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Ozet

Bu ¢alismada yogun bakim iinitelerinde ve veteriner
fakiiltelerinde deneysel ¢alismalarda kullanilan mekanik
ventilatorlerde kontrol edilen tidal voliim parametresinin
kapali  ¢evrimli  bulamik  kontrolii  gerceklestirilmistir.
Klinisyenler her an hastanin yani basinda
olamayabileceginden, hastada en ¢ok takip edilen
parametrelerden olan tidal voliim kapali ¢evrimli bulanik
kontrolor ile kontrol edilmektedir. Boylece klinisyenin is
yiikiiniin azaltilmasi hedeflenmektedir. Calismada 2 ayn
benzetim  gerceklestirilmis  ve bunlarin  performanslar
karsiulastirilmistir.  Bulamik  sistemin  girisinde  kullanilan
parametreler kalp atis hizi (HR), kan basinci, pik basinci ve
SaOy(Oksijen  saturasyonu)’dwr.  Gergeklestirilen  sistem
giiniimiizde ¢ok¢a kullanilan ventilasyon modlarmdan olan
Basing destekli Ventilasyon (PSV) modu ile ¢alistirilmaktadir.

Abstract

In this study, closed loop fuzzy control of tidal volume
parameter which is controlled in mechanical ventilators used
at intensive care units (ICU) and veterinary faculties for
experimental studies was implemented. Because of the fact
that clinicians may not be in vicinity of the patients, tidal
volume which is one of the most followed parameters for
patients was controlled with closed loop fuzzy controller.Thus,
it is aimed to decrease the work load of clinicians. Two
seperate studies were implemened and their performances
were compared. The input parameters of fuzzy system are
heart rate(HR), blood pressure(BP), peak pressure (PP) and
SaO0,(Oxygen saturation). Performed system is run with the
pressure support ventilation (PSV) which is one of the most
used modes among other ventilation modes.

1. Giris

Mekanik ventilasyon yogun bakim initelerinde nefes alip
vermesi i¢in yardima ihtiyag duyan hastalara uygulanmasi
zorunlu olan bir tedavi seklidir. Hastanin oksijen (O,) ve
karbondioksit (CO,) dengesini saglamaya yardimci olur.
Yapilan bu isleme ventilasyon, bunu gergeklestiren alete de
ventilatér denilmektedir [1]. Ventilasyon islemi 3 farkli
sekilde gerceklestirilmektedir. Negatif basingli ventilasyon,
pozitif ~ basingli  ventilasyon ve  yiiksek  frekansh
ventilasyon’dur [1]. Gliniimiizde yogun bakim iinitelerinde en
¢ok  kullanilan  ventilasyon c¢esidi  pozitif  basinglt

ventilasyondur. Mekanik ventilasyon isleminde 4 biiyiikliik
onemli rol oynamaktadir. Bunlar; basing, voliim, akim ve
zaman’dir [1-2].

Yogun bakim hastasinin durumu siklikla degismekte ve
ventilator destegide ihtiyaca gore klinisyenler tarafindan
degistirilmektedir.  Yapilan bu degisiklikler —tamamen
klinisyenin bilgi ve tecriibesine dayanmaktadir. Klinisyenlerin
i yiikil itibari ile her bir hastaya ayirdig: vakit siirhidir. Eger
hastada 6nemli bir gelisme veya kdotiileme oldugunda gelismis
ventilatdr alarmlar1 sayesinde klinisyenler hastanin yanina
gitmektedirler.

