
ưǃǖǚǐǞǈ!ǓǃǊǓǃǄǑǕǍǋ!ǇǎǢ!
ǑǒǕǋǏǋǊǃǙǋǋ!ǕǈǘǐǑǎǑǆǋǚǈǔǍǋǘ!

ǒǓǑǙǈǔǔǑǅ!ǐǃ!
ǕǈǒǎǑǠǎǈǍǕǓǑǔǕǃǐǙǋǢǘ!)Ƶǀƴ*!ǋ!
ǃǕǑǏǐǞǘ!ǔǕǃǐǙǋǢǘ!)ƣǀƴ*

ƷƦƤƱƶ!ƥƱ!¬ưƫƶ!¬Ưǀƫ¼



ƴǑǇǈǓǉǃǐǋǈ
ƧǎǢ!ǒǈǓǈǘǑǇǃ!ǐǃ!ǅǞǄǓǃǐǐǖǡ!ǓǃǊǓǃǄǑǕǍǖ!ǐǃǉǏǋǕǈ!ǒǑ!ǊǃǆǑǎǑǅǍǖ!ǐǃ!ǔǎǃǌǇǈ!¬ƴǑǇǈǓǉǃǐǋǈ¼

ƲǓǑǆǓǃǏǐǐǑ-ǃǒǒǃǓǃǕǐǞǈǍǑǏǒǎǈǍǔǞ

1. ƲǓǑǆǓǃǏǏǐǞǌǍǑǏǒǎǈǍǔSTEG¬ƳǃǔǚǈǕǕǓǈǘǏǈǓǐǞǘǕǈǒǎǑǆǋǇǓǃǅǎǋǚǈǔǍǋǘǒǓǑǙǈǔǔǑǅǅǆǑǓǋǊǑǐǕǃǎǟǐǑǏ
ǒǃǓǑǆǈǐǈǓǃǕǑǓǈƣǀƴǔƥƥǀƳ¼

2. ƭǑǏǒǎǈǍǔǐǞǌǕǓǈǐǃǉǈǓǑǒǈǓǃǕǋǅǐǑǆǑǒǈǓǔǑǐǃǎǃƵǀƴǐǃǄǃǊǈǙǋǗǓǑǅǑǆǑǇǅǑǌǐǋǍǃ

3. ƲǓǈǇǋǍǕǋǅǐǃǢǇǋǃǆǐǑǔǕǋǍǃǆǃǊǑǅǑǌǕǖǓǄǋǐǞǅǔǑǔǕǃǅǈǆǃǊǑǅǞǘǕǖǓǄǋǐǐǞǘǖǔǕǃǐǑǅǑǍǏǃǎǑǌǏǑǜǐǑǔǕǋ

ƵǈǘǐǑǎǑǆǋǢ

1. ƵǈǘǐǑǎǑǆǋǢǓǃǄǑǕǞƣǀƴǔǓǈǃǍǕǑǓǃǏǋǕǋǒǃƥƥǀƳǐǃǒǑǐǋǉǈǐǐǞǘǐǃǆǓǖǊǍǃǘǔǒǈǓǈǅǑǇǑǏǅǕǑǓǑǆǑ
ǍǑǐǕǖǓǃǐǃǔǍǑǎǟǊǢǜǈǈǓǈǆǖǎǋǓǑǅǃǐǋǈǇǃǅǎǈǐǋǢǒǃǓǃ

2. ƵǈǘǐǑǎǑǆǋǢǓǃǔǚǈǕǃǅǎǃǉǐǑǒǃǓǑǅǑǆǑǒǑǕǑǍǃǅǒǓǑǕǑǚǐǞǘǚǃǔǕǢǘǕǖǓǄǑǏǃǛǋǐǐǃǑǔǐǑǅǈǃǎǆǑǓǋǕǏǑǅ
ǏǃǛǋǐǐǑǆǑǑǄǖǚǈǐǋǢ

3. ƵǈǘǐǑǎǑǆǋǢǒǑǋǔǍǃǅǐǖǕǓǋǕǓǖǄǐǑǌǍǑǓǓǑǊǋǋǕǓǖǄǑǒǓǑǅǑǇǑǅǋǋǊǏǈǓǈǐǋǢǑǔǕǃǕǑǚǐǑǌǕǑǎǜǋǐǞǏǈǕǃǎǎǃ
ǄǈǊǖǇǃǎǈǐǋǢǋǊǑǎǢǙǋǋ

4. ƯǈǕǑǇǋǍǃǑǄǓǃǕǐǑǆǑǒǓǑǈǍǕǋǓǑǅǃǐǋǢǇǎǢǖǊǎǑǅǇǈǕǃǎǈǌǠǐǈǓǆǈǕǋǚǈǔǍǑǆǑǑǄǑǓǖǇǑǅǃǐǋǢ

5. ƣǐǃǎǋǊǒǓǑǙǈǔǔǑǅǕǈǒǎǑǒǈǓǈǐǑǔǃǒǓǋǍǋǒǈǐǋǋǆǈǎǋǢ-II

6. ƯǈǕǑǇǋǍǃǍǑǐǕǓǑǎǢǋǖǒǓǃǅǎǈǐǋǢǒǓǑǙǈǔǔǑǏǑǄǝǈǏǐǑǌǍǑǐǇǈǐǔǃǙǋǋǅǒǓǑǕǑǚǐǞǘǚǃǔǕǢǘǏǃǛǋǐǋ
ǃǒǒǃǓǃǕǑǅǘǑǎǑǇǋǎǟǐǑǌǋǍǓǋǑǆǈǐǐǑǌǕǈǘǐǋǍǋ

2



ƴǑǇǈǓǉǃǐǋǈ
ƧǎǢ!ǒǈǓǈǘǑǇǃ!ǐǃ!ǅǞǄǓǃǐǐǖǡ!ǓǃǊǓǃǄǑǕǍǖ!ǐǃǉǏǋǕǈ!ǒǑ!ǊǃǆǑǎǑǅǍǖ!ǐǃ!ǔǎǃǌǇǈ!¬ƴǑǇǈǓǉǃǐǋǈ¼

ƲǓǑǆǓǃǏǏǐǑǈǑǄǈǔǒǈǚǈǐǋǈ

1. ƲǓǑǆǓǃǏǏǃǇǈǕǃǎǟǐǑǆǑǒǓǑǈǍǕǋǓǑǅǃǐǋǢǒǓǑǕǑǚǐǞǘǚǃǔǕǈǌǒǃǓǑǅǞǘǕǖǓǄǋǐ

2. ƲǓǑǆǓǃǏǏǐǞǌǍǑǏǒǎǈǍǔ¬ƳǃǔǚǈǕǘǃǓǃǍǕǈǓǋǔǕǋǍǕǈǒǎǑǑǄǏǈǐǃǒǓǋǒǎǈǐǑǚǐǑǏǍǋǒǈǐǋǋǐǈǇǑǆǓǈǕǞǘ
ǉǋǇǍǑǔǕǈǌ¼

ƶǔǕǓǑǌǔǕǅǃ

1. ƶǔǕǓǑǌǔǕǅǑǇǎǢǄǑǓǟǄǞǔǠǓǑǊǋǑǐǐǞǏǋǊǐǑǔǑǏǎǑǒǃǕǑǚǐǑǆǑǃǒǒǃǓǃǕǃǒǃǓǑǅǞǘǕǖǓǄǋǐǐǃǑǔǐǑǅǈ
ǍǑǏǄǋǐǃǙǋǋǏǈǕǑǇǑǅǑǄǑǆǓǈǅǃǋǅǞǇǖǅǃ

2. ưǃǍǑǒǋǕǈǎǟǕǈǒǎǑǅǑǌǠǐǈǓǆǋǋǐǃǑǔǐǑǅǈǗǃǊǑǋǊǏǈǐǢǈǏǞǘǏǃǕǈǓǋǃǎǑǅ

3. ƴǋǔǕǈǏǞǇǎǢǆǈǐǈǓǃǙǋǋǋǖǔǍǑǓǈǐǋǢǔǕǃǙǋǑǐǃǓǐǞǘǒǎǃǊǏǈǐǐǞǘǒǑǕǑǍǑǅ

4. ƷǃǊǑǅǞǌǔǈǒǃǓǃǕǑǓǇǎǢǔǅǈǓǘǕǈǍǖǚǈǆǑǆǈǎǋǢ

3



ƴǑǇǈǓǉǃǐǋǈ
ƧǎǢ!ǒǈǓǈǘǑǇǃ!ǐǃ!ǅǞǄǓǃǐǐǖǡ!ǓǃǊǓǃǄǑǕǍǖ!ǐǃǉǏǋǕǈ!ǒǑ!ǊǃǆǑǎǑǅǍǖ!ǐǃ!ǔǎǃǌǇǈ!¬ƴǑǇǈǓǉǃǐǋǈ¼

ƶǔǕǓǑǌǔǕǅǃ

1. ƥǞǔǑǍǑǠǗǗǈǍǕǋǅǐǞǈǆǎǖǛǋǕǈǎǋǛǖǏǃǅǞǄǓǑǔǃǒǃǓǃǏǑǇǖǎǟǐǑǌǍǑǐǔǕǓǖǍǙǋǋǇǎǢǍǑǕǎǑǅƵǀƴ

2. ƣǇǃǒǕǋǅǐǃǢǔǋǔǕǈǏǃǖǒǓǃǅǎǈǐǋǢƥƸƳǐǃƵǀƴǋƣǀƴ

3. ƥǞǔǑǍǑǔǍǑǓǑǔǕǐǞǈǕǖǓǄǑǆǈǐǈǓǃǕǑǓǞǇǎǢǏǋǍǓǑǕǖǓǄǋǐǐǞǘǠǐǈǓǆǑǖǔǕǃǐǑǅǑǍǋǏǋǐǋƵǀƹ

4. ƤǞǔǕǓǞǌǓǈǃǍǕǑǓǔǕǢǉǈǎǞǏǉǋǇǍǑǏǈǕǃǎǎǋǚǈǔǍǋǏǕǈǒǎǑǐǑǔǋǕǈǎǈǏǔǒǎǃǅǃǡǜǋǏǋƵƥǀƮǋǆǃǊǎǋǗǕǐǞǏ
ǐǃǔǑǔǑǏǅǍǃǚǈǔǕǅǈƦƹư

5. ƯƦƧ-ǔǕǈǐǇǒǑǋǔǔǎǈǇǑǅǃǐǋǡǆǋǇǓǑǇǋǐǃǏǋǍǋǋǕǈǒǎǑǑǕǇǃǚǋǉǋǇǍǑǆǑǏǈǕǃǎǎǃǅǒǓǑǇǑǎǟǐǑǏǏǃǆǐǋǕǐǑǏ
ǒǑǎǈǒǓǋǏǈǐǋǕǈǎǟǐǑǍǔǑǊǇǃǐǋǡǕǈǓǏǑǢǇǈǓǐǑǆǑǓǈǃǍǕǑǓǃ

6. ǀǍǔǒǈǓǋǏǈǐǕǃǎǟǐǞǌǕǑǐǐǈǎǟǐǞǌǔǕǈǐǇǇǎǢǋǔǒǞǕǃǐǋǌǆǑǓǈǎǑǚǐǞǘǖǔǕǓǑǌǔǕǅǖǆǎǈǍǋǔǎǑǕǐǑǌǍǃǏǈǓǞ
ǔǆǑǓǃǐǋǢ

3



¬ưǑǅǞǈǃǕǑǏǐǞǈǋ ǠǐǈǓǆǈǕǋǚǈǔǍǋǈǕǈǘǐǑǎǑǆǋǋ¼ǿ ǠǐǈǓǆǈǕǋǍǃ. ưǃǒǓǃǅǎǈǐǐǃǓǃǔǛǋǓǈǐǋǈ
ǒǓǋǔǖǕǔǕǅǋǢƳǑǔǔǋǋǐǃǏǈǉǇǖǐǃǓǑǇǐǑǏǓǞǐǍǈǃǕǑǏǐǞǘǋ ǔǏǈǉǐǞǘǓǃǊǓǃǄǑǕǑǍ-ǒǑǔǕǃǅǍǋ
ǑǕǈǚǈǔǕǅǈǐǐǑǆǑǑǄǑǓǖǇǑǅǃǐǋǢǒǓǈǇǒǓǋǢǕǋǢǏƵǀƭ.

¬ƤǈǔǒǋǎǑǕǐǞǈǃǅǋǃǙǋǑǐǐǞǈǔǋǔǕǈǏǞ¼ǿǓǑǄǑǕǞǋǄǈǔǒǋǎǑǕǐǋǍǋ. ƥǍǎǡǚǃǈǕǓǃǊǓǃǄǑǕǍǖǋǔǈǓǋǌǐǑǈ
ǒǓǑǋǊǅǑǇǔǕǅǑƤƣƴǋǍǑǏǒǎǈǍǕǖǡǜǋǘ-ǓǃǊǅǋǕǋǈǐǈǑǄǘǑǇǋǏǑǌǋǐǗǓǃǔǕǓǖǍǕǖǓǞ.

¬ƲǓǑǏǞǛǎǈǐǐǑǈǑǄǈǔǒǈǚǈǐǋǈǕǓǃǐǔǒǑǓǕǐǑǌǏǑǄǋǎǟǐǑǔǕǋ¼ǿǕǓǃǐǔǒǑǓǕ. ưǃǙǈǎǈǐǐǃǒǑǇǇǈǓǉǍǖ
ǒǓǑǋǊǅǑǇǔǕǅǃǔǃǏǑǎǤǕǑǅǋǅǈǓǕǑǎǤǕǑǅ-ǔǖǇǑǅǋǔǖǇǑǅǑǆǑǑǄǑǓǖǇǑǅǃǐǋǢ-ǋǐǐǑǅǃǙǋǑǐǐǑǆǑǕǓǃǐǔǒǑǓǕǃ-
ǃǕǃǍǉǈǍǃǇǓǑǅǑǈǑǄǈǔǒǈǚǈǐǋǈǓǃǊǅǋǕǋǢǕǓǃǐǔǒǑǓǕǃ.

¬ƴǓǈǇǔǕǅǃǒǓǑǋǊǅǑǇǔǕǅǃǋǃǅǕǑǏǃǕǋǊǃǙǋǋ¼ǿǒǓǑǏǞǛǎǈǐǐǑǔǕǟ. ƥǍǎǡǚǃǈǕǅǔǈǄǢǗǈǇǈǓǃǎǟǐǞǈ
ǒǓǑǈǍǕǞǒǑǓǃǊǅǋǕǋǡǔǕǃǐǍǑǋǐǔǕǓǖǏǈǐǕǃǎǟǐǑǌǒǓǑǏǞǛǎǈǐǐǑǔǕǋ-ǒǓǑǏǞǛǎǈǐǐǑǌǓǑǄǑǕǑǕǈǘǐǋǍǋǋ
ǃǅǕǑǏǃǕǋǊǃǙǋǋǒǓǑǋǊǅǑǇǔǕǅǃ-ǎǋǕǈǌǐǑǆǑǋǕǈǓǏǋǚǈǔǍǑǆǑǑǄǑǓǖǇǑǅǃǐǋǢ.

¬ưǑǅǞǈǏǃǕǈǓǋǃǎǞǋǘǋǏǋǢ¼ǿǏǃǕǈǓǋǃǎǞ. ƪǃǒǎǃǐǋǓǑǅǃǐǑǔǑǊǇǃǐǋǈǐǑǅǞǘǒǓǑǋǊǅǑǇǔǕǅǋǙǈǐǕǓǑǅ
ǍǑǏǒǈǕǈǐǙǋǌ-ǖǅǈǎǋǚǈǐǋǈǇǑǄǞǚǋǇǈǗǋǙǋǕǐǑǆǑǔǞǓǟǢ-ǓǃǊǅǋǕǋǈǕǈǘǐǑǎǑǆǋǌ.

¬ƳǃǊǅǋǕǋǈǏǐǑǆǑǔǒǖǕǐǋǍǑǅǑǌǑǓǄǋǕǃǎǟǐǑǌǆǓǖǒǒǋǓǑǅǍǋ¼ǿǍǑǔǏǑǔ. ƲǓǈǇǖǔǏǑǕǓǈǐǑǖǅǈǎǋǚǈǐǋǈ
ǚǋǔǎǃǍǑǔǏǋǚǈǔǍǋǘǃǒǒǃǓǃǕǑǅ-ǇǑǔǕǋǉǈǐǋǈǐǈǊǃǅǋǔǋǏǑǔǕǋǅǍǑǔǏǋǚǈǔǍǋǘǔǈǓǅǋǔǃǘǋǖǔǎǖǆǃǘ.

ưǃǙǋǑǐǃǎǟǐǞǈ!ǒǓǑǈǍǕǞ!ǕǈǘǐǑǎǑǆǋǚǈǔǍǑǆǑ!
ǎǋǇǈǓǔǕǅǃ!)ưƲƵƮ*!



ƭǃǗǈǇǓǃ!ƫƵưƱƥǈǓǐǖǕǟǔǢ!Ǎ!ǔǑǇǈǓǉǃǐǋǡ

ƭǑǏǒǎǈǍǔǐǞǌ!ǕǓǈǐǃǉǈǓ!
ǑǒǈǓǃǕǋǅǐǑǆǑ!ǒǈǓǔǑǐǃǎǃ!Ƶǀƴ!ǐǃ!
ǄǃǊǈ!ǙǋǗǓǑǅǑǆǑ!ǇǅǑǌǐǋǍǃ



ƭǑǏǒǎǈǍǔǐǞǌ!ǕǓǈǐǃǉǈǓ!ǑǒǈǓǃǕǋǅǐǑǆǑ!ǒǈǓǔǑǐǃǎǃ!Ƶǀƴ!
ǐǃ!ǄǃǊǈ!ǙǋǗǓǑǅǑǆǑ!ǇǅǑǌǐǋǍǃ!

7

ưǃǊǐǃǚǈǐǋǈ: ǒǑǅǞǛǈǐǋǈǄǈǊǑǒǃǔǐǑǔǕǋǓǃǄǑǕǞ
ǑǒǈǓǃǕǋǅǐǑǆǑǒǈǓǔǑǐǃǎǃƵǀƹ-ǚǕǑǖǅǈǎǋǚǋǅǃǈǕ
ǐǃǇǈǉǐǑǔǕǟǋǄǈǊǑǒǃǔǐǑǔǕǟǠǍǔǒǎǖǃǕǃǙǋǋ.

ƵǈǘǐǋǚǈǔǍǋǈǘǃǓǃǍǕǈǓǋǔǕǋǍǋ: ǏǑǇǈǎǟǔǑǊǇǃǐǃǅ
SimInTech, ǅǍǎǡǚǃǈǕǄǑǎǈǈ100 PI-ǇǋǃǆǓǃǏǏ-300
ǃǎǆǑǓǋǕǏǑǅǖǒǓǃǅǎǈǐǋǢ-1000 ǕǈǘǐǑǎǑǆǋǚǈǔǍǋǘ
ǄǎǑǍǋǓǑǅǑǍ-200 ǊǃǜǋǕ-3500 ǔǋǆǐǃǎǑǅǑǕ
ǇǃǕǚǋǍǑǅǔǔǋǆǐǃǎǋǊǃǙǋǈǌ.

ưǃǖǚǐǃǢǐǑǅǋǊǐǃ(ǙǈǐǐǑǔǕǟ): ǅǒǈǓǅǞǈǔǑǊǇǃǐǃ
ǑǕǍǓǞǕǃǢǙǋǗǓǑǅǃǢǏǑǇǈǎǟǕǈǘǐǑǎǑǆǋǚǈǔǍǋǘ
ǒǓǑǙǈǔǔǑǅƵǀƹ-ǒǑǊǅǑǎǢǡǜǃǢǏǑǇǈǎǋǓǑǅǃǕǟ
ǓǃǄǑǚǋǈǓǈǉǋǏǞǔǕǃǐǙǋǋǔǖǚǈǕǑǏǕǈǒǎǑǅǞǘ-
ǆǋǇǓǃǅǎǋǚǈǔǍǋǘ-ǃǠǓǑǇǋǐǃǏǋǚǈǔǍǋǘ-
ǠǎǈǍǕǓǋǚǈǔǍǋǘǓǃǔǚǈǕǑǅǋ ǅǑǇǐǑ-ǘǋǏǋǚǈǔǍǑǆǑ
ǓǈǉǋǏǃ.

ƴǅǈǇǈǐǋǢ!Ǒ!ǓǈǃǎǋǊǑǅǃǐǐǑǏǒǓǑǈǍǕǈ

ƱǕǍǓǞǕǃǢ!ǏǃǕǈǏǃǕǋǚǈǔǍǃǢ!ǏǑǇǈǎǟ!ǍǑǕǈǎǟǐǞǘ!
ǖǔǕǃǐǑǅǑǍ!Ƶǀƹ



ƭǑǏǒǎǈǍǔǐǞǌ!ǕǓǈǐǃǉǈǓ!ǑǒǈǓǃǕǋǅǐǑǆǑ!ǒǈǓǔǑǐǃǎǃ!Ƶǀƴ!
ǐǃ!ǄǃǊǈ!ǙǋǗǓǑǅǑǆǑ!ǇǅǑǌǐǋǍǃ!

8

ƷǓǃǆǏǈǐǕ!ǏǃǕǈǏǃǕǋǚǈǔǍǑǌ!ǏǑǇǈǎǋ!ǍǑǐǇǈǐǔǃǕǑǓǃ!Ƶǀƴ

ƲǑǕǈǐǙǋǃǎǟǐǑǈ!ǒǓǋǏǈǐǈǐǋǈ

ƶǓǑǅǈǐǟǆǑǕǑǅǐǑǔǕǋ(TRL ȣ5): ǒǓǑǅǈǇǈǐǞ
ǕǈǔǕǑǅǞǈǓǃǔǚǈǕǞǋǔǓǃǅǐǈǐǋǈǋǘǓǈǊǖǎǟǕǃǕǑǅǔ
ǒǓǑǈǍǕǐǞǏǋǇǃǐǐǞǏǋ-ǒǓǑǅǈǇǈǐǃǅǈǓǋǗǋǍǃǙǋǢ
ǏǑǇǈǎǈǌǔǋǔǕǈǏǍǑǕǈǎǟǐǞǘǃǆǓǈǆǃǕǑǅǐǃǑǔǐǑǅǈ
ǇǃǐǐǞǘǃǓǘǋǅǑǅƣƴƶƵƲ.

ǀǗǗǈǍǕǞǑǕ ǅǐǈǇǓǈǐǋǢ: ǃǐǃǎǋǊƵǀƲ-
ƴǋǆǐǃǎǋǊǃǙǋǢǑǒǈǓǃǕǑǓǖǑǄ ǑǕǍǎǑǐǈǐǋǋ
ǕǈǘǐǑǎǑǆǋǚǈǔǍǋǘǒǑǍǃǊǃǕǈǎǈǌǑǕǑǉǋǇǃǈǏǞǘ
)ǠǕǃǎǑǐǐǞǘ*Ǌǐǃǚǈǐǋǌ-ǑǙǈǐǍǃǒǑǕǈǓǟ)ǕǑǒǎǋǅǃ*/
ǔǐǋǉǈǐǋǢƭƲƧ ǅǔǎǈǇǔǕǅǋǈǋǏǈǡǜǋǘǔǢ
ǑǕǍǎǑǐǈǐǋǌ-what-if ǃǐǃǎǋǊ.

ƱǔǐǑǅǐǞǈǊǃǍǃǊǚǋǍǋ:

ƲƣƱ¬ƳǖǔƦǋǇǓǑ¼-ƲƣƱ¬ƫǐǕǈǓƳƣƱ¼-ƲƣƱ
¬ƯǑǔǠǐǈǓǆǑ¼ǋǇǓǖǆǋǈǆǈǐǈǓǋǓǖǡǜǋǈǍǑǏǒǃǐǋǋ.



9

ƯǈǐǡǖǒǓǃǅǎǈǐǋǢǏǈǘǃǐǋǊǏǃǏǋ

ƭǑǏǒǎǈǍǔǐǞǌ!ǕǓǈǐǃǉǈǓ!ǑǒǈǓǃǕǋǅǐǑǆǑ!ǒǈǓǔǑǐǃǎǃ!Ƶǀƴ!
ǐǃ!ǄǃǊǈ!ǙǋǗǓǑǅǑǆǑ!ǇǅǑǌǐǋǍǃ!



10

ƭǑǏǒǎǈǍǔǐǞǌ!ǕǓǈǐǃǉǈǓ!ǑǒǈǓǃǕǋǅǐǑǆǑ!ǒǈǓǔǑǐǃǎǃ!Ƶǀƴ!
ǐǃ!ǄǃǊǈ!ǙǋǗǓǑǅǑǆǑ!ǇǅǑǌǐǋǍǃ!

ƲǓǋǏǈǓ!ǅǋǊǖǃǎǋǊǃǙǋǋ!ǓǃǊǝǈǇǋǐǋǕǈǎǢ
ƲǓǋǏǈǓ!ǅǋǊǖǃǎǋǊǃǙǋǋ!ǛǍǃǗǑǅ!ǖǒǓǃǅǎǈǐǋǢ!

ǓǈǎǈǌǐǞǘ!ǜǋǕǑǅ



11

ƫǏǋǕǃǙǋǢ!ǇǈǌǔǕǅǋǌ!ǔ!ǑǄǑǓǖǇǑǅǃǐǋǈǏ!)ǜǋǕ!ǑǒǈǓǃǕǋǅǐǑǆǑ!ǕǑǍǃ*

ƭǑǏǒǎǈǍǔǐǞǌ!ǕǓǈǐǃǉǈǓ!ǑǒǈǓǃǕǋǅǐǑǆǑ!ǒǈǓǔǑǐǃǎǃ!Ƶǀƴ!
ǐǃ!ǄǃǊǈ!ǙǋǗǓǑǅǑǆǑ!ǇǅǑǌǐǋǍǃ!



12

ƭǑǏǒǎǈǍǔǐǞǌ!ǕǓǈǐǃǉǈǓ!ǑǒǈǓǃǕǋǅǐǑǆǑ!ǒǈǓǔǑǐǃǎǃ!Ƶǀƴ!
ǐǃ!ǄǃǊǈ!ǙǋǗǓǑǅǑǆǑ!ǇǅǑǌǐǋǍǃ!

