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Abstract

Purpose: The paper is dedicated to improving of civil aviation flight safety question by the way of new
method of aircraft landing by curvilinear glide paths within the boundary trajectories. Proposed method
ordered for improving of safety level, sustainability and cost effectiveness of the aircraft landing with own
individual, optimal vertical descending profile from flight level to the runway threshold. Methods: Landing
method, based on generation (calculation and construction) of virtual curvilinear glide paths of landing
within the boundary trajectories with taking into account of “fully controllable state areas” of aircraft has
been proposed. Results: New aircraft landing method that has large profit in the reducing of the level of
noises, fuel consumption and harmful emissions. Discussion: The essence of the method consists in using of
fully controllable state areas that are constructed taking into account on linearity in aircraft flight
characteristics, probable changes into environmental state, criterion of landing implementation optimality,
all functional and aerodynamic aircraft capabilities for virtual curvilinear glide path construction, meant by
some aircraft traffic trajectory for time and distance reducing, that are necessary for stage from start of
descending from flight level to runway threshold.

Keyword: aircraft; air traffic; border trajectory; curvilinear glide path; landing method.

— solving of the airport overloading problem, that
is appearing afterwards rising of air traffic

1. Introduction

Today civil aviation flight quantity is growing
constantly, that leads to growing of aviation noises
level, atmosphere pollution amount and flight
control devices overweighting. Because of strict
international legislation regulation of ecological
safety rules, some limits of aircraft exploitation in
airports have appeared correspondingly.

For these problems solving, the mission of
aviation industry system creation correspondingly
sets, that would allow:

— elevating of the ecological and economical
level of flights quantitatively and qualitatively in
aviation in general;

— essential elevation of safety flight level;

—unloading of holding area in the airport area;

intensiveness;

—increase the efficiency of using aviation
vehicles, etc.

Landing of the aircraft is the most responsible and
difficult stage, that characterizes by the changing of
flight mode, psycho physiological stresses and
impermanence. Successive landing approach problem
solving requires: clear crew definition of rules and
landing approach accomplishment order; equipment of
airfields, landing zones by special technical systems;
development of methods, recommendations for the
crew about usage of the landing systems and about
operations during exceptional or dangerous situations.
This is precisely why the new landing method
development, which would at least partially solve the
issue of air traffic conformity to modern aviation
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requirements and that would allow to assure ensure the
operation of air transport in the conditions of a sharp
increase in air traffic - is the actual problem.

2. Analysis of recent research and highlighting
the unresolved part of the problem

Modern status of research in the area of aircraft safe
landing conditions definition characterizes by
variety of approaches to improving air traffic control
(ATC) procedures and aircraft control by automating
the actions of air traffic control specialists and
aircraft crews. Scientific problem solving of the
development of methods, models and devices of

informational  decision making support for
construction of optimal landing trajectory for further
advancement of aviation safety level and

improvement of ecological and economical aircraft
usage rates is an important problem today.

After analyze of literature sources [1-8] further
conclusions could be done - one of the efficiency
improvement methods is an aircraft landing by
border(free) trajectories. For example, such is the
principle of the “flexible” trajectories [4]. Principle
of the “flexible” trajectories implements a program
strategy of control and it is in realization of
“flexible”, updating (frequently recalculating) with
prescribed period, programmatic trajectory of
aircraft movement, that provides accomplishing of
the control during the “real conditions”.

Principle resides in refusal of matching of
controlled aircraft movement to preplanned
(nominal) trajectory and formation (if necessary) of
much more profitable traffic trajectories,
correspondingly to current situation, on the
assumption of factual conditions of the aircraft
movement.

Basic difficulties of solving the problem of
control for “flexible” trajectories are stipulated by its
double point border character. Quite effective
concept of its solving bases on usage of, so called,
method of inverse dynamic problems. A
characteristic feature of which lies in the fact that, at
first, program aircraft movement is designated (that
fulfills prescribed border conditions) and then
control that realizes this movement is determined.
However, such concept is unfit for general class of
nonlinear control objects.

