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Annomayusn. B crarbe IpUBEICHBI clep)KUBAONINE (DAKTOPBI IPUMEHEHHS TPaIUIHOHHBIX
pelIeHu JUIsl TPEJIEBKU IPEBECUHBI B 3UMHHUI J1€C03ar0TOBUTENbHBIN nepuon B CeBepo-3a-
naiHoM (¢enepasibHOM okpyre Poccuiickoit @enepanunn. Ha ocnoBe 0030pa Hay4HOH auTepa-
TYpBI JIaHa KJIacCU(UKAIMS KaHATHO-PEJILCOBBIX JOPOT, PACCMOTPEHBI CIIOCOOBI KPETICHHS
Tu1aT)OPMBI MIIM BaroHa K TATOBOMY TPOCY, 0COOEHHOCTH BbIOOpa Tpoca. ONMCaHbI PEKIMBI
paboThl KaHATHO-PEIBHCOBBIX JOpOT (0e3 JBUrarelst — Kak JIeCOCIyCK, ¢ JBUrareieM 0e3 3a-
MBIKAIOILIETO TPOCa, C JIBUTATENIEM C 3aMBIKAIOIIIM TPOCOM ), PACCMOTPEHBI OCHOBHBIE TPeOo-
BaHMs K KAHATHO-PEIbCOBBIM JJOpOraM M (hakTopbl, OrpaHUYUBAIOLINE 00IaCTh MPUMEHEHHS
Takux gopor. [lpeanoxena meroauka onpeaeneHus IBUKyIKX cuil. OHa y4uThIBAaeT BEC ABH-
JKYILIErocs MO CKJIOHY BaroHa, KOJIMUYECTBO BarOHOB, YO HAKJIOHA Y4aCTKa IyTH, COIPOTUB-
JICHHUE JIBUKEHUIO BarOHa, JJOMOJIHUTEIBHOE COIPOTUBIIEHUE ABMKEHUIO BATOHA IIPU ITPOX0XK-
JIEHUH KPUBBIX YYaCTKOB, BEC TPOCA, €r0 JUIMHY, TPEHHE TPOCca O 3€MIII0, IINaNbl U Apyrue
MPENATCTBHSL, KOTOPOE 3aBHCUT OT COCTOSIHHUSL BEPXHETO CTPOEHUS IyTH, TYCTOThI YKJIAIKU
IIITaJI, BEICTYNAOIIET0 Ha OBEPXHOCTh OajuiacTa, CMa3KH Tpoca 1 Ipyrux ¢akropos. Kpome
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MEPEYMCICHHOr0 MPUHUMAITUCH BO BHUMAHUE MOTEPU MOIIHOCTH OT COMPOTHUBIICHUS ITyTe-
BBIX POJIMKOB MPH OTHOAHMU WX COErarolieil BETBBIO TPOCa, MOTEPH HA TpeHHE B namdax
OapabOaHOB JicOeKH U Ha orubaHue TpocoMm OapabaHOB JicOenku. B crarbe o0OcyxmaroTcs
YCJIOBUSI, IPU KOTOPHIX BO3MOXHO TEPEBMKEHUE BarOHa BHU3 IO CKJIOHY, HCKIFOYAIOTCSI
MpOOYKCOBKH M 00CCIIEUMBAIOTCSI TOPMOKEHHSI TPOCca B KaHaBkax OapabanoB. OmnpesieneHsl
OrpaHWYEHUs] MPUMEHEHHST KAHATHO-PEJILCOBBIX JIOPOT B 3aBUCHMMOCTH OT XapakTepa MyTH,
MOJIBIDKHOTO COCTaBa, yIiia HAKJIOHA TPACCHI, CPEIHEr0 paccTosHus TpeneBku. [Ipemmoxke-
HO TEXHHYECKOE PEIIEHHE M0 YCOBEPIICHCTBOBAHUIO CYIIECTBYIONIMX KaHATHO-PEIBCOBBIX
JIOPOT C HMCIOJIBb30BAHUEM IIAPHUPHO-COUICHEHHON KapEeTKH, MOBBIIMIAIONICH IKCIITyaTallu-
OHHBIC CBOMCTBA KaHATHO-PEIbCOBBIX JOpor. OnucaHHas B CTaThe KOHCTPYKIIUS MO3BOJISET
CHM3UTh M3HOC KAHATOB M OPraHM30BATh 3arOTOBKY JieCOMAarepuasia, B TOM YUCIe Ha HEMpsi-
MOJIMHEHHBIX TPEJICBOYHBIX BOJOKAX C yraaMu moBopota o 45°. Ilpu 3TOM KOHCTPYKILHSI
[IAPHUPHO-COUICHEHHON KapeTKU MOKET 3(P(HEKTUBHO MPUMEHSITHCS Ha yIKE HAXOSIIUXCS B
IKCILTyaTalui KaHATHO-PEIbCOBBIX JOPOrax.

Kniouesvie cnosa: TpeneBka, IPEBECHHA, KaHATHO-PEIbCOBAs [0POTra, KapeTka, METOIHKA,
pacuer, IKCIuTyaTalys
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Abstract. The article presents constraining factors of the use of traditional approaches for
timber skidding in the winter logging period in the North-West Federal District of the Russian
Federation. Based on the study of scientific literature, the classification of cable-railways is
given, methods of fastening the platform or cable car to the traction cable, the peculiarities
of cable selection are considered. The modes of operation of cable-railways are described
(without an engine — as a timber slide, with an engine without a trailing cable, with an
engine with a trailing cable), the basic requirements for cable-railways and factors limiting
the scope of application of such roads are considered. A methodology for determining the
driving forces is proposed. It takes into account the weight of the car moving on the slope, the
number of cars, the angle of inclination of the track section, the resistance to car movement,
additional resistance to car movement when passing curves, the weight of the cable, its length,
the friction of the cable on the ground, sleepers and other obstacles, which depends on the
condition of the track structure, the density of sleeper laying, ballast protruding on the surface,
cable lubrication and other factors. In addition to the above, power losses from the resistance
of track rollers when they are enveloped by the running down branch of the cable, friction
losses in the trunnions of the winch drums and friction losses from the cable enveloping the
winch drums were considered. The article discusses the conditions under which it is possible
to move the car down the slope, as well as prevent slipping and provide cable braking in the
grooves of the drums. Limitations for the use of cable-railways, depending on the nature of
the track, rolling stock, slope angle of the track, average skidding distance, are determined.
A technical solution to improve the existing cable-railways using an articulated carriage that
increases the operational properties of cable-railways, is proposed. The proposed design
allows to reduce the wear of cables and to organize timber harvesting, including on non-
straight skidding trails with rotation angles up to 45 degrees. At the same time, the design
of the articulated carriage can be effectively applied on cable-railways already in operation.
Keywords: skidding, timber, cable-railways, carriage, methodology, calculation, operation
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Beeoenue

