora sBJIsSeTCS NPOIOIDKEHHEM palOThl MO CO3AaHHI0 COBPEMEHHOH METOIUKH
YIPaBICHUS] Pa3BUTHEM TEPPUTOPHU U TOCBSIICHA KPaTKOMY ONUCAHUIO CHOPMHUPOBAHHOTO aNro-
pUTMa ympaBlieHHUsl pa3BUTHEM Tepputopuil. VccinenoBanue pa3pabOTaHHOTO ajIrOpUTMa MPOBOJM-
JIOCh C TIOMOIIBIO aHANN3a CKJIAJBIBAIOLIMXCS CUTYAlMH 0 YIPaBICHUIO TeppUTOPHIMHU. PaccMOT-
peH Habop HOPMATHUBHBIX JOKYMEHTOB M HAY4HBIX MCCICIOBAHHN O TEPPUTOPUATIBHOM U COLMAIIBHO-
HSKOHOMHUYECKOM Pa3BUTHUH TEPPUTOPHH. JIeMOHCTPUpYETCS COBPEMEHHBIN QJTOPUTM YIPaBICHHS
TEPPUTOPHUANEHBIM Pa3BUTHEM U OJOK-CXeMa €ro peai3allid MPH YIPAaBICHUH Pa3BUTHEM TEPPH-
Topuii B paMkax cyowsekTa P®. [IpuBeneHo kpaTkoe omucaHue OJOK-CXEM alTOpUTMa MO KaXIOMY
6moky. [IpencTaBneHbI BRIBOIKI IO Pe3y/IbTaTaM aHAN3a PACCMOTPEHHOTO aJTrOPUTMA YIPABICHUS
TEPPUTOPHUANBEHBIM pa3BUTHEM. Pe3ynbTaToM JaHHOTO HMCCICIOBAHWS CTAaHET KOMILICKC Mep obec-
MIEYHBAIONINX YCTOHYHBYIO pEalTU3aIHIo [eJel COUATbHO-OKOHOMIIECKOTO PAa3BUTHS TEPPUTOPHUH.

Knrouesvie crnosa: memoovl ynpasnenus, OyeHKa COCMOAHUL, COYUATbHO-IKOHOMUYECKOE pa3-
sumue, pazeumue meppumoputl, 3HHeKmueHvlLiL MEHeONCMeHM, Pelmune meppumopuil.
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CUCTEMHASA MOOEJIb KOHTPOIIA N ANATHOCTUKU
NOXXAPHOMU 3ALLUNTBI CUITOBOU YCTAHOBKMU
NETATEJIbHOI'O AINMAPATA

I.I. Kynukoe, b.P. Kynbaee
Yebumckul eocydapcmeeHHbili agualyUOHHbIU mexHUYeckul yHusepcumem, 2. Yoba, Poccusi

[Ipobnema moskapHOW 3aIMTHI JETATEIBHOTO ammapara, rie Hauboljiee SHeproHaNpsSKEHHBIM
00BEKTOM SIBJISICTCS CHJIOBAasl YCTaHOBKA, CYIIECTBYET JIaBHO M NPOAOJDKACT OBITH aKTyalbHOH H B
HacTosIIee BpeMsl BBUIY KaTacTpO(UUECKHX IOCICICTBHH BO3HHKHOBEHHS IOKapa Ha OoOpTy.
B crathe paccMaTpHBarOTCS OCHOBHBIC JIEMEHTHI CHCTEMBI NTOJKApPHOM 3aIIUTHl CUJIOBOW YCTaHOBKH
B COCTaBe JIeTaTeJbHOro anmaparta. ONUCHIBAIOTCS CTPYKTYPHO-JIOTHYECKash MOJENb PaOOThl OJioKa
MOXAPHOW 3aIIMUTHI U IPUHIUI PadOThl CHUTHAIM3aTOPa MOXapa MHEBMAaTHYECKOTO THIA, KOTOPHIE
SIBIIIFOTCS KITFOUEBBIMHU AJIEMEHTaMU CHCTEMBI 0OecrieueHHsI 0€30IacHOCTH HKCIUTyaTal[lH JICTaTeNb-
HOTO amnmapara.

IIpennaraercs NpOBOAUTH CHCTEMHOE MOAEIUPOBAHUE MPOLECCA IEPEXOAA CUIOBON YCTAHOBKU
13 HOPMaJbHOI'O COCTOSIHUSL B KPUTUYECKOE COCTOSIHUE — I0XkKap — HA OCHOBE aHajJIu3a 3aKOHOB CO-
XpaHEHUS U MEepexofia pa3iIMyHBIX BHJOB 3HEPruH IpH noxkape. OTMedaercs, yTo pa3paboTaHbl U
HaXOJAT IIUPOKOE MPUMEHEHHE METOJbl U MOJEIH MPOLECCOB FOPEHHs PA3IUYHBIX MATEPHANOB,
peaTM30BaHHBIX B BUJE NMAKETOB NMPHUKIATHBIX ITporpamMm. OJHAKO HEOOXOIUMBIM yCIOBHEM IpUMe-
HEHHs YKa3aHHBIX TIAKETOB SABJIIETCS (hOopMaNIM3aIisl IPEAMETHON OCTAaHOBKHY 3a/1aud U 3aJaHHE ee
HCXOJHBIX yCIOBHH. IIpuBOIUTCS METOAMKA MOCTPOEHUS CTPYKTYpPbl HECTALIMOHAPHON MOAENH MO-
’Kapa B OTCEKE CUIIOBON YCTaHOBKHU.

[pencraBneH 3¢dexkTUBHBI MHCTPYMEHT NPH MPOBEICHUH HMCHBITAHUA CHCTEMBI MOXAPHOM
3alIUThl — KOMIUIEKCHBIA CTE€HJ KOHTPOJIS M AMArHOCTUKH, KOTOPBIA MO3BOJIAET MOAEIHPOBATH B
KBa3HUCTATHYECKOM PEXHMME KaK IPOLECCh HOPMAIBHOTO (YHKIMOHUPOBAHUSI CUCTEMBI, TaK U OT-
Ka3Hble cuTyanuu. [IpuBOAsATCS pe3yibTaThl aHAIW3a MPOIECCOB, IOJYUYEHHBIX NPH HMCIBITAaHHIX
CUCTEMBI OKAPHON 3aIIUThI CUIIOBOM YCTAHOBKU HAa KOMILIEKCHOM IOJIyHATypPHOM CTEHJE.

Cpenu npeuMyIlecTB IPUMEHEHUS MOJyHaTypHOTO CTEHJA aBTOPHI BBLACIAIOT 3HAUYUTENBHOE
COKpaIlleHHe o0beMa M CTOMMOCTH HATYpHBIX HCIIBITAaHHI BHOBB pa3pabaThiBaeMBIX cucTeM. Pe-
3yJIBTaThl PabOTHI MOTYT OBITH HCIIOJIB30BAHBI JUI pa3paboTKu OOPTOBOI AMHAMUYECKONH MOJEIH
pacnpocTpaHEHHs MOXapa B OTCEKE CHIOBOM YCTAaHOBKH Ul MEPCHEKTHMBHON HMHTEIUIEKTyallbHOU
CHUCTEMBI TOKAPOTYILICHHS.

Kniouesvie cnoea: cucmema nodjicapHou 3aujumsl, noNCap CULOB0U YCMAHOBKU, CUSHATUIAMOD
nodcapa, memooonoeusi IDEF0, mooenv noscapa, cmeHo KOHMPOJs U OUASHOCHUKLL.

BBenenue

Cucrema MmokapHOU 3alUThI JIETATSJIBLHOIO arnapaTa sBJISETCS OJJHOH U3 Han0oJiee OTBETCTBEHHBIX
B YacTH o0ecreueHus 0€30IacHOCTH I0JIeTa, TaK KaK BOZHUKHOBEHHE MOKapa Ha JICTATSIbHOM arlmapa-
TC HpeJICTaBJIHeT I/ICKJ’IIO‘II/ITGJ'H)HYIO OIIACHOCTH U HpI/I HerI/IHSITI/II/I Mep MOXET UMECTh KaTaCTpO(i)I/I‘Ie-
CKHEC IIOCJICACTBUA. AHEU'II/IS CTaTUCTHYCCKUX JaHHBIX ITOKa3bIBACT, YTO, HGCMOTp;I HAa OTHOCHUTCIIBHO
HEeOOJIBIIOEe KOJTMYECTBO KaTacTpod), BHI3BAHHBIX OTHEM, IMOXKAP 3aHUMAET IATO€ MECTO CPEIu MPUIHH
rudeny naccaxupoB U dkumnaxa [1]. Takum oOpazom, 3a7ada CBOEBPEMEHHOTO OOHAPYKEHUS TIOKapa U
€ro JUKBUJALUS SBIAETCA aKTYalbHOM.

CramnuoHapHasi CUCTEMa IMOKapHOM 3aIlMTHI JICTaTeILHOTO ammapara npeaHa3HadeHa ajis 00Hapy-
JKEHMsI ¥ JIMKBHJIAIIUY TT0apa B HAauOoJIee M0XKapoOoIacHbIX MeCTax. B 3aBUCMMOCTH OT THIIA JICTATE/Ib-
HOT'O annapaTa 1 €ro Ha3HA4YCHUs HO)KapOOHaCHI)IMI/I MECTaMM SABIIAKOTCS. MOTOI'OHIOJIBI MapIHeBI)IX nu
BCIIOMOT'aTCIIBHBIX )Z[BHFaTeHeﬁ, CcaMH ABUTATCIN, MECTa paCHOHO)KeHI/IH TOITIJIMBHBIX 6a1<013, GaFa)KHO-
TPY30BbIC OTCEKU U Apyrue 30HHI [2, 3]. Ha MHOroaBUraTenbHbIX caMmojeTaX KOMIUICKC MOXKapOTyIlie-
HUSL MOXET COCTOSITh M3 JBYX W 0oJiee aBTOMATHYECKHUX CHUCTEM ITOKAPHON CHTHAIU3AIUU C OOIINM
MyJIbTOM yNPABICHUS.
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HpI/IMeHeHPIC MCTOJ0B MOJACINPOBAHUA K np06neMe BBISIBJICHHUS OIIACHOTO COCTOSIHHUS CHIIOBOM ycC-
TaHOBKH, TaKOT'O KaK IIOXKap, IIO3BOJIUT HAa YPOBHE H3MEHCHH nmapaMeTpoOB UCCICA0BATh XapaKTCPUCTH-
KM HAAC)KHOCTH, JKUBYUYCCTHU, OTKa30yCTOI\/’I‘H/IBOCTI/I CHCTCMBI.

1. PaccMoTpeHre MPUHIUIIOB PA0OTHI CHCTEMBbI MOKAPHOI 3aIIUTHI

B cocraB cucteMbl OKapHOW 3alIUTHI JIBYXJABHTATEIBHOTO CaMOJIETa BXOAUT OJIOK IOXKapHOW 3a-
IIUTHI, MyJNbT YIPaBICHUS, CHTHAJIM3ATOPHI M0XKapa CUJIOBBIX YCTaHOBOK, orHerymmrenu (OT1-OTS),
TpyOOmpoBOAbI MoAauM orHerymaiero cpeactsa (puc. 1). Ilynst ynpasnenns CII3, pacronoxeHHbIH B
KaOWHE MUJIOTOB, CIYXKUT JUTSI MHAMKAIIMA COCTOSIHUA 3alIUIIAEMBIX OTCEKOB M BKJIIOUEHUS MOXKapOTy-
HICHUSI.

Mynsm
ynpabneHus
3
Crah Crak
A 4 |
/lebbi brok noxoprod MNpabil
3aWUMmsl
dbuzamenb dbuzamenb
Br

Puc. 1. CocTaB cuctembl NOXapHON 3aliMThl ABYXABUraTesibHOro camorneTta

Curnanm3aTopsl Toxkapa (Haubosiee pacrpoCcTpaHEHHBIMUA B HACTOSIIEE BPEMST CTAHOBSTCS CHUTHA-
JIM3aTOPBI TOXKapa-eperpepa) MpeACTaBisAOT co00i ycTpoHcTBa, Ipeoldpasymoinue (GpU3NKO-XUMHUYE-
ckre (pakTOpHI ToXKapa B M3MEHEHHE ICKTPUISCKUX MapaMeTpoB JUTsl JajbHeuIe o0paboTKH U BhIa-
Yy curHaia o noxape. Hanboiee pacrpocTpaHeHHBIMU CUTHAIH3ATOPAMH TI0XKapa SIBISIOTCS TNHEHHBIC
CUTHAJIM3aTOPbl ITHEBMATHYECKOIO THIIA, paboTa KOTOPhIX OCHOBaHa
Ha TIOBBINICHUW JABIICHUS Ta3a C IMOBBIIICHHEM €ro TeMIlepaTyphl.
KOHCTpYKTHBHO CHTHAIIM3aTOp TMPEACTaBISIET COOOW HEHTpPaTbHBIN
MIPOBOJIHUK 2 U3 BOJIOPOAA, OKPYKEHHBIN Ta3000pa3HbIM TeiueM 3 u
MMOMEIIEHHBIA B METAJUIMYCCKUI KOpITyC 1, M HAMaThIBaCTCS Ha KOP-
myc CHJIOBOM ycTaHoBKH (puc. 2) [4]. ['a3000pa3ublii renuii yBenu-
YUBACT CBOC JABJCHHE NMPH YBSIUYCHHH TEMIICPATYPhl BOKPYT KOp-
Mmyca JJaTYMKa B COOTBETCTBUH C YPABHEHHUEM I'a30BOI'0 COCTOSIHHS 3a
CYeT BBIACICHHS Ta3a U3 LEHTPaJbHOrO MPOBOIHHUKA, W BBIJACTCS
curHai TpeBoru. [Ipu 3TOM BBIIENAFOIIMICS Ta3 OTIMYAETCH OT Te-
JIUsl, C HUM HE CMEIIMBACTCS, XMMUYCCKU HE B3aUMOJICHCTBYET U T10-
[JIOIIAETCS MPOBOJHUKOM, KaK TOJbKO HArpeThli Y4acTOK JaTdMKa
OXJTAXKAAETCS HIDKE KPUTHYECKOW TemmepaTypbl. [lockonbky mpo-
IIECC BBIACICHUS U MOTJIOUICHHS I'a3a U3 MPOBOJIHUKA 00paTHUM, AaT-
YUK MOYET OBITh UCIIOJIb30BaH MHOT'OKPATHO.

