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Steep terrain harvesting can only be implemented by a limited set
of operational alternatives; therefore, it is important to be efficient
in such conditions, in order to avoid incurring high costs.
Harvesting abiotically-disturbed forests (salvage harvests caused
by wet snow), which is becoming common these days, can
significantly impact the operational efficiency of extraction
operations. This study was implemented in order to evaluate the
performance of truck-mounted uphill cable yarding operations in
salvage logging deployed in coniferous stands. A time study was
used to estimate the productivity and yarding costs, and predictive
models were developed in order to relate the time consumption and
productivity to the relevant operational factors, including the
degree of wooddamage. The average operational conditions were
characterized by an extraction distance of 101 m and a lateral
yarding distance of 18 m, resulting in a productivity rate of 20.1
m3-h'L. In response to different kind of delays, the productivity rate
decreased to 12.8 m® h'l. Under the prevailing conditions, lateral
yarding accounted for 32% of the gross work cycle time, and for
50% of the delay-free work cycle time of the machine. Decreasing
the lateral yarding distance and increasing the payload volume to
the maximum capacity of the machine would eventually lead to a
yarding productivity of close to 30 m® per SMH (scheduled
machine hour). The calculation of the gross costs of uphill yarding
showed that the labor costs (35.7%) were slightly higher than the
fixed costs (32.9%), and twice as high compared to the variable
costs (17.7%). The remote control of the carriage, mechanical
slack-pulling mechanisms, and radio-controlled chokers are just
some of the improvements that would have led to increments in
operational efficiency.

J5pBOOOMBBT HAa CTPBMHHU TEPEHH MOJXKE JIa CE€ OCBILIECTBU
caMO 4Ype3 OrpaHHYCH HaOOp OT OIECpPaTUBHHU AJITCPHATHBH;
CJICIOBATEINTHO € Ba)kKHA C)EKTUBHOCTTA IIPH TAKHMBA yCIOBUSL, 3a J1a
n30erHaT BHUCOKM pa3xomu. JbpBOOOOMBBT B aOHOTHYHO
HapylmieHH TopH (IIPUHYAWTEIHH CEYH, NPUYHMHEHH OT MOKBP
CHSAT), KOHTO CTaBa 4eCTO CPELIaH B HAIM JHU, MOYKE 3HAYNUTEITHO
Ja TOBIHMAE HAa oOlepaTuBHaTa e(EeKTHBHOCT Ha OJIM3KHsA
TpaHcropT. ToBa u3cnenBaHe Oelle HanmpaBeHO, 3a J1a CE OLECHU
e(eKTUBHOCTTA HA BBHKEHa JIMHHs, MOHTHpPaHa Ha TOBapeH
ABTOMOOWJI IIPU NMPUHYAUTEIHA CeY B WIJIOJIHMCTHU HACAXKICHUSL.
[IpoyuBaHero Ha Bpemero Oelle M3MOJ3BAaHO 3a OLEHKAa Ha
MIPOM3BOUTEIHOCTTA U Pa3XoIuTe 3a OJIM3BK TPAaHCHOPT M Osixa
pa3paboTeHn MPOTHO3HU MOJIETH, 32 JIa CE CBBPKAT Pa3XoxbT HA
BpeMEe M IPOU3BOJMTEIHOCTTA CHC CBHOTBETHUTE ONEPATHBHU
(axTOpH, BKIIOYUTEITHO CTEIICHTa HAa YBPEXJaHE Ha AbpBETATa.
CpenHuTe EKCIUIOATAlMOHHN YCIIOBHS CE€ XapaKTepusupar c
M3BO3HO pascrostHue oT 101 m m pa3cTosHHETO Ha CTPAHHMYHO
npuBiIM4aHe oT 18 m, koero Boau A0 mpousBoguTenHocT ot 20,1
m3-ht. Tlog pjeiictBUe Ha pasiIM4HM  BHJOBE IIPECTOH,
NPOM3BOJMTENHOCTTa  HamaisBa g0 12,8 m>hl  TIpu
npeobiajaBaliuTe eKCIJIOATAllMOHHU YCJIOBUS, CTPAaHUYHOTO
mpuUBJIMYaHe npeacTaBisaBa 32% OT BpeMeTo Ha OpyTHHs paboTeH
KB (¢ mpectou) u 50% oT BpemeTo Ha pabOTHHSA IHUKBI 0e3
MPeCTOM Ha MamuHaTa. HamansBaHeTo Ha pa3CTOSHHETO Ha
CTPaHWUYHO NPUBIIMYAHE Ha Bh)KEHATA JIMHUS U yBEJINIaBaHETO Ha
obeMa Ha NOJIE3HUS TOBap JO MAaKCHMAJIHHS KamaluTeT Ha
MalllMHATa B KpaiHa cMeTKa OU JIOBENO 10 MPOM3BOAUTEIHOCT Ha
BBKeHara JMHus oT 61m30 30 m3/SMH (manupan MammHodac, ¢
OTYHTaHE Ha rpecTouTe). V34ncisBaHeTo Ha OPYTHUTE Pa3xo/iH 3a
HM3BO3BaHE HArope mokasa, 4e pasxoaute 3a Tpya (35,7%) ca maiko
MO-BUCOKHM OT TOCTOSTHHUTE pasxoau (32,9%) m aBa mbTH TIO-
BHCOKM B CpaBHeHHEe C mpomennuBute pazxomu (17,7%).
JIMCTaHIIMOHHOTO YIpaBJEHUE HA BaroHETKaTa, MEXaHMU3MbBT 3a
NPUHYANTEIHO  CHYCKaHe Ha  TEMJIMTEJIHOTO  BBXKE U
pasMoyIpaBIsieMUTe YOKEPH ca caMO 4YacT OT IOJOOpEeHUsITa,
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In addition to natural pine forests in Bulgaria, there are also large
artificial plantations (over 1.5 million ha), created in the period of
1950-1990. Large areas with non-thinned coniferous plantations
located at low altitudes are associated with a high probability of
reduced growth and significant health problems. Traditionally,
adapted agricultural tractors are the most widely used equipment
for timber extraction in Bulgaria. The shortage of work force due
to labor-intensive and unattractive logging work is one of the
reasons for making efforts to introduce more advanced,
multipurpose equipment. However, in Bulgaria the use of
harvesters is limited by the predominance of deciduous forests,
steep terrains and by the maximum allowed harvesting intensity of
30%. The latter requirement often makes modern logging
equipment unprofitable. In an attempt to overcome some of these
limitations, the use of a combined wheeled skidder-harvester (SH)
has been introduced in the eastern Rhodopes Mountains in the last
few years. The SH works as a harvester and fells the accessible
trees located on the skid roads and on the corridors. The remaining
marked trees are felled manually by chainsaw. The felled trees are
dragged to the machine by a two-drum winch equipped with a
remote control, skidded to the landing where they are delimbed,
bucked and piled by the SH. The mean productivity of the SH
which stands for a mean skidding distance of 69 m, a mean
bunching distance of 14 m, a mean load volume of 4.06 m?, was
estimated at 9.38 m®*PMH? (8.27 m3-SMH™?) timber piled at
landing, which is comparable to two typical logging teams with
adapted tractors and 4-5 workers in each team. The gross costs per
unit done by the SH (14.24 €-m) are within the regional level for
coniferous stands.

OcgeH ecrecTBeHNTE O0pOBH ropu B brirapus uma u ronemMu
U3KyCTBeHH HacaxaeHus (Hax 1,5 mue. ha), ch3nanesu B mepuoa
1950-1990 r. I'omeMuTe IUIOIIM C WMIJIOAMCTHM HACaXKICHHS, B
KOHMTO HE Ca M3BEXIaHH OTIVIEIHU CEYH, PA3MOJ0XKEHN Ha HHUCKA
HaJMOpCKa BHCOYMHA, Ca CBBP3aHH C TOJSIMA BEPOSTHOCT OT
HaMaJeH pacTeX W 3HAUYNTEIHM 3APaBOCIOBHH TPOOIEMH.
TpaguLMOHHO HPUCTIOCOOCHUTE CEICKOCTONAHCKU TPAKTOPH ca
Hali-M3M0JI3BaHaTa TEXHUKA 32 OJM3BK TPAHCIOPT HA JbPBECHHA B
bovarapus. HemoctursT Ha paboTHa pbKa MOpaaud TpydHATa U
HeTpUBJIeKaTeHa padoTa B IbPBOIOOMBA € €/JHA OT IIPUYMHUTE Ja
ce TojaraT YCWJIMS 3a BHEJpPsABaHE Ha IO-ChbBPEMEHHA,
MHOTO(YHKIIMOHAJIHA TexHUKa. B benrapus, o6aue, n3nonsBaneTo
Ha XapBeCTbpM € OrPaHWYEHO OT IpeoOsiafaBaHeTO Ha
IIMPOKOJIMCTHU TOPH, CTPBMHH TEPEHH H OT MAaKCHMAIHO
JIOIycTUMaTa MHTEH3UBHOCT Ha ced oT 30%. Ilocneanoto
W3UCKBaHE YECTO TMpPaBH  CHBPEMEHHOTO  IBPBOJOOHBHO
o0opy/iBaHe HEPEeHTAOMIHO. B onuT 1na ce mpeononesT HSIKOH OT
TE3W OrpPaHMYEHHUS Tpe3 TIOCIEAHNUTE HIKOJIKO TOIUHU B
Wzrounnte Pononu Gemre BpBeeH KOMOMHHUpPaH CICIHATU3UPAH
KOJIECeH 4YoKepeH Tpaktop-xapeectsp (SH). SH pabotu kato
XapBeCThP M TOBaNsd TOCTBIIHUTE ABPBETA, PA3MOJIONKEHHU Kpait
TPAaKTOPHUTE NBTHIIA W Kopuaopure. OcTaHainTe MapKHUpaHU
IBbpBETa C€ MOBAAT ¢ OCH3MHOMOTOPEH TpHOH. OTcedeHHuTe
IbpBETa Ce W3TErNAT A0 MalnHaTa c jaByOapabanHa neGernka,
o0opy/BaHa C JAWCTAHIMOHHO YIpaBJIEeHHE, HM3BO3BAaT c€ M0
BPEMEHHUS CKJIaj, KBJETO CEe pPa3KpoiBaT, COPTUPAT U PaMIMpPAT
Ha ¢urypu or SH. Cpeanara yacoBa npousBoauTenHocT Ha SH
IIPYU CPETHO U3BO3HO Pa3CTOSHUE OT 69 m, cpeTHO pa3CTOSIHUE Ha
npusivuane oT 14 m, cpenen obem Ha ToBapa oT 4,06 m®, Ge3
OTYMTaHE Ha npecToute Gemie u3umcieHa Ha 9,38 m*-PMH? (c
npectou 8,27 m3-SMH™) cknaaupanu Ha (GUIYpM JIbPBEHH
MaTepHaii, KOeTO € CpPaBHHUMO C JIB€ TUIHWYHH JIHPBOJOOWBHU
Opuranu ¢ MPUCTIOCOOEHU TPAKTOPH C 10 4-5 paOOTHHUIM BB BCSIKa
oT Tax. bpyTtaure pasxoan Ha SH (14,24 € m®) ca B pamMkuTe Ha
pPErHOHATHUTE PadOTa 32 MIJIOIMCTHU HACAXK/ICHHS.
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Aim of study: This study is focused on detailed analysis of
accidents in yarding during the years 2006—2014. There is still not

Len na wuscnenBanero: [logpobGeH aHanM3 Ha TPYAOBHUTE
3JI0NIOJIYKH TIPY M3BO3BaHE C BHKEHM JHMHUH B iepuona 2006-2014
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enough information about such accidents in Central Europe in the
literature available. Area of study: We collected the data on
occupational accidents recorded in timber yarding from the
databases of the Slovak state forest enterprise. Material and
Methods: The data on occupational accidents were recorded
according to actual European Regulation, the form of the record
meets the requirements of the ESAW (European Statistics on
Accidents at Work) methodology. To analyze the data, we used the
multiple regression and correlation analysis, contingency tables,
and a y2 —test. Main results: Almost half of the accidents were the
foot injuries and the most frequent type of injury was fracture of a
bone. The most hazardous operation was yarding. Most of the
accidents occurred between 13.01-14.00 h (22%). The most
frequent agent causing accidents were Particles, dust, splinters,
fragments, etc. (14.05 by ESAW). Research highlights: This study
informs about the most important risk factors in timber yarding, the
most hazardous parts of shift, as well as the days when the most
accidents occur during the week, and as such contributes to better
understanding of how the accidents happen in timber yarding. The
information can be subsequently used in knowledge-based
improvement of safety trainings in forest enterprises.

r. B mHanuynata JsuTepatypa Bce oOlle HIMa JOCTaTbYHO
nHpopManus 3a momoOHM wHIUAeHTH B lleHTpamna Esporma.
Obnact Ha wuscnensane: CpOpaHM ca [aHHA 3a TPYHLOBUTE
3IIOTIONTYKH, PETHUCTPHPAHH B CEYHIIAa ¢ ONM3BK TPAHCIOPT Ha
IBbpPBEHH MaTepuain ¢ BmkeHH nuHuH (BJI), B3etn ot Gasure-
maHAEd Ha JlppkaBHO mpenmpustue ,Jopum Ha CroBamkara
pernyonuka“. Matepuanu u Mertonw: JlaHHWTE 3a TPYIOBUTE
3JIONIOJIYKM Ca OTYETeHH B CHOTBETCTBUE C JICHCTBAIUTE
eBporieiicku pasnopendu, ¢opmara Ha 3ammca OTroBapsi Ha
U3MCKBaHWATa Ha  Meromojorusita ESAW  (EBpomneiicka
CTaTUCTHUKA 3a TPYIOBMUTE 3JIONOJYKH). 32 aHAIN3 HAa JaHHUTE €
U3I0JI3BaHA MHOXKECTBEHA perpecusi U KOpEJallMOHEeH aHaju3,
TabIMIY 332 HENMpeABUAEHH 00CToATeNCTBA U ¥° —TecT. OCHOBHU
pesynratu: IlouTn moONOBMHATa OT TPYAOBHUTE 3JIOMONYKH ca
CBBp3aHU C HapaHJIBaHWA Ha CTHIAIOTO, a HAW-YECTHUAT THII
HapaHsBaHe ¢ QpakTypa Ha KocT. Haif-omacHara omeparus Oerie
Onmu3KHs TpaHcopT. Haif-MHOTO 3JI0TOIYKH ca HACTBITHIINA MEXKIY
13.01-14.00 9. (22%). Haii-uecTuTe areHTH, NPUIHHSBAIIH
3JI0MIOJIYKH, Ca: 'bPBECHU YaCTHUIIM, Tpax, TPECKH, GparMeHTH U
ap. (14.05 mo ESAW). Akmentu oT wu3cieqBaHeTo: ToBa
u3ciieBaHe MHQOpMUpa 3a Hal-BaKHUTE PUCKOBH (HAKTOPHU MPH
M3BO3BAHETO Ha AbpBeHU MaTepuanu ¢ BJI, Hali-onacHUTe yacTu
OT BpEMETO Ha CMsAHATa, KaKTO U JTHUTEC, B KOUTO CC CIIyuBaT Hau-
MHOTO 3JIONOJIYKH TPe3 CeJMUIIATa, U KaTo TaKoBa JIONpHUHACS 3a
mo-100pOoTO pa3dupaHe Ha TOBA KaK CE CIIyYBaT HHIUACHTHTE NIPU
ONMU3BK TPAHCIOPT HA JBHPBCHH MATEPHAIN ¢ MOOWIHH BBHKCHH
muanK.  MHbopMammara oT uW3CieaBaHETO MOXe mOa  Oble
M3II0NI3BaHA BITOCIICNCTBHE 3a MOJOOpsBaHE Ha OOYYCHHETO IO
3]IpaBOCIIOBHM W 0€30MacHM YCJOBUS HA TPYJd B TOPCKHTE
TIPEAIPUSTHS, OCHOBAHO HA 3HAHUSI.
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The aim of the present study was to improve the use and
operational efficiency of the truck-mounted tower yarders in
deciduous stands and to determine the time, log's volume
transported per turn by the yarder, as well as the yarding costs. The
study was carried out in the Sredna Gora Mountains, Central
Bulgaria, in deciduous stand with species composition of European
beech (90%), European hornbeam (10%). The mean productivity
of truck-mounted tower cable yarder at shift level is close to the
maximum for that type (9.12 m3-PMH™ and 8.41 m3-SMH™?). In

IlenTa Ha HacTOSIIOTO M3Cie[BaHEe Oemie Ja ce MoJoopH
M3MOJI3BAHETO M OllepaTUBHATA €(DEKTUBHOCT HA MOHTHPAHUTE Ha
TOBapHH aBTOMOOWIH BmkeHH JmHuH (BJI) B mmpoxomucTHH
HaCcaX/JeHMSI U Jla Ce ONpENeNd BPEMETpPaeHeTO Ha pPabOTHHUS
UKD, 00eM Ha TPAaHCIOPTHPAHHsS KypCOB TOBap OT IbPBEHU
MaTepualid, KakTO M pa3xomure 3a ONW3bK TPaHCHOPT.
IIpoyuBanero e nposeneHo B CpenHa ropa, Llenrpanna bearapus,
B IIMPOKOJIMCTHO HAaCaXIEHHUE C BUAOB cheTaB OyK (90%) n rabbp
(10%). CpenHaTa yacoBa IMPOM3BOIAMTEIIHOCT HA MOHTHPAHATA HA
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order to improve the yarder productivity a remote control of the
carriage is advisable to be used, also used by the choker-setter. In
this way the loaded carriage could wait for the operator before the
landing. Another option to reduce choker-setter's fatigue and to
decrease the time for lateral outhaul and hook is to use a carriage
with mechanical slack-pulling. The gross costs for yarding uphill a
whole deciduous tree by the studied tower yarder were calculated
at 146.52 € per productive machine hour and 13.02 € per m®. In the
distribution of the gross costs, labour costs (21.44%) are lower than
variable costs (29.86%) and fixed costs (26.84%). The results from
the study are useful to integrate the cable yarders in group
shelterwood system and to achieve economic and environmental
efficiency of timber transportation in deciduous forests in sensitive
sites.

