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Pulsuz

Əziz məktəbli !

Bu dərslik sizə Azərbaycan dövləti tərəfindən bir dərs 

ilində istifadə üçün verilir. O, dərs ili müddətində 

nəzərdə tutulmuş bilikləri qazanmaq üçün sizə etibarlı 

dost və yardımçı olacaq. 

İnanırıq ki, siz də bu dərsliyə məhəbbətlə yanaşacaq, 

onu zədələnmələrdən qoruyacaq, təmiz və səliqəli 

saxlayacaqsınız ki, növbəti dərs ilində digər məktəbli 

yoldaşınız ondan sizin kimi rahat istifadə edə bilsin. Sizə 

təhsildə uğurlar arzulayırıq!

AZƏRBAYCAN RESPUBLİKASININ 
DÖVLƏT HİMNİ

Azərbaycan! Azərbaycan!
Ey qəhrəman övladın şanlı Vətəni!
Səndən ötrü can verməyə cümlə hazırız!
Səndən ötrü qan tökməyə cümlə qadiriz!
Üçrəngli bayrağınla məsud yaşa!

Minlərlə can qurban oldu,
Sinən hərbə meydan oldu!
Hüququndan keçən əsgər,
Hərə bir qəhrəman oldu!

Sən olasan gülüstan,
Sənə hər an can qurban!
Sənə min bir məhəbbət
Sinəmdə tutmuş məkan!

Namusunu hifz etməyə,
Bayrağını yüksəltməyə
Cümlə gənclər müştaqdır!
Şanlı Vətən! Şanlı Vətən!
Azərbaycan! Azərbaycan! 
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�A]ˎrba\can 5eVSXblLkaVÖ Elm Yˎ TˎKVLl Na]LrlL\L

&UHDWLYH &RPPRQV $WWULEXWLRQ�1RQ&RPPHUFLDO�6KDUH$OLNH ���,QWHUQDWLRQDO 

(&& %<�1&�6$ ����

BX nˎûr CreatLYe CRmmRnV AttrLbXtLRn-NRnCRmmercLal-SKareAlLke 4.0 InternatLRnal 

lLVen]L\aVÖ (CC BY-NC-SA 4.0) Llˎ ZZZ�WULPV�HGX�D] Va\tÖnda ˎloatandÖr. BX nˎûrLn 

mˎ]mXnXndan LVtLfadˎ edˎrkˎn V|]�gedˎn lLVen]L\anÖn ûˎrtlˎrLnL TˎbXl etmLû RlXrVXnX]:

ùVtLnad ]amanÖ nˎûrLn m�ˎllLf(lˎr)LnLn adÖ g|VtˎrLlmˎlLdLr.

Nˎûrdˎn kRmmerVL\a mˎTVˎdLlˎ LVtLfadˎ TadaøandÖr.

T|rˎmˎ nˎûrlˎr RrLMLnal nˎûrLn lLVen]L\a ûˎrtlˎrLlˎ \a\ÖlmalÖdÖr. 

ǾǧǸǹȃ 1

ȄȒȣȟaȋ AȈȋȚȒȒaeȉ

ȄȒȣȓȇȗ ǯȓȇȔȕȉ

ǻȇșȇȒȏ ǪȚȘȌȐȔȕȉ 
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ǵȎȔȇȑȕȓȣșȌȘȣ Ș ȚȞȌȈȔȏȑȕȓ

ǴȇȚȑȇ� șȌȜȔȕȒȕȊȏȦ� ȍȏȎȔȣ

ǩ ȗȇȎȋȌȒȌ ȖȗȌȋȘșȇȉȒȌȔ ȓȇșȌȗȏȇȒ ȋȒȦ 

ȞșȌȔȏȦ ȕȈ ȏȘșȕȗȏȞȌȘȑȕȓ ȗȇȎȉȏșȏȏ, 

ȖȗȏȓȌȔȌȔȏȏ ȏȒȏ ȉȕȎȓȕȍȔȢȜ ȔȇȖȗȇȉȒȌȔȏȦȜ 

ȗȇȎȉȏșȏȦ ȖȕȒȚȞȌȔȔȢȜ ȎȔȇȔȏȐ.

ǵȈȕȈȠȇȥȠȏȌ ȎȇȋȇȔȏȦ

ǶȗȌȋȘșȇȉȒȌȔȔȢȌ ȎȋȌȘȣ 

ȉȕȖȗȕȘȢ ȏ ȎȇȋȇȔȏȦ Ȗȕ 

ȉȘȌȓ șȌȓȇȓ ȗȇȎȋȌȒȇ 

ȖȕȎȉȕȒȦȥș ȕȝȌȔȏșȣ 

ȚȗȕȉȌȔȣ ȚȘȉȕȌȔȔȢȜ 

ȎȔȇȔȏȐ ȏ 

ȘțȕȗȓȏȗȕȉȇȔȔȢȜ. 

ȚȓȌȔȏȐ.

ǮȇȑȒȥȞȌȔȏȌ

ǶȕȓȕȊȇȌș ȎȇȖȕȓȔȏșȣ 

ȕȘȔȕȉȔȢȌ ȖȕȔȦșȏȦ, 

ȏȎȚȞȇȌȓȢȌ ȉ ȗȇȓȑȇȜ 

ȗȇȎȋȌȒȇ, ȉ 

ȖȕȘȒȌȋȕȉȇșȌȒȣȔȕȐ ȏ 

ȕȈȕȈȠȧȔȔȕȐ țȕȗȓȌ 

Ș ȖȕȓȕȠȣȥ ȘȜȌȓȢ 

ȏȒȏ ȑȇȗșȢ ȖȕȔȦșȏȐ.

ǳȕșȏȉȇȝȏȦ

ǩ ȤșȕȐ ȞȇȘșȏ ȖȗȌȋȘșȇȉȒȌȔȢ ȎȔȇȑȕȓȢȌ ȘȏșȚȇȝȏȏ ȏ 

ȘȕȖȚșȘșȉȚȥȠȏȌ ȉȕȖȗȕȘȢ. ǯȔțȕȗȓȇȝȏȦ ȔȇȖȗȇȉȒȌȔȇ 

Ȕȇ ȖȕȋȊȕșȕȉȑȚ ȑ ȤșȇȖȇȓ ȋȌȦșȌȒȣȔȕȘșȏ ȏ ȕȈȡȦȘȔȌȔȏȦ 

ȓȇșȌȗȏȇȒȇ Țȗȕȑȇ. ǧȔȇȒȏȎȏȗȚȌșȘȦ ȘȏșȚȇȝȏȦ, Ș 

ȖȕȓȕȠȣȥ ȕșȉȌșȕȉ Ȕȇ ȉȕȖȗȕȘȢ ȉȘȖȕȓȏȔȇȥșȘȦ ȚȍȌ 

ȏȓȌȥȠȏȌȘȦ ȎȔȇȔȏȦ Ȗȕ șȌȓȌ.

ǷȇȎȡȦȘȔȌȔȏȌ

ǵȈȡȦȘȔȦȌșȘȦ ȔȕȉȢȐ ȓȇșȌȗȏȇȒ (șȌȓȇ).

ǶȌȗȉȇȦ ȘșȗȇȔȏȝȇ ȗȇȎȋȌȒȇ

ǶȗȌȋȘșȇȉȒȌȔȢ ȏȔșȌȗȌȘȔȢȌ ȘȉȌȋȌȔȏȦ ȏȎ ȏȘșȕȗȏȏ ȔȇȚȑȏ, ȖȗȏȗȕȋȢ ȏȒȏ 

șȌȜȔȏȑȏ. ǩȕȖȗȕȘȢ Ȕȇ ȘșȗȇȔȏȝȌ ȖȕȓȕȊȚș ȉȇȓ ȉȘȖȕȓȔȏșȣ ȖȗȕȐȋȌȔȔȢȐ 

ȓȇșȌȗȏȇȒ ȏ ȘȉȦȎȇșȣ ȌȊȕ Ș șȌȓȇȓȏ ȗȇȎȋȌȒȇ. ǳȇșȌȗȏȇȒ ȤșȕȊȕ ȗȇȎȋȌȒȇ 

țȕȗȓȏȗȚȌș ȈȇȎȕȉȕȌ ȖȗȌȋȘșȇȉȒȌȔȏȌ ȕ șȌȓȇȜ, ȑȕșȕȗȢȌ ȈȚȋȚș ȏȎȚȞȇșȣȘȦ 

ȋȇȒȌȌ.

ǯȎ ȗȇȎȋȌȒȇ ȉȢ ȚȎȔȇȌșȌ

ǶȌȗȌȞȏȘȒȦȥșȘȦ  ȎȔȇȔȏȦ ȏ ȔȇȉȢȑȏ, ȑȕșȕȗȢȌ 

ȉȢ ȖȕȒȚȞȏșȌ, ȏȎȚȞȇȦ șȌȓȢ ȗȇȎȋȌȒȇ.

ǮȔȇ-
ȌșȌ Ȓȏ 
ȉȢ?

ȔȌȕțȏȝȏȇȒȣȔȢȐ  

ȖȗȇȎȋȔȏȑ ȉ ȞȌȘșȣ ȞȏȘȒȇ 
ǧȉȕȊȇȋȗȕ – ´ǫȌȔȣ ȓȕȒȦµ.

23 ȕȑșȦȈȗȦ (23.10) 
Ș 6 : 02 ȋȕ 18 : 02 
(6 : 02 ȉȌȞȌȗȇ) 
Ȝȏȓȏȑȏ ȕșȓȌȞȇȥș 

ǮȔȇȌșȌ Ȓȏ ȉȢ"

ǶȗȌȋȘșȇȉȒȌȔȢ ȏȔșȌȗȌȘȔȢȌ țȇȑșȢ ȏ 

ȏȔțȕȗȓȇȝȏȦ ȏȎ ȕȈȒȇȘșȌȐ ȖȗȏȗȕȋȢ, 

ȏȘșȕȗȏȏ ȔȇȚȑȏ, ȈȢșȇ ȏȒȏ șȌȜȔȏȑȏ.

ǫȌȦșȌȒȣȔȕȘșȣ

ǶȗȇȑșȏȞȌȘȑȕȌ ȎȇȋȇȔȏȌ, 
ȉȢȖȕȒȔȦȌȓȕȌ ȋȒȦ ȖȕȏȘȑȇ 
ȕșȉȌșȇ Ȕȇ ȖȕȘșȇȉȒȌȔȔȢȐ 
ȉȕȖȗȕȘ. ǩ ȗȌȎȚȒȣșȇșȌ ȤșȕȐ 
ȋȌȦșȌȒȣȔȕȘșȏ ȉȔȏȓȇȔȏȌ 
ȑȕȔȝȌȔșȗȏȗȚȌșȘȦ Ȕȇ 
ȕȘȔȕȉȔȢȜ ȖȕȔȦșȏȦȜ ȔȕȉȕȐ 
șȌȓȢ ȏ ȗȇȎȉȏȉȇȥșȘȦ 
ȖȗȕȝȌȋȚȗȔȢȌ ȔȇȉȢȑȏ.

ǶȕȋȚȓȇȐ ² ȕȈȘȚȋȏ ² ȖȕȋȌȒȏȘȣ

ǶȗȌȋȘșȇȉȒȌȔȔȢȐ ȉȕȖȗȕȘ ȖȗȌȋȔȇȎȔȇȞȌȔ 
ȋȒȦ ȕȈȋȚȓȢȉȇȔȏȦ ȏ ȕȈȘȚȍȋȌȔȏȦ 
ȕșȉȌșȕȉ Ș ȕȋȔȕȑȒȇȘȘȔȏȑȇȓȏ. ǩ Ȥșȕ 
ȉȗȌȓȦ ȗȇȎȉȏȉȇȥșȘȦ ȚȓȌȔȏȦ 
ȕȈȕȘȔȕȉȢȉȇșȣ Șȉȕȏ ȖȗȌȋȖȕȒȕȍȌȔȏȦ, 
ȘȇȓȕȘșȕȦșȌȒȣȔȕȌ ȓȢȟȒȌȔȏȌ ȏ 
ȑȕȓȓȚȔȏȑȇșȏȉȔȢȌ ȔȇȉȢȑȏ.

Примените полученные знания

ǩȕȖȗȕȘȢ ȏ ȚȖȗȇȍȔȌȔȏȦ ȉ Ȥșȕȓ ȈȒȕȑȌ 

ȖȕȓȕȊȇȥș ȖȗȏȓȌȔȏșȣ ȔȕȉȢȌ ȖȕȔȦșȏȦ 

ȉ ȋȗȚȊȕȐ ȘȏșȚȇȝȏȏ, ȇ șȇȑȍȌ ȚȊȒȚȈȏșȣ ȏ 

ȎȇȑȗȌȖȏșȣ ȖȕȒȚȞȌȔȔȢȌ ȎȔȇȔȏȦ.

Проверьте полученные знания

ǶȗȌȋȘșȇȉȒȌȔȔȢȌ ȉȕȖȗȕȘȢ ȏ ȚȖȗȇȍȔȌȔȏȦ 

ȏȎȓȌȗȦȥș ȚȗȕȉȌȔȣ ȕȉȒȇȋȌȔȏȦ șȌȓȕȐ.
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ǵȎȔȇȑȕȓȣșȌȘȣ Ș ȚȞȌȈȔȏȑȕȓ

ǴȇȚȑȇ� șȌȜȔȕȒȕȊȏȦ� ȍȏȎȔȣ

ǩ ȗȇȎȋȌȒȌ ȖȗȌȋȘșȇȉȒȌȔ ȓȇșȌȗȏȇȒ ȋȒȦ 

ȞșȌȔȏȦ ȕȈ ȏȘșȕȗȏȞȌȘȑȕȓ ȗȇȎȉȏșȏȏ, 

ȖȗȏȓȌȔȌȔȏȏ ȏȒȏ ȉȕȎȓȕȍȔȢȜ ȔȇȖȗȇȉȒȌȔȏȦȜ 

ȗȇȎȉȏșȏȦ ȖȕȒȚȞȌȔȔȢȜ ȎȔȇȔȏȐ.

ǵȈȕȈȠȇȥȠȏȌ ȎȇȋȇȔȏȦ

ǶȗȌȋȘșȇȉȒȌȔȔȢȌ ȎȋȌȘȣ 

ȉȕȖȗȕȘȢ ȏ ȎȇȋȇȔȏȦ Ȗȕ 

ȉȘȌȓ șȌȓȇȓ ȗȇȎȋȌȒȇ 

ȖȕȎȉȕȒȦȥș ȕȝȌȔȏșȣ 

ȚȗȕȉȌȔȣ ȚȘȉȕȌȔȔȢȜ 

ȎȔȇȔȏȐ ȏ 

ȘțȕȗȓȏȗȕȉȇȔȔȢȜ. 

ȚȓȌȔȏȐ.

ǮȇȑȒȥȞȌȔȏȌ

ǶȕȓȕȊȇȌș ȎȇȖȕȓȔȏșȣ 

ȕȘȔȕȉȔȢȌ ȖȕȔȦșȏȦ, 

ȏȎȚȞȇȌȓȢȌ ȉ ȗȇȓȑȇȜ 

ȗȇȎȋȌȒȇ, ȉ 

ȖȕȘȒȌȋȕȉȇșȌȒȣȔȕȐ ȏ 

ȕȈȕȈȠȧȔȔȕȐ țȕȗȓȌ 

Ș ȖȕȓȕȠȣȥ ȘȜȌȓȢ 

ȏȒȏ ȑȇȗșȢ ȖȕȔȦșȏȐ.

ǳȕșȏȉȇȝȏȦ

ǩ ȤșȕȐ ȞȇȘșȏ ȖȗȌȋȘșȇȉȒȌȔȢ ȎȔȇȑȕȓȢȌ ȘȏșȚȇȝȏȏ ȏ 

ȘȕȖȚșȘșȉȚȥȠȏȌ ȉȕȖȗȕȘȢ. ǯȔțȕȗȓȇȝȏȦ ȔȇȖȗȇȉȒȌȔȇ 

Ȕȇ ȖȕȋȊȕșȕȉȑȚ ȑ ȤșȇȖȇȓ ȋȌȦșȌȒȣȔȕȘșȏ ȏ ȕȈȡȦȘȔȌȔȏȦ 

ȓȇșȌȗȏȇȒȇ Țȗȕȑȇ. ǧȔȇȒȏȎȏȗȚȌșȘȦ ȘȏșȚȇȝȏȦ, Ș 

ȖȕȓȕȠȣȥ ȕșȉȌșȕȉ Ȕȇ ȉȕȖȗȕȘȢ ȉȘȖȕȓȏȔȇȥșȘȦ ȚȍȌ 

ȏȓȌȥȠȏȌȘȦ ȎȔȇȔȏȦ Ȗȕ șȌȓȌ.

ǷȇȎȡȦȘȔȌȔȏȌ

ǵȈȡȦȘȔȦȌșȘȦ ȔȕȉȢȐ ȓȇșȌȗȏȇȒ (șȌȓȇ).

ǶȌȗȉȇȦ ȘșȗȇȔȏȝȇ ȗȇȎȋȌȒȇ

ǶȗȌȋȘșȇȉȒȌȔȢ ȏȔșȌȗȌȘȔȢȌ ȘȉȌȋȌȔȏȦ ȏȎ ȏȘșȕȗȏȏ ȔȇȚȑȏ, ȖȗȏȗȕȋȢ ȏȒȏ 

șȌȜȔȏȑȏ. ǩȕȖȗȕȘȢ Ȕȇ ȘșȗȇȔȏȝȌ ȖȕȓȕȊȚș ȉȇȓ ȉȘȖȕȓȔȏșȣ ȖȗȕȐȋȌȔȔȢȐ 

ȓȇșȌȗȏȇȒ ȏ ȘȉȦȎȇșȣ ȌȊȕ Ș șȌȓȇȓȏ ȗȇȎȋȌȒȇ. ǳȇșȌȗȏȇȒ ȤșȕȊȕ ȗȇȎȋȌȒȇ 

țȕȗȓȏȗȚȌș ȈȇȎȕȉȕȌ ȖȗȌȋȘșȇȉȒȌȔȏȌ ȕ șȌȓȇȜ, ȑȕșȕȗȢȌ ȈȚȋȚș ȏȎȚȞȇșȣȘȦ 

ȋȇȒȌȌ.

ǯȎ ȗȇȎȋȌȒȇ ȉȢ ȚȎȔȇȌșȌ

ǶȌȗȌȞȏȘȒȦȥșȘȦ  ȎȔȇȔȏȦ ȏ ȔȇȉȢȑȏ, ȑȕșȕȗȢȌ 

ȉȢ ȖȕȒȚȞȏșȌ, ȏȎȚȞȇȦ șȌȓȢ ȗȇȎȋȌȒȇ.

ǮȔȇ-
ȌșȌ Ȓȏ 
ȉȢ?

ȔȌȕțȏȝȏȇȒȣȔȢȐ  

ȖȗȇȎȋȔȏȑ ȉ ȞȌȘșȣ ȞȏȘȒȇ 
ǧȉȕȊȇȋȗȕ – ´ǫȌȔȣ ȓȕȒȦµ.

23 ȕȑșȦȈȗȦ (23.10) 
Ș 6 : 02 ȋȕ 18 : 02 
(6 : 02 ȉȌȞȌȗȇ) 
Ȝȏȓȏȑȏ ȕșȓȌȞȇȥș 

ǮȔȇȌșȌ Ȓȏ ȉȢ"

ǶȗȌȋȘșȇȉȒȌȔȢ ȏȔșȌȗȌȘȔȢȌ țȇȑșȢ ȏ 

ȏȔțȕȗȓȇȝȏȦ ȏȎ ȕȈȒȇȘșȌȐ ȖȗȏȗȕȋȢ, 

ȏȘșȕȗȏȏ ȔȇȚȑȏ, ȈȢșȇ ȏȒȏ șȌȜȔȏȑȏ.

ǫȌȦșȌȒȣȔȕȘșȣ

ǶȗȇȑșȏȞȌȘȑȕȌ ȎȇȋȇȔȏȌ, 
ȉȢȖȕȒȔȦȌȓȕȌ ȋȒȦ ȖȕȏȘȑȇ 
ȕșȉȌșȇ Ȕȇ ȖȕȘșȇȉȒȌȔȔȢȐ 
ȉȕȖȗȕȘ. ǩ ȗȌȎȚȒȣșȇșȌ ȤșȕȐ 
ȋȌȦșȌȒȣȔȕȘșȏ ȉȔȏȓȇȔȏȌ 
ȑȕȔȝȌȔșȗȏȗȚȌșȘȦ Ȕȇ 
ȕȘȔȕȉȔȢȜ ȖȕȔȦșȏȦȜ ȔȕȉȕȐ 
șȌȓȢ ȏ ȗȇȎȉȏȉȇȥșȘȦ 
ȖȗȕȝȌȋȚȗȔȢȌ ȔȇȉȢȑȏ.

ǶȕȋȚȓȇȐ ² ȕȈȘȚȋȏ ² ȖȕȋȌȒȏȘȣ

ǶȗȌȋȘșȇȉȒȌȔȔȢȐ ȉȕȖȗȕȘ ȖȗȌȋȔȇȎȔȇȞȌȔ 
ȋȒȦ ȕȈȋȚȓȢȉȇȔȏȦ ȏ ȕȈȘȚȍȋȌȔȏȦ 
ȕșȉȌșȕȉ Ș ȕȋȔȕȑȒȇȘȘȔȏȑȇȓȏ. ǩ Ȥșȕ 
ȉȗȌȓȦ ȗȇȎȉȏȉȇȥșȘȦ ȚȓȌȔȏȦ 
ȕȈȕȘȔȕȉȢȉȇșȣ Șȉȕȏ ȖȗȌȋȖȕȒȕȍȌȔȏȦ, 
ȘȇȓȕȘșȕȦșȌȒȣȔȕȌ ȓȢȟȒȌȔȏȌ ȏ 
ȑȕȓȓȚȔȏȑȇșȏȉȔȢȌ ȔȇȉȢȑȏ.