Son yillarda akilli kontrol tekniklerinin birgok medikal
sistemde basar1 ile kullanilmasindan sonra aragtirmacilar
mekanik ventilatorlerin de akilli hale getirilmesi ile ilgili
caligmalar yapmuglardir. Rees ve dig. ¢alismalarinda yogun
bakim iinitesinde kullanilan ventilatér parametreleri igin karar
destek sistemi gergeklestirmislerdir. Sistemlerini {i¢ agamada
olusturmuslardir. Bunlar, fizyolojik, klinik uygulama ve akilli
kontrol teknigi ile kontroldir [3]. Noshiro ve dig.
makalelerinde, yiiksek frekansli ventilasyonda geleneksel
kontrol yontemleri ile bulanik kontrolii birlestirerek end-tidal
pCO,’nin dlgiilmesini gerceklestirmislerdir [4]. Stegmaier ve
dig. yaptiklari ¢alismada, bulanik mantik ile ventilasyon
esnasinda hastaya ulasan basingtaki  degisikliklerden
faydalanilarak hastanin ~ Oksiirmesinin takip edilmesini
gerceklestirmiglerdir. Basing sensoriinden alinan  bilgiler
analog-dijital doniistiiriici yardimu ile sayisallastirilip bulanik
kontrolore verilmektedir [5]. Nemoto ve dig. makale
calismalarinda, kalp atis hizi, tidal voliim, nefes alma hiz1 ve
Sa0, degerlerine gore KOAH (Kronik Obstriiktif Akciger
Hastalig1) hastalarinin ventilatdrden ayrilma islemini bulanik
denetleyici ile gerceklestirmislerdir. Hastanin
iyilesme/kotiilesme egilimini belirlemek amaci ile 96 adet
kural olusturmuslardir [6]. Schaublin ve dig. ¢aligmalarinda
kapali gevrim geri beslemeli mekanik ventilatérde, ventilasyon
frekansint ve tidal volimii ayarlayarak, FrCO,’yi (End-tidal
karbon dioksid karigimi) istenilen seviyede tutmak igin
bulanik denetleyici kullanmiglardir. Bulanik denetleyicinin
girisi istenilen FrCO, degeri ile gergek FECO, degeri arasinda
ki hata, ¢ikis ise frekans ve tidal voliim olarak secilmistir [7].
Nelson ve dig. yaptiklari ¢alismada asiste mekanik ventilasyon
modun da respirasyon hizi ve SaO, kontroliinii bulanik
denetleyici ile gerceklestirmislerdir. Sistemin
gergeklestirilmesinde MATLAB/Fuzzy Toolbox kullanilarak 7
ayr1 program gergeklestirip en iyi ¢6ziimiin hangisi oldugunu



incelemislerdir [8]. Wang ve dig. makale caligmalarinda teshis
ve tedavi amagli, voliim ayarli ventilatérler icin kontrol
sistemi  gelistirmislerdir. Yapay akciger modeli iizerinde
bulunan butonlar ile solunum esansinda olusabilecek cesitli
durumlarin ~ benzetimi  gergeklestirilmeye  caligilmistir.
Sensdrlerden aldiklar bilgileri bilgisayara ileterek hastanin
genel durumu belirlenip, respirasyon orani, I:E (Inspirasyon:
Ekspirasyon) orani ve tidal voliimii petri aglari kullanarak
kontrol etmislerdir [9]. H.F.Kwok ve dig. ¢alismalarinda,
yogun bakim iinitelerinde kullanilan ventilatérler i¢in hibrid
algoritma kullanarak MATLAB/ simulink ortaminda benzetim
caligmalart gergeklestirilmistir. Gelistirilen sistemde 2 kisim
mevcut olup ilkinde kan gazlari, FiO,, PEEP, Pinsp, Vrate
gibi parametreleri sistem tarafindan degistirilir iken, ikinci
kisim da bu degisikleri yapmas i¢in klinisyene dnermektedir
[10]. A.Tzavaras ve dig. ¢alismalarinda, KOAH hastalarinin
ventilasyonunda, uygun tidal volim ve respirasyon hizinin
ANFIS ile  modelleyip sistemlerinin ~ kontroliinii
gergeklestirmiglerdir.  Sistemin giris degiskenleri oksijen
saturasyonu (SpO,), akciger komplianst ve direnci, pik
inspirasyon basinc1 (PIP) ve plato basmct (Ppj)’dir [11].
Giiler H. ve Ata F. calismalarinda, senkronize aralik zorunlu
ventilasyonda (SIMV) basingtaki hata ve bu hatanin degisim
oranina bagl olarak, respirasyon orani (nefes alip-verme
stirelerinin toplam1), tidal voliim ve hastaya verilen basincin
bulantk mantik denetleyici ile hesaplanmasi islemini
gergeklestirmiglerdir [12]. Giiler H. ve Ata F. makalelerinde,
akciger dinamikleri olan diren¢ ve kapasite degerlerine gore
hastanin inspirasyon ve ekspirasyon siirelerinin tahmin
edilmesini bulanik mantik denetleyici ile gergeklestirmiglerdir
[13].

Bu c¢alismada ise, hastanin kalp atis hizi, kan basinci, pik
basinci ve Sa0, gibi fizyolojik parametrelerini degerlendirerek
tidal voliim degerinin bulanik denetleyici ile tahmin edilmesi
islemi gerceklestirilmistir. Bunu yaparken 2 farkli benzetim
gergeklestirilip bunlarin performanslari karsilastirilmistir.

