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Pestome: lludposas TpanchopMaiysd ropHoA0ObIBAIOIINX IPEAIPUATHIL IIPEACTABIAET COOO0M CUCTEMHBII IIPOLIeCC MOIEPHU-
3aLUU IPOU3BOACTBEHHON MHGPACTPYKTYPhI Ha OCHOBE UHTEJIJIEKTYaJIbHBIX TEXHOJIOIHIT yIpasieHus. Llesbio paboThl ABigeTcs
pa3paboTKa MEeTOMOIOTUY KOMITIEKCHOI OLIEHKH 3KOHOMUYECKO 3 GeKTUBHOCTU BHEIPEHHUS IIUPPOBBIX TEXHOJIOTHIT Ha yIJIe-
JOOBIBAIOIIUX MTpeAnpuaTuax Poccun.

B paMKax UCCIeI0BaHUS IPUMEHSIICh METOABI CUCTEMHOTO aHAIN3a, 9KOHOMETPHUUYECKOTO MOIEeTUPOBaHHUs], GaKTOPHOTO aHa-
nu3a. IMnupuueckas 6asa BKIIOYAET OlepalioHHble fanHble 23 npeanpuaTuit Kysbacckoro, Kancko-Aunnckoro u Iledopckoro
YIONbHBIX OacceiHoB 3a nmepuof 2021-2024 rr. Pe3yibTaTsl 1eMOHCTPUPYIOT, UTO BHEIPEHUE CUCTEM JUCIIeTUepu3auu obecre-
YMBaeT MPUPOCT IIPOU3BOAUTENIBHOCTU TeXHUKU Ha 18,3-24,7% mpu coKpallleHU: pacxopa Tormma Ha 12,6-15,4%. MaTennek-
TyaJibHbI€ CUCTEMBI [UIAHUPOBAHMS TIOBHINIAIT K0abbunnenT ussneuenus Ha 4,2—-6,8 MpoIeHTHBIX yHKTa. PO60OTU3UpOBaH-
HbIE CUCTEMBI TPAHCIIOPTUPOBKU YBEIUUNBAIOT IPOU3BOAUTENLHOCTD Ha 5-10% 3a cuer pocTa BpeMeHu paboTsi ¢ 78,4 1o 87,2%.
CoBOKyIHBII 3P (PEKT KOMIUIEKCHOM NUGPOBU3AIUH cocTaBisgeT oT 8,4 10 13,7% cHuKeHUs ce0eCTOMMOCTH IIPU OKYIIaeMOCTH
2,8-43 rona.

[pakTUYecKas EeHHOCTb Pe3yJIbTaTOB COCTOUT B GOPMUPOBAHUY KOJIMYECTBEHHBIX KPUTEPUEB i1 000CHOBAHMS UHBECTHUIIH-
OHHBIX pelleHuii B chepe 1udpoBoit TpaHcHOpMaIvy ropHOL0OBIBAIOIINX [IPEAIPUATHIA.

Kntouessie cnosa: nudposas rpanchopmanus, yroabHas MPOMBIIIIEHHOCTh, 9KOHOMHUYeCKas 9QPeKTUBHOCTh, ABTOMATU3A-
LK TOPHOTO IIPOU3BOICTBA, UHTEJJIEKTYaIbHbIE CUCTEMBI VIIPABJIEHHUs, IPOU3BOIUTENLHOCTD TPY/a, orepanuonHas apdex-
TUBHOCTb
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Abstract: Digital transformation of mining companies is a systematic process of upgrading production infrastructure based
on smart management technologies. The objective of this work is to develop a methodology for integrated assessment of the
economic efficiency of implementing digital technologies at coal mining enterprises in the Russian Federation.

The study employed methods of systems analysis, econometric modeling, and factor analysis. The empirical base includes
operational data from 23 companies in the Kuzbass, Kansk-Achinsk, and Pechora coal basins for the period of 2021-2024. The
results show that introduction of dispatching systems increases equipment performance by 18.3-24.7% while reducing fuel
consumption by 12.6-15.4%. Smart planning systems increase the extraction rate by 4.2-6.8 percentage points. Autonomous
transportation systems increase productivity by 5-10% through increasing the operating time from 78.4% to 87.2%. The cumulative
effect of integrated digitalization makes up from 8.4 to 13.7% of the cost reduction with a payback period of 2.8-4.3 years.

The practical value of the results lies in forming quantitative criteria for justifying investment decisions related to digital
transformation of mining companies.
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BBenmenue

BHenpeHre WHTEJ/UIEKTYaJbHBIX CHUCTEM YIIPABJIEHUS IIPO-
U3BOJICTBEHHBIMHU IIPOLIECCAMU KapAUHAJIBHO MEHseT orepa-
[[MOHHbIE MOJIEJIM TOPHOMOOBIBAIOIINX KOMITAHHUM, CO3/1aBas
BO3MOYKHOCTH [IJIS1 TTOBBIIIIeHUsT 9P PeKTUBHOCTH UCII0Ib30Ba-
HUSI PeCypCOB U CHIDKeHHs uszepskek [1; 2]. JIns poccuiickoit
YTOJIbHOM MPOMBINUIEHHOCTH HU(POBasi MOAEPHU3AIMSI 0CO-
OGEeHHO aKTyaJbHA B YCIOBUAX YXY/AIIEHHS TOPHO-T€0JIOTHYe-
CKHUX YCJIOBHIT pa3pabOTKU MECTOPOSKAEHHIT U HEOOXOMUMOCTU
obecrieyeHus TEXHOJIOTUUECKOTO CyBepenurera [3; 4].

