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Jlecoceunsie paOOTHI BHIOIHSIOTCS PA3IMYHBIMA THIIAMH MAIIUH U MEXaHU3MOB, KOTOphIe OOBIYHO OOBEIUHS-
FOTCS B KOMIUIEKTHI. COCTaB KOMIUIEKTA 3aBHCUT OT TEXHOJIOTHYECKON CXEMBI, IO KOTOPOH OPTaHU3yI0TCS pabOTHI HETO-
CPE/ICTBEHHO Ha KaXKIO# JeNIsIHKe B 3aBUCUMOCTHU OT KIIMMaTHYECKUX, JIAHTIIAQTHBIX U Ipyrux Gpaxkropos. [loBblmeHne
MMPpOU3BOAUTCIIBHOCTHU KOMIIJICKTa MAlIWH CBA3aHO C 3(1)(1)6KTI/IBHOCT}JIO pa6OTbI MalIvMH U ME€XaHU3MOB Ha OTACJIbBHBIX
ornepanusiax, HO B 3HAYUTEILHON CTEIIEHH 3aBHUCUT U OT MMPpaBUJIbHOCTHU n0)16opa MallkH B COCTABC KOMIUICKTA, UX KOJIH-
4YeCTBa, MPOU3BOJICTBCHHBIX BOBMOXKHOCTEH, KOHCTPYKTHBHBIX OCOOCHHOCTEH B 3aBUCHMOCTH OT PA3JIUYHBIX YCIIOBHI Ha
K10 miomazke. BaxxHo B mporiecce MIaHUPOBAHUS U YIPABJICHHUS JIECOCEYHBIMU PA0OTAMHU, YIUTHIBATH COTIIACOBAH-
HOCTBH Pa0OTHI JIECHBIX MAIIMH B KOMIDICKTE, YTO MPEAIONIAracT ONpeAciCHHE ONTUMAITBHBIX PEXKUMOB pabOTHI KaXKIOU
MAIIWHBI, KOJIXMIECTBO ONPEAETICHHBIX TPYII MAIlliH, IIPOU3BOAUTEIIFHOCTH MAINH, BpeMEeHH X padotsl u T.4. [1o mc-
CIIEZIOBaHUAM, YUCHBIX Pa3IMIHBIX HAYYHBIX OpPTaHU3alMid Ha MPEANPHUATHIX JECHOTO KOMITIEKca, ObIT cpopMupoBaH
CIIFICOK 3aJ1ad, JUIA peIIeHHs] KOTOPhIX CO3/AI0TCSl aBTOMAaTH3HPOBAHHBIE CHCTEMBI OIIEPaTUBHOTO IUIAHUPOBAHUS JIECO-
ceunsiMu pabotamu (AOII JIP). Ha ocaoBaruu AOII JIP oprann3oBeIBaeTCsl aBTOMaTH3UPOBAHHOE OTIEPATUBHOE YIIPaB-
JICHHS JIeCO3aroToBUTEIbHBIME pabotamu (AOY JIP). B coctaB komiuiekca nepBoouepenubix 3agad AOY JIP Bxomsr
CBEyIIKE TPYIIIIHI 33/1a4; yueTa 00bEeMOB BBITOJHEHHBIX pa0OT Ha ONEPAIUsIX JIECOCCYHBIX PadOT; aHAIHN3 BBITIOTHEHUS
TUTAHOBBIX 33JIaHUH Ha JIECOCEKE, OTPEICICHHBIX MPH PEIICHUH 3a/1a4 OTIEPATUBHOTO TUNIAHUPOBAHUS; BRIPA0OTKA YITPaB-
JISFONIMX BO3ACHCTBHIA HA MPOIECC JIECOCEYHBIX padoT; COCTABICHUS OTYCTHBIX TOKYMEHTOB. [lepBoodepenHoi cocTaB
3a/1a4 ONIEPaTHBHOTO YIIPABJICHHUS JIOTHUYECKH CIICAYET M3 COCTaBa 3a/1a4 IUIAaHUPOBaHUS. [10I0KUTEIIEHBIM CIIEICTBHEM
JAHHOM B3aWMOCBSI3H SBIICTCS OOIIHOCTH WH(POPMAIIMOHHOM 0a3bl 000MX KOMILIEKCOB 3a/1a4, YTO 3HAYUTEIHHO YIIPO-
[aeT WX SKCIUTyaTauio, Kak €QHHOTO IIeJIOro B KadecTBE MaTEMAaTHUECKOro OOecreueHuss aBTOMATH3UPOBAHHOMN CH-
CTEMBI YIPABJICHHUS JIECOCEYHBIMU PabOTaMH.

KiroueBble coBa: secocexa, necoceunvie pabomsi, KOMNIEKMbl MAUWUH, KOMIIEKC 3a0a, a8moMamu3upo8aH-
Has cucmema onepamueHo20 NAAHUPOBAHUS, ABMOMAMUSUPOSANHOE ONePaAmMUBHOe YNpasieHue, 1eco3a20mosumeinbHble
pabomul npocpammmoe obecneyenue, 1eCHOU KOMIIEKC, 1eCO80CCMANOBUMEeNbHbIe PAbOMbL, 1€CO3a20MO6KU, UHDOpMa-

UUOHHOE npoCcmpancmeo.
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Abstract

Logging operations are performed by various types of machines and mechanisms, which are usually combined
into sets. The composition of the kit depends on the technological scheme according to which work is organized directly
on each plot, depending on climatic, landscape and other factors. Increasing the productivity of a set of machines is
associated with the efficiency of machines and mechanisms in individual operations, but it also largely depends on the
correct selection of machines in the set, their number, production capabilities, design features depending on the different
conditions at each site. It is important in the process of planning and managing logging operations to take into account
the consistency of the operation of the complete forest machines, which involves determining the optimal operating modes
of each machine, the number of certain groups of machines, the productivity of machines, their operating time, etc. Ac-
cording to research conducted by scientists of various scientific organizations at enterprises of the forestry complex, a list
of tasks was formed, for which automated systems of operational planning of logging operations (AOP LR) are being
created. Automated operational management of logging operations (AOU LR) is organized on the basis of AOP LR. The
complex of priority tasks of the AOU LR includes knowledgeable groups of tasks; accounting for the volumes of work
performed on logging operations; analysis of the fulfilment of planned tasks on the logging site, determined when solving
operational planning tasks; development of control actions on the process of logging operations; preparation of accounting
documents. The primary composition of operational management tasks logically follows from the composition of plan-
ning tasks. A positive consequence of this relationship is the commonality of the information base of both sets of tasks,
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which greatly simplifies their operation as a single whole as a mathematical support for an automated logging manage-

ment system.

Keywords: logging area, logging operations, sets of machines, a set of tasks, automated operational planning

system, automated operational management, logging operations software, forest complex, reforestation, logging, infor-

mation space.
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Beenenne

OO0BeKTOM yTIpaBIICHHS Ha JIECOCEYHBIX paboTax
ABJISIFOTCSI IPOU3BOJICTBEHHBIE OINEpaLliy — BajKa, Tpe-
JIeBKa, 00pe3Ka Cy4beB, IOIPY3Ka, BHINOIHIEMBIE IIPO-
W3BOJICTBEHHBIMHU II0/IpA3JIeNICHUsIMH U OpHrajgamMu c
UCTIONB30BaHUEM MAIUH PA3IMYHOTO THMA, a TaKkKe
OTlepaTUBHBIE 3aIIaChl MKy STUMHU OTIEpPALUAMHU.