Bbriox moxapHO# 3amuThl, SIBIAACH BaKHEHITUM 3JIEMEHTOM Ha-
PAAY C CHTHAIM3AaTOPOM IOXKapa, MpeJHa3HaueH A1 00paOdOTKU HH-
(hopMalu OT CUCTEM OOHAPYIKEHHS M JIMKBHIAIMY MTOKapa, POPMUPOBAHKS aBaAPUIHBIX U MIPEIYIIPERK-
JTAIOMINX CUTHAJIOB Ha ITyJbTE YIPABICHHUS, TPOBEPKU HUCIIPABHOCTH KOMIIOHEHTOB CHCTEM.

CTpyKTypHO-TIOTHYECKasT MOJIENbh PabOTHI OJ0Ka MOKAPHOW 3alUTHI, pa3paboTaHHAs C TTOMOIIBIO
merononoruu IDEF0, npencrasinena Ha puc. 3. [ 6y10ka BXOJHOM MH(pOpMaLUEH SBISIOTCS TEMIIe-

Puc. 2. lluHerHbIN curHanusaTop
nMHeBMaTU4ecKoro tuna
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paTypa CHJIOBBIX yCTAaHOBOK, CUTHAJBI O COCTOSHMM OaraxxHo-rpy3oBbix otaeienuid (BI'O), curnamst
MOJCUCTEMbI MOXapoTylIeHusl. BoixoaHoil mHpoOpManuel, KOTOPYIO MONydYaeT MyJbT yNpaBieHUS,
SIBIISIFOTCSL COCTOSIHUE CHUJIOBBIX YCTaHOBOK, coctosinne bI'O, cpabaTeiBaHME MOJCHUCTEMBI MOXKAPOTY-
HIEHUS.

AnropuTM ynpaBneHus

N

Temneparypa Moxap neBoro ABuratens
neBoro Aswratens Onpeaenmm -
Temnepatypa Tennosoe Moxap npasoro ABurarens
npasoro Asurarens cocTosiHne Moxap BCY

CUIOBbIX >
Temnepatypa BCY YCTaHOBOK Tennosoe cocTosiHNE

0p ") CUIIOBbLIX YCTAaHOBOK
CocTosiHne
nepenHero 6O Onpepermts Moxap nepegHero B0
TENIOBOE >
CocTosiHue COCTOsHME Moxap 3agHero BrO
aapgHero 6O Bro .
aA Tennosoe
0p. 2 cocTosiHue
’ Bl L >
o o CpabatbiBaHune
MvponatpoHbI CCE)C'I%RHVIe nogcucTeMbI
OrHeTyLLUUTENEN MOXapOTyLLEHMS
noacucTEMBI
N NOXapoTyLUEHUS
[aBneHvie orHeTyLLMTENEN POty
0p.
& 1
N
Brok noxapHow 3aLuTbl

Puc. 3. CTpyKkTypHO-nornyeckas moaenb paboTbl 6510ka NoXXapHOMW 3alUTbI

2. Mopeas moxxapa B 0TCeKe CHJIOBOI YCTAHOBKH

ABapuu JIBUTATENIeH BCIEICTBHE TPUYMH HEIOKAIM30BAHHOTO Pa3pyLICHUs] pOTOpPa, KaK MPaBHIIo,
MPaKTUYECKH BCETJa COMPOBOXKAAIOTCS TOXKAPOM B JIBUTATEIbHOM OTceke. 1101 HeloKann30BaHHBIM
paspyLIeHHEM POTOpa MOHUMAETCs J1000e pa3pylIeHue, MPUBOAALIEe K BEIOPOCY U3 IBUTaTeNsi 00JI0M-
KOB pOTOpa, KOTOPHIE MOT'YT IIPUBECTH K OIACHBIM ITOCIIEICTBHSIM JJIsl caMmoiera [5].

[Ipu >TOM Ha KaXIOM JBHUTraTele HMMEIOTCS TOIUIMBHAS, MAaclisiHasl, THIpaBIHYecKas CUCTEMBI,
uMeromye OOJBUIYIO MPOTSHKEHHOCTh M MHOTOYHMCIICHHBIE MEXaHW4YecKue coeanHenus. [Ipu paspymre-
HHUH TPYyOOIIPOBOIOB 3THX CHCTEM BO3MOXKHO IOSIBICHHE TEUH TOILIMBA, Macia. [Ipu KOHTakTe aBuaIy-
OHHBIX JKUJIKOCTEH C TIOBEPXHOCTSIMH, UMEIOIIMMH BBICOKHE TEMIIEPATYphl, WA B PE3YJIbTaTe UCKPCHUS
pa3psoB CTaTHYECKOTO DICKTPHYECTBA B OTCEKE CHIIOBOHM YCTAaHOBKH MOKET BOSHMKHYTH moxkap. Ha-
npuMep, OOJBIIMHCTBO NMPUMEHSIEMOr0 aBHAIIMOHHOTO TOIUIMBA UMEET TEMIIEPaTypy T'OpeHHsl MOopsaKa
220 °C, xorja MmoBepxXHOCTh CUJIOBOM yCTAaHOBKHM B 30HE PACIONIOKEHHS KaMep CrOpaHUs UMEeT TeMIle-
patypy B oomactu 350-500 °C.

Takum 00pa3oM, MOYKHO BBIICIUTD CIIEAYIONIHE MPEIEACHTHI, MIPUBOAILINE K MOXKApy B OTCEKE CH-
JIOBOM YCTaHOBKH:

® HapyIIeHUE TePMETUYHOCTH TOIUTMBHBIX, MACIISIHBIX TPYyOOIIPOBOJIOB;

® KOHTAKThl aBHAITHOHHBIX )KUIKOCTEH C HArPETHIMH TOBEPXHOCTSIMHU;

® HEJIOKAJIM30BaHHOE Pa3pyIIeHUE POTOPA;

® JICKpEHHE POBOIOB, KaK CIIEJICTBUE — TI0XKAP AJIEKTPOIPOBOJIKH.

Ha ocHOBaHMM JaHHBIX MPHYMH CUTHAIN3ATOPHI MOXKapa B OOJILIIMHCTBE CIyYacB pa3MelnaroT Ha
CHJIOBOH YCTAHOBKE B CIICAYIOIIUX 30HAX:

® BEHTIJIATOPA;

e Macio0aka U KOpOOKH MPHUBOJIOB;

® KaMepbl CTOPaHUSL.

AHaNM3 NpeneaeHToB MOKa3bIBaeT, YTO BO BPEMS I0YKapa CHIIOBOW YCTAaHOBKH MOTYT BBIACISTHCS
CJIEYIOLIME BUJIBI SHEPTHIA.
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1. DHeprus ropeHus TOIUMBa WW; Ha MAaKCUMAaIILHOW MTPON3BOANTEIHLHOCTH TOIUIMBHOTO HACOCA:

W1 = fi(Gr, Ne, V, Ppx), (1)
rae Gt — IPOU3BOJAUTENBHOCTh TOIUIMBHOTO Hacoca; N¢ — MOJHOTAa CTOpaHUs TOIUINBA;, } — CKOPOCTH
00yBaeMoro Bo3ayxa; Ppy — IaBlIeHUE BO3AyXa Ha BXOJIE JIBUTATEIS.

OHeprus TopeHus TOIUIMBa W) B CHIIOBOM yCTaHOBKE OY/ET ONPEACISTHCS Ta30JUHAMUYCCKUMH
rapaMeTpamMu 00JyBaeMOr0 BO3IIyXa, MPON3BOAUTEIHHOCTHIO TOILIMBHOI'O HACOCA W TOJHOTOW Cropa-
HUS TOTUIMBA.

2. DIEKTPOMEXaHUIECKUE 3aMmachl YJHEPTUH Ws:

W, =£(0), ()
rae Q — nepeMeHHasi, Onpeessonas MEXaHHIeCKy 0 MOIITHOCTb.

[Ipu HeNmoOKaIM30BaHHOM pa3pyIICHWU POTOpa IO 3aKOHY COXpPaHEHHS SHEPTUM MeXaHWUdecKas
MOIIIHOCTh HEUCTIPABHBIX arperaToB MOXET MPeo0pa3oBaThCs B TEIUIOBYIO MOIIHOCTh, KOTOpas MpUBE-
JIeT K BOZHUKHOBEHHIO Tokapa. K mpumepy uHImmeHT, npousomenimuii 22 asrycra 2018 r. ¢ camore-
toM Ty-204, BBIOJHABIIMM peiic mo mapuipyty Y da — Couu, npuBesl K BOSHUKHOBEHUIO TUTAHOBOTO
ro’kapa 1o MpUYHUHE pa3pyIICHUs JIONATOK KOMIIpeccopa, KOTOPhIE IMOMalld B 3230p MEXKIY POTOPOM H
CTaTOPOM CHIJIOBOW YCTAHOBKH [6].

3. DHeprust pacnpeeeHHOro TopeHus W;, 3aBucsinas 4acCTUYHO OT HEPTrUu TOpeHus TormnBa W,
YaCTHYHO OT AJIEKTPOMEXaHHUYECKON MOIIHOCTH W),

W3 = fs(Wh, W). (3)

YkazaHHbIE BHJBI SHEPTHH NPU TOXKApe CHIOBOW YCTAaHOBKH MOXKHO OIICHHTH C IOMOIIBIO TPH-
KJIQJHBIX TTAKETOB MIPOrPaMM, KOTOPHIE SBJISIOTCS YHUBEPCATHHBIM HHCTPYMEHTOM MOJETUPOBaHUS (Pu-
3UYECKHUX MPOIIECCOB MpH Toxape [7, 8].

Ha puc. 4 nokazana Mozenb paclpoCTpaHEHHs MOXKapa B OTCEKE CHJIOBOM YCTaHOBKH. BO3HMKHO-
BEHHUE MM0Xapa MPOUCXOIUT U3-3a pa3pbiBa TOIUIMBHOTO TPYOOIIPOBOAA, Yepe3 KOTOPHIH MPOXOAUT pac-
xon 0,05 xr/c kepocrHa, 00bEM MOJIKAIIOTHOTO CBOOOTHOTO MTPOCTPAHCTBA cocTaBiseT 1,94 M.

Mecmo
Bo3HukHoBeHus
noxapa

Puc. 4. Mogenb pacnpocTpaHeHus noxapa B oTceke CUITOBOW YCTaHOBKMN

3. [IpoBepka pyHKIHOHMPOBAHUS CHCTEMBI

B nHacrosiiiee BpeMsi IUPOKO MCTIONB3YIOTCS CTEH/IBI, TTO3BOJISIIONINE Ha YPOBHE W3MEHEHUH mapa-
METPOB HCCIIEIOBATh YKa3aHHBIC XapaKTEPUCTHKH HAIeKHOCTH U >kKuBydecTH cuctemsl [9]. IlpoBepka
(yHKIIMOHUPOBAHHMS CHCTEMBI IIPOXONT 110 CXEME CTEH/Ia, H300pasKeHHOTO Ha pHC. 5.

B cocraB cTenna BXoauT UccieayemMas CUCTeMa MOKapHOW 3alUThl U KOMIUIEKCHBIN MyJIbT KOH-
TPOJIS U AWMArHOCTUKUA. KOMITIEKCHBIN MyJIbT BKIIFOYAECT B CeOs AIIEMEHTHI WHAUKAIUN, HIMUTATOPBI UC-
MOJTHUTENBHBIX MEXaHU3MOB TYIICHHS, UMUTATOPHI TEIJIOBOI'O COCTOSHUS CHJIOBBIX yCTaHOBOK. MiMuTa-
TOPBI UCTIONHUTENbHBIX MEXaHU3MOB TYIIEHUS UCTIONB3YIOTCA JUIsl TIOJMEHBI TUPONATPOHOB OTHETYIIH-
TeNei, KOTOphle cpabaThIBAIOT 1O CUTHAIAM CHCTEMBI IMMOXKapHOW 3alUTHI, IPU ATOM OTHETYIIAIlee
CPEACTBO, XpaHsIIeecs MO BBICOKMM JABICHHEM B OajUIOHE, MOCTYMAeT MO TPyOOmpoBOJaM B OTCEK
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CUJIOBOH YCTaHOBKH. MIMUTATOPBI TEIJIOBOTO COCTOSIHUSI CHIIOBBIX YCTAHOBOK XapaKTEPU3YIOT COCTOS-
HUE 00BEKTa B COOTBETCTBHH C MOJICIMPOBAHMEM HEOOXOMUMON CHTYyallMd KakK B INTATHBIX PEXKHMaX
paboThI, TaK M TIPU Pa3IMIHBIX OTKa3aX 00BEKTa.

