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OBOCHOBAHHUE MMOKA3ATEJIEN BBIBOPA TPACCHI BOJIOKA
C HCITIOJIb3OBAHMEM ITPUHIIUIIOB HABUT'AIIUN

Beeoenue. HayuHo-TeXHUYECKHI MPOTpecc — eIWHOE B3aUMOOOYCIIOBIICH-
HOE TIOCTYIATeJIbHOE JBMKEHHE HAyKH M TEXHHKH — B JIECO3arOTOBHUTEIIBHOI
OTPAC/IU TIO3BOJHI PE3KO YBEIWUIUTh YPOBEHb TPYyJa U ONeparyii, B HEKOTOPBIX
ciaydasix a0 100%, omHaKO 3HAYUTENLHOTO MPOTpecca JIeCO3arOTOBUTEIBHOTO
MIPOU3BOJICTBA, YTO SBJIACTCS HIEMEHTOM TEXHOJIOTHYECKOTO IPOrpecca, IpaKTH-
4yecku He HaOmomaercss [Anncumos, Kounes, 2010]. Tpaccel BolIOKOB mpH pas-
paboTKe CXeMbI TPAHCIIOPTHOTO OCBOEHHS JIECOCEK IMPOBOSITCS MHTYUTHBHO JIH-
00 ¢ ICTIOTP30BaHIEM THITOBBIX CXeM H pekoMeHaanui 30-40-1eTHell JaBHOCTH.

Memoouka u pe3ynbmamoi ucciedosanus. OpraHu3anus JIECOCEUHBIX PaboT
B JIECO3arOTOBUTENBHBIX Ipeanpusatusx Poccuiickoii denepanuu OTCTaeT OT
COBPEMEHHBIX METOJIOB OpraHU3alNH, TPUMEHIEMBIX B IEPEIOBBIX OTPACIIX Ha
OCHOBE COBPEMEHHBIX U3MEPUTEIIBHBIX CPEICTB.

B yue6GHOM mocoOuu MO BBINOTHEHUIO HAYYHBIX MCCIIEAOBAHUN U acIu-
panTckux auccepranuii .M. Anucumon [2011] moxazan, uro 6e3 Hay4yHOTO, U
IJIaBHOE, COBPEMEHHOT'0 MPHOOPHOTO 00ecHeueHHs BEIOOP ONMTUMAIIBHBIX TPACcC
JBIDKEHHS MAIIHMH 10 JIECOCEKe BechbMa 3aTpyAHeH. PaOOTHHKOB Jieco3aroToBH-
TEITBHBIX IPEIIPHATHH B OCHOBHOM HHTEpECYeT SKCIUTyaTalMoHHas 3(QexTus-
HOCTh pabOTBI TPENICBOYHBIX TPAKTOPOB, OINpEAEIIeMas TEXHOJIOTHIECKOMH
(TpaHCTIOPTHOH) MPOM3BOAMTEILHOCTBIO U YIEIBHON YHEPTOEMKOCTHIO Tpoliecca
TPEJIEBKH, a TaKXKe YASIbHONW HArpy>KEHHOCTBIO DIIEMEHTOB KOHCTPYKIMU [AHU-
cumMoB, 1990]. Yare Bcero J1eco3aroTOBUTEH OTPAHUYNBAIOTCST OLIEHKON IKCILTY-
aTarMoHHOH 3(P(eKTHBHOCTH PabOTHI TPEIEBOYHOTO TPAKTOPA TOJIBKO IO JBYM
NIEPBBIM TOKa3aTessiM. B nccnenoBaTenbCkux U JOBOJOYHBIX UCTIBITAHUAX MAKET-
HBIX, OITBITHBIX M CEPUIHBIX 00pa3IOB KOJECHBIX TPEIEBOYHBIX TPAKTOPOB B pa3-
JIMYHBIX NPOU3BOJCTBEHHBIX U TOJIMTOHHBIX YCIOBHSAX MPUMEHSETCS HIIEKTPOU3-
MepHTeNlbHas amaparypa, JIeMeHTHas 0a3a KOTOpOH W B HACTOSIIEE BpEMs
cuuTaercst coppeMeHHol [AHucumoB, 1990; Kounes, 2008]. [TonydeH nateHT Ha
MOOWJIBHBIN M3MEpPHUTENBFHBI KOMIUTEKC [AHHCHMOB U np., 2005]. OtcyrcTBHe
METOIMKH U MPUOOPHOTo 0OecedeHus HayYHO OOCHOBaHHOTO BBIOOpA Tpacc Tpe-
JICBOYHBIX BOJIOKOB OTPHIATENIHHO BIMACT Ha HKCIUTyaTAMOHHYIO 3(QeKTHB-
HOCTB pabOTHI TPEICBOYHBIX TPAKTOPOB U OKPYKAOIIYIO CPENy.
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Jnst ompezneneHus MapuIpyTa ABM)KEHMS Pa3lIMUHBIX MOOMIIBHBIX CHCTEM
HCTONB3YIOT HAaBUTallMIO. B HIMKIONEAUUECKOM MPEICTAaBIEHINH HABUraLlUsl —
HayKa 0 crioco0ax M MeTO/aX BOXKJCHHUS CYJIOB, JIETaTEJIBHBIX alllapaToB U T. 1.
3amaua HaBHTaMM — HAaXOXXJICHHE ONTHMAJIBHOTO MapmipyTa (TpaeKTOpHH),
OIpeJeNICHAE MECTONOI0KEHHUsSI W 3HAUYEHHs CKOPOCTH M APYTMX MapaMeTpoB
nBIbKeHHs: o0bekta [Hapuranus..., 1988]. Ilpemnaraercst co3maBath KapThl Jie-
COCEK, aHAJIOTHYHBIE HABUTAI[MOHHBIM, B KOTOPBIX JOJIKHBI OTPaXaThCs IOY-
BEHHO-TPYHTOBEIE, penbe(dHBIC W JAPYrHe CBOICTBA ONOPHOW MOBEPXHOCTH,
OIIPE/IEIISIONIIE PEKIMBI pAOOTHI MAIIUHEL.

