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AHHOTauMa. B pgaHHONW cTaTbe paccMmaTpuMBalOTCA BOMPOCHI, Kacallmecs TEXHUKO-TEXHOMOMNYECKON
MOepHM3aLnm necHoro komnaekca Poccuiickoin ®epepauyun. OTMmeuyaeTcs pag npob6nem, CAEpPXMBAKOLWKX
pa3BuUTHE JAHHON OTpac/au, CPeay KOTOPbIX U OTHOCUTENIbHO HU3KWIA YPOBEHb aBTOMAaTU3aLMM U LNDPOBM3aLUm
npoueccoB. BbigenswTca Hambonee akTyanbHble HanpaBfEHWUS Hay4HbIX W3bICKaHUi M pa3paboTok B 06nacTy
NECHO NPOMBIW/IEHHOCTM U JIECHOTO  XO35ACTBA, paccMaTpuBaloTCa  CylecTBYHLMe [OCTUXEHUA
OTEYECTBEHHbIX U MHOCTPaHHbIX UccnegoBateneii. NMpPUBOAUTCA W ONUCbIBAETCSH CTPYKTYpa WHOPMALMOHHON
CUCTEMbl yNpaBfeHUS /leco3aroToBKaMu B pamkax KoHuenuum «/Hayctpus 4.0». [laloTcsi KOMMEHTapum K
CXeMe: paccMaTpuBalOTCA 3afaya Mo OLeHKe KauyecTBa TPAHCMNOPTWPOBKM neca C WUCNoMb30BaHWEM MeToAa
MHOTOKpUTEpManbHOro aHanusa TOPSIS, Bonpoc 0 MPOrHO3MpOBaHWM pecypca arperatoB JIECHOW MallWHbI,
MpeanaraeTcs rpynna nokasatenei Ana OUEHKU 3dEeKTUBHOCTU cUCTEMbI. [enalTcs BblBOAbl, OTMeYaeTcs
Heo6X0aMMOCTb  (hopmupoBaHust 6onee  KOMMOPTHLIX YCMOBWA ANA  MOAEPHM3aLUM  NIECHOM Hayku W
06pa3oBaHus, yBeMYeHUs 06bEMA MHBECTULMIA B 1ECHOI komnieke Poccuiickoii degepaymu.
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Abstract. This article considers questions concerning the techno-technological modernization of the Russian
Federation forest complex. There are mentioned many problems restraining the progress of this sector, among
them is the lower level of automation and digitalization of processes. There are highlighted the most actual trends
of scientific researches and developments in the area of forest industry and forestry, there are considered current
achievements of native and foreign explorers. There is provided and described the structure of harvesting
management information system within the frameworks of the «Industry 4.0» conception. There are given some
comments to the scheme: the task of logging quality estimation with the use of the multiple criteria analysis
TOPSIS, a question ofthe resource forecasting ofthe forest machine units are considered. The indicator set for the
estimate of harvesting system efficiency is suggested. There are made some conclusions, the requirement of
forming more comfortable conditions for the modernization of forest science and education, enlargement of the
investment amount in the Russian forest complex is mentioned.
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BBefeHue

B HacToflWwee BpemMsa BKNaj NeCHOro KoMnaekca B 9KOHOMMUKY P® cylu ecTBEHHO HUXe aHa-
NOrMYHOro nokasaTtens APYyrmux CcCTpaH, CXOXMUX No obbemMaM 3amacoB M 3ar0TOBKW [peBeCUHb
(Hanpumep, B Wl Beynun n ® uHAAHANM 3TOT NoKa3aTenb cocTaBnsaeT fo 5 % BBM, B Poccum - 0,5 %
Ha 2019 rog). OTyacTM 3TO CBA3AHO C TeM, YTO OTEYeCTBEHHbLI /A NPOU3BOAUTENL NPEUMYL,L ECTBEHHO
HaueneH Ha CerMeHTb NPOM3BOACTBA C HU3KOW fo6GaBNeHHOW CTOMMOCTbI (KPYyrnaKk m numnomarte-
punansl), 4To BNeyéTt 3a coOON HepOMCNONb3OBAHME 3IKCMOPTHOro noteHunmana. OJQHOBPEMEHHO C
3TMUM cCcyuw ecTByw T npobnemb, KOTOpble CAepXMBakwT pa3BuTWe NecCHOro kKomnnekca Poccuwu
[MocTanoBneHune NMpaBdutenbcTBa P® Ne 1769, 2021], cpean Hux:

- HexBaTKa aKTyaNllbHblX CBefjleHMNI 06 MUMeE L, MXCA NECHbl X pecypcax;

- HepjocTaToO4YHasas 9P PEeKTUBHOCTb CMCTEMbl OXPaHbl M 38l UTbl NECOB;

- OrpaHM4YeHHbI# 06bemM BHYTPEHHEro pblHKa NPOAYKLUMMN nNnepepaboTKu neca;

- HejOCTaTOYHbLIA ypoBeHb MaTepnalbHO-TEXHMUYECKOTO, Hay4yHoOro obecnevyeHmns;

- OTHOCWUTENbHO HW3KWIA ypoBeHb aBTOMaTM3aLuMM M UM POBM3ALMMN NPOLECCOB OTpacnu.