3. Statement of research problems

In basis of the work, creation problem of a new
aircraft landing method has been set. This method
would be directed to correspondence to current civil
aviation requirements and enhancement of
ecological level and flight economical efficiency.

The aim of the work is development of the
generation method (calculation and construction) of
virtual curvilinear glide paths of landing within the
boundary trajectories with support of his own
individual, optimal vertical descending profile from
flight level to the runway threshold [9].

The aircraft landing by curvilinear glide paths is
the procedure, during that an aircraft descends
uninterruptedly from the horizontal flight to the
landing with minimal thrust use [10-11].

An accomplishment of the assigned problem in
the developed method provides that before the start
of the aircraft landing maneuver, generation
(calculation and construction) of the virtual
curvilinear glide paths of landing within the
boundary trajectories is carried out, for which in the
method:

- data from ground-based dispatch center or
from available onboard database about terminal
aircraft landing point (her coordinates and
characteristics of the runway, location, peculiarities
of an airport), aircraft onboard system’s data about
current state of an aircraft, flight mode and
characteristics and environment conditions, physical
and aerodynamic parameters and characteristics of
concrete aircraft type are using;

— construction of fully controllable state areas
(in consideration of “margin of control”), including
“zones of uncertainty” (ability of deviation during
the calculation of exact aircraft coordinates, with
periodical ~ prediction = of  terminal  state
implementation) is providing;

— virtual curvilinear glide paths of landing
within the boundary trajectories are being calculated
and analyzed on the basis of total received data
(trajectories that require the least resources and
aircraft capacities, time and distance for the stage
from the moment of the start of the flight level to the
stop of the aircraft in the runway).

Besides, this method includes calculation
algorithms of the landing trajectory performance
optimality with maximal usage of the aerodynamic
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components of the aircraft control system and
minimal use of engines trust.

The analyzing and calculating process of virtual
curvilinear glide path of landing is taking place in
real time scale (with constant recalculation for every
moment of time that takes as initial), with taking
into account of all possible changes during the flight
process [12].

4. Method of aircraft landing by curvilinear glide
paths within the boundary trajectories

An aircraft landing by curvilinear glide paths is the
method that could provide fluent aircraft descending
from flight level with constant angle for landing on
the runway. It intends for reducing expenditure of
fuel and level of noises by the side of other
traditional landing methods.

An aircraft landing by curvilinear glide paths
within the boundary trajectories begins from the
highest point of the descending start, in other words,
on the cruise flight altitude and it allows aircraft to
support own individual optimal vertical profile until
the runway threshold.

The essence of method is in the accounting of
fully controllable state areas of aircraft what are
constructed with taking into account “uncertainty
zones”,  nonlinearities  in  aircraft  flight
characteristics, possible changes into environmental
state, optimality criteria for aircraft landing, all
functional and aerodynamic aircraft abilities for
virtual curvilinear glide path construction, which
means a certain trajectory of the aircraft to reduce
the time and distance necessary for the stage from
the beginning of the descent from the flight level to
the runway threshold. This will allow to assure
guaranteed safety level of aircraft landing, to expand
the condition field in which the method can function,
to rise the aviation vehicle’s use and crew’s
effectiveness, as well as to reduce harmful influence
to the environment (as a result of emission and
engine noises level reducing) and to assure fuel
(material resources) economy.

This method is realized in the following way.