Bo3MoxxHOCTE peanu3any MPOU3BOAUTENBHO-
CTH JIECO3arOTOBUTEIBHBIX MAIIHH, 3aJI0KEHHON IIpO-
W3BOJUTENEM, 3aBHCHUT OT TEXHOJIOTMIECKUX MIPOLIECCOB
JIECOCEYHBIX PA0OT, TaHAIIA(THBIX YCIOBHH, KIMMaTH-
YECKUX YCIOBUH M MHOTHX JPYIHX CIy4alHbIX (pakTo-
pPOB, Bce 3TU (DaKTOPHI CIIOKHO IIPOTHO3MPOBATH U
y4eCThb IPU NPOEKTHPOBAHUH JIECOCEUHBIX PaboT.

CraTucTu4ecKuil aHajau3 padoThl JIEcO3aroTOBHU-
TENbHBIX MAIllMH, TOKA3bIBAET, YTO UX IPOU3BOJUTEIb-
HOCTb HE TOJBKO HE CTPEMHUTCS! K KaKOH-Tn00 eanHON
BEIMYMHE, HO M HA00OPOT, 3HAUYUTEIHHO OTHAIIAETCS
Ipyr oT npyra. Hanmpumep, TpeneBodHbIC MAIIMHBI 10
MIPOU3BOANTEIBHOCTH JI0 TPEX pa3 OTCTAIOT OT BaJ04-
HBIX MalllMH, a OT MaIIUH [0 00pe3Ke Cy4beB IPUMEPHO
B 1Ba paza. [ToaToMy KkpaifHe CI0XKHO MOJA00paTh KOJIH-
YeCTBO JIECHBIX MAIIHH Pa3HOTO MPOQUIIs, 4TOOBI Ipo-
W3BOAMTENBHOCTB IIPU BHIIOIHEHUH KaXX0U omepanuu
JIECOCEUHBIX PabOT MPHONN3UTEIBHO coBagana. CMeH-
Has TIPOM3BOJUTENIFHOCTH BCEr0 KOMIUIEKca Oyzaer
paBHa HalMEHBIIIEH NPOU3BOAUTEIIEHOCTY MAIIMHBI HA

onmHOU w3 oneparuid. Kak ciencTsre MammHbl ¢ Ooee
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BBICOKOH NMPOM3BOAUTEIBHOCTBIO OYIyT YaCTHYHO IIPO-
cramBatb. KpoMme TOoro, 00beMBl BRIPa0OTKH MAIlIH C
TE4EHHEM BPEMEHU U3MEHSIIOTCS, @ HE OCTAIOTCSI IIOCTO-
stHEBIMAU [ 1, 2, 3].

Konebanre 00beM0OB BEIpaOOTKH JIECO3aTOTOBH-
TEJIbHBIX MAIllMH HA CMEXHBIX OINepalusiX U MpaKkTH4e-
CKYI0O HEBO3MOXKHOCTHb BBIPABHHBAHUS UX IPOM3BOAHU-
TEJIFHOCTH BBI3BIBAET HEOOXOANMOCTb UMETH 3amac Jie-
PEBBEB MEK/Ty BAJIKOH M TPENEBKOH; TPEJIEeBKOH U 00-
PE3KOH Cy4heB; a TAKXKE 3arac XJIbICTOB MEXIy 00pe3-
KOH Cy4YbeB U MOTPY3KOH-BBIBO3KOI [1, 4, 5].

IIpoBenennsie aBTOpamMu HabmoaeHU [5, 6, 7],
a TakXKe IpYrMMHU KOJIJIeKTHBaMu aBTopoB [1, 3, 8,9, 10]
MTOKa3aJid, 4T0 00BEMBI 3aIacOB JOJDKHBI OBITH 3apaHee
OTIpEJIeNICHBI JJIsl KaXKIOW JIECOCEKH B OTJIENILHOCTH, CO-
3/1aBaThCsl, TOMOJHATHCS, MOTPEONATECS M BhIPaOAThI-
BaThCs 110 NPEIBAPUTEIFHO PACCYMTAHHBIM PEKUMaM
pabots! mMammH. MHave, iy Mpou3BOJUTENFHOCTD Ba-
JIOYHBIX (BaJOYHO-NIAKETHPYIOIINX) MAIIUH OKa)KeTCs
3HAYUTEIBHO BBIIIE TPeOYEMOii, UTO TPO3UT 3aTOBAPH-
BaHHEM IUIOLIA/ICH 3HAYMTENLHBIM O0BEMOM CBaJICH-
HBIX JIEPEBbEB, MM HA00OPOT, TPEJICBOUHBIC MAIIWHBI
HAuYHYT IPOCTauBATh U3-3a HEXBATKH, TAK)Ke Oy Iy T Mpo-
CTauBaTh CYy4YKOpPE3HbIE MAILIMHBI, [IOTPY34HKH.

W3BecTHBIMU (TpaJULIMOHHBIMU) METOIaMH pac-
CUNTAaTh BCE HEOOXOAMMBIE NaHHBIC JUISI COTJIACOBAaH-
HOTO BBITIOJIHEHUSI JIECOCEUHBIX pabdOT CIO0XHO U
TPYIHO.
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3amava pemaeTcs 3SHAUUTEIEHO TPOIIE U JIeTYe C
MPUMEHEHHEM aBTOMATH3MPOBAHHOTO ONEPATHBHOTO
TUTAaHUPOBAHMA U YIIPABIICHHUS.

WNudopmanmonHble TexHOJOTHUH [76] B HAcTOs-
1Iee BpeMsi CTalli aKTHBHO NPOHHUKATh BO BCE CQEpbl
MPOM3BOJICTBEHHOH JEATEIbHOCTH YeJloBeKa — 00pa3o-
Banue [11], mpomsbiuenHocts [12, 13, 14], tpancnopt
[15], npoextupoBanue [16, 17, 18, 19] u npousBoacTBO
[20, 21], oxpany Tpyzna [22]. OCHOBOH HCIIONB3YEMBIX
UQPPOBBIX TEXHOJIOTHH SIBIACTCS IMUPOKOE MpPUMEHE-
HHUe WHTepHeTa Bemei [23], HHTeIeKTya IbHbIX HaBH-
ranuoHHbIX anroputMoB [70, 71], a Takke mU(POBHIX
JIBOMHUKOB U3ENUi U mpoiieccoB [24- 26].

[Tpu BEIOOpE NEcHBIX [82] MamMH (XapBecTepoB,
(opBaprepoB, MOrpy3YMKOB, COPTHMEHTOBO30B) BXO/Is-
MIUX B KOMIUICKC JIJIs 00ecIeueHus] HeoOX0IUMOH TIpo-
M3BOJUTEIFHOCTH  JIECO3arOTOBUTENEHOTO — TIpoliecca
[27-29] 1 BO3MOXKXHOCTEH mambHEHIIEro JIECOBOCCTA-
HOBIIeHUS [72, 74] ciemyeT y4YWTHIBaTH KaK TEXHHYE-
CKHe W dHepreTuueckue [73] XxapakTepUCTUKN MAIIVH,
ux OKBb [68, 69, 80], Tak 1 ©X CITOCOOHOCTH aJANTHPO-
BaThCs B o0IIIee ITU(ppOoBOE MpocTpaHcTBo [79, 81] mpen-
npusThsl, 3QGEKTUBHO OCYIIECTBISATH IUIAHWPOBAHUE
pa6ot [30-31].