B HacTositiee Bpemsi OCTpPO CTOUT BOIPOC OCBOEHUSI PacdeTHOW JIECOCEKH.
Tak, B 2019-2020 r. B CeBepo-3anagnom deaepanbrHoMm okpyre Poccuiickoit dene-
paru (C3®0O PD) neco3aroToBUTENIM HE CMOIIH B MOJHOM 00BEME OCYIIECTBUTh
3aroTOBKY Jieca BBUAY HEONIArompUSTHBIX IMOTOAHBIX ycloBuil. CyIliecTByromne
ITyTH COBEPIICHCTBOBAHMUS TPOIIecca 3aTOTOBKY IPEBECHHEI [ 1, 8, 9] cTaHOBATCS BCe
3aTpyqHHUTEIbHEE K MPUMEHEHHUIO TI0 PSAAY AMHAMUYHO M3MEHSIOMMXCS (pakTopoB.
B vacTHOCTH, BBICOKHE CpEeHHE TEMIEpPATypbl BO3AyXa B 3uMHuUI nepuon B C3DO
PO ycnoxHSIOT WK 1e1ar0T HEBO3MOXKHOM 3aroTOBKY JAPEBECHUHBI HA OTBEIICHHBIX
B pyOKy y4yacTkax. DTO MPUBOJUT K YMCHBIICHHIO 00beMa 3arOTOBKHU JPEBECUHBI
Ha 20 % u Gonee, IPsSMbIM yOBITKaM JI€CO3arOTOBUTEIBHBIX MIPEANPUATHI pErroHa.

Bce Oomnbire BHUMaHUS yIEIseTCS WCCIEOBAHNUIO0 BOZMOXXHOCTH aKTHBHOTO
BHeZpeHUs KaHaTHO-penbcoBbIX nopor (KP/I) i kaHATHBIX TPEIeBOYHBIX YCTAaHOBOK
kak B PD, tak u 3a pyoexom [11, 19, 21]. CTOUT OTMETHUTH, YTO HJIES UCITOTB30BAHUS
KPJl st TpeneBku ApeBeCHHBI HE HOBA [2], a B CBSI3U ¢ HEI((HEKTUBHOCTHIO Tpa-
JIUITMOHHBIX PELICHUI JUIsl TPEJICBKH JIpeBecuHbl npuMeHeHue KPJl cranoBuTcs BCe
Ooree akTyanpHBIM [12].
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Obvexmbl 1 Memoobl UCCIE008AHUS

OpHYM W3 HapaBICHUN pelIeHus MpoOJieMbl BIBO3a 3arOTOBIEHHOHN JpeBe-
cuHbl sBJsieTca ucnoaszoBanue KPJI ¢ nemwxymumucs tpocamu. [lo xapakrepy mytu
u noasuxHoro cocraBa KPJI, yacto sBissICh HEMOCPEACTBEHHBIM IPOAOKEHUEM
Y3KOKOJICHTHOM JKeNe3HON TOpOrH, HEAOPOTrHe, HECIOKHBIE 110 YCTPOUCTBY U MOTYT
YCIEILIHO HMCTIONb30BaThes M MPOMEXYTOUHOM TPaHCIOPTHPOBKHU JPEBECHHBI Ha
paccrostaust 1000—4000 M Ha XOJIMHUCTO-TPSAOBBIX peiibedax ¢ YKIOHaMu 10 25°,
KOTJIa aBTOMOOWIIH, TSKelasi KoJeCHast M TYCEHUYHas arperatHasi TEXHHUKA [Tl XJIbI-
CTOBOI M COPTUMEHTHOM 3arOTOBKH HEIPUMEHUMBI IO PA3HBIM PUYUHAM IS YCII0-
BU 3Kcmtyarauuu [3].

Paznmuuaror KPJI ¢ Bepxueit u Hmwkuei tsaroi. B KPJl ¢ HukHelt Tsroit Tpoc
MPUCOEAMHSIOT K BaroHy IMOJ CTepykHeM Oydepa Ha BBICOTE TOJOBKHU peiibca (HUH
HEMHOTO BBIIIIE) MPH IIOMOIIX HECIIOXKHOTO CHEMHOTO MTPHUCIIOCOOIEHHS — TPOCOBO-
JUTEINSI, KOTOPBIM 3aBOANUT TPOC B POJIMKU HA KPUBBIX yYacTKax, a TAKXKE B IIPOPE3U
peaBCOB Ha pazbe3aax. Jloporu ¢ HUKHEH TATroH Jydlle CTPOUTh B MECTHOCTH C OT-
HOCHUTEIFHO HEeTITyOOKHM CHEXHBIM TOKpoBoM (10 0,8—1,0 M), T/1e HET J4acThIX Me-
TeNel U CHETomajoB, TaK KaK POJUKHU 3aTPYIHSAIOT MEXaHU3aLMI0 CHETOOYHCTKY Ha
nyTsax. Ha noporax ¢ HU»KHEH TAroi A0y CTUMBI KPUBBIE MAJIOr0 PNy Ca U BBITYKIIbIN
npoduITe Tpacchl; cCOBMENEHHE KPHBOJIMHEWHOTO ITyTH U BOTHYTOTO TPOQHJIS HEeXKea-
TEJBHO, IOTOMY YTO B 3TOM CIIy4ae€ TATOBBIM TPOC BBIXOAUT U3 POJIUKOB, EPECEKAET
KPUBOJMHEUHBIA YYaCTOK ITyTH IO XOPZAE U MOXKET CTSIHYTh BarOH C PENbCOB.

Ha KPJI ¢ BepxHeii Tsaroii muiatdopMy HIM BaroH MPUKPEILISIOT YOKEPOM K
TSITOBOMY TPOCY, @ TPOC HAET MO BepXy Tpacchl Ha MauTax coO 3BEe3I4aTHIMH OIOKa-
MU. BepxH010 TATy 00BIYHO MPUMEHSIOT Ha JIOPOTaX C HEMPEPHIBHBIM JIBHKECHUEM
TpOca B OJJHY CTOPOHY. Jloporu ¢ BepxHel TAroil yaiiie BCEro CTPOSIT ABYXITYTHBIMHU.
Wx menecoobpazHO MPUMEHSTH NP 3HAYUTEIHHBIX PACCTOSHHUAX TPEJIEBKH ApeBe-
CHUHBI C JIECOCEK K MarucTpaibHbIM oporaM (cBeime 2000 m). Takue JOpora MOXKHO
yCTpauBaTh B MECTHOCTHU C TIIyOOKUM CHEKHBIM MOKPOBOM, YaCTBIMU METEISIMU U
cHeronanami, Tak kak KPJ] ¢ BepxHell Tiroii He MeIIaeT opraHu3aluy MEXaHU3HpO-
BaHHOW ouncTku mmyTed. [Ipu srom KP/l nanHOTO BHIa Mano4yBCTBUTENbHBI K KpH-
BU3HE JIOPO’KHOTO MIOJIOTHA, HE O0SATCS BBIITYKJIOTO H BOTHYTOTO IMTPOQUIIS TPACCHI, HO
TpeOyIOT CIOKHOM OCHACTKM MadTaMH M 3BE3AYaThIMHU OJI0KaMH, 9TO OTPaHHYNBAET
HX PaclpOCTPAHECHHUE.

