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Annomayun. CtaThs MOCBSIIEHA BAXKHOW Ipo0ieMe MPUMEHEHHsT HeMpOCeTeBBIX MOZETIeH B 3a/1auax
MOHHUTOPHHIA COCTOSHHS JICCHBIX TEPPUTOPHH C HCIIOIb30BAHWEM ONTHYECKHX CITyTHUKOBBIX CHHUMKOB.
Heas uccaenoBanms. Lenpio nccienoBaHus SBUIach pa3paboTka HEWPOCETEBOM MOAETH JIECHBIX PYOOK,
MIPUTOTHOH JUIsl aBTOMATH3alUK JeIH(PUPOBAHNS MHOTOCIIEKTPAIBbHBIX KOCMUYECKIX CHUMKOB Sentinel-2
B 3aJa4yaX MOHHTOPHHIA COCTOSHHS JIECHBIX PECYPCOB JIECOIOOBIBAIOLIEIO PErMOHA Ha MpUMEpe XaHThI-
MaHCHICKOT0 aBTOHOMHOTO OKpyra. Martepuansl u MeTobl. OCHOBY pa3pabOTaHHOW MOJICIIN COCTAaBHUIIA
IpoIielypa CErMEHTAIlMl KOCMHYECKIX CHHMKOB JIECHBIX pyOOK, OCHOBaHHAas Ha CBEPTOYHOI HEHpOHHOI
cetn rayooKkoro odyueHus. JlemmdppupoBaHue CHUMKOB CO CIIyTHHKa Sentinel-2 mpoBeneHO ¢ MOMOIIbIO
CpE/CTB COBpeMEHHOH reonHpopmannoHHoi cuctembl QGIS. s moaroroBku Habopa 00yYarOIMIUX JTaH-
HBIX ObUTO 00paboTaHo Gosee 990 map pa3HOBPEMEHHBIX KOCMUYECKHX CHUMKOB JIECHBIX TEpPpUTOpHH XaH-
ThI-MaHCHICKOTO aBTOHOMHOTO OKpYyTa 3a 3UMHHUH (CHEXHBIH) nepuoy 2018-2022 rr., ¢ HCIIOIB30BaHUEM
KOTOpBIX ObLTO chopMupoBano Oosee 70 ThIC. KAAPOB B COCTaBE HAOOpa 0OYUYAIONIIMX JAHHBIX U COOTBETCT-
BYIOLIMX UM MacOK KOHTYPOB JIECHbIX pyOok. Pe3yabTaTsl. B pesynbrare BINOIHEHHOW pabOThl co3aaHa
HelipoceTeBast MOJIENb JIECHBIX PYOOK, peanusytomas 3(Q(HeKTUBHYIO CETMEHTANI0 KOCMIYECKAX CHIMKOB,
YTO TO3BOJHJIO aBTOMAaTU3UPOBATh TPYJOEMKYIO IPOLEAYPY ACHIM(PPUPOBAHUS MHOTOCHEKTPAIbHBIX
cHUMKOB Sentinel-2 ¢ menbi0 BBIIENCHHUS KOHTYPOB JIECHBIX pyOok. IlomyueHHsld B pabote Habop 00y-
YaloNMX JaHHBIX B KonudecTBe Oosiee 70 ThIC. KaJpoB ObUI pa3jiesieH Ha 00ydarolyr, BAIUJAIIMOHHYIO
(TIpOBEPOYHYIO) U TECTOBYIO (KOHTPOJBHYIO) BRIOOPKH, 00BEMBI KOTOPBIX IS pa3pabOTKH HelpoceTeBon
Mozenu JecHbIX pyook coctaBmau 58 000, 10 000 u 3600 xaapoB cooTBeTcTBeHHO. HOBM3HA pa3paboTaH-
HOW MOJIEJIN ONpenessieTcsl, ¢ OJHOM CTOPOHBI, MCIOIb30BaHUEM ISl 00yUCHHsI HEHPOHHOW CETH 3MMHHX
(CHEXXHBIX) KOCMHYECKUX CHHUMKOB U, C JPYTrO¥ CTOPOHBI, IPUMEHEHHEM Tap Pa3sHOBPEMEHHBIX CHUMKOB,
MIOJTYYEHHBIX JI0 M MOCIIE JIECHOH pyOku. B KauecTBe KpuTepueB Ui OLEHKH TOYHOCTH 00Y4YEHHOM Monenn
HEHPOHHOW ceTH MpUMEHEHBI MeTpUKU Recall, Precision u F-mepa, 3Ha4eHUs ObUTH PacCUUTAHBI IO TECTO-
BOi BbIOOpKe. PaccumraHHass TOYHOCTH BBIABICHUS pyOOK C HMCHOJIB30BaHMEM IIpPEIaraeMoi MOJENN Ha
TECTOBOI1 BEIOOPKE JAHHBIX MO Pa3HBIM METpUKaM gocturaeT 85-87 %. 3akaouenne. PazpaboranHas Helipo-
ceTeBasi MOJIEIIb JIECHBIX PYOOK MOXKET OBITh UCIIOJIb30BaHA B 3371a4aX MOHUTOPUHTA U KapTorpadgupoBaHus
COCTOSIHHS JIECHBIX PECYPCOB CEBEPHBIX JIecOM00BIBAIOINX TeppuTopuii Poccun ¢ mpuMeHeHneM MHOTO-

CIICKTPAIBbHBIX KOCMHYECKHAX CHUMKOB Sentinel-2.

Knroueenvie cnosa: HeﬁpOHHHe CE€THU, KOCMHUYCCKHUEC CHUMKH, JICCHBIC py6KI/I, Ha60p 06yqa}01u1/1x JaH-

HbIX, METPUKA TOYHOCTH MOIECIN

bnazooapnocmu. Pabota BBIIOJIHEHA B paMKax IPOEKTa MO IOCYAapCTBEHHOMY 3a1aHuio [lemapra-

MeHTa HHPOPMALMOHHBIX TeXHONIOTHi 1 1udposoro pazsutust XMAO-IOrpsr.

Jna yumuposanus: HetipocetreBas MOJENb Ul CETMEHTALMN KOCMUYECKIX CHUMKOB B MOHUTOPHHTE
(dakTopoB obesnecenus tepputopun / A.B. Menbuukos, I'.A. Kouepruu, B.P. A66a308 u ap. / BectHuk
IOVpI'Y. Cepust «KoMnblOTEpHBIE TEXHONOTHH, YIPABICHUE, paarodnekTporuka». 2023. T. 23, Ne 3. C. 5-15.
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A NEURAL NETWORK MODEL FOR SPACE IMAGE SEGMENTATION
IN MONITORING OF DEFORESTATION FACTORS
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Abstract. The article deals with the important problem of applying neural network models in the tasks
of monitoring the condition of forest areas using optical satellite images. Objective. The objective of this
research was to develop a neural network model of forest felling suitable for automation of decoding multi-
spectral Sentinel-2 satellite images in forest monitoring tasks in the example of the Khanty-Mansi Autono-
mous Okrug. Materials and Methods. The basis of the developed model was the forest harvesting satellite
images segmentation procedure based on the convolutional neural network of deep learning. Sentinel-2 data
interpretation was done using the modern QGIS geoinformation system. Over 990 pairs of multi-temporal
space images of the forest territories of Khanty-Mansi Autonomous Okrug in winter (snow) period of
2018-2022 were processed to prepare the training data set. More than 70 000 images of the training data set
and corresponding masks of forest cutting contours were generated with these images. Results. As a result
of this work, a neural network model of forest felling was created, which implements efficient segmentation
of space images, which allowed automating the labor-intensive procedure of interpretation of multispectral
Sentinel-2 images in order to identify forest logging contours. The set of training data totally 70 000 frames
was divided into the training, validation (test) and test (control) samples, the amount of which for the deve-
lopment of the neural network model of forest felling was 58 000, 10 000 and 3600 frames respectively.
The novelty of the model is determined, on the one hand, by the use of winter (snow) satellite images for
training the neural network and, on the other hand, by the use of pairs of images acquired before and after
forest felling. Recall, Precision and F-measure metrics were used as the criteria to evaluate the accuracy of
the trained neural network model, and the values were calculated from the test sample. The calculated accu-
racy of felling detection using the proposed model on the test sample of data on different metrics reaches
85-87%. Conclusion. The developed neural network model of forest felling can be used for monitoring and
mapping of forest resources of the northern forestry territories of Russia using multispectral Sentinel-2 satellite
images.

Keywords: neural networks, satellite imagery, forest felling, training data set, model accuracy metric
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Beenenue

O0e3teceHre TEPPUTOPUI CTAIO OJAHOM M3 III00AJIbHBIX SKOJIOTMYECKUX MPOOIeM COBPEMEHHOCTH,
OKa3bIBAIOIIMX BIUSHUE HAa MHOTME aCIEKTHl )KM3HHM YEJIOBEKa, B TOM YHCIIC Ha U3MEHEHHE KIMMaTta
KaK BCIIC/ICTBHE CHM)KEHUS TIOTJIOLIAIOIIEH CIIOCOOHOCTH JIECOB YJABIMBATh W HAKAIUIUBATH YTJICKHC-
JBIA Ta3, TaK U HETMOCPEJCTBEHHOTO BBHICBOOOXKIEHHSI OTPOMHOTO KOJWYECTBA 3allaCeHHOTO YTJIepoaa
IIPU YHUYTOXXEHUM JIECHOM pacTurenbHocTH. Ilo oneHkam 3kcnepToB, Hampumep, [1, 2], exeronHsle
MHPOBBIE TIOTEPH JIECHBIX PECYPCOB B MOCIEAHNE JECSITUIETHS TOXOAST IO HECKOIBKUX JECATKOB MUJI-
JIMOHOB T'eKTapoB. AKTMBHOE OCBOCHHE YEIIOBEKOM MPHUPOIHBIX TEPPUTOPHH, TOKPHITHIX JIeCaMH, B J10-
MOJIHEHHE K BO3POCIIEMY KOJIMYECTBY JIECHBIX MOKapOB, IPOU3OMIECAIINX IO BUHE YEIOBEKA, IIPUBOAAT
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K CYIIECTBEHHOMY 00€3JIECEHUIO TEPPUTOPUH B Pa3HBIX CTpaHax. B cBsA3W ¢ 3TUM 3a1a4u MOHUTOPUH-
ra JIECHBIX SKOCHCTEM, KOHTPOJISI HE3aKOHHBIX PyOOK M YCTOHYMBOIO YIPABICHUS JIECAMH SBISIOTCS
MPHOPHUTETHHIMU HANPABICHUSIMHA B cpepe OXpaHbl OKPYXKAIOIIEH cpellbl U MPUPOJIHBIX PECYPCOB pe-
THOHOB.

Bonee monoBuHsl TeppuTopru XaHThI-MaHCHICKOTr0 aBTOHOMHOTO okpyra (XMAOQO), 3aHumMatorie-
ro iomank 6osiee 530 THIC. KB. KM, IOKPBITO JIECHOH PaCTHTENLHOCTHIO. AKTUBHOE OCBOCHUE TEPPHUTO-
pUH, CBSI3aHHOE C Pa3BEIKOW, HOOBIYEH M TPAHCIOPTUPOBKOW YTIIEBOAOPOIHOTO CHIPHS, MPHUBOIUT K
HEOOXOIMMOCTH BBIPYOKH JIECHBIX HACaXACHUH ¢ LeNblo 00ycTpoiicTBa HeoOXoauMoi oOpabaTbiBaro-
el ¥ TPAaHCTIOPTHON MH(PACTPYKTYPHI NPEANPUATHIA TOIUIMBHO-3HEPreTHIECKOro Komiiekca. Kpome
TOT0, B aBTOHOMHOM OKPYT€ BEJIETCSI HHTCHCUBHAS JIECO3ar0TOBKA, B PE3yJIbTaTe Yero BeIpyOKe MoJBep-
raroTCs TOBOJIBHO OOIIMPHBIE TEPPUTOPHH JIECHOTO (poHIA.

C wesnpio KOHTPOIIA 32 BEIPYOKOM JIECHBIX HACAKICHUH Ha TEPPUTOPHH XaHThI-MaHCHHCKOTO aBTO-
HOMHOTO okpyra ¢ 2014 r. BeaeTcs HENpPepBIBHBIM KOCMUYECKHI MOHHTOPUHT TEPPUTOPHH JIECHOTO
(doHJa, HAITPaBJICHHBI B TOM YHUCIIC U HA ONEPaTHBHOE BBISBICHUE HE3aKOHHBIX JIECHBIX pyOOK. B pe-
3ynbpTare Obula co3gana 06asza manHbIX «Peectp m3menenuii ntecHoro ponaa XMAO-IOrpe» [3], koTopas
colepxuT Oonee 15 Thic. 3ammcei, BKIIOYAOMMX WHGOPMALIMIO O BBISBICHHBIX JICCHBIX pyOkax. Ha-
MOJIHEHNE yKa3aHHON 0a3bl JAHHBIX OCYIIECTBISIIOCH C HUCIIOJIB30BAaHHUEM PAa3sHOBPEMEHHBIX KOCMHUYe-
CKMX CHUMKOB, ICIIU(PPUPOBAHUE KOTOPHIX MPOBOAMIOCH TPAAMLMOHHBIMH METOJAMH C HCIIOJIb30Ba-
HUEM cpenctB reonHpopmannorHoit cuctembl QGIS. OmHako maHHBIN MOAX0[ 00IagaeT pSAIOM CyIe-
CTBEHHBIX HEJOCTATKOB, 2 UIMEHHO: BHICOKUMH TPEOOBaHMSIMU K KBaTH(UKAIIUK CIICIUAINCTA, OCYIIe-
CTBIISIIONIETO JeMH(pUPOBAHIE, CPABHUTEIBHO HU3KOHM MPOU3BOIUTEIBHOCTEIO MTPU 00pabOTKE TaHHBIX
JUCTAaHIMOHHOTO 30HIMPOBAHMUS 3eMIIM Ha OONbLINE IO, CyOBEKTUBHOCTHIO M HAIMYKEM OIINOOK
NemuQpUPOBaHNS, CBI3aHHBIX C MPOITYCKOM HEOOJIBIINX MO TUIOMIA/IN JIECHBIX PyOOK.

BenenctBrue noctatouHo HU3KOHM 3()D(HEKTUBHOCTH M BBICOKMX 3aTpaT MPU WCIOJNB30BAaHUU TPaIH-
LMOHHBIX METOAOB aHAJIN3a KOCMUYECKHX CHUMKOB aKTyaJIbHOM SBISETCS 3ajadya aBTOMaTH3alMH Mpo-
Hecca JeMU(pPUPOBaHUS CIYTHUKOBBIX M300paXKEHHUI C LIENbIO BBISBICHUS JIeCHBIX pyOok. Hambomee
MEPCTIEKTUBHBIMHU PAacCMaTPUBAIOTCS METOJbI, OCHOBAaHHBIE Ha HCIIOIb30BAHUN HEHPOHHBIX ceTel i
OoOHapyXeHUsI H3MEHEHHH Ha JIECHBIX yYacTKax 10 KOCMUYECKHM CHUMKaM.

B [4-8] paccMoTpeHBI BOIIPOCH! IPUMEHEHHST HEMPOHHBIX CETEH U1 aBTOMaTH3alMy Ipolecca Je-
mu(pUpPOBaHUs CITyTHUKOBBIX N300paKeHUH B 3a/1a4aX OOHAPYKEHHS N3MEHEHUHN B COCTOSTHHU JICCHBIX
tepputopuii. Kak mokaspiBaeT aHanu3 MUTUPOBAHHBIX paboT, OOJBIIMHCTBO M3 HUX CBSI3aHO C DKBATO-
PHATBHBIMH JIECHBIMUA TEPPUTOPHUSIMH, HA KOTOPBHIX MIYT MHTEHCHUBHBIC Ipouecchl o0esnecenus. Cre-
nupUKa TEPPUTOPUU XaHThI-MaHCUHCKOr0 aBTOHOMHOI'O OKpyTa ONpeAesAeTCs Ciadopa3BUTON TpaHC-
MOPTHOW MHQPACTPYKTYPOH, TPYITHOJOCTYIHOCTBIO U BBHICOKOW 3a00JI0UEHHOCTHIO TEPPUTOPUH, BCIEI-
CTBHUE Yero pyOKa JIECHBIX HACAXICHUH NPOU3BOAMUTCS NMPEUMYILECTBEHHO B 3UMHUM (CHEXKHBIIN) MIEPUOJ,
KOTOpPBIX 3/1€Ch AJIUTCS HE MEHee 6 MecAueB B roxy. [103ToMy MeTObI ONIEPaTUBHOTO BBISBICHHS H3Me-
HEHU# JiecHOro (GoHIa M0 KOCMHYECKAM CHHMKAM Ha OCHOBE HEMPOHHBIX CETCH, pa3paboTaHHBIC IS
9KBATOPUANBHBIX TEPPUTOPHI, HapuMep, [4—8], He MPUMEHUMBI JUIsI CEBEPHBIX PETrHOHOB. B CBs3M ¢
3THM LEJNbI0 JaHHOW paboTHl sBIsETCA pa3paboTKa HEHpOCEeTEeBONH MOJIEH JIECHBIX PyOOK MO OnTHdYe-
CKUM KOCMHUYECKUM CHUMKaM MPUMEHUTEIHHO K 33J]a4aM MOHUTOPHHTA M KapTOrpaQupOBaHUs JIECHBIX
pyOOK Ha TEpPUTOPHH JIECOTOOBIBAIONIECTO perruona Ha nmpuMmepe XMAO.

1. lanHbIe U METOABI

Jnst pa3paboTKy HEHpOCEeTEeBON MOJICNN JIECHBIX pyOOK Oblila BBIOpaHa apXUTEKTypa CBEPTOYHOM
HEHpOHHOU ceTH TayOoKkoro mammHHOro odyuenus Unet++ [9], koTopasi mokasana BBICOKYIO d(dek-
TUBHOCTb B PEIICHUH 3aJad, CBS3aHHBIX C cerMeHTauueidl msoOpaxenuit [10-12]. Apxurektypa Bbl-
OpaHHOW CETH, aJanTHPOBaHHAS HAMHU JJI 00pPabOTKHM MHOTOKAaHAJIBHBIX M300PaKCHHH KOCMHYCCKUX
CHHUMKOB pazMepoM 256 Ha 256 mukcenei, ObljIa OpHEHTHPOBaHA HA MOJMy4YEHHE OJAHOKAHANBHBIX H30-
OpaxeHuil Toro e pasmepa (puc. 1), rue 3HaueHH KKIO0T0 MUKCENsT U3MEH0TCs B uHTepBaie oT 0 1o 1
1 0003HAYAIOT BEPOSTHOCTh OTHECCHUSI TIUKCENS K JIECHOH pyOKe.

Ha puc. 1 ucnonp3oBaHbl aHTIIOSN3bIYHBIE TEPMHUHBI, IPUHATHIE B HAYYHOM JIHUTEpaType MO HEHpOH-
HBIM ceTsM. B mpezacraBieHHON Mozenu CBEPTOYHOW HEHPOHHOM CETH OCHOBHBIM BBIYHCIUTEIbHBIM

OJIOKOM SIBJISIETCS OTIEPATOp CBEPTKH, 0003HaUeHHbIH Ha puc. | X"/ . TTociemnoBaTenbHOe MPUMEHEHHE
CBEPTKH Ha KaXXJOM Iare paboThl MOJIEIH ITO3BOJISET BEIICTUTh XapaKTepHbIE IPU3HAKH JIECHOW PyOKH
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Ha KOCMHYECKOM CHHMKE, TaKhe KaK I'paHHLBbl, TeKCcTypa, Gopma, uset u ap. [lpu mepexome Down-
sampling MPOUCXOIUT YMEHBIICHHE PA3MEPHOCTH H300paKEHUsI C YBEIMUCHUEM KOJIMUECTBa Hanboee
Ba)XHBIX PU3HAKOB, a TIpH nepexoje Up-sampling mpon3BoANUTCs yBEMUECHUE pa3MEPHOCTH N300paxKe-
HUSI ¥ yMEHbIIIEHHEe KonnuecTBa npu3HakoB. [lepexox Skip connection nepenaetr u3obpaskeHue TO ke
PasMEpHOCTH, YTO M Y BXOAHOTO H300pakeHus: cBepTku. Omepatop Sigmoid mpeobpasyer HaOOp BHI-
XOJIHBIX 3HAUYEHHI U3 CIIOSI CBEPTKU B BEPOSITHOCTH. DTO MPOUCXONT IMyTEM CHKaTHsI 3HAYCHUH B TUaria-
30H oT 0 10 1, rae 3Hayenne 0 03HayaeT HU3KYIO BEPOSATHOCTH, a 3HaU€HHE | — BHICOKYIO BEPOSTHOCTb.
Bonee noppobHoe onrcanne GyHKIUOHUPOBAHUS CBEPTOUHON HEHPOHHOM ceTH AaHo B [9].
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Puc. 1. HenpoceTteBasi moaenb BbIABNEHUs NECHbIX Py60OK N0 KOCMUYECKUM CHUMKaM
Fig. 1. Neural network model for detecting forest cuttings using satellite images

B xavecTBe MCXOIHBIX AAHHBIX IJISi pa3paOOTKH MOJIENU JIECHBIX PyOOK ObUTH BBHIOpaHBI KOCMUYE-
CKUE CHHMKH CO CIIyTHHKa Sentinel-2, KOTOPBIN MPOU3BOAUT MYJIbTHCIEKTPATbHYIO ChEMKY IIOBEPXHO-
CTH 3eMJIU ¢ IIUPUHOM ToJ0ckl 0030pa 290 KM U MOBTOPSAEMOCTHIO ChbEMKH OJTHOTO M TOTO K€ yJ4acTKa
TEPPUTOPHH B CEBEPHBIX MIMPOTAX O HECKOJIBKUX JECATKOB pa3 B roa. CbeMka nposoaurcs B 13 crek-
TpPaJIbHBIX KaHAJIaX C Pa3IMYHBIM IPOCTPAHCTBEHHBIM pazpemeHueM oT 10 1o 60 M. Mcnons3yemsle B
paboTe CHUMKHU TEPPUTOPUH UCCIICAOBAHNS OBUIN ITOTyYeHBI U3 OTKPBITBIX HCTOYHUKOB [ 13] 1 XpaHsrcs
B PETHOHAJIHLHOM apXHBe KOCMUYECKHX CHUMKOB [14].

O6bmas cxema popmupoBanus Habopa 00ydyaromUX JAHHBIX, COCTOSIIETO M3 SKCICPUMEHTAIBHBIX
JAHHBIX O JIECHBIX PYOKaX (COBOKYIMHOCTH KaJpOB, MOJYYCHHBIX U3 KOCMHYECKHX CHUMKOB) U pa3zMme-
YEHHBIX JaHHBIX (COBOKYITHOCTH MAacOK KOHTYPOB JIECHBIX PYOOK ISl K&XKIOTO Kaapa), Ui pa3padoTKH
MOJENU NpeJCTaBlieHa Ha puc. 2. B kauecTBe MCTOYHMKOB MCXOIHOH MH()OpMAIMU HCIIOIb30BAIHChH
yKa3aHHas BbIlIe 0a3a JAaHHBIX BBIABICHHBIX JIECHBIX pyOoK Ha Teppuropur XMAO u pernoHaabHbIA
apXUB KOCMHYECKHMX CHUMKOB [3, 14]. Jlnsa xaxmaod BBISBICHHOW JECHOW pPyOKM BBIOMpajach mapa
Pa3HOBPEMEHHBIX KOCMHUYECKUX CHUMKOB (10 M mociie pyOKH), IPeICTaBISIOUINX COO0OH OpTOTpaHC-
($hopMupoBaHHBIE H300paXKEHUsI C aTMOC(HEPHON KOppEeKLUeH, IepecunTaHHbIe B alb0e0 3eMHOU 1O-
BepxHocTH [15]. IIpu 3TOM C Ka)KI0ro CHUMKA OTOMPAJIMCh M300paKEeHHS ¢ 12 CIIeKTPalbHBIX KaHAIOB
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3a uckmouyeHueM 10-ro (SWIR-Cirrus), npeqna3sHadeHHOTro Ui OOHapyKeHUsI 00IaKOB U HE cozepxKa-
1ero HH(popMaHuy o 3eMHOI TOBEPXHOCTH.

ApXUB KOCMHYECKHX

baza naHHBIX JIECHBIX PYOOK

¥

CHHUMKOB

Y A

BbiGop KOHTYpOB J€CHBIX | ,| BBIOOp TMapEr pa3sHOBPEMEHHBIX
pyboxk CHHUMKOB Sentinel-2
A
\ I[Tpeo6pasoBanne Bcex KaHAJIOB
K OTHOMY Pa3peLICHUIO

KoneeptupoBaHue BEKTOPHBIX
KOHTYPOB pyOOK B pacTp

QOO0beIMHEHHE BCEX KaHAIOB
B €IMHOE H300paXkeHHE

A A

DopMUpOBaHHE MaCKH
KOHTYPOB JIECHBIX pyOOK oo
TS Kajpa

Paspezanne nzodpakeHus
Ha Kaapsl

COBOKYITHOCTH MaCcOK

KOHTYPOB JIECHBIX PyOOK COBOKYIITHOCTE KaIpoB
JUTSL K&KJIOTO Kaapa

R———

OOyueHue 1 TeCTUpPOBaHHE
HEHPOCETEBOI MOJIETH

Puc. 2. Cxema hopmupoBaHus Habopa o6y4aroLWmMx AaHHbIX
Fig. 2. Scheme for generating a set of training data

[Janee nzo0pakeHus CO BCeX CIEKTPaIbHBIX KaHAMIOB ¢ pazpemerreM 20 u 60 M ¢ HCIIOTB30BaHHEM
MOJIeJI HeHpOHHOU ceTH riybokoro o0yuenus DeepSentinel-2 [16] mpeoOpa3oBbIBAIUCH B U300paxe-
HUS C MPOCTPAHCTBEHHBIM pasperienueM 10 M. Ha crneayroriem mare GopmupoBaiuch 24-KaHalbHbIC
pacTpoBbIe N300PaKEHUS, KOTOPHIC BIIOCJIECICTBUN Pa3pe3aiuch Ha KaJphl pasMepoM 256 Ha 256 mukce-
neit. Takum 00pa3oM, Kakablil cOPMHUPOBAHHBIN KaJp coiepikan B cede MHPOPMAITUIO O TEPPUTOPUH
JIECHOTO y4yacTKa J0 pyOKH U TOCIIe Hee.

I'paHMIIBI BEKTOPHBIX KOHTYPOB BBISBJICHHBIX JIECHBIX PYOOK (CM. pHc. 2) U3 0a3bl JaHHBIX KOHBEP-
TUPOBAJIMCH B PAaCTPOBBIM (JopMaT AAHHBIX W Jajiee pa3pe3aliuch Ha Kaapbl pa3MepoM 256 Ha 256 muk-
celieil COOTBETCTBCHHO 24-KaHAIbHBIM KaJpaM KOCMHUYECKHX CHUMKOB. [IpuMep OTAeIbHOro Kaapa u3
Habopa o0yJaromuX JaHHBIX (24 KaHalla TTOKAa3aHbl KAK OT/ACIbHBIC N300pPXKCHMUs1) TIPUBEIICH HA pHC. 3,
a Macka KOHTYPOB JIECHBIX pyOOK JUIsl Hero NoKa3aHa Ha puc. 4.
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Puc. 3. MNpumep 24-kaHanbHOro Kagpa U3 Habopa oby4aroLmx AaHHbIX
Fig. 3. An example 24-band frame from the training dataset
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Puc. 4. Mpumep Mackn KOHTYPOB FNeCHbIX Py6ok
13 Habopa oby4arLWwmx AaHHbIX
Fig. 4. An example of a forest felling contour mask
from the training dataset

2. PesynbTaThl

Juns moarotoBky Habopa o0yYaroIuX JaHHKIX ObLTO 0O0pabotano Oonee 990 map pasHOBPEMEHHBIX
KOCMHUYECKHX CHUMKOB 3a 3uMHMI (CHExHBIN) niepuon 2018—2022 rr., U3 KOTOPBIX ObLIO chopMUpPOBa-
HO Oonee 70 ThIc. 24-KaHANBHBIX KaAPOB M COOTBETCTBYIOLIMX UM MAaCOK KOHTYPOB JiecHBIX pyOok. Ilo-
Jy4eHHBIH B paboTe Habop 00y4aroLINX AaHHBIX ObUI pa3fesicH Ha 00y4arollylo, BaTHIAlMOHHYIO (IIpo-
BEPOYHYI0) ¥ TECTOBYIO (KOHTPOJIBHYIO) BEIOOPKH, OOBEMBI KOTOPBIX IPUBEICHBI B Ta0I. 1.

Tabnuua 1
PasneneHune Ha6opa ob6yvaloLmx AaHHbIX HAa oby4atoLyio,
BanMAaLMoOHHY U TECTOBYHO BbIGOPKU
Table 1
Dividing the training data set into training, validation and test samples

OOyuaroiias BEIOOpKa Banmunannonnas BeiOopka TecrtoBas BeIOOpKa
Training sample Validation sample Test sample

58 000 10 000 3600

KonmyecTBo kanpos
Frames quantity

OO0yuaroiasi BEIOOpKa HCIIONB3YETCs ISl HACTPOHKU HapaMeTpOB HEHMPOHHOH CETH, KOJUYECTBO
KOTOPBIX B Halleld Mojenu coctaBmio 42 miH. [lomydeHHbI Ha KaXXI0M mare o0y4eHust MOJIEH Tpo-
THO3 HaJMYHsI/OTCYTCTBUSL PyOKH Ha 24-KaHalbHOM KaJpe CPaBHUBACTCS C pa3MEUCHHBIMH JaHHBIMH
(Mackol pyOoK). 3aTeM HPOBOJUTCS BBIUMCIICHUE OIIMOKH MPOrHO3a, ¢ YYETOM KOTOPOH MPOU3BOAUTCS
KOPPEKTUPOBKA BCEX IMapaMeTPOB MOJIEIH ISl MUHUMH3AIH OIIHOKH.

Baminarnmonnas BHIOOpKa UCTIONB3YETCS ISl OIIGHKH KavyecTBa HEMPOHHOHM CeTH B Mpoliecce o0yde-
HUSL, 1 yero npuMensietcs metpuka loU (Intersection over Union) kak Mepa OLIEHKH TOYHOCTH 00paboT-
k1 n300pakeHus. OHA BBIYMCIIACTCS KaK OTHOIICHHE ILIOIIAIM IEepeceYeHusl IByX oOnacTel (0071acTh,
KOTOpast ObLIa BBIJENIEHa MOJAETHIO KaK pyOKa, U 00NacTh peaibHON pyOKH Ha M300paKeHUH) K UX 00be-
JUHEHUIO U UCTIONIB3YETCS Ui CPaBHEHHS pe3yJbTaTOB CETMEHTAIMU C Pa3sMEYeHHBIMU JaHHBIMU. Yem
ommke 3HaveHne /oU Kk 1, TeM nydIne KadecTBO cerMeHTaluy. B Haei paboTe nmporecc 00ydeHust 3aHsu1
15 3m0x 1 OBUT OCTaHOBJIEH MO JOCTIXECHUH Pa3HOCTH 3HadeHUi MeTpuku JloU B 14-i1 u 15-if smoxax me-
uee 0,001. MtoroBoe 3HaueHNE METPHUKH B pe3ylbTaTe 00y4eHus Moienu coctaBmio 0,858.

TecToBasi BEIOOpKa MCTIONB3YETCS I OLIEHKH KadecTBa pabOThl MOJEIH, TIOCTPOSHHON Ha OCHOBE
oOyuJarorieil BBIOOPKH, U JIJIs IPOBEPKH €€ CIIOCOOHOCTH JIeaTh MPOTHO3 Ha HOBBIX AaHHBIX. OHa mpe-
CTaBIIsIeT cO00I HAOOP HE3HAKOMBIX JJIS MOJENH JTaHHBIX, HE MCIIONh3yEeMBIX paHee B mpoliecce 00y-
YeHHUS U BaJUJalMuu Moneiau. B kauecTBe KpuTepueB Il OLIEHKH TOYHOCTH OOYYEHHOW MOJETH He-
POHHOI ceTH HaMM TPUMEHEHBl METpUku Recall, Precision u F-mepa, 3Ha4eHUs KOTOPBIX, paccuu-
TaHHBIE IO TECTOBOW BBIOOpKE, pHBEACHHI B Tabn. 2. Kak BumHO 13 Tabi. 2, uccienoBaHHbIE METPU-
KM Jaf0T ONU3KHE M JOCTATOYHO BBICOKHE OICHKH, YTO TO3BOJSET MCIOJIb30BATH OOYUCHHYIO HEii-
POHHYIO CETh B PaKTUYECKHUX 3ajauax JJsi KapTorpadupoBaHusi HOBBIX JIECHBIX pPyOOK IO mape Koc-
MUYECKUX CHUMKOB.
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Tabnuua 2
PaccuutaHHble 3HaYeHUs TOYHOCTU MoAerny No pa3HbIM MeTpUKaM
Table 2
Calculated model accuracy values for different metrics

Mertpuxka
Metrics
3HaueHue
Value

Recall Precision F-mepa

0,85 0,87 0,85

PesynpTar cerMeHTHpOBaHHS JIECHBIX PYOOK MO Mape pa3sHOBPEMEHHBIX KOCMHYECKHX CHHMKOB
3MMHETO TIEpHO/Ia C UCIIONhb30BaHUEM pa3pabOTaHHON HEHPOCETEeBOW MOJIENH MOKa3aH Ha puc. 5. 3ame-
THM, 4TO MTOKa3aHHBIE HA PUC. 5 KOHTYPHI pyOOK, ONpeieseHHble HEHPOHHOM CeThi0, COBMAJAIOT C KOH-
TypamH, BBISIBICHHBIMH OIIEPATOPOM.

Puc. 5. PesynbTaTt cermeHTMpOBaHUA NecHbIX PyGoK MO KOCMUYE€CKOMY CHUMKY
Fig. 5. The result of forest felling segmentation by satellite image

OOydeHne U TeCTUPOBAHUE HEMPOHHOM CETH MPOBOAIIIOCH Ha TIEPCOHATHFHOM KOMITBIOTEPE C 8-s1ep-
HBIM LIeHTpalIbHBIM TpotieccopoM Intel Core 17-9800X uwactotoit 3,8 I'T'11, onepatuBHO namsaTeio 48 I'6
u neyms Bugeokapramu NVIDIA GeForce RTX 2080Ti 11 I'6 BugeonamMsaTi u 3aHs710 2 CYyTOK.

3akiaoueHue

B cratbe mpemioxkeHa Moieh BRISIBIICHUS JIECHBIX PYOOK Ha OCHOBE CBEPTOYHOW HEHPOHHOW CETH,
TO3BOJISIONIAs ABTOMATU3UPOBATh TMPOLEAYPHl BBIABICHHUS W KapTorpadUpoOBaHUS JIECHBIX PYOOK MO
KOCMUYECKHM CHUMKAaM Ha TEPPUTOPUHU JIECHOTO PETHOHA Ha MpuMepe XaHThl-MaHCUICKOr0 aBTOHOM-
HOTO OKpyra — Orpel. HoBu3HY Tpemio)KeHHONW MOJIETH OIpPENeNsioT, BO-TIEPBHIX, HCIIOJIB30BaHUE
3UMHHX (CHEKHBIX) KOCMUYECKIX CHUMKOB JIJIsi 00y4eHHUs] HEMPOHHOU CETH U, BO-BTOPHIX, IPUMEHEHHE
nap pasHOBPEMEHHBIX CHUMKOB, MOJyUYEHHBIX J0 M IOCje JiecHoM pyOku. [IpuBeneHa cxema (Gopmupo-
BaHUs 00yJaroIiero Habopa TaHHBIX JJIS 00y4YeHHS HEHPOHHOM ceTH. JIJis 3TOro UCIOIb30BaHbI TaHHBIC
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0 peaybHBIX JIECHBIX pyOKax, Memmu(pupoBaHHBIE 10 CITyTHUKOBBIM CHUMKaM Sentinel-2, momydeHHBIM
3a 3uMHui nepuoa 20182022 rr. IIpoBeaeHa oLleHKa TOYUHOCTH MOJIETH C UCIOJIb30BAHUEM U3BECTHBIX
MeTpuK. [1oka3aHo, 4YTO TOYHOCTh BBISBJICHHUS JICCHBIX PYOOK C TIOMOIIBIO0 pa3paOb0TaHHON MOJIEIH J10C-
turaet 85-87 %.
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Abstract. The article deals with the main methods of digital steganography and presents a classification
scheme. Special attention is paid to Cutter—Jordan—Bossen method for hiding data in the spatial area of
the image. Aim. The study of digital shorthand methods, as well as the assessment of their applicability for
hiding information in images. The main task is to analyze the Cutter—Jordan—Bossen method for hiding data
in the spatial area of the image and evaluate its effectiveness under various conditions. Materials and
methods. In this work, various methods of digital shorthand were used, including the Cutter—Jordan—Bossen
method. Images of various types and quality, as well as various embedding parameters were used for test-
ing. Results. As a result of the study, it was revealed that the Cutter—Jordan—Bossen method is effective
for hiding information in the spatial area of the image. The dependence of the data extraction quality on
the embedding parameters was tested, which showed that the optimal parameters depend on the type of image
and its quality. The resistance of the information hidden by this method to distortion during compression
was also tested. The test results showed that JPEG compression, even at low and high energy values, leads
to the destruction of information hidden in the container. It was found that the best results are achieved
when using the Cutter—Jordan—Bossen method with optimal embedding parameters, which allows you
to save hidden information when compressing an image. Conclusion. In conclusion, we can say that
the study of digital shorthand methods and their application to conceal information in images is an urgent
and important topic. The Cutter—Jordan—Bossen method has shown good results in hiding information in
the spatial area of the image, but for each specific case it is necessary to choose the optimal embedding
parameters. It was found that JPEG compression can significantly affect the quality of information ex-
traction, so it is necessary to take this factor into account when choosing a method for hiding data in
an image. In general, the study of digital shorthand techniques and their application to conceal infor-
mation in images can be useful for various fields, such as the protection of confidential information and
digital watermark.

Keywords: steganography, information hiding, data hiding in the spatial area of the image, digital
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Bnadumupckul eocydapcmeeHHbil yHugepcumem umeHu AnekcaHopa puzopbesuya
u Hukonas puzopbesuya Cmonemossix, Bnadumup, Poccus

Annomayus. B crathe paccMOTPEHBI OCHOBHBIE METOABI IM(POBOH creHOrpaduu M IPEACTaBICHA
cxeMma knaccupuxanuu. Ocoboe BHUMaHHE yaeneHo metony Kyrrepa — Jlkopaana — boccena 1t COKprI-
TSI IaHHBIX B IIPOCTPAHCTBEHHOW oOnacTy n3oOpaxenus. Lleqs uccaeqoBanusi: n3ydeHne METoa0B -
pOBOIi cTeHOrpaduy, a TaKXKe OIECHKA UX MPUMEHHUMOCTH IUISl COKPHITUS MH(OpMaLUK B M300pa’keHUSX.
OcHOBHOI1 3a1aueil sBisiercst ananmu3 Merona Kyrrepa — Jxopaana — bocceHa 11 COKPBITHS JaHHBIX B TIPO-
CTPAaHCTBEHHOI 001acTH M300paskeHNsI 1 OLeHKa ero 3((eKTHBHOCTH NpH Pa3IMYHbBIX YCIOBHAX. MaTepuas
u MeToabl. B nanHOl paboTe ObUIM HCIIOIB30BaHbI pa3IndHbIe METOBI IM(PPOBOI cTeHOTpadny, BKITOUast
metox Kyrrepa — /I)xopaana — boccena. [l TectupoBaHus OBLTH MCTIOJIB30BaHbI H300paKECHHS Pa3IuIHO-
ro THIIA U Ka4eCTBa, a TAaKXKe pa3lW4Hble apaMeTpsl BCTpanBaHus. Pe3yabTaThl. B pesynsrare nccieno-
BaHMA OBIJIO BBIIBICHO, 9TO MeTo Kyrrepa — Jxopnana — boccena siisiercst 3¢ (eKTUBHBIM U1t COKPBI-
TUsI MHOPMAIMU B POCTPAHCTBEHHOI 001acTH N300pakeHHs. bbllo MpoBeneHo TeCTHPOBaHUE 3aBUCHMO-
CTH KauecTBa M3BJICUECHHUS JAHHBIX OT IapaMeTPOB BCTPAMBAHH, KOTOPOE MOKA3ajI0, YTO ONTHMAJIbHBIC Ma-
paMeTpsl 3aBUCAT OT TUIIA N300paKEHHS U €ro KadecTBa. Takke Oblila MpoBepeHa CTOMKOCTh MH(POPMAIIHH,
CKPBITOH C ITOMOIIBIO JAHHOTO METO/a, K MCKaKEHISIM IIPH CKaTHH. Pe3ynbTaTsl TECTUPOBAHUS MOKA3alH,
yro cxxartue JPEG naxe npu HU3KOM YpOBHE U BBICOKOM 3HAUEHHMH DHEPIHMU MPUBOIMT K YHUYTOKECHHUIO
CKpBITOH B KOHTeHHepe MH(POPMALMH. BBITO BBISBICHO, YTO HAWITYUIINE PE3YJIbTATHI JOCTUTAIOTCS NIPU HC-
nosp3oBaHnu Merona Kyrrepa — J[)xopaana — bocceHa ¢ onTUMaIbHBIMH ITapaMeTpaMHu BCTPauBaHUS, YTO
MTO3BOJISIET COXPAHUTH CKPBHITYI0 MH(DOPMAIUIO IPU CKaTHH M300pakeHUs. 3ak/loueHue. B 3akmrodueHUH
MOXKHO CKa3aTh, YTO HCCIICIOBAHHE METOJOB LU(POBOH CTEHOTpaMH M MX MPUMEHEHHS JUII COKPBITHS
HHPOpPMALUU B M300PKCHHUAX SBILSICTCSA aKTyalbHOW M BaxkHOW Temoil. Meron Kyrrepa — JI>xopmaHa —
Boccena mokasan Xopourie pe3yabTaThl MPH COKPHITHH WHGOPMAIKUU B IPOCTPAHCTBEHHOI 001acTH M30-
OpaKeHHus, HO Ml KaKAOT0 KOHKPETHOTO Ciy4as HEeoOXOIMMO BHIOMpATh ONTHMAaJbHBIC MapaMeTphI
BcTpanBaHMA. b0 BeIsiBIEHO, uTo cxxatne JPEG MokeT 3HaUNTEIbHO MOBIHATH Ha KAYECTBO W3BJICUECHUS
nHpopManuy, MO3TOMY HEOOXOJMMO YYHUTHIBATH TOT (JaKTOpP MPHU BBIOOPE METONAa COKPBITHS JaHHBIX B
n3obpaxeHuu. B 1enom, nccnenoBaHue MeTo0B HU(PPOBOil cTeHOrpaduy U X IPUMEHEHUS [Tl COKPBITUS
nH}popManny B N300paKECHUIX MOXKET OBITH HOJIE3HBIM AJISI PA3IMYHBIX 00JIACTeH, TaKMX Kak 3aIliuTa KOH-
¢buneHumanbHOM HHGOpMaLUK U HU(PPOBOIT BOISHOI 3HAK.

Knwoueswie cnosa: creranorpadusi, COKpsITHE HHPOPMAIIUHN, COKPBITHE JaHHBIX B IPOCTPAHCTBEHHOM
obnactn n300paxeHusi, HU(POBbIC BOASHBIE 3HAKH, KOHOUACHINAILHOCTD HH)OPMALIIH

s yumuposanusn: Zhigalov LE., Ozerova M.I., Evstigneev A.V. Application of Cutter—Jordan—
Bossen method for data hiding in the image spatial area // Bectauk IOYpI'Y. Cepus «KommnbioTepHble TeX-
HOJIOTWH, yIIpaBJIeHHE, paguosnekTpoHukay. 2023. T. 23, Ne 3. C. 16-23. DOI: 10.14529/ctcr230302

Introduction

Digital steganography is a science whose purpose is to conceal the very fact of the content of sensi-
tive information in multimedia objects without attracting the attention of an observer [1].

For the time being, science is widely used by private individuals to transmit classified infor-
mation through computer networks. There is also another common area — i.e., copy protection (copy-
right preservation) by embedding a digital watermark. Another area is to check the integrity of
the document [2].

Digital steganography methods use the redundancy of a digital container, the choice of which is de-
termined by the conditions of its sufficiency for embedding a hidden message so that the corresponding
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changes are invisible neither to a person nor to special hardware and software, therefore images, audio
and video are used as digital containers (Fig. 1).

Algorithms based on linear

embedding

wd Linear (additive) stegoalgorithms

Algorithms based on the merging
of the CVZ and the container

Algorithms for embedding CVZ
Stepoalgorithms of embedding using quantum guantization
data in images
Monlinear stepoalgorithms
Algorithms using vector
gquantization

Other stegoalgorithms Fractal algorithms

Coding algorithms with spectrum
extension

Stepoalgorithms of embedding Coding algorithms with phase
data into audio signals modification

Methods of digital
steganography

Embedding algorithms by
changing the echo delay time

Embedding algorithms at the
coefficient level

Stegoalporithms of embedding
I data in embedding information in
video sequences

Embedding algorithms at the bit
plane level

Embedding algorithms due to the
= energy difference between the
coefficients

Fig. 1. Classification of digital steganography methods

According to the method of embedding information in the image, stegoalgorithms can be divided
into linear (additive), nonlinear and others. In additive algorithms for the introduction of digital water-
marks (DW), there assumed linear embedding of data, and their subsequent extraction in the decoder
involves the use of correlation methods. In this case, the DW is either folded with the selected image,
or “fused” into it. In nonlinear stegoalgorithms, scalar or vector quantization methods are used, when
embedding information.

Hiding data in the spatial domain is embedding data into the original image using a computationally
simple algorithm: the method of least significant bit (LSB); the method of block hiding; the method of
replacing the palette; Cutter—Jordan—Bossen method. Hiding data in the frequency domain is the use of
the same transformation as in compression: the method of replacing the values of the DCT coefficients
(which is basic in JPEG); the method of hiding the values of the coefficients of Wavelet transform;
using the features of file formats — hiding information in metadata and reserved file fields [3].
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1. Kutter—Jordan-Bossen method

Kutter—Jordan—Bossen method, or the “cross method” is based on the property of the human visual
system, for the eye to be least sensitive to the blue color.

The algorithm for embedding a message into an image: for embedding, you will need a container
C = {R, G, B} including information about the brightness of the red, green and blue colors of each pixel,
m; — i-th bit of the embedded message [4]. RC5 can be used as the secret key &, which sets a pseudo-
random sequence for determining the coordinates of the pixel which is the object of embedding one bit
of the message [5].

Among the stegoalgorithms, that cannot be directly attributed to linear or nonlinear algorithms us-
ing the ideas of fractal image encoding are now actively developing.

The implementation information will be a 1-bit message in a 1-pixel container [6]. When embe-
dding, the brightness of the red and green colors remain unchanged, and the brightness of the blue
changes according to the formula:

, {Bx,y+o-Lx,y, when m; =0,

B, =
x,y
B,,-v-L,,,

(M

when m; =1,
where B, , is the brightness of the blue color in pixels with coordinates (x, y); v is a constant that deter-

mines the energy of the embedded bit, the larger it is, the better the resistance to interference, but
the higher the visibility (0 <v<I); L, , is the pixel brightness, determined by the formula:

L,,=0299-R, ,+0.587-G,  +0.114-B, . )

Besides, to reduce errors during extraction, you can repeat the embedding of a bit of information
t times, which will enable to reduce energy (v) of the embedded bit. The optimal value can be considered
v=0.15and ¢ <20 [4].

In order to perform the extraction, the recipient will have to predict the blue brightness value of
the modified pixel based on the neighboring ones. The “cross” algorithm (pixels located in the same row
and in the same column) is 7 by 7 in size [7].

To predict the value, you will need: a secret key k, the number of repetitions ¢, the dimension of
the “cross” d — the number of pixels on all sides from the center (6 = 3 with sizes 7 by 7, Fig. 2) [8].

The prediction of the initial brightness of the modified pix-

el is made according to the formula: X
(e3 c
A Zi:_GBxﬂ',y + zi:_GBx,eri -2 Bx,y
B, , = . 3)
’ 4.0

Next, to determine the bit of the embedded message, G
the difference between the current and predicted values of
the brightness of the blue color of the pixel is calculated, .
the resulting differences are averaged [9]:

I Z;(Bx,yi B B;,yi)

d (4)
T
And if & > 0, then the embedded message bit m; = 1, if X
0 <0, then m; = 0. Fig. 2. Example of the evaluating “cross”
2. Testing

Embedding will occur in the image (Fig. 3a) having the size of 385 x 512 pixels and a bmp exten-
sion, message “Vladimir State University” with parameters: key k£ = 375, the number of rounds of calcu-
lation » = 8 (used for the RC5 cipher), the number of repetitions » = 10, energy v = 0.2; Fig. 3b being
obtained as a result.

If you do not look closely at the image, then the modified pixels do not visually stand out, but with
a detailed examination in the sky area at a special angle, you can notice the modified pixels. But if you
look into the area of trees and grass, it will be quite difficult (almost impossible) to notice the modified
pixels. Le., we can conclude that the visual component of the stegosystem strongly depends on the origi-
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nal container. When extracting with the same embedding parameters and & = 3, we get the original mes-
sage “Vladimir State University”.

£

a) b)
Fig. 3. Container: empty and filled

Let us conduct several tests of the dependence of the number of characters in the message on
the percentage of correct extraction (Fig. 4).

100
98
96
94 \
92

90

88

Percentage of correct extraction

86

100 200 300 400 500 600 700 800 900 1000
Number of characters

Fig. 4. Graph of the dependence of the number of characters on the percentage
of correctness of the message extraction

We can make a positive conclusion that even with 1000 characters, the correctness of extracting
a message from the image with a rather small resolution is above 90%. But it is obvious that a high
number of characters degrades both the image quality and the extraction, since this will take up more
space.

We will also conduct several tests when compressing a filled image into JPEG with the same pa-
rameters, and with the embedding energy equal to 0.9 (Fig. 5). Quality level 0 corresponds to maximum
compression, and quality level 100 corresponds to minimum compression.

Embedded messages:

1 — @Ram:="{01"2-S#}! S'

2 — QwErTy IoXaSdVgHjKl1Zx VbNqWxAh

3 — Lorem ipsum dolor sit amet, consectetuer
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Fig. 5. Graph of the dependence of the quality level on the percentage of correctness of the message extraction

Thus, it can be concluded that JPEG compression, even at a low level and a high energy value, leads
to the destruction of information hidden in the container, which is caused by the type of concealment
method [10].

We will also conduct a test (Fig. 6) of the dependence of the embedding energy on the extraction

quality with minimal compression of the filled image in JPEG with the same embedding parameters of
the same three messages.
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Fig. 6. Graph of energy dependence on the percentage of correctness of message extraction

Thus, this leads to the conclusion, that the optimal value of the embedding energy when compressed
into JPEG lies in the range from 1 to 0.8. But such energy values will visually stand out and attract the
attention of the attacker. So it is better to avoid compressing a container holding hidden information.

Conclusion
Today, due to the development of information technologies, the demand for personal information
protection is growing. Digital steganography offers many new methods for this [11-13]. Digital ste-
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ganography complements cryptography [14]. Their mutual integration will help to develop newer and
more effective methods of ensuring security. It is also a promising and developing area of information
protection, which still has problems with resistance to distortion (compression), as well as with
the search for the optimal ratio of secrecy and the volume of secret data [15].

The authors express their gratitude to Associate Professor of the Department of “Foreign Languages
of Professional Communication” Tatyana Ivanovna Koikova for her help and assistance in translating
the article into English.
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! lMepmMckuli HayuoHarnbHbIU uccriedogamernbCKUl MoNUMexHUYecKul yHugepcumem,

256pe3HUKOGCKUL7 ¢unuan, bepesHuku, Poccus
FOxHO-Ypanbckuli 2ocydapcmeeHHbIlU yHusepcumem, HenabuHck, Poccus

Annomayun. CtaTbs MOCBAIICHA CPAaBHEHHUIO CHCTEM KOHAMIIMOHUPOBAHMA BO3AyXa B IIEHTpe oOpa-
OOTKM JaHHBIX C yU4ETOM OCOOEHHOCTH ero pacrosiokeHus B [lepmckom kpae, P®. YcraHoBneHo, uTo npu-
MeHeHHe 0osiee TOpOToif, HO COBPEMEHHON IMOPUIHON CHCTEMBbl KOHIUIMOHUPOBAHHS BO3yXa SKOHOMH-
YecKH Iiesiecoo0pa3Ho B qaHHOM peruoHe. Llesib padorsl. [{enpio paGoThl SBISETCS OIEHKA 1EeIec000-
pa3HOCTH M 3((EKTUBHOCTH NMPUMEHEHHUS PA3IMYHBIX CHCTEM OXJIaXJCHHUS BO3AyXa C HKOHOMHYECKOM
TOYKH 3pEHHs, B YCIOBHAX pa3MelleHus oObekTa Ha Teppuropuu Ilepmckoro kpas. MaTepuaabl u
MeToabl. CpaBHUBAETCS JBE CHCTEMBI oxyaxaeHus. [lepBas cucteMa oxJa)IeHHs BO3IyXa OCHOBaHa Ha
IpSAMOM MoJa4ye XOIOAHOTO Bo3ayxa. JlaHHas cucTeMa MMeeT OrpaHHYCHHS 10 TeMIepaType MPUMEHEHUs,
€e MOJKHO HCIIONIb30BaTh TOJBKO MPU TeMIepaTypax OKpY)Kalollieil cpesl HIDKe, YeM TeMIlepaTypa OXJIax-
nmaemoro nomenieHus npuMmepHo Ha 20 °C. Tekymiue 3aTpaThl Ha 3JIEKTPOIHEPTHIO, TOTPEOIIeMyIO Ha 0X-
JaXICHNE TOMELICHH, B 3TOM ciIy4ae OyayT MeHblne. BTopas — kimaccudeckas cucreMa KOHIHIIMOHHUPO-
BaHMS, B KOTOPOH OXJIAKIAECHUE MPOHUCXOIUT 3a CUET BCKUMAHU ()pPEOHA B MCHAPHUTENIC U MOCIEAYIOIIETO
CKaTHsl KOMIIPECCOPOM M TIEPEX0/I0B KHUIKYI0 a3y B KoHIeHcaTope. CyIIeCTBYIOT pa3iIMYHbIe BapHALUH
ATOH CHCTEMBI AJIS MPAKTUYECKH JIO00W KIMMaTHYeCKOW 30HBL. Tekymue pacxoisl (3IEeKTpO’HEpTHs),
BBI3BaHHbIE pabOTOM ATOW cHUCTEMBI, — BhIlIe. Ho mepBoHavaIbHbIE 3aTpaThl — MEHBIIE, TAK KaK TaKasi CHC-
Tema cTouT nemensie. CTaBUTCS 3aada ONPENeNUTh, OyIET JIN IOJOXHUTEIbHBIH SKOHOMUUSCKHN 3(deKT
OT BHEAPEHHS CHUCTEMBI C MPSIMOIl Mojadyeil XOJIOAHOTO Bo3ayxa. MccienoBaHue BBIIIOIHEHO C ITOMOIIBIO
TEOPETUUECKUX METOI0B. JIJIsl 3TOrO B3ATHI JaHHBIE O TeMIlepaTrype Bo3ayxa B I. [lepmb 3a 2021 r. o nHsAM
u gacaMm. Pe3yabrarsl uccienoBanus. OnpenesneHo, Kakoe KOJIMIECTBO JTHEH M 4acoB CMOXeET paboraTb
OJlHa WM Jpyras CHCTeMa: KJIAaCCHYECKOT0 KOHAWIMOHWPOBAHHS WM THOPHIHAS CHCTEMa C BO3MOXHO-
CTBIO IPAMOM MOJauu OXJAXKICHHOTO Bo3ayxa. [locumTaHbl 3aTpaThl Ha 3JEKTPOSHEPrHI0 IpU pabdoTe
B TIEPBOM U BTOPOM pexxumax. OnpeneneHo KOJMYecTBO HEOOXOANMOro KIIMMAaTHYECKOT0 000pyIoBaHus,
C y4eTOM ero pesepBupoBaHui Mo cxeme N+1. OmpeneneHsl MpUMEpHBIE 3aTPaThl HA BHEAPEHUE CHCTEM.
OO0cy:knenne u 3aK104eHne. BEIBIeHO, UTO 3aTpaThl Ha BHEAPEHHE 00jIee JOPOroil TMOPUAHON CHCTEMBI
C TIOIEPKKON MPSMON MOAAYH OXJIKICHHOTO BO3yXa B CPAaBHEHHH C KJIACCHYECKOW CHCTEMOM KOHMIH-
[IHOHUPOBAHUS OKYIISTCS B TEUEHHE HECKOJBKHUX JIeT. TakKe ONpeieNeHbl CYIIeCTBEHHBIC TPEHMYIIECTBA
TaKUX CHCTeM — OoJiee MONTHil CPOK CIIY>KOBI BCIEACTBHE MEHBIIETO HCIOIb30BAaHUSI KOMIIPECCopa CHUCTe-
MBI OXJIAXKICHHSI.

Knrouesvie cnosa: cucrema xonmuiuonupoBanus L[OJ], Free Cooling, DX-cuctema, marta-meHTp,
JIBHKEHUSI BO3AyIIHBIX Macc B [1O/]
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Abstract. The article is devoted to comparison of air conditioning systems in a data processing center,
taking into account peculiarities of its location, in Perm Krai, RF. It is established that the use of more
expensive, but modern, hybrid air conditioning system is economically feasible in this region. Purpose of
work. The aim of the work is to assess the feasibility and effectiveness of different air cooling systems from
an economic point of view, under the conditions of the location of the facility in the Perm region. Materials
and methods. Two cooling systems are compared. The first cooling system is based on a direct supply of
cold air. This system has restrictions on the temperature of application, it can only be used at ambient tem-
peratures lower than the temperature of the cooled room, about 20 °C. Current costs in the form of con-
sumed electricity to cool the room in this case will be less. The second, classic air conditioning system.
In which cooling occurs due to boiling of freon in evaporator and the following compression by compressor
and transitions to liquid phase in condenser. There are different variations of this system for almost any
climate zone. Running costs (electricity) caused by operation of this system are higher. But the initial costs
are less, since this system costs less. The task is to determine whether there will be a positive economic
effect from the introduction of a system with direct cold air supply. The research is done with the help of
theoretical methods. For this purpose, data on the air temperature in the city of Perm for 2021 by day and
hour were taken. The results of the study. Determined how many days and hours, can work one or the other
system. Classical air conditioning or a hybrid system, with the possibility of direct supply of cooled air.
Calculated the cost of electricity when working in the first and second modes. Determined the number of
necessary climate control equipment, taking into account its redundancy under the scheme N+1. Approxi-
mate costs for the implementation of the systems have been determined. Discussion and conclusion. It was
found that the cost of introducing a more expensive hybrid system with the support of direct chilled air,
compared with the classical air conditioning system will pay off in a few years. Significant advantages of
such systems are also identified. Longer service life due to less use of the compressor in the refrigeration
system.

