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Annoranusa: B craTee mpefcraBieHa HOBad KOMIUIEKCHAd TPEXypOBHEBad KOHIIEIIIIHA
OLIEHKH TIPOSKTHBIX PEINEHHH IO BBIIOIHEHUIO 00padaTHIBAIOINHX ONEpaliiii Ha HECIIIIONHBIX
pyOKax, OTIHYArOIadcd BO3SMOKHOCTBIO OFHOBPEMEHHOIO ITPOTHOSHPOBAHMSA 3HEPTo3aTpart,
TEeXHHKO-7KOHOMHYECKOTO Ppe3yllbTaTa H JIECOBOACTBEHHO-DKOIIOTHYECKNX ITOCHENCTBHA I
JECHOH  CpElIBbL Jnda  peamzallii  JaHHOW KOHUECIIHH ObllIa TIPEAJIOKEHa CIPYKTYpa
TPEXYPOBHEBOH  AaBTOMATHU3MPOBAHHON  CHCTEMBI  TIOBBINICHHA (PP EKTHBHOCTH  paboThHI
OCeH30MUIIaMA Ha HECIUIOIHBIX pPyOKax ITyTeM OOOCHOBAaHHS ONTHMAbHOW TEXHOIIOTHH H
OpTaHW3alliH TPy[a, KOMIIIEKTa OeH3WHOMOTOPHOTO HHCTPYMEHTa, crocoda W IapaMeTpoB
pa3paloTKH TaceK. Ha mnepBom ypoBHe ANd OOOCHOBaHHS OINTHMAIIBHOIO KOMIDIEKTA
OEH3HHOMOTOPHOTO HHCTPYMEHTA ITpeAlaracTed MaTeMaTHY ecKasd MOAETb TPOI[ecca BBITOIHEHN D
KOMJIEBOTO TIpONHMIa IO ONpeJelieHHIO VASHBHBIX OSHeprosarpal. Ha BTopoM ypoBHE IUIf
O0OCHOBAaHHA ONTHMAIbHOH TEXHOIOTHH W OPraHH3alliH TPy[a IPEeAJaraloTcd WMHTAI[HOHHBIE
MOJAETH TIpolecca BBINIOMHEHNA 00pa0aTBIBAIOIIMX OIEpallii ITO OIPEHENEHUIO YA eIbHBIX
TIPUBEACHHBIX 3Heprosarpar. Ha TpeTheM ypoBHe A4 O0OCHOBaHHA OINTHMAIBHOIO cllocofa U
MapaMeTpoB pa3paboTKH MaceKH HCIIONb3yeTcsd o000IIeHHBI KPUTEPH OlleHKH (K THBHOCTH
BHIMIOIMHEHHA 00pa0aThIBAIOIMX OIEpPallHii ¢ YYETOM IIPAMBIX ITPOM3BOACTBEHHBIX 3aTpar,
JeCOBOJCTBEHHOTO yIlepOa, a TakKe MOBPeXIacMOcTH IoApocTa. [1o KaxmoMy o003HaUeHHOMY
VPOBHIO peIliaeMBbIX 3aflau ObUT pa3paloTaH MaTeMaTHYECKHX almmapar, HH(pOPMAI[HOHHOE H
MporpaMMHoOe  00eCIieUeHHe, PEKOMEHJOBAaHHOE K HCIOIb30BAHHIO Ha IIeCO3ar OTOBHTEIBHBIX
MPeANpUATHAX. B HacTodiliee BpemMd OHO YCIIEIHO BHeApeHO B Mockobckod M TamMOOBCKONM
obmactax. [lo pesymbpraTaM BHeNpeHHA HaOIFOMAeTCd  CHUKEHHE Ha  BBINTOIHEHWH
00pabaTHBAIOIMX ONEpaIliit: YASIbHBIX H YASIbHO-TIPHBEISHHBIX dHeprozarpat (o1 4 mo 9 %),
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OOIIAX ITPAMBIX 3aTpar (0T 370 7%); a TakKe JTeCOBOMCTBEHHOTO M 3KOIIOTHYECKOro yinepda (0T 5
mo 11 %).

