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QVdi��tvQVJ_y
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J,K'QVEHJ^{
J,cec�{
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�

�,��+6 
¨Sb���J,�jJ,m

�
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J,cec@{
Z\{
ciJ

�
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�
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Q�m�tjs�K�{
m�dex\Q�deb0s�I3J,{uE�tjsHdg{�K

�

yHdiK]QVdis�{ Q�deb0s�`)J
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�
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�
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J,cec�{
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ciJ

�

� b\{�h�K]J_y¡bjs¥I3deQVb0KVdgK� F°SKry\J
QutvdiceJ_y
dis�QVEHJ�yHdiK�{
h�K�KVdeb0s

�

t3I^b0mVJO{
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DFE�Ja{
J,cec;{�Z[{�ceJabv�nKVbjI�t�Q�di{a{
J,cecgKSdgKO{
b0I^x)b0KVJ,y¡bj�®� bjh�mrxHE@tjKVJ,K�� 	 #r°�m�J�xHcidg{�t�Q�deb0s ¤ L�xHE�t0K]J�§'tvs@y
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  ��bjm3bjhHm
x�hHmVx)b0KVJ

�

Q�EHJ�I3b\y\J�c�y\J,K�{
m�de`�desHk�t3k0J�sHJ,mVdg{O{
J�cic={�Z[{�ceJO��dicec=� b\{
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�
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Q�EHJ�m�J;diK�t�kjm�bjh�x¬bj�\xHmVbjQVJ,des�K
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ciJ,t0yHK"QVb�y\de�8J�m�J�s.QStj{
QVdibjs�K"dis�Q�EHJ�{
J,cec�{
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�

tj{�{�bjmuy\disHk�Q�b^QVEHJ�{�Z[{�cedis
�
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�
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�
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�

mVJ_K]x)J,{
QVdi�jJ,ceZ�dis�tj{
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ciJnxHm�J,KVJ�s.QVJ_yOdes�QVEHdgK�mVJ,x@b0m]Q�tjmVJ"N¥ln�
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�Q�EHJ�y\J,kjmutjyHtvQVdibjs��¿t0{ Q�bjm�bv��QVE�J�{
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�
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�
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N¥ln��diK�¢jJ,x\Q!des�t0{ Q�de�0J�`)J,{,tvh�KVJnQ�EHJF{
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�
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DFE�J2{
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{�bjI3x)bjsHJ,s0Q�bj�'N¥ln�" �DFEHJ�{
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bj�=Qp�"b3x@b.K]deQVdi�jJr� J�J_y\`�tj{u¢�ceb[bjx@K ¤ q 	 qF�j~^tj{
QVdi��tvQVJ_K"N�ln�©��EHdg{uE¡des�QVh�mVs¥tj{
QVdi��t�QVJ_K'q 	 qF�0~

�

tvs@y
­ª´n´'��dis�tj{
QVdi��tvQVJ_K�N¥ln� ��EHdg{uE dis«QVh�mVs«dis�tj{
QVdi��tvQVJ_K�­ª´®´'��§�tvs@y t¯s�J�k0tvQVdi�jJ�� J�J_y\`�t0{u¢©ceb[b0x
¤ N¥ln� tj{
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cidis
{�bjI3x)bjsHJ,s0Q�bj��Q�EHJz{
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DFEHJO`Hdib\{uEHJ�I3dg{�tjc)m�J,t0{ Q�deb0s�KFy\J,K�{
m�de`�desHkaQVE�JOKVZ\KpQ�J�I tjmVJr��mVdeQ]Q�J�s�des�QVE�J�R�TVUzq"¨r°SNPJ�s[�[dem�bjs��
I3J,s0Qr* �

�

��+�� m�bjI ��EHdg{uE�s�bjsHcides�J,tvm"bjmuy\dis�tvm�Z�y\de�)J,mVJ,s0Q�ditjc8J,f.h�t�Q�deb0s�KFtvm�Jry\J_y\h�{�J,y ¤ D�tv`HciJa��§®��deQVE
Q�EHJ¡{
bjm�m�J,KVx@b0s�y\disHk�x�tjm�tjI^J�QVJ,m�K ¤ D�tv`HciJ¡�j§zQ�E�t�Q�y\J,K�{
m�di`@J�QVEHJ¡t�� b0mVJ,I3J�s.QVdibjsHJ_y�`)J�E�t��[dibjm_ £DFEHJ
x@tvmutvI3J
Q�J�muK�tjmVJ�{uEHb.K]J,s�K]h�{uE^Q�E�t�Q;Q�EHJS{
Z\{�ceJFE�t0K®tvs�tvhHQVbjs�bjI3bjh�K!x)J�m�dib[y^bj�)b.KV{�decicitvQVdibjs�K!bj���0�\  MjE� 

d[preMPF ]

dt
= ksmpf + kimpf · [Wee1] · [MPF ] − kampf · [C25P ] · [preMPF ]

−kdmpf · [APC] · [preMPF ] − kdmpfp · [preMPF ]

d[MPF ]

dt
= kampf · [C25P ] · [preMPF ] − kimpf · [Wee1] · [MPF ]

−kdmpf · [APC] · [MPF ] − kdmpfp · [MPF ]

d[C25]

dt
=

V ic · [C25P ]

Kic25 + [C25P ]
+ ks25− kd25 · [C25] −

V apc + V ac · [MPF ] · [C25]

Kac25 + [C25]

d[C25P ]

dt
=

V apc + V ac · [MPF ] · [C25]

Kac25 + [C25]
− kd25 · [C25P ] −

V ic · [C25P ]

Kic25 + [C25P ]

d[Wee1]

dt
=

V iw · [Wee1P ]

Kiw + [Wee1P ]
+ kswee · [Wee1m]

−kdwee · [Wee1]−
V apw + V aw · [MPF ] · [Wee1]

Kaw + [Wee1]

d[Wee1P ]

dt
=

V apw + V aw · [MPF ] · [Wee1]

Kaw + [Wee1]
− kdwee · [Wee1P ]−

V iw · [Wee1P ]

Kiw + [Wee1P ]

d[APC]

dt
=

kaapcp + kaapc · [X ] · [APCi]

Kapc + [APCi]
−

kiapc · [APC]

Kapc + [APC]

d[X ]

dt
= ksx · [MPF ] − kdx · [X ]

d[Wee1m]

dt
=

ksweemp + ksweem · [BN ]

Kweem + kwpcn · [PCN ]
− kdweem · [Wee1m]

d[APCi]

dt
=

kiapc · [APC]

Kapc + [APC]
−

kaapcp + kaapc · [X ] · [APCi]

Kapc + [APCi]

D�tv`HciJ�� �!´nf.h�tvQVdibjs�KFbj��Q�EHJ�{
J,cec�{�Z\{
ciJzI^b\y\J,c

� � ������� � �
VK564 � ?6@Qg ?^@ � `�ocL `�kld<A�JcAC=EL_h
DFE�J�Qp��bzI3b\y\J,ciK�y\J,K�{
m�de`�desHk�QVEHJS{�J�cic)tjs�y�{
dimu{�tjyHditjs^{�Z[{�ceJ_KntjmVJ�cides�¢jJ,y^Q�EHm�bjhHk0E3QVEHJ�Q�m�tjs�K�{
m�dex\Q�deb0s
bj�;­ª´®´'�j �°Ss�J,f.h�tvQVdibjs�� bjm u �s��w I�w #r°

�

{�tvciciJ,y�­2J,Jj�,I
�

dgK'tjyHyHJ,y�QVb�QVEHJ�KVJ
Qrbv�;J,f.h�tvQVdibjs�K�bj�
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D�tv`HciJ�� �!l;tvmutvI3J
Q�J�muK

Q�EHJz{
J,cec�{
Z\{�ceJOdis�D�tv`HciJ3�v ;T±s�Q�EHJOI3b[yHJ�c8bv��QVEHJz{
J,cec�{�Z\{
ciJ¬tjceb0sHJ
�

u �s�xw I�w #r°²�"t0K�t^x�tjm�tjI^J�QVJ,m
J_f.h�tvc8Q�b��0 ;T±s�Q�EHJ�{
b0hHxHciJ,y�I3b\y\J�c

�

QVEHJzJ_f.h�t�Q�deb0s�� b0m�­2J,Jj��I diK�t0K"� bjciceb��'K��
d[Wee1m]

dt
=

ksweemp + ksweem · [BN ]

