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ANMHaMUKa pa3Bnutuad HHHOBAUHUOHHOIO
noTeHunana Haykorpapons

H.M. EmenuH 4

OIBY «<HayuyHo-mexHu4Yeckul uHCMumym mexompacsaesot uHgpopmayuu» (HTUMU)
yn. 3opee, 0. 22, k. 1, Mockea, 125252, Poccutickaa @edepayus
04 info@ntimi.ru

AHHOTauma. AkmyasnbHocme. [pakTUYeCcKn OTCYTCTBYKOLWAA AWHAMKKA Pa3BUTUA WH-
HOBaLMOHHOMO MoTeHUMana HaykorpafoB HeraTMBHO CKa3blBaeTCA Ha Hay4YHO-TEXHO-
NOrMYeCcKOM pPas3BUTUN HAyKOrpagos. Llesib. BoiaBneHne npuymnH, BANAIOWMX HA pa3Bu-
Te WHHOBALUWOHHOW AEeATENIbHOCTM HAayKOrpajoB U MX WHHOBALMOHHOIO noTeHumana
B LeN1IAX COBEPLUEHCTBOBaHWA 3TOW aeAatenbHoCcTU. Mamepuassl u memoos.. [laHHble de-
AEepanbHOro CTaTUCTUYECKOro HabnaeHNA 1 HayKoMeTpuyeckne MeToAbl UX aHanmsa.
Pe3synemamel. o pe3ynbtaTaMm aHanvM3a MHHOBALMOHHOW [AeATeNIbHOCTU HayKorpagos
pa3paboTaHbl HaNpPaBeHNA KOPPEKTMPOBKUN AeATENbHOCTY HAayYHO-MPON3BOACTBEHHbIX
KOMIMNEKCOB HayKorpagos. 3akodeHue. Haykorpafbl ABAAIOTCA OMOPHbIMU TOUYKaMM
Hay4YHO-TEXHOSIOMMYEeCKOro pas3smTna Poccnn, HeCMoTpA Ha Hanuumne npobnem B pa3Bu-
TUM HAYYHO-NPON3BOACTBEHHbIX KOMMNEKCOB OTAENbHbIX HayKorpaaos. [peanoxeHHble
HanpasfeHNA KOPPEKTUPOBKM AEATENbHOCTA HayUYHO-MPON3BOACTBEHHbBIX KOMMIEKCOB
MOTYT ObITb UCMONb30BaHbl ANA UX JaNbHeNWero pa3BuTNA 1 COBEPLUEHCTBOBAHNA Aes-
TeNbHOCTN.

KnioueBble cnoBa: HayKorpaabl; HAYy4YHO-TEXHONIOTNM4YeCKoe pa3BnUTnE,; I/IHHOBaLI‘VIOHHbIVI
noTeHunan; NoKa3sartesnn

OuvHaHcupoBaHme. PaboTta BbiNOSIHEHA B paMKax [OCYAAPCTBEHHOrO 3ajaHuA
N2 075001U94062505 Ha 2026 r. u nnaHoBbIv nepuopg 2027-2028 rr.

AnauntnposBaHuna: EmennH H.M. InHamnka pa3Bntna MIHHOBaLMOHHOIO NOTeHLana Ha-
yKorpagos. MHgopmayus u uHHosayuu. 2026;21(1):5-19. https://doi.org/10.31432/1994-
2443.2026.22
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Dynamics of the development of the innovative potential
of science cities

Nikolay M. Emelin 4

Federal State Budgetary Institution “Scientific and Technical Institute
of Interdisciplinary Information”
22, bld. 1, Sorge str., Moscow, 125252, Russian Federation
>4 info@ntimi.ru

Abstract. Relevance. The almost non-existent dynamics of the development of the inno-
vative potential of science cities has a negative impact on the scientific and technological
development of science cities. Aim. To identify the causes affecting the development of
the innovative activities of science cities and their innovative potential in order to im-
prove these activities. Materials and methods. Federal statistical data and scientometric
methods of their analysis. Results. Based on the analysis of the innovative activities of
science cities, the directions for adjusting the activities of the science and production
complexes of science cities have been developed. Conclusion. Science cities are the focal
points of Russia’s scientific and technological development, despite the challenges faced
by individual science cities. The proposed areas for adjusting the activities of science cit-
ies can be used for their further development and improvement.

Keywords: science cities; scientific and technological development; innovative potential;
indicators
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BBEAEHUE

B ocHOBe HayyHO-TEXHONOrMYEeCcKoro
pPa3sBUTUA HAyKOrpagoB NEXWUT MUX WUHHO-
BaLUMOHHAA OeATeNbHOCTb, HanpaBfeHHaA
B cooTBeTcTBUN C DefepanbHbIM 3aKOHOM
oT 23.08.96 N2127-03 «O Hayke u rocy-
AApPCTBEHHOM Hay4YHO-TEXHUYECKOW Monu-
TMKe» Ha peanu3aumio MHHOBALMOHHbIX
NMPOEKTOB, a TakXe Ha co3flaHne n obecne-
YeHne MHHOBALMOHHOWN NHGPACTPYKTYpPbI
HayKorpagoB. VMiMeHHO 3Ta fgeATenbHOCTb
XapakTepusyeT HayKorpagbl U WX Hayuy-
HO-NPON3BOACTBEHHble KomneKkcbl (HIK),
KOTOpaA OTpakaeTcA B CTpaTernax couu-
aNlbHO-3KOHOMNYECKOro PasBUTUA HayKo-
rpafoB 1 niaaHax MeponpuATUN No eé pe-
anmsauunm.

MpoBefeHHbIN B paboTe [1] aHanM3 Ha-
YUYHO-TEXHONOIMYECKOro pPasBUTUA N UH-
HOBALMOHHOWN [eATeNIbHOCTU HayKorpagos
nokKasas: HeCMOTPA Ha TO, YTO BCe HayKo-
rpagbl OTBEYalT MpeabABAAEMbIM K HUM
TpeboBaHuAM (cTaTba 2.1 (DepepanbHOro
3aKoHa oT 7 anpensa 1999r. N°70-03 «O cTa-
Tyce Haykorpaga Poccunckon Qepepauun
(manee — 70-M3)), ABHOW NONOXUTENbHOW
AnHamunKun B pa3sutum HINK Haykorpagos He
Habniogaetca. B uem e npuymHbl TOro, 4To
OCyLLEeCTBNAETCA He NOBbIWeHNe JOCTUTHY-
TOr0 YPOBHA WHHOBALMOHHOW [AeATeNbHO-
CTW, @ NMWb ero nopaepaHue (xota gna
HeKoTopbIx Haykorpagos (dy6Ha, Kopones,
PeyToB) nogaep»kaHue - 3T0 COBCEM Henso-
XOWn pe3synbrar)?

Llenbto nccnegoBaHma ABNAETCA BbisiBe-
HVe NPUYMH, BAVAIOWNX Ha Pa3BUTME UHHO-
BAaLMOHHOW [eATeNIbHOCTM HayKorpaaos U
NX MHHOBALUMOHHOIO MOTEHUWana B Lenax
COBEpPLUEHCTBOBAHNA 3TON AeATEeNIbHOCTH.

MATEPUAANDBI U METOADI

B paboTe ncnonb3oBanuncb fgaHHble pepe-
pPanbHOro CTaTUCTMUYECKOro HabrnoaeHusa un
HayKOMeTpuUecKre MeToAbl UX aHanu3a.

PE3YABTATbI U ObCY)XAEHUE

B 6onbluei cTeneHn NMHHOBALMOHHAsA ae-
ATENbHOCTb Haykorpagos [2-4] onpepens-
€TCA ero MHHOBALMOHHbIM MOTEHUMANOM,
XapakTepu3ylLWNUMCA Kak COBOKYMHOCTbIO
pecypcoB (UHTeNNeKTyanbHbIX, Pa3NnNyHO-
ro Brfa TeXHUYECKUX 1 pAaaa Apyrux), Tak um
pe3ynbTaTUBHOCTbIO MHHOBALMOHHbIX NPO-
eKToB [5-7]. IMEHHO WMHHOBALMOHHbLIN MNO-
TeHUman co3gaeT yCnoBua Ana yCTonymBoro
GYHKUMOHMPOBAHNA U JanbHelLWwero pas-
BMTUA HAayKOrpagoB, 0COOEHHO B YCNOBUAX
CAHKLUMOHHOIO AaBNEHUA.

N3BecTHO Gonblioe KONNYECTBO MOKa-
3aTenemn, UCMNoOMb3yeMbiX MPU OLEHKe Hay-
korpagos [8-10] n HIK [11-12], nHHOBaLu-
OHHOroO noTeHuMana Haykorpagos [13-15],
HO npexae Bcero LuenecoobpasHo mnpo-
aHaNM3NpPOBaTb AUHAMUKY N3MEHEHUA Tpex
noka3satenen HIK (U1-U3), noporosbie 3Ha-
YeHMA KOTOpbIX ycTaHoBNeHbl 70-O3. Taku-
MM MNOKasaTenAMn ABAAIOTCA: OTHOLWeHue
CpPeaHEeCnMCOYHON YMNCNEHHOCTU PabOTHU-
koB HIK HayKorpagoB K cpegHecnuco4YHom
YNCNIEHHOCTM PAabOTHNKOB HayKorpaaos 6e3
NHPpPACTPYKTYpbl Haykorpagos (A1), oTHO-
WeHNe YNCNEHHOCTN HayYHbIX PabOTHMKOB
(nccnepoBatenen) n npodeccopcko-npeno-
pasatenbckoro coctasa (MMNC) HINK Hayko-
rPafioB K CpeaHecrncoOYHON YNCNIEHHOCTU
paboTHuKoB HIK Haykorpagos (M12) n oTHo-
WweHne obero obbemMa NpPon3BefeHHbIX TO-
BapoB HINK Haykorpagos K o6wemy o6bemy
Npoun3BefEeHHbIX TOBAPOB HayKorpagamm 3a
NCK/IOYEHNEM OpraHu3aumim, obpasyoLmnx
NHPpPACTPYKTYpy Haykorpagos (M13).

AHann3 AWHAMMKN 3HAYEHUN STUX MO-
KasaTtenen, NpPoBeAEeHHbI MO MaTepuanam
€)KerogHblX CNpPaBOK O AeATeNIbHOCTU Hay-
Korpagos [ucT. 1-5] nokasan, 4yto y oTaenb-
HbIX HayKOrpagoB 3HauyeHMA MnokasaTenen
N1-U3 nmeloT TeHAEHUMIO K YMEHbLUEHWNIO.
AnAa BbIABNEHMA NPUYUH UX YMEHbLUEHMWA
pPaccMOTPUM ANHAMUKY M3MEHEHWNA COCTaB-
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NALWNX 3TUX NOKa3aTenen, NpnuBefeHHbIX B
Tabn. 1-7 Ha 1 AHBapA roga, ClieayloLwero 3a
YKa3aHHbIM B 3TUX Tabnmuax.

MNokasatenb N1 B 2024 rogy no cpaBHe-
Huto ¢ 2023 rogom (cm. Tabn. 1) ymeHbLnn-
cA y HaykorpagoB [y6Ha, KonbuoBo, Ko-
ponés, O6HUHCK N OPA3NHO, XOTA UX 3Ha-

YeHMA CyLeCTBEHHO MpeBbiWwalT NOpPOoro-
Bble 20 %.

OpHOM M3 NPUYMH TaKOro YMeHbLUeHUA
ABNAETCA CyLeCTBEHHOe yBeInyeHne cpea-
HEeCNUCOYHOWN UNCNEHHOCTN PaboTHNKOB
HayKorpagoB 6e3 MHPPaACTPYKTYpbl HAaYKO-
rpagos (cm. Tabn. 2).

Ta6nuya 1. lNokazamenu N1- U3
Table 1. Indicators of 11-13

Mokasartenb (%)
Haykorpap n1 n2 nus

2023 2024 2023 2024 2023 2024
bunck 20,07 20,19 20,96 21,18 51,64 55,85
Oy6Ha 84,53 60,79 22,64 21,96 108,24 97,53
*KyKoBcKun 29,14 30,13 31,67 32,93 52,48 109,83
Konbuoso 68,60 60,90 33,12 33,12 78,13 78,37
Kopones 47,12 46,26 29,48 32,72 68,51 84,09
MuuypuHck 30,34 47,08 27,31 21,62 89,50 93,81
O6HWHCK 44,18 26,66 26,07 23,46 76,97 54,22
PeyTtoB 23,67 29,22 41,18 41,31 82,22 98,07
Cepnyxos - 47,19 - 23,41 - 51,18
Tpownuk 28,05 31,61 54,39 50,23 52,47 98,99
®pAzmHo 74,00 51,40 20,00 20,64 89,00 103,53
YepHoronoska 30,00 49,30 39,00 36,92 70,00 87,38

MlcmoyHuK: COCTaBNeHO aBTOPOM MO AaHHbIM [UCT. 1-5]
Source: compiled by the author based on data [source 1-5]

Ecnun xe cpaBHuBaTb ¢ 2020 rogom, 1o y
Haykorpagos [ly6Ha, Kopones, MnuypuHck
n PeyToB 3Ta YMCNEHHOCTb YMeHbLUNNACh.
Torga Hapgo NMOCMOTpPEeTb, Kak M3MeHWUnacb
CpefHeCcnncoYyHas UYUCIEHHOCTb PaboTHU-
kKoB HIMK HaykorpagoB 6e3 nHpacTpyKTy-
pbl HayKorpazos (cm. Tabn. 3).

MNpakTnueckn y BcCex HayKkorpagos no
cpaBHeHuo ¢ 2023 rogom (Kpome MyKoB-
CKoro n Koponesa) cpegHecnmcovHasa umc-

neHHocTb paboTtHmkoB HIIK Haykorpagos
Bbipocna. OfHako B OTAENbHbIX Cly4vasx
(Haykorpagbl Kykosckun, Koponés, Mwu-
yypuHcK, PeyTtoB, YepHoronoska) wumeet
MeCTO HenponopLUNOHanbHble M3MEHeHUA
CpenHeCcnMCOYHON YNCNEHHOCTN PabOTHU-
koB HIK HaykorpagoB (cm. Tabn. 3) u cpen-
HECNUCOYHOWM UYMCNEHHOCTU pPabOTHMKOB
HayKorpagoB 6e3 MHPPaACTPYKTypbl HaYKO-
rpagoB (cM. Tabn. 2), 4to NPMBOAUT KaK K
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Ta6nuya 2. CpedHecnuco4Has YucaeHHocmo pabomrHukos HIK Haykoepados 6e3
UHGpacmpykmypel Haykoepaoos (4es.)
Table 2. Average headcount of employees of science and production complexes (SPC) of science
cities, excluding science city infrastructure (persons)

lop
Haykorpap

2020 2021 2022 2023 2024
Buick 20286 19556 19 684 20568 22052
Ay6Ha 26 061 29548 29500 17 702 25848
KykoBcKuni 28 567 28171 28 090 27 627 36 188
Konbuoso 5802 5747 6 366 6501 7 568
Kopones 50320 49 592 47 220 47 612 44 543
MwnuypurHcK 20001 19 281 18615 18755 12262
O6HUHCK 29734 29309 42225 29302 51430
PeyToB 18 271 18 562 18 697 19 566 15994
Cepnyxos - - - - 20126
Tpouuk 6 839 7912 9681 9894 10150
OpA3mHO 16 149 16726 16 853 16515 24557
YepHoronoska 5943 7 085 9317 9949 6 369

McmoyHuK: cocTaBneHO aBTOPOM MO AaHHbIM [KCT. 1-5]
Source: compiled by the author based on data [source 1-5]

yBenunueHuio nokasatenen N1-U3, Tak n K nx
YMeHbLUEHUIO.

Ocobo cnegyeTt OTMETUTb, YTO HECMOTPA
Ha He3HauuTeNIbHbIN POCT Nokasatena N1y
HayKorpaga buick, ero 3HaueHune ocTaeTca
6n13KkMm K noporosomy. MNpuumnHom sToro
ABnAeTcA npeobnagavwWwnin  poct cpeg-
HeCNMMCOYHOW YMCNIEHHOCTN PabOTHMKOB
Haykorpaga 6e3 MHPpacTpyKTypbl HayKo-
rpaga.

KoHeuHO, HeobXogMMO CTpeMuTbCca K
onepexatoLiemy no pocTy YNC/IEHHOCTN pa-
60THVKOB HIMK MO OTHOLIEHWIO K YNCNIEHHO-
CTM pabOTHMKOB HAyKOrpagoB, YTO yAdaertcs
HayKkorpagam PeytoB n YepHoronoska, XoTa
3TO MOXeET MPUBECTU K YMEHbLLEHMIO 0bLe-

ro obbema NMpPom3BefEeHHbIX HayKorpagamu
TOBapOB.

Mokasatenb M2 B Hanbonbluen cTteneHu
XapakTepusyeT HayuyHbin noteHuman HIK
HaykorpafoB. AHanu3 AMHaMUKA WN3MeHe-
HMA nokasatena M2 nokasbiBaeT (cm. Tabn.
1), uto B 2024 rogy OH YMEHbLUWACA Y HayKO-
rpagoBs [y6Ha, MuuypuHck, O6HUHCK 1 Yep-
HOronoBKa (HO MX 3HaYeHWA CyLeCTBEHHO
npesbiwatoT noporosbie 20 %).

OfgHOM U3 NPUYUH Takoro yMeHblUeHUA
no cpaBHeHWo € 2023 roaom ABAAETCA Npak-
TUYECKM He MEeHAIOLAACA YNCSIEHHOCTb Ha-
YUHbIX paboTHMKOB (nccnegosatenen) n MMNC
HIMK Haykorpagos (cm. Tabn. 4), a B HEKOTO-
pbix Haykorpagax (Konbuoso, MuuypuHck,
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Tabnuya 3. CpedHecnuco4YHasa yucieHHocme pabomHukos HIK Haykozpaoos (uesn.)
Table 3. Average headcount of employees of SPC of science cities (persons)

lop
Haykorpap

2020 2021 2022 2023 2024
Bbuinck 4163 4026 4041 4128 4453
Ly6Ha 12 261 12322 13 640 14 964 15712
KyKoBCKMIA 10593 10564 11175 11186 10 905
KonbuoBo 4508 4237 4456 4 460 4609
Kopones 23178 23339 22147 22434 20 605
MwnuypuHcK 5784 5604 5619 5691 5773
O6HMHCK 13 091 12 863 12374 12 946 13712
PeyTtoB 4444 4477 4551 4631 4674
Cepnyxos - - - - 9498
Tpownuk 2736 2668 2669 2776 3323
®psAsuvHo 10928 11417 12185 12252 12623
YepHoronoBska 3589 3555 3339 3000 3140

MlcmouHuk: coCTaBneHo aBTOPOM MO AAHHbIM [UCT. 1-5]
Source: compiled by the author based on data [source 1-5]

OO6HMHCK) — yMeHbLIaloWanaca npu yBenu-
YEeHUN CpeaHeCcnMCOYHON YNCNEHHOCTN pa-
60THUMKOB HIK.

YMeHblUeHe Hay4YHOro noTeHumana mo-
XKeT NPUBECTU K COKPALLEHMIO AON MPOU3-
BEEHHbIX B TeyeHue KaneHZapHoro ropga
BbICOKOTEXHOSIOMMYHOM NPOMbILLNEHHOMN
NPOAyKUuMn 1 (MN1) MHHOBALMOHHbLIX TOBA-
poB (paboT, ycnyr) BNOTb A0 HEBbINOJIHE-
HMA TpeboBaHMI NOAMYHKTa 2 NyHKTa 5 CTa-
Tbun 2.1 70 - O3 (He meHee 50 % oT obLero
obbeMa npounsBefeHHbIX ToBapoB (pabor,
ycnyr)). A npuBognUT N yBeNMYEHNE YNCNEH-
HocTu paboTHmkoB HIK K yBennueHmno o6-
wero obbema NpounsBeaeHHbIX TOBAPOB Ha-
yKOrpaamu 3a NCKloueHnemM opraHmn3auni,
obpasyowmx NHGPaACTPYKTypy Haykorpaza
(cm. Tabn. 5), n yBenmueHuio obwero obbema

npoussegeHHbIx ToBapos HIK Haykorpazgos
(cm. Tabn. 6)? N BnuAeT nu 310 yBennyeHue
Ha 3HaueHue nokasatens M3 (tabn. 1)?

MNokasatenb W3 ymeHbWWACA TONMbKO Y
HaykorpagoB [y6Ha m OOHWUHCK (XOTa ux
3HAaYeHNA 3HAYNTENbHO NPEBbILAT NOPO-
rosble 50 %) HECMOTPA Ha TO, YTO BbIPOCU
n obwmn obbem NponsBefeHHbIX TOBApOB
HayKorpagamm 3a NCKIOYeHeM OpraHmnsa-
unn, obpasyowmnx NHPPaCTPyKTYpy HayKo-
rpagos, 1 obwu obbeM Npomn3BefeHHbIX
ToBapoB HINK Haykorpagos, n cpegHecnu-
COYHAA YMCNEHHOCTb PabOTHMKOB HAYKO-
rpafos 6e3 nHGPaCTPyKTypbl HAYKOrpagos.,
N CpefHecnncoYyHasa UYUCIIEHHOCTb paboT-
HukoB HIMK HaykorpagoB. 3To o6bAcHAeTcA
HenponopLUMOHanbHbIM POCTOM 3HaYeHUN
06bEMOB 1 YNCNIEHHOCTEN.

10
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Ta6nuya 4. YucneHHocme Hay4YHeix pabomHukos (uccnedosamenel) u l11C HINK Haykozpados (4esn.)
Table 4. Number of research personnel (researchers) and academic staff of SPC of science cities (persons)

lop
Haykorpap

2020 2021 2022 2023 2024
Buinck 1017 878 895 865 943
Oy6Ha 2629 2603 2654 3388 3450
KyKkoBcKmi 3440 4372 4292 3543 3591
KonbLoso 1554 1437 1529 1477 1259
Kopones 7227 7 833 7622 6614 6 741
MwuuypuHck 1656 1483 1644 1554 1248
O6HMHCK 3011 3242 3224 3375 3217
PeytoB 1848 1870 1944 1907 1931
Cepnyxos - - - - 2223
Tpownuk 1573 1364 1465 1510 1669
OpAsnHo 2347 2524 2667 2483 2605
YepHoronoska 1404 1358 1251 1163 1159

McmoyHuK: cocTaBneHO aBTOPOM MO AaHHbIM [KCT. 1-5]
Source: compiled by the author based on data [source 1-5]

Ecnn paccmoTpeTb pe3ynbraTMBHOCTD Je-
ATENIbHOCTM HAYKOrpagoB Kak OTHOLLeHue
ob6uero o6beMa NpPor3BEAEHHbIX TOBapOB
HIMK K yncneHHoctn paboTHukos HIK [12],
TO C HanbonbLen pe3yNbTaTUBHOCTLIO QYHK-
LUMOHMPYIOT HayKorpagbl Peytos n Kopones,
C HauMeHbLwen — TponuK 1 MrnuypruHcK (cm.
Tabn. 6).

NHHOBaUMOHHOE pa3BuUTME HayKorpa-
JOB 3aBUCUT OT 3aTpaT Ha MHBECTUUUN B
OCHOBHOW KanuTasn 1 OCHOBHble CpefcTBa,
BKJ/IlOUaloLWMe 3aTtpaTbl HA OCHOBHblE MNPO-
N3BOACTBEHHble GOHAbI (0b6opyaoBaHue,
3[laHN1A), a TaKXe Ha 0OOPOTHbLIN KanwuTarn,
KOTOpble HeobXxoAnMbI AnA 3anycka UHBe-
CTULUMOHHOIO MpPOEeKTa, CO3JaHNA HOBOW
BbICOKOTEXHOJIOTMYHON  MPOMbILLIIEHHON
NPOAYKUMN WAN MNHHOBALMOHHbIX TOBa-

POB, @ TakXe BbINO/HEHNA WHHOBALNOH-
HbIX PaboT NN OKa3aHUA NHHOBALMOHHbIX
YCAyT.

Hanbonblne 3aTpatbl Ha MHBECTULAW
B OCHOBHOM KanuTan U OCHOBHble cpef-
ctBa B 2024 roay (cm. Tabn. 7) 6binn y Ha-
ykorpagoB OpsasuHo, [lybHa un Kopones,
HanmeHblne — Yy Haykorpagos YepHo-
ronoska n MwnuypuHck. Npun 3TO0M, CpaBs-
HMBAA WHBECTMLWNOHHbIE BO3MOXHOCTU
(npuBnekatenbHocTb) HIMK Haykorpagos
no nokasatento «O6bem 3aTpaT Ha MHBe-
CTULNN, MPUXOAALLNXCA HA OJHOro pPaboT-
HuKa HIK», Bbipa)keHHOMY B TbiC. py6. Ha
1 pabotHuka HIK, Hanbonee npuBneka-
TeNbHbIMWU BbIrNAZAT HayKorpaabl OpA3sun-
HO 1 Tpouuk, HaumeHee — PKYKOBCKUN ”
MwnuypuHCK.

11
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Ta6nuya 5. O6wuti 06vem npoussedeHHbIX MOBAPO8 HAaYKO2Paoamu 3a UCK/II0HeHUEM

op2aHu3ayuli, 0bpasyrouux UHppacmpykmypy Haykoepaoa (meic. py6.)

Table 5. Total volume of goods produced by science cities, excluding organizations that form the
science city infrastructure (thousands of rubles)

lop
Haykorpap
2020 2021 2022 2023 2024
Buiick 33004 400 33499 400 27 285185 69913 271 84 540 200
Oy6Ha 51102 000 51138920 63 168 230 135771428 | 178878633
?KyKOoBCKMI 48 092 000 64 556 150 48 639 044 76 439 287 40411700
KonbuoBo 21959 000 25829780 26374117 30543726 34575922
Kopones 142444000 | 181193290 | 172790346 | 252616293 | 294491639
MwuuypurHCK 9097 000 10878410 12718 196 17 821757 22672777
O6HUHCK 85195 000 78 801 650 143 373 575 118744 412 205031950
PeytoB 26 583 000 68 855 090 66 622 370 98 033738 94 643 046
Cepnyxos - - - - 155426 013
Tponuk 7 451 000 17 428 060 9630582 18 157 465 15571700
®pAsuHo 73261 000 74 987 260 76 832 137 76 541918 97 100 631
YepHoronoska 13 054 000 12775420 6 662 926 10693 166 9825 456

Mlcmoy4Huk: cocTaBneHo aBTOPOM NO AaHHbIM [UCT. 1-5]
Source: compiled by the author based on data [source 1-5]

B uenom e B TeueHue nNATU NeT cyuye-
CTBEHHOrO pOCTa 3aTpaT Ha NHBECTULNN B Ha-
yKkorpagax (Kpome Haykorpagos [y6Ha, Ko-
pones, O6HNHCK 1 TpounuK) He HabnogaeTcs.

OfgHVM 13 nyTen pasBUTUA NHHOBALINMOH-
HOW [AeATeNIbHOCTM HayKorpafjoB ABfAeTcA
nepecMoTp MOAXOAOB K pacnpefeneHuto
burHaHCOBOV NOAAEPXKKN HAayKOrPagoB MexK-
Ay TPeMA HanpaBieHNAMN MepPOonNpPUATUIA NO
peanu3aummn cTpaTermm CounanbHO-3KOHO-
MUYECKOro pa3BUTUA HayKOrpados, Crnocob-
cTBytoWmX (B cootBeTcTBUN C 70-O3):

- passuTtumio HIMK Haykorpazos, B TOM Ync-
ne ManbIxX K cpegHuX NpeanpuaTui;

- peanu3auuM MHHOBALMOHHbBIX MNpOeK-
TOB, HanpasNeHHbIX Ha CO3JaHue 1 pa3Bu-

Te MpPOM3BOACTBA BbICOKOTEXHONOMMYHOWN
NPOMbILUAEHHON NPOAYKUMUA U (M) UHHO-
BALMOHHbIX TOBAPOB W YCNYT B COOTBETCTBUM
C MPUOPUTETHLIMU HAMPaBNEHUAMWN Hayuy-
HO-TeXHONormyeckoro passutna Poccun-
ckon Qepepaunuy;

- COXPaHEHUIo 1 Pa3BUTUIO MHOPACTPYK-
TYpbl HayKorpaga.

B 2024 rogy MeHblle Bcero ocyuect-
BNANOCb PUHAHCMPOBaAHME, HanpasneH-
Hoe Ha pa3suTune HIK Haykorpagos — 4 %.
Ha peanusauymio MHHOBAUMOHHBIX MpPO-
€KTOB B HayKorpagax npuUXOAWTCA TOJb-
Ko 30 %, B TO BpemA KakK Ha COXpaHeHue
N pa3BuUTUE WHPPACTPYKTYPbl HayKorpa-
noB — 66 %.

