Jakie biologiczne zagadki pomogta rozwigzac

matematyka?

Elzbieta Ratajczyk

Politechnika Lubelska
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EXERCITATIO

ANATOMICA DE

MOTV CORDIS ET SAN-
GVINIS IN ANIMALIL

gVILlELMI RVEI ANGLI,
| MediiRggi is Ansiomiein Gl

William Harvey, 1578-1657

60 ml x 1/8 x 60 uderzer/minute x 60 minut/godzine
= 27 litréw/godzine > 5 litréw
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The KISS principle

Keep It Smart and Simple.
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Reguta BUZI

Bez Udziwnien Zapisu, Idioto.
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Reguta CMOK

Cztowieku, Modeluj Oszczednie i Klarownie.




65. Szkola Matematyki Pogladowej
Uogdlnienia

Logistyczny model wzrostu populacji,
jego wady i wynikajace z nich catkowicie bledne wnioski

Krzysztot Argasinski

Model logistyczny jest jednym z najstarszych przykladéw nieliniowych réwnan rézniczkowych. W referacie
zostanie przedstawiona historia debaty na temat jego interpretacji i wyciaganych z niej (blednych i nie
uzasadnionych) wnioskéw w ekologii i biologii ewolucyjnej. Czesé¢ z tych wnioskéw, jak na przyklad tzw.
koncepcja doboru i K ma w zasadzie magiczny charakter. Przedstawione problemy pokazuja ze w przypadku
zastosowan matematyki do opisu zjawisk przyrodniczych, latwo utraci¢ kontakt z rzeczywistoscia i dlatego
bardzo wazne jest sensowne osadzenie abstrakeyjnych poje¢ matematycznych w realnym swiecie.
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Rys. Odsetek ryb chrzestnoszkieletowych w potowach w trzech gtéwnych
portach pétnocnego Adriatyku przed, w trakcie i po | wojnie Swiatowej.
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T =7rr—axy J

y = bry — sy

Stany stacjonarne:

{ z(r—ay) =0

y(br —s) =0

—
< 8
I
<
—
Q8
1
Q3 Mw



b= azy

va



T =rr—axy
y = bry — sy

Twierdzenie
Funkcja
E(z,y) =slnz —br+riny —ay

jest catka pierwsza uktadu L-V.




T =rr—axy

Y =bxy — sy

Twierdzenie
Funkcja

E(z,y) =slnz —br+riny —ay

jest catka pierwsza uktadu L-V.

Dowdd:

%E(x(t), y(t)) = (3 = b)(rz — azy) + (5 — a)(bxy — sy)

=(s—bx)(r—ay)+ (r —ay)(bx —s) = 0. O
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Twierdzenie
Wszystkie rozwigzania uktadu L-V maja taka sama Srednia réwng

9= (35)

Dowdd: Niech T bedzie okresem rozwigzania ukfadu L-V

z warunkiem poczatkowym (xo,yo). Wtedy

gzr—ay = lnL( )—rT—a/ y(t) dt
0

xo

1 T r

— £ dt = —
:»T/O y(t)yde ="



T =rr—axy

y = bry — sy

Twierdzenie
Wszystkie rozwigzania uktadu L-V maja taka sama Srednia réwng

9= (35)

Dowdéd: Niech T bedzie okresem rozwigzania ukfadu L-V

z warunkiem poczatkowym (xo,yo). Wtedy
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T =7rr—axy—+ecr
Y =bry — sy—+ oy |




Efekt braku potowdéw w czasie | wojny Swiatowej

&= (r+e)r—azxy
g =bay —(s—0)y J

Wtedy

(x,y)z(sgé,rzg)



Czerwiec w Ameryce



Czerwiec w Ameryce

T =7rx—axy —Ex

Y =bry — sy — 0y




Czerwiec w Ameryce

T =7rx—axy —Ex |

Y =bry — sy — 0y

Witedy
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T =7rx—axy —Ex

Y =bry — sy — 0y

Witedy

Paradoks pestycydow

Zastosowanie pestycydu moze skutkowaé zwiekszeniem populacji

szkodnikéw, jedli maja one naturalnego wroga.
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x % axy
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V' — liczba ofiar, ktére s3 atakowane,
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Model Rosenzweiga — MacArthura

. (1 a:) bx
T=rx(l——) —
K a+xy

Yy— sy

Cx

y:a+x

V' — liczba ofiar, ktére s3 atakowane,
T — czas ,obstugi” ofiary,
T — catkowity czas,

T
V=ax(T-17V) = Vet
1+ arx
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Konkurencja miedzygatunkowa

. Ty + bixo
71 = (1 - T)
. T9 + boxy
Ty = %(1 - T)
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Zasada Gausego

Dwa gatunki o identycznych wymaganiach (majace takie same
nisze ekologiczne) nie moga wspotistnieé ze sobg na tym samym

obszarze: z czasem, w wyniku konkurencji jeden zostaje wyparty.
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Rys. Liczba zachorowan na zespét rézyczki wrodzonej na 100 000

mieszkancéw Grecji w latach 1960-95.

1975r. — poczatek masowych szczepien przeciwko rézyczce



Model SIR
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Model SIR

S(t) — liczba oséb podatnych, I(t) — zainfekowanych,

R(t) — ozdrowiatych, w czasie ¢

S =dN — (BI +d)S
I=BIS— (y+d)I
R=~I —dR

Bazowy wspétczynnik reprodukgji:

b

R p—
0 y+d

‘N



Model SIR ze strukturg wiekowa

s(a,t) — gestos¢ osobnikéw podatnych, i(a,t) — zainfekowanych,

r(a,t) — ozdrowiatych, w wieku a w czasie ¢

$t = —8q — (BI +d)s
it = —iq + BIs — (y + d)i
Ty = —Tq + i — dr

= [y i(a,t)da, N(t) = [ (s(a,t) +i(a,t) +r(a,t)) da

s(0,) = dN(1), i(0,)=0, r(0,t)=0)
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[...] Sredni wiek zachorowania:

o I 1
T d- o B
p — frakcja zaszczepionych
~ 1 a
a = IB = 1
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Rys. Rozktad wiekowy pacjentéw z rézyczka zgtaszajacych sie na oddziaty
ambulatoryjne szpitali ogblnych w Atenach w latach 1986 i 1993.
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Wirus HIV
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Rys. Stezenie wirusa HIV w osoczu przed i po leczeniu inhibitorem

proteazy.
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Wirus HIV

V(t) — stezenie wirusa w czasie t

V=P—cV |

Po podaniu leku: P =0 = V(t) = Vpe @
Vbe_dl/2 = %‘/0 — t1/2 = IHTQ ~ 2 dni
Przed rozpoczeciem leczenia:

V=0 = P=cVp ~ 10° czasteczek wirusa/dzieh

"It is an excellent example where even very simple models can be of

immense help in extracting crucial information from patient data.”
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Leczenie anemii polekowej

u(x,t) — gestos¢ komérek o dojrzatosci x w czasie ¢

o 0
5@, 1) = == (c(z)u(z, 1)) + p(z, v)
u(z,0) = u(x)

gdzie

AMl—u), 0<z<1
p(z,u) = 0, 1<z<L+1
—00, x>L+1
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Stan stacjonarny:

u(z,t) — %,mé 0,L+1] = U=1L

t—o00

Na skutek radioterapii lub lekdéw cytostatycznych:

A—1

TN
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Stan stacjonarny:

u(z,t) — Stz e0,L+1] = UF=L 2

t—o00
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0231, 0<az<1
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0231, 0<az<1
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Nowy stan stacjonarny:

ula,t) — Xt we[0,L+ 1



llo$¢ erytrocytéw w czasie t: U(t) flLH u(z,t)dz

Stan stacjonarny:

ua,t) — Aloel0,L+1] = UF =L A

Na skutek radioterapii lub lekéw cytostatycznych: 6 € (0,1)

0251, 0<z<1
u(x) AL 1<az<L+1 oraz A= N <A
0,

zr>L+1

Nowy stan stacjonarny:

uw,t) 7 Aha 0L+l = UF =LA
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Anemia polekowa

t=0.
0.6

0.5
04
u 03
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0.1

Ug® =20 — U =6.6, ale cogorsze UM = 3.7.
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a<l 06
0.5
ar, 0<z<1 04
c(z) =
17 T 2 1 u 03
02
0.1
=
1 L+1
Nowy stan stacjonarny: 06
05—
N—
u(z,t) R v w € [1, L+ 1] 04
u03
= USOZL(X-X);&HCM:/\% 02

max
0.1

— Us® =12 oraz U™ =9.7 0




Once we have a model of the process, we can steer it. Such attempts
made by Dr. Wazewska were succesful. Doctor Wazewska, using our so-
lution of the differential equation in her planned therapy, helped some
patients with drug-induced anemia in a meaningful way.

If my work contributed to that in even just a minimal way, it may be
the most valuable thing I have ever done.

"Matemathics like poetry. Tomasz Szarek interviews Andrzej Lasota”



Bibliografia

Ksigzki
@ Britton N. F., Essential Mathematical Biology. London: Springer, 2003

Miiller, J., Kuttler, C., Methods and Models in Mathematical Biology.
Heidelberg: Springer, 2015

@ Murray J., Mathematical Biology I. An Introduction. Interdisciplinary
Applied Mathematics. Springer, New York, 3 edition, 2002

Shonkwiler R.W., Herod J., Mathematical Biology: An Introduction with
Maple and Matlab. 2nd ed., Springer, 2009

O W. Harveyu
@ Cohen J.E., Mathematics Is Biology's Next Microscope, Only Better;
Biology Is Mathematics’ Next Physics, Only Better. PLoS Biol 2(12), 2004

@ Zareba K.M., Circulation over the centuries: William Harvey (1578-1657).
Cardiol J. 14(2), 214-5, 2007



ﬁ Buzzi A.E., La circulacién de la sangre a 400 afios de su descubrimiento.

Rev. argent. cardiol. 84(6), 2016 [rysunki]
Model Lotki-Volterry

@ Cataudella S., Spagnolo M. (eds), The state of Italian marine fisheries and
aquaculture. Ministero delle Politiche Agricole, Alimentari e Forestali

(MiPAAF), 2011, Rome (ltaly) [rysunek]
Szczepienia w Grecji

@ Panagiotopoulos T, Antoniadou |, Valassi-Adam E. Increase in congenital
rubella occurrence after immunisation in Greece: retrospective survey and
systematic review. BMJ. 1999, 319(7223), 1462-7.

Wirus HIV

@ Perelson, A.S., Nelson, P.W. Mathematical analysis of HIV-1 dynamics in
vivo. SIAM Review, 1991, 41(1), 3-44



@ Ho D.D., Neumann A.U., Perelson A.S., Chen W., Leonard J.M.,
Markowitz M. Rapid turnover of plasma virions and CD4 lymphocytes in
HIV-1 infection. Nature. 1995, 373(6510):123-6

Wirusowe zapalenie watroby typu C

@ Neumann AU, Lam NP, Dahari H, Gretch DR, Wiley TE, Layden TJ,
Perelson AS. Hepatitis C viral dynamics in vivo and the antiviral efficacy
of interferon-alpha therapy. Science. 1998, 282(5386), 103-7

Leczenie anemii polekowej
@ Lasota A., Mackey M.C., Wazewska-Czyzewska M., Minimizing
therapeutically induced anemia. J Math Biol. 1981;13(2):149-58

ﬁ Gacki, H., Zwierzynska, J. |., Mathematics like poetry: Andrzej Lasota
1932-2006 (No. 3472; p. 259). Wydawnictwo Uniwersytetu Slaskiego, 2016



tancuch pokarmowy

i=go(1- =)
=] €T _—— —

1 K)
y=bry —ry —cyz

z=dyz — sz

Stabline stany stacjonarne:

X ) z

/

K1 K Ky K> K1 K

"=
o




	anm11: 
	11.199: 
	11.198: 
	11.197: 
	11.196: 
	11.195: 
	11.194: 
	11.193: 
	11.192: 
	11.191: 
	11.190: 
	11.189: 
	11.188: 
	11.187: 
	11.186: 
	11.185: 
	11.184: 
	11.183: 
	11.182: 
	11.181: 
	11.180: 
	11.179: 
	11.178: 
	11.177: 
	11.176: 
	11.175: 
	11.174: 
	11.173: 
	11.172: 
	11.171: 
	11.170: 
	11.169: 
	11.168: 
	11.167: 
	11.166: 
	11.165: 
	11.164: 
	11.163: 
	11.162: 
	11.161: 
	11.160: 
	11.159: 
	11.158: 
	11.157: 
	11.156: 
	11.155: 
	11.154: 
	11.153: 
	11.152: 
	11.151: 
	11.150: 
	11.149: 
	11.148: 
	11.147: 
	11.146: 
	11.145: 
	11.144: 
	11.143: 
	11.142: 
	11.141: 
	11.140: 
	11.139: 
	11.138: 
	11.137: 
	11.136: 
	11.135: 
	11.134: 
	11.133: 
	11.132: 
	11.131: 
	11.130: 
	11.129: 
	11.128: 
	11.127: 
	11.126: 
	11.125: 
	11.124: 
	11.123: 
	11.122: 
	11.121: 
	11.120: 
	11.119: 
	11.118: 
	11.117: 
	11.116: 
	11.115: 
	11.114: 
	11.113: 
	11.112: 
	11.111: 
	11.110: 
	11.109: 
	11.108: 
	11.107: 
	11.106: 
	11.105: 
	11.104: 
	11.103: 
	11.102: 
	11.101: 
	11.100: 
	11.99: 
	11.98: 
	11.97: 
	11.96: 
	11.95: 
	11.94: 
	11.93: 
	11.92: 
	11.91: 
	11.90: 
	11.89: 
	11.88: 
	11.87: 
	11.86: 
	11.85: 
	11.84: 
	11.83: 
	11.82: 
	11.81: 
	11.80: 
	11.79: 
	11.78: 
	11.77: 
	11.76: 
	11.75: 
	11.74: 
	11.73: 
	11.72: 
	11.71: 
	11.70: 
	11.69: 
	11.68: 
	11.67: 
	11.66: 
	11.65: 
	11.64: 
	11.63: 
	11.62: 
	11.61: 
	11.60: 
	11.59: 
	11.58: 
	11.57: 
	11.56: 
	11.55: 
	11.54: 
	11.53: 
	11.52: 
	11.51: 
	11.50: 
	11.49: 
	11.48: 
	11.47: 
	11.46: 
	11.45: 
	11.44: 
	11.43: 
	11.42: 
	11.41: 
	11.40: 
	11.39: 
	11.38: 
	11.37: 
	11.36: 
	11.35: 
	11.34: 
	11.33: 
	11.32: 
	11.31: 
	11.30: 
	11.29: 
	11.28: 
	11.27: 
	11.26: 
	11.25: 
	11.24: 
	11.23: 
	11.22: 
	11.21: 
	11.20: 
	11.19: 
	11.18: 
	11.17: 
	11.16: 
	11.15: 
	11.14: 
	11.13: 
	11.12: 
	11.11: 
	11.10: 
	11.9: 
	11.8: 
	11.7: 
	11.6: 
	11.5: 
	11.4: 
	11.3: 
	11.2: 
	11.1: 
	11.0: 
	anm10: 
	10.199: 
	10.198: 
	10.197: 
	10.196: 
	10.195: 
	10.194: 
	10.193: 
	10.192: 
	10.191: 
	10.190: 
	10.189: 
	10.188: 
	10.187: 
	10.186: 
	10.185: 
	10.184: 
	10.183: 
	10.182: 
	10.181: 
	10.180: 
	10.179: 
	10.178: 
	10.177: 
	10.176: 
	10.175: 
	10.174: 
	10.173: 
	10.172: 
	10.171: 
	10.170: 
	10.169: 
	10.168: 
	10.167: 
	10.166: 
	10.165: 
	10.164: 
	10.163: 
	10.162: 
	10.161: 
	10.160: 
	10.159: 
	10.158: 
	10.157: 
	10.156: 
	10.155: 
	10.154: 
	10.153: 
	10.152: 
	10.151: 
	10.150: 
	10.149: 
	10.148: 
	10.147: 
	10.146: 
	10.145: 
	10.144: 
	10.143: 
	10.142: 
	10.141: 
	10.140: 
	10.139: 
	10.138: 
	10.137: 
	10.136: 
	10.135: 
	10.134: 
	10.133: 
	10.132: 
	10.131: 
	10.130: 
	10.129: 
	10.128: 
	10.127: 
	10.126: 
	10.125: 
	10.124: 
	10.123: 
	10.122: 
	10.121: 
	10.120: 
	10.119: 
	10.118: 
	10.117: 
	10.116: 
	10.115: 
	10.114: 
	10.113: 
	10.112: 
	10.111: 
	10.110: 
	10.109: 
	10.108: 
	10.107: 
	10.106: 
	10.105: 
	10.104: 
	10.103: 
	10.102: 
	10.101: 
	10.100: 
	10.99: 
	10.98: 
	10.97: 
	10.96: 
	10.95: 
	10.94: 
	10.93: 
	10.92: 
	10.91: 
	10.90: 
	10.89: 
	10.88: 
	10.87: 
	10.86: 
	10.85: 
	10.84: 
	10.83: 
	10.82: 
	10.81: 
	10.80: 
	10.79: 
	10.78: 
	10.77: 
	10.76: 
	10.75: 