KomnnekcHbI nynbT
KOHTPOMA M ANarHOCTUKK

Mugukauna

T -
WnnTaTopel Cuctema noxapHoi
WUCNONMHUTENbHbIX
3aLunTbl

MeXaHW3MOB TyLUEeHWNA

MmutaTopel Tennoeoro
COCTOAHNA CUNOBbIX
YCTaHOBOK

Puc. 5. Cxema cTeHAaa AnsA npoBeAeHUs UCNbITaHUN
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Puc. 6. KomnnekcHbIN NyNbT KOHTPOSSi U ANArHOCTUKMU

s nmpoBeneHNs MCTIBITAHUM CUCTEMBI MOKApHOW 3aIlWTHl ObUT pa3paboTaH KOMIUIEKCHBIN MyJIbT
(puc. 6). JlaHHBIN KOMIUIEKCHBIH IyJIBT 103BOJISET IIPOBOAUTH IPOBEPKY MPH CIEAYIOIMIUX COCTOSIHUAX:
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e mTatHOe (PYHKIIMOHUPOBAHUE CHCTEMBI,

® OTKa3HbIC CUTyallMHd (MMHUTAIMsI OTKA30B peajn3yeT OOpBIBBI U KOPOTKHE 3aMbIKAHHUS BHEIIHUX
JNEKTPUIECKUX IIeTei);

® pexoH(pUTypaIyst IPOBEPSAEMO CUCTEMBI B CIyYasiX OTKAa30B U TTOBTOPHOTO MOXKapa.

C ucmosip30BaHUEM JTAHHOTO KOMIUICKCHOTO ITyJIbTa OBUIM IMOJYYCHBI PE3yJIbTaThl MIPOBEPOK IIPH
MITATHOM ()YHKIIMOHUPOBAHUW CHUCTEMBI TIOXKAPOTYIICHHS CHIIOBOH ycTaHOBKH (puc. 7). OO0beM moaka-
MOTHOTO CBOOOIHOTO MPOCTPAHCTBA COCTaBsAeT 1,94 M, OTHETYIIAIIEe CPEACTBO — XJIAJIOH, CUTHAJIH3a-
TOPBI TIOYKapa — JIMHCHHBIN CUTHAIM3ATOP MHeBMaTHyeckoro Tuna. CpabaTbiBaHHE CUTHAIM3aTOPOB CO-
cTaBiseT He Oolee § C, JOCTHKEHHE TIOXKApOTYyIIaneil KoHeHTpauu — 16,2 c.

CpedHss memnepamypa B omceke, °C
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Puc. 7. N'padmk paboTbl cUCTEMbI NOXAPOTYLIEHUA CUSIOBOW YCTaHOBKMU
BoiBoabI

Pazpabotan TeXHHUYECKHHA CTEH]I, BKIIOYAIOLUINNA B Ce0sl HCCIEAYEMYIO CUCTEMY MOXKapOTYLICHUS U
KOMIUIEKCHBII MyJIBT KOHTPOJIA U AMarHOCTUKH. COBMECTHBIE UCITBITAHUS CUCTEMBI MOXKapHOW 3aIlUThI
C KOMITJIEKCHBIM ITyJIbTOM IO3BOJIAIOT HA YPOBHE M3MEHEHHH MapaMeTpOB HCCIENOBaTh TEXHUYECKHE
XapaKTePUCTUKHU CHUCTEMbI B LIMPOKOM JHAla30HEe, TaKKe IMO3BOJSIOT 3HAUYMUTENBHO COKPATUTh CTOU-
MOCTh U 00bEM HATYPHBIX UCIIBITAHHH BHOBb Pa3padaThIBAEMbIX CHCTEM.
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SYSTEM MODEL OF MONITORING AND DIAGNOSTICS
FIRE PROTECTION OF AIRCRAFT POWERPLANT

G.G. Kulikov, gennadyg 98@yahoo.com,
B.R. Kulbaev, bulat-kulbaev@rambler.ru

Ufa State Aviation Technical University, Ufa, Russian Federation

The problem of fire protection of aircraft, where the power plant is the most energy-intensive
object, has existed for a long time and continues to be relevant in the present day due to the disas-
trous consequences of a fire on board. The article discusses the main elements of the fire protection
system of the power plant as part of the aircraft. It describes the structural and logical model of
the fire protection unit and the principle of operation of the pneumatic type fire detector, which are
key elements of the safety system of the aircraft.

It is proposed to carry out system modeling of the process of transition of a power plant from
a normal state to a critical state — a fire, based on an analysis of the laws of conservation and transi-
tion of various types of energy during a fire. It is noted that the methods and models of the combus-
tion processes of various materials, implemented in the form of application software packages, have
been developed and are widely used. However, a necessary condition for the application of these
packages is the formalization of the objective formulation of the problem and the setting of its initial
conditions. A method for constructing the structure of a non-stationary model of a fire in a power
plant compartment is given.

An effective tool for testing the fire protection system is presented — a comprehensive monitor-
ing and diagnostics bench, which allows simulating both processes of normal system operation and
failure situations in a quasistatic mode. The results of the analysis of the processes obtained during
testing of the fire protection system of a power plant on a complex semi-natural stand are presented.

Among the advantages of using a semi-natural stand, the authors distinguish a significant reduc-
tion in the volume and cost of field tests of newly developed systems. The results of the work can be
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used to develop an on-board dynamic model of the spread of fire in the power plant compartment for
a promising intelligent fire extinguishing system.

Keywords: fire protection system, power plant fire, fire detector, IDEF0 methodology, fire model,
monitoring and diagnostics stand.
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NEED OF DEVELOPING INFORMATION SYSTEMS
OF MANAGING A TECHNOLOGY LIFECYCLE
OF INDUSTRIAL ENTERPRISES

A.V. Hollay, alexander@hollay.ru
South Ural State University, Chelyabinsk, Russian Federation

The following article is aimed at justifying the need of developing new information systems of
managing a lifecycle of technologies in order to increase the efficiency of industrial enterprise per-
formance. This necessity was caused by the objective processes happening in the world, specifi-
cally globalization of the world economy and further specialization of labour which led to segre-
gation of production facilities from R&D centers developing new types of products and doing
market research. In this regard, the competitiveness of industrial enterprises is now primarily to be
defined by the efficiency of the technologies used in the production process. However, nowadays
the vast majority of information systems are aimed not at managing technologies, but at managing
products.

The author shows the common ground and differences between the management systems of
a product lifecycle and management systems of a technology lifecycle as well as what competitive
advantages industrial enterprises will get implementing management systems of a technology life-
cycle. At the same time, the transition into such system should not have a revolutionary nature. It can
be implemented due to the improvement of the available information systems, with shifting the
focus on improving the existing technologies and creating new ones. Upon such transition, indus-
trial enterprises will keep the available competences in developing new types of products and will
receive an additional impulse of development due to the increase in efficiency of the technologies
used.

Keywords: information systems, technologies, management, industry, enterprise management,
technology lifecycle management of technology lifecycle.

Introduction

Now due to globalization of the world economy, there is a stiffer competition among industrial en-
terprises [1]. One of the ways to increase the performance efficiency is to implement information sys-
tems allowing the management to make justified managerial decisions [2]. However, the introduction of
modern information systems does not guarantee the success of the enterprise in the market yet. To en-
sure the efficiency of their implementation, it is necessary to carefully approach the choice of software
products, to consider specific nature of tasks solved and to devise a strategy of informatization of
the enterprise.

Product lifecycle

The concept of a lifecycle (of enterprises, goods, technologies, etc.) is widely used to describe
the phenomena occurring in social and economic systems [3]. The largest set of models is presented by
the models of an enterprise lifecycle [4]. Next, there are the models of a product lifecycle [5], and mo-
dels of information systems lifecycles are described the best in this category [6]. The models of a tech-
nology lifecycle are least worked through [7].

The common feature of all of them is that they begin with a ‘birth’ stage and finish with a ‘death’
stage which suggests that there is a certain objective regularity inherent in all the objects of the material
world.

A Product Lifecycle is a set of processes associated with a certain product from the moment of re-
cognizing the need in the society to its utilization (Fig. 1).

Currently the information systems of a product lifecycle management (PLM — Product Lifecycle
Management) [8, 9] are widely used and aimed at considering the features of all the stages of a product
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lifecycle. The PLM systems promote reducing the time of developing a product, accelerating its marketing
and improving the quality and reliability of products. These are parts of PLM [10]:

e Product Data Management, PDM;

e Computer Aided Design, CAD;

e Computer Aided Engineering, CAE;

e Computer Aided Manufacturing, CAM;

e Computer Aided Production Planning, CAPP;

e Manufacturing Process Management, MPM;

¢ Digital Manufacturing, DM;

e Maintenance, Repair and Operations or Overhaul, MRO.

Although PLM solutions also include systems of production planning (Computer Aided Production
Planning) and a production management systems (Manufacturing Process Management), such systems
are a part of a product lifecycle management system, i.e. a production process is merely a secondary
process of product development.

8. Exit 1. Marketing |

7. Service 2. Concept

Product Lifecycle

6. Sale 3. Engineering

| 4. Preparation of
‘ 5. Manufacture | Manufacture

Fig. 1. Product lifecycle

Let us consider the following sequence: “Need — Product — Technology”. The emergence of a new
need in the market leads to the aspiration of the companies to develop new products satisfying this need
and aiding making a profit. A need to make new products can cause the necessity of change in the pro-
duction technology if such products cannot be made within old technological processes. The strategy of
searching for new needs — developing new products — production change is convenient for the compa-
nies which are the leaders in placing new products on the market. Most often such companies are leaders
in producing new types of products and own large R&D divisions which are engaged in the analysis of
the markets. At the same time, in many cases they have no own production divisions. This is usually
caused by the further division of labour in the modern world and transferring production facilities to
areas with cheaper labour, lower taxes, etc. At the same time, production companies have turned into
production sites now and take production orders from product developers. If a new product is impossible
to make with old production facilities, the developers most often just find another production company
capable to fulfil this order. Thus, building a management system of an industrial enterprise only based
on the concept of product lifecycle management can result in noncompetitiveness at a radical change of
products.

Let us address the “Need — Product — Technology” sequence once again. It is objectively possible
to say that neither the need nor the product or technology remain constant as they change over time.
Three strategies of behaviour are possible, depending on what management of the company is focused
on (Table 1).
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Table 1
Possible behaviour strategies
No Focus Actions Notes Production exp cnses
Advantages Disadvantages
1 |Need Market As a result of a market An opportunity to High costs of a market
research research, we define develop new desired |research, the oversta-
the needs to satisfy which |products ted cost of the product
new products and tech- made
nologies of their produc-
tion are developed
2 |Product Developing [Revolutionary products  |Possibility of creating |High costs of develo-
new kinds |often appear not as a result |a new market and its  |ping products, overes-
of products |of a market research, as in |monopolization in case |timated cost of the pro-
society there are no needs |of success of a revolu- |duct made. Risks con-
they can satisfy yet, but  |tionary product nected with impossi-
as a result of scientific bility of production of
researches. Only then new a revolutionary pro-
products form new needs duct using old techno-
for society logical facilities
3 |Technology [Improving |Improvement of technolo- \Improvement of Lack of opportunity to
technologies |gies allows us to reduce  |the operating tech- compete due to unique
the production cost of nologies, reducing goods
the existing products. the cost of the products
Significant changes in made. High competi-
technologies make it pos- |tiveness is reached by
sible to produce new the production com-
products whose produc- |panies which master
tion was impossible using |advanced technologies
old technologies first

Thus, it is obvious that the needs, product and technology are interconnected and interdependent.
And it is the distinctive nature of company activities which defines the focus. In particular, production of
standard products is a characteristic of industrial enterprises, so the need for producing revolutionary
products arises quite seldom. The competitiveness of manufacturing enterprises is generally defined by
the ability to offer low production cost due to the best possible processes (technologies).

A technology lifecycle

Summing up, modern industrial enterprises which produce standard products or fulfil orders of
product developers do not have considerable advantages by implementing strategies focused on needs or
products. Focusing on technologies is what improves the existing technological processes.

The interrelation of lifecycles of a need, a product and technology is presented in Fig. 2.