12
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Tabnuya 6. O6wuli o6vem npoussedeHHbIx mogapos HIK Haykoepados (meic. py6.)
Table 6. Total volume of goods produced by the SPC of science cities (thousands of rubles)

fon O6bem TOBapoB
HMNK
Haykorpap Ha 1 paboTHuKa
2020 2021 2022 2023 2024 HMNK
B 2024r.
Buinck 16086160 | 17875058 | 21917083 | 27285185 | 44709285 10040
Lly6Ha 40882030 | 38373409 | 53160910 | 133957713 | 160476 826 10214
*KyKoBcKuin 23765104 | 24736133 | 48639044 | 37471404 | 42360584 3845
KonbuoBo 20 795 068 23461823 19441 594 21716 409 23124120 5017
Kopones 100349007 | 125237783 | 116723928 | 154372891 | 234812906 11396
MwuuypuHck 7879138 9051513 10943572 | 15210383 | 20361880 3527
O6HMHCK 61341003 61811521 75 444 089 86 675 291 104 501 635 7621
PeytoB 24069119 | 53968730 | 54611140 | 76891557 | 90593548 19382
CepnyxoB - - - - 72 690 238 7653
Tpounuk 6458 198 7 887 250 6 284 665 7857715 10534 374 3170
®psaAzuHo 53172005 | 56934680 | 75154116 | 66426618 | 80467 279 6375
YepHoronoBka | 7193103 6929 390 6 662 926 6880539 6 880539 5937

McmoyHuK: cocTaBNeHo aBTOPOM MO AaHHbIM [KCT. 1-5]

Source: compiled by the author based on data [source 1-5]

HefoOCTaTOYHOW MHBECTULMOHHOW npuBJe-
KaTeNbHOCTbIO HayKOrpagoB He obecneun-
BaeT JasbHelllee NHHOBALMOHHOE pa3Bu-
Tre HIK Haykorpagos.

HecmoTpa Ha fOCTaTOYHO BbICOKNIN YPO-
B€Hb WMHHOBAUMOHHOro noteHymana HIIK
HayKorpazoB, Takoe pacnpegeneHve oéu-
HaAHCOBOW MOAJEP KN B COBOKYMHOCTU C

Ta6bnuya 7. 3ampamel Ha uHeecmuyuu (meic. py6.)
Table 7. Investment costs (thousands of rubles)

fop 3aTpartbl Ha
HayKorpan VNHBEeCTUL N Ha
2020 2021 2022 2023 2024 1 pabothuka
HMNK B 2024 .
Buiick 1283332 471248 904 536 1184009 2509 455 564
Nly6Ha 1229 805 1313910 | 7499507 12609017 | 13980296 890
MKYKOBCKMiA 4527 740 2169 966 1370765 2273287 2025025 186

13
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OxoHnuanue mabnuywl

lop, 3arpaTtbl Ha
NHBEeCTUUNN Ha
Haykorpapn 6
2020 2021 2022 2023 2024 1 paborHuka
HMNK B 2024 .
Konbuoso 1121125 1505434 | 1827761 2148 081 3972963 862
Kopones 2558530 | 4007274 | 4503044 18682178 | 12810610 622
MuuypUHCK 350022 179116 608 810 740 207 907 341 157
O6HVHCK 1846987 | 3310679 | 3320656 4718977 6657 961 486
PeyToB 2183352 | 2277217 | 2208327 3618506 2224896 476
CepnyxoB - - - - 6 856 796 1038
Tpouuk 545577 1784553 453316 1652 400 4879 842 1469
®psazuHo 16809185 | 7000000 | 7195853 2022943 20057 092 1589
YepHoronoska 588 474 543 993 374228 623 731 554 859 479
Mcmoy4Huk: cocTaBneHO aBTOPOM MO AaHHbIM [UCT. 1-5]
Source: compiled by the author based on data [source 1-5]
3AKAKOMEHUE HayKorpaaoB 6e3 NHPPACTPYKTYpPbl HayKo-
Pe3synbTatbl aHanmM3a WHHOBAUWOHHOW  FPajoB;

AeATeNbHOCTN HayKOrpafos NO3BOMAIOT rO-
BOPUTb O HUX Kak 00 OMOpPHbIX TOUYKAx Ha-
YYHO-TEXHONornyeckoro passutmna Poccun,
a BblfiBNIeHHble npobnembl B pa3sutun HIK
OTAEeNIbHbIX HayKOrpafoB — MpPeanoXnTb
HarnpaBfieHNA KOPPEKTUPOBKN X AeATeNb-
HOCTW, B YaCTHOCTMW:

- yCTpaHeHne HernponopunoHanbHOro
N3MEHEHMA CpedHeCrnMCOYHON YUCIEHHO-
cTn paboTHmkoB HIMK Haykorpagos v cpeg-
HEeCNMCOYHOM YMCNEHHOCTN PabOTHMKOB

- pocT Hay4Horo noteHyuana HINK Hayko-
rpagos;

- IpUOpUTETHOE OCyLllecTBNeHVe GrHaH-
COBOV MOAAEPXKKM MEPOMPUATUAI NO peanin-
3auMm cTpaternn CcoumnanbHO-3KOHOMMYE-
CKOro pa3BUTUA HayKOrpagoB, CNocobCTBy-
owmx passutuio nx HK.

MpennoXxeHHble HanpaBneHUA Koppek-
™mpoBkn peatenbHoctu HIK moryT 6biTh
NCNosb30BaHbl AN1A UX AasibHeNLero pas3su-
TVA 1 COBEPLUEHCTBOBAHNA AEATENBbHOCT.
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LleHTpbl KOMNeTeHUUH No poboTU3aLUU KaK UHCTPYMEHT
npeoponeHUS 6apbepoB BHEAPEHUA NPOMbILLAEHHbIX pob6oToB
B MalLUHOCTPOEHUU

O.B. lembaHoOBa, 3.U1. MynnaxmeTtoB >

KazaHckut pedepaneHsiti yHusepcumem, IHCmMumym ynpassieHus, 3KOHOMUKU U (PUHAHCO8
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AHHOTaumsA. BgedeHue. OCHOBHbIMM Bapbepamu A4/ NOBbILEHWA YPOBHA poboTM3aLmm
B Poccnn aBnAoTcAa kagpoBsbii aedunuunT, puHaHCOBasA HeonpeaenéHHOCTb, MOHOMOMN3a-
umA KomneTeHUMin. HayuHo 060CHOBaHHAA apXUTEKTYypa LEHTPOB KOMMETEHL M NO PO-
6oTtn3auyumn (LLKP) otcyTcTByeT.

Ljens. O6ocHoBaTb co3paHme cetn LIKP, npeanoxuTb GyHKUMOHaNbHYIO MOAENb, apXUTEK-
TYpYy ¢ WM-agpom 1 TpexypoBHEBYIO MepapXuio AnsA NoBblWeHNA SPPEKTUBHOCTA BHe-
ApeHnNAa poboTOB B MALLMHOCTPOEHUMN.

Mamepuasnel u memooOebl. Icnonb3oBanncb MeToAbl CUCTEMHOMO aHanmn3a, GyHKLMOHab-
HOro MOAENNPOBaHMWA, CPABHUTENIbHOIO aHanmn3a, KOHTeHT-aHanu3a. Matepuanol: ctaTu-
cTnKa MexpyHapoaHon depepauyunm poboTtotexHukn (IFR), pesynbratbl onpocos npea-
npuAaTuin, NpakTukn «Pocatomar», OAO «PK» n AHO «DepepanbHOro LeHTpa KOMNeTeH-
uunn B chepe npounssogmTenbHocTn Tpyga» (OLK).

Pe3ynbmamei. BoiaBneHbl Tpu rpynnbl 6apbepos. [pegnoxeHa mogenb LIKP 13 wectn mo-
pynen, Bkntovaa NN-agpo: 6a3a 3HaHWUI, NpeanKTUBHAA aHANIMTNKA, reHepaunsa JOPOX-
HbIX KapT, MoHUTOpKHr KPI. PaspaboTaHa TpexypoBHeBasA nepapxus: degepanbHbii —
pervoHanbHbI — oTpacneson LIKP.

3aknoyeHue. [NpeanoxeHHasa apxuTeKTypa OT/IMYAEeTCA OT aHaI0roB LIeHTPanbHOW POJsiblo
N B CKBO3HOM aBTOMAaTM3auuMn ayanTa, MOHUTOPUHIA U NPUHATUA peweHnin. Oxngae-
Mble 3P PeKTbI: CHUXKEHNE CTOMMOCTU BHeAPeHUA Ha 15-25 %, coKkpalleHne CPOKOB Npo-
€KTOB 0 6-9 mecAueB, pocT NnpoussogntTenbHocTn Ha 1,5-2,5 n. n. Cetb LIKP c -agpom
MO>KET CTaTb 3IeMEHTOM roCNONUTUKIK. KntoueBble Mepbl AnA AOCTUXKEHUA STOrO: BKJIO-
yeHune LIKP B HaunpoeKTbl, cTaHAapTusauma TpeboBaHuin K N-agpam, eguHas metoam-
yecKkas 6a3a.

© JembaHoBa O.B., MynnaxmeTtos 3./., 2026
(cc
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Robotics competence centers as a tool for overcoming
barriers to the adoption of industrial robots in mechanical
engineering

Olga V. Demyanova, Emir I. Mullakhmetov A4

Kazan Federal University, Institute of Management, Economics and Finance
4, Butlerov street, Kazan, 420008, Russian Federation
>4 amirmullahmetov14@yandex.ru

Abstract. Introduction. The main barriers to increasing the level of robotics in Russia are
personnel shortages, financial uncertainty, and the monopolization of competencies. A
scientifically sound architecture for robotics competence centers (RCC) is lacking.

Aim.To justify the creation of a network of RCCs, propose a functional model, an Al-based
architecture,and a three-level hierarchy toimprove the efficiency of robotimplementation
in mechanical engineering.

Materials and methods. Methods of system analysis, functional modeling, comparative
analysis,and contentanalysis were used. Materialsincluded statistics fromthe International
Federation of Robotics (IFR), company survey results, and practices from Rosatom, Russian
Railways, and the Federal Center for Competence in Labor Productivity (FCC).

Results. Three groups of barriers were identified. A model of the CCR consisting of six
modules was proposed, including an Al core (knowledge base, predictive analytics,
road map generation, and KPI monitoring). A three-level hierarchy has been developed:
federal, regional, and sectoral CCR.

Conclusion.The proposed architecture differs from its analogues in the central role of Al in
end-to-end automation of audit, monitoring, and decision-making. The expected effects
include a 15-25 % reduction in implementation costs, a 6-9 month reduction in project
timelines, and a 1.5-2.5 p. p. increase in productivity. The CCR network with an Al core
can become an element of government policy. Key measures to achieve this include the
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inclusion of CCR in national projects, the standardization of requirements for Al cores, and
a unified methodological framework.

Keywords: robotization; competence center; industrial robots; mechanical engineering;
staff shortage; labor productivity; artificial intelligence
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BBEAEHUE

B ycnosuax nepexopa Kk WHayctpumn 4.0
n GOPMUPOBAHUA LLECTOMO TEXHOMOrMYe-
CKOro YKaZa NpomblluiieHHasa poboTm3auyma
CTAHOBUTCA KPUTUYECKM GAKTOPOM KOHKY-
peHTocnocobHocTn. Lndposaa TpaHchop-
Mauusa MaWMHOCTPOEHNA TpebyeT nepecmo-
Tpa NoAXxo[0B K OpraHM3auum Npon3BoaCTBa
[1]. UcTopna aBTOMaTM3aLMn MNOKa3blBaET,
YTO TEXHOJNIOrNYeCcKne CABUrK mnepepacnpe-
LEenAloT, @ He COKpaLLaloT 3aHATOCTb B JONTO-
cpouHon nepcnektmse [2]. OgHako B Poccum
MNOTHOCTb Po6OTM3aLMM COCTABAAET NULWb
6-29 po6oToB Ha 10 TbIC. 3aHATbIX, YTO B Ae-
CATKK pa3 HuXe, yem B KOxHoM Kopee (1012),
CuHranype (905) nnu lfepmanunm (429) 3, 4, 51.
SMNMpuyeckne NccneqoBaHUA NOKasbiBaloT,
YTO UMMNOPT NPOMbILLIEHHBIX POOOTOB MOBbI-
LWaeT NPoM3BOANTENBbHOCTb TPYAA Ha oTeve-
CTBEHHbIX Npeanpuatuax Ha 48-54 %, a ans
Manoro n cpegHero 6usHeca — o 54,7 % [2].
HecmoTpa Ha oyeBmaHble BbIrOAbl, MaCCOBOE
BHeApeHMe pobOOTOB CAEP)KMBAETCA KOM-
NNEKCOM B3aMOCBA3aHHbIX 6apbepos.

HoBu3Ha HacToAwero nccnegoBaHnA 3a-
KNtoYaeTca B:

— pa3paboTke PYyHKLMOHANbHOW Mogenn
otpacnesoro LUKP ¢ BbigeneHnem wectu mo-
aynen, sknovasa WA-agpo;

- co3pgaHuu apxuTtekTypbl, rae VI Bbi-
NOSIHAET CKBO3Hble PYyHKLUMN ayamnTa, MOHU-
TOpuHra, GopmMMpoBaHMA pPeKoMeHZALUN
N JOPOXHbIX KapT;

- NpensIoXKeHn TPexXypoBHEBOW nepap-
xnn (pefepanbHbI — permoHanbHbI — OT-
pacneBoun), afanTUPOBAHHOW K POCCUNCKON
cMcTeme ynpasneHna NPOMbILLIEHHOCTbIO.

Llenb nccnegosaHna — o6ocHOBaTb CO-
3[aHNe ceTu LeHTPOB KOMMNeTeHLMn No po-
60TM3aunM KakK MexaHn3ma KOMMJIEKCHOrO
npeoponeHna 6apbepoB, B TOM 4uMcCie 3a
CYET MCMONb30BaAHUA UHCTPYMEHTOB NCKYC-
CTBEHHOrO UHTeNNEKTa ANA NOBbIWEHNA 3¢-
beKTUBHOCTM BHeapeHUA poboToB B Mallu-
HOCTPOEHUWN.

MATEPUAADbI n METOADI

B wnccnepoBaHMM nprvMeHANUCb MeTo-
Obl: CUCTEMHOrO aHanuM3a AnAa BblgeneHus
6apbepoB pobOTM3aALUN U KX B3aUMOCBA-
3er;; QYHKUMOHANbHOIO MOAEeNMPOBaHUA
ANA ONUCaHUA MoAynbHOW CTPYKTYpbl LIKP;
CPaBHUTENbHOIO aHanmM3a pAnAa CconocTas-
NEeHUA CYLWEeCTBYIOWMX NPaKTUK («<PocaTomy,
P, ®OUK); cuHtesa ana ob6obuweHna nyu-
WX NPaKTUK N GOpMNPOBaHNA TPEXYpPOB-
HeBOW nepapxuu.

MeToaunka pacyérta SKOHOMUYECKOro 3¢-
dekTa OasmpyeTca Ha AaHHbIX O CpefHewn
CTOUMOCTN POOOTM3NPOBAHHOM AYEKN (5—
15 MnH py6.), TUMNMYHOM CPOKe OKYMaeMoCTu
6e3 rocnoaaepkn (4-6 neTt) n oueHKax aKC-
neptoB 06 apdpeKkTe oT conpoBoxaeHns LIKP
(cokpalueHune cpokoB Ha 30-40 %) [8, 9].

TakKe MCNoONb30BaNnCb MaTepuanbl: CTa-
TUCTUYECKME fAaHHble  MexayHapoaHoum
denepauun pobototexHukn (IFR) 3a 2023-
2025 rr.; pe3ynbTaTbl ONPOCOB NPeanpuUATUN,
onyb6nvkoBaHHble B Business-Gazeta [ucT. 1]
1 B pabote [8]; OTKpbITble OTYETHI U MaTEPU-
anbl fockopnopauun «Pocatom» (2024) [ncT.
2], OAO «PX[» (npoekTt «ObnauHasa ¢pabpu-
Ka MporpamMmmHbix po6oToB») [UcT. 3] n Qe-
AepanbHOro LeHTpa KomneTeHuun B cdepe
npoun3BoauTenbHOCTU Tpyaa (2025) [ucT. 4].

PE3YABTATbI u ObCY)XAEHUE

B pe3ynbrate nccnepoBaHuA BblAeNeHbl
Tpwu rpynnbl 6apbepoB, obpasyroWwmnx 3am-
KHYTbI KPYT, YCTPaHeHne KOTOPbIX JOSMKHO
MOBANATb HA MOBblWeHNe 3GGeKTUBHOCTU
BHegpeHuA poboToB.

Kagposble 6Gapbepbl. ObpabatbiBatoLein
npomblwneHHocTn PO He xBaTaet 1,9 MAH
KBaNMPULMPOBAHHbBIX KagpoB, B TOM Yncse
OKoJ10 60 TbIC. CNeymanncToB NO NPOMbIL-
NEHHON POBOTOTEXHUKE (MHXKEHEPOB-UHTE-
rPaToOPOB, KOHCTPYKTOPOB, MPOrPaMMMUCTOB)
[ncT. 1]. BnnsHmne poboTmn3aumm Ha 3aHATOCTb
HeOAHO3HAYHO: MO AaHHbIM [6] BHeapeHue
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NPOMBbILLNIEHHbIX POOOTOB MOBbILIAET NPOU3-
BOAUTENbHOCTb, HO MOXET COKpaLLaTb 3aHA-
TOCTb B HU3KOKBaNNGULMPOBAHHbIX CErMEH-
Tax; B [7] noka3aHo, 4To 3dpPeKT 3aBUCUT OT
CNOCOBHOCTM pbIHKA TPyZa aAanTMpPOBaTbCA.
Po6oTm3auua cokpaljaeTr pyTuHHble pabo-
yme mecta Ha ~12 %, HO OAHOBPEMEHHO MO-
BbILLAET CMPOC Ha BbICOKOKBANMULNPOBaH-
HbIX cneymanuctoB Ha 35 % [5]. Otgaua ot
pob60oTM3aunn Hanbonee BbICOKA ANA MabiX
N cpegHnX NpeanpuATUn, YTo NOATBEPXKAA-
€T HeobXoAMMOCTb afpPeCcHON MNOALAEPKKN
yepes ueHTpbl KomneTteHuun [11]. Cnctema
obpa3oBaHuA cnabo opueHTUpOBaHa Ha pe-
anbHble 3agaun: Hanpumep, B Camapckom
YH/BEpCUTETE roTOBAT POOOTOTEXHUKOB ANA
KOCMOCa, a He AnA 06CNyKUBaHNA MaHUMYy-
NATOPOB Ha MPOMbILLIIEHHbIX NPEeANPUATUAX
[nct. 1]. MpeanpuAatna He moryT chopmynu-
poBaTb TeXHMYECKOEe 3afaHMe U OLUEHUTb
3KOHOMMYECKYD 3PPeKTUBHOCTb — OTCYT-
CTBYeT «KBANMPUUNPOBAHHbIA  3aKa3umK».
Heobxogumble  komneTeHuun 6ygyuiero
BKJ1IOYAOT CUCTEMHOE MblLLIEHWE, NPOrpam-
MUPOBaHNE KOHTPONIEPOB, PaboTy C TEXHU-
yeckmm 3peHunem n N, knbepbesonacHOCTb,
nHTerpaumio c MES/ERP [10]. McKinsey Global
Institute oueHwnBaet, uto go 30 % pabounx
onepaynn MoryT 6biTb aBTOMATM3UPOBaHbI,
YTO CO3[AET KaK PUCKM, TaK N BO3MOXHOCTU
AnA nepekBanumrkaymm [uct. 51.
(DurHaHCOBO-3KOHOMMYECKe  bGapbepbl.
CTomocTb po60TM3NPOBAHHOWN AYENKM CO-
cTaBnaetT 5-15 mnaH py6., CPOK OKynmaemocTn
6e3 rocnopgaepkkn pgocturaet 4-6 nert. llo
AaHHbIM onpoca, 74 % KOMMaHWW rNaBHbIM
6apbepoM Ha3blBalOT 3KOHOMUYECKYK He-
onpepenéHHocTb, 63 % — HexBaTKy COb-
CTBEHHbIX cpeacTs, 50-63 % — goporue Kpe-
antbl [8]. B [12] aBTOpbI BbIZENAT TEXHONO-
rmyeckne, KagpoBble 1 perynaTopHble PUCKN,
KOTOpble JOMXHbl YYNTbIBAaTbCA NPU pacyéTe
3¢ dEKTUBHOCT NPOEKTOB poboTm3aumn, u
npepnaralT MoaNPUUNPOBAHHYIO MOAENb

CAPM pna yuyéta 3Tmx puckos. [Tpn HU3KoM
CTOMMOCTU TpyAa NpAmMasn 3aMeHa YenoBeka
po60TOM YacTo HepeHTabenbHa [4].

NHCTUTYumoHanbHble Gapbepbl.  Ycnew-
Hble KelncCbl COCpPefoTOYeHbl B rOCKOpnopa-
umax («Pocatom», PPKJ, OAK), KoTopble 3aMbl-
KaloT 3KcnepTm3y Ha cebe [uct. 1]. B ctpaHe
nnwb 152 YacTHbIX UHTErpaTopa, 6onbLKH-
CTBO U3 KOTOPbIX — Manblii 6U3HeC, Hecno-
COOHbIV NPOBOANTbL MPEAMNPOEKTHbIN ayauT
3a cBon cyéT. B 2024 r. nposegeHo 120 ayau-
TOB NPeanpUATUIA, HO KOHBEPCKA BO BHeApe-
HWA HM3KAA M3-3a OTCYTCTBMA CBA3KN MeXay
ANArHOCTUKOM 1 npoekTom [uct. 1]. Manble
npeanpuATAA BbIHYXAEHbl MO0 OTKa3sbl-
BaTbCA OT poboTm3auum, Nnb6o obpaliatbcs
K 4OpOrum 3apybexxHbiM BEHAOPaM, AONA KO-
TOpPbIX eLwé HeagaBHO npeBbiwana 80 % [4].

NHTerpauma 6GepexnmBoro npou3Boa-
cTBa M UMOPOBbIX TEXHONOIMIA ABNAETCA
KnoyeBbiIM GaKTOPOM MOBbIWEHUA onepa-
UMOHHOM 3¢ dpeKkTnBHOCTM [13].

Tpw 6apbepa 06pa3yoT 3aMKHYTbIN KPYT:
HeT KBaNMPUUMPOBAHHOIO 3akasumka —
HeT OKyrnaemocTu —» rockopriopauum He
AEeNATCA ONbITOM —> Kagpbl He rOTOBATCA.
PasopBaTb ero MOXeT WHCTUTYT, KOHLeH-
TPUPYIOLWUIA SKCNEPTU3Y N TUPAXNPYIOLLKIA
pelleHns, B TOM Yncsie Ha 6a3e TeXHONOrni
NCKYCCTBEHHOTO MHTennekTa. LleHTpbl Kom-
neTeHUMn JOMXHbl 3aHMMATbCA He TONIbKO
TEXHONMOMMYECKNMIN PeLLEHNAMN, HO 1 pPas-
paboTKOWM CTaHZAPTOB, METOAUK W Kaapo-
BbIM 0becneveHnem [KcT. 6].

Ina obocHOBaHMA NpepnaraemMon apxu-
TekTypbl LUKP uenecoobpasHo obpatuTbca
K yCnewHbIM NpakTUKaMm, peann3oBaHHbIM
B KPYMHENLWMX POCCUNCKNX KOpnopaumax
N rOCYAAPCTBEHHbIX CTPYKTYpPax.

B lockopnopaumu «Pocatom» GyHKL MM OT-
pacneBoro UHTerpaTtopa no poboToTEXHUKe
BbINONHAET KomnaHua «Pocatom Cepsurcr. Ha
21 npepnpuATAN NATU ANBU3MOHOB [oCKOop-
nopaumm GyHKLUNOHUPYOT 36 pobOTOTEXHU-
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YecKMX KOMIMEKCOB. B pamMKax 4YeTBEPTOM
CTpaTernyeckom ceccum no uupposmusaunn
MawunHocTponTenbHoro AmeusnoHa «Poca-
TOMa» onpefeneHbl NATb KNoYEBbIX LLEHTPOB
KOMMNEeTeHUUI AMBU3MOHA: MPOEKTUPOBaHNE
N3aenunin; NaHNPOBaHNE 1 yrpaBfieHne Npo-
N3BOACTBOM; MPOMbIWEHHAsA aBTOMaTuM3a-
uma 1 6e30nacHOCTb NPOU3BOACTBA; YNpaB-
neHve AaHHbIMK; ynpasneHne 3$deKTUBHO-
CTbl0 NMpou3BofCTBa U poboTmzayma. OnbiT
«PocaTtoma» geMOHCTpUpyeT, 4YTo co3faHue
LIKP nonHo ObiTb Hepa3pblBHO CBA3aHO C
NPON3BOACTBEHHOM M TEXHONIOMMYECKOM IKC-
NnepTr30M, a TakXKe C pa3paboTKkom coOCTBEH-
HbIX METOAMK  TEXHWKO-IKOHOMUYECKOIO
o6ocHoBaHuA (T30). Kpome Toro, «<Pocatom»
peanusyeT nporpaMmy No CO34aHU0 CO6-
CTBEHHOIO LIEHTPA KOMMEeTeHUWIA ANA BbIXO-
[l Ha NPON3BOACTBO 3 TbIC. MPOMbILLIEHHbIX
poboToB exerogHo kK 2030 rogy [ucT. 2].
XonauHr «PXX[» peannsoBan npoekt «06-
nayHaa ¢abpuka nporpammHbIX PO6OTOB»
(ODP) — oTeuecTBEHHYIO LUNPPOBYIO NHPpPa-
CTPYKTYPY, NPefoCTaBAAoWYy0 CEPBUCHI NO
poboTm3aymm 6usHec-npoLeccoB. ApxmTek-
Typa nnatopmbl BKnovaet: noptan OOP
(BeO-uHTEpdENC ana co3gaHna 3asaBOK, Ha-
CTponKu nynpasneHunsa pobotamm); MO ROBIN
RPA (co3pgaHue, otnagka U UCMONIHEHUE an-
roputmos); mogynu ROBIN Studio, ROBIN
Robot, ROBIN Orchestrator ana ueHtpanuso-
BaHHOro ynpasneHua [UcT. 3]. loctyn K nnat-
dopMme opraHn3oBaH yepes BeO-MHTepdeiic,
BO3MOXHO BbINOJIHEHNE TPYJOEMKMX One-
pauun B «obnake» U M30NMPOBAHHOE Xpa-
HeHue AaHHbIX KnneHTa. Mo gaHHbIM Komna-
Hun, BHegpeHre ODP No3BONMNO COKPATUTD
Bpema 06paboTKM TMMOBbIX 3aNpPocoB B 3-5
pa3 1 obpaboTtatb 6onee 600 TbiC. 3aMPOCOB C
MOMOLLbIO NPOrpamMmmHbIX poboToB [9]. OnbIT
OAO «PX[1» noka3sbiBaeT 3pPeKTMBHOCTb 00-
NayHOW MOAEenn NpepocTaBneHuA yCcayr no
pob6oTM3aumm, Npu KOTOPOW NpeanpuATuA
nonyyalT AoCTyn K undpoBon nnatpopme

N 3KCcnepTn3e 6e3 HeobXoAMMOCTIN CO3aaHUA
COOCTBEHHbIX TOKAJIbHbIX LIEHTPOB.

OUK n ero permoHanbHasa ceTb peanusy-
0T NPOEeKTbl MO PoboTM3aLMK NPON3BOACTB.
MpoeKT pnnTCa ABa MecAua 1 BKIOYAEeT: gna-
FHOCTUKY TEKYLLEro COCTOAHWA NPenpuaTns;
onpepeneHne GyHKLNOHaNbHbIX TpeboBaHWI
K pob60TOTEXHUKE; NOA60P ONTUMANIbHON KOH-
burypaunm; oueHKy SKOHOMNYECKOM Lieneco-
00pa3HOCTM C PACYETOM TeEKYLMX MOKa3aTe-
newn, CTOUMOCTU BHELPEHUA U OXKMOAEMOro
addekTa [ucT. 4]. Undposunzauma bepexnmso-
ro Npon3BOACTBa TpebyeT co3daHnA cneyua-
NN3NPOBAHHbIX LIEHTPOB KOMMETEHL MM, KOTO-
pble CUCTEMHO COMPOBOXKAAIOT NPEANPUATUASA
Ha Bcex 3Tanax [14]. K 2025 rogy nnaHupyeTca
OXBaTUTb Noaaep»kkor 6onee 1500 npeanpu-
ATn [nct. 4]. OgHaKo, Kak OTMeYaloT SKcnep-
Tbl, CYLLECTBYIOLME MePbl HE B NOSIHON Mepe
peLatoT npobnemy aeduunta Ksanubuumnpo-
BaHHbIX MHTErpaToOpPOB N OTCYTCTBMA TUMOBbIX
oTpacneBbix peweHnn [nct. 1].

OcHOBbIBaACb Ha NepefoBbIX MPaKTMKax
BblAe€NEHbl K/OYEBbIE 3N1EMEHTbI apXUTEK-
Typbl LUKP: ueHTpanu3oBaHHaA uudposas
nnatpopma, Mogynb ayanTa v AUArHOCTUKN,
6a3a 3HaHMI 1 6aHK TUMNOBbIX PELIeHWN, KC-
nepTHaA rpynna, NpeanKTNBHAA aHANINTUKA,
$VHAHCOBO-KOOPAMHALMOHHBIA  MOAYSb.
JlononHnTeNbHbIM 1EMEHTOM, OTCYTCTBYO-
WM B CYLLECTBYIOLWMX CUCTEMAX, ABNAETCA
NN-apgpo, obecneumBatowee CKBO3HYO aB-
TOMaTu3aymtio.