OcTaHOBMMCSH Ha NocnegHeM NYHKTe. YTO NO3BONMT NpeojoneTb TeXHWUYeCKOe OoTcTaBaHue
NecHOW oTpacnum, NPUCTYNUTb K €6 TEXHONOTrMYecKoW TpaHchopmayum?

YUTto ecnun ana 6onee rnybokKkoro NOHMMaHUa U MCCNeAOBaHNA NPOLECCOB B NeCHOW oTpacnm
o6paTMTbCA K BOBMOXHOCTAM CUCTEMHOrO aHanusa?

MoMUMO 3TOro CTOMT TakXe 06paTMTbCA K TeXHONOrmMaM KoHuenuuum «WNHayctpua 4.0»,
HblHE YyXe ABNAt W elicd CUMHOHMMOM ULUDPOBOW TpaHchoOpmMauumn, saBNeHUEeM, KoTopoe TpebyerT
onpefenéHHOro nepecmMoTpa B3rNa40B Ha YyCTOABLW MeCA TPeHAbl B TOW MNM MHOKW OoTpacnu.

MWTak, Lenbt pAaHHOW paboTbl ABNAETCH paccMoOTpeHMe WHHOPMALMWOHHOW CUCTEMbl ynpas-
NeHWsa neco3aroToBKamMu B pamMkKax KoHuenuunm «MHgyctpusa 4.0».

B cBA3M C 3TUM HeObBXOAMUMO pelW NTb CNefgylo U Me 3agaun:

1. MpoBecTn 0630p cyw ecTBy W NX pa3paboToK 0OTeYeCTBEHHbIX M MHOCTPAHHbLI X NCCNeEAO-
BaTenei B o6bnactum neco3aroToBOK.

2. MpueecTn n onuncatb CTPYKTYypy paccmaTpuBaeMoin cucTteMb U faTb HEOOGXOAUMbI € KOM -
MeHTapuu.

3.MpeAanoXUTb NOoKa3aTenNnnm ANA OLEHKN 3PP EKTUBHOCTU JaHHOW CUCTEMBI .

CucTeMHbIii aHann3 B 06/1aCTN N1ec03aroToBoK

Kakne HanmpaB/leHMS «paccmMaTpuWBaeT» CUCTEMHBbI i aHanu3 B NeCHOW MNPOMbI W AEHHOCTN?
M oOXHO Bbl fennTb cnefytouwmne (Takxe NpuMeM BO BHUMaHWEe TEHAEHLWN NEeCHOro xo3failcTtBa, 3aTH
oTpacnu B3ammonepecekatw 7ca B page acnektos) [Toth, 2020]:

- YnpaBneHuwe NecomM M NnaHuWpoBaHue.

- OueHKa COCTOAHMA NecoB U Npob6nemb ob6e3necuBaHUA.

- TpaHcnopTupoBKa neca u necomatepuanos, LENOYKMN NMOCTABOK.

- MopaenupoBaHWe pacnpocTpaHeHMS NeCHb X MNOXapoB, MUX NPOrHo3MpoBaHWE, a TakXe
OLeHKa PUCKOB.

- OUueHKa BAMAHNA WHGAPAacCTPYKTypbl B MecTax Neco3aroToBUTEeNbHb X paboT Ha MecToO-
06MTAaHNSA AUKNUX XMWUBOTHBIX.

- MNMpumeHeHne TexHONOrMi «data science» M MaW MHHOTO 0Bby4YeHNA B NeCHON oTpacnu.

- ABTOMAaTM3aLMsA Neco3aroTOBUTENbHOMN TEXHWKW U NOBbIWEHWE NPOU3IBOAUTENbHOCTHU

TpyAa Neco3aroToBUTENbHbLI X 6puUrag.
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- CokpalweHue NPpoOM3BOACTBEHHOro TpaBmMaTtuima pabounx n onepatopos JI3M.

- OueHKa BAMAHWA M3MEHEHNA KNMMaTa Ha NeCHble pecypchbl u T. A.

Lanee paccMOTPUM HEKOTOPble CylW ecTBYl W Ne JOCTUXEHUS OTEYECTBEHHbLBIX U MHOCTPaH-
Hbl X MccnepgoBaTene.

KonnekTnBOM YUYEHbIX MHCTUTYTa KOCMUYECKNX nccnefoBaHnin PAH 6uina paspaGotana W -
bhopmaunoHHaa cunctema BETA-Jlec. OHa no3BonfeT nonyyaTb MHPOPMaALMNIO O Ka4YeCTBEHHbI X W KO-
NUYeCTBEHHbBI X XapaKTepUCTMKaxX NEeCcHbl X HacaX fgeHuih. Hanpumep, o NOBpeX eHUAX NecoB noxapa-
MW, nnowagum MU CTeneHnW NOBPEeX AEeHMN NecoB NOJ BO3[eACTBMEM Pa3iMUYHbIX NPUPOAHLIX PaKTOPOB,
obbemMax NpPpOMbl W NEHHOW pybkmn neca, 60 gxeTe yrnepoga B necax [MC BEFTA-TEC, 2020].

