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פּ

צּ

¬ º ︡
Ṅ ¬ º

Ẇ ︣ לּ ︡ ḭ וֹ ︣ ḭשּ צּ

ṡ Ṣ וֹ ḭ לּ ךּ ︣ פּ Ḯ

Ẇ ךּ ṡ Ṣ ︡ ḭ

Ṅ ︡ Ḯ

Ẇ ṕ Ṗ ḭנּ אל ṡễ Ṣ ḭ

ḭ צּקּ שּ ḭ ḭ ḱ

צּ Ḯ
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נּ

ףּ

אלקּ ︣ ︣

︡ ḱ וֹפּ

צּ ︡

ḭ ḭ ḭ

ḭ

Ẇễ ךּ טּ שּטḭּצּ ︣

טּ Ḯ אלקּ וֹ ףּ ︣ כֿ

קּ Ḯךּ

Ẇ ףּ ḭ ךּ ︡ ṡ Ṣ ︡

︣ טּצּ Ḯ

Ẇ ︡ ḭ ךּ

︡ ṡ Ṣ ḭ צּ אל ךּ ṕ

צּ שּ ḮṖ
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h q

ṕ3פּ 4 צּ Ṗךּ ḭנּפּקּףּ 1Ṍ2
1 וֹ ḭṡ פּ ẓ Ṣṡ פּ ẓ

Ṣ נּ

q=Rh

r-q=dh/dt

R

h

r

h

q=R(h-h0)h0

︢ נּ
כֿךּ צּ ךּ

︡ ךּ
וֹטּ

h q1=R1(h-h1)
h1

טּ צּ ḭ
שּ כֿ צּ ךּ

1לּ
וֹטּ

q2=R2h
צּ שּ

r
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3 ṕ Ṗ

1 50mm נּ

ḱ ḱ ḭ פֿ צּךּ
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ṇ ךּ
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Å 1

Å 1km

Å F1ṌF4

R5 ︢

Å ︢

ệ ṕ Ṗ

ḱ ךּףּ ḭ ךּ

1 50mm נּ

40mm/h
ṕ80 Ṗ

3mm/h
ṕ120 Ṗ

ẑệ ḭ צּ

︣ ṕ ṇ

︡ 20Ṍ30 Ṗ

קּ לּ ḭ ệ

טּ Ḯ

ẑ5 פּ ךּ ḭ

3 אל

︡ ךּ לּךּ Ḯךּ

ךּ 5 ḭ
3

צּ ḭשּ ṇ 10 ךּקּ
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︡

ú Ṭ

︢ קּ

אל

ṡ ︡ ể ︢ ṢḮ

1 ṡ Ṣ ︡ ṕ ṙmm/h ṚṖḮ

אל︣ ḭ ︣ כֿ ṇ Ḯ

קּ ︣ טּצּ Ḯ

צּ Ḯךּ

צּ ḭשּ

ṇ ךּקּ ḭ

צּ Ḯךּקּ

ṡ Ṣ

︣ ṇ ḭ ︣ Ḯ

14



0.0083 ( )ú0.0125 ( ) β 1km אלקּ

ḱ
¸ ṕ Ṗ
¸ 1 10 ṕ Ṗ
¸ 6 1 ṕ Ṗ

ḭ 10
30

250 m פֿ

Å ṕ Ṗ

ṕ Ṗ Ḯ

Å ︡ 1km ṕ250 m

ṖḮ

Å ךּףּ ṕ Ṗ Ḯ

Å ḭשּ ṕ100 m Ṗ ︣ ṕ ṖḮ

Å טּ ︣ ṇ ḭלּ ḭ

ṕ צּ Ṗ ︡ ṡ Ṣ ךּ Ḯ
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︡ ךּ ךּ

ḭ ḭנּ צּ שּקּ ︣

ḭצּ ︡ ךּ Ḯךּ

כֿ ḭ ︣ ḭ

אל Ḯ וֹ ךּ ḭשּ

︣ כֿ צּ Ḯ
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Ṍ Ṍ

¸ ︢100 צּ ḭ

ḭשּ צּ ︡ Ḯ

¸ ḭ ךּ ṡךּ Ṣ

ṇ ︡ ךּ ḭ ṕ Ṗ קּ ￼ḭ

ṕ Ṗ קּ צּ אל Ḯ

¸ ṕ Ṗ ךּ כֿ ḭ

︣ צּ שּ Ḯ

2014 6 23 ḱ 100

2 ḭ 3 צּ ṕ ︡Ṗ
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אל ךּ ṕ 21 ,000 Ṗּצ Ḯ

