
ʉʜʚʠʞʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ 

ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʝ

1

ʄʘʢʘʨʦʚ ɸʣʝʢʩʘʥʜʨ ɹʦʨʠʩʦʚʠʯ,
ʢʦʥʩʫʣʴʪʘʥʪ-ʛʝʦʤʝʭʘʥʠʢ

ʢʦʨʧʦʨʘʮʠʠ ʂɸɿɸʍʄʓʉ, ʯʣ.-ʢʦʨʨ. ʈɸɽʅ,

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʈɻɻʈʋ

ʉɼɺʀɾɽʅʀɽ 

ɻʆʈʅʓʍ ʇʆʈʆɼ 

ʇʈʀ ʆʊʂʈʓʊʆʁ 

ʈɸɿʈɸɹʆʊʂɽ



ʉʜʚʠʞʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ 

ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʝ

2

ʆʊʂʈʓʊʓʁ ʉʇʆʉʆɹ ʈɸɿʈɸɹʆʊʂʀ

Open Pit Kennecott Bingham Canyon Mine(Utah, USA). ʉʘʤʳʡ ʙʦʣʴʰʦʡ 

ʜʝʡʩʪʚʫʶʱʠʡ (ʩ 1863 ʛ.) ʢʘʨʴʝʨ ʚ ʤʠʨʝ: ʛʣʫʙʠʥʘ ~1 ʢʤ; ʰʠʨʠʥʘ ~3,5 ʢʤ



ʉʜʚʠʞʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ 

ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʝ

3

ʆʊʂʈʓʊʓʁ ʉʇʆʉʆɹ ʈɸɿʈɸɹʆʊʂʀ

Open Pit Chuquicamata(Chile). ɻʣʫʙʠʥʘ - 850 ʤ



ʉʜʚʠʞʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ 

ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʝ

4

ʆʊʂʈʓʊʓʁ ʉʇʆʉʆɹ ʈɸɿʈɸɹʆʊʂʀ

Open Pit Diavik (Canada)



ʉʜʚʠʞʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ 

ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʝ

5

ʆʊʂʈʓʊʓʁ ʉʇʆʉʆɹ ʈɸɿʈɸɹʆʊʂʀ

çʆʣʠʤʧʠʘʜʘè



ʉʜʚʠʞʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ 

ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʝ

6

ʆʊʂʈʓʊʓʁ ʉʇʆʉʆɹ ʈɸɿʈɸɹʆʊʂʀ

ʂʘʨʴʝʨ ʂʦʫʥʨʘʜ (ɹʘʣʭʘʰʩʢʠʡ ɻʄʂ)



ʉʜʚʠʞʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ 

ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʝ

7

ʆʊʂʈʓʊʓʁ ʉʇʆʉʆɹ ʈɸɿʈɸɹʆʊʂʀ

ɹʣʦʯʥʘʷ ʤʦʜʝʣʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʝʜʠ ɸʢʪʦʛʘʡ, ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʢʦʨʧʦʨʘʮʠʝʡ  

ʂʘʟʘʭʤʳʩ ʜʣʷ ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʠ 



ʉʜʚʠʞʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ 

ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʝ

8

ʆʊʂʈʓʊʓʁ ʉʇʆʉʆɹ ʈɸɿʈɸɹʆʊʂʀ

ʉʭʝʤʘ ʨʘʟʚʠʪʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʚ ʢʘʨʴʝʨʝ

ʣʝʞʘʯʠʡ 

ʙʦʢ

ʚʠʩʷʯʠʡ 

ʙʦʢ

ʥʝʨʘʙʦʯʠʡ 

ʙʦʨʪ

ʨʘʙʦʯʠʡ 

ʙʦʨʪ

ʨʘʙʦʯʠʝ 

ʧʣʦʱʘʜʢʠ



ʉʜʚʠʞʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ 

ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʝ

9

ʆʊʂʈʓʊʓʁ ʉʇʆʉʆɹ ʈɸɿʈɸɹʆʊʂʀ

ʐʠʨʠʥʘ ʨʘʙʦʯʝʡ ʧʣʦʱʘʜʢʠ ʐ: ɿ ïʟʘʭʦʜʢʘ; ʈ ïʨʘʟʚʘʣ ʚʟʦʨʚʘʥʥʦʡ ʛʦʨʥʦʡ ʤʘʩʩʳ;    