Keywords: data center air conditioning system, Free Cooling, DX-system, data center, air mass move-
ment in data center
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Beenenne

B cBete rnobansHoro passurus UT-texnonoruit B PO B nocnennue roasl U, Kak CIEACTBUE, yBe-
JIMYCHHUS KOJIMYECTBA M MOIIHOCTEH IeHTPoB 00paboTku naHHbIX (L1O/J]) 3aTparhl 31€KTPOIHEPTrUU Ha
CUCTEMBbI KOHIUITMOHUPOBAHUS Takke pacTyT. CucTeMbl KOHANIMOHUPOBaHUA oTpedisioT 1o 3040 %
anextpo3nepruu L{O/]. Ilpu BeIXxoae UX U3 CTPOS WIM HEAOCTATOYHON MOIIHOCTH BO3MOKHO Hapyllle-
nue padotsl LIO/], Beaymiee K MHOTMM HETPUSITHBIM TTOCIEACTBHSIM. TakuM 0Opa3oM, TeMa CHUKEHHE
3aTpaT Ha KJIMMAaTUYECKUE CUCTEMBbl HUKOT/AA HE MOTEPSIeT aKTyalIbHOCTh. DTO MOATBEPKIACT, HAPH-
Mep, nHGOpMaLUsI 0 pocTe NOTPEOICHUS 3TIEKTPOIHEPTUU LIeHTpaMu 00padoTKu JaHHBIX (puc. 1), oTo-
OpaxeHHas B padoTe [1] o ToM, 4To momsa MupoBoro norpednenus snextposnepruu LHOJ] B 2025 r. co-
ctaBut nopsaaka 33 % mpu 10 % B 2015 1.
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AR/VR devices Wearable devices Kpome »31Oro, pasBuTHe TEXHOJIOTHI
1% 3% CEpPBEPHOT0 0OOPYIOBAHUS BEET K BBICOKOM

Smarthome IUIOTHOCTH WX pa3MEIICHUs B MOMEIICHUSX
devices HOM [2]. [InoTHOCTRIO IIEHTpa 00pabOTKU
Phablets 4% JIAHHBIX HA3bIBAIOT KOJIMYECTBO MOTPeOIIsic-
5 5% MBIX KWJIOBATT Ha OJIMH CEPBEpHBIA IIKad.
nter o
g gg;e €q Tablets B Ommkaiiniee BpemMsi BEKTOp pa3BUTHS JaH-
]
5% HOTO HAIpaBJICHUS HE M3MEHHUTCS, 00 3TOM
Laptops MOXHO CYAHWTHh [0 KOJHYECTBY MPEHUMY-
6% ECTB OT ero mpumeHeHus. O6 3TUX mpe-
Smartphones v
% MMYIIECTBAX HEOJHOKPATHO 3asBISIIOCH
15% 4
KPYIHBIMH CTPOUTEISIMH M JKCIDIyaTaTopa-
MH JTaHHBIX 00BEKTOB [2, 3].
\_Networks eq

ILmtocel, mosryaennsie oT pa3sutus 1O/

BBICOKOM TJIOTHOCTH:
Puc. 1. MporHo3 gonu MupoBoro npoussBoacTBa UHdopma- 1) CHIKEHHe CTOMMOCTH YCIT 15 Ho-
LMOHHO-KOMMYHUKALMOHHbIX TEXHOMOrMi B MNoTpebneHun yoyr A
3NeKTPO3Heprum no Buaam Ha 2025 r. TpeOuTens (MOBBIIIICHUE MTPUBIIEKATETEHOCTH

Fig. 1. Forecast of the share of global information and com- y; KOHKYPEHTOCIIOCOOHOCTH Ha PHIHKE);
munication technology pbrotducti_tr)]nzz)nzselectricity consumption 2) CHUKEHHE CTOMMOCTH CTPOHTE/IbCTBA
yiypel u aperasl O/

3) manble mnom@aan Mo3Bost0T pasmemath 11O/l B ycmoBHSIX TYCTOHACEIEHHBIX METaIlOIMCOB
ONMKe K IOTPEOUTENIO YCIyT;

4) camxkenne TCO.

O mporHo3ax TEHICHIIUU POCTa B TAHHOM HAIIPaBICHUH MOYXHO CYJIUTh HA OCHOBAHHH PE3yJIbTaTa
orpaciieBoro uccnenopanus 11Ol «2020 Data Center Industry Survey Resultsy, omyOJNKOBaHHOIO
Uptime institute [4].

10%

1. IIpo6seMbI CBSI3aHHBIE C HCNIOIb30BAHMEM 000PYA0BaHUS BBICOKOH IJIOTHOCTH
Uccnenoanust komnanuu Colocation America TeMOHCTPUPYIOT TPEH/ MOKa3aTejel TUIOTHOCTH B
paspese pocTta MoITHOCTH Ha onHy cTorKy B LIO/] (puc. 2).
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Puc. 2. N'paduk pocTa cpegHei MOLWHOCTM Ha CEPBEPHYHO CTOMKY
B nepuop c 2008 no 2020 r.
Fig. 2. Graph of growth of average capacity per server rack
from 2008 to 2020

Hcnonbp3oBanue cepBepoOB BBICOKOW MIOTHOCTH (blade chassis) NMPUBOIUT K TMPEBBIIICHUIO BO3-
MOkHOCTeH KuMaTrdeckux cucteMm L{O/] ¢ kiaccuaeckuM MoaxoaoM K OXJIAXACHHUIO (MCITOJIh30BAaHUE
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MPEUU3UOHHBIX KOHIUIIMOHEPOB U NMep(OprupoOBaHHOTO HAMOJIBLHOTO MOKPHITHS B 30HE 3a00pa BO3Iyxa
obopyznoBanueM). Koncrpykrusasie ocodenHoctu takux L{OJl npeanonararoT paBHOMEpHOE pacipene-
neHre paboyux Harpy3ok, YTO MpoOJeMAaTHYHO MPH MCIOJIB30BAaHUU BBILICYIIOMSHYTBIX TEXHOJOTHH.
D70 AenaeT HEBO3MOXKHBIM JTATbHEHINYIO SKCIUTYaTaIlUI0 TPAAUIMOHHOTO MEXaHn3Ma 00eCcedeH st OT-
KazoycTtoiunBocTH. CpoeKTHpOBaHHOE MO cxeme N+1 kimumaTudeckoe o00pyaoBaHue OyAeT BBIHYX-
IeHo paboTaTh Ha MOJHYIO MOIIHOCTH M MOTepsieT (YHKUMH pe3epBUpoBaHus. Tarke Oyner yTepsH
(YHKLIMOHAN MEPUOJNYECKON POTALMH, YTO HEM30EKHO MPHUBEACT K MOBBILIEHHOMY H3HOCY 000pyI0-
BaHUs. Vcnonp3oBaHNE MEXaHU3MOB MUTPAIVM BUPTYaIbHBIX MAIllMH U TUPUHTA B CUCTEMAX XpaHEHUS
JaHHbIX A€J1acT (l)I/IKCElIII/IIO ropﬂqeﬁ TO'—IKI/I1 HEBO3MOXHBIM, TaK KaK TOpAYHUC YYaCTKU CTAHOBATCHA
TPYIHOYJOBUMBIMH. JIMHAMUYECKOE paclpeleleHUEe Harpy3Ku CpeACTBAMU THIIEPBU30POB MaKCUMU3H-
pPYeT HCIOJb30BaHUE UX MOTEHIMAJa U, KaK CIEICTBHE, POCT MOTPEOJICHHUS IEKTPOIHEPTHH U TEILIO-
BbIeNeHYs. [IprMeps! M MPUYMHEL TOKAJIBHOTO IIEPErpeBa Ha puc. 3.
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Puc. 3. N'pacdhmnyeckoe npeacraBneHne ABMXKEHUA BO3AYLWHbIX Macc B uop?
Fig. 3. Graphical representation of air mass movement in the data center

IIpocroii u 3koHOMHYECKH 3G (HEKTUBHBIHN CIIOCO0, O3BOJIAIONIMA YCTPAHUTh JaHHYIO IPO0JIeMy, —
3TO MOJIEPHH3AIUS KIIMMATUYECKAX CUCTEM IyTEeM YIPaBJICHHUS BO3MYIIHBIM MOTOKOM. [Ipobnems me-
perpesa o0opynoBaHus B IpuMepe (CM. puc. 3) CBsI3aHbI HE ¢ HEAOCTATKOM XOJIOAONPOU3BOAUTENBHO-
CTH CHCTEMbl KOHIUIIMOHUPOBAHHMSA, a C HEIIPABUJIBHBIM paclpelieiecHHeM BO3AYIIHBIX Macc. B manHom
IprUMepe NpaBasi CTOHKa HE MOKET IMOIYYUTh JOCTATOYHOE KOIUYECTBO XOJIOAHOTO BO3YXa U MOITOMY
BBIHY)KJICHHO KOMIIGHCHPYET pa3HUIly, BTATHBAas TOPSYAN BO3AYIIHBIH MOTOK C THUIBHOW CTOPOHBI
cToiiku. JleBas cToOilKa CMEIIMBAET BO3AYLIHBIE MOTOKU IOPSYErO U XOJIOAHOTO KOPHIOPA, 3aHMXKAast
TeMIIepaTypHbIE [TOKa3aTeNn JaTYHUKa Ha KOHIUIMOHEPE, YTO MPOBOLUPYET CHIDKEHUE 3P PEKTUBHOCTH
paboThl mocneaHero. MoHo cenaTh BBIBOJ, YTO IEHCTBHUS, NPUBOJSIIME K YMEHBIICHUIO YTEUYKH H
PELMPKYJISIIMY BO3AyXa, OyayT 3 (eKTHUBHBI B yCTPAHEHUH 30H C N30BITKOM Teria (puc. 4).

1 o N
T'opstaast Touka — 30Ha pa3memenust U T-o60pynoBaHus ¢ TemMnepaTypoii, MpeBbIIameil oIycTUMOe 3HaUeHNe, yCTa-
HoBNeHHOE B pekoMeHmanusx ASHRAE TC 9.9 [7].
2 o .
Topsturie TOUKH BOSHUKAIOT Yalle BCETO B BEPXHEH YacTH CTOHKH (pekoMeHaanun 1o TeruioBsiM HopmMaM ASHRAE [7]).
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Puc. 4. 'padmyeckoe npeacTaBneHue ABMXKeHUA Bo3ayLHbIX macc B LLO[ ¢ ucnonb3oBaHnem
cuUcTeMbl pa3aeneHus ropsayero u XornogHoro kopuagopa
Fig. 4. Graphical representation of air mass movement in a data center using
a hot and cold aisle separation system

2. MaTtepuaJibl 1 METOABI

Ha npumepe KOHKpeTHOro 00BEKTa PaCCMOTPUM CHCTEMY H3OJLUHM BO3AYLIHBIX KOPUIOPOB U
3¢ PeKTUBHOCTE HCIIONB30BaHus npsiMoro Free Cooling B kmuMaTuueckux ycioBusx llepmckoro kpas
[5, 6, 10].

BronHsle:

Mecro ctpoutenscTBa — [lepmckuii kpaii. Pacuetnas reorpaguyeckas mupora — 59° c. mr.;

¢ 20 cepsepHbIx mKkados 600 x 1200 mm 42U;

e MakcuMalnbHas MOIITHOCTh Ha OMH cepBepHbIi mKkad — 10 kBT;

e MakcuMasibHasi MOITHOCTh Ha MamuHHbIHN 3a1 — 170 kBT (UT-Harpyska);

e CxeMa pe3epBUPOBaHMS CUCTEMBI OecriepeO0HOro nuTaHus — 2N

e Cxema pe3epBUpPOBaHUS CUCTEM KOHIUIIMOHUPOBaHUS — N+1.

Jia yaaneHus TEIUIONOCTYIVICHUH B TIOMEIIEHUH MAIIMHHOTO 3ajla MCIOJIb30BaHbl KOHAUIIMOHEPHI
C XOJIOJOTIPOU3BOIUTENBHOCTRIO He MeHee 92,7 kBt. [Ipumensiercs pesepBUpoBaHHE KOHIUIIMOHEPOB
N+1, To ecTh U1 ynajieHHs BCeX TEIUIONPUTOKOB TOCTATOYHO JBYX KOHAWLIMOHEPOB, TPETHI HAXOAMT-
cs B pesepBe. KoHauuuonepsl 000pyA0BaHbl NapOYBIAKHUATEISIMH 71l TIOAJEPKaHUS 3aJaHHOTO YPOB-
HS BJIQXKHOCTH B MAIIMHHOM 3ajie. HampaBnenue mogadun Bo3myxa OCYIIECTBIISIETCS MO (hajbLInonom,
3a00p BO3/yXa MPOHU3BOAMTCS CBEPXY.

st ynanenus teruionoctyruienuit B momeniennd MBI npuMeHeHs! mkadHble MPenn3noHHbIE KOH-
TUITHOHEPHI ¢ XOJIOO0TPONU3BOIUTEIHHOCTEI0 KaKI0r0 HEe MeHee 25 kBT [7]. [IpuMensiercst pe3epBupo-
BaHUE KOHAWUIMOHEpPOB N+1, TO ecTh A ynajieHHsd BCEX TEIJIONPUTOKOB AOCTATOYHO OJHOIO KOHAM-
LOHepa, BTOPO HaxonuTcs B pe3epBe. HampaBienue momadun Bo3ayxa OCYLIECTBISIETCS (PPOHTAIBHO
BBEpX, 3a00p BO31yXa Mpou3BOaUTCs ¢ pponTa [8—10].

CpaBuuBaTh OyJeM J1Ba BapuaHTa CUCTEM KOHAMIMOHHPOBAHMA: Kiaccuueckyro DX-cucreMy KOH-
JTUITMOHUPOBaHUS 1 DX-cucteMy KOHAMIIMOHUpOBaHMs ¢ GyHKIuen Free Cooling (CBOOOIHOE OXJIax-
nenue). B kauectBe xmagoHocutens B pexume Free Cooling ucnons3yercs ¢ppeon [11]. Ilepexon cuc-
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TeMbl KOHOULIXOHUPOBaHUS B pexuM Free Cooling MpOUCXOAUT NPU TEMIEpaType YIUYHOTO BO3AyXa
+2 °C u muxe [12].

s onpeneneHusl KOJIMYECTBa 4acoB, B KOTOPHIE CUCTEMa KOHAWIMOHUPOBaHUs OyaeT paboTaTh B
pexume Free Cooling, OblIM IPUMEHEHBI CTATUCTUYECKUE JaHHbIE MeTeoHaOroneHuii B . [lepmb 3a
2021 r. 'paduk m3mMeHeHus cpeHer cyTouHol Temreparypsl 3a 2021 1. npeacrasieH Ha puc. 5. Konu-
4YecTBO JHEW U JacoB (ppeoHoBort DX-cuctemsl ¢ GpyHkuueit Free Cooling B 1eTHUN ¥ 3UMHUI IEPHO/IBI
roza npuBeaeHs! B Ta0i. 1. Temnepatypa Bo3ayxa ucnoib3oBana i T. [lepms [13-16].

25

CpennecyrouHnas Temieparypa I. [lepms 3a 2021 roa

PaGora B pexxume DX

s Pa6ora B pexxume FreeCooling

6 wnA
12 wiona

18 uioHA
24 wioHA

Puc. 5. N'pacmk n3ameHeHns cpegHen cyTouyHon TemnepaTtypbl 3a 2021 r. gna r. Nepmb
Fig. 5. The graph of changes in the average daily temperature for the year 2021 for Perm

Tabnuua 1
BpeMﬂ npUMeHeHusa paccMmaTpuBaemMbiX CUCTEM KOHAUUUOHUPOBAHUA
Table 1
Time of application of the air conditioning systems under consideration
TemnepaTypHbIi 1HaNa3o0H KonnuectBo nHei KonnuecTtso yacos
Ot —40 no +2 °C (Free Cooling) 187 4488
Ot +1 no +40 °C 178 4272
HUroro: 365 8760

3. Pe3yabTaThl HCC/IE10BAHUSA

Hwmxe mpencraBneHo cpaBHEHHE CHCTeM ¢ ucHoib3oBanueM GyHKImHM Free Cooling n 6e3 Hee.
Takxke pacCMOTPEHBl aHATMUTHYECKHWE M PAaCUYECTHHIC CPAaBHEHHS PEIICHHUN C PacYeTHBIM COBOKYITHBIM
sKoHOMHUYecKUM 3 dexTom. B Tabi. 2 mpuBeieHbI pacueTHbIE TIPOSKTHBIE JaHHBIE PpeoHOBOM DX-cuc-
TeMbl oxJaxaeHus 0e3 Gyukuuu Free Cooling, a Takke MaKCUMaJIbHOE 3JICKTPONOTPEOICHHE OIHOTO
DX-mkaghHOro npenu3MOHHOT0 KOHAUIMOHEPa, YCTAHOBICHHOTO ISl OXJIKICHHS MAIlIMHHOTO 3aJIa.

MakcuManbpHOE 3NEKTPONoTpedieHne ogHoro DX-mkadHOTO MPEeMU3nOHHOTO KOHAUIIMOHEpa, YC-
TaHOBIIGHHOTO JUI oxJaxkaenus nomemenus MBI, mpencrasmeno B Tabm. 3.

MaxkcumanbHOe 3J1eKTpornoTpedienie cucreMbl KoHauionuposanus 1{O]] ¢ mpumenennem gppeoHo-
BoIX DX-cuctem oxnaxnaeHus: 6e3 ynkuuu Free Cooling npu 100 % npoektHoit UT-Harpyske 170 kBt
MIpeICTaBIeHO B Ta0I. 4.
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Tabnuua 2

AnekTponoTpebneHne npu MakcMManbHOW NPOeKTHOM TensioBon Harpy3ke B LIO[.
LLkadphHON npeuun3noHHbIN KoHaUuMoHep (Mawsan)

Table 2

Electrical consumption at maximum design heat load in data center.
Cabinets precision air conditioner (Machine room)

Temnepatypa | Kommpeccop, | [lapoyBrakau- Bewiaopst Kongencarop, Obwas monmHocTs
o BHYTPEHHETO MOTpeOICHS,
Ha ynute, °C kB1/4 TeIb, KBT/1 kB1/4
Om1oka, kB1/4u kBT1/u
Ot —40 no +40 23,26 6,75 3,6 3,2 36,81
Tabnuua 3

AnekTponoTpebneHne npu MakcMManbHOW NPOEeKTHOM TensioBon Harpy3ke B LIO[.

LLikadhHOM NpeLn3nOoHHBbIN KoHanLUMoHep (UBI)

Table 3

Electrical consumption at maximum design heat load in data center.
Cabinet precision air conditioner (UPS)

Temnepatypa | Kommpeccop, | [lapoyBnaxuu- Benunatopst Konnencarop, Obwast MomHOCTE
o BHYTPEHHETO MoTpeOICHS,
Ha ynute, °C kB1/4 TeIb, KBT/1 kB1/4
O1oka, kB1/4 kBT1/41
Ot 40 1o +40 3,97 0 1,18 0,9 6,05
Tabnuua 4
WUTorosas nOTpeGn;lemaﬂ MOLWHOCTb
Table 4
Total power consumption
MoOIIHOCTS, OnHoBpeMeHHAst OO11ast MOIIHOCTb,
Obopynosanme kBT1/4 pabora, KO kBT1/4
kadHoN MpEM3UOHHBIH 36.81 ) 73.62
KoHAumuoHep (Mar3ai)
[kadHON NpeM3MOHHBIH
kouaummonep (MBII) 6,05 ! 6,05
Hroro: 79,67

[lockonbky cucTeMa KOHAWIMOHUPOBAHUS UMEET €IUHCTBEHHBIM PEeXUM paboThHl Ha (PEOHOBOM
KOHTYpe, a pexuM padotsl LIOJ] — 24 x 7 x 365, To npu gonymenuu 100 % npoekrnoii UT-Harpysku B
170 kBt ronoBoe notpediaeHne CUCTEMbl KOHANLIUOHUPOBAHUS B HATYPAJIbHBIX U ICHEKHBIX CIUHHULIAX
npu cpeaneit croumoctr 1 kB1/4, paBHoii 6 py0., mprBeaeHO B Tab. 5.

Tabnuua 5
3aTpaTbl Ha 3NEeKTPO3HEPruo
Table 5
Electricity costs

Moutnocts cuctemsl | Kon-Bo | OOmas notpebieH- OO6ume 3aTpaThbl
CroumocTh
PexxM | KOHIUIIMOHUPOBAHMSA, | YacOB | Has DHEPTHs B TOJ, Ha 3JIEeKTPO-
1 kBt/4, py0.
kBT1/4 B IOy kBT1/4 SHEPruio, pyo.
Kpyrao- 79,67 8760 697 909,20 6,00 4 187 455,20
TOAMYHBIHA

Hwmxe pacCMOTPUM aHAJIOTMYHBIC PACYCTHBIC IPOCKTHBIC JAHHBIC, OITUPAasACh HA paHEC MMOJIYUYCHHBIC
JTAHHBIE O BPEeMEHU pabOTHl B PA3NIMYHBIX PEXKUMax, HO A (ppeoHOBOM DX-CHCTEMBI OXJIaXACHUS C
¢dyukuueit Free Cooling.

MaxkcumanbHOe 3JIeKTporoTpediecHre ¢ppeoHoBoit DX-cuctemsl oxnaxiaenus L[OJl ¢ dyHkiuei
Free Cooling B nnana3zoHe ymW4HBIX TeMIepaTyp Bo3ayxa oT +2 °C u Bbllie He OyIeT OTIHYaThCs OT
MaKCHMAJIBHOTO TOTPEONIeHUsI CUCTeM KOHAWIHOHMpoBaHus 0e3 ¢yHkimu Free Cooling m cocTaBuUT
79,67 xkB1/4.
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MakcumManabHOE 3IIEKTPONOTpedIeHne 0IHOTO (PEOHOBOTO HIKA(PHOTO MPELU3NOHHOTO KOHAULIUO-
Hepa B pexume Free Cooling (+2 °C u HUXKe), YCTAaHOBJICHHOTO JUIS OXJaXICHHUS MAIIWHHOTO 3aja,
MIpeICTaBIeHO B Ta0JI. 6.

Tabnuua 6
AnekrponotpebneHue Free Cooling cuctemMbl (3MMHUI pexunm).
LLikachHOM Npeumn3noHHbIN kKoHauuMoHep (Mawsan)
Table 6
Electrical consumption of Free Cooling system (winter mode).
Cabinets precision air conditioner (Machine room)
BenTunsarop O6mas
[TapoyBnax-
Temnepatypa | Kommpeccop, — BHyTpeHHero | Kongencarop, | Hacoc, MOILHOCTh
Ha ynute, °C kBT/4 ’ 0J10Ka, KkBT/4 kB1/4 | morpebaeHus,
kBT/4
kBT/4 kBT/4
Ot —40 o +2 0 7,5 3,6 3,2 0,6 14,9

MakcumanabHOe JIeKTPONnoTpedIeHHe OHOT0 (PEOHOBOTrO MIKA(HOTO MPEIM3HOHHOTO KOHUINO-
Hepa B pexxume Free Cooling (+2 °C u HIXKe), YCTaHOBICHHOTO JUIs oxJakaeHus: nomemenus WBIL,
MpeacTaBjiIeHo B Ta0I. 7.

Tabnuua 7
AnekTponoTrpe6neHue Free Cooling cucteMbl (3MMHUIA pexum).
LLikacoHOM Npeun3noHHbIN KoHanLmoHep (UBIT)
Table 7
Electrical consumption of Free Cooling system (winter mode).
Cabinets precision air conditioner (UPS)
Bentumstop Ob6mas
Temmepatypa | Kommpeccop, | [lapoyBnax- |BHyTpenHero | Konaencarop, | Hacoc, | MomHOCTS
Ha ynuue, °C kBT1/41 HUTEIb, KBT/1 O10Ka, kB1/u kB1/4 | morpebnenwus,
kBT/4 kBT/4
Ot —40 no +2 0 0 1,18 0,9 0,3 2,38

MakcumainbHoe 37eKTporoTpedienne cucteMbl Konauuuonupoanus IO/l ¢ npumenenueM ¢peo-
HOBBIX DX-cucteM oxnaxzaeHus B pexxume Free Cooling npu 100 % npoextaoit UT-narpyske 170 kBt
MIpeICTaBICHO B Ta0I. 8).

WTorosas noTpebnsiemasn mowHocTb (cuctema B pexume Free Cooling)

Tabnuua 8

Table 8

Total power consumption (system in “Free Cooling” mode)

060 OBAHIe MoIIHOCTE, OpnnoBpemennas | OOIIast MOITHOCTb,
PYA kB1/4 paborta, KO kB1/4
DX+Free Cooling mkadHo# mpeu3noHHbIT 14,9 ) 29.8
KoHuInonep (Marzair)
DX+Free Cooling mxadHoO# mpenu3nOHHBII 2,38 1 2,38
kouaunuonep (UBIT)
Hroro: 32,18

PaccmaTtpuBaeMasi cucteMa KOHAMIIMOHUPOBAHUS MMEET HECKOJBKO PEXHMOB pabOTHI TPH JOIY-
menun 100 % npoextHoi U T-narpysku B 170 xBt. ['ogoBoe norpedieHne cuCTeMbl KOHAMIIMOHUPOBA-
HUS B HATYPaJIbHBIX U JICHESKHBIX SIUHMIIAX MPHU cpeaHel crouMocTr 1 kKBT1/4, paBHoii 6 py0., npuBee-
HO B TabOm1. 9.
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Tabnuua 9
CpaBHeHue 3aTpaT 3NeKTpo3Heprum
Table 9
Comparison of electricity costs
Mormnocts cuctemsl | Koi-Bo Oo6mas morped- | Croumocts | OOmIME 3aTpaThl
Pexxum | KOHIUIIMOHHUPOBAHUS, 4acoB JIEHHAs DHEPrUs 1 kB1/4, |Ha snmeKkTpo3HEPTHIO,
kB1/4 B Oy B roj, KBr/u pyo. pyo.
Jletnnit 79,67 4272 340 350,24 6,00 2042101,44
3uMHHN 32,18 4 488 144 423,84 6,00 866 543,04
Hroro: 484 774,08 2 908 644,48

O0cyxneHue 1 3aKJII04YEHUE

U3 Bcero BBILIEONMMCAHHOTO MOXKHO CIENaTh BBIBOJ, YTO, COTIACHO MPHUBEICHHBIM BBIILIE pacueTaM,
CyMMapHOE€ TO/I0BOE BJIEKTPONOTpeOIeHHEe OBYX TUIIOB CHUCTEM KOHIWLIHMOHHWPOBAHMS OTIMYACTCS Ha
31 %, a B JIEHE)KHOM BBIPOKEHHM IMPUMEHEHHUE CHCTEMBl KOHIWIIMOHWUpPOBaHUs ¢ (QyHKuueil Free
Cooling MO3BOJMT €XKEroIHO YKOHOMHTH TOJBKO Ha 3JIEKTPOIHEPTrUuH 0KoJo 1,3 MIH pyo0., 4TO yCIENIHO
MPOJACMOHCTPUPOBAHO B Tabnuiax. YuuthiBas cpok ciyx0bl 11O/l U cucTteM KOHAMIIMOHMPOBAHHS B
YaCTHOCTH, Ha MPOTsbKeHUU 10 JIeT SKOHOMHS CPEACTB COCTaBUT Ooiiee 13 MitH pyO. YUHTHIBasE pa3HUILY
CTOMMOCTH JBYX THIIOB cucTeM He Oonee 26 %, cucteMa KOHIUIIMOHUpOBaHWS ¢ (yHKIMeH Free
Cooling oxymnaercsi 3a KOPOTKHI cpok (okojio 2 neT). [loMuMo cymecTBeHHOH 3KOHOMHUH Ha 3JIEKTPO-
3HEpruy, B cuctemax ¢ pynkuueii Free Cooling Beie cpok ciayx0sl (Ha 40 %) camoro goporocrosiie-
ro KOMIIOHEHTa JIOOBIX (DPEOHOBBIX CHCTEM — KOMIIpeccopa, Tak Kak mpu pabore B pexume Free
Cooling xommpeccop HE y4acTBYeT.

O heKTUBHOCTD MPEUIOKEHHON CXeMbI ObllIa pacCMOTPEHa C SKOHOMHUYECKON TOYKH 3PEHHSI, B XO-
Jie McCeIoBaHusl ObLT MPEeI0KEH METO]] BBIYMCICHHS SYKOHOMUH NPH BBEJIEHUN €CTECTBEHHOTO OXJIa-
KACHUS B Pa3NWYHBIX KIMMAaTHYECKHX peruoHax. llpeanoxeHHBIH croco0 MO3BOJSET PacCUUTHIBATDH
HKOHOMHUYECKHH 3PPEKT OT IPUMEHEHHSI KIACCHYECKON CUCTEMBI PETYIMPOBKU KIMMaTa U pealnu3alin
Free Cooling. Han6onpuryto 3¢)(peKTHBHOCTh peXUM CBOOOIHOTO OXJIaXIEHHUS UMEET B 3UMHHUH U Tie-
PEXOHBIN epruo sl ToAa. B neTHnit neproa GpUKyIMHT TIPUMEHHM B PETHOHAX C HU3KUM TOKa3aTeeM
TEeMIIEpaTyp Hapy>KHOTO BO3TyXa.
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Abstract. Federated learning (FL) is a machine learning approach that allows multiple devices or sys-
tems to train a model collaboratively, without exchanging their data. This is particularly useful for autono-
mous mobile robots, as it allows them to train models customized to their specific environment
and tasks, while keeping the data they collect private. Research Objective to train a model to recognize and
classify different types of objects, or to navigate around obstacles in its environment. Materials and me-
thods we used FL to train models for a variety of tasks, such as object recognition, obstacle avoidance, lo-
calization, and path planning by an autonomous mobile robot operating in a warehouse FL. We equipped
the robot with sensors and a processor to collect data and perform machine learning tasks. The robot must
communicate with a central server or cloud platform that coordinates the training process and collects
model updates from different devices. We trained a neural network (CNN) and used a PID algorithm to
generate a control signal that adjusts the position or other variable of the system based on the difference
between the desired and actual values, using the relative, integrative and derivative terms to achieve
the desired performance. Results through careful design and execution, there are several challenges to im-
plementing FL in autonomous mobile robots, including the need to ensure data privacy and security, and
the need to manage communications and the computational resources needed to train the model. Conclu-
sion. We conclude that FL enables autonomous mobile robots to continuously improve their performance
and adapt to changing environments and potentially improve the performance of vision-based obstacle
avoidance strategies and enable them to learn and adapt more quickly and effectively, leading to more ro-
bust and autonomous systems.

Keywords: federated learning (FL), neural network (CNN), Internet of Things (IoT), obstacle avoidance,
vision-based, mobile robots
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Annomayus. denepatuBHOe 00yUeHHE — 3TO MOAXOMA K MAIIMHHOMY OOY4YEHHIO, KOTOPBIH HO3BOJISACT
HECKOJIBKUM yCTPOICTBaM MJIM CHCTEMaM COBMECTHO 00ydaTh MoJieslb 6e3 oOMeHa TaHHBIMH. DTO 0COOEH-
HO IIOJIC3HO JJI1 aBTOHOMHBIX MOOMIIBHBIX pO6OTOB, IMOCKOJIBKY IMO3BOJIACT UM 06yanL MOA€IH, adarTupo-
BAaHHBIC K HX KOHerTHOfI Cpeac u 3agadaM, COXpaHssd KOH(i)I/II[eHHI/IaJ'II)HOCTI) CO6I/IpaeMI)IX MU JaHHBIX.
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Leap uccaenoBaHusi COCTOUT B TOM, YTOOBI HAYYHUTh MOJICNH PACIIO3HABATh M KIACCH(DUIIUPOBATH pa3-
JIMYHBIC TUIBI OOBEKTOB MM OOXOAMTH MPETATCTBHUS B OKpYXKAMOMIEeH cpeae. MaTepuaabl H METOIBI: ¥C-
MOJTb30BaHO (heepaTUBHOE MANIMHHOE O0YYeHHUe sl 00ydeHHs MOAETCH pa3IHIHBIM 3ajadaM, TaKUM Kak
pacmo3HaBaHHe OOBEKTOB, 00XOJ MPEMATCTBUM, JIOKAIA3AUI U IUIAHUPOBAHUE ITYTH C IIOMOIIBIO aBTO-
HOMHOTO MOOMIIBHOTO po00Ta, paboTaromiero Ha ckiane. PoOOT ocHaleH JaTdiuKamMu M MPOIECCOPOM IS
cOopa MaHHBIX W BBHIIOJHEHHUS 3a/1a4 MAIIMHHOTO O0y4YeHHs. POOOT MOIIKEH CBSI3BIBATHCS C IEHTPAIbHBIM
cepBepoM WM 001adHO# TIaTHOpMOi, KOTOpasi KOOPAUHUPYET MpoIiecc 00ydeHus: U coOnpaeT 0OHOBIIE-
HUSL MOJIeNIel ¢ pa3HbIX ycTpoiicTB. HelipoHHast ceTh oOydeHa ¢ ucmoias3oBaHueM anroputma PID mis re-
Hepalyy yIpaBysIONIero CUrHaIa, KOTOPBIA PEryaHupyeT MOJIOKSHNAES WK APYTYIO MEPEMEHHYIO0 CUCTEMBI Ha
OCHOBE Pa3HHIIBI MKy KETaeMbIMH U (DaKTHUCCKUMH 3HAYCHUSIMHU, MCIIOJIB3YsI OTHOCHUTEIbHbIC, HHTETPa-
TUBHBIC U TPOU3BOJHBIC YCIOBHS ISl JOCTIIKCHHUS JKEIACMOM MPOU3BOMUTEIBHOCTH. PesynbraThl. Jlaxe
MIPH YCIOBUU TIIATEIEHOTO MPOCKTHPOBAHUS U MCIIONHEHHS CYIIECTBYET HECKOJBKO MPOOIIEM TIPH pean-
3anuu (peepaTHBHOTO OOYYEHUS B aBTOHOMHBIX MOOHMIIBHBIX POOOTax, BKIIFOYast HEOOXOAUMOCTE obecIe-
YeHHsI KOH(PUICHIINATBHOCTH 1 0€30IIaCHOCTH JaHHBIX, a TAK)KE HEOOXOIUMOCTh YIIPaBICHUS KOMMYHHKa-
OUSMH ¥ BEIYUCITUTEIBHBIMEI PECypcaMu, HEOOXOMUMBIME Il 00ydeHHs MOAenH. 3akiaienne. beot crie-
JIaH BBIBOJ] O TOM, YTO ()eIepaTHBHOE 0OyUCHHE IMO3BOIISIET ABTOHOMHBIM MOOHMIBHBIM POOOTaM ITOCTOSTHHO
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Introduction
Federated learning (FL) is a machine learning approach that allows multiple decentralized devices,

such as smartphones or drones, to collaborate and train a model without sharing their data directly [1].
This approach can be particularly useful for vision-based obstacle avoidance, as it allows the devices to
improve their ability to detect and avoid obstacles while preserving the privacy of their data [2].

In a FL system for vision-based obstacle avoidance, the devices would each have a local model that

they use to make predictions about the environment around them. These local models would be updated
regularly through the FL process, in which the devices share model updates with a central server without
sharing the underlying data [3]. The server would then aggregate the model updates and use them to up-
date the global model, which would be shared back to the devices to improve their local models (Fig. 1).

Step 1 Step 2 Step 3 Step 4

model - server model - server model - server model - server

2 A .
model sycs ¢ upload

worker-a worker-b worker-c| worker-a worker-b worker-c | worker-a worker-b worker-c
worker-a worker-b worker-c

Central server Central server Nodes train the Central server pools

chooses a statistical | transmits the initial | model locally with model results and

model to be trained | model to several their own data generate one global
nodes mode without

accessing any data

Fig. 1. Central case for FL process
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1. Related work

The article of [5] proposed a unified learning approach for vision-based obstacle avoidance in mo-
bile robots, allowing multiple robots to train a common deep neural network model without exchanging
their data. They evaluated their approach on a dataset of real-world images captured by a robot moving
in a crowded environment. In a similar vein.

In an article of [6] the authors demonstrated the use of FL to enable a group of mobile robots to col-
laboratively learn a model for obstacle avoidance. The robots are equipped with cameras, and use their
camera images to learn a model that can predict the probability of an obstacle in a particular location.
Bots communicate with each other and share their model updates, collectively allowing them to improve
model accuracy over time. One major advantage is this could help improve the robustness and generali-
zability of the learned model, and enable robots to adapt to a wide variety of environments and situa-
tions.

In an article of [7] also proposed a unified learning approach for vision-based navigation in mobile
robots, allowing multiple robots to train a shared deep neural network model without exchanging their
data. The FL approach is particularly useful for privacy-sensitive applications, such as vision-based ob-
stacle avoidance, where devices may not want to share sensitive information about their surroundings.
It can also be useful in situations where data is distributed across a large number of devices, such as In-
ternet of Things (IoT) applications, or when data privacy is a concern.

Overall, this paper demonstrates the potential of unified learning to enable collaborative learning in
mobile robotics applications, and shows how it can be used to improve the performance of vision-based
obstacle avoidance tasks.

In article [8] suggested a combined learning-based approach for vision-based barrier detection and
avoidance in mobile robots. The proposed approach allowed multiple robots to learn collaboratively to
model common obstacle detection and avoidance, while maintaining the privacy of their individual data.
The authors demonstrated the effectiveness of the proposed approach through simulation and real-world
experiments.

In article [9] proposed a learning approach for obstacle detection and avoidance in mobile robots
and the authors demonstrated the effectiveness of a distributed deep learning approach for collaborative
detection and obstacle avoidance in mobile robots.

As for article [10] presented a distributed deep learning approach for vision-based obstacle detec-
tion and avoidance in mobile robots and demonstrated the effectiveness of the proposed approach
through simulations and real-world experiments.

The textbook of [11] covers deep learning techniques, which are commonly used in federal learning
for robotics. It discusses the process of collecting and labeling training data, training a machine learning
model using backpropagation, and evaluating the model's performance. It also covers techniques for im-
proving the performance of the model, such as regularization and data augmentation. A survey article of
[12] covers robot learning from demonstration, which is a federal learning method that involves collec-
ting and labeling training data by observing a human demonstrating the desired behavior. It discusses
the importance of defining the task, selecting appropriate sensors and actuators, and designing a control
system that can generalize from the demonstrated behavior to new situations. It also covers techniques
for evaluating and improving the performance of the learned behavior.

The survey article of [13] covers meta-learning for robotics, which is a federal learning method that
involves learning how to learn from a set of related tasks. It discusses the importance of defining
the task and selecting appropriate sensors and actuators, as well as the challenges of designing a control
system that can generalize to new tasks. It also covers techniques for evaluating and improving the per-
formance of the learned behavior, such as using a meta-learner to adapt to new tasks.

These are just a few of the many works that have been published on FL to avoid vision-based barri-
ers. There is still much room for further research in this area, including the development of more effi-
cient and effective algorithms, the integration of other sensors (eg, lidar, radar), and the application of
FL to more complex tasks such as simultaneous localization and mapping (SLAM).

2. Methodology
The methodology for federal learning of a robot has been discussed in literature by various authors.
Some common steps involved in the process of federal learning for a robot have been highlighted (Fig. 2).
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The article of [14] identifying the sensors and actuators

Defining that the robot will use to perceive and interact with its envi-
ronment has been emphasized. This involves selecting the ap-
lr propriate sensors and actuators based on the specific needs and

requirements of the task or tasks that the robot will be perfor-
ming.

The article of [15] defining the task or tasks that the robot
will be trained to perform has been suggested as the initial step.
Designing and Implementing This involves identifying the specific actions and behaviors
that the robot should be able to perform, as well as the condi-
tions under which it will be expected to perform them, collec-
ting and labeling training data has been highlighted as a critical
step in the process. This involves gathering a large dataset of
examples that demonstrate the desired behavior of the robot,
and labeling the data to indicate the correct actions for the ro-
Training bot to take in each situation.

The article of [16] designing and implementing a control
system for the robot has been proposed as the next step. This
involves developing the algorithms and software that will be
used to control the robot's sensors and actuators in order to

Identifying

-

e

Collecting and Labeling

(e

e

Testing and Evaluating

l achieve the desired behavior by testing and evaluating the per-

formance of the robot has been proposed as an essential step in

Refining and Improving the process. This involves using the trained machine learning
model to control the robot and evaluating its performance on

Fig. 2. Shows the specific goals and tasks  a variety of tasks and in different environments.

a robot is being trained to perform The article of [17] training a machine learning model
in the federal robot learning methodology \\qino the collected and labeled data has been suggested as
the next step. This involves using the collected and labeled data to train a machine learning model that
can predict the appropriate actions for the robot to take in various situations.

3.1. Sim-to-real for robot federal learning

Sim-to-real refers to the process of transferring knowledge or skills learned in a simulated environ-
ment to a real-world environment. This can be particularly useful in the field of robotics, as it allows for
efficient and safe training and testing of robots without the risk of damaging the physical hardware [18].

One approach to sim-to-real transfer in robotics is federated learning, which is a machine learning
technique that allows multiple robots to learn from their own data and experiences while still collaborating
and sharing information with each other. In FL, the robots are able to learn from their own data without
the need to share sensitive or private information with a central server or other robots. This can be useful
for improving the performance and reliability of robots in complex and dynamic environments [19].

There are many challenges and open questions in the field of sim-to-real transfer and federated
learning for robots, including how to effectively transfer knowledge between different robots and envi-
ronments, how to handle noise and uncertainty in the real world, and how to ensure that the learned be-
haviors are safe and robust. Despite these challenges, sim-to-real transfer and FL have the potential to
significantly advance the capabilities of robots and enable them to perform a wider range of tasks and
functions [20].

3.2. Deep learning for vision-based obstacle avoidance

One way to implement vision-based obstacle avoidance using deep learning is to use a convolution-
al neural network (CNN) to process images from a camera or other visual sensors. The CNN can be
trained on a dataset of images that includes a variety of different types of obstacles, such as walls, furni-
ture, and other objects. The network can then be used to classify the objects in the images and predict
their location relative to the robot or vehicle [21, 22].

Once the CNN has been trained and is able to accurately classify and locate obstacles, it can be used
in real-time to avoid collisions as the robot or vehicle moves through the environment. For example,
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the network could output steering commands to steer the robot around an obstacle or could trigger
a braking system to stop the vehicle before it collides with an obstacle [23].

There are many challenges involved in implementing vision-based obstacle avoidance using deep
learning, including the need for large amounts of high-quality training data and the need to carefully
tune the network architecture and hyperparameters to achieve good performance. However, with careful
design and training, it is possible to achieve effective obstacle avoidance using deep learning techniques
[24, 25].

3.3. Vision-based obstacle avoidance models

Machine learning models, including vision-based obstacle avoidance models, are essential for au-
tonomous vehicles and robots to navigate environments safely using camera input to detect and avoid
obstacles [26].

1. Classification is an approach in which the model is trained to classify each image as containing
an obstacle or not, and the model predicts the presence of an obstacle in the current frame [27].

2. Object detection is another approach in which the model is trained to detect and classify specific
types of obstacles, such as pedestrians or vehicles, and identify the location and type of any obstacles in
the current frame [28].

3. Depth estimation is the third approach in which the model estimates the distance to obstacles in
the camera's field of view and determines the proximity of obstacles to navigate around them [29].

To build a robust and accurate vision-based obstacle avoidance model, it is crucial to have a diverse
and representative training dataset, regardless of the approach used [30].

3.4. The details of training

The process of training a neural network for obstacle avoidance can be divided into several steps
(Fig. 3). As stated by [31] the first step is data collection, where a dataset of images representing obsta-
cles likely to be encountered by the robot in its environment is gathered. The dataset should include ima-
ges of various obstacles, such as walls and furniture, and clear paths annotated with labels indicating
whether the path ahead is blocked or free.

The second step, data preprocessing, involves preparing the collected images for training. Accor-
ding to the article of [32] this may include resizing or cropping the images to a consistent size, applying
image augmentation techniques to increase the diversity of the dataset, and normalizing the pixel values
to a standard range.

Next, the architecture of the CNN model needs to be designed, as mentioned by [33]. This includes
deciding on the number and size of the convolutional layers, the number and size of the fully connected
layers, and the activation functions to use. It may also involve choosing the appropriate loss function and
optimizer for the task.

Once the model architecture has been de-
signed, the model can be trained using the col-
lected and preprocessed dataset. As described in

the article Of [34] during training, the model iS Data Preprocessing 1

Data Collection —l

presented with images from the dataset and their

corresponding labels, and the weights of the mo-

del are updated based on the error between Model Architecture Design

the predicted labels and the true labels. Training —,l,

continues until the model reaches a satisfactory o

level of accuracy on the training dataset. Model Training _l
After training, the model should be evaluated

on a separate dataset to assess its performance. .
T . . . Model Evaluation

This will help identify any overfitting or under- _l
fitting and allow for adjustments to be made to
the mgdel or training process as needed. . Model Deployment

Finally, once the model has been trained and
evaluated, it can be deployed on the robot for use Fig. 3. Steps of convolutional neural network (CNN)
in obstacle avoidance. The model can be used to training to avoid obstacles
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classify images captured by the robot's sensors and predict whether the path ahead is blocked or free,
allowing the robot to navigate its environment safely.

3.5. A vision-based obstacle avoidance strategy for mobile robots

To implement this approach, the training data from both simulated agents and real robots would need
to be collected and aggregated in a centralized location, such as a server or cloud-based platform.
The shared model would then be trained using this aggregated data, with the goal of learning a generaliza-
ble obstacle avoidance strategy that can be applied to a variety of different robots and environments [35].

One benefit of using a FL approach in this context is that it allows the model to be trained using
a larger and more diverse dataset, which can improve its performance and generalizability [36]. Addi-
tionally, because the data remains on the device, there are privacy and security benefits to using a FL
approach.

Typically, obstacle avoidance involves using a sensor, such as a camera, to capture images of
the environment and then processing those images to identify obstacles that the robot should avoid.
In the case described, the convolutional neural network (CNN) is trained to classify the environment
ahead as either “blocked” or “free”, based on the input images it receives. This allows the robot to make
decisions about how to navigate its environment and avoid obstacles. The performance of the CNN-
based obstacle classifier will depend on the quality and diversity of the training data, as well as the de-
sign of the CNN itself (Fig. 4) [37].

It is important to note that using a CNN to classify obstacles as either “blocked” or “free” is a sim-
plified approach, and in practice, real-world environments may contain a wide variety of obstacles that
may need to be handled differently. A more sophisticated obstacle avoidance strategy may involve clas-
sifying obstacles into multiple categories and defining specific behaviors for each category.

Output label

Input Image CNN (Image Class)

Fig. 4. Architecture of neural network (CNN)

A deep convolutional neural network (CNN) is a type of machine learning model that is commonly
used for image classification tasks [37]. CNNs are particularly effective at learning features and patterns
in images, and have been successful in a wide range of image-based tasks, including object recognition,
image segmentation, and facial recognition.
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Fig. 5. Components of CNNs that consist of multiple layers of artificial neural networks

CNNs are composed of multiple layers of artificial neural networks, which are inspired by the struc-
ture and function of the brain. They consist of an input layer, one or more hidden layers, and an output
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layer. The hidden layers of a CNN are typically composed of convolutional layers, which apply a set of
learnable filters to the input data and produce a set of output feature maps. These feature maps are then
processed by additional layers, such as pooling layers and fully connected layers, to extract and combine
the relevant features for the task at hand (Fig. 5).

We applied moving a robot with a mass of 10 kg in the presence of obstacles using federated lear-
ning and equipped with a camera and other sensors, and has the ability to process visual data and make
orientation decisions using control algorithms. The robot was placed in an environment with many ob-
stacles, and tasked to navigate around them as it moved through the environment.

To enable the robot to learn to detect and avoid obstacles using federated learning, we performed
the following process:

1. The robot collects visual data as it moves through the environment using a camera and other sen-
SOrs.

2. The visual data is used to train a local model to detect and avoid obstacles, using machine lear-
ning algorithms such as deep learning.

3. The local model is used to guide the robot's behavior as it moves through the environment, and to
generate routing commands to avoid obstacles.

4. The process is repeated over time, with the bot constantly updating its local model as it collects
more data and experience.

To represent the relationships between visual data, the location of obstacles, and required steering
commands, using equations and algorithms such as convolutional neural networks (CNN) to process
visual data and identify obstacles, and control theory algorithms such as PID controllers to generate
steering commands based on the location and shape of obstacles [38].

The robot is moving in a straight line and encounters an obstacle in its path. The camera takes
an image of the obstruction, and the CNN processes the image and determines the location and shape of
the obstruction. The PID controller then calculates the steering command needed to direct the robot
around the obstacle using equations such as:

Steering command = Kp - (desired position — current position) +
+ Ki - integral error + Kd - derivative error.

The equation

Steering command = Kp - (desired position — current position) +
+ Ki - integral error + Kd - derivative error

is a form of the PID (Proportional-Integral-Derivative) control algorithm, which is a widely used control
method in robotics and other fields. The PID algorithm is designed to control the position, velocity, or
other dynamic variables of a system by comparing the desired value of the variable (the “setpoint™) with
the actual value as measured by sensors (the “process variable”).

In the equation

Steering command = Kp - (desired position — current position) +
+ Ki - integral error + Kd - derivative error,

the “steering command” is the output of the PID controller, which is used to control the movement of
the robot. The “desired position” is the target location that the robot is trying to reach, and the “current
position” is the actual location of the robot as measured by the sensors [39].

The Kp, Ki, and Kd terms are constants that determine the responsiveness of the controller. Kp is
the proportional gain, Ki is the integral gain, and Kd is the derivative gain. The proportional gain deter-
mines the extent to which the controller responds to the current error between the desired and actual po-
sitions. The integral gain helps to eliminate steady-state error by accounting for the accumulated error
over time. The derivative gain helps to stabilize the control loop by responding to the rate of change of
the error.

The “integral error” and “derivative error” terms are calculated based on the error between the de-
sired and actual positions at different points in time. The integral error is the sum of the errors over time,
and the derivative error is the changein the error over time. These terms help to fine-tune the control
action and prevent oscillations.

Overall, the PID algorithm is used to generate a control signal that adjusts the position or other vari-
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able of the system based on the difference between the desired and actual values, using the proportional,
integral, and derivative terms to achieve the desired performance.

This approach of using PID control for robotic obstacle avoidance has been widely used in the field.
For instance, in the work of [40] a PID controller was used to guide a mobile robot through a cluttered
environment. Additionally, the use of federated learning for obstacle avoidance has also been explored
in recent literature, such as in the work of [41] where a federated learning approach was used to train
an autonomous vehicle to navigate a complex urban environment.

4.1. Approaches to FL, and the deep learning models used for vision-based obstacle avoidance

Centralized learning is simple and efficient, but it has some limitations. One limitation is that it re-
quires a large amount of data to be collected and transmitted to the central location, which can be costly
and time-consuming. Additionally, there may be privacy concerns associated with collecting and trans-
mitting sensitive data to a central location [42].

On the other hand, federated learning is a machine learning approach in which each device or lo-
cation trains a local model on its own data, and the models are then aggregated to create a global
model [43].

In terms of deep learning models for vision-based obstacle avoidance, one approach is to use convo-
lutional neural networks (CNNs) to process images and identify obstacles. CNNs are particularly well-
suited for image processing tasks because they are able to extract features from images and recognize
patterns.

There are several ways to create customized simulation environments for use in federated learning
of robots:

1. One option is to use a general-purpose physics engine, such as Bullet or ODE to simulate the dy-
namics of the environment and the robot's movement within it. Bullet is an open-source physics engine
designed for real-time simulations. It is known for its high performance and accuracy, making it a popu-
lar choice for use in video games and other interactive applications. Bullet provides a wide range of fea-
tures, including support for rigid body dynamics, kinematics, and collisions, as well as soft body dyna-
mics and deformable objects [44].

— ODE is another open-source physics engine that is widely used in the gaming and simulation in-
dustries. It is designed to simulate the dynamics of rigid bodies and articulated bodies, and includes sup-
port for a variety of contact models and collision detection algorithms. ODE is known for its fast and
stable performance, making it well-suited for use in real-time simulations [45].

There are many other physics engines available, each with its own set of features and capabilities.
Some other popular physics engines include Havok, PhysX, and Unity's built-in physics engine.
The choice of which physics engine to use will depend on the specific requirements of your application
and the trade-offs that you are willing to make in terms of performance, accuracy, and complexity.

2. Another option is to use a specialized robot simulation platform, such as:

— Gazebo or V-REP. Gazebo is an open-source robotics simulation platform developed by OpenAl
that is widely used in robotics research and education. It has a large user community and is compatible
with a variety of robot hardware platforms and software frameworks, including ROS (Robot Operating
System). It provides a 3D physics engine and a flexible plugin architecture that allows you to easily add
new models, sensors, and actuators to your simulation [46];

— V-REP (Virtual Robot Experimentation Platform) is a commercial robot simulation platform de-
veloped by Coppelia Robotics. It has a user-friendly interface and a wide range of features, including
realistic physics simulation, support for a variety of programming languages, and integration with vari-
ous robot hardware platforms. V-REP also includes a library of pre-built models of robots and environ-
ments, and allows you to create custom models using its built-in modeling tools [47].

Both Gazebo and V-REP can be useful tools for simulating robots and their environments, and can
be used to test and develop robotics algorithms, perform virtual prototyping and testing, and teach robo-
tics concepts.

Regardless of the approach you choose, it is important to carefully design and test your simula-
tion environment to ensure that it accurately reflects the real-world conditions in which the robot will
operate. This will help ensure that the results of your federal learning experiments are reliable and
meaningful.
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4.2. Some FL applications

FL has been applied in various sectors, such as healthcare, FinTech, insurance, [oT, and other tech-
nologies (Table 1).

— In the healthcare industry, FL has been used to address the lack of resources, especially during
the pandemic crisis. With FL, participating institutions can train the same algorithm on their own inter-
nal data pool, which creates a data source from which they can draw knowledge. This technique enables
medical professionals to focus their efforts on improving patient care, without compromising the securi-
ty and privacy of sensitive information [48].

— In the FinTech sector, businesses that utilize technology to conduct their financial activities,
FL has become a popular solution. The regulations governing data protection are constantly expanding,
making it difficult to obtain permission and legal approval, preserve data, and transfer data across net-
works. However, FL offers a quick fix by utilizing edge hardware and edge processing capability, which
enables collaborative machine learning training on dispersed data without the requirement for data trans-
fer between participants. FL has created a framework for FinTech that reduces risks, develops cutting-
edge strategies for customers and organizations, and justifies trust between the two parties [49].

— In the insurance sector, fraudulent actions frequently take place, which limits the insurance com-
pany's ability to help the insured. However, FL can address this problem by enabling businesses to de-
termine the patterns of their consumers without breaking the data clause. The goal of FL is to stop illegal
or fraudulent activities and not compromise the insured's privacy. Therefore, FL can be used to train and
direct the algorithms with the data without sharing data sets [50].

— In [oT, FL is being utilized by several enterprises to train their algorithms on a variety of datasets
without trading data. FL seeks to protect the information gathered through several channels and keep
important data close at hand. By utilizing FL, personalization can be achieved, and devices' functionality
in IoT applications can be improved [51].

— FL has been used in other sectors and technologies, such as enhancing predictive texts, Siri's
voice recognition, blockchain technologies, and cybersecurity. Google's Android Keyboard and Apple's
Siri have utilized FL to improve their functionality without compromising the user's sensitive infor-
mation. FL is essential to cybersecurity as well, as it protects the device's info and solely distributes that
model's updates throughout linked networks [52].

Table 1
Advantages of FL for Vision-Based Obstacle Avoidance in Mobile Robots in a nutshell
Advantage Description
Training on a larger, more diverse dataset can improve the performance

Improved performance of the model

Training on a diverse dataset can improve the model's ability to generalize
to new situations
Privacy and security benefits | Data remains on the device, protecting sensitive data

Improved generalizability

4.3. The future of FL

This approach has the potential to be particularly useful for robots, as it allows them to learn from
data generated by their own interactions with the environment, rather than relying on a central server or
cloud-based service to provide training data. One potential application of federated learning for robots is
in the development of more robust and adaptable control systems. For example, a robot that uses FL to
train a control model based on its own sensor data could potentially learn to adapt to different environ-
ments or tasks more quickly and effectively than a robot that relies on a fixed control model.

FL also has another potential application for robots, in the development of more intelligent and au-
tonomous systems. As discussed in the article of [52], a robot that uses FL to learn from the data gener-
ated by its own interactions with the environment could potentially develop a more accurate understand-
ing of its surroundings, leading to more efficient and effective decision-making.

Moreover, the bright future of FL for robotics is emphasized in the article of [51], as it has the po-
tential to enable robots to learn and adapt faster and more efficiently, leading to more robust and auton-
omous systems. Another potential application for FL is for bots in Privacy-Preserving Machine Learning
for healthcare services [48].
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Conclusion

A FL approach can be used to train a deep convolutional neural network (CNN) for vision-based
obstacle avoidance. This approach has the advantage of allowing the model to be trained using a larger,
more diverse dataset, which can improve its performance and generalizability. Additionally, because
the data remains on the device, there are privacy and security benefits to using a FL approach. While
more research is needed to understand the full potential of this approach, it has the potential to improve
the performance of vision-based obstacle avoidance strategies for mobile robots.

In summary, FL is a powerful tool for training vision-based obstacle avoidance systems for mobile
robots. By aggregating data from multiple sources and training the model on a diverse dataset, FL can
help to improve the generalizability and performance of the obstacle classifier. It also has the added
benefit of keeping the data private and secure, which is an important consideration when training models
with sensitive data. Therefore, FL is a viable solution for implementing a vision-based obstacle avoi-
dance system for robots.

In the future, other approaches can be developed to avoid visual barriers, using recurrent neural
networks (RNN) or long term memory networks (LSTM) to process image sequences, or using adapters
or attention mechanisms to estimate the importance of different features in images. Ultimately,
the choice of a deep learning model will depend on the specific requirements of the obstacle avoidance
task and the available data.
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Annomayusn. BOIBIINHCTBO METOOB MAIIMHHOTO OOYYEHHs OCHOBAaHBI Ha CTATHCTHYECKOI TeOpHH
00y4eHUs, TIPH 3TOM YacCTO UCIIOJIB3yeTCs YIPOLIEHUE MPOLEAYp IS TOCTIKCHUS IPUEMIIEMOH CKOPOCTH
BerancieHnH. ens neeneqosanmusi. ChopmMupoBats 00U MTOJX0/ K OLICHKE HEONPEICIEHHOCTH B MOJIe-
JSIX MAITUHHOTO o0ydeHus. B skoHOMeTpHKe B 110001 MoJenu B 00s3aTEIFHOM IOPAIKE CTaBUTCS HEOII-
peneneHHOCTh B (opMe CTaHAAPTHOTO OTKIOHEHHS («CHUTMBI») I KO03(D(UIIMEHTOB M ISl IMPOTHO30B.
[Ipo6nema 3axiro9aeTcss B TOM, YTO B MAIIMHHOM OOyYCHHMH HENb3s aHAJUTUYECKH MOCYUTATh HEONpeae-
JICHHOCTB Yepe3 «CUrMy». 1109ToMy BMECTO aHaIUTHYECKUX METOAOB MBI NpeJiaraeM HCI0JIb30BaTh YHC-
JIeHHBIe MeTo/bl. MaTepuaabl M MeToabl. J[JIs1 NeTaIbHOTO PacCCMOTPEHMS BOIIPOCA OIICHWBAHUS HEOIpe-
JeNEHHOCTH BBIOPaHBI KIIACCHUYECKHE METOJBI PETPECCHOHHOTO aHaIN3a, B KOTOPBIX yAeIseTcs Oomblioe
BHHMaHHE HEONPENeIEHHOCTH KO3((GHUINEHTOB MOJIENIN U — YTO Oojiee Ba)KHO — TOYHOCTH IIPOTHO30B, TO-
JydeHHBIX 1Mo Takoi Mozxenu. Pesyabrarel. [Ipeanaraercs TeXHOJIOTHS ONEHKH HEONPEAEIEHHOCTH, Je-
MOHCTpHpYeMasi Ha MOJICJIFHOM NpUMepe Ul TOTO, YTOOBI MOKA3aTh, YTO OHA COTJIACYETCs C TPAIUIIMOH-
HBIMH KJIACCHYECKMMH METOJaMH{ O pe3ysibTaTaM. B nanmpHeHmed nmpakTuke Mbl IpeyiaraeM HCIOIb30-
BaTh KpocC-Baluaanuio. 3akiadeHue. [Ipy UCIONb30BaHUM MAIIMHHBIX MOJAENEH CIIOKHBIX MPOLECCOB,
B TOM YHCJI€ IPOTHO30B, IIOCTPOEHHBIX 110 TAKMM MOJENSAM, IPU NPUHATHH YIPaBICHYECKUX pEIIeHUH cTa-
HOBHTCS Bc€ OoJiee akTyaslbHOM MpoOiieMa OleHUBaHUA HEONPEAEIEHHOCTH U BBHITEKAIOIINX M3 ITOH HEeHs3-
6exHON HeonpeaenEHHOCTH pUCKOB. JlaHHast mpoGieMa MOXeET ObITh pellleHa Ha OCHOBE HelapaMmeTpuue-
CKUX METOJIOB, XOTS IUIS 9TOTO MOTpeOyeTcsi Topa3o 0oJbIasi BEIUUCINUTENbHASI MOIIIHOCTD, YeM Ta, KOTO-
past ucronb3yeTcs I 00y4eHus: MalmMHHOW Mojenu. IIpemiaraemslii moaxo MOKHO OOOOIINUTE M IS
JPYTUX METOIOB MAIIMHHOTO O0YUEeHHs1, HAIPUMED, JUIs 3a/1a4u KIIACCU(HUKALUK U KIIACTepU3alInH.