AHanu3 HCCIeTOBaHUI BBISBISET TPU OCHOBHBIX IIOAXO-
la K OCMBICJIEHUIO IU(PPOBU3ANMKM TOPHOTO MIPOU3BOCTBA.
TexHOKpaTHueckas MmapajgurMa pacCMaTpUBaeT BHeJpeHHe
TEXHOJIOTHI KaK MHCTPYMEHT aBTOMATU3AIMU C HOKYyCOM Ha
[IPOU3BOMUTEILHOCTA 000pynoBaHus [5]. CucTeMHO-UHTerpa-
LIMOHHBIIN TTOAXOJ, aKIEHTUPYeT CO3/laHHe B3aUMOCBSI3aHHBIX
nHPOPMAIIMOHHBIX KOHTYPOB yIpasieHusa [6; 7]. IkoHOMHU-
KO-OpHUEHTUPOBAHHAS KOHIeNIus GOKYCUPYeTCs Ha KOIHuye-
CTBEHHOI1 OlleHKe QHHAHCOBBIX pe3ysibTaToB [8;9]. OmHako Hu
OZIMH He Ipejyiaraer LeJIOCTHOM MeTOJOJIOTUU KOMIUIEKCHOM
OIIeHKH MHOro(pakTOpHOro BiAMAHUSA IuUdpoBU3anMKU HA 9¢-
dexkTuBHOCTS TpeamnpuaThit. TepMUHOIOTUUECKOE IIOJIE Xa-
paKTepU3yeTcsl HeOAHOPOAHOCTHIO. [lox nudposusanumeit mo-
HHUMAaeTCsl BHeApPEHUEe CHUCTeM [IUCIIEeTUYEePCKOrO YIIPABJIEHUS
[10], mpuMeHeHMe MAMIMHHOTO OOYYEHHS Ul IPOTHO3HOTO
obcaykuBanus [11] wiu co3gaHye MHTErpPUPOBAHHBIX IUIAT-
dopwm yrpasnennsa [12]. B HacTosIem uccmenoBanuu mox mnud-
poBoit Tpancdopmaleil MOHUMAETCS CUCTEMHBIR IPOIecc
BHEJIpEHHUS B3aUMOCBS3aHHOTO KOMIUIEKCA TeXHOJIOTHUYECKUX
peleHus, 00eCIeYuBaroMX aBTOMATU3aNUI0 cO0pa JaHHBbIX,
UHTEJUIEKTYJIBHYIO TOJEPKKY PeIlIeHU U ONTHUMH3AIHIO
TEXHOJIOTUYEeCKUX peskuMoB [13]. Kputnueckuii 0630p nuTe-
parypsl uaeHTUUIMPYET CyllecTBeHHble mpobensl. OTCyT-
CTBYIOT CHCTEMAaTHYeCKHue HCCIeIOBaHMs, KOJIUYEeCTBEHHO
OIIEHMBAIOIIME BKJIAJA OTHENbHBIX KOMIIOHEHTOB IU(PPOBOM
UHOGPACTPYKTYPHl B COBOKYIIHBIA SKOHOMHYECKUI 3bdexT
[14]. HemocTaTOYHO M3yuyeHBl MeXAaHU3MBlI CHHEPreTHYeCKHUX
9b®dEeKToB OT OAHOBPEMEHHOrO BHEIPEHUS B3aMMOIOIOJHS-
romux cucreM [15]. [IpakTHYECKU OTCYTCTBYIOT JIOHTUTIOAHBIE
HCCIe0BAHUS AUHAMUKYA 3P PeKTOB HA Pa3JIMYHBIX CTAMUIX
SKU3HEHHOrO 1MK/Ia BHeapeHus [16]. He paspaboTaHbl MeTo-
JTOJIOTHYECKUe MTOIXObI K OIleHKe KOCBEeHHbIX 3G GbeKTOB, mpo-
ABJIAIONIUXCS B IIOBBIIIEHUH 0€30IIaCHOCTH U CHUKEHUU Hera-
TUBHOT'O BO3/IEHCTBUS HA OKPY>KAIOIIYIO cpexny [17].

BrlsBrieHHbBIE JIAKYHBI OIPENENSIOT aKTyaJbHOCTh HACTO-
SIIEro MCC/IeOBAHKS, HANPABIEHHOIO Ha paspadOTKy KOM-
IJIEKCHOM METOMOJIOTUU OIEHKHA OKOHOMHUYECKON 3ddek-
TUBHOCTH IU(POBOI TpaHCcHOpMAIUK  YIIeA00bIBAIOIIUX
MPeANpUsITA HAa OCHOBE aHa/IU3a OIEPAIMOHHBIX JAHHBIX
[18]. YHUKAIPHOCTD ITOAX0A 3aK/II0YAETCS B OTHOBPEMEHHOM
PAaCcCMOTPEHUH IIPSIMBIX IPOU3BOICTBEHHO-TEXHUUECKUX 9¢-
¢ekTOB U omocpenoBaHHBIX GUHAHCOBO-9KOHOMUYECKUX De-
3yspTaToB [19].

Ma’repnamﬂ " METOAbI

MeTonosoruuecKuit Kapkac 6aSI/IPYETCH Ha KOMIUIEKCHOM
IIPUMEHEHHNHN KOJIMYECTBEHHBIX METOOOB aHaIn3a OIlepalu-

OHHBIX U (PUHAHCOBO-9KOHOMUYECKUX [TOKA3aTesell JesTelb-
HOCTH YI/1ef00bIBAIOIIMX TIPEIPUATUAN B COUETAHUU C Kaue-
CTBEHHBIMU 9KCIIEPTHBIMHU OIleHKamu [20].

OCHOBHBIM METOOM BBICTYIINJI CPABHUTEIbHBIN aHAINU3 JIU-
HaMUKU OIlepalOHHBIX II0Ka3aTesel IPeIIPUITUH, peanTn30-
BABIIUX MPOEKTHI MUGPOBU3AINH, OTHOCUTEIHHO KOHTPOJIb-
HOI1 IPYIIIBI IPEANPUATUIN 0e3 3HAUUTEIbHbIX UHBECTULIUI B
uudpoyio Tpancopmariuio [21]. 11 3MMMAHUPOBAHUS BIIU-
SIHUSI 9K30TeHHBIX GAaKTOPOB IPHUMeHIACh Iporiteaypa GopMu-
POBaHMS MAPHBIX COIMOCTABIEHUI TPEANPUATUN C OIU3KUMU
XapaKTepUCTUKAMH I10 [TapaMeTpaM MaciinTada Iporu3BOICTBA,
crioco6a 100bIuH, KAUeCTBEHHBIX XapaKTEPUCTUK 3aI1acoB U Te-
orpapuuecKoro pacrosioskenus [22].

HccnenoBaHue peanu30BBIBAJIOCH B UeThIpe drtara. Ha mep-
BOM 3Tare OCYIIECTBISIICA COOp TMEPBUUHBIX OIMEPAIIMOHHBIX
maHHbIX 3a 2021-2024 ., BKIOYAS IOKA3aTeau 00beMOoB M0-
OBbIUM, TPOUBBOAUTENILHOCTH 060pYIOBaHYS, KO3(DDUIUEHTOR
HCIIONIb30BAHUS MOIIHOCTEH, YAENbHOIO pPAacXoia SHEepruw,
YHCJIEHHOCTH IIepCOHasia, TpaBmarusMa. Ha BTOpom arare
IIPOBOJMJIACh CHUCTEMATU3aIUs JaHHBIX C IPUBEIEHUEM IIO-
Kazarejei K COMOCTAaBUMOMY BHAY Yepe3 HOPMAaJIM3AIHIo Ha
MaciurabHble XapaKTepPUCTUKU. TpeTwil STall IIperosiarall
dbaxkTopHBIil aHATIN3 U3MEHEeHHUI IoKa3aTesel ¢ IpuMeHeHrneM
PEerpecCHOHHOTO MOIETUPOBAHMS IS HeKOMIIO3uuu 3ddex-
Ta Ha COCTABJISIONINE KOMIIOHEHTHI. UeTBepThIi 3Tall BKII0YAI
yIayOieHHble UHTEPBbIO C PYKOBOAMTENSAMU JJIS BBIABJICHUS
OPraHU3alMOHHO-YIIPABJIEHYECKUX (PAKTOPOB  YCIEMIHOCTH
BHEZIpeHUsI IUPPOBBIX TEXHOJIOTHIL