B 3aBHCHMOCTH OT IBUKEHUS TATOBOTO OpPTaHa JOPOTH OBIBAIOT C Koyiebarenb-
HBIM, PEBEPCHBHBIM JABM)KEHUEM TPOCA UM HEMPEPHIBHBIM B OHY CTOpoHY. [1o pormy
JBHXKYILEW CUIIBI JOPOTH MOAPA3ACIISIOTCA Ha JOPOTM ¢ MEXaHUYECKOW TATOM WU C
necocmyckamu (6pemcoeprn).

IIpumenenne nByx0apabaHHBIX JICOSTOK WIIH JIEOCTKH ¢ HETIPEPHIBHO IBUXKY-
LIUMCSI TPOCOM IO3BOJISIET OCYIIECTBIIATH HE TOJBKO CIIyCK FPY>KEHOI'0 BaroHa 1o ofi-
HOIYTHOM I0POre, HO U €0 NepeMeIlEeHUE Ha POBHOM YYaCTKE U MOABEM IO CKIOHY.
[Ipumenenue 6apabaHoB ¢ 0OBIYHON HABUBKOH Tpoca (711 paboThl KoJeOaTeIbHBIM
CHOCcOo0OM) OTpaHWYMBAET JUTHHY JOPOTH TPOCOEMKOCTBHIO TPY30BOTO M XOJIOCTOTO
OapabaHOB.

OcHoBHBEIC TpeOOBaHMSI K KOHCTPYKIHH MTOABIKHOTO cocTaBa KPJ ciemyto-
mue: He MeHee 50 % TOPMO3HBIX KOJEC y BaroHa; OAHOTUIIHOCTh BATOHOB U OCHA-
[ICHUE WX TPUCTIOCOOIECHUSIMHE JIJIs1 OBICTPOTO MPUKPEIUICHHS M CHITHS TPOCOBOJIH-
TeJIeH; pacloNoKeHne Bcex JeTaneil HrkHel yactu BaroHa Ha 0,10-0,12 m Beime
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YPOBHS TOJIOBOK PEIbCOB, YTOOBI OHH HE 33JICBAJU 32 POJIUKHU M HE BhUIAMBIBAJIH UX,
IIPH 3TOM BCE TPOCOBOJUTEIIN MIPUKPEIUISIOT K BarOHY Ha 00JITax BOJIU3HU MPY)KUHBI
Oydepa co CTOPOHEI OCHOBHOTO TIObEMa ITyTH.

Beuny orcyrcrBus anaioroB KPJI B C3®PO P®D [6, 7] menmecooOpa3HOCTH
CTpouTensCcTBa, cxeMa U Bua KPJl 1uist TpeneBKM IpeBeCHHBI B KOHKPETHOH MECT-
HOCTH OIPEJIENSIOTCS TIOCPEICTBOM TATOBOTO pacdeTa U CPAaBHUTEILHOTO TEXHHUKO-
SKOHOMUYECKOTO PacuyeTa Ha OCHOBAaHUU COITOCTABIICHUSI YKOHOMUYECKOTO 3 dekTa
Pa3IMYHBIX BUJOB TPAHCIIOPTA M OMPEICIICHUS TEXHUICCKOH BO3MOKHOCTH IIPUME-
HEHHS KKAO0r0o U3 HUX. [Ipu 3TOM clemyeT y4UThIBaTh MPOJODKUTEIBHOCTL pado-
gero mukia (peiica), KOTOPBIH BKIIFOYAeT BpeMs Ha Morpy3ky BaroHa (40-60 mwuH),
nepeMenienne (3aBUCUT OT JUTMHBI TOpOTH U ckopoctu aemxenus — 0,70—-0,83 m/c),
MOJITOTOBUTEILHO-3aKITIOUYUTENbHOE BpeMsi cMeHbI (15—30 muH).

C ydeToM npeioKeHHbIX paHee TEXHUIeCKUX pemienwii [4, 10, 13-15, 17, 20, 22,
23] cnemyer BbIIENATh 3 pexkuma padoter KPI:

1. Be3 pBurarens — Kak JIECOCITYCK, €CITU JBHXKYIIIasl CHUJIa HA BCEM TPOTSIKeE-
HUU JIOpOTH OyAeT OOJIbIlle CHII COTIPOTUBIICHHUS WIIH paBHA MM, TIPH 3TOM COCTaBJIs-
OII[as CHITBI TSDKECTH JIBHKYIIIETOCS] BHU3 BaroHa 00ECIIEYNBAET €ro Iepe/IBIKEHIE
1o 3as1aHHoTO yHKTa. [{)1st Ge3omacHoi pabOThI U IPEAOTBPAIIECHHS HEAOMYCTUMBIX
YCKOPEHUH JOoKHA OBITH OOecIieueHa BO3MOMXHOCTh TOPMOXKEHHUS JBUKYIIETOCS
BHHU3 BaroHa Ha JII0OOM y4acTKe JIOPOTH.

2. C npurareieM 0€3 3aMBIKAIOIIETO TPOCa, €CIM ABMKYINAs CHjia OOJIbIle
CHJIBI COIIPOTHBIICHUS, & COCTABIISIONIAS CHIIBI TSDKECTH OOeCTiedrBaeT IepemMerie-
HUE BaroHa BHU3 JI0 33JIaHHOTO ITYHKTa 0e3 MOATATHBAHHS 3aMBIKAIOIIIM TPOCOM.
[Ipu 3TOM HOIKHBI OBITH 00ECTIEUEHBI BO3MOXKHOCTh TOPMOXKEHUS COETaIoNIero Ba-
TOHa 3a CYET CICIUICHUS TPpOoca Ha OapabaHe MOCPEICTBOM HATSHKEHHUsSI HaOETaroIIero
TpOCa ¥ BO3MOXKHOCTb IMOATACKUBAHUS MTOPOKHETO BaroHa Ojarofapsi HaTsYKCHHIO B
cOeraroIIei BETBH 3a CUET TPY’KEHOTO BaroHa 1 CIETUICHIS Ha TATOBOM OapadaHe.

3. C gBurareneM W 3aMBIKAOMIMM TPOCOM, €CNH ABIDKYINAS CHJIA MEHBIIE
CHJIBI COTIPOTUBJICHHS WJIM JIBIDKYIIIUE CHIIBI Ha cOEraroieil BETBH He CO3/IaloT JI0-
CTaTOYHOTO CIETIICHHS JJIs OATACKUBAHUS BBEPX TIOPOKHETO BaroHa, a TaKXkKe JBH-
JKYIUICS BHU3 BaroH HE MPEOJNOJICET MyTEeBBIX COMPOTUBICHUN 0€3 MOATITHBaHUSL
€r0 3aMBIKAIOIINM TPOCOM.