Jleco3aroToBUTENbHBIE MAIIMHBI — 3TO CJIOXKHAS
TEXHHKa, a JIF00ast TEXHUKa TPeOyeT CEpBUCHOTO 00CITy-
JKUBaHHUA M PEMOHTA, TI03TOMY IIPH IUIAHUPOBAHUH JIe-
CO3arOTOBUTEIBHBIX PAa0OT SBIAETCS BaKHBIM, YTOOBI
TeXHHKa ObLIa B UCIIPAaBHOM COCTOSIHUH. J{J1s1 ympaBiie-
HUS CEPBUCHBIM 00CITYKHUBaHUEM MAIIIMH HA IPEANIPH-
TUSX, HApAOy C IJIAHOBO-IPEAYHPEIUTENbHON cHCTe-
MOH TEXHUYECKOTO O0CITY)KUBAHUS U PEMOHTA HAXOMST
NPUMEHEHNE U JIPYTUe CHCTEMBI, TaKue KakK IUIaHOBO-
JMAarHOCTUUECKUH PEMOHT (TIAHOBOE MEPHOANYECKOe
00CITyXHMBaHNE ¢ KOHTPOJIEM TEXHUIECKOTO COCTOSIHUS
marwH [32, 33], peMOHT 1m0 (paKTHIECKOMY COCTOSTHUIO
[34, 35, 75], cepBuc [84], opueHTHPOBAaHHBII Ha HA/ICK-
HOCTh [36], mpenoTBpamienue puckos [37]. [Ipumene-
HHE TaKOrO poJia CUCTEM OCHOBAHO Ha HCIIOIB30BaHUU
YAAJCHHOTO KOHTPOJIS TEXHUUECKOTO COCTOSHHS Y37I0B
1 arperatoB mMamuHssI [38-39].

Lenp ucciienoBanust — CPaBHUTH aBTOPCKYIO Me-
TOJVKY C CYIIECTBYIOIIMMH METOANKAMH aBTOMATH3H-

POBAHHOT'O OIICPATUBHOI'O0 YHNPABJIICHUA JICCOCCYHBIMU

Jlecorexun4yeckni :xypHau 2/2024

paboTaMu [T TOBBIIICHUS S (HEKTUBHOCTH paOOTHI Jie-

CO3arOTOBHUTENBHBIX MalllMH Ha OCHOBE LU(POBHU3AINH

OIIEPaTHBHOI'O YIPABJICHUS JaHHBIMH O PabOTe MallIKH.
MarepuaJjibl 1 METOAbI

Obvexm u npedmem uccied08aHus

OOBEKTOM HCCIIeIOBAHMS SBISIFOTCS MALIMHBI U
000pyT0BaHHE JIECOCEUHBIX padoT.

[TpeamMeT nccnenoBaHus - alTOPUTM B3aHMOJICH-
CTBHS JIECOCEYHBIX MAIIIMH B TPOIECCE IKCIUTYaTAIIH.

Coop oannbix

Hcnonp30Baiy cHUCTEMaTHYECKUI MOMCK, KOTO-
pBIi TpoBoIMIIH 0 O6a3aM maHHbIX ELibrary.ru u pecyp-
caM ceTu VHTepHET 1O cleylolieMy alropuUTMy 3a-
Ipoca: MepBooUepe/IHbIE 33/1a41 ONEPATHBHOTO YIIPaB-
JIeHus1 JecoceuHbiMu paboramu. [TpoBeneHHbIi aHann3
Jlall BO3MOXKHOCTh ONPEACNNTh KPYT 3agad OlepaTHB-
HOTO YTIPaBJIECHUs JICCOCEYHBIMU paboTaMH Ha OCHOBE
HCCIIEIOBaHUH, TPOBEACHHBIX HAYYHBIMH TPYTIIAMH Ka-
¢denp MOCKOBCKOTO TOCYIapCTBEHHOTO TEXHHUYECKOTO
YHUBEpCHUTETa, BpSHCKOrOo ToCyIapCTBEHHOTO HWHIKE-
HCPHO-TEXHOJOI'MYECKOTr0 YHUBEPCHUTETA, BOpOHe)K-
CKOT'O TOCY/AapCTBEHHOT'O JIECOTEXHUYECKOTO YHHBEp-
CHTETa W JIp. By30B Ha NPEAINPUSATHAX JIECHOTO KOM-
riekca. OmpezieneH KOMIUIGKC 3ajad, pa3paboTka u
BHE/IpEHHE KOTOPOTO COCTABIISIET MEPBBIM 3Tall co3fa-
HUSI aBTOMAaTH3UPOBAHHOM CHCTEMBI OIICPAaTHBHOTO
YTIpaBIIEHUS JIECOCEYHBIMH PAOOTaMHu.

Onucanue agmopckol MemoouKu agmomamu3u-
POBAHHO20 ONEPAMUEHO20 YNPAsieHus pabomoii neco-
3G20MOBUMENbHBIX MAWUH

[lenpto  aBTOMAaTU3MPOBAHHOIO OINEPATUBHOIO
yIpaBJIeHUs JIECO3aroTOBUTENbHBIMU pabotamu (AOY
JIP) siBnsieTcsl CBOEBPEMEHHOE OIpeieTICHHE U pean3a-
st 3QQEKTHUBHBIX YNPaBIAIONIMX BO3JICHCTBUH Ha
IIPOM3BOCTBEHHBIE OlEpalliy, paclpezeieHne pador
[66, 78] u TpymoBEIX pecypcos [67, 77], obecrieunBaro-
IIMX BBIIOJHEHNE [UIAHOBBIX 00bEMOB C HANMEHBITMHU
3arpatamu [40].

MerToayKa BKIIOYAET CIEIYIOINE [IarH:

- IEpeUCHb 3a/1a4 OIIEPaTUBHOTO YIIPaBJICHUs pa-
00TO¥1 TECOCEYHBIX MAIIIUH;

- COCTaB KOMILJIEKCA TEXHHUUYECKHX CPEJICTB IS
ABTOMATH3HPOBAHHOTO OIEPAaTHBHOTO YIPaBIICHUS pa-
00TOi1 JIeCOCEUHBIX MaIlINH;

- IPUHIUINAIBHAS CXEMa OIIEPaTHBHOTO YIIPaB-

JeHUs pabOTOIl JTeCOCCUHBIX MAIINH;
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- TIOCNEeNOBaTENbHOCTE M (YHKIMOHATbHAs
CXeMa aBTOMAaTHU3UPOBAHHOTO PEIICHUs 3a/1ad orepa-
THUBHOTO YIIPaBJIEHHs PaOOTOH JI€COCEUHBIX MAIIIKH.

B cocraB kommiekca mepBOOYEpeHbIX 3ajad
AOYVY JIP (tabm. 1) BXOAAT CBEIyIIUE IPYIINbI 3a/1a4:

VJI-1. Y4er 00beMOB BBINOJHEHHBIX PadOT Ha
OIIepalMsX JIECOCEUHBIX padoT; 3a/1auyl yueTa pacxomoB
MaTepHAIBHBIX PECYpCOB Ha JIECOCEYHBIX OIEpalysX.
HaznaueHnuewm 3amad 3TOH TpyMITE SBILETCS (HOPMUPO-
BaHME BXOJHON MH(GOPMAINN A PELISHHS OCTaIbHBIX
3a7ja4 KOMIIEKca.

