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HNPUMEHEHUE IBYXCTYIIEHYATOM TPEJIEBKH
B YCJIOBUSX PECIIYBJIMKHU BEJIAPYCbH

PazpaboTka TpyaHOIOCTYNHBIX Jiecocek B Pecybimke benapych xapakrepusyercsi 3HaYUTEIbHBIM
UCIIOJIb30BAHUEM PYYHOTO TpyZAa, HHM3KOH IPOM3BOIUTENBHOCTBIO M BBICOKOH BEPOSTHOCTHIO
NPOM3BOJICTBEHHOTO TpaBMaTH3Ma. J{J1s pelieHus: MoCTaBiIeHHON MpoOJieMbl aBTOpaMHy IMpeAsiaraercs
HOBBIH c1I0c00 pa3paboTku iecocek. Ero 0COOEHHOCTH COCTOHT B TOM, UTO JIECOCEKY pPa3padaThIBAIOT B
nBa stana. Ha nepBom sTamne necocednslie paboThl BEAYTCS HAa y4acTKaxX JIECOCEKH C XOpOIIei Hecymei
CIIOCOOHOCTBIO TPYHTOB. 3aroTOBKa JPEBECHHBI OCYLIECTBISETCS II0JIOCAMH LIMPHHOW, paBHOM
JBOMHOMY BBUIETY THIPOMAaHHITyJsITOpa XapBecTepa. sl 3TOro IpUMEHseTCs CUCTEeMa MallnH
«xapBectep u (opBapaep». Ha Bropom stane pa3pabaThIBafOT TPYAHOIAOCTYIHBIC yYaCTKH JIECOCEKH C
pa30MBKON MX HA MaceKd MHUPHHOH 25-30 M NMEePHEeHANKYISIPHO K MOIBE3THOMY JIECOBO3HOMY ITyTH.
[IpakTHueckoe MpUMEHEHHE JTaHHOTO Croco0a pa3paboTKU JIECOCEKH MOApa3syMeBaeT HEOOXOIUMOCTh
MIPUMEHEHHS BYXCTYIICHYATON TPEJIEBKH APEBECHHBL. B 3TOM cilyyae mepemerieHne 3aroToBICHHON
JPEBECUHBI C TPYAHOJOCTYIHBIX YYacCTKOB JIECOCEKH OCYILIECTBIISICTCS TPEIEBOYHBIM TPAKTOPOM C
KaHATHO-YOKEPHOW OCHACTKOM, a MepeMEIICHUE e¢ M0 TPYHTaM C XOpOIleH HecyIleld ClioCOOHOCThIO —
MIOrPy304HO-TPaHCIOPTHOM MamnHOM. C 11enbio 3 GEeKTHBHON peann3aliy AByXCTYEHYATOW TPEJIEBKU
JPEBECHHBI TIPH OCBOSHHH TPYAHOAOCTYITHOTO JIECOCEUHOTO (DOH/A B CTAaThE PACCMOTPEHBI OCOOCHHOCTH
€€ NMPUMCHCHUA B MPOU3BOACTBCHHBLIX YCJIOBHAX. PaCCMOTpeHl)l OCHOBHBIC (baKTOpI)I, BJIMSFOIIIME Ha
s¢dexTrBHOCTL TpeneBku. [IpomsBeneHa cpaBHHUTENbHas OLICHKA TPaJULMOHHON M JBYXCTYIIEHYATOMN
TPENEBKHA O KPUTEPHIO YACHbHOW MPOAOIDKUTEIBHOCTH. YCTAHOBJICHO, YTO TPAAWIMOHHAS TPEJIEBKa
a¢dexTrBHa pH cpeHeM pacctosiHu TpeneBku 10 190-310 m. [pu nanpHelineM yBeTHYSHHH TAaHHOTO
napamerpa LeJecoo0pa3Ho IPUMEHSTh IBYXCTYIIEHYATYIO TPEJIEBKY.