ʊ ïʟʦʥʘ ʧʦʛʨʫʟʢʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ; ɹ ïʙʝʨʤʘ ʙʝʟʦʧʘʩʥʦʩʪʠ



ʉʜʚʠʞʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ 

ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʝ

10

ʆʊʂʈʓʊʓʁ ʉʇʆʉʆɹ ʈɸɿʈɸɹʆʊʂʀ

ɹʦʨʪ ʢʘʨʴʝʨʘ ʩʦʩʪʦʠʪ ʠʟ ʫʩʪʫʧʦʚ, ʙʝʨʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʙʝʨʤ

ʙʝʨʤʳ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ 

ʫʣʘʚʣʠʚʘʥʠʷ 

ʦʩʳʧʝʡ

ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʘʤʥʝʧʘʜʘ 

ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ 

ʧʨʦʛʨʘʤʤʦʡ Rocfall



ʉʜʚʠʞʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ 

ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʝ

11

ʆʊʂʈʓʊʓʁ ʉʇʆʉʆɹ ʈɸɿʈɸɹʆʊʂʀ

ʕʣʝʤʝʥʪʳ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ:

h ïʚʳʩʦʪʘ ʫʩʪʫʧʘ;                    

w1ïʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦ ʧʦʯʚʝ;       

ʨ ïʛʣʫʙʠʥʘ ʧʝʨʝʙʫʨʘ;                    

hʟʨïʟʘʨʷʜ ɺɺ; hʟʙïʟʘʙʦʡʢʘ

ʚʠʜʝʦ ʚʟʨʳʚʥʳʭ 

ʨʘʙʦʪ



ʉʜʚʠʞʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ 

ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʝ

12

ʆʊʂʈʓʊʓʁ ʉʇʆʉʆɹ ʈɸɿʈɸɹʆʊʂʀ

ɺʟʨʳʚ ʥʘ ʢʘʨʴʝʨʝ



ʉʜʚʠʞʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ 

ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʝ

13

ʆʊʂʈʓʊʓʁ ʉʇʆʉʆɹ ʈɸɿʈɸɹʆʊʂʀ

ʂʘʨʴʝʨ 

ʂʦʚʜʦʨʩʢʦʛʦ 

ɻʆʂʘ

ʪʨʘʥʩʧʦʨʪʥʘʷ 

ʙʝʨʤʘ

ʙʝʨʤʳ 

ʙʝʟʦʧʘʩʥʦʩʪʠ



ʉʜʚʠʞʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ 

ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʝ

14

ʂʘʨʴʝʨ ʂʦʚʜʦʨʩʢʦʛʦ ɻʆʂʘ

ʆʊʂʈʓʊʓʁ ʉʇʆʉʆɹ ʈɸɿʈɸɹʆʊʂʀ



ʉʜʚʠʞʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ 

ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʝ

15

ʆʊʂʈʓʊʓʁ ʉʇʆʉʆɹ ʈɸɿʈɸɹʆʊʂʀ

ʄʘʨʢʰʝʡʜʝʨʳ ʂʦʚʜʦʨʩʢʦʛʦ ɻʆʂʘ



ʉʜʚʠʞʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ 

ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʝ

16

ʆʊʂʈʓʊʓʁ ʉʇʆʉʆɹ ʈɸɿʈɸɹʆʊʂʀ

ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷʨʘʟʨʘʙʦʪʢʘʘʣʤʘʟʥʦʡʪʨʫʙʢʠʋʜʘʯʥʘʷ

Å 1955 ʛʦʜ- ʦʪʢʨʳʪʠʝ ʪʨʫʙʢʠ 
çʋʜʘʯʥʘʷè (ʛʝʦʣʦʛʠʯʝʩʢʠʤ 
ʦʪʨʷʜʦʤ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 
ɺ.ʅ. ʑʫʢʠʥʘ)

Å 1958 ʛʦʜ- ʥʘʯʘʣʦ ʦʩʚʦʝʥʠʷ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʪʢʨʳʪʳʤ 
ʩʧʦʩʦʙʦʤ

Å 2010 ʛʦʜ- ʟʘʚʝʨʰʝʥʠʝ 
ʦʪʢʨʳʪʳʭ ʨʘʙʦʪ ʧʨʠ  ʛʣʫʙʠʥʝ 
ʢʘʨʴʝʨʘ 600 ʤ

Å 1430 ʤ- ʛʣʫʙʠʥʘ  ʨʘʟʚʝʜʘʥʥʳʭ 
ʟʘʧʘʩʦʚ  ( ʜʦ ʘʙʩ. ʦʪʤ. - 1080ʤ).