VJI-2. AHanu3 BBINOJIHEHU IUIAHOBBIX 3a/laHUM
Ha Jiecoceke, OIpeeIeHHbIX IIPU PELISHUH 3a1au orle-
paTuBHOTO IUIAHUpOBaHUs. Pe3ynbraTamMu pelieHus

JaHHBIX 3a1a4 SABJIAIOTCA IIOKa3aTCIN CTCIICHU OTKJIOHC-

HUS (PaKTHYECKUX 3HAUCHHH mapaMeTpoB (HyHKIIHOHH-
poBaHMs OOBEKTA YMPABICHUS OT COOTBETCTBYIOIIHX
UM paCyETHBIX 3HAUCHUI.

VYJI-3. BeipaboTka yIpaBIsIOIIMX BO3JCHCTBHIA
Ha TIpoIecc JiecoceyHbIX padot. Eciam Habmogaemble
OTKJIOHEHUSI [TapaMeTPOB YIIPABIIEMOT0 IpoLecca mpe-
BBIIIAIOT 3aJaHHYI0 HOPMY, pEIIeHHe 3ajad d3TOH
TPYIIIBI TTO3BOJISIET ONPENEIUTh BHJ U ONTHMAJIBHYIO
Pa3sMEpPHOCTh PE3yIbTUPYIOMIETO BO3ACHCTBUS Ha Te
WIN WHBIE OTEPALMH MPOIIECCOB JIECOCEUHBIX paldoT ¢
LIENIbIO BBIPABHUBAHUSI TIOKa3aTesneil BBIpaboTKH U, B KO-
HEYHOM HTOT€, BBIIOJIHEHUS IUTAHOBBIX 3aaHUM.

VJI-4. CocTaBiieHHsI OTYETHBIX JOKYMEHTOB. B
X cocraB OyAyT BXOIMTH OINEPAaTHBHBIE JAaHHBIC I10

Xoay JIECOCCUHBIX pa60T JJIs1 COCTABJICHUA OTYETOB U

CpaBHCHUS UX C IPUHATHIMU IJIAHAMU.

Processing and analysis of data
on the volume of work per-
formed, resource consumption
and machine condition

SIHAE MAlLIUH
Data on the amount

of work performed,
resources spent on opera-
tions and the condition of

machines

HHE MaIlHH
Summary data on the volume
of work, inventory resources byj
teams, workshop sites per shift
and the condition of the ma-
chines

Tabmuma 1
CocTaB 3aa4 ONEpaTUBHOTO YIIPABIICHHUS JIECOCEUHBIMU paboTaMu
Table 1
The composition of the tasks of operational management of logging operations
NHunexc Hasznauenwne 3amaun CocTaB BXOIHBIX JaHHBIX CocTaB BBIXOJHBIX JaHHBIX | Twur ycTpoii-
3amaun Task assignment The composition of the The composition of the CTBa
Task input data output data Device Type
index
VII-1 VYdyer o6beMa BHIOTHEHHBIX
pabort u pacxona pecypcoB
Accounting for the amount of
work performed and resource
consumption
VII-1.1 Ha BaJIKe Jieca [MapameTpsr nepeBseB | O0muit 06peM 0OpaboTanHOH | VI3MepuTEenTHHBIE
on the felling of the forest |XJIBICTOB, pacxo pecypcoB|IpeBECHHEI 32 CMEHY, HAIMIHE| YCTPOUCTBA Jie-
VI-1.2 Ha TpeJeBKe jeca Parameters of trees pecypcoB C03aroTOBUTEIb-
on the skidding of the forest | and whips, resource con- Total volume of processed HBIX MaIIuH
VII-1.3 Ha 00pEe3Ke CyIheB sumption wood per shift, availability of | Measuring de-
on pruning branches resources vices of logging
machines
VII-2 O06paboTka n aHanu3 1aHHbIX | JlanHble 00 00bemax Bbl- | CymMMapHBIe TaHHBIE 00 00be- | [lepcoHanbHbIe
1o 00beMaM BBIMOJHEHHbBIX pa  MOJHEHHBIX paboT, Max paboT, pecypcax 3amacax 3BM
00T, pacxoy pecypcoB U CO- | M3pacXOLOBAaHHBIX pecyp-| IO OpHramgaM, MacTepCKUM Personal
CTOSIHHIO MaIlluH cax IO OIepaLysAM U COCTO-| y4acTKaM 3a CMEHY M COCTOSI- computers
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Oxonuanue Tabim. 1

Nunpexc Hasnauenwue 3amaun CocTraB BXOIHBIX JaHHBIX CocTaB BEIXOTHBIX JAaHHBIX | Twm ycTpoii-
3amaun Task assignment The composition of the in- | The composition of the output CTBa
Task put data data Device Type
index
VJI-3  |BeipaboTka ynpasistomux Bo3{Tekyiue nanHbie mo o0be-| O BpeMeHu npoctos Mainy, | [lepcoHaibHbIC

JIeWCTBUI Ha IIPOU3BOJICTBEH- | MaM paboT, pexKUMaM pa- |IPOU3BOACTBEHHO-OKOHOMHYE- 9BM

HBII TIpOIIecC OOTHI MaIlNH, 3amacam ape- CKHE ITOKa3aTeIH, B Personal
Development of control action§ BeCHHEI, pecypcam Mo Ma- |  YIPABJISIFOIIUX BO3ICCTBHUMA computers
on the production process | mraaM, Opuranam, yaact- |About machine downtime, pro-
KaM duction and economic indica-
Current data on the volume| tors, type control actions
of work, modes of opera-
tion of machines, wood re-
serves, resources by ma-
chines, crews, sites

VIiI-4 | ®opmupoBaHue, epenaya oT- To xe OrnepaTuBHAas CBOJIKA O BbINOJI-| [IepcoHanbHbIe

4eTHON MHPOPMAINH WIH T1e- Too HEHUU IIaHA — PACXOJ U Hallu- O9BM

4aTh OTYCTHBIX IOKYMEHTOB 4He PecypcoB Personal
Formation, transmission of ac- Operational summary on the computers
counting information or printing implementation of the plan —
of accounting documents xpenditure and availability of
resources

HcTOYHMK: COOCTBEHHBIE JTAHHBIE aBTOPOB
Source: authors' own data

ITockonbKy BO3MOXKHO KOHTPOJIHMPOBATH JIUILb
NIOKa3aTesH, GUTypHUpYIOIIUE B KaueCTBE Pe3yIbTaToOB
pewenus 3ana4 AOII JIP, nepBoouepeaHoii cocras 3a-
Jlad OTIEPATUBHOTO YIIPABJICHHS JIOTHUECKHU CIIEyeT U3
COCTaBa 3aJa4 IuIaHUpoBaHus. [10I0KUTENbHBIM Cllen-
CTBHEM JIaHHOW B3aMMOCBSI3H SIBISIETCS] OOLIHOCTD MH-
dhopmanmoHHOM 0a3pl 000MX KOMIUIEKCOB 3ajad, 4TO
3HAYUTEIBHO YIPOLIAET MX SKCIUTyaTallUIo, KaK eIu-
HOT'O 1[EJIOT0 B KaYeCTBE MaTeMaTHYeCKoro obecrede-
HUS aBTOMaTH3HUPOBAHHON CUCTEMBI yIIPaBJIEHUs J1eCO-
CEYHBIMH paboTamH.

