YxkpaiHcbKHil Jep:kaBHHI JIiCOTeXHIYHUI YHIBepCHTET

M. [lepcriekTuBHI KOHCTPYKINli TYCEHUYHUX MAIliH MOXKYTh €KCILTyaTyBaTHUCS Ha
yxunax 1o 27 rpan. [6]. KosicHi Ta ryceHMYHI TPaHCHOPTHI 3acO0M MOCTIMHO
BJIOCKOHATIOIOThCA. [IOKpallleHHs1 3arajlbHOr0 KOMIIOHYBaHHS JIICOBOI MalllMHH,
HOB1 KOHCTPYKTHBHI MaTepiajly IIMH Ta THYYKUX T'YCEHHULb JAl0Th 3MOr'Y ICTOTHO
MIJBUIYBATH 1X MPOXIAHICTh 1 TOHU3UTH HETAaTHUBHUU BIUIMB Ha OMOPHY MOBEP-
XHIO. AJJanTOBaH1 KOHTPOJIIOBAJIbHI CUCTEMH JIICOBUX MAIIUH 3MOXYTh 3MIHIOBATH
napaMeTpu KOJIICHUX Ta T'YCEHMYHHUX PYIIIiB 3aJI€KHO Bl IPYHTOBUX YMOB, 3aBaH-
TaXXEHHS Ta BUKOHYBaHOi1 poO0TH. CTBOPEHHSI KPOKYBAJIBHOTO PYIIis 31 IITYYHUM
IHTEJIEKTOM JacTh 3MOTY PO3IIMPUTH J1alma30H Ha3e€MHOI TIpChKOi J11C03aroTiBil
(30KpeMa, TOBECTH BEPXHIO MEKY JOJIAHOTO YXUIy 10 45 rpa.).
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RATIONALISATION OF MOBILE TERRAIN SYSTEM FROM
POINT OF VIEW OF ECOLOGICAL CLEANLINESS OF WORK

In this paper is evaluated an optimal constructional and operating performance of
mobile terrain system, that work in forest ecosystem, from point of view of volume of pro-
cessed biomass and total amount of logging-transportation erosion. A monitored terrain
system, working in forest industry, is considered as manufacturing system, with its materi-
al and energetic flow. The determination value, that optimise the manufacturing system, is
operating and constructional performance.

In this paper is evaluated the amount of erosion in dependence on volume of cutted
mass, by means of mathematics, and from system point of view. The conditions for mobile
terrain system work, that ensure optimal, i.e. minimal value of erosion will be determined.
The theoretical results are verified. The optimal values of soil erosion are determined by
experimental measurements. The principles of paper are based on theses of ecological
synthesis that determine coupling between dissipative energy of manufacturing system and
its ecological cleanliness of work.

Keywords: mobile terrain system, forest ecosystem, mathematical simulation.
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Ilpogp. Aoonvh AHEYEK — Yecovkuii yn-m cinbcbkozo 2ocn-eéa ¢ Ilpasi, Yecvka
Pecnyonika; npogp. Minan MIKJIEIII — Texniunuii yn-m ¢ 360.1eni, Cnosauuuna