CTpykTypa >JIEKTPOU3MEPUTENBHOTO KOMILUIEKCA M IOKa3aTelH OLEHKU
CBOHCTB BOJIOKa OyIyT ONpenensThes 3aJauaMU UCCIICOBAHUS, KOTOPBIE MOTYT
3HAYHUTENFHO OTJINIAThCA, HallpuMep:

— COXpaHEeHHe MOoAPOCTa;
— CHIXXEHHUE OTPHLATEILHOTO BO3/AECHCTBUS TEXHUKY;
— TIOBBILIEHUE DKCIUTYyaTAMOHHON 3 (PEKTHBHOCTH pabOTHI TPAKTOPA M T. II.

Jlns pereHus TOCTaBICHHBIX 33124 HEOOXOIMMO N3MEPSITh, PETHCTPHPOBATh
1 MaTeMaTHIeCKH 00pabaThIBaTh PE3yNIbTaThl HCCIIENOBAHNS [TOKa3aTelNel 1 Ipo-
LIECCOB C NMPUMEHEHHEM TEOPUH BEPOSITHOCTU. 3HAHME yIJa U3JI0Ma LIapHUPHO-
COYJICHEHHON paMbl U KPYTSAIIEr0 MOMEHTa, MOABOJAUMOrO K BEAYIIUM KOJecaM,
M, TIO3BOJIUT MONYYUTH 3aKOHBI PACTpEIeNICHUS KacaTelIbHON CHIIBI TATH IS
OLICHKH JTMHAMUKH IIPOLEcca, SHEPrOEMKOCTH TPOLecca, Pa3nuIHbIX Kod(humu-
€HTOB COIIPOTHBIICHHUS JIBHXKEHHMS, TATOBOTO KO (HUIIMEHTA TTOJIE3HOTO JEHCTBHS
u 1ip. Yncno 060poToB ¢ HapacTaOIUM UTOTOM TypOUHHOTO KOJIeca 7, U «IISITOro
KOJIECa» 71, TIO3BOJIAT OMPEENTUTh ITOTEPH OT OYKCOBaHMS 0. YTOII YKIIOHA BOJIOKA
i TO3BOJIUT BBIICTUTH COMPOTUBIICHNE JBHKECHUIO OT YKJIOHA.

[lepeuens paTuMKOB-IIpeoOpa3oBarTeneld, pa3MENIEHHbIX Ha MOOHIBHOM
HU3MEPUTEIHHOM KOMILIEKCE, NMO3BOJIUT PEIIUTh MOCTABICHHBIEC 3a/add HCCIIe-
JOBAaHWS W UCTIPABHUTH JIOMYIICHHBIE HEKOPPEKTHOCTH B TEOPHH IBIDKCHHUS JIe-
COCEYHBIX MaImuH (puc. 1).