MNpuMeHeHre TEXHONOTUIN NCKYCCTBEHHO-
ro NHTeNNeKTa AnAa Co3JaHnA YMHbIX NPOU3-
BOACTBEHHbIX CCTEM Y>Ke MOKa3blBaeT BblCO-
Kyt 3PeKTMBHOCTb B page oTpacnen [15].

Pa3BuTUE rMOKNX NPON3BOACTBEHHbIX CU-
CTeM HenocpefCTBEHHO CBA3aHO C HEOOXO-
AVMMOCTbIO CO3[aHNA OTpac/ieBbiX LEHTPOB
KomneTteHuun [16].

LUKP — opraHmnsaumoHHasa egnHuua (noa-
pa3feneHne Kopnopauun, LeHTp nNpu By3e
UM TEXHOMAPKE), aKKYMynupylowasa 3SKcC-
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nepTr3y Mo NPOMbIIEHHOW PObOoTM3aLUM
N CONPOBOXAAOLLAA NPeanpuATAA Ha BCeX
3Tanax BHegpeHuA. Ero uenb — CHuxeHwne
BCEX TPEX rpynn 6apbepoB yepe3 KOHLEH-
TPaumo 3HaHWUN, MeTOAUK, KagpoB N TUNO-
BbIX peweHnn. Knouesbim anemeHToM LIKP
ctaHoButca UW-agpo, 3aHumalowee UeH-
TpanbHOE MeCTO B apXUTEKTYpe.

OyHkymm  UKP  cuctematmsmpoBaHbl
B Tabn. 1. B otnnume ot TpagMLUMOHHbIX LieH-
TpoB, B npeanaraemon mogenu UWN-agpo
BbINONHAET He BCromoraTtesibHylo, a Befy-
LWYI0O POJib, aBTOMATU3NPYA CKBO3Hble Mpo-
Leccbl: oT Npuéma 3aABKU O MOHUTOPUHIA
peann3oBaHHOro NpoeKTa.

Ta6nuya 1. OyHkyuu LleHmpa komnemeHyul no pobomusayuu
Table 1. Functions of the Robotics Competence Center

CHMKaembIin
QOyHKumnAa CopepxaHune
6apbep
JKCnepTHO- Tunosble T3, T20, ctaHaapTbl pacyéta OEE, Kagposbin,
MeToanyeckas CpOKa OKyMaemocCTu drHaHCOBbIN
TpeHuHrn, ceptndunKauma NHTerpaTopoB
Ob6pa3oBaTenbHasn N OMepaTopoB, KYpC «KBaNNPpUUNPOBAHHOTO Kagposbin
3adKa3unKa»
MpoeKTHO- ConpoBoX/eHne NpoeKTOB OT ayanTa .
P P A P YA OuHaHcoBbIN
NHTerpaumoHHas [0 NYCKOHanagku
NHbopmaymoHHo- . y
ba3a kelcoB, 6eHUMAPKUHT, MOHUTOPVIHT pPbliHKa | IHCTUTYLMOHANbHBbIN
aHannTu4yeckKas
®vHaHCcoBO- MNomolyb B nonyyeHnn cybcnanin, nbroTHOro .
®OrHaHCOBbIN
KOOpANHALMOHHaA Nn3nNHra
BepneHue 6a3bl faHHbIX 1 3HaHW LIKP;
npeanKTUBHAsA aHaNUTUKA BOCTPeO6OBaHHbIX
KOMMeTeHUNI; aBTOMaTM3MPOBaHHaA reHepayua .
WNHTennekTyanbHasa Kagposbi,
T30; pekomeHaaTenbHaa cuctema Bblbopa .
aHanNNTMKa N Npo- . dUHaHCOBbLIN,
peLleHniA; MPOrHO3npPOBaHNE TEXHONOTMYECKMX .
rHo3npoBsaHue (M) . WHCTUTYLUNOHANbHbIN
TPeHO0B; aBTOMaTMUYECKUIN ayanT NpeanpuaTtus;
MOHUTOPUHI KPI B peanbHOM BpemeHy;
dopMMpoBaHME OPOXKHOW KapTbl

NCKycCTBEHHbI WHTENNEeKT BbINOSHAET
B LIKP yeTbipe kntoueBble ¢yHKuuu. lMep-
BaA — WHTeNNeKTyanbHaA 6a3a [aHHbIX
N 3HaHW ueHTpa. M-agpo akkymynupy-
eT macnopTa TUMOBbIX POOOTU3NPOBAHHbIX
Ayeek, TEXHONOrMYeckne KapTtbl, METOAMKN
pacuyéta 3KOHOMUYEeCKon 3PeKTUBHOCTH,

HOPMATMBHO-CMPABOYHYIO  MHPOpMaumio,
peecTp cneuvanncToB 1 NHTerpaTopos. Ha
€ro OCHOBe CTPOUTCA pPeKOMeHAaTesNbHasA
cucTema: npy NOCTYMAEHNN 3aABKN OT nped-
npuatua M nogbrnpaet Hanbonee 6nnskne
Kencbl 1 npeaBapuTesibHO OUEeHMBAeT Au-
ana3oH OXKAAEMOW 3KOHOMMUU. DTO COKpa-
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LWaeT BpemMsa NpeanpoeKTHOro aHanm3a C He-
CKONbKMX Hegenb Ao 1-2 gHen.

Bropas — npeaukTMBHAA aHanuTMKa
BOCTpeboBaHHbIX KomneteHuuin. NN-agpo
aHanM3npyeT AUHAMUKY pPbliHKa poboToTex-
HUKW, TEXHONOrMYeckne TpeHabl (pa3sutune
MALUNHHOTIO 3peHuA, KonnabopaTnBHbIX Po-
607108, NIN) n cTponT NPOrHo3bl, Kakme Kom-
neTeHUMN CTaHyT Hanbonee gePpuUUTHBIMK
yepes 1, 3 u 5 net. [porHo3bl NoXaTtca B OC-
HoBYy yuebHbix nporpamm LIKP, no3sonsas
roToBUTb CMeunanncToB C OnepeKeHnem
CnNpoca. OTOT MexXaHW3M OTCYTCTBYyeT B Cy-
WEeCTBYIOWMX LEHTPaX KOMNETEHUNN N AB-
NAEeTCA aBTOPCKOM pa3paboTKon.

Tpetba — dopmmpoBaHve npeaBapu-
TeNbHbIX JOPOXHbIX KapT BHeapeHua. Ha
OCHOBe ayAuTa NpeanpuATUA 1 BbliABNEHHbIX
«y3Kux mect» N-aapo aBToMaTUYeCKM reHe-
pupyeT NPOeKT JOPOXHOW KapTbl: NepeyeHb
PEKOMEHIYEMbIX PELUEHUN, UX NpuopuTeT-
HOCTb, OXKMnAaemble CPOKM N SKOHOMUYECKUNe
a¢dekTbl. IKkcnepTbl LIKP Bepuduumpytort
npepioxeHna. ABTOMaTM3aumna 3Ton QyHK-

LUKM CHUXKAET TPYQOEMKOCTb NIaHUPOBaHWA
Ha 50-70 % (no 3KcnepTHbIM OLeHKaMm). Me-
XaHU3Mbl NPUHATUA YNPaBNEHYECKUX peLue-
HUA B obnactn umdpoBmusaumm mMoryT 6biTb
MONIOXKEHbl B OCHOBY anroputma Bblbopa
NPUOPUTETHBIX NPOEKTOB poboTM3aumn [17].
YeTBEpPTAaa — aBTOMATU3UPOBAHHbIN MO-
HUTOPUHI 1 JOHacTporka. [ocne BHeppe-
HUA poboTmamposaHHom auenkn NN-agpo
nofKnyaeTca K cuctemam cbopa JaHHbIX
(SCADA, MES) n B peanbHOM BpeMeHU OT-
CNeXnBaeT KIyeBble noKasatenu s¢dek-
TmBHOCTN (OEE — o06waa 3¢pdpeKTMBHOCTb
obopynoBaHuA, Bpemsa LKA, ypoBeHb Opa-
Ka, BpeMa npoctoes). [1pn oTKNoOHeHnn oT
nnaHoBbIx 3HaueHun NN ¢opmupyet peko-
MeHAauun rno KOppeKkTUpyLwWwmm AencTBu-
AM (Hanpumep, N3MeHUTb peXnMbl 06paboT-
KK, NPOBECTM BHEMNaHOBOe 00CNyKMBaHue,
CKOpPpPEKTMpPOBaTb Nporpammy pobota). 310
peanu3yeT NPUHUMN HENpPepbIBHOIO Yyy-
WweHuA (KangseH) B LdpoBOM KOHTYpe.
Apxutektypa LIKP npeactasneHa Ha puc.
1. UM-agpo 3aHMMaeT LeHTpanbHOe MecTo,

[Tpennpusarue

Aynut

,| IIpoexruposanue (13,
T90)

J
@
~__ '

r
[Mon6op
obopynoBanus 1
(hMHAHCHPOBAHMS

O06yuenune

4

-

O6paTtHad CBA3DL

Bbasa 3nanwuit +

[Tyckonanaaka

Puc. 1. Apxumekmypa LleHmpa komnemeHyuti no pobomusayuu ¢ M-adpom
Fig. 1. Architecture of the Robotics Competence Center with Al core
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BbINOSHAA GYHKLNN CKBO3HOIO yNpaBieHns
npoueccaMmn aypuTta, MOHUTOPUHra U npu-
HATNA peLleHnn.

[na oxBaTa pa3Hbix MacwTaboB npepn-
naraeTcs TPeXypoBHeBas MOAeNb LeH-
TpoB poboTnsauun (puc. 2).

denepanbHEIi
LEeHTP
pofoTH3AIHA

Pernonaneheie MEKOTPACIEBLIE LICHTD
poboTHzaLuu

Otpaciesbie USHTPBI PODOTH3ALINHA
(Ha 6a3e XOIIHHIOB/TIpeIPHATHIA)

Puc. 2. Vlepapxuyeckas modesb cemu yeHmpos pobomusayuu
Fig. 2. Hierarchical model of the robotics centers network

DepepanbHbin (ronosHom) LIKP paspaba-
TbIBaeT ejiHble CTaHAAPTbl U MeToanKn T30,
BeAET obwenocTynHyto 6asy 3HaHWA, MOHU-
TOPUHT pPblHKA 060PYAOBaHUA, KOOPAUHU-
pyeT pervoHasnbHble U OTpacieBble LEHTPbI,
[AET pekoMeHAAUNN AnA roCopraHoB.

PernoHanbHble (mexoTpacnesbie) LIKP
(Ha 6a3e BY30B 1M TEXHOMAPKOB) MPOBOAAT
ayauT NPeanpuATUN pernoHa, aganTupyoT
TUMNOBbIE peLleHna, obyyaloT 1 ceptTuduULm-
pYyIOT CreunannucToB, CO34al0T LEHTPbI KO-
NEeKTUBHOIO Nosib30BaHMA 06opyaoBaHMEM,
COMpPOBOXAAT MPOEKTbI, NONYNAPUINPYIOT
poboTnsayutio.

OtpacneBble LIKP (Ha 6a3e xonguHros
N Knactepo) obecneunBaloT rnyboKyto
TEXHONOIMMYECKYl0  3KCnepTmnsy  (CBapkKa,
Cc60pKa, KOHTPOJIb, MEXaHOObpaboTKa), pas-
paboTKy crneunann3npoBaHHON OCHACTKN,
nepBrYHYO anpobaunio peleHun, obyye-
Hue paboTe C yHUKanbHbIM 0060pYyLOBaHNEM,

HaKomMneHne OoTpacneBon CTaTUCTUKU ANA
TouHoro T20. B otpacnesom LIKP NW-appo
ajanTupyeTca nog cneynduky otpacnm (Ha-
npumep, 4NA aBMacTpoeHnsa — 6asa 3HaHWUN
Nno TUTAHOBOW MexaHO06pPaboTKe, nazepHoOm
CBapKe, KOHTPOJIO reoMeTpun nonacTten).
MpepnoxeHHaa apxuTektypa LUKP ¢
NW-agpom npuvHUMNUANbHO OTIMYaeTca OT
CYLLECTBYIOLWMNX POCCUMNCKMX aHanoros. OLIK
NCNONb3yeT PYYHYIO ANArHOCTUKY SKCnepTa-
mu 6e3 anemeHTOB U, uTo OrpaHNuUMBaeT Mac-
wrabrpyemocTb. «O6nayHaa ¢pabpuka pobo-
ToB» Pl opueHTMpoBaHa Ha NPOrpammHyto
poboTtunsaumto (RPA) 63k-odpurcHbIX npoLeccos
N He OXBaTblBaeT MPOMbIWIEHHY PO6OTO-
TEXHUKY (Pr3unuyeckre poboTbl, KO60TbI, AGV).
KopnopaTtusHble LeHTpbl «PocaTtomar, obna-
AanA rnyboKon Npon3BOACTBEHHON SKCNePTU-
301, He umetT yHuduumpoBaHHoro MN-agpa
N OTKPbITOM 6a3bl 3HAHWNI ANA BHELWHUX Npea-
npuatni. lMNpegnaraemaa Mopenb BnepBble
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0O6beanHAET NPOMbILNEHHYIO POOOTU3aLNIO,
undpoBsyto NnatGopmy 1 NPeANKTUBHYIO aHa-
nnTnky NN B egurHyto apxuTekTypy.

Co3paHne nonHomacwTabHonm cetn LIKP
NPUHECET:

— DKOHOMUYECKMEe: CHMKEHNE CTOUMOCTH
BHegpeHuA Ha 15-25 %; coKpalyeHune cpokKa
npoekta ¢ 12-18 po 6-9 mecAues; gonorsn-
HUTENbHbIN NPUPOCT NPOU3BOAUTENIBHOCTU
Tpyda B pernoHe Ha 1,5-2,5 n.n.; 3a cYér uc-
nonb3oBaHnA VI — gononHuTenbHoOEe CHU-
KeHue 3aTpaT Ha npepanpoeKkTHble pPaboTbl
Ha 30-40 %;

— Kagposble: nogrotoBka 100-150 cep-
TMOMLMPOBAHHBIX CNEeLManicToB 3a 3 roaa;
CHWXKEeHMe OTTOoKa MoNoaéxun bnarogaps Bbl-
COKOTEXHOMOMMYHbIM paboumm mectam; 06-
yyeHre Ha OCHOBE MPOrHO30B Crnpoca (CHK-
XKeHue KagpoBoro ancbanaHca Ha 20-25 %);

— CTpaTernyeckue: yCKopeHme nepexoga
K WHpyctpun 4.0, ocobeHHO B ApariBepax
po6oTM3aumn (aBTONPOM, 3INIEKTPOHMKA,
aBMacTpoeHue, rae Koppenaunsa C BbINyCKOM
r=0,94 [3]); nepexon npepnonaraeT Konna-
6opaTtuBHylo poboTmsaumio, uyto Tpebyet
OT LIeHTPOB KOMMEeTeHUUI Pa3BUTUA HOBbIX
KOMMeTeHUUI B 061acT YenoBeKO-MaLUNH-
Horo B3ammopaencTsus [18].

OCHOBHbIM OrpaHMyYeHneM ABNAETCA OTCYT-
CTBME 3MMMPUYECcKor BeprdmKaymm npego-
XEeHHOW MOfenu Ha peasibHOM OTPacC/ieBOM
LUeHTpe (Hanpumep, B BepPTONETOCTPOEHUN).
[pencraBneHHble OLEHKN SKOHOMUYECKUX
3bPpeKTOB OCHOBaHbI Ha KCMEPTHbIX AAHHbIX
N CTAaTUCTUKE MOXOXNX NpoekToB [8, 9]. [anb-
HewLwMe NCCNeoBaHNA JOMMKHbI ObITb HanpaB-
NeHbl Ha MWOTHYKD anpobauuio 1 Konmye-
CTBEHHYO OLeHKY 3ddpekTmBHOCTU NU-Agpa.

3AKAKOYEHUE

Bapbepbl poboTM3aLMM B POCCUIACKOM
MaLLUNHOCTPOEHUM HOCAT CUCTEMHbI XapaK-
Tep (KapgpoBble, GpUHAHCOBbIE, UHCTUTYLU-
OHasbHblE) U HE MOTYT OblTb NMPEOAOSIEHDI

TONbKO cybcnampoBaHuem. Tpebyetca opra-
HN3aLMOHHbIA MeXaHW3M, KOHLUEHTPUpPYIo-
WM SKCNepTU3y N TMPaKNPYIOLWUA ycreww-
Hble peLleHuns.

Ha ocHoBe aHanu3a nepefoBbiX NPaKTUK
(«Pocatom», PXKM, OLIK) pa3pabotaHa ¢yHK-
LMOHanbHaA MoAesb LieHTpa KOMMeTeHLUNIA Mo
poboTM3aumK, BKOYAOLWAn WeCTb Moayseil:
3KCMEPTHO-METOANYECKU,  Obpa3oBaTeNb-
HbI, MPOEKTHO-NHTErPaLMOHHbIN, NHGOPMa-
LIMOHHO-aHANUTUYECKNIA, PUHAHCOBO-KOOPAM-
HaLMOHHbIN 1N UHTeNNeKTyanbHbin (M-agpo).

MNpepnoxeHa apxutektypa LIKP, B KOTO-
pon NN-aapo 3aHMMaeT ueHTpanbHoe Mme-
CTO W1 BbIMOJMHAET YeTbipe Kitoyesble GpyHK-
UMN: NHTenneKTyanbHasa 6a3a 3HaHUN 1 pe-
KOMeHZaTeslbHaA cuUcTema; NpeguKTUBHasA
aHaNUTUKa BOCTPeOOBAHHbIX KOMMETEHLUUI;
aBTOMaTM3MPOBaHHOe GopMMpPOBaHME [O-
POXKHbIX KapT BHeapeHuA; MOHUTOpUHr KPI
N KOppPeKTUpyloLwmne pekoMeHaaumnu.

Pa3paboTaHa TpexypoBHeBasA Mepapxus
cetn UKP (pepepanbHbii, pernoHanbHbIn,
OoTpacneBown), No3BonAlWwana MacwTabupo-
BaTb peLleHnA OT rocygapCTBEHHOrO YpPOB-
HA 0O KOHKPETHbIX OTpac/ieBbIX KNacTepoB.

CospaHue cetn LIKP ¢ U-agpom gonxHo
CTaTb 3M1€MEHTOM rOCYAapCTBEHHOW NpPO-
MbILLIAEHHON NOAUTUKWU. KnioueBble Mepbl:
BKNtoueHne LUKP B HaunoHanbHble NpoeKTbl
(Hanpumep, «IPPEKTNBHAA N KOHKYPEHTHAA
3KOHOMMKa») KaK YCNOBUA NpefoCcTaBneHmsa
NbroT; pa3paboTka TUMOBbIX MONOXKEHUI
Cc obA3aTenbHbIM TpebOBaHMEM HaNMUUA
NWN-appa; obecneyeHne eguHoOM meToanye-
CKoOW 6a3bl U CTaHAapTOB 0bMeHa AaHHbIMMU.

lNepcneKkTBOWM AanbHENWNX UccnegoBa-
HUN ABNAETCA MpPOBeAeHMe KONMNYeCTBEH-
HOM oueHKM 3PEKTUBHOCTU OTPaACNEBOro
LUKP ¢ N-agpom Ha npumepe BepTONETO-
CTPOUTENBHOIO NPEANnpPUATUA, B TOM Yncie
pacyéT Koppenauun mexpgy rnyonHom wmc-
nonb3oBaHuA NN n ycnewHoCcTbio NPOeKTOB
pob6oTn3aymn.
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AHanu3 obecneueHnsa 6e30NacHOCTU U HAAEXKHOCTH
PYHKUMOHUpPOBAHUA MOCKOBCKOIro METPONoOAUTEHA
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AHHOTaumsa. BgedeHue. MNoBbicunacb ponb MOCKOBCKOro METPONONNTEHA KaK BeayLLero
dnarmaHa Bcen TPaHCMOPTHOM UHGPACTPYKTYpPbI cTONMUbL. [na 3pPeKTnBHOro GyHKL M-
OHMPOBAHMA METPOMNONINTEHA BaXKHO CObOMofeHe TEXHUYECKUX N HOPMATMBHbIX MOKa-
3aTenen, KOTopble onpeaenaT UHTEHCUBHOCTb ABWKEHNA NOE3[0B U BAUAIOT Ha 6es3-
ONacHOCTb BCeN UHPPACTPYKTypbl. Ljess. MNpoaHann3npoBatb M OLEHUTb MOKasaTenu
6e30MacHOCTN N HaJeXHOCTM 06beKTOB MOCKOBCKOro METPOMONUTEHA A1A MNOBbILWEHUA
3¢ deKTUBHOCTU ero PyHKLMOHNpoBaHUA. Mamepuasnel u Memoosl. CTaTuCcTUYecKme me-
TOAbl MOAENNPOBaHUA, METObl TEOPUM MAaCCOBOI0o 06CNYXNBaHNA, TEOPUN HAZEXHOCTH,
CUCTEMHOrO aHanu3a n CTPYKTYPHO-QYHKLMNOHaNbHbIN Noaxoa. Pesynemamel. Paccuu-
TaHbl KONNYECTBEHHbIE XapPaKTEPUCTUKM MACCaXMUPOMNOTOKa METPOMNONUTEHA, a TakKe
onpegeneHbl 0CO6EHHOCTN BO3HUKHOBEHMA c60eB. [oka3aHo, UTo BCNeACTBME yBeNnmYe-
HWA POCTa NACCa)KMPOMOTOKA B Yac MUK OONbLUMHCTBO CTaHUMIM paboTaloT Ha npegene
CBOWX BO3MOXHOCTeN. MNpeanoxeH NHTerpanbHbin KO3GPUUNEHT NPoNyCcKHOM CNocob-
HOCTN MeTpononnteHa. 3akoyeHue. AKTUBHaA moaepHmM3auma MoCKOBCKOro meTpono-
NUTEHa 1 BBeAEeHWEe MHHOBALMA CMOCOOCTBYIOT MOBbILWEHNIO HAAEXHOCTM U KoMbopTa
nepeBo3Ky naccaxnpos. C Lenbio nosbiweHNA 3PPeKTUBHOCTU GYHKLMOHNPOBAHNA CU-
cTeMbl MeTpononuteHa Heobxognmo 100 % ocHalleHne BCeX TMHUN NHHOBALMIOHHbIMI
noesgamu, a Takxke BaXKHO MPUCTYMNNTb K PEKOHCTPYKLUUMN «NPO6AEMHbIX» ANCTAHLNA 1
BHe4pUTb pAj npegynpeauTesbHbIX MeponpuATUA. IHHOBaLWOHHaA MOAepHU3aUmnA Mme-
TpOnonuTeHa TakXe NO3BONUT NOBbICUTb MHBECTULMOHHYIO NPUBEKaTeNbHOCTb OTAESb-
HbIX panloHOB MOCKBbI.

KnioueBble cnoBa: METPOMNOJIMTEH; HAAEXHOCTb; 6€30MNacHOCTb; COO; NAaCCaKMPOMNOTOK;
NPOMNyCKHaA CNOCOBHOCTb; TPAHCNOPT; 6e3aBapUNHOCTb
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Analysis of the safety and reliability
of the Moscow metropolitan

Artur A. Kochetkov >4
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Abstract. Introduction. The role of the Moscow metropolitan as the leading flagship of the
entire transport infrastructure of the capital has increased. For the effective functioning of
the metropolitan, it is important to comply with technical and regulatory indicators that
determine the intensity of train traffic and affect the safety of the entire infrastructure.
Aim. To analyze and evaluate the safety and reliability indicators of Moscow metropolitan
facilities in order to improve the efficiency of its functioning. Materials and Methods.
Statistical modeling methods, methods of queuing theory, reliability theory, systems
analysis and a structural-functional approach. Results. Quantitative characteristics of
metro passenger flow are calculated, and the features of the occurrence of failures are
determined. It is shown that due to the increase in passenger flow during rush hours,
most stations operate at the limit of their capacity. An integral coefficient of metro
capacity is proposed. Conclusion. Active modernization of the Moscow metropolitan and
the introduction of innovations contribute to increasing the reliability and comfort of
passenger transportation. In order to improve the efficiency of the metro system, it is
necessary to equip 100 % of all lines with innovative trains, and it is also important to
begin the reconstruction of “problem” distances and implement a number of preventive
measures. Innovative modernization of the metro will also increase the investment
attractiveness of certain districts of Moscow.

Keywords: metropolitan; reliability; safety; failure; passenger flow; capacity; transport;
accident-free
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BBEAEHUE

AKTyanbHOCTb TeMbl OOOCHOBbIBaeTCA
TpaHcpopmaumen MOCKOBCKOro MeTpomno-
NNTEHa U3 TPAHCMOPTHOro oObeKTa B Kto-
4eBOM WHHOBALUMOHHbIA CerMeHT BCeWn ro-
pPOACKON NHGPACTPYKTYPbI, KOTOPbIN onpe-
fenAeT ypoBeHb COLMaANIbHO-3KOHOMUYe-
ckoro pa3suTtuA. B 2025 rogy cetb Mockos-
CKOro MeTponoinTeHa 3HaunTenbHO pacLin-
punacb 3a cyeT bonblon KonbLeBOn NNHNUN
(BKJT), a TakXe aKTMBHOro CTPOMTENbCTBA
HOBbIX CTaHUM PybneBo-ApxaHrenbckon
BETKW, UTO B KOPHE MeHAEeT TPaHCMOPTHYIO
reorpaduio He ToNbKO MOCKBbI, HO 1 Npu-
nerawowmx Tepputopunt [nct. 1]. Takxke Hago
OTMETUTb TaKOW NMpoLecc Kak BceobLlas uH-
Terpauyua TPAHCNOPTHOrO KOMMJeKca — Me-
TPONONUTEH CTan KNo4YeBbIM 3BEHOM MYJlb-
TUMOZANbHOW CUCTEMbI, KOTOPas BK/OYaeT
B ce6a MoCKOBCKOe LeHTpanbHOe KOJbLOo
(MUK), anametpol (ML), a Takke peyHom
TPAHCMOPT, UTO TpebyeT HOBbIX METOAOB U
NOAXOAOB YMNpaBNeHWA MNacCaXXxmponoTo-
KOM.

Mpn 3TOM B TPAHCNOPTHOM UHPPACTPYK-
Type MockBbl BBeeHbl Takne yaoOHble HOB-
wecTBa Kak undposble Tabno, ronorpadu-
yecKme WNPOoKMe MOHNTOPBI, obnervatowme
NOCTPOEHME CIOXKHbIX MapLLPYTOB, a TakXe
onnata no 6GuomeTpun, cnocobcTytoLlas
YBENIMYEHUIO MPOMYCKHON CNOCOOHOCTU
CTaHuMn [ncT. 2]. CUHXPOHM3NPOBAHO pac-
nUcaHve OBWXKEHWA MOoe3foB MeTpononu-
TeHa, coctaBoB MOCKOBCKNX OAUAMETPOB U
peyHoro TpaHcnopTa AnAa npefoTBpaLleHun
CKOMMEeHUA naccaXupoB Ha nnatdopmax.
MNpn 3TOM coBpemeHHble TPaHCMOPTHO-MNe-
pecagouHble y3nbl  (TMY) o6opynoBaHbl
KpbITbiMW nepexogamu (Hanpumep, TIY Hu-
xeropopfckas) No NPUHUMNY «CyXme HOrm»
M npucnocobneHbl ana ManomoOubHbIX
rpakaaH.

MockoBcKuin MEeTPOMNONINTEH noa-
TBEpXAaeT CTaTyC TeXHONOrMyeckoro nu-

fepa no umcny undpoBbIX TEXHONOIWN, B
TOM uuncne C yyeTom CTapTa TeCTUPOBaHUA
nepeoro 6ecnunoTtHoro noesga 16 AHBapA
2026 roga. B 2027 rogy B meTpononurteHe
HauHYT XOAMTb 6ecnunoTHble Moesfa, a K
2030 roagy bymet 3anyuieHa NMHMA C COCTa-
BaMuy 6e3 MaWmnHNCTOB [LCT. 3].

B pamkax WHHOBaUMOHHOW MoOAJEepHU-
3auuM  MeTpononuTeHa 3anylweH CcoCcTaB
«MockBa-2024», KOTOpbIN YXe Kypcupy-
€T Ha TakKmx NPOo6NeMHbIX NMHUAX KaK Ta-
raHcko-KpacHonpecHeHckad M 3amMOCKBO-
peukaa. VIHHOBaUMOHHble BaroHbl «Mo-
cKBa-2024» 06napatoT WNPOKUMM ABEPAMMU,
CKBO3HbIM MPOXOAOM MeXAy BaroHamu, a
TakXKe ynyuyleHHON LWyMOU30onALmMen u ro-
norpadpuyecKkumMmn 3KpaHamm co Bcel Heob-
Xo0ANMOW MHPOpMaLnEN.

Bropown BaxHenwen MHHOBaLMen ABNA-
eTca BHegpeHue cuctemol Face Pay (6nome-
TpuA), KOTopaa MO3BONAET YCKOPUTb Npo-
X0 NacCaXkMpOB Yepe3 TYPHUKETbI B METPO-
NonuTeHe, YTO MOBbILWAET MPOMNYCKHYH Cro-
COOHOCTb CTaHUMN. YAOOHbIM AONONIHEHNEM
ABNAIOTCA YCTAHOBJIEHHbIE «YMHble TypPHU-
KeTbl», KOTOPbI paboTaloT Kak Ha BXopg, Tak
N Ha BbIXOA, NAaCCa’KMPOB, YTO NO3BONAET U3-
6exaTb CKonneHne NaccakMpoB B Yac NuK.