ToBapeH aBTomoOm1 BJI e Gim3ka 1o MakcuManHarta 3a TO3H THI
(6e3 oruurane na mpecroute 9,12 m*-PMH™ u ¢ npecrou 8,41
m3-SMH™Y). 3a na ce nmomo6pu npoussoauTenHOocTTa Ha BJI
MIPENOPBUUTETHO Ja CE M3IIOJI3BA TUCTAaHIMOHHO YIPaBICHUE Ha
BaroHeTKaTa W OT INpuKadBada. [lo TO3M HauMH HAaTOBapeHaTa
BaroHETKa MOXCE Ja HM34YaKa oIlepaTopa IPEAN pa3ToBapBaHE.
Jlpyra B3MOXKHOCT 32 HAMJIIBAaHE HA yMOpaTa Ha MIPHUKadBada u
HaMaJsBaHEe Ha BPEMETO 3a U3TETJISTHE Ha TErJIMTEIIHOTO BhXKE KbM
TOBapa M 3aKayaHETO My € U3IOJI3BAaHETO HA BaroHeTka C
MEXaHWYHO TPHUHYJHUTEHO CIYCKaHE Ha TETJIUTEIHOTO BBIKE.
OO0mmuTe pa3xoaM 3a W3BO3BAHE HArope Ha LeJIM IUPOKOJIUCTHH
nbpBeTa oT u3cnenBaHata BJI ca 146,52 € 3a mpoayKTHBeH
MamuHouac (6e3 npectou) u 13,02 €/m3. B pasnpenenenuero Ha
obmure pasxomum Te3n 3a Tpyxa (21,44%) ca mo-HHCKH OT
npoMeHnuBuTe pasxoqu (29,86%) W TOCTOSIHHUTE pa3XxomIu
(26,84%). Pesynrature OT U3CIEOBAHETO ca TOJE3HHA 3a
HMHTETpUpaHe Ha BHKEHHUTE JINHUU B TPYIOBO-TIOCTEIICHHH CEYH B
ropu B 3amureHu 30HM oT Hartypa 2000 u 3a mocturane Ha
MKOHOMHYECKA M €KOJIOTMYHA e()eKTUBHOCT Ha TPAHCIIOPTUPAHETO
Ha JIbPBEHU MaTepUaJId B NIMPOKOJIMCTHU FOPU HA YyBCTBUTEIHU
TEPUTOPUH.
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Cable-based yarding technology has had a long tradition on steep
slopes in Europe, and the new implementation of yarding functions
in recent decades favored operational efficiency and lower
extraction costs. The main goal of this study was to evaluate the
performance of the Syncrofalke 3t truck-mounted Processor Tower
Yarder (PTY) on steep terrain, in coniferous forests managed with
the shelterwood system. In particular, the aim was to determine
PTY productivity and costs, with attention to parameters that could
increase PTY effectiveness. The study was carried out in the
Sredna Gora Mountains, Central Bulgaria, in pure Scots pine stand,
with trees of average DBH = 34 cm and height = 22 m. The study
was carried out in six corridors with 120 work cycles of tree
extraction up the hill, 28° (53%). The mean productivity of PTY
was 15.20 m® per productive machine hour (PMH) and 12.29 m3
per scheduled machine hour (SMH) and was mainly influenced by
the productivity of the yarder unit. Under the given conditions, the
performance of PTY significantly increased if more than one tree
(at least two trees) were attached and extracted per yarder cycle,

OCHOBaHMAT Ha BBKCHU JIMHUM OJIM3BbK TPAHCIIOPT MMa JIIbJra
TpaauUMs Ha CTPBMHHU CKJIOHOBe B EBpoma M BHeApsBaHETO Ha
HOBU (DYHKLMH Tpe3 MOCICTHUTE JECETUIETHS OJaronpusITCcTBa
ornepaTuBHAaTa €(QEeKTHMBHOCT W IO-HHUCKUTE Pa3sxoau 3a JTOOUB.
OcHOBHaTa 1€ Ha TOBa H3CleABaHe Oemie fa ce OLEHHU
eeKTUBHOCTTA Ha MOHTHpaHaTa Ha TOBapeH aBTOMOOMII
nporecopHa BmkeHa suaus (Processor Tower Yarder — PTY)
Syncrofalke 3t Ha cTpbMEH TepeH B HWIJIOJIUCTHH TOpH,
CTOIaHHCBAHH C ITOCTEeNeHHN ceu. [lo-crienuanto, nenta Gemre 1a
Ce OmIpeAemsIT NPOU3BOIUTENTHOCTTA U pazxoaute Ha PTY, kato ce
o0BpHE BHHMaHHWE Ha IapaMeTpPHUTe, KOHTO OMXa MOTJIH Ja
noBumiat epextuBHOCTTa HAa PTY. U3cneaBaneTo € mpoBeneHo B
Cpenna ropa, B 4UCTO OSI00POBO HACAKACHHE, B TBPBOCTOM ChC
cpened diz = 34 cm u cpenHa BucoumHa 22 m. Mscnensanu ca
mect Kopuaopa cbe 120 paboTHM NHKBIA TPU N3BO3BAHE HA SN
JbpBeTa Harope Ipu cpend HakioH ot 28° (53%). Cpennara
4acoBa Npou3BoMTENHOCT (6e3 npecton) Ha PTY € 15,20 m® 3a
npoaykrused mammboyac (PMH) m 12,29 m® 3a nsanupan
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since the productivity of the processor was approximately twice
that of the yarder. The gross costs of the studied PTY were
calculated at 297.48 EUR PMH™ and 16.17 EUR m™3. The variable
costs (75%) predominate in the net costs distribution, followed by
the fixed costs (15%) and the labor costs (10%). The time,
productivity and cost results obtained showed the high efficiency
and level of integration of PTY operations in order to achieve
economic efficiency of logging in montane pine forest managed in
a shelterwood system.

MamHouac (SMH) (¢ oTuMTaHe Ha mpecTouTe) U € MOBIHUSHA
TJIABHO OT MPOM3BOJUTEIHOCTTa HA BBXKEHaTa JuHUA. [lpm
JaZIcHUTe ycnoBus npousBoaurenHoctTa Ha PTY 3HauuTenHo ce
MTOBHIIIABA, aKO TIOBEYE OT €HO IBbPBO (Hali-Mallko JBE IBPBETA)
ce TpUKaYBaT ¥ M3BO3BAT 32 €IMH KypC Ha BBHKEHATA JIMHHSA, Thil
KaTo MPOW3BOIMTEIHOCTTa Ha TPOIECopa € MPUOIM3UTEIHO IBa
pTH o-roisMa. O6muTe pa3xoau 3a n3cuensanus PTY Bp3mmzar
na 297,48 EUR PMH ™ u 16,17 EUR m™3. B pasnpenenenuero Ha
YUCTUTE Pa3xoiu MpeobianaBaT mpoMeHmuBute pasxonu (75%),
ClIeZIBAHU OT MOCTOSIHHUTE pa3xoau (15%) u pasxomute 3a TpyA
(10%). Ilonydyenure pe3ynaTaTH 3a BpeMe, MPOU3BOJAUTEITHOCT U
pa3xoaM TOKa3axa BHCOKaTa e()EKTUBHOCT W HHUBOTO Ha
unterpanuss Ha PTY B onepauuure, 3a 1a ce TOCTUTHE
WKOHOMHYECKAa E(QEKTHBHOCT Ha JBPBOAOOWBAa B IUIAHWHCKH
OOPOBU TOPH MPH TPYIIOBO-TIOCTEIICHHH CEUH B 3alIUTCHU 30HU OT
Harypa 2000.
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Salvage logging is increasing in Central Europe because of the
growth of severe meteorological events, and timber harvesting in
these conditions is challenging in terms of both productivity
performances and safety of the operations. In recent years, with the
increase of natural calamities, several researchers studied
machinery productivity performances regarding salvage logging
carried out by ground-based systems. In fact, a common post-
disturbance management approach is salvage logging which
consists of the widespread removal of damaged trees. In this
research, system productivity and the cost of salvage logging are
analysed in European beech stands affected by wet snow. The
accretion of heavy wet snow poses the greatest risk to forests in the
Northern Hemisphere. This type of snow attaches more effectively
to tree crowns and branches when temperatures are close to
freezing at the time of precipitation. As a result, trees may break or
bend and may be uprooted when the soil is unfrozen. This study
has been implemented to evaluate the productivity and cost-
effectiveness of extraction in salvage logging deployed with a
skidder in beech stands affected by two different types of wet snow
damage. The results show that the productivity of the four-wheel-
drive cable skidder, despite operating in salvage cutting with a
removal intensity of 10%, is 14.73 m3-SMH, similar to skidder
performances in ‘ordinary' cuttings. Skidder's productive time was

[TpuHynuTeaHUTEe ceun ce yBenuuarat B LleHTpanna Epona
NOpaJy HApacTBAaHETO Ha HEOJArONPUSATHUTE METEOPOJOTUYHH
SBJICHHS, a  JBPBOJOOMBBT MNpH  TE3UM  YCIOBUSI €
NPEIM3BUKATEIICTBO KaKTO o OTHOIIICHHE Ha
IPOU3BOAUTEIHOCTTA, TAKA U [0 OTHOIIEHHE Ha 0€30I1aCHOCTTA Ha
Tpy[ npu oneparuute. [Ipe3 nocieaHuTe roauHu, ¢ HAPACTBAHETO
Ha  npuponHuTe  OENCTBMS,  M3CIENOBaTeNd  IpoydyBaxa
XapaKTEPUCTUKUTE HA MPOM3BOJAMTEIHOCTTa HAa MAIIMHUTE II0
OTHOIIIEHHE Ha TPUHYIUTEIHUTE CEYH, U3BHPLIBAHU OT HA3eMHHU
cuctemu. lllupokopasnpoctpaneH OOII MOJAXOA 3a YIPAaBJICHUE
clie]] CMYLICHHS € NPHHYAMTEIHATa ced, KOATO Ce CHhCTOH OT
OTCTpaHsBaHE Ha WOBPEICHU JabpBeTa. B TOBa mM3cienBaHe
MIPOM3BO/IMTEIHOCTTA HA  CHUCTeMara M pasXxoJuTe  3a
MIPUHYANTEITHATE CEYM Cca aHaJW3MpaHW B HACAXKJICHHS OT
oOMKHOBEeH OyK, 3acerHaTv OT MOKbp cHAr. HarpymBanero Ha
OOMJICH MOKBP CHSAT MpPEJCTaBIIsiBA HA-IOJISIM PUCK 32 TOPHUTE B
CesepHOTO TONYKBJI00. TO3M THH CHAT ce MpHKpemnBa IO-
e(eKTUBHO KbM KOPOHUTE M KJIIOHHTE Ha JbpBETaTa, KOIraro
TeMIepaTypuTe ca OJIM3KH O TOYKaTa Ha 3aMpb3BaHe 110 BpeMe Ha
BayiexuTe. B pe3ynraT Ha TOBa JbpBETATa MOTAT JIa C& MPEUYIIST
WIN OTBHAT M MOTaT Ja 0bJaT N3KOPEHEHH, KOraTo I10YBaTa He €
3aMpb3Haia. ToBa M3cielqBaHE € INPUIIOKEHO, 3a Jia Ce OLECHHU
IIPOM3BOIMTEIHOCTTa U PEHTAOMJIHOCTTa Ha OJIM3KHUSI TPAHCHOPT




86% of the scheduled time, whereas the delays were due to
organisational reasons , mechanical delays, and adverse weather
conditions. The mean travel speed of the cable skidder obtained in
this study is close to the results obtained from other studies on
similar machines. The costs per unit are lower than effective cost
consumptions for the other cable skidders and agricultural tractors,
adapted for skidding operated in hardwood salvage logging.
Therefore, under the given conditions, the operation of the four-
wheel-drive cable skidder is viable from a silvicultural, technical,
and economic point of view in the salvage operation logging.

CbC CIEIHMaIN3UpaH YOKEPEH TPaKTOp NpH M3BEKAAHE Ha
NPUHYIUTEIHA ced B HACAXICHUS OT OOMKHOBEH OYK, 3aCeTHATH
OT JBa PA3IMYHM BUIA IOBPEOH OT MOKBp CHAT. Pesynrarure
MIOKa3BaT, Y€ 4acoBaTa MPOU3BOAUTEIHOCT Ha CIELHAIN3HPAHUS
YOKEPEH TPAKTOP ChC 33ABIKBAHE HA YSTHPUTE KOJIea, BEIPEKH
NPHHYIUTETHATA CeY C MHTEH3UBHOCT OT 10%, € 14,73 m3-SMH?,
Onmu3ka [0 TPOM3BOOUTETHOCTTa TIIPH ,,00MKHOBEHH CCYH.
[IpousBopuTenHoro BpeMe Ha MammHarta Oeme 86% or
IJIAHUPAHOTO BpeMe, JOKaTo IPecTOMTe ce AbJDKaxa Ha
OpraHnu3allMOHHU MPUYUHU, PEMOHT U TXHUYCCKO O6CJ'Iy)KBaHe u
HeOJIaronpUATHI METeOpOJIOTrHYHU ycnoBus. CpenHaTa CKOPOCT
Ha [JBIKEHHME, IIOJy4eHa B TOBa H3cIeABaHe, ¢ OIM3Ka 10
pe3yaTaTuTe, MOJNyYeHH NpU APYTH NPOYYBAHHS Ha MOZOOHM
ManirHH. Paszxonure 3a OJM3BK TPAHCIOPT ca MO-HUCKU OT TE3U

IpU  JPYTUTe  CICHHAIM3UPAaHW  YOKEPHH  TPAKTOPH U
MIPUCTIOCOOCHN CEJICKOCTONAHCKH TPAaKTOPH, paboTemy mpu
NPUHYAATETHA  C€YM B I[IMPOKOJHCTHH  HACAXKICHHMS.
CrnenoBarenHo, TpH  JajJeHWTE ycloBus, paborata Ha

CricHruaIu3nupaHns YOKEPEH TPAKTOP CHC 3aIBUKBAHE HA YCTUPUTE
KoOJIcja € e(beKTI/IBHa OT JICCOBBJCKA, TCXHHUYCCKA U HKOHOMHWYCCKA
TJIEAHA TOYKA NPU NPUHYAUTCIIHU CCUU.
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Examination of the technical and economic dimensions of skidding
operations is imperative for sustainable forest management,
offering invaluable insights crucial for the formulation of
sustainable forestry strategies. In many countries, the shift from
modified agricultural machinery to purpose-built forest machinery
has become apparent in forest operations. However, this transition
often accompanies a reduction in logging crew size, raising new
questions about productivity, costs, and ergonomics of the
introduced harvesting systems. This study investigates two
skidding systems utilizing the cable-grapple skidder Welte 115/5L,
differing in work team size: one with one skidder operator and two
chainsaw operators (WT3) and the other with one skidder operator
and one chainsaw operator (WT2). Conducted in natural European
beech forests in southern Bulgaria, the research focused on the
group shelterwood system within the Natura 2000 network. Both
WT3 and WT2 exhibited net skidding productivity of 9.96 m3
PMH™ over a mean skidding distance of 300 m and a mean
winching distance of 20 m, outperforming conventional systems in

W3cnenBaHeTo Ha TEXHUYECKUTE M MKOHOMHUYECKHUTE TOKa3aTeNnu
Ha OMepanuuTe OT OJM3KHS TPAHCHOPT € HAIOXKHUTENHO 32
YCTOWYMBOTO YIpaBjieHHE Ha TOpUTE, KAaTo MpeJiara Oe3leHHH
U3BOJIM, KOMTO Ca OT PELIaBaIllo 3HaYeHUE 32 (OPMYJIUPAHETO Ha
CTpaTeruy 3a YCTOHYMBO TOPCKO CTOINAHCTBO. B MHOro crpanm
MIPEMHHABAHETO OT IPHUCIIOCOOEHH CEJICKOCTOIIAHCKH MAIIMHU
KBbM CHELHAHO Ch3/1aJAE€HN TOPCKH MAIlMHU CTaHa OYEBUIHO B
TOpPCKUTE JeHHOCTH. BbIpekn TOBa TO3M MNpexox 4YecTo ce
CBITBTCTBA OT HaMaJIsiBaHE Ha Opos Ha IIepcoHaa 3a IbPBOA0OUB,
MOBJUTaiKW HOBH BBIPOCH OTHOCHO IPOU3BOJUTEIHOCTTA,
pa3XoJMTe W EpProHOMHUYHOCTTAa Ha BBBEICHHUTE CHCTEMHU 3a
IBpBOIOOHB. ToBa MpoydYBaHE M3CIIEABA BE CUCTEMH 3a OIU3BK
TPaHCIIOPT, HW3MOJI3BALIM CHENUATU3UPAH YOKEPEeH TPaKToOp C
XHUIpaBINUeH cTpenoBu kpaH Welte 115/5L, paznuuaBanu ce mo
Opost Ha pabOTHHS EKWII: €JHAaTa C €IUH TPAKTOPHCT M J1Bama
MOTOPHCTH Ha OeH3MHOMOTOpeH BepwxkeH TpuoH (WT3), a
Jpyrara — ¢ €IMH TPaKTOPHCT U eIMH MOTOPHCT Ha BEPIIKEH TPUOH
(WT2). IIpoBeneHo B ecTeCTBEHH rOpu 0T 0OMKHOBEH OyK B FOxHa




the area. Despite this, there were notable differences in gross
skidding productivity (8.64 m® SMH™ for WT3 vs. 7.30 m® SMH™?
for WT2), affecting skidding cost (EUR 5.41 m™ for WT3 vs. EUR
6.62 m2 for WT2) and unit production cost (EUR 9.33 m™3 vs.
EUR 11.53 m™3). This study highlights that the cable-grapple
skidder can be effectively employed by smaller teams, providing
higher productivity, lower unit cost, and increased flexibility
during piling, primarily due to the presence of the knuckle-boom
loader. While WT2 experienced more delays and production
pressure, the findings suggest that WT3 represents a balanced
option for small logging crews, ensuring sustainable forest
operations in the face of workforce challenges.