	10.74: 
	10.73: 
	10.72: 
	10.71: 
	10.70: 
	10.69: 
	10.68: 
	10.67: 
	10.66: 
	10.65: 
	10.64: 
	10.63: 
	10.62: 
	10.61: 
	10.60: 
	10.59: 
	10.58: 
	10.57: 
	10.56: 
	10.55: 
	10.54: 
	10.53: 
	10.52: 
	10.51: 
	10.50: 
	10.49: 
	10.48: 
	10.47: 
	10.46: 
	10.45: 
	10.44: 
	10.43: 
	10.42: 
	10.41: 
	10.40: 
	10.39: 
	10.38: 
	10.37: 
	10.36: 
	10.35: 
	10.34: 
	10.33: 
	10.32: 
	10.31: 
	10.30: 
	10.29: 
	10.28: 
	10.27: 
	10.26: 
	10.25: 
	10.24: 
	10.23: 
	10.22: 
	10.21: 
	10.20: 
	10.19: 
	10.18: 
	10.17: 
	10.16: 
	10.15: 
	10.14: 
	10.13: 
	10.12: 
	10.11: 
	10.10: 
	10.9: 
	10.8: 
	10.7: 
	10.6: 
	10.5: 
	10.4: 
	10.3: 
	10.2: 
	10.1: 
	10.0: 
	anm9: 
	9.199: 
	9.198: 
	9.197: 
	9.196: 
	9.195: 
	9.194: 
	9.193: 
	9.192: 
	9.191: 
	9.190: 
	9.189: 
	9.188: 
	9.187: 
	9.186: 
	9.185: 
	9.184: 
	9.183: 
	9.182: 
	9.181: 
	9.180: 
	9.179: 
	9.178: 
	9.177: 
	9.176: 
	9.175: 
	9.174: 
	9.173: 
	9.172: 
	9.171: 
	9.170: 
	9.169: 
	9.168: 
	9.167: 
	9.166: 
	9.165: 
	9.164: 
	9.163: 
	9.162: 
	9.161: 
	9.160: 
	9.159: 
	9.158: 
	9.157: 
	9.156: 
	9.155: 
	9.154: 
	9.153: 
	9.152: 
	9.151: 
	9.150: 
	9.149: 
	9.148: 
	9.147: 
	9.146: 
	9.145: 
	9.144: 
	9.143: 
	9.142: 
	9.141: 
	9.140: 
	9.139: 
	9.138: 
	9.137: 
	9.136: 
	9.135: 
	9.134: 
	9.133: 
	9.132: 
	9.131: 
	9.130: 
	9.129: 
	9.128: 
	9.127: 
	9.126: 
	9.125: 
	9.124: 
	9.123: 
	9.122: 
	9.121: 
	9.120: 
	9.119: 
	9.118: 
	9.117: 
	9.116: 
	9.115: 
	9.114: 
	9.113: 
	9.112: 
	9.111: 
	9.110: 
	9.109: 
	9.108: 
	9.107: 
	9.106: 
	9.105: 
	9.104: 
	9.103: 
	9.102: 
	9.101: 
	9.100: 
	9.99: 
	9.98: 
	9.97: 
	9.96: 
	9.95: 
	9.94: 
	9.93: 
	9.92: 
	9.91: 
	9.90: 
	9.89: 
	9.88: 
	9.87: 
	9.86: 
	9.85: 
	9.84: 
	9.83: 
	9.82: 
	9.81: 
	9.80: 
	9.79: 
	9.78: 
	9.77: 
	9.76: 
	9.75: 
	9.74: 
	9.73: 
	9.72: 
	9.71: 
	9.70: 
	9.69: 
	9.68: 
	9.67: 
	9.66: 
	9.65: 
	9.64: 
	9.63: 
	9.62: 
	9.61: 
	9.60: 
	9.59: 
	9.58: 
	9.57: 
	9.56: 
	9.55: 
	9.54: 
	9.53: 
	9.52: 
	9.51: 
	9.50: 
	9.49: 
	9.48: 
	9.47: 
	9.46: 
	9.45: 
	9.44: 
	9.43: 
	9.42: 
	9.41: 
	9.40: 
	9.39: 
	9.38: 
	9.37: 
	9.36: 
	9.35: 
	9.34: 
	9.33: 
	9.32: 
	9.31: 
	9.30: 
	9.29: 
	9.28: 
	9.27: 
	9.26: 
	9.25: 
	9.24: 
	9.23: 
	9.22: 
	9.21: 
	9.20: 
	9.19: 
	9.18: 
	9.17: 
	9.16: 
	9.15: 
	9.14: 
	9.13: 
	9.12: 
	9.11: 
	9.10: 
	9.9: 
	9.8: 
	9.7: 
	9.6: 
	9.5: 
	9.4: 
	9.3: 
	9.2: 
	9.1: 
	9.0: 
	anm8: 
	8.199: 
	8.198: 
	8.197: 
	8.196: 
	8.195: 
	8.194: 
	8.193: 
	8.192: 
	8.191: 
	8.190: 
	8.189: 
	8.188: 
	8.187: 
	8.186: 
	8.185: 
	8.184: 
	8.183: 
	8.182: 
	8.181: 
	8.180: 
	8.179: 
	8.178: 
	8.177: 
	8.176: 
	8.175: 
	8.174: 
	8.173: 
	8.172: 
	8.171: 
	8.170: 
	8.169: 
	8.168: 
	8.167: 
	8.166: 
	8.165: 
	8.164: 
	8.163: 
	8.162: 
	8.161: 
	8.160: 
	8.159: 
	8.158: 
	8.157: 
	8.156: 
	8.155: 
	8.154: 
	8.153: 
	8.152: 
	8.151: 
	8.150: 
	8.149: 
	8.148: 
	8.147: 
	8.146: 
	8.145: 
	8.144: 
	8.143: 
	8.142: 
	8.141: 
	8.140: 
	8.139: 
	8.138: 
	8.137: 
	8.136: 
	8.135: 
	8.134: 
	8.133: 
	8.132: 
	8.131: 
	8.130: 
	8.129: 
	8.128: 
	8.127: 
	8.126: 
	8.125: 
	8.124: 
	8.123: 
	8.122: 
	8.121: 
	8.120: 
	8.119: 
	8.118: 
	8.117: 
	8.116: 
	8.115: 
	8.114: 
	8.113: 
	8.112: 
	8.111: 