MockBa 3¢PeKTMBHO OCBavBaeT anro-
PUTM «eAWHOro TPAHCMOPTHOrO KapKaca»
ONA CHUXKEHMA MacCaXXkMponoToka B Moa-
3eMKe 3a CYeT Pas3BUTMA afbTePHATUBHbIX
BMAOB nepemeweHna no ropopgy. Cpegun
Takoro Habopa onuuin BaXkHO BbIAENNUTb aK-
TMBHOE pa3BUTME TPaHCMOpPTa — PEYHOro
(anekTpocypga), »kenesHogopoxHoro (MUL),
3NeKTPOOYCHOro M CUCTEMbI KapLUepuHra,
4yTO CnocobcTByeT paccpefoTOYEHMI0 Mac-
CaXknpoB AnA Bblbopa 60nee onTMMaNbHbIX
MapLLPYTOB M COKPALLEeHNI0 BPeMeHun rnpe-
OblBaHMA B MyTU.

Ana sa¢dekTnBHOro GyHKUMOHNPOBAHNA
METPONONNTEHA Ba)XXHO cCOONOAeHNE Tex-
HUYECKMX W HOPMATMBHbIX MOKa3aTtenen,
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KOTopble onpeaenAT NHTEHCUBHOCTb ABU-
XKeHua noesfoB 1 BANAIOT Ha 6e30MacHOCTb
BCel NHGPACTPYKTYpBbI.

Llenb paboTbl — npoaHanu3npoBaTb U
OLEHUTb MOKa3aTenu 6e30MacHOCTM 1 Ha-
LEXHOCTN 06bekToB MOCKOBCKOro MeTpo-
nonvTeHa AnA nosbllweHna 3GGeKTUBHOCTA
ero GyHKUMOHNPOBaHMA.

MATEPUAADBI U METOAbI

B uccnenoBaHuy MCnonb3oBanuch CTa-
TUCTUYECKME METOAbl MOAENNPOBAHNA, Me-
TOAbl TEOPUU MACCOBOIO OOCNYXMBaHWA,
Teopun HaAEeXHOCTW, CUCTEMHOrO aHanu-
32 U CTPYKTYpHO-PYHKLUMOHANbHLIA Nog-

xof. WNCTouHmK paHHbix — [enapTameHT
TpaHcnopTa r. MOCKBbI.
PE3YABTATbI U ObCY)XAEHUE

B paboTte yuTeHbl pe3ynbraTbl aHanuv3a
GYHKUNOHMPOBAHUA METPOMONINTEHOB Pa3-
JINYHBIX FOPOAOB MMPa, Hanpumep, [1, 2, 3].
B 3Tux cTtaTbAX akUeHT caenaH Ha Bu3yanb-
Hbli aHaNM3 AMHAMUKKU MacCaXkMponoToKa
C MOMOLbIO MPUKAAQHbIX KOMMbIOTEPHbIX
nporpamm 1 6aHanbHOM KOHCTaTauuen ca-
mMoro daKkTa Harpy3km B Yac Nk 6e3 aHanm3a
KOHKPETHbIX NOKa3aTesnen NponyCcKHOW Cro-
cobHOoCTW.

B pamkax KoHuenuum Teopumn ouyepenen
N TEOPUN HAAEXHOCTY BblAENNM OCHOBHblE
nokasatenn AnA oueHkn 3 eKTUBHOCTU
MeTpononuteHa [4].

OcHOBHble MHAUKATOPbl aHanuMsa p[nAa
OoLeHKM 6e30MacHOCTN ABWMPKEHUA paccyu-
TbIBAlOTCA HA OCHOBAHWUM CNeayowWwmx Kio-
yeBbIX METPUK [5]:

e VHTEHCMBHOCTb MoToka cboeB: cpeg-

Hee KoNn4yecTBO MHUMAEHTOB 3a onpepe-

NEeHHbIN Nepuog (mecAu, rog);

e CpefHee BpemA oXupaHua cbos: no-

Ka3saTesb, XapakTepusyoLwnn nepnogny-

HOCTb BO3HWKHOBEHMA HeLWTaTHbIX CUTY-

auunm;

e VHTEHCMBHOCTb BOCCTaHOBMEHNWA
c60s: CKOPOCTb YCTpaHeHUA nocnea-
cTBMI c60A 1 BO3BpPALLEHNA K LUTAaTHOMY
rpaduviky ABVXKEHNS;

e CpegHee Bpems BOCCTaHOBNEHWA MO-

cne cbos.

Jaonum HekoTopble MOACHEHUA MO MOBO-
Ay YKa3aHHbIX nokasaTenen. B HopmaTteBHO
npaBoBol 6a3e MeTpPONonUTeEHa OTCYTCTBY-
eT noHATue cboa unn aBapum [6]. akTnue-
cKku, cbon — 3TO HapyLwweHune rpadpuka asu-
XeHUA noe3foB K cKomnjeHve 60nbloro
yncna niogen Ha neppoHax, 6es HaHeceHuUA
yuwiepba 340pOBblo NaccaxmpoB [ucT. 4.
ABapusa — 3To cepbe3HbI Bpeg ana nHopa-
CTPYKTYpPbl METPONONNTEHA U 300POBbA JTt0-
fen [7]. B uccnegosaHmn [8] ynoMaHyTbl BCe
cbou, KOTopble Tak NN MHaYe NMENN MecTo
3a nocnegHue 10 net.

ABapumHoOCTb

B 1abn. 1 npuBegeHa gnHamuka cboes
B MOCKOBCKOM METpOMnonnTeHe C AeTaib-
HbIM YKa3aHneM MpouCLLIECTBUI MO KaXaom
NHUN 3@ nocnegHune 13 net. B 3To uncno Bo-
WA cbou, cBA3aHHbIE KaK C HealeKBaTHbIM
noBefeHMeM MacCaXxkMpoB (3auenepsbl, ca-
MOBOJbHbIV CNYCK UK NageHne Ha penbCbl),
Tak 1 cboun, KoTopble Npecc-cnyxba meTpo-
NONMTEHA MMEHYeT KaK «npoBepKa UHPpa-
CTPYKTYpbI» [9].

O6wmn ntor Takos: 3a 2013-2025 rr. Bce-
ro B MOCKOBCKOM MeTpONONNTEHE NPOU30-
wno 1246 cboes, TO eCTb B rog NPoONCXoanT
B cpeHeM 96 c60eB B METPOMNOSINTEHE.

lNepBoe mecTo NO aBapUNHOCTA 3aHUMA-
eT TaraHcko-KpacHonpecHeHcKasas NUHUA:
240 cboeB 3a 13 neT, BTOpoe MecTo NpuHaa-
nexuT 3aMoCKBopeLKon NnHun — 173 c6os
3a aHaNorn4yHbIM Nepuoa u TpeTbe MecTo
otBogmtca  CepnyxoBCKO-TUMMPA3EBCKON
nmHUn — 153 c6oa [10].

lNprBegeHHOe B uenom pacnpegeneHue
aBapPUMNHOCTM OOBACHAETCA, B CYLLHOCTMN,
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Ta6nuuya 1. JuHamuka c6oes Mockoscko2o MempononumeHa 3a 2013-2025 za.
Table 1. Dynamics of Moscow metropolitan failures in 2013-2025

mlzlelels|2lele 5|8 838
R|R|R|R|R|R|R|R|R|]|R|&|R Mo Tt

3 5 4 6 3 18 | 33 8 9 7 8 4 4 112 | Apbatcko-lokpoBckas

0 0 0 0 0 1 1 2 4 7 5 20 BKI

0 0 0 3 1 3 2 1 1 0 1 1 0 13 byTtosckasn

8 4 5 6 9 28 46 22 10 8 7 12 8 173 | 3amockBopeLKas

4 4 3 3 4 5 19 3 2 1 1 4 1 54 KanuHuHcko-ConHueBckas

5 3 3 2 2 4 18 3 4 5 6 4 4 63 KonbLeBas

3 6 6 8 8 29 | 32 | 18 | 17 7 9 5 3 151 Kany»cko-Puckasn

3 3 4 3 6 14 | 29 5 9 4 5 7 5 97 TiobnnHcko-AmnTtpoBcKas

0 0 0 0 0 0 0 0 0 1 0 2 0 3 HekpacoBckasn

8 5 4 4 8 24 | 32 10 6 6 6 9 5 127 | CokonbHu4yeckas

10 6 5 4 12 17 | 33 | 21 11 10 9 10 5 153 | CepnyxoBcko-TummpaAsesckas
14 8 7 9 26 | 47 | 51 26 15 10 9 1 7 240 | TaraHcko-KpacHonpecHeHcKas
3 3 3 4 3 6 6 6 1 1 0 3 1 40 QOunesckan

61 47 | 44 | 52 | 82 | 195|304 | 123 | 86 | 62

65 | 79 | 48 | 1246

NcmouHuk: CoctaBneHo asTopom no [10]
Source: Compiled by the author based on [10]

60nbLION 3arpyKeHHOCTbIO BETOK M POCTOM
ob6bema CYTOUYHOro MacCaXkMpomnoToKa, YTo
NPOBOLMPYET CKOMJIEHNEe MNacCaKMpPOB Ha
neppoHax n Kak crneacteBme — M3MeHeHUs
B LWTATHOM pacnuMcaHun noesnos. [axe
NocTeneHHoe OCHALWEeHNe WHHOBALMOHHbI-
MK noesgammn «MocKkBa» TakUX CTapeniumx
BETOK KaK «3aMOCKBOpeLKas» He B cunax
B KOPHE MepesioMuTb HEraTUBHYIO TEHAEH-
LMI0 NponcCLIecTBmin [UCT. 5].

Hanbonee npobnemHbiM gna meTpono-
nnteHa 6bin 2019 rop, Korga unucno cboes
AOCTUINIO CBOEro Makcumyma. Torga eule
MHOTe BETKW He Obli OOHOBJIEHbI MHHO-
BALMOHHbIMN CcOCTaBamu, MoCKOBCKMe au-
ameTpbl He QYHKLUNOHMPOBaNN B MOSTHOM
obbeme, U HakanaMBanucb Npobnembl Mo
PEMOHTY 1 0OHOBNEHNIO NHPPACTPYKTYPbI.

Bonee nogpobHO cTaTUCTMKa NprBeaAeHa
B Tabn. 1 n Ha puc. 1.

N3 1abn. 1 n pnc. 1 MOXHO yBUAETb, UTO
ANHaMMKa COOEeB MOCKOBCKOW MOA3eMKU
MMeeT YeTKO BblPa*KeHHbIN CE30HHbIN Xa-
pakTep. JencTtBntenbHO NOrofHble yCoBus,
CUNbHblE MOPO3bl NN HA06OPOT MaANALMIA
3HOW HapywalwT nojady >SneKkTpuyecko-
ro NUTaHWA U NPOBOUMPYIOT Npobnembl B
TpaHcopMaTopax 1 Aeno, a 3To CKa3blBaeT-
CA Ha rpaduKe ABMXKeHMA Noe3noB; 0cobeH-
HO 3TO OWYTUMO B MOHe-utone. Hanpumep,
Ha Ounesckon nuHum B 2013 rogy 6bIn0 3a-
dMKCMpPOBaHO NageHne aepeBbEB Ha pPeb-
cbl; B 2025 rofly Ha TOW e NMHUKM 6binn 3a-
TonneHbl ABe CcTaHumn «barpatnoHoBCKasA»
n «KyHueBCKaa» 13-3a NPOJIMBHbIX JOXAEN

[9].
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Puc.1. JuHamuka c6oed pabomel Mocko8cko20 MemponoumeHa
C AHBAPA No okMAbpe 2013-2025 2.
Fig. 1. Dynamics of Moscow metropolitan failures from January to October 2013-2025
NcmoyHuk: CocTaBneHo aBTOPOM Mo [UCT. 6]
Source: Compiled by the author based on [source 6]

Paccuntaem oCHOBHble NoKasaTenu 3¢-
beKTMBHOCTN GYHKLUMOHUPOBaAHUA MOA-
3eMKU B paMKax Teopunm MaccoBoro ob-
cny>kmnBaHua [11]. na sToro onpegenmm
WHTEHCMBHOCTb NoToKa cboeB 3a oTueT-
HbIn nepuoa. Ecnn 3a 13 net Bcero npo-
n3owno 1246 cboes., TO 3a rog B cpeHeM
WHTEHCUBHOCTb cocTaBnaeT A = 1246/13=
95,84 cb6om/ron. To ecTb B MecsAL, Npouc-
XoauT B cpegHem 7,98 c6oeB; 3TO 3Haue-
HMEe MOXHO OKpYrinT A0 8 MHUMAEHTOB
B MmecAL. To ectb A = 8 cbon/mecay [11].

Yto KacaeTtcs gHeBHoOro c6os, To OH pa-
BeH A=0,3 cbon/neHb. Ecnn ncxoantb n3
yCpe[HEHHbIX 3HaYeHnn, To cbon npounc-
XoOAT B METPOnonuTeHe oAviH pas3 B Tpu
AOHA. BakHO OTMETUTb, UTO 3TOT MOKa3a-
TeNlb XapakKTepusyeT METPOMOJINTEH B Lie-
nom 6e3 yKasaHuUN KOHKPETHbIX NNHUN.
Mpuyem Kaxkaaa NMNHUA XapakKTepu3syeTca
CBOUMW 0COBEHHOCTAMU 1 CBOEWN aBapUii-
HOCTbIO.

B 1abn. 2 npuBegeHo cpeagHee Bpems
OXnaaHusa c6ona No NMHUAM MeTPONoNINTEHA.

Ta6nuya 2. CpedHee spems oxxudaHua cboes
Table 2. Average waiting time for failures

JInHun CpepHee uncno CpeaHee Bpems oXXugaHua c6on
c60eB B mecALy (B gHAX)
ApbaTcko-NokpoBcKas 1 30
BKN 0,13 234
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OkoH4yaHue mabauyepl
JInHun CpepgHee uncno CpepHee BpemsA oxugaHusa c6on
c60eB B mecsL, (B gHAX)
byToBcKkas 0,08 360
3amocCKBoOpeLKas 1 30
KannHunHcko-ConHueBckas 0,35 87
Konbueas 0,40 74
Kanyxcko-Pumxckan 30
MobnnHcko-AMuTpoBCKas 48
Hekpacosckas 1560
CokonbHn4yecKkas 30
CepnyxoBcKoO-TuMMpA3eBCKas 30
TaraHcKo-KpacHomnpecHeHcKas 15
DOuneBckan 0,26 117

Ncmouruk: CoctaBneHo aBTopom no [12]
Source: Compiled by the author on [12]

3 Tabn. 2 BUAHO, YTO OQHOW U3 Hanbo-
nee 6e3aBapuiHbix BeToK siBnAeTcAa bKJ1, Tak
KaK cpefiHee BpemA oxknaaHuna 284 gHa. Ana
CcpaBHeHMA Ha Kanyxcko-Pvxckon nuHun
3TOT Noka3artenb paseH 30 gHAM, a Ha TaraH-
cKo-KpacHonpecHeHcKkon nnHum — 15. 310
ewe pa3 nofgyepKknBaeT HeobXoaMMOCTb
aHanmsa «puonetoBom» AUHUN N NPUYUH
c6oes.

NMokasarenn NacCaXXKMponoTtoka

B Tabn. 3 npuBeaeHbl Ba)kHble MHAWKa-
TOPbl, KOTOPble BAMAIOT HAa MHTEHCUBHOCTb
naccaxkmponotoka B MOCKOBCKOM MeTpO-
nonuTeHe.

Tabn. 3 HarnAHO AEMOHCTPUPYET, UTO
obLiee COBOKYMNMHOE KONMMYecTBO CHOeB He
npesbiwaeT 100. 5To NoaTBEP)KAAETCA MHO-
FOYMNCNEHHBIMU  NCCNEAOBaHMAMU  LPYINX

Ta6nuya 3. lNokazamenu naccaxuponomoka Mockosckozo MempononumeHa
Table 3. Passenger traffic indicators of the Moscow metropolitan

MokasaTenb 3HauyeHune noKasarens
Obulee uncno cboes 3a roj 95
CpepHee uncno cboeB 3a mecAL, 8
CpefHee BpemsA oXKmaaHusa c60A 3a Hefenio 2
CpegHee uyncno c60eB Ha OAHOW NMHUN 33 CYTKM 0,28
MNHTEeHCMBHOCTb NOTOKa COOEB B METPOMONIUTEHE B Yac A (cboii/vac): 0,01
KonnuecTtBo c60eB 3a Hegento (Ha BCex IMHUAX) 2,00
CpepHee BpemaA paboTbl MeTpononmTeHa 6e3 cboes (B Yacax) 96
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OkoHYaHue mabauubl
Mokasatenb 3HauyeHMe noKasartensa
NHTeHCMBHOCTbL NOTOKa CO0EB B METPONONNTEHE B AeHb A (COOI/AeHD): 0,28

1 yac)

NHTEeHCMBHOCTb BOCCTAaHOBAEHUS NNHUK (L = 1 BOCCTaHOBREHUe/

CpepnHee Bpems BOCCTAaHOB/IEHWSI MeTponofinTeHa nocse céosa (1/u)

(B wacax)

NHTEHCMBHOCTb BOCCTAHOBNEHMA NOC/E aBapuii B METPOMNOSINTEHE 35
(1 =1 BoccTaHoBNeHKe/4 vaca), '
CpenHee BpeMa BOCCTaHOBNEHNSA nocne aBapuii (1/u) 35

Ncmounuk: CoctaBneHo asTopom no [10]
Source: Compiled by the author based on [10]

aHANNTNKOB 1 3KcnepToB [15]. Kaxkabin me-
CAL B MOCKOBCKOM Mog3emKe NMpoucxoanTt
He MeHee 6-8 cboeB, a B HeleNnto — Kak Mu-
HUMYM ABa.

YTo KacaeTcA MHTEHCUBHOCTM BOCCTAHOB-
neHna cboeB, TO, K COXKaNneHuo, B JOCTYMHbIX
NCTOYHMKAX, 3Ta MHGOpMaLmnA OTCYTCTBYeT.
MoaTOMy NPUXOAMTCA WCMNONb30BaTb WH-
bopmaLmio, NoNlyYeHHY OT naccakmpos. B
cpefHeM VHTeHCMBHOCTb BOCCTAHOBJIEHUA

Ha JIMHUN peaKo NpeBbIWaeT oauH yac. Uc-
KJloUeHMe COCTaBAAIT Te C/lyyau, KoTopble
OTHOCATCA K Cepbe3HbIM aBaAPUAM TaKMM Kak
KpylweHne noe3fos Ha Apbatcko-lMokpoBs-
CKOW NIMHWM, KOTOPOE CNyunnocb 15 HoabpsA
2014 ropa.

KomnnekcHble MnokasaTenn OLEeHKU pe-
3yNbTaTUBHOCTM  YHKLMOHUPOBaHMA Mo-
CKOBCKOIO  METPOMOoNnTeHa NpuUBEAEHbI
B Tabn. 4.

Ta6nuya 4. [lokasamesu oyeHKU pe3y/lbmamugHOCMU hyHKYUOHUPOBAHUSA
Mockoscko2o MemponosnumeHa
Table 4. Indicators for evaluating the effectiveness of the Moscow metropolitan

Ne Moka3saTtenb 3HayeHune
1 2 3
1 MpepenbHasa NIOTHOCTb CKOMJIEHMA MACCAaXKNPOB Ha CTaHLUK 3 yen/m?

2 Bpemsa cToAHKM noe3ga MeTpononTEHa Ha CTaHLMN 25-50 cekyHp

3 MNpepenbHaa nponyckHasa cnocobHOCTb OAHOrO 3CKanaTopa 7500 nacc/u

4 MNMpenenbHaa NponyckHaA cNoCOOHOCTb OAHOM CTaHLMK 4000 nacc/u
MeTpononuTeHa

5 JKcnnyaTauMoHHas CKOpPOCTb 1-ro 3ckanatopa MeTpononnTeHa 1,3 m/c

6 MponyckHasa cnocobHOCTb OAHOrO TYPHUKETa B METPOMNONMTEHE 2500 nacc/u

7 CpepHAA CKOPOCTb ABUXKEHUA MacCakMpa B METPOMNONMNTEHE 45-68 M/MUH

(2,25-4 Km/u)
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OkoH4YaHue mabauuel
Ne Moka3saTtenb 3HauyeHune
1 2 3

(MHHOBALMOHHbIV BaroH «MocKBa»)

8 MakcrmanbHaAa BMECTUMOCTb OQHOIO BaroHa MeTpPOonoJINnTeHa

190 naccaxuvpoB
(MNoTHOCTL 5 yen/m?)
330 naccaxxkmnpos
(nnoTHoCTb 10 yen/m?)

(BaroH «E»)

9 MaKcumanbHasa BMECTMMOCTb OHOro BaroHa MEeTPOnoOJINTEHA

260 naccaxknpos

McmouHuk: coctaBneHo aBTopom no [14]
Source: compiled by the author on [14]

B Tabnuue 4 npeactaBneHbl nokasaTenu,
KOTOpble B LieSIOM OnpeaensAoT CTeNeHb Ha-
BEXHOCTN  PYHKLMOHMPOBAHNA METPONo-
NUTEHa NpW YCNOBUKU, YTO He MpoucxoguTt
HUKaKNUX cO0EB Ha NIMHUAX, BbI3BaHHbIX KakK
BHYTPEHHUMMU, TaK Y BHELLHUMW MPUYNHAMN.

MNpumeyaTenbHo, UYTO Nt06OE faXke He3Ha-
ynTenbHOe NPouCLIeCcTBue, Kak, Hanpumep,
NONIOMKa 3CKanatopa, NepeBo3ALero B Yac
OKOJ10 8 TbICAY NaccaknpoB, Bneyer cepbes-
Hyl0 OaBKYy M CKOMJEeHMe MacCcaXupoB Ha
neppoHe.

MycTb Ha cTaHUMM paboTaeT TpU 3CKa-
natopa. O603HaunM 3a A, BXOAALIMIA NOTOK
naccaxmpoB, paBHbii 450 yen./muH. pn
3TOM NPONYCKHaA CNOCOBHOCTb 3CKanaTopa
onpepgendaetca 4= 100 yen./MuH.

lNprBegem pacuetr nokasartenenm o no-
NIOMKM 3CKanartopa:

n = 3, rae n — 4YncsI0 3CKaNaTopos.

NHTEeHCMBHOCTbL Harpy3ku p = 450/100 =
4,5 [16].

Koadduument sarpyskny = = = % =15
[17].

3ameTrMm, YTo ecnmn KO3IPPMLUMEHT 3arpys-
Kn P > 1, TO 3TO CBMAETENbCTBYET O TOM, YTO
B MOMEHT MPUOLITUA COCTaBa Ha CTaHLMIO,
Ha NeppoHe BCcerga nmeeTca onpeaeneHHas
oyepefb M3 MACCaXMpOB, KOTOPYIO MOXHO
TPaKTOBaTb KaK OMYCTUMOE CKOMJIeHne Ha-
pPOAa N KOTOpOE Kak NpaBuio paccacbiBaeT-
CA [0 cnepytollero noesaa.

B cnyyae nonomku ogHOro sckanatopa us
Tpex KapTnHa U3MeHUTCA cnegyowmnm obpa-
30Mm:

N=2, rge N — Yncsio 3CKanaTopos.

HoBbin KOIpPULMEHT Harpysku cTaHeT
paBHbIm [18]:

l!"H:l:iB =

450
200

= 2,25

JTO nNpouv3onfeT BC/IeACTBME TOro, YTO
MPOMyCcKHasa CrnoCcoOHOCTb y3na CHU3UTCA
¢ 300 go 200 yenoBekK B MUHYTY.

Onpepnenum CKOpOCTb poCTa B oyepeau
[19]:

v, =A—(nXu)=450—- 200 = 250 yesn./Mun

queus

[pw 3TOM, eC/I 3CKaNaTop HaXoOAUTCA B He-
ncnpasHOCTU B TeyeHre 10 MUHYT, TO Ha nep-
poHe ckonutca 2500 naccaxunpos (10 MUH X
250 yen/muH = 2500). A 370 yKe ob03Hauvaet
MaKCMManbHO MJIOTHOE CKOMJieHue ntogen
Ha CTaHUWK, U Kak cneacTBMe — faBKa, YTo
MOXeT CMpoBOLMPOBaTb 3afepXKy mMoes-
[0B M3-3a Npobnem 3akpbiTuA ABepen, Tak
Kak Kaxgbli OygeT xoTeTb nomacTb B Ba-
rOH.

TakXe ana BHOBb BXOAALLEro naccaxmpa
CO CTOPOHbI ynuLbl, 1 He NOAO3peBaloLwero
O NOJIOMKe MexaHM3Mma, NpuaeTca CToATb B
ouepean He meHee 12,5 muH. PacueT npuse-
[EH HUXe.
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Bpems ctoaHma naccaxkmnpa B ouepean [20]:

W = Zauewe _ 2500 _ 45 5 vnm
neu 200

Ina Toro yto6bl N3bexaTb HeraTMBHbIX
CLeHapueB B MeTPOMonmnTeHe NpUMeHAIoT
COOTBETCTBYOLLME MepPbI:

1) meTon pe3epBUPOBaHUA, KOTOPbIN
3aK/lo4aeTca B Hanuuuu JONOJSIHUTESb-
HOro 3CKanaTtopa, KOTopbI BCerga MmoxkeT
BKIIOUNTLCA B paboTy ona nopepkaHuA

CTabuNbHOM NPOMNYCKHOW CMOCOOHOCTU.
Takon npmem xapakTepeH AnAa CTaHuumn
rnyboKoro 3aneraHus;

2) apanTuBHOEe YynpaBneHue, KOTopoe
Nno3BonAeT OnepaTMBHO nNepeKkno4vaTb
3CKanatopsbl, paboTallme «Ha Cnyck» B
PeXnM Ha «noabemMy B Cllyvae AOCTUXKEHNA
KPUTMYECKOW NIOTHOCTU NAacCaKnponoTo-
Ka Ha cTaHuun [21].

CTaTncTMKa naccaxkmpoobopoTa 3a 2025
rog npveeneHa Ha puc. 2.

B CokobHUYECKAs

B 3aMOCKBOpeLKas

B Apbarcko-ITokpoBckast

B QuneBckas

B KonbueBas

B Kanyxcko-Puxckas

B Tarancko-KpacHopecHeHCKas
B KaMHUHCKAs

B CepriyxoBCKO-TuMupsi3eBcKast
B JlroOmuHCKas

B KaxoBckas

B byTOBCKas

Puc. 2. [Taccaxuponomok Mockoscko2o MemponosiumeHd, melicC. 4esl./cymku
Fig. 2. Passenger flow of the Moscow metropolitan, thousand people/day
MlcmoyHuk: cocTaBneHo aBTopoM Mo [UCT. 6, 7]

Source: compiled by the author on [source 6, 7]

CornacHo puc. 2 BUAHO, 4TO Tpy Hanbonee
3arpy»eHHble JIMHUM — 3aMOCKBOPELIKas,
Kany»cko-Puxckasa n CepnyxoBcKko-Tummpsa-
3eBCKasA — MMeIOT Harpy3ky 6onee 850 Tbic.
4enioBeK B CYTKW, YTO MOBbILIAET PUCK TPAHC-
MOPTHbIX NPOWCLIECTBUA U Hebnaronpuat-
HbIX WHLUWOEHTOB, BK/OYas HeafeKBaTHoe
noBeeHne NaccaXxmnpos 1 3aLenepos.

bonblioe 3HaueHve ana metpononnTteHa
NMeIOT HOBble MHHOBAaLMOHHbIe noe3fa «Mo-
CKBa», KoTopble 0651afJalT MOBbILEHHbIM

KombopToM U oOLiet BMeCTUMOCTbIO A0
1500 TbIC. yenosek. Takon NokasaTeNb BMe-
CTMOCTU 0COOEHHO BaXeH B Yac MWK, Korga
NaccaXxmnponoToK AOCTUraeT CBOEro anores.

OpHako, ecnn B3ATb CYTOYHbIN Naccau-
POMNOTOK Ha CaMbIX 3arpyXeHHbIX NNHUAX,
Korga umcno nogen npesbiwaet 1 200 000
YyesioBeK, TO AaXke HOBble MHHOBALVOHHbIE
COCTaBbl He Bcerga CnocobHbl CNPaBRATbCA
C TakKUM CKOMMeHueMm Mosnb3oBaTenen me-
TpononuTeHa.
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Taknm obpa3om, C yueTom pocta Mera-
nonuca yepes napy net TaraHcko-KpacHo-
NPeCHEeHCKas NIMHUA MOXET ObITb CUNbHO
neperpy>keHa 1 3afep>KKu Ha Hel CTaHyT
ONATb YaCTbIM ABNEHNEM, KaK 3TO y>Ke 6bIN1o
B nocnegHuve 10-15 net, Korga Ha Hewn Kyp-
CpoBanu yctapesLmne coctabl. OTKpbITe
bKJ1B 2023 rogy yBennumuno nacca*knpono-

TOK TONbKO Ha 3 % (250 TbIC. Yen.), n K KoHUy
2024 roga noTtok coctaBui okosno 1300 Tbic.
yenoBsek [UCT. 6, 7]. B Tabn. 5 npeacrtaBneHa
CpaBHUTENbHAA XapaKTepucTnka nponyck-
HOW CNOCOOHOCTU INHUI B 3aBUCMMOCTU OT
HanblBa Naccaknpos [14].