OMmnupudeckas 6aza popmupoBanace u3 HaHHBIX 23 mpen-
npusgtuit  Kysueuxoro, Kancko-Aumnckoro u Ileuopckoro
yronpubix 6acceiinos. Kpurepusamu ot6opa BBICTYIIANU TOIO-
BOI1 06beM 00bIYM He MeHee 1 MJIH T, HasM4uue II0JIHO omepa-
IIMOHHOM CTATUCTHUKU 3@ BECh IIEPUO]], peayn3alus JOKyMeH-
TAJIbHO MOATBEP KAEHHBIX IIPOEKTOB UPPOBU3ALUY JTUO0 UX
OTCYTCTBHE JJII KOHTPOJBHOI rpymmbl. COBOKYIHAs A00bIua
cocraBuna 111 M T 3a 2024 rox, yTo cootBercTByeT 27% OT
obmiepoccuiickoro oobema. CTpyKTypa BBIOOPKH BKJIIOYAsa
14 mpeanpuaATHIl OTKPHITOM HOOBIYM MOIIHOCTBIO 84 MJIH T B
roj 1 9 MAaxT MOA3EMHOI [OOBIUM MOLTHOCTBIO 27 MJIH T B TOJI.
ObecrieueHre BaIUIHOCTH JOCTUTATIOCh YePe3 TPUAHT YISO
METOZIOB, COYeTAIOI[yI0 KOJHNYeCTBeHHbIEe CTAaTUCTHYEeCKue
MeTOnbl C KaUeCTBEHHBIMU SKCIIEPTHBIMU OLleHKaMu. Perpe-
3EHTATUBHOCTh OOECIIeUNBAIACh BKIIIOUEHHEM MPEIIPUIATUN
pasauuHoro macmraba u crocob6oB mobbrum. [ IpoBEpKU
YCTOMYMBOCTH Pe3y/IbTaTOB UCII0Ib30BAIMCh HellapaMeTpuye-
CKHe CTaTUCTHYeCKHue Kputrepuu. KpuTHYecKuil mopor CTaTu-
CTUYeCKOI 3HAYMMOCTH YCTaHABIUBAJICS HA YPOBHE 5%.

Pe3ynbpraTst

KOMIUIEKCHBIIT aHAJIM3 OTIePAlOHHBIX JAHHBIX YI/IeA00bIBa-
IOIIMX NPEeIIPUATUI BBIOOpKH 3a rieproz 20212024 IT. BbISBHI
CyIlIeCTBeHHYIO quddepeHnnanuo 3KOHOMUIeCKuX apderTos
OT BHEJPEHUS PA3INYHBIX TUIIOB UDPOBBIX CUCTEM YIIPABJIE-
HUs IIPOU3BOACTBEHHBIMU ITporieccamu (Tadir. 1).

[IpennpusaTusl KOHTPOJIBHON TPYNIbl IIOKa3aad IIPUPOCT
IpoU3BOAUTENBLHOCTU 6,6%, OTpaskaromuil 001e0TPaCIeBYIO
JMHAMUKY OT OOHOBJIEHHs TeXHUKU. JluddepeHnuan TeMnos
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Ta6bnuua 1 Table 1
[OvHaMunka NponsBOAUTENIBHOCTU TPyAa Ha yrneaobbiBaloLWmMX Dynamics of labor productivity at coal mining companies
npeanpuATUSX NO rpynnamM BHeApPeHUs LncpoBbIX TEXHONOrMi by groups of digital technology implementation
B 2021-2024 rr. in 2021-2024
Mpouseoau- MpousBoau- Mpounseoau- MpousBoau- Monpboct
Fpynna npeanpuatmii TenbHOCTb 2021, TenbHOCTb 2022, TenbHocTb 2023, TenbHoCTb 2024, pvp
2021-2024, %
T/4en-mec T/yen-mec T/4en-mec T/4en-mec
Komrnekcras 2948 3245 359,8 398,7 35,2
umcppoBmnsauns
Oucnetyepusauna MK 301,2 319,8 340,6 366,9 21,8
feonorudeckoe 2884 302,8 3207 3424 187
MoAennpoBaHue
KoHTponbHas rpynna 2961 301,7 308,4 315,6 6,6

lMpumeyarme: MNokasaTtesib NPON3BOANTENILHOCTU TPYAA PACCUUTBLIBANCS KakK OTHOLLEHUE o6bema A00bIUM YIS B TOHHAX K CPeAHECMMCOYHOM YNCIEHHOCTH
NPOMBbILLIEHHO-MPOU3BOACTBEHHOMO NepcoHana. Mpynna KoMnieKcHol LudpoBraumm Bkovana 6 NpeanpusTiil ¢ NOMHbIM LMK/IOM BHEAPEHUSI MHTErPUPOBaHHbIX
nnatcpopm. Mpynna ancnetyepusauum 'K cocToana ns 7 npeanpusTuii. Mpynna reonornyeckoro MoAenmpoBaHnsa o6beanHsna 4 npeanpusatusa. KoHTponbHas
rpynna us 6 npeanpusaTHii He peann3oBbiBana 3HaUUTEbHbBIX NMPOEKTOB LindpoBmaumm. CTaTMcTMHecKas 3Ha4MMOCTb Pasnyunii NPoBepPsIIach KpUTepmem
Kpackena-Yonnuca c metogom [aHHa, p < 0,01.

Note: The labor productivity indicator was calculated as the ratio of coal production in tons to the average number of industrial and operating personnel. The
integrated digitalization group included six companies with the full cycle of integrated platform implementation. The mine fleet dispatching group consisted of seven
companies. The geological modeling group comprised four companies. The reference group of six companies did not implement any significant digitalization projects.
The statistical significance of the differences was tested using the Kruskal-Wallis test with the Dunn's test, p < 0.01.

Tabnuua 2 Table 2
MokasaTtenu achheKTUBHOCTU UCNO/Nb30BaHNUA KapbePHOW TEXHUKKN Utilization efficiency indicators for open-pit mining equipment
rnpu BHeAPEeHUUN CUCTEM AncneT4Yepmsaumm ropHOTPaHCNOPTHOro when implementing mine fleet dispatching systems
KoMnsiekca

Lo BHeapeHusa |lMocne BHepapeHusa | WM3mMeHeHue N3meHeHne
Mokazsarenb 9

cuUcTembl CUCTEMBDI abcontoTHoe | oTHOcUTesnbHoe, %

KoadhdhmumeHT ncnonb3oBaHUsa TEXHUKN 0,684 0,823 +0,139 +20,3
CpepgHecyTo4Has NpPoOn3BOANTENBHOCTb 1847 2304 +457 1247
camocBana, T
YnenbHbIn pacxod AN3TONMAMBA, KI/T-KM 0,387 0,327 -0,060 -15,5
KonnyecTtBo XxonocTbix Npo6eroB 3a CMeHy 3,8 2] =17 —447
Bpemsa npocToeB B oxXunaaHuy Norpysku, MUH/ 873 346 527 604

CMeHy

IMpumeyaHue.[laHHble NoyYeHbl HA OCHOBE HEMPEPLIBHOIO MOHUTOPUHIa PaGOoTbl Ha YeTbIpeX YrofbHbIX paspesax Kystacca CyMMapHOW MOLWHOCTEIO 43 MAIH T

B rof B TeyeHue 12 mec Ao u 18 mec nocne BHeApeHus cuctembl «<Kapbep». Bce namepeHnsa NpoBoAnIMCL B aBTOMATUHECKOM pexume € 4acToToi 1 c. INapk TeXHUKKN
BK/MtoYan 123 kapbepHbix camocsana BEJIA3 rpysonoabemHocTbio 90—130 T 1 37 3KCckaBaTOpOB € KOBLLUOM 8—15 M3,

Note: The data was obtained based on continuous monitoring of operations at four coal mines in Kuzbass with a total capacity of 43 million tons per year

for 12 months before and 18 months after the implementation of the Karier system. All measurements were made in automatic mode with the frequency of 1 second.
The fleet included 123 BELAZ mining dump trucks with a carrying capacity of 90-130 tons and 37 excavators with a bucket capacity of 8—15 m3.