ƫǐǕǈǓǗǈǌǔ!ǃǅǕǑǏǃǕǋǊǋǓǑǅǃǐǐǑǆǑ!ǓǃǄǑǚǈǆǑ!ǏǈǔǕǃ!ǍǑǕǎǃ!Ƶǀƹ!ǅ!ǒǓǑǙǈǔǔǈ!ǕǓǈǐǋǓǑǅǍǋ



ƭǃǗǈǇǓǃ!ƫƵưƱƥǈǓǐǖǕǟǔǢ!Ǎ!ǔǑǇǈǓǉǃǐǋǡ

ǀǍǔǒǈǓǋǏǈǐǕǃǎǟǐǞǌ!ǕǑǐǐǈǎǟǐǞǌ!
ǔǕǈǐǇ!ǇǎǢ!ǋǔǒǞǕǃǐǋǌ!ǆǑǓǈǎǑǚǐǞǘ!
ǖǔǕǓǑǌǔǕǅ-!ǑǄǈǔǒǈǚǋǅǃǡǜǋǌ!
ǋǔǒǞǕǃǐǋǢ!ǑǒǞǕǐǑǆǑ!ǑǄǓǃǊǙǃ!
ǆǑǓǈǎǑǚǐǑǆǑ!ǖǔǕǓǑǌǔǕǅǃ!

ǖǆǎǈǍǋǔǎǑǕǐǑǌ!ǍǃǏǈǓǞ!ǔǆǑǓǃǐǋǢ



ǀǍǔǒǈǓǋǏǈǐǕǃǎǟǐǞǌ!ǕǑǐǐǈǎǟǐǞǌ!ǔǕǈǐǇ!ǇǎǢ!ǋǔǒǞǕǃǐǋǌ!
ǆǑǓǈǎǑǚǐǞǘ!ǖǔǕǓǑǌǔǕǅ!ǖǆǎǈǍǋǔǎǑǕǐǑǌ!ǍǃǏǈǓǞ!ǔǆǑǓǃǐǋǢ

14

ưǃǊǐǃǚǈǐǋǈ: ǓǃǊǓǃǄǑǕǃǐǐǞǌǔǕǈǐǇǒǑǊǅǑǎǢǈǕ
ǒǓǑǅǑǇǋǕǟǋǔǒǞǕǃǐǋǢǆǑǓǈǎǑǚǐǞǘǖǔǕǓǑǌǔǕǅ
ǏǑǜǐǑǔǕǟǇǑ 50 ǍƥǕǔ ǑǕǔǎǈǉǋǅǃǐǋǈǏǅ
ǓǈǃǎǟǐǑǏǅǓǈǏǈǐǋǔǑǔǕǃǅǃǖǘǑǇǢǜǋǌǆǃǊǑǅǋ
ǕǈǏǒǈǓǃǕǖǓǗǃǍǈǎǃǅǕǑǒǍǈ.

ƵǈǘǐǋǚǈǔǍǋǈǘǃǓǃǍǕǈǓǋǔǕǋǍǋ: ǏǑǜǐǑǔǕǟ
ǆǑǓǈǎǑǚǐǞǘǖǔǕǓǑǌǔǕǅ: ǇǑ30 ǍƥǕ; ƥǈǎǋǚǋǐǃ
ǕǑǒǑǚǐǑǆǑǒǓǑǔǕǓǃǐǔǕǅǃ: 300*300*1200ǏǏ.;
ƭǑǎǋǚǈǔǕǅǑǔǓǈǊǑǅǋǊǏǈǓǈǐǋǢǕǈǏǒǈǓǃǕǖǓǞ: 7;
ƯǃǍǔǋǏǃǎǟǐǃǢǕǈǏǒǈǓǃǕǖǓǃǅǕǑǒǍǈ: ǇǑ1600 ÁC.

ưǃǖǚǐǃǢǐǑǅǋǊǐǃ)ǖǐǋǍǃǎǟǐǑǔǕǟ): ǖǐǋǍǃǎǟǐǑǔǕǟ
ǓǈǛǈǐǋǢǊǃǍǎǡǚǃǈǕǔǢǅǅǑǊǏǑǉǐǑǔǕǋǋǔǒǞǕǃǐǋǢ
ǆǑǓǈǎǑǚǐǞǘǖǔǕǓǑǌǔǕǅǇǎǢǉǋǆǃǐǋǢǒǓǋǓǑǇǐǑǆǑ
ǆǃǊǃǅǔǓǈǇǈǇǋǑǍǔǋǇǃǖǆǎǈǓǑǇǃ-ǒǓǋǠǕǑǏǅ
ǍǃǚǈǔǕǅǈǑǍǋǔǎǋǕǈǎǢǅǞǔǕǖǒǃǈǕǍǋǔǎǑǓǑǇ.

ƴǅǈǇǈǐǋǢ!Ǒ!ǓǈǃǎǋǊǑǅǃǐǐǑǏǒǓǑǈǍǕǈ

3D-ǏǑǇǈǎǟ!ǏǑǇǈǓǐǋǊǋǓǑǅǃǐǐǑǆǑ!ǔǕǈǐǇǃ!¬ƵǖǐǐǈǎǟǐǃǢ!
ǒǈǚǟ¼;!2!ǾǕǑǒǑǚǐǃǢ!ǍǃǏǈǓǃ!ǔǕǈǐǇǃ<!3!ǾǔǏǈǔǋǕǈǎǟ!ǆǃǊǑǅ<!

3 ǾǋǊǏǈǓǋǕǈǎǟǐǞǌ!ǖǚǃǔǕǑǍ!ǐǃ!ǒǑǇǅǑǇǈ!ƲƦ<!5!Ǿ
ǋǊǏǈǓǋǕǈǎǟǐǞǌ!ǖǚǃǔǕǑǍ!ǐǃ!ǒǑǇǅǑǇǈ!ǖǆǎǈǍǋǔǎǑǆǑ!ǆǃǊǃ<!

5 ǾǋǊǏǈǓǋǕǈǎǟǐǞǌ!ǖǚǃǔǕǑǍ!ǐǃ!ǒǑǇǅǑǇǈ!ǍǋǔǎǑǓǑǇǃ/



ǀǍǔǒǈǓǋǏǈǐǕǃǎǟǐǞǌ!ǕǑǐǐǈǎǟǐǞǌ!ǔǕǈǐǇ!ǇǎǢ!ǋǔǒǞǕǃǐǋǌ!
ǆǑǓǈǎǑǚǐǞǘ!ǖǔǕǓǑǌǔǕǅ!ǖǆǎǈǍǋǔǎǑǕǐǑǌ!ǍǃǏǈǓǞ!ǔǆǑǓǃǐǋǢ

15

ƫǔǒǞǕǃǐǋǢ!ǇǈǌǔǕǅǖǡǜǈǆǑ!ǒǓǑǕǑǕǋǒǃ!ǠǍǔǒǈǓǋǏǈǐǕǃǎǟǐǑǆǑ!
ǕǑǐǐǈǎǟǐǑǆǑ!ǔǕǈǐǇǃ!ǇǎǢ!ǋǔǒǞǕǃǐǋǌ!ǆǑǓǈǎǑǚǐǞǘ!ǖǔǕǓǑǌǔǕǅ!

ǖǆǎǈǍǋǔǎǑǕǐǑǌ!ǍǃǏǈǓǞ!ǔǆǑǓǃǐǋǢ

ƲǑǕǈǐǙǋǃǎǟǐǑǈ!ǒǓǋǏǈǐǈǐǋǈ

ƶǓǑǅǈǐǟǆǑǕǑǅǐǑǔǕǋ(TRL 7): ǓǃǊǓǃǄǑǕǍǃǋ
ǑǒǞǕǐǞǈǋǔǒǞǕǃǐǋǢǓǈǃǎǟǐǑǆǑǇǈǌǔǕǅǖǡǜǈǆǑ
ǒǓǑǕǑǕǋǒǃ)ƱƭƳ*. ƲǈǚǟǓǃǊǓǃǄǑǕǃǐǃǋ
ǋǊǆǑǕǑǅǎǈǐǃ-ǒǓǑǅǈǇǈǐǞǠǍǔǒǈǓǋǏǈǐǕǃǎǟǐǞǈ
ǋǔǔǎǈǇǑǅǃǐǋǢ.

ǀǗǗǈǍǕǞǑǕǅǐǈǇǓǈǐǋǢ: ǠǍǔǒǈǓǋǏǈǐǕǃǎǟǐǑǈ
ǋǔǔǎǈǇǑǅǃǐǋǈǓǃǊǎǋǚǐǞǘǑǄǓǃǊǙǑǅǆǑǓǈǎǑǚǐǞǘ
ǖǔǕǓǑǌǔǕǅǔ ǙǈǎǟǡǒǑǇǕǅǈǓǉǇǈǐǋǢǋǘ
ǠǍǔǒǎǖǃǕǃǙǋǑǐǐǞǘǘǃǓǃǍǕǈǓǋǔǕǋǍǋ ǖǕǑǚǐǈǐǋǈ
ǓǃǔǚǈǕǐǑ-ǃǐǃǎǋǕǋǚǈǔǍǋǘǏǑǇǈǎǈǌ.

ƱǔǐǑǅǐǞǈǊǃǍǃǊǚǋǍǋ:
ƲƣƱ¬ƦǃǊǒǓǑǏ¼-ƲƣƱ¬ƮǖǍǑǌǎ¼-ƲƣƱ¬ưǑǅǃǕǠǍ¼-
ƱƱƱ ¬ƦǃǊǒǓǑǏǠǐǈǓǆǑǘǑǎǇǋǐǆ¼ ǋ ǇǓǖǆǋǈ
ǠǐǈǓǆǈǕǋǚǈǔǍǋǈǍǑǏǒǃǐǋǋǋ ǒǓǈǇǒǓǋǢǕǋǢǔ
ǠǐǈǓǆǑǈǏǍǋǏǋǒǓǑǋǊǅǑǇǔǕǅǃǏǋ



ƭǃǗǈǇǓǃ!ƫƵưƱƥǈǓǐǖǕǟǔǢ!Ǎ!ǔǑǇǈǓǉǃǐǋǡ

ƯǈǕǑǇǋǍǃ!ǑǄǓǃǕǐǑǆǑ!
ǒǓǑǈǍǕǋǓǑǅǃǐǋǢ!ǇǎǢ!ǖǊǎǑǅ!
ǇǈǕǃǎǈǌ!ǠǐǈǓǆǈǕǋǚǈǔǍǑǆǑ!

ǑǄǑǓǖǇǑǅǃǐǋǢ



ƯǈǕǑǇǋǍǃ!ǑǄǓǃǕǐǑǆǑ!ǒǓǑǈǍǕǋǓǑǅǃǐǋǢ!ǇǎǢ!ǖǊǎǑǅ!
ǇǈǕǃǎǈǌ!ǠǐǈǓǆǈǕǋǚǈǔǍǑǆǑ!ǑǄǑǓǖǇǑǅǃǐǋǢ

17

ưǃǊǐǃǚǈǐǋǈ: ǓǃǊǓǃǄǑǕǃǐǐǃǢǏǈǕǑǇǋǍǃǒǑǊǅǑǎǢǈǕ
ǒǓǑǅǑǇǋǕǟǑǄǓǃǕǐǑǈǒǓǑǈǍǕǋǓǑǅǃǐǋǈǖǊǎǑǅ
ǇǈǕǃǎǈǌǓǃǊǎǋǚǐǑǆǑǠǐǈǓǆǈǕǋǚǈǔǍǑǆǑ
ǑǄǑǓǖǇǑǅǃǐǋǢ.

ƵǈǘǐǋǚǈǔǍǋǈǘǃǓǃǍǕǈǓǋǔǕǋǍǋ: ǏǈǕǑǇǋǍǃ
ǒǓǋǏǈǐǋǏǃǇǎǢǇǈǕǃǎǈǌǅǞǒǑǎǐǈǐǐǞǘǋǊ
ǏǈǕǃǎǎǑǅ-ǍǑǏǒǑǊǋǕǑǅǋǓǈǊǋǐ.

ƦǃǄǃǓǋǕǐǑǈǑǆǓǃǐǋǚǈǐǋǈǾǑǕ20ǘ20ǘ20 ǏǏǇǑ
500ǘ500ǘ500 ǏǏ.

ưǃǖǚǐǃǢǐǑǅǋǊǐǃ(ǙǈǐǐǑǔǕǟ): ǖǐǋǍǃǎǟǐǑǔǕǟ
ǓǈǛǈǐǋǢ ǊǃǍǎǡǚǃǈǕǔǢǅ ǐǃǎǋǚǋǋ
ǔǕǓǖǍǕǖǓǋǓǑǅǃǐǐǑǆǑǏǈǕǑǇǋǚǈǔǍǋǘ
ǓǈǍǑǏǈǐǇǃǙǋǌǑǄǓǃǕǐǑǆǑǒǓǑǈǍǕǋǓǑǅǃǐǋǢǇǎǢ
ǓǃǊǎǋǚǐǑǆǑǅǋǇǃǑǄǑǓǖǇǑǅǃǐǋǢǒǓǋǒǑǎǖǚǈǐǋǋ
ǈǆǑǆǈǑǏǈǕǓǋǚǈǔǍǋǘǘǃǓǃǍǕǈǓǋǔǕǋǍǋǏǃǕǈǓǋǃǎǃ
ǔ ǔǑǄǎǡǇǈǐǋǈǏǒǓǃǅǋǐǕǈǎǎǈǍǕǖǃǎǟǐǑǌ
ǔǑǄǔǕǅǈǐǐǑǔǕǋ.

ƴǅǈǇǈǐǋǢ!Ǒ!ǓǈǃǎǋǊǑǅǃǐǐǑǏǒǓǑǈǍǕǈ

ƯǈǕǑǇǋǍǃ!ǒǓǃǅǑǏǈǓǐǑǆǑ!ǑǄǓǃǕǐǑǆǑ!ǒǓǑǈǍǕǋǓǑǅǃǐǋǢ!
)ǓǈǅǈǓǔ-ǋǐǉǋǐǋǓǋǐǆǃ*!



ƯǈǕǑǇǋǍǃ!ǑǄǓǃǕǐǑǆǑ!ǒǓǑǈǍǕǋǓǑǅǃǐǋǢ!ǇǎǢ!ǖǊǎǑǅ!
ǇǈǕǃǎǈǌ!ǠǐǈǓǆǈǕǋǚǈǔǍǑǆǑ!ǑǄǑǓǖǇǑǅǃǐǋǢ

18

ƲǓǋǏǈǐǈǐǋǈ!ǏǈǕǑǇǋǍǋ!ǑǄǓǃǕǐǑǆǑ!ǒǓǑǈǍǕǋǓǑǅǃǐǋǢ!ǇǎǢ!
ǎǑǒǃǕǍǋ!ƦƵƧ!Siemens SGT 600

ƲǑǕǈǐǙǋǃǎǟǐǑǈ!ǒǓǋǏǈǐǈǐǋǈ

ƶǓǑǅǈǐǟǆǑǕǑǅǐǑǔǕǋ(TRL ȣ6): ǏǈǕǑǇǋǍǃ
ǒǓǑǕǈǔǕǋǓǑǅǃǐǃǐǃ ǐǈǔǍǑǎǟǍǋǘǒǓǑǈǍǕǃǘ-
ǅǍǎǡǚǃǢǓǈǅǈǓǔ-ǋǐǉǋǐǋǓǋǐǆǖǊǎǑǅǖǔǕǃǐǑǅǍǋ
ǏǋǍǓǑ-ƦƵƶ Casptone ǋ ǏǑǇǖǎǢ
ǠǎǈǍǕǓǑǇǈǋǑǐǋǊǃǙǋǋION PUREVNX 55 EP L. ưǃ
ǖǎǖǚǛǈǐǐǞǘǒǓǑǕǑǕǋǒǃǘǍǎǃǔǕǈǓǑǅ
ǊǃǒǎǃǐǋǓǑǅǃǐǞǋǔǒǞǕǃǐǋǢ.

ǀǗǗǈǍǕǞǑǕ ǅǐǈǇǓǈǐǋǢ: ǅǑǊǏǑǉǐǑǔǕǟ
ǓǃǊǓǃǄǑǕǍǋǋ ǏǑǇǋǗǋǍǃǙǋǋǃǐǃǎǑǆǑǅ
ǠǐǈǓǆǈǕǋǚǈǔǍǑǆǑǑǄǑǓǖǇǑǅǃǐǋǢ. ƲǑǎǖǚǈǐǋǈ
ǍǑǐǔǕǓǖǍǕǑǓǔǍǑǌǇǑǍǖǏǈǐǕǃǙǋǋǐǃǓǈǏǑǐǕǐǞǈ
ǍǑǏǒǎǈǍǕǞǑǕǅǈǕǔǕǅǈǐǐǞǘǖǊǎǑǅǠǐǈǓǆǈǕǋǚǈǔǍǑǆǑ
ǑǄǑǓǖǇǑǅǃǐǋǢ.

ƱǔǐǑǅǐǞǈǊǃǍǃǊǚǋǍǋ:

ƣƱ¬ƯǑǔǑǄǎǆǃǊ¼-ƣƱ¬ưƲƭƯƨƧƫƣưƣ-ƷƫƮƿƵƳ¼-
ƱƱƱ ¬ƴǋǅǈǓǕǈǘ¼- ƱƱƱ ¬ƦǃǊǒǓǑǏǐǈǗǕǟ-
ǀǐǈǓǆǑǔǈǓǅǋǔ¼-ƲƣƱƳǑǔǐǈǗǕǟ-ƲƣƱ¬ƮǖǍǑǌǎ¼.

ƱǄǓǃǊǈǙ 3D ǔǍǃǐǋǓǑǅǃǐǋǈ

ƵǑǏǑǆǓǃǗǋǢ

ƯǑǇǈǎǋǓǑǅǃǐǋǈ

ƳǃǊǓǃǄǑǕǍǃ!ƭƧ

ƫǔǒǞǕǃǐǋǢ4ǇǏǑǇǈǎǟ



19

ƭǑǐǕǃǍǕǞ

ƭǃǗǈǇǓǃ!ǋǐǐǑǅǃǙǋǑǐǐǞǘ!ǕǈǘǐǑǎǑǆǋǌ!
ǐǃǖǍǑǈǏǍǋǘ!ǑǕǓǃǔǎǈǌ

ƪǃǅǈǇǖǡǜǋǌ!ǍǃǗǈǇǓǑǌ
ƳǑǆǃǎǈǅƣǐǇǓǈǌ!ưǋǍǑǎǃǈǅǋǚ



ƭǃǗǈǇǓǃ!ƣǀƴƥǈǓǐǖǕǟǔǢ!Ǎ!ǔǑǇǈǓǉǃǐǋǡ

ƲǓǑǆǓǃǏǏǐǞǌ!ǍǑǏǒǎǈǍǔ!STEG
¬ƳǃǔǚǈǕ!ǕǓǈǘǏǈǓǐǞǘ!

ǕǈǒǎǑǆǋǇǓǃǅǎǋǚǈǔǍǋǘǒǓǑǙǈǔǔǑǅ!
ǅ!ǆǑǓǋǊǑǐǕǃǎǟǐǑǏ!

ǒǃǓǑǆǈǐǈǓǃǕǑǓǈ!ƣǀƴ!ǔ!ƥƥǀƳ¼



ƲǓǑǆǓǃǏǏǐǞǌ!ǍǑǏǒǎǈǍǔ!STEG¬ƳǃǔǚǈǕ!ǕǓǈǘǏǈǓǐǞǘ!
ǕǈǒǎǑǆǋǇǓǃǅǎǋǚǈǔǍǋǘǒǓǑǙǈǔǔǑǅ!ǅ!ǆǑǓǋǊǑǐǕǃǎǟǐǑǏ!
ǒǃǓǑǆǈǐǈǓǃǕǑǓǈ!ƣǀƴ!ǔ!ƥƥǀƳ¼

21

ưǃǊǐǃǚǈǐǋǈ: ǒǓǑǆǓǃǏǏǐǞǌǍǑǏǒǎǈǍǔSTEG
ǒǓǈǇǐǃǊǃǚǈǐǇǎǢ ǓǃǔǚǈǕǃǕǓǈǘǏǈǓǐǞǘ
ǕǈǒǎǑǆǋǇǓǃǅǎǋǚǈǔǍǋǘǒǓǑǙǈǔǔǑǅǅ
ǆǑǓǋǊǑǐǕǃǎǟǐǑǏǒǃǓǑǆǈǐǈǓǃǕǑǓǈƣǀƴǔƥƥǀƳ.

ƷǖǐǍǙǋǋ:
1. ƳǃǔǚǈǕ ǓǃǔǒǓǈǇǈǎǈǐǋǢǑǄǝǈǏǐǑǆǑ
ǒǃǓǑǔǑǇǈǓǉǃǐǋǢǋǔǍǑǓǑǔǕǈǌǅǑǇǞǋǒǃǓǃǅ
ǑǄǝǈǏǈǆǑǓǋǊǑǐǕǃǎǟǐǑǆǑƲƦ

2. ƳǃǔǚǈǕǅǎǃǉǐǑǔǕǋǅǞǘǑǇǢǜǈǆǑǒǃǓǃ

3. ƳǃǔǚǈǕǓǃǔǒǓǈǇǈǎǈǐǋǢǓǃǔǕǅǑǓǋǏǞǘ
ǒǓǋǏǈǔǈǌǅǑǄǝǈǏǈǆǑǓǋǊǑǐǕǃǎǟǐǑǆǑƲƦ

ƷǖǐǍǙǋǢ!2/!ƱǄǝǈǏǐǑǈ!ǒǃǓǑǔǑǇǈǓǉǃǐǋǈǋ!ǒǑǎǈ!ǔǍǑǓǑǔǕǋ!ǒǃǓǃ!
ǅ!ǒǑǒǈǓǈǚǐǑǏ!ǔǈǚǈǐǋǋ!ƲƦ!ǏǈǉǇǖ!ǆǑǓǢǚǋǏ!ǋ!ǘǑǎǑǇǐǞǏ!
ǍǑǎǎǈǍǕǑǓǃǏǋ!)ǓǃǔǚǈǕ!2-ǌ!ǅǈǓǔǋǈǌ!ǍǑǇǃ!STEG)

ƴǅǈǇǈǐǋǢ!Ǒ!ǒǎǃǐǋǓǖǈǏǑǏǒǓǑǈǍǕǈ
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ƶǓǑǅǈǐǟǆǑǕǑǅǐǑǔǕǋǒǓǑǆǓǃǏǏǐǑǆǑǒǓǑǇǖǍǕǃ
(TRL ȣ4): ǔǑǊǇǃǐǃ1-ǢǅǈǓǔǋǢǍǑǇǃ-ǅǍǑǕǑǓǑǌ
ǓǈǃǎǋǊǑǅǃǐǃǗǖǐǍǙǋǢ1.

ǀǗǗǈǍǕǞǑǕ ǅǐǈǇǓǈǐǋǢ: ǑǒǕǋǏǋǊǃǙǋǢ
ǅǐǖǕǓǋǍǑǓǒǖǔǐǞǘǖǔǕǓǑǌǔǕǅǔǙǈǎǟǡǔǐǋǉǈǐǋǢ
ǅǎǃǉǐǑǔǕǋǅǞǘǑǇǢǜǈǆǑǒǃǓǃǋ ǍǑǐǙǈǐǕǓǃǙǋǋ
ǒǓǋǏǈǔǈǌǅǑǄǝǈǏǈƲƦ.

ƱǕǈǚǈǔǕǅǈǐǐǞǈǋǎǋǊǃǓǖǄǈǉǐǞǈǃǐǃǎǑǆǋ:
ǍǑǏǏǈǓǚǈǔǍǋǈCFD ǍǑǇǞǒǑǕǈǐǙǋǃǎǟǐǑ
ǒǑǊǅǑǎǢǡǕǏǑǇǈǎǋǓǑǅǃǕǟǆǑǓǋǊǑǐǕǃǎǟǐǞǌƲƦ.