Benrapusi, wscnensanero ce (oKycupa BBPXY CHCTEMara OT
3aIUTEeHN TOpHU B paMKkuTe Ha Mpexkata Harypa 2000. Kakro WT3,
taka 1 WT2 moka3zaxa 4YmCTa MPOW3BOAUTEIHOCT Ha OIU3BK
Tpancnopt ot 9,96 m® PMH™ npu cpeHo U3B03HO pa3cTosSHUE OT
300 m u cpeHO pa3CcTOsSHHUE Ha MpUBJIHYaHe ¢ Jedenkara oT 20 m,
NPEBB3XOXKAANKN KOHBEHIMOHAJIHUTE CHUCTEMU B pailioHa.
Brmpekn ToBa mMare 3a0enekUMU pa3uKi B OpyTHaTa dacoBa
MIPOM3BOJUTEIHOCT (C OTYUTAHE Ha MPECTOMTE) Ha ONU3BK
tpaucnopt (8,64 m*>SMH™ 3a WT3 cpemy 7,30 m*SMH™ 3a
WT2), 3acsaraim pasxoaute 3a 6ausbk Tpancnopr (5,41 EUR-m™3
3a WT3 cmpsamo 6,62 EUR-m™ 3a WT2 ) u mpousBoAcTBEHH
pasxoau aepBonoous (9,33 EUR-m™ cpemy 11,53 EUR-m3).
ToBa m3cienBaHe MoAYepTaBa, 4e CIEIHAIMIUPAHHUAT YOKEPEH
TPaKTOp C XWAPABIMYCH CTPEJIOBH KpaH MOXE Jla Ce HM3II0JI3BA
e(EeKTUBHO OT MO-MaJoOpOWHM OpHranu, OCHTYpSIBAKH TO-
BHCOKa TIPOM3BOJHUTEIHOCT, MO-HUCKH EIWHUYHH pasxogu H
MIOBUINICHA TI'bBKABOCT II0 BpEME Ha COPTHpPaHE M paMITUpaHe,
TJIABHO TIOPaJW HAJMYMETO Ha XWAPABIMYCH CTPEJOBH KpaH.
Bonpexku ue WT2 Boau 10 moBeue MPECTOU M MPOU3BOJICTBEHO
HaTOBapBaHe,  KOHCTaTallMUTe  mpexmojarat, de  WT3
npeAcTaBiIsBa OajlaHCHpaHa OIIMS 3a Majlkd Opuraad 3a
JIbPBO/IOOUB, OCHUTYpSIBAiKM YCTOWYHMBOCT Ha OIEpaluuTe B
JIMLIETO Ha NpEeIU3BUKATENICTBATA HA OrpaHHMYeHara paboTHara
cuia.
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The efficient planning and control of timber harvesting operations
is crucial to growth productivity and reducing costs, and different
systems or methods are applied to obtain elevated performance. In
particular, cable yarding is a highly appreciated and very efficient
wood extraction method in areas that are difficult to access with
ground-based extraction machines. Combined logging systems are
not diffuse and not often implemented. For this reason, the use and
the application of innovative methods are limited. However, some
combinations have recently been observed in forest operations.
This study, conducted in a deciduous stand in Bulgaria, paid
attention to the combination of a tractor-mounted tower yarder
(Valentini V400) with a clambunk skidder (Timberjack 1010D),
aiming to examine the viability and develop the operational
efficiency of the two-stage extraction system and to define the time,
log volume extracted per unit by the yarder and the clambunk, and

EdexktuBHOTO TIaHWpaHe W KOHTPOJ Ha OMepaluuTe B
IBPBOMOOMBA € OT pellaBami0 3HA4YeHHWE 3a pacTeka Ha
MIPOU3BOJUTEIIHOCTTa M HAMAJISIBAHETO Ha Pa3XOJUTE U 3aTOBA CE
npujiarar pasjivdHUd CUCTEMHM WJIM METOAM 32 IOCTHUIaHe Ha
MOBHINICHA  IPOU3BOAMUTEIHOCT.  [l0-KOHKPETHO,  OJIU3KHAT
TPAHCHOPT C BBKCHU JIMHUH € BHCOKO IIEHCH U MHOTO e(DeKTUBEH
METOJ] 3a J00OMB Ha JbpBECHHA B paiiOHH, KOUTO ca
TPYIHOJOCTBITHU ¢ Ha3eMHHU MamrHu. KOMOMHUpaHUTE CHCTEMH
3a ONM3BK TPAHCHOPT HE Ca IIUPOKO PA3MPOCTPAHEHH M HE ce
npwiarar 4ecto. Ilopagu Ta3sum mnpuuMHAa H3MOI3BAHETO H
MpUJIaraHeTo Ha MHOBAaTMBHM METOAM € OorpaHuyeHo. Bbrnpexu
TOBa, HANOCIEABK Ce HAOMIOIaBaT HAKOW KOMOWHAIMK TIpU
TPAHCIIOPTHHU Ollepalu B ropute. ToBa U3cieBaHe, IPOBEICHO B
IIMPOKOJINCTHH HaCaXJeHHs B Bbbarapus, oObpIia BHUMaHHE Ha
KOMOWHAIMATA OT MOHTHpPaHA HA TPaKTOp BBKCHA JIMHUS




the yarding and skidding costs. The researchers carried out a time-
motion study and performed a regression analysis to identify those
variables that are most likely to affect the duration of work
elements and productivity. For cost analysis, the COST model was
used. The mean productivity of the tower yarder was 10.34 m 3
/PMH and 8.11 m®SMH, while for the clambunk skidder, the
productivity was 6.23 m*/PMH and 4.93 m3%/SMH. The net costs
for the combined logging system were calculated as 120.87 €/PMH
and 14.93 €/m®. This study adds new data about the correct use of
both machines, supporting their application in beech forests.

(Valentini V400) c¢ 6e3uokepen Tpakrop (Timberjack 1010D), c
el Ja ce Hu3cIelBa JKU3HECIIOCOOHOCITAa M Ja ce pas3BUE
omneparuBHaTa e(pEeKTHBHOCT HA JBYCTECIICHHA CHCTEMa 3a OJIM3BK
TPAHCIIOPT ¥ 32 ONpEACITHE Ha BpeMeTo, obeMa Ha TOBapHTe Ha
BB)KCHATa JIMHUS M O0€34OKEpHHS TPAKTOP, KAKTO U Pa3XxoJuTe Ha
nBere MammHHU. M3cnenBana Oemre chBMecTHaTa paboTarta u
U3BBPLICH PErpeCHOHEH aHalM3, 3a Ja HWACHTU(GUIHpAT OHE3H
NIPOMEHJIMBH, KOWTO € Hal-BEpOSATHO Ja MOBIMAAT Ha
NPOJBDKUTENIHOCTTA Ha EJIEMEHTHTE Ha pabOTHUTE LMKIM U
NPOU3BOJIUTENHOCTTA. 3a aHalM3 Ha Pa3XoIuTe € H3IO0JI3BaH
monensT COST. CpennHata uacoBa TPOU3BOAUTENTHOCT Ha
BbkeHara muHus € 10,34 m3/PMH (6e3 npectou) u 8,11 m3/SMH
(c nmpecrom), mokaTo 3a OC3YOKEpHHS TPAKTOP 4YacoBaTa
npousBoauTenHoct e 6,23 m*/PMH (6e3 npectou) u 4,93 m*/SMH
(c BrimouyBaHe Ha mpecroute). HerHuTe pasxomu  3a
KOMOWHHpaHaTa CHCTeMa 32 OJU3BK TPAHCIIOPT 0sXa H3YHCICHH
Ha 120,87 €/PMH u 14,93 €/m®. ToBa u3cienBane 100aBs HOBH
JaHHA 32 TPaBWIHOTO M3MOJ3BaHE HA JBETE MAIIMHH,
HOAKPEISIIN PUI0KEHHETO UM B OYKOBHUTE TOPH.

B4.9.

Papandrea S. F., S.
STOILOV, M. F. Cataldo,
P. Nichev, G. Angelov, A.
R. Proto. 2025. How
Different Distribution of
Assortments on Worksites
Influences Forwarder
Performance in Coniferous
Plantations. Croatian
Journal of Forest
Engineering, volume: 46,
issue: 1, pp. 33-45. doi:
https://doi.org/10.5552/cro

jfe.2025.2593. IF (2023) =
2,7; QL.

Forwarders often load logs organized in large piles by modified
farm tractors, skidders, animals, other forwarders, etc., but
currently, there are no studies on how the different concentrations
of logs affect forwarder performance in terms of time consumption,
productivity, and costs in forwarding operations. A study was
conducted in three locations situated in Bulgaria (sites A and B)
and in southern Italy (site C): in site A the logs were spread in the
stand, in site B they were concentrated in large piles at the roadside,
whereas in site C the logs were organized at the roadside in piles
of medium size. The average forwarder productivity in site A
obtained at an average forwarding distance of 1780 m, an average
payload volume of 9.83 m?, and an average number of grips of logs
with the crane grapple, during loading (22.97) and during
unloading (8.97) per cycle, is 10.43 m3-PMH™* (PMH, productive
machine hour) and 9.93 m®SMH? (SMH, scheduled machine
hour), respectively. In site B the productivity rate was lower than
that registered by the forwarder operated in site A: 9.38 m3-PMH™
and 8.81 m3SMH™?, respectively, at an average forwarding
distance of 3760 m, average payload volume of 15.04 m?, and a
mean number of grips of logs with the crane grapple, during

Coptumenthute Ttpaktopu (CT) (cdbopsapuepu, dopybpabpu)
YEeCTO TOBapsT COPTUMEHTH, CKJIQJIUPAaHH HAa TojieMH (QUTypH OT
HPUCTIOCOOCHHN CEJICKOCTONAHCKH TPAKTOPH, CIHEIHATH3UPAHH
YOKEPHH TPAKTOPHU, XMBOTHH, JPYIM COPTHMEHTHH TPAaKTOPH U
T.H., HO TIOHACTOSIIIEM HsIMa ITPOYYBaHHs 33 TOBA KaK pa3IMuHUTE
KOHIICHTPAIMY Ha AbPBEHH MaTepUaJIH BIUSAT BbPXY padoTara Ha
CT mo oTHOILIEHHE Ha pa3XxoUTe HAa BpeMe, IPOU3BOANTEIHOCTTA
1 pa3xoJuTe NpH ONEepaluuTe MO M3BO3BaHE. bemie mposeneHo
MIpoy4BaHe B TPU 00EKTa, ABa pasnoyioxeHu B bbriarapus (o6ektn
A u B) mw equrn B MOxna Uramus (obekr C): B obekt A
COPTUMEHTHTE Os1Xa pa3NpbCHATH B HACaKAEHHETO, B 00eKT B Te
0s1Xxa KOHIEHTPUPAHHW HA TOJIeMH (QUI'YpH Kpail IbTs, JOKaTo B
obekt C Osxa chOpaHu Kpaii BT HA GUTYPU ChC CPEIEH pa3Mep.
CpenHaTta TpPOM3BOAMTENHOCT Ha QopBapaepa B 00eKkT A,
MOJTydeHa MPHU CPETHO M3BO3HO paszcrostHMe oT 1780 m, cpermeH
06em Ha KypcoBus Tosap oT 9,83 m® u cpesien 6poil 3axBaraHus
Ha TPYNH c Trpaiidepa Ha KpaHa, IO Bpeme Ha ToBapeHe (22,97) u
T10 BpeMe Ha pa3toBapBane (cpenHo 8,97) Ha ks (kype), e 10,43
m3-PMH? (PMH, npoilyKTHBEH MaIIMHOYAC, T.€. O€3 OTYMTAHE Ha
npectoute) 1 9,93 m* SMH? (SMH, nnanupan MammHouac, T.€. ¢
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loading and during unloading, of 23.57 and 14.10 per cycle,
respectively. With regard to site C, the average machine
productivity was 12.39 m*-PMH™ and 11.85 m3-SMH?, travelling
a mean forwarding distance of 1630 m, transporting a mean load
volume of 13.63 m?, and performing an average number of grips of
logs with the crane grapple, during loading of 26.52 and during
unloading of 12.36 per cycle. The ratio between the number of
grips of logs with the crane grapple during loading and unloading
operations in site A is on average 2.56, but in site B it is
significantly smaller — mean of 1.67, due to the larger number of
logs in the grapple when loading from large piles. Site C shows a
loading and unloading number of grips ratio intermediate between
the two Bulgarian sites. This ratio is characterized by the
concentration of logs in the stand. Concentration in larger piles
results in a larger volume of grappled logs by crane, and hence,
lower time for loading of the forwarder and higher productivity.
The obtained results show that the dispersion of small piles of logs
results in a smaller volume grappled, a greater number of crane
cycles and a larger loading distance, which generally, increases
loading time. The larger volume of logs in the crane grapple and
the shorter loading distance, when the loading operation is carried
out from larger piles at the roadside, lead to less loading time.
Gross costs for forwarders were 65.14 € PMH™ at Site A, 72.96
€-PMH™ at Site B, and 85.58 €-PMH™ at Site C. When the
forwarders were productive, the costs were 6.35 €-m3 in site A,
7.90 €:m in site B, and 6.90 € m™= in site C.

MIPECTOM), ChOTBETHO. B 00ekT B nmponsBomurenHocTTa € Ho-HHUCKa
ot Tasy, perucrpupana 3a CT, paboremnt B 00ekT A: cb0TBeTHO 9,38
m3-PMH™ u 8,81 m®-SMH™, nnpu cpeiHO M3BO3HO Pa3CTOSHUE OT
3760 m, cpenen o6eM Ha Kypcosus ToBap oT 15,04 m® u cpenen
Opoii 3aXBaIIaHus Ha COPTUMEHTH C Tpaiidepa Ha KpaHa, TI0 BpeMe
Ha TOBapeHe W 10 BpeMe Ha pa3ToBapBaHe, ChOTBETHO 23,57 u
14.10 ma muken (kypc). Ilo otHomenne Ha obexr C cpemnHaTta
MPOU3BOJUTENIHOCT Ha MammuHara € 12,39 m®-PMH? u 11,85
m3-SMH!, usmuHaBaiiku cpeiHO M3BO3HO pascTosHue oT 1630 m,
TpaHCIIOPTHUPAKHU cpefieH 00eM Ha KypcoBHs ToBap oT 13,63 m® u
U3BBPUIBAMKYN cpefieH Opoil 3axBallaHUS Ha COPTUMEHTH C
rpaiidepa Ha KpaHa 1o BpeMe Ha ToBapeHe 26,52 u 1o BpeMe Ha
pasroBapBane 12,36 Ha nukbI. CHOTHOIIEHHETO MEXITy Opos Ha
3axBalllaHUATa HAa COPTHUMEHTHTE C Tpaiidepa Ha KpaHa MpHU
TOBapOPa3TOBAPHUTE OIEpaludl B 00eKT A e cpeaHo 2,56, HO B
obext b e 3HaumTenHO MO-Manko — cpeaHo 1,67, mopamm mo-
roemMust Opoi COPTUMEHTH B rpaiidepa Mpu TOBapeHE OT roJIeMHU
¢urypu. OOexkr C moka3Ba CBHOTHOIICHHE MEXIy Opos Ha
3axBaTUTE INPU TOBApPEHE U PAa3TOBAapBaHE COPTUMEHTH CPEIHO
MEXIy JABata Obarapcku oOekra. ToBa CBOTHOIIEHHE C€
XapakTepu3upa C  KOHIEHTpalusTa Ha COPTUMEHTH B
HacaxxJeHueTo. KoHleHTpanusara B mo-rojeMu GUTypu BOJH 10
HO-TOJISIM 00eM 3axXBaHATH COPTHMEHTH OT KpaHa, a OTTaM H I10-
MaJIko BpemMe 3a ToBapeHe Ha (opBapaepa U IO-BUCOKA
npousBoauTenHOCT. [lomyueHnTe pe3ynTaTH TOKa3BaT, ue
pasnpbCBaHETO HAa MAJKW KYMUUHHM BOJM JI0 TO-MaJbK 3aXBaHAT
o0eM, Mo-ToJsiM Opoi MKIM Ha KpaHa U MO-TOJSIMO Pa3CTOSHHE,
W3MHHABaHO B CEYHMILETO IPH TOBapeHe, KOETO Karo IuIo
yBeJIHM4YaBa BpeMeTo 3a ToBapeHe. [lo-roneMusT 00eM COpTHMEHTH
B Tpaiiepa Ha KpaHa M MO-KPAaTKOTO Pa3CTOSIHUE Ha TOBapeHe,
KOTaTO TOBAPEHETO C€ M3BHPIIBA OT MO-TOJEMH KYMUUHH Kpau
IIBTS1, BOAST JI0 O-MAaJIKO BpeMe 3a ToBapeHe. YacoBHUTe pa3xoan
3a 6GmM3BK TpaHCHopT Osxa 65,14 € PMH™ B obexr A, 72,96
€-PMH™?! B o6exr B u 85,58 € PMH™"! B o6ext C. Pazxonure 3a
OJIN3BK TPAHCTIOPT HA €IMH Ky0. METHP IbpBecHHa Os1xa 6,35 €-m’
3B 0obekT A, 7,90 € m™ B 06exT B 1 6,90 € m™ B 06ekt C.
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In the last decade, technological innovation in the forest operations
sector has allowed levels of mechanization alternative to
agricultural tractors and animal logging. These machines are used

Hpe3 NOCJICAHOTO ACCCTUIICTHUEC TCXHOJOTMYHUTE HWHOBAllUU B
CCKTOpa HAa TOPCKUTE ONE€palinm N03B0JIMXa HUBA HA ME€XaHU3allnd,
AJITCPHATUBHU Ha CCJIICKOCTOIMMAHCKUTE TPAKTOPU U H3BO3a C




Forest Operations Using a
Combi—Forwarder in
Deciduous Forests. Small-
scale Forestry (2023).
https://doi.org/10.1007/s11

842-023-09552-0. IF
(2023) =1,4; Q2.

to load logs from skid roads and move logs to the next pile, until
the load space is fully loaded. Fortunately, in recent years the
development of new technological progresses in forestry
mechanization created an alternative operation on ground-based
system with the use of a combi-forwarder for wood forwarding.
These innovative machines have the advantage that only one
machine can perform logs bunching and primary transport. Infact,
pull stems by the winch from the stump to the road, after they have
been cross-cutted by chainsaws, it loads by the forwarder’s crane
the logs and transports them to the landing, where they are
unloaded with the crane in piles. The aim of the present study was
to analyse the operational time consumption, to estimate the
productivity of the combi—forwarder with a built-in single-drum
winch in beech stands evaluating the forwarding and winching
distances, log’s volume transported per turn by the machine, as
well as the extracting costs. The study was conducted in low-
intensity shelterwood cuttings in beech forest, located in Western
Balkan Mountains, Bulgaria. The mean productivity of the combi-
forwarder was 7.09 m® PMH ™ and 6.11 m®> SMH close to that of
the cable skidders and forwarders in similar conditions. The net
costs for the studied combi—forwarder were calculated of 25.33 €
per productive machine hour and 4.13 € per m*. The variable costs
(70%) have a leading role, followed by labour costs (22%) and
fixed costs (8%). The use of a combi-forwarders facilitates
chainsaw operators, as some of the operations are carried out at the
roadside in better working conditions: flat terrain and support of
the crosscutting phase. The results from the study are useful to
introduce and to integrate the combi—forwarders with shelterwood
systems and to achieve economic and environmental efficiency of
timber harvesting in deciduous forests.