Tabnuua 3 Table 3

OkoHomuueckas 3hheKTUBHOCTb BHEAPEHUS POGOTU3UPOBAHHbIX Economic efficiency of implementing autonomous rock mass

CUCTEM TPAHCMOPTUPOBKU FOPHOM MAcChl Ha Kapbepax transportation systems in open-pit mines

o TpaavunoHHas Po6oTtusupoBaHHas

DKOHOMMUYECKU NokasaTesnb N3meHeHune
TEeXHONorus TeXHONorus

dakTnyeckoe BpemMs paboTbl TEXHUKMK, % OT KanieHgapHoro 78,4 872 +8,8 n.n.

[MpupocT o6bema TPaHCNOPTUPOBKHN, % Ba30BbIi ypoBeHb +7,3 +7,3

CokpallleHune 3aTpaT Ha onnaTty Tpyaa Boautenen, MiaH pyé/rog Ba3oBbIN ypoOBEHb 1276 +127,6

CHWXeHne aBapUnHOCTU TEXHWUKW, ClyYaeB/rof, 18,7 6,2 -12,5

KanutanbHble 3aTpaTthl Ha BHEAPEHWE CUCTEMbI, M/TH PYyO. — 486,3 —

CpoK OKynaemocCTu NpoekTa, et - 3,2 -

lMpumeyaHue: MNMokazatenu NonyyYeHbl HA OCHOBE AaHHbIX Tpex npeanpusaTuii KaHcko-AunHckoro n Kystacckoro 6acceiiHoB, BHEAPUBLLNX POOOTU3MPOBaHHbIE
cucTeMbl B nepuoa nions 2022 — mapt 2023. basosbii nepuoa oxsaTthiBaeT 12 mec Ao BHeApeHus. [Nepuoa akcnnyatauun coctasnaeT 21 Mec ¢ 7-ro mecsaua nocne
3anycka. Napk 13 27 6ecnunoTtHbIx camocBanos BEJTA3-7513R rpysonogbemHocTbio 130 1. CokpallieHune 3aTpaT pacCcynTtaHo UCXOAs U3 BbicBOGOXAeHMS 81
BOAUTENS CO cpeaHeit 3apnnaToii 113 Tbic. py6/Mec BKlOYas HaUNCEHUS.

Note: The indicators are based on data from three enterprises in the Kansk-Achinsk and Kuzbass basins that implemented autonomous systems between July 2022
and March 2023. The reference period covers 12 months prior to implementation. The operating period is 21 months from the 7th month upon commissioning. A fleet
of 27 BELAZ-7513R autonomous dump trucks with the carrying capacity of 130 tons. The cost reduction is calculated based on dismissal of 81 drivers with the average
salary of 113 thousand rubles per month, including accruals.
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s it s pOCTa MEXAy IPYIIIOH KOMIUIEKCHOH IMGPOBU3AIMU U KOH-
120 B et TPOJIbHOM TPYIION COCTABIUI 29 IPOIEHTHBIX IIYHKTOB, CTaTH-

CTUYECKY 3HAUUMBIN Ha ypoBHe p < 0,01 (Tabn. 2).

KoadduuumenT ncnonb3oBanus rexHuky ysenaudamics ¢ 0,684
110 0,823. OcobeHHO CyIeCTBEHHOE yyullieHre 3apuKCUpoBa-
HO II0 BpeMeHU IIPOCTOEeB B O>KUIAHUU IIOTPY3KU, COKPATHUBIIIE-
Mmycs Ha 60,4% 6raromaps WHTE/UIEKTYaIbHOMY pacIpeese-
HUIO TeXHHUKH (TadiL. 3).

BHenpeHue cucTeM QUCIIeTYEPU3AIUNA TOPHOTPAHCIIOPTHO-
ro KOMILIEKCaA Ha YeTbIpex YrojbHbIX paspesax Kysbacca cym-
MapHO¥M MOIIHOCTBIO 43 MJIH T B IOA MPOJEMOHCTPUPOBAJIO
CYIIIeCTBeHHOe MOBbIIeHre 3GGEeKTUBHOCTA HCIIOIb30BAHUS

oy ey KappepHoil TexHUKU. KoaddurmeHT uCmonp30BaHUS TEXHU-

SR w«%ﬁ - T KI/IPYBIe)JII/I‘{I/IJICﬂ c 0,684 m:b 83,823 (+20,3%), a cpemHecyTOYHAS
MIPOU3BOAUTEILHOCTh CaMOCBasia Bo3pocia ¢ 1847 mo 2304 T

Puc. 1 Fig. 1 (+24,7%). Haubonee BredaTssomuii 3GPeKT JOCTUTHYT IO CO-

w @

Mokasatenu achchekTMBHOCTH Utilization efficienc
P ~ - Yoo Kpall[eHUIO0 BpeMeHHU IIPOCTOeB B OKUIaHUY IIOrPy3KHU — ¢ 87,3
MCMNONb30BaHUSA KapbepHoW indicators for open-pit mining o 6
TEXHUKN NPH BHEAPEHUN CHCTEM equipment when 1o 34,6 muH 3a cmeny (—60,4%), uTo obecrieueHO UHTEIIEKTY-
aucnetyepusauum implementing mine fleet AJIbHBIM pacClpezeseHneM TEXHUKHN Ha OCHOBE HEIIPEPBIBHOTO
ropHoTpaHcrnopTHoro komnnekca |  dispatching systems MOHUTOPHUHTA C YacToTou 1 c. VienbHBIN pacxon AU3eIbHOrO
TOIUIMBA cHU3uiICa Ha 15,5% (¢ 0,387 mo 0,327 Kr/T-KM), a KOJIU-
YeCTBO XOJIOCTBIX MPOOEroB 3a CMEHY COKpATWIOCh Ha 44,7%
Ta6bnuua 4 Table 4
BnusiHue BHeApEeHUSA CUCTEM TPEXMEPHOIO FreosIorM4Yeckoro The effect of implementing 3D geological modeling systems on
MopAeNMpoBaHUs Ha NokKasaTenv U3B/ie4YeHUs No/Ie3HOro the mineral extraction rates
UcKonaemoro
TpaavuMoOHHOE Mpupoct Mpupoct
Mokasartenb PaAWH 3D-mopenupoBaHue pnp _ pvp s o
nnaHMpoBaHue abCoNIoTHbLIA | OTHOCUTENbHbIN, %
KoathpmuneHT nssneveHna yrna ns Hegp, % 87,6 92,8 +5,2 +5,9
TOYHOCTb NPOrHo3a KayecTtsa yrng, % 73,4 91,7 +18,3 +24,9
CHuxxeHne o6bema BCKpPbIWHbIX paboT, % ba3oBbili ypoBeHb -3,8 -3,8 —
CokpalleHure noTepb Npu CENeKTUBHOWM Ba30BbIA YPOBEHS 473 1473 _
BbleMKe, TbIC. T/rofg,
[ononHuTenbHas Bbipyyka OT MOBbILLEHWSA .
+ —
KayecTBa npoaykumu, MaH pyé/rog ba3oBeIN ypoBeHs 83,4 83,4

lMpumeyarme: [JaHHble NOMyYeHbl Ha OCHOBE MHopMaunn NSt npeanpuatuii KysHeukoro n MNevopckoro 6acceiHoB, BHeAPUBLUNX cucTeMbl 3D-MopenvpoBaHns Ha
6a3e Micromine un Datamine B 2021-2022 rr. KoaththuLUMEHT U3BNEYEHUSt pacCUUTbIBANICH Ha OTPaboTaHHbIX yHacTkax niowaabto 172 ra. TpaanumoHHoe
nnaHnpoBaHue 6a3npoBanock Ha 2D-paspesax ¢ HTepnonsaumeli MeToaoM o6paTHbIX B3BELLEHHbIX PacCTosiHWIA. 3D-MoaenMpoBaHe MCnonb30oBano
reocTaTMCTUYECKN KPUrMHI € 610kammn 20x20x2 M. TOYHOCTb MPOrHO3a onpeaensnack Kak oM\ NapTuii C OTKNOHeHneM He 6onee 5% no 3on1bHOCTM 1 700 kX/Kr
no TENMIOTBOPHOW CNOCOBHOCTU. [JonoNHUTENbHANA BbIPyYKa paccymTaHa UCcxoas ns cpeaHeii npemun 817 py6/1.