MHorue aecsTuiaeTus B By30BCKUX yueOHHKax [JlecHsble..., 1989; Anucu-
MoB, Kounes, 2009] TsroBblif 6ajaHC JIECOCEUHBIX U JIECOTPAHCIIOPTHBIX Ma-
IIHH, JBIDKYITAXCSI PABHOMEPHO CO CKOPOCTHIO J0 25 KM/4, 3aIIMCHIBACTCS TaK:

P=PtB+F, €))
rae B, — kacatenbHas cuiia TAru; Py — cuila CONPOTUBIIEHHS KAUeHuto; P; — cuia
COMPOTHUBIIEHHS OABEMY; Py~ KPIOKOBAs CUJIA TATH.

IIpu sToMm:

P=f-G, @
rae f — KO3 (QUIMEHT CONPOTUBICHUS KadeHHI0; G — BeC MallMHBI, BKIIOYas
MIPUXOAAIIYIOCS Ha Hee MOJIE3HYI0 Harpy3Ky.
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Puc. 1. KonecHsli JIeCOTPOMBILIUIEHHBIN TPAKTOP, OCHAIIIEHHBIA H3MEPUTENEHBIM
o6opynoBanuem: I — JIYCY (maT4uk yrioBbIX CKOpocTel YHUGHUIMPOBAHHBIN);
2 — 1aTYMK U3MEPEHHUs YKIIOHA BOJIOKA; 3 — cTa0MiIM3upoBaHHas miarhopma;

4 — naT4uk OTMETKH 000poTOB «IIsITOC KOIEeCoy; 5 — JaTUMK KPYTSIIEro MOMEHTa
Ha TypOWHHOM KoJiece; 6 — TaTYNK OTMETKH 00OPOTOB TYpOMHHOTO KOJIeca;

7 — IaT4YXK M3JI0Ma MMapHUPHO-COWICHEHHOH paMbl

Fig. 1. Wheeled forestry tractor equipped with measuring equipment: / — AVUS
(angular velocity unified sensor); 2 — drawbar slope measurement sensor;
3 — stabilized platform; 4 — «Fifth wheel» speed mark sensor; 5 — torque sensor
on the turbine wheel; 6 — turbine wheel speed mark sensor; 7 — articulated frame
fracture sensor

Mogemu (1) m (2) TpUHATE U3 TEOPHUU IBMDKEHHSI aBTOMOOWIJICH 00IIero
Ha3HA4YeHH, B ABIKEHUN KOTOPHIX JOMUHMpPYeET npsMmonuHeiiHoe. C Hamiel Tou-
KU 3pEHHs] OHM HEKOPPEKTHBI JUIsl TPENEBOYHBIX MammH. [Ipu TpeneBke mauku
JPEBECHHBI TPEIEBOYHBIA TpakTop MoXxeT m0 70% BpeMeHM ABMKEHHS Haxo-
JUTBCS B PEXKHME TIOBOPOTA C Pa3HBIMU PagMycaMH KpHBH3HBI [AHHCHMOB, Kou-
HeB, 2009], mpu 3TOM Ha JABWXXEHUE BO3ACUCTBYET COIPOTUBIEHHUE OT IOBOPOTA.
OTO CONPOTHBIIEHUE MOXKET 3HAYMTENBHO MPEBOCXOUTH Py, HO B hopmyax Ts-
rOBOro OajaHca HE yYHMTHIBACTCS. JTO CEepbe3Hasl OIIMOKAa B TEOPHM ABMXKCHUS
TPENIEBOYHBIX TPAKTOPOB W CHUCTEM. JIJIsi pelIeHns IOCTaBICHHBIX 3a/a4 Hccle-
JIOBaHUH MpeasaraeTcs BBECTH KOI(PPUITHEHT COPOTUBICHHUS JBHKCHUIO f;:

L=+t fe 3)
e fr, — KO3 GUIMEHT CONPOTHBIICHUS ITOBOPOTY; f. — KO3 HUIMEHT cOnpOTHB-
JICHUS CKOJIBXKCHUIO IPEBECHHBI IO TIOYBOTPYHTY JICCOCEKH.
3HaueHne KodPPHUIIMEHTA COMPOTUBIICHUS f; U CHIIBI COMPOTUBIICHUS OT TI0-
BOpPOTa MOTYT OBITH H3MEPEHBI, 3aPETUCTPUPOBAHEI H MaTEMaTHIECKH 00paboTa-
HBI alImapaTypol ONMMCAHHOTO BBHIMIE MOOWMIEHOTO M3MEPUTEIBHOTO KOMILIEKCA.
Tornma Ko3pGUIHEHT COTPOTUBIICHHUS JOPOTH (BOJIOKH) (0 MOYKHO 3aITUCATh:
¢=f ti, 4)
rae i — nogbeM, %o.
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Beinenenne noBopoTa B ABUKCHUH TPEIEBOYHOIO TPAKTOPA C ONPEICIICHHU-
eM IIOoKa3zaTeiell MOBOpOTa: KOd(QUILMEHTa f;, YIJIOBOH CKOPOCTH KPHUBH3HBI
TPAaeKTOPHU ABM)KEHHS U BPEMEHH IPOXO0XKCHHUS II0BOPOTa — MO3BOJHT OLCHU-
BaTh BIMSHHE TPAcChl BOJIOKA Ha KMHEMATHKY W AWHAMUKY IBHXEHHS Tpelle-
BOYHOH CHCTEMBI.

