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ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĭĪ



̤͠Ž͉̖ł̢ņ˔ŖŅłƃŐˑŶž˝łˈƅžřōźłƃƓ͠˰˛ł̱ ˙ņ̖őłƄŖőƓ͟ĭī

n i

n i



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĭĬ

Ŭ ɓ

ɓ

ɓ

ɓ



̤͠Ž͉̖ł̢ņ˔ŖŅłƃŐˑŶž˝łˈƅžřōźłƃƓ͠˰˛ł̱ ˙ņ̖őłƄŖőƓ͟ĭĭ



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥĤĤ



̤͠Ž͉̖ł̢ņ˔ŖŅłƃŐˑŶž˝łˈƅžřōźłƃƓ͠˰˛ł̱ ˙ņ̖őłƄŖőƓ͟ĥĤĥ



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥĤĦ



̤͠Ž͉̖ł̢ņ˔ŖŅłƃŐˑŶž˝łˈƅžřōźłƃƓ͠˰˛ł̱ ˙ņ̖őłƄŖőƓ͟ĥĤħ



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥĤĨ



̤͠Ž͉̖ł̢ņ˔ŖŅłƃŐˑŶž˝łˈƅžřōźłƃƓ͠˰˛ł̱ ˙ņ̖őłƄŖőƓ͟ĥĤĩ



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥĤĪ

.

.

.

.

.

.

.

.

.

.

.



̤͠Ž͉̖ł̢ņ˔ŖŅłƃŐˑŶž˝łˈƅžřōźłƃƓ͠˰˛ł̱ ˙ņ̖őłƄŖőƓ͟ĥĤī

.

.

.



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥĤĬ



̤͠Ž͉̖ł̢ņ˔ŖŅłƃŐˑŶž˝łˈƅžřōźłƃƓ͠˰˛ł̱ ˙ņ̖őłƄŖőƓ͟ĥĤĭ





Ƅŝˑōźł̱ ŕ˚ͅłƃƒŅŐ˚ņ˛łˍˑš́ŽłƃƓˑŲłſ˲ŅŐ˜Ņ
ˍˑš́ŽłŏžːƁ͟łƃņƂőņŭƂŅőłƀˠŅőŅłŽł̤͠Ž͉̖ł̢ņ˔ŖŅ
ĥƃƓ̄˜ł̢͊ˑ͟



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥĥĦ

.



ˍˑš́ŽłŏžːƁ͟łƃņƂőņŭƂŅőłƀˠŅőŅłŽł̤͠Ž͉̖ł̢ņ˔ŖŅłƄŝˑōźł̱ ŕ˚ͅłƃƒŅŐ˚ņ˛łˍˑš́ŽłƃƓˑŲłſ˲ŅŐ˜Ņĥĥħ

1
2



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥĥĨ



ˍˑš́ŽłŏžːƁ͟łƃņƂőņŭƂŅőłƀˠŅőŅłŽł̤͠Ž͉̖ł̢ņ˔ŖŅłƄŝˑōźł̱ ŕ˚ͅłƃƒŅŐ˚ņ˛łˍˑš́ŽłƃƓˑŲłſ˲ŅŐ˜Ņĥĥĩ

2 2

2



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥĥĪ



ˍˑš́ŽłŏžːƁ͟łƃņƂőņŭƂŅőłƀˠŅőŅłŽł̤͠Ž͉̖ł̢ņ˔ŖŅłƄŝˑōźł̱ ŕ˚ͅłƃƒŅŐ˚ņ˛łˍˑš́ŽłƃƓˑŲłſ˲ŅŐ˜Ņĥĥī



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥĥĬ



ˍˑš́ŽłŏžːƁ͟łƃņƂőņŭƂŅőłƀˠŅőŅłŽł̤͠Ž͉̖ł̢ņ˔ŖŅłƄŝˑōźł̱ ŕ˚ͅłƃƒŅŐ˚ņ˛łˍˑš́ŽłƃƓˑŲłſ˲ŅŐ˜Ņĥĥĭ