KnioueBbie c10Ba: TpyIHOAOCTYITHBIE JIECOCEKH, CHCTEMa MAIMH, JBYXCTYIIEHYaTas TpPEJIEeBKa,
3¢ EKTUBHOCTD.
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USING THE TWO-STAGE SKIDDING
IN THE CONDITIONS OF THE REPUBLIC OF BELARUS

The development of hard-to-reach felling areas in the Republic of Belarus is characterized by a
significant use of manual labor, low productivity and a high probability of industrial injuries. To solve the
problem posed, the authors propose a new method for the development of cutting areas. Its peculiarity lies
in the fact that the cutting area is developed in two stages. At the first stage, logging operations are carried
out in areas of the felling area with good soil bearing capacity. Harvesting of wood is carried out in strips
with a width equal to the double overhang of the hydraulic manipulator of the harvester. For this, the
“harvester and forwarder” machine system is used. At the second stage, hard-to-reach areas of the felling
area are developed with their breakdown into apiaries 25—30 m wide perpendicular to the logging access
road. Practical application of this method of logging area development implies the need to use a two-stage
skidding of timber. In this case, the movement of harvested wood from hard-to-reach areas of the cutting
area is carried out by a skidder with a rope-choker equipment, and its movement over soils with good
bearing capacity is carried out by a loading and transport machine. In order to effectively implement a
two-stage skidding of wood in the development of a hard-to-reach logging fund, the article discusses the
features of its use in industrial conditions. The main factors influencing the efficiency of skidding are
considered. A comparative assessment of traditional and two-stage skidding was carried out according to
the criterion of the specific duration of skidding. It has been established that traditional skidding is
effective with an average skidding distance of up to 190-310 m. With a further increase in this value, it is
advisable to use a two-stage skidding.
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BBenenue. B mnocnennue roael B bemapycu
CITOKMJIACh YCTOWYMBAsI TEHAEHIUA K €XKErOJHOMY
YBEIIMYEHUIO PACYETHON JIECOCEKH IO BCEM BHAAM
py6ox [1]. ITo uroram 2020 r. hakTHIecKuii 00BEM
3arOTOBKH JIPEBECHHBI B TOCYJAPCTBEHHBIX JIECOXO-
3sTCTBEHHBIX yupexneHmsx (I'JIXY) Munucrepctsa
JIECHOT'O XO3SHCTBA COCTaBMII OKOJI0 21,2 MITH M.

TpamunuoHHO JIecocedHble PabOTHI B Harreh
CTpaHE OCYIIECTBISIOTCS 10 COPTUMEHTHOH Tex-
Hojoruu. Ilpu 3TOM Jecoceku ¢ xopoluieid Hecy-
mell CIoCOOHOCTHI0O TPYHTOB pa3pabaThIBAIOTCS
cUCTeMaMH MaIllnH «OEH3MHOMOTOpHas Mwia +
MOTPY309HO-TPAHCIIOPTHAS MAITMHA» WIIH «XapBe-
crep + doprapaep». TpyaHOOOCTYIHBIN Jlecoced-
HBII (OHI OCBaMBaeTCs, Kak IMPaBUIIO, CHCTEMOM
MaIiH «O€H3WHOMOTOpPHAS MHJIa + TPeJIeBOYHBIN
TPaKTOpP ¢ KAHATHO-YOKEPHOH ocHACTKON» [1-12].

Pa3zpaboTka TpPYyAHOMOCTYITHBIX JIECOCEK II0
TPaIUIIMOHHON TEXHOJOTHH C HCIIOJIb30BaHUEM Ha
oTIepaIiy TPEIEBKH JPEBECHHBI TPAKTOPOB C KaHAT-
HO-YOKEPHOM OCHAaCTKOM HMeEeT psii HEIOCTaTKOB,
cpeny KOTOPBIX 3HAYMTEIBbHAs TPYAOEMKOCTh MpO-
W3BOJICTBEHHBIX OMEpanyii, TSHKENble YCIOBHA U
HI3Kasl TPOM3BOIUTENHHOCTh TPY/A, TOBBIIICHHAS
BEPOSITHOCTD IMPOU3BOACTBEHHOT'O TpaBMaTm3mMa [2, 3].

C 1menp0 pamMoHATEHOTO W 3()QPEeKTHBHOTO
OCBOEHHS TPYAHOJOCTYITHOTO JIecOceqdHOro (hoHma
B yupexaeHnn obpasoBanms «bemopycckmii rocy-
JIAPCTBEHHBIM  TEXHOJOTHYECKUH  YHHUBEPCUTET
pa3paboTaH W 3amaTeHTOBaH CITIOCOO pa3pabOTKH
JIECOCEKH, BKITIOYAIONINIA pa3OUBKy ee TeppUTOpHU
Ha JOCTYIHBIE M TPYTHOIOCTYIHBIE JJISI OCBOCHUS
YYaCTKH C TPOKJIAAKON TEXHOJOTHYECKHX KOPHJIO-
POB W TPENEBOYHBIX BOJIOKOB, K KOTOPHIM IPHMEI-

KaeT BEPXHWM CKIax C 30HOW 0€301MacHOCTH |
MOTBE3IHBIM JIECOBO3HEIM ITyTeM [12].