Bo BCBpOCCVIVICKOM Hay4YHO-nccneaoBaTe/IbCKOM MHCTUTYTE JIECOBOACT Ba N MeEXaHU3aUnn
JIECHOTO X03ANCTBA 6bi Ny pa3pa6oTaHbl aNroOpMTMbl pacyeToB 3amacoB yrnepojga B 6Momacce necos,
nornouweHuns yrnepopga 6uomaccoii necos, aMUCCWUIKA yrnepopja, Bbl3BaHHbIX aHTPONOTFEHHBLIMMW K
npupoagHbMKM pakTopamum [Manblwesamn gp., 2020].

B MHCTUTYTE 3KOMOrMU U NPUPOLONOSAb30BaHUA Ka3aHCKoro cbe,u,epaanoro YHUBEPCUTETA
6blna pas3paboTaHa MHpoOpMayuMoHHAS cuctema «d®nopa», copgepxawaa MHpopMauuw O BUALOBOM
cocTaBe, 9KONOro-naHaWwap THOW xapaKTepuCTUKe pacTUTEeNbHbI X C006LW eCcTB, BCTpeyalw W MXCA Ha
Tepputopuun pecnyb6numkn TaTapcTaH. JaHHble 3 MC MOXHO 3KCNOPTUPOBAaTb B 3KCNEPTHbI & CWU-
cTeMbl nporpammbl Juice, ana noctob6paboTkym GNnopucTUYECKNX CMUCKOB U Knaccudumkaumm ¢ ue-
Nbl0 BblABNEHUSN 3KOCUCTEMHOro pa3Hoo6Gpa3us M onpejeneHns kaTeropuih akotonmos no EUNIS
Habitat Classification [W alixyTtguHoBa, Porosa, 2020].

B Amypckom dmnnane WWF 6eina cosgana uudposas nnathopma «Kegp». C eé nomou b
MOXHO BblAiBNATb HE3aKOHHb € PY6KN B KEAPOBO-W MPOKOAUCTBEHHBI X Necax Ha OCHOBe aBToMaTMW-
YeCKOro aHanM3a KOCMMWYECKNUX CHUMKOB AN BereTaLLMOHHONO W CHeXHoro nepuoga. ConocTtaBnas
3TU CHUMKW C rpaHMLamMuym paspell eHHOro NeconoNb30BaHNA, CUCTeMa Bbl ABNAET U3MEHEHUSA NECHO-
ro nonora. TakXe Heo6X0AMMO OTMETWUTb, YTO AaHHas cucTemMa AOCTYNHA K MCNONb30BAaHUI He
TONbKO NECOMHCNEKTOPaM, HO M YaCTHbLIM AMLaM, KOTOPpble MOTFYT NPUHMUMATb yyacTue B OTCAEX U-
BaHWMN NecCOM3MeHEHNN yepes cyuwecTBytolw,ee MmobunbHoe npunoxeHune [Cuctema KEAP, 2017].

Komnanuneii «CUCTEMbl KOMMNbIOTEPHOTO 3PEHUA» 6bino paspaboTaHo Mo6MANLHOE MpUAO-
XeHune Smart Timber no M3mepeHW MNNOTHOro ob6bbema Kpyrnoro neca. B ero ocHOBe nexwur
HelpoceTb, KOTOpas NO3BONSET Nonyyatb cBepgeHnMa o rabapuTtax m KNJL wTtabena. JaHHb A npo-
rpaMMHbLI I NMPOAYKT NOBbI W aeT TOYHOCTb M3MepeHNiH o6beMoB NMocTynat weil gpeBecuHb . Kpome
3TOr0, MOXHO OTMETUTb CHUXEHUE BANAHUA CYyObEeKTWBHOFO (pakTopa Ha NpPoLecC OLEeHUBaHMNA
[SmartTimber, 2020].

Ypnenaetca 6onbwoe BHMMaHue paspaboTke cuctem MNOAAEPIKKU NPUHATNA pemeHM|7|
(CAMP) ana sapau, kacaw wuxcs ONTUMAaNbHOIO NAAHNPOBAHNA NMYTWU NPU TpPaHCNOPTUPOBKE fe-
Ca. Hanpumep, cuctembl CADIS, ORTEC, MaxTour, FastTRUCK un T1.p4. He 6ynem 3a0cTpaATh
BHMUMAaHME Ha KaX AOW M3 HUX BBWUAY TOr0o, YTO OHW o6GNajatT NPUMEPHO CXOXUMMW GYHKLUAMMU.
Mepeyncnmm HeKOTOPble WX HUX: COBMECTHOE MNaHWpPOBaHWE TPAaHCMOPTHbLI X NPOLECCOB, OLeHKa
nepeBo3WMblX 06bEMOB ApPeEBECUHbL, NPUHATNE pell eHUh No pacnpefeneHni0 COPTUMEHTOB, oTcne-
XMUBaHMe Neco3aroToBUTEeNbHb X MawuH (I3M) U COPTUMEHTOBO30B C NOMOLWbLIO CMNYTHUKOBBIX
cnctem nos3umymoHumposaHuma (GPS, TJTOHACC), ynpaBfneHue uyenoykamMum nocTaBoOK u T. 4.
[Mirowski et al., 2016].