BaockoHaseHHS MOOLJIBLHOI JIICOBOI MAIIIMHM 3 MO3UIII €KOJIOTTYHOT
YHMCTOTH il po0OTH

Bu3HaueHO onTHManbHI 3HAaYEHHS! KOHCTPYKTUBHHX 1 poOOUYMX MapameTpiB MOOiIb-
HOI JICOBOi MalIMHHM 3 TOYKH 30py i MaKCHUMallbHOI MPOAYKTUBHOCTI Ta EKOJOTI4HOT
cripuitHATAUBOCTI. CTymiHb €po3li IPYHTY OIIIHIOBABCA 3aJIEKHO BiJl 00'€My 3aroTOBJICHOL
JIEpPEeBUHM 3a JIOTIOMOTOI0 MaTeMaTHYHUX MiAPaXyHKIB 3 MOJAIBUINM MOPIBHAHHIM i3 pe-
3yJbTaTaMU €KCIIEPUMEHTIB. Y JTOCIIKEHHI OOIPYHTOBAHO ONTHMAJIbHI TTaKa3HUKHA POOO-
TH MOOUIBHOI JIICOBOI MAalIMHM 32 YMOBU HAHECEHHsS MIHIMAJIbHOI WIKOAM JOBKULIIO.
[Tpuniunu gaHoi poGoTu 0a3zyrOThCsl Ha TEOpli €KOJOrIYHOTO CUHTE3Y, SKHH MOJSIrae B
€HOCTI 3aTpavyeHOl MAITMHOIO €HEPTIi Ta eKOJOTIYHOT YHUCTOTH ii poOOTH.

KuaroudoBi ciioBa: MoOiIbHA JTicOBAa MalllMHA, JIICOBA €KOCHUCTEMAa, MaTEMAaTUYHE MO-
JIeNTIOBaHHS

1. Introduction

The logging-transportational and subsequent water erosion cause devastati-
on of forest ecosystems (Sach 1986). It thereby suffer not only productive, but also
unproductive forrest functions, including contamination of surface water sources.
The devastation of forest soils is a problem mainly in immitted areas, by mortifica-
tion of forest stands, as well as their subsequent cutting. (Skypala 1987).

The exploitation of transporational technique, technique for mechanical
preparation of soil, mainly in upland immitted areas resulted to increased devastati-
on of soil surface of forest ecosystems (Sach 1986). The erosion processes then
conduct not only at decreasing of forest soil, and also to it degradation and degra-
dation of water mode of soil (Holy 1988).

The preventive wood-technical measurents, serve us for decreasing of dama-
ges caused by erosion (Kubelka 1991). They consist of (Janecek 1992) choice of
ecological canny technologies, by using of possibility to employ a suitable technique
with rational performance. This paper discuss about possibilities of its determining.

The verification is carried out by experimental monitoring of logging-
transporational erosion, caused by skidding units TERRI 20-20 and TERRI 20-40.
The task of paper is also to confirm the known theses of ecological synthesis
(P. Duvignfaud 1980). The dissipative energy produce by manufacturing system
(in our case it is a mobile system working in division of forest industry) is rate of
ecological cleanliness of system's work.

2. Specification of factors that affect the logging-transportational erosion
During analyze of logging-transportational technique with various perfor-
mance we will ascertain, that it is commensurable to amount of damages, caused
by logging-transportational erosion.
1. The factors that affect the specific consumption of energy and material:
® increasing of constructional performance do not respond directly to changes of
parts of logging-transportational and afforestation systems, which exercise an
influence on energetic, material and working fastidiousness;

® the change of investment fastidiousness of these systems is not directly commen-
surable to change of performance;
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® the changes of dimensions of material flow as a result of the change of system's
performance do not always actuate on change of energetic and material fastidious-
ness and consequently not even on total amount of damages caused by erosion.

2. The possibilities of increasing of constructional performance of forest systems:

® increasing of interaction space of material flow (choping, cutting area, etc.), incre-
asing of maximal work performance;

® increasing of material cross-section within roads on which a material is transported.

3. Optimal mode of logging-transportational system from point of view

of relationship between erosion and unit of performance

During manufacturing process of logging-transportational systems the
energy and material is transformed. The transformation of energy and material re-
sults to final product — machined wood, see Figure 1.

constructional operational
performance performance

energy

logging-manufacturing machined wood 5
transportational system

material

.
>

Figure 1. The transformation of energy and material results to final product-machined wood

A regulation of intensity of logging-transportational system work is carry
out by regulators, which specified the constructional and operational performance.
At the same time, during work of these systems the logging-transportational erosi-
on is rising. It depends on intensity of whole process, and it is result of the loss
energies which rise during this process.

