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Public demands for forest products and services have been increasing gradually in many countries all over the
world. Among the forest products, mostly round woods are produced in Turkey due to high economic value. On the other
hand, there is a significant increase in demand for industrial woods in the domestic market in recent years. The reason
behind this increase is the need of domestic companies in the wood-based panel industry for a large amount of wood
raw material. . Farm tractors are the most widely used forest machinery in the extraction of industrial wood in Turkey.
Farm tractors can be effectively used in mechanized harvesting operations after receiving some modifications and
additional attachments. The modified farm tractors are affordable machinery for small logging contractors since their
initial purchasing costs and hourly operating costs are quite low comparing with the forest harvesting equipment (i.e.
skidder, forwarder, cable yarder). In this study, productivity of a modified farm tractor was analyzed during forwarding
of industrial wood products. The study was implemented in Pinus nigra stand located in (?) the city of Afyonkarahisar
in Turkey. In the study, the effects of forwarding distance on productivity were evaluated using statistical analysis. The
results indicated that the most time-consuming work stage was unloading the truck and piling the wood products at the
landing area, followed by (in terms of time-consumption) collecting woods and loading the tractor at the stump. The
average productivity of the forwarding operation was 6.06 stere/h (stere is the amount of wood pile with the height,
width, and depth of one meter). It was also found that the productivity of the forwarding was significantly affected by
the forwarding distance.
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Introduction. Due to the high economic value,
round-wood harvesting takes a leading position among
the forest products in Turkey. On the other hand, there
has been a significant increase in the demand for
industrial wood in the domestic market in recent years.
One of the reasons for this increase is that domestic
firms need a large amount of wood raw materials in
the wood-based panel industry (Bilici, Akay, & Abbas,
2019). Factories processing industrial wood raw
materials have to satisfy their increasing raw material
needs timely and regularly for the continuity of their
production. Most of the wood raw material demand
(60%) in the domestic market is satisfied by the General
Directorate of Forestry (GDF) (Tiirk, 2016). Under
conditions of increasing competitiveness in Turkey’s
forest products industry, in order to respond to the
demand for raw materials of the forest products sector
and, on the other hand, to meet the need for community
forest products, forests are to be managed and function
on the principles of sustainability.

According to the OGM 2017 annual report (GDF,
2017), it is stated that annual wood consumption in
Turkey is around 31 million m?, approximately 21
million m* of it is produced by GDF, and the rest is
covered by private sector and imports. According

to GDEF’s production plans for 2018 (URL-1), it was
reported that the target stumpage sale was 25.7 million
m?® in which 20 million m* was industrial wood and
5.7 million m* was firewood. The production amount
for 2018, where the realization rate is 99%, was 24.85
million m*. Approximately 19 million m? of this amount
was industrial wood and the rest was firewood. The
largest amount of wood products was fiber-chip board
and followed by the log production (Tab. 1). This also
corresponds to 75% of the industrial wood produced.

The forested areas in Turkey generally have a steep
terrain, which increases the costs of traditional logging
method based on human and animal power, compared to
machine-based logging operations (Eroglu, Sartyildiz,
Kiiciik, & Sancal, 2016). The fragmented structure
of the forest lands and operating in small harvesting
units are also the key factors that increase the cost
of timber extraction. In addition, traditional logging
methods are limited in terms of amount of extracted
wood per unit area. In today’s social and economic
conditions, various mechanized logging equipment is
used in forestry activities in Turkey in order to increase
the productivity while protecting the forest ecosystem
and to improve the socio-economic life of the forestry
workers who mostly live in forest villages.

Table 1
Distribution of wood production regarding product types in 2018 (x1000)
Production Planned Sale Actual Sale
Product types
Planned Actual Amount Amount Profit (YTR) Amount Profit (YTR)
Log (m?®) 7,000 6,996 4,409 1,256,067.54 4,179 1,646,924
Wire pole (m?) 60 71 54 20,014.45 56 23,328
Mining pole (m?) 775 707 464 110,169.17 357 115,889
Industrial wood (m?) 1,035 864 636 129,624.90 478 130,381
Pulp wood (m?) 3,033 3,099 1,958 361,309.93 1,629 366,261
Fiber-chip (m?) 8,085 7,316 5824 675,291.72 6,079 738,880
Pole (m?) 12 12 11 1,909.79 8 1,675
Rod wood (stere) 0.00 0.00 0.15 20.80 0.12 18
Fire-wood (stere) 5,700 4,832 4,317 132,347 3,837 115,457