On a specific aircraft that is in flight at the level
and approaches to the airport, from the moment of
landing approach start in real time scale, exact
aircraft situation coordinates are constantly
determined (with discretization Af) and considered

possible deviations and uncertainties of its situation,
that have been conditioned by current situation
estimation errors, inadequateness of mathematical
model, environmental influence, navigational
deviations, etc. From the earth-based dispatch center
an aircraft receives the exact information about the
point of landing (information about territory, runway
and environment), and from onboard systems it
receives exact information about the status,
characteristics and parameters of flight, weather
conditions, physical and aerodynamic characteristics
of concrete aircraft. Assessment and analysis of total
received data are made and, correspondingly, fully
controllable state areas of aircraft are calculated.
These areas characterize an aircraft movement
parameters changing capability during the one
moment of time and allows characterizing
nonlinearity of the aircraft’s behavior and flight
process in general. An example of calculated
probable aircraft controllability area Q is shown in
fig.1. Parameters of the aircraft’s landing would be
calculated thereafter, that are:

— coordinates of the initial point of descend;

— aircraft speed, angle of attack and flight-path
angle from the initial point of descending to the
terminal point with corresponding changes through
the trajectory line of descend;

— coordinates of terminal point of the descend;

— necessary time for an aircraft descend;

— working parameters of the engines with taking
into account maximal decreasing of its power;

— parameters of using of all aerodynamic
components of the aircraft control system (elevator,
ailerons, flaps, interceptors, etc).

Reducing of power of the engines allows
decreasing of harmful influence on the environment
(reducing of the emission, noises, vibrations and
harmful atmospheric discharge near the airport), as
well as to rise of the economical efficiency by the
way of fuel economy and reducing of the engine
wear. Using of all aerodynamic components of the
aircraft control system will allow rising of the
quality of control during the descend stage,
regulating of the speed of the aircraft, to assuring of
the worthy level of flight safety. Then, on the basis
of the defined parameters, virtual curvilinear glide
path of the aircraft landing generates (calculates and
constructs).
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Fig. 1. The example of the projection of the fully controllable state area of aircraft
QO(H, V, L, 0) on parameters (H, V, 0)

The aircraft virtual curvilinear glide path directs
to reducing of time and distance, that are necessary
for descending of an aircraft, assurance of maximal
precision  of the  descending  maneuver
accomplishment by the way of virtual curvilinear
glide path updating in each moment of time with
prescribed discretization (generation of the glide
path takes place in the real time scale),
accomplishment of each plane individuality, flight
conditions and other parameters. Generation of
virtual landing curvilinear glide path takes place in
following mathematical tool:

= W + vy
' 2% gx(cos(8)—n,) 2%g*(cos(8,)—n,)

2 2

r Vs £

2rgun,, —con®,) | 2% (n, —cos(6,)

Ahy =1, *(cos(6,) — cos(6,)),

Ah, =1, *(cos(0;) —cos(0,)),

AH =—(Ah + Ahy),

wherer;- radius of the first part of the landing
curvilinear trajectory;
V, — aircraft speed at the beginning of the trail along
the first part of trajectory;
V, — aircraft speed at the end of the trail along the

first part of trajectory;
g —acceleration of gravity;

0, — flight-path angle at the beginning of first part
of trajectory;

0, — flight-path angle at the end of first part of
trajectory;

n,, —overload along the whole trajectory;

Ah, — altitude drop during the descending maneuver
at the first part of the trajectory;

0, — flight-path angle at the beginning of the second
part of trajectory;

0, — flight-path angle at the end of the second part
of trajectory;

r,— radius of the second part of the landing
curvilinear trajectory;

V, — aircraft speed at the beginning of the trail along
the second part of the trajectory;

V, — aircraft speed at the end of the trail along the
second part of the trajectory;

Ah, — altitu dedrop during the descending

maneuver at the second part of the trajectory;

L — distance;

AH — common altitude drop of the whole trajectory.
Assurance of the aircraft landing by virtual

curvilinear glide path will allow additionally

reducing the workload of pilots, air traffic control

agencies, to discharge airports and approach of
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aviation industry to transition from area navigation
to free flights.