Abstract: The article presents a new comprehensive three-level concept for evaluating
design decisions for performing processing operations on incomplete logging, which is
distinguished by the ability to simultaneously predict energy costs, technical and economic results,
and forestry and environmental consequences for the forest environment. To implement this
concept, a structure of a three-level automated system for increasing the efficiency of working with
chainsaws on incomplete cutting was proposed by substantiating the optimal technology and
organization of work, a set of gasoline-powered tools, a method and parameters for developing
apiaries. At the first level, to substantiate the optimal set of gasoline-powered tools, a mathematical
model of the process of performing butt cuts for the determination of specific energy costs is
proposed. At the second level, to substantiate the optimal technology and labor organization,
simulation models of the process of performing processing operations to determine the specific
reduced energy costs are proposed. At the third level, in order to justify the optimal method and
parameters for apiary development, a generalized criterion is used to assess the efficiency of
processing operations taking into account direct production costs, forestry damage, as well as
damage to the undergrowth. For each indicated level of tasks to be solved, a mathematical
apparatus, information and software recommended for use at logging enterprises was developed.
Currently, it has been successfully implemented in the Moscow and Tambov regions. According to
the results of the implementation, there is a decrease in the performance of processing operations:
specific and specific reduced energy costs (from 4 to 9%); total direct costs (from 3 to 7%); as well
as forestry and environmental damage (from 5 to 11%).

KaroueBble ciioBa: OeH3OIMNIIBL, HECIUIOIIHEIE PYOKH JIeca, JIECOCEUHBIE pabOoThI, CIIOCO0B!
paspalbOTKH MaceK.

Keywords: chainsaws, incomplete logging, cutting operations, apiary development
methods.

BBEJAEHHUE

OmgHolM W3 OCHOBHBIX 3aflad pPa3sBHTHA JI€CO3aTOTOBOK  ABIACTCA  KOMILIEKCHOE
COBEPIECHCTBOBAHUE  ITIECOCEUHBIX  paboT ¢ TIO3MIMH  CHHAKCHHAI — DHEPrOSMKOCTH
MTPOM3B OACTBEHHBIX MPOIIECCOB, pocra MMPOM3BOAUTEIBHOCTH Tpyaa, TIOBLIIIIEHH A
TecOBOMCTBEHHOTO 3(dekTa pyOKH M YMEHBINEHHI HETaTHBHBIX SKOIOTHUECKHX TIOCTIC/ICTBHIA
okpyxkKaroteit cpee [11-14]. BosMOKHOCTH pealH3allMH TaKoro MOAX0fMa HaXOAATCA Ha CTaiHH
MMPOSKTHPOBAHHS TIPOH3BOACTBA TIPH OOOCHOBAHHH >(PQEKTHUBHBIX TEXHHKO-TEXHOMOTHUSCKHX H
OpraHH3aIIHOHHBIX PEIIEHHI 110 BHITOMHEHUIO 00padaThIBAIOIMX onepariiii [5-10].

B Hacrodmee BpeMd Ha BalKe JepPeBbeB, 0OPE3Ke CYUbER H PaCKPSKEBKE XIBICTOB IMHPOK O
HCTIONB3VIOT ¢4 OEH30MHIbI, 0COOSHHO B YCIOBHAX KOrJla APYTHE CPEeCTBa OrpaHHYCHBI B padoTe:
MO CBOHMM TeXHHYSCKHM BOSMOKHOCTAM (H3-3a pelmbeda MECTHOCTH, HeCVINeH CIocOoGHOCTH
TPYHTOB, KPYIIHOCTH JEPeBbER), JECOBOACTBEHHO-DKOMOTHUSCKUMH  TpeboBaHHAMH (K
TTOBPEKAAEMOCTH OCTaBISIEMBIX JCPEBbEB, COXPAHACMOCTH ITOAPOCTa M JOMH TEXHOTOTHYECKUX
IUIOIaeit Ha Jecoceke), a TaKKe DHKOHOMHYESCKOH IIelecoo0pasHOCThIO (TIPH  OCBOSHHH
Pa3sposHEeHHBIX JecoceKk ¢ HeQOmbIMMH O0bheMaMH  JIeCOMOb30BaHHg). b (PEeKTHBHOCTE
MeXaHH3UPOBAHHOTO BBITIONMHEHHA 00padaThIBAIONINX ONMEpalii BO MHOTOM 3aBHCHT OT: BEIOOpa
TEXHOTIOTHH W KOMIUIEKTa O¢H3MHOMOTOPHOTO HHCTPYMEHTa, cIlocoba, IapaMeTpoB M
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MOCTIEAOBATENBHOCTH Pa3padoTKH MAceKH M JIEHTHI, a TaKKe OT HHANBHAYAIbHBIX 0COOESHHOCT el
MOTOpHceTOB OeHsonun | 1,2,3, 4].