The forest operations in which mechanization
is most commonly used are tree felling and the
extraction of forest products from the felling sites
(Erdas Acar, & Eker, 2014). However, the utilization
rate of mechanized logging methods in Turkey is still
quite low, while the target is to increase this rate to
around 15%. Farm tractors are used in many countries
in the concept of small-scale forest harvesting (Yu,
Gallagher, Mitchell, & O’Neal, 2016). In Turkey, the
mechanized equipment that is most frequently used in
timber extraction is the modified farm tractors as well
(Giilei & Akay, 2017). Proto et al. (2018) reported
that the modified farm tractors are also widely used in
European countries such as Italy, Croatia, etc.

The modified farm tractors are used in_different
ways as a skidder, loader, and forwarder (Oztiirk &

Akay, 2007). Cable systems can be also applied in
both uphill and downhill directions by farm tractors
(Marence & Kr¢, 2016; Lee et al., 2017). Transporting
forest products from stump to landing is a difficult
and dangerous job. For the farm tractors to be used in
these hard works, especially motor power, tail shaft
and hydraulic equipment are of great importance. The
tractor must be structurally and powerfully suited to
forestry works. For instance, there should be a correct
ratio between the tractor’s engine power and weight.
Besides, the weight has a positive effect in terms of
increasing the pulling force of the tractor and decreasing
wheelslip.

Since farm tractors have proportionally more engine
power than their weight, wheelslip increases in heavy
jobs such as skidding and winching in the forest. In this
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case, it can cause work accidents and damage to the
machines. In order to eliminate the drawbacks caused
by the decrease in the weight of the tractor, additional
weights are attached to various parts of the tractors.
When extracting industrial woods, carrier saddles are
attached in the front and at the back of the tractor to
carry wood products, which also help to balance the
weight. Besides, additional measures can be taken
to empower traction such as reducing tire inflation
pressures and using an open profile tire or attaching a
chain to the rear tires (Oztiirk & Akay, 2007). Due to
the drums attached to the back of the farm tractors, they
can be used as a skidder. The rotation of these drums,
which depend on the steel cable rolling capacity of a
certain length, is carried out with the power taken from
the tail shaft of the tractor.

Tractors can get the logs out of the forest by moving
in the forest along skid roads, and they can pull the logs
from the slopes under the road to the side of the road
with their drums by standing on the roadside landing
(Fig. 1). In areas where the slope of the land is less than
30%, the products can be removed from the felling site
by skidding them on the skid roads with the farm tractor

Figure 2. Extracting stere woods with a saddle attached
to the tractor

Time studies are applied in three different
ways; continuous time measurement, repeated time
measurement and work sampling (Giilci, 2014). In

Figure 1. Cable winching (left) and skidding (right) with farm tractor

(Figure 1). Since the farm tractor’s mobility is limited
in mountainous areas where the slope is more than
30%, the tractor stands in a suitable place on the forest
roadside and removes the products from the stump
by cable winching method (Tiirk, 2011). When the
transported products are industrial wood in the unit of
stere (i.e. height, width and depth is a meter of wood),
removal operations are carried out by means of a saddle
attached to the tractor (Fig. 2). In this way, wood is
loaded on the saddles mounted on the front and rear part
of a tractor and carried to the landing (Ttirk, 2016).

The productivity of the equipment and methods
used in the logging operations are generally determined
depending on the operation time. The most commonly
used work measurement technique in calculating the
operation time is the time study method. Within the
scope of the time study, the work is divided into sub-
sections or stages, and the standard time is determined.
In order to apply the time study, the work needs to be
subdivided into stages. Basic tools used in time studies
are chronometers and time study forms. Besides,
distance measuring instruments, clinometer, and metal
compass are also used in time study.

the continuous time measurement technique, the work
is constantly monitored and the value read from the
chronometer is recorded at the end of the work stages.
In the repeated time measurement technique, the
chronometer is read at the beginning of the stages, and
itis reset at the end and restarted. In the work sampling,
the work is observed with equal time intervals and
the current work stages are recorded. In this study,
the productivity of a modified farm tractor during the
extraction of stere wood products was analyzed. The
study was carried out in a Black pine stand in the city
of Afyonkarahisar in Turkey. In the study, the effects
of the skidding distance on productivity were also
evaluated using statistical analysis.