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥĦĤ



ˍˑš́ŽłŏžːƁ͟łƃņƂőņŭƂŅőłƀˠŅőŅłŽł̤͠Ž͉̖ł̢ņ˔ŖŅłƄŝˑōźł̱ ŕ˚ͅłƃƒŅŐ˚ņ˛łˍˑš́ŽłƃƓˑŲłſ˲ŅŐ˜ŅĥĦĥ



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥĦĦ



ˍˑš́ŽłŏžːƁ͟łƃņƂőņŭƂŅőłƀˠŅőŅłŽł̤͠Ž͉̖ł̢ņ˔ŖŅłƄŝˑōźł̱ ŕ˚ͅłƃƒŅŐ˚ņ˛łˍˑš́ŽłƃƓˑŲłſ˲ŅŐ˜ŅĥĦħ



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥĦĨ



ˍˑš́ŽłŏžːƁ͟łƃņƂőņŭƂŅőłƀˠŅőŅłŽł̤͠Ž͉̖ł̢ņ˔ŖŅłƄŝˑōźł̱ ŕ˚ͅłƃƒŅŐ˚ņ˛łˍˑš́ŽłƃƓˑŲłſ˲ŅŐ˜ŅĥĦĩ



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥĦĪ



ˍˑš́ŽłŏžːƁ͟łƃņƂőņŭƂŅőłƀˠŅőŅłŽł̤͠Ž͉̖ł̢ņ˔ŖŅłƄŝˑōźł̱ ŕ˚ͅłƃƒŅŐ˚ņ˛łˍˑš́ŽłƃƓˑŲłſ˲ŅŐ˜ŅĥĦī



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥĦĬ



ˍˑš́ŽłŏžːƁ͟łƃņƂőņŭƂŅőłƀˠŅőŅłŽł̤͠Ž͉̖ł̢ņ˔ŖŅłƄŝˑōźł̱ ŕ˚ͅłƃƒŅŐ˚ņ˛łˍˑš́ŽłƃƓˑŲłſ˲ŅŐ˜ŅĥĦĭ

/ / EPI

/ - EPI



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥħĤ



ˍˑš́ŽłŏžːƁ͟łƃņƂőņŭƂŅőłƀˠŅőŅłŽł̤͠Ž͉̖ł̢ņ˔ŖŅłƄŝˑōźł̱ ŕ˚ͅłƃƒŅŐ˚ņ˛łˍˑš́ŽłƃƓˑŲłſ˲ŅŐ˜Ņĥħĥ



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥħĦ



ˍˑš́ŽłŏžːƁ͟łƃņƂőņŭƂŅőłƀˠŅőŅłŽł̤͠Ž͉̖ł̢ņ˔ŖŅłƄŝˑōźł̱ ŕ˚ͅłƃƒŅŐ˚ņ˛łˍˑš́ŽłƃƓˑŲłſ˲ŅŐ˜Ņĥħħ



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥħĨ



ˍˑš́ŽłŏžːƁ͟łƃņƂőņŭƂŅőłƀˠŅőŅłŽł̤͠Ž͉̖ł̢ņ˔ŖŅłƄŝˑōźł̱ ŕ˚ͅłƃƒŅŐ˚ņ˛łˍˑš́ŽłƃƓˑŲłſ˲ŅŐ˜Ņĥħĩ



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥħĪ



ˍˑš́ŽłŏžːƁ͟łƃņƂőņŭƂŅőłƀˠŅőŅłŽł̤͠Ž͉̖ł̢ņ˔ŖŅłƄŝˑōźł̱ ŕ˚ͅłƃƒŅŐ˚ņ˛łˍˑš́ŽłƃƓˑŲłſ˲ŅŐ˜Ņĥħī



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥħĬ



ˍˑš́ŽłŏžːƁ͟łƃņƂőņŭƂŅőłƀˠŅőŅłŽł̤͠Ž͉̖ł̢ņ˔ŖŅłƄŝˑōźł̱ ŕ˚ͅłƃƒŅŐ˚ņ˛łˍˑš́ŽłƃƓˑŲłſ˲ŅŐ˜Ņĥħĭ



