
Introduction
In various modern competitive sports the process of con-

ditioning utilizes so-called ballistic exercises. This type of
physical training involves strength-explosive movements that
use acceleration with fast velocity to move through the space
human body or any loads, hence, these movements include
throwing, jumping or striking against considerable resistance
due to the Earth gravity and/or mass inertia. Thus, ballistic
training is practiced, for example, in handball, where the up -
per body exercises like bench-press is oriented for improve-
ment of ball-throwing velocity, and those parameters are cor-
related significantly [1-3]. Martial arts players also utilize bal-
listic exercises to improve their speed of front and side kicks,
and palm strikes and to improve [4,5]. In boxing the specific
exercises with heavy bag practiced throughout 8 wk punch
training period improved coordination and movement time,
but not isometric force [6]. Both factors, time execution of a hit
and its strength play an important role in successful boxing
efficacy. General, appropriate levels of aerobic and anaerobic
fitness are achieved be various type of exercises, but where-

as the improvement of ability to throwing of effective punch-
es, sparing fights and blows to the heavy bag are recom-
mended. However, some type of strong punches, such as
cross or hook, when hitting the heavy bag with a maximal
strength may bring about wrist injury [7,8]. Obviously, much
more serious consequences for health result in numerous,
repetitive blows executed on a boxer’s head. These effects in
boxing appears itself usually among former athletes or in
those at the end of long sport carrier as chronic neurological
and mental dysfunctions pointing micro-structural damage in
the brain damage [9-12]. For that reason in amateur boxing
the use of special headgear during an official match is man -
datory. While a routine sparing fight, boxing gloves are heav-
ier and more soft to make hits less destructive for performers’
hands and opponents’ heads. It seems that minimising of the
risk of micro-injuries in boxer during his/her traditional punch-
ing training might be in part possible due to replacing of hit-
ting the heavy bag by the other efforts of the similar motions,
but with effectiveness typical for the ballistic training. It may
be assumed that shot put meet the criteria regarding an effec-
tiveness and safety of exercises. The idea of utilizing of shot
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Summary
Introduction. The shot put is the motion similar to some type of boxing punches. An effectiveness of both those specific

efforts depends, in a great part, on the level of upper body explosive strength. This study aimed to test how the inclusion of the
shot put exercises into daily boxing drills may improve the performance in highly skilled female boxers after shirt-term period 

Material and methods. The study involved seven national level Polish female senior boxers. They attended in a routine 2-
week training camp in the middle of the training season, when their general physical fitness reached the highest level. At the
beginning of the camp and in the end of its they completed the same exercise test, consisted of maximal four variant of the shot
put, by dominant, non-dominant hand, in habitual and inverse boxer`s stances (2 hands x 2stances). Each of those trials con-
sisted of six successive attempts with 1-minute intermissions between them. The best personal outcome of the each type of bout
was taken for determination the post training effects. The same exercises with put had been performed every day, in addition to
the other the traditional drills recommended for boxers. 

Results. The results of mean shots were better when performed by dominant hand, and for both hands after 2-week training,
however, they were not dependent on the stances. 

Conclusion. The shot put seems to be useful exercise for development and determination of the specific physical ability in
boxing 
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put performance for evaluation the effects of training meso-
cycle in male boxers has been realized by Lithuanian
researchers [13]. They used maximal shot put trials twice, on
the beginning and at the end of the 28-day training period ori-
ented on the development of upper body specific strength-
velocity abilities, like hitting boxing bag without- and with the
load of 0.5-1kg in hands. The bouts of shot put were not per-
formed throughout the training period. That period resulted in
the significantly better performance of shot put, compared to
the initial state, on average by 3.6% for right and left hand and
similar other strength abilities were noted. Moreover, signifi-
cant correlations (r=0.83) between results of shot put and
power of straight blows was revealed for right hand. That fact
may indicate the high similarity regarding the nature of the
movements undertaken when hitting the bag and shot put.
after strength-velocity exercise. Additionally, it is worth to note
that the mentioned training schedule improved not on shot put
performance but also other strength-velocity parameters for
lower and upper body limbs, like standing long and high
jumps, hand grip strength, number of push-ups, and bending
forward arms. However, this paper did not provide detailed
information, what stances the performers took while shots put
have been executed with both hands, and how various body
masses affected the performance. 

Based on the above findings, our study aimed to assess
the extent of improvement of specific for boxing upper body
explosive strength by means of the maximal shot put trials in
female boxers following their 2-week routine training with
including series of maximal shots put performed every day, by
left and right hand with taking both stances, habitual and
inverse one. 

