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UHopmaTUKa  BbluUCIUTENIbHAA TeXHUKA

YOK 004.93 DOI: 10.14529/ctcr210301

NMPUMEHEHME TEXHOJTOMMX KOMMNbIOTEPHOIO 3PEHUA
AnsA PASPABOTKM MOAEJIU PACMMO3HABAHUA
NMOPAXEHWUU KYJNIbTYPHbIX PACTEHUA

H.A. SlHuweeckas, U.I1. BonodypuHa
OpeHbypackuli 2ocydapcmeeHHsbil yHusepcumem, 2. OpeHbype, Poccusi

B Poccuiickoii @enepanuy arponpOMBIIIICHHBIA KOMILIEKC SIBISETCS OJHOU U3 JIMJUPYIOLIUX
oTpacieil SJKOHOMHKH C 00beMOM BHYTpPEHHEro BajioBoro mpoaykra 4,5 %. Poccuu npunaexar
10 % Bcex maxoTHBIX 3eMedb Mupa. COrflacHO J@HHBIM O TOCEBHBIX IUIOMIAAAX MO KYJIbTYypaMm B
2020 rojay, OOJBLIYIO YacTh CENLCKOXO3SMCTBEHHBIX IUIomaneii Poccun 3anumaet muienuna. Poc-
cuiickas denepanys 3aHUMAeT TPEThE MECTO B PEUTHUHIE CTPAaH-JIUACPOB IO POU3BOACTBY JaHHOTO
BHU/Ia 36PHOBBIX KYJBTYp, a TaKkKe JIMANUPYIOINE MO3HIUH 110 ee 3kcnopTy. bypas (amucToBast) u nu-
HeliHas (cTebieBas) p>kaBuMHA — HanboJiee BpeOHOCHAs 00JIE3HB 36pHOBBIX KyNbTyp. OHa sSBIseTCS
MPUYNHON HM3PEKEHHOCTH MOCEBOB IMIICHUIBI U MPUBOJUT K PE3KOMY CHIDKEHHIO YpPOXKaHHOCTH.
ITosTOoMy OmHOM M3 IIIaBHBIX 3aad arpapHeB SBICTCS COXpaHEHHE ypojkas oT 3abomeBanuit. [o-
MOYb CIPaBHTHCA C 3TOH 3a/1aueil CrlocoOHO MPUMEHEHHE TaKuX 00JacTe MCKYCCTBEHHOTO MHTEI-
JIEKTa, KaK KOMITBIOTEpHOE 3peHHe, MAIlMHHOE 00yueHue U riryookoe oOyueHnue. J[aHHbIE TEXHOIO-
MM UCKYCCTBEHHOTO MHTENJIEKTa MO3BOJIAIOT YCIEUIHO pemaTh NpUKIIaHbIe 3a/1aui arpoIpOMBbIII-
JICHHOTO KOMIIJIEKCa MPH MOMOIIN aBTOMAaTU3UPOBAaHHOTO aHaimu3a GoTomarepuainos. Lleab uccie-
aoBaHusi. PaccMOTpeTh NpUMEHEHNEe METOI0B KOMIIBIOTEPHOTO 3peHHMs VISl 3aa4k KilacCH(UKALUU
MOpaKEHUH KyNbTypHBIX pPaCTEHHH Ha NpuMepe MiIeHuIsl. MaTtepuansl 1 MeToabl. Habop naHHBIX
CGIAR Computer Vision for Crop Disease mis 3amaun pacro3HaBaHHUS MOPaKEHUH KyIBTYPHBIX
pacTeHHi B3sT U3 OTKpbITOro McrouHuka Kaggle. Ilpeanaraercs ucnonp30BaTh MOAX0 K pacio3Ha-
BaHUIO TIOPAXEHUN KyIbTYPHBIX PACTEHUN C MCHOIb30BAHUEM H3BECTHBIX HEHPOCETEBBIX MOAEIEH
ResNet50, DenseNet169, VGG16 u EfficientNet-B0. Ha Bxoj HelipoceTeBbIM MOJAEISAM MOCTYHAIOT
n300paXeHNs] MIICHUIBI. BhIX0JOM HEHPOHHBIX CeTeill sIBISEeTCs Kilace MopakeHus! pacTeHus. s
npeofoneHus 3pdekra nepeoOydeHUs] HEHPOHHBIX CETEH MCCIEeIYIOTCS pa3MyHbIe TEXHUKH peTy-
nspusanvi. Pesyabrarsl. IlpuBoasTca pe3ynbpTaTsl KadecTBa KiIacCH(MKAIMM, OLICHHBAaEMbIE C HC-
MOJTb30BaHHeM MeTpuku F1-SCOre, sBisromieiics: cpeqHerapMOHHIECKAM MEXIy Mepamu Precision u
Recall. 3akiarwuenue. B pe3ynbprate MpoOBEIECHHOTO HCCICIOBAHUS YCTAHOBICHO, YTO HAMITYYIIYIO
TOYHOCTh paclO3HaBaHMA TOKasajia Mojenb DenseNet ¢ mpuMeHEHMEM KOMOWHAIMM TEXHOJIOTMU
TpaHcepHOro oOyueHHss U TeXHOJOorui perymsapusaimu DropOut u L2 amst npeomonenus 3¢ dexra
nepeoOyueHust. [IpuMeHeHHe JaHHOTO TOAX0/1a MO3BOJIIIIO TOCTHYh TOYHOCTH pacno3HaBanus 91 %.

Kniouegvie crnosa: mnozoknaccosasn knaccugpuxayus, HelipoHnble cemu, MexHOI02UU pezyiapu-
3ayuu, nepeodyuenue, nopadiceHue KyabmypHuIxX pacmeHuil.

BBenenue

B HacTosimiee BpeMst TOBOJBHO CIIOKHO TPEJCTABUTH KaKyHO-THOO OTPacibh SKOHOMHKH, B KOTOPOI
Obl HE HCIOJIb30BAIMCh WH(pOPMAIIMOHHBIC TeXHOJOrHH. OTpacibh CEIbCKOT0 XO3SMCTBA HE SBIISCTCS
HCKITFOYCHHUEM, XOTSI M 3aHUMAET MOCIIEIHEe MECTO TI0 YPOBHIO MPOHUKHOBEHHUSI HOBEHIITNX TEXHOIOTHI
COTJIaCHO JTAaHHBIM IIEHTPa M0 pa3BuTHIO nHHOBaIui McKinsey.

CornacHO JaHHBIM O MOCEBHBIX IIIOMIAIAX MO KyabTypaM B 2020 roay, OOJBIIyI0 9acTh CEIBCKO-
XO034MCTBEHHBIX TuIolajen Poccun 3anumaer nenuna. Poccuiickas @enepanysi 3aHUMAeT TPEThE Me-
CTO B PEUTHHIe CTpaH-TUIEPOB MO MPOU3BOJCTBY JAHHOTO BHUAA 3€PHOBBIX KYIBTYp, a TaKXKE JTUIU-
pyIolIye MO3ULHUHU 10 ee 3KCnopTy. [103ToMy 0JTHOM U3 TMIaBHBIX 33]1a4 arpapueB SIBISICTCS] COXPAHEHUE
yposkast oT 3a00JieBaHui. Bypast nucroBasi p)kaBYMHA MIICHUIIBI — HanboJiee BpeIOHOCHas 00JIe3Hb pac-
TeHust. OHa SIBISIETCS MPUYUHON U3PEKEHHOCTU MOCEBOB MIICHUIIBI U MIPUBOJIUT K PE3KOMY CHUKEHUIO
YPO>KaliHOCTH.
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[Tomoub cripaBHUTBCS € ATOH 3a/aveii CIIOCOOHO MPUMEHEHHE TaKMX 00JIacTe MCKYyCCTBEHHOTO WH-
TEJUIEKTa, KaK KOMITBIOTEPHOE 3pEHUE, MAIIMHHOE O0YYeHUE U TIIyOOKOoe 00y4YeHHEe, KOTOPhIC TTO3BOJIs-
I0T YCIIEITHO peliaTh MPUKIAIHEIC 33]Ja4K arpONpPOMBIIUICHHOT'0 KOMILIEKCA MpY TOMOIIA aBTOMATHU3H-
POBAaHHOTO aHajHM3a (OTOMATEPHATIOB.

Takum 00pa3oM, CTAHOBHUTCS aKTyaJIbHOM 3ajada MPUMEHEHHUS TEXHOJOTUH KOMIIBIOTEPHOTO 3pe-
HUS 171 pa3pabOTKU MOJICNTH paclio3HABaHUS MOPAKCHUN KYJIbTYPHBIX PACTCHHUI.

1. O630p ucciaeroBaHuii

UccnenoBarenn u3y4wiaw pa3iuyHbIE PELICHUs IS MPOTHO3UPOBaHMs 3a00JICBaHUN Ha OCHOBE
JaHHBIX CEJIbCKOXO3SIMCTBEHHBIX KyJbTyp. HekoTopble u3 3TuxX paboT, NpEeAIoKeHHBIX 3a MOCICIHHE
HECKOJIBKO JIET, IPEACTaBJICHBI HIXKE.

B cratbe [1] pa3spaboTan anroput™ BhISABICHUS OOJNE3HEH Ha TaKOM JIEKAPCTBEHHOM PacTEHUH, KaK
Kypkyma. Jlis aToro Obuta co3nana u o0OpadoTana 6a3a JaHHBIX, coctosmas u3 200 pa3auyHbIX 300pa-
JKCHHUH JIMCThEB KYPKYMBI, C HCIOJIb30BAHMEM CEIMEHTALUU N300paKeHUH METOAOM K-CpeqHMX U Ipo-
BEJICH TEKCTYPHBIM aHaIu3 M300pa’keHH JIMCTHEB C WCIOJNB30BAaHMEM MAaTpPHUIBI COBMAICHHS YPOBHS
ceporo (GLCM). Ins xnaccuukanuu o0beKTOB ObUT UcHoib3oBaH SVM-knaccupukarop. OOBEKTHI
NpeIBapUTEIbHO OBUIM M3BJICUECHBI U3 M300paKEHUM, a TAKKE MPOBEIACHO PAHXHUPOBAHHE aTPUOYTOB C
UCIIOIb30BaHueM Kputepus npupocta uadopmarmu (Information Gain, 1G). BeisiBiieHO, 9TO TOYHOCTD
SVM-knaccudukaropa cocrasmia 91 %.

Pabora [2] onmchIBaeT MOAXOM K BBIABICHUIO 0OJE3HEH prca ¢ MOMOINBIO MPUMEHEHHS HCKYCCT-
BeHHOTO MHTeIUIeKTa (M) 1 3 heKTHBHBIX METOIOB KOMITEIOTEPHOTO 3peHus. B maHHOi cTaThe aBTO-
PBI PACCMOTPENN THOPUIHYIO MOJENb, OOBEINHIB METOJ BEKTOpa OMOPHBIX BeKTOpoB (SVM) u cBep-
TouHyt HeiiponHyto ceth (CNN) mon HasBanrem Deep CNN (DCNN) mis knaccudukanmu n3oopaxe-
HUM Oone3nu puca. s ymaydmieHus NPEeAsoKEHHOW MoAenu Oblla HCIIOJIb30BaHa METOAUKA TpPaHC-
¢deptHOrO 00yueHus. [locne sTtoro 1080 m300pakeHnit HaOOpa MAHHBIX, BKIIOYAOIINX HU300pakeHUs
JEBSTH Pa3IMIHBIX OOJIE3HEH prca, HCIONB3YIOTCS AJIsl IOBTOPHOTO O0Y4EHUs MPEATI0KEHHON MOJIEITH.
3arem kmaccudpukatop SVM obOydaercss ¢ MOMOIIBIO MPHU3HAKOB, M3BIeUeHHBIX M3 Moaenn DCNN.
[Ipennoxennas moaens uaeHTH(UIIUpOBANAa W KiaccubuimpoBana 270 m3zobpaxkeHuil TecT-HabOpa
JIAaHHBIX OOJIe3HEH puca u A0CTHUrIa TouHoCcTH 97,5 %.

B cratbe [3] npuBeneHo cpaBHEHHE TPOU3ZBOAUTENBFHOCTH MCIONB30BAHHS CEMH IMPEIBAPUTEIHHO
00y4eHHBIX TITyOOKHX cBepTOYHBIX HelpoHHbIX cereir (AlexNet, GoogLeNet, ResNet18, ResNet101,
InceptionV3, InceptionResNetV2, SqueezeNet), koTopsie HCIIONB30BAIM METO TOHKOW HACTPOUKH IS
COXpaHEHUs TIOCJICAHUX TPEX MOJIHBIX CJIOEB COSJANHEHHS U TIOIYYEHHsI MOJIEH KiaccuuKauu. ABTO-
pBl IPUMEHWIM NPEIJIOKEHHBI METOA K Kiaccupukanuu Habopa AaHHBIX JucTheB Cinnamomum
Camphora, 1 3KCIEpUMEHTANIBHBIE PE3YJIBTAThl TIOKA3AIH, YTO PACCMOTPEHHBIN METOJ SABJISIETCS JOCTa-
TOYHO 3(PPEKTHBHBIM U BBHIMOTHUMBIM. M3 SKCIIEpUMEHTAILHBIX PE3yJIbTaTOB MOXKHO CZENaTh BBIBOJI,
YTO M3Yy4YEHHE NPU3HAKOB C MOMOIIBIO CETH TIIyOOKOro OOy4eHHs] MOKET OOECIEUHTh JYUIIyI0 TOY-
HOCTh KJIacCHU(pMKauN M300pa’keHUI JIMCTHEB 110 CPABHEHUIO C 00paOOTaHHBIMM BPYUHYIO NpHU3HAKa-
Mu. Kpome Toro, mokaszaHo, 4To pa3jiiiHasi CTPYKTypa sSIBISICTCS BaKHBIM (DaKTOPOM ISl HICHTU(PHKA-
UM PAa3TUYHBIX BUJOB PACTEHUI ¢ TOYHOCTHIO OT 69,8 10 95,3 %.

Psit pabot mocsiieH paccMoTpenuio Habopa nanubix Plant Village Dataset. Tak, B pabote [4] aB-
Topamu paszpadorano npuioxenue dCrop, onpezenstomniee 3a001eBaHNe CETLCKOX03SHCTBEHHBIX KYJIb-
Typ Ha ocHoOBe QoTrorpadun. [Ipeanoxena MoaeTb MPOrHO3UPOBAHUS OOJIE3HEN CETLCKOX03IHCTBEHHBIX
KYJIBTYP C HUCIOJIb30BaHHEM TTyOOKHX CBEPTOUHBIX HEHpPOHHBIX ceTeil. B pabore mcnons3oBan Habop
nannbix Plant Village Dataset, B koropom coxepxkurcs 54306 nzo0paxenuit, cojaepxkamux pororpa-
bun Kak 3apaKeHHBIX JTUCTHhEB (38 pasnUuYHBIX 3a00JeBaHW KYJIbTYPHBIX PacTeHHH), TaK U 3J10pO-
BbIX. OOydeHHas MoJenb TIy0oKoro oOydeHus, a Takke NPUIOKEHUE MOJBEPraloTCsl CEpUN TECTOB,
YTOOBI 00ECIEUNTh HCIIOJIb30BAHUE MPEATIaraeMoil CUCTEMBI i Mpou3BoacTBa. OOydeHHass MOAeTb
Jocturiia TOYHOCTH 99,24 % u MoxeT uaeHTHGUIUpPOBaTh 14 BHIIOB CENTLCKOXO3SHCTBEHHBIX KYJIBTYP
u 26 GonesHeil.

[Ipennaraemslii B uccienoBanuu [5] MeTox (oKycupyeTcs Ha pealn3alidd yCOBEPIICHCTBOBAHHOM
TEXHUKU CErMEHTALMU C HCIIOIb30BAHUEM KOMOWHALMHU TOPOTOBBIX M MOPQOIOTUYECKUX ONEpaIui.
Juns xnaccuduKaluy aBTOPHI MCIIONB30BAIM TITyOOKYI0 HEHPOHHYIO ceTh. [IpeyioxKeHHbII UMH METOJT
JocTur TouHocta 99,25 %.

6 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
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B pabore [6] Takxke ucciaemyeTcs OTKpbIThIA Habop manubix Plant Village Dataset, kotopsiit BKITIO-
gaet 15 200 n300pakeHNi THCTHEB CEIHCKOXO3SMHCTBEHHBIX KYJIbTYp. UHCIOBBIE 3HAUCHHUS TAaKHX Xa-
PaKTEepUCTHUK, KaK cpejaHss B3BemeHHas TouHOCTh (Avg Weighted Precision) u Tounocts (Accuracy)
JUTSL IPEJIOKEHHOM aBTOpaMU OCTaTOYHOU ceteBoit moaenu ResNet34 coctasuwimm 96,51 u 99,40 % co-
OTBETCTBEHHO. KpoMme Toro, B paMKax MccieJOBaHUS aBTOpaMHU MPOBEJICH CPABHUTEIBHBIN aHAITN3 JIaH-
HBIX TOKa3aTeseH mpoussoauTenbHocTH A1 Moaenu ResNet u meromamu SVM, K-NN, Decision Tree u
Logistic Regression. B pe3ynbrare ucclieoBaHus YCTaHOBJICHO, YTO MPEIOKEHHAs MOJICb MOKa3aia
JyYIITHE Pe3yNbTaThl KJIacCU(DUKAIHH.

B uccrnenoBannu [7] peannzoBaHo ray0oKoe oOydeHne st 0OHApYKeHUS U KiIacCH()HUKAINN TOTO,
SIBIIICTCS. JIM JIUCT CaXapHOI'0 TPOCTHUKA OOJBHBIM MM 3JJOPOBBIM. APXUTEKTYpa HCIIOJb30Baja Mpo-
cryto CNN ¢ 7 pa3nmuuHbIMEU KiTaccamu JJisl KJIACCU(PHUKAIINY JINCThEB CaXapHOTO TPOCTHUKA. JlocTUTHY-
Tasi TOYHOCTH cocTaBmia 95 %.

Takum 00pa3oM, aHaIM3 UCTOUYHUKOB 3apyOCKHBIX aBTOPOB IOKa3aj, YTO HCCIICOBAHHS B arpo-
CEKTOpE C MPUMEHEHHEM KOMIIBIOTEPHOTO 3PCHUS aKTyaabHbI Ha CETOMHSAIIHUN JeHb. Kpome 3Toro, BhI-
SIBIICHO, YTO JUTS 3371a4 KOMIIBIOTEPHOTO 3pEHHS IIIMPOKO MPUMEHSIOTCSI CBEPTOYHbIE HEHPOHHBIC CETH.

2. MocTanoBKA 3212491
IMycts X < RY — mpoctpancteo npushaxos, Y ={1,...,k} —MHoxkectBo K1accos, F ={X xY —R} -

— . m
napaMeTpUUECKOe CeMECTBO (YHKIMIA. 3aaHa npocras Beioopka L = {( Xi s y(xi ))} c X xY . 3angaua
i=1

KJIACCU(UKAIINH COCTOUT B BhIOOpe GyHKIMH u3 F , qocraBisromeld MUHUMYM (YHKIIMOHAJIA KayecTBa
KJ1accU(UKAIHH:

f* =argmin %iﬂ(f(xi),yi) :
i1

feF

rae 1Y xY — R, — ¢pyskiun noreps. Knaccudukaropom torna Oyzner

heH=1<h; : X 5Y, h;(x)=argmax f (x,y)| f eF
yeY

[pu |Y| =2 kiaccuUKaIus Ha3bpIBaeTCs OMHAPHON, TIpH |Y| > 2 — MHOTOKJIACCOBOW.

3. Knaccudukamus nopa:keHuii KyJIbTYPHBIX pacTeHMit

3.1. Onucanue nabopa oannvIX

OcHoBHas uacth HaOopa ganHbix CGIAR Computer Vision for Crop Disease [8] coOpaHa Mexy-
HApOJHBIM IIEHTPOM YIIydIlleHHs ypokas KykKypysbl u mimenuipl (International Maize and Wheat
Improvement Center, CIMMYT) u ero naptaepamu B D¢uonuu u Tanzanuu. OcTajabHble JaHHBIE 110-
JyYeHbI U3 00IIEA0CTYIHBIX H300pakeHni, HailieHHbIX B Google Images.

Ha ocHoBe manHOrO HabOpa JaHHBIX HEOOXOIMMO HMOCTPOUTH MOAEIH MAIIMHHOTO 00YydYeHHs, MO-
3BOJIIOLIYIO TOYHO KJIacCU(PHUUIMPOBATh MIICHUIY Ha N300pakeHUsIX Ha 3 Kilacca: 30pOBYIO MIICHHMILY,
MIICHUILY, 3apayKEHHYIO Oypoil (JINCTOBOI) MITH JTMHEHHOH (CTE0JIeBOI) prKaBUYHHOM.

Hexoropsle n300pakeHust MOTYT CO/IEpKaTh Kak CTEOJIEBYIO, TaK U JIMCTOBYIO PXKaBYMHY, OJHAKO
BCErJa €CTb OJWH TUI PKaBUYMHBI, KOTOPBIN SBIIsgETCS Oojiee JOMUHHUPYIOLIMM, YyeM Apyroi. Llens co-
CTOUT B TOM, 4TOOBI KIaCCH(QHUIMPOBATh U300paKEHHE B COOTBETCTBUU C THIIOM MIICHHUYHON PiKaBUH-
HBI, KOTOpast MOSIBIISIETCsl HanboJiee 3aMeTHO Ha N300paKeHNH.

Onwucanne Habopa JaHHBIX IPEACTABICHO B Ta0I. 1.

Ta6nuua 1

OnucaHue Habopa JaHHbIX
Table 1

Description of the data set

TI'ox co3manus Koi-Bo knaccos Kon-Bo msobpaxcermit
ALe03 Healthy wheat Leaf rust Stem rust
2019 3 118 304 246

BecTtHuk OYplY. Cepus «KoMmnbloTepHbIe TEXHONOrMU, ynpaBneHue, paauo3neKTpoHUKar. 7
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3.2. ApxumeKkmypuol HelPOHHBIX cemell

Jns mpoBeneHUs KiIacCH(PUKAIMU TOPAXKEHUNM KyJIbTYPHBIX PACTCHUM OyAeM HCIOJIB30BaTh
CYIIECTBYIOIIUE apXUTECKTYpPhl CBEPTOUYHBIX HEHUPOHHBIX ceTel. B Tabn. 2 mpencraBieHbl X Xapak-
TEPUCTHKH.

Tabnuua 2
XapaKTepuCcTUKN CBEPXTOYHbIX HEMPOHHbLIX CeTeN
Table 2
Characteristics of convolutional neural networks
CrpykTypa l'on Top-1 Top-5 KommuectBo
MOJICIIH CO3/1aHus Accuracy, % Accuracy, % CJI0eB
VGG16 [9] 2014 74,4 91,90 16
DenseNet169 [10] 2016 76,2 93,15 169
ResNet50 [11] 2019 83,2 96,50 50
EfficientNet-B0 [12] 2020 84,3 97,10 237

3.3. Muozoknaccosan knaccugpuxayus ¢ npumenenuem mexnonozuu Transfer Learning

[TockoabpKy HaOOP JaHHBIX COJEPIKUT HEOOIBIIOE KOTMIESCTBO N300PaKEHUH, IPUMEHHM TEXHOJIO-
ruto TpaHcdepHoro obyuenwms [13, 14]. Unest TpancepHOro oOy4eHUs! CTPOUTCS HA TOM, YTO 3HAHMUS,
HAKOIUICHHBIC B MOJICJIH, [TOJITOTOBJICHHO ISl BBIMOJHEHHS OJIHOM 3a/1a4d, MOTYT OBITh IIEPEHECEHBI Ha
JPYTYIO MOJI€Ib, YTOOBI IOMOYb B MOCTPOCHUU MPOTHO30B JUIS APYTO, pOACTBEHHOI 3amaun. [Tpume-
HHM PacCMOTpPEHHBIE BBIIIE apXUTEKTYPHl HEHPOHHBIX ceTell K HaOopy JaHHBIX.

B Tabu1. 3 npencrasnensl 3HaueHuss Mmetpuk Precision, Recall u F1-score mist paccMaTpuBaeMbIx ap-
XUTEKTYp HEHPOHHBIX CETEH.

Ta6bnuua 3
3HayeHus MeTpUK AnA pasnuyHbix apxutektyp CNN
Table 3
Metric values for different CNN architectures
CrovKTvDa Precision Recall F1-score

MF; y;[enyxf healthy leaf stem | healthy leaf stem | healthy leaf stem

wheat rust rust wheat rust rust wheat rust rust

ResNet 0,97 0,73 0,81 0,74 0,83 0,85 0,84 0,77 0,83

DenseNet 0,91 0,87 0,85 0,82 0,84 0,93 0,86 0,85 0,89
VGGNet 0,95 0,71 0,89 0,74 0,89 0,83 0,83 0,79 0,86
EfficientNet | 0,88 0,76 0,81 0,81 0,85 0,83 0,84 0,88 0,86

CornacHo naHHBIM Ta0II. 3, MOXKHO cJeNiaTh CJIEAYIOIIUE BbIBOABI. Hanmydinyio TOYHOCTh Kilaccu-
¢duxaiuu n300paKeHU 370pOBOI MIIEeHHIBI okaszana mozaenb DenseNet (82 %), ¢ nmopaxeHuem Jiu-
cteeB — Mozenb VGGNet (89 %), ¢ mopaxenuem crebneit — moaens DenseNet (93 %). Hauxymmyro
TOYHOCTH KIJIACCU(PHUKAIINHA H300paXeHW 3I0pOBOW MIICHUIHI moka3anu moxenu ResNet u VGGNet
(74 %), ¢ nopaxxeHunem aucTheB — Mozeb ResNet (83 %), ¢ mopaxenuem credneit — monenn VGGNet n
EfficientNet (83 %).

Ha puc. 1-4 npencrasneHsl rpaduky TOYHOCTEH U MOTEPh HA dTarax 00ydeHHs ¥ BaH/IallHu.

OOpaTyM BHUMaHHE HA Tpa(UKH TOYHOCTEH W MMOTEePh Ha dTamax oOydeHus u npoBepku. Ha Hux
uyeTko HabmogaeTcs 3gdekt nepeodydenus [15]. OmmOkn Ha 00ydYarOmUX JaHHBIX YMEHBIIAIOTCS U
npubmmxaroTes K 0, Torga Kak omMOKM Ha MPOBEPOUYHBIX JAHHBIX MOCIIE HEKOTOPOH WTEpaluy Ipe-
KpallalT YMEHbIIAThCSI U 3aMUPAIOT Ha OJHOW oTMeTke. Eciu mpoucxoauT nepeoOyueHHe, TO MO-
JIeNTb yTPauuBaeT CIOCOOHOCTh K 00OOIICHNI0 — BO3MOXKHOCTH PaCIpOCTPaHITh OOHApYy>KEHHbIE Ha
00yyJaroIeM MHOKECTBE 3aBUCUMOCTH U 3aKOHOMEPHOCTH Ha HOBbIE JJaHHBIC. [1oaTOMY /7St n30exkaHus
JAHHOTO sIBJICHHS OyJeM HMCIOJIb30BaTh METO/BI peryispusanun: Early Stopping, L1 u L2-perpeccun,
DropOut.

8 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
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Puc. 1. N'padhmk ToyHOCTEN M NOTEPb Ha 3Tanax ob6y4yeHus v npoBepku (mogenb ResNet50)

Fig. 1. Graph of accuracy and loss at the training and validation stages (ResNet50)
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Puc. 2. 'padmk TouHOCTEN N NOTepb Ha 3Tanax oby4yeHus v npoBepku (mopenb DenseNet169)
Fig. 2. Graph of accuracy and loss at the training and validation stages (DenseNet169)
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Puc. 3. N'pachmk TouHOCTEN U NOTepb Ha 3Tanax oby4yeHus u npoBepku (Mmogenb VGG16)
Fig. 3. Graph of accuracy and loss at the training and validation stages (VGG16)
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Puc. 4. M'pachmk TouHOCTEN M NOTepb Ha 3Tanax oby4vyeHusa u npoBepku (mogenb EfficientNet-B0)
Fig. 4. Graph of accuracy and loss at the training and validation stages (EfficientNet-B0)

3.4. Ouyenka kauecmea NPUMeEHEHUA MEM OO0 PezyIAPUIAUUL

Ha puc. 5 mpuBenena auarpamMmma — W3MEHEHHE PAa3HOCTH JorapupMuieckoi (yHKIHH MOTEPh Ha
dTarmax o0y4eHHs U MPOBEPKH HA TOCIETHEH dMoXe 00yICHHUS.

[Mockonbky HE CyIIecTBYET OINPEeICHHOTO YMCIOBOTO 3HAYCHHUS, XapaKTEPU3YIOIIETO MPEeoaoIIe-
HUe dpdexTa nepeodydeHus:, OyJIeM CUUTATh, YTO MOJIENH YAAJIOCh CHU3UTH 3((deKT nmepeodyueHus npu
3HAYEHUH PA3HOCTH MEXAY JorapugmuieckuMu GpyHKmsmu nmoteps 0,05.
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Puc. 5. PazHocTu norapudmuyeckon pyHKLMMU noTepb ¢ noporom y = 0,05
Fig. 5. Differences of the logarithmic loss function with a threshold of y = 0,05

B Ta6u. 4 npuBeneHsl cpelHeB3BEIICHHBIC 3HAUCHHST MeTpUKU F1-SCOre it paccMaTpuBaeMbIX ap-
XUTEKTYp HEHPOHHBIX CETEH.
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Ta6nuua 4
CpeaHeB3BeLLEHHbIe 3Ha4YeHUs1 MeTpuku F1-score ansa pasnuyHbix CNN
Table 4
Weighted average values of the Fl-score metric for various CNNs

CNN TL | ES L2 L2+ES L1 DropOut | DropOut + L1 | DropOut + L2
ResNet 0,81 | 0,79 | 0,86 0,82 0,87 0,80 0,87 0,88
DenseNet 0,87 | 0,84 | 0,89 0,87 0,87 0,90 0,87 0,91
VGGNet 0,83 | 0,81 | 0,83 0,85 0,81 0,84 0,87 0,88
EfficientNet 0,86 | 0,88 | 0,87 0,86 0,85 0,86 0,87 0,88

CornacHo AaHHBIM Ta0Jl. 4, MOXKHO CIENIaTh CIEAYIOLINE BBIBOIBL.

1. IlpumeHeHre Bcex METOJOB PETYJIsIpU3aluy, KpoMe paHHel ocTaHOBKH, A Moaenn ResNet mo-
MOTJIO CHU3UTH 3¢ ekt nepeoOydyenns. OqHako npumeneHne Mmetoaa DropOut He3HaunTENHHO, HO CHU-
3uJ10 3HaueHue F1-mepol.

2. Cuusutb nepeobyuenne st mogenu DenseNet momorim takue Texauku, kak DropOut coBmect-
HO ¢ mpuMeHeHueM L1 u L2-perymsipuzanuu, npu 3ToM 3HadeHne F1-Mepsl He yXyAINIOCH.

3. st mogenmn VGGNet HE ofHa W3 pacCMOTPEHHBIX METOJUK PETYISIPU3AINK HE ITOMOTIIA CHU-
3UTh dPPEKT mepeoOydeHMs.

4. [IpuMeHeHne BceX METO/IOB PeryJspu3alii, KpoMe paHHeld octaHoBkd u DropOut ans monenu
EfficientNet, momornu cHu3uth 3pdekr nepeodydyenus, onHako L1-perymnspusaims npu 3TOM yMEHb-
muia 3uavyenue F1-mepsi.

5. OTMeTuM, 4TO COBMECTHOE MpUMeHeHue TexHosoruu DropOut u L2-peryinspusaiiuu momMorio He
TOJIBKO CHU3UTH d((eKT mepeoOdyUueHnst, HO 1 MOBBICUTH MoKa3aTens F1-Mepsl Ha HanOoIbIIee KoImde-
CTBO NPOLICHTOB OTHOCHUTENBHO MOKa3aTesel npu TpancdepHoM obydeHnu. Kpome storo, mist monenu
ResNet nabmrogaercst MOBBIIIEHHE JAaHHOW XapaKTEPUCTUKU HA 7 %, 4TO sSBISETCS HAMOOJBIIUM IIPH-
POCTOM Cpeu paCCMOTPEHHBIX MOJIENICH.

6. Monens DenseNet nmokaszana Hauaydinye pe3ysibTaThl KJIACCUPHUKAIMKM cO 3HaueHHueM F1-mephi,
paBHbIM 91 %.

3akiouenne

B pamkax qaHHOTO MCCIIEIOBaHHS IPOBE/IEHa MHOTOKIIACCOBAs KJIACCU(HUKALMS TIOPAKSHUH KyIIb-
TYPHBIX PAacCTeHHH Ha NMpUMepe MIIeHUIbl. [IpuMeHeHne TeXHOIOTUH TpaHC(HEPHOro OO0yUYeHUs IS pe-
HIEHHs TPOOIIEMBbI HEOCTATOYHOTO KOJIMYECTBA JAHHBIX OMOIJIO JOCTHYb JOCTATOYHO BBICOKMX MOKa-
3aresiell TOYHOCTU. Tak, HAMITydlIyI0 TOYHOCTh KIacCH(HUKAIMU 37J0pOBOii mieHuIs! (82 %) u miieHu-
bl ¢ opaxkeHueM crebeit (93 %) mokaszana moxaeinb DenseNet, moaens VGGNet BepHO KitacCUHITHU-
poBana 89 % u3o0paxxkeHui ¢ mopaxkeHueM JuctheB. OJHAKO aHaIM3 TpagUKOB TOYHOCTEH U MOTEPh Ha
sTanax o0y4eHus: ¥ MPOBEPKH MOKa3all, 4TO Ha BCEX MOJIENISIX HaOMroAaeTes d3QQeKT nepeoOydeHus, 4To
CHIDKaeT UX 0000IIaroNIyIo ciocoOHOCTh. B aHHOM paboTe paccMOTPEHBI CIEeIYIOINE TEXHOIOTHHU JUIs
camkenus 3ddexra nepeodyuenus: Early Stopping, L1 u L2-perynsipusanusi, DropOut.

B pesynpTare mpoBeIeHHOr0 UCCIEI0BaHUS YCTAHOBJICHO, YTO HAMJIYUIIyI0 TOYHOCTh PacIio3HaBa-
HUS TIokazaia mozenb DenseNet ¢ nmpruMeHeHneM KOMOMHAIIMY TEXHOJIOTHH TPaHC(HEPHOTO 00yUeHHS U
TexHoJorui perynaspuzanuu DropOut u puk-perpeccun (L2) ans npeoponenus s¢dekra nepeodyye-
Hus. [IpuMeHeHre JaHHOTO MOAX0/1a TO3BOJIMIIO T0CTHYb 3HaueHus F1-mepnr 91 %.
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APPLICATION OF COMPUTER VISION TECHNOLOGIES
FOR THE DEVELOPMENT OF A MODEL FOR THE RECOGNITION
OF LESIONS OF CULTIVATED PLANTS

N.A. Yanishevskaya, natalia.yanishevskayal997@yandex.ru,
I.P. Bolodurina, prmat@mail.osu.ru

Orenburg State University, Orenburg, Russian Federation

In the Russian Federation, the agro-industrial complex is one of the leading sectors of the eco-
nomy with a volume of domestic product of 4.5%. Russia owns 10 % of all arable land in the world.
According to the data on the sown areas by crops in 2020, most of the agricultural area of Russia is
occupied by wheat. The Russian Federation ranks third in the ranking of leading countries in
the production of this type of grain crops, as well as leading positions in its export. Brown (leaf) and
linear (stem) rust is the most harmful disease of grain crops. It is the reason for the sparseness of
wheat crops and leads to a sharp decrease in yield. Therefore, one of the main tasks of farmers is to
preserve the crop from diseases. The application of such areas of artificial intelligence as computer
vision, machine learning and deep learning is able to cope with this task. These artificial intelligence
technologies allow us to successfully solve applied problems of the agro-industrial complex using
automated analysis of photographic materials. Aim. To consider the application of computer vision
methods for the problem of classification of lesions of cultivated plants on the example of wheat.
Materials and methods. The CGIAR Computer Vision for Crop Disease dataset for the crop disease
recognition task is taken from the open source Kaggle. It is proposed to use an approach to the re-
cognition of lesions of cultivated plants using the well-known neural network models ResNet50,
DenseNet169, VGG16 and EfficientNet-BO. Neural network models receive images of wheat as in-
put. The output of neural networks is the class of plant damage. To overcome the effect of overfitting
neural networks, various regularization techniques are investigated. Results. The results of the clas-
sification quality, estimated by the software using the F1-score metric, which is the average harmonic
between the Precision and Recall measures, are presented. Conclusion. As a result of the conducted re-
search, it was found that the DenseNet model showed the best recognition accuracy using a combina-
tion of transfer learning technology and DropOut and L2 regulation technologies to overcome the effect
of retraining. The use of this approach allowed us to achieve a recognition accuracy of 91%.

Keywords: multiclass classification, neural networks, regularization technologies, overfitting,
damage to cultivated plants.
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TPAHC®OPMALUA MOOENN CUCTEMbI NOAAEPXKU NPUHATUA
PELLEHUM OANA TUNOBbIX CUTYALUUU C NPUMEHEHUEM
UHTEJINEKTYAJIIbHbIX U AHAIIMUTUYECKUX METOOOB

B.B. AumoHog’, K.A. Kones', I'.I". Kynukoe?

" Yebumcekuii 20cydapcmeeHHbIl asuayUoHHbIT MexXHUYecKul yHusepcumem,
2. Yohba, Poccus,

2 AO «Ypumckoe Hay4Ho-npou3sgodcmeeHHoe npednpusimue «MorHus»
xonduHea « TexHoOuHamuka», a. Y¢ha, Poccusi

B Hacrosiiieit ctatbe paccMaTpHBaIOTCs BONPOCH! MOBBILICHUS S((MEKTUBHOCTH JESATEIbHOCTH
M0 TMOJIEPKKE MPHUHATHS PEUICHUN MPU OTHOCUTENHHO OoybiioM 00béMe MHpOopManmu. AKTyalb-
HOCTB MICCIICTOBAHMUS CBsI3aHA CO BCE BO3PACTAIOMICH CII0)KHOCTBIO OOBEKTOB YIIPABICHHS, YTO BEIET
K CHIDKCHHIO 3(()CKTHBHOCTH TPUHSITHS PEIICHUI HA OCHOBE JTMYHOTO OIBITA JIMII, IIPUHUMAIOIIIHX
peuieHust, BIUIOTh 10 NOJHOM HeBo3MokHOCTH. Ileib. B kauecTBe OCHOBHOM L€ CTaTbH paccMat-
pHUBacTCs aHaIu3 MPOOIIeM, ¢ KOTOPBIMH CTaJIKUBAIOTCS JIMIA, IIPUHUMAIOIINE PElIeHuUs, H (HopMu-
pOBaHUE METOAOB ISl MOBBIILICHUSI PE3YIbTATUBHOCTU NPHUHATHS PEIICHUN B TUIOBBIX CUTYyallUsX.
B cratee mcciemyloTcsi OCHOBHBIE KOMIIOHEHTHI MHTEJUICKTYaJIbHOM MOJCHCTEMBI CHCTEMBI MO-
JIEP>KKH IPUHATHUS PEeLICHUH, KOTOpBIe TPEOYIOT MPUMEHEHHUS aHATUTHIECKUX HHCTPYMEHTOB, a TakXkKe
(dopmupyeTcsi CTPYKTypa B3aUMOJIEHCTBHSI METOOB, HEOOXOAUMBIX s 3ddexTrBHOrO hopmMHpO-
BaHUs CIICHAPWCB MH(DOPMAIMOHHON MOJACPKKHA MPUHATHS perieHui. MeToabl. [ TOCTHKEHUS
esiel IPUMEHSITICh: METOJI MOIICP)KKH MPUHATUS PELIICHUH Ha OCHOBE MHTEIUIEKTYaJIbHOW KOMIIO-
HEHTBI, KOTOPBIIl HallelieH Ha co3faHue d3(GGEeKTUBHON NHPPACTPYKTYPHI IS TOJICPIKKH TPUHSATHS
peUICHUIT; METOIBI HACHTU(UKAIINH 1 KaTerOpPH3alliy, IpeIHa3HaYCHHBIC U OCYIICCTBICHUS HaW-
0oyiee TOYHOTO M KOPPEKTHOTO COMOCTABIICHHS XapaKTEPHUCTUK (COCTOSHIUSI) HAOIIOIaeMOW CUTya-
UM U XapaKTePUCTUK TUTIOBOM CHUTYAIlUH, XpaHUMEIX B 0a3e 3HAHUIT; METOIBI KOPPEILAIUH, HAIIPaB-
JICHHbIE Ha MOUCK 3aBUCUMOCTEN MEXIY XapaKTepUCTUKAMM CUTyallMid U CUEHApUEB JUJISl PELICHUS
mpoOJeM, CBS3aHHBIX C ATUMH CUTYAIMSIMH; METOJ MOCTPOCHHUS IMPEIMETHOW KBAIUMETPHUH, HC-
TIOJIb30BAHHBIA TSI (POPMHUPOBAHUS TPOTHOZHOW MOJENTH U OLICHKH CTETICHH COOTBETCTBHUS BBI-
OpaHHOTO CIICHApHs PEIICHHUs CIOXKUBIIeHCs cuTyarun. Pesyabrar. OnpeneneHo, 4To BaKHBIM ac-
MEKTOM MPUHSITHS PEIICHUI B TUIOBBIX CHTYal[UsIX — SIBISETCS HanOoJsiee TOYHAS MACHTU(UKAIMS
COCTOSIHUSI CHUTYAIllH, BHIOOp HAWIYUIIEro CLEHApHUs peajHu3allid PEelIeHHs JUIL 3TOM CUTyallud U
aHaU3 TIOCIEACTBUI BBIOPAHHOTO KOMIUIEKCA MEpONpHATHH. [y pemeHus yka3aHHBIX 3a/1ad
c(OpMHUPOBaHBI METOJ UICHTU(PHUKALUKN CUTYal[M, METOJ IOUCKa CLIEHAPHEB PEICHUS U KBaJU-
METpHYECKasi METOJMKA MPOTHO3HOM OIIEHKH pe3yNbTaTHBHOCTH BBHIOPAHHOTO CleHapus. 3aKjaoue-
HMe. B cTatbe cienaH BBIBOJ, YTO AEATEIBHOCTD M0 NMPUHATHIO PEIICHUN Ha OCHOBE HAKOILJIEHHOT'O
OTIBITa MOXKET OBIThH YITyUIICHA 332 CUET UCIIOIF30BAHUS TPEIIOKEHHBIX METOJJOB ¥ BHEIPCHHS CHC-
TEMbI MOAJIEPKKH MPUHATHUS PELICHUHN ¢ HHTEIUIEKTYyaJIbHOM KOMIIOHEHTOMH.

Knioueswvie cnosa: npunsmue pewteruti, UHMeIEKMYAIbHAS NOOCUCTHEMA CUCTEMbL NOO0epI’C-
KU NPUHAMUS peuieHull, U0eHMUMUKAYUs Cumyayui, NOUCK CyYeHapues, K8aiuMempuiecKdas Mooey.

Beenenue

[Iponecc npuHATHS pELICHUM SIBISIETCS. OJHOM U3 BaKHEHIINX U aKTyaJbHEHIINX TEM JUIsI UCCIIENO0-
Bateneit Bcero mupa [20]. [Ipu sTOoM 3HauMTeNnbHBIA 00bEM 3amau mroboro JIIIP oTHOcUTCs K Kiaccy
THUIOBBIX, TOBTOPSAOLINXCS (camMonogo0HbIx). Kak npasuio, mo00i Takol CHENUAINCT, B 3aBUCUMOCTH
OT XapaKTEePHUCTHK CUTyalllu, MMOJOHMpaeT HACTPOWKM THUIIOBOTO cueHapus perrenus [14]. Hampuwmep,
BOJIUTEIIL MOXKET €XaTh 10 JI000 J0pore, HO UCHOIB3YET JJIS YIPaBICHHUS TPAHCIIOPTHBIM CPEJICTBOM
OHU W Te K€ NMpHuEMBL. TeM He MeHee BONpPOC HACTPONKH THIOBBIX CLEHAPUEB PEIIEHUH OCTAETCA
OYCHb CIOKHBIM M Ba)XKHBIM. DTOMY CIOCOOCTBYET HECKOJIBKO NMPHYHMH: CUTyalusi He 0053aTEIbHO OA-
HO3HAYHO MOJXKET OBITh OTHECEHA K M3BECTHBIM THUIIAM, CYIIECTBYIOIIUIN CIIEHAPUN PELICHHUS] MOXKET He
MIOJTHOCTBIO Y/IOBJICTBOPSITH CUTYAIIUH, BBIOOD CIIEHAPHSI pEIICHHUS OOBIYHO HE OYEBHJICH. DTH NPUYHHBI
B 3HAYUTEIBHOW Mepe OOBACHSIOT OUIMOKU B YNPABICHYECKUX PELICHHUSX, MPUHUMAEMBIX BO BIIOJIHE
YCTaHOBUBIIIMXCS CTA0OMIIbHBIX OPraHU3aIlMOHHBIX Tporeccax [18].
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OCHOBHBIM CITOCOOOM TIPUHATHS PEIICHUH B TUIOBBIX CUTYallUsSX HA CETOIHSIIHUIN JICHD SBISCTCS
HedOopMaIM30BaHHbIN onbIT. C TOUKH 3pEHHS COBPEMEHHBIX MCCIIEAOBATENCH ONBIT MPUHATHS PEIICHUH
He JIOJDKeH ocTaBaThCs TONMbKO B mamsaTu JIIIP, HO u HomKeH oT4yXIaThCsl M COXPAHATHCA B BHJIE 3HA-
HUU B MHTEJUICKTYATbHBIX MTOJCUCTEMAaX CUCTEM MOACPKKY MPUHATHUS pemeHui [4, 22]. B aToM ciayuae
3a/laud KJIACCU(UKAIUN MHOXECTBA CUTyalldii U MHOXECTBA CIICHAPHUEB UIsl TIOMCKA YIPaBICHYECKUX
pelIeHuii CBOAATCS K MareMaTnieckuM anropurMam [7, 11]. Ograko octaéres Ba 3HAUMMBIX BOIIPOCA —
BOIIPOCHI BHIOOPA U HACTPOWKHU CIIEHAPHSI PEIICHUs! ISl BBISBJICHHBIX XapaKTEPHCTHK CUTyanuu. Pere-
HUIO TaHHBIX aKTyaJdbHBIX 33724 MMOCBALICHA JaHHAs CTAThS.

1. UaTen/IeKTyaabHAasA MOACUCTEMA CUCTEMBbI PUHATHSA pPelleHuii

CoBpemeHHasi cucTeMa HOAJIEPKKH HNPUHATHS PEIICHUH ¢ OONBLION J0Jel BEpOSTHOCTH JOJKHA
COJIepKaTh MHTEIUIEKTYaIbHYI0 KOMIIOHEHTY [21]. MIHTennekTyanpHasi KOMIOHEHTA BKIIOYAET HE TOIb-
KO Habop crienupUKaIMi ONMCAHUS XapaKTEPUCTUK HEKOTOPBIX THITOBBIX CUTYalnid U Habop crenudu-
Kalluil XapakTepUCTUK CIICHAPUEB MPUHUMAEMBIX PEIICHHH, HO ¥ MpaBuiIa JJisl HICHTUUKAIMN TTapa-
METpPOB CHUTYyaluH, Uil BBIOOpa cueHapus Uil UACHTU(UIUPOBAHHON CUTYALlMH, a TaKKe AJIsI IPOTHO-
3UpOBaHMs MOCIENCTBUN MpHUHATOrO pemieHus. [locnennue nBe 3a1a4l O4EHb MOX0XKH, HO HE TOKAECT-
BEHHBI, TIOCKOJIbKY BBIOOp CIIEHApHsS pEIICHUS Ul KaKOW-THOO CHUTyalluH TMOApa3syMeBaeT oTOOp BcexX
MOIXOAAIINX CLIEHAPHEB, B TO BpeMs KaK MPOrHO3UPOBAHNE MOCIEACTBUN — 3TO MOMNBITKA OLEHUTH U BbI-
OpaTh HawIyyllee pelieHre, T. €. PElICHHE 331a41 ONTUMU3ALMHI [0 OAHOMY WJIM HECKOJBKHUM U3 3a/1aH-
HBIX KPUTEPHEB (MAaKCUMH3AIIMS MOJIE3HOCTH, CHIDKCHUE 3aTpaT, MAaKCHMHU3AIIUs 0€30MacHOCTH H T. I1.).

BaxHO OTMETHUTB, YTO BONPOCHI aBTOMATU3ALMU MPUHATHS PELICHUN UMEIT HECKOJIBKO YPOBHEM.
Ha ypoBHE MHTYUTHBHO OYEBHJHBIX PEIICHUI MO TUIy «UAET T0KIb — BO3BMHU 30HT» HET CMBICIA B
TITyOOKOMBICIIEHHOM aHanu3e. [[puHsTHE HOBBIX PEIICHHH B HOBBIX CUTYaIUsIX Ha 00BEKTE YIIPABICHHUS
— Ype3BbIYaiHO MHTEPECHBI BOMPOC, YACTHYHO PACCMOTPEHHBIN B [2], BBIXOIUT 3a MpPEAMET HU3JI0XKe-
HUSl JTAaHHOM CTaTbd, TAaK )€ KaK U BOMPOC NPHUHATHUS PEIICHHH MO HEYETKUM IaHHBIM, COOpaHHBIM
IJIaBHBIM 00Pa3oM CO CJIOB AKCHEpPTOB. B manHOU craThe Hanbonee mogpoOHO PacCMOTPEHBI METObI
MPUHSTHS PEIICHU Ha OCHOBE OTHOCHUTENHHO TMOJHBIX M TOYHBIX JAHHBIX, KOTOPbIE MOXKHO 00pabaThI-
BaTh C MOMOIIBIO METOJOB HEYETKOH JIOTMKH WM CTATUCTUYECKU. TakuM o0pa3oM, HHTEIJICKTyalbHas
MOJCHCTEMa CHCTEMbI MOJACPKKU MPHUHATHS PELICHUH NpEACTaBIIsieT COOOH KOMIUIEKC BHEIIHHX U
BHYTPEHHHX JAUCKPETHBIX OMHCAHUN CUTYAIHii, CIIEHApHEB U MPAaBIJI HECKOJIBKUX TUIIOB (puc. 1).

Cucmema noddep)xKu NPUHAMUS peweHul

i UHTenneKryanbHasa nogcucrema
XapaKTepucTunkm XapaKTepUCTUKK TUMOBbIX

; TUMOBbIX CUTYaLUI E cueHapues pelleHus

i Mpasuna Mpasuna Mpasuna

5 naeHTMdUKaumm Bbl6Opa NPOrHO3MpPOBaHMA :

cUTyaumi cueHapues nocneacTsuin :

i KomaHOosl,

| y 5 5 ! daHHble

: Momox HTepdencHbIN :

5 ynpasnenus KOMMOHEHT

i cnne Unghopmauyus

| 5 nnp
| : (akcnepThbl)

Puc. 1. CTpyKkTypa UHTenneKkTyanbHoOu NoACUCTEMbI CUCTEMbI NOAAEPXKKA NPUHATUSA PeLueHUn
Fig. 1. The structure of the intelligent subsystem of the decision support system
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Pa3paboTka WHTEIIEKTYaIbHON TOACHCTEMBI JUISI THUIOBBIX, JOCTATOYHO HW3YYEHHBIX CHUTYaIlHi
MpeJICTaBIsIeT co00M 3a1auy 00beAMHEHUS 3HAHUH 00 3THX CUTyalUsIX, CIICHAPUSIX PEIICHUHN JJI HUX U
TpaBuIL.

JUts IpUHATHS pelIeHN NMPU TaKUX JaHHBIX OCHOBHYIO Hay4YHYIO MPOOJIEMY COCTABIIAIOT paspa-
00TKa HOBBIX WJIM QAaNTallds CYIIECTBYIOIIUX METOJIOB CHUCTEMHOM WHXXCHEPHH IS PEIICHUS 3a1ad
UACHTU(UKALMN CUTYaIUi, BBIOOpA CIICHAPUEB U ITPOrHO3UPOBAHUS MOCICACTBUN MPUHATHIX PEIICHHUIM.
Paccmotpum mosipoOHeEe, KakiuM 00pa3oM CUCTEMHO MOKHO PEIINTh aHHBIE 33/]a4d B paMKax 0a30BbIX
MEXIYHapOIHBIX CTaHAAapTOB [3, 12].

2. Meroa cucTeMHOM HAeHTH(PUKALMA CUTYAIHA

3amaun Ha 3TaNe «Y3HAGAHUSY UNU UOeHMUGUKAYUY CUTyallul MOTYT PEIIaThCsl ¢ OYCHb BBICOKOI
TOYHOCTBIO, €CITH CUTYaIIUsl OLEHUBAETCS MO OOJBIIOMY YHCITY MOKazaTenei. s cyliecTBeHHO THIIO-
BBIX TIpolieccoB, B kKoTopbix JITTP 061agaer rmy0OKMM OMBITOM, Takas 3ajjada MOXKET BIIOJIHE KOPPEKTHO
pelarbcsi MHTYUTUBHO Ha CUTYallMOHHO-()YHKIMOHAJIBHOM ypoBHE. OHAKO Ui 3a7a4, peanu3yeMbIX
OTHOCHUTEJILHO PEIKO M CBOMCTBEHHBIX IIaBHBIM 0Opa3om mpoekTam, JITIP maneko He Bcerma crocoOeH
C XOJly MPaBUJIBHO WACHTU(PHIIMPOBATH CUTYaNUIO. B mobom ciydae pa3paboTyrK CUCTEMBI MOICPKKU
MPHUHATHUSA PEIICHUI HE MOKET IPOTHO3UPOBATh HA JUINTENIBHYIO IEPCIIEKTUBY, KAKHE HMEHHO THIIOBBIC
cutyauuu He TpeOytoT nmoanepxku JIIIP, a xakue, HarpoTus, TpeOytoT. Tem Gonee uro poins JIIIP ne
MpUBsI3aHa K KOHKPETHOMY UYE€JIOBEKY, a HOBBIM PaOOTHHUK MOXKET UMETh COBCEM APYToi, 3a4acTyro 60-
Jiee HU3KHH, ypoBeHb KommeTeHuuil. Takum oOpa3zoM, 3agada MACHTH(UKAMKN ecTh 3ajada HaKoIUIe-
HUSI, COXPAaHEHHUS, aKTyaIU3alMy U HCIIOJIb30BAHMUS OIBITA PACIIO3HABAHMUS TUIIOBBIX CUTYallUd KaK 00b-
€KTOB 110 UX BHYTPEHHHUM NPU3HAKAaM B TOIOJIOTUYECKON CUCTEME KOOPAUHAT IIPOCTPAHCTBO — BPEMS».
Ecnu Habop THIOBBIX CUTYaNUi OOIIMPEH, TO KOJTUYECTBO MPU3HAKOB, 110 KOTOPBIM HIACHTU(DHUIIUPYETCS
(«y3HaéTCs») cuTyarysi, MOKET OBITh OYCHb BEJIMKO M 00Pa30BBIBAThH LENYI0 KIACCH(PUKAUOHHYIO MO-
Jenb, TakcoHomuoo. Hambomnee n3BecTHHIM NpUMEpPOM OOIIMPHOM TaKCOHOMMHU AJISl MAECHTH(UKALIIH
sBIIsieTCs — Kiaccudukaius BunoB no Jlunero — Jlamapky [16]. Ilo aHanorum ¢ Hel BIOJHE MOYKHO
KJaccu(UIMPOBATh HAOIIOAAEMbIE CUTYAIH, B KOTOPBIX MPUHUMAETCS pellieHHe, HarpuMep, crenua-
JIMCTOM IO 3aKyNKaM IpH BHIOOpE MOCTABILIMKA WM MPH PELICHUH O pa3Mepax 3amacoB M T. 1. Cxema
TaKCOHOMHUH MPU3HAKOB THUIIOBOM CHUTYaIlMH MPOJIEMOHCTPUPOBAHA Ha pUC. 2.

Cutyauma
\ 4 \ 4 ) 4
FnaBHbIN NpUsHak 1 FnaBHbIN NPU3HaK 2 FnasHbI NpusHak N
MpusHak 1.1 | | Npwu3snHak 1.2 MpusHak 1.M
MNHCTPYMEHTbI 417 CHUXKEHUA
HeonpeaenéHHOCTU: Teopus
v A 4 bopManbHbIX rPaMMaTHK,
BekTop BekTop @ 1 _Teopua HEYETKMX MHOMKECTB,
KpuTepures KpuTepues Teopusa U3MepeHui,
1.1 1.2 Teopua BepoATHOCTEMN

Puc. 2. Cxema TaKCOHOMUU NPU3HAKOB TUMOBOW CUTyaLUmn
Fig. 2. The taxonomy scheme of the characteristics of a typical situation
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KoHnentyanbHbIM acnekTaM MOIX0Aa K MOCTPOEHHUIO TAKCOHOMHI MPHU3HAKOB THUIIOBOM CHUTYalNH
npu e€ HICHTUPHUKANNN («y3HABAHHUWY) C YUIETOM BEPOSITHOCTH MPABHIBLHOCTU OIPEIENICHHs KaxXI0TO
TIpU3HAaKa MOCBsIIeHa cTaThs [15].

C nenpio GopManu3alMyu U AaJbHEHIIECH aJrOPUTMUYCCKOW peaiu3allid JaHHOW 3aJaddl MOXKET
OBITh MPUMEHEH aHATTMTUYECKUH ammapaT e€ ONMCcaHus Ha OCHOBE TEOPUH KaTeropuii MHOKECTB [6, 19].
OmnpenenuM 1Be KaTeropun 00bEKTOB: N — «HabmrogaeMast cutyanusi» u 1 — «TurnoBasi curyauus». s
TOro 4toObI cutyanus N; Obula MAEHTU()HUIMPOBAHA KaK OJIHA M3 W3BECTHBIX T;, HEOOXOAMMO obecre-
YUTH YCIOBUS, IPU KOTOPBIX HEKOTOPAs 4aCTh MapaMeTPOB OOBEKTOB 3TON KaTETOPHUH COOTBETCTBOBAJIA
napamMeTpam 00beKTOB THIIOBOH cuTyanuu. To ecTb peub UIET 0 MoHOMOpdusme 00beKkToB U3 T; B N; 1
onpeneneHnn QyHKIMOHAILHOTO oTHOmIeHus f: T; = Nj, rjie BHyTPEHHHE XapaKTEPUCTUKU THUIOBOM
cutyaruu t,, € T; u HaOMOJaeMOH CUTyaIuu ny € NJ CBS3aHBbI KOMITO3HIIUEN

Ny =Zzoty, (D

TJie z — HEKOTOPBI HCKOMBIH MOI00BEKT (MOPYU3M), ONpe/IeiieMblil M3 MHOKECTBA OTHOIIICHHH f, CBSI-
3BIBAIOIIUI BHYTPEHHUE COBNAIAIONINE XapAKTEPUCTHKH 00HEKTOB.

Ha ocHoBaHMM TpOBENEHHBIX HCCIIEOBAHMI MOTYT OBITH OIpPECICHBI XapaKTePUCTUKU HaOIo-
JaeMOM CUTYyalluu U CIeJIaHbl BBIBOJBI O COBIAACHNN UX YaCTH ¢ TUIOBOM cuTyanueil. Ilpu atom momo
COBIAJAIONINX XAPAaKTEPUCTUK U CTENEHb COBINAJCHHSA CIEAYET ONPEAENATh U HACTPauBaTh I KayKIOU
KOHKPETHOH NMpeaIMeTHON 00JIaCcTH.

3. MeToa cUCTEMHOI'0 MONCKA ClIeHAPHEB pPelleHust

[Tonbop crieHapusT MEPONPHUATHI MO PEIICHUIO MPOOJEMBI, CBI3aHHOW C CHUTyallMel Ha OOBEKTE
YIpaBiIeHHs — 33]a4a MOKCKA 110 XapaKTEePHUCTHUKAM CIIEHApHsl, HAWITYYIIUM 00pa3oM yIOBJIETBOPSIOIIE-
IO TOH TUIIOBOW CUTYyalluH, K KOTOPOH HaOIr01aeMoe COCTOSIHUE OBbLIIO OTHECEHO paHee.

B naHHOM moucke BO3MOXHO JiBa UCXOJa — OAWH WM HECKOJIBKO CLEHApUEB MPHHATHUS PELCHHS
YK€ acCOLMUPOBAHBI C KOHKPETHBIM COCTOSHHEM (HaOOpOM IMapaMeTpoB) TUIOBOW cUTyalud. Takoe
COOTBETCTBHE MOTJIO OBITh YCTAHOBJICHO B XOJ€ NPEABLAYIIMX WTEpalMii MMOWCKA PEUICHUH, U OHO HE
TpeOyeT KaKuX-TMO0 IOTOTHUTENbHBIX CPEACTB AJIS pealn3alii, JOCTaTOYHO 3ayCTUTh ITUKJI C Iepe-
00opoM Bcex MMeroIuXcs B 0a3e 3HaHUH accolualiuit. Bropoit ucxom — oTCyTcTBUE B 0a3e 3HAHMI acco-
LMUPOBAHHON C KOHKPETHBIM COCTOSTHUEM THIIOBOM CUTYAIIUH CLIEHAPHS IPUHATHS PEIICHHI.

[Ipu Gonbiioil BEIOOPKE NAHHBIX O COCTOSHHSX TUIOBOM CHUTyallud M UX CBSI3IMH CO CLEHAPHAMHU
MPUHATHS PEIICHU MOKHO MPUMEHITh METOJIbI KOPPEALMOHHO-perpeccuoHHoro ananusa [17]. Ilpo-
Onema B TOM, 4TO Ha OOJBIION BEIOOPKE BCE BO3MOKHBIE CLIEHAPHH PEILLEHUH, CKOpee BCero, yxe OyayT
OOHapyXeHbl U acCCOLMHMPOBAHBI C KOHKPETHBIMU COCTOSIHUSIMH THIIOBOM cuTyaumu. [lostomy Hawm-
OoNBIINI MHTEPEC MPEACTABISIOT BO3MOKHOCTH IO MPHUHSATHIO PEIICHUH TPU HATHYUH OTHOCHUTEIHHO
HeOoNbIIOro 00bEMa JaHHBIX. B TakoM ciydae, yUUTHIBas reTEPOCKETACTHYHOCTh PACCMaTPUBAEMBIX
MapaMeTpoB CUTYallMH, BO3MOXKHO HCIOJIb30BAHHE KOPPENALMOHHOTO aHalM3a Ha MaJlbIX BBIOOpKax,
Hanpumep, paHroporo ko3¢ dunuenta koppensaun Crnupmena [8].

JeiicTBUTENBbHO, €CIM IPU3HAKU THUIIOBOW CUTYallly, HA OCHOBAaHMU aHAJIU3a KOTOPBIX MPUHUMAET-
Csl pelIEHUE O COOTBETCTBUU CLEHAPHS 3TON CUTYalllH, PACCMOTPETh, KaK aHAIN3UPYEMBbIE TapaMeTphl,
TO Pa3HOCTh ATHX MAPAMETPOB C MapaMeETPaMH, KOTOPBIE COOTBETCTBYIOT HEKOTOPOMY CLIEHAPHIO, MOXKHO
NPEeACTaBUTH B BUAE NapaMeTpa D B BRIpAXCHUH IS TIOMCKa ko3¢ duuuenTta koppessiuun Cimpmena (p).
Ecnu npuHATE 32 7 4MCI0 aHATU3UPYEMBIX IIapaMeTPOB, TO KOA(Q(HUUHUEHT KOPPEISLUA MOYKHO OIpee-
JIUTH 110 U3BECTHOU (opMmyIie

6Y D?

Teneps, mepedupasi B IUKJIC BCE COCTOSIHUS THITIOBBIX CUTYAIlU U COCTOSHUS CIICHAPUEB PEIICHHUIA,
MOXHO OTIPEACIIATh HAIMYUE WU OTCYTCTBHE KOPPEJIAINH, a 3HAYUT B OTOMPaTh HEKOTOPHIE CIICHAPUHU
HACHTU()UIMPOBAHHOM CUTYAIMH C SN0 MPEICTABICHUS B BUIC BapraHTa pernenus 1 JITIP.

[Ipu pemeHnn 3aa4 Mpu HEMOJTHOM M, BO3MOXKHO, HE BIOJHE OOBEKTHBHOW HH(MOpMAIIUK HEOOXO-
JUMO BOCIIOJIb30BATHCA METOJAMHU TEOPUM HEYETKUX MHOXKECTB, UTO IUIAHUPYETCA B paMKax ApPYroi
cTatbu. B crnenyromieil rmaBe paccMOTpeH MpUMep MeTona it GOPMHUPOBAHHS OLEHKUA BEPOSITHOCTH,
MIPY KOTOPOW BEIOPaHHBIN ClIEHAPUN TIPUEMIIEM IS PENISHVsI BEIIBJICHHOM MPOOIEMBI.
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4. KBanuMerpu4yeckasi MeTOANKA MPOTHO3HOM OLIEHKH Pe3yJIbTATHBHOCTH

BbIOPAHHOI0 CLIEHAPHUS

[Ipu BEIMONHEHUN JBYX YCJIOBHI — HaJMUUM B 0a3e 3HaHUH OCTATOYHOro 00BEMa MH(pOpMaIUU
OTHOCHUTENFHO TOTO, KAaKUE PEIICHHs IPUHUMAJIACh B JAHHOW CUTYaIlMH PaHee M HaJTHYMH JOCTATOYHON
YBEPEHHOCTHU B 3TOH MH(OPMALUHU — NOSABISETCS BO3MOXKHOCTh HUCIIONIb30BAHUS KBATUMETPUUECKUX Me-
ToI0B 00paboTku mHpopmanun [1, 5], obecneunBarommx (HOpMHUPOBaHUE MPOTHO30B OTHOCHTENHHO
BBIOPAHHOTO CIICHApHs peleHus. MOXXHO TPEII0KHUTh METOINKY, OCHOBAaHHYIO Ha IPOTHO3HOW KBallU-
METPHUECKOW MOjeNH, KoTtopas (opMUpyeTcsi Kak CpelHEB3BEIICHHOE OT IMOKa3aTesed, KaTeropupo-
BaHHBIX 10 BBHIOPAHHBIM acleKTaM Ha OCHOBE CBEJICHUIA O 0a30BBIX AneMeHTaX (QYHKIHH, PECypChl,
npaBuia U uenu). Ilpuuém nop 1enbio 34ech MOHUMAETCSl HEKOTOpasi CUTyalusi, B KOTOPOI IOKa3aTelb
YBEPEHHOCTHU B PEIICHUH MOCTaBICHHOH 3a1aun (ycTpaneHuu mpobdnemsl) paser 1 (100 %), mubo okoino
JAHHOTO 3HAYECHHUS.

J11st IOCTPOCHUSI CUCTEMBI OIIEHKH HEOOX0MMO (POpPMUpPOBAHNE YACTHOW KBAJTMMETPUU JIJISI KaX-
Joro cueHapus peureHust. Takas kpanumetpus (Q) Oyner cBépTkol n3 MHOKecTBa Kareropuii (C), co3-
JaHHBIX HAa OCHOBE MHOXECTB 0a30BBIX 3JIEMEHTOB THUIIOBOHM CHUTyallUH, T. €. MHOXECTBa QyHKIMH (F),
MHOKECTBa pecypcoB (R), MHOkecTBa mpaBui (N) u MHOkecTBa 1enei (G).

Q = f(C,F,R,N,G),npuatm C = (F,R,N,G). 3)

Meroauka npeanoiaraeT:

1) BeIACIICHHE TIOKa3aTeNeH, CBA3aHHBIX ¢ QYHKIMIMH (TPYI0EMKOCTb, CJIOXKHOCTh H T. 1.), pecyp-
camu (3aTpaThl BO BceX (hopMax, HHGPACTPYKTypa, BpeMs, Kaapsl U T. 1.), IpaBuiaMu (HOPMAaTHBHEIEC,
3THYECKHE, GU3NICCKUE U ITPOYHE OIPAHUYUCHUS), LICISIMH (CTCIICHD pealli3alliy IIOCTaBICHHOM 3a/1a4H,
OIICHEHHasl, HalprMep, B Oaax);

2) B3BEIIMBAHHE ITOKA3aTelIe Ha OCHOBE X 3HAYUMOCTH, ONPEAEIAEMON 10 SKCIEPTHBIM, YaCTHY-
HO OOBEKTHUBHBIM WJIU TOJTHOCTHIO OOBEKTHBHBIM KpuTepusMm. Hampumep, cTOMMOCTh — aOCOIIOTHO
O00BEKTUBHBIN KPUTEPHUH; 3aTPaTHOCTh CHUIIBHO 3aBUCUT OT BHJIa YUUTHIBAEMOT'0 pecypca U crocoda yué-
Ta, TIOPTOMY SBJISICTCS YaCTUYHO OOBEKTHBHBIM, a KPUTEPHH JOSUIBHOCTH WM COBPEMEHHOCTH MOTYT
OIICHUBATh TOJBKO KCIIEPTHI;

3) dopmupoBanue paBua CBEPTKHU MoKazareneil. Ha qaHHOM 3Tamne 0OBIYHO MCTIONB3YIOT CIO0XKHYIO
CBEPTKY, B KOTOPOU HCITOJIB3YIOTCSI TPOMEKYTOUHBIE BRIUYUCICHUS. TaK, MOKa3aTelh «KadyeCTBO» MOXKET
OBITH CBEPTKOM OT MOKA3aTENsl «IIPOBEPAEMOCTDY», KOTOPBIH caM MOXKET ObITh CBEPTKON OT MHBIX IOKa-
3areneil. B crmoxxHoi cBEpTKE OOHYJIEHHE OJTHOTO M3 MHTErPalbHBIX IMOKa3aTesei, Ha KOTOPOM OHa Io-
CTpoeHa, OOBIYHO HMCTOIKOBBIBACTCS KaK OOHYJICHHE M OCHOBHOTO ToOkaszarens. Hampumep, ecnmu cry-
JISHT HaOpall M0 TEOPETUIECKON YacTU OICHKY «XOPOIII0Y», a MO MPAKTUISCKOW — «HEYAOBICTBOPUTEIh-
HO», TO U CyMMapHasl OLICHKa MOXXET OBbITh «HEYJOBJICTBOPUTEIILHOY», MTOCKOJBKY MOJHOCTHIO HE BhI-
MIOJIHEH OJIMH W3 0a30BBIX AIEMEHTOB MTPOrPaMMbI 00yUCHUS;

4) onpeieNieHUe KPUTEPUEB, KOTOPhIC MTO3BOJIAT aBTOMATUYCCKU (POPMHUPOBATH PEKOMEHAALIUH IS
JITIP o ypOBHIO COOTBETCTBHUSI pACCMaTPUBAEMOTr0 CLICHAPUS LIETISIM;

5) OIIeHKY KadecTBa CaMOi KBAIMMETPHUHU Ha OCHOBE CIICIIMAIBHBIX MTOKa3aTeleH.

AJNTOPUTM peanu3aniy KBAIUMETPUICCKON METOAUKH OIICHKH TPUEMIIEMOCTH CIICHAPHUS PEIICHUS
MoKa3aH Ha puc. 3.

[TockosbKy Jit00ast CUCTEMa OLICHKH MOXKET ObITh CKOMIIPOMETHPOBAHA MO MPUYKMHE HEIOCTATOUYHO-
ro 0XBaTa OLICHMBAEMbBIX XapaKTEPUCTUK WM IO MPUYKMHE HU3KOrO AOBEPUS K HEW, TO pa3yMHO BBECTHU
TOKA3aTeNN ISl OLIEHKH ITHX TOKas3areieil. s oleHkr kadecTBa KBAIMMETPUH IIeleco00pa3Ho MpH-
MEHATh MOKa3aTesb €€ MOJHOTHI (Pr), ONpeNeNnsomui CTeNeHb TOKPBITUS TIOKa3aTeNsIMU BCEX 3HAYH-
MBIX CBOHCTB M3MEPAEMOro 00beKTa U MoKa3aTellb 00bEKTUBHOCTH KBAamMeTpuu (Py), onpenenstonmi
CTEIEeHb JOBEPHUA K OLEHKE, TOIYYCHHON B CUCTEME OLICHKHU.

PaccMotpum oreHrBaeMbIii 00BEKT KaK COBOKYIMHOCTh CBOMCTB €r0 3JIEMEHTOB, KaK 3TO IMOKa3aHO
Ha puc. 4.

[Tokasarenp MOJHOTHI KBAIUMETPHUH MOXKHO pacCMaTpHBaTh KaK 4acTh CBOMCTB OOBEKTa, BhIpa-
JKEHHBIX B BHJIE U3MEPUMBIX MOKa3aTese, OTHECEHHBIX KO BCEM M3BECTHBIM cBoiicTBaM. [lockosibKy
pa3IuyHbIe CBOMCTBA UMEIOT pa3HbIA BEC JUIs LEIel uccienoBareis, TO UX ClenyeT B3BecuTh. [locTpo-
MM aQHAJIMTUYECKOE BBIPAXKECHHE ISt pacuéra Py.

18 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
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Puc. 3. AﬂrOpMTM peanu3auun KBanimMmeTpnyecKkoro metoga oOueHKU npuemMnemMocCcT cueHapusa peweHuns
Fig. 3. Algorithm for the implementation of the qualimetric method for acceptability assessing
of the solution scenario

CsoiicTBa 0bbekTa:
Ob6beKT Csolicto 1, CBOICTBO 2,...
Csotictso N -1, Csoicteo N

A 4 A 4

CsoiicTBa nogcucremsl 1:

Moacncrema 1 Csoiicteo 1.1, CsoiicTteo 1.2,... Noacucrema N
Csoiicteo 1.N1 -1, Csoticteo 1.N1 *

l l CBolicTBa anemeHTa M:
JnemeHT 1.1 SnemeHT 1.M Csoiicteo 1.M.1, Csoictso 1.M.2,...
Csoiicteo 1.M.N2 -1, CsoiicTBo 1.M.N2

Puc. 4. O61beKT uccrnenoBaHUA Kak 06 bEKT AN OLeHKU
Fig. 4. The object of research as an object for evaluation

Beeném o0o3HaueHus:

P = {p4, ..., Pm} — MHOXKECTBO M3MEPSIEMBIX CBONCTB, TJI€ 7 — KOJINYECTBO TAKUX CBOUCTB;

Py = {Pm1, -» Pmn} — MHOKECTBO BCEX CBOWCTB OOBEKTA MCCIICIOBAHMS, TJI€ 7 — KOIMYECTBO Ta-
KHX CBOMCTB.

Kax oMy cBOWCTBY 00BEKTA MCCIIENOBAHUS Py j (M COOTBETCTBEHHO Pj) TIOCTABMM B COOTBETCTBUE
BeCOBOH KOO(QPUIHMENT (KOO)PUIMEHT 3HAYMMOCTH) Wy, . Tak Kak HAaC HHTEPECYIOT TOJLKO M3MeEpsie-
MBI CBOWCTBA, TO K&XKIOMY Pj Oy/IET COOTBETCTBOBATH BECOBON KOO(PHUIMEHT W;.
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MHOXECTBO TaKUX BECOBBIX KO duimentoB Wy, = {Wy1, ..., Wynn} MOXKET OBITH IPUHATO B Kaye-
CTBE ITU(POBOTO SKBUBAJIEHTA MHOYKECTBA BCEX CBOMCTB 00BEKTA MCCIIEIOBAHMS.

BseneMm o0o3HaueHuE:

W ={wy, ..., w;,} — MHOXECTBO BECOBBIX KO3()(DHIMEHTOB IUPPOBOr0 SKBHBAICHTA BCEX HM3ME-
psIeMBIX CBOICTB 00BbeKTa uccaenoBanus. OueBuaHo, uro W W, u PC P,,.

TOFI[a BBIPAKCHUC IJIA paC‘IéTa oKa3aTeisd MOJHOTBI KBAJIUMCTPUUN MIPUMCT BUJ
M ow;
—aj=1"J
P = , (4)

e Ppax — CyMMa BeCOBBIX KO03()(PHIIMEHTOB IU(YPOBOro SKBUBAJICHTa MHOXKECTBA BCEX CBONCTB O0BEK-
Ta UCCIIEOBaHUs, BRIYHCIIEMOE TI0 aHAIOTUYHON QopmyIie

Pmax

Prax = Z?:l Wnj> (5)

[Moxcrasmsis popmyiny (5) B hopmyiy (4), HOIyYUM CleayOIIEe:

p. — it wj (6)
f z:?:1‘/‘17"1]'

Takxum 00pa3om, MOTHOTA KBaJTUMETPUH OTIPEACISICTCS] OTHOIEHUEM YUCIIa H3MEPSIEMBIX K 00IIeMy
YHCITy NOKa3aTenel o Kaxnomy Becy. OTOpacbiBaHHe NOKa3aTenell ¢ HU3KUMH BeCaMH OIpaBAaHoO, ec-
JIM TIOKa3aTeNb NOJIHOTHI HE YMEHbIIaeTcsl 10 3HaueHud Mensbie 0,9.

Kpome Toro, mokazarenb MOJHOTHI MOXKET ITOKa3bIBaTh, YTO HEKOTOPHIE XapaKTEPUCTUKH O00bEKTa
HE U3MEPSIOTCS BCIEACTBUE OCOOEHHOCTEH MX MPUPOJBI, CI0KHOCTH MOJTYYECHHUS JaHHBIX, HU3KOTO JI0-
BEepUs K JaHHBIM U T. I. B 3TOM ciyyae BO3MOKHO Pf < 0,9, Ho Torma JIIIP nomkeH NMPUHSATH PUCKH
MoT00HOTO METO0/1a U3MEPEHUSI.

[lokaszarenb 0OBEKTHBHOCTH KBAIMMETPHH JEMOHCTPHUPYET OLICHKY YPOBHS aoBepus K Heil. Ecnu
COCTaBUTH HIKATy 3KCIEPTHOW OIIEHKH YPOBHA OOBEKTHBHOCTH IOKasareiei, (Hampumep, ot 0,1 mo 1
¢ maroM paBHbIM 0,1), TO 00BEKTHBHOCTH KBaTUMETPUH (Pp) MOYKHO ONpeNeNnuTh KaK OTHOIIEHHE CYM-
MBI 0aJIJIOB IO ATOM MIKaJIe 32 BCe MoKaszarenu (S,,) kK ynciy nokazatenet (N ax):

S
P =¥ (7)
N
max
ITpuMep TaOMUIBI BECOB ISl ONMPECNICHHs TOKa3aTeNlsi OOhCKTUBHOCTH KBAJMMETPUU IMOKAa3aH B
Taou. 1.

Tabnuua 1
Tabnuua BecoB nokasarenei 06'LEKTUBHOCTN KBaNMMeTpum
Table 1
Table of indicators weights of qualimetry objectivity
Tun Beca ITonkaTeropus Ycnosue BeIOOpa bamn
JlocTtoBepHble W3mepenne, n3BecTHasi KOHCTaHTA, NPSIMOM MOACUYET 1
Oo6mwexTuBHBIE | J[[ocTaTO4HO N3mepenne ¢ BBICOKOWM INOTPENIHOCTBIO, 3aTPyAHEHHBIN 0.9
JIOCTOBEPHBIE MOJICYET ’
JocraTouHo [lepenpoBepeHHas oLeHKa, pacCUMTAaHHAS MO OOLIEHU3BE- 0.9
JIOCTOBEPHBIE CTHOM METOAMKE Ha OCHOBE OOBEKTUBHBIX MOKa3aTesei ’
Bricokoro [epenpoBepeHHast OIeHKa, CAETaHHAS MO OOIIEH3BECT- 0.8
JIOBEpUs HOH METOJMKE IPYIIION aBTOPUTETHBIX IKCIIEPTOB ’
JocraTouHo OueHka, cenaHHas M0 OOIEU3BECTHOW METOIUKE TPYyI- 0.7
BBICOKOT'O TIOBEpHs | TOW aBTOPUTETHBIX IKCIEPTOB ’
TpyrmoBsie Hosepus Orenka, cienaHHas 1Mo OOIIEU3BECTHON METOIUKE aBTO- 0.6
SKCTICPTHBIC BBIIIIE CPEHETO PUTETHBIM 3KCIEPTOM
Cpennero Onenka, cieidaHHas HAa OCHOBE KIIACCHMYECKHX JKCIEpT- 0.5
JIOBEpHUS HBIX METOOB I'PYMNIIOi aBTOPUTETHBIX IKCIIEPTOB ’
Hesricokoro Ornenka, ciejaHHas Ha OCHOBE KIJIACCHUYECKHX JKCIepT- 0.4
JIOBEpUSI HBIX METOJIOB I'PYIIION 3KCIEPTOB CPEINHETO JOBEPUS ’
JlocTaTouHo Onenka, cieigaHHas Ha OCHOBE KIIACCHMYECKHX JKCIEpT-
HBIX METOJOB TPYIIOH 3KCHEPTOB, AOBepHe K KOoTopbM| 0,3
HU3KOT0 J10BEpUs
HU3KO0 WJIN HEONPEJECIECHHO
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OKoH4aHue Tabn. 1

Tun Beca [Tonkareropus YcioBue BrIOOpa bamn
JocraTouHo IlonTBepkacMast IpyrMMH OLIEHKA, CAENaHHas aBTOPH- 03

HU3KOTO JIOBEPHs | TETHBIM 3KCIEPTOM Ha OCHOBE OMBITA M JIOTHUKHU ’
HemonreepxnéHnas oreHka, cielaHHass aBTOPUTETHBIM

Huskoro nosepust 0,2
HKCIIEPTOM Ha OCHOBE OIBITA U JIOTUKH
CybpexTusibie HenoareepxaéHHas oLeHKa, cIETaHHAS 3aciy’KHBaiO
Manonone3Hbie AITBEPAL 1 » Ol y 0,1
MM JJOBEPHSI SKCIIEPTOM Ha OCHOBE OMBITA U JIOTHKH
HemonreepxnéHuas oOIEHKA, ClIeTaHHAs HEU3BECTHBIM
HekoppekTtHbie ATBEPAL ! > A 0

9KCIICPTOM Ha OCHOBC OIIbITA U JIOTUKHN

5. IlpuMep NpUHATHS pelieHUI HA OCHOBE JAHHBIX HHTEJIEKTYaJbHOM NMOJACHCTEMbI

CHCTeMBbI NOAJePKKH NPUHATHS PeleHuiH

s nemMoHcTpanuu paboToCOCOOHOCTH MPEIOKEHHOTO METOa MpHUBEAEH HEOOBIION MpUMeEp.
[Tyctp JIIP pemaer 3amauy MOKYNKH KOMIbIOTEpa A pabodyero MecTa CIEHHaNIMCTa MO 3aKylKaM.
CucreMa MoJIep>KKU MPHHATHS PEIICHUH HASHTU(UIMPOBAIA CUTYAIHIO KaK «3aKyIlKa 000pyI0BaHHUs
Uil pabovero Mecra CHeluanucTa» U OOHapyXuia Uil TaKOW THIIOBOM CHUTYallMH CJIEAYIOIINE CLeHa-
pUU PELICHUMN:

1) oTKa3aThCs OT MOKYIKY;

2) 3akynuTh HauOosee NemEBBI BAPHAHT HA PhIHKE (TUIOBAsk KOMILTEKTAuA 1);

3) 3aKynuTh NPOABUHYTHIA BapUaHT C PACIIMPEHHBIMH KOMMYHUKAIMOHHBIMA KOMIOHEHTaMH (THU-
MOBasi KOMITJIEKTaIus 2);

4) 3aKkynuTh OpeHI0BbIM HOYTOYK OT U3BECTHOU (PUPMBI (TUIIOBAsE KOMIUIEKTALMS 3);

5) IpOKOHCYIBTUPOBATHCS C IKCIIEPTOM B OTZENE HHPOPMAIMOHHBIX TEXHOJIOTHH AJ1s1 HOpMHUPOBa-
HUSl HOBOTO CIIEHApHSL.