As it was shown earlier, the concept of a lifecycle can be also applied to technologies. Most often
by the stages of a technology lifecycle they mean a certain degree of maturity of technological process-
es: the latest technology, the advanced technology, the modern technology, the older technology,
the outdated technology [11]. Dividing technologies according to this principle does not set accurate
requirements to information systems of managing a technology lifecycle. Therefore we shall define
the stages of technology lifecycles in a similar way to a product lifecycle (Table 2). It is clear from
Table 2 that at the moment information systems in the field of engineering design of new technologies
are well implemented as these systems were developed within management systems of a product lifecy-
cle. While the systems connected with supporting the stages of technological forecasting, enhancing,
replacement and exit of technology require further improvement. It should be noted that now the sys-
tems of improvement of technologies based on process approach — Business Process Management
(BPM) are being massively developed [12, 13]. The interrelation of lifecycles of a need, a product and
technology is presented in Fig. 2.
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3. Maturity
4 el Need Lifecycle 2. Growth
3. Exit 1. Emergence }
8. Exit 1. Marketing } E
7. Service 2. Concept
Product Lifecycle
6. Sale 3. Engineering

| 4. Preparation of
| 5. Manufacture | Manufacture

| 5. Enhancement 4. Implementation

6. Replacement

Technology Lifecycle 3. Engineering

1. Technological |

7. Exit e | 2. Concept

Fig. 2. Interrelation between a lifecycle of a need, a product and technology

Table 2
Stages of a technology lifecycle
Stage Content
1. Technological Forecasting of changes in technical characteristics and forecasting of developing
forecasting technologies
2. Concept Development of concepts of new technologies

3. Engineering

Design of a new technology in order to implement it in a certain enterprise

4. Implementation

Implementation of a new technology

5. Enhancement

Any technology requires improvement and enhancement as a result of which
production costs decrease

6. Replacement

Replacement of one technology by another one is often followed by a set of
structural changes in the company

7. Exit

Terminate utilizing a technology
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One more drawback of aiming information systems at a product (managing a product lifecycle) is
that some processes in the enterprise are not directly connected with a new product release, such as lo-
gistics, accounts department, HR, etc. Thus, these processes are often out of sight of the management
and are not improved at the same time as a product. Many industrial companies failed not because they
could not develop and produce new products but because the production of these products on the basis
of inefficient technologies did not allow them to be competitive. Development of the information sys-
tems allowing the industrial companies to be focused on technologies will result in gaining competitive
advantages.

Earlier the author [14] showed that a term ‘technology’ has a broad meaning and is not limited to
production technologies. Development and implementation of management systems of technology
lifecycles will allow us to get the effective management of all the processes of the enterprise back on
track.

Conclusion

The following article the need of developing a new class of information systems, namely, manage-
ment systems of a technology lifecycle which can become the basis for improving competitiveness of
the enterprises is shown. Transition from management systems of a product lifecycle to management
systems of a technology lifecycle is objectively necessary for further development of the industrial en-
terprises.

Management systems of a technology lifecycle have to include both the systems which are already
available and connected with managing a product lifecycle, and the new systems necessary for improving
the available technologies and developing new ones.

References

1. Loginovskiy O.V., Burkov V.N., Burkova L.V., Gelrud Ya.D., Korennaya K.A., Maksimov A.A.
Upravleniye promyshlennymi predpriyatiyami: strategii, mekhanizmy, sistemy: monografiya [Manage-
ment of Industrial Enterprises: Strategies, Mechanisms, Systems: Monograph]. Moscow, INFRA-M
Publ., 2018. 410 p.

2. Loginovskiy O.V., Korennaya K.A. [Increasing the Efficiency of the Enterprise on the Basis of
Modern Management Technologies and Information and Analytical Systems]. Avtomatizatsiya i
upravlenie promyshlennymi predpriyatiyami: dokl. nauch.-tekhn. konf. vseros. foruma “Informatsionnoe
obshchestvo-2015: vyzovy i zadachi” | Automation and Management of Industrial Enterprises: Dokl. of
Scientific-Techn. Conf. All-Russia. Forum “Information Society 2015: Challenges and Tasks”]. Chelya-
binsk, South Ural St. Univ. Publ., 2015, pp. 4-38. (in Russ.)

3. Novikov D.A. Teoriya upravieniya organizatsionnymi sistemami [Theory of Management of Or-
ganizational Systems]. Moscow, Publ. of Phys. and Math. Lit., 2012. 604 p.

4. Scherbakova E.A. Sistemnyy podkhod k upravieniyu zhiznennym tsiklom organizatsii [A Syste-
matic Approach to Managing the Lifecycle of an Organization]. Production Manager, 2013, no. 3 (58),
pp. 28-30. (in Russ.)

5. Pavlov N.V. Upravleniye zhiznennym tsiklom produkta [Product Lifecycle Management]. St. Pe-
tersburg, St. Petersburg Polytechnic University of Peter the Great Publ., 2014. 219 p.

6. Zaramenskikh E.P. Upravileniye zhiznennym tsiklom informatsionnykh sistem: monografiya [In-
formation Systems Lifecycle Management: Monograph]. Novosibirsk, CRNS Publ., 2014. 270 p.

7. Kononov V.N., Zambrgitckaya E.S., Dema R.R., Kharchenko M.V. [Industrial Technology
Lifecycle Management). Bulletin of Omsk University. Series “Economics”, 2018, no. 1 (61), pp. 76-87.
(in Russ.) DOI: 10.25513/1812-3988.2018.1.76-87

8. Kolchin A.F., Ovsyannikov M.V., Strekalov A.F., Sumarokov S.V. Upravieniye zhiznennym
tsiklom produktsii [Product Lifecycle Management]. Moscow, Anakharsis Publ., 2002. 304 p.

9. Kulga K.S. Avtomatizatsiya tekhnicheskoy podgotovki i upravieniya proizvodstvom na osnove
PLM-sistemy [ Automation of Technical Training and Production Management Based on PLM-Systems].
Moscow, Mashinostroenie Publ., 2008. 275 p.

10. Saaksvuori A., Immonen A. Product Lifecycle Management. Berlin, Springer, 2008. 254 p.
DOI: 10.1007/978-3-540-78172-1

BecTHuk HOYplY. Cepus «KomnbioTepHble TEXHONOrMK, ynpasreHue, PaauoaneKkTPoHUKay. 157
2019. T. 19, Ne 2. C. 153159



KpaTtkme coobLieHus

11. Martynov O.Yu. [The Lifecycle of Technology in the Production of High-tech Products]. Vector
of Science of Togliatti State University, 2012, no. 1, pp. 69—72. (in Russ.)

12. Benedict T., Bilodeau N., Vitkus P., Powell E., Morrisa D. et al. BPM CBOK Version 3.0:
Guide to the Business Process Management Common Body Of Knowledge. Create Space Independent
Publishing Platform, 2013. 446 p.

13. Dumas M., Rosa M., Mendling J., Reijers H. Fundamentals of Business Process Management.
Berlin, Springer, 2018. 527 p. DOI: 10.1007/978-3-662-56509-4

14. Hollay A.V. [The Genesis of the Concept of “Technological Development”]. Management in
Modern Systems, 2018, no. 3 (19), pp. 20-24. (in Russ.)

Received 22 February 2019

YOK 005.7 DOI: 10.14529/ctcr190214

HEOBXOAUMOCTb PA3SPABOTKN UH®OPMALIMOHHBIX CACTEM
YNPABNEHUA XKW3HEHHBIM LIMKITOM TEXHONOIUN
NMPOMBbILUEHHBIX MPEANPUATUN

A.B. lNonnaii
FOxHo-Ypanbckuli 2ocydapcmeeHHbil yHuUsepcumem, 2. YensbuHck, Poccus

Hacrosimas pa6oTa HampaBieHa Ha 000CHOBaHHE HEOOXOAMMOCTH pa3paObOTKH HOBBIX HHGOP-
MAIMOHHBIX CHUCTEM YIPABJICHHsS JKU3HCHHBIM IHKIOM TEXHOJOTHIl C IeJbl0 MOBbIeHHs 3 dek-
TUBHOCTH JIEATCIFHOCTH MPOMBIIUICHHBIX MPEINPUATHA. JTa HEOOXOJUMOCTh OBLIa BHI3BaHA 00B-
€KTHBHBIMH MPOLIECCAMH, MPOUCXOASAIINMEI B MUPE, & UMEHHO: rio0aii3aineii MUPOBON 9KOHOMHU-
KU W JaibHEHIIeH crenuanu3anueil Tpyaa, KOTopble MpHBear K 000COOICHUIO MPOU3BOACTBEHHBIX
MOIIIHOCTEH OT IIEHTPOB MO Pa3pabOTKe HOBBIX BHIOB MPOMYKIUH U UCCIIEIOBAHUIO PHIHKOB. B 3T0#
CBSI3M KOHKYPEHTOCIIOCOOHOCTh MPOMBIIUICHHBIX MPEIIPHUITUI CTalla ONPEACIATLCS B IEPBYIO OUe-
penb 3G (GEKTHBHOCTHIO TEXHOJOTHMA, HUCIOJIB3YyEMBIX B Ipollecce Mpou3BoacTBa. OMHAKO MOAAB-
JIAOLICE 6OJH)IHI/IHCTBO HH(bOpMaL[I/IOHHI)IX CHUCTEM B HACTOAIIECC BPEMA HAILCJICHO HE Ha YIIPaBJICHUE
TCXHOJIOTUAMHU, a Ha YIIPAaBJICHUEC MPOAYKTAMU.

ABTOp MOKAa3BIBACT OOIIHOCTH M PA3IUUUSA MEXKIY CHCTEMaMHU YIPaBIICHHUS >KU3HEHHBIM ITHK-
JIOM MIPOAYKIHWU U CUCTEMAMU YIIPABJICHUA ) KXU3HCHHBIM IUKIIOM TCXHOJIOI'MH, KAKNE KOHKYPEHTHBIC
MNpEeUMYyHICCTBA IMOJYYaT NPOMBINIICHHBIC KOMIIAHUHN C MEPEXOAOM HAa CUCTEMBI YIIPABJICHUSA KU3-
HEHHBIM IUKJIOM TeXHONOruu. [Ipy 3TOM JaHHBIN MEepexo/1 He TOKEH HOCHTh PEBOJIIOIMOHHBIN Xa-
paxTep, OH MOXKET ObITh PEaTU30BaH 3a CYET COBEPIICHCTBOBAHHS UMEIOIIUXCSA HH(POPMAIMOHHBIX
CHCTEM, C MEPEHOCOM (OKyca Ha COBEPIIEHCTBOBAHME MUMEIOIIMXCS U CO3/IaHME HOBBIX TEXHOJIOTHIA.
[pu TakoM mepexo/ie MPOMBIILIICHHbBIE MPEANPHUIATUS COXPAHIT UMEIOIIUECS KOMIIETCHIIUH B 00ac-
TH pa3pabOTKH HOBBIX BHJOB MPOJYKIHH U MOJIYYaT JOMOIHUTENBHBIA UMITYJILC PA3BUTHUS 33 CUET
NOBBIIEHHS 3P ()EKTHBHOCTH UCIOIB3yEMBIX TEXHOIOTHH.

Knrouesvie crosa: ungopmayuonnvie cucmemvl, mexHoL02UY, YAPAGIEHUE, NPOMBIULIEHHOCb,
yIpasieHue npeonpusimueM, HCUHEHHbIU YUK MEXHOA02UL, YAPABIeHUe JHCUSHEHHbIM YUKIOM meX-
HONO2ULL.
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In this article, the recognition method is applied to the comparison of industrial enterprises.
At the same time, we had to consider the methods of taking into account non-formalized factors.
The method can be used for objective ranking of enterprises. While researching the topic, a neural
expert system was developed, and it was used by specialists of the regional government to predict
the dynamics of industry.

In view of the complexity of relations, conflicting non-equality systems were arising. We were
resolving them by means of committee method.

The effect of managing the situation by varying the values of factors by tracking them on
a computer model, made it possible to adjust the model as a means of parallelizing the committee
constructions. They act directly in multi-layer neural networks.

Keywords: neural network, prediction, control, comparison, enterprise, features, representa-
tion, recognition, contradictory.

Introduction

In 1962 I graduated from Mathematics and Mechanics Faculty and Iuckily I got a position in Sverd-
lovsk Department of Institute of Mathematics of Academy of Sciences in USSR. My teachers
S.N. Chernikov and LI. Eremin provided me with the topic “Linear inequalities and linear program-
ming”. At the same time Yu.P. Vasiliev began his work in Sverdlovsk Department of Institute of Math-
ematics of Academy of Sciences in USSR who was looking for his mission on algebra and in translation
tasks. He asked me to write an essay on translation theory to Zbl fuer Math & ihre Grenzgebiete,
the task was fulfilled. After that I had not touched mathematical linguistics till 2010 but then I came
across the articles by a prominent linguist I.A. Melchuk. Besides linear inequalities and linear program-
ming | got acquainted to the topic of factor analysis and an idea came to study factor nomination. I was
engaged in the topic with a linguist E.Yu. Polyakova and we published several articles in English about
it. They awoke the interest of O.V. Loginovsky who published some of them in the journal “Bulletin of
South Ural State University” and we are very thankful for that.

The given article will cover, beside the factor names, the model identification.

Experience of multi-layer neural network application for empirical regularities identification

By means of learning multi-layer neural networks we have found empirical regularities for certain
performance indicators of industrial enterprises. The data on the performance of the enterprise of
the Sverdlovsk Region provided by the Regional Statistics Department were used as the material of cases.
Moreover we refer to our discussion with a physicist A.P. Kenin. These algorithms are applied to predict
some performance indicators of the enterprises. The work was approved by Ministry of Industry for
Sverdlovsk region where we handed over the relevant neural system of prediction and control.