Bb100p CXeMBI TOpOTH B OKOHYATESILHOM BHJI€ YTOYHSFOT PACU€TOM, ITPH KOTO-
POM OTIPEETSIOT CHITHI, ACUCTBYIONINE B cOeraroiieii BETBH TPOCa, HCXOMS U3 COIPO-
TUBJICHHUS JBHKEHUIO BaroHa, MOJHUMAIOIIETOCs Mo CKIIOHY [5]. B cBs3u ¢ Tem, uto
ckopoctr Ha KPJ] 00b19HO HE mpeBbImaroT 1 M/C, yCKOPEHUSMH U CHIIAMH HHEPIHH
MpH pacueTax MOXKHO MpeHeOopeyb. i1 HopManbHOM paGOTHl JOPOTH COOTHOIICHUE
MEXly ABIKYIIMMHUCS CHJIaMU (CHJIBI B cOeraroIiel BeTBH) U CUJIIAMU COIPOTHBIIE-
HUS IBIKCHUIO (CHIIBI B HAOETAIOIeH BETBH) HYKHO O0ECIIEYNTh HATSHKEHNE BETBEH
Tpoca, ero cuerieHne ¢ 6apadanamu j1e0eIKN 1 BO3MOKHOCTh TOPMOJKCHUS CHUCTE-
MBbI. JIBUKyIIHE CHIIBI MOTYT CO3/IaBaTbCs HE TOJNBKO TPY>KEHBIMH BaroHamu, HO H
nmopoxHUMH. B 0011eM ciiydae qaHHYI0 BEIMYHHY OINPENEIISIOT 1Mo GopMysie
V =|10b|sina - fcoso———— |+ gL(sina - f,cosa) |(1-K,)f,
1000R
rae V' — nBwkyias cuia BaroHa, H; O — Bec Barona, JBMKYIIETOCs 10 CKJIOHY (Bec
rpy3a ¥ COOCTBEHHBIN Bec BaroHa), H; b — KOUYECTBO BaroHOB, JBIDKYIIUXCS IO

CKJIOHY, IIT.; & — YI'OJI HAaKJIOHA y4YaCTKa IIyTH, Ha KOTOPOM HaxOAUTCSA BaroH, . ..0;
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f, — KO3 PUIEHT CONPOTUBIEHUS IBIKEHUIO BaroHa ([J1s HOABUXKHOTO COCTaBa y3-
KOKOJICHHOM KeJNe3HOH noporu MoxkeT ObTh paBeH 0,005; mpu IIIOXOM COCTOSTHUH
BepxHero crpoenus yBenmuuBaercs 10 0,008); 425/1000R — momomHUTENBEHOE CO-
MIPOTHUBIICHUE IBIKEHHIO BArOHA MTPH IIPOXOXKACHUN KPUBBIX (R — paaryc KpHUBOH, M);
g — Bec 1 mor. M Tpoca cOeraromieit BetBu, H; L — nnmuHa cOeraromieir BeTBU Tpoca
oT Je0eIKu 710 BaroHa, M; f, — k03 OUIMEHT TPEeHHs Tpoca O 3eMIII0, IIIaJbl U JIp.
(B cpenneM Moxet cumrtarhcs paBHbiM 0,25 ¢ konebanusmu ot 0,18 no 0,30 B 3a-
BHCHUMOCTH OT COCTOSIHUSI BEPXHETO CTPOCHUS IYTH, TYCTOTHI YKIIAJKH IIIaJj, BbI-
CTYMAIOIIETO Ha MOBEPXHOCThH 0alliacTa, BIaXXHOCTH IPYHTa, CMa3KH TPOca U T. 11.);
K, — k03¢ dUIKeHT, yYUTHIBAIOIIHM [T0TEPU MOIIHOCTU OT COIPOTUBIICHUS ITyTEBBIX
POTUKOB IpH OrHOaHUM WX COETaroliel BETBBIO Tpoca (3aBUCHUT OT IJIMHBI TPOCa,
KOJINYECTBA U BUJIa POJIUKOB, KOTOPbIE OTUOAIOT TPOC, U OT CYMMBI YIJIOB OXBaTa); f; —
k03 PHIIMEHT, yUUTHIBAIOLINI IOTEPU HA TPpeHHE B Handax 6apabaHOB JIeOSIKK 1 Ha
orubanue TpocoM OapabaHoB Jedeaku (konednercs ot 0,84 no 0,92 B 3aBUCHMOCTH
oT quameTpa Oapabana, TuaMeTpa U KECTKOCTH TPOCa).
Cuny conpoTHuBIeHHUS ABIKeHHI0, H, onpenensror o hopmyie

W =|0b|sina+ f cosa+ +q,L(sina— f,cosa) |(1+ K,,))f;,

42
1000R
rae g, — Bec 1 mor. M Tpoca HaOerarouleil BETBH, KI, paBHbII Becy | mor. M Tpoca
cOeraromieii BeTBU; L, — KHa Ha0erarolel BETBU Tpoca OT Je0eAKH 10 BaroHa, M;
K, — ko3 duimenT, yuuThIBaIOINH OTEPU MOIIHOCTH OT COMPOTUBIICHUS Iy TEBBIX
POJIMKOB TIpH OTHOAHWN WX HAOETaroIIeil BETBLIO TpoOCa.

Jlanee ocymiecTBisIeTCs OIEHKa BO3MOXKHOCTH JBM)KCHHUSI BaroHa BHHU3 TIO
CKJIOHY.

CocraBnsromas CHITbI TSDKECTH BaroHa (Ipu paboTe 0e3 IBUTraTeIs UiH C JIBU-
rareieM Oe3 3aMbBIKAIOIIEro TPoca) JIOJHKHA 00CCIeUUTh HE TOJbKO JBUKCHUE Ba-
rOHa, HO M TIepeMeIlleHre BCie]l 3a BarOHOM TPOCa U MPEOJ0JICHUE CONPOTUBICHHUS
POJIMKOB, T. €. TOJIDKHO BBIIIOJIHATHECA HEPABEHCTBO

0,84(Qbsin o+ gLsino)(1 - K,) ) Obcosaw+ Qbcosa + 425 + gL cosaf,
1000R
e ® — KO3 QUIUEHT COMPOTUBIICHUS! IBHIKECHHUIO BarOHA.
[locne ompenenenuss IBUKYIIEH CHIIBI U CHIIBI CONPOTUBIICHHS JBHUKEHUIO,
a TaKiKE€ YCTAaHOBJICHUS YCHOBHfI, IpU KOTOPLIX BO3MOXKHO ICPECABUIKCHHUEC BaroHa
BHU3 TI0 CKJIOHY, HEOOXOJIUMO OCYIIIECTBUTH MPOBEPKY YCIOBHS CIEIUICHHS TPOCa B
KaHaBKax 0apabaHOB BO M30exkaHMe MPOOYKCOBOK M 00ECTIEUEHUST TOPMOKEHHSI.
Cuermrenne Tpoca ¢ 6apadaHoM J1eOeaKy IS OATATHBAHKS ITOPOKHETO Baro-
Ha CUJIOKO IBUTATENs Oe3 MPOOYKCOBKHU Oy/IeT 00eCeueHo B TOM Cilydae, €ClU HaTsI-
KEHHE B cOeraroieM KOHIIE TPOca paBHO HATSHKCHUIO B HaOeraromeM KOHIIe Tpoca
niu 6oxabiie ero. To ecthb HOOJIZKHO BBITIOJIHATHCH YCJIIOBUC