For value of logging-transportational erosion, that rised during manufactu-
ring process as a result of energy transformation is valid formula:

mpy.
- Ml g, (1)
nCE(WK»Wp)

where: Mgr — amount of logging-transportational erosion rised during work of log-
ging-transportational system as a result of energy transformations (kg); mz — amo-
unt of energy source (naphtha, gasoline, etc.) needed for production (kg); W, —
operational performance of system (m’-s'); W — constructional performance of
system (m’-s'); Sg — specific inherent (supplied) energy that rise as a result of
energy transformations during manufacturing process (kJ-kg'); Or — specific
energy of energy source (kJ-kg™"); ner — efficiency of energy transformations into
final product in dependence on constructional and operational performance (—).

For total amount of production manufactured by logging-transportational
system with transformation of given amount of energy is valid formula:

mg-Q

= E(WE ) (m?), 2)
Oy "Wy, »

where: W — total amount of production of system, produced as a result of energy

transformation (m’); Oy — specific production energy, that is needed to supply to

logging-transportational system per unit of production (J-m™).

MEF

We
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If we consider that Qg, Sg, N are constants for time we analyze, we can
express the time derivations of formula (1) as follow:

8mE
OMpg _ ot
ot NcE (Wk > Wp )

where: ¢ — time (s); OM g /Ot — amount of logging-transportational erosion per

OF

Sp o (kgsh) 3)

unit of time produced as a result of energy transformation (kg-s™'); om g/ Ot —amo-

unt of energy source supplied per unit of time (kg-s™).
For performance of system is valid formula (see formula 2)
Amount of erosion produced by system pre unit of time is gived by formula:

om,,
0..8

OM s __oOt Q-5 ’ (4)

ot Neg Wi, W,)

where: 8]\/1% — total erosion produced by system per unit of time, (kg-s™).
om,,

—=.0;.5

0= aMEEM 1 ot QE i 1 (5)

ot .WC(Wk’Wp) nCE(Wk’Wp) 'WC(Wk’Wp)

where O — specific erosion reffered to unit of production (kg-m?).

For extreme of the function of specific logging-transportational erosion, re-
ferred to unit of volume of machined mass in function of constructional and opera-
tional performance are valid conditions needed

O*M (Wi , W)

-0, (kgm’ 6
o (kg'm’) ©6)
2
IMer _ | (kgm?) (7)
ot.oWp

When presented acts and adjustments are carried out we obtain the formu-
las which decide if conditions needed in subsequent form are fulfil:

o WeWy) Sy oncWeWy)  fy W W W) g

oWy TN (WK W ) oWy We (WK W ) oWy
@(E(WK’VVP) Jx .anC(WKJ/VP)_ S _aWC(WKﬂWP):l-’ (kg-m®) (9)

oWy UCE(WK ) WP) oW,y We (WK ’ WP) oWy
_ Omy, .

fe =T 0 S (W) .

flow of erosion caused by transformation of energy in manufacturing process
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4. General analysis

By analysis of formulas which are necessary for determining of amount of
logging-transportational erosion per unit of production of transportational system
was found, that is valid (Janecek 1991):

Ny W,) . .

o 0 —valid for area of lower values of operational performance #,, (10)
P

Ny W,) : : :

o - 0 —valid for area of higher values of operational performance ,, (11)
p

0 /4 ) )

% >0 — valid for area of lower values of constructional performance W), (12)
k

0 w, . . .

% <0 — valid for area of higher values of constructional performance W,, (13)
k

Futhermore are valid relations:

fr >0 —physical technical parameter (kg-s ), (14)

nez >0 — physical technical parameter, (15)

/4

8I?VW >0 — performance of manufacturing system ascend in function of operational
p
performance W), (16)
p >0 — performance of manufacturing system ascend in function of constructi-
k
onal performance W, (17)

Concerning the formulas (8), (9) we can write:

afE(WK9WP)_ fE(WK’WP) _anC(WK:WP)_ fE(WK’WP) _ 6WC(WKJ/VP)
oWy Tlce (WKaWP) oWy We (WKaWP) oWy