Material and Methods. Study Area. Afyonkarahisar
Forest Enterprise Chief (FEC), chosen as the study area,
is located within the boundaries of Afyonkarahisar
Forest Enterprise Directorate (FED) in Eskisehir Forest
Regional Directorate (Fig. 3). Forest resources of the
Afyonkarahisar FED are given in Tab. 2. Afyonkarahisar
FED is about 172,000 hectares, of which 43,000 hectares
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are covered with forests. The dominant tree species in
the section 428 where the extraction study was carried
out was Black pine. The average ground slope in the
field was determined as 30%.

Time Study. The productivity of the mechanized
logging equipment and systems used in harvesting
operations are determined depending on the operation

time. In this study, the repeated time measurement
method, which is one of the most common time study
methods in forestry, was used in order to analyze the
productivity of the timber extraction carried out with
the New Holland 55-56 S farm tractor (Giilci, 2014).
Technical features of the farm tractor used in the study
are given in Tab. 3.

Legend
0_ 125_ 250 500 750 "mrgn l:i FEDs
Figure 3. The location of the Afyonkarahisar FED
Table 2
Forest resources of the Afyonkarahisar FED (ha)
FECs Productive Unproductive Forested Unforested Total
Forest Forest Area Area Area
Hocalar FEC 9,664.50 19,754.80 29,419.30 29,890.50 59,309.80
Emirdag FEC 10,170.90 36,230.20 46,401.10 217,629.60 264,030.70
Sinanpasa FEC 11,241.20 9,218.70 20,459.90 658,78.90 86,338.80
Sandikli FEC 15,255.80 17,778.00 33,033.80 101,018.20 134,052.00
Cay FEC 14,183.40 18,804.70 32,988.10 236,379.20 269,367.30
Afyonkarahisar FEC 18,789.40 24,282.70 43,072.10 129,265.40 172,337.50
Suhut FEC 5,331.50 9,764.10 15,095.60 170,752.00 185,847.60
Total 84,636.70 135,833.20 220,469.90 950,813.80 1,171,283.70
Table 3
Technical features of the New Holland 55-56 S tractor evaluated in the study

Engine unit ofmeasmeasure Values

Max horse power (HP) 55

Cylinder / Aspiration 3/ Turbo / Intercooler

Cylinder volume (It) 2.9

Max torque (Nm) 226

RPM at max torque (r/min) 1,400

Tail Shaft

RPM of tail shaft (r/min) 540

Engine RPM (r/min) 1,967

Weight (kg)

Total weight without cabin 2WD / 4WD) (kg) 2,100 /2,300

Total weight with cabin 2WD /4WD) (kg) 2,220/ 2,420
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The work measured in timber extraction is divided
into sub-sections and work stages. In this study, a digital
chronometer was used to measure the operation time in
four work stages; 1) the time for the unloaded tractor
to reach the point where the wood products are located,
2) the time to collect and load the products at the stump,
3) the time for the loaded tractor to reach the landing area,
4) the time of unloading tractor and stacking the wood
products at the landing (Figure 4). The first stage starts

., fas

Figure 4. The work stages of the tractor skidding: 1) the unloaded tractor to reach the point where the wood products
are located; 2) collect and load the products at the stump; 3) the time of the loaded tractor to reach the landing area;
4) the time of unloading tractor and stacking the wood products at the landing.