2. Pozitif Basinch Ventilasyon

Bu tip ventilasyon, yapay bir hava yolu aracilign ile
akcigerlere belirli basingta gaz akimi gonderilmesi prensibine
gore galigmaktadir. Bu tip calisan ventilator ile hastaya hava
verilmeye baslanildiginda basing degeri agizda pozitif,
alveollerde sifirdir. Béylece olusan basing farkliligindan &tiirii
solunum havasi alveollere ulastirilir. Bu sekilde alveollerde
pozitif bir basing olugsmakta ve inspirasyon gerceklesmektedir.
Inspirasyon sonunda ventilatériin pozitif basing uygulamasi
durur ve bu durumda agi1z basincr sifira diiger iken alveollerde
ki basmng hala pozitif kalmaktadir. Boylece agiz ve alveol
arasinda yine bir basing farklilifi meydana gelir ve
ekspirasyon gerceklesir. Alveoler basincin tekrardan sifira
donmesi ile ekspirasyon son bulur [2].

Inspirasyon aktif bir olay iken ekspirasyon pasif bir olaydr.
Inspirasyon siiresince hastaya dogru gaz akisi saglandig1 igin
aktif bir islem oldugu sdylenebilir. Ekspirasyon i¢in herhangi
bir islem yapmaya gerek yoktur. Inspirasyon siiresinin
bitiminde agiz basimci ile alveollerde ki basing farkliligindan
dolay1 gaz akisi kendi kendine akcigerden atmosfere dogru
olacagindan ekspirasyon igin pasif bir olay benzetmesi
yapilmaktadir.

Hastaya mekanik ventilasyon uygulandiginda akcigerde ne
kadar voliim olusturulabilecegi uygulanan basing, zaman,
akim ve voliim arasindaki etkilesimlerle belirlenir. Ornegin,
akcigerde olusacak voliim verilen gazin akimma ve
uygulanma siiresine baglidir. Akciger igine ulasacak gazin
akim hizi, ventilator ile akciger arasindaki basinglarin farkina
bagli olarak degisir. Akciger igindeki basing akcigerin
yapisina gore degisim gostermektedir. Akciger kolayca
genisleyebiliyor ise ekspirasyon igin diisiik basing ve kisa
stire yeterlidir fakat akciger yapisi sert ve direngli ise sisirmek
icin daha uzun siireye ve daha yiiksek basinca ihtiyag
duyulmaktadir.

3. Bulanik Denetleyiciler

Bulanik mantik ilk olarak 1965 yilinda Berkeley
tiniversitesinden azeri profesor Liitfi Asker Zadeh tarafindan
ortaya atilmistir. ilk zamanlarda bazi bilim adamlar1 bu yeni
teknige sicak bakmayip, bu sistemin hali hazirdaki problemleri
cozemeyecegini iddia etselerde japon bilim adamlarinin
bulanik mantig1 bir ¢ok kontrol uygulamalarinda basar ile
kullanmasindan sonra bu teknik popiilerlik kazanmis ve su an
giiniimiizde basta kontrol olmak {izere, haberlesme, entegre
devre {retimi ve biomedikal sistemlerde basar1 ile
uygulanmaktadir.

Bir sistemi gerceklestirmek icin denetlenecek sistemin
yapisinin ve dinamiginin ¢ok iyi bilinip, matematiksel olarak
modellenebilir olmasi gerekir. Fakat bazi sistemlerin
matematiksel olarak modellenmesi miimkiin olmayabilir.
Ciinkii  sistemde bulunan degiskenlerin  matematiksel
modelinin olusturulmasi, bu degiskenlerin zamana bagli olarak
degismesi ve kesin olmamasindan dolayr karmasiklik ve
belirsizlik arz edebilmektedir [14]. Boyle durumlarda o sistem
tizerinde bilgi sahibi uzman kisilerin bilgi ve deneyimlerinden
yararlamlmas1 yoluna basvurulur. Iste bulamk mantik
denetleyici bu tiir sozlii ifadeler ve bunlar arasindaki mantiksal
iliskiler tizerine kurulmustur.