ABTOMaTH3aIMI0 ONEPATUBHOTO YIPABICHHS
IUTAaHUPYETCS OCYIIECTBIATH 0O€3 yBEIWUYCHUS WIN
JaKe ¢ YMEHBIICHHEM IITATOB YIIPABIEHUECKOTO TIep-
COHaJIa Ha JIECOCEYHBIX paboTax, TOJBKO IyTEM aBTO-
MaTH3alM{ Olepanuii ydera, oOpabOTKM M aHaIH3a
JAHHBIX ydeTa M BBIPAOOTKH Ha MX OCHOBE COOTBET-
CTBYIOIIHUX YIIPABJICHUECKUX PEIICHUH.

Jlecorexun4yeckni :xypHau 2/2024

BrionHe 04YeBHIHO, YTO 3TO BO3MOXKHO JIHIIH
MIPH OCHAIICHUH MPOM3BOJCTBA TEXHUUCCKUMHU CpPE/-
CTBaMH CBSI3U U y4YETa.

CxeMy OMNEpaTUBHOTO YIPaBICHHUS JeCOCed-
HBIMH paboTaMH B OOIIEM BHIEC MOXXHO IPEICTaBUTH
cebe cienyronmM o0pa3oM. Y CTaHOBIEHHBIE Ha JIECO-
3arOTOBHTEIBHBIX MaIlMHAX (BaJOYHBIX, TPEICBOY-
HBIX, CYYKOPE3HBIX H JI.p.) CIEIHAaJbHbIE YCTPOUCTBA
WHWBUYaJTBHOTO ydYeTa BBITOJHCHHBIX paboT mepe-
JTAIOT C TIOMOIIBI0 BCTPOCHHBIX B KOHCTPYKIIMIO Ma-
[IMHEI H3TOTOBUTEIIEM WM YCTaHABIMBAEMOTO JOTOJI-
HUTEIHHO TEIIEMAaTHYECKOTO 000pya0BaHus HH(OpMa-
LUI0 HA CepBEp KOMIAHWH, a 3aTEM BIIAJCNBIY TEX-

HUKH (puc. 1).
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[Iponseoantens / Manufacturer ‘

[Mpeanpnarne / Company

Marunuel 1 npons3BonTeIs
Machines of | manufacturer|

Pucynoxk 1. Cxema paboTsl ¢ HHPOpMALIHEH,
MOJy4aeMol OT MalllMH, IPOU3BOJIUTEII0, UMEIOIIEMY
cobcTtBerHOE aHamuTHYecKoe 110
Hcrounuk: CoOCTBEHHasi cCXeMa aBTOPOB
Figure 1. A scheme for working
with information received from machines
to a manufacturer with its own analytical
software
Source: Authors' own scheme

Tako¥ BapuaHT pabOThI HCIOJB3YyETCS KOMIIa-
nusmMu Komatsu u John Deere, monb3oBaresiu ¢ IoMo-
mpto nporpamm MaxiXplorer u TimberLink (puc. 2)
AMEIOT BO3MOXXHOCTP ITOJIyYeHHs] MH(POPMAIMH O CO-

CTOSIHMA MaIlllMHBI, €€ TPOU3BOAUTECIBHOCTH.

JOHN DEERE
Tonnnea ronoexa

0630p
WILZWE  Drenanepeon 21009000 131109008
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Pacnpeqenenne

paiMepos cTeONOR
Bpeun obpaGorin
Mpensapurenssas
©o6padoTka
Hcnonesosanie

2334 1000%
070 76
s83u 8.08%

MaKMnynATOpa

Temncparypun

1794
0.2 7%

54.9 17
pravee

Tonnnea
[ —————— - =
S PR -
¥ .

W= Hacrpoar 5.10 1311 .10 [ENT

& Newars

@ - 300 Craams: onepatopa

Pucynok 2. [Ipumep nnTEpdeiica cucTeMbl
ynpasnenuns: TimberLink
Hcrounuk: Cucrema y1aleHHOTO MOHUTOPHHTA
texuuku JDLink. URL: https://tmbk.ru/media/
k2/attachments/Bykner%20Cucrema%20ynaneH-
Horo%?20monunTtopunra%?20rexuukn%20JDLink.pdf
(mara obpamienus: 20.02.2024)
Figure 2. An example of the TimberLink management
system
Source: https://tmbk.ru/media/k2/attachments/
Bykner%20Cucrema%20ynanennoro%20MoHuTO-
punra%?20rexuukn%20JDLink.pdf (20.02.2024)
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[peanpuatue / Company ‘

el ™

[Ipomssoanrens 1| |IIpomzpoaurens2| |IIponssoanrensn
Manufacturer | Manufacturer 2 Manufacturern

Mannss 1 Mamiss 2 Marise: n
MpOHIBOINTE A NpPOI3BOIITENA
Machines of 1 Machines of n
manufacturer manufacturer

NpON3BOANTENA
Machines of 2
manufacturer

Pucynok 3. Cxema paboTsl ¢ nHpOpManue,
MOJTy4aeMO OT MalliH, Pa3HbIX ITPOU3BOANTENCH,
HMMEONINX coOCTBEHHOE aHanuTHyeckoe [10
Hcrounuk: CoOCTBEHHAsl cCXeMa aBTOPOB
Figure 3. The scheme of working with information
received from machines from different manufacturers
that have their own analytical software
Source: Authors' own scheme

B ciyuae ncnonb3oBaHus Ha NPEANIPUSTHH Ma-
IIMH HECKOJIbKUX MPOU3BOUTEIICH, BIaJIelIel] CTaIK -
BaeTcsl ¢ HEOOXOMMMOCTBIO HCTIOJIB30BAHUS CIIELIUAIIH-
3MPOBAHHOTO IPOTPAMMHOTO OOECIIEYEeHUs] KaXJI0To
MIPOU3BOANTENS, YTO CO3AET JAOTOTHUTEIBHbIE CIOXK-
HOCTH TIPH aHAJIN3€ JEeITEIFHOCTH BCETO MapKa MalliH
(pa3HbIX Ipou3BoOIUTENEH) (pHC. 3).

Beixogom u3 co3naBuieicss CUTyallid MOXKET
CTaTh TaKOI BapuaHT pabOThI, Korja HH(pOpMaIus ¢ Ma-
LIMH pa3HbIX POU3BOJUTEIICH MTOCTYIAET HE Ha CEPBEP
COOTBETCTBYIOUIETO TPOU3BOJUTEINS, & B HCIIOJb3ye-
myto mnpeanpusitueM ERP cucremy (puc. 4). Taxoit
NIPUHOMT paboTHI IpuMeHsieTcst Komnanueit Ponsse, wc-
OIB3Ys 1uist 3Toro TexHonoruto API (puc. 5). Ycranas-
JIBAEMBbIC TIPH 3TOM KOMIUIEKTHI 000pyJOBaHHS Ha pa-
Ooure MamMHBI MO3BOJIAT IMOJTy4YaTh NAaHHBIE CO BCEX
MalliH (TaKoe pPeLIeHHE yKe IPUMEHSAETCA B CEILCKOM
xo3siiicTe) [41].
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Ipennpustie / Company

s

Mammssr |
MpOIBBOIITE A
Machines of 1
manufacturer

\

A

Mannier 2
TPOI3BOIITENA
Machines of 2
manufacturer

Marunss! n
TNPOI3BOINTENS
Machines of n
manufacturer

Pucynox 4. Cxema paboTsl ¢ HHpOpMaLUE,
[I0JIy4aeMOH OT MAalllMH, Pa3HbIX IPOU3BOJUTENCH,
B ERP cucremy Brnagensia
Hcrounnk: CoOcTBeHHAst cXeMa aBTOPOB
Figure 4. The scheme of working with information
received from machines from different manufacturers
into the ERP system of the owner
Source: Authors' own scheme