Knrwouegvie cnosa: HeonpenenEHHOCTh APaMETPOB, 00YUCHHE C YUINUTEIIEM, MOJCIHMPOBAHHE, METOIBI
MPOTHO3UPOBAHUSA

Ana yumuposanua: Apsxos B.1O., Illapunosa A.M., Kynukos I'.T'. OuenuBanue HeonpenenéHHOCTH
B MammHHOM oOydenuu // Bectauk FOYpI'Y. Cepus «KommbloTepHBIE TEXHOJIOTHH, YIPABICHHUE, palio-
anekTponuka». 2023. T. 23, Ne 3. C. 48-58. DOI: 10.14529/ctcr230305
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V.Yu. Arkov’, arkov.vyu@ugatu.su, https://orcid.org/0000-0002-7913-4778
A.M. Sharipova’', a.shamsieva@gmail.com, https://orcid.org/0000-0001-9011-3188
G.G. KulikoV?, grisha@molniya-ufa.ru

"Ufa University of Science and Technology, Ufa, Russia
2 JSC “Ufa Scientific and Production Enterprise “Molniya”, Ufa, Russia

Abstract. Most machine learning methods are based on statistical learning theory, often using proce-
dural simplification to achieve acceptable computational speed. The purpose of the study. To form a general
approach to uncertainty estimation in machine learning models. In econometrics, in any model the uncer-
tainty is necessarily put in the form of standard deviation (sigma) for coefficients and based on it the sigma
for predictions is constructed. The problem is that in machine learning we cannot analytically calculate
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uncertainty through sigma. Therefore, we propose to use numerical methods instead of analytical methods.
Materials and methods. For a detailed consideration of uncertainty estimation, we choose classical methods
of regression analysis, which pay much attention to the uncertainty of model coefficients and — more im-
portantly - the accuracy of the predictions obtained from such a model. Results. We propose a technique for
estimating uncertainty, demonstrated by a model example in order to show that it is consistent with tradi-
tional classical methods in terms of results. In future practice, we propose to use cross validation. Conclu-
sion. When using machine models of complex processes, including forecasts based on such models,
the problem of evaluating uncertainty and risks arising from the inevitable uncertainty becomes more and
more relevant when making managerial decisions. This problem can be solved on the basis of nonparamet-
ric methods, although it will require much more computing power than that used to train a machine model.
The proposed approach can be generalized to other machine learning methods, for example, to the problem
of classification and clustering.
Keywords: parameter uncertainty, supervised learning, modeling, prediction methods

For citation: Arkov V.Yu., Sharipova A.M., Kulikov G.G. Uncertainty estimation in machine lear-
ning. Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio
Electronics. 2023;23(3):48-58. (In Russ.) DOI: 10.14529/ctcr230305

BBenenue

3a mocieaHNe MECATUIETHS B Pa3IMYHBIX 00JACTSIX JAeSITeTbHOCTH OBICTPO PACIPOCTPAHSIIOTCS TEX-
HOJIOTHIH MAIlIMHHOTO 00y4YeHHs. DTO MPOUCXOAUT IO PA3IMYHBIM IMPHYMHAM, BKITFOUas PACcTYIIHHA 00BEM
JaHHBIX, TOCTYIHBIX B HU(POBOH GopMe, TOCTATOUHYIO BBHIYHMCIMTEIBHYIO MOIIHOCTh JaK€ Ha YPOBHE
HACTOJIbHBIX TIEPCOHAJILHBIX KOMIIBIOTEPOB, a TaKkke Ojaromaps 0OJIbIIOMY KOJUYECTBY CBOOOIHO pac-
MPOCTPAHSEMOr0 MPOrPaMMHOT0 MHCTPYMEHTapusi, Hanpumep Oubiauoreku Sci-Kit Learn mis s3bika
Python.

MamwuHaHOEe O0y4YeHHE YacTO pacCMaTpPUBAECTCA KaK HM3BJICUCHHE IOJIE3HON MH(pOpMannUy U Jaxe
3HAaHUN U3 «CBHIPBIX» HEOOPAaOOTAaHHBIX JAHHBIX — OOJNACThH AESITEIHLHOCTH, YACTUYHO INEpeceKaromascs
[0 pemaeMbIM 3aadaM U UCIOJIb3YEMBIM METO/aM C MCKYCCTBEHHBIM MHTEIUIEKTOM. CyIecTBYIONTHE
QITOPUTMBI MAIIMHHOTO OOYYEHHS TO3BOJIAIOT TOJCTPAWBAaTh CTPYKTYPY M MapaMeTphl MOAEIH IIO
MMEIONIIMCSI KCIIEpUMEHTAIbHBIM JaHHBIM, KOTOPBIE B IAHHOM CITydae Ha3bIBalOT «0Oydaromeil BEI-
Oopxoit». B mporecce o0ydueHusI MOJIENH MPOU3BOIUTCS ONTHUMU3AIMS BRIOPAHHOTO (OOBIYHO KBajpa-
TUYHOTO) KPUTEPHs KauecTBa. Jlanee mpon3BOaUTCS MOATBEPIKICHUE Ka4eCcTBa MOJIEIH, KOTOPOE TaKXkKe
Ha3BIBACTCSI TEPMUHOM «BATUAANMS. J[J7I1 3TOr0 MCHONBb3yeTCs KOHTPOJIbHAS BEIOOPKA — YacTh MCXOI-
HOM BBIOOPKH, KOTOpas HE y4acTBOBaja B OOYYCHHMHM MOJCNU. Takas Balugalys MPOBOIUTCS MHOTO-
KpaTHO ITyTEM Pa3IMYHOTO pa3ielIeHus] HCXOHON BEIOOPKY HAa 00YYAIOIIYI0 U KOHTPOJIBHYIO, B PE3Yihb-
TaTe 4ero 4acTO HCHOJIB3yeTCs TEPMUH «KPOCC-BaUAALIU», WIH «CKOJB3SINAas MPOBEpKay. 3a CUeT
KpPOCC-BATHJIAIIUK TIHITAIOTCA 00ecreunTh 0000IIaroImye CBOMCTBa MAIIMHHOW MOJENTH W HCKIIOYHUTH
«IepeodyUYCHHE», TO €CTh IMOATOHKY MOJE/H M0 KOHKPETHYIO BRIOOPKY.

3ayacTyro OOHAPYKUBACTCSI, YTO MHOTHE TEXHOJIOTMH MAIIMHHOTO OOYYCHHS Pealu3yloT YKE H3-
BECTHBIC U XOPOIIO MPOPadOTaHHBIE CTATHCTUYECKHE METObI, TAKHE KaK, HAIPUMED, METOJ HauMEHb-
mux kBagparoB (MHK). Otmerum, 9To TpaaunuoHHbIH, kinaccuaeckuii MHK mo3Bosser momyduTs He
TOJIBKO TTapaMeTpbl PErPECCHOHHON MOJIETH, HO U OIICHUTh WX HEOIPENeIEHHOCTh B (hOpME HEKOTOPBIX
MapaMeTpoB pacrpeaecHus OlCHOK K03(D(HIIMEeHTOB mony4YeHHOW Mozenu. Yaie Bcero pacmnpeaere-
HUE XapaKTepU3yeTCs MBYMs MapaMeTpaMH — MaTeMaTHICCKUM OXKHIaHHEM M CTaHJAPTHBIM OTKJIOHE-
HUEeM. B 1aHHOM cirydae UCTIONb3yeTCsl aHAIMTHIECKHUN TTOIX0]] K OIICHKE HEONPEIeIEHHOCTH — B TIPE/-
MTOJIOKEHUH, YTO JJIS OMKCAHUS TayCCOBCKOTO pacmpezesieHus OyneT JTOCTaTOYHO HCIOIb30BaTh JIBa
napametpa, a B MHK ncnonb3yercss IMEHHO 3TO TIPEIIOI0KEHNE O HOPMAIBHOCTH CITy4aifHOH COCTaB-
nsroreid. CIeIyIonuM IaroM sIBJISIeTCsl TOCTPOSHHUE JOBEPUTEIHHBIX HHTEPBAIOB MPH 3aJaHHOU BEPO-
STHOCTH — BHa4aje JJisi KA UIIMEHTOB MOJIEIIH, a 3aTEM U JIJIsl POTHO30B.

K coxaneHnunto, MHOTHE CyIIECTBYOIINE HHCTPYMEHTHI HalleJIeHbl Ha O0Y4YeHHE MOJIETH U € Ballu-
JAII0, TIPU 3TOM TOPa3l0 MEHBIIE BHUMAHUS YIENSIeTCs M3YYCHHIO CTATHCTUYECKHX CBOWCTB IMOITY-
YeHHBIX OIeHOK. KpoMe Toro, mpobiema Kpocc-BaIHIAIMM HE TaK OCHOBATEILHO HCCIEOBaHA, Kak
MPOLIECC 00YYEHHUS MOJICIIH, YTO, CKOPEE BCETro, OOBACHICTCS OTPAHUYCHUSIMU B IJIaHE JOCTYITHOM BbI-
YUCIUTEILHOW MOIIHOCTH. JlaHHOE MPEANONIoKEeHUE YaCTHUHO MTOATBEPIKIACTCS TeM (pakToM, uTo, He-

BecTHuk HOYplY. Cepus «KomnbioTepHble TEXHONOrMK, ynpasreHue, PaauoaneKkTPoHUKay. 49
2023. T. 23, Ne 3. C. 48-58



UHdopmaTrka u BbluMCNUTENbHAA TeXHUKA
Informatics and computer engineering

CMOTpS Ha BCE OOIIEU3BECTHBIC OTPAHUYCHHS M HEAOCTATKH, B MAITMHHOM OOYYEHHUU IIUPOKO HUCTIOTh-
3yeTcs KBaApaTUUHBIN KpUTepuil kauecTBa. OTMETUM, YTO IEPBOHAYATIBHO METOJ HAMMEHBIINX KBaApa-
TOB UCIOJIB30BAJICA B Py4HBbIX pacuérax. Tem He MeHee, CyMMa KBaJIpaTOB OTKJIOHEHHUH MO-IPEKHEMY
UCIOJIB3YETCs KaK OCHOBHOM KPUTEPUH KauecTBa, B TOM YHCIIE I aITOPUTMOB IIIyOOKOI0 O0yUYeHHMS,
peanu3yeMbIX Ha MOITHBIX CYIIEPKOMITHIOTEpaXx.

B nmannoO# pabote mpeanaraeTcs HAXOIUTHh OICHKY HEOIPeNeIEHHOCTH MOJIENIeld MAllnHHOTO 00Y-
YEHHUS HA OCHOBE TEXHOJOTMH Kpocc-Banuaanuu. lIpenigaraemplii moaxo A0 HEKOTOPOIl CTENEHHU aHa-
JIOTUYEH OLICHKE HEOMpPEeAEIEHHOCTH B METPOJIOTHH Yepe3 UMHUTALIMOHHOE MOJEIUPOBAHUE, XOTS U OC-
HOBaH Ha aHATUTUYECKOM TOJIX0JIC, UCTIOIB3YEMOM B CTATHCTHUECKUX IPOIEAypax.

1. KBagpaTnuHbie KpUTEPUH MAIIHNHHOIO 00y4YeHHsA

BrisicHsieTCs, 4TO MpoLecc Kpocc-BalUIAlMU SIBISETCS OYEHb TPEOOBATEIbHBIM K BBIYMCIUTENb-
HBIM pecypcaM. bonee Toro, TmarenbHOe MPOBEAECHHE KPOCC-BANUAALNN MOXKET MOTPeOOBaTh Topa3ao
00JIbIlIe BRIYHUCICHHM, YeM COOCTBEHHO 00yueHHe MAaITMHHON MonenH [1]. B pe3ynbrate mon30BaTelio
3a4acTyl0 TpeaiaraeTcs MPOBECTH JIMIIb HEOOJBIIOE KOJIMYECTBO pa3OMEHUH MCXOIHOW BBHIOOPKU Ha
o0yyaromyto 1 KOHTpoJsHyl0. Hanpumep, B padote [2] JlakmMuHapaifaHan OMUCHIBAET SKCIIEPUMEHTHI
¢ oOyueHneM aHcamOiell TIyOOKuX HelpoceTeil ¢ MOIMBITKOM OLEHMBAaHUS HEONpeAeIEHHOCTH. 31eCh
MHOT'OCJIOHHBIE HelpoceTn 00y4aroTcs Ha «CTaHAAPTHOM» HaOOpe NaHHBIX MO OOCTOHCKHM OOBEKTaM
HEJBIKMMOCTH. ABTOp yIIOMHHAET B Ka4eCTBE MAKCHUMAaJIHHOTO KOJMMYECTBA JBAAATh pa3/ieleHU UC-
XOJJHOTO Habopa JaHHBIX Ha 0OyYaIONIyI0 U KOHTPOJIBbHYIO BEIOOPKH. [Tocne o0ydeHus: Mpor3BOIUIOCH
OLICHMBAHUE KayecTBa MOAEJICH perpeccHy W Kiaccupukanuu. XOTs B JAHHOM IpuMepe A KaXIon
METPHUKH KauecTBa ObUIM IOJIyYCHBI OLEHKH HEONpPEACIEHHOCTH B BHIEC MHTEPBAJIOB 3HAYCHUH, caM
00BEM PabOTHI IO KPOCC-BATMIALIMH CKOPEE BCETO HEJIb3s CUNTAThH JOCTATOYHBIM.

Uro0Obl OAYEPKHYTh Ba)KHOCTH OILICHMBAHHWSI HEONPEENEHHOCTH, CIEJyeT HAIIOMHUTh TaK Ha3bl-
BaeMbI€ «UEThIpE TUIA aHAIUTUKNY. [lepBoe — 3To omnucaTeNnbHas aHANUTUKA, pa3fesl CTATUCTUKH, OIH-
CBIBAIOIINI (OPMY U ITapaMeTPhl PacHpeAeICHUs CTy4aliHOW BETUYMHBL. 3/1€Ch BBINOJIHACTCS ONMCAHNE
coOBITHII TponuIoro B (GopMe pasnuvHbIX 0000IMIAIOMKX MOKa3aTelnel TUIa MHHAMYMa, MakCUMyMa,
CPEIHEro M CTaHIAPTHOIO OTKIOHEeHMA. Jlanee cienyeT BTOPOW THUIl — AMATHOCTHUYECKAs aHAIMTHKA,
yKazbIBaloIIas MpearoiaraéMble MPUUNHBI COOBITHH MPOILIOTO.

Tpetuilt TUN aHATUTUKHU — TMpEeAUKTHBHAS (MIpeAcKa3aTeabHast); 3TO MHCTPYMEHT IS MOCTpoe-
HUSl IPOTHO30B U NpeicKazaHuid. Takoe mpuMeHeHHEe MAlIMHHBIX MOJAENEH sIBHBIM 00pa3oM peaiu-
30BaHO B CTaTUCTHYECKOM OOYy4YEeHHH, Hampumep, B (opMe MPOTHOZMPOBAHHS MO PErpPEeCCUOHHBIM
moxensM. JDxelimc m Xoiictu B pabote [3] momu€pKuBalOT, 4TO BKIIOYEHHWE B MOJENH CIHIIKOM
0OJIBIIOT0 KOJIMYECTBA OOBSCHSIONINX TIEPEMECHHBIX, HE CBS3aHHBIX HANPSAMYIO C U3y4aeMbIM 00bEK-
TOM, HEe 0053aTeNbHO YIYYIIAIOT MPOrHOCTHYECKHE BO3MOXKHOCTH MAIIUHHBIX MOJIENIEeH, TaKUX Kak
perpeccus.

[Ipornoctuueckue MOAETN MOTYT TaKkKe COAEpKaTh OLCHMBAaHUE HEONPEAETEHHOCTH, YKa3bIBAET
Cakcena [4]. B ykazanHo# paboTe ansi HeonpeAeIEHHOCTH MPOTHO30B CTPOUTCA HEMapaMeTpHYEcKoe
ONMCaHUE B MPEANONI0KEHUH HErayCCOBCKOTO paclpeaesieHHs, KOTOPOe B JalbHEHIIeM allpOKCHMHU-
PYIOT aHAIUTHYECKON (DYHKITUCH.

YeTBEPTHIN THUI — NPEANUCHIBAIONIAS AHAIUTUKA — BBIIAET PEKOMEH IAlMK 110 MPUHATHIO PEUICHUN
Ha OCHOBE MAIIMHHBIX MPOTHO30B, CM., Hampumep, padoty ®Patepa u Homna [5]. DT1oT 3Tan 6mmwke
YIPaBJICHUIO TPEANIPUATHEM U MPOU3BOACTBEHHBIMHU MIPOLIECCAMH, YEM K aHAIN3Y JAaHHBIX KaK TaKOBO-
My. OTMETHM, YTO MPHUHITHE PEIICHNH JOKHO BKIIOYATh OIEHKY PUCKOB U yNPaBJICHNE PHUCKaMH, YTO
TpeOyeT OlIeHUBATh HEONPEeAeIEHHOCTh HCIIOIb30BaHHBIX TIPOTHO30B.

MeTo HaMMEHBIINX KBaJAPaTOB MCIOJIB3YyeTCA NMPH IMOCTPOSHHH MaTeMaTHUYECKHUX MOJeNied Kak
TEXHUYECKUX, TaK U SKOHOMHUYECKHUX CHCTeM, cM. paboTy Banra [6]. MaremaTrndyeckoe MOAETHUPOBAHUE
TEXHUYECKUX OOBEKTOB IO PEaJbHBIM JAaHHBIM YaCTO OTHOCST K TEXHOJOTHSM HACHTH(UKALIMH MOJe-
Jeil, B TO BpeMsl Kak MOCTPOCHHE MaTeMaTHYeCKHUX MOJIeNeld IKOHOMHYECKUX CHCTEM MPOBOIHUTCS B
pamMKax TEXHOJIOTHU 3KOHOMETPHKH (3KOHOMeTpuH). HecMOoTps Ha HEKOTOpOe paszauure B TEPMHHOJNO-
THH, TEXHOJIOTUH UACHTU(PHUKAIINN U IKOHOMETPUKH BO MHOTOM CXOKH.

Perpeccuonnslii ananus B 001acTH UACHTU(UKALIME CUCTEM U 3KOHOMETPUKH MO3BOJISIET HOJY-
yaTh MOJENH B (popMe ypaBHEHUs ¢ k03D PUIMEHTaMU U UX CTaHJAPTHBIMHU OTKJIOHCHUSIMH, KaK 0y-
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JIeT ToKa3aHo Hinke. Jlanee cienyer mocTpoeHue NOBEPUTEIBHBIX UHTEPBAJIOB (MIPEAEIOB 3HAYCHUMA
OIICHOK) U MPOBEpPKa CTATUCTHYECKOW 3HAYMMOCTHU IMOJYYCHHBIX OIEHOK K03 dunueHTos. B atom
cly4ae MOJEIHPOBAHUE MPOBOIAUTCS B MPEANOI0KEHUH HOPMAJIBHOCTU PACHpPEIEICHUS pe3yibTa-
TOB PETrPEeCCHOHHOTO aHaIN3a, YTO SBJISETCA CJEJACTBHEM BBIUMCICHHH MO METOJy HAaWMEHBIIHNX
KBaJpaToB.

Cnenyer NOOYEpKHYTh, UYTO, B OTJIMYUE OT SKOHOMHUYECKUX CHUCTEM, OJHOTUIIHBIC TEXHUYECKHE
OOBEKTHI YaCTO TIPOU3BOAATCA B OOJBIIOM KOJMYECTBE B paMKax CEpUitHOro mpomsBojicTBa. [Ipu aTom
KOHCTPYKITUSI U XapaKTEPUCTUKHA COBPEMEHHOW TEXHHKH TOAYMHSIOTCS TPeOOBaHHUSAM CTaHAAPTOB, a
TaK)ke KOHCTPYKTOPCKOM M TEXHOJOTHYECKOM JOKyMEHTaluu. TakumMu o0pa3oM, B TEXHUYECKUX Hay-
KaX OTKPBIBAIOTCS BO3MOXKHOCTH JJISI IOCTPOCHUS YCPEAHEHHBIX MaTEMaTHUYECKUX MOJIENEH, KOTOpbIe
3aTeM MOXXHO WHAMBUAYATHHO YTOYHSTH 1O IKCIEPHUMEHTAIBHBIM JIAHHBIM, KaK OMKCAaHO B paboTe
Anb-Caupa [7].

WHTennexTyanbHbIi aHAIN3 NaHHBIX — data mining — mpeacTaBIseT cOOOM MOAXO0T K TIOUCKY CKPBI-
THIX 3aKOHOMEPHOCTEH U B3aUMOCBs3ei B OOJIBIINX MaccHBaX JAaHHBIX, KaK OMUcaHo B pabore Jlecko-
Benl [8]. [lepBoHaYaIbHO 3Ta METOOJIOTHS HA3bIBAJIACH «PA3BEIOYHBIA aHAIM3 JAHHBIX», CM. PaOOTHI
Teroku [9] unu bproca [10]. TexHuku pa3BEeJOYHOrO M MHTEIUICKTYaJbHOTO aHAIW3a JaHHBIX TaKkKe
BKJIIO4atOT B ce0st perpeccuro u MHK.

2. HeonpenesnenHocTs Moaeeii

MareMaTrueckre MOJIENH, MOMYyYCHHBIE METOJaMU MAalIMHHOTO OOYYEHHUs, MPEICTABISIOT COOOH
Oosee crnoxHble 00BEKTHI, YeM TpaauuuoHHble pe3ynsTarel MHK. KonnyecTBo mapameTpoB MalImHHBIX
MoOJIeJIel ¢ KaXIbIM TOAOM BO3pacTaeT Mo MEPe yBEIMYEHHUS AOCTYIHBIX BBIYMCIMTEIBHBIX PECYPCOB.
Hanpumep, npeaBapurensHo o0yueHHas moaenbs GPT-3, mocTpoeHHast IO TEXHOJIOTHH IITyOOKOro o0y-
YEeHMsI, UCIIOJIb3YET COTHU MIJUTMAPIOB apaMeTpOB UId 00pabOTKHU €CTeCTBEHHOrO A3bIKa. Takoi ypo-
BEHb CJI0)KHOCTH TOJIHOCTBHIO UCKIIOYACT JIFOOBIE MOMBITKA aHATUTUYECKU OLEHUTH HEONPEeIEHHOCTh
Kaxzaoro kodpduuuenta mogenu. [lpu onucannu momoOHBIX Mozenel OONbIIOE BHUMAaHUE YACTSETCS
YCIICLIHBIM MIPUMEpPaM NPUMEHEHHS, B TO BPEMS KaK OLIEHKM HEONPeneNEHHOCTH OCTaBIISAIOT Oe3 BHU-
MaHus, CM., Hanpumep, cratbio Koparubenst u Myynu [11] ¢ o6cyxaeHneM BO3MOXKHOCTEH MaIIMHHON
3aMEHBI YKUBOT'O OOIIEHMUS.

C apyroiif CTOpoHBI, METOAMKA KPOCC-BATHAAINY MIPEAOCTABISAET JOTOJHUTEIbHbIE HHCTPYMEH-
THI AJI1 YUCJICHHOTO (HEMapaMeTPUUYECKOT0) OLECHHUBAHMS HEOIPeAeNEHHOCTH, XOTS MpU 3TOM Tpe-
Oyercst Topa3no 0ojbllle BBIUUCIUTEIBHBIX PECYPCOB, YeM i COOCTBEHHO OOYYCHHUS! MAallWHHOM
MOJICTIH.

MeToa HauMEHBIINX KBaJPaTOB B PETPECCHOHHOM aHAU3e JIOCTATOYHO MOJPOOHO MPOopaboTaH U
uccnenoBan, cM. padoty Creznekopa [12]. 31eck 00bIMHO TpEAIIOIaraeTcs MOCTOSIHHAS JUCIIEPCHUST CITY-
YaliHOW COCTaBIISIOIIEH (OMIMOKH, OCTATKOB), YTO B SKOHOMETPHKE HA3BIBAIOT TEPMHHOM «TOMOCKE/a-
CTHUYHOCTB.

[onpobuo obcyxaenne ocnoB MHK MokHO HaiiTh B MHOTOYHCIICHHOH JINTEpaType MO SKOHOMET-
puke, Takoil kak pabora ®omou, /Ixoncona u Xwmwia [13]. dus yenemnoro npuMmenenuss MHK tpeOy-
€TCsl BBITIOJTHEHUE psAlla HEOOXOIMMBIX TMPEANOCHUIOK, ONMMCAHHBIX B Teopeme ['aycca — Mapkosa; 3a
ATUM cJeayeT 00CyXIeHHe CBOMCTB CXOJIMMOCTH, COCTOSITEIFHOCTH U T. TI. Teopema ["aycca — MapkoBa
oTpaxkaeT 00OOIEHHBINH MOAXO0 K PErpeCCHOHHOMY aHanu3y, cM. padoTsl Konra [14], Jlaiike [15], Apy-
raca [16] nau Hummepmana [17].

B uneane onenkn ko3QQUIMEHTOB YpaBHEHHsI PErPECCUN JIOIKHBI COTIPOBOXKAATHCS OLIEHKAMH HX
CTaHJIAPTHBIX OTKJIOHEHUH, KaK TIOKa3aHO B PUMeEPE HIDKE.

y = a + b x. )

() (o) M

Tunu4Has nocnea0BaTeNbHOCTh ISHCTBUM B PETPECCHOHHOM aHAIM3E BKJIIOYACT CIICIYIOIIUE [IIarH:

1) olieHKa ypaBHEHHS pETPECCUH;

2) mocTpoeHHe TOUEYHOT0 M UHTEPBAIBLHOTO MPOTHO3a;

3) noctpoeHune rpadUKoOB JMHUM PErPECCUU U JOBEPHUTEIBHOIO MHTEpPBAJIA VIS PEe3yIbTaTHBHOTO
MIPU3HAKA;

4) ouleHKa OCTAaTKOB U aHAJIN3 CBOWCTB U I'pa(hIKOB OCTATKOB.
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3aBepluaromas CTagus MpencTaBiser co0oil MpoBepKy BhINMoIHEeHUs npeanocskuiok MHK — yero-
BUil, onucaHHBIX B TeopeMme ['aycca — MapkoBa, 4To oOecreunBaeT *ejaTelbHble aCHMITOTHYECKHE
CBOWCTBA OIIEHOK, TAKMX KaK HOPMAJIbHOCTh, 3(PEKTHBHOCTH M COCTOSTENLHOCTD.

Jlanee paccMOTpUM BBIYMCIUTENBHBIN 3KCTIEPUMEHT, onvcaHHbil ['puHoM B [18]. MmuTtanuonnoe
MoJeIMpoBaHKue Mo Merony MonTte-Kapiio mo3BosieT MONy4YHuTh HENapaMeTpUUecKOe NpeNCTaBIeHNE
pacnpeneneHus orneHok mo MHK. Monuduiupyem miaH 3KCepUMEHTa i ya00CTBa IeMOHCTPALUU
cienyomuM obpazom. PakTOPHBIA MPU3HAK X TEHEPUPYETCS KaK PaBHOMEPHO paclpeneléHHas CITy-
yaifHasi BeIMYMHA. Pe3ynbTaTUBHBIN NpU3HAK y JTUHEHHO KoppenupoBaH c ¢axkropom x. [Ipubasnsem
HOpPMAaJIBHO paclpefe€éHHOE CIyd4aliHOe BO3MYIIEHHE €, KaK ITOKa3aHO HIKE.

y=x-100+¢;
x ~ U(150; 200); 2)
e~ N(0; 10).

Jannas oOyuatomias BeiOopka reHepupyercs 1000 pa3 ¢ o0bémMoM kaxkaoit BeiOOopku 100 Ha-
OJroieHUH.

ITo kaxno# oOyyaromei BEIOOPKE MPOBOAUTCS MOCTPOCHUE YPAaBHEHUS PETPECCUU M OIIEHKa KOI(-
¢unneHToB ypaBHeHus. {1 TalpHEHIEr0 pacCMOTPEeHUs OyIeM H3ydaTh MOBEACHHE OLEHKH Kod(du-
[IUECHTa PETPECCHH, ONPECISIONIEro HAKIOH JIMHUH perpeccuu. Mcmomb3ys MoMydeHHYI0 «BBIOOPKY»
OLICHOK KO3 (HUIUCHTA, IPOBOIAT OLECHKY (POPMBI PaCHpEIeNICHNs] B BUI€ THCTOIPAMMBI U IUarpaMMBI
pasmaxa (box-and-whiskers plot) (puc. 1). ITockonbky pacnpenenenue ouernok mo MHK nomkno ObITh
OJTM3KO K HOPMAJILHOMY, Ul CPAaBHEHHS MIOCTPOEHA TayCCOBCKAsk KPHUBasl TNIOTHOCTH BEPOSITHOCTH IS
COOTBETCTBYIOIINX CPEHETO 3HAUCHHS U CTAHJIAPTHOTO OTKJIOHEHHUS.

QO ¢t { } 10 O o
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Puc. 1. PacnpepeneHue oueHok Ko3adcuumneHTa perpeccum
Fig. 1. Distribution of regression coefficient estimates

Paccmotpum pacmmpeHHoe TpeCcTaBIeHIE Pe3yabTaTOB UMUTAIIMOHHOTO MoieupoBanus. Ha puc. 2
n300paxEH psifl JIMHEHHBIX MPOTHO30B, MPUYEM HA 3aJHeM (OHE MPHUBOAATCS BCe BHIOOPKU (HAOOPHI
WCXOJHBIX TAHHBIX). MOXHO BHJIETh, YTO TUCIIEPCHUS IIPOTHO3a BO3PACTAET, KOTa 3HaUeHue (haKTOPHO-
ro mpu3HaKa X MpUOJMKAETCS K IPaHMIIaM JHana30Ha W3BECTHBIX 3HaueHUi. [10CKOIbKY MBI CIreHEpH-
poBai 1000 BEIOOPOK ¥ MO KaKIOK M3 HUX IPOBETHU OIEHWBAHHUE JTMHEHHOW MOJIEIH, 001Iast mpoI0JI-
JKUTEILHOCTh BBIYUCIUTENHLHOrO dKcriepuMeHTa B 1000 pa3 Oosblie, 4eM OJTHOKPATHOE MOIy4YeHHE
onenku nmo MHK.

[Tocne mpoBeeHNsT TUCTIEPCHOHHOTO aHanu3a Heonpenenéunoctu oreHok (ANOVA) cTposTes no-
BEepUTEIbHBIC WHTEPBAJbl HA OCHOBE OIICHOK CTAaHAAPTHOTO OTKJIOHeHWs mporHo3a [19]. Takum obpa-
30M, HEOTPEIENIEHHOCTh MTPOTHO30B OIIEHUBAIOT «ITOYTH aHATUTHYECKN», YTO HEBO3MOXKHO PEeaTn30BaTh
JUTSE CJIOXKHBIX MOJIEJICH MAIlIMHHOTO O0Y4EHUSI.
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Puc. 2. lluHeHble NPOrHO3bl A4Nsi cepun BbIGOPOK
Fig. 2. Linear predictions for a series of samples

DKCTpanoaupys OMUCAHHYIO JIOTUKY aHATUTHYECKOTO OICHUBAHHS HEONMPEIeNEHHOCTH B MAIIMH-
HOM OOYYCHHMH, MOXXHO OBLIO OBl OKUAATh MMOJOOHBIC OICHKH B BHJE CTAHIAPTHOTO OTKJIOHCHUS IS
KaXIOTO Mapamerpa, Kak Mokazano Ha puc. 3. Kaxmas oleHKa 3HaYCHHS TIapaMmeTpa COMPOBOXKIACTCS
€ro CTAHJAPTHBIM OTKJIIOHEHHEM, YTO JOJKHO MPUBOAUTH K OIICHUBAHUIO JUCIICPCHH MPOTHO30B.

X
y=a + b x |
(ca) (o) la y x<a?
(Ga] (G) (GO‘}
X
b
(o) A ¥=02
(o1) (o2)
Least Squares Neural Network Decision Tree

Puc. 3. AHanuTu4yeckoe npeacraBrieHne HeonpeaenéHHOCTU B MALLMHHOM OBy4yeHuun
Fig. 3. Analytical representation of uncertainty in machine learning

OpnnHako B OOJBIIMHCTBE CIyYaeB aHATUTHYECKUN MOAX0] K U3yUEHUIO MAITMHHBIX MOJIeNeH MpaK-
THUYECKH HENPUMEHUM MO PSAY NPUYMH — U MPEXKAE BCErO M3-3a OUEHb BBICOKOH CIOXHOCTU U HENU-
HerHOoCTH Moaenu. UMenno moatomy npuMmenernrne MHK niist HemuHEHHBIX CHCTEM CBOJUTCS K <«JTHHEa-
pu3anuu» MoJAeNe 3a CUET BKIIOUYEHUS B JIMHEWHOE YpaBHEHUE HEJIMHEWHBIX UYJIEHOB, KOTOPBIE pac-
CMaTpUBAIOTCS KaK JOMOIHUTENbHBIE «JIMHEHHBIE PETPECCOPHI».

PaccmoTpenne uctopun Bompoca M CpaBHUTENBHBIN aHATU3 IPUBOAUT K BBHIBOJLY O TOM, YTO METO-
JIbl MAIIMHHOTO OOYYeHUs MpeJuIaraloT ropas3io MeHee sICHOE TpeICTaBlIeHHEe TIOTyUYeHHBIX MOJIEIeH U
MEHBIIINHA YPOBEHb MOHUMAHUS X BHYTPEHHETO yCcTpolicTBa. Bo3MokHOE 00BsICHEHHE IIJISl OTCYTCTBHSA
3Tamna cephE3HOr0 aHaNu3a Pe3yIbTaTOB MOJEIUPOBAHUS 3aKIIIOUYAETCS B TOM, UYTO MAalIMHHASL MOJENb U
aITOPUTMBI MAIIMHHOTO O0YYEHUS CTPOSTCS TIOJHOCTHIO HA OCHOBE 00yUaroleil BHIOOPKH U HE yUUTHI-
BAaIOT allpHOPHOE WJIM SKCIEPTHOE 3HaHUE 00 u3yyaeMoM oobekte [20].
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3. [locTanoBKka 3aga4u

3amaun OLIEHUBAHUS HEONPEAeNEHHOCTH HOPMYIHPYIOTCS CleAyromuM o0pa3om. B Hamem pacno-
PSDKEHUH MMeeTcs Ha0Op MCXOJHBIX IKCIIEPUMEHTAILHBIX JaHHBIX (0Oyuaromas BeIOOpKa), comepika-
1ast TMHEHHO KOppenupoBaHHble (aKTOPHBIA U pe3yIbTaTUBHBIN MPU3HAKH. TpedyeTcs: OIleHUTh HEeOll-
pEnEen€HHOCTh MPOrHO30B 3HAUEHUI PE3yIbTAaTHBHOTO NMpPHU3HAKa B BHUJE TOBEPUTEIBHOTO MHTEpBana,
NPEANOYTHTEIBHO MallOYyBCTBUTEIBHOTO K BhIOpocaM (aHoManmusiM). UTOOBI IMPOJEMOHCTPUPOBATH
IpejlaraeMblid MOAXO0M, HCIIONb3YETCs YIPOIIEHHAs IMOCTAHOBKA 3a4add, KOTOPYK) MOXKHO 3aTeM
00001INTH Ha 3a1a4y HEJIMHEHHOTO MHOTOMEPHOT'O MOJIEIHPOBAHHS.

PaccmoTpum noctaHoBky 3agaun Oosiee noapoOHO. VicxonHble JaHHBIE ISl MAIIMHHOTO O0Y4YeHUs
MIOJITOTOBJICHBI JIJIsl aHANTU3a M TIPE/ICTABIICHBI B TAOMMYHOHN (opMe, riie (pakTOpHBIN U pe3ylbTaTUBHBIN
NPU3HAKK PACIIOJIOKEHBI 10 CTONIONaM Kak (x, ). CuuTtaeM, YTO pe3yabTaTUBHBIN MPU3HAK ) JTUHEHHO
cBs3ad ¢ (akropom x. KoadduuneHTs! nuHeiHOr0 ypaBHEHHsI cUMTaeM HEW3BECTHHIMH. [laHHBIE CO-
JIepKaT aJAUTUBHBIA CIIy4allHBINM IIyM C HOPMAJIBHBIM PACIIPEACIICHUEM.

Ha ocHoBe mpesyioxeHHOro HaOopa MaHHBIX 00ydaeTCs HEKOTOpas MalluHHas Mmojenb M(c), co-
Jepxaiias 0oJbIIoe KOJINYECTBO napameTpoB (ko3 dunuentos) ¢. O0yyeHrne MalIMHHON MOJAEIH MIPO-
M3BOJUTCA TaK, YTOObI MUHMMHU3UPOBATh KBaJPAaTHYHBIN KPUTEPHH OTKIOHEHMS (PaKTHUECKOIO M MpO-
THO3HOTO 3HAYEHHMIl Pe3yNbTATHBHOTO TpH3HaKa: Y Ay’ — min. B mporiecce 06yueHHs MAIIMHHON MO-
JIeNTU OTIPENEISIOTCS €€ CTPYKTYpa U MapaMeTphl TaK, YToObl o0ecreunTh 0000IEHHOE OMUCaHUE B3au-
MOCBSI3M BXOJ-BBIXOJl 3a CUET pa3lesieHHs JaHHBIX Ha 00y4yarollyl0 U KOHTPOJIbHYIO BBIOOPKH B 3aJaH-
HOM COOTHOILIEHUU.

3anaém 3HaYeHUS (HAKTOPHOTO MPHU3HAKA B MpeJiesiaX HHTepBalla U3BECTHHIX 3HaUeHH 00yJaroleit
BBIOOPKHM X M MOJy4aeM MPOTHO3 3HAUYEHHUH Pe3yIbTaTUBHOTO NpU3HAaKa Y ¢ MOMOIIBI0 00y4eHHOH MO-
JIeNId, CoAepIKallell OLIEHKU IIapaMeTPOB C.

Haxonen, TpeOyeTcsi OLCHHTh HEONPENEIEHHOCTh MPOTHO3a BBIXOAA MOJIENH Kak WHTEpBall BO3-
MOJKHBIX 3Ha4Y€HUI, COOTBETCTBYIOUINM JOBEPUTEILHOMY MHTEPBAIy M MEHEE UyBCTBUTEIBHOMY K BBI-
Opocam, a TakKe K «TOJICTBIM XBOCTam» pacrpenesieHus Y. B mensx HarfasgHOCTH MpencTaBiIeHus Oy-
JIEM paccMaTpUBaTh JIBa THIa MAIIMHHBIX MOl — JINHEHHYIO PETPECCUI0 U CITydaitHBIH Jiec.

4. BbIYMCIUTEIbHBIA IKCIEPUMEHT

PaccMoTpuM MOCTaHOBKY BBIYHCIUTEIBHOTO SKCIIEpUMEHTa B cpeie Python s uccnenoBanus He-
ONpeAeaEHHOCTH OLIEHOK M MPOrHo30B. [Ipennaraemplil HaMH HeapaMeTPUUECKUN MOAXO K OLEHUBA-
HUIO HEONpPEAETEHHOCTH MPOTHO30B M0 PETPECCUOHHON MOJENIN MMEET HEKOTOPOE CXOACTBO C JKCIIE-
pumentamu ['puna no metoxy Monte-Kapino [18]. OTMeTum, 4T0 perpecCHoHHbIN aHaIN3 MpeACcTaBs-
eT co0oli MpUMep YHCICHHBIX METOAOB U HEMApaMEeTPHUECKOro MOAX0Aa K aHaiau3y NaHHbIX [19]. O6-
1ast uaesl OLICHUBAHUS Yepe3 MOAEINPOBaHNE pacpoCTpaHsIeTca Ha N3y4€HNE CBOMCTB MMPOTHO30B Cle-
JIYIOIITM 00pa3om.

Bynem mMHOrOKpaTHO (B I[MKIIE) TEHEPUPOBATH 00YYArOIIYI0 BEIOOPKY — KaXKABIA pa3 ¢ HOBBIM CO-
CTOSIHHEM TIeHepaTopa CIydalHBIX YHCEJ, 4TO OOECIeUMBAETCS aBTOMATHUECKH IPH HOBOM BBI30OBE
¢ynaknuit RAND u RANDN. [lanee o0y4aem MamdHHbBIE MOJIENN IO HOBOH BBIOOpKe. OO€ BEIOpaHHBIE
MOJEIIN — JINHEWHAsI PETPECCUS U CIIyHAMHBIN JIEC — UCIOJB3YIOT KBaJAPATUUHBIA KPUTEPUN B MPOIECCE
00y4YeHHUs U MO3TOMY OOECIIEUMBAIOT CXOAHBIC PE3yIbTaThl B IUIaHE MPOTHO3UPOBAHMA. 3HaUCHHS (ak-
TOPHOTO MpPH3HAKA IS MOCTPOCHHUS MPOTHO3a JIMHEWHO HAapacTaloT Ha MPOTSLKEHUH BBHIOPAHHOTO HH-
TepBaiia 3a c4éT ucnoib3oBanus Gyakuuu LINSPACE u cOOTBETCTBYIOT AMana3oHy 3HaUeHHUH (akTopa
B oOyuaroniel BeiOopke. [Ip MHOTOKpaTHOM MOBTOPEHHH ATAIOB TE€HEPUPOBAHHMS JAHHBIX U 00yUYeHHUs
MOJENIM Ha KKIOH UTEpaLuH LIMKJIA CTPOUM IMPOTHO3bI AJsl OJHUX M TEX JK€ 3HAaYeHHUH (akTopa Imo Ka-
JKIOW BHOBB IOJTy4Ye€HHON MOJENH. 3aTeM cOOMpaeM BCe MPOTHO3HBIE 3HAYCHHS B MacCHB JJIS JallbHEH-
nreli 00paboTKH U OIICHUBAHMS PaCIpeCICHUSI.

Obmas ¢opma pacnpeneneHuss MPOrHO30B IpeACTaBleHa Ha puc. 4 B BUIEe rucrorpamMm. Pac-
CMaTpPUBAIOTCS JIBa KpalHUX 3Ha4eHUs (aKTOpa W COOTBETCTBYIOIIME MM IPOTHO3BI AJISI Pe3yJibTa-
tuBHOTO npusHaka: ¥(150) u y(200). B To Bpema kak nporxno3sl o MHK nmeroT HopmanbHOE pacnpe-
JeJIeHUe, POTHO3bI MOJENIH THUIA CIyYalHBIA JIEC JAlOT HECKOJIBKO MHBIE pe3ybTaThl. UTOOBI Hc-
CJIel0BaTh yKa3aHHBIC pa3jiNyuMs, Ha rpaHUK TakKe HAHECEHbl TayCCOBCKHE KPUBBIE IUIOTHOCTH
BEPOSITHOCTH, TMOCTPOEHHBIE ¢ (PAKTHUSCKUMH 3HAYEHUSIMH CPEHETO W CHI'MBI, BBIYUCIICHHBIMH JUIS
MaccHBa IMPOTHO30B.

54 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2023. Vol. 23, no. 3. P. 48-58



Apbkos B.1O., lllapunosa A.M., OueHueaHue HeonpedeséHHOCMU
Kynukoe I'.I". 8 MaWwuHHOM o6y4eHuu
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Puc. 4. lnarpammbl pasmaxa U rucTorpamMmmbi Afisi NPOrHO30B Mo criy4akHOMY fecy
Fig. 4. Box plots and histograms for random forest forecasts

Ha puc. 4 Taxke npuBefeHb! 1uarpaMMbl pa3Maxa o 000MM IMPOTHO3HBIM 3HaueHHUsAM. Kak MOXHO
BUAETh, 00a pacmpereneHusi 00JIaAal0T OCTPOBEPIIMHHOCTHIO (IKCLIECCOM) M HMEIOT JOCTATOYHO
JUIMHHBIE «XBOCTBI», YTO MOATBEP)KAAETCs OONBIIMM KOJMYECTBO BBIOPOCOB 3a MpelesiaMH
KBapTUJIBHOTO MHTepBana. LleHTpanbHas 4acTh KPUBBIX OoJiee y3Kas — [0 CPAaBHEHUIO C TEOPETHUECKUM
raycCOBCKUM pactipezneneHueM. Ha puc. 5 mokaszaHo o0Iee pacronokeHne BCcexX 00ydJarolix BEIOOPOK
(cepble MapKepsl), a TaKXKe MIPOTHO3BI, MOTYYSHHBIE MO PErpecCHOHHOM Monenu. LleHTpanbHas kpuBasd,
COOTBETCTBYIOIIAs IMHUM PErPECCHH, TOTydeHa KaK MeJHaHa BCEX MPOrHO30B VIS 3alaHHOTO 3HAYCHUS
daxTopa. HukHs 1 BepXHAsA IPaHUIIBI AMAIIa30HA MIPOTHO3HBIX 3HAUCHUH PACCUMTHIBAIOTCS UCXOMAS UX
KBapTWIbHOM BapualMy KaK OTKJIOHEHHMS OT MEAMAHbl Ha MOJTOPAa MEXKKBapTHIBHBIX pazMaxa — B
COOTBETCTBHH C METOJUKOM MOCTPOEHHS AUAarpaMMbl pa3Maxa.

Random Forest Regressor Predichions
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Puc. 5. HeonpeaenéHHOCTbL NPOrHO30B Mo criy4yarHoMy fecy B choopMe KBapTUNbLHOW Bapyuauum
Fig. 5. Uncertainty of the random forest predictions in the form of quartile variation
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Tpu kBaptuas Q1, Q2 u Q3 monydeHsl IO MacCUBY (BBIOOPKE) NPOTHO30B C MCHOJIb30BAHUEM HH-
TEPHONSAIMU 111 YETHOrO 00BEMa BRIOOpKH. MexkBapTHiabHBIN pa3dmax IQR ompenensiercs kak pac-
CTOSHHE MEX]y MEpBbIM U TPEThUM KBapTHIAMHU. OLIEHKM HW)KHEW W BEpXHEH TpaHMIbI JUana3oHa
MPOTHO3HBIX 3HAYEHUI HAXOSTCS TaK, YTOOBI MMOMYUYHUTh OIIEHKH, OJIM3KUE K JOBEPUTEILHBIM HHTEPBA-
JlaM «TPU CUTMBD» IPU YPOBHE JJOBEPUTEIILHON BEPOATHOCTH 0KOJI0 99,7 %.

OCHOBHBIE COOTHOIIIECHHUS JJIsl pACUETOB BBITIISIAT CIEIYIOMIM 00pa3oM:

IRQ=Q3-Ql

Median = Q2

Low limit=Q1 — 1.5 IQR

Upper limit = Q3 + 1.5 IQR

B nomonHeHne K OLEHMBAHUIO HEOMNPEAEIEHHOCTH IMIPOTHO30B MOYKHO KOHCTaTUPOBATh CIIIAXKU-
Baromui 3P QeKT 3a 4T KBaHTUIBLHOTO YCPEAHEHUs pErPeCcCHOHHBIX OlleHOK. Kak Menuana, Tak u rpa-
HUIIBI WHTEPBAJIOB JIJIsl IPOTHO3a CTAHOBSTCS OoJiee TNIAJAKUMU — 0 CPABHEHUIO C WHJIMBHYaTbHBIM
MPOTHO30M, MTOTYYSHHBIM TI0 0JJHOH BBIOOpPKE (cM. puc. 5). Ha puc. 5 u 6 mocTpoeHHbIe 110 MOJICIH TPO-
THO3BI IEMOHCTPUPYIOT obuiue coiictBa oneHok MHK: HakioH nuHMM perpeccMu HECKOJIBKO HIKE,
YeM HaKJIOH MCXOAHOW NuHUHU. TakuM oOpa3oM, oueHKa K03 (UIIEeHTa PErpecCuy OKa3bIBAETCS MEHb-
1Ie, 4eM COOTBETCTBYIOIIMH IMapaMeTp MCXOIHON MOJENH, M0 KOTOPOi OBUIM CreHEPUPOBAHbBI JIAHHEIC.
Craenyer OTMETUTD, YTO aHAJIOTHYHOE MOBEACHUE XapaKTEpPHO JJIsl MHOTHX MOJAEICH MAIIMHHOTO 00y-
YeHHs1, KOTJa UCIIONb3yeTCs] KBaJpaTHUHbII KPUTEPU KayecTBa, a Mocie 00ydeHHst MOAETH OIpenens-
10T KBaJIPaTUYHYIO METPUKY KauecTBa.

Single sample RF prediction
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Puc. 6. MporHo3s pe3ynbTaTMBHOro Npu3Haka Ans criy4anHoro feca, o6y4eHHOro no ogHou BbiGopke
Fig. 6. Predicted output of random forest trained on single sample

HenaBhue ycoBeplieHCTBOBaHHUSI B 00JaCTH MHTEPAKTHBHBIX MapajuIe/IbHBIX BBIYMCICHUHN Mpeaoc-
TaBJISAIOT JAOMOJHUTEIbHbBIE BOSMOXKHOCTH 7SI IPUIIOKEHUH MalIMHHOTO 00yueHus Ha ocHoBe Python, R
uwmn MATLAB [21, 22]. KpoMme Toro, HeJaBHO CTall JOCTYIIEH aBTOMAaTHYECKUN MHCTPYMEHTApUI Ma-
HIMHHOTO 00y4eHus: AutoML, uto oGnerdaetr paboTy OOJBIIOTO YKca UcclenoBareNnell naHHbIX. Pac-
npoctpanéHHbIi npumep AutoML — maket Auto-sklearn [23], B koTopoM ocoboe BHUMaHHE YIENseTCs
ONTUMM3ALUY THUIleprapaMeTpoB. OTMETUM, YTO Ha KaKAoi urepauuu o0ydenus: Auto-sklearn cozmaér
Henblil ancamMOabp Moaeneill. Jlanee BhIMOMHAETCS yNPOIIEHHAs OLEHKa OMMOKK B (hOopMe MEIHaHHOTO
3HAYCHUS, a TaKkKe 5-T0 U 95-ro MpOLEHTHIICH, YTO SBISETCS NOOOYHBIM PE3YJIBTATOM OLCHHBAHUS U
MOYET BBICTYIIaTh B KAUECTBE MEPhI HEONPEACAEHHOCTH.
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BeiBoabI M JanbHelmas padora

B nanHo# paboTe paccMOTpeH OOLIMH MOAXO0 ] K MPOBEACHUIO PErPECCHOHHOIO aHalln3a, a Pe3yJib-
TaTbl SKCTPAIIOJIMPOBAHBI HA OLICHUBAHUEC HeOHpe):[eJIéHHOCTI/I B MOJCIIAX MAallIMHHOI'O 06yquHH, YTOOBI
3a0JHUTh HUILY B CYLIECTBYIOIIMX NPOTPaMMHBIX NakeTax. IIpennaraeMplil HemapaMeTpUUECKUH TOI-
XO0Jl OCHOBaH Ha TE€XHHKE KpPOCC-BAIMJIALMH WM IMO3BOJIAET NONYy4YaTh OLEHKH HEONMPENCIEHHOCTH IS
ITPOrHO30B, IMOJIYYCHHBIX HAa OCHOBC MalllMHHBIX MOI[GJ'IGIZ. B 10 BpEMs KaK aHAJIMTHYCCKOC OLICHUBAHUC
HEONPEAETIEHHOCTH 3aTPYAHEHO B CBS3H C CYLIECTBEHHONW HEJIMHEWHOCTBIO MAIIMHHBIX MOJEJIEH, Hela-
paMETPUYECKUH MOAXOJ MO3BOJSAET MOIYYUTh AIbTEPHATHUBHBIE OLIEHKM IS MPOTHO3HBIX 3HAYECHUM.
CrnenyeT OTMETHTH, YTO CTAHAAPTHOE OTKJIOHEHHE KaK Mepa HEONPEAECIEHHOCTH MOXKET aJicKBaTHO OIH-
CBhIBaTh [ayCCOBCKOE pacIpeeiieHrue, KOTOPOE HE BCEIr/la IPUCYTCTBYET B peajbHBIX JaHHbIX. IloaTomy
npeJiaraeTcs B KaueCTBE CTAaHAAPTHOW Mepbl pa30dpoca HMCHONb30BaTh «KBAPTUIIBHYIO BapHalMIO» Ha
OCHOBE JarpaMMBbl pa3Maxa, 4To sBiIseTcs 0ojiee THOKUM, YHUBEPCAIbHBIM U CTATUCTUYECKH yCTOWUH-
BBIM CPEJICTBOM.

HanpHelime uccieoBanus B 00JacTH OLICHUBAHUS HEONPEAENEHHOCTH MAIMHHBIX MPOTHO30B
MOTYT PaclpOCTPaHUTh NPEITIOKEHHBIN MOAX0A Ha APYrHe METOAbl MAIIMHHOTO OOyYeHHS, TaKHE Kak
KJaccu(uKalys, KnacTepusauus U CHIbKeHHe pasMepHocTH. [Ipu paboTe ¢ OonpiimMu MaccuBaMH pe-
AJIBHBIX JaHHBIX HMCCIJICIOBATCIIO HpI/IJléTCSI HCIIOJIb30BAaTh BBIYUCIIUTECIIBHBIC PECYPCHI CYIICPKOMIIBIOTEC-
pa, MOCKOJIBKY OLICHHBAaHUE HEOINPENeNEHHOCTH Yepe3 MHOTOKPATHYI0 KpOcC-BalUAALNI0 TpeOyeT BbI-
YHUCIUTENBHOW MOIIHOCTH — ropa3fo Oombluel, yeM aisi oOydeHHuss MalnHHON Monenu. IIpuemmiemsiit
YPOBEHb YCKOPCHHUSI BBIYUCICHUN MOXKET OBITh JOCTHTHYT, HAIIPUMEDP, MPU HCIOIBb30BaHUU rpaduye-
CKHX IIPOLIECCOPOB.
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Annomayus. Padbora mocesmeHa npoOireMaM MaTeMaTH4ecKOro MOJEIMPOBAHMS T'HIPOJUHAMMIYE-
CKHX TIPOIIECCOB B HEOIHOPOAHBIX cpenax. Llesan mceaeq0BaHusI COCTOUT B CONOCTABICHNH METOAMK MO-
JIETUPOBaHNS TCUCHUH HEOJHOPOIHBIX cpei. CoIoCTaBIsUINCh KOHTHHYaJIbHAS M PAaBHOBECHAs METOAMKHI
MOJICTIMPOBAHMS TUHAMHUKH T'a30B3BECH — ras3a C JUCHEPCHBIMHU BKIIOUeHHSMH. CpaBHUBAINCH PacydeThl,
IIPOBEICHUE PAaBHOBECHON MaTEMAaTHYECKON MOJAEIBI0O TUHAMUKU TA30B3BCEH C YMCICHHBIMU pealn3alus-
MH KOHTHHYaJbHBIX MaTEeMaTHUYECKUX MOJEICH TUHAMUKH Ta30B3BCEH C MICAbHON M BA3KOH TEIUIONpPO-
BOHOW Hecyeil cpenoid. ComocTaBIAINCh pa3INyHbIe TapaMeTphl MOACIUPYEMBIX IPOIECCOB, IOIyYeH-
HBIX Pa3TUYHBIMH MaTeMaTHYECKUMHU MoJensiMu. MaTepuajbl M MeToabl. B pabote mpencTaBieHs! ABe
METOJMKH MOJECIUPOBaHNUS AMHAMHUKN MHOTO(a3HBIX cpell. B paBHOBECHONW MeTOAMKE HEOJHOPOIHAS Cpe-
Jla ONKCBIBAETCS KaK WJACAIBHBIA ra3 ¢ pacyeToM IONPaBOYHBIX KOA(P(PHUIMEHTOB Tra30AMHAMUYECKUX
(GyHKIMH, B KOHTHHYJIbHOW METOIMKE MOJACINPOBAHUS JUIsl YAaCTHUIl BBOAUTCS MOHATHE «CPEIHEH INIOTHO-
CTH», TAaKUM 00pa3oM u 11 Hecymiel (a3l — rasa — u Uit JUCHIEpCHOM (pasbl pemaeTcsi cucTeMa ypaBHe-
HUH, COCTOAIIAS U3 YPABHEHMSI COXPAHECHUS IUIOTHOCTH, JUIS AUCIIEPCHOM (pa3bl — ypaBHEHUSI COXPAHEHUS
«cpelHeH IUIOTHOCTH», YPaBHEHUI COXpaHEHHs HMITYJIbCa KOMIIOHEHT CMECH M ypaBHEHHH COXpaHEHUS
SHEPrHUHM Ta3a U aucnepcHoi ¢as3pl. CHcTeMbl ypaBHEHHH IBMKEHUS 0JHOGAa3HON U AByX(a3HOH cpex MH-
TErPUPOBAIIICH YHCIEHHBIM KOHEYHO-Pa3HOCTHBIM METOZOM BTOPOT'O HOPSIKAa TOYHOCTH. [ mogaBneHns
YHCIICHHBIX OCHIIIIIMN Ha Ka)JIOM BPEMEHHOM IIIare IPUMEHSJICS METO. HEIMHEHHOM KOPPEKLIUU CeTou-
HOW (QyHKIMHU. [IporpaMMHBI KOMIUIEKC MOJCIUPOBAHUS TUHAMHKH T'a30B3BECH COCTOSUT M3 HECKOJIBKUX
KOMIIOHEHT: MOANPOrpaMMa 3aJlaHusl TPaHUYHBIX YCIIOBHM, MoAmnporpaMMa (opMUPOBaHHsT KOHEYHO-PAa3HO-
CTHOTO pa3bueHus (Hu3uUecKoil 00iacTh, OCHOBHASA MpOTrpaMMa pacuera JUHAMHUKH HEOJHOPOJHOM Cpellbl.
Pe3yabTarsl. MoaenupoBaiicsi IpoIiece paciiajia pa3pbiBa B OJHOPOJHOM ra3e U B ra3oB3BecH. UHCIICHHBIC
pacdeTsl pacmajga paspblBa JaBICHUS B OZHOPOIHOM Tra3e M YHCIIEHHBIC pacdeThl pacraja paspbiBa B Ta3o-
B3BECH, MOJIydEeHHbIE PaBHOBECHOH METOJMKONW MOJEIMPOBAHMS, COMOCTABISUINCH C aHATUTHIECCKUMH pellie-
HUSMH, U3BECTHBIMHU W3 JHUTEpaTyphl. OmnpeneneHo, 9To HanOoJIbIas CKOPOCTh pacpoCTpaHEHHsT BO3MYILE-
HUS B Ta30B3BECH HAOIIOaeTCs B PABHOBECHOM MOJIENH, MEHBIIAsi CKOPOCTh PaclpOCTPAHEHUSI — B KOHTHHY-
IPHOW MO C WACANIbHON CpeNoi, HaMMEeHbIIasi CKOPOCTh HAaOJIF0/IaeTCs B Ta30B3BECH C BS3KOM Teruio-
TIPOBOJIHON cpenoil. BrIsiBIeHO, UTO A7 TeYEHUH C Pa3IMYHBIMHM HadaJbHBIMH MHTCHCHBHOCTSIMH Pa3pbiBa
JIaBJICHHsI HAJIMYUE JUCIIEPCHOM (ha3bl B CMECH OKa3bIBaeT pa3iinuHoe BiusHUe. BoiBoawbl. [lonyueHHble 3a-
KOHOMEPHOCTH JIEMOHCTPHUPYIOT OCOOCHHOCTH KaXIOW M3 METOIUK MOJCIUPOBAHUS TUHAMHUKH Ta30B3BCEH,

YTO BO3MOXXHO MCIIOJIB30BATh IIPU pa3pa60TKe KOMITBIOTEPHBIX Moz[eneﬁ JUHAMHKH MHOFO(l)a?:HBIX cpen.