The application of image recognition methods or corresponding neural network methods enables to
solve some urgent problems of economic and statistic modeling, increase the adequacy of mathematical
models, bring them closer to economic reality [1-3]. The use of image recognition in combination with
regression analysis led to the new types of models: classification and piecewise linear ones. Finding hid-
den relations in databases is the basis of the tasks of modeling and knowledge processing, including
those for an object with hard-to-formalize regularities [4]. Specific calculations have shown that when
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expanding the set of features characterizing the performance of enterprises, a more accurate prediction is
obtained, and the same effect is achieved when increasing the interval during which the data on enter-
prises are recorded [5—6].

The problem of comparing the enterprises can be understood either as that of ranking the enterpri-
ses, or as that of choosing the most preferable object out of a certain set [7]. Practice has shown that
the methods based on the use of a priori weights of factors and the search for an object that meets
the maximum weighted sum of factors lead to biased results. Weights represent the value that must be
determined, this is the problem. The sets of weights are local — each of them is suitable only for the spe-
cific problem and the given group of the enterprises.

Consider the problem of choosing the best company in detail. Suppose there is a certain set of ob-
jects M the activities of which are aimed at achieving a certain goal. The operation of each object is
characterized by the values of n features, that is, there exists a representation ¢: M — R". Therefore, our
starting point is the vector of the state of the economic object: x =[xy, ..., x,]. Indicators of the operation
quality of the economic object: fy(x), fi(X), ..., fu(x). These indicators should stay within certain limits,
and some of them we aspire to make either minimum or maximum. Such a general formulation can be
contradictory, and it is necessary to use the apparatus for resolving contradictions and bringing the for-
mulation of the problem to a correct form consistent with economic meaning. We order the objects in
terms of some criterial function, but the criterion is usually poorly defined, blurred, and possibly contra-
dictory.

We are considering the problem of modeling empirical regularities with a small number of experi-
mental and observational data. A mathematical model can be a regression equation or a diagnostic rule,
or a prediction rule. With a small sample the recognition methods are more effective. In this case the
influence of factor management is taken into account by means of variation of the values of factors
when they are substituted into the equation of regularity or in the decisive rule of diagnostics and predic-
tion. In addition, we apply the selection of essential features and the generation of useful attributes (se-
condary parameters). This mathematical apparatus is necessary for predicting and diagnosing the states
of economic objects.

We consider the neural network in terms of the theory of committee constructions as a collective of
neurons (individuals), and the neural network is a mechanism for coordinating the work of neurons in
collective solutions, this is a way of harmonizing individual opinions, when the collective opinion is
the right reaction to input, that is, the desired empirical relation.

Therefore, now we will consider the application of committee constructions in the problems of
choice and diagnostics. The idea implies searching for a collective of decisive rules instead of one deci-
sive rule, this collective develops a collective decision under the procedure that processes the individual
decisions of the collective members. The models of choice and diagnostics as a rule lead to inconsistent
systems of inequalities, when solution concept generalizations are to be searched for instead of solu-
tions. A collective decision represents such a generalization.

For example, the committee of an inequality system is such a set of elements where each inequality
is satisfied by most of the elements of this set. Committee constructions are a certain class of solution
concept generalizations for the problems that can be either consistent or inconsistent. This is a class of
discrete approximations for contradictory problems, they can also be correlated with fuzzy solutions.
The method of committees now determines one of the directions of analysis and solving problems of
efficient choice of variants, optimization, diagnostics and classification. Let us give the definition of
one of the basic committee constructions as an example, namely: for 0 < p <I: p, the committee of the
inclusion system is a set of elements such that each inclusion is satisfied by more than the p-th part of
this set.

Committee constructions can also be considered as a certain class of solution concept generaliza-
tions in the case of inconsistent systems of equations, inequalities and inclusions, and as a means of par-
allelization in solving problems of choice, diagnostics and prediction. As the concept generalization of
problem solving, committee constructions are sets of elements that have some (but not all as a rule)
properties of a solution, it is a kind of fuzzy solutions.

Committee constructions act as a means of parallelization directly in multi-layer neural networks.
Namely, we have shown that for training a neural network the exact solution of the classification prob-
lem, the method of constructing a committee of a certain system of affine inequalities can be applied.
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Proceeding from what has been said, it can be concluded that the committee method is connected
with one of the important directions of research and numerical solution of both the problems of diagnos-
tics and choice of variants and those of setting neural networks to obtain the required response to input
information on a particular problem of the person making decisions.

When using the method of committees, its important features for application problems were found
out such as heuristics, interpretability, flexibility: the possibility of further training and reconfiguration,
the possibility of using the most natural class of functions — piecewise affine. When setting the problem
of classification, diagnostics and prediction only correctness is required, that is the same object is not to
be assigned to different classes.

The other side of the issue of committee constructions is related to the concept of coalitions in
the development of collective solutions, and the situations differ sharply in the case of collective prefer-
ences (there are many “pitfalls”) and in the case of collective classification rules, in which case the pro-
cedures can be rigorously justified and they have more opportunities. Therefore, it is important to be
able to reduce decision-making problems and prediction ones to classification ones.

When diagnosing and predicting enterprises, factor weights are often used, which are given by ex-
perts, and then the experts' opinions are voted on. However, such procedures may be incorrect, and there
exists an apparatus for constructing the correct procedures. Let us explain this. Consider the problem of
diagnosing objects by collectives of experts, using coalitions in collective preference problems. Let X be
the set of variants from which we need to choose — by some criteria — a certain variant of x. Let the set of
experts or decision-makers, set C, engage in the problem of such choice. In the case when the choice is
made on the basis of preferences, each member f of C set is in fact a binary relation of preference r(f).
This means that for some x, y from X, the statement x #(f) y can occur, this means that for f; x is prefera-
ble to y. The collective preference » = r(C) can be considered as a certain function of individual prefer-
ences: ¥ = ¢ (r(f): f runs through the set C). At first glance, this assumption seems natural, but it is
the source of further contradictions. It turned out that the collective preference can not be a universal
rule, it depends on the specific variants of x, y and on the preferences (f). In other words, the rule ¢ can
not be universal, it must be local.

We have shown that when the problem is reduced to the classification one, it is possible to develop
teams of experts (committees) that properly solve the problem of diagnostics of the methods of teaching
neural networks in two layers, and then the committee method has enabled to obtain accurate results and
justified training procedures that enable to solve a wide class of problems reducible to the separation of
finite sets with the only requirement of nonemptiness of their intersection.

One important area is related to voting procedures when assessing the state of objects. In the sphere
of voting, the situation is extremely difficult, and here at every step there are paradoxes. We have shown
that contradictions can be avoided in the case when the solution of the choice problem is reduced to
a series of classification problems, in which case the committee method gives good results. The three-
layer neural network corresponds to the method of committees, and from the theorems of the committees
existence it follows that such a network can be trained by means of precedents to solve any problem
whose solution can be expressed by a word in some finite alphabet.

Here are the arguments in favor of reducing decision-making to a series of classification problems.
The procedure of collective solutions, close to multi-criteria optimization, is the most important in
the problems of variants choice. The problem of making concerted decisions by a collective of people or
a collective of decisive rules arises constantly in the prediction problems. However, it turned out that
the most effective voting procedure can not be offered a priori. It always depends on the specific situa-
tion and, in fact, with a competent approach, turns into a process of congruence of the interests of
the parties — a process that requires great care so as not to fall into one of the many formal traps. This is
important for the diagnostics by the collectives of experts. In fact, this is a game of several people,
where wins the one who counts well and uses the slightest mistakes of partners. The study of the prob-
lem of congruence of the individual opinions of experts and decision-makers has passed to a qualitative-
ly new mathematical level.

The solution of almost any problem can be represented in the form of a scheme:

The problem Z — parametrizer S — x = [x1, ..., X,] = solver — arg Z = f(x). Solver is a computer
of this or that type. Instead of talking about the algorithm for solving the problem Z from the class Z, we
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will talk about an algorithm that enables us to reconstruct from a sequence (code) x from X by means of
a program I1 the sequence (code) y = argZ, y — from Y.

Strictly speaking, this range of questions is connected with the idea of splitting a complex problem
into a network of simple ones. This idea is implemented in different sections of mathematics under dif-
ferent names: the modular principle in software packages (N.N. Yanenko), the splitting principle in
mathematical physics (G.I. Marchuk), the decomposition method in optimization, the finite element
method in computational physics etc. The question is whether it is possible to synthesize the solution of
a large complex problem from the set of solutions of subproblems.

Thus, let us solve the following specific problem.

It is required from the observation data (object / feature table) to reveal the regularities of the form
y = f(x), where y is the target indicator, and x is a vector of input features (factors). Based on this infor-
mation, the prediction of the enterprise activity parameters is to be made. The relation is to be obtained
in a neural network form.

The problem of feature control is connected with the approach. This problem is divided into several
stages: feature selection, feature transformation (development of rectifying space), evaluation of specific
features and their aggregates, evaluation of feature variation effect on the result of classification.

Setting of the neural network to simulate the relation y = f(x) is reduced to discriminant analysis.

Thus, to simulate empirical regularities, we consider the problem of discriminant analysis — that of
constructing a function f from a function class F' that separates precedent sets 4 and B. We denote this
problem as DA (4, B, F): to find f from F: f(x) > 0 for x from 4, f(x) < 0 for x from B.

The separating committee: C = [f}, ..., f,], each inequality in our problem being satisfied by more
than half of the elements in C.

These problems are solved on the basis of accumulated observations on the dynamics of indicators.
Image recognition and regression analysis are used to find the empirical relations between the indicators.
Then on this basis, the assessment of features and their systems, selection of useful features and their
selection are considered. Namely, let /= arg DA (4, B, F), that is, f'is a separating function for the sets 4
and B. If there is an object state vector: x =[x, ..., x,], which we want to transfer to the class 4, then we
solve the problem of feature control: to find y = [y, ..., y,] such that f(x + y) > 0. In a more general
model, u is the control operator acting on the state vector x so that x could be transferred to the appropri-
ate class.

This is related to the evaluation of factors: the value of the factor (input indicator) x; is the elasticity
of the criterion (objective) functions fi, ..., f, with respect to the factor x;, val (x) = the matrix composed
of the vectors grad f; (x).

To detail the substantive scheme of simulating the work of an industrial enterprise, we must take in-
to account the fact that the construction of an adequate mathematical model of economic indicators re-
quires the development of a substantial concept of the economic and production process at an industrial
facility and its formalization. The result is the selection of input and output indicators.

Conclusion

1. In many (but not all) situations, the neural network expert system has proven to be more efficient
than the Ivakhnenko system [5], but it deserves attention as a supplement to the committee method.

2. In combination with regression analysis, the committee neural network shows greater reliability.
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B nanHON cTatbe METOJ paclo3HaBaHUS IPUMEHSETCS K CPAaBHEHUIO IIPOMBILUICHHBIX IIPel-
npustuil. [Ipu 3TOM npHIUIocs paccMOTpeTh MpUEMBI yuéra He(hOpMaIU30BaHHBIX (PAaKTOPOB. DTy
METOJIMKY MOXKHO HCIIONIB30BaTh Il OOBEKTHBHOTO PAHKUPOBAaHUS Mpeanpusatuid. [To Mmepe paboTel
HaJl 9TOH TeMoi Obla pa3paboTaHa HEHpOHHAs SKCIIEPTHAsI CHCTEMa, U OHA NPHUMEHSJIAChH Clienna-
JMCTaMHU 00JIaCTHOTO IPaBUTENILCTBA Ul IPOTHO3UPOBAHHS AUHAMUKY ITPOMBIIUICHHOCTH.

BBuny c10KHOCTH 3aBUCUMOCTEN BO3HUKAIH IPOTUBOPEUYUBBIE CHCTEMBI HEpAaBEHCTB. MBI pas-
pelIany uX ¢ MOMOIIBIO METOJa KOMUTETOB.

Bnusaue ynpaBieHHs cUTyanueil ¢ MOMOIIBIO BapbUPOBAHHS 3HAUEHUH (HDaKTOPOB C OTCIIEKU-
BaHUEM Ha KOMIIBIOTEPHON MOJEIH I03BOJIATIO KOPPEKTUPOBATE MOJENb KaK CPEICTBO pacrapaluie-
JIMBAHUSA KOMHUTETHBIX KOHCTPYKIMH. OHU HETTOCPEICTBEHHO BBICTYNAIOT B MHOTOCIONHBIX HEHPOH-
HBIX CETSIX.