OCOOEHHOCTh JaHHOW TEXHOJOTHH COCTOUT B
TOM, YTO JIeCOCeKa pa3pabaThIBaeTCs B [[Ba ATarla.
Ha nepBom stamne pazpabaTeIBarOTCsS JOCTYIIHEIE €€
YYacCTKH TOJIOCAMHU LIUPUHOMN, paBHOW JBOMHOMY
BBUIETY THAPOMaHUIYJATOpa XapBecTepa ¢ IpH-
MEHEHHEM CHCTEMBl MaIlliH «XapBecTep + ¢op-
Bapmep». Ha Bropom »sTame paspabarbIBaroTCs
TPYIHOJOCTYITHBIE YYaCTKH JIECOCEKH C Pa3OUBKON
HUX Ha Taceku MmUpUHOH 25-30 M neprneHAuKyIsp-
HO K TIOIBE3IHOMY JIECOBO3HOMY ITyTH C HMCIIONb-
30BaHNEM OEH3O0MMIbI B KOJIECHOTO TPEIEBOYHOTO
TpakTopa € KaHaTHO-YOKEPHON OCHACTKOW mpu
BaJIKE JIEPEBbEB BEPIIMHONW Ha BOJIOK, TPEJIEBKOU
WX 32 BEpIIMHY Ha BEPXHHUU CKIAJ C TMOCIexyro-
meit oopadoTkoit xapBectepoMm [13].

Peammzarus qanHOTO crmocoda pa3paboTKH Jieco-
CEeKH TIOpa3yMeBaeT HEeOOXOIMMOCTh MPUMEHEHHS
TMIBYXCTYTIICHIATOW TPEIIEBKA JpeBecHHBI (pwc. 1),
MpHU KOTOPOM MepeMeIlleHUe 3aroTOBJIEHHON Jipe-
BECHHBI C TPYIHOJOCTYITHBIX YYacCTKOB JIECOCEKH
OCYIIECTBIISIETCS] TPEJIEBOYHBIM TPAaKTOPOM C Ka-
HaTHO-YOKEPHOM OCHACTKOW, a MpHU INEepeMeIIeHUH
e I10 TPYHTaM C XOpOITei HecyTel CltocOOHOCTRIO —
MOTPY309HO-TpaHCIIOpTHOUM MarmuHOH (IITTM).

B »10if cBsI3BM U1 peaM3ali IByXCTYIIEHYaTon
TPEJNEBKH JIPEBECHHBI IPH OCBOSHUH TPYTHOIOCTYITHO-
TO JiecoceqHoro (oHma BCTaeT BOIPOC 00 OCOOCHHO-
CTSIX €€ MPUMEHEHUS B IIPON3BO/ICTBEHHBIX YCIIOBHSIX.

OcHoBHasg 4acTtb. CpaBHHUTEIBHYIO OILECHKY
TPaJUIIUOHHOW W JBYXCTYIEHYATON TpeJieBKU
MIPOU3BENIEM II0 KPUTEPUIO BPEMEHH, 3aTpadnBae-
MOTO Ha TPENEBKY | M~ IpeBECHHBI.

Puc. 1. Pa3paboTka necocex ¢ UCIIONb30BaHIEM
JIBYXCTYIICHYaTON TPEJIEBKH APEBECHUHBI TPAKTOPOM
C KaHaTHO-YOKEPHON OCHACTKOM U MOrpy304HO-TPAHCIIOPTHON MAaIIMHON
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PaccMoTpuM MPOM3BOIUTEIBHOCTE TPENEBOY-
HOT'O TpakTopa ¢ KaHaTHO-YOKEPHOW OCHACTKOH,
onpenensieMyro no BelpaxeHuto [3, c. 37]. Ilocne
ero npeoOpa3oBaHHs MOJIYYHM, YTO BpeMs, 3aTpa-
YMBAEMOE HA TPEIEBKY 1 M’ PEBECHHBI, COCTABHT