Kaxapiit 3 BapHaHTOB XapaKTepU3yeTcsl HEKOTOPBIMU 3HaYeHUsIMU MHOeCTB F, R, N, G, KoTOopbIe
n3BecTHBI. PaccMoTpena Tabnuia co 3HaUeHUSIMU JaHHBIX TIOKa3aTenel (Tadu. 2):

Tabnuua 2
Mpumep HOPpMUPOBaHUSA BapMaHTOB pelLLeHUsl No napaMeTpam
Table 2
An example of the normalization of solution options by parameters
OyHKIUU Pecypch! (Bpems [IpaBuna Henu (cTenens
Bapuantsl (TpymoéMKOCTh 1 (UH. pecypchl (orpaHn4eHus peanu3anuu 3amnpoca
B Oayuiax) B OaJiiax) B Oayuiax) B Oayuiax)
1 0,1 0 HET 0
2 -1 -1 HET 2
3 -1 —2 HET 6
4 -1 -3 HET 4
5 -1 0 HET 0

Ecnn mMexaHnmuecku CyMMHpPOBaTh HOKa3zaTend, TO nodenut crparerus 3. OQHAKO OYEBUAHO, YTO
pe3yabTaT CUIBHO 3aBHCUT OT BECOB KKAOTO U3 MOKa3aTejel, CTeNeHN uX y4uéra U puHansHol Gpopmy-
16l CBEPTKU. OYEBHUIHO, YTO B pACCMOTPEHHOM IpUMepe Nokasarenu Py, P, He OylyT O4eHb BBICOKHUMH,
MOCKOJIBKY pacu€T ObLI CAETaH Ha OCHOBE OUYEHb OOIINX M MMOBEPXHOCTHBIX MOKa3arenel. TeM He MeHee
s 10001 MOoJOOHOH 3a1aui MOYKHO, €IUHOKIbl HACTPOUB 3TH HapaMeTphl, 3aT€M PEeryJIsipHO IOJTY-
YaTh OT CUCTEMBI MOJJICPKKU BIOJIHE KOHKYPEHTOCIOCOOHBIE MpeioskeHus. [IOHSTHO, YTO TOYHOCTh
OLICHKH OyJeT obecredeHa TONbKO Ha OOJIBIIOM YHCIIe TIOKa3aTeneil, 4To MpearoiaraeT aBTOMaTH3aIuIo
IpoLecca U3MEpPEHMS.

Kpome toro, cnemyer yuects U ONBIT MpUMEHEHHs OlleHOK. st GopMupoBaHus mpeacTaBieHus o
HaAEKHOCTH OLIEHKH BBOAMTCS TOKa3aTelb «IOBEPEHHOCTh OIICHKH», KOTOPBIM ABISETCS MHHHUMAlb-
HBIM IIpH €€ CO3IaHUM U PACTET MO Mepe KOHCTATAIMK YCIIENTHOCTH €€ MPUMEHEHMSL.

BaxxHO OTMETHTB, YTO MPEASIOKEHHBIA CUCTEMHBIH METOA MOXKET OBITh KOPPEKTHO JOMOJHEH APY-
TMMH METOJaMH, TIO3BOJISIIOIIMMH MIPOBOJIMTE MOJTOTOBKY KAKUX-JIMOO JaHHBIX WU (POPMHUPOBATH 3HA-
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YeHUsl KakuX-nOo mokaszareneld. OKOHUYATEIbHYIO JIOTHMKY NPHUMEHEHHS MOTYT ONpPEAENUTh TOJBKO
npeaMeTHast 00J1acTh U 3KCIIEPT, KOTOPBI (GopMUpyeT cucTeMy.

[IpuBeneHHBIC BBIIE MPaBWIIA CTPYKTYPUPOBAHUS U (HOPMATH3ANUN TPEICTABICHUS MHOXECTBA
CUTYyaluil, MHOXECTBA CLIEHApPHUEB AJIS1 UX OTHOLIEHHH, MHOKECTBA aJITOPUTMOB JJIsl BEIYMCIICHHUS Mapa-
METPOB M Jp. B UCCIIEAYyEeMOW TPEJAMETHON 001acTH MOTYT OBITh peailn3oBaHbl B (hopMe CHCTEMHOMN
(DYHKIIMOHATIBHONH MOJEIM ¢ BEPTUKAILHON JCKOMIIO3UIIUCH CBsi3el OOBEKTOB IO YPOBHSAM (BHEIIHHE
CBSI31) M TOPU3OHTAILHON JEKOMIIO3ULUEH 110 BHYTPEHHHUM CBS3AM B OOBEKTE Ha METasi3bIKax MOJCIIH-
posanus IDEF winm UML ¢ npumenennem ux CASE texnonoruii win ¢ npuMmenenueM BPMN cucrtem
[9, 13].

3akil0ueHue

B nenmoM KoHIIETIINS CO3MaHUS CUCTEMBI TIOIICPKKY TIPUHATHS PEIICHUI Ha OCHOBE HHTEIUICKTYallh-
HOU IMOJICKCTEMBI B TAKUX ACIHEKTaX, KaK MPOJBUHYTHIN YEIOBEKO-MAIIMHHBIA HHTEP(EHC U JOCTYITHOCTh
PECYPCOB KOMIBIOTEPHOU CUCTEMBI, BIIOJIHE YKJIAbIBACTCSA B HAIIPABICHUE Pa3BUTHUSI COBPEMEHHBIX MPO-
MBIIUICHHBIX HH()OPMAIIMOHHBIX TEXHOJIOTHH, U3BECTHOE Kak nporpamma «Muayctpus 4.0» [10].

B moctrarouHo cTaOMIBLHOM OHM3HEC-TIPOLIECCE MPUHATHE PEIICHUH OCYIIECTBISICTCS Ha OCHOBE
ombrita JIITP. OxHako 1 COBpeMEHHOTO MPEeApHUsITHS STOT criocod He Beerna ¢ dextuBeH. [ pere-
HUS TIPOOJIEMBI UCTIONB3YIOTCSI MHTEIUIEKTYaIbHEIE TTOIX0bI, TOCTPOSHHBIC HA OCHOBE aHAIMTUKU 3Ha-
Huil. MccaenoBaHusl MoKaszaad, YyTo MPH pealid3allid TOJXOJ0B K MPHHATHIO PEIICHUH HE00X0IuMO
pelIaTh CIenyroIre 3a1aun: HISHTU(PUKAIIS COCTOSIHAS (XapaKTePUCTHK) CUTYallud, B KOTOPO HaXO-
JUTCSI OOBEKT YIPaBICHUs, BRIOOP HYKHOTO CIICHAPUS pEIIeHHUs (IeHCTBUS HITU aJlTOPUTMA JICUCTBUS) H
MIPOTHO3UPOBAHKE TMOCIEACTBHIA MPUHATOTO pemeHns. Kakaplit M3 3TUX 3J€MEHTOB MPOIECca IPUHSITH
pelIeHui peann3yeTcsl CIEeNHaTbHBIMU METOJAMH, KOTOPBIC TO3BOJISTIIOT CHU3HUTH HEOMPEICIEHHOCTh
MPUHUMAEMOT'0 PEILICHUSI.

Takum 006pazoM, MOXKHO 3aKITIOYHTh, YTO JEATEIHLHOCTH M0 MPUHSATHIO PEIICHUH HA OCHOBE HAKOII-
JIEHHOTO OTIBITa MOXKET OBITH yIydIlieHa 3a CUET MCITOIB30BAHUS MPEIIOKECHHBIX METOMIOB. JlJjis 3TOTO
norpedyetcs nudposmzanus nestenpHoct JIIIP 1 BHenpeHue cucTeMbl MOMICPKKU MPUHSATHUS pelie-
HUU C UHTEIJICKTYalIbHOM KOMIIOHEHTOM.

B nmanpHeleM IIaHUPYETCS MHTErPaIlis PaCCMOTPEHHBIX METOJOB B paMKax OOIICH KOHIICIIIUH
MPUHATHS PEIICHUH C METOJaMH, IPUMEHICMBIMU JUIS IPUHATHS PEIICHUN B CYIIECTBEHHO HEOIpee-
NEHHBIX CUTYAIUSAX U B CUTYallHsIX, CHJILHO 3aBUCUMBIX OT CyObeKTUBHBIX oreHOK JIITP.

HccnenoBanue npoBoaurcs npu GpuHaHCOBOI mojuep:kke MUHHCTEPCTBA HAYKH M BbICIHIEr0 00pa3o-
BaHus Poccuiickoii @eepanyu B paMKax OCHOBHO# 4acTH ToCyIapCTBEHHOI0 32IaHUS BBHICHIUM Y4eOHbIM
3aBeaenusam Ne FEUE-2020-0007.
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The article discusses the issues of improving the efficiency of decision support activities on
a relatively large amount of information. The research relevance is associated with the increasing
complexity of control objects, which leads to a decrease in the efficiency of decision-making based
on the personal experience of decision-makers, up to complete impossibility. The purpose of the ar-
ticle is to analyze the problems faced by decision-makers and the creation of methods to improve
the effectiveness of decision-making in typical situations. The article examines the main components
of the intelligent subsystem of the decision support system, which require the use of analytical tools,
and also forms the methods interaction structure necessary for the effective formation of scenarios
of information support for decision making. To achieve the goals, a decision support method based on
an intelligent component was used, which is aimed at creating an effective infrastructure to support de-
cision-making; methods of identification and categorization, designed to implement the most accurate
and correct comparison of the characteristics (state) of the observed situation and the characteristics of
a typical situation stored in the knowledge base; correlation methods aimed at finding dependencies
between the characteristics of situations and scenarios to solve problems associated with these situa-
tions; a method for constructing subject qualimetry, used to form a predictive model to assess the de-
gree of compliance of the selected scenario for solving the current situation. As a result, it was deter-
mined that an important aspect of decision-making in typical situations is the most accurate identifica-
tion of the state of the situation, the choice of the best scenario for implementing the solution for this
situation and the analysis of the consequences of the selected set of measures. To solve these problems,
a method for identifying a situation, a method for finding solution scenarios and a qualimetric method
for predicting the effectiveness of the selected scenario have been formed. The article concludes that
decision-making activities based on the accumulated experience can be improved by using the pro-
posed methods and implementing a decision support system with an intelligent component.

Keywords: decision making, intelligent subsystem of the decision support system, identification
of the situation, search for scenarios, qualimetric model.
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Time series analysis became one of the most investigated fields of knowledge during spreading
of the COVID-19 around the world. The problem of modeling and forecasting infection cases of
COVID-19, deaths, recoveries and other parameters is still urgent. Purpose of the study. Our article
is devoted to investigation of classical statistical and neural network models that can be used for
forecasting COVID-19 cases. Materials and methods. We discuss neural network model NNAR,
compare it with linear and nonlinear models (BATS, TBATS, Holt's linear trend, ARIMA, classical
epidemiological SIR model). In our article we discuss the Epemedic.Network algorithm using
the R programming language. This algorithm takes the time series as input data and chooses the best
model from SIR, statistical models and neural network model. The model selection criterion is
the MAPE error. We consider the implementation of our algorithm for analysis of time series for
COVID -19 spreading in Chelyabinsk region, and predicting the possible peak of the third wave
using three possible scenarios. We mention that the considered algorithm can work for any time se-
ries, not only for epidemiological ones. Results. The developed algorithm helped to identify the pat-
tern of COVID -19 infection for Chelyabinsk region using the models realized as parts of the consi-
dered algorithm. It should be noted that the considered models make it possible to form short-term
forecasts with sufficient accuracy. We show that the increase in the number of neurons led to in-
creasing accuracy, as there are other cases where the error is reduced in case of reducing the number
of neurons, and this depends on COVID -19 infection spreading pattern. Conclusion. Hence, to get
a very accurate forecast, we recommend re-running the algorithm weekly. For medium-range fore-
casting, only the NNAR model can be used from among those considered but it also allows to get
good forecasts only with horizon 1-2 weeks.

Keywords: BATS, TBATS, ARIMA, Holt's Linear Trend Model, SIR Model, NNAR, COVID-19,
Forecasting.

Introduction

COVID-19 is one of the most serious problems facing the entire world today. In this article,
we consider methods for predicting the spread of COVID-19 (cases of infection, death, and recovery) in
the Chelyabinsk region, using time series analysis models and NNAR neural networks. On March 21,
2020, the virus began to spread in a pattern that resulted in millions of infections in less than a year.
Most of the deaths from this virus occur among the elderly and people with chronic heart disease, which
is the leading cause of death even in developed countries [1]. Recently, a lot of studies have been pub-
lished on forecasting the number of cases of COVID-19, both worldwide and in individual states and
regions. These studies used mainly the ARIMA model, Holt's linear trend model, and the SIR state tran-
sition model. There are also studies devoted to the comparison of the work of the models, for example,
in [2] it is shown that the linear Holt model is better than the ARIMA model for the states considered in it.
In our article, we will investigate the performance of these models and provide an analysis of the errors
of the forecasts obtained.

Given the similarity of the characteristics of the models in the United States and Italy, it was sug-
gested in [3] that the corresponding forecasting tools can be applied to other countries fighting
the COVID-19 pandemic, as well as to any pandemics that may arise in the future. However, a general
principle for choosing models for predicting the spread of COVID-19 has not yet been formulated.
Moreover, for different states and different conditions of the spread of the epidemic, it is advisable to
build a forecast using different models. For example, in [4], it was shown that the LSTM model had
consistently the lowest rates of forecast errors for tracking the dynamics of infection cases in the four
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countries considered. There are also studies that show that the ARIMA model and cubic smoothing
spline models had lower forecast errors and narrower forecast intervals compared to Holt and TBATS
models.

Input Covid 19 Time series \
Infections - Deaths and global variahley'

Covid 19
Database

| Splitting data to training and testng |

| Time-series Models | Epidemiological Model |Neural network Modell
NNAR
BATS Model
TBATS
Model #
Holt's
Linear Trend SIR Model
ARIMA
Save Model
| Accuracy for training data |
[me| [mae| [rwse| [mPE| [maPe| [mase] [acF
rd
l Summary Tables
Forecasting BATS Model
- Forecasting TBATS Model
|Accuracy for testing data | / Forecasting Holt's Linear Trend
MAPE Forecasting ARIMA Model
Forecasting NNAR Model

Select the Best Model ummary and visualization of
error for each model

Fig. 1. Scheme of Algorithm Epidemic. Network selecting the best model for predicting COVID-19 cases

The results obtained cannot be generalized to all countries affected by the COVID-19 pandemic due
to different patterns of the spread of the virus. As for the SIR model, even at the beginning of the pan-
demic, it was shown to be ineffective in predicting cases of coronavirus infection. For example, using
this model, it was found that the peak of the second wave of infection cases in Pakistan should have oc-
curred on August 25, 2020, however, in fact, the peak of infection in this country in December 2020 [5].
The “covid19. Analytics” package, developed in the R language, has the same drawbacks. This is evi-
denced by the results of the SIR model and the prediction of the time of occurrence of the second (and
subsequent) wave cycles. In Fig. 1 we show the scheme of the developed software module, which allows
you to choose the best model with the available initial data. For the experiment, the Yandex dataset [6]
was used on infections, deaths, and hospital discharge from March 12, 2020, to April 09, 2021. Let's
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consider the models used in this algorithm. All models are subdivided into three categories: (1) time se-
ries analysis models; (2) neural network models; (3) epidemiological models. One of the first papers [7]
was devoted to the simulation of the COVID-19 in the Isfahan province of Iran for the period from
Feb 14th to April 11th, 2020. The authors of this paper forecasted the remaining infectious cases with
three scenarios that differed in terms of the stringency level of social distancing. Despite the prediction
of infectious cases in short-term intervals, the constructed SIR model was unable to forecast the actual
spread and pattern of the epidemic in the long term. Remarkably, most of the published SIR models de-
veloped to predict COVID-19 for other communities suffered from the same conformity. The SIR mo-
dels are based on assumptions that seem not to be true in the case of the COVID-19 epidemic. Hence,
more sophisticated modeling strategies and detailed knowledge of the biomedical and epidemiological
aspects of the disease are needed to forecast the pandemic

1. Time Series Analysis Models

1.1. BATS u TBATS Models

The TBATS model is a state-space trigonometric exponential smoothing model with Box-Cox
transform, ARMA errors, trends, and seasonal components called the TBATS model, which is used to
analyze univariate time series models and was developed by De Livera et al. [8]. A figure of the func-
tioning of these models is shown in Fig. 2. The main difference between the TBATS model and
the BATS model is the ability to forecast with variable seasonality.

Exponential Box-C
BATS Model e g oxX-LoX ARMA model for
Smoothing Method :D: Transformation residuals

TBATS Meodel fe—» BATS Model Trigonometric Seasonal

Fig. 2. Scheme of the BATS and TBATS models

The main advantage of these models is the ability to use multiple seasonality. Nevertheless, in some
cases, the use of these models is not advisable, since the results of the same order of accuracy can be
obtained by other methods that are less demanding on computational resources.

1.2. Linear Holt model

Adaptive exponential smoothing models are a fairly popular tool for predicting the spread of coro-
navirus infection. These models also served as a general tool for making time-series projections corre-
sponding to the development of the epidemic in different countries [2, 9, 10]. True, the main drawback
of most of the studies presented is the lack of an explanation for the choice of the corresponding model
specification, as well as the lack of an “explanation” for the choice of model hyperparameters [9]. We also
note the article [2], which shows that the exponential smoothing model for the time series under consi-
deration gives more accurate results than the ARIMA model. The Holt-Winters model does not really
explain in any way the nature of the epidemic and focuses exclusively on the data itself. Thus, in this
model, we can note the phenomenon of insignificant seven-day cyclicity, associated primarily not with
the true development of the infectious process, but with the work schedule of individual medical ser-
vices (testing laboratories, as well as administrative services) [9].

1.3. ARIMA model

The ARIMA model consists of three components [11]: (1) AR (autoregressive term) — refers to past
values used to predict the next value; determined by the parameter p in the autoregressive model;
(2) MA (Moving Average) — used to determine the number of past forecast errors used to predict future
values; determined by the q parameter obtained from the ACF (auto-correlation function); I (integrating
term) — if the series is not stationary, then its difference of order d is found, which is a stationary series.
To check the stationarity of the series, the extended Dickey-Fuller, Kwiatkowski-Phillips-Schmidt-Shin
(KPSS) test is used. The same tests allow determining the parameter d of the model.
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In [11], it is shown that the parameters of the model predicting the spread of COVID-19 are diffe-
rent for different regions of the Russian Federation (and states), in addition, the parameters of the model
change over time. The paper considers the possibility of automatic selection of parameters of the ARIMA
model for time series corresponding to the same process occurring in different conditions.

2. Neural network model with autoregressive

One of the model prediction methods is an artificial neural network, based on simple mathematical
models of the brain and allowing to establish the relationship between the response variable and its pre-
dictors, which is a complex nonlinear relationship.

In this work, we used a linear autoregressive model with delay, which we will call the NNAR mo-
del. To predict cases of COVID -19 in the Chelyabinsk region, the NNAR model (6.5) was used, which
is a neural network with the last observation. The vector y,_ is used as input to predict the output of y,
and with five neurons in the hidden layer (Fig. 3).

NNAR Model For Covid 19 (infection - Deaths - Recovery ) Cases in Chelyabinsk

Input Layer Hidden Layer Qutput Layer

Covid 19
Database

Fig. 3. NNAR model for predicting COVID-19 cases in Chelyabinsk

We have two types of neural networks: simple and multi-level feed-forward network. A simple neu-
ral network, which has no hidden layer and is equivalent to linear regression in this type, has coefficients
attached to predictors that cause weights and the prediction obtained by a linear combination of input
data and weights are chosen using a training algorithm that can minimize a “Cost Function” such as
MSE, so in this type of neural network, linear regression is an efficient method for training a model.

The second type of neural networks, called feed-forward layered network, In this type, the inputs of
each node from the previous levels, and the outputs of the nodes in one layer are the inputs in the next
layer, and there is a combination between the inputs of each node and a weighted linear combination,
and there is also non-linear function for modified results before output, open neurons j are combined
linearly to give Z; = b; + Zi5=1 w;,j ;- For example, a sigmoid nonlinear function that is used to change

in a hidden layer S(z) = parameters by, by, b3, by,and bs and w4 ,w;1,,W13,w14,and Wy s

1+e~2
“Learned” from the data. Weights are often limited to keep them from getting too large. The weight lim-

iting parameter is known as the “decay parameter” and is often set to 0.1. First, the weights are random-
ized and then updated using the observed data. Therefore, there is an element of randomness in
the predictions made by the neural network. Therefore, the network is usually trained multiple times using
different random starting points, and the results are averaged.

BecTHuk HOYplY. Cepusi «<KoMnbioTepHble TEXHONOrMK, yNpaBreHne, PaanoaneKkTPOHUKay. 29
2021. T. 21, Ne 3. C. 26-35



MHqJOpMaTMKa N BblHUCIINTEJIbHAA TEXHUKaA

Neural network with autoregressive (NNAR) lagged value in time series data that is used for input
into neural networks, so we used lagging in linear autoregressive model, which we can call this NNAR
model, which means neural network autoregressive model in our implementation for prediction the third
wave of COVID-19 in Chelyabinsk, we used the NNAR model (6,5) for the first scenario and NNAR
(6,10) for the second scenario, that is, the model is a neural network with the last observation. y;_; is
used as input to predict the output y; and with five neurons in the hidden layer.

3. Epidemiological SIR Model

Epidemiological models such as SIR (susceptible, infected, recovered), and their many variants de-
scribe the density of infected people / using a typical equation [12]. At the beginning of the spread of
infection, the number of infected, and recovered people is much less than the number of susceptible
ones, sO we can approximate S with a constant. Using this approximation, we obtain a linear differential
equation with constant coefficients, according to the solution of which the growth in the number of in-
fected persons at the beginning of the epidemic is exponential, and then slows down as the number of
susceptible to infection decreases.

However, the classical SIR model does not provide a high quality of the obtained forecasts [5, 13,
14] due to differences in the algorithms for choosing its parameters. In [5], the work with an extension
for the R language called covid19.analytics is described in detail. In [15], a model is used that provides
a complete picture of the spread of COVID-19 anywhere in the world. The author of this package claims
to do this by accessing, and retrieving data publicly available, and published from two main sources.
The package also provides basic analysis and visualization tools and functions for exploring these and
other similarly structured datasets. The main disadvantage of this package at the moment is
the use of exclusively the classical SIR model for forecasting, which gives a very large error. However,
in reality, effective (and not so) measures to contain the epidemic (quarantines, restriction of activities
and movement, the use of masks, etc.) are developed and practiced everywhere, which affects
the change in the trajectory of the epidemic and, as a result, leads to the fact that the coefficients of such
a model become variable. In the article [9], the authors retain the coefficients of the model based on
the newly obtained data, which is justified for obtaining short-term forecasts (up to 10 days) with high
accuracy. The reason for the lack of accuracy of the model lies in the fact that one of the most important
assumptions of this model is to divide the population into three homogeneous groups, and therefore this
model is not suitable for the example of clearly heterogeneous societies. During the year of the pandemic,
it became clear that these models give the best results for long-term forecasting (more than 7 days).

Software implementation of the considered algorithms

The considered models BATS, TBATS, the linear Holt model, ARIMA, SIR, and the neural net-
work model NNAR were implemented using the R language. The results of computational experiments
are given in [16], and the source code of the algorithm is in [17]. Here are some of the results obtained
using the developed algorithm.

MAPE(%) for testing data by using BATS, TBATS, Holt linear trend, ARIMA, SIR Tabled
and NNAR for COVID-19 cases in Chelyabinsk Region (cumulative data)

Model Infections Deaths Recoveries

MAPE (%) MAPE (%) MAPE (%)
BATS 0.037 0.256 1.361
Time series models TBATS 0.041 0.238 0.514
Holt 0.043 0.316 0.359
ARIMA 0.041 0.281 0.689

Epidemiological model SIR 4.98 — —

Neural network model NNAR (1,5) 0.458 4.577 5.367
Selected best model BATS TBATS Holt

Table 1 shows the calculation of forecast errors for the period from 12, March 2020 to 9, April 2021
and testing last 7 days for cumulative daily infection cases, testing last 31 days for cumulative daily re-
covery cases, and the testing last 27 days for cumulative daily deaths cases in the Chelyabinsk region,
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obtained using the considered models. Hence, it can be seen that the epidemiological and neural network
models give an error that is 1-2 orders of magnitude higher than the time series analysis models.

Table 2
Forecasting peaks of infection waves in the Chelyabinsk region using the NNAR model

Wave Model Peak (forecast) Peak (fact)
1 NNAR(2,50) June, 23, 2020 June, 23, 2020
NNAR(6,50) December, 19, 2020 December, 19, 2020
The first scenario NNAR (6,5) June, 21, 2021 Unknown
The Third scenario NNAR (19,15) July, 18,2021 Unknown

W W
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Fig. 4. Forecast of peaks of infection waves in the Chelyabinsk region

Despite the low (compared to time series models) forecasting accuracy using the NNAR model, this
model can be successfully used to construct not only short-term, but also medium-term and long-term
forecasts. Consider the results of using the NNAR model to predict infection peaks (Table 2, Fig. 4).
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It can be seen from Table 2 that the peak of infections in the first two waves was accurately predicted by
the corresponding models. Thus, there is reason to expect the peak of the next wave (provided that
the existing restrictions and management decisions are preserved) at the predicted time, which makes it
possible to proactively make some decisions and, possibly, influence the current situation.

Table 3
Modeling in a different time for the two Scenario for forecast the third wave in Chelyabinsk
. Lagged inputs P Number of neurons
Scenario NNAR (7, k) for forecasting the output y, in the hidden layer k
The first scenario NNAR(6,5) 6 5
The second scenario NNAR(6,10)* 6 10
The Third scenario NNAR(19,15) 19 15

* it is forecasted stable in daily infection cases (won't wave happen).

Table 3 shows the NNAR (P, k) to indicate there are P lagged inputs and k nodes in the hidden layer.
We used NNAR (6,5) model to obtain forecast for the first scenario, NNAR (6,10) model for the second
scenario, and NNAR (19,15) model for the third scenario respectively. Hence, both models present a
neural network with the last six observations used as (v, — 1,v; — 2,V —3,v: — 4,V — 5,y —6)
inputs for forecasting the output y, for first and second scenario, and present a neural network with
the last 19 observations for the third scenario. In addition to with five neurons in the hidden layer in
the first scenario, five neurons in the hidden layer in the second scenario, and 15 neurons in the hidden
layer in the third scenario. So the only difference between the three scenarios is the number of neural,
but we obtain MAPE 6.984% for the first scenario, 1.636% for the second scenario, and 0.955% for
the third scenario. One more difference is that we are testing the last 60 days for the second scenario,
the last 30 days for the first scenario, and last 7 days for the third scenario. The lower error for the third
scenario depends on the number of neurons in the network, and the size of training data. Hence, it is not
necessary to increase the number of neurons for increasing accuracy, as in our case, the increase in
the number of neurons led to increasing accuracy, as there are other cases where the error is reduced
in case of reducing the number of neurons, and this depends on COVID -19 infection spreading pattern.
To get a very accurate forecast, we recommend re-running the algorithm weekly (Table 4).

Table 4
Forecasting the lowest and highest daily COVID-19 infection cases till the end
of July 2021he end of July 2021
Scenario Forecasted the Lowest daily in- | Forecasted the Highest daily
NNAR (P, k) fection cases infection cases
The first scenario NNAR (6,5) 122 313
The second scenario NNAR (6,10) 69 85
The Third scenario NNAR (19,15) 94 208
Conclusion

The article discusses a new algorithm implemented with R, predicting COVID-19 cases and choosing
the best model (BATS, TBATS, Holt's linear model, ARIMA, SIR, and NNAR) for forecasting. The mo-
del selection criterion is the MAPE error. The developed algorithm helped to identify the pattern of
COVID-19 infection. It should be noted that the considered models make it possible to form short-term
forecasts with sufficient accuracy. For medium-range forecasting, only the NNAR model can be used
from among those considered. The development of methods for highly accurate medium and long-term
forecasting of COVID-19 cases is an open task. It is also an open task to take into account the number of
vaccinated population when making forecasts.
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MHqJOpMaTMKa N BblHUCIINTEJIbHAA TEXHUKaA

YOK 517.7, 519.257 DOI: 10.14529/ctcr210303

PASPABOTKA AJITOPUTMOB BbIBOPA NYYLIEA MOOENN 3
AHAJIN3A BPEMEHHbIX PAOOB U HEMPOCETEBbIX MOAEJIEU
and NnPOrHO3MPOBAHUA CITYHAEB COVID-19

M.C.A. Abomaneb6, T.A. Makapoeckux
FOxHO-Yparnbckul 2ocyGapcmeeHHbIlU yHusepcumem, 2. YensbuHck, Poccus

AHanu3 BpEMEHHBIX PAJIOB SIBIIETCS OTHOM M3 Hambojee HCCIeAyeMBIX 00JlacTel 3HaHUIl BO
Bpems pacnpoctpanenus Covid-19 mo Bcemy mupy. [Ipobiema MoaenpoBaHUS ¥ MPOTHO3UPOBAHUS
ciyuaeB 3apaxkeHuss COVID-19, neTanbHBIX HCXOAO0B, BBI3IOPOBICHUN U IPOYHUX MapaMETPOB OCTa-
eTcsl akTyalbHOH U 110 ceil neHb. Ilers nceaenoBanus. JJaHHAs CTAaThsl NOCBSIIEHA UCCIIEIOBAHHIO
KIIACCHYECKUX CTaTHCTHYECKHX U HEHPOCETEBBIX MOJIEIICH, KOTOPBIE MOTYT OBITH NCIIOJIB30BAHBI JUIS
nporuosuposanus ciaydaeB COVID-19. MaTtepuanabl u MeToasl. B cratee oOcyxngaercss Moaeib
HelipoHHOU cetn NNAR, npoBoguTcs ee cpaBHEHUE C JUHEHHBIMU M HEIMHEHHBIMU MOJEISIMU
(BATS, TBATS, nuneiinsiii Tpern Xonta, ARIMA, kimaccudeckas 3MAACMUAOIOTHYCCKAs MOJCI
SIR). B crarbe mpuBoautcst anroput™ Epemedic.Network, peann3oBaHHBIH ¢ UCIIOIb30BAHHEM SI3bI-
Ka IporpaMMHUpOBaHUsA R. DTOT anropuT™ nprHUMAaeT BpEMEHHBIE PAIBI B KAUeCTBE BXOTHBIX JaH-
HBIX M BBIOMpaeT Jydiryio Mozens u3 SIR, cratuctudeckux mMojeneil ¥ Moaenu HEHpOHHOM ceTH.
Kputepuem BeiOopa moxaenu sBisercss ommbka MAPE. PaccmoTrpena peanusanus JaHHOTO airo-
pUTMa IJIs aHAJIM3a BpPEMEHHBIX psoB pacrpocTpaneHus COVID-19 B YensOunckoi obmactu u
MPOTHO3UPOBAHMS BO3MOKHOTO IIMKA TPEThEH BOJHBI, PACCMAaTPHUBAIOTCSA TPH BO3MOXHBIX CIIEHA-
pust. OTMETHM, YTO PACCMOTPEHHBIH aJITOPUTM MOXKET paboTaTh [UIsl JIIOOBIX BPEMEHHBIX PSI/IOB, a HE
TOJBKO JUIA snuaeMuonorudeckux. IoaydeHnnople pe3yiabrarhl. PazpaboTaHHBIN aXropuT™M M03BO-
JIMJ BBISIBUTB 3aKOHOMepHOCTH 3apaxeHust COVID-19 s YensOuHckoi o6macTi ¢ UCIIONB30BaHHU-
€M MoJIeJiel, pean30BaHHBIX B COCTaBE paccMaTpuBaeMoro aiaropurma. Cieayer OTMETHTh, YTO pac-
CMOTpPEHHBIC MOJICIIH TIO3BOJIIOT C JOCTATOYHON TOYHOCTBIO (POPMHPOBATH KPATKOCPOUHBIE MPOTHO-
3b1. MBI TIOKa3bIBacM, YTO YBEJIMYEHHE KOJIMYECTBA HEHPOHOB MIPHUBENIO K MOBBIIICHUIO TOYHOCTH, TaK
Kak eCTb JPyTHE CIydaH, KOrja OMmMOKa YMEHBIIACTCS B CIIydyae YMEHBIICHHU KOJINIEeCTBa HEHPOHOB,
M 9TO 3aBHUCHUT OT XapakTtepa pacnpoctpaHerus nHpekpu COVID-19. 3akarouenne. CrnenoBatensHo,
YTOOBI MOJYYUTh OYEHb TOUHBIH IIPOTHO3, PEKOMEHIYETCS MMOBTOPHBIA 3aIlyCK alrOpUTMa EKCHEe-
JenbHO. [ cpeaHecpoYHOro IpOTHO3UPOBAHUS U3 PACCMOTPEHHBIX MOXET HCIIOJIB30BaThCs TONb-
ko moaens NNAR, HO OHa TakXe MO3BOJIIET HOJIY9aTh XOPOIINE MPOTHO3B! TOJIBKO C TOPH3OHTOM B
1-2 nenenu.

Knioueesvie cnosa: BATS, TBATS, ARIMA, nuneiinas mooenv Xonoma, mooenv SIR, NNAR,
COVID-19, npoeno3suposanue.
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UCCINEOQOBAHMUE BITIUAHUA USMEHEHWUA NMAPAMETPOB
MOOEJIN ARIMA HA KAYECTBO NMPOIHO3A
AnA KOPOTKUX HABOPOB JAHHbIX

M.H. ®enbkep, B.B. HecHoe

lMepmckuli HauuoHarnbHbIU uccriedogamernbCKUl nonumexHuU4ecKkuli yHusepcumem,
GepesHukosckul ¢unuan, e. bepesHuku, Poccusi

BpemenHble psipl — 3TO AaHHBIE, cOOMpaeMble B pa3iIM4YHBIC OTPE3KH BPEMEHH, KOTOPHIC, B
CBOIO OYepenb, B 3aBUCHUMOCTH OT 33/1a4H MOTYT OTIMYaThCs. BpeMeHHBIE pSAAbI UCTIONB3YIOTCS AT
TNPUHATHS PEIIeHNnH. AHAJIN3 BPEMEHHBIX PSIOB MO3BOJIIET IMOJIYYUTh HEKOTOPBIHA pe3ynpTaT, KOTO-
PBII OTpeAenuT XapakTep NPUHUMAEMOTO PELICHHS. AHATW30M BPEMEHHBIX PAJOB 3aHMMAJNCH B
OueHb JaBHHME BpEMEHA, HaNpHMep, CIEIACTBHEM aHalW3a CTAJIHM pa3indHble KajieHgapu. [lo3nnee
aHaTM3 BPEMEHHBIX PSAJIOB MPHMEHSIICA A HCCIEJOBAHUS M MPOTHO3ZHUPOBAHUSA IKOHOMHYECKHX,
COLIMANTFHBIX U IPYTHUX CUCTeM. BpeMeHHBIC psbl MOSBIUIUCH OYeHb JaBHO. Korma-Tto npeBHEBaBH-
JIOHCKHE aCTPOHOMBI, M3y4asl ITOJIOKEHUE 3Be3]l, OOHAPYKUIU MEPUOTUIHOCTh 3aTMEHHM, YTO IO-
3BOJIJIO B JajbHEUIIEM MPOTHO3UPOBATh UX IMOsBICHUE. [lo3qHee aHANH3 BPEeMEHHBIX PSIOB IO-
JOOHBIM 00pa30M TMPHUBEN K CO3MAHHUIO PA3MYHBIX KaJCHIApeH, Hampumep, ypoxkalHeIX. B manb-
HEHIeM MMOMHMO €CTeCTBCHHBIX 00JacTeil M0oOaBMIIMCH COIMANbHBIE U 3koHOMuYeckne. Lleas me-
CJIeJOBAaHMS: MTOUCK KIACCH(DMKAIIMOHHBIX NMPHU3HAKOB BPEMEHHBIX PSMIOB, MMO3BOJISIOIINX TOHATh,
MOJKHO JIH JUI UX KPAaTKOCPOYHOTo (3 oTcyera) MporHo3a NpUMEHsTh Mosiens ARIMA. MaTepuaJibl
U MeToAbl. Pa3zpaboTaHo crienuaibHOe MPOorpaMMHOE oOeclieueHue, peaan3yroliee MoaeIn ceMeii-
ctBa ARIMA n HeoOxonumsle uHTEp(elicsl. B pabore 6putn mccienoBaHel 59 HaOOPOB TOJOBBIX
JIAHHBIX C MaJlo nnuHOU, MeHee 20 3HadeHwid. /laHHBIE 00pabaThIBAIMCH C TIOMOIIBIO Python Ou-
oubnuorek Statsmodels, Pandas. JIns onpeneneHus CTallioOHapHOCTH psifia UCTIONIb30Baics Tect [u-
ki1 — Oymrepa. CTalioHApHOCTH BPEMEHHOTO Psifia TIO3BOJIAET 00Jiee Ka9eCTBEHHO CTPOUTH IPOTHO-
361, 711 BRIOOpA HAamTydIed MOAeIH MpUMEHsIICS HHG)OPMAIIMOHHBIN KpuTepuii Akanke. [lomyde-
HBI PEKOMEH/IAITUH 110 000CHOBAaHHOMY HOA0OpY MapaMeTpoB HacTpoiiku ARIMA-moneneit. [Tokaza-
Ha 3aBUCHUMOCTh HACTPOEK OT KaTeTOPHH TOJIOBBIX PsAoB. 3akmodyenune. [Tocne o0pabOTKH JaHHBIX
OBLTH BBIACTICHBI YeTHIPE KATETOPHH, WIH MAa0I0HA, TOAOBBIX PSIOB. B 3aBUCHMOCTH OT KaTeropuu
OBLTH TTOTOOPaHBI JUAIIA30HEI TTApaMeTPOB A HacTpoiiku ARIMA-moneneit. [Ipemnaraemele quarma-
30HBI [TO3BOJIAT ONPEAETUTh HadaJbHbIC MMapaMeTpPhl JUTs HCCIIEOBAHUS aHAJIOTHYHBIX HA0OPOB JaH-
HBIX. J[aHBI pPEeKOMEHJAIMH IO YIYYIIEHHIO KauyecTBa IOCTIPOTHO3a W IPOTHO3a IMPHU HOMOIIA
ARIMA-monenu 3a cueT moadopa HacTpOeK.

Kniouegvie cnosa: ARIMA, sxonomempuxa, ananus, pemenmule psobl.

Beenenue

Bpemennsie psapl MOSBISIOTCS B PE3yJIbTaTe U3MEPCHUS HEKUX TOKa3aHUMU, MOJYICHHBIX OT TEX-
HUYECKHX, MPUPOTHBIX, COIMAIBHBIX, JKOHOMHUYECKUX U Apyrux cucrtem [1, 2—7]. B 3aBucumocTt ot
3a/1a4yu, PUCKOB B TpeOyeMOi CKOPOCTH MPHUHATHUS PEIICHHUS MOTYT OBITh Pa3JIUYHBIC TIPOMEXYTKH MEXK-
ny coopamu [ 1, 8]. Hanmpumep, cucTeMBbI ¢ BBICOKUM PUCKOM, TaKHE KaKk OMPKH, COOMPAIOT CTATUCTHUKY C
CEKYHJIHBIM MEPHOJIOM, TaK KakK B JIFOOOH MOMEHT (CeKyHAy) BPEMEHHU MOXKET IMOMEHSIThCS TECHIACHIIUS
OupxeBoro Kypca. MeHee pUCKOBBIE CHCTEMBI UCTIOIB3YIOT YaCOBBIE WIIM CYTOYHBIE cOOphI. [lmst 6e3-
PHUCKOBBIX CHCTEM HJIH CHCTEM CO CIIA0BIM PUCKOM HEOOXOIUMOCTh B YaCTBIX COOpaX OTCYTCTBYET U JJIS
TaKUX CHCTEM HMCIIOJIb3YETCS €KEMECIUHBIN, SKEKBaPTAIbHBIN, €KErOIHBIN TIeproT cOopa.

AHanHu3 BpEeMEHHBIX PSJ/IOB MO3BOJISIET MTOTYYUTh HEKOTOPBIA Pe3ylbTaT, KOTOPBIA KaKuM-THO0 oOpa-
30M TIOBJIHSIET Ha TIpUHATHE perneHns. OITh ke Ha IpUMepe OUpIKU: aHaN3 psiia MIPUBEAET K OBICTPOMY
MIPUHATHIO PEIICHUS, YTO B CBOIO OYEPEIb MO3BOJIUT YBEIUMUUTH IOXO/ WJIM MUHUMHU3UPOBATH MIOTEPH.

1. Mopenn ARIMA
WuTerpupoBaHHast MOJIENb aBTOPETPECCHU — CKOINB3sIEero cpenuero (ARIMA) — oqHa u3 Mozenei,
MpeTHA3HAYCHHBIX JUISI aHAIN3a BPeMEHHBIX psgoB. OcHoBaHa Ha Monenu ARMA ¢ TeM OTIMYHEM, 9TO
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MO3BOJISIET paboTaTh C HECTALIMOHAPHBIMHU BPEMEHHBIMHU PsIIaMH, KOTOPBIE MOYXKHO CAEJaTh CTallHOHAp-
HBIMH, UCTIOJB3Ys Pa3HOCTh HEKOTOPOro MOPsIIKa OT UCXOAHOTO psna [1, 8, 9].

CraimoHapHOCTh — CBOMCTBO MPOIECCa COXPAHATh CBOM CTATUCTHUECKHE XapaKTEPUCTHKH C Teue-
HUEM BpeMeHH. JIOJKHBI COXPaHAThCA MOCTOSIHCTBO MaT. OXKUAaHUA, AUCTIEPCUU M HE3aBUCHMOCTD OT
BpeMeHH. CTallMOHapHOCTD MO3BOJIET 00JIee TOYHO CTPOUTH MporHo3 [1, 8§, 9].

Mopnens ARMA cOCTOWUT W3 HECKOJIBKHX MOJEINe — MOJeNb aBToperpeccuu (AR) u MOJIENb CKOIb-
3simero cpendero (MA) [10].

AR ocHOBBIBaeTCS Ha TUHEHHOM 3aBUCHMOCTH TEKYIIUX 3HAYCHHM psaa oT mpeapiaynmx [11, 12]:

Xe=c+ X7 aX i+ &, (1)

TZie a; — IapaMeTpbl MOJEIH; ¢ — KOHCTaHTA; & — OEINbId IIyM.
MA ucnone3yercs 1715l MOJICIMPOBAHMUS CTyYalHBIX OIMOOK BpeMEHHBIX psiioB [13]:

Xe=c+ X]_ a8 (2)

IZie a; — IapaMeTpbl MOJEIH; & — OCTBIN LIyM.

Jlnsa aHanu3a BPEMEHHBIX DPSOB C MOMOIIBIO Monenun ARIMA wcnone3yroTcs TpU MapameTpa:
p. d, q[9].

I'paduk (quarpamma) GyHKIMK KOPPEISIIAN — Koppesorpamma [9].

P — nopsanok moxenu AR: MOPSIOK, ONMpeAesieMbli ¢ MOMOILBIO KOppeaorpaMMbl (yHKLIUH Yac-
TH4HOM aBTOKOppessiunu (PACF). 3nech NCHIONB3YeTCsl KOPPEISILUS MEXKAY V; U V4!

Ve = Bo+ B1ye-1 + BaYe—at .. HBrYe-k + & 3)

d — TIOpSIOK MHTErPUPOBAHHOTO psaa (/): MOPSIOK, ONpenesieMblii KOTHYECTBOM Pa3sHOCTEH IS
MOJTYYSHHUS U3 HECTALMOHAPHOTO PsAa CTAIMOHAPHOTO;

O — nopsaok Moaenu MA: TIOpsI0K, ONpeneieMblid ¢ TOMOIIBIO KOPpenorpaMMbl (pyHKIIUH aBTO-
koppemsiuu (ACF).

Tickt1Ve= ) Ve-k=F)
= k=1,2,... 4
S T T )
it Toro 4TOOBI ONPENEeNUTh MOPSAAOK () HHTETPUPOBAHHOTO BPEMEHHOTO Psijia, IPOBOJUTCS TECT
Huxu — Oynnepa [1, 14]:

Ay = a + Bt + YYi-1+ 618Ye1+.. . +6p_ 18V pi1 + &, ®)

rJle @ — KOHCTaHTa, MPEIoiaraeTcs, YTo eAMHUYHBIA KopeHb ojuH (o = 1); f — ko3¢ duImeHT TpeH-
J1a; p — JIar IpoLEecca aBTOPErPECCUN.

JaHHBIA TECT MPOBOAUTCS JJIsl MOUCKA €NMHUYHBIX KOPHEH, T. €. XapaKTepU3YIOIIUX CBOWCTB He-
CTallMOHAPHBIX BPEMEHHBIX pAAO0B. ECIM MCXOMHBIA psJl HE CTAlIMOHAPEH, TO €r0 MOKHO CIIENaTh CTa-
LMOHAPHBIM IIyTEM B3STHS Pa3HOCTH BPEMEHHOT'O psAJia C HCXOAHBIM C HEKOTOPBIM CIIBUTOM:

Ay = y¢ = ¥t-1. (6)

Hampumep, ecnu nepBast pa3HOCTb psiia CTAlMOHAPHA, TO 3TO UHTETPUPOBAHHBIN Psii EPBOTO MO-
psaKa.

Hpyroii criocob onpenenenns — Ha ocHoBe Koppeiuiorpam ACF, PACF.

Koppenorpamma ACF cTaliMOHapHOTO BPEMEHHOIO psfa OBICTPO YOBIBaE€T C POCTOM k (3HaUCHHUE
Koppenorpammsl nocie 1, 2, 3-ro nara cTpeMHUTCs K HyNI0). AHAJTOTHYHBIM 00pa3oM CTallMOHAPHOCTH
onpeaenseTcs koppenorpammond PACF.

Eme omuu mMeron — HarnsaaHbid. HecTaloHapHbIM psii MOKHO ONpEAeNuTh 1Mo rpaduky. Eciu Ha
rpaduKe BUJCH TPEH/I, TO BpEMEHHOM PsiJl HECTAIMOHAPHBIH.

[ocne ompenenenus nopsiaka (d) UHTETPUPOBAHHOTO BPEMEHHOTO psiia OMPEICISIOTCS TOPSIKA
(p u ¢) xommoHeHT AR 1 MA.

B paznuuneix uctounukax [9, 15, 16] ynoMmuHarotes 1Ba criocoda onpeaeneHus 3HaueHul p, ¢.

IlepBrIit crIOCOO — MOICYET KOJIMYECTBA JIATOB Ha KOPPEJIOTpaMMax.

Jns ¢ — KONM4ecTBO 3HAYMMBIX JaroB Ha koppenorpamme ACF, mocie KOTOphIX 3HAYCHUsT (PYHK-
LMY pe3Ko MajIaeT, mpuMep Ha puc. 1.

Tk
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Autocorrelation
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Puc. 1. MNpumep koppenorpammbl ACF
Fig. 1. An example of an ACF correlogram

Ha nanHoil nuarpaMme BUIHO, YTO IOCJIE NIEPBOTO Jlara MPOUCXOIUT PE3KOE CHIXKEHUE 3HAUCHUH
(hyHKIHIH.

st p — xonmuuecTBo n1aroB Ha koppenorpamme PACF, CUIIBHO OTJIMYHBIX OT HYJISI, IPUMEp Ha puc. 2.

Partial Autocorrelation

a0 rn_-r...:g..L._'_._._L,_‘_Lr,_._._._-
o]

L 2 o 15 Al = b

Puc. 2. MNpumep koppenorpammbl PACF
Fig. 2. An example of a PACF correlogram

Ha nannoii tuarpamme BUIHO, YTO TOJIBKO /IBa Jlara CUJILHO OTIMYHBI OT HYJIA.

Janee mony4yeHHbIE 3HAUCHUS p, d, ¢ TIOACTABISIOTCA B Mozenb ARIMA v npuMeHsieTcst Al uccie-
JIyeMOI'0 BpEMEHHOTO psiza.

Bropoii — Monudukanysa nepBoro, 1 napaMeTpoB OepyTcs 3HaYCHHS p U ¢ ¢ 3anmacoM. s Bcex
TIEpPeCTaHOBOK 3HaueHuil p u g B AuamnazoHax [0; p + n] u [0; g + m], n u m Gorple Wi paBHO 1, U U3-
BECTHOM d BBIYUCIISICTCS HAMITYYIIast MOJIEIb JUISl UCCIIelyeMOT0 BPEMEHHOTO psijia.

Haunyumas monens BIOMpaeTcs ¢ MOMOIIBI0 HEKOTOPOro MH(POPMAIMOHHOTO Kputepus. B nan-
HOM HCCIICIOBAaHWM NPU BHIOOpE JyyIeidl Moaenu OblI 3a1eHCTBOBAaH KpUTEPUl AKauKe Ui MalbIX Ha-
6opoB nanneIx (4/Cc) [16, 17]:

k+1 k+1

AlCc = AIC + an_k_l = 2k — 2In(L) + an_k_l,
rae k — 4ucio napaMeTpoB MoJend; L — MakcuMyM (YHKIUH IPAaBAONIOA00HST; # — 00BeM BBIOOPKH.

Ha ocHOBaHMM mony4eHHOW MOJENIN MOXHO CIIPOIHO3MPOBATH AajbHEHINEE MOBEICHHE CUCTEMBI,
OIMCBHIBAEMOM BPEMEHHBIM psitoM. JlJisi mpoBepKH KauecTBa MOJETH MPOBOAWTCA mocTiporHos. Iloct-
MIPOTHO3 — METOJ], TP KOTOPOM H3BECTHBIEC MOCIETHUE 3HAUEHUS PsJla PeaKkIMu MPUHUMAIOTCS HEU3-
BECTHBIMH, TOCJIE TIPOTHO3UPYIOT UX C MCIOJIB30BAaHHEM MOJENH, OCHAIIEHHON Ha COKpAIIeHHOM HH-
TepBaje, 1 HCXOIHBIX PsIIOB (PAKTOPOB, a 3aTEM CPABHUBAIOT HallIEHHbIC 3HAYEHHS C HCXOJHBIMH.

Lenb paboTh — HOMCK KJIACCH(PHUKALMOHHBIX IPU3HAKOB BPEMEHHBIX PSIOB, MO3BOJISIOLINX TOHSTS,
MOYKHO JIM U UX KPaTKOCPOYHOTO (3 oTcUeTa) NporHo3a NpUMeHsITs Monenb ARIMA.

(7

38 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2021, vol. 21, no. 3, pp. 36-46



®enbkep M.H., YecHoe B.B. UccnedoeaHue enusiHusi usMeHeHus1 napamempoe modesniu ARIMA
Ha Ka4ecmeo npoaHo3a 07151 KOpPoMmKux Habopoe AaHHbIX

2. AHa1M3 HAa0OPOB JAHHBIX M Bbl/IeJIeHHE OCHOBHBIX KATErOpHii

s manHOM pa®OTH OBUIM HCCIeIOBaHbI 59 HAOOPOB T'OJOBBIX PAAOB JAHHBIX O OOJBIINX COIU-
aIbHO-3KOHOMHUYECKUX CHCTEMaxX M O0bEKTax, B TOM YHCIIEe YUCIEHHOCTh MEpCOHAalla, 3aHATOr0 Hayd-
HBIMHU HCCIIeIOBaHUSAMH U pazpaboTkamu B Poccuu, ypoBeHb npectynHocTd B Poccun, aHamus npomyk-
TOBOHM KOp3uHBI U Ipyrue. JnnHa HabopoB naHHBIX — OT 5 10 18 3Hayenuii. Ha ocHose rpadukos Habo-
POB JaHHBIX OBUTH BBISBJICHBI YETHIPE KATETOPUH MIA0JIOHOB.

[lepBast kateropusi — HaOOPBI JAHHBIX, IpadUK KOTOPBHIX HAIOMUHAET MPSMYIO U UMEET SBHBIH
TpeHn (puc. 3).

E01 M2
1O — v 1.0 el §
0.8 0.8
- =
w 0.6 f 0.6
i il
zZ04 £ 04
0.2 0.2
0.0 0.0
2 4 6 8 10 12 14 1 2 3 4 5 6 T 8
MNe rOna MNe ropa

Puc. 3. NMpumepbl rpacdmkoB nepBon KaTeropuun
Fig. 3. Examples of graphs of the first category

CxoXecTh ¢ MPSIMOM MOKHO ONHUCATh MaTeMaTHUYECKH: B MEPBYIO odepeab HEOOXOAUMO HaiTh ee
ypaBHeHue. [ 3TOro NCoib3yeTcsl ypaBHEHHE TPSMOH 110 IBYM TOUKaM:

Y~ Ymin _ _ _*~ *min : (8)

Ymax~ Ymin Xmax~ X¥min

3areM CpaBHUBAIOTCS 3HAYCHHUS] UCXOJHBIX JaHHBIX CO 3HAUCHUSAMH NpsiMoi. CXoxkecTh rpaduka ¢
NpSAMOH — MakCUMaJlbHOE OTKJIOHEHHE MEXIy 3HaueHHsMU Habopa NaHHbIX U mpsiMoil. Uem MeHble
OTKJIOHEHHE, T€M OOJIbIIE CX0XKECTh C IMPSIMOH.

[Ipu nporHo3upoBaHrK HAOOPOB JaHHBIX MEPBOM KaTeropuu TpyaHoctel HeT. [lapamerp d = 1, ato
MOJKHO OTIPEJICITUTH JIOOBIM CITIOCOOOM, ONIMCAHHBIM paHee, OJIHAKO B JJAHHOM CIIy4ae TPEH]| OYEBHJICH.
[lepBslil MOPAIOK MHTETPUPOBAHHOCTH BPEMEHHOTO psfa AOCTAaTOYEH JUIS AATBHEWIIEro MCIOIb30Ba-
Hust. [lapameTpsl p u ¢ U1 TaHHOM KaTeropuu jexat B AuanasoHe ot 1 1o 3.

B kauectBe mpuMepoB npuBeieHbl rpaduku HabopoB qanHbix b01 u M2. s 06oux HaOOpOB Hau-
nyqmas ARIMA-monens HalifieHa TIPU UCTIONBb30BaHUU napameTpoB p = 1, d =1, g = 1. I'paduku mocr-
MIPOrHO3a U IIPOTHO3a MPEACTABICHbI Ha pHC. 4.

Bropas kateropust — 3T0 HaOOpH!I JaHHBIX, rPa)UK KOTOPHIX HE MOMAJACT B IMEPBYIO KaTErOpUIO,
OJHAKO MO-NPEXHEMY Ha rpaduke MOXXHO HArJIAHO OINpPENEeNUTh HalpaBieHHBIH TpenA. lIpumepsl
rpadMKOB TaKMX HAOOPOB MPEJICTABIICHBI HA PHC. 5.

[Ipu nporHo3upoBanny HaOOPOB JAHHBIX BTOPOH KAaTETOPUU HAYUMHAIOTCS TPYAHOCTH, OHU UMEIOT
OoJiee BBICOKHI MOPSIOK MHTErpupoBaHHOCTH d € [2, 3] u3-3a Oonee crnoxHoi Gopmbl. anbHei1iee
yBeNU4eHNe d IPUBOJUT K M3MEHEHHIO HampaBlieHUs: GYHKIUH U MOSBICHUIO CHIIbHBIX HEaJIeKBaTHBIX
BbIOpOCOB. [lapameTpsl p u g HaxodsaTCs B quanasone [1, 3].

B xaudectBe mpumepoB npuseaeHsl rpadhukn Habopos nanueix B07, 509, 624, M24. Jlns Habopa
nanneix b07 Haiinena naunyqmas monens ARIMA ¢ napamerpamu: p=2,d=2,q=2, 1mab09: p=1,d
=3,q=1,mmab24:p=3,d=2,g=3ugmaM24:p=2,d=2,g=1.

I'paduku mocrnporHosa u mporuno3a st 507, M24, npeicrasieHs! Ha puc. 6.
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MocTnporHos BOl: p=1,d=1,g=1 MoctnporHoaM2:p=1,d=1,gq=1
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Puc. 4. N'pachmkn nocTnporHo3a u nporHo3a HabopoB AaHHbLIX NepPBOW KaTeropuu
Fig. 4. Graphs of post-forecast and forecast of data sets of the first category
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Puc. 5. Mpumepskl rpacdhmkoB BTOpPOM KaTteropuum
Fig. 5. Examples of graphs of the second category
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Puc. 6. N'pachmkm nocTnporHosa n nporHo3a HabopoB AaHHbIX BTOPOW KaTeropuu
Fig. 6. Graphs of post-forecast and forecast of data sets of the second category

B nanHOM ciyyae aBTOp peKOMEHIyeT HaxoAuTh Jyulryio ARIMA mopens uepe3 mepebop mapa-
MeTpoB p, d, q (3 - 2 - 3 urepanun).
Tpetbst kKaTeropusi, HaOOPHI JaHHBIX, IPapUK KOTOPHIX CIOXKHO OLCHUTh U MMEET CIAObIi Harms-
HEII TpeH (puc. 7).
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Puc. 7. Mpumepbl rpadmkoB TpeTbLen kaTteropumn
Fig. 7. Examples of graphs of the third category

JaHHas kaTeropust HHTEpECHa TeM, YTO 3HaueHHe d MOKET MPUHUMATh KaK MaJble, TaK ¥ OOJIbIINe
3Hauenus (d € [1,5]). B aTo e BpeMst KoppeorpamMMbl OyAyT MOKa3bIBaTh BCETO OJIMH JIar sl p H ¢.

B nanHOM ciyyae aBTOp peKOMEHIyeT HaxoAuTh Jyulryio ARIMA mopens uepe3 mepebop mapa-
METPOB p, d, g ¢ 3amacoM (2 - 5 - 2 nurepanun). KayecTBo mocTnporHosa u mporuosa Juist 3Toi KaTeropuu
OCTaBJISICT JKENATh Jy4IIero. ABTOp NPEAINoJaraeT, YTo B JAaHHOM CJIydae Ha yXyIIIEHHH KayecTBa Ipo-
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B xauectBe mpumMepoB npuBeaeHsl rpadpuku Habopos naHubix M23 u B03. [lns nepsoro nabopa
Hawnyummas ARIMA-Monens HaliieHa TIpU UCIIOJIB30BaHUH HapaMeTpoB p = 1, d =1, ¢ = 1, ansa Broporo:
p=1,d=2,g=1.'paduku nocTnporHo3a u Mporuo3a MnpeCcTaBiIeHbl Ha pHC. 8.

MocTnporHos M23:p=1,d=1,g=1 MoctnperHoz B02:p=1,d=2,g=1
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Puc. 8. 'pachmku nocTnporHo3a u NporHo3a HabopoB AaHHbIX TPeTbeW KaTeropumu
Fig. 8. Graphs of post-forecast and forecast of data sets of the third category

Yersepras kareropusi, HabOpbI JaHHBIX, TPaQUK KOTOPHIX CIOXKHO OIEHUTH, TPEHJ| OTCYTCTBYET
WJIH CIIO’KHO OTIPEJICNIUTh HATJISIIHO (puc. 9).
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Puc. 9. NMpumepbl rpacdmkoB YeTBEPTOM KaTeropmm
Fig. 9. Examples of graphs of the fourth category

JlaHHasi KaTeropusi HHTEPECHa TEM, YTO P MOXKET OKa3aThCsl CTALMOHAPHBIM U Monenb ARIMA
TEpsSieT CBOM CMBICH Ui HaOOPOB NaHHBIX 3ToW Karteropuu. OJHAKO €ClM B3SATh Malible 3HAUCHHS
(d € [1, 2]) nopsiaka HHTErPUPOBAHUSI BDEMEHHOTO PSAZa, TO MOJIENIb MOKET C HYJICBBIMH 3HAUCHUSIMH P
U ¢ TIOCTPOUTH yJIOBJIETBOPUTENBHBIN MPOrHo3. [10 HEKOTOPEIM OMbITaM OBUIO OOHAPYXKEHO, YTO HyJIe-
BbIC 3HAUYCHHUA p U ¢ OAI0T 60nee Ka4eCTBEHHBIN IIPOrHos. ABTOp PEKOMEHAYET HCIIOJIB30BaTh MaJlbIC
3HAYEHUs MapaMeTpoB p, d, q.
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B kauectBe mpumepos npuBenensl rpadpuku HabopoB ganneix b0S, B11, B13. [Ina Bcex nHabopos
Hauny4mas ARIMA-monenp HaliieHa MPH UCHOJIb30BaHUK mapameTpoB p = 0, d = 2, g = 0. I'paduknu
MIOCTIPOTHO3a ¥ MPOTHO3a MIPeICTaBICHEI Ha puc. 10.

MocTnporHo3 B05: p=0,d=2,q=10 MocTnporso3abll:p=0,d=2,q=0 MocTnporHos B13-p=0,d=2,q=0
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Fig. 10. Graphs of post-forecast and forecast of data sets of the fourth category

3axino4yenue

B pesynbrate nccienoBanus Obula JOCTUTHYTA Lelb pabOThl — MOUCK KIACCH(PUKALMOHHBIX MPH-
3HAKOB BPEMEHHBIX PSI0B, TO3BOJIIONIMX MOHATh — MOXHO JIM JJIsl MX KpaTkocpodHoro (3 orcuera)
MIPOTHO3a MPUMEHATh MoaeNb ARIMA, u ¢ KakuM Ka4yecTBOM.

[To o6paboTaHHBIM AaHHBIM OBUIM MOJTYYEHBI YEThIPE KATErOPHU rpa)MKOB M HalACHBI TUAMa30HbI
3HaYeHHH MapaMeTpoB AJis HAaCTpOUKH Monaenn ARIMA ans kaxaoil KaTeropuu:

1) rpaduk moxoxx Ha mpsiMyro M mMeeT yetkuid Tpeua: d = 1,p € [1,3],q € [1, 3], nporHo3upy-
10TCs1 03 Kakux-1ubo npobiem;

2) rpaduk ¢ werkuMm TpenaoM: d € [2,3],p € [1,3],q € [1, 3] nporaosupyroTcs 6e3 Kakux-I1uodo
pooem;

3) rpaduK CIOXKHO OLEHUTh M MMeeT cnadblii Tpenna: d € [1,5],p € [1,2],q € [1, 2], kauecTBO
MIPOTHO3a MOKET OBITh IJIOXHUM, aBTOP HPEAIOJaraer, 4To B JAHHOM Cllyyae Ha YXYALICHUH KauecTBa
MIPOTHO3a CKA3bIBACTCS Manas IJIMHA Ha0Opa JaHHbBIX;

4) rpaduK CIOXXHO OIEHHUTH, TPEHJ OTCYTCTBYET WIIM CJIOKHO ONpeAeiuTh HarasiaHo: d € [1,2],
p €[0,2],q € [0,2], MOXeT BO3HUKHYTh CUTYallMs, IPU KOTOPOW PsI OKaKETCS CTAIIMOHAPHBIM, B
npuMeHeHnd moaenu ARIMA ne Oyner cMbicia, OAHAKO €CIIM €l BOCIIONIB30BATHCS, TO MPU HYJIEBBIX
AR 1 MA MOXHO NOTy4YUTh KaUE€CTBEHHBIE IPOTHO3BI.
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Time series, i.e. data collected at various times. The data collection segments may differ de-
pending on the task. Time series are used for decision making. Time series analysis allows you to get
some result that will determine the format of the decision. Time series analysis was carried out in
very ancient times, for example, various calendars became a consequence of the analysis. Later, time
series analysis was applied to study and forecast economic, social and other systems. Time series ap-
peared a long time ago. Once upon a time, ancient Babylonian astronomers, studying the position
of the stars, discovered the frequency of eclipses, which allowed them to predict their appearance in
the future. Later, the analysis of time series, in a similar way, led to the creation of various calendars,
for example, harvest calendars. In the future, in addition to natural areas, social and economic ones
were added. Aim. Search for classification patterns of time series, allowing to understand whether
it is possible to apply the ARIMA model for their short-term (3 counts) forecast. Materials and
methods. Special software with ARIMA implementation and all need services is made. We examined
59 data sets with a short length and step equal a year, less than 20 values in the paper. The data was
processed using Python libraries: Statsmodels and Pandas. The Dickey— Fuller test was used to de-
termine the stationarity of the series. The stationarity of the time series allows for better forecasting.
The Akaike information criterion was used to select the best model. Recommendations for a reason-
able selection of parameters for adjusting ARIMA models are obtained. The dependence of the set-
tings on the category of annual data set is shown. Conclusion. After processing the data, four cate-
gories (patterns) of year data sets were identified. Depending on the category ranges of parameters
were selected for tuning ARIMA models. The suggested ranges will allow to determine the starting
parameters for exploring similar datasets. Recommendations for improving the quality of post-
forecast and forecast using the ARIMA model by adjusting the settings are given.

Keywords: ARIMA, econometrics, analysis, time series.
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BbIMMUCbIBAHUE ®OPMYJ1 BbIMUCITEHUA CUN
B COYJIEHEHUAX MAHUNYNATOPOB B CTATUKE

C.I. [lydoekuHa, A.WU. TeneauH

HOxHo-Ypanbckul eocydapcmeeHHbil yHusepcumem, ¢bunuarsn e 2. Muacce,
2. Muacc, Poccus

Pemaercst mpobiemMa rpoMO3AKOCTH MaTeMaTHYECKMX MOJAEIEH MaHWITYJSIIHOHHBIX CHCTEM
MIPOMBIIIUICHHBIX POOOTOB. 3/1€Ch PACCMaTPUBAIOTCS (DOPMYIIBI BEIYHCIICHHS CTATHUSCKUX PEaKLUil B
COWICHEHHUAX M aKTHBHBIX CHJI, YPaBHOBCIIMBAIOUINX CHJIBI TSDKECTH, ACHCTBYIOLINE Ha Tejla MaHU-
IyJSTOPa B €r0 HETOABWKHOM COCTOSIHHH. B 3TOM COCTOSHUM MaHUIYJISATOP HAXOAUTCS, HAIIpUMep,
mepes] 3aXBaToM 00BEKTa MaHUITYIMPOBAHUS U €r0 OCBOOOXKICHHEM, IPHU BHITTOJTHEHHH HEKOTOPBIX
cOOPOYHBIX OIEpAIlHii, B IIpoIlecce TOYCYHOH CBApKH, B MEJUICHHBIX (KBa3HCTaTHYECKUX) MPOLIECCax
JyroBoii cBapku U mokpacku. Lleap mccienoBanus. BeiBecTn obmuipe peKyppeHTHbIE U KOHEUHBIE
(opMyJIbI BEIYMCIICHHSI CHII PEaklnii B COWICHEHHSAX, a TAK)KE UX MPOEKIMH HA OCH CHCTEMBI KOOP-
JIMHAT, KECTKO CBS3aHHOM ¢ BBEIOpPAaHHBIM TesoM. DOpMyIIBI TPOSKIMI CHII BBIPA3UTh Yepe3 Halpas-
JISFOIIME KOCHHYCHI M 000CHOBATh UX ONTHMAJIBHOCTh B CMbICIE MUHHUMYyMa apu(pMETHUCCKHUX OTle-
paumii. BeiBectn obuiyie oOpaTHBIE peKyppeHTHBbIE (OPMYIBI Uit BBHIIHMCHIBAHMS HAIIPABIIAIOLINX
KOCHHYCOB OCEH, CBSI3aHHBIX C IIOABI)KHBIMH TEJAMH CHUCTEMBI KOOPJHMHAT OTHOCHUTEIHHO HETOJ-
BID)KHOH CHCTEMBI KOOpAHHAT. MeToabl HCCIAeT0BAHMS OTHOCSTCS K BEKTOPHOH MEXaHHKE U CHC-
TEMHOMY aHallM3y, a TaKKe aJrOPUTMH3AalNM BBHIUYUCICHUI ITyTEM WX CBEACHHS K HCIIOJIb30BAHHIO
pekyppeHTHBIX Gopmyn. Pe3yjbTaTbl. BoIOMHEH CHCTEMHBIN aHaIN3 O0MKX GOPMYII, B KOTOPBIX
BBIJICJICHBI BCE BO3MOXKHBIE PETYJISPHBIC BRIPAKCHUSA, OJHO3HAYHO COOTBETCTBYIOIINE KHHEMATHIEC-
CKHM IapaMeTpaM MaHUIYJISATOPOB. DTH PEryJIspHbIC BBIPAKCHHS HCIOJB3YIOTCA B IPOrPaMMHOM
00ecreyeHNH aHAIUTHYECKOT'0 MOJIENUPOBAHIS MAaHUIYJIATOPA, B YaCTHOCTH, aHATUTHYECKOTO pe-
LICHHS 3a[a4 CTaTHKU MaHumynsatopa. Onucana MeToJMKa aHATUTHYECKON BepU(PHKAIH BhITUCAH-
HBIX (opmys1. PerieHbl 3a7a4M BBINMUCHIBAHUS ONTHMANBHBIX (POPMYIT BBIYMCICHUS MPOCKLHUI CHIT
CTaTHYECKUX PEaKIMi B COWICHEHHUSX, a TAKXKEC aKTHBHBIX CHJI B MOCTYHATEIBHBIX COWICHEHUSX
YHHUBEpPCAIbHBIX MAaHUITYJISITOPOB C MIECTHIO CTENEHSIMH CBOOO/IBI, pabOTaroNIMX B AEKAPTOBOH, LIH-
JMHAPHYECKOH, chepuuecKoil U aHT'YIISIpHOH cucTeMax KOOpAHWHAT. BhIrosiHeHa aHannTHYeCKas Be-
puduKkanys BHINMCAHHBIX ypaBHEHMH cTaTWKu. [IpomeMOHCTpHpOBaHBI NPUMEpPHI TOBTOPHOTO HC-
TIOJIb30BAHMS BBIMCAHHBIX (OPMYJ Ul MaHUIYJISATOPOB C COBIAQAAIOIIMMH KHHEMAaTHYECKUMH
CXeMaMH HMX MOJACHCTEM. 3aKJ/I0o4eHHe. BrlpakeHHs ypaBHEHHI CTaTHMKH MAaHUIYISATOPOB depes
HaTpaBJIIONEe KOCHHYCHl OCeH CBS3aHHBIX CHCTEM KOOPJHMHAT MX T MO3BOJIIIOT 3allHCaTh 3TU
YpaBHEHHSI Yepe3 M3BECTHBIC MapaMeTphl OPUEHTALUH Tell. PexyppeHTHbIH BUI (HOpMyYT BBIYHCIIE-
HUS HAIIPaBIIAIOUINX KOCHHYCOB MO3BOJISIET B MX HMPOTPAaMMHON peaji3allMi HCIOIb30BaTh PEKyp-
CUBHBIC (QYHKIIUH, T. €. IOBBICUTH BBIUNCIUTENBHYIO 3¢ dekTHBHOCTH [10.

Kniouesvie cnosa: osuscywpue cunvl, cuivl peakyuu, 3a0a4u CMamuKy, Hanpasianwue KOCUHycbl,
sepughuxayus popmyn, pecyisipHule GbIpadCeHus, ONMUMUAYUS BbIYUCTCHULL.

Beenenue

OcHoBHas mmpo0JieMa MEXaHUKH MaHUMYJISIUOHHBIX cucteM (MC) poOOTOB — rpoMO3AKOCTh (hop-
MyJI MaTeMaTHaeckux mozeneir MC, 4ro siBisercs ciaeacTBueM cinoxuHoctu MC, 3aBHUCSINEH OT KOJTHYe-
cTBa €€ MMOJBMXKHBIX Tell, CBA3CH MEXIy HUMH M YMCIIa CTeleHeH MoABMKHOCTU. K CI0KHBIM OTHOCST-
cs1, HaripuMep, MC yHHMBepCaIbHBIX MPOMBILIICHHBIX U CIIEHUaTU3UpOBaHHBIX poOoToB [1]. Takue MC
COCTOSIT M3 IIECTH CIENYIOMUX APYT 3a APYrOM Teld M UMEIOT IIeCTh CTeNeHeW MOJBMKHOCTH B IPO-
crpanctBe. Kak npaBuito, epBble TpU yIpaBIsieMbIX TEJIa IEPEHOCST 3aXBaT B HY)KHYIO TOUKY paboueit
obnactu. Ilocnennue Tpu ynpasisieMbIX Tela 00ecednBa0T HEOOXOAUMYIO OPHEHTALMIO B MPOCTpPaH-
cTBe 00BEKTa MAaHUITYIMPOBAHUA B 3aXBaTe, HAPUMED, IEPEHOCUMOTr0 Ipy3a, TOPENIKH CBApPOYHOTO afl-
napara, KpacKopaclbUIMTEN, FaeyHoro Kiro4da U T. 1. [2]. Ilo ypoBHIO Bo3pacTaHUs CIOKHOCTH IIECTH-
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crerneHHble MC MOXXKHO BBICTPOUTH B cieayromuil psaa: MC ¢ nekapToBoi, HUIMHAPHYECKOH, chepude-
cKol u aHTyssipHo# cuctemoit koopaunat (CK) [3].

Matemaruyeckue moaenu MC conepxaT ypaBHEHUS KWHEMATUKH, CTATUKU U TWHAMUKU. J{J1s1 yBe-
JUdeHust ObICTPOJACHCTBHS M TOUHOCTH PEUICHHS PAa3IMYHbIX 3a7]ad 3TH YPaBHEHHUS MPUBOJASAT K aHAH-
TUYECKUM BHJaM C MUHUMAIILHBIM YHCIIOM apudmernueckux onepanuid. [IpeamararoTcst HOBbIE CIIOCO-
OBl penIeHus MPSIMBIX W 00paTHBIX 3ana4 kKuHeMaTHku MC NpOMBIIUIEHHBIX POOOTOB [4], IIararommx
anmaparos [5], TpeX M IECTUKOJIECHBIX MOOMIIBHBIX pOoOOTOB [6, 7], poOOTOB ¢ mapaniensHOi KuHEMa-
tukoii [8—10]. nst 6picTporo perieHus: 0OpaTHHIX 3aJa4 KUHEMAaTUKU UCIIOJIB3YIOTCS TEHETHUECKHUE all-
roputmsl [11], rae oOparHas 3a1aua KWHEMaTHKH GOpMYIHpYeTCs KaK 3ajada ONTUMH3aLKH.

B pemienun 3amay CTaTHKU pacCMaTPUBAIOTCS KBA3HCTATHUYCCKHE PEKUMBI (YHKIIMOHHPOBAHUSI
MC, 4ro ympoIaeT MaTeMaTHYeCKHe MOJEIN Oe3 CYIICCTBCHHOM MOTEpH TOYHOCTH BhIUMCiIcHHMU. Ha-
MIpUMeEp, TP PELICHUH 3a]a4d YIPaBJICHUS CBEPXMOIIHBIM IIECTHHOTUM IIIaralolluM ammapaToM B KBa-
3UCTATUYECKOM PEKUME XOAbOBI MOTEPs] TOUHOCTH BBIYMCIICHHUS IBMKYIIIUX MOMEHTOB CHJI HE MPEBHI-
I1ajga TSTH MPOLEHTOB, YTO MOATBEP)KIEHO PE3yIbTaTaMU AMHAMHUYECKOIO aHajlu3a B IPOrpaMMHON
cpene ADAMS [12].

CymecTBeHHYIO pojiib B MaTeMaThueckux monensax MC wurparoot Hampasistonie kocunycsl (HK)
KaK MapaMeTpbl OpHeHTalMu Tea B npoctpancTse [13]. B kimaccuueckux paboTax Mo MeXaHHMKe Mpe-
CTaBJICHbI BBIPQKEHUS BCEX M3BECTHBIX MapaMETPOB OpHMEHTAlMU Ted B mpocTpaHcTBe depe3d HK, uto
MO3BOJIsIET epeiiTu oT ypaBHeHu# B HK k ypaBHeHUsIM B Apyrux mapaMmerpax opueHranuu ten [14—-16].
[TosTOMy 3a/a4a BBITUCHIBAHHS ONTUMAIBHBIX (B CMBICIE OBICTPOACHCTBUS BHIYMCIICHHN) aHAIATHYE-
ckux ¢opmyn aius HK crnoxueix MC u ncnosip3oBaHue ux B MareMarnieckux mozensx MC sBusercs
aKTyaJIbHOM.

IMocTranoBka 3amxauu. BriBecTn o0miye BEKTOPHBIE M CKAJSIPHO-KOOPAMHATHBIE (POPMYJIIBI BBIYHC-
JICHUs1 CHJI Peaklni U IBWKYIIUX cuil B cowleHeHnsix MC. BriBecT o01ime peKyppeHTHbIE (GOPMYIIbI
BBIUMCJICHHS HANpaBJISIOMINX KOCHHYCOB OCEHl CBA3AHHBIX CHCTEM KOOPAMHAT T€lT OTHOCHUTEIHHO He-
MOJBMXKHBIX Oceil. OOOCHOBATh BBIYMCIUTEIBHYIO 3PPEKTUBHOCTD MOTYYCHHBIX (GOPMYJ U HPOJIESMOH-
CTPUPOBATh UX HA MPUMEPAX OCHOBHBIX CXEM MOCTPOCHHS TPOMBIIIIEHHBIX POOOTOB.

1. Ucniosib3yemMble MOHATHSI U 0003HAYCHHSA

JBa ces3annbix Tena MC o6pasyror kunemaTnueckyto napy (KII). HemoaBrxHOe OTHOCHTENIBHO
3emim Teno, odpasytoniee KII ¢ nepBbiM Teniom MC, HazoBeM HemoaBWXKHBIM TenoM otcueta (HTO).
KomngectBo nmoasmxHbIX Ten MC o6o3naunm OykBoi N. Cremyromue apyr 3a npyrom teiaa MC 3aHy-
MepyeM unciamu 1, 2, ..., N. JIjis mpor3BOJIbHEIX HOMEPOB TeJl UCIIOIb3yeM 0003HaueHus i, j, k. Eciu Ho-
Mep Tella paBeH i, TO 3TO TEJO U ero Maccy 0003HauUM uepes m,,;. Liudpoii 0 (nons) 3anymepyem HTO.

PaccmoTpum npousBosibHOE TENO M. Ecnu oo o6pasyer KII ¢ ogaum tenom MC, To my, siBsi-
eTcs KOHLEBbIMU TesioM U k = N. Ecnu Tteno m,;, obpasyer KII ¢ aByms coceqHMMHU TenaMu, TO TEJIO
My _1 Ha3oBeM 0a30BbIM TenioM (BT) ans Tena my,y, a Teno mgy ., Ha30BEM CMEKHBIM TEJIOM ISl TeNa
Myg. Y €IWHCTBEHHOTO KOHIIEBOT'O TEJIa M,y HET CMEXKHOro Tena. bazy tema m,;, 0003HauuM uepes
BT(k). Teno m,, u ero BT(k) oopasyrot KIl(k). 3nech u nanee 4uucio B ckoOKax mocie ab0peBUaTyphl
yka3piBaeT Ha HoMep Tena. Homep KII paBen HoMepy ee cMEKHOIO Tena, T. €. Teda ¢ OOJbIINM HOMe-
pom B nape. [loaromy teno m,; u HTO o6pazyrot KII(1).

Jnist onucaHusl TIOJIOKEHUH TeIa m,; BBeAeM B oOpamieHue Touky 0;. JKecTko CBSHKEM ee ¢ 3TUM
tenoM. Hazosewm ee nomocom Tena (I1T) m,; wmum I[IT(Q). C HTO sxectko cBsbkeM Touky orcueta 0. st
KaXJIOTO Tella BBeleM CBs3aHHyI0 cuctemy koopauHat (CCK) ¢ HagajgoM B €ro IMOJIOCE, B OPTHI OCeH
CCK(i) o6o3naunm 4epes X;,Y;, Z;. [[pou3BONbHOE TIONOKEHHE TENA M,; MOKHO ONUCATH KOOP/MHATA-

mu IIT (i) u napamerpamu opuentaimu CCK (7). Pa3nuuaroT OTHOCHTEIbHOE U aOCOTFOTHOE MOIIOKECHHE
Tena m,,;. [lonoxenue tena m,; orHocurensHo BT(i) Ha3zpiBaoT oTHOCHTENBbHBIM. [lonokeHue Tena
my; otHocutenbHo HTO naspBaroT abcomotHbiM. C HTO kecTko cBsKeM HENOABMIKHYIO CUCTEMY KO-
opaunat (HCK). B ucxomxnom nomoxkennu ten MC ocu Bcex CCK HampaBuM mapauieIbHO COOTBETCT-
Byromum ocsim HCK ¢ opramu x, y, z. Ock abcirecc OX HanpaBUM TOPU30HTAIBLHO BIPABO, OCh OPAWHAT
Oy HampaBUM BepTHKAIBGHO BBEPX M O0Ch anuikkat OZ HanpaBuM Tak, yTo0sl HCK Obu1a mpaBoi.