Kntouesvie cnosa: HeupoHHas cemv, NPOSHO3UPOGAHUe, YNpasieHue, cpagHeHue, npeonpusmue,
npu3HaKu, npeocmasienue, pacno3Haéanue, HecoeMeCHmUMbLL.
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PA3PABOTKA VIMVITALI,I/IQHHOVI MOOENN OABUXEHUA
FTOPHO-BLIPABOTOYHOU MALLUUHDI

A.B. 3amoHckul, 1.B. Muxanes

lMepmckuli HauuoHarnbHbIU uccriedosamernibCKUl nonumexHuU4ecKkuli yHusepcumem,
GepesHukosckut ¢unuan, e. bepesHuku, lNepmckul Kpal, Poccusi

Omnpenenena BaXHOCTb PELICHUS HAYYHOH 3a7a4u UACHTH()UKAINY YKIOHEHUH TOPHO-BBIPabo-
TOYHOW MAIIMHBI IpU JOObIUE KaTUHHON pyIs! U Apyrux pyA. IlokasaHa HEBO3MOXKHOCTH HETIOCPE-
CTBEHHOTO MPUMEHEHHUS IS 3TOTO KaK CYNIECTBYIOIIMX CHCTEM IO3UIIMOHHPOBAHUS BHYTPH 31a-
HHUH, TaK ¥ IIpeiaraéMbeIX Ha PeIHKE CHUCTEM ITOJI3€MHOI0 MO3HINOHUPOBaHU. [IpudanHoOil sSBIsAIOTCS
CIIO’KHBIE YCJTIOBUS B X0Ji€¢ BRIpaOOTKM U BhICOKast BuOparus. [IpemioskeHo onpeneiiaTh yKIOHEHHE
TOPHO-BBIPA0OTOYHON MAIIMHBI MO MOKa3aHUSAM YCTAHOBJIECHHBIX Ha OOpPTaxX NaTYMKOB PACCTOSHUA
JI0 CTEHKH 3a00s. B kauecTBe maeHTH(UIMPYIOMIEH MOJCHCTEMBI B JaJbHEHIIEM OyIeT MCIOIb30-
BaTbCsl HelipoHHas ceTh. i1 ee 00yueHHs HE0OXOIMMa MOJIEIIb, TO3BOJISIONIAsi UMUTHPOBATH JaH-
HBIE C JJATYUKOB MPHU Hamepes 3aJaHHOM YKIOHeHHH. IIpeanoxkeHo ompenensaTs MOKa3aHUs NaT4d-
KOB IPOCTBIM T'€OMETPHUECKHM CIIOCOOOM ITyTEeM TPAcCUPOBKH BHYTPH IMHKCEIBHOTO CIIEJa, OCTaB-
JSIEMOTO Ha 3KpaHe MOHUTOPA OTPE3KOM PEXYIIeH KpOMKU FOPHO-BBIPa00TOYHOH MamuHel. Co3na-
Ha IMUTAIIMOHHAs MOJIENb JBYMEPHOTO MOI3€MHOT0 BI)KEHHUS TOPHO-BRIPAO0OTOUYHON MAIIIHMHEI, TIO-
3BOJIIONIAS 33/1aBaTh YKJIOHEHHS Pa3sHBIX BUIOB M MMHUTHPOBATh MOKA3aHMSA JATYMKOB PACCTOSHUS
npu 3ToM. PacdeTs! 6a3upyroTcs Ha onpeeseHUH TOYKH BpaIlleHHsI TOPHO-BEIPaO0OTOYHOI MalIMHbI
B XO0JI¢ MaJOT0 YKJIOHEHHS OT NPSMOJIMHEHHOTO Kypca ABWKEeHMA. [lanee SBHBIM METOAOM OIpene-
JSIeTCs CIIeyrolee MOJI0KEHUE MAIIMHBI U MTUKCEIH, 3aKpaIINBacMble OTPE3KOM PEXYIIeH KPOMKH
npu nepemMemieHnu. KonmmyecTBo nukcesneil Mexay NaTYnKOM M HE 3aKpalleHHOW 00lacThio B Ha-
NPaBJICHUH, TIEPIIEHANKYSIPHOM OCH TOPHO-BBIPAOOTOYHOM MalIMHBI, IEPEBOANTCS Yepe3 MacITad
B PaccTOsHHE 10 CTCHKH 3a00s1. [Ipn 3TOM MMUTHpPYETCS TAaKXKe MOTPELIHOCTh TATIMKOB C 33aHHBIM
Harepesa pa3opocoM M ero CTaTUCTHYECKUM pactpenesieHreM. IlokazaHa BO3MOXKHOCTh KaueCTBEH-
HOH MAEHTH(UKAINU YKJIOHEHMS 10 MOKa3aHMSIM YEThIpeX NaTYMKOB, a TaKKe BO3MOXHOCTb HC-
TIOJTE30BAHUS MOJICIIH ISl 00y4eHHSI HEHPOHHOH CeTH.

Kniouesvle cnosa: xanutinas pyoa, wiaxma, 20pHO-8bipabomouHds MawuHa, NO3UYUOHUPOBAHLe,
VKIIOHeHUe, MOOelb.

Kanuiinele ynoOpenus BecbMa BayKHBI IJIs1 MUPOBOTO CEJIbCKOro xo3sicTBa. st Poccun onm siB-
JSIOTCS. BAKHOW SKCIOPTHOM CTaTbed, MCTOUYHMKOM NOCTyIUIEHHs BamioTel. Belpyuka ITAO «VYpan-
KaJlni», eAMHCTBEHHOTO B Poccuu Mpou3BOAUTENS KATUHHBIX COJEH, 3a mepBoe moinyroaue 2018 r. co-
craBmwia 83,8 mipa py0., Ha 4,2 % OoJIbIle 1O CPABHEHHUIO C PE3yJIbTATOM 3a aHAJOTHYHBIA TEPUOJ
2017 r.

BakHeHmmM 3TarnoM Ipou3BOJICTBA SIBJIICTCS 100bIUa KaJIMHHOW pyabl (CuiibBHHUTA). OHA TIPOU3-
BOJIUTCS TOJ3€MHOI TOpHO-BBIpaboTouHOoi MamuHON (I'BM, Ha3piBaeMoil B mpocTopednn «komOaii-
HOM»), KaK U J0ObIYa APYTHX TOJIE3HBIX HUCKOMAEMBIX — YIS, MOJMMETAIUIMYECKuX pyA u T. 1. [lo-
CKOJIBKY YroJIbHBIX I1axT B Poccun Hecomsmepumo 6oubire (Ha 2017 r. — 165 yrnenoOsiBaromux npea-
MPUATHI), TO pa3pab0TKe UMEHHO YTOJbHBIX MECTOPOKICHHI MOCBAIEHO 3HAYUTENBHO OOJIbIIe Hayd-
HBIX paboT. OHAKO B JIIOOBIX HIAXTaxX UMEETCS PsJl CXOXKUX MPOOJIEM, Cpeu KOTOPBIX HICHTU(PHUKALNS
yKJIOHEeHus oT Kypca 'BM. B ycnoBusix 3anbuieHHOCTH 320051 U BBICOKOM BHOpalMyd HA TUPOCKOIIMYE-
CKHE CpEJICTBA, HU JIa3epHBIC WM YJIBTPAa3BYKOBBIE CIIOCOOBI TIOCTPOCHUS M KOHTPOIS OCH JBHIKCHUS
I'BM He npuroiHsl.

[Ipn moOblue WMMEHHO KaJMWHOW pyasl BO3HUKAET NOMOJHMUTENbHas mpobiema. Vcmomb3yemble
KoMOaitHbI (HauboJee pacrnpocTpaneHHble Mojaenu Ypan-20P, Ypan-61 u ap.) conmpsbkeHsl ¢ OyHKepa-
mu-nieperpyxarensmu (bIT), coyxammmu 6ydepom mexay [BM u caMoX0AHBIM BarOHOM, OTBO3SIIIMM
pyay B TpaHCIOPTHYIO cucTeMy pyaHuka. bIl cuennen ¢ 'BM He xecTko, cucTeMa KpeIUIeHUs JOIyC-
KaeT ero 0CeBOe OTKIOHEHHME OTHOCHTEIBbHO KoMOaiiHa. Ilosromy ¢uxcauums orkinonenus BII, nanpu-
Mep, TIpY ITOMOIITH JIa3epa eIle He o3HadaeT ykionenne I BM ot kypca (puc. 1).
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Puc. 1. TBM Ypan-20P c 6yHkepoM-neperpyxatenem, Bug cBepxy

EnvHCTBEHHBIM HAJIEKHBIM METOAOM KOHTPOJII OCTAE€TCS BH3YalbHBI KOHTPOJb MapKIIeHzepa,
MPOU3BOAAIINICS eproandeckd. OTHAKO 3TO 3aHUMAET CYIIECTBEHHOE BpeMs, KpOME TOro, MpUBJIEKa-
eTcs BBICOKOKBaTM(DHULIMPOBaHHBIN crienuanuct (Mapkiueiinep). [lostomy 3agaya co3maHusi CUCTEMBL,
aBTOMATUYECKH KOHTpOIUpYyHolieil ykinonenue I'BM BieBo wiu BIpaBo MO TOPU3OHTANH, SIBIISETCA aK-
TyaJIbHOM I JTFOOBIX IIAXTHBIX BBIPAOOTOK.

Bormpocsl HaBuramuy BHYTPH 3aMKHYTBIX MOMEIICHWH WHTEHCHBHO ITOJHMMAIOTCS B TIOCIEHEE
BpeMs, OJTHAKO IO OOJBIIEH YacTh KacaroTces 3aanuid [1, 2] u ucnonb3oBanus cereit Wi-Fi, B Tpagumm-
OHHOM (hopMaTe He MPUEMIIEMBIX Ul MTOJ3EMHBIX BHIPAOOTOK. AKYCTHUECKHE METObI KOHTPOJIS IOJIO-
xeHus [3] 1 KOMOMHALMK 3JICKTPOBOIHOBBIX U YIBTPa3BYKOBBIX METOAOB [4] He oOecrieunBarOT HEOO-
xoaumoii TouHoctH (mopsaka 0,1 M u menee). CodyeraHue CyIIECTBYIOIIUX TMPOCKOIMMYECKHX TpPaHC-
nopTHBIX Kypcoykazateneit (TKVY) [5, 6] 3arpyaneno BuOpanueii 1 G0JIbIIUM BpEMEHEM I'MPOKOMITACH-
poBaHuA (axe mpu oTcyTcTBUU BuOpanuu). Koppekmus TKY mo xapram 37eKTpOMarHUTHBIX MOJIei
60 C UCIIOIB30BaHMEM CITyTHUKOB, OYEBHIHO, B JAHHOM CITy4yae HEBO3MOJXKHA.

Wnoctpannsle pemenus HanonoOue [7, 8], BO-MEPBbIX, TOCTATOYHO JOPOTH, BO-BTOPBIX, TPEOYIOT
KOHCONbHOTrO Kpemienus moayist uGPS na ocu I'BM, uro HeocymecTtBumo. Kpome Toro, komnaHus-
MPOM3BOJUTEND rapantupyer padory moxyns uGPS na ckopoctu oT 1 KM/4 M BbIIIE, TOTJa KaK CKO-
pocTh KOMOaliHa 3HAYUTENILHO MEHBIIIE.

B cBsi3u ¢ atum crienanuicramu [TAO «Ypankanuit» ObUIO IPEIIOKEHO ONPEALIATh KYpPCOBOE YK-
JIOHEHHE IO MMOKA3aTeNsIM YeThIPEX JaTYHKOB YPOBHS, PACTIONIOKEHHBIX Ha 00KOBol nmoBepxHocTH [ BM

(puc. 2).

12m

I X1 X3

‘ /

! !

51m ' ' V go 0,3 m/MuH
—- _1. ———————————————————— —! --------- - _—

! !

X2 X4
Puc. 2. PacnonoxeHue faT4yMKoB ypOBHSI Ha kKombanHe. Bup cBepxy
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Jisi mpakTUYECKOTO HCIONb30BaHUA HEOOXOAMMO KaKMM-TO 00pa3oM IO IOKa3aHUSAM [aTyhKa
WICHTH(PHUIUPOBATh MOMEHTHI Hauaja ¥ OKOHYAHUS yKIIOHeHUs. [lokazaHus JaTYMKOB U3-3a BUOpamuu
I'BM 1 HepOBHOCTH MTOBEPXHOCTH CTEHKH BHIPAOOTKH TIPH 3TOM ITOCTYIAIOT 3aIIyMJICHHBIE.

OmnocpenoBanHas WACHTH(UKALUSA OTKIOHEHHH W BOOOIIE OCOOBIX CHTyallMil MO JaHHBIM KaKHX-
00 BCIIOMOTATENLHBIX U3MEPEHHI MMUPOKO pacnpocTpaneHa. OIHUM U3 IPHEMIIEMBIX CUATAETCS Me-
TOJ TMCKPETU3UPOBAHHOHN MOJIaYM MOKAa3aHUH aTYMKa C HEKOTOPHIM IIIaroM IO BPEMEHH Ha BXOJ| HEH-
ponno#i cetu (HC) [9]. Ilpu 3ToM coOCTBEHHO MIEHTU(UKALMS CUTYAlMH BO3MOXKHA KaK IO BBIXOIY
nporro3a HC 3a npenens! gomyctumoro kopunopa [10], Tak u HenmocpeacTBeHHo. B nocnennem ciydae
npu 00y4eHHH HEOOXO0AUMO UMUTHPOBATh HE TOJIBKO CHUTHANBI JaTYMKOB, HO M 3apaHee M3BECTHHIN pe-
3ynbTatT (HarpaBieHUe YKIOHEHUS U €T0 BETUUNHY).