Material and methods
Polish right-handed female boxers of national level (F1-

F7), aged 22.6-32.0 yrs were subjected to this study. The
observation was carried out twice, on the beginning and in the
end of 2-week training camp that consisted of 2 successive
micro-cycles. The subjects completed 14 shot put training in -
cluding two tests. The first and the second test consisted of
four various series of six maximal shot puts performed in
standing positions, by left (non-dominant) and right (domi-
nant) hand executed at normal and inverse upright stance. In
normal stances the right-handed boxer stands with the legs,
when his/her left foot and hand are directed forward (lead
extremities) and right foot and hand are directed backward
(rear extremities). When throwing the right (rear) hand hold-
ing the put is near right side of the chin. The same conditions
and circumstances occurred when throwing put with left hand
from inverse stances, and both motions i.e. extensions of
active arms are synchronized with simultaneous rotation of
shoulders and torso. That technique of the movement strong-
ly enhanced energy of the thrown the type of punch named
cross and of throws executed by putters. That described
above type of motions generated more energy in comparison

to motion when a punch named jab is performed. Jab punch
is when lead (front) arm is extended with using triceps brachii
only without shoulder and torso rotation. That type of motion
was not examined in this study. Hence, instead of shot put-
like jab, the put was thrown by left hand (normal stance) and
with right hand (inverse stance) with dual-direction of rotation
of torso-shoulder complex (T-S), that makes shot put per-
formed by the front hand was similar, regarding the motion,
not to jab but to straight punch. Explaining in detail that tech-
nique, two consecutive motions of T-S were performed prior
to the throw by front hand. At first the T-S together with the
hand holding the put have been rotated backward, and sub-
sequently the direction of the rotation was opposite to that ,
i.e. it has been compatible and synchronized with the extend-
ing arm and directed forward. 

That T-S counter-rotational motion belong to a family of
the motions known as counter-movements. During boxing
fight those motions take place during performing of fast series
of successive left and right punches, hooks and /or crosses
performed with a penetrating power alternately to an oppo-
nent’s head or trunk. Those type of punches are executed
when an opponent is very fatigued and or somewhat stunned.
In that case the punches bring about so huge dominance of
the performer over his opponent, that a referee often stops
the fight to avoid heavy knock-out. 

In our study to avoid effect of neuromuscular fatigue accu -
mulation during the tests and an effect of interaction between
successive throws, 1-minute intermissions separated each
shot, and the various bouts were performed in a randomized
order. Maximal shots were preceded by few sub maximal
ones. The Wilcoxon matched-paired signed-rank test was
used for detection of differences between mean results and
between dispersion of single shots within each the series of
six shots performed before and after trainings. That disper-
sion is express as CV%=(SD/mean from six shots)*100%.
The program of STATISTICA software, version 9.0, StatSoft
USA was used for calculation. The experiment was approved
by Ethical Commission at Institute of Sport. 

Results
Results of the best shots put under various conditions are

displayed in Table 1 and Table 2. Within-subject variability
(CV%) of the series of six attempts of the each type of the
shot put is expressed in Table 3. 

The results showed significant differences between the
mean results attained with respect to the terms and the hand.
On average, considering both terms, hands and stances,
after the physical performance has been improved after train-
ings by 7.3%. Surprisingly, a taken stance did not influence on
the performance of dominant or non dominant hand. For each
stance, normal and inverse, and in both study sessions, initial
and final, better results were attained by dominant hand.
Moreover, after training sessions the dispersion of the results
(CV%) within each type of shot put were lower. 
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Discussion
As was shown, 14 shot put training sessions covering 84

shots (14 x 6=84) for each of four various type of bouts result-
ed in significant improvement of explosive strength. That
change occurred in highly skilled athletes in the middle of
training season, when the highest fitness was achieved be -
fore the first shot put test. Considering study on results of shot
put as a mirror of specific explosive strength it should be
stressed some limitation regarding that assumption. Initial
velocity of the flying put (V) is an important factors that de -
pended on strength and power [1-3], the second one is the
realized angle (α) between the initial trajectory and the
ground. The length of a diagonal throw ( Z) that represents
shot put flight is given by the following formula: 

Were H is the altitude over the ground from which a shot
starts its flight, while the constant parameter, g, is the accele -
ration on the ground level (9.81 m/s2). 