Å ɺʦʜʦʧʨʠʪʦʢ ʚ ʢʘʨʴʝʨ - ʜʦ 300 
ʤ3/ʯʘʩ



ʉʜʚʠʞʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ 

ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʝ

17

ʆʊʂʈʓʊʓʁ ʉʇʆʉʆɹ ʉʊʈʆʀʊɽʃʔʉʊɺɸ 

ʇʆɼɿɽʄʅʓʍ ʉʆʆʈʋɾɽʅʀʁ

ʩʪʝʥʘ ʚ ʛʨʫʥʪʝ ʩ 

ʷʨʫʩʘʤʠ ʘʥʢʝʨʦʚ

j



ʉʜʚʠʞʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ 

ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʝ

18

ʆʊʂʈʓʊʓʁ ʉʇʆʉʆɹ ʉʊʈʆʀʊɽʃʔʉʊɺɸ 

ʇʆɼɿɽʄʅʓʍ ʉʆʆʈʋɾɽʅʀʁ

j



ʉʜʚʠʞʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ 

ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʝ

19

ʉɼɺʀɾɽʅʀʗ ʇʆʈʆɼ ɺʆʂʈʋɻ ʂɸʈʔɽʈʆɺ



ʉʜʚʠʞʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ 

ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʝ

20

ʉɼɺʀɾɽʅʀʗ ʇʆʈʆɼ ɺʆʂʈʋɻ ʂɸʈʔɽʈʆɺ
ʉʤʝʱʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʦʪ ʫʧʨʫʛʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʙʲʝʤʘ ʧʨʠ ʫʜʘʣʝʥʠʠ 

ʧʦʨʦʜ ʚʩʢʨʳʰʠ

-gʅ



ʉʜʚʠʞʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ 

ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʝ

21

ʉɼɺʀɾɽʅʀʗ ʇʆʈʆɼ ɺʆʂʈʋɻ ʂɸʈʔɽʈʆɺ

ʇʦʜʥʷʪʠʝ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʙʣʠʟʠ ʙʦʨʪʘ ʢʘʨʴʝʨʘ ʦʪ 

ʫʜʘʣʝʥʠʷ ʧʦʨʦʜ ʚʩʢʨʳʰʠ   = 

=  ʫʧʨʫʛʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʦʙʲʝʤʘ ʧʨʠ ʨʘʟʛʨʫʟʢʝ 