KMBOTHH. Te3u MamMHM ce WU3MOoJI3BaT 3a TOBapeHe Ha
COPTUMEHTH OT TPAKTOPHUTE WHTHIIA M [BHKCHHE KbM
cliesBalaTa KyIMudHa, JOKATO TOBAPHOTO MHPOCTPAHCTBO OB
HAIBJIHO 3apefieHo. [Ipe3 mocneqHHUTe TOAMHH Pa3BUTHETO HA
HOBUTE TEXHOJOTMYHU MOCTHKEHHsS B TOpCKaTa MeXaHH3allusl
Ch3Ja/ie aJITEPHATHBU Ha HA3EMHHUTE TPAHCIIOPTHU CHCTEMHU C
M3IIONI3BAHETO Ha KOMOWHHMpAH COPTHMEHTEH TPakTop (KOoMOH-
¢dopBapnep) 3a OJIM3BK TPAaHCHOPT Ha JIbpBecuHa. Te3u
WHOBATUBHU MAalllMHU UMAT MPEAUMCTBOTO, Y€ CaMO €Ha MallInHa
MOJKC Oa M3BBbpUIBA NPHUBJINYAHC Ha C’I"])6J'Ia, CT"I)6J'IGHI/I CEKIIMU U
COPTUMEHTH U IBPBUYEH TpaHcHopT. MaiinHata npuBiauya
cTrOiIaTa ¢ JiebeaKara OT CEYHMIIETO KbM ITBTS, Clie]] KOETO Te ce
pasKpoiiBaT ¢ MOTOPHHM TPHOHH, HATOBapBa COPTUMEHTHTE C
XHUJIPABIUYHKS CTPEIOBH KPaH Ha TPAKTOPA M TH TPAHCIIOPTUPA 10
BPEMEHHUS CKJIaj, KbJETO CE pa3ToBapBaT ¢ KpaHa Ha (urypu.
IlenTa Ha HACTOSAIIOTO W3CICABAHE € Ja Ce aHalu3upa
pas3mpeleiecHHeT0 BPEMETO 3a OINepalluuTe B Kypca U ja ce
M3CIIe/IBa MPOU3BOANTEIHOCTTA Ha KOMOU-(hopBapepa ¢ BrpajacHa
enHoOapabanHa Jiebeka B OyKOBH HACAXKACHHUS, KATO CE OLCHST
pascTosHUATA Ha PUBIUYaHE ¢ JiebeaKa 1 H3B03BaHe, 00EMbT Ha
COPTUMCHTUTE, TPAHCHIOPTUPAHU 3a €IWH KypC OT MalluHaTta,
KaKTO W pPa3xoAuTe 3a OJM3bK TpaHcropT. M3cneapaHneTo e
MPOBEJIEHO B OYKOBH TOPH, B KOUTO CE U3BEXKIAT MOCTETICHHN CEUn
C HHMCKa WHTEH3UBHOCT, Pa3NoiokeHH B 3anagHa CTapa IjIaHWHA.
CpenHaTta vacoBa MPOHM3BOAUTEIHOCT Ha KOMOHU-(opBapaepa e
7,09 m* PMH ! (6e3 ounrane Ha mpectonte) u 6,11 m* SMH ™ (c
BKJIFOUEHH MpPECTOM), OJIM3Ka JI0 Ta3d Ha CIEHHATH3UPAHUTE
YOKEPHH TPAKTOPH U COPTUMEHTHH TPAKTOPU MPHU MOJ00HU
ycioBust. HetHuTe pasxoau 3a n3cneiBaHus KoMOu-popBapep ca
n34ucieHy Ha 25,33 € 3a npoaykTHBeH MamHouac (6e3 oT4nTaHe
Ha mpecton) U 4,13 € 3a m’. Boxema ponst ©MaT MPOMEHINBUTE
pazxomu (70%), cmenBanu oOT pasxoaute 3a Tpyn (22%) u
nocTosiHHUTE pasxonu (8%). M3mon3BaHeTo Ha KOMOWHUpPaHU
(dopBapzepu yiecHsBa ONepaTopuTe Ha MOTOPHU TPHUOHH, Thii
KaToO HAKOM OT OI€paluuUTE CC M3BBpPIIBAT Kpal\/’I IIbTA 1IPU 110~
JO0OpU paOOTHH YCIIOBHS: PABCH TEPEH M OTIOPA OT XUAPABINYHUS
KpaH IIpH pas3kposiBaHeTo. Pesynrature OT H3ClienBaHETO ca
MTOJIC3HU 32 BBBEXKIAHE M MHTETpUpaHe Ha KoMOu-popBapaepure
MPHU TIOCTCTICHHUTE CEYM W 33 TOCTHIaHe Ha MKOHOMHYECKA U
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eKOJIOTHYHA e(QEeKTHBHOCT HA IHPBOJOOMBA B IIMPOKOIHCTHU
TOpH.
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IIyonmkyBaHa KHUTa Ha 0a3aTa Ha 3alUTEH JUCEPTAIMOHEH TPy 3a MPHUCHKIaHe HA 00pa30BaTeIHA H HAYYHA CTeMeH ,,JOKTOP“ MU 32 MPUCHKAAHE HA
HAYYHA CTeIeH ,,IOKTOP HA HAYKUTe*
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CTOMJIOB, Crt. 2024.
H3cnensane Ha
TCTJIUTCIIHO-CLICITHUTEC
CBOICTBA Ha KOJECHUTE

TPaKTOPH 3a JbPBOAOOHUBA.

C.: UK JITY, 184 c. ISBN
978-954-332-198-8.

W3cnenpanu ca mpolecuTe, IPOTHYALIM IIPH pas3NpesielicHue Ha
HATOBApBAaHETO MEXIY 3aIBIKBAIUTE MOCTOBE HA KOJICCHHTE
TpakTopu 3a ObpBoAOOMBa THn 4X4 TpH IBWKEHHE II0
mepopmupyemM  mhT. JlokazaHa €  HEOOXOOMMOCTTa  OT
CBIICCTBYBAaHE HAa KHHEMAaTUYHO HECHOTBETCTBUE MEXIY
TEOPETUYHUTE CKOPOCTH Ha 3aJBIKBALIUTE XOAOBHU KOJIeIa, KOETO
Jla KOMIICHCHpPaA pas3sjIMYHUTE YCJIOBUA HA ThPKaAJIAHE HAa MPECAHUTE
U 3aJHUTE KOJelNa, IBDKAIIM ce Ha pa3iauyHaTa IUIBTHOCT Ha
OIopHaTa MOBbPXHWHA HA BT MO NPEAHUTE U 3aTHUTC XOJ0BU
KoOJiCjla U Ppa3jIMYHUTEC UM KHMHCMATUYHHU paauyCHu IIpU JIMIICAa Ha
MEXIYOCOB AU(epeHnnan u IBIKCHHE IO JePOpMHPYEM IIBbT.
AHanmu3upaH ¢  KOC(HIMEHTHT Ha TMOJIC3HO JeHCTBHE Ha
TPAHCMHUCHATA NPH [TOJaBaHEe Ha MOLIHOCTTA Ha JBHUraTels KbM
3aJIBUKBALIMTE MOCTOBE 10 J1Ba NIOTOKA U €A JAJICHU aHAJTUTHYHU
YpaBHEHUS 32 M3CJICABAHE M ONPENeIIsIHE Ha TErJIUTSITHUSA K.I1. 1. U
KoeduIeHTa Ha e()EKTUBHOCT HA KOJCCHUS IBIKUTEN Tkn Ha
KOJISCHHS ~ TpakTop 3a  JIbpBomoOmBa.  Ce3mageHn  ca
MAaTEMAaTUYCCKU MOJCIIN, U3pa3saBalllu BIUAHUETO HA HAJIATAHUATA
Ha BB3AyXa B MNPECIHUTE U 3aJHUTEC TYMHU HU TETrJIUTCIHOTO
HATOBApBAHC BbBPXY IMOKA3aTCIUTEC Ha TETJIMTCIHO-CLUCITHUTE
CBOMCTBA Ha KOJIECHHS TPAKTOP 3a IbPBOAOOMBA IIPH U3BO3BAHE HA
JIbPBEHUTE MaTepHaJIH B IIOJYHATOBAPEHO MOJIOKEHHE.

For a four-wheel-drive skidder with rigidly coupled front and rear
drive axles, the tractive performance under a hard surface condition
can be achieved if the theoretical speed of the front and rear wheels
is equal. Under a forest terrain conditions, where sinkage takes
place, the theoretical speed of the front wheels should be faster (i.e.
forerunning) that of the rear because of different tire deflection, soil
compaction, and rut depth. To prevent the transmission mechanical
damage and to reduce tires worn out it is necessary a kinematic
discrepancy ki<l between the theoretical speeds of the front and
rear wheels under deformable forest terrain to be used.

The tractive efficiency when the engine power stream is delivered
by the transmission to the front, rear, and both drive axles and to
tire rims is analyzed.

The research results have showed that the tire inflation pressure
control provides proper kinematic discrepancy, lower wheel
slippage and rolling resistance, as well as traction, mobility and
tractive efficiency increase.
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The results from survey of forestry equipment in 2019 show 1371
units in Bulgarian logging industry. Expectedly, the largest share
is in the farm tractors adapted for timber skidding. The rate of cable
skidders is more than three times lower. Cable skidders and yarders
should prevail, given that most of the forests in Bulgaria are
situated on steep terrains with complex forms. A fundamental
problem in logging industry in Bulgaria is the huge predominance
of old equipment (in operation over 10 years), and their lower
production rates and higher maintenance and repair costs. A major
renewal of the logging machinery is expected, due to its physical
wear and lack of manpower in the logging industry as well as in the
industry as a whole, which is becoming increasingly tangible. The

Pesynrature oT mpoy4yBaHETO Ha ropckara TexHuka mpes3 2019 r.
nokasBaT Hanuuue Ha 1371 exuHnM B A5pBOI0OMBA B bharapus.
OuakBaHO Hal-TOJSIM € JENBT HA CEICKOCTONAHCKUTE TPaKTOPH,
NpucrocoOeHn 3a M3BO3BaHE Ha JBbPBEHHM MaTepuanu. JenbT Ha
CIELUANIN3UPAHUTE YOKEPHU TPAKTOPH € IMOBeYEe OT TPU II'BTH MO~
HUCBHK. TpsiOBa &a mpeoOnazaBaT ClENHMATU3UPAHUTE YOKEPHHU
TPaKTOpHM M BBKEHUTE JHHHWH, KaTO C€ MMa MpPEABHA, Y€ II0-
rojsiMaTa 4acT oT ropure B bearapus ca pasmoiioskeHH BBPXY
CTPBMHH TEPEHH CbhC CIOXHH (GopmMu. OCHOBEH MpoOieM B
IBbPBOJOOMBHATA TNPOMUIIJICHOCT B bBITapus € OrpoMHOTO
npeoOagaBaHe Ha cTapo obopyaBaHe (B excrutoaTamnus Haa 10 T.),
KaKTO ¥ NO-HHCKaTa MM TIPOM3BOIMTEIHOCT ¥ MO-BHCOKHTE




retrofit must be done with new high-performance equipment that,
while more expensive, will ensure efficiency and lower unit costs.
Facilitating access to EU programs will encourage the purchase of
modern logging equipment. The density of the forest road network
is insufficient and investment is needed to build new forest roads
to reduce the average skidding distance and unit costs, and to rise
the productivity of primary transport. Increasing the maximum
allowable felling intensity will lead to the possibility of
mechanized logging. The increasing the intensity of cutting will
expand the use of harvesters and forwarders in coniferous forests.
Another driver for the rapid introduction of new logging equipment
are the long-term contracts of companies for better predictability
and sustainability of investments. Barriers are the oncoming
recession in the demand for timber and the supply of large volumes
of cheap timber damaged by natural disasters from other European
countries.

pasxoau 3a TOMApPHXKKa H peMoHT. (OdYakBa ce OCHOBHO
OOHOBsSIBaHE Ha [IbPBONOOWMBHATA TEXHHKA, IOPagH HEWHOTO
(m3mIecKo U3HOCBAHE W JIMIICa HAa paboTHA pBKa B IHPBOIOOHBA,
KaKTO ¥ B HHIYCTPUSTA KaTo IS0, KOETO CTaBa BCE M0-0CE3aEMO.
Mopepan3anusiTa TpsOBa Ja €€  M3BBPIIM C  HOBO
BHCOKOIIPOM3BOANTEIHO 000pyaBaHE, KOETO, MaKap M II0-CKBIIO,
€ OCHUTYpH BHCOKa €(QEKTUBHOCT M IO-HUCKH DPa3XOAH.
VYnecHsBaHeTo Ha JocThha A0 mporpamure Ha EC me Hackpuu
3aKyIlyBaHETO Ha MOJIepHa AbPBOIOOMBHA TeXHHUKA. [ 'bcTOTaTa Ha
ropckaTa IIbTHA MpeXa € HeJIOCTaThyHAa W Ca HEOOXOJUMHU
WHBECTHLIMM 32 M3rpakAaHe Ha HOBH TOPCKH ITBTHINA, 33 JIa Ce
HaMaJld CPETHOTO M3BO3HO Pa3CTOSIHUE M OT TaM — Pa3XOIHTe 3a
eMHALIA MPOXYKIUS W Aa CE€ NOBUIIM NMPOW3BOAWUTEIHOCTTa Ha
OMM3KUS ~ TPAaHCIOPT.  YBEIMYAaBAaHETO HAa  MAaKCHMAJIHO
JOIyCTHMAaTa MHTEH3UBHOCT Ha CEYTa IIE OBENE 10 B3MOKHOCT
32 MEXaHM3UPAHO H3BEXKIAHE Ha CEYHTE. YBEIMYaBAHETO Ha
MHTEH3UBHOCTTA HA CEYHWTE I pa3MUpH H3IMOJ3BAHETO Ha
XapBecTepH 1 (opBaplepH B HITIOIUCTHATE ropu. [pyr nBuraren
3a OBP30TO BBHBEKIAHE HAa HOBAa IbPBOJOOMBHA TEXHHKAa cCa
JOBJITOCPOYHHUTE  JIOTOBOPH C KOMIIAHMUTE 32 I0-I00pa
npeaABUAUMOCT U yCTOI‘/’I'-II/IBOCT Ha HWHBECTUIIMUTEC. EapnepI/I ca
MPEACTOsIIATa pelecHss B ThPCEHETO Ha ABPBEH Marepual U
MpeAJaraHeTo Ha TOJIEMH KOJMYECTBAa €BTUH ABPBEH Marepual,
MOBPEJICH OT MPUPOJIHH OEICTBUSI, OT IPYTH €BPOIEHCKH CTPaHHU.
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Gochev, Z., S. STOILOV,
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biomass utilization in
Bulgaria and Slovakia. In
Proc. of International
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Slovakia, 2012, pp. 117-
124, ISBN 978-80-228-
2385-2. Web of Science.

This report examines the current state of the use of woody biomass
for energy production in Bulgaria and the Republic of Slovakia,
development possibility, advantages and disadvantages of woody
biomass utilization in both countries.

ToBa wu3cieiBaHe pasriexkaa TEKYI[OTO ChCTOSHHE HA
M3II0JI3BAHETO Ha IbpBECHA OroMaca 3a MPOU3BOJICTBO HAa CHEPTHUS
B bbarapus u CroBamkwus, BB3MOXXHOCTUTE 32 pa3BUTHE,
MPEeIMMCTBATA W HEAOCTATHIIMTE HA M3IMOJ3BAHETO HA JbPBECHA
OuoMaca B IBETE CTPaHH.

r7.3

Marinov, K., Z. Gochev, S.