Примените полученные знания

ǩȕȖȗȕȘȢ ȏ ȚȖȗȇȍȔȌȔȏȦ ȉ Ȥșȕȓ ȈȒȕȑȌ 

ȖȕȓȕȊȇȥș ȖȗȏȓȌȔȏșȣ ȔȕȉȢȌ ȖȕȔȦșȏȦ 

ȉ ȋȗȚȊȕȐ ȘȏșȚȇȝȏȏ, ȇ șȇȑȍȌ ȚȊȒȚȈȏșȣ ȏ 

ȎȇȑȗȌȖȏșȣ ȖȕȒȚȞȌȔȔȢȌ ȎȔȇȔȏȦ.

Проверьте полученные знания

ǶȗȌȋȘșȇȉȒȌȔȔȢȌ ȉȕȖȗȕȘȢ ȏ ȚȖȗȇȍȔȌȔȏȦ 

ȏȎȓȌȗȦȥș ȚȗȕȉȌȔȣ ȕȉȒȇȋȌȔȏȦ șȌȓȕȐ.



12�  ǵșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ ȓȇȘȘȇ – Ȥșȕ ȕșȔȕȟȌȔȏȌ ȓȇȘȘȢ ȇșȕȓȇ ȤȒȌȓȌȔșȇ ȑ       ȞȇȘșȏ ȓȇȘȘȢ ȇșȕȓȇ Ǹ
�  ǵșȔȕȘȏșȌȒȣȔȇȦ ȓȕȒȌȑȚȒȦȗȔȇȦ ȓȇȘȘȇ ȉȌȠȌȘșȉȇ ȗȇȉȔȇ ȘȚȓȓȌ ȕșȔȕȘȏșȌȒȣȔȢȜ ȇșȕȓȔȢȜ ȓȇȘȘ 

ȇșȕȓȕȉ, ȉȜȕȋȦȠȏȜ ȉ ȘȕȘșȇȉ ȌȊȕ ȓȕȒȌȑȚȒȢ
23

�  ǳȕȒȣ – Ȥșȕ ȑȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇ, ȑȕșȕȗȕȌ ȘȕȋȌȗȍȏș 6,02 Ã 10   ȞȇȘșȏȝ (ȓȕȒȌȑȚȒ, ȇșȕȓȕȉ ȏȒȏ 
ȏȕȔȕȉ)

�  ǳȕȒȦȗȔȇȦ ȓȇȘȘȇ – Ȥșȕ ȓȇȘȘȇ ȕȋȔȕȊȕ ȓȕȒȦ ȉȌȠȌȘșȉȇ, ȏȎȓȌȗȦȌșȘȦ ȉ Ȋ/ȓȕȒȣ
�  ǩ ȗȇȉȔȢȜ ȕȈȡȧȓȇȜ ȗȇȎȒȏȞȔȢȜ ȊȇȎȕȉ Ȗȗȏ ȕȋȏȔȇȑȕȉȢȜ șȌȓȖȌȗȇșȚȗȌ ȏ ȋȇȉȒȌȔȏȏ ȘȕȋȌȗȍȏșȘȦ 

ȕȋȏȔȇȑȕȉȕȌ ȞȏȘȒȕ ȓȕȒȌȑȚȒ
�  Ƕȗȏ ȕȋȏȔȇȑȕȉȢȜ ȚȘȒȕȉȏȦȜ ȕșȔȕȟȌȔȏȌ ȕȈȡȧȓȇ ȒȥȈȕȊȕ ȊȇȎȇ ȑ ȞȏȘȒȚ ȓȕȒȌȐ ȦȉȒȦȌșȘȦ ȉȌȒȏȞȏȔȕȐ 

ȖȕȘșȕȦȔȔȕȐ ȏ ȔȇȎȢȉȇȌșȘȦ ȓȕȒȦȗȔȢȓ ȕȈȡȧȓȕȓ
�  ǵșȔȕȘȏșȌȒȣȔȇȦ ȖȒȕșȔȕȘșȣ ȖȕȑȇȎȢȉȇȌș, ȉȕ ȘȑȕȒȣȑȕ ȗȇȎ ȕȋȏȔ ȊȇȎ șȦȍȌȒȌȌ ȋȗȚȊȕȊȕ ȊȇȎȇ, ȉȎȦșȕȊȕ ȉ 

șȕȓ ȍȌ ȕȈȡȧȓȌ Ȗȗȏ ȕȋȏȔȇȑȕȉȢȜ ȚȘȒȕȉȏȦȜ

ǫȇȒȣșȕȔ șȇȑȍȌ ȉȉȧȒ ȖȕȔȦșȏȌ �ȕșȔȕȘȏșȌȒȣȔȇȦ 

ȇșȕȓȔȇȦ ȓȇȘȘȇ�, Ȟșȕ ȘșȇȒȕ ȉȇȍȔȢȓ ȟȇȊȕȓ ȉ 

ȗȇȎȉȏșȏȏ ȜȏȓȏȞȌȘȑȕȐ ȔȇȚȑȏ. ǵȔ ȖȗȏȔȦȒ ȇșȕȓȔȚȥ 

ȓȇȘȘȚ ȘȇȓȕȊȕ ȒȧȊȑȕȊȕ ȤȒȌȓȌȔșȇ – ȉȕȋȕȗȕȋȇ –  

ȗȇȉȔȕȐ 1 ȏ ȘȗȇȉȔȏȉȇȒ ȇșȕȓȔȢȌ ȓȇȘȘȢ ȖȗȕȞȏȜ 

ȤȒȌȓȌȔșȕȉ Ș ȇșȕȓȔȕȐ ȓȇȘȘȕȐ ȉȕȋȕȗȕȋȇ. ǩ 

ȗȌȎȚȒȣșȇșȌ ȉȖȌȗȉȢȌ ȈȢȒȇ ȘȕȘșȇȉȒȌȔȇ șȇȈȒȏȝȇ 

ȇșȕȓȔȢȜ ȓȇȘȘ ȤȒȌȓȌȔșȕȉ. ǬȊȕ șȗȚȋȢ, ȕȘȔȕȉȇȔȔȢȌ 

Ȕȇ șȕȞȔȢȜ ȓȇșȌȓȇșȏȞȌȘȑȏȜ ȎȇȑȕȔȕȓȌȗȔȕȘșȦȜ, 

ȘȕȋȌȐȘșȉȕȉȇȒȏ ȗȇȎȉȏșȏȥ Ȝȏȓȏȏ  ȏ ȖȗȕȒȕȍȏȒȏ 

ȖȚșȣ ȑ țȕȗȓȏȗȕȉȇȔȏȥ ȖȕȔȦșȏȦ ´ȑȕȒȏȞȌȘșȉȕ 

ȉȌȠȌȘșȉȇµ.

1. ǳȇȘȘȢ ȈȕȒȣȟȏȔȘșȉȇ ȇșȕȓȕȉ ȗȇȎȔȢȜ 

ȤȒȌȓȌȔșȕȉ ȗȇȎȒȏȞȔȢ. ǫȒȦ ȞȌȊȕ 

ȦȉȒȦȌșȘȦ ȉȇȍȔȢȓ ȘȗȇȉȔȌȔȏȌ ȓȇȘȘ 

ȉȌȠȌȘșȉ?

2. ǱȇȑȏȌ ȉȕȎȓȕȍȔȕȘșȏ, Ȗȕ ȉȇȟȌȓȚ 

ȓȔȌȔȏȥ, ȋȇȧș Ȕȇȓ ȏȎȚȞȌȔȏȌ 

ȉȌȠȌȘșȉ ȖȕȘȗȌȋȘșȉȕȓ 

ȓȇșȌȓȇșȏȞȌȘȑȏȜ ȎȇȑȕȔȕȓȌȗȔȕȘșȌȐ?

3. Ǿșȕ ȉȢ ȖȕȔȏȓȇȌșȌ Ȗȕȋ  ȉȢȗȇȍȌȔȏȌȓ 

´ȑȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇµ?

ǩ ȔȇȞȇȒȌ XIX ȉȌȑȇ ȇȔȊȒȏȐȘȑȏȐ ȚȞȧȔȢȐ ǫȍȕȔ ǫȇȒȣșȕȔ 

ȖȗȕȉȕȋȏȒ ȘȏȘșȌȓȇșȏȞȌȘȑȏȌ ȏȘȘȒȌȋȕȉȇȔȏȦ Ȗȕ 

ȕȖȗȌȋȌȒȌȔȏȥ ȓȇȘȘȢ ȊȇȎȕȉ, ȏȓȌȉȟȏȜ ȈȕȒȣȟȕȌ 

ȎȔȇȞȌȔȏȌ ȋȒȦ ȗȇȎȉȏșȏȦ Ȝȏȓȏȏ. Ƕȗȏ șȠȇșȌȒȣȔȕȓ 

ȇȔȇȒȏȎȌ ȗȌȎȚȒȣșȇșȕȉ ȘȉȕȏȜ ȤȑȘȖȌȗȏȓȌȔșȕȉ Ȕȇȋ 

ȉȕȋȕȗȕȋȕȓ, ȇȎȕșȕȓ, ȑȏȘȒȕȗȕȋȕȓ ȏ ȚȊȒȌȑȏȘȒȢȓ ȊȇȎȕȓ 

ȕȔ ȎȇȓȌșȏȒ, Ȟșȕ ȉ țȚȔȋȇȓȌȔșȇȒȣȔȕȐ ȘșȗȚȑșȚȗȌ ȉȌȠȌȘșȉ 

ȘȚȠȌȘșȉȚȌș ȘșȗȕȊȏȐ ȖȕȗȦȋȕȑ.

Ƕȕ ȚȞȌȔȏȥ ǫȇȒȣșȕȔȇ, ȉȘȌ ȉȌȠȌȘșȉȇ ȘȕȘșȕȦș ȏȎ 

ȓȌȒȣȞȇȐȟȏȜ ȔȌȋȌȒȏȓȢȜ ȞȇȘșȏȝ – ȇșȕȓȕȉ. Ƕȗȏ Ȥșȕȓ, 
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ȗȇȎȒȏȞȇȥșȘȦ Ȗȕ ȘȉȕȌȐ ȓȇȘȘȌ.
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�  ǳȕȒȣ – Ȥșȕ ȑȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇ, ȑȕșȕȗȕȌ ȘȕȋȌȗȍȏș 6,02 Ã 10   ȞȇȘșȏȝ (ȓȕȒȌȑȚȒ, ȇșȕȓȕȉ ȏȒȏ 
ȏȕȔȕȉ)

�  ǳȕȒȦȗȔȇȦ ȓȇȘȘȇ – Ȥșȕ ȓȇȘȘȇ ȕȋȔȕȊȕ ȓȕȒȦ ȉȌȠȌȘșȉȇ, ȏȎȓȌȗȦȌșȘȦ ȉ Ȋ/ȓȕȒȣ
�  ǩ ȗȇȉȔȢȜ ȕȈȡȧȓȇȜ ȗȇȎȒȏȞȔȢȜ ȊȇȎȕȉ Ȗȗȏ ȕȋȏȔȇȑȕȉȢȜ șȌȓȖȌȗȇșȚȗȌ ȏ ȋȇȉȒȌȔȏȏ ȘȕȋȌȗȍȏșȘȦ 

ȕȋȏȔȇȑȕȉȕȌ ȞȏȘȒȕ ȓȕȒȌȑȚȒ
�  Ƕȗȏ ȕȋȏȔȇȑȕȉȢȜ ȚȘȒȕȉȏȦȜ ȕșȔȕȟȌȔȏȌ ȕȈȡȧȓȇ ȒȥȈȕȊȕ ȊȇȎȇ ȑ ȞȏȘȒȚ ȓȕȒȌȐ ȦȉȒȦȌșȘȦ ȉȌȒȏȞȏȔȕȐ 

ȖȕȘșȕȦȔȔȕȐ ȏ ȔȇȎȢȉȇȌșȘȦ ȓȕȒȦȗȔȢȓ ȕȈȡȧȓȕȓ
�  ǵșȔȕȘȏșȌȒȣȔȇȦ ȖȒȕșȔȕȘșȣ ȖȕȑȇȎȢȉȇȌș, ȉȕ ȘȑȕȒȣȑȕ ȗȇȎ ȕȋȏȔ ȊȇȎ șȦȍȌȒȌȌ ȋȗȚȊȕȊȕ ȊȇȎȇ, ȉȎȦșȕȊȕ ȉ 

șȕȓ ȍȌ ȕȈȡȧȓȌ Ȗȗȏ ȕȋȏȔȇȑȕȉȢȜ ȚȘȒȕȉȏȦȜ

ǫȇȒȣșȕȔ șȇȑȍȌ ȉȉȧȒ ȖȕȔȦșȏȌ �ȕșȔȕȘȏșȌȒȣȔȇȦ 

ȇșȕȓȔȇȦ ȓȇȘȘȇ�, Ȟșȕ ȘșȇȒȕ ȉȇȍȔȢȓ ȟȇȊȕȓ ȉ 

ȗȇȎȉȏșȏȏ ȜȏȓȏȞȌȘȑȕȐ ȔȇȚȑȏ. ǵȔ ȖȗȏȔȦȒ ȇșȕȓȔȚȥ 

ȓȇȘȘȚ ȘȇȓȕȊȕ ȒȧȊȑȕȊȕ ȤȒȌȓȌȔșȇ – ȉȕȋȕȗȕȋȇ –  

ȗȇȉȔȕȐ 1 ȏ ȘȗȇȉȔȏȉȇȒ ȇșȕȓȔȢȌ ȓȇȘȘȢ ȖȗȕȞȏȜ 

ȤȒȌȓȌȔșȕȉ Ș ȇșȕȓȔȕȐ ȓȇȘȘȕȐ ȉȕȋȕȗȕȋȇ. ǩ 

ȗȌȎȚȒȣșȇșȌ ȉȖȌȗȉȢȌ ȈȢȒȇ ȘȕȘșȇȉȒȌȔȇ șȇȈȒȏȝȇ 

ȇșȕȓȔȢȜ ȓȇȘȘ ȤȒȌȓȌȔșȕȉ. ǬȊȕ șȗȚȋȢ, ȕȘȔȕȉȇȔȔȢȌ 

Ȕȇ șȕȞȔȢȜ ȓȇșȌȓȇșȏȞȌȘȑȏȜ ȎȇȑȕȔȕȓȌȗȔȕȘșȦȜ, 

ȘȕȋȌȐȘșȉȕȉȇȒȏ ȗȇȎȉȏșȏȥ Ȝȏȓȏȏ  ȏ ȖȗȕȒȕȍȏȒȏ 

ȖȚșȣ ȑ țȕȗȓȏȗȕȉȇȔȏȥ ȖȕȔȦșȏȦ ´ȑȕȒȏȞȌȘșȉȕ 

ȉȌȠȌȘșȉȇµ.

1. ǳȇȘȘȢ ȈȕȒȣȟȏȔȘșȉȇ ȇșȕȓȕȉ ȗȇȎȔȢȜ 

ȤȒȌȓȌȔșȕȉ ȗȇȎȒȏȞȔȢ. ǫȒȦ ȞȌȊȕ 

ȦȉȒȦȌșȘȦ ȉȇȍȔȢȓ ȘȗȇȉȔȌȔȏȌ ȓȇȘȘ 

ȉȌȠȌȘșȉ?

2. ǱȇȑȏȌ ȉȕȎȓȕȍȔȕȘșȏ, Ȗȕ ȉȇȟȌȓȚ 

ȓȔȌȔȏȥ, ȋȇȧș Ȕȇȓ ȏȎȚȞȌȔȏȌ 

ȉȌȠȌȘșȉ ȖȕȘȗȌȋȘșȉȕȓ 

ȓȇșȌȓȇșȏȞȌȘȑȏȜ ȎȇȑȕȔȕȓȌȗȔȕȘșȌȐ?

3. Ǿșȕ ȉȢ ȖȕȔȏȓȇȌșȌ Ȗȕȋ  ȉȢȗȇȍȌȔȏȌȓ 

´ȑȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇµ?

ǩ ȔȇȞȇȒȌ XIX ȉȌȑȇ ȇȔȊȒȏȐȘȑȏȐ ȚȞȧȔȢȐ ǫȍȕȔ ǫȇȒȣșȕȔ 

ȖȗȕȉȕȋȏȒ ȘȏȘșȌȓȇșȏȞȌȘȑȏȌ ȏȘȘȒȌȋȕȉȇȔȏȦ Ȗȕ 

ȕȖȗȌȋȌȒȌȔȏȥ ȓȇȘȘȢ ȊȇȎȕȉ, ȏȓȌȉȟȏȜ ȈȕȒȣȟȕȌ 

ȎȔȇȞȌȔȏȌ ȋȒȦ ȗȇȎȉȏșȏȦ Ȝȏȓȏȏ. Ƕȗȏ șȠȇșȌȒȣȔȕȓ 

ȇȔȇȒȏȎȌ ȗȌȎȚȒȣșȇșȕȉ ȘȉȕȏȜ ȤȑȘȖȌȗȏȓȌȔșȕȉ Ȕȇȋ 

ȉȕȋȕȗȕȋȕȓ, ȇȎȕșȕȓ, ȑȏȘȒȕȗȕȋȕȓ ȏ ȚȊȒȌȑȏȘȒȢȓ ȊȇȎȕȓ 

ȕȔ ȎȇȓȌșȏȒ, Ȟșȕ ȉ țȚȔȋȇȓȌȔșȇȒȣȔȕȐ ȘșȗȚȑșȚȗȌ ȉȌȠȌȘșȉ 

ȘȚȠȌȘșȉȚȌș ȘșȗȕȊȏȐ ȖȕȗȦȋȕȑ.

Ƕȕ ȚȞȌȔȏȥ ǫȇȒȣșȕȔȇ, ȉȘȌ ȉȌȠȌȘșȉȇ ȘȕȘșȕȦș ȏȎ 

ȓȌȒȣȞȇȐȟȏȜ ȔȌȋȌȒȏȓȢȜ ȞȇȘșȏȝ – ȇșȕȓȕȉ. Ƕȗȏ Ȥșȕȓ, 

ȜȕșȦ ȇșȕȓȢ ȑȇȍȋȕȊȕ ȤȒȌȓȌȔșȇ ȏȓȌȥș ȕȋȏȔȇȑȕȉȚȥ ȓȇȘȘȚ, ȇșȕȓȢ ȗȇȎȔȢȜ ȤȒȌȓȌȔșȕȉ 

ȗȇȎȒȏȞȇȥșȘȦ Ȗȕ ȘȉȕȌȐ ȓȇȘȘȌ.
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1.1  ǵșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ ȓȇȘȘȇ ȏ ȕșȔȕȘȏșȌȒȣȔȇȦ 
     ȓȕȒȌȑȚȒȦȗȔȇȦ ȓȇȘȘȇ

�  ǩ ȞȌȓ ȖȗȌȏȓȚȠȌȘșȉȕ ȉȢȈȕȗȇ µȌȋȏȔȏȝȢ 

ȉȢȈȕȗȑȏµ ȋȒȦ ȖȗȕȉȌȋȌȔȏȦ ȘȗȇȉȔȌȔȏȦ"

�  ǬȘȒȏ ȓȢ ȏȎȓȌȔȏȓ µȌȋȏȔȏȝȚ ȉȢȈȕȗȑȏµ� 

ȏȎȓȌȔȦșȘȦ Ȓȏ șȇȑȍȌ ȕȖȗȌȋȌȒȦȌȓȢȌ 

Ȕȇȓȏ ȞȏȘȒȇ"

�  ǩȕȎȓȕȍȔȕ Ȓȏ ȏȘȖȕȒȣȎȕȉȇȔȏȌ ȋȇȔȔȕȊȕ 

ȓȌșȕȋȇ ȋȒȦ ȘȗȇȉȔȌȔȏȦ ȓȇȘȘ ȇșȕȓȕȉ"

�  Ǿșȕ ȈȢ ȉȢ ȖȗȌȋȒȕȍȏȒȏ ȋȒȦ ȤșȕȊȕ"

98

ǵșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ ȓȇȘȘȇ ȔȌ ȏȓȌȌș ȌȋȏȔȏȝȢ ȏȎȓȌȗȌȔȏȦ, șȇȑ ȑȇȑ ȖȗȌȋȘșȇȉȒȦȌș 

ȘȕȈȕȐ ȕșȔȕȟȌȔȏȌ ȓȇȘȘ. ǵșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ ȓȇȘȘȇ ȑȇȍȋȕȊȕ ȤȒȌȓȌȔșȇ 

ȖȗȏȉȕȋȏșȘȦ ȉ ȖȌȗȏȕȋȏȞȌȘȑȕȐ șȇȈȒȏȝȌ. ǩ ȔȏȍȌȘȒȌȋȚȥȠȌȐ ȘȜȌȓȌ ȘȗȇȉȔȏȉȇȥșȘȦ 

ȓȇȘȘȢ ȔȌȑȕșȕȗȢȜ ȇșȕȓȕȉ Ȕȇ ȕȘȔȕȉȌ ȤșȏȜ ȘȕȕșȔȕȟȌȔȏȐ.