S S
et
_ vpxl Vixl 1
t, = v ; (M

hiel

rje S — cpefiHee PaCCTOSHUE TPENEBKHU, M; Vi, Vixl —
CpenHssl CKOPOCTh IBWXKEHHUSI TpPakTopa COOTBET-
CTBEHHO C IPy30M M 0€3 Ipy3a, M/C; f;, — BpeMs Ha
YOKEPOBKY JEpeBbeB W (OPMHUPOBAHUE MAUYKH, C;
for — BPEMS Ha OTLETKY MAYKH ¥ YOKEPOB Ha BEPXHEM
CKJIaJie U BHIpaBHUBAaHHUE KOMIIEH, ¢; V) — 00beM ape-
BECHHbI, TPEITFOEMBIii TPAKTOPOM 32 OJIHH PEiic, M.
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XJIBICTOB (JIepeBbEB), M; # — KOJIHYECTBO PabOUMX,
YYacTBYIOIIMX B YOKEPOBKE XJIBICTOB (AE€PEBHEB);
Vs — CpeaHHAN 00BEM XIIBICTA, M .

PaccMOTpuM NPOM3BOAMTENBHOCTh IOTPY304-
Ho-TpaHcropTHO# MammHb! ([ITM) nmu dhopBapae-
pa ompenenseMyto o BelpaxkeHuto [3, c. 36]. [Tocne
ero npeoOpa3oBaHus MOJTYYUM, YTO BpeMs, 3aTpa-
YpBaEMOE Ha TPEJIEBKY 1 M’ IPEBECHHBI, COCTABUT
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TI€ fynau M fpnes — 3aTPATBl BPEMEHH HA IOTPY3KY M
pasrpy3Ky OJHOM MayKu COOTBETCTBEHHO, C; Vi U
Vpnas — OOBEM IAYKM, 3aXBaTHIBAEMON TMJPOMaHH-
MyJISITOPOM 33 OJUH IIpPHUEM, NPU HOTPYy3KE U pa3-
Ipy3Ke COOTBETCTBEHHO, w; ko, ki — k03 PurmeH-
ThI, YUUTHIBAIOIME YBEIHYEHNE TIPOWEHHOTO ITyTH
32 CYeT HEeNpSAMOJIMHEHHOCTH TNpHU JBH)KEHUH II0
BOJIOKY ¥ YBEJIMYEHHUE ITyTH TPU pa3BOpPOTE MaIH-
HBI COOTBETCTBEHHO; S — CpE/IHEEe pacCTOSHUE Tpe-
JIEBKU (IIOIBO3KH) COPTUMEHTOB, M; Vpx2, Vxx2 — CKO-
poctu IITM B rpy30BOM U IOPOXKHEM HalpaBJICHU-
AX COOTBETCTBEHHO, M/C; Vyep — CPEIIHAS CKOPOCTh
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nemwxenus [ITM npu cobope nmauku, m/c; Qr, — TUK-
BHJIHBIH 3aIac ApeBecHHBI Ha | Ta, M/ra; b, — IIH-
pHMHA MAaceKku, M; i — UHTEHCUBHOCTb PyOKH Hacaxk-
AeHust (TMpU CIUIOMIHBIX pyOKax i = 1; [, uep — MyTh,
NPOXOANMBIN MalIMHON OT OJHOTO IITA0eNs K ApY-
oMy TpH pasrpyske, M; Vi, — 00beM APEBECHHHBI,
KOTOpHIi Gy et BoiBeseH [ITM 3a omuH peiic, M.

3aTpaThl BPEMEHM Ha MOTPY3KY M pasrpys3Ky
OIHOM IAaYKK ONPEHEISIOTCS 10 PErpecCUOHHBIM
3aBucuMocTsM I'. M. Ymakosa:

fovan =T T8+ 58,74V, +

+ 2,181, =5,77V,,.L; (5)
e = —48,5+95,200, . +

+ 7,010, 1,32V, . 12 (6)
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rae [, — cpenHss ATMHA COPTUMEHTA, M.