Bompimoe KOMHYECTBO CpaBHHBAcMBIX BapHAHTOB, INMMPOKHA JHalla30H HW3MEHEHHS
TIPHPOTHO-TTPON3BOICTBEHHBIX  YCITOBHIT pa3pabaThlBacMBIX IIECOCEK M IapaMeTpoB PYyOOK,
pa3nyHad KBaMH(QHKAIMd H YTOMIIEMOCTh HCIIOIHHTENEH, a Takke HeoOXOIUMOCTh
MHOTOCTOPOHHEN OIeHKH 00pa0aTBIBAIOIIMX OIEpalii, 3aTPyJHIeT IIPHHATHE ONTHMAIbHBIX
HayYHO-00OCHOBAHHBIX ITPOSKTHBIX PEIICHHH B TaHHOM BOITPOCE.

HEJIb HCCJIEJOBAHHUA

B cBa3u ¢ aTHM ObUla 0003HaYEHA CIEAVIOMAA LIENb HCCIEIOBAHUI: COBEPIIEHCTBOBaHHE
BBITOITHEHHI 00pabaThBAOIIUX ONepallii TeCOCeUHBIX PadoT OeH3HH OMOTOPHBIM HHCT PYMEH TOM
ITyTeM BBHIOOpa ONMTHMABHBIX MPOEKTHBIX PEIICHHH B 3aJaHHBIX ITPHPOIHO-TIPOH3BOMACTBEHHBIX
YCIIOBHAX Ha OCHOBE KOMITJIIEKCHON OLEHKH X D (PHEKTHBHOCTH.

MATEPHAJI A METO/JABI HCCJIIENOBAHUA

Ha meppoM ypoBHE aBTOMAaTH3HPOBAaHHONH CHCTEMBI ITPHHATHS ONTHMAIbHBIX IMPOSKTHBIX
pelleHrii M1 OOOCHOBAaHHWA ONTHMAIBHOIO KOMIDIEKTa OCSH3HHOMOTOPHOIO HWHCTPYMEHTa
HCTIONB3YETCA MaTeMaTHYeCcKad MOJENb IIPOIecca CPe3aHHd AEepeBa MO OIPEJeNeHUIO YASTbHBIX
sHeprozarpaT. Ha BTOpoM ypoBHE I 0OOCHOBAHHS ONTHMAIBHON TEXHOIIOTHH M OpraHH3allii
TPyAa MPUMEHAFOTCA HMHUTAIMOHHBIE MOJEJH TIPOI[ecca BITIONH eHHA 00padaThIBAIOINAX OllePalliil
TI0 OINPENeICHUIO YAENBHBIX IIPHBEISHHBIX dHeprosaTpar. Ha TperbeMm ypoBHe 114 00OCHOBaHHA
ONMTHUMAITBHOTO crtocoba (pHe. 1) M mapaMeTpoB paspaboTKH MaceKH HCIONb3yeTca 00 00IeHHbIH
KpHTepHit OlleHKH >0 eKTHBHOCTH BHITIOMHEHHI 00padaTbIBAIOIIIX OMePalliii.
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PucyHok 1 — CTpyKTypHa4d cXeMa aBTOMaTH3HPOBAHHOH CHCT MBI TTPHHATHA OITTHMAITbHBIX
MPOEKTHBIX PEIIEHUH ITO BBITIOHEHHEO 00 padaThIBAOIX OIEPallHi JIECOCEUHBIX PadoT