ǶȗȌȋȘșȇȉȣșȌ ȘȌȈȌ, Ȟșȕ ȉ ȑȒȇȘȘȌ ȔȌș ȉȌȘȕȉ, ȇ ȉȇȓ 

ȔȚȍȔȕ ȘȗȇȉȔȏșȣ ȓȇȘȘȢ ȑȇȓȌȟȑȕȉ ȗȇȎȔȢȜ ȗȇȎȓȌȗȕȉ. 

ǫȒȦ ȘȗȇȉȔȌȔȏȦ ȉȢȈȏȗȇȌșȘȦ ȕȋȏȔ ȑȇȓȌȟȌȑ ȉ ȑȇȞȌȘșȉȌ 

µȌȋȏȔȏȝȢ ȉȢȈȕȗȑȏµ ȏ Ȕȇ ȕȘȔȕȉȌ µȌȋȏȔȏȝȢ ȉȢȈȕȗȑȏµ 

 ǮȔȇȌșȌ Ȓȏ ȉȢ? ǯȘșȏȔȔȇȦ ȓȇȘȘȇ ȇșȕȓȇ ȚȊȒȌȗȕȋȇ ȘȕȘșȇȉȒȦȌș ȖȗȏȈȒȏȎȏșȌȒȣȔȕ 
-230,000ᆆ000ᆆ000ᆆ000ᆆ000ᆆ000ᆆ000ᆆ0199, șȕ ȌȘșȣ 1,99 Ã 10  Ȋȗȇȓȓȇ.

C H H H H

H H H H H

H H H

A (H)=1rA (C)=12r

ǼȒȕȗ ȏȓȌȌș ȋȉȇ ȏȎȕșȕȖȇ: ȜȒȕȗ-35 ȏ ȜȒȕȗ-37.ǶǷǯǳǬǷ

ǴȇȎȉȇȔȏȌ ǾȏȘȒȕ ȖȗȕșȕȔȕȉ ǾȏȘȒȕ ȔȌȐșȗȕȔȕȉ ǳȇȘȘȕȉȕȌ ȞȏȘȒȕ ǴȇȜȕȍȋȌȔȏȌ ȉ ȖȗȏȗȕȋȌ, �

ȜȒȕȗ-35

ȜȒȕȗ-37

17

17

18

20

35

37

75

25

ǷȇȘȘȞȏșȇȐșȌ ȕșȔȕȘȏșȌȒȣȔȚȥ ȇșȕȓȔȚȥ ȓȇȘȘȚ ȜȒȕȗȇ. 

A  = –––––––––––––––  = 35,5r

35 Ã 75 + 37 Ã 25

100

Ǹ ȚȞȧșȕȓ ȉȢȟȌȏȎȒȕȍȌȔȔȕȊȕ ȈȕȒȌȌ șȕȞȔȢȓ ȈȚȋȌș ȘȒȌȋȚȥȠȌȌ ȕȖȗȌȋȌȒȌȔȏȌ 

ȕșȔȕȘȏșȌȒȣȔȕȐ ȇșȕȓȔȕȐ ȓȇȘȘȢ:

ǵșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ ȓȇȘȘȇ – Ȥșȕ ȕșȔȕȟȌȔȏȌ ȘȗȌȋȔȌȊȕ ȎȔȇȞȌȔȏȦ ȓȇȘȘȕȉȢȜ  ȞȏȘȌȒ 
12

ȏȎȕșȕȖȕȉ ȤȒȌȓȌȔșȇ ȑ –– ȓȇȘȘȢ ȇșȕȓȇ C.

ǵșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ ȓȇȘȘȇ

ǩȢ ȎȔȇȌșȌ, Ȟșȕ ȓȇȘȘȇ ȇșȕȓȕȉ ȑȗȇȐȔȌ ȓȇȒȇ. ǯȘȖȕȒȣȎȕȉȇșȣ Ȕȇ 

ȖȗȇȑșȏȑȌ ȗȌȇȒȣȔȢȌ ȓȇȘȘȢ ȇșȕȓȕȉ ȉ ȗȇȘȞȧșȇȜ ȔȌȚȋȕȈȔȕ ȏ 

ȔȌȝȌȒȌȘȕȕȈȗȇȎȔȕ. ǶȕȤșȕȓȚ ȓȇȘȘȢ ȗȇȎȒȏȞȔȢȜ ȇșȕȓȕȉ 

ȘȗȇȉȔȏȉȇȥș Ș ȓȇȘȘȕȐ ȕȋȔȕȊȕ ȇșȕȓȇ, ȉȎȦșȕȊȕ Ȏȇ ȘșȇȔȋȇȗș. ǩ 

ȑȇȞȌȘșȉȌ ȘșȇȔȋȇȗșȇ ȈȢȒȇ ȉȢȈȗȇȔȇ ȓȇȘȘȇ ȇșȕȓȇ ȏȎȕșȕȖȇ 
1

12
12ȚȊȒȌȗȕȋȇ C (ȚȊȒȌȗȕȋȇ-12), ȇ ȓȇȘȘȢ ȉȘȌȜ ȕȘșȇȒȣȔȢȜ ȇșȕȓȕȉ ȘȗȇȉȔȏȉȇȥșȘȦ Ș ––  

12
ȞȇȘșȣȥ ȓȇȘȘȢ ȇșȕȓȇ C.  ǶȕȒȚȞȌȔȔȇȦ ȉ ȗȌȎȚȒȣșȇșȌ ȘȗȇȉȔȌȔȏȦ ȉȌȒȏȞȏȔȇ ȔȇȎȢȉȇȌșȘȦ 

ȕșȔȕȘȏșȌȒȣȔȕȐ ȇșȕȓȔȕȐ ȓȇȘȘȕȐ ȏ ȕȈȕȎȔȇȞȇȌșȘȦ A  (A – ȇșȕȓȔȇȦ ȓȇȘȘȇ, r – relatLYe, U

Ȟșȕ ȕȎȔȇȞȇȌș ´ȕșȔȕȘȏșȌȒȣȔȢȐµ).

ǵșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ ȓȇȘȘȇ – Ȥșȕ ȕșȔȕȟȌȔȏȌ ȓȇȘȘȢ ȇșȕȓȇ 
12ȤȒȌȓȌȔșȇ   C. ȑ  ––  ȓȇȘȘȢ ȇșȕȓȇ

1
12

12ǴȇȖȗȏȓȌȗ, ȓȇȘȘȇ ȇșȕȓȇ ȉȕȋȕȗȕȋȇ ȗȇȉȔȇ –– ȓȇȘȘȢ  ȇșȕȓȇ C,                  

ȖȕȤșȕȓȚ ȌȊȕ ȕșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ ȓȇȘȘȇ ȘȕȘșȇȉȒȦȌș 1 (A (H) = 1)� r

ȖȕȘȑȕȒȣȑȚ ȓȇȘȘȇ ȇșȕȓȇ ȑȏȘȒȕȗȕȋȇ ȖȗȌȉȢȟȇȌș Ȥșȕ ȞȏȘȒȕ ȉ 16 ȗȇȎ, 

ȕșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ ȓȇȘȘȇ ȑȏȘȒȕȗȕȋȇ ȗȇȉȔȇ 16 (A (O)=16).r

1

12

1
12

ǩȢ ȎȔȇȌșȌ, Ȟșȕ ȓȔȕȊȏȌ ȤȒȌȓȌȔșȢ, ȉȘșȗȌȞȇȥȠȏȌȘȦ ȉ ȖȗȏȗȕȋȌ, ȖȗȌȋȘșȇȉȒȦȥș ȘȕȈȕȐ 

ȘȓȌȘȣ ȏȎȕșȕȖȕȉ. ǵșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ ȓȇȘȘȇ ȤșȏȜ ȤȒȌȓȌȔșȕȉ ȉȢȗȇȍȇȌșȘȦ ȑȇȑ 

ȘȗȌȋȔȌȌ ȎȔȇȞȌȔȏȌ ȏȜ ȓȇȘȘȕȉȢȜ ȞȏȘȌȒ Ș ȚȞȧșȕȓ ȗȇȘȖȗȕȘșȗȇȔȧȔȔȕȘșȏ ȏȜ ȏȎȕșȕȖȕȉ ȉ 

ȖȗȏȗȕȋȌ. Ǳ ȖȗȏȓȌȗȚ, ȕșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ ȓȇȘȘȇ ȤȒȌȓȌȔșȇ, ȘȕȘșȕȦȠȌȊȕ ȏȎ 

ȏȎȕșȕȖȕȉ ǧ ȏ ǩ, ȗȇȘȘȞȏșȢȉȇȌșȘȦ Ȗȕ ȘȒȌȋȚȥȠȌȐ țȕȗȓȚȒȌ: 

ǧșȕȓ ȘȌȗȢ șȦȍȌȒȌȌ ȇșȕȓȇ ȑȏȘȒȕȗȕȋȇ 

ȉ ȋȉȇ ȗȇȎȇ.

ǧșȕȓ ȚȊȒȌȗȕȋȇ șȦȍȌȒȌȌ 

ȇșȕȓȇ ȉȕȋȕȗȕȋȇ ȉ 12 ȗȇȎ. 

ǧșȕȓ ȓȇȊȔȏȦ șȦȍȌȒȌȌ ȇșȕȓȇ 

ȑȏȘȒȕȗȕȋȇ ȉ  1,5 ȗȇȎȇ.

H
C O

Mg S

1 12 16 24 32

 Ar

–– ȓȇȘȘȢ ȇșȕȓȇ ȚȊȒȌȗȕȋȇ-12 ȏȘȖȕȒȣȎȚȌșȘȦ 

ȑȇȑ ȘșȇȔȋȇȗș ȕșȔȕȘȏșȌȒȣȔȕȐ ȇșȕȓȔȕȐ ȓȇȘȘȢ.

1
12

1ǱȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇǾȇȘșȣ I

ȘȗȇȉȔȏȉȇȥșȘȦ ȓȇȘȘȢ ȕȘșȇȒȣȔȢȜ 

ȑȇȓȌȟȑȕȉ (ȔȇȖȗȏȓȌȗ, 0,5 ȌȋȏȔȏȝȢ, 

1 ȌȋȏȔȏȝȇ, 3 ȌȋȏȔȏȝȢ ȏ ș. ȋ.)

ȕșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ  

ȓȇȘȘȇ, ȕșȔȕȘȏșȌȒȣȔȇȦ 

ȓȕȒȌȑȚȒȦȗȔȇȦ ȓȇȘȘȇ, 

ȕșȔȕȘȏșȌȒȣȔȇȦ 

țȕȗȓȚȒȣȔȇȦ ȓȇȘȘȇ

ǱȒȥ-
ȞȌȉȢȌ 
ȘȒȕȉȇ

A  = ––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––U

(� ȏȎȕșȕȖȇ A Ã ȓȇȘȘȕȉȕȌ ȞȏȘȒȕ ȏȎȕșȕȖȇ A) + (� ȏȎȕșȕȖȇ B Ã ȓȇȘȘȕȉȕȌ ȞȏȘȒȕ ȏȎȕșȕȖȇ B) 

100



1.1  ǵșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ ȓȇȘȘȇ ȏ ȕșȔȕȘȏșȌȒȣȔȇȦ 
     ȓȕȒȌȑȚȒȦȗȔȇȦ ȓȇȘȘȇ

�  ǩ ȞȌȓ ȖȗȌȏȓȚȠȌȘșȉȕ ȉȢȈȕȗȇ µȌȋȏȔȏȝȢ 

ȉȢȈȕȗȑȏµ ȋȒȦ ȖȗȕȉȌȋȌȔȏȦ ȘȗȇȉȔȌȔȏȦ"

�  ǬȘȒȏ ȓȢ ȏȎȓȌȔȏȓ µȌȋȏȔȏȝȚ ȉȢȈȕȗȑȏµ� 

ȏȎȓȌȔȦșȘȦ Ȓȏ șȇȑȍȌ ȕȖȗȌȋȌȒȦȌȓȢȌ 

Ȕȇȓȏ ȞȏȘȒȇ"

�  ǩȕȎȓȕȍȔȕ Ȓȏ ȏȘȖȕȒȣȎȕȉȇȔȏȌ ȋȇȔȔȕȊȕ 

ȓȌșȕȋȇ ȋȒȦ ȘȗȇȉȔȌȔȏȦ ȓȇȘȘ ȇșȕȓȕȉ"

�  Ǿșȕ ȈȢ ȉȢ ȖȗȌȋȒȕȍȏȒȏ ȋȒȦ ȤșȕȊȕ"
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ǵșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ ȓȇȘȘȇ ȔȌ ȏȓȌȌș ȌȋȏȔȏȝȢ ȏȎȓȌȗȌȔȏȦ, șȇȑ ȑȇȑ ȖȗȌȋȘșȇȉȒȦȌș 

ȘȕȈȕȐ ȕșȔȕȟȌȔȏȌ ȓȇȘȘ. ǵșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ ȓȇȘȘȇ ȑȇȍȋȕȊȕ ȤȒȌȓȌȔșȇ 

ȖȗȏȉȕȋȏșȘȦ ȉ ȖȌȗȏȕȋȏȞȌȘȑȕȐ șȇȈȒȏȝȌ. ǩ ȔȏȍȌȘȒȌȋȚȥȠȌȐ ȘȜȌȓȌ ȘȗȇȉȔȏȉȇȥșȘȦ 

ȓȇȘȘȢ ȔȌȑȕșȕȗȢȜ ȇșȕȓȕȉ Ȕȇ ȕȘȔȕȉȌ ȤșȏȜ ȘȕȕșȔȕȟȌȔȏȐ.

ǶȗȌȋȘșȇȉȣșȌ ȘȌȈȌ, Ȟșȕ ȉ ȑȒȇȘȘȌ ȔȌș ȉȌȘȕȉ, ȇ ȉȇȓ 

ȔȚȍȔȕ ȘȗȇȉȔȏșȣ ȓȇȘȘȢ ȑȇȓȌȟȑȕȉ ȗȇȎȔȢȜ ȗȇȎȓȌȗȕȉ. 

ǫȒȦ ȘȗȇȉȔȌȔȏȦ ȉȢȈȏȗȇȌșȘȦ ȕȋȏȔ ȑȇȓȌȟȌȑ ȉ ȑȇȞȌȘșȉȌ 

µȌȋȏȔȏȝȢ ȉȢȈȕȗȑȏµ ȏ Ȕȇ ȕȘȔȕȉȌ µȌȋȏȔȏȝȢ ȉȢȈȕȗȑȏµ 

 ǮȔȇȌșȌ Ȓȏ ȉȢ? ǯȘșȏȔȔȇȦ ȓȇȘȘȇ ȇșȕȓȇ ȚȊȒȌȗȕȋȇ ȘȕȘșȇȉȒȦȌș ȖȗȏȈȒȏȎȏșȌȒȣȔȕ 
-230,000ᆆ000ᆆ000ᆆ000ᆆ000ᆆ000ᆆ000ᆆ0199, șȕ ȌȘșȣ 1,99 Ã 10  Ȋȗȇȓȓȇ.

C H H H H

H H H H H

H H H

A (H)=1rA (C)=12r

ǼȒȕȗ ȏȓȌȌș ȋȉȇ ȏȎȕșȕȖȇ: ȜȒȕȗ-35 ȏ ȜȒȕȗ-37.ǶǷǯǳǬǷ

ǴȇȎȉȇȔȏȌ ǾȏȘȒȕ ȖȗȕșȕȔȕȉ ǾȏȘȒȕ ȔȌȐșȗȕȔȕȉ ǳȇȘȘȕȉȕȌ ȞȏȘȒȕ ǴȇȜȕȍȋȌȔȏȌ ȉ ȖȗȏȗȕȋȌ, �

ȜȒȕȗ-35

ȜȒȕȗ-37
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ǷȇȘȘȞȏșȇȐșȌ ȕșȔȕȘȏșȌȒȣȔȚȥ ȇșȕȓȔȚȥ ȓȇȘȘȚ ȜȒȕȗȇ. 

A  = –––––––––––––––  = 35,5r

35 Ã 75 + 37 Ã 25

100

Ǹ ȚȞȧșȕȓ ȉȢȟȌȏȎȒȕȍȌȔȔȕȊȕ ȈȕȒȌȌ șȕȞȔȢȓ ȈȚȋȌș ȘȒȌȋȚȥȠȌȌ ȕȖȗȌȋȌȒȌȔȏȌ 

ȕșȔȕȘȏșȌȒȣȔȕȐ ȇșȕȓȔȕȐ ȓȇȘȘȢ:

ǵșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ ȓȇȘȘȇ – Ȥșȕ ȕșȔȕȟȌȔȏȌ ȘȗȌȋȔȌȊȕ ȎȔȇȞȌȔȏȦ ȓȇȘȘȕȉȢȜ  ȞȏȘȌȒ 
12

ȏȎȕșȕȖȕȉ ȤȒȌȓȌȔșȇ ȑ –– ȓȇȘȘȢ ȇșȕȓȇ C.

ǵșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ ȓȇȘȘȇ

ǩȢ ȎȔȇȌșȌ, Ȟșȕ ȓȇȘȘȇ ȇșȕȓȕȉ ȑȗȇȐȔȌ ȓȇȒȇ. ǯȘȖȕȒȣȎȕȉȇșȣ Ȕȇ 

ȖȗȇȑșȏȑȌ ȗȌȇȒȣȔȢȌ ȓȇȘȘȢ ȇșȕȓȕȉ ȉ ȗȇȘȞȧșȇȜ ȔȌȚȋȕȈȔȕ ȏ 

ȔȌȝȌȒȌȘȕȕȈȗȇȎȔȕ. ǶȕȤșȕȓȚ ȓȇȘȘȢ ȗȇȎȒȏȞȔȢȜ ȇșȕȓȕȉ 

ȘȗȇȉȔȏȉȇȥș Ș ȓȇȘȘȕȐ ȕȋȔȕȊȕ ȇșȕȓȇ, ȉȎȦșȕȊȕ Ȏȇ ȘșȇȔȋȇȗș. ǩ 

ȑȇȞȌȘșȉȌ ȘșȇȔȋȇȗșȇ ȈȢȒȇ ȉȢȈȗȇȔȇ ȓȇȘȘȇ ȇșȕȓȇ ȏȎȕșȕȖȇ 
1

12
12ȚȊȒȌȗȕȋȇ C (ȚȊȒȌȗȕȋȇ-12), ȇ ȓȇȘȘȢ ȉȘȌȜ ȕȘșȇȒȣȔȢȜ ȇșȕȓȕȉ ȘȗȇȉȔȏȉȇȥșȘȦ Ș ––  

12
ȞȇȘșȣȥ ȓȇȘȘȢ ȇșȕȓȇ C.  ǶȕȒȚȞȌȔȔȇȦ ȉ ȗȌȎȚȒȣșȇșȌ ȘȗȇȉȔȌȔȏȦ ȉȌȒȏȞȏȔȇ ȔȇȎȢȉȇȌșȘȦ 

ȕșȔȕȘȏșȌȒȣȔȕȐ ȇșȕȓȔȕȐ ȓȇȘȘȕȐ ȏ ȕȈȕȎȔȇȞȇȌșȘȦ A  (A – ȇșȕȓȔȇȦ ȓȇȘȘȇ, r – relatLYe, U

Ȟșȕ ȕȎȔȇȞȇȌș ´ȕșȔȕȘȏșȌȒȣȔȢȐµ).

ǵșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ ȓȇȘȘȇ – Ȥșȕ ȕșȔȕȟȌȔȏȌ ȓȇȘȘȢ ȇșȕȓȇ 
12ȤȒȌȓȌȔșȇ   C. ȑ  ––  ȓȇȘȘȢ ȇșȕȓȇ

1
12

12ǴȇȖȗȏȓȌȗ, ȓȇȘȘȇ ȇșȕȓȇ ȉȕȋȕȗȕȋȇ ȗȇȉȔȇ –– ȓȇȘȘȢ  ȇșȕȓȇ C,                  

ȖȕȤșȕȓȚ ȌȊȕ ȕșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ ȓȇȘȘȇ ȘȕȘșȇȉȒȦȌș 1 (A (H) = 1)� r

ȖȕȘȑȕȒȣȑȚ ȓȇȘȘȇ ȇșȕȓȇ ȑȏȘȒȕȗȕȋȇ ȖȗȌȉȢȟȇȌș Ȥșȕ ȞȏȘȒȕ ȉ 16 ȗȇȎ, 

ȕșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ ȓȇȘȘȇ ȑȏȘȒȕȗȕȋȇ ȗȇȉȔȇ 16 (A (O)=16).r

1

12

1
12

ǩȢ ȎȔȇȌșȌ, Ȟșȕ ȓȔȕȊȏȌ ȤȒȌȓȌȔșȢ, ȉȘșȗȌȞȇȥȠȏȌȘȦ ȉ ȖȗȏȗȕȋȌ, ȖȗȌȋȘșȇȉȒȦȥș ȘȕȈȕȐ 

ȘȓȌȘȣ ȏȎȕșȕȖȕȉ. ǵșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ ȓȇȘȘȇ ȤșȏȜ ȤȒȌȓȌȔșȕȉ ȉȢȗȇȍȇȌșȘȦ ȑȇȑ 

ȘȗȌȋȔȌȌ ȎȔȇȞȌȔȏȌ ȏȜ ȓȇȘȘȕȉȢȜ ȞȏȘȌȒ Ș ȚȞȧșȕȓ ȗȇȘȖȗȕȘșȗȇȔȧȔȔȕȘșȏ ȏȜ ȏȎȕșȕȖȕȉ ȉ 

ȖȗȏȗȕȋȌ. Ǳ ȖȗȏȓȌȗȚ, ȕșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ ȓȇȘȘȇ ȤȒȌȓȌȔșȇ, ȘȕȘșȕȦȠȌȊȕ ȏȎ 

ȏȎȕșȕȖȕȉ ǧ ȏ ǩ, ȗȇȘȘȞȏșȢȉȇȌșȘȦ Ȗȕ ȘȒȌȋȚȥȠȌȐ țȕȗȓȚȒȌ: 

ǧșȕȓ ȘȌȗȢ șȦȍȌȒȌȌ ȇșȕȓȇ ȑȏȘȒȕȗȕȋȇ 

ȉ ȋȉȇ ȗȇȎȇ.