Torma Ha ocHoBaHuu BbIpaxeHuid (1) u (4)
BpeMsl, 3aTpaulBaeMoe Ha JByXCTYNEHYATyIO Tpe-
NeBKy 1 M’ IpeBECHHBI, COCTABUT:
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Ve
rae Sy — MPOTHKEHHOCTh NIEPBOH CTYIIEHH TPEJIeB-

KH JIPEBECHHEI (TPEICBOYHBIM TPAKTOPOM C KaHAT-
HO-YOKEepHOW ocHacTkoi), M; (S — S;) — mpots-
JKEHHOCTh BTOPOW CTYITIEHW TPEJIEBKU APEBECUHBI
(TOTpy309HO-TPaHCIOPTHON MAITUHOMN), M.

st cpaBHUTENBHOM OLIEHKH TPaJWLUOHHON U
JIBYXCTYTIEHYAaTON TPEIEBKH IPEBECHHBI B pacuyeTax
HAMH MIPUHSATHI CIIEAYIONINE MapKH JISCHBIX MAIIHH:
B KauecTBe TPEICBOYHOrO TPAKTOpAa € KAHATHO-
qokepHO# ocHacTkoii — TTP-411 (Vy =3,5M);
B KaueCTBE MOrPy304HO-TPAHCHOPTHBIX MAIIMH —
MIIT-461.1 (Vi = 10 M) u «Amkomop 2661-01»
(Va1 = 15 00).

CpaBHHUTENbHAS XapaKTEPUCTHKA TPAJUIINOH-
HOW M JABYXCTYIEHYATOW TPEJIEBKH IMpHBEIEHA Ha
puc. 2 u 3.
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Puc. 3. 3aBucuMOCTb yAeIbHON NPOJOIKUTENILHOCTH TPEIEBKU
OT PacCTOSIHUS TPEJEBKU U pericoBoil Harpy3ku [ITM
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3axmoyenne. Ha ocHOBaHMM TNPOBENEHHOTO
TEOPETHYECKOTO HCCIIEOBaHUSA YCTAHOBJIEHO, YTO
BpeMs, 3aTPaunBacMOE HA TPENEBKY | M’ JIpeBECHHDI,
3aBHCUT OT CPEIOHEro 00BbeMa XJIBICTA, PACCTOSHUS
TPENEBKU U PEHCOBOM HATrpy3KH HA TPEJIEBOUYHBIN
TPaKTOP U MOTPY30UHO-TPAHCIIOPTHYIO MALIHHY.

C yBenuueHHeM cpenHero oobema XibicTa Vy,
¢ 0,2 o 0,8 M’ yAelbHas MPOAOIHKUTEIbHOCTh
TPaZWLMOHHON TpeNeBKH TMpH HUCHOJIb30BAHUU
TpakTopa TTP-411 ¢ xaHaTHO-4OKepHOW OCHAcCT-
Kol yMmensbmaercs Ha 15-30%. Ilpu ucnonb3oBa-
HUU JBYXCTaJWHHON TpPEeNeBKH B 3aBUCHMOCTH OT
Mapku npumensemord IITM (MIIT-461.1 wm
«AMKozop 2661-01») naHHBIM HapamMeTp yMEHb-
maetcs Ha 18-26%. Ilpu »ToM omHOCTaAMitHAs
TpeneBka Tpakropom TTP-411 mpeamodrurenbHa
MIpYU TepeMEIEHUH APEBECUHBI HAa PaccTOSHUE 10
190 M, aByxcraguiiHas ¢ npumeHenueM TTP-411 u

MIIT-461.1 — npu mepemelieHUH APEBECUHBI Ha
paccrosinue cBble 260 M.

C yBenuueHueM pelicoBoil Harpy3ku Ha [ITM
Vo c 10 mo 15 o® P TIOCTOSIHHOM CPEIHEM 00b-
eme xabicta Vy, = 0,4 M’ ylenbHAs IPOIOIKH-
TENBHOCTh JBYXCTAIUMHON TpEJIeBKHM yMEHbLIAeT-
cs Ha 1-9%.

[Ipn ncronp30BaHUM MOTPY30YHO-TPAHCIIOPT-
Hoi MammHel MIIT-461.1 rpy3onoabeMHOCTBIO
Vi = 10 M° IByXCTyneHuaras TpelaeBKa CTAHOBHT-
csi 3¢ (eKTUBHON MpH TEepeMEelIeHUH IPEBECHHBI
Ha paccTosiHue cbiie 310 M.

C yBenMYeHHEM Tpy30HOIBEMHOCTH MOTPYy-
30YHO-TPAHCIOPTHON MamuHel a0 Vi, = 15 M
(mpumensiercs  «AMmkomop 2661-01») sddexrus-
HOCTh JIByXCTYIEHYAaTOH TPENeBKH 00ecrieynBacT-
Csl TIpU NEpEeMELIeHUH JPEBECHHBI Ha PAcCTOSHUE
cBeie 260 M.
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