Hna ¢opmupoBaHHd OOOGITEHHOTO KPHUTEPHA OISHKH CIIOCO00B pa3paboTKH ITacek
OSH30MUIIaMA OJHOBPEMEHHO € TEXHHKO-DKOHOMHYECKOH M IIeCOBOJ CTBEHHO-3KOIOIHYE CKOM
TIO3HIIUH TIPEAJIOKEHO HCITONB30BaTh CISAVIOIHE TPH IOKas3aTeld: ITPAMBIE TTPOH3BOACTBEHHBIE
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3aTPaThl, IICCOBOACTE CHHBII ymepﬁ OT TCXHOIIOTHYCCKHX HEITPOA YITHPYIOIITH X IO e TecoCeKH
H IMOBPSAETACMOCTD ITOIPOCTA.
HPEILIBIG ITPOHSBOACTECHHEBIC 3aTPAThI OITPCACIIAOTCA H3 CICIYIOIICTO BhIPDaARKCHHA
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Pucynok 2 — Crioco0sl pa3paloTKH Macek OSH30IMMIIaMH Ha HECTUIOIIHBIX PyOKax
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Jig  orneHKH >(PQGEKTHBHOCTH pas3paloTKH IMaceK OeH30MMIaMH  ObIIO  IIPEAJIOKEH O
HCCIIEAOBAaTh 3 CIEAYIOMHUX ciiocofa. [lepBeIii H3 HHX IIpeAIonaracT IPOKIAAKY ITaceqHBIX
BOJIOKOB C TIOCIEAYIOMEeH pa3paboTKO MONyTaceK JIEHTaMH OIPEelleHHON MHPHHEL HaYnHag OT
OnmM3IexaluX K TaceYHOMY BOJNOKY. Bo BTopom crtoco0e paspal0oTKH ITaceKH ITPOKIIAKa
TIACEYHBIX BOIIOKOB HE IIpeIolaracTced M Ballka JepeBbeB ITPOHCXONUT BHYTPH HacakIeHHA Ha
JEHTE OINpeAeTIeHHON IMHPHHBI PACIIONOKEHHON MEePHeHIUKYIIIPHO MaruCTPabHOMY BONOKY. U
HAKOHEI, TPeTHH crmocol pa3paboTKH MaceKH IIPEAIionaraeT HCIONb30BaHHE TEXHOIOIHYECKHX
BH3HPOB IO YTIIOM K Mard cTPabHOMY H MTACeYHOMY TEXHOIOTHIECKOMY KOPHIOPY.

PE3VJIbTATHI HCCJIENOBAHHUA 1 UX OBCYXKJIEHUE

B pesympraTe OIEHKH TIPEIOKEHHBIX JII9 CPaBHEHHSI CIIOCOOOB  BBITIONHEHHUA
00palaThIBAIOIMX ONEPal[ii Ha IMaceKax IT0 IMOoKas3aTellro OO0IMKX MpAMBIX 3aTpaT (Z,), Hanbomee
TP OYTHT EIIbHBIM OKaszascd 3 BapyHaHT. C IO3HIMH JIECOBOACTBEHHOr O yinepda (Z,) MpoKIajKa
TEXHOIOTHYECKHX BH3HPOB Ha ITONyIIaceKax IIOJ YIJIOM K BOIOKAM JaceT OTPHULATEBHBI
pe3yIbTaT. B To &e BpeMd, 10 MoKa3aTello OB PEELAeMOCTH ITOAPOCTa 3-H BapHaHT BHITIONHEHHA
00palaThIBAIOIMX OIEpalliii Ha ITaceKaxX IIPEBOCXONHUT 1-yIO0 M 2-F0 TEeXHOIOTHIO TIPH 000N
HHTEHCHBHOCTH PyOKH. C y4eTOM 3aJJaHHOTO HOPMATHBHOI'O YPOBHS MOBPEATACMOCTH TIOAPOCTa
Ha HeCTIIOIHEIX pyOKax, a 510 34,4 % BKIIOYad Bee TEXHOIOTHUECKHe TUTOMa H Ha Jecoceke (T.€.
16,4 % - maceku, 15 %— BOMOKH, KOPHUAOPBI M BHU3HPHL U 3 % - TOTPY30YHBIE TLIOMAIKH),
TIPHMEHUTENBHO K AJEKCaH POBCKOMY JIECHUYECTBY OBLITH OIpeAeieHbl OIaronpuAaTHRIE 00IacTH
JUT4 BEIOOpa ONMTHMAIIBHBIX 3HAYEHNUH JIeCOBOACTBEHHO-TEXHONOTHYE CKHX ITapaMeTPOB.