[IpumeHeHrEe TEXHOJIOTHH KOHTPOJS PEKUMOB
pabOThl ¥ TEXHUUECKOT'O COCTOSHHUS JIECO3arOTOBUTEb-
HOW TEXHHWKHU MOBBICUT 3()(HEKTHUBHOCTH TJIAHUPOBAHUS
W YTPaBJIECHUsS] TOCPEICTBOM KOMIUIEKCHOTO MOHHTO-
pHUHTa TpaHCIOPTa, MUHUMH3HPYET 3aTpaThl HA 3aro-
TOBKY M BBIBO3KY APEBECHHBI. TaK, MO JaHHBIM KOMIIa-
Hu Omnicomm 00OpyZOBaHUE KOHTPOJIS TOILUIMBA
nmaeT 10 30 % sxonomuu I'CM, obecrnieunBaeT 6e30mac-
HOCTb TEXHOJIOTHYECKUX MPOLIECCOB U YIJIyUIllaeT BbIpa-
0oTky TexHukd Ha 30-35 % 3a cUeT OCHAICHHS aBTO-
napka 6oproBbiMu ycrpoiictBamu ['JIOHACC / GPS,
COOMpAIOIIMMH 1 TEpeafoMHU B IIaTGOpPMy MOHH-
TOpHHTa 0OJBIIOE KOJIMYECTBO MAPAMETPOB COCTOSHUS
W JABWXEHUS, a TAaKXKe COOBITHS B pealbHOM BPEMEHH.
IIpu paboTe MamH BHE 30HBI TOKPHITHS COTOBOI CETH,
JaHHBIC MOXKHO 3arpyaTh B 00JIAKO Yepe3 CIennaabHO
npeaycMorpeHnyio cucteMy Omnicomm PORT (Cu-
CTEMBbl MOHHUTOpHHIA JUIA JIECO3arOTOBUTEIBHON TeX-
HUKH) (pHC. 6).

Jlecorexnnyeckui :xypHau 2/2024

POMNSSE FPHONIS USDMACHNES SEMOS~ SHOP COMPANY - CAREIRS SUSTAMMABILTY »  EOMTACTS Q

Pucynok 5. Be6-cTpanuma pecypca
Hctounuk: https://www.ponsse.com/en/ponsse-data-
api#/

Figure 4. The web page of the resource
Source: https://www.ponsse.com/en/ponsse-data-api#/

Kak nmokaspiBatoT paboTsI psia aBTOpoB [42, 43,
44, mpuMeHeHre HOBBIX TEXHOJIOTUH, HApUMep, JaT-
YHMKOB, OTCJIEXKHBAIOIINX COCTOSHHE OTAENBHBIX Jepe-
BBEB, TO3BOJISIET MOBHICHTH 3()()EKTUBHOCTH HCIOIIB30-
BaHMS XapBECTEPOB Ha JIECO3arOTOBKaX.

Nmeromascs naopMaIys o0 COCTOSHUH IpeBe-
CHHBI Ha K&)KJOM 3Tare — OT 3aTOTOBKH 10 TPAHCIOPTH-
POBKH 1103BOJIsIET 2(PPEKTHBHO pacropsHKATHCS UMEFO-
LIMMHUCS pecypcamu [45, 46, 47].

Heo6xoauMo y4YuTHIBaTh, 4TO JAOCTATOYHO HU3-
KHH ypOBEHb IIPOXOXKIECHUSI CUTHAIIOB B Jiecy [48] co-
3/1aeT MPOOJIEMBI B IUIAaHE ONEPATUBHOM Mepefavn MH-
(hopmarmu ¢ pabOTAOIINX MAIIUH HA CEpBEp MPEIIpH-
ATHs], TO3TOMY BO3HUKAET HEOOXOIUMOCTh B UCIIOJIB30-
BaHWUU JIOTIOJHUTEIBHBIX CPEICTB PETPAHCISALMU CHI-
Hana [49, 50].
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VYuer u nepenaya uadopmanuu 0 BeITOIHEHHH 00bEMOB pabOThI, U3PACXOI0BAHHBIX pecypcax
VII-1 10 OTIEPALHSM, PeXKHUMaX PabOThl U COCTOSHHIO MAIIIUHBI
Accounting and transmission of information on the performance of work volumes, resources spent
on operations, operating modes and machine condition
VYder u nepenada nHGOPMAIHX O BHITIONHEHAHA 00HEMOB pabOTHI, H3PacX00BaH-
VII-3 HBIX Pecypcax Mo OMeparusiM, pexkuMax paboThl U COCTOSHUIO MAIIHHbBI
Accounting and transmission of information on the performance of work volumes,
resources spent on operations, operating modes and machine condition
A
v y
IIpuem, aHanu3 u 00padoTKa HHGYOPMAIMK O BHIMOJIHEHHH 00BEMOB pabOTHI, U3pac-
V-2 XOJIOBaHHBIX pecypcax Io OMepaiusiM, PeKUMax pabOThl U COCTOSTHUIO MAIIHHBI
Receiving, analyzing and processing information about the performance of work
volumes, resources spent on operations, operating modes and machine condition
BripaboTka ynpaBIsiioux pereHnit
VII-3 .
Development of management solutions
v
Peanuzanus ynpapistoniux BO3AeHCTBUM
Implementation of control actions
3JI- KoppekTupoBka omepaTHBHOIO [UIaHA Ha CIEAYIOIIYI0 CMEHY
32 Adjustment of the operational plan for the next shift
\ 4
VYuer u nepenaya uadopmanum o BeIIOIHEHHH 00beMOB pabOThI, U3PACXO/I0BAH-
3J1-4 HBIX pecypcax M0 OIepauusIM, peXKUMax padOThl U COCTOSIHUIO MaIlIuHbI

Accounting and transmission of information on the performance of work volumes,
resources spent on operations, operating modes and machine condition

Pucynok 6. I[TocnenoBaTeabHOCTh U (PYHKIIMOHAIBHAS CXeMa aBTOMATH3HMPOBAHHOTO PELICHHUS 33724

OIICPATUBHOI'O YIIPABJICHUA JICCOCCHHBIMU pa60TaMI/I M3paCXOA0BAHHBIX pECypCax Mo OrepalurdaM, peKuMax

pa6OTBI U COCTOAHHIO MalllMH

Uctounnk: CobcTBEHHAs cXxeMa aBTOPOB

Figure 6. The sequence and functional scheme of the automated solution of tasks of operational management

of logging operations of spent resources on operations, modes of operation and condition of machines

Source

[TepenaBaemast vHGOPMAIHS O KOJIMYECTBE Jpe-
BECHHBI, MIOCTyHAIOLIEl OT BAJIKU K TpeleBKe, OT Tpe-
JIEBKM K OOpe3Ke Cy4beB M OT 00pe3KH CydybeB K II0-
rpy3Ke, pexuMax paboThl MaIllWH, W3PacCXO0JOBaHHBIX
pecypcax Io OlepanysaM U COCTOSHHIO MAaIIHH, JOJDKHA
HaKallJIMBaeTCs HAa CEPBEPE U BHIBOAUTHLCS MPU HEOOXO-
JMMOCTH Ha KOMIIBIOTep WK cMapThoH. Bee 310 mo3-