Eweé ofHO M3 pacnpocTpaHéHHbLI X HanpasneHuit - WCMONb3oBaHue TexHonormm LIDAR, kak wuH-
CTpyMeHTa N8 MCCNeAOBaHUMA B NecHoOn oTpacnm. Yawe BCero oHa NpumeHseTcs ANA 3afjay Takcauuu,
TAaKWX KaK NOACYET KONMYECTBA fepPeBbLEB HAa TEPPUTOPUM, OLLEHKA UX BbICOThbI, TONW MHbLl CTBONA, (D OPM bl
KPOH u T. 4. Ha nepBoHayanbHOM 3Tane nnaThopMON-HOCMTENEM Na3epHOro ckaHepa ABAAANCL CaMONé-
Tbl, B JAHHbIA MOMEHT yYalle BCEro WMCNONb3yw TCA GECNUNOTHbIE NeTaTenbHble annapaTtbl, BBUAY AO-
BOMbHO W MPOKOFO pacnpocCTpaHeHNs U OTHOCUTENbHOW Jelw eBU3HbL . TOMNUMO 3ajay Takcauuu, peweHuns
Ha ocHoBe LIDAR-TEXHONOINM MCNONbL3YIOT ANA PAHHEr0 BblAIBAEHMUSA 04YAaroB NOXapoB, NNaHWpPOBaHUSA
NecHbIX AOPOr ¢ yyétTom penbeda TeppuTopuu, AN KOOPAMHALMM 3ajay 3ar0TOBKM UM BbIBO3KW neca u

faxe BblABNEeHNSA HacCeKOMbl X-BpeauTeneit neca. Mpumepsbl cuctem: Trestima, ForestlQ [Trestima, 2022].
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Kak yXe 6blN10 cKa3aHO paHee, W MPOKOe pacnpocTpaHeHWe noayvyawT 6ecnMNOTHbIE NeTa-
TeNbHble annapaThbl, B Tom yncne n aBTOHOMHbIe. ToMuUMO Tonorpapmuyecknx s3agay, yenei MOHMU-
TOPWUHTFAa - OHW NPUMEHSA TCA ANSA pacnNblNeHUs ALZOXUMUKATOB NPOTUB BpeauTeneli, pacnpocTtpa-
HEHWS CeMAH, onblNeHnsa gepeBbeB n 7. 4 [Feng, Audy, 2020].

W upoko npumensetrcas TexXHOMOrMA RFID pgna oTcnexmnsanuma noTokoB HeoGpaGoTaHHBIX
necomatepuanos A0 neconunok, Hanpumep, RFID-MmeTKM MOrytT HaHOCMTbCHA KaK Ha OTAENbHbIE
COPTMUMEHTHI, TAK M Ha COPTUMEHTOBO3b . [Tocne npuesga B TOYKY Ha3HauYeHMsa, MeTKa B aBToOMaTu-
YeCKOM peXMWMe CYUTbIBAETCHA CKaHepoOM, MHGoOpPpMALMA O NOCTYNNeHWN OAHOBPEMEHHO nocTynaerT
KaK K oTnpaBuTento , Tak U K nonydyatento rpysa. Takxe RFID-meTKu MorytT mcnonb3oBaTtbca ANA
ynpouw eHms HaBefjeHUs paGoueil ronoBku MaHunynstopa J1I3M Ha fepeBO W ANS NONYYEHUSA WUH-

thopmauum o Hém (nopopa, gmameTtp n 7. 4.) [BaceHés, 2018].

CTpyKTypa MH(OPMaLWNOHHON CUCTEMbI YNPaB/EHNS /1eco3aroToBKamMm
B pamMKax KoHuenuun «NHpgycTtpusa 4.0»

B pamkax npeablagyu el ctaTbW MHPOpPMAUuWOHHAA cuctema ynpasneHus (MCY) necosaro-
TOBKaMW B paMKax KoHuenuuum «MHpgycTtpusa 4.0» 6bina npegcraBneHa B ob6uemM Buae [BaceHés,

2019]. Aanee npeacTaBum eé 6onee nofgpobHYW CTPYKTypy (puc. 1).

Puc. 1. Ctpyktypa MCY necosarotoBkamu B pamkax koHuenuuun «AHgyctpus 4.0»
Fig. 1. Harvesting MIS structure within the frameworks ofthe «Industry 4.0» conception

Janee KpaTKo onuvWweM KaX Ayt NOACUCTEMY:

¢ CUCTEMA aHanM3a faHHbIX 0 COCTOSAHUN napka MawwmH (Al). OcywectenaeT c6op n aHa-
nNM3 MHpopmauumm o cocToaHMM J1I3M. Ha oCHOBE MONYYEeHHbI X fJaHHb X NO3BONAET CNPOrHO3UPO-
BaTb BO3MOX Hble 0OTKa3bl KOMNOHEHTOB U arperaTtos. B AaﬂbHeVIUJGM 93TO MOXET NOMOYb NPOANUTDL
MX TEXHWYECKNN pecypc, a TaKX e COKpPaTUTb KOANMYECTBO NPOCTOEB TeXHWKN. bonee Toro, ato gacT
m3bexatb NONOMOK HEKOTOPbLI X BaX Hbl X y310B W MeXaHUW3IMOB, KOTOpble B CBOKW o4yepenb MOTryT
0Ka3aTbCA NPUYNHOW CepPbE3HLIX MPOMCLW €CTBUN;