[/ﬂ(Qbsina+quin a)(1-K,) - (0bf, cosoc+chos0c+%+qu2 cosa) |x

x e K, > {Qb(sin o+ % + ficosa) +q,L(sina+ f, cosa)(l + Km)},
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IJe ¢ — OCHOBaHHME HaTypalbHBIX JIOrapumoB; k — k03pHUIHEHT TpeHus: Tpoca B
KaHaBKax Beqyiiero OapabaHa jeOeaku (3aBHCUT OT CMa3Ku Tpoca M npoduis ka-
HaBKH: IPH KPYIIIBIX KaHaBKax Oe3 3aleMiIeHns Tpoca u ciadboii cmaske paseH 0,18;
B TeX € YCIOBHX I OOMIBHO cMa3aHHOTO Tpoca — 0,10; cilerka cMa3aHHOTO —
0,20; momycyxoro — 0,25 u cyxoro — 0,30); a, — yroi oxsara TpocoM Benylero 6apa-
0aHa, paz.); K, — ko3 duuueHT 3anaca Ha CLeIIeHHE KaHABOK C TPOCOM B 6apabaHax
nebenku (IpuHUMaeTcs paBHBIM 1,28).

Topmoxkenue coeraroiero Barona 0e3 mpoOyKCOBKH MOKET ObITh 00ECIICYSHO
B TOM cJIy4Yae, eclii HaTshKeHUE B cOeraroleM KOHIE TPOca C IPYKEHbIM BarOHOM
OyZeT paBHO HATSHKEHWIO B HaOeraromieil BeTBH TPOCa C MOPOKHUM BaroHOM WIIN
MEHBIIIE €T0, T. €. JOJDKHO BBITIOHATHCS HEPABEHCTBO

5 {(Qb sin a + gLsin o) — (Qbf, coso. + Qbcos a + % +qLf, cos oc)} x

(1 . 425 . Koy
1-K, < {Qb(sm o +—1000R + ficosPB) + g, L (sin B+ f, cosP)(1 + Knl)}e K,,

rje B — yroja HaKkJIOHa y4acTKa IIyTH, Ha KOTOPOM HAXOJUTCS BaroH, JBHXKYIIHHCS
BBEPX, ...°

B mpuBeneHHBIX BBIIE BHIPAKEHHUSX ek yUUTHIBAET COOTHOLICHHE MEXIY
HaTsOKEHHsIMH cOerarolneil 1 HaOeraromeil BeTBeil Tpoca Ha OCHOBaHUH YPaBHCHHS
JUTsi THOKOM HUTH 110 Dinepy [16, 18]:

7-{ = ’T‘zefllal R

rae 7, — HaTsDKeHHWe HaOeraromiedl BeTBH; 7, — HaTsKeHUE cOeraromiell BEeTBH;
f, — Koo duLueHT TpeHusl Tpoca B KaHaBKax Beayllero Oapabana nebenku (3aBu-
CHUT OT CMa3KH Tpoca M MpouIis KaHABKH; ITPU KPYIJIBIX KaHABKax 0e3 3ameMIIeHUs
Tpoca u ciaboit cmaske f, coctasnseT 0,18; B Tex ke yCcIOBHUIX A1 OOMIBHO CMa-
3anHOTO Tpoca — 0,10; cinerka cmazanHoro — 0,20; B yCIOBHAX TOIYCYXOTO U CYyXOTO
tpenus — 0,25 u 0,30 COOTBETCTBEHHO).

3HayeHne e/i% JuIs pasMYHbIX CIyYaeB HAXOIAT U3 TAOJIHUIl B 3aBUCHMOCTH
0T K03 ULIMeHTa TPEHHUS f; M yIIIa OXBaTa TPOCOM Beaylero 6apadana a,.

Pesynomamul uccnedosanus u ux oocysicoenue

B pesynbrate peanuzauuu OPUBEACHHOW METONUKU MPEAINojaraeTcs
KOHCTPYKTHUBHOE€ ycoBepiieHcTBoBaHue KPJl Ha ocHOBe ImpUMEHEHHs LIapHUp-
Ho-couleHeHHOH kapeTku (ILICK) pa3zpaboraHHON KOHCTPYKLMHU JUJIs HETPSIMO-
nuaeinpix KP/l. JlanHas KOHCTPYKIHS 00eCIeYnBaEcT MPOXOKICHHUE TOBOPOTOB
KapeTKol ¢ TPaHCIOPTUPYEMBIMH JiecoMaTeprualaMi Ha KPUBOJMHEWMHOW Tpac-
ce. [Ipennaraercs UCnoab30BaTh KOHCTPYKIMU KapETOK, B KOTOPBIX COCAUHEHUE
KpPEIUICHUS] OMOPHBIX KOJECHBIX Map OCYLIECTBISACTCSA Mapod HIAPHUPHBIX COY-
neneHuil. [Ipu aTom popmupyrorcs 2 He3aBUCHUMbIE KapeTKH, OCYLIECTBISIONINE
MaHEBPHPOBAHHUE MO TATOBOMY KaHAaTy Ha OJHOM pOJIMKe, Oyiarogapsi KOTOpOMYy
BaroHsl 0e3 Tpyaa MPOXOJAT MOBOPOTH MyTH. KOHCTPYKIMSA KapeTKy MmoKa3zaHa
Ha puCyHKe [24].
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[MapHUpHO-COUWIEHEHHAs KapeTKa s
KaHaTHO-PEJIbCOBBIX JI0POT

Articulated carriage for cable-railways

CTOHT OTMETHUTH CYILIECTBEHHYIO KOHCTPYKTUBHYIO 0COOEHHOCTH COBPEMEHHBIX
KP/1, 3HaunTENI-HO OrpaHUYUBAIOLLYIO 001aCTh MPUMEHEHHs TakuxX Aopor. [Ipu curya-
LM C )KECTKO 3aKPETJIEHHBIM POJTMKOM BO3MOKEH ITOBOPOT TPACCHI (KaHara) B IJIaHE Ha
O4eHb orpaHndeHHbIN yron (10 10°). [Ipu aToM Mcnons30BaHne KOHCTPYKIMH ¢ Tudde-
PEHLMPOBAHHBIMU OT KApETKU POJIMKAMU HE IPECTaBIIIETCS BO3MOXKHBIM, IIOCKOJIBKY
0Chb POJIMKOB JIOJDKHA OBbITh (PUKCHPOBAHA C ABYX CTOPOH, B PE3YJIBTATE YETO CO3AACTCS
HEBO3MOKHOCTB IPOXOXKIEHUS OTTSKKH B TIOBOPOTHOM TOUKE.

[Ipenmymectsom HICK nns KP siBnsgercs to, uto npumenenue LIICK we Tpe-
OyeT BHECCHHMsI I3BMEHEHUH B KOHCTpYKIMH cytiectBytonmx KP/, mobyro cymecTBy-
oyt KPJI BO3MOXHO JJOYKOMIUIEKTOBATh KAPETKOM IIpeiIaraeMoi KOHCTPYKIUU.