Moreover, during the generation of aircraft
landing virtual curvilinear glide path mathematical
probabilities and adaptive optimality criteria’s are
used. They are directed to assurance of landing

border trajectory construction that is necessary for
maximal reducing of time and distance essential for
landing, assurance of minimal power of engines on
the stage of landing. An illustration of construction
of the landing virtual curvilinear glide path within
the boundary trajectories is shown in fig.2.
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Fig. 2. The illustration of principle of construction of the landing virtual curvilinear glide path within the boundary
trajectories (L. — point of union of two trajectory parts; Q(H,, V; L, ;) — area of possible aircraft movement trajectories
at the first part of landing; O, (H;, V}, Li, 6,) — area of possible aircraft movement trajectories at the second part of
landing)

During the method realization process after
construction of landing glide path, test simulation of
aircraft trajectory accomplishment takes place for
assurance of appropriate safety level. An example of
generated virtual landing glide path within the
boundary trajectories of the concrete aircraft during
the test simulation process is shown on fig.3.

According to the results of test simulation,
formation of control commands to the aircraft
systems and indication and signalization tools takes
place. An example of indication of the probable
aircraft movement on the stage of landing by the
declared method is shown on fig.4. (square signs -
modern standard of an aircraft landing approach by
the glide path, round signs - an aircraft landing by
curvilinear glide paths).

After the end of implementation of the method
(after every landing of the aircraft) recording of all
landing parameters and virtual curvilinear glide path

to the storage database takes place for the
simplification of method realization in case of
repetition of flight conditions. Verification to the
database takes place at the beginning of every
realization of the method.

The method has a cyclic implementation, is
performed on each aircraft during the landing
procedure in real time.

The aircraft landing by curvilinear glide paths
within the boundary trajectories proposes flexible
uninterrupted descending flight trajectory during the
landing approach, that assures basic ecological and
economical profits, including reducing of fuel
combustion, gaseous emissions and noise influence
without any negative influence on the safety by
virtue of:

1) minimal thrust of the engines, that has been
set during the descending;
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2) minimal atmospheric drag due to active
using of aerodynamic components and capabilities
of aircraft;

3) enhanced altitude of flight trajectory during
the landing approach process.
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Fig. 3.Example of generated virtual landing glide path within the boundary trajectories of the concrete aircraft

Fig. 4.Indication of probable aircraft movement on the stage of landing

5. Conclusions

The aircraft landing by curvilinear glide paths within
the boundary trajectories could have essential profits
in reducing of the level of noises, fuel consumption
and harmful emissions.

The influence on the environment in current time
is a serious problem for aviation in complex, so such

factor should be considered during the designing of
air space and procedures of instrument flights and,
also, during the air traffic control.

Method, that has been proposed, is based on
using of all aerodynamic and functional aircraft
abilities for the control of lift force, speed and drag
during the process of descending. Defined, that
during the descending all the engines are kept in the
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mode of “flight-idle”. It tends to fuel economy,
reducing the level of noises and harmful emissions
at the atmosphere. Moreover, construction of the
curvilinear glide paths allows reducing of total
distance that is an indispensable condition for the
aircraft landing from descending from the flight
level to the runway threshold from 200 km to around
70 km that reduces time necessary for landing. It
would essentially reduce the intensiveness of the air
traffic in the airport zones.

It is predicted, that method of the aircraft landing
by curvilinear glide paths would allow enhancing of
the acceptance rate of the airports by 30-40%.
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Metoa mocaaku JiTaKkiB 3a KPUBOJIIHIHTHMMH IJIicaiaMH B Me:KaX TPAHMYHUX TPAEKTOPIH
Hamionanpauit aBiamifiauii yaiBepcuret, mpocit. Kocmonasta Komaposa, 1, Kuis, Ykpaina, 03680