Takum 00pa3zoM, LIENbI0 JaHHOH paboOTHI SIBISETCA pa3padOTKa HMUTALMOHHON MOJENU ABYMEPHO-
ro aswxeHuss 'BM, no3BossOIIENd NOdydaTh JaHHBIE ¢ BUPTYalbHBIX JAaTYMKOB YPOBHS, TAKXKE BOC-
NPOM3BENICHHBIM B MoJiesid. MoJienb B JanbHelIeM OyIeT UCIOIb30BaThes sl OOYUEHHsI U TeCTHPO-
BaHUS HEMPOHHOMH CETH.

Ha Bxozme mMozenb (M peanusylolniee ee mporpaMMHOe 00eCIieYeHnE) TOTyYaeT CIUCOK IMapaMeTpoB
MOJICITUPOBAHUS: pa3Mepbl KOMOaiHa, CKOPOCTh, CTENICHb OTKIOHEHUS, MOTPEIIHOCTh JATYMKOB U APY-
rue mapametpsl [11, 12]. Pe3ynbraTrom MoaenupoBaHus SBISETCS H300paKeHUE C TPAaeKTOPHEN JBIKe-
HUsI KOMOaiiHa, rpad)uKy ¢ OKa3aHUSIMH KaKAOTO JaTYMKa U OOIuil rpad)K OTKIIOHEHUSI OT IPSMOJIH-
HEWHOTO IBIKEHUS.

B nporpamme mMozens mpeacTaBiIeHa B BUJIE MaTEpHUaIbHON TOYKH LIEHTPa MOBOPOTA, BOKPYT KOTO-
POH BBIPHCOBBIBAETCS YIPOLICHHAS TeoMeTpHs Kombaiina (puc. 3).

o
'
w

Puc. 3. IBMXeHue n oTKIoHeHMe KombarHa. M — maTepuanbHasa Touyka KombanHa,
O — UeHTp NoBOpPOTa, U — BEKTOP CKOPOCTU KOMGaiiHa, @ — yron HanpasneHus
koMmGaiiHa, § — yron oTknoHeHusi kKomb6alHa, R — paccTosiHve A0 LeHTpa NnoBopoTa

B kaxaplit MOMEHT UTepali MOJIETh U3MEHAET CBOE MECTOIOJIOKEHHE Ha OCHOBE CKOPOCTH JIBU-
JKEHUS U yIia HalpasjieHus. B ciydae npsMOIMHEHHOTo ABMKEHHS pacyeT clelyIoUlel MO3UINN KOM-
OaiiHa B JaHHOW cHCTEME KOOPIUHAT BBIOJIHACTCS MO (OopMyIaM:

Xy = x + |V| - At - cosa;

Yo =y +|VU| At -sina,
TJ€ Xy, Yy — HOBBIE KOOPIMHATHI KOMOAWHA; X U Yy — TEKYIHEe KOOPAMHATHI KOMOaiiHa; U — BEKTOP CKO-
poctu komOaitHa; At — eTUHUIA BPEMEHH; d — yroJl HalpaBJICHHS.
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I[J'IH MOACIIUPOBAHUA OTKIIOHCHUSA KoMOaiiHa Ha 3aHaHHBIfI YTOoJI IpEeKAC BCEro paCcCUYUTHLIBACTCA
LECHTP IMOBOPOTA, OTHOCUTCIBHO KOTOPOTO AOJDKHA MOBCPHYTHCA MATCpUAIbHAA TOYKAa MOJACIIN KoMOaii-
Ha. C y4eTOM HEKOTOPBIX JOMYIIICHUH MOYKHO BBIYHUCIIMTD LIEHTP BPALICHHS C TIOMOIIBIO (DOPMYII:

X, =X — R -sina;

Yo =y + R:cosa,

T1e X,, Y, — KOOPJMHATHI LICHTPA NOBOPOTA; |R | — paccTosiHue 10 IIEHTpa MOBOPOTa. 3HAYCHHE R MOXKHO
BBIYUCIUTH UCXOA U3 3aJaHHOTO HAIICPEA yrijia YKIIOHCHUA ‘B " pacCTOAHUA, HpOﬁﬂCHHOFO KoMOaliHOM
0e3 yuera cMeleHus 3a €MUK BpeMeHu |U] - At. B pe3ynbrare HeHTp IOBOPOTA BHIYUCIIAETCS TAK:

xy = x — A sina;
o tan g >
|¥]-At
=y+ - cosa.
yO y tanﬁ

[Ipu BeIUMCIIEHUH TTI0 KOOPAMHATE X BEIYUTAHHUE IMPOUCXOUT H3-32 OCOOEHHOCTU CHUCTEMBI KOO -
HaT, e mpu 0 < a < mu 0 < f < 7 KoopAMHATaA X KoMOaliHa OyAeT Bcer/ia yMEeHbIIAThCs. YTON CUH-
TaeTCs MOJIOKUTEIIbHBIM OTHOCUTEJIBHO CUCTEMbI KOOPAMHAT, €CJIM MOBOPOT KoMOaiiHa OyaeT mpousBe-
JICH TIPOTUB YacOBOW CTPENKU. B 3aBUCUMOCTH OT pa3HbIX KOMOMHAIUI yTiia HAllpaBJCHUS U yTJia OT-
KIIOHEHHUS 3HaK OyJeT MEHSATHCS. DTO MO3BOJSET YYECTh TO, C KAKOW CTOPOHBI OOpTa KOMOaiiHa Oyaer
pacroJiaraThCs IIEHTP MOBOPOTa (puc. 4).

Puc. 4. BapI/IaHTbI pacnonoXxeHua ueHTpa NoBOpoTa B 3aBUCUMOCTU OT yrna HanpaBsJieHUsA U OTKINOHeHus

HoBast mo3uuus TOUKH KOMGaiHa (X, ,) B Pe3yJIbTaTe MOBOPOTA HA Yrol ff BOKPYT TOUKH Bpallle-
HUS X, Y, BBIYUCISETCS CIEAYIOIMM 00pa3oM:

Xp =%+ (X — %) rcosB — (¥ — ¥) sinf;

Yo =Yot (x— x,)sinff+ (y — y,) - cosf.

ITocie ocymecTBIEHHsS OBOPOTA K YTy HalpaBJIeHHs JBMKEHHs KoMOaiiHa a mpubasiseTcs yrod

YKJIOHCHUSA ﬂ, 1 MOACIb KoMOaiina Mpoa0JLKACT MOACIUPOBATE ABUIKCHUC HUIIN uanLHeﬁmee OTKJIOHEC-
HHUEC, UCXOOs U3 3TOI'O 3HAYCHU .
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JlaTuuky CYMTAIOTCS yCTaHOBICHHBIMU NEPIEHAUKYISIPHO ocu KomOaiiHa. IlorpemrHocts, BO3-
MO>KHasl BCJIEJICTBHE OTKJIOHEHHUS OT NMEepPHEHANKYJsApa, OyaeT B JaJbHENUIIEM OJHUM U3 HalpaBiIeHUI
UCCIIeJIOBaHUsI pOOACTHOCTH CHUCTEMBI B IEJOM. J[JIsl KaKJ0ro JaTyiKa MOXKHO YKa3aTh €ro paccTos-
Hue oT pexyuied kpomku 'BM B npenenax TeXHUYECKH BO3MOKHBIX 3HaueHUU. [IpousBonbHOE pas-
MeIleHUE JaTINKOB HEBO3MOXKHO M3-32 KOHCTPYKTHUBHBIX OCOOCHHOCTEH KombaitHa (cm. puc. 1, [13]).
B nanpaBneHnn ocu JaT4Mka MOJENb MOACUYNUTHIBAET TEMHBIC MMUKCEIBI, 3aKpalleHHbIE IPU UMUTALINH
nepeMelnieHus pexyuieid kpomku ['BM, takum o6pazom, GopMupyst moka3aHuss BUPTyalbHBIX JATIH-
KOB YPOBHA.

[Toxcuer nukceneil TPOUCXOAUT C MOMOILBIO AJITO-
putMma bpesenxama [14]. OOGbIYHO C €ro MOMOIIBIO OI-
pEIensAoT, Kakue TOYKM IBYMEPHOIO pacTpa HYXHO
3aKpacuTh, YTOOBI TOIYYUTH ONW3KOE NPUOIHKECHHE
NpsAMON JMHUM MEXAY JBYMsS 33JaHHBIMH TOYKaMU
(puc. 5).

B Hamewm cnydyae OH He 3aKpallMBacT MUKCEIH, a
CUMTBHIBAET MX B HAIIPABJICHUHM OCH JaT4MKa OO TeX IOp,
NOKa HE JOCTUTHET CTEHKH BBIPAOOTAHHOTO TOHHEIIS

Puc. 5. Anroputm BpeseHxama (B mporpamme 3T0 Oenble mMMKcend (OHA) WIM ITOKa HE

JOCTUTHET TpejAena yKa3aHHOW MJajJbHOCTH JaTyuKa.

WHBIMH clTOBaMU, aJITOPUTMY YKa3bIBAIOTCS IBE€ TOUKH, MEXIY KOTOPBIMU HYKHO B HAIpaBJICHUU Ips-

MOH CUNTBIBATh MUKCEIN: TOYKA PACIIOIOXKEHHS aTYMKa M TOYKa, pAaCOJIOKEHHAs Ha NEPIEHANKYIISIpe

OT PACIIOJIOKEHUS JTaTUMKa OTHOCUTENBHO OopTa 'BM Ha paccTosHUM, ONPEIeISIomeM JalbHOCTh pa-
OOTHI IaTYMKA, KOTOPOE 3aBEJIOMO OOJIBIIIE, YEM PACCTOSIHUE JIO CTEHKH BBIPAOOTKH.

Buenrnnii Bua nporpaMMsl pecTaBieH Ha pyc. 6, Ha KOTOPOM MOKa3aHO TJIaBHOE OKHO HACTPOUKH
apaMeTpoB MOJECITUPOBAHUS IBM)KEHUS KOMOaliHa.

@aan  Mopens T[padimen

CumynAuna Mogene Oarymim

Wrepaumi EDD Onuxa xeocTa 160 OansHoCTE 50
CropocTh ’1— lllupuHa xBOCTa ’SD— MorpewHocTs W
Hau. yron ({rpag.) -25 [OnuHa ronoebl ’4—0— MonoxeHHe NEPeaHRX ’T
Otknonenue (rpan.) 0.015 LupHHa ronoBbl 20 MonoxeHwe 3a0HAX 20

=
=
=1

Hayano ol 00 | Cnewy ueHTpa

[ONHTen:HOCT OTENOHeHKHA  [150

Puc. 6. BHewwHMI BUA OKHa napameTpoB MoAenvpoBaHUs

3anaB Hy)XKHBIE MapaMeTpbl, MO)KHO TOCMOTPETh Pe3yJIbTaT MOJEIHPOBAHMS B BHUIE TPACKTOPHUH
JBIDKEHHsI KOMOaliHa U MOMy4YHBIIErocs TOHHENs (puc. 7).
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{) s00

Puc. 7. PesynbTat MogenupoBaHus

[Iporpamma Taxxe MO3BOJISIET BBIBOJUTH rPpa)MKH C MOKA3aHUSMHU JaTYUKOB Ha MPOTSHKEHUH BCErO
IBIDKEHUS KoMOaiiHa (puc. 8) u rpad MK OTKIIOHEHUS OT IEpPBOHAYATILHOTO HanpasieHus (puc. 9).

MNMepenHu

==
30
25
o0 |-
is

3apHHi
.. E——

30
25 1)
20§
oo |

o 50 100 150 200 250 300

o S0 100 150 200 250 300

i neBnlii: 23,55
I T ] =
30
=
20

1=

350 400 450 500 ]

nesblii: 22,15

I : =
30
5
20
..... | 15

350 400 450 500 ]

MepepHuii npaseiii: 23,75

S0 100 150 200 250 300 350 400 450 500

3apHuii npaseiii: 23,54

S0 100 150 200 250 300 350 400 450 500

Puc. 8. Npacdhmkn nokasaHnn gaTymkos

Orxknonenne: 29,54
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Puc. 9. Npacdmk oTKNOHeHUs
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B pesynprare nqanHol paboThHl yanock pa3padoTaTh MMUTANIMOHHYIO MOJIEIh JBMKEHUS KOMOaiiHa
C BO3MOJKHOCTBIO €r0 OTKJIOHCHHUs OT MPSMOJHMHEWHOro nBrxeHHs. [Iporpamma mo3BoiMT coOUpaTh
HAOOPBI JAHHBIX C JAaTYMKOB JJIsS Pa3HBIX CHUTyal[Mi BO BpeMs IBIXKEHHS komOaitHa. [Ipu oOydeHun
HEHPOHHON CeTH, OIpenessIolell HAIUYNe OTKJIOHEHHS, €fi Ha BXOJ OyAyT MOJaBaThCcs 3HAUYCHUS C
JIATYNKOB, & HA BBIXOJ — U3BECTHBIC 3HAUCHMSI YKIOHeHU [15]. JlampHelnne HanpaBiIeHHs UCCIIeI0Ba-
HUH C TOMOIIBIO MOJIENIH — 3TO MCCIIE0BaHNE 3aBUCUMOCTH €€ MOTPELTHOCTH OT MOTPEITHOCTH KaXKI0T0
JATYUKa, OT CTATUCTUYECKOrO PACHpPEEICHUs MOrPEIIHOCTH JATYUKOB, OT PACIOJIOKEHUS TaTYMKOB U
OT TUIA YKJIOHECHHUS.
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DESIGN OF IMITATING MODEL OF MINING MASHINE

A.V. Zatonskiy, zxenon@narod.ru,
P.V. Mikhalev, pavelmi@list.ru

Perm National Research Politechnic University, Berezniki branch, Berezniki,
Perm region, Russian Federation

An importance of solving the scientific problem of identifying deviations of a mining machine
in the extraction of potash ore and other ores is determined. The impossibility of direct application of
both existing positioning systems inside buildings and underground positioning systems offered on
the market for this purposes is shown. That is why difficult conditions during the mining and high
vibration. It is proposed to determine the deviation of the mining machine by indications of the dis-
tance to the mine wall sensors installed on the sides. The neural network could be used as an identi-
fication subsystem in the future. For the learning, a model is needed for simulate data from sensors
according with a predetermined deviation. Indications of the sensors is imitated by a simple geomet-
rical way inside the pixel on the monitor screen trailed by a segment of the cutting edge of the mining
machine. A simulation model of a two-dimensional underground movement of a mining machine is
created. It allows to set deviations of different types and to simulate the indications of distance sen-
sors at the same time. These calculations are based on determining the point of rotation of the mining
machine during a small deviation from a straight course of movement. Further, the next position of
the machine and the pixels painted by the cutting edge during the movement are determined by
an explicit method. The number of pixels between the sensor and the non-shaded area in the direc-
tion perpendicular to the axis of the mining machine is evaluated through the scale into the distance
to the bottom wall. The error of sensors with a predetermined spread and its statistical distribution is
also simulated. The possibility of qualitative identification of evasion by the indications of four sen-
sors and possibility of using the model for learning a neural network are shown.