ʥʘʧʨʷʞʝʥʠʡ

ʢʘʨʴʝʨ       ɿʣʘʪʦʫʩʪ-

ɹʝʣʦʚʩʢʠʡ

ʰʭ. 55



ʉʜʚʠʞʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ 

ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʝ

22

ʉɼɺʀɾɽʅʀʗ ʇʆʈʆɼ ɺʆʂʈʋɻ ʂɸʈʔɽʈʆɺ

ɿʘ ʩʯʝʪʩʤʝʱʝʥʠʡʠ ʨʘʟʛʨʫʟʢʠ

ʥʘʧʨʷʞʝʥʠʡʥʘʩʚʦʙʦʜʥʦʡʧʦʚʝʨʭʥʦʩʪʠ

ʦʪʢʦʩʘmaxs ʜʝʡʩʪʚʫʶʪʧʘʨʘʣʣʝʣʴʥʦ

ʦʪʢʦʩʫ

maxs



ʉʜʚʠʞʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ 

ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʝ

23

ʅɸʇʈʗɾɽʅʅʆɽ ʉʆʉʊʆʗʅʀɽ ʄɸʉʉʀɺɸ 

ɺʆʂʈʋɻ ʂɸʈʔɽʈɸ

maxs



ʉʜʚʠʞʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ 

ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʝ

24

ʉɼɺʀɾɽʅʀʗ ɹʆʈʊɸ ʂɸʈʔɽʈɸ

ʧʦʚʝʨʭʥʦʩʪʴ 

ʩʢʦʣʴʞʝʥʠʷ

ʪʨʝʱʠʥʘ ʦʪʨʳʚʘ
ʪʝʣʦ 

ʦʧʦʣʟʥʷ

ʅ90



ʉʜʚʠʞʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ 

ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʝ

25

ʆʇʆʃɿɽʅʔ ɹʆʈʊɸ



ʉʜʚʠʞʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ 

ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʝ

26

g

s

w
g

ʤ

ʤ

H

tg
C

H

=

=

90

90

2

ʇʈɽɼɽʃʔʅɸʗ ɺʓʉʆʊɸ ɺɽʈʊʀʂɸʃʔʅʆɻʆ 

ʆʊʂʆʉɸ

ɹʦʣʠʚʠʷ

ʛʜʝ ʉʤïʩʮʝʧʣʝʥʠʝ ʚ ʤʘʩʩʠʚʝ ʥʘ ʙʘʟʝ, 

ʨʘʚʥʦʡ ʚʳʩʦʪʝ ʦʪʢʦʩʘ; 

sʤïʧʨʦʯʥʦʩʪʴ ʤʘʩʩʠʚʘ ʥʘ ʦʜʥʦʦʩʥʦʝ 

ʩʞʘʪʠʝ;

w = p/4 +j/2; jïʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ 
ʪʨʝʥʠʷ



ʉʜʚʠʞʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ 

ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʝ

27

ʇʈɽɼɽʃʔʅɸʗ ɺʓʉʆʊɸ ɺɽʈʊʀʂɸʃʔʅʆɻʆ 

ʆʊʂʆʉɸ

ʛʜʝ ʉʤïʩʮʝʧʣʝʥʠʝ ʚ ʤʘʩʩʠʚʝ ʥʘ ʙʘʟʝ, ʨʘʚʥʦʡ ʚʳʩʦʪʝ ʦʪʢʦʩʘ; 

sʤïʧʨʦʯʥʦʩʪʴ ʤʘʩʩʠʚʘ ʥʘ ʦʜʥʦʦʩʥʦʝ ʩʞʘʪʠʝ;

jïʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ

ö
÷

õ
æ
ç

å
-Ö=ö

÷

õ
æ
ç

å
+Ö=

-
Ö=

24
2

24
2

sin1

cos
2

jpjp

j

j
s ctgʉtgCC ʤʤʤʤ

ʉʣʝʜʫʝʪʠʤʝʪʚɹʚʠʜʫ,ʯʪʦ:
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ʆʇʆʃɿɽʅʔ ɹʆʈʊɸ

ʆʙʨʘʪʥʳʡ ʨʘʩʯʝʪ 

ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ 

ʤʘʩʩʠʚʘ ʧʦ ʬʘʢʪʫ ʦʧʦʣʟʥʷ

ʚ ʦʧʦʣʟʥʝ:

tgű= Sʊi¡/ SNi¡

Åʚ ʦʪʢʦʩʝ:

Cʤ= (Sʊi - tgű ÖSNi )/L
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ʅʦʨʤʘʪʠʚʥʘʷ ʣʠʪʝʨʘʪʫʨʘ:

- ʜʣʷ ʨʫʜʥʳʭ ʢʘʨʴʝʨʦʚ:

ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʙʦʨʪʦʚ, 

ʦʪʢʦʩʦʚ ʫʩʪʫʧʦʚ ʠ ʦʪʚʘʣʦʚ ʩʪʨʦʷʱʠʭʩʷ ʠ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ 

ʢʘʨʴʝʨʦʚ. ïʃ.: ɺʅʀʄʀ, 1972. ï166 ʩ.

-ʜʣʷ ʫʛʦʣʴʥʳʭ ʨʘʟʨʝʟʦʚ:

ʇʨʘʚʠʣʘ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʦʚ ʥʘ ʫʛʦʣʴʥʳʭ 

ʨʘʟʨʝʟʘʭ. ʉ.-ʇʝʪʝʨʙʫʨʛ: ɺʅʀʄʀ, 1998 ʛ. ï207 ʩ.