PacueT KOHCTPYKTUBHBIX 0COOCHHOCTEH TPEIIOKEHHON KOHCTPYKITUHU TTOKa-
3biBaeT, uyTo npuMenenue KPJI ¢ LIICK no3BoauT opraHuzoBaTh TPAacChl TPEIEBKU
0e3 CyILIeCTBEHHOTO N3HOCA KaHATOB C yIJIaMH IOBOpoTa 110 45°.

Raxnouenue

IIpu BEINOTHEHNN pacyeTa sl ONPEACIECHS CXEMBI JOPOTH IPY’KEHBIN BarOH
pa3sMelIaT Ha XapaKTepPHbIX Y4acTKaxX JOPOTH CBEPXY BHU3, HAUMHASA OT JEOCIKH,
1, COOTBETCTBEHHO, IIEPEMEINAIOT MOPOKHUI BaroH CHU3Y BBEPX Ha TAKOM K€ pac-
CTOSTHUM OT IYHKTa OTLENKN BaroHoB. Jlopora MoeT 3KCIIIyaTUpOBAThCS MO TaKOH
CXeMe, eCJIU rapaHTUPYyeTCs EepPEeMELICHUE IPy3a, TOPMOXKEHUE U CLEIJICHUE Ha BCEX
0e3 MCKITI0YEeHHs COOTHOCHUTEIBHBIX NO3UIMAX. TPOoC I KaHATHO-PEITbCOBOI TOPO-
I'l BBIOMpaeTcs B 3aBUCUMOCTH OT MaKCUMaJIbHOTO TATOBOIO YCHIINS B HaOeraroouen
nnu coerarouield BeTBU. Takue orpaHUYeHUs 3aTPYOHSAIOT BBIBO3KY 3arOTOBJICHHON
JPEBECHHBI.

Hcnonp3oBaHHEe YTOUHEHHBIX PEKUMOB KaHaTHO-PEIBCOBBIX JOPOT C JABHKY-
LUMUCS TPOCAMU U IIAPHUPHO-COWICHEHHON KapeTKOW MPEIIOKEHHON KOHCTPYK-
LIMU CTIOCOOCTBYET PEIICHHUIO 3aJ[adll MMEPBUYHON BBHIBO3KH JIPEBECHHBI B YCIOBHUSAX
[IOBBIILIEHHBIX TEMIIEPATyp BO3AyXa B 3MMHMI JIECO3ar0TOBUTEINbHBIN niepuon B Ce-
Bepo-3anagHoM QenepanbHoM okpyre Poccuiickoit deneparum, HEMPSIMOIUHEHHBIX
TPENIEBOYHBIX BOJIOKOB C YITIOM IIOBOpOTa 10 45°, a TakkKe CYIIECTBEHHO CHMKAET
M3HOC KaHaToB.

CIIMCOK JIUTEPATYPbI / REFERENCES

1. Azapenox B.A., I'epy O.®., 3anecos C.B., Mexpenyes A.B. COpTUMEHTHAsI 3arOTOB-
Ka apeBecunsl. Exarepunoypr: YIJITY, 2015. 140 c.

Azarenok V.A., Gerts E.F., Zalesov S.V., Mekhrentsev A.V. Sorted Timber Harvesting.
Ekaterinburg, USFU Publ., 2015. 140 p. (In Russ.).


https://elibrary.ru/item.asp?id=26579386
https://elibrary.ru/item.asp?id=26579386

Lesnoy Zhurnal = Russian Forestry Journal. 2023. No. 5 123

2. benas H.M., IIpoxopenxo A.I KaHaTHBIE IeCOTPaHCIOPTHBIE yCTaHOBKU. M.: JlecH.
mpoM-cTh, 1964. 300 c.

Belaya N.M., Prokhorenko A.G. Rope Forest Transportation Installations. Moscow,
Lesnaya promyshlennost’ Publ., 1964. 300 p. (In Russ.).

3. bBospckuii B.C. KaHaTHO-penbCOBBIE JOPOTH C JABMXKYIIMMHCS TpOCaMH Ha
JISCO3aroTOBKaX B TOpHBIX ycioBusx. M.; JI.: [ocnecOymusnatr, 1960. 60 c.

Boyarskiy V.S. Cable-railways with Moving Cables at Logging in Mountainous Con-
ditions. Moscow, Goslesbumizdat Publ., 1960. 60 p. (In Russ.).

4. Bupman A.P., Cesouxun @.B., Koponvxo H.C., Yepiomos C.A., Boxmauun H.A.,
Coxonosa B.A., Kpusonoeosa A.C. OcBoeHnE JIECOCEK CO CIIa00HECYIIMMHU IPYHTAMU ITyTEM
HCIIONB30BaHUSI KAHATHBIX YCTaHOBOK // CO. CT. Mo MarepuanaM Hayd.-TeXH. KOH(. HH-
Ta TEXHOJI. MAlIUH U TPAHCIIOpPTA Jieca 0 UTOraM Hayd.-uccien. pador 2018 . / oTB. pes.
B.A. Coxomnosa. CII6.: CII6IJITY, 2019. C. 71-78.

Birman A.R., Svoykin F.V., Korol’ko N.S., Ugryumov S.A., Vokhmyanin N.A.,
Sokolova V.A., Krivonogova A.S. Development of Harvesting Areas with Poorly Bearing
Soils Through the Use of Rope Installations. Shornik statey po materialam nauchno-
tekhnicheskoy konferentsii instituta tekhnologicheskikh mashin i transporta lesa po itogam
nauchno-issledovatel skikh rabot 2018 goda = Collection of Articles based on the Materials
of the Scientific and Technical Conference of the Institute of Technological Machines and
Forest Transport based on the Results of Research Work in 2018, Saint-Petersburg, SPbFTU,
2019, pp. 71-78. (In Russ.). https://doi.org/10.21266/SPBFTU.2019.NTK.1

5. Bapoanau I'C., Anopees B.HU., Amapos H.M., Topuros A.A. ConporusieHue
MaTepHasoB ¢ OCHOBaMU T€OPUH yIpPYyrocTH u miactuuHoctd. M.: ACB, 1995. 568 c.

Vardanyan G.S., Andreyev V.I., Atarov N.M., Gorshkov A.A. Resistance of Materials
with the Basics of the Theory of Elasticity and Plasticity. Moscow, Assotsiatsii stroitelnykh
vuzov Publ., 1995. 568 p. (In Russ.).

6. I pucopves U.B., Ceoiikun @.B., Ipucopvesa O.HM. TpancnopTHas cuctema s
cOopa M TpEeNneBKU APEBECHHBI B YCIOBHIX 3a00I0YEHHBIX Jecocek // TpaHCMOpPTHBIC H
TPaHCIOPTHO-TEXHOIOTUYECKHE CHCTEMbI: MaTepuanbl MexayHap. Hayd.-TeXH. KOHQ.
Tiomensn: TromI HI'Y, 2016. C. 93-97.

Grigoryev 1. V., Svoykin F.V., Grigorieva O.1. Transport System for Collecting and Skidding
Timber in Wetland Logging Areas. Transportnyye i transportno-tekhnologicheskiye sistemy =
Transport and transport-technological systems. Tumen. IUT Publ., 2016. pp. 93-97. (In Russ.).