ǧșȕȓ ȚȊȒȌȗȕȋȇ șȦȍȌȒȌȌ 

ȇșȕȓȇ ȉȕȋȕȗȕȋȇ ȉ 12 ȗȇȎ. 

ǧșȕȓ ȓȇȊȔȏȦ șȦȍȌȒȌȌ ȇșȕȓȇ 

ȑȏȘȒȕȗȕȋȇ ȉ  1,5 ȗȇȎȇ.

H
C O

Mg S

1 12 16 24 32

 Ar

–– ȓȇȘȘȢ ȇșȕȓȇ ȚȊȒȌȗȕȋȇ-12 ȏȘȖȕȒȣȎȚȌșȘȦ 

ȑȇȑ ȘșȇȔȋȇȗș ȕșȔȕȘȏșȌȒȣȔȕȐ ȇșȕȓȔȕȐ ȓȇȘȘȢ.

1
12

1ǱȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇǾȇȘșȣ I

ȘȗȇȉȔȏȉȇȥșȘȦ ȓȇȘȘȢ ȕȘșȇȒȣȔȢȜ 

ȑȇȓȌȟȑȕȉ (ȔȇȖȗȏȓȌȗ, 0,5 ȌȋȏȔȏȝȢ, 

1 ȌȋȏȔȏȝȇ, 3 ȌȋȏȔȏȝȢ ȏ ș. ȋ.)

ȕșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ  

ȓȇȘȘȇ, ȕșȔȕȘȏșȌȒȣȔȇȦ 

ȓȕȒȌȑȚȒȦȗȔȇȦ ȓȇȘȘȇ, 

ȕșȔȕȘȏșȌȒȣȔȇȦ 

țȕȗȓȚȒȣȔȇȦ ȓȇȘȘȇ

ǱȒȥ-
ȞȌȉȢȌ 
ȘȒȕȉȇ

A  = ––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––U

(� ȏȎȕșȕȖȇ A Ã ȓȇȘȘȕȉȕȌ ȞȏȘȒȕ ȏȎȕșȕȖȇ A) + (� ȏȎȕșȕȖȇ B Ã ȓȇȘȘȕȉȕȌ ȞȏȘȒȕ ȏȎȕșȕȖȇ B) 

100
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ǩ șȕ ȉȗȌȓȦ ȑȇȑ ȓȇȘȘȕȉȕȌ ȞȏȘȒȕ (ǧ) ȕșȔȕȘȏșȘȦ ȑ ȕșȋȌȒȣȔȕȓȚ (ȕȋȔȕȓȚ) ȇșȕȓȚ, 

ȕșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ ȓȇȘȘȇ ȕșȔȕȘȏșȘȦ ȑ ȘȓȌȘȏ ȖȗȏȗȕȋȔȢȜ ȏȎȕșȕȖȕȉ. ǩ șȇȈȒȏȝȌ 

ȋȇȔȢ ȕșȔȕȘȏșȌȒȣȔȢȌ ȇșȕȓȔȢȌ ȓȇȘȘȢ ȔȌȑȕșȕȗȢȜ ȤȒȌȓȌȔșȕȉ.
c. Ƕȗȏ ȏȘȖȕȒȣȎȕȉȇȔȏȏ ȉ ȑȇȞȌȘșȉȌ ȘșȇȔȋȇȗșȇ ȑȇȒȣȝȏȦ-40:

AU

ǼȒȕȗ

ǱȇȒȏȐ

ǱȇȒȣȝȏȐ

ǭȌȒȌȎȕ

ǳȌȋȣ

ǽȏȔȑ

ǯȕȋ

ȄȒȌȓȌȔș

Cl

K

Ca

)e

CX

Zn

I

ǸȏȓȉȕȒ

35,5

39

40

56

64

65

127

ǩȕȋȕȗȕȋ

ǺȊȒȌȗȕȋ

ǧȎȕș

ǱȏȘȒȕȗȕȋ

ǴȇșȗȏȐ

ǳȇȊȔȏȐ

ǸȌȗȇ

ȄȒȌȓȌȔș

H

C

N

O

Na

Mg

S

ǸȏȓȉȕȒ AU

1

12

14

16

23

24

32

ȄȒȌȓȌȔș

1

12

14

16

23

24

A  ȘȕȊȒȇȘȔȕU

ȔȕȉȕȓȚ ȘșȇȔȋȇȗșȚ

S

Cl

K

Ca

)e

Br

32

35,5

39

40

56

80

A  ȘȕȊȒȇȘȔȕU

ȔȕȉȕȓȚ ȘșȇȔȋȇȗșȚ

H

C

N

O

Na

Mg

A  ȉ ȖȌȗȏȕȋȏȞȌȘȑȕȐ   U

șȇȈȒȏȝȌ

ȄȒȌȓȌȔș A  ȉ ȖȌȗȏȕȋȏȞȌȘȑȕȐ   U

șȇȈȒȏȝȌ

ǵșȔȕȘȏșȌȒȣȔȇȦ ȓȕȒȌȑȚȒȦȗȔȇȦ ȓȇȘȘȇ

ǨȕȒȣȟȕȌ ȞȏȘȒȕ ȤȒȌȓȌȔșȕȉ (H , O , 3 , S  ȏ ș.ȋ.) ȏ ȜȏȓȏȞȌȘȑȏȜ ȘȕȌȋȏȔȌȔȏȐ (H O, CO , H SO  ȏ ȋȗ.) 2 2 4 8 2 2 2 4

ȘȕȘșȕȦș ȏȎ ȓȕȒȌȑȚȒ. ǳȇȘȘȢ ȤșȏȜ ȓȕȒȌȑȚȒ ȉȢȗȇȍȇȥșȘȦ ȖȕȘȗȌȋȘșȉȕȓ ȕșȔȕȘȏșȌȒȣȔȕȐ 

ȓȕȒȌȑȚȒȦȗȔȕȐ ȓȇȘȘȢ. ǵșȔȕȘȏșȌȒȣȔȇȦ ȓȕȒȌȑȚȒȦȗȔȇȦ ȓȇȘȘȇ ȕȈȕȎȔȇȞȇȌșȘȦ ȘȏȓȉȕȒȕȓ M . U

ǵșȔȕȘȏșȌȒȣȔȇȦ ȓȕȒȌȑȚȒȦȗȔȇȦ ȓȇȘȘȇ ȉȌȠȌȘșȉȇ ȗȇȉȔȇ ȘȚȓȓȌ ȕșȔȕȘȏșȌȒȣȔȢȜ ȇșȕȓȔȢȜ ȓȇȘȘ 

ȇșȕȓȕȉ, ȉȜȕȋȦȠȏȜ ȉ ȘȕȘșȇȉ ȌȊȕ ȓȕȒȌȑȚȒȢ, Ș ȚȞȧșȕȓ ȏȔȋȌȑȘȕȉ.

Ǳȇȑ ȏ ȕșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ ȓȇȘȘȇ, ȕșȔȕȘȏșȌȒȣȔȇȦ ȓȕȒȌȑȚȒȦȗȔȇȦ ȓȇȘȘȇ ȔȌ ȏȓȌȌș ȌȋȏȔȏȝȢ 

ȏȎȓȌȗȌȔȏȦ. ǩ șȇȈȒȏȝȌ ȔȏȍȌ ȖȕȑȇȎȇȔ ȗȇȘȞȧș ȕșȔȕȘȏșȌȒȣȔȕȐ ȓȕȒȌȑȚȒȦȗȔȕȐ ȓȇȘȘȢ ȔȌȑȕșȕȗȢȜ 

ȉȌȠȌȘșȉ.

ǩȌȠȌȘșȉȕ

ǼȒȕȗ

ǵȑȘȏȋ ȇȎȕșȇ (I9)

ȄșȇȔȕȒ

ǻȕȗȓȚȒȇ ǾȏȘȒȕ ȇșȕȓȕȉ 
ȉ ȕȋȔȕȐ ȓȕȒȌȑȚȒȌ

Cl2

NO2

C H OH2 5

ǷȇȘȞȧș ȕșȔȕȘȏșȌȒȣȔȕȐ  
ȓȕȒȌȑȚȒȦȗȔȕȐ ȓȇȘȘȢ

ǵșȔȕȘȏșȌȒȣȔȇȦ 
ȓȕȒȌȑȚȒȦȗȔȇȦ ȓȇȘȘȇ (M �U 

2 Cl

1 N, 2 O

2 C, 6 H, 1 O

2 ∙ 35,5

1 ∙ 14 + 2 ∙ 16

2 ∙ 12 + 6 ∙ 1 + 1 ∙ 16

71

46

46

Ǳȇȑ ȗȇȘȘȞȏșȢȉȇȥșȘȦ ȕșȔȕȘȏșȌȒȣȔȢȌ ȓȇȘȘȢ Ȗȗȏ ȏȎȓȌȔȌȔȏȏ ´ȘșȇȔȋȇȗșȇµ"

ǿȇȊ �� ǩȢȈȏȗȇȥșȘȦ ȗȇȎȒȏȞȔȢȌ ´ȘșȇȔȋȇȗșȢµ.

ǿȇȊ �� ǵȖȗȌȋȌȒȦȌșȘȦ ȑȕȤțțȏȝȏȌȔș ȖȌȗȌȉȕȋȇ Ȗȕ țȕȗȓȚȒȌ k= –––––––––––––– .

ǿȇȊ �� Ǵȇ ȕȘȔȕȉȌ ȔȕȉȕȊȕ ´ȘșȇȔȋȇȗșȇµ ȏ Ș ȚȞȧșȕȓ ȑȕȤțțȏȝȏȌȔșȇ ȖȌȗȌȉȕȋȇ ȗȇȘȘȞȏșȢȉȇȥșȘȦ            

ȕșȔȕȘȏșȌȒȣȔȢȌ ȇșȕȓȔȢȌ ȓȇȘȘȢ ȤȒȌȓȌȔșȕȉ.

a.  Ƕȗȏ ȏȘȖȕȒȣȎȕȉȇȔȏȏ ȉ ȑȇȞȌȘșȉȌ ȘșȇȔȋȇȗșȇ ȊȌȒȏȦ-4:

b. Ƕȗȏ ȏȘȖȕȒȣȎȕȉȇȔȏȏ ȉ ȑȇȞȌȘșȉȌ ȘșȇȔȋȇȗșȇ ȑȏȘȒȕȗȕȋȇ-16:

ȄȒȌȓȌȔș

1

12

14

16

23

24

A  ȘȕȊȒȇȘȔȕU

ȔȕȉȕȓȚ ȘșȇȔȋȇȗșȚ

S

Cl

K

Ca

)e

Br

32

35,5

39

40

56

80

A  ȘȕȊȒȇȘȔȕU

ȔȕȉȕȓȚ ȘșȇȔȋȇȗșȚ

H

C

N

O

Na

Mg

A  ȉ ȖȌȗȏȕȋȏȞȌȘȑȕȐ   U

șȇȈȒȏȝȌ

ȄȒȌȓȌȔș A  ȉ ȖȌȗȏȕȋȏȞȌȘȑȕȐ   U

șȇȈȒȏȝȌ

ȄȒȌȓȌȔș

1

12

14

16

23

24

A  ȘȕȊȒȇȘȔȕU

ȔȕȉȕȓȚ ȘșȇȔȋȇȗșȚ

S

Cl

K

Ca

)e

Br

32

35,5

39

40

56

80

A  ȘȕȊȒȇȘȔȕU

ȔȕȉȕȓȚ ȘșȇȔȋȇȗșȚ

H

C

N

O

Na

Mg

A  ȉ ȖȌȗȏȕȋȏȞȌȘȑȕȐ   U

șȇȈȒȏȝȌ

ȄȒȌȓȌȔș A  ȉ ȖȌȗȏȕȋȏȞȌȘȑȕȐ   U

șȇȈȒȏȝȌ

A (ȚȊȒȌȗȕȋȇ-12)r

A (ȘșȇȔȋȇȗșȇ)r

ǵȈȘȚȋȏșȌ�

�� Ƕȗȏ ȉȢȈȕȗȌ ȑȇȑȕȊȕ ´ȘșȇȔȋȇȗșȇµ ȕșȔȕȘȏșȌȒȣȔȢȌ ȇșȕȓȔȢȌ ȓȇȘȘȢ ȤȒȌȓȌȔșȕȉ ȚȓȌȔȣȟȇșȘȦ ȉ ȋȉȇ ȗȇȎȇ"

�� ǾȌȓȚ ȈȚȋȚș ȗȇȉȔȢ ȕșȔȕȘȏșȌȒȣȔȢȌ ȇșȕȓȔȢȌ ȓȇȘȘȢ ȤȒȌȓȌȔșȕȉ� ȌȘȒȏ Ȏȇ ´ȘșȇȔȋȇȗș´ ȖȗȏȔȦșȣ ²²²  

ȓȇȘȘȢ ȇșȕȓȇ  ȇȎȕșȇ" ǵȈȕȘȔȚȐșȌ ȘȉȕȐ ȕșȉȌș�

�� ǬȘȒȏ ȕșȔȕȘȏșȌȒȣȔȢȌ ȓȇȘȘȢ ȋȒȦ ȓȕȒȌȑȚȒ ȗȇȘȘȞȏșȢȉȇȥșȘȦ șȇȑ ȍȌ� ȑȇȑ ȏ ȋȒȦ ȇșȕȓȕȉ� ș�Ȍ� Ȗȕ 
 ��ȕșȔȕȟȌȔȏȥ ȑ ²²² ȓȇȘȘȢ ȇșȕȓȇ &� șȕ ȑȇȑȕȉȢ ȎȔȇȞȌȔȏȦ ȕșȔȕȘȏșȌȒȣȔȢȜ ȓȕȒȌȑȚȒȦȗȔȢȜ ȓȇȘȘ  H 2� 62 � � �

1H  ȏ H 62 "� � �

�
�� ǷȇȘȘȞȏșȇȐșȌ ȤșȚ ȉȌȒȏȞȏȔȚ ȋȒȦ 2 � &2  ȏ H 32  ȖȗȏȔȦȉ Ȏȇ ´ȘșȇȔȋȇȗșµ HH� � � � �

�

��

�

��

M (H O) = 1 + 1 + 16 = 18r 2
H H

2

A (O) = 16  r

A (H) = 1  rA (H) = 1  r

ǫ
Ȍ
Ȧ
șȌ

Ȓ
ȣ
Ȕ

ȕ
Șș

ȣ
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ǩ șȕ ȉȗȌȓȦ ȑȇȑ ȓȇȘȘȕȉȕȌ ȞȏȘȒȕ (ǧ) ȕșȔȕȘȏșȘȦ ȑ ȕșȋȌȒȣȔȕȓȚ (ȕȋȔȕȓȚ) ȇșȕȓȚ, 

ȕșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ ȓȇȘȘȇ ȕșȔȕȘȏșȘȦ ȑ ȘȓȌȘȏ ȖȗȏȗȕȋȔȢȜ ȏȎȕșȕȖȕȉ. ǩ șȇȈȒȏȝȌ 

ȋȇȔȢ ȕșȔȕȘȏșȌȒȣȔȢȌ ȇșȕȓȔȢȌ ȓȇȘȘȢ ȔȌȑȕșȕȗȢȜ ȤȒȌȓȌȔșȕȉ.
c. Ƕȗȏ ȏȘȖȕȒȣȎȕȉȇȔȏȏ ȉ ȑȇȞȌȘșȉȌ ȘșȇȔȋȇȗșȇ ȑȇȒȣȝȏȦ-40:

AU

ǼȒȕȗ

ǱȇȒȏȐ

ǱȇȒȣȝȏȐ

ǭȌȒȌȎȕ

ǳȌȋȣ

ǽȏȔȑ

ǯȕȋ

ȄȒȌȓȌȔș

Cl

K

Ca

)e

CX

Zn

I

ǸȏȓȉȕȒ

35,5

39

40

56

64

65

127

ǩȕȋȕȗȕȋ

ǺȊȒȌȗȕȋ

ǧȎȕș

ǱȏȘȒȕȗȕȋ

ǴȇșȗȏȐ

ǳȇȊȔȏȐ

ǸȌȗȇ

ȄȒȌȓȌȔș

H

C

N

O

Na

Mg

S

ǸȏȓȉȕȒ AU

1

12

14

16

23

24

32

ȄȒȌȓȌȔș

1

12

14

16

23

24

A  ȘȕȊȒȇȘȔȕU

ȔȕȉȕȓȚ ȘșȇȔȋȇȗșȚ

S

Cl

K

Ca

)e

Br

32

35,5

39

40

56

80

A  ȘȕȊȒȇȘȔȕU

ȔȕȉȕȓȚ ȘșȇȔȋȇȗșȚ

H

C

N

O

Na

Mg

A  ȉ ȖȌȗȏȕȋȏȞȌȘȑȕȐ   U

șȇȈȒȏȝȌ

ȄȒȌȓȌȔș A  ȉ ȖȌȗȏȕȋȏȞȌȘȑȕȐ   U

șȇȈȒȏȝȌ

ǵșȔȕȘȏșȌȒȣȔȇȦ ȓȕȒȌȑȚȒȦȗȔȇȦ ȓȇȘȘȇ

ǨȕȒȣȟȕȌ ȞȏȘȒȕ ȤȒȌȓȌȔșȕȉ (H , O , 3 , S  ȏ ș.ȋ.) ȏ ȜȏȓȏȞȌȘȑȏȜ ȘȕȌȋȏȔȌȔȏȐ (H O, CO , H SO  ȏ ȋȗ.) 2 2 4 8 2 2 2 4

ȘȕȘșȕȦș ȏȎ ȓȕȒȌȑȚȒ. ǳȇȘȘȢ ȤșȏȜ ȓȕȒȌȑȚȒ ȉȢȗȇȍȇȥșȘȦ ȖȕȘȗȌȋȘșȉȕȓ ȕșȔȕȘȏșȌȒȣȔȕȐ 

ȓȕȒȌȑȚȒȦȗȔȕȐ ȓȇȘȘȢ. ǵșȔȕȘȏșȌȒȣȔȇȦ ȓȕȒȌȑȚȒȦȗȔȇȦ ȓȇȘȘȇ ȕȈȕȎȔȇȞȇȌșȘȦ ȘȏȓȉȕȒȕȓ M . U

ǵșȔȕȘȏșȌȒȣȔȇȦ ȓȕȒȌȑȚȒȦȗȔȇȦ ȓȇȘȘȇ ȉȌȠȌȘșȉȇ ȗȇȉȔȇ ȘȚȓȓȌ ȕșȔȕȘȏșȌȒȣȔȢȜ ȇșȕȓȔȢȜ ȓȇȘȘ 

ȇșȕȓȕȉ, ȉȜȕȋȦȠȏȜ ȉ ȘȕȘșȇȉ ȌȊȕ ȓȕȒȌȑȚȒȢ, Ș ȚȞȧșȕȓ ȏȔȋȌȑȘȕȉ.

Ǳȇȑ ȏ ȕșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ ȓȇȘȘȇ, ȕșȔȕȘȏșȌȒȣȔȇȦ ȓȕȒȌȑȚȒȦȗȔȇȦ ȓȇȘȘȇ ȔȌ ȏȓȌȌș ȌȋȏȔȏȝȢ 

ȏȎȓȌȗȌȔȏȦ. ǩ șȇȈȒȏȝȌ ȔȏȍȌ ȖȕȑȇȎȇȔ ȗȇȘȞȧș ȕșȔȕȘȏșȌȒȣȔȕȐ ȓȕȒȌȑȚȒȦȗȔȕȐ ȓȇȘȘȢ ȔȌȑȕșȕȗȢȜ 

ȉȌȠȌȘșȉ.

ǩȌȠȌȘșȉȕ

ǼȒȕȗ

ǵȑȘȏȋ ȇȎȕșȇ (I9)

ȄșȇȔȕȒ

ǻȕȗȓȚȒȇ ǾȏȘȒȕ ȇșȕȓȕȉ 
ȉ ȕȋȔȕȐ ȓȕȒȌȑȚȒȌ

Cl2

NO2

C H OH2 5

ǷȇȘȞȧș ȕșȔȕȘȏșȌȒȣȔȕȐ  
ȓȕȒȌȑȚȒȦȗȔȕȐ ȓȇȘȘȢ

ǵșȔȕȘȏșȌȒȣȔȇȦ 
ȓȕȒȌȑȚȒȦȗȔȇȦ ȓȇȘȘȇ (M �U 

2 Cl

1 N, 2 O

2 C, 6 H, 1 O

2 ∙ 35,5

1 ∙ 14 + 2 ∙ 16

2 ∙ 12 + 6 ∙ 1 + 1 ∙ 16

71

46

46

Ǳȇȑ ȗȇȘȘȞȏșȢȉȇȥșȘȦ ȕșȔȕȘȏșȌȒȣȔȢȌ ȓȇȘȘȢ Ȗȗȏ ȏȎȓȌȔȌȔȏȏ ´ȘșȇȔȋȇȗșȇµ"

ǿȇȊ �� ǩȢȈȏȗȇȥșȘȦ ȗȇȎȒȏȞȔȢȌ ´ȘșȇȔȋȇȗșȢµ.