Unfortunately, the strength of upper body limbs and the
angle were not controlled in this study, hence, that may be the
reason for an uncertainty regarding contribution each of men-
tioned factors to the post-training improvement of shot put
performance. According to the formula for Z several resear -
chers noted fluctuations of explosive strength realized during
shots put over training season among the putters [14-16], but
in the field condition mentioned factors are seldom controlled.
Although in the theory Z(α) function reaches its maximal
value at the angle of 45 degrees, in the practice, such steep
slope of the trajectory is not realized by shot putters. The rea-
son is that strength generated by the putter during the bout is
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Table 1. The best score of six attempts of shot put attained by dominant, right hand (DH), non dominant, the left one  (NDH), before

the training (term 1) and after its (term2), for habitual and inverse stances. The results (length of shot) are expressed in meters. The

load of puts were of 4 kg for subjects F1-F4 and of 5 kg for subjects F5-F7  

Table 3. Within – subject variability (CV%) of each type of the shot 

Table 2. Differences between the shot put scores with respect to the terms, hands, and stances (the Wilcoxon test)  
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inversely related to the taken angle i.e. it decreases with and
increasing angle [17-19]. Thus, each performer has to find
his/her optimal angle leading to the best result. For instance
among shot putters, gold medalists of Paralympic Games
release velocity ranged from 8.30 to 9.96 m/s and 4.58-8.50
m/s, while the angle of shot’s trajectory were 27.54-32.47 de -
grees and 9.02-34.52 degrees in males and females respec-
tively [20]. Lower mean speed of the put (5.3-7.8 m/s) but at
similar range of the angles (21.2-34.4 degrees) were demon-
strated by non-elite wheelchair putters [21]. Both those param-
eters were related to sport class and distance of the throws. 

As to studies on the parameters of typical boxing punch,
speed of thrown punches was examined in boxing together
with force peak of punches. Top level British professional
heavy weight boxer reached maximal punch speed of 8.9 m/s
and force of that punch was of 4097 N. [22]. Later study
showed that mean velocity of boxer’s hand when punching
ranged values of 7.6-11.9 m/s and that variable did not de -
pend on the weight category [23]. Other study showed, that
mean maximal straight punch forces gradually decreased
among the group of various male boxers of various skills, in
elite (4800 N), intermediate (3722 N) and novice boxers
(2381 N) for the rare hand, and these scores compared with
those for the lead hand were markedly (p<0.001) higher [24].
That comparison showed an important role of punches strength
and justifies the exercise with put in boxing. However, it is
worth to note, that the shot put scores are related not only to
strength of the upper extremities the angle. Terzis showed
that also strength of lower body limbs, like maximal back
squat significantly correlated with shot put performance [25],
and counter jumping or sprinting (20m) undergone directly
prior to shot put test, as a warm-up, significantly improved
shot put test consisted of the 3 repetitions [26]. That phe-
nomenon occurs due to neuromuscular activation of the lower
body limbs, that are play a key role in rotational style and
power position in shot-put athletes. 

Among examined female boxers the mean relative im -
provement of shot put performance (by 7.2%) was 2-fold
higher than that recorded in the Lithuanian performers [13]
despite of shorter training period and very little contribution of
strength exercises to the overall training loads during the peri-
od. On the other side, daily exercises with the put and receiv-
ing information regarding the distance after the each attempt
facilitated each of examined subject to choose the individual
optimal angel of the throws and to improve the coordination of
movements of the whole body during throws. Thus, compar-
ing various lengths of training period, type of utilized exercis-
es and final extent of shot improvement reported by us and by
the others [13], we may speculate the high contribution of the
technique to the obtained results in this study. Lack of the
influence of the stances on the performance by dominant or
non dominant hand resulted in specific technique of throws.
As mentioned, for normal stance and right-handed boxers
their non dominant and dominant hands were directed front
and back respectively. Normally, setting hands to feet is com-
patible, however, for inverse stances, when performing the

throw by the front (right) hand, counter-rotational style has
been utilized. In that case so-called front hand executed the
throw not from front – but from reversed position and that
motion occurred simultaneously with the torso rotation of the
same direction. The same counter-rotational technique was
used when throwing by front (left) from the normal stance.
Thus, for the both, non dominant or dominant hand, from the
both stances the same forward movement of the active front
hand- the elbow muscles extension- was synchronized with
rotations of T-S. Hence, in fact, for each type of the stance
there were not front hand but only reversed one. That was the
reason for lack of stance-related differences in the physical
performances. As mentioned, the aim of that trainings with put
was to improve the strength of punches thrown from normal
and inverse stances. That schedule was taken, assuming the
fact, that changes in the stances by a contestant during a fight
may bring her/him beneficial effects. This expectation based
on reported observations, that left-handed boxers have a pre-
dominance over right-handed opponents [27]. On the other
side when a right-handed boxer takes inverse stances, his/
her straight blows thrown from reversed, non dominant (left)
hand will be of somewhat lower power, compared to that per-
formed by right hand from normal stances. These hand-relat-
ed differences in an explosive power expressed by shot put
for the both upper body limbs were shown among the males
[13] and in both sexes [28]. 