ḭצּ ︡ḭ

︡ Ḯ

ṇ ḭ ︡ שּ ךּ ךּ Ḯ ḭ

︡ ךּ Ḯךּ

︡ צּ ḭ טּ ︣ ḭשּ

︣ ︡ ḭ פּ

︡ ︡ ךּ Ḯ

ẑ

ṕ1km Ṗ

︣

ḱ ḱ ḱḱḱ

ḱ

ẑ פּ ︣ צּ אל ḭצּ ︡ ךּ Ḯ

Å ḭIshihara and

Kobatake (1979 )

︡ ךּ Ḯ

Å1km פֿ Ḯ

Å ךּ ḭ
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Å אל ךּ ḭ 21,000

ṕ ︡ḭ Ṗ

Å Ḳ5 ṕ1km ḭ 1 Ṗ

Å Ḳ3 ṕ1km ḭ 10 Ṗ

Å 38

Åể ṕ ṧ Ṗ

Å ḭ1km אל 6 ︡

( 170m ḭ 260 ḭ

1 )

ṕ Ṗ

Å ṕ Ṗ

Å1 10 ṕ Ṗ

Å6 1 ṕ Ṗ

Å ḭ 10

Å 30

ṕ855 Ṗ

ḲH29 6

ṕ 15kmאל Ṗ

ḲH29 7

ṕ Ṗ

Ḳ

ṕ Ṗ



ḭ ︡ ךּ Ḯךּ

אל Ḯךּ

ךּ Ḯךּ

ḭ צּ ךּ קּ פּ

שּשּ ḭצּ כֿ ︡ Ḯךּ

ḭ ︡ ḭשּ צּ

︣ פּ ︡ Ḯ

אל ךּ ḭ

ḭ ףּ ︡ḭ

︡ ךּ Ḯ
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2005

ḱ ￼ḭ

צּ ṕךּ ṇ ḱ צּ Ṗ

Ḳ

Ḳ

ẑ ḱ ḱ טּ ḭ Ḯךּ

כֿכֿ ḭ כֿ︣ ︡ בֿ Ḯ

ḭ ṇ

צּ ︣ לּ

︡ ךּ
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( ṇ ṇ)
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ṕ Ṗ