N3 Tabn. 5 BMAHO, uTo 60sbLIE NONOBMHDI
NMHWUIA paboTaloT Ha npepene CBOWMX BO3-

Ta6bnuya 5. [lponyckHaa cnocobHocme uHUl Mockosckozo MemponoaumeHa
Table 5. Capacity of Moscow metropolitan lines

MpepenbHasn Pacuyert nHrte-

O6vem nac- nponyckHas rpanbHOro Ko-

HasBaHue nuHwMi caxupo-no- | o enocts | PP s¢pdunumenTa

TOKa B CyTKMN TUBHOCTb N

3a CyTKMN NpoONyCKHON

(TbIC. Yyen.)

(uen.) CNnoco6HoCTN
CokonbHM4yeckas 962, 2 864 - 0
3aMOCKBOpeLKan 1287,8 864 - 0
Apbatcko-lNokpoBcKkas 832,3 864 + 1
Ounesckan 197,5 864 + 1
Konbueas 939,3 1188 + 1
Kanyxcko-Pumxckan 1018,2 1188 - 0
TaraHcko- 1114 1188 - 0

KpacHonpecHeHcKas
KanvHnHckas 929,3 864 - 0
CepnyxoBcko-TmupsaseBckas 10354 864 - 0
lobnnHckasn 803 864 + 1
KaxoBckas 99,2 864 + 1
byToBcKas 107 864 + 1
BKN 1200 1188 - 0
WUtoro 6/13

MlcmouHuk: cocTaBneHo aBTOPOM Mo [14]
Source: compiled by the author on [14]

MOXKHOCTel. Paccumtaem MHTerpanbHbIN KO-
3¢ dMLMEHT peanbHOM NPONYCKHOM CNOCo6-
HOCTW CTaHUWNW. Pa3gennm yncno ctaHuum,
MCMbITABLUMX Meperpysky Ha obuee ymcno
CTaHUNN:

I =(6/13) X 100 % = 46 %.

NHTerpanbHbii KO3GOULMEHT Nponyck-
HOW CrMOCOOHOCTN CBMAETENbCTBYET O MO-
CTOAHHOWN 3arpy»KeHHOCTU JINHUIN 1N Heob-
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XOANMOCTM MOCTOAHHOIO YBENNYeHnNA nap-
Ka Nnoe3goB WMHHOBALMOHHbIMW COCTaBamMm
«MocKBa», a TakXe O BaXHOCTU CTPOUTESb-
CTBa HOBbIX AMAMETPOB AN1A pPa3rpy3Kkn CTo-
JINYHOW NoA3EeMKN.

MoXHo caenaTtb BbiIBOJ, YTO HeOOX0ANMO
He Tonbko 100 % oOcCHalleHne Bcex NUHUN
MEeTPOMnONINTEHA WHHOBALMOHHbIMU COCTa-
BaMW, HO N pa3BUTME aNbTEPHATUBHbIX BU-
[OB rOPOACKOro TpaHCnopTa — Hanpumep
nepecagka Ha MUK n MU/, a Takxe yepes
CMCTEeMY MepexBaTbiBalOWMX MAPKOBOK —
Ha KapLUepPWHT.

CnepyeT oOTMeTWUTb, 4YTO 6ecnuNoTHble
noesga He 6yayT oco6eHHO 3PPeKTUBHbI
B UacC MuK, Korga o6bem NaccakMpornoToKa
AOCTUTHET NpefenbHbIX 3HayeHun. Mor-

TaXX HOBbIX BECTUOIONEN N OTKPbITUE HOBbIX
CTaHUMI TakXe fob6aBaT npobnem, ocobeH-
HO B Ciyyae HebnaronpuATHbIX METeopo-
NOrNYECKUX YCSTIOBUI: CUNbHbIE NINBHU UN
»Kapa BbI30BYT 3aTOMsieHne Aeno, Tak U Bo3-
ropaHue TpaHchOpPMaTOpPOB, UTO CNPOBOLIU-
pyeT nepebou C SNeKTPONUTAHMEM.

B 1abn. 6 npuBegeHbl Hanbonee cyule-
CTBEHHbIE NMOKa3aTeNi, KOTopble MOyYeHbl
13 NpeablayLwnx pacyeTos.

MNpuBeneHHass B Tabn. 6 BMeECTMMOCTb
onpegeneHa C yyeTomM TEXHUYECKUX HOp-
MAaTUBOB CTapbIX M HOBbIX MHHOBALMOHHbIX
noesnoB MeTpononuteHa. MokasaHo, 4To
npegenbHas BMECTMMOCTb  MACCaXKMpPOB
OOCTUrAeTCss MMeHHO OGnarogapa WHHO-
BaLMOHHOMY cocTaBy «MockBa». To ecTb,

Tabnuya 6. [lpedenbHble nokazamesnu 3gphekmusHocmu
Mockoscko20 MemponosiumeHa no cCKopocmu 08UXXeHUs N0e3008
Table 6. Maximum efficiency indicators of the Moscow metropolitan in terms of train speed

Ne HanmeHoBaHue nokasarens ®opmyna pacueta 3HaueHmne

CpenHAa CKopoCTb ABUXKEHMA

1 pen pocTb A 15 KM/45 MUH, 20 Km/u
naccakmpa Ha MmeTpononnTeHe

2
Y1ncno naccaknpos B 0OAHOM g x
M —exp| —

2 BaroHe B C/ly4YanHbIi MOMEHT ol 2xg2 130-150 yen
BpemeHu (3aKoH Panen) x>0
Yuncno naccakmpoB B OGHOM

3 noesfe B C/ly4anHbIi MOMEHT 150 yen x 8 Bar. 1200 uen
BpemeHu

4 lNpepenbHOe YncNo Naccaxnpos B | B cootBeTcTBMN C NOAHON 300 yen
OQHOM BaroHe B 4ac nukK BMECTMMOCTbIO BaroHa

B cooTBeTCTBUM C NONHOM

MNpenenbHOE YNCIO NACCaXXNPOB B

5 OIHOM NOe3€ B Yac Nk BMeCTUMOCTbIO BarOHOB 2400 yen

300x8

6 lNpenenbHasa BMeCTMMOCTb BaroHa | B cooTeBeTcTBUM C nonHoM 264 ven
«E» BMECTMMOCTbIO BaroHoB
MNpenenbHaa BMeCTUMOCTb OJHOIO

7 beA A (nnoTtHOCTL 10 Yen/m?) 330 uen
BaroHa noesga «MockBa»
lNpenenbHasa BMECTUMOCTb OQHOIO

8 beA A (nnoTtHOCTb 10 Yen/m?) 1617 uen
cocTtaBa noesga «Mocksa»
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ncxopa m3 undpbl 1617 yenosek (Makcu-
MafibHOE YMUC/I0 YeNnoBeK B COCTaBe), Mbl
[eNnaeM BblBOA, YTO 3a 4YaC MoXeT OblTb
nepese3eHO MakcumanbHo 16174en. x 40
nap = 64680 uenoBeKk. JTO AOCTAaTOYHO
Ba)KHblI MOKa3aTesib, KOTOPbIN XapaKTepu-
3yeT npefesibHble BO3MOXKHOCTU MeTpOomno-
NINTEHa yXe Ha <HOBOM» WMHHOBALMOHHOM
YypOBHe.

Ha «HOmepHbIx» noesfgax 3TO 3HauyeHue
He npesbliwaeT 264X8x40= 84480 TbicAY ye-
noBek 3a yac. K npumepy, ecnmn B3ATb TaKylo
3arpy>keHHyl0 BeTKY Kak 3aMOCKBopeuKas
NNHUA, TO AaXke NP CTONPOLEHTHOM CObto-
AEHUM LWITAaTHOrO pacnucaHuA rnoes3gos He-
BO3MOXHO nepese3tn 6onee 100 TbicAY ye-
NOBEK 3a OAMH Yac, UTO HE MOXKET He CKa3aTb-
CA Ha BbIHY>KAEeHHbIX CO0AX 1 Konnancax.

MpepcTaBnAeTcA yenecoobpasHbIM Tak-
e noBbICUTb NHPOPMALMOHHYI0 OCBe-
AOM/IEHHOCTb MAaCCaXXUpPOB uepe3 HOBble
undpoBble NPUNOKEHUA U MOOUbHbIE
CepBUCbl O BO3MOXKHbIX KONnancax, a Tak-
xe ycunutb cetb WI-FI. BoctpeboBaHHbIM
6yneTt co3gaHne fOMNONHUTENbHbIX aBapuUi-
HO-CMacaTeNbHbIX CNYX0, KOTOpble JOKHbI
HeCTU KPYrnoCyTOUYHOe AeXXYPCTBO Ha AnC-
TaHUMAX. Kpome 3TOro, BaXkKHyo posb Urpa-
eT EguHbin gucnetuepckun ueHtp (EAL)
MocCKOBCKOro MeTpononuTeHa, KOTOpPbIN
aKKyMynMpyeT BClO MHPOpMaUuUo 1 npo-
euunpyeT ee Ha ronorpadpuyecknin sKpaH B
dopme pawbopaoB u gunarpamm. EanHbin
ANCMEeTYEPCKUA LUeHTp npu3BaH co3daTb
eanHoe umdpoBOe TUNepnpoOCTPaHCTBO,
OoNTUManbHO obbeguHALWee AaucneTye-
POB, BCEX TEXHMYECKUX CNYXO (ABMKEHMA,
3NeKTPOCHAbXeHNA, 3CKanaTtopHon) Aana
MrHOBEHHOIO pearmpoBaHuMa Ha cbon,
npeanaraa COTHM WABGNOHHbIX CLEeHapueB
B C/lyyae BHeLWTaTHbIX CUTYaLnn.

3AKAKOYEHUE

CTpemutenbHoe pa3BuTre CeTU MeTPOomno-
nuteHa MOCKBbI, OTKPbITME HOBbIX CTaHLUIA,
BeCTMOlONEeN, MOHTaXX HOBbIX [NAMETPOB,
BHeApeHue UNPPOBbIX TEXHONOMMI U NHHO-
BaUMN — BCe 3TN BMecCTe B3ATble haKTopbI
CNoco6CTBYIOT MOBbILLEHMIO KOMOPTa Nac-
Ca’KMPOB M NOBbILLAOT 6e30MacHOCTb nepe-
meweHuA. Mpy 3TOM CHWXKaeTcA Harpyska
Ha Ha3eMHbIl1 OOLLEeCTBEHHbIN TPaHCNOPT —
aneKkTpobyCbl, MapLpyTHble TaKCK, Tak Kak
MeTpOMONuTEH OXBaTbiBaeT Bce OonbLue
npunerawLmx K ropogy TeppuTopui.

B paboTe paccumTaHbl KONMYECTBEHHbIE
XapaKTepuCTUKM NACCaXMPONOTOKa MeTpo-
NoNNTEHa, a TakXe onpegenieHbl 0CO6eHHO-
CTV BO3HUKHOBeHMA c6oeB. [MoKa3zaHo, 4To
BC/IeACTBME YBeNMYEHNA POCTa Maccaxu-
pONOTOKa B YacC MK 6ONbWNHCTBO CTaHUWIA
paboTaloT Ha npepene CBOVMX BO3MOXKHO-
cten. MNpeanoxeH mMHTerpanbHbI Ko3ddu-
LMEHT NPOMNYCKHOW CNOCOOHOCTN METPOMO-
nuTeHa.

AKkTnBHaA mopepHmsauna MOCKOBCKOro
MeTpononuteHa 1 BBeAeHMe WHHOBaUUN
CNocobCTBYET MOBbLILEHNIO HAOEXHOCTU U
KomdpopTa nepeBo3ku naccakmpos. C ue-
Nblo NOBbIWEeHNA SPPEKTUBHOCTU PYHKLMNO-
HUPOBaHUA CUCTEMbI METPOMOJIUTEHA HEOO-
xoammo 100 % ocHallleHne BCeX NMHUN UH-
HOBALMOHHbIMU Moe34amK, a TakxKe Ba)KHO
NPUCTYNUTb K PEKOHCTPYKUMK «npobnem-
HbIX» ANCTAHUWA WU BHEAPWUTb pAd npeay-
npeanTenbHbIX MepPOnpUATUNA.

NHHOBauMOHHaA mogepHM3auma Me-
TPOMONMTEeHa TakKXe MO3BONAUT MOBbICUTb
NHBECTULIMOHHYIO MpUB/ieKaTeNbHOCTb OT-
AeNbHbIX paloHOB MOCKBbI, YyCKOPUTb TEM-
Mbl Pa3BUTMA OPYrux BUOOB FOPOACKOro
TPAHCMNOPTAa, a TakXe co34aTb HOBble NOJI0-
Cbl €/T0BOMN aKTUBHOCTMW.
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YnpaBAaeHWe ToBapHbIMU 3anacamMmu
2 Bbl60p HaNAOroBoro pexuva.
KAKOYEBbDbIE aClNEKTbl AN MaAaAOlro U CPEAHETO 6usHeca

O.B. lWHangep, B.E. AHapunaHoBa ><

®robY BO «QuHaHcosbit yHusepcumem npu lMpasumenscmeae Poccutickoti @edepayuu»
JleHuHepadckuti npocnekm, 49/2, Mockea, 125167, Poccutickaa @edepayus
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AHHOTaumA. AKmyasbHoCmMes. B ycnoBmax pocTta HanoroBoro 6pemMeHn Ha manbii ”
cpefHuin 6usHec anA BbiABNEeHNA NpobnemHbix obnacten cybbekToB U nocneayioLlen
onTMMU3aLmMM npouecca BeaeHna 6r3Heca BO3HMKAET NOTPEOHOCTb B PacCMOTPEHUN
pa3INYHbIX CNOCOOOB HANOrOBOro yyeTa U CUCTeMbl yNpaBieHNA TOBapPHbIMI 3anacamu.
Lens. KomnnekcHoe n3yyeHne cucteMbl ynpaBieHNA TOBapHbIMUM 3anacaMy 1 aHanusa
NPUMEHAEMbIX HANIOrOBbIX PEXMMOB Ha NPMMepe YCIOBHOro cybbekTa mManoro npepg-
NPUHUMATENbCTBA A/1A BbIAABNIEHMA KIOYEBbIX B3aMMOCBA3EN, NPo6IeMHbIX 30H 1 pa3pa-
6OTKN NPAKTUYECKNX PEKOMEHZALMI MO ONTUMU3ALNN YYEeTa, MUHMMN3aLMn HaJIOrOBOM
Harpys3Ku 1 NoBblweHnto 0bLen GMHAHCOBOW YCTOMUMBOCTI BM3HeCa B YCNIOBMAX ANHA-
MWUYHOWN PbIHOYHOW Cpedbl N MEHAIOLEroca 3aKkoHoAaTeNbCTBa.

Mamepuanel u MemoOel. B KauecTBe METOAONOMMYECKO OCHOBbI MCMONb30BaINCh METO-
Abl CUCTEMHOTO, CPABHUTENbHOIO, GMHAHCOBOrO YNpPaBAeHYeCKoro, KO3pGULUNEHTHOTO,
SWOT-aHanusa, metop cpeaHen ce6ecTonmocCTu.

Pe3ynemamel. AHann3 geAaTenbHOCTU YCIOBHOIO MHAVUBUAYANIbHOIO npeanpuHuMaTens
BbIABU 3PEKTUBHOCTb YNpaBAeHNA TOBAPHbIMM 3anacamu, YTO NOATBEPXKAAETCA Bbl-
cokmMM KoaddurumneHTom obopaumnBaemocT. BoibpaHHaa Hanorosas cTpaterna ABNAeTCA
onTmanbHo. [o pesynbtatam SWOT-aHanm3a BbiABNEHbI GaKTOPbI, KOTOPbIE CTaBAT MO
yrpo3y geAatenbHOCTb YCIOBHOrO CybbeKkTa. KniouesBon yrpo3om ABNAeTCA NNaHupyeMbli
POCT GUKCMPOBAHHbIX CTPAXOBbIX B3HOCOB € 2026 roaa.

3aknoyeHue. VlccnegoBaHme nokasano, YTo CUCTeMa yyeTa M aHanmsa ABUXKEeHUA TOBa-
pOB, OCHOBAHHasA Ha MeToe CcpefHen cebecToMMOCTI, NO3BONMNa CYyObEKTY OCTUYD Bbl-
cokon obopaunBaeMoCT 3aMacoB, MUHMMK3MPOBATb 3aTPaTbhl HA XPaHEHME U CHU3UTb
puckn obecueHeHns. MpumeHeHNe yNPOLEHHON CUCTEMbI HANOroobnoXeHna ana on-
TOBOW AeATeNIbHOCTU N NAaTEHTHOW CUCTEMbl ANA PO3HUYHOW TOProBAU B TeKYLUX YC/10-
BMAX obecneyrBaeT NpremsIeMyo HaJIOroBYIO Harpy3Ky U CHUXKaeT agMUHUCTPATUBHbIE
N3gepxKun 3a cyeT ynpoLeHHON OTYETHOCTH.

© lWHangep O.B., AHapuraHoBa B.E., 2026
Gyey |
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InAa coxpaHeHusa n nosblweHna 3GdeKTUBHOCTM feAatenbHoctn UM Heobxogumo He
TONbKO MOAAepXuBatb Tekywmne 3pPeKkTnBHbIE MPAKTMKA yNpPaBAeHUA 3anacaMmm, HO 1
aKTVUBHO BHeAPATb NHCTPYMEHTbI aHaIMTUKN ANA MPOrHO3MPOBaHNA Crpoca, ANBepCcu-
burumpoBaTb NOCTABLLMKOB U PErynsapHO OLEeHNBaTb COOTBETCTBME BbIOPAHHOWN CUCTEMDbI
HaNoroo6/1I0XKeHNA N3MEHALMMCA SKOHOMUYECKUM YCNIOBUAM U COOCTBEHHBIM Onepa-
LMOHHbIM rMoKa3aTtenam.

KnioueBble cnoBa: ynpasfieH/e TOBapHbIMI 3anacamu; HanoroBbI pexum; byxrantep-
CKUI yYeT; ABMXKeHME TOBApPOB; YNPOLLEeHHaA CUcTeMa HanoroobnoXeHUs; PO3HUYHaA
TOProB/A; ONToBaA TOProsA; MHAMBUAYANbHbIA NpeaAnpPUHUMATENb; Manblid 1 CPeaHNi
Ou3Hec

(DI/IHaHCI/IpOBaHIIIe. On HaHCMPOBaHME OTCYTCTBOBAJIO.

Ana untnposanunsa: LLHangep O.B., AHapnaHoBsa B.E. YnpaBneHve ToBapHbiMK 3anacamm
1 BbIOOP HAIOrOBOIO peXmnma: KnoyeBble acneKkTbl 417 Manoro u cpegHero 6usHeca. MH-
¢opmayusa u uHHosayuu. 2026;21(1):51-64. https://doi.org/10.31432/1994-2443.2026.25

Inventory management and tax regime selection:
key aspects for small and medium-sized businesses
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Abstract. Relevance. With the growing tax burden on small and medium-sized busi-
nesses, it is necessary to consider various tax accounting methods and inventory man-
agement systems to identify problem areas and subsequently optimize business pro-
cesses.

Aim. A comprehensive study of the inventory management system and analysis of appli-
cable tax regimes using a simulated small business entity as an example to identify key
relationships and problem areas and develop practical recommendations for optimizing
accounting, minimizing the tax burden, and increasing the overall financial stability of
the business in a dynamic market environment and changing legislation.

Materials and Methods. The methodological framework utilized methods of systemic,
comparative, financial management, ratio, SWOT, and average cost analyses.

Results. Analysis of the simulated sole proprietor’s operations revealed effective inventory
management, as evidenced by a high turnover ratio. The chosen tax strategy is optimal. A
SWOT analysis identified factors that threaten the simulated entity’s operations. The key
threat is the planned increase in fixed insurance premiums starting in 2026.
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Conclusion. The study showed that a system for accounting and analyzing inventory
movements based on the average cost method enabled the company to achieve high
inventory turnover, minimize storage costs, and reduce depreciation risks. The use of a
simplified tax system for wholesale operations and a patent system for retail trade in the
current environment ensures an acceptable tax burden and reduces administrative costs
through simplified reporting.

To maintain and improve the efficiency of individual entrepreneurs, it is necessary not
only to maintain current effective inventory management practices but also to actively
implement analytical tools for demand forecasting, diversify suppliers, and regularly as-
sess the suitability of the chosen tax system for changing economic conditions and their
own operating performance.

Keywords: inventory management; tax regime; accounting; goods movement; simplified
taxation system; retail trade; wholesale trade; individual entrepreneur; small and medi-
um-sized business
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BBEAEHUE

Mo paHHbIM Pocctata 060pPOT PO3HUY-
HOW TOProBau BblpoC 3a nocnegHue 10 net
noutn Ha 25 mnpg pyb6. [uct. 11. Ana ontu-
MM3aUMN BeAEeHMA yyeTa U [OCTUKEHUA
MaKCUManbHOW NpubbIIN KaxKgas opraHu-
3auMa N MHAMBUAYaNbHble NpeanpuHMMa-
TeNU AOMKHbI BblOpaTb MOAXOAALYK ANA
NX CTPYKTYpbl 6M3HECa meToq yyeTa TOBa-
pOB, KOTOPbI B CBOK o4epedb BAUAET Ha
CcMcTeMy yrnpaBnieHuMa 3anacamm n GrHaHCo-
Bble MOTOKU. Ha coBpemeHHOM LMdppOoBOM
pbiHKe, rae HabnogaeTca TeHAeHUNA K pas-
MeLLEHMIO TOBAPOB Ha MapKeTrnencax ans
fanbHenlen PO3HMYHOW TOProBAM, YXKe-
CToYaeTCcA KOHKYpeHLUUA Cpeam NpoaaBL OB,
NMO3TOMY OCOOEHHO BaXKHO BbICTPOUTb Mpa-
BW/IbHYIO OpraHu3aLuMio yyeTa TOBapa, Tak
KaK yueT B CBOIO ouepefb BNMAET Ha SKOHO-
MMYECKYI0 YCTONUMBOCTb bmsHeca [1, 2, 3].

HemanoBa)kHbIM 31eMeHTOM Ansa no-
HUMaHUA 3PPEKTUBHOCTM BbICTPOMBLUENCA
CUCTeMbl yyeTa TOBAPHbIX 3aMacoB ABNAETCA
N KOMMJIEKCHbIN aHan13 TOBapoOB 1 UX ABU-
XeHuA. bnarogapa KOMNneKCHOMYy aHanmsy
ABVKEHNA TOBAPOB SKOHOMUYECKUI CyOb-
€KT MOXeT BbIABUTb MNPOONeMHble MecTa,
Tpebyowmre ontummusaymn. [MpobnemHblie
MeCTa MOTYT BbIABAATbCA NPU HANIMUUUN He-
3QPEKTMBHbIX  YYaCTKOB  JIOTUCTUYECKNX
Lenoyek, HeonpaBAaHHO BbICOKMX 3aTpa-
TaxX Ha CKNagupoBaHUe, XpaHeHne 1 TpaHC-
NOPTUPOBKY TOBapHbIX 3anacos. CBoeBpe-
MEHHOe BblABNEHNE OWMOOK B yyeTe U B
OpraHM3auunm >KOHOMUYECKOro npouecca
NO3BOJIAIOT BbIABUTb NOTEPU U U3NNLIKN A0
KPUTUYECKUX NOCIeACTBUIN, KOTOPbIE MOTYT
NPUBECTN HEe TOSIbKO K 3HAYMTENIbHOWN noTe-
pe npubbINKn, HO U B KOHEYHOM cyeTe K 6aH-
KpPOTCTBY.

YyeT v aHann3 ABMXeHMA TOBapOB ABNA-
0TCA BaXXHbIMU 3/1EMEHTaMN B GYHKLMOHU-
POBAaHUN IKOHOMMYECKOro CybbeKTa, BNu-
ALWUMN Ha ero NepcnekTUBHOE pasBuTHE,

B TOM u4mcile, 0COGEHHOCTM OpraHM3auunn
OyxranTepcKkoro yyeta COBpeMEHHbIX MasiblX
npeanpuAtTin [4, 5, 6 1, BoNpocbl pa3BuUTUA
manoro u cpegHero 6usHeca(7, 8,9],npob6ne-
Mbl U3MeHeHnA Gu3Heca, HanpaBNeHUA nX
BbIABNIEHUSA, @ TakXKe nx aHanus [10, 11, 12],
ABUXXEHMEe TOBAPOB COMNPAXKEHO C yYeTOM U
dbopmupoBaHneM 3aTpaT 3KOHOMUYECKOTO
CyObeKTa, a TakXe ero B3aMmoaencTBnem c
KOHTpareHTamn [13,14,15], BaxHble acnek-
Tbl yNPaBAE€HUA CUCTEMHbBIMU N3MEHEHUAMM
npeanpuHMmaTenbckom cpenpl [16, 17].

Leno uccnedogaHua — KOMMIIEKCHOE
N3yyeHne CUCTEeMbl YyNpaBneHNA TOBapPHbI-
MM 3anacamu 1 aHanm3a NpUMeHAemMbIX Ha-
NOTOBbIX PEXMMOB Ha NpUMepe YCIOBHOIO
cybbekTa Manoro npeanpuHUMaTeNbCTBa
ANA BbIABMEHUA K/IOYEBbIX B3aMMOCBA3EN,
NpPo6neMHbIX 30H K pa3paboTKM npakTu-
YeCKUX peKoMeHZauMin no OonTMMMU3aunn
yyeTa, MMHUMM3AUMN HANIOTOBOW HarpysKm
1 NoBbIWeHNIo obwenn GMHAHCOBOMN YCTON-
4ynBOCTM OBU3HECa B YCNIOBMAX ANHAMUYHOM
PbIHOYHOW Cpefbl N MEHAIOLLErocA 3aKOHO-
faTenbcTBa.

MATEPUAAbI U METOADI

B pabote wucnonb3oBanucb MeToapl
CpaBHUTENbHOro, (GUHAHCOBOrO  ynpas-
neHyeckoro, KoapoumumeHtHoro, SWOT-
aHanmsa, meTof ce6ecTonmocTu.
PE3YAbTATbI U ObCYXAEHUE

B wuccnepoBaHuu npoaHanu3npoBaH

yyeT TOBApPOB, a TaKXe CMCTeMa Hanoroo-
6noXeHNA YCNIOBHOrO npeanpuHumaTens,
LEeATeNbHOCTb KOTOPOro 3aK/oyaeTca B On-
TOBOW M PO3HUYHOW TOProsfie CTPOUTENb-
HbIMW MaTepuanamu.

B cTpykTtype 3KOHOMMYecKOro cybb-
eKTa 3aeNCTBOBaHbl TP HaeMHbIX paboT-
HUKa: ABa NPOAaBLA-KOHCYNbTaHTa U OAMH
rnaBHbI Oyxrantep, KOTOPbIA 3aHMMaeTCA
60NbLWNHCTBOM agMUHUCTPATUBHbBIX 3ajay,
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TO eCTb BefeHue yuyeTa, NPOBefeHnEe WUH-
BEHTapM3aunKn, KOHTPONb Haj NOCTaBKaMu
TOBapoB, paboton npogasLoB. Pa3rpyska
TOBApOB OCYLLECTBNAETCA CUIaMU CTOPOH-
Hel opraHM3aunn, Tak Kak TOBap 3a4yacTylo
ABNAeTCA KpynHorabapuTHbiM © Tpebyet
npodeccroHanbHON NoMowm ana gosege-
HUA TOBAapOB A0 MecTa cbbiTa. [locTaBKa To-
BapOB NPOMN3BOAMNTCA 3a CYET NOCTABLYNKOB.
Onnata Tpyaa pabOTHMKOB OCYyLLeCTBAAET-
CA B pamKax TPYAOBOro 3aKOHOAATENbCTBa,
C YAepXaHuem ob6A3aTefibHbIX HANoOroB wu
B3HOCOB BO BHebOlogXeTHble ¢oHAabl. WH-
dopmauma o 3apaboTHOM nnate ABNAETCA
KOHPUAEHUMaNbHOM N He MOXeT ObITb pac-
KpbITa B paMKax Hay4yHOro MccriefoBaHuA.
NHansumpayanbHbIn npeanpuHUMaTenb ABAA-
eTcA cyObbeKTOM Manoro u cpegHero npepn-
npuvHMMaTenbCcTBa Ha oOcHoBaHun OPepge-
panbHOro 3akoHa ot 24.07.2007 N2 209-03
«O pa3BUTUN Manoro u CpefHero npeanpu-
HUMaTenbcTBa B Poccunckon Pepepaunm»
[MCT. 2] n nogxoauT NoA KpUTepun, onmucax-
Hble B ({3: Hebonbluaa cpefHeCnMCoYHan
UYNCNEHHOCTb PabOTHMKOB — 3 YenoBeKa,
a Takxe NpubbIIb 3a KaneHZapHblA rog He
npesbiwaet 120 mnH pyo.