E-mails: 'psv@nau.edu.ua; *p-h-o-e-n-i-x@ukr.net

MeTta:PoboTa mpHCBSYCHA MHTAHHIO IIABUINCHHS OC3MEeKH IIOJNBOTIB y IMBIUIBHIN aBiamii OUIIXOM
CTBOPEHHSI 1 BIIPOB/KCHHS HOBOI CHUCTEMH TOCAJKH JIITaKiB 32 KPUBOJIHIMHUMH TIicaJaMH B MeEXax
TPaHUYHHUX TPAEKTOPiH. 3alPOMOHOBAHO METOA CIPSIMOBAaHMN Ha MiABUIIEHHS O€3MeKH, eKOJOTIYHOCTI Ta
€KOHOMIYHOCTI TIOCAaIKH JITakiB 13 MIATPUMYBaHHSIM CBOTO IHIWBITyaJbHOTO, ONTHMAJILHOTO,
BEPTUKAILHOTO MPOQLII0 3HIKEHHS 3 €MIeNIOHY TOJNBOTY A0 MOYaTKy 3JITHO-1I0caakoBoi cmyru. Meroau
pociimkennsi: [IporoHyeTbCsl MeTOA TOCAaIKW, 3aCHOBaHWM Ha TeHepaunili (po3paxyHKy i moOymoBi)
BIpTyaJIbHUX KPUBOJIHIMHUX TIicaJ TOCAIKOBOTO 3HIDKEHHS, B MEXaxX TPAHUYHUX TPAEKTOPid, 3
ypaxyBaHHSAM «O0OJIacTel IMOBHICTIO KEPOBAHOTO CTaHy» JiTakiB. Pe3yiabTtaTu: HoBuii MeTonm mocaaku
JiTaka, IO Ma€ 3HayHI BUTCOOM B 3MEHIICHHI PIBHA LIyMy, BUTpaT MalvMBa 1 IIKI[UIMBUX BHUKHIIB.
Oo6rosopennsi: CyTh METOAy TOJNAra€ B PO3PaxXyHKY Ta BHKOPUCTAHHI OOJIacTed MOBHICTIO KEPOBAHOTO
CTaHy, IO BPaxOBYIOTh HENMHIMHOCTI Y XapaKTePUCTHUKAX JIiTaKa, MOXKIJIHBI 3MIHH Y CTaHI HaBKOJHIITHHOTO
CepeIoBHUIIa, KPUTEPIi ONTUMAILHOCTI BUKOHAHHS IOCAIKOBOIO 3HW)KCHHS JIiTaka, BCl (DYHKI[IOHAIbHI Ta
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aepoJMHaMi4HI MOJMJIMBOCTI JiiTaka, Uil MOOYJIOBI BIpTyanbHOi KpPUBOMIHIMHOI Tiicagw, MmiJ SKOO
PO3YMIETECSL AeAKa TPAEKTOpis pyXy JiTaka, IO MoXe OyTH CYTTE€BO BHMKpHBIEHa Ha MeXi HOro
MOXJIMBOCTEH, JJI 3MEHIIICHHS Yacy 1 BiACTaHI HEOOXIMHMX IUIS €TaIly Bil MOMEHTY IOYATKy 3HWKCHHS 3
EIIEJIOHY TOJILOTY JI0 TIOYATKY 3JITHO-ITOCAAKOBOI CMYTH.