Respirasyon sistemi lineer olmayan yapida ve karmasiklik arz
ettiginden o6tiiri tam anlamiyla modellenmesi giigtiir. Bu
sebeple belli bir kabul ile yapilmis bazi modelleme ¢aligmalart
literatiirde bulunmaktadir [15-18]. Bu tip c¢alismalarda
karmasik denklemlerle ifade edilen respirasyon sisteminin
kontrolii zor oldugundan birgok arastirmaci yapay zeka
teknikleri kullanarak bu sistemi kontrol etmeyi tercih
etmektedir. Bulanik denetleyicili ventilator-hasta sistemlerinin
genel kontrol semasi sekil 1°de goriilmektedir.

Set . Uzman Bulanik
Ayarlamalari kurallari Denetleyici
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Basing Bo;ucu Respirasyon
Etkiler oran!
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F Akim

Sekil 1: Bulanik Denetleyicili Ventilatér Kontrol Blok
Diyagrami
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4. Benzetim Calismasi

Calismada yapilan modellemeler MATLAB/SIMULINK
kullanilarak gergeklestirilmistir. Akciger modeli olarak tek
bolmeli basit R-C devresi kullanilmigtir. Bu elektriksel devre
sekil 2°de goriilmektedir.
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Pao

Patm —

Sekil 2: Tek bolmeli akciger modelinin elektriksel devresi

Burada Pao ve Patm sirasiyla havayolundaki basing ve
atmosferik basingtir. R akciger direncini, C ise akciger
kapasitesini temsil etmektedir [19]. Bu devrenin transfer
fonksiyonu denklem 1 de gosterilmistir.

_25+10
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Burada R=2 ¢cmH,0.S.L"!, C=0.1 L.emH,O"" olarak segilmistir.
Sekil 3’de sistemin genel blok semasi gosterilmistir.

Set

ayariar Hasta atm

Bulanik Mekanik 7 25410

Kontrolor Ventilator -

Sekil 3: Sistemin genel blok semasi

Ilk modellemede bir tane bulamk denetleyici kullamlmistir.
Bunun girisleri olarak ise kalp atisi, kan basinci ve SaO,’nin
yiizdesel degeri secilmistir. Uyelik fonksiyonlar1 sekil 4’te
goriilmektedir.

HR1 HR2 HR3 HR4 HR5
f >
60 68 76 84 92 100 Atim/dak
a
BP1 BP2 BP3 BP4 BP5
60 80 100 120 140 160 180 200 220 o
cmHO

s1 s2 S3 s4 S5

80 82 85 87 88 92 93 96 98 100

c
Sekil 4: Bulanik sistemin giris tiyelik fonksiyonlar1 a-kalp
atist, b- kan basinci, ¢c-Sa0O, degeri

|

0o 2 3 5 7 9 11 13
mi/kg

Sekil 5: Bulanik sistemin ¢ikis iiyelik fonksiyonu

Bu benzetim i¢in olusturulan kural sayisi 5*5*5=125 tanedir.
Bu kurallardan bazilari asagida gosterildigi gibidir.

Eger HR degeri HR1 ise ve BP degeri BP1 ise ve SaO, degeri
de S1 ise O Halde TV degeri TV5°dir.
Eger HR degeri HR3 ise ve BP degeri BP2 ise ve SaO, degeri
de S4 ise O Halde TV degeri TV3’dur.

Bu sekilde 125 tane kuralin olusturulmasi ¢ok fazla zaman ve
is yikii getirmektedir. Bunun yerine [6]’da Onerilen sistemi
kullanarak hem sisteme bir giris daha ilave edip hem de kural
sayisint yartya indiren bir algoritma gelistirilmistir. Bulanik
sistemin basitlestirilmis hali sekil 6’da gériilmektedir.
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Sekil 6: Gelistirilen bulanik sistem modeli

Burada ilave edilen giris degeri hastanin inspirasyon esnasinda
aldig1 havanm pik basincidir. Bunun ve sekil-6’da gosterilen
durum-1 ve durum-2’ye ait iyelik fonksiyonlar: sekil-7’de
gosterilmistir. Buradaki diger girisler olan HR, BP ve
Sa0,’nin ve tidal voliimiin iiyelik fonksiyonlart ayni kalmstir.