STOILOV. Screw presses
study for briquettes from

The process of pressing of bulk materials from comminution wood
with screw presses can be expressed by the density of the produced
briquettes. One of the most popular methods for determining the

INpouechT Ha mpecoBaHe Ha HACHIIHUW MaTepHaIM OT pa3apoOeHa
IbPBECHHA C BAHTOBH IIPECH MOJXKE JIa C€ M3pa3u Ype3 MIIbTHOCTTA
Ha mpousBegeHnTe OpukeT. ENUH OT Hal-MONYNSPHUTE METOAU




densified wood. In Proc. of
International Scientific
Conference Chip and
chippless woodcutting,
vol. 8 (1), Technical
university in Zvolen,
Slovakia, 2012, pp. 217-
225, ISBN 978-80-228-
2385-2. Web of Science.

density of fodders of plant origin is based on the statement that the
density of the material in the extrusion process increases
continuously, the normal pressure in the press chamber is evenly
distributed and the change of the pressing forces do not depend on
the deformation rate. If we assume that the physical and mechanical
properties of plant feed and the wood lignocellulosic pulp are
similar, we can assume that the abovementioned statements will be
fulfilled in the processes of extrusion with screw mechanisms.
From this assumption it follows that the derivative of the pressure
to the density of the pressed material is a continuous function of
the applied pressure f (p) and can be expressed by the equation
f(p)=d(p)/d(p), where p is a current pressure and p is the density of
the pressed material. From this basis, fundamental equation of the
pressing in the screw presses for briquetting of woody biomass has
been received

3a ompejeNsHE Ha IUTBTHOCTTA Ha (ypakMTe OT pacTHTENEH
NPOU3XOJ] C€ OCHOBaBa Ha TBBPACHHETO, Y€ IUITBTHOCTTA Ha
MaTrepHana B Iporeca Ha eKCTPY3Hs Ce YBeIM4aBa HelpeKbCHATO,
HOPMAaJIHOTO HAllsiTaHe B KaMepara Ha IIpecara € PaBHOMEPHO
pasmpeieNieHo U NPOMsSHATa Ha CHIIUTE Ha HATHCK HE 3aBHCAT OT
cKopocTTa Ha nedopmanus. AKO mpueMeM, 4e (GU3HIHUTE H
MEXaHMYHUTE CBOMCTBA Ha pacTHTEIHUS (ypaxk W IbpBEcHATa
JIUTHOIIETYJIO3Ha Maca Ca CXOJHHW, MOXXEM Ja IpHUeMeM, 4e
FOpPEeNnoCOYEeHUTE TBBPACHHU Iie ObAaT U3MIbIHEHU B IPOLIECUTE HA
eKCTpyJUpaHe ¢ BUHTOBU MexaHuW3MH. OT TOBa IPEATNOI0KCHUE
clies[Ba, 4e MPOU3BOJHATA HAa HAJIATAHETO CIPAMO ILIBTHOCTTA Ha
IpecoBaHUA MaTepHall € HeIpeKbCcHaTa (YHKIMS Ha IPUIIOKEHOTO
Hamsirane f (p) W MoOXe Ja ce u3pa3d uYpe3 YpaBHEHHETO
f(p)=d(p)/d(p), kpOETO p € TEeKYILIO HAJAraHE U P € IUTBTHOCTTA Ha
nmpecoBaHusl Marepuan. Ha Tasm 0a3a € HOIy4eHO OCHOBHOTO
YPaBHEHHE Ha IIPECOBAHETO B ITHEKOBUTE MPECH 3a OpHKETHpaHe
Ha IbpBeCHa Omomaca.

r7.4.
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Proceedings of the
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8th Edition, 25th-27th of
October 2018, Brasov,
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Ground-based vehicle logging systems require a dense network of
skid roads as the terrain gets steeper. In terrains where the slope is
40% and greater, cable yarding systems are expected to be most
efficient and environmentally-sound than ground vehicle systems.
Cable yarding is taking logs from the stump area to a landing using
an overhead system of winch-driven cables to which logs are
attached with chokers. Standing line is fixed cable that does not
move during logging operations; for example, a skyline anchored
at both ends. Mobile cable yarders have tower — steel mast used
instead of a spar tree at the landing for cable yarding. Nowadays
small cable yarding systems are used mainly for uphill yarding.
The main reason is that uphill yarding systems are much easier and
faster to rig. The most common timber harvest unit layouts are
parallel or fan-shaped [16]. In Bulgaria approximately 60% of the
forests are situated in mountainous areas with steep slopes and
complex terrain shapes. The logging sites in Rhodope Mountains,
South-Central Bulgaria are between 400 and 1200 meters above
sea level. Typically, in Rhodopes Mountains the sloppy and
smooth terrain predominate, which give an opportunity to uphill
yarding. In Rhodope Mountains forests consist mostly of Norway
spruce (Picea abies L.) and Scots pine (Pinus sylvestris L.). The
aim of the present study is to improve the use and operational

Hazemnuure cucremu 3a OMM3bK TPaHCIIOPT U3UCKBAT I'bCTA MPEKa
OT TPaKTOPHH ITBTHINA, KOTaTO TEPEHBT € MO-CTpbMeH. B Tepenn,
KbIeTO HAKIOHBT € 40% U MMO-roJIsiM, C€ OYaKBa BHLKEHUTE JTUHUU
3a OJIM3BK TPAHCIOPT HAa JbPBECHHA Ja OBJIAT MO-€(PEKTUBHU U
€KOJIOTOCHOOPa3HU OT HAa3eMHUTE HM3BO3HM CPEICTBA. BIM3KUAT
TPaHCIIOPT C BBKCHU JIMHUU CE€ OTHACA 1O M3BO3BAHC HAa JHbPBCHU
MaTepHaIH OT CEUMIIETO JI0 Pa3TOBapHa IUIOIIAKa C IOMOIITa Ha
HaJ3¢MHA CHCTEMa OT BBXKETa, 3aJBIKBAHU OT JIEOCIKH, KbM
KOHTO JIbPBEHNTE MaTEepPHaIN ca MPUKPEIIEHH C YOKepH. BrxkeHara
JIMHUSL € ChC 3aKOTBEOHO B /IBAaTa Kpasi HOCEIIO BBXKE, KOETO HE ce
JBIDKH 110 BpEME Ha OIepaliy 0 M3B03a. MOOMIHHUTE BBHKEHU
JMHUM MMaT CTOMaHEHa MadTa, M3II0JI3BaHa BMECTO MOANOPHO
JbpPBO Ha pa3ToBapHara IUIOMaAKa. B jgHemHO Bpeme
KBCOMETPAKHUTE MOOWIHN BHKEHU JIMHUHM C€ N3MOJI3BAT IJIABHO
3a m3Bo3BaHe Harope. OCHOBHATa NMpHYMHA €, Y€ CHCTEMHTE 3a
MOHTHpaHE Ha HAKJIOH ca MHOTO II0-JIECHH ¥ I0-0bp3u. Hali-gecto
CpeIIaHnTe TpaceTa ca yCIIOPeJHU WIN BeTpmiooOpasuu [16]. B
Boearapus okosno 60% oOT ropute ca pasmoNOKEHU B TUIAHUHCKU
palloHM ChC CTPBMHHU CKIIOHOBE W CIIOKHU TepeHu. Cedwinarta B
Poponure, IOxna Llentpanna bearapus ca mexnay 400 u 1200
MeTpa HaaMopcka BucounHa. OOukHOBeHo B Popjonmre
npeo0JiailaBaT HEPAaBHOMEPHHUTE M pPaBHU TEPEHU, KOMTO JaBaT




efficiency of the tractor-mounted cable yarder in coniferous stands
and to determine the time and volume of logs transported per unit
of the yarder. Knowledge of these parameters is useful for defining
the operational efficiency of cable logging and improvement of
cable yarder performance.

BB3MOXXHOCT 3a H3KauBaHe. B Ponmomute ropure ce ChCTOAT
npemuMHO ot cMbpd (Picea abies L.) u 651 6op (Pinus sylvestris
L.). Llenmta Ha HACTOSAIIOTO H3CJIEOBAHE € Ja Ce IOHOOpH
M3MO0JI3BAHETO M ONEpaTHBHATa ©(EKTHBHOCT HA MOHTHUpaHATa
BBPXY TPAKTOP BHKEHA JINHHS B MIIIOJUCTHA HACAKACHHS U J1a Ce
OTpe/ie]In BPEMETO W 00EeMbT Ha TPAHCIOPTHPAHUTE IBPBEHU
Marepuanu 3a Kypc. [lo3HaBaHETO Ha Te3W MapaMeTpu € MOJIE3HO
3a OTpeJieisIHe Ha OTlepaTHBHATA €(DEKTUBHOCT M MOI00psIBaHE HA
HpOI/I3BOIlI/ITeHHOCTTa Ha BBXXCHUTC JIMHUM.

I'7.5.

STOILOV, S, G. D.
Kostadinov. 2009. Effect
of weight distribution on
the slip efficiency of a
four-wheel-drive skidder.
Biosystems Engineering,
vol. 104, issue 4, 2009, pp.
486-492. ISSN: 1537-
5110. DOI:
10.1016/j.biosystemseng.2
009.08.011. IF (2009) =
1,102, Q1; SJR (2009) =
0,712; Q1.

On four-wheel-drive skidders (FWDS) the front and rear axles are
rigidly coupled and the tyres are the same size. This means that
angular speeds of the front and rear tyres are the same. Therefore,
variations in the rolling radii of the front and rear tyres, due to
changes in inflation pressure and tyre deflection, and different
sinkage, etc., could cause significant torsional wind-up. A
theoretical analysis and experiments showed that the coefficient of
weight distribution influenced the efficiency of slip of a FWDS. In
cases where the coefficient of weight distribution decreased, wheel
slip was predicted and the ratio of the theoretical speed also
increased leading to a loss of slip efficiency and the risk of torsional
wind-up between both axles. Greater efficiency of slip was
obtained with equal tyre inflation pressures in front and rear tyres.
The efficiency of slip increased when tyre inflation pressures and
drawbar pull were reduced. This can be explained by the fact that
the larger the tyre-soil contact area, the higher the traction and
proper ratio of theoretical speed of the wheels and the lower
torsional wind-up. The lowest efficiency of slip gets when inflation
pressures in front tyres is on high level and in rear tyres on low
level due to highest torsional wind-up. This is because that soil
shear strength beneath the front wheels is lower than that beneath
the rear wheels, due to lower soil bearing capacity of non-
compacted forest soil, which requires higher slip in the front
wheels than rear wheels which moves on compacted ruts. To
reduce the effect of torsional wind-up and to enhance the efficiency
of slip in given forest condition inflation pressures should be kept
at lower but permissible levels and equal in all tyres. It was
proposed that the ratio of gross traction coefficients for the front
and rear wheels best represents the effects of weight distribution on
gross traction and facilitates modelling.

[Ipu cnenuanu3upaHuTe YOKEPHU TPAKTOPH CHC 3aBUKBAHE Ha
yetupure xonena (FWDS) npeaHusT u 3agHUAT MOCT ca TBBPAO
CBBP3aHH W TYMHTE Cca C €JHaKbhB pa3Mep. ToBa O3HauaBa, ue
BIIIOBUTE CKOPOCTU HA TPEIHUTE M 3aJHUTE TYMH Ca €THAKBHU.
CnenoBareaHO BapUpaHETO HA pagUyCUTE Ha THPKAISHE Ha
NpEeIHUTE W 3aJHUTE KOJeja, AbDKAIlM Ce Ha IMPOMEHU B
HAATAaHETO Ha BB3AyXa M JedopMamus Ha TymaTa, KakTo H
pa3IM4HO MNOTHhBAaHE M T.H., MOTaT Ja MPUYMHAT 3HAYUTEIHO
KMHEMAaTUYHO HECHOTBETCTBUE W LUPKyJalus Ha Mapa3uTHa
MOIIHOCT. TE€OPETUYHUSAT aHAJIN3 U EKCIIEPUMEHTHUTE IMOKa3BaT, e
KOE(UITMEHTHT Ha pasNpe/elieHue Ha TErJI0TO MEXYy MOCTOBETE
BJIMSIC BHPXY KOC(HIIMCHTa Ha TOJIE3HO JeiicTBUe (KIIT), OTYUTAIL]
oykcyBaneto Ha FWDS. B ciydante, Koraro KoehHIMEHTHT Ha
pasmperneneHHe Ha TErJIOTO HamalsgBa, Oelle IPOTHO3HPAHO
OyKCcyBaHe Ha KoJieJlaTa M YBEJIMIaBaHEe Ha ChOTHOIIICHUETO MEXTY
TEOPETUYHHUTE CKOPOCTH, KOETO BOJU JI0 HAMalsiBaHE Ha KII,
orynTamy OyKCYBaHETO M PUCK OT HHPKYJIalWs Ha Mapa3WTHA
MOIIHOCT. [To-ToJsAM KITj, oT4HTaI OyKCyBaHETO, OeIIe MOoIydeH
MIpU €JHAKBO HAJSITAaHE HAa Bb3AyXa B MPEIHUTE U 3aJHUTE T'yMH.
K, otunramn OykcyBaHETO, ce yBeJIMYaBa, KOTaTO HAIATAHETO B
TYMUTE H TeTJITEeITHATA CHJIa HaMaIlsiBaT. ToBa MOXKe J1a ce 00SICHU
¢ (pakTa, e KOJIKOTO MMO-TOJsIMa € KOHTAKTHATA IUION] HA T'yMara C
Mmo4YBara, TOJIKOBA TO-A00pO € CIEIUICHHETO W MPaBUIHOTO
CHOTHOIIIEHHE Ha TEOPETUIHUTE CKOPOCTH Ha KOJIeJaTa, KaKTO U
MO-HUCKO KHHEMAaTHUYHO HeChOTBeTCTBHE. Hali-HuCKa CTOMHOCT Ha
KIIJI, OTYUTAI] OYKCYBAHETO C€ TOJy4YaBa, KOTaTO HAJSATAHETO Ha
BB3/IyXa B MPEIHUTE TYyMH € Ha TOPHO HHBO, a B 33IHATE TYMHU Ha
JIOJTHO HUBO nopajau Hal-TOJISIMOTO KUHEMaTUIHO
HeCBhOTBETCTBUE. TOBa € Taka, 3all0TO SKOCTTa Ha CpsA3BaHE Ha
1oyBara MoJ NpeJHUTe KoJiesia € MO-HUCKA OT Ta3W MOJ 3aJHUTE




KoJeJa, TOpagd IO-HUCKaTa HOCEIla CIIOCOOHOCT  Ha
HEYIUITbTHEHATa TOpPCKa [O04YBa, KOETO H3HCKBA MO-TOJISIMO
MPUILTH3BaHE HA MPEIHUTE KOJIENa, OTKOJIKOTO Ha 33 JHATE KOJIeNa,
KOHTO C€ IBM)KAT II0 YIUTBTHEHH ClIeu (KOJOBO3M). 3a Ja ce
HaMmanu e(eKTHT OT KMHEMAaTHYHOTO HECHhOTBETCTBUE M [a Ce
MOJ00pH KIIJ, OTYUTAI OYKCYBaHETO, B JaIlCHU TOPCKHU YCIIOBUS,
HalsITaHHUsATA Ha BB3IyXa TPsOBa Ja ce MOAIbPIKAT HA MMO-HUCKH,
HO JIOIYCTHMHU HUBA U €JHAKBH 32 BCUYKH T'YMH. Y CTAHOBSIBA C€,
Ye CHOTHOIICHHETO HAa KOC(UIMCHTUTE HA CICIUICHHE Ha
MPEeIHUTE U 3aHUTE KOJIeNia Haii-mo0pe MpecTaBs BIUSHUETO Ha
Pa3mpeeeHHEeTO Ha TETJIOTO BBPXY CICIJICHUETO M YJICCHSBA
MOJICIIMPAHETO Ha MpoIieca.