ǿȇȊ �� ǵȖȗȌȋȌȒȦȌșȘȦ ȑȕȤțțȏȝȏȌȔș ȖȌȗȌȉȕȋȇ Ȗȕ țȕȗȓȚȒȌ k= –––––––––––––– .

ǿȇȊ �� Ǵȇ ȕȘȔȕȉȌ ȔȕȉȕȊȕ ´ȘșȇȔȋȇȗșȇµ ȏ Ș ȚȞȧșȕȓ ȑȕȤțțȏȝȏȌȔșȇ ȖȌȗȌȉȕȋȇ ȗȇȘȘȞȏșȢȉȇȥșȘȦ            

ȕșȔȕȘȏșȌȒȣȔȢȌ ȇșȕȓȔȢȌ ȓȇȘȘȢ ȤȒȌȓȌȔșȕȉ.

a.  Ƕȗȏ ȏȘȖȕȒȣȎȕȉȇȔȏȏ ȉ ȑȇȞȌȘșȉȌ ȘșȇȔȋȇȗșȇ ȊȌȒȏȦ-4:

b. Ƕȗȏ ȏȘȖȕȒȣȎȕȉȇȔȏȏ ȉ ȑȇȞȌȘșȉȌ ȘșȇȔȋȇȗșȇ ȑȏȘȒȕȗȕȋȇ-16:

ȄȒȌȓȌȔș

1

12

14

16

23

24

A  ȘȕȊȒȇȘȔȕU

ȔȕȉȕȓȚ ȘșȇȔȋȇȗșȚ

S

Cl

K

Ca

)e

Br

32

35,5

39

40

56

80

A  ȘȕȊȒȇȘȔȕU

ȔȕȉȕȓȚ ȘșȇȔȋȇȗșȚ

H

C

N

O

Na

Mg

A  ȉ ȖȌȗȏȕȋȏȞȌȘȑȕȐ   U

șȇȈȒȏȝȌ

ȄȒȌȓȌȔș A  ȉ ȖȌȗȏȕȋȏȞȌȘȑȕȐ   U

șȇȈȒȏȝȌ

ȄȒȌȓȌȔș

1

12

14

16

23

24

A  ȘȕȊȒȇȘȔȕU

ȔȕȉȕȓȚ ȘșȇȔȋȇȗșȚ

S

Cl

K

Ca

)e

Br

32

35,5

39

40

56

80

A  ȘȕȊȒȇȘȔȕU

ȔȕȉȕȓȚ ȘșȇȔȋȇȗșȚ

H

C

N

O

Na

Mg

A  ȉ ȖȌȗȏȕȋȏȞȌȘȑȕȐ   U

șȇȈȒȏȝȌ

ȄȒȌȓȌȔș A  ȉ ȖȌȗȏȕȋȏȞȌȘȑȕȐ   U

șȇȈȒȏȝȌ

A (ȚȊȒȌȗȕȋȇ-12)r

A (ȘșȇȔȋȇȗșȇ)r

ǵȈȘȚȋȏșȌ�

�� Ƕȗȏ ȉȢȈȕȗȌ ȑȇȑȕȊȕ ´ȘșȇȔȋȇȗșȇµ ȕșȔȕȘȏșȌȒȣȔȢȌ ȇșȕȓȔȢȌ ȓȇȘȘȢ ȤȒȌȓȌȔșȕȉ ȚȓȌȔȣȟȇșȘȦ ȉ ȋȉȇ ȗȇȎȇ"

�� ǾȌȓȚ ȈȚȋȚș ȗȇȉȔȢ ȕșȔȕȘȏșȌȒȣȔȢȌ ȇșȕȓȔȢȌ ȓȇȘȘȢ ȤȒȌȓȌȔșȕȉ� ȌȘȒȏ Ȏȇ ´ȘșȇȔȋȇȗș´ ȖȗȏȔȦșȣ ²²²  

ȓȇȘȘȢ ȇșȕȓȇ  ȇȎȕșȇ" ǵȈȕȘȔȚȐșȌ ȘȉȕȐ ȕșȉȌș�

�� ǬȘȒȏ ȕșȔȕȘȏșȌȒȣȔȢȌ ȓȇȘȘȢ ȋȒȦ ȓȕȒȌȑȚȒ ȗȇȘȘȞȏșȢȉȇȥșȘȦ șȇȑ ȍȌ� ȑȇȑ ȏ ȋȒȦ ȇșȕȓȕȉ� ș�Ȍ� Ȗȕ 
 ��ȕșȔȕȟȌȔȏȥ ȑ ²²² ȓȇȘȘȢ ȇșȕȓȇ &� șȕ ȑȇȑȕȉȢ ȎȔȇȞȌȔȏȦ ȕșȔȕȘȏșȌȒȣȔȢȜ ȓȕȒȌȑȚȒȦȗȔȢȜ ȓȇȘȘ  H 2� 62 � � �

1H  ȏ H 62 "� � �

�
�� ǷȇȘȘȞȏșȇȐșȌ ȤșȚ ȉȌȒȏȞȏȔȚ ȋȒȦ 2 � &2  ȏ H 32  ȖȗȏȔȦȉ Ȏȇ ´ȘșȇȔȋȇȗșµ HH� � � � �

�

��

�

��

M (H O) = 1 + 1 + 16 = 18r 2
H H

2

A (O) = 16  r

A (H) = 1  rA (H) = 1  r
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ǼȏȓȏȞȌȘȑȏȌ ȘȕȌȋȏȔȌȔȏȦ c ȏȕȔȔȢȓȏ ȘȉȦȎȦȓȏ ȔȌ ȘȚȠȌȘșȉȚȥș ȉ ȓȕȒȌȑȚȒȦȗȔȕȐ 

țȕȗȓȌ. ǫȒȦ șȇȑȏȜ ȘȕȌȋȏȔȌȔȏȐ ȉȓȌȘșȕ șȌȗȓȏȔȇ ´ȕșȔȕȘȏșȌȒȣȔȇȦ ȓȕȒȌȑȚȒȦȗȔȇȦ 

ȓȇȘȘȇµ ȏȘȖȕȒȣȎȚȌșȘȦ șȌȗȓȏȔ ´ȕșȔȕȘȏșȌȒȣȔȇȦ țȕȗȓȚȒȣȔȇȦ ȓȇȘȘȇµ.

ǵșȔȕȘȏșȌȒȣȔȇȦ țȕȗȓȚȒȣȔȇȦ ȓȇȘȘȇ șȇȑȍȌ ȕȈȕȎȔȇȞȇȌșȘȦ M , ȔȌ ȏȓȌȌș ȌȋȏȔȏȝȢ U

ȏȎȓȌȗȌȔȏȦ ȏ ȉȢȞȏȘȒȦȌșȘȦ Ȗȕ șȕȓȚ ȍȌ ȖȗȇȉȏȒȚ, Ȟșȕ ȏ ȕșȔȕȘȏșȌȒȣȔȇȦ ȓȕȒȌȑȚȒȦȗȔȇȦ 

ȓȇȘȘȇ.  

ǩȌȠȌȘșȉȕ

ǼȒȕȗȏȋ ȔȇșȗȏȦ

Ǵȏșȗȇș ȑȇȒȣȝȏȦ

ǶȌȔșȇȊȏȋȗȇș ȘȚȒȣțȇșȇ 

ȓȌȋȏ (II)

ǻȕȗȓȚȒȇ ǾȏȘȒȕ ȇșȕȓȕȉ 
ȘȕȊȒȇȘȔȕ țȕȗȓȚȒȌ

ǷȇȘȞȧș ȕșȔȕȘȏșȌȒȣȔȕȐ 
țȕȗȓȚȒȣȔȕȐ ȓȇȘȘȢ 

  ǵșȔȕȘȏșȌȒȣȔȇȦ 
țȕȗȓȚȒȣȔȇȦ ȓȇȘȘȇ (M �U 

1 Na, 1 Cl

1 Ca, 2 N, 6 O

1 CX, 1 S, 9 O, 10 H

1 ∙ 23 + 1 ∙ 35,5

1 ∙ 40 + 2 ∙ 14 + 6 ∙ 16

1 ∙ 64 + 1∙32 + 9∙16 +10 ∙ 1

58,5

164

250

NaCl

Ca(NO )3 2

CXSO 5Hڄ O4 2

Проверьте полученные знания

1. Ǿșȕ șȇȑȕȌ ´ȕșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ ȓȇȘȘȇµ? ǶȕȞȌȓȚ ȎȋȌȘȣ ȏȘȖȕȒȣȎȚȌșȘȦ ȘȒȕȉȕ ´ȕșȔȕȘȏșȌȒȣȔȇȦµ?

2. И относительная молекулярная масса, и относительная формульная масса обозначаются как M  . r

ǩ Ȟȧȓ ȘȕȘșȕȏș ȏȜ ȗȇȎȒȏȞȏȌ?

3. ǫȒȦ ȑȇȑȕȊȕ ȉȌȠȌȘșȉȇ  – H S ȏȒȏ NH   – ȕșȔȕȘȏșȌȒȣȔȇȦ ȓȕȒȌȑȚȒȦȗȔȇȦ ȓȇȘȘȇ ȈȕȒȣȟȌ ȏ ȉȕ ȘȑȕȒȣȑȕ 2 3

ȗȇȎ? ǵȈȕȘȔȚȐșȌ ȘȉȕȐ ȕșȉȌș ȗȇȘȞȧșȕȓ.

ϰ͘ ǫȒȦ ȑȇȍȋȕȊȕ ȉȌȠȌȘșȉȇ ȗȇȘȘȞȏșȇȐșȌ ȌȊȕ ȕșȔȕȘȏșȌȒȣȔȚȥ țȕȗȓȚȒȣȔȚȥ ȓȇȘȘȚ.

a. NH NO ଁ        b. CaCO ଁ      c. Mg (3O )           d. Al (SO )4 3 3 3 4 2 2 4 3

Примените полученные знания

1. ǯȘȖȕȒȣȎȚȦ ȖȗȏȉȌȋȧȔȔȢȌ ȋȇȔȔȢȌ Ȗȕ ȗȇȘȖȗȕȘșȗȇȔȧȔȔȕȘșȏ ȏȎȕșȕȖȕȉ, ȗȇȘȘȞȏșȇȐșȌ ȕșȔȕȘȏșȌȒȣȔȢȌ 

ȇșȕȓȔȢȌ ȓȇȘȘȢ ȤȒȌȓȌȔșȕȉ. 

a) Ǩȕȗ: 20� B-10 ȏ 80� B-11

b) ǳȌȋȣ: 69� CX-63 ȏ 31� CX-65 

2. ȄȒȌȓȌȔș ȜȒȕȗ ȘȕȘșȕȏș ȏȎ ȏȎȕșȕȖȕȉ Cl-35 ȏ Cl-37. ǷȇȘȘȞȏșȇȐșȌ ȘȕȋȌȗȍȇȔȏȌ ȏȎȕșȕȖȕȉ ȉ ȖȗȏȗȕȋȔȕȐ 

ȘȓȌȘȏ (ȉ �), ȎȔȇȦ, Ȟșȕ ȕșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ ȓȇȘȘȇ ȜȒȕȗȇ ȗȇȉȔȇ 35,5.

3.   I. H O      II. CO        III. NaCl        I9. Mg(NO )       9. C H O2 2 3 2 6 12 6

a. ǫȒȦ ȑȇȑȏȜ  ȏȎ ȖȗȏȉȌȋȧȔȔȢȜ ȉȌȠȌȘșȉ ȗȇȘȘȞȏșȢȉȇȌșȘȦ ȏȜ ȕșȔȕȘȏșȌȒȣȔȇȦ ȓȕȒȌȑȚȒȦȗȔȇȦ ȓȇȘȘȇ, ȇ ȋȒȦ 

ȑȇȑȏȜ – ȕșȔȕȘȏșȌȒȣȔȇȦ țȕȗȓȚȒȣȔȇȦ ȓȇȘȘȇ?

b. ǷȇȘȘȞȏșȇȐșȌ  M  ȑȇȍȋȕȊȕ ȉȌȠȌȘșȉȇ.r

1.2  ǱȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇ

� ǳȕȍȌș Ȓȏ ȑȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇ  

șȇȑȍȌ ȉȢȗȇȍȇșȣȘȦ ȞȏȘȒȕȓ"

�  Ǿșȕ ȈȢ ȉȢ ȖȗȌȋȒȕȍȏȒȏ ȋȒȦ ȤșȕȊȕ"

ǩ ȖȕȉȘȌȋȔȌȉȔȕȐ ȍȏȎȔȏ ȓȢ ȉȢȗȇȍȇȌȓ 

ȑȕȒȏȞȌȘșȉȕ ȖȗȌȋȓȌșȕȉ Ș ȖȕȓȕȠȣȥ ȞȏȘȒȇ. 

ǧ ȋȒȦ ȉȢȗȇȍȌȔȏȦ ȑȕȒȏȞȌȘșȉȇ ȉȌȠȌȘșȉ ȏȘȖȕȒȣȎȚȥșȘȦ 

ȉ ȕȘȔȕȉȔȕȓ ȏȜ ȕȈȡȧȓ ȏ ȓȇȘȘȇ.

ǫȒȦ ȉȢȗȇȍȌȔȏȦ ȑȕȒȏȞȌȘșȉȇ ȉȌȠȌȘșȉȇ Ȗȕȓȏȓȕ ȌȊȕ ȓȇȘȘȢ ȏ 

ȕȈȡȧȓȇ șȇȑȍȌ ȏȘȖȕȒȣȎȚȥș șȇȑȚȥ ȉȌȒȏȞȏȔȚ, ȑȇȑ ȑȕȒȏȞȌȘșȉȕ 

ȉȌȠȌȘșȉȇ. ǱȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇ ȕȈȕȎȔȇȞȇȌșȘȦ ȈȚȑȉȕȐ n, ȇ ȌȊȕ 

ȌȋȏȔȏȝȌȐ ȏȎȓȌȗȌȔȏȦ ȦȉȒȦȌșȘȦ ȓȕȒȣ. ǫȒȦ ȉȌȠȌȘșȉ ȓȕȒȌȑȚȒȦȗȔȕȊȕ 

ǧȓȌȋȌȕ
ǧȉȕȊȇȋȗȕ 

(1776 – 1856)

236,02 Ã 10  ȓȕȒȌȑȚȒ O2
1 ȓȕȒȣ ȊȇȎȇ ȑȏȘȒȕȗȕȋȇ

23
6,02 Ã 10  ȓȕȒȌȑȚȒ H O 2

1 ȓȕȒȣ ȉȕȋȢ

236,02 Ã 10  ȓȕȒȌȑȚȒ C H O  6 12 6 1 ȓȕȒȣ ȊȒȥȑȕȎȢ

500 ȓȏȒȒȏȒȏșȗȕȉ 

ȉȕȋȢ

1 ȑȏȒȕȊȗȇȓȓ 

ȓȧȋȇ

40 Ȓȏșȗȕȉ 

ȑȏȘȒȕȗȕȋȇ

500 Ȋȗȇȓȓȕȉ 

ȖȕȉȇȗȌȔȔȕȐ ȘȕȒȏ

3 ȇȉșȕȓȕȈȏȒȦ
15 Ȗȇȗș

100 ȈȚșȢȒȕȑ ȉȕȋȢ

ȘșȗȕȌȔȏȦ 1 ȓȕȒȣ – Ȥșȕ ȑȕȒȏȞȌȘșȉȕ 

ȉȌȠȌȘșȉȇ, ȘȕȋȌȗȍȇȠȌȌ ȉ Șȉȕȧȓ 
23ȘȕȘșȇȉȌ 6,02 Ã 10  ȓȕȒȌȑȚȒ.

23
ǾȏȘȒȕ 6,02 Ã 10   ȔȇȎȉȇȔȕ ȉ ȞȌȘșȣ

ȏșȇȒȣȦȔȘȑȕȊȕ ȚȞȧȔȕȊȕ ǧȓȌȋȌȕ 

ǧȉȕȊȇȋȗȕ ȞȏȘȒȕȓ ǧȉȕȊȇȋȗȕ  ȏ 

ȕȈȕȎȔȇȞȇȌșȘȦ ȑȇȑ 1 . ǾȏȘȒȕ $

ǧȉȕȊȇȋȗȕ ȈȢȒȕ ȖȕȒȚȞȌȔȕ ȉ 

ȗȌȎȚȒȣșȇșȌ ȤȑȘȖȌȗȏȓȌȔșȇȒȣȔȕȊȕ 

ȕȖȗȌȋȌȒȌȔȏȦ ȑȕȒȏȞȌȘșȉȇ ȇșȕȓȕȉ, 

ȘȕȋȌȗȍȇȠȏȜȘȦ ȉ 12 ȊȗȇȓȓȇȜ 
12ȏȎȕșȕȖȇ ȚȊȒȌȗȕȋȇ-12 ( C).

23
6,02 Ã 10  ȇșȕȓȕȉ ȚȊȒȌȗȕȋȇ = 12 Ȋ

ǮȔȇ-
ȌșȌ Ȓȏ 
ȉȢ?

ȖȗȇȎȋȔȏȑ ȉ ȞȌȘșȣ ȞȏȘȒȇ 
ǧȉȕȊȇȋȗȕ – ǫȌȔȣ ȓȕȒȦ.

23 ȕȑșȦȈȗȦ (23.10) 
Ș 6 : 02 ȋȕ 18 : 02 
Ȝȏȓȏȑȏ ȕșȓȌȞȇȥș 
ȔȌȕțȏȝȏȇȒȣȔȢȐ  

1ǱȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇǾȇȘșȣ I

ǸǵǲȃǳǛǫ

ǩ
ǵ

ǫ
ǧ

ȑȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇ (n), 

ȓȕȒȣ, ȞȏȘȒȕ ǧȉȕȊȇȋȗȕ (N )A

ǱȒȥ-
ȞȌȉȢȌ 
ȘȒȕȉȇ
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ǼȏȓȏȞȌȘȑȏȌ ȘȕȌȋȏȔȌȔȏȦ c ȏȕȔȔȢȓȏ ȘȉȦȎȦȓȏ ȔȌ ȘȚȠȌȘșȉȚȥș ȉ ȓȕȒȌȑȚȒȦȗȔȕȐ 

țȕȗȓȌ. ǫȒȦ șȇȑȏȜ ȘȕȌȋȏȔȌȔȏȐ ȉȓȌȘșȕ șȌȗȓȏȔȇ ´ȕșȔȕȘȏșȌȒȣȔȇȦ ȓȕȒȌȑȚȒȦȗȔȇȦ 

ȓȇȘȘȇµ ȏȘȖȕȒȣȎȚȌșȘȦ șȌȗȓȏȔ ´ȕșȔȕȘȏșȌȒȣȔȇȦ țȕȗȓȚȒȣȔȇȦ ȓȇȘȘȇµ.

ǵșȔȕȘȏșȌȒȣȔȇȦ țȕȗȓȚȒȣȔȇȦ ȓȇȘȘȇ șȇȑȍȌ ȕȈȕȎȔȇȞȇȌșȘȦ M , ȔȌ ȏȓȌȌș ȌȋȏȔȏȝȢ U

ȏȎȓȌȗȌȔȏȦ ȏ ȉȢȞȏȘȒȦȌșȘȦ Ȗȕ șȕȓȚ ȍȌ ȖȗȇȉȏȒȚ, Ȟșȕ ȏ ȕșȔȕȘȏșȌȒȣȔȇȦ ȓȕȒȌȑȚȒȦȗȔȇȦ 

ȓȇȘȘȇ.  

ǩȌȠȌȘșȉȕ

ǼȒȕȗȏȋ ȔȇșȗȏȦ

Ǵȏșȗȇș ȑȇȒȣȝȏȦ

ǶȌȔșȇȊȏȋȗȇș ȘȚȒȣțȇșȇ 

ȓȌȋȏ (II)

ǻȕȗȓȚȒȇ ǾȏȘȒȕ ȇșȕȓȕȉ 
ȘȕȊȒȇȘȔȕ țȕȗȓȚȒȌ

ǷȇȘȞȧș ȕșȔȕȘȏșȌȒȣȔȕȐ 
țȕȗȓȚȒȣȔȕȐ ȓȇȘȘȢ 

  ǵșȔȕȘȏșȌȒȣȔȇȦ 
țȕȗȓȚȒȣȔȇȦ ȓȇȘȘȇ (M �U 

1 Na, 1 Cl

1 Ca, 2 N, 6 O

1 CX, 1 S, 9 O, 10 H

1 ∙ 23 + 1 ∙ 35,5

1 ∙ 40 + 2 ∙ 14 + 6 ∙ 16

1 ∙ 64 + 1∙32 + 9∙16 +10 ∙ 1

58,5

164

250

NaCl

Ca(NO )3 2

CXSO 5Hڄ O4 2

Проверьте полученные знания

1. Ǿșȕ șȇȑȕȌ ´ȕșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ ȓȇȘȘȇµ? ǶȕȞȌȓȚ ȎȋȌȘȣ ȏȘȖȕȒȣȎȚȌșȘȦ ȘȒȕȉȕ ´ȕșȔȕȘȏșȌȒȣȔȇȦµ?

2. И относительная молекулярная масса, и относительная формульная масса обозначаются как M  . r

ǩ Ȟȧȓ ȘȕȘșȕȏș ȏȜ ȗȇȎȒȏȞȏȌ?