Knroueeote cnosa: KOMIIBIOTEPHOC MOJACIIUPOBAHUC, YUCICHHBIC MOCIIH, MHOFO(I)aSHI)Ie Cpeanbl, ra3zo-

B3BECH, paBHOBECHAA MOJIC]Ib, KOHTHHYaJIbHasA MOJICIIb

bnazooapuocmu. Pabora BeimonHeHa 1o Teme «Pa3BUTHE AWHAMHKHA MHOTO(MA3HBIX Cpeia, a’po-
TUAPOYIPYTHX CHCTEM U MEXaHUKH 000J0UYEK C MPUIOKECHUSIMH B MAIIHHOCTPOCHUH M He(TeI00bIde)
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COMPARISON OF COMPUTER IMPLEMENTATIONS OF EQUILIBRIUM
AND CONTINUOUS METHODS FOR MODELING MULTI-PHASE MEDIA
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D.A. Tukmakov, tukmakovda@imm.knc.ru, https://orcid.org/0000-0002-0335-8548

Institute of Mechanics and Engineering — Subdivision of the Federal State Budgetary Institution
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Abstract. The work is devoted to the problems of mathematical modeling of hydrodynamic processes
in inhomogeneous media. The purpose of the study is to compare the techniques for modeling the flows of
inhomogeneous media. The continuum and equilibrium methods of modeling the dynamics of a gas suspen-
sion — a gas with dispersed inclusions — were compared. Comparisons were made between calculations car-
ried out by an equilibrium mathematical model of the dynamics of gas suspensions with numerical imple-
mentations of continual mathematical models of the dynamics of gas suspensions with an ideal and viscous
heat-conducting carrier medium. Various parameters of the simulated processes obtained by various mathe-
matical models were compared. Materials and methods. The paper presents two methods for modeling
the dynamics of multiphase media. In the equilibrium method, an inhomogeneous medium is described as
an ideal gas with the calculation of the correction coefficients of gas-dynamic functions, in the continuum
modeling method for particles, the concept of “average density” is introduced; thus, for both the carrier
phase — gas and the dispersed phase, a system of equations is solved consisting of the density conservation
equation, for of the dispersed phase, the “average density” conservation equation, the momentum conserva-
tion equations of the mixture components, and the energy conservation equations of the gas and dispersed
phase. The systems of equations of motion of single-phase and two-phase media were integrated by a nu-
merical finite-difference method of the second order of accuracy. To suppress numerical oscillations at each
time step, the method of nonlinear correction of the grid function was used. The software package for mo-
deling the dynamics of a gas suspension consisted of several components: a subroutine for setting
the boundary conditions, a subroutine for the formation of a finite-difference partition of a physical domain,
and the main program for calculating the dynamics of an inhomogeneous medium. Results. The discontinuity
decay process in a homogeneous gas and in a gas suspension was modeled. Numerical calculations of pres-
sure discontinuity decay in a homogeneous gas and numerical calculations of discontinuity decay in a gas
suspension, obtained by the equilibrium modeling technique, were compared with analytical solutions
known from the literature. It is determined that the highest propagation velocity of a disturbance in a gas
suspension is observed in an equilibrium model, a lower propagation velocity in a continuum model with
an ideal medium, and the lowest velocity is observed in a gas suspension with a viscous heat-conducting
medium. It was found that for flows with different initial pressure discontinuity intensities, the presence of
a dispersed phase in the mixture has a different effect. Conclusions. The regularities obtained demonstrate
the features of each of the methods for modeling the dynamics of gases, which can be used in the develop-
ment of computer models of the dynamics of multiphase media.

Keywords: computer simulation, numerical models, multiphase media, gas suspensions, equilibrium
model, continuum model
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Beenenue

OpnHo# U3 3a/1a4 KOMIBIOTEPHBIX TEXHOJOTHH SIBISETCS pa3paboTKa MporpaMM KOMIIBIOTEPHOTO
MOJICIMPOBAHUS JUHAMHYCCKHUX MPOIIECCOB B MEXaHUKE XUAKOCTH U Taza [1-22]. Hecmotpst Ha Hamu-
YK€ pa3luYHbIX MTAKETOB MOJAEIHPOBAHMS, B TOM YUCIIE KOMMEPUECKUX, MO-MPEKHEMY aKTyaJbHBIM SB-
nsiercs pa3paboTKa MporpaMM KOMITBIOTEPHOTO MOJEIUPOBAHMS TEUEHHs CIUIOIIHBIX cpen. OnHUM u3
Pa3BHUBAIOINXCS Pa3feNIOB MEXaHUKH KMJIKOCTH U ra3a sBJIseTcd JUHaMKKa HEOTHOPOAHBIX cpex [4—6].
OCHOBHOH1 CITO)KHOCTBIO MOAEIUPOBAHUS TAKUX MPOLIECCOB ABIAETCS YUET B3aUMOAEHCTBHA KOMITIOHEHT
CMECH WJIH )K€ YUET BIMSHHSA AUCIEPCHBIX KOMIIOHEHT MPUMECH Ha TUHAMUKY HECYIIEH cpeapl — KUA-
KOCTH WM Ta3a. B MopenupoBaHuy TMHAMHUKH HEOAHOPOAHBIX CPEJl B JUTEPATYpe €CTh HECKOIBKO MOJ-
X010B. MoJienupoBaHre TeUeHUH HEOJHOPOIHBIX Cpell KaK OJHOPOIHOM KHUIKOCTH WIH Ta3a ¢ Jo0aB-
JIeHHeM KOd((GUIMEHTOB, YUUTHIBAIOIINX HEOJHOPOJHOCTh JIBUKYILEHCS Cpelpl, — pAaBHOBECHBIH IO~
xox. B aTom ciyyae cuctema ypaBHEeHHH JBMKEHHS BKIIOUAeT B ceOsl ypaBHEHUS! COXPAHEHHUS IJIOTHO-
CTH, UMITYJIbCA U SHEPIUM AJIS BCEH CMECH B LienoM. Takke MOAEeIMpOBaHUE JUHAMUKN HEOIHOPOIHBIX
Cpell BO3MOXKHO C IIOMOILBIO PELIEHNs OJTHOW THAPOANHAMUYECKON CHCTEMBI YPABHEHHHN IS KayKIOU
13 KOMIIOHEHT CMECH € YYETOM B3aMMOJEHCTBUS KOMIIOHEHT — KOHTUHYAJIbHBIN MOAXOA MOJEINPOBa-
HUS JMHAMHUKH HEOIHOPOAHBIX cpel. B manHON paboTe MpOBOAUTCS COMOCTABIICHUE PABHOBECHOTO H
KOHTHHYAJIBHOTO TOJIX0/I0B MOJICTTUPOBAHUS JUHAMHKHA HEOJJHOPOAHBIX cpell. B MoHorpaduu [4] mpen-
CTaBJICHbI TEOPETHYECKUE OCHOBHI MOJCIHPOBAHUS JMHAMHKH HEOJIHOPOIHBIX cpel. B MoHorpadusx
[5, 6] nmpencTaBiaeHbl pa3NHYHbIE MATEMaTHYECKHE MOJAEIU JUHAMMKH 3allbUICHHBIX CPEll, peau3yro-
IIMe KOHTHHYAIbHYIO METOJUKY TUHAMUKN HEOAHOPOIHBIX cpell. B pabote [7] B pamkax akycTHYeCKO-
ro MpUOJIIMKEHUS] PACCMAaTPUBAINCH MPOLECCH PACHPOCTPAHEHHU aKyCTUYECKUX BO3MYILEHHH B ra3o-
KaIleJIbHBIX Cpeliax ¢ y4eTOM KOHIEHcaluu KanenbHoH (aspl. B ucciaenosanuu [8] momyyena marema-
TUYecKasi MOJAETb TeUCHHs JBYXKOMIIOHEHTHON CKHMaeMOW CMECH, MOJEINPOBAIOCh B3aUMOIEHCTBHE
yIapHOU BOJHBI C Ta30KaleIbHOHM B3Bechlo. B myOnmukarmy [9] 4uciieHHO MOIeIMpoBallach MHOTO(a3-
HOe TeueHue ¢ (a3oBBIMH TepexojiaMu. MoJienb COCTOUT U3 YpaBHEHHI JUHAMHKH MHOTOKOMITOHEHT-
HOW HeBs3KOM cpenbl. B padote [10] uccrienoBanack HEYCTOMYUBOCTD TOHKOTO CIIOS BSI3KOH JKUJKOCTH B
JUHEHHOM W HEeMUHEHHOM mpuOmmkeHusx. IlomydeHsl aHaTUTHYECKHE PELICHUS] CHCTEMBbl ypaBHEHUH
JUHAMHKH CIUIOIIHBIX cpell. B pabote [11] uucnenHno nccienoBaHo pacpoCTpaHEHNUE HMIMHAPUIECKON
yAapHOM BOJHBI M €€ B3aWMOJCHCTBHE C MPWIETAIOUIMM CJIOEM TeTepOreHHON AByX(a3HO#l cpempl.
[Tomyuena TexXHOIOTHSA, MTO3BOJISAIONIAS IPOBOIUTH YHCICHHOE MCCIIEOBaHNE JUHAMUKH PaclpoCTpaHe-
HUS MWIMHAPUYIECKUX YAAPHBIX BOJH B 00JIACTAX, 3aII0JIHEHHBIX TeTEPOreHHBIMU cMecsiMuU. B myGnuka-
un [12] paccmarpuBaiich npo0iIeMbl KOMITBIOTEPHOTO MOJICTUPOBAHUSI TCUCHUH B YIPaABIISIEMBIX Ta-
30CTPYHMHBIX CHCTEMAX U TMAPOIHEBMOArperaTax, B KOHCTPYKIIMIO KOTOPBIX BXOASAT KOJBIEBBIE COIUIA
C pa3IU4YHOM reoMeTpHel B ciydae, KOIrJa ABIKYIIASCS CPEAa MMEET MHOTOKOMIIOHEHTHBIH COCTaB.
B ny6nukauuu [13] npencrasiena MaTeMaTHYecKast MOJIEIb, UCIOJIB3YIONIAs YpaBHEHNE MTOJTHON SHEP-
THH, U1 YUCJICHHOTO HCCIECIOBAaHUS PACIpPOCTPaHEHHS YAAPHBIX BOJH B T'€TEPOTEHHBIX IBYX(a3zHBIX
cpenax. AHaTM3UPOBAINCH PE3yIbTaThl PacYeTOB TEUCHUH a’3p030siel, MPOBEACHHBIX METOAAMH KPYTI-
HBIX YacTull. B myOnukarun [14] npencrasnens! pacuersl B makete ANSYS TeueHus B mpoTOYHON yac-
TH BHXPEBOT0O pacxogomepa. MccnenoBanack BO3MOKHOCTh ONTHUMHU3ALINHN MIPOIIECCA PACUETOB TEUEHHI
B BHXpEBOM pacxofomeTpe. B myOnukanum [15] paspaboraHa paBHOBeCHas MOJEIb OAHOCKOPOCTHON
TEIUIONPOBOIHON T'€TEPOreHHOM CMECH, B KOTOPOH yUYTEH TEIJIOOOMEH MEXIy KOMIOHEHTaMH CMECH.
Jist momydeHHOH MaTeMaTHYecKOH MOJENH pa3paboTaH YHCICHHBIA alropuTM pelleHus: MetoaoM [ o-
ITYHOBA.

AHanm3 JTHTEPATYphl IEMOHCTPUPYET, YTO pa3paboTka KOMITBIOTEPHBIX alTOPUTMOB MOJEIHPOBa-
HUS IPOLIECCOB THIPOTa30IMHAMHUKHN OJJHOPOJHBIX U HEOJHOPOIHBIX Cpell Ha TaHHBI MOMEHT SBJISEeTCS
aKTyaJIbHOW TPOOJIEMOH KOMIBIOTEPHBIX TeXHOJOTHH. B maHHON paboTe MpoBOISTCS pacdeThl OJIHO-
MEpPHBIX TEUYEHUH HEOTHOPOJHON Cpellbl — Fa30B3BECH, B KOTOPOH Macca JUCTIEPCHON KOMIIOHEHTHI PaB-
Ha Macce Hecyllel cpelibl. PacdeTsl MpOBEAEHBI ¢ MOMOIIBIO IBYX PA3INYHBIX METOJUK MOJIEITHPOBAHNUS
TEYEHUH HEOJHOPOIHBIX CPEJl, Pe3yJIbTaThl pacue€TOB COMOCTABIAIOTCS. HOBH3HA Hecne0BaHU 3aKIHO-
YyaeTcsd B CPaBHEHHH NapaMETPOB XapaKTEPUCTUK TEUEHNH, ONMCHIBAEMBIX Pa3HBIMU METOJUKAMHU MOJE-
JMUpOBaHUs. BhISBICHHBIE COMOCTABICHUEM OCOOEHHOCTH METOJIMK MOJICITUPOBAHUS TEUCHHI ra30B3Be-
ceil MOTYT OBITh UCIIOJIL30BaHbI MPH Pa3paboTKe KOMITBIOTEPHBIX MPOrpaMM MOJICIIUPOBAHUS TCUCHUH
HEOJITHOPOJIHBIX Cpe.
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MaTteMmaTH4uecKast MOA€eIb
st HeCcTallMOHApHOTO TEYEHHSI C OTHOMEPHOU F€OMETpUEH, ypaBHEHUSI ABUKCHUS Ta3a MOXKHO 3a-

nucath B Buge [1]:

0l M
t ox

pu) 8 , _n

7+a(pu +p—8ijr)—0, )
6(6) 0 or

7+5([e+p—6ijr]u +6ij7ua—xJ =0. )

3neck 0; — cumBon KpoHekepa, TeueHue BA3KOH CpeJlbl ONMCBIBAETCS IPH 01 = 1, TeUeHHne MeaIbHOr0
rasa npu 0, = 0; p, p, u, T, e —naBIeHUEe, IUIOTHOCTh, CKOPOCTh, TEMIIEPATypa U ITOJHAS JHEPTHS Ta3a.
PaBHOBECHast MOJIETTh TMHAMUKY Ta30B3BECH OITUCHIBACTCSI CHCTEMON ypaBHEeHMH [4]:

opp  Opstr) _ @
ot ox

o(pgu 0
—( gt E)+a(PE”12E+PE):0$ ®)
Ole 0

(8tE)+5([eE +pE]uE)=0. (6)

B paBHOBeCHO# MozEIM IPUMEHSIOTCA TE ke 0003HAYECHHUS, UTO U U1 OXHOPOIHOTO Ta3a ¢ MHIEK-
coM «E». [lyis 3anucu napaMeTpoB CUCTEMBI UCIIOJIb3YIOTCS CIIEAYIOIIUE BHIPAKEHUSL:

PEoz(l—a)Plo+0°P20; Ty =ep/cyp;

1
RE:(1_a)p10R((l_a)p10+ap20) 5
Pg =PpReTy; cyp =cpp — Rp; “/EZCpE/CVEQ

CpE :((I_Q)Plocpl +0‘oncp2)((l_a)p‘° +onp20)71;

-
cp =c\/(1—oc)p10yE (y(l—a)plo +0Lyp20) .
3nech R, R — ra3oBble MOCTOSIHHBIE Ta3a U CMECH; Cp), Cpy — TEIUIOEMKOCTH MPH MOCTOSHHOM JIaBIEHAH
rasa U JUCTIEPCHOI KOMIIOHEHTBI; Cpf, Cyz, Cp — TEILIOEMKOCTB IIPH MOCTOSHHOM JIABIIEHHN CMECH, TeTl-
JI0EMKOCTb TIPU TIOCTOSHHOM 00BEME CMECH, CKOPOCTh 3ByKa B CMECH; Y, Yz — IOCTOSIHHAS aanabaThl
rasa U CMecH; 0, Pig, P20 — OOBEMHOE COflepKaHKe, (pU3HUecKas TIIOTHOCT Ta3a M JHUCIIEPCHOI KOMIIO-

HCHTHEI.
KOHTI/IHyaJIBHaSI MaTeMaTH4CCKasd MOJCIIbL OMHOMEPHOI'0 TCYCHUA I'a30B3BECU OIMMCHIBACTCA CHUCTEC-

MOH ypaBHEHU:

%+%(pl u12+p—6;jr)=—F+0cg—z; ®)
? + %([el +p- SUTJ u + SUK%j =-06,0- |F|(”1 —U ) - 0‘(%]; ©)
a(p;tuz)+%(p2 ug):F_aZ_i; (11)
5(6€t2)+6%(62 u, ) = =8;0. (12)
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Unpekcamu «1» u «2» 0003HaueHB! (PU3NUECKUE MapaMeTphl HECYLIeH W IUCTIEPCHOM (hasbl ra3o-
B3BECH. 3/1€Ch HCHOJB3YIOTCS CICAYIOUINE 0003HAUCHHS:

P2 =Q&2P205
) zpchsz;
4 Ouy
T3t a
F=F,+F,+F,;
Fy Z%%Cdpdul _“2|(”1 —t);

Oy, Oy, j
Ox

Fuy Zapl(EJF”l_ ;

2

ot 'ox ot oox
Cyr =9, el +—4 +0,4;
“{ Rey, Re?f

M, =|u1 —u2|/c;

Fam:@,mpz(%w oy _Guy %)

Re;, =p, |“1 —U dlvl_l;

Pr= cpuk_l .

3mech W, A, T — BI3KOCTh, TETUIOMPOBOHOCTh, (DYHKITUS y4eTa BI3KOCTH; F, — CHJIa TPHUCOCTUHEHHBIX
Macc; F;4 — nuHamuyeckas cuia Apxumena; F, — cuia a’poJuHAMUYECKOTO COMPOTHUBICHUS [4];
Cp — KO3 GUIMEHT CONPOTHBIICHHUS YacTHUIIbI, M, — OTHOCUTEIbHOE Yiciio Maxa; Re, — oTHOCHTEIb-
Hoe uuncio Pefinonbca; Pr— uucno [panamis; p, — cpeHsist INIOTHOCTD AUCTIEPCHOM (hasbl.

Jnst nckoMbIX PyHKIMH 331aBalTUCh CIENYIONINE TPAHUYHBIC YCIOBHS:

u (6,1)=0; w (6, N)=0; uy(£,1)=0; u,(1,N)=0;

€ (t,l) =g (t,2); I (l,l) =e, (t,2); e (t,N) =g (t,N - 1); I (t,N) =e, (t,N - 1);

p1(.1)=p (£.2); P2 (t.1)=p5(1,2); pi(6,N)=p,(t,N-1); p,(t,N)=p,(t,N-1).

dusnueckas 00J1aCTh TEUCHHUS] — OTPE30K [a, b] B MEPEMEHHBIX (X, £) 0TOOpaxaeTcst Ha CTUHUYHBIH
untepsan [0, 1], B nepemennsix (&, £), & = (x). B 00001eHHBIX KOOpAMHATaX [1] cucTeMa ypaBHEHHM

JBIDKEHHS BYX(a3HOH JBYXTeMIIEpaTypHOU JBYXCKOPOCTHON MoHoAmcIepcHol cmecH (6)—(12) npu-
oOpeTraeT BUI:

q; +E§ :H; (13)
T ox
q:[pl’pzﬁplul’quz,el,ez] ; J=—;
o
i Jpu ] ) )
14 .
Jpyity .
4
E (PWIZ +p—§JH6u/8§JJ H —F +Jodp / 0
: 2 S F—Jadp /o
Jpyu,y _Q—|F|(u —u )+JOLa(pu )/@é
J((ey + p—t)u, +J1OT; [0E) Ql 2 I
L Jeyu, | - .

Cucrema (13) pemanace sBHbIM MeTogoM Mak-Kopmaka BToporo nopsaka [20] ¢ mocieayronm
MIPUMEHEHUEM CXEMbI HelIMHEeHOM Koppekuuu pemeHus [21]. SIBHas cxema Mak-KopMmaka BKiIIO4aeT B
ce0s1 TOCNIeI0BATENbHO BHINONIHAEMbIE Iark «rpeIukTop» (14) u «koppekrop» (15):
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q_/.:q;._A_a( " —E))+ A (14)
n+l n * At (o * *
q, :o,s(qjJrqj.)_o,sA—g(Ej—Ef1 )+ 0,500}, (15)

3nech x(§) = LE + Ly, J = L, B pacuerax Lo =0, A = Ax/L = (L/(N — 1))/L — mar 1o npocTpaHCTBEHHOMY
HanpasJieHHI0; Af — mar mo BpeMeHu; N — KOJIMYEeCTBO y3JI0B pa30oueHus cetku. llar mo BpemMeHH BbI-
Oupascs ucxozs u3z yciaosusa Kypanra — @punpuxca — Jlesu [1]. i nogydeHns MOHOTOHHOTO YHCIICH-
HOT'O PElICHUs] K CETOYHOW (PYHKIMM HA KaKJOM BPEMEHHOM Ilare MpUMEHsUIach cXeMa HelMHeWHOU
Koppekuuu [2, 3]. ANropuT™M KOPPEKLUUH BBIMOJHSUICS MOCIEI0BATENFHO B0 BCEX Y3JIOB Ha KAXKIOM
BpPEMEHHOM clioe. PaccMOTpyM alirOpuTM KOPpEeKLUH peleHus Ha npumepe GyHkuuu f. B ciyuae, ecnu

BBIMOJHAIOTCS  YCIIOBHS (Sfj_l/z -0 j+1/2)<0 14018 (Sfj+1/2 -9 j+3/2)<0, TO K (QyHKIMHU f B j-M y31e
NPUMEHSCTCS alrOPUTM CXEMBI KOPPeKIHH: f; = f; + K(Sfj w2 = ) Hwxauii nHAEeKC 0003HayaeT
HOMEp y3la CETKH. 3/eCh HCIONB30BaHBI 0003HAYCHHS: Of ;i 1n =fiu—f;» O 30 =fra— i

B nporusaom ciyuae f; = f;, f; — 3HaueHne dyHKuMM B j-M y3i1e nocne nepexona Ha (n + 1)-i Bpe-

MEHHOM cnoii mo cxeme Mak-Kopmaka; K — ko3 puumeHT Koppekuu.

Iporpammuas peaauszanusi

UuCleHHBI aIrOpUTM PEAII30BaH B BUAE NPOrPAMMHOIO KOMILIEKca. MI3MEHEHMsI B CTPYKTYpe
YHCJICHHO MHTETPUPYEMBIX YPaBHECHHUH MMO3BOJISIOT IMPOBOAUTE PACUETHl Kak ISl UAEaTbHOM MaTeMaTu-
YecKOH MOJENH, TaK M AJIsl BA3KOH TeIyIonpoBOAHOHM cpeabl. KoMmbroTepHas peanu3anys YUCICHHOM
MOJIENT TEUCHHUS KUIKOCTH WJIM ra3a COCTOMT W3 CIEAYIOIIMX YacTeil: onpesielieHue reOMeTPUIECKUX
napameTpoB (U3NYIEeCKOi 00IacTh TEUEHHsI, B OJHOMEPHOM Cllydae TOJILKO pa3MepoB 00yacTH, HopMu-
poBaHue pa3dueHus 00IacTH MOJICIUPOBAHHMS, 33JaHUe TPAHUYHBIX YCIIOBUH M HEMOCPEICTBEHHO Camo-
ro mpolecca YUCICHHOTO MHTETPUPOBAHMS CUCTEMBI a3POTHAPOAMHAMUYECKUX YpaBHEHHN. B manHon
paboTe KOMIIBIOTEpHasi IporpaMMa HamucaHa Ha s3blke nporpammupoBanusi Fortran. Ilporpammusblii
KOJI, COCTABJISIFOIINI KOMIBIOTEPHYIO MOJICNb, Tpe/ICTaBiseT coboii Habop MOCIeIoBaTeNbHO peau-
3yeMBIX KOMIIOHEHT. AJITOPHTM MPOTPAMMHON pear3allii YUCICHHOW MOJIENN TMHAMUKU Ta30B3BECH
UMEET CIIEIYOIIYI0 OCIe0BATEIbHOCTS!

1) 3amatorcst puszndeckue mapaMeTpsl ra3a U TBEPIbIX YaCTHII,

2) u3 (hailyIoB CUNTHIBAIOTCA HaYaJbHbIE 3HAUCHUS (PYHKIHUH, TeOMETPHUs 00JIACTHA U XapaKTePUCTH-
KU €€ CETOYHOTO Pa3OUCHUS;

3) cTpouTcs ceTOYHOE pa3OreHHe 00JaCTH TCUCHUS CMECH;

4) ompesensercs 3HaUCHUE BEIWYMH MEX(Pa3HOTO OOMEHa MMITYJIBCOM M MEX(Pa3HOTO Terio-
oOMecHa;

5) peanu3yeTcsi KOHEUHO-Pa3HOCTHOE PEIICHUE YPaBHEHUI AUHAMHUKH CMECH;

6) IPOBOINTCSI HEIMHEHHAS KOPPEKIIHSI CETOUHBIX (DYHKITHIA;

7) 3HaUCHHS UCKOMBIX (DYHKIIMH B y3J1aX CETKH Ha KOXKIOM BPEMEHHOM CIJIO€ BBIBOAATCS B (hailI.

Briunciienne 3HaueHU TapaMeTpoB HEOJHOPOAHOM CpEJbl Ha KaXKJIOM IOCIIEYIONIEM BPEMEHHOM
CJIO€ OCYILECTBIISICTCS ITOCIIECAOBATEILHBIM IPUMEHEHHEM 1maroB 4—6. I[lporpaMMHBIH KOMILIEKC COCTOUT
13 HECKOJBKHX KOMIIOHEHT: IMOANPOrpaMMa 3aaHus TPAHUYHBIX YCIOBHM, ognporpamma GpopMuposa-
HUsI KOHEYHO-Pa3HOCTHOTO pa30ueHus Gpusndeckoil o0iacTi, OCHOBHAS MPOrpaMMa pacueTa AUHAMHUKU
HEOJHOPOJHOM Cpepl.

Ha puc. la m300pakeHa cTpyKTypa MporpaMMbl MOJAETMPOBaHUs AWHAMUKHA OJHO(A3HOW cIuTon-
Hol cpenpl. Ha puc. 1b npencraBnena cTpykTypa nporpaMMbl YUCIEHHOTO MOJEIUPOBAHUS AUHAMHUKA
HEOHOPOIHOHN Cpelbl, PEATN3YIONIEH KOHTHHYAIbHYI0 METOJUKY MOJEIMPOBAaHHS HEOJHOPOAHOM cpe-
Ibl. B cTpykType mporpaMMbl YHCIEHHON peain3aluil KOHTHHYAIbHOW METOIUKH MOJICIMPOBAHUS U~
HAMHKH HEOJTHOPOAHBIX CPejl MPUCYTCTBYET JBa OTIMYHS: B OCHOBHOW MpOrpaMMe YUCICHHO MHTETPH-
pyeTcs MoiHasi THAPOANHAMHYECKAs CUCTeMa YpPaBHEHHI JIsi BCEH COBOKYIMHOCTH KOMIIOHEHT CMECH,
TaKXe MPUCYTCTBYET HOANPOrpaMMa y4yeTa MeK(pa3zHOro B3aUMOACHCTBHUS.
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ITonnporpamMma
TPaHHYHEIX

yeIoBmit

A
Y

[TporpasMa IHCTeHHOTO
peleHHs CHCTeMBI
YpaBHeHHH THHAMHKH
CILTOINHOH Cpelsl

a)

ITonnporpamMma

[MOCTPOCHHA CETKH

[Noamporpavmma

TPAHHYHBIX

yenoBHit

i

IMoanporpasMsa

A
4

MEAKOMIIOHEHTHOT O

B3aHMOoaeiicTE MY

[TporpaMMa SHCTEHHOTO
P pEMIeHHA CHCTEMEI VPABHEHHH | <—
IHHAMHKH CILTOIIHO H Cpe Bl
11 Ka#I0i H3 KOMIIOHEHT CMECH

b)

[Tonnporpamma

MOCTPOSHHA CETKH

Puc. 1. Cxema nporpamMmMbl YNCIIEHHOro MOA4ENUPOBaHUs Te4eHUs OQHOPOAHOM cpeabl (a) U MHorod)asHon cpeabl,

peanu3ylolier KOHTUHyanbHY METOAUKY MoAeNnUpoBaHus AMHAMUKM HeogHopoaHbIX cpen (b)

Fig. 1. Scheme of the program for numerical simulation of the flow of a homogeneous medium (a) and of a multiphase

medium, which implements the continuum method for modeling the dynamics of inhomogeneous media (b)

Pe3y.1'll)TaTbl pacueToB

I[J'IH COIIOCTABJICHHUSA PA3JIMYHBIX Moz[eneﬁ JUHaMHUKHU MHOFO(i)aSHLIX cpea paccMaTpUuBaJICs MPOLECC

pacmnana paspeiBa [21] B razos3BecH [5, 6].

IIpennonaranock, 4TO KaHajl pa3lelieH pa3Jeisaiolle TOBEPXHOCThIO Ha JIBE YaCTU: B OJIHOM I0JIO-
BUHe AasieHue raza p; = 100 xlla, B apyroit yactu kaHaia JaBieHUE ra3a — p;, p2 > p1 (puc. 2). Ilocne
paspylieHHus pas3felisionleil MOBEpXHOCTH (OpMUpPYETCS yAapHas BOJHA, JBMKYIIAsACA U3 OOJACTH C
BBICOKHM J1aBJICHHEM B OGHaCTL C HU3KHUM JaBJICHUEM, IIPU 3TOM IPOUCXOAUT USMCHCHHUE (1)I/I3I/I'-IGCKI/IX
napameTpoB rasza. J{nuna kanana L = 10 M, konmuyecTBO y310B ceTku N = 500. Hecymas cpena omucsI-
Bajach Kak Bo3ayX. Ousndeckas IIOTHOCTh MaTepualia JUCIIEPCHON KOMIOHEHTHI U TeIIOEMKOCTh Ma-
Tepuana JUCTICPCHON KOMIIOHEHTHI COCTABIISIIA Pyy = 2500 Kr/M° , Cp1 =903 JIx/kr-K, oobemHOe conep-
xkauue o = 0,0005, mucrepcHOCTh YacThIl d = 2 MKM.

p2>p1

Puc. 2. CxemaTtuyeckoe nsobpaxeHne Ha4arbHOro MOMeHTa
pacnaga npAMoro ckayka ynnoTHeHus B ra3oB3Becu

Fig. 2. Schematic representation of the initial moment

of the collapse of a direct shock wave in a gas suspension
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B mporecce pacmpocTpaHeHus yOapHOW BOJIHBI B Ta3e IMPOUCXOAWT CYIIECTBEHHOE W3MEHEHUE
IoTHoCTH rasa [21] (puc. 3).

3
p, KI/M
2.4 1
=1p,/p,=1.001
2.0
1.6 1
12 T T T T

T
0 2 4 6 8 10 X, M

Puc. 3. NpocTpaHcTBEHHOE pacnpeaerieHMe NIOTHOCTU rasa npu pasnuyHbIX
MHTEHCUBHOCTAX pacnaja paspbiBa B O4HOPOOAHOM rase
Fig. 3. Spatial distribution of gas density at different intensities of discontinuity
decay in a homogeneous gas

Ha puc. 4 n3o0pakeHO MPOCTPAHCTBEHHOE paclpeAelieHHe CKOPOCTH Ta3a NpU MOJAEITUPOBAHUH
mpoliecca pacrajia pa3pbiBa MPpyU HHTCHCUBHOCTH pa3pbiBa (p, — p1)/p1 = 0,001. B nosiy4eHHBIX pacueTax
OTJIMYME CKOPOCTEH ra3a, MOJY4YEeHHBIX M0 MOJETH HIEaTbHOTO U BS3KOTO TEIUIONMPOBOJHOTO ra3a co-
craBaser |u; — u,| = 10 % u;.

u, M/c — HzeaiabHAad cpezia
Bs3Kasa TeHJIOHpOBOI[HafI cpez[a
0.20
0.10
0 T T T T T
0 2 4 6 8 10 X, M

Puc. 4. MNpocTpaHCTBEHHOEe pacnpeneneHne CKOPOCTU rasa B OQHOPOAHOM

rase Ans pasnuyYHbIX Moaenen AUHAMMUKUA rasa, MOMEHT BpeMeHu =15 mc,
MHTEHCUBHOCTb Nepenaaa gaBneHun p,/p; = 1,001

Fig. 4. Spatial distribution of gas velocity in a homogeneous gas for various

models of gas dynamics, time 7 = 15 ms, intensity of pressure drop p,/p, = 1.001

[Ipu 3TOM TS YAapHO-BOJIHOBOTO TeUeHUs (p, — p1)/p; = | paznuyust sl CKOPOCTEH, MOTYyISHHBIX
10 ABYM Pa3IMYHBIM MOJEISM TUHAMUKY ra3a, He sIBISIOTCS CYLIECTBEHHBIMH (pHC. 5).
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nacajbHas cpe€aa

u, M/C ™ — BfA3Kas TEIJIONPOBOJHAS CPEa)
80
40
0 T T T T 1 M
0 2 4 6 8 10 %>

Puc. 5. MNpocTpaHcTBeHHOe pacnpeneneHne CKOpPOCTU rasa B OAHOPOAHOM
rase Ana pasnu4yHbIX MoAerie AMHAMMKM rasa, MOMEHT BpemeHu 7 =12 mc,
MHTEHCUBHOCTb Nepenaaa gaBneHun p,/p, = 2
Fig. 5. Spatial distribution of gas velocity in a homogeneous gas for various
models of gas dynamics, time 7 = 12 ms, intensity of pressure drop p,/p, = 2

B a0OconroTHBIX 3HAaYEHUSX Pa3HOCTh CKOPOCTEW MEXKIY BSI3KUM TEILIONPOBOJHBIM M UICAILHBIM
ra3oM BO3pacTaeT BMECTE CO CKOPOCThIO TEUEHHS, HO COCTaBiIsAeT He Oosee |u; — u,|/u; = 0,5 % ot ckopo-
CTH JIBIKEHHS ra3a ; B yJapHO-BOJIHOBOM Te4eHuH (puc. 6). {11 TeueHnii ¢ pa3inIHbIMU HHTEHCHUBHO-
CTSIMU PACTIPE/ICTICHUE TUIOTHOCTH ra3a CYIIECTBEHHO OTIMYACTCS, MPH MATbIX WHTCHCHBHOCTSAX TEYe-
HUI BO3MOXHO MpeHeOpeub N3MEHEHUAMH TUIOTHOCTH CPEJIbl, TOTA KaK JUIsl yapHO-BOJHOBOTO TeYe-
HUS U3MCHCHUS B MJIOTHOCTH CPEibl 00Jiee CYIIeCTBEHHBI (CM. puC. 6).

lu-u |, m/c
1 14
0.40 n
0.35-

0.30 1

= UHTEHCUBHOCTH p, /p =1.001

0.25 1

MHTEHCHBHOCTB p./p =2

0.20 1

0.15

0.10 1

0.05 1

0.00

1
0 2 4 6 8 10 X, M

Puc. 6. MpocTpaHcTBEeHHOE pacnpeaeneHne Moaynsi pasHOCTU CKOpOCTel rasa,
BbIYUCIIEHHbIX NPU MoAeNnUpPOBaHMM AUHAMMUKU OOQHOPOAHOrO rasa Moaernbio
BSI3KOro TennonpoBOAHOro rasa U uaeanbHoro rasa, t = 12 mc
Fig. 6. Spatial distribution of the modulus of the difference in gas velocities
calculated when modeling the dynamics of a homogeneous gas with a model
of a viscous heat-conducting gas and an ideal gas, =12 ms
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OTauyne KOHTUHYaJbHOM U PaBHOBECHOW MOJEIEH AMHAMUKHU T'a30B3BECEH 3aKIIOYAETCS B TOM,
YTO TIPU MOJEIHPOBAHUU ABWKCHHS OJHOPOJHON Cpelbl U JWHAMHUKHU Hecymed (a3bl ra30B3BECH B
KOHTUHYaJIbHOW MOJICIU HayalbHbIE pACIpEEICHUs JABJICHUS T'a3a COBIANAIOT, TOTAA KaK B PaBHO-
BECHOUM MOJIEIN MPH TEX K€ MapaMeTpax HeCyIleH cpeanl HauyadbHOE AaBJICHHUE ra3a UMEET MEHBIICEe
3HadyeHue (puc. 7). JlapneHue ra3a npu MOJCIUPOBAHUM JUHAMUKH Ta30B3BECH PAaBHOBECHOHN Moje-
Tpi0 cocTaBisaeT 99,95 % ot gaBieHUS B OHOPOJHOM Ta3e WM ra3oBoi (haze, MOJEIHpyeMOi KOHTH-
HyallbHOH Mojenbto. OTnudyreM KOHTHHYallbHOM MOIENH AUHAMHKA MHOTO(A3HBIX Cpenx SBISETCS
HaJM4He TeMIIepaTypHOIl HepaBHOBECTHOCTH. Jlake mpu paBHOW HaudanbHOU TeMriepatype (a3 B mpo-
1ecce JABMKCHMS Tra3oB3BecH (OPMHPYETCS Pa3HOCTh TEMIIEPATyp HECYIIeH M aucnepcHOi (asbl
ra3oB3BECH.

p, klla

— paBHOBCCHasA MOJECJIb

101.0 OJTHOPOJIHBIN Ta3
I KOHTI/IHya.]'ILHaSI MOJICJIb
100.8 I
I
I
100.6 I
I
I
100.4 - :
I
I
100.2 i
I
I
100.0 .
T T T T T
0 2 4 6 8 10 X, M

Puc. 7. HauanbHble pacnpeaeneHus AaBneHUsA Npu MoaenvMpoBaHUM pacnaga

pa3pbiBa B OAHOPOAHOM rase M B rasoB3Becu Npu AMHaMUKe ra3oB3BeCH

KOHTMHyaanOﬁ n paBHOBeCHOﬁ mMogendax npu OAMHAKOBbLIX HaYalnbHbIX
napameTpax rasa

Fig. 7. Initial pressure distributions in modeling the discontinuity decay in

a homogeneous gas and in a gas suspension with the gas suspension dynamics

by the continuum and equilibrium models for the same initial gas parameters

Ha puc. 8 mpezacraBneHo comocTaBleHUE MOAYJISL Pa3HOCTH TEMIIEPATypbl HECYLIeH W JUCHEPCHON
KOMITOHEHTBI JJIsl IByX pa3iM4YHbIX WHTEHCHBHOCTEH mepenaza AaBicHus p,/p; = 1,01, py/p; =2. axke
TIPY MaJIbIX MHTEHCUBHOCTSIX T€YeHUH (CM. pHcC. §), B KOHTUHYAIbHONW MOJEH C BA3KOM U TETUIONPOBO-
HOI Hecyllel cpeloil U Hecylleil cpeiol — UjleaIbHbIM ra30M CYIIECTBEHHO OTIMYAIOTCA TEMIIEpaTyphl
ra3oBOH M JucriepcHor (a3 cmecH. [ HavanbpHOTO Hepemnaia AaBICHUH p,/p; = 2 Ui Hecyllel cpensl —
UJICAIbHOTO Ta3a BEJIMYMHA Pa3sHOCTH Temiiepatyp ¢a3 cymectBeHHo Oonbuie — |77 — 1| = 14,32 K, yem
€CJTM MOJIEJ b YUYUTHIBAET BA3KOCTh U TEIUIONPOBOAHOCTE cpenbl — |1 — 75| = 0,35 K. [ns HauansHOTO
nepenanga naBiacHui p,/p; = 1,01 B Moaenu ¢ Hecyled Cpeoi — MICaJbHbIM ra30M BEJIMYMHA WHTCH-
cuBHOCTH pasHocTH Temrneparyp — |1} — 7| = 0,23 K, eciu Mozenb y4uTHIBAeT BS3KOCTh U TEILIONPO-
BOJIHOCTh HecylIel cpensl TOT ke mapametp — |17 — 75| = 0,0026 K.

PaBHOBecHast Mozienb, KaK M MOAETb JUHAMHUKY HJICAIbHOTO Ta3a, [I03BOJISIET MTOYYUTh aHAIUTHYC-
ckue pemenus [21]. ComocTaBiaeHne YUCICHHBIX PACUETOB, OMYYCHHBIX KaK JJII OJHOPOIHON HIeah-
HOM cpeJibl, Tak U /U1 paBHOBECHOM MOJENH JUHAMHUKHU T'a30B3BECH, IEMOHCTPUPYET MPUEMIIEMOE COOT-
BeTCTBUE 75 % OT aHAJOTHMYHBIX aHANUTUYECKUX PEIIEHHH, YTO CBS3aHO C JAHUCCUMAIMEN YUCIEHHOTO
pemrenus [1, 5, 6] (puc. 9).
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| t‘ _t' | . M / C @mm— 513K 51 TCIUIONPOBO/IHAs HECYIIAs cpenia, p,/p;=1.01
l 2 HJeaNbHas Hecylas cpena, p,/p,;=1.01
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Puc. 8. MNpocTpaHcTBeHHOE pacnpegeneHne Moaynsa pa3HOCTU TemnepaTypbl
a3 npu MoAenMpoBaHMM AMHAMUKUA ra30B3BECU KOHTUHYyaNnbHbIMU MoaensiMu
C BAI3KOW TEMNJONpoBOAHOW U MAeanbLHOM Hecyllen cpefon Ans pa3HbIX
MHTEeHCUBHOCTEN Ha4yanbHOro nepenaaa AaBreHUn
Fig. 8. Spatial distribution of phase temperature difference modulus when
modeling gas suspension dynamics by continual models with a viscous
heat-conducting and ideal carrier medium for different intensities of the initial
pressure drop

OJTHOPOJIHAS HEBS3KAs cpela
u M/ C = DaBHOBECHAsl MOJI€JIb I'a30B3BECH|
)

|54 = = = === =======--=-7

10 - - e - - - - - -

0 2 4 6 8 10 % M

Puc. 9. ConoctaBneHue Y1McrieHHbIX pacyeToB — CMMOLWHON JIMHUEN U aHanUTu-
YeCKUX pacyeToB — nyHKTVIpHOﬁ nnHuen. MHTEeHCUBHOCTbL HaYanbLHoOro nepenaga
paBneHus p,/p; =1,1
Fig. 9. Comparison of numerical calculations — a solid line and analytical
calculations — a dotted line. The intensity of the initial pressure drop p,/p; =1.1

Ha puc. 10 npencraBieHbl pe3yabTaThl YUCIEHHBIX pacueTOB JABJICHHUS M TeMIIEpaTyphl ra3a B ras3o-
B3BECH NPH MHTEHCHBHOCTH paclafa paspbiBa AaBieHus (p, —p;)/p;=0,01 B nBa pa3nu4HbIX MOMEHTa
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BpeMeHH — { = 5 Mc u ¢ = 8 Mc, u3 puc. 10 ciemyet, YTo HaubOoIbIIIass CKOPOCTh PACIIPOCTPAHEHUS YIAPHOM
BOJTHBI HAOJIOAAETCsI B PABHOBECHOW MOJIEIH, MEHbINAsi CKOPOCTh HAOIFONAETCS B KOHTUHYAILHON MOJIe-
JIU C WICAIbHOM HECYILEH Cpenoil, ele MeHbIIasi CKOPOCTh PACIPOCTPAHEHMSI B yIaPHOM BOJIHE C BSA3KOM
TEIUTONPOBOIHON cpenoit (cm. puc. 10a). IIpu 3TOM, YeM BhIIIe CKOPOCTHh PACIIPOCTPAHCHHS BOSMYIIICHHS,
TEM MEHBIIIe TeMIIepaTypa rasa, JOCTUraeMas B yIapHOW BOJIHE, HAMMEHBIIIAss CKOPOCTh M HanOOIbIIas
TeMIIepaTypa ra3a B MOJICIIU TUHAMUKY Ta30B3BECH C BSI3KOM TEIIONPOBOAHOM cpeoi (cM. puc. 10b).

p, klla

101.0
paBHOBeCHasl MOJEIIb,/=6 MC
MOJIENb C HJIEANIBHOM Hecyliel cpelioi, =6 Mc
MOJIENIb C BSA3KOH Hecyllel cpenoi,=6 mc
paBHOBECHAst MOJIEIIb, /=9 MC
MOJIeNIb C UJIaNIbHOM HecylIel cpesoi, =9 Mc
MOJIEJIb C BSI3KOW HECyIel cpenoit,=9 mc

100.5

100.0

PaBHOBECHAs MOJIEIb,!=6 MC
MOZIeNb C HJeaabHOH HecyIel cpenoit,i=6 Mc

a)
t K MOJIEIb C BA3KOM Hecylel cpeion,i=6 mc
s ‘_

PaBHOBECHAsI MOJIEIb,I=9 MC
MOJIENb C MCATBEHON Hecyllel cpenoit,/=9 mc|
MOJIeNb C BSI3KOM Hecymiel cpenoif,/=9 mc
293.4
293.2
293.0 1
292.8
292.6
T T T T
2 4 6 8 X, M
b)

Puc. 10. MpocTpaHcTBEHHbIE pacnpeneneHusi B pasfiMviHblie MOMEeHTbI BpeMeHuU
AaBneHus rasa (a) n Temnepartypsbl rasa (b) npu mogenvpoBaHUM OAUHAMMKMU
rasoB3BecU pas3nMyHbIMU MaTEMaTUYECKUMU MOAENAMMU
Fig. 10. Spatial distributions at different times of gas pressure (a) and gas
temperature (b) when modeling the dynamics of a gas suspension by various
mathematical models

[Ipu ymeHbIIEHNHM MHTEHCHBHOCTH TEUYECHHS YBEIWYMBAIOTCS PA3WYMs B PE3ylbTaTaX pacyeToB
CKOPOCTH OJJHOPOJIHOTO ra3a M CKOPOCTH ra3oBoi (a3l B Ta30B3BECH, a TAK)Ke CKOPOCTH CPEbl B PaB-
HOBecHOH Mozenu (puc. 11). JIas MHTEHCHMBHOCTEH HAuyaJbHOTO TMepenaga MaBiCHUs po/p; =2,
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po/pi = 1,1, po/p1 = 1,01 oTHOWIEHHA K MAaKCUMaJIbHOH CKOPOCTH HMJEAIbHOIO OJHOPOJHOrO rasa (i)
MaKCUMAaJIbHOW CKOPOCTH Ta3a B KOHTHUHYaJIbHOW MOJENH IUHAMHUKYU Ta30B3BECH C UACAIBHON Cpeion —
Ugsi/Ujg, TA30B3BECH C BA3KON TEIIONPOBOAHOM HeCyIeH Cpeoi —tg, /Uy, MAKCUMATIBHOI CKOPOCTH Cpe-
Ibl B PAaBHOBECHOW MOJEIM Ta30B3BECU — Uy /Uiy (CM. Tabnuiy). M3 Tabnuipl criemyer, uTo Hauboee
CYILIECTBEHHO CKOPOCTh TEUEHHUSA ra3a B Ta30B3BECH YMEHBIIACTCSI OTHOCUTEIBHO OJAHOPOJIHOMN Heab-
HOU cpenpl (IIpu TOU K€ MHTEHCHBHOCTH HAYAIBHOTO Teperaja JaBICHI) I pacieTOB TEUCHHUS ra30-
B3BECH KOHTHMHYaJIbHON METOAMKON MOJEIUPOBAHUS C BSI3KOM TEIIONPOBOAHOMN Cpeioil, MEHEE UHTEH-
CHUBHO CKOPOCTh CpPEIbl YMEHBIIAECTCA B PABHOBECHOW MOJEIH, €€ MEHbIIEC YMEHBIIACTCS B KOHTUHY-
aNbHOM MOJEINHU € UACATBHOUN cpenoil.

S OJTHOpPOJHAs NACAIbHAS Cpeaa
u, M/c —
JTHOPOJIHAs BsA3Kas cpeaa

PpaBHOBECHAsI MOIEb
100 e yjicaJibHAs HECYLIas cpea
Bs3Kas Hecyllas cpena
80 1
™ e & _
60 ® \
[
40 \
)
L]
20+ \ \
T T T
0 6 8 10X, M
— OJHOpOHAsA UAcalibHasA Cpeaa
== == OJHOpOJHAask BA3Kas Cpeaa
T/l, M/C PpaBHOBECHAA MOJIEb
1 2 n e [1CaJIbHAs HECYIIAs cpela
BA3Kas HECYIlast cpeaa
10

8 -

6 -

44

24

0 T T T T T

0 2 4 6 8 1w, M

b)

Puc. 11. MNMpocTpaHcTBeHHOEe pacnpeneneHne CKOpOCTU rasa npu Moaenupo-
BaHUM pacnaga paspbiBa B 04HOPOAHOM ra3e U B ra3oB3BeCU paBHOBECHOM U
KOHTUHYanbHOW MaTeMaTU4eCKUMMU MoAensiMM Npyu HavyanbHOW MHTEHCUBHOCTMU
paspbiBa AaBneHun p,/p; = 2 (a); p,/p; = 1,1 (b); p/p; = 1,01 (c)
Fig. 11. Spatial distribution of gas velocity when modeling discontinuity decay
in a homogeneous gas and in a gas suspension by equilibrium and continuum
mathematical models at the initial intensity of pressure discontinuity p,/p, =2 (a);
P2/p1=1.1 (b); palpy = 1.01 ()
(c™m. Takxe c. 72)
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U. M / C @—([IHOPOJIHAS HICAIBHAS CPEiA
2 == == O0AHOpOJHAas BA3Kas Cpelia
paBHOBECHast MOAEIIb
e yAcajibHas HECYIlas cpena
BsI3Kas HeCyIlasi cpea

1.254

1.00

0.75 4

0.50

0.25

0.00 T

c)
Puc. 11. OKoH4aHue
Fig. 11. End

OTHOLEeHNA MaKCUManbHbIX 3HAYeHUIA CKOpPOCTen Hecyluen cpeabl
Ratios of the maximum values of the carrier medium

P21 Ugsi [Uig Ugsy /Uig Ugse [Uig

palp1 =2 76,86 % 75,17 % 69,68 %

pa/pr=1,1 72 % 70 % 63,28 %

pa/p1 = 1,01 71 % 64 % 60,5 %
BriBoabI

B nanHoii paboTe mpencTaBiIeHbl COMOCTABICHUS PACUCTOB YMCICHHBIX pealn3aluil MaTeMaTHye-
CKHX MOJEJIeH OJTHOMEpHBIX TeUeHMH razon3Beced. COMOCTABIAINCH PAaBHOBECHAS METOJIUKA MOJEIH-
pOBaHMsI TWHAMHUKA MHOTO(a3HOW cpelbl ¢ KOHTHHYAIBHOW METOJMKONW MOJETUPOBAHUS JHMHAMHKH
MHOTO(a3HbIX Cpel, B paMKax KOTOPOH OBLIH MOTYYEeHBI MOJEIIH, ONHMCHIBAIOLINE HECYLICIO a3y cMecu
KaK MJeaJbHBIH ra3 M Kak BS3KYIO TEIUIONPOBOAHYIO cpeny. OmnpeneneHo, YTo HauOombIas CKOPOCTh
pacnpocTpaHeHHsI BO3MYILEHHS B Ta30B3BeCH HAOIIOaeTCsA B PABHOBECHOW MOJIENH, MEHbBINIAsi CKOPOCTh
pacrpocTpaHeHus] — B KOHTUHYQJIbHONH MOJIENIN C WACANBHON cpe/iol, HauMEeHbINasi CKOPOCTh HaOI o 1a-
€TCs B Ta30B3BECH C BA3KOW TEITONPOBOJHOMN Cpefoi. BrIABIEHO, UTO NpU Pa3INYHBIX HHTEHCHBHOCTSIX
TEUYEHUI HaJM4Yhe JUCTICPCHOM (a3pl B CMECH OKa3blBaeT pa3NMyHOE BiHsiHUE. [lomydeHHbIE 3aKOHO-
MEpPHOCTH BO3MOXKHO HCIIONB30BATh MPH pa3padOTKe KOMMBIOTEPHBIX MOJENEH AMHAMHKH MHOTO(a3-
HBIX Cpen.
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1fO)KHO-ypaJ7bCKUL7 2ocydapcmeeHHbili yHusepcumem, YensbuHck, Poccus

2000 «lpouseodcmeeHHass komnaHusi « HensabuHckul mpakmopHbIU 3aeod», YenssbuHck, Poccusi

Annomayus. Pabora nocesileHa UCCIEIOBAHHIO MPOIECCOB HU(PPOBOM TpaHCHOPMAIUU SIKOHOMHUYE-
CKHX CYOBEKTOB, PACCMATPUBAECMBIX B KAYECTBE OTKPBITHIX COIMATBHO-?KOHOMHYECKHUX cucteM. C HCIIoIb-
30BaHHEM CTATUCTHYCCKUX JAHHBIX O0OOCHOBAaHO MasibHEHIIICe pa3sBUTHE MPOIECCOB IHUppoBOii TpaHchop-
Maluy, a Takke HEOOXOANMOCTh pa3paboTKu MH(POPMaNNOHHO-aHAIUTHIECKOTO U METOJIUYECKOro obec-
MIEYeHNsI YIPaBICHUS dTHUMHU IporieccamMu. CHCTeMaTH3MpOBaHa CYIIHOCTh U Pa3paboTaHO aBTOPCKOE IO-
HiTHE TH(GPOBOI TpaHCHOPMAIMN COIHATBHO-?)KOHOMHYECKOH CHCTEMBI, pACCMOTPEHBI €€ LIeJIM ¥ HalpaB-
JICHUA JUIA Pa3JInYHBIX YPOBHEH IKOHOMHKH. PacCMOTpeHBI 3Tarbl, HaPaBICHUS U HHIUKATOPHI IH(PPOBOI
TpaHcopManuy TOCYIapCTBEHHOTO yIpaBieHus. VccinenoBaHbl HampaBieHWs W AWHAMUKa IH(POBOMH
TpaHchopmanuu cyobekToB PO u ee npobnemsl. Ilesb uceae10BaHUsl COCTOUT B HCCIEIOBAaHUU IU(PO-
BOW TpaHc(hOpMAIK B KOHTEKCTE YNPABJICHUS Pa3BUTHEM COLMAIHLHO-YKOHOMHUYECKHX CHCTEM, COCTOSIHUH
cy0bexTa, 00BEKTa U CUCTEMBI YIPABICHUS, a Takke (POPMHUPOBAHUSA KOMILIEKCA IPOOIEMHBIX ToyeH 1ud-
poBoii Tpanchopmarmu cyObekToB PD B KOHTekcTe MX (PYHKIMOHAIBHBIX, CTPYKTYPHBIX, PECYPCHBIX U
MHQOPMALMOHHBIX XapaKTEPUCTUK KaK OTKPBITHIX TUHAMHYECKHX COIHAIBHO-3KOHOMHYECKHX CHCTEM.
MarepuaJjibl 1 MeToAbl. CTaTUCTUYECKON OCHOBOM HCCIIEIOBaHMs BBICTYNHIM JAaHHBIE POCCUICKHUX H 3a-
PYOEKHBIX aHAIMTHYECKUX areHTCTB, JaHHbIe PoccTaTa M MEXAyHApOTHBIX CTATUCTHYECKHX 0a3 JaHHBIX,
XapaKTepU3yIolue TpoIecchl MHPOpPMATH3AMKH U IH(POBU3aLNN POCCHHCKOH W MHPOBOH 3KOHOMHUK,
JAaHHBIE O CTpaTermsx UQpoBoit TpaHchopmarun cyorekToB PD, npeacraBnenHsle Ha caiitax [IpaBuTtens-
ctBa Poccun, enepanbHBIX M peTHOHAIBHBIX OPIaHOB MCIIOJIHUTEJIFHOM BlIacTH. B MccieioBaHNM UCTIONb-
30BaHBl METOJBI KOPPEISAIHOHHO-PETPECCHOHHOTO, KIACTEPHOI0, CTPYKTYPHOTO M KOHTCHT-aHAlIu3a, a
Tak)Ke CUCTEMHBIN MOaXxoA. TeopeTHiecKod U METOIUYeCKON 0a30il BRICTYNHIN paOOTHl POCCHHCKHUX U
3apyOeXXHBIX HCCIIeIoBaTeIeH, OTYETEI MUPOBBIX M POCCHUCKNX KOHCAJITHHI'OBBIX areHTCTB U HCCIIE0Ba-
TEIbCKUX LIEHTPOB, HOPMATUBHO-IIPAaBOBbIE JOKYMEHTHl PP 1 MeXIyHapoIHBIX OopraHu3auui. Pesyiib-
TaThl. CHcTeMaTH3UPOBaHbl POJlb, 3HaUeHHE 1 (QyHKIMH nudposuzanun. PazpaboTano onpenenenne mud-
poBoil TpaHCPOpPMALMK KaK XapaKTEPUCTHUKU COLUAIBHO-IKOHOMHYECKONW CHUCTEMBI, HCIIONB3YeMOM It
OIMCaHM LEeNIeH, Tpoliecca U pe3ysIbTaToB HU(GPOBOTO Pa3BUTHS, MIPHUBOJILETO K TPaHC(HOPMALIOHHOMY
M3MEHEHHIO [TapaMeTPOB YIPABIIIOMIEH 1 YyIpaBIsIeMOi cucTeM, EPEeBOLy CUCTEM Ha KaUeCTBEHHO HOBBIH
YPOBEHB, KOTOPBIi POSIBISIETCS B PAAMKAILHOM N3MEHEHUH OM3HEC-MOJIENH, ON3HEC-TIPOLIECCOB, BBIITyCKae-
MbIX IPOAYKTOB U OKa3bIBaEMBIX yCIyT. JIMarHOCTUPOBAHbI PErHOHAJIBHBIE TUCIPONIOPLMH B IU(DPOBOM pa3-
BUTHH cyOBekTOB Poccuiickoit denepanun. OmpeneneHsl MmpoOsieMHble 1Mo HU(POBO TpaHchHopMau
CyOBbekTOB PD B KOHTEKCTE YEeThIPEX COCTABILIIOINX — (DYHKIIMOHAIBHOTO, CTPYKTYPHOTO, HH(pOPMAIHOHHO-
TO M PECYPCHOTO HX OIMCaHMUs KaK CONMaIbHO-O3KOHOMHYECKHX cucteM (faiee — COC). 3akmiouenue. Paspa-
6oTaHHOE TOHATHE NH(POBOI TpaHCHOPMAIIMK OCHOBAHO HAa CHCTEMHOM MapagurMe U MO>KET HCIOIb30BaTh-
csl JuTsl pa3pabOTKU KOMITJIEKCa METOJIOB, MOJIeNel, TIoKaszaTesel 1 MHIUKaTopoB nudposoro passutus COC.
PazpaboTaHHbIi KOMIUIEKC TIPOOIeMHBIX Tonel nudpoBoit TpaHchopmanmu cyobektoB PO kak COC moxker
HCTIONB30BATHCS JUISl pa3pabOTKH CHCTEM IIOJUICP)KKH YIPABIEHUYSCKUX PEIICHUH, aKTUBH3ALMH [U(PPOBOTO

pa3BuTHs CyObeKkTOB P®D, MOBBILICHUS €T0 Pe3yIbTaTUBHOCTH, 3(P(PEKTHBHOCTH U YCTOWYUBOCTH.

Knrwouesvie cnosa: nndposuzanys, nndposas TpaHchopmarys, udpoas SKOHOMUKA, TUPPOBOE pa3-

BUTHE, IIU(PPOBU3ANNS TOCYAAPCTBEHHOTO YIIPABICHHS
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Abstract. The work is devoted to the study of the processes of digital transformation of economic enti-
ties considered as open socio-economic systems. With the use of statistical data, the further development of
digital transformation processes, as well as the need to develop information-analytical and methodological
support for the management of these processes, is substantiated. The essence is systematized and the au-
thor's concept of digital transformation of the socio-economic system is developed, its goals and directions
for various levels of the economy are considered. The stages, directions and indicators of the digital trans-
formation of public administration are considered. The directions and dynamics of the digital transfor-
mation of the subjects of the Russian Federation and its problems are studied. The purpose of the study is
to study digital transformation in the context of managing the development of socio-economic systems,
states of the subject, object and management system, as well as the formation of a complex of problem
fields of digital transformation of the subjects of the Russian Federation in the context of their functional,
structural, resource and information characteristics as open dynamic socio-economic systems. Materials
and methods. The statistical basis of the new study was data from Russian and foreign analytical agencies,
data from Rosstat and international statistical databases that characterize the processes of informatization
and digitalization of the Russian and world economies, data on digital transformation strategies of the con-
stituent entities of the Russian Federation, presented on the websites of the Government of Russia, federal
and regional executive authorities. The study used methods of correlation-regression, cluster, structural and
content analysis, as well as a systematic approach. The theoretical and methodological base was the work of
Russian and foreign researchers, reports of world and Russian consulting agencies and research centers, le-
gal documents of the Russian Federation and international organizations. Results. The role, meaning and
functions of digitalization are systematized. A definition of digital transformation has been developed as
a characteristic of a socio-economic system used to describe the goals, process and results of digital deve-
lopment, leading to a transformational change in the parameters of the control and managed systems, trans-
ferring systems to a qualitatively new level, which manifests itself in a radical change in the business model,
business processes, products and services. Regional disproportions in the digital development of the con-
stituent entities of the Russian Federation are diagnosed. The problematic fields of digital transformation of
the subjects of the Russian Federation are identified in the context of 4 components — their functional, struc-
tural, informational and resource description as SES. Conclusion. The developed concept of digital trans-
formation is based on the system paradigm and can be used to develop a set of methods, models, indicators
and indicators for the digital development of socio-economic systems. The developed complex of proble-
matic fields of digital transformation of the subjects of the Russian Federation as SES can be used to deve-
lop management decision support systems, activate the digital development of the subjects of the Russian
Federation, increase its effectiveness, efficiency and sustainability.