Cratyc manoro npeanpuHMMaTenbCTBa
[laeT BO3MOXKHOCTb NPVMEHEHUA YNPOLLEH-
HbIX CNocoboB BefdeHMA OyxranTepckoro
yueTa, KOTopble NO3BONAET BeCTU YYeT Mo
YKPYMHEHHbIM CTaTbAM U OCBOOOXKJaeT OT
o06Aa3aTenbHOro GOPMMUPOBAHUA MOJSTHOTO
naketa OyxranTepcKon OTYETHOCTW, BKJIIO-
vyaowmn B ceba B coorsetcteum ¢ OCBY
4/2023 [ncT. 3] 6yxrantepckuii 6anaHc, otueT
0 GMHAHCOBBIX pe3ynbraTax, a TakXKe NPUo-
XKeHuA K HUM. B ynpoueHHbIn cocTtaB Oyx-
ranTepckon oryetHoctu no-Hosomy DCBY
BKJIIOUAETCA TONbKO Byxrantepckmin 6anaHc
1 OTYeT O PUHAHCOBbLIX pe3ynbTaTax.

B Poccunckon ®Pepepauun BCce UHOW-
BuAyaJibHble npeanpuHUMaTenn n ppyrue
cybbekTbl 6u3Heca 06A3aHbl NNATUTL Hao-

M. WHameBmpayanbHbIn  npeanpuHUMaTesnb
MMeeT YMPOLLEHHYK CMCTEMY Hanoroobno-
»KeHNA CO CTaBKOW Hanora Ha npubbinb 6 %
ANA [OXOA0B, KOTOPbIe OCYLLEeCTBAATCA NO
kogy OKB3[ 46.73.6 — onTtoBaa TOprosns
CTpouTenbHbIMM  MaTepmanamu. Hanoro-
Bbll KogeKC B rnase 26.2 [UcT. 4] packpbl-
BaeT NofpoObHy nHGopmaLmio O Kpute-
puAX, KOTOPbIM AOSIKEH COOTBETCTBOBATb
3KOHOMUYECKUN CYODbEKT, MPUMEHSAIOLW NI
YNPOLUEHHYK CUCTEMY HanoroobnoxeHus,
006BbEKT, NoOpAAOK onpeneneHnsa JOXOAOB 1
pacxonoB 1 Tak aanee. O6beKTOM Hanoroo-
6noxeHna y UM — «goxofibl MMHYC pacxo-
Abi». MNpenmyecTBoM BbIOpaHHOWM CUCTEMDI
HaNOroo6N0XeHNs ABNSETCS BO3MOXKHOCTb
BK/IIOYEHNA B COCTAB PACXOAOB HE TONbKO
CTOMMOCTb NPMOOPETEHHBIX TOBApPOB, HO
N ppyrvue 3atpatbl, HENOCPEeACTBEHHO CBA-
3aHHble C BedeHuem npeanpuHUMaTenb-
CKOW [eATeNbHOCTW, BKAOYAA onnaty Tpy-
[a, OTYNCNIEeHNA BO BHeOXeTHble GOHAbI,
apeHAHble NAaTeXn 1 YCIyrn no pasrpyske
KpynHorabapuTHOro ToBapa.
HeAaTenbHOCTb, NPUHOCALAA [AOXOAbI
OT PO3HWYHOWM TOpProBnu, obnaraerca no
NaTeHTHOW CUCTeMe HanoroobnoXxeHus.
MNaTeHTHaA cuctema Hanoroobnoxkenua 24
(NCH) npepcTaBnaeT cobon cneumnanbHbIN
HaNoroBbll  peXxuMm, npegycMOTPEHHbIN
rnaBown 26.5 Hanorosoro kopgekca Poccun-
ckon Qepepaunn [KUCT. 4]. JaHHbIA pexum
NO3BONIAET UCMOJIb30BaTb PUKCUPOBAHHDbIN
pa3mMep Hasnora, yCTaHaB/IMBaeMbI NCXOAA
13 MNOTeHUManbHO BO3MOXHOIO roAoBOro
[l0X0[a, OnpeaenseMoro HajoroBbiMu op-
raHamym Ha OCHOBaHUWN PErvoHanbHOro 3a-
KoHofdaTenbCcTBa. HanoroBaa Harpyska no
NaTEHTHOWM CUCTEME He 3aBUCUT OT aKTu-
YyeCKM NOIyYEeHHOro f0X0Aa, YTO NO3BoNAeT
npeanpuHumMmaTtento 6onee TOYHO NIAHNPO-
BaTb CBOW $UHAHCOBble MOTOKW. [TpaBO Ha
NPUMeHeHne NAaTEHTHOMN CUCTEMbI HANIOroo-
6110KeHNA NPefoCTaBNAETCA NCKOYMTENb-
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HO WHAMBMAYaNbHbIM NpeanpUHUMATENAM,
1 TONbKO B TOM C/lyyae, eCim CpefHeCnmncou-
HaA YNCNIEHHOCTb PabOTHNKOB He MpeBbiLla-
eT 15 yenoBek, a rogOBOW AOX04 MO KaXKao-
MYy 13 BUAOB AeATeNbHOCTY, BK/TIIOYEHHOMY B
MCH, He npeBbiwaeT 60 MiH pyo.

MepeueHb BMAOB AeATENbHOCTU, AOMY-
CKaeMblX K MPUMEHeHM0 naTeHTa, npuBe-
NEH B cTaTbe 346.43 HK n BKkno4vaeT, B TOM
yncne, PO3HNYHYI0 Toprosnt. Pasmep Hano-
ra no NaTeHTy paccumTbiBaeTca no Gpopmyne,
YCTaHOBJIEHHOM B NyHKTe 1 cTaTbm 346.51
HK PO [ucT. 4], n npeactaBnAaeT cobom 6 % ot
NoTeHUManbHO BO3MOXKHOIO rofoBOro Ao-
xoga. Npwn ncnonbsosanum NCH nugueunay-
anbHbI NpeanprHMMaTeNib ocBoboXaaeTca
OT 06513aHHOCTN NpeACTaBAEHNA HaNIOrOBOW
AeKnapaummn, YTo 3HAUNTENTIbHO CHKAET aj-
MUHUCTPATUBHYIO Harpysky. Bmecte ¢ tem
npegnpvHuMmatens o006A3aH BeCTUM  KHUTY
yuyéTa [OXO[0B, KOTOpaA MOXeT ObiTb 3a-
NpoLUeHa HanoroBbIMM OpraHamy Npu Npo-
BeAEHUN KOHTPOJIbHbIX MEPONPUATUN.

JloKymeHTOO60pOT B TOpProBown pJes-
TENbHOCTM OPraHMU30BaH B COOTBETCTBUU
¢ TpeboBaHuamn OepepanbHOro 3akoHa
N2 402-03 «O byxrantepckom yuyeTe» [UCT. 5],
a Takke HopmaTtMBaMu MO OPOPMIEHUIO
NepPBUYHbBIX YYETHbIX JOKYMEHTOB. [Tpuemka
TOBAPOB Ha CKJlag ConpoBOXAaeTcAa opopm-
NeHneM TOBapHbIX HaknagHbix (dopma
TOPI-12) n akTOB O pa3rpyske. YueT gBuke-
HWA TOBApPOB BEAETCA B pa3pese NPUXOAHbIX
N pacxofHbiX onepauuni, ¢ 0b6sa3aTeNnbHbIM
OTpaXeHVeM COOTBETCTBYIOLWMNX MNepBUY-
HbIX JOKYMEHTOB, B TOM UYMC/e KaCCOBbIX U
CKNaaCcKmX.

B cobcTBEHHOCTM UMHAUBMAYANbHOIO
npeanpuHUMaTena ectb ToproBoe 060-
pygoBaHve, OAVMH MOHWUTOP, CUCTEMHbIN
610K, NpuUHTep, KaccoBoe 06OpPyAOBaHMe,
HO M3-3a MaJIOLEHHOCTM OOBEKTOB rNaB-
HblM Byxrantepom 6b1N10 NPUHATO peLleHmne
He yuynTbiBaTb NepeynciieHHoe B KayecTBe

OCHOBHbIX cpeacTs. o cTpoke 3anacbl OT-
pakeHbl TOBapbl, NMpefHa3HayeHHble AnA
npogaxun. Takke UMM nmeetr pebutopckyto
3afl0/PKEHHOCTb B pa3mepe 4 000 pyo6.
n Kpeantopckyto — 88 000 py6. Hepacnpe-
AeneHHaa npubbiib 3a 2024 rog cocTaBuna
633 000 py6.

YyeT OCTaTKOB Ha KOHeL OTYEeTHOro
nepuoga OCyLECTBNAETCA Ha OCHOBAHMWWU
[AaHHbIX MHBEHTapu3aunn, NPOBOAVUMON He
pexxe ogHoro pasa B rog. lposegeHne nH-
BEHTapM3aunn pernaMeHTUpyeTca npuKka-
30M MuH$uHa Poccum ot 29.07.1998 N 34H
[UCT. 6], @ TakKe MONMOKEeHUAMMN YUYeTHOWN
nonuTukn npegnpuHumatena. OTBeTCTBEH-
HbiIM 3a MpoBedeHMe WHBEHTapu3auum u
KOPPEKTHOCTb YyuyeTa OCTaTKOB ABMAETCA
rnaBHbI Oyxrantep, B 06A3aHHOCTU KOTOPO-
ro Takke Bxoaut GpopmmpoBaHme 1 Nogava
OTYETHOCTW, NPefyCMOTPEHHON AnA cybb-
€KTOB Manoro 6usHeca.

OcobeHHOCTbIo yyeTa B JaHHOM Cllyyae
ABNAETCA NPMMEHEHNEe METOAA OLEHKM No
cpefnHen cebectommoctu. B cootBeTcTBUM
¢ TpeboBaHnamun OCBY 5/2019 [wucT. 7], aTOT
MeToA npepnosaraeT pacyeT cpegHen CTo-
UMOCTU eANHULbI TOBapa Npu KaXkaom no-
CTYNAEHNN, YTO MO3BONAET HMBENMPOBATb
KonebaHMA 3aKynouHbIX LieH 1 obecneunTb
06beKkTUBHOE PpopMmnpoBaHme cebecTommo-
CTN peannsyembix ToBapoB. [JononHuTenb-
HO B pacyeT BKJOYAKTCA 3aTpaTtbl Ha pas-
rpy304Hble paboTbl, KOTOPblE MPON3BOAATCA
NpuBAEYEHHbIMM Tpy3uMKaMn. YKasaHHble
yCNyrn pacCMaTpurBaOTCA KaK NpAMble pac-
XoAbl 1 BXOZAT B cOCTaB dpaKkTnyeckon cebe-
CTOMMOCTU MPUOOPETEHHDBIX TOBAPOB.

Ycnyru rpy3umKoB BK/HOYAKOTCA B COCTaB
3aTpaT Ha NnpuobpeTeHne TOBapOB 1, COOT-
BETCTBEHHO, GOPMUPYIOT CebEeCTOMMOCTb
peanusyemon NpoayKumn. Yuet ABUMKEHUA
TOBapOB BefeTcA 6€3 NpMMeHeHNA YYETHbIX
ueH. Bce dpakTbl x03AMCTBEHHOM XKn3HK UM
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buMKcnpyloTCa B cneymann3npoBaHHOM Npo-
rpammHom npogykre 1C.

WHomBnayanbHbin - npeanpuHUMaTenb
He MMeeT NPaBO Ha HAJIOrOBbIN BblYeT, Tak
KaK [eATeNbHOCTb CybbeKTa He obnaraetca
HAOC.

Y vMHAMBMAYanbHOro npeanpuHMmare-
NA eCTb KOHTPOJIbHO-KAacCoBasA TeXHMKa AN
onnaTbl NPU NOMOLLM CUCTEMbI SKBaNPUHra.

DurHaHCOBbIN pe3ynbraT No UToram oT-
YeTHOro nepuofga oTpaxaeTca Ha cyeTe 99
no gebety — B cnyyae ybbITKa U Mo Kpe-
AWTY — B Clyyae npubbiin. Yuet Toprosom
HaLeHKM BegeTcA 6e3 nCcnosnb3oBaHNsA cyeTa
42, pe3ynbTaT OT NpoJakun ToBapoB, TO eCTb
pa3HuLa MeXay NPoaaKHOM N GakTNYeCKomn
cebeCcTOMMOCTbIO TOBAPOB, OTPaXKaeTcA Ha
cyete 90. IngmnBmnayanbHbIN NpegnpuHnNma-
Tenb 60nblUe He MMeEeT OTINYNTENbHbBIX OCO-
6eHHOCTeln B yyeTe 1 CJI0KHbIX MOMEHTOB
13-3a UCNOJSIb30BaHMA YNPOLLEHHOW CucTe-
Mbl BEAEHNA yyeTa.

Ana oueHKkn 3pPeKTMBHOCTM ynpas-
NeHnA 3anacamm MPUHATO CYMTaTb KO-
3¢dmumeHT obopaumBaemocTn TOBap-
HbIX 3anacoB. [10 YCNOBHbIM AaHHbIM, 3a
2023 rop ce6ecToMMOCTb peann3oBaHHbIX
TOBApPOB cocTaBuna 9 693 Tbic. py6., a 3a
2024 rog — 5 081 Tbic. py6. CtoMmocTb
TOBapHbIX 3anacoB Ha Hayvano 2024 roga
cocTaBuna 629 Toic. pyb., a Ha KoHew, ne-
prnoga — 708 Tbic. py6. Ana Toro, 4toobl
paccuntaTb Ko3dPMumMeHT obopauvBae-
MOCTM 3anacoB NCMOoNb3yeTcaA cneayowasn

dopmyna:
iy (1)

I
CyeTHAR B oIHTHES ZAME 00E

I{-:-Ei =

roe K, — KoappuumeHT obopaunsaeMocTu,
C/cy — cebecTonmocTb peanm3oBaHHbIX TO-
BapOB.

MyTem NOACTAHOBKW YCNOBHbIX 3Haye-
HUI OTYETHOCTK CyObeKTa HangeH Kod3dpdu-
UneHT o6opayurBaemMoCTI 3anacos:

51

Kos = (6204708172

= 7,5 obopoToE

KoadpdumumeHT fOCTaTOUHO BbICOKUN 1
CBUIETENbCTBYET O TOM, UTO CyObEKT peanu-
3yeT TOBapbl C BbICOKOW YaCTOTOW, N30bITOU-
HOCTb TOBapa AOCTaTOYHO HU3Kad, TO ecTb
NHAVBMAYANbHbIA NpeanpuHUMaTeNb He
yAep»KuBaeT 3anacbl Ha cKnage, a 6bICTpo mx
peanusyer.

[nA BbIABNEHMA HAaNpaBneHNA ONTUMU-
3aUMM MeHe[KMeHTa TOBapOB MNpoBefeH
SWOT-aHanu3, pe3ynbraTbl KOTOPOro npepj-
cTaBneHbl B Tabn. 1. «<SWOT-aHann3 nomora-
eT onpefenmTb NPUYKHBI, MO KOTOPbIM KOM-
MaHUA Ha pbIHKe AencTByeT 3PPEKTUBHO
nnn HeadpdeKTUBHO» [18].

Mo pe3synbraTam aHanusa ObiNn BbIAB-
neHbl GaKTOPbl, KOTOPble CTABAT MOA Yrpo3y
LAEeATeNIbHOCTb YCNOBHOro cybbekTa. OgHa-
KO HeobXxoaMMo OTMETUTb, YTO WHAUBU-
AYanbHbIN NpeanpuHMMaTenb 3aBUCMM OT
MOCTOAHHbIX MOCTaBLNKOB TOBapa, y Hero
HeT asfibTEPHATMBHbIX KOHTPAreHTOB, KOTO-
pble mornu Obl NOCTaBAATbL TOBap, OT 3TOrO,
COOTBETCTBEHHO [EATENIbHOCTb KOMMaHMM
HaxoAunacb B peXkMme BONATUIIbHOCTY, Tak
Kak B CWNy MOroAHbIX YCNOBUN, nepeboes
C NOCTaBKOW W TaK fanee WUHTEHCUBHOCTb
npofaxk nsyyaemoro cybbekta nagana. Vc-
CnefoBaHMe TakXe MoKasasno, UTo B Nepurog,
N3yyaemoro OTYeTHOro roga Obuin BbiABe-
Hbl pe3Kue CKauku Crpoca Ha onpeaeneH-
Hble Tpynnbl TOBAapoOB. TakK, BECHOW CMNpocC
MOBbLILIANICA HA KPACKY M MMEHHO TaKue To-
Bapbl 6bI1 6onee peHTabenbHbIMK, HO NPK
3TOM B 3UMHUI 1 NETHWUI Nepuog cnpoc Obin
HenpeackasyeMm, YTo 3aTPyAHWUIO NAaHNPO-
BaHMe 3aKYMKN pa3HblX BUAOB TOBApOB, He-
KOTOpPble U3 KOTOPbIX MOMN 3aneXmnBaTbCaA
Ha CKNafile 1 NoTepATb CBOW KauyeCTBEHHbIe
XapPaKTePUCTMKN.

B kBagpaHTe «Bo3moxHOCTW» (CM. Tabn. 1)
PaCcKpbITbl NYTU ONTUMM3ALMM YNpPaBNeHUA
ABVIXXEHNA TOBAPOB 1 NOBbILLEHNA UX 060pa-
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Ta6nuya 1. SWOT-aHanus deamesibHOCMU UHOUBUOYAJIbHO20 NpednpuUHUMamesis
Table 1. SWOT analysis of the activities of an individual entrepreneur

CunbHble CTOPOHDbI

Cnabble CTOPOHDI

J¢pPeKTMBHOE ynpaBfieHMe TOBAPHbIMA 3a-
nacamu, HopmasnbHasi 060paYNBaEMOCTb

3aBMCMMOCTb OT MOCTaBLWMKOB B 4acTu [o-
CTaBKM TOBapoOB

OTCcyTCTBUE N3OLITOUYHBIX 3aMACOB, YTO MUHU-
MU3UPYET 3aTpaTbl HA XPAaHEHNE U CHUXKaeT
pUCKM obecLieHBaHMA

CnoXHOCTU B NMJaHMPOBaAHUKN 3anacoB B CIy-
yae pe3KnX N3MeHEeHNN PbIHOYHOIO CNPOCa

MprMeHeHne MeTofa CpeaHen cebecTommo-
CTW, YTO No3BoNsieT 6onee TOYHO yUnTbIBaTb
3aTpaTbl Ha TOBap

OrpaHNYeHHbI  acCOPTMMEHT TOBAPOB Ha
cKnage, Yto MOXeT OrpaHu4YMTb BblOOp ANA
KIIMEeHTOB

Bo3moXKHOCTU

Yrposbl

BHep,peHme cncTteMm aBTOMaTU3NPOBAHHOIO
ydyeTa onAa ynydyweHna nnaHnpoBaHUA

KonebaHusa pblIHOYHOroO cnpoca MoryT NoBAu-
ATb Ha 06bEMbI MPOJAX M 3anachl

PaclumpeHne accopTMeHTa TOBapoB s
npuBneyeHna 60MbLLEro YNCA KIIMEHTOB

YBenuueHvie UeH Ha CTpouTesibHble MaTepu-
anbl Yy NOCTABLMNKOB, YTO MOXET MOBAUATb Ha
NPUOBLINBHOCTb

OnTMKM3auust NOTUCTUKN 1 CKNAagNPOBaHMSA
AN1A COKPALLEHUS BPEMEHM Ha PasrpysKy u
ynyJyweHma obopoTa 3anacos

YcnneHve KOHKypeHUumn B chepe po3HUYHOM
TOProBAN CTPOUTENbHBIMU MaTepranamm

cnonb3oBaHWe VHCTPYMEHTOB aHANUTUKK
Ans 6onee TOYHOro NPOrHO3MPOBaHNA CNPO-
ca v oNTMKM3aLMM TOBAPHbIX 3aMacos

Mpob6nemMbl C Ka4eCcTBOM TOBApPOB UNN Hepao-
BOJIbCTBO K/IMEHTOB, UTO MOXET NPUBECTU K
BO3BpAaTaM U CHUKEHMIO flOBEPUA K OU3HeCy

MlcmoyHuk: cocTaBneHo aBTOPOM Ha OCHOBe [UCT. 8]
Source: compiled by the author based on [source 8]

ynBaemocTu. Bo n3bexaHune pucka Hannuma
TOBApOB, KOTOpble OCTaloTCA 6e3 ABUKEeHUA
B TEYEHME OTYETHOro Neproaa, NnpeanpPuHU-
MaTento CTouT paspaboTaTb CBOK CUCTEMY,
MO3BOMIAIOLLYI0 OTCAEXMBATb Camble Nony-
NAPHbIE NO3MLMN B aCCOPTUMEHTE.

Kak nokasan SWOT-aHanu3, ©OusHec
CTaNKkMBaeTCA C pAAOM Bbl30BOB, BKJO4YaA
3aBMCUMOCTb OT MOCTaBLYMKOB, CE30HHbIe
KonebaHnA cCnpoca W YCWNEHWEe KOHKY-
peHuun. Kpome TOro, coBmelleHue pAByX
HaNOroBbIX PEXUMOB, HECMOTPA Ha CBOMW
npenmyLLecTBa, Co3faeT AOMNONHUTENbHYIO

CJIOXKHOCTb B yueTe 1 TpebyeT NOCTOAHHOIO
KOHTPONA 3a cobnogeHnem NMMUTOB MO J0-
Xodam 1 uyucneHHocTu. pagywmne n3meHe-
HUA B 3aKOHOAATENbCTBE, B YaCTHOCTU, POCT
$MKCMPOBaHHbIX CTPaxoBbIX B3HOCOB € 2026
roga n ycuneHue undpoBOro KOHTpPona co
CTOPOHbI HAaNOroBbIX OPraHOB, MOTYT Cylle-
CTBEHHO MOBAUATL Ha PUHAHCOBYIO YCTOW-
YMBOCTb MAJIOro U cpefHero 6msHeca.
Bbibop onTrmanbHOM CCTeMbI HANOrOO-
6noXxeHna AnA MHANBMAYaANbHOIO Npeanpu-
HUMaTeNA ABNAETCA OQHON U3 KNUeBbIX Gu-
HaHCOBbIX 3afay, ownbKa B pelleHnmn KoTo-
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PO MOXKET YMEHbLUNTb BCIO ONepaLiOHHYI0
30 bEKTMBHOCTb, JOCTUTHYTYIO 3a CYeT rpa-
MOTHOrO ynpaBneHusa 3anacamu. Hecmotps
Ha CyLeCTBOBaHMNE YNPOLLEHHbIX PEXMOB,
npeanpuvHUMaTenb CTaNIKMBaeTCA C pAAOM
cnoXxHocten. JINMuTbl No oxoaam 1 YNCEeH-
HOCTN pPaboOTHMKOB AnA npumeHeHua YCH
N NaTeHTa eXerogHo MHAEKCUPYIOTCA, a UX
HapyLLeHue BneYveT NPUHYyaNTeNbHbIN nepe-
X0 Ha 00LLyto cucTeMy Hanoroo610XXeHns ¢
Hauana rofa, Yto co3fjaeTt cepbe3Hble agMu-
HUCTpPATMBHbIE N GMHAHCOBbIE PUCKI. B 3TON
CBA3N NpeanpuHMMaTento Heobxoammo no-
CTOAHHO NMPOrHO3MpoBaTb CBOW NOKa3aTenu,
4yTOObI HE BbIATU 3@ YCTAHOBJIEHHbIE PAMKM.
Kak BugHo Ha npumepe uccnegyemoro W,
OfHa YacCTb AEATENbHOCTN — ONT — MOXeET
3¢ deKTnBHO paboTtatb Ha YCH «[loxoabl Mu-
HYC pacxofbl», @ gpyras — po3HMLUa — Ha
nateHTe. OfHaKO pa3geneHuve yyerta, Heob-
XOAMMOCTb OTC/IeXUBaTb NUMUTbI MO ABYM
pexnmMam 1 CNOXHOCTb OUeHKM obuiero
drHaHCOBOro pesynbTaTta YBENIMUYMBAKOT Ha-
rpy3Ky Ha OyxranTepuio 1 MOBbLIWAT PUCK
oWKn6OK, YTO B COKO ouyepeab TpebyeT aBTO-
MaTuM3auunm npouecca.

JKOHOMMYECKasa nonuTMKa rocypap-
CTBa [EMOHCTpupYyeT YCTOMYMBLIN TPeH[
Ha yBeNMuyeHne HanoroBoro 6pemeHu ana
O6U3Heca, YTO HANPAMYIO BIMAET HA YNCTYIO
NpurobbInb 1 aeHexHble notokn. C 2026 roaa
BCTYNAlOT B CUJY U3MEHEHWA, KOTOPble OKa-
XKYT CyWecTBEHHOe BUAHME Ha AeAtenb-
HocTb UMM. C 1 aHBapa 2026 roga nponsowna
nHaekcauma ¢GUKCUMPOBaHHbIX CTPaxOBbIX
B3HOCOB. VIx pa3mep Oynet npuBA3aH He K
opgHomy MPOT, a paccunTbiBaTbCA NCXOAA U3
Me[VaHHOW 3apnnaTtbl MO CTpaHe, YTo npwu-
BefeT K UX 3HaunTenbHoMy pocTy. [1o oueHr-
KaM, MakCMManbHaa CyMmmMa B3HOCOB MOKeT
npeBbicuTb 320 Tbic. py6. B rog. Ana UM ¢
He6oNblM 060POTOM 3TO CTAHET Cepbes-
HbIM YAAPOM MO peHTabenbHoOCTU. Takum
obpasom, Kntoueson Gyayuien yrpo3on ¢pu-

HaHCOBOW YCTOMYMBOCTU BbICTYMNAET pe3Koe
yBenuyeHne OQUKCMPOBAHHBIX CTPAXOBbIX
B3HOCOB ¢ 2026 roaa.

Hameuatotca v n3ameHeHnAa ana Hanora
Ha npodeccnoHanbHbi goxopg (HIMA), pac-
WMPAETCA NepeyYeHb BUAOB AeATENIbHOCTU
ANA CaMO3aHATbIX, OQHAKO OAHOBPEMEHHO
C 3TUM 0b6CyKaaeTca BBeAeHME HOBbIX Orpa-
HUYEHUA N KOHTPOJIbHbIX MeP, YTO MOXKET
caenatb peXxum mMeHee NpuBeKaTeNlbHbIM.
HanoroBble opraHbl akTUBHO BHeApPAIOT
LUNPpPOBbIE TEXHONOIMM U CUCTEMbI aHaNN-
TUKM ANA KOHTPONA TPaH3aKuui, Hanpumep,
cuctemy «YectHbim 3HAK», uTO nosblwaeT
TpeboBaHMA K KOppeKTHoCcTM odopmne-
HUA BCEX onepauuin 1 yBennuynBaet pPUCKn
wrpadoB paxke ana [oOPOCOBECTHLIX Npes-
npuHumatenen. [na manoro u cpegHero
6u3Heca rpagyliMe U3MeHEeHWA O3HauvaloT
CHMXeHMe PUHAHCOBOW YCTOMUYMBOCTU. Pe3-
KU pocT GUKCMPOBAHHbIX PacxooB B BUAE
CTPaxoBbIX B3HOCOB COKPATUT Map»Ky, 0CO-
6eHHO B Mepuofbl CE30HHOro crnafga npo-
Aaxk. OTo noTpebyeT NMO6O NOBbIWEHNA LiEH,
4TO BfieYeT 3a COOON PUCK NOTEPATb KINEH-
TOB, MO0 COKpaLleHNA APYrnx nusgepxek,
HanpumMmep, MHBECTULNA B MAPKETUHT UK
06HOBMIEHME aCCOPTMMEHTA, UTO MOXKET 3a-
TOPMO3UTb pa3BuUTHE.

3AKAKOYEHUE

WNccnepoBaHve feAaTenbHOCTY YCIIOBHO-
ro WHAMBMAYANbHOIO MNpPeanpPUHUMaTENs,
cneumnanu3npyoLweroca Ha onToBoM 1 Po3-
HUYHOW TOProBfie CTPOUTENIbHbIMY MaTepu-
anamu, nokasano 3epPeKTMBHOCTb yrnpasre-
HMA TOBapPHbIMK 3anacamn. CucTema y4yerta
1 aHanNn3a ABUXEeHUs TOBAapOB, OCHOBaHHas
Ha MeToae cpefHeln cebectommocTu, mno-
3BoNuNa CybbeKkTy AOCTMYb BbICOKOW 060-
pauyMBaeMoCT/ 3aMacoB, MUHUMM3MPOBATb
3aTpaTbl Ha XpaHEHWe U CHU3UTb PUCKU
obecueHeHuA. prMeHeHne ynpoLeHHON
CUCTEMbI HaNoroobsoXKeHUs AnsA ONTOBOWN
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AEeATEeNbHOCTM U NATEHTHOW cMCTembl AnA
PO3HWYHON TOPrOB/IN B TEKYLLMX YCIOBUAX
obecneyunBaeT NpUeMIEMYLO HaSIOrOBYIO Ha-
rPYy3Ky U CHMXaeT aMUHUCTPATUBHbIE U3-
AEPXKKM 33 CYET YNPOLLEHHOW OTYETHOCTMU.

AnBepcnPUUNPOBaTb MOCTABLIMKOB U pe-
rYNAPHO OLEHNBATb COOTBETCTBME BbIOPaH-
HOW CUCTEMbI HAaNOrOO6NOXKEHUS N3MEHSAID-
WNMCA SKOHOMUYECKMM YCNOBUAM U CO6-
CTBEHHbIM OMEPaALNOHHbBIM MOKa3aTesNAM.