U3 ypaBHeHHH KMHEMAaTUKU 3[€Ch BBIMTUCHIBAIOTCSA (HOPMYIBI BBIYMCICHUS HANPABISIOUINX KOCH-
nycoB (HK) oceit KIT B HCK. [Iis cokpainieHus 3anmuceid Takux (GopMmys BBeleM B oOpalleHHe rpede-
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ckue OykBbI &, 17, {, IPUHUMAIOIIME 3HAYCHHUS HA MHOYKECTBE CUMBOJIOB {X, Y, z}. Torna, Hanpumep, nie-
BATh M3BECTHBIX (POPMYJ CKaJSIpHBIX NpousBeneHuil opT oceil CK MOXHO KOPOTKO 3amucarh B BUAE

§-&§=1,&-7=0,r1e & # 1. Jns nponssonssix HK ncnons3yem 0603HaueHne
§i=8& 1, =7,-§ = cos(, € ), (1)
rae &, ﬂ,fjl HK opra fj BCCK()ui<j.

2. Cuibl 1 MomeHThI el B KIT
Mepoii B3aMMOJAEHCTBUS JABYX Tel siBiigeTcs cuia. [l ¢hopMalbHOTO ONMUCaHMS B3aUMOJICHCTBHS
ten KII(k) npusenem k I1T(k) cuctemy cui, IeHCTBYIONIMX Ha TENO My co croponbl BT (k). Ionyunm

TTIaBHBIN BeKTOp F}, ¥ TTaBHBI MOMeHT M, 5TOM cucTeMbl cuil otHocuTenbHo [1T(k).

Cas3bio uis Tena m,y, B KI1(k) sensiercst BT (k), koTopoe orpaHmYuBaeT cBOOOy OTHOCHTEIILHOTO
MEepEeMEILeHHs TeNa My, T. €. nepemenienus: cmexHoro tena KII(k) ornocutensuo BT(k). Oty cBs3b
MOJKHO MBICIICHHO Pa3opBaTh. J{JIsl ommcaHus pa3pbIBaEMOi CBSI3M WCIIOJIL3YIOT MPUHIIAIT OCBOOOXKIac-
MOCTH OT CBSI3H, I'JIe MBICIICHHO pa3phlBAEMYIO CBsI3b 3aMEHSIOT COOTBETCTBYIOIICH CHIION 1 MOMEHTOM
CHJIBI OTHOCUTEILHO BBIOPAHHOW TOYKH. 371€Ch MBICIEHHO paspbiBaemast cBsi3b Ten KII(k) 3amensiercs

cunoit Fj, u Mmomentom cuitel M, otHocutensHO T1T(k).

U3 F), 1 M} MOYXHO BBIIEIHTD PEAKIHH CBsi3eil (DEAKTHBHBIC COCTABISIONINE), 4 TAKKE AKTHBHBIC
COCTABJISIOIIHNE, T. €. CHJIbI W/HJIM MOMEHTHI CHJI, pa3BuBaeMmbie npruBogamu B KI1(k). PeakTuBHbie co-
CTaBJIAIOIINE YAEPKHUBAIOT TEIO M, OT OTHOCHTEIBbHBIX [BM)KCHHMH, HE [OMYCKAaeMBIX CBSI3IMU B
KII(k). B craTuke akTHBHBIC COCTABIISIONIME OOCCIICUYMBAIOT PABHOBECHE TENA M,y B HANPABICHUSIX,

nomyckaembix casamu KITI(k). Beimenmum u3 Fj, My peakTHBHbIE M aKTHBHBIE COCTABISIONINE B
KII(k) MC, T. e. B moctynarenpubix KIT (ITKIT) u Bpamarensusix KIT (BKIT).
B IIKTI(k) Teno m,j MOKET OBUraThCs MOCTYNaTenbHo otHocuTenbHO bBT(k) Brons ocu Okp, , xKe-

ctko cassannoit ¢ BT(k), rne p, — opt ocu IIKII(k), ykasbiBaroniuii NOIOKUTENBHOE HAMpPABICHUE
BO3MOKHOTO OTHOCHUTEIBHOTO ITOCTYHATEIBHOTO JIBUKEHHS, JOIYCKAaeMOro CBs3bl0. PeakTuBHON B
TIKII(k) sBnsercs cuna Fy,, HepleHINKyIsSpHAS OCH OD,,, ¥ MOMEHT CUJIBI M), HEM3BECTHBII 1O MO-
JLyJi0 ¥ HanpasieHuio. [t F,j HeM3BECTHBI MOIYIh ¥ HAMPABJICHHE B IIOCKOCTH, HEPICH/INKYISPHO
ocu Oyp, . K axrunoii B [IKTI(k) otnocutes cuna Fy = p, - F ., BKIIOYAIOIAS CIUTY TPeHHs. [IpoeKus
BekTOpa F), HAa IUIOCKOCTb, MEPIEHIUKYIAPHYIO OCH Op,,» paBHa Frg, T.¢. Fjp = Fpp + Fyp,., tne
Py Fri =0.

B BKII(k) Teno m,;, moxert Bpamarbcst otHocutenbHO bT(k) Bokpyr ocu ORﬁk, rae ﬁk — OpT ocHu
BKII(k), HemoaBmKHbI KaK B Tele Moy, Tak u B BT(k). K peaktusroit 8 BKII(k) otHocHTCs cuma F,
HEM3BECTHAS 10 MOJYJO M HANPABICHUIO, © MOMEHT M, oTHocuTenbHo ITT(k) cumbl peaxiuu, mep-
NEHIUKYIAPHBIH ocu Oy q, . AKTUBHBIM B BKH(k) ABJISIETCS. MOMEHT cuitbl My, = q - M), OTHOCHTEIIb-
HO ocu Ok q,, T. €. M, =M, + Myq,,, tne q,, - My = 0. My conepxut moment cun tpennst B BKII(k).

Ecnu MpicieHHO pa3opBath cBs3M Tena M,y ¢ BT(k) ¢ TenoM myy 41, TO Ha TEJIO My CO CTOPOHBI

€ro CMEKHOTO TeJa My, OYAYT AcicTBOBATh crita (—Fj4q1) K MOMEHT CHItbl (—Mj 1) OTHOCHTEIBHO
IIT(k + 1). CrenoBarenbHO, ¢ YIETOM CHIIBI TSHKECTH M,y g, NCHCTBYIONMICH HA TEIO My, MOTYYUM

CleTyolee YpaBHEHHE PABHOBECHS CHIl Moy g + Fy — Fjyq = 0. OTcrona nomyunm

Fe = =M g + Frep1. (2)

U3 obparHoli pexyppenTHO#t popmynsl F; = —my;g + Fiq, tne i =N,N—1,...,ku Fy,1 =0,
MOCJIE PEKYPPEHTHBIX BIOKEHUH MOTYIUM

T _ N — _ _=vyN _ -

Fr = = Xizk Moi = —9 Li=k Moi = —Mk g, 3)
rae my = Zﬁ\’:k My; = Myy + My4q — Macca U 0003HAYCHHUE -H TIOJCUCTEMBI, T. €. 4yacTd MC, cocTos-
e U3 TeN Mok, Mog415 -+ MoN-

Dopmynsl (2), (3) MOKHO MOJNYYUTh U3 YPaBHEHHUS PABHOBECHS MOJACUCTEMBI My B IOJE CUII
TsOKeCTH. JleCTBUTENbHO, €CIM MBICIICHHO pa3opBaTh CBA3b Tena My, ¢ bT(k), To momyuum cie-
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Jyiollee YpaBHEHHE CTATHYECKOTo paBHOBecHs Fj +my,g = 0, T. e. dopmyny (3). Otciona nmeem

Fiy1 = —Myy1g = —(my = My )g = —Fj + Mgy g, T. €. momysaenm popmyay (2).

YuuteiBas, uto g = —gy, npoekuuto cunbl Fy na ock 0;17; CCK(i) MOXHO BBIYUCIATH 110 pOpMYJIE
F,?i =Fp-n,=mgy-n = mgkn%, e mg = myg. B cinyyae i = k:

Fl = mgenl, @

— IIPOEKIMs CHITBI Fj, Ha OCh 01, CCK(k), re r],{o =Yo N> Yo = Y — OPT BEPTHKAIH.

3. BeimuceiBanue HK

B otnnune ot BeiBoAa (opMyI IpOLECC UX BBHIIMCHIBAHUS HE TpeOyeT BBIMOJIHEHUS MaTeMaTHye-
CKHUX ormepalnuii. BelmucbIBaHWEe CBOJUTCS K MOJICTAHOBKE KOHKPETHBIX 3HAUCHHI BXOAHBIX MapaMeTpPOB
MC B o6miue GhopMyIibl, YTO IPUBOAMUT K KOHKpETH3auu 3Tux hopmy:. Haitnem obmue Gpopmynsl cBsi-
31 HK oceit CCK(j) B CCK(i) uB CCK(i — 1), tne i < j.

ITo o6o3nauenuro (1) nj-‘i, r]}’i, nj; — npoexuuu opra ﬁj CCK(j) na ocu CCK(i), roe i < j. CnenoBa-
TENBHO, 7]; = njixi + n%?i +n%z;. B IIKI() X; =X;_1, ¥; = Y;_;» Zi = Zj—1. CnenosarensHo, 1o
OTIpEICIICHUIO

-7 % =7 %=1 % % 4+ 1YY % 7. . % =
Mjima = T0; Ximy =00 X0 = 03X X+ 03y, X+ 07 X0 = ;.
AHaJI0rM4HO
Y 35 .5 —7 .5 =Y nZ  —F T — pZ

lei_l = TI,- Vi1 T 771' YV = nﬁ, Nji-1 = 771' *Zi = Nji-

Hns  BKII(i) pacemorpum Tpu ciydas. B cioywae q; =Xx; wumeeM X; =X H
qi = £(0;y;_,,0:y;) = £(0;z;_1,0;z;) — yron mexny ocsmu O;y; , u O;y; Wiu paBHbIA eMy yroi
mexay ocsimu 0;z;_1 u 0;z;. Toraa o onpeneneHuo:

-7 % =7 %=1 % % 4+ 1)V % 7. .3 =
Mo =7 X1 =1, X = 05X X +05Y; - X+ 05iZ X = 15,
N Y Z5 .5 —

nji 1= TI,- "Yicq T MjiXi-1" Y1 +T’jiyi Vi +njizi Vi1 =

- njlcos(ql) + 7/]]lcos(goc’ + ql) - Cln” - l'njzi:

Tlﬂ 1~ 7]1 Tlﬂxl 1 Zl 1+7’]lyl Zl 1+T’]lzl Zl 1=

= ,-l-COS(90° - qi) +njicos(qr) = sy + cimfi,
rae s; = sin(q;), ¢; = cos(q;).

B cnyuae q; =y, nmeem y; =y, , u q; = £(0;X;_1,0;x;) = £(0;Z;_1,0;Z;) — yron mexmy ocs-
mu 0;x;_1 1 O;X; WK paBHBIA eMy yrox mexay ocsimu 0,;z;_q1 u 0;z;. Torna

-7 % . =p % % Yy % 7% .=
7]}3'-1 =N Xi-1 = U}Cixi X1+ MY X1t n]ZiZi *Xi-1 =
= nj;cos(q;) + 1j;c0s(90° — q;) = cimj; + sinji
Y 35 7 .S Xy Vs = ZZ .5 — Y
nji_l - TI,- Vi1~ 7’]' YV = MjiXic Y +T’jiyi * Vi +7’jizi Vi = TI,-L-,

-7 .7 —=nX%. .7 Yy .7 7.7 =

Tlfi—l =N Zi-1= U}Cixi "Zi—q t MiiYi—q " Zi-1 + n]zizi "Zi-1 =

= nj;c08(90° + q;) + njicos(q;) = —simj; + cinjy-

B cnyuae q; = z; umeem z; = Z;_q u q; = £(0;x;_1, 0;X;) = £(0;y;_,, 0;y;) — yron mexy ocsimu
0;x;_1 n O;x; unu paBHbIi eMy yron mexay ocsimu 0;y;_, u 0;y;. Torna

-7 % . =p % % Yy % 7 % .=

7]}3'-1 =N Xi-1 = U}Cixi "X+ MY X n]zizi—l TXi—1 =

— y — y

= nj;cos(q;) + 1nj;c08(90° + q;) = cinj; — SNy,

- Vs . Zz v —

nji 1= TI,- Vieg TMjiXi Vi +7]jiyi Vi +7’jizi—1 Vil T

=1j;c0s(90° — q;) + 7711005(%) = smj; + Cz’lﬂa

Tlﬂ 1~ 7]1 Zl 1= 7]1 TIJLXL Zl +7]11yl Zl +7’]lzl Zl _T’]Zl‘

[lepen mpakTHYECKMM HCIOJIb30BAaHMEM MOJIYYEHHBIX OOLIMX (OPMYN PEKOMEHIYETCsl 3alHCcaTh
BeIpaxkeHns opt oceit KII(i) uepe3 optsl oceit CCK(i). ns 3TOro MOXKHO MCHOIB30BATh CIEAYIOIIHE
CBoJiCTRa MC._I[JM HKII() p; = n; u no ymomyanuio q; = 0. s BKII(E) q; =1, H [0 yMOITSAHUIO
p; = 0. 31ech 1); 111 KaXKI0TO | IPMHUMAET OJJHO 3HAYEHHUE U3 MHOXKECTBA CUMBOJIOB {X;,V;, Z;} B 3aBH-
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cumoctu ot opuentanuu ocu KII(7) 8 CCK(i). Hanpumep, eciiu B BKII(5) Teno m,5 Bpamaercs BOKpyr
ocu Os5Zs, TO ¢ = Zs U 110 yMOm4auuio p, = 0.

Taxum 0Gpasom, ecii MCHIONB30BaTh 0003HAYCHHE 7] ; = M7 n;’i, n%), To McKOMBIE (OPMYJIBI
UMEIOT CIICAYIOIINHA BT

G=0 = 7, = (Mo npniod) = (enlond) =7, )
Q=% =M, = (o cmyy — s sy + N (6)
4, =Y = Ny = (emji + smfumy, —siji + cmf); (7)
T, =7 = N,y = (el — s sl + cnn). (®)

B npusenennbix popmynax i =j,j—1,...,1; ﬁjj = (1,0,0) ecu n = x; ﬁjj = (0,1,0) ecun = y;
n;; = (0,0,1) ecun = z.

C nenbto neMoHCTpauuy 3PQPEeKTUBHOCTH NpeaIaraeMplx (GOpMaaIn3MOB aHATUTHYECKOTO PEIICHUS
3agau cratuku MC u BeimuceiBanust ¢popmyn Beraucienust HK oceit CCK ten B CCK ux Hecymmux ten
PaccMOTPHM CIEIYIOIHUE 3a1a4u.

3apaua 1. [lopmanvuaa MC c dexapmosoii CK na puc. 1, tae

p Zla pz xZa q3 y3a p4 y4a q5 ZSa q6 ysa
HaXOJHUTCA B COCTOSHUHU PaBHOBECHS B TMoJie CUJ TshkecTd. BriBecTn
dopmyns! Berumcenus npoekmmit FY, Y| FZ cTaTHdeckuX peakimii
B BKII(6) Ha ocu CCK(6).

— y gy _ y —

Ilo dopmyne (4) umeeM Fg = myexg,, F = MgeYso, FE =

= mgszgo. CreoBatesbHO, Ul PEIICHMS 3a/1a9M HEOOXOJMMO BBI-
macats HK oceit CCK(6) B HCK. Hcnonpsyem mns storo gpopmymsr 01 = oz 02 =03 =0u
(5)8).

Hns j = i = 6 umeem q, = y,. Torna no popmyse (7), npunu- Cs
MaFoIIei BHT
= _ y
M5 = (CoMae + SeTée Moo ~SeMee T CoMée)
rae 1 € {x,y,2}, ¢ y4eTom paBeHCTB X6 = (1,0,0), y. . = (0,1,0),
Zee = (0,0,1), nomyuum:
Xe5 = (C6,0,—56); Y5 = (0,1,0); Zg5s = (56,0, C). Cy
3nauenuss HK u3 muoxectsa {0, 1, Cj» Sj) —sj} OyJeM Ha3bIBaTh 0, = = 06
npocteiMu. O4eBHIIHO, YTO i | = j o dopmyiam (5)—(8) Bcerma
MoJy4aroTcs mpocThie 3HaueHus: HK.
Hns i = 5 umeem q, = Zs 1 1o opmyse (8), MPUHUMAIOIIEH BHJL
= _ y y :
Nes = (CSngS ~ SsMes) SsMes + C5T’65’T’fzi5)’ oIy M. Puc. 1. MC c aekaprtoBoii CK
Xe4 = (C5C6,S5C6) —S6), Ygu = (—Ss,5,0), Fig. 1. MS with cartesian CS

Zs4 = (€556, S5S6) Co)-

B BommceiBaeMbix popmynax BMecTo Tekymero obozHauenns HK moncrasisiercst ero mpenmect-
BYIOIIlee 3HAYCHHE, €CJIM B (POpPMyJie BBIYMCICHHUS STOTO 3HAUYEHHS OTCYTCTBYIOT apU()METHUECKHUE Olle-
parmu. 31ech (st § = 5) BMECTO TeKymmx o0O3HAUCHUN X5, XZs, Zis, Z&s TOJCTABICHBI PABHBIC UM
3HAYEHMUsI Cg, —Sg, S¢, Cg, HOMYUEHHBIE I I = 6.

Hus i = 4 umeem q, = 0. Torna no dopmyiie (5) 1.5 = 7,

7 — (X y S — 5 — (X Y

X63 = (X64' Xo4r _56)' Ye3 = (=s5,Cs5,0), Zg3 = (Zg4, Zgar Co)-

P — = =7 - x z y X z
st i = 3 umeeM q, =y, ul),, = (c3r]63 + S3M63, Mgz, —S3Me3 + +c3n63). Otcrona
Xe2 = (C3XEs + S3XZ3, X)s, —SgXbz + C3X2%3) = (C3X%4 — S3S6, Xpg —S3XE4 — C356)
62 = \C3Xe3 T S3X63,Xg3, —S3Xe3 T C3X63 ) = (C3X64 — 5356, Xg4) —S3Xpa — C356)-
31ech BMECTO TEKYIIMX 0003HAYCHUN X723, xg3, X&3 TONCTABICHBI UX TIEPEOOO3HAUCHUS X¢ 4, xé’ 4 Y 3Ha-
YCHUE —S¢, MOMYYCHHBIC HA TIPEINICCTBYIONIEM Iare. AHATOTUYHO:

= — X Z y X Z —

Vo2 = (C3¥63 + S3Yé3, Y3, —S3¥e3 + C3¥é3) = (—C3Ss, Cs,S3S5),

= X z y X z\ — x y X

Zg = (C3283 + 53283, 233, —S3283 + C3283) = (C328a + S3C6) Zoyy —S3284 + C3C6).

T. €.
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Tak xak q, = q, = 0, monmyunm 17, , =1, = 1,-
Takum o6pazom, FS = mgexgo = mgsxgz = mgsxg4 = MyeS5Ces
F = mgeYgo = MgeY3s = MgeCs, FE = MgeZgy = MyeZg, = MgeZey = MgeSsSe.
BErImoHuM aHATMTHYECKYI0 BEpUPHUKAIINIO BBITUCAHHBIX (DOPMYIL.
OOmuMii MOIX0 AHATUTHYECKONW BepH(MUKAIMU 3aKII0YACTCs B JOKA3aTEJbCTBE COBIAJICHUS W3-
BCCTHOTO PEIICHHUS 3a/Iaull C PEIICHHEM, KOTOPOE TOJIydaeTcss U3 BhIMMCaHHBIX (opmynn. Hampumep,

3aMEeTHM, 4TO U3 QopMyIisl (2) cremyer |F k| = myg = Mgy Vcnonb3ys BeIMCaHHbIE (POPMYJIBI, TIOTTY-

- 2
unm: |Fg| = \/Fg‘2 +F)° +F# = \/m§6(s§c§ + ¢ + s2s¢) = mye. Pesynbratel ais k = 6 coBnanm.

MOo3KHO paccMOTpPETh KOHKPETHBIE MMON0KeHUs Teld MC, B KOTOPBIX pElIeHHE 3aadll OYE€BUIHO, H
JI0Ka3aTh, YTO AHAJIOTMYHOE PEIICHUE CIeTyeT U3 BBIMMCAHHBIX (GOPMYI AJISl pacCMaTpUBAEMOro I0JI0-
xenust Ten MC. Hanpumep, oueBuaHO, 4T0 B McxoqHoM mosokenun ten MC Ha puc. | FS = FZ =0,
F6y = Myy. Boinucanueie GopMyibl B ciyyae qs = g = 0 1aIOT TaKo# ke pe3ybTar.

4. IToBTOpHOE Mcnoab30BaHue (popmys HK
Ecnu xunematnyeckue cxemsl mojacuctem aAByx MC coBnanarot, To oueBuaHO coBnagaoT HK opt
CCK necombix Ten otHocutenbHO OpT CCK Hecylux Ten 3TUX NOJICUCTEM.
3apaua 2. MC ¢ yurunopuuecxoti CK na puc. 2 nmeet cienyrouue Beipaxkerns opt KII uepes opTol
CCK: ﬁl = yla 52 = EZ: ﬁ3 = 53: 54_ = _54, ﬁs = E5, ﬁ(; = y6'
Brimucars npoexuuu opra y, na ocu HCK.

[

E 3aMeTuM, YTO KMHEMATHYECKHE CXEMBI IMOJICHCTEM Mj3
— a1 MC na puc. 1-4 coBnagatot. CnenoBatenbHo, niaa MC
Ha puc. 1-4 ¢dopmynsr Beraucnenns HK r]g‘i,ngi,r]gi hinIE:

G ___ 1=6,5,4,3,2 coBnagaroT. B wactHoctu, nns MC Ha puc. 2
—— L | HMeeM )
= =i = iy | Xg2 = (c3xé‘4 — 5356, Xg4, —S3Xg4 — c356); Vey =
0= Ol — OrJQ -1 _ .
= (—¢3Ss, Cs, 3S5);
3 > — X y x
Cy Zgp = (€324 + S3C6, Zgq) —S3254 + C3C6), )
_ y _ _ y _
TIe X&4 = C5Ce, Xzy = S5Cq) Zgg = C5Sg,Zzy = S5Sg. 31ECH MO-
BTOPHO MCIIOJIb30BaHbI BBITUCAHHBIC B 3a/1a4e | (OpMyIIbI BbI-
gucnenus HK oceit CCK(6) 8 CCK(2).
o Hnsii = 2 umeem q, = 0. Torna no popmye (5) 71, = ngz.
1 . - _ = =  _ x z
e Hust i =1 nmeem q, =y, ¥ Ngy = (C1Me1 + S1M61, M1
4 = U = L ) X zZ
l i C(‘j —S1Mg1HC1Mér), T. €.
5 X — X zZ j—
=1l Y60 = C1Y61 T S1¥Y61 = —C1C3S5 + §153S5 =
_ y oY
Cs = —(c163 = 5153)S5, Y50 = Y61 = Cs,
zZ X zZ __ —
Y60 = —S1¥Y61 t C1Y61 = S1C3S5 + €153S5 =
Puc. 2. MC ¢ umnunapuyeckoit CK =(s1¢3 + €153)Ss.
Fig. 2. MS with cylindrical CS Hcnonp3ys TpUroHoMeTprueckue (GopMyisl KOCHHYCa U

CHUHYCa CYMMBI JIBYX YTJIOB, ITOJTY9UM:

13 = €0s(qy + q3) = €13 — 5153, S13 = sin(qy+q3) = 5163 + €153

CreloBaTenbHo, Y&y = —C13Ss, Yoo = Cs» Y&o = S13Ss.

3anaua 3. MC c aneynapnoti (6 copuzonmanu) CK na puc. 3 ©MEET CIEIYIONINE BBIPAXKEHUS OPT
KIT uepes optei CCK: q; =¥, 4, =¥,,q3 = Y3, P, = —Yy: 45 = Z5, 45 = V-

Beimucats poexuuu opra y, Ha ocu HCK.

[ToBTopHO Hcnonk3yst hopmy:sl (9) anst MC Ha puc. 3 momryunm:

?62 = (ygz:)’syz'}’gz) = (—¢3Ss, Cs5, 53S5)-

Hns i = 2 umeem q, = y,. Torma no Gpopmyie (7) Boimnumem:

X — X zZ — j—
Vo1 = C2Ye2 + S2Y62 = —C€2C355 + 525355 = —(€2€3 — $253)S5 = —C33Ss,
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— — Y Y .
TIIE Cp3 = C2C3 — S283 = €0S(q2 + q3); Vo1 = Vi = Cs;
zZ X zZ — —
Vé1 = —S2Y2 + C2Yé2 = S2C355 + 35355 = (S2C3 + €353)S5 = S35,
rae 523 = Sng + C253 = Sln(qz + qg)
Hus i = 1 umeem q, =y, . Torna no thopmye (7) BrImUIIIEM:

Y60 = C1Y81 T S1Y61 = —C1C23S5 + 152355 = —(€1C23 — $1523)S5s = —C123Ss,
— — Y Y .
TJIE C123 = C1Ca3 — S1S23 = €0S(q1 + q2 + q3); Vg = Vo1 = Css
Yéo = —S1¥81 + C1Yé1 = S1C23S5 + €152385 = (51C23 + €1523)S5 = S123Ss,
TIE S123 = S1C3 + €153 = sin(qq + g, + gq3). Takum oOpasom,
— y _ —
Y60 = —C123Ss, Yoo = Cs» Yéo = S123Ss.
g E O =0=03=04u
1 o — _
1 o=l
B =il 05| Or—iOa
Cy
Cy
Oy =05 =0 ()
Cs ==
| |
C
Puc. 3. MC c anrynsipHon CK (B ropusoHTanm) Puc. 4. MC co cdepuyeckon CK
Fig. 3. MS with angular CS (horizontal) Fig. 4. MS with spherical CS

3anaua 4. [lopmansvnas MC co cgpepuneckoii CK na puc. 4 nmeet cnenyromue Beipaskeaus opT KII
1Cpe3 OPThI CCK: ﬁl = yla ﬁz = EZa ﬁ3 = 539 54_ = _74, ﬁs = ESa ﬁ(; = ys'

Brimucars npoexuuu opra y, na ocu HCK.

[ToBTopHO Ucnonk3yst hopmynsl (9) anst MC Ha puc. 4 momTydnMm:

762 = (J’écz'ygz:ygz) = (—c3Ss5,Cs, 53S5)-

Hns i = 2 umeem q, = Z,. Torna o ¢popmye (8) Boimumiem:

Yé1 = C2Y62 — SZYgz = C2Y52 — S52Css

y6y1 = S2Ve2 + Czyeyz = S2V62 T C2C5, Y61 = Yé2 = Cs.

Hns i = 1 umeem q, = y. Torna no dopmyiie (7) Boimuniem:

X _ x zZ _ x y _ .Y z _ x z _ X
Y60 = C1Y61 T 51Y61 = C1Y61 T S1Cs55 Vo0 = Ye1> Y60 = —S1Ye1 T C1Y61 = —S1Y61 T C1Cs.

5. Tabumnusbl 3Havennii HK

3navenust HK oceit CCK cocennux KII siBnsitoTest mpocthiMuy, T. €. aist BKII(j) onn npunaanexat
muoxectBy {0,1, ¢, sj, —s;}. OueBuano, uro mus BKII(j) mpocteie 3navenus HK MoxkHO B34Th M3
Tabm. 1.

Hcnonb3oBanue Tab. 1 npu BeimuckiBaHuK Gopmyit Berurcienus HK ynpoiaeT BeIogHEHUE MTep-
BOTO IIIara, Ha KOTOPOM Bcerja noiyvarorcsa npoctsie 3Hauennsa HK. Hanpumep, ecnu teno m,q Bpaia-
ercs Bokpyr ocu OgY,, To HK oceit CCK(6) naxomsrest B 610Ke ﬁj = ?j, rae j =6, T.e. Xis = Cq,
v& =0,2) =sgurt.
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Tabnuua 1
MpocTble HanpaBnsoLWne KOCUHYCbI
Table 1
The simple direction cosines
=% 4 =Y 4, =%
Xj Yj Zj X Yj Zj X Yj Zj
Xj—1 1 0 0 Cj 0 Sj Cj —5;j 0
Yi-1 0 Cj —S5;j 0 1 0 S; Cj 0
Zj_1 0 Sj Cj —Sj 0 C] 0 0 1

[Mpu BemuckiBannu HK Ha BTOpoM miare MO>KHO MCHOJNB30BaTh Tall. 2, B sYEHKax KOTOPOH Mpe-
ctaBneHsl npocteie 3Hayenns: HK wmu npocteie popmynsl ux Beruucienus. [Ipocteie popmynsl ciueny-
10T U3 o01wmx popmyn (6)—(8) msti = j — 1.

Tabnuua 2
HanpaBnmou.wle KOCUHYCbI AnsA ABYX NOBOPOTOB
Table 2
The direction cosines for two turns
4 =% ;= Y; 4 =%
X; Yj Zj Xj Vi Zj X Yj Zj
Xj—2 1 0 0 Cj 0 Sj Cj —Sj 0
Yi-2 0 G-1j | TSj=1j | Sj-15; -1 | 7Sj-1G | G-15j | G-1G | TSj-1
Zj—2 0 Si-1j | CG-1j | ~C-1S5i | Sj-1 -16 | Sj-1Sj | Sj-1G Cj-1
Xj—2|  G-1 Si=15j | Sj=1G | G-1j 0 Si—1j | G-1G | TG-1S) | Sj-1
YVj—2 0 Cj —Sj 0 1 0 Sj Cj 0
Zi—2 | —Sj-1 | G-15 | G-1G | TSj-1j 0 C=1j 17Si-1jG | Sj-15 Gi-1
X2 G-1 | 7S-16G | Sj-18 | G-1G | TSj-1 | G-1Sj | G- | TSj-1 0
Yi—2| Sj-1 Cj-1Cj | =C-15j | Sj-16 Cj-1 Si-1Sj | Sj-1j | Cj-1, 0
Zj—2 0 Sj Cj —Sj 0 Cj 0 0 1

Tabmn. 2 cocTOUT U3 AEBITH OJOKOB (TpeX KOJIOHOK C Ha3BaHUSAMHU ﬁj = X;j, ﬁj =y i ﬁj = Zj U Tpex

nojoc). B kaxmom 65o0ke o AeBsTh sueek, copepkamux HK. Bnoku otnenens! apyr oT apyra ABOii-
HBIMHU JTUHUSIMA. {7151 BBIOOpa HY>KHOTO 3HaYCHUSI HEOOXOIUMO BBIOpaTh OJIOK U B HeM s4eiky. Hampu-
MED, €CIIU TEJIO M, ; BPAIIAETCSA BOKPYT OCH ijj, TO HYXHBII OJIOK HaXOAMTCS cpelu Tpex OJOKOB B

Ll

I Cs

01 = 05 = O

Cy

sy
O

Cy

)O=0,=0;

C

E

[

Puc. 5. AHrynsapHas CK
Fig. 5. Angular CS

KOJIOHKE C 3aroJIOBKOM ﬁj = yj Tabmuusl (1o BepTukanu). Eciau npu aTom Te-

JI0 M j_1 BpamaeTcs BOKpYr ocu 0j_1Z;j_q, TO HCKOMBIM ABJIAETCS MOCIIEHUH
050K 3TOW KOJMIOHKH (OJIOK B TpeThel moisoce). Boibop sueiiku B HalJeHHOM
onoke ompenensiercss nmo obo3nadenuto HK. Hampumep, 3nauenne HK ijj—z

PacIroNIOKEHO Ha MEPECEIEHHUH CTOJIONA X; U CTPOKH Zj_, HalIEHHOTo OJI0Ka.

B Tabn. 2 mnpuHATB O00O3HA4YeHHUA: Sjj_1 = sm(qj + qj_l), Cjj—1=
= cos(qj + qj_l).

3apaua 5. Aneynapuas (6 eepmuxanu) MC na puc. 5 ©IMeeT cienyrouue
Beipaskenus opt KII wepes optet CCK: q, =Y, q, =75, 43 =273, q, = Y,,
qs = Zs, q6 = y6'

Beimucars hopmyist Beraucienus HK yZ, ysyl, yE.

Hns j = 5 umeem g, = Zs. CnenosatenbHo, o tadi. 1 nomyunm:

X Yy _ pA—

Y54 = =S5,Y54 = Cs, Y52 = 0.

Hust i = 4 umeem q, = y,. CrienoBateNbHO, HYXKHbIA OJIOK PaCIONIOKEH B
nocieHel KOJIOHKe (ﬁj = Z;) u cpenneii nonoce tabin. 2. Mckompie HK naxo-

JIATCSL B CTOJIOIE Y > T
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Y33 = —C4Ss, y5y3 = Cs, Yg3 = S4Ss.
Hns i = 3 umeem q; = z3. Torna mo ¢popmye (8) Boinumiem:
V&, = C3Y&3 — S35 = C3Yis — S3Cs, Yoy = S3¥&3 + C3Vay = S35 + 3¢5, ¥E, = ¥
Jns i = 2 umeem ﬁz = Z,. Torna no ¢popmyie (8) BeIIHIIEM:
Vi1 = €252 — Szysyz = c3(Cc3y53 — S3€5) — S2(S3Y83 + ¢3¢5) =
= (C2€3 — 5253)ya3 — (€253 + S2C3)C5 = 23353 — S23Cs,
ysyl =S,¥8, + Cz)’5yz = 5,(c3y53 — 53¢C5) + C2(S3Y33 + c3¢5) =
= (S2€3 + €353)¥53 + (€203 — $283)C5 = S23Y53 + Ca3Cs, Y1 = Vio,
TIIE C3 = C2C3 — $283 = €0S(qy + q3); S23 = 5203 + €283 = sin(q; + q3).
Takum o6paszom, y, = (€23Y53 — 523Cs, C23C5 — 52353, Ye3)-

6. ABTOMaTH4eckoe BoinucbiBanne HK

Brinmucannsie HK mis paznuunbix yHuBepcanbHbix MC SBISIOTCS WM NMPOCTBIMU, Kak B Tabm. 1,
WJIM BEIYHCISIOTCS 110 POCTHIM (pOopMyIiaM, Kak B TabJI. 2, TN MPEACTABIAIOTCS CyMMOUN POU3BEACHUAN
IBYX BeNW4MH, Kak B ¢opmyrnax (6)—(8). To ectp HK sBnsitoTcss perynsipHBIMU BBIPOKEHUSIMH, COMIEP-
KalUMH MUHAMAJIBHOE YHCIIO apupMEeTHUYeCKUX orepanui. s aBToMaTHYecKOTo BBITUCHIBAHUS Ta-
KUX MaTeMaTUYECKUX BRIPAKEHUI MOYKHO HCIIOIH30BaTh METOIUKY, OTIMCAHHYIO B cTaThsx [17-19].

3akiouenne

[pemioskeHHbIH HopMaTu3M pydyHOTO ¥ aBTOMATHYECKOTO BBIMTUCHIBaHUS (popMmyn Beruucienus HK
oceir CCK ten MC ucnonb3yeTcst He TOJNBKO 7S pemieHus 3anad ctaTukd MC, HO B OCHOBHOM B TIPO-
1eccax BBINMCHIBaHUS ypaBHeHMH auHamukun MC U pemieHus BTOPOH 3aJadyd AUHAMHUKH METOAOM IIO-
CTPOEHHS CTENEHHBIX PSIOB BpeMeHH. CieayeT Takke OTMEeTHTb, uTo yepe3 HK BrIpakarorcst u3BecT-
HBIE ITapaMeTphl ONMCAHNS OPUEHTAIMH Tejla B IPOCTPAHCTBE, HAIIpUMep, YIJIbl Jitiepa u bpaiinTa, na-
pametpsl Ponpura — I'amunbsrona u Kelinu — Kieiina, kBarepanonsl U 6ukBarepauonsl [20]. [Tostomy
3anuchk Matematuueckux mozaened MC B HK mo3Bossier mepeiiTu K 3amucu 3TUX MOJEjeil B mepeuunc-
JICHHBIX TTapaMeTpax.
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WRITING OUT OF FORMULAS FOR CALCULATING FORCES
IN THE JOINTS OF MANIPULATORS IN STATICS

S.G. Pudovkina, pudovkinasg@susu.ru,
A.l. Telegin, teleginai@susu.ru

South Ural State University, Miass, Russian Federation

The problem of bulkiness of mathematical models of manipulative systems of industrial robots
is solved. Here we consider formulas for calculating static reactions in joints and formulas for active
forces that balance the forces of gravity acting on the manipulator's bodies in its stationary state.
The manipulator can be in such a state when it is before capturing the object of manipulation and re-
leasing it, or when it is performing some assembly operations, or it is during spot welding and
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in slow (quasi-static) arc-welding and painting processes. Aim. The aim is to derive general recur-
rence and finite formulas for calculating the reaction forces in joints and their projections to the axes
of the coordinate system rigidly connected with the selected body. Express the formulas of force pro-
jections in terms of guiding cosines and justify their optimality in terms of the minimum of arithme-
tic operations. Derive general inverse recurrence formulas for writing out the guide cosines of
the axes associated with the moving bodies of the coordinate system with respect to the stationary
coordinate system. Research methods. The methods of research relate to vector mechanics and sys-
tems analysis, and the algorithmization of calculations by reducing them to the use of recurrent for-
mulas. Results. A systematic analysis of general formulas, in which all possible regular expressions
are highlighted which are corresponding unambiguously to the kinematic parameters of manipula-
tors, is performed. These regular expressions are used in software for analytical modeling of manipu-
lator, in particular, for the analytical solution of problems of statics of a manipulator. The method of
analytical verification of the prescribed formulas is described. The tasks of writing out optimal for-
mulas for calculating the projections of static reaction forces in joints have been solved. And the tasks
of writing out optimal formulas for calculating active forces in progressive joints of universal ma-
nipulators with six degrees of freedom, operating in Cartesian, cylindrical, spherical and angular
coordinate systems, have been solved also. Analytical verification of the derived equations of statics
is performed. Examples of the reuse of the derived formulas for manipulators with the same kine-
matic schemes of their subsystems. Conclusion. Expressions of the equations of statics of manipula-
tors through the guide cosines of the axes of the associated coordinate systems of their bodies allow
us to write these equations through the known parameters of body orientation. The recurrent formu-
las for calculating directional cosines allows to use recursive functions in their software implementa-
tion, i.e. to increase the computational efficiency of the software.

Keywords: driving forces, forces of reaction, static problems, direction cosines, verification
of formulas, regular expressions, optimization of calculations.
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ON ONE PROBLEM OF CONTROL OF VOLTAGE
DURING SIGNAL TRANSMISSION IN A LONG LINE
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This article discusses the problem of controlling the process of electromagnetic oscillations in
a long-distance transmission line. A long line is understood as an electrical line formed, in the sim-
plest case, by two parallel current conductors, the length of which exceeds the wavelength of
the transmitted electromagnetic waves, and the distance between the conductors is much less than
the wavelength. Such a line is characterized by four distributed parameters, namely the ohmic re-
sistance of the conductor, inductance, electrical capacity and leakage coefficient. A signal generator
is connected to the left end of the line, and the right is grounded, but not of high quality. When
transmitting a signal, the current and voltage make small oscillation. The control is the voltage at
the left end of the long line, and the disturbance voltage at the right end, the values of which are li-
mited. The boundaries of their permissible values are set. The magnitude of the aggregate of external
disturbances acting on the conductor is not known exactly, but only its variation limits are given.
Aim. The purpose of the control process is that at a given moment in time, the average value of
the voltage value is in a given interval. This average is calculated using the specified function.
Materials and methods. To solve the problem, the method of optimizing the guaranteed result was
applied. Results. A transition was made to a new one-dimensional variable, with the help of which
the considered problem was reduced to a control problem of the same type in the presence of inter-
ference. This made it possible to find the necessary and sufficient conditions under which it is pos-
sible to achieve the set goals with any admissible set of external forces and interference at the right
end. A corresponding algorithm for constructing the law of voltage change at the left end of the con-
ductor is proposed. An example is analyzed that clearly shows how management is built that guaran-
tees the achievement of the set goal. Conclusion. If the found necessary and sufficient conditions are
fulfilled, then it is always possible to construct such a law of voltage variation at the left end, which
will lead to the achievement of the goal for any admissible interference.

Keywords: control, telegraph equations, guaranteed result, interference, long-distance trans-
mission line.

Introduction

In the study of controlled processes of electromagnetic oscillations in long lines with distributed pa-
rameters, mathematical problems of control of hyperbolic equations arise [1-7]. There are problems of
controlling the signal transmission process when the exact value of external influences is not known, in
practice. External disturbances that generate travelling wave in the lines distort the transmitted signal.
When studying problems of this kind, you can apply the method of optimizing the guaranteed result [8].
This method is based on the theory of differential games [9].

In this paper, we consider the problem when the control is the limited in magnitude voltage of
the signal generator at the left end of the long line. The interference consists of external disturbances and
limited voltage at the right end of the conductor. The exact value of the magnitude of the external dis-
turbance acting on the conductor is not known. Its limits of change are known. The purpose of the con-
trol process is that at a given moment in time the average value of the voltage value is in a given inter-
val. The average is calculated using the specified function The problem is reduced to a control problem
of the same type in the presence of interference by changing the variable. For problems that are consi-
dered in the theory of differential games, optimal controls of the players are constructed [10].

Formulation of the problem
Consider a homogeneous, long line length is equal to [ with a given resistance R, inductance L, elec-
trical capacity C, leakage factor G [11]. The signal generator is at the left end of the line, and the right
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end of the conductor is grounded. When transmitting a signal in a long-distance transmission line,
the current in the wires is not the same in different sections of the line. It causes a voltage drop in
the active resistance of the wires and creates an alternating magnetic field, which in turn induces self-
induction EMF along the entire line. Therefore, the voltage between the wires also does not remain con-
stant along the line [12, 13].

Let's associate a coordinate system with a long line, the X axis of which is directed along the wire.
The densities of the aggregate of external disturbances on current and voltage are given by continuous
functions f;(t,x),i = 1,2, where we assume x — abscissa of a certain cross-section of the conductor
when the long line is at rest. We denote J(t, x) change in the current and V (¢, x) voltage of the line at
the time t. The control is limited and is the voltage at the left end of the long line. The system of diffe-
rential equations describing voltage and current fluctuations takes the form of telegraph equations [14].

L) - 2D Ayt + f(6, %),
(1)
av(tx) _%y__v(t x) + f2(t, %),

wherex E [0,1],t € [0, p].

This system of equations is considered under the given initial conditions

](O! .X') = gl(X),V(O,X) = gZ(x)a (2)
where the functions g;(x), i = 1,2 are continuous on the segment [0, l]. By condition, the voltage at
the ends of the line is limited. Therefore, they can be written as

V(t' l) = Al(t) - a1(t)7ln |77| < 11 al(t) = Oa (3)

V(t,0) = 22(t) — az(8)S, [§] < 1, a(t) = 0. 4)

The parameter ¢ is a control, and 7 is a interference.

We assume that the densities f;(x,t) of the magnitudes of external disturbances are not exactly
known. The following estimates are known

fi(t,x) < fi(t,x) < f(t,x),i =12,x€[0,1],t € [0,p]. 5)
Where f,(t,x); : [0,p] X [0,1] = R, and f,(t,x): [0,p] X [0,1] = R are continuous functions.

Let's set the number k € R, € = 0. The purpose of the choice of control ¢ (4) is to implement
the inequality

o (V0 )01 (x) + ) (p, 200, () dx — k| < & (©6)
for any realization of external disturbances, the density of which satisfies the condition (5). Here
the functions g;: [0,1] — R, i = 1,2 are continuous and satisfy the conditions

0;(0) = g;(1) = 0. (7

Formalization of the problem

Let us describe the admissible rule for the formation of control ¢ (4). It means that each moment of
time 0 < Y < p and each possible function V (39, x), J (9, x) is assigned a function é: [9,p] — [0, 1]. This
rule will be denoted

§O =N(V®)J0))t € I,pl (3)

We fix the partition of the segment [0, p]

W0 <ty <ty <o <tp<tjpg < <tmpy =D,
where a diameter d(w) = max< jsp(tjﬂ - tj). Let us fix control (8), the density of external distur-
bances f;(t,x) at x € [0,1],0 < t < p. Let us construct solutions V,,(t,x),J,(t,x) 0 <x <[,0 <t <p,
to problem (1)—(3).

Assume g;,(x) = g;(x),i = 1,2 at 0 < x < L. The functions V,,(x,t) u J,(t,x) at to <t <ty,
0 < x <[ are defined as a solution to the following problem:

ajw(tj,x) 1 an(tJ x)

T Ho(tx) + fi(t ),
BVw(t] x) 1 ajw(t],x) ®)
—E ox _EVw(tj'x)_i_fZ(tj'x)'
]w( x) glj(x),Va,( x) = gZJ(X) (10)
V,(t,0) = A(t) — a(t)&,V,(t, 1) = 0, (11)
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= N(t, Voo @, ):]w (7-9:)) (12)
Where j = 0,x € [0,1],t € [to, t1].

Let the functions V,,(x,t), J,(t,x) be defined for ty <t <t;_4,0 < x < [. Suppose glj(x) =
=Ju( tj_l,x),gzj(x) = V,(ti—1,x). We construct the functions V,,(t,x),/,(t,x) at tj_; <t <t
using formulas (9)—(12).

We say that control (8) guarantees the fulfillment of the set goal (6) if for any number w > ¢ there
is a number p > 0 such that for any partition w with diameter d(w) < p and for any continuous func-
tions f;(t, x), satisfying the condition (5), the inequality

|15 (Ve (0. )01 () + Joo (0, 3003 (0))dx = k| < w (13)

Transition to a one-dimensional problem
Let the functions Y (7, x), ¢(7,x) at 0 < x < [,0 < 7 < p be a solution to the following problem:
dp(tx) 10yY(tx) G

=- ——@(1,x),
Jt L 0x 14
au);z,x) _ é&(p(r x) l/J(T x) ( )
<p(r.0)=0,<p(r,l)—0,0Srs 12 (15)
©(0,x) = 0y(x),Y(0,x) = 0,(x),0<x < L (16)

It follows from equality (7) that the matching conditions at the ends of the segment are satisfied.
From equalities (5) we obtain that

[ 16,20 Yo — t,%) dx = By (6) + 11 (O, I | < 1,

(17)
[ £t 00@ — t,2) dx = B5(6) +75(O);, 12| < 1.
Whenati = 1,2
Bi(®) =3y (Rt0) + £t 0) w(p - t,x)dx, s
vi(®) =3|fy (At x) =7t 0) wip — £, 0)ax| = 0.
Suppose
0, (0) = [1U (&) Y(p — £,%) + V, (&, ) (p — £, %)) dx. (19)
That
60(®) = fy (222 yp - ,2) + 228D o (p — ¢, 2) ) dx -

l P (p—t, d t,
— Jy (ot 0) B2 1y, (1,5) %) dx.
Let us take into account equations (9), (14) and (17), (18). We get

By () = B8 + ¥1 (O + Bo(®) +¥2 (002 = fy (Ju (6, ) ZEE2 41, (6, 1) 2222 ) iy +

13 ((-3252 - g 0o - e + - 1”“3—“")—”2 e0) o=t s (0

Further, integrating by parts and taking into account the boundary conditions (11), (15), we obtain

Jy (e, x)) dx = (s ()~ & (OMY(p — 1) -
~(22(8) — (OO (P - £,0) — f; (Vi (6,0 L) i,

fo (a]“’(tx) o -t x)) dx = — [, (]a,(t x) 2= tx)) dx.
From this and (20) it follows thatat t; < t < tj+1,
B(t) = B1(t) + B2(t) + 41(6), ¥ (8) = y1(t) +v2(8) + a1 () = 0,

G AC TR0
i =Sem e TSl =1

8,(6) = — [T (P — £, 0)|w; + ¥ (©)) + B(&) + T A (VY (p — ¢,0).
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When
& = sign (% a, OY(p —t, 0)) u. (21)
Suppose, that sign0 = 1.
Denote
20(®) = 0u(0) + [7 (B0) + 100w —,0) ) dr — k. (2)
Thatfort; <t < tj,,
z,(t) = —a(®u; + b@O)v), [w;]l < 1, |v;| < 1. (23)
Here it is denoted
at) = [far @ —t,0)| = 0,b(t) = y(t) = 0. (24)

Further, taking into account condition (11) and formulas (19), (22), we rewrite inequality (13) in
the following form:

1z (D) < w. (25)

Termination possibility conditions in a one-dimensional problem
Consider the one-dimensional problem (23), (25). Note that functions (24) are continuous. Let's
build broken lines

2 (0) = 2, (t;) — fttj a(r)dru; + fttjb(r)dr Vit St < iy, (26)
where z,,(0) = z(0) is the initial condition. The family of these broken lines is uniformly bounded and
equicontinuous, defined on the segment [0, p] [10, p. 46]. By Arzela's theorem [15, p. 104] from any se-
quence of polygonal lines (26), one can select a subsequence that converges uniformly to the segment [0, p].

Let in (26)

u; = sign z,,(t;),j = 0,m, (27)
and the function z(t) at 0 <t < p is the uniform limit of the polygonal sequence z, (t) (26), for
which the diameter of the partition d(w,) = 0. Then [10, Theorem 8.1] the inequality

l2(p)| < F(2(0)).

Here it is denoted

F(z) = max(|z| + fop(b(r) — a(r))dr; maxoer<p frp(b(r) —a(r))dr).

Let the number € > F (Z(O)). Then it can be shown that for any number w > ¢ there is a number
6 > 0 such that inequality (25) holds for any broken line (26) with the partition diameter d(w) < § and
control (27).

Let in (26)

v; = signz,,(t;),j = 0,m, (28)
and the function z(t) at 0 < ¢t < p is the uniform limit of a sequence of polygonal lines z,, (t) (26), for
which d(w;,) = 0. Then [10, Theorem 8.2], the inequality

|2(p)| = F(2(0)).

From this it can be obtained that if the numbers e < w < F (Z (O)), then there exists a number § > 0
such that to |z, (p)| > w, for any broken line z,(t) (26) with the partition diameter d(w) < & and
with v; (28).

Thus, it is possible to construct control (8), which guarantees the fulfillment of the set goal (13) if
and only ifF(Z(O)) <e.

From formulas (21), (27) we obtain that

. l
& = sign (Z a (t) [y —t,x) dx) u.
When z is defined by formulas (19) and (22) with given in (22) V,,(x, t), J,(t,x) on V(t, x), J(t, x).

Example
Let the function

o,(x) = lb—(zz)z sin G x),

az \1
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when

1 2_
1 B /4(RC+GL) LRCG

vieb = o
then condition (7) is satisfied. Consider the function

VLC(RC+GL)T
Y(t,x) = b%e” 2 (1;(")25in Gx) +ﬁsin(r)> ,
a2 \1T
that satisfies Eq. (14) and conditions (15), (16). Substitute the function (x,t) into formula (19) at
V,(x,t) = V(t,x). Then it follows from (22) that

_VICRC+GL®=D) [ sin(Tx N
20 = b fy| Vo) e™ ( ((ln))z+512§p_1t)> dx +

a=

aZz \1

a,b? _JICRC+GL)(p=1)

Ar)e 2z sin(p— r)) dr — k.

P
+J7 (B0 + 82
Conclusion
The impact of interference on a long line leads to distortion of information, to a decrease in
the quality of transmission and subsequent processing of data until the destruction of the communication
lines themselves. However, it is possible to construct such a law of voltage variation at the left end,
which will lead to the achievement of the goal with any admissible interference, with known estimates
of the set of negative effects and the fulfillment of the necessary and sufficient conditions found. The ana-
lyzed example clearly demonstrates how the corresponding law of voltage change is constructed.

The research was funded by Russian Foundation for Basic Research and Chelyabinsk Region, project
number 20-41-740027.
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OB OJHOW 3AOAYE YIMPABJIEHUA HAMNPAXEHUEM
NPU NEPEOAYE CUTHAIA B AJIMHHOU JINHUU

H.4. JlueaHoe, B.U. Yxo6omoe
YensbuHckuli 2ocydapcmeeHHbil yHugepcumem, 2. YenabuHck, Poccus

B nanHoili cTaThe paccMaTpuBaeTcs 3ajaua yIpaBiIeHHUsS MPOLIECCOM 3JIEKTPOMArHUTHBIX KoOJie-
Oanwuii B ;yinHHOM HuU. [loa NITMHHON TUHUEH TOHUMAETCS dJIeKTpUdIecKas JTUHU, 00pa3oBaHHAS
B NpOCTEHIIEM ciayyae ABYMs MapajUleIbHbIMM IMPOBOAHMKAMH TOKA, JJIMHA KOTOPBIX IPEBBIIIAET
JUTMHY BOJHEI TIEpEIaBaeMbIX dJICKTPOMATHUTHBIX KOJICOaHUH, a pacCTOSHHE MEXITy TPOBOIHUKAMU
3HAYHTEIEHO MEHBIIE JITUHBI BOJHEL. [lomoOHas ITUHUS XapaKTepU3yeTCs YEeTHIPhMsI paclpereinéH-
HBIMH MapaMeTpaMu, a UMEHHO OMUYECKUM COIPOTUBJIEHUEM MPOBOJHUKA, MHAYKTUBHOCTBIO, JJIEK-
TPOEMKOCTBIO U KOAPPHUIIHEHTOM yTeuKH. K 1eBoMy KOHITY JIMHHUHU MTOJIKIIOYCH I'CHEPATOp CUTHAINA,
a MpaBbId 3a3eMIIEH, HO HeKauecTBEeHHO. [Ipu nepenave curHana TOK U HalpsDKEHUE COBEPIIAIOT Ma-
JIbIe KoJleOaHus. YTpaBieHUEM SIBIISICTCS HAIIPsDKEHUE Ha JISBOM KOHIIE UTMHHOW JTMHHUHU, @ TIOMEXOH —
HaIlpsKEHUE Ha TPABOM KOHIIE, BEJIMYMHbBI KOTOPBIX OTPAaHUYEHBI. ['paHUIbI UX TOMYCTUMBIX 3Ha4e-
HUU 3a/aHbl. BenrurHa COBOKYITHOCTH BHEUIHUX BO3MYILEHHM, JEHCTBYIOIKUX HA MPOBOJAHUK, TOY-
HO HE M3BECTHA, a 3aJlaHbl TOJIbKO €€ rpaHulibl u3mMeHeHus. Lleap ucciaenoBanms. Llens mpouecca
yIpaBlIeHUs 3aKII0YAETCs] B TOM, YTOOBI B 3aJaHHBIII MOMEHT BPEMEHHU CpeIHEE 3HAUCHUE BETTMUUHBI
HANPSOKEHUST HAXOJWIIOCh B 3aJJaHHOM MPOMEXYTKE. DTO CpelHee 3HAUCHHE BBIYHUCISETCS C TIOMO-
IO 337aHHONW QyHKIUU. MaTepuaabsl 1 MeToAbl. /i1 pelieHrs TOCTaBICHHOH 3a1adn ObLT MpH-
MEHEH METOJl ONTHUMM3AIMK rapaHTUPOBAHHOTO pe3ynbrarta. PesynabrarTsl. boul ocymiecTien nepe-
X0JI K HOBOI OJTHOMEPHOI IepeMeHHOH, ¢ MMOMOIIBI0 KOTOPOil paccMaTpuBacMas 3aj1ada ObLIa CBe-
JICHa K OJHOTHUITHOM 3aJaye YIpaBJICHUS NPU HATHMYUU IIOMEXHU. DTO MO3BOJIMIO HAUTH HEOOXOIH-
MBbIE€ U JIOCTaTOYHBIE YCIIOBUS, MPHU BBITOJHEHUH KOTOPHIX MOKHO OCYIIECTBUTH MOCTABJICHHbBIE II€-
JU TpU 1000 JOIMYCTUMOW COBOKYITHOCTH BHEIIHMX BO3MYIIEHHH M TIOMEXE Ha MPaBOM KOHIIE.
IIpennoxxeH COOTBETCTBYIOUIMM AJITOPUTM IMOCTPOCHMS 3aKOHA M3MEHEHMs HANPSHKEHUS] Ha JIEBOM
KOHIIe MPOBOJHUKA. PazoOpaH mpuMep, KOTOPBIA HATJSIIHO TIOKA3bIBAET, KaK CTPOUTCS YIPaBJICHHUE,
TapaHTHPYIOIee JOCTHKEHNE MTOCTaBICHHON IeNu. 3akJiouenne. Eci BBITIOTHEHBI HaliIEHHBIE He-
00X0ZMMbIe U JIOCTATOYHBIC YCIOBHS, TO BCETJa MOXHO MOCTPOHUTH TAKOW 3aKOH M3MEHEHMs Hampsi-
JKEHHSI Ha JIEBOM KOHIIE, KOTOPBINA TPUBEAET K TOCTHKESHHUIO IIe]TU MPH JIF0O0H TOMyCTUMOM TTOMEXe.

Knioueswvie cnosa: ynpasnenue, menecpagpnvie ypasHenus, 2apanmupo8antbvlil pe3yivmam, no-
mexa, ONUHHAS TUHUA.
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NpndopocTpoeHune, meTposiorus
U MHPOPMaALMOHHO-U3MepUTeSibHble
npuoopbl U CUCTEMbI

YOK 621.396.969.18 DOI: 10.14529/ctcr210307

BE33XOBAA KAMEPA, BCTPAUBAEMAA B MNOMELLEHUA
NMPOMbILWJIEHHOIO HA3SHAYEHUA

A.B. AkcéHos', A.A. llapur?, H.B. Cam6ypose’

" AO «TaligpyH», 2. Kanyaa, Poccus,
2 Mockosckuii aguayuoHHbIL uHcmumym, 2. Mockea, Poccus

PaccmatpuBaroTcst BOIPOCH MPOSKTUPOBAHHS OE33XOBBIX KaMep ISl aHTCHHBIX U3MEPEHUI OII-
pPEAENEeHHOT0 THIA — BCTPAMBAEMbIX B TOMEUICHHs MPOMBIIIJICHHOTO Ha3Ha4YeHUsA. JJOCTOMHCTBOM
TaKMX Kamep SBJSIETCS TMOJOKUTEIBHBIN dKOHOMHUYECKUN d(PQEKT, CBA3aHHBINA KaK CO CHUKCHHEM
W3JIEP>KEK Ha CTPOUTENBHBIE pabOThI, TAK M C BO3MOXXHOCTHIO COBMECTHOTO HCITOJIb30BAHUS BCTIOMO-
raTellbHbIX CHCTEM IOMEIICHUS B IMPOIecce dKCIUTyaTanuu. VI3BeCTHBIE MOAXO0JBI K MPOSKTHPOBA-
HUIO KaMep JJIsl aHTEHHBIX U3MEPEHUH OCHOBBIBAIOTCS JIMOO Ha 00€CTIeYeHNH MUHUMAJIBLHOTO YPOB-
Hs 0€33X0BOCTH, JTHOO MHHUMAIBHBIX Ta0APUTHBIX pa3MepoB. B maHHOM cirydae HeoOXomumo obec-
MEYUTh KOMIIPOMHUCC MEXKIy ITapaMeTpaMu 0e33X0BOCTH U Ta0apUTHBEIMH pa3MepaMHu MpH odecriede-
HUH TEXHOJIOTUYECKOW NOCTYIMHOCTH BCEW MOJe3HOH muromanu nomemeHus. Leasio paboTh sBis-
eTcst 000cHOBaHUE (POPMBI U TEOMETPUIECCKUAX pa3MepoB Kamepsl. MeToasl nucciiegoBanus. B mpo-
1ecce UCCIeI0BaHMS HCIIOTh30BAIICH METOIBI TEOMETPHUECKOM ONTHUKA. [1pn 000CHOBaHUU (HOPMBI
KaMepbl YIUTHIBAUCH MPAKTUYCCKUE ACIEKTHI, a IMEHHO: paclpocTpaHeHHas (opMa TMOMEIICHUH
MIPOMBIIIIJICHHOTO Ha3HAYEHUS U 1IEXOB, a Tak’Ke€ BO3MOXKHOCTH 3((PEKTUBHOTO HCIIOJIB30BAHMSI pPac-
MIPOCTPAHEHHBIX PAIUOTIOTIIOMIAIONINX MaTEPUANIOB ISl MOKPBITHS KaMephl U3HYTpU. B mporecce
HAXOXICHUS ONTUMAJbHBIX NEHCTBYIOIIMX T'E€OMETPUUIECKUX Pa3MepoB (YHKIIMOHAIAMH KadyecTBa
OBLITM IPUHATHI TapaMeTphl 0€39X0BOCTH U rabapuThl. Pe3yibTaTel. Kamepa B ¢popme mpsamMoyroib-
HOW Tpamenuu SBISETCS ONTUMAIBHOHN JIJIsl BCTpAaUBaHUS B TIOMEIICHHs MPOMBIIITIEHHOTO Ha3HaYe-
Hus. HalineHsl BIpaXeHus! ISl TEOMETPHUECKUX Pa3MepPOB KaMephl, 00eCTIeunBaloIIel OTCYTCTBHE
OTpaKeHHIA TEPBOr0 M BTOPOTO MOpsaKa B pabodueil 30He. HalimeHo omTHManbHOE 3HAYCHHE yria
OTKJIOHCHUS 3aJHell CTEHKH Oe39X0BOM KaMmepbl. 3akiardeHue. Ha OCHOBaHWH BEHIMICTIPHUBEICHHON
METOJIUKH OBLIA pean3oBaHa 0e33X0Basi KaMepa KOMIIAKTHOTO ITOJIMTOHA ISl aHTEHHBIX H3MEPCHUI.

Kniouesvie crnosa: Kkomnakmuulil aHmMeHHbLL NOIUSOH, PAOUONOTOWAIOWULL MAMeEPUa, 6e33X0-
8as Kamepa, KOIIUMAamop, OmpajiceHue.

BBenenune
Jlis u3MepeHus mapaMeTpoB aHTEHHO-(QUACPHBIX YCTPOUCTB U O0TEeKaTeNel MHUPOKO HCIIONB3YIOT-

Csl TaK Ha3bIBa€MblE KOMITAKTHBIC aHTCHHBIE TIOJIMTOHBI, HanboJee rabapuTHOM COCTABIAIONICH KOTOPHIX
apinsercs 6e3sxoBas kamepa (BOK) [1]. OgauM 13 BapHaHTOB CYIIECTBEHHOTO CHUKEHHS ceOecTONMO-
CTH KOMITIAKTHBIX TIOJIMTOHOB SIBJISIETCS COBMECTHOE HCIIOJNB30BAHUE TOJIE3HOM TUIOMIANU CYIIeCTBYIO-
MIMX MOMeleHni npou3BoacTBeHHoro HasHayenus (I111H), a umenHo — BcTpanBaHue NOJIUTOHA BHYTPh
TaKuX MOMEUICHUH. JJOCTONHCTBOM TaKOIro BapHaHTa JUIsl OpraHU3aluy MOJIUIOHOB SIBIISICTCS SKOHOMH-
yeckuii 3((deKT, CBA3aHHBIM KaK CO CHIKCHHUEM M3/ICP)KEK Ha CTPOMTENbHBIC Pa0OTHI, TaK U C BO3ZMOXK-
HOCTBIO COBMECTHOT'O MCIOJIb30BaHMsI BCIOMOTATEIbHBIX CHCTEM NOMEIIEHHS, TAKUX KaK:

— CHCTEMBI SKPaHHPOBKHU;
— CHCTEMBbI OTOIICHHUS ¥ KOHAWLMOHUPOBAHUS BO3yXa;
— YCTPOMCTBA MOJbEMA U TPAHCIIOPTHPOBKH TPY30B;

— CHCTEMBI MT0KapOTYILICHUS.
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AkcéHoe A.B., JlapuH A.A., Be3axoeast kamepa, ecmpaueaemasi
Camb6ypos H.B. 8 nomMeuwjeHusi NPOMbIWITIeHHO20 Ha3Ha4YeHus!

HenocraTkoMm B 3TOM ciTydae ABIISIOTCS OIpPaHUYEHUS, HaKIaJbIBa€MbIE pa3MepaMu U FreoMeTpHUe-
CKOM (hOpMO¥ MOMeEIIIeHUS Ha pealln3yeMble TeoMeTpuuecKue pasmepsl u hopmy BOK.

B 3aBucuMocCTH OT Ha3HA4YEHUs KOJIMYECTBO pajuonoriomnatmniero Marepuana (PIIM), neobxonu-
Moe 7Sl OONMIIOBKK BHYTpeHHer dacTu bOK, Moxker mocTurats mopsiaka cOTeH KBaJpaTHBIX METPOB.
[TosToMy omHMM U3 onpeaenstomux GakTopoB npu Beioope PIIM aist kaMepbl ABISIETCS €r0 CTOUMOCTbD,
9TO 00OCHOBBIBAET HCIOIb30BAaHUE MAaTEPUATIOB C KOMIIPOMHCCHBIMH TEXHHKO-3KOHOMHUYECKUMH TTOKa-
3aresiiMu. J{oCcTyIHBIE HA CETOTHSIIHUN IeHb IIUPOKOIOJIOCHBIE MaTepHaibl UMEIOT KOAQPHULINEHT OT-
pakenust nopsaka 20...30 nb (B 3aBHCHMOCTH OT JHana3oHa 4acToT), YTO HEAOCTATOYHO ISl IpOBee-
HUs U3MEPEHHMM HAa KOMIIAKTHBIX IIOJIMTOHAX, TAK Kak BenuurHa YBJI COBpEMEHHBIX AHTEHHBIX YCT-
poiicTB MoxeT noxoauTh a0 40...50 nb. ®opma kamepsl MO3BOJIAET YIyUIIUTh KOIPOUIIMEHT 0e39X0-
BOCTH, OTpaHHYMBAEMBINA JIsi KaMep MpocToi (GopMbl BeTMUMHAMH KOI(D(OUIMEHTOB MOTJIOMICHUS U
paccesnusa PTIM.

CrouT 3aMeTUTh, YTO BO3MOXXHOCTh IPUMEHEHHS alllapaTHBIX CPEACTB IS CHIKEHHS yPOBHS Oe3-
9XOBOCTH (cIIOCOOBI MPOCTPAHCTBEHHO-BPEMEHHOM cenekuuu [2, 3]) orpanuumBaercs ¢opmoit AUX
UCTIBITYEMbIX aHTeHH. B momosiHeHne K 3TOMY B psifie NPaKTHUECKUX MPUIIOKEHHUH, rae HeoOX0auMo
comocrapiieHre abcomoTHRIX [IH HECKONMBKUX aHTCHH, MPUMEHEHUE ITPOCTPAHCTBEHHO-BPEMEHHOM ce-
JIEKIIMH HE KOPPEKTHO, TaK Kak B 3TOM CITydae HacTPOWKa BPEMEHHOW 00JIacTH PeXXEKIUH J0JIKHA MPO-
W3BOJIUTHCS JUTS KOKIOH aHTEHHBI OTAEIBHO. DTO MPUBOJHUT K (AKTHUECKOMY Pa3InIHI0 KOIPPHUIIIEH-
Ta MepeJadd U3MEPUTENBHBIX TPAKTOB AJIS MOJIE3HOIO CUI'HAJIA, a 3HAUYMT, U K OIIMOKaM BOCCTaHOBIIC-
Hus abcomoTHbIX [IH antenH. [lostomy mpsiMble (KOHCTPYKTUBHBIEC) METOIBI CHIDXKEHHUsI YPOBHS 0€3-
9XOBOCTH IMPOAOJIKAIOT OCTABAThCS AKTYaIbHBIMHU.

B [4] mpuBoauTcst 6e33xoBas kamepa B GopMe MpsIMOYroJbHOWM Tpaneuuu, BcTpoeHHast B IITTH.
Lenbto cTaThy ABIsIETCS 000CHOBAHHE (POPMBI H TEOMETPUIECKUX Pa3MEPOB KaMephl.

1. ®opma kamepbl
OO6pyHO kadyecTBo BOK onenuBaercs koadduuuenTom 6e33xoBocTH ( Ky ) B padoueii 30ne. Ko-

s} uupeHT 6e39X0BOCTH SCTh OTHOLICHHE IIOIHOTO OTOKA MOLIHOCTH, PACCESHHOIO KaMepolt (P, ),
K II0TOKY MOIHOCTH ( P, ), NpHIIealeMy oT u3aydarens: Kpy =P, / P, . Ilpn 5TOM npefieNbHOE 3Ha-

4yeHue Ko pHuureHTa orpaHIueHO HEPAaBEHCTBOM

Kg <p", (1)
rae p — Ko UIUEHT OTPaKCHUS MO MOIIHOCTH MaTepuaja MOKPHITHS CTCHOK KaMephl, 7 — MUHH-
MaJIbHOE YHCJIO0 MEePEOTPAKCHHUM HETIPSMBIX Tyde U3 30HbI H3TYUCHHS B 30HY Ipuema [5].

3Hak B HepaBeHCTBe (1) ykasbiBaeT, uTo BenuuuHa Ky MOMKET yXyJIIAThCs 3a CUET (PaKTHUECKOU

3aBUCUMOCTH BEIMYMHBI p OT yriia majeHus BoiHBI Ha PIIM, HemocpencTBeHHO (OpPMBI KaMephl, a

TaKXKe HAJMYUs Pa3iIyHbIX Mapa3uTHbIX 3QdekToB (qudpakius Ha Kpasx KOJUTUMATOPHOTO 3epKaia,
MIPOCAYMBAHKUE SHEPTUH OT 00JIydaTesis B pabodyro 30HyY U Ipodee).

[pocreiitieii hopmoii BOK siBisiercst mpsimoyroinibHast [6], 4TO yIa4HO COTJIACYETCsI C OOIIETPHHS-
toii gopmoit IIITH. Oxnako u3-3a Hamuuus B paboueil 30HE OTpakeHWH mepBoro mnopsiaka (rn=1)
(oT 3amHEH cTEHKHM) 0E€33X0BOCTh KaMephl OyAeT orpaHHMYeHA BEIMYHMHAMHU KOA(PPHUIIMEHTOB MOTIIONIC-
HUS U paccesiHus ucnogszyemoro PIIM.

B mporuecce pa3BUTHS TEXHUKH M TEOPHHM aHTCHHBIX M3MepeHui npu noctpoenun bOK Gonbmioe
BHUMAaHUE YAENsUIn reomerpruueckoil popme u xonpurypaumu BOK. [l KOMIAKTHBIX MOJUTOHOB Ha
OCHOBE KOJUTUMATOPHOI'O 3€pKaJjia M3BECTHO ABAa KOHCTPYKTUBHBIX HAIIPABICHUS CHIKEHHS KO PUIM-
eHTa 0e39X0BOCTH KaMmephl [7]:

1) BBIOOp CIOKHOM (OPMBI MOBEPXHOCTH (KaMephl ¢ KPUBOJIMHEHHBIMU JTHOO JJOMaHBIMH MPOQu-
JISIMU CTEH);

2) UCTIONIb30BaHUE TTOBEPXHOCTH MPOCTON POPMBI C MPOPUITUPOBAHHBIMU dIIEMEHTaMHU (HarpuMmep,
npodUIUPOBaHNE 3KpaHAMHU, BEPTHUKAIBHBIMU MM TOPU30HTAIBHBIMU TOQpaMH, a TaKKe pacceuBaro-
LIMMHU IHPaMUAAMHU Pa3IAYHbIX GOPM U pa3MepoB).

O0a nampaBieHUs] HANPaBJICHBl Ha YBEJIMUYCHHE BEIUYMHBI 7 U OTJIMYAIOTCS KOHCTPYKTHUBHBIMH
crocobaMu TepeHarpaBieHus] WIM paccerBaHMA Mapa3uTHON BoJHBL. HemoctaTkamMu MaHHBIX Kamep
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SIBIISIIOTCSL: AJIS1 TIEPBOTO Cilydasi — OonblIne rabapuTHbIe pa3Mephbl U CIOXKHBIM KOHCTPYKTHB, a BO BTO-
POM — KOHCTPYKITUSI KAaMEPbI, COJIeprKalasl JIOKaIbHbIe AIEMEHTHI CI0KHOH (hopMbl. Kpome JokanbsHOTO
yTsDKENIeHHS KOHCTPYKIIMU KaMmephl PUCYTCTBUE MPO(QMIMPOBAHHBIX AJIEMEHTOB IJIOXO COTJIACOBBIBA-
ercs ¢ popmoii PIIM (manpumep — it PIIM nmupaMuansHOro TUma). OTO MPUBOIUT K MOBBIIICHHON
KOHCTPYKTHBHOM M TEXHOJOIMYECKOH CIOKHOCTU HOKPBITHS KPOMOK NPO(UIMPOBAHHBIX 3JIEMEHTOB
pacrpocTpaHeHHbIM (cepuiiHBIM) nHpaMuaaibHbeiM PIIM, HapyIeHuio ero neaoCTHOCTH M MOBBIIICH-
HOMY pacxomy.

HexotopsiM KOMITpOMECCOM SIBIISIETCSI TparenenjanbHas GopMa Kamepbl cO CKOIICHHOH 3aiHei
CTeHKOM, onucanHas B [4]. OTaudre oT U3BECTHBIX KaMep — KaMep ¢ HaKJIOHHOM 3aJHeil CTeHKOHN U Ka-
MEpPBI C 33HEW CTEHKOH B BHAE HAKIOHHOTO KIMHA [6] — 3aKioyaeTcd B CIEAYIOIIEM: OTpa)KCHHE
«IIPOKEKTOPHOr0» JIy4a MPOUCXOTUT TOJNBKO B FOPU30HTAIBHON IJIOCKOCTH B OJHOM HAIIPABICHUH, a
TaKXe OTCYTCTBYET MPOQUIMPOBAHHBIA 31eMeHT (kiuH). OpraHuzanusi NepeoTpakeHUs] B TOPH30H-
TaJILHOW TUIOCKOCTH TO3BOJISIET CHU3UTH 3aBUCHMOCTH (DOPMBI U KOHEUHOT'O YPOBHS 0€33X0BOCTH KaMe-
pet oT BeicoThl [1ITH, Tak kak mose3Has BBICOTA MOMEIICHUS (C YUYETOM OpTraHU3aIMH COBMECTHOTO HC-
MOJIb30BaHUS CHCTEM MOJBEMA U TPAHCHOPTHPOBKU I'PY30B U CUCTEM OTOIJIEHHMS M KOHAWIIMOHUPOBA-
HUSI) OTpaHUYCHA ¥ 3HAYUTEIILHO MEHBLIE €€ ITUPHHBL.

Takxum oOpazom, popma paccMaTpuBacMoii Kamepsl [4] 00J1agaeT KOHCTPYKTUBHON MTPOCTOTOM, MO-
3BOJISIOIIEH COXPAaHUTh BHEITHHE TrabapuThl ¥ HE YTSDKEISATh KOHCTPYKIMIO TOTTOTHUTEIBHBIMHU dJIEMEH-
TaMHu, a TaKke o0ecrnedyrnBaeT BO3MOKHOCTh KaYeCTBEHHOTO TIOKPBITHSI BHyTpeHHEeH nmoBepxHocTH PIIM.
C nomouipto acUMMETpuH (HOpMBI KaMepbl OTHOCHTENIBHO (POKAJIBHON OCH KOJUTMMATOPHOTO 3epKana
oOecrieunBaeTcst CHIOKeHHE Oe33xoBoctu. Ilpu 3Tom nomomuurenpHas yacth miomanu IITH, neobxo-
JMast JJTsl YBEITMUYCHHUS Ta0apUTOB KaMephl, MOXKET ObITh UCIIOJIL30BaHA JIJIsi CKBO3HOTO MPOXoja (BHYT-
puIiexoBoro npoesna) (puc. 1), a Taxke nepeMenieHusl aHTeHHBIX yCTpoiicTB BHYTps bOK nmst ycraHos-
Ku B pabouyrio 30my (P3).

BHyTpeHHaﬂ CTEHA TOMEIECHHUS

3epkaio
KOJUTHMAaTopa

fwnanu-uﬁ.

BHyTpeHHF[H CTEHa [OMEI[CHHUS

Puc. 1. ®opma kamepbl u npumep ee pacnonoxeHus B MMH
Fig. 1. Form and location option of the chamber

2. JleiicTByIOIIME TeOMeTpPHYECKHE pa3Mepbl KaMepbl

Jyis 060CHOBaHMS IEHCTBYIONIUX Pa3MEPOB PACCMOTPHM XOJI JIydeil BOJIHBI, IEPEH3ITyUIaeMOM KOJI-
JUMATOPHBIM 3€pKaJIoM B MPUOMIKEHUH reoMeTpuueckoil ontuku [7, 8]. Ha puc. 2 nmpuBogutcs reo-
METpHsI 3aJa4u U1 KaMepbl B 00J1acTH OTpakeHu# 1-ro u 2-ro nmopsaxa.

VYcioBHbIE TPaHHULBI «IPOKEKTPOHOTO Jyda» 00O3HAYEHBI LITPUXOBBIMH JHMHUSAMH, paboyasi 30Ha
NPHHATA IMJIMHIPUYECKON HOPMBI ¢ PasycoM OCHOBaHHs a/2. YToll HAKIOHA 3a/Hell cTeHKH 1 OTHO-

CUTEJBHO HOPMAJIH K IIEPBUYHOMY KOJUTMMATOPHOMY (D)POHTY BOJHBI paBeH o . CTeHKa 2 mapaijienbHa
HAIpPaBJICHUIO PACIIPOCTPAHEHHSI KOJJTMMATOPHOTO (DPOHTA BOJHEI.
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Puc. 2. TeomeTpus 3agaum
Fig. 2. Geometry of problem

Yenosue omcymemeusn ompasicenuti nepeoeo nopsoka

HckoMblii yros moBopoTa 3aJHEW CTEHKH KaMepbl O ONPEIENSeTCs Ha OCHOBE M3BECTHOTO pac-
crosiHuA d 710 3afaHeil cTeHku | 1 pa3mepa paboueil 30HBI @ , HCXOAs U3 MoA00us TpeyronbHuKoB ABC
u ADE (cMm. puc. 2). JlaHHbIH yroa onpeaenseT OTCYyTCTBUE OTPaKEHHUI IEpBOTO HOPSIKA!

2 2

a 2> arctg d-Nd"-a’ . 2)

a

Yenosue omcymemesus ompasicenuti 6mopozo nopaoka

Kamepa nmeer acHMMETPUIO OTHOCHTEIBHO (POKAIBHOW OCH 3epKalla KOJUIMMATopa, MPH KOTOPOH
BBITIOJHSIETCA YCIOBHE OTCYTCTBUSI OTPAXEHHU BTOPOTO TMopsaka. JlaHHas acUMMETpHs oIpeneisercs
paccrossHueM ! OT OCH KOJJIMMAaropa 10 AajbHel OOKOBOHM CTEHKH 2 Kak CyMMa JJIMH ABYX OTPE3KOB
HF u FG (cwm. puc. 2.).

Jnuna orpeska HF paBHa NOJIOBUHE pa3Mepa paboueil 30HbI d .

Hmuny FG onpenensieM Ha OCHOBE M3BECTHBIX IapaMeTpoB a, d M O KaK KaTeT TPEYyroJbHUKA
EFG.

B pesynbraTe nonyyaem
a d a
[>2 HF + FG =—+tg2a| —+—tga |.
2 2 2
Takum 00pa3oM, UTOrOBOE OTCYTCTBUE OTPAXKEHUH ONPEeIIIeTCs CICAYIOIIEH CHCTEMO:

d—~d* -a*
a zarctg| ———— |;
a

3)

1>ZLcos™ 20+ ithoc.
2 2

3. Kpurepuii kauyecTBa

Tak kak 0OBEKTOM HCCIIEJIOBaHUS SBISETCS O0e39X0Bast kKamepa, BcTpauBaemas B I11TH, To kpurepu-
€M Ka4ecTBa MOXKHO TIPUHSThH MapaMeTpbl 0€33X0BOCTH U rabapuThl. B kauecTBe KpUTEpHs, XapaKTepH-
3YIOIIET0 YPOBEHb O€33XOBOCTH KaMepbl, OYJeM HCIOJIb30BaTh BEIMUMHY 3aTyxaHus IUIOCKoi DOMB,
(hopMupyeMoOli 3epKalloM KOJTMMATopa, MPOHUKAIONIEH B pabodylo 30HY IMOCIE MEePEOTPAXKEHUH OT
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creH. To ecTh KpuTEpHEM ABIISETCS NpeebHbli koapduiment 6e33xoBoctH ( K ) 6€3 ydera audpak-

LUOHHBIX SIBICHUH OT KpaeB 3epKaja U APYrux 3¢¢exToB (HOPMHUPOBAHHS IUIOCKOTO (POHTA BOJIHBI
KOJUIMMATOPHBIM 3epKajioM. JlaHHBI KpUTepHuil KadecTBa MOXKET OBITh COPMYJIHUPOBAH HAa OCHOBE
MIPUHLIMIIOB T€OMETPUUYECKUI ONTHKU:

n
K=[]ri(o),
i=I
rae p;(¢) — bynkuus kodbduimenta orpaxenus PIIM a1 i -if 1oBepXHOCTH OT yIJia NaJIeHUs BOJIHBI
(¢, a @;— yroJ NnajieHusi Ha i -F0 HOBEPXHOCTb.

PaccMoTpum ciydaif, 9acTO BCTpEUAIOMIMKCSA Ha MPAKTHKE, KOTJa MaTepuaj MOKPHITHS CTEH HC-
TIOJIE3YETCS OJTHOTO BUJIa — MUPaMUIAILHOTO, & COOTHOIIEHHE BHICOTHI upamuy PIIM u myinHBI BOTHBI
COOTBETCTBYET PACCESIHHIO CMEIIIAHHOTO THUIIA (3epKaabHOT0 U 1u(HYy3UOHHOTO).

Benuuuna p;(@;) Ui U3BECTHOTO @, MOXET OBITH HalileHa M3 TaK HA3bIBAEMOM MHAMKATPHCHI

paccestHust PIIM ( p; (@) ). OnHako uHbopmanus 06 HHAMKATpuce i KoHkpetHoro PIIM mu6o tpyn-

HOJIOCTYITHA JUTs TOTpeduTeNs (TOKynaTens), 1100 MOXKET OTCYTCTBOBATh BoBce. OpraHu3anus MpakTH-
4ecKoro usMepeHus p;(¢) Ha obpasuax PIIM sBnsercs ob6ocobiaeHHON TexHUueckoi 3anaueit [6, 7],

HEOO0XOIUMOCTb KOPPEKTHOTO PEHICHUS] KOTOPOH I MJIOCKOTo (pOHTA BOJHBI 3HAUUTEIBHO YCIOKHSI-
€T TeXHUYECKYI0 BO3MOXHOCTh Pean3aluy Mo J00HBIX H3MepeHuil [9].