ṕ Ṗ

ךּאל Ḯ

23 3 ḭ צּ

ךּ Ḯ

כֿ כֿ פּ ḭ ḭ

ṕẓ Ṗ ṕ

ṇ ṇṖ וֹ ךּ נּ Ḯ



Ṍ Ṍ

ṕ 29 7 פּ Ṗ

ḱ וֹףּ ︣ ︣ כֿ צּ קּ Ḯ

ḭצּ Ṅ ︣ צּ אל Ḯ

ẑ 2016 10 ︡
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Ṍ ךּ Ṍ

ẑ פּ

8:00 9:00

β

m
β

Å ḭ7:40 ךּ ṕ3

︣ Ṗּצ

ẓ 20 Ṍ1 20

Å ךּףּ ḭ צּ ךּאל

ẓ

H29.10 .17 3

שּ



ṇ

ṕ Ṗ נּ כֿ

︡ ךּ ḭצּ ︣ ḭשּ

ṇ ︡ ךּ Ḯ

︡ ṕ Ṗ Ḯ

︡ צּ ṇ ︣ ễ ḭ ṇ ṕ

Ṗ ︢ ḭ צּ שּ לּךּ טּצּ Ḯ

ḭ ḭנּ פּפּ

ṕ Ṗ אל ḭ אל Ḯ ḭ

טּ ḭ טּ ︣ כֿ צּ קּ ṕֿכ צּ ךּקּ

ḭ צּ ṖḮךּקּ

1,000km 2

100km 2

100km 2

km 2

10m 2

30 1 1 2

וֹצּ ḱ
ḱ

ễ ṕ ︣ Ṗ ṇ

ṇ צּ

שּקּ

ṕ Ṗ

צּ שּ Ḯ

ẖ

צּ ךּ
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27 9 ḱ Ḳ

Å ḭ ṇ ḱ צּ Ḯ

Å 9 13 ḭ11 ṕ 0 Ṗ ḭצּ נּ כֿ

Å צּ טּצּ ḭ

צּ אל Ḯ צּ ךּקּ ḭ צּ ךּ

טּ Ḯ

ẑ טּ ḭ כֿכḮֿךּ ḭ ︡ בֿ Ḯ

(m
)

9/9 9/10

13 : 00

ṕ12 Ṗ

ị ị 23 : 00

ị 10 00 : 15

ị 10 06 : 30ḭ08 : 00ḭ13 : 20ị 10 06 : 30ḭ08 : 00ḭ13 : 20ị 10 06 : 30ḭ08 : 00ḭ13 : 20

ṕ ︡ Ṗ

27



28

10

20

30

40

50

60

ṡ Ṣ ṡ 0 ︡ ṇ Ṣ

ẑ צּ ḭỄỂṌễỂ צּ



ễ



ףּ

אלקּ ︣ ︣

︡ ḱ וֹפּ

צּ ︡

ḭ ḭ ḭ

ḭ

︣ נּ

Å ḭ ךּ ( )

ךּ ḭצּ ( ) אלקּ וֹ פּשּ ︣ כֿ קּ Ḯךּ

Å ( ) ףּ ṡ Ṣ ︡ ︣ טּצּ Ḯ

︡ ḭ פּ ︡ ḭ

צּ אל ṕ צּ שּ ḮṖ

ḭṡ Ṣ ḭשּ ︡ טּ

ṡ Ṣ ṡ Ṣ ךּ שּ
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נּ פּ

Åṡ Ṣ

20

Ḯ

Å ṕ Ṗ

לּ נּ ḭ

טּ ︢פּ ḭ

︡ Ḯשּףּ

Å וֹףּ

Ḯ

Å פֿ

ḭ

︡ ︣ Ḯ

Å ṕ

Ṗ ḭ

︣ Ḯ

Å קּ וֹ ךּ

ḭ

שּ

קּ לּ

︣ Ḯ

Å

ךּ

︣ Ḯ

Å

︣ Ḯ

ḭ 20 Ṋ ︡ ︣ Ḯ

︡ ḭ קּ ︣

ḭ צּ אל ךּ ṕex. צּ פּ

צּ ︡ ךּ ךּ ḭ צּ שּ אל ṖḮ

צּ לּ ḭ ︢ צּ ︡ כֿ ︣

אל טּצּ Ḯ ︣ טּ Ḯ

ḱ ṕể ể ḭ ︡ ḭ

Ṗ︣ ḭ ︢ḭ ︡ Ḯלּ
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( )ḱ צּ ︣

ךּ

( )

V

צּ ךּ ḭ￼פּ

︣ Ḯ

V

︣ Ḯ

V צּ

צּ שּ

￼קּ Ḯ

V ךּ

אל Ḯ

V צּ ︡ḭ

נּ ︣

︡ פּ צּ

טּ ︣Ḯ

ṕ ṧ Ṗ
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( )

ḱ פּ צּ
ḭ

ṇ

צּ ︣
ףּ צּ ךּ

︡ ḭ
︡
Ḯ

צּ ︣
ףּ

︡ ḭ
︡
Ḯ

צּ ︣ ףּ

︡ ḭ
︡

Ḯ

︡ ḭ ︣

ḭ ︣ Ḯ

נּ
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ךּ
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18Ṿḭ 48Ṿ

80Ṿḭ 11Ṿ

23 וֹףּ צּ ︡ ṕ Ṗ
ṕúṖ ṕ Ḳ1991 Ṍ2012 Ṗ

38

19

ḭ קּ וֹ
צּ שּ

לּ

ḭ קּ וֹ
צּ שּ

לּ

ḭ (%)