YcnewHoe covyeTaHne rMBKoro TOBAapHOro
MeHeQKMeHTa M B3BELIEHHOW HaNOoroBOW
CcTpaTernm ocTtaeTca KioyeBbiM paKkTopom
obecneyeHns JONTOCPOYHON KOHKYPEHTO-
CNOCOOHOCTN N YCTONYMBOCTU B YCNOBUAX
ANHAMUNYHOM PbIHOYHOW Cpefpbl.

Ins coxpaHeHWA 1 noBblweHUs 3dppek-
TUBHOCTW NpeanprHMMaTeNto HeOOXoaMMO
He TONbKO NOoAAepPXMBaTb Tekylme dpdek-
TUBHblE MPAKTUKN YNpaB/ieHUs 3anacamu,
HO 1 aKTUBHO BHEAPATb UHCTPYMEHTbI aHa-
NUTVMKM AN NPOrHO3MPOBAHWA CNPOCa,
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in energy technology and existing limitations
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Abstract. Relevance. The study analyzes the topic of increasing energy consumption
by Al systems, especially in training large models, which places pressure on energy
infrastructures. The aim of this study is to analyze the limitations in the use of author
keywords and IEEE terms presented in the corresponding fields of bibliometric records
in the IEEE Xplore database on the topic of energy technologies. Materials and methods.
The material under study consisted of 12,000 bibliometric records exported from the IEEE
Xplore database from 2020 to 2025. Of these records, 6,000 were conference materials
and 6,000 were journal articles. Results. The identified research highlights major trends in
smart energy systems, emphasizing the integration of loT, Al, and machine learning for
enhanced operation and predictive maintenance. Key focus areas are smart microgrids,
hydrogen energy storage, and electric transport/battery systems. A format is proposed
for additional conclusions and recommendations on each issue under consideration,
formulated in a semi-formal but clear descriptive style. Conclusion. The publications
reflect a strong emphasis on cybersecurity, data privacy, and addressing economic and
accessibility issues. Furthermore, research involves advanced topics like mathematical
modeling, innovative components (e. g., varactor diodes), and thermal management to
improve energy efficiency and ensure safe, modern energy infrastructure, particularly
in applications like smart cities. Future research suggests utilizing the IEEE thesaurus to
analyze publication trends based on term frequency in titles and abstracts.

Keywords: energy technologies; IEEE Xplore; bibliometric records; author keywords; IEEE
terms; topic analysis
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AHaAU3 UICNOAL3OBAHUA aBTOPCKUX KAIOUEBbIX CAOB
u TepmuHoB IEEE B paHHbIX IEEE Xplore ana onpeaeneHuUs
aKTyaAbHbIX TEM UCCAEAOBaAHUN B 0ONACTU 3HEPreTUUECKUX
TEXHOAOTMMU U CYLLLECTBYHOLLIUX OFPaHUYEHUN

b.H. Yurapes >4

MHcmumym npobnem He¢pmu u 2aza PAH
yn. [ybkuHa, 0om 3, 2. Mockea, 119333, Poccutickaa Qedepayus
04 behigarev@ipng.ru

AHHOTaumA. AkmyasbHocme. NiccnegoBaHne aHanu3npyeT Temy yBelMyeHus notpe-
6neHna sHeprum cuctemamu M, ocobeHHO Npu 06yYeHNN KPYMHbIX MOAENEN, YTO CO3-
[AeT Harpy3Ky Ha SHepreTmyecky HGPaACTPYKTypy. Lensio nccnegoBaHua ABnAeTca
aHann3 orpaHNYeHnin B UCNOSIb30BaHMN aBTOPCKUX KOYeBbIX C10B 1 TepMnHOB |EEE,
NpeacTaBieHHbIX B COOTBETCTBYIOLWMX NONAx 6mnbnnomeTpuuyecknx 3anucen B 6ase
AaHHbIX IEEE Xplore no Teme sHepretnueckmx TexHonornn. Mamepuasel u memoosi.
Nccnepyembii matepuran coctoan n3 12 000 6ubnnometTpuyecknx sanmcen, sKCnopTm-
poBaHHbIX 13 6a3bl AaHHbIX IEEE Xplore ¢ 2020 no 2025 roabl. M3 3Tnx 3anucei 6 000
661 MaTepuanamm KoHpepeHumn, a 6 000 — cTaTbAMM 13 KYPHaNoB. Pe3ysibmamel.
[MpoBegeHHOe nccnefoBaHne NogyepKrBaeT OCHOBHbIE TEHAEHLUMN B YMHbIX dHepre-
TUYECKNX CUCTEMAX, aKLEHTUPYA BHUMaHUE Ha uHTerpauum loT, A n mawmrHHOro o6-
yueHMA ANna ynyylweHHom paboTbl U NpodunakTnyeckoro obcnyxmpanua. Knioyesbimm
HanpaBneHAMN ABAAIOTCA YMHbIe MUKPOCETU, BOAOPOAHbIE CUCTEMbI XPaHEeHUA SHep-
TMX N CUCTEMbI SN1EKTPMYECKOro TpaHCMopTa/akkyMynaTopos. [peanoxeH dopmart fo-
NONHWTENbHbIX BbIBOAOB 1 peKOMeHAaUNn Mo Kakaomy paccMmaTprvBaemMoMy BOMNPOCY,
cbopmynupoBaHHbIX B nonyodpuumanbHOM, HO ACHOM onncaTeNbHOM cTune. 3akye-
Hue. Mybnukaumm oTpakatoT CUSbHBIN akUeHT Ha KnbepbesonacHOCTU, KOHPuAeHUN-
aNlbHOCTU JAHHbIX U peLleHNN SKOHOMUYECKMX U MpobiemMbl 4OCTYNHOCTU. Kpome Toro,
nccnegoBaHUA OXBaTbIBAKOT NepefoBble TeMb, TaKMe Kak MaTemaTnyeckoe Moaenmpo-
BaHMe, MTHHOBALUNOHHbIe KOMMOHEHTbI (Hanpumep, BapuKanHble 4uoabl) U yrnpasneHue
TennonoTepAMn AnA NOBbiWeHNA SHeprosdPeKTnBHOCTU 1 obecrneyeHns 6e3onacHom,
COBPEMEHHOW 3HepreTMyeckon UHGPACTPYKTYpPbl, OCOOEHHO B TaKUX MPUIOKEHUAX,
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KaK YMHble ropofa. byayuwuve nccnegosaHua npegnonaratoT NCMOb30BaHMeE Te3aypyca
IEEE pna aHanu3a TeHaeHUUn Nyo6nnkauuim Ha OCHOBE YacToTbl YNoTpebneHnsa TepmMmm-
HOB B 3arofioBKax 1 aHHOTaUMAX.

KnioueBble cnoBa: sHepreTnyeckune texHonorun; IEEE Xplore; 6ubnnomerpuueckme 3a-
NNCK; aBTOPCKMe KntoueBble cnoBa; IEEE terms; Tematnyeckunin aHanms

O®uHaHcnpoBaHume. PaboTa BbiNoOSIHEHA B paMKax rocygapcTBeHHoro 3agaHua UMHI PAH
(tema N2 125021302095-2).

Ana untuposBanua: Yurapes b.H. AHann3 ncnonb3oBaHMA aBTOPCKNX KITHOYEBbIX CIOB U
TepmuHoB IEEE B gaHHbix IEEE Xplore gnsa onpepeneHna aktyanbHbIX TEM UCCNIefOBaHNN
B 06/1aCTV 3HEPreTUYECKNX TEXHONOTUIN 1 CYLLEeCTBYIOLWMX OFrpaHnYeHnin. MHgpopmayus u
uHHosayuu. 2026;21(1):65-91. https://doi.org/10.31432/1994-2443.2026.23
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INTRODUCTION
Relevance of the study. Brief literature
review

Justification for choosing IEEE Xplore
as a source of bibliometric data and the
importance of technology for the energy
sector

The explosive growth in energy con-
sumption by artificial intelligence systems
requires the development of technologies
in the energy sector. Training and launching
large artificial intelligence models, such as
GPT, requires significant computing resourc-
es, which leads to an increased load on data
centers. The use of energy-intensive equip-
ment, such as graphics processing units and
specialized accelerators, places unprece-
dented demands on energy systems. As a re-
sult, high energy consumption has become
one of the key constraints on the develop-
ment and scaling of artificial intelligence
technologies.

IEEE Xplore was selected for analyzing bib-
liometric data in the field of energy technol-
ogies due to its focus on relevant disciplines,
in particular electrical engineering and com-
puter science, which correspond to energy
technologies such as smart grids, converters,
renewable energy sources, and energy stor-
age. The high quality of its peer-reviewed
publications makes it a benchmark in the
field of engineering. In addition, IEEE Xplore
provides comprehensive coverage of both
journal articles and conference proceedings.
Access to the database is open and allows for
the export of bibliometric records.

To avoid bias and demonstrate the signif-
icance of the issue under consideration, let
us cite examples of publications that reflect
the importance of IEEE-related technologies
and the estimated costs of their implemen-
tation.

5G is a transformative technology with
superior technical characteristics, support-

ing innovative services and products across
the economy, potentially adding $1 trillion
to global GDP by the end of the decade [1].

5G technology can generate millions of
jobs across various sectors, requiring a com-
prehensive study among engineering, busi-
ness, and economists. Mobile networks can
transform from social media to a pillar in
economic growth [source 1].

The Internet of Things (IoT) market in ad-
ditive and advanced manufacturing is ex-
pected to reach USD 1742.8 billion by 2030,
growing at a CAGR of 20.47 % from 2022 to
2030, enhancing real-time data collection,
quality control, predictive maintenance, and
efficient inventory management [2].

loT, or is expected to revolutionize various
sectors, with an estimated 350 billion devic-
es by 2030, contributing to 14 % of global
GDP [source 2].

The research [source 3] explores the im-
pact of Industrial Internet of Things (lloT)
projects on industrial efficiency and the
world economy, focusing on the role of loT
in the Industrial Revolution. It examines the
advantages, impact, and projected conse-
quences of lloT, as well as the implemen-
tation of lloT projects in Russia and foreign
markets.

The study [3] evaluates the economic fea-
sibility of three transition strategies - wind
and solar power, nuclear power, and fossil
fuel power with carbon capture and stor-
age. It reveals that the high wind and solar
pathway is the most cost-effective, with cu-
mulative costs ranging between 5.07 and
5.26 trillion USD. The high nuclear and high
CCS pathways are significantly more expen-
sive, with costs rising to 6.31 and 8.21 trillion
USD, respectively. This study highlights the
need for a comprehensive analysis of transi-
tion strategies.

The World Economic Forum predicts that
blockchain could generate 3.1 trillion in eco-
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nomic value by 2030, but adoption remains
low, particularly among small and medi-
um-sized enterprises. High initial costs, reg-
ulatory ambiguities, and technical knowl-
edge barriers hinder its adoption. However,
overcoming these challenges could improve
security, speed up trade, and reduce trans-
action costs [source 4].

The study [4] predicts significant shifts in
employment patterns, regulatory challeng-
es, and societal structures due to the trans-
formative potential of Al. It predicts Al-in-
duced unemployment reaching 40-50 %,
outpacing existing governance frameworks,
and exacerbates economic inequalities.
However, a 10 % probability suggests gov-
ernments and societies are not prepared to
manage these risks.

The global economy is vulnerable to
macroeconomic disruptions, affecting op-
erations and supply chain management
systems. Advanced technologies like block-
chain, Al, and quantum computing can en-
hance transparency but also introduce risks.
A systemic approach is needed to integrate
these technologies [5].

Generative Al's rapid advancements,
driven by potential benefits, have nega-
tive environmental impacts. The current
focus on efficiency enhancements instead
of sustainability is unsustainable. Balancing
innovation with sustainability is crucial for
businesses, the economy, and the planet.
Integrating environmental impact assess-
ments, promoting sustainable Al models,
and collaborating across diverse stakehold-
ers is essential for advancing sustainable Al
practices [6].

The examples above show that energy
is fundamental to the electronic systems
and devices studied by IEEE in areas such as
smart grids, the Internet of Things, and ar-
tificial intelligence. This underscores the im-
portance of energy technologies in all areas

of IEEE’s activities, which serve as an impor-
tant foundation for digital transformation
and sustainable development.

The second objective of this study is to
conduct a preliminary analysis of keyword
significance. The selection of keywords is
essential for accurately and completely de-
scribing the subject under study. Keywords
act as filters that shape the researcher’s un-
derstanding of the topic; errors in keyword
selection can distort conclusions.

Reasons why choosing keywords for
thematic analysis is important

The topic of keywords, especially author
keywords, has been discussed for decades.
In my opinion, the issue is discussed most
specifically in publication [7], in which the
author points out that readers decide to
read the article based on the actual key-
words in the title, rather than the list of au-
thor keywords. To make sure that the article
is relevant to their research or of interest to
them, they read the abstract.

The examples below illustrate the limited
usefulness of author keywords for analyzing
publication topics and collecting publica-
tions on a given topic.

The study [8] analyzes the role of author
keywords in scientific articles and their de-
scriptors in various databases. A comparison
of 1080 articles with the descriptors revealed
that 64.96 % of the authors’ keywords in the
IME database match the descriptors or do so
after normalization, while 60.48 % in ISOCand
58.18 % in ICYT match the descriptors. Note:
An English version of the article is available at
https://redc.revistas.csic.es/index.php/redc/
article/view/165. Database names are re-
tained as they appear in the abstract. For our
research, numerical estimates are important.

The study [9] reveals that author keywords
are found in titles, abstracts, and both titles
and abstracts at 31 %, 52.1 %, and 56.7 %,
respectively. Author-selected keywords are
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found in references and high-frequency key-
words at 41.6 % and 56.1 %, respectively.
Core authors’keywords appear less frequent-
ly in titles and abstracts, but more frequently
in references and high-frequency keywords.
Keywords in high-frequency keywords are
positively associated with paper citation
counts. Note that this article probably best
illustrates the issue of key authorial words.

The study [source 5] examines the re-
trievability of author-provided keyphrases
from scientific publications’ abstracts using
phrase-level matching. Results show that
author-provided keyphrases are often not
present in abstracts, with abstract coverage
around 30 % in three datasets. Unsuper-
vised methods achieve coverage of less than
20 %, indicating limited accuracy in identify-
ing keywords. Note that this article confirms
the results of the previous one and points
out the limited application of unsupervised
methods for keyword extraction.

The article [10] analyzes the presence of
scientific article authors keywords in da-
tabase descriptors. It found that 25 % of
keywords appeared in the same form as
descriptors, and 21 %, even after normaliza-
tion, were still detected in the descriptors,
indicating that almost 46 % of keywords are
present in the descriptors. Also note the re-
sult that almost 46 % of the keywords are
present in the descriptors is not significant-
ly different from the previously announced
results. An important addition to this work is
the significance of keyword normalization.

Bibliometric analysis using literature from
the Web of Science is gaining popularity for
understanding scientific field structure [11].
Keywords Plus, a more descriptive term, is
as effective as Author Keywords in analyz-
ing knowledge structure, but less compre-
hensive in representing an article’s content.
Note that the statement that Keywords Plus
are more descriptive but less comprehen-

sive suggests that to increase comprehen-
siveness, it is advisable to increase the size
of the Keywords Plus dictionary.

The study [12] analyzed human-assigned
keywords in neurological disorders publi-
cations and compared them with unsuper-
vised and machine-algorithm-based extract-
ed terms. It found that while author-provid-
ed keywords are crucial for readability, they
lack specificity for in-depth analysis. The
study suggested that machine learning al-
gorithms, which are more compatible with
unstructured data, could be a valid alterna-
tive to human-generated keywords for more
accurate results. It should be note that ma-
chine learning algorithms could be a valid
alternative to human-generated keywords.
The computational complexity of this ap-
proach should be taken into account. It is
most rational to consider them as a supple-
ment to the existing glossary of terms.

The paper [13] discusses the increasing
availability of author keywords in biomedi-
cal journal articles, revealing that over 60 %
of these keywords can be linked to a closely
related indexing term, based on a compar-
ative study of MEDLINE indexers’ assign-
ments. Also note 60 % is a really good result
for such assessments.

The study [14] found that out of 955 key-
words, 414 cases were repeated in titles,
resulting in a 43 % match or overlap. How-
ever, the majority of these matches are due
to specialized terminologies, with a ratio of
80.7 % of specialized keywords in titles to
the total number of keywords. This suggests
that users need domain-specific background
knowledge to find relevant information. Us-
ing general terms in queries is unlikely to
lead to successful results. Note that it would
be useful to expand the results of this work
to analyze the role of specialized terminolo-
gies in abstract texts.

The study [15] focuses on determining
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the percentage of keywords in abstracts,
with results for three journals being 48.81,
41.59, and 56.84 respectively. Note that it
is fairly normal for abstract texts to contain
only between 40-60 % keywords.

The brief literature review above makes
it possible to identify the main limitations
of using author keywords for in-depth text
analysis.

The purpose of this study

This study aims to analyze the limitations
of using a dictionary of keywords — Includ-
ing both author-defined terms and IEEE
terms — to determine the thematic struc-
ture of research in energy technology using
the IEEE Xplore database. The paper pre-
sents valid examples of publications related
to this topic, assesses the limitations associ-
ated with keywords from directly exported
bibliometric records, and offers a sugges-
tion for improvement to increase the com-
pleteness of topic descriptions by compiling
a more relevant keyword dictionary.

One of the aims of the study is to propose
a format for additional conclusions and rec-
ommendations on each issue under investi-
gation, formulated in a semi-formal but per-
sonalized style.

Materials and methods

The material under study consisted of
12,000 bibliometric records from 2020 to
2025, exported from the IEEE Xplore data-
base. Of these, 6,000 were conference mate-
rials and 6,000 — journal articles.

The data was obtained upon query:
“(("Document Title”: energy) OR (“Abstract”:
energy)) AND ((“Document Title": technol-
ogy) OR (“Abstract”: technology))” to ieeex-
plore.ieee.org. The “Journals” and “Confer-
ences” filters were used accordingly.

This study did not use any special pro-
grams; only SQL queries and string process-
ing utilities, such as grep, were applied.

After each table, topical examples of publi-

cations on the subject described by the terms
contained therein are provided. Following a
brief description of the content of the select-
ed publications, comments are provided in a
semi-formal but personalized style.

Note: Due to the highly specialized na-
ture of the terminology used in the abstracts
of the sample publications, the intention
was to preserve the original spelling of the
terminology as much as possible. This may
trigger a reaction from some anti-plagiarism
software. However, altering the terminolo-
gy could significantly distort the meaning
of the referenced text. Therefore, one of the
secondary tasks of this work was to practice
an informal procedure for summarizing the
texts of publication abstracts.

RESULTS AND DISCUSSION

Common remark for sections Confer-
ences and Journals publications

After each Table containing keywords,
there are examples of selected publications
obtained by analyzing the corresponding
abstracts. The search for the publications
was focused on publications closely related
to the listed keywords and was conducted
using three open-access abstract databases:
IEEE Xplore, ScienceDirect, and MDPI. The
selection criteria for these sample publica-
tions included both citation frequency and
publication date. The citation frequency of
each work was confirmed by searching for
the title on Google, which allowed us to ac-
curately identify the most cited recent pub-
lications.

CONFERENCES PUBLICATIONS

IEEE Terms

General characteristics of IEEE Terms in
bibliometric records of conference proceed-
ings.

Of the total number of records, 6,000,304
records do not have IEEE Terms filled in.
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The total number of unique IEEE key-
words in the IEEE Terms field after lemmati-
zation: 2938.

The total number of times IEEE Terms ap-
peared in abstract texts: 106910.

The total number of unique IEEE Terms
found in the abstract texts: 2191.

Percentage of unique IEEE Terms founded
in the abstract texts among all unique IEEE
Terms: 100x2191/2938=74.6 %.

The average number of times a
unique IEEE Term appears in all abstracts:
106910/2191=48.8.

To generate new requests for material col-
lection, the most interesting terms are those
that appear most frequently in publications,
are taken from frequently cited publications,
and appear in later publications. Examples of
the 20 publications with the highest scores
are presented in Tables 1-3.

Table 1. Top 20 IEEE Terms most frequently found in conference materials
Ta6bnuuya 1. 20 Haubonee yacmo scmpeyarowuxca mepmuHos IEEE 8 mamepuanax KoHpepeHyul

IEEE Terms Count IEEE Terms Count
Renewable energy sources 1372 Power demand 352
Energy consumption 753 Photovoltaic systems 346
Energy efficiency 707 Power system stability 343
Costs 641 Sustainable development 324
Real-time systems 456 Simulation 323
Batteries 448 Internet of Things 302
Production 419 Smart grids 292
Optimization 389 Wireless sensor networks 272
Technological innovation 362 Reliability 271
Wireless communication 361 Stability analysis 270

Query. Find top-3 most cited peer-re-
viewed scientific publications described by
keywords — Renewable energy sources, En-
ergy consumption, Energy efficiency, Costs,
Real-time systems. Published in 2020-2025
years.

The most frequently occurring terms in
the general set of abstract texts reflect the
most common and frequently discussed
issues. Publications on such issues are not
necessarily the most highly cited. There are
simply many works on them, or they de-
scribe the general context of publications,
for example, reflecting the relevance of the
topic.

loT can be used to monitor energy con-
sumption in solar-powered buildings. Its
purpose is to provide real-time data to sup-
port energy efficiency. A Wi-Fi-enabled de-
vice is proposed that allows daily and weekly
energy consumption studies to be conduct-
ed, enabling consumers to implement en-
ergy-saving measures. This is an affordable
solution, as traditional systems can be costly
and complex [source 6].

The study [16] examines hydrogen en-
ergy storage (HES) systems for long-term
and large-scale energy storage, focusing
on their high energy density, long-term
storage, and adaptability to the energy sys-

72




Chigarev B.N. Analysis of the use of author keywords and IEEE term in IEEE Xplore data to identify...

2026;21(1):65-91

NHdopmaums n niHosauum / Information and Innovations

tem. It highlights system optimization chal-
lenges, energy management strategies,
and economic viability, as well as emerging
technologies such as artificial intelligence
and machine learning. The study also dis-
cusses advances in battery technologies
and HES methods.

The paper [17] evaluates the technical
and economic impacts of a microgrid at
the building level. It considers photovolta-
ic generation, battery energy storage, and
electric vehicle use. Using real on-site data,
it quantifies system efficiencies and pro-
vides insights into microgrid design and
implementation. The study found that eco-
nomic benefits depend on tariff variability,
energy storage system costs, degradation,
and equipment efficiency. Additionally, the
study emphasizes the importance of real

on-site data in calculating overall asset ef-
ficiencies.

The topic of renewable energy is widely
promoted at the political level and support-
ed by incentives for investment. For the ef-
fective use of renewable energy, the key is-
sues at present are solutions for large-scale
energy storage and optimization of its dis-
tribution not only at the national level, but
also at the local level. The most discussed
solutions to these problems are the use of
hydrogen generated by renewable sources
and the introduction of smart microgrids
capable of implementing efficient energy
consumption and distribution in real time.
It is assumed that the effective operation of
microgrids will be achieved through the use
of the Internet of Things. This is reflected in
the above publications.

Table 2. Top 20 IEEE Terms related to the most cited conference materials
Ta6nuya 2. 20 Haubosiee yacmo scmpeyarowuxca mepmuHos IEEE, cesazaHHbix ¢ Hauborsee
yumupyembiMu Mamepuanamu KoHgepeHyul

IEEE_Terms AVG IEEE_Terms AVG
Phase shifters 20 Bitcoin 2255
Frequency division multiplexing 80 Metallization 22
Computer crashes 44 Passivation 22
Industrial control 44 Program processors 21
Malware 44 Aerospace control 20
Switched mode power supplies 28 Ground penetrating radar 20
IEEE 802.15 Standard 26 Sidelink 20
Precoding 245 Downlink 18.3
Quiality of experience 24 Access control 18
Electron accelerators 23 Authorization 18

Note that AVG field is calculated as the av-
erage citation count of articles to which this
term refers (Article_Citation_Count).

The table shows that terms related to
engineering solutions are most frequent-
ly used in the most cited publications. The

first two terms, Phase shifters, Frequency di-
vision multiplexing, are more directly related
to technical tasks, while the following terms,
Computer crashes, Industrial control and Mal-
ware, refer to the reliability and security of
their operation at the system level.
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Below are examples of articles that use
the first two terms from the table.

Phase shift spatial multiplexing has re-
cently emerged as an effective multiple-in-
put multiple-output technology with re-
duced radio frequency chains. The paper
[18] proposes a new PSSM system with su-
perposition coded modulation, which in-
troduces a flexible extension of quadrature
amplitude modulation (QAM) constellations
in the baseband, significantly improving bit
error rate performance.

The paper [19] investigates a novel, low
RF-chain technique called phase-shifter-aid-
ed spatial multiplexing (PSSM) in the con-
text of frequency-selective channels. Based
on the concept of single-carrier frequen-
cy-domain equalization, the authors devel-
oped a message-passing detector tailored
specifically for PSSM systems. This detector
efficiently leverages prior constraints and
handles the linear inverse problem by inte-
grating belief propagation and expectation
propagation.

The publications listed above refer to
2025; their citation rates have not yet been
established.

The following publication is recommend-
ed for the second part of the listed keywords.

In order to ensure the resilience and secu-
rity of the power grid, it is necessary to identi-
fy security vulnerabilities in power electron-
ic devices. Fuzzing is an effective technique
for detecting security flaws in software and
firmware. It involves subjecting the system
under test to a series of unexpected inputs,
which can result in unexpected behavior,
such as system crashes. However, new meth-
ods are needed to detect the unexpected
behavior of power electronic devices dur-
ing fuzzing. In [source 7] the authors verify
the use of electromagnetic waves to detect
silent system crashes in power electronic de-
vices, with the aim of advancing fuzzing in
this field.

According to IEEE Xplore, this article has
been cited three times. This information is
current as of September 27, 2025.

Table 3. Top 20 IEEE Terms related to the most recent conference materials
Ta6nuya 3. 20 Haubonee yacmo 8cmpedarouuxcs mepmuHos IEEE, omHocawuxcs K
Mamepuanam nocsieOHUX KoHgepeHYul

IEEE Terms

IEEE Terms

Electronic packaging thermal management

Superconducting microwave devices

Message services

Switched reluctance motors

Fly ash

Chip scale packaging

Streams

Phase locked loops

Root mean square

Biosensors

Transport protocols

Laser fusion

Space-air-ground integrated networks

Radio spectrum management

Phase change memory

Space missions

Sparse matrices

Space communications

Gravitational waves

Quantum cryptography
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Due the highly specific nature of the
terms listed in the table, here are some ex-
amples of recent publications that mention
the term Electronic packaging thermal ma-
nagement.

The study [source 8] focuses on the prepa-
ration of high-performance graphite film/
aluminum composites and diamond/alumi-
num composites for in-plane and isotropic
high thermal conductivity requirements,
exploring the impact of magnesium and si-
licon elements on thermal conductivity and
mechanical characteristics.

Wireless technology and electronic de-
vice miniaturization have increased power
density, posing challenges to thermal ma-
nagement. Efficient thermal interface ma-
terials (TIMs) are needed for stable thermal
performance in compact devices. The 2025
review [20] analyzes TIMs used in electronic
packaging cooling, focusing on nano-en-
hanced phase change materials (NePCMs)
that combine high latent heat with superior
thermal conductivity.

The article [21] was published on August
20, 2025. Its popularity was assessed based
on the number of views it received. Current
as of September 6. The use of wide band-
gap semiconductors such as SiC and GaN
offers effective methods for minimizing
thermal losses caused by conduction losses
in high-frequency switching topologies. Ad-
vancements in high-power density devices
and innovative cooling systems like phase
change materials and nanofluids show po-
tential for enhanced heat dissipation in
power electronics, with improved designs
enabling more efficient thermal manage-
ment.

The topic of electronic packaging thermal
management is a classic one, and it can be
assumed that nano-enhanced phase change
materials (NePCMs) may serve as an emerg-
ing area of interest for research.

Author Keywords

The author’s keywords could be spelled
differently, so they had to be converted to
lowercase, lemmatized. The text was cleaned
up by removing various types of quotation
marks, unnecessary punctuation, and sym-
bols, such as copyright symbols. Different
types of separators in complex words were
converted to hyphens. The abstract texts
underwent the same preparation. Some
changes had to be made manually, for ex-
ample, k-mean++ algorithm — k-mean\+\+
algorithm.

General characteristics of Author Key-
words in bibliometric records of conference
proceedings.

Of the total number of records 6000 —
653 records do not have Author Keywords
filled in.

The total number of unique Author Key-
words in the Author Keywords field after
lemmatization: 13249.

The total number of times Author Key-
words appeared in abstract texts: 247683.

The total number of unique Author Key-
words found in the abstract texts: 7719.

Percentage of unique Author Key-
words founded in the abstract texts
among all unique Author Keywords: 100x
7719/13249=58.3 %.

The average number of times a unique
Author Keywords appears in all abstracts:
247683/7719=32.1.

The Author Keywords field is less popu-
lated than the IEEE Terms field.

The relative frequency of unique Author
Keywords in the abstract texts is lower than
that of IEEE Terms.

Note that without preprocessing the
authors’ keywords and abstracts texts, the
above values would be significantly lower.
Therefore, works in which authors’keywords
are used to evaluate keyword extraction
methods raise doubts. This issue requires
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further detailed research and is therefore
not discussed here.