Paccmotpes mapamerps! psaa uzBectHslx PIIM [10, 11] u pe3ynbratel MogenupoBanus [12], Mox-
HO C MPHUEMJIEMOH TOYHOCTBIO MOJOXKHTh, YTO (hOpMa MHIMKATPHCH PACCEHMBAHUS MUPAMHIAIBHOTO
PIIM cootBercTByeT (moaunnsercs) 3akony JlamOepra. Ha ocHOBaHMHM 3TOr0 MOXHO HaWTH 3aBHCHMO-

ctu p;(¢) A pasnuuHelx TunoB PIIM, mpuueM st BBINIGONHMCAHHOM Kamepel: n=3, @, =a,
®, = ¢3 =(7m/2) - 20, mprrdem u3 ycnosust ¢; >0 cmexyer, 4o o < /4.

Ha puc. 3 moka3aHbl pe3ysbTaThl pacueTa 3aBHCUMOCTH K (0) Ul TpeX pa3iMYHBIX MapaMeTpoB
PIIM (rpaduxu 1-3): 3atyxanune DMB npu HopmansHOM najgeHu ( p;(0) ) coorBerctsenHo: 20, 25, 30 1b.

I'paduku orpaHudeHbl ycnoBueM (2) juis oTHOmEHUs d/a <5, 060CHOBAHHOTO MPAKTHYECKUMH COO0-

PaXKCHUSIMU.
l | K ob
30 ' -20
60 | -0
. [
40 -60
) /
20 3 / -80
~
— - /
0 I s 3_1 a, pa()
16 8 16
Puc. 3. N'padmk 3aBucumocrten K(a) n I(a)
Fig. 3. Plot of K(a) and /(o)
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Bennumnna K (o) mMeeT MOHOTOHHO CHaJarollyl0 3aBUCUMOCTb OT ., IPU 3TOM, HauuHas ¢ obnac-
™ a~o, (0, =7/8), Bennunna K mpakThdecku nocrosuHa. Ha puc. 3 mokasana 3aBucumMocts /(a.),
XapakTepu3ylollas MoNepeyHble radapuThl KaMephl AJsl BBILICIPUBEICHHBIX YCIOBHIl. 3aBUCHMOCTh
/(o) sABIsIETCS MOHOTOHHO BO3PAacTaloOILE, IPH 3TOM 0 O~ O, UMEET OTHOCHTEIbHO MaJlble 3HAaYe-
Hus. Takum oO6pa3oMm, pH 3HAYEHUH Ol ~ O, 00ECIeunBaeTCsl HEKUt KOMIIPOMHCC MEXy YPOBHEM 0e€3-
9XOBOCTH U rabapUTHBIMH pa3MepaMu KaMephl.

Ha puc. 4 nokasana 3aBUCUMOCTb [ ;. (d ), HOPMHPOBaHHas K pa3Mepy paboyeil 30HbI (@) s
o =0, . JlaHHas 3aBUCUMOCTb MOXKET OBITh MCIOJIb30BaHA IPH OOOCHOBAHUM ONTHMAJIbHBIX Pa3MEpOB

BOK paccmaTprBaeMoil KOHCTPYKIMH.

4

Im in, 2
X

1] 1 2 3 4 5 B

d *a

Puc. 4. 3aBucumocTb l(a,d) ana o=0,

Fig. 4. Plot of [(a,d) for a.=a,

Croutr OTMCTUTD, YTO BCIMYUHBI Q; , TIOJIYUCHHBIC IJIS1 YCIOBUS O = Oy IPH BBINICTIPUBCACHHBIX

JOMYIICHUIX Ha (OPMY MHIUKATPUCHI PACCESIHUS, HE MPEBBILIIAIOT 3HAYCHUN MPEJeIbHbIX YIJIOB Maje-
HUS U psiia pacipocTpaHeHHbIX nmupamunanbHbiXx PIIM [7, c. 47], 4To moaTBepKaaeT MpakTUYECKYIO
3HAYUMOCTb UCCIIEIOBAHUS.

3aki0ueHue

®dopma KaMephbl Obljla ONTUMHU3UPOBAHA ISl BCTPAUBAHUS B IOMEIICHUS MPOMBIIIICHHOTO Ha-
3HaYeHUsA. OTIMUUTEIIBHOW OCOOCHHOCTBIO SBIISICTCS IMPOCTOTAa KOHCTPYKIHMH U (DOPMBI KaMephl
(IOCTOSIHHOE TOIIEPEYHOE CEUCHHE), a Takke 3(P()EeKTUBHOE HCIOJIB30BAHHE IOJIC3HOHN ILIOIIAIN
TTOMEIIEHUsI, BCTIOMOTATEIbHBIX CHCTEM M o0opynoBaHus. JlelicTByromue pa3Mephl BBHIIICOTHCAH-
HOH KaMepbl MOTYT OBITH Ompe/eieHbl 1o (3), MPU 3TOM ONTUMAIbLHONW MOXHO CUHTATh BEIIMUUHY
axn/8.

Ha ocHoBaHuMHM BBINIETIPHUBECHHON METOIMKK ObLIa pealn3oBaHa 0e33xoBas Kamepa (puc. 5) Kom-
MaKTHOTO MOJIMTOHA JIJISl aHTCHHBIX u3MepeHuit [13].
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Puc. 5. Bupg 6e33axoBon kamepbl U3HyTpu [4]
Fig. 5. Inside view of chamber [4]

B manHoii kamepe ObLTa peain3oBaHa onvcaHHas B [14] MeTonrka U3MEepeHHs TapaMeTpOB 00TeKa-
TeJIeH IS CITydasi CBEpXMAIIbIX ITOTEPb, YyBCTBUTENIbHAS K ITapaMeTpaM 0e33X0BOCTH, a TAKXKE YCIICIIHO
MOJTBEPKICHBI Pe3yIbTaThl anpodanny MeToauku Aedexkrockonuu [15-17].
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AN ANECHOIC CHAMBER BUILT INTO INDUSTRIAL ROOMS

A.V. Aksenov', an.aksionov201 4@ yandex.ru,
A.A. Larin? larintema@ya.ru,
N.V. Samburov', samburov.n.v@yandex.ru
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2 Moscow Aviation Institute, Moscow, Russian Federation

The issues of designing anechoic chambers for antenna measurements of a certain type — em-
bedded in the premises of industrial purpose are considered. The advantage of such chambers is
a positive economic effect associated with both the reduction of costs for construction work, and
with the possibility of joint use of auxiliary room systems in the process of operation. Known ap-
proaches to the design of chambers for antenna measurements are based either on ensuring a mini-
mum level of aesthetics, or minimum overall dimensions. In this case, it is necessary to provide
a compromise between the parameters of anechoic stability and overall dimensions while ensuring
the technological accessibility of the entire usable area of the room. Aim. The aim of the work is to
justify the form and geometric dimensions of the chamber. Research Methods. In the process of re-
search used the methods of geometric optics. When justifying the form of the chamber, practical as-
pects were taken into account, namely, the common form of industrial premises and workshops,
as well as the possibility of effective use of common radio-absorbing materials to cover the chamber
from the inside. In the process of finding the optimal effective geometric dimensions, the quality
functionals were assumed to be aechoic and dimensional parameters. Results. A chamber in the form
of a rectangular trapezoid is optimal for embedding in industrial premises. The expressions for
the geometric dimensions of the chamber, ensuring the absence of first- and second-order reflections
in the working area, have been found. The optimum value of the deflection angle of the back wall of
the anechoic chamber was found. Conclusion. Based on the above technique, an anechoic chamber
of a compact range for antenna measurements has been realized.

Keywords: compact antenna range, radio wave absorption material, anechoic chamber, colli-
mator, reflection.
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Yn paBlieHne B COUNaNIbHO-3KOHOMMWYECKUX
cuncrtemax

YOK 517.9 DOI: 10.14529/ctcr210308

NMPUMEHEHUWE MEXAHU3MOB KOMIMJIEKCHOIo OLLEHUBAHUA
N MATPUYHBLIX HEAHOHUMHbIX OBOBLUEHHbBIX MEOUWAHHBIX
MEXAHU3MOB Aa51A CONMACOBAHUA MHTEPECOB ArEHTOB

A.O. Anekceee’, T.A. Kamaeea® 2

" Mepmckuti HauyuoHanbHbI uccrnedosamernbCKull MOMUMEXHUYECKUl yHusepcumem,
e. lNepmb, Poccus,
2I1AO «[TepMmckas Hay4HO-MPOU3BOACMEEeHHas MPUGOPOCMPOUMenbHas KOMIaHUS»,
. lNepmb, Poccus

PaccmatrpuBaeTcs 3amada COTIacOBaHUSI MHTEPECOB areHTOB MPH YIPaBIECHUH B OpraHHU3aIlH-
OHHBIX CHCTEMaX, B YACTHOCTH, MPH OIEHKE CTETICHH JOCTHXEHHS CTPATeTHYECKUX IeJel opraHu-
3auu. AKTYaJbHOCTh 3a7aui 00yCIOBIIeHa HEOOXOIUMOCTHIO MOBBIIIEHUSI CKOPOCTU TPUHSATHUS pe-
IIEHUH, CKOPOCTH PEAKITNH Ha M3MEHEHHS BHEITHEH Cpellbl, Yer0 MOYKHO JOCTUYb, TPUMEHSSI COOT-
BETCTBYIOIINE MEXaHU3MBbI yripaBicHus. Llesib ucc/ieqoBaHusi: COBEPIICHCTBOBAHIE METOJIOB MPH-
HATHS KOJUICKTHBHBIX PEIICHUHA B YCIOBHSAX, KOTIa areHTH 00Jaal0T pa3HBIMU PaHTaMU 3HAYUMO-
ctu. MaTtepuaJjbl 1 MeTOAbL. B KadecTBe METOIOB UCTIONB3YIOTCS MEXaHU3MbI KOMILICKCHOTO OIIe-
HUBaHUA U 0000IICHHBIC METUAHHBIC MEXaHU3MBI COTJIIACOBAaHMS MHCHHUI areHToB. BriOop MaTema-
THYECKOTO ammapara 00yCIOBICH TE€M, YTO B OPTaHM3AIMOHHBIX CUCTEMaX MPUHATHE PEIICHUH TIpo-
HCXOJUT KOJUICKTHUBHO, B IPOIIECCE B3aUMOJICHCTBHS TPYIIITBI areéHTOB BCETa BOZHUKACT IMPOTHBO-
pedne, Tak Kak KaXIbli areHT CTPEMUTCS MaKCHUMHU3UPOBATh CBOIO LEJCBYIO (DYHKITHIO, 9TO TIPUBO-
JTUT K KOH(PJIUKTY HHTEPECOB M JKEJIIAHHIO UCKa3UTh HH(OpMAIHi0. BeIOpaHHbIC METOIBI MTO3BOJISIOT
JIaHHBIEC MPOOJIEMBI PemuTh. [lepBble MeXaHU3Mbl IPUMEHSIOTCS JIJISl arperupoBaHMs TOKa3aTeleH,
OTpaXkarolNX CTETIeHb HOCTY)KECHHUS YACTHBIX IeJIel OpraHu3aliyi Ha CTPaTeruieckoM ypoBHe. BTo-
pble MEXaHU3MBbI IPUMEHSIOTCS JUIS BBISIBICHUS] ICTHHHBIX MHEHUH areHTOB O BHJIE MATPHUIL CBEPTKHU
LeNeBbIX MokazaTeneil. Pe3yabraTsl. [Ipemioken MaTpuuHbIi HEAHOHUMHBIA 0000IIEHHBI MeTH-
aHHBIM MEXaHW3M, TIO3BOJISIONINI COTJIACOBBIBATh MHTEPECH ar€HTOB C pa3HBIMU paHramu. HeaHo-
HUMHAs MpoIeIypa CBOAUTCA K aHOHUMHOH, KOTOpas 00eCleuYnBacT YCTOHUYNBOCTh MPUHUMAEMBIX
perreHuit 000 BceX IIEMEHTaX MaTPHUI[ CBEPTKH K CTPATETMIECKOMY MOBEJCHHIO areHToB. [1okaszaHo,
9TO PE3yNbTaThl KOMILICKCHOTO OIICHUBAHHS SIBIITIOTCS MAaHHITYJTUPYEMBIMH IPH HCIOJIB30BAHUU
aHOHUMHBIX ¥ HEaHOHUMHEIX TPOLEAYp corniacoBaHus. s mpeomoneHus oOHapyXeHHOU TpoOite-
MBI TIPEUIO’KEeHA HOBas MPOIEAypa, OCHOBAHHAS HAa CHHTE3€ M3BECTHBIX MEXaHU3MOB YIPABICHUS.
3akJiouenune. PaccMoTpeHHass MOCTAaHOBKA 3aJ]aud COOTBETCTBYET peajbHBIM MPOIeypaM MPHHS-
TUS pelIeHUH KOJIJIETHaJIbHBIMA OPTaHaMU YIPaBIEHUs, KOT/Ia MHEHHE OJTHOTO areHTa OKa3hbIBAeTCs
0oJiee 3HAYUMBIM TI0 CPABHEHHUIO C MHEHUEM JPYroro arenra. Pa3paboTaHHBIA MEXaHU3M MO3BOJISIET
COTJIACOBBIBATh MHEHUS DKCIIEPTOB OTHOCHTEIILHO CTETEHU MOCTHIKEHUS CTPATErHUeCKHX Ienei op-
TaHU3aIH, TAKXKE OH MOXKET OBITh alalTUPOBAH JIJISl PEIICHUS APYTUX MPHUKIIAIHBIX 33724, HallpH-
Mep, MPUHATHE PEIICHUS O BBIOOPE MPOEKTa, OIIEHKA PUCKOB, OIICHKA MMOCTABIINKOB H JIp.

Krouesvie cnosa: opeanuzayuontvie cucmemvl, MyIbmudeeHmMuble CUCEMbL, CIPAMe2UdecKoe
noseoeHue, HeMaHUnYIupyemMocms, MHO2OKPUMEPUATbHOE NPUHAMUE PEUeHUll, MeXaHusmMbl KOoM-
NJIEKCHO20 OYEeHUBAHUS, MeOUAHHbIE MEXAHUSMbL 20/10CO8AHUSL, OU3AUH MEXAHUZMOB.

BBenenue

B opranuzanmoHHBIX crcTeMaX MPUHSITHAE PEIISHHA IO Pa3INYHBIM BOIIPOCAM OOBIYHO TPOUCXOTUT
KOJUIEKTUBHO, IIPU 3TOM KaXKIIbIil aKTUBHBIA areHT MOXKET CTPEMUTHCS MAKCUMU3HUPOBATh CBOIO IIEle-
ByIO (i)yHKHI/IIO, YTO MOKET HpI/IBO,Z[I/ITI) K HCKAXXCHHUIO I/IH(I)OpMaIlI/II/I co CTOpOHBI Ar¢HTOB HpI/I nux yqa-
CTHH B MPUHATHH pelieHuid. B 3TuX cirydasx TpeOyercs MpUMEHSTh MPOIeAYPhl MPUHATUS KOJIICKTHB-
HBIX PEIICHUM, MTO3BOSIONIMX YUUTHIBATh IEPCOHATILHBIE HHTEPECHI BCEX ar€HTOB.
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anaBneHMe B coOUuMnaribHO-3AKOHOMUNYECKUX cuctemax

CyliecTBYIOT pa3iuyHble MEXaHU3MbI COIVIACOBAHUS MHTEPECOB AKTHBHBIX arcHTOB, OJHAKO MHpHU
OTIPEJICIICHHBIX YCIIOBHSX OT/ENLHBIM areHTaM BBITOJHO MCKAKATh WHPOPMAIMIO, HEXETU cOoo0IaTh
WCTHUHHbIE MHEHHS (B TEPMHHAX TEOPUH UTP y areHTOB CYIIECTBYIOT O0jiee BHITOAHbBIE CTPATETUH MOBe-
nenwst). [Ipy 5TOM Kak OTeUeCTBEHHBIMH, TaK W 3apyOeKHBIMH HCCIIEIOBATEISIMA B 00JacTH nu3aiiHa
MEXaHU3MOB J0oka3aHa [1-3] HemMaHUWITynTHpyeMOCTh OOOOIEHHBIX MEIUAHHBIX MEXaHU3MOB, T. €. MX
YCTOMYUBOCTh K CTPATErMUECKOMY MOBEACHUIO areHToB. 1107 yCTOWYMBOCTHIO WM HEMAHUITYJIUPYEMO-
CTBIO TIOHMMAETCS CYIIECTBOBAaHHE UTPOBOTO pPaBHOBECHS, P KOTOPOM HH OJTHOMY W3 areHTOB Teope-
TUYECKH HE BBITOJIHO BEIOUPATh WHBIEC PELICHUS, OTIMYAIOLINECS OT PaBHOBECHOTO.

LleneBoe cocTosiHME OpPraHM3alliid Ha CTPATETHUECKOM YPOBHE OIMCHIBAETCS, KaK IpPaBUJIO, He-
CKOJBKUMHU 1eNsAMU. [I0CKONBKY B TOCTMXKEHHUM LENEBBIX MOKA3aTeNIeH y4acTBYIOT pa3lIUyHbIC MPOU3-
BOJICTBEHHBIC, (DHHAHCOBBIE, aJIMHUHUCTPATUBHO-YIPABICHYECKUE W WHBIE CTPYKTYPHBIE MOJIpa3ere-
HUS, TO IIeJieBble TOKa3aTeNH, KaKk MpPaBUJIO, JEKOMIIO3UPYIOT B COOTBETCTBHH C OpPTaHU3aI[MOHHON
CTPYKTYpOi KOMIIaHHH, AEJEeTHPYs OTBETCTBEHHOCTh 3a MX YacTHYHOE AocTikeHue. [lomumo 3toro, B
KPYITHBIX KOMITaHUSX MPUMEHSIETCS] POCKTHOE yIipaBieHne. TakuM o0pa3oM, Kak Ha YPOBHE OT/AEIb-
HBIX CTPYKTYPHBIX MOAPA3ACICHUN, TaK U HA YPOBHE OPraHU3ALMU B LIEJIOM CTPATETMYECKUE LEIH BbI-
pakarTCs COBOKYITHOCTHIO (DYHKITMOHAIBHBIX W MPOEKTHBIX KIIFOUEBHIX MoKazaTelnell 3(pPeKkTHBHOCTH,
KOTOpBIE MEXy cO00i1 HE BCeT1a COrJIaCOBAHBI.

Jia cornmacoBaHUS MHTEPECOB YYAaCTHHUKOB OPIraHM3ALMOHHON CHUCTEMBI O CTENEeHHM JOCTHKECHUS
CTpaTEeTHUECKUX Ieleld B HaCTOsIeH paboTe mpejuiaraeTcs WHTEIPUPOBATH HM3BECTHBIC MEXaHU3MBI
komrutekcHoro onieHnBanust (MKO) [4-7] u 0000mmeHHbIe MeTHaHHbIe MeXaHU3MBI [ 1-3] cormacoBaHus
MHEHUU areHTOB B HEAHOHMMHOW MOCTaHOBKE. HEaHOHMMHOCTh O3HAYAET, YTO MPHU YIOPSIOYCHUH CO-
OOIIEHUI areHTOB WX COOOIICHHS HENb3s MEHSTHh APYT C JPYroM MECTaMH, TaK KaK MHEHHE OJHOTO
areHra OKasbIBaeTcs 0oJiee 3HAYMMBIM IO CPAaBHEHHIO C MHEHHEM JIpYToro areHTa. Takas MoCTaHOBKa B
0oJbIIIel CTETEHN COOTBETCTBYET KOPIMOPATHBHON MPAKTHUKE, MOCKOJBKY B PEaJbHBIX OpraHU3aIHsIX
areHThl, YbM HHTEPECHl HEOOXOIUMO yUYEeCTh, 3aHMMAIOT PA3IMYHOE TOJOXKEHHE B OpraHU3aIllMOHHON
CTPYKTypEe KOMITAHWH, WUMEIOT DPa3HBI YPOBEHb KOMIIETEHTHOCTH, 00JalaloT MPOYUMHU (haKTOpamH,
MIPUBOISIIMMH K Pa3HON 3HAUMMOCTH UX MHEHUI.

B HacTosIee BpeMsi yKe W3BECTEH MAaTPUUHbIH aHOHUMHBIA 00OOIICHHBIN MEIMAHHbBIN MEXaHHU3M
(MAOMM) [7, 8], rne aHOHUMHOCTh MPOLEAYPHI COTJIACOBAHUS MOpa3syMeBaia BO3SMOKHOCTh MEHAThH
MeCTaMH COOOIeHus areHToB. [locieqHee MOKHO YCIIOBHO MHTEPIIPETUPOBATh, YTO O€3 pa3HUIIBI, KTO
WMEHHO M3 areHTOB BBICKAa3aJl TO WJIM WHOE COOOIIEHHE, T. €. BCE areHTHl 00JIafaal OJMHAKOBLIM paH-
roM. CTOUT OTMETHTb, YTO y4YET Pa3IU4YHOTO YPOBHS KOMIIeTEeHIMI areHToB B MAOMM 0511 mpeay-
cMmotpeH. Tak, HanpuMmep, B padboTe [9] mokazaHa nporeaypa IeJIerupoBaHus COOOIIECHHI, YTO BOCTpe-
00BaHO B cIy4ae MPHUBJICYEHHS K COTIIACOBAHUIO Y3KOCTICIIHAIN3UPOBAHHBIX CIIEIIUAINCTOB.

daxTudeckn HacTosIas paboTa SBISETCS JOTUYECKHM MPOAODKEHHEM uccienoBaHuii [8—10], B
KOTOpBIX ObuT TmpeanokeH MAOMM, MOCKONBKY €ro OCHOBHBEIM Ha3HAYCHHEM SIBJISUIOCH BBISBIICHHE
WUCTHHHBIX MHEHHI areHTOB IPH COTJIACOBAaHUH EIMHBIX MATPHUIl CBEPTKH, SBISIOUIUXCS JIEMEHTaMHU
MKO, uT0 u TpeOyeTcs B HACTOSIIEM HCCIEJOBaHUH — Pa3paboTaTh MHTETPATIbHBIM MEXaHU3M YIIPaB-
JICHWsI, C OJHON CTOPOHBI, MO3BOJISAIONINI arperupoBaTh HaOOp MOKa3aTeNied, OTPAKAIOIIMX CTCIICHb
JOCTHKEHUS YACTHBIX L€ OPraHU3aliy Ha CTPATErMYECKOM YPOBHE JO OJHOTO MM HECKOIBKUX YK-
PYITHEHHBIX MTOKa3aTeNeH, a ¢ APYroil CTOPOHBI, 00ECTIEUNBAIOIINI HEMAHUITYIHPYEMOCTh PE3yIIbTaTOB
CO CTOPOHBI OT/AETHHBIX ar€HTOB.

CkazaHHOE BBIIIIE OMpPEIENNIO AajbHEIIee H3I0KeHne cTaTbi. B Hauane mocienoBaTelbHO OU-
CaHbl MEXaHM3Mbl KOMIUIEKCHOTO OIICHUBAHUS U 00OOLICHHBIC MEAHAaHHbIE MEXaHU3MBI TOJIOCOBAHUS B
AHOHMMHOW M HEaHOHMMHOM TOCTaHOBKaX, Ha 0a3e KOTOPHIX MIOCTPOCHO UCCIIECOBaHUE. 3aTEM CIIECTyeT
ONHMCaHWE MATPUYHBIX OOOOIICHHBIX MEIUAHHBIX MEXaHW3MOB TaK)Xe B aHOHHMMHOW W HEAHOHUMHOU
MIOCTAaHOBKAX, TJe MAaTPUYHBIA HEAaHOHHMHBIH 0000MEHHbIH MenuanHbiii Mexann3M (MHOMM) [11]
BIIEpBbIE TOAPOOHO HccienoBad. [lokazaHo, Kak HEaHOHUMHYIO IMMOCTAHOBKY CBECTH K aHOHUMHOM,
oOecrnednBaroniell yCTOHYUBOCTh MPHHUMAEMBIX pEIIeHHH 000 BCeX 3JeMEHTaX MAaTpPHUIl CBEPTKU K
CTpaTermyecKoMy MOBEJICHHUIO areHToB. B mocneaneM naparpade ucciemyercss ycTOMIuBOCTD pe3yibTa-
TOB KOMIUIEKCHOTO oIreHuBaHusa Ha ocHoBe MKO, cormacoBanHoro ¢ momompio MAOMM wumm
MHOMM, Kk cTpaTerndecKoMy IOBEACHUIO areHTOB. B 3aKiIf0UeHUH MPUBOAATCS OCHOBHBIC BBIBOJIBI
BBITIOJTHEHHOTO MCCJIEIOBAaHUA U CBEICHUS O BHEAPEHUH MTOJIyYEHHBIX Pe3yJIbTaTOB.
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Anekceee A.O., Kamaeea T.A. lpumeHeHue MexaHU3MO8 KOMITJIEKCHO20 OUeHUB8aHUs
U MampuYHbIX HEaHOHUMHbIX 0606WeHHbIX MeGUuaHHbIX MEXaHU3MOS...

MexaHu3MbI KOMILIEKCHOIO OLIEHUBAHUS
MKO mnpenctaBisioT co00i KOPTEKHU BHIA

({X.}:G:M; P), (1
rue {X l.} — MHOJKECTBA 3HAUEHHUH YaCTHBIX KpUTepueB (IpU pPEeIlIeHUH MPHUKJIAJAHBIX 3a/a4, KaK mpa-

BUJIO, UCIIOJIB3YETCS €JMHOE MHOXKECTBO JUIS BCEX KPUTEPUEB X; = {1, ves k} , k — makcuManbHas rpa-

Janus mWKanel), i =1,2m—1, m — 9UCII0 TepMUHAIBHBIX KPpUTEpUEB, KOTOphIe yuuThiBatoTcsi B MKO,

G — rpad (2-nepeBo), ONHUCHIBAIOLINNA TOCIEAOBATEIBHOCTh CBEPTKH YaCTHBIX KpuTepueB, M — MHO-
YKECTBO MATPHI] CBEPTKH, OMUCHIBAIOIINX MPAaBHJIa arperMpOBAHUS Map TEPMUHAIBHBIX U arperupoBaH-
HBIX KpuTepueB M = {M1 , ...,Mm_l} , P —npouenypa arperupoBaHus napbl KpUTEPUEB.

B o6mem ciyyae MKO (1) MOTyT mpUMEHSITBCS ISl PELLICHUs Pa3InUHbIX NPUKIaJHBIX 3a/1a4, I11e
TpeOyeTcst arperupoBarh HaOOPHI IOKa3aTelNeH 10 0JTHOTO MITH HECKOIBKUX YKPYITHEHHBIX TIOKa3aTelNei.
ABTopamu npejaraercs ucrosb3oBate MKO mist arperupoBaHusi oka3aTesnieil, OTpaXXaroIuX CTEeTeHb
JNOCTHKEHHS YaCTHBIX LI€JIEW OpraHu3aluyi Ha CTpaTern4eckoM ypoBHE. CTOUT OTMETUTh, YTO TUCKPET-
Hele MKO yxe ncronp30Banuch JUIsl OLEHKH CTENIEHU JOCTHIKEHUS CTPATErHYEeCKUX LENel opraHu3a-
uui [12], 4To MOATBEPKAACT COCTOSITEIBHOCTh aBTOPCKOU UEH.

[Tokaxem mns HarmsaHocTH Tpoctoit mpumep MKO crparernueckux neneit. Ilycts opranusarus

MUMEEeT TPH CTpaTeruyeckue e (m = 3), UMEIOIUe Pa3iuyHble KPUTEPUU UX JTOCTHIKCHHS, OLICHHU-
BaEMEIC C ITOMOIIBIO 3-6amibHoit (k = 3) mopsakoBoit mkas: X; ={1,2,3}, i=1,3. 3HadyeHns mKamsl
MOYKHO YCIIOBHO HHTEPIPETUPOBATH CIEAYIOMUM 00pa3oM: 1 — 1ellb He JOCTUTHYTa, 2 — 1ejlb YaCTHYHO
JIOCTUTHYTA, 3 — LIeJIb JOCTUTHYTA HOTHOCTBIO.

IlycTh arperupoBaHHbIC KPUTEPUM, BKJIIOYAs KOMIUIEKCHBIN MOKA3aTelb, OTPAKAIOIMI JOCTHKE-

HHUE BCEX CTPATETMUYECKUX IIEJIEN B IIEJIOM, UMEIOT Ty JK€ IIKalmy: X; = {l, 2, 3} , i=4,5 U Ty %e uHTep-

IIPETaLHUIO.
ITycts rpad G umeeT pedpa, COEAUHSIONINE BEPIINHBI, COOTBETCTBYIOLIME KpUTEpHsAM X; u X, ,

C BEPIIMHON, COOTBETCTBYIOLIEH MaTpulle M| ; BepIIMHY, COOTBETCTBYIOLIYIO KPUTEPHUIO X5, C BEPILU-

HOM, COOTBETCTBYIOLIEH MaTpuLie M, , a Takxke BEPLIMHBL, COOTBETCTBYoIMe MaTpuiaM M, u M, :
G ={{ X M} { X M5 {0 ML | {Ms M .

Takoii rpad o3HauaeT, 4yTo BHayYajue 00OOMIAIOTCS MEepBasi U BTOpas LEIH, a 3aT€M JOIOIHUTEIBHO
YUHUTBIBAETCS TPETHSL.
[TycTb MaTpUIBI CBEPTKH UMEIOT CIIEAYIOIIHE 3JIEMEHTHI:

112 112
M, =2 2 3|,M,=[1 2 3|
333 2 23

Matpuna M, mokasblBaeT IPUOPUTET NEPBOM L€, TaK KaK IIPH ITOJHOM JOCTIKEHHH IEPBOHI
uenu X, =3, npu nposaiie BTopod nenu X, =1, aIeMeHT MaTpULlbl COOTBETCTBYIOILUI 3TOMY CO-
CTOSIHUIO ITPUHHUMAET 3HadeHue 3 (m;; =3), To ecTh 0000IEHHAas LeNb JOCTUIHYTa MTOJHOCThI0. Mart-
puna M, Moka3bIBaeT NPHOPUTET TPEThEH IENIN MO CPAaBHEHMIO ¢ OOOOIIECHHOM LENbl0 Ha HIDKHEM

ypoBHe rpada G .

W3BecTHBI HETIpephIBHBIE, HEUeTKHE 1 D-HeueTKre mpoIie1ypbl KOMIIJIEKCHOTO OIIEHHBaHUs P, 4To
MO3BOIISIET OCYIIECTBIATH KOMIUIEKCHOE OIICHHBAHWE CTETICHW JIOCTIKEHUS CTPATETHYECKUX IeIel B
YCIIOBUSIX HEMOJIHOTHI HH(OPMAIINH, BIUSHUS CIIyIalHBIX BEIMYHH, a TAKKE UCIIOIb30BaTh SKCIICPTHEIC
CYXKICHHUS, BbICKa3bIBaeMbIe B MOAalbHOM BHje. O030p W 0000ICHHE U3BECTHBIX mporenyp P mpea-
CTaBJIeHO B [7].

3ananubii Beime MKO HarnsgHo npeacTaBieH Ha PUCYHKE.

BecTHuk HOYplY. Cepus «KomnbioTepHble TEXHONOrMK, ynpasreHue, PaauoaneKkTPoHUKay. 77
2021.T. 21, Ne 3. C. 75-89



anaBneHMe B coOUuMnaribHO-3AKOHOMUNYECKUX cuctemax

Xi1&2835=P(X182,M2, X3)

1{1(2
X182=P(X1, M}, X3) > 112]3
1112 21213

21213

313[3

A—
1]2]3 1[213] [1]2]3]

Mpumep MKO c 3 TepMUHaNbHbIMU KPpUTEPUAMU
An example of an integrated assessment mechanism (IAM)
with 3 terminal criteria

MKO MoryT cTpouThCA Kak MYTEM CTPYKTYpH3aIMU MPEACTaBICHUN areHTOB O 3HAYMMOCTH
OTHEIBHBIX KPHUTEPHUEB B BHAE AepeBa KpurTepueB (rpada (G ) U SIEMEHTOB MaTpPHL CBEPTKHU
m, M, eM, j=l,m-1r= Lk, c=Lk (7 — HOMEp CTPOKH, ¢ — HOMEp CTOJOLIA MAaTPHUIIBI), TAK
u nyteM uneHtudukanuu [13—16] ctpykTypsl rpada © MHOXKECTBA MAaTpUL] HA OCHOBE O0YYaroIInX
Ha0bOPOB.

[Ipu 5TOM B OpraHU3aIMOHHBIX CHCTEMaX areHThl MOTYT UMETh Pa3lIMuHbIC TPe/ICTaBICHHS 00 dJie-

MCHTAaX MAaTpHLl CBEPTKU LCICBBIX HOKaBaTeJ’IGfI, B TOM 4YHUCJIC HC COBIIAOAarOIIHeE. I[J'ISI corjiaCoBaHusA UX
MHEHHHN npeaIaracTcsa uCrojJb30BaTh O606H_IeHHLIG MCIUMAHHBIC MECXAaHU3MBbI I'OJIOCOBAaHUA.

O0001IeHHbIEe MeIUAHHBIE MEXAHU3MbI I'0JI0COBAHUS

PaccmoTpum 3amady coriacoBaHWst MHEHHW TPYIIIBI areHToB. Kax bl 3 areHToB a =1,n MOXeT
— - 1
BBICKA3aTh COOOLIECHNUE B IMANAa30HE OT X 10 X : S, € [g; x] C R . AreHT nMeeT cOOCTBEHHOE TPEJICTaB-

JICHHUC O pacCMAaTpUBACMOM BOIIPOCE, 3aIUIICM €TI0 m m, e [E, )?] . HpI/I OTOM arc¢HT MOXXCT COO6H_IaTL

a
KaK MCTHHHOE MHEHHUE S, = /M, , TAK U UCKAKEHHOE MHEHME S, =m, +8, e 8 — 11060e 4ucio, coxpa-
HAIOILIEE HTOTOBOE COOBLIECHNE Ha 00IACTH ONPEeNeHns [X; X | .

CornacHo MeAMaHHBIM MEXaHHM3MaM TOJIOCOBAaHHMS MHOKECTBO COOOIICHHH pealibHBIX areHTOB
{sl, ...,Sn} JIOTIONTHSIETCSl COOOILICHUSIMH TaK Ha3bIBaeMBIX (DaHTOMOB, YbH OIEHKH HUCIIOJB3YIOTCS Ha-
paBHE C COOOIICHUSIMH PEaJbHBIX areHTOB.

@DaHTOM COOTBETCTBYET HEKOTOPOMY BUPTYaJbHOMY OOILECTBY U3 1 HE CYIIECTBYIOIINX arcHTOB,

KOTOpbIE COOOIIAIOT JINOO MaKCUMalbHOE 3HAUEHHE X , MO0 MUHMMaJbHOE X . BekTop cooOuieHuii He

CYLUECTBYIOLIUX areHTOB, 00Pa3yIOIIKX BUPTYaIbHOE O0IIECTBO, 0003HAYNM § , ©

P KCIEPTOB coo0IIaeT X, 2
[ —
P~ | n— p skcneproB coobmaer x,

rae p B oOLIEM ciiydae npuHUMaeT 3HadeHue ot 0 1o 2" —1, Tak Kak YKCIIO BO3MOKHBIX BUPTYaIbHBIX

00m1ecTB cocTapiseT 2" BapUaHTOB.

[lycth cymiecTByeT HEKOTOpas Mpoleaypa Tc(-) , Pe3yJIbTaTOM KOTOPOH SIBIISICTCSI 3HAYCHHE W,

IpUHAUIekKAlee TOMY JK€ JAUala3oHy [5; )T], YTO U 3HAUEHMs DJIEMEHTOB BEKTOpa spz{sj},

s €[xx]

j=Ln:
wpzn(sp),spz{sj},sje[g;)_c],wpe[g;)?]. 3)
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CornacoBanue MHEHMI areHTOB NPH AaHOHMMHOM NMOCTAHOBKE
Kak ormeuanock BO BBCJICHWH, B aHOHUMHOM CJiy4ae COO6IlIeHI/I$I Aar€cHTOB MOXXHO II€PCCTABJIATD,
3HAYMT, MOXKHO MEPECTABIATE OLUCHKU S; €S ,. ITO MPUBOAUT K TOMY, YTO 4aCTh OLCHOK W, COBMAICT

u 2" oneHok cBoautcs K n+1. Torja B aHOHMMHOM Cltydae coOOIIeHUs (HAHTOMOB OIPENETAIOTCSA CO-
TJIaCHO BhIpaxkeHuto (2) mpu p ot 0 10 7.

Ecmu mnpoucaypa TE(') YAOBJICTBOPSACT YCIOBUAM HCTIPCPBIBHOCTH, MOHOTOHHOCTH U CIUHOTJIACUSI:

xzn(s),r;[es:{sj},Vj s;=x, j=Ln, 4)
TO U OTEYECTBEHHBIMU, U 3aPYOCIKHBIMH HCCIIEIOBATENSIMH MMapallIeIbHO U HE3aBUCUMO APYT OT JIpyra
noka3aHo [1-3], 4To MeuaHHbI MEXaHU3M I'OJIOCOBAHMS:

Z=WZEd(S1,---,Sn,Wo,---,W,,), ®))
PE3yIbTaTOM KOTOPOTO SBJSIETCA Z — MeIhaHa MHOXKECTBA OIIEHOK areHTOB U ()aHTOMOB, SBIISIETCS He-
MaHUIYJIMPYyeMbIM. MeIuaHHBI MEXaHNW3M Ha3bIBA€TCsI 00OOIICHHBIM, TaK KaK OMMCAHHBIA BBIIIE TIO-
X0l TIPUMEHUM I COTJIACOBAHUSI HE TOJBKO OIICHOK HAa OJHOMEPHOM MHOXKECTBE ICHCTBUTEIHHBIX

o 1
3HayeHud z € R', HO W B 0OLIEM ClTydae st n-MEPHOTO MpocTpancTBa R” .

B cuity Toro, uTo mporneaypa Tc(-) YIOBIIETBOPSIET YCIOBHIO eauHoriIacus (4), To cornacHo (2) mpu
p =0 ouenka ¢aHTOMa MPUHUMAET MAKCUMAaJbHOE 3Ha4eHUE (W, =X ), a IPH p =71 — MAKCUMAJIbHOE
(w,=X).

[NockonbKy MenuaHa JENUT Bce MHOKECTBO Ha JIBa PaBHBIX 110 MOIIHOCTH, B OJJHOM M3 KOTOPBIX BCE
SIIEMEHTHI He OOJIbIIE MEIUAHbl Z , @ BO BTOPOM HE MEHBILE, TO, UCKIIOUUB W, =X MU W, =X M3 UCXOA-
HOT'O MHOXXECTBA, MeIMaHa YMEHBIIIEHHOTO MHOXECTBA COXPAHSETCA, T. €. CIIPABEIIUBO CIIEAYIOIIICE:

z= med(sl, cees Sy Ws eees W, ) = med(sl, cees Sy W] “"Wn—l) . (6)

Takum 00pazoMm, B aHOHUMHOM CITydae JIF000i TPYIIe pealbHBIX areHTOB, COCTOAIIECH U3 /1 areH-
TOB, K MX OIIEHKaM Bcerja nobaBnsercs n—1 cooOmenuit panromoB. COOTBETCTBEHHO, MHOXKECTBO

BCEX COOOIIEHUI {sl, cees Sy s W] ...,W,H} BCeraa sABIsIeTCs HedeTHOH. OOIIEen3BeCTHO, YTO €CIU MOIII-

HOCTH MHOJKECTBA SIBISIETCS HEUETHBIM, TO MEIUAHOI 3TOr0 MHOKECTBA BCEra SIBISIETCS OOUH U3 DIle-
MEHTOB MHOXXECTBa. [I[pUMEHHMTEIBHO K paccMaTpUBAEMON 3ajaue 3TO O03HAYaeT, YTO PE3YJIbTaTOM CO-
IJIaCOBAaHUs MHEHUI areHToB (6) OyzaeT b0 coollieHne pealbHoro areura da, z =s, , MO0 cooduie-

Hue anroma Jp, z =w,,, BKIKOYAs Clly4aH, KOIJ1a UX OLCHKH COBIAJAOT, T. €. Ja u Jp, z=5,=w,,.
DTO B CBOIO OUYEpEb 03HAYACT, YTO €CJIU PE3y/IbTaTOM COIJIacoBaHMs (6) CTajo 3Ha4YCHHE, CO00-

Ia€MO€E areHTOM, a: Z =S, , TO TaKOr0 areHTa Ha3bIBAalOT JAUKTATOPOM M €My HET CMBIC/IAa UCKaXaTb
UH(DOPMALIUIO, €CIIM OH COOOIal CBOE MCTHHHOE MHEHHE S, =m,. OCTaJbHBIM areHTaM TaKXe HeT

CMBICIIAa UCKAXaTh HH(POPMAIINIO, TIOCKOIBKY JIaXKe TIPU CYIIECTBEHHOM MCKaKEHUHU COOOIeHul He Oy-
JIET TIPOUCXOIUTH CMEIICHUE MEeIMaHbl B UX CTOPOHY B CHITy POOACTHOCTH MenuaHbl. Ecim ke pe3ynb-
TaToOM COIJIacoBaHus (6) CTajo 3HaueHue, coodiaemMoe paHTOMOM Jp, z=w,, TO HA O/IUH U3 areHTOB

HE CMOXET CMECTUTh MeIUaHy, He OTKJIOHHUB IPH 3TOM PE3YyJIbTaT Jajbllle OT CBOETO MCTUHHOTO MHe-
Hust (7). Takum obpas3om, JocTuraercs: paBHoBecue o Homry.

MHOXeCTBO COOOIIEHHH MPOYHX areHTOB 0003HAYUM §_,, a PE3yJIbTAaT MEIUAHHOTO MEXaHHW3Ma

—a>
coryiacoBaHus (6) 3amuieM Kax z(sa,s_a) . HemanunynupyeMocTs 03Ha4aeT BBITIOJTHEHHUE YCIOBHS TS
KaXxJoro areura Va, a=1n:

|ma —z(mg,,s_,)

TAC pasHULa IO MOAYJIIO MEKAY MCTHHHBIM MHCHHUCM arcHTa m, W pe3yJIbTaTOM aKTHUBHOM DKC-

9 va’ azl’_n, (7)

S|ma —z(m, +38,s_,)

NEPTU3LI IPpHU COO6H_[eHI/II/I ar¢HToOM a CBOCT'0O HCTHMHHOI'O MHCHMHSA z(ma,s_a) MCHBIIC HUJIM paBHa pas-
HHUIEC 110 MOAYJIIO MCKAY MCTUHHBIM 3HAYCHHUCM 11, W PC3YyJIbTATOM COIJIaCOBAHUS IIPHU COO6H.I€HI/II/I M

MCKaKEHHOTO MHeHHS z(m, +8,8_, ) .
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U3 OPpUBCACHHBIX paCCY)K,I[eHI/Iﬁ BBIIIC CJICAYCT, YTO NPU HUCIIOJIBb30BAHNU MCAUAHHOI'O MCXaHHU3-
Ma (6) PE3YyabTAT COITIACOBAHUA IMMPU UCKAKCHHUU OTKJIOHHUTCA OT UCTUHHOI'O 3HAYCHUSA HE 60J'II>H.I€, qeM

MIPH COOOIICHUH TIPABIbBI, JPYTHUMH CIOBaMH, JIIOOOMY areaty Va, a=1,n HEe XyXe COOOITUTh NCTHH-

HOC MHCHHUC m, , HCIKCIIM HCKaXaThb €ro.

CornacoBanue MHEHMIl aTeHTOB IIPY HEAHOHMMHOM NMOCTAHOBKE
B HeaHOHMMHOM cilydae areHThl 00/1a1al0T HEKOTOPBIMU PaHraMu 7,, a =1, n, HOpMUPOBAB KOTO-

pbI€ TOYYUM B3BELICHHBIC KO3(DPUIMEHTH W, =7, / Zra , W, € (O; 1), cymma KOTOPBIX paBHA €JIH-

a=l,n
HUIIC. BBC,I[GM BCKTOp W = {Wa} , a= 1, n. B sTom CJly4a€ OLICHKU (I)aHTOMOB 6y,[[yT BBIYUCIATHCA C YUC-

TOM BECOB BUPTYaJIbHBIX ar€HTOB:
w, =n(sp;w), s, :{sj} ,w={w}, ja=ln, w,e[xX]. (8)

Torxa kaxaoe 3HAYCHHE §; YMHOXKACTCS HA B3BCLICHHBIA KOOQ(UUHMEHT W, ,

HMEHHO TI03TOMY
OIICHKU areHTOB HEJb3sI IIEPECTABIIATh.

[Ipu onpenenenuu cooOmieHud (paHTOMOB coryiacHo (8), onmupasch Ha I'pPaHUYHBIC 3HAYCHHUS MHO-
JKECTBA JIOMYCTUMBIX JEUCTBUM X W X , BCErIa MOPOXKIAETCA YETHOE KOJIMYECTBO (haHTOMOB — 2", 4TO

IIPY YETHOM YHCJIE PEAJIBHBIX ar€HTOB MHOKECTBO BCEX OLIEHOK CTAHOBUTCS TAK)KE YETHBIM. MennaHoi
MHO>KECTBa, MOIITHOCTh KOTOPOTO YEeTHasd, SIBJIAETCS JII000€ YMCIIO B IPOMEKYTKE MEXIY JBYMs 3HaUe-
HUSIMH, JEJSIIIAMHA HCXOIHOE MHOXKECTBO, YIOPSJIOYEHHOE 10 BO3PACTAHMIO, HA JIBA PABHBIX 110 MOIL-
HOCTH MHOXecTBa. OOBIYHO MEJIMaHO# MpHU3HAETCA UX Cpe/IHee 3HaYeHHe. ITO MPUBOJUT K TOMY, UTO
BCeTJa Haiaercsi XOTs Obl OIMH areHT, 3aMHTEPECOBAHHBIA B MCKAXEHUH CBOETO MCTUHHOTO MHEHHUS,
T. €. Ja ans xoroporo (7) He BBIIOJHUTCS U TOTAa paBHOBecHs mo Hamry Her.

EctecTBenHO, 4TO BUpTyasIbHBIE 00IIECTBA MOKHO CTPOUTH HE TOJIBKO TaK, YTO HE CYILECTBYIOIIUE
areHThl COOOIIAIOT TOJBKO MHHHMMAJbHBIE X WJIM MakCHUMaJbHbIe 3HAYEHUS X, a €Ile HCIOIb30BaTh

TPETHIO OLICHKY U3 AUana3oHa [5, 3?] , Hanpumep, cpeantoo. C 0IHOW CTOPOHBI, 3TO MPHUBEIET K TOMY,

YTO BUPTYaJIbHBIX O0UIECTB §, Oyaer 3", 1. e. mpu 1060M 71 0OPA3yeTCss HEYETHOE YKCIO (PAHTOMOB.

C npyroii CTOPOHBI, €CIIM KOJMYECTBO PEANbHBIX aréHTOB HEYETHO, TO B 3TOM cily4ae OOBETUHEHHOE
MHOXECTBO OLICHOK areHTOB M ()aHTOMOB OyAET BHOBb YETHBIM. DTO, KaK IMOKa3aHO BhIIIE, IPUBEIET K
CUTYyalluH, KOTJa HaiineTcs XoTa Obl OAMH peaibHbI areHT, KOTOPOMY CTPaTerndecku OyaeT BHITOJHO
UCKaXaTh HHGOPMAITHIO.

TakuM oOpa3oM, IIpU COTITACOBAaHMH MHEHHUH TPYIIBI areHTOB, O0JIAal0IUX Pa3IMYHBIMUA paHra-
MU, MEeJIMaHHA MHOKECTBa, 00pPa30BaHHOTO 00BbEIMHEHHEM MHOXKECTBA COOOIICHUI areHTOB M MHOXKe-
cTBa coo0meHn (haHTOMOB, BBIYHCIICHHBIX COTIIACHO (8) MIIM APYTMM WHBIM CIIOCOOOM, TOJIBKO B YacT-
HBIX Ccy4asx OyneT coBHazaTh ¢ cooOmeHreM paHToMa WK PeaibHOro areHra. M3 3Toro cienyer, 4to
B 00u1eM ciay4ae 0000IIeHHbII MeTMaHHBIA MEXaHU3M IPY HEAaHOHHMHOHN MOCTAHOBKE HE SIBIISETCS He-
MaHHUITYJIUPYEMBIM.

Hecmotps Ha ckasaHHOE BBIlIE, HEMAHUITYIUPYEMOCTH MOKHO JOOWTHCS IyTeM CBEIIEHUS HEaHO-

HMMHOM TOCTAaHOBKHM K aHOHUMHOI CJICOAYHOIINM O6p3,30M. I[J'IH KaxXaoro pe€ajbHOro0 arcHra a =1, n,

O6J'Ia,£[aIOH.I€FO BCCOM w,, €TO COO6H_IGHI/I€ §, CJICAYCT 3aMCHUTDb Ha BCKTOP S, = {Sj} . COCTOFIH_II/Iﬁ I10JI-

HOCTBIO U3 COOOLICHNIT 3TOro Xke arenra Vj s; =s,, j=1,n, . Pasmep Bekropa s, ONpPEACISCTCS Cle-

JTYFOIIIUM 00pa3oM:

n,=N-w,, NeN, n, eN, )
rae N — Takoe MUHUMAJIbHOE HATYpalIbHOE YUCIIO, UTO JUI BCEX ar€HTOB PE3Y/IbTaT YMHOMXKECHUS B3BELICH-
Horo ko3 duimenta Ha N TOXe SBISCTCS HaTypaabHbIM. OUEBHIIHO, YTO OYICT BHIIOJIHATHCS CIICAYIOIICE:

Zn:nazzn:wa~N=N. (10)
a=l

a=1
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TOF,I[a B HCAaHOHHMMHOM ITOCTaHOBKE MHOXXCCTBO, COCTOAIICC U3 7N COO6I.LI€HPIﬁ PCAJIbHBIX ar¢HTOB

S, , a=1,n,3aMeHseTCA Ha MHOXECTBO, cocTosIee u3 N cooOlIeHn TeX ke caMbIX areHToB s, , MO-

a>
BTOPSIOLIMXCS 10 71, pa3. B 3ToM ciiyyae yem BbIlle PaHI areHTa, TeM OoJiblliee KOJIUYECTBO €ro cooo-
HIeHui Oy/eT B JIOTOJIHEHHOM MHO)KecTBe. DaKkTUUECKH 3TO JOMOJTHEHUE MOXXHO MHTEPIPETUPOBATH
CJIEAYIOIINM 00pa3oM: MHOXKECTBY PEabHBIX areHTOB, O0JIAIONINX Pa3THYHBIMHA PAHTAMH, IOCTABUIIU
B COOTBETCTBHE BUPTYAIbHOE MHOXKECTBO areHTOB, KOTOPbIE MEKIY CO00il yke paBHBI.

[Tockonbky MHOXeECTBO cOOOIIEHUH, cocTosimee 3 N COOOIEHHH, yKe HE UMEET PaHroB, TO 3TO
COOTBETCTBYET aHOHWMHOW TOCTaHOBKE 3a/1a4ll COTJIACOBAHMA MHEHUN U K ATOMY MHOXECTBY MOXKET
ObITh 100aBiIeHo N —1 cooOmeHuid (paHTOMOB, BEIYUCISIEMBIX COTNacHO (3), U MeAuaHy MOXHO Oyaer
OTIPEIIEIIATh AaHAIOTHYHO (6):

z=med (), ... Sy, Wy oo Wy )- (11)

[TockonbKy BbIlIE yXKe ObLIO TTOKA3aHO, UTO st (6) BRITOTHSIETCS YCnoBHe (7), TO OHO BBITIOIHUTCS
u st (11). Takum oO6pa3oM, MBI MOMYYHIN HEMAHUIYJIAPYEMYIO TPOLEAYPY COTIIACOBaHUS MHEHHS
areHTOB B HEAHOHUMHOM MOCTaHOBKE.

Martpuunbie 00001IeHHbIe MeIHAHHbIEC MEXaHU3MBI
MatpuuHbsiM 00OOLICHHBIM MEIUAHHBIM MEXaHM3MOM HAa3bIBAETCS MEXAHH3M COTJIACOBaHUS, Il

are’t a, a=1,n cooOLaeT He CKAIIPHYIO OLEHKY S, € R', a marpuiy S“ = {sfc} , r=1,r,c=1lc,

(7 — 49ucno CTPOK MATPHIBI, ¢ — YUCIIO CTOJIOIIOB MATpPHIIBI), ajee WHACKC areHTOB OyAeM 3alnChl-
BaTh CBEPXY, YTOOBI HE MyTaTh MX C MHAECKCAMH CTPOK U CTOJIOIOB MaTPHIl CBEPTKU. byneM cuurTaTh,
YTO JUIS KaKJIOro 3JEMEHTa MAaTPHIIbI MOT'YT OBITh IMEPCOHAIBHBIC OIPAHUYCHHUS CHH3Y M CBEpXY

Src EI:Sﬁ’ Src:|‘
Toma, KaK U B paCCMOTPCHHBIX BBIIIC ClIydasdaX, K MHOXCECTBY PCaJIbHbIX MaTpUI] Sa , A= 1, n 10-

GaBuM Matpuibl pantomos W/, W? = {wrpc} ,p=1,n—1. Marpuusl (aHTOMOB ONpEAEISAIOTCS C TO-
MOIIBIO IIPOLIENYPEI n() HO3JIEMEHTHO IpH. ¥ =1, 7, c=1,c .
CornacoBaHHOU TPYNIOH U3 # areHTOB MaTpuueid OyaeM Ha3blBaTh MaTpuly Z = {zm} , r=Lr,

c=1,¢, 3IeMEHTBI KOTOPOU ONPEJIEIECHBI 110 MEIUNAHHOMY MEXaHU3MY:
1 n 1 n—1
Z,. =med(src,... Sres Wyes ceis W ), (12)

a Se - p Lo 10—
rue sme[h,sm], a=1n, wme[h,src],p—l,n I.

B neanonumHaOM clIydac 6y/:[eM NOCTYIAaTh TaK K€, KaK OMUCAHO B NPCAbIAYIICM naparpa(be: MHO-

JKECTBO, COJIEPIKAILEE 11 peabHBIX MaTpull SY, @ =1, n, paclIupuM 10 MHOXKECTBA U3 N Matpuil my-

TeM JyOIIMPOBaHMs KaKI0i MaTpuLbl S® KpaTHO YHCIy 71, , BBIMHCICHHOMY IO BhIpaKeHHIo (9) ¢ yue-

TOM JOJIM paHra 3KCrepTra w, CpcIu BCCX PAHTOB.

K otim marpuiiam 106aBum Matpunsl pantomos W, p =1, N —1. DineMeHTbI MaTpuibl (HJaHTOMOB
BBIYKCIIMM COTJIACHO BBIpaKEHHIO (3) 1O BekTopaM IIMHOM N | corjacyeM MaTtpuily Z HO3JIeMEHTHO:

_ 1 m (7] N 1 N-1
z,,c—med(s,,c,...,src,...,src yeeerSrs Wy ces Whe | (13)

- = — _ — -
roe r=Lr, c=1rc, srce[src,src], a=L,N, w e[s,c,src],pzl,N—l.

C Y4YC€TOM BBCJCHHBIX BBIIIC 0003HAYCHHUH U MOKA3aHHBIX CBONCTB HCMAaHUITYJIUPYCMOCTH MaTpHU4-

HBIM aHOHUMHBIM O0OOIIIEHHBIM MeANaHHBIX MexaHmMoM (MAOMM) sisiercs (12), MaTpudHBIM He-
AHOHHUMHBIM 0000IICHHBIM MeuaHHbIM MexaHu3MoM (MHOMM) — (13), 1j1st KOTOPBIX CHpPaBEINBO:

a a —a a a a —a
mrc_z(mrc’src ) < mrc_z(ml‘c+6rc’src )9 (14)
B aHOHUMHOM ciy4ae i Va, a=1,n, B HCAaHOHUMHOM ciydae i Va, a=1,N.
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CornacoBanue MaTpHUI CBEPTKHU MOKa3aTesel, 0TPaXKaIOIHUX CTENEeHb J0CTHKEHUSI
CTPATerH4ecKux mesei

IIpuMeHUTENBHO K 3a/laye COrJIacCOBaHUSI MaTpull cBepTku M = {mrc} , r=1r, c=1c, aBusdio-

mmxcs anementamMu MKO Buzpa (1), orpaHHueHUSIME Ha 3JIEMEHTHI MaTPHULBI CBEPTKU SBIISIOTCS CIe-

JIYFOIIlee: MATPHIIBI MMOJIATaf0TCsl HEYOBIBAOIIUMUY, T. €. 1 Vr,c, r=1,7 -1, ¢=1,¢ —1 HOMKHO BHI-

>m,. ,m m

Myciq re s tr+le+l 2 re*

HOJHATC: M, . =M, ,

ITpu onpenenennn MKO Ha 0CHOBE 3KCIIEPTHBIX 3HAHUH B YACTHBIX CIIyd4asX MCIIOJb3YIOT JOIOJI-
HUTEIILHO CIENYIOIIHE OrPaHNYECHHS:

— NEPBBIN JIEMEHT MaTPUIBI IPUHUMAET MUHUMAJIbHYIO OLICHKY 717, =1;

— HOCIEHUH JIEMEHT MaTPUILIbl IPHHUMAET MAKCUMAJIbHYIO OLIEHKY U3 IIKaJbl 0000IIEHHOTO KPH-
Tepust ik m— =k;;

— IJIaBHAsl IMaroHajab MaTPUIbl CBEPTKU ABJISIETCA PAaBHOMEPHOH, T. €. st r=c, r=1,7, c=1,¢
JMaroHaJbHBIE JJIEMEHTHI IPUHUMAOT 3HAYEHUs CTPOKHU M cTOI0NA m,, =7 =C;

— pasHuna MEXAy COCCIHUMHU IJIEMCHTAMU IO CTPOKE HUIIN CTOJI6Hy HE JOJDKHA NPEBhINIATE CAUHA-

uy,T.e.aua Vr,c, r=1Lr-1,c=,¢c-1, m. . —m,. <1, m. .4 —m,. <I;

— pasHula MEKAY COCCAHUMMU 3JICMCHTAMU IO JUAroHalId HEC NOJIKHA IPCBBINIATH ABYX, T. €. JJIA

rlerl ~ My <2.

Vr,c,r=1r-1,c=1l,c—-1,m

[locnennue orpanuyeHus B OOILEM CiIydae HE SIBJISIIOTCS 00A3aTeNbHBIMU U BCTPEYAIOTCS KaK TEo-
pETHUYECKUE UCCIEA0BAaHMS, TaK U MPUKIIAIHbIE 3a1a49l, B KOTOPBIX OHH HE BBINMONHAIOTCA. HecMoTps Ha
9TO, C Y4eTOM BBEJICHHBIX OIpAaHWUYCHHH BBIIIE JUIS PACCMOTPEHHOTO B TIEPBOM maparpade mnpuMepa
(cM. pUCYHOK), TJie CTETIeHb JOCTI)KEHHUS CTPATErnYeCcKUX LieJIel OlleHMBaeTCs C MOMOUIbI0 3-0anabHON

IIKaJIbl, ONPENEIUM MAaTPULbl pa3MEPHOCTBIO 3%3 ¢ MUHUMaIbHO M .. U MaKCUMaJbHO BO3MOXKHBIMU

n

M, .« 3HaYEHHAMHU:
max

111 123
M_ =1 1 2], M. =2 3 3|
1 2 3 3 3 3

KOTOpPBIC CICAYCT HCIIOJIB30BaTh KaK OTIpPaHUYCHUA CHU3Y U CBCPXY COOTBECTCTBCHHO Ha COO6HICHI/IH

arentoB: s >m.., s* <m .., s* €S%, a=1,n B aHOHUMHOM cny4ae, a =1, N B HEAHOHMMHOM CJIy-
re rc rc

—rc re

qae, m,. e M, ,
oorax [7-10].

B cuiy 3HauMTENIbHOTO 00beMa MAaTEPHAJIOB, KOTOPHIE HEOOXOIUMO MPHUBECTH ISl WILIFOCTPAIIUH
npoueaypsl cornacoanuss MKO ¢ momonisio MAOMM unn MHOMM (kx npumepy, eciu Tpu areHra
(n=10) numeror panru 1 =0,3, r,=0,5, 73=0,2, To UM COOTBETCTBYET BHPTYaJbHOEC MHOKECTBO

m,. e M, .. Ilpumepsl matpuny M, . u M . pasMEPHOCTBIO 4X4 TIpUBEIEHBI B Pa-

areHroB, cocrosmiee 3 10 papHo3HauHBIX areHTOB ( N =10). 3HaunT, HEOOXOAMMO HOOABUTH 9 MaTpPHUIT
(haHTOMOB W TPUBECTH UTOTOBYIO COTVIACOBAHHYIO MATpPHILy), a TAKXKe M0 MPHUYHUHE TOTO, YTO JAHHBIC
MEXaHU3MBI IOAPOOHO Pa3o0paHbl B TEKCTE, aBTOPHI COWIH IENeCO00pa3HbIM HE TPUBOANUTH AEMOHCT-
palMOHHbIEC TPUMEPHI.

W3 cBoiicTBa 0000IIEHHBIX MeIMaHHBIX MexaHu3MoB (14) cnenyer, uto MAOMM (12), a, cnenosa-
tensH0, 1 MHOMM (13) B cmry toro, ato MHOMM crnenyetr cBoauth K MAOMM, Kak MeXaHU3MBI
COTJIACOBAHUSI MATpPUIL] CBEPTKH B OTHOLICHHUM 3JIEMEHTOB OTACIbHBIX MATPHULL SBISIOTCS HEMaHUIYJIU-
pyeMbiMu. OTHAKO MPU HAIMYHK OOJIee ABYX CTpATETHUECKHX Iienei (72> 3 ), Mo KOTOPEIM C TIOMOIIBI0
MKO Buna (1) oueHuBarotcsi pe3yipTaThl opranusanuu, Takoii MKO comep:XuT HEeCKOIbKO MaTpHIl

CBEPTKHU (|M |22). IToaTOMy cielyeT NpOBEPUTh, COXPAHUTCS JIM CBOMCTBO HEMAaHUIYJUPYEMOCTH
MKO B nenom?
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Hccnenopanne ycToi4MBOCTH Pe3yJbTATOB KOMILIEKCHOTO OLCHHBAHMSA

10 COTJIACOBAHHOMY MEXaHH3MY KOMILIEKCHOTO OLICHUBAHUSI

[Ipu uccnenoBanuy JaHHOTO Bompoca oOHapykeHo, uTo MAOMM u coorBerctBenHo MHOMM
SIBIIIOTCA MaHUITyTUPYyeMbIMU 110 oTHOIIEeHHI0 K MKO B 1ieniom. ParrioHanbHbIi areHT MOKeT IeJieHa-
MPaBJICHHO MCKAa3UTh MHPOPMALIMIO O 3HAYCHUM 3JIEMEHTa MaTpHIBI Ha HIKHEM ypoBHE rpada G ¢
LEJIBI0 CMEUICHHUS CTPOK HIIH CTOJIOOB MPU KOMIUIEKCHOM OLICHMBAaHUH HA MaTPULaX BEPXHETO YPOBHI.

Arentel a=1,n MOryr coo0waTh MaTpulbl CBEPTKH S’ = {sfc} , ¥r=1,7, c=1,¢. Pesynprar

CBEPTKH JBYX KpurepueB X, u X, mo marpuue S° o6o3HaunM Xg, (S“). Ipu coOOIIECHNH areHTOM

HCTHHHOM MaTpuisr M* = {mf’c} pe3ynbTat cBepTKU 0003HaYNM X g5 (M“ )

PaccMOTpUM HENPEPHIBHYIO aJAMTUBHO-MYJILTUILIMKATUBHYIO NIPOLEAYPY KOMILUIEKCHOTO OLEHH-
BaHud Py, :

Xla&z(Ma):(l_(XJ)(l_[Xﬂ)mfc
X (=X ),
+(1=T X, ) X Tmf
XX T

rae [ X, | u [ X, | — ocrarku nenenus kpurepues X, U X, Ha eMHHLY:
[ X; |=mod(X;;1), i=12,

| X, | u | X, | — uensie yactu kputepue X; 1 X, COOTBETCTBEHHO:

| X; |=dim(X;), i=12.

+
r:|_X1J; C=|_X2J

r:min(l_X1_|+1;7); e=[ X, | ’

r=| X ; c:min(I_X2_]+l;E)

(15)

r=min(| X [+L;7); c=min(| X |+1;¢) ’

ByjieM YCIOBHO CUMTATh, YTO HEKOTOPBIA areHT MPU COOOLIEHUH MAaTPHIIbI CBEPTKH S¢ = {sfc} uc-

Ka)KaeT 3HAYCHUs BCEX DJIEMEHTOB, T. €. sl Vr,c: s.. =m,, +90

a
re &

re?

rae 8. — uckaxenue. Torma pe-
3yJIbTaT CBEPTKU NIPH UCKA)KEHHON MaTPHULE ONPENEIAETCS O BEIPAKEHHIO

1a&2 (Sa): (I_I_Xl—l)(l_’_XZ_l)(mfc +6gc)
(-T2, ) (s + 85 )
(1= X, N2 ] (e + 85
+|(X11|7X2—|(m:‘lc +6}Ifc)
Pesynprar cBepTKU KpuTepueB X; U X, 110 MEeIWaHHON MaTpulle Z = {z,,c} 0003HauNM Xg, (Z) :
Xie2(Z)=(1 _(XI—D(I_|7X2—|)ZVC|1~:LX,J;c:|_X2J +
+|(X1 —‘(1 - [Xz —|)Z”C |r=min(|_X1_|+l;7); c=[ X, | +
=T X 2], Jse=min(| X, [+12) T

+ [Xl ] |7X2 ] Zre |r:min(|_X1J+l;7); c=min(| X, |+1;)’ (17)

IJI€ BCE DIEMEHTBI MATPHLBI Z,, ONPEENSAI0TCs cornacHo (12) B aHOHMMHOM ciydae, cornacHo (13) —

+
r:LX]_|; c:LX2_|

r=min(| X [+1;7); =] X, |

r:LX1_|; c=min(LX2 _|+1;E)

. (16)

r=min(| X; |+1;7); c=min(] X, |+1;¢)

B HCAHOHUMHOM CJiy4ac.
Ecnu arenr sBisercs JUKTAaTOPOM XOTHA OBl B OQHOM 3JICMECHTE MaTpHIBbI, 4 B OCTAJIbHBIX 3JIEMCHTAX
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€ero cooOLICHNE He MEHSET HX 3HAYCHHS, TO OH MOYKET UCKA3UTh HMEHHO 3TOT YJIEMEHT, YTO0bI MpuoIH-
3UTh KOMIUIEKCHYIO OLCHKY X ¢, (Z) K cBoeil Xy, (M“ )

a

1> B OC-

ITokaxkeM 3TO: ITyCTh IIPU ¥ = I_X 1 J , C= |_X 2_| areHT a SABIACTCA JUKTaTOPOM, T. €. Z,. =m
TaJIbHBIX JKE CIIy4asX JJIEMEHTBI CONIACOBAHHOM MATPHILIbI OKa3aIMCh MEHBIIE MCTUHHBIX MHCHUM areHTa:
a

Z”C|r:min(|_X] Jr5F) e Xy | <My

r=min(| X| [+L;F); c=| X, | >

a
Zre |r:|_X1J; c:min(LX2_|+1;E) <My

r:|_X1 J; c:min(LXz _|+1;E) ’

a
Zye |r:min(|_X1 J+1;;7); c:min(LXz _|+1;5) <m,.

r:min(LXIJJrl;F); c:min(LX2_|+1;E) )
Torma w3 Beipaxkenuidd (17) m (15) B cmily WX MOHOTOHHOCTH BHJHO, YTO BBITIONHSIETCS

rc?

Xigr (Z)< Xigo (M“ ) B 9TOM Cllyyae areHTy BBITOAHO COOOWATH sy, =my, + 3y, , npu r=| X, |,

c=| X, |. Torna u3 (17) u (16) BuaHo, uto IpH 8, >0 crpaBenBO Xy, (S“ ) > X\g2(Z) u B uenom

OyZAeT BBIIOIHATHCS COOTHOILICHHE
a a a a
Xiga (S ) — X2 (Z)‘ < ‘Xl&z (M )_Xl&z (z)
YTO SABJSIETCA MPU3HAKOM MaHHUITYJIHPYEMOCTH.
Takum o6pazom, MAOMM u MHOMM sBistoTCS HEMaHHUITYTUPYEMBbIMH TIPH COTJIACOBAaHHU OT-
JeNBHBIX MaTpHLl CBEPTKU coriacHo (14) n 0AHOBpPEMEHHO MAaHUILYJIUPYEMBIMH 110 KOMIUIEKCHOMY I10-

KazaTeno cormacHo (18).
Jnist mpeojonenusi 0OHapy>KeHHOH MpOoOJIeMBbl NpeiaraeTcsi KOMIUIEKCHOE OIICHHUBAHUE CTPATETH-

; (18)

YCCKUX ueneﬁ OCYHICCTBJIATL HC HA OCHOBC COTIACOBAHHBIX MATPHUILL Zi 5 i= 1, m—1 , 4 COTJ1aCOBbBIBATb

MHOYKECTBO PE3YJIbTATOB KOMIUIEKCHOTO OIEHMBAaHUS X, MOJYyYEHHBIX 110 IEPCOHATU3UPOBAHHBIM
MKO arenrTos:

<{Xi};G;M”;P>, (19)

rae M? — MHOXeCTBa MaTpHI[ CBEPTKH areHTOB a = 1, 7, WACHTU()UIUPOBAHHBIX [0 COOOIIECHUSAM, BbI-

CKa3aHHBIM npy npuMeHeHnd MAOMM (12) unmu MHOMM (13), M ¢ = {S‘-’} Ji=lm—1,a=1n.

1

ﬂaHHBII‘/'I Ioaxoa OCHOBAH Ha TOM, 4YTO c006maeMme areHTaMu 3JICMCHTBI MaTpUI] CBEPTKU MOKHO

a a
Sye T My

re — min B CUJIY HCMaHUIIYJIH-

CYNTATh ONM3KUMH K HCTHHHBIM, T. €. I Vr,C S, ~m,, WIA

pyemoctt MAOMM (12) unu MHOMM (13) npu cornacoBaHuM 3JIE€MEHTOB OTAEIBHBIX MaTpHI CO-
riacHo (14). Torxa MOXHO cuuTaTh, uto S ~ M.

CnenosatensHo, ucnonsdys B MKO Buna (19) matpuusr S; ~ M, Mbl HoJlydaeM JUisi KaXKIOTO

arciara a = 1, n pe3ysibTaT KOMIUICKCHOI'O OILICHUBAHU X . KOTOpBIﬁ ONU30K K KOMILIEKCHOI OIICHKC,

KOTOpAst IIOJTy4HIIack, eciii Obl areHT coobmutan Matpuusl M; i=1,m—1.

OnHako B MTOre Ui KaXIOrO areHTa g =1,7 Mbl HOJYyYHM CBOK KOMIUIEKCHYIO OLEHKY X,
Y B COBOKYIHOCTH OyZieT Ha0Op M3 # KOMIUIEKCHBIX OIEHOK, BO-TIEPBBIX, KOTOPhIE HEOOXOIUMO CBECTH

K €JIMHOM OIIEHKE, BO-BTOPBIX, 9TH OLCHKH X “ OIHM3KH K HCTHHHBIM, HO HE TapaHTUPOBAHHO MCTHHHbIC
(HAaITIOMHUM, YTO areHTy He XyXe coO0IaTh HCTHHY, HEXEIH NCKaXaTh ee, HO 3TO HE TapaHTHPYET, YTO
OH He OyzeT uckaxath). IloaToMy U1 OTy4eHHUs] NTOrOBOW €IMHON KOMIUIEKCHOM OLIGHKH Ipeiara-
eTCs IPUMEHATH 0000LICHHYI0 MEAUAHHYIO MPOLEYPY aHaJIOrH4YHO (6):

szed(Xl,...,X”,wl,...,w,,_l). (20)

MoxxHo 3aMCTUTb, YTO ar€HTOB CPA3y MOKHO OBLIO IpOCUTH COOGH_IaTL KOMIIJICKCHBIC OLICHKH X 5
OTpaXXar1ue, Ha UX B3ITIAA, CTCIICHb NOCTUKCHUS C’I‘paTCI‘PI‘ICCKOﬁ noeiau opraHru3anunu, HE HpI/I6CI‘a${ K
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CIoXHON MennanHou npoueaype (12) wim (13), u ucrons3oBats (20). OqHAKO, BEIIBUB MTPEICTABICHUS
BCEX areHTOB O TOM, Kak (JOpMHpYETCs CTpaTerHuecKast Lesib B BuJe nepcoHanmsupoanubix MKO Buaa
(19), I KaXI0T0 W3 HUX MOXKHO pemaTh 0OpaTHYIO 3a/1a4y KOMIUIEKCHOTO OIICHUBAHHS — MOUCK Ha-
00pa YaCTHBIX KPUTEPUEB, 00ECIICUNBAIONINX 33JaHHBI YPOBEHh KOMIUICKCHOTO MOKa3aTessl U 3a/1ady
ONTUMaJbHOTO ynpasienus [17-20]. Apyrumu ciioBamMu, MOXHO HICHTU(UIMPOBATH, KAKHE YaCTHBIC
CTpaTernyecKue e OyJeT CTPEMUTHCS BBIMOJIHUTE OTAEIBHBINA areHT OpraHu3alHH.

3akiouenne

B nacrosmeit pabdoTe yaanock MHTETPUPOBATh M3BECTHBIC M IOJYYCHHBIE aBTOPAMH MEXaHH3MBbI
YIpaBIEHUs U1 COIVIACOBAHMS MHTEPECOB YYaCTHHKOB OpPTraHM3allMOHHBIX cHcTeM. HecmoTps Ha To,
YTO B OTHOILIEHUM OTIIEJIbHOW MAaTPUIbl CBEPTKH, KAXKJIBIA 3JIEMEHT KOTOPOU OIPEEAETCs C MOMOUIBIO
MaTpUYHOr0 00OOIIICHHOTO MEIUAaHHOI'0 MEXaHHM3Ma BHE 3aBHCHUMOCTH OT moctaHoBKH (MAOMM wunu
MHOMM), obecrieunBaroniero yCToi4MBOCTh K CTPATETHYECKOMY MOBEJIEHUIO areHTOB, JOKa3aHo, YTO
pe3ynbTaThl KoMIuiekcHOro oneHuBanus o MKO Buna (1), cornmacoBanubie ¢ nomomnisto MAOMM (12)
wim MHOMM (13), sBusrorcss MaHunmyiaupyeMmbIMu. [l mpeofosieHusi oOHapyKeHHOH HpoOiIeMsbl
MpeIaracTcs CorlacoBaTh MHOXKECTBO PE3YJIbTATOB KOMIUIEKCHOTO OLICHWBAHUS, IOJYYEHHBIX 110 Mep-
conanmzupoBanHbiM MKO arentoB (19), naeHTHQHUIHUPOBAHHBIM MO COOOIICHUSIM, BBICKa3aHHBIM MPU
npumeneHnd MAOMM unmu MHOMM.

CTOHUT OTMETUTH, YTO JAJIsl aBTOMATH3AI[MH PAacUyeTOB B COOTBETCTBUHU C MPUBEICHHBIMH B HACTOS-
el paboTe MeXaHW3MaMH CO3[aH MPOTOTHIT MPOTPAMMHOTO MOYJIS OIEHKH CTEIEHH JIOCTHKEHHS
cTpareruyeckux neneid Ha ocaoee MHOMM, npoueamuii cTaguio TECTUPOBAHUS U UCTIBITAHUS U Ha-
XOASIIMICS B TpoLecce OMBITHOM 3KcIyaTanuu Ha 0Oasze IlyOamyHOro akumoHEpHOro oOIecTBa
«Ilepmckas HayyHO-TIpOM3BOACTBEHHAs npubopocTpoutenbHas komnanus» (IIAO «[THIIIIK») u rocy-
JIapCTBEHHON perucTpauuu nporpammsl st OBM B dexepaibHOM WHCTUTYTE MPOMBIIIIIEHHONH cOOCT-
BeHHOCTH. [ToMumo 3Toro aBTopamu BHeapeHsl B [TAO «ITHIIIIK» MKO anst ot6opa mpoekToB H olie-
HUBaHUS CTPYKTYPHBIX MOJApa3fefieHN Ha MpeaMeT HUCIOIb30BaHUs MPUHIUIIOB OEpEKINBOrO MPOU3-
BOJICTBA.
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The collective agent coordination problem in organizational behavior systems is consider.
In particular, the problem of coordinating of the agents’ interests to assess the degree of achievement
of the corporate strategic targets. The relevance of the problem is due to the need to increase
the speed of decision-making, the speed of reaction to changes in the external environment, which
can be achieved using appropriate control mechanisms. Aim. Improving methods of collective deci-
sion making under circumstances where agents have different ranks of significance. Materials and
methods. Methods comprise the integrated rating mechanisms and the generalized median voter
schemes. The mathematical apparatus was chosen is contingent on the group decision making in or-
ganizational systems. Active agents strives to maximize his target function in the process of interac-
tion, which leads to a conflict of interests and a desire to distort information. The chosen methods al-
low these problems to be solved. The first ones are used to aggregate indicators that reflect the de-
gree of achievement of the private goals of the organization at the strategic level. The second ones
are used to identification the true agents’ opinions about the type of target index convolution matri-
ces. Results. The matrix non-anonymous generalized median mechanism is proposed. The non-
anonymous statement allows taking into account the interests of agents with different ranks. It is
shown how to reduce non-anonymous procedure to an anonymous one. Decisions making process
about all elements of the convolution matrices in integrated rating mechanisms with using anony-
mous median voter scheme is strategy proofnees. However, the results of aggregation are not stabil-
ity to the agent strategic behavior in cases of application anonymous or non-anonymous coordination
procedures. The new integrated mechanism based on the synthesis of known control mechanisms is
proposed to overcome the discovered problem. Conclusion. The statement of the problem corre-
sponds to the real procedures of decision making by governance board, when the opinion of one
agent turns out to be more significant than the opinion of another agent. The developed mechanism
makes it possible to agree on the opinions of experts on the degree of achievement of the strategic
goals of the organization; it can also be adapted to solve other applied problems, for example, making
a decision on the choice of a project, assessing risks, assessing suppliers, etc.

Keywords: organizational systems, multi-agents systems, strategic behavior, strategy-proofness,
multi-criteria decision making, integrated rating mechanisms, median voter schemes, mechanism
design.
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APPEKTUBHOCTb UHXWHUPUHTA B ®OPMUPOBAHUN
KOHKYPEHTOCINMOCOBHOCTU CTPOUTEJIbCTBA

O.H. bekuposa, C.A. bapkanoe, M.C. TpugoHoga
BopoHexckuli ecocydapcmeeHHbIl mexHu4eckul yHusepcumem, 2. Boporex, Poccusi

ITanpemuss COVID-19 nelcTBUTENBHO cTajla HACTOSIIMM HOTPSICEHUEM Ui Bcero mupa. M3-
MEHHJICS YKIIaJl )KU3HU HE TOJIBKO JUTS JIFONeH, HO U KOMIAHWN Pa3MYHbBIX oTpacieil. Ha cerommsmi-
HUH JIEHb PHIHOK HEBKUMOCTH, KaK M1 MHOTHE JIPYTHe OTPACIIH, HAXOAUTCSA B YCIOBUAX SKOHOMH-
yeckol HecTabWIbHOCTH. B wHcciemoBaHWM OCBEIMIAOTCS MPOOJIEMBI, ¢ KOTOPHIMH CTOJKHYJAch
CTpOUTENbHAsA cepa B COBPEMEHHBIX YCIOBHUAX MaHJeMHH KopoHaBupyca. OTHON M3 TaKuX MPO-
Onem sBISIETCS YCTOWYMBAsT KOHKYPEHTOCIIOCOOHOCTh CTPOUTENLCTBA U €r0 COOTBETCTBHE HOBBIM
noTpedbuTensckuM mnpennouteHusM. Llesib ucciaenoBanus: M3ydeHUe BIUSHUS WHXUHUPHHTOBBIX
pelIeHni u MHBIX (HaKTOPOB Ha KOHKYPEHTOCTIOCOOHOCTh CTPOUTENHCTBA B COBPEMEHHBIX YCIOBUAX
SKOHOMUKH, OTIPE/ICIICHUE KITFOYEBEIX KPUTEPUEB; pa3padOTKa W OMMCAHUE METOIMKH MPHHSATHUS pe-
IICHUS 110 BRIOOPY ONTHMAIBHOTO C TOYKH 3PCHUS KOHKYPEHTOCIIOCOOHOCTH CTPOUTEIBHOTO TPE-
npusaTus. MaTepuaabl H MeTobl. B paboTe mprMeHEeHBI METOIBI CHCTEMHOTO aHAJIN3a, METOIBI OII-
TUMU3AIHY, aHAIH3a UePApXUil U TEOPUH MPHUHATHS pelleHud. B pamkax mpemraraeMoil METOAUKA
pa3zpaboTaH aBTOPCKUH METON HWACHTH()HKAINU KIFOYCBHIX KPUTCPHUCB KOHKYPEHTOCHOCOOHO-
ctu. [TockonbKy 3a/1a4a BEIOOPA ONTHMAJIBHOTO PEUICHUS M3 YHCIa aTBTCPHATUBHBIX OCHOBBIBACTCS
Ha MHOTOKPUTEpPUAJIHLHOM MOJXOJE, UCIOIb30BAaHUE NAHHOTO METOZA SBISETCS BIOJHE IEJIecC000-
passueiM. [llabnon mns GopMupoBaHHS METOMWUKMA OBLI BBIIEICH Ha OCHOBAHHMH aHAlU3a CYIIECT-
BYIOIIIUX HMCCIENOBaHUI B JaHHOW oOnactu. Pesyiabsrarsl. B nccnenoBanuu 06001IeHb U TOTIOTHE-
HBI aBTOPOM KPUTEPUHU U (HaKTOPHI, BIUAIONIAE HAa KOHKYPEHTOCIIOCOOHOCTh CTPOUTEIBHBIX OpraHu-
sanmid. [IpencraBnena aBTOpCKask METOJUKA MPUHATHS PELISHUS TI0 ONPEACIEHUIO ONITUMAJIBHOTO C
TOYKHU 3PEHUS KOHKYPEHTOCIOCOOHOCTH CTPOUTEIHLHOTO MPEANPHUATHS Ha OCHOBE paccMarpuBae-
MBIX aBTOPOM KpuTepueB. JJaHHas MeToauKa BKIIOYAeT B ceOs HECKONBKO ATamnoB: 1) dhopmuposa-
HUE 1enw; 2) GopMUpOBaHHE KPUTEPHUEB, IO KOTOPBIM OyIET OCYIIECTBISATHCS OIICHKA OpraHU3aIil;
3) pacdueT KpHUTEpHEB IO KaXI0H OpraHW3allH M MPUBEACHUEC WX K OJXHOPOJHOMY BHIY NaHHBIX;
4) mocTpoeHHue NepeBa Mee U MaTPUIBI IPUOPUTETOB; 5) ONpeAeicHue 3HAYCHUH BEKTOPOB TIPH-
OpPHUTETOB MO KKIOH HCCIIeAyeMOl opraHu3anun. 3akiawdenne. OnpenencHo CyMMapHOe BIHSHUE
KpUTEpUEB M WHXMHUPUHTOBBIX PENICHUH Ha KOHKYPEHTOCIOCOOHOCTh CTPOMTENHCTBA. B CBs3M ¢
STUM peam3aIysi CTPOUTEITHHOTO MPOEKTa MOHKHA OCYIIECTBIATHCSA C YI€TOM CTPAaTErHueCKHX Iie-
JIel OpraHM3aly W MPUBS3KU K BBIABICHHBIM KpuTepusiM. [IpenoskeHHass METOAMKa pa3paboTaHa
JUTSL POCCUHACKHUX CTPOUTEIHHBIX KOMITAHUN, (QYHKIIMOHUPYIOIMIMX B COBPEMEHHBIX dKOHOMUYECKUX
YCIIOBUSX.