BBezieHre HOBBIX MOKa3aTesIeH 3HAUUTEIILHO PACIIUPSIET TEOPHIO ABHKECHHS
TPEJICBOYHOTO TPAKTOpa.

3axnmouenue. OG0CHOBaHHbBIE MOKA3aTeNH OLIEHKH B3aWMOJAEWUCTBUS Tpe-
JIEBOYHOTO TPAaKTOpa C OIOPHOM IOBEPXHOCTBIO M METOABI HX IPUOOP-
HOTO OTIpPENIETICHUS TO3BOJIAT BBHIOMpaTh M3 OOJBIION COBOKYIHOCTH paIlHo-
HaJIbHBIE TPAacCHl BOJIOKOB, TPEJIeBKAa APEBECHHBI MO KOTOPHIM 00eCHednT
MaKCHMAJIbHYI0 3KCIUTyaTallHOHHYI0 3()()EeKTUBHOCTH PabOTHl TPEIEBOYHOTO
TpaKTopa.

Kongpnuxm unmepecos. ABTOpBI 3asBIISIIOT 00 OTCYTCTBHU KOH(IMKTa HHTEPECOB.
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KouneB A.M., KpuBonorosa A.C., [lymkos FO.JI. O6ocHOBaHue noKa3aTeiei
BbIOOpa Tpacchl BOJOKA C KCIOJb30BAaHMEM MPUHIMIOB HaBuranuu // W3Bectus
Cankr-IlerepOyprekoit necorexnuueckoit axkagemun. 2024. Bem. 251. C. 315-321.
DOI: 10.21266/2079-4304.2024.251.315-321