7. [pucopves U.B., Ceoiikun @.B., [ pucopvesa O.U., Huxugoposa A.H. TloBbiieHne
9 HEeKTUBHOCTH OCBOCHHS 3a00JOYECHHBIX JIECOCEK B TEIUIbli mepuon roma // [loBbimieHie
9} HEeKTUBHOCTH JECHOTO KOMILIeKca: marepuansl Bropoit Beepoc. Hayd.-mpakt. koH(. ¢
MEXIyHAp. y4aCTHEM, TIOCBSII. 65-ETHIO BBICII. JIeCH. 00pa3oBanust B Pecriyomuke Kapenus.
ITetpo3zasozck: [Terpl'yY, 2016. C. 68-70.

Grigoryev 1. V., Svoykin F.V., Grigoryeva O.1., Nikiforova A.I. Improving the Efficiency
of the Development of Wetland Logging Areas in the Warm Season. Povysheniye effektivnosti
lesnogo kompleksa: Materialy Vtoroy Vserossiyskoy nauchno-prakticheskoy konferentsii s
mezhdunarodnym uchastiyem, posvyashchennoy 65-letiyu vysshego lesnogo obrazovaniya v
Respublike Kareliya = Improving the efficiency of the forestry complex: Materials of the
Second All-Russian Scientific and Practical Conference with International Participation,
dedicated to the 65th anniversary of higher forestry education in the Republic of Karelia.
Petrozavodsk, PetrSU Publ., 2016. pp. 68—70. (In Russ.).

8. Hepoun B.M., /lebun M.B. CoOBepIICHCTBOBAHHE COPTUMEHTHOW 3arOTOBKHU
npeBecunsl // JlecorexH. xkypa. 2015. T. 5, Ne 1(17). C. 128-135.

Derbin V.M., Derbin M.V. Improvement of Assortment Logging. Lesotekhnicheskiy
zhurnal = Forestry journal, 2015, vol. 5, no. 1(17), pp. 128-135. (In Russ.).
https://doi.org/10.12737/11270



https://elibrary.ru/item.asp?id=25804014
https://elibrary.ru/item.asp?id=25804014
https://elibrary.ru/item.asp?id=25803808
https://elibrary.ru/item.asp?id=25803808
https://elibrary.ru/item.asp?id=23576050
https://elibrary.ru/item.asp?id=23576050
https://elibrary.ru/contents.asp?id=34075443
https://elibrary.ru/contents.asp?id=34075443&selid=23576050
https://doi.org/10.12737/11270

124 «H3BecTHs By30B. JlecHoii skypHay». 2023. Ne §

9. 3anpyonoe B.U., Kapnaues C.II., bvikosckuii M.A. TeXHOIOTUN U TEXHUYECKUE
CpeZCcTBa MPOLIECCOB JecoceuHbix padot // JlecH. BectH. 2017. T. 21, Ne 1. C. 108-117.

Zaprudnov V.I., Karpachev S.P., Bykovskiy M.A. Technologies and Technical Means
of Logging Processes. Lesnoy vestnik = Forestry Bulletin, 2017, vol. 21, no 1, pp. 108-117.
(In Russ.).

10. Kayaose B.A., bupman A.P, Csouxun @.B., Koporwko H.C., Yepromos C.A.
MojiepHu3alis KaHATHBIX TPEJICBOYHBIX YCTAHOBOK MpU pa3pabOTKe TPYAHOAOCTYITHBIX
necocek // PemonT. Boccranosnenue. Monepuu3zarus. 2019. Ne 6. C. 8—11.

Katsadze V.A., Birman A.R., Svoykin F.V., Korolko N.S., Ugryumov S.A.
Modernization of Rope Skidding Installations in the Development of Inaccessible Logging
Areas. Remont. Vosstanovleniye. Modernizatsiya = Repairs. Recovery. Modernization. 2019,
no. 6, pp. 8-11. (In Russ.). https://doi.org/10.31044/1684-2561-2019-0-6-8-11

11. Koxopun U.U., [{ocuoes A.3. HekoTopbie BO3MOXHBIC 00JaCTH IPUMEHEHUS MO~
BECHBIX KaHAaTHBIX fopor B uHTepecax MTO BC P® // Hayu. npobiembl MarepuaibHO-TEX-
Hu4. obecrieueHust Boopyx. Cun Poc. @enepariuu. 2019. Ne 2(12). C. 174-184.

Kokorin LI., Dzhioyev A.Z. Some Possible Areas of Application of Aerial Ropeways
in the Interests of the Logistical Support of the Armed Forces of the Russian Federation.
Nauchnyye problemy material 'no-tekhnicheskogo obespecheniya Vooruzhennykh Sil
Rossiyskoy Federatsii = Scientific problems of material and technical support of the Armed
Forces of the Russian Federation. Saint-Petersburg, 2019, no. 2(12), pp. 174—184. (In Russ.).

12. Koponv C.A., Hexopowes H.B. [lpuMeHeHne KaHATHBIX YCTAHOBOK Ha TPEJIEBKE
JIeCOMAaTepHajoB B TOPHBIX paliOHaX M HAa TPYHTaX C HHU3KOH Hecymied CrocoOHOCTHIO //
Axrtyan. HanpasieHust Hayd. uccien. XXI B.: teopus u npakruka. 2014, T. 2, Ne 3-2(8-2).
C. 95-98.

Korol S.A., Nekhoroshev N.V. The Use of Rope Systems for Skidding Timber in Moun-
tainous Areas and on Soils with Low Bearing Capacity. Aktualnyye napravleniya nauchnykh
issledovaniy XXI veka: teoriya i praktika = Actual directions of scientific research in the XXI
century: theory and practice, 2014, vol. 2, no. 3-2(8-2), pp. 95-98. (In Russ.).

13. Tlarent PO 113917 U1, MIIK A01G 23/00 (2006.01) B61B 7/00 (2006.01). Kanar-
HO-pernbcoBasi TpesteBouHast ycraHoBka: Ne 2011147547/13: 3asein. 24.11.2011: ony6or. 10.03.2012/
W.B. I'puropses, @.B. Croiikun, A.W. Hukndoposa, O.U. I'puropsesa, A.M. XaxuHa.

Grigoryev LV., Svoykin F.V., Nikiforova A.l., Grigoryeva O.I., Khakhina A.M.
Kanatno-rel sovaya trelevochnaya ustanovka [Rope-rail installation for skidding timber].
Patent RF, no. RU 113917, 2012. (In Russ.).

14. Marent PO 173954 Ul, MIIK A01G 23/00 (2006.01). YcrpoiictBo mist coopa
JIpeBECUHBI KAHATHO-PEIHCOBOM TpeeBOYHON ycTaHOBKU: Ne 2016124147 3as81. 17.06.2016:
omyon. 21.09.2017 / B.M. Jlepoun, M.B. Jlepoun, N.B. I'puropseB, O.U. I'puropsesa,
®.B. CBoiikuH.