Keywords: digitalization, digital transformation, digital economy, digital development, digitalization of
public administration
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BBenenue

BecnipenienenTHRIE TeMIbl pa3BUTHA NU(POBBIX TEXHOJOTHA CJHENAIH KaTerOpHio «Iu(poBas
TpaHcopManus» aKTyalbHBIM HalpaBICHHEM HCCIENOBAHUI B 00NAacTH yHpaBieHHS WHGOpPMAIMOH-
HBIMU TCXHOJOTHAMHU U CTpaTeFI/I‘-IeCKOFO pa3BI/ITI/I$[. HI/I(i)pOBBIe TCXHOJIOTHUH, CTaB KIHOYCBBIM (I)aKTO-
POM KOHKYPEHTHOTO yCIleXa B COBPEMEHHOM MUpE, U3MEHWIH c(pepbl SKOHOMUKH, YIIPABICHUS U TPAXK-
JTAHCKOTO O0IIecTBa, MpeoOpa3uiii HaIlPaBIIEeHUS U HHCTPYMEHTHI pa3BuThsi. COTIIacHO MPOTHO3aM aHa-
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YnpaBneHue B coLnanbHO-9KOHOMUYECKMX CUCTeMax
Control in social and economic systems

JUTHYECKUX areHTcTB [1] B Ommxaiinnee Bpems mojioBuHa Bcex uuBectuunid B IT-pemenus Oyner cBs-
3aHa ¢ udpoBoil TpaHchopMaLMe, a MOJOBUHA MUPOBON SKOHOMUKH OyAET OCHOBBIBATHCS Ha IU(PO-
BBIX TEXHOJIOTHSX, TAK KaK JUIsl o0ecreueHnss KOHKYPEHTOCIIOCOOHOCTH MPOAYKTHI, YCIIYTH, MPOIECCHI U
OpraHu3aluy JIOJKHBI OYyT OCHOBBIBATHCS Ha ITU(PPOBBIX OU3HEC-MOJICIISIX.

BosgeiictBue nudposusaunu Ha Bce cepbl OOMECTBEHHOHN KU3HHU, YCUICHHOE Tio0anu3anuei 1
o0ocTpeHueM KOHKYPEHTHOH OOpBOBI 32 U(POBBIE PECYpChl M TEXHOJOTHH, SIBISIOMIMMUCS OCHOBHBI-
MU ONpENCIUTEISIMU CTPATETUYECKOW yCTOMYMBOCTH U 3()(HEKTUBHOCTH HAa BHYTPEHHEM M BHEITHUX
PBIHKaX, MPHUBEJO K TMOSBICHUIO «HOBOH (HOPMBI TEPPUTOPUAIBHBIX COLUATBHO-3KOHOMHUYECKUX CHC-
TemM» — IU(PoBOM sKoHOMHUKH [2—10].

HopmaruBHoe omnpenencHue MUGPOBOH IKOHOMHUKH XapaKTEPHU3YET «IEATSIBHOCTh M0 CO3/aHuIo,
pacupoCTpaHEHHUIO M UCTIONB30BaHHIO HU(PPOBBIX TEXHOIOTUI U CBSI3aHHBIX C HUMH MIPOAYKTOB U YCIIYT;
nuGpOBBIE TEXHOJIOTHH — TEXHOJIOTHH cOOpa, XpaHeHUs, 00pabOTKH, MOUCKA, Iepelayn U IpeAcTaBiie-
HUSI JAHHBIX B QJIEKTPOHHOM BUzie» [9]. OcHOBOI IUQPOBOIT SKOHOMUKH SIBJSIFOTCS CO3/IaHNUE, IIepeiada,
XpaHEeHNE U WCIOJIb30BaHUE JAaHHBIX, BHEJPEHHE IMU(QPOBBIX TEXHOJIOTUH JUIS CO3JaHUs, Nepelad H
yAep>KaHUs IICHHOCTH U BHEIPEHUS HOBBIX On3Hec-mozenei [11-14].

OTTankuBasck OT aHATM3a TUHAMHUKHU W JUHUM TPEHAOB 00BEMOB MUPOBBIX JTAHHBIX, CO3JaHHbIX,
coOpaHHBIX, CKOTIMPOBAHHBIX M TOTPEOJIEHHBIX BO BceM MHUpe (puc. 1), a Takke TEMIIOB W3MEHEHUS
KOPIOPAaTUBHBIX PacxXoJ0B Ha 00JaKo M LEHTphl 00paboTku AaHHBIX (puc. 2) [13], MoXHO caenaTh
BBIBOJ O BOCTPEOOBAaHHOCTH HCCIIEAOBAaHUM, MOCBAMEHHBIX LU poBU3aunud u nudposoii Tpanchop-
MallH.
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Fig. 1. Dynamics and trend line of the amount of data/information created,
collected, copied and consumed worldwide, zettabytes
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Fig. 2. Dynamics and trend line of the rate of change in corporate spending
on the cloud and data centers, billion US dollars
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udporas tpanchopmanusa PO B cucteMe HAMOHAJIBHBIX 1eJIeld Pa3BUTHS

Heo6xomumocTs pazpaboTku MH)OPMAIIMOHHO-aHATUTUYECKOTO W METOAMYECKOTO OOecreyeHus
ynpagsiieHus IUQPOBLIM pa3BUTHEM U I(poBoil Tpanchopmanueii cyobekroB PD onpenensercs nosu-
IUSIMH CTPaHbl B IUQPOBBIX pedTuHrax. Tak, B MUPOBOM PEUTHHTe NU(PPOBON KOHKYPEHTOCHIOCOOHO-
ctu (World Digital Competitiveness Ranking), paspadarsiBaemom IMD [14] myrem o6paboTku msituze-
CATH KpUTEPHEB IO TPEM HampaBieHHWsAM: 3HaHMA (HeMaTepHaibHas MHpACTPyKTypa, HeoOXoaumas
JUI U3YYEHUSI M OTKPBITHA TEXHOJIOTHI), TEXHONOTUM (00IIasi cuTyamusi, 00ecreunBaromasl pa3BuTHe
IU(POBBIX TEXHOJOTHH) M TOTOBHOCTh K Oynmymiemy (YpOBEHb W TOTOBHOCTh SKOHOMHKH CTPaHBI K
mudpoBoit Tpanchopmarmm), B 2021 roxy Poccust 3aHMMaa TOJIBKO COPOK BTOpoe MecTo (puc. 3—06).
[Ipu sTOoM O HampaBneHHI0 «3HaHUs» y Poccuu nBajmath 4eTBepTasi MO3MUIMS, MO HAIMPaBICHUIO
«["oToBHOCTH K OynymieMy» — COpPOK ceapMas, a IO HalpaBIeHUIO «TeXHOJIOrMm» — TOJIBKO COPOK
BOCBHMasl MO3UIHSL.
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(BbIGOpPKaA CTpaH)
Fig. 3. World Digital Competitiveness Ranking 2021
(sample of countries)
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Fig. 4. World Digital Competitiveness Ranking 2021 in Technology
(sample of countries)
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Fig. 5. World Digital Competitiveness Ranking 2021 in Knowledge
(sample of countries)
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Puc. 6. MupoBo#i peMTUHT LMcpPoBON KOHKYpeHTocnocobHocTu cTpaH 2021 roga
no HanpaBneHu «FO0TOBHOCTb K OyaylemMy» (BbiIOopka cTpaH)
Fig. 6. World Digital Competitiveness Ranking 2021 in Ready for the future
(sample of countries)

B 310l cBsi3m ympasnenue UQPPOBBIM pa3BUTHEM U IM(PPOBOI TpaHchoOpManuen CcouanbHO-
9KOHOMUYECKUX CUCTEM (IIEPEBOJ «3HAHWI» B «IH(PPOBOE JHIECPCTBO» IOCPEACTBOM «TEXHOJIOTHI
Ui o0ecriedueHus: «OyaAyIIero» CTpaHbl) CTAHOBUTCS CBOCOOPA3HBIM HALIMOHAIBHBIM «BBI30BOM) HIIU
«MeTa-1enpio». OT TOCTHKEHHSI 3TOH eI TakKe 3aBUCUT HALMOHAIbHAs 0€301acHOCTb, @ MEXaHU3-
MBI €€ JIOCTIDKEHUS CBSI3aHbI ¢ obecrieueHneM U poBoil TpaHchopMalu Ha YpOBHE cyObeKTOB PO,
TaK KaK B cuily (heaepaTuBHOIO YCTPOWCTBA, COUUATIBHO-3KOHOMHUYECKUX, IPUPOAHO-TEOTpapUIeCcKuX,
PECYPCHO-TEXHOJIIOTHYECKUX U IPYTUX OCOOCHHOCTEH PErHOHBbI CTPaHbl XapaKTEPU3YIOTCS 3HAUMTEINb-
HOU nuddepeHnManyeld mo ypoBHIM MUGPOBOW 3peTOCTH, 1O Pa3BUTHIO IU(POBO IKOHOMHUKH, CO-
CTOSTHHUIO IU(PPOBOTO MOTEHIMANa U HHQPACTPYKTYPHI.

VYxazom Ilpesunenta Poccuiickoit @enepanun Ne 474 ot 21.07.2020 BBoauTCs NOHATHE LUDPOBOH
TpaHchOpPMaIIUK KaK OJTHON M3 HAIIMOHANBHBIX Iieneil PO u onpenenstoTes meneBbie moKa3aTeiu, KOTo-
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pBIe TOIHKHBI OBITH JOocTHTHYTHI K 2030 roxay [15]. LleneBsie moka3aTeny HAIMOHANBHOM IENTH Pa3BUTHS
«udposast Tparchopmanus» (puc. 7) 3aTparuBarOT MPOTPAMMHEIE U OIIEPAIIMOHHBIE ACTIEKTHI, COTa-
CYIOTCS C HalPaBICHUIMH «MH(PPACTPYKTYpay, «yIpPaBICHUE», «PETYIUPOBAHUEY, KOUZHECH U <«JTIOIUY,
3aTparvBaeMbIMU B IPOTPAMMHBIX JOKYMEHTAaX MEXIYHApOAHBIX opranu3auui [15-17].

— Hoctmxkenue «iudpoBoii 3peocTiy» KIIOUEBBIX 0Tpaciei S9KOHOMHKH
U COLMATBHOM cdepsl, B TOM YHUCIEC 3APABOOXPAHEHUS H 00pa30BaHUs,
d TAKXKC ToCyJapCTBCHHOI'O YIIPABJICHHSA

— YBenndeHue I0MH MacCOBBIX COIHATBHO 3HAYUMBIX YCIIYT,
JIOCTYIHBIX B 3M€KTPOHHOM Bue, 10 95 %

— PocT monu 1oM0X039HCTR, KOTOPBIM obecriedeHa BO3MOKHOCTh
MIHPOKOTIONIOCHOTO IOCTYTA K HH(POPMAITHOHHO-
TeJIEKOMMYHHKAITHOHHON cety Marepuer, 10 97 %

— YBeJHMueHHe BIOWKEHHI B OTeYecTBEHHbIE pellieHus B chepe
HH(OPMALIMOHHEIX TEXHOJIOTHII B HeTEIPE Pa3a 1o CPaBHEHHIO
¢ nokazareyneM 2019 roga

Puc. 7. LleneBble noka3zaTtenu HaunoHanbHou uenu pa3BuTtusa «Lludposas TpaHcdopmaumsa»
Fig. 7. Target indicators of the national development goal “Digital Transformation”

udporas TpanchopManusa cONMAIbHO-IKOHOMHUYECKHUX CHCTEM

Bueapenne nu@poBbIX TEXHOJIIOTHI B couuanbHO-3KOHOMHUUeckue cucteMbl (COC) pa3nuyHbIX
YpOBHEH MPOXOJUT P 3TAOB (pHC. 8), MpHu GOpMYITHUPOBKE KOTOPHIX MBI HCIIOIB30BAIH ONPEIEICHHS,
pa3paboTaHHBIC aMEPUKAHCKOM HCCIIEeA0BAaTEIbCKON M KOHCANTHHIOBOM KoMmanuei Gartner, cienuanu-
supyromercss Ha UT-peiHkax u U3BECTHON «BBeAEHHEM» TepMUHOB «lluki xaiimay, «Mogens 3perno-
ctv HQpoBoro npaBuTenbeTBay U Ap. [18]. [loguepkHem, 4TO B HACTOSIIEE BPEMsI OTCYTCTBYIOT OJTHO-
3HAYHbIE, KOHIENTYaJIbHO SICHBIC OIPEeNICHHsI TEPMHHOB «IH(poBU3aIMsi», «udpoBas Tpanchopma-
sy, «uudpoBoe pasputue». Hanbonee 4acTo Kak MCCIEIOBATENH, TaK U MPAKTUKU HCIIOIB3YIOT TEP-
MHUH «IU(PPOBU3ALIN», 0] KOTOPHIM TaKXe MOHMUMAIOT U OIU(PPOBKY, U HMU(POBYIO TpaHCHOPMAIIHIO.
B mmpokom cmeiciie 1rdpoBU3aIis paccMaTpUBAETCsl Kak MPOIece BHEAPEHHS MUPPOBBIX TEXHOJIOTHIA
u Ou3Hec-MoJeneil Bo Bce COLMaIbHO-3KOHOMHYECKHE cepsl, BKIoYas ynpasieHue [2-9].

Hudporuzanus Iudpposas
Ouudporka
TpaHchopManun
OnuceIBacT, Kak MOXKHO
O3Havaer
HCIOJIB30BATh OnucelBaeT paguKanbHBIE
KOJIUPOBaHHE
AP . 1 pOBBIE TEXHOJIOTHH OpraHH3allHOHHLIC
aHaJIoroBon JUIS M3MEHEHUS H3MEHeHHs B MaciTadbax
uH(pOopMaun
(bopmarum CYLIECTBYIOIIMX OM3HEC- (HPMEI, KOTOpEIE
B [IU(POBOi E> [POTIECCOR I:> MPUBOJIAT K pa3paboTKe
(opmar 4 ee HOBBIX OH3HEC-MOeeH
HCIIOJIB30BAHUS Hszmenenue omoenvbHbvlx Pad
Hoozomosxa COC OpeanuzayuonnbLy ¢ ugsg;:g eftgjgrf; e
npoyeccos u 3aday COC ’
K UCHONL30GAHUIO u 6usnec-mooeru CIC
ecneocmeatie
yugpposwix OTOTB3OGAHSL 8 pe3yaibmame
MexHono2Ull & i . CUCTNEMHO20 6HEOPEHUS
L ) \qu POBLLX INEXHON02ULE \ YposHIX mexonouii )
Puc. 8. 3tanbl ncnonb3oBaHus UN(PPOBbLIX TEXHOSOIMMN
Fig. 8. Stages of using digital technologies
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CornacuBmucsk ¢ [12], OTMETHM, YTO «HEYETKas TEPMHHOJIOTHSA, CMEIIEHNE KOHLENINH U €€ BO3-
JOEHCTBUS CpeAr MPOYMX NPOOIIEM MPEMATCTBYIOT KOHIENTYalbHOU sicHOCTHY. Kpome Toro, HeBO3MOX-
HO pa3paboTaTh MEXaHU3Mbl U CHCTEMBbl YIPABICHUS LU(PPOBBIM Pa3BUTHEM, HE UMESI B OCHOBE OJIHO-
3HAYHBIX ompeneneHuil. HanpapneHune pemeHus CUTyalny, Ha Hall B3I, COCTOUT B UCIOJIB30BaHUH
0006meHHo# cuctemuoi napaaurmel . Kopuau [19]. Cyobektbl PO sSBIAIOTCS OTKPHITHIMHA JHHAMHU-
YECKHMHU COLUaIbHO-3KOHOMuUeckuMu cucteMamu (COC), GyHKIMOHUPYIOIIMMU B OTKPBHITON HecTa-
OunbHON nTuHaMu4HON cpene. ConuanbHO-3KOHOMHYECKasi CUCTEMa — 3TO «OTHOCHUTEJIBHO yCTOWYMBAs
BO BPEMEHHU U MPOCTPAHCTBE YACTh OKPY>KAIOIIEro MUpa, 001agaromas Ha JAHHOM YPOBHE HAOJIIOJCHUS
CBOWCTBAMHU BHEIIHETO E€IWHCTBA, BHYTPEHHETO MHOT000pa3usi W THOCEOJOTHYECKOH IEIOCTHOCTIY,
KOTOpasi y4acTBYET B IpoIleccax «IpOHM3BOACTBA M MOTPEOJICHHS, pacTpe/ieieHusi i 0OMeHa SKOHOMHU-
YECKHMU OJlaraMu», a ee IIIaBHBIM 3JIEMEHTOM <«SIBIISIOTCS JIFOAN, B3AUMOACHCTBHSA, OTHOLICHUS U CBS3H
Mexay Humm» [ 19, 20].

Henu mudposoit Tpanchopmannn COC pa3HbIX ypoBHEW mpuBedeHsl B Tadu. 1 [1, 3—12, 15, 18,
21-24]. Io pe3ynbraTraM aHaJIM3a MOHATHIHOTO almapaTa MOXHO CJeNaTh CIeAyonue BhIBOAbI. [1oHs:-
THe nU(poBol TpaHchopMaIMK B KOPIOPATHBHOM, TOCYAAPCTBEHHOM M PETHOHAIBHOM YIPABICHUH
UCIIONb3yeTCA AJIS ONUCAHMS yenell u npoyecca YnpaeieHus, e2o pe3yabmamos, COCMOSHUA YRPAGAAI0-
wel u ynpaensiemou cucmem. Ilpn 3ToM rIaBHOM LENbl0 HUPPOBU3ALMU TOCYNAPCTBEHHOTO, PErHO-
HAJILHOTO M MYHHLIUIAIBHOTO YIPABICHUS SBISIETCS cO30aHue dQ@hexmunvlx cucmem ynpasienus, B
OCHOBE KOTOPBIX JIeXKAT NU(POBBIC TEXHOJIOTHH M MCIIONB30BaHUE JAHHBIX JJISI 00ECTICYCHUST YCTOMYH-
BOT'O Pa3BUTHSI OOBEKTOB yIPABICHHS.

Tabnuua 1
Lienn undpoBom TpaHchopmauum Ha pasHbIX YPOBHSAX
Table 1
Goals of digital transformation at different levels
Ne O6wbekt LT Henn mudpoBoit Tpanchopmanyu
1 |T'ocynmapcTBeHHOE Db dexTHBHOE peryITupoBaHue, KOHTPOJIb U YIIPABICHNE, HCIIOTHEHUE
yIIpaBJICHUE (YHKIMI 1 IPEI0CTaBICHUE TOCYIaPCTBEHHBIX YCIYT
2 | Otpacib Cosznanne mupoBEIX IKOCUCTEM U YTIPaBICHUE N3MEHEHUSIMU
3 | PeruonanpHOE Ob6ecrieuenne 3¢pexTHBHOCTH W NU(MPOBOH 3PENOCTH, CO3AHHUE pe-
yIpaBJICHUE THOHATBHON MU(POBOH IKOCHUCTEMBI, 00ECIIEUHBAIOIIEH YCTOWYHBOE

pasButHe cyobekra PO,

4 | PeruoHanbHbIE OpraHbl Hoctmxenune mokaszateneid npoekra «Lludposas TpaHchopmaius
WCIIOJIHUTEJIBHOM BIACTH | HA PETHOHAIILHOM YPOBHE

5 |Opranuzanuu [NoBbIIeHHE KOHKYPEHTOCTIOCOOHOCTH, YCTOMYHBOCTH, dPPEKTUBHO-
CTH U Pe3yJIbTaTUBHOCTU OM3Heca 3a CUET BHEIPEHUS IU(POBBIX TeX-
HOJIOTHH B IIPOLIECCaX CO3AHMS, YACPKaHUs M JOCTABKU [ICHHOCTH

Merta-tienbio 1udposoit Tpancopmaru CIC BRICTYNAET TaKOS U3MCHEHHE TAPAMETPOB CHCTEMBI
ynpasieHus (3QQPEeKTHUBHOCTH, CKOPOCTH, aIalITHBHOCTH) U XapaKTEPUCTHK OOBEKTOB YIPABICHHS, KO-
TOpoe ABIsAETCS mpanc@opmayuonnvim — nepesoaut COC Ha Ka4yeCTBEHHO HOBBIA YPOBEHb Pa3BUTHS,
BEJIET K PaJUKAIbEHOMY M3MEHEHHI0 OW3HEC-MOJIENH, OU3HEC-TIPOIIECCOB, BBITYCKAEMBIX MPOAYKTOB U
OKa3bIBaeMbBIX yCIyr. BHemHuMH (IMGPOBBIMH) MOKA3aTENsIMU 3THX TPOLECCOB SIBISIOTCS YPOBHH
UQPOBOI 3peroCcTH OpraHu3anuii, OuzHeca, oTpaciell IKOHOMHUKH U COIHMAIBbHOW c(epbl; TEXHUKO-
OKOHOMHYCCKHUMU IMOKA3aTCIIIMU — PE3YJIbTATUBHOCTD, 3(1)(1)6KTI/IBHOCTI), KIIMCHTOUCHTPHUYHOCTb, 3KOJIO-
TUYHOCTb, KAY€CTBO, HAJIEKHOCTh, BPEMEHHBIE MAPAMETPHI U T. [I.

C ydeTroMm BBINIECKa3aHHOTO MBI TpeajiaraeM CIeAyIollee OIpeaeieHne NoHATHS. [Jughposas
mpancghopmayuu — 3TO XapaKTEPUCTHKA COIMATBHO-DKOHOMHUYECKOH CHCTEMBI, HUCHOJIb3yeMasl JUIs
OTIMCaHMs TelieH, mpolecca U pe3ysIbTaToB IH(POBOTro pa3BUTHS, TPUBOJISILIETO K MParHchopmMayuon-
HOMY U3MeHeHulo TIapaMeTpPOB YIPAaBIIAIONICH U yHpaBiIsIeMON CHCTEM, MEPEBOAY UX Ha KaueCTBEHHO
HOBBI YPOBEHb DPA3BUTHS, TMPOSIBISIONIUNCS B PaJAMKAIEHOM W3MEHEHWHM OW3HEC-MOJeNd, Ou3Hec-
MPOLIECCOB, BBIMYCKAEMBIX MPOAYKTOB U OKa3bIBAEMBIX YCIYT.
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udporas TpanchopmManus B rocyAapCcTBEHHOM yNIPABJICHUH

Jns onucanus nudpoBoii TpaHcOpMaLuU B TOCYJaPCTBEHHOM CEKTOPE TaKKE UCIONb3YeTCs Tep-
MHUH «TpaHC(OpMaloHHOe IpaBuTeabcTBO» (T-government), KOTOpHIH paccMaTpUBaeTCsl Kak BTOPOH
3Tal 3IEKTPOHHOTO MPABUTENLCTBA, TNIe «TpaHChOopMaIns, OCyllecTBisieMas MUPPOBBIMH TEXHOIO-
THSIMH, BKJIIOYAET OPraHU3aIl[MOHHBIC W COLMANTBHO-TEXHUYECKUE ACTICKTHl U U3MEHEHHs CTPYKTYD,
OIepalyuil ¥ KyJIbTyphl IPABUTENBCTBA B OTIAMYUE OT HPOCTOTO BHEAPEHHUS OLU(PPOBAHHBIX MPOLIEAYPY.
Taxoke HCIoNb3yeTcsl TEPMUH «UUPoBasi TpaHCHOPMALMsI IPaBUTENLCTBa». II0CKOIBKY BIEpBBIE TEp-
MuH «udposas Tpanchopmarma» — DGT (ot anr. digital transformation) nucrnons3oBaiicst B OuzHece, TO
DGT wu t-government sIBISIFOTCS SBOJIOIMEH «IIPOCTOTO MCHOJIb30BaHUS MU(POBBIX TEXHOJOTHI», TaK
kak DGT «dokycupyercs Ha MUGPOBBIX TEXHOJOTHSIX, IPUBOIALINX K USMEHEHUIM 6 OP2AHUZAYUSX,
«OTPaXKaeT CIOXKHOCTb paA3PYUUMENbHO20 8030€UCmBUsi YUPPOBbIX MEeXHOoA02ull Ha OAeH, opraHusa-
ouu 1 obmectso» [2, 4, 11, 12, 24].

HBwxkymieir cunoil uudpoBoro passutus ceronus sisusercst SMACIT xonyenyus (0T aHri. social,
mobile, analytics and cloud), coriacHo KOTOPO# TIJIaBHBIE OCHOBBI MU(POBHU3AIMHA — 3TO COLUANIBHBIC,
MOOWIIbHBIE, aHATUTHYECKUE, 00JauyHble TEXHOJOTHU M TeXHOJOoruu MHTepHeTa Bele, o3BoIIsIonIre
MEPEHTH OT 3JEKTPOHHOTO OM3HEca U ynpasieHus K uudposomy [11, 25, 26]. Hanpasnenus: u uHALMA-
TUBBI HUPPOBOI TpaHCHOPMALIMHM HA YPOBHE TOCYAAapPCTBA TOCTATOYHO Pa3sHOOOpA3HBI, K HUM OTHOCST
pa3BUTHE HIIEKTPOHHOT'O MIPABUTENBCTBA U HU(PPOBOI 3KOHOMHUKH, YMHBIX TOPOJIOB U LU(PPOBOro ood1e-
CTBa, OCHOBAaHHBIC HAa CO3JIAHUW HOBBIX IU(PPOBBIX CTPYKTYP — HU(PPOBBIX 3KOCHCTEM, TUIATPOPM TIOp-
TaJoOB, CUCTEM, CEPBHUCOB M CyNepcepBUCOB. Bce oHM HampaBiieHBl Ha oOecrieueHHe YCTOHYMBOIO pas-
BUTHSI, IOBBIILICHNUS KadecTBa M YPOBHS XKM3HU HaceJeHus. Belemsror deTsipe 3Tana TpaHchopmanms
CHCTEMBI TOCYIapCTBEHHOTO yrpasienus (tabdin. 2) [4, 9, 11, 12, 28].

Tabnuua 2
Tpchd)opmame CUCTeMbIl rocyaapCcTBeHHOro ynpasneHus
Table 2
Transformation of the public administration system
Ne Ilepuon OTan 3BONIOIHH XapakTepHucTHKa
1 | 1980-1990 | AnmunuctpatuBHas pepopma |lMcnonp3oBaHHE MPUKIATHBIX U JIOKAJIBHBIX KOM-
MBIOTEPHBIX PEIICHUH
2 | 1990-2000 |E-Government Hcnonp30BaHue BBIIEICHHBIX CEPBEPOB U YCIYTH
(DnexTpoHHOE IPABUTENBCTBO) | B PEKUME OHJIANH
3 | 2000-2010 |Open Government OO6na4yHple TEXHOJIOTHH, AAaTa-IIEHTPHI, OTKPHITHIC
(OTKpBITOE TIPABUTEIHCTBO) JIaHHbIE
4 | 2010-2023 |Smart Government Camoo0yyaromuecsi HEHPOKOMIBIOTEPHBIE CHC-
(YMHOE npaBUTENBCTBO) TeMsbl, Big Data

PaccmatpuBas TepMuH «11M(POBOE MPABUTEILCTBOY», HEOOXOIUMO OTMETHTD, YTO OHO MCIIOJIb3YeT-
Cs B IIUPOKOM M Y3KOM IUTaHaX. B MIUPOKOM IUTaHE OHO HCIIONB3YETCS KaK XapaKTePUCTHKA HCIIOIh30-
BaHUS MUGPOBBIX TEXHOJOTHHA YIS YIIYYIIECHHs TPEAOCTABICHHUS TOCYAapCTBEHHBIX YCIYT W MOBBIIIE-
HUs () PEKTHBHOCTH B3aMMOACHUCTBUS MEXKAY rpaKIaHaMU M MPABUTEIHCTBOM, BKIFOUYAIOIINX OHJIANH-
TOPTAJBI JJISL IOCTYTIA K TOCYJaPCTBEHHBIM YCIIyTaM, TU(POBEIe KaHAIBI CBS3U, UCTIOIh30BAHHUE aHAIH-
THUKH OOJIBIINX JAHHBIX JJI1 00OCHOBAHUS MOJUTHYSCKUX pelleHHid. B y3koM 1iane nudpoBoe npaBu-
TEJIBCTBO MCIIOJIB3YETCS KaK XapaKTePUCTHUKA OJTHOIO M3 ATAIoB IU(PPOBOM TpaHC(hHOPMAIUK TOCypaB-
neHus. BeimensroT atans mudpoBoit Tpancdopmanuu (Tabdi. 3) TocyIapcTBEHHOTO YIPaBISHUS, XapaK-
TEPU3YIOIIUECST MOJICIBIO YIIPABICHUS, TOKA3aTEISIMU PE3yIbTATUBHOCTH M TIOJTy4aeMbIMU 3 deKTamMu.
locynmapcTBa U pernoHbI, BHEAPSIONINE TEXHOIOTUU BTOPOTO U TPETHETO ATANOB IU(POBOH Tparchop-
MaIli{, TOBBIIIAIOT MOKA3aTEeIM COIMAIBLHOTO M AKOHOMHYECKOIO0 Pa3BUTHA, KAYECTBO COIMAIBHBIX U
SKOHOMHUYECKHUX OJIar, CHIKAIOT SKCIUTyaTallMOHHBIC 3aTPaThl, YPOBEHb MPECTYITHOCTH M HOTEPh MPO-
IOYKIIMH, a TakKe OoKETHBIE pacxo/bl. UHUIMATHBEI TU(GPOBOTO MPABUTENHCTBA CIIOCOOCTBYIOT TTO-
BBIIICHUIO 3P(PEKTUBHOCTH, COKPALICHUIO PACXOJIOB, POCTY MPO3PAYHOCTH, YIIYUIICHHI0 KOMMYHHKA-
IIUH, ONIepaTUBHOMY TIOJIYY€HUI0 00paTHOH cBs3M [2, 4, 9, 22, 25, 27, 28].
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Tabnuua 3
dtansl undposon TpaHcopmauum rocynpaBneHuns
Table 3
Stages of digital transformation of public administration
Oran XapaKTepUCTUKA WHpukatopsl Pe3ynbrarsl
Ilepswiii Mopenp ynpaBiieHus, Y nenbHeIi BeC 3MEKTPOH- | DIEKTPOHHbIE KOMMYHH-
ONeKTpOHHOE XapaKTEpU3YIOMIAsACs pas3- |HBIX TOCYIapCTBEHHBIX Kaluy NPUBOJAT K CHU-
[IPaBUTEIBCTBO | BUTUEM DJIEKTPOHHBIX YCIIYT. YKEHUIO U3IEPIKEK IS
TOCYJApCTBEHHBIX YCIYT | YIeIbHBINH BEC OTKPHITHIX | TpakJaH, OuzHeca u opra-
1 9(Q(QEeKTUBHBIM HCTIOb- | JAHHBIX B DJIEKTPOHHBIX | HOB TOCYIapCTBEHHOH H
30BaHMEM HH(OpMALUN pecypcax pErHOHAIBHOM BIACTH
B CUCTEME yIPABIICHUs
Bmopoii Mopenp ynpaBiieHus, VYV ienbHbIN BEC JaHHBIX, Wnterpanbhbie iudpoBbie
I'ocynapcTBeHHOE | XapaKTepU3yOIAsCs JOCTYIHBIX JUIA QHAJINA3a | CUCTEMBI PEaIbHOIO Bpe-

U PETHOHAIBHOE
yIpaBIcHNUE Ha
OCHOBE JTaHHBIX
B pEeXHME peab-
HOT'O BPEMEHHU

COBMECTHBIM HCIIOJIB30Ba-
HUEM JaHHBIX Yepe3 UHTe-
rpajbHble UQPOBBIE CHC-
TEMBI

B PEXXHUME PEajbHOTO Bpe-
MEHH.

VY nennHLIN BeC aBTOMAaTH-
YECKH MMOTyJaeMBbIX JTaH-
HBIX

MEHH NOBBIIIAIOT ONepa-
TUBHOCTb, HaJIE)KHOCTb U
KaueCTBO YIIPABJICHYCCKUX
peleHunit

Tpemuii
Ludporoe rocy-
JApCTBEHHOE U
pEerHOHAIEHOE
yHIpaBIeHHe

Mogens ynpasieHus,
XapaKTepu3yromasics
BO3/IelicTBHEM IU(DPOBOWA
Cpezbl Ha peaqbHbII MUp
MOCPEICTBOM LU(PPOBBIX
CUCTEM U YCTPOWCTB

VY nenbHbIi Bec HU(PPOBBIX
UHPPACTPYKTYPHBIX MPO-
[IECCOB OPr'aHOB BJIACTH.

V nenpHBIA BeC JaHHBIX,
Ha KOTOpPbIE MO’KHO BO3-
JIECTBOBATh B PEKUME
pealbHOTO BpEMEHH

OntumMu3zanms OFKETHBIX
pacxojoB, yBEJINYCHUE
00BEKTUBHOCTH YITpaBJie-
HUS Ha OCHOBE MCIIOJIB30-
BaHUS aKTYaTbHBIX TAHHBIX

Hudporas trpanchpopmanus cyobekroB PO
B 2021 rony «IIpesumentom PD Obu10 MOpPYYECHO I1aBaM CyOBEKTOB pa3paboTaTh U YTBEPAMUTD pe-

THOHaJbHBIE cTparerud nudpopoii Tpanchopmaimu (PCLT) «ka04eBbIX OTpaciel SKOHOMUKH, COIH-
anbHON cepbl, TOCYAAPCTBEHHOTO yIpaBieHus». OOIue NPUHIMITEL pa3pabOTKU PETHOHATBHBIX CTpa-
TErui MpeArnoarany yuéT pernonaMu QeepanbHbIX HHANKATOPOB M MPHOPUTETOB O CIECAYIOIIMM Ha-
MIPaBJIEHUSIM: «TOCYIapCTBEHHOE YIIPaBlIeHUE», «00pa30BaHNE U HAyKay, «3IPaBOOXPAaHEHHE», «TpaHC-
MOPT U JIOTUCTHKAY», «Pa3BUTHE TOPOJCKOH Cpesbl», «comuanbHas chepay. ONIHOHATBHO — «IIPOMBITII-
JIEHHOCTBY», «CEIBCKOE XO3AHCTBO», «IKOJOTHS U MPHUPOIONOIb30BAHNUEY, «CTPOUTEIBCTBOY, «IHEpre-
TUYECKasi HHPPACTPYKTypa», «puHaHcoBble ycayru». [lpeanonaranocs, 4To «peruoH y4acTByeT B pea-
JM3alKy IPOeKTa 3a cuéT ¢enepanbHOro OIPKETa, HO MHTErpauus pelieHns] peTHOHAIBHOTO YPOBHS €
pemeHneM (eaepaIbHOTO YPOBHS OCYIIECTBISETCS 32 CYET COOCTBEHHBIX CPEJICTB PErHoHa. YdacTHe
PETHOHOB B TMPOEKTaX C LEJIbIO0 CO3J[aHUsI OTCYTCTBYIOIIUX IH(POBBIX pelieHu TOHKHO OBUIO MPOXO-
IUTH TAKXKeE 3a CUET COOCTBEHHBIX cpelncTB. CaMbIMK BayKHBIMHM HAIlPAaBICHUSMH SIBISUIMCH LHU(PPOBU3a-
LIS TOCYCITYT M MEepexo cyObeKTa Ha HalleKHY10 u coBpeMeHHyto UT-undpactpykrypy». B 2022 rony
PCIT 6bumn akTyanu3upoBaHbl ¢ yaeToM pexomenaanuii ®OMB ynenuts Oomblliee BHUMaHUE Kalpo-
BBIM BOIIPOCaM U mpobiieMaM 6e3onacHoctH [ 16, 24, 29-32].

Jns BBIsIBIEHUS mpobieM nugpoBol Tpanchopmaunu cyObexkToB PO Obuin mpoaHalIn3upoOBaHbI
PCILT 84 cyonekros PO, paspaborannsie B 2021 u 2022 rogax.

OO1miee KOTMYECTBO PETHOHAIIBHBIX HAINPaBICHUH HU(PPOBON TpaHCHOPMAIIUK IO BCEM CYOBhEKTaM
P® B 2021 roay (3a uckimodyennem 6 6a30BBIX/PEKOMEHTyeMBbIX) cocTaBuio 318 Hampaenenuid, B 2022 —
541 nanpasienue. CyObEKTOM — JIUACPOM 10 YHCIY HalpaBiIeHUH LU(POBON TpaHC(HOPMALUHN BHICTY-
nuna Caxanuackas obnacte — 13 u 14 manpasnennit B 2021 u 2022 rogax cooTBeTCTBEHHO (0e3 yuéTa
6 00s13aTeNBbHBIX HanpapiieHuil) (puc. 9).
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Puc. 9. CpaBHUTeNbHbIM aHanNu3 KonmyecTea HeobsA3aTerNbHbIX HaNpaBreHUn
undpoBon TpaHcchopmaumm cyobektoB P B 2021 n 2022 rr., ef.
Fig. 9. Comparative analysis of the number of optional areas of digital transformation
of the constituent entities of the Russian Federation in 2021 and 2022, units

Ananus ctpykTypsl HanpasieHui [T B pernonax mokasai, 4To caMbIM 3HAYMMBIM AJISI CYOBEKTOB
P® sBnsercs mpou3BOJICTBEHHOE HAIPABICHUE: HMPOMBIIIIEHHOCT — €r0 BKIIOYWIN 66 CyOBEKTOB B
2021 roxy u 68 cyowsexToB — B 2022 rony, crpoutensctBo (37 u 61), cenbckoe xo3sicTBO (42 u 47),
a TaKXKe HKOJIOTHs U pupoaonoibs3oBanue (52 u 66). CoOTBETCTBEHHO, HAMOOIBIIUMH U3MEHEHUSIMH 32
rO/l XapaKTepHU3yIOTCsl HEMPOU3BOACTBCHHBIC HANPABICHUSI — O€30IIaCHOCTh, CTPOUTENBCTBO, KyIbTypa
u copt (puc. 10).
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Puc. 10. CpaBHUTENbHbIN aHaNU3 Konu4yecTBa Heo6si3aTeNbHbIX MPOEKTOB
umndpoBom TpaHcchopmaumm cyobektoB P® B 2021 u 2022 rr., ef.
Fig. 10. Comparative analysis of the number of optional projects of digital transformation
of the constituent entities of the Russian Federation in 2021 and 2022, units
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3HauynTeNbHAs BapHaLus KOJIMYECTBA MPOEKTOB U HarpaBleHUH IU(POBOH TpaHcHopManuu B pe-

THOHAJIBHBIX CTPATErMsIX CBUACTEIBCTBYET O 3HAYMTEIBHON peruoHanbHON nuddepeHnmranuu cyobek-
ToB P® 1o ypoBHAM 11 pOBOro pa3BUTHS U IUPPOBOI 3PEIOCTH.

IIpo6aemsl nudposoii Tpanchopmanuu cyobLekTop PO
ITo pesynbpraram IpoOBEIEHHOTO KOHTEHT-aHaIM3a U pe3ynbratoB peanusanuu PCLT, pabot poc-

CUHCKHMX HCCIEAOBaTeNel U OTYETOB AHATIMTUYECKUX areHtcTs [2, 4-8, 15, 16, 25] onpeaenensl npo-
Onemubie ot 1EdpoBol TpaHchopmanuu cyObekToB PD B KOHTEKCTE YETHIpEX COCTABISIOMIUX —
(hyHKIIMOHABHOTO, CTPYKTYPHOTO, WH(POPMAIMOHHOTO U pecypcHoro ormcanus COC (tadm. 4). [Ipu BbI-
JIeNleHUH HarpaBJieHn# ucrnop3oBan noaxon I'.b. Kneltnepa k cuctemHoi oprannzanui 3koHOMUKH [20].

Ta6nuua 4
Mpo6nembl uucpoBoM TpaHcopmaumm cy6ekToB PP
KaK COLMasnibHO-3KOHOMMYECKUX CUCTEM
Table 4
Problems of digital transformation of subjects of the Russian Federation
as socio-economic systems
Cocrasnstomias Copepxanue
DyHKkyuoHanbHOE Onpeodenenue gynxyuii, komopwvie COC 8blnoaHsem 6 OKpyscaouem mupe
onucanue / xapakme- | Onpeodenenue pynxyuii omoenvuwvix noocucmem COC
pucmuxu

1

Henocratounslii yuét npoduieil pernoHoB (IIPOU3BOACTBEHHBIN, arpapHbIi, arpapHO-TIPOU3BOJI-
CTBEHHBIU U T. JI.) IPH BEIOOpE MPOEKTOB II(PPOBOI TpaHCHOpMAITUH

2 |HemnonHoe cootBeTcTBHE 1ieieBbIX HHAUKaTopoB B PCLIT mokasarensim (efepanbHOTO CTaTUCTH-
4ECKOT0 HaOJIOACHUsI

3 |HenmocraTouHasi coriacoBaHHOCTb Lesied W 3amad LudpoBod TpaHchopMauuu ¢ mHpodiieMamu
COLIMATIbHO-3KOHOMHYECKOr0 pa3BUTHUSI PETHOHOB

4 |HemoctaTouHBI y4YET PETHOHAIBHBIX COLUATBHO-IKOHOMUYECKHX U MPUPOAHO-KIMMATHUECKUX
0c0OEHHOCTEH MPH MOCTAHOBKE IIEJIH U 33J1a4d IIH(QPOBOTO Pa3BUTHUS

5 |HemosiHOE COOTBETCTBHE HHAMKATOPOB, XapaKTepH3yOMHX 3()PeKTHBHOCTh MPOEKTOB, MMOKa3aTe-
JISIM COLMAIbHO-3KOHOMUYECKOT0 Pa3BUTHUS CYOBEKTOB

6 |Hemoctatounslii y4éT perHOHANBHON CEUU(UKHA U COCTOSHUSI PErHOHAIBHBIX HU(POBBIX KO-
CUCTEM

7 |HemocraTouHblil yueT ypoBHS IH(GPOBOH BKIFOUEHHOCTH OpPTraHU3allnuii pernoHa

8 |Hemocrarounslit yuet ypoBHS H(POBOIl TpaMOTHOCTH, IIM(PPOBHIX HABBIKOB U IU(PPOBOI BOBIIE-
YEeHHOCTH HaCEeJIEeHUs

9 |HenmocraTouHslil y4€T TEKyLIero ypoBHS LHU(GPOBOW 3pENOCTH OTAENBHBIX OTpaciel u HudpoBoi

3PCJIOCTU MACCOBBIX CONHUAJIBHO 3HAYMMBIX YCIIYT' U TOCYIIPABJICHUS

Cmpyxkmypnoe onu- | Pazoenenue COC noocucmemsbi u 31eMeHMbl
canue / xapakmepu- | Ycmanosenenue 63aumMoomHoue Ul U 83AUMOCEA3el
CmMuKu Kauecmeennviii u konuuecmeennvlli anaiuz cesnzel

1

OpI/IeHTaLII/ISI Ha pa3pa60TI<y APXUTCKTYP 3JICKTPOHHOT'O NPAaBUTCILCTBA, HCAOCTATOUHOC BHUMA-
HHUC MHCTPYMCHTAM U MOJCIISIM YMHOT' O, JATAlICHTPUYIHOI'O IPAaBUTCJILCTB

HenocraTtounoe BHUMaHHME K PONM M MPOEKTaM BHEAPEHHS KOPHOPATHBHBIX MH(OPMAaLMOHHO-
ananutuaeckux cucreM (KMAC: ERP, CRM, SED)

HenocraTounoe pemienne npobiaem UT-ummnopro3aMerieHus: Ha pernoHaibHOM YPOBHE

HC,I[OCTaTO‘IHOG BHUMAHUC np06neMaM KI/I6€p6€30HaCHOCTI/I

HC,I[OCTaTO‘IHOG BHUMAHUC HpO6J’I6MaM KI/I6€p3KOJ'IOFI/ILIHOCTI/I OusHeca

HenmocraTounoe BHUMaHueE K MPoOJieMaM pa3BUTHsI UPPOBBIX IKOCUCTEM PETHOHA

HepmocraTounoe BHUMaHUE pa3BUTHIO UPPOBOH HHPPACTPYKTYPHI

R[N [N, |W

HenocraTtounoe BHUMaHHE K OpraHU3alldd PUCK-MEHEKMEHTA B CTpATErHsX U(POBOI TpaHC-
dhopmaruu

He,I[OCTaTOLIHO CTUMYJIMPOBAHNC Ou3Heca K BHCAPCHUIO U UCIOJIL30BAHUIO I_II/I(l)pOBLIX TEXHOJIOTUI
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OKoHu4aHue Tabn. 4
Table 4 (end)

Cocrasngromas Copep:xaHue

Pecypcroe onucanue /| Pecypcwi npocmpancmea (S), pecypcut epemenu (T)
XapaKxmepucmuxu Cnocobnocmu k a¢hgpexmugnomy ucnonvzoganuio npocmpancmea (1) Cnocoo-

HOCMU K 9¢hhexmueromy ucnoiv3oeanuio epemenu (A) Xapaxmepucmuxu
YeHHOCmU, peOKOCMU, HeUMUINMUPYEMOCIU U He3aMewjaemMoCmu pecypcos

Henocratounoe ¢uHaHCcHpOBaHHUE, CHIDKEHHE OIOKETHBIX PAacXoA0B Ha (PMHAHCHPOBAHHUE MPO-
€KTOB IM(PPOBOH TpaHCHOPMALTUH

Hepnocrarounoe kagpoBoe obecrieueHne 3aaa4 nuppoBoi Tpanchopmanun

Hepocratouynas copMHUPOBAaHHOCTH PETHOHANBHBIX HM(POBBIX MIATHOPM

HecormacoBanHOCTb MIPOCKTOB, BXOJAIINX B PCHT, C BO3BMOKHOCTSIMU PECTHOHOB IO UX pCaIn3allvn

Henocrarounslii y4€T npoOiieM HepaBHOMEPHOCTH TEPPUTOPHAIBLHOTO PA3BUTHS BHYTPH CYOBEKTOB

N[ N[N

Henocraroynoe opraHm3anmoHHOE oOecrieueHHe MpH pa3paboTKe cTpaTeruid mUppoBOi TpaHC-
¢dhopmanmu

Henocrartounoe paszButue nudpoBoil HMHPPACTPYKTYpbl, 0OECIIEUMBAIONICH «TPEXCTOPOHHIOIO
CBSI3b MEXKAY rpak1aHaMu, OM3HECOM M OpraHaMH BJAcTH B LM(POBOH cpeney

HeI{OCTaTO‘IHOG HCIIOJIB30BAHHUEC CKBO3HBIX I_II/I(I)pOBBIX TEXHOJIOTHH U MCTOAOB YIPAaBJICHHS Ha OC-
HOBC JITaHHBIX B ITPOCKTAX PA3BUTHA CUCTEM MCKBCJOMCTBCHHOTI'O DJICKTPOHHOI'O BSaHMOﬂeﬁCTBHﬂ

9

HepmocraTtounoe ncnosnbp3oBaHHe MUPPOBBIX TEXHOJIOTUH, METOJOB U MHCTPYMEHTOB IUIsl 0Opa-
6otku nanHbix POVB u npuHATHS HAa MX OCHOBE pelIeHUH

Hugopmayuonnoe | Illonyyenue ungpopmayuu om sneuwireri cpedvl u NOOCUCMEM
onucanue / xapakme- | Haxonnenue u xpanenue, oopawenue ungopmayuu 6 COC
pucmuku Dopmuposanue u Mpancaayus OMYemuol, onepamuerHol, OUPeKmusHoU

uHgopmayuu
Omobpasicenue gynxyuonarvrol u cmpykmyprou xapaxmepucmuk COC
6 KOHmeKcme 8blpabomKu YNpagieH4ecKux peuteHuil

1 |Herounoe ucnosnb3oBaHMe NOHATUHHOTO ammapara B obgacTu HudpoBU3aiy U HU(PPOBBIX TeX-
HOJIOTMI

2 |HenmocraTo4Hoe BiaJeHHE TEOPETHYECKHM M METOJMUYECKHUM WHCTpYMEHTapueM B o0nacTi nud-
POBH3ALMH IrOCYIAPCTBEHHOTO YIPABICHHUS

3 |OtcyTcTBHE CHCTEMHOIO MOAXOJA K aHATU3y pe3yibTaToB (MOKasaTeneil nudpoBoil 3penocTH),
HEOOXOMMBIX U1 KOppeKTHpoBKHU cTpateruu LT

4 |Hepa3BHTOCTh CHCTEM KOMMYHHKALIMHU, IOCTPOEHHBIX HA «EAMHUYHBIX B3aUMOJECHCTBHAX

5 |HenocrarouHast BOBIEUEHHOCTh OTPACIEBBIX OPraHOB BJIACTH B Iponecc HudpoBoil TpaHcdopma-
IIUU pETHoHa

6 |HenmocraTouHblll ypOBEHb MEKBEIOMCTBEHHOTO B3aMMOICHCTBHUS B Ipoliecce pa3paboTKu cTpare-
ruM IUQpoBoil TpaHchOpMaIK PerHoHa

7 |HemocraTo4Hasi coriaacoBaHHOCTH JieiicTBuUil 10 pa3padboTke u peanusaiuu PCLT mexny POUB u
DdONB

8 |Pa3po3HenHocts ucnoib3yemMbix POVB nHpopMannoHHBIX CHCTEM, HE MO3BOJISIONIAs UCIIONb30-
BaTh B YIIPABICHHU aKTYaJIbHYIO HH)OpMAIHIO

9 |HenmocraTouHasi craHIapTU3alys NPU BHEJPEHUH TOCYIapCTBEHHBIX HHQOPMAIIMOHHBIX CUCTEM

10 |OTcyTCTBHE CUCTEMHOCTH B MPOEKTaX CO3JaHUs U(POBBIX SKOCHCTEM

11 | AMMUHHCTpATHBHBIE M MIPABOBBIC 0Aphephl B AKTUBU3AINN PETHOHAIBHBIX MPOIECCOB IU(POBOM
TpaHchopmanuu

12 | ®dparmMeHTapHOCTh, OTCYTCTBHE CHCTEMHOIO IIOAXOAa NpU BBIOOpE HampaBieHHH LH(POBOI
Tparchopmanun

13 |HenocrarouHoe BHUMaHHE K MHUPOBBIM HAMIYYIIMM JIOCTYITHBIM MPAKTHKaM MU(PPOBH3ALUHN TOC-

yIpaBJICHUS

[To pe3ynbraTam uccienoBaHus mpoodsieM nupposoli Tpanchopmarmu cyobektoB PO MoxkHO cre-

JaTh BBIBOJ, YTO 3HAYMMas WX 4YacTh CBj3aHa ¢ HMH(OPMAIMOHHO-aHATMTUYECKUM OOecTiedeHuEM
ynpasieHus: nugpoBold TpaHcpopmanueid. Tonbko COBMECTHBIE COTJIACOBaHHbBIE YCHIMA U ACUCTBHS
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(henepanbHBIX ¥ PETUOHATIBHBIX OPTAaHOB BIIACTH, OOBEIMHEHUI OpraHu3alvii, On3Heca, rpaxaaH U Ha-
YYHOTO COOOIIECTBA MOTYT OOECIIEYUTh YCTOMYMBOE IUGPOBOE Pa3BUTHE CTPAHBI, YCTPAHUTH PETHO-
HaJIbHBIC TUCIPOIIOPIHUU MEXKIy cyObektamu P®d, a Takke 00eCHeUnTh MOCTHKEHHE HAIMOHAIBHBIX
nejei.

BriBoabI

Heo0xommmMo KOHCTaTHPOBATh, YTO paccMOTpeHue npodieM nudpoBoid TpaHchopMalii HE MOTIIO
He 0a3upoBaThcs Ha pe3yiIbTaTaX MHOTOJIETHUX MCCIEIOBaHUI B 001aCTH YIPABJICHUS OpraHaMH rocy-
JTApCTBEHHOW BIACTH, MPOMBIIUICHHBIMU NPEINPHUATUSAMH, OpPraHU3alUsIMH U WHBIMH OpraHU3allOH-
HBIMU CTPYKTypamH. B mocnepHue ToIbl pe3yibTaThl dTHX HCCIECIOBaHWI TPHOOpETaloT Bce Oolee
Ba)XHOE 3HAYCHHE, OCOOCHHO AJIsl 1ieJieil moBbIeHUs 3()(QEeKTHBHOCTH ynpaBieHus B (eaepalbHbIX U
PETHOHABHBIX OpraHax rocyapCTBEHHOH BJIACTH, KPYMHBIX NMPOMBIIIJIEHHBIX NPEANPUITHNA U KOPIIO-
parui, a TakkKe IPYyrux 0ObEKTOB XO3IMCTBEHHON JESTEIHHOCTH.

Cpenu MHOXecTBa padOT, MOCBSIICHHBIX BOMPOCAM YIPAaBJICHUS B OPTaHU3AIMOHHBIX CHUCTEMaX,
CJIeTlyeT OTMETHTh HECKOJIBKO BaYKHBIX TPYIOB OTEUECTBEHHBIX U 3apyOEKHBIX YUEHBIX, KOTOPBIE, B CYLI-
HOCTH, SIBUJINCH IPOBO3BECTHUKAMHU UCCIIEI0BaHUI B obOnactu nudpoBoil Tpancopmarmu [33-43].

Ha ceromusimmamii neHb 1udpoBU3aIUsl SBISAETCS KIIOUEBBIM (DaKTOPOM YCTOWYMBOTO PAa3BHTHS
CTpaH, PETMOHOB U OPraHU3alMi, TApaHTOM HAIIMOHAJIBHOM 0€30MacHOCTH B OJATOCPOYHOM MEPCIIEKTH-
Be. Lludposas Tpancopmanys, Ha HaII B3IJISA, SIBISETCS OQHOM M3 KIIIOYEBBIX XapaKTEPUCTHK COBPE-
MEHHOW COLMATbHO-3KOHOMHUYECKOW CHUCTEMBI, MCIOIB3yeMOH IIJIsl ONMHCAaHMA IeNel, mpolecca U pe-
3yJIbTAaTOB IU(PPOBOTO PAa3BHUTHUS, KOTOPOE MPHBOAUT K HM3MEHEHHIO ITapaMETPOB YIPAaBISIIOMEH |
YIPaBISEMON CUCTEM, MIEPEBOY X Ha KaYECTBEHHO HOBBIM YPOBEHB, MPOSBISIOIIMNACSA B paAUKaIbHOM
W3MEHEHUH OW3HEC-MOJIeNTd ¥ OU3HEC-TPOIIECCOB, XapaKTEPUCTHK BBITYCKAEMBIX MPOJYKTOB U OKa3bl-
BAaEMBIX YCIYT.

Crpaterun 1udpoBoii TpanchOpMaLUU TOCYAAPCTBEHHOT0, KOPIIOPATUBHOI'O M YACTHOT'O CEKTOPOB
SIBIISIIOTCSI YHUBEPCAJIbHBIM HHCTPYMEHTOM 00ecneueHHss KOHKYPEHTOCIIOCOOHOCTH U 3 (EKTUBHOCTH.
HudpoBble TEXHONOTUU TPEACTABISIOT OAHOBPEMEHHO M BO3MOXHOCTH PAa3BHTHSI COIUAIBLHO-
SKOHOMHYECKHX CHCTEM BCEX YPOBHEW, M YTpo3bl Ul MX CYIIECTBOBaHMs. XapaKTep 3TOr0 BIHSHUSA
sIBIISICTCS. (QPYHKIMEH OT COCTOSIHUS CUCTEMBI yrpaBieHus Hu(poBbIM pa3ButueM. COBEpLICHCTBOBaHHUE
METOJNYECKOTO W MH(POPMALMOHHO-aHATUTHYECKOTO 00ecIieueH sl yIpaBiIeHnsl IU(POBBIM Pa3BUTHEM
u udpoBoil TpanchopMmanreil OpraHU3aMOHHBIX CHCTEM TMPEJCTABISACT COOOW aKTyalbHYI) HAaydyHO-
NPaKTUUECKYI0 3aj1ady, 0e3 pelleHHss KOTOpOil HEBO3MOXKHO MNPEICTaBUThH JalbHEiliee pa3BUTHE
YIpaBIeHUYECKUX MPOLIECCOB.
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Annomayusn. ean uccaenopanus. [Iporecc pa3BuTus npeanpusITHs TpEANoaraeT peaanu3anuio mo-
CJIeI0BATEILHOCTH MPOEKTOB, KAXK/IBIA U3 KOTOPHIX UMEET CBOM JKM3HEHHBIN UK. OIHON U3 TIaBHBIX 3a-
Jlad MEHEJDKMEHTAa MPEATNPUATHS SBISIETCS o0ecTieueHrue YCIOBHMA ISl TOTO, YTOOBI KBl U3 MPOEKTOB
HavajJd OKYyMaThCs. YUHUTBIBas TOT (hakT, YTO COBPEMECHHBIC MPOCKTHI, KaK MPABHJIO, HMEIOT JIOCTATOYHO
JUTUTEIFHBIA CPOK peau3alliy, CIeAyeT MPU3HaTh, YTO PEIIeHHE O pealu3allii MPOeKTa B TIOJTHOM 00beMe
OyzeT, HaBepHOE, HEe CaMbIM ONTUMAIBHEL. Kak mpaBwiio, B 3TOM CiTydae MpeArOYNTaIOT Pa30HBaTh MPOCKT HA
CTaJIu WK, KaK 3TO MPUHATO B MPOMBILIUIEHHOM CTPOUTENLCTBE, Ha ouepeau. Marepuajbl 1 meToasl. [Ipu-
BezieHa (hopMasibHAs TIOCTAHOBKA 3a]1ad, OMPEICIIMIONINX: MHHUMAIBFHOE YUCIO 0a30BBIX MPECTaBUTEICH,
MUHUMU3ALKI0 CPOKOB TOJrOTOBKM MPOU3BOJICTBA HOBBIX BHUIOB TEXHUKH U MUHUMH3ALMIO BPEMEHU IMPO-
M3BOJICTBA 0a30BBIX MPEICTaBHUTEICH HOBOM TeXHUKH. (s ciaydaeB HEOONBIION pa3sMEpPHOCTH 3aJadu
TIpeaaraeTcsl TOYHBIN alTOPUTM, OCHOBAaHHBIN Ha MOJIHOM nepebope BapuanToB. [[ist ciayyas 3amad 00Jib-
[I0H pa3MEPHOCTH MpeIaraeTcsl KOMIIO3UITMOHHBIN aaTOpPUTM, 3aKITI0YAIOIIUNACA B pa30MEeHUN BCETO MHO-
JKE€CTBa M3/JEJUN Ha HECKOJbKO IMOJMHOKECTB, K KaXKJIOMY U3 KOTOPBIX MPUMEHSAETCS TOYHBIH allfOPUTM.
PesyabTaTbl. B OCHOBY pacCMOTpPEHHBIX aJITOPUTMOB IOJIOKEHA TIOPOTOBasi CXemMa pelIeHUsl ONTUMU3alH-
OHHOH 3a/1a4H, KOT/Ia BBOJUTCS MIOPOTOBOE 3HAUCHHE BPEMEHHU CO3J[aHUs OJHOTO M3 W3JIENHiA, KOTopoe 0y-
JIeT COBNaAaTh C OJHOM M3 KOMIIOHEHT BEKTOpA, 3aJar0IlEr0 HOPMAaTUBHOE BPEMs CO3/IaHUs KaXKJOTO U3
u3genuii. B 3ToM ciydae Takke MOTYT OBITh MCHOJIB30BAaTHCS MEPEOOPHBIA M IEKOMITO3UIIMOHHEIN alro-
putMbl. OTAENBHO PACCMOTPEH Cllydail pelleHHs JaHHOH 3a/1auM KaK 3aJauld O YACTUYHOM MOKPBITUU JBY-
nmonbHOTO Tpada. [IpuBeneH anropuT™M MOMyYCHHS HIDKHEHW OLCHKH 33a[Jadd Ha OCHOBE METOZa CETEBOTO
porpaMMupoBaHus. 3akiaodeHne. [IpoBeaeH aHanu3 u pa3paboTaHa mpouenypa BEIOOpa 0a30BBIX H3-
JIeTMi HOBOTO MOKOJIEHUSI TEXHUKH, MO3BOJISIONIAS B 3aBUCUMOCTH OT YCJIOBUM, YCTaHABIMBAEMBIX JIH-
oM, npuHIMaromuM pemenue (JIIIP), onpenenuts 6a30Boe M3ene HANPaBICHUS TCXHUKH, Hanmboiee
ITOJIHO COOTBETCTBYMOIIEE (DYHKIIMOHAIBHBIM, KOHCTPYKTHBHBIM M TEXHOJOTHYCCKHM IIPH3HAKAM ITOKO-
JICHHS TEXHUKH.