Kniouegvle cnosa: xnaccugurayus, cmpoumenscmeo, ynpasieHue, KOHKYPEeHmMOCHoCoOHOCY,
UHICUHUPUHE.

Beenenue

KonkypeHtHas cpena sBIIseTCS OIHUM M3 TVIABHBIX HalpaBlIeHUH B pe3yaprare nepexona Poccun k
PBIHOYHON 3KOHOMUKE. Ha cerogHsmHuil 1eHb ppIHOK HEABM)KHMOCTH, KaK M1 MHOTHE JIPyTHE OTpaci,
HAaXOWTCS B YCIOBHUSIX 3KOHOMUYECKOW HecTaOuiabHOCTH. OOpYyIIMBILASACS HA BECh MHUpP MaHAEMHUS KO-
pOHaBHPYCHON MH(EKIINHU B TOH MM HHOW Mepe OTPHLIATEIbHO CKa3anach Ha Pa3BUTHH BCETO OHM3HEcA.

Ho IMEPEIKNB yKC HC OAWH KPHU3HC, OCTABIIHNECA HAa PBIHKE CTPOUTECIILHBIC OpraHnu3alli CTAHOBATCA
BcE OoJiee THOKMMHU U CTPECCOYCTOMYUBBIMHU K HOBBIM H3MEHEHHSM B 9KOHOMHKE. CTPOUTENBCTBO OTHE-
ceHo IIpaButensctBoM P® k HempepbIBHBIM cdepam Npou3BoACTBa. M MO3TOMY B HOBBIX HEIPOCTHIX
YCJIOBHSIX Ha CTPOUTEIIBHYIO OTPACIb MAHAEMUSA 0Ka3aJla HE CTOJIb CYLIECTBEHHOE BIMSHUE, KaK HA IpYy-
rue cepbl NPOU3BOACTBA. JTO BBIPAKAETCS B TOM, YTO OOJNBIIAS YaCTh 3aCTPOUIIMKOB (0K0JO 79 %)
NPOJOJIKAIK paboOTy Ha HAauYaThIX 0OBEKTaX BO BPEMs CAMOM3OJISLIH, COOTBETCTBYS CTPOTUM peIriIaMeH-
TaM H TpeOOBaHUSIM CAHUTAPHOHN OE30MTaCHOCTH.

Pazymeercs, HecMOTps Ha TO, 4TO caMa IO ceOe MaHAeMHsl KOpOHaBHpyca IIOKa YTO HE OKasala
MPSIMOTO Pa3pyLIAOILIETrO BIMSHUSA Ha CTPOUTENBHYIO OTpacib Poccun, TeM HE MEHee OHa OTKphIIa HO-
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Bekupoea O.H., Bapkanoe C.A., AppekmueHOCMBb UHXUHUPUH2a 8 hopMupo8aHUU
TpughoHosa M.C. KOHKYpeHmocrnocobHocmu cmpoumesibcmea

BbIE M YCYTyOmMIia y’e CyLIECTBYIOIIUE Ha PhIHKE MpoOieMbl U ciadbie MecTa. B Ommxaiinnee Bpems ne-
BeJIONEpaM MPHUIETCS PEaN30BBIBATh CBOM MPOEKTHI COBEPIIEHHO MO-HOBOMY, B TOM YHCIJIE OCHOBBIBA-
sIChb )K€ Ha HOBBIX TPEOOBaHMSIX MOTPEOUTENEH K JKUIIBIO.

IIo MHEHHI0O MHOT'MX HCCIENOBATEEH, ONEpeXkarollee pa3sBUTHE B CTPOUTENBbHOH orpaciu PO
MOXET OBITh 00ecIieYeHO MyTeM KOMILUIEKCHOTO Pa3BUTHS WHXWHHUPHHTA, BEAb YCIEHNIHOCTh CTPOH-
TEIBHBIX MPOEKTOB B MEPBYIO OYEPEIb CBSI3aHA C JETAJbHBIM MOJEIHPOBAHMEM Ha NMPEANPOSKTHOM
JTarne.

D¢ dhexTHBHBIE HHXUHUPUHIOBBIC PELICHUSI B CTPOUTENBCTBE, a TaKKe OOBEKTUBHAs OLCHKa (hak-
TOPOB W KPHUTEPUEB, BIMSIOMMX Ha KOHKYPEHTOCIOCOOHOCTh CTPOMTEIBHBIX OpraHU3alui, HMEIOT
OoJipIIOE 3HAUEHHWE TPHU MPUHSATHM PELICHUH, CKa3bIBAIOIIUXCS B IIEJIOM HA CTPATETHUYECKOM aCIEKTe
NEeSTeTbHOCTH PEAIPUATHSL.

OCHOBHBIMH LIETISIMH JAHHOTO HCCIIEIOBAHUSA SBIISIOTCS:

1) onpesiesieHne KIIOUEBBIX KPUTEPHEB, BIUSIONINX HA KOHKYPEHTOCIIOCOOHOCTh CTPOUTENHCTBA.

2) MEeTOJIMKA MPUHSATHS PEUICHHUS TI0 BBIOOPY ONTHMAILHOTO C TOYKH 3pEHHS KOHKYPEHTOCIIOCOOHO-
CTH CTPOUTENILHOIO MPEANPHUATHS Ha OCHOBE UCTIONb30BaHUsA MeTona Tomaca Caaru.

OcHoBHO¥H pa3ne

Kak moka3piBaeT aHamu3 COBPEMEHHBIX METOIOB M MOAXOAOB K OLIEHKE KOHKYPEHTOCIOCOOHOCTH
CTPOUTENILCTBA, HA TEKYIIUH MOMEHT CYIIECTBYET MHOXKECTBO MPOOIEM IONHOIECHHON OIIEHKH U Hay4-
HO-000CHOBaHHBIX IOIXOMOB K OTOOPY KOHKYPEHTOCHOCOOHBIX MpeAnpusaTHii. KoHKypeHTOCIoco0-
HOCTh MPEJNPUSATHS SBISETCS OOJiee CIOXKHBIM MOHSATHEM B CPaBHEHHU C KOHKYPEHTOCIOCOOHOCTHIO
ToBapa [1, 2].

C ydeToMm oTpacneBoil crenu(UKA Ha KOHKYPEHTOCIIOCOOHOCTb CTPOMTENHCTBA MOTYT OKAa3bIBaTh
BIHMSHIE MHOXeCTBO (pakTopoB. Ha pucyHke mpencraBieHa uepapxusi paccMaTpuBaeMoi 3aaa4n. [nas-
Hasi MUCCHS — yIepXKaHHe U MOBBIIIEHUE HX KOHKYPEHTOCIIOCOOHOCTH [3].

[Tpumem, 4TO KITFOUEBBIMU (PaKTOpaMH KOHKYPEHTOCIIOCOOHOCTH CTPOUTENHHBIX TPEANPUSITHIA SIB-
nsitores @1 — daxropsr cipoca 1 D2 — hakTOphI MPETTOKEHUSL.

MuccHa cTpoOHTENBHBIX NPEANnpPUATHI

[ToBbIEHHE KOHKYPEHTOCTIOCOOHOCTH

11l 12 L3 114

] 2

HP1 HP2 HP3 HP4 UP5 HP6 HP7 HP8

Wepapxusa paccmaTtpuBaemMom 3agaim
Hierarchy of the problem under consideration
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@DaxTophl B CBOIO OYEpelb MOTYT OMUCHIBATHCS KpuTepusiMu. B Tabn. 1 mpencraBiieH mpejarae-
MBI K paccMOTpeHmio mepedeHsb kpurepueB A, B, C, D, E, F, G, monoBuHa U3 KOTOPHIX OTHOCSTCS K
(hakTopam cripoca, MoJoBHHA — K (pakTopaM NpeaoKeHHS.

Tabnuua 1
MepeyveHb KpUTEPUEB KOHKYPEHTOCNOCOGHOCTH
Table 1
List of competitiveness criteria
Howmep HanmeHnoBaHue kpurepust
A KadecTBo BBIMOMHAEMBIX pabOT (MOXKHO paccMaTpUBaTh KaK OTAETbHBIE
CMP, Tak 1 B 1Ie]IOM CTPOUTENBHBIC OOBEKTHI) .
B CKOpOCTb 3aKJIHOUYECHUS] TUCTAHUMOHHOM CIEIKU
C CpoOKM BBIIOTHEHUS
D YpoBeHb COOTBETCTBUS WHBIM BKyCaM W IMPEINOYTCHUSIM TOTpeOuTenei
B YCJIOBUSX MaHACMUHU
E CoorseTcTBHE (DaKTOpaM CIEKYJISITUBHOTO CIpoca
F COOTBETCTBHE UCITOJIB3yEeMOI TEXHOJIOTHH KOHKYPEHTHBIM TPEOOBaHUAM
G JlocTaTo4HOCTh MPOWM3BOICTBEHHBIX IUIOMIAICH IS ACSITCIBHOCTA KOM-
IMaHUH

IMog VP moHMMaroTcss MHXUHUPHHTOBBIE PEICHHUs, KOTOPHIE UMEIOT MECTO OBITh B paMmKax pac-
CMaTpUBaEMOro 00bEKTa UCCIETOBAHMS.

Jyis ompeneieHus KIOYEBBIX KPUTEPUEB M3 Psijia pACCMOTPEHHBIX HE0OXOMUMO HAalTH O0IIHiA
PEUTHHT Ka)KI0T0 KPUTEPHS, & 3aTEM NPOBECTH OLIEHKY BIMSHUA Ka)kKJ0r0 HA MUCCHIO OpTaHHM3aluN
[4-6].

g 5T0r0 HEe0OXOAMMO BBIIIOIHUTH MMOCTPOSHUE TPEX MATPHIL:

1. O1eHKa BIUSHUS CTPATETUIECKUX IEJIEH Ha MUCCHIO.

C moMoIIBI0 METO/Ia SKCIIEPTHHIX OIEHOK OBLIN MOTYYEHBI PE3YAbTAThHI OICHKH (TallI. 2).

Tabnuua 2
Pe3ynbTaTbl MHEHUI 3KCNEpTOB
Table 2
Results of expert opinions
111 112 113 114
Muccus 0,1 04 04 0,1
2. Onenka BnusHUA (HAKTOPOB HA cTparerndyeckue uenu (Tadm. 3).
Tabnuua 3
Pe3ynbTaThl OLEHKU BNUSIHUSA KpUTEpueB
Table 3
Results of the evaluation of the impact of the criteria

111 112 113 114

A 0,07 0,25 0,06 0,08

B 0,12 0,07 0,21 0,15

C 0,1 0,07 0,21 0,23

D 0,2 0,18 0,17 0,05

E 0,21 0,21 0,04 0,05

F 0,1 0,06 0,27 0,22

G 0,2 0,16 0,04 0,22

3. UroroBas MaTpuiia BAUSAHUS MH)XMHUPUHTOBBIX PELICHUH HA KPUTEPUH KOHKYPEHTOCIIOCOOHOCTH
oTpakeHa B TalJI. 4.

92 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2021, vol. 21, no. 3, pp. 90-99



Bekupoea O.H., Bapkanoe C.A.,

AppekmueHOCMBb UHXUHUPUH2a 8 hopMupo8aHUU

TpughoHoea M.C. KOHKypeHmocrnocobHocmu cmpoumersibcmea
Ta6bnuua 4
ManI/ILl,a BITNAHUA NHXUHUPUHTOBbLIX pemeHMﬁ
Ha KPUTEepPUM KOHKYPEHTOCNOCOGHOCTH
Table 4
Matrix of the impact of engineering solutions
on the competitiveness criteria
A B C D E F G
NP1 0,4 0,3 0,25 0,4 - - -
P2 — — 0,25 — 0,5 0,35 0,4
NP3 — — 0,3 — - - -
P4 — — 0,15 — — 0,4 —
P35 — — — — 0,5 0,25 0,6
HnP6 0,6 0,2 — 0,1 - - -
np7 — 0,3 — 0,5 - - -
P8 — 0,2 0,05 — - - -

[lonyunB oneHKY, Ha €€ OCHOBE ONpEeAEINM CyMMapHYI OLEHKY mo ¢opmyie (1) u paccunraem
CyMMapHO€ BIHsIHAE (PaKTOPOB Ha BHIMOJHEHUE MUCCHH — TIOBBIICHHUST KOHKYPEHTOCIIOCOOHOCTH [7]:

m
= S, 0
J
rmme i =1,2,3,...,n
j=1,2,3,...,m
W. — Bec i-ii aIbTepHATHUBBI;
W, — Bec i-il albTEPHATHBBI 110 OTHOLICHUIO K j (haKTOpy;

W; —Becj dakropa;

Pesynbratre! pacueToB npencrasieHsl B Ta0un. 5. Haubonbiryro oneHKy BecoB noixy4min ¢pakTopsl D,
F u C: ypoBeHb COOTBETCTBHS MHBIM BKyCaM M MPEANOYTEHUSIM MOTPEOUTENEH, COOTBETCTBHE HCIIONb-
3yeMOI TEXHOJIOTUH KOHKYPEHTHBIM TPEOOBaHUSAM U CPOKH BBIIIOJIHEHHSI COOTBETCTBEHHO.

Tabnuua 5
OnpeaeneHne CyMMapHOro BNUAHUA akTopoB
Ha KOHKYPEeHTOCNOCOGHOCTb CTPOUTENbHbLIX NPeAnPUATUA
Table 5
Determination of the total impact of factors
on the competitiveness of construction enterprises

daxTop CreneHb BIUSHUS
A 0,139
B 0,139
C 0,145
D 0,165
E 0,126
F 0,164
G 0,122

AHaJOTUYHO OIpPEeeNInM CYMMapHOE BIIMSHYAE WHXUHAPUHTOBBIX PEIICHNH Ha KOHKYPEHTOCIIOCO0-
HOCTbh CTPOUTENBHBIX NPeANpUsATHii (Tad. 6).

[IpoBenéuHbIil aHaMKU3 MOKa3bIBACT, YTO HaubOoyiee BaXHBIMU P cTpouTeabHBIX OOBEKTOB SB-
nsrorest Ne 2, 1, 5, KOTOpBIE BIHSIOT MPAKTHYECKU HA BCE PACCMOTPCHHBIE KPUTEPUU KOHKYPEHTO-
CIOCOOHOCTH.

Takum 00pa3oM, Ha OCHOBE NMPOU3BEAEHHBIX PACYETOB €CTh BO3MOXKHOCTH BBIJEIUTH KIFOUEBHIC
kputepun u WP, Biustonye Ha TOCTIKEHNE KOHKYPEHTOCIIOCOOHOCTH CTPOUTEIHHBIX MPEATIPUATHIA C
LETBIO MOCIEeIYIOUIEr0 UX COBEPIICHCTBOBAHUSI.
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Ta6nuua 6
OnpeaeneHne CyMMapHOro BAMAHUA UHXUHUPUHIOBbIX peLleHUi
Ha KOHKYPEeHTOCNOCOGHOCTL CTPOUTENbHbIX NpeanpUATUn
Table 6
Determination of the total impact of engineering solutions
on the competitiveness of construction companies

®dakTop CTerneHp BIUSHUS
WP 1 0,19955
P 2 0,20545
HP 3 0,0435
UP 4 0,08735
WP 5 0,1772
P 6 0,1277
P 7 0,1242
NP 8 0,03505

PemuM 3aauy MHOTOKPUTEPHAIBHOM ONTUMU3ALMHM. PaccMOTpHM Ha NPAaKTHYECKOM IpUMEpPE
npeAsaraeMbplii aBTOPOM aJIropuTM 0TOOpa HanboJee ONTUMAIBLHOIO C TOYKH 3PEHHUS] KOHKYPEHTOCIO-
COOHOCTH CTPOMTENIFHOTO MPEANPHUATUS U3 Psiia IPyruxX Ha OCHOBE HCIIONB30BaHUS METONA aHANM3a
uepapxuit Tomaca Caaru [8-10].

1-i1 aran — opmupoBanue 1enu. [[pUMEHUTENHFHO K TPAKTHUECKOMY MPHUMEPY IeNbIo OyAeT sB-
JSITBCS BBISIBICHUE HanOojee ONTHMAIBHOTO (C TOUKU 3PEHHs] KOHKYPEHTOCIIOCOOHOCTH) MPEANIPHUSITHS
U3 psga paccMOTpeHHbIx [11, 12].

2-# 3Tam — omnpezereHNe cocTaBa KpUTepHUeB OLCHKH. B aHHOM citydae paccMmarpuBaroTcs (hakTo-
PBI CIIpoca U MPeIOKEHUS U 3asiBIIEHHBIE K HUM KPUTEPUH (CM. PUCYHOK).

3-11 aTam — pacyet kpuTepues 1o kaxaoil CO 1 npuBeNeHNE X K OTHOPOJHOMY BHIY JAHHBIX.

Hopmanusauus kpureprueB HeoOxoauMa AJisl IpeoOpa30BaHuUs BCEX paCCMaTPUBAEMBIX KPUTEPUEB C
IeJIbI0 MPUOOPETeHNS HauOObIIIEeH ICHOCTU B OCTAaBICHHO 3a1a4e BEIOOpA.

HopmanuzoBanHble 3HaUYEHUS] KPUTEPHUEB UIA Ka)XIOTO ajJbTEPHATUBHOTO BapuaHTa OpraHU3alliH
(01, 02, 03, O4) npusenens! B Tad1. 7. Pacder ocymiectsieH ¢ npuMeHeHneM Gopmynst (1).

Tabnuua 7
HopmanusoBaHHble 3Ha4YeHUs KpuTepues
AnA anbTepHaTUBHbIX BAapnaHTOB
Table 7
Normalized values of criteria for alternative options
A B C D E F G

0Ol 0,105 0,633 0,191 0,14 0,214 0,579 0,344

02 0,638 0,084 0,338 0,685 0,142 0,108 0,289

03 0,256 0,083 0,471 0,175 0,644 0,211 0,367

4-i1 sTam — onpeneneHNue AepeBa Leled U MOCTpoeHne MaTpulsl npuoputeToB [13, 14]. B nanHOM
cllyyae epeBo Lejel OyaeT MMETh CIEAYIOIIYI0 CTPYKTYPY CBEPXY BHH3: BBIOOD ONTUMAIbHON OpraHu-
3alUU — KPUTEPUU KOHKYPEHTOCIIOCOOHOCTH — BapHaHTHI BbIOOpa (TIPEANPUATHA-KOHKYPEHTBI).

Hcnone3ys MeTo]] apHbIX CPaBHEHHI, MBI TTOJTy4aeM 00paTHO CUMMETPHUYECKYIO MaTpPHILY.

OnementoM Matpuisl a(l, J) sBAsSeTCS MHTEHCUBHOCTD MPOSIBICHUSA 3I€MEHTa HepapXuu / OTHOCHU-
TEJIHO DIIEMEHTA UEPapXUH j, OLICHUBaeMas 110 IIKaJIe HHTEHCUBHOCTH B Ta0I. §.

Tabnuua 8
®dparMeHT WKanbl oueHMBaHus Caatu
Table 8
Fragment of the Saati assessment scale
1 PaBHas BaxKHOCTH
3HaueHue mexay 1 u 3
3 YMepeHHO€e TPEBOCXOICTBO OJAHOTO HAJl IPYTUM
9 HauGomnpiiee mpeBOCX0ICTBO OJJHOTO HAJl APYTUM
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Ecnu nipu cpaBHeHHH OHOTO (hakTopa i ¢ Apyrum I, monydvaercs 3Hadenue a(i, j) = b, TO IpU CpaB-
HEHHU BTOPOTo (akTopa ¢ MepBbIM NonydaeM a (f, i) = 1/b. TlonyueHHas MaTpuUIla MPUOPUTETOB MPUBE-
JieHa B Ta0ir. 9.

Tabnuua 9
UTtoroeas matpuua
Table 9
The final matrix
Kputepuit A B C D E F G
A 1 3 0,25 0,5 5 3 1
B 0,33 1 0,2 0,33 1 2 0,5
C 4 5 1 0,5 6 6 2
D 2 3 2 1 6 6 3
E 0,2 1 0,16 0,16 1 1 0,25
F 0,33 0,5 0,16 0,16 1 1 0,33
G 1 2 0,5 0,33 4 3 1

OTHOCHTENPHOE 3HAYCHHE KXKIOTO KPUTEPHS 10 OTIEITHHOCTH B pacCMaTpUBaeMOW UepapXuu OIl-
penemnseTCs OLEHKOH COOTBETCTBYIOIIEIO €My JIEMEHTa COOCTBEHHOTO BEKTOPa MATPHUIIbI IPUOPUTETOB,
HOPMaJIM30BaHHOTO K €IMHULIC.

Pacyer coOCTBEHHBIX BEKTOPOB MATPHIIBI OCYIIECTBISETCS IyTEM BBIUMCIICHUS CPEIHETO TeOMET-
PHUYECKOTO IO KaXKJIOU CTPOKE MATPHIIBL:

- 1j
Xl-—(A“xAlzxABxAl-j) , 2)
rae X, — COOCTBEHHBIH BEKTOpP MaTPHIIbI IPHOPHUTETA;
A;; — YMCIICHHOE 3HAYCHHUE MATPULIBI IIPHOPHUTETA [~ CTPOKH j-r0 CTOIOuA.

Takum oOpazoM, B Ta0x. 10 mony4eHsl pacueTHBIC 3HAUCHHS BEKTOPa IPUOPHUTETA KPUTEPUEB.

Ta6nuua 10
[aHHble BeKTOpa NpMopuTeTa No KaXaoMy KpUTeputo
Table 10
Priority vector data for each criterion
N HopmanuzoBanHbie
Kpurepnit Bextop mpuopurera
K €IMHULE 3HAYEHUS BEKTOpA

A 1,279854 0,139
B 0,580533 0,063
C 2,559708 0,278
D 2,783927 0,302
E 0,39067 0,042
F 0,396594 0,043
G 1,219014 0,132

IToce mpom3BOAMTCSA pacueT TIOOANBHBIX MPUOPUTETOB KAXKIOTO M3 BapUaHTOB 1o ¢opmyre (1),
pe3ynbraThl B Ta0. 11.

Ta6bnuua 11
PacyeT rno6anbHbIX NPUOPUTETOB KaXaoro M3 BapuaHTOB
Table 11
Calculation of global priorities for each option
Kpurepuit N
A | B | C | D | E | F | G I'mo6anbHbBIN
IIPHUOPUTET
YucleHHOe 3HAYCHHE
0,139 0,063 0,278 0,302 0,042 0,043 0,132 o1
0,105 0,633 0,191 0,14 0,214 0,579 0,344 02
0,638 0,084 0,338 0,685 0,142 0,108 0,289 03
0,256 0,083 0,471 0,175 0,644 0,211 0,367 04
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Ha ocHoBe monmy4YeHHBIX TaHHBIX ONTHMAaJIbHOW C TOYKH 3PEHHSI KOHKYPEHTOCIIOCOOHOCTH CIIEMYeT
cuntarhk Opranuzanuto 2 [15].

BriBoaBI

[pennoxenHast MeToquKa pa3paboTaHa Uil POCCUHCKMX CTPOUTEIbHBIX KOMIAHWUH, (QyHKIIMOHU-
PYIOIIUX B COBPEMEHHBIX SKOHOMUYECKUX YCIOBUAX. OCHOBOM AJIsl CO3MAaHUS METOAUKH MOCITY>KHJI OTe-
YEeCTBEHHBIN W 3apyOeKHBIN OMBIT B 00JACTH yNpaBleHUS KOHKYPEHTOCIIOCOOHOCTBIO CTPOMTEIBHBIX
KOMITaHUM, a TakKe NPUBIEUCHHE M3BECTHBIX METOJOB, HHCTPYMEHTOB M 3KOHOMHKO-MaTEMAaTHYECKUX
MoJeNIel A peleHrs NPUHIMIINAIBHO HOBOTO Kilacca 3a1ad.

B pamMkax 3agaHHBIX Liesiel ObLIH PELICHBI CIICAYIOIUE 3aJa4H:

® JIOTIOJTHEHBI (PaKTOPBI M KPUTEPUU KOHKYPEHTOCTIOCOOHOCTH CTPOUTENBCTBA,;

 OTIpe/ieNieHbl KIII0UeBble KPUTEPUU U3 psAlia PACCMOTPEHHBIX;

® HalifieH 00U PEHTHHT IO KaXXKIOMY KPUTEPHIO;

® [IPOBE/JICHA OLIEHKA BIMSHMS LIEJE€H OpraHu3anny Ha €€ MUCCHUIO;

® METOIOM aHAJIM3a HepapXHil ONpeeNEH aaropuTM HAeHTHGUKAK Hanboiee KOHKYPEHTOCIOC00-
HOW OpraHu3aIliy U3 psiia PACCMOTPEHHBIX.

BrinmonHenHoe uccneoBaHUe Tak)Ke MO3BOJISET CAENaTh CIEeIyIOIIUN BBIBOJ: YCIIEITHOCTh pPa3BU-
THS CTPOUTEIBHOM OTPACcIM BO MHOTOM OIPENENAETCsS YPOBHEM pa3BUTUS MH)KHHUpHHTA. [losTOMy pea-
JU3a1Hsl CTPOUTEIBHOTO MPOEKTa JOIKHA OCYIIECTBIATHCS C YIETOM CTPATErHUeCKUX LeNnel opranusa-
MU U MPUBA3KH K KIIFOYEBBIM KPUTEPHSIM M HHKMHUPHUHIOBBIM PELICHHSIM, BIUSIOIIMM HA KOHKYPEHTO-
CHOCOOHOCTH CTPOUTEIIHCTBA.
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EFFICIENT ENGINEERING IN DEVELOPMENT
OF CONSTRUCTION SECTOR COMPETITIVENESS
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M.S. Trifonova, marichterrr@gmail.com

Voronezh State Technical University, Voronezh, Russian Federation

The COVID-19 pandemic has really become a real shock for the whole world. The way of life
has changed not only for people, but also for companies in various industries. Today, the real estate
market, like many other industries, is in conditions of economic instability. The study highlights
the problems faced by the construction sector in the current conditions of the coronavirus pandemic.
One of these problems is the sustainable competitiveness of construction and its compliance with
new consumer preferences. Aim. The study of the influence of engineering solutions and other fac-
tors on the competitiveness of construction in modern economic conditions, the definition of key crite-
ria. Development and description of the decision-making methodology for choosing the optimal con-
struction enterprise from the point of view of competitiveness. Materials and methods. The methods
of system analysis, optimization methods, hierarchy analysis and decision theory are applied in
the work. Within the framework of the proposed methodology, the author's method of identifying
key competitiveness criteria has been developed. Since the problem of choosing the optimal solution
from among the alternatives is based on a multi-criteria approach, the use of this method is quite ap-
propriate. The template for the formation of the methodology was identified based on the analysis of
existing research in this area. Results. The author summarizes and supplements the criteria and fac-
tors affecting the competitiveness of construction organizations in the study. The author's method of
making a decision on determining the optimal construction enterprise from the point of view of

BecTHuk HOYplY. Cepus «<KomnbioTepHble TEXHONOrMK, ynpaBreHue, PaauoaneKkTPoHUKay. 97
2021. T. 21, Ne 3. C. 90-99



anaBneHMe B coOUuMnaribHO-3AKOHOMUNYECKUX cuctemax

competitiveness based on the criteria considered by the author is presented. This technique includes
several stages: 1) forming a goal; 2) formation of criteria by which organizations will be evaluated;
3) calculation of criteria for each organization and bringing them to a homogeneous type of data;
4) building a tree of goals and a matrix of priorities; 5) Determining the values of priority vectors for
each organization under study. Conclusion. The total influence of criteria and engineering solutions
on the competitiveness of construction is determined. In this regard, the implementation of the con-
struction project should be carried out taking into account the strategic goals of the organization and
binding to the identified criteria. The proposed methodology is developed for Russian construction
companies operating in modern economic conditions.
Keywords: classification, construction, management, competitiveness, engineering.
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MOJAEJIb NOBbIWWEHUA 3PPEKTUBHOCTU NPOLIECCA
OBYYEHUA NEPCOHAJIIA HA PABOYEM MECTE

O.C. lNepesanosa, C.A. bapkanoe, H.FO. KanuHuHa, [.H. Bampakoea
BopoHexckuli ecocydapcmeeHHbIl mexHu4eckul yHusepcumem, 2. Boporex, Poccusi

B pabote paccMOTpeHBI HEKOTOpBIE AaCIEKTHl YIPaBICHHS IPOLIECCOM HACTaBHUYECTBA, a
MMEHHO CTUMYJIMPOBAaHHE TpyJa HAaCTaBHHKOB. B 3TuX meimsix moxpoOHO paccMaTpuBaeTcs MOZAETb
OLICHKH 00y4YeHHs IIepCcoHaNa, MPOXOAAIIero B (popMe HaCTaBHUYECTBA — OJHOW M3 Hauboslee MoIry-
JIIpHBIX (hopM oOydeHus Ha paboueM Mecre. Ilerb mccieqoBaHMsA 3aKIIOYaeTCs B pa3paboOTKe
3¢ PEKTUBHON MOJENN CTUMYJMPOBAHUS HACTAaBHHKOB, NPUMEHEHHE KOTOPOW JOJKHO IOBBICHUTH
3¢ PEKTUBHOCT YIPaBICHUS X JESTEILHOCTHIO, TaK KaK 3Ta MOAENb NPE/IoiaracT He TOJIbKO Ha-
JTaxuBaHUe >PPEKTUBHON cucTeMbl HaJ0aBOK M JOIUIAT HACTaBHUKAM, HO M CHCTEMY OIICHOK BBI-
MOJIHSIEMBIX IepCOHAIOM 00si3aHHOCTeH. MaTepuaJibl M MeToAbl. OLeHKy 00y4YeHHs IUTAaHUPYETCs
MPOBOIUTH MO CIEAYIOIIMM HAIPaBICHUAM: KOPHOPATHBHBIE KOMIIETCHLIMH; MpOodecCHOHATbHBIE
KOMIIETCHIINY U BBITIOJHEHNE YCTAaHOBIEHHOIO IUIaHa. [l ATOTO mpenjiaraeTcsl UCIONIb30BaTh Me-
To1l «360 TpaxycoBy, HEMOCPEICTBEHHBIH OCMOTP U Apyrue MeToAsl cOopa MHPOPMALUU B 3aBUCH-
MOCTH OT MU3MEpsAEMBIX Tokasareneil. Ilo uToraMm mpoBefeHUS OLEHUBAHUS MPEIIOIaraeTcsl MoIy-
YeHHEe KOMIUIEKCHOI OIIEHKM HAaCTaBHHYECTBA, KOTOPAas MOXET OBITh MCIIOJNb30BaHa JUII KOPPEKTH-
POBKHM IpoLeypsl HACTaBHUYECTBA. TakKe HTOrOM MOTYT OBITh KOMIUICKCHAsI OLICHKA YUCHHKa, KO-
TOpast IEMOHCTPUPYET pe3yJIbTaThl 00Y4YEHHs, 1 KOMIUIEKCHAsl OLIEHKAa HACTaBHHUKA, KOTopas Oyner
HCTIONIb30BaHA ISl CO3/1aHMs MOJEIH CTHUMYJIMPOBaHMS HAacTaBHUKOB. [ ¢popmupoBanus 3¢ dex-
THUBHOW CHCTEMBI HACTABHMUYECTBA IIPEIUIAraceTcsl CIeiaTh pa3Mep HaJl0aBKH 3a HACTaBHUYECTBO
JUHAMUYHBIM, T. €. HAIPSIMYIO 3aBUCSIIUM OT pPe3yIbTaTOB HACTABHUUYECTBA — KOMIUIEKCHOW OLIEHKU
HacTaBHUKA. [locTpoeHne KOMIUIEKCHON OLIEHKH MPOLEAYpbl HACTaBHUUYECTBA NpEANaracTcs ¢ Imo-
MOIIBI0 AJJUTUBHON CBepTKH KpurepueB. PesyabTarbl. MTak, CyTh JHHAMHYHOCTH HaJ0aBOK
HACTaBHUKOB 3aKJIIOYAETCS B CleAyromeM. Bo-mepBbIX, HaCTaBHUK OyAET IOJydaTh BECh IEpHOJ
HACTaBHUYECTBa (PUKCHUPOBAHHYIO KOMIICHCHPYIOIIYIO Ha/10aBKy. Bo-BTOpBIX, HAaCTaBHUK OyJeT mo-
JTydaTb CTUMYNHPYIOLIYI0 Han0aBKy. Ee BeqHMuuHy mpeasaraercs ONpeAeiiTh Kak JOJI0 OT OKJIaja
HACTAaBHUKA, TJe OIS OINpeeNnseTcs] KOMIIJICKCHOH OIEHKOW HTOTOB IPOIeTyphl HACTABHUYECTBA,
KOTOpBIC HANpsMYIO OyAyT 3aBHCETh OT BKJIaJa HACTABHUKA B 3TOT mpouecc. 3akiaodenue. [Ipen-
MOJIAraeTcs, 4TO BHEIPEHUE MPENI0KEHHON MOAEIN B NPAKTUKY yNpaBJICHUs MPOLEeNypol HacTaB-
HHYECTBA IOBJICYET IOBHILICHUE €€ PE3yJIbTaTUBHOCTH M CHIKEHHE (POPMAIBHOCTH, YTO 3a4acTylo
HaOJogaeTcs Ha IpaKTHKE.

Kniouegvie crnosa: nacmagnuuecmeo, oyenka nepconand, Ha0oaeka, Crmumyauposanue, Kpume-
puu, a0OUmueHas cepmia.

Beenenue

Hust coznanus > EeKTUBHON CHCTEMBI CTUMYJIHPOBaHMs HEOOX0MMa, KaK y)Ke OTMeUallach paHee,
IMOJTHOLICHHAasA BCCCTOPOHHSA OLICHKA BLINIOJHCHUA IIEPCOHAIIOM CBOUX (I)YHKIH/IOHEUIBHBIX 065[33HHOCTCI>'I,
a B HAIlleM ClIy4yae — BBINOJHEHNE (YHKIHOHATBHBIX 00s13aHHOCTEH HacTaBHUKaMu. OTMETUM, 4TO Ja-
Jee peyb OyAeT UITH UMEHHO O pa3paboTKe CUCTEMbI CTUMYJIMPOBAaHUS HACTABHUKOB.

[Ipu pa3paboTke CUCTEMbI CTUMYJIMPOBAHUS HACTABHUKOB B OPTaHM3aIlUHM BCETIa PEHIAIOTCS pas-
JMYHBIE BOIPOCHI, O0YCIOBJICHHBIE HEKOTOPHIMU (pakTOpaMHu. A MMEHHO, HalpHUMeEp, MaTepHaIbHBIM
COCTOSIHUEM OpraHHM3aluH, B KOTOPOH OylIeT MpOBOAMUTHCS HpoueAypa HacTaBHHUecTBa. CTOUT 3ame-
THTb, YTO HEOONBIINM Opranuv3anuiaMm MOXKET OKa3aThbCAa HE IO CUITY OINIaYMBaTh pa60Ty HAaCTaBHHUKOB.

CrenyonM HEMaOBXXHBIM (PaKTOPOM SIBIISIOTCS IPUOPUTETHl B OPraHU3allMOHHOW KYJBTYype
KOMITaHUH U cdepa ee nesrerabHocTd. Kommanuy, mapagurmy KOTOPBIX MOXHO BBIpa3uTh (pazoil «or-
Jata 1o pe3ylbTary», OyayT 00s3aHbl BBECTH OIUIATY JJIs HACTABHUKOB, HHAYE 3Ta MpoIeaypa He OyaeT
BOCIIPHHSTA €€ COTPYJHHKAMH KaK CIIeTyeT.

Eme onqauM HemManoBakHBIM (akTOPOM SBJISIETCSl HACBILICHHOCTh IeHCTBUI B 00JacTu Habopa nep-
COHAJIa M YacTOTa CBSI3aHHBIX C 3THUMHU JeficTBUsIMHU MeponpusTuil. IIpun yactom Habope HOBUYKOB, KO-
TOPBIC GYI[YT HYXJATbCd B HACTaBHHUKAX, MOXET CJIOKHTLCA CHUTYyalus, 4YTO IIEPCOHAJI, BBIHO.HHHIOHII/Iﬁ
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KanunuHa H.1O., Bampakoea [.H. ob6y4eHusi nepcoHana Ha paboyem mMecme

(YHKLIMY HACTaBHUKOB, HE OyleT yCIeBaTh BBINOJIHATH CBOM NPsAMBIE 0053aHHOCTH, COOTBETCTBYIOIINE
JOJKHOCTH, U 3TO OTpas3uTcs Ha ero 3apabotHoii miare. [loaToMy pyKOBOACTBY KOMIIAHUHU CTOHUT IIOM-
HUTh, 4TO 0€3 JAOMOJHUTEILHON OIUIAThl (PYHKIIMH HACTABHUKOB OHM HE OyIyT 3aUHTEPECOBAHBI B 3TOM
npoiiecce, 0cOOEHHO MPH BEICOKOW MHTEHCHBHOCTH Ha0Opa COTPYTHUKOB.

OTcyTcTBHE OIUIATHI €CTECTBEHHBIM 00pa3oM OyAeT AeMOTUBHPOBATH HACTABHHKOB, TaK KaK 3TOT
mpornecc TpeGyeT CYHCCTBECHHBIX BPEMCHHBIX, SMOIMOHAJILHBIX 3aTpaT, OTPBIBACT MX OT BBLINNOJHCHUA
OCHOBHBIX MPO(ECCHOHATIBHBIX 00s13aHHOCTeH. W Haneko He Ha KaXKIOM MPEANPUITHH ChOPMUPOBAIach
OpTraHU3allMOHHAS KyJIbTYpa, B KOTOPOH MpOllecC HACTAaBHUYECTBA MO3ULIMOHUPYETCS KaK Cepbe3Has
nporenypa, Tpedyromas 00ibpIIoro BHUMaHUA U cepbe3Hoi npopabotku [1]. IlosTromy Kk Bompocy pas-
pabOTKU CHCTEMBI CTUMYJIOB CTOUT IOJOUTH C OOJBIIONW CEPhEe3HOCTHIO W OTBETCTBEHHOCTHIO, YTOOBI
HACTaBHUKM HM3HAYaJIbHO OBUIM 3aMOTHBHPOBAHBI €0 Ha KayeCTBEHHYIO paboTy, Ha JOCTHXKEHHE IO-
CTaBJICHHOW e — OOydeHHE YYEHHKOB TpeOyrommMcs NpodecCHOHATbHBIM HAaBBIKAM U TPYAOBBIM
(mpotheccroHaIbHBIM) ¥ KOPIOPATUBHBIM KOMIICTECHITHSIM.

Croutr IIOMHHTB, YTO MaTCPpUAIbHOC CTUMYJIUPOBAHUC HACTABHUKOB MOXCT IIPHUBCCTU K TOMY, YTO
OyzneT notepsiH HeOpMaNbHBIN 3J€MEHT OOIIEHUS] HACTABHUKA C YUYCHUKAaMH, YTO €lIe Pa3 MOJUYEPKH-
BAaET, YTO NPH pa3pabOTKe TOM CUCTEMbI HYKHO OBITh OYEHb aKKypaTHBIM, YTOOBI coOIrOCTH OanaHc
uHTepecoB. He crout 3a0biBaTh, YTO MpH pa3pabOTKe CUCTEMBI CTUMYJIMPOBAHUS HACTABHUKOB HY>KHO
Y4YeCTbh HHTEPECHI U PyKOBOJICTBA OpraHU3alM1, KOTOpoe OyaeT (MHaHCHUPOBATh 3Ty cucTeMy (Tadm. 1).

Ta6nuua 1
MHTeperl Y4YaCTHUKOB CUCTeMbl HacTaBHU4YeCTBa B opraHmsauum
Table 1
Interests of participants of the mentoring system in the organization
No YYacTHUKH CHCTEMBI
WNurepecs
/1 HacTaBHUYECTBA
1 HacraBunk Komnencanus nepepacxona TUYHBIX PECYpCOB
Y4eHuKn KauecTBennoe o0ydenune
DddexTuBHOE pacxogoBaHue PUHAHCOBBIX PECYPCOB
3 PykoBoacTBO opranuszanuu SKQ;§OMI/I$[ p A b pecypeos,

Cy1ecTByeT MHOKECTBO BapMAHTOB CTUMYJIOB MaTEPHAIIBHBIX U HEMAaTEpHUAIIBHBIX.

K nanbonee 4acTo npuMeHsIEMbIM MaTepUATFHBIM CTUMYJIAM HACTABHUKOB MOKHO OoTHeCTH [1]:

— MOCTOSIHHBIEC AOIUIATHl K OCHOBHOM 3apabO0THOM Iu1aTe B pa3Mepe NPUMEPHO MATH MPOLEHTOB OT
OKJIaza;

— (pMKCHPOBaHHBIE JIOTIATHI 32 KaXIOTO YYEHUKA B pa3Mepe OT JECATH 0 MATHAIIATH MPOIIEHTOB
OT OKJIaJ1a;

— (pUKCHPOBAaHHBIE IOMJIATHI 32 KAXKIOTO YCIIEHIHO MPOLIEIIIEro aTTeCTaluio yYeHHKa (pa3Mep 10-
IUIaTHl B TOM K€ IMANa3oHe, YTO U B MPEIBIYIIEM BapUaHTe);

— (UKCHPOBaHHBIE MMHOBPEMEHHBIE TIPEMHH IO UTOTaM TOjia MJIM KBapTaya MPU YCIOBUU YCIICHI-
HOM aTTecTalliyl YYEHHUKOB;

— JIbTOTHBIE KPEIUTHI JTYUIINM HACTABHUKAM U T. II.

K HemaTtepuanbHBIM CTHUMyJaM MOXHO OTHECTH MHOXKECTBO PAa3JMYHBIX BapHUAHTOB IPOSBICHHUS
«KOPITOPATUBHOW ONaroapHOCTH», KOTOPast MOXKET MPOSBIISATHCS B Pa3HbIX (opmax. 31ech MOKHO BbI-
JEJINTh 1B€ OCHOBHBIE TPYIIIBL: JACHEKHBIE W HeJeHeXkHbIe. K TeHEKHBIM OTHOCATCS CIEAYIOIIUE yC-
JIOBHO HeMaTepHaJbHbIe CTHMYJIbI: YBEJIMUEHHE pa3MepoB couuaibHoro nakera u JAMC; BoiaeneHue
JIOTIOJIHUTENILHOTO TEePHOa OTITYCKa; MPeI0CTaBIeHHE MTpaBa MOJIb30BaHUs MaTepUAIbHBIMU PECYpCcaMu
KOMITaHUH (HE B JIMYHBIX LIEJSIX); 00ydeHne mepcoHana u ap.

K HeneHe)XHBIM MPOSBICHUAM KOPIOPATUBHOM JIOSAJIBHOCTH OTHOCATCS: MPENOCTaBICHNUE BO3MOXK-
HOCTH Y4acTBOBAaTh B Pa3pabOTKe W MPUHATUH PEIICHHUH B OTHOIICHUH Pa3BUTHsI KOMIIAHWY; 3aHECEHHE
B KaJIpOBBIH Pe3epB; MOBBILICHUE KATETOPHH COTPYAHUKA; WHPOPMALUS O JOCTHKCHUAX COTPYIHHKA,
pasMelIeHHas C TIOMOIIBIO PA3JIMYHBIX CPEICTB U B Pa3lIUYHbIX (opMax, a TaKkKe Apyriue BUIAbI IpU3Ha-
HUS 3HAYUMOCTH COTPYTHHUKA JJIsi KOMITaHUH.

CTOUT OTMETHUTB, YTO KKOPIOPATUBHAS OJIArOJIAPHOCTEY OyIET EHUTHCS TOJIBKO B TE€X KOJUICKTH-
BaxX, KOTOPbIE UMEIOT CHJIBHYIO H IIPaBUJIBHO» OPUEHTHPOBAHHYIO OPraHU3ALMOHHYIO KYJIBTYpY, T. €.
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COOTBETCTBYIOIIYIO LIEJISIM, MUCCHH KOMIAHWW W BUJACHHUSM €€ BiajenblieB. B kommaHusx co ciaaboi
OpraHU3aIMOHHON KyNIbTYpOl 3¢ (HEeKTHBHBIMH OYAYT TOJIBKO MaTepHaibHbIe CTUMYIHI [2].

Jnist kX101 KOHKPETHOH OpraHu3aliiy MpH pa3padoTKe CHCTEMBI HACTABHUYECTBA BAXKHO CKOMITH-
JMPOBATh UX TAaKUM 00pa3oM, YTOOBI pe3yabTaThl HACTABHUYECTBA YAOBJICTBOPHIIM BCE 3aMHTEPECOBAH-
HbIE CTOPOHBI U NIPUBEJIH K XKEJIAEMOMY PE3yJIbTaTy.

1. Onucanue nogxona

Hnst dopmupoBanus 3G(GEKTUBHON CUCTEMBI HACTABHUYECTBA C YYETOM M3YyYEHHOrO ombITa [3, 4]
npeaaraeTcs cienaTh pa3Mep Hag0aBKU AMHAMHYECKHM, T. €. HANPSMYIO 3aBUCSIIUM OT PE3yJIbTaToB
HAaCTaBHUYECTBA — KOMITJIEKCHOW OLIEHKH CHCTEMbI HACTAaBHUYECTBA.

Urak, BO-miepBhIX, HACTABHUK OYyJIET MOJy4aTh BECh IEPUOJi HACTABHUYECTBA (PHUKCHPOBAHHYIO
KOMITEHCHPYIOILIYIO MM CTUMYJIMPYIOIIYIO HanOaBKy. Beioop Tuna HanbaBku onpenenseTcs opraHusa-
e, UCXOS U3 €€ UTOrOBOM BemudIuHbBI U ycimoBuit HK PO [5].

Pazmep xommeHcupytomel HanqOaBKu OMpeaemsieTcs, ucxo s u3 nojaoxenuid TK PO [6] 06 ycioBu-
sIX pabOThI, OTKJIOHSIOLIUXCSI OT HOPMAJIBHBIX. 34€Ch KIFOUEBBIM MOMEHTOM SIBIISICTCS BPEMsI, OTBE/ICH-
HOE Ha NpoLEeaypy HACTaBHUYECTBA, TAK KaK €ro pasMep OyleT NPUHAT 32 BHEYPOUHOE BpEeMsi, KOTOpoe
OyzeT onpeaessTh pa3Mep HanoaBku [7].

Ecmu xe ata HajbaBka OyZeT OTHeCEHA K CTUMYJIMPYIOIINM, TO OpraHU3alisl CAMOCTOSITEIBHO 3a-
JaeT ee pazMmep. 31ech YMECTHO ObUIO Obl OTTOJKHYTHCS OT BEIMYMHBI MPOKUTOYHOTO MUHUMYMA, YTO
HaTJISHO IEMOHCTPUPOBAIIO OBl €€ 3HAYNMOCTh C 3KOHOMHYECKOM TOUKU 3PEHHUSL.

Bo-BTOpBIX, HACTAaBHHUK OYZET MOJy4aTh CTUMYJIMPYIONIYIO HanbaBKy. Ee BenmuuuHy mpejaraercs
ONpEAETATh KaK JIOJII0 OT OKJIaAa HACTaBHUKA, KOTOPas ONPENENIeTCs] KOMIUIEKCHOM OLEHKON MTOroB
MPOLEAYPHI HACTABHUYECTBA, HAIIPSIMYIO 3aBHCAIIMX OT BKJIaJa HACTABHUKA B 3TOT IPOIIECC.

To ecTh MAKCUMU3UPOBATh UTOTOBYIO HaN0aBKY H,or MOXKHO OYJET 3a CHET YBEJIMUYCHUSI CTHMYJIH-
pytoieit HanOaBKu Heyyy, @ AJ151 STOr0 HEOOXOIMMO Ka4eCTBEHHO BBINOJHSTH CBOU 00s3aHHOCTH (pHC. 1).

1 MecIg . H onn —
2 mecan . H . oun
sveont | @) H o

®

L J

[ ]
—
1 MEeCq1] . H};QMH + Hcrpm

r1e H 7o — HTOTOBAS TIPEMHA,

H oy — KOMTIEHCHPYIOTIIAA HanmbaBKa (1-ro Tma);
H .1 — cTHMYTIHpYFOIIAS HA10aBKa (2-T0 THIA);
7 — TIepHOJ HACTABHUYECTBA, B Mec.

~ HHIOr:n*HKOLIH+HCTPDI

Puc. 1. Cxema nony4yeHus Haa6aBoOK HaCTaBHUKOM
Fig. 1. Scheme of allowances for the mentor

[ToapITOXMM CKa3aHHOE BBIIIE: HACTABHUK BECh MEPHUOJ HACTABHUYECTBA OyJeT MoJydaTh KOMIICH-
CHPYIOIIYIO €T0 JIOTIOJIHUTEIbHBIC 3aTpaThl BpeMEHH Hal0aBKy, a [0 3aBEPUICHHUIO MPOIEeIyphbl HACTAB-
HUYECTBAa — CTUMYJIMPYIOIIYI0 HanbaBky. [Ipeamonaraercs, 4ro mepBas AOJDKHA MOJIHUTHIBATE €TO 3a-
MHTEPECOBAHHOCTh BECh MEPHO/ HACTABHUYECTBA K BBIOJHEHHIO CBOMX 00s3aHHOCTEH Hambosee Kaye-
CTBEHHO C IEINbIO MOMYyYUTh, BO3MOXHO, IENBIH OKJIaJ MO 3aBEPUICHUIO MPOIEAYPbl HACTABHUYECTBA
(BTOpas HamOaBKa).

CToUT OTMETHUTD, YTO TaKas CUCTEMa CTUMYJIHMPOBAHMSA, KOHEYHO e, He BO3MOXHaA 0e3 HeaIbHO
HaJI)KEHHOH B OpraHU3alii CUCTEMbI OLICHKH IIepCcCoHaIa.

PaccMoTpuM Mo/ieNb MOCTPOCHUS KOMIICKCHON OIICHKH MPOIIeIyphl HACTABHUYECTBA, KOTOpas Oy-
JIeT OCHOBOH U1 pacueTa HaJi0aBKH BTOPOTO THIIA, ONIMCAHHOM BBIIIE.
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Orta 3aj7a4da SBIAETCSI MHOTOKPUTEPHAILHON, TO3TOMY YMECTHO MPUMEHUTh aJJUTHBHYIO CBEPTKY
KpUTEPUEB AN MOTY4YeHH KOMIUIEKCHOM oreHkH [8—10]. [TockonbKy KOMIUIEKCHAs OLIEHKA, OTy4YeH-
Hasi 3TUM CHOCOOO0M, OyJeT SBIATHCS Oe3pa3MEepHOM BENIWYMHOW U M3MEHAThes B mpenenax ot 0 no 1,
rae 1 — MakcUMallbHOE 3HA4YeHHE OLEHKH, a 0 — COOTBETCTBEHHO MHHHMMAJIbHOE, TO MPH MOJyYEHHH
OLIEHKU | HACTaBHUK MOJYYUT B KAUE€CTBE CTUMYIHUpYIOIIEH Hag0aBKU BTOPOTO THIIA CYMMY, PaBHYIO
€ro oknamy, npu oueHke 0,5 — M0J0BUHY CBOETO OKJIazAa U T. 1.

Takke 3TH OIEHKH MOYKHO MCIIOJIB30BaTh ISl QOPMUPOBAHNUS PEHTHHIA HACTABHUKOB, KOTOPBIH MOXKET
OBITh UCIIONB30BaH IS KX OTOOPa B TOM CiIydae, KOIrZla YHCII0 HACTABHUKOB IPEBBILIACT YUCIIO YIEHUKOB.

CBepThIBaHUE KPHUTEPUEB MpeaIoaraeT NpoBeIeHHE MPOLEayp, MO3BOJISIONINX HA0Op KPUTEpHUEB
P> P2» s P, TIPSICTABHUTD B BHJIE OIHOTO YHCIIA — KOMILIEKCHOI oterkn K = f(py, p,,....p,) [9, 10].

PaccmoTpuM sTansl aAIuTHBHON CBEPTKH (pHUC. 2).

Otam 1. OGocHOBaHHe JONYCTHMOCTH CBePTRH. IIpH  00OCHOBAHMH
JOIYCTHMOCTH CBEPTKM MBI B IIEPBYI0 OYEPEAb IOIDKHBI IOATBEPAMTB, YTO
KPHUTEpHH, KOTOPEIE MBI CBOPAaYHMBAEM, AO/DKHEI OBITH ONHOPONHBIMH. BEIIENANOT
TakHe TPYOOBl MOKazaTencii SQQEeKTHEHOCTH: MMOKA3aTEMH PE3YIBIATHEHOCTH,
MIOKA3aTENH PECYPCOESMKOCTH, [TOKA3ATENN ONePAaTHEHOCTH. KpUTepH, KOTOpBIE MEI
CBOPAYHBAEM, [OJLAHEI OTHOCHTBCA K ONHOM H TOH K& TPYINE, HENb3A CBOPAYHBATEH
KPHIEPHH, KOTOpHIC OTHOCATCA, HANpHMEp, OOMH M3 HHX K [10Ka3aTenaM
OIEPAaTHBHOCTH, 2 OPYTOi — K IMOKA3aTelAM PE3VIBTATHBHOCTH, T.€. LIA Kawmoil
TPYIIIBl CBEPTHIBAHHE YaCTHBIX KPHIEPHEB CIEAYET BBIIOIHATH OTAETbHO. Ilpn
HAPYIIECHHH 3TOr0 IPHHLNIIA TEPACTCA CMBICT KPHTEPHA.

Oran 2. HopmapoBra KpHTepHeB. /{11 mNpHBCACHHA KpHTIcpues P; K
COMOCTABMMOMY BHOY M OOECIIEYEHMA HX OKBHBANCHTHOCTH HCIIOIB3YETCA
CIIEAyIONIad HOPMHPOBKA: OT 3HAUCHHA KPHICPHA OTHHMAacM MHHHMAIBHOS
3HaYEHHE 5TOTO KPHTEPHA M AEIHM IOIYYEHHYH PasHOCTH HA PASHOCTE MEKIY
MaKCHMANBHBIM H MHHMMAIBHBIM 3HAYCHHAMH 3TOTO KpHTepHA. IIpeamonaraercs
TIPH 3TOM, YIO MHHHMMAIBHOE H MAKCHMANBHOE 3HAYCHUE He cOBManarnT. [Ipu Takoit
HOPMHpPOBKE, BCe HOPMUPOBAaHHEBIE 3HAYeHHeE V; OyayT nexats B naTepsane [0:1].

NS

Jt1anm 3. YueT NPHOPHTETOB KPHTePHeB. YUET IPHOPHICTOB OOBIMHO 3amacTcA
HEKOTOPBIM BEKTOPaM BECOBBIX K03(QHIINEHTOB, KOTOPHIE 0TODOPAKAKT BAXKHOCTD
TOTO HIIM HHOTO KPUTEPHA ITA PEIIacMoi 3amadm.

NS

Jtan 4. IlocTpoenne agIATHBHOH (YHKIHH CBepPTKH. AIIHTHBHYK CBEPTKY
KPHTEPHEE MOJKHO PpacCMaTpHBaTh KAK PEAlH3allii0 MPHHLMIA CIpaBeaTHBOI
KOMITCHCAIIMH a0COMIOTHBIX SHAYCHHI HOPMHPOBAaHHBIX YaCTHBIX KPHTEpHEE. B aTOM
clIydae, CYHNEpKPHTepHil OOBIYHO CTPOHTCA Kak B3BEIIEHHAd CYyMMa YacTHBIX
KPHIEPHEE:

K}'=Z?=1 R; * i

rae R; — Bec (3HAYMMOCTE) KPHTEPHA

Puc. 2. Cxema 3TanoB agaMTMBHON CBEPTKU
Fig. 2. Schematic of the additive convolution steps
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2. [IpakTH4YecKHe pacyeTsl

JUJis HarMSAHOCTH CKAa3aHHOTO BBIIIE PACCMOTPUM CIIEAYIOUIHIA ITPUMeEp.

Ipumep.

Heo0x01uMo MosTydnTh KOMIUIEKCHYIO OIICHKY BBIMIOJHEHUS HACTaBHUKaMH UX (QyHkiuit. [ ato-
ro OyJeM HCII0JIb30BaTh CICAYIOIINE KPUTCPHUH:

1) olleHKa KOMITETCHIIUN YYEHHUKA TOCJIE MPOXOXKACHUS HPOIICIypbl HACTABHUYECTBA (MIPOBOIUTCS
nocpeacTBaM Metofa «360 rpagycoBy), B 6amiax — Py;

2) olleHKa W3MEHEHUS MMPOU3BOACTBEHHBIX MOKa3aTelei yUeHHKA MTOCe MPOXOKACHUS TPOIIeTyPhI
HACTaBHUYECTBA (MIPOBOAMTCS MO CPEACTBAM HEMOCPEICTBEHHOTO HAOIIOIEHHS, XPOHOMETpaXKa U T. II.),
HaIpuUMep, COKpaIlleHHe BPEMEHHU BBITTOJHEHUS KaKOH-T100 onepaiuu, B MUHYTaxX — Pp;

3) olleHKa HACTaBHUKA, KOTOPAast IPOBOJIMIIACH Ha dTarne 0TOopa HacTaBHUKOB [4, 11, 12] (3T0T KpH-
TEPH U3HAYAJIBLHO JOJDKEH 3aCTaB/IsATh HACTABHUKOB CJICIUTH 3a CBOCH 00pPa30BaHHOCTHIO M KBAJIU(H-
Karueil), B bamiax — Ps;

4) ollcHKa HACTAaBHUKA YYCHHMKOM, KOTOpask MOXET ObITh IMOJyueHa Ha dTare OICHKH Pe3yJIbTaTOB
HACTaBHHYECTBA IMOCPEACTBOM MeToAa «360 rpamycoBy, B Oamnax — Py;

5) cTaxx paboOTHI HACTABHUKOM (JIOJDKEH BIUATh HAa HACTABHHUKA aHAIOTHYHO MPEABIAYIIEMY KpUTe-
puto), et — Ps.

CTOHUT OTMETHUTh, YTO BO3MOKHBI U JAPYTUEC KPUTCPHHU.

Pewenue.

Oran 1. 3amMeTUM, BO-TIEPBBIX, JJIs1 OAJUIBHOM OLIEHKU BE3JIC¢ UCIOIb3YeTCs NecATHOAIbHAS IIIKAJIa;
BO-BTOPBIX, BCE MEPEUHUCIICHHBIC KPUTEPUH MOYKHO OTHECTH K IOKA3aTeNsIM Pe3yJIbTaTHBHOCTH.

Wrak, ncxomHeie JaHHBIE MIPEICTABICHEI B Ta0I. 2.

Tabnuua 2
UcxoaHble faHHbIe
Table 2
Input data
Homep HacTaBHuKa
Ne n/mt Kpurepun 1 2 3 7
1 P, 9 8 7 8
2 P, 5 6 3 2
3 P, 7 8 9 6
4 Py 8 9 7 7
5 Ps 3 4 4 5
Oran 2. IIpoBeneM HOpMUPOBaHNE KPUTEPUEB OLIEHKH.
[Tpu 3ToM (hopmyrna asist IpUBECHNST KPUTEPUEB, OPUEHTUPOBAHHBIX HA MakcUMyM [13]:
oy py .
Yij = max min ( )
P —Pj
®dopmyna Juisi KpUTEPUEB, OPUEHTUPOBAHHBIX HA MUHUMYM:
min
1 PiT Py
Yij =1- max min ’ (2)
P — Py

rae y; — HOPMUPOBAHHOE 3HAUCHUE KPUTEPHS P ;
i p}}‘i“ — MMHHMMAJIbHO U MakCHMMaJbHO BO3MOXKHbIE 3HAUEHMS MOKA3aTeNIe, OmpeaesseMble
10 CIIEAYIOMUM (HOpMyJIam:
p;lin = Prmin = 0,1 Pryin3 3)
pl;nax = Pmax + 0,1 Prgin» 4)

TAC Puin U Pmax — MHHHAMAJIBHOC U MAaKCUMAJIbHOC 3HAYCHHUE COOTBCTCTBYIOLICIO KPUTCPHUA U3 HCXOA-
HBIX JaHHBIX.
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Taxum oOpazom, ucnonssys (3), (4) w1t kpurepus P, MOTyIuM:
it =7-01-7=63,  pI™=9+0,1-7=9,7

Py: p;ﬂnzz_o’l.z:l,g, p}}‘a"=6+0,1~2:6,2;
Pi: pf™ =6-0,1-6=5,4, pi™* =9+0,1-6=9,6;
Py pf™ =7-0,1-7=6,3, pi*™* =9+0,1-7=9,7;
Ps: p;in:3_0,1.3:2,7, pg‘a":5+0,1~3:5,3.

CTouT OTMETUTH, YTO B MPEICTABICHHOM MPHUMEpPE BCE KPUTEPHH OPHUEHTHPOBAHBI HA MAKCUMYM,
MOATOMY JUTS KX HOPMHPOBaHUsI OyieM MoJb30BaThest popmyioii (1). Pe3ynpTaTel HOpMUpPOBaHHUS KPU-
TEepHUEB U3 Ta0JI. 2 IpeaCTaBUM B TalI. 3.

Tabnuua 3
HopmupoBaHHble 3Ha4eHUs1 KpUTEpUEB — y;;
Table 3
Normalized values of the criteria - y;;
Homep HacTaBHuKa
Ne ni/mn Kpurepun I > 3 )
1 P, 0,79418 0,5 0,20588 0,5
2 P, 0,72727 0,95455 0,27273 0,04545
3 P; 0,38095 0,61905 0,85714 0,14286
4 Py 0,5 0,79418 0,20588 0,20588
5 Ps 0,11539 0,5 0,5 0,88462

Oran 3. 31ech MPOBOIUTCS PacyeT BECOBBIX KO3(P(QUIHEHTOB, OTPaXKAOIINX BAKHOCTh KaXXI0TO M3
paccMmarpuBaeMbIx KputepueB. OleHKa MPOBOANUIIACH C TPUMEHEHUEM JeBATHOAIBHOM KAkl aMepu-
kaHckoro matematuka T. Caatu [14].

[lycts Py, Py, ..., P, — anbTepHATUBBI (KPUTEPUH HACTABHUKOB), W; — HHTEHCUBHOCTH (Ba)KHOCTB)
aIbTepHATUBEL P; B (DOPMUPOBAHUM KOMILICKCHOW OIEHKH HACTABHHKOB, YHCIOBYIO OLIEHKY KOTOpPOU
MIPOCTABIISIET JIUIIO, IPUHUMAIOIIEE PEIIeHre, WK IKCIePT (B TaHHOM cly4yae B KauyecTBe dKCIepTa BbI-
CTyHaeT aBTOp pabOThl) B COOTBETCTBUU ¢ BbIOpaHHOW mikanoi T. Caatu [14], Toraa sineMeHTHl MaTpu-
BI OYIyT UMETH CIeAYIOIUH BU (Tabu. 4) 1 GopMHUPOBATE COOON MATPHUILy A U ONPEACIATHCS KaK

Wi 1
al-jz—’, a;=—. ®))
w; a;
Tabnuua 4
MaTpuua A napHbIX CpaBHeHU anbTepHaTuUB (T. e. Kputepues P))
Table 4
Matrix A of pairwise comparisons of alternatives (i. e. criteria P))
i\j P P, P,
P 1 wi/wy wi /W,
P, Wy /wl 1 Wy /wn
Pn Wn/wl Wn/WZ 1

3aMeTuM, 4TO MaTpHIla MapHBIX CPAaBHEHHH B JAHHOM CJIydae SBIISETCS MOJOXKHUTEIHHO ONpeeeH-
HOM, 00paTHO-CUMMETPUYHON MaTpHuel 1 uMeeT paHr. CBOMCTBA TaKMX MAaTPUL IPUBEACHBI HIDKE:

—a; =a; UpUi=j;

—€CIu i > j, TO a;

Jlanee mpoBOJATCS ApHBIE CPABHEHUS aTIbTCPHATHB P, ..., P,, @ pe3yabTaThl 3aHOCATCS B TAOJHIIBL.
CTOHUT 3aMETHUTD, YTO PE3YIIBTATHI IKCIIEPTU3BI KaK OOBIYHO MPH SKCIEPTHBIX OIEHKAX OyIyT HECKOIBKO
CyObCKTHUBHBI.

anpu j>i,a;=l/a;.
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Marpuna sBISETCS COINIACOBAHHOM TOIrZA M TOJIBKO TOTJA, KOrJa MOPSJOK MATpHULIBI U €€ Hau-
GonblIee COOCTBEHHOE 3HAUEHHE COBNAJAIOT, T. €. A, =7 [15].

Hckomerit BCKTOp HNPHUOPUTCTOB SBJIACTCSA COOCTBEHHBIM BCKTOPOM MATPHUILBI MMAPHBIX CpaBHeHHfI,

COOTBETCTBYIOIIUM MaKCHUMaJIbHOMY coOcTBeHHOMY unciay (A . ). CiaemoBaTenbHO, CHaYajia ClIeIyeT

max

HalTu A, — PELINTh BEKTOPHOE ypaBHEHHE A-W=2A, . . -W.

[TpubmkeHHOE 3HAYEHHE COOCTBEHHOTO CTOJIONA MATPHUIIBI OTHICKUBAETCS METOJIOM CpPEIHETO
reomeTpuyeckoro [15].

Orenka KadecTBa JaHHBIX Ha COTJIACOBAaHHOCTH [15] ompezenseTcss MHAEKCOM COTJIACOBAaHHOCTH U
OTHOCHUTEIFHON COTJIACOBAHHOCTHIO MATPHIIEI CPAaBHEHHIA.

Nupnexc cornacoBanHocty (C/) maer cBeneHus 0 HapyImIEHUSIX coriacoBanHocTH [15]. Pacuer onu-
CaHHBIX BHIIIE MMOKa3aTeNIel PeICTaBlIeH B Ta0I. 5.

Ta6bnuua 5
BcnomoratenbHas Tabnuua (pacyeT NPUGNNXKeHHOro 3Ha4YeHus
co6cTBeHHOro cronbéua matpuubl A METOAOM CpeAHero reomeTpu4eckoro)
Table 5
Aucxiliary table (calculation of the approximate value of the eigencolumn
of matrix 4 by the method of geometric mean)

OueHka komrnonentos | HopManusoBanHas
Kputepuit p p P COOCTBEHHOTO BeKTOpa | OLUCHKA KOMIIOHEHTOB
OLICHKHU : : " 8 MAaTpHLbI apHEIX | BCKTOpa IPUOPHUTETOB
CpaBHEHUH (a;)
w w w al
1 1 1
P, — — c
W L) W zxi
i=1
xi’l
Wn Wn n n
Pl | w >
W W) W i
i=1
n n n
5 W Z& Z& 1
i1 M i=1 W2 i=1 Wn

CI onpenensercs 1o ¢popmyie
Apax — 1
C] — max , (6)
n—1
rae A, —Haubomblee cOOCTBEHHOE 3HauUeHUe MaTpulbl 4. OHO onpenensercs mo Gopmyie

n
Wi

n W n
M =R DY =L+ Ry D L4+ R w,, (7)
=1 M i=1 W2 i=l1

®)

CI He 3aBUCHUT OT LIKaJ CPAaBHEHHI, HO 3aBUCUT OT YHMCJIa MApHBIX cpaBHEHHH. OH BCeraa MmoyoKu-
TeneH. YeM MeHblle IPOTUBOPEYM B CPABHEHMSIX, TEM MEHBIIIE €0 BEINYUHA.

B mensix yctaHOBIEHMS CTENEHW TOYHOCTH OTPa)KEHUS COTTIACOBAaHHOCTHU CYyXAeHUN MHAeKkcoMm CI
HY>KHO PACCUUTATh CJIELYIOLIEE OTHOIICHHUE COTIIACOBAHHOCTHU:

CR :%, ©

rae CR — OTHOIIIEHUE COTNIacOBaHHOCTH, CIS — cirydaliHbIi HHIEKC COTJIACOBAHHOCTH.

106 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2021, vol. 21, no. 3, pp. 100-112



lepeeanoea O.C., Bapkanoe C.A., Modenb noeblweHus aghghekmueHocmu npouyecca
KanunuHa H.1O., Bampakoea [.H. ob6y4eHusi nepcoHana Ha paboyem mMecme

B [15] npuBeaeHsI NOPSIOK MAaTPHUIIBI M COOTBETCTBYIOIUE eMy cpeanue CI.

B cootBercTBUU C YCIOBUAMHU METOa aHaIu3a uepapxuii Bennunaa CR He qomkHa mpesbimats 0,1
JUIS MaJIOTO KOJHuecTBa napaMeTpoB 7 u 0,2 — rpu 6OIBIIOM KOJIUYECTBE KPUTEPHEB N U UX CIIOKHOU
B3alMOCBSI3H.

BepHemcs k paccmMatpuBacMoOMy IpUMeEPY.

B T1abn. 6 mpencrtaBieHa MaTpHIla MapHBIX CPABHEHUH KPHUTEPHEB IO MPEANOYTEHHUSM 3KCIepTa
(B KauecTBE KOTOPOTO B JJAHHOM CITydae BHICTYIACT aBTOpP paboThI) ¢ pacueTaMHu OIIEHOK KOMIIOHEHTOB
COOCTBEHHOI'0 BEKTOpPA MATPHUIIBI HAPHBIX CPABHEHUH M UX HOPMaIM30BaHHbBIX 3HAYCHUH.

Ta6bnuua 6
Pe3ynbTupylolwas MmaTpuyua napHbiX CpaBHEHUN
Table 6
Resulting matrix of pairwise comparisons
OreHKa KOMIIOHEHTOB | HOpMain3oBaHHas
Kpurepuit P p P P p COOCTBEHHOI0 BEKTOpa | OLCHKA KOMIIOHEHTOB
OLICHKHU : : } ¢ > MaTpULbI MAPHBIX BEKTOpa IIPUOPUTETOB
CpaBHEHUH (R;)
P, 1 5 5 4 2 4,9036 0,539362
P, % 1 3 2 2 2,3351 0,256849
1 1
Ps 3 3 1 2 2 1,2651 0,139149
1 1 1
P, — — — 1 1 0,4152 0,045674
4 2 2
1 1 1
Ps — — — 1 1 0,1724 0,018966
2 2 2
> 2,15 | 7,33 10 10 8 9,091386 1

Teneps paccuntaem HanOobLIee COOCTBEHHOE 3HaUCHUE MaTpULbI 110 (7):

n Wl‘ n Wl' n
Ao =R D=+ Ry Y —L+ .+ R, D w, =5,043145.
=l M i=1 W2 i=I
Kaxk BHUIUM, OHO ci1abo oTiIM4YaeTcsa OT n = 5, YTO CBUACTECIBCTBYECT O COIIACOBAHHOCTU MAaTpPHUIIbI
MapHBIX CPABHEHUI KPUTEPUEB.
Jlanee paccuntaeM MHIEKC COTIIACOBAHHOCTH 10 (6):

o1 =ma =" _ 6 010786,
n_

Cry4aiinpiit maAEeKC cornacoBanHocTu CIS = 1,12 nns mamen matpuisl [15], a oTHOMIEHHE cora-
coBaHHOCTH 110 (9):

CR= £ =0,009631.
CIS

B pamkax monenu ananuza uepapxuii nonydeHHoe 3HaueHue CR ~ 0,01 ne 6onee 0,1 ans mamoro
KOJINYECTBA MapaMeTPOB 7, YTO CBUJCTEIILCTBYET O COTIACOBAHHOCTH MAaTPHUIIBl A ApHBIX CPaBHEHHH
KPHTEPHEB.

3T0 B CBOIO OYEPEIb CBUACTEIBCTBYET O TOM, YTO MOIYYEHHBIM pe3ybTaTaM 000CHOBAaHHO MOXKHO
JIOBEPSATH.

Takum 00pa3om, ObLIU MOJYYCHBI BECOBBIC IMOKA3aTENN 3HAUMMOCTH PAaCCMaTPUBAEMbIX KPUTEPHUCB
(Tabm. 7).
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Tabnuua 7
BecoBble nokasaTenu 3Ha4YMMOCTU paccMaTpUBaeMbIX KpUTepues
Table 7
Weighting indices of the significance of the criteria under consideration
Ne 3HAaYNMOCTh
Haspanue
I/ (R)
O1eHKa KOMIETEHIIMH YYEHHKA ITOCIE MMPOXO0KACHUS IPOLIE bl
1 H HHH POXOHI poneayp 0,539362

HAaCTaBHUYECTBA, B Oamiax — P,

OneHka U3MEHEHUs! TPOU3BOCTBEHHBIX MTOKA3aTeNIeH yUeHHKA [10CTe
2 IIPOXO0KICHUS MIPOLIEypbl HACTABHUYECTBA, HAIIPUMED, COKpAllCHHUE 0,256849
BPEMEHH BBIIOJIHEHHUS KaKOM-TN00 onepanyy, B MUHyTax — P
Orenka HacTaBHUKA, KOTOpas MPOBOIMIACH Ha 3Tame oToopa,

3 0,139149
B Oaiutax — Ps

4 OrieHKa HaCTaBHUKA YYCHUKOM, B Oauiax — Py 0,045674

5 Crax paboThl HACTABHUKOM, JIET — Ps 0,018966

Ortan 4. PaccuntaeM KOMIUIEKCHYIO OLIEHKY Ka)XIOTO U3 HACTABHHUKOB, UCIIOJIB3Ys 3HAUCHUS, IPU-
BeJICHHBIE B Ta0J. 7, T. €. CUATACM QIJUTUBHYIO (YHKIIUIO CBEPTKH:

n
K;=>"R y;. (10)

i=1
st HactaBHmMKa 1:

K, = Zocl- v, =0,79418-0,539362+0,72727-0,256849 +

i=1
+0,38095-0,139149+0,5-0,045674 +0,11539-0,151728 = 0,693183;
Jlis HacTaBHHKA 2:
K, = ZOL[- Vi =0,5-0,539362+0,95455-0,256849 +

i=1
+0,61905-0,139149 +0,79418-0,045674 +0,5-0,151728 = 0,646753;
Jls HacTaBHHKA 3:

n
K;= Zocl- v;53 =0,20588-0,539362+0,27273-0,256849 +

i=1
+0,85714-0,139149 +0,20588-0,045674 +0,5-0,151728 = 0,319251;
st HactaBHUKA 4:

Ky = 0 v, =0,5-0,539362 +0,04545-0,256849 +
i=1

+0,14286-0,139149+0,20588-0,045674 + 0,88462-0,151728 =0,327415.

B cootBercTBUU ¢ MOMyYeHHBIMU OLIEHKAMHM HACTAaBHUKHU MOJY4YalOT B KaueCTBE MPEMUU BTOPOTO
TUIIA YacTh CBOEro okyaga (cM. puc. 2). Takum oOpazoMm, eclii HACTaBHUKM MMETH OKJaJbl: TIEpPBBIH
27 TIC. py0.; BTOpoit 30 THIC. pyO.; Tpetuii 31 ThIC. pyo.; YeTBepTHId 29 THIC. py0., TO OHM MOTyYaT
COOTBETCTBEHHO:

— TePBBIA Hpyy 1 = 27 - 0,693183=18,71595 ThIC. PYO.;
— BTOPOH Hpyyy2 = 30 0,646753=19,40258 THIC. pYO.;
— TpeThit Hepne3 = 31-0,319251=9,896767 ThIC. pYO.;
— 9eTBEPThIN Hpyy 4 =29 - 0,327415= 9,495029 ThIC. pYO.

Ecam oOpatutbest K BOMPOCY COCTABIICHHUS PEHTHHTA HACTABHUKOB [§8, 16], TO B COOTBETCTBHUH C
paccunTaHHBIMU KOMITJIEKCHBIMU OLIEHKaMU TOTYYHM CIIETYIOIINUNA peUTHHT HACTaBHUKOB (Talm. 8).
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Tabnuua 8
PeATUHr HacTaBHMKOB
Table 8
Ranking of mentors
Howmep B peliTunre Kommnekcnas onenka (K;) Homepa HacTaBHUKOB

1 0,693183 1

2 0,646753 2

3 0,327415 4

4 0,319251 3

3akioueHue

CTOHUT OTMETUTH, YTO JJIs ONpeaeIeHUs d3PPEKTUBHOCTH HPOICAyPbl HACTABHUYECTBA B IIEJIOM, a
TaK)k€ HACTABHUKOB M YIYCHHKOB MOTYT OBITh UCIIOJIH30BAHBI PA3IMYHBIE METOIBI U MOIX0 b, OCHOBAH-
HBIC Ha Pa3TUYHBIX KPUTEPUAX M TIOKA3aTelsAX, HO JUIS MOIYYeHUsT HauOobiero 3¢ ¢hexra oT mporery-
pbI HACTABHUYECTBA HEOOXOIUMO IIPUMEHEHHE HAYUHBIX IOJXOI0B K YIIPABJICHHUIO €IO.

LenecooOpa3HOCTh K€ MPENIOKEHHON BBIIIE MOJENN OYEBHJHA, TaK KaK TOJBKO pacyeT KOM-
TJIEKCHOW OIEHKU WTOTOB Pa0OTHI HACTABHHKA MO3BOJHUT HamOoJee aJeKBaTHO OPTraHU30BaTh MPOIIEITY-
Py TPEeMHUpPOBaHHS W PEHTHHIOBAHHWS, YTO, B CBOKO OYepelb, IMOBJIECUET MOBHIMIeHHE 3(PPEeKTHBHOCTH
MPOLICAYPhl HACTABHUYECTBA B IICJIOM, TaK Kak OyJeT HajdakeHO 3((EKTUBHOE YIIPABICHHE €IO.
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A MODEL FOR THE ENHANCEMENT OF EFFECTIVENESS
OF ON-THE-JOB TRAINING PROCESS
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Voronezh State Technical University, Voronezh, Russian Federation

The article considers some aspects of the mentoring process management, namely incentives for
mentors. To that end, we consider in detail a model for staff training evaluation, which takes place in
the form of mentoring, one of the most popular forms of on-the-job training. The aim of the present
study is to develop an effective incentive model for mentors, which aims to improve the effective-
ness of their performance management, as this model involves not only the establishment of an ef-
fective system of allowances and additional payments to mentors, but also an evaluation system of
duties performed by staff. Materials and methods. It is planned to assess the training in the following
areas: corporate competencies; professional competencies and implementation of an established
plan. For this purpose it is proposed to use the “360 degrees” method, direct inspection and other
methods of collecting information depending on the measured indicators. Following the evaluation
process it is expected to obtain a comprehensive mentoring assessment, which can be used to adjust
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the mentoring procedure, a comprehensive assessment of a student, which demonstrates learning
outcomes as well as a comprehensive assessment of a mentor, which could be used to create an in-
centive model for mentors. In order to develop an effective mentoring system it is proposed to make
the size of mentoring allowance dynamic, i.e. directly dependent on the results of mentoring — com-
prehensive assessment of a mentor. It is proposed to build a comprehensive assessment of mentoring
procedure by means of additive convolution of criteria. Results. Therefore, the essence of mentor
bonus dynamism strategy includes the following aspects. First, the mentor will receive a fixed com-
pensatory bonus for the entire mentoring period. Second, the mentor will receive an incentive bonus.
It is proposed to determine the amount of the bonus as a percentage of the mentor's salary calculated
as a multifaceted evaluation of the mentoring process that will directly depend on the mentor's con-
tribution to the mentoring process. Conclusion. It is expected that the implementation of the pro-
posed model in the practice of mentoring procedure management will increase its effectiveness and
reduce the formality, which we see in practice today.

Keywords: mentoring, personnel assessment, allowances, incentives, criteria, additive convo-
lution.
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OLIEHKA CTPATEM'MYECKON 3®®EKTUBHOCTU
KPYMHOMACLUTABHbLIX NUH®PACTPYKTYPHbIX MTPOEKTOB
B CUTYAUUUN HEONPEQENEHHOCTU: MNPOEKTHbIX NOAXOA

A.0. renbpyd’, E.B. Ku6anoe?