Time study forms were used to record time
measurements for the extraction method evaluated in
the study. In addition to the time measurements, the
skidding distances measured by a steel tape and the
quantity of products (stere) stacked on the ramp were
recorded on the forms. A total of 45 turns were recorded
during timber extraction. The amount of product per
turn in the study was 5.5 stere in 40 turns, 5 stere in four
cycles, and 4 stere in one cycle. Hourly productivity (P)
in stere per hour for each turn is calculated as follows:

P =260
‘ (1)

v = Timber volume per turn (stere)

t = Total time per turn (min)

Statistical Analysis. Within the scope of hourly
productivity and time measurement studies, to
examine the total cycle time and the factors affecting
efficiency, firstly the correlation and then regression

with the tractor being unloaded on the ramp and ends
when it stops for loading the products at the harvesting
site. At the second stage, the forest workers collect the
products at the stump and load them on the tractor. The
third stage starts with the movement of the tractor from
the harvesting area and ends when the tractor reaches the
landing area. At the last stage, the tractor is unloaded on
the landing and the wood products are stacked. The lost
time and delay time was not evaluated in the study.

2)

“4)

analyzes were conducted. As the skidding (forwarding)
distance varied in the study, only the skidding distance
was evaluated as an independent variable since the
amount of product transported remained constant in
89% (5.5 stere) of the cycles. The relationship between
the skidding distance variable and the cycle time and
productivity were examined with the one-way ANOVA
analysis at 0.05 significance level.

Normality test based on the Skewness and Kurtosis
coefficients was performed to examine the normality
of the variables. In order to investigate the effect of
skidding distance on cycle time and productivity,
skidding distance was evaluated in three classes
(short: <200 m, medium: 200-300 m, long: > 300 m).
The investigation of the relationships between the
variables was carried out with the Pearson Correlation
Test and the determination of mathematical models for
the independent variables using the Linear Regression
Analysis. SPSS 16.0 software was used to conduct
statistical analysis in the study.
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Results and Discussion. The basic statistical values
(average, maximum, minimum and standard deviation)
obtained for the productivity and the skidding
distance factor are given in Tab. 4. It was found that
the average skidding distance was 250 m while the
average productivity of transporting stere wood with
a saddle attached to the tractor was determined as
6.06 stere/hour. In a similar study where the average
skidding distance was 320 m, the hourly productivity
was reported as 7.7 m*h in the skidding operation

with a farm tractor (Oztiirk, 2010). The Skewness
and Kurtosis coefficients were examined to check if
the variables showed normal distribution. The closer
these values are to zero, the closer the data is to the
normal distribution. In addition, when the skewness
and kurtosis coefficients are divided by their standard
deviation values, the data is normally distributed if
the result is in the range of -2 to 2 (George & Mallery,
2003). The results revealed that variables show normal
distribution (Tab. 5).

Table 4

Basic statistical findings of productivity and skidding distance

Variables Unit Mean Min Max Standard Deviation
Skidding distance m 250 396.00 163.00 65.39
Productivity stere/hr 6.06 10.27 2.73 2.01

Table 5
Findings of normality test
Skewness Kurtosis
Variables Unit
Statistics Standard Dev. Statistics Standard Deyv.
Skidding distance m 0.643 0.354 -0.651 0.695
Productivity stere/hr 0.024 0.354 -1.297 0.695

The basic statistical values (mean, maximum,
minimum and standard deviation) of the time
measurements of the work stages in the tractor
skidding study are given in Tab. 6. According to
the results, the average total time for skidding with
the tractor was determined as 59.12 minutes. When
the work stages are evaluated, it was found that the
most time-consuming stage in a skidding cycle was
unloading tractor and stacking the wood products at
the landing (35.97%), followed by (in terms of time
consumption) collecting and loading the products at
the stump (33.14%).

Pearson Correlation Test was applied to reveal the
relationship between hourly productivity and skidding
distance with the tractor. Correlation test results are
given in Tab. 7. The results showed that there was a
significant (p < 0.001) relationship between skidding

distance and total cycle time and productivity at the
99% confidence level. Accordingly, it was determined
that as the skidding distance increases, the total cycle
time increases and consequently the productivity
decreases. In similar studies, it has been stated that the
increase in tractor skidding distance increases the total
cycle time which decreases the productivity (Behjou,
Majnounian, Namiranian, & Dvorak, 2008; Kulak,
Arkadiusz, & Grzegorz, 2017; Oztirk, Varsak, &
Bilici, 2019). In the study, the distances were divided
into three classes (short: <200 m, medium: 200-300 m,
and long: > 300 m) to examine the effect of skidding
distance on total cycle time and productivity in more
detail. Then, using the One-Way ANOVA with 0.05
significance level, the relationship between skidding
distance classes and total cycle time and productivity
was evaluated (Tab. 8).