Taxknm oOpazom, BRHIOOpP IIYUINETO W3 TIPSIJIOKESHHBIX MM CpaBHEHHA BapHaHTa
BBIIOIMHEHHA 00palaThIBAlOMIMX OINEpalliii Ha ITaceKaX, OTACIBHO IO KaXkAoMy ITOKa3aTelro
5 GEeKTUBHOCTH, CIOKHOCTeH He BbI3biBacT. OAHAKO ANA TPHHATHE OJHO3HAUHOIO PEIICHHS
OMHOBPEMEHHO € TEXHUKO-3KOHOMHYECKOH, IIECOBOACTBEHHON HIIM 3KOINOTHYECKOH ITO3HITHI
dopyupyeTca OOOOIIEHHBI KPUTEPHH (Z.5y ) OIEHKH TIO0 KOTOPOMY B paccMaTpPHBacMBIX
YCIIOBUAX PaboTHl 3 BapHaHT ITOKa3bIBACT JTYYIIHNE PE3YIbTATHL
A4) 6)

A I A N T 1} = mani, A = 1M 5
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PucyHok 3 — PesyimbTaThl 000CHOBAHHUA CITOCcO0a BRITONMHEHNA 00padaThIBAIOIINX Ollepalliii

TMecOCeTHEIX PaGOT Ha MaceKe Mo KpuTeprio: a) Z,;6) 2,56} Zy52) £,
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BHBIBO/ABI

1. YuuThIBasg 3HAUMTEILHOS Pa3HOCTOPOHHEE BIMAHHE TEXHOIOTHH PaboThl OeH30IMMIaMU
Ha pe3yIbTaThl BBHIMIOIHEHHSA HECIUIONHBIX PYyOOK OBINIa IpeMIokeHa HOBad KOMILIEKCHad
KOHIIEIIAS OLEHKH ITPOSKTHBIX PEINCHHI ONHOBPEMEHHO ¢ TO3HIMH YASHBHBIX H YIEIBHO-
NIPHBEEHHBIX ~ SHEProzaTpar, TEXHUKO-JKOHOMHYECKHH  pesylibraTa H  JIE€COBOACTBEHHO-
SKOIIOTHYECKUX TTOCIIEA CTBHS AT IECHOH CPEJIBI.

2. ]114 peanmmzallid JAaHHOM KOHLEIIMH Oblda IPEANIOAKSHA CIPYKTYpa TPEeXYPOBHEBOH
ABTOMAaTH3HPOBAHHOW CHCTEMBI IIOBBIIICHUA 2Gh(EKTHBHOCTH paloThl  OSH30IMMIIAaMH  Ha
HECIIIOMIHBIX PyOKaX ITyTeM OOOCHOBaHHSA ONTHMAIBHOM TEXHOIOTHH W OpraHH3allih TPyla,
KOMITIIEKTa OEH3HHOMOTOPHOTO HHCTPYMEHTa, cloco0a M IapaMeTpoB pa3paloTKH IaceK. B
JMalbHENINeM JaHHad CTPYKTypa CIIOCOOHA PasBHBAThCA ITYyTeM BBEACHHSI HOBBIX OIIOKOB,
00eCIIeYNBAOIINX COBEPIICHCTBOBAaHHE pabOTEl Beel CHCTEMBI MAIIMH M MEXaHH3MOB Ha
Jecoceke.

3. [lo xaxmomy o00O3HaYeHHOMY VPOBHIO pelllaeMBIX 3aJau  ObUI  paspaboTaH
MATEMATHUYECKUX allfapat, HHOpMaIlMOHHOE U TIporpamMmHoe obecrnieueHue [15]. JlocToBEpHOCTD
MATEMATHYECKOTO armiapara ObllIa IIOATBEPAINEHA B XOAe ITPOM3BOACTBEHHOW TIPOBEPKH C
OTKIIOHeHHEM + 4...8 %.

4. TlonydeHHOe TIporpaMMHOe ofecTieueHHe (BRIK TparpaMdupoBaHre  Delphi, Ne  roc.
Pauctparpmt 2018617824; 2019611248, 2019611250) pekoMeHIOBaHO K HCIIOIB30BAaHHIO Ha
JECO3aTOTOBUTENBHBIX TPEANPUATHAX. B  HacTodillee BpeMd OHO VCIEIIHO BHEAPEHO B
Mockosekon H TamOoBckoH 00macTax. [lo pesyinbTaraM BHEApeHHI HAOMIOJaeTcd CHHKEHHE Ha
BBIMTOMHEHHH 00padaThIBAOIIIX OMEPAllHii: YIETbHBIX U Y eMbHO-TPHBEISHHBIX SHEPro3aTpat (OT
4 10 9 %), ofIIX MpIMBIX 3aTpaT (0T 310 7%), a TakKe ITeCOBOJCTBEHHOIO H SKOIOrHYECKOT O
yiiep6a (or 5 10 11 %).
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