ƱǔǐǑǅǐǞǈǊǃǍǃǊǚǋǍǋ:

ƱƣƱ ¬ƭǑǐǙǈǓǐƳǑǔǠǐǈǓǆǑǃǕǑǏ¼-ƣƱ ƱƭƤ
¬ƦƫƧƳƱƲƳƨƴƴ¼

ƲǑǕǈǐǙǋǃǎǟǐǑǈ!ǒǓǋǏǈǐǈǐǋǈ

ƦǑǓǋǊǑǐǕǃǎǟǐǞǌ!ƲƦ!ǇǎǢ!ƥƥǀƳ-2611!)ǅǋǇ!ǔǄǑǍǖ*

ƲǓǑǆǓǃǏǏǐǞǌ!ǍǑǏǒǎǈǍǔ!STEG¬ƳǃǔǚǈǕ!ǕǓǈǘǏǈǓǐǞǘ!
ǕǈǒǎǑǆǋǇǓǃǅǎǋǚǈǔǍǋǘǒǓǑǙǈǔǔǑǅ!ǅ!ǆǑǓǋǊǑǐǕǃǎǟǐǑǏ!
ǒǃǓǑǆǈǐǈǓǃǕǑǓǈ!ƣǀƴ!ǔ!ƥƥǀƳ¼
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ƭǑǐǕǃǍǕǞ

ƭǃǗǈǇǓǃ!ƣǕǑǏǐǞǘ!ǠǎǈǍǕǓǋǚǈǔǍǋǘ!
ǔǕǃǐǙǋǌ

ƪǃǅǈǇǖǡǜǋǌ!ǍǃǗǈǇǓǑǌ
ƸǅǑǔǕǑǅǃƯǃǓǋǐǃ!ƴǈǓǆǈǈǅǐǃ



ƭǃǗǈǇǓǃ!ưƵƥǈǓǐǖǕǟǔǢ!Ǎ!ǔǑǇǈǓǉǃǐǋǡ

ƯǈǕǑǇǋǍǃ!ǍǑǐǕǓǑǎǢ!ǋ!
ǖǒǓǃǅǎǈǐǋǢ!ǒǓǑǙǈǔǔǑǏ!
ǑǄǝǈǏǐǑǌ!ǍǑǐǇǈǐǔǃǙǋǋ!!ǅ!
ǒǓǑǕǑǚǐǞǘ!ǚǃǔǕǢǘ!ǏǃǛǋǐ!ǋ!
ǃǒǒǃǓǃǕǑǅ!ǘǑǎǑǇǋǎǟǐǑǌ!ǋ!
ǍǓǋǑǆǈǐǐǑǌ!ǕǈǘǐǋǍǋ



ƯǈǕǑǇǋǍǃ!ǍǑǐǕǓǑǎǢ!ǋ!ǖǒǓǃǅǎǈǐǋǢ!ǒǓǑǙǈǔǔǑǏ!
ǑǄǝǈǏǐǑǌ!ǍǑǐǇǈǐǔǃǙǋǋ!!ǅ!ǒǓǑǕǑǚǐǞǘ!ǚǃǔǕǢǘ!ǏǃǛǋǐ!
ǋ!ǃǒǒǃǓǃǕǑǅ!ǘǑǎǑǇǋǎǟǐǑǌ!ǋ!ǍǓǋǑǆǈǐǐǑǌ!ǕǈǘǐǋǍǋ

25

ưǃǊǐǃǚǈǐǋǈ: ǒǓǑǈǍǕǐǃǒǓǃǅǎǈǐǐǃǓǈǛǈǐǋǈ
ǅǃǉǐǑǌǕǈǓǏǑǆǃǊǑǇǋǐǃǏǋǚǈǔǍǑǌǋǕǈǘǐǋǚǈǔǍǑǌ
ǒǓǑǄǎǈǏǞǾǅǑǊǐǋǍǐǑǅǈǐǋǢǗǃǊǑǅǞǘǒǈǓǈǘǑǇǑǅǅ
ǒǓǑǕǑǚǐǑǌǚǃǔǕǋǓǃǔǛǋǓǋǕǈǎǟǐǞǘǏǃǛǋǐǋ
ǃǒǒǃǓǃǕǑǅǘǑǎǑǇǋǎǟǐǑǌǋǍǓǋǑǆǈǐǐǑǌǕǈǘǐǋǍǋ-
ǓǃǄǑǕǃǡǜǋǘǅǒǃǓǑǉǋǇǍǑǔǕǐǑǌǑǄǎǃǔǕǋ.
ưǃǖǚǐǃǢǐǑǅǋǊǐǃ: ǓǃǊǓǃǄǑǕǃǐǃǏǈǕǑǇǋǍǃ
ǍǑǐǕǓǑǎǢǋ ǖǒǓǃǅǎǈǐǋǢǒǓǑǙǈǔǔǑǏǑǄǝǈǏǐǑǌ
ǍǑǐǇǈǐǔǃǙǋǋǅ ǒǓǑǕǑǚǐǞǘǚǃǔǕǢǘǏǃǛǋǐǋ
ǃǒǒǃǓǃǕǑǅǘǑǎǑǇǋǎǟǐǑǌǋǍǓǋǑǆǈǐǐǑǌǕǈǘǐǋǍǋ-
ǅǞǢǅǎǈǐǞǊǃǍǑǐǑǏǈǓǐǑǔǕǋ-ǒǓǑǋǊǅǈǇǈǐǃǑǙǈǐǍǃ
ǅǎǋǢǐǋǢǒǓǑǙǈǔǔǃǐǃǠǎǈǏǈǐǕǞǕǖǓǄǑǏǃǛǋǐǋǋǘ
ǠǗǗǈǍǕǋǅǐǑǔǕǟ-ǃ ǕǃǍǉǈǓǃǊǓǃǄǑǕǃǐǞ
ǋǐǔǕǓǖǏǈǐǕǞǇǎǢǑǒǕǋǏǋǊǃǙǋǋǓǈǉǋǏǐǞǘ
ǒǃǓǃǏǈǕǓǑǅǘǑǎǑǇǋǎǟǐǞǘǋ ǍǓǋǑǆǈǐǐǞǘ
ǕǖǓǄǑǏǃǛǋǐ-ǓǃǄǑǕǃǡǜǋǘǅǖǔǎǑǅǋǢǘǗǃǊǑǅǑǆǑ
ǒǈǓǈǘǑǇǃ.

ƴǅǈǇǈǐǋǢ!Ǒ!ǓǈǃǎǋǊǑǅǃǐǐǑǏǒǓǑǈǍǕǈ

ƯǐǑǆǑǏǈǓǐǃǢ!ǊǃǅǋǔǋǏǑǔǕǟ!ǔǕǈǒǈǐǋ!ǍǑǐǇǈǐǔǃǙǋǋ!ƴƱ3!ǅ!
ǒǓǑǕǑǚǐǑǌ!ǚǃǔǕǋ!ǓǃǇǋǃǎǟǐǑǆǑ!ǕǖǓǄǑǇǈǕǃǐǇǈǓǃ



ƯǈǕǑǇǋǍǃ!ǍǑǐǕǓǑǎǢ!ǋ!ǖǒǓǃǅǎǈǐǋǢ!ǒǓǑǙǈǔǔǑǏ!
ǑǄǝǈǏǐǑǌ!ǍǑǐǇǈǐǔǃǙǋǋ!!ǅ!ǒǓǑǕǑǚǐǞǘ!ǚǃǔǕǢǘ!ǏǃǛǋǐ!ǋ!
ǃǒǒǃǓǃǕǑǅ!ǘǑǎǑǇǋǎǟǐǑǌ!ǋ!ǍǓǋǑǆǈǐǐǑǌ!ǕǈǘǐǋǍǋ

26

ƳǃǔǒǓǈǇǈǎǈǐǋǢ!ǏǃǔǔǑǅǑǌ!ǇǑǎǋ!ǔǍǑǐǇǈǐǔǋǓǑǅǃǅǛǈǆǑǔǢ!
ǇǋǑǍǔǋǇǃ!ǖǆǎǈǓǑǇǃ!ǒǓǋ!ǓǃǊǎǋǚǐǞǘ!ǔǕǈǒǈǐǢǘ!ǓǃǔǛǋǓǈǐǋǢ!

ǒǑǕǑǍǃ

ƲǑǕǈǐǙǋǃǎǟǐǑǈ!ǒǓǋǏǈǐǈǐǋǈ

ƶǓǑǅǈǐǟǆǑǕǑǅǐǑǔǕǋ(TRL ȣ 2): ǒǓǑǅǈǇǈǐǑ
ǚǋǔǎǈǐǐǑǈǏǑǇǈǎǋǓǑǅǃǐǋǈ-ǒǑǇǕǅǈǓǉǇǈǐǐǑǈ
ǔǓǃǅǐǈǐǋǈǏǔǓǈǊǖǎǟǕǃǕǃǏǋǠǍǔǒǈǓǋǏǈǐǕǃǎǟǐǞǘ
ǓǃǄǑǕǔǕǑǓǑǐǐǋǘǃǅǕǑǓǑǅ.
ǀǗǗǈǍǕǞǑǕ ǅǐǈǇǓǈǐǋǢ: ǒǓǋǏǈǐǈǐǋǈ
ǓǃǊǓǃǄǑǕǃǐǐǞǘǋǐǔǕǓǖǏǈǐǕǑǅǋ
ǏǈǕǑǇǑǎǑǆǋǚǈǔǍǑǆǑǃǒǒǃǓǃǕǃǒǑǊǅǑǎǢǈǕ
ǒǓǑǈǍǕǋǓǑǅǃǕǟǐǑǅǞǈǔǋǔǕǈǏǞǆǃǊǑǑǚǋǔǕǍǋǔ
ǒǑǔǎǈǇǖǡǜǋǏǋǊǅǎǈǚǈǐǋǈǏǒǓǋǏǈǔǈǌǅ
ǕǑǅǃǓǐǑǏǅǋǇǈ. ưǑǅǃǢǔǋǔǕǈǏǃǆǃǊǑǑǚǋǔǕǍǋ
ǢǅǎǢǈǕǔǢǇǑǔǕǖǒǐǑǌǃǎǟǕǈǓǐǃǕǋǅǑǌ
ǠǐǈǓǆǑǊǃǕǓǃǕǐǞǏǍǎǃǔǔǋǚǈǔǍǋǏǕǈǘǐǑǎǑǆǋǢǏ.
ƱǔǐǑǅǐǞǈǊǃǍǃǊǚǋǍǋ:
ƣƱ ¬ƭǓǋǑǆǈǐǏǃǛ¼- ƣƱ ¬ƵƥǀƮ¼-ƣƱ
¬ƵǖǓǄǑǘǑǎǑǇ¼, ƳǑǔǔǋǌǔǍǋǌǐǃǖǚǐǞǌǗǑǐǇǋ
ǇǓǖǆǋǈǍǓǖǒǐǞǈǓǑǔǔǋǌǔǍǋǈǐǃǖǚǐǑ-
ǒǓǑǋǊǅǑǇǔǕǅǈǐǐǞǈǑǓǆǃǐǋǊǃǙǋǋ.



ƭǃǗǈǇǓǃ!ưƵƥǈǓǐǖǕǟǔǢ!Ǎ!ǔǑǇǈǓǉǃǐǋǡ

ƣǐǃǎǋǊ!ǒǓǑǙǈǔǔǑǅ!
ǕǈǒǎǑǒǈǓǈǐǑǔǃ!ǒǓǋ!Ǎǋǒǈǐǋǋ!

ǆǈǎǋǢ-II



ƣǐǃǎǋǊ!ǒǓǑǙǈǔǔǑǅ!ǕǈǒǎǑǒǈǓǈǐǑǔǃ!ǒǓǋ!Ǎǋǒǈǐǋǋ!ǆǈǎǋǢ-II
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ưǃǊǐǃǚǈǐǋǈ: ǓǃǊǓǃǄǑǕǍǃǏǈǕǑǇǑǅ
ǒǓǈǇǑǕǅǓǃǜǈǐǋǢǃǅǃǓǋǌǐǞǘǔǋǕǖǃǙǋǌ;
ǒǓǑǈǍǕǋǓǑǅǃǐǋǈǑǄǑǓǖǇǑǅǃǐǋǢǇǎǢ
ǠǍǔǒǈǓǋǏǈǐǕǃǎǟǐǞǘǋǔǔǎǈǇǑǅǃǐǋǌǍǋǒǈǐǋǢ
ǔǅǈǓǘǕǈǍǖǚǈǆǑǆǈǎǋǢǅ ǐǈǅǈǔǑǏǑǔǕǋ;
ǑǒǕǋǏǋǊǃǙǋǢǓǈǉǋǏǑǅǓǃǄǑǕǞǋ ǍǑǐǔǕǓǖǍǙǋǋ
ǕǈǒǎǑǑǄǏǈǐǐǞǘǃǒǒǃǓǃǕǑǅǔǒǈǙǋǃǎǟǐǑǆǑ
ǐǃǊǐǃǚǈǐǋǢ.
ƵǈǘǐǋǚǈǔǍǋǈǘǃǓǃǍǕǈǓǋǔǕǋǍǋ: U-ǑǄǓǃǊǐǞǌǍǃǐǃǎ
ǅǐǖǕǓǈǐǐǋǏǇǋǃǏǈǕǓǑǏ16 ǏǏ-ǐǃǆǓǈǅǃǕǈǎǟ
ǅǞǒǑǎǐǈǐǅ ǅǋǇǈǔǒǋǓǃǎǋǋǊǐǋǘǓǑǏǑǅǑǌ
ǒǓǑǅǑǎǑǍǋǇǋǃǏǈǕǓǑǏ50 ǏǍǏǒǑǇǏǈǇǐǞǏ
ǇǋǔǍǑǏǇǋǃǏǈǕǓǑǏ12,5 ǏǏ.
ưǃǖǚǐǃǢǐǑǅǋǊǐǃ(ǖǐǋǍǃǎǟǐǑǔǕǟ): ǒǓǈǇǎǑǉǈǐǃ
ǐǑǅǃǢǆǈǑǏǈǕǓǋǢǓǃǄǑǚǈǆǑǖǚǃǔǕǍǃǾU-ǑǄǓǃǊǐǞǌ
ǍǃǐǃǎǍǃǍǔǅǑǄǑǇǐǞǌ-ǕǃǍǋǔǏǑǐǑǇǋǔǒǈǓǔǐǑǌ
ǒǑǓǋǔǕǑǌǊǃǔǞǒǍǑǌ.

ƴǅǈǇǈǐǋǢ!Ǒ!ǓǈǃǎǋǊǑǅǃǐǐǑǏǒǓǑǈǍǕǈ

ƳǑǔǕ!ǋ!ǔǘǎǑǒǞǅǃǐǋǈ!ǒǃǓǑǅǑǌ!ǒǓǑǄǍǋ!ǅ!Ǎǃǐǃǎǈ!)ǋǐǕǈǓǅǃǎ!
ǏǈǉǇǖ!ǍǃǇǓǃǏǋ!~1-178!ǔ*!qw>!22!ǍƥǕ0Ǐ

2; Pb>!2397!Ʋǃ.



ƣǐǃǎǋǊ!ǒǓǑǙǈǔǔǑǅ!ǕǈǒǎǑǒǈǓǈǐǑǔǃ!ǒǓǋ!Ǎǋǒǈǐǋǋ!ǆǈǎǋǢ-II
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ƳǑǔǕ!ǋ!ǖǏǈǐǟǛǈǐǋǈ!ǒǃǓǑǅǑǌ!ǒǓǑǄǍǋ!ǅ!Ǎǃǐǃǎǈ!ǔ!
ǏǑǐǑǇǋǔǒǈǓǔǐǑǌ!ǊǃǔǞǒǍǑǌ!ǇǋǃǏǈǕǓǑǏ!351!ǏǍǏ!)ǋǐǕǈǓǅǃǎ!
ǏǈǉǇǖ!ǔǐǋǏǍǃǏǋ!~1-2!ǔ*;!Pb>!5511!Ʋǃ<!qw>!48-3!ǍƥǕ0Ǐ

2.

ƲǑǕǈǐǙǋǃǎǟǐǑǈ!ǒǓǋǏǈǐǈǐǋǈ

ƶǓǑǅǈǐǟǆǑǕǑǅǐǑǔǕǋ(TRL ȣ 2): ǒǓǑǅǈǇǈǐǞ
ǠǍǔǒǈǓǋǏǈǐǕǃǎǟǐǞǈǋǔǔǎǈǇǑǅǃǐǋǢǇǅǋǉǈǐǋǢ
ǏǈǉǗǃǊǐǑǌǒǑǅǈǓǘǐǑǔǕǋǆǈǎǋǢII ǅU-ǑǄǓǃǊǐǑǏ
ǍǃǐǃǎǈǔǏǑǐǑǇǋǔǒǈǓǔǐǑǌǒǑǓǋǔǕǑǌǊǃǔǞǒǍǑǌǋ
ǅǔǅǑǄǑǇǐǑǏǍǃǐǃǎǈ.

ǀǗǗǈǍǕǞǑǕ ǅǐǈǇǓǈǐǋǢ: ǓǈǍǑǏǈǐǇǖǈǕǔǢ
ǒǓǋǏǈǐǈǐǋǈǊǃǔǞǒǑǍǍǃǍǒǑǓǋǔǕǞǘǅǔǕǃǅǑǍǅ
ǏǃǍǓǑǍǃǐǃǎǞ. ƲǑ ǓǈǊǖǎǟǕǃǕǃǏǠǍǔǒǈǓǋǏǈǐǕǃ
ǠǗǗǈǍǕǋǅǐǞǏǑǍǃǊǞǅǃǈǕǔǢǋǔǒǑǎǟǊǑǅǃǐǋǈ
ǇǋǃǏǈǕǓǑǅǊǃǔǞǒǑǍ70-150 ǏǍǏ-ǚǕǑǒǑǊǅǑǎǢǈǕ
ǒǑǅǞǔǋǕǟǖǓǑǅǈǐǟǅǑǔǔǕǃǐǑǅǋǕǈǎǟǐǑǆǑ
ǕǈǒǎǑǅǑǆǑǒǑǕǑǍǃ)ǃǔǎǈǇǑǅǃǕǈǎǟǐǑǋǒǋǍǑǅǑǌ
ǐǃǆǓǖǊǍǋ*ǅ1,2 Ǿ1,5 ǓǃǊǃ.

ƱǔǐǑǅǐǞǈǊǃǍǃǊǚǋǍǋ:

ƳǑǔǔǋǌǔǍǋǌǐǃǖǚǐǞǌǗǑǐǇ-ƱǄǝǈǇǋǐǤǐǐǞǌ
ǋǐǔǕǋǕǖǕǂǇǈǓǐǞǘƫǔǔǎǈǇǑǅǃǐǋǌ-ưƫƹ
¬ƭǖǓǚǃǕǑǅǔǍǋǌǋǐǔǕǋǕǖǕ¼



ƭǃǗǈǇǓǃ!ưƵƥǈǓǐǖǕǟǔǢ!Ǎ!ǔǑǇǈǓǉǃǐǋǡ

ƷǃǊǑǅǞǌ!ǔǈǒǃǓǃǕǑǓ!ǇǎǢ!
ǔǅǈǓǘǕǈǍǖǚǈǆǑ!ǆǈǎǋǢ



ƴǅǈǇǈǐǋǢ!Ǒ!ǓǈǃǎǋǊǑǅǃǐǐǑǏǒǓǑǈǍǕǈ

ƷǃǊǑǅǞǌ!ǔǈǒǃǓǃǕǑǓ!ǇǎǢ!
ǔǅǈǓǘǕǈǍǖǚǈǆǑ!ǆǈǎǋǢ

31

ưǃǊǐǃǚǈǐǋǈ: ǓǃǊǓǃǄǑǕǍǃǏǈǕǑǇǑǅ
ǒǓǈǇǑǕǅǓǃǜǈǐǋǢǃǅǃǓǋǌǐǞǘǔǋǕǖǃǙǋǌǒǓǋ
ǋǔǒǑǎǟǊǑǅǃǐǋǋǅǍǃǚǈǔǕǅǈǍǓǋǑǃǆǈǐǕǑǅǑǄǞǚǐǑǆǑ
ǋ ǔǅǈǓǘǕǈǍǖǚǈǆǑǆǈǎǋǢ(He-II); ǑǒǕǋǏǋǊǃǙǋǢ
ǓǈǉǋǏǑǅǓǃǄǑǕǞǋǍǑǐǔǕǓǖǍǙǋǋǒǑǆǓǖǉǐǞǘǋ
ǒǓǑǕǑǚǐǞǘǔǋǔǕǈǏ ǍǓǋǑǔǕǃǕǋǓǑǅǃǐǋǢ
ǔǒǈǙǋǃǎǟǐǑǆǑǐǃǊǐǃǚǈǐǋǢ.

ƵǈǘǐǋǚǈǔǍǋǈǘǃǓǃǍǕǈǓǋǔǕǋǍǋ: ǢǚǈǌǍǃǔ
ǐǃǆǓǈǅǃǕǈǎǈǏǅǐǖǕǓǋǙǋǎǋǐǇǓǋǚǈǔǍǑǌǒǑǓǋǔǕǑǌ
ǔǕǓǖǍǕǖǓǞǔ ǅǐǖǕǓǈǐǐǋǏǇǋǃǏǈǕǓǑǏ13,8 ǏǏ-
ǆǓǈǡǜǋǌǠǎǈǏǈǐǕǅǞǒǑǎǐǈǐǅǅǋǇǈǔǒǋǓǃǎǋǋǊ
ǐǋǘǓǑǏǑǅǑǌǒǓǑǅǑǎǑǍǋǇǋǃǏǈǕǓǑǏ50 ǏǍǏǒǑǇ
ǒǑǅǈǓǘǐǑǔǕǟǡǐǃǆǓǈǅǃǕǈǎǢ)ǏǈǇǐǑǌǕǓǖǄǍǋ*
ǐǃǓǖǉǐǞǏǇǋǃǏǈǕǓǑǏ3 ǋǎǋ4 ǏǏǏǏ.

ưǃǖǚǐǃǢǐǑǅǋǊǐǃ: ǋǔǔǎǈǇǑǅǃǐǋǈǍǋǒǈǐǋǢHe-II ǅ
ǔǕǈǔǐǈǐǐǞǘǖǔǎǑǅǋǢǘǒǓǋǐǃǄǎǡǇǈǐǋǋǔǕǑǓǙǃ
ǙǋǎǋǐǇǓǋǚǈǔǍǑǆǑǐǃǆǓǈǅǃǕǈǎǢ.

ƭǋǒǈǐǋǈ!He-II ǐǃ!ǙǋǎǋǐǇǓǋǚǈǔǍǑǏ!ǐǃǆǓǈǅǃǕǈǎǈ!ǅǐǖǕǓǋ!ǒǑǓǋǔǕǑǌ!
ǔǕǓǖǍǕǖǓǞ!ǒǓǑǐǋǙǃǈǏǑǔǕǟǡ!8-6!Ȯ21-12 Ǐ2ǋǊ!ǕǍǃǐǑǌ!

ǏǈǕǃǎǎǋǚǈǔǍǑǌ!ǔǈǕǍǋ!ǒǓǋ!ǕǈǒǎǑǅǑǏ!ǒǑǕǑǍǈ!ǑǍǑǎǑ!9/8Ȯ213 ƥǕ0Ǐ2.



ƲǑǕǈǐǙǋǃǎǟǐǑǈ!ǒǓǋǏǈǐǈǐǋǈ

32

ƶǓǑǅǈǐǟǆǑǕǑǅǐǑǔǕǋ(TRL ȣ 2): ǒǓǑǅǈǇǈǐǞ
ǋǔǔǎǈǇǑǅǃǐǋǢǒǓǑǙǈǔǔǑǅǕǈǒǎǑǏǃǔǔǑǒǈǓǈǐǑǔǃ
ǒǓǋǍǋǒǈǐǋǋǔǅǈǓǘǕǈǍǖǚǈǆǑǆǈǎǋǢ. ƱǒǓǈǇǈǎǈǐǞ
ǒǓǈǇǈǎǟǐǑǇǑǒǖǔǕǋǏǞǈǊǐǃǚǈǐǋǢǕǈǒǎǑǅǞǘ
ǒǑǕǑǍǑǅ-ǅǞǒǑǎǐǈǐǃǐǃǎǋǊǔǕǃǙǋǑǐǃǓǐǞǘ
ǒǓǑǙǈǔǔǑǅǕǈǒǎǑǏǃǔǔǑǒǈǓǈǐǑǔǃ-ǇǋǐǃǏǋǍǋ
ǏǈǉǗǃǊǐǑǌǒǑǅǈǓǘǐǑǔǕǋǒǃǓǾǉǋǇǍǑǔǕǟ.

ǀǗǗǈǍǕǞǑǕǅǐǈǇǓǈǐǋǢ: ǔǑǅǈǓǛǈǐǔǕǅǑǅǃǐǋǈ
ǓǃǔǚǈǕǑǅǗǃǊǑǅǞǘǔǈǒǃǓǃǕǑǓǑǅǋ
ǍǓǋǑǔǕǃǕǋǓǖǡǜǋǘǔǋǔǕǈǏǇǎǢǓǃǄǑǕǞǔ
ǐǑǓǏǃǎǟǐǞǏǉǋǇǍǋǏǆǈǎǋǈǏǋǆǈǎǋǈǏ-II, ǅǕǑǏ
ǚǋǔǎǈǑǒǕǋǏǋǊǃǙǋǢǒǃǓǃǏǈǕǓǑǅǄǈǊǑǒǃǔǐǑǌ
ǠǍǔǒǎǖǃǕǃǙǋǋ.

ƱǔǐǑǅǐǞǈǊǃǍǃǊǚǋǍǋ: ƳǑǔǔǋǌǔǍǋǌǐǃǖǚǐǞǌǗǑǐǇ-
ƱǄǝǈǇǋǐǤǐǐǞǌǋǐǔǕǋǕǖǕǂǇǈǓǐǞǘƫǔǔǎǈǇǑǅǃǐǋǌ-
ưƫƹƭǖǓǚǃǕǑǅǔǍǋǌǋǐǔǕǋǕǖǕ-ƭǓǋǑǕǓǈǌǇ.

ƲǓǋǐǙǋǒ!ǓǃǄǑǕǞ!ǗǃǊǑǅǑǆǑ!ǔǈǒǃǓǃǕǑǓǃ!ǇǎǢ!
ǔǅǈǓǘǕǈǍǖǚǈǆǑ!ǆǈǎǋǢ

ƷǃǊǑǅǞǌ!ǔǈǒǃǓǃǕǑǓ!ǇǎǢ!
ǔǅǈǓǘǕǈǍǖǚǈǆǑ!ǆǈǎǋǢ



33

ƭǑǐǕǃǍǕǞ

ƭǃǗǈǇǓǃ!ǐǋǊǍǋǘ!ǕǈǏǒǈǓǃǕǖǓ

ƪǃǅǈǇǖǡǜǋǌ!ǍǃǗǈǇǓǑǌ
ƲǖǊǋǐǃ!ǁǎǋǢ!ǁǓǟǈǅǐǃ



ƭǃǗǈǇǓǃ!ƥƵƥǈǓǐǖǕǟǔǢ!Ǎ!ǔǑǇǈǓǉǃǐǋǡ

ƲǓǈǇǋǍǕǋǅǐǃǢ!ǇǋǃǆǐǑǔǕǋǍǃ!
ǆǃǊǑǅǑǌ!ǕǖǓǄǋǐǞ!ǅ!ǔǑǔǕǃǅǈ!
ǆǃǊǑǅǞǘ!ǕǖǓǄǋǐǐǞǘ!ǖǔǕǃǐǑǅǑǍ!

ǏǃǎǑǌ!ǏǑǜǐǑǔǕǋ



ưǃǊǐǃǚǈǐǋǈ: ǒǃǓǃǏǈǕǓǋǚǈǔǍǃǢǒǓǈǇǋǍǕǋǅǐǃǢ
ǇǋǃǆǐǑǔǕǋǍǃǖǔǕǃǐǑǅǑǍǔ ǒǑǏǑǜǟǡ
ǋǐǕǈǎǎǈǍǕǖǃǎǟǐǞǘǔǓǈǇǔǕǅǔǄǑǓǃ-ǑǄǓǃǄǑǕǍǋǋ
ǒǈǓǈǇǃǚǋǏǐǑǆǑǒǃǓǃǏǈǕǓǋǚǈǔǍǋǘǇǃǐǐǞǘǅ
ǓǈǉǋǏǈǓǈǃǎǟǐǑǆǑǅǓǈǏǈǐǋǔ Ǚǈǎǟǡ
ǑǒǕǋǏǋǊǃǙǋǋǠǍǔǒǎǖǃǕǃǙǋǋǋǓǈǏǑǐǕǃ.

ƵǈǘǐǋǚǈǔǍǋǈ ǘǃǓǃǍǕǈǓǋǔǕǋǍǋ:
ǗǖǐǍǙǋǑǐǋǓǑǅǃǐǋǈǔ ǑǄǈǔǒǈǚǈǐǋǈǏ
ǃǅǕǑǐǑǏǐǑǔǕǋǒǑǅǓǈǏǈǐǋǓǃǄǑǕǞǐǈǏǈǐǈǈ
30000 ǚǃǔǑǅ-ǅǖǔǎǑǅǋǢǘǅǞǔǑǍǋǘ)ǄǑǎǈǈ1500 Áƴ*
ǋǎǋǐǋǊǍǋǘ)ǇǑ-55 Áƴ*ǕǈǏǒǈǓǃǕǖǓǒǓǋǇǃǅǎǈǐǋǋ
ǇǑ50 ǃǕǏ.