Table 6
Basic temporal (min) findings of work stages in skidding operation
Work stages Mean Min Max Standard Dev.
The time of the unloaded tractor to reach the point where the wood 6.30 1.85 18.45 380
products are located
The time to collect and load the products at the stump 19.59 12.45 26.93 4.22
The time of the loaded tractor to reach the landing area 11.96 4.97 32.68 6.81
The time of unloading tractor and stacking the wood products at the 2107 10.43 36.57 6.80
landing
Total Cycle Time 59.12 32.14 87.88 17.28
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Table 7
Findings of correlation analysis
Variables Coefficient used Skidding distance Total Cycle Time Productivity
o Pearson Correlation Coefficient 1 0.905 -0.875
Sidding Sig. (2-tailed) 0.000 0.000
N 45 45 45
Pearson Correlation Coefficient 0.905 1 -0.978
roalCyelesig. (2-tailed) 0.000 0.000
N 45 45 45
Pearson Correlation Coefficient -0.875 -0.978 1
Productivity  Sig. (2-tailed) 0.000 0.000
N 45 45 45
Table 8
Basic statistical values for skidding distance classes
Variables Skidding Distance Class N Mean  Standard Dev. Standard Error Min Max
<200 m 23 48.32 13.01 2.71 32.14 77.57
Total Cycle Time 200-300 m 11 61.32 12.47 3.76 35.18 80.29
(min) >300 m 11 79.50 7.43 2.24 6570  87.88
Total 45 59.12 17.28 2.58 32.14 87.88
<200 m 23 7.27 1.75 0.364 4.25 10.27
Productivity 200-300 m 11 5.65 1.50 0.45 4.11 9.38
(stere/hr) >300 m 11 3.96 0.63 0.19 2.73 5.02
Total 45 6.06 2.01 0.30 2.73 10.27

When skidding distances were classified, it was
found that total cycle time increased from short skidding
distance (48.32 min) to medium (61.32 min) and long
skidding distance class (79.50 min). On the other hand,
it was determined that the productivity value increased
from long skidding distance class (3.96 stere/hour) to
medium (5.65 stere/hour) and short skidding distance
class (7.27 stere/hour).

Considering the correlation test results, the Linear
Regression Analysis was used to reveal the relationship
between independent variable (skidding distance) and
dependent variable (total cycle time and productivity).
According to the One-Way ANOVA results, it was
found that the regression model related to the total
cycle time and skidding distance was statistically
significant at 99% confidence level (p < 0.001)
(Tab. 9). The R? value obtained (0.819) showed that the

time for the farm tractor. The regression model with the
dependent variable (y) representing the total cycle time
and the skidding distance (x), which is the independent
variable effective on the productivity, is shown in the
following equation:

y =-0,645 + 0,239« ©)

According to the One-Way ANOVA results,
it was found that the regression model related to
total productivity and skidding distance was 99%
confidence level (p < 0.001 (Tab. 10). The R* value
obtained (0.875) showed that the regression model
adequately explained the productivity for the tractor.
The regression model with the dependent variable (y)
representing the productivity and the skidding distance
(x), which is the independent variable effective on the
productivity, is shown in the following equation:

regression model adequately explained the total cycle y=12,789-0,027x 3)
Table 9
One Way Variance Analysis results for total cycle time
Model Sum Square df Mean Square F Sig.
Regression 10,750.87 1 10,750.87 194.11 0.000
1 Residual 2,381.56 43 55.39
Total 13,132.43 44
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Table 10
One Way Variance Analysis results for productivity
Model Sum Square df Mean Square F Sig.
Regression 136.01 1 136.01 140.91 0.000
1 Residual 41.50 43 0.965
Total 177.51 44
Conclusions. A significant increase in industrial wood Retrieved  from  https://www.researchgate.net/