+ CUCTEMa arpernpoBaHms nHgopmaumm 06 okpy>karwouen cpege (A2). ocyuectsnser c60p
pa3nnyYHblX faHHbI X, Hanpumep, 0 COCTOAHWUWN NOYBHI, penbetbe TeppuntTopmnunm necos3aroToBoOK. NH-
hopmauma 0O MOTFTOLHbBIX YCNOBMAX, O NPEeANOYTUTENbHbBIX fepeBbAX ANA pybku, cKopocTu pocTa

MONOAHAKA TakKX e NPUHNMAaK TCA BO BHUMAaHMUE,;
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e cucTemMa OLEHKU 3 hpeKTUBHOCT M pybKN neca, ero TpaHcnopTuposku (A3). MosBonseT
CUHXPOHMW3UPOBATbL paboTy JI3M, cnnaHupoBaTb UX NepeMelyeHne NO TEPPUTOPUMN NeCcO3aroTOBOK.
9T0, B CBOW ouYepepfb, BAUAET Ha 3 eKTUBHOCTbL PYyGOK, a TaKXe YyMeHbl aeT HeraTuBHbLI A ypoH
noysam. ® opMupyeT ONTUManbHble MaplWw pyThbl ANA TPaHCNOPTUPOBKMU APEBECUHb AO MECT XpaHe-
HUS W CKNagnpoBaHuA;

e CWCTeMa B3aMMOAENCTBUA C NECONPOMbLI W AeHHbBI MU npegnpuaTuamun (A4). MossonsgeT
hopmMmupoBaTb NPMOPUTETHl Ha BbIpPYyb6KY AepeBbeB B 3aBUCUMOCTU OT TpeboBaHUW noTpebutenei.
Pew aeT 3ajaynm nNnaHuMpoBaHUA W ynpaBneHWs npouyeccamMmm cHabxeHnWsa, npousBoacTBa, CKnagmpo-
BaHMA W JOCTaBKW TOBApPOB;

e cWcTema ynpaBneHns necoszaroroskamm (A5) - ob6begnHAeT M aHanusnpyeT MHGHOpPMaA-

UMK, NONYyYeHHYK OT BCeX CUCTEM M MalW UH.

KoMMeHTapum K cxeme

1. MHOFOKpI/ITepVIaI'IbHoe NPUHATNE pelJJeHVII?’I

M HOrokputepumanbHbl i aHanui3 ABNAETCA WUHCTPYMEHTOM, C MCNONb30BaHWEM KOTOPOTFO
NPUHUMAIK TCA pPelW eHUs B pPa3NMUYHb X CUTyaumsax. To ecTb NOCPELCTBOM aHaNnm3a KOHKPETHOTO
Habopa anbTepHaTMB U BblGOpa cpeagM HWUX Hambonee NPesnNoOYTUTENbHOTO NpejocCTaBNAeTCAs NO-
MOLW b ANLY, NPUHUMaO W eMy peweHune (IMNP) [MeTpocsaH n ap, 2012].

Bbo6op Hanb6onee NnpegnOYTUTENbHOTO PelWl eHNA NPOMNNIOCTPUPYEM Ha NpUuMepe 3agadyun no
OLEeHKe KayecTBa TPaHCNOPTUPOBKMK neca (cM. cucrTtemy A3).

B obuem Buae faHHas 3ajadya MoXeT 6blTb NpeacTaBneHa B BUAE MaTpuubl D:

W . Cj
X, xb
D =
m\¥mt - XmnJ
roe Ai - Am - Habop anbTepHatus; Ci- Cn- KpuTepuun, Nno KOTOPbLIM OLEHMBaeTCa Kax gana anbTep-

HaTuBa; Xij - 3HaueHMe KPUTepuUs; m, N - YACNO anbTepHaTUB/KPpMTepueB. Kpome TOro, y KaxX 40ro
n

KpuTepusa ectb cBoit Bec Wi (i = 1..n), npunuém £ =1
i=1

CywecTtBywT pa3NMyYHble MeTOAbl ANSA pelwleHWa AaHHOW 3ajayun, B paMmKax fJaHHOW paboThl
ocTaHoOBUMCS Ha mMmeToae TOPSIS, Ha ero «kKnaccumuyeckoli» Bepcumnm. 3TOT MeTOL AOBONbHO MPOCT,
obnapfaeT xXopowen BblUNCAUTENbHOW 3D PEKTUBHOCTbLIO, @ TaKXe yHusepcaneH. M3 HegaocTaTKOB -
HekoTopas Cyb6bekKTMBHOCTb (Heob6XoaMMa KoppekTHas ob6paboTka pe3ynbTaToB 3KCNEPTHbL X Ol e-
HOK NpuW onpefjeneHnmn BecoB NokKasaTenen).