Kuro4oBi cjioBa: rpaHrYHA TPAEKTOPIsST; KPUBOJIiIHINHA TITicaza; JIiTaK; METO TIOCAIKH; TIOBITPSHUN PyX.
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MeToa mocajiku cCaMoJIETOB N0 KPHBOJIHHEITHBIM TJIHCCAIaM B TIpeAesiaX TPAHNYHBIX TPaeKTopuii
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Henanb: PaboTa mocesimeHa BOMPOCY MOBBIIMICHNs 0€30MaCHOCTH IOJIETOB B TPAXKTAHCKOW aBHAIMH MTyTEM
CO3JaHUuA U BHCAPCHUA HOBOM CHCTEMBI II0CaAKH CaMOJIETOB IIO KpPIBOJ]PIHCfIHBIM riamccaaaM B Ipeaciiax
IpaHUYHBIX TpaekTopuil. [IpeaokeH MeTo | HaNPaBJICHHBIN Ha MOBBIICHUE 0€30IaCHOCTH, 3KOJIOTHYHOCTH
W DKOHOMHYHOCTH IIOCAJKA CaMOJIETOB C TMOJEpPKaHHEM CBOETO0 WHAWBHIYaJHHOTO, ONTHMAaIBHOTO,
BEPTUKAILHOTO MPOMWIIS CHUKEHUS ¢ J1IeJI0Ha MoJIeTa 10 Hadaia B3JIETHO-M0CA0YHON MoIOoCkl. MeToabl
ucciaenoBanusi: [IpemnaraeTcs MeToj TOCAJKH, OCHOBAHHBIM Ha TeHepauuu (pacyeT W TOCTPOCHHE)
BHUPTYaJIbHBIX KPUBOJIWHEWHBIX TIIMCCAJ MOCAJOYHOTO CHIDKEHUS, B IMpejieiiaX TPAaHWUYHBIX TPAeKTOpHi, ¢
VIeTOM «O00JIacTelf TOHOCTHIO YIIPABISIEMOTO COCTOSHHS» caMoyieToB. Pe3yabraTnl: HoBbIE MeTOn
MOCAJKU CaMOJIeTa, KOTOPBIM UMEET 3HAUUTEIbHBIEC BHITOIbI B YMEHBIIICHUU YPOBHS IIIyMa, pacxoja TOIUIUBA
1 BpenHBIX BBIOpocoB. O0cy:xkaenue: CyTh MeTOJa 3aKIFOYAETCS B pacyeTe M WCIMOIb30BaHUM ObOiacten
MIOJTHOCTHIO  YTIIPABISIEMOTO COCTOSHUSI CaMOJIeTa, YYWTHIBAIOIIUX HEIMHEWHOCTH B XapaKTePUCTHKAX
caMoJieTa, BO3MOJKHBIE HW3MEHEHUS B COCTOSHHH OKpPYXAIOIIEH Cpenpl, KPUTEPUH ONTUMAIbHOCTH
BBITIOJTHEHUS [TOCAIOYHOTO CHUKCHHS CaMOJIeTa, BCe (DYHKIIMOHAIBHBIE U a3POIMHAMHYECKUE BO3MOKHOCTH
camoJerTa, JUIsi TOCTPOSHNH BUPTYAIbHOW KPUBOJIMHEWHON TIUCCAIBI, IO KOTOPOW MMOHMMAETCsl HEKOTopast
TPaeKTOpUs MABMKCHHS CaMOJIETa, KOTOpash MOXET OBITh CYIIECTBEHHO WCKa)KEHa Ha TpPaHH €ro
BO3MOXKHOCTEH, JUIS YMEHBIICHUS BPEMEHH U PACCTOSHHS HEOOXOAMMBIX JUIs 3Tala ¢ MOMEHTAa Hadaa
CHIDKEHUS C DIIEeNIOHA TI0JIeTa JIO Hadasa B3JIETHO-TI0CAJJOYHON TIOJIOCHL.

KiroueBbie cJji0Ba: BO3IYIIHOE ABIKCHHE, KPUBOJWHEHHAs TIMCCaaa; METOJ IOCAAKH; NpeaeiapbHas
TPAEKTOPHSI; CAMOJIET.

Pavlova Svitlana (1966). Doctor of Engineering. Professor.

Head of the Department of Avionics, National Aviation University.

Education: Kyiv Civil Engineering Institute, Kyiv, Ukraine (1988).

Research area: analysis and synthesis of nonlinear ergatic systems, critical technology, nonlinear dynamics.
Publications: 200

E-mail: psv@nau.edu.ua

Dmytro Voloshenyuk (1990). Post-graduate Student.

Lead Engineer, Department of Avionics, National Aviation University.
Education: National Aviation University, Kyiv, Ukraine (2013).
Research area: flight dynamics, intelligent control of dynamic objects.
Publications: 75

E-mail: p-h-o-e-n-i-x@ukr.net




<<
  /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 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 1.00000
  /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 1.00000
  /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 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
    /UKR ()
  >>
  /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