The question, about how much better might be shot put
performance due to technique of rotation and counter-rotation
of T-S is to be determined in a further study. Considering the
fact, that the power generated by the extending elbow join
muscles is additionally magnified by released an elastic ener-
gy stored in muscle–tendon complex due to backward rota-
tion of T-S and released during the opposite rotation, we may
expect that marked the effect may exist. Some other studies
also support this expectation. The blowers (cricket-players) with
greater shoulder counter-rotation demonstrated higher elbow
flexion and subsequently its extension [29], and the counter-
movement condition strongly enhanced maximal elbow joint
power of extension due primarily to the accumulation of elastic
energy and its utilization during the extension [30]. 

Our study revealed significant improvement of reprodu -
cibility of the performance within each of four type of bout con-
sisted of 6 repetitions. That change occurred probably due to
stabilization of the realized angle and/or the better coordina-
tion of the motions, i.e. harmonization of T-S rotations and
arm extension. One may assume, that the above factors con-
tributed to the better shot put performance after trainings,
independently from the improvement of explosive strength,
that unfortunately was not examined by the other methods.

Summing up, shot put training may be include in that part
of boxing drills, which allows safely to develop and to exam-
ine maximal punching strength without risk of a hand injury.
Obviously, the exercises with put cannot replace fully those
boxing drills which are oriented to improvement of time res -
ponse. Hence,, after limitation of bouts with maximal hitting
the heavy bag, another exercise developing psycho-motor
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ability has to be incorporated into the boxing training for in -
stance mitts exercises. Moreover, when planning any innova-
tions in the traditional boxing training schedule it is recom-
mended to control the training effects by means of the various
standardized and specific physical tests, as was described by
the others [13]. 

Conclusion 
Daily shot put exercises performed throughout 2-week

period significantly improved the performance of those bouts
in highly skilled female boxers. 

Obmiński Z. et al., Additional elements in boxing training

139

References
1. Margues MC, van den Tilaar R, Vescovi JD, Gonzales Badillo JJ. Relationship between throwing velocity, muscle power, and bar velocity during bench press

in elite handball players. Int. J. Sports Physiol. Perform. 2007; 4: 414-22.
2. Gorostiaga EM, Granados C, Ibáñez J, Izquierdo M. Differences on physical fitness and throwing velocity among elite and amateur male handball players.

Int. J. Sports Med. 2005; 3: 225-32.
3. Chelly MS Hermassi S, Shephard RJ. Relationships between power and strength of the upper and lower limb muscles and throwing velocity in male hand-

ball players. J. Strength Cond. Res. 2010; 6: 1480-7.
4. Zehr EP, Sale DG, Dowling JJ. Ballistic movements performance in karate athletes. Med. Sci. Sports Exerc. 1997; 10: 1366-73. 
5. Olsen PD, Hopkins WG. The effects of attempted ballistic training on force and speed of movements. J. Strength Cond. Res. 2003; 2: 291-8.
6. Dinn NA, Behm DG. A comparison of ballistic-movement and ballistic-intent training on muscle strength and activation. Int. J. Sports Physiol. Perform. 2007;

4: 386-99. 
7. Nagaoka M, Satoh T, Nagao S, Matsuzaki H. Extensor retinaculum graft for chronic boxer’s knuckle. J. Hand Surg. Am. 2006; 6: 947-51. 
8. Melone CP Jr, Polatsch DB, Beklner S. Disabling hand injures in boxing: boxer’s knuckle and traumatic carpal boss. Clin. Sports Med. 2009; 4: 609-21. 
9. Ravdin LD, Barr WP, Jordan B, Lathan WE, Relkin NR. Assessment of cognitive recovery following sports related trauma in boxers. Clin. J. Sport Med. 2003;