" fOxHO-Yparnbckuli 2ocydapcmeeHHbill yHUsepcumem, 2. YensbuHck, Poccus,
2 lnecmumym 3KOHOMUKU U Op2aHUu3auyuU mpoMbIUIIeHHo20 fnpoussodcmea CO PAH,
2. Hoeocubupck, Poccusi

B crathe paccMOTpeHBI MPOOIEMBI OLEHKH MaKPO’KOHOMHYECKOH 3(P(PEKTHBHOCTH KPYIIHO-
MacIITaOHBIX MPOEKTOB HA CTAIMM, KOTOPYIO MPUHATO HA3BIBATH NMPEAWHBECTUIMOHHOW. OGOCHO-
BBIBAaeTCsl HEOOXOAMMOCTh y4éTa (hakTopa pagvKaIbHONH HEONPEIeICHHOCTH TPH OLEHKE KPYITHO-
MacIITaOHBIX JKEJIE3HOJOPOKHBIX MPoekToB. Lleab uccaenoanus. [lokazats, yTo 3¢ deKTHI, rexe-
pHpyeMble KpYIMHOMAacIITaOHBIMH IIPOEKTAMH, BIMSAIOT Ha CIIGHApHi pa3BHTHs SKOHOMHKH, BMeE-
matomeil npoekt. B 310l mpobneMHON cHUTyannu INpeayaracTcsi METOJIMKAa OLEHKH M BBISBICHUS
HanOoJee MPeIIOYTUTENEHOTO IPOEKTa, YUUTHIBAIOIMAs (haKTOPhl PaJUKaIbHON (HEBEPOSTHOCTHOMN)
HEOIpeaeIeHHOCTH. MaTepuanbl H MeTOAbl. AHATU3UPYIOTCA KPUTEPHH OLICHKH IPOEKTOB Ha TPEX
YPOBHSX: Makpo-, M€30- U MHUKpPO; TIPH 3TOM NPHUMEHACTCS WHCTPYMEHTapUil MPUKIATHOTO HEOCH-
CTEMHOTO aHajM3a, COYCTAIOUIMA B CBOEM COCTaBE JIOTHKO-IBPUCTHYECKHE M SKOHOMHUKO-
MaTeMaTHYeCKHUEe MOJETH NPUHATHSA CIOXKHBIX NMPOEKTHBIX perieHuil. Pesyabrarbl. Paspaborana
CTPYKTYpHas MOJIeNb OIICHKH, KOTOopas sIBIIeTCS THOPHUIHOM, cocTosmen u3 AByX 00koB. [lepBbrii
0JIOK — JIOTHKO-3BPHCTHYECKAs MOIMOJENb OLIEHKH KPYIMHOMACIITAOHBIX MHBECTUIIMOHHBIX MPOCK-
TOB, BTOPOIl OJIOK — IKOHOMHKO-MaTeMaTHdecKas IOAMOJEIb, OTOOpa)karolias BHEUIHIOI Cpexy
mpoeKToB. Mozenu B3auMoAeHCTBYIOT HAa NPEAMHBECTUIIMOHHON CTaANN KU3HEHHOTO LIUKIIA MPOEK-
TOB B PE&XKHUME CTpAaTErHYeCcKO UIphl Ha MakpoypoBHe. [lepBas B kauecTBe HHPOPMAIIMOHHOH 0a3bl
OMNHPAETCS HA DKCIEPTHBIE OLEHKHU 3aTPaT U Pe3ylbTaTOB MPOEKTOB, MPETEHAYIONINX Ha peanu3a-
LU0 B JOJITOCPOYHON NEPCIIEKTUBE, BTOpast — B OCHOBHOM HA CTaTHCTHUYECKYIO MH(OpMauio Mex-
oTpacieBoro 0anaHca CTpaHbl M perHOHOB. OIleHNBaeTCsl BO3ACHCTBHE HOBOTO KPYITHOMACIITAOHOTO
HWHBECTHUIIMOHHOTO MPOEKTa Ha MOJIENIb SKOHOMUKH Poccru, U BRIABISAETCS MOJIOKUTEIFHOE WIH HE-
TaTHBHOE BJMSHHUE KKIOTO (M3 YHMClia pacCMaTPUBAEMBIX) Ha IEJEBYI0 (GYHKIIUIO YIKOHOMUYECKOM
Mozend. 3akiaueHue. B ctaTbe KOMMEHTHPYIOTCS Pe3yJIbTaThl 3KCIIEPUMEHTAIBHBIX PAaCcUeTOB C
MIOMOIIBI0 THOPUTHON MOJIENN M Ha IPUMEpE XKEJIE3HOJOPOKHOTO TpaHcHopTa GpopMyupyroTcs pe-
KOMEHJIAIINK 110 €€ HCIOJIh30BAaHUIO MPH pa3paboTke 0OOCHOBBIBAIOIINX MAaTEPHUATIOB KPyIHOMAC-
mTabHBIX TPOEKTOB (heepabHOI 3HAUMMOCTH.

Kniouegvie cnosa: kpynnomacuwmabuvie UungeCmuyuoOHHble NPOEKMbL, HEOCUCMEMHDBIN NOOXO0O,
NPOEKMHbILL NOOX00, (Dpelim, MeNCKIACMEPHbIUL OANaHC, ONMUMU3AYUOHHbBIE MENCPESUOHAIbHbIE
Medicompaciegvle MoOenu, 2UOPUOHASE MOOeTb OYEHKU.

Beenenue

[Ipobnema co3ganusi CUCTEMBI IPOEKTHOTO YIPaBJICHUS S3KOHOMHUYECKUM Pa3BUTHEM 3KOHOMHUKHU U
obmectBa Poccun Ha coBpeMeHHOM 3Tamne npuodperaetr ocodyro octpory. CeroaHss HeI0OCTaTOYHO UC-
MOJI30BATh IS PElICHUs MpoOIeMbl HaAyYHBIE W TIPAKTHUYECKHE 3a/IeNbl MPOIIIOrO BeKa M Havyalla Hbl-
HeIHero, c(opMHUpOBaHHbIC HA 3amaje W B HaIIel CTpaHe B paMKax TaK Ha3bIBAEMOTO MPOrPaMMHO-
nenesoro noaxona (ILIT) (wmm «uenenporpaMMHOro», 9T0 OBIIIO OBl TOUHEE C TOUKH 3PEHHS JOTHKU
CHUCTEMHOTO aHajm3a, B pamkax kotopoil BbicTpoeH IILIII). bonee Toro, TpagumMOHHBINA CHCTEMHBIN
MOJIX0/1 TpaHc(OpPMUPOBAJICS HBIHE B HEOCUCTEMHBIH [ 1-5].

[IpumMenuTenbHO K aHaNIU3y W pa3paboOTKe CHOCOOOB PELICHUS COLHAIbHO-’KOHOMHYECKHX IIPO-
OJIeM HEOCHCTEMHBIH MOAX0/ B OTIMYUE OT CBOETO MPEIICCTBCHHUKA HE TOJIBKO MEXIUCIUTUINHAPEH,
HO ¥ MEXIMAapaJurMalieH, TaK KaK METOI0JIOTMYECKH OPUEHTUPOBAH HA HHTEIPALIO Pa3HbIX CUCTEMHBIX
NapajurM B JMANA30HE «COLHANM3M — KAMHTAIu3M»' . OIHAKO MHTErpALUs YKA3aHHBIX MEracHCTEM,

1 o o o
HpI/IMepLII Kwurait — 6imke x JeBOi TpaHULEC AUAI030Ha, H_[BCL[I/ISI — OJInKe K IpaBoOU I'paHHUIIC.
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(hYHKITMOHUPYIOUINX U Pa3BUBAIOIIUXCS B PAa3HBIX CHUCTEMHBIX MTapaJurMax, HO Ha IJIaHETapHO OTPaHM-
YEHHON pecypcHOM 0a3e, MpeAcTaBIseT co00i MpodsIeMy, HE TOJIBKO HE PEIICHHYI KOPIYCOM COBpe-
MEHHBIX HayK TEOPETHIECKH, HO JI0 CHX TOpP OTUYETIMBO JaKE HE MOCTaBICHHYI0. OTCYTCTBHE XOPOIIIEH
TEOPUH BBIHYKJIAET MPAKTUKY, B YACTHOCTH Ha MEKIApaIurMaIbHOM YPOBHE, PEIIaTh IPoOIeMy IMITH-
pHUYECKH, CO3/7aBasi KOAIUIMM UHTEPECOB, a T€, B CBOIO Ouepe/b, Koanuuuu nerctBuil. Ilocneanue, no
Mepe UCTOIEHHS OTPaHUYCHHOH TTaHEeTapHOW pecypcHOl 6a3bl, BeqyT ceOsi He KOOTepaTuBHO, He cy0-
CHIMApHO’, a Bee GoNee arpecCHBHO B MPOLIECCE JeNeka OCTABIIErocs, He TIOHUMAsi, 4TO MPOIOIKEHHE
TaKWX TEHACHIWHU BeNeT K TI00anbHON BOWHE HA YHHUYTOXKEHUE, T1ie He Oyner modemuTenei, a ato Oy-
JIET B Pe3yJIbTaTe — CKPBITO «3aBECON PaIUKAIBHON HEOTPECTICHHOCTHY.
TakoB B 00ImuX yepTax riio0aabHBIN KOHTEKCT HHTEPECYIONIeH HAC TTPOOIEeMEI.

IIpobaemMHas cutyanus

W3meHeHnst r1o0abHOTO KOHTEKCTa B JUHAMHUKE Jajiee TPEICTaBHM KaK CICHAPUU-KOHTPACTHI
PasBUTHSL MHOTOCJIOMHOM BHEIIHEH cpeapl KpymHoMacmTabHoro npoekrta. Cpeay cTaHeM CUUTaTh CHUC-
TEMOH, CTpaTU(PUITUPOBAHHON Ha TPU CYOOPMHUPOBAHHBIX YPOBHSL:

® MeraypoBeHb (MEXIoCyIapCTBEHHBIN);

® MaKpOypOBEHb (rOCYIapCTBEHHBIN);

® MUKPOYPOBEHb (TIPEIMPUITHI).

TepMuH «mpennpusTHe» — POIOBOM, U B Ka4EeCTBE YIPOLIAIONIET0 padoyero npuemMa MmpeacTaBuM
XO3AHCTBEHHYIO CUCTEMY CTPaHBl HAa MUKPOYPOGHE, KAK COCTOSIIYIO U3 MPEINPUSTHN ABYX THUIIOB: 00b-
exmos ((hupM, KOPIOPALMA U T. I1.) U APOEKMO8, B3AUMOACHUCTBYIOLIMX 10 ONPeIeICHHBIM IIPABUIAM.

@peiim (frame) uepapxus MOCTaBUM B COOTBETCTBHE 00bekmy «(pUpMay B MPEANOTIOKEHHUHU, YTO
uepapxusi COACPKUT UHPOopMaLuio 0 6a30BOM KayecTBe (GUPMBI — IPABUIAX BHYTPUGUPMEHHOTO B3aH-
MOJENCTBUS.

@peiiM cemsb TOCTaBUM B COOTBETCTBHE MPOEKTY Ha TEX )K€ OCHOBAHMSIX.

CereBasi CTpyKTypa B 000UX CIydasx SIBISIETCS MEPBUYHOM, MOCKOJIBKY HEpPapXHs TaKKe SBISETCS
ceTh0 (B MPOEKIMU Ha IJIOCKOCTH); PAa3IHuUe MEXIY CETSIMH NPOSBIIETCS B XapakTepe CHUCTEMHBIX
cBsizell MexIy aneMeHTamu cetell. O0e ceTu pacnpenenuTeNbHbIe: B HepapXuu-GupMe CBsI3U MpeumMy-
IIECTBEHHO MPUHYAUTEIHHO-TIPHKA3HbIE, OCYIIECTBISIEMbIE U3 €IUHOTO OPTaHU3YIOUIEro LIEHTpPa; B Ce-
TH-TIPOEKTE CBSA3H IPEUMYIIECTBEHHO JOOPOBOIBHO-IOIOBOPHBIE’, MONHMIEHTPHUECKHE, CYIIECTBEHHO
CaMOOPraHM3YIOIINECs , HO KOHTPOIUPYEMbIE KHEBHIUMOM PYKOiD» PhIHKA.

MHorocnoliHyi0 BHEUTHIOIO CpEAy Ha MHUKPOYpPOBHE OyleM TPaKTOBaTh KaK SKOHOMHUKY-CUCTEMY H
KaK B ciydae ¢ (pupMaMU-HEepapXUsIMH U MPOCKTaMHU-CETSAMHU Pa3iNyuaTh ajlbTEPHATHBHBIC MOJIEIH KO-
OpAMHAIMY UX (HYHKIHOHUPOBAHMS M PA3BUTHS IS JOCTHXKECHHUS OJMHAKOBOM ISl aJIbTEPHATUB LENH —
MaKCHUMAaJIBHOTO OJIarOCOCTOSIHUSI — JKEJIATeNbHO 32 MHHUMAaJbHOE BpeMsl. 3anajHol TnbepalbHOi Mo-
nenn koopauHarmu Dppoy — JleGpe’, obecrednBaomeil JOCTHKEHH TAKOTO Pe3ysbTaTa, OCTABHM B
cootsercTBHE Dpeitv «Ilapeto-Monens Py, a oTeuecTBennoii (cm. [6]) — ppeiim «ITapeto-momens L»)°.
Paznnuue monenel B TOM, 4TO B IEPBOM ClIydae KOJJIEKTUBHBIA ONTHMYM, COCTOSIIMNA U3 IBYX I'PYMII
9KOHOMHYECKHX areHTOB — MOTPEOHTENeH U MPOU3BOJUTENEH, — CTPEMSIIIMXCSI K COOCTBEHHON BBITO/IE,
JIOCTUTAETCS C TIOMOIUBIO «HEBUAMMOM pPYKH» pBIHKA, a BO BTOPOM — K MHOXKECTBY arcHTOB-
MaKCHUMH3aTOPOB YaCTHOW BBITOJIBI — JOOABISETCS TOCYAapCTBO, CTPEMSIIEECs K JOCTUKEHUIO BBITOIbI
oOmecTBeHHOM. [IoHATHO, UTO BCe 3TH OMpeeNeHus SBIAIOTCA TEOPETUYECKUMH aOCTpaKIUsIMU U B
HAIlIeM CJIy4ae UCTONb3YIOTCA A CTPYKTYPHU3AIMH MTPOOIEMHOM CUTYaAIHH.

2 [punimn cybcnanapHocTH 6a3upyeTcst Ha JOTUKE B3aMMOIIOMOIIH, Ha KOTOPOM, KcTaTH, o0pazoBaH EBpocoros.

}IpunsaToe B HaydHOM 0GOPOTE HA3BAHME CBA3CH B HEPAPXHH BEPTHKATGHBIMIL, a B CETH TOPH30HTATHHBIMH, HA HAII
B3MUISIAL, SIBISTIOTCSI YCTApEBIINMU M HE TOYHBIMH. | OpH30HTAIb B HHXKEHEPHOH TONOTpaduK — 3TO JIMHUS, COSTUHSIONIAs TOUKI
3eMHOM IMOBEPXHOCTHU C OAUMHAKOBBIMH BbICOTAMHU, HO HUYCTO HE roBopslias o B33.V1MOILC]\/'[CTBI/II/I TOYCK, 06pa3y}ou11/1x rOpHU30H-
TaJlb U TOYCK, IPUHAIJICKAINUX 'OPU3OHTAIIAM pa3H0f/'1 BBICOTBHI.

*TompoGuee cM. B paGote: Kapn Auapees. OnHopaHroBas skoHOMEKa. Litres, 2018-12-02. 330 c.

>Yepemusix FO.H. JIeKiun 110 Kypcy MHKPOIKOHOMHUKH TIPOABHHYTOrO ypoBHs. M.: M3nar. nom I'V BIIID, 2007.

8 Hasanus Mozeneii — aBTOpcKHe, mpeuraraemMsie nocie u3ydenus pabor: Kantoposuu JI.B., Makapos B.JI. Lleust 1 3¢-
(heKTHBHOCTEH IPOM3BOZCTBA // DKOHOMEKA B MaTeMaTideckue MeTonbl. 1984. T. XX, Bem. 1. C. 28-41 u I'panbepr A.I'. Ma-
TeMaTHYeCKHe MOJIETH COLMATICTHIECKOH SKOHOMHUKHY. OOIue IPUHITHITE MOSIHPOBAHNUS U CTATHYECKHE MOJEIN HApOIHOTO
xo3siicTBa. M.: DxoHomuka, 1978. 351 c.
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Tenbpyd 51.4., Kubanoe E.b. OueHka cmpamezau4eckol aghghekmueHocmu
KpynHoMmacwma6bHbIX UHhpacmpyKmypHbIX IPOEeKMoa...

U, nakoHen, KpynmHOMacIITaOHOMY MPOEKTY IIOCTaBUM B COOTBETCTBHE (PpelM MHOCOMEPHAS cemb,
B KOTOPOH Mepa «MaciTad B ICHEXKHBIX €AMHHUIAX» SBISIETCS OJAHOW M3 BaXHEHIINX. YIIpaBICHUE Ta-
KHMH TPOEKTaMH (MEranpoeKTaMu B 3alla/IHOW TEPMHUHOJIOTHH) Ha GoHE BCEOOIIeH TeHICHIIMU pa3Bu-
THSI IPOEKTHOTO YIpaBIICHHUS Ha BCEX YPOBHAX XO3AWCTBEHHBIX CUCTEM B Poccum U 3a pyOekoM OTIH-
qaeTcsi 0cO00M CIOKHOCTBIO U, CIEI0BATEIFHO, TPYAHOCTHIO HE TOJIBKO MPAKTHYECKOTr0, HO U METOIH-
KO-METO/I0JIOTMYECKOT0 CBOMCTRA.

Jeno B TOM, 4TO MEPBBIM LIAroM TPAJAULIMOHHOTO CHCTEMHOTO aHaIN3a, HallPaBJICHHBIM Ha OIpee-
nerne 3pQPEeKTHBHOCTH JTIOOO0T0 MPOEKTA, SBISIETCS AEKOMIIO3UIMS TPOOJIEMHON CUTYAIlMK HA IPOEKT U
cpexny ero peanuzauuu. [IpuyeM eciau roBOpUTh, HAIpUMEpP, 00 WHBECTULIMOHHOM NPOEKTE, TO d priori
MIpeIoiaraeTcs, YT0 IKOHOMUYECKasl cpefia MPsSMO BIHSIET Ha 3aTPaThl U Pe3yJIbTaThl MPOEKTa C IIOMO-
LIBI0 «CPEOBBIX)» LI€H, CTIOIb3YEMBIX B KaUeCTBE MMapaMeTPOB MpH pacueTax 3PPEeKTHBHOCTH MPOEKTA.
OnHako mog4epKHeM, IpearnoaraeTcs, yTo GakT peaau3anyu IPoeKTa He BAUIET Ha CUCTEMY IapaMeT-
PUHYECKHX II€H, CIOKUBILIYIOCS 10 pealn3aliy MPoeKTa B cpefie (SKOHOMHUKE), BBUY MAl0CHU TIPOEKTa
10 CPaBHEHHIO C MACIITA0OM BHEIIHEH CPEIbl, IPOEKT BMEIIAOICH.

B ciydae kpynHoMacmtabHbIX mpoekToB (nanee — KII) omucanHasi cucteMa OIGHKH NPOEKTOB HE
pabotaet, nockoneky KII dakTtoMm cBoeil peanuzaluu MEHSET CUCTEMY LIEH NMPOAYKTOB M PECYPCOB,
CJIOKMBILIYIOCS IO €r0 UMIUIAHTALMU B JIEHCTBYIONIYIO XO3SHCTBeHHYIO cucTeMy. MMmmmanTanus mopo-
XKIaeT MOPOYHBIH Kpyr (0OpaTHyI0 cBsi3b), kKoraa ¢ dextuBHocTs KII onenuBaercss ¢ moMouipio «cpe-
JOBBIX» LIEH, UM K€ CKOpPEeKTHpOBaHHbIX. bonee Toro, «BHemHue 3¢ dexrer» KII Bausitor Ha conmans-
HBI€, IKOJIOTHYECKHE, TIOJUTHYECKHE aCTIeKThl BHEIIHEN Cpebl M 3TO BIHMSHHE HEOJHO3HAUYHO. JKOHO-
MHUYECKH M TEXHUYECKH OHO HE MOXKET OBITh OIEHEHO UCUEPITBIBAIOIIMM 00pa30M KOJIMIECTBEHHO.

Takum obpazom, peanuzanus KII, 3aMeTuM, He TONBKO UHBECMUYUOHHBIX, HO U UHCMUMYYUOHAb-
HbIX, TIOPOKIAET TIOXO MPOTHO3UPYEMBbIE PE3yIbTaThl, KaK MO3UTUBHbIE, TAK U HETaTUBHBIE; B MOCIIE-
HEM ciydae Hepelnko karactpoduyeckue. Kiiaccmueckumu npuMepaMy MO3UTHBHOTO pe3yJibTaTa pealu-
3alul UHQPACTPYKTYPHBIX KPYNHOMACIITAOHBIX MHBECTUIMOHHBIX MPOEKTOB CUUTAETCS OTEUECTBEH-
Helld Tpanccub u 3apyOekHBIE METanpoeKThl coopyKeHus kaHajoB [lanamckoro u Cysukoro. K uncny
WHCTUTYIIHOHAIBHBIX MPOEKTOB, PE3yIbTaThl KOTOPBIX HETaTHBHBI, MOKHO OTHECTH CTPYKTYpHYIO pe-
¢dopmy xeneznonopoxHoro tpancnopra Poccun (1998-2015 1T.) M IpOEKT OTEUECTBEHHON aJMHHUCT-
patuBHON pedOpMBI, pe3yabTaTOM KOTOPOTO CTajla TOTajJbHAas OIOPOKpaTH3aLusl METOJOB YIpPaBICHUS
BO BCEX CEKTOpaxX POCCUIICKON IKOHOMHUKH M OOIIECTBA.

CTpykrypu3anus Ipodj1eMHOH CUTyalluu

Uro0sl, kak coBeryeT P. Akodd [12], He yTOHYTh B «MecHBE HpoOJeM», KOHTYPHO OUEPUCHHBIX
BBIIIE, CTPYKTYPUPYEM MPOOIIEMHYIO CUTYAIIHMIO METOJIOM CYMCeHUs N KOHKpemu3ayuu B COOTBETCTBUU
C Ha3BaHHMEM HacToOsIeH cTaThy. J{JIs 3TOT0 MOCTPOUM AHAIUTUYECKYIO MaTpUIy B (opme TaOIUIBI U
MIPOHYMEpYeM BBIJIEIICHHEIE B Hell 0110ku. C MOMOIIBIO TTOTYYeHHOTO HHCTPYMEHTA Ha COJePKATEITLHOM
YPOBHE CPaBHHUM KPUTEPUHU OLIEHKU KPYITHO- M MaJIOMACIITA0HBIX UHBECCMUYUOHHLIX UHDPACMPYKMYp-
HbIX TIPOEKTOB Ha TIPUMEPE MPOEKTOB KEIE3HOAOPOKHBIX, CHCTEMOOOPA3yIOIIUX B TPAHCIIOPTHOM CEK-
Tope Poccun’.

AHanunTnyeckasa matpuua
Analytical matrix

Kpurepun | PasHOBHAHOCTH KpHTEpUEB OLICHKH Y()(EKTHBHOCTH HKEJIE3HOTOPOIKHBIX IIPOCKTOB
ITpoekTsi TeXHHYECKHe | GUHAHCOBBIE | SKOHOMUYECKHUE | OOIECTBEHHBIE | CTPATETUYECKUE
KpynaomacirabHbie 1 2 3 4 5
MasiomacuiraOHbIe 6 7 8 9 10

C yKka3aHHOW TOYKH 3peHHUs Janee OyIayT pacCMOTPEHBI TOIBKO MPoOIeMbl OleHKH 3(h(HEKTUBHOCTH
xene3nonopoxubix KII Ha MakpoypoBHE M Ha TOM cTauM UX KU3HEHHBIX IIUKJIOB, KOTOPYIO MPUHATO
Ha3bIBaTh INPEeIWHBECTUIIMOHHONH. Ha3BaHHOE cyoicenue TeNEOPUSHTUPOBAHO TaKUM O0Pa3oM IOTOMY,

7 CrenoBaTesbHO, B HACTOAIICH CTAThE MbI HE PACCMATPHBACM KPYTHOMACIITAGHBIC LHCHUMYYUOHATbHbLE TIPOCKTHI, XOTS
MHOTHE 13 HUX NIPHUBOJAT K HE MEHee KPYIMHOMAacIITaOHBIM 3aTpaTaM HHBECTHUIIMOHHBIX pecypcoB. Ho «Hemb3st 00BATh HE0O0B-
SITHOE» B OJHOM JKypHAIBHOHM MyOIMKalWy, U MBI OyJeM CIeqoBaTh 3TOMYy mpemocTepexeHnio Ko3pmsl [IpyTkoBa, 0TI0XKNB
aHaNIN3 KPYMHOMACIITAOHBIX UHCMUMYYUOHATLHLIX TIPOSKTOB 0 CICAYIONEH CTaThH.
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YTO paJuKajbHas HEONpPEeIeJeHHOCTh nocueacTBuil peanuzanuu KII, 1o MHEHHIO aBTOPOB, BOHUKACT
MMEHHO Ha MAakpoypoBHe. IIpuunHa: cTpaTerMyecKuid XapakTep MPUHUMAEMBIX PELICHUH, B CYILECT-
BEHHOM YacTH JIATEHTHBIX MO0 COOOPaKEHUSIM HAIMOHATBHON 0€30IacHOCTH.

B Ananutnyeckoil matpuue (cM. Tabauiy), B ee JecaTd OJ10Kax MpeaMeT UcCIeJOBaHUsI KOHKPETHU-
3Upyercs.

bnoxu 1 u 6. Jlnga mMano- U KpyIHOMACIITaOHBIX JKEJIE3HOIOPOKHBIX MPOEKTOB CYIIECTBYET 3Tall
«U3pickanus». OnpenensemMble Ha 3TOM 3Tane 00bEMbl CTPOUTENBHBIX paObOT MO KOHKYPUPYIOIIUM Ba-
pHaHTaM Tpacchl OyIyILIero NpoeKTa U BapuaHTaM 3KCIUTyaTallMOHHBIX PacXoJ0B IOCJE BBOJA MOCTPO-
EHHOH JINHUM B JICWCTBHE 3aBHUCAT OT OCHOGHBIX MEXHUYEeCKUX TapaMeTpOB: KOHQUTYpAIMA U JUTHHBI
mpaccuvl, TPOAOIBLHOrO MPOQWIL U IUIaHA, HAJTUYUS MOCTOBBIX IEPEXOJI0B M TOHHENIBHBIX Iepeceye-
HMIT®. DTH TI0KA3aTENN JIOKATBHBI M IPHIOIHBI TONBKO [UIsl OLEHKH 110 KPUTEPHAM CPABHUTEILHOM mex-
Huyeckotl 3PPEKTUBHOCTH KOHKYPUPYIOIIUX Tpacc OYAyIIUX JKeJIe3HbIX JIOPOT.

DKkoHOMHUECKHE (TouHee (PUHAHCOBBIC) XapaKTEPUCTHKH M KpUTepuu oneHku tuna NPV paccmar-
PHBAaEMBIX BAPHAHTOB TPACC TAKXKE ONMPENEIAIOTCS Ha 3TOM dTare. OHU JUIIb YACTUIHO MPOU3BOIHBI OT
TEXHUYECKUX TIOKa3aTeeil MpoeKTa W TONy4aloTCs MOCPEACTBOM HCIIOJIb30BAaHUS MapaMeTPHUECKUX
(«cpemoBBIX») IIEH Ha 3aTpayrBaeMbIe PECYPCHI M CPETHECETEBBIX TApU(OB 3a OKa3aHHUE YCIYT IO Iepe-
BO3KE TPY30B M MACCAKUPOB B HKCIUTYyaTallMOHHOM Ieprojie. Bce 3TH OLEeHKH HOCAT AIMIUPUYECKUN Xa-
pakTep u 0e3 NO0IDKHOW TeOpeTHUECKONH OCHOBHI MpUMeEHsItoTes At onenku npoekroB KII. Ho rmaBHoe —
OHHM JIOKaJbHBI U HE OTPaKAIOT MOJKHBIM oOpa3zoMm BiausHus KII Ha oOriecTBeHHYI0 3 ¢HEKTHBHOCTD
9KOHOMUKH B IIEJIOM.

[oscaum ckazannoe. Ilpouecc peanuzanuu KII Monenupyercst Kak IEHEXHbBIH MOTOK, HPOTHO3HU-
pyemblii Ha 15 jer Bmepen, mpudeM (aKTOP HEONPEAEICHHOCTH YYHTHIBACTCS HEYIOBIECTBOPHUTEIHLHO
Wi HUKaK. [lo Ha3BaHHBIM MPUYMHAM OIIMOKH B OIIGHKE BApUAHTOB TPU MPACCUPOSAHUU HEPEIKH U
HEKOTOPBIE U3 HUX SBJSIFOTCS HEYCTPAaHUMBIMH, AK€ €CIIM Ha MOCJIEAYIOMIMX 3Taax >KU3HEHHOTO IIHK-
Jla TPOEeKTa UL OLICHKU ero 3()(EeKTUBHOCTH HCIOIB30BaTh CaMble M3OLIPCHHBIC U AOPOTOCTOSIIHE
MIPUEMBI.

bnoxu 2 u 7. DunaHCOBBIEC KPUTEPUH NPEIHA3HAUCHBI U HCIIONB3YIOTCS Ha MUKPOYPOGHEe TUIS OLICH-
KA KOMMEPUECKUX WHBECTUIIMOHHBIX MPOEKTOB. | TaBHBIX MPENNOCHIIOK, 00ECTICUHNBAIOIINX TEOPETHYE-
CKYIO KOPPEKTHOCTh U MIPAKTHUYECKYIO TOJIE3HOCTh TAKUX KPUTEPUEB, — TPH:

— MaKpO3IKOHOMHUECKAs! Cpe/ia, B KOTOPOH OCYIIIECTBISAETCS] MHBECTUIIMOHHBII ITPOEKT, CTAlIMOHAPHA;

— OLICHWBAEMBbIIl HHBECTUIIMOHHBINA MMPOEKT MO CPABHEHHUIO C MACIITA0OM SKOHOMHYECKOH CHCTEMBI
TrOCYJapCTB — MaJjl;, IIPH BBITOJHEHUH TPEINOCHIIKH CTAHOBUTCS BO3MOXKHBIM UCIIONB30BAaTh B (OPMY-
JaxX WCYUMCIICHHS ToKazaTenei guHaHcoBol dddexTrBHOCTH THIAa YJIJ] ppIHOYHBIC IIEHBI PECYPCOB H
IPOIYKTOB (B TOM YHMCIIE YCIYT) B KAYECTBE SK30T€HHO 3a/1aBaCMbIX IapaMeTpOB;

— HEOMPEICIEHHOCTD 3aTPaT U Pe3ybTaTOB MAJbIX WHBECTHLMOHHBIX MPOEKTOB HOCHUT BEPOSITHO-
CTHBII XapakTep'.

bnoku 3—8. VIHBeCTUIIMOHHBII HPOEKT NPHU3HAETCS COOTBETCTBYIOIIMM KPUTEPHIO COLHAIBHO-
HKOHOMHUYECKOH (T. €. 001mecTBeHHON) 3()(pEeKTUBHOCTH B cIydae, €ClIM ero peaau3anus SBIsIeTcs: Heoo-
XOJMMOM JUIsl BBHITIONHEHUS 3aj1a4, 0003HaYeHHBIX, Hampumep, B [Iporpamme colUanbHO-3KOHOMHU-
yeckoro passurus Poccuiickoit denepanyv Ha CpeAHECPOUHYIO NEPCIIEKTUBY U B OTPACIEBOM CTpare-
MM Pa3BUTHS COOTBETCTBYIOMIEH OTPaciy’.

Crparernueckue nenu passutus Poccun, popmynupyemsie B [Iporpamme na kauecmeennom ypos-
He, OIIPEAEIII0TCS KakK:

1) noBeIIeHNE GJIATOCOCTOSHUA HACETICHUS U

2) yMeHblIeHHe OSTHOCTH Ha OCHOBE JMHAMHYHOIO M YCTOHYMBOIO 3KOHOMHYECKOTO POCTa M TO-
BBILICHHS KOHKYPEHTOCIIOCOOHOCTH CTPaHbI' .

JexnapupyeMble TakMM 00pa3oM LejeycTpeMieHus: (eaepaqbHOi BIacTH K OJarocOCTOSHUIO Ha
nepuof 2006—2008 rr. KOHKPETU3UPYIOTCS B BUIE KOJIMYECTBEHHBIX KPUTEPHEB (PUHAHCOBOM U HKOHO-

8 BekTop TONBKO OCHOBHBIX TEXHHYECKHX MOKazaTeeld HacuuThiBaeT 9 kommoHeHT (cM. byukun B.A., Kaarop U.U., Ko-
meuteHKo B.A. TIpoekTnpoBaHme ydacTka >KENE3HOW JOpora: METoJ. yKa3aHHs K KypcoBOMY MpoekTupoBaHmio. Ilom pen.
W.N. Kanropa. M: MUUT, 2005. 96 c.).

® MeToauuecKie PeKOMEH AL IO OLICHKE () (EKTHBHOCTH HHBECTHIIHOHHBIX IIPOCKTOB (BTOast peNaKIs). M-Bo SKOH.
P®, M-Bo ¢un. PO, I'K mo ctp-By, apxuT. u KU MOJIUTHKE; pyK. aBT. koi.: B.B. Koccos, B.H. Jlusmmn, A.I'. [1laxna3apos.
M.: OAO «HIIO «M3n-Bo «DkxoHoMuKay, 2000. 421 c.
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MHUYECKOH 3 (HEKTUBHOCTH, KOCBEHHO YKa3bIBAIOIIMX CTENIEHb MPOABIKEHHSI 001IecTBa K 0J1arococTosi-
HUIO 32 XKU3HEHHBIN UK [Iporpammel.

Kpurepruem punancoBoii 3¢ dpexkTHBHOCTH IpH 3TOM siBisieTcst Y/1J] u pyHKIIMOHATBHO CBSI3aHHOE C
HUMH ceMeicTBO mnokasarened tuna BH/[. THBECTULIMOHHBIN MPOEKT MPU3HAETCS COOTBETCTBYHOLIUM
Kputepuio GpruHaHCOBOH 3(h(HEeKTUBHOCTH, €CTIM OJWH U3 HA3BAaHHBIX MIOKA3aTesIell JOCTUraeT MaKCUMyMa
npu GPUKCUPOBAHHOM 3Ha4YeHUH Apyrux. Kpome toro, B [IporpamMmme B Ka4ecTBE MOJIOKUTEIBHBIX COIHU-
IBHBIX P PEKTOB, CBA3aHHBIX C peau3alfeil HHBECTHIIUOHHOTO MPOEKTA, MO2)M YIUTHIBATHCS

a) MOBBIILICHUE YPOBHS 3aHATOCTH HACENICHHUS;

0) NOBBILIICHNE YPOBHS 3PaBOOXPAHEHUS (KauecTBa OKA3bIBAEMBIX YCIYT W UX IOCTYIHOCTH IS
HaceJIeHus);

B) COXpaHEHHE U Pa3BUTHE HAYYHO-TEXHUYECKOTO ITOTECHIINANA;

I') IOBBIILICHUE YPOBHSI, KauecTBa 00pa3oBaHMs U €ro JOCTYITHOCTH JUIsl HACEIICHUS;

) pa3BUTHE CONMANTBHON UHPPACTPYKTYPBHI;

€) TIOBBIIIICHUE YPOBHS 00ECIICUCHUS HACCIICHUS KUITHEM;

) CO3JIaHME U YIIy4IlIeHHE TPAaHCTIOPTHON HHPPACTPYKTYPHI;

3) yJIy4lLICHUE YKOJOTMYECKO CUTyalluH, IPUMEHEHUE TEXHOJIOTHH, 00eCTIeYNBAIOIINX MUHUMAIIb-
HO€ HEraTHBHOE BO3/ICHCTBHE HA BHEIIHIOIO CPEIy.

Hanmnune yxazanHbIX 3QQeKTOB TOHKHO OBITH MOATBEP)KICHO COTJIACOBAHHBIMU C YIOJHOMOYCH-
HBIM (perepabHBIM OPraHOM HCIOJIHUTENBHON BIACTH PacdeTaMH M BBIPAXKAaTbCs B KOJMUECTBEHHBIX
MOKAa3aTeNsX, XapaKTePU3YIOIUX BETHYNHY MTOJIOKHUTEIBHOTO COUATBLHOTO 3 deKTa.

Kpureprem s3xoHOMU4eckor 3PEKTUBHOCTH OIICHUBAECTCS MHBECTHUIIMOHHBIA MPOEKT MO €ro CIO-
cobHoctr BnuATh Ha ¢GopmupoBanne BBII sxoHoMuku u obecriednBaTh AWHAMUKY SKOHOMHYECKOTO
pocta. [IpoeKkT nmpu3HaeTcsi COOTBETCTBYIOIIUM KPUTEPUIO IKOHOMUYECKOH d(P(PEKTUBHOCTH B CITydae,
€CITU TIOJATBEPK/ICHHOE 3HAYCHHWE HMHTETPAJIbHOTO HMHAMKATOpa SKOHOMHYEeCKOH 3¢ dextuBHocTH IOT
npessimaer 0,01 %'

broxu 4 u 9. Jlns oneHKH conMnanbHO-3KOHOMHYECKHX P GeKTOB (OHHU e OOMIECTBEHHEIE) OT pea-
T3 UHPPACTPYKTYPHOTO MPOEKTa ¢ TOCYJAapCTBEHHOW MOJACPKKOM NpepHazHaueHa HoBas (B3a-
MeH oTMeHeHHOUW B 2008 T. METOIWKH, paCCMOTPEHHOU B Onokax 3-8), MeTOZ[I/IKaH KOJINYECTBEHHOM
OLICHKH CJICTYIOLINX ITOKa3aTeeH:

— Or0JKETHBIN 3(h(EeKT, pacCUMTHIBAEMBIN KaK CAJIbJI0 MPUPOCTa HAIOTOBBIX U MHBIX 0053aTeIbHBIX
aTexxell B Or0keTHyI0 cucteMy Poccutickoit @enepanvu B CBsI3M ¢ peanu3anueii HHQpacTpyKTypHO-
r'O MIPOEKTAa,

— pa3mep rocyAapCTBEHHON MOAAEPIKKH.

Broxu 5 u 10. B cospemennoil cumyayuu KputepreM crparerndeckoit apdexrusaoctu (K°) Gpynk-
LIUOHUPOBAHUS M pa3BuUTHsA Poccum Kak €IMHOTO CYBEPEHHOTO TOCYNApCTBa CUMYAYUOHHO SIBISETCS
CKOPOCTb BBIXOZA CTPAaHbl HA TPACKTOPHIO YCTOWYHMBOTO Pa3BUTHS M HAXOXKIEHHE HA HEH B JOITOCpPOU-
HOH NEPCIIEKTUBE.

K° BMeHsIeTCSl ¢ MEXKTOCYIapCTBEHHOTO METaypOBHSI HIDKECTOSIIUM YPOBHSIM M BCE KPUTCPHH MaK-
PO-M MHUKPOYPOBHS M3 TAaOJIHLBI B JOTMKE CUCTEMHOTO aHAIU3a U NPOEKMHO20 N00X00a paccMaTpuBa-
IOTCSl B KQ4eCTBE CPEJCTB (MHCTPYMEHTOB) JOCTHIKCHHUSI KPUTEPHUSI CTpaTerndeckoil 3(h(eKTHBHOCTH B
YKa3aHHOM BBIIIIE€ CMBICTIE.

O6cy:kaenne u nocraHoBka nmpoodJembl ouenku KIT

CrpykTypu3anusi TpoOJIEMHON CUTyaluH, OCYIIECTBICHHAS B IPEABIAYILEM CIOXKETE, ITO3BOJISIET Ha
COJIep)KaTeIbHOM YPOBHE IMPEUIOKUTH IMOCTAHOBKY MPOOJIEMBI OLIEHKH KPYITHOMACIITAOHBIX HHBECTH-
noHHbIX TpoekToB (KII) He Tonbko B 00mIeM BUAe, HO U KOHKPETU3UPOBATh €€ I MPOEKTOB XKeJe3-

1 MIpukazom Mumakorompaseutis PO Ne 381, Munduaa PO Ne 1231 ot 06.11.2008 «O MpH3HAHHE yTPATHBIIETO CHITY
[Ipukaza MunskoHOMpa3BuTHst Poccnn 1 Munduna Poccun ot 23 mas 2006 t. Ne 139/82H «O06 yrBepxkaeHun MeToauku pac-
YeTa MoKasareliei U MIPUMEeHeHUs] KpUTepreB (P PEeKTHBHOCTH HHBECTHLIMOHHBIX [IPOEKTOB, MOJIYYSHUE FOCYIapPCTBEHHON IO/~
JIEpKKH 3a cdeT cpeacTB MuBecTrmonHoro ¢ouma Poccuiickoit deneparn» (3apeructpuporano B Munrocte Pd 05.12.2008
Ne 12798) atoT mokasarenb ObLT yIpa3aHEH.

" MeTomiKa OLEHKH COLHMATBHO-3KOHOMHYCCKHX 3D(MEKTOB OT IPOCKTOB CTPOMTEIBCTBA (PEKOHCTPYKIIHH) H SKCILTyaTa-
MM 00BEKTOB TPAHCHOPTHOI MH(PACTPYKTYPHI, INIAHUPYEMBIX K PEANH3aLMH C IPUBICYCHUEM CPEICTB (eaepanbHOro Or-
KeTa, a TaKkKe C MPEJOCTAaBICHUEM T'OCYJApCTBEHHBIX rapanThili Poccuiickoit ®ezepalii 1 HAIOTOBBIX JIBIOT. YTBEpK/IeHA
nocranoBieHneM [IpaBurtenscrBa Poccuiickoit denepanun ot 26 HostOpst 2019 . Ne 1512.
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anaBneHMe B cCOUMNaribHO-3AKOHOMUMNYECKUX CUuctemax

HOJTOPOKHBIX, Pa3BUBAIOIIMX 0a30BYH0 MHPPACTPYKTYPHYIO OTpacib cTpaHbl. [ 3Toro odpartumcs K
TabJMIIe U ¢ ee TIOMOIIBI0 M3 MHOXKECTBA 33/1a4 — CPEJICTB PEIICHHS MPOOJIEMBI — BBISIBUM 3a/1a4y, CIIO-
€00 peleHus KOTOPOl 00CYKIaeTCs B HACTOSIIEH CTaThe.

[Tyctb, moka 6e3 00BsICHEHHH Kak, c(hOPMHUPOBAHO MHOXKECTBO MHBECTHUIIMOHHBIX JKEJIE3HOJOPOXK-
HBIX TPOEKTOB, TI0 MPE/IION0KEHUIO CIIOCOOHBIX MO3UTHUBHO TMOBJIUATH HA KPUTEPUH CTpaTETHIECKON
s¢dekruBroctd K. TlepBblii BOIPOC, KOTOPBIM 3/€Ch BO3HHMKAET: KaK CPEIM HUX BBISBHTH IPOEKT
KpynHomacTabHbii? B pazpadorkax UDOIIT COPAH npoekTeI-npeTeHAeHTH T00YEPETHO «BCTPaH-
BaeTCs» B YK€ ONTHUMH3UPOBAHHYIO THHEHHO-TIPOTrPaMMHYO MOJIeNb SkoHOMUKH Poccit OMMM (Om-
TUMH3anMoHHas MexotpacieBas MexpernonanbhHas Mogens [11]) u, ecan neneBast ¢pynkuust (L[D)
MOJIEJIN HE pearupyeT, TO MpoeKT Mai. Torma ero 3pQeKTUBHOCT, MOKHO OIEHHBATH C MOMOIIBIO (pu-
HAHCOBBIX KpUTEpUEB (CM. TaOJHIly), UCTIOIB3Yys] HEKHE aHAJIOTH JBOWCTBEHHBIX OIICHOK MPOIYKTOB U
pecypcoB, MOMYYEHHBIX U3 onTuMu3npoBanHoii OMMM u TpaHcOpMUPOBAHHBIX B TaK Ha3bIBAEMBIC
KOHBEepCUOHHble TIapaMeTpHieckre IeHbl B Gopmynax pacdera Y/IJ] u mpounx JOKaTbHBIX KPUTEPUEB
U3 TOro ke cemeiicrBa. Ecnu xe L{® pearupyer NonoXKUTENBHO UM OTPULIATENBHO, TO IPOEKT KPYITHO-
MaciTabeH CO BCEMH BBITEKAIONIMMHU M3 ATOrO (pakTa cIeICTBHAMH, ONMCAHHBIMU B HAadajie CTATBH.
IIpu camxennn yposus LI® KII paccmaTprBaeTcss Kak KaHIUAAT HA TOCHOIEP)KKY WIIM OTKJIOHEHHE,
P NOBBIIICHUU — PEKOMEHAYETCS AJI peann3aliu.

Bropoii Bompoc: kakoit nomxHa ObiTh Mogens KII Ha MakpoypoBHE, 4TOOBI OBITh BApUATUBHBIM ar-
peratoM CeTeBod Mojeau MUKpPOypoBHsA? OTBET, Ka3aJioCh Obl, JCKUT HA IMOBEPXHOCTH — JICHEKHBIM
MOTOK, TEHEPUPYEMBI CETEBOH MOJIENBI0 B TIOTOJJOBOM pa3BepTKe ¢ (PUKCHUPOBAHHOHN JaTOH Hadama u
OKOHYAaHMS TpoeKTa (IIPH 33JaHHOM IIJIAHOBOM TOPH30HTE). BapHaHTHI: CIBHT MOTOKA BJIEBO, K HAYAY
MpOEeKTa, WM BIpPaBO, K JaTe ero 3aBepuieHus. OnHako Bce W3BecTHble HaM Bepcun OMMM, kyna
BCTpamBaeTcss HOBbI KII, yCTPOGHBI TaK, 4TO TOJNBKO TAaK HA3bIBAGMbIil JICBBIH IIAH»  JaeT MAKCH-
ManbHBIH mpupocT 1P 3a cuer paHHEro MoydeHUs] MYJIbTUIUTMKATHBHOTO 3P QEeKTa U COOTBETCTBYIO-
uiero npupocrta BBII, a «npassiii miian» — MunuManeHbeiil npupoct BBII u3-3a nmo3gHero cpoka nposis-
JeHust ykazaHHoro addekra. CnenosarensHo, Bce KII, U3 uncina paccMaTpuBaeMbIX M OKa3aBIIHECS T10
nokazarento YJ1/] nydimrMu Ha MUKPOYPOBHE, HA MAKPOYPOBHE OKAXKYTCA Xy IUTUMHU.

He sicno kak ¢ noMomnipto OMMM yka3aHHOE MPOTHUBOPEUUE PA3PELINUTh, MOHATHO JIUIIb, YTO MO-
JIeNTb He00X0IUMO MOTU(HUIIUPOBaTh. ECTh BapraHThI, HEKOTOPBIE U3 HUX B JUTEpAType BoIpoca o0cCy-
JKJTATHCh; HA30BEM OCHOBHEIE, OIIPE/IeNICHHbIE HOPMATHBHO, T. €. B TEPMUHAX «IOJIKHO OBITHY.

1. MexorpacneBoii O6amanc (MOB), uadopmannonnas ocaoBa OMMM. MOB — neckpunTuBHas
MOJIeIb 3KOHOMHMKH, 110 TIOCTPOSHHIO PAaBHOBECHAS U MPEJICTABIIONIAs B KAXKIOM BPEMEHHOM JIUCKPETe
JKU3HEHHOTO IMKJIa SKOHOMHKH MOMEHTAIBbHYIO0 (oTorpaduio B3aMMOIEHCTBUS YHCTBIX OTpaciiedl u
TIOJTyYeHUs] KOHEYHOTO TIPOIYKTA JIJIsl YAOBIETBOPSHHS MOTPEOHOCTEN 00IIecTBa.

2. To xe, HO KaK B3aUMOJCHCTBUE XO3IMCTBEHHBIX OTPACIICd SKOHOMUKHU.

3. To e, HO KaK B3aUMOJICHCTBHE PETHOHOB, I'/ie ()ParMEHTHI OMATh K€ YUCTHIX OTPACIEH JIOKaIIU-
30BaHbI B TPaHUIAX PETHOHOB U MaKCUMU3UPYIOT KOHEUHBIH MPOIYKT, HO PeTHOHANbHBIA. O0mmii Ko-
HEYHBI TPOAYKT 3KOHOMHK (HOpPMHUPYETCS KaK CyMMa PErHOHAIBHBIX KOHEYHBIX IMPOIYKTOB (3TO
OMMM).

4. Mexknacrepusiid 6ananc (MKB), korna B otmuanu ot MObB B BuIly nMeeTcst 6anaHc MexTy Kiia-
CcTepaMy OTpaciei u/ WK MpeAnpUsTHH, B3anMoaercTByomux mo [loprepy xak rpymmbl reorpadude-
CKH COCEICTBYIOIINX, B3AUMOCBSI3aHHBIX KOMIIAHUN U OpraHU3aluiil.

5. MexkiactepHblid dkosoruueckuii 6ananc (MOB), korma moxa KiacTepamMy MOHMMAIOTCS TPUPOI-
HBIE CUCTEMBI, 3BOITIOLIMOHHO CIIOKUBIIIHECS Ha BOJAOCOOPHBIX IDIOMIAISMX BEIMKAX POCCHHCKUX pek: Boi-
ru, Jlona, {uenpa, Ces. [Isunelr, O0m, Upteima, Exuces, Jlensr, AMypa, a Takke Mamurupku u KoasiMeL.

[Nepeunciennple BapuaHThl ¢ (GOpPMaANBLHON TOYKH 3PEHUS MPEACTABISIOT HEOJUHAKOBBIE CIIOCOOBI
nexomno3unuy BHemrHe# cpenbl KII Ha yclloBHO aBTOHOMHBIE OJIOKH, OTpaXkarolliie pa3HbIe aCIEKThI
CIIOXHO-TIOCTPOCHHON CHCTeMbl Poccru, 00eCreunBarouieil 61az0cocmonnue CBOCTO HACETCHHS .

12 (Jlemblii mmany» B ceTeBoii Moxenn KII obpasyercs, Korjaa Bce paboThI-OMepaIliy MPOSKTa Ha MUKPOYPOBHE OCYIIECTB-
JISIIOTCSL B paHHUE CPOKH, «ITPABbI TUIaH», KOTA B MO3HUE CPOKH.

13 KpoMe HOPMATHBHO M BHEMOZEIBHO C(HOPMUPOBAHHBIX BAPHAHTOB €CTh U JECKPUIITHBHEIC BAPHAHTBHI, HAIPHMED Jc-
KOMITO3UIIHA TeppuToprn Poccun Ha hparMeHTHI 0 YHCTy: cyObekToB PD, BOCHHBIX OKPYTOB, KEJIE3HBIX JOPOT, BXOIAIINX B
coctaB PXK/] Ha mpaBax ¢unuanoB. HessBHO U B pa3HO# CTETIEHHN TaKUE BapUAHTHI YYUTHIBAIOTCS MPH (HOPMHUPOBAHIH JIEKOMIIO-
3UIMOHHBIX MHOYECTB 1-5.
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DaKkTUYECKH Cpeay IEPEUUCICHHBIX «UUCTHIC» BApUAHTHI IEKOMIIO3UIIMN BO3MOXHBI TOIBKO B TEOPHH,
MO3TOMY HMCCIIEJOBATENSIM NPUXOANUTCS PaboTaTh ¢ MUKCTaMH JACKOMITIO3UIIMOHHBIX MHOXECTB, Ha3BaH-
HBIX B NI 15, coBMeImas B 3aBUCHMOCTH OT IeJTd MCCIICIOBaHUS pa3HOACTICKTHBIC KIlacTephl, (DyHK-
LMOHUPYIOILKE U PA3BUBAIOIINECS HA OJHONU U TOU K€ TEPPUTOPUHU.

Ecnu BeIenpuBeieHHBIE KOHCTATAMKM COBMECTHTH € TaONHIEH, TO HHTEpecyIolas Hac mpolieMa
JIOJDKHA periathes B Ookax 4—5. B obmiem Bujie oHa GopMyupyeTcs Tak:

Buvisasums 6 cumyayuu neonpeoeieHHocmuy 8apuanmos pazeumus skonomuku Poccuu 6 ooneocpou-
HOU nepcnexmuse dcene3nodopoxcuviti KII (u3z uucna paccmampusaemsix), Haubonee npeonoymumeib-
HbIUL 8 MOM CMbICIE, YO «C NPOEKMOM» 00WecmeeHnas dQPHeKmueHoCms pa3eumus CmpaHsl gvluie,
yem «6e3 npoexmay.

I'udpunHas Moge/nb OlleHKU HHBECTULIMOHHOIO PelleHus

B obuieMm Buae chopmynupoBaHHas MpoOiieMa Ha MaKpOYPOBHE MOXKET ObITh OpMaIN30BaHa KaK
3ajjaua HaXOXKACHHsI SKcTpeMyMa (DYyHKIIUH, YIOPSIOYUBAIOIIEH MHOKECTBO BApUAHTOB (DYHKIIMOHUPO-
BaHUS M Pa3BUTHs 3KOHOMHUKH IO HMX MPEAMOYTHTEILHOCTH. Takol crmocob (hopMamusaiuu KpuTepus
BBIOOpa yJ00€H /I MPUMEHEHMSI XOPOIIO pa3paO0TaHHBIX K HACTOSIIEMY BPEMEHH MaTeMaTHYECKHX
METOJIOB onTuMu3anuu [7, 8]. Hanbosee HHTEpECHBI I HAILIEro cliydas J[Ba CIoco0a: MaKCUMHU3aIUs
1eneBoil pyHKIMM OOLIECTBEHHOTo OJIArOCOCTOSHHS M MHUHUMHU3AIMS CPOKA OCTHIKEHHS ONpeeIIcH-
HBIX IIEJIEH.

0O003HaYUM IIEICBYIO PYHKIINIO OOIICCTBEHHOTO 0J1aroCOCTOSIHUSA B BUJIC aHATUTHICCKON ()yHKITUH
u(X). Teoperruecku 310 QyHKIMS MOJIE3HOCTH U OHA JOJDKHA OTPEICIATHCS, BO-TIEPBBIX, HA BCEM MHO-
XKECTBE YKOHOMUYECKMX U HEIKOHOMHYECKHX Ojar (KOMIIOHEHT BEKTOpa X), XapaKTepHU3YIOIIUX B JH-
HAMHKE >KU3HENESTeIbHOCTh W Pa3BHTHE OOIIECTBA W, BO-BTOPHIX, OBITh KapIUHAIHCTCKOW, T. €. HE
MPOCTO YHOPSIOYMBATH BAPUAHTEHI 110 NPEAIOYTHTEILHOCTH, & U3MEPSTh B YUCIOBOM IIKAJIE «HA CKOJb-
KO» KaKOM-MuOO BapuaHT JIydlle WM XyXKe 10 CPaBHEHHUIO C APYIMM. B 3KOHOMHUYECKOM acmekTe 00-
JacTh onpezeneHus u(X) orpaHUYMBAETC MHOXKECTBOM dKOHOMHYECKuX Onar. Ompaako dyHKus u(X),
MpeTeH IytoMas Ha MaKCUMHU3AIUI0 OOIIECTBEHHOTO OJIAar0COCTOSIHUS, JIOJDKHA OBITh TaKXKe M HEKOTO-
poii KoMIo3uIpel (CyMMOHN W MPOU3BEICHUEM) TETCBBIX QYHKIHA OTHOPOTHBIX COIMANTBHBIX TPYIII
CTPaHbI U Yeneou GyHKYUell YeHMPAIbHO20 OP2aHd, BRIPAKAIOIICH HHTEPECh TOCYAapCTBa U 00IIecTBa
B I[EJIOM.

W 3mech mMeeT MecTO METOJOJIOTHYECKAasl TPYIHOCTh, TEOPETHUECKH TMOKa HE paspellieHHas, a
MMCEHHO: KapJAWHAIUCTCKAs (KOJIMYCCTBEHHAS) TEOPHS MOJIC3HOCTH, U3ydyarolas B MHUKPOIKOHOMHYEC-
CKOW TEOpUH MOTPEOHOCTH YeNIOBEKa, MpeyiaraeT B KauecTBE eMMHHIIBI H3MEPEHHs MOJIE3HOCTH OJara
YCIIOBHYIO EAMHUILY 10MUlb. «B KOHeUHOM umoee 6ce KOIUYeCmeeHHble napamempuvl 8 IKOHOMUKE CEO-
osamcesa K omuaam. FOmuns — npedenvuas eOunuya IKOHOMUYECKOU HAYKU. DmMo QYHOAMEHMATbHYLI KO-
JIUYeCMEEHHbIL NOKA3amelb — MON CMPOUMENbHBLI KUPRUYUK, U3 KOMOPO2O COCMOUmM 8ce 30anue KO-
Homuxuy [9]. OnHaKO MoOKa Takue HEOOXOIUMBIE HOBOM TNTOOALHON SKOHOMUKE «KHPIHYUKIY OTepa-
LIMOHAIILHO HE ONpEJCICHB, a MOKa3aTelb I0THIb OCTAHETCS «JHCTOM (uKimei»'?) T. e. mpomssectn
OLICHKY TIOJIE3HOCTU MbI CYyOBEKTUBHO MOXKEM, CPaBHUTH €€ MOXEM, a PEAYKTUBHO OOBSCHHUTH B MO3U-
TUBUCTCKUX KaTETOPHUIX — HE MOXKEM U HE CMOXEM JI0 TeX TOp, MOKa Pa3BUTHE KOHTPAPEPICKCHBHOTO
TEOPETHYECKOT0 anmapaTa’ BOIPOCH PeIyKIMOHMU3MA IIPOCTO 3aKPOET, 3 KOHCTPYKTHBHUCTCKMIA / Tee-
OHOMHYECKHUH MOAXOJ MO3BOJHUT YCTOWYMBO pabOTaTh ¢ TAKUMH CYOBEKTUBHBIMH KAaTETOPHSIMH, Kak
OLICHKA TTOJIE3HOCTH.

B orcyTcTBHE 3aKOHUEHHOI TEOPUH MPAKTHKA N0 HEOOXOIUMOCTH MPHUHUMACT CIIOKHBIC PEIICHUS,
OIMUPAsCh Ha MPHUKIAJHYI0 BETBh CHCTEMHOTO MOAXO/Aa — CHCTEMHBIA aHaIN3 M €ro TJIaBHBIH HHCTPY-
MEHT — MPOrpaMMHO-LIeNIeBOM Mmoaxoa. IMEHHO ero paciimpeHHOH Bepcuei, MIMeHyeMOH HEOCHCTEM-
HBIM TIOIX0JIOM, H COOTBETCTBYIOIIIUM HHCTPYMEHTAPHEM MBI IOJIb3yEeMCs J1anee.

CTpyKTypHasi MOJieJIb OLIEHKH
[Ipenaraemast Ha pUCyHKE MOJIENb SIBISIETCS THOPUIHOM, cocTosmield u3 AByX OyokoB. [lepBbiit
00K — JoruKo-3BpucTUdeckas moamonenb (JIDM) ouenku KII, BTOpoit OJOK — 3KOHOMHKO-

1 https://anticomplexity.org/ (nara oopamenus: 04.07.2021).
15 https://lib2.znate.ru/docs/index-334918.html?page=8 (nata obpamenus: 04.07.2021).
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Matemarndeckas moamonenb OMMM-XKJIT [10], oroOpaxkaromas BHemHIOWO cpeny KII. Monemn
B3aMMOJICHCTBYIOT Ha MPEANPOEKTHOHN (MpeAMHBECTUIIMOHHOM) cTagun xu3zHeHHoro mukiaa KII B pe-

KM€ CTPATETUIECKOM UTrphl HA MAaKPOYPOBHE.
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OepeBo uenewn (OL) kak MHCTpyMeHT oueHku Bo3aencTBus KIM Ha dpyHKUMIO 06LLEeCTBEHHOrO 6/1arococToAHuUs
Objective tree as a tool for assessing the impact of large-scale projects on the function of public welfare

JIOM B kadecTBe MH(POPMALMOHHON 0a3bl ONMPAETCs HA SKCIIEPTHBIC OLEHKH 3aTPaT U PE3yIbTaTOB
KII, mperenayromux Ha peanusanuio B goirocpouHor nepcrnekrnse, OMMM-X/IT — B ocHOBHOM Ha
crarucrudeckyro napopmarmo MOB ctpansl u pernonoB. OnennBaercs Bo3zaelictsue HoBoro KII Ha
MOJIeJIb 3KOHOMHMKH Poccum u BBISBISETCS MONOKUTENBHOE WIIM HETATUBHOE BIUSHHUE KaXKI0T0 (U3 YHC-
na paccMatpuBaeMbix KIT) Ha neneByto ¢ynkumuto OMMM-XKT. MHOXECTBO KOHKYPUPYIOIIUX 32
npaBo ObITh peanu3oBaHHbIMU KUII ynopsnounBatoTes mo ux nNpeanovTUTeIbHOCTH.

Hacrosimast craTest sBAsieTCsl MOZEIBHBIM KapKacoM, B KOTOPBIM B CIEYIOLIEH cTaThe OyIeT BBe-
JICHO KOHKpeTHOe MH(pOpMalMOHHOE coaepkaHue. A nMeHHo: xxkene3nonopoxubiii KII «[lomynounas —
Ob6ckas 2» kak dacTb npoekra «Ypan Ilpomeinuiennsiii — Ypan IonspHelil» 1 naHHBIE €r0 KOHKYpPEH-
TOB 3a mHBecTUIIMOHHBIE pecypchl KII «marepuk — Caxanun» u «CeBepHbiil mupoTHIN xo1 (CLLIX)».
[TpuMeHsst onmMCcaHHYO BBIIIE THOPUIHYIO MOJIEIb, MOKHO BBISIBUTH HamOosee oOlecTBEHHO d(dek-
TUBHBIN MPOEKT, a TAKKE PACCMOTPETh IIyTH COBEPIIEHCTBOBAHMUS NPEI0KEHHON METOTUKH.
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ASSESSMENT OF THE STRATEGIC EFFICIENCY
OF LARGE-SCALE INFRASTRUCTURE PROJECTS
IN A SITUATION OF UNCERTAINTY: A PROJECT APPROACH

Ya.D. Gelrud', gelrudid@susu.ru,
E.B. KibaloV?, kibalovE@mail.ru

" South Ural State University, Chelyabinsk, Russian Federation,
2 Institute of Economics and Industrial Engineering of SB RAS, Novosibirsk, Russian Federation

The article deals with the problems of assessing the macroeconomic efficiency of large-scale
projects at the stage that is commonly called pre-investment. The necessity of taking into account
the factor of radical uncertainty when evaluating large-scale railway projects is justified. The purpose
of the study. To show that the effects generated by large-scale projects affect the scenario of
the development of the economy hosting the project. In this problematic situation, a methodology is
proposed for evaluating and identifying the most preferable project, taking into account the factors of
radical (improbability) uncertainty. Materials and methods. The criteria for evaluating projects at
three levels are analyzed: macro-, meso- and micro; at the same time, the tools of applied non-
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system analysis are used, combining logical-heuristic and economic-mathematical models of making
complex project decisions. Results. A structural evaluation model has been developed, which is
a hybrid consisting of two blocks. The first block is a logical-heuristic submodel for evaluating
large-scale investment projects, the second block is an economic-mathematical submodel that dis-
plays the external environment of projects. The models interact at the pre-investment stage of
the project lifecycle in the mode of a strategic game at the macro level. The first as an information
base is based on expert estimates of the costs and results of projects that claim to be implemented in
the long term, the second-mainly on statistical information from the country and regions. The impact
of a new large-scale investment project on the model of the Russian economy is evaluated and
the positive or negative impact of each (from among the considered ones) on the target function of
the economic model is identified. Conclusion. The article comments on the results of experimental
calculations using a hybrid model and, using the example of railway transport, formulates recom-
mendations for its use in the development of substantiating materials for large-scale projects of fe-
deral significance.

Keywords: large-scale investment projects, non-system approach, project approach, frame, in-
ter-cluster balance, optimization interregional intersectoral models, hybrid evaluation model.
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ABTOMaTVI3I/IpOBaHHbIe cucTemMmbl ynpaBsrneHus
TeXHOJTIOrm4YeCKumMu npoueccamm

YOK 681.5 DOI: 10.14529/ctcr210312

WCCNEAOBAHUE BO3MOXHOCTMU YNPABINEHUA YCPEOHEHUEM
PyaAbl METOOAMU KITACCUYECKOU TEOPUU YTNPABJIIEHUA

H.B. bunbgpenso, [.B. lesic, A.K. LlIHabckasi

lNepmckuti HauuoHarnbHbIU UuccriedosamernbCKUl MoaumexHU4YecKul yHuUgepcumem,
EepesHukosckuti punuan, . bepesHuku, Poccusi

IToxa3aHa Ba)KHOCTh NPOOJIEMB] YCPETHEHUS PY/Ibl HA KaTMWHBIX MPEIIPUATHAX U IOUCKA OIl-
THMAJILHOT'O KOMILICKCA MEp 10 yCTpaHeHHIo mpobiieMbl. O003HaueHa mpobdiemMa 00JIBIIOTo pa3dopo-
Ca HEpacTBOPUMBIX OCTATKOB Ha KAJIMHHBIX NpeanpusaTuax Bepxnekamps. Ha Texyiuii MOMEHT OHa
pemaercst OyHKEpPHBIM YCpeJHEHHEM, HO 3TO paboraeT He Bcerga agpdekTuBHO. bplio mpeioxkeHo
UCTIONIB30BATh PaHee OMMCAHHBIH METOJ OCMBICIICHHONW PACCHIIKH IO CKJIaTy W MPUIEIbHONH BEIOOD-
KH B 3aBHCHMOCTH OT cocTaBa. bblla mocTpoeHa MaTeMaTH4ecKass MOJENb 3arpy3KH U pasrpy3Ku
CKJIaJa, MPEAT0KEHbI aITOPUTMBI M pacdeT KOOPIUHAT TOUKH cOpoca M BHIEMKH PYJbI B 3aBHCHMO-
CTH OT COJEPKaHMs B Py/ie HEPACTBOPUMOTO OCTATKA M XJIOPHCTOTO Kalusl. DTOT CIIOCOO MO3BOIET
UCKJIIOYNTh BO3MOXKHOCTh Opaka M OCYIIECTBISIET YCPEAHCHHE CHIPhSl ONTHMAIbHBIM 0O0pa3oM.
ITo moka3arensM B UMHTalMOHHOM MOJEH IPHLEIbHAS BIOOPKA HA CKIaJe yMEHBIIAET MPOLEHT-
HBII pa30poc HEpacTBOPUMBIX OCTaTKOB B pyle. BblIo pemieHo nccienoBaTh Npouecc BHIOOPKH Ha
cxiazae i uaeHtuukanuy. Leys uccaeqoBanus 3aKiI04aeTcsi B POBEPKE BO3ZMOXKHOCTH YIIpaB-
JICHUs] BBHIOOPKOW KaK OOBIYHBIM TEXHOJOIMYECKUM OOBEKTOM C TOMOILIBIO IPONOPLUOHAILHO-
uHTerpajbHo-AupGepeHuupyonero peryisropa. s atoro Obula NpoBeleHa HIACHTH(UKAIMS
o0beKTa ynpaBiieHHsl, @ IMEHHO: Ha BXOJl CHCTEMbI ObUI MOJaH €AMHUYHBIH CKa4yOK BO3JCHCTBUSL.
Matepuanbl M MeToAbl. CTaHIApPTHOE BO3JCHCTBHE OBIJIO CMOJECTHUPOBAHO HA paHee pa3paboTaH-
HOW MMHTAIMOHHOM MOJENM CKJIaJa, TAE 33Jal0TCs TeOMETPUYECKHe MapaMeTpsl cKiaja, (pusmde-
CKHeE MapaMeTphl SJIEMEHTOB PYybl, a TAaKXKe MapaMeTpsl ABIKEHHA coIlla U ckpernepa. C ee moMo-
IIBIO MTPOBOIMTCS 3KCIIEPUMEHT TI0 BBIOOPKE XJIOPHCTOTO Kanus u3 pyabl. PUKCHpYIOTCs pe3ybTa-
TBI BBIOOPKH PY/IbI IO HAYAJIBHBIM YCTAHOBKAM, a 3aTE€M II0CJIE IITHIIPOLIEHTHOTO CKayka. Pe3ynbra-
THI MOZEIHMPOBAHNUS TIPECTABIIIOTCS B BHJE HOPMHUPOBAHHOTO rpadiKa IJIsi CPaBHEHUS Pe3yiIbTa-
TOB U OIpeJeNeHHs MoBeAeHUs cucTeMbl. Pe3yabTaT. [lomydeHHBINH MacCHB 3HAUCHHUH OBIT IIEpeHe-
CeH B paHee pa3pabOTaHHBIH KaNbKyIATOp MHepenaTodHbIX (yHKuui. [lo HaWAEHHBIM 3HAYEHUSIM
OBbUI MOCTPOEH CIIIaKEHHBIH HOPMHPOBAHHBINA I'padHK, KOTOPBI U HYXKHO ObUIO MIECHTU(HUIUPO-
Bath. B pe3ynbpTare npoaesaHHON paboThl ObLIa MOJyYeHA MepeaaTouHast QyHKIUS aneproanIecKo-
ro 3BEHa NEePBOro MOpsijiKa C 3amas/piBanueM. 3akiawodenue. [Ipu ananuse rpadukoB ObuI clienaH
BBIBOJI O JIONYCTUMOCTH IOJydeHHON (QyHKImHU. [To moiydyeHHbIM MaccMBaM 3Ha4eHHH Obuia pac-
CYMTaHa MOTPENIHOCTh, KoTopas cocTasisieT 6,5 %. [lepenarounas GpyHkuns Obuta HAEHTHOUIAPO-
BaHa, CJIEZIOBATEIILHO, BHIOOPKON Ha CKJaJe€ MOXKHO YNPABIATH C TOMOIIBIO HPONOPHHOHAILHO-
UHTETpaTbHO-AN(HEPESHINPYIOLIET0 PETyIIsITOpa.

Knouesvie cnosa: kanuiinas pyoa, ycpeoneuue pyovl, 2UOPOOUHAMUKA C2AANCEHHBIX UACMUY,
Mooenupoganue, CKiad, BblOOPKA, NepedamoyHas QYHKYUs, HPONOPYUOHATLHO-UHMESPANbHO-

oughgepenyupyrowuii pe2yisimop.

Beenenne

KanuitHast npoMBIIITIEHHOCTD ABJIAETCS BaXKHEMIIEH OTPaCibiO MPOMBIIIJIEHHOCTH B CHIIY IIUPOKO-
ro CIEKTpa MPUMEHEHHUS B HAPOJHOM XO3SMUCTBE U Jlaxe B MeauiidHe. [loutn Bcs poccuiickas KanuiiHas
MPOMBINIJICHHOCTh cOocpezioToueHa B BepxHekambe — a 310 cBbiiie 30 % wmupossix 3amacoB KCI [1].
C 2018 roga npounsBozacTso xnopucroro kanus Hagano OO0 «EBpoxuM — Y CoNbCKHHA KaTHHHBI KOM-
ounar» B [lepmckom kpae [2]. OnHO#M U3 IaBHBIX MPOOJIEM TAHHOTO MPEANPUSTHS, HETATHBHO CKa3bl-
BaIONIMXCsI Ha (DIIOTAMOHHBIX MPOIEccax, CTal OOJBIION pa3dpoc HEPACTBOPUMBIX OCTATKOB B COCTABE
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no6eiBaemoit pyasl [3]. Eciu He ycpeaHsATh MMEIOIIUICS pa3dpoc, TO M3-3a KOJMCOAHH COIepIKaHUs
HEpacTBOPHUMOI'0 OCTaTKa B pyAe MPOAYKIHs OyaeT 3a0pakoBaHa. UToObl n30eKaTh BO3ZMOXKHOTO Opaka,
NpUAeTCs epeHacTpauBaTh (PIOTAIIMOHHBIE MPOLECCHI, a 3TO CIIPOBOLMPYET POCT 3aTPaT W3-3a U3JHII-
HEero pacxojia peareHroB. Ha mpennpusitun npobiema pemaetrcs OyHKepHbIM ycpeanenueM. CyTh Me-
TOJa 3aKJII0YACTCs B HAIMYMKM COOPHOTO KOHBEHEpa, KOTOPBIA MOIyYaeT JOOBITYIO PyAy pa3indHOTrO
COCTaBa M3 HaKaruMBaromux OyHkepoB [4]. JlanHbiit MeToa He BHoNHE 3()(EKTHBEH 10 MIPUYMHE TOTO,
YTO HE JOCTUTACTCS HYXKHAs OJTHOPOIHOCTD TOJIE3HOTO HCKomaemMoro [5].

B pa6ore [4] ObLT mpeasiokeH METOJ ISl YCPEAHEHUST PY/IbI, 3aKIFOYAIOIIHICS B OCMBICICHHOM
PACCHITIKE PyIbI IO CKJIATy W TPUIEIbHON BbIOOpKe. CyTh METO/Ia B TOM, YTO COCTAB PYABI IIPH 3aI0JI-
HEHHU CKJIaJIa U3BECTEH B KXKJOW TOYKE CKJIaAa. ITO JJaeT BO3MOXKHOCTh BEIOOPKH MaTepualia MmocTo-
SIHHOT'O COCTaBa B 3aJaHHBIX TOUKax [6].

OOBEKT AaHHOTO MCCIEeNOBAaHUS — CKIIAJ, 3alOJHSAEMbIH pyJOd depe3 TPaHCIOPTHYIO CHUCTEMY, —
CITYKHT JIJIsl YCPEIHCHUS M XpaHeHwusl pyabl. Ha puc. 1 mpencraBiieH Takod CKIIaJ, UCIIOIb3YONIHH JJIs
pasrpy3Kd KpaTmep-KpaHel. B pabote mpemmaraercs ckpernepHasi (TOUedHast) BEIOOPKA PYABI IJs ajib-
Helmel nepepaboTKH.

Puc. 1. NMpousBoacTBeHHbIN cknag
Fig. 1. Production warehouse

3amada JaHHOHN CTAThH — IIPOBEPUTH, MOXKHO JIM YIIPABIISATH BHIOOPKOM Kak OOBIYHBIM TEXHOJIOTHYE-
ckuM o6bekToM mipu nomoru [TUI-perynsropa. CienoBaTebHO, 0OBEKTOM yIpaBlIeHHS SBISETCS Ta-
Kasi BbIOOpKa. Llenbro AaHHOW cTaThbM CTaBUTCS BO3MOXKHOCTH HUICHTU(QHIIMPOBATH BBIOOPKY, TO €CTh
OTIPEICJINTh NEPEAATOYHYIO (DYHKIIHIO.

MaTtepuansl 1 METOABI

Jlns viccrenoBanus ckiana Osiaa B3sta SPH-momens, onwcanHas B crarbe [7]. MeTtoa ruapouHa-
MHKH CITIQXKEHHBIX YaCTHIl — 3TO OECCeTOYHBIH JIarpaHKeBhId METOJI, pa3peliaronas CliocCOOHOCTh KO-
TOPOTO MOXET OBITh OTPETYIMPOBaHA OTHOCUTEIHHO MEPEMEHHBIX. MOIeIMpOBaHUE CBOJUTCS K pas-
Ouenuto oOmIeld Macchl pyJbl Ha MHOXKECTBO B3aWMOJICHCTBYIONIMX YaCTHI], KOTOPblE OOMEHHBAIOTCS
Mex1y co0ol pusndecknmu xapaktepuctukamu [8—10]. B o0mux yepTax MOJeTMpOBaHUE BBIPasKACTCS
B CJICIYIOIIMX aJrOPUTMaXx IS 3arpy3ku ckiana [11]:

1) BBOX H(bOpMAaIHHK O PU3NIECKUX CBOWCTBAX KOMIIOHEHT;

2) reHepalys YacTUIbI B COILIE;

3) majeHue 4acTHUIIbI,

4) mownck coceneir;

5) pacuer cui, IEHCTBYIOIINX HA YACTHIIBI,
W JUTS pa3rpy3Ku CKIIaja:
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1) BBOI MH(pOpMaLKHU 0 PU3MIECKHX CBOMCTBAX KOMIIOHEHT;
2) BbleMKa rpeiidepom;

3) MOMCK COCeTHUX YACTHIL;

4) pacuer cuJl, ICHCTBYIOIINX HA YaCTHUIIBIL.

W Nporpamma ans Moeanposanua pyasi Ha cknage

Texywee spema = 37,06
Kon anemenros = 1127
Kon yaanew. 3nementos = 145

MNonoxerue conna: x = 9 63642643563453
MNonowenwe conna: y = 10,4944871958023
MNonoxerue conna: 2 = 14

Monowerwe ckpenepa: x =12
‘ Monowerue ckpenepa y = 7.5
MNonoxerue crpenepa: 2 =

Coaepxarme KCl e cxp-pe = 0,289

Kapra koHueHTpauum

Puc. 2. Peanusylowee nporpammMHoe obecneyeHue
Fig. 2. Implementing software

Mojenb peau30BaHa ¢ IOMOIIIBIO POrPAMMHOTO 00€CIICUCHUS], TIPETHA3HAUYCHHOTO JUIS YIIPABICHUS
JIBIDKEHHEM COTLIa, TTOIAFONIETO Py Ha CKJIaJ, U CKperepa, YAAISIOIIEro pyay co ckiana (puc. 2) [12].

[IporpaMma mpuUHUMAET OT IOJIB30BATEINS JJAHHBIC O TEOMETPUUYECKUX MMapaMeTpax CKJiaja, JIaHHbIC
0 COJIEpYKaHUKM HEPACTBOPUMOI'O OCTaTKa U XJIOPUCTOTO KaHs B PYyJE U 3aJlaHue ajropuTMa JIBHKCHUS
coria u ckpernepa. B nporiecce paboTel GopMHUPYIOTCS KapThl YPOBHS PYJIbl U MO3MIIMS COILIA U CKpe-
nepa B TEKYIU MOMEHT.

Pe3yabTar

st ynpaBiieHUsI BBIOOPKOM HEOOXOIMMO MPOU3BECTH MACHTU(MUKALIMIO 10 KaHATY «COIEPIKUMOE
KCI na Bxoge — comepskumoe KCl Ha BeIXOzE», MOmaBasi CTaHAAPTHOE BO3IEHCTBHE — €IMHHUYHBIN
5%-HbIii ckadok Ha Bxoze [13-16].

IepBonauansHO Ob1TO 3amaH0 20%-Hoe coaepxkanne KCl kak ncxomHbIil mapaMeTp pu MOIETHPO-
BaHMU mporecca. beito 3apukcuposano npouentaoe conepxkanue KCl B pyne B teuenne 300 c. 3arem
ObUT 1aH Ha BXOoA 5%-Hblil ckauok comepxanus KCl — 24 %. AnamoruuHo ObIIM 3amKCaHbl JAHHBIC 110
CoJiepKaHUI0 XJIopucToro kaius B TeueHue emie 300 c. Bes BbIOOpKa MpOHM3BOIMIIACE W3 CEPEIUHBI
ckiana 0e3 cMelleHus ckpernepa. Ha ocHOBe MOJYYEHHBIX JaHHBIX CHayajia ObLI MOCTPOSH HOPMHPO-
BauHbIH rpaduk B MS Excel (puc. 3).
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Puc. 3. TpeHp copepxanusn KCI B pyae (%), ncnonb3oBaHHbIN B 3KCNEepPUMEHTEe
Fig. 3. Trend of KCI content in ore (%) used in the experiment

[ocne sToro MaccuB TOYEK MO MOKA3aHUSAM HAIIETO MOJACIMPOBAHUS ObLT MEpPejaH B CIEIHATBHYIO
nporpaMMmy «MHOTOKpPHTEPHAIBHOE HCCIEIOBAaHUE CHCTEM YIpPABICHH», pa3paboTaHHyI0 Ha Kadeape
aBromarusaiuu [15]. CpeacTBamu mporpamMMsl MPOM3BEICHO MaTEMaTHYECKOE CIIIAKMBAHUE METOIOM
MSITH TOYEK JJIsl 0TOpOoca TOUYEK, CPeIHEKBAAPATUYHOE OTKIOHEHHE KOTOPhIX ObUIO BenHuko. CriaeH-
HBI MaccUB ObLT TpOHOpMUpPOBaH B uHTEpBaie oT 0 mo 1 (puc. 4). Mcnons3ys Moxynb uaeHTH(HKA-
WM, TIOJYYWIN NepelaTOuHyi0 (PyHKINIO 00BEKTa, KOTOpasi OMKCHIBACT allepHOIMYECKOE 3BEHO C 3a-
Ia3JAbIBaHUEM, UMEIOIIYIO BUL

__ 1 . -280s
W(S)_38-s+1 € )

e

12|----------- beeeeeeee '

Copepxanue KCl B pyne

i
600

Puc. 4. HopmupoBaHHbIN rpacuk u rpacdmk, Nony4eHHbIN NO NnepesaTovyHON (PYHKLMN
Fig. 4. Normalized graph and graph obtained from the transfer function

BriBoabI

[Ipu cpaBHEeHNM rPadUKOB MOKHO yOSAUTHCS, YTO NOTYUYCHHAS IepeiaTouHas (yHKIHS aJeKBaTHO
OTHCHIBACT paccMarpuBaeMblii mporecc. [lomydeHHas MakcUMallbHAas MOTPENTHOCTh HE MPEBBIIIACT
6,5 %, cienoBaTeNbHO, UACHTU(DHUKAIUS TPEACTABICHHON XapaKTEPUCTHKH BO3MOXKHA — IEJIb PaOOThI

126 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2021, vol. 21, no. 3, pp. 123-129



Bunbgpensd H.B., lNesic A.B., UccnedosaHue 803MOKHOCMU yripassieHUs1 ycpeOHeHUeM
llIHabckas A.K. pyObl MemodaMu Knaccu4yeckoll meopuu yrnpaeneHust

JIOCTUTHYTA. YTIpaBlieHHe 00BEKTaMU C TaKOH mepeaaTouHoi (PyHKITHEH JIErKo OCYIIECTBISETCS C TO-
mompto [TN]] 3akona perymupoBanus. OTcro/la MOXHO cenath BeIBOJ, uTo 1M /]-ympaBienue npume-
HUMO K YIPaBJICHHUIO BEIOOPKOH PYABI 3 yCPETHUTEIBHOTO CKIIaja.
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STUDY OF THE POSSIBILITY OF CONTROLLING ORE AVERAGING
BY METHODS OF CLASSICAL CONTROL THEORY

N.V. Bilfeld, bilfeld@mail.ru,
D.V. Peyas, dv.gracheva@gmail.com,
A.K. Shnabskaya, angelika8918@gmail.com

Perm National Research Polytechnic University, Berezniki Branch, Berezniki, Russian Federation

The importance of the problem of ore averaging at potash enterprises and the search for the op-
timal set of measures to eliminate the problem are shown. The problem of a large spread of insoluble
residues in the potash enterprises of the Verkhnekamsky District is identified. At the moment, it is
solved by bunker averaging, but this does not always work effectively. It was suggested to use
the previously described method of meaningful distribution in the warehouse and targeted sampling
depending on the composition. A mathematical model of loading and unloading of the warehouse
was constructed; algorithms and calculation of the coordinates of the point of discharge and extrac-
tion of ore were proposed, depending on the content of insoluble residue and potassium chloride in
the ore. This method excludes the possibility of manufacturing defects and carries out the averaging
of raw materials in an optimal way. According to the indicators in the simulation model, targeted
sampling in the warehouse reduces the percentage spread of insoluble residues in the ore. It was de-
cided to investigate the sampling process in the warehouse for identification. Purpose of work is to
test the possibility of controlling the sample as a conventional technological object using a propor-
tional-integral-differentiating controller. To do this, the control object was identified, namely: a sin-
gle impact jump was applied to the system input. Materials and methods. The standard impact was
modeled on a previously developed warehouse simulation model, where the geometric parameters of
the warehouse, the physical parameters of the ore elements, as well as the parameters of the nozzle
and scraper movement are set. With its help, potassium chloride from ore is conducted. The results
of the ore sampling are recorded for the initial installations, and then after a five percent jump.
The simulation results are presented as a normalized graph for comparing the results and determin-
ing the behavior of the system. Result. The resulting array of values was moved to the previously
developed transfer function calculator. Based on the values found, a smoothed normalized graph was
constructed, which had to be identified. As a result of this work, the transfer function of the first-
order aperiodic link with a delay was obtained. Conclusion. When analyzing the graphs, a conclu-
sion about the validity of the obtained function was made. Based on the obtained arrays of values,
an error of 6,5% was calculated. The transfer function has been identified, so the sample in
the warehouse can be controlled using a proportional-integral-differentiating controller.