Note: The data is based on information from five companies in the Kuznetsk and Pechora basins that implemented Micromine and Datamine-based 3D modeling
systems in 2021-2022. The extraction rate was calculated for mined areas covering 172 hectares. Conventional planning was based on 2D sections with interpolation
using the inverse distance weighting interpolation method. 3D modeling used geostatistical kriging with the 20x20x2 m blocks. The accuracy of the forecast was
determined as the proportion of batches with the deviations of no more than 5% in the ash content and 700 kJ/kg in the calorific value. The additional revenue was
calculated based on an average premium of 817 rubles/ton.

Tabnuua 5 Table 5
OvHaMuka yaenbHOro sHepronoTpe6neHus npu BHeApPeHUU CUCTEM Dynamics of energy intensity upon implementation of the energy
MOHUTOPUHIa U ONTUMU3aLIUK 3HEProahhekTUBHOCTH efficiency monitoring and optimization systems for the equipment
o6opyanoBaHua
YpenbHbIA pacxon CHMXXEeHNE OTHOCUTENbHO | DKOHOMUA 3Heprun, | CTOMMOCTHaA oueHKa

Mepuopg o

9N1EeKTPO3HEPrum, KBT-u/1 6asoBoro nepuopa, % MnH KBT-4/rog 3KOHOMMUM, MJTH py6/roa
2021 (6a308BblIif) 18,27 0,0 - -
2022 17,62 3,6 8,9 50,2
2023 16,84 78 19,3 108,9
2024 16,04 12,2 30,1 169,8

lMpumeyaHne: JaHHble NpeacTaBNSioT arpervpoBaHHble NokasaTenin BOCbMU NPeanpuaTuii, BHEAPWBLLMX CUCTEMbI aBTOMATU3UPOBAHHOrO MOHWUTOPWHIa U
onTuMM3aLmmn aHepronoTpebneHns Ha 6a3e nnathopm «IHeproMonuTopuHr» 1 SCADA Wonderware B sHBape 2021r. — gekabpe 2024 r. UamepeHue
OCYLLECTBIANOCh MHTENNEKTYaNlbHbIMM CHETYMKaMK Krnacca ToyHocTn 0,5 Ha BBOfax yCTaHOBOK MOLLHOCTbIO >50 kBT. B 2022 1. BHeAPEeH MOHWUTOPUHI B peanbHOM
BpemeHun. B 2023 r. 3anyLLeHbl MOAyN MHTENNEKTyallbHOrO aHa/m3a C aBTOMaTUYeCcKoi reHepaunein pekomeHgaumnii. B 2024 r. peannsoBaHa nonHas
aBTOMaTM3aUMs ynpaBneHns pexmmMaMu ¢ afAanTMBHOV ONTUMU3aLMeli NapaMeTpoB Ha OCHOBE MaLUMHHOIO 06y4eHus. CTOMMOCTHas OLeHKa onpeaeneHa ¢ Tapugom
5,64 py6/kBt-4 B 2024 1.

Note: The data represents aggregated indicators of eight enterprises that implemented automated monitoring and energy optimization systems based on the
EnergyMonitoring and SCADA Wonderware platforms in January 2021to December 2024. The measurements were conducted using smart meters with an accuracy
class of 0.5 at the inputs of installations with a capacity of >50 kW. In 2022, real-time monitoring was implemented. In 2023, smart analysis modules with automatic
generation of recommendations were launched. In 2024, full automation of mode control with adaptive parameter optimization based on machine learning was
implemented. The cost estimate was determined at a rate of 5.64 RUB/kWh in 2024.
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CpaBHUTenbHas 3¢hchekTMBHOCTb
PasIMYHbIX TUNOB LM POBbLIX
CUCTEM MO KPUTEPUSAM
OKyNnaeMoCTU UHBEeCTULIUIA
(ropusoHT nnaHupoBaHus 10 ner,
cTaBKa AUCKOHTMpoBaHusa 10%)

Fig. 2

Comparative efficiency of
various types of digital
systems based on the return
on investment criteria (10-year
planning time-frame, 10%
discounting rate)

(c 3,8 mo 2,1), uTo CBUMIETENLCTBYET 00 ONTUMU3ALIUN MAPIIPY-
TOB JBIJKEHUS U IOBBIIIEHNN 9bGEKTUBHOCTH JIOTUCTHYECKUX
IpoIieccoB. MOHUTOPHUHT napka u3 123 KapbepHbIX CAMOCBAJIOB
BEJIA3 u 37 3KCKaBAaTOPOB B TeueHue 18 Mec mmocsie BHEeAPEHU S
cucreMbl «Kapbep» OATBEPsKAAET CTaOUIBHOCTD JOCTUTHYTHIX
pesynbraToB (puc. 1).

OcHOBHOI1 BKIaJ obecrieuuBaer yBenudeHue GakTUIECKO-
ro BpeMeHH PabOThl 3a CUET MCKIIOUEHUS TEXHOJOTHYECKUX
IepepbIBOB U BO3MOXKHOCTU KPYIJIOCYTOUHOM 3KCILTyaTaIIHH.
JomnonuurtenbHbii a3bdexT GopMUpyeTcs 3a CUeT SKOHOMUM Ha
domme omnatel Tpyma U CHUKEHUS 3aTpaT HA PEMOHT BCJIE-
CTBUE YCTpaHEeHHs YyeoBeueckoro ¢paxropa (Tabr. 4).

Koaddunuenr uspneuenns yris Bospoc c 87,6 1o 92,8%. Tou-
HOCTb IIPOTHO3UPOBAHUS KAYECTBEeHHBIX [TapaMeTPOB ITOBBICH-
s1ach ¢ 73,4 1o 91,7% Gnaromaps geTaabHbIM HE(PPOBBIM MOJE-
JIIM pacIpe/iesieHns XapaKTepUCTHK yid (TabiL. 5).