I8 Cratum n JOKJIaau, nyﬁ.}mxyl;alm B Hepeq)epnpa}m CIIUCAHUSA C HAYIHO PEHECH3MPAHE NN nyﬁ.ﬂmcynarm B PEAAKTHPAHU KOJICKTHUBHU TOMOBE
Crernmanusupanure konecHu Tpaktopu (CKT) ¢ BbkeHa
CTOMJIOB, CT., T. chOMpaTellHa CHCTEMa ca Hail — pa3MpoCTpPaHEHUTE CPEJICTBA 3a . .
’ ’ P pastipoctp peal Dedicated wheel cable skidders (WCS) are the most common
KPYMOB. I/Iscnez[BaHe Ha H3BO3 Ha IbPBCHU MAaTCpUaJIM BbB BU/J Ha ABJII'A cTh0JIeHn CCKIIUH . . -
means of transporting wood materials in the form of long stem
MNPpOU3BOAUTCIHOCTTA Ha U [OCjikn OAbpPBCTA. Te NpeACTaBIABAT TPAHCIOPTHU MAIIWHU, - -
sections and whole trees. They are transport machines, the
CIICIHUAJIU3UPAH KOJICCCH OLICHABAHCTO Ha pa60TaTa Ha KOHUTO CC XapakKTepusupa C . . -
TpPaAKTOp C BBXXCHA KOJIMYECTBOTO HA TPAHCIIOPpTUPAaHA AbPBECHHA 3a CAMHHUIIA BPEMEC performance e el by the amaunt of wood
p p p pTHpara P JIHIL BD transported per unit. In this regard, the performance of the WCS in
c1,61/1paTenHa CHUCTEMa IIpU B Ttasmu Bpb3Ka € H3CJicIBaHa ITPOU3BOAUTCIIHOCTTA Ha CKT B . P -
. the conditions of the Petrohan Trainnig and experimental Forest
I'8.1. | u3Bo3a Ha cTHONA B ycnoBusita Ha YOI'C ,Iletpoxan®. OT npoBeAeHHUTE 1IeI0THEBHU . . . .
Range was investigated. From the day-studies of the timber
ycCioBUATa HA 3ana,uHa H3CJICABAHWA Ha MPOICCa Ha U3BO3 HA ABPBCHUTE MaTCpHAIU CC - . . P
Crapa 1mIaHuHa CTAaHOBH, Y€ HU3BO3CHATA AbPBECHHA 3a €UH YaC € B Jualla3oHa Sklddmg pl’OCGSS, It was found that the prOdUC“VIty per hOUI’ was
p . Y P P in the range of 4.36-11.94 m?/h. Shift productivity ranges from 8.9
VYupasnenue u ycroitunpo | 4,36-11,94 m°/h. CMmeHHaTa IpON3BOJUTEIHOCT Bapupa ot 8,9 1o 3 . . : L
3 to 138.94 m3.km/shift. A reserve for increasing productivity is the
passutHe, Op. 6, 2016, c. 138,94 m?° km/cmsiHa. Pesepr 3a [TOBUIIIEHUE HAa | . .. . o . . :
significant reduction of skidding distances by increasing the
103-107. ISSN 1311-4506. | npou3BOIUTENHOCTTA € 3HAYUTEIHOTO HAMAJISIBAHE HA W3BO3HUTE . -
density of the primary forest road network.
(HAOU ) pa3CcTosiHUSL 4pe3 yBEJIWYEHHE TI'bCTOTATa Ha [bpBUYHATA
TOPCKOIIbTHA MPECIKaA.
Kpywmos, T. CT. . . . . Pa3paboTeHa € MeTOaWKa 3a E€KCIEPHMEHTAIHO H3CJIeJIBaHE Ha
PYMOB, The subject of this paper is the experimental method and procedure P A P A
CTOMJIOB. Meroauka3a | . - S TOpUBHaTa MKOHOMUYHOCT Ha CIELHAIU3UPAHUTE KOJECHU
in wheel cable skidder fuel economy study. The main aims, the
CKCIICPUMEHTAIIHO - - - TPpaKTOpH 3a )I’prOHO6I/IBa. ITocouenu ca HEJINTE U 3aJa4YUTC Ha
tasks of study, the criterion for fuel economy — fuel consumption
H3CJICABAHC HA rOpUBHATA - - - - - MeToauKara, KpUTCPUAT 3a TOpuBHa HUKOHOMMYHOCT,
per unit produced, the basic requirements for field test measuring
MKOHOMHUYHOCT Ha . . . . M3UCKBAaHMATA KBbM HM3MEpH TEIIHAaTa armaparypa, peabT 3a
equipment, the site are described. The procedure of cycle time and
F82 CIICHHUATTU3UPAHUTE .. . . MPOBCKIAHEC Ha AKTUBHUA W IMACUBHHUA CKCICPHUMCHT 3a
productivity active and passive study and the calculus are analysed.
KOJICCHU TPAaKTOPH 3a . . R . M3CJICABAHE Ha BPEMETPACHETO, PaA3XOoAbT Ha TOPUBO 3a
In the methods for passive and active experiment is proposed to
J'bpBOJIOOMBA. . R TPAHCIIOPTHHUS LIUKBJ U €JIEMEHTUTE MY, IPOU3BOAUTEIIHOCTTA HA
measure the duration of the individual elements of the transport
CenckocTonaHcKa CHEeNMANM3NPaHnsa KOJIECeH TpakTop 3a AbpBojoOmBa. B

TeXHHKa, op. 2, 2015, c.
27-32. ISSN 0037-1718.

cycle, the slope and the configuration of the skid road using
apparatus connected to the Global Positioning System (GPS). The

METOAMKATa 3a MACUBEH U AKTUBECH CKCIIEPUMEHT € MPECJIOKEHO 3a
U3MEPBAHC Ha BpPEMETPACHCTO HA OTACIIHUTC CJIICMCHTU Ha




fuel consumption for each element of the transport cycle can be
measured by differential digital flowmeter for diesel fuel.

TPaHCIIOPTHUS LUKBJ, HAaKJIOHAa Ha MBTA M KOHQUTypanusTa Ha
TpaceTo Ja ce u3I0Ji3Ba amapar, CBbp3aH ¢ ryobanHaTa
nmo3unuonupamia cucrema (GPS). PazxoxsT Ha ropuBO 3a BCeKH
ememeHT oT TpaHcmoptHusS ukea Ha CKTJ[ ce m3mepma c
JrdepeHnrateH mudpoB pa3xoIoMep 3a JH3eI0BO TOPUBO.

I'8.3.

CTOMJIOB, CT., T.
Kpymos. Monenupane Ha
BPEMETPACHETO Ha
TPAHCIOPTHUS UK IPH
OIM3KMA TPAHCTIOPT Ha
JIbPBEHH MaTEPHAIH ChC
CICIHATM3UPAH TPAKTOP.
CenckocTomnaHcka
TeXHHUKa, 0p. 2, 2015, 22-
26. ISSN 0037-1718.

The paper deals with the cycle time of wheel cable skidder during
the transport of semi-suspended long stems from cutting area to the
landing. The cycle was divided into the following elements: travel
unloaded, maneuvering, outhaul of the main cable, hook and inhaul
the load to the skidder, travel loaded along skidding distance,
unload of the stems, and piling. Every of elements were
theoretically analyzed. The general mathematical model obtained
describes the effect of technological and technic parameters of the
wheel cable skidder, on the one hand, and parameters of forest
stand inventory and sylvicultural system applied, on the other hand,
on the cycle time in order to subsequent optimization.

W3scnenBaHo € BpeMETPacHETO Ha TPAHCIOPTHUS LHUKBI HPH
ONMM3bK TPAHCIOPT HA JBPBEHH MATEPUANU ChC CIEIUATU3UPAH
KOJIeCeH TpakTop. TpaHCHOPTHHUAT LUKBI € pas3/ielieH Ha
€JIEMEHTH, YUETO BPEMETpPacHE € TEOPETHYHO aHAIU3HPAHO.
ITony4den e 060011IeH MAaTEMaTUYECKH MOJIEI 33 BpEMETPACHETO Ha
TPaHCIIOPTHUSI LUKBI NpPU OJNM3KHSA TPAHCIOPT HA JbPBEHU
Marepuaiv, oOTpassaBall] BJIWAHUETO Ha TEXHOJOTHMYHUTEC U
TEXHHYECKH TMapaMeTpd nOpud  pabotaTa Ha  TPaKTOPa,
TaKCAIHOHHUTE TMapaMeTpy Ha HACAKACHHETO W JIECOBBJCKHUTE
mapamMeTpd Ha H3BeXKJaHATa Cced4, C Orie] IMocleaBala
ONTHMU3AIINS Ha 11eIeBaTa GYHKIHSL.

I8.4.

CTOUJIOB, CT., T.
Kpymos, H. Yuunkos.
W3cnensane Ha ropckaTta
IIBTHA MpEXa B
Hentpannure Pogonu.
Mexanuka, TpaHCIIOPT,
KOMYHHKAIIH, TOM 12,
6poii 3/3, 2014 r., c. VIII-
1-8. ISSN1312-3823.

M3cnensana e mbpBUYHATAa U BTOPUYHATAa FOPCKA IIbTHA MpeEXa B
paiiona Ha LlenTpannure Pomomm W ca ompeneneHu CpeIHUTE
pa3CTOSHUS, CpeIHH HAKJIOHW, CpeIeH KoepHWIHMeHT Ha
yaeDKeHHe, aedopMarmsTa IO IIbTHATa MOBBPXHHHA Ha
ropckoTpancnoptHute nuauu. B JII'C-11Iupoka npka recToTaTa Ha
IbpPBUYHATAa TOpCKa MbTHa Mpexa e 12,22 m/ha, no-romsima ot
cpelHaTa 3a cTpaHara. Bbopeku ToBa CBhCTOSIHMETO Ha
CBIECTBYBAIlaTa TOpcka NMbTHA MH(PACTPyKTypa B paiioHa Ha
Poponure, kakTO M B LANaTa CTpaHa € HE3aJ0BOJIMUTEIHO.
HanpaBenn ca u3BOAM M NpEIJIOKEHHMA 3a MOAOOpsBaHE Ha
ropckata TBTHA MpeXa M TPAHCIOPTHOTO pa3paboTBaHE Ha
ropcKoeKcIuioaTanonHuTe 6aceiinn B Llenrpamante Pogomm.

The primary and secondary forest road network in the region of the
Central Rhodopes Mountains was studied and the average
distances, average slopes, average bypass coefficient, deformation
on the road surface of the forest transport lines were determined. In
Shiroka Laka State Forest Range, the density of the primary forest
road network is 12.22 m/ha, higher than the national average.
However, the state of the existing forest road infrastructure in the
Rhodopes region, as well as in the entire country, is unsatisfactory.
Conclusions and proposals have been made for the improvement
of the forest road network and the transport development of the
forest exploitation basins in the Central Rhodopes Mountains.

I'8.5.

Marinov, K, Z. Gochev, S.
STOILOV. Technological
opportunities survey of
forest short rotation
plantations in Bulgaria for
energy biomass
production. Part 1:
Analysis of the production
of energy from biomass in
Bulgaria and perspectives
for creating energy

This report presents some problems on the state and future use of
biomass as a renewable source for production of heat and
electricity in Bulgaria and Europe. The report covers the potential
opportunities of the agricultural lands in Bulgaria for production of
energy plantations (SRP) and in particular from forest tree species
such as poplar, willow and black locust. A review of their main
advantages and disadvantages is made and recommendations for
their future development in Bulgaria are presented

Paborara npencraps HAKOM MPOOJIIEMH OTHOCHO CHCTOSHHETO U
OBIENIOTO M3MOJ3BaHE Ha OuoMacara KaTo Bb30OHOBsEM
W3TOYHHMK 32 IPOU3BOACTBO Ha TOIUIMHHA U eNICKTPUYECKA CHEPI U
B bwirapus u Espona. JloknmaabT oOxBalla MHOTCHLIUAIHUTE
BB3MOXHOCTH Ha 3eMEICICKATE 3eMH B bbearapus 3a
MPOW3BOJICTBO Ha CHEPTUIHU IUIAHTAIMHK C KpaThk TypHyC (SRP)
1 MO-CIIEIIHATHO OT TOPCKH TbPBECHU BHUIOBE KAaTO TOTOJa, BhpOa
u Osma akarus. HampaBeH e mperyiel Ha OCHOBHHTE WM
MPEeIMMCTBA U HEAOCTATBIN U Ca JaJICHH TPETIOPBKHU 32 OBICIIOTO
UM pa3BuTue B bbirapus




plantations from short
rotation wood crops.
Innovations in forest
industry and engineering
design, 148-160, 2012.
ISSN 1314-6149.

I'8.6.

Marinov, K, S. STOILOV,
Z. Gochev. Technological
opportunities survey of
forest short rotation
plantations in Bulgaria for
energy biomass
production. Part 2:
Technology stages of
creation and cultivation of
wood biomass plantations.
Innovations in forest
industry and engineering
design, pp. 148-160, 2012.
ISSN 1314-6149

A study on the technologies for creating and growing SRC
plantations for the production of biomass for energy purposes has
been conducted in the present report. An analysis of the main steps
in the technological process has been made. Recommendations are
made to the Bulgarian farmers on the necessary techniques for
incorporating the crops and the use of appropriate machinery for
site preparation, planting and growing of crops.

B Hactosamms 1oknaja € NpoBeAeHO U3CNIeABaHE HAa TEXHOJIOTHUTE
3a Ch3[jaBaHEe W OTIVISKAAHE HA HACAKICHUS OT OBP30pPACTIIIIN
JBPBECHHM BHJIOBE 3a NPOM3BOJICTBO Ha OMOMAaca 3a €HepruiHU
nenu. HanpaseH e aHaIu3 Ha OCHOBHUTE CTHIIKU B TEXHOJIOTMYHUS
npouec. HanpaseHu ca npenopbku KbM Obarapckute gepmepu 3a
HEOOXOAMMHTE TEXHUKH 3a BKOPEHSIBAHE Ha KyITypUTE U
M3MOJI3BAHETO HA MOIXOIAINA TEXHUKA 32 MTOJTrOTOBKA HA TEPEHA,
3acakaHe U OTTISKJaHe Ha KYJITypHTE.

I8.7.

Marinov, K, S. STOILOV,
Z. Gochev. Technological
opportunities survey of
forest short rotation
plantations in Bulgaria for
energy biomass
production. Part 3:
Analysis of the
technologies and machines
for wood biomass
plantation harvesting.
Innovations in forest
industry and engineering
design, pp. 173-182, 2012.
ISSN 1314-6149.

The present survey analyzes the key technologies for harvesting
SRC plantation for production of biomass and the typical
harvesters, suitable for willow, poplar and black locust harvesting
in Bulgaria. The advantages and disadvantages of the various
technological schemes are highlighted and some recommendations
to the Bulgarian producers on their ap-plication are made.

Hacrosiioro u3cieqBane aHaau3upa KIFOUOBUTE TEXHOJOTHH 3a
JI0OWB OT OBP30PACTSIIM TOPCKH HACAKICHHUS 32 IIPOU3BOJICTBO HA
Oromaca M THITUYHUTE KOMOAHMU, TOIXO/ISIIIH 32 TOOUB Ha BHpOa,
TOIOJA U akkayH B bbirapus. M3ThbKHATH ca HpeIdMCTBATa U
HEJIOCTATBIIUTE HA PA3IMYHUTE TEXHOJIOTUIHU CXEMH U ca TAJICHU
MPETOPHKH  KBM OBIrapCKUTE TPOHM3BOJHUTEIH 33 TAXHOTO
MIPHUJIOKCHHE.

I'8.8.

CTOMJIOB, CT., K.
Mapunos, A. [lenuesa.
W3zcnenpane Ha
MPOU3BOJIUTEITHOCTTA HA

M3cnensana € MpoU3BOAUTENIHOCTTA HA CIIELUAIM3UPAH KOJIECEH
tpaktop LKT-81T mpm n3BO3 Ha ABITH CTHOJIEHHW CEKIUU OT
cmbpu B 3amamgaute Pomomm. Pesynrature moxasBaT, We IpH
CpelHO M3BO3HO pa3ctossHue ot 1194 m  cmenHara

This paper deals with shift productivity of LKT-81T wheel
articulated skidder within transport of semi-suspended long stems
from Norway spruce. The results show that within mean distance
of 1194 m the shift productivityLKT-81T is 36 m®. To increase the




CICIMATN3UPAH KOJICCCH
tpakrop LKT-81T B
3anagaure Pogomnu.
JspBo0OpaboTBane U
MIPOM3BOJCTBO Ha MeOeH,
op. 2, 2013, c. 24-32. ISSN
1311-4972.

NPOM3BOJMTENHOCT € 36 mS. Peseps 3a TNOBMIIEHHE Ha
NPOU3BOAUTEIHOCTTA € 3HAUMTEITHOTO HAMAJIIBaHE Ha W3BO3HHUTE
Pa3CTOSIHUSL 4pe3 yBeNMYCHHE TIBbCTOTaTa Ha IIbPBHYHATA
TOPCKOIIBTHA MpeKa.

skidder productivity is necessary to extend the automobile forest
road network. i.e. to increase forest road density.

I'8.9.

CTOMJIOB, CT., T.
Kpymog. Tenaenuuu B
pa3BUTHETO Ha
BaroHETKHTE 3a TOPCKU
BBHKEHHU JINHUH.
JspBO0OpaboTBaHe U
MPOM3BOJICTBO Ha MebenH,
op. 2, 2013, c. 33-38. ISSN
1311-4972

B paborara e w3cienBaHO pa3BUTHETO Ha KOHCTPYKIMHTE Ha
BaroHETKUTE 3a TOPCKHU BHKEHU IMHUU. XapaKTepPHUTE TEHICHIIUI
Ha MOJEpPHUTE BAarOHETKHM Ca MOHTHpAaHE Ha JBHraTel Ha
BaroOHeTKaTa 3a HaBUBaHE Ha TOBApHOTO BBHXKE U 3a
CaMOIIPH/IBIDKBAHE, TUCTaHIMOHHO YIpaBleHUE Ha (QyHKUIMUTE,
aKTUBHO CITyCKaHE Ha CBOOOJHMSA Kpail Ha TErJIUTETHOTO BBKE,
yYHAGHUIMPAH TUIOPa3MEPEeH pell C pa3IMdHa TOBAPOHOCHMOCT U
BB3MOXKHO HA-TOJISIM ST Ha YHU(HUIIMPaHNUTE YacTH U BB3JIM Ha
obopynBaHeTo, OCHUTypsIBaHE Ha ¢usnonornueH u
HEPBHOIICHXOJIOTHYEH KOM(OPT Ha omeparopa mpu padora (Harmp.
IporpaMHUpaHe Ha HIKOW ONEpanuy).

This paper researches the development in design of the carriages
for cable yarders. Characteristic trends are motorized and self-
propelled carriages, remote control of functions, slackpulling line,
unification of models with different carrying capacity and parts,
providing operator’s physiological and neuropsychological
comfort during work (for instance programming of some
operations).

I'8.10

Asenova, M., S.
STOILOV, G. Donchev.
Mobile GIS Technologies
for Management of Forest
Roads and Control of
Timber Transportation.
International scientific
conference on aeronautics,
automotive and railway
engineering and
technologies Bultrans-
2017, Sozopol, pp. 111-
114. ISSN 1313-955X.