	8.110: 
	8.109: 
	8.108: 
	8.107: 
	8.106: 
	8.105: 
	8.104: 
	8.103: 
	8.102: 
	8.101: 
	8.100: 
	8.99: 
	8.98: 
	8.97: 
	8.96: 
	8.95: 
	8.94: 
	8.93: 
	8.92: 
	8.91: 
	8.90: 
	8.89: 
	8.88: 
	8.87: 
	8.86: 
	8.85: 
	8.84: 
	8.83: 
	8.82: 
	8.81: 
	8.80: 
	8.79: 
	8.78: 
	8.77: 
	8.76: 
	8.75: 
	8.74: 
	8.73: 
	8.72: 
	8.71: 
	8.70: 
	8.69: 
	8.68: 
	8.67: 
	8.66: 
	8.65: 
	8.64: 
	8.63: 
	8.62: 
	8.61: 
	8.60: 
	8.59: 
	8.58: 
	8.57: 
	8.56: 
	8.55: 
	8.54: 
	8.53: 
	8.52: 
	8.51: 
	8.50: 
	8.49: 
	8.48: 
	8.47: 
	8.46: 
	8.45: 
	8.44: 
	8.43: 
	8.42: 
	8.41: 
	8.40: 
	8.39: 
	8.38: 
	8.37: 
	8.36: 
	8.35: 
	8.34: 
	8.33: 
	8.32: 
	8.31: 
	8.30: 
	8.29: 
	8.28: 
	8.27: 
	8.26: 
	8.25: 
	8.24: 
	8.23: 
	8.22: 
	8.21: 
	8.20: 
	8.19: 
	8.18: 
	8.17: 
	8.16: 
	8.15: 
	8.14: 
	8.13: 
	8.12: 
	8.11: 
	8.10: 
	8.9: 
	8.8: 
	8.7: 
	8.6: 
	8.5: 
	8.4: 
	8.3: 
	8.2: 
	8.1: 
	8.0: 
	anm7: 
	7.199: 
	7.198: 
	7.197: 
	7.196: 
	7.195: 
	7.194: 
	7.193: 
	7.192: 
	7.191: 
	7.190: 
	7.189: 
	7.188: 
	7.187: 
	7.186: 
	7.185: 
	7.184: 
	7.183: 
	7.182: 
	7.181: 
	7.180: 
	7.179: 
	7.178: 
	7.177: 
	7.176: 
	7.175: 
	7.174: 
	7.173: 
	7.172: 
	7.171: 
	7.170: 
	7.169: 
	7.168: 
	7.167: 
	7.166: 
	7.165: 
	7.164: 
	7.163: 
	7.162: 
	7.161: 
	7.160: 
	7.159: 
	7.158: 
	7.157: 
	7.156: 
	7.155: 
	7.154: 
	7.153: 
	7.152: 
	7.151: 
	7.150: 
	7.149: 
	7.148: 
	7.147: 
	7.146: 
	7.145: 
	7.144: 
	7.143: 
	7.142: 
	7.141: 
	7.140: 
	7.139: 
	7.138: 
	7.137: 
	7.136: 
	7.135: 
	7.134: 
	7.133: 
	7.132: 
	7.131: 
	7.130: 
	7.129: 
	7.128: 
	7.127: 
	7.126: 
	7.125: 
	7.124: 
	7.123: 
	7.122: 
	7.121: 
	7.120: 
	7.119: 
	7.118: 
	7.117: 
	7.116: 
	7.115: 
	7.114: 
	7.113: 
	7.112: 
	7.111: 
	7.110: 
	7.109: 
	7.108: 
	7.107: 
	7.106: 
	7.105: 
	7.104: 
	7.103: 
	7.102: 
	7.101: 
	7.100: 
	7.99: 
	7.98: 
	7.97: 
	7.96: 
	7.95: 
	7.94: 
	7.93: 
	7.92: 
	7.91: 
	7.90: 
	7.89: 
	7.88: 
	7.87: 
	7.86: 
	7.85: 
	7.84: 
	7.83: 
	7.82: 
	7.81: 
	7.80: 
	7.79: 
	7.78: 
	7.77: 
	7.76: 
	7.75: 
	7.74: 
	7.73: 
	7.72: 
	7.71: 
	7.70: 
	7.69: 
	7.68: 
	7.67: 
	7.66: 
	7.65: 
	7.64: 
	7.63: 
	7.62: 
	7.61: 
	7.60: 
	7.59: 
	7.58: 
	7.57: 
	7.56: 
	7.55: 
	7.54: 
	7.53: 
	7.52: 
	7.51: 
	7.50: 
	7.49: 
	7.48: 
	7.47: 
	7.46: 
	7.45: 
	7.44: 
	7.43: 
	7.42: 
	7.41: 
	7.40: 
	7.39: 
	7.38: 
	7.37: 
	7.36: 
	7.35: 
	7.34: 
	7.33: 
	7.32: 
	7.31: 
	7.30: 
	7.29: 
	7.28: 
	7.27: 
	7.26: 
	7.25: 
	7.24: 
	7.23: 
	7.22: 
	7.21: 
	7.20: 
	7.19: 
	7.18: 
	7.17: 
	7.16: 
	7.15: 
	7.14: 
	7.13: 
	7.12: 
	7.11: 
	7.10: 
	7.9: 
	7.8: 
	7.7: 
	7.6: 
	7.5: 
	7.4: 
	7.3: 
	7.2: 
	7.1: 
	7.0: 
	anm6: 
	6.199: 
	6.198: 
	6.197: 
	6.196: 
	6.195: 
	6.194: 
	6.193: 
	6.192: 
	6.191: 
	6.190: 
	6.189: 
	6.188: 
	6.187: 
	6.186: 
	6.185: 
	6.184: 
	6.183: 
	6.182: 
	6.181: 
	6.180: 
	6.179: 
	6.178: 
	6.177: 
	6.176: 
	6.175: 
	6.174: 
	6.173: 
	6.172: 
	6.171: 
	6.170: 
	6.169: 
	6.168: 
	6.167: 
	6.166: 
	6.165: 
	6.164: 
	6.163: 
	6.162: 
	6.161: 
	6.160: 
	6.159: 
	6.158: 
	6.157: 
	6.156: 
	6.155: 
	6.154: 
	6.153: 
	6.152: 
	6.151: 
	6.150: 
	6.149: 
	6.148: 
	6.147: 
	6.146: 
	6.145: 
	6.144: 
	6.143: 
	6.142: 
	6.141: 
	6.140: 
	6.139: 
	6.138: 
	6.137: 
	6.136: 