3. ǫȒȦ ȑȇȑȕȊȕ ȉȌȠȌȘșȉȇ  – H S ȏȒȏ NH   – ȕșȔȕȘȏșȌȒȣȔȇȦ ȓȕȒȌȑȚȒȦȗȔȇȦ ȓȇȘȘȇ ȈȕȒȣȟȌ ȏ ȉȕ ȘȑȕȒȣȑȕ 2 3

ȗȇȎ? ǵȈȕȘȔȚȐșȌ ȘȉȕȐ ȕșȉȌș ȗȇȘȞȧșȕȓ.

ϰ͘ ǫȒȦ ȑȇȍȋȕȊȕ ȉȌȠȌȘșȉȇ ȗȇȘȘȞȏșȇȐșȌ ȌȊȕ ȕșȔȕȘȏșȌȒȣȔȚȥ țȕȗȓȚȒȣȔȚȥ ȓȇȘȘȚ.

a. NH NO ଁ        b. CaCO ଁ      c. Mg (3O )           d. Al (SO )4 3 3 3 4 2 2 4 3

Примените полученные знания

1. ǯȘȖȕȒȣȎȚȦ ȖȗȏȉȌȋȧȔȔȢȌ ȋȇȔȔȢȌ Ȗȕ ȗȇȘȖȗȕȘșȗȇȔȧȔȔȕȘșȏ ȏȎȕșȕȖȕȉ, ȗȇȘȘȞȏșȇȐșȌ ȕșȔȕȘȏșȌȒȣȔȢȌ 

ȇșȕȓȔȢȌ ȓȇȘȘȢ ȤȒȌȓȌȔșȕȉ. 

a) Ǩȕȗ: 20� B-10 ȏ 80� B-11

b) ǳȌȋȣ: 69� CX-63 ȏ 31� CX-65 

2. ȄȒȌȓȌȔș ȜȒȕȗ ȘȕȘșȕȏș ȏȎ ȏȎȕșȕȖȕȉ Cl-35 ȏ Cl-37. ǷȇȘȘȞȏșȇȐșȌ ȘȕȋȌȗȍȇȔȏȌ ȏȎȕșȕȖȕȉ ȉ ȖȗȏȗȕȋȔȕȐ 

ȘȓȌȘȏ (ȉ �), ȎȔȇȦ, Ȟșȕ ȕșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ ȓȇȘȘȇ ȜȒȕȗȇ ȗȇȉȔȇ 35,5.

3.   I. H O      II. CO        III. NaCl        I9. Mg(NO )       9. C H O2 2 3 2 6 12 6

a. ǫȒȦ ȑȇȑȏȜ  ȏȎ ȖȗȏȉȌȋȧȔȔȢȜ ȉȌȠȌȘșȉ ȗȇȘȘȞȏșȢȉȇȌșȘȦ ȏȜ ȕșȔȕȘȏșȌȒȣȔȇȦ ȓȕȒȌȑȚȒȦȗȔȇȦ ȓȇȘȘȇ, ȇ ȋȒȦ 

ȑȇȑȏȜ – ȕșȔȕȘȏșȌȒȣȔȇȦ țȕȗȓȚȒȣȔȇȦ ȓȇȘȘȇ?

b. ǷȇȘȘȞȏșȇȐșȌ  M  ȑȇȍȋȕȊȕ ȉȌȠȌȘșȉȇ.r

1.2  ǱȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇ

� ǳȕȍȌș Ȓȏ ȑȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇ  

șȇȑȍȌ ȉȢȗȇȍȇșȣȘȦ ȞȏȘȒȕȓ"

�  Ǿșȕ ȈȢ ȉȢ ȖȗȌȋȒȕȍȏȒȏ ȋȒȦ ȤșȕȊȕ"

ǩ ȖȕȉȘȌȋȔȌȉȔȕȐ ȍȏȎȔȏ ȓȢ ȉȢȗȇȍȇȌȓ 

ȑȕȒȏȞȌȘșȉȕ ȖȗȌȋȓȌșȕȉ Ș ȖȕȓȕȠȣȥ ȞȏȘȒȇ. 

ǧ ȋȒȦ ȉȢȗȇȍȌȔȏȦ ȑȕȒȏȞȌȘșȉȇ ȉȌȠȌȘșȉ ȏȘȖȕȒȣȎȚȥșȘȦ 

ȉ ȕȘȔȕȉȔȕȓ ȏȜ ȕȈȡȧȓ ȏ ȓȇȘȘȇ.

ǫȒȦ ȉȢȗȇȍȌȔȏȦ ȑȕȒȏȞȌȘșȉȇ ȉȌȠȌȘșȉȇ Ȗȕȓȏȓȕ ȌȊȕ ȓȇȘȘȢ ȏ 

ȕȈȡȧȓȇ șȇȑȍȌ ȏȘȖȕȒȣȎȚȥș șȇȑȚȥ ȉȌȒȏȞȏȔȚ, ȑȇȑ ȑȕȒȏȞȌȘșȉȕ 

ȉȌȠȌȘșȉȇ. ǱȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇ ȕȈȕȎȔȇȞȇȌșȘȦ ȈȚȑȉȕȐ n, ȇ ȌȊȕ 

ȌȋȏȔȏȝȌȐ ȏȎȓȌȗȌȔȏȦ ȦȉȒȦȌșȘȦ ȓȕȒȣ. ǫȒȦ ȉȌȠȌȘșȉ ȓȕȒȌȑȚȒȦȗȔȕȊȕ 

ǧȓȌȋȌȕ
ǧȉȕȊȇȋȗȕ 

(1776 – 1856)

236,02 Ã 10  ȓȕȒȌȑȚȒ O2
1 ȓȕȒȣ ȊȇȎȇ ȑȏȘȒȕȗȕȋȇ

23
6,02 Ã 10  ȓȕȒȌȑȚȒ H O 2

1 ȓȕȒȣ ȉȕȋȢ

236,02 Ã 10  ȓȕȒȌȑȚȒ C H O  6 12 6 1 ȓȕȒȣ ȊȒȥȑȕȎȢ

500 ȓȏȒȒȏȒȏșȗȕȉ 

ȉȕȋȢ

1 ȑȏȒȕȊȗȇȓȓ 

ȓȧȋȇ

40 Ȓȏșȗȕȉ 

ȑȏȘȒȕȗȕȋȇ

500 Ȋȗȇȓȓȕȉ 

ȖȕȉȇȗȌȔȔȕȐ ȘȕȒȏ

3 ȇȉșȕȓȕȈȏȒȦ
15 Ȗȇȗș

100 ȈȚșȢȒȕȑ ȉȕȋȢ

ȘșȗȕȌȔȏȦ 1 ȓȕȒȣ – Ȥșȕ ȑȕȒȏȞȌȘșȉȕ 

ȉȌȠȌȘșȉȇ, ȘȕȋȌȗȍȇȠȌȌ ȉ Șȉȕȧȓ 
23ȘȕȘșȇȉȌ 6,02 Ã 10  ȓȕȒȌȑȚȒ.

23
ǾȏȘȒȕ 6,02 Ã 10   ȔȇȎȉȇȔȕ ȉ ȞȌȘșȣ

ȏșȇȒȣȦȔȘȑȕȊȕ ȚȞȧȔȕȊȕ ǧȓȌȋȌȕ 

ǧȉȕȊȇȋȗȕ ȞȏȘȒȕȓ ǧȉȕȊȇȋȗȕ  ȏ 

ȕȈȕȎȔȇȞȇȌșȘȦ ȑȇȑ 1 . ǾȏȘȒȕ $

ǧȉȕȊȇȋȗȕ ȈȢȒȕ ȖȕȒȚȞȌȔȕ ȉ 

ȗȌȎȚȒȣșȇșȌ ȤȑȘȖȌȗȏȓȌȔșȇȒȣȔȕȊȕ 

ȕȖȗȌȋȌȒȌȔȏȦ ȑȕȒȏȞȌȘșȉȇ ȇșȕȓȕȉ, 

ȘȕȋȌȗȍȇȠȏȜȘȦ ȉ 12 ȊȗȇȓȓȇȜ 
12ȏȎȕșȕȖȇ ȚȊȒȌȗȕȋȇ-12 ( C).

23
6,02 Ã 10  ȇșȕȓȕȉ ȚȊȒȌȗȕȋȇ = 12 Ȋ

ǮȔȇ-
ȌșȌ Ȓȏ 
ȉȢ?

ȖȗȇȎȋȔȏȑ ȉ ȞȌȘșȣ ȞȏȘȒȇ 
ǧȉȕȊȇȋȗȕ – ǫȌȔȣ ȓȕȒȦ.

23 ȕȑșȦȈȗȦ (23.10) 
Ș 6 : 02 ȋȕ 18 : 02 
Ȝȏȓȏȑȏ ȕșȓȌȞȇȥș 
ȔȌȕțȏȝȏȇȒȣȔȢȐ  

1ǱȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇǾȇȘșȣ I

ǸǵǲȃǳǛǫ

ǩ
ǵ

ǫ
ǧ

ȑȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇ (n), 

ȓȕȒȣ, ȞȏȘȒȕ ǧȉȕȊȇȋȗȕ (N )A

ǱȒȥ-
ȞȌȉȢȌ 
ȘȒȕȉȇ
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ǶȕȘȑȕȒȣȑȚ ȉȌȠȌȘșȉȇ ȔȌȓȕȒȌȑȚȒȦȗȔȕȊȕ ȘșȗȕȌȔȏȦ ȘȕȘșȕȦș ȔȌ ȏȎ ȓȕȒȌȑȚȒ, ȇ 

ȏȔȢȜ ȞȇȘșȏȝ, șȕ ȞȏȘȒȕ ǧȉȕȊȇȋȗȕ ȕșȔȕȘȏșȘȦ ȑ șȌȓ ȞȇȘșȏȝȇȓ (ȇșȕȓȇȓ, 

ȏȕȔȇȓ), ȏȎ ȑȕșȕȗȢȜ Ȥșȏ ȉȌȠȌȘșȉȇ ȘȕȘșȕȦș. ǴȇȖȗȏȓȌȗ, 1 ȓȕȒȣ ȉȌȠȌȘșȉȇ, 
23ȕȈȗȇȎȕȉȇȔȔȕȊȕ ȇșȕȓȇȓȏ, ȘȕȋȌȗȍȏș 6,02 Ã 10  ȇșȕȓȕȉ.

ǸȕȕșȉȌșȘșȉȌȔȔȕ, ȉ ȉȌȠȌȘșȉȇȜ Ș ȏȕȔȔȕȐ ȑȗȏȘșȇȒȒȏȞȌȘȑȕȐ ȗȌȟȌșȑȕȐ 
23ȞȏȘȒȕ 6,02 Ã 10  ȕșȔȕȘȏșȘȦ ȑ ȞȏȘȒȚ ȏȕȔȕȉ.

ǩ ȕȈȠȌȓ ȉȏȋȌ ȕȖȗȌȋȌȒȌȔȏȌ ȓȕȒȦ ȓȕȍȔȕ ȖȗȌȋȘșȇȉȏșȣ ȘȒȌȋȚȥȠȏȓ 

ȕȈȗȇȎȕȓ:

23 ǳȕȒȣ – Ȥșȕ ȑȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇ, ȘȕȋȌȗȍȇȠȌȌ 6,02 Ã 10  ȞȇȘșȏȝ 

(ȓȕȒȌȑȚȒ, ȇșȕȓȕȉ, ȏȕȔȕȉ ȏ ȋȗ.)

ǵȈȘȚȋȏșȌ�

�� ǵȖȗȌȋȌȒȏșȌ ȞȏȘȒȕ ȇșȕȓȕȉ ȉ � ȓȕȒȣ ȊȌȒȏȦ� ��� ȓȕȒȣ Ȋȗȇțȏșȇ ȏ ��� ȓȕȒȣ ȓȌȋȏ�
�� ǷȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȑȇȍȋȕȊȕ ȏȎ ȑȇșȏȕȔȕȉ ȏ ȇȔȏȕȔȕȉ� ȘȕȋȌȗȍȇȠȏȜȘȦ ȉ � ȓȕȒȣ 1D12 � �

���� ȓȕȒȣ .&O ȏ ��� ȓȕȒȣ =Q62 ��

ǱȇȑȏȌ ȗȇȘȞȌșȢ ȓȕȍȔȕ ȖȗȕȉȌȘșȏ Ȕȇ ȕȘȔȕȉȇȔȏȏ ȑȕȒȏȞȌȘșȉȇ ȉȌȠȌȘșȉȇ ȏ ȞȏȘȒȇ ȓȕȒȌȑȚȒ"

ǶȌȗȌȖȏȟȏșȌ ȉ șȌșȗȇȋȣ ȏ ȎȇȉȌȗȟȏșȌ ȘȒȌȋȚȥȠȚȥ șȇȈȒȏȝȚ.

ǫ
Ȍ
Ȧ
șȌ

Ȓ
ȣ
Ȕ

ȕ
Șș

ȣ

1

ǩȌȠȌȘșȉȕ ǱȕȒȏȞȌȘșȉȕ
ȉȌȠȌȘșȉȇ (ȓȕȒȣ�

ǾȏȘȒȕ 
ȓȕȒȌȑȚȒ

ǩȌȠȌȘșȉȕ ǱȕȒȏȞȌȘșȉȕ
ȉȌȠȌȘșȉȇ (ȓȕȒȣ�

ǾȏȘȒȕ 
ȓȕȒȌȑȚȒ

O2

N2

H2

H O2

CO2

0,2

1,5

2

0,1

0,05

NH3

H SO2 4

H 3O3 4

C H O6 12 6

C H O12 22 11

10

0,25

5

0,5

2,5

236,02  Ã 10  ȇșȕȓȕȉ He 

23
6,02  Ã 10  ȇșȕȓȕȉ )e 

1 ȓȕȒȣ ȊȌȒȏȦ

1 ȓȕȒȣ ȍȌȒȌȎȇ

23 + 23 –6,02 Ã 10  ȏȕȔȕȉ Na  ȏ 6,02 Ã 10  ȏȕȔȕȉ Cl

23 2+ 23 2–6,02 Ã 10  ȏȕȔȕȉ Mg  ȏ 6,02 Ã 10  ȏȕȔȕȉ SO  4

1 ȓȕȒȣ ȖȕȉȇȗȌȔȔȕȐ ȘȕȒȏ

1 ȓȕȒȣ ȘȚȒȣțȇșȇ ȓȇȊȔȏȦ

ǴȏȍȌ ȖȕȑȇȎȇȔȇ ȘȉȦȎȣ ȓȌȍȋȚ ȑȕȒȏȞȌȘșȉȕȓ ȉȌȠȌȘșȉȇ (n), ȞȏȘȒȕȓ ǧȉȕȊȇȋȗȕ (N ) A

ȏ ȞȏȘȒȕȓ ȞȇȘșȏȝ (N) (ȓȕȒȌȑȚȒ ȏȒȏ ȇșȕȓȕȉ), ȏȎ ȑȕșȕȗȢȜ ȘȕȘșȕȏș ȉȌȠȌȘșȉȕ.

1
ǾȏȘȒȕ 
ȞȇȘșȏȝ

Q
ǱȕȒȏȞȌȘșȉȕ 

ȉȌȠȌȘșȉȇ

1$

ǾȏȘȒȕ 

ǧȉȕȊȇȋȗȕ

1   Q Ă 1$

Q   ²²²

1    ²²²$

ǾșȕȈȢ ȗȇȘȘȞȏșȇșȣ Ȗȕ ȏȎȉȌȘșȔȕȓȚ ȑȕȒȏȞȌȘșȉȚ ȉȌȠȌȘșȉȇ ȞȏȘȒȕ ȞȇȘșȏȝ, 

ȘȕȘșȇȉȒȦȥȠȏȜ ȉȌȠȌȘșȉȕ, ȘȒȌȋȚȌș ȞȏȘȒȕ ȓȕȒȌȐ ȚȓȔȕȍȏșȣ Ȕȇ ȞȏȘȒȕ ǧȉȕȊȇȋȗȕ.

ǮȔȇȦ ȞȏȘȒȕ ȞȇȘșȏȝ, ȓȕȍȔȕ ȗȇȘȘȞȏșȇșȣ ȑȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇ, 

ȗȇȎȋȌȒȏȉ ȞȏȘȒȕ ȞȇȘșȏȝ (N) Ȕȇ ȞȏȘȒȕ ǧȉȕȊȇȋȗȕ (N ).A

ǶǷǯǳǬǷ �

1. ǷȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȓȕȒȌȑȚȒ ȉ 2 ȓȕȒȣ ȑȏȘȒȕȗȕȋȇ.
23 24N = 2 Ã 6,02 Ã 10  = 1,204 Ã 10  ȓȕȒȌȑȚȒ O  (2N )2 A

2. ǷȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȓȕȒȌȑȚȒ ȉ 5 ȓȕȒȣ ȉȕȋȢ.
23 24N = 5 Ã 6,02 Ã 10  = 3,01 Ã 10  ȓȕȒȌȑȚȒ H O (5N )2 A

3. ǷȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȓȕȒȌȑȚȒ ȉ 0,1 ȓȕȒȣ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ.
23 22N  = 0,1 Ã 6,02 Ã 10  = 6,02 Ã 10  ȓȕȒȌȑȚȒ CO  (0,1N )2 A

4. ǷȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȓȕȒȌȑȚȒ ȉ 0,25 ȓȕȒȣ ȊȌȒȏȦ.
23 23N = 0,25 Ã 6,02 Ã 10  = 1,505 Ã 10  ȇșȕȓȕȉ He (0,25N )A

5. ǷȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȑȇȍȋȕȊȕ ȏȎ ȏȕȔȕȉ ȉ 0,2 ȓȕȒȣ ȖȕȉȇȗȌȔȔȕȐ ȘȕȒȏ.              
+ 23 23N(Na ) = 0,2 Ã 6,02 Ã 10  = 1,204 Ã 10   (0,2N )A

– 23 23   
N(Cl ) = 0,2 Ã 6,02 Ã 10  = 1,204 Ã 10 (0,2N )A

1

1$

1

Q

1ǱȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇǾȇȘșȣ I
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ǶȕȘȑȕȒȣȑȚ ȉȌȠȌȘșȉȇ ȔȌȓȕȒȌȑȚȒȦȗȔȕȊȕ ȘșȗȕȌȔȏȦ ȘȕȘșȕȦș ȔȌ ȏȎ ȓȕȒȌȑȚȒ, ȇ 

ȏȔȢȜ ȞȇȘșȏȝ, șȕ ȞȏȘȒȕ ǧȉȕȊȇȋȗȕ ȕșȔȕȘȏșȘȦ ȑ șȌȓ ȞȇȘșȏȝȇȓ (ȇșȕȓȇȓ, 

ȏȕȔȇȓ), ȏȎ ȑȕșȕȗȢȜ Ȥșȏ ȉȌȠȌȘșȉȇ ȘȕȘșȕȦș. ǴȇȖȗȏȓȌȗ, 1 ȓȕȒȣ ȉȌȠȌȘșȉȇ, 
23ȕȈȗȇȎȕȉȇȔȔȕȊȕ ȇșȕȓȇȓȏ, ȘȕȋȌȗȍȏș 6,02 Ã 10  ȇșȕȓȕȉ.

ǸȕȕșȉȌșȘșȉȌȔȔȕ, ȉ ȉȌȠȌȘșȉȇȜ Ș ȏȕȔȔȕȐ ȑȗȏȘșȇȒȒȏȞȌȘȑȕȐ ȗȌȟȌșȑȕȐ 
23ȞȏȘȒȕ 6,02 Ã 10  ȕșȔȕȘȏșȘȦ ȑ ȞȏȘȒȚ ȏȕȔȕȉ.

ǩ ȕȈȠȌȓ ȉȏȋȌ ȕȖȗȌȋȌȒȌȔȏȌ ȓȕȒȦ ȓȕȍȔȕ ȖȗȌȋȘșȇȉȏșȣ ȘȒȌȋȚȥȠȏȓ 

ȕȈȗȇȎȕȓ:

23 ǳȕȒȣ – Ȥșȕ ȑȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇ, ȘȕȋȌȗȍȇȠȌȌ 6,02 Ã 10  ȞȇȘșȏȝ 

(ȓȕȒȌȑȚȒ, ȇșȕȓȕȉ, ȏȕȔȕȉ ȏ ȋȗ.)

ǵȈȘȚȋȏșȌ�

�� ǵȖȗȌȋȌȒȏșȌ ȞȏȘȒȕ ȇșȕȓȕȉ ȉ � ȓȕȒȣ ȊȌȒȏȦ� ��� ȓȕȒȣ Ȋȗȇțȏșȇ ȏ ��� ȓȕȒȣ ȓȌȋȏ�
�� ǷȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȑȇȍȋȕȊȕ ȏȎ ȑȇșȏȕȔȕȉ ȏ ȇȔȏȕȔȕȉ� ȘȕȋȌȗȍȇȠȏȜȘȦ ȉ � ȓȕȒȣ 1D12 � �

���� ȓȕȒȣ .&O ȏ ��� ȓȕȒȣ =Q62 ��

ǱȇȑȏȌ ȗȇȘȞȌșȢ ȓȕȍȔȕ ȖȗȕȉȌȘșȏ Ȕȇ ȕȘȔȕȉȇȔȏȏ ȑȕȒȏȞȌȘșȉȇ ȉȌȠȌȘșȉȇ ȏ ȞȏȘȒȇ ȓȕȒȌȑȚȒ"

ǶȌȗȌȖȏȟȏșȌ ȉ șȌșȗȇȋȣ ȏ ȎȇȉȌȗȟȏșȌ ȘȒȌȋȚȥȠȚȥ șȇȈȒȏȝȚ.