ʋʯʝʙʥʠʢ:

ɸ.ʄ. ɻʘʣʴʧʝʨʠʥ. ɻʝʦʤʝʭʘʥʠʢʘ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ. ïʄ.: 

ʄɻɻʋ, 2003. ï473 ʩ.
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ʃʶʙʘʨ̫ʘʩʯʝʪʥʘʷʩʭʝʤʘʫʩʪʦʡʯʠʚʦʩʪʠʙʦʨʪʦʚʢʘʨʴʝʨʦʚ

ʧʨʝʜʧʦʣʘʛʘʝʪʩʣʝʜʫʶʱʫʶʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʜʝʡʩʪʚʠʡ:

ʘʥʘʣʠʟʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭʫʩʣʦʚʠʡʠʦʧʨʝʜʝʣʝʥʠʝ

ʚʦʟʤʦʞʥʦʡʬʦʨʤʧrʦʪʝʨʠʫʩʪʦʡʯʠʚʦʩʪʠ(ʧʦʚʝʨʭʥʦʩʪʠ

ʩʢʦʣʴʞʝʥʠʷ);

ʦʮʝʥʢʫʨʘʩʯʝʪʥʳʭʧʨʦʯʥʦʩʪʥʳʭʭʘʨʘʢʪʝʨʠʩʪʠʢʤʘʩʩʠʚʘ;

ʨʘʩʯʝʪʙʘʣʘʥʩʘʩʜʚʠʛʘʶʱʠʭʠʫʜʝʨʞʠʚʘʶʱʠʭʩʠʣʥʘʚʩʝʭ

ʧʨʝʜʧʦʣʘʛʘʝʤʳʭʧʦʚʝʨʭʥʦʩʪʷʭʦʩʣʘʙʣʝʥʠʷ

ʂʣʘʩʩʠʯʝʩʢʘʷʩʭʝʤʘʨʘʩʯʝʪʘʦʩʥʦʚʘʥʘʥʘʠʜʝʝʚʝʩʦʤʦʛʦʢʣʠʥʘʙʝʟʫʯʝʪʘʜʝʡʩʪʚʠʷ

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭʥʘʧʨʷʞʝʥʠʡ,ʪ.ʝ. ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ,ʯʪʦʛʦʨʠʟʦʥʪʘʣʴʥʳʝ

ʥʘʧʨʷʞʝʥʠʷʨʘʟʛʨʫʟʠʣʠʩʴʟʘʩʯʝʪʜʝʬʦʨʤʘʮʠʡʙʦʨʪʘ.

ɼʣ ʬ̫ʠʣʴʪʨʫʶʱʠʭʦʪʢʦʩʦʚ,ʩʣʦʞʝʥʥʳʭʧʝʩʢʘʤʠʠʛʣʠʥʘʤʠ,ʜʦʧʦʣʥʠʪʝʣʴʥʦ

ʫʯʠʪʳʚʘʶʪʩʷʚʟʚʝʰʠʚʘʶʱʠʡʵʬʬʝʢʪʩʠʣɸʨʭʠʤʝʜʘʠʬʠʣʴʪʨʘʮʠʦʥʥʦʝʜʘʚʣʝʥʠʝ

ʚʦʜʳ.
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ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʣʘʙʣʝʥʠʷ ʤʘʩʩʠʚʘ: 

ʢʦʥʪʘʢʪʳ ʩʣʦʝʚ, ʟʝʨʢʘʣʘ 

ʩʢʦʣʴʞʝʥʠʷ, ʪʨʝʱʠʥʳ(ʩʮʝʧʣʝʥʠʝ 

ʉ¡, ʫʛʦʣ ʪʨʝʥʠʷ j¡)

ʙʣʘʛʦʧʨʠʷʪʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʣʘʙʣʝʥʠʷ 

(ʧʘʜʘʶʪ ʚ ʤʘʩʩʠʚ) 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʣʘʙʣʝʥʠʷ 

(ʧʘʜʘʶʪ ʚ ʢʘʨʴʝʨ) 

ʉ¡<ʉʤ 

j¡<j

ʙʦʨʪ 

ʚʠʩʷʯʝʛʦ 

ʙʦʢʘ

ʙʦʨʪ 

ʣʝʞʘʯʝʛʦ 

ʙʦʢʘ
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ʉʭʝʤʨrʘʩʯʝʪʘʫʩʪʦʡʯʠʚʦʩʪʠʙʦʨʪʦʚ(ɺʅʀʄʀ,1972)