ưǃǖǚǐǃǢǙǈǐǐǑǔǕǟ: ǔǐǋǉǈǐǋǈǓǈǏǑǐǕǐǞǘ
ǋǊǇǈǓǉǈǍǒǓǈǇǒǓǋǢǕǋǌǐǃ25-40 %; ǍǓǃǕǐǑǈ
ǔǐǋǉǈǐǋǈǒǑǕǈǓǟǑǕ ǃǅǃǓǋǌǋ ǒǓǑǔǕǑǢ
ǑǄǑǓǖǇǑǅǃǐǋǢ.

ƲǓǈǇǋǍǕǋǅǐǃǢ!ǇǋǃǆǐǑǔǕǋǍǃ!ǆǃǊǑǅǑǌ!ǕǖǓǄǋǐǞ!ǅ!ǔǑǔǕǃǅǈ!
ǆǃǊǑǅǞǘ!ǕǖǓǄǋǐǐǞǘ!ǖǔǕǃǐǑǅǑǍ!ǏǃǎǑǌ!ǏǑǜǐǑǔǕǋ

35

ƲǃǓǃǏǈǕǓǋǚǈǔǍǃǢ!ǇǋǃǆǐǑǔǕǋǍǃ!!ƦƵƶ!

ƴǅǈǇǈǐǋǢ!Ǒ!ǒǎǃǐǋǓǖǈǏǑǏǒǓǑǈǍǕǈ



ƲǓǈǇǋǍǕǋǅǐǃǢ!ǇǋǃǆǐǑǔǕǋǍǃ!ǆǃǊǑǅǑǌ!ǕǖǓǄǋǐǞ!ǅ!ǔǑǔǕǃǅǈ!
ǆǃǊǑǅǞǘ!ǕǖǓǄǋǐǐǞǘ!ǖǔǕǃǐǑǅǑǍ!ǏǃǎǑǌ!ǏǑǜǐǑǔǕǋ

36

ưǃǊǐǃǚǈǐǋǈ: ǅǋǄǓǑǇǋǃǆǐǑǔǕǋǍǃǖǔǕǃǐǑǅǑǍǔ
ǒǑǏǑǜǟǡǋǐǕǈǎǎǈǍǕǖǃǎǟǐǞǘǔǓǈǇǔǕǅǔǄǑǓǃ-
ǑǄǓǃǄǑǕǍǋ ǋ ǒǈǓǈǇǃǚǋ
ǏǐǑǆǑǒǃǓǃǏǈǕǓǋǚǈǔǍǋǘǇǃǐǐǞǘǅ ǓǈǉǋǏǈ
ǓǈǃǎǟǐǑǆǑǅǓǈǏǈǐǋǔǙǈǎǟǡǑǒǕǋǏǋǊǃǙǋǋ
ǠǍǔǒǎǖǃǕǃǙǋǋǋǓǈǏǑǐǕǃ.

ƵǈǘǐǋǚǈǔǍǋǈǘǃǓǃǍǕǈǓǋǔǕǋǍǋ:
- ǒǓǈǇǔǍǃǊǃǐǋǈǅǑǊǐǋǍǐǑǅǈǐǋǢǇǈǗǈǍǕǑǅ
ǑǄǑǓǖǇǑǅǃǐǋǢǔ ǇǑǅǈǓǋǕǈǎǟǐǑǌ
ǅǈǓǑǢǕǐǑǔǕǟǡǐǈǏǈǐǈǈǚǈǏ0.92 Ǌǃ2-3
ǏǈǔǢǙǃǇǑǑǕǍǃǊǃ;
- ǑǄǓǃǄǑǕǍǃǇǃǐǐǞǘǅǓǈǉǋǏǈǓǈǃǎǟǐǑǆǑ
ǅǓǈǏǈǐǋǐǃ ǒǓǈǇǒǓǋǢǕǋǢǘǔ ǒǃǓǍǑǏ
ǑǄǑǓǖǇǑǅǃǐǋǢǄǑǎǈǈ100 ǈǇǋǐǋǙ.

ưǃǖǚǐǃǢǙǈǐǐǑǔǕǟ: ǠǍǑǐǑǏǋǢ3-5 %
ǒǑǕǓǈǄǎǢǈǏǞǘǕǑǒǎǋǅǐǞǘǓǈǔǖǓǔǑǅ-
ǒǑǅǞǛǈǐǋǈƭƲƧǑǄǑǓǖǇǑǅǃǐǋǢ.

ƥǋǄǓǑǇǋǃǆǐǑǔǕǋǍǃƦƵƶ!

ƴǅǈǇǈǐǋǢ!Ǒ!ǒǎǃǐǋǓǖǈǏǑǏǒǓǑǈǍǕǈ
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ƲǓǈǇǋǍǕǋǅǐǃǢ!ǇǋǃǆǐǑǔǕǋǍǃ!ƦƵƶ!

ƲǑǕǈǐǙǋǃǎǟǐǑǈ!ǒǓǋǏǈǐǈǐǋǈ

ƶǓǑǅǈǐǟǆǑǕǑǅǐǑǔǕǋ(TRL ȣ7): ǔǋǔǕǈǏǃǒǓǑǛǎǃ
ǎǃǄǑǓǃǕǑǓǐǞǈǋǔǒǞǕǃǐǋǢǋ ǒǑǇǕǅǈǓǇǋǎǃ
ǃǅǕǑǐǑǏǐǑǔǕǟǓǃǄǑǕǞǇǑ 30000 ǚǃǔǑǅǅ
ǠǍǔǕǓǈǏǃǎǟǐǞǘǕǈǏǒǈǓǃǕǖǓǐǞǘǓǈǉǋǏǃǘ.

ǀǗǗǈǍǕǞǑǕǅǐǈǇǓǈǐǋǢ: ǔǐǋǉǈǐǋǈǓǈǏǑǐǕǐǞǘ
ǋǊǇǈǓǉǈǍǐǃ25-40%, ǠǍǑǐǑǏǋǡ3-5% ǕǑǒǎǋǅǐǞǘ
ǓǈǔǖǓǔǑǅ-ǒǑǅǞǛǈǐǋǈƭƲƧǑǄǑǓǖǇǑǅǃǐǋǢǋ
ǍǓǃǕǐǑǈǔǐǋǉǈǐǋǈǒǑǕǈǓǟǑǕǅǐǈǒǎǃǐǑǅǞǘ
ǒǓǑǔǕǑǈǅ. ƴǖǏǏǃǓǐǞǌǠǍǑǐǑǏǋǚǈǔǍǋǌǠǗǗǈǍǕ
ǇǎǢǔǓǈǇǐǈǆǑǒǓǈǇǒǓǋǢǕǋǢǔ ǒǃǓǍǑǏǅ 100
ǈǇǋǐǋǙǆǃǊǑǕǖǓǄǋǐǐǞǘǖǔǕǃǐǑǅǑǍǑǙǈǐǋǅǃǈǕǔǢǅ
120-150 ǏǎǐǓǖǄǎǈǌǈǉǈǆǑǇǐǑǒǓǋǔǓǑǍǈ
ǑǍǖǒǃǈǏǑǔǕǋǅǐǈǇǓǈǐǋǢǏǈǐǈǈ1 ǆǑǇǃ.

ƱǔǐǑǅǐǞǈǊǃǍǃǊǚǋǍǋ:

ƲƣƱ¬ƳǖǔƦǋǇǓǑ¼, ƣƱ¬ƦǃǊǒǓǑǏǠǐǈǓǆǑǘǑǎǇǋǐǆ¼,
ƲƣƱ¬ưƱƥƣƵǀƭ¼

ƭǃǏǈǓǃ!
ǔǆǑǓǃǐǋǢ

ƲǓǈǇǋǍǕǋǅǐǃǢ!ǇǋǃǆǐǑǔǕǋǍǃ!ǆǃǊǑǅǑǌ!ǕǖǓǄǋǐǞ!ǅ!ǔǑǔǕǃǅǈ!
ǆǃǊǑǅǞǘ!ǕǖǓǄǋǐǐǞǘ!ǖǔǕǃǐǑǅǑǍ!ǏǃǎǑǌ!ǏǑǜǐǑǔǕǋ
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ƭǑǐǕǃǍǕǞ

ƭǃǗǈǇǓǃ!ƥǞǚǋǔǎǋǕǈǎǟǐǞǘ!ǕǈǘǐǑǎǑǆǋǌ

ƪǃǅǈǇǖǡǜǋǌ!ǍǃǗǈǇǓǑǌ
ƵǑǒǑǓǍǑǅ!ƥǋǍǕǑǓ!ƥǃǔǋǎǟǈǅǋǚ



ƭǃǗǈǇǓǃ!ƣƴƶƵƲƥǈǓǐǖǕǟǔǢ!Ǎ!ǔǑǇǈǓǉǃǐǋǡ

ƵǈǘǐǑǎǑǆǋǢ!ǓǃǄǑǕǞ!ƣǀƴ!ǔ!
ǓǈǃǍǕǑǓǃǏǋ!Ǖǋǒǃ!ƥƥǀƳ!ǐǃ!
ǒǑǐǋǉǈǐǐǞǘ!ǐǃǆǓǖǊǍǃǘ!ǔ!

ǒǈǓǈǅǑǇǑǏ!ǅǕǑǓǑǆǑ!ǍǑǐǕǖǓǃ!ǐǃ!
ǔǍǑǎǟǊǢǜǈǈ!ǓǈǆǖǎǋǓǑǅǃǐǋǈ!

ǇǃǅǎǈǐǋǢ!ǒǃǓǃ
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ưǃǊǐǃǚǈǐǋǈ: ǒǑǅǞǛǈǐǋǈǠǍǑǐǑǏǋǚǐǑǔǕǋǋ
ǐǃǇǈǉǐǑǔǕǋǓǃǄǑǕǞƣǀƴ ǐǃ ǒǑǐǋǉǈǐǐǞǘ
ǐǃǆǓǖǊǍǃǘǒǖǕǈǏǒǈǓǈǅǑǇǃǋǘǐǃǔǍǑǎǟǊǢǜǈǈ
ǓǈǆǖǎǋǓǑǅǃǐǋǈǔ ǒǈǓǈǆǓǈǅǑǏǒǃǓǃǐǃ
ǇǑǒǑǎǐǋǕǈǎǟǐǑǏǒǃǓǑ-ǅǑǇǢǐǑǏǒǑǇǑǆǓǈǅǃǕǈǎǈ
ǐǃ ǅǞǘǑǇǈǋǊ ǒǃǓǑǆǈǐǈǓǃǕǑǓǃǊǃ ǔǚǈǕ
ǑǔǅǑǄǑǇǋǅǛǈǆǑǕǈǒǎǃǙǋǓǍǖǎǢǙǋǑǐǐǑǌǅǑǇǞǒǓǋ
ǓǃǊǆǓǖǉǈǐǋǋǓǈǃǍǕǑǓǃ.

ƵǈǘǐǋǚǈǔǍǋǈǘǃǓǃǍǕǈǓǋǔǕǋǍǋ: ǒǑǅǞǛǈǐǋǈƭƲƧ
ǒǓǑǋǊǅǑǇǔǕǅǃǠǎǈǍǕǓǑǠǐǈǓǆǋǋ-ǔǐǋǉǈǐǋǈ
ǅǎǃǉǐǑǔǕǋǒǃǓǃǅǒǓǑǕǑǚǐǑǌǚǃǔǕǋǕǖǓǄǋǐǞ-
ǒǑǅǞǛǈǐǋǈǐǃǇǈǉǐǑǔǕǋǓǃǄǑǕǞǑǄǑǓǖǇǑǅǃǐǋǢǅ
ǓǈǉǋǏǈǓǈǆǖǎǋǓǑǅǃǐǋǢǏǑǜǐǑǔǕǋ.

ưǃǖǚǐǃǢǐǑǅǋǊǐǃ: ǕǈǘǐǑǎǑǆǋǢǒǓǈǇǎǃǆǃǈǕǔǢ
ǅǒǈǓǅǞǈǅ ǏǋǓǑǅǑǌǒǓǃǍǕǋǍǈ, ǒǑǇǕǅǈǓǉǇǈǐǃ
ǒǃǕǈǐǕǑǏ ƳƷ, ǓǃǔǍǓǞǅǃǈǕǐǑǅǞǈǅǑǊǏǑǉǐǑǔǕǋ
ǓǃǄǑǕǞƣǀƴǐǃǒǑǐǋǉǈǐǐǞǘǐǃǆǓǖǊǍǃǘ.

ƴǅǈǇǈǐǋǢ!Ǒ!ǒǎǃǐǋǓǖǈǏǑǏǒǓǑǈǍǕǈ

ƶǒǓǑǜǈǐǐǃǢ!!ǔǘǈǏǃ!ƣǀƴ
1 - ǓǈǃǍǕǑǓ, 2 - ǒǃǓǑǆǈǐǈǓǃǕǑǓ-!7-:!-ǓǈǆǖǎǢǕǑǓǞ-!4-22!-

ǔǈǒǃǓǃǕǑǓǞ-!5-!8-ǙǋǓǍǖǎǢǙǋǑǐǐǞǌ!ǋ!ǒǋǕǃǕǈǎǟǐǞǌ!ǐǃǔǑǔǞ-!6!-
ǇǑǒǑǎǐǋǕǈǎǟǐǞǌ!ǒǑǇǑǆǓǈǅǃǕǈǎǟ!ǒǃǓǃ-!9!-ǕǖǓǄǑǒǓǋǅǑǇ!

ƵǈǘǐǑǎǑǆǋǢ!ǓǃǄǑǕǞ!ƣǀƴ!ǔ!ǓǈǃǍǕǑǓǃǏǋ!Ǖǋǒǃ!ƥƥǀƳ!ǐǃ!ǒǑǐǋǉǈǐǐǞǘ!
ǐǃǆǓǖǊǍǃǘ!ǔ!ǒǈǓǈǅǑǇǑǏ!ǅǕǑǓǑǆǑ!ǍǑǐǕǖǓǃ!ǐǃ!ǔǍǑǎǟǊǢǜǈǈ!
ǓǈǆǖǎǋǓǑǅǃǐǋǈ!!ǇǃǅǎǈǐǋǢ!ǒǃǓǃ
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ƲǑǕǈǐǙǋǃǎǟǐǑǈ!ǒǓǋǏǈǐǈǐǋǈ

ƶǓǑǅǈǐǟǆǑǕǑǅǐǑǔǕǋ(TRL ȣ3): ǒǓǑǅǈǇǈǐǃ
ǇǈǏǑǐǔǕǓǃǙǋǢǕǈǘǐǑǎǑǆǋǋ, ǒǑǇǕǅǈǓǉǇǃǡǜǃǢǈǈ
ǓǃǄǑǕǑǔǒǑǔǑǄǐǑǔǕǟ-ǐǃ ǑǕǇǈǎǟǐǞǘ
ǠǍǔǒǈǓǋǏǈǐǕǃǎǟǐǞǘǖǔǕǃǐǑǅǍǃǘǋǎǋǏǑǇǈǎǢǘ.

ǀǗǗǈǍǕǞǑǕǅǐǈǇǓǈǐǋǢ: ǒǑǅǞǛǈǐǋǈƭƲƧ
ǒǓǑǋǊǅǑǇǔǕǅǃǠǎǈǍǕǓǑǠǐǈǓǆǋǋ-ǔǐǋǉǈǐǋǈ
ǅǎǃǉǐǑǔǕǋǒǃǓǃǅǒǓǑǕǑǚǐǑǌǚǃǔǕǋǒǃǓǑǅǑǌ
ǕǖǓǄǋǐǞ-ǒǑǅǞǛǈǐǋǈǐǃǇǈǉǐǑǔǕǋǓǃǄǑǕǞ
ǒǃǓǑǆǈǐǈǓǃǕǑǓǃ-ǕǓǖǄǑǒǓǑǅǑǇǑǅǅǞǔǑǍǑǆǑ
ǇǃǅǎǈǐǋǢ-ǔǐǋǉǈǐǋǈǓǃǔǘǑǇǃǒǃǓǃǐǃ
ǒǓǑǏǈǉǖǕǑǚǐǞǌǒǈǓǈǆǓǈǅ-ǒǑǅǞǛǈǐǋǈ
ǐǃǇǈǉǐǑǔǕǋǅǞǘǎǑǒǐǞǘǚǃǔǕǈǌǒǃǓǑǅǑǌ
ǕǖǓǄǋǐǞ.

ƱǔǐǑǅǐǞǈǊǃǍǃǊǚǋǍǋ:

ƣƱ ¬ƭǑǐǙǈǓǐƳǑǔǠǐǈǓǆǑǃǕǑǏ¼-ƣƱ ¬ƱƭƤ
ƦǋǇǓǑǒǓǈǔǔ¼-ƣƱ¬ƣǕǑǏǠǐǈǓǆǑǓǈǏǑǐǕ¼

ƵǈǘǐǑǎǑǆǋǢ!ǓǃǄǑǕǞ!ƣǀƴ!ǔ!ǓǈǃǍǕǑǓǃǏǋ!Ǖǋǒǃ!ƥƥǀƳ!ǐǃ!ǒǑǐǋǉǈǐǐǞǘ!
ǐǃǆǓǖǊǍǃǘ!ǔ!ǒǈǓǈǅǑǇǑǏ!ǅǕǑǓǑǆǑ!ǍǑǐǕǖǓǃ!ǐǃ!ǔǍǑǎǟǊǢǜǈǈ!
ǓǈǆǖǎǋǓǑǅǃǐǋǈ!!ǇǃǅǎǈǐǋǢ!ǒǃǓǃ
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ƭǑǐǕǃǍǕǞ

ƭǃǗǈǇǓǃ!ƣǅǕǑǏǃǕǋǊǋǓǑǅǃǐǐǞǘ!ǔǋǔǕǈǏ!
ǖǒǓǃǅǎǈǐǋǢ!ǕǈǒǎǑǅǞǏǋ!ǒǓǑǙǈǔǔǃǏǋ

ƪǃǅǈǇǖǡǜǋǌ!ǍǃǗǈǇǓǑǌ
ƯǈǊǋǐƴǈǓǆǈǌ!ƥǋǕǃǎǟǈǅǋǚ



ƭǃǗǈǇǓǃ!ƲƦƵƥǈǓǐǖǕǟǔǢ!Ǎ!ǔǑǇǈǓǉǃǐǋǡ

ƵǈǘǐǑǎǑǆǋǢ!ǓǃǔǚǈǕǃ!
ǅǎǃǉǐǑǒǃǓǑǅǑǆǑǒǑǕǑǍǃ!ǅ!

ǒǓǑǕǑǚǐǞǘ!ǚǃǔǕǢǘ!ǕǖǓǄǑǏǃǛǋǐ!ǐǃ!
ǑǔǐǑǅǈ!ǃǎǆǑǓǋǕǏǑǅ!ǏǃǛǋǐǐǑǆǑ!

ǑǄǖǚǈǐǋǢ



ƵǈǘǐǑǎǑǆǋǢ!ǓǃǔǚǈǕǃ!ǅǎǃǉǐǑǒǃǓǑǅǑǆǑǒǑǕǑǍǃ!ǅ!
ǒǓǑǕǑǚǐǞǘ!ǚǃǔǕǢǘ!ǕǖǓǄǑǏǃǛǋǐ!ǐǃ!ǑǔǐǑǅǈ!ǃǎǆǑǓǋǕǏǑǅ!
ǏǃǛǋǐǐǑǆǑ!ǑǄǖǚǈǐǋǢ

44

ưǃǊǐǃǚǈǐǋǈ: ǐǈǌǓǑǐǐǞǈǔǈǕǋǋ ǏǑǇǈǎǋ
ǍǎǃǔǕǈǓǋǊǃǙǋǋǒǓǋǏǈǐǢǡǕǔǢǇǎǢǓǃǔǚǈǕǃ
ǇǅǋǉǈǐǋǢǍǃǒǈǎǟ-ǑǒǕǋǏǋǊǃǙǋǋǜǈǎǈǌǋǑǙǈǐǍǋ
ǋǊǐǑǔǃ ǎǑǒǃǕǑǍ ǕǖǓǄǋǐ.
ƵǈǘǐǋǚǈǔǍǋǈǘǃǓǃǍǕǈǓǋǔǕǋǍǋ:

ÅƭǑǓǈǐǟ ǔǓǈǇǐǈǍǅǃǇǓǃǕǋǚǐǑǌǑǛǋǄǍǋ
ǒǓǑǆǐǑǊǋǓǑǅǃǐǋǢ(RMSE) ǑǕǐǑǔǋǕǈǎǟǐǑǌ
ǍǑǑǓǇǋǐǃǕǞǔǑǖǇǃǓǈǐǋǢ5,2%;
ÅRMSE ǄǈǊǓǃǊǏǈǓǐǑǆǑǍǑǠǗǗǋǙǋǈǐǕǃǠǐǈǓǆǋǋ
ǔǑǖǇǃǓǈǐǋǢ1,5%.

ưǃǖǚǐǃǢǐǑǅǋǊǐǃ: ǓǃǊǓǃǄǑǕǍǃǏǈǕǑǇǑǅ
ǒǓǈǇǔǍǃǊǃǐǋǢǇǅǋǉǈǐǋǢǉǋǇǍǑǌǗǃǊǞǅ
ǕǖǓǄǑǏǃǛǋǐǃǘǃǍǕǖǃǎǟǐǃǇǎǢ ǒǑǅǞǛǈǐǋǢ
ǠǗǗǈǍǕǋǅǐǑǔǕǋǄǑǓǟǄǞ ǔ ǠǓǑǊǋǈǌ.
ƭǑǐǔǕǓǖǍǕǑǓǃǏǐǖǉǈǐǋǐǔǕǓǖǏǈǐǕ-ǒǑǊǅǑǎǢǡǜǋǌ
ǐǃ ǠǕǃǒǈǒǓǑǈǍǕǋǓǑǅǃǐǋǢǒǓǑǆǐǑǊǋǓǑǅǃǕǟ
ǒǑǅǈǇǈǐǋǈǍǓǖǒǐǞǘǍǃǒǈǎǟ.

ƴǅǈǇǈǐǋǢ!Ǒ!ǒǎǃǐǋǓǖǈǏǑǏǒǓǑǈǍǕǈ

ƣǎǆǑǓǋǕǏ!ǒǓǋǏǈǐǈǐǋǢ!ǐǈǌǓǑǐǐǞǘ!ǔǈǕǈǌ!ǇǎǢ!
ǒǓǑǆǐǑǊǋǓǑǅǃǐǋǢ!ǒǑǅǈǇǈǐǋǢ!Ǎǃǒǈǎǟ!ǅ!ǏǈǉǎǑǒǃǕǑǚǐǑǏ!
Ǎǃǐǃǎǈ: 1 ǾưǈǌǓǑǐǐǃǢ!ǔǈǕǟ!ǇǎǢ!ǒǓǑǆǐǑǊǋǓǑǅǃǐǋǢ!ǔǙǈǐǃǓǋǢ!

ǇǅǋǉǈǐǋǢ!Ǎǃǒǎǋ!ǚǈǓǈǊ!ǏǈǉǎǑǒǃǕǑǚǐǞǌ!Ǎǃǐǃǎ;!
ǅǊǃǋǏǑǇǈǌǔǕǅǖǈǕ!ǔ!ǎǑǒǃǕǍǑǌ!ǋǎǋ!ǒǓǑǎǈǕǃǈǕ!Ǎǃǐǃǎ!ǄǈǊ!

ǅǊǃǋǏǑǇǈǌǔǕǅǋǢ<!2 ǾưǈǌǓǑǐǐǃǢ!ǔǈǕǟ!ǇǎǢ!ǒǓǑǆǐǑǊǋǓǑǅǃǐǋǢ!
ǒǃǓǃǏǈǕǓǑǅ!ǑǔǃǉǇǈǐǋǢ!Ǎǃǒǈǎǟ!ǐǃ!ǔǕǈǐǍǈ!ǏǈǉǎǑǒǃǕǑǚǐǑǆǑ!
Ǎǃǐǃǎǃ<!4!ǾưǈǌǓǑǐǐǃǢ!ǔǈǕǟ!ǇǎǢ!ǒǓǑǆǐǑǊǋǓǑǅǃǐǋǢ!ǒǃǓǃǏǈǕǓǑǅ!

Ǎǃǒǈǎǟ!Ǌǃ!ǓǈǛǈǕǍǑǌ/
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ƳǃǔǚǈǕ!ǇǅǋǉǈǐǋǢ!ǅǎǃǆǋ!ǅ!ǒǃǓǑǅǞǘ!ǕǖǓǄǋǐǃǘ!ǋ!
ǒǓǑǆǐǑǊǋǓǑǅǃǐǋǈ!ǠǓǑǊǋǑǐǐǑǆǑ!ǋǊǐǑǔǃ

ƲǑǕǈǐǙǋǃǎǟǐǑǈ!ǒǓǋǏǈǐǈǐǋǈ

ƶǓǑǅǈǐǟǆǑǕǑǅǐǑǔǕǋ(TRL ȣ2): ǔǓǃǅǐǈǐǋǈ
ǃǎǟǕǈǓǐǃǕǋǅ-ǅǞǄǑǓ ǕǈǘǐǑǎǑǆǋǚǈǔǍǑǌ
ǍǑǐǙǈǒǙǋǋ-ǒǓǋǐǙǋǒǋǃǎǟǐǑǈǓǈǛǈǐǋǈ:
ǒǈǓǋǏǈǕǓǕǈǘǐǑǎǑǆǋǋ-ǋǐǕǈǓǗǈǌǔ-ǍǓǋǕǋǚǈǔǍǋǈ
ǠǎǈǏǈǐǕǞ.
ǀǗǗǈǍǕǞǑǕǅǐǈǇǓǈǐǋǢ:
ÅƴǖǜǈǔǕǅǈǐǐǑǈǔǐǋǉǈǐǋǈǅǓǈǏǈǐǋǓǃǔǚǈǕǃ
ǒǑǕǑǍǑǅǅǎǃǉǐǑǆǑǒǃǓǃ;

ÅƥǑǊǏǑǉǐǑǔǕǟǑǒǕǋǏǋǊǃǙǋǋǍǑǐǔǕǓǖǍǕǋǅǃ
ǒǓǑǕǑǚǐǞǘǚǃǔǕǈǌǔ ǕǑǚǍǋǊǓǈǐǋǢ
ǅǎǃǆǑǖǇǃǎǈǐǋǢ;

ÅƲǑǅǞǛǈǐǋǈǠǗǗǈǍǕǋǅǐǑǔǕǋǔǋǔǕǈǏ
ǅǎǃǆǑǖǇǃǎǈǐǋǢǒǃǓǑǅǞǘǕǖǓǄǋǐ.