Tabnuua 6
CpaBHUTenbHas 3¢hpheKTMBHOCTb pPa3MYHbIX TUMOB LM POBbIX
CUCTEM MO KPUTEPUIO OKYNaeMOCTU UHBECTULIUIA

CpaBHutenpHbI aHAMN3 9)GEKTUBHOCTU Pa3IMYHbIX TH-
10B [{UPPOBBIX CHUCTEM 10 KPUTEPHIO OKYIIAeMOCTH HHBECTH-
LUH BBISBUI 3HAUUTENIbHYIO [ubdepeHIanmio nokasareie.
HanMmeHbImMiI CPOK OKYNMaeMOCTH JIeMOHCTPUPYIOT CHUCTEMBI
9HEproMOHUTOpUHra (2,4 roma) mpy KaImUTAJIbHBIX 3aTparax
63,8 MuiH py0. 1 TOHOBOM 3KOHOMUUECKOM abdekre 26,4 MIH
py06. [IpoeKTsl BHEApPeHUs KOMIUIEKCHBIX WHTErPUPOBAHHBIX
mwiaThopM HECMOTps HAa MaKCHMAaJbHble KalWUTajbHbIE 3a-
Tpatsl (892,4 MaH pyb.) 06eCreunBaOT HAUBBICIIYIO YUCTYIO
MIPUBEAEHHYI0 CTOUMOCTH 3a 10-merHuit ropusonT (1584,3 MiH
py6.) mpu cpoke okymaemocTu 2,6 roga u rogoBoM adderre
347,2 muH py6. Kputruuecku BaskKHO, UTO IOKasarenu ahdek-
TUBHOCTH KOMIUIEKCHBIX IUIATGOPM IPEBOCXOISAT IPOCTYIO
cyMMy 3QQeKTOB OT OTHeNbHBIX KOMIIOHEHTOB, UYTO CBHUJE-
TEJIbCTBYET O 3HAYMMBIX CHHepreTnueckux addexrax or uH-
Terpanuyl GpyHKIMOHATIBHOCTH QUCIEeTYepU3aluu, poboTusa-
LMY, Te0JIOTUYEeCKOr0 MOZIeJIMPOBAHUS U SHEPTOMOHUTOPUHTA.
PoOOTU3MPOBAHHBIM TPAHCIIOPT XAPaKTEPU3YETCS CPEIHUM
CpoKoM OKymaemoctH (3,2 roxa) mpu Beicokoit NPV (612,4 man
py0.), Torma Kak CUCTEMBI Te0JIOrn4ecKoro 3D-MoeupoBaHus
obecreunBaroT OHICTPYIO OKYIIAEMOCTS (2,9 rojia) Ipy yMepeH-
HbIX HHBecTHLUsAX (127,5 M py0.) (puc. 2).

3a mepuon 2021-2024 rr. yaenbHOe sHepronorpebaeHue co-
kpatwioch Ha 12,2%. OcHOBHOI BKJIaJ BHeC/IA ONTUMU3AINS
PEKUMOB PaboTHl APOOUIBHO-COPTUPOBOYHBIX KOMIUIEKCOB
Ha OCHOBe MOHUTOPHHIA IPAHYIOMEeTPHUYECKOro COCTaBa C aB-
TOMATUYECKOI1 afjanTanueil mapaMmerpos Apobienud (Tabi. 6).

HauMeHbIuit CPOK OKyIIaeMOCTH IeMOHCTPUPYIOT CHUCTe-
MBIl MOHHUTOPHHTA 9Hepronorpedienust. [IpoexTsl BHEAPEHHUS
KOMIUIEKCHBIX TU1aTdhopM 06ecrieynBarT MaKCUMAJIbHbII CO-
BOKYIIHBI 9KOHOMHUYECKUl 3PPeKT U HAUBBICIIYIO YKCTYIO
[IPUBEEHHYIO CTOUMOCTb. [lokasarenu 3bGeKTUBHOCTH KOM-
IJIEKCHBIX IIATGHOPM IIPEBOCXOIST IIPOCTYIO0 CyMMY 3P deKTOB
OT OT/EJbHBIX KOMIIOHEHTOB, YTO CBUETeJIbCTBYeT O HaJU-
YUU 3HAUUMBIX CUHepretudyeckux 3ddeKkToB oT MHTerpanuu
(Tabm. 7).

[IpeanpusaTus Tpymnsl KOMIUIEKCHOM nudpoBuzanuu 1o-
CTUINH CHIKeHua cebectoumocTu Ha 13,6% mpu pocte Ha 3%

Table 6
Comparative efficiency of various types of digital systems based
on the return on investment criteria

KaSVFI,TeaFLHbM:bIe ExerogHbin Cpok Yucrasa npuBegeHHas

Tun undpoBo cucTeMbI 3aTpaThi 3KOHOMUYECKU oKynaemocTH, | croumocTb 3a 10 ner,
Mn:pyé’ acpdpekT, MnH py6. ner MJIH pyo.

Oucnetuepusauma MK 2847 98,3 2,9 4236
Po60Tn3npoBaHHbIi TpaHCMopT 486,3 151,8 3,2 612,4
[eonornyeckoe 3D-mogennpoBaHue 1275 446 29 192,8
CunctemMbl 3HEPrOMOHUTOPUHTA 63,8 26,4 2,4 15,7
KomnnekcHaa nnatcopma 892,4 347,22 2,6 1584,3

lMpumeyaHne: MNokaszatenu paccuntaHbl Ha OCHOBE aHann3a NPOoeKToB Ha 23 npeanpuaTuax 3a 2021-2024 rr. ¢ akcTpanonsaumer Ha 10-1eTHUIn FOPU30HT.
KanutansbHble 3atpaThl BkAtovatoT MO ¢ NMLEH3NAMU, CeEpBEPHOE U KOMMYHUKALIMOHHOE 060pyA0OBaHNE, AATHUKN U KOHTPOMNEPSI, YCNYrM N0 BHEAPEHWIO U
TEeXHMYeckoMy conpoBoxaeHuto. ucnetyepusauus I'TK Bkntoyaet GPS-tpekepsbl, pagnocessb, cepsepbl U MO gucnetyepckoro ynpaBneHns. Po6otmsnpoBaHHbIii
TPaHCNOPT NpeanonaraeT OCHallleHWe CaMoCBaioB CUCTEMaMN aBTOHOMHOIO YrpaBeHns C Nngapamu, Kamepamu, pagapamu, cosgaHue uMgpoBbiX KapT U ceTb
6a30BblIx cTaHuui. leonornyeckoe 3D-moaennpoBaHue TpebyeT cneynanusnpoBaHHoro MO 1 pabounx CTaHuuUii ¢ rpadudeckumm yckoputensmu. Cuctemsl
SHEPrOMOHUTOPUHIa BK/OYAKOT MHTENNEKTYaNbHble cHeTymku 1 MO aHanu3a AaHHbIx. KomnnekcHasa nnathopma o6beanHAeT (hyHKLMOHANbHOCTb BCEX CUCTEM C
AONONHUTENBbHBIMU MOAYNAMW NNaHMPOBaHUA, ynpasneHns TOUP 1 koHTponsa kayectea. Cpok OKynaemMoCTV pacCUnTaH NPoCTbiM METOA0M 6€3 ANCKOHTUPOBAaHMS.
Yucraa npuBeaeHHast CTOMMOCTb onpeaeneHa CyMMMpPOBaHNEM ANCKOHTUPOBAaHHbIX AeHEXHbIX NoToKoB 3a 10 net npu ctaBke 10% rofoBbIX C OCTAaTOYHOM

cToMMocCTblo aktnesoB 20%.