BOJISIET PYKOBOAUTENIO B JI000H MOMEHT BpEMEHH

212

: Authors' own scheme

UMETh HH(OPMALIUIO O XO/I€ JIECOCEYHBIX PadoT 10 00b-
€My CBAJICHHBIX JI€PEBbEB, 00BEMY CTPEICBAHHBIX JIepe-
BbEB, 00BEMY JICPEBBEB, OUUILCHHBIX OT CYy4YbeB, 00B-
€My 3aI1acoB MKy ONepaLUsIMH, Pe)KUMaX paboThl Ma-
IIMH, U3PaCXOI0BAHHBIX PECypcax Mo OIEPALHIM U CO-
CTOSIHHIO MAIlWH. AHAIN3 MOJTyYCHHBIX IaHHBIX HaCT
BO3MOKHOCTB OIPEIEIUTh HAIMYUE OTKIOHCHHUH B BBI-

TIOJTHEHHH TIJIaHa pa3paboTKHU JIECOCEKH.
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3amaua YJI-3 MOXeT TakKe pelraTsCcs B aBTOMa-
THYECKOM pexuMme. CMBICIOM 3TOH 3a1audl SIBISETCS
OTIpEJICTICHNE BHIA YIPABISIOMIETO BO3AEHCTBUS TPHU
OTKJIOHCHHH XOJa BBIITOJIHCHUSA onepaunﬁ JICCOCCYHBIX
paboT OT r1aHoBOro. TaKUMHU YIPaBIISIOIINMH BO3JIEH-
CTBHSIMH MOTYT OBITh HOAKIIIOYEHHE U BBIBOJ| pE3EPB-
HBIX MallliH, BHIBOJ M3 PaOOTHl OCHOBHBIX MAIlMH, J0-
CTaBKa TOPIOYHMX M IPYTHX MaTEpPHalOB, NPOBEICHHUE
TEXHUYIECKOTO OOCITY>)KUBAaHISI M peMOHTA U T.1. D Pek-
THUBHAs pa0doTa Mapka MAalllH B 3TOM CIIydae OyIer 3a-
BHUCETh OT CO3JIaHUs eMHON 1HdpoBoit cpenasl [S1, 52,
53, 54, 55, 56, 57].

Ananuz oannvix

C 11e7bI0 OIIpeeNieH sl MecTa aBTOPCKOW MeTO-
JIMKH B PSIIY UMEIOIIMXCS METOJMK aBTOMaTH3UPOBaH-
HOT'O yTIpaBJIEHUs CHOPMHUPOBAIIH IISITh KPUTEPHEB TIPHU-
MEHUMOCTH (Wi 3P HEKTUBHOCTH):

Kpurepwuii | — HampaBneHHOCTD (OpueHTAaINs Ha
00J1aCTh MCITOJTH30BAHMS )

Kpurepwii 2 - Tun npuMenseMoi Mozeny (0CHO-
BaHHOCTbH PEIICHUS 3a]Ia4H )

Kpurepwmii 3 - BerpanBaemocts (Bo3mMoxxHOCTB
BCTpauBaHus B uMeromieecs [10

Kputepuii 4 - Bo3MOXHOCTh yueTa TeXHUYE-

CKOT'O COCTOSAHMA MAllIMH

Kpurepuii 5 - Bo3M0XHOCTb UCTIOJIB30BAaHUS Ma-
IIFH Pa3HBIX IPOU3BOJUTEICH

Cratuctudeckyro 00pabOTKYy MJaHHBIX IS
OLIEHKH CMeneHb cX00Cmed U pasziudiisi N3BECTHBIX U
ABTOPCKOW METOJIMKH MPOBOIFIIN C TIOMOIIBIO CIICIHa-
JMU3UPOBAHHOTO IPOTrpaMMHOro obecnieueHus SPSS Sta-
tistics v25 IO aHAJIOTHHU C paHee MPOBEICHHBIMH HCCIIe-
JoBaHUSIMHU [3].

Bmyanmzannio cpaBHEHHWSI KpUTEpHEB, CO-
riacHo A.H. 3aukuny u ap. (2023) [3], mpoBoamim Kia-
crepHoii [83] «ouacpammout (puc. 7), no ocu abcyucc
Komopou omkaaoviganiu mepy axkapa (Jaccard) ors
OUHAPHBIX OAHHLIX, GLIYUCIICHHYIO NO Memoody Medic-
2PYNNOBOU C653U, 4 NO OCU OpOUHAM — Kpumepuu
oyenxu 3-5 [3]».

Pe3syabTaTsl
PesynbraThl cpaBHEHUS UMCIOIUXCS METOTUK C

YYeTOM MIPEIOKEHHBIX HAMH KPUTEPHUEB MPUBEICHEI B
Tabmuie 2. TabanIa BEIIIOJIHEHO Ha OCHOBAHUM aHAJIN3a
Hay4YHBIX pa3pabOTOK, Pe3yNbTaThl KOTOPHIX MPEACTaB-

JICHBI CITUCKOM JINTEPATYPBhI.

Knacrepnas auarpamm, HOoCTpOE€HHAs HA OCHO-

BaHUM Ta0J1. 2, oTOOpaXkeHa Ha puc. 7.

Tabimua 2
CpaBHeHHE METOIMK aBTOMATH3UPOBAHHOIO YIIPaBICHHs paOOTON JIECOCEYHBIX MAIIIUH
Table 2
Comparison of methods of automated control of cutting machines
Meromuka Kpwurepwuii 1 Kpwurepuii 2 Kpurepuii 3 | Kpurepwuii 4 Kpurepnii 5
Methodology | Criterion 1 Criterion 2 Criterion 3 Criterion 4 Criterion 5
1 meroauka (aB- | MakcumanbHblid  00beM | Marematnueckoe  u | Mmeercst [Tnanupyetcs BozmoxHO
TOpCKast BBIPA0OTKA  KOMIUIGKTA | MMHUTAIIHOHHOE MOJe- | . . TPETYCMOT- .
peKas) P a A is available peay Possible
MalvH IIpU MHHUMYME | JIMPOBAHUC C€Th
methodology p Y P p
3aTpar . .
(author's) P Mathematical and It is planned to
The maximum volume of | simulation modeling provide
production of a set of ma-
chines at a minimum cost
2 meroguka [2] | MunmMampHas ceOecTo- | anrOpUTMBI He mpeny- | He mmeercs BozmoxxHO
MMOCTb BBIBO3KH Jieca CMOTPEHO . .
methodology [2] Bacakepa — ['oysHa u P Not available Possible
Minimum cost of timber | ®opaa — bemuimana Not provided
removal .
algorithms
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Meronuka Kpurepuii 1 Kpurepmii 2 Kpurepuit 3 | Kpurepwmii 4 Kpurepuii 5
Methodology | Criterion 1 Criterion 2 Criterion 3 Criterion 4 Criterion 5

Basaker—Gowan and
Ford—Bellman

3 meromuka [64] | MakcumanbHblid  00beM | AHanmu3 — crathcTrde- | Mmeercs Nmeercs Her

Jon lup BHIPAGOTKH MaIlIHH CHIX JIAHHBIX is available is available No

Methodology Maximum output of | Analysis of statistical

[64] John Deere | machines data

4 meronuka [59] | Makcumanbiblii  00beM | CHCTEMHBIN aHATH3 Nmeercs He nmeercs Bo3smorkHO

methodology BLIPAGOTKI MAIIHH System analysis is available Not available Possible