B yuém 3aknwuyaetcda CMblCN fJaHHOro metofa? Camana nogxopjdwan anbTepHaTuBa JONXHA
HaxoAUTbCA 6NMXe BCeX OCTaNbHbl X aNbTepHaTUB K NO3UTUBHOMY MAeanbHOMY pelleHU U Aanb-
Wwe BCEX OT HeraTMBHOTO MheanbHoro peweHnuns [AHHagypabes, 2018].

AnropuTm meTopga [Krohling, Pacheco, 2015]:

W ar 1. PopmMupoBaHMme MaTpullbl HOPManmM3oBaHHbLI X 3HaYeHNR (rj).

W ar 2. opmMupoBaHMe MaTpullbl B3BELW EHHbIX HOPMAaNM30BaHHBI X 3HaueHu (pj).

p. = *rv,i=1..m;j =1...n
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W ar 3. HaxoxX geHune mnpgeanbHblX MO3SUTUBHOIFO MU HETATUBHOTO PeW EeHMNNR.

A+=(N+.pj,. - pm)

A =(pl,p2,- pm),

rge
pj =(maxptlj edl,minptjjeld )
pj =(minpij,jeldj;maxpij,jeld2).
W ar 4. OnpepeneHune L2-HopM ANA NO3NTUBHONO MW HETATUBHOTO MAEANbHbBIX pPeWeHNN.
dj = . S
! E (pjjpi)2
j=t
B iz,
J:
W ar 5. PacyéT OTHOCUTENbHOW 6NM30CTU K MO3UTUBHOMY NAEaNbHOMY pelWl eHUIO
t = - A
dj +dj
W ar 6. YnopagoynBaHne anbTepHaTUB COrNacHO BeAMYNHE OTHOCUTENbHON 6Nmn3ocTun.
PaccmMoTpum cnepgytowumin npumep:
MocTtaHoBKa 3agayn*
Problem statement
ANBTEPHATUBBLL s e
N HanmeHoBaHue Kputepus 1 9 3 4 5 \ Bec
Kputepus
1 CymmapHasi npou3BOAMTENbHOCTb 200 250 180 300 360 max 01
COPTUMEHTOBO30B (M3
2 CymmapHas npou3BOANTENbHOCTb 80 15 70 60 90 max 0.1
MOrpy304HO-Pasrpy30UHbIX MaWnH (M3
3 Paccroshme 700 500 500 1000 900  min 0.2
[l0 BEpXHero cknaga (m)
4 Paccroshme 120 100 100 200 300  min 0.13
BbIBO3KM K MOTPe6UTENtO (KM)
5 KauyecTBO NnecHbix gopor (o1 1 o 5) 2 3 3 2 2 min 0.17
6 CBOEBPEMEHHOCTb J0CTaBKK rpy3oB (%) 80 80 90 75 70 max 0.25
7  CebecToMMOCTb NepeBO30K 110 120 90 110 120 min 0.05

COPTUMEHTOBO30OM (py6/Km)

*MpumeyaHune: YNCNEHHble 3HAYEHUA BENNUYUH ABNAKOTCA I'IpI/I6I'IVI)K€‘HHbIMI/I

OnNycTUM NPOMEXYTOUYHbIE 3HAYEHMS M NpejcTaBUM pe3ynbTaT B Bujge Auvarpammsb . Kak

MOXHO 3aMeTUTb U3 pPUC. 2., HAMNYyUYW el anbTepHaTMBOMN ABAsAeTCA BapmaHT N3.
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Puc. 2. PesynbTtatbl pabotbl metoga TOPSIS
Fig. 2. Working results of TOPSIS method

2. K Bonpocy o0 NporHo3npoBaHuu pecypca arperatos J13M

Tema NporHo3MpoBaHMA pecypca OTAe/bHbIX KOMMNOHEHTOB Mal MHbl M CaMOW Mal UHb [O-
BONbHO Oo6W MPHA, U paccCMOTpeTb €€ HEBO3MOXHO B paMKax OAHOW cTaTbu, fa W, HaBepHoOe, paja
cTaTeil. NMNo3ToOMy OCTaAaHOBMUMCHA Ha BONpOCe ONpefjeneHns ocTaTOYHOrO pecypca OfHOTFO0O U3 Hanmbo-
nee BaX Hbl X arperatos JI3M - KpaHe-maHunynatope.

HekoTopas coBpeMeHHasa nNnecHasa TeXHMWKa M3HaYaNbHO OCHalleHa permcrpaTopom napamer-
poB paboTbl KpaH-MaHWUNYyNAaTOPHON ycTaHoBkM (KM Y ). B 3aTOM cnyyae Heobxogumasa nHpopmauyms
MOXeT nepefaBaTbCad yAaNéHHO Yepe3 MMel LW MecCs KaHanbl CBA3M Yepe3 onpefenéHHble NpoOMEe-
XYTKW BpeMeHU WAU BHOCUTbLCA B 6a3y faHHbIX MOCPefCTBOM CUYMTbIBAHMSA NMapaMeTpoB M3 NamMAaTH
ycTpoiicTBa Ha MecTe PYHKLMNOHNPOBaAHNA TexHUKN [Kamunuckui u gp., 2015].