Knioueswvie cnosa: »N3HEHHBIN UK MPOEKTa, 0a30BbIe MPEICTABUTENN HAMIPABJICHUH TEXHHUKH, TIepe-
OOpHBIN aJITOPUTM, JEKOMIIO3UIIMOHHBINA aJrOPUTM, 3aJa4a O YaCTUYHOM MOKPBITUU JBYAOJBHOTO Tpada,
IOpOroBas cxema, IpaBujia OCTAHOBKH BbIYMCICHUMI
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Abstract. The purpose of the study. The process of enterprise development involves the implementa-
tion of a sequence of projects, each of which has its own life cycle. One of the main tasks of the company's
management is to provide conditions for each of the projects to start paying off. Given the fact that modern
projects, as a rule, have a fairly long implementation period, it should be recognized that the decision to im-
plement the project in full will probably not be the most optimal. As a rule, in this case, they prefer to
divide the project into stages or, as is customary in industrial construction, into queues. Materials and
methods. The formal statement of the tasks defining: the minimum number of basic representatives, mini-
mization of terms of preparation of production of new types of equipment and minimization of time of pro-
duction of basic representatives of new equipment is given. For cases of small dimension of the problem,
an exact algorithm based on a complete search of options is proposed. For the case of large-dimensional
problems, a compositional algorithm is proposed, which consists in dividing the entire set of products into
several subsets, to each of which an exact algorithm is applied. Results. The algorithms considered are
based on a threshold scheme for solving an optimization problem, when a threshold value of the creation
time of one of the products is introduced, which will coincide with one of the components of the vector that
sets the standard creation time of each of the products. In this case, iterative and decomposition algorithms
can also be used. The case of solving this problem as a problem of partial covering of a bipartite graph is
considered separately. An algorithm for obtaining a lower estimate of the problem based on the network
programming method is given. Conclusion. The analysis was carried out and the procedure for selecting the
basic products of a new generation of equipment was developed, which allows, depending on the conditions
set by the decision-maker (LPR), to determine the basic product of the technology direction that most fully
corresponds to the functional, constructive and technological features of the generation of equipment.

Keywords: project life cycle, basic representatives of technical areas, enumeration algorithm, decom-
position algorithm, bipartite graph partial covering problem, threshold scheme, calculation stop rules
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Beenenue

PaccmarpuBas AeATeNbHOCTh NPEANIPUATHS B TUHAMUKE, CIIEAYET OTMETHTB, YTO 3TO MPHUBOIUT K BbI-
BOJY O MOCJIEOBATEIBHOCTH PEATU3YEMBIX ITPOEKTOB, YTO U COCTABIISIET OCHOBHYIO LIENb CYIIECTBOBAHUS
nroboro npeanpusTHss. Ho Kaxplil MPOEKT UMeeT CBOW JKM3HEHHBIH IMKJI, a 3TO 03HAYaeT, YTO MOTpeo-
JIsIEMBIE B XO/I€ PEAHM3alliM [TPOEKTA PECYPCHI UCTIONB3YIOTCS HEpaBHOMEPHO. TO €CTh MOKET BO3HUKHYTh
CUTYyalysi, KOT/Ia TTUKU TOTPeOJIeHNsT PECypcoB MO OTAEIBHBIM MPOEKTaM MOTYT COBIAcTh U IPEBBICUTH
BO3MOKHOCTH MPEATPHATHS B JAHHBIA MOMEHT. TakMX CHUTyalldii MOKHO M30€XaTh 3a c4eT 0O0CHOBAH-
HOTO PACIHOJIOKEHNS PA3IMYHBIX CTAAUN MPOEKTa IO BPEMEHH, YTO MO3BOJIAET «PA3HECTH» BO3ZHUKAIOIIME
MaKCHMYMBI 110 BPEMEHHOM OCH M TE€M caMbIM H30eKaTh BO3HHMKaromero nedummra pecypcoB. To ecTb
BO3HMKAET MpoOJieMa yIpaBlIeHHs POIOHKUTENFHOCTHIO JKU3HEHHBIX IIUKJIOB BBIITOIHAEMbIX IIPOEKTOB.

C apyroil CTOPOHBI, )KM3HEHHBIN LUKI NMPOEKTa, KaK MPaBUIIO, TOCTATOYHO MPOJOJKUTENEH H BbI-
pyUKa OT IpoeKTa OyJeT MOCTyNaTh HECKOPO, YTO, ECTECTBEHHO, CKa3bIBACTCSA HA €ro 3P PEKTUBHOCTH.
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VIMeHHO MO3TOMY IUIsl PYKOBOAMTENS MPOEKTA SIBIACTCS KIIOUEBOW MPOOJIEMON yCKOpEHHE mpolecca
noiy4eHus foxonaa. To ecTb caenaTh Tak, YTOObI MPOEKT KaK MOXKHO ObICTpee Hadasl OKyNaThCs. A JUis
3TOTO MPEXke BCEro HEOOXOAMMO €IIe Ha CTaIHH TUIAHUPOBAHUS BBLIETUTH BO3MOXKHBIE ATAIbl PEeaju-
3allMM IPOEKTA, KaXAbIA U3 KOTOPBIX MOXET UMETh CBOM CAMOCTOSITEJIBHBI KOMMEpPYECKUN MHTEpEC.
Kak, Hanmpumep, 3TO fenaeTcs Ipu CTPOUTENBCTBE IPOMBIIUIEHHBIX NpeanpusaTuii [1-3]. Jns atoro uc-
MOJIB3YETCsI TIOHATHE TTYCKOBOTO KOMIUIEKCA, MPEJICTABIISIFONIETO YacTh 00BbEKTa, KOTOPBIA MOXKET JKC-
TUTyaTUPOBATHCS U JIaBaTh MPOAYKIMIO HY>)KHOH HOMEHKIIATYPHI C TpeOyeMbIM Ka4eCTBOM C COOJIOICHU-
€M BCEX TEXHHYECKUX M IKOJIOTUYECKUX TpeOOBaHUH. A B 3TO BpeMsl IPOUCXOAUT AalibHelIas paboTa
MO0 CTPOUTEIILCTBY BCETO OOBEKTA.

PacripocTpansis moHsATHE MTyCKOBOTO KOMITJIEKCA HAa BCE MHOI00Opa3ne MpPOeKTOB, MIPUXOAUM K TIO-
HATHIO 0a30BBIX MPEICTaBUTENICH HANIPABICHUH TEXHUKH.

1. MaTtemaTuyeckasi Mojejb

[Ipouecc peanu3zaiuy KOHKPETHOTO MPOEKTa OYAET 3aKII0UaThCS B IMOCIEA0BATEIILHOCTH ICHCTBHIMA
Mo peanu3anuy 0a30BBIX MpEACTABUTENEH HalpaBlieHH TexHukd. Kaxkmgoe mpencrasieHue OyneT xa-
pakTepu30BaThCs HAOOPOM HOBBIX CBOMCTB, UTO JIENIa€T BO3MOXHBIM OTHECEHHE 3TOT0 00pasia K HOBOM
texHuke. [locneayroliee mokojseHue OyIeT TOTOTHEHO KAKHMHU-TO HOBBIMH CBOMCTBAMHU C COXPaHEHHEM
yKe MPUOOPETEHHBIX, HO 3TH CBOKWCTBA OYAYT HE CTOJIBKO KapAWHAIBHBIMH, YTOOBI BRIICTUTh KOHKPET-
HOE MOKOJIEHUE B HOBBIA NpoeKT. TO ecTh MPOUCXOAUT CTyIIEHYaTasi MOACPHU3AIS IEPBOHAYAIIBHOTO,
0a3oBoro, oopasia.

Takum 00pa3oM, BO3HUKAET 3ajlauya Pa30MEHUs MPOEKTa Ha CTaIUH, KOTOPhIE MOXHO BBIICIHTH B
KauecTBe 0a30BBIX IPEICTABUTENCH HAIMpaBlieHWS TEXHUKH. Takoe pa3lielieHne MPOeKTa Ha CTaJHud
JIOJDKHO YIOBJICTBOPATH ONPE/CIICHHBIM TPEOOBaHUSM.

1. Heob6xoauMo BBIOpaTh MUHHMAIBHOE YUCIO 0A30BBIX MPEACTABUTEICH: C OMHOW CTOPOHBI, 3TO
MO3BOJIUT 00ECIeUNTh HEOOXOANMYIO KOHIIEHTPAIMIO PECYPCOB, a C APYrOol — YCKOPHUT TPOIIECC OKY-
MaeMOCTH BCEr0 MPOEKTa 32 CUET YCKOPEHHOrO BBITYCKAa HOBOM MPOAYKIUHU Ha PBIHOK. Boiblioe xe
KOJTMYECTBO 0a30BBIX MPEACTABUTEIICH MOKET CHIIBHO 3aTPYIHUTDH MOJATOTOBKY IMTPOW3BOACTBA K HAYAITy
BBIITyCKa HOBOU MPOIYKLIHUU.

2. Ha 6a30BBIX mpeacTaBUTENSIX HEOOX0IUMO OyAeT 0TpadoTaTh MPOIECCH MMOATOTOBKU MPOU3BO/I-
CTBA K BBIIIYCKY MOCIEAYIOMHNX OKOJECHUNA NHHOBAIU.

3. IIporecc MOArOTOBKH MPOU3BOACTBA 0a30BbIX MPEACTABUTEICH MOMKEH ObITh MUHUMAJIbHBIM U
YYHUTHIBATh BO3MOXKHOCTH TMOCIEAYIONICH MOJEPHHU3ANNUN H3IENHUs, TO €CTh BBITYCK HOBOTO 0a30BOTO
MIPEACTABUTEIILCTBA.

[IpuBenem MaremaTHUECKyt0 (QOPMYIUPOBKY ITOCTAaBICHHOW 3amadu. JlomycTtum, peanu3yeMblid
MPOEKT COCTOUT U3 N U3JENUH, KOTOphIe OyeM HAeHTH(DUIINPOBATH HHICKCOM j.

s gopmanbHOro omucaHusl 3aJadd BBEAEM ABOMYHYIO IEPEeMEHHYIO X;. B ToMm ciyuae eciu
j-€ u3aenue BKII0YAeTCsl B MHOKECTBO 0a30BBIX MPECTaBUTENeH, TO X; = 1, a ecii HeT — 10 X; = 0.

Kpome Toro, kaxaoe u3aenue XapakTepuU3yeTcs OIpEAeSICHHbBIMU CBOMCTBaMU, 3aJAlOLUMUCS B
Buae M mokazaTeneil, koTopeie OynemM o0o3HauaTh uMHIEKcoM i (=1, 2, ..., M). B Tom crmydae, korma
m3aenue o01aaaeT JaHHBIM CBOMCTBOM, 3HAUCHHE ITOKa3aTeNs paBHO 1, a eciii HeT — To 0.

Onucanve 3aja4u JODKHO YUUTHIBATh TpeOoBaHus 1-3, BhIABUTaeMbIe K 0a30BBIM IPEACTABUTE-
nsm. Hambonee mpocro yuuteiBatorcs TpeboBanust 1 u 3. IlepBoe TpeGoBaHue mpeanonaraeT HaXox/e-
HHUE SKcTpeMyMa QyHKImH F(x):

N
F(x)=2x;, (1)
=
a TpeThe TpeGoBaHUe TIPE/NONIAraeT pelleH e CiIeIyIonIeil ONTHMH3AHOHHOM 3a1aum
Fy(x)= max {tjxj}, ()
J=LN

rne A — OyneBa maTpuiia pasmepoM M x N, cocTaBlieHHas U3 3JIEMEHTOB a;; a; = 1, eClu j-e u3aenue
o0nagaer i-M cBOMCTBOM, U a; = 0 — B IPOTHUBHOM CITy4ae; f; — j-1 KOMIIOHEHTa BeKTopa 7, OIpeaesio-
1ast BpeMs CO3IaHMs j-TO U3ACIIUS.

To ecTh MOMYYMIM MHOTOKPUTECPHAIBHYIO 3a7ady ONTUMM3AIUH, PEUICHHE KOTOPOW CBOIUTCS K
HaxO0JCHUIO KOMIIPOMHUCCHOT'O pEUIeHUs B ABYX 3aJayax MuHumuzauuu [4, 5]. Ho B Takoit mocTaHOBKe
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3agada OyJeT UMETh TPUBUAIBHOE pPEIlCHHE, a MBI €IIe HE YUJIH BTOPOE OTpaHWYEHHE. YUeT 3TOro Or-
PaHWYEHUS IPUBOAMT K 3a/1a4€ YCIOBHOH ONTUMHU3AINU, KOTOpas yKe OyJIeT UMETh pelieHHe.

JJis 9TOM 1eau 3313 UM MUHHMAaIbHOE YUCI0 m < M CBOWMCTB, KOTOPBIMHU JOJDKHBI 00J1anaTh 0a3o-
BBIC IIPEJICTABUTEIN HAPABICHUS TEXHUKU. DOpManU30BaTh OTPAHUYEHHAE JAHHOTO BUIA MOXKHO IIyTEM
BBEICHUS OyNeBOM mepeMeHHOH y;, KoTopas OyneT paBHO 1 B ToM ciydae, Korga TpeOyercsi, 4ToObl Oa-
30BBII TIPEICTABUTENb 001l STHM CBOWCTBOM, U () — B IPOTUBHOM CIIy4ae.

3TO0 JaeT BO3MOXKHOCTbH JOTIONIHUTE 331a4y (1)—(2) orpannyeHusiMu Buia

N
ijal_-j 2y, i=1,M; 3)
j=1

M
2 yi=m. 4)
i=1

CrenoBatenbHO, MOCTABJICHHAS 33/]ada CBOAMTCS K PEIICHHUIO JBYXKPUTEPUAIBLHOM 3a/1a4i YCIIOB-
HOW ONTHMHU3ALNHM, 1IeJieBble (PYHKIMHM KOTOpOH 3amatorcsi cooTHomeHusMu (1), (2), orpanuyenus —
BelpaskeHusAMU (3) u (4).

Penrenne mocraBieHHOW 3a7auyd MOXET OBITh MOCTPOEHO B BHJE TOCIEAOBATEIBHOTO PEIICHUS
IBYX 3a7a4 ONTHMHU3ALIH:

3aoaua 1. MuanMmm3upoBarh GyHKIUIO F(x) mpu orpannyenusx (3) u (4).

3adaua 2. MuanmuzupoBath GyHKIUIO FH(X) pu orpannueHusX (3) u (4) U TOTIOTHUTEIEHOM OT-
pPaHUYCHUH

n
0
2=/ (x ) (5)
j=1
rac )CO — ONITUMAJIBHOC PCHICHUC HepBOﬁ 3aJa4un.

2. AIrOpUTMBI peleHus NepBoi 3a1a4u

ChoxHOCTh pemieHnst c(hOPMYITHPOBAHHBIX BHIIIE 33124 3aKITFOYACTCS B TOM, YTO OHHM OTHOCSTCS K
Kiaccy NP-monHo# [6, 7], a 3TO 03HAa4YaeT, 4TO MOCTPOCHUE TOUHOTO aITOPUTMA, UMEIOIIETO MOJIMHOMH-
HAJILHYIO TPYAOEMKOCTh, HE MPECTABISCTCS BOBMOXKHBIM. Jl0Ka3aTeIbcTBOM 3TOro (hakTa MOXKET CIIy-
JKUTbH TO, YTO B TOM CJIy4ae €cClid B MEPBOI 3a/1aue MPUHATH YCIOBHE /1 = M, TO MBI TIEpPEeX0IUM K U3BECT-
HOM 3a/1aye 0 MOKPBITUA MHOXKECTBA [8, 9], 7151 KOTOpOH 0Ka3aHO yTBEPKACHUE O e¢ NP-IOJHOTE.

g pemienus ontuMmu3anpionHoi 3anaqn (1), (3), (4) npemiaraercs 1Ba anropuTMa: IEepBBIA aro-
PUTM OCHOBAaH Ha IMPOIEAype MPsIMOTO mepedopa, 4To, KaKk M3BECTHO, IMO3BOJIAET MOIYIUTh TOYHOE pe-
nieHue. TpyaoeMKOCTh aNropuTMa, Kak U BCex aaropuTMoB nepedopuoro tuna [10—-13], — crenennast.

Bropoit anroputm sBiseTcs AEKOMIO3UIIMOHHBIM, MCIOJIB3YIOIIMM BO3MOKHOCTH TIEPBOTO ajro-
puT™Ma.

PaccMoTpum 0COOEHHOCTH 3THX aJITOPUTMOB, IIPH 3TOM MOTy4aeMoe B pe3yJIbTaTe MPUMEHEHUS ajl-
rOpPUTMA peIIeHHE 331291 0003HAUNM, KaK BBIIIE YiKe yKa3bIBATOCh, 4epes X .

OcHoBHas uzes MepeOOPHOT0 aNropuTMa 3aKI0YAeTCs B TOM, YTOOBI M3 MMEIOIIEHCS TOCIeI0Ba-
TETBHOCTH W3JIEIHA, COCTABIAIOIINX HAIpaBlIeHHE TEXHUKH HOBOTO ITOKOJIEHUS, Iepedparh Bce BO3-
MOJKHBIE BApUAHTHI, 00pa3yIOIIHE MOJMHOXKECTBA U3 UCXOAHOTO MHOXKECTBA M3/ACTHA. DTO MOXKET OBITh
BBITIOJTHEHO TIPU TOMOIIX Tpouenypsl P(/, L), ocymiecTiustomniei (GopMHUpOBaHUE MTOJIMHOKECTB MOIII-
HOCTBIO / U3 MHOKECTBA MOIIIHOCTHIO L.

Pesynprarom paboTel JaHHOW TpoUEAypbl OyJeT SBISTHCS MOAMHOMKECTBO, DJIEMEHTHI KOTOPOTO
pAacIoNoXKeHbI 10 BO3PACTAHUIO W TIPEJICTAaBICHB B HOpMalbHOU (opme. Bo3HHMKaeT 3aKOHOMEPHBIH
BOTIPOC O TOM, KaK OIPENEIHTh, YTO i-€ IMOJAMHOKECTBO MOIIHOCTBIO / OYJeT MEHbIIe MOAMHOXKECTBA
(i+1). B »ToM ciyuae HCHONB3YyETCS CIEIyIOIIas MpOIeAypa: JIBa IMOJAMHOMKECTBA (ill, i;,..., i,l) u

(illl,iél,...,illl) HaXOJATCSI B OTHOLICHWU > B TOM CJIydae, KOrJa MOXKHO HAalTH Takoe 3HAYCHHE ¢

(0 < g0 <1), 11 KOTOPOro OyET BBHIIOIHATHCS COOTHOIIEHHE i(li0 > icllé e

Monyne P(I, L) Ha KaKa0# nTepaluy OCyIeCTBIICT TeHepanio OAMHOKECTB, CTPOsI TAKMM 00pa-
30M oOI1ee KOJIMYEeCTBO BapHaHTOB pemeHus. CrenoBaTenbHO, JaHHAs IPOLEIypa OCYLIECTBISET MO-
CTPOEHHE OYEPETHOrO BApUaHTa COUETAHNN.
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Takum 00pa3oM, BBICTpauWBaeTCs CIEAYIOMMH anroputM (HOPMHUPOBAHUS BO3MOXKHOIO BapHaHTa
pelIeHNs OCTABICHHOM 3a1a4H.

Llaz 0. HaXOI{I/IM KOJIMYECTBO MHACKCOB i, JJI KOTOPBIX BBIMOJIHACTCA YCIIOBHUC
N

> a(i, j)=1. (6)

j=1

Ecnu 0603Ha4UTh 3TO YMCIIO Yepe3 7', TO BO3MOXKHBI CIIEAYIOIINE BAPHAHTHI:

m' < m — TorJa Mpolecc BEIUMUCICHUHN MpeKpaIiaeTcs, Tak Kak B 3TOM CJIydae paccMaTpuBaemas 3a-
Jada He OyJIeT MMETh PeICHHUS;

m' > m — B 3TOM ClIy4ae IpoIecC PeUIeHHs TPOJOKAETCs.

Ilaz 1. IlpuauMaeM HOBOE 3HAUEHHE AJI iepeMeHor n: n = N + 1.

Llae 2. YcraHaBIUBAIOTCS HOBBIE ITapaMeTphl 11t Mmoayist P(m, M).

[laz 3. BeimonHseTcsl cienyromas uTepanys M0 CO3JaHuI0 OYepeTHOr0 BapuaHTa PEUIeHHs pac-
cMaTpuBaeMoM 3a/1aud. B 1aHHOM cilyyae BO3MOKHBI JIBa BapUaHTa!

— CO3/1aeTcsl OYepeHOe MOJMHOXKECTBO BO3MOYKHOTO PEIICHHUS; B 3TOM CIydae OCYIIECTBIISETCS
MePexo]l K CIIEAYIOMEMY IIary alropuTMa,

— OYepeHOe MOAMHOXECTBO HE MOXKET OBITh CO3AaHO, TaK KaK BCE KOMOMHAIIMM YK€ paccMoTpe-
HBI; B 3TOM CJIy4ae OCYILECTBIIAETCS Tepexo K mary 8.

Lllaz 4. TIpoBepsieM BBIIOTHEHUE YCIOBHS 71 > 1:

— €CJI OHO BBIMIOJIHSETCS, TO YCTAaHABIMBAEM HOBOE 3HaU€HHUE 7 = 71 — | U BBHINOJIHAEM IEepexo]] K
ClIeyIoIeMy IIary,

— €CIIM yCJIOBHUE 7 > | He BBIMIOIHAETCS, TO MPOUCXOANT MEPEXOT K Imary 8.

Llaz 5. PaccMaTpuBaeTCs CIEeAyOIUI BapuaHT TeHEepaluuy NOJAMHOXECTB, KOI1a MOAYJb BBIIOJI-
HAETCS CO CICAYIONMME apamerpamu P(n, N).

Ilae 6. Bemmonaenue monayns P(n, N) mpu 3aJaHHBIX TapaMmeTpax. [Ipu 3ToM BO3MOXHBI /IBa Ba-
puaHTa:

— co3JaeTcsl O4epeqHOe IMOAMHOMXKECTBO BO3MOKHOTO PELICHHS; B 3TOM ClIydae OCYILECTBISETCS
Mepexo/l K CIEAYIONEMY IIary alropuTma;

— oYepellHOe TOJMHOXKECTBO HE MOXKET OBITh CO3/aHO, TaK KaK Bce KOMOMHAIMH yXKE paccMoTpe-
HBI; B 9TOM CJIy4ae U3MEHSAEM 3HaUCHHUE /1 Ha €AUHHILY, TO €CTh # = n + 1 1 mepexoauM K mary 3.

Llaz 7. OcyiiecTBisieM MPOBEPKY BBIMOJHESHUS YCIOBHA (CIelyeT HATOMHUTD, YTO TAKUX YCIOBUH
oyzer /):

n

> a(iy, j;)=1, n=11 (7)

I=1

B ToMm cnyuae, korna Bce / yciaoBuid OyIyT BBITIOTHATHCS, IPOUCXOUT TIEpeXo K mary 4; eciiu ke
XOT# OBl OJTHO YCJIOBHE HE BBITIOIHAETCS, TO MEPEXOIUM K IIary 6.

Illaz 8. OxoHuaHue pabOThI aaroputMa u (HOPMUPOBAHUE PEIICHUS, ONPEICIIIONIETO KOJTUISCTBO
0a30BBIX MIPENICTABUTEINCH TOKOJICHUS TEXHUKH.

TpymoeMKoCTh pacCMaTpUBaeMOTO aJTOPUTMA TIPH PEIICHNH 3a7adu 1 COCTaBUT

y =2V (ﬂ) (®)

m

oreparnuii. IMEHHO 103TOMY paccMaTpUBaeMBbIid aIrOPUTM IMPUMEHNM B CITydae OTHOCHTEIHHO HEBBICO-
KOH pa3MepHOCTH 3a/1a4u, Korjia OyJeT BBITIONHATHCS Cliefytoliee ycioBue N, m i pasHocts (M — m) ~
~10...30.

B tom cnyyae, korja nepeOOpHBI alropuT™M HE TO3BOJISIET MOJNYYUTh PEIICHUE 32 TPUEMIIEMOE
BpeMs, TIpeiaraeTcs MCIOIb30BaTh MPHOIMKEHHBIN alroOpyuTM, TIONYYUBIINN Ha3BaHHUE JTEKOMITO3H-
IIUOHHOTO.

3. IIpubausKeHHBIH aJropuTM

OcHoBHas uesi JEKOMIO3HIIMOHHOTO aJrOpUTMa 3aKIF0YAETCsl B TOM, YTOOBI CBECTH PEILICHHUE HC-
XOAHOM 3a7aun GONBLION Pa3sMEPHOCTH K PEIISHUIO II0CJIEA0BAaTEIbHOCTU 3a1ad Ooiee Majloil pa3mep-
HOCTH, TIO3BOJISIIOIINX IPUMEHUTH NEPEOOPHBIN arOPUTM.
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Taxue 3a1aun Manol pasMepHOCTH (HOPMHUPYIOTCS U3 HCXOAHOM MO CIEIYIOLINM MPpaBUiIaM: 3ajada
MaJIOl PasMEpPHOCTH IMoOJy4aeTcss 3a cueT (opmupoBaHusi Ha 0aze HMCXOOHBIX MHOXECTB

Iy=141,2,...M}uJy=1{1,2, ..., N}, nonmaoxectB /', Y' u m' < m. B aTOM citydae TpeOyeTcsi pelIuTh
3amady MeHblei pazmeprocta D(I', J', m") ¢ orpaHU4eHUAMU:
ZXjaiijl-,Zyl-=m;(J1,J2,...,Jk). 9
jey’ iel'

JlaHHBIC OrpaHUYCHUS UCTIONB3YIOTCS BMECTO COOTHOIICHHH (3), (4) NCXOTHOM 3a1a4n.

Tak kak JEKOMITO3UIIMOHHEIA aNrOpUTM MPEAIoIaracT UTEPallMOHHOE PEIllIeHUe 3a/1ad MEHBIIeH
Pa3MEpPHOCTH, TO MPH €ro ONMUCaHWH OyAeM HCIIONB30BATh TOHSATHE dTAla PElIeHHS, a KaXKIBIH dTarl
MOYeT OBITh pa30uT Ha mark. ONHCHIBAEMBIN aNTOPUTM HACUUTHIBAET 6 ITATOB.

Oman 1. Be100Op 3HaYCHMIA k U 1) U3 MHOYKECTBA LIEJIBIX YUCEII.

Oman 2. ®opmupoBanue Ha 06a3e MHOX)ecTBa My HEMyCTBHIX MOAMHOXeECTB (J), Jo, ..., J;). Takux
MOJMHOXECTB JIOJDKHO OBITh CPOPMHUPOBAHO k, IPUYEM MX MOIIHOCThH HE JIOJDKHA HPEBHIIATh BEJIM-
YUHBI 7.

Oman 3. AHanorudHO pa3duBaeM W MHOXECTBO [, HO B JAaHHOM CITydae BO3MOXHO IOSBICHUE H
MyCTHIX TIOJMHOECTB.

Oman 4. HaxonuM 1ienple 9ucia m,, KOTOPHIE YAOBIECTBOPSIIOT CICTYIONTNM YCIOBHUSIM:

OSmeS|1e,e=1,k; (10)

k
Zme =m. (11)
I=1

Oman 5. IlomydyeHHOE MHOXKECTBO 3a7lad MeHbIIel pasmepuoctu D(I,, J,, m,) peniaercs npu moMo-
1M TOYHOT'O AITOPUTMa, OCHOBaHHOI'O HA MPOLEAYpE MOIHOro nepedopa.

Oman 6. DopMHUPOBaHHE OKOHYATEIHLHOIO PEIICHHUS IMOCTABJIICHHOW 3a/lau Ha 0a3e 00beIUHCHHS
MOJYYEHHBIX pElICHUH 3aj1a4 MeHbIIeld pazMepHOCTH. [IpH 3TOM MONyuYeHHOE PElICHHE MOXET OBbITh
CKOPPEKTUPOBAHO ITyTEM HCKIIFOUEHHSI U3 HETO HEKOTOPBIX JIEMEHTOB.

[IpuBenem onucaHue 3THX 3TAIOB.

Oman 1. CrenepupoBaHHbIe 3aa4l MeHblIeil pasmepnoctu D(Iy, Jy, my) AN cioydaeB, KOTJla MHO-
KECTBO [ HE ABJSIETCS IMYCThIM, PELIAIOTCS Ha 3TAIe 5 MpH MOMOILM ajrOpuTMa NOoIHOro nepedopa. Ilo-
3TOMY OyZeT LesnecooOpa3HO BBECTH OrpaHHYEHHE HA MOIIHOCTh MHOXecTBa J;. MOIIHOCTH JaHHOTO
MHOECTBA MMOJIOMPAETCS, UCXOJIS M3 YCIOBUH pemaeMoil 3aqaun. O003HAUMB 3Ty BEJIWYHUHY Yepe3 Mo,
ClIeIyeT MPHU3HATh, YTO LIEJICCO00Pa3HON BEIMUMHON 1y OYAET ABIAThCS BennuuHa ny = 20...50. 3Has n,
MOYKHO HalTH U BETUUMHY k U3 CIIEAYIOIIEr0 COOTHOIICHHS

k=[N/ny]+1, (12)
rje [x] — menast 4acTh MPOU3BOIBHOTO JCHCTBUTEILHOTO YMCIIA X.

Oman 2. 3aknrovaercss B GOpMUPOBAHUHN MACCHBA JaHHBIX, XapaKTEPU3YIOMINX TOMAPHO 3JIEMEHTHI,
OTIPEJISIISIIONINE, KaKHE TI0KA3aTeNN JOJDKHBI OBITh pear30BaHbl MPH COBMECTHOM IPOM3BOCTBE JIBYX
M3JeIMA. DTy BENMUYUHY 0003HAYMM 4Yepe3 b; j, W HA30BEM BEIMYMHOI CBS3U Ka)XIOW Mapbl HIeMeH-

TOB. [laHHBIN KpUTEpHii OyAET ONpeAeNATHCS CIeAYIOIINM BhIpaKeHHEM
M
bj1]2=2aijl Xa, . (13)
i=1

Kpurepuii b; j, B (13) Oyner paen 4ucity MOKasaTeneii, KOTOPBIC TODKHBI OBITh OOCCIICUCHEI B

XO0JI€ OpraHu3ald COBMECTHOTO MTPOU3BOJICTBA IIPU BBIITYCKE U3ACIHM J1, j).

[TonsiTHO, YTO B IENIAX OOCCIEUYCHHMsSI MUHUMYMa IICJICBOM (DYHKIMU MPU PEUICHUH 3a1add BUAA
D(ly, Ji, my) nenecoo0pa3HO BKIIFOYATH B PEIICHUE 3JIEMEHTHI ¢ HAMOOIBIIUMHU 3HAUYSHUSMH TTOTIAPHBIX
cBsisel b j,. DTO yTOYHSIOIIEE MOIOKEHHE OBUIO PEaTH30BaHO B crieyrolieM Omoke. IIpusenem omu-

CaHHMe Ha4aJLHOTO M OOIIETO II1ara B 3TOM CiIydJae.

Llaz 0. B MEOXeECTBe U3fienuil Jy, MOAIeKanuX 0TOOPY B Ka4eCcTBE 0a30BBIX MPEICTABUTENEH, BbI-
Ompaercs k SIEMEHTOB ¢ MAaKCUMAaJIbHOM BETMYMHON MOMAPHBIX CBs3el U 00pa3yroTcs k TOJAMHOKECTB,
MOIITHOCTh KOTOPHIX Oy/IeT paBHA CAMHHUIIC.

Obwuil wae. VIzydaetcs BO3MOXHOCTh BKITFOUSHHSI JIEMEHTOB, CHOPMHUPOBAHHBIX HA HYIIEBOM IIIa-
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¢ IOAMHOXCECTB, B q)opMpreMoe peIicHuc. HpI/I 9TOM BKJIFOYAIOTCA B PCHICHUC TOJIBKO B TOM CJIy4ac,
€CJIn 6y,Z[GT YAOBJICTBOPATHCA YCIIOBUC |Jl| * ny , TO €CTh MOIMHOCTD NNOAMHOKECTBA 6y,Z[GT HC paBHaA #y.

J11st KaKJI0T0 BapHaHTa BEIYUCIISICTCS OLIEHKA IO CIIEYIONIEMY COOTHOIIICHHIO

¢ (j.J;)=min[b(j, )], jed;. (14)

Ha manHOM mIare ocymecTBISIETCS BBIOOp TaKUX AJIEMEHTOB, IJISI KOTOPHIX mapametp (14) Oyaet
MaKCHUMaJICH M3 BCEX CPaBHHMBAEMbIX HA JAaHHOM IIare BeJIWYMH. BHIOpaHHBIN 3J€MEHT BKIIOYAETCS B
aHaAJIM3UPYEMOE ITOIMHOKECTBO.

OT0 ABNSAETCS 3aBEpIIAIONICH omepaleil JaHHOTo I1ara. JTal 3aBepIIaeTcs Toraa, Korjaa Bce die-
MEHTBI, BBIJICJICHHBIC IJIs1 paclpeiesIeHUs], yKe PaclpeaeICHbI.

Oman 3. B kadecTBe BXOIHBIX AAHHBIX JUISl 3TOTO 3TAla UCTONB3YIOTCS BEIUYHMHBI C,(i, ki), KOTO-
pBIE ONPEACTISIOTCS U3 BBIPAKCHHUS

¢, (ik)=2 ay, i=1,M. (15)

JeJy
[ocne 3TOro oCcyIecTBISIOTCS ONEPaLH, COCTOSAIINE B CIICAYIOUICH MOCIEI0BATEIbHOCTH ICHCTBUMA.
Llae 0. Bce noqmuoxectsa /) (I =1, k) Oynem npeanonarats mycTbIMH, TO €CTh BBIITOJIHSIETCS CO-

OTHOIIIEHUE BUIA |11| =.

Ilae 1. PaccmaTtpuBaeMblii 3JIEMEHT BKJIFOUACTCS B TIOJIMHOXKECTBO /; TOJBKO B TOM Ciy4ae, Korja
BeJIUUMHA C5(i, /1) MPUHUMAET MaKCUMaJIbHOE 3HAYCHUE. DTO BBIMOJIHACTCS A Beex i = 1,2, ..., M.

B urore BRIMOTHEHHS STOTO IIara MojydaeM MOJIMHOXKECTBO /;, KOTOpoe OyeT yIOBIETBOPSTH ClIe-
JIYIOILIUM YCIIOBHUSIM:

Ill ﬁlll =®, Zl,lz =1,M,

0<|J|<M, I1=1,M; (16)
M

Z|11|=M.

I=1
AJleKkBaTHOCTH COOTHOIICHHH (16) MOXKET OBITH IPOBEPEHA HEMTOCPEICTBEHHO.
Oman 4. B ToM ciiydae, Korja BelIUIuHbl m,, OyayT ynoietBopsats ycnosusiMm (10), (11), Ho He Gy-

JYT SIBJIATHCS LEIBIMU YUCIIAMH, OHU HAXOMSATCS U3 CIICAYIONIETr0 BBIPaXKCHHUS
M
mé=|[e|><m Z|le| . (17)
I=1
B nemsx ycrpaHeHHS 3TOr0 HEAOCTaTKa MOXKHO BOCIIONIB30BATHCS MPOLIEAYPOH OKPYTJICHHS.
Oman 5. BEINIONHSETCS aITOPUTM MOJHOTO IIepeOopa, ONHCAHHBIH BBILIE.
Kak mpaBuiio, BEIIIOJHEHHKE dTamna 6 3aTpyIHEHHIT HE BCTPEYaeT, a IOTOMY H HE PaCCMaTPUBACTCS.
Takum 06pa3zoM, ObLIO JaHO ONMHMCAHHE JBYX aITOPUTMOB PEIICHMS 3a[aud 1: TOYHOrO M NPHOIH-
»keHHoro. Clie/lyeT OTMETUTb, YTO Ha JTale IOArOTOBKM K PEIICHHIO NOCTAaBICHHOI 3a1aul ee pa3Mep-
HOCTb BO3MOXKHO OHH3UTB 3a CYET y4eTa HEKOTOPHIX YCIIOBHIL.

4. AJITOPUTMBI pelieHus! 32Ja41 BTOPOI0 THIA

Perienue 3aqa4 BTOpOTo TUIA TPEATIONIATAET UCTIONB30BAHNE allTOPUTMOB, TIOCTPOCHHBIX HAa OCHOBE
moporoBoi cxemsl [14, 15].

B nanHOM ciydae BBOAWTCS MOPOTOBOE 3HAYCHHUE £y, KOTOpOe OyJeT COBManaTh ¢ OJHOM U3 U3BECT-
HbIX BenuuuH ¢ (j = 1, N). Takum obGpasom, nomayuyaem 3anauy D(t)), koTopas OylIeT coBHagaTh ¢ 3aja-
yeii D[1yy, J(ty), m]. B aToM ciydae nmoamMHOkecTBO M(%)) OyIeT onpenensaThesi U3 COOTHOIICHHS BU/Ia

I(to)={J]t; <to}. (18)
[Ipennaraemspiii anropuT™ OyJET COCTOATH U3 ABYX ITAIOB.

Oman 1. PactionaraeM BeJIUYHHBI tj B IIOPSJKE, O660H6‘II/IB3IOH.I€M BBITIOJIHCHHUC YCIIOBUSL

t <t <..<t . (19)
Jj1 j2 JN

Oman 2. OCyIIECTBISACTCS BBIMOJIHEHUE IOCIICAOBATEIBHOCTH JACUCTBUH, KOTOpas MOXKXET ObITh
MPEJICTaBJICHA B BUJIE CIICIYIOIINX MIaroR.
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Ulae (). duxcupyeM HauallbHOE 3HAYCHUE ¢y U HAXOAUM perienue 3anaun D(z), To ecTh s 3a/1a4n
TIEPBOro THITA HAXOINM pelIeHHe X .

O6wuii wae. OCyIECTBIAEM CpaBHEHHE TIOTyYEHHBIX 3HAYCHHIT LeIeBoil (PyHKIHH, TO ecTh f;(x) 1
fi[x(%0)]. B nanHOM ciydae xo(fy) ABISICTCS pelieHueM Ui 3aaaun D(Z;), TO3BOJIAIONIMM HAHTH KOPPEK-
THPYIOLIYIO TIONPABKY JUIsl BEJIMYUHBI ). [Ipu 5TOM 1pu #) = ¢ BO3MOKHEI 1Ba CIIyJasi:

— ecn f1(x") > fi[x(fo)] ycTaHABIMBAEGM 3HAUCHHE fo = ikl

—ecimn f;(x°) < fi[x(to)] win pemaemast 3agada D(f,) ABISAETCS HEAOMYCTUMOI, CIHTACM fy = Lkt

Ocy1iecTBUB KOPPEKTUPOBKY 3HAYCHHUS f, IPUCTYIAEM K peleHuto 3aaaqu D(¥).

[Iporecc ocymiecTBIeHUs BEIYUCIESHUH MOXKET OBITh 3aBEPIIICH ITPY ITOMOIIH JBYX TPaBHUIL.

Ilpasuno 1. B Tom ciydae, Korja mpy HYJIEBOM IlIare 3HaYCHHE TIEPEMEHHOH £, MPUHIUMAET 3HaYe-
HUE ) = t1, a Ha oOmeM mare / = 1. B 3ToM ciiydae 00U ar BEITOJHASTCS 10 TEX MOp, MoKa He OyaeT
BBITIOITHEHO yeiosue fi(x") < fi[x(o)].

IIpasuno 2. Ecny Ha HyJeBOM IIare nepeMeHHas ty OyJeT MPUHUMATh 3HAUEHHE f) = fyp), @ Ha 00-
miem mmare 7, [ = [N/2r]. [Ipexpamierre BEIYMCICHUH TPOUCXOUT Ha Tiare, s kKotoporo [/ = 0.

CrnenoBaTelibHO, ¥ IIPY PEIICHUH 33JIla4d BTOPOT'O THUIIA MOTYT OBITh UCIOJIb30BaHbBI IEPEOOPHBIN H
JICKOMIIO3MIIMOHHBIN aJITOPUTMBI, OTIUCAHHBIC paHEe.

5.3agaya 0 YacTUYHOM MOKPBITUM ABYA0JIbHOTO rpada

PaccmoTpum mocrasienHyto 3agady (1)—(4) kak 3amady o HOKPBITHM ABYAOJIBHOrO rpada. B Tom
ciyuae, Korga OyJeT BBIIIOTHITHCS COOTHOLICHUE M = M, oJTydyaeM W3BECTHYIO 33/1ady O HOKPBITHH, TO
€CThb YacTHBIN ciy4ail pemraemoii 3afgaun. Ho Hanbonee HHTEpECHBIM OYJET SBIATHCS BapUaHT, KOT/Aa
OyzeT UMETh MECTO HEpPaBEHCTBO Buaa m < M. B 3ToM ciryyae momydaem 3aiady O YaCTHYHOM ITOKPBI-
tuu [15-17]. PaccMoTpuM BO3MOKHBIN OIXO/T K €€ PELLICHUIO.

PaccmoTpum nBynonbeHeiii rpad G(X, Y, U), rne X — MHOXKECTBO BEPIIMH MEPBOTO YPOBHS (JI0JIH),
Y — MHOX€ECTBO BEpIIMH BTOPOTO YPOBHS, U — MHOXECTBO IYyT, COEAUHSIOIIMX BEPIINHBI X C BEPIIMHAMU Y.

Bepuunbl MHOKECTBa X COOTBETCTBYIOT N HM3IENINSAM, BEPIIMHBI MHOXKECTBA Y COOTBETCTBYIOT M
MIOKa3aTeNsAM (XapaKTePUCTHUKAM).

O06o3HaunM x; = 1, ecnu u3jenue [ BRIOpaHO B KadecTBe 0a30BOro, x; =0 B NMPOTUBHOM Ciydae,
y;=1, ecnu j-if mokazaTens NOMKEH ObITh pealn30BaH NPU peanu3aluu 6a30BbIX u3genuid, y; =0 —
B IIPOTUBHOM ClTy4ae.

Iocranoska 3agaun. Onpenenuts (x;, i = 1,2, ..., N), (v, j =1, 2, ..., M) MUHMMH3UpYIOIHE
N

F(x)=).xC, (20)
i=1

MIPH OTPAHHYCHUSIX:

N

ZaijxiZyj, j=1,M; 21)

i=1

M

Zy[ =m, (22)

j=1

rae C; — 3aTpaThl Ha CO3/aHUE HM3/ICTHS; B TOM Cllydae eciu monoxuts C; = 1, moixydaem cirydai, pac-
CMOTPEHHBIH BBIIIIE.

3anada siBrsieTcss NP-TpyIHOM.

PaccMoTpuM crocob moydeHust HUXKHEH OIEHKH Ha OCHOBE METOJIa CETEBOI'0 IMPOrPaMMHUPOBAHUSL.
Jns sroro pasaenuM kaxzaoe C; MpOU3BOIBGHBIM 00pa3oM Ha HECKOJBKO YacTel S 10 4uCIy JyT, UCXO-
JISAIUX U3 BEPIIUH i € X .

N N
> 8;=C, i=LN, (23)
Jjeo;
rae O; — MHOYKECTBO BEpIINH j € M , TaKUX YTO (i, J ) eU.
O603HaYNM
y;= min Sl-j, 24
ieP,
rie P; — MHOXKeCTBO BepwnH i € M , Takux uro (i,j)eU.
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Ilepenymepyem BepLIMHBLI MHOXKECTBA Y B OPSAJKE BO3pACTaHuUA ), T. €.
NE<Y, .2y, (25)

m
Onpeaenum (D(y) = Zyj.
i

U3 Teopun ceTeBOro mporpaMMHpOBaHUs CIEAYET, 4yTo (25) sSBIAETCS HHKHEH OLEHKON MCXOIHON
3a/1a4y OpH JTHOOBIX (Sj)).

O0600menHas ABOIICTBEHHAA 3aJa4a

Ompenennts (S;),i=1,2,...,N, j=1,2, ..., M, makcumusupytouee (25) npu ycnopusx (23).

Ipouenypy nenenus C; Ha Sj; comepkKaTEIbHO MOKHO MHTEPIPETHPOBAThH CIEAYIONIMM 00pa3oM.
[IpencraBum cebe, 4TO U3IENINE i COCTOUT U3 HECKOIBKHX ITOACUCTEM (10 YUCITY UCXOISIINX U3 BEPILIH-
HBI i € X ) Oyr, OpUYeM KaxKaas IMOACHMCTEMa OTBEYAET 3a HalU4ue (WM CO3/aHHE) COOTBETCTBYIOLICH
XapaKTEPUCTUKH. 3HAYCHUE S;; COOTBETCTBYET 3aTpaTaM Ha cosfaHue noacucreM. O4YeBHAHO, YTO M
CO3JIaHMs OTPEICIICHHON XapaKTepUCTUKHM HET HEOOXOAMMOCTH CO3aBaTh BCE W3JENUS, JOCTATOYHO
CO3J1aTh COOTBETCTBYIOIILYIO MTOJICUCTEMY.

Ipumep. Paccmotpum nBynonsHblii rpad (puc. 1).

Ilycts m =3 . lenum Bce C; mononam. Ouenka cansy 8 + 8 + 10 = 26. [IpumenrM MeTosa BeTBeH U
rpanui. Bo3pMem 11 BeTBIIEHHS BEPLIMHY 4.

Bribupaem Bapuant ¢ BepuinHoit 4 (ouenka 26). Jlanee OepeM BepiunHy 2, MUHUMAaJbHAs OLIEHKA
36 noctmwxuma (puc. 2).

OnTuMansHOE pelleHne: BepIIrHbl 4 u 2 u3 MHOXKecTBa X. £ = 36.

G
20
40 1 > 1 10
20
1X
20 18
10
ISX
18 10
54 3 5> 3
18
\
16 4 4 8
8\
@ 8
Puc. 1. N'pad npumepa Puc. 2. Cxema BeTBneHusi
Fig. 1. Graph of example Fig. 2. Branching scheme
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Hana ¢opmanbHas mocTaHOBKa 3a7add BbIOOpa 0a30BOTO MPEACTABUTENS HANPaBICHHUS TEXHUKH.
[IpoBenen ananu3 u paspaboTaHa mpoueaypa BbIOOpa 0a30BBIX M3AEIHHA HOBOTO MOKOJCHUS TEXHHUKH,
MO3BOJISAIONIAS B 3aBUCHMOCTH OT yCJIOBHM, yCTaHABINBAEMBIX JIMLIOM, TpHHUMatomuM perienue (JIIP),
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OIpEaACINTDb 0azoBoe HU3ACIIUC HAIPABJICHUA TCXHHUKHU, HanboJiee MOIHO COOTBCTCTBYHOIIICC (1)YHKI_[I/IO—
HaJIbHBIM, KOHCTPYKTHBHBIM W TCXHOJIOTHYCCKUM HNPHU3HAKAM IMOKOJICHUS TCXHUKH, C IIOMOLIbBIO IPEaI-
JIOKCHHOI'O TOYHOI'O HCpC60pHOFO WJIK NPCAJIOKCHHOI'0 ACKOMIIO3UIITMOHHOT'O aJITOpHUTMA.
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Annomayusn. B cratbe paccMaTpuBaeTcs psaa HakTOpoB, KaK BHEIIHHX, TaK M BHYTPEHHUX, KOTOpBIE
CHOCOOCTBYIOT GJIaronoyduio rpakaaH. M3ydeHHbIi 0030p MOKa3bIBACT, YTO YJOBIETBOPEHHOCTh )KU3HBIO
Ka)XXJbIM OIIGHMBACTCS IO-pa3sHOMY, HO H3MeEpsieTcsl B 3aBUCHMOCTH, HAalpUMEp, OT >KH3HEHHOTO OIIbITa,
SKOHOMHYECKOTO MOJIOKEHHS, MECTa XKHUTEIbCTBA, 00pa30BaHMs M APYTHX (aKTOPOB. Y JOBICTBOPEHHOCTH
KHU3HBIO HE SIBIISICTCS] HEKUM OHMOJIOTMYECKUM SIBJICHHEM M 3aBHUCHUT OT Pa3HBIX (PaKTOPOB, KOTOPHIE MOTYT
U3MEHsAThCs ¢ TeueHHeM BpemeHH. Lleab padorsl. Llenbio nanHON paboThl sBisieTCs M3y4eHue (HaKTopoB
YIOBJIETBOPEHHOCTH JKHU3HBIO. B KauecTBe OCHOBHOM TMIIOTE3bI BBIIBUHYTO HPEATIONOKEHHE O TOM, YTO
KOJINYECTBO YIOBJIETBOPEHHBIX CBOCH KU3HBIO JOMOXO3SHCTB HANPSIMYIO 3aBHCUT OT MECTa KHUTENbCTBA.
Taxke BBLABHHYTO €IIe JIBE TUIIOTE3bI O TOM, YTO yIOBJICTBOPEHHBIC KU3HBIO JOMOXO3SHCTBA UMEIOT JIyd-
IITMe YCIIOBHA KU3HHU, HEXKEIU HEYIOBICTBOPEHHEIE, U HE 0053aTEIbHO UMEIOT BBICOKHUI AEHEKHBIA TOXO/.
Marepuanbl 1 MeToABI. JlaHHOE HCCIIEOBaHNE IPOBOJUTCS C TIOMOIIBIO TAKUX METO/IOB, KaK OIHCATENb-
Hasl CTATUCTHKA M BU3yalW3alus JaHHBIX, IIOCTPOCHUE M aHAJM3 JIOTHT M IPOOHUT MOAENEH, KilacTepHBII
aHaJIM3 JaHHBIX U alTOPUTM CIIydaifHOTO Jieca. Bee mcmonp3yembple METoIbl OKa3bIBAIOT BHICOKYIO PE3yJIb-
TaTHBHOCTH. MITOrOBas BRIOOpKA MaHHBIX TOCHE yCTpaHeHHs BHIOpocoB cocraBmia 30177 wabmonenuii. B
paboTe UCIIONB3YIOTCS MaHeIbHbIE JaHHbIE Ha ypoBHE poMoxo3siicte RLMS-HSE, uto nmo3BomnseT y4uTsi-
BaTh HEOAHOPOIHOCTh TOMOXO3SHCTB U 3HAYMTENIFHO PACIIUPseT BO3MOXKHOCTH AJIsl aHanu3a. Pe3yabrarsl
uccae0BaHus. Pe3ynbTaTel MPOBEASHHOIO UCCIIEAOBAHIS TIOJTHOCTBIO MOATBEPKAAI0T OCHOBHYIO THIIOTE-
3y U YaCTUYHO MOJTBEPXKIAIOT OCTAIbHBIC BBIABHHYTHIC THIIOTE3H], @ HA UX OCHOBE pa3paboTaHbI BO3MOXK-
HbIE PEKOMEHAALNH 110 TOBBIIICHUIO YPOBHS YAOBIETBOPEHHOCTH JKH3HBI0. O0cCy:KAeHUEe U 3aKJII0UeHHe.
[Tomy4yeHHBIE pe3yNbTaTHl JAHHOTO HCCIEIOBAHMSA MOTYT IOCITYKHTh MPAKTUYECKUM HHCTPYMEHTOB JUIS
OpT'aHOB BJIACTH IS MTOBBIIICHHUS Ka4eCTBA JKU3HU B TOM WIIM MHOM PETHOHE, a TaKKe PELICHHEM BOIIPOCOB
B WHBECTHIMOHHOHN JAEATEIBHOCTH PETHOHOB, HO CaAMOE IJIaBHOE, MOMOTYT NPEINPHUITHSIM C COLUAIbHOM
HAaIpaBJIeHHOCTHIO0 BEPHO c(hOPMYIIMPOBATH LIENN CBOCH JIEITEIFHOCTH U CKOPPEKTUPOBATH OLCHKY 3 (Pek-
TUBHOCTH.

Knrouegvie cnosa: ynpasieHue, JOTUT-aHAIN3, (GaKTOPBI OJIATOIIONYYHs, CITydalHBIH JIeC, yIOBIETBO-
PEHHOCTB )KHU3HBIO
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Abstract. The article examines the factors, both external and internal, that contribute to the well-being
of citizens. The studied review shows that life satisfaction is assessed differently by everyone, but is meas-
ured depending, for example, on life experience, economic status, place of residence, education, and more.
Life satisfaction is not a biological phenomenon and depends on various factors that may change over time.
The purpose of the work. The purpose of this work is to study the factors of life satisfaction. As the main
hypothesis, the assumption is put forward that the number of households satisfied with their lives directly
depends on the place of residence. Two more hypotheses have also, been put forward that satisfied house-
holds have the best living conditions than those who are not satisfied and do not necessarily have a high
monetary income. Materials and methods. This research is carried out using such methods as descriptive
statistics and data visualization, construction and analysis of logit and probit models, cluster data analysis
and random forest algorithm. All the methods used show high efficiency. The final sample of data after
the elimination of outliers was 30177 observations. The work uses panel data at the household level of
RLMS-HSE, which allows taking into account the heterogeneity of households and significantly expands
the possibilities for analysis. The results of the study. The results of the study fully confirm the main
hypothesis and partially confirm the rest of the hypotheses put forward, and on their basis, possible rec-
ommendations for increasing the level of life satisfaction have been developed. Discussion and conclu-
sion. The obtained results of this study can serve as practical tools for authorities to improve the quality
of life in a particular region, as well as solving issues in the investment activities of the regions, but most
importantly, they will help enterprises with a social orientation to correctly formulate the goals of their
activities and adjust the efficiency assessment.

Keywords: management, logit analysis, well-being factors, random forest, life satisfaction
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Beenenue

3a/aun ynpaBieHUs] YUPESKACHUSIMH 3[JpaBOOXPAHEHHS, & TAK)KE OPraHU3alUsIMU, UMEIOLIIMHU CO-
UAJIbHYI0 HAaIpPaBICHHOCTh B CBOEH AEATEIBHOCTH, 3HAYUTEIBHO OTIMYAIOTCS OT 3a/ad yIpaBICHUS
JpYTruX NPEeANpUATHH, HAPaBICHHBIX TOJBKO HAa M3BJICUYEeHHE NpUObUH. B colmansHO-OpHeHTHPOBaH-
HBIX YUPEKJICHUSIX TIEPBOOUEPETHON 3a/1aueii CTOUT HE KOMMEpPIUATU3aIHs ISTeIbHOCTH, a JOCTHKE-
HHE UMEHHO obmiecTBeHHOro Oiara [1]. OqHO# M3 OCHOBHBIX OM3HEC-IIeTICH YIPaBICHUS TAKUMH Opra-
HU3AIMUSAMU SBISIETCS TIPEIOCTABICHUE KIMEHTaM COBPEMEHHBIX M yIOOHBIX YCIOBHMA, a TaK)Ke THOKUX
(BUpTyasIbHBIX) paboumx MecCT, oOecleuMBalOIIMX OnepaTHBHOE M OecnepeOoiiHoe 00CTyKMBaHHE.
B cnyyae ¢ MEOUIIMHCKUMH YUPEKACHUSMH 75l JOCTMXKEHUS! BRILICYKA3aHHBIX LieJIell HEe0OX0JUMO UC-
MOJIb30BaTh OM3HEC-TIOXO/BI, YTOOBI YNPABISATh MHTETPUPOBAHHBIMH HEKIMHHYCCKHMHU YCIYTaMH C
HAuOOJNBIICH BBITONON. DTa OM3HEC-CTpaTerus O3HayaeT, 4To 3((EKTHBHOEC W HEMPEPHIBHOE MPEI0C-
TaBJICHUE BCIIOMOTATEIBHBIX YCIyT B cepe 3MpaBOOXpaHCHUs B HACTOSIICE BPEMS SIBISIETCS YPE3BbI-
YaifHO Ba)KHOM On3Hec-omepauueil. Hapsmy ¢ 3TUM B KauecTBe LIENH YNPABJICHUS HEPEAKO paccMaTpu-
BAeTCs MPOCTPAHCTBEHHOE Pa3BUTHE, KOTOPOE SBIIETCS OJAHUM M3 BAXKHBIX HANpaBICHUNA Pa3BUTHS
Poccuu. TIpocTpancTBeHHOE pa3BUTHE — 3TO COBEPIICHCTBOBAHHE CHUCTEMbI PacCEIICHUsI U TEPPUTOPH-
ANBHOW OpTraHW3allMi SKOHOMHKH, B TOM YHCIIE 32 CUET MPOBEACHUS dPPEKTHBHOU TOCYJapCTBEHHON
MOJIUTUKU PETUOHANBHOTO Pa3BUTH. st TOro 4TOOBI UMETh YETKYIO 1eNb YIPABICHUS, OpraHu3aliu
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lunée A.B., Jloeunosckuti O.B. BbisienieHue ¢ghakmopoe y0oesiemeopeHHOCMU KU3HbLIO
8 KOHMeKcme peuweHusi ynpaeseH4Yeckux eonpocoe

COHHaHBHOﬁ HAIpaBJICHHOCTHU AOJUKHBI IOHUMATh, KAKUC q)aKTopBI YAOBJIICTBOPCHHOCTHIO KU3HBIO aAK-
TyaJIbHbI Ha ,Z[aHHLIfI MOMCHT.

1. O630p auTEpaTyphHI

B mocneaHne HECKONIBKO JIET B YCIOBUSIX KpPHU3WCa YIPaBIECHYECKHE BOIMPOCH B NIEATEIHHOCTH
NPEANPHUATHH COLMAIBHON HANPaBICHHOCTH BO3HHUKAIOT BCE yare. L{enbio mpocTpaHCTBEHHOTO pa3Bu-
st Poccuiickoit deneparuu sSBISICTCS 00SCIICYCHHE YCTOWIMBOTO M COATaHCHPOBAHHOTO MPOCTPAHCT-
BEHHOT'O Pa3BUTHUS CTPaHbI, HAIIPABIEHHOTO HA COKpAIIEHHE MEXPETHOHAIBHBIX PAa3INYUi B YPOBHE U
Ka4yecTBE KM3HU HACENICHMS, YCKOPEHHE TEMIIOB SKOHOMHYECKOIO POCTa M TEXHOJOTHYECKOIO Pa3BH-
THS, & TAK)KE Ha oOecrieueHre HallMOHAIBHOM 0€30IIaCHOCTH CTPAHbI.

Juist mocTrKeHus: NaHHOH 1en HeoOXOJUMO 3HATh U YUUTHIBATh, KAK HACEJICHHE OLICHHBAET MECTO,
B KOTOpOM npoxuBaeT. CyIiecTByeT MHOKECTBO (haKTOPOB, KaK BHELIHHX, TAK U BHYTPEHHUX, KOTOPHIC
CIOCOOCTBYIOT OJIaromogy4yuio TpakJaH. YIOBJIETBOPECHHOCTh >KM3HBIO KaKAbIM OLIEHHBAETCS IIO-
pa3HOMY, HO U3MEpsIeTCs B 3aBUCHMOCTH, HallpUMEp, OT KU3HEHHOTO OIbITa, SKOHOMUYECKOTO MOJI0Ke-
HUSI, MECTa JKUTEIbCTBA, 00pPa30BaHUs U JIp. Y JOBJICTBOPEHHOCTD JKU3HBIO HE SIBIISIETCS HEKUM OHOJIO-
THYECKUM SIBJIGHHEM M 3aBUCHT OT Pa3HbIX (PAKTOPOB, KOTOPHIE MOTYT U3MEHATHLCS C TEUEHHUEM BpeMe-
HU. Bce momu MMEOT onpesiereHHOEe MECTO XKHUTeNbcTBa. KTO-To mpeamounTaeT OOJbIINE Topoja-
MWUTHOHHUKH, a KTO-TO M CeJ0. Y BCEX pa3Hoe XKHUIIbe, pa3Hble yA00CTBa )KU3HH, pa3Hble TOTPEOHOCTH
U mpennodTeHus. Bc€ 3To mpucyTCTBYyeT B Hallel XKU3HH eXeAHEBHO. OJHAKO HMEIOTCS MEXpPEruo-
HaJIBHBIC PA3INyMsl B YPOBHE M KAUeCTBE XU3HM HaceJeHUs. FIMEHHO MOATOMY JaHHOE HCCIEIOBaHHE
MOJKET MOCTYKUTh BaXKHBIM NMPAKTUYECKUM MHCTPYMEHTOM JJISi OPTaHOB BJIAacTH, KOTOPOE MOMOXKET OTI-
peAeTUTh MPOOIEMBI KUTEIEH B TOM HIIM HHOM PETHOHE.