Kweem + kwpcn · [PCN ]
− kdweem · [Wee1m]

��E�J�m�J|QVEHJ xHm�b[yHh�{ Q�deb0s bv�©­£J�J0��I diK t � hHs@{ QVdibjs bv��QVE�J�s[h�{
ciJ,tjm � b0mVI bv��Q�EHJ {�bjI3xHciJ,�
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ciJ,tvm'� bjm�I bv�!Q�EHJ�{
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¤ l"q #r§
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d[Wee1]

dt
=

V iw · [Wee1P ]

Kiw + [Wee1P ]
+ kswee · [Wee1m]

−kdwee · [Wee1]−
V apw + V aw · [MPF ] · [Wee1]

Kaw + [Wee1]
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QVEHJ�x@tvmutvI3J
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Q�EHJ,KVJr{uE�bjdg{
J,K�tvxHx)J,tjm®Q�b�`)JSciJ,K�Knb0`.�[dibjh�K®QVE�tjs�J,�\x)J,{
QVJ,y� ;L\J��jJ,m�tjc���tvcihHJ_Kn�"J�m�J�QVm�diJ,y3� b0m®QVE�JrsHJ,�
x@tvmutvI3J
Q�J�muK ¤ ��� u �s�
��� � � u �$�
��� �\u �s�
� tvs@y � u �F��� §�tvcibjsHk3��deQVE�QVE�J�bjsHJ_KFQVE@t�Q'�"J�m�J¬m�J�cgt�Q�J,y�QVb
­ª´n´'� ¤ ��� u �s��� � � u �s� tvs@y � 	��Q��� §atvs�y¯y\di�jJ,m�KVJ3`@J,E�t��[deb0m�KO�"J�m�J3bj`\QutvdisHJ,y� �DFEHJ�� hHcicnI3b\y\J,cndis
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VK5WV �ld @QGH? `�?Ed @Hh d�f�Lm@ ` D�:>?^@Q8;L_@a`
D�b 2 s�y ��tvcihHJ,K^� b0m���EHdg{uE J,s.QVmutvdisHI3J�s.Q�b[{,{
hHmuK

�

QVE�J¥x�tvmutvI3J
Q�J�m�KVx�tj{�J�� b0m�J,t0{uECx�tjm�tjI3J
QVJ,m3diK
J��\xHceb0mVJ_y� �DFEHJ2��tvcihHJ,K�bv�zQVE�mVJ,J�x�tjm�tjI^J�QVJ,m�K�tjxHx)J,tvm�J,y Q�b©`)J2I3bjm�J�KVdek0sHd 2 {�tjs0Q�QVE�tjs bvQ�EHJ�muK
�
��� u �s� �

�

��� u �s� tjs�y � 	��Q���  rDFEHJzQp�"b�x�tvmutvI3J�QVJ�muK ��� u �s�
� tjs�y ��� u �s� `@bjQVE�{�bjs.QVm�bjc�Q�EHJ�ciJ��0J�c=bj�

zmz Ä�{F|R}R~R|



� ����� �x�����S��� ���C���
	�� ���

Q�EHJ�­ª´®´S��xHm�bvQ�J�dis�tvs�y¡KVEHb�� KVh�{uE�KVdeI3dicitjmVdeQVdiJ,K�QVE�tvQrdis¡QVEHJz� b0cecib���disHk�y\dgKV{�h�KVKVdibjs
�

��Jz��dicec�bjsHciZ
m�J�x)bjmVQ�bjs ��� u �s�  nDFEHJOx�tvmutvI3J�QVJ�mF��tvcihHJ_K'tvm�Jr��tjmVdiJ,y�des¥t3k0de�0J�s�dis.QVJ,mV��tvc�tjs�y�mVJ,�jJ_tvc�y\bjI�tjdes�KFbj�
J,s.QVmutvdisHI3J�s.Qnm�J�x)bjmVQVJ,y3dis���dikjhHm�Jr�\ ;DFEHJrx�tvmutvI3J�QVJ�muK®tjmVJ'x�cebjQ]QVJ_y�t0KntO� hHs@{ QVdibjs�bv��Q�EHJSx)J�m�deb\y�bj�
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ciJ,K
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� b0m"QVEHJ�{�demu{�t0y\ditjs�{
Z\{�ceJ