Note: The figures are calculated based on analyzing projects in 23 companies in 2021-2024, extrapolated over a 10-year period. The capital expenses include
software with licenses, server and communication equipment, sensors and controllers, implementation and technical support services. Dispatching of mine fleet
includes GPS trackers, radio communication, servers, and dispatch management software. Autonomous transport involves equipping dump trucks with autonomous
control systems with lidars, cameras, radars, creating of digital maps, and a grid of base stations. 3D geological modeling requires specialized software and
workstations with graphics accelerators. Energy monitoring systems include smart meters and data analysis software. The integrated platform combines the
functionality of all the systems with additional modules for planning, maintenance and repair management, and quality control. The payback period is calculated using
a simple method without discounting. The net present value is determined by summing the discounted cash flows for 10 years at an annual rate of 10% with a residual

asset value of 20%.
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Table 7
The impact of the digitalization scale on the dynamics of coal
production costs

Tabnuua 7
BnusiHue macwraba uncdpoBMsaumMm Ha AUHAMUKY ce6eCcTOMMOCTU
Ao6bluun yrns

Movnna npeanpusTHii CebectommocTtb 2021, CebectonmocTtb 2024, N3meHeHune U3smeHeHue

24 peanp py6/T py6/T abcontoTHoe, py6/T oTHOocuTenbHoe, %
KomnnekcHas
UncppOBM3ALMS 2914 2517 -397 -13,6
YacTtnyHada
UncpoBM3aLMS 2981 2732 -249 -84
KoHTponbHas rpynna 2958 3046 +88 +3,0

IMpumeyaHme: Ce6eCcToMMOCTb PacCynTbIBaNach No NoJsIHOM NPOM3BOACTBEHHON Ce6eCTOMMOCTH, BK/ToYatoLLell NpsiMble MaTepuasnbHble 3aTpaThl, onnaty Tpyaa,
amMopTM3aLMio, pacxoabl Ha SHEProHOCUTENN 1 OOLLEXO3ANCTBEHHbIE pacxodbl. [JaHHble NonyyeHbl U3 ohrumnanbHON OTYETHOCTU C KOPPEKTUPOBKON Ha MHNALMIO
MeToAOM AehIATUPOBaHNUS MO MHAEKCY LieH nponssoauTeneii. Mpynna KOMNIeKCHOM Lt poBmu3aLmny BKIYana WecTe Npeanpusituii ¢ MHTErpupoBaHHbIMU
nnatcopmamm, oxsaTbiBaoLwmmMu >70% NPOU3BOACTBEHHLIX NpoLLeccoB. Mpynna YacTnyHon unmdposmsaummn ooveamHana 11 npeanpusaTii ¢ oxsatom 20-50%.
KoHTponbHas rpynna ns Lwectn NpeanpuaTuii Xapaktepmsosanacb OTCYTCTBUEM 3HAUUTENbHBIX MHBECTULMIA B LncpoBusaumnto. CHUxXeHne ce6ectonMmocTt
[OCTUraeTcs 3a CHeT POCTa NPOU3BOANTENBHOCTU TPYAA, CHUXKEHMS pacxoda MaTepuanoB U SHEPropecypcoB, YMEHbLLEHWSA 3aTPaT Ha PEMOHT Mpu nepexoae Ha
NPOrHO3HOE 06C/YXMBaHNE, MOBbILIEHUS KO3 ULMEHTa NCNOMb30BaHNSA MOLLHOCTER. POCT ce6eCTOMMOCTN B KOHTPO/IbHOM rpynne oTpaxaeT HGASUMIo,
noBbliLleHne TaprucoB 1 yXyaLeHNe ropHO-reoiornyeckmnx ycnoBuin. Ctatuctmyeckas 3HauMMOCTb pasnnunin noaTeepxaeHa kputepuem Kpackena—Yonnuca, p < 0,01.
Note: The cost was calculated based on the total production cost, including direct material costs, labor costs, depreciation, energy costs, and general administrative
expenses. The data was obtained from official reports and adjusted for inflation using the producer price index deflation method. The integrated digitalization group
included six companies with integrated platforms covering >70% of the production processes. The partial digitalization group included 11 companies with the coverage

of 20—50%. The reference group of six companies was characterized by the absence of significant investments in digitalization. The reduction in production costs is
achieved through increased labor productivity, reduced consumption of materials and energy resources, reduced repair costs through the transition to predictive
maintenance, and increased capacity utilization. The increase in production costs in the reference group reflects inflation, tariff increases, and deteriorating mining
and geological conditions. The statistical significance of the differences was confirmed using the Kruskal-Wallis test, p < 0.01.

Tabnuua 8
dakTopbl, AeTEPMUHUPYIOLLME YCNELIHOCTb peannsauum npoeKToB
undpoBoii TpaHcchopmaLmm yrneaobbiBatoLwmMx NpeanpuaTn

Table
Factors defining success of the digital transformation projects at
coal mining enterprises

Lons ycnewwHbix Lons ycnewHbIx Bknap chakropa B

dakTop ycnexa MPOEKTOB MPU HANIM4YMK | NPOEKTOB NPU OTCYTCTBUMN | BEPOATHOCTb yCnexa,

chakTopa, % chakTopa, % n.n.
Hanunune undpoBoi cTtpaternn komnaHum 87,3 34,6 52,7
BoBne4yeHHOCTb ToN-MeHeaXKMeHTa 91,2 28,4 62,8
MNoarotoBka nepcoHasna K U3SMEHEHUAM 83,7 41,2 42,5
KauecTBO AaHHbIX B CyLLECTBYIOLWNX CUCTEMAX 78,9 38,7 40,2
[MapTHEpPCTBO C MOCTaBLUMKOM peLleHuii 76,4 443 321
[nnoTHoe TeCcTMpoBaHNE TEXHOOMUIA 81,5 478 337

lMpumeyarme: JaHHble NoNyYeHbl Ha OCHOBE MNOMYCTPYKTYPUPOBaHHbIX MHTEPBbLIO C pykoBoanTensmv 42 yrneaoGbiBalowwyvx NpeanpuaTuii Poccum, peannsoBasLumnx
npoekTbl uncposmzaummn B 2020-2024 rr., n aHann3a NpoeKTHoW AoKyMeHTaumu. [NpoekT knaccnguumpoBancs Kak ycneLHblii npy goctmxkeHumn >80%
3ani1aHMpoBaHHbIX NoKasaTenei SKOHOMUYECKON 3hheKTUBHOCTM B TeUeHNe NepBbix 18 Mec ¢ ob6ecneyeHnem cTabunbHOCTU (hyHKLMOHNPOBaHUs 295% BpemeHu.
Hannune thakTopa onpeaenanock 3KCnepTHon oueHKol no wkane 0-10 6annos, rae 3HayeHns >7 NoaTBepXAanu NpucyTcTemne daktopa. Bknaa dakropa paccuntaH
Kak pa3HoCTb AoNelt yCnelHblX MPOEKTOB B rpynnax C Halm4ymeM u oTcyTcTBueM hakrtopa.

Note: The data was obtained based on semi-structured interviews with the heads of 42 Russian coal mining companies that implemented digitalization projects in
2020-2024, and analysis of project documentation. A project was classified as successful if it achieved >80% of its planned economic efficiency indicators within the
first 18 months, and with >95% of the operational stability. The presence of a factor was determined by expert assessment on the scale of 0-10 points, where values
>7 confirmed the presence of the factor. The contribution of the factor was calculated as the difference between the proportions of the successful projects in groups

with and without the factor.