Derbin V.M., Derbin M.\V., Grigor’yev 1. V., Grigor’yeva O.1., Svoykin F.V. Ustroystvo
dlya sbora drevesiny kanatno-rel’sovoy trelevochnoy ustanovkoy [A device for collecting
wood of rope-rail skidding installation]. Patent RF, no. RU 173954, 2017. (In Russ.).

15. Cesouikun @.B., Coxonosa B.A., Jloxkwumanosé 5.M. K Bompocy 0 HepcrneKTHBHOM
HAMpPABICHUM PAa3BUTHSI M aHajinW3a pa3pabOTKH TPYTHOMOCTYMHBIX TEPEyBIAKHEHHBIX
JIECOCEK C TIOMOIIBIO KaHATHBIX TPEJIEBOYHBIX ycTaHOBOK B C3DO P® // Cucremsl. MeTosbl.
Texuomoruu. 2020. Ne 2(46). C. 87-93.

Svoykin F.V., Sokolova V.A., Lokshtanov B.M. On the Issue of Perspective Direction
of Development and Analysis of Development of Hard-to-reach Overwatered Forest Areas
with the Help of Rope Skidders in the Northwestern Federal District of the Russian Federation.
Sistemy. Metody. Tekhnologii = Systems. Methods. Technologies, 2020, iss. 2(46), pp. 87-93.
(In Russ.). https://doi.org/10.18324/2077-5415-2020-2-87-93



https://elibrary.ru/item.asp?id=29004814
https://elibrary.ru/item.asp?id=29004814
https://elibrary.ru/contents.asp?id=34472868&selid=29004814
https://elibrary.ru/contents.asp?id=34472868&selid=29004814
https://doi.org/10.31044/1684-2561-2019-0-6-8-11
https://doi.org/10.18324/2077-5415-2020-2-87-93

Lesnoy Zhurnal = Russian Forestry Journal. 2023. No. 5 125

16. @edopos C.B., Apanacwves /[.B. Teopus peMEHHBIX Tiepeiad ¢ y4eTOM ypaBHEHHMs
sHepreTuueckoro Oananca tpenus // M3s. CamHIL] PAH. 2011. T. 13, Ne 4(3). C. 892-895.

Fedorov S.V., Afanasyev D.V. Theory of Belt Transmissions Considering the Friction
Energy Balance Equation. Izvestiya Samarskogo Nauchnogo Tsentra Rossiyskoy Akademii
Nauk = Mechanics and mechanical engineering. Samara Scientific Center of the Russian
Academy of Sciences Bulleting, 2011, vol. 13, no. 4(3), pp. 892—895. (In Russ.).

17. Llowun A.O., Ilpomac I1.A., Moxos C.II., I peuxko B.B. UccnenoBanue mnpoiiec-
ca TPeJeBKH XJIBICTOB Ha 3a00JOYEHHBIX JIECOCEKaX KAHATHBHIMU YCTAHOBKAMH B 3UMHUM
nepuos // Jleco3arotoB. MpOM3BOACTBO: MPOOIEMBI M PEIICHUs: MaTepHansl MexayHap.
Hay4.-TeXH. KOH(., nocesl. nmamsatu npod. A.C. denopenunka, Munck, 26-28 anp. 2017 .
Munck: BI'TY, 2017. C. 72-76.

Shoshin A.O., Protas P.A., Mokhov S.P., Grechko V.V. Investigation of the Process of
Skidding Logs on Swampy Logging Areas with Rope installations in Winter. Materialy 1-oy
Mezhdunarodnoy Nauchno-tekhnicheskoy Konferentsii “Lesozagotovitel 'noye Proizvodstvo:
Problemy i Resheniya” = Materials of the 1st International Scientific and Technical
Conference “Logging Production: Problems and Solutions”. Minsk, BSFU Publ., 2017.
pp. 72-76. (In Russ.).

18. Ommeseii C. MexaHnka TpeHUsI U criacaTesIbHbIe paOOThl B aJbIIHHU3ME: JIOKIL. Ha
MeXayHap. criacar. cuMi. 1999 r. Pexxum ocryna: https://angara.net/upload/33/51/f 1383351.
pdf (zara obpamenus: 05.09.23).

Attaway S.W. Friction Mechanics and Rescue in Mountaineering. Mezhdunarodnyy
simpozium tekhnicheskikh spasateley = International Technical Rescue Symposium
(ITRS 99), 1999. pp. 22. (In Russ.).

19. Ackerman P., Pulkki R., Gleasure E. Modelling of Wander Ratios, Travel Speeds
and Productivity of Cable and Grapple Skidders in Softwood Sawtimber Operations in South
Africa. Southern Forests, 2014, vol. 76, iss. 2, pp. 101-110. https://doi.org/10.2989/20702620.
2014.917355

20. Erber G., Spinelli R. Timber Extraction by Cable Yarding on Flat and Wet Terrain:
a Survey of Cable Yarder Manufacturer’s Experience. Silva Fennica, 2020, vol. 54, no. 2.
https://doi.org/10.14214/sf.10211

21. Kellogg L.D. Planning and Operational Considerations for High Quality Forestry
for Sleep Ground. Special Thinning and Harvesting Planning for Skyline Operations
Workshop. Oregon State University, College of Forestry, Corvallis, Oregon, 1997. 33 p.

22. Munteanu C., lordache E., Borz S.A., Ignea G., Yoshida M. Performance and Cost
of Downhill Cable Yarding Operations in a Group Shelterwood System. Journal of Forest
Research, 2019, vol. 24, no. 3, pp. 125-130. https://doi.org/10.1080/13416979.2019.1603577

23. Spinelli R., Magagnotti N., Visser R., Thees O., Sauter U.H., Krajnc N., Riond C.
Cable Logging Contract Rates in the Alps the Effect of Regional Variability and Technical
Constraints. Croatian Journal of Forest Engineering, 2015, vol. 36, no. 2, pp. 195-203.

24. Svoykin F.V., Sokolova V.A., Korolko N.S., Shoshin A.O. Constructive
Solutions to Improve Cable Haulers for Development of Hard-to-reach Cutting Areas.
E3S Web of Conferences, 2020, vol. 193, no. 01048. Availabie at: https://doi.org/10.1051/
e3sconf/202019301048 (accessed 05.09.23).

Kongpnuxm unmepecos: ABTopbl 3asBISIOT 00 OTCYTCTBHH KOH(IMKTA HHTEPECOB
Conflict of interest: The authors declare that there is no conflict of interest

Bxuiax aBTopoB: Bee aBTopbI B paBHOM J0J1€ y4acTBOBAJIM B HAITMCAHUY CTaThU
Authors’ Contribution: All authors contributed equally to the writing of the article


https://angara.net/upload/33/51/f_1383351.pdf
https://angara.net/upload/33/51/f_1383351.pdf
https://doi.org/10.2989/20702620.2014.917355
https://doi.org/10.2989/20702620.2014.917355
https://doi.org/10.14214/sf.10211
https://doi.org/10.1080/13416979.2019.1603577
https://doi.org/10.1051/e3sconf/202019301048
https://doi.org/10.1051/e3sconf/202019301048