ǫ
Ȍ
Ȧ
șȌ

Ȓ
ȣ
Ȕ

ȕ
Șș

ȣ

1

ǩȌȠȌȘșȉȕ ǱȕȒȏȞȌȘșȉȕ
ȉȌȠȌȘșȉȇ (ȓȕȒȣ�

ǾȏȘȒȕ 
ȓȕȒȌȑȚȒ

ǩȌȠȌȘșȉȕ ǱȕȒȏȞȌȘșȉȕ
ȉȌȠȌȘșȉȇ (ȓȕȒȣ�

ǾȏȘȒȕ 
ȓȕȒȌȑȚȒ

O2

N2

H2

H O2

CO2

0,2

1,5

2

0,1

0,05

NH3

H SO2 4

H 3O3 4

C H O6 12 6

C H O12 22 11

10

0,25

5

0,5

2,5

236,02  Ã 10  ȇșȕȓȕȉ He 

23
6,02  Ã 10  ȇșȕȓȕȉ )e 

1 ȓȕȒȣ ȊȌȒȏȦ

1 ȓȕȒȣ ȍȌȒȌȎȇ

23 + 23 –6,02 Ã 10  ȏȕȔȕȉ Na  ȏ 6,02 Ã 10  ȏȕȔȕȉ Cl

23 2+ 23 2–6,02 Ã 10  ȏȕȔȕȉ Mg  ȏ 6,02 Ã 10  ȏȕȔȕȉ SO  4

1 ȓȕȒȣ ȖȕȉȇȗȌȔȔȕȐ ȘȕȒȏ

1 ȓȕȒȣ ȘȚȒȣțȇșȇ ȓȇȊȔȏȦ

ǴȏȍȌ ȖȕȑȇȎȇȔȇ ȘȉȦȎȣ ȓȌȍȋȚ ȑȕȒȏȞȌȘșȉȕȓ ȉȌȠȌȘșȉȇ (n), ȞȏȘȒȕȓ ǧȉȕȊȇȋȗȕ (N ) A

ȏ ȞȏȘȒȕȓ ȞȇȘșȏȝ (N) (ȓȕȒȌȑȚȒ ȏȒȏ ȇșȕȓȕȉ), ȏȎ ȑȕșȕȗȢȜ ȘȕȘșȕȏș ȉȌȠȌȘșȉȕ.

1
ǾȏȘȒȕ 
ȞȇȘșȏȝ

Q
ǱȕȒȏȞȌȘșȉȕ 

ȉȌȠȌȘșȉȇ

1$

ǾȏȘȒȕ 

ǧȉȕȊȇȋȗȕ

1   Q Ă 1$

Q   ²²²

1    ²²²$

ǾșȕȈȢ ȗȇȘȘȞȏșȇșȣ Ȗȕ ȏȎȉȌȘșȔȕȓȚ ȑȕȒȏȞȌȘșȉȚ ȉȌȠȌȘșȉȇ ȞȏȘȒȕ ȞȇȘșȏȝ, 

ȘȕȘșȇȉȒȦȥȠȏȜ ȉȌȠȌȘșȉȕ, ȘȒȌȋȚȌș ȞȏȘȒȕ ȓȕȒȌȐ ȚȓȔȕȍȏșȣ Ȕȇ ȞȏȘȒȕ ǧȉȕȊȇȋȗȕ.

ǮȔȇȦ ȞȏȘȒȕ ȞȇȘșȏȝ, ȓȕȍȔȕ ȗȇȘȘȞȏșȇșȣ ȑȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇ, 

ȗȇȎȋȌȒȏȉ ȞȏȘȒȕ ȞȇȘșȏȝ (N) Ȕȇ ȞȏȘȒȕ ǧȉȕȊȇȋȗȕ (N ).A

ǶǷǯǳǬǷ �

1. ǷȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȓȕȒȌȑȚȒ ȉ 2 ȓȕȒȣ ȑȏȘȒȕȗȕȋȇ.
23 24N = 2 Ã 6,02 Ã 10  = 1,204 Ã 10  ȓȕȒȌȑȚȒ O  (2N )2 A

2. ǷȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȓȕȒȌȑȚȒ ȉ 5 ȓȕȒȣ ȉȕȋȢ.
23 24N = 5 Ã 6,02 Ã 10  = 3,01 Ã 10  ȓȕȒȌȑȚȒ H O (5N )2 A

3. ǷȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȓȕȒȌȑȚȒ ȉ 0,1 ȓȕȒȣ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ.
23 22N  = 0,1 Ã 6,02 Ã 10  = 6,02 Ã 10  ȓȕȒȌȑȚȒ CO  (0,1N )2 A

4. ǷȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȓȕȒȌȑȚȒ ȉ 0,25 ȓȕȒȣ ȊȌȒȏȦ.
23 23N = 0,25 Ã 6,02 Ã 10  = 1,505 Ã 10  ȇșȕȓȕȉ He (0,25N )A

5. ǷȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȑȇȍȋȕȊȕ ȏȎ ȏȕȔȕȉ ȉ 0,2 ȓȕȒȣ ȖȕȉȇȗȌȔȔȕȐ ȘȕȒȏ.              
+ 23 23N(Na ) = 0,2 Ã 6,02 Ã 10  = 1,204 Ã 10   (0,2N )A

– 23 23   
N(Cl ) = 0,2 Ã 6,02 Ã 10  = 1,204 Ã 10 (0,2N )A

1

1$

1

Q

1ǱȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇǾȇȘșȣ I
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241. ǸȑȕȒȣȑȕ ȓȕȒȌȐ ȘȕȘșȇȉȒȦȌș 6,02 Ã 10  ȓȕȒȌȑȚȒ O ?2

24 23
n = 6,02 Ã 10  : 6,02 Ã 10  = 10 ȓȕȒȣ ȊȇȎȇ ȑȏȘȒȕȗȕȋȇ

232. ǸȑȕȒȣȑȕ ȓȕȒȌȐ ȘȕȘșȇȉȒȦȌș 3,01 Ã 10  ȓȕȒȌȑȚȒ H O?2

23 23
n = 3,01 Ã 10  : 6,02 Ã 10  = 0,5 ȓȕȒȣ ȉȕȋȢ

233. ǸȑȕȒȣȑȕ ȓȕȒȌȐ ȘȕȘșȇȉȒȦȌș 1,204 Ã 10  ȓȕȒȌȑȚȒ CO ?2

23 23
n = 1,204 Ã 10  : 6,02 Ã 10  = 0,2 ȓȕȒȣ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ

234. ǸȑȕȒȣȑȕ ȓȕȒȌȐ ȘȕȘșȇȉȒȦȌș 9,03 Ã 10  ȇșȕȓȕȉ He?
23 23n = 9,03 Ã 10  : 6,02 Ã 10  = 1,5 ȓȕȒȣ ȊȌȒȏȦ

Ǳȇȑ ȗȇȘȘȞȏșȇșȣ ȞȏȘȒȕ ȇșȕȓȕȉ ȉ ȓȕȒȌȑȚȒȇȜ Ȗȕ ȑȕȒȏȞȌȘșȉȚ ȉȌȠȌȘșȉȇ ȏ ȑȇȑ ȖȗȕȏȎȉȌȘșȏ 

ȕȈȗȇșȔȢȐ ȗȇȘȞȧș"

ǶȌȗȌȖȏȟȏșȌ ȘȒȌȋȚȥȠȏȌ ȘȜȌȓȢ ȉ șȌșȗȇȋȣ ȏ ȋȕȖȕȒȔȏșȌ ȏȜ, ȎȇȖȏȘȇȉ ȞȏȘȒȕ ȇșȕȓȕȉ ȉ ȦȞȌȐȑȏ.

2 ȓȕȒȣ  O2
ǧșȕȓȕȉ ȑȏȘȒȕȗȕȋȇ = 0,5 ȓȕȒȣ N2

ǧșȕȓȕȉ ȇȎȕșȇ =

ǵȈȘȚȋȏșȌ�

�� ǸȑȕȒȣȑȕ ȑȇȍȋȕȊȕ ȑȇșȏȕȔȇ ȏ ȑȇȍȋȕȊȕ ȇȔȏȕȔȇ ȘȕȋȌȗȍȏșȘȦ ȉ � ȓȕȒȣ ȘȚȒȣțȇșȇ ȔȇșȗȏȦ� ��� ȓȕȒȣ 

Ȕȏșȗȇșȇ ȑȇȒȣȝȏȦ ȏ ��� ȓȕȒȣ ȘȚȒȣțȇșȇ ȇȒȥȓȏȔȏȦ"

�� ǷȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȓȕȒȌȐ ȉȕȋȢ� ȋȏȕȑȘȏȋȇ ȚȊȒȌȗȕȋȇ� ȖȌȔșȇȕȑȘȏȋȇ ȋȏțȕȘțȕȗȇ ȏ ȕȑȘȏȋȇ 

ȋȏȇȎȕșȇ� ȌȘȒȏ ȑȇȍȋȕȌ ȏȎ ȉȌȠȌȘșȉ ȘȕȋȌȗȍȏș � ȓȕȒȣ ȇșȕȓȕȉ ȑȏȘȒȕȗȕȋȇ�

ǮȔȇȦ ȞȏȘȒȕ ȓȕȒȌȑȚȒ ȉȌȠȌȘșȉȇ, ȓȕȍȔȕ ȗȇȘȘȞȏșȇșȣ ȞȏȘȒȕ ȇșȕȓȕȉ ȉ ȌȊȕ ȘȕȘșȇȉȌ. 

ǴȇȖȗȏȓȌȗ, ȉ ȘȕȘșȇȉ 1 ȓȕȒȣ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ ȉȜȕȋȦș 1 ȓȕȒȣ ȇșȕȓȕȉ ȚȊȒȌȗȕȋȇ ȏ 2 ȓȕȒȣ 

ȇșȕȓȕȉ ȑȏȘȒȕȗȕȋȇ.

ǶǷǯǳǬǷ �

1. ǷȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȇșȕȓȕȉ ȉȕȋȕȗȕȋȇ, ȘȌȗȢ ȏ ȑȏȘȒȕȗȕȋȇ ȉ 2 ȓȕȒȣ ȘȌȗȔȕȐ ȑȏȘȒȕșȢ. 

23 24N(H) = 2 Ã 2 Ã 6,02 Ã 10  = 2,408 Ã 10

23 24N(S) = 2 Ã 1 Ã 6,02 Ã 10  = 1,204 Ã 10

23 24N(O) = 2 Ã 4 Ã 6,02 Ã 10  = 4,816 Ã 10

232. ǷȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȓȕȒȌȐ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ, ȘȕȋȌȗȍȇȠȌȊȕ ȉ Șȉȕȧȓ ȘȕȘșȇȉȌ  6,02 Ã 10  ȇșȕȓȕȉ ȑȏȘȒȕȗȕȋȇ.

241 ȓȕȒȣ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ –––––   1,204 Ã 10  ȇșȕȓȕȉ ȑȏȘȒȕȗȕȋȇ 

23x ȓȕȒȣ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ –––––   6,02 Ã 10  ȇșȕȓȕȉ ȑȏȘȒȕȗȕȋȇ

                      x = 0,5

23 23
1 î 6,02 Ã 10  = 6,02 Ã 10

23 231,5 î 6,02 Ã 10  = 9,03 Ã 10

23 24
2 î 6,02 Ã 10  = 1,204 Ã 10

23 243 î 6,02 Ã 10  = 1,806 Ã 10

23 244 î 6,02 Ã 10  = 2,408 Ã 10

23 245 î 6,02 Ã 10  = 3,01 Ã 10

23 24
10 î 6,02 Ã 10  = 6,02 Ã 10

ǫȒȦ ȚȋȕȈȘșȉȇ ȗȇȘȞȧșȕȉ:

23 22
0,1 î 6,02 Ã 10  = 6,02 Ã 10

23 220,15 î 6,02 Ã 10  = 9,03 Ã 10

23 23
0,2 î 6,02 Ã 10  = 1,204 Ã 10

23 230,3 î 6,02 Ã 10  = 1,806 Ã 10

23 230,4 î 6,02 Ã 10  = 2,408 Ã 10

23 230,5 î 6,02 Ã 10  = 3,01 Ã 10

O     O     C

2 ȇșȕȓȇ ȑȏȘȒȕȗȕȋȇ

1 ȇșȕȓ ȚȊȒȌȗȕȋȇ

1 ȓȕȒȌȑȚȒȇ CO2

O     O     C

O
   

  

O
   

  

C

O
  
  
 

O
  
  
 

C

O     O     C

O
     

O
     

C

O
     

O
     

C

O
     

O
     

C

O     

O     

C

O     

O     

C

O
     

O
     

C

O
  
  
 

O
  
  
 

C

O
  
  
 

O
  
  
 

C

O
  
  
 

O
  
  
 

C

O     O     C O    
  

O    
  

C

O     

O     C

O     
O     

C

1 ȓȕȒȣ CO2

242 ȓȕȒȣ (1,204 ∙ 10 ) ȇșȕȓȕȉ ȑȏȘȒȕȗȕȋȇ

231 ȓȕȒȣ (6,02 ∙ 10 ) ȇșȕȓȕȉ ȚȊȒȌȗȕȋȇ

1ǱȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇǾȇȘșȣ I
ǫ

Ȍ
Ȧ
șȌ

Ȓ
ȣ
Ȕ

ȕ
Șș

ȣ

2

ǶǷǯǳǬǷ �

ǧșȕȓȕȉ ȉȕȋȕȗȕȋȇ =

ǧșȕȓȕȉ ȑȏȘȒȕȗȕȋȇ =

ǧșȕȓȕȉ ȇȎȕșȇ =

ǧșȕȓȕȉ ȉȕȋȕȗȕȋȇ =

ǧșȕȓȕȉ ȘȌȗȢ =

ǧșȕȓȕȉ ȑȏȘȒȕȗȕȋȇ =

ǧșȕȓȕȉ ȉȕȋȕȗȕȋȇ =

ǧșȕȓȕȉ țȕȘțȕȗȇ =

ǧșȕȓȕȉ ȑȏȘȒȕȗȕȋȇ =

ǧșȕȓȕȉ ȉȕȋȕȗȕȋȇ =

0,1 ȓȕȒȣ
H O2

0,2 ȓȕȒȣ

H SO2 4

0,25 ȓȕȒȣ
NH3

5 ȓȕȒȣ

H 3 O4 2 7
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241. ǸȑȕȒȣȑȕ ȓȕȒȌȐ ȘȕȘșȇȉȒȦȌș 6,02 Ã 10  ȓȕȒȌȑȚȒ O ?2

24 23
n = 6,02 Ã 10  : 6,02 Ã 10  = 10 ȓȕȒȣ ȊȇȎȇ ȑȏȘȒȕȗȕȋȇ

232. ǸȑȕȒȣȑȕ ȓȕȒȌȐ ȘȕȘșȇȉȒȦȌș 3,01 Ã 10  ȓȕȒȌȑȚȒ H O?2

23 23
n = 3,01 Ã 10  : 6,02 Ã 10  = 0,5 ȓȕȒȣ ȉȕȋȢ

233. ǸȑȕȒȣȑȕ ȓȕȒȌȐ ȘȕȘșȇȉȒȦȌș 1,204 Ã 10  ȓȕȒȌȑȚȒ CO ?2

23 23
n = 1,204 Ã 10  : 6,02 Ã 10  = 0,2 ȓȕȒȣ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ

234. ǸȑȕȒȣȑȕ ȓȕȒȌȐ ȘȕȘșȇȉȒȦȌș 9,03 Ã 10  ȇșȕȓȕȉ He?
23 23n = 9,03 Ã 10  : 6,02 Ã 10  = 1,5 ȓȕȒȣ ȊȌȒȏȦ

Ǳȇȑ ȗȇȘȘȞȏșȇșȣ ȞȏȘȒȕ ȇșȕȓȕȉ ȉ ȓȕȒȌȑȚȒȇȜ Ȗȕ ȑȕȒȏȞȌȘșȉȚ ȉȌȠȌȘșȉȇ ȏ ȑȇȑ ȖȗȕȏȎȉȌȘșȏ 

ȕȈȗȇșȔȢȐ ȗȇȘȞȧș"

ǶȌȗȌȖȏȟȏșȌ ȘȒȌȋȚȥȠȏȌ ȘȜȌȓȢ ȉ șȌșȗȇȋȣ ȏ ȋȕȖȕȒȔȏșȌ ȏȜ, ȎȇȖȏȘȇȉ ȞȏȘȒȕ ȇșȕȓȕȉ ȉ ȦȞȌȐȑȏ.

2 ȓȕȒȣ  O2
ǧșȕȓȕȉ ȑȏȘȒȕȗȕȋȇ = 0,5 ȓȕȒȣ N2

ǧșȕȓȕȉ ȇȎȕșȇ =

ǵȈȘȚȋȏșȌ�

�� ǸȑȕȒȣȑȕ ȑȇȍȋȕȊȕ ȑȇșȏȕȔȇ ȏ ȑȇȍȋȕȊȕ ȇȔȏȕȔȇ ȘȕȋȌȗȍȏșȘȦ ȉ � ȓȕȒȣ ȘȚȒȣțȇșȇ ȔȇșȗȏȦ� ��� ȓȕȒȣ 

Ȕȏșȗȇșȇ ȑȇȒȣȝȏȦ ȏ ��� ȓȕȒȣ ȘȚȒȣțȇșȇ ȇȒȥȓȏȔȏȦ"

�� ǷȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȓȕȒȌȐ ȉȕȋȢ� ȋȏȕȑȘȏȋȇ ȚȊȒȌȗȕȋȇ� ȖȌȔșȇȕȑȘȏȋȇ ȋȏțȕȘțȕȗȇ ȏ ȕȑȘȏȋȇ 

ȋȏȇȎȕșȇ� ȌȘȒȏ ȑȇȍȋȕȌ ȏȎ ȉȌȠȌȘșȉ ȘȕȋȌȗȍȏș � ȓȕȒȣ ȇșȕȓȕȉ ȑȏȘȒȕȗȕȋȇ�

ǮȔȇȦ ȞȏȘȒȕ ȓȕȒȌȑȚȒ ȉȌȠȌȘșȉȇ, ȓȕȍȔȕ ȗȇȘȘȞȏșȇșȣ ȞȏȘȒȕ ȇșȕȓȕȉ ȉ ȌȊȕ ȘȕȘșȇȉȌ. 

ǴȇȖȗȏȓȌȗ, ȉ ȘȕȘșȇȉ 1 ȓȕȒȣ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ ȉȜȕȋȦș 1 ȓȕȒȣ ȇșȕȓȕȉ ȚȊȒȌȗȕȋȇ ȏ 2 ȓȕȒȣ 

ȇșȕȓȕȉ ȑȏȘȒȕȗȕȋȇ.

ǶǷǯǳǬǷ �

1. ǷȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȇșȕȓȕȉ ȉȕȋȕȗȕȋȇ, ȘȌȗȢ ȏ ȑȏȘȒȕȗȕȋȇ ȉ 2 ȓȕȒȣ ȘȌȗȔȕȐ ȑȏȘȒȕșȢ. 

23 24N(H) = 2 Ã 2 Ã 6,02 Ã 10  = 2,408 Ã 10

23 24N(S) = 2 Ã 1 Ã 6,02 Ã 10  = 1,204 Ã 10

23 24N(O) = 2 Ã 4 Ã 6,02 Ã 10  = 4,816 Ã 10

232. ǷȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȓȕȒȌȐ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ, ȘȕȋȌȗȍȇȠȌȊȕ ȉ Șȉȕȧȓ ȘȕȘșȇȉȌ  6,02 Ã 10  ȇșȕȓȕȉ ȑȏȘȒȕȗȕȋȇ.