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥĨĤ



ˍˑš́ŽłŏžːƁ͟łƃņƂőņŭƂŅőłƀˠŅőŅłŽł̤͠Ž͉̖ł̢ņ˔ŖŅłƄŝˑōźł̱ ŕ˚ͅłƃƒŅŐ˚ņ˛łˍˑš́ŽłƃƓˑŲłſ˲ŅŐ˜ŅĥĨĥ

a



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥĨĦ



ˍˑš́ŽłŏžːƁ͟łƃņƂőņŭƂŅőłƀˠŅőŅłŽł̤͠Ž͉̖ł̢ņ˔ŖŅłƄŝˑōźł̱ ŕ˚ͅłƃƒŅŐ˚ņ˛łˍˑš́ŽłƃƓˑŲłſ˲ŅŐ˜ŅĥĨħ



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥĨĨ

.

.

.

.

.



ˍˑš́ŽłŏžːƁ͟łƃņƂőņŭƂŅőłƀˠŅőŅłŽł̤͠Ž͉̖ł̢ņ˔ŖŅłƄŝˑōźł̱ ŕ˚ͅłƃƒŅŐ˚ņ˛łˍˑš́ŽłƃƓˑŲłſ˲ŅŐ˜ŅĥĨĩ

.

.

.

.

.

.

.

.



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥĨĪ

.

.

.



ˍˑš́ŽłŏžːƁ͟łƃņƂőņŭƂŅőłƀˠŅőŅłŽł̤͠Ž͉̖ł̢ņ˔ŖŅłƄŝˑōźł̱ ŕ˚ͅłƃƒŅŐ˚ņ˛łˍˑš́ŽłƃƓˑŲłſ˲ŅŐ˜ŅĥĨī

.

155.
ó



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥĨĬ

šiȊ ǟ



̤͠Ž͉̖ł̢ņ˔ŖŅłƃƒŽʾŒ̕łƃņƂŐŎŅŽłŽł̢ŏņšźłƃņƂŐ˜ņŹŕ˛łƄŖőƓ͟

Ƅ˝ņˑŵŹŢłŽłƄ˔˚Ɠ͠ŐźłƃņƂőņŭƂŅőłƀˠŅőŅł̎ŐƂņ˙
ĥƃŐŹŎŅł̢ņŹŎő



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥĩĤ



Ƅ˝ņˑŵŹŢłŽłƄ˔˚Ɠ͠ŐźłƃņƂőņŭƂŅőłƀˠŅőŅł̎ŐƂņ˙ł̤͠Ž͉̖ł̢ņ˔ŖŅłƃƒŽʾŒ̕łƃņƂŐŎŅŽłŽł̢ŏņšźłƃņƂŐ˜ņŹŕ˛łƄŖőƓ͟ĥĩĥ



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥĩĦ



Ƅ˝ņˑŵŹŢłŽłƄ˔˚Ɠ͠ŐźłƃņƂőņŭƂŅőłƀˠŅőŅł̎ŐƂņ˙ł̤͠Ž͉̖ł̢ņ˔ŖŅłƃƒŽʾŒ̕łƃņƂŐŎŅŽłŽł̢ŏņšźłƃņƂŐ˜ņŹŕ˛łƄŖőƓ͟ĥĩħ

1



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥĩĨ

pH
pH



Ƅ˝ņˑŵŹŢłŽłƄ˔˚Ɠ͠ŐźłƃņƂőņŭƂŅőłƀˠŅőŅł̎ŐƂņ˙ł̤͠Ž͉̖ł̢ņ˔ŖŅłƃƒŽʾŒ̕łƃņƂŐŎŅŽłŽł̢ŏņšźłƃņƂŐ˜ņŹŕ˛łƄŖőƓ͟ĥĩĩ