demand is observed on the global scale. In Turkey, the
main reason for this increase is the high need for wood in
the wood-based panel industry. Farm tractors that have
been modified in accordance with forestry activities
can be used effectively in removing industrial wood
product from the forest. Modified farm tractors are more
affordable machines in terms of initial purchase price and
hourly operating costs compared to advanced harvesting
machines (e.g. harvester, feller-buncher, forwarder, etc.).
In this study, the productivity of a modified farm tractor
during the extraction of industrial wood products was
analyzed by time analysis method. In addition, the effect
of skidding distance on total cycle time and productivity
was investigated. The study was carried out in the Black
pine stand located in Afyonkarahisar Forest Enterprise
Chief. In the study, the skidding distance was accepted
as an independent variable and regression models were
developed for total time and productivity estimates in
the study of transporting products in saddles attached
to the farm tractor. As a result of statistical analysis, it
was determined that the most time-consuming working
stage was the unloading and stacking of products on
the landing. It was determined that the collecting the
products and loading the products to the tractor was the
second most time consuming stage. The results of the
analysis showed that the productivity of wood extraction
was significantly affected by the skidding distance.
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AHanis npoayKTnBHOCTIi MogudikoBaHnx
cinbcbKorocnopgapcbKux TpaKTopiB nig yac
TPaHCNOPTYBaHHA NlicomaTtepianis

. Taw', A.E. Akai?

Y Oararbox KpaiHax CBITY IIONHT HACENEHHS i
JICP’)KaBHOTO CEKTOpa Ha Jicomarepialii i TOCIyTH,
OB’ s3aHi 3 JIICOM, ITOCTYTOBO 301BIIYETHCSA. 3 JTiCO-
MarepianiB y TypeyunHi B OCHOBHOMY 3aroTOBJISIOTH
KPYIJIUiL JTic BHACHIZIOK OTO BUCOKOT €KOHOMIYHOT LiH-
HOCTI. 3 1HIIOTO OOKY, B OCTaHHI POKH CITOCTEPIracThes
3HAYHEe 3pOCTAHHS IONUTY Ha JJIOBY IEPEBUHY Ha BHY-
TPILIHEOMY punKy. [[punHOI0 1BOTO € BHCOKA MOTpE-
6a B iepeBHiii CHPOBHHI 3 OOKY BITYM3HSIHHMX KOMIIaHi
y raysi BUpOOHHITBA JIEPEBHUX TUIHT. CinbebKoroc-
MOAAPChKi TPAKTOPH € HAWIIMPILE BUKOPUCTOBYBAHUM
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JCO3aroTiBeIbHAM OOIaTHAHHAM T 9ac TPEITIOBAH-
HSl 3aroTOBJIeHO] AinoBoi aepeBunu B TypeuunHi. Cinb-
CHKOTOCTIOIAPCHKI TPAKTOPH MOXKYTh OyTH €(EeKTHBHO
BUKOPHCTaHI B MEXaHiI30BaHUX JIiCO3arOTiBEIIBHUX PO-
0oTax, 0COOJMBO JJI1 BUBE3CHHS IJIOBUX JIicOMare-
piaiiB 3 Jicy, micis 3MIHCHEHHS JESIKUX MOIU(IKaIii
1 BCTAaHOBIICHHSI OAATKOBUX HaBICHHUX MPUCTOCYBAHb.

JInsi HEBENHMKHUX JIiCO3arOTiBENIbHUX MiJPSTHUKIB
Monu(]ikoBaHi CiTBCHKOTOCIIONAPCHKI TPAKTOPU € HO-
CTYIHIIIIMMHY MallTMHAMU 3 TIOTVISTY TTOYaTKOBOT ITOKYTI-
HOI I[iHU 1 TOTOMUHHUX EKCIUTyaTalliiHIX BUTPAT TI0-
PIBHSIHO 3 Cy4acHOIO JIiC03aroTiBeIbHOIO TEXHIKOIO (Ha-
MIPHUKIIaJ], KOMOAWHOM, 3BaJIIOBAILHO-MIAKETYBAIBHOIO
MaIlUHOIO, (hopBapAepoM 1 T. I1.).