This paper presents modern technologies based on geographical
information systems (GIS) used for managing forest road networks
and ensuring control of timber transportation. Mobile GIS has been
used to identify unlawful practices in timber transportation.
Practical problems in forest roads' networks and timber
transportation were solved on the territory of SouthEast State
Forestry Enterprise, Sliven (Bulgaria), by GIS applications. Based
on the results, we discuss ways to reduce illegal logging and assess
forest road construction.

Ta3u paboTta npeacTassi CbBpEMEHHUTE TEXHOJIOTHH, Oa3UpaHy Ha
reorpadcku nHpopmannonnu cucremu (I'MC), uznon3Banu 3a
yIpaBlIeHHE Ha TOPCKaTa ITbTHA MPEXa U OCUTYPsIBAHE HAa KOHTPOJI
Ha TPAHCIOPTUPAHETO Ha JIBPBEHUTE MarepHain. MoOuiHaTa
I'MIC e m3non3BaHa 3a HASHTH(UIIMPaHEe HA HE3AaKOHHU IPAKTUKU
IpU TPAHCIIOPTUPAHETO Ha IbpBEHU MaTepuanu. Ha Tepuropusra
Ha lOromsrouno mepkaBHO mpenmnpustue, CnuBeH (bwparapus)
0s1Xxa pelIeH! NMPaKTHYeCKH MpoOIeMH 10 MpeXara Ha TOPCKHUTE
IIbTHUILA U NpeBo3a Ha AbpBecuHa upe3 ['MC-npunoxenus. Bb3
OCHOBA Ha pe3ynTaThTe ca 00CHIEHU HAYMHH 332 HaMalsBaHEe Ha
HE3aKOHHATA Ced U OLIEHKAa Ha CTPOUTENICTBOTO Ha TOPCKU IBTUINA.

rg.11

CTOUJIOB, CT., b.
JInuesa, T. Kpymos.
HN3cnenBane Ha
KOMOWHHpaH TPaHCHIOPT
Ha TbpPBECHHA OT
Hynasckute octpoBu. B
c6. Hayuna xonepenius
C MEXAYHAPOJHO y4acTue

B Hacrosimiata pabota e u3cieBaH TpaHCIIOPTa HA AbPBECHHA OT
Hynasckus octpoB batun. HanpaBeHa € cpaBHUTENHA OLICHKA HA
e(eKTHBHOCTTA Ha JBa KOMOMHUpPAHU BapHaHTa HAa CyXON'BTEH H
pedeH TpaHCIOPT Ha AbpPBECcHHA OT 0. baTiH Ha 6a3a Ha OCHOBHHTE
TEXHUKO-UKOHOMHMYECKH II0Ka3aTeld U PA3XOAUTE 3a EAMHMIA
TOBapOTPAHCIIOPTHA paboTa. CpaBHEHH ca Pa3XOAUTE 3a €ANHHIA
TOBapOTPAHCIIOPTHA paboTa Ha JBaTa BapHaHTa, KaTO CE OKa3Ba,
ye MpeBo3bT Npu BapuaHT 2 € N0o-eBTHUH, BBIPEKU MO-TOJEMHUTE

The paper deals with comparative evaluation of operational
efficiency of two combined variants of timber transport from
Danube River Batin Island, based on techno-economic parameters
and costs per unit transport work. The costs per unit of Variant 2
are cheaper despite greater total costs due to higher shift
productivity. For Variant 2, the biggest part of transport from the
port of Batin Island to the port of Ruse is carried out on a




10 aBHALMOHHA,
aBTOMOOMIIHA U
JKEJIC30IIbTHA TCXHUKA U
TexHojoruu ,,bynTpanc-
2017%, 11-13.09.2017,
Co3sormodn, ¢c. 52-54, ISSN
1313-955X.

00IIM pa3xo/u, Thil KAaTO CMEHHATA MPOU3BOAUTEIHOCT IIPH TO3H
BapUaHT € 3HAYUTEIHO IO-rojisiMa oT Ta3u npu Bapuant 1. Ilpu
BapuasnTt 2 ocHOBHaTa 9acT OT TPAHCIIOPTA OT IPUCTAH Ha 0. baTnH
JI0 TIpUCTaHUIIE B Ip. Pyce ce n3BbpIIBa ChC CaMOXOJEH KOpad Ha
pascrosame 35,5 km, du9mmTO pasxoam 3a  eOUHHMIA
TOBapOTPAHCIIOPTHA paboTa ca Hal-HUCKH.

selfpropelled ship at a distance of 35,5 km, the costs per unit of
which is the lower than that of truck timber transport.

CTOMJIOB, CT., T.
Kpymos. Be3morxkHOCTH 32
yBeJIMYaBaHe Ha
paboTHaTa uIon| npu
MPpUBJINYaHC HA JbPBCHUTEC
MaTepuany KbM TPakTopa.
B C6. Hayuna

N3cenBann ca BB3MOXHOCTHTE 32 yBEJIHYaBaHe Ha paboTHATa
TUIOI IPpH MPUBJIMYAHE HA AbPBECHUTE MaTECpUaId KbM TpaKTOpa 3a
M3BO3BaHE 10 BpeMEHHHs Ckiaj. HapactBanero Ha paboTHaTta
o 1 obemMa Ha TOBapa MOXe Ja ce MOCTUTHE upe3 3aMsiHa Ha
TETJIUTETHATE BBKETa HA TPAKTOpHATA Jiebemka ¢ TaKHBa C IO-
MalTbK IHAMETHP, HO C M0-BHCOKA HOMUHAJIHA CHJIA HA Pa3KbCBAHE

The paper deals with study of possibilities to increase the working
area at the extraction (winching) of timber materials to the tractor
to be skidded to the landing. The increase of the working area and
the volume of the stem load can be achieved by replacing the steel
cables of the tractor winch with those of a smaller diameter but with

I'8.12 | xoubepeHuus ¢ a higher nominal breaking force of the wires and a closer in value

Ha TEJIOBETE M OJM3Ka II0 TOJEMHHA HOMHHAJIHA CHIa Ha f - . -

MEKAYHAPOIHO Y4aCTHE nominal breaking force of the steel rope. The maximum extraction
Pa3KbCBAHC Ha  BBIKCTO. MakcuMaTHOTO Pa3CTOAHUE HaA . . - -

10 aBUALIAOHHA, distance can increase to 1,78 times and the working area - about 3
NMpUBIAMYaHEe MOKe J1a HapacHe 10 1,78 mpTH, a paboTHaTa IO - | . R

aBTOMOOMIIHA U times when using swage compacted ropes that have extended
3 meTH Opu HM3IOJ3BAHC Ha BaJlyBAHU BBIKETA, KOUTO HMAT . . - . . .

JKEJIE30IIbTHA TEXHHUKA U . lubrication intervals, lower linear mass, increased wear resistance
YABJDKEHA TNIEPUOANYHOCT Ha Ma3aHE, IMO-HHUCKA JMHCEHHA Maca, . . .

texuonoruu ,,bynTparc- . and are very suitable for winches on tractors and cable yarders in

« IMOBUIIEHA YCTOMYUBOCT HA U3HOCBAHC U Ca MHOT'O TOAXOIAIIH 3a .

2017¢, 11-13.09.2017, JIEOEOKH HA TPAKTOPH U BHKEHH JIMHUH B TOPCKOTO CTOIIAHCTBO forest logging.

Cosorou, ¢. 49-51. ISSN paKTop p :

1313-955X.
NscnenBana e  mpoM3BOOWTENHOCTTa Ha  aspBogobuBHa | The performance of technology based on the harvester Timberjack
TEXHOJIOTHsS, OCHOBaHa Ha MHoromeparuonHara wmammHa | 1270 D and 1110 D forwarder was evaluated. For the first time the

Slugeti, J., S. STOILOV. (xapBectbp) “Timberjack” — 1270 D u coprumenten tpakrop | harvester and the forwarder both operated in steep terrains, typical

Productivity and time “Timberjack” — 1110 D. /Isete mammuu padotar 3a mepBu 6T Ha | for the region of Slovenska Cupca, Slovakia. The technology used

consumption of cut-to- CTPBMHH TEpPEHH, TUIHYHU 3a pailona Ha CnoBeHcka Jlromua, | in two forest stands, where performed in a thinnings and a

length technology on steep | CrnoBakusi, mopagu TOBa pe3yiTaTUTe ca BakHH 3a mo- | regenerative cut. The results of this study showed that the slope of

terrains. In: Proc. of HATaTBUIHOTO UM H3MoJ3BaHe. V3amepBanusta Osixa mposeaenu B | 45% and 55% is the limit for use of wheel vehicles. The steep

813 Scientific and technical JIBE HAacaXJeHWs, B KOMTO ce mpeaBmwkaaxa otrienHa u | slopes significantly influenced on the decrease in productivity of

conference “Innovations in
forest industry and
engineering design”, 06-
08.11.2009, Yundola,
Bulgaria, pp. 29-35. ISSN
1314-6149.

BB30OHOBMTEIHA CE€Y. YCTAHOBH Ce, Y€ HAKJIOHBT OT 45 n 55% B
JIBETE CeYWIlla, € TOpHAa TPaHWIlA 3a W3MOJI3BaHE Ha KOJECHUTE
MamHU. ['0JIEMUSIT HAKJIOH BB3ACHCTBA HEOJArOMPHITHO BHPXY
MPOU3BOJUTEIIHOCTTa UM, KOSITO CpaBHEHA C JAHHUTE Ha JAPYTH
aBTOPH, e MO-HHCKA. IIponsBOAUTENHOCTTA Ha
MHOT'0OTIEpallMOHHATa MAIINHA NPH BH30OHOBUTENHA ced € ¢ 10—
15% mno-BHUCOKa OTKOJIKOTO MU OTraeanute ceuu. [loTBbpaeHH ca
TECHHUTE B3aMMO3aBUCHMOCTH MEXKIY YUCTOTO BpeMe 3a pabora Ha

the CTL technology and compared to data of other authors the
productivity of presented study is significantly lower. The
productivity of the harvester, observed in clearcutting is about 10—
15% higher than that in shelterwood cutting (opening up). The
results of the research confirm the dependence between net time
consumption and diameter of breast height of harvested trees. In
contrary, correlation between work cycle time and number of
produced assortments has observed as insignificant.




MHOTOOIIEpAallMOHHATa MallliHA M CPEJHUS AMAMEThp Ha IpbIHA
BHCOYMHA Ha oTcedeHnTe nbpBeTa dis. Okasa ce obaue, de
KOopenamusiTa MeXIy BpeMeTo 3a IIbpBHYHA OO0paboTka Ha
IbpBeTaTa ¥ Opost Ha IOJyYeHUTE COPTUMEHTH € HUCKa.
[lpon3BoauTeNHOCTTA HA  COPTHUMEHTHUS  TPAaKTOp  IIPU
BB300HOBHTENHA ced Oemnre ¢ 20—25% mo-BHCOKa, OTKOIKOTO IPH
OTIVIeIHATA ceY. 3aBUCHMOCTUTE MEXIY BPEMETO 32 H3BO3BaHE OT
€/IHa CTpaHa U M3BO3HOTO PA3CTOSIHUE U BPEMETO, HEOOX0IMMO 32
HaToOBapBaHe U OpOs Ha COPTHMEHTUTE OT Apyra cTpaHa, € Io-
CHJIHA, OTKOJKOTO BPEMETO 3a MbTyBaHe 0Oe3 TOBap, KaKTO U
3aBHCHMOCTTa MEX/y BPEMETO 3a pa3TOBapBaHe Ha COPTHUMEHTHTE
0T Opost UM.

The performance of the forwarder in clearcutting is about 20-25%
higher than that in shelterwood cutting. The dependence between
the time of travel loaded and distance, such as dependence between
the time for loading and the number of loaded assortments, is
considerable higher than the time for travel unloaded and the time
for unloading.

Kovagik, P, S. STOILOV.
Standing Skyline Yarding

Systems Larix in thinnings
and selection sylvicultural

systems. In: Proc. of

B pabotarta ca pasrieqaHd JBa THIA MOOWJIHH BBKEHH JIMHHH,
npousBekgaHn B M3ciemoBarenckata craHumus B KpkTuHH,
Yexust. Bexennre auamu “Larix”-3T m “Larix”-“Lamako” ca

This paper introduces two types of the standing skyline yarding
systems produced by the Research Station of Forest Mechanization
in Kitiny. Both Larix 3T and Larix Lamako are middle heavy

Scientific and technical CpelHO TEXKH BBKCHHM JIHHWH, ChIJACHO eBpormeiickara | yarding systems according to the categorization of the Europe
rg8.14 conference “Innovations in | KATEroOPH3aIH. OcurypsiBar 0bp3 MoHTaX u jgemoHTaxx u | forest stands conditions. These skyline systems are designed to be
forest industry and pasmonaraT ¢ JHCTAHIMOHHO YyImpaBjeHHe, Mmo3BojsBamio | rigged up in a short time and controlled by remote control (allows
enoineering desion”. 06- yIIpaBJIeHHE KaKTO OT OIIepaTopa Ha pa3ToOBapHuUsI IyHKT, Taka v ot | control of the yarder from both the landing and the forest when
08g11 200‘;’; Yur% doia npuKayBaya B ceumineTo. [IpoekTrpanu ca creruaino 3a pabora | setting chokers) and are specifically designed for yarding in
Bu.lga.ria pp, 36-38 IéSN TPH OTIJICAHH U JOPH H300OPHH CeUH. thinnings and even during ingle tree selection silvicultural systems.
1314-6149.
CTOWIOB. CT.. But Oxkos0 59% ot Gbarapckure ropu ca B IuaHuHCcKH paiionu ¢ | Around 59% of Bulgarian forests are concentrated on predominant
Ilomyan TiCXHo'J’IorH.qHI/I npeo0iiaiaBaiil nmpecedeH pened v rojeMu HakiaoHu, mopaau koero | steep slopes. Therefore, the timber extracts in difficult terrain
B’bSMO)KH.OCTI/I u JIbpBECUHATA Ce J00MBa IPH CIIOKHH TEPEHHU ycloBus, Biusery | conditions, which strongly influence on the productivity and
HePCCKTHEI 32 CHJIHO BBpXYy npousBojautenHoctra u edexruBHoctra Ha | overall efficiency of the timber harvesting. The mountain (alpine)
I/ISII?IOJ'ISBaHe o rancky | A3BO3HHTE  CpercTsa. [TnaHuHCKUTE MpoLEecOpH, MOHTHpaHU | processors (also known as processor tower yarders), typically
Ipowecopn B 1hpEono6usa | EPPXY 0a30B TOBapeH aBTOMOOWI, mpHUTekaBaT Bucoka | mounted on truck chassis, are high-productive machines and offer
B%”blj'ﬂ“a I:/m ]éuclé O’i NPOM3BOAMTEIIHOCT M MpeyaraT BHCOKAa MexaHu3auus Ha | high-scale mechanization of logging operations despite
I8.15 PH. ‘ paboTHHMTE omepanuu npu HeGmarompusaTHH ycious 3a | unfavorably terrain conditions. The mountain processor combines

Hayuno-TexH.
KoHpepernus “VHoBarmu
B TOpcKaTa MPOMHUIIIICHOCT
Y MHXXCHEPHUS AU3aiH”,
TOnmona, 06-08.11.2009
r., c. 39-45. ISSN 1314-
6149.

JIBPBOJIOOMB (CTPBMEH MW IIpecedeH perned, KaMeHHCTOCT), KaTo
cryeTaBat BJI, mpoiiecop u maninHa 3a pamMnupaHe U TOBapeHe Ha
TOTOBUTE COPTUMEHTH WM CTBOJNICHH CceKiud. I[lmaHmHCKHTE
MPOIIECOPH Ca IMOAXO AN 3a paboTa B HACAXKICHNUS, PA3IIOIOKEHH
Ha TOJIEMH HAKJIOHH U TIpecedeH penied U ¢ BUCOKA KOHIICHTPAIHS
Ha ce4YTa, BKJI. HACAXKJCHHMSA, 3aCETHATU OT KaJlaMHUTETH, KbAETO
O0bp30 TpsiOBa Ja ce ONOJI30TBOPU JIbPBECHMHATA W OTPAHUYH

cableway, processor and machine for stacking and loading of
produced assortments and stem sections at roadside. The mountain
processors are suitable to operate in forest stands on steep slopes
and high cutting density, incl. calamity, which needs for rapidly
harvesting of the timber in order to restrict unfavorable impact on
residual stand. The high up-front investment costs and
sophisticated devices of mountain processors demand good work




HeOJIaronpusATHOTO BB3/ICHCTBHE BHPXY OCTaBAILUTE CIIE/ CeuTa
IbpBeTa. BrcokaTa eHa U CIIOKHOCT Ha IUNIAHUHCKHUTE MPOLIECOPH
M3UCKBA T0Opa OpraHu3anys, eJIOTOANIIHA paboTa, CPAaBHUTEITHO
I'bCTa TOpPCKa ITbTHA MpEXa M MHOIO I10-MajJoOpoeH, HO
KBanuduIupan TIEPCOHAIL. [TnanuHCKHUTE IpOLIECOPH
CHOTBETCTBAT Ha MPOHU3BOJCTBEHO-TEXHOJIOTHYHUTE W MPUPOTHO-
KIMMaTHYHH YCJIOBUS ¥ €KOJIOTHYHH M3UCKBAHUA 38 IbPBOIOOHBA
B bbarapust m Moxke na ce mpernopbya HM3IMOJI3BAaHETO UM B
NOAXO AN HACAXKIACHHUA U CCUHU.

organization, all-season operations, proper forest road density and
small but well-trained personnel.

Mountain processors are suitable to Bulgarian logging practices
and environmental requirements and we strongly recommend their
use in proper stands in combination with appropriate harvesting
technologies.