[59] Maximum output of

machines

HcTounuK: cOOCTBEHHBIC IaHHBIC aBTOPOB
Source: authors' own data

[= Knactepa
10

Obcy:xaenue

Hcnonk3yeMble MallMHbI JOJDKHBI OBITH MaKCH-
MaJIbHO aBTOMAaTH3MPOBAHbI [UISi CHW)KEHHS Harpy3Kd
Ha Omeparopa, yMEHBIICHHUS COBEPIIACMBIX MM OIIH-
6ok. Hampumep, onpenensiTh XapaKTEpUCTUKH JIpeBe-
CHHBI, aBTOMaTHYECKH ONPEACTIATh IOPOIy epeBa [58,
59, 60, 61, 62], a mpu paboTe B CIIOKHBIX YCIOBHUSX, Ta-
KHX KaK 3aroTOBKA APEBECUHEI B JIECaX, TOJBEPTIIHXCS
paAuaioOHHOMY 3arpsi3HEHHIO [63], ompenensaTs ypo-
BEHb PaJlMallHOHHOTO 3arps3HEHNS APEBECHUHEL.

Be3ycnoBHBIM SIBIISIETCSI TaKXKE IMOCTETIEHHOCTh
WM 3TanHoCcTh padboT no co3nanuto AOIl u AOY mns
JIECOCEKH; B IPOIIecce KOTOPBIX OMPEIETUTCS SKOHOMH-
YeCKH U IPON3BOJICTBEHHO ONTHMAaJIbHAS IO CIIOKHOCTH

CHCTEMa YIIPaBICHHS.

214

Pucynox 7. Knactepnas auarpamma Jist
CPaBHUTEIILHOTO aHAM3a aBTOPCKO# (MeTomuka 1)
u cymecTByomux (2-4) meroauk (och Y)
ABTOMAaTU3MPOBAHHOTI'O YIpaBJieHHs: paboToi
JIECOCEYHBIX MAIIMH 10 KPUTEPUsIM 3-5 U3 TadiI. 2
Figure 7. Cluster diagram for comparative analysis of
the author's (method 1) and existing (2-4) methods
(Y-axis) of automated control of the operation of
cutting machines according to criteria 3-5 in table 2
HctovyHuK: cOOCTBEHHBIE PE3yIbTAThl ABTOPOB

Source: own results

[IpoBeieHHBIIT aHATTH3 HUMEFOIIMXCS METO/IMK aB-
TOMAaTH3UPOBAHHOTO YIPaBIIEHHs] pabOTOM JIeco3aroTo-
BUTEJBHBIX MAIIIHH OKa3aJl, YTO PACCMaTPpUBAEMbIE Me-
TOJWKY Pa3HOILIAHOBHI U TPEOYIOT 0000IIEHHOCTH.

Meronuka 2 (Tabi1. 2) OpHEHTHPOBaHa, B OCHOB-
HOM, Ha JIOTHUCTHYECKHE OIlepalliil IO TPAHCHOPTH-
POBKe Jeca.

Meromuku 3, 4 HanpaBiieHbl Ha TTOBBIIIEHHE (-
(EKTUBHOCTH HCIIOIb30BaHUS OTICIBHBIX MAIIUH.

[pemyaraemast aBTOpcKasi METOUKA aBTOMATHU-
3MPOBAHHOIO YIpaBJIEHUS PaOOTOH JIECOCEYHBIX Ma-
LIMH MOXKET OBITh CO3/1aHa Kak Ha 0a3e CrennanTn3npo-
BaHHBIX MPOrPAMMHBIX PEILICHUI OTIETBHBIX POU3BO-

JUTENEeH, Tak ¥ Ha 0a3e YHHBEPCAJIBHOTO ITPOTPaMM-

Jlecorexuu4yeckuii :xypHasu 2/2024



Texnosiorun. MamuHbI 1 000py10BaHME

HOTO 00€CIIeYeHHs C YCTAHOBKOW TOTIOTHATEIEHBIX MO-
JTyJIeH, TIO3BOIIIONINX COOUPATh HEOOXOMMbIEC JaAHHBIC
0 PeXHMax PabOTHI JIECOCEYHBIX MAIIMH Ha Ka)KIOU
OIepalyy JIECO3aroTOBOK, 00beMy 3ar0TOBJICHHOM Jipe-
BECHUHE U COCTOAHUIO TEXHUYECKUX CPEACTB.

J1Jist aBTOMaTH3MPOBAHHOTO PELICHUS 33,149 OTIe-
PATHBHOTO YIIPABICHUS JIECOCEYHBIMH paboTramu (co-
CTaB, Ha3HAYCHUE W METOAMKA HCIIOJIB30BAHUS H3JIO-
JKEHBI BBINIE) TPEOYIOTCS CIEAYIONIHe TEXHUYIECKHE
CpencTBa:

YCTpOWCTBa Ui H3MEpEeHHs 00beMOB paboT
(YO) 3anomunanus u nepemaaun uHpopMmaimu (Y3 u
VII) Ha Bcex J1eco3aroTOBUTENbHBIX MaIlIMHAX;

MYHKT PETPAHCIAIUK JJI1 OpraHW3aluu Iepe-
Jadu WHGOPMAIIMU Ha CepBep MPEANpPUATHs, ee 00pa-
60TKM U BbIpabOTKHM ynpasistomue pemenui (YIIP).

[pu pa3paboTke MEepeYNCICHHBIX CPEICTB OIIe-
PaTHBHOTO YIIPaBIICHUS CIIEAYEeT MIMETh B BUAY, UYTO OHU
JOJDKHBI HAZle)KHO PaboTaTh B JIECHBIX YCIOBUAX [64,
65].

BrruucnurenbHble, 3alI0MUHAIOLIUE YCTPOHCTBA
JKeNaTeIbHO UCIIOTIB30BATh U3 CEPUITHO BHIITYCKAEMBbIX C
BO3MOKHOCTBIO OJIOYHOM 3aMEHbI U peMOHTa. bosbiioe
3Ha4YEHHE MMEET TaK)Ke CTOMMOCTh U MPOCTOTa 00CIy-
JKUBAHUSL.

3akiai0yeHue

[Ipennaraemast aBTOpaMH METOJMKa TAaET BO3-
MOYXHOCTh MaKCHMAaJIbHO PEaIN30BaTh 3aJI0’KEHHBIN N3-
TOTOBHTENEM ITOTEHIIHAI IPON3BOIUTEIFHOCTH KaKIOH
MAaIIHHBI 13 KOMITIEKTa, 00eCTIednuTh TpeOyeMbIii 00beM
BBIPAOOTKH, YMEHBIUINTh CPOKH pa3pabOTKU JIECOCEKU
NP MHHAMAJBHBIX JKCIUTyaTal[HOHHBIX 3aTpaTax ¢
YUETOM YJYYIIEHUS! SKOJIOTHYHOCTU JIECOCEYHBIX Ma-
IIIVH.

B Hacrositee BpeMst IpoBOISITCS pabOTHI MO
COBEPIIICHCTBOBAHUIO IIpeTaraeMoii METOJKH B 00J1a-
CTH y4eTa IIPOCTOS MAIlIMH 10 TEXHUIECKUM IIPHIHHAM,
B ToM umcie mo TO u P.
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