B KOHTposbHOM rpymme. Juddepennuan cocrasun 16,6 mpo-
LIEeHTHBIX TMYHKTA. [Ipeanpuartusg yacTUyHOM HUGPOBU3AIUU
[IOKA3aJId [IPOMEKYTOUHBIN Pe3yJIbTaT CO CHUKeHueM cebe-
croumocTu Ha 8,4%. [lpuMeHeHye cucTeM BUAEOMOHUTOPHUHTA
C MHTEeJUIeKTYaJbHBIM DAaCIO3HABAHUEM HapYIIeHHIl, reollo-
3UIMOHUPOBAHUS IIEPCOHANIA U aBTOMATHYECKOrO0 KOHTPOJIS
[apaMeTpoB Cpebl 00eCIeunsIo COKpamieHre KoappuiresTa
yacToTsl TpaBMarusma Ha 40%. KonuuecTBo uHIMIEHTOB O€e3
[IOCJIEICTBUN COKPATUIIOCH Ha 46,5% Graromapst ypeskaarore-
MY BBISBJIEHHIO OIIACHBIX CUTyanuii (Tabr. 8).

LudposBas crpaTerus ormpenensuiach Kak (Gpopmaan3oBaH-
HBII IOKYMEHT HA TOPU30HTE >3 JIET C pacIpe/iesieHeM OTBET-
CTBEHHOCTH U OIOIKETOM. BOB/IEUEHHOCTD TOI-MEHEIKMEeHTa
OIIEHUBAJIACH 10 KPUTEPUSIM JIMUHOTO YUYACTHUSI B IIPOEKTHBIX
coBellaHUX >1 pa3 B Mecsl U HajMuuug mepcoHanbHbix KPL
[MoAroToBKa MepcoHaa BKIIYasa IporpaMMel 00yueHus >40
aKaJeMUYeCKuX 4acoB. KauecTBO /MaHHBIX OLIEHUBAJIOCH II0
KPUTEPUSIM IOJTHOTHI 3aII0JIHEHHUS CIIPABOYHUKOB >90%, aKTy-
aJIbHOCTH UHGOPMALIUY C TIEPUOIOM OOHOBJIEHU <7 HER, CO-
[JIaCOBAaHHOCTH JIaHHBIX C YPOBHEM pacxoxkaeHuit <5%. [Tunot-

HOEe TeCTHPOBaHUE IOIPAa3yMeBAJIO OIBITHYIO 9KCIUIyaTaIHIO
>3 Mecaues 10 Maciurabuposanus. Haubosee cylecTBeHHOe
BJIUSIHUE HA BEPOSITHOCTD YCIIEITHOM peayn3alliy OKa3bIBaeT
YpOBEHb BOBJIEUEHHOCTH BBICIIETO PYKOBOACTBA, OOecIredu-
BAIOIIUI yBeJINMYeHte TOIU YCIeHbIX IPOeKToB Ha 62,8 mpo-
LEHTHBIX MyHKTA. Hamuuue ¢opmanuzoBaHHON UPPOBOK
CTpaTeruy IOBHIIIAeT BepOSITHOCTD ycIlexa Ha 52,7 mpoleHT-
HBIX ITYHKTA.

3akiIoueHue

Pe3ynbTaThl HCCIENOBAHMUS IEMOHCTPUPYIOT 3HAUNUTEIbHBIN
IOTEHI[MaJ IOBBIILIEHUS! OIepalMOHHON pe3yJIbTaTUBHOCTU
Ha OCHOBEe BHE/IPEHUSI UHTEeJ/UIeKTYaJIbHBIX CHUCTeM yIpaBsiie-
uug. [lpennpuarus KOMIUIEKCHON nudpoBHU3aLMU JOCTUIIH
IIpUpOCTa MIPOU3BOAUTENbHOCTU TpyAa 35,2% 3a 2021-2024 rr.
[IPU CHUPKEHUH Ce0ecToMMOoCTH 106b1un 13,6%, uTo mpesocxo-
IUT pe3ysbTaTbhl KOHTPOJIbHOI IPYMIIBI C IPUPOCTOM IIPOU3-
BOAUTENBHOCTH 6,6% 1 pocToM cebecroumoctu 3%. CucTeMbl
QUCIIeTYepu3auu 00eCeuw n yeeaudenre Kodddurmenra
ucnosnb3oBaHus TexHuku ¢ 0,684 mo 0,823 u mpupocT mpousBo-
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JIUTEIbHOCTHA CaMOCBasIOB 24,7%. POGOTU3MPOBAHHbIE CUCTEMBI
IIPOZIEMOHCTPUPOBAJIU POCT BpeMeHU paboThl 000PYIOBAHHUS C
78,4 o 87,2% c akoHOMHUeit 127,6 MH py0d. €5KEroaHoO MpU OKY-
nmaemoctu 3,2 rozma. TpexMepHOe reosornyeckoe MOJeIHupo-
BaHWe 00ecreunio MoBbieHne KoabbuirenTa usBneueHus
yria ¢ 87,6 10 92,8%. JHEProMOHUTOPUHT 00ECIIeUrsI CHIKE-
HUe yJeJIbHOTO Pacxofa aJeKTposHepruu Ha 12,2% ¢ sKoHOMU-
et 169,8 M py0. B roz. [TosydeHsl IOATBEPsKAEH 3HAUUMBIX
cuHepreTuyeckux 3¢GGeKToB OT UHTErparuu pasInyHbx 1ud-
POBBIX cuCcTeM. Yncras nmpuBeieHHAass CTOUMOCTb UHTErpHUpO-
BaHHBIX wiaTdopm 3a 10-7IeTHHUIT TOPU30HT cocTaBmia 1584,3
MJH py0., ipeBbiiag Ha 32,4% IpoCcTyio cyMMy 3G (EKToB OT
M30JIMPOBAHHOIO BHEIPEHUs OTAEJIbHBIX KOMIIOHEHTOB. Jud-
¢depennuan TUHAMUKYA Ce6ECTOUMOCTUA MEXKIY IPYIIIION KOM-

IUIEKCHOM IU(PPOBU3AIMHE U KOHTPOJIBHOM T'PYIIION JOCTHUT
16,6 mporenTHbIX myHKTa. KOocBeHHBIM 3G GbEeKTOM BBICTYIIAIOT
40%-H0e cHuKeHue KoapduirenTa yacToThl TpaBMaTU3Ma U
77,5%-HO€e CcOKpallleHHe BpeMeHU pPearpoBaHHsI Ha aBapHii-
HbI€ CUTYyallUuU.

TeopeTquCKaﬂ 3HAYUMOCTDb 3aKJIIOYA€TCS B PAa3BUTHUU Me-
TOJI0JIOTUH OLIEHKHU CHHepreTuyeckux 3pdexTos oT BHEApEHMT
B3AaUMOCBSI3AHHBIX IIM(PPOBLIX CUCTEM. BBHIABIEHBI HEIUHEN-
HbI€ 3aBUCUMOCTH MEXIY MacIITaboM MHBECTULIAIN U JIOCTHU-
raeMbiM 3KOHOMHUYECKUM sbdexrToM. HmeHTrdumposaust
KPUTUYECKUE OpraHU3alMOHHO-YIIpaBIeHYecKue (GaKTOphL:
HauboJIblIlee BIUSAHNE OKA3bIBAIOT BOBJIEUEHHOCTD TOII-MeHe -
SKMeHTa U Hajmmure GopMaIr30BaHHOM U(PPOBO CTPATErUH.
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