Gochev, Z., K. Marinov,
M. Lieskovsky, M.
Ferencik, S. STOILOV.
Exploring the energy
performance of industrial
and laboratory produced
pellets. In: Proc. of

This article presents the methodology and results of experimental
testing of the calorific value and ash content of industrial and

B pa60TaTa Ca NpEACTaBCHU MCTOIOJIOTUATA U PE3YJITATUTC OT
CKCIICPUMCHTAJIHU H3IUTBAHHUA 34 KaJJOPUYHOCTTA WU IMCHCIHOTO
CbAbpPKaHUC HA MNPOMHIUICHU H na60paT0pH0 IIPOU3BCACHU

I'8.16 | International Scientific laboratory produced pellets. Studies were conducted in the I K
Conference of Wood Department of Forest Harvesting, Logistic and Amelioration of the fesIeTh.  LIpOYHBAHMATA €4 HIPOBCICHH “B areipara o
technologies and product Technical University in Zvolen, Slovakia. »J1eCONON3BANE, JOTUCTHKA M Memopaui™ Ha Texmiriecius
design, St. Cyril and yHUBEpcUTET B 3BoJieH, CroBakus
Methodius University of
Skopie, Macedonia, Ohrid,
May 16-18, 2013. ISBN
978-608-4723-00-4.
Stollmann, V., S.
STOILOV. The delta cable
System. In: Proc. of the ) B pa60TaTa CC aHaJIM3Mpa U3MO0J3BAHECTO HAa CbBPEMCHHHN BbHIKCHU
International conference The paper concerns the usage Qf mo_dern cable_s_ystems inthe army. | cucremu B apmusita. BbB BbBEJCHHETO MMa KpaTKa HUCTOPHS Ha
on military technologies In the introduction there is a brief hlgto_ry of military cable systems. | BoeanuTe BbxkeHH cucTeMH. Ciex TOBa ClieBa OIKMCAHMETO Ha
and special technologies Th_en, the Delta cable systems description follows — the knolewdge | Bbxenute cuctemu Delta — BKIIFOUCHH ca 3HAHHATA, MPUAOOHTH

rs.17 ICMT-IDEB 2010 5th of gained th_ro_ugh research of j[hese ca_ble_systgms at the Facult){ of | upe3 u3cieaBaHe Ha Te3W BBKEHH cHCTeMH BbB Daxynrtera mo
May 2010 Bratisle’lva Fores_try is mcludeq. The_ main attention is pz_;ud to the mathem_atlcal ropcko cronmaHctBo Ha TY-3BoneH. OCHOBHO BHHMaHHE €
Slovakia ﬁ’rinte a: CD, solution of the_: basic navigation task consisting in determination of | otmeneHo Ha MaTeMaTHYeCKOTO pEIIEHHE Ha OCHOBHATA
ROM IéBN 978-80-8075- the cable carriage location. HABWTallMOHHA 3ajaYa, CbCTOSINIA CE€ B ONpEAEIsHE Ha
454_9: EAN MECTOIIOJIOKECHHUETO HAa BArOHETKATA HA Bbh>K€HAaTa CUCTEMA.
9788080754549.

19 Crynum, my0JIMKYBaHU B HAYYHU U31aHNs, pedepupaHu ¥ MHACKCHPAHH B CBeTOBHOM3BECTHM 0431 AaHHM ¢ HAYYHA HHopManus
ro.1 AcenoBa M., CT. B pabGorata ca pasriegaHd TexHoyiorusra Ha reorpadckure | The paper studies the technology of geographic information

CTOMJIOB. 2023.

nHpopmanmonan cucteMu (I'MIC) W TAXHOTO TPUIIOKEHHE B

systems (GIS) and their application in forestry and in the transport




Texnonorusara va 'UC
MIPY TPAHCTIOPTHO
pa3paboTBaHe Ha TOPCKHU
tepuropuu. Hayka 3a
ropara, suppl. 1, 92 c.
ISSN 0861-007X. Web of
Science

TOPCKOTO CTOMAHCTBO M TPH TPAHCIOPTHOTO pa3paboTBaHE Ha
ropcku Teputopun. Ch31aBaHETO Ha CIeNHaIn3upana 6a3a JTaHHU
Ha ['MIC e B ocHOBaTa Ha KOMITIOTHPHUS aHANN3 Ha CHETU()UIHATE
IapaMeTpH, HEOOXOAWMH 3a ONpeleisiHE Ha ITOKa3aTeNuTe Ha
TOPCKOIIbTHaTa Mpexa. HampaBeH € KpaTbK IHpernien  Ha
CBCTOSTHHETO Ha TOPCKUTE TEPUTOPHH y HAC, 0COOCHOCTHUTE Ha
TOPCKHUS TPAaHCHOPT M KiIacu(UKaNUsATa Ha TOPCKOITBTHATA MPEXa.
C nomounira Ha ceBpeMeHHHTE TexHosornu Ha [ YIC ca yctaHOoBeHH
OCHOBHHUTC IIOKa3aTein Ha IIbpBHUYHATA u BTOpUYHATa
TOPCKOITbTHA MpeXa B TpH M30paHHM TOPCKH CTONAHCTBA.
PesynaraTute OT aHanmM3a Ha BCHYKHM M3CJEBAHU TEPEHHHU,
HUKOHOMUYECKH U CKOJIOTUYHHU q)aKTOpI/I, OKa3Ballly BJIUAHUEC TIPU
n300pa Ha MEXaHM3MPaHN CPEACTBA 3a M3BO3 HA IHPBECHHA B
NPUPOJHUTE MPOMU3BOJICTBEHH YCJIOBHSA, ca W3IION3BAaHMA 34
apryMEeHTHpaH U300p Ha Hal-TIOAXOAAIIN TPAHCIIOPTHU CPECTBA.
Ontumuzamusara Ha 06a3ara manHd Ha [WIC u moTrpeOHTencku

OpHUCHTHpPAHUA IoaX0.Q B MIPOCKTUPAHCTO H JOKa3BaT
MNPAKTUYCCKUTC BB3MOXKHOCTH MW HACOKHM 34 KOMIIKOTBPHO
noarnomMaraHe Ha CIICIIUATTMCTUTC npu TPAaHCIIOPTHOTO

pa3paboTBaHe HAa TOPCKU TEPUTOPUHU U 0OOCHOBKATa Ha M300pa Ha
MOAXOMSIIH CPEJICTBA 32 OJIN3BK TPAHCIIOPT.

opening-up of forest territories. The creation of a specialized GIS
database is the basis of the computer analysis of the specific
parameters necessary to determine the indicators of the forest road
network. A brief overview of the state of the Country’s forest
territories, the features of forest transport and the classification of
the forest road network was made. With the help of modern GIS
technologies, the main indicators of the primary and secondary
forest road network in three selected forest ranges were established.
The results of the analysis of all the studied terrain, economic and
ecological factors influencing the choice of mechanized means of
transporting wood in the natural production conditions were used
for a reasoned choice of the most suitable means of transport. The
optimization of the GIS database and the user-oriented approach in
its design prove the practical possibilities and guidelines for
computer support for specialists in the transport opening-up of
forest territories and the justification of the choice of suitable
means for short-distance transport.
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CTOMIJIOB, CT. 2017.
T'opcku Tpancnopr. C.: UK
npu JITY. ISBN 978-954-
332-151-3. Peuensenru:
npod. nTH nHX. Bacun
HumutpoB Bacuies u nou.
JI-p uHX. JuMUTED
KocraguaoB MaageHoB

Y4eOHUKBT € HamucaH B CHOTBETCTBUE C yTBBbpJEHaTa y4yeOHa
IporpamMa 1o AUCIHUILINHATA ,,] 'opcku TpaHcHopT*. CTpyKTypHpaH
B IIecT IWaBU. B mbpBaTa miaBa ca pasriieAaHd 3HAYEHHUETO,
ocobeHOCTUTE U KJIAcHpHKAIMATa HAa TOPCKHUA TPAHCIOPT.
TexHoNOrMYHA W OpraHM3allMOHHA CTPYKTypa Ha OJIM3KUS |
JIaJIeyHHs] TPAHCTIOPT HA JIbPBEHNW MATEpPHANN € MPEACTaBeHa BbB
Bropa rnaBa. B rmaea IIl ca u3nokeHH OCHOBHU BBIPOCHU OT
3aJJBI2KBAHETO, EKCIIJIOATALlMOHHUTE CBOICTBA U TPaHCIIOPTHPAHE
Ha JIbPBEHUTE MaTepUaJii C TPAKTOPH U aBTOMoOwm. ['opckute
BB)KEHU JIMHUU U CUCTEMH ca nipeamMeT Ha Ti1. [V. [lokazaTenure 3a
OIIeHKa Ha €KCIUIOATalMATa Ha TOPCKOTPAHCIIOPTHATE MAIINHHA ca
aHATM3UpaHU B TeTa riaBa. Ha TpaHcmopTHOTO pa3paboTBaHe Ha
TOPCKHUTE TEPUTOPHH € ITOCBETEHA MOCIeIHATA IIIeCTa TJIaBa.
Y4eOHUKBT € NMpegHa3sHaueH 3a CTYINCHTHUTE OT CIHEIHATHOCTTa
“T'opcko cTomaHCTBO” TpH JIeCOTEXHUUECKUS YHUBEPCHUTET —
Codust, HO MOXKE /1a ce TI0JI3BA U OT CIIEIHAINCTHTE, PaOOTEIH B
o0JiacTTa Ha rOPCKOTO CTOIAHCTBO.

The textbook is written in accordance with the approved
curriculum for the subject Forest Transport, and it structured in six
chapters. The first chapter deals with the meaning, features and
classification of forest transport. Technological and organizational
structure of the short-distance (extraction) and long-distance
transport of wooden materials is presented in the second chapter.
In Chapter 11, basic issues of propulsion, operational properties
and transportation of timber with tractors and trucks are presented.
Forest cable yarders and systems are subject to Chapter IV. The
indicators for evaluating the operational efficiency of forest
transport machines are analyzed in the fifth chapter. The last sixth
chapter is devoted to the transport opening-up of the forest
territories. The textbook is intended for the students in Forestry at
the University of Forestry — Sofia, but it can also be used by
specialists working in the field of forestry.
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CTOMIJIOB, CT. 2017.
Ternurennu mamunau. C.:
UK npu JITY. ISBN 978-
954-332-157-5.

PeuenszeHt: gou. 1-p MHX.

Humutsp Kocranunos
MiageHoB

Y4yeOHUKBT € HalucaH B ChOTBETCTBHE C YTBBpJCHaTa ydeOHa
mporpamMa 1Mo AWCLUMIUIMHATA ,, [€[VIMTENHM MAalIMHU® 32
CTYJIEHTUTE oT CICIMATHOCT »] OPCKO CTOTIAHCTBO®,
o0Opa3oBaTeTHO-KBaTH(pUKAIMOHHA CTEIEH ,,0aKalaBbp ‘.
Y4eOHUKBT € CTPYKTypHpaH B IBE OCHOBHM 4acTH. B mppBa dacT,
CBCTOSINA C€ OT EANHAECET IJIaBH, Ca PasriiclaHl OCOOEHOCTHTE,
KIacHU(pUKaAIMATa, TEOPUATA U YCTPOMCTBOTO HAa MEXAHU3IMHUTE H
CHCTEMHUTE Ha JIBUTATENIUTE C BBTPEIIHO ropere. Yact Bropa ce
CbCTOU OT JACBCT I'JIaBU, B KOUTO Ca HU3JI0KCHU yCTpOﬁCTBOTO Ha
TpPaHCMHCHATA, XOJOBaTa CHUCTEMa, CHCTEMHTE 3a YIIpaBJCHHE,
CIMpavyHaTa cUCTeMa, XUOPUAHOTO 3a/[BI)KBAHE HA TPAKTOPUTE U
aBTomoOmmnTe. OTIENeHo € MICTO Ha KOHCTPYKIMHUTE Ha
XHUJpaBIMYHATA HAaBECHA CHCTEMa M BaJIOBETE 3a OTBEXKIAHE Ha
MOIIIHOCT, Ha YCTPOHCTBOTO M TEXHOJIOTHYHOTO O0OpyABaHE Ha
CHEIUATIN3NPAHUTE TPAaKTOPU U aBTOMOOMIM 3a TOPCKOTO
CTOMAHCTBO, HA TEOPUATA HA TETJINTEIHWUTE MAIIWHHU M TAXHOTO
TEXHHYECKO OOCITy)KBaHE W PEMOHT.

Y4eOHUKBT € MpeAHa3HadeH 3a CTYACHTHTE OT CIICIHAIHOCT
,,] OpcKo cTomancTBO B Jlecotexuuueckus yauepcuteT — Codus,
HO MOXe€ J1a Ce TI0JI3Ba U OT CIEeHAINCTHTE, paboTemHu B obaacTTa
Ha JIECOIIOI3BAHETO ¥ MEXaHU3alMATa HA TOPCKOTO CTOMAHCTBO.

The textbook was written in accordance with the approved
curriculum in the subject Tractive machines for the students in
Forestry, bachelor degree.

The textbook is structured in two main parts. In the first part,
consisting of eleven chapters, the features, classification, theory
and structure of mechanisms and systems of internal combustion
engines are considered. Part two consists of nine chapters, in which
the transmission, the drivetrain, the steering systems, the braking
system, the hybrid drive of vehicles are presented. A place is
devoted to the structure of the hydraulic system and power take-off
shafts, to the device and technological equipment of dedicated
vehicles for forestry, to the theory of tractive machines and their
maintenance and repair.

The textbook is intended for the students in Forestry at the
University of Forestry — Sofia, but it can also be used by specialists
working in the field of forestry and forestry mechanization.
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CTOMJIOB, CT. 2020.
PvKOBOICTBO 3a
yIpa>kHEHHUSI 10
TernurenHu MalIuHU
(Bropo npepaboreHo u
JorrbiiHeHO u3nanue). C.:
UK npu JITY. ISBN 978-
954-332-176-6.

Penenzent: nou. a-p uHxK.

Humutsp Kocranunos
MiageHoB

PBKOBOACTBOTO 3a yHNpakHEHHS € BTOPO NpepaboTeHO U
JIOTIBJIHEHO u31aHue. ChCTaBEHO € B CHhOTBETCTBUE C YTBBPACHATA
ydyebHa mporpaMa IO AWUCIUIUIMHATA ‘‘TerauTenHd MamuHu .
IIpennasHadeHo € 3a CTyJOEHTHUTEe OT cHenuaitHocTra “I'opcko
cronmanctBo” npu Jlecotexumdueckus yrupepcureT — Codusi, HO
MOXe€ J1a Ce MOJI3Ba M OT CHENUAIUCTUTE, padOTeNH B 001acTTa Ha
MeXaHHu3alMATa Ha TOPCKOTO CTOMAHCTBO. B mbpBUTEe meT
yIpa)kKHEHHs ce pasriex/a yCTPOMCTBOTO Ha KOPITYCHUTE JeTainu
U MEXaHuW3MH U TOpHBHATa, MasWiIHATa, OXJAJUTEIHATa,
IIBJTHUTETHATA, W3IyCKaTelHTaa, IyCKOBaTa M eJeKTpUUecKaTa
CHCTeMa Ha JBUTATENINTE C BRTPEIIHO ropeHe. B ciuenBammure Tpu
YOpaXHEHUs] Ce€ M3ydaBaT KOHCTPYKIMHTE Ha BB3JINTE Ha
TPaHCMHUCHSATA, XOZ0BaTa CUCTEMA, CUCTEMATa 3a YIPaBICHUE U
crmpadHaTa cucTeMa. XHUIpaBINYHATa HABECHA CHCTEMa M BAIbT
3a OTBEX[AHE HAa MOILHOCT Ca NPEACTaBeHU B ynpaxkHeHue I[X.
Vopaxnenue X 3amo3HaBa CTYAEHTHTE C KOHCTPYKTHBHUTE
0cocOeHoCTH u TEXHOJIOTUYHOTO obopyiBaHe Ha

The Manual is a second revised and updated edition. It was
compiled in accordance with the approved curriculum for the
discipline Tractive machines. It is intended for the students of the
Forestry at the University of Forestry — Sofia, but it can also be
used by specialists working in the field of forestry mechanization.
In the first five exercises, the arrangement of basic parts and
mechanisms and the fuel, lubrication, cooling, in-take, exhaust,
starter, and electrical systems of internal combustion engines are
considered. In the next three exercises, the structures of the
transmission, chassis, steering and braking systems are studied.

The hydraulic system and the power take-off shaft are presented in
Exercise IX. Exercise X familiarizes students with the structural
features and technological equipment of dediceted tractors and
vehicles for forestry. The manual concludes with a course
assignment in which students calculate the required peripheral
force of a dedicated tractive machine, determine the main

parameters of the engine, and construct its external frequency




CHEeLMAIN3UPAHUTE TPAaKTOPH U aBTOMOOMIM 3a TOPCKOTO
CTOMAHCTBO. PBKOBOACTBOTO 3aBBPIIIBA C KypCOBa 3a/1a4a, B KOSITO
CTYZIEHTUTE HW3YMCIIABAT HeoOXoammara mepu(epHara CHIa Ha
CHeIUaIN3UpaHa TErJHUTENHA MAIlNHA, OIPENENIIT OCHOBHHTE
IapaMeTpy Ha ABUTATENs] M MOCTPOABAT BHHIIHATA MY YECTOTHA
XapakTepucTuka. BbB  BTrOpara WacT ce  HM3YHCISIBAT
IpefaBaTeIHUTE YHCIa Ha TPAaHCMHUCHATA U CE IOCTPOsiBA H
aHaIM3Wpa  XapakTepUCTHKAaTa Ha CWIOBHMsA OanaHc Ha
CrHelaIu3upaHaTa TerJIUTeIHa MallliHa.

characteristics. In the second part, the gear ratios of the
transmission are calculated, and the force’s balance characteristic
of the dedicated tractive machine is constructed and analyzed.