MeToz0M 4acoBOTO aHai3y MpOaHATI30BaHO TIPO-
OYKTUBHICTh ~ MOAM(IKOBAHOTO  ClIBCHKOTOCIIOAAp-
CBKOTO TpaKTOpa I Yac TPEITIOBaHHS IIJIOBOI Aepe-
BUHM Yy TOBHICTIO 3aBaHTakeHOMY cTani. Kpim Toro,
OyJ10 BUBYCHO BIUTMB BiJICTaHI TPEIIOBAHHS HA 3aralb-
HUH Yac MKy 1 TPOAYKTHBHICTh. JJocmimKeHHs npo-
BOJIMJIA Y JIEPEBOCTaHI YOPHOI COCHH, PO3TAIIOBAHO-
My B Jicrocmi Adifonkapaxicap B Typeuuuni. Y npo-
CIIiKEHH1 BiIICTaHI) TpETIOBaHHS OYIIO HpnﬁH;ITo SIK
HE3aJIeXKHY 3MiHHY, Oy1u po3polieHi perpeciiiii Mo-
jeni Juis OLIHKH 3arajibHOro 4acy i MpOXyKTHBHOCTI
NpY AOCHIHKEHHI TPaHCHIOPTYBaHHsI JIEPEBUHH B Cif-
J1aX, IPUKPITUIEHUX 10 CUTECHKOTOCIONAPCHKOTO TPaK-
Topa. B pe3ynbrari cTaTHCTHYHOIO aHajily BCTAaHOB-
JICHO, IO HAHOUTBII TPYIOMICTKUM €TarioM po6om €
BHBAHTAKCHHsI 1 YKIIAJaHHs JICPCBUHH Ha MalilaH4u-
Ky. BcTanoBneno, mo 30ip nepeBuHU i 11 HaBaHTaXeH-
HSl Ha TPaKTOp € JAPYTuM 3a TpuBajicTio etamoM. Ce-
penHs ToAMHHA MPOAYKTHBHICT TPETIOBAIILHOT oTiepa-
wii ckana 6,06 3.

Pesynbrati aHamizy TakoK MOKasajid, M0 Ha IMpo-
JMYKTHBHICTh TPEJFOBAHHS JICPCBUHH ICTOTHHN BIUIUB
BUABIISIE BiICTAaHb TPEITIOBAHHS.

KuarouoBi cioBa: nicoBe TOCIoOAapcTBO; Jico3aro-
TIBJIS 3 HA3EMHUM TPENTIOBAHHSAM; MEXaHi30BaHA 3aro-
TIBJIS JIICY; BUBE3CHHS JCPEBUHU; TPEIIOBAHHS; aHa-
J1i3 THMYaCOBHUX BUTpAT; e(PeKTUBHICT; COCHA YOPHA;
Adwonkapaxucap; TypeuunHa.
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JapCTBEHHOI'O CEKTOpa Ha JiccoMarepurajbl N YCIIYTH,
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CBSI3aHHBIE C JIECOM, IIOCTEIIEHHO yBeanuuBaercs. 13
necoMarepuaioB B TypLii B OCHOBHOM 3aroTaBIMBa-
IOT KPYIVIBIM JIEC U3-3a €r0 BBICOKOM SKOHOMHYECKOMN
ueHHocTd. C Opyrol CTOpOHBI, B MOCIEOHUE TOJbI
HaOogaeTcsl 3HAUMTEIBHBIM POCT cIpoca Ha Jie-
JIOBYIO NIPEBECHMHY Ha BHYTpPEHHEM pbiHKe. [Ipuun-
HOM 3TOTO SBJISETCS BBICOKAas MOTPEOHOCTH B JApe-
BECHOM CBIPbE CO CTOPOHBI OTEUECTBEHHBIX KOM-
IIaHUM B OTpaciv IPOU3BOJACTBA JPEBECHBIX ILIUT.
CelbCKOXO03STHCTBEHHBIE TPAKTOPHI SBISIOTCS HAauOO0-
Jlee IIMPOKO HCIIOIB3YEMBIM JIECO3arOTOBUTEIbHBIM
000pyI0BaHUEM TIPU TPEJIEBKE 3arOTOBIEHHOM €10~
BoU npeBecuHbl B Typrmn. CeabCKOXO3SUCTBEHHBIE
TPAKTOPEI MOTYT OBITH 3(PPEKTUBHO UCTIOIH30BaHEI B
MEXaHM3UPOBAHHBIX JIECO3arOTOBUTEIBHBIX padoTax,
0CcOOEHHO JIJTsI BBIBO3a JICJIOBBIX JIECOMATepHAIOB H3
jeca, Mmoclie MPOBEJCHUSI HEKOTOPBIX MOTU(BUKAIIIA
YU YCTAHOBKHU [OMOJHUTENbHBIX HABECHBIX IMPHUCIIO-
coOJieHuH.