OOBeKTOM HCCIIEeOBAaHUA SBISACTCS Cepusi OOLICHAMOHATBHBIX PENPE3eHTATUBHBIX OIIPOCOB 0a3bl
nanaeix RLMS-HSE.

Y IOBIETBOPEHHOCTh XKU3HBIO — 3TO Mepa ONaromnonydus, OleHUBaeMasi ¢ TOYKU 3PEHUS Pa3HBIX
¢akTopoB. Onpenenenue ya0BICTBOPEHHOCTH XKHU3HbIO BIEPBBIEC PACKPBUT B 80-€ robl MPOILIOro Beka
H. Bpan6epH [2], a MHACKC YAOBICTBOPEHHOCTH KU3HBIO OBbLI CO3/1aH AIpHaHOM YaiTOM, COI[MAIbHBIM
ricuxosioroM u3 yHuepcurera Jlectepa [3]. MHmekc mokas3piBaeT, HACKOJIBKO JIIOIU yIOBICTBOPEHBI
XKHU3HBIO B Pa3HbIX CTpaHaX. B maHHOM MHOEKce CyOBEKTHBHOE 0Jaromnoiydue CUIbHO KOPPEIUPYET CO
3I0POBBEM I'PaXaH, C UX OOraTCTBOM M C IOCTYIIOM K 0a30BoMy oOpa3oBaHHIO [4].

BcepoccuiickuM EeHTpOM HU3ydeHus obiiectBeHHoro Maenus (BIIMOM) B 2020 romy 0bL10 Ompo-
meHo 1,6 ThIC. pocCHSIH B Bo3pacTe oT 18 JeT ¢ moMoIIbIo Tened)OHHOro HHTepBbio'. MHeHHe Ha cueT
YIOBIIETBOPEHHOCTH JKU3HBIO y HaceneHusa Poccun pasgenuiach IOYTH HOPOBHY. belIN mosryyeHs! ciie-
IYIOIUE Pe3yNIbTaThI:

—xk koHIy 2020 roga poccusiHe dalle YAOBIETBOPEHBI MJIM YaCTUYHO YJOBJIETBOPEHBI KH3HBIO,
KOTOpYI0 OHU BeAyT — 47 %. OTuacTu yAOBIETBOPEHBI, & OTYACTH HET CBOEH KHU3HBIO 25 % POCCHSH.
He ycTpanBaer akTyanbHas CUTyanus B UX XKU3HU 26 % OMPOIICHHBIX;

— B KOHIIE TPYAHOTO IMaHAEMHUYECKOTO I'0/la POCCHUSIHE OLIEHWBAIM CIOXKHUBIIYIOCS B CTpaHE CUTya-
LU0 ABOKCTBEHHO: 47 % Ha3bIBaIM €€ CKopee Xopoluel, 48 % — ckopee MI0X0H;

— MOJIOKUTEIBHO SKOHOMHYECKYIO CHTYallMI0 OLCHUBAIOT 15 % poccusiH, cpenHue OLEHKH aroT
45 %, a orpuniarenpHbie — 36 %.

BonpmmHCTBO cTaTeil 1 uccieaoBaHui MPOBOAUTCS HA OCHOBE ompocoB oaei [5—7]. Tak, Hanpu-
Mep, pacCMaTpPUBAIOCh BIUSHIE UCTIOIh30BAHUS COIMAIBHBIX CeTel Ha YIOBIETBOPEHHOCTD JKU3HBIO B
27 pa3IMYHBIX €BPONEUCKUX CTpaHaX ¢ MCHOJb30BaHKeM onpoca Eurobarometer 2016 roma, mpoBeneH-
Horo EBpomneiickoit komuccueit [8]. OCHOBHBIE BBIBOJBI 3aKTIOYAIUCH B TOM, UYTO HCTIOJIB30BAHHUE COIIU-
ANBHBIX CeTeH J[Ba pa3a B HEJAEIIO WM KaXIbIH JeHh MOXET UMETh MOJIOKUTEIFHOE BIUSHUE HA YIO0B-
JIETBOPEHHOCTH )KU3HBIO, TAK)KE BIUSHUE COITUANBHBIX CETEH BAPUPYETCS B 3aBUCUMOCTH OT CTPAHBI, a
3TO 03HAYAET, YTO TIEPEMEHHBIE BIMSIOT HAa B3aUMOCBSA3b MEXKIY UCIIOJIB30BAaHHUEM COIHAIBHBIX CETeH U
Onaromnomyuuem [9].

Tak, emie B OAHOM M3 UCCIEIOBAHUI paccMaTpUBalIach CBA3b MEKAY MCIIOJIB30BaHUEM cMapTQoHa
Y yIOBJIETBOPEHHOCTHIO JKM3HBIO. JJaHHOE HccienoBanre MpoBOAUIIOCH C TOMOIIbI0 AaHOHUMHOTO aHKe-

! BIIMIOM noBoct: [caiit]. URL: https://wciom.ru/analytical-reviews/analiticheskii-obzor/socialnye-nastroenija-monitoring
(mata obpamenus: 04.03.2023).
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TupoBaHus. [lonydeHHBIE AaHHBIE AHAIM3MPOBAINUCH C IMOMOIIBIO MOAEIHPOBAHMS CTPYKTYpHBIMU
ypaBHeHusIMH. Takum 00pa3om, ObUT cliesiaH BBIBOJ O TOM, YTO Ha yJOBJIETBOPEHHOCTH XHM3HBIO Hera-
THUBHO BIIUSET 3aBUCUMOCTh OT cMapTdoHoB [10].

JpyrumMu aBTOpaMH aHAJIM3UPOBAIUCH JYXOBHOCTh M PEIUTHO3HOCTh KaK MPEIUKTOPH YIOBIE-
TBOPEHHOCTH XU3HBIO rpaxaan llepy Bo Bpemsa nangemun COVID-19. beina npoBenena BeIOOpKa U3
734 rpaxnaan llepy, IpUHABIINX y4acTHe B UccienoBaHuu, u3 Hux 290 Obutm MmyxuuHamu (39,5 %) n
444 xenmmuamu (60,5 %) B Bo3pacte oT 17 go 75 net. MccnenoBanue mokas3aio 3HAYUTENbHOE BIIHS-
HUE TyXOBHOCTH M PETMTMO3HOCTH Ha YAOBIETBOPEHHOCTH XKMU3HBIO [11].

B napyroii cratee oTedecTBeHHOro aBTOpa [12] aHanM3upyroTCs mpoOJIeMbl U3MEPEHUST YPOBHS U
KadyecTBa )KU3HU HacelneHus Poccuu ¢ ncrnonb3oBaHHeM OPHIIMATBEHBIX CTATHCTHYECKUX JaHHBIX M OIle-
HOK HaceneHus. [Ipennaraercst MeTonuka H3MEPEHHUs Ka4eCTBa JKU3HU HA OCHOBE CyOBEKTHBHBIX MpPEa-
CTaBJICHUH C UCIOJIb30BAHUEM MHIEKCHOTO MeToJa. B METOMMKY BKJIFOUEHBI TAKUE KOMIIOHEHTHI Kaye-
CTBa JKM3HM, KaK YPOBCHb JKU3HH, Ka4eCTBO OJIMIKAWIICH COLMAIbHON CPEbl, KAUeCTBO 3KOJIOIHH, CO-
[IUAJIbHOE CaMOYyBCTBHE. Pa3paboTaH MHTErpaJIbHBIM MHICKC KaYeCTBA JKU3HH, BKIIIOUAIOIINHA BCE KOM-
MOHEHTHI ¥ MO3BOJIAIOUINI CPaBHUTH KaueCTBO JKM3HM Pa3IMYHBIX COLMAIBHBIX IPYIIN U CIOEB Hacele-
HUSl, KAYeCTBO U3HU B PETHOHAX HA OCHOBAaHUM TOT0, KAK CaMU JKUTEJIH OLIEHUBAIOT Pa3IMYHBIE CTO-
POHBI cBOero cymiecTBoBanus [13].

2. MaTtepunaJibl 1 METOABI

Kak nokasan ananus aurepaTypbl, OOJNBIIMHCTBO UCCIIEIOBAHUHN OMUPAETCS HAa B3aUMOCBSA3b Y/IOB-
JIETBOPEHHOCTH XHU3HBIO M MCHUXOJOTHYECKHM COCTOSIHUEM YelIOBEeKa, €ro OOIIUM COCTOSHHEM 370po-
BbSl, PEIMTHO3HOCTHIO MM TOJIMTHYECKONH 00CTaHOBKOM B cTpaHe U Ap. OnHAKO Majo U3y4yaeTcs U aHa-
JTU3UPYETCS YAOBIETBOPEHHOCTD XKU3HBIO 32 CYET MMEHHO MECTa MPOKUBAHUS W SKUIIUIIHBIX YCIOBUN
YyeJIoBeKa, KOTOPhIe BIUSAIOT HAa MEKPETHOHAJIbHBIE pa3Inuns B KayecTBe KU3HM HaceneHus. [loaTomy
Ba)XHOE 3HAaUYCHHE MMeeT (OPMUPOBAHHE U YIIyUIIEHHE CTPATerMH MPOCTPAHCTBEHHOrO pa3Butusi Poc-
cuiickoilt @enepanun. CTpaTerus MpocTpaHCTBEHHOrO pa3BuTus Poccuiickoit denepannu — 3T0 TOKY-
MEHT CTPAaTErMYecKOro IUIaHWPOBAHUS, OMPEACIIONINI TPUOPUTETHI, LIETH U 3a/a4ll PETHOHAJIHHOTO
pasButus Poccuiickoil @eaepanuy 1 HanpaBIeHHBIN Ha MOJAEpKaHUE YCTOMUMBOCTH CUCTEMBI pacce-
nenust Ha Teppuropun Poccutickoit denepanum.

B cBsi3u ¢ 3TUM B KauecTBe OCHOBHOM T'MIIOTE3bI MCCIIEIOBAHMUS MOXKHO BBIIABUHYTH IPEIIOIONKE-
HUE O TOM, YTO KOJHMYECTBO yJIOBJIETBOPEHHBIX CBOEH JKM3HBIO JTOMOXO3SIICTB HAIIPSIMYIO 3aBUCHT OT
MECTa KHUTEIbCTBA.

Tarxoke MOXKHO c(hOpMYITHPOBATH €llIe HECKOJILKO THUIIOTE3.

— Y 10BIETBOPEHHBIE KU3HBIO TOMOX034HCTBA UMEIOT JIYUILUE yCIOBHS JKU3HU, HEXKEIU HeyJOBIIe-
TBOpPEHHBIE.

— Y 10BJIE€TBOPEHHBIE )KU3HBIO JOMOXO035HCTBA HE 0053aTeIbHO UMEIOT BBICOKHUH I€HEKHBIN JOXOZ.

JlanHoe uccienoBaHue MPOBOAUTCS C IIOMOIIBIO TAKUX METOJIOB, KaK:

— OIKCaTeNbHAas CTaTUCTHKA,

— BU3YaJIM3alMsl JAHHBIX C HCIIOJIB30BAaHUEM IPaHKOB;

— aHaIHM3 IPOOUT U JIOTUT MOJICTICH;

— KJIACTEPHBIM aHAJIU3 JaHHBIX;

— aJITOPUTM CITy4alHOTO JIeca.

OmnucaTenbHas CTATUCTHKA M BU3YyalU3alHs JaHHBIX SIBISIOTCS BaXKHBIMH COCTABIISIOIIMMHE JIFOOOT0
aHanmM3a JaHHbIX. VX TJIaBHOW NENbIo SIBISETCS CKaThe OOJNBINOro KOJMMYECTBa IaHHBIX B QOpMY, JIET-
KYIO AJI1 BOCTIPUATHS 1 HHTEPIIPETALUH.

[IpobuT- 1 nOrUT-MOAENHs OOBACHSIIOT OMHAPHYIO 3aBUCHUMYIO NepeMeHHY0. [laHHbIli MeToz BoC-
MIPOM3BOANTCS C LIETBIO OIPEIETIeHNs] 3HAYMMOCTH MIEPEMEHHBIX U BEPOATHOCTH HACTYIUIEHUS YAOBJIe-
TBOPEHHOCTH KU3HBIO Y JOMOXO3SHCTB [14].

[IpenMy1iecTBa JIOTUT-MOAENN:

— BO3MOKHOCTbH OTIPEJICIIUTh BEPOSTHOCTD HACTYIUICHUS COOBITHS;

— JIOCTaTOYHO BBICOKAsi TOUHOCTh PE3YJIbTATOB;

— IIPOCTOTAa HHTEPIIPETALNH PE3YJILTATOB.

[IpeumymiecTBa mpoOUT-MOIENH:

— BO3MOKHOCTb OTIPEJICIIUTh BEPOSTHOCTD HACTYIIICHUS COOBITHSI.
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Henocratku npobur-moaenu:

— CIIOHOCTb MHTEPIIPETALMU PE3yIbTaTOB.

C moMouipio uepapxmuuecKkoil KjIacTepu3alii JaHHBIX UCCIEAYETCs B3aUMOCBSA3h MEXAY YAOB-
JIETBOPEHHOCTHIO KU3HBIO M OOIIMM JOXOJ0M JOMOXO3siiicTBa 3a mocieanue 30 mHe#, a Takxke ux
KOHKpeTHBIM MecToM npokuBanust B 2019 u 2020 romax. Ho u3-3a Oonpioro xonuyectsa Habiio-
JeHui B 0a3e JaHHBIX JUIsl aHANTM3a BBIOOPKU HCIIONIb3YeTCS METO1 K-CcpeTHuX.

IIpeumyniecTBa JaHHOTO METOJA:

— IPOCTOTA pean3alumy;

— MacITabupyemMocThb 10 OOJbIINX HAOOPOB AaHHBIX;

— ObIcTpast 00y4aeMOCTh METO/Ia Ha HOBBIX JIaHHBIX.

Henocratku:

— YyBCTBUTEIBLHOCTD K BEIOpOCAM;

— TPYJAOEMKOCTh BEIOOpA ONTUMAILHOT'O KOJMYECTBA KIaCTEPOB;

— YMEHBIIICHUE MaCIITaOUPYEMOCTH.

Mertoa ciny4aiiHOTO Jieca MCHOJIb3YyeTcs I MOACIMPOBAHMS MPOTHO30B M aHAJIHM3a ITOBEACHUS C
MOMOILIBIO IepeBbeB peleHuil [15]. B 1anHOM ucciaenoBaHuy METOA MOMOTAeT ONPENCIUTh KOIHMYECTBO
YAOBJIETBOPEHHBIX U HE YIOBJIETBOPEHHBIX JKU3HBIO 10MOx03s1iicTB B 2017-2018 rogax u caenats mpo-
rao3 Ha 2019-2020 roapl.

IIpeumymiectna:

— coco0HOCTh AP HeKTUBHO 00padaThIBATh JAHHBIC ¢ OOJIBIINM YHCIIOM MPU3HAKOB U KJIACCOB;

— HEUyBCTBHUTEIHHOCTH K JIFOOBIM MOHOTOHHBIM ITPe00Opa3oBaHUAM 3HAUEHHUI IPU3HAKOB;

— OZIMHAKOBO XOpOLIO 00padaThIBalOTCS KaK HEMPEPBIBHBIC, TAK U JUCKPETHBIC IPU3HAKY;

— CYIIECTBYIOT METOBI OLIEHUBAHMS 3HAYUMOCTH OTACIBHBIX MPU3HAKOB;

— BHYTPEHHSIS OLIEHKA CITOCOOHOCTH MOJIENN K 0000IICHUIO;

— cIy4aiHbIE Jieca OUYeHb TMOKM U 00JIaat0T OYEHb BBICOKOH TOYHOCTBIO.

Henocratku nansoro metoaa:

— 0OJBIION pa3Mep HOIYYArOIIUXCSI MOICIICH;

— IOCTPOEHHE JIeca CI0KHEEe X OTHUMAET OOJIbIle BPEMEHH;

— CJIOHOCTb B MHTEPIIPETALNY;

— yeM OoJbile 00BEM, TEM MEHBIIIE HHTYHTUBHOE IIOHUMaHHE.

3. OcHOBHOI1 aHATH3 U pa3paldoTka GaKkTOpPOB

Hauwnnas ¢ 1994 roma B Poccun KakIIbIil TOJT IPOBOAMUTCS TIEPBBIM U €IMHCTBCHHBI HETOCYIapCT-
BEHHBII MOHHUTOPHUHT COITHAIEHO-I)KOHOMHYECKOTO MOJI0KEHHUS M COCTOSIHHUA 37I0pOBbs HaceneHus: Poc-
cuiickoit ®enepanuu (RLMS—HSE)Z. MOHHTOPHHT TIPENCTaBIsIET COOOW Ceprio OOMIEHAMOHAIBLHBIX
PeNpe3eHTaTUBHBIX ONMPOCOB, MPOBOAMMBIX Ha 0a3e BEPOSTHOCTHOW CTPaTH(PULIUPOBAHHOW MHOTOCTY-
MEHYATON TEPPUTOPHAILHON BHIOOPKH, pa3pabOTaHHOM MPH YYaCTHH BEAYIIUX MHUPOBBIX HKCIEPTOB B
310l obnactu. OtnuuntensHas yepta RLMS-HSE coctouT B TOM, 4uT0 0a3a JaHHBIX COAEPKHUT OOLIHMp-
HOE KOJINYECTBO COLMAIbHO-3KOHOMHUYECKUX IOKa3aTenel, Hanpumep, HHPOPMALUIO O CTPYKTYpE I10-
XOJIOB U PacxoJI0B, MaTEepUAILHOM OJIarOCOCTOSHUY, HHBECTUIIMOHHOM TIOBE/ICHUH, CTPYKTYpPE 3aHSTO-
CTH, MUTPAllMOHHOM MOBEJCHUH, COCTOSIHUU 3I0POBBS M CTPYKTYpE MUTAHUS, O TUIAHUPOBAHUHU CEMbU U
00pa3oBaTeIbHOM MTOBECHNUH, O CUCTEME LIEHHOCTEH POCCHUSH, BOCIIPUSTUN MU IPOBOAMMBIX B CTPaHE
npeoOpa3oBanuii u 1p. Takke YHUKaTbHOCTD 3aKIIOYAECTCS B TOM, YTO CTPYKTYPa OINPOCHUKOB KaK JUIs
JIOMOXO3AHCTB, TaK U JUI WHANBHIOB UMEET MUPOBOM CTaHAAPT, COAEPKUT TOKa3aTesu, KOTOphIe OT-
CYTCTBYIOT B FTOCYAApCTBEHHON CTAaTHCTHKE, SBJIAETCS MPAaKTUYECKH €INHCTBEHHBIM B Poccuiickoil Pe-
Jepaluy Penpe3eHTaTUBHBIM MHUKPOSKOHOMHYECKMM OOCII€IOBaHHEM, BKIIIOYAET B ce0s MOKa3aTes,
MO3BOJISIFOIUE TIONYYUTh HH(OPMAIIMIO O PA3BUTHH M3MEHEHHH OOBEKTHBHBIX XapaKTEPUCTUK KHU3HH
JIOMOXO034HCTB CyOBEKTHBHBIM OLIEHKaM MPOHCXOISAIIETO B CTPAHE.

B pabote ucnone3yroTcs maHenbHbIE AaHHbIE HA ypoBHE nomoxo3saicTB RLMS-HSE, uto mo-
3BOJISIET YYUTHIBATh HEOAHOPOAHOCTh JOMOXO3SHCTB U 3HAUYUTEIBHO PACIIUPAET BO3MOKHOCTH IS
aHaJu3a.

% Jlauneie obcnemoanus PMO3 HUY BIID. ObbemuHeHHas 6aza naHHBIX 19942021, MHAHBHABI [DIeKTPOHHbINH
pecypc]. URL: https://www.hse.ru/rlms/spss (nara oopamenns: 13.03.2023).
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Ha ocHOBe M3y4eHHBIX Hay4HBIX CTAaTe€H IJIsl IPOBEACHUS UCCIIECIOBAHUS OBLIM B3STHl JaHHBIC
13 00BeIMHEHHOW 0a3bl TAHHBIX JOMOX03sicTB 3a nocnenuue 10 net, B mepuoxa ¢ 2011 mo 2020 rox
(20-29 Bonmbl). PaccMaTpuBaemast 6aza maHHbIX conepkuT 2000 mepeMeHHbIX, U3 KOTOPBIX OblIa 0TO-
Opana jumb 1/95 ot Bcex nmepeMeHHbIX. Mi3HadyansHO ObUTO Noay4yeHo 73 057 HaOmroAeHUH, HO IS T10-
Jy4eHUs perpe3eHTaTUBHONW HH(popManry ObUTH OTQUIBTPOBAHBI U B3SITHI TOJBKO T€, IZIE€ CEMbSI OIPO-
HIeHA 10 aJIpecy penpe3eHTaTHBHOM BhIOOpKU. Kpome Toro, 18 mepemennbix, HaunHas ¢ Cl u go J65,
UMEIOT ellle TP BapuaHTa KoaupoBKu: 99999997 — 3arpyausiock oTBeTUTh, 99999998 — oTka3 oT oTBe-
Ta 1 99999999 — Her orBera. JJaHHBIC 1OMOXO03sicTBA OBUIM MCKIIIOYEHBI U3 BRIOOPKH MPH HOCTPOCHUH
MOJEeINH, YTOObl HEe HUCKaXKaThb caMy MOJENb U €€ pe3yibTaThl. MIToro momydeHHas HOBas 0a3a NaHHBIX
conepkut 21 nepemennyro u 30 177 HabmtofeHuid. brina npoaHanu3upoBaHa aOCOIIOTHO BCs Oasa Ie-
peMeHHBIX. MHOTHe TepeMeHHbIC HE HMMEIOT OTBETa MOJHOCTBIO 32 BECh B3STHIM NEPHOA aHAIM3a,
a MHOTHME HE TOAXOAT o AaHHOU Teme. [103ToMy B3siThle IepeMeHHbIe 0TOOpaHbl HE CIydaiiHbIM 0Opa-
3oM. Kaxkyas u3 HUX MMeeT omnpeziefiecHHOE BIMAHME Ha pa3iNyHbIe aCHeKThl )KU3HEIEATENIbHOCTH JI0-
00ro U3 JOMOXO3SHCTB, & B COBOKYITHOCTH OTPaKaeT YPOBEHb X OJIaromomyvHs.

B xauecTBe 3aBUCHMOI IepeMeHHON B34Ta J65, KOTOpasi U OTPAXKaeT yIOBICTBOPEHHOCTh U3HBIO.
Hannas nepemenHas Oblia B3ATa U3 00beTUHEHHON Oa3bl JaHHBIX MHAWBUAOB 3a nocineanue 10 met, B
nepuoa ¢ 2011 mo 2020 rox (20-29 Bomusl). C MOMOLIBI0 BCIIOMOTaTEIbHONW MEPEMEHHOM (HOMep
CeMbH) OBLIIM COMOCTAaBIICHB! HHAMBHBI C JOMOXO3AHCTBAMU M TEM CaMbIM B3$5Ta AaHHAsI IEPEMEHHASI.

[locTtpoenne Bcex Mozened, rpadMKoB M Tak [ajiee MPOM3BOAMTCS C IMOMOIIBIO IPOrPaMMBbI
RStudio — cBoOOmHO# cpebl pa3pabOTKU MPOrPAMMHOIO 00ECIICYCHUS C OTKPBITHIM UCXOTHBIM KOJIOM
JUTSL SI3bIKA TIPOTrpaMMHpPOBaHus R, KOTOpBIN MperHa3HAaYeH ISl CTATUCTHYECKON 00pabOTKU JTAaHHBIX H
paboThI ¢ rpaduKOM.

Jl1a mepBUYHOTO aHA/IM3a JTAHHBIX MOCTPOUM U MPOAHATU3UPYEM OMNHCATEIbHYIO CTaTUCTHUKY IIe-
pemeHHbIX. OnHcaTenbHAas CTATUCTHKA MPEACTABIAET co00i 0000IIeHrne U OpraHN3aIN0 JaHHBIX JUIS
ux 0oJjee Jerkoro BOCHpHUATHS. [l KOJIMYeCTBEHHBIX IEPEMEHHBIX ONUCATEeNIbHAs CTATHCTHKA TOKA3bI-
BAacT MHHUMAJIbHOE Y MaKCUMaJlbHOE 3HA4YCHUS, CpeaHee apupMeTHieckoe, Meuany, HIKHAN U BepX-
HUI KBapTwin. HIDKHMI KBapTWIIb — 3HAYEHHE, KOTOPOE B BBIOOPKE HE TpeBbINIaeT 25 % 3HAYCHUIH,
a BEpXHHMH KBapTHIIb — 3HAUEHHE, KOTOPOE B BHIOOPKE HE MpeBbIaeT 75 % 3HaueHuid. s KayecTBEH-
HBIX TEPEMEHHBIX (TEKCTOBBIE, (haKTOPHBIE) OTOOpakaeT KOJIMYECTBO 3HAYCHUH MO KaXKIOW TpyIIIe.
Takum 00pa3oMm, MONy4YEeHHBIA aHAIH3 CBUAETEIHCTBYET O TOM, UYTO BCETO PacCMOTPEHO 38 pernoHOB
Poccun. Haumenbias yuciieHHocTh HacenaeHus cocrasiser 30 uenoBek (KyiiObimesckuii parion — Ka-
JycKast 001acTh, 3eMeTUMHCKHM paiioH — [leH3eHckas 001acTs, YBapoBo U YBapoBcKuil paiion — Tam-
OoBckas o0sacTh, PynusHCKUl paiioH — Bonrorpaackas oonacts, Yensounck — UensOuHckas 001acTh),
a Haubonpmas — 12 506 500 genosek (r. MockBa). MUHHMaIbHOE KOJIMYECTBO WICHOB CEMBbH — 1 4eno-
BEK, a MakCHUMajbHOEe — 16 uyenoBeK. BONBIIMHCTBO OMpOIIEHHBIX JTOMOXO3SICTB B BBIOOPKE HMEIOT
CBOE COOCTBEHHOE XMWIbE (IPH TOCTIKEHNH 75 % HaONIOJeHNH 3HaUeHUE OCTaeTCsl paBHBIM | — MMeeT-
cs CBOE JKWIbe). HavMeHbIast o01as moJjie3Has IuIolaah KWk — 9 KB. M, cpefHss — 55,47 kB. M, Hau-
6omnpmas 300 kB. M. IlpumepHo 75 % omnpolIeHHBIX UMEIOT LeHTpanbHoe oTorieHne ot TOLI. A Tarke
npumMepHo 75 % AOMOXO035ICTB HE UMEIOT HU3KOCKOPOCTHOM BbIX0J B VIHTEpHET yepe3 OOBIYHYIO Teje-
(hOHHYIO JIMHUIO, Yyepe3 MOOWIbHBIN TenedoH, MoaeM 1o TexHojorud GPRS, cnyTHHUKOBYIO aHTCHHY U
HE JepKalia B TCUCHHE MOCIEIHUX 12 MecsleB KakoW-HUOYAb CKOT, MTHILY WM mm4yell. MUHUMAabHAsS
nieHcust B Mecsi — 337 py06., makcumanbHast — 1 380 000 py6. MuHUMANBHBINA TEHEKHBIN JOXO 32 T0-
cneauue 30 guel Beelt ceMbu coctaBisieT 500 py6., MmakcumanbHbii — 2 777 400 py0.

Hanee Obl1a OCTpOEHA MPOOUT-MOJIENL — CTATUCTHYECKAass MOJEIh OMHAPHOTO BBHIOOpA, UCIIOINb-
3yemas Ui peCcKa3aHus BEPOSTHOCTH BO3HUKHOBEHHMSI HHTEpECYIoIero coobitus. E€ oTnmuue cocro-
UT B TOM, YTO BMECTO JIOTUCTUYECKOH (DYHKIIMHU AJISI ONUCAHUS BEPOSITHOCTH HACTYIUICHHS COOBITUS HC-
noJjb3yeTcss (GYHKIHS CTaHAapTHOTO HOPMAJBHOrO pacnpezaencHus. [lomyduBmiasicss mpoOUT-MOJENb
MOKa3bIBaeT, YTo Bcero 11 mepeMeHHbIX 3HaYUMBIX Ha 1%-HOM ypOBHE 3HAYUMOCTH, U 2 TIEPEMEHHBIX —
Ha 10%-HOM. 3HauuMBbIe IEPEMEHHBIE OKA3ANKUCh CIEAYIOIUMU:

— pEerHoH;

— THII HACEJIEHHOTO MyHKTA;

— YUCJICHHOCTb HACEJICHHUS;

— o011as moJie3Has oAb Kb,

— HaJIM4MEe WIN OTCYTCTBHE IIEHTPAIM30BaHHON KaHAIU3AlHUH;
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— HAIIMYHE WK OTCYTCTBHE JOMAIIHETO TeledoHa;

— HAJIMYHE WA OTCYTCTBHE HU3KOCKOPOCTHOTO BBIX0Oa B IHTEepHET;

— HaJIMYHE WIH OTCYTCTBHE BHICOKOCKOPOCTHOTO BBIXOAa B IHTEpHET;

— HaJIMYUE WU OTCYTCTBHE CITyTHUKOBOM aHTCHHBL;

— HaJMYUE WM OTCYTCTBHE Y CEMBH B MIOJb30BAHUH KaKOH-TN00 3eMIIH;

— HaJTM4He WU OTCYTCTBHE B TEUCHHE MOCIEIHHX 12 MecsIeB KakoTro-HHOYIh CKOTa, MTHIIHI,
myen;

— IieHcHs B pyoIsix 3a nocieanne 30 gHel;

— BECh JICHEKHBIN JJOXOJ ceMbH 3a nocienuue 30 qHeit.

Jlorur-mMozeNnb OTIUYACTCS OT MPOOUT-MOJECIH TEM, YTO C €€ TIOMOIIBIO MOKHO TPE/ICKa3aTh BEPOSIT-
HOCTB TOTO, yJIOBJIIETBOPEHO JIH JJOMOXO3SHCTBO CBOEH KU3HBIO WUIIH HET.

B norur-mosenu 3HaYMMEbIE IEPEMEHHBIE TE Ke CaMble, YTO U B POOUT-MOJIENH, KpOME TIEPEeMEH-
HOM, OTpaXkarollel MMeHCHIo B pyOmsix 3a mocneaane 30 nHek.

Takum 00pa3oM, IpU MPOYUX PABHBIX YCIOBUSAX MPH YBEIUUCHUHU MMEPEMECHHOMN «THIT HACEICHHOTO
MyHKTa» Ha CIUHUILY, TO €CTh IIPH U3MCHCHHMU THIIA HACEIEHHOTO MyHKTa C 00JaCTHOIO LIEHTPA Ha TO-
poxn, nanee Ha III'T (mocernok TOpPOACKOro TUIA) U CENI0, BEPOSTHOCTH YOBIECTBOPEHHOCTH YKU3HBIO
ysenuuusaetcs B e %0499 = 1,051 pasa.

[Ipu yBennueHnn YMCICHHOCTH HACEeNeHUs Ha | denmoBeka BEPOSTHOCTh YAOBICTBOPEHHOCTH YKH3-
HbI0 ymeHbaercs B 0,999 pasza.

[Ipu yBenuueHuu 0OIICH MOJIE3HOM IOMAAX Ha 1 KB. M BEPOSATHOCTh YJOBJICTBOPESHHOCTH JKHU3HBIO
yBenmuuuBaetcs B 1,003 pasza.

[Ipn HaMY¥MK EHTPATM30BAHHON KaHAIHM3AIMHA BEPOSITHOCTh YJOBIECTBOPEHHOCTH KU3HBIO yBEIH-
ynBaercd B 0,779 paza.

[Ipy HaNMYMKM CTAMOHAPHOTO Tele(oHa BEPOATHOCTH YAOBICTBOPCHHOCTU JKU3HBIO Y JOMOXO-
3s1iicTB yBennuuBaercs B 0,884 paza.

IIpy HANMMYNK HU3KOCKOPOCTHOTO BBIXO/a B MIHTEpPHET BEPOSTHOCTH YAOBIECTBOPEHHOCTH YKU3HBIO
yBenuuuBaercs B 0,829 pasa.

[Ipn HanMMYMK BEICOKOCKOPOCTHOTO BBIXO/a B MIHTEpHET BEPOSATHOCTH YIOBIETBOPEHHOCTH JKU3HBIO
Yy IOMOXO03sIICTB yBenuuuBaercs B 0,739 pasza.

IIpu HamTUYMK CIIyTHUKOBOW aHTEHHBI BEPOSITHOCTH YIOBICTBOPEHHOCTH JKH3HBIO YBEININBACTCS B
0,818 pa3za.

Ecnu momoxo3siicTBo B mocienHue 12 MecsaieB UMeNo B MOJIb30BaHUHU KaKyHO-THOO 3eMIII0, TO Be-
POSITHOCTP yIOBJIETBOPEHHOCTH MX KHU3HBIO yBeanmuuBaeTcs B 0,887 pasa.

Eciu momMox03s#cTBO B mociieqHue 12 MecsieB UMeNio KakoW-mu00 CKOT, NTHUILY WU MYell, TO Be-
POSITHOCTD yIOBIETBOPEHHOCTH MX KU3HBIO yBeanuuBaetcs B 0,746 paza.

[Ipu yBennyeHun 00IIEro J10Xoaa ceMbH 3a nocieanue 30 mHeit Ha 1 pyOJb BEpOSATHOCTH YIOBJIE-
TBOPEHHOCTH *kM3HbI0 yBenuunaercs B 1,0000154 pasza.

Jlanee ObLT mpOBeNeH KJacTepHBIM aHanmu3. Llenpio KiacTepHOro aHanm3a SBJISETCS pa3OueHne
Bcell BEIOOPKH Ha TPYIIEI 0 CXOXKHUM Npu3HakaM. M3HauanbHas BeiOopka coctapisiet 30 177 Habuo-
JICHUH, BCE MOCTPOCHUS MPOUCXOIST C IOMOIIBIO mporpammbl RStudio, HO gaHHAs mporpaMma He Io-
3BOJIIET 00pabOTaTh TaKOE KOJIMYECTBO JAHHBIX. [103TOMY KJacTepHBIH aHaIW3 MPOM3BEICH HA BhI-
Oopke 3a mocle e aBa roaa, a uMeHHo 3a 2019 u 2020 roasl. B 6a3e manHpIX moxyuyminock 5875 Ha-
OJIFO ICHMUIA.

s Hagama mpousBeaeM HepapXUUIeCKy0 KIacTepHU3aluio JaHHBIX. JJIsi TaHHOTO METOoJa Co3/a-
€TCSl MaTpHIA PACCTOSIHUI MEXIY dJEMEHTaMHU BHIOOPKU. B kauecTBe Mepbl pacCTOSHUS HUCIIONIBb3yEeM
€BKJIMJIOBO PACCTOSTHUE.

Ucnoneayetcst 3 mepeMeHHbIe (YIOBIETBOPEHBI JM CBOSH KH3HBIO JOMOXO3SHCTBA WU HET, KOH-
KpETHOE MECTO MPOKUBAHMS, OO IEHEXKHBIN 10oX01 3a mocieaane 30 qHeit). beuia moctpoeHa neH-
porpamMMma, 9To0bl YBHIETH B3aUMOCBSI3h MEKIY TOMOXO3SUCTBAMH M3 3aJaHHOW BEIOOPKH, UX MECTOM
MPOXKHUBAHUS U OOIIUM JT0X07I0M 3a mociieanue 30 aueit. beuto oToOpaHo 9 Hanbonee BeIIENsIeMbIX Kila-
CTEPOB.

Janee ObLT mMpoBeleH aHAIHM3 Ha COACPKAHHUE KOMUYECTBA JIOMOXO3SICTB B KXKJIOM KIlacTepe, Ko-
TOPBIH MPEICTaBICH OTJENBHO B Ta0I. 1.
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Tabnuua 1
OO6Lee KONMYeCTBO JOMOXO3ANCTB B KnacTtepe (CocTaBrneHo aBTopamu)
Table 1
Total number of households in the cluster (compiled by the authors)

Howmep knactepa
OO1iee KOMTUYECTBO TOMOXO3SIMCTB B Kiactepe | 1 2 3 4 5 6 7 8 9
1818 413 | 774 11083 ] 408 | 982 | 315 | 80 | 2

Takum 00pa3om, HanboJbIlIee KOJINIECTBO JOMOXO3SHUCTB HAXOIUTCS B KJIACTEPE MOJ HOMEPOM 1,
HaWMEHBIIIeE — B KJIACTEPE O] HOMEPOM 2.

B nenom Bce kiactepsl 3HAYUTEIBHO OTIIMYAIOTCS 110 00IIEMY JCHEKHOMY JI0XOy TOMOXO3sICTBA
3a nocneanue 30 nHei.

[lepBbIii kIacTep TUAMPYET MO HAHMOOJBIIEMY KOJMYECTBY yAOBIETBOPEHHBIX CBOCH KHM3HBIO J0-
MOXO3SHCTB, KaK U B LIEJIOM 0 00mmeMy uX KonudecTBy. OmHaKo OOIIMil IEHEKHBIH AOXOX MO BCEM
KPUTEPHUAM CaMbIil HU3KHUI.

Bo BTOpom kiactepe — 236 1OMOXO3SIHCTB, KOTOPBIE YAOBIETBOPEHBI CBOEH KHU3HBIO, UTO COCTABIISIET
0oJiee YeM MOJIOBUHY OT MX OOIIEro Ynciia B Kinacrepe. MUHMMAIbHBINA OOIIMIA IEHSKHBIN T0XO0J IOMO-
X03s1cTBa 3a nocieanue 30 aHel noutu B 12 pa3 Oosblie, 4eM y TOMOXO3SHCTB M3 KacTepa 1o HoMe-
poM 1. OHako 00IIee KOJIMIECTBO JOMOXO035HCTB B 4,4 pa3a MEHbIIIE OTHOCUTEIBHO IEPBOT0 KiIacTepa.

Tpernii k1acTep, Kak U BTOPOil, COAEPKUT OoJiee MOJIOBUHBI YAOBIECTBOPEHHBIX KHU3HBIO JOMOXO-
3s1iicTB B KonmmuecTBe 457 u3 774. Ho oOmuii feHexHBIN JOXO0/] 10 BCEM XapaKTepUCTHKAM Ha MOPSIOK
MEHBbIIIE, YeM KJIacTepe Mol HOMEPOM 2.

UeTBEPTHIN KIaCTep OTHOCHUTEIHHO BCEX OCTAIBHBIX HAXOJHTCS Ha BTOPOM MECTE KakK I0 00ImeMy
YUCITY JOMOXO3SMCTB B HEM, TaK U 10 YUCILY yIOBICTBOPEHHBIX CBOEH KN3HBbI. MUHUMAIBHBIA pazMep
obmrero moxoaa coctapusier 26 385 py0., 4To OIM3KO K MaKCHMAaJILHOMY pa3Mepy oOIIero 1oxoja B
nepBoM kiactepe — 26 304 py0.

[IsaTbIil KIMAacTEp MO 00IIEMY KOJHYECTBY JOMOXO3SHCTB BCEro JIMIIb HA 5 MEHbLIE BTOPOTO KilacTe-
pa, HO UMeeT Ha 6 YAOBIETBOPEHHBIX CBOEH KU3HBIO IOMOXO03sCTB Ooubiie. OMHAKO CpeHUI OOIIHiA
JOXOJ MpaKkTU4ecku Ha 1/4 Gople, 4eM BO BTOPOM KJlacTepe.

[Tecroii kmacTep cX0X C 4eTBEpPTHIM KiacTepoM. OOIee KOJTUYEeCTBO JOMOXO3SICTB MEHbIIE Ha
101, a yoBIeTBOpEHHBIX KU3HBIO — HAa 27. HO MUHUMAaNbHBIN, CPETHUI U MaKCUMaJIbHBINA 00U J10-
XOJ IpaKkTU4ecku B 1,5 paza Oonbiie.

B cenpmom kimactepe Bcero 315 10MOXO03SHCTB, YTO COCTaBIseT npakTudecku 1/19 ot Beeit ananu-
3upyeMoi BBIOOpKH. MUHUMAaNbHBIN 001 10X0A JOMOX03HCTB coctaisieT 117 500 pyO., cpenauii —
143 176 py6. u makcumanbHbiid — 188 000 pyO.

Bocemoii knactep comepkuT 80 IOMOXO3SMCTB, MOJIOBUHA W3 KOTOPBIX YAOBJIETBOPEHBI CBOEM
JKU3HBI0. MaKcHMaibHOE 3HaYeHHE OOIIEro 10X0/1a 3HAUNUTEIbHO OTIUYAETCS] OTHOCUTEIHHO CEIbMOT0
KJacTepa, kotopoe B 3,7 pa3a Oosnbiie u coctaBisieT 700 062 pyo.

JleBATHIN KiacTep MOJHOCTHIO OTJIMYAETCS MO BCEM aHAIM3UPYEeMBIM MapaMeTpaM B CPaBHEHHH C
OCTaJBbHBIMU BOCBHMbBIO KjacTepamu. Kmactep comepkur 2 H0MOXO03SHCTBa-MUIUTHOHEPA, TAE TOJNBKO
OJTHO W3 HHUX YJIOBJIETBOPEHO CBOEH KM3HBI0. MUHUMANBLHBIN 00MIHiA oxo1 coctaBiser 1 943 500 pyo.,
cpeaauii — 2 196 450 py6. n makcumanbHbiil — 2 449 400 py6. Takum 00pa3om, IpoaHaNU3UpOBaB Bce
JIEBATH KJIACTEPOB, MOXKHO CAENaTh cleayrommii BeBo. 3a 2019-2020 roasl OOMBIIMHCTBO OMPOIIEH-
HBIX JOMOXO3SHUCTB UMEIOT 00mIui 10x0a oT 6095 10 26 304 py6.. U auimb 1/15 oT BceX TOMOXO3SIHCTB
UMeeT MUHUMAJBHBIH 00umit moxon 6oee 100 000 py6. Beero B manHoM BbIOOpKE 5875 1O0MOXO03SHCTB,
3102 w3 HHUX yJIOBIETBOPEHBI CBOEH >KHU3HBIO, YTO COCTABIISIET OOJBIIEC TOJIOBUHBI paccMaTpruBaeMoin
BBIOOPKH.

[lepBbIii kacTep coOOepKUT HaUOOIbIIEEe KOJINYECTBO AOMOXO3IHCTB U3 Anraiickoro kpas, Capa-
TOBCKOI oOnacti 1 MockBel. Haumenbiee koaudecTtBo — Jlunenkoi odmactu, PocToBckoii obnacTy,
Opendyprekoit obnactu u Peciyonuku Kabapnuno-bankapusi.

Bo BTOpOM Kiactepe JUIUPYIONIYIO MO3UIIHIO 110 HAMOOIBIIEMY KOJIUYECTBY JOMOXO3SHCTB CHOBA
3aHuMaeT MockBa 1 MocCKOBcKas 001acTh, a Takke PecnyOnuka Komu. MeHbIle BCEro TOMOX03SIHCTB
u3 [lensenckoii obmnactu, Bonrorpanckoii obnactu, TamboBckoil obmactu, PecnyOnuk YiamypTus u
Yysammus.
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Tperuii knactep. bonbiie Bcero nomoxossiicts u3 Kpacaogapckoro Kpast, MockoBckoii o0nactu u
Mockssl. Menbiiie Bcex u3 [len3enckoii oonactu, TamOoBckoi obmactu u Pecriyonuku Uysarims.

UeTBepThIi KJIACTEP COCTOUT OOJIBIIE BCEro M3 JOMOXO3sIMCTB KpacHospckoro kpasi, AJITaiicKoro
kpas u Yensbunckonr obmactu. JJomoxoszaiicts Tynbckoit, Tomckoii, Hmkeropoackoir u CmoneHCKoN
o0JiacTeld MeHbIIIE BCETO.

B nsaToM knactepe npeobnanaroT 1oMoxo03siicTBa cHoBa MockBbl 1 MockoBckoii o0mactu, KpacHo-
napckoro Kpas. MeHpIIMHCTBO ke u3 OpenOyprckoii, Tsepckoit, Tambosckol, Kypranckoii obnacreii n
Pecny6nuku Y amyptust. Ilensenckas o6aacte B JaHHOM KJIacTepe OTCYTCTBYIOT.

YensaouHckas 00JacTh U ANTalicKui Kpaii, a Takxke MockBa 1 MOCKOBCKasi 00JIaCTh UMEIOT 00JIb-
IIIe BCETO JOMOXO3SHCTB B miecToM kiactepe. Ilensenckas obmacts, Pecrrybnuka Uysammms, [Ipumop-
CKMI Kpail — MEHBILIE BCETO.

B cenpMomM kiactepe oTcyTcTBYIOT TBepckast obiacts u CraBponoibekuil Kpail. Hanbombmee kom-
4ecTBO J0MOX03s1icTB 13 [Ipumopckoro kpas, Kpacnogapckoro kpast, MockoBckoii 061acT 1 MOCKBEI.

BocbMmoit kiactep cocTouT B OOJIBIIMHCTBE U3 AO0MOX03siCcTB U3 PecyOnuku Komu, Kpacnonap-
CKOTO Kpasg 1 MOCKBBI.

JleBATHIH KIacTep COAEPKUT BCETO JIMIIE ABA JOMOXO03sicTBa m3 MockBh u PecryOinku Komu.

Takum 00pa3oM, HaMOOJIBIIIEE YHUCIIO TOMOX03IMCTB — U3 MockBbI (540), HauMmeHblee — u3 OpeH-
Oyprckoii oomactu (97).

Hanee Ol pOBEJEH aIrOPUTM CIIy4aHHOTO Jieca, KOTOPBIM IpenHa3HaueH Al IPOrHO3UPOBAHUS,
OJHAKO He OOBSICHSET, KaK yCTPOCHA 3aBUCHMOCTh. Tak Kak mporpamma RStudio B ciyuyae ainropurma
CIIly4aiHOT0 Jieca He TMO3BOJISIET 00padoTaTh MONMHOCTHIO BCIO M3HAYANBHYIO 0a3y NaHHBIX M3-3a CJIUII-
KOM OOJIBIIIOTO KOJIMYecTBa HaOMroaeHnH, Bo3bMEM 2017 u 2018 romsr mis oOydarorieil BBIOOPKH U T10-
CMOTpPHUM, HACKONBKO 3()()EKTUBHO MOJENb NPEACKa3bIBACT YAOBICTBOPEHHOCTh >KU3HBIO JTOMOXO-
3S1CTB, U 0OpaTHMCS K Ta0I. 2.

Tabnuua 2
O6yu4arowan Bbli6bopka 3a 2017-2018 roabl (cocTaBneHo aBTopamm)
Table 2
Training sample for 2017-2018 (compiled by the authors)
Y 10BIIETBOPEHBI JIU JOMOXO0341CTBa Her Tla
CBOEH >KM3HBIO B HACTOSIIEE BPEMsI
Her 1369 66,42 % 692 33,58 %
Ha 992 27,03 % 2678 72,97 %

Takum obpaszom, 66,42 % 1OMOXO3SIMCTB HE YAOBIETBOPEHBI CBOEH KU3HBIO B HACTOSIICE BPEMS, U
MOZEJb ONpPEAENAeT 3TO BepHO, 72,97 % NOMOXO3SUCTB yAOBIETBOPEHHBI cBOEH xu3Hbto. 27,03 % mo-
MOXO3SICTB Ha CAMOM JIeJic HEe YIOBIECTBOPEHBI )KU3HBIO, HO MOJICNIb CUMTACT HA00OPOT — YJOBJIETBO-
penbl. U 33,58 % — yIOBIETBOPEHBI, HO MOJICTh CUUTAET, YTO HE YAOBIECTBOPCHEI.

BbiBoabI U pe3yibTaThl

Y IOBIETBOPEHHOCTh JKM3HBIO 32 CUET BIMSAHUS PA3IUYHBIX (PaKTOPOB HM3Yy4aeTcs B MOCTOSHHOM
peKuMe KaKk OTCUECTBEHHBIMH, TaK U 3apyOeKHBIMU aBTOpaMu. Hu onHO MccieqoBaHne HE MOXKET OIl-
penenuTh KOHKPETHBIH CITUCOK (PakTOpOB, KOTOPHIE TEM WM MHBIM 00pa3oM BIHMSIOT Ha BCEX JIIOJCH
oauHakoBo. OHAKO, TPOAHAIN3UPOBAB HAYYHYIO JIUTEPATYPY, MOKHO CAETaTh BBIBOJI, YTO B OOJBIIMH-
CTBE MCCIICIOBAaHUH JICNIAeTCsl yIIOp Ha Takue (PaKTOphl, Kak:

— IICUXOJIOTUYECKOE U SMOIMOHAILHOE COCTOSHHUE,

— MOJIUTHYECKask 00CTAHOBKA M SKOHOMHYECKOE TTOJIOKEHHUE B CTPAHE;

— PEeNUTHO3HOCTD;

— BO3pAcT;

— 3]I0pPOBBE.

[IpoBoanMoOe ncciieOBaHUE OTIMYAETCS TEM, YTO OHO HANpaBJICHO HAa aHAJHU3 CIeAyouX (ax-
TOPOB:

— reorpadpuueckuii (hakToOp — PETUOH M TUIT HACEJICHHOTO TYHKTa;

— coluaibHO-TIeMorpadudeckuil pakTop — YUCIEHHOCTh HACETICHUS H KOJIIMYECTBO YICHOB CEMbBH;
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— )KWJIAITHO-KOMMYHAIILHBIN (DAKTOp — THIT KUJIbsI, OOIIasl TOJIe3HAs IUIOMIA b, HATUINE/OTCYTCTBUE
[EHTPAITBHOTO OTOIUICHUS, IIEHTPAIM30BAaHHOTO BOJOCHA0KECHHS M KaHAIU3AI[UH, TOPSIETO BOJOCHAO-
JKEHUS, MAaTUCTPAIILHOTO Ta3a;

— uH(GOPMAIMOHHBINA (aKTOP — HAJMYUE/OTCYTCTBUE CTAIIMOHAPHOTO Tele(oHa, HU3KOCKOPOCTHO-
ro/BBICOKOCKOPOCTHOTO BbIX0/1a B IHTEpHET, CITyTHUKOBOM aHTEHHBI U KAOCJIBLHOI'O TEICBUICHHMS;

— (PMHAHCOBO-PKOHOMHUYECKHI (paKTOp — HAIMYHE/OTCYTCTBHE 3a IMOCIeAHne 12 MecsIieB Kakoro-
00 CKOTa, NTHIIBI WIX ITYell, 3eMJIM B TIOJH30BAHHH, a TAKXKE JICHEXKHAS CyMMa TIEHCHH W OOIIero JI0-
xoJ1a B pyOisax 3a mocienuue 30 qHE.

C noOMOIIIbIO METO0/1a TIOCTPOCHHMSI TPOOUT-MOICH OBLJIO BHISIBJICHO 13 3HAYMMBIX ITEPEMEHHBIX:

— PETHOH;

— THIT HACEIIEHHOTO MTyHKTA;

— YHCIIEHHOCTh HACEJIEHU,

— 0o01as moJie3Has IUIOMIAAb KUIbS,

— HAJIMYXE WIN OTCYTCTBHE ICHTPATM30BAHHOW KaHAIU3AITIH;

— HaJIM4YMEe WK OTCYTCTBHUE JIOMAIIIHETO Tee(OoHa;

— HAJIMYHE WIH OTCYTCTBHAE HU3KOCKOPOCTHOTO BBIXOJa B IHTEpHET;

— HaJIMYHE WIH OTCYTCTBHE BHICOKOCKOPOCTHOTO BbIXoaa B IHTepHET;

— HaJIMYHE WIH OTCYTCTBUE CITyTHUKOBOW aHTECHHBI,

— HaJIM4YMEe WUJIM OTCYTCTBUE Y CEMbH B MOJIb30BAHUHU KAKOH-T1M00 3eMIIH;

— HAJIMYWE WIN OTCYTCTBHE B TCUEHHUE TIOCIEAHNX 12 MecsIeB KaKoro-HUOY/Ib CKOTA, IITHIIBI, ITYET;

— meHcus B pyousix 3a mocneanne 30 nHeH;

— BECh JEHEKHBIN JOXOI ceEMBH 3a nocienuue 30 qHew.

JloruT-Monenp moKa3ana Bce TE K€ 3HAYMMBbIE MepPeMEHHbIS, 32 MCKIIOUCHHEM JIEHE)KHOW CYMMBI
neHcuw 3a nocieanue 30 gHew.

[Tocne BEIIBICHUS HanOoJiee 3HAYMMBIX MEPEMEHHBIX ObUI MPOU3BENCH KJIACTEPHBIN aHAIN3 Ha
naHHbIxX 32 2019 u 2020 roga, KOTOPBIN MOKa3aj CICAYIOIINE PE3YIbTATHI:

— OOJIBIIIMHCTBO OTMPOMIEHHBIX JIOMOXO03SICTB UMEIOT 00 goxon ot 6095 mo 26 304 py6. U nums
1/15 oT Bcex MOMOXO3AWCTB MMEEeT MHHUMAIBHBIN o0muii moxon 6omee 100 000 py6. Beero B manHOU
BbIOOpKE 5875 momoxo3stiicTB, 3102 W3 HUX yJOBIETBOPEHBI CBOCH KHM3HBIO, YTO COCTABIISIET OOJBIIE
MTOJIOBUHEI pacCMaTPUBAEMOI BRIOOPKH;

— OOJNBIIMHCTBO OMPOIIEHHBIX TOMOXO3SHCTB, KOTOPbIE UMEIOT IEHTPAIbHYIO0 KaHATU3allnlo, BhI-
COKOCKOPOCTHOM BbIX0Jl B IHTEpHET, 3eMITI0 B TIOJIb30BAHUH U KAKOH-THOO CKOT, a TaKKe HE UMEIOT
CTAIlMOHAPHBIN TelepOH W CIYTHUKOBOW aHTEHHBI, YIOBIETBOPEHBI CBOCH JXKM3HBIO B HACTOSAIIEE
BpeMS;

— HauOOJIBIIMI MPOIICHT YIOBICTBOPSHHBIX CBOCH KM3HBIO JOMOXO3SHCTB B HACTOSINEE BpEMs Ha-
xonautcs B Pecniyonuke Kabapauno-bankapus (71,1 %), Jlenunrpaackoi oonactu (63,4 %) u Ilensen-
ckoit obmactu (58,2 %). HanMeHsbImee e KOMIeCTBO YAOBICTBOPSHHBIX CBOCH JKU3HBIO IOMOXO3SHCTB
B HacTosiee Bpems Haxoautcs B PoctoBckoi obmactu (54,3 %), PeciyOnuke Yamyprus (53,8 %) u
PecniyOnuke Uysammus (53 %). OaHako 1o pe3yjibTaraM pedTHHIra HHPOpPMaIMOHHOTO areHTcTBa PUA
Hosoctu B 2021 rogy nuaupyroIue TO3UINH 0 YAOBICTBOPESHHOCTH KU3HBIO 3aHsIH MockBa, CaHKT-
[MeTepOypr 1 MockoBckast 061acTs.

Pe3ynbraTel JaHHOTO WCCIIEAOBAHMS MOTYT MOCITYKUTh MPAKTUYECKAM WHCTPYMEHTOB JIJIsl Opra-
HOB BIJIACTH JUJISl YIIYYIICHUS XU3HU JIOMOXO3SHCTB, a TAaKXKE€ PEIINTh YNPaBIECHYECKUE BOIPOCHI IO
MPUBJICUCHUIO WHBECTUIIMA B PETHOHBI, HO CaMO€ IIABHOE, TIOMOTYT MPEANPHUATUSIM C COUATBLHON
HaIPaBJICHHOCTBIO BEPHO CHOPMYJIUPOBATH LIEIU CBOCH JIEATEIBHOCTH U CKOPPEKTUPOBATh OLECHKY
3 PEKTUBHOCTH.

B koHTEeKCTE peleHns yrnpaBIeHYeCKHX 3a1a4 B HAyYHOU JIUTEpaType UMEeTCs BechMa 3HAYMMast
oubnmorpadus, 4acTh U3 KOTOPOW TMPEICTABICHA PAIOM CTaTell OTEYECTBEHHBIX U 3apYOEKHBIX aBTO-
POB, B TOM YHCIIe U paboTaMu aBTOPOB JaHHOU cTaThu [1, 2, 4, 6-8, 12, 16-20].
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Annomayusn. B ocHoBe xaxnoii ERP-cucremsl nexut ennHas 0a3a JaHHBIX, KOTOpas MO3BOJIET CO-
TPYAHHUKaM OpTaHU3alMH MOJaraTbCcs HA OAHWH M TOT XKE COTIACOBaHHBIA Habop mH(opMarmm. Murpamus
JAHHBIX SIBIISICTCS Ba)KHOH COCTaBIISAIONICH MPOEKTOB OOHOBICHWS, BHenpeHus u uwHTerpanuun ERP. Tlpu
9TOM CIICHApPHA MUTPAIHA MOXKET OBITH CIOXHBIM H JUTHTEIBEHBIM, TPEOOBATh OOJBIIOTO KOJIUYECTBA pe-
CYPCOB U BBICOKOW KOMIIETCHIIMM PYKOBOJAIIEr0 nepcoHana. HemooreHka HEOOX0IUMBIX BPEMEHHU U YCH-
JIMI MO’KET IIPUBECTH K CYLIECTBEHHOMY YBEJIMUYEHHUIO PACXOJO0B U 3aTArMBaHUIO CpokoB BBoAa ERP B skc-
uTyataruio. TOYHOCTh U MOJHOTA IepelaBaeMbIX JaHHBIX TakKe MMEIOT OOJIbIIOe 3HA4YeHHUE, MOCKOIBKY
MHOT'HE aCIeKThl OM3HEeca — YAOBIETBOPEHHE MOTPEOHOCTEH KIIMEHTOB, MPUHATHE PELICHUH, LIeNoYKa I1o-
CTaBOK M OTHOILIEHHS C MMapTHEpaMu — OyIyT 3aBHCETh OT KayecTBa JaHHBIX. HecMoTps Ha 3TO0, CI0KHOCTh
CIICHApUEB MUTPALUH JaHHBIX TPAJULMOHHO HEJNOOLCHUBACTCSA. B OONBIIMHCTBE CYIIECTBYIOMINX HCCIEN0-
BaHUIl MUTpalys JAHHBIX PAacCCMaTPUBAETCS NPEUMYLIECTBEHHO C TEXHUYECKOH CTOPOHBL. ACHEKTHI, CBSI3aH-
HBIC ¢ KOHIICTITyaTbHBIM COJICPYKaHUEM MUTPAINN JaHHBIX, €€ B3aHMOCBS3BI0 C OM3HEC-TIPOIIECCaMH H yIIpaB-
JICHUEM KOMITAHHEH, a TaKkKe CIeNn(UISCKON POTBI0 MATPAIMHI JAHHBIX B IPOEKTaX OOHOBJICHUS, BHEPCHHUS
u unaTerpanun ERP-cuctem, ocratotes HemoctatouHo mpopadoranHeiMu. Llens uccaenqoBanus. lensro nan-
HOU paboTHI ABISCTCS NOMOJHEHUE TCOPETUYCCKUX MPEACTABICHUI O COJCpKAHUH, Pa3sHOOOpa3wu, IMpo-
OyieMax W CTpaTeTHsX MHUTpalMH JaHHBIX B KOHTekcTe ERP-cuctem. Marepuajbl u MeToabl. B crathe
MIpUBEICHBI 0000IICHNE U CHCTEMAaTH3alMs BUOB, ITAINOB, KIOYEBBIX CTpAaTeruil M HamboJiee 3HAUYUMBIX
po6JeM MUTpaIiK JaHHBIX. B 1mersix gJaHHOTOo HcciiegoBaHUs ObLT PACCMOTpPEH, epepaboTaH U JOMOJTHEH
MaTepuai u3 23 UCTOYHUKOB Ha Onm3kyio Tematuky. PesyawsTarhl. B pabote ommcansl kiaccupuKaium
BHJIOB MUTPAIlUU JaHHBIX, IPUBEACHBI TpUMephl, oTHocsmuecss K ERP. JletanbHO onucaHbl U TIOMOJHEHbI
9Tanbl IPOEKTa MUrPaLMM JaHHBIX. [IpyBeieHO CpaBHEHME BYX KJIHOYEBBIX CTpAaTEruil MUTpalyy JaHHBIX,
BBIJICJICHB MX TPEHMYIIECTBA U HEJOCTATKH, CPOPMHUPOBAHBI PEKOMEHIAINU Ul IPUMEHCHHS TOW HIIH
WHOHN cTpaTerud. PaccMOTpeHBI OCHOBHBIC MPOOJIEMBI MHUTPAINH JaHHBIX B KOHTeKcTe ERP-cuctem, mo-
CJICZICTBUS JaHHBIX MPOOJIEM IJIS BCETO MPOEKTa MUTpAIHH. 3aKaovyeHne. [1oxydeHHbIC pe3ylbTaThl 1Mo-
3BOJIAIOT YTBEPHKIATh, YTO MUTPALUS JAHHBIX SBJISACTCS CIIOKHBIM U TPYIOSMKHM IPOIECCOM, TPEOYIOIUM
CEPBE3HBIX KOMIIETCHIIMH OT PYKOBOJCTBA M HCIONHUTENeH. CTpaTerus MUTpaluy JOJDKHA OBITH pa3pado-
taHa 3 (HEeKTUBHBIM 00Pa30M € YUETOM BCEr0 MHOT000pa3us BIUSIONINX (akTOpoB.