... valid for area of higher values of constructional performance

8fE(WKaWP)_ fE(WKaWP) 'anc(WKaWP)_ fE(WKaWP) ) aWC(WK’WP)
oWy UCE(WKaWP) oWy WC(WK9WP) oWy

... valid for area of lower values of constructional performance

By similar analyse we can arrive to relation that specify a behaviour of functi-
on of specific erosion concerning parameters that specify the operational performance.
From formula (18) is clearly that parameters W, Wp, which specify constructional-
operational performance of mobile forest system, affect the flow of erosion (logging-
transportational erosion) as well as the inherent flow and in manufacturing process
futhermore affect efficiently of energy transformation to final product.

These quantitative relations (18) validate a general thesis formulated by P.
DUVIGNEAUD 1980. The amount of dissipative energy is rate of ecological cle-
anliness (logging-transportational erosion) of work of mobile terrain system. This
thesis is then validated by above-mentioned analyze of work of mobile terrain
system in dependence on its intensity of work.

)0 (18)

0 (19)
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5. Verification of mathematical model

On basis of theoretical calculus in above-mentioned text was experimentally
determined a behaviour of forest manufacturing systems, what allow optimalization
of their main constructional and operational parametres from aspect of ecological
criterions — see Figure 2,3. Physical models were observed for systems — working
machine in logging, afforestration and transportational activities in division of forest
industry. There were found, that at optimal computed performance, at which listed
systems worked, the logging-transportational erosion was decreased by 5-15 %.

In locality of North Czech was experimentally verified characteristics of
work of skidding units:

TERRI 20-20:
engine — Kubota, type DH 850-B, 4-takt, diesel,
power — 17 kW at 3600 rpms,
dimensions — length 6500 mm, wibth 1460 mm, height 2350 mm,
weight —3390 kg,

transport weight — 1690 kg,
scope of hydraulic crane — 4,2 m.

TERRI 20-40:
engine — Kubota, type D 1105, 4-takt, diesel,
power — 17,6 kW at 3000 rpms,
dimensions — length 6500 mm, width 1470 mm, height 2250 mm,
weight —4950 kg,

transport weight — 2960 kg,
scope of hydraulic crane — 7 m.

Breach of soil surface of stand Breach of soil surface of stand
TERRI 20-20 TERRI 20-40
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Figure 2. Depence between specific amount Figure 3. Depence between specific amount
of damages and operational performance of damages and operational performance

Skidding unit TERRI 20-20 is designed for total month capacity cca 200-
400 m3. In conditions at which the measurements was carried out the optimal ope-
rational performance (see Figure 2) was at level of cca 400 m’.

It is the upper border of operational performance which is refered by manu-
facturer. Considering the criterion of logging-transportational erosion there is a ne-
ed to operate TERRI 20-20 unit on this value of optimal performance.

In case of increasing or decreasing of performance by 5-10 % the specific
erosion will increase by 30-40 %. The similar results we obtained in case of experi-
mental measurements with TERRI 20-40 unit.
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6. Conclusion

The goal of work, presented in this paper, was deriving the function of me-
asured erosion, that rise during work of logging-transportational system in forest
industry.

The function was derived. As resulting from this function, it is result of
transformation of energy into final production of manufacturing process. It de-
pends on efficiency of material and energy transformations, that depends on inten-
sity of work. This we can express by constructional and operational performance.

By mathematical analyze was found, that logging-transportational erosion
rising during work of system has minimal value in work mode, which is can be
characterized by optimal operational and constructional performance.

By verification of theoretical terms, carried out by experimental observati-
on of skidding units TERRI 20-20 and TERRI 20-40 we showed the possibilities
of their employment at minimal specific erosion per unit of machined wood. While
the optimal values of work of above-mentioned system are changed by 5-10 %,
there will occur the growth of erosion by 15-30 %. Because of it there is a need of
fairly consideration of the localities of their employment and intensity of work,
that are given by their operational performance.