Jns HeOONBIINX JIeCO3aTrOTOBUTEIBHBIX TOAPSA-
YUKOB MOJU(PHUIIMPOBAHHBIC CEIbCKOXO3SIMCTBEHHBIC
TPaKTOPBI SBJISAIOTCS Ooyiee JOCTYIMHBIMH MallluHa-
MU C TOYKHM 3pPEHHUsI HAuyaJbHOW MOKYIHOW UEHbI U
MOYACOBBIX AKCIUTYaTaIllMOHHBIX PAcXOJO0B MO CpaBHE-
HUIO C COBPEMEHHOM JIECO3arOTOBUTENBHON TEXHUKON
(Harmpumep, KoMOaHOM, BaJIOUHO-TIAKETHPYIOIIEH Ma-
HIMHOM, (hopBapaepoM H T. 11.).

B at0i#i paboTe mpoaHanM3MpOBaHa METOIOM Bpe-
MEHHOT'0 aHAJIM3a TPOU3BOIUTEIILHOCTh MOAU(HUIIUPO-

BAaHHOTO CEJIbCKOXO3SUCTBEHHOTO TpPaKTOpa TMPH Tpe-
JIEBKE JI€JIOBOM APEBECUHBI B MOJIHOCTBIO 3arpy>KeH-
HOM TOJOKeHWH. Kpome TOoro, OBIIIO M3Yy4EHO BIIH-
STHHE PAcCTOSIHUS TPENIEBKH Ha oOlee BpeMs IUKIa
U TIPOU3BOAUTENHLHOCTh. VcciemoBaHue mpoOBOIU-
JIOCh B JPEBOCTOE YEPHON COCHBI, PACIOJIOKCHHOM
B necxo3e Adiionkapaxucap B Typmun. B mccnmemo-
BaHUM PACCTOSTHHE TPEJIEBKH ObUTO MPHHATO B Kade-
CTBE HE3aBHCHUMOH NepeMeHHO!, 1 ObLTH pa3paboTaHbl
pEerpeCcCUOHHBIC MOJICIH ISl OIICHKH OOIIEero BpeMe-
HU U MPOU3BOIUTEIBHOCTH MPU UCCIEAOBAHUU TPaH-
CIIOPTUPOBKHU JIPEBECHUHBI B CEITaX, MPUKPEIIICHHBIX
K CEIIbCKOXO3STHCTBEHHOMY TpakTopy. B pesymbra-
T€ CTATUCTUYECKOr0 aHalIu3a YCTAHOBIIEHO, YTO HAU-
Oosee TPyTOEMKUM 3TanoM paboThl OblIa BEITPY3Ka U
YKJIaJKa IPEBECUHBI HA IUIOIMIAAKE. YCTAHOBICHO, YTO
cOOp JIPEBECUHBI U €€ MOrpy3Ka Ha TPAKTOP SIBJISIOT-
Cs1 BTOPBIM 0 JUTUTEILHOCTH 3TarnoM. CpeqHsis 9aco-
Bas IPOU3BOAUTEILHOCTh TPEJICBOYHOM OTEepaIliu Co-
craBuia 6,06 M3,

Pe3ynbraThl ananusa Takke Mokas3ajiu, YTo Ha Ipo-
U3BOAUTEIBHOCTh TPENICBKU JIPEBECUHBI CYIICCTBCH-
HOE BIIMSIHUE OKa3aJI0 PACCTOSIHUE TPEICBKHU.

KuroueBbie cjioBa: jiecCHOE XO034MCTBO; JI€303aro-
TOBKa C Ha36MHOM TpPEeJIeBKOM; MeXaHU3UpOBaHHAs 3a-
TOTOBKA JIECA; BBIBO3KA JPEBECUHBI; TPEJIEBKA; aHAIU3
BPEMEHHBIX 3arpar; 3PQeKTHBHOCTh; COCHA YepHas;
Adénkapaxucap; Typuus.
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