�

N¥ln��� b0mFQVEHJz{�J�cic�{
Z\{
ciJ
�

tjs�y�Q�EHJ�dimFcedisH¢
�
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N¥ln�«tvs@y¥R #�E�t��jJzdis�y\J,x@J,s�y\J,s0Q¬x@J,mVdib\yHK'bj�®b0K�{
dicecgt�Q�deb0s�K�bj�®�0�\  MjE¥tvs@y
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dis ��h�J�s�{�J,K��8� mVb0I Q�EHJ�{�demu{�t0y\ditjsz{
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ciJ;QVE@t�Q�{�bjs.QVm�bjcgK)QVE�J®QVmutvs@KV{�mVdix\QVdibjsObj�.Q�EHJnx�mVbjQVJ�diszI3J,y\dgt�Q�J,yO`[Z
Q�EHJS{�demu{�t0y\ditjs�Q�m�tjs�K�{
m�dex\Q�deb0s��¿t0{ Q�bjmuK;R"N�°QN®��¦jqON!UzqOP tvs�y3ln´nwr¦jq"w�M��0tvs@y�� m�bjI�QVEHJr{
J�cic�{�Z[{�ceJ
Q�E�t�Q�{�bjs.QVm�bjcgKrQVEHJ�t0{ QVdi�[d QpZ¥bj�nQ�EHJ�xHm�bvQVJ,des£�[dit�xHE�b0KVxHEHbjm�Z[citvQVdibjs�`[Z�N�ln�" �­ª´®´'��dgKOxHm�b[yHh�{
J_y
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deQ3dgK^des@tj{ Q�de��tvQVJ,y `@J_{�tjh�K]J�­ª´®´'�¡E�t0K�s�b2b0m^cideQ]QVciJ¡J
�8J,{
Q^b0s
N�ln�©tj{
QVdi��t�QVdibjs�tvs�y�N¥ln��disHEHdi`HdeQ�KF­ª´®´S�zxHmVbjQVJ,des� ;DFEHJrQp�"badis ��hHJ,s�{
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��bjmndis.QVJ,mVI3J,yHditvQVJ'��tvcihHJ_K®bv�8Q�EHJ'x�tjm�tjI^J�QVJ,m�K ¤ mVJ,kjdibjs��j§
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dg{�tjs.Q®mVb0ceJ�dis3QVEHJr{
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cgt�Q�deb0s�K, ;T Q'diK�b0sHciZ���EHJ�s¡Q�EHJzx�tjm�tjI^J�QVJ,m�K"m�J,tj{uE¡t^EHdikjE¡��tvcihHJ ¤ J,d Q�EHJ�m � 	��Q����� �j Ç�^bjm ��� u �s�
� ��  M[§
Q�E�t�Q¬QVE�J^b.KV{�decicgt�QVdibjs@KSbj��N¥ln�ª`)J,{�bjI3J3KpQutv`HciJ^tjk0tjdes�`�h\Qz��d Q�E2t�x@J,mVdib\y�KVdeI3dicitjmrQ�b�Q�E�t�QObv��QVEHJ
{�demu{�t0y\dgtvs�{
Z\{
ciJ ¤ mVJ,kjdibjs��0§!m�J��0J,tjcedisHkOQVE�JSJ�s.Q�m�tjdesHI3J,s0Q®bj��QVEHJr{
J�cic8{
Z\{
ciJ�QVE�mVb0hHkjE3­ª´®´'�¬tj{
QVdi�.deQpZ
¤ QVEHm�bjh�kjE � 	��Q��� §Fb0m�xHm�bvQVJ,des�ciJ��jJ,c ¤ Q�EHmVb0hHkjE ��� u �s� §  
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bj�S�v�H  �0~vE� ¥°SK � 	��Q��� tvs�y ��� u �$� dis�{
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DFEHJzK�tvI3JSb0`�KVJ�m���tvQVdibjs�K"{�tjs�`)J¬I�t0y\Jr`[Z�cib[bj¢[des�kat�Q"QVE�JrQ�m�tvopJ,{
QVbjm�diJ,K®bj��N¥ln� tjKFtz� hHs@{ QVdibjs
bj�®R # ¤ ��dikjhHm�J Mjt.§'tjs�y¡bv�nN¥l��ªtjKSt�� hHs�{ Q�deb0s�bv�®`)bvQ�E�R�#�tjs�y¡­ª´®´'� ¤ ��dikjhHm�J Mj`)§F� bjmSQVEHm�J�J
yHd �8J�m�J�s.Q®��tvcihHJ,Knbv� � 	��Q��� Qutv¢0J�s3des3Q�EHJ�Q�EHmVJ,J'm�J�kjdibjs@K� ;UrsHceZa��EHJ�s�J,s.QVmutvdisHI3J�s.Q®b\{�{
h�m�K
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y\b[J,K®QVEHJ
Q�m�tvopJ,{
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ciJj ��Hm�bjI Q�EHJ,KVJ�bj`@K]J,mV��t�Q�deb0s�K