1: 21-7. 
10. Moriarity J, Collie A, Olson D et all. A prospective controlled study of cognitive function during an amateur boxing tournament. Neurology 2004; 9: 1497-502. 
11. Tanriverdi F, Senyurek H, Unluhizarci K, Selcuklu A, Casanueva FF, Kelestimur F. High risk of hypopituitarism after traumatic brain injury: a prospective inves-

tigation on anterior pituitary function in acute phase and 12 months after trauma. J. Clin. Endocrinol. Metab. 2006; 6: 2105-11.
12. Förstl H, Haass C, Hemmer B, Meyer B, Halle M. Boxing-Acute and late sequelae. Deutsches Ärzteblatt International 2010; 47: 835-9. 
13. Čepulėnas A, Bružas V, Mockus P, Subačlus N. Impact of physical training mesocycle on athletic and specific fitness of elite boxers. Archives of Budo 2011;

1: 33-9.
14. Terzis G, Georgiadis G, Vassiliadou E, Manta P. Relationships between shot put performance and triceps brachii fiber type composition and power produc-

tion. Eur. J. Appl. Physiol. 2003; 1-2: 10-5.
15. Terzis G, Karampatsos G, Georgiadis G. Neuromuscular control and performance in shot-put athletes. J. Strength Med. Phys. Fitness. 2007; 3: 284-90.
16. Kyriazis TA, Terzis G, Boudolos K, Georgiadis G. Muscular power, neuromuscular activation, and performance in shot put athletes at preseason and at com-

petition period. J. Strength Cond. Res. 2009; 6: 1773-9. 
17. Litnhorne NP. Optimum release angle in the shot put. J. Sports Sci. 2001; 5: 359-72.
18. Hubbard M., de Mestre N.J., Scott J. Dependence of release variables in the shot put. J. Biomech. 2001; 4: 339-456.
19. Stone MH, Sanborn K, O`Bryant et all. Maximum strength-power-performance relationships in collegiate throwers. J. Strength Con. Res. 2003; 17: 739-45. 
20. Frossard L, Smeathers J, O’Riordan A, Goodman S. Shot trajectory parameters in gold medal stationary shot-putters during world-class competition. Adapt.

Phys. Activ. Q. 2007; 4: 317-31.
21. Chow JW, Chae WS, Crawford MJ. Kinematic analysis of shot-putting preformed by wheelchair athletes of different medical classes. J.Sports Sci 2000; 5: 321-30.
22. Atha J, Yeadon MR, Sandover J, Parsons KC. The damaging punch. Br. Med. J 1985 (Dec 21-28); 291: 1756-1957.
23. Walilko TJ, Viano DC, Bir CA. Biomechanics of the head for Olympic boxers punches to the face. Br. J. Sports. Med. 2005; 39: 710-9.
24. Smith MS, Dyson RJ, Hale T, Janaway L. Development of a boxing dynamometer and its punch force discrimination efficacy. J. Sports Sci. 2000; 6: 445-50. 
25. Terzis G, Karampatsos G, Georgiadis G. Neuromuscular control and performances in shot-put athletes. J. Sports Med. Phys. Fitness 2007; 3: 284-90. 
26. Tezis G, Karampatsos G, Kyriasis T, Kavouras SA, Georgiadis G. Acute effects of countermovements jumping and sprinting on shot put performance. J.

Strength Cond. Res. 2012; 3: 684-90. 
27. Gursoy R. Effects of left-or right-hand preference on the success of boxers in Turkey. Br. J. Sports Med. 2009; 2: 142-4. 
28. Obmiński Z, Borkowski L, Sikorski W. The shot put performance as a marker of explosive strength in polish amateur boxers. A pilot study. Archives of Budo.

2011; 3: 173-7. 
29. Roca M, Elliot B, Alderson J, Foster D. The relationship between shoulder alignment and elbow join angle in cricket fast-medium bowlers. J. Sports Sci. 2006;

11: 1127-35.
30. Miyamoto N, Wakahara T, Sugisaki N et all. Effect of countermovement on elbow joint extension power-load characteristics. J. Sports Sci. 2010; 14: 1535-42.

Address for correspondence: 
Zbigniew Obmiński
Zakład Endokrynologii, Instytut Sportu
ul. Trylogii 2/16, 01-982 Warszawa, Poland
phone: +48 (22) 834-95-07, e-mail: zbigniew.obminski@insp.waw.pl

Received: 11.01.2012
Accepted: 28.08.2012

121 Obminski1:Layout 1  2013-02-01  14:20  Strona 5



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