-

20 23 30 33 37 40 45 47 50
cmH0O



4 Durum-1
D1 D2 D3 D4
02 03 04 05 06 07 '
Yuzdesel degisim
b
Durum-2
DR1 DR2 DR3 DR4
0.2 0.3 04 0.5 0.6 0.7 1 .
Yuzdesel degisim
C

Sekil 7: Bulanik sistemin giris-¢ikis tiyelik fonksiyonlar: a-pik
basinci, b- Durum-1 i¢in iiyelik fonksiyonu, c- Durum-2 i¢in
iiyelik fonksiyonu

Bu sekilde olusturulan sistemde, giris sayisi artmasina ragmen
toplamda 66 kural olusturulmustur.

5. Sonugclar ve Tartisma

Gergeklestirilen sistem ile pozitif basingli ventilasyonda tidal
voliim bulanitk mantik denetleyici ile hesaplanmistir. Sistem
MATLAB/Fuzzy Toolbox kullanilarak gergeklestirilmistir.
Gergeklestirilen sistemlerin performansini karsilastirmak igin
HR, BP, Sa0, ve PP igin 30 farkli durum olusturulmustur.
Olusturulan bu durumlar her iki sisteme uygulanmustir. Her
bir durum en az 1 dakika uygulanmis ve sistemin hesapladigi
tidal voliim degerinin degisimleri sekil 8’de gosterilmistir.

—— Tek bulanik kontrollu sistemin Tidal volum degeri
—— 3 adet bulanik kontrollu sistemin Tidal volum degeri |

ml/kg

Sekil 8: Bulanik mantik kontroloriin hesapladig: tidal voliimiin
zamana gore degisimi

Sekilden de goriildiigii tizere sekil 6’da gosterilen sistemin
hastaya uygulanmak iizere hesapladigi tidal voliim degerinin
zaman gore degisimi, tek bir bulanik kontrolor ile
gerceklestirilen sistemden elde edilen tidal voliime gore daha
yumusak gegislere sahip oldugu goriilmektedir. Bu da hastada
meydana gelecek degisikliklerde hastanin, akciger voliimiinii
saglamasi i¢cin daha fazla efor sarf etmesine gerek
kalmayacagimni gostermektedir. ~ Respirasyon sistemi ¢ok
karmagik bir sistem olmasindan dolayr hastanin solunum
fonksiyonu bir ¢ok faktdrden etkilenmektedir. Hastanin tidal
volimiin anlik degisiminin ¢ok degisken olmasi hastanin
respirasyonunu  bozacagmndan  tedavi stiresini de
uzatabilmektedir. Mavi ile ¢izilen tek bulanik kontrolére sahip
sistemden elde edilen ortalama tidal voliim degeri 8.625 ml/kg
iken kirmizi kisa ¢izgi ile ¢izilen 3’li kontroldre sahip
sistemden elde edilen tidal voliim degeri 6.833 ml/kg olarak
hesaplanmustir. Her iki deger de normal tedavi sinirlari
arasinda kalmasma ragmen klinisyenlerin 6nerdigi 6 ml/kg
ortalamay1 3’lii bulanik kontrolore sahip sistem sagladigi
goriilmektedir.

Tek bulanik kontrolorlii sistemde 3 giris i¢in 125 adet kural
olusturulmustu. Fakat 3’lii bulanik kontrolore sahip sistemde
giris sayis1 artmasina ragmen kural sayis1 66 tane olmustur. {1k
benzetim modeline gore kural sayinin daha az olmasi ilk basta
anlamsiz sonuglar verebilecegi izlenimi dogursada 30 farkli
senaryo icin elde edilen tidal volim degerinin daha hassas ve
hastanin respirasyon eforunu artirtmadigi goriilmektedir. ileri
ki caligmalarda sisteme yapay sinir aglar1 veya genetik
algoritma gibi diger yapay zeka tekniklerini de ekleyerek
melez bir kontrol yapisi olusturulup, gercek hasta bilgileri ile
benzetemimizi test etmeyi amaglamaktayiz.

Tesekkiir

Bu caligma Firat Universitesi Bilimsel Projeler Arastirma
Birimi tarafindan 1911 nolu proje kapsaminda desteklenmistir.
Yardimlarindan 6tiirii  Ibrahim TURKOGLU’na tesekkiir
ederiz.