�

d Q�{,tvs¯`@J
{�bjs 2 mVI3J,y¥QVE�tvQrQ�EHJ^{�bjs�{�J�s.QVmut�Q�deb0s¥bjmSQVEHJ3tj{
QVdi�.deQpZ¥bv�®­ª´n´'��K]J,J�I�K'Q�b�`)J^yHJ
QVJ,mVI3dis�tvs.QOdes�QVEHJ
J,s.QVmutvdisHI3J�s.Q�bv�=Q�EHJ�{
J,cec�{
Z\{
ciJO`.Z�QVEHJ�{�demu{�t0y\ditjs�{�Z[{�ceJ0 

��dikjhHm�JKM � ¤ t.§®��� 	 xHcibvQuK®bj�)Q�m�tvopJ,{
QVbjm�diJ,K!bv��R�# t0K®t¬� hHs�{
QVdibjs�bj��N�ln�"  ¤ `@§;� � 	 x�cebjQ�K®bj�@Q�m�tvopJ,{
QVb��
m�diJ,K�bj�!R�#$t0K�t^� hHs�{ Q�deb0s¥bv�®N¥ln� tvs@y�­ª´n´'�j �°SK � 	��Q��� dis�{
m�J,t0K]J_K

�

QVEHJOQ�m�tvopJ,{ Q�bjm�deJ_K�tvxHx�mVb.tj{uE
t�KpQutv`HciJ�b.KV{�decicgt�QVb0mVZ�m�J�kjdiI3Jj O�Hb0m � 	��c����� �j Ç~

�

R�# tvs�y�N�ln� KVEHb��$t�K]Q�tj`HceJ�QVmut�opJ_{ QVb0mVZ¡tvm�bjh�s�y
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QVEHJ
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ciJ ¤ dicecih�K]QVmut�QVJ_y�`[Z�R�#¬§  
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QVEHJ�K]QVh�y\Z¥bj� � 	��c���
�

QVEHJ3x�tjm�tjI3J
QVJ,mr{�bjs.QVm�bjcicedisHk�QVEHJ3tj{
QVdi�.deQpZ¡bv�n­ª´n´'�3bjs2N�ln�
dis�t0{ QVdi��t�Q�deb0s

�
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mutvI3J�QVJ�m�`�h\QSI3bjm�Jzx�tvmVQVdg{
h�citjmVciZ�bjs�Q�EHJ�mut�QVdib � 	��c��� ¦ � � �Q��� KVdes@{
Jz`)bvQVE2q 	 qF�j~3tjs�y¡­ª´®´'�atvm�J
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�8J,{ Q

�

QVEHJ�cediI3d Q^bv�'J�s.Q�m�tjdesHI3J,s0QadiK�I^J_tjKVhHm�J,y�tjK
Q�EHJ�Qp�"b�x@tvmutvI3J
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QVdibjs©bj�'QVEHJ
� b0mVI �

kampf = 2.44832 · kimpf + 2.0071
diK¬bj`HQ�tvdisHJ_y

�

QVE�J^m�J�k0deb0s�`)J�cib��|QVEHJ3cides�J^`)J�disHk�QVE�J
J,s.QVmutvdisHI3J�s.Q�mVJ,kjdibjs ¤ ��dek0hHmVJ�~0§  
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