The theoretical analyze followed by realized experiment validate a gene-
rally valid thesis:

The amount of dissipative energy rising during manufacturing process of
mobile terrain system is a rate of ecological cleanliness (logging-transportational
erosion) of work of mobile terrain system. By means of minimalisation of this dis-
sipative energy or specific dissipative energy is possible to ensure the optimal mo-
de of work of mobile terrain system from point of view of given criterion — log-
ging-transportational erosion.

References

1. Bellmann, R.E. 1956: On the bong-bong control problem. A nol of Applied XIV. 1956.

2. Holy, M., 1988: Simula¢ni model povrchového odtoku a erozniho procesu. Vodniho hos-
podarstvi, 10/1988 A S. 3-4.

3. Janecek, A. a kol., 1991: Uvodni systémova analyza modelovani negativniho ptisobeni
lesni techniky na ekosystémy. VULHM 1991, S. 143.

4. Janecek, A. a kol., 1992: Uvodm systémova analyza modelovani negativniho plisobeni
lesni techniky na ekosystémy. VULHM 1992, S. 155.

5. Janecek, A., 2001: Racionalni matematlcky model optimalizujici podstatné konstrukéni
a provozni parametry Vyvazem soupravy z hlediska kriteria t¢Zebn¢ dopravni eroze. S. 86.

6. Kolmogoroff A.N., 1931: Uber die analytischen Metoden in der Wahrscheinlichke-
itsrechnung, Math. Ann. 104.

7. Kubelka J. 1991 Ustni sd&lenti.

8. Pontrjagin L.S., 1964: Matematicka teorie optimalnich procest. Praha 1964. S. 354.

9. Skypala, J., 1987: Ocenovani Skod zplsobenych civilizacnimi faktory v lesnim hos-
podaistvi. VULHM, 8. 86

10. Slodi¢ak, M., 1986: ZvySovani odolnosti mladych smrkovych porosti proti Skoddm
snc¢hem. VULHM 1986, KDP S. 96.

11. Sach, F., 1986: Vliv obnovnich zpusobil a tézebné dopravnich technologii na erozi
pady. VULHM 1986, KDP S. 106.

12. Wlener, N., 1954: Cybernetiks and Society 2. ed. New York 1954. s 365.

13. Duvigneaud, P., La syntése ecologigue Dion édituers, Paris 1980, 400 s.

14. Corresponding author.

200 JlicoBa inzkenepisi: TexHika, TeXHOJIOTIs i JOBKiLIsA



HaXKOBPIﬁ BicHuK, 2004, Bun. 14.3

15. Prof. Ing. Janecek Adolf, DrSc., Ceska zem&délska univerzita Praha, Kamycka 1176,
165 21 Praha, e-mail: janecek@lf.czu.cz.
16. Prof. Ing. MikleS§ Milan, DrSc., Technickd univerzita Zvolen, Masarykova 24,

960 53 Zvolen, e-mail: mikles@vsld.tuzvo.sk.
]

YK 630*31; 658.011.51 Cm. nayk. cniepoo. B.JI. KOP/KOB,
kano. mexu. Hayk — YxkpH/[Izipnic

OIITUMAJIBHA TPAHCITIOPTHA MEPEXA VY JICOOHII SAAK
®AKTOP EKOJIOTTYHOI CTABLUIBHOCTI TA CTAJIOTO
HPUPOJOKOPUCTYBAHHA

[IpencraBneHo XxapakTepUCTUKHA TPAHCIIOPTHOT Mepexi B JlicoBomy donni Kapnarce-
KOTO perioHi. 3po6JeHO aHaji3 BIUIMBY JIICOBHX IUISXIB HA €KOHOMIKY PErioHy Ta HaBKO-
JIMIITHE CEPEJOBUILE.