Keywords: potash ore, ore averaging, smoothed particle hydrodynamics, modeling, warehouse,
sampling, transfer function, proportional-integral-differentiating controller.

128 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2021, vol. 21, no. 3, pp. 123-129



Bunbgpensd H.B., lNesic A.B., UccnedosaHue 803MOKHOCMU yripassieHUs1 ycpeOHeHUeM
llIHabckas A.K. pyObl MemodaMu Knaccu4yeckoll meopuu yrnpaeneHust

References

1. Verhnekamskoe mestorozhdenie [Electronic resource]. Available at: https://www.aziko.ru/ural-
sights-marshruty/articles_items/verkhnekamskoe-mestorozhdenie-120.

2. [Usolskiy potash plant — for future generations]. Promyshlennaya bezopasnost’ [Industrial Safe-
ty], 2013, no. 5, pp. 52-55. (in Russ.)

3. Kalybekov T., Rysbekov K., Nauryzbayeva D., Toktarov A., Zhakypbek Y. Substantiation of av-
eraging the content of mined ores with account of their readiness for mining. Ukrainian School of Min-
ing Engineering — 2020. E3S Web of Conferences, Berdiansk, Ukraine. — 2020. — Vol. 201, id. 01039.
DOI: 10.1051/e3sconf/202020101039

4. Varlamova S.A., Zatonskiy A.V. [On the averaging of the ore composition at the intermediate
warehouse] Sovremennaya nauka: aktual'nye problemy teorii i praktiki. Estestvennye i tekhnicheskie
nauki [Modern science: topical problems of theory and practice. Natural and technical sciences], 2013,
no. 9-10, pp. 12-18. (in Russ.)

5. Usredneniye kachestva poleznykh iskopayemykh (chast’ 2) [Averaging the quality of minerals
(part 2)]. Available at: http://industry-portal24.ru/osnovy-gornogo-dela/2618-usrednenie-kachestva-
poleznyh-iskopaemyh-chast-2.html.

6. Qiu J., Ju D., Zhang J., Xu Y. DEM simulation of particle flow in a parallel-hopper bell-less
charging apparatus for blast furnace. Powder Technology, 2017, vol. 314, pp. 218-231.

7. Grigalashvili A.S. Software in solving ore blending problems. Materialy 111 Mezhdunarodnoy
nauchnoy konferentsii “Innovatsionnyye protsessy v issledovatel skoy i obrazovatel’noy deyatel 'nosti” .
Perm, Perm National Research Polytechnic University, 2014, pp. 55-57.

8. Steven J. Lind, Benedict D. Rogers, Peter K. Stansby. Review of smoothed particle hydrodynamics:
towards converged Lagrangian flow modelling. Proc Math Phys Eng Sci., 2020 Sep., vol. 476 (2241):
20190801. DOI: 10.1098/rspa.2019.0801

9. Liu M., Liu G. Smoothed particle hydrodynamics (SPH): An overview and recent developments.
Archives of Computational Methods in Engineering, 2010, vol. 17, no. 1, pp. 25-76.

10. Timokhin, M.Yu. Issledovaniye gazovykh mikrotecheniy v perekhodnoy oblasti na osnove mo-
mentnykh uravneniy: dis. kand. tekhn. nauk [Study of gas microflows in the transition region based on
moment equations. Cand. sci. diss.]. Moscow, 2014. 115 p.

11. Ostrikova A.N., Frolova L.N., Aleksandrov A.l., Posmet'ev V.V. [Simulation mathematical
model of the mixing process of bulk components in a mixer]. Vestnik Voronezhskogo gosudarstvennogo
universiteta inzhenernykh tekhnologiy, 2019, vol. 81, no. 2, pp. 13-21. (in Russ.)

12. Zatonskiy A.V., Sirotina N.A. [Advantages of a Differential Model of a Complex Economic
System]. Obrazovanie. Nauka. Nauchnye kadry, 2012, no. 8, pp. 98-102. (in Russ.)

13. Semenov A.D., Artamonov D.V., Bryukhachev A.V. Identifikatsiva ob’yektov upravieniya
[Identification of control objects]. Penza, Penza State University Publ., 2003. 211 p.

14. Polyakov K.Yu. Osnovy teorii avtomaticheskogo upravleniya: ucheb. posobiye [Foundations of
the theory of automatic control]. St. Petersburg, SMTU Publ., 2012. 234 p.

15. Bilfeld N.V., Bekker V.F. Imitatsionnoye modelirovaniye sistem tsifrovogo upravleniya [Simu-
lation of digital control systems]. Perm, Perm State University Publ., 2002. 52 p.

16. Zatonskiy A.V., Varlamova S.A. Information Basis of Decision Support System for High School
Timetable Creation as an Example. Bulletin of the South Ural State University. Ser. Computer Technologies,
Automatic Control, Radio Electronics, 2018, vol. 18, no. 3, pp. 88-106. (in Russ.) DOI: 10.14529/ctcr180310

Received 27 May 2021

OBPA3ELl HUTUPOBAHMUSA FOR CITATION

Bunsdensa, H.B. HccnenoBanne BO3MOKHOCTH YIIpaB- Bilfeld N.V., Peyas D.V., Shnabskaya A.K. Study of
JIEHUsI YCPEIHEHUEM PYJIbI METOAMH KJIACCHYECKOH TEOPHH the Possibility of Controlling Ore Averaging by Methods
ympasnenust / H.B. Bunmsdensn, 1.B. Tesic, A.K. [ITxa6- of Classical Control Theory. Bulletin of the South Ural
ckast // Bectauk IOYpI'Y. Cepnst «KoMITBIOTEpHBIE TEXHO- State University. Ser. Computer Technologies, Auto-
JIOTHH, YTIpaBJeHHe, paanodnektponukay. — 2021, — T. 21, matic Control, Radio Electronics, 2021, vol. 21, no. 3,
Ne 3. —C. 123-129. DOI: 10.14529/ctcr210312 pp. 123-129. (in Russ.) DOI: 10.14529/ctcr210312

BecTtHuk HOYplY. Cepusi «<KomnbloTepHble TEXHONOMMK, yNpaBneHue, pagnoanekTpoHMKay. 129

2021.T. 21, Ne 3. C. 123-129


https://www.aziko.ru/ural-sights-marshruty/articles_items/verkhnekamskoe-mestorozhdenie-120
https://www.aziko.ru/ural-sights-marshruty/articles_items/verkhnekamskoe-mestorozhdenie-120
https://doi.org/10.1051/e3sconf/202020101039
http://industry-portal24.ru/osnovy-gornogo-dela/2618-usrednenie-kachestva-poleznyh-iskopaemyh-chast-2.html
http://industry-portal24.ru/osnovy-gornogo-dela/2618-usrednenie-kachestva-poleznyh-iskopaemyh-chast-2.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7544338/
https://dx.doi.org/10.1098%2Frspa.2019.0801

YOK 622.6 + 004.92 DOI: 10.14529/ctcr210313

WCCNEOOBAHUE BITUAHNA BbIEOPA MOLENEN
CTATUCTUYECKUX PACNPEOENEHUNA
CINYYAUHON BENUYUHDbI HA PE3YNbTATDI
MOOEJNIMPOBAHUA TOPHO-BLIEMOYHbLIX PABOT

A.B. 3amoHckuii’, .A. 5s13ee?

! lMepmckuli HauuoHanbHbIU uccriedogameribCKUl noaumexHuU4YecKul yHusepcumem,
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O0o03HaueHa BaKHOCTH IIAHUPOBAHUS JOOBIYH I YIyYIICHHS MoKa3areiaed 3QQeKTHBHOCTH
TOPHOAOOBIBAIOIIETO MpeanpuaTHs. [loka3aHa BO3MOXKHOCTh HCIOJIH30BAHUS HMMHUTAIIMOHHOTO MO-
JEMUpOBaHUS Il 3Toi 1enu. [loka3zaHo, 9TO CO3MaHHAs MOJIENh UMEeT OOJBIIOe KOJIUIECTBO CTO-
XaCTUYECKHX TapameTpoB. VcciieoBaHO, 9TO CyHIECTBYET MpoOiieMa OTCYTCTBHS HCCICIOBaHUN
BJIMSIHUSL BEIOOpA PA3UYHBIX CTATUCTHYCCKHUX PACHpECIICHUI Ha Pe3yIbTaThl MOJICIIUPOBAHUS TOP-
HBIX pa®oT. M3BeCTHO, YTO MpPH YBETHUEHHH CTOXACTUYECKUX OTKIOHEHHH OT 3aJaHHBIX MapaMeT-
POB NPOU3BOAUTENIFHOCTS CHCTEM MacCOBOTO 00CTykuBaHHUS ManaeT. Ilenb uccaeqoBaHusi: uccie-
JIOBaHME BIUSHUS YETHIPEX CTATHUCTHYECKHX paclpeAeiieHHH ciaydailHONH BeMWYUHBI (paBHOMED-
HOE, HOpMaJlbHOE, OTpHIaTeIbHOEe OMHOMHAIBHOE M pacipeneieHue IlyaccoHa) st OTAENbHBIX
orepauuii 1 ux koMOuHaIuii. Kpome Toro, Hy>KHO ONpeNeNnTh, HACKOJIBKO CHIBHO H3MEHEHHE OJ1-
HOT'O KOHKPETHOTO TapaMeTpa MOBIUAET Ha o0muil pe3ynbraT paboTsl Moaend. MaTepuanbl U Me-
TOAbL. B co3maHHyI0 paHee MMUTAIMOHHYIO MOJICNb KO BPEMEHH OTACIBHBIX Olepamuii 100aBseTcs
CTOXacTHYEeCKas 3a/epkka. Mccnemyercss mo0aBiIeHUE TaKOH 3aJCPKKH C Pa3HBIM CTATUCTHYCCKUM
pacrpeneneHieM, HO ¢ OJAMHAKOBBIM MaTeMaTHYECKUM OXXKuUJaHUeM. Pe3ynpTaTbl MOAETHpPOBAHUS
CPaBHHUBAIOTCS MEXKIy COOOMU, TS KaXKIOH OTHENBHOW Olepanny MOKa3hBaeTCsl abCOMIOTHOE U OT-
HOCHUTEJIbHOE OTKJIOHEHHUE pe3yjbTaToB. Jlanee MpOM3BOAUTCS AHAJIOTUYHOE MOJAEIUPOBAHUE IPU
W3MCHCHAU BCEX BBIOpAaHHBIX MapaMeTpoB omHOBpeMcHHO. Pesyabrar. [lokasano, 4To BemmunHA
OTKJIOHEHUSI 3HAYUTEIHHO Pa3lnvaeTcss MeXIy coOOW AJs BceX OTKJIOHEHHWH. [l pa3nuyHbIX enu-
HUYHBIX U3MEHEHUH omneparuii Hanbojplee H HauMEHbIIee OTKJIOHEHHE MOTYT JaTh pa3HbIe CTaTH-
CTUYECKME pacnpenenceHud. i ucciaeaoBaHus COBMECTHOIO U3MEHEHMs BCEX NapaMeTpOB peasu-
3yIOTCS 3 clieHapus MOJCTUPOBAHUS: BCE PaBHOMEPHBIE pacHpeaeeHUs (3TOT CiTydail HCIIOIb3YeTCs
ceifvac), crieHapuil ¢ HAMEHBIIIUM OTKJIOHCHHUEM W CIICHApWi ¢ HanOOJIBIITNM OTKJIOHeHUeM. [loka-
3aHO 3HAYUTEIbHOE U3MEHEHUE PE3yJIbTaTOB MOJACIMPOBAHUS IIPU IEPEX0Je K IPYrOMY CLIEHapHIO.
3akmouenue. JlemaeTcss BBIBOJ, YTO MOKA3aHO 3HAYUTEIHFHOE BIMSHHC BHIOOpA HMCIOJIB30BAHHBIX
CTaTUCTHYECCKUX paCIpEIeICHHI Ha TOYHOCTh MOJICIUPOBAHHS PabOTHl KOMOaiHa, 0COOCHHO TPHU
X coBMecTHOM yduerte. [lomydyeHHble pe3yabTaTbl MOTYT HMCIIOJIB30BATHCS JIJIsl YTOUHEHUS BIUSHUS
OTJCNBHBIX ()aKTOPOB B UMHUTAIMOHHOW MOJCIH W YIYYIICHUs IUIAHUPOBAHHS KaJHMHHBIX TOPHO-
BBIEMOYHBIX paboT, B TOM YHUCIIE TS OTACIEHBIX KOMOAWHOB.

Kniouesvie cnosa: umumayuonnoe mMooenuposanue, cmoxacmuieckds Mooenb, KaluliHas pyod,
20pHO-8bleMOUHbBIE pabOmMbl, CIMAMUCMU4ecKoe pacnpedeieHue, pasHomepHoe pacnpeoenetue, Hop-
ManvHoe pacnpedenerue, pacnpedenenue Ilyaccona, ompuyamenvHoe OUHOMUATbHOE pachpeoenieHue.

Beenenue

Kanuiineie ynoOpeHuss UMEIOT BaXXKHOE 3HAYCHHE JJII MUPOBOTO CEJIbCKOTo Xo3sificTBa. Ha Tep-
putopuu Poccun noObiya xanuitHOH pyabl BeimonHsetrcs komnanusMu AO «MXK «EppoXum» u
[NAO «Ypankanuit» Ha TeppuTOprH BepxHekaMcKoro mMecTopokaeHus. BaxxHocTs KanuiiHBIX yao0pe-
HUH A7151 MUPOBOM SKOHOMUKH TOKa3bIBAET, B YaCTHOCTH, TOT (PaKT, YTO 3Ta OTpacip OLIyTWIA Ha cebe
MEHBIIINE MOTEpU, YeM Jpyrue aoObiBaronue orpaciu, ocobeHHo Hedrerazosas [1]. [InmanupoBanue
JOOBIYM SIBIISICTCSI BXKHOM COCTaBIsOMIEH paboThl 000ro npeanpuatus. s yTouHeHHs TIIaHOB J10-
ObIYM MOXET OBITh UCIOJIB30BaHO MIMUTALIMOHHOE MOJenupoBanue [2, 3], npeanaraemMas UMHTALIMOHHAS
MOJIeIb ObLIa OTMCaHa paHee.
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Marepunajusl 1 METOABI

Monenp ocHalleHa perjaMeHTHBIMH JIMOO MpeAcIbHBIMH BpEMEHAMH TEXHOJOTHYECKUX OIepa-
uuii [4]. B peanpHOCTH e Bce 3TH IapaMeTpbl UMEIOT CTOXacTHUYecKuil xapakrep. IIpu yBenudenun
CTOXaCTUYECKUX OTKJIOHEHMH OT 3aJlaHHBIX MapaMeTpOB pPe3yNbTaT MUMHTALMOHHOTO MOJEIMPOBAHUS
3HAYUTENFHO MeHsieTcs [5, 6]. B co3manHOl Hamu cucteme [7] ompenensieTcs OONBIIOE KOTHYECTBO
00YCIIOBJICHHBIX YEJIIOBEUECKHM (PAKTOPOM CTOXACTUYECKHUX MapamMeTpoB, CTATUCTUYECKUE pacipeese-
HUS KOTOPBIX HEU3BECTHHI M HE MOTYT OBITh OTpe/ieieHbl U3 HabmoaeHui. OnrcaHHble IMUTAIIMOHHBIC
MoOJieJIi TOpHOH 100bIuM [8—13] yKa3pIBalOT Ha HANMYKME TAKUX CIyYalHBIX (aKTOPOB, HO JTMOO HCIIOIb-
3yeMoe B HUX paclipelesieHHe He YKa3bIBaeTCsl, TMOO MCIIONIB3YETCSl TONBKO OJHO paclpeneieHue Ui
BCEX IMapaMeTpoB (Jaiie Bcero HopMaiabHoe). Takum 00pa3om, CTaBUTCS 3a7ada UCCICAOBAHIS BIUSHUSL
YeThIpeX BHIOPaHHBIX CTATUCTHYECKUX PACHPEACICHUI CIydaliHbIX BEJUYMH Ha pe3yIbTaThl MOJEIUPO-
BaHUsI TOPHO-BBIEMOYHBIX PadoT. s mpoBeaeHus SKCIEpUMEHTa ObUIH BBIOpaHbI 4 TEXHOJIOTHMYECKHE
orepanun kKomOaiiHa, 3aHUMArOIUEe BMECTE C PErNIAMCHTUPOBAHHBIMH OCTaHOBKAMH pabOTHI OKOJIO
80 % BpemeHu paboThl KoMOaitHa B Mojenu. Octanbabie 20 % BpeMeHU MPUXOATCS Ha Pa3IMYHbIE KO-
POTKHE OCTAaHOBKHU PadOTHI KOMOaiiHa I BEHTHISILIMOHHOTO OypeHHs, NepeHoca MapKIIeHAePCKUX TO-
4ek u T. A. [y Bcex onepauuii ucciuenoBaaich 4 CTATUCTUYECKUX PaCIpeieeHus: paBHOMEPHOE, HOP-
MasibHOE, pacnpeseneHue [lyaccona u oTpularenbHoe ONHOMHUAIILHOE pacipe/ielieHIe.

HmuranmonHoe MOAETMPOBAaHUE MPOU3BOIWIOCH C J00aBICHHWEM CTOXACTHUECKOW 3aIEPXKKU C
OJMHAKOBBIM MAaTEeMaTHYECKHUM OXHIAHHEM, HO C Pa3HBIMH CTAaTUCTHYECKHMHU PacIpeleCHUAMH IO-
CJIeIOBATEIbHO K JJINTENIEHOCTH OJTHOW TEXHOJIOTHYECKOW OIepalyy, B MOCIEIHEM 3KCIEPUMEHTE — K
JUTUTETBHOCTH BCEX BBIOPAHHBIX TEXHOJOTHYECKHUX omepanuii. B peaqrpHOCTH MaTeMaTHUECKOe 0XKH[a-
HUE 3a/IeP’KKU TaKKe HEM3BECTHO, IOATOMY ISl MPOBEIEHHsSI SKCIIEPUMEHTA OHO OBIJIO BEIOpaHO oCTa-
touHOo 60abmnM (30-50 % BpeMeHU cOOTBETCTBYIOMIEH omepalui). Panee Obl1o OKa3aHo, YTO pa3HU-
11a MEXAY Pa3HbIMH CTaTHUCTHYECKUMHU pacHpeleIeHHsIMI B MOJENH 3HAYUTENbHO YBEIUYHBAETCA IO
Mepe pocTa MaTEMaTHYECKOT0 0XKUIaHUS 3aAepKKH [14].

Pe3yabTaT M 00CcyKICeHHE

s mpoBeneHus 3KCIepUMEHTa B CYILECTBYIOIIECH MOAETIH BPeMsi OCHOBHOT'O cocTossHus «OTOoliKa
PyabD» OBIJIO YBETHMUEHO HA 3HAUYEHHE CTOXACTUUECKOW 3aJePKKH C MaTEMaTHUYECKUM OXHIAHUEM, pPaB-
HBIM 3. Pe3ynbraT MoJienupoBaHus IpeICTaBlIeH Ha puc. 1.
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--------- PacnpepgeneHue lNyaccoHa
= ++ OTpuuaTENbHOE BMHOMMANBHOE pacnpeseneHue
Puc. 1. UameHeHUsn napameTpa «oTOOMKa pyAbI»
Fig. 1. “Ore breaking” parameter changes
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Kak BunmHO 13 rpaduka, pe3ynbTaThl MOACIMPOBAHHS I HOPMAIEHOTO H PABHOMEPHOTO pacipe-
JieNieHnid 0YeHb OJM3KH, a Juisl pacnpenenenus [lyaccoHa n oTpuIaTeIbHOr0 OMHOMHUAILHOTO pa3HUIIA
3HAUMUTENbHAS. DTa Pa3HUIIA YBEITUIMBACTCS CO BPEMEHEM, TOCTUTAasl 3HAUCHUS 5 % B aOCOMIOTHBIX 3HA-
YEHMSIX K KOHIy MOJCIUPOBAHUS JUTUTEIHHOCTRIO 1 Mecs. Jpyroil TeXHOIOTHYECKO! orepanuei, 3a-
HUMAIOIICH OOJIBIION MPOIICHT BpeMEHH PadOThl MOJACITMPYEMOI CUCTEMBI, SIBJISIETCS OTrPy3Ka PyAbl U3
OyHKepa-Tieperpykarensi koMOaiiHa Ha CaMOXOIHBIA BaroH. [ SKcmepuMeHTa dTa BeTWYMHA ObuTa
yBEJIMYCHA Ha 3HAUYEHUE CTOXACTHUYECKOU 3aJIepP)KKU C MATEMATHYECKUM OXKHJIAHWEM, PaBHBIM 2 MUHY-
TaM. Pe3ynbTar MomeIrpoBaHus MPEICTABICH Ha pUC. 2.
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Puc. 2. UsmeHeHune napameTpa «[lleperpy3ka pyaa»
Fig. 2. “Ore loading” parameter changes

Jlis maHHOW TEXHOJIOTUYECKOH OIepalriy BRIOOP CTAaTUCTHYECKOTO paclpeielicHHs] MEHee BaXeH,
yeM TSl IPEABITyIel, TaK KaK B JAaHHOM CTydae BCE 3HAUCHUS BHIPAOOTKH OJIDKE IPYT K APYTY, OOIIas
pa3HuIa BRIPAOOTKU HE MPEBHIIIAeT 2 % B aOCOIMIOTHBIX 3HAYEHHSIX Ha JUAna3oHe B 1 MecsIl, XOTS U B 9TOM
ClTy4dae OTpHIaTeIbHOe ONHOMHAILHOE PAacIpe/ieliCHHE ITOKa3bIBaeT HANMEHBIIIeE 3HAYeHHE BEIPAOOTKH.

JpyruM BaKHBIM THIIOM TEXHOJOTHYECKOW OTepanuy SBJSETCS OIepalus, HacTymaromas peako,
HO 3aHUMAloIIas JIUTeIpHOe BpeMs. Hanbomnee 3HaUMMON TaKoM orepariueit sl NCCIIeIOBAHUS BIIHS-
HUS BEIOOpA CTATUCTHYECKOTO pachpeieNieH s sSBIsIeTCs OTTOH KoMOaliHa — BBITIONHAETCS 1 pa3 Juisd Ka-
KI0M MPOXOJIKU Kamepbl, HO ol1ee BpeMs B padore mozaenu coctasisieT A0 10 %. Jlannblii napamerp
JUISL DKCTIEPUMEHTOB ObUT YBEIMYCH Ha 3HAYCHHUE CTOXACTUYECKOM 3aJep’KKH C MAaTEMATHUYCCKHM OXH-
JlaHUEM, PaBHBIM 5 yacaM. Pe3ynbTaT MOAENMpOBaHUS IPEICTABICH Ha puUcC. 3.

W3MeHeHne CTaTHCTUYECKOTO paclpeelieHus] UIsi TeXHOJOTH4YecKoi omeparuu «OTroH» Oojee
BayKCH, YeM JUIs ITPEIbIIYIIEH, OJTHAKO B JAHHOM CJIy4ae Mbl Ha0JII0IaeM JIPYT'YIO0 KapTHUHY: aOCOJIIOTHAS
pasHuIla B 00beMe BBIPaOOTKH MOKET 3HAUUTEIBHO KosiebaTbes oT 1 10 10 %, 4To 00BICHUMO IS JTaH-
HOW OTiepaIuu: 3a BpeMs OTOOMKHU 0 JHON KaMepbl KoMOaiH BCeTja TOOBIBAET OTHO U TO K€ KOJIHMYECTBO
PYIBI, pa3iaryaeTcsi TOJIBKO BpeMs MEXKIy OTOOMKaMu KaMephl, pa3iindie B KOTOPOM HapacTaeT co Bpe-
MeHeM. Ei€ oHOW TEXHOJOIMYEeCKON olnepanueil, BpeMs BBIIOJHEHUS KOTOPOH MOMKET 3HAYUTEIbHO
BIUATHh Ha oOIMiA 00beM BHIPAOOTKH, SBISETCS BBHITIOTHEHHE JUIUTEIBHOTO ILIAHOBOTO WM BHETLIAHO-
Boro peMoHTta [15]. Xota nnst 3Toi omepanuu CTaTUCTUYECKOE paclpeAesieHue JOJKHO COOTBETCTBO-
BaTh pacmpenencHuio [lyaccoHa, B CyImecTBYIOMEH MOJIETH IS MPEANPHUATHS HUCIOJB3YeTCS paBHO-
MEpPHOE pacHlpeeICHIE, U MBI JIOJDKHBI MIOHATh, HACKOJIBKO 3TO BIUSET HA PE3yJIHTAT MOJCITHPOBAHHUS.
JlaHHBIN mapameTp A SKCIEPUMEHTOB ObUT YBEIWYCH HA 3HAYCHHE CTOXACTHUYECKOW 3aJIEPIKKU C Ma-
TEMaTUYCCKUM OXKUIAaHUEM, PABHBIM TIOJIOBUHE BPEMEHHU BBIIIOJTHEHHSI CAMOTO peMOHTa. Pe3ynbrar mMo-
JIeTTUPOBAHUS MIPEACTABIICH Ha PHC. 4.
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Fig. 3. “Mining machine passage” parameter changes
60,00%
55,00% _
-
50,00% g
45,00% -
vest— -
40,00% el s //—’
35,00% et -
b ”.,‘.wl" - -
30,00% gttt -
) E -
- /
25,00% 7
20,00% T T T T T T T T T T T T T T T T T T T T T
ng\o ,\/D?\Q ’{’\o\c bﬁ\ <'§° qug\a ‘93\0 oj’g\o Qva\c; r{;\a 0_,6\0 0300\0 (Ob.i\e ,\,\0\0 o),\’n\o é’;\o N°\° osﬁ\a (’)\ (,)cb\ ,\’13\‘0 ‘00\0
A0 A0 VA AT ST Y G Y T o QT @ @ S S P o oo G
PaBHOMepHOe pacnpegeneHue
= = HopmanbHoe pacnpegeneHue
++++++ Pacnpepenenue MNyaccoHa
=+ OTpULaTeNbHOE BUHOMUWANBHOE pacnpeaeneHne

Puc. 4. UameHeHue napameTpa «Bpems BbINONMHEHUs peMOHTa»
Fig. 4. “Maintenance time” parameter changes

Otxionenue i pacnpenenenus IlyaccoHa s qaHHOW omepaluy OKa3bIBAe€TCsl HAMMEHBIINM, a
UL PaBHOMEPHOTro — HamOospmmM. TakuM 0o0pa3om, HEBEpHBIM BBHIOOpP paclpeneneHus Uil OJHOU
TOJIBKO 3TOH ONepalnuy MOXKET JaTh MOTPEIIHOCTh MPU MOJAEIMPOBAHMH B aOCOIIOTHOM 00beMeE BhIpa-

6otku 10 10 % 3a 1 mecsr,.

Ha ocHOBe Bcex MOMy4YeHHBIX paclpeaeIeHUu I YeThIPEX BBIMICONHCAHHBIX ONEpaIuii OblIa OI-
peneneHa OTHOCHTEIbHAS CTETICHb BIMSHUS BHIOOPA TOT'O WIIM MHOTO PACIIPENCICHUS ISl KaKIOU Orle-

panuu. PeBy.]'ILTaTBI MOJCIIUPOBaHUSA TPCACTABIICHBI B Ta6m/1ue.
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OTHOCUTENbHOE OTKIIOHEHUE pe3ynbTaToB MoAenupoBaHus, %
Relative deviation of simulation results, %

PaBHOMEpHOE HopmansHoe Orpruatensroe Ilyaccon
OMHOMHAIIEHOC

OTtboiika 12,58 11,94 21,85 —

OTtrpy3ka 1,01 2,28 4,44 -

Otron — 14,29 31,27 12,94

Bemoateriie 17,39 15,35 1,77 0,00

peMOHTa

Kak BUJIHO U3 TaGJII/IIH)I u I‘pa(bI/IKOB, XOTsI a0COTIOTHOE 3HAYECHHE Ppa3HULbI MEXKAY CTATUCTUICCKHU-
MU pacrpefeNeHUsIMU 711 OTHOM TeXHOJOTHYECKOH Orepaliii MOTYT OBITh HE OYE€Hb OONBLUINMH, B OT-
HOCHTENBHBIX IU(pax pa3HuIa MokeT konebarbes oT 1 10 31,3 % B 3aBUCHMOCTH OT XapakTepa TeXHO-
JIOTUYECKOH OTeparyu.

[To TpeOoBaHMIO 3aKa34yMKa JJIs IKCILTyaTallid MOJICIH B PEaJbHOM IPOU3BOACTBE BCE CIyYaiHbIC
BEJIMYWHBI JJOJDKHBI IMETh PABHOMEPHOE pactpezeneHue. YToObl onpeenTh, HACKOIbKO CHIBHO TaKOe
JIOTTYIIIEHUE MOXKET BIUSATH HA PE3yJbTAaThl BEIPAOOTKHU, TPOBEPUM PaOOTy MOJIENH IJIsi KOMOMHAIINN U3
BCEX YETHIPEX BBIIICOMMCAHHBIX OMEPAlMid JIs CICAYIONIUX CIIy4acB:

1) paBHOMEPHOE pacTpeeieHue sl BCEX OTIEPAaIIHiA;

2) U KaKJO0W Omepaliyl TaKkoe paclpeelieHne, P KOTOPOM OTKJIOHEHHUE pe3yNbTaTa SBISeTCS
HaAauMMCHBIIINM,

3) WA KaKIOW omepalyy Takoe paclpencieHue, IPU KOTOPOM OTKIOHEHHE pe3ysibTaTa SBJISICTCS
HaHUOOJIBIITIM.

Pesynprar MonenupoBaHus IpeACTaBleH Ha pHC. S.
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Puc. 5. O6wui pe3ynbTaT MoaenMpoBaHUA
Fig. 5. Overall simulation result

[TomyuenHble TaHHBIE OOIIETO MOJEIMPOBAHUA MOATBEPIKAAIOT PE3yJIbTAThl OTAEIBHBIX KCIIEpPH-
MEHTOB — 001 pe3yabTaT paboThl MOEIH 3HAUNTENILHO MEHSACTCS [IPH PA3TUYHOM BBIOOPE CTATUCTH-
YeCKUX pacipezeneHuil. BeiOop mo yMonI4aHUIO — BCe paBHOMEpPHBIC PACIpeNeNIeHUs] — OKa3bIBaeTCs
POBHO My HAaHOOJBIINM M HAMMEHBIINM OTKJIOHEHHEM ¢ paszHuiiei okono 10 % abcomoTHOro 00b-
eMa BBIpabOTKH.

BriBoabI
Takum 00pa3oM, HCCICIOBaHUE MTOKA3aJI0 3HAYMTEIBHOE BIMSHHUE BHIOOpA HMCIOJIB30BaHHBIX CTATH-
CTHUYECKHX pPaCHpeIeiICHUI OTAEIBHBIX MTapaMeTpoB Ha TOYHOCTh MOJAEIHPOBaHUS pabOTHl KoMOaifHa U,
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KaK CJICZICTBHE, HA TOYHOCTh COCTABJICHHS IUIaHa JOOBIUM KaMHHON pyasl. [lomydyeHHbIe pe3ynbTaTsl MO-
I'YT UCIOIB30BATHCS AJIsl YTOYHEHHMS BIMSAHUS OTACIBHBIX (PaKTOPOB B MMUTALIMOHHONW MOJEIH H, CIeI0-
BaTEJBHO, ISl YIYUIICHUS TIAaHUPOBAHUS KATMIHBIX TOPHO-BBIEMOYHBIX pa0oT. CTereHb BIUSHHUS BBIOO-
pa pacrpeneneHusi MOXKET pazInyaThCsl B 3aBUCHMOCTH OT THIIa TEXHOJIOTMYECKO oneparuy, OJHaKO s
o01ero pe3yspraTa mpeanoiaraéMoe K UCIOJIb30BaHMI0 Ha JAHHBI MOMEHT PaBHOMEPHOE pacrperiesicHIe
JIaeT yCpeIHEHHBIH Pe3yibTarT, M0 KOTOPOMY MOKHO COCTaBUTh MPOTHO3 OOIIEH JOOBIMH pyJHUKA HA HEKO-
TOPBI IEPHOJT BpEMEHH, HO KpaifHe CIIOKHO COCTABHUTH TUIAH paOOThI IS KaXKIOr0 OT/ICIBHOIO KOMOaiHa.
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INVESTIGATION OF THE RANDOM VALUE STATISTICAL
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ON THE MINING OPERATIONS MODELING RESULTS
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The importance of production planning for improving the performance indicators of a mining
enterprise is indicated. The possibility of simulation modeling using for this aim is shown. It is
shown that the created model has a large number of stochastic parameters. It is investigated that
there is a problem of research lack about the choice influence of the mining modeling results with
different statistical distributions. It is known that with an increase in stochastic deviations from
the initial parameters, the productivity of queuing systems decreases. Purpose of work is to study
this influence with four statistical distributions of a random quantity (uniform, normal, negative bi-
nomial and Poisson distribution) for individual operations and their combinations. In addition, it is
necessary to determine how much a change in one particular parameter will affect the overall result
of the modeling. Materials and methods. In the previously created simulation model, a stochastic
delay is added to the time of individual operations. The addition of such a delay with different statis-
tical distributions and with the same mathematical expectation is investigated. The simulation results
are compared with each other, for each individual operation the absolute and relative deviation of
the results is shown. Further, a similar simulation is performed when all the simultaneously selected
parameters changing. Result. It is shown that the magnitude of the deviation significantly differs
among all deviations. It is shown that for various single changes in operations, the largest and smal-
lest deviations can be given by different statistical distributions. To study the joint change with all
parameters, 3 modeling scenarios are implemented: all uniform distributions (this case is used now),
the scenario with the smallest deviation and the scenario with the largest deviation. It is shown that
switching to another scenario leads to a significant change in the simulation. Conclusion. It is con-
cluded that the used significant influence of statistical distributions choice to the accuracy of model-
ing the operation of the mining machine is shown, especially when they are taken into account to-
gether. The results can be used to clarify the influence of individual factors in the simulation model
and improve the planning of potash mining operations, for individual mining machines too.

Keywords: simulation modeling, stochastic model, potash ore, mining operations, statistical
distribution, uniform distribution, normal distribution, Poisson distribution, negative binomial
distribution.
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WCCNEOOBAHUE NAPAMETPOB 3ALAYM CITITIAUHOBOM
AMNMNPOKCUMALUN 3AWLYMIIEHHbBIX AAHHbIX YNCIIEHHBIMU
METOOAMU ONMTUMAJIbBHOI'O YINPABJIEHUA

n.Mn. bonodypuHa, J1.C. NpuwuHa, J1.M. AHyugepoea
OpeHbypackuli 2cocydapcmeeHHsbil yHuUsepcumem, 2. OpeHbype, Poccus

B Hacrosiiee BpeMst mpoOieMbl HCKaXKEHHUS IaHHBIX U3MEPEHUI IIyMOM U HOSBICHHS HEoIpe-
JISTICHHOCTE! B KPUTEPUSIX KayecTBa MOCIYKHUIM MPUYUHON MOBBIIICHHOTO UHTEpECa K HCCIeI0Ba-
HHUSM B 00JIaCTH CIUTaHOBOM ammpokcumanuu. [Ipu 3ToM CyIIecTBYONHEe METOIbl MUHUMH3ALUH
AMITUPUYECKOTO PHCKA, MPEIoaras, 4To LIyM SIBIISIETCS paBHOMEPHBIM pacrpeesicHueM ¢ 0oiee
TSDKETIBIMH XBOCTAMHM, YEM TayCcCOB, OTPaHHYMBAIOT 00JaCTH MPUMEHEHUS TaHHBIX MCCIICIOBAHHM.
[poGneMa OLEHKN MCKAaXKEHHBIX IIYMOM JaHHBIX, KaK IPaBUIIO, OCHOBBIBACTCS HA PELICHUH OITH-
MH3AlMOHHOM 3a1a4n ¢ QyHKIHEH, coaepxkalieil HeonpeeIeHHOCTh, BO3HUKAIOLICH Ha OCHOBE 3a-
Ja4Yd TIOMCKAa ONTHMAIbHBIX MapaMeTpoB. B CBA3M ¢ 3THM OLCHKA MCKAXXCHHBIX LIYMOB HE MOXET
OBITh pa3penieHa Kiaccuueckumu Metonamu. Llesb uceaenoBanus. [JaHHOE Mcclie[OBaHUE HAPaB-
JICHO Ha PEILICHUE U aHAIM3 3aJaul CIUIAMHOBOM allIPOKCUMALMU JIaHHBIX B YCIOBUSAX HEONPEACIEH-
HOCTH Ha OCHOBE MapaMeTpU3aLMK YIIPABICHUS U alIrOpUTMa MPOEKIMU rpaauenTa. Meroasl. Mccie-
JIOBaHHUE 3a/1a4d CIUIaHOBOM aIpOKCHMAIUK 3allyMJICHHBIX JaHHBIX MMPOBEICHO METOAOM MpH-
OMIDKEHUsT KYCOYHO-TIOCTOSIHHOW (QyHKIMHU ynpasienus. [Ipu sToM mapamerpusanus ynpaBieHHS
BO3MOJKHA TOJILKO MPU KOHEYHOM YHCIIE TOUEK pa3pbiBa IIEPBOTo poja. B paMkax sKcrepuMeHTallb-
HOTO HCCJICIOBAHUsI MPUMEHEH aJTOPUTM METOZA MPOCKLUH I'PAJUCHTA Ul YUCICHHOTO PELICHUS
3a/1a4¥l CIUIaifHOBOW ammpokcuManuu. [IpeioxkeHHble METOIbl IPUMEHEHBI JUTS HCCIICIOBAaHHS T1a-
paMeTpoB 3aJa4M CIUIAI{HOBOW ammpOKCHMMAlWH JaHHBIX B YCIOBHSAX HEONPEACIEHHOCTH. Pe3yin-
TaThl. UHCIICHHOE HCCIeJOBaHNE OAX01a K MapaMeTPpU3aliuy YIPABJICHHUS U alTOPUTMA NPOCKIIUH
rpagueHTa MPOBEJCHO Ha OCHOBE Pa3paOOTaHHOIO MPOrpaMMHO-AITOPHUTMHYECKOTO CPEACTBA AN
peLIeH s 3a1auy CIUTailHOBOW MOJENH amllpOKCHMALUK B YCIOBHUSIX HeompeneneHHocTH. st oneH-
KU MCKa)XCHHBIX IIYMOM JaHHBIX POBEACHBI YUCIICHHBIC SKCIIEPUMEHTHI [0 HCCIICAOBAHUIO MapameT-
POB MOJIENIM U YCTAHOBJICHO, YTO TOBBILICHHE 3HAYCHHS TApaMeTpa o BEAET K yBEINUSHUIO TOYHOCTH,
HO K motepe riaakocTH. KpoMe Toro, mpoBeleHHbBIH aHaau3 MOKa3all, YTO PACCMOTPEHHBIC 3aKOHBI
pacnpeeneHns He U3MEHUIM TOYHOCTb M CKOPOCTh CXOIMMOCTH ajlropuTMa. 3akiiiouenue. I[Ipemio-
JKEHHBIN MOJIXO/ I PELICHHs 33/1a41 CIUTaHOBOMW alllpOKCUMAIIMK B YCIOBHSX HEOIPEIEIICHHOCTH
MO3BOJISIET ONPEJEIUTh NPOOJIEMbI HCKaKEHHS JAHHBIX U3MEPEHHH IIyMOM U MOSIBJICHHS HEompe/ie-
JEHHOCTEH B KpUTEPHAX KauecTBa. MccnenoBaHue napaMeTpoB MOJEIH II0Ka3ajo, YTO IOCTPOCHHAS
CHCTEMa yCTOYMBA K OIIMOKEe HAYaIbHOTO MPHOIMKEHHS, a 3aKOHBI paclpe/ieNiCH s He OKa3bIBaIOT
CYILECTBEHHOTO BIMAHHA Ha TOYHOCTh M CXOAUMOCTh METO/Ia TIPOCKLIUH TPaJAUCHTA.

Knioueswvie cnosa: yumupoeanus, Haykomempuyeckue Memoobvl, azpecuposanue oubauozspagpu-
yeckotl uHgopmayuu, moouguxayus memooa Winnowing, memoo Jlegenumerina, Memoo wuH2108.

Beenenue

B HacTosimee Bpems rccieoBaHus B 0071aCTH CITAHHOBOM allpOKCHMAIUH CTalTd HanboJiee aKTy-
aNbHBIMH B MPHUKJIAIHBIX 3a1a4ax. Hampumep, crutaiiHel UTparoT BEIYLIYIO POJb B Ka4eCTBE T€HEPATO-
POB KOHTYPOB MJIM KPUBBIX, a CIIa)KUBAIOIINEC CIIAlHBI J0CTAaTOYHO 4aCTO NPHUMCHAKOTCA B CTATUCTHUKE.
Krnaccudeckue crtaifHbl PeACTaBISAIOT WHTEPIOSAIMOHHBIE KPUBBIE, B TO BpeMs Kak CIUIaiHbI CTia-
JKUBAHUS YIOBJICTBOPSIOT YCJIOBHIO allIPOKCHUMALIMH JOCTATOYHO «OJIN3KO» K TOYKAM MCXOAHBIX JaH-
HBIX. B pamkax naHHOH paboThl CriIaXHBAIOLIME CIUTaHBI IPEACTABICHB! KAK €CTECTBEHHAs YacTh TEO-
pun ontuMmansHoro ynpasierus (OVY). [Ipu 3ToM TeopeTnyeckue KOHLEMIUN YIPABIEHUS MO3BOJISIOT
HaXOJUTh U MHTEPIPETHUPOBATH CIUTaliHBI Hanbonee 3¢ HeKTUBHO.

Ucxonnas popma MmoJIMHOMUANBHON MHTEPIIONIALUN COOEPKHUT HEAOCTATKH, KOTOPBIE OrpaHUYH-
BalOT €€ MPUMCHCHUC BO MHOI'MX C(l)ean ACATCIbHOCTU, B YaCTHOCTHU, JII MHOIOpa3sMCpPHLIX 3ajady.
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BonodypuHa W.M., MpuwuHa J1.C., UccnedoeaHue napamempoe 3adayu cnnaliHogol
AHuyudcpepoea JI.M. annpokcumMayuu 3awyMIeHHbIX OaHHbIX...

OCHOBHBIE HETOCTATKH UCHPABISET TEOPHA CIUIAHHOB, B CBSI3U C TUM PAaCCMOTPEHUE BOIPOCOB MPHUMeE-
HEHMS CIUIAI{HOB B Pa3JIMUHBIX 00JIACTAX SABJISIETCS aKTyaIbHBIM BOIIPOCOM.

B pamkax qaHHOTO MCCIIEIOBaHUS PacCMOTpEHa JIMHEeHast KBaJpaTudHas 3anaya OY, 11 KoTopoit
HE 33J]JaHO Ha4aJIbHOE COCTOSTHUE CHCTEMBI, OTHAKO M3BECTHBI AlIPHOPHBIE CBEACHUS O TaHHOW CHCTEME.
[Ipu pemiennu 3a7auu 0 MOUCKE JAaHHBIX MapaMeTpoB ¢ HanOosee 3()(HEKTUBHBIM 3HaUCHUEM (DYHKLIHO-
HaJla KauecTBa M0 Ha0Opy M3MEPEHHBIX AAHHBIX, HEOOXOAMMO YUUTHIBATH IIYM M UCKAKEHUS JaHHBIX.
Hannas paboTa paccMaTpuBaeT 4acTHbBIM npumep 3amaun OY — 3aiady anmnpoKCUMAaluH CIIAHHOBOM.
DyHKIMOHAJ Ka4eCcTBa BBIYMCIISAETCS Ha OCHOBE BXOJHBIX JAHHBIX M, CIIEZIOBATENbHO, CONEPKUT HCKa-
’KEeHHyI0 nHpopMmanuio. B cBA3M ¢ 3TuM qaHHas 3a1a4a OTHOCUTCS K 3a71ade C HEONpeIeICHHOCTHIO.

1. O030p nccienoBanmnii

UccnenoBanusmu U pa3pabOTKOIl METOIOB allIPOKCUMALIUMH CIUTIAHH-QYHKIUHA C LEeTbI0 MOACIHPO-
BaHUS B3aMMOCBS3H MEXKIY LEIEBBIM OTKIMKOM U HECKOJIBKMMH IEPEMEHHBIMH MPEAUKTOPAMH 3aHH-
MAaIOTCs IO BCEMY MUDY.

CrutaiiH IHUPOKO MCHONB3yeTCsl B 00paboTKe CUTHAJIOB, TUCKPETHBIX BBIUYMCICHUSIX, CTATUCTHKE U, B
YaCTHOCTH, CIUTAlH CTJIaXMBaHHS TIO3BOJISIT TONYYHUTh IMIAAKYI0 KPUBYIO, KOTOpask HAMIYYIIAM 00pa3oM
MOJXOJIAT JUTS alpPOKCUMAIIMK JaHHBIX ¢ ryMoM [ 1, 2]. TeopeTHdeckuii CriaXMBaroIuii CIiaiiH B pabo-
Te [3] sBnsiercss 0000IIEHNEM CITIaKUBAIOLIETO CIUIAiHA C HUCIIOJB30BAaHUEM HOBBIX IOAXOJO0B YIIpaBiie-
HUSI, C TIOMOILBIO KOTOPBIX KPHBAs CIUIaliHa OMPEAEISIETCs BEIXOIOM JIMHEHHON JUHAMUYECKOH CHCTEMBI.

B nccnenoBanuu [4] nmokazaHo, 4TO yHpaBISAIOLINE TEOPETHUECKUE CIUIAMHBI OTHOCUTEIBHO MOJH-
HOMUAJIBHBIX TIO3BOJISIIOT MOCTPOUTH OoJiee IIMPOKUM HAaOOp CriIaXKMBAIOIIMX KpUBBIX. Kpome Toro,
TEOPETHYECKUN CIUIaiH YIpaBJIEHUS JTOKa3zaj CBOIO IOJE3HOCTh IS IUIAHUPOBAHUS TPAEKTOPHUH MO-
OUJIBHBIX POOOTOB [5], KOHTYPHOTO MOAETMPOBAHUS H300paKeHU [6], ONICHKH pachpeie]ICHUs] BEPOsIT-
Hoctelt [7] u apyrux. JlomosHUTENbHBIC TPUIOKEHHS W HanOoiee OOIIMPHBIC CBEICHHS O TEOPHU
YIpaBIeHYs CIUIaHaMU NPEACTaBICHBI B UCCIEAOBAaHUH [ 8].

TpaguuvoHHBIN BUJ TEOPETUYECKUX CIUIAHHOB YIIPABICHHUS OCHOBAH HA ONTHMU3alUU L, U UMeeT

JIBA OCHOBHBIX HEJOCTAaTKa. Bo-TIepBBIX, JaHHBIA MOJXOM TpeOyeT KOJWYECTBO MapaMeTpoB, PaBHOE
Pa3MEpHOCTH JaHHBIX, YTOOBI MPEACTABUTH MTOA00PaHHYIO KPUBYIO.

Omneparop HanMmeHblel abcoaroTHON ycanku u Beioopa LASSO mpencrasnen B pabotax [9, 10].
MeTopI MUHUMU3AIIUN IMIIMPUIECKOTO PHCKA, MPEAToaras, 4ro IIyM SBISIETCS PaBHOMEPHBIM pac-
TIpelIelIeHneM, MPeJICTaBIeHbI B uccienoBannu [11]. 3areM mpoOiema OMUCHIBACTCS B BBITYKJIOH ONTH-
MU3AIHH, KOTOPasi MOKET OBITh A3(PEKTHBHO pellleHa C MOMOIIBI0 YUCIEHHBIX METOJIOB.

B uccnenoBanuu [12] paccMarpuBaetcs moaxoA K perneHuto 3agaud OY ¢ aprHOpHBIME 3HAHUSIMHU
Y TIPEATIONOKEHUSAMHU O paclpeAeseH!H IIIyMa Ha BXOAHBIX JaHHBIX. JJaHHYI0 TIpoOaeMy OleHKH mapa-
METPOB aBTOPHI CHOPMYITUPOBAIIN B BUJIE CTOXACTHUYECKOM 33]]a4X BHIOOpA ONITUMAIILHOTO MapaMeTpa.

Takxum 00pa3oM, aHaIN3 COBPEMEHHBIX UCCIIEOBAaHMH MOKA3al, YTO OIEHKY IIyMa UCXO/IHBIX JIaH-
HBIX MOKHO TPOBOJUTH CTATUCTHYECKUMHU METoJaMH. Torja s mepeBoaa (yHKIHOHANA KayecTBa C
HEOTPEACTICHHOCTHIO B JICTEPMUHAPOBAHHYIO (PYHKIIUIO MOYKHO MCIIOJIB30BATh BAITYKIYI0 KOMOMHAIIHAIO
CpeIHEro 3Ha4eHUs U JUCIICPCUH UCXOJHOM (QyHKIMHU. B pe3ynbraTe mpuMeHeHHs NaHHOTO MOIX0/a U
(dhopMHpOBaHUS IETEPMUHHUPOBAHHON 3a/1a4y BHIOOPA ONTUMAIBHOTO MapaMeTpa BO3MOMXKHO HCIIONB30-
BaHUE TPAIMEHTHHIX aJITOPUTMOB ONTHUMHU3ALINH.

Jannast paboTa HampaBiieHa Ha UCCIEAOBAHUE 3a/1a4M CIUIAHHOBOH ampOKCHMAIIUN JaHHBIX B YC-
JIOBUSIX HEOMPEACNEHHOCTH Ha OCHOBE TMapaMeTpHU3aldy YIPaBICHHS M alIrOpUTMa METOAa MPOCKIHH
rpajgueHTa.

2. ITocTaHoBKA 3a1a4¥ CILVIAHOBOI aNNMPOKCUMAIIUM TAHHBIX

PaccmoTtpumM 3a7ady CItaifHOBOM alpOKCUMAITAN TaHHBIX, €CJIM BXOJIHBIC JAHHBIC MPEACTABIISIOT
co00if 3aUKCUPOBAaHHBIC 3HAYCHHS (PYHKIIMYA B KOHKPETHBIC MOMEHTBI BPEMEHH C IPUMEHECHHEM METO-
J1a MHTEPIIOJSIUY criaiiHamu [13].

[ycts D:{(t[,ai):izl,...,n} — Ha0Op NaHHBIX B MOMEHT BPEMEHHU f; U 3HAUYEHHEM O;, a
F={feC 2 [O,T ]| f (tl-) =0} — MHOXECTBO JIBa)Kbl HEMPEPHIBHO AUDHEPEeHINPYEMBIX (DYHKIUMH, KO-

TOPBIC UHTCPIIOJIUPYIOT JaHHBIC.
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PaCCMOTpI/IM 3agavy CIIaTHOBOH AIIpOKCUMaI JaHHbIX!

T N
. 2 2
/min Ou(t) dt+xi§(y(ti)—ni N, (1)
dx—(t)zAx(t)+Bu(t), 2)
dt

x(O) =Xp> 3)

y(t):Cx(t). 4)

Ilycte f: [O,T ] — R™ — QyHKIHs, KOTOPYIO HEOOXOAUMO armpoKCUMIpoBaTh. [locie npoBeeHus
SKCIEPUMEHTA JaHHble U3MepeHuil f(f) mpu f,...,¢y MOLYT OTIMYAThCS OT PEAlbHBIX 3HAYCHUH U3-3a
ITyMa VI IO PENTHOCTH u3MepeHus. Torna 3HaueHs M3MEPEHUH B KaXKIbIii MOMEHT BPEMEHHU UMEIOT BH

B;=f(t;)+&,i=1...,N. (5)
rae & = |:81t yees sfn } — CITy4aifHble OTKJIOHEHUS], TeHEpHUpPYEMbIe HAIOKEHHBIM IITYMOM U COOTBETCTBYIOIIIEH

omroKkoi m3mMepenus. [Ipeanonaoxum, 4To cpeHre 3Ha4eHHs, AUCTIEPCUH U TPETHU MOMEHTHI H3BECTHBI.
Ontumusnpyemasi pyHKIHS TPUMET BUJ

N » I 2
g(xo,u)=2wi‘|y(t[)—B[H +7»”|u(l)” dt, (6)
i=1 0

rae w;,i=1,..., N —BecoBble KO3Q(UINEHTBI, A — KOHCTaHTA ISl PETYJIMPOBAHUS IIaJKOCTH KPHBOU

armpoKCUMAaITIH x(l | X0, u) ,

. || — EBkninioBa HOpMa.

Tak kak QpyHKIUS g(xo,u) COJICPIKUT CITydaliHble 3HAUEHUS, TO MpeodpasyeM ee K JIeTCPMHHUPO-

BaHHOM C TIOMOIIBIO BBIMYKJIOW KOMOMHAIIUN CPEIHEr0 3HAYCHUS U TUCTICPCUN TaHHOM (DYHKIUH.
Takum 00pa3om, 3ajada COCTOMT B OTHICKAHMH HA4yajlbHOIO YCJOBHA X, € X W YNpaBIAIOIIEH

hyHKIIIN u(t)eU JUTS TIEJIeBOTO (PYHKIIMOHATIA

G(xo,u)zaM{g(xo,u)}+(1—a)Var{g(x0,u)}, (7)
MHHEMH3HpYeMoro o X, € X u u(t)eU , rne M{.} — matemarudeckoe oxunanue, Var{.] — macmep-

cus, a a €[0,1] — BecoBoit k03D PHLIUEHT.

OyHKIIIO CAi(x0 ,u) MOXHO IpeoOpa3oBaTh B JETCPMHUHUPOBAHHYIO U 3aga4a OY Oynetr UMeTh BUL:

R N N N T
G (g =l (1)) 3(5) = 22w (o () MR} + S M{ BB, |+ (1) ey +
i=1 i=l i=l 0

N N N
H(1=a) 43D (£)) Cov{ BB, | p(t)+ Vars Yw (BB, -
i=1

i=11=1

N N
_4221’" Cov{(Bi)zaﬁl}y(tl )}a (8)

i=11=1
rae u(t) :[0,7]>U — ¢yukuus ynpasinenus, rae U — KOMIIAKTHOE BBHINYKIOE MHOXKECTBO B R,

y(t) € R™ — pesynprupytomas QyHKIms, a X, € X — HEM3BECTHOE HAYaIbHOE COCTOSIHHE, rae X sB-

JISIETCS1 KOMITAKTHBIM TTOJMHOKECTBOM R” .

[Moaxon k mapaMeTpu3aliy yIpaBlIeHHs SIBIsCTCA HanOoJee pacpoCTPaHEHHBIM ISl PELICHUS 3a-
naun OV oOmiero Buga. B aToM ciydyae BpeMEeHHOW MHTEpBal pa3OMBaeTCsl HA HECKOJBKO YacTed U Ha
KaXIIOM CTPOUTCS KyCOUHO-TIOCTOSIHHAsI (DYHKIHSI YIIPAaBICHHUS C BO3SMOKHBIMU TOUYKaMH pa3pbiBa IeEp-
BOr'0 POZa B TOUKAX pa3OueHHs HHTEpBaja.

Hcnonb3yst naHHYI0 CXeMy ammpoKCUManuH, GOPMHPYIOT KOHEUHOMEPHYIO 3aady aIrnpoKCHMa-
un ucxonHor OV, KoTopast COOTBETCTBYET 3ajaue BEIOOpa ONTHMAIILHOTO TIapaMeTpa.

140 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2021, vol. 21, no. 3, pp. 138-148



BonodypuHa W.M., MpuwuHa J1.C., UccnedoeaHue napamempoe 3adayu cnnaliHogol
AHuyudcpepoea JI.M. annpokcumMayuu 3awyMIeHHbIX OaHHbIX...

3. MeToabl penieHust 321a491 CINIAHHOBOM anMpOKCHMALMH JAHHBIX
Jns uyucnenHoro pemeHus 3axa4uu (2)—(4), (8) mpeacraBuM ympaBieHHE KyCOYHO-TIOCTOSHHOM
(YHKIHEH ¢ KOHEYHBIM YHCIIOM MEPEKIIOUEHUI METOIOM NTapaMeTPU3alluy YIIPaBICHHS.

Hnsa xaxgoro i=1,..., N+1 pa3obbeM HHTEpBalI [tl;l,ti] Ha p; NOAUHTEPBAJIOB, 4 TPAHUYHBIE

TOUKH 0603HAYMM Kak T, e j=1,..., p;—1.

! r’.), i=l,..., N+1; j=1,..., p; Ha3pIBacTCs pPa3/EIOM BPEMEHHOIO

IlocnenoBaTebHOCTH [r 15T

M -

=)

M -1 1 N+1 1
rOpHU30HTa, a T =|:‘Cl, ooy T M ]E — BCKTOPOM AOIIYCTUMOI'O BPCMCHHU NCPCKIOYCHUS IIPU

Pn+1-1
N+1

M=Zpl-.

i=1
L1 HEKOTOPOTO yIpaBJICHUS u(t)e U omnpenenum KOHEUHOMEPHOE NPUOIIKEHHE

N+1 Pi

()= ()= X 3y

i=l j=1

o) (0)-reloT], ©)

i
1T

i-1
rne ;= Zp, +J — MeTKa TOJWHTEepBana, Y = [y{, . y’r] eR",y;eU,l=1,...,r — NONyCTUMBIii
1=1

BEKTOp YIPaBICHUA U ) ; (t) — MHAMKaTOpHas QyHKUMS BUIA
l,eciutel,
1 (1) = 0
, MHaJe.
[Ipu moncranoBke npubImwkeHus (9) B ypaBHeHue (2) MOIyduM CHCTEMY, KOTOpas OIlpeneieHa Ha

i iy.
NOANHTCPBAJIC |:ij1 ,Tj) .

dx J
—d(tt) =Ax(t)+By€’, (10)
y(l):Cx(Z). (11)

Jemepmunuposannan 3a0aua 6b100pa ONMUMAIbHO20 napamempa
Hns nunamuyeckoi cucteMel (10)—(11) maiith x, € X u yel’, cOOTBETCTBYIONIME MHHUMYMY

GbyHKIHIH:

R N N N T
G(xg) =y Y ()7 (1)~ 22w (1)) M{B, }+ YowM BB, + ()] ey +
i=1 i=l1 j= 0

i=

N N N
H(1=a) (4w (1)) Cov{ (BB} (1)) +Vary Y w, (BB, -
i=1

i=1 /=1

N N
43 1" Cov{(B)2. By (1) (12)
i=1 /=1
Memoo npoexuyuu zpaduenma
Jlns perieHus mocTaBiaeHHOM 3a1aun (12) B paMKax JaHHOHW paOOThI paCCMOTPEH aJIrOPUTM METOMA
npoekuu rpaauenTa [14, 15], ocHOBHas uest KOTOPOTO COCTOHT B MOUCKE IKCTpeMyMa (DYHKIIMU B Ha-
NPaBJICHUU aHTUIpaAueHTa GyHKUUH. B naHHo# paboTe aHTUrpaaneHT GYHKIUH CHOPMHUPOBAH TaKUM
00pa3oM, 4TOOBI BEIIIOJHSIOCH CBOMCTBO JIOITYCTUMOCTH 3HAYEHUH TPACKTOPHU JABUKCHUSI.

4. BoruncaurejibHbIe IKCIIEPUMEHTHI

B pamkax naHHOH CTaThbU pPacCMOTPEHO HCCIENOBAHHE NapaMETPOB YMCICHHOIO PELICHMS 3aJa4d
CIUTAIfHOBOH ammpoKCUMAIlNH JaHHBIX MPH Pa3IMYHBIX BECOBBIX KOA(PPHUIIMEHTAX MEXKIY MareMarnde-
CKUM OXKMJAHHEM M AMCHEpPCHEN MCXOAHOW (PYHKLUH, a TaKKE Pa3NUYHBIX MOIXOAaX K HaJOXKECHHUIO
LIyMa Ha allpOKCUMUPYEMBIE JAHHBIE.
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I[JIH MMPOBCACHU YMCIICHHBIX OKCIICPUMCHTOB ObUIH Ba(l)I/IKCI/IPOBaHBI CJICAYIOLIUEC MapaMCTphl 3a1a4u:
A=1,8, B=0,2, C=2, ¢=10000, x, =-0,5, u=0,5, M(B,)=-0,528,

Var(B;)=3,4483, a=0,5, p; =100.

HcxonHble naHHBIE conxep:KaT 10° WU3MEPEHUN, UMEIOIME HOPMAJbHBIM 3aKOH paclpeAcsieHus, U
C HAJIOKEHHBIM LIyMOM B Bie pyHkimn f (1)

~0,2074x” +0,5584x —0,2321, if t €[0;0,5713],
£()=40,02x" —0,224x" +0,562x - 0,2323, if t €[0,5713;7,8013], (13)
0,2815x” —3,7729x +12,137,if t €[7,8013;10].

OTMeTHM, 4YTO TOIPEHNIHOCTH  IOJYYEeHHBIX  3HA4eHHH max( y(tl. ) -C*f (tl. )) =0,074,

max (x(t,- ) -f (tl- )) =0,037 nepBoro mopsiaKa U COOTBETCTBYIOT YCTOHYHBON MOJIEIH C JOCTATOYHO BBI-
COKOU TOYHOCTBIO.

[IpoBeném uccienoBaHue BIUSHAS MTapaMeTpa BECOBOTO KO (GHUITUCHTA 0 MEXKITY MaTeMaTHIeCKUM
OXKHUJIAaHWEM U JHCIEPCUE UCXOMHON (QYHKIMH MpH CleAyromux 3HadeHusx o = 0,2; 0,5; 0,7 (puc. 1, 2).

TpaekTopuu xit) TpaekTopuw ult)
3 1.5
2 —# 1 B =
. _ e A 05 ,—'-""::: """:—""'# —]
—— - i
_._F_,rr-‘
0 = e :ﬁ L/ . A{;f’
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| ]
-2 -1
3 -1.5
0 1 2 3 4 s & 7/ 8B 9 W ] 1 2 3 4 5 & 7 8 9 10
Puc. 1. TpaekTopus x(f) n ynpaBneHue u(f) npy pa3nuyHbIX 3Ha4eHUSAX BeCoBOro koadduumeHTa o
Fig. 1. Trajectory x(7) and control u(?) at different values of the weight coefficient o
TpaekTapuy yit)
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Puc. 2. TpaekTtopus y(f) npy pa3nnyHbIX 3Ha4eHUAX BeCoBOro koadduumeHTa o
Fig. 2. Trajectory y(7) at different values of the weight coefficient a
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UccnedosaHue napamempoe 3adayu cnnaliHoeol

anrnpokKkcumMayuu 3awyMi/1eHHbIX OaHHBbIX...

Pesynprathl nccnenoBaHus BIUSHUA apaMeTpa BECOBOro Koddduimenrta o Ha anmpoKCUMAalOH-
HYI0 (PYHKIIMIO TIpe/ICTaBIICHBI B Ta0M. 1 ¢ yka3aHUEeM KOJIUYECTBA UTEPALMi U IOTPEITHOCTEH.

Tabnuua 1
Pe3ynbTaThl MCCriefoBaHUA NapameTpa o,
Table 1
Results of the study of the parameter a
a s (),2 m— ()5 o (0,8
J 34,02 1,2 0,34
Count 11235 13 101 12 540
N
2 (1) -1 (1)) 0,068 0,037 0,021
N
N t t
2 ((6) = /(1) 0,079 0,044 0,027
N

HpI/I YBCIMYCHUN O 3HAYUCHHUA x(tl.) u y(ti) HMEIOT OOJbIlIEe OTKJIOHEHHE K PpCaJIbHbIM 3HAUYCHUAM

Habopa naHHbIX. OJHAKO JaHHOE MOBEJCHUE COMIPOBOXKIACTCS CHIIBHBIM UCKPUBJICHUEM TPa(UKOB, YTO
COOTBETCTBYET YPOBHIO INIAJKOCTH BTOPOH Npon3BoxHON (yHKiwu y(f;). IIpi 5TOM HOrpemHoCTS
CHHDKACTCSI, & TOYHOCTh PEIICHHS 3HAYUTEILHO YBEININBACTCA.

Ha ocHOBaHMM MMOTyYEHHBIX PE3yIbTATOB MOXKHO CAETaTh BBIBOJ O TOM, 4To pu o = 0,5 pemieHne
3aJ]a4d COOTBETCTBYET JOCTATOYHO BBICOKOW TOYHOCTH M HE MUMEET OOJBIINX IMOTEPh B TIIAJAKOCTH
(hyHKIHA.

Hccneoosanue enuanus 3aK0Ha pacnpeoenenus wiymos

Uccnenyem BIusiHEE 3aKOHA paclipeliesieHHsI IIyMOB, HAKJIa[bIBAEMbIX Ha UCXOJMHYIO (pYyHKIHIO, HA
TOYHOCTb ¥ CKOPOCTh CXOAMMOCTH JaHHOTO MeTona. PaccMoTpuM crienyromye 3aKOHbI pacipeneacHus
HaKJIaJbIBAEMbIX IIYMOB: HOPMaJIbHBIN, SKCIIOHECHIMAIBHBIA U PAaBHOMEPHBIH. 3apUKCUPYEM MapaMeT-
PBI [UIA KaXKI0TO 3aKOHA PaclpeIeICHHUs.

Hopmanbnblii 3aK0H pacpeleneHus IIyMOB:

(4 *H)z

1 [ 262 ] 2
B, =(t;)+——¢ , i=L..,N, u=5, o= =0,0001. (14)
=)
PaBHOMEpHBII 3aKOH PaCIPEICICHUS ITYMOB:
0, t;<a,

B, =r(t;)+ *3, a<t;<b, i=1,...,N, a=0, b=10. (15)

b-a
0, t; >b.

SKCHOHCHHHaHBHLIﬁ 3aKOH paclpeaACiICHUA IyMOB!

0, ¢; <0,
Pi=s () 1—e™™i, t,>0,
Ha puc. 3, 4 npencrasnensl rpaduxu x(¢) 1 u(f), mOITydIEHHBIE IPH HAJIOKECHUU IIYMOB C Pa3HBIMHU
3aKOHAMHM PaclpeeIeHus.
PesynbTarthl WccrenoBaHUsl BIMSHUS 3aKOHA pacrpeleNieHUs] IIYyMOB Ha ANpOKCHMAIOHHYIO
(YHKLUMIO IpeAcTaBiIeHbI B Ta0d. 2 ¢ yKa3aHHEM KOJMYECTBa UTEPALUil ¥ OrPEIIHOCTEH.

i=1,..,N, L=3. (16)
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TpaexTopuu xit) TpaekTopriA ult)
3 15

FJ 1 - il
f = H

05
O-A / 0 o

R —— 05
.2 -1
-3 -15

o 1 2 3 4 5 & 7 B 9 W p 1V 2 3 4 5 & 7 B 9 10

Puc. 3. TpaekTopus x(f) u ynpaBneHue u(f) npyu pasnmnyHbIX 3aKOHax pacnpegeneHus WymMoB
Fig. 3. Trajectory x(7) and control u(7) under different noise distribution laws
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Puc. 4. TpaekTopus y(f) npy pa3nnyHbIX 3aKOHax pacnpeaeneHus LWymMoB
Fig. 4. Trajectory y(¢) under different noise distribution laws

Ta6nuua 2
Pe3ynbTaTbl aHanu3a U3MeHeHUsl 3aKoHa pacrpegerneHusl LUyMoB
Table 2
Results of the analysis of changes in the noise distribution law
3aKoH pacnpeaeieHus S . . \ N
OKCIOHEHIMATIBHBIN HopmanbHblit PaBHOMEpHBIH
J 0,61 0,58 0,563
Count 12 351 11927 11 468
N
> (x(6) =1 (1)) 0,031 0,024 0,021
N
2 (0(6) -/ (1)) 0,06 0,049 0,044
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Pe3ynbrathl MccnenoBaHus MOKa3alH, YTO pa3iIM4YHbIC 3aKOHBI PACIPENCICHUS IIYMOB HE OKa3bl-
BAIOT CWJIBHOTO BO3JECHCTBUS HA CXOAUMOCTh METOAA U KOJIMYECTBO UTEPALIMNA BapbUPYETCs HE 3HAUU-
TenapHO. Takum oOGpa3oM, mpy paBHOMEPHOM pacIipe/lelIeHHH UIyMOB Ha MCXOIHBIX JAHHBIX 3HAYCHUS
MOTPEIHOCTEN HAWJICHHBIX TPACKTOPUI CPaBHUTEIBHO HIKE, YEM IIPU MHBIX 3aKOHAX.

IIpu 3amaHnm mapameTpa o ¢ MOTEPEM MIAJKOCTH, HO C MOBBIIMIEHUEM TOYHOCTH alIPOKCHMAIUN
MIPOU30MIET U3MEHEHUE MOPSIAKA PAHKUPOBAHUS 3aKOHOB PACIIPEEIICHHS] IIyMOB.

JlaHHbIE pe3yNbTaThl CBUAETEIBCTBYIOT 00 YCTOHYMBOCTH HpeIaraeMoro mojaxoja K noaoopy Ha-
YanbHBIX yCJIOBUH. B wacTHOCTH, BecoBOH KOS(GUIMEHT o PErylIupyeT INIAAKOCTh (PYHKIHMH M TOY-
HOCTh amnmpokcuManuu. [Ipyu 3ToM 3aK0H pacnpeneneHus yMOB HAa UCXOAHBIX JAHHBIX HE BIUSET B
JOJHKHOM CTETIeHH Ha TOYHOCTDH JJAHHOTO MOJIX0Ja ¥ CBUJETENBCTBYET 00 yCTOHUYMBOCTH MOJIETH U MPH-
TOJHOCTH METOJA IIPU OTPAaHUYCHHBIX 3HAHUAX O LIyMax.

3axiouenne

B pamkax gaHHOro MccieqoBaHMs pellicHa 33/1a4ya CIUIaifHOBOM anmpoOKCUMALUU JAHHBIX B YCIOBH-
AX HeOHpe]leJIéHHOCTPI. I[.]'IH HpI/IMeHeHI/IH napaMeTpmauI/m ynpaBneHHﬂ HpeZ[CTaBJ'IeHa CTOXaCTHUYCCKasa
(GyHKIMS, B TajdbHEHIIIEM MpeoOpa3oBaHHas B JCTePMUHUPOBaHHYI0. Ha OcHOBEe MeTo/a mapaMerpusa-
JR8%05¢ ynpaBJIeHI/IH C(i)OpMI/IpOBaHa IIOCJICIOBATCIIBHOCTD HpI/I6HI/I)KeHHOFO OIITUMAJIBHOT'O ynpaBneHI/m.

C ucmonp30BaHNEM YUCIEHHOTO METO/Ia MPOSKIINY TPaueHTa pa3paboTaHo mporpaMMHoe obdecrie-
YEHUE AJIS PELLICHUS 3a/1a4i CINIaHOBOM annpOKCUMALMY Ha 3alIyMJICHHBIX TAHHBIX.

Pe3ynbTaThl YHCIEHHBIX AKCIEPUMEHTOB HUCCIEIOBAaHUS MapaMeTpOB MOJAEIM MOKa3ald, 4TO IO-
BEIIIICHHE 3HAYEHUH BECOBOTO Kod(D(HIMEeHTa 0. MPH MAaTEMAaTHYECKOM OXXHUIAHUH UCKOMOU (hyHKITHH
MPUBOAUT K MOBBILICHUIO TOYHOCTH, OJHAKO PEIICHUE B HEKOTOPOU CTENEHU TEPSET IagkocTs. Kpome
TOrO, MPOBEACHHBIN aHATU3 MMOKA3aJl, YTO U3YUYCHHBIN 3aKOH PaclpeAesiCHUs IIyMOB HE BIUSET B TOJIK-
HOM CTENEHHM Ha TOYHOCTh JAHHOT'O MOX0/a U CBUAETEIBCTBYET 00 YCTONUYUBOCTH.

HUccnenoBanue BbINOJHEHO NpU GuHAHCOBOH moagep:kke POD®U B pamMkax HAydYHOr0 NHpPOEKTa
Ne 20-07-01065, a Taxxe rpanta Ilpesunenta Poccuiickoii ®@enepanuu A5 rocyiapcTBeHHON MOAIEPKKH
BeyLIUX HAYYHBIX WKo0J Poccuiickoii @enepanun (HII-2502.2020.9).
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INVESTIGATION OF PARAMETERS OF THE PROBLEM
OF SPLINE APPROXIMATION OF NOISY DATA
BY NUMERICAL METHODS OF OPTIMAL CONTROL
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L.M. Antsiferova, antsiferova_68@mail.ru

Orenburg State University, Orenburg, Russian Federation

Currently, the problems of distortion of measurement data by noise and the appearance of un-
certainties in quality criteria have caused increased interest in research in the field of spline ap-
proximation. At the same time, existing methods of minimizing empirical risk, assuming that
the noise is a uniform distribution with heavier tails than Gaussian, limit the scope of application
of these studies. The problem of estimating noise-distorted data is usually based on solving an op-
timization problem with a function containing uncertainty arising from the problem of finding
optimal parameters. In this regard, the estimation of distorted noise cannot be solved by classical
methods. Aim. This study is aimed at solving and analyzing the problem of spline approximation
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of data under uncertainty conditions based on the parametrization of control and the gradient pro-
jection algorithm. Methods. The study of the problem of spline approximation of noisy data is
carried out by the method of approximation of the piecewise constant control function. In this
case, parametrization of the control is possible only for a finite number of break points of the first
kind. In the framework of the experimental study, the gradient projection algorithm is used for
the numerical solution of the spline approximation problem. The proposed methods are used to
study the parameters of the problem of spline approximation of data under conditions of uncertainty.
Results. The numerical study of the control parametrization approach and the gradient projection
algorithm is based on the developed software and algorithmic tool for solving the problem of
the spline approximation model under uncertainty. To evaluate the noise-distorted data, numerical
experiments were conducted to study the model parameters and it was found that increasing the value
of the parameter o leads to an increase in accuracy, but a loss of smoothness. In addition, the analy-
sis showed that the considered distribution laws did not change the accuracy and convergence rate of
the algorithm. Conclusion. The proposed approach for solving the problem of spline approximation
under uncertainty conditions allows us to determine the problems of distortion of measurement data
by noise and the appearance of uncertainties in the quality criteria. The study of the model parame-
ters showed that the constructed system is stable to the error of the initial approximation, and the dis-
tribution laws do not significantly affect the accuracy and convergence of the gradient projection
method.

Keywords: citation system, scientometric methods, aggregation of bibliographic information,
modification of the Winnowing method, Levenshtein method, shingle method.
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To increase the effectiveness of research, it is necessary to have access to systematic informa-
tion resources of scientific work. Therefore, in any field of science, it begins with research,
the search for scientific information, but with the growing number of scientific articles, books,
monographs, patents, the search for information becomes more and more difficult. Creating a unified
information system that allows scientists to quickly get acquainted with the results of other scientific
research and prevent their duplication. The main tasks of creating a model of a distributed informa-
tion system that supports scientific and educational activities, the functional capabilities of
the model, the concept of metadata, and the requirements for the metadata profile are described.
The task, subject area, subjects, objects, the main functionality of the information system are de-
fined, a list of the main types of information resources is provided. The paper analyzes the functional
requirements for such systems. Purpose. In the process of creating distributed information systems
that support scientific and educational activities, it is necessary to study the requirements imposed on
the information system. Methods. The article discusses in detail technological methods for construc-
ting models of information systems for supporting scientific and educational activities. Results. Using
the requirements, models, metadata of a distributed information system supporting scientific and
educational activities, the architecture of the information system was developed and a scheme for
exchanging information in the information system through information protocols was presented.
Conclusion. The article discusses technological methods of a distributed information system that
supports scientific and educational activities. The main tasks for building a model of a distributed in-
formation system supporting scientific and educational activities, ensuring the functional functioning
of the model, the concept of metadata for this system, and the requirements for the metadata profile
are described. Based on the proposed requirements, the architecture of a distributed information sys-
tem supporting scientific and educational activities has been developed and the structure has been
clearly described.

Keywords: distributed information system, electronic library, scientific and educational activi-
ties, metadata, functional requirements, Z39.50, LDAP, PostgreSQL, Solr.

Introduction

In recent years, high technologies in the field of information transmission and processing have been
rapidly developing, in particular, the creation of modern telecommunications systems has led to
the emergence of new opportunities for organizing all levels of scientific and educational activities,
which has led to a qualitative increase in the needs of information systems supporting scientific and edu-
cational activities [1].

Distributed information systems that support scientific and educational activities can work with
various information systems. The main goal of creating a distributed information system supporting sci-
entific and educational activities is to accelerate the pace and improve the quality of information ex-
change in the scientific environment. One of the most pressing issues is the division of the unified com-
patibility of the information system and the work on the systematization of information resources into
professional areas. These can be scientific articles, scientific documents, electronic collections, onto-
logical descriptions, data sets, logical descriptions, and so on. Semantic connections between informa-
tion resources increase their value and provide additional opportunities for searching and identifying
information [2].
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The paper considers technological methods for constructing models of information systems de-
signed to support scientific and educational activities. The model under consideration is that the deve-
loped model of an information system for working with scientific materials should solve the problems of
long-term storage of information, organizing data search by attributes, accumulating and replacing
metadata.

Model of a distributed information system that supports scientific and educational activities

The rapid development of global information and computing systems leads to a change in the fun-
damental paradigms of data processing, which is characterized as the transition to the use and develop-
ment of distributed information resources [3]. Therefore, the most important goal associated with
the technology of working with information is to study approaches to the compatibility of distributed
data sources.

Compatibility of information resources refers to the presentation of them depending on the purpose
of their use, the storage of various information in their composition, and the provision of user-friendly
interfaces. At the same time, resource aggregation should not be carried out physically. The main thing
is that it provides the user with the information available in a single way. In particular, regardless of
the specifics of access to information systems in electronic libraries, it is necessary to ensure the opera-
tion of heterogeneous databases or data, ensuring the effectiveness of the user in searching for Informa-
tion [4].

An urgent problem is the creation of a model of a distributed information system that supports sci-
entific and educational activities:

— Unification of efforts to exchange the results of scientific work;

— Work with data and documents integrated into an open semantic space;

— Description, presentation, and conversion of resources in accordance with the user's needs.

The model should provide the following functions:

— It is necessary to describe the article resources, including registration procedures, annotation pro-
cedures and steps for determining the format;

— Analytical analysis of resources;

— Access to published resources;

— Monitoring the automated system of resources and updating their metasipatas;

— Notify the user of the appearance and update of new resources.

Select metadata profile

Due to the large amount of scientific data in the internet, the problem of document search is at
the forefront, and metadata can be used to systematize it.

Metadata is an effective tool for describing information objects. Meteors have a special character in
relation to the field of resource use. Metadata can describe objects in the information space and in rela-
tion to the real world. Metadata of information resources can be stored separately (Fig. 1) [5].

Metadata
has type
Descriptive Structural Administrative
metadata metadata metadata

Fig. 1. Metadata structure

Metadata can provide a description of additional information about the document. For example, you
can see the author, title, short abstract, and so on.
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Metadata — data about data — data describing entities presented in information systems are the cha-
racteristics of the entities described for the purposes of their identification, search, evaluation and mana-
gement.

Metadata is structured information that describes, explains, and indicates the location of an informa-
tion resource.

Different approaches to metadata classification are possible. Metadata classifications have the right
to exist according to their functions, according to the levels of semantic abstraction, according to their
properties, according to the levels of information architecture to which the described resources belong,
as well as according to a number of other criteria [6].

The main types of metadata:

Descriptive metadata-metadata describes the content of a resource (for example, it is a set of values
of metadata elements of the Dublin Core), its bibliographic data (if it is a publication), annotation, re-
source identifiers (for example, URI or DOI, etc.);

Structural metadata — metadata characterizes the overall structure of the resource and its compo-
nents, the volume and other similar properties of the described resource;

Administrative metadata — serves for the management and administration of electronic collections
and other information resources.

A special type of data is an identifier, whose task is to unambiguously represent a digital object for
the outside world and various applications.

The main catalog of information resources of the information system metadata server is built in accor-
dance with the Dublin Core metadata scheme. The developed scheme takes into account the main require-
ments of this standard, and the metadata scheme is also expanded according to GOST 7.19 (MEKOF).

The term “metadata schema” is widely used in the literature and, in fact, is synonymous with
the term “set of metadata elements”. A metadata schema is a set of metadata elements, each of which
has a certain name and semantics, takes values with established semantics, sometimes values from
a managed dictionary. According to the recommendations of Dublin Core, an information object should
have a basic set of attributes. The set of attributes of an object is expanded depending on its type.