Keywords: potassium ore, mine, mining machine, positioning, deviation, model.
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TASKS SOLVED IN THE ANALYSIS
OF THE ENTERPRISE'S LABOR RESOURCES

V.V. Zakharov, metkol@yandex.ru
South Ural State University, Chelyabinsk, Russian Federation

The enterprise, as an economic system, is the main primary link, where there is a direct solution
to the main economic problem of efficient allocation and management of resources.

In the light of constantly growing requirements to optimization of economic activity of the en-
terprise and for implementation of its principles and strategy it is necessary to estimate and consider
financial and economic condition of the enterprise, including in the field of manpower, as the most
important component of administrative activity.

The production potential of the enterprise is formed from the availability, as well as the effec-
tiveness and efficiency of the use of both means of labor, objects of labor, and the actual labor re-
sources, in accordance with this, and the analysis is conducted. The vector for evaluation and deci-
sion-making in the field of human resources is the analysis of human resources of the enterprise and
the efficiency of their use. It should be noted that with the transition to a market economy, the analysis
of labour relations becomes increasingly important, since the labour force is valued and competitive
in the labour market. This extends the boundaries of analytical research, the criteria for optimizing
labor relations have not only economic but also social parameters. Economic and social security of
labor, on the one hand, and special working conditions, on the other, form the sphere of in-depth
analytical studies of the enterprise's potential. It is also important to give a correct assessment of the
use of resources of the organization with the help of the main indicators of the enterprise. This article
discusses the analysis of labor resources as one of the components of the formation and use of
the production potential of the enterprise.

Keywords: analysis of labor resources, personnel management.

Introduction

There are various ways to analyze the financial and economic condition of the enterprise [1-5].
However, some areas of analysis of the state of the enterprise are the most common [6—8]. Let us con-
sider in more detail the analysis of labor resources as a component of the formation and use of the pro-
duction potential of the enterprise.

To the analysis of labor resources

In the analysis of labor resources the following tasks are solved [9]:

e assessment of staffing levels;

e analysis of staff composition, structure and movement;

e evaluation of the effectiveness of working time;

e analysis of the effectiveness using of labor resources, identification and calculation of reserves of
efficiency growth.

For the enterprise, both the deficit and the surplus of labor resources are disadvantageous. The defi-
cit, as a rule, has the following negative consequences: the growth of overtime work and the associated
overspending of the wage fund; non-rhythmic production; failure to plan production; reduced product
quality. All these factors lead to an increase in production costs, penalties and, consequently, to lower
profits. Surplus labor with a constant volume of production leads to a decrease in labor productivity,
which also leads to an increase in production costs [10—12].

Movement analysis is performed in absolute and relative terms by categories of personnel. The most
important category for the analysis are the workers of the main production, since it is they who produce
the additional product and the cost of paying for their labor is direct, that is, they are directly transferred
to the cost of products. In addition to this category, employees of auxiliary and service industries, em-
ployees, etc., are also distinguished. In addition to the categories, personnel analysis can be made on
other factors: gender and age, education, marital status, etc. [9, 13—15].
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Analysis of the movement of personnel is assessed using absolute indicators, and using coefficients:
Number of applicants

Acceptance turnover ratio = , (D)
Average number
. Number of departures
Turnover rate for retirement = f dep , 2)
Average number
The number of dismissed (of their own free will
and for violation of the discipline
Staf f turnover rate = ! u pline) 3)

Average number

However, analyzing only the availability of labor resources is not enough; it is important to evaluate
the effectiveness of their use. Two factors are considered: the use of working time (extensive factor) and
labor productivity (intensive factor).

For the analysis of working time calculated funds time (calendar, nominee, person helpful, and
so on) that are mapped to the dynamics of the actual funds previous periods. The influence of factors on
the change of temporary funds is studied by the balance sheet method.

Labor productivity refers to the indicators of local efficiency, that is, it compares the result and
the expended resource. In practice, several indicators of labor productivity are used:

— production per person [monetary unit]:

PT; =

Output in value terms (4)
Number

characterizes the cost of products produced by one person per month;
— production output [piece/person-hour]:

Output in natural terms
PT, = =%

Cost of working time (5)
characterizes the amount of products produced per unit of time;

— labor intensity:

Tins =

Costs (person—hours)

Output in value terms (6)
characterizes the complexity of the monetary unit of production;
— specific labor intensity:

Costs (man—hours)

Tins.spec -

Output in physical terms (7)
characterizes the complexity of manufacturing a unit of production.

Factor analysis of labor productivity is carried out by the method of chain substitutions, by the
method of differences or by the integral method. Factors affecting productivity are:

e number of working days;

e the average duration of the working day;

o the average hourly production of workers, which depends on the product range, the technical level
of production, changes in the specific labor intensity of products.

The generalized indicators of the efficiency of use of labor resources include the indicator of rela-
tive savings (overspending) of costs, as well as the ratio of growth rates of labor productivity and wages:

Overspending labor costs = C; — Co* Kgrowen » ®)
where C; — actual labor costs of the current period;

C, — planned labour costs;

Kgrowen — growth rate of output calculated as:

Growth rate of labor productivity

K =

. 9
Growthrate of average wage ( )

The values of this coefficient more than 1 shows that the use of labor resources in the enterprise is
quite effective.

Conclusion
The labor resources in an enterprise is the object of constant management attention. The volume and
timeliness of all work, the degree of use of equipment and, consequently, the volume of production, its
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cost, profit and a number of other economic indicators depend on the security of the enterprise with la-
bor resources and the efficiency of their use, in this regard, it is necessary to analyze the labor resources
of the enterprise.
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3AOAYUN, PELLAEMBIE NPU AHAJIU3E
TPYOOBbIX PECYPCOB MNPEANPUATUA

B.B. 3axapoe
FOxHo-Ypanbckuli 2ocydapcmeeHHbil yHusepcumem, 2. YensbuHck, Poccus

IIpeanpusiTue Kak SKOHOMHUYECKAasi CUCTEMA SIBJISIETCS TJIABHBIM IEPBUYHBIM 3BEHOM, I'Jl€ MPO-
UCXOIIUT HEMOCPEICTBCHHOE PEIICHHE OCHOBHOM SKOHOMHYECKOW MpoOieMbl 3(h(eKTHBHOTO pac-
IpeesieHUs PeCypCcoB U YIPaBICHUS UMH.

B cBere MOCTOSHHO pacTymux TpeOOBaHWN K ONTUMHU3AINU XO3SMCTBEHHOH NEATEIbHOCTH
MPEeANPUATHS ¥ 711 peau3allii ero MPUHIUIIOB U CTPAaTErni He0OXO0IMMO OLIEHUBATh U YUNUTHIBATD
(hPMHAHCOBO-3KOHOMHUYECKOE COCTOSIHUE MPEINPHUATHS, B TOM YHCIE B 00IaCTH TPYIOBBIX PECYPCOB,
KaK BayKHEWILIeH COCTaBIIAIONIEH yIIpaBIeHYECKON AesITENbHOCTH.

[Ipoun3BOACTBEHHBII TOTEHIMAT MPEANPHUIATUS (GOPMUPYETCS] U3 HAJIHYHS, a TaKKe pe3yJbTa-
TUBHOCTH U 3(Q(QEKTHBHOCTH HCIOJB30BaHUS KaK CPEICTB TPYyHAa, MPEIMETOB Tpyla, TaK M COOCT-
BEHHO TPYIOBBIX PECYPCOB, B COOTBETCTBUU C 3THUM U BEAETCS aHalu3. BEKTOpoM IS OLEHKU U
TPUHATHS PEIICHIA B 00JIACTH TPYIOBBIX PECYPCOB SBISICTCS aHAIHM3 TPYJOBEIX PECYpPCOB MPEIIpPH-
atus U 3QPEeKTHBHOCTH UX HCIONB30BaHUA. ClIeyeT OTMETHTD, UTO C IMEPEX0J0M K PRIHOYHOU KO-
HOMUKE aHAIIN3 TPYAOBBIX OTHOLICHHN CTAHOBUTCSA Bce OoJiee BaKHBIM, MOCKOJBKY pabouas criia
MUMeeT OLCHKY H ABJAeTCS KOHKYPEHTOCIIOCOOHOW Ha pBIHKE TPpyZa. DTO pacIIMpsieT TPaHUIBl aHa-
JUTUYECKUX UCCIICTOBAHUMN, KPUTEPUH ONTUMHU3AIMH TPYIOBBIX OTHOIICHHHA UMEIOT HE TOJIBKO KO-
HOMUYECKHE, HO U COIMAIbHbIC TapaMeTphl. DKOHOMHUYECKOE U COIMajIbHOEe 0OeCTieueHue Tpyaa, C
OJTHOIT CTOPOHBI, U 0COOBIE YCIOBHSI TPYA, C APYTOid, GOPMHUPYIOT chepy YriyONeHHBIX aHATUTHYC-
CKUX HCCJICZIOBAaHUH MOTEHIIHANIA IpeANpHITHs. Taroke BaXKHO 1aTh MPABIIBHYIO OIICHKY HCIIONb30-
BAHUIO PECYPCOB OPTaHM3ALIUU C IOMOIIBI0 OCHOBHBIX IOKa3zaTesiel npeanpustus. B nanHoi cratbe
paccMaTrpuBaeTCs aHANHU3 TPYIOBBIX PECYpPCOB KaK OIHMH W3 COCTABISIONINX KOMIIOHCHTOB (hOPMU-
POBaHUS ¥ UCTIOJIB30BAHMS MPOU3BOICTBEHHOTO NOTEHIMANIA IPETPUSITHSL.

Knioueswvie cnosa: ananuz mpyooguix pecypcos, ynpasietue nepcoHaiom.
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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-
o (100-250 cnoB), CIMCOK KITFOYEBBIX CIIOB, BBEACHNE, OCHOBHOM TEKCT (CTPYKTYPHPOBAHHBIN 10 pa3zaenam), 3a-
KIroueHue (00CYKIICHHE pe3yIbTaToOB), JIUTEepatypy (B mopsake mutupoBanms, mo [OCT 7.1-2003). B xoHIe cTaThu
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 KaBBIYKH TODKHBI OBITH YIIIOBBIME («»). Bece CHMBOIIBI «THpE» OJKHBI 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 eJUHUIICH U3MEpeHHS
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, pa3Mepsl 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 HasBaHWe pHCyHKa). TaOmuisl HymepyroTcs M uMeloT HaszaHus (Tabmu-
na 1. 3neck cinenyeT Ha3BaHUE TaONUIIBL).

6. Anpec pemakumonHoii kosuterun. 454080, r. YensaOunck, mpocnekt Jlenuna, 76, kopm. 30, 4-i sTaxk —
JupeKuys Beiciiel 1IKOJbl JIEKTPOHUKU U KOMIIBEOTEPHBIX HAayK, OTB. CEKpETapro K.T.H., nou. IlnotHukosoil H.B.
Anpec 37eKTpOHHON MOYTHI OTBETCTBEHHOTO CEeKpeTapst KypHaia: plotnikovanv(@susu.ru.

7. Hoapo6usbie TpedoBaHus K odopmiaeHuro. [lonHyro Bepcuto TpeboBaHUi K 0QOPMIICHHIO CTaTeH U TpH-
Mep ohOpMIICHHSI MOXKHO 3arpy3uTh ¢ caiita )xypHana http://vestnik.susu.ru/cter.

8. Ilnara ¢ acnupaHTOB 3a ITyOJIMKANIO PYKOIIHCEH He B3UMAETCH.
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