Karo4oBi cjioBa: ripchbki JicH, TPaHCIIOPTHA MEpEXa, XapaKTEpUCTHKA, BIUIUB, €KO-
HOMIKa, JOBKIJIJIA

Senior researcher V.L. KORZHOV — UkrRIMF

Optimum roads net in the woodland as the factor of ecological stability and
environment nature management
The information about characterizations of the road net in Ukrainian Carpathians fo-
rest is given. The influence of forest roads on economy and environment of the region is

analyzed.
Keywords: mountain forest, roads net, characterization, influence, economic, environment

TpancopT € 0CHOBOIO KOXKHOT 13 raimy3ei JIIoAChKOo1 AisibHOCT. OCO0IMBO
BEJIMKE 3HAYCHHS BiH BIAIrpae B JIICOTOCIOAAPCHKOMY BUPOOHUIITBI TIPCHKUX PETi-
OHIB, /i€ JIICOBI IUIOUIl PO3KWJAHI HA 3HAYHUX TEPUTOPIAX 1 XAPAKTEPU3IYIOThHCS
CKJIQJIHUM pebedOoM, I'PYHTOBO-T1IPOJIOTTYHUMH OCOOJIMBOCTSIMU, HU3bKOIO KOH-
LEHTPALI€I0 3arOTOBJIIOBAHOL JEPEBUHU 3 OJMHUII TUIOLII, OJJTHOCTOPOHHICTIO BaH-
Ta)XOIMOTOKIB Ta IHIIMMHU YMHHUKAMU. JIiCOB1 TpaHCTIOPTHI NUISIXU MAIOTh BaXKJIUBE
3HA4YCHHsI HE TUIbKH JJISl TEXHIYHOTO 3a0e3MeYeHHsI MPOIIECIB JTICOKOPUCTYBAaHHS,
BIJTHOBJICHHS 1 OXOPOHHU JICY, a ¥ JJIsl 3arajJbHOTO PO3BUTKY PETIOHY, MOKPALEHHS
YMOB MPOXUBAaHHS HACEJIEHHS, 10 OCOOJMBO BaXKJIMBO B TEMEPINIHIN Yac, KOJH
novasia Jiatu "PamMkoBa KOHBEHIIS TPO OXOPOHY Ta cTainuii po3BuTok Kapmar".
P03BUTOK HOPOXKHBOI MEpEX1 MO3UTUBHO BIUIMBAE HA IHTEHCU(IKALIIO Ta PO3IIH-
PEHHSI MOXJIMBOCTEM 0araThoX raigy3ed HapOJIHOI'O IrOCHOJApCTBa, CIpHse 3a0e3-
MICUYCHHIO HACEJICHHS pOOOYMMHM MICISIMHM Ta 3HIKEHHIO TTMHHOCTI KajapiB [1]. ¥V
PO3BUHYTHUX JIICOIMPOMHUCIOBUX KpaiHax €Bponu BUTpAaTU HA OYAIBHUIITBO 1 yTpH-
MaHH$ JICOBUX aBTOMOOUIBHUX JOPIT CTAHOBJIATH OJU3bKO TPETUHU COOIBAPTOCTI
BUTpAT Ha 3aroTiBJIIO JIEPEBUHM, IO MiJKPECIIOE€ BAKIUBICTh ONTUMI3AIlT J0-
POKHBOI MEpEXI B JIICPOH/II.

JlopoxHst Mepexka B JicoBoMy (GoHAl Ykpainckkux Kapmar npencraBieHa
TpbOMa TAKUMHU BHJIAMH LUISXIB TPAHCHOPTY: aBTOMOOUIbHI JOPOTH 3arajbHOIro
KOPHUCTYBaHHS; JTICOBI aBTOMOOLUIBHI OPOTH; BY3bKOKOJIIHHI JIICOBO3HI 3aJII3HUIII.
VY OUTBIIOCT] BUMA/AKIB OCHOBY TPAHCIIOPTHOI MEPEXi JIICOBUX MiAMPUEMCTB CTBO-
PIOIOTH aBTOMOOUIBHI IOPOTH, 3 SKUX MPUOJIM3HO MM'ATa YaCTHHA — 1I€ aBTOJOPOTH
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