Kniroueesvie cnosa: vurpanus nanaeix, ERP-cuctemsl, BHeapenue ERP, kauecTBO maHHBIX

/s yumupoeanus: Murpanus naHHsix B kouTekcte ERP-cuctem / A.A. Makcumos, O.J1. 'onyOeBa,
I''1. Bonosuu, C.I'. Hekpacos // Bectauk IOYpI'Y. Cepus «KoMIbioTepHBIE TEXHOJIOTHH, YIpaBICHHE,
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Abstract. At the heart of every ERP is a single database that allows employees of the organization to
rely on the same consistent set of information. Data migration is an important component of ERPs upgrade,
implementation and integration projects. At the same time, the migration scenario can be complex and
lengthy, require a large amount of resources and high competencies of the management staff. Underestima-
ting the required time and effort can lead to a significant increase in costs and delay in the commissioning
of the ERP. The accuracy and completeness of the transmitted data is also of great importance, since many
aspects of the business — customer satisfaction, decision-making, supply chain and relationships with part-
ners — will depend on the quality of the data. Despite this, the complexity of data migration scenarios is tra-
ditionally underestimated. In most existing studies, data migration is considered mainly from the technical
side. Aspects related to the conceptual content of data migration, its relationship with business processes
and company management, as well as the specific role of data migration in projects of updating, implementing
and integrating ERPs, remain insufficiently developed. The aim of the study. The aim of this study is to sup-
plement theoretical ideas about the content, diversity, problems and strategies of data migration in the context
of ERPs. Materials and methods. The article summarizes and systematizes the types, stages of the project,
key strategies and the most significant problems of data migration. For the purposes of this study, the mate-
rial from 23 sources on a similar topic was reviewed, revised and supplemented. Results. The paper de-
scribes classifications of types of data migration, provides examples related to ERP. The stages of the data
migration project are described in detail and supplemented. The comparison of two key data migration
strategies is given, their advantages and disadvantages are highlighted, recommendations for the application
of a particular strategy are formed. The main problems of data migration in the context of ERPs, the conse-
quences of these problems for the entire migration project are considered. Conclusion. The results obtained
suggest that data migration is a complex and time-consuming process that requires serious competencies
from management and performers. The migration strategy should be developed in an effective way and take
into account all the variety of influencing factors.

Keywords: data migration, ERP systems, ERP implementation, data quality

For citation: Maksimov A.A., Golubeva O.L., Volovich G.I., Nekrasov S.G. Data migration in the con-
text of ERP. Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control,
Radio Electronics. 2023;23(3): 118-129. (In Russ.) DOI: 10.14529/ctcr230310

Beenenue

Kak u3BecTHO, Murpanus AaHHBIX — 3TO MPOLECC MEPEMEILCHUS TaHHBIX MEXIY pa3IuYHbIMU
CTPYKTypamH, GopMaTaMH, XpaHWINIIAMH JAHHBIX WA MPUI0KCHUSIMH.

ERP-cucteMbl, KOTOpBIE SBJSIOTCS Ha CErOAHAIIHMN JNeHb 0a30BOH MHTErpaliMOHHOHN IuaTdopMoit
JUTSL TAHHBIX ¥ OM3HEC-TIPOIIECCOB OPTaHU3AINHN, YaCTO BBITOJIHSIOT POJIb HCTOYHUKOB HJIH IIEJICBON CHC-
TEMBI 1151 MUTPallH, a TaK)Ke UMEIOT BCTPOSHHBIE MHCTPYMEHTBI aBTOMATH3AIMH MTPOIIECCOB MUTPALIUH.

Bompocam pazeutus ERP-cucTeM mMOCBAIICHO OuYeHb OOJIBIIOE KOJIMYECTBO IMyOJMKAIMid, B TOM
YHUCJIE U aBTOPOB JaHHOU cTathu [1-4].

Uenslit psg myOnuKanuii MOCBSIIEH MUTPAIIUH JaHHBIX, HanbOoee pa3pabOoTaHHBIMUA TEMaMU SIBIIS-
IOTCS alITOPUTMBI MATPAIMX JaHHBIX [5—9] 1 OAX0/BI K pa3paboTke MPOrpaMMHBIX HHCTPYMEHTOB MH-
rpanuu [10, 11], a Taxke 3HAUNTENEHOE BHUMAHUE YIEISIETCA BOIPOCaM MEpEHOCca JAaHHBIX MEXIY pas-
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JUYHBIMHM TEXHOJIOTHUSMHU XPAaHEHUS WIN MOJEIAMHU AaHHBIX [12—-17]. BonbIMHCTBO U3 3TUX UCTOYHH-
KOB TPEIIOJaraloT He TOJbKO (DPU3NYECKYI0 MUTPALUIO JaHHBIX MEXKIY Pa3IMYHbBIMH XPaHWIHIIAMHU
JAHHBIX, HO U TPOIETypy MEePENPOESKTUPOBAHNS CXEMBI JAHHBIX.

l'opa3zgo Menbine myOaMKaIMil MOCBALMICHO KOHIENTYaJIbHOMY COJEP)KaHUI0 MUTPAIlUN JaHHBIX,
KJIFOUEBBIM 3TaIlaM, CTPATErusIM M 3HAYSHUIO MUTPALKU B 00IIEM KOHTEKCTE MCIOIb30BaHMUsI HH(pOpMa-
UOHHBIX CHCTEM. 37IeCh MOKHO OTMETHTh (DyHIaMEeHTaNbHYI0 padoty [18], B KOTOpOii AeTalbHO OIu-
CBIBAIOTCSI ATAMBl M CTPATErMH MUTPAIINH, CIICHAPUU TECTUPOBAHMS, BO3HUKAIOIINE MPOOIEMbI M CKPbI-
ThIe 3aTpathl. JIpyroil Ba)KHOW OCHOBOW IUIA TAaKOTO HMCCIENOBAHMS MOCTyxuiaa padota [13], koropas
U3y4yaeT coJeprKaHue MOHATH MUTPALUU JaHHbBIX, 3HAYCHHE TaHHON KOHLETIUH, KJIF0UEBbIe IPOOIEMBbI
Y IPUYMHBI HEY1a4 CLIEHApUEB MUTPAIIH.

Murpanus naHHBIX B KOHTekcTe ERP Ha ceromHsAmHui AeHb HE MOJyYMiIa JOJDKHOIO BHUMAaHMSL.
Crout otmMeTuTh padoty [19], HOCBAIIEHHYIO B3aUMOCBSI3M MUTPAllMU M OM3HEC-TPOLIECCOB OpraHu3a-
1y, u [20, 21], cBsi3aHHBIE ¢ TPOEKTaMU IIepeHOca TaHHBIX MKy ycTapeniieil u HoBoit ERP.

Heo0xomumo Takke OTMETHUTB, YTO 332 PyOEKOM JaHHOW TeMe yIeNsieTcs ropas3io Oolpliee BHAMA-
HHE, a MyOJUKAIlMM Ha PyCCKOM SI3bIKE MPAKTHYECKH OTCYTCTBYIOT. JlOCTaTOYHO JOJroe BpeMsl MUTpa-
IS JAHHBIX HEJOOIEHMBAIACh, HE 00ECIeUnBallach JOCTATOYHBIMH PECYPCaMH M HE PaccMaTpHBalach
¢ yueToMm ee BakHocTH [13].

B nmaHHOI cTaThe MOCTaBI€HA LENb JOMOJIHHUTH TEOPETHUECKHE INPENCTABICHUS O COACP)KaHUHU,
pasHooOpasuu, mpodjaeMax U CTpaTerusixX MUTPaLluK JaHHBIX B KoHTekcTe ERP-cuctem.

Copaeprxanue cleHaApUsi MUTPalluH JaHHBIX

ConepxaHue cueHapHusi MUTPaLMU 3aKII0YaeTCs B IEPEHOCE U Pa3MELCHUN TaHHBIX U3 OJHOTO WM
HECKOJIBKMX HCTOYHHKOB B CHUCTEMY-TIPUEMHHK, JIN0O B MIEPEHOCE U Pa3MEIICHUH JIAHHBIX U3 HCTOYHHKA
B OJIHY WJIM HECKOJIBKO CUCTEM-TIPUEMHHKOB (IIE€IEBBIX CUCTEM).

Heo6xomumMo 0TMETHTB, YTO MHUTpaLUsl MOApPa3yMeBaeT He TOJIBKO MEPEHOC JaHHBIX (BBITPY3KY H
3arpysKy), HO M UX pa3MeLICHHE B CHCTEME-PUEMHHUKE, TO €CTh BCTPAUBAHUE B YK€ CYIIECTBYIOLIHE
JTaHHBIE U TPOLIECCHI.

ERP B cueHapusix MUrpanuy MOXeT OBITh KaK OJHUM W3 UCTOYHHKOB JAHHBIX, TaK U 1IE€JICBOI WK
OJTHOM M3 LIETIEBBIX CHCTEM.

[Ipu 3TOM MHTpanus AaHHBIX MOJPa3yMEeBaeT U3MEHEHHE TEXHOJIOTHH XpaHeHus (Hampumep, MS
SQL Ha MongoDB), nporpammaoro npunoxenus (Hanpumep, SAP ERP na 1C:ERP), cTpykTyps! win
¢opmara gaHHBIX (Hampumep, npu oOHoBiIeHMH ERP n3MeHstoTcs noGaBisitoTCsl HOBbIE TaOMUIIBI, H3-
MEHSETCS KOJMIECTBO U COMICPIKAHIE TOJIeH TaOIHII U T. 1.).

Buabl Murpauum JaHHbIX

CymectByer Oombloe pazHooOpasue BUAOB Murpanuu B KoHTtekcte ERP, koTopsie HeoOxonumo
paccMOTpETh, MPEXk/Ie YeM MPUHUMATh PEIICHUE O CTPATETHH MUTPALIUH.

Ilo yenegomy nasnauenuro Mbl peIJIaraeM pacCcMaTPUBaTh MUTPALIMIO CICAYIOIIUX BUAOB (CM. pH-
CYHOK).

1. Murpanus 0OHOBIICHHI: ABJIIETCSA YaCThIO Mpoliecca OOHOBIICHUS U IIEPEX0/1a Ha HOBYIO BEPCHIO
[22]. UadopmaimonHas cucteMa B JAHHOM Cllydae cama sIBJISIETCS] KaK HCTOYHHKOM, TaK M TPUEMHHKOM
naHHbIX. [Ipu 3TOM B X0z1€ 0OHOBIICHHS JOJKHBI H3MEHATHCS (OPMAT MWIH CTPYKTYpa JaHHBIX.

2. Murpanusi CHHXpOHHU3aLMU: NPEACTaBIsAeT cO00H IByCTOPOHHHH OOMEH AaHHBIMH MEXIY pas-
JMYHBIMHU CUCTEMaMHU JUIsl X coriacoBaHusi. [Ipu 5ToM 00e cHUCTEMBI MOTYT OBITh KaK MICTOUHHKOM, TaK
U IpUEeMHUKOM JaHHbIX. O0e cucTeMbl NPOJODKAIOT (YHKIMOHHMPOBAHUE IOCIE OOMEHA JaHHBIMHU.
JaHHpli BUA MUTpanuyd OOBIYHO CBSI3aH ¢ HEOOXOIUMOCTBIO PETYJISIpHOrOo 0OOMEHa JaHHBIMU C BHEII-
HUMH UH(POPMAIIMOHHBIMU CHCTEMaMH, XPAHWINIIAMH JTaHHBIX U CepBUCAMH (NPUIIOKEHUSIMU JJIsi OH3-
HeCc-aHaJIMTUKH, 02301 JaHHBIX UHTEPHET-Mara3yuHa u T. 11.).

3. Murpanus nepexoja: JaHHbIE IEPEHOCATCS U3 YCTapeBILIeH B HOBYIO HH()OPMALMOHHYIO CHCTeE-
my. [lociie 3aBepIieHns METpallK cTapasi cucTeMa TepectaeT QyHKIMOHUPOBaTh. [loTpeOHOCTh B Ta-
KOM MUTpaIi MOXET BO3HHMKaTh npu BHeaApenuu ERP umm, Hao6opot, nepexone ¢ ERP Ha npyrue Bu-
bl uHpopManuoHHbx cucreM (CRM, FRM, HRM wu T. 1.). Ota mponenypa MoxeT ObITh Kak 100po-
BOJILHOH (€CJIM OpraHu3alus OTKa3bIBaETCS OT yCTapeBIIEro MPOrpaMMHOr0 00€CedeHus U T. I1.), TaK U
BBIHY>KJCHHOU (eCcii pa3padOTUYHK CYNIECTBYIONIEH CHCTEMBI OTKA3aJICS OT MOJJCPIKKH U T. I1.).
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4. Murpanusi o0beAMHEHHS (MHTErpalyn): HECKOJIIBKO MCXOAHBIX CHCTEM MHTETPUPYIOTCS B OJHY
LIETIEBYIO cucTeMy [22].

5. Murpanuus pa3belIuHEHHs: JaHHbIE U3 MUCXOAHBIX CHCTEM MEPEHOCITCA B HECKOJIBKO IIENIEBBIX
CHCTEM.

6. IlepexpecTHas (Kpocc) MUTpaLus: JaHHBIE U3 HECKOIBKUX UCXOIHBIX CUCTEM IEPEHOCSTCS B He-
CKOJIBKO LIEJIEBBIX CUCTEM.

HaHHe
McToYHME =] HeTodbMKE ' MpHEMHH K
na
T
|'| 1 .l
HPHEMHMK L E [ EMHH K “ McTodHUE
< 3 JaHHee
1. Murpamsa o0HOETEHIE 2. MHrpamsa CHHXPOHI 32 ITHE
Merounueg 1
JaHHee JaHHee
WeTouHuk MM EMHH K 3 M eMHU K
Werounuk N
3. Murpanms nepexoga 4. Merpanms o ObegHEEHA
HaHHbe
o MpH emHn K 1 McTonue 1 }‘],EHH&IE NpHEmHU K 1
- L
McTouHuk
[aHHbie JaHHee
L Mpuemuur N Wcrounmne N : Mpuenmunr N
-
5. Murpara pashe HHeHA 6. [TeperpecTHan METpaIHA

Buabl Mmurpaumm gaHHbIX NO LeneBOMYy Ha3Ha4eHUo
Types of data migration for the intended purpose

Ilo omnowenuro Kk epanuyam UHGOPMAYUOHHOU CUCEMbL MUATPAITAS MOXKET OBITH!

— BHYTPEHHEH: eclii JaHHbIE HE MEPeCceKaroT IPaHMLbl CUCTEMBI, K JAHHOMY BUAY OTHOCHTCSI MH-
rpanust OOHOBJICHUS;

— BHEIIHEH: eclI JaHHbIE BBITPY>KAIOTCS BO BHEIIHUE CUCTEMBI.

Ilo omnowenuio x 00vemy UCXOOHbBIX OAHHBIX MUTPALIUS MOXKET OBITh:

— TIOJIHOM: BCE JJAHHBIE UCXOJIHOM CUCTEMBI MIEPEHOCATCS B LIEJIEBYIO;

— YaCTUYHOMW: TIEPEHOCSITCS TOJILKO OT/ICJIbHBIE MACCHBBI JIAHHBIX.

Ilo nanpaenenuio danHvix Mbl MOXKEM Pa3IHUYaTh MUTPAIHIO:

— OJIHOCTOPOHHIOIO: KaXK/1asi CHCTEMA SIBIISIETCS TOJBKO MPUEMHHUKOM WIIA TOJIEKO HCTOYHUKOM;

— IBYCTOPOHHS: Ka)/1asi CHCTEMA SIBIISICTCS U IPUEMHHUKOM, U ICTOYHHKOM JIAHHBIM.

Io xonuuecmay yuacmeyrowux cucmem MOXKHO BBIICIIUTh MUTPAIIHIO:

— OIHOKAHANBHYIO: B CLUCHAPUU MUTPALUH YYaCTBYET OHA CHCTEMa, KOTOpas sIBISETCS U HCTOYHU-
KOM, U IPUEMHHUKOM;

— IBYXKaHAJbHYIO: B CLICHAPHY MHUTPAIIUH YYACTBYET JIBE CHCTEMBI;

— MHOT'OKaHAJILHYIO: B CIICHAPUH MUTPAIIUU YIaCTBYET Oojiee IBYX CHCTEM.
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Ilo omnowenuio Ko pemenu npomexKanss MUTpalus MOXXET OBITh:

— €IMHOBPEMEHHAA: BCE JaHHBIE BBITPYKAIOTCS U 3arpy’KaroTcs €AMHOPA30BO;

— peryJisipHasi: JaHHBIE BEITPY>KAIOTCA U 3arpy’Kar0TCs IEPUOINIECKH;

— MHOTO3TaIlHas: JaHHBIE BBITPYKAIOTCS U 3arpy’Kat0TCs IOCTENEHHO, B HECKOJIBKO UTEPALHil.

Ilo omnowenuto x ucnonwvzyemou mexuonroeuu xpanenus [23] MUTpanust MOKeT ObITb:

— OJIHOPOJHASA: MCXOJHAs U IleJieBas CHCTEMa HCIOIb3YIOT OAHY U Ty K€ TEXHOJOTHIO XpaHEHHS
nmansbeix (MySQL, Oracle, PostgreSQL u T. 11.) W/HK 0IMHAKOBYIO CTPYKTYDY;

— HEOJHOPOJIHAS: MUTPAIMs, TIPH KOTOPOM MCXOHAs M 1ieneBas 0a3bl JaHHBIX NMPHHAJICKAT pas-
HBIM TEXHOIIOTHSIM 0a3 JaHHBIX, HanpuMmep, Murpanus ¢ 6asel ganasix MS SQL Ha MongoDB. Pasno-
poaHas Murpauusi 0aspl JaHHBIX MOXXET OCYIIECTBIATHCS MEXKAY HICHTHYHBIMH MOJIEISAMH JaHHBIX
(Hampumep, ¢ PEeNSLMOHHON Ha PENALMOHHYIO) WM MEXKIY Pa3INuHBIMU MOJENSMHU JaHHBIX (HaIlpH-
Mep, C PESILUOHHON Ha HEPEJIALMOHHYIO).

Ilo omnowenuio K ypogHo asmomamuzayuu npoyeccos MOXKHO BBIIEIUTb BUIbI MUTPALIUH:

— pyuHas: JaHHbIE IEPEHOCSTCS 0€3 MCIOIb30BaHUS ABTOMAaTH3UPOBAHHBIX allTOPUTMOB U LHU(PO-
BBIX HHCTPYMEHTOB;

— aBTOMATHUYeCKas: JJaHHbIE MEPEHOCATCS C MCIOIb30BAHUEM aBTOMATU3HPOBAHHBIX AJITOPUTMOB U
IUQPOBBIX HHCTPYMEHTOB;

— MOJIyaBTOMAaTHYECKasA: YacTh JaHHBIX MEPEHOCHUTCS C UCIOIb30BaHHEM aBTOMAaTH3MPOBAHHBIX all-
TOPUTMOB U HHU(POBBIX HHCTPYMEHTOB, APYTasi 4aCTh BBOAUTCS BPYUHYIO.

JTansl CHeHAPHS MUTPAllHH JAHHBIX

B 3aBucumocTH oT mpeanogaraeMoro BU1a MUTPAIMK 3Talbl CIIEHapHs MOTYT CYIIECTBEHHO Pa3iiu-
4aTbCsl, HO HA OCHOBE COOCTBEHHO OmbITa pa3paboTku U BHeApeHus ERP, a taxxe nccnenosanuii [18]
aBTOpBI NPEUIaraloT CIEAYIOIYI0 YCPEOHEHHYIO IOCIIEOBATENBHOCTh JTAIOB MHUIPALUU AHHBIX B
koHTekcTe ERP.

1. [Ipenbsinenue TpeOoBaHUH. DTO HavajdbHas (as3a clieHapHus MUTPAIUU, Ha KOTOPOW ompeaes-
oTcs [22]:

— LIEJIM U TUTaHUPYEMBIE Pe3yIbTaThl MUTPAIIUH (B TOM YHCIIE KPUTEPUU IPUHATHUS MUTPALUHN);

— 3aMHTEPECOBAaHHBIE CTOPOHBI (CTEHKXOJAEPHl) MUTPALIUY;

— KOJIMYECTBO M OOIIHE XapaKTEPUCTHKH CUCTEM, KOTOpbIE OY/IeT Y4acTBOBaTh B 0OMEHE JTaHHBIMU;

— HalpaBJieHUE U MOPSAOK MUTPAIHH;

— 00beM MUrpaiuu (TIOJTHAS WM YaCcTHYHAs);

— MepeyeHb NaHHBIX, IPEIbIBIIEMbIX K MUTPAIIH.

2. OmpenienieHre CTPYKTYPHI JaHHBIX B UICTOYHHUKE.

Otan npearnonaraeT BbIOOpP AAHHBIX, MOAJIEKANTNX MUTPAIMHA B CUCTEMax-UCTOYHUKAX, ONpesese-
HHUE CTPYKTYPHI JaHHBIX, aHAJHU3 B3aMMOCBS3CH JaHHBIX U OM3HEC-IIPOLIECCOB.

3. ConocTraBieHne CTPYKTYpPBI JAHHBIX C LIETEBON CHCTEMOM.

Ha nannom sTane cTpyKTyphl TaHHBIX U3 UCTOYHHKA U I1EJIEBOM CHCTEMBI COTIOCTABIIAIOTCS U aJal-
TUPYIOTCS APYT K APYTY IpU HEOOXOAUMOCTH [22], IPOUCXOIUT:

— coIocTaBiIeHUE Ta0nuI;
COIOCTaBJICHHUE TOJIEH (B TOM YHMCIIE TUIIBI TIOJICH, pa3Mepbl, OTPAaHUYEHUS U T.11.);

— CONOCTaBJICHNE B3aUMOCBSI3€EH;

— ajanTanys CTPYKTYp JaHHBIX WM W3MEHEHUE TPeOOBaHHM.

4. OneHKa Ka4ecTBa U MOATOTOBKA JAHHBIX.

Otan npearoaraeT MpoBeIeHre TIyOOKOro aHaM3a JaHHBIX M NpeoOpa3oBaHUe HX B cllydae He-
00X0AUMOCTH:

— OLICHKA KauecTBa M OYMCTKA JAaHHBIX (MCIPABJICHUE HEBEPHBIX, LyONHUPYIOMIKXCS, HEMOCIEI0Ba-
TEJIbHBIX, IPOTUBOPEUNBBIX, HEPABUIBLHO OT(POPMAaTUPOBAHHBIX WM HEPENECBAaHTHBIX JaHHBIX) [22];

— (hopmatupoBaHue clabOCTPYKTYPUPOBAHHBIX H HECTPYKTYPHUPOBAHHBIX JJAHHBIX.

5. IIpoexTupoBaHye HHCTPYMEHTOB MUTPALIUH.

Ha nannom srtame GopMupyroTcss OCHOBHBIE MPUHIIMITBI M TIOAXOBI K MPOESKTUPOBAHUIO WHCTPY-
MEHTOB MUTPAIUH:

— CLICHApUU COTJacOBaHUs AAHHBIX [16];
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— IpaBuiIa KOHBEPTALUH (IpeoOpa3oBaHusl) JaHHBIX;

— MPHUHIUIBI ¥ TOAXO0b! K BBISBICHUIO U 00pabOTKe OIMMOOK, UCKIIIOYCHUH U TpeAyNpekIeHUN
(HampuMep, NIPUHLMUIBI pa0OTHI ¢ OTCYTCTBYIOIIMMHU U HECOTJIACOBAHHBIMH JaHHBIMH U T. I1.).

6. Pa3zpaboTka nporpaMMHBIX HHCTPYMEHTOB MUTPALIUH.

[Mocne 3aBeprieHus 3Tana NPOSKTUPOBAHUS HAYMHAETCS paboTa HaJl CO3/IaHUEeM MTPOTPAMMHBIX HH-
CTPYMEHTOB MHTPAIMH, OPTaHU3AINS IPOMEKYTOYHOTO XPaHUIIUINA JaHHBIX, a TAK)KE HACTPOWKA WHCT-
PYMEHTOB MUTPAIIMU JIJIsl BHIOPAHHBIX CUCTEM.

7. TecTupoBaHue MPOrpaMMHBIX HHCTPYMEHTOB MUTPALIUH.

Ha nannoM 3Tamne mpoucXOIuT OTiajgKa NPOrpaMMHBIX HHCTPYMEHTOB MUTPAIMU HA TECTOBBIX Ha-
0opax JTaHHBIX:

— pa3paboTKa MOIYJIbHBIX TECTOB;

— TECTOBOE M3BJICUCHUE U 3arpy3Ka JaHHbBIX;

— MPOBEPKa U COMOCTaBJICHHE 00beMa U KauecTBa 3arpy KeHHbBIX JaHHBIX;

— OIIEHKa TPOHU3BOAUTENILHOCTH MPOTPAMMHBIX HHCTPYMEHTOB;

— aHaJU3 U UCHPABJICHUE AJITOPUTMHYECKUX OIMIMOOK (MOTepU JaHHBIX, HAPYIIEHUE LEIOCTHO-
CTH | T. I1.).

8. 3Bnedenue u npeodpazoBaHue JaHHBIX.

Ha nanHOM sTame HyXHbBIC JaHHBIC U3 CUCTEMBI-MCTOYHUKA M3BIICKAIOTCS U TIOMEIIAIOTCS B (haiin
WK IPOMEKYTOUYHYIO cpeay. B mpouecce u3BnedeHus faHHbIe MPeoOpa3yloTcsi B COOTBETCTBUU C yCTa-
HOBJICHHBIMHU TIPaBUJIAMH.

9. 3arpy3ka 1 mpoBepKa JaHHbIX.

Ortan npeanosiaraeT MacCOBYIO 3arpy3Ky U3BJICUCHHBIX JaHHBIX B LIEJIEBYIO CUCTEMY C UCIIONb30Ba-
HUEM TPOTrPAMMHBIX HHCTPYMEHTOB MUTPAIIMH, & TAK)KE BBHINOJIHEHHE MPOIEyp aBTOMAaTHYECKOM Mpo-
BEPKH MOTYYCHHBIX JAHHBIX, POUCXOAUT (HUKCAIIUS U OLEHKA KPUTHIHOCTH OLIMOOK.

10. Pa3mereHme qaHHBIX.

Otan pa3MelIeHUs JaHHbIX PeAIoaracer:

— BCTpauBaHME 3arpy>KEHHBIX [IAaHHBIX B yXK€ CYIIECTBYIOLIME B CHCTEME JaHHbIE W OH3HEC-
MPOIIECCHL;

— PYYHOE WJIM IPOTrPaMMHOE UCTIpaBJICHUE OMHOOK;

— MPOBEpKa Ka4eCTBa JaHHBIX MOJIb30BATEIIIMU CUCTEMBI.

11. Ouenka pe3yabTaTOB MU PAIHH.

Ha manHOM 3Tamne mpoucXOIUT OIEHKa Pe3yibTaTOB W MPUHITHE PEHICHUS O OyAylleM ClieHapus
MUTPALUH:

— 3aBEPILUCHUH: €CIIM PE3YIbTaThl MUTPAllui IPUHUMAIOTCS;

— MPOJIOJKEHUU: €CIIU PE3YNIbTAThl MUTPALMU TPEOYIOT MOTOTHUTENLHBIX MAHUITYJISIIIANA C JTaH-
HBIMH;

— OTKaTe: €CcJM Pe3yJIbTaThl MUTPALMU HEYIOBICTBOPUTEIBHEI.

12. 3aBepiiicHuE MUTPAIUH.

B cnyyae ecnu Ha mpenbiayIieM dTare MPUHATO pellieHe O 3aBepIICHHN MUTPAINH, CIIeHApUH 3a-
KpbiBaeTcs. [Ipy He0OXOIMMOCTH TOTOBUTCS JOKYMEHTAIIUS H OTKITFOYAIOTCS YCTAPEBIINE CUCTEMBI.

Heo0xoquMo oTMETUTH, YTO ATambl CICHAPHS MOTYT CJEJOBAaTh KaK MOCIeN0BaTeNbHO (Kacka/l-
Hasi MOJIeNb), TaK U UMETh IJI00allbHbIC WM JIOKAJIbHBIE HUKINYEeCKHE CTPYKTyphl (V-o0pa3Has Mo-
1eJib, THKPEMEHTHAs MOJeb). BBUAY Hammuus CIOKHBIX B3aUMOCBSA3EH MEXIy AaHHBIMH U OU3HEC-
MpoleccaMy MUTPALIMIO JaHHBIX BPSIZ JIM MOYKHO PEaIM30BaTh, UCIIONb3Yys THOKHE METOIOJIOTHH MPOEK-
THPOBAHHSI.

CrpaTeruu MUrpanu JaHHBIX

CrnenyeT BBLICTUTH JBE MPUHIUITUAIBHBIE CTPATETHH MUTPAIVH: €AMHOBPEMEHHYIO U MHKPEMEHT-
HYI0, KaKJas U3 KOTOPHIX MIMEET CBOM JJOCTOMHCTBA M HEJOCTATKH.

1. CtpaTerust eTMHOBPEMEHHOTO NIEpexo0a.

IIpn ucronp30BaHUM CTpaTerHH €JUHOBPEMEHHOTO Iepexo/a KOMIIAaHHS TOTOBUT MAacIITaOHBIHN
CIIeHapuil MUTpAINH, KOTOPBIA peanu3yeTcsl OT Hayasla U 10 KOHIIA 110 3apaHee ONpeeIeHHOMY CIieHa-
puto. Bech MaccuB JaHHBIX BRITPY)KAaeTCs 332 OJUH pa3 B TeUE€HHE KOPOTKOTO MEpHOa BpEMEHH.
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Crpaterusi eTMHOBPEMEHHOTO IEepexo/la MOXKET OBbITh OCHOBaHa Ha KacKaJHOW MM V-00pa3HOi
MOJIEJIH, KOTOpas TaKKe MOJAPa3yMEBAET IOCIEN0BATENBHOE BBIIIOJHEHUE, HO IIPH 3TOM IIPEAIOJIaraeT
TECTUPOBAHHE U MTPOBEPKY PANIUYHBIX 3TANIOB MUTPAIMH, HAYHHAS C TIEPBBIX CTAIUH pa3paboTKH.

2. UnkpemeHTHas CTpaTeryusl.

[Ipyn MHKpEMEHTHOW MUTpallMU NAaHHBIE U3 CTAPOM CUCTEMBI MEPEHOCATCS W Pa3MELIAIOTCS B He-
CKOJIbKO uTepauuii [22]. 3aech BO3MOXKHBI JBa BApUAHTA.

— HoBas cucrema mpemiiaraeT MoJHYIO (yHKIIHOHAIBHOCTh, HO JOCTYIIHA TOJIbKO OTpaHHYCH-
HOU TpymIe Mmojs30Bateneil. ['pymnma moab30BaTeseii pacupsaeTcs: ¢ KaKJI0W uTepanueii CrieHapus

MUTpALUY.

— IlpenocTaBnenre 4acTUUHBIX (YHKIUHA, HO A7 Bcex moib3oBateneil. [lonp3oBarenn padoraroT
napajjieIbHO Ha HOBBIX M CTapbiX cucreMax. C KaKAbIM IIAaroM (QpyHKIHOHAJBHOCTh HOBOW CHCTEMBI
pacimpsieTcs 10 TeX Iop, oKa cTapas CUCTeMa He OyIeT IMOJIHOCThIO 3aMeHeHa [ 18]

Kaxpas u3 cTpaTteruii mMeeT CBOM IMPEUMYIIECTBA M HEJAOCTATKH, NPEICTABICHHbIC B TaOJHIIC.
Hannas madopMalms OCHOBaHa Ha CPaBHEHWH, NPHUBEIACHHOM B [24], HO CyIIeCTBEeHHO IopaboTaHa H

JOIIOJIHCHA.

CpaBHeHue cTpaTernm Murpaumm gaHHbIX
Comparison of data migration strategies

C’I‘paTeFI/IH CANMHOBPCMCHHOI'O NEPEXOJa

I/IHerMeHTHaH CTpaTerus

CrouMoCTb U CPOKH IMPOCKTAa OIIPCACIICHBI 3apaHEC

CToMMOCTB U CPOKH HPOEKTA CIOXKHO CIIPOTHO3U-
pOBaTh, MPOEKT MOXKET PACTSHYThCS Ha Heolpee-
JICHHOE BpeMs

VYnpaBneH4YecKue YCHIIMS HampaBieHbl HpPEUMY-
LIECTBCHHO HA IJIAHWPOBAHME CLIEHAPUS MEPEX0aa

VYnpaBneHueckue YCHIUS HaIpaBICHbI IMPEUMY-
IECTBEHHO HA KOOPAMHAIIMIO M KOHTPOJIb

Jiist  TIONIOKUTEIBHOTO pe3ylibTara HeoOXO0auMO
HaJIM4YUe YeTKO CTPYKTYPHUPOBAHHBIX M COIJIACO-
BaHHBIX TPeOOBaHUH

TpeboBanus MOTYT OBITH HE OIPE/ICIICHEI 3apaHee,
00 MEHATBHCS B IIpoIiecce

Ilonp3oBaTenu pa60Ta}0T TOJIBKO B HOBOH CHCTe-
M€, CTapasd CUCTEMA OTKIIFOYACTCA

Hogrie n CTapbIC CUCTCMBbI pa6OTaIOT napauieiib-
HO, MPOUCXOIUT PETYIAPHOC COIJIaCOBAHUEC OaH-
HBIX MCXKYy HUMHU

OKCIUTyaTalMOHHBIE 3aTpaThl KacarTCsl TOJBKO
HOBOW CHUCTEMEI

TpeOyroTcs CymecTBEHHBIE 3aTpaThl KaKk Ha JKC-
IJTyaTalyio HOBOM CUCTEMBI, TaK U Ha MOJJEpKa-
HHE CTapON CUCTEMBI

Ilonp3oBaTenei HGOGXOZ[I/IMO KOMIIJICKCHO ITOATO-
TOBUTH K HOBBIM CIIOCO0AM pa6OTLI C JaHHBIMHA

Ilonp3oBaTenu MOT'YT HNOCTCIICHHO IHPHUBBIKATb K
HOBBIM CIIOCO0aM pa60TI>I C JaHHBIMHA

B cnyuae oOHapy»)eHUS ONTHOOK WIIH TOSBIICHUS
npobjeM ¢ pa3MENICHUEM JIaHHBIX BO3MOXHBI
CYIIECTBEHHEIE IPOCTOU B paboTe

ITonb30oBaTenn MOTyT BPEMEHHO HCIOJIB30BATh
CTapyl0 CUCTEeMy KaK OCHOBHYIO B Cllyyae BO3HH-
KalOLIMX MpobJeM

EnvanuHbi pocToil mpyu MacTabOHOM IepeHoce
JTAHHBIX

MHorokpatHsle IpocTou (IIPH MPOBEICHUU KaX-
JIOM cleyroIel uTepalyy nepeHoca JaHHbIX)

Beicokue pricku MHUTpaiyi u3-3a 00IBIIOro oobeMa
€IMHOBPEMEHHO NePEeMEIAEMBbIX JaHHBIX

Csenenue K MUHUMYMY PHUCKOB MUTPAIUH 32 CUET
NepeMEeIeHNs] MEHBIIET0 00beMa JaHHBIX

CtpaTterusl oTKata MOTYT OBITh CIIOXKHBIMH, OCO-
OCHHO eclii MPOoOJIeMbl OOHAPYKUBAIOTCSA Yepe3
HEKOTOPOE BPEMsI ITOCIIC COOBITUS MUTPALIUN

Crparteruu oTKaTta JIETKO peaanu3yeMbl

Takum oOpa3om, cTparerus eTUHOBPEMEHHOTO
[USIM B ClTydae:
— HeOOJIBIIOro 00beMa TaHHBIX;

rnepexoaa MOXET OBITH PCKOMCHAOBAaHa OpraHu3a-

— HaJIM4MUs Y€TKUX TpeOOBaHMI U TOHATHBIX COOTBETCTBUI MEXIY TaHHBIMU;
— OJIMHAKOBOM CTPYKTYPHI AAHHBIX U MPUHLUIIOB paOOTHI MEXKLy HOBOH U CTapoil CUCTEMaMH;
— HAJIMYHUS THUIIOBBIX MHCTPYMEHTOB MUTpaluu (HarmpuMmep, Ipu 0OMEHE JTAaHHBIMU MEKIY THITOBBI-

mu koHdurypanusimu 1C);
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— FOTOBHOCTH KOMITAHHU K CYILIECTBEHHBIM €JUHOBPEMEHHBIM 3aTpaTam;

— OTCYTCTBHSI TPeOOBaHMI K BBICOKON HAZEKHOCTH U OecriepeOoiiHOM paboTe CHCTEMBI.

WnkpeMeHTHas cTparerus, HA000POT, MOXKET ObITh PEKOMEHJJOBAaHA B CITydasX:

— 607BIIOr0 00bEMa JaHHBIX U HAJTMYHS CJIOKHBIX B3aUMOCBSI3€ MEX Iy HUMU;

— OTCYTCTBHSI YETKUX TPEOOBAaHMU HJIU CIOKHOCTH UX (POPMHUPOBAHUS BBUIY CEPbE3HBIX OTIMYHMN
B OpraHM3allVM JaHHBIX MEXKy CTapOd U HOBOW CHUCTEMOI;

— HaJINYUS CYIIECTBEHHBIX Pa3Iu4Mil MEKly HOBOM M CTapOil CUCTEMOM;

— OTCYTCTBHS TUIIOBBIX HHCTPYMEHTOB MUIPALUU;

— HETOTOBHOCTH KOMITAHHH K CYIIECTBEHHBIM €IMHOBPEMEHHBIM 3aTpaTaM;

— OM3Hec-Tpo1ecchl KOMIIAaHUH TPEOYIOT BHICOKOM HA/Ie)KHOCTH CHUCTEM.

IIpoGJieMbl MUTPAIMU JAHHBIX

Murpanusi JaHHBIX KaK CIIOKHBI M MHOTOIUIAHOBBIN MPOIIECC CTANKUBACTCA C OOJBIIUM YUCIOM
Pa3HO00pa3HBIX MPOOJIEM, KITFOUEBBIMU U3 KOTOPBIX MOXKHO CUMTATh CIICAYIOIIHUE.

1. Kauecmeo ucxoonwix oanHuix

CHCTEMBI-UCTOYHUKH MOTYT COZEpaTh HETOYHBIC, HETIOIHbIE, TyONUPYIONIUe WU TPOTHBOPEYH-
BbIC JIaHHBIC [24].

Cy1iecTByeT MHOTO IIPUYUH HU3KOTO KauyecTBa JaHHBIX [22].

— COop naHHbIX. [IppyrHAMU HU3KOTO KauecTBa JaHHBIX MOXKET ObITh HEBEPHBIM BHIOOP IMOJIH30Ba-
TEJISMHU TOJIeH I BBOJA (HampuMep, MyTaHHIIA B TOISIX UMEHH U (paMHUIINM), ONIeYaTKH, UTHOPUPOBA-
HUE MAacoK BBoJa (Hampumep, [UIsi HOMepa TeiedoHa), OTCYTCTBHE MPOBEPKH BBOJA IyOIHUPYIOIIUX
JAHHBIX U T. I. BOJBIIMHCTBO 3THUX OIMMOOK BO3HUKAIOT M3-3a IUIOXOI0 JM3aiiHa MHTepdeiica Win HU3-
KOI'0 KayecTBa MmporpaMmmHoro koaa camoii ERP-cucteMbl. MicTounrKOM MPoOJieM MOXKET CTaTh TAKKe
MMITOPT HEKAYECTBCHHBIX JAHHBIX M3 BHEITHUX CHCTEM (HAIIPUMED, PEKBU3UTHI KIIMCHTA, BBEICHHBIC UM
B JIMYHOM KaOWHETe Ha BeO-caiire).

— IIpoueccer. [Iporecchl CTAaHOBATCS MPUYHHON HU3KOTO KAa4eCTBA JAHHBIX, €CITH OHU HEBEPHBI WU
HEMOJIHBI (HanpuMep, HenpaBUiIbHas 00pad0TKa JaHHBIX WIIM OTCYTCTBHE MPOLEAYpP NpoBepku). McTou-
HUKOM IPOOJIEMBI 3/IECh MOTYT OBITh KaK IMPOrpaMMHbBIC OIIMOKH, TaK U HEBEepHas (hopMain3zanus Ous-
HEC-TIPOIIECCOB Ha 3TaIe MOATOTOBKH TEXHUUECKOTO 3a/IaHUS.

— Hcredyenne cpoka MEHCTBHUS NaHHBIX. DTOT (DAKTOP BO3HHKAET, MOCKOJBKY OIPE/IEICHHBIC JTaH-
HBIE€ MOTYT YTPAaTUTh aKTyaJlbHOCTh MO MCTEYCHUHU OIPEICICHHOTO Nepro/a (IIeHbl, KOHTAKTHBIC JaH-
HBIE, CKUAKH H T. IL.).

ITockonpky MaccuBbl JaHHBIX HUCHOJAb3Yyr0TCcs ERP-cuctemoli aBTOMaTH4ecKH, IIPOTHBOPEYMBAs,
HENpPaBWJIbHAS WM HEMoJHas WH(pOpMAIMs YaCTO PACO3HACTCS OYEHb IMO3JHO M IPUBOJUT K IOBTO-
pstorumMcst ommoOkam. [locie BBoja B CHCTEMY HECKOJIBKO OTJIENIOB M OOIIEKOPIIOPATHBHBIX MTPHIIOKE-
HUH MOTYYaroT JOCTYT K WH(OPMAIIMU U UCIIONB3YIOT €€ TOBTOPHO. Takum o0pa3oM, Jake HeOOIbIast
omuOKa B JaHHBIX MOXKET 3aTPOHYTh BCIO KOMIIAHHIO, BHI3BIBAS TOCIIEIYIOIINE OMUOKN W TIPOBOIUAPYS
HEeNpaBUIbHBIC pelieHus. B manHoM ciydae wHTerpanvionHas (ynkius ERP nmeer HeratuBHEIE mMO-
CJICICTBUSL.

[Tnoxoe KayecTBO JaHHBIX B HCXOIHOM CUCTEME MOKET MPUBOINUTH K HEBEPHOU paboTe aropuTMOB
MUTpanuy, c60siM B 00paboTKe, MoTepe NaHHbBIX, OIINOKAaM B IIETICBOH CHCTEME.

B kadecTBe pemreHust JaHHOM PoOIEeMBl Ha CETOMHAIIHMIA JIEHb JOCTYITHBI MOIIHBIE METOBI U WH-
CTPYMEHTHI o0OecriedeHus] KauecTBa JaHHBIX. [IpUIoKUB pa3yMHBIE yCHIIUS, PYKOBOJCTBO M TEXHUYE-
CKHE CIEeHAAIHNCTH MOTYT BBISIBUTH MTPOOJIEMBI C KAYECTBOM JAaHHBIX U COCPEIOTOYUTHCS HAa UX yCTpa-
HEHUH JI0 Havyalla BBITPY3KH JaHHBIX.

2. Conocmaenerue OaHHbIX

CtpyKTypa JaHHBIX B UCXOTHOM U IEJIEBON CUCTEME MOXKET CYIIECTBEHHO pa3inyaThes. JlaHabie u3
HCXOJHON CHCTEMBI MOTYT HE OTOOpakaThCs HEMOCPEACTBEHHO B ICJICBYIO CHCTEMY U3-3a €€ CTPYKTY-
PBI, ¥ HECKOJBKO 0a3 MaHHBIX-UCTOYHHKOB MOTYT MMETh pa3Hble Monenu JaHHbIX [24]. Kpome Toro,
JTaHHBIE B UCXOJHBIX CUCTEMaX MOTYT UMETh pa3Hoe (popMaTHpoBaHUE WK OBITh MPEACTABICHBI HE TaK,
KaK B IIEJICBOW CUCTEME.

IToatomy dacTo TpeOyercsi mpeoOpa3oBaHUE NaHHBIX, YTO MOKET IMIPUBECTH K HECOOTBETCTBUSIM H,
CJIeIoBaTeIbHO, K HU3KOMY KauecTBY NaHHBIX B meneBoi cucteme [18]. [Tomumo mpeobpazoBanus naH-
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HBIX MOKET MOTPeOOBATHCS TAKIKE N3MEHEHUE CTPYKTYPHI LIEIEBOH CUCTEMBI, 0COOCHHO €CITH UCXOIHAS
U 1eJIeBasi CUCTEMBI UMEIOT pa3Hble Mojenu [23].

Pemenne nanHo# mpo06sieMsl TOTPeOyeT 3HAYMTEIBHBIX YCUIMH 0 MPEABAPUTEILHOMY aHAINU3Y H
COTIOCTABIICHUIO JITAHHBIX. 37I€Ch MOTYT IOMOYh aBTOMATH3HPOBAHHBIC MPOTPAMMHBIC alTOPUTMBI, HO
OHH TTOKa HE CIIOCOOHHKI JIaTh PEIICHUE B CIIydae MPUHIUITHANBHBIX PACXOXKICHUH B CTPYKTYpE JaHHBIX.

3. Pasmewernue oannwix

C oxkoHUaHWEM 3arpy3KH JaHHBIX B IIEJICBYI0 CHCTEMY CIICHAPHI MUTpAllMd HE 3aKaHUYUBACTCS.
JlanHBIe HEOOXOAMMO Pa3MECTUTh W BCTPOUTH B CYIIECTBYIOIIME OM3HEC-TIporiecchl. bu3Hec-npaBuna,
JIOTHKA ¥ CTAaHAAPThl UCXOIHOM U LENEBOM CUCTEMBI MOT'YT CYLIECTBEHHO PA3IMYaThCs, YTO MPUBOAUT K
JIOTIOTHUTETHHBIM CIIOKHOCTSIM.

Ha tekyuuii MOMEHT Bce MpOLEAYPhl PA3MELIECHHUS BBHIOIHAIOTCS MPEUMYIIECTBEHHO BPYUHYIO U
c1abo aBToMaTu3upoBaHbl. [Ipryuem 3a OONBIIYIO YacTh M3 HUX OTBEYAIOT PSIOBBIC MOJIH30BATEIH, OT-
BETCTBEHHBIC 3a OIPE/ICIICHHbIC OM3HEC-TTPOIIECCHI, @ HE TEXHUUCCKUE CIICIIUATUCTHI.

4. Ynpasnenue cyenapuem muepayuu

Murpanus JaHHBIX SBISIETCS CIIOKHBIM TPOIIECCOM, KOTOPBIH TpeOyeT BBICOKOTO YPOBHSI yIIpaB-
JICHYECKUX KOMIIETCHIIMI. BONBIIMHCTBO CIICHapUeB MO0 MHUTPAIMU JAHHBIX OyJeT UMETh CTpaTermde-
CKO€ 3HAYCHHE JJI1 OPTaHM3AIlMN B CBS3H C IepexoqoM Ha HOBYI0 ERP-cuctemy. DTo motpebyer camo-
OTBEP)KCHHOCTH M XOPOIIO CIUITAHWPOBAHHOW KOOPIWHAIIMH, YTOOBI YJIOXKHTHCA B TpaduK mepeHoca
JTAHHBIX, TTOCKOJIBKY COOU Ha JIFOOOM 3Tarle TIOBIUSIOT Ha MTPOEKT B IEIIOM.

B mHKpEeMEHTHBIX CTpPATETUAX MHOTHE 3a/1a4d MUTPAIUU TAHHBIX, TAKHE KaK OIEHKA KadyecTBa JaH-
HBIX, TIPOBEPKA, OYUCTKA U T. J., JOJKHBI BBITOIHATHCA UTEPATUBHO [24], U MO pe3yiabTaTaM JaHHOU
MPOBEPKU MOTYT MPOUCXOAUTh U3MEHEHHS allTOPUTMOB M HACTPOEK MNPOrPAMMHBIX UHCTPYMEHTOB MU-
rparum.

K mpobnemaM MOXeT IPUBOANUTH TAKXKE OTCYTCTBUE JIOJPKHOTO BHUMAHUS K MHTPAIMH JTaHHBIX [13].
Bo MHOrux KOMMaHUAX CLEHAPUHU MUTPALMU JAHHBIX TEPIAT HEyAaudy H3-3a TOrO, YTO UX BAXKHOCTH U
CJI0KHOCTb HE BOCIIPUHUMANIKCH TOCTATOYHO CEPhE3HO [22].

UToOb!I MPEeIOTBPATUTh MPOOIEMBI BCICACTBUEC HEADPEKTUBHOTO YIPABICHHSI, OPraHU3aIUsIM HY K-
Ha HaJeXHas U IMOCIeN0BaTeNbHAsI METOOJIOTHSI, O3BOJISAIONIAs [IIAHUPOBATh, MPOEKTUPOBATh, KOOP-
JTUHUPOBATh M TIPOBEPSITH MPABIWIIBHOCTh MUTpanuy. OpraHu3aiy HyKHbI HaJeKHbIe [H(PPOBBIC UHCT-
PYMEHTBI, YTOOBI ACPHKATh 10T KOHTPOJIEM BCE MOMEHTHI ITPOSKTUPOBAHUS, OIICHKH U BBIMIOJIHEHUS CIIe-
Hapus murparui. K coxxaneHuto, Ha JaHHBIM MOMEHT CIEIIUATBHBIX MPOTPAMMHBIX HHCTPYMEHTOB ISt
yIpaBiIeHHUS U KOOPAUHAIIMH CIICHAPHEB MUTPAINH HE pa3padoTaHo.

3axkioueHue

Murpanus JaHHBIX NPOUCXOAUT MOBCEMECTHO, MOCKONBKY KOMIIAHUU MEPEXOIAT OT YCTapeBIIUX
cucTeM K OoJiee aKTyaJ bHBIM PELICHUSIM, OT JOKAIbHBIX HHOPACTPYKTYP U NMPHIOKEHUN K 00JauHBIM
XpaHWIUIIAM W OOJaYyHBIM TIPHIOKEHUSM JJISl ONTHMHU3AIMKA WIKM TpeoOpa3oBaHMsl CBOETO OHM3Heca.
Beskuii pa3, koraa KOMIaHuu BHEAPSIOT U 00HOBIsIIOT ERP-cucTeMpl, UM MpUXOAUTCS EPEHOCUTH U
pa3MeIaTh CynecTBYIOIINE JaHHBIE.

B nporecce Murpanuy HeoOXOIMMO YYUTHIBATH MHOKECTBO (PakTOpOB, B TOM uHcie: 00beM U Ka-
YEeCTBO JIAaHHBIX, Pa3IMYus B CTPYKTYpe JaHHBIX U (GYHKIHUOHAILHBIX BO3MOXKHOCTSX, 3()()EKTHBHOCTD
ITOPUTMOB, HAIMYHE aBTOMATH3UPOBAHHBIX MHCTPYMEHTOB U T. 1. [13]. [losToMy pa3zpaboTka cTpaTe-
TMM W CIEHApusi MHUIPallUM SIBJSIETCS Ba)KHOW HCCIIENOBATENbCKOM 3amaueil M cepbe3HbIM Ou3HecC-
KEHCOM I0 MEHEPKMEHTY BHYTPEHHHX MPOIIECCOB OpraHHM3alliH, TPEAIoararoluM pa3paboTKy dTa-
NIOB, IIOATOTOBKY MHCTPYMEHTOB, CUCTEMbI KOHTPOJISI X OLCHKH 3G (EKTUBHOCTH MUTpaluu [25, 26].

Opranuzanuy JOHKHBI OTHOCUTBCA K CLIEHApHsIM MUTPAIUK C JOJKHBIM BHUMAaHUEM, TaK KaK MU-
rpaiysi JaHHBIX SBISIETCS OJHOM M3 HanboJiee CIIOKHBIX U TPEOOBATENBHBIX COCTABIIIIONINX MPOEKTOB
oOHOBIIeHUS, BHEIpeHUs U uHTerpanun ERP-cuctem.

[lepcrieKTUBHBIMHM HamnpaBlICHUAMHU JAJIBHEHIINX WCCIEAOBAHUMN SIBISAIOTCS M3yYEHHUE MOIXOAOB H
NPUHIMIIOB YIIPABJICHNS HHKPEMEHTHBIMH CTPATETUSIMH MHUTPAIlUH IaHHBIX, pa3paboTKa alrOpUTMOB U
MPOrpaMMHBIX MHCTPYMEHTOB KOOPAMHALIMU W KOHTPOJA JAJIs JAHHOTO THMa cTparernil. B xoHTekcre
ERP-cuctem Ba)kHOW 3ajaucil sBISETCS TakKe aBTOMAaTH3aLMs Pa3MEIICHUS AaHHBIX M pa3paboTka
CpeACTB MPOBEPKH 3GHEKTUBHOCTH Pa3MELICHHUS] B COOTBETCTBHU C KPUTUYHOCTBIO PAa3JIMUHBIX OU3HEC-
IPOLIECCOB.
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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. CTpyKTypa CcTaThH:

Jlo OCHOBHOTO TEKCTa CTaTbU INPHUBOIAT Ha SI3BIKE TEKCTa CTAaTbU M 3aTE€M IOBTOPSIOT HAa aHTJIIMHCKOM SI3BIKE
(ecru cTaThsl Ha AHITIMHCKOM SI3BIKE, TO TIOBTOPSIIOT HA PYCCKOM SI3BIKE):

* TWI CTaThU: Hay4YHas, 0030pHast, IMCKYCCUOHHAS, TIEPCOHAINH, PELICH3NUS, KPaTKOE COOOIIEHHE U T. I1.;

* VJIK;

* Ha3BaHue (He 6ojee 12—15 cioB);

* OCHOBHBIC CBe/ICHUs 00 aBTOpE (aBTOpax):

— MM, OTYECTBO, (haMUJIHsl aBTOpa (TMIOJTHOCTHIO);

— HAMEHOBaHWE OpraHU3alMHK (YIPEKICHHU), aipec OpraHu3aluy (ropoi, CTpaHa), Tae paboTaeT Wil yauTcs
aBTOD;

— AIIEKTPOHHBIH azpec aBropa (e-mail);

— OTKpBITHIN npeHTUduKatop yuenoro (ORCID) npu Hamuauu B popme 3MeKTpOHHOTO ajpeca B ceTH MHTepHeT;

* agHoTarws (200-250 cioB),

* KJIFOUEBBIE CIIOBA (CIIOBOCOYETAHNUA);

* 6marogapHOCTH (IIPH HAJTMYHUH).

OCHOBHO# TEKCT CTaTbH MOXKET COCTOSITh U3 CICIYIOIINX JacTeH:

* BBE/ICHHE;

* TEKCT CTaThH (CTPYKTYPHPOBAHHBIN 1O pa3zienam). JlomyckaeTcs ieJiecHHe OCHOBHOTO TeKCTa CTaThH HA TeMa-
THYECKHEe pYOpHKH W monapyOpuku. Haamucn u moanucy K WUTIOCTPUPOBAHHOMY MaTepHaly NPHBOIST Ha SI3bIKE
TEKCTa CTAaThH U MOBTOPSIOT HA aHTJIMICKOM S3BIKE;

* 3aKJTIOYCHUE.

[ocne OCHOBHOTO TEKCTa CTATHH MPUBOJIST:

* Cnmcok surepatyps! (B nopsiake mmtuposanus, mo OCT P 7.0.5-2008 ms 3aTekcToBBIX OnOmmorpaduye-
CKHUX CCBIJIOK);

* References (cocraisiercst cornmacHo Vancouver Style, mpu TpaHciuTepanny Hcmoib3yercs crannapt BGN),
doi npemouTHTENEHEE IPUBOANTE B (JOPME IIEKTPOHHOTO ajpeca B ceTu MHTepHeT.

[IpuBOIAT Ha SA3BIKE TEKCTa CTAaTbU U 3aTE€M IOBTOPSIOT HA AHIMIMICKOM SI3BIKE (€CNIM CTaThi Ha aHTIIHMHCKOM
SI3BIKE, TO TIOBTOPSIIOT Ha PYCCKOM SI3BIKE):

* JIOTIOJIHUTEJIBHBIE CBENCHHS 00 aBTOpe (aBTOpax): (haMmims, UMsl, OTIECTBO aBTOpa (TIOJTHOCTHIO), yUEHas CTe-
MIeHb, YUEHOE 3BaHue, JJOJDKHOCTh, HAMMEHOBAaHUE OpTaHU3alluy (YUPEKACHNUs), apec OpraHu3aiuu (ropoj, CTpaHa),
e-mail, ORCID,;

* CBEZICHMSI O BKJIAJIe KaXKJIOTO aBTOPA, YKa3aHHEe 00 OTCYTCTBUHU WM HAJIMYMN KOH(IINKTA HHTEPECOB;

* 1aThl NOCTYIUICHUS CTaThU B PENaKINIO, OZOOPEHNS IOCIe PELEH3NPOBAHUS, IPUHATHS CTaThH K OIyOJIMKO-
BaHUIO.

3. lapametpol Hadopa: mpudt — Times New Roman, kerns — 14, uaTepBan mexay a63anamu 0 oT, Mex-
CTPOYHBIH HHTEPBAJl — OANHAPHBIN, BEIPAaBHUBAHHE — 110 ITMPHHE.

4. @opmyanbl. Habuparotcs B peaakrope ¢opmyn MathType mm6o Microsoft Equation ¢ oTcrymom
0,7 cM ot sieBoro kpast. Pazmep oObIHBIX cMMBOJIOB — 11 1T, pa3Meps! HHAEKCOB NepBoro mnopsiaka — 71 %, HHaeKcoB
BTOpoOro nopsinka — 58 %. Homep dopmyisl pasmernaercs 3a npenenaMu popMyJibl, HEHOCPEICTBEHHO TIOCTe Hee, B
KPYTJIBIX CKOOKaX.

5. PucyHku u Ttadauuspl. Pucynkn umerot paspemienue He MeHee 300 dpi. PucyHku HyMepyroTcs U UMEIOT
nasBaHus (Puc. 1. 3mecp cnenyer Ha3BaHue pucyHka). TaOmuipl HymepyroTcss W nMmeroT HaszBaHus (Tabmnu-
ua 1. 3geck cnexyet Ha3BaHUE TaOJIHIIBD).

6. Anpec peaakuMoHHoi kosutermu. 454080, r. YensOunck, npocrekt Jlennna, 76, xopm. 30, 4-if stax —
Beicmmas mkosna 3JeKTPOHUKY M KOMIBIOTEPHBIX HayK, OTB. cekperapio 3axapoBy B.B. Anpec sneKTpoHHOH HMOYTHI
OTBETCTBEHHOTO ceKpeTapst xypHaia: zakharovvv@susu.ru.

7. Hoapo6usbie TpedoBaHus K odopmiaeHuro. [lonHyro Bepcuto TpeboBaHUil K 0QOPMIICHUIO CTaTeH U TpH-
Mep opOpMIICHHS MOXHO 3arpy3HTh C caiita )xypHana http://vestnik.susu.ru/ctcr.

8. [Inara 3a myOIMKaIUIO PYKOMMCEN HE B3UMAETCS.
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