6. Kaynaklar

[1] Perel A, Stock Mc: Handbook of Mechanical Ventilatory
support. 1st Ed. Williams and Wilkins,Philadelphia, 1992

[2] Kirby RR, Banner Mj, Downs JB(Eds), Ventilatory
Support 1st Ed Churchill Luingstone inc. Nexyork 1990

[3] Rees S.E.,Kjaergaard S., Thorgaard P.,Toft ., Andreassen
S., “A Physiological Model Based Approach to Medical
Decision Support in the Intensive Care Unit” Engineering in
Medicine and Biology Society,Proceedings of the 25th Annual
International Conference of the IEEE,Vol.1,432-433,2003

[4] Noshiro M., Matsunami T.,Takakuda K.,Ryumae
S.,Kagawa T.,Shimizu M.,Fujino T., “ Fuzzy and
Conventional Control of High Frequency Ventilation” Med.&
Biol. Eng.&Computer, Vol.32,377-383,1994

[5] Stegmaier P.A, Brunner J.X., TschicholdN.N., Laubscher
T.P., Liebert W. “ Fuzzy Logic Cough Detection: A First Step
Towards Clinical Application”, Fuzzy Systems, IEEE World



Congress on Computational Intelligence., Proceedings of the
Third IEEE Conference,1000-1005,1994

[6] Nemoto T.,Hatzakis G.E, Thorpe C.W., Olivenstein R.,
Dial S., Bates J.H.T., “Automatic Control of Pressure Support
Mechanical Ventilation Using Fuzzy Logic” American Journal
Respiratory and Critical Care Medicine,Vol.160,n0.2,550-
556,1999

[7] Schaublin J.,Derighetti M.,Feigenwinter P.,Petersen-Felix
P., Zbinden A.M. “Fuzzy Logic Control of Mechanical
Ventilation During Anaesthesia” British Journal of
Anaesthesia,Vol.77,636-641,1996

[8] Nelson D.S., Strickland J.H., Jannet T.C., “Simulation of
Fuzzy Control for Management of Respiratory Rate in Assist
Control Mechanical Ventilaton” Proceedings-19th
International Conference-IEEE/EMBS-Vo0l.3,1104-1107,1997

[9] Wang C.S., Shaw D., Jih K.S., “An Intelligent Control
System for Ventilators” Medical Engineering & Physics, Vol.
20, 534-542,1998

[10] Kwok H.F., Linkens D.A., Mahfouf M., Mills G.H.
‘SIVA: Hybrid knowledge and model based advisory system
for intensive care ventilators’ IEEE Transactions on
Information Technology in Biomedicine,Vol.8 no.2,161-
171,2004

[11] Tzavaras A., Weller P.R., Spyropoulos B., “A Neuro-
Fuzzy Controller for the Estimation of Tidal Volum and
Respiration Frequency Ventilator Settings for COPD Patients
Ventilated in Control Mode”, Proceedings of the Annual
International Conference,of the IEEE-EMBS,3765-3768,2007

[12] Giiler H., Ata F., “Senkronize Aralik Zorunlu
Ventilasyonda Respirasyon Siiresi, Tidal Voliim ve Basing
Degerinin Bulanik Mantik Denetleyici ile Hesaplanmas1”, 5.
Uluslar arasi Ileri Teknolojiler Sempozyumu-IATS’09,373-
377,2009

[13] Giler H., Ata F., “Estimation of Inspiration and
Expiration Time By Using Fuzzy Control with Respect to
Lung’s Dynamics” Soft Computing, Computing with Words
and Perceptions in System Analysis, Decision and Control-
ICSCCW 2009, 1-5, 2009

[14] Elmas.C. ‘Bulanik Mantik Denetleyiciler’,Segkin,
Ankara,2003

[15] Meraz A., Nazeran H., Diong B., Menendez R., Ortiz G.,
Goldman M., “Modelling Human Respiratory Impedance in
Hispanic Asthmatic Children” Proceedings of the 29th
Annunal International Conference of IEEE EMBS,2007

[16] Devdatta, V.K. Katiyar, Pratibha, “ Mathematical
Modelling of Respirstory System: A Review” Indian Journal
of Biomechanics:Special Issue (NCBM 7-8 March 2009)

[17] Rozanek M., Roubik K., “ Mathematical Model of the
Respiratory ~ System-Comparision of the Total Lung
Impedance in the Adult and Neonatal Lung” World Academy
of Science, Engineering and Technology 30,2007

[18] Diong B., Nazeran H., Nava P., Goldman M., “Modelling
Human Respiratory Impedance” IEEE Engineering in
Medicine and Biology Magazine,0739-5175.2007

[19] Bates J.H.T, Lung Mechanics-An Inverse Modelling
Approach,1st Ed., Cambridge University Press, New
York,2009




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 on-screen display, e-mail, and the Internet.  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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