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥĩĪ



Ƅ˝ņˑŵŹŢłŽłƄ˔˚Ɠ͠ŐźłƃņƂőņŭƂŅőłƀˠŅőŅł̎ŐƂņ˙ł̤͠Ž͉̖ł̢ņ˔ŖŅłƃƒŽʾŒ̕łƃņƂŐŎŅŽłŽł̢ŏņšźłƃņƂŐ˜ņŹŕ˛łƄŖőƓ͟ĥĩī



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥĩĬ



Ƅ˝ņˑŵŹŢłŽłƄ˔˚Ɠ͠ŐźłƃņƂőņŭƂŅőłƀˠŅőŅł̎ŐƂņ˙ł̤͠Ž͉̖ł̢ņ˔ŖŅłƃƒŽʾŒ̕łƃņƂŐŎŅŽłŽł̢ŏņšźłƃņƂŐ˜ņŹŕ˛łƄŖőƓ͟ĥĩĭ



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥĪĤ



Ƅ˝ņˑŵŹŢłŽłƄ˔˚Ɠ͠ŐźłƃņƂőņŭƂŅőłƀˠŅőŅł̎ŐƂņ˙ł̤͠Ž͉̖ł̢ņ˔ŖŅłƃƒŽʾŒ̕łƃņƂŐŎŅŽłŽł̢ŏņšźłƃņƂŐ˜ņŹŕ˛łƄŖőƓ͟ĥĪĥ



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥĪĦ



Ƅ˝ņˑŵŹŢłŽłƄ˔˚Ɠ͠ŐźłƃņƂőņŭƂŅőłƀˠŅőŅł̎ŐƂņ˙ł̤͠Ž͉̖ł̢ņ˔ŖŅłƃƒŽʾŒ̕łƃņƂŐŎŅŽłŽł̢ŏņšźłƃņƂŐ˜ņŹŕ˛łƄŖőƓ͟ĥĪħ



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥĪĨ



Ƅ˝ņˑŵŹŢłŽłƄ˔˚Ɠ͠ŐźłƃņƂőņŭƂŅőłƀˠŅőŅł̎ŐƂņ˙ł̤͠Ž͉̖ł̢ņ˔ŖŅłƃƒŽʾŒ̕łƃņƂŐŎŅŽłŽł̢ŏņšźłƃņƂŐ˜ņŹŕ˛łƄŖőƓ͟ĥĪĩ



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥĪĪ



Ƅ˝ņˑŵŹŢłŽłƄ˔˚Ɠ͠ŐźłƃņƂőņŭƂŅőłƀˠŅőŅł̎ŐƂņ˙ł̤͠Ž͉̖ł̢ņ˔ŖŅłƃƒŽʾŒ̕łƃņƂŐŎŅŽłŽł̢ŏņšźłƃņƂŐ˜ņŹŕ˛łƄŖőƓ͟ĥĪī

-



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥĪĬ



Ƅ˝ņˑŵŹŢłŽłƄ˔˚Ɠ͠ŐźłƃņƂőņŭƂŅőłƀˠŅőŅł̎ŐƂņ˙ł̤͠Ž͉̖ł̢ņ˔ŖŅłƃƒŽʾŒ̕łƃņƂŐŎŅŽłŽł̢ŏņšźłƃņƂŐ˜ņŹŕ˛łƄŖőƓ͟ĥĪĭ

. . .



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥīĤ

-

-
-

-

- -



ƄŢņŹ˔˫Ņłƀ˚ņźŒŖłˍˑš́ŽłŴˑŵō˝łŽłƄŖőƓ͟
ŏŒ˭łŽłƄ˜ņˑźłá̢ƆŮłŌŝŖłƀŖł őŏł̤͠Ž͉̖ł̢ņ˔ŖŅł
ĥƄŹŖņ̖łŸƧņŎ