ƱǔǐǑǅǐǞǈǊǃǍǃǊǚǋǍǋ:
ƣƱ ¬ƴǋǎǑǅǞǈǏǃǛǋǐǞ¼; ƲƣƱ ¬ƭǃǎǖǉǔǍǋǌ
ǕǖǓǄǋǐǐǞǌǊǃǅǑǇ¼; ƣƱ¬ƶǓǃǎǟǔǍǋǌǕǖǓǄǋǐǐǞǌ
ǊǃǅǑǇ¼ǋ ǇǓǖǆǋǈǠǐǈǓǆǑǏǃǛǋǐǑǔǕǓǑǋǕǈǎǟǐǞǈ
ǒǓǈǇǒǓǋǢǕǋǢ.

ƵǈǘǐǑǎǑǆǋǢ!ǓǃǔǚǈǕǃ!ǅǎǃǉǐǑǒǃǓǑǅǑǆǑǒǑǕǑǍǃ!ǅ!
ǒǓǑǕǑǚǐǞǘ!ǚǃǔǕǢǘ!ǕǖǓǄǑǏǃǛǋǐ!ǐǃ!ǑǔǐǑǅǈ!ǃǎǆǑǓǋǕǏǑǅ!
ǏǃǛǋǐǐǑǆǑ!ǑǄǖǚǈǐǋǢ
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ƲǓǑǆǐǑǊǞ!ǄǈǊǓǃǊǏǈǓǐǑǆǑ!ǍǓǋǕǈǓǋǢ!ǠǐǈǓǆǋǋ!ǔǑǖǇǃǓǈǐǋǢ!╚-!ǍǑǑǓǇǋǐǃǕǞ!ǔǑǖǇǃǓǈǐǋǢ!Ǎǃǒǎǋ!ǔ!ǒǑǅǈǓǘǐǑǔǕǟǡ!▼ǋ!ǑǕǐǑǔǋǕǈǎǟǐǞǈ!
ǒǑǆǓǈǛǐǑǔǕǋ!ǋǘ!ǒǓǑǆǐǑǊǋǓǑǅǃǐǋǢ!▼░ǋ!◕╚░

ƵǈǘǐǑǎǑǆǋǢ!ǓǃǔǚǈǕǃ!ǅǎǃǉǐǑǒǃǓǑǅǑǆǑǒǑǕǑǍǃ!ǅ!
ǒǓǑǕǑǚǐǞǘ!ǚǃǔǕǢǘ!ǕǖǓǄǑǏǃǛǋǐ!ǐǃ!ǑǔǐǑǅǈ!ǃǎǆǑǓǋǕǏǑǅ!
ǏǃǛǋǐǐǑǆǑ!ǑǄǖǚǈǐǋǢ



ƭǃǗǈǇǓǃ!ƲƦƵƥǈǓǐǖǕǟǔǢ!Ǎ!ǔǑǇǈǓǉǃǐǋǡ

ƲǓǑǆǓǃǏǏǃ!ǇǈǕǃǎǟǐǑǆǑ!
ǒǓǑǈǍǕǋǓǑǅǃǐǋǢ!ǒǓǑǕǑǚǐǞǘ!
ǚǃǔǕǈǌ!ǒǃǓǑǅǞǘ!ǕǖǓǄǋǐ



ƲǓǑǆǓǃǏǏǃ!ǇǈǕǃǎǟǐǑǆǑ!ǒǓǑǈǍǕǋǓǑǅǃǐǋǢ!ǒǓǑǕǑǚǐǞǘ!
ǚǃǔǕǈǌ!ǒǃǓǑǅǞǘ!ǕǖǓǄǋǐ

48

ưǃǊǐǃǚǈǐǋǈ: ǒǓǑǆǓǃǏǏǃǒǓǈǇǐǃǊǐǃǚǈǐǃǇǎǢ
ǓǃǔǚǈǕǃǒǓǑǕǑǚǐǞǘǚǃǔǕǈǌǒǃǓǑǅǞǘǕǖǓǄǋǐ, ǔ
ǒǑǏǑǜǟǡǍǑǕǑǓǑǌ, ǋǔǘǑǇǢǋǊ ǊǃǇǃǐǐǞǘ
ǆǓǃǐǋǚǐǞǘǖǔǎǑǅǋǌ, ǏǑǉǐǑǒǑǎǖǚǋǕǟǑǄǝǈǏǐǞǈ
ǏǑǇǈǎǋǍǃǉǇǑǌǔǕǖǒǈǐǋǅǙǋǎǋǐǇǓǈǋǒǑǔǕǓǑǋǕǟ
3D ǏǑǇǈǎǟǕǖǓǄǋǐǞ.

ƷǖǐǍǙǋǋ:
1. ƥǅǑǇǋǔǘǑǇǐǞǘǇǃǐǐǞǘ.
2. ƱǙǈǐǍǃǍǑǎǋǚǈǔǕǅǃǔǕǖǒǈǐǈǌǋ ǓǃǊǄǋǅǍǃ
ǕǈǒǎǑǒǈǓǈǒǃǇǑǅ.

3. ƲǑǔǕǓǑǈǐǋǈǠǔǍǋǊǃǒǓǑǕǑǚǐǑǌǚǃǔǕǋ.
4. ƲǓǑǈǍǕǋǓǑǅǃǐǋǈǠǔǍǋǊǑǅǒǓǑǗǋǎǈǌǍǃǉǇǑǌ
ǓǈǛǈǕǍǋǅǔǕǖǒǈǐǋǒǑǔǈǚǈǐǋǢǏ.

5. ƣǅǕǑǏǃǕǋǚǈǔǍǑǈǒǑǔǕǓǑǈǐǋǈǑǄǝǈǏǐǑǌ3D
ǏǑǇǈǎǋǓǈǛǈǕǍǋǅǔǕǖǒǈǐǋ.

6. ƣǅǕǑǏǃǕǋǚǈǔǍǑǈǒǑǔǕǓǑǈǐǋǈǑǄǝǈǏǐǑǌ3D
ǏǑǇǈǎǋǙǋǎǋǐǇǓǃ.

ƷǖǐǍǙǋǢ!2/!ƥǅǑǇ!ǋǔǘǑǇǐǞǘ!ǇǃǐǐǞǘ!

ƥǅǑǇ!ǆǓǃǐǋǚǐǞǘ!ǖǔǎǑǅǋǢ!ǋ!ǓǃǔǚǈǕ!ǓǃǊǄǋǅǍǋ!ǕǈǒǎǑǒǈǓǈǒǃǇǑǅ
ǒǑ!ǔǕǖǒǈǐǢǏ

ƴǅǈǇǈǐǋǢ!Ǒ!ǓǈǃǎǋǊǑǅǃǐǐǑǏǒǓǑǈǍǕǈ



ƲǓǑǆǓǃǏǏǃ!ǇǈǕǃǎǟǐǑǆǑ!ǒǓǑǈǍǕǋǓǑǅǃǐǋǢ!ǒǓǑǕǑǚǐǞǘ!
ǚǃǔǕǈǌ!ǒǃǓǑǅǞǘ!ǕǖǓǄǋǐ

49

ƷǖǐǍǙǋǢ!3/ƱǙǈǐǍǃ!ǍǑǎǋǚǈǔǕǅǃ!ǔǕǖǒǈǐǈǌ!ǋ!ǓǃǊǄǋǅǍǃ!
ǕǈǒǎǑǒǈǓǈǒǃǇǑǅ.

HS-ǇǋǃǆǓǃǏǏǃ!ǾǓǈǊǖǎǟǕǃǕ!ǓǃǔǚǈǕ

ƷǖǐǍǙǋǢ!4/!ƲǑǔǕǓǑǈǐǋǈ!ǠǔǍǋǊǃ!ǒǓǑǕǑǚǐǑǌ!ǚǃǔǕǋ

ƳǈǊǖǎǟǕǃǕ!ǓǃǄǑǕǞ!ǒǓǑǆǓǃǏǏǞ!ǒǑ!ǒǑǔǕǓǑǈǐǋǡ!ǠǔǍǋǊǃ!
ǒǓǑǕǑǚǐǑǌ!ǚǃǔǕǋ



ƲǓǑǆǓǃǏǏǃ!ǇǈǕǃǎǟǐǑǆǑ!ǒǓǑǈǍǕǋǓǑǅǃǐǋǢ!ǒǓǑǕǑǚǐǞǘ!
ǚǃǔǕǈǌ!ǒǃǓǑǅǞǘ!ǕǖǓǄǋǐ

50

ƷǖǐǍǙǋǢ!4/!ƲǓǑǈǍǕǋǓǑǅǃǐǋǈ!ǠǔǍǋǊǑǅ!ǒǓǑǗǋǎǈǌ!ǍǃǉǇǑǌ!
ǓǈǛǈǕǍǋ!ǅ!ǔǕǖǒǈǐǋ!ǒǑ!ǔǈǚǈǐǋǢǏ.

ƥǅǑǇ!ǆǓǃǐǋǚǐǞǘ!ǖǔǎǑǅǋǌ!ǋ!ǓǈǊǖǎǟǕǃǕ!ǒǑǔǕǓǑǈǐǋǢ

ƷǖǐǍǙǋǢ!5/!ƣǅǕǑǏǃǕǋǚǈǔǍǑǈ!ǒǑǔǕǓǑǈǐǋǈ!ǑǄǝǈǏǐǑǌ!3D ǏǑǇǈǎǋ
ǓǈǛǈǕǍǋ!ǅ!ǔǕǖǒǈǐǋ.

ƫǕǑǆǑǅǞǌ!ǓǈǊǖǎǟǕǃǕ!ǓǃǄǑǕǞ!ǒǓǑǆǓǃǏǏǞ!ǒǑ!ǒǓǑǈǍǕǋǓǑǅǃǐǋǡ!
ǒǓǑǕǑǚǐǞǘ!ǚǃǔǕǈǌ!ǒǃǓǑǅǞǘ!ǕǖǓǄǋǐ



ƲǓǑǆǓǃǏǏǃ!ǇǈǕǃǎǟǐǑǆǑ!ǒǓǑǈǍǕǋǓǑǅǃǐǋǢ!ǒǓǑǕǑǚǐǞǘ!
ǚǃǔǕǈǌ!ǒǃǓǑǅǞǘ!ǕǖǓǄǋǐ

51

ƲǑǕǈǐǙǋǃǎǟǐǑǈ!ǒǓǋǏǈǐǈǐǋǈ

ƶǓǑǅǈǐǟǆǑǕǑǅǐǑǔǕǋǒǓǑǆǓǃǏǏǐǑǆǑǒǓǑǇǖǍǕǃ
(TRL ȣ2): ǔǓǃǅǐǈǐǋǈǃǎǟǕǈǓǐǃǕǋǅ-ǅǞǄǑǓ
ǕǈǘǐǑǎǑǆǋǚǈǔǍǑǌǍǑǐǙǈǒǙǋǋ-ǒǓǋǐǙǋǒǋǃǎǟǐǑǈ
ǓǈǛǈǐǋǈ: ǒǈǓǋǏǈǕǓǕǈǘǐǑǎǑǆǋǋ-ǋǐǕǈǓǗǈǌǔ-
ǍǓǋǕǋǚǈǔǍǋǈǠǎǈǏǈǐǕǞ)ưƫƳ*.

ȣǔǅǋǇǈǕǈǎǟǔǕǅǃǆǑǔǖǇǃǓǔǕǅǈǐǐǑǌǓǈǆǋǔǕǓǃǙǋǋ:

RU2024610168 .

ưǑǏǈǓǊǃǒǋǔǋǅ ǓǈǈǔǕǓǈǓǑǔǔǋǌǔǍǑǆǑƲƱ
(reestr .digital .gov .ru): ǒǎǃǐǋǓǖǈǕǔǢ.

ǀǗǗǈǍǕǞǑǕǅǐǈǇǓǈǐǋǢ: ǔǑǍǓǃǜǃǈǕǍǑǎǋǚǈǔǕǅǑ
ǋǕǈǓǃǙǋǌǓǃǔǚǈǕǑǅǒǓǋ ǒǓǑǈǍǕǋǓǑǅǃǐǋǋ
ǙǋǎǋǐǇǓǑǅǒǃǓǑǅǞǘǕǖǓǄǋǐ.

ƱǕǈǚǈǔǕǅǈǐǐǞǈǋǎǋǊǃǓǖǄǈǉǐǞǈǃǐǃǎǑǆǋ:
AxSTREAM, ANSYS TurboGrid , NUMECA
FINE/Agile .

ƱǔǐǑǅǐǞǈǊǃǍǃǊǚǋǍǋ: ƲƣƱ ¬ƭǃǎǖǉǔǍǋǌ
ǕǖǓǄǋǐǐǞǌǊǃǅǑǇ¼,ƱƣƱ¬ƴǋǎǑǅǞǈǏǃǛǋǐǞ¼.

ƷǖǐǍǙǋǢ!6/!ƣǅǕǑǏǃǕǋǚǈǔǍǑǈ!ǒǑǔǕǓǑǈǐǋǈ!ǑǄǝǈǏǐǑǌ!3D ǏǑǇǈǎǋ!
ǙǋǎǋǐǇǓǃ

ƳǈǊǖǎǟǕǃǕ!ǓǃǄǑǕǞ!ǒǓǑǆǓǃǏǏǞ!ǒǑ!ǒǑǔǕǓǑǈǐǋǡ!ǒǓǑǕǑǚǐǑǌ!ǚǃǔǕǋ!
ǕǖǓǄǋǐǞ!ƭ-800-23,5



ƭǃǗǈǇǓǃ!ƲƦƵƥǈǓǐǖǕǟǔǢ!Ǎ!ǔǑǇǈǓǉǃǐǋǡ

ƶǔǕǓǑǌǔǕǅǑ!ǇǎǢ!ǄǑǓǟǄǞ!ǔ!
ǠǓǑǊǋǑǐǐǞǏ!ǋǊǐǑǔǑǏ!

ǎǑǒǃǕǑǚǐǑǆǑ!ǃǒǒǃǓǃǕǃ!ǒǃǓǑǅǞǘ!
ǕǖǓǄǋǐ!ǐǃ!ǑǔǐǑǅǈ!ǍǑǏǄǋǐǃǙǋǋ!
ǏǈǕǑǇǑǅ!ǑǄǑǆǓǈǅǃ!ǋ!ǅǞǇǖǅǃ



ƶǔǕǓǑǌǔǕǅǑ!ǇǎǢ!ǄǑǓǟǄǞ!ǔ!ǠǓǑǊǋǑǐǐǞǏ!ǋǊǐǑǔǑǏ!
ǎǑǒǃǕǑǚǐǑǆǑ!ǃǒǒǃǓǃǕǃ!ǒǃǓǑǅǞǘ!ǕǖǓǄǋǐ!ǐǃ!ǑǔǐǑǅǈ!
ǍǑǏǄǋǐǃǙǋǋ!ǏǈǕǑǇǑǅ!ǑǄǑǆǓǈǅǃ!ǋ!ǅǞǇǖǅǃ

53

ưǃǊǐǃǚǈǐǋǈ: ǔǐǋǉǈǐǋǈǠǓǑǊǋǋǎǑǒǃǕǑǍǒǃǓǑǅǞǘ
ǕǖǓǄǋǐǒǖǕǈǏǑǄǑǆǓǈǅǃǐǃǒǓǃǅǎǢǡǜǋǘǎǑǒǃǕǑǍ
ǒǃǓǑǏǋǅǞǇǖǅǃǈǆǑǇǎǢǇǓǑǄǎǈǐǋǢǅǎǃǆǋ

ƵǈǘǐǋǚǈǔǍǋǈǘǃǓǃǍǕǈǓǋǔǕǋǍǋ:
ÅƻǋǓǋǐǃǜǈǎǋǇǎǢǅǞǇǖǅǃǒǃǓǃǅǒǓǑǕǑǚǐǖǡ
ǚǃǔǕǟ1,5 ǏǏ;
ÅƧǋǃǒǃǊǑǐǕǈǏǒǈǓǃǕǖǓǐǑǆǑǐǃǒǑǓǃǆǓǈǡǜǈǆǑ
ǒǃǓǃƏUǑǕ10 ǇǑ40 Áƴ;
ÅƧǃǅǎǈǐǋǈǆǓǈǡǜǈǆǑǒǃǓǃǇǑ140 ǍƲǃ.

ưǃǖǚǐǃǢǐǑǅǋǊǐǃ: ǔǖǜǈǔǕǅǖǡǜǋǈǔǋǔǕǈǏǞ
ǅǎǃǆǑǖǇǃǎǈǐǋǢǐǃ ǑǔǐǑǅǈǅǐǖǕǓǋǍǃǐǃǎǟǐǑǌ
ǔǈǒǃǓǃǙǋǋǖǇǃǎǢǡǕǉǋǇǍǖǡǒǎǈǐǍǖǔǎǑǒǃǕǑǍ-
ǑǇǐǃǍǑǖǕǈǚǍǃǒǃǓǃǋǍǓǖǒǐǑǇǋǔǒǈǓǔǐǞǈǍǃǒǎǋ
ǔǐǋǉǃǡǕƭƲƧ. ƲǓǈǇǎǃǆǃǈǏǃǢǔǋǔǕǈǏǃǋǔǒǃǓǢǈǕǋ
ǇǓǑǄǋǕǅǎǃǆǖǅ ǒǓǑǕǑǚǐǑǌǚǃǔǕǋ-ǖǏǈǐǟǛǃǢ
ǇǋǃǏǈǕǓǍǃǒǈǎǟǋǋǔǍǎǡǚǃǢǒǃǇǈǐǋǈǏǑǜǐǑǔǕǋ
ǔǕǖǒǈǐǋ.

ƴǅǈǇǈǐǋǢ!Ǒ!ǒǎǃǐǋǓǖǈǏǑǏǒǓǑǈǍǕǈ

ƹưƧ!ǒǃǓǑǅǑǌ!ǕǖǓǄǋǐǞ!ǔ!ǒǑǎǞǏǋ!ǔǑǒǎǑǅǞǏǋ!ǎǑǒǃǕǍǃǏǋ!
ǒǑǔǎǈǇǐǈǌ!ǔǕǖǒǈǐǋ!ǇǎǢ!ǋǔǒǃǓǈǐǋǢ!ǋ!ǇǓǑǄǎǈǐǋǢ!ǠǓǑǊǋǑǐǐǑ-

ǑǒǃǔǐǑǌ!ǅǎǃǆǋ



ƶǔǕǓǑǌǔǕǅǑ!ǇǎǢ!ǄǑǓǟǄǞ!ǔ!ǠǓǑǊǋǑǐǐǞǏ!ǋǊǐǑǔǑǏ!
ǎǑǒǃǕǑǚǐǑǆǑ!ǃǒǒǃǓǃǕǃ!ǒǃǓǑǅǞǘ!ǕǖǓǄǋǐ!ǐǃ!ǑǔǐǑǅǈ!
ǍǑǏǄǋǐǃǙǋǋ!ǏǈǕǑǇǑǅ!ǑǄǑǆǓǈǅǃ!ǋ!ǅǞǇǖǅǃ

54

ƳǃǊǓǃǄǑǕǍǃ!ǒǑǎǑǌ!ǎǑǒǃǕǍǋ!ǔ!ǍǃǏǈǓǑǌ!ǇǎǢ!ǑǄǑǆǓǈǅǃ!ǋ!ǜǈǎǟǡ!
ǇǎǢ!ǅǞǇǖǅǃǆǓǈǡǜǈǆǑ!ǒǃǓǃ!ǅ!ǒǑǔǎǈǇǐǈǌ!ǔǕǖǒǈǐǋ!ƹưƧ!

ǒǃǓǑǅǑǌ!ǕǖǓǄǋǐǞ

ƲǑǕǈǐǙǋǃǎǟǐǑǈ!ǒǓǋǏǈǐǈǐǋǈ

ƶǓǑǅǈǐǟǆǑǕǑǅǐǑǔǕǋ(TRL ȣ3): ǑǒǓǈǇǈǎǈǐǋǈ
ǍǑǐǙǈǒǙǋǋ. ƲǓǑǅǈǓǍǃǑǔǖǜǈǔǕǅǋǏǑǔǕǋǋ
ǒǓǈǋǏǖǜǈǔǕǅ-ǓǃǔǚǈǕǐǑǈǑǄǑǔǐǑǅǃǐǋǈ
ǠǗǗǈǍǕǋǅǐǑǔǕǋǕǈǘǐǑǎǑǆǋǋ-ǑǙǈǐǍǃǓǋǔǍǑǅ)ưƫƳ).

ǀǗǗǈǍǕǞǑǕǅǐǈǇǓǈǐǋǢ:
ÅƴǐǋǉǈǐǋǈǍǑǐǙǈǐǕǓǃǙǋǋǍǓǖǒǐǑǇǋǔǒǈǓǔǐǑǌ
ǅǎǃǆǋǅǍǓǑǏǑǚǐǑǏǍǃǒǈǎǟǐǑǏǔǎǈǇǈǐǃ20-
30%;

ÅƴǐǋǉǈǐǋǈǠǓǑǊǋǑǐǐǑǆǑǋǊǐǑǔǃǐǃ25-50%;
ÅƲǑǅǞǛǈǐǋǈǠǍǑǐǑǏǋǚǐǑǔǕǋǔǕǖǒǈǐǋǒǑ
ǔǓǃǅǐǈǐǋǡǔǒǓǋǏǈǐǈǐǋǈǏǅǐǖǕǓǋǍǃǐǃǎǟǐǑǌ
ǔǈǒǃǓǃǙǋǋ.

ƱǔǐǑǅǐǞǈǊǃǍǃǊǚǋǍǋ:
ƣƱ ¬ƴǋǎǑǅǞǈǏǃǛǋǐǞ¼; ƲƣƱ ¬ƭǃǎǖǉǔǍǋǌ
ǕǖǓǄǋǐǐǞǌǊǃǅǑǇ¼; ƣƱ¬ƶǓǃǎǟǔǍǋǌǕǖǓǄǋǐǐǞǌ
ǊǃǅǑǇ¼; ƱƱƱ¬ƦǃǊǒǓǑǏǠǐǈǓǆǑǘǑǎǇǋǐǆ¼; ƲƣƱ
¬ƫǐǕǈǓƳƣƱ¼



ƶǔǕǓǑǌǔǕǅǑ!ǇǎǢ!ǄǑǓǟǄǞ!ǔ!ǠǓǑǊǋǑǐǐǞǏ!ǋǊǐǑǔǑǏ!
ǎǑǒǃǕǑǚǐǑǆǑ!ǃǒǒǃǓǃǕǃ!ǒǃǓǑǅǞǘ!ǕǖǓǄǋǐ!ǐǃ!ǑǔǐǑǅǈ!
ǍǑǏǄǋǐǃǙǋǋ!ǏǈǕǑǇǑǅ!ǑǄǑǆǓǈǅǃ!ǋ!ǅǞǇǖǅǃ

55

ǀǍǔǒǈǓǋǏǈǐǕǃǎǟǐǑǈ!ǗǑǕǑ!ǉǋǇǍǑǌ!ǗǃǊǞ!Ǌǃ!ǒǎǑǔǍǑǌ!ǔǑǒǎǑǅǑǌ!
ǕǖǓǄǋǐǐǑǌ!ǓǈǛǈǕǍǑǌ!ǄǈǊ!ǅǞǇǖǅǃǒǃǓǃ

3D ǏǑǇǈǎǋ!ǠǍǔǒǈǓǋǏǈǐǕǃǎǟǐǞǘ!ǒǑǎǞǘ!ǔǑǒǎǑǅǞǘ!ǎǑǒǃǕǑǍ!ǔ!
ǓǃǊǎǋǚǐǞǏǋ!ǅǃǓǋǃǐǕǃǏǋ!ǅǞǇǖǅǃǆǓǈǡǜǈǆǑ!ǒǃǓǃ

ǀǍǔǒǈǓǋǏǈǐǕǃǎǟǐǑǈ!ǗǑǕǑ!ǉǋǇǍǑǌ!ǗǃǊǞ!Ǌǃ!ǒǎǑǔǍǑǌ!ǔǑǒǎǑǅǑǌ!
ǕǖǓǄǋǐǐǑǌ!ǓǈǛǈǕǍǑǌ!ǔ!ǅǞǇǖǅǑǏǒǃǓǃ

ƱǄǝǈǍǕ!ǋǔǔǎǈǇǑǅǃǐǋǢ;!ƲǎǑǔǍǋǌ!ǒǃǍǈǕ!ǒǑǎǞǘ!ǔǑǒǎǑǅǞǘ!
ǕǖǓǄǋǐǐǞǘ!ǎǑǒǃǕǑǍ!ǔ!ǒǑǇǅǑǇǑǏ!ǆǓǈǡǜǈǆǑ!ǒǃǓǃ!ǋ!ǅǞǇǖǅǑǏ

ǚǈǓǈǊ!ǅǞǘǑǇǐǖǡ!ǍǓǑǏǍǖ
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ƭǑǐǕǃǍǕǞ

ƭǃǗǈǇǓǃ!ƲǃǓǑǅǞǘ!ǋ!ǆǃǊǑǅǞǘ!ǕǖǓǄǋǐ
ǋǏ/!ƣ/!ƥ/!ƼǈǆǎǢǈǅǃ

ƪǃǅǈǇǖǡǜǋǌ!ǍǃǗǈǇǓǑǌ
ƦǓǋǄǋǐƥǎǃǇǋǏǋǓ!ƦǈǑǓǆǋǈǅǋǚ



ƭǃǗǈǇǓǃ!ƧƫƵƥǈǓǐǖǕǟǔǢ!Ǎ!ǔǑǇǈǓǉǃǐǋǡ

ƵǈǘǐǑǎǑǆǋǢ!ǒǑǋǔǍǃ!ǅǐǖǕǓǋǕǓǖǄǐǑǌ!
ǍǑǓǓǑǊǋǋ!ǕǓǖǄǑǒǓǑǅǑǇǑǅ!ǋ!