Ecannm N3M He ocHalWw eHa TakKWM yCcTpOACTBOM, TO B TaKOM cnyyae HapaboTka KM Y ouyeHu-

BaeTCd Kak:

roe Nt - Tekyl ee 3HaYeHUe xapakTepucTmuyeckoro ymcna, C - uncno paboynmx LMKNOB, BBINONHEH -
HblX OT Hauyana akcnnyaTtauum, Qcp - cpefjHee 3HayeHWe MaccCbl NojHMMaemMoro rpysa, Rcp - cpeg-
Hee 3HayeHne Bblneta, Mrp - MakcuMuManbHbI i Tpy3oBoin MmomeHT [PO 10-112-2-09, 2009].

YUncno paboymx LUMUKNOB, BIMOMHEHHbLI X OT Havyana skcnayaTauuu, onpejgenserca Kak:
C =n*k*T,

roen - Yncno LWUKNOB, BbIMONHAEMbI X 3a CMeHY, T - obluyee 4nMcno CMeH, BblpaboTaHHb X OT Hauvana
akcnnyatauum, k - kosappumumeHT 3anaca.
Bpemsa t, B TeyeHune kotoporo KMY MoXeT PYHKLMOHMPOBATb B YKAa3aHHOM peXume, npu-

6N1MXEeHHO onpefjensaeTca Kak:

roe Nh - HoOpMaTMBHOE 3HayeHUe xapakTepucTmueckoro ymcna, Ci- uymcno paboumx uuknos/rog.
OcTanbHble fehekTbl KMY, Takne Kak HapylWw eHuMe NaKOKPAacOYHOTO MOKPLITUSA, KOpPppPO3uns
HeCylWw nx 3aNeMeHTOB, AehopMaLnUmMm KOHCTPYKLUUIKA MaHunynatopa, ocnabneHme 60NTOBbIX COEAMUHE-
HUW MU T. N., a TakKXe NOBPEeX JeHNSA MeXxXaHM3mMoB KMY - MOXHO BblABUTb C MUCNONb30OBAHUEM ME-
TOJOB Hepas3pylWwatuwero KoOHTpons. Hanpumep, BUXPETOKOBbI M, YyNbTpPa3ByKOBON, MarHumrtorpa-

hUNUEeCKNA N MAarHMTONOPOLW KOBbI i MeTOpAbl.
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ONeKTPOHHbBIE KOMMNOHEHTH KMY, gatunkn, aHkopgepbl (faTyuMku yrna nosopoTa) MOryT
6bITb NpoTecTUpoBaHb € nomowbio CPEACTB 60pTOBOI7I ONArHOCTWKWN (npu Hanuuyuwu) mam ¢ no-
mouw bto CPEACTB BHELLHEN ONArHOCTUKWU (cTenpabl, aBTockaHepb ) [Madzhov, 2019].

3. K Bonpocy 06 oueHKe 3pheKTUBHOCTM CUCTEMbI

OueHKY 30 D eKTUBHOCTM CUCTEeMbl NpeanaraetTcs NPOBOAMTbL C NOMOUW b CcCnegyWmMx no-
Ka3aTenei:

a) Mpoun3BoagnTeNbHOCTH (3a BbiOpaHHbI Nepuom)

N

Il
[y

roe Vi- 06béM py6oK i-0ro poja gepesbes, M 3.

Mpn HEOGXOANMOCTN MOXHO PAacKpblTh AaHHbI /i NOoKa3aTenNb, HanpuMep, pasgennTb 06bEM b
Mo Ka4yecTBY Cbipbf, AUAaMeETPy COPTUMEHTA U T. 4.

6) 3h(heKTUBHOCTb NPOM3BOACTBEHHOIO LMKNA

M CE

I
—
o

!

:

:

!

!

:

:

:

i

!

'

:

:

!

!
vV,
Ao

Tpj Tgcj Ttrj Ts

roe TP- Bpems npoussopctea (py6ku), 1(C - Bpems KOHTpons kauecTsa, Itl- Bpemsa nepemeuse-
HUA Npoaykuuu, IS- Bpems xpaHeHUs.
B) YpOBEHb aBTOMAaTM3aLNN MPOLLECCOB

Pa
La=— *100%,
Ps
raoe Pa - konuuectso aBTOMaTU3NPOBAHHBLI X TEXHONOINMYECKMX MNPOLLECCOB, Ps - o6uee konuue-
CTBO MPOLECCOB.
r) YpoBeHb MexaHusaumn Tpyaa
Psp onepauuih Ha necosaroToBkax fAO CUX NOpP OCYLW eCTBANAETCA HeEMEXaHW3NPOBAHHbLIM
cnocobom, HecMOTpPSA Ha TO, YTO yXe JaBHO CYyLW eCTBYIOT TeHAEHLU NN NOCTeNeHHOro n36basneHuns oT
PyYHb X paboT. Ha KakoM-TO NPeANPMATUM NPOCTO HET BO3MOXHOCTW 3aKynuTb Komnnekc J13M,
raoe-To onepauuum 3aroTOBKW Neca OCYLW eCTBNAKWTCA Ha FOPUCTbIX MECTHOCTAX, Ha KOTOPbI X He
ocyu ecTBnAeTcs NMPUMEeHEHUE TEXHUKW WAWN OTCYTCTBY T cpefcTBa ANA eé npunobpeTeHuns (Takas
TeEXHMKa yXe Ccyl ecTByeT, Hanpumep, TpeneBo4yHan kKaHaTHasa cuctema Larix 3T) [Wl owwmnH, 2021].
OAns TOro 4ytTob6bl OULEHWTb AAaHHY BEeNMYMHY, BOCMNONb3yemMca cnegytoweil popmynoii:

Tm
Lm = oo *100% ,

Tmj Tr

rope me Tr- pr,qOéM KOCTb MeéXaHMW3MpPOBaHHAaA MW HeMeXaHU3INpoOBaHHaaA, COOTBETCTBEHHO.
[) YPpOBeHb 3KONOTMYHOCTUMPYOOK

e
Le = - *100% ,

Srec

roe SC- cymmapHas nnowaab py6ok, BKAl Yas necHele goporn, SFEC - nnowagb PeKynbTUBUPO-
BAaHHbI X 3eMeNb, BKAKOYAaA NeCOBOCCTAHOBUTENbHbLIe pa6oThl, ra.

TakXe XoueTcss OTMETUThb, YTO AaHHbI i CNUCOK NoKasaTenell He ABNAETCHA OKOHYATENbHbLIM U
MOXET MEHATbCA B 3aBUCUMOCTM OT TpeboBaHUW NpousBofCcTBAa. M OryT 6bITb JOGaBNeHb Takue
nokasaTenu Kak: CHuUXeHuWe 6Gpaka npu py6kax, TPYLOEMKOCTL, CHUXEeHWe 3aTpaT Ha OCylU ecTBE-
HUe TeXHONOTMYEeCKMX onepauuil, ynyuylw eHme MCNONbL30BAHNA MaTepunanbHbl X PecypcoB, pasnuuy-

Hble 9KOHOMMWYECKNE, 3PpFrOHOMMNYECKNE NOoOKa3aTennm n 1. 4.
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3aKJ/itoveHmne

MeToAb CUCTEMHOrO aHanwusa, TexHonoruum «MNHaycTpum 4.0» B NecHOW oTpacnum No3BONAT
LO6GUTHLCA TOFO HEOGXOAMMOTO NPoOpPbIBa, KOTOPbIA TaK HEOGXOAMM M oXupgaem B 6Amxaiiw ne rogbl.
CornacHo cTpaTermu pa3BuTnMS NeCHOro Komnnekca Poccuitckoin d®epgepaymun go 2030 roga, Hano-
roBble NocTynneHus oT npegnpuatnii MK pgonxHb 6yayT Bbipactu ¢ 91 pgo 189 mnpp pybneii,
npnuyém Bknag JIMK B 3KOHOMMWKY CTpaHbl AOonXeH cocTtaButb 1% BBM (2019 r. - 0,5 % BBMN)
[BronneTenb EastRussia, 2021].

Ha paHHOM 3Tane npomMeAgneHuMe B TEXHONOTMYEeCKON MopgepHmsaumum 6GyaeT oKasblBaThb
HeraTuBHOEe BAUAHME HAa 3KOHOMMUYECKOe 6NarocoCToOfAHNE He TONbKO KakKOro-To OTAEeNbHOFO Npeg-
npunatma JNTMNK, Ho n Bcell cTpaHbl B LeNOM. IMEHHO NO3TOMY CerofHA Kak HMKOrga Heob6xogaummo
cCnNnovYeHWe yCMNUNA rocyfapCTBEHHbBI X CTPYKTYpP M BeJOMCTB, KPYNHOro M Mmanoro 6uM3Heca, Hayu-
HblX MHCTUTYTOB W OTAENbHbI X Pa3paboTYNKOB ANA CO3AAaHMA Hagnexalw nx peweHnidt m Heobxoam-
MblX MPOAYKTOB ANSA NEeCHOro kKomMnnekca Poccumn.

Kak 6bln10 OoTMeuyeHO Bbllwe, B Poccuimckoin ®epepaumm yxe ectb 60nblW 0N 3a4€N KacaTeNb-
HO TEXHONOTMYECKOro W TEXHWYECKOro nepeocHalW eHUs necHoW oTpacnum. Heob6XO0OAUMMO AUW Db
TONbKO chopmMmupoBaTtb 60nee KOMGPOPTHbLIE YCNOBMA ANA MOJepHM3aLMUU NeCHOW Haykum un obpaso-
BaHWA, MOBbLICUTb MHBECTULWMOHHYW NpPUBNEKaTenNbHOCTb chepbl MccnefoBaHWh M pa3paboTok, a
TakXe 3 PeKTUMBHOCTM KanMTanoBNOXEHWN B yKa3aHHYW chepy, 4To B MTOre no3BonNuT obecne-
UNTb TEXHONOTMYECKUIW W WUHTennekKTyanbHblA NPOPbLIB B COOTBETCTBUW C MUPOBLIM YpPOBHEM

[PacnopaxeHue npasutenbctBa Pd, Ne 312-p, 2021].
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