PaGOTHHKY JIECO3arOTOBUTENBHOM OTPACIN 3a4acTyl0 OIPAaHUYMBAIOTCS OLCHKOI
9KCIUTYaTalHOHHON 3G (HEKTHBHOCTH PabOTHI TPEIEBOYHOTO TPAKTOPA TOIBKO MO ABYM
MOKAa3aTeNisiIM: TPAHCIIOPTHON TNPOM3BOJUTEIBHOCTH U Y/ACIBHOW 3HEPrOEMKOCTH
mporecca TPENeBKH — HO IS JOCTHIKEHHWS PalOHAIBHOIO HCIOJIb30BAHUS
JI€CO3arOTOBUTENLHOM TEXHUKH HEOOXOIMMO COBPEMEHHOE MpUOOpHOE obecredeHue
BHIOOpa ONTHMAlbHBIX Tpacc [IBIKCHHS MaIIMH MO Jiecoceke. Ilpeanaraercs
CO3/1aBaTh KapThl JIECOCEK, AHAIOTMYHBIC HABUTAIIMOHHBIM, B KOTOPBIX JIOJDKHBI
OTpaXkaTbCsl TMOYBEHHO-TPYHTOBBIC, penbeHBIE W JApyrHe CBOWCTBAa ONOPHOM
[OBEPXHOCTH, ONPEAENAIOINEe pEeXUMbI paboTel  MammHbl. s perieHus
MOCTABJICHHBIX 3a]a4 HEO0OXOAWMO H3MEpSATh, PETHCTPUPOBATH M MATEMAaTHYCCKU
00pabaTeIBaTh pe3ysIbTaThl HCCIIENOBAHMS TTOKa3aTeseil 1 NPOLecCOB ¢ MPUMEHEHHEM
TCOPUH BEPOSTHOCTH. 3HAHHWE yIJia H3IOMa MIAPHUPHO-COWICHEHHONM paMbl U
KPYTAIIEr0O MOMEHTA, IMOJBOAMMOIO K BEAYIIMM KOJIecaM, IO3BOJHT IOIYy4YHTh
3aKOHBI paclpe/esICHHs KacaTeIbHOW CHIIBI TATH Ul OLICHKH HHAMHKH MpOoIlecca,
9HEPrOSMKOCTH MPOLECcca, Pa3IHYHbIX KOIPOHUIHEHTOB CONPOTUBICHUS JBHKCHHS,
TSIFOBOTO KO3(h(UIHeHTa MONe3HOTo AeiicTBUs U ap. [Ipy TpeneBKe Mauku APEeBECHHbI
TPENIeBOYHBIH TpakTop MOXkeT 10 70% BpPEMEHU NBHKCHHS HAXOIUTHCS B PEIKHME
IIOBOPOTa C Pa3HBIMH PAaAUyCaMU KPHBH3HBI, IIPH STOM Ha ABIDKEHHE BO3JIEiCTBYeT
CONPOTHBIICHHE OT MOBOPOTa. JTO  CONPOTUBICHHE MOXET 3HAYMTEIIBHO
MIPEBOCXOAUTH CUIIY CONPOTHUBICHHS JBIDKCHHIO. ISl peIICHHS ITOCTABICHHBIX 3a1a4
HCCIIENOBAHMI IIpe[yiaraeTcs BBECTM B TSIIOBBIH  OajaHC  JIECOCEYHBIX U
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JIECOTPAHCIIOPTHBIX MAlIMH KO(Q(UIMEHT CONPOTHBICHUS ABHKCHUIO, KaK CyMMY
ko3¢ duIieHTa COMPOTHUBICHHS MOBOPOTY W KO3(P(DHULIHEHTa COMPOTHUBICHHUS
CKONbXEHUsI ApeBecHHbl. OOOCHOBaHHBIC MOKA3aTeNM OLCHKH B3aUMOICHCTBHUS
TPEJICBOYHOTO TPAKTOpa C ONOPHOW IIOBEPXHOCTHIO W METOABI HX IPUOOPHOrO
OIIpeIeNICHUs TTO3BOJIAT BHIOMPATh M3 OONBIIONH COBOKYIMHOCTH PAIlMOHAIBHBIC TPACCHI
BOJIOKOB, TpeJeBKa JAPEBECHHbl II0 KOTOPHIM  OOECHEYUT MaKCHMAaJbHYIO
IKCIUTYaTalMOHHYI0 2 (PEKTUBHOCTD PaOOThHI TPEIEBOYHOTO TPAKTOPA.

Kno4yeBble cnoOBa: TPEIEBOYHBIA TPAKTOP, MHOOPMALMOHHBIE CHCTEMBI,
K03(pPUIMEHT CONMPOTUBIIECHHS, IKCILUTyaTallnOHHAsT 3PPEKTUBHOCTb.

Kochnev A.M., Krivonogova A.S., Pushkov Yu.L. Substantiation of indicators
for choosing a dragging route using the principles of navigation. Izvestia Sankt-
Peterburgskoj Lesotehniceskoj Akademii, 2024, iss. 251, pp. 315-321 (in Russian with
English summary). DOI: 10.21266/2079-4304.2024.251.315-321

Workers in the logging industry are often limited to assessing the operational
efficiency of a skidder by only two indicators, transport productivity and specific
energy intensity of the skidding process, but in order to achieve rational use of logging
equipment modern instrumentation is needed to select the optimal routes for the
movement of machines in the cutting area. It is proposed to create maps of cutting
areas, similar to navigational ones, which should reflect the soil-ground, relief and
other properties of the supporting surface that determine the operating modes of the
machine. To solve the tasks set, it is necessary to measure, record and mathematically
process the results of the study of indicators and processes using the theory of
probability. Knowledge of the fracture angle of the articulated frame and the torque
supplied to the drive wheels will make it possible to obtain the laws of distribution of
the tangential thrust force for assessing the dynamics of the process, the energy
intensity of the process, various coefficients of resistance to movement, traction
efficiency, etc. When skidding a pack of wood, the skidder can be in rotation mode
with different radii of curvature up to 70% of the time, while the resistance from
turning affects the movement. This resistance can far exceed the force of resistance to
movement. To solve the research problems, it is proposed to introduce the coefficient
of resistance to movement into the traction balance of logging and forest transport
machines, as the sum of the coefficient of resistance to rotation and the coefficient of
sliding resistance of wood. Reasonable indicators for assessing the interaction of a
skidder with a supporting surface and methods for their instrumental determination
will make it possible to choose from a large set of rational dragging routes, the
skidding of wood along which will allow you to get the maximum operational
efficiency of the skidder.

Keywords: skidding, information systems, drag coefficient, operational
efficiency.
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