ǋǊǏǈǓǈǐǋǢ!ǑǔǕǃǕǑǚǐǑǌ!ǕǑǎǜǋǐǞ!
ǏǈǕǃǎǎǃ!ǄǈǊ!ǖǇǃǎǈǐǋǢ!ǋǊǑǎǢǙǋǋ



ƵǈǘǐǑǎǑǆǋǢ!ǒǑǋǔǍǃ!ǅǐǖǕǓǋǕǓǖǄǐǑǌ!ǍǑǓǓǑǊǋǋ!
ǕǓǖǄǑǒǓǑǅǑǇǑǅ!ǋ!ǋǊǏǈǓǈǐǋǢ!ǑǔǕǃǕǑǚǐǑǌ!ǕǑǎǜǋǐǞ!
ǏǈǕǃǎǎǃ!ǄǈǊ!ǖǇǃǎǈǐǋǢ!ǋǊǑǎǢǙǋǋ

58

ưǃǊǐǃǚǈǐǋǈ: ǕǈǘǐǑǎǑǆǋǢǒǓǈǇǐǃǊǐǃǚǈǐǃǇǎǢ
ǑǄǐǃǓǖǉǈǐǋǢǋ ǑǙǈǐǍǋǑǚǃǆǑǅǔǒǎǑǛǐǑǌǋ
ǎǑǍǃǎǟǐǑǌ(ǒǋǕǕǋǐǆǑǅǑǌ) ǍǑǓǓǑǊǋǋ
ǕǓǖǄǑǒǓǑǅǑǇǑǅǋǋǊǏǈǓǈǐǋǢǕǑǎǜǋǐǞǏǈǕǃǎǎǃ
ǄǈǊǖǇǃǎǈǐǋǢǋǊǑǎǢǙǋǋ.

ƵǈǘǐǋǚǈǔǍǋǈǘǃǓǃǍǕǈǓǋǔǕǋǍǋ: ǕǋǒǏǃǕǈǓǋǃǎǃ
ǔǕǈǐǍǋǕǓǖǄǾ ǗǈǓǓǑǏǃǆǐǋǕǐǞǌ; ƧǋǃǒǃǊǑǐ
ǕǑǎǜǋǐǑǕ5 ǇǑ20 ǏǏ; ƧǋǃǏǈǕǓǞǑǕ114 ǏǏǇǑ
530 ǏǏ; ƵǑǎǜǋǐǃǋǊǑǎǢǙǋǋǑǕ3 ǇǑ20 ǏǏ;
ƦǃǓǃǐǕǋǓǑǅǃǐǐǑǅǞǢǅǎǢǈǏǞǌǅǐǖǕǓǈǐǐǋǌ
ǍǑǓǓǑǊǋǑǐǐǞǌǇǈǗǈǍǕǾ ǇǋǃǏǈǕǓǓǃǅǐǞǌ
ǕǑǎǜǋǐǈǐǃǆǎǖǄǋǐǖ20%ǕǑǎǜǋǐǞ.

ưǃǖǚǐǃǢǐǑǅǋǊǐǃ: ǔ ǋǔǒǑǎǟǊǑǅǃǐǋǈǏ
ǔǑǅǓǈǏǈǐǐǞǘǕǈǘǐǑǎǑǆǋǌǔǑǊǇǃǐǃǋǏǒǖǎǟǔǐǑ-
ǅǋǘǓǈǕǑǍǑǅǃǢǔǋǔǕǈǏǃǇǎǢǑǒǈǓǃǕǋǅǐǑǆǑǋ
ǕǑǚǐǑǆǑǑǄǐǃǓǖǉǈǐǋǢǍǑǓǓǑǊǋǋǅǐǖǕǓǈǐǐǈǌ
ǒǑǅǈǓǘǐǑǔǕǋǕǓǖǄǒǑǇǅǐǈǛǐǈǌǋǊǑǎǢǙǋǈǌ.

ƴǅǈǇǈǐǋǢ!Ǒ!ǓǈǃǎǋǊǑǅǃǐǐǑǏǒǓǑǈǍǕǈ

ƲǓǋǏǈǓ!ǒǓǃǍǕǋǚǈǔǍǋ!ǐǈ!ǑǄǐǃǓǖǉǋǅǃǈǏǞǘ!ǖǚǃǔǕǍǑǅ!
ǒǋǕǕǋǐǆǑǅǑǌǍǑǓǓǑǊǋǋ!ǅǐǖǕǓǈǐǐǈǌ!ǒǑǅǈǓǘǐǑǔǕǋ!ǕǓǖǄ!



ƵǈǘǐǑǎǑǆǋǢ!ǒǑǋǔǍǃ!ǅǐǖǕǓǋǕǓǖǄǐǑǌ!ǍǑǓǓǑǊǋǋ!
ǕǓǖǄǑǒǓǑǅǑǇǑǅ!ǋ!ǋǊǏǈǓǈǐǋǢ!ǑǔǕǃǕǑǚǐǑǌ!ǕǑǎǜǋǐǞ!
ǏǈǕǃǎǎǃ!ǄǈǊ!ǖǇǃǎǈǐǋǢ!ǋǊǑǎǢǙǋǋ

59

ƥǃǓǋǃǐǕǞ!ǍǑǐǔǕǓǖǍǙǋǋ!ǋǏǒǖǎǟǔǐǑ-ǅǋǘǓǈǕǑǍǑǅǞǘ
ǒǓǈǑǄǓǃǊǑǅǃǕǈǎǈǌ!!ǇǎǢ!ǑǄǐǃǓǖǉǈǐǋǢ!ǋ!ǑǙǈǐǍǋ!ǍǑǓǓǑǊǋǋ

ƲǑǕǈǐǙǋǃǎǟǐǑǈ!ǒǓǋǏǈǐǈǐǋǈ

ƶǓǑǅǈǐǟǆǑǕǑǅǐǑǔǕǋ(TRL ȣ4): ǒǑǇǕǅǈǓǉǇǈǐǃ
ǕǈǘǐǋǚǈǔǍǃǢǓǈǃǎǋǊǖǈǏǑǔǕǟ-ǒǓǑǅǈǇǈǐǃ
ǠǍǔǒǈǓǋǏǈǐǕǃǎǟǐǃǢǒǓǑǅǈǓǍǃǋǐǇǋǅǋǇǖǃǎǟǐǞǘ
ǍǑǏǒǑǐǈǐǕǑǅǅǎǃǄǑǓǃǕǑǓǐǞǘǖǔǎǑǅǋǢǘ)ưƫƳ*

ǀǗǗǈǍǕǞǑǕǅǐǈǇǓǈǐǋǢ: ǅǐǈǇǓǈǐǋǈǓǃǊǓǃǄǑǕǍǋ
ǒǑǊǅǑǎǋǕǊǐǃǚǋǕǈǎǟǐǑǔǠǍǑǐǑǏǋǕǟǗǋǐǃǐǔǑǅǞǈ
ǔǓǈǇǔǕǅǃǐǃ ǍǑǐǕǓǑǎǟǔǑǔǕǑǢǐǋǢ
ǍǑǓǓǑǇǋǓǑǅǃǐǐǑǆǑǏǈǕǃǎǎǃǕǓǖǄǑǒǓǑǅǑǇǑǅǋǊ
ǖǆǎǈǓǑǇǋǔǕǑǌǔǕǃǎǋǊǃ ǔǚǈǕǑǕǍǃǊǃǑǕ
ǇǑǓǑǆǑǔǕǑǢǜǈǌǒǓǑǙǈǇǖǓǞǔǐǢǕǋǢǋ
ǒǑǔǎǈǇǖǡǜǈǆǑǅǑǔǔǕǃǐǑǅǎǈǐǋǢǋǊǑǎǢǙǋǑǐǐǑǆǑ
ǔǎǑǢ

ƱǔǐǑǅǐǞǈǊǃǍǃǊǚǋǍǋ:
ƲƣƱ¬ƵǓǃǐǔưǈǗǕǟ¼-ƲƣƱ¬ƵƯƭ¼-ƣƱ¬ƮǖǍǑǌǎ¼-
ƭǑǏǒǃǐǋǋƦǓǖǒǒǞ¬ƫǐǕǈǓƳƣƱ¼



ƳǋǔǖǐǑǍ!ǇǑǎǉǈǐ!
ǄǞǕǟ!ǅ!ǘǑǓǑǛǈǏ!
ǍǃǚǈǔǕǅǈ/!ƳǋǔǖǐǍǑǅ!
ǏǑǉǈǕ!ǄǞǕǟ!

ǐǈǔǍǑǎǟǍǑ-!ǐǑ!Ǒǐǋ!
ǐǈ!ǇǑǎǉǐǞ!ǅǞǘǑǇǋǕǟ!
Ǌǃ!Ʈƨƥƶǁ-!ǅǈǓǘǐǡǡ!
ǋ!ǐǋǉǐǡǡ!ǆǓǃǐǋǙǞ!
ǓǃǏǍǋ/!ƳǃǏǍǖ!ǏǑǉǐǑ!

ǖǇǃǎǋǕǟ

ƵǈǘǐǑǎǑǆǋǢ!ǒǑǋǔǍǃ!ǅǐǖǕǓǋǕǓǖǄǐǑǌ!ǍǑǓǓǑǊǋǋ!
ǕǓǖǄǑǒǓǑǅǑǇǑǅ!ǋ!ǋǊǏǈǓǈǐǋǢ!ǑǔǕǃǕǑǚǐǑǌ!ǕǑǎǜǋǐǞ!
ǏǈǕǃǎǎǃ!ǄǈǊ!ǖǇǃǎǈǐǋǢ!ǋǊǑǎǢǙǋǋ

60

ƳǈǊǖǎǟǕǃǕǞ!ǒǓǈǑǄǓǃǊǑǅǃǐǋǢ!ǔǋǆǐǃǎǃ!
ǒǓǈǑǄǓǃǊǑǅǃǕǈǎǢ!ǇǎǢ!ǒǑǔǕǓǑǈǐǋǢ!
ǍǃǎǋǄǓǑǅǑǚǐǑǌ!ǘǃǓǃǍǕǈǓǋǔǕǋǍǋ!ǒǓǋ!
ǋǊǏǈǓǈǐǋǋ!ǕǑǎǜǋǐǞ!ǔǕǈǐǍǋ!ǕǓǖǄǞ

ƦǈǐǈǓǃǕǑǓ!ǋǏǒǖǎǟǔǑǅ!ǔ!ǛǋǓǑǍǋǏǋ!ǅǑǊǏǑǉǐǑǔǕǢǏǋ!ǒǑ!ǐǃǔǕǓǑǌǍǈ!Ǎ!ǓǃǊǎǋǚǐǞǏ!
ǖǔǎǑǅǋǢǏ!ǍǑǐǕǓǑǎǋǓǖǈǏǑǆǑ!ǑǄǝǈǍǕǃ



ƳǋǔǖǐǑǍ!ǇǑǎǉǈǐ!
ǄǞǕǟ!ǅ!ǘǑǓǑǛǈǏ!
ǍǃǚǈǔǕǅǈ/!ƳǋǔǖǐǍǑǅ!
ǏǑǉǈǕ!ǄǞǕǟ!

ǐǈǔǍǑǎǟǍǑ-!ǐǑ!Ǒǐǋ!
ǐǈ!ǇǑǎǉǐǞ!ǅǞǘǑǇǋǕǟ!
Ǌǃ!Ʈƨƥƶǁ-!ǅǈǓǘǐǡǡ!
ǋ!ǐǋǉǐǡǡ!ǆǓǃǐǋǙǞ!
ǓǃǏǍǋ/!ƳǃǏǍǖ!ǏǑǉǐǑ!

ǖǇǃǎǋǕǟ

ƵǈǘǐǑǎǑǆǋǢ!ǒǑǋǔǍǃ!ǅǐǖǕǓǋǕǓǖǄǐǑǌ!ǍǑǓǓǑǊǋǋ!
ǕǓǖǄǑǒǓǑǅǑǇǑǅ!ǋ!ǋǊǏǈǓǈǐǋǢ!ǑǔǕǃǕǑǚǐǑǌ!ǕǑǎǜǋǐǞ!
ǏǈǕǃǎǎǃ!ǄǈǊ!ǖǇǃǎǈǐǋǢ!ǋǊǑǎǢǙǋǋ

61

ƥǎǋǢǐǋǈ!ǏǃǆǐǋǕǐǑǌ!ǒǓǑǐǋǙǃǈǏǑǔǕǋ!
ǑǄǓǃǊǙǃ!ǐǃ!ǍǃǎǋǄǓǑǅǑǚǐǖǡ!
ǘǃǓǃǍǕǈǓǋǔǕǋǍǖ!ǒǓǋ!ǋǊǏǈǓǈǐǋǋ!

ǕǑǎǜǋǐǞ!ǔǕǈǐǍǋ!ǕǓǖǄǞ

ƲǎǑǔǍǋǌ!ǒǓǈǑǄǓǃǊǑǅǃǕǈǎǟ!ǐǃ!ǍǃǎǋǄǓǑǅǑǚǐǑǏ!ǗǈǓǓǑǏǃǆǐǋǕǐǑǏǑǄǓǃǊǙǈ



ƳǋǔǖǐǑǍ!ǇǑǎǉǈǐ!
ǄǞǕǟ!ǅ!ǘǑǓǑǛǈǏ!
ǍǃǚǈǔǕǅǈ/!ƳǋǔǖǐǍǑǅ!
ǏǑǉǈǕ!ǄǞǕǟ!

ǐǈǔǍǑǎǟǍǑ-!ǐǑ!Ǒǐǋ!
ǐǈ!ǇǑǎǉǐǞ!ǅǞǘǑǇǋǕǟ!
Ǌǃ!Ʈƨƥƶǁ-!ǅǈǓǘǐǡǡ!
ǋ!ǐǋǉǐǡǡ!ǆǓǃǐǋǙǞ!
ǓǃǏǍǋ/!ƳǃǏǍǖ!ǏǑǉǐǑ!

ǖǇǃǎǋǕǟ

ƵǈǘǐǑǎǑǆǋǢ!ǒǑǋǔǍǃ!ǅǐǖǕǓǋǕǓǖǄǐǑǌ!ǍǑǓǓǑǊǋǋ!
ǕǓǖǄǑǒǓǑǅǑǇǑǅ!ǋ!ǋǊǏǈǓǈǐǋǢ!ǑǔǕǃǕǑǚǐǑǌ!ǕǑǎǜǋǐǞ!
ǏǈǕǃǎǎǃ!ǄǈǊ!ǖǇǃǎǈǐǋǢ!ǋǊǑǎǢǙǋǋ
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ƫǊǏǈǓǈǐǋǈ!ǒǃǓǃǏǈǕǓǑǅ!
ǅǑǊǄǖǉǇǃǡǜǈǌ!ǋ!ǒǓǋǈǏǐǑǌ!ǍǃǕǖǛǈǍ!

ǒǓǈǑǄǓǃǊǑǅǃǕǈǎǢ

ƮǑǆǃǓǋǗǏǋǚǈǔǍǋǌ!ǖǔǋǎǋǕǈǎǟ



ƵǈǘǐǑǎǑǆǋǢ!ǒǑǋǔǍǃ!ǅǐǖǕǓǋǕǓǖǄǐǑǌ!ǍǑǓǓǑǊǋǋ!
ǕǓǖǄǑǒǓǑǅǑǇǑǅ!ǋ!ǋǊǏǈǓǈǐǋǢ!ǑǔǕǃǕǑǚǐǑǌ!ǕǑǎǜǋǐǞ!
ǏǈǕǃǎǎǃ!ǄǈǊ!ǖǇǃǎǈǐǋǢ!ǋǊǑǎǢǙǋǋ

63

ƥǎǋǢǐǋǈ!ǠǎǈǍǕǓǋǚǈǔǍǑǌ!ǒǓǑǅǑǇǋǏǑǔǕǋ!
ǑǄǓǃǊǙǃ!ǐǃ!ǍǃǎǋǄǓǑǅǑǚǐǖǡ!ǘǃǓǃǍǕǈǓǋǔǕǋǍǖ!
ǒǓǋ!ǋǊǏǈǓǈǐǋǋ!ǕǑǎǜǋǐǞ!ǔǕǈǐǍǋ!ǕǓǖǄǞ

ƣǐǃǎǋǊǋǓǖǈǏǞǈ!ǔǋǆǐǃǎǞ!ǒǓǋǈǏǐǑǌ!ǍǃǕǖǛǍǋ!ǒǓǋ!ǑǒǓǈǇǈǎǈǐǋǋ!ǓǃǊǏǈǓǑǅ!
ǑǄǐǃǓǖǉǈǐǐǑǆǑ!ǍǑǓǓǑǊǋǑǐǐǑǆǑ!ǇǈǗǈǍǕǃ
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ƭǑǐǕǃǍǕǞ

ƭǃǗǈǇǓǃ!ƧǋǃǆǐǑǔǕǋǚǈǔǍǋǘ!
ǋǐǗǑǓǏǃǙǋǑǐǐǞǘ!ǕǈǘǐǑǎǑǆǋǌ

ƪǃǅǈǇǖǡǜǋǌ!ǍǃǗǈǇǓǑǌ
ƸǅǑǔǕǑǅ!ƣǐǇǓǈǌ!ƣǎǈǍǔǃǐǇǓǑǅǋǚ



ƭǃǗǈǇǓǃ!ȃƱƷǋǂƴȄƥǈǓǐǖǕǟǔǢ!Ǎ!ǔǑǇǈǓǉǃǐǋǡ

ưǃǍǑǒǋǕǈǎǟ!ǕǈǒǎǑǅǑǌ!ǠǐǈǓǆǋǋ!ǐǃ!
ǑǔǐǑǅǈ!ǗǃǊǑǋǊǏǈǐǢǈǏǞǘ!

ǏǃǕǈǓǋǃǎǑǅ



ưǃǍǑǒǋǕǈǎǟ!ǕǈǒǎǑǅǑǌ!ǠǐǈǓǆǋǋ!ǐǃ!ǑǔǐǑǅǈ!
ǗǃǊǑǋǊǏǈǐǢǈǏǞǘǏǃǕǈǓǋǃǎǑǅ

66

ưǃǊǐǃǚǈǐǋǈ: ǐǃǍǑǒǋǕǈǎǟǕǈǒǎǑǅǑǌǠǐǈǓǆǋǋǐǃ
ǑǔǐǑǅǈǗǃǊǑǋǊǏǈǐǢǈǏǞǘǏǃǕǈǓǋǃǎǑǅ)ƷƫƯ*
ǒǑǊǅǑǎǢǈǕǊǃǒǃǔǃǕǟǕǈǒǎǑǅǖǡǠǐǈǓǆǋǡǅ
ǓǈǊǖǎǟǕǃǕǈǗǃǊǑǅǑǆǑǒǈǓǈǘǑǇǃ)ǒǎǃǅǎǈǐǋǈ*ǔ
ǅǑǊǏǑǉǐǑǔǕǟǡǋǊǅǎǈǚǈǐǋǢǠǕǑǌǠǐǈǓǆǋǋǅ
ǓǈǊǖǎǟǕǃǕǈǑǄǓǃǕǐǑǆǑǗǃǊǑǅǑǆǑǒǈǓǈǘǑǇǃ
)ǍǓǋǔǕǃǎǎǋǊǃǙǋǢ).

ƵǈǘǐǋǚǈǔǍǋǈǘǃǓǃǍǕǈǓǋǔǕǋǍǋ: ǖǔǕǃǐǑǅǍǃǎǈǆǍǑ
ǏǃǔǛǕǃǄǋǓǖǈǕǔǢǒǑǇǍǎǡǚǈǐǋǈǏǐǈǔǍǑǎǟǍǋǘ
ǏǑǇǖǎǈǌ. ƧǎǋǐǃǑǇǐǑǆǑǏǑǇǖǎǢ1 Ǐ-ǇǋǃǏǈǕǓ
40 ǏǏ. ƳǃǔǚǈǕǞǒǑǍǃǊǞǅǃǡǕ-ǚǕǑǇǎǢǒǑǅǞǛǈǐǋǢ
ǋǐǕǈǐǔǋǅǐǑǔǕǋǕǈǒǎǑǑǄǏǈǐǃǇǑǔǕǃǕǑǚǐǑ
ǒǑǅǞǛǈǐǋǢǕǈǒǎǑǒǓǑǅǑǇǐǑǔǕǋǇǑ~ 5 ƥǕ0)Ǐ¸ƭ).

ưǃǖǚǐǃǢǐǑǅǋǊǐǃ: ǋǔǒǑǎǟǊǑǅǃǐǋǈǗǃǊǑǅǑǆǑ
ǒǈǓǈǘǑǇǃǒǑǊǅǑǎǢǈǕǖǅǈǎǋǚǋǕǟǍǑǎǋǚǈǔǕǅǑ
ǊǃǒǃǔǃǈǏǑǌǠǐǈǓǆǋǋǋǖǅǈǎǋǚǋǕǟǇǎǋǕǈǎǟǐǑǔǕǟ
ǈǈǘǓǃǐǈǐǋǢ.

ƴǅǈǇǈǐǋǢ!Ǒ!ǓǈǃǎǋǊǑǅǃǐǐǑǏǒǓǑǈǍǕǈ

ƴǘǈǏǃǏǑǇǖǎǢǕǈǓǏǑǃǍǍǖǏǖǎǢǕǑǓǃ: 1 ǾǕǓǖǄǑǒǓǑǅǑǇǇǎǢ
ǒǓǑǒǖǔǍǃǐǋǢǆǑǓǢǚǈǌǋǎǋǘǑǎǑǇǐǑǌǅǑǇǞ; 2 Ǿ ǏǈǇǐǃǢ
ǑǄǑǎǑǚǍǃǅǐǖǕǓǈǐǐǈǆǑǕǓǖǄǑǒǓǑǅǑǇǃ; 3 ǾǒǓǑǔǕǓǃǐǔǕǅǑǏǈǉǇǖ
ǅǐǈǛǐǋǏǋ ǅǐǖǕǓǈǐǐǋǏǙǋǎǋǐǇǓǑǏ-ǊǃǒǑǎǐǈǐǐǑǈƷƫƯ;
4 Ǿ ǒǑǎǋǒǓǑǒǋǎǈǐǑǅǃǢǑǄǑǎǑǚǍǃǅǐǈǛǐǈǆǑǙǋǎǋǐǇǓǃ;
5 ǾǋǔǕǑǚǐǋǍǘǑǎǑǇǐǑǌǅǑǇǞ; 6 ǾǋǔǕǑǚǐǋǍǆǑǓǢǚǈǌǅǑǇǞ;
7 ǾǒǓǋǈǏǐǋǍǐǃǆǓǈǕǑǌǅǑǇǞ; 8 ǾǒǓǋǈǏǐǋǍǑǘǎǃǉǇǤǐǐǑǌ
ǅǑǇǞ; 9 ǾǍǓǃǐǞǒǑǇǃǚǋǅǑǇǞ; 10 ǾǕǈǓǏǑǒǃǓǞ.



ưǃǍǑǒǋǕǈǎǟ!ǕǈǒǎǑǅǑǌ!ǠǐǈǓǆǋǋ!ǐǃ!ǑǔǐǑǅǈ!
ǗǃǊǑǋǊǏǈǐǢǈǏǞǘǏǃǕǈǓǋǃǎǑǅ
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ƪǃǅǋǔǋǏǑǔǕǋǘǃǓǃǍǕǈǓǐǑǆǑǅǓǈǏǈǐǋǕǈǒǎǑǑǄǏǈǐǃǑǕ
ǍǑǠǗǗǋǙǋǈǐǕǃǕǈǒǎǑǒǓǑǅǑǇǐǑǔǕǋƷƫƯ-ǅǞǚǋǔǎǈǐǐǞǈǇǎǢ
ǓǈǉǋǏǃǐǃǆǓǈǅǃ1 ǋ ǑǘǎǃǉǇǈǐǋǢ2 ǐǃǍǑǒǋǕǈǎǢǕǈǒǎǑǅǑǌ
ǠǐǈǓǆǋǋ.

ƲǑǕǈǐǙǋǃǎǟǐǑǈ!ǒǓǋǏǈǐǈǐǋǈ

ƶǓǑǅǈǐǟǆǑǕǑǅǐǑǔǕǋ(TRL ȣ4): ǓǃǊǓǃǄǑǕǃǐ
ǎǃǄǑǓǃǕǑǓǐǞǌǑǄǓǃǊǈǙǐǃǍǑǒǋǕǈǎǢǕǈǒǎǑǅǑǌ
ǠǐǈǓǆǋǋǐǃǑǔǐǑǅǈǗǃǊǑǋǊǏǈǐǢǈǏǞǘǏǃǕǈǓǋǃǎǑǅ.
ƲǓǑǅǈǇǈǐǃǑǒǕǋǏǋǊǃǙǋǢǍǑǎǋǚǈǔǕǅǃƷƫƯ.

ǀǗǗǈǍǕǞǑǕǅǐǈǇǓǈǐǋǢ: ǅǐǈǇǓǈǐǋǈǇǃǐǐǑǆǑ
ǐǃǍǑǒǋǕǈǎǢǒǑǊǅǑǎǋǕǋǔǒǑǎǟǊǑǅǃǕǟ
ǐǈǕǓǃǇǋǙǋǑǐǐǞǈǏǈǕǑǇǞǒǑǎǖǚǈǐǋǢǠǐǈǓǆǋǋ
)ǅǈǕǓǑǅǞǈ-ǔǑǎǐǈǚǐǞǈǋ ǒǓǋǎǋǅǐǞǈ
ǠǎǈǍǕǓǑǔǕǃǐǙǋǋ*ǅ ǒǈǓǋǑǇǞǐǋǊǍǑǆǑǖǓǑǅǐǢ
ǒǑǕǓǈǄǎǈǐǋǢǠǐǈǓǆǋǋ.

ƱǔǐǑǅǐǞǈǊǃǍǃǊǚǋǍǋ:

Ʀƭ!¬ƳǑǕǈǍ¼, ƲƣƱ!¬ƳǖǔƦǋǇǓǑ¼, Ʀƭ!¬ƫưƴƱƮƣƳ¼, Ʀƭ!
¬ƳǑǔǕǃǕǑǏ¼, Ʀƭ!¬ƳǈǐǑǅǃ¼



ƴǋǔǕǈǏǞ!ǇǎǢ!ǆǈǐǈǓǃǙǋǋ!ǋ!
ǖǔǍǑǓǈǐǋǢ!ǔǕǃǙǋǑǐǃǓǐǞǘ!
ǒǎǃǊǏǈǐǐǞǘ!ǒǑǕǑǍǑǅ

ƭǃǗǈǇǓǃ!ȃƱƷǋǂƴȄƥǈǓǐǖǕǟǔǢ!Ǎ!ǔǑǇǈǓǉǃǐǋǡ
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ƴǅǈǇǈǐǋǢ!Ǒ!ǒǎǃǐǋǓǖǈǏǑǏǒǓǑǈǍǕǈ

3D-ǏǑǇǈǎǟǖǔǕǃǐǑǅǍǋ!ƲƮƯ

ưǃǊǐǃǚǈǐǋǈ: ǔǑǊǇǃǐǋǈǄǃǊǞǇǃǐǐǞǘǑ
ǅǑǊǇǈǌǔǕǅǋǋǒǎǃǊǏǞǐǃǐǑǅǞǈǏǃǕǈǓǋǃǎǞ
)ǅǍǎǡǚǃǢǐǃǐǑǔǕǓǖǍǕǖǓǐǞǈ) ǔ ǖǎǖǚǛǈǐǐǞǏǋ
ǔǅǑǌǔǕǅǃǏǋǇǎǢǕǈǓǏǑǢǇǈǓǐǞǘǖǔǕǃǐǑǅǑǍ.
ƳǃǊǓǃǄǑǕǍǃǇǋǃǆǐǑǔǕǋǚǈǔǍǑǆǑǍǑǏǒǎǈǍǔǃǇǎǢ
ǋǊǏǈǓǈǐǋǢǘǃǓǃǍǕǈǓǋǔǕǋǍǖǔǍǑǓǈǐǋǢǒǎǃǊǏǞǔ
ǆǈǎǋǍǑǐǐǑǌǃǐǕǈǐǐǑǌ.