	6.135: 
	6.134: 
	6.133: 
	6.132: 
	6.131: 
	6.130: 
	6.129: 
	6.128: 
	6.127: 
	6.126: 
	6.125: 
	6.124: 
	6.123: 
	6.122: 
	6.121: 
	6.120: 
	6.119: 
	6.118: 
	6.117: 
	6.116: 
	6.115: 
	6.114: 
	6.113: 
	6.112: 
	6.111: 
	6.110: 
	6.109: 
	6.108: 
	6.107: 
	6.106: 
	6.105: 
	6.104: 
	6.103: 
	6.102: 
	6.101: 
	6.100: 
	6.99: 
	6.98: 
	6.97: 
	6.96: 
	6.95: 
	6.94: 
	6.93: 
	6.92: 
	6.91: 
	6.90: 
	6.89: 
	6.88: 
	6.87: 
	6.86: 
	6.85: 
	6.84: 
	6.83: 
	6.82: 
	6.81: 
	6.80: 
	6.79: 
	6.78: 
	6.77: 
	6.76: 
	6.75: 
	6.74: 
	6.73: 
	6.72: 
	6.71: 
	6.70: 
	6.69: 
	6.68: 
	6.67: 
	6.66: 
	6.65: 
	6.64: 
	6.63: 
	6.62: 
	6.61: 
	6.60: 
	6.59: 
	6.58: 
	6.57: 
	6.56: 
	6.55: 
	6.54: 
	6.53: 
	6.52: 
	6.51: 
	6.50: 
	6.49: 
	6.48: 
	6.47: 
	6.46: 
	6.45: 
	6.44: 
	6.43: 
	6.42: 
	6.41: 
	6.40: 
	6.39: 
	6.38: 
	6.37: 
	6.36: 
	6.35: 
	6.34: 
	6.33: 
	6.32: 
	6.31: 
	6.30: 
	6.29: 
	6.28: 
	6.27: 
	6.26: 
	6.25: 
	6.24: 
	6.23: 
	6.22: 
	6.21: 
	6.20: 
	6.19: 
	6.18: 
	6.17: 
	6.16: 
	6.15: 
	6.14: 
	6.13: 
	6.12: 
	6.11: 
	6.10: 
	6.9: 
	6.8: 
	6.7: 
	6.6: 
	6.5: 
	6.4: 
	6.3: 
	6.2: 
	6.1: 
	6.0: 
	anm5: 
	5.199: 
	5.198: 
	5.197: 
	5.196: 
	5.195: 
	5.194: 
	5.193: 
	5.192: 
	5.191: 
	5.190: 
	5.189: 
	5.188: 
	5.187: 
	5.186: 
	5.185: 
	5.184: 
	5.183: 
	5.182: 
	5.181: 
	5.180: 
	5.179: 
	5.178: 
	5.177: 
	5.176: 
	5.175: 
	5.174: 
	5.173: 
	5.172: 
	5.171: 
	5.170: 
	5.169: 
	5.168: 
	5.167: 
	5.166: 
	5.165: 
	5.164: 
	5.163: 
	5.162: 
	5.161: 
	5.160: 
	5.159: 
	5.158: 
	5.157: 
	5.156: 
	5.155: 
	5.154: 
	5.153: 
	5.152: 
	5.151: 
	5.150: 
	5.149: 
	5.148: 
	5.147: 
	5.146: 
	5.145: 
	5.144: 
	5.143: 
	5.142: 
	5.141: 
	5.140: 
	5.139: 
	5.138: 
	5.137: 
	5.136: 
	5.135: 
	5.134: 
	5.133: 
	5.132: 
	5.131: 
	5.130: 
	5.129: 
	5.128: 
	5.127: 
	5.126: 
	5.125: 
	5.124: 
	5.123: 
	5.122: 
	5.121: 
	5.120: 
	5.119: 
	5.118: 
	5.117: 
	5.116: 
	5.115: 
	5.114: 
	5.113: 
	5.112: 
	5.111: 
	5.110: 
	5.109: 
	5.108: 
	5.107: 
	5.106: 
	5.105: 
	5.104: 
	5.103: 
	5.102: 
	5.101: 
	5.100: 
	5.99: 
	5.98: 
	5.97: 
	5.96: 
	5.95: 
	5.94: 
	5.93: 
	5.92: 
	5.91: 
	5.90: 
	5.89: 
	5.88: 
	5.87: 
	5.86: 
	5.85: 
	5.84: 
	5.83: 
	5.82: 
	5.81: 
	5.80: 
	5.79: 
	5.78: 
	5.77: 
	5.76: 
	5.75: 
	5.74: 
	5.73: 
	5.72: 
	5.71: 
	5.70: 
	5.69: 
	5.68: 
	5.67: 
	5.66: 
	5.65: 
	5.64: 
	5.63: 
	5.62: 
	5.61: 
	5.60: 
	5.59: 
	5.58: 
	5.57: 
	5.56: 
	5.55: 
	5.54: 
	5.53: 
	5.52: 
	5.51: 
	5.50: 
	5.49: 
	5.48: 
	5.47: 
	5.46: 
	5.45: 
	5.44: 
	5.43: 
	5.42: 
	5.41: 
	5.40: 
	5.39: 
	5.38: 
	5.37: 
	5.36: 
	5.35: 
	5.34: 
	5.33: 
	5.32: 
	5.31: 
	5.30: 
	5.29: 
	5.28: 
	5.27: 
	5.26: 
	5.25: 
	5.24: 
	5.23: 
	5.22: 
	5.21: 
	5.20: 
	5.19: 
	5.18: 
	5.17: 
	5.16: 
	5.15: 
	5.14: 
	5.13: 
	5.12: 
	5.11: 
	5.10: 
	5.9: 
	5.8: 
	5.7: 
	5.6: 
	5.5: 
	5.4: 
	5.3: 
	5.2: 
	5.1: 
	5.0: 
	anm4: 
	4.199: 
	4.198: 
	4.197: 
	4.196: 
	4.195: 
	4.194: 
	4.193: 
	4.192: 
	4.191: 
	4.190: 
	4.189: 
	4.188: 
	4.187: 
	4.186: 
	4.185: 
	4.184: 
	4.183: 
	4.182: 
	4.181: 
	4.180: 
	4.179: 
	4.178: 
	4.177: 
	4.176: 
	4.175: 
	4.174: 
	4.173: 
	4.172: 
	4.171: 
	4.170: 
	4.169: 
	4.168: 
	4.167: 
	4.166: 
	4.165: 
	4.164: 
	4.163: 
	4.162: 