To generate new queries for collecting
materials, it is useful to examine the au-
thor keywords that appear most frequently

in publications, are related to publications
with high citation rates, and appear in more
recent publications. This is reflected in Ta-
bles 4-6.

Table 4. Top 20 author keywords most frequently found in conference materials
Ta6nuya 4. 20 asmopcKux K/104esbiX €/108, Haubosiee 4acmo 8cmpeyaruuxca 8 Mamepuanax

KOHgepeHuuu

Author keywords Count Author keywords Count
renewable energy 349 microgrid 119
energy efficiency 273 energy consumption 109
internet of thing 221 machine learn 108
blockchain 201 artificial intelligence 100
smart grid 198 optimization 95
energy storage 188 battery 94
iot 176 energy storage system 93
electric vehicle 143 renewable energy source 85
energy management 137 energy 82
energy harvest 133 solar energy 82

When selecting keywords for their publi-
cations, authors consider not only the con-
tent of the article but also its broader rele-
vance. Therefore, the terms renewable ener-
gy, energy efficiency, internet of things, smart
grid and energy storage accurately reflect this
context for articles presented at conferenc-
es and collected in the IEEE Xplore database
under the topic “energy AND technology”.

One example of a well-cited work pub-
lished in the IEEE Xplore database is the ar-
ticle [source 9]. The paper discusses the in-
tegration of renewable energy sources into
smart grid systems, highlighting the need
for a holistic solution that includes real-time
energy monitoring, smart algorithms for en-
ergy management, and cloud computing for
data analysis. Simulation results show that
distributed loT systems can improve smart

grid practices by reducing energy transpor-
tation losses, ensuring AC grid stability, and
integrating renewable energy potential.

An example of areview that reveals a num-
ber of aspects related to the keywords listed
in Table 4 and indexed in the ScienceDirect
database is the work [22]. The integration of
blockchain and loT in smart grids canimprove
energy management, security, and opera-
tional efficiency. Blockchain ensures secure
transactions without centralized authorities,
while loT allows real-time data collection and
monitoring. These technologies address cy-
bersecurity, data security, and network secu-
rity challenges. By leveraging smart contracts
and consensus algorithms, they enhance grid
resilience and privacy, providing robust solu-
tions for distributed energy resources and
decentralized energy markets.
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The review [23] in the MDPI database
addresses this topic. This article analyzes
existing research on energy management
in smart cities, identifying technological
trends and highlighting future directions. It
uses a literature review of Scopus and Web

of Science databases to evaluate studies. Fu-
ture research should focus on smart energy
grids, energy storage, renewable energy in-
tegration, and innovative technologies like
the Internet of Things, 5G/6G, artificial intel-
ligence, blockchain, and digital twins.

Table 5. Top 20 author keywords related to the most cited conference materials
Ta6bnuya 5. 20 Haubosiee 4acmMo 8CMpeyarUUXCcAa ABMOPCKUX K/TH0YEBbIX C/108, OMHOCAUJUXCA K
Haubonee yumupyembiM Mamepuaaam KoHgpepeHyul

Author Keywords AVG Author Keywords AVG
process in memory 131 heuristic algorithm 34
accelerator 131 client selection 34
proof-of-stake 54 global energy demand 29
climate action 54 plan renewable energy project 29
dram 46.67 target 29
malware 44 bio-mass power plant 29
apt 44 carbon footprint 28
car park 37 amr 28
time save 37 precision farm 28
internet layer 37 reproducibility 28

Even among the author’s keywords that
appear most frequently in the cited texts,
there are many common terms such as ac-
celerator, climate action, drama, malware. In
order to find more specific and interesting
publication topics, let’s select the author’s
keywords: process in memory and heuristic
algorithm. Upon exact request “process in
memory” AND “heuristic algorithm” to |IEEE
Xplore no publications were found. How-
ever, since heuristic algorithms are used in
many engineering solutions, it was decided
to examine which highly cited publications
containing the term “heuristic algorithm”
have been indexed in IEEE Xplore in recent
years. Interestingly, all three publications se-
lected according to these criteria and pub-
lished in conference proceedings contained

the term “Meta-Heuristic Algorithm” in their
titles.

The paper [24] introduces a Sine Cosine
hybrid optimization algorithm with Modified
Whale Optimization Algorithm (SCMWOA)
for solving continuous and binary decision
variables. The SCMWOA algorithm outper-
forms other algorithms and offers better ac-
curacy.

The article [25] explores an energy-effi-
cient distributed no-wait flow-shop sched-
uling problem with sequence-dependent
setup time (DNWFSP-SDST) to minimize
makespan and total energy consumption. It
constructs a mixed-integer linear program-
ming model and proposes a cooperative
meta-heuristic algorithm based on Q-learn-
ing (CMAQ). The article also proposes an en-
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ergy-saving strategy based on knowledge to
improve makespan and TEC.

The study [26] presents a novel method
for detecting oral cancer in medical images
using a convolutional neural network and

optimized deep belief network. The algo-
rithm, a hybrid of Particle Swarm Optimiza-
tion (PSO) and Al-Biruni Earth Radius (BER)
Optimization, optimizes the design parame-
ters of the CNN and DBN.

Table 6. Top 20 author keywords related to the most recent conference materials
Ta6nuya 6. 20 Haubosee 4acmo UCNOJIb3yeMblX ABMOPCKUX KITIOYEBbIX CJ108, OMHOCAWUXCA K
Mamepuanam nocseoHUx KoHpepeHyuu

Author Keywords

Author Keywords

programmable delay cell

future grid

multi-resolution

software-define wire sensor network

conversion time

smart energy meter system

energy/ conversion

short message service

accuracy fom

multi-modal technology

high-entropy alloy

ai-drive decision-make

electronic application

real-time feedback

supergrid

ultra-low latency

ac-dc energy node

synchronization

hvdc grid

human-machine interaction

The author’s keywords, which character-
ize more recent publications, reveal many
common terms among them: multi-resolu-
tion, conversion time, energy / conversion, ac-
curacy fom.

Therefore, as in the previous case, let’s
limit ourselves to publications in IEEE Xplore
that contain the term “programmable delay
cell”in the title. There were no such publica-
tions in 2025, but one publication each was
found for 2023 and 2024.

The work [source 10] introduces an all-dig-
ital differential programmable delay circuit
for time domain applications, including
time-to-digital converters and temperature
sensors. The circuit offers eight delay modes
and occupies 0.0072 mm? layout area.

The work [source 11] presents a 90-nm
CMOS programmable delay cell with eight
modes, a stable output, and a low pow-

er consumption of 0.671 pyW at M0 and
3.88 pW at M7, despite occupying only
0.009 mm of space.

A subjective assessment suggests that
the author’s keywords may not be the most
effective for searching for new, specific,
and relevant topics. Conducting a separate
study to identify key terms from titles and
abstracts, followed by a study akin to the
current one, could be beneficial. Addition-
ally, it has been observed that commonly
occurring terms tend to be more general,
whereas terms that appear frequently in
highly cited, recent publications tend to be
more specialized.

JOURNALS

IEEE Terms

General characteristics of IEEE Terms in
bibliometric records of journal articles.
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Of the total number of records, 6,000,22
records do not have IEEE Terms filled in.

The total number of unique IEEE key-
words in the IEEE Terms field after lemmati-
zation: 3137.

The total number of times IEEE Terms ap-
peared in abstract texts: 118360.

The total number of unique IEEE Terms
found in the abstract texts: 1998.

Percentage of unique IEEE Terms founded
in the abstract texts among all unique IEEE
Terms: 100x1998/3137=63.7 %.

The average number of times a
unique IEEE Term appears in all abstracts:
118360/1998=59.2.

Compared to unique IEEE terms in confer-
ence proceedings, the percentage of unique
IEEE terms found in journal article records in
abstract texts is lower, but they occur more
frequently.

Tables 7-9 show the top 20 IEEE terms that
are most frequently encountered in general,
most frequently encountered in highly cited
publications, and most frequently encoun-
tered in new publications, respectively.

Table 7. Top 20 IEEE terms most frequently encountered in journal articles
Tabnuya 7. 20 Haubonee yacmo scmpedarowuxca mepmuHo8 IEEE 8 Hay4HbIx cmamesAx

IEEE Terms Count IEEE Terms Count
Optimization 756 Computer architecture 418
Internet of Things 691 Wireless sensor networks 385
Energy consumption 676 Task analysis 382
Wireless communication 595 Computational modeling 346
Resource management 545 Servers 312
Energy efficiency 464 Delays 311
Batteries 459 Logic gates 292
Costs 457 Real-time systems 289
Sensors 455 Security 282
Renewable energy sources 425 Switches 277

By looking at the dominant themes of
publications on energy and technology in
the IEEE context, it becomes apparent that
the optimization of everything listed below
this term in the table appears in numerous
articles.

Optimization, Internet of Things, Energy
consumption, Wireless communication, Re-
source management, Energy efficiency, since
the topic described by these terms is very
broad, lets limit ourselves to three examples
from the IEEE Xplore database that are most

relevant to the interests outlined in this arti-
cle and related to these terms.

The study [27] explores a resource alloca-
tion scheme to reduce energy consumption
in relay-assisted loT networks. A joint opti-
mization problem is formulated, consider-
ing scheduling loT devices, transmit power
allocation, and computation frequency al-
location. Using graph theory, near-optimal
and low-complexity suboptimal solutions
are proposed. Simulations show that the
near-optimal scheme achieves 6, 4 and 2
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times lower energy consumption compared
to fixed schemes.

Intelligent Reflective Surface is a tech-
nology that improves the spectral and
energy efficiency of wireless networks.
By adjusting the phase shifts, it enables
high gain passive beamforming, improv-
ing spectral efficiency. The research ob-
jective [28] was to maximize energy effi-
ciency by optimizing the phase shifters,
beamformer, time allocation and transmit
power while ensuring minimum rate re-
quirements. An alternating optimization
algorithm is proposed to solve the nonlin-
ear fractional programming problem. Sim-
ulation results show that IRS can improve

the system performance compared with
benchmarks.

The integration of autonomous aerial ve-
hicles (UAVs) and low-Earth orbit (LEO) satel-
lites is beneficial for loT task processing due
to the ability to overcome ground network
coverage issues [29]. In this paper, energy-ef-
ficient resource allocation in LEO-enabled
UAV networks is considered. A novel ORHCC
optimization algorithm is proposed to opti-
mize trajectories and hover points of UAVs,
improving endurance and minimizing ener-
gy consumption. Results show 12.5 % and
20.76 % reduction in energy consumption
compared to the proximal policy-based opti-
mization and the greedy baseline algorithm.

Table 8. Top 20 IEEE terms related to the most cited articles in journals
Ta6nuya 8. 20 Hauboee 4yacmo scmpeyaroujuxca mepmuHos IEEE, omHocawuxcs kK Haubosee
yumupyemoiM CMAmMbAM 8 XypHaaax

IEEE Terms AVG IEEE Terms AVG
Resource description framework 769 Dielectric losses 166.75
User interfaces 594 Augmented reality 166
Semiconductor devices 562 Satellite communication 162
Mars 491 Fuel cell vehicles 162
Ubiquitous computing 459 Medical Internet of Things 155
Biology 306 Focusing 153.5
Backhaul 286 Nash equilibrium 153
Rural areas 286 Conductivity measurement 143
Torque control 176 Haptic interfaces 142
Androids 173 Message passing 140.5

The most interesting terms in this table
are likely to be: Resource description frame-
work, Ubiquitous computing. Below are ex-
amples of three publications that reflect
some aspects of this topic.

The article [30] presents a new, asymptot-
ically optimal, fully decentralized, real-time
framework for loT networks, integrating

wireless computation offloading and fog
computing. It addresses challenges in da-
ta-intensive applications and provides ubig-
uitous computing for continuously increas-
ing loT services.

The paper [source 12] explores a new on-
tology-based approach for controlling the be-
havior of Edge Computing devices. It proposes
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utilizing ontology reasoning mechanisms on
resource-constrained Edge devices, enabling
on-the-fly function modifications, ad-hoc
monitoring of intermediate data, and inter-
operability within loT. The solution is demon-
strated through an ontology-driven Smart
Home edge device for locating lost items.

The study [31] extends a logic-based
methodology for clustering data in Resource
Description Frameworks (RDFs) by comput-
ing a Common Subsumer structure. The
method was tested on two datasets: public
procurement and drugs in pharmacology.
Both datasets provided concise descriptions
of clusters with up to 1800 resources.

Taking into account the terms selected
from the table and the summary of the three
articles presented above, the following top-
ics for research can be proposed. The devel-
opment of intelligent frameworks for edge
data management focuses on three key
areas: 1) Decentralized intelligence, which
shifts computation to the network’s edge
for enhanced efficiency, 2) semantic under-
standing, which employs knowledge-based
models to give meaning to data, and 3) en-
hanced loT capabilities, which are aimed at
addressing challenges like data handling,
device interoperability, and insightful data
extraction.

Table 9. Top 20 IEEE Terms related to the most recent journal articles
Ta6nuuya 9. 20 Haubonee 4acmo scmpeyarowuxca mepmuHos IEEE, omHOCAWUXCA K HOBbIM
CMAameoAM 8 HayYHbIX XypHaAnax

IEEE Terms IEEE Terms
Systematic literature review Resonance
Cables Closed box

Smart charging

Digital audio players

Fast Fourier transforms

Petri nets

Torque measurement

IEEE 802.16 Standard

Tracking loops

Curve fitting

Piezoelectric effect

Predictive analytics

Optical mixing

Proof of stake

Silicon dioxide

Nuclear imaging

Lead zirconate titanate

Photosynthesis

In this case, lets try to answer just one
question: “Why has the topic of Systematic
literature review become so popular in re-
cent publications?”

Giventhat the publication type Systematic
literature review has a very specific meaning,
the search for such reviews in IEEE Xplore
was performed based on the exact match of
“Systematic literature review” in the publica-

tion title and the terms energy and technolo-
gy in the metadata. Publications listed in this
database for 2025-2026 were considered.
Current as of September 9, 2025. A total of 9
publications were found, which were ranked
by number of views. A brief description of
three of them is provided below.

Industry 4.0 has accelerated manufactur-
ing by introducing innovative technologies
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like supervised machine learning to antici-
pate equipment failures and optimize main-
tenance schedules. The [32] study presents a
systematic literature review of 216 peer-re-
viewed papers, focusing on a structured
taxonomy of predictive maintenance meth-
ods in safety-critical industries, highlighting
their domain-specific usage.

Source number estimation is crucial in
multi-sensor array signal processing, essen-
tial for radar, sonar, wireless communica-
tion, and astronomy applications. This re-
view [33] outlines traditional methods and
recent advancements. Variables like noise
background, signal-to-noise ratio, snapshot
number, array manifold, and element num-
ber significantly impact algorithm perfor-
mance. The review suggests future research,
particularly deep learning techniques, and
addresses unresolved challenges and gaps
in current studies.

The systematic literature review [source
13] examines how artificial intelligence (Al)
can improve smart grid stability. It evaluates
41 studies using machine learning, deep
learning, neural networks, and explainable
Al. Findings show Al enhances grid stability
through predictive capabilities and adaptive
controls. Challenges include scalability, data
privacy, model interpretability, while oppor-
tunities lie in hybrid models and blockchain
integration.

Scientific publications in the systemat-
ic literature review (SLR) format are crucial
because they provide comprehensive syn-
theses of research in rapidly evolving fields
such as Industry 4.0, multi-sensor signal
processing, and Al in smart grids. SLRs sys-
tematically summarize complex studies, re-
veal methodological taxonomies, and iden-
tify challenges and research gaps. They also
support evidence-based decision-making
for technology deployment.

Author Keywords

General characteristics of Author Key-
words in bibliometric records of journal ar-
ticles.

Of the total number of records, 6,000,653
records do not have Author Keywords filled
in.

The total number of unique Author Key-
words in the Author Keywords field after
lemmatization: 16677.

The total number of times Author Key-
words appeared in abstract texts: 221149.

The total number of unique Author Key-
words found in the abstract texts: 6055.

Percentage of unique Author Key-
words founded in the abstract texts
among all unique Author Keywords:

100x6055/16677=36.3 %.

The average number of times a unique
Author Keywords appears in all abstracts:
221149/6055=36.5.

It seems that authors of scientific articles
are less guided by the frequency of key-
words in abstracts than authors of confer-
ence proceedings. This is also a topic that
deserves separate research.

Tables 10-12 show the top 20 Author Key-
words that are most frequently encountered
in general, most frequently encountered
in highly cited publications, and most fre-
quently encountered in new publications,
respectively.

As in previous cases, the most frequent-
ly occurring author keywords are mainly
general in nature: energy efficiency, internet
of thing, energy harvest, blockchain, machine
learn. To find a more interesting option for
exploring the topic of technology for ener-
gy, consider publications found using key-
words deep reinforcement learn and smart
grid in IEEE Xplore.

The growing reliance on renewable en-
ergy and flexible loads in smart grids pos-
es challenges to optimizing power systems
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Table 10. Top 20 author keywords most frequently found in journal articles
Ta6nuya 10. 20 Haubonee HacmMo 8CMPEYAULUXCA ABMOPCKUX KITIOHYEBbIX CJ108 8 HAYYHbIX

cmamesax
Author Keywords Count Author Keywords Count
energy efficiency 366 renewable energy 127
internet of thing 353 edge compute 126
energy harvest 213 mobile edge compute 122
blockchain 202 iot 112
machine learn 174 wire sensor network 110
deep reinforcement learn 156 wire power transfer 109
resource allocation 154 unman aerial vehicle 108
electric vehicle 154 artificial intelligence 106
smart grid 144 reconfigurable intelligent surface | 105
deep learn 128 energy consumption 104

due to high levels of uncertainty. While
traditional optimization methods require
accurate mathematical models, advanced
meters allow for data-driven artificial in-
telligence methods. Deep reinforcement
learning (DRL) has gained attention for its
performance in solving problems with high
uncertainty. The article [34] provides a com-
prehensive literature review of DRL and its
applications in smart grid operations. It
identifies challenges and potential solutions
and suggests future research directions. It
is worth noting that at the time of the data-
base query on September 9, 2025, the publi-
cation had 84 Cites in Papers and 19,487 Full
Text Views.

The paper [35] presents a deep reinforce-
ment learning framework for enhancing
resiliency in smart power grids against cy-
ber-physical disturbances. The framework,
based on the Deep Deterministic Policy Gra-
dient algorithm, is optimized using the Root
Mean Square Propagation method for stable
training. It features a two-layered control ar-
chitecture, a comprehensive reward design,

and a resiliency adaptation layer for rapid
response to disturbances and cyber-attacks.
The framework offers a scalable and intelli-
gent solution for enhancing smart grid resil-
iency.

Smart meters are crucial for energy man-
agement, but fraudulent customers can
compromise them, leading to cyber-attacks.
To combat this, a deep reinforcement learn-
ing (DRL) approach is proposed [source 14].
This method uses RL's adaptability to dynam-
ic cyber-attacks and consumption patterns,
enabling optimal decision-making. Experi-
ments show the DRL approach improves de-
tection of electricity theft cyber-attacks and
efficiently defends against new attacks.

The application of deep reinforcement
learning (DRL) in smart grid systems is ex-
plored, focusing on optimization, resilience,
and cybersecurity. Key research areas in-
clude data-driven control for renewable
energy variability, tailored DRL algorithms
for grid operations, enhancing power sys-
tem resilience against cyber-attacks, and
real-time fraud detection in smart metering.
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Table 11. Top 20 author keywords related to the most cited articles in journals
Ta6nuya 11. 20 Haubonee 4acmMo 8CMPEYArULUXCA ABMOPCKUX KITIOHEBbIX C/108, CBA3AHHbIX C
Haubosee yumupyembiIMU CMAMbAMU 8 XYPHAIax

Author Keywords AVG Author Keywords AVG
Lnr;csilli(;_:]:r:te:gmmunication 962 ai/ml drive air interface 594
pervasive artificial intelligence 962 network localization and sense 594
network automation 962 cognitive spectrum share 594
?:;Ef;g:rm reconfigurable 962 sub-terahertz 594
internet of nanothings 962 run-core convergence 594
internet of bionanothings 962 subnetwork 594
df relay 769 network as a platform 594
massive connectivity 629 passive array 562
datum rate 621 phase shift model 562
passive array optimization 595 quantum communication 506.5

It should be noted that the topics of the
internet of nanothings and the internet of bio-
nanothings are highly specialized and there-
fore require separate consideration. There-
fore, only one review will be considered
[36]. Advances in synthetic biology and na-
notechnology have led to the development
of tools for manipulating biological cells, al-
lowing for the creation of Bio-Nanothings —
small, inconspicuous devices suitable for
in-vivo applications such as health mon-
itoring and targeted drug delivery. These
nano-scale devices can form a collaborative
network (nanonetwork) when connected to
external high-bandwidth networks like 5G.
This paper reviews bio-cyber interfaces for
[oBNT architecture, discussing options such
as bio-electronic devices and RFID-enabled
implants, while addressing potential vulner-
abilities and mitigation strategies for future
implementations.

Previously, no publications were re-
viewed for the query “all-spectrum reconfig-

urable transceiver” thus let us focus on this
task.

All-Spectrum Reconfigurable Transceiv-
ers are devices capable of operating with
any wireless standard through software up-
dates, while covering the entire radio fre-
quency range. This is the idealized solution
for wireless communications.

A precise search of databases on the to-
pic “all-spectrum reconfigurable transceiver”
yielded no results. Therefore, similar publica-
tions will be found from all three databases,
with an emphasis on semantic similarity and
citation frequency.

IEEE Xplore: The paper [37] introduces a
reconfigurable bidirectional wireless power
and data transceiver (RB-WPDT) for wearable
biomedical applications. It supports full-du-
plex data transmission via a single inductive
link, allowing real-time control and monitor-
ing between devices. The full-duplex meth-
od uses frequency shift-keying pulse-width
modulation for downlink and load shift-key-
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ing for uplink, ensuring simultaneous bidi-
rectional data transmission with minimal
interference.

ScienceDirect: The research [38] introduces
a reconfigurable antenna capable of operat-
ing in multiple frequency ranges and support-
ing various wireless communication uses, in-
cluding 5G sub-6 GHz. The antenna uses stra-
tegically placed varactor diodes for frequency
changes and pattern reversal, enhancing its
ability to adapt to the dynamic needs of wire-
less networks. The paper investigates and
evaluates five operating modes based on var-
actor diode switching conditions.

MDPI: The paper [39] discusses the use
of reconfigurable antennas for loT applica-

tions, focusing on electrical reconfiguration
techniques. It reviews various approaches,
including PIN diodes, digital tunable capaci-
tors (DTCs), varactor diodes, and RF switches,
and categorizes them based on their imple-
mentation. These antennas can adapt their
frequency, radiation pattern, or polarization
to meet changing requirements.

The articles focus on the development of
reconfigurable wireless communication sys-
tems, emphasizing dynamic reconfigurable
antennas for 5G and loT, bidirectional trans-
ceivers for wearable biomedical devices, and
electrical reconfiguration techniques such as
varactor diodes and RF switches that support
adaptive operations in various environments.

Table 12. Top 20 author keywords related to the most recent articles in journals
Ta6nuya 12. 20 Haubosee 4acmo 8CMpedarUWuxcsa d8MOoPCKUX K/1H04e8blX C/108, OMHOCAUUXCA K
CamblM NOC/IEOHUM CMAMbAM 8 XXypHAIax

Author Keywords

Author Keywords

energy-use right trade system

normalize step response matrix

psm-did

discrete map

green technology innovation motivation

power system plan and economic

onboard energy storage system

long-duration storage system

train trajectory

valuation of emergent technology

reversible solid oxide cell

peer-to-peer system

seaport energy-logistic dispatch

peer-to-peer energy resource share

green vehicle

rural community

integrate energy

techno-economic assessment

superposition principle

optimization methodology

Given that many terms in this table are
general in nature, such as train trajectory,
green vehicle, integrate energy, superposition
principle, lets choose a term that reflects a
relatively new and promising research topic:
onboard energy storage system.

IEEE Xplore: The article [40] explores the
use of onboard energy storage systems

(OESS) in modern railway systems to reduce
energy consumption. It highlights the lack
of intelligent energy management consider-
ing regenerative braking energy utilization.
The article also explores the stochastic char-
acteristics of regenerative braking power in
railway power networks, aiming to optimize
train trajectory while utilizing OESS.
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IEEE Xplore: The study [source 15] devel-
ops an energy management system for an
onboard energy storage system in a railway
traction system, aiming to control the state
of charge of a supercapacitor for regenera-
tive braking energy. The control strategy is
designed using model predictive control
(MPC), and simulation results show its effec-
tiveness compared to Proportional Integral
and Fuzzy Logic controllers.

ScienceDirect: The study [41] focuses on
the China Railways High-Speed 5 Electric
Multiple Unit and proposes a mathematical
model and capacity optimization method
for an on-board energy storage system us-
ing lithium batteries and supercapacitors.
It establishes a model considering electri-
cal characteristics, weight, and volume, and
proposes an energy management strategy
to address energy consumption and pow-
er quality issues. The capacity optimization
uses a bi-level programming model, consid-
ering constraints like train load and space.

All three studies share the theme of opti-
mizing energy consumption in railway sys-
tems.

CONCLUSION

For this study, the most basic method of
selecting IEEE terms and author keywords
was used, based on their frequency of occur-
rence and the average number of citations
of articles in which these words appear, as
well as the novelty of such publications.

The keywords and examples of publica-
tions found clearly reflect well-known trends
in the development of energy technologies,
focusing on the integration of the loT, wire-
less communications, artificial intelligence,
and machine learning to enhance energy
systems. Key topics include smart micro-
grids, energy storage (notably hydrogen),
and advanced mathematical modeling. It
emphasizes the importance of safe opera-

tions, economic issues, and accessibility in
energy infrastructure, particularly for elec-
tric transport and battery systems. The inter-
disciplinary field of smart energy systems is
highlighted, incorporating renewable sourc-
es and innovative technologies like machine
learning for predictive maintenance and en-
ergy management. Additional components
such as varactor diodes and thermal man-
agement materials are noted for improving
efficiency. It also addresses cybersecurity
and data privacy to ensure secure energy
solutions in modern applications like smart
cities and electric vehicles.

The main issue identified during the
study was the low frequency of terms from
the Author Keyword and IEEE Terms fields in
the abstract texts. Additionally, with a large
number of author keywords, their spelling
can vary significantly, which requires pre-
liminary lemmatization, removal or replace-
ment of abbreviations, and other text clean-
ing, such as removing various types of quo-
tation marks and copyright symbols. Author
keywords contain many rare terms that can
interfere with in-depth text analysis.

The solution lies in the classic ap-
proach — using a broad thematic vocabu-
lary. IEEE provides this opportunity. At the
same time, it seems appropriate to use IEEE
terms not just as keywords, but to evaluate
their occurrence in the texts of titles and
abstracts. The latter is due to the fact that
experts in a given field conduct an initial as-
sessment of the relevance of a publication
to their interests by reading the titles and
abstracts of publications. The use of a dic-
tionary of terms verified by experts will al-
low the analysis of bibliometric records that
do not have a keyword field but contain ti-
tles and abstracts in the exported data. For
example, OnePetro.
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Pabouas BcTpeua KOpusa AoHUaKkoBa
n Amutpusa lNpotacoBCKOro

17 deBpana 2026 ropga gupektop MUHTW a.1.H. FOpwuin JToHYaKoB npu yyacTUn COTPYQHUKOB
LLTab-kBapTMpbl NpoBen pabouyio BCTpeuy C reHepanbHbiM AupekTopom Poccuiickoro goma
MeXKAYHapOAHOro Hay4yHO-TexHnYeckoro cotpygHuyectsa (P4 MHTC) Amutprem MpoTacoBckmm,
KOTOpPOro COMpPOBOXAaNM ANpeKTop MeXxayHapoAHOro uUeHTpa WMHHOBauum M TpaHcdepa
TexHonorun Ceprei KacbaHoB 1 pykosogutens LieHTpa mexxayHapoaHbIX MPOEKTOB 1 MHNLNATUB
AHacTacus PabyxumHa.

CTopoHbI 06CyaUNM BO3MOXHbIe HanpasneHus B3anmopenctana mexagy MUHTU n P4 MHTC,
NOATBEPANIN 3aUHTEPECOBAHHOCTb B COBMECTHbLIX MEPONPUATMAX U OOMeHe aKTyasbHOW
Hay4HO-TEXHNYECKOW MHPOpMaLmen, a Takxe nognucany CornaweHve o CoTpyaHnYecTse.
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Working Meeting between Mr. Yury Lonchakov and
Mr. Dmitry Protasovsky

On 17 February 2026, ICSTI Director D.Sc. Yury Lonchakov, with participation of Headquarters
staff, held a working meeting with Mr. Dmitry Protasovsky, CEO of the Russian House of Interna-
tional Scientific and Technical Cooperation (RH ISTC). Mr. Protasovsky was accompanied by Mr.
Sergey Kasyanov, Director of the International Center of Innovation and Technology Transfer, and
Ms. Anastasiya Ryabukhina, Head of the Center for International Projects and Initiatives.

The Parties discussed potential areas of collaboration between ICSTI and RH ISTC, confirmed
their interest in joint events and the exchange of relevant scientific and technical information,
and signed a Cooperation Agreement.
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