ṕ Ṋ22 Ṗ

10ẓ96 Ṋ

15ẓ41 Ṋ

19ẓ23 Ṋ

︡ḭ צּ
צּ ךּ לּ ︣ ḭ

︡ ḭ
ךּ ךּ לּ ︣ Ḯ

100 % ḭצּ 70
לּ ḭ69 ︡ ךּ Ḯ

︣ ḭ
︡ ḭ

ךּ ︣ Ḯ

צּ ḭשּ

צּ ךּ

צּ ḭשּ

︡ ךּ



26 9 10 ḭ צּ ḭ23

צּ Ḯ 1 71 .5 ךּ︡ Ḯ

ṕ23 Ḳ90 ḭ ḱ Ḳ60 ḭ Ḳ40 Ṗ שּ

ṇ פּ ḭ ḱ ( )

קּ כֿ צּ פּ Ḯ

( ) ḭ צּ ︡ צּ ḭשּ צּ

ךּ ︣ כֿ צּ קּ ךּ Ḯ

10 15 23

9 8

1 5
50

3
1 1

1 1

1

1 6 22 29
62

( )

( )

ḭשּ
ṇ

( )ḱ ( )
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1917 לּ ḭ ẑ

צּ ︡ 1284 ṕ67 %ṖḮ

633
Ḳ1284

ṕ67ṾṖ

Ḳ1917

ẑ

13523 לּ ḭ
ẑּצ ︡ 5411 ṕ40 %ṖḮ

8122

Ḳ13523

ẑ

Ḳ5411 ṕ40ṾṖ

ḭ ︡ 10 לּ 7 פּ צּ ︣ ṏ לּךּ

ẓ ṡ צּ ךּ טּ Ṣֿכ ︡ ךּ

ṕ Ṗ ṕ Ṗ

ẑ1991ּפ 2012 וֹפּ ḭ ︡ ︡ ḭ ḱ ︡ Ḯ
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נּ

טּ ︡

︡ ︣

ךּ אל לּ

Ḯ

טּ אל ḭ

Ḯ

( ṡצּ טּ Ṣ

לּ )

︡ ︣

אל ךּ לּ Ḯ

︡ḭ30 Ḯ

( (25 ) 1 ︣ )

ṧ
︡ ︣

אל ךּ לּ Ḯ
︡ Ḯךּ

︡ ︣

ṕ ךּ Ṗ

אל ךּ לּ Ḯ

︡ḭ 7Ṍ8 Ḯ

ṧ

︡ ︣

ṕ ךּ Ṗ

אל ךּ לּ Ḯ

︡ Ḯךּ

ḭ ￼ḭ ︡ ךּ ︣ Ḯ ︡ḭ

ךּ ḭ וֹפּ ḭ ︡ Ḯךּ

ḭ ṕ ︣ Ṗּצ ︡ ךּ ךּ ︣ Ḯ

צּ ︡ ךּ וֹ ḭ ︡ Ḯךּ
38



ḭ ︡ ךּ ḱ ︣ Ḯ

ḭ ףּ Ḯ

פּ ṡ Ṣ ể Ḯ

שּ ḭךּ ṡ ṕ Iḭ ḭ ṖṢ ︣ Ḯ

ךּ ḭ ︢ ︢ ︣ Ḯ

ṕ Ṗ

= 30 ú
30

Å ︣

Å
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ṕ טּ Ṗ ṕ ︡Ṗ

ẑ ḭ1991 פּ 2013 23 ︡ ḭ

︡ Ḯ

ẑ ḭ ṕ Ṗ ṇ︣ לּ ︣ Ḯ



ẑ 1991 פּ 2012 וֹפּ ḭ ︡ ︣ ︡ ḭ 29 7 ︡

︡ ךּ ︡ Ḯ

ḭ ḭ ︡ ḭ 3 כֿ︣ צּ קּ

ḭ ḭ ︣ ḭצּ צּ ḭ ︡ Ễצּ

ךּ ךּ ṕ 7%ẓ14%ṖḮ
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