	4.161: 
	4.160: 
	4.159: 
	4.158: 
	4.157: 
	4.156: 
	4.155: 
	4.154: 
	4.153: 
	4.152: 
	4.151: 
	4.150: 
	4.149: 
	4.148: 
	4.147: 
	4.146: 
	4.145: 
	4.144: 
	4.143: 
	4.142: 
	4.141: 
	4.140: 
	4.139: 
	4.138: 
	4.137: 
	4.136: 
	4.135: 
	4.134: 
	4.133: 
	4.132: 
	4.131: 
	4.130: 
	4.129: 
	4.128: 
	4.127: 
	4.126: 
	4.125: 
	4.124: 
	4.123: 
	4.122: 
	4.121: 
	4.120: 
	4.119: 
	4.118: 
	4.117: 
	4.116: 
	4.115: 
	4.114: 
	4.113: 
	4.112: 
	4.111: 
	4.110: 
	4.109: 
	4.108: 
	4.107: 
	4.106: 
	4.105: 
	4.104: 
	4.103: 
	4.102: 
	4.101: 
	4.100: 
	4.99: 
	4.98: 
	4.97: 
	4.96: 
	4.95: 
	4.94: 
	4.93: 
	4.92: 
	4.91: 
	4.90: 
	4.89: 
	4.88: 
	4.87: 
	4.86: 
	4.85: 
	4.84: 
	4.83: 
	4.82: 
	4.81: 
	4.80: 
	4.79: 
	4.78: 
	4.77: 
	4.76: 
	4.75: 
	4.74: 
	4.73: 
	4.72: 
	4.71: 
	4.70: 
	4.69: 
	4.68: 
	4.67: 
	4.66: 
	4.65: 
	4.64: 
	4.63: 
	4.62: 
	4.61: 
	4.60: 
	4.59: 
	4.58: 
	4.57: 
	4.56: 
	4.55: 
	4.54: 
	4.53: 
	4.52: 
	4.51: 
	4.50: 
	4.49: 
	4.48: 
	4.47: 
	4.46: 
	4.45: 
	4.44: 
	4.43: 
	4.42: 
	4.41: 
	4.40: 
	4.39: 
	4.38: 
	4.37: 
	4.36: 
	4.35: 
	4.34: 
	4.33: 
	4.32: 
	4.31: 
	4.30: 
	4.29: 
	4.28: 
	4.27: 
	4.26: 
	4.25: 
	4.24: 
	4.23: 
	4.22: 
	4.21: 
	4.20: 
	4.19: 
	4.18: 
	4.17: 
	4.16: 
	4.15: 
	4.14: 
	4.13: 
	4.12: 
	4.11: 
	4.10: 
	4.9: 
	4.8: 
	4.7: 
	4.6: 
	4.5: 
	4.4: 
	4.3: 
	4.2: 
	4.1: 
	4.0: 
	anm3: 
	3.199: 
	3.198: 
	3.197: 
	3.196: 
	3.195: 
	3.194: 
	3.193: 
	3.192: 
	3.191: 
	3.190: 
	3.189: 
	3.188: 
	3.187: 
	3.186: 
	3.185: 
	3.184: 
	3.183: 
	3.182: 
	3.181: 
	3.180: 
	3.179: 
	3.178: 
	3.177: 
	3.176: 
	3.175: 
	3.174: 
	3.173: 
	3.172: 
	3.171: 
	3.170: 
	3.169: 
	3.168: 
	3.167: 
	3.166: 
	3.165: 
	3.164: 
	3.163: 
	3.162: 
	3.161: 
	3.160: 
	3.159: 
	3.158: 
	3.157: 
	3.156: 
	3.155: 
	3.154: 
	3.153: 
	3.152: 
	3.151: 
	3.150: 
	3.149: 
	3.148: 
	3.147: 
	3.146: 
	3.145: 
	3.144: 
	3.143: 
	3.142: 
	3.141: 
	3.140: 
	3.139: 
	3.138: 
	3.137: 
	3.136: 
	3.135: 
	3.134: 
	3.133: 
	3.132: 
	3.131: 
	3.130: 
	3.129: 
	3.128: 
	3.127: 
	3.126: 
	3.125: 
	3.124: 
	3.123: 
	3.122: 
	3.121: 
	3.120: 
	3.119: 
	3.118: 
	3.117: 
	3.116: 
	3.115: 
	3.114: 
	3.113: 
	3.112: 
	3.111: 
	3.110: 
	3.109: 
	3.108: 
	3.107: 
	3.106: 
	3.105: 
	3.104: 
	3.103: 
	3.102: 
	3.101: 
	3.100: 
	3.99: 
	3.98: 
	3.97: 
	3.96: 
	3.95: 
	3.94: 
	3.93: 
	3.92: 
	3.91: 
	3.90: 
	3.89: 
	3.88: 
	3.87: 
	3.86: 
	3.85: 
	3.84: 
	3.83: 
	3.82: 
	3.81: 
	3.80: 
	3.79: 
	3.78: 
	3.77: 
	3.76: 
	3.75: 
	3.74: 
	3.73: 
	3.72: 
	3.71: 
	3.70: 
	3.69: 
	3.68: 
	3.67: 
	3.66: 
	3.65: 
	3.64: 
	3.63: 
	3.62: 
	3.61: 
	3.60: 
	3.59: 
	3.58: 
	3.57: 
	3.56: 
	3.55: 
	3.54: 
	3.53: 
	3.52: 
	3.51: 
	3.50: 
	3.49: 
	3.48: 
	3.47: 
	3.46: 
	3.45: 
	3.44: 
	3.43: 
	3.42: 
	3.41: 
	3.40: 
	3.39: 
	3.38: 
	3.37: 
	3.36: 
	3.35: 
	3.34: 
	3.33: 
	3.32: 
	3.31: 
	3.30: 
	3.29: 
	3.28: 
	3.27: 
	3.26: 
	3.25: 
	3.24: 
	3.23: 
	3.22: 
	3.21: 
	3.20: 
	3.19: 
	3.18: 
	3.17: 
	3.16: 
	3.15: 
	3.14: 
	3.13: 
	3.12: 
	3.11: 
	3.10: 
	3.9: 
	3.8: 
	3.7: 
	3.6: 
	3.5: 
	3.4: 
	3.3: 
	3.2: 
	3.1: 
	3.0: 
	anm2: 
	2.199: 
	2.198: 
	2.197: 
	2.196: 
	2.195: 
	2.194: 
	2.193: 
	2.192: 
	2.191: 
	2.190: 
	2.189: 
	2.188: 
	2.187: 