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥīĦ

1



ŏŒ˭łŽłƄ˜ņˑźłá̢ƆŮłŌŝŖłƀŖł őŏł̤͠Ž͉̖ł̢ņ˔ŖŅłłƄŢņŹ˔˫Ņłƀ˚ņźŒŖłˍˑš́ŽłŴˑŵō˝łŽłƄŖőƓ͟ĥīħ



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥīĨ



ŏŒ˭łŽłƄ˜ņˑźłá̢ƆŮłŌŝŖłƀŖł őŏł̤͠Ž͉̖ł̢ņ˔ŖŅłłƄŢņŹ˔˫Ņłƀ˚ņźŒŖłˍˑš́ŽłŴˑŵō˝łŽłƄŖőƓ͟ĥīĩ

1



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥīĪ



ŏŒ˭łŽłƄ˜ņˑźłá̢ƆŮłŌŝŖłƀŖł őŏł̤͠Ž͉̖ł̢ņ˔ŖŅłłƄŢņŹ˔˫Ņłƀ˚ņźŒŖłˍˑš́ŽłŴˑŵō˝łŽłƄŖőƓ͟ĥīī



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ĥīĬ
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24.42

5050
50

0450
45

12.250550
45

10.010550
45

0450
45

50



ŅŒƂ˲ł̤ ˑˠž͟ł̢ņ˔ŖŒƁ˽łƃņƂł̍ ņ˓̖łƗ͠ņŖņ˓˽łŽłƄŖőƓ͟ħīī

14.220450
42.490550

0250
0450

01.100450
50

50
0050

49

50
49

50
49

42.520450
5005.1450

44.010550
49

5042.4949

0550
49

50
01.5450

51.920250
44

50
11.0145

0250
45

50
45

01.900250
50.9145

0250

0150
0250

0050
45

50



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ħīĬ

05.450250
10.90

50

59.210150
50

0250
50

01.4149

0050
50

55.5050

49
0050

0150
10.9449

0150
49

50.505949
0250

42.95

0150
20.1249

50
50

0150
51

0450
25.1552

0050
45.5049

0450
51

50
20.2051

19.500450
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0150
20.14

49
50

50



ŅŒƂ˲ł̤ ˑˠž͟ł̢ņ˔ŖŒƁ˽łƃņƂł̍ ņ˓̖łƗ͠ņŖņ˓˽łŽłƄŖőƓ͟ħīĭ

0150
49

0550
15.22

51

0450
50

50
24.05

51

0450
50

15.24
50

09.99
51

0450
50

50
42.14

50

0050
49

0150
50

0250
50

0250
52

5949
50

5949
50

5949
49

0050
50

5949
50

0050
51

0050
52

0050
51

0050
51

0050
51

5949
24.4951

0050
52

0050
52

51.410050
52



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ħĬĤ

5949
50

5949
51

49
50

5949
20.2551

21.14
49

41.0050
25.095949

02.4252

49
50

49
52.0950

5949
5949

54.2502

5549
49

49
50

5049
51

5149
51

11.195249
05.50

5249

40.405249
49

5149
54

5249
55

4949
5149

5149
54

5149

5149
5249

5249
5249

45.105049
09.29

5049
52



ŅŒƂ˲ł̤ ˑˠž͟ł̢ņ˔ŖŒƁ˽łƃņƂł̍ ņ˓̖łƗ͠ņŖņ˓˽łŽłƄŖőƓ͟ħĬĥ

49
04

49

42.295949
04

0050

45.52
49

5949

49
49

49
49

49
49

04.90

49
49

5549
05

5549
05

59.205249
49

02.90

5049
25.1509

5449

4949
5049

10.95



ƃŏŒ͟ƒņŮłˈņšŶņŝźłƀźņ˓˼ƂŽ͊͡ ħĬĦ

"
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"
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"
'

°
"

'
50°

"
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"
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"
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"

'
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"
'41°

"
'
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"
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"

'
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"
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"
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"
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"
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"
'41°
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"
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ŅŒƂ˲ł̤ ˑˠž͟ł̢ņ˔ŖŒƁ˽łƃņƂł̍ ņ˓̖łƗ͠ņŖņ˓˽łŽłƄŖőƓ͟ħĬħ

"44.04'
°

"21.50'50°

"
'59°

"
'51°

"
'50°