Metadata performs many functions in the systems that use it. Their specific functions and composi-
tion significantly depend on the information technologies on which the system is based, on its function-
ality, the properties of the information resources supported in it, the ways of their organization in
the system, the specifics of their processing tasks, and on many other factors [7].

Metadata is necessary for solving the following tasks:

— providing information about an object to obtain its content, structure, methods of use, etc.;

— collecting and systematizing information about objects of description;

— selection from a set of objects of a certain subset by formal characteristics and comparison of ob-
jects by formal characteristics;

—internal technological tasks related to the preparation of objects, the placement of objects in
the information fund, etc.;

— external technological tasks related primarily to the exchange of data with external information
systems.

The implementation of subsystems of information systems should be based on open specifications
related to international standards. Distributed information should be data synchronization in the system
environment, for example, it should be distributed in the form of replication (Fig. 2). In addition, stan-
dard protocols such as OAI-RMN, OAI-ORE, SRW/SRU, Z39.50, and LDAP should provide cross-
network interaction.

Metadata is needed to solve the following problems:

— Providing information about the content, structure, application methods, etc. of the document;

— Systematization and classification of needs;

— Stage of organization of subsystems;

— Support the exchange of external information systems.

Metadata is divided into several classes: descriptive, structural, and administrative.

Descriptive metadata-describes the content of information resources, for example, a set of values of
metadata elements of the Dublin core Dublin Core, if it contains articles bibliographic Data, Annota-
tions, resource IDs, etc.
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TIdentification of OAI-PMH, LDAP, ... Identification of
information resources information resources
User identification and User identification and

authorization LDAP, SOAP/DSML, ... authorization

OAI-PMH, SRW, Z39.50, ...

Metadata management Metadata management
Information resource Information resource
management OAI-PMH, OAI-ORE, ... management

Collecting statistics OAI-PMH, LDAP, 739.50, ... Collecting statistics

Fig. 2. Protocol of mutual network communication of subsystems of distributed information systems

Structured metadata-describes the overall structure of a resource and its structure, resource size, and
other similar properties.

Administrative metadata-describes the date of creation of the resource, who created or changed it,
who is the rightholder of resus, user access Authority, data on storage and copies of resources, and re-
source management data.

For complex search and classification functions for information by attributes, full-text search, it is
necessary to provide the ability to view resources by category and dictionary classifiers. Due to insuffi-
cient interaction issues at the stage of developing their characteristics: agreements and recommendations
for standardization of submitted documents, tools for harmonization of various information resources
are poorly used. Interaction of Information Systems is understood as the degree of its ability to interact
with other information systems, including people. But if the main burden of achieving mutual under-
standing in human communication (as in Information Systems) lies with the latter, which can handle
poorly organized information, then it is necessary to ensure effective interaction between the correct,
special technological methods of Information Systems, and general agreements are required. All this
data creates the need to maintain compliance of schematic interfaces and protocols with international
standards and recommendations.

The standard application profile is developed on the basis of specific groups or functional tasks
of users. This means that it optimizes the creation of metadata processing systems. Metadata profile
the label can define the selected standard classes, subsets, additional features, and parameters required to
perform a single function [8].

In the field of metadata for articles, it is necessary to have a list of specialized elements of special
resources, to set dictionaries to describe the values of elements that complement or expand the set of
values allowed in accordance with the standard. In addition, additional characteristics of the elements
can be presented.

The basis for the development of a scientific system are standards and international recommenda-
tions that form the profile of the scientific and educational system, which are aimed at solving certain
requirements, the classes of standards necessary for performing specific functions are selected, represent
a set of one or more basic regulatory and technical documents indicating their subsets and options.
The metadata profile is the most important in the information system turnover [9].
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The metadata profile must meet the following requirements:

— Providing a description of the main types of necessary information supporting scientific and edu-
cational activities;

— Ensure that access is open in accordance with the metadata description;

— Provide the ability to specify extended characteristics;

— Integration of information and ensuring information compatibility;

— Ensuring sorting, systematization and classification of information;

— Providing opportunities for placement and search of information in a distributed environment, in-
teraction with other systems;

— Description of information and emphasis on the use of modern technologies [10].

Requirements for distributed information systems that support scientific

and educational activities

High requirements are placed on many Information Systems: ease of Use and ease of learning for
the user; on the technical side — compatibility with various information systems and ensuring interaction
with standard protocols.

In the process of working with scientific documents, several requirements are formulated. It is
possible to identify several sets of functional requirements that support scientific and educational ac-
tivities [11].

1. Accumulation of Information Resources. Collecting information it is necessary to use different
types of data input:

— enter user data;

— data collection through special internet programs;

— exchange of data from other information resources.

2. Relevance of documents. For a distributed information system that supports scientific and educa-
tional activities, automatic accumulation of information on the internet can be both important and irrele-
vant. Therefore, the problem can be solved in the following ways:

— creation of basic systematized formats for providing metadata about resources and structured
definitions for classifying topics. It is necessary to describe the metadata of distributed information sys-
tems supporting scientific and educational activities and provide users with interactive web pages to create
metadata in a certain format when placing resources;

— distribution of information resources by users and experts depending on the version of access to
the Web page system, as well as increasing the degree of reliability of information;

— specify the search and classification space for information retrieval tools, as well as criteria for
evaluating the quality of information entered;

— use the resource classification scheme according to the needs of users and classify information re-
sources according to the scheme [12].

3. Relevance, completeness, and authenticity of documents. The issues of relevance and complete-
ness of Information documents are similar to the approaches to solving resource issues. And ways to
determine the correct origin of information:

— only verified (authenticated) users can enter interactive information for input;

— setting restrictions on the scope of application of an agent performing automated information col-
lection systems;

— conducting sorting in the process of exchanging information with resources of other imported in-
formation systems;

— it is necessary to conduct methods of verification and classification of all entered information.

4. Use of intelligent services in processing user requests. By user query processing services-must
provide attribute search, Full-Text Search, Resource search by category, and semantic search (optional).

5. Knowledge output. Partial automation of knowledge extraction can be used. The main approach
to the proposed text is based on the type of semantic network, and the principle of its construction is
based on the use of the frequency of conjugation of concepts in the text. Network user thematic terms
are presented in the form of a tree, which means that it allows the user to navigate and greatly simplifies
the processes of text search and research. In addition, this approach can be used to solve such problems
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as classification and clustering of abstracts, text topics, semantic search, and so on. It is necessary to
consider the following requirements for a distributed information system that supports scientific and
educational activities that work with various types of information.

6. Support for the architecture of decentralized information systems. This requirement is a necessary
condition for the completeness, authenticity and relevance of the information. The experience of using
a distributed information system that supports scientific and educational activities has shown the com-
plexity of creating centralized scientific systems that contain scientific information in one area of sci-
ence or in any other.

7. Structure of the information space. In order to use complex functions of information search and
classification, in addition to storing full-text information, it is necessary to search for information by
attributes, search for full-text information, view resources by categories and classification dictionaries.
This situation is characterized by the degree of specialization of the system in the selection of the clas-
sifier.

8. Adaptive presentation of information. According to the requests of users of the distributed infor-
mation system supporting scientific and educational activities, it is necessary to increase the speed and
accuracy of information search and selection without losing the quality of information search, take into
account competence, time constraints when working in the system. It should allow users of a distributed
information system that supports scientific and educational activities to obtain different levels of ab-
straction when presenting information from a brief description to a specific description of information
objects for a quick search.

9. Historicity of information. A special feature of scientific information is its rapid obsolescence
and loss of relevance. For many types of information resources, it is important to keep all changes in
the information in the database and the ability to restore it is necessary. For example, when changing
a person's last name, place of work, information about authors may change over time. Therefore, it is
necessary to use up-to-date information for subjects related to time intervals, taking into account
the time factor.

10. Archive. As noted above, the relevance of most scientific information becomes obsolete. But it
is necessary to provide access to information resources for a long time. For example, they may require
long-term legal documents, patents, or multimedia information at any time. At the same time, scientific
reports of scientists in the field of science, speeches of scientists can acquire great historical value, gai-
ning significance over time. Therefore, it is necessary to support the possibility of long-term restoration
of information resources.

11. Application of Information Classification in the search for information. In order to use complex
functions for searching and classifying information, in addition to preserving full-text characteristics, it
is necessary to perform attribute search, full-text search, category and word-classifier search. The degree
of selection of classifiers is determined by a specialized system. For the implementation of these func-
tions, there must be dictionary-classifiers that ensure the identification and classification of resources
that support scientific and educational activities.

12. Distribution support. With the rapid growth of the development of distributed information sys-
tems supporting scientific and educational activities in the world, the following requirements are im-
posed:

— support for metadata standards for exporting and importing accepted data;

— support for information exchange protocols between other information systems;

— support for both user interfaces for communicating with internal resources and features at the sys-
tem level [13].

In accordance with the above requirements, we will consider the technology of creating a prototype
of a distributed information system that supports scientific and educational activities. The main tasks
of information systems are to collect, store, process information resources, register, update and ensure
the processing of user requests.

1. Accumulation and registration of Information Resources. Services for collecting and registering
information resources can be carried out simultaneously. When performing the functions of collecting
and registering information resources, it is necessary to solve the following tasks:

— The task of sorting data. The information system receives information from any data source, so

154 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2021, vol. 21, no. 3, pp. 149-160



Cepukbaeea C.K., Tycynoe [x.A., TpeboeaHus k pacnpedesieHHbIM UH(hOpMayUOHHbIM cucmemam
Camb6emob6aesa M.A., Cepukbaeea X.K. 0ns noddepxKu Hay4YHo-o6pa3zoeamesibHOU desimesibHOCMU

many of them may be redundant. As a result of sorting information, the necessary data is selected from
the information set included in the system;

— The task of verifying data. Provides verification of the reliability and logical integrity of data. It is
carried out on the basis of expert analysis and verification of compliance with the information entered in
the database. It is carried out at the stage of preliminary information processing with the help of tools for
monitoring the logical integrity of data;

— Data compression task. It is carried out in order to minimize the storage of information resources
in memory, as well as reduce the cost of transmitting data through communication channels;

— The task of converting data from one format to another. Transfer of data from one information
system to another is carried out when it is necessary and when data is transferred between different types
of information in the system.

The implementation of these functions is based on the use of the z39.50 and LDAP protocols in
solving the problems of cleaning, verifying, compressing data, and converting data from one format
to another. Common databases on different systems can be found using the same local client or in-
terface. This does not solve the problem of what the interface should look like or how it should be-
have, it depends on the user to choose the interface. The connection of library systems with the inter-
net and the development of the Z39.50 protocol open the way for access to an ever-growing array of
bibliographic databases and full-text databases through a local automated system. The ability to di-
rectly connect users to resources offered by various computing platforms has increased the attrac-
tiveness of the Z39.50 protocol for libraries that connect institutional systems. As a result of using
this protocol, it is possible to create distributed information systems that include databases of various
organizations [14].

2. Storage of Information Resources. The system provides management and data storage of distri-
buted information systems, the structure in which various types of data are stored, their integrity and
access to them.

3. Processing of Information Resources. Processing information resources stored in the database al-
lows you to present the processed information to the user. When performing information processing
functions in the system, it performs data collection, search for dictionaries and indexes.

4. Relevance of Information Resources. Allows you to describe models and support the subject
area of information resources in Information Systems. It is necessary to increase the relevance of
Dynamic models of information systems by subject area. The relevance of Information Resources is
achieved by including, deleting, and changing links to links between documents. When the structure
of the subject area of information systems changes, the database scheme changes when updating
information.

5. Providing information resources to users. The main purpose of Creating Information Systems is
to provide the necessary information resources at the user's request and to meet their information needs.
To provide resources, you can use pull and push technologies:

— Pull-technology is implemented on the basis of user initiative, providing mechanisms for sear-
ching and navigating information resources through user interfaces.

— Push technology is used to distribute various types of information between users in accordance
with certain rules and based on a specific user framework. Users registered in the system are notified of
the receipt of new documents in scientific and educational activities [15].

To meet these requirements, it is necessary to create an Information Service or environment for
the provision and exchange of metadata — structured information about information resources and prin-
ciples of access to them. Currently, many information centers engaged in the collection and distribution
of metadata are actively interested in organizing interaction in order to exchange resources in them.
As a rule, the basis for such a combination of funds is the development of a standard for the presentation
of metadata, as well as the integration of arrays of normative reference information [16].

Within the framework of the tasks set, an Information System Architecture has been developed
(Fig. 3), a multi-level DL architecture consisting of a data warehouse, a repository, a metadata server,
an application server, a reference dictionary, as well as a software implementation of the developed ar-
chitecture will be used to systematize the resources of the Digital Library.
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Fig. 3. Architecture of a distributed information system for supporting scientific and educational activities

It was developed taking into account the need for scalability and scalability of the architecture due
to the need to store and process large amounts of data, as well as the use of resources of cost-effective
algorithms for machine (including deep) learning. Let's look at the main components of this system,
which are shown in Fig. 2.

The data warchouse is designed to store additional metadata about collections and their structure.
They ensure the safety of electronic versions of articles, books, etc.and allow them to be accessed by
external systems and users [16].

The use of electronic library materials depends on the availability of metadata to ensure effective
and accurate viewing of content. Metadata must be generated when content is added to the digital li-
brary. Metadata and data should be logically linked to each other and, over time, there should be a reli-
able basic technology for managing logical communication between platforms and excessive geographi-
cal separation, everything will be implemented in a network distributed system.

For effective operation of the application server, it is necessary to use a set of classifier dictionaries
containing both classification signs and a set of basic terms (with order relations), in which the systema-
tization and classification of the material is carried out.

A dictionary reference is a set of terms that make up a dictionary for describing the content of
a document. It is supported by standardization bodies to develop a standard method for categorizing ma-
terials included in the archive.

A clear categorization of material using a reference dictionary increases the likelihood that docu-
ments related to the search expression will be found when organizing a search in one or more electronic
libraries as a result of the search.

1) PostgreSQL-serves as a permanent storage for structured data. The main types of data stored in
this database are: a) news and metadata; b) processed data at the level of various basic units of analysis
(lexema / word / phrase / sentence / text), including vectorization, lemmatization, cleaning results, etc.; C)
thematic modeling results; results of classification of news by various criteria (tonality, political science,
social significance, etc.)

2) ApacheSolr is a popular, rapidly developing open source search platform built on ApacheLucene.
Solr is highly reliable, scalable, and fault tolerant, providing distributed indexing, replication, and load
balancing, automatic disaster recovery, centralized configuration, and more. Solr supports the search and
navigation functions of many of the largest Internet sites in the world. Since Solr has distributed search
and replication capabilities, Solr is highly scalable. Here are some of the main features that solr pro-
vides:

a) advanced full-text search capabilities;

b) optimized for high volume traffic;

¢) open interfaces based on standards-XML, JSON and HTTP;

d) comprehensive administration interfaces;

e) easy monitoring;
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f) high scalability and fault tolerance;

g) flexible and adaptable with simple configuration;

h) next to the real-time index;

i) extensible Plugin architecture;

Distributed Search in Solr has the following limitations. Each indexed document must have
a unique key.

If Solr detects duplicate document IDs, Solr selects the first document and deletes subsequent
documents.

Solr offers simple keyword search support for complex queries across multiple fields and multi-
faceted search results. Search has more information about search and queries.

If Solr's capabilities aren't impressive enough, its ability to handle applications with very large vol-
umes should help.

The figure will contain the following subsystems:

— Subsystem — a repository of digital objects that provides user and administrative WEB interfaces
for accessing digital objects and collections, as well as compatibility interfaces with other subsystems
based on open international standards.

— Subsystem for managing current research information, which includes articles by employees, in-
formation about their participation in conferences and the implementation of research projects.

— The subsystem will include user and administrative interfaces, as well as compatibility interfaces
with other subsystems based on open international standards.

— Subsystem for integrating distributed information resources based on Apache Solr technology.

— Subsystem for accessing distributed information resources the basis of the technology is Nginx,
Djang, Apache Tomcat.

Conclusion

The main functional requirements for working with documents of a distributed information system
supporting scientific and educational activities are formulated. To date, all the necessary components for
creating a qualitatively new scientific information system have been developed and clearly systematized.
A large part of science-centered distributed systems allow us to create a single environment for the ex-
change of scientific information.

This research has been funded by the Science Committee of the Ministry of Education and Science of
the Republic of Kazakhstan (Grant No. AP09057872).
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TPEBOBAHUA K PACIMNPEAENIEHHBbIM
WH®OPMALIMOHHBbIM CUCTEMAM A5 NOANEPXKU
HAYYHO-OBPA3OBATEJIbHOU OEATENBbHOCTHU

C.K. Cepuk6aeea’, [x.A. Tycynoe', M.A. Cam6em6aeea” %, X.K. Cepuk6aeea®

" Eepasutickuli HayuoHarnbHbIl yHueepcumem um. J1.H. lymunesa,

2. Hyp-CynmaH, Pecnybnuka Kasaxcmar,

2 Inemumym UHGhOPMaUUOHHBIX U 8blYucCUMenbHbIX mexHonoauti KH MOH PK,

2. Animamel, Pecrniybniuka Kazaxcman,

3 YuebHo-memoduyeckull yeHmp passumus obpa3osaHusi KapazaHOuHckol obracmu,
2. Kapaearda, Pecnybnuka KaszaxcmaH

Jlis moBeImeHN 3QPEKTUBHOCTH HAYYHBIX MCCIEIOBAHUI HEOOXOAUMO UMETh AOCTYH K CHC-
TEeMaTU3UPOBAaHHBIM HH(OPMAIIOHHBIM pecypcaM Hay4Hoil pabotsl. IlosTomy B mroboit obmactu
HAayK{ OHa HAYMHAETCS C MCCIIeOBaHHM, TOUCKA HAy4YHOH MH(OpMAaLuK, HO C POCTOM YHCia Hayd-
HBIX CTaTei, KHUT, MOHOTpaduii, MAaTeHTOB MMOMCK MH(OpPMALMU CTAHOBUTCS Bce Ooyiee U Ooiee
cnoxHbIM. Co3ZiaHue eqUHON HHPOPMAMOHHOM CHCTEMBI MTO3BOJISET YYEHBIM OBICTPO 3HAKOMHUTBCS
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C pe3ysbTaTaMM JPYTMX HaYYHBIX MCCIIECAOBAaHMI M MPENOTBpallaTh MX MyOnmupoBaHue. OTHCaHBI
OCHOBHBIC 33J]a4M CO3JaHMsI MOJAEIHN paclpeieIeHHON NH)OPMAaMOHHON CHCTEMBI, MOJICPKHUBAIO-
el HayyHyI0 M 00pa30BaTeNbHYIO IEATeNbHOCTh, (YHKIMOHAIBHBIC BOBMOYKHOCTH MOJENH, KOH-
LENIs. METaAaHHbIX W TpeOoBaHUA K MpoQMiIo MeTagaHHbIX. OmnpeneneHsl 3aqada, IpeaMeTHas
00macTe, CyOBEKTHI, 0OBEKTHI, OCHOBHbIE ()yHKIMOHAJIbHBIE BO3MOXXKHOCTH WH(OPMAIMOHHON CHC-
TEMBI, IPUBE/ICH IIEpeUeHb OCHOBHBIX BHJOB HH(POPMAIIMOHHBIX pecypcoB. B cTaThe aHaNM3UpyIoT-
cs (pyHKIMOHANBHBIE TpeboBaHua K TakuM cucteMmaM. Ilesas. B mporecce co3manus pacmpeneneH-
HBIX UH(OPMAIIMOHHBIX CUCTEM, TTOJIEP)KUBAIOIINX HAYYHYIO U 00Pa30BaTEbHYIO JSSITEILHOCTD, He-
00X0IUMO H3Y4HUTh TPEOOBAHMS, HPESIbIBISCMbIC K HHPOPMAIMOHHOW cucTeMe. MeToabl. B crathe
MO/IPOOHO PacCMaTPUBAIOTCS TEXHOJIOTHYECKHUE METOIIbI IIOCTPOSHUS MOJIeIeil MH(POPMAIIMOHHBIX CHC-
TeM TIOJIICPKKU HAyIHOH M 0Opa3oBaTelbHON AesTedbHOCTH. Pe3yabTarhl. C HCHOIB30BaHHEM TpE-
OoBaHMI{, MOJeNel, METaTaHHBIX PacHpeeIeHHON MH(POPMAIIMOHHOW CHUCTEMBI MOJJICPKKH Hayd-
HOH M 00pa3oBaTEeNbHOM AEATENHHOCTH pa3paboTaHa apXHUTEKTypa WHPOPMAIMOHHON CHCTEMBI H
IIpe/CTaBIeHa cxeMa oOMeHa HH(popManueld B MHGpOpMaIMOHHOH cHcTeMe MOCpeICTBOM HH(pOpMa-
LHOHHBIX IIPOTOKOJIOB. 3aK/a04eHne. B craTthbe paccMaTprBarOTCs TEXHOJIOTHMYECKHE METOIBI CO3-
JIaHUs paclpeeseHHON NH)OPMAaMOHHOM CHCTEMBI, TTOIIEPKUBAIONIEH HaydHYIO U 00pa3oBaTeb-
HYIO JeATeNbHOCTh. ONMCcaHbl OCHOBHBIC 3a/1a4M IIOCTPOCHMSI MOJEIH PacHpeieeHHON nHpopMa-
LUOHHOW CHCTEMBI, MOJAEP)KUBAIOIIEH HAy4YHYI0 W 00pa3oBaTeNbHYIO IESITEeIbHOCTh, OOecredn-
BAKOIIYI0 paboTOCIOCOOHOCTh ()YHKITMOHATHHOW MOJIENH, KOHILETIINN METaJaHHbBIX JJIs 3TOH cuc-
TEMBI U TPeOOBaHUS K IPOQHII0 MeTaJaHHbIX. Ha 0CHOBE mpeiosKeHHBIX TpeOOBaHuil ObLIa pa3pa-
0oTaHa apXUTEKTypa pacrpeeieHHONH HHHOPMAMOHHOM CHCTEMBI TTOAAEPKKH HAYYHOU U 00pa3o-
BaTENILHON AEATEIBHOCTH M YETKO OIHCaHa CTPYKTypa.

Kniouesvie cnosa: pacnpedenennas uH@OpMAyuouHas cucmemd, 1eKmpoHHAs Oubiuomexa,
HAayuHas u 006pa30eamenbHas 0esimelbHOCMb, Memaodantvle, pyHKyuonanvhsvie mpebosanus, Z39.50,
LDAP, PostgreSQL, Solr.

JlanHoe uccienoBanue (puHaHcupyercsi Komurerom Haykm MuUHHCTEPCTBa 00pa3oBaHHsi M HAYKH
Pecny6saukn Ka3zaxcran (I'pant Ne AP09057872).
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OCHOBbI 3PPEKTUBHOIO YMNPABJIEHUA NMPOMbILWIEHHBIMU
NMPEANPUATUAMU B COBPEMEHHbIX YCJTOBUAX

K.A. KopenHas', A.B. Mlonnaii?, 0.B. JloauHoeckuii®

TAO «Ky3Heukue gheppocninasnsi», 2. HogokysHeuk, Poccus,
2 OxHO-Ypanbckuli 2ocydapcmeeHHbill yHusepcumem, 2. Yensburck, Poccus

Ha ceromusimnuii aeHs npoOseMa MOBBIIICHUS d3PPEKTHBHOCTU JCITEIBHOCTH KPYIHBIX POC-
CUHCKHX IPOMBIIICHHBIX NPEINPUATUN SBIISETCS OQHOW M3 BaXXHEHIINMX HApOAHOXO3SHCTBEHHBIX
npoOiieM oTedecTBeHHOU 3KOHOMUKHU. Lleib ucesienoBanusi. B 3Tol CBS3W 1ENbIO0 MCCIIEIOBAHUS
JAHHO! pabOThI SABJSIETCSA COBEPIICHCTBOBAHUE MPOICCCOB MOATOTOBKH U MPHHATHS YIIPaBICHYC-
CKHX PCLICHHH MO CTPATErHYECKOMY U ONEPATHBHOMY YIIPABJICHHUIO MPOMBINUICHHBIMH MPEIIPH-
SITUSAMU HaIled CTpaHBl B COBPEMEHHBIX YCIOBHAX TII00aThHON HECTaOMIBHOCTH M Y)KECTOUCHUS
MEXITYHAPOJHOHM KOHKypeHIH. MaTepuaiabl m MeToabl. [IpuBeicHHbIC B CTaThe HayYHBIC MOJO-
KCHUS TPEACTABIIIOT COOOM IEITOCTHRIA KOMITICKC Mep, 00SCIICUMBAIOIINI pealn3aliio s mpo-
MBIIUICHHBIX MPEINPUATHA YIPaBICHICCKUX AITOPUTMOB KaK CTPATETHUECKOTO, TaK U OIEPATUBHO-
ro xapakrepa. [Ipyu 3TOM HCIOIB30BAIMCH METOABI MATEMATHICCKOTO MOICTHUPOBAHUSA U (PHHAHCO-
BO-3KOHOMHYECKOW aHAIUTHKH. Pe3ynbTaThl. PesyabTaraMu MPOBEICHHOTO HCCIICAOBAHUS SIBJIS-
FOTCS: OOOCHOBaHHBIH KOMIUIEKC HAYYHBIX IOJO0XKEHHH IO CTPaTErMYeCKOMY YIPABICHHIO IMPO-
MBIIUICHHBIMH TPEANPUATHIMHU, a TAKKES MPOrHO3HO-aJANTHBHBIN MOIX0I K ONEPaTUBHOMY YIIPaB-
JICHHIO TIPOM3BOJICTBEHHBIMH KOMIIAHUSAMH B YCIOBHSIX KaK CTaOHIILHOIO Pa3BUTHs MHPOBOM 3KO-
HOMUKH, TaK U MEXAYHAPOAHBIX (PMHAHCOBO-dKOHOMHYECKHX Kpu3ucoB. Ha 0aze pa3paboTaHHBIX
KOMILUIEKCOB Hay4YHBIX MOJIOKEHUI chopMUpPOBaHBI HAOOPHI MaTEMATHYECKUX MOJEICH 1Mo cTpare-
THYECKOMY YIPABJICHUIO IPOMBIIUICHHBIMU TPEANPUATHSIMHI U OICPATUBHOMY YIIPABICHUIO HMHU.
3axuouenue. [IpencraBieHHbIC B JAHHOW CTaThe HAYYHBIC MOJOXKCHUSA M MaTepHaibl JAIOT BO3-
MOXKHOCTh PYKOBOJHTEISM ITPOMBIIUICHHBIX TPEANPHUITHN CHOPMHUPOBATH LEIOCTHBIE H BCECTO-
PpOHHE 0OOCHOBaHHBIC CTPATETHUH MX MEPCICKTHBHOTO Pa3BUTHS, a TAKXKE allTOPUTMBI OTIEPATUBHOTO
YIpaBJICHUS MPOU3BOACTBCHHBIMH MOIPA3ICICHUSIMA NPEANPUSATANA B IEPUOIBI TI00ATFHON HECTa-
OMJIIBLHOCTH.

Knmouesvie cnosa: cmpamezuueckoe ynpaeienue, onepamugroe ynpaegienue, npomvlulienHble
npeonpusimusl, Memoouvl U Mamemamuyeckue mMooeau, N0020mosKa U NPUHAMUE peuieHull.

Beenenne

B coBpeMeHHBIX yCIOBHUIX BeACHUS OM3HECa, XapaKTEPU3YIOIINUXCS YCUICHUEM TI100aJbHOM HeCcTa-
OWJILHOCTH, aHTUPOCCUHCKON CaHKIIMOHHOM MOJMTHUKOH CTpaH 3amaja 1Mo OTHOIICHHIO K OTCUCCTBCH-
HBIM [TPOMBINUICHHBIM MPEANPUATHAM U T. II., AKLUOHEPBI U PYKOBOJUTEIN ITPOU3BOICTBEHHBIX KOMIIA-
HUH Halled cTpaHbl JOJKHBI OTYETIMBO NOHUMATh 3HAYUMOCTH BO3ACHUCTBHS MOJOOHBIX (PaKTOPOB Ha
uX Ou3Hec.

B 310l CBSI3U PYKOBOJIUTENN POCCUHCKHUX IPOMBIIUIEHHBIX NMPEANPUATHA KPOME CIOKUBIIUXCS Y
HUX TPaAULUOHHBIX MPEJICTaBICHUN 00 SKOHOMUKE U (PHMHAHCAX NPOU3BOACTBEHHBIX KOMIIaHHUH, COBpe-
MEHHOH JIOTHCTHKE, OCHOBAaX CO3JaHMs M Pa3BUTHA WHPOPMALUMOHHO-KOMIIBIOTEPHBIX CETeH M CHUCTEM
NPENPHUITAH, METoJaX W MOJEISAX YIpaBleHHS Pa3zIMYHOTO pojia pecypcaMu M JIpyruMmu chepamu
BHYTPU(DUPMEHHON AEATEIFHOCTH OJDKHBI CKOHIIEHTPUPOBATH CBOM PYKOBOJSILME YCTAHOBKH M BO3-
JNEHCTBHS Ha aHAIM3€ JUHAMHMKHU U yUYETE CIOXHBIIMXCS U BHOBb BO3HUKAIOIIUX TEHIEHINI B MEXITY-
HapOJIHOW (PMHAHCOBO-3KOHOMUYECKOH aHAIMTHKE, OIICHKE BO3PACTAHUS BIUSIHUS BHEITHHX BO3CHCT-
BUH Ha JIESATEIBHOCTh COOCTBEHHBIX MPEINPUITHH, & TAKKE BO3ZMOXKHOCTSIX HCIIONB30BaHUSI Hambojee
3¢ GEKTUBHBIX CTPATErHYECKUX U ONMEPAaTUBHBIX MOAXO0JAX, METOJIaX M MaTEMAaTHUYECKUX MOJEIAX, KO-
TOpBIE MOTJIN ObI CITOCOOCTBOBATH MOBBINICHUIO 3)()EKTUBHOCTH WX JESITEIBHOCTH BKYIIE C HOBESHITUMH
TEXHOJIOTHSIMU TI0 Pa3BUTHIO HHPOPMAITUOHHBIX CHCTEM U METOJIAMH TUPPOBHU3ALINH.

Pazymeercst, 4To 151 pa3iUUHBIX MPOMBIIUICHHBIX MPEIIPUATHHA, K TOMY K€ padoTaromux B pas-
HOOOpAa3HBIX OTPACIISIX MPOMBILUICHHOCTH HAallel CTpaHbl, M30paHHBIE CTPATETMH Pa3BUTHS U Omepa-
TUBHOTO YIpaBieHUs] OyayT HEKOTOPBIM 00pa3oM OTIHYaThes Mexay coboil. OJHAaKO MX KIIOYEBEHIC
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UMIIEPAaTUBBI HE MOTYT HE OBITh ONU3KH IO CBOEH CYyTH M COCTaBy OCHOBHBIX HAYYHO-TEXHHUYECKHX I1O-
JIOKECHUH.

OcHoOBHBIE HAYYHBIE NOJI0KEHHS 110 YIIPABJIEHUIO IPOMBINIICHHBIMH NPeANPUATAAMHA

B YCJOBHUSAX HECTA0OWJIBHOCTH

B HayYHO-TeXHHYECKOH JHTepaType B TCUCHHWE HECKONBKHUX MOCIEIHHUX JCCATHICTUH ObUI mpen-
JIOKEH LETBIN psAfl HAYYHBIX MOAXOA0B 10 COBEPIIEHCTBOBAHUIO YNPABICHUS IMPOMBIIUICHHBIMU TPE-
npusATHAMHA (IIPOLIECCHBIA, CUCTEMHBIM, CUTYalMOHHBINA U Ap.). Cpeau MHOXKECTBAa HAYYHBIX PadOT MO
NOBBIIICHHIO 3(P(QEKTUBHOCTH AEATEIFHOCTH MPOMBIIUICHHBIX MPEANPUITAH, CO3JAaHUI0 HOBBIX METO-
JIOB, MOJIeJIell M1 MEXaHM3MOB, HAIIPAaBJICHHBIX Ha OCTIKEHHE YKAa3aHHOH LeNH, HE0O0XOAUMO YIOMsI-
HYTh cienyroue nyonukamuu: [1-7, 13, 19-27]. Ognako Bce yHOMSHYTBIE e U pa3paOdOTKH B MO-
CJICJTHHE TOJBI YTPATHIIM CBOE 3HAYCHHE KaK PYKOBOJCTBO K JISHCTBHUIO B YCIOBUSX YCHICHHS III00aITb-
HOW HECTAaOWJIFHOCTH U Y)KECTOUCHHIO KOHKYPEHIINH Ha MEXIYHAPOIHBIX PhIHKAaX 3a CUET MCIOIh30Ba-
HUS TOJIUTHYECKUX TEXHOJIOTUH.

OpHOl M3 HEMHOTHX TIOMBITOK CO3/1aTh aJIeKBATHYI0 COBPEMEHHBIM YCIIOBHUSM BeleHHUs OHU3Heca B
Poccun KOHIENIIMIO CTPATErHYecKOro M OMEPaTUBHOTO YNPABICHUS MPOMBIIIICHHBIM HPEANpUsiTHEM,
KOTOpasi Obl O3BOJISJIA HE TOJBKO oOecreunBaTh 3PPEKTUBHOCTL MPOU3BOJICTB, HO U AaBajla BO3MOX-
HOCTH JUIA €r0 pa3BUTHS KaK B ONM3KOM, TaK U B OTAAJIEHHOM OyAylLeM, SBISICTCS HOBas KOHLEIHS
yIpaBeHHs KOMITaHuel, pa3padoTtannas Ha 0a3e AO «Kysnerkue deppocmiased» [16]. JlanHas padoTa
OasupyeTcst Ha MPOBEIEHHBIX 1Moj pykoBoacTBoM K.A. KopeHHON MHOTOIIETHHX Hay4YHBIX HCCIIEIOBa-
Husx [8—12, 14-16, 18, 28].

[IpoBenennsple MccaeaOBaHUs MOKA3alld, YTO HU OJHA W3 3alaJHBIX TEOPH MEHEI)KMEHTa He Io-
3BOJISIET B YCJIOBUSX CTAHOBJICHUS U Pa3BUTHS POCCHUMCKON PHIHOYHOW 3KOHOMHKH YCIIEIIHO YTPaBIATh
MPENIPUATHAMHU. AKTyalbHasi UACOIOTHs CTPATETHYECKOIO M ONEPATUBHOIO YNPaBJIECHUS IPOMBIIIICH-
HBIMH MPEATIPUATHIMH JOJDKHA YUUTHIBATh JJOTMUECKYIO B3aMMOCBS3b LI€TEe U 3a7ad yIPaBICHHUS KOM-
MAHUSMHU C TAKUMH BO3JICHCTBYIONIMMHU Ha HeE (pakTopaMH M MPOIIECCAMHU BHEITHEH cpejibl, Kak Tiao0a-
nu3anysi, GopMUpOBaHKE HOBOH I€03KOHOMHUYECKON KOH(UTypalMyd COBPEMEHHOTO MHUPA, YCHJICHHE U
YKPYIHEHHE MEXAYHAPOIHBIX U TPAHCHAILIMOHAJIBHBIX KOPIIOPATHUBHBIX CTPYKTYP, BceoOI1as MOAEpHU-
3a1us MPOU3BOJICTBEHHBIX TeXHOJOTHU 1 Ap. [Ipy 3TOM HEOOXOAMMO YUUTHIBATH MPOLECCHl JHHAMHUKH
MEXIyHAPOIHOTO TOPTrOBO-XO3IWCTBEHHOI'O HOPMATHBHO-IIPABOBOTO PETYIMPOBAHUS U CO3JaHMS BCe-
MHUPHBIX KOMMYHHKAIMOHHBIX U HH(POPMAILIMOHHBIX CETEH U CUCTEM.

CeroHs MHOTHE POCCHIICKHE TPOMBIIIIJICHHbIE IPEANPHUATHS U TIPOU3BOICTBEHHBIE KOPIIOPALIMU HE
npocTo paboTaloT Ha 3apyOeKHBIX PHIHKAX, 3HAYMTENBHOE KOJIMYECTBO TAKUX MPEINPUSTHHA OTKPBLIO
CBOM IIPENCTAaBUTENBCTBA MPAKTUYECKH BO BCEX PETMOHAX M rOCYAApCTBaX, KOTOPHIE SBIAIOTCA MOTpE-
OUTENAMHU MX MPOAYKIMH. MHUCCHM 3TUX NPEANPHUATHI, LIeTU U HAllpaBJICHUs NPOU3BOACTBEHHOM Hesi-
TEJILHOCTH CTAJIM HEOTEIMMBI OT IOTPEOHOCTEH MUPOBOM SKOHOMHYECKON KOHBIOHKTYpHL. K mpumepy,
AO «Kysneukue deppocinae», Boimyckatomee 600 Toic. TOHH ¢peppocununus B rof, 6oaee 80 % cso-
eil MPOOYKUMH MOCTABISIET Ha AKCIOPT. TakuM 00pazoMm, Ui MPOMBIIICHHBIX NPEIIPUSTHIA, OPHEHTH-
POBaHHBIX Ha MPOM3BOJCTBO U MPOJIAXKY MPOIYKIIMK Ha 3apyOeKHBIX PHIHKAX, (JaKTOPHI BHEITHEIKOHO-
MHYECKOTO M MOJUTUYECKOrO XapakTepa (WM B TEPMHUHOJOTHM CHUTYaIllMOHHOTO MOAXO0/a — BHEIIHHE
CUTyallMOHHBIC NIEPEMEHHBIE, OKa3bIBAIOIINE HE MPSAMOE, a KOCBEHHOE BO3/CHCTBUE Ha MPEANPUSTHE)
NpUOOPETAIOT JUTS YIpaBJICHUS KOMIIAaHHEW ompenersitoniee 3HadeHne. FIMeHHO (akTopbl KOCBEHHOT'O
BO3/ICHCTBHS (IMTOTPEOHOCTH MEXTYHAPOIHBIX PHIHKOB, KYPChI BAIIOT, COIUATLHO-TIONUTHYCCKHE H (H-
HAHCOBO-3KOHOMHYECKHE TOTPSACCHUS M T. II.) YKa3bIBAIOT HPEANPHUATHIO HA HEOOXOOUMOCTh M3MEHe-
HUI B 00beMax 1 HOMEHKJIaType BhIITyCKaeMOM MPOIyKIMH, LIEHOBOM noiuTuke u ap. [11, 16].

[ToTpebHOCTH MEXTyHAPOTHBIX PHIHKOB U YPOBEHB II€H, 110 KOTOPHIM IPEANPUATHE MOKET peau-
30BBIBAaTh BBIIYCKAEMYIO UM HPOIYKIHIO, B CYIIHOCTH SIBJISIETCS OCHOBHBIM OTpPaHHU4MTENIeM mpH (op-
MHUPOBAaHUH €r0 MPOU3BOACTBEHHOIO IUIaHA, & TAKXKE MO3BOJISIET OUEHUTH pa3Mephl NpUObUTH, KOTOpas
MOXeT OBITh TOJIyueHa B CKIIAJIBIBAIOIIEHCS cUTyali. TakuM o0pa3oM, ycuiieHue riio0albHONH HecTa-
OMIILHOCTH, HEBO3MOXHOCTH (POPMHUPOBATH 00O0CHOBAaHHBIE TPOTHO3BI MOTPEOHOCTEH MEKIYHAPOTHBIX
PBIHKOB, HEYCTOMYHMBOCTD BAIIOTHBIX TPEHAOB CIENATN KOHUEMIIHMIO CUTYAIIHOHHOTO MOAX0Aa HE COOT-
BETCTBYIOLIEH peausiM HOBOTO BpeMEHHU. Bellb cOritacHO HACOIOTHMHN CUTYAllMOHHOTO OAX0Ad, OCHOB-
HBIMHU (pakTOpamu (MM CUTYallMOHHBIMHU TEPEMEHHBIMH), BO3ACHCTBYIONIMMH Ha JIIO00E MPOMBIILICH-
HOE MpeanpusITHE, SBISIOTCA BHYTPEHHUE (PAKTOpPBI pa3BUTH KOMIIAHUH, a Takke (PaKTOphl BHELIHETO
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MPSIMOTO BO3JICHCTBUS Ha €€ NeATeNbHOCTh (TIOCTABIIMKH, KOHKYPEHTHI, TOTpeOUTeNu U T. A.). Torma
KaK MTPOMBIIUICHHBIM TPEIIPUATHSIM CETOHs MPUXOIUTCS B MEPBYIO OYepelb 0Opaliath BHUIMaHUE HE
Ha (HaKTOPHI MPSIMOTO BHEITHETO BO3JICHCTBUS HA MPENPHUITHE U €r0 BHYTPUPHUPMEHHOTO Pa3BUTHS, a
Mpex/ie Bcero Ha (PaKTOpbl KOCBEHHOTO BHEIITHETO BO3ACUCTBUS (MOTPEOHOCTH KPYIMHEHIINX ITOKYIIATe-
Tl MPOAYKIUY MPOMBINIICHHOTO MPEIIPUATHS Ha MUPOBOM PBIHKE, [IEHBI HA MPOU3BOIUMYIO TIpe-
MPUATHEM TPOTYKIIAIO Ha MEXKYHAPOIHBIX PHIHKAX, KYPChI BAIIOT H TIP.).

Takum 00pa3om, 4ToObI THOKO U 3(p(PEeKTUBHO PabOTaTh B TAKUX YCIOBUSX, IPOMBIIUICHHBIM MIPE/I-
MPUSTHAM HEOOXOIUM HOBBIN MOAXO]] K YIIPABIECHUIO, KOTOPBIN JAall ObI BO3MOXXHOCTh Pa3BUBATh MPE/-
MIPUSITHASA HE TOJIBKO B MEPUOMBI CTAOUIHLHOTO PAa3BUTHS MHPOBOW SKOHOMHKH, HO ¥ B TIEpUOJIbI (hUHAH-
COBO-3KOHOMHYECKOH HECTAOMIBLHOCTH WIIM MUPOBBIX KPU3UCOB, BEI3BAHHBIX PA3IMYHBIMHA MPUYNHAMH.

CyTbh TaKoTO MOJIX0[a COCTOUT B TOM, YTO B YCIOBHSIX CTA0OMIIBHOTO Pa3BUTHS MUPOBOH SKOHOMUKH
MIPOMBINIUICHHOE TIPEIIPUATHE JTOJKHO YETKO CHOpMYyITHPOBATh KOHIEIIUIO CBOETO IMEPCHEKTHBHOTO
pa3BHUTHSI U CHOPMHUPOBATH CTPATETUIO CBOETO MOBEACHHS Ha JIOCTATOYHO JUTUTEIBHBIN MIEPUO BPEMCHH.

B ycnoBusix e BO3HUKHOBEHHUS MUPOBBIX (PMHAHCOBO-DKOHOMUYECKHUX KPH3HCOB M TIOCIEAYIOMICH
32 HUMU TJI00aTbHOW SKOHOMUYECKOH HECTAOMILHOCTH MPOMBIIIIEHHOE MPEANPHUATHE JOHKHO YIIPaB-
JISATHCS COBEPIIICHHO WHA4Ye — HAa OCHOBE MPOTHO3HO-3IaTUBHOTO Tox0aa. CYNTHOCTBIO TOCIETHETO
SBIISIETCSI THOKOE aJIaNTallHOHHOE YIPaBJICHUE MPEANPHSITHEM ITOCPEICTBOM KPATKOCPOUYHBIX IIPOTHO30B
W3MEHEHUS BHYTPEHHUX M BHEIIHMX CHUTYallMOHHBIX IEPEMEHHBIX, MPUYEM HE CTOIBKO MPSIMOTO,
CKOJIBKO KOCBEHHOTO Bo3zeiicTus [11, 18].

Takum 00pa3oM, B YCIOBHSIX TT00AbHON HECTaOWILHOCTH HEOOXOJWMO BBECTH YIPEKIAOIIee
yIpaBJieHHE MPOU3BOJCTBEHHBIMY 33JJaHUSMU HA OCHOBE KPATKOCPOYHBIX MPOTHO30B PAa3BHTHUS CHUTYa-
U, VIMEHHO 1O OTHONIEHUIO K 3TUM MPOTHO3aM U JIOJKHA BBICTPAWBATHCS YIIPEKIAIONIAs aanTHBHAS
cTparerus moBeneHust KoMnanud. OTMETHM, YTO U CaMO Ha3BaHHE JAHHOTO ITOJIXO/a BIIOJIHE OTpa)kaeT
€ro CYIIHOCTh U 3TUM B KOPHE OTIIMYAET €r0 OT U3BECTHOTO CHUTYaIMOHHOTO.

Takum 00pazoMm, B TepUObI CTAOMIHHOCTH MHUPOBOW SKOHOMHUKH HPOMBIILUICHHBIE MPEATPUITHS
MMEIOT BO3MOYKHOCTH YCITEIITHO CTPOUTH CBOM MUCCHH, LIEH M KOHIICTIIINN Pa3BUTHS (BKIIOYAs CTpaTe-
THH 110 PAa3JIMYHBIM HAIPABICHUSIM JICATEIILHOCTH) HE TOJIHKO HAa KPATKOCPOUHYIO, HO U Ha JIOJITOCPOY-
HYI0 TIEPCIEKTUBBI, BIAJICTbIBI MPOMBIIUICHHBIX NPEANPUATHA MPU 3TOM, COPMHPOBAB COBMECTHO C
PYKOBOAMTEISAMH STHUX NPEANPUATHI YKa3aHHBIE CTPATErWH, MOTYT TIO3BOJHUTH cebe JOBEPUTHh UX pea-
JU3AIHI0 U HETIOCPEICTBEHHOE OTIEPATUBHOE YIPABICHNUE MPEATPUITHEM BBICOKOKBAIU(UIIMPOBAHHBIM
TOTI-MEHEKEPaM, OCYIIECTBIISISI JIHIIh €KEMECSUYHBIA MM TOAEKaIHBI KOHTPOJIb 3a paboToil cBOMX
KOMITAHUH.

Crnemyer OTMETHTB, YTO B TEPHOJ CTAOMIBHOTO Pa3BUTHSI SKOHOMHKH IPOMBIIUICHHOE MpeIIpH-
STHE MMEET BO3MOXXKHOCTh YBEJIMYHMTh CBOM (PMHAHCOBBIC PECYpCHI 3a cueT KamuTanusanuu [11]. Do
MOJKET JOCTHTAThCSI CISAYIOMIMM 00pa3oM:

— IMyTeM npeoOpa3oBaHUs CPECTB (YaCTU YUCTOW MPUOBLTH, TUBUACH/IOB U Jp. WK BCEH MPUOBLIN)
B J00aBOYHBIN KamuTai, 100aBOYHBbIE (aKTOPHI MPOU3BOJCTBA (TaKHe KakK CPEACTBA TPyZa, MPEAMETHI
TpyJa, pabouyylo CHIy W T.[.), B Pe3ylbTaTe 4Yero JAOCTHUTaeTCs yBEIUYCHHE pa3Mepa COOCTBEHHBIX
CPEICTB;

— 32 CYET POCTa PHIHOYHOW KalWTAIN3AINU, KOTOpas MPEJICTABIseT CO00i Mpou3BeIcHHE KOJIMYe-
CTBa BBINYIICHHBIX aKIIM{ Ha IICHY OJIHOW aKIH 10 OUPIKEBOMY KYpCY.

OrneHka pBIHOYHOW KalWTalW3allid OCHOBaHA HAa TEOPWUH CBOOOIHOTO PBIHKA, COTIACHO KOTOPOW
CBOOOJIHBIN PBIHOK CIIOCOOEH YYHUTHIBATH BCe (DaKTOPHI, BIUSIONINE HA IIEHY KOMIIAHUH, B COBOKYITHO-
cti. IMeHHO B pe3ynibTare OUpIKEBBIX TOPTOB M TOJBKO OJarojapsi UM MOKHO OIPECTUTh UCTHHHYIO
CTOMMOCTH KOMIaHUH. [Ipy 3TOM MOHATHE KaNUTaTU3aI|K PACIIPOCTPAHSIETCS HE TOJIBKO Ha OTAEIbHBIC
MIPOMBINIUICHHBIE TPEATIPUSTHS, HO U Ha IIeNIbIe OTPaCIM MPOMBINIICHHOCTH U JaKe Ha BCE KOMITAHUU
OTAETBHBIX TOCYIAPCTB.

MHor#ue (pakTopbl KOCBEHHOTO BO3ACUCTBHS Ha MPEINPHUSITHS B YCIOBHUIX HECTAOMIBHOTO Pa3BUTHUS
SKOHOMUKH W B TEpHOABl (DMHAHCOBO-SKOHOMHYECKHUX KPH3UCOB 3HAYHUTENHHO YBEIUYHBAOT CBOE
BJIMSIHUE Ha TIPOMBIIUICHHBIC MPEATPHUSTHS U BEIOOP TMHUN SKOHOMHYECKOTO TIOBEICHUS MTOCIISTHUX.

Koncratupyem, Takum oOpazom, cienyromiee. Ecinu B mepro/ipl cTabMIILHOCTH 3HAYCHHUE BHYTpU-
(bMpMeHHOU TMHAMHUKY U (HaKTOPOB MPSMOTO BO3IECHCTBYSI HA MPEATIPUAITHE €r0 PYKOBOJICTBOM BO MHO-
TOM YYHTHIBACTCS TIPU MPUHSATHH YNPABICHYECKUX PEIICHHUN, TO B MEpHObl (PHHAHCOBO-KOHOMUYE-
CKUX KPHU3UCOB, KOTJIa ()aKTOPhl KOCBEHHOT'O BO3JICHCTBHSI ropa3io B OOJbIIEH CTENICHN HAYUHAIOT BIIH-
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SITh Ha AEATENbHOCTh KOMIIAHUHM, BHIOOD JIMHUN MOBEACHHS MOCIEIHUX MEPECcTaeT KIYEBBIM 00pa3oM
3aBHCETh OT BHYTPEHHHUX (PAKTOPOB U (PaKTOPOB MPSIMOTO BO3ACUCTBHS HA MPEIPHSITHE.

B nepuo e riaobaiibHOM HECTaOUIBHOCTH, @ BO3MOXHO, M B HEKOTOPBIX JIPYIHX CIydasx, Hpe-
npusiTHE HAYMHAET paboTaTh B PEXHMME, KOraa ero (pyHKIMOHUPOBAaHHE NPUObUTM HE MpUHOCHUT. B ya-
CTHOCTH, KOTJIa BBIpy4YKa OT MPOJAXH TOTOBOM MPOIYKIIUH paBHA Ce0ECTOMMOCTH, TO MPENNPUITHIO
yAaeTcsl JIMIIb BO3MECTUTH 3aTpaThl Ha MPOW3BOJICTBO M peaM3alldio MpoAyKnuu. Eciam 3aTpaTsl Ha
NPOM3BOJCTBO M MPOJAXY NMPOAYKLUWH NPEBBIIIAIOT BBIPYUYKY, B 3TOM CiIydae NPEANPHUITHE TEPIUT
yOBITKH. [ IpeanpusTHii, OCYIIECTBISIOINX HEMPEPHIBHOE MTPOM3BOJACTBO B YCIOBHSAX PE3KOTO CHU-
JKEHHSI CIIPOCa M COOTBETCTBEHHO MPOJAX, a TAak)Ke MaJCHUS LIeH Ha MEXTyHapOIHBIX PhIHKAX, UX MPO-
M3BOJICTBEHHAS AEATENBHOCTD, KaK MPaBHJIO, CTAHOBUTCS yObITOUHOH. [loaTOMy obecneueHue paboThI
OPEANPHUITUS B TOAOOHBIX YCIOBHUAX BO3MOKHO TOJBKO 33 CUET JOMOJHUTEIBHOTO (PMHAHCUPOBAHUS CO
CTOPOHBI €0 COOCTBEHHUKOB.

Br16op nuHMi oBeneHUs NPEANPUSATH B YCIOBHAX, KOTJa M00ast U3 3THX JIMHUHN 3aBEOMO OKa-
3bIBaeTCsl yOBITOUHOH, SIBISACTCS AJISl TON-MEHEIKEePOB KOMIIAaHUH CaMBIM CJIOKHBIM U Hauboiiee OTBET-
CTBCHHBIM YIIPABICHYECKHM TMEPUOJIOM, TPEOYIOIINM JOCKOHAIBHOTO OTIEPATUBHOTO aHaIH3a CKIIaIbl-
BAIOIINXCS CUTYallni U CPaBHEHHUS BCEX BO3MOXKHBIX (DMHAHCOBBIX TIOTEPh KOMIIAHWH.

Crnenyer 0co00 MOJUEPKHYTh, YTO B MEPHOABI (PUHAHCOBO-3KOHOMHYECKUX KPH3HCOB 3KCIIOPTHO-
OPUECHTUPOBAHHBIC MPEATIPUATHS MPH PE3KOM MAACHUH CIIPOCa HA NPOMU3BOAMMYIO UMHU NPOIYKLHUIO B
OOJIBIIMHCTBE CIy4aeB HIYT JIMOO HAa MaKCHMAIBHOE COKpalleHHe O0hEeMOB INPOU3BOJICTB, OO Ha
MOJHYIO OCTaHOBKY IOCIIEAHUX. [ OTAEeNbHBIX NPOMBILUICHHBIX OTpaciiei, HampuMep, AJs SKCIOPT-
HO-OPUEHTHPOBAHHBIX (epPOCIIABHBIX MPOU3BOJCTB, MOA0OHAS CUTyalusi yCyryOJsieTcsi ele M TeM,
YTO JIaHHBIN THI TIPOU3BOJICTBA SBJISIETCS HENPEepbIBHBIM. [leun 1o mpou3BoACTBY QeppOoCHIHUIINS HEIlb-
351 OCTAHOBHTH TOJIHOCTHIO, OHU JOJDKHBI PadOTaTh HE3aBUCHUMO OT TOTO, OyJET JIM WX MPOJYKIUS BOC-
TpeOOBaHa MOKyNaTesIMU MM HeT. B pe3ynbTare BO3HHKAET CUTYyalusi, KOTAa MPOU3BOJICTBA HE MOTYT
OBITH OCTAHOBJICHBI, M KOMIIaHHUS MPOAOJIKAECT HECTH 3aTpaThl Ha CHIPhE W MaTEpUalIbl, 3apa0dO0THYIO
IaTy pabOTHHKAM, 3JIeKTPOIHEPTHUIO, TPAHCIIOPTHOE M TEXHIUUYECKOE 00CTYyKHBaHUE U T. 1. [16].

OpnHako oOIUIa4MBaTh BCE 3TH PACXOAbI B YCIOBUSAX IMOYTH MOJIHOTO OTCYTCTBHS MPOAAX PYKOBO-
JCTBO NPEANPHUATHS HE MMEET BO3MOXKHOCTH. Bce ykazaHHbBIE pacxopl, TaKUM 00pa3oM, JIOKaTcs Ha
COOCTBEHHHKOB KOMIIAHWH, H TTOKa KPU3KC HE 3aKOHYUTCS U MUPOBBIC PHIHKM CHOBA HE HAYHYT MPHOO-
peTaTh MPOAYKIMIO TIPEATIPUSATHSI, BIIAJCbIIBI KOPIIOPAIUK BEIHYKJICHBI OpaTh Ha ce0si OCHOBHOE Ope-
Ml IO TIPUHATHIO YIPABICHYECKUX PELICHUH, MPUYEeM HE TOJIBKO CTPATErHYECKOro, CKOJIBKO ONEpaTHB-
HOTO XapakTepa.

2. CTpaTernyeckoe ynpapjeHHe NPOMBbIIICHHBIMH NPeANPHSITHAMH

B YCJIOBHSAX ME:KIYHAPOAHOI HeCTA0MJIBLHOCTH

Hcropust n Teopusi MPOMBIIUIEHHOIO MEHEIKMEHTA OTYETIMBO ITOKa3bIBAKOT, YTO OCHOBHOM TEH-
JEHIIMEW B HAayKe M TNPAKTHKE YNPaBICHHS NPOMBIIUICHHBIMHM NPEANPHATHAMH H KOPHOpAaLMSIMH 3a
MHOTHE MPOILEALINE JECATHICTHS ObLJIO MOCTENIEHHOE YCHIICHHE POJIM CTPATETHUECKOro ITaHUPOBAHUS
(haKkTUYECKH OT HYJISI B IEPUOJ] CTAHOBIICHHS KAITUTAMCTUYECKUX OTHOIIEHHU JIO MPeolIajaronux mo-
3HIUI B COBPEMEHHYIO 310Xy MOCTHHYCTPHUAILHOTO O0IIECTBA.

B Oubnunorpaduyeckom crnmcke K JaHHOW paboTe MpeAcTaBieH AOCTATOYHO €MKHH MEpedeHb Oc-
HOBHBIX ITyOJIMKANWH 110 TaHHOMY BOIIPOCY. AHAIN3 Pa3IMYHBIX HJEH M0 ITOH TEMaTHKe MOXKHO HAUTH,
Hanpumep B [16, 17].

®opMHUpOBaHKUE CTPATETMIECKUX MPUOPUTETOB MPOMBIIIIIEHHBIX NPEANPUATHI JOHKHO OCYIIECTB-
JSITBCS C YYETOM LIEJIOTO psiia COOOpaKeHUH 1 0OOCHOBaHMH.

CoOCTBEHHUKH M PYKOBOJUTEIH MPOMBIIIICHHBIX MPENNPUATHA, KOTOPbIC KETA0T JOOUTHCS BBI-
COKOH 3((EeKTUBHOCTH NPUHUMAEMBIX PEIICHUH MO YIPABICHUIO HPEANPHATHEM, JOJDKHBI BCAYECKU
CIOCOOCTBOBATH TOMY, YTOOBI CJIOKUBILASICSI HA TIPOMBILIIEHHOM MPEANPUSATHN HIH B KOPIIOPALMH CHC-
TE€Ma MOATOTOBKU U NPHUHATHS YIPABICHYECKUX PEIICHUIM KaK HAa ONEPATHBHOM, TaK WM Ha CTpaTeruye-
CKOM YpPOBHSX obOecreunBana HanOosiee NMPOAYKTUBHYIO PEAIM3alMI0 CaMBbIX pa3sHOOOpa3HBIX 3a/1ad B
paMKax JOCTH)KEHHS OCHOBHBIX LI€TIE KOMITaHUMU.

B 3TO# CcBA3M UCHONB3yeMBIE B Pa3IMYHOTO pOJa PACUETaX MATEMATHUECKHUE MOJEIH JOJKHBI
BIIOJIHE COOTBETCTBOBATh TOMY, YTOOBI MOTy4aeMble Ha UX OCHOBE PE3YJIbTAThl yIOBIETBOPSIIU 3ampo-
caM JIML, NPUHUMAIOLIMX PELICHHEe Ha BCEX YPOBHIX PYKOBOACTBa KoMmnaHuei. Eciaum kakas-mu0o u3
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WCTIONB3YEeMbIX MOJIENIEH CO3/aeT MPEMATCTBUE IS PELICHNS KaKUX-TH00 3a/1a4 B paMKaX MPOU3BOICT-
BEHHBIX LETMOYEK JH00 YIPaBIeHYECKOH BEPTHKAJIH, TO TaKasi MOJEJb AOJDKHA ObITh 3aMEHEeHa Ha OoJjee
MPUTOIHYIO WJIM TIOJBEPTHYTHCS COJEPKATEIBbHOW KOPPEKTUPOBKE HAa YPOBHE JIOTHKO-MaTeMaTHde-
CKOTO MOJETUPOBAHHUS.

B 3aBucuMocCTH OT AMHAMHMKH M3MEHEHHs YCJIOBUI BHEIIHEH Cpeabl W xapakTepa 0coOeHHOCTEH
MIPOM3BOJCTBEHHOMN AESITEIbHOCTH BHYTPH KOMIIAHWU BIAJENBIBI M TOM-MEHEKEPH MPOMBIIITICHHBIX
MPEINPHUITAN JTOJKHBI IIOCTOSIHHO COBEPIICHCTBOBATH CUCTEMY YIIPaBJICHUS BCEMHU cepamMH U HAIlpaB-
JICHUSIMHU POU3BOACTBEHHOHN AEATEIbHOCTH KOPIOPALUH, BBOIS IPU 3TOM KaK HOBBIE METOJbI U MeXa-
HU3MBI YMHOT'O YIIPaBJICHUS, TAK U COBEPLICHCTBYS METOABI M MOJEIH NOATOTOBKH M NPUHSITHS yIIpaB-
JIEHYECKUX PEUICHU.

Ha ocHoBe mepe4ncieHHBIX MO3ULMH COOCTBEHHHUKH M PYKOBOAUTENTH JOOOT0 MPOMBILUIEHHOTO
NPEANPHUATHS WIH KOPIOPALMH MOTYT JOCTATOYHO OOBEKTHUBHO OLIEHUTH CTPATEIMYECKUN MOTEHIHAN
KOMIIAaHUH U IEPCIEKTUBBI €€ TaTbHEeHUIIero pa3BUTHSI.

Yenex aesTenbHOCTH PYKOBOAUTENEH MPOMBIIUICHHBIX MPEANPHUATHIA BO MHOI'OM CBSI3aH C TEM,
WUMEIOT JIM 3TH PYKOBOJUTENH JIMYHYIO KOHLEIIIUIO Pa3BUTHUS NPEANIPUATHS UM UHOW HEPapXHUH yIIpaB-
JICHHUS1, BO3IJIABIIEMON UIMHU.

JlnyHast KOHIIETIIUSI — 3TO BHJICHHE PYKOBOAMUTEIIEM TOTO, KAKMM JIOJDKHO CTATh HPEANIPUATHE B OY-
IyIIEM B COBOKYITHOCTH C IIEpEUYHEM HEOOXOIUMBIX AJIsl 3TOr0 MEPONPHUSITHH, TMYHBIX IIaroB PyKOBO-
IUTeNs U T. 1. B 910l cBsi3u (hyHKUMS IIIAaHUPOBAHUS JAESITEIbHOCTH OPraHU3alMK AO0JDKHA OBITh MOJ-
YHHEHa I1eNsIM (OPMHUPOBAHUSI JINYHOW KOHIETIIMU C yYETOM IPOTHO30B Pa3BUTHS OpPTaHU3AlMH H
cTpemiieHHs K Hanboee 3 (HeKTHBHOMY CTHIIIO PYKOBOJICTBA Ha dTarax JOCTKEHUs 1enu [16].

OteyecTBEHHBIE TPOMBILUICHHBIE TPEANPHUATHS U KOpIOpauuu npyu GopMUpOBaHUU CBOUX CTpate-
TUYECKUX U TAKTHUECKHUX MPUOPUTETOB JTOJDKHBI TAK)KE YIUTHIBATE PSII CIACAYIOMUX MOJI0KeHuH [16].

IIpon3BOIUTH OIIEHKY WCIOJB3YeMBIX B KOMIIAHMH YIPaBIECHUYECKUX HJIEOJIOTHIl U B CiIydae He-
YIOBJIETBOPEHHOCTH OCYIIECTBIATH OOOCHOBaHWE Oojee MPUBIEKATENbHOW KOHLENLIUH HPOU3BOACT-
BEHHOT'O MEHE/IXKMEHTA.

[TpoBoaUTH aHAIN3 CTPYKTYPHI KOMIIAHWH M €€ KaJ[pOBOTO COCTaBa C IIEJIbI0 00eCIIeYeHUs! He TOJIb-
KO PELICHUs 3a7a4 ONEPaTHBHOTO YHPAaBJICHHUsS MPOMBIIUICHHBIM MPEANpPUATHEM, HO U 3P (PEKTUBHOTO
CTPATErHYeCcKOro pa3BUTHS IOCJICAHETO.

CoBepIIeHCTBOBATh CHCTEMY CIIOKMBILEHCS MPOM3BOACTBEHHOM JOTMCTUKH Ha MPOMBIIUIEHHOM
npeanpustud. Co3narh SPQGEKTHBHYIO CHCTEMY MaTepHAlbHO-TEXHUYECKOTO OO0CCTeUeHHs MpPOH3-
BOJICTB, Y4€Ta U KOHTPOJISl ABMKCHUS MaTepHaAbHBIX PECYpCOB IO MPOU3BOJICTBEHHBIM Li€XaM Ipel-
MPHUSTHA BIUIOTH /10 pealn3aliy TOTOBOM MPOAYKIIUH U €€ TOCTaBKH IMOKYTIaTEsIM.

[ToBBImIaTh aJ1eKBaTHOCTH CUCTEMBI ONEPATUBHOTO YIPABICHHS K TEKYIIUM 3ajadyaM MpeAnpUsITHS
u TpeGoBaHUsIM cOOCTBEHHHKOB. CKOJb ObI 000CHOBaHAa W BCECTOPOHHE MpopadoTaHa He Oblla MPUHU-
Maemasl CTpaTerusl Pa3BUTHs MPOMBILIUICHHOTO NPEANPUATHS WM KOPIOPALUK, TEM HE MEHEee OHa He
MOJET He 0a3upoBaThCs Ha 3(H(HEKTUBHBIX TOAXO0JAX, METOAAX W MOJETSIX ONEPAaTHBHOTO YIPABICHHUS
MPOM3BOJCTBEHHOH J1ESTEIBHOCTHIO KOMIIAHHH.

Pa3BuBaTh KauecTBO yHpaBieHUs MIPOEKTAMU U CUCTEMY IIPOEKTHOTO YIPaBJICHHUS Ha MPeIIpUsITHH,
a TaKKe OLIEHWBATh aJIEKBATHOCTh UCIOJIb3yEeMbIX MPON3BOJACTBEHHBIX TEXHOJOTHI KOMIAHUHU U HEOO-
XOAMMOCTh TIepexojia Ha 0oJiee COBpEMEHHbIC MPOMBIIUICHHBIE YKIaabl. [Ipi 3TOM HEOOXOIMMO TTOM-
HUTb, YTO MPOLECC TEXHOJIOTMYECKOT0 OOHOBJICHHSI HA IPOMBIIUICHHBIX MIPEANPHUATUSAX SABISIETCS BBICO-
Ko3aTpaTHbIM MeporpusitHeM. COOCTBEHHUKN M PYKOBOIUTEIH MPOMBILIUICHHBIX MPEIIPUSTHI B yCIIO-
BUSX MOJIUTHUCCKOHN, IJKOHOMHUECKOM U COIMAIbHON HECTAOMIBHOCTH (@ TaK)Ke HapacTalolIeH Heompe-
JeTICHHOCTH B TOM, OyIyT JIM MOKYNAaTelu MPOM3BEACHHON NMPOAYKLIMHU TOTOBHI puobperaTh ee Ooiee
BBICOKOT'O KauecTBa, HO M0 BO3POCLICH IIeHE, THMO0 HA00OPOT — OPUEHTUPOBATHCS HAa HEBBICOKOE Kaye-
CTBO MPOAYKIIMH, HO [0 HU3KUM IIEHAM M T. 11.) JOJDKHBI UMETh BO3MOXXHOCTh OOOCHOBaHHO OLICHHBATH
MPEJIOKEHHSI TI0 CO3JJaHUI0 TIPOEKTOB TEXHOJOTHYECKOTO OOHOBIICHUS MMEIOUIUXCS Ha MPEANPHUITHU
MPOM3BOJCTBEHHBIX MOIIHOCTEH (HAaIpUMeEp, Pa3IUIHOro poja Meyeil 1 MHOro caMoro pa3Hoo00pa3HOro
TEXHOJIOTHYECKOTO 000pyIoBaHus). B ycioBusX majieHusi MPOU3BOJICTB B MUPE M OTCYTCTBHS Y COOCT-
BEHHHKOB 3HAYHMTENILHBIX (PMHAHCOBBIX PECYPCOB JJIS TEpexo/ia MPOMBIIUICHHBIX MPEANPHUITANR K HO-
BEHIIINM NPOMBIIUICHHBIM TEXHOJIOTHAM BPSII JIM CJIEIyET TOBOPUTH O TOM, YTO B HEJaJIeKOM OynymieM
MoJ0OHBII Hepexo]] CTaHEeT IKOHOMUYECKH 000CHOBaHHBIM. BrojHe BO3MOKHO, YTO B CIIydae OTCYTCT-
BUSI YBEPEHHOCTH B TOM, YTO HOBBIE TEXHOJOTUH, O€3YCIOBHO, MO3BOJIST JTOOUTHCS BHICOKHX PE3yJIbTa-
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TOB B 00ppO€ C KOHKYpEHTaMH, JIMLAM, IPUHUMAIOIINM PEIICHHUS IO CTPATETHUYECKUM HMIIEpaTHBaM
KOMIIaHUH, UMEET CMBICI BBDKAATh BpeMs. M TOIbKO KOTJa CTaHEeT SCHO, YTO BJIOKEHUE JCHET B HOBBIC
TEXHOJIOTHH — 3TO COBEPICHHO HEOOXOJMMBIH IIar JJisi BEDKUBAHUS TPOMBIIUICHHOTO MPEIIPUITHS 1
o0ecredyeHus ero KOHKYpEHTOCIIOCOOHOCTH B OyIyIieM, Ha IIOAOOHBIE 3aTPaThl MOKHO HONTH.

[IpousBoguTh aHanu3 MHPOPMAIIMOHHO-KOMITBIOTEPHOW HHOPACTPYKTYPHl KOMITAHUM M HUCIIOJIb-
3yembIx Ha npennpuiaruu cucteM ACY, ACYTII u ap. CymecTBeHHeilme CTOpoHO# CTpaTernyeckoro
PasBUTHS NPOMBILUICHHOTO NPEANPUATHS SBISETCSA CO3[JaHre B KOMIIAHWU COBPEMEHHOH MH(popManu-
OHHO-KOMITBIOTEpPHOH HHQPACTPYKTYpHI, OasupyroLielcss Ha aJEeKBAaTHBIX BO3POCIIMM TPEeOOBaHHAM
NOJIb30BaTENEi U YPOBHIO BelleHHSI OM3HEC-TIPOIIECCOB aBTOMATU3UPOBAHHBIX CUCTEM YIIPABIICHHS BCE-
MU cepaMH AEATETbHOCTH MPOMBILIUICHHOTO NPEATIPUATHS U MPOLECCaMH POU3BOACTBEHHO-X035HCT-
BEHHOMW JIESTETLHOCTH.

IIpu sTOM He cnemyeT 3a0bIBaTh M O TOM, YTO HCIOJBb30BaHHUE B COCTaBe WH(POPMAIMOHHO-
BBIYMCIUTEIBHON WHPPACTPYKTYPHI MPOMBIIIIIEHHOTO NPEANPHUITHS 3apyOeskHOT0 000py10BaHUs, BbI-
YHCIIUTENbHOW TEXHHUKH, a TAKXKE U3TOTOBJICHHOIO 3a TPAHULEH MPOrpaMMHOTO 00ECIIeUeHHs B clydae
YXyIIICHUS] BOCHHO-TIOIMTHYECKON CUTYallil B MUpPE HE TapaHTHPYET TOTO, YTO MpelnpusiTHe OyaeT
CIOCOOHO BBITIONHATH CBOM NPOM3BOACTBEHHBIE 33aJjaudl U cepile WHPOPMAIMOHHO-BBIYHCIHTEILHON
CHCTEMBI HE AaCT cOOosl.

OcCymiecTBIATh aHAIN3 TUHAMHUKN TEXHHKO-3KOHOMHMUYECKHX MTOKa3aTesIel NeATEIbHOCTH POMBIII-
JICHHOTO TPEANpUATHS WM Kopropauuu. B pamkax aHanm3a Tmokaszareieil IMpOW3BOJCTBEHHO-
XO35MCTBEHHON HAEATENBHOCTH NPOMBINIUIEHHOTO MPEANPUATHS OUYEHb Ba)XXHO HAWTH COOTBETCTBHE
(MM HECOOTBETCTBHE) CKJIAAbIBAIOIICHCS TUHAMHKH TEXHHKO-’KOHOMUYECKHX IOKazaTeseld paboTbl
KOMIIAaHHH JIPYTUM CTPATErHYECKUM HMIIEpAaTHBaM pa3BHTHUs npeanpustus. [Ipu dopmupoBanum me-
TONWYECKHUX IOJIOKEHUI O pa3paboTKe CTPAaTEerMH Pa3BHTHSI MPOMBIIUICHHOTO TPEATNPHUSITHS HIIH
KOPIIOPALIMU OYEHb BaYKHO YUHUTHIBATh, YTO B CIIyd4ae HECOOTBETCTBH CKIAIbIBAIOILEHCS JUHAMUKY Ha-
MEpEHHUsSIM M IUIaHaM COOCTBEHHHMKOB M PYKOBOAMTENEH MPOMBIIIJICHHOIO MPEeNNpUsATHS HeoOXoauma
KOPpPEKTUPOBKA BCEro Habopa yKa3aHHBIX CTPAaTerHYeCKHX HUMIIEPATHBOB. JTa KOPPEKTHPOBKA JOJDKHA
o0ecreynTh MO3UTHBHYIO JUHAMHUKY MOKa3aTesiell TEXHUKO-3KOHOMUYECKOTO Pa3BUTHS KOMIAHWU Ha
NEPCIECKTUBY.

OrneHNBaTh COCTaB M Ka4YeCTBO HCIOIB3YEMBIX MAaTEMaTHUECKUX MOJIENEN B YIIPaBIEHUHU IIPOMBIII-
JIEHHBIM TpefnpusatueM. GopMUPOBaTh COCTaB U COJEP)KAaHHE AKTYalIbHBIX MEXaHU3MOB U MOjEJeH
yMHOTrO ynpasieHHus. COBEpIIEHCTBOBATh CHCTEMY NTOATOTOBKH M MPUHATHS YIPABICHUYECKUX PEIICHUN
Y YPOBHA UX 000CHOBAHHOCTH.

3akaoueHune

PaccMoTpenHbple B TaHHOW cTaThe HanOollee BaYKHBIC aCMEKThI CTPATETHYECKOTO U OMEPAaTUBHOTO
YIPABJICHUS TPOMBIIIJICHHBIMH TPEIIPHSITHSIMHI TTO3BOJISIOT aKIIMOHEPAM M PYKOBOJHUTEIISIM TTOCIIETHUX
chopMupoBaTh HAOOP METOMUYECKIX HAYYHBIX TOJOXKESHH, HAI[EIIEHHBIN Ha TOBBIICHUE d3PPEKTUBHO-
CTH TIOJTOTOBKH U MPUHATHS yNPABICHYECKUX pellieHui (pUYeM KakK ONepaTUBHOTO, TaK M CTPATerH-
YECKOr0 XapakTepa), KOTOPBIH JacT BO3MOYKHOCTh UX KOMIIAHHMSIM BIIOJIHE YCIICUTHO (YHKIIMOHUPOBATH
KaK B MEPHOMABI CTAOMILHOTO Pa3BUTHI MUPOBOI SKOHOMHUKH, TaK M B TIEPUOJIbI MUPOBBIX (hHHAHCOBO-
HSKOHOMHUYECKHUX KPU3UCOB, YCUIICHUS MEXTyHAPOTHOW HECTAOMIBHOCTH U T. TI.

OHM Tak)Xe MOTYT BOCIOJIb30BAaThCs Pa3paOOTaHHBIMU B IIEJIOM PsijIe HAYYHBIX TPYJIOB aBTOPOB
KOMITJIEKCAMH HAYYHBIX METOJOB M MaTEMaTHYCCKHUX MOJEJEH MO CTPATETHYECKOMY M OMEPATUBHOMY
yIpaBieHHuio komnanusmu [8—12, 14-16, 18, 28-30].
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Today, the problem of increasing the efficiency of large Russian industrial enterprises is
one of the most important national economic problems of the domestic economy. Purpose of
the study. In this regard, the purpose of the study of this work is to improve the processes of prepa-
ring and making managerial decisions on the strategic and operational management of industrial en-
terprises of our country in the current conditions of global instability and increasing international
competition. Materials and methods. The scientific provisions presented in the article are an inte-
gral set of measures that ensure the implementation of both strategic and operational management
algorithms for industrial enterprises. At the same time, the methods of mathematical modeling and
financial and economic analytics were used. Results. The results of the study are: a well-founded set
of scientific provisions on the strategic management of industrial enterprises, as well as a predictive
and adaptive approach to the operational management of production companies in the conditions of
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both stable development of the world economy and international financial and economic crises.
On the basis of the developed sets of scientific provisions, sets of mathematical models for the stra-
tegic management of industrial enterprises and their operational management are formed. Conclu-
sion. The scientific provisions and materials presented in this article enable the heads of industrial
enterprises to form holistic and comprehensively justified strategies for their long-term development,
as well as algorithms for operational management of industrial divisions of enterprises during pe-
riods of global instability.

Keywords: strategic management, operational management, industrial enterprises, methods and
mathematical models, preparation and decision-making.
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NHOOPMAIUA IJIAA ABTOPOB

1. TemaTuka. B xyprane myOIMKyIOTCSl CTaTbU 0 CIIEAYIOIIMM HayYHBIM HAIpPABIICHHSM: yNpaBJICHUE B pas3-
JIMYHBIX OTPACIIAX TEXHHUKH, a TakXKe B aJMUHHUCTPATHBHOMN, KOMMEpUECKOM 1 (UHAHCOBOI! cepax; MaTeMaTHIECKoOe,
AITOPUTMHUYECKOE, TIPOrPaMMHOE U allllapaTypHOe 00ecIeueHne KOMITBIOTEPHBIX TEXHOJIOTHiA, B TOM YHCIIC KOMIIBIO-
TEPHBIX KOMIUIEKCOB, CUCTEM U CETEil; N3MEPUTEIIbHBIE CHCTEMBI, IPHOOPOCTPOCHHE, PATNO3IEKTPOHHUKA U CBSI3b.

2. Crpykrypa cratbu. Crates comepxutr Y/IK, HazBanue (ue 6omee 12—15 cioB), cnucoK aBTOPOB, aHHOTA-
1o (200-250 cnoB), CIMCOK KIIFOYEBBIX CIIOB, BBEICHNE, OCHOBHOM TEKCT (CTPYKTYPHPOBAHHBIN 10 pa3zaenam), 3a-
KITIo4YeHHe (00CyKIeHne pe3yIbTaToB), IUTEpaTypy (B nopsake uutuposanus, mo I'OCT 7.1-2003). B kone cratbn
CJICITYIOT SJIEMEHTHI HA aHTJIMHCKOM sI3BIKE: Ha3BaHWE, aHHOTAIMs, CIIMCOK KIIIOUEBBIX CJIOB, JIUTeparypa (references).
BymaxxHas Bepcus CTaThH MOAIHMCHIBACTCS BCEMH aBTOPAMH.

3. lapameTpsl HaOopa. Pa3mepsl nosneit: neBoe — 3 cM, npaBoe — 3 cM, BepXHee U HUKHee — 10 3 cM. Teket
crarey HaOupath mpudrom Times New Roman pasmepom 14 nt. BeipaBauBanue ab3anes — no mupuae. Oteryn
nepBoii crpoku adzana — 0,7 cM. MexaycTpOYHbIN HHTEpBAT — MOIYTOPHBIA. BKITIOUUTE PeXUM aBTOMAaTHYECKOTO
nepeHoca cioB. Bce KaBBIUKH TODKHBI OBITH YIIIOBBIME («»). Bee CHMBOIIBI «THpE» TOJKHBI OBITH CPEAHETO pas-
Mepa («—», a He «-»). KiroueBbIe 3JIeMeHThI CTaTbU — IIaITKa, 3ar0JI0BKH Pa3feiioB — CIEAYET BBIACISATH MOTYKUP-
HbIM. 3HaK pa3felieHus LEeJIOW M JACCATUIHOW YacTH 4Huclia — 3amsaTas. Mexay 4uciioM U eJUHHIICH U3MEpEeHHS
JOJDKEH CTOSITh Hepa3phiBHBINA poden (Ctrl + Shift + [Ipoben).

4. ®opmyabl. Habupatorcs B pemaktope ¢Gopmyn MathType mm6o Microsoft Equation ¢ otcrymom
0,7 cm ot sieBoro kpast. Pasmep oOBIYHBIX CHMBOJIOB — 11 1T, pa3Mephl HHIIEKCOB MepBoro nopsaka — 71 %, mHaeKkcoB
BTOpOro mopsiaka — 58 %. Homep dopmysner pasmenaercs 3a npenenamu (GopMysibl, HEIOCPEACTBEHHO OCIIE HEe, B
KPYIJIBIX CKOOKaXx.

5. Pucynku u Tadauusbl. Pucynkun umerot paspemienue He MeHee 300 dpi. PucyHku HyMepyroTcs U UMEIOT
Ha3zBaHus (Puc. 1. 3mecy cienyer HasBaHWEe pHCyHKa). TaOmuisl HymepyroTcs M uMeloT HaszaHus (Tabmu-
na 1. 3neck cinenyeT Ha3BaHUE TaONUIIBL).

6. Anpec pemaknmonHoii kosuterun. 454080, r. YensaOunck, nmpocnekt Jlenuna, 76, kopm. 30, 4-i 3tax —
Beiciast mkona 37eKTpOHUKH M KOMITBIOTEPHBIX HAYK, OTB. CEKpeTaplo JI.T.H., Aol ['omuiato A.B. Anpec anekTpoHHOM
MOYTHI OTBETCTBEHHOI'O CEKpeTaps xKypHana: gollaiav@susu.ru.

7. Ilogpodubie TpedoBanus Kk odopmieHuro. [TloaHyro Bepcuio TpeOoBaHUi K 0(OPMIICHHIO CTaTel U MpU-
Mep ohOpMIICHHSI MOXKHO 3arpy3uTh ¢ caiita xypHana http://vestnik.susu.ru/cter.

8. IlmaTa 3a myOIUKaIUIO PyKOITUCEH HE B3UMACTCSL.
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VYupeaurens — denepanbHOe TOCyIapCTBEHHOE aBTOHOMHOE 00pa30BaTelbHOE YUPEXKICHNE BICIIEro 00-
pasoBanust «HOKHO-YpanabCKuil TOCYIapPCTBEHHBIN YHUBEPCUTET (HAIIMOHAIBHBIN HCCIIEA0BATEIBLCKIH YHUBEP-
CHUTET)».

I'naBHbBIN penakTop — A.T.H., mpod. [llecrakoB Anekcanap JICOHHI0BHY.
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MyOJMKYIOTCS B MEKAYHAPOIHON CHPaBOYHOW CHCTEME IO NMEPUOIMYECKUM W IPOIOJDKAIOIIMMCS H3aHUSIM
«Ulrich’s Periodicals Directory».
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