	2.186: 
	2.185: 
	2.184: 
	2.183: 
	2.182: 
	2.181: 
	2.180: 
	2.179: 
	2.178: 
	2.177: 
	2.176: 
	2.175: 
	2.174: 
	2.173: 
	2.172: 
	2.171: 
	2.170: 
	2.169: 
	2.168: 
	2.167: 
	2.166: 
	2.165: 
	2.164: 
	2.163: 
	2.162: 
	2.161: 
	2.160: 
	2.159: 
	2.158: 
	2.157: 
	2.156: 
	2.155: 
	2.154: 
	2.153: 
	2.152: 
	2.151: 
	2.150: 
	2.149: 
	2.148: 
	2.147: 
	2.146: 
	2.145: 
	2.144: 
	2.143: 
	2.142: 
	2.141: 
	2.140: 
	2.139: 
	2.138: 
	2.137: 
	2.136: 
	2.135: 
	2.134: 
	2.133: 
	2.132: 
	2.131: 
	2.130: 
	2.129: 
	2.128: 
	2.127: 
	2.126: 
	2.125: 
	2.124: 
	2.123: 
	2.122: 
	2.121: 
	2.120: 
	2.119: 
	2.118: 
	2.117: 
	2.116: 
	2.115: 
	2.114: 
	2.113: 
	2.112: 
	2.111: 
	2.110: 
	2.109: 
	2.108: 
	2.107: 
	2.106: 
	2.105: 
	2.104: 
	2.103: 
	2.102: 
	2.101: 
	2.100: 
	2.99: 
	2.98: 
	2.97: 
	2.96: 
	2.95: 
	2.94: 
	2.93: 
	2.92: 
	2.91: 
	2.90: 
	2.89: 
	2.88: 
	2.87: 
	2.86: 
	2.85: 
	2.84: 
	2.83: 
	2.82: 
	2.81: 
	2.80: 
	2.79: 
	2.78: 
	2.77: 
	2.76: 
	2.75: 
	2.74: 
	2.73: 
	2.72: 
	2.71: 
	2.70: 
	2.69: 
	2.68: 
	2.67: 
	2.66: 
	2.65: 
	2.64: 
	2.63: 
	2.62: 
	2.61: 
	2.60: 
	2.59: 
	2.58: 
	2.57: 
	2.56: 
	2.55: 
	2.54: 
	2.53: 
	2.52: 
	2.51: 
	2.50: 
	2.49: 
	2.48: 
	2.47: 
	2.46: 
	2.45: 
	2.44: 
	2.43: 
	2.42: 
	2.41: 
	2.40: 
	2.39: 
	2.38: 
	2.37: 
	2.36: 
	2.35: 
	2.34: 
	2.33: 
	2.32: 
	2.31: 
	2.30: 
	2.29: 
	2.28: 
	2.27: 
	2.26: 
	2.25: 
	2.24: 
	2.23: 
	2.22: 
	2.21: 
	2.20: 
	2.19: 
	2.18: 
	2.17: 
	2.16: 
	2.15: 
	2.14: 
	2.13: 
	2.12: 
	2.11: 
	2.10: 
	2.9: 
	2.8: 
	2.7: 
	2.6: 
	2.5: 
	2.4: 
	2.3: 
	2.2: 
	2.1: 
	2.0: 
	anm1: 
	1.99: 
	1.98: 
	1.97: 
	1.96: 
	1.95: 
	1.94: 
	1.93: 
	1.92: 
	1.91: 
	1.90: 
	1.89: 
	1.88: 
	1.87: 
	1.86: 
	1.85: 
	1.84: 
	1.83: 
	1.82: 
	1.81: 
	1.80: 
	1.79: 
	1.78: 
	1.77: 
	1.76: 
	1.75: 
	1.74: 
	1.73: 
	1.72: 
	1.71: 
	1.70: 
	1.69: 
	1.68: 
	1.67: 
	1.66: 
	1.65: 
	1.64: 
	1.63: 
	1.62: 
	1.61: 
	1.60: 
	1.59: 
	1.58: 
	1.57: 
	1.56: 
	1.55: 
	1.54: 
	1.53: 
	1.52: 
	1.51: 
	1.50: 
	1.49: 
	1.48: 
	1.47: 
	1.46: 
	1.45: 
	1.44: 
	1.43: 
	1.42: 
	1.41: 
	1.40: 
	1.39: 
	1.38: 
	1.37: 
	1.36: 
	1.35: 
	1.34: 
	1.33: 
	1.32: 
	1.31: 
	1.30: 
	1.29: 
	1.28: 
	1.27: 
	1.26: 
	1.25: 
	1.24: 
	1.23: 
	1.22: 
	1.21: 
	1.20: 
	1.19: 
	1.18: 
	1.17: 
	1.16: 
	1.15: 
	1.14: 
	1.13: 
	1.12: 
	1.11: 
	1.10: 
	1.9: 
	1.8: 
	1.7: 
	1.6: 
	1.5: 
	1.4: 
	1.3: 
	1.2: 
	1.1: 
	1.0: 
	anm0: 
	0.99: 
	0.98: 
	0.97: 
	0.96: 
	0.95: 
	0.94: 
	0.93: 
	0.92: 
	0.91: 
	0.90: 
	0.89: 
	0.88: 
	0.87: 
	0.86: 
	0.85: 
	0.84: 
	0.83: 
	0.82: 
	0.81: 
	0.80: 
	0.79: 
	0.78: 
	0.77: 
	0.76: 
	0.75: 
	0.74: 
	0.73: 
	0.72: 
	0.71: 
	0.70: 
	0.69: 
	0.68: 
	0.67: 
	0.66: 
	0.65: 
	0.64: 
	0.63: 
	0.62: 
	0.61: 
	0.60: 
	0.59: 
	0.58: 
	0.57: 
	0.56: 
	0.55: 
	0.54: 
	0.53: 
	0.52: 
	0.51: 
	0.50: 
	0.49: 
	0.48: 
	0.47: 
	0.46: 
	0.45: 
	0.44: 
	0.43: 
	0.42: 
	0.41: 
	0.40: 
	0.39: 
	0.38: 
	0.37: 
	0.36: 
	0.35: 
	0.34: 
	0.33: 
	0.32: 
	0.31: 
	0.30: 
	0.29: 
	0.28: 
	0.27: 
	0.26: 
	0.25: 
	0.24: 
	0.23: 
	0.22: 
	0.21: 
	0.20: 
	0.19: 
	0.18: 
	0.17: 
	0.16: 
	0.15: 
	0.14: 
	0.13: 
	0.12: 
	0.11: 
	0.10: 
	0.9: 
	0.8: 
	0.7: 
	0.6: 
	0.5: 
	0.4: 
	0.3: 
	0.2: 
	0.1: 
	0.0: 