ƵǈǘǐǋǚǈǔǍǋǈǘǃǓǃǍǕǈǓǋǔǕǋǍǋ: ǏǑǇǖǎǟ
ǕǈǒǎǑǗǋǊǋǚǈǔǍǋǘǋǔǒǞǕǃǐǋǌǔ ǏǑǜǐǑǔǕǟǡ
ǐǃǆǓǖǊǍǋǐǃǑǄǓǃǊǙǞǇǑ4 ƯƥǕ0Ǐ2; ǠǎǈǍǕǓǑǐǐǑǌ
ǕǈǏǒǈǓǃǕǖǓǑǌǇǑ10 Ǡƥ-ǒǎǑǕǐǑǔǕǟǡǇǑ1019Ǐ-3.

ưǃǖǚǐǃǢǐǑǅǋǊǐǃ: ǓǃǊǓǃǄǑǕǃǐǋ ǃǒǓǑǄǋǓǑǅǃǐ
ǏǈǕǑǇǒǑǎǖǚǈǐǋǢǔǕǃǙǋǑǐǃǓǐǑǌǊǃǏǃǆǐǋǚǈǐǐǑǌ
ǒǎǃǊǏǞǔǒǃǓǃǏǈǕǓǃǏǋǇǋǅǈǓǕǑǓǐǑǌǒǎǃǊǏǞ
ǕǑǍǃǏǃǍǃ-ǓǈǃǍǕǑǓǃ.

ƴǋǔǕǈǏǞ!ǇǎǢ!ǆǈǐǈǓǃǙǋǋ!ǋ!ǖǔǍǑǓǈǐǋǢ!
ǔǕǃǙǋǑǐǃǓǐǞǘ!ǒǎǃǊǏǈǐǐǞǘ!ǒǑǕǑǍǑǅ



70

3D-ǏǑǇǈǎǟ!ǖǔǕǃǐǑǅǍǋ!ƲƮƯ-Ư!

ƲǑǕǈǐǙǋǃǎǟǐǑǈ!ǒǓǋǏǈǐǈǐǋǈ

ƶǓǑǅǈǐǟǆǑǕǑǅǐǑǔǕǋ(TRL ȣ3): ǔǑǊǇǃǐǃ
ǠǍǔǒǈǓǋǏǈǐǕǃǎǟǐǃǢǄǃǊǃǅ ưƫƶ¬Ưǀƫ¼ǇǎǢ
ǋǔǒǞǕǃǐǋǌǏǃǕǈǓǋǃǎǑǅǕǈǓǏǑǢǇǈǓǐǑǆǑǓǈǃǍǕǑǓǃ
ǋǑǕǓǃǄǑǕǍǋǕǈǘǐǑǎǑǆǋǌǒǎǃǊǏǈǐǐǑǆǑǇǅǋǆǃǕǈǎǢ:
ǒǎǃǊǏǈǐǐǞǈǖǔǕǃǐǑǅǍǋƲƮƯ-ƯǋƲƮƯ.

ǀǗǗǈǍǕǞǑǕǅǐǈǇǓǈǐǋǢ: ǖǔǍǑǓǈǐǋǈǙǋǍǎǃ
ǓǃǊǓǃǄǑǕǍǋǒǈǓǔǒǈǍǕǋǅǐǞǘǏǃǕǈǓǋǃǎǑǅǇǎǢ
ǕǈǓǏǑǢǇǈǓǐǞǘǖǔǕǃǐǑǅǑǍǐǃ40-50% ǊǃǔǚǈǕ
ǔǑǊǇǃǐǋǢǖǐǋǍǃǎǟǐǑǌǠǍǔǒǈǓǋǏǈǐǕǃǎǟǐǑǌǄǃǊǞ
ǇǃǐǐǞǘǒǑǅǈǇǈǐǋǢǏǃǕǈǓǋǃǎǑǅǅ ǖǔǎǑǅǋǢǘ-
ǒǓǋǄǎǋǉǈǐǐǞǘǍǓǈǃǎǟǐǑǌǠǍǔǒǎǖǃǕǃǙǋǋ.

ƱǔǐǑǅǐǞǈǊǃǍǃǊǚǋǍǋ:
Ʀƭ¬ƳǑǔǃǕǑǏ¼, Ʀƭ¬ƳǑǔǍǑǔǏǑǔ¼-ƭǑǐǙǈǓǐƥƭƱ
¬ƣǎǏǃǊ-ƣǐǕǈǌ¼

ƴǋǔǕǈǏǞ!ǇǎǢ!ǆǈǐǈǓǃǙǋǋ!ǋ!ǖǔǍǑǓǈǐǋǢ!
ǔǕǃǙǋǑǐǃǓǐǞǘ!ǒǎǃǊǏǈǐǐǞǘ!ǒǑǕǑǍǑǅ
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ƭǑǐǕǃǍǕǞ

ƭǃǗǈǇǓǃ!ƱǄǜǈǌ!ƷǋǊǋǍǋ!ǋ!ǂǇǈǓǐǑǆǑ!
ƴǋǐǕǈǊǃ

ƪǃǅǈǇǖǡǜǋǌ!ǍǃǗǈǇǓǑǌ
ƧǈǇǑǅ!ƣǎǈǍǔǈǌ!ƥǋǍǕǑǓǑǅǋǚ



ƭǃǗǈǇǓǃ!ǀƭƣƱ!ǋ!ǀƵƥǈǓǐǖǕǟǔǢ!Ǎ!ǔǑǇǈǓǉǃǐǋǡ

ƥǞǔǑǍǑǔǍǑǓǑǔǕǐǞǈ!
ǕǖǓǄǑǆǈǐǈǓǃǕǑǓǞ!ǇǎǢ!
ǏǋǍǓǑǕǖǓǄǋǐǐǞǘ

ǠǐǈǓǆǑǖǔǕǃǐǑǅǑǍ!ǋ!Ǐǋǐǋ!Ƶǀƹ



ƥǞǔǑǍǑǔǍǑǓǑǔǕǐǞǈ!ǕǖǓǄǑǆǈǐǈǓǃǕǑǓǞ!ǇǎǢ!
ǏǋǍǓǑǕǖǓǄǋǐǐǞǘǠǐǈǓǆǑǖǔǕǃǐǑǅǑǍ!ǋ!Ǐǋǐǋ!Ƶǀƹ

73

ƱǄǓǃǊǙǞ!ǋ!4D-ǏǑǇǈǎǟ!ǅǞǔǑǍǑǔǍǑǓǑǔǕǐǞǘ!ǕǖǓǄǑǆǈǐǈǓǃǕǑǓǑǅ

ưǃǊǐǃǚǈǐǋǈ: ǅǞǔǑǍǑǔǍǑǓǑǔǕǐǞǈ
ǕǖǓǄǑǆǈǐǈǓǃǕǑǓǞǔ ǅǑǊǄǖǉǇǈǐǋǈǏǑǕ
ǒǑǔǕǑǢǐǐǞǘǏǃǆǐǋǕǑǅǢǅǎǢǡǕǔǢǑǔǐǑǅǐǞǏǋ
ǐǃǋǄǑǎǈǈǔǎǑǉǐǞǏ ǗǖǐǍǙǋǑǐǃǎǟǐǞǏ
ǠǎǈǏǈǐǕǑǏǆǃǊǑǅǞǘǋǒǃǓǑǅǞǘ)ǓǃǄǑǕǃǡǜǋǘ-ǅ
ǕǑǏǚǋǔǎǈ-ǒǑǑǓǆǃǐǋǚǈǔǍǑǏǖǙǋǍǎǖƳǈǐǍǋǐǃ)
ǏǋǍǓǑǕǖǓǄǋǐǐǞǘǠǐǈǓǆǑǖǔǕǃǐǑǅǑǍǋǏǋǐǋƵǀƹ.

ƵǈǘǐǋǚǈǔǍǋǈǘǃǓǃǍǕǈǓǋǔǕǋǍǋ: ǏǑǜǐǑǔǕǟ1õ150
ǍƥǕ-ǚǃǔǕǑǕǃǅǓǃǜǈǐǋǢǇǑ360000 ǑǄ0Ǐǋǐ-ƭƲƧ
ǠǎǈǍǕǓǑǏǃǆǐǋǕǐǑǆǑǒǓǈǑǄǓǃǊǑǅǃǐǋǢ85õ90%,
ǔǕǃǙǋǑǐǃǓǐǑǈǋǕǓǃǐǔǒǑǓǕǐǑǈǋǔǒǑǎǐǈǐǋǈ.

ưǃǖǚǐǃǢǐǑǅǋǊǐǃ: ǐǑǅǋǊǐǃǓǈǛǈǐǋǢǔǑǔǕǑǋǕǅ
ǃǆǓǈǆǃǕǐǑǌǍǑǐǔǕǓǖǍǙǋǋǔ ǓǃǔǒǑǎǑǉǈǐǋǈǏ
ǋǐǇǖǍǕǑǓǃǋǓǃǄǑǚǋǘǍǑǎǈǔǐǃǑǇǐǑǏǅǃǎǖǋ
ǋǔǒǑǎǟǊǑǅǃǐǋǋ ǄǈǔǍǑǐǕǃǍǕǐǞǘ
ǆǃǊǑǇǋǐǃǏǋǚǈǔǍǋǘǒǑǇǛǋǒǐǋǍǑǅ.

ƴǅǈǇǈǐǋǢ!Ǒ!ǓǈǃǎǋǊǑǅǃǐǐǑǏǒǓǑǈǍǕǈ
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ƴǕǈǐǇǑǅǞǈ!ǋǔǒǞǕǃǐǋǢ!ǑǄǓǃǊǙǃ!ǒǓǑǕǑǕǋǒǃ!ǠǐǈǓǆǑǖǔǕǃǐǑǅǍǋ!
ǒǑ!ǖǕǋǎǋǊǃǙǋǋ!ǕǈǒǎǑǕǞ!ǅǞǘǎǑǒǐǞǘ!ǆǃǊǑǅ!ǃǅǕǑǏǑǄǋǎǈǌ!-!

ǓǃǄǑǕǃǡǜǈǌ!ǒǑ!ǑǓǆǃǐǋǚǈǔǍǑǏǖ!ǙǋǍǎǖ!ƳǈǐǍǋǐǃ

ƲǑǕǈǐǙǋǃǎǟǐǑǈ!ǒǓǋǏǈǐǈǐǋǈ

ƥǞǔǑǍǑǔǍǑǓǑǔǕǐǞǈ!ǕǖǓǄǑǆǈǐǈǓǃǕǑǓǞ!ǇǎǢ!
ǏǋǍǓǑǕǖǓǄǋǐǐǞǘǠǐǈǓǆǑǖǔǕǃǐǑǅǑǍ!ǋ!Ǐǋǐǋ!Ƶǀƹ

ƶǓǑǅǈǐǟǆǑǕǑǅǐǑǔǕǋ(TRL ȣ7): ǅǞǒǑǎǐǈǐǓǢǇ
ưƫƱƭƳ-ǋǊǆǑǕǑǅǎǈǐǞǠǍǔǒǈǓǋǏǈǐǕǃǎǟǐǞǈ
ǑǄǓǃǊǙǞ-ǒǓǑǅǈǇǈǐǞǋǘǗǖǐǍǙǋǑǐǃǎǟǐǞǈǋ
ǓǈǔǖǓǔǐǞǈǋǔǒǞǕǃǐǋǢ.

ǀǗǗǈǍǕǞǑǕ ǅǐǈǇǓǈǐǋǢ: ǒǑǅǞǛǈǐǋǈ
ǠǐǈǓǆǈǕǋǚǈǔǍǑǌǄǈǊǑǒǃǔǐǑǔǕǋƳƷ ǊǃǔǚǤǕ
ǔǑǊǇǃǐǋǢǐǃǇǤǉǐǞǘǋ ǠǗǗǈǍǕǋǅǐǞǘ
ǑǕǈǚǈǔǕǅǈǐǐǞǘ-ǠǐǈǓǆǑǖǔǕǃǐǑǅǑǍ. ƱǄǈǔǒǈǚǈǐǋǈ
ǕǈǒǎǑǏǋ ǠǎǈǍǕǓǋǚǈǔǕǅǑǏƣǓǍǕǋǚǈǔǍǋǘǋ
ƴǈǅǈǓǐǞǘǓǈǆǋǑǐǑǅ. ƲǑǅǞǛǈǐǋǈǠǍǑǎǑǆǋǚǐǑǔǕǋ
ǒǓǑǏǞǛǎǈǐǐǞǘǑǄǝǈǍǕǑǅǊǃǔǚǤǕǖǕǋǎǋǊǃǙǋǋ
ǐǋǊǍǑǒǑǕǈǐǙǋǃǎǟǐǑǆǑǕǈǒǎǃ-ǅ ǕǑǏǚǋǔǎǈǾ
ǕǈǒǎǑǕǞǅǞǘǎǑǒǐǞǘǆǃǊǑǅǕǓǃǐǔǒǑǓǕǐǞǘǔǓǈǇǔǕǅ.
ƴǑǊǇǃǐǋǈǃǅǕǑǐǑǏǐǞǘ-ǅǕǑǏǚǋǔǎǈǐǑǔǋǏǞǘ
ǠǐǈǓǆǑǖǔǕǃǐǑǅǑǍ.

ƱǔǐǑǅǐǞǈǊǃǍǃǊǚǋǍǋ:ƲƣƱ¬ƳǖǔƦǋǇǓǑ¼-ƯƱƳƷ.



75

ƭǑǐǕǃǍǕǞ

ƭǃǗǈǇǓǃ!ǀǎǈǍǕǓǑǕǈǘǐǋǚǈǔǍǋǘ!
ǍǑǏǒǎǈǍǔǑǅ!ǃǅǕǑǐǑǏǐǞǘ!ǑǄǝǈǍǕǑǅ!ǋ!
ǠǎǈǍǕǓǋǚǈǔǍǑǆǑ!ǕǓǃǐǔǒǑǓǕǃ

ƪǃǅǈǇǖǡǜǋǌ!ǍǃǗǈǇǓǑǌ
ƳǖǏǢǐǙǈǅ!Ưǋǘǃǋǎ!ǁǓǟǈǅǋǚ



ƭǃǗǈǇǓǃ!ƵǀƴƥǈǓǐǖǕǟǔǢ!Ǎ!ǔǑǇǈǓǉǃǐǋǡ

ƥǞǔǑǍǑǠǗǗǈǍǕǋǅǐǞǈ!ǆǎǖǛǋǕǈǎǋ!
ǛǖǏǃ!ǅǞǄǓǑǔǃ!ǒǃǓǃ!ǏǑǇǖǎǟǐǑǌ!
ǍǑǐǔǕǓǖǍǙǋǋ!ǇǎǢ!ǍǑǕǎǑǅ!Ƶǀƴ
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ưǃǊǐǃǚǈǐǋǈ: ǓǃǊǓǃǄǑǕǍǃǒǓǋǏǈǐǢǈǕǔǢǇǎǢ
ǅǞǔǑǍǑǠǗǗǈǍǕǋǅǐǑǆǑǔǐǋǉǈǐǋǢǛǖǏǃǅǞǄǓǑǔǑǅ
ǒǃǓǃǅ ǃǕǏǑǔǗǈǓǖǐǃƵǀƴǒǑǔǎǈǆǎǃǅǐǞǘ
ǒǓǈǇǑǘǓǃǐǋǕǈǎǟǐǞǘǍǎǃǒǃǐǑǅ-ǒǓǑǇǖǅǑǍ
ǒǃǓǑǒǈǓǈǆǓǈǅǃǕǈǎǈǌǠǐǈǓǆǈǕǋǚǈǔǍǋǘǍǑǕǎǑǅǋ
ǓǈǇǖǍǙǋǑǐǐǑ-ǑǘǎǃǇǋǕǈǎǟǐǞǘǖǔǕǃǐǑǅǑǍ.

ƵǈǘǐǋǚǈǔǍǋǈǘǃǓǃǍǕǈǓǋǔǕǋǍǋ: ǠǗǗǈǍǕǋǅǐǑǔǕǟ
ǔǐǋǉǈǐǋǢǛǖǏǃǄǑǎǈǈ40 ǇƤƣ; ǖǏǈǓǈǐǐǞǈ
ǏǃǔǔǑǆǃǄǃǓǋǕǐǞǈǘǃǓǃǍǕǈǓǋǔǕǋǍǋ-ǛǋǓǑǍǋǌ
ǇǋǃǒǃǊǑǐǓǃǔǘǑǇǑǅǔǄǓǃǔǞǅǃǈǏǑǆǑǒǃǓǃ.

ưǃǖǚǐǃǢǐǑǅǋǊǐǃ: ǒǓǋǏǈǐǈǐǋǈǔǒǈǙǋǃǎǟǐǑǆǑ
ǊǃǒǃǕǈǐǕǑǅǃǐǐǑǆǑǇǓǑǔǔǈǎǟǐǑǆǑǖǔǕǓǑǌǔǕǅǃǋǊ
ǔǕǃǎǟǐǑǌǙǈǒǋǇǎǢǒǎǃǅǐǑǆǑǔǐǋǉǈǐǋǢǇǃǅǎǈǐǋǢ
ǔǄǓǃǔǞǅǃǈǏǑǆǑǒǃǓǃ; ǏǑǇǖǎǟǐǑǔǕǟǍǑǐǔǕǓǖǍǙǋǋ-
ǍǑǕǑǓǃǢǒǑǊǅǑǎǢǈǕǑǔǖǜǈǔǕǅǎǢǕǟǄǞǔǕǓǖǡ
ǔǄǑǓǍǖǋǓǃǊǄǑǓǍǖǠǎǈǏǈǐǕǑǅǍǑǐǔǕǓǖǍǙǋǋǐǃ
ǏǈǔǕǈǖǔǕǃǐǑǅǍǋ.

ƴǅǈǇǈǐǋǢ!Ǒ!ǓǈǃǎǋǊǑǅǃǐǐǑǏǒǓǑǈǍǕǈ

3D-ǏǑǇǈǎǟ!ǠǔǍǋǊǐǑǆǑ!ǒǓǑǈǍǕǃ!ǆǎǖǛǋǕǈǎǢ!ǛǖǏǃ!ǏǑǇǖǎǟǐǑǌ!
ǍǑǐǔǕǓǖǍǙǋǋ

ƥǞǔǑǍǑǠǗǗǈǍǕǋǅǐǞǈ!ǆǎǖǛǋǕǈǎǋ!ǛǖǏǃ!ǅǞǄǓǑǔǃ!
ǒǃǓǃ!ǏǑǇǖǎǟǐǑǌ!ǍǑǐǔǕǓǖǍǙǋǋ!!ǇǎǢ!ǍǑǕǎǑǅ!Ƶǀƴ
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ƲǑǕǈǐǙǋǃǎǟǐǑǈ!ǒǓǋǏǈǐǈǐǋǈ

ƶǓǑǅǈǐǟǆǑǕǑǅǐǑǔǕǋ(TRL ȣ9): ǐǃǎǃǉǈǐǑ
ǒǓǑǋǊǅǑǇǔǕǅǑǅǞǔǑǍǑǠǗǗǈǍǕǋǅǐǞǘǆǎǖǛǋǕǈǎǈǌ
ǛǖǏǃǅǞǄǓǑǔǃǒǃǓǃǐǃƱǒǞǕǐǑǏǊǃǅǑǇǈƯǀƫ
)ƱƲƪƯǀƫ*.

ǀǗǗǈǍǕǞǑǕ ǅǐǈǇǓǈǐǋǢ: ǔǑǄǎǡǇǈǐǋǈ
ǔǃǐǋǕǃǓǐǞǘǐǑǓǏǒǑ ǗǃǍǕǑǓǖǛǖǏǃǐǃ
ǔǈǎǋǕǈǄǐǑǌǋǒǓǑǋǊǅǑǇǔǕǅǈǐǐǑǌǕǈǓǓǋǕǑǓǋǢǘ-
ǋǔǍǎǡǚǈǐǋǈǛǕǓǃǗǐǞǘǔǃǐǍǙǋǌǋ ǉǃǎǑǄ
ǐǃǔǈǎǈǐǋǢ-ǔǑǍǓǃǜǈǐǋǈǔǃǐǋǕǃǓǐǑ-ǊǃǜǋǕǐǞǘǊǑǐ
ǒǓǋǐǈǑǄǘǑǇǋǏǑǔǕǋǔǕǓǑǋǕǈǎǟǔǕǅǃǉǋǎǟǢǅǄǎǋǊǋ
Ƶǀƴ.

ƱǔǐǑǅǐǞǈǊǃǍǃǊǚǋǍǋ:

ƲƣƱ!¬ƯǑǔǠǐǈǓǆǑ¼-!ƣƱ!#ƱƦƭ!ƦƳƶƲƲ", ƣƱ!¬ƵƦƭ¼!ǋ!
ǇǓǖǆǋǈ!ǠǎǈǍǕǓǑǆǈǐǈǓǋǓǖǡǜǋǈ!ǍǑǏǒǃǐǋǋ/

ƯǑǇǖǎǋ!ǆǎǖǛǋǕǈǎǈǌ!ǛǖǏǃ!ǅǞǄǓǑǔǃ!ǒǃǓǃ-!ǋǊǆǑǕǑǅǎǈǐǐǞǈ!ǐǃ!
ƱƲƪ!Ưǀƫ

ƥǞǔǑǍǑǠǗǗǈǍǕǋǅǐǞǈ!ǆǎǖǛǋǕǈǎǋ!ǛǖǏǃ!ǅǞǄǓǑǔǃ!
ǒǃǓǃ!ǏǑǇǖǎǟǐǑǌ!ǍǑǐǔǕǓǖǍǙǋǋ!!ǇǎǢ!ǍǑǕǎǑǅ!Ƶǀƴ
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ƭǑǐǕǃǍǕǞ

ƭǃǗǈǇǓǃ!ǕǈǒǎǑǅǞǘ!ǠǎǈǍǕǓǋǚǈǔǍǋǘ!
ǔǕǃǐǙǋǌ

ƪǃǅǈǇǖǡǜǋǌ!ǍǃǗǈǇǓǑǌ
ƧǖǇǑǎǋǐƣǎǈǍǔǈǌ!ƣǐǃǕǑǎǟǈǅǋǚ



ƭǃǗǈǇǓǃ!ƵƱƵƥǈǓǐǖǕǟǔǢ!Ǎ!ǔǑǇǈǓǉǃǐǋǡ

ƣǇǃǒǕǋǅǐǃǢ!ǔǋǔǕǈǏǃ!
ǖǒǓǃǅǎǈǐǋǢ!ƥƸƳ!ǐǃ!Ƶǀƴ!ǋ!

ƣǀƴ



ƣǇǃǒǕǋǅǐǃǢ!ǔǋǔǕǈǏǃ!ǖǒǓǃǅǎǈǐǋǢ!ƥƸƳ!
ǐǃ!Ƶǀƴ!ǋ!ƣǀƴ

81

ưǃǊǐǃǚǈǐǋǈ: ǖǒǓǃǅǎǈǐǋǈǅǑǇǐǑ-ǘǋǏǋǚǈǔǍǋǏ
ǓǈǉǋǏǑǏǅǑǅǔǈǏǇǋǃǒǃǊǑǐǈǓǃǄǑǚǋǘǐǃǆǓǖǊǑǍ-
ǅǍǎǡǚǃǢǒǖǔǍǑǅǞǈǓǈǉǋǏǞǓǃǄǑǕǞǠǐǈǓǆǑǄǎǑǍǃ
ǔǖǚǈǕǑǏǃǇǃǒǕǋǅǐǑǔǕǋǏǐǑǆǑǒǃǓǃǏǈǕǓǋǚǈǔǍǑǌ
ǍǑǏǒǈǐǔǃǙǋǋǅǑǊǏǖǜǃǡǜǋǘǅǑǊǇǈǌǔǕǅǋǌǒǑ
ǓǃǔǘǑǇǖǑǄǓǃǄǃǕǞǅǃǈǏǑǌǅǑǇǞ.

ƵǈǘǐǋǚǈǔǍǋǈǘǃǓǃǍǕǈǓǋǔǕǋǍǋ: ǋǐǗǑǓǏǃǙǋǑǐǐǃǢ
ǏǑǜǐǑǔǕǟǾ20 ǔǋǆǐǃǎǑǅǅǘ./ǅǞǘ.; ƥǞǇǈǎǢǈǏǃǢ
ǕǈǒǎǑǅǃǢǠǐǈǓǆǋǢǾ 100 ǍƥǕ; ƹǋǗǓǑǅǃǢ
ǋǐǇǋǍǃǙǋǢǐǃ Ʃƭ ǇǋǔǒǎǈǈǍǑǐǕǓǑǎǎǈǓǃ;
ƹǋǗǓǑǅǞǈǅǞǘǑǇǞRS-242, RS-482; ǕǑǍǑǅǞǈ
ǅǞǘǑǇǞ4-20 Ǐƣ; ǓǈǎǈǌǐǞǈǅǞǘǑǇǞ.

ưǃǖǚǐǃǢǐǑǅǋǊǐǃ: ǃǎǆǑǓǋǕǏǃǇǃǒǕǃǙǋǋǍ
ǋǊǏǈǐǢǡǜǋǏǔǢǅǑǊǏǖǜǃǡǜǋǏǅǑǊǇǈǌǔǕǅǋǢǏǔ
ǒǑǏǑǜǟǡǐǈǌǓǑǐǐǞǘǔǈǕǈǌ-ǒǓǋǏǈǐǈǐǋǋ
ǐǈǌǓǑǔǈǕǋǔ ǔǋǐǖǔǑǋǇǑǎǟǐǑǌǗǖǐǍǙǋǈǌ
ǃǍǕǋǅǃǙǋǋ.

ƴǅǈǇǈǐǋǢ!Ǒ!ǒǎǃǐǋǓǖǈǏǑǏǒǓǑǈǍǕǈ

ƳǈǃǎǋǊǃǙǋǢ!ǔǋǔǕǈǏǞ!ǃǇǃǒǕǋǅǐǑǆǑ!ǖǒǓǃǅǎǈǐǋǢ!ƥƸƳ
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ƲǑǕǈǐǙǋǃǎǟǐǑǈ!ǒǓǋǏǈǐǈǐǋǈ

ƶǓǑǅǈǐǟǆǑǕǑǅǐǑǔǕǋ(TRL ȣ 6): ǏǑǇǈǎǟǋǎǋ
ǒǓǑǕǑǕǋǒ ǔǋǔǕǈǏǞ0ǒǑǇǔǋǔǕǈǏǞ
ǒǓǑǇǈǏǑǐǔǕǓǋǓǑǅǃǐǞǅ ǖǔǎǑǅǋǢǘ-ǄǎǋǊǍǋǘǍ
ǓǈǃǎǟǐǞǏ. ƥǑǊǏǑǉǐǃǒǑǎǐǑǏǃǔǛǕǃǄǐǃǢ
ǓǃǊǓǃǄǑǕǍǃǔǋǔǕǈǏǞǔǓǈǃǎǋǊǃǙǋǈǌǕǓǈǄǖǈǏǞǘ
ǔǅǑǌǔǕǅǋǖǓǑǅǐǢǘǃǓǃǍǕǈǓǋǔǕǋǍ.

ǀǗǗǈǍǕǞǑǕǅǐǈǇǓǈǐǋǢ:
- ǔǐǋǉǈǐǋǈǐǈǇǑǅǞǓǃǄǑǕǍǋǠǎǈǍǕǓǑǠǐǈǓǆǋǋǐǃ

0,5%;
- ǖǏǈǐǟǛǈǐǋǈǍǑǎǋǚǈǔǕǅǃǐǃǓǖǛǈǐǋǌƥƸƳǅ5-10
ǓǃǊ;

- ǔǐǋǉǈǐǋǈ!ǔǍǑǓǑǔǕǋ!ǓǑǔǕǃ!ǑǕǎǑǉǈǐǋǌ!ǐǃ!61&

ƱǔǐǑǅǐǞǈǊǃǍǃǊǚǋǍǋ: ƲƣƱ ¬ƳǖǔƦǋǇǓǑ¼-Ʀƭ
¬ƳǑǔǃǕǑǏ¼-ƲƣƱ¬ƫǐǕǈǓƳƣƱ¼-ƲƣƱ¬ƯǑǔǠǐǈǓǆǑ¼.

ƣǇǃǒǕǋǅǐǃǢ!ǔǋǔǕǈǏǃ!ǖǒǓǃǅǎǈǐǋǢ!ƥƸƳ!
ǐǃ!Ƶǀƴ!ǋ!ƣǀƴ

ɼʠʩʪ. ʚʦʜʘ

ʈʝʘʛʝʥʪ

ɺʦʜʘ ʠʟ 

ʜʠʩʪʠʣʣ̫ʪʦʨʘ

ʂʦʥʜʫʢʪʦʤʝʪʨ ʨʅ-ʤʝʪʨ
1 ʊʝʨʤʦʩʪʘʪ
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ʩ
ʤ
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ʘ
ʥ
ʥ
ʦ
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ʜ
ʝ
ʡ
ʩ
ʪ
ʚ
ʠ̫

ʋʇʇ

ʂʦʥʪʨʦʣʣʝʨ

ʏʈʇ

ɸʈʄ

ʅʘ ʢʦʥʪʨʦʣʣʝʨ

ɢ  ʨʅt, F
F ʦʙʨ.ʚ.

17

18

0 Ÿ 7.5 ʤʛ/ʜʤ3

18 Ÿ 40 ʦʉ

20 Ÿ 5 ʜʤ3/ʯ

F
 ʦ
ʙ
ʨ
.ʚ

.

1 ǾǄǃǍǊǃǒǃǔǃǇǋǔǕǋǎǎǋǓǑǅǃǐǐǑǌǅǑǇǞ)ǅǏǈǔǕǋǏǑǔǕǟǡ100 ǇǏ3); 2 ǾǐǃǔǑǔ
ǒǑǇǃǚǋǅǑǇǞ; 3 ǾǓǃǔǘǑǇǑǏǈǓ; 4 Ǿư-ǍǃǕǋǑǐǋǕǐǞǌǗǋǎǟǕǓ; 5 ǾƱư-
ǃǐǋǑǐǋǕǐǞǌǗǋǎǟǕǓ; 6 ǾǗǋǎǟǕǓǔǏǈǛǃǐǐǑǆǑǇǈǌǔǕǅǋǢ; 7 ǾǄǃǍǊǃǒǃǔǃ
ǓǈǃǆǈǐǕǃ)ǅǏǈǔǕǋǏǑǔǕǟǡ20 ǇǏ3); 8 ǾǐǃǔǑǔǒǑǇǃǚǋǃǏǏǋǃǍǃ; 9 ǾǚǃǔǕǑǕǐǑ-
ǓǈǆǖǎǋǓǖǈǏǞǌǒǓǋǅǑǇ: 10 ǾǖǊǈǎǔǏǈǛǈǐǋǢ; 11 ǾǄǃǍǊǃǒǃǔǃǏǑǇǈǎǟǐǑǆǑ
ǓǃǔǕǅǑǓǃ; 12 ǾǐǃǔǑǔǒǑǇǃǚǋǏǑǇǈǎǟǐǑǆǑǓǃǔǕǅǑǓǃ; 13 ǾǕǈǓǏǑǔǕǃǕ; 14 Ǿ
ǊǃǒǑǓǐǞǌǅǈǐǕǋǎǟ; 15 ǾǖǔǕǓǑǌǔǕǅǑǒǑǇǆǑǕǑǅǍǋǒǓǑǄǞ; 16 ǾǇǃǕǚǋǍǓư-
ǏǈǕǓǃ; 17 ǾǇǃǕǚǋǍǖǇǈǎǟǐǑǌǠǎǈǍǕǓǋǚǈǔǍǑǌǒǓǑǅǑǇǋǏǑǔǕǋ; 18 Ǿ
ǍǑǐǕǓǑǎǎǈǓ; 19 ǾǃǅǕǑǏǃǕǋǊǋǓǑǅǃǐǐǑǈǓǃǄǑǚǈǈǏǈǔǕǑ
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ƭǑǐǕǃǍǕǞ

ƭǃǗǈǇǓǃ!ƵǈǑǓǈǕǋǚǈǔǍǋǘ!ǑǔǐǑǅ!
ǕǈǒǎǑǕǈǘǐǋǍǋ!ǋǏǈǐǋ!Ư/Ʋ/!ƥǖǍǃǎǑǅǋǚǃ

ƪǃǅǈǇǖǡǜǋǌ!ǍǃǗǈǇǓǑǌ
ƻǃǙǍǋǘǁǎǋǢ!ƥǎǃǇǋǏǋǓǑǅǐǃ



ƭǃǗǈǇǓǃ!ƫƵƷƥǈǓǐǖǕǟǔǢ!Ǎ!ǔǑǇǈǓǉǃǐǋǡ

ƤǞǔǕǓǞǌ!ǓǈǃǍǕǑǓ!ǔ!ǕǢǉǈǎǞǏ!
ǉǋǇǍǑǏǈǕǃǎǎǋǚǈǔǍǋǏ!

ǕǈǒǎǑǐǑǔǋǕǈǎǈǏ!ǔ!ǒǎǃǅǃǡǜǋǏǋ!
ƵƥǀƮǋǆǃǊǎǋǗǕǐǞǏ!ǐǃǔǑǔǑǏ!ǅ!

ǍǃǚǈǔǕǅǈ!Ʀƹư!



ƤǞǔǕǓǞǌ!ǓǈǃǍǕǑǓ!ǔ!ǕǢǉǈǎǞǏ!ǉǋǇǍǑ-ǏǈǕǃǎǎǋǚǈǔǍǋǏ!
ǕǈǒǎǑǐǑǔǋǕǈǎǈǏ!ǔ!ǒǎǃǅǃǡǜǋǏǋ!ƵƥǀƮ!ǋ!!ǆǃǊǎǋǗǕǐǞǏ!
ǐǃǔǑǔǑǏ!ǅ!ǍǃǚǈǔǕǅǈ!Ʀƹư
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ưǃǊǐǃǚǈǐǋǈ: ǠǐǈǓǆǈǕǋǚǈǔǍǋǌǄǞǔǕǓǞǌǓǈǃǍǕǑǓ

ƵǈǘǐǋǚǈǔǍǋǈǘǃǓǃǍǕǈǓǋǔǕǋǍǋ: ǒǓǈǇǎǑǉǈǐǃ
ǍǑǐǙǈǒǙǋǢǄǞǔǕǓǑǆǑǓǈǃǍǕǑǓǃ-ǔ ǉǋǇǍǋǏ
ǔǅǋǐǙǑǏǅǍǃǚǈǔǕǅǈǕǈǒǎǑǐǑǔǋǕǈǎǢǋƵƥǀƮǅ
ǅǋǇǈǒǎǃǅǃǡǜǈǆǑǛǃǓǃ. ƣƪ ǓǈǃǍǕǑǓǃ
ǒǓǈǇǔǕǃǅǎǢǈǕǒǔǈǅǇǑǑǉǋǉǈǐǐǖǡǔǕǓǖǍǕǖǓǖǋǊ
ǛǃǓǑǅǞǘƵƥǀƮ-ǒǎǃǅǃǡǜǋǘǅ ǔǅǋǐǙǈ. ǀǕǑ
ǒǑǊǅǑǎǋǕǓǈǛǋǕǟǒǓǑǄǎǈǏǖǔ ǊǃǔǑǓǈǐǋǈǏ
ǕǈǒǎǑǑǄǏǈǐǐǞǘǍǃǐǃǎǑǅǅ ƣƪǋ ǑǄǈǔǒǈǚǋǕ
ǇǑǒǑǎǐǋǕǈǎǟǐǖǡǈǔǕǈǔǕǅǈǐǐǖǡǄǈǊǑǒǃǔǐǑǔǕǟ.
ƫǔǒǑǎǟǊǑǅǃǐǋǈǆǃǊǎǋǗǕǐǑǆǑǐǃǔǑǔǃǅǍǃǚǈǔǕǅǈ
Ʀƹư-ǐǈǔǏǑǕǓǢǐǃǓǑǔǕǠǐǈǓǆǑǒǑǕǓǈǄǎǈǐǋǢǅ2.5
ǓǃǊǃ-ǍǓǃǕǐǑǒǑǅǞǛǃǈǕǐǃǇǈǉǐǑǔǕǟǃǆǓǈǆǃǕǃ.

ưǃǖǚǐǃǢǐǑǅǋǊǐǃ: ǍǑǐǙǈǒǙǋǢǒǎǃǅǃǡǜǋǘǅƣƪ
ƵƥǀƮǓǃǐǈǈǐǋǍǈǏǐǈǒǓǈǇǎǃǆǃǎǃǔǟ.

ƴǅǈǇǈǐǋǢ!Ǒ!ǒǎǃǐǋǓǖǈǏǑǏǒǓǑǈǍǕǈ

ƲǓǋǏǈǓǐǞǌ!ǅǋǇ!ǒǓǈǇǎǃǆǃǈǏǑǆǑ!ǓǈǃǍǕǑǓǃ/!ƪǃ!ǑǔǐǑǅǖ!ǅǊǢǕ!
ƤƳƨƴƵ-ƱƧ-300: 1 Ǿƣƪ!ǔ!ǒǎǃǅǃǡǜǋǏǋ!ǛǃǓǑǅǞǏǋ!ƵƥǀƮ-!3!Ǿ
ǆǃǊǎǋǗǕǐǞǌ!ǐǃǔǑǔ!ǅ!ǍǃǚǈǔǕǅǈ!Ʀƹư-!4!ǾǍǑǏǒǓǈǔǔǑǓ/



ƤǞǔǕǓǞǌ!ǓǈǃǍǕǑǓ!ǔ!ǕǢǉǈǎǞǏ!ǉǋǇǍǑ-ǏǈǕǃǎǎǋǚǈǔǍǋǏ!
ǕǈǒǎǑǐǑǔǋǕǈǎǈǏ!ǔ!ǒǎǃǅǃǡǜǋǏǋ!ƵƥǀƮ!ǋ!!ǆǃǊǎǋǗǕǐǞǏ!
ǐǃǔǑǔǑǏ!ǅ!ǍǃǚǈǔǕǅǈ!Ʀƹư!

86

ƲǑǕǈǐǙǋǃǎǟǐǑǈ!ǒǓǋǏǈǐǈǐǋǈ

ƶǓǑǅǈǐǟǆǑǕǑǅǐǑǔǕǋ(TRL 3): ǅǐǃǔǕǑǢǜǈǈǅǓǈǏǢ
ǒǓǑǅǈǇǈǐǞǒǑǅǈǓǑǚǐǞǈǓǃǔǚǈǕǞ-ǆǇǈǅǍǃǚǈǔǕǅǈ
ǄǃǊǞǅǊǢǕǞǒǃǓǃǏǈǕǓǞƤƳƨƴƵ-ƱƧ-300. ƳǃǔǚǈǕǞ
ǒǑǍǃǊǃǎǋǒǓǃǍǕǋǚǈǔǍǖǡǒǓǋǏǈǐǋǏǑǔǕǟ
ǒǓǈǇǎǃǆǃǈǏǞǘǕǈǘǐǋǚǈǔǍǋǘǓǈǛǈǐǋǌ.

ǀǗǗǈǍǕǞǑǕ ǅǐǈǇǓǈǐǋǢ: ǋǔǒǑǎǟǊǑǅǃǐǋǈ
ǛǃǓǑǅǞǘƵƥǀƮǓǈǛǃǈǕǒǓǑǄǎǈǏǖǔǊǃǔǑǓǈǐǋǈǏ
ǍǃǐǃǎǑǅǅ ƣƪǋ ǑǔǖǜǈǔǕǅǎǢǈǕǑǄǐǑǅǎǈǐǋǈ
ǏǃǕǈǓǋǃǎǃƣƪ ǅ ǒǓǑǙǈǔǔǈǓǃǄǑǕǞ.
ƫǔǒǑǎǟǊǑǅǃǐǋǈǆǃǊǎǋǗǕǃǅǍǃǚǈǔǕǅǈǊǃǏǈǐǞƦƹư
ǍǓǃǕǐǑǖǅǈǎǋǚǋǕǐǃǇǈǉǐǑǔǕǟǔǋǔǕǈǏǞ.

ƱǔǐǑǅǐǞǈǊǃǍǃǊǚǋǍǋ:
Ʀƭ¬ƳǑǔǃǕǑǏ¼-ưƫƹ¬ƭǖǓǚǃǕǑǅǔǍǋǌǋǐǔǕǋǕǖǕ¼-ƣƱ
¬ƣǕǑǏǠǐǈǓǆǑǒǓǑǈǍǕ¼ǋǇǓǖǆǋǈǒǑǇǓǃǊǇǈǎǈǐǋǢƦƭ
¬ƳǑǔǃǕǑǏ¼

ƣǍǕǋǅǐǃǢ!ǊǑǐǃ!ǇǑ!ǑǔǕǃǐǑǅǍǋ!ǙǋǓǍǖǎǢǙǋǋ!ǕǈǒǎǑǐǑǔǋǕǈǎǢ!)ǃ*!ǋ!
ǒǑǔǎǈ!)Ǆ*/!2!ǾǕǈǒǎǑǐǑǔǋǕǈǎǟ-!3!ǾǛǃǓǑǅǑǌ!ƵƥǀƮ-!4!Ǿ
ǔǕǖǒǈǐǚǃǕǃǢ!ǔǕǓǖǍǕǖǓǃ-!5!ǾǒǔǈǅǇǑǑǉǋǉǈǐǐǃǢǔǕǓǖǍǕǖǓǃ!



ƭǃǗǈǇǓǃ!ƫƵƷƥǈǓǐǖǕǟǔǢ!Ǎ!ǔǑǇǈǓǉǃǐǋǡ

ƯƦƧ-ǔǕǈǐǇ!ǒǑ!ǋǔǔǎǈǇǑǅǃǐǋǡ!
ǆǋǇǓǑǇǋǐǃǏǋǍǋ!ǋ!ǕǈǒǎǑǑǕǇǃǚǋ!
ǉǋǇǍǑǆǑ!ǏǈǕǃǎǎǃǅǒǓǑǇǑǎǟǐǑǏ
ǏǃǆǐǋǕǐǑǏǒǑǎǈǒǓǋǏǈǐǋǕǈǎǟǐǑ!Ǎ!
ǔǑǊǇǃǐǋǡ!ǕǈǓǏǑǢǇǈǓǐǑǆǑ!

ǓǈǃǍǕǑǓǃ
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ưǃǊǐǃǚǈǐǋǈ: ǠǍǔǒǈǓǋǏǈǐǕǃǎǟǐǞǌǔǕǈǐǇ-
ǒǓǈǇǐǃǊǐǃǚǈǐǐǞǌǇǎǢǋǔǔǎǈǇǑǅǃǐǋǢǆǋǇǓǑ-
ǇǋǐǃǏǋǍǋǋǕǈǒǎǑǑǄǏǈǐǃǉǋǇǍǑǏǈǕǃǎǎǋǚǈǔǍǋǘ
ǕǈǒǎǑǐǑǔǋǕǈǎǈǌ)ǓǕǖǕǟ*ǅǒǓǑǇǑǎǟǐǑǏǏǃǆǐǋǕǐǑǏ
ǒǑǎǈ.ƥǠǍǔǒǈǓǋǏǈǐǕǃǘǓǃǔǔǏǃǕǓǋǅǃǡǕǔǢǕǈǚǈǐǋǢ
ǅǕǓǖǄǈǒǓǋǓǃǊǎǋǚǐǞǘǑǓǋǈǐǕǃǙǋǢǘǔǍǑǓǑǔǕǋ
ǕǈǚǈǐǋǢ-ǏǃǆǐǋǕǐǑǆǑǒǑǎǢ-ǔǋǎǞǕǢǉǈǔǕǋ.
ƵǈǘǐǋǚǈǔǍǋǈǘǃǓǃǍǕǈǓǋǔǕǋǍǋ: ǓǈǉǋǏǐǞǈ
ǒǃǓǃǏǈǕǓǞ: ǚǋǔǎǃƳǈǌǐǑǎǟǇǔǃRe - ǇǑ55000 ,
ǚǋǔǎǃƲǈǍǎǈPe ǾǇǑ1200, ǚǋǔǎǃƦǓǃǔǆǑǗǃGrq Ǿ
ǇǑ108, ǚǋǔǎǃƦǃǓǕǏǃǐǃưǃ-ǇǑ460.
ưǃǖǚǐǃǢǐǑǅǋǊǐǃ: ǍǑǏǒǎǈǍǔǐǞǈǊǐǃǐǋǢǑ
ǊǃǍǑǐǑǏǈǓǐǑǔǕǢǘǕǈǒǎǑǑǄǏǈǐǃǋ ǗǋǊǋǚǈǔǍǋǘ
ǢǅǎǈǐǋǢǘ-ǒǑǓǑǉǇǃǡǜǋǘǔǎǑǉǐǞǈ
ǅǊǃǋǏǑǇǈǌǔǕǅǋǢǏǈǉǇǖǔǑǒǓǢǉǈǐǐǞǏǋǒǑǕǑǍǃǏǋ
ǉǋǇǍǑǆǑǏǈǕǃǎǎǃ-ǈǔǕǈǔǕǅǈǐǐǑǌ-ǅǞǐǖǉǇǈǐǐǑǌǋ
ǔǏǈǛǃǐǐǑǌǍǑǐǅǈǍǙǋǈǌ-ǑǔǎǑǉǐǈǐǐǑǌƯƦƧ-
ǠǗǗǈǍǕǃǏǋ.

ǀǍǔǒǈǓǋǏǈǐǕǃǎǟǐǞǌ!ǔǕǈǐǇ!ǇǎǢ!ǋǔǔǎǈǇǑǅǃǐǋǢ!
ǆǋǇǓǑǇǋǐǃǏǋǍǋ!ǋ!ǕǈǒǎǑǑǄǏǈǐǃ!ǉǋǇǍǑǆǑ!ǏǈǕǃǎǎǃ!ǅ!

ǒǓǑǇǑǎǟǐǑǏ!ǏǃǆǐǋǕǐǑǏ!ǒǑǎǈ/
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ǕǈǒǎǑǑǕǇǃǚǋ!ǉǋǇǍǑǆǑ!ǏǈǕǃǎǎǃǅǒǓǑǇǑǎǟǐǑǏǏǃǆǐǋǕǐǑǏ
ǒǑǎǈǒǓǋǏǈǐǋǕǈǎǟǐǑ!Ǎ!ǔǑǊǇǃǐǋǡ!ǕǈǓǏǑǢǇǈǓǐǑǆǑ!ǓǈǃǍǕǑǓǃ

ƴǅǈǇǈǐǋǢ!Ǒ!ǓǈǃǎǋǊǑǅǃǐǐǑǏǒǓǑǈǍǕǈ
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89

ƴǘǈǏǃ!ǠǍǔǒǈǓǋǏǈǐǕǃǎǟǐǑǆǑ!ƯƦƧ-ǔǕǈǐǇǃ/

ƲǑǕǈǐǙǋǃǎǟǐǑǈ!ǒǓǋǏǈǐǈǐǋǈ

ƶǓǑǅǈǐǟǆǑǕǑǅǐǑǔǕǋ(TRL ȣ4): ǐǃǔǕǈǐǇǈ
ǒǓǑǅǈǇǈǐǞǋǔǔǎǈǇǑǅǃǐǋǢǆǋǇǓǑǇǋǐǃǏǋǍǋǋ
ǕǈǒǎǑǑǄǏǈǐǃǒǓǋǓǃǊǎǋǚǐǞǘǍǑǐǗǋǆǖǓǃǙǋǢǘ
ǕǈǚǈǐǋǢǋ ǅǃǓǋǃǐǕǃǘǑǄǑǆǓǈǅǃǅǑ ǅǔǈǏ
ǇǋǃǒǃǊǑǐǈǓǈǉǋǏǐǞǘǒǃǓǃǏǈǕǓǑǅ.

ǀǗǗǈǍǕǞǑǕǅǐǈǇǓǈǐǋǢ:
ǠǍǔǒǈǓǋǏǈǐǕǃǎǟǐǑǖǔǕǃǐǑǅǎǈǐǐǞǈǊǃǍǑǐǑ-
ǏǈǓǐǑǔǕǋǆǋǇǓǑǇǋǐǃǏǋǍǋǋǕǈǒǎǑǑǄǏǈǐǃ-ǏǑǆǖǕ
ǄǞǕǟ ǋǔǒǑǎǟǊǑǅǃǐǞǒǓǋ ǓǃǊǓǃǄǑǕǍǈ
ǕǈǒǎǑǑǄǏǈǐǐǞǘǉǋǇǍǑǏǈǕǃǎǎǋǚǈǔǍǋǘǔǋǔǕǈǏ: ǅ
ǏǑǇǖǎǢǘǄǎǃǐǍǈǕǃƵƫưǋƵǂƳ.

ƱǔǐǑǅǐǞǈǊǃǍǃǊǚǋǍǋ:
ưƫƭƫǀƵǋǏǈǐǋư. ƣ. ƧǑǎǎǈǉǃǎǢ-ưƫƹ
¬ƭǖǓǚǃǕǑǅǔǍǋǌǋǐǔǕǋǕǖǕ¼ǋ ǇǓ. ǑǓǆǃǐǋǊǃǙǋǋ
ƦǑǔǍǑǓǒǑǓǃǙǋǋ¬ƳǑǔǃǕǑǏ¼

1 ǾǊǑǐǇ-!
2 ǾǔǑǎǈǐǑǋǇ-!
3 ǾǐǃǆǓǈǅǃǕǈǎǟ-
4 ǾǓǃǄǑǚǋǌ!ǖǚǃǔǕǑǍ-
5 ǾǓǃǔǘǑǇǑǏǈǓ-
6 - ǊǃǒǑǓǐǑ-
ǓǈǆǖǎǋǓǑǅǑǚǐǞǌ!
ǅǈǐǕǋǎǟ-!
7 ǾǘǑǎǑǇǋǎǟǐǋǍǋ-!
8 ǾǓǈǊǈǓǅǖǃǓ!ǔǑ!
ǓǕǖǕǟǡ!ǋ!ǐǃǔǑǔ-!
9 ǾǄǃǍ!ǒǑǔǕǑǢǐǐǑǆǑ!
ǖǓǑǅǐǢ-
10 ǾǒǓǋǄǑǓǐǃǢ!ǔǕǑǌǍǃ!
ƫƥƭ!ƣƴưƫ-!
11 ǾǒǈǓǔǑǐǃǎǟǐǞǌ!
ǍǑǏǒǟǡǕǈǓ
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ƳǃǇǋǃǎǟǐǞǌ!ǓǞǚǃǉǐǑǆǑ!Ǖǋǒǃ

ƭǑǐǗǋǆǖǓǃǙǋǢ!ƯƦƧ-Ǖǈǚǈǐǋǋ;!ǆǑǓǋǊǑǐǕǃǎǟǐǃǢ!ǕǓǖǄǃ-!
ǅǈǓǕǋǍǃǎǟǐǃǢ!ǕǓǖǄǃ-!ǐǃǍǎǑǐǐǃǢ!ǕǓǖǄǃ

ƲǓǑǇǑǎǟǐǞǌ!Ǖǋǒǃ!ȃǆǓǈǄǈǐǍǃȄ

ƥǃǓǋǃǐǕǞ!ǑǄǑǆǓǈǅǃ;!ǑǇǐǑǓǑǇǐǞǌ!ǑǄǑǆǓǈǅ- qǔ= const
ǐǈǑǇǐǑǓǑǇǐǞǌ-ǐǈǔǋǏǏǈǕǓǋǚǐǞǌ¬ǔǒǓǃǅǃ-ǔǎǈǅǃ¼q1ȳq2

ǐǈǑǇǐǑǓǑǇǐǞǌ-ǐǈǔǋǏǏǈǕǓǋǚǐǞǌ¬ǔǅǈǓǘǖ-ǔǐǋǊǖ¼!q1ȳq2
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ƴǑǅǓǈǏǈǐǐǞǈ!ǕǈǘǐǑǎǑǆǋǋ!ǃǅǕǑǏǃǕǋǊǋǓǑǅǃǐǐǑǆǑ!ǠǍǔǒǈǓǋǏǈǐǕǃ!