241 ȓȕȒȣ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ –––––   1,204 Ã 10  ȇșȕȓȕȉ ȑȏȘȒȕȗȕȋȇ 

23x ȓȕȒȣ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ –––––   6,02 Ã 10  ȇșȕȓȕȉ ȑȏȘȒȕȗȕȋȇ

                      x = 0,5

23 23
1 î 6,02 Ã 10  = 6,02 Ã 10

23 231,5 î 6,02 Ã 10  = 9,03 Ã 10

23 24
2 î 6,02 Ã 10  = 1,204 Ã 10

23 243 î 6,02 Ã 10  = 1,806 Ã 10

23 244 î 6,02 Ã 10  = 2,408 Ã 10

23 245 î 6,02 Ã 10  = 3,01 Ã 10

23 24
10 î 6,02 Ã 10  = 6,02 Ã 10

ǫȒȦ ȚȋȕȈȘșȉȇ ȗȇȘȞȧșȕȉ:

23 22
0,1 î 6,02 Ã 10  = 6,02 Ã 10

23 220,15 î 6,02 Ã 10  = 9,03 Ã 10

23 23
0,2 î 6,02 Ã 10  = 1,204 Ã 10

23 230,3 î 6,02 Ã 10  = 1,806 Ã 10

23 230,4 î 6,02 Ã 10  = 2,408 Ã 10

23 230,5 î 6,02 Ã 10  = 3,01 Ã 10

O     O     C

2 ȇșȕȓȇ ȑȏȘȒȕȗȕȋȇ

1 ȇșȕȓ ȚȊȒȌȗȕȋȇ

1 ȓȕȒȌȑȚȒȇ CO2

O     O     C

O
   

  

O
   

  

C

O
  
  
 

O
  
  
 

C

O     O     C

O
     

O
     

C

O
     

O
     

C

O
     

O
     

C

O     

O     

C

O     

O     

C

O
     

O
     

C

O
  
  
 

O
  
  
 

C

O
  
  
 

O
  
  
 

C

O
  
  
 

O
  
  
 

C

O     O     C O    
  

O    
  

C

O     

O     C

O     
O     

C

1 ȓȕȒȣ CO2

242 ȓȕȒȣ (1,204 ∙ 10 ) ȇșȕȓȕȉ ȑȏȘȒȕȗȕȋȇ

231 ȓȕȒȣ (6,02 ∙ 10 ) ȇșȕȓȕȉ ȚȊȒȌȗȕȋȇ

1ǱȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇǾȇȘșȣ I

ǫ
Ȍ
Ȧ
șȌ

Ȓ
ȣ
Ȕ

ȕ
Șș

ȣ

2

ǶǷǯǳǬǷ �

ǧșȕȓȕȉ ȉȕȋȕȗȕȋȇ =

ǧșȕȓȕȉ ȑȏȘȒȕȗȕȋȇ =

ǧșȕȓȕȉ ȇȎȕșȇ =

ǧșȕȓȕȉ ȉȕȋȕȗȕȋȇ =

ǧșȕȓȕȉ ȘȌȗȢ =

ǧșȕȓȕȉ ȑȏȘȒȕȗȕȋȇ =

ǧșȕȓȕȉ ȉȕȋȕȗȕȋȇ =

ǧșȕȓȕȉ țȕȘțȕȗȇ =

ǧșȕȓȕȉ ȑȏȘȒȕȗȕȋȇ =

ǧșȕȓȕȉ ȉȕȋȕȗȕȋȇ =

0,1 ȓȕȒȣ
H O2

0,2 ȓȕȒȣ

H SO2 4

0,25 ȓȕȒȣ
NH3

5 ȓȕȒȣ

H 3 O4 2 7
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1.3  ǳȕȒȦȗȔȇȦ ȓȇȘȘȇ

Проверьте полученные знания

1. ǷȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȓȕȒȌȐ ȉȌȠȌȘșȉ:
23a. 1,204 Ã 10  ȓȕȒȌȑȚȒ N   2

23
b. 3,01 Ã 10  ȓȕȒȌȑȚȒ CO  2

22
c. 6,02 Ã 10  ȇșȕȓȕȉ He 

24
d. 1,505 Ã 10  ȓȕȒȌȑȚȒ H O2

2. ǷȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȓȕȒȌȑȚȒ ȉ ȘȕȘșȇȉȌ ȉȌȠȌȘșȉ:

a. 0,25 ȓȕȒȣ O       2

b. 0,2 ȓȕȒȣ  NH       3

c. 0,05 ȓȕȒȣ  CO      

d. 1,5 ȓȕȒȣ  N         2

e. 0,1 ȓȕȒȣ  CO2

3. ǷȇȘȘȞȏșȇȐșȌ:

a. ǾȏȘȒȕ ȇșȕȓȕȉ ȑȏȘȒȕȗȕȋȇ ȉ 0,1 ȓȕȒȣ CO  2

b. ǾȏȘȒȕ ȇșȕȓȕȉ ȇȎȕșȇ ȉ 0,5 ȓȕȒȣ N  2

c.  ǵȈȠȌȌ ȞȏȘȒȕ ȇșȕȓȕȉ ȉ 2,5 ȓȕȒȣ NH  3

d. ǾȏȘȒȕ ȇșȕȓȕȉ ȘȌȗȢ ȉ 0,02 ȓȕȒȣ 3 S  2 5

e. ǵȈȠȌȌ ȞȏȘȒȕ  ȇșȕȓȕȉ ȔȌȓȌșȇȒȒȕȉ ȉ 2  ȓȕȒȣ K 3O  3 4

4. ǷȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȓȕȒȌȐ  ȉȌȠȌȘșȉ:

a. ǺȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ, ȘȕȋȌȗȍȇȠȌȊȕ 0,6 ȓȕȒȣ ȇșȕȓȕȉ ȑȏȘȒȕȗȕȋȇ

b. ȄșȏȒȕȉȕȊȕ ȘȖȏȗșȇ, ȘȕȋȌȗȍȇȠȌȊȕ 3 ȓȕȒȣ ȇșȕȓȕȉ ȉȕȋȕȗȕȋȇ 
23

Ș. ǳȌșȇȔȇ, ȉ ȑȕșȕȗȕȓ ȕȈȠȌȌ ȞȏȘȒȕ ȇșȕȓȕȉ ȘȕȘșȇȉȒȦȌș 6,02 Ã 10
24d. ǶȌȔșȇȕȑȘȏȋȇ ȋȏțȕȘțȕȗȇ, ȘȕȋȌȗȍȇȠȌȊȕ 3,01 Ã 10  ȇșȕȓȕȉ ȑȏȘȒȕȗȕȋȇ

Примените полученные знания

1. ǩ 2 ȓȕȒȣ ȑȗȏȘșȇȒȒȕȊȏȋȗȇșȇ  CXSO  Ã nH O ȘȕȋȌȗȍȏșȘȦ 18N  ȇșȕȓȕȉ ȑȏȘȒȕȗȕȋȇ.  ǵȖȗȌȋȌȒȏșȌ  n.4 2 A

2. ǷȇȘȘȞȏșȇȐșȌ Ȝ, ȎȔȇȦ Ȟșȕ ȉȘȌȊȕ ȉ ȘȕȘȚȋȇȜ, ȖȕȑȇȎȇȔȔȢȜ ȔȏȍȌ,  ȘȕȋȌȗȍȏșȘȦ ȕȋȏȔȇȑȕȉȕȌ ȞȏȘȒȕ ȇșȕȓȕȉ.

ϱ ̨̥̣̽ �,ϰ

Ϯ ̨̥̣̽ KϮ

ϭ ̨̥̣̽ E,ϯ

ϯ ̨̥̣̽ �KϮ

ǆ ̨̥̣̽ EϮ

3. ǮȔȇȦ, Ȟșȕ ȞȏȘȒȌȔȔȕȌ ȘȕȕșȔȕȟȌȔȏȌ ȇșȕȓȕȉ ȉ C H  ȏ CO   ȗȇȉȔȕ 5 : 2, ȗȇȘȘȞȏșȇȐșȌ:2 4 2

a. ȓȕȒȣȔȕȌ ȘȕȕșȔȕȟȌȔȏȌ ȤșȏȜ ȊȇȎȕȉ�

b. ȕșȔȕȟȌȔȏȌ ȞȏȘȒȇ ȇșȕȓȕȉ ȚȊȒȌȗȕȋȇ ȑ ȞȏȘȒȚ ȇșȕȓȕȉ ȑȏȘȒȕȗȕȋȇ.

� ǱȇȑȇȦ  ȘȉȦȎȣ ȘȚȠȌȘșȉȚȌș ȓȌȍȋȚ 

ȕșȔȕȘȏșȌȒȣȔȕȐ ȇșȕȓȔȕȐ ȓȇȘȘȕȐ ȚȊȒȌȗȕȋȇ ȏ 

ȓȌȋȏ ȏ ȓȇȘȘȕȐ � ȓȕȒȣ  ȋȇȔȔȕȊȕ ȤȒȌȓȌȔșȇ�

�  Ǳȇȑȕȉȇ ȓȇȘȘȇ ȉ ȊȗȇȓȓȇȜ� � ȓȕȒȣ 

ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ� � ȓȕȒȣ ȓȌșȇȔȇ" ǵȈȕȘȔȚȐșȌ 

ȘȉȕȐ ȕșȉȌș� 

ǳȇȘȘȇ 1 ȓȕȒȣ ȑȇȍȋȕȊȕ ȏȎ ȉȌȠȌȘșȉ ȓȕȒȌȑȚȒȦȗȔȕȊȕ ȘșȗȕȌȔȏȦ 

ȞȏȘȒȌȔȔȕ ȗȇȉȔȇ ȕșȔȕȘȏșȌȒȣȔȕȐ ȓȕȒȌȑȚȒȦȗȔȕȐ ȓȇȘȘȌ (ȋȒȦ 

ȏȕȔȔȢȜ ȘȕȌȋȏȔȌȔȏȐ – ȕșȔȕȘȏșȌȒȣȔȕȐ țȕȗȓȚȒȣȔȕȐ ȓȇȘȘȌ) 

ȋȇȔȔȕȊȕ ȉȌȠȌȘșȉȇ.

M (O ) = 32   r 2

M (H O) = 18   r 2

M (CO ) = 44   r 2

M (CaBr ) = 200 r 2

M (NaNO ) = 85r 3

1 ȓȕȒȣ ǵ  = 32 Ȋ 2

1 ȓȕȒȣ H O = 18 Ȋ 2

1 ȓȕȒȣ Ǹǵ  = 44 Ȋ2

1 ȓȕȒȣ CaBr  = 200 Ȋ2

1 ȓȕȒȣ NaNO  = 85 Ȋ3

ǳȇȘȘȇ ȕȋȔȕȊȕ ȓȕȒȦ ȉȌȠȌȘșȉȇ  ȔȇȎȢȉȇȌșȘȦ ȌȊȕ ȓȕȒȦȗȔȕȐ ȓȇȘȘȕȐ. 

ǳȕȒȦȗȔȇȦ ȓȇȘȘȇ ȕȈȕȎȔȇȞȇȌșȘȦ ȈȚȑȉȕȐ 0 ȏ ȏȎȓȌȗȦȌșȘȦ ȉ Ȋ�ȓȕȒȣ.

M (O ) = 32   r 2

M (H O) = 18   r 2

M (CO ) = 44   r 2

M (CaBr ) = 200 r 2

M (NaNO ) = 85r 3

M(O ) = 32 г/моль2

M(H O) = 18 г/моль 2

M(CO ) = 44 г/моль2

M(CaBr ) = 200 г/моль2

M(NaNO ) = 85 г/моль3

1 ȓȕȒȣ

12 Ȋ 64 Ȋ

1 ȓȕȒȣ 

23 
6,02 Ã 10 ȇșȕȓȕȉ

ǺȊȒȌȗȕȋ ǳȌȋȣ 

1ǱȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇǾȇȘșȣ I

ȓȕȒȦȗȔȇȦ ȓȇȘȘȇ (M), 
Ȋ/ȓȕȒȣ, ȘȗȌȋȔȦȦ 
ȓȕȒȦȗȔȇȦ ȓȇȘȘȇ 

ǱȒȥ-
ȞȌȉȢȌ 
ȘȒȕȉȇ



1918

1.3  ǳȕȒȦȗȔȇȦ ȓȇȘȘȇ

Проверьте полученные знания

1. ǷȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȓȕȒȌȐ ȉȌȠȌȘșȉ:
23a. 1,204 Ã 10  ȓȕȒȌȑȚȒ N   2

23
b. 3,01 Ã 10  ȓȕȒȌȑȚȒ CO  2

22
c. 6,02 Ã 10  ȇșȕȓȕȉ He 

24
d. 1,505 Ã 10  ȓȕȒȌȑȚȒ H O2

2. ǷȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȓȕȒȌȑȚȒ ȉ ȘȕȘșȇȉȌ ȉȌȠȌȘșȉ:

a. 0,25 ȓȕȒȣ O       2

b. 0,2 ȓȕȒȣ  NH       3

c. 0,05 ȓȕȒȣ  CO      

d. 1,5 ȓȕȒȣ  N         2

e. 0,1 ȓȕȒȣ  CO2

3. ǷȇȘȘȞȏșȇȐșȌ:

a. ǾȏȘȒȕ ȇșȕȓȕȉ ȑȏȘȒȕȗȕȋȇ ȉ 0,1 ȓȕȒȣ CO  2

b. ǾȏȘȒȕ ȇșȕȓȕȉ ȇȎȕșȇ ȉ 0,5 ȓȕȒȣ N  2

c.  ǵȈȠȌȌ ȞȏȘȒȕ ȇșȕȓȕȉ ȉ 2,5 ȓȕȒȣ NH  3

d. ǾȏȘȒȕ ȇșȕȓȕȉ ȘȌȗȢ ȉ 0,02 ȓȕȒȣ 3 S  2 5

e. ǵȈȠȌȌ ȞȏȘȒȕ  ȇșȕȓȕȉ ȔȌȓȌșȇȒȒȕȉ ȉ 2  ȓȕȒȣ K 3O  3 4

4. ǷȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȓȕȒȌȐ  ȉȌȠȌȘșȉ:

a. ǺȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ, ȘȕȋȌȗȍȇȠȌȊȕ 0,6 ȓȕȒȣ ȇșȕȓȕȉ ȑȏȘȒȕȗȕȋȇ

b. ȄșȏȒȕȉȕȊȕ ȘȖȏȗșȇ, ȘȕȋȌȗȍȇȠȌȊȕ 3 ȓȕȒȣ ȇșȕȓȕȉ ȉȕȋȕȗȕȋȇ 
23

Ș. ǳȌșȇȔȇ, ȉ ȑȕșȕȗȕȓ ȕȈȠȌȌ ȞȏȘȒȕ ȇșȕȓȕȉ ȘȕȘșȇȉȒȦȌș 6,02 Ã 10
24d. ǶȌȔșȇȕȑȘȏȋȇ ȋȏțȕȘțȕȗȇ, ȘȕȋȌȗȍȇȠȌȊȕ 3,01 Ã 10  ȇșȕȓȕȉ ȑȏȘȒȕȗȕȋȇ

Примените полученные знания

1. ǩ 2 ȓȕȒȣ ȑȗȏȘșȇȒȒȕȊȏȋȗȇșȇ  CXSO  Ã nH O ȘȕȋȌȗȍȏșȘȦ 18N  ȇșȕȓȕȉ ȑȏȘȒȕȗȕȋȇ.  ǵȖȗȌȋȌȒȏșȌ  n.4 2 A

2. ǷȇȘȘȞȏșȇȐșȌ Ȝ, ȎȔȇȦ Ȟșȕ ȉȘȌȊȕ ȉ ȘȕȘȚȋȇȜ, ȖȕȑȇȎȇȔȔȢȜ ȔȏȍȌ,  ȘȕȋȌȗȍȏșȘȦ ȕȋȏȔȇȑȕȉȕȌ ȞȏȘȒȕ ȇșȕȓȕȉ.

ϱ ̨̥̣̽ �,ϰ

Ϯ ̨̥̣̽ KϮ

ϭ ̨̥̣̽ E,ϯ

ϯ ̨̥̣̽ �KϮ

ǆ ̨̥̣̽ EϮ

3. ǮȔȇȦ, Ȟșȕ ȞȏȘȒȌȔȔȕȌ ȘȕȕșȔȕȟȌȔȏȌ ȇșȕȓȕȉ ȉ C H  ȏ CO   ȗȇȉȔȕ 5 : 2, ȗȇȘȘȞȏșȇȐșȌ:2 4 2

a. ȓȕȒȣȔȕȌ ȘȕȕșȔȕȟȌȔȏȌ ȤșȏȜ ȊȇȎȕȉ�

b. ȕșȔȕȟȌȔȏȌ ȞȏȘȒȇ ȇșȕȓȕȉ ȚȊȒȌȗȕȋȇ ȑ ȞȏȘȒȚ ȇșȕȓȕȉ ȑȏȘȒȕȗȕȋȇ.

� ǱȇȑȇȦ  ȘȉȦȎȣ ȘȚȠȌȘșȉȚȌș ȓȌȍȋȚ 

ȕșȔȕȘȏșȌȒȣȔȕȐ ȇșȕȓȔȕȐ ȓȇȘȘȕȐ ȚȊȒȌȗȕȋȇ ȏ 

ȓȌȋȏ ȏ ȓȇȘȘȕȐ � ȓȕȒȣ  ȋȇȔȔȕȊȕ ȤȒȌȓȌȔșȇ�

�  Ǳȇȑȕȉȇ ȓȇȘȘȇ ȉ ȊȗȇȓȓȇȜ� � ȓȕȒȣ 

ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ� � ȓȕȒȣ ȓȌșȇȔȇ" ǵȈȕȘȔȚȐșȌ 

ȘȉȕȐ ȕșȉȌș� 

ǳȇȘȘȇ 1 ȓȕȒȣ ȑȇȍȋȕȊȕ ȏȎ ȉȌȠȌȘșȉ ȓȕȒȌȑȚȒȦȗȔȕȊȕ ȘșȗȕȌȔȏȦ 

ȞȏȘȒȌȔȔȕ ȗȇȉȔȇ ȕșȔȕȘȏșȌȒȣȔȕȐ ȓȕȒȌȑȚȒȦȗȔȕȐ ȓȇȘȘȌ (ȋȒȦ 

ȏȕȔȔȢȜ ȘȕȌȋȏȔȌȔȏȐ – ȕșȔȕȘȏșȌȒȣȔȕȐ țȕȗȓȚȒȣȔȕȐ ȓȇȘȘȌ) 

ȋȇȔȔȕȊȕ ȉȌȠȌȘșȉȇ.

M (O ) = 32   r 2

M (H O) = 18   r 2

M (CO ) = 44   r 2

M (CaBr ) = 200 r 2

M (NaNO ) = 85r 3

1 ȓȕȒȣ ǵ  = 32 Ȋ 2

1 ȓȕȒȣ H O = 18 Ȋ 2

1 ȓȕȒȣ Ǹǵ  = 44 Ȋ2

1 ȓȕȒȣ CaBr  = 200 Ȋ2

1 ȓȕȒȣ NaNO  = 85 Ȋ3

ǳȇȘȘȇ ȕȋȔȕȊȕ ȓȕȒȦ ȉȌȠȌȘșȉȇ  ȔȇȎȢȉȇȌșȘȦ ȌȊȕ ȓȕȒȦȗȔȕȐ ȓȇȘȘȕȐ. 

ǳȕȒȦȗȔȇȦ ȓȇȘȘȇ ȕȈȕȎȔȇȞȇȌșȘȦ ȈȚȑȉȕȐ 0 ȏ ȏȎȓȌȗȦȌșȘȦ ȉ Ȋ�ȓȕȒȣ.

M (O ) = 32   r 2

M (H O) = 18   r 2

M (CO ) = 44   r 2

M (CaBr ) = 200 r 2

M (NaNO ) = 85r 3

M(O ) = 32 г/моль2

M(H O) = 18 г/моль 2

M(CO ) = 44 г/моль2

M(CaBr ) = 200 г/моль2

M(NaNO ) = 85 г/моль3

1 ȓȕȒȣ

12 Ȋ 64 Ȋ

1 ȓȕȒȣ 

23 
6,02 Ã 10 ȇșȕȓȕȉ

ǺȊȒȌȗȕȋ ǳȌȋȣ 

1ǱȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇǾȇȘșȣ I

ȓȕȒȦȗȔȇȦ ȓȇȘȘȇ (M), 
Ȋ/ȓȕȒȣ, ȘȗȌȋȔȦȦ 
ȓȕȒȦȗȔȇȦ ȓȇȘȘȇ 

ǱȒȥ-
ȞȌȉȢȌ 
ȘȒȕȉȇ
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ǵȈȘȚȋȏșȌ�

�� ǸȑȕȒȣȑȕ Ȋȗȇȓȓȕȉ ȜȒȕȗȇ ȘȕȋȌȗȍȏșȘȦ ȉ � ȓȕȒȣ ȖȕȉȇȗȌȔȔȕȐ ȘȕȒȏ"

�� ǩȕ ȘȑȕȒȣȑȕ ȗȇȎ ȓȇȘȘȇ Ȕȏșȗȇșȇ ȔȇșȗȏȦ� ȘȕȋȌȗȍȇȠȌȊȕ � ȓȕȒȣ ȑȏȘȒȕȗȕȋȇ� ȈȕȒȣȟȌ 

ȓȇȘȘȢ ȇȓȓȏȇȑȇ� ȘȕȋȌȗȍȇȠȌȊȕ �� Ȋ ȉȕȋȕȗȕȋȇ"

a. ǾȌȓȚ ȗȇȉȔȇ ȓȇȘȘȇ (ȉ ȊȗȇȓȓȇȜ) 2 ȓȕȒȣ ȕȑȘȏȋȇ ȑȇȒȣȝȏȦ?  

b. ǾȌȓȚ ȗȇȉȔȇ ȓȇȘȘȇ (ȉ ȊȗȇȓȓȇȜ) 0,5 ȓȕȒȣ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ?

c. ǩȕ ȘȑȕȒȣȑȕ ȗȇȎ ȓȇȘȘȇ 1,5 ȓȕȒȣ ȊȇȎȇ ȑȏȘȒȕȗȕȋȇ ȈȕȒȣȟȌ ȓȇȘȘȢ  4 ȓȕȒȣ ȊȇȎȇ ȊȌȒȏȦ? 

d. ǸȑȕȒȣȑȕ ȓȕȒȌȐ ȘȕȘșȇȉȒȦȥș 20 Ȋ ȕȑȘȏȋȇ ȓȌȋȏ(II)?

e. ǸȑȕȒȣȑȕ ȓȕȒȌȐ ȘȕȘșȇȉȒȦȥș 84 Ȋ ȊȇȎȇ ȇȎȕșȇ?

f. ǩȕ ȘȑȕȒȣȑȕ ȗȇȎ ȞȏȘȒȕ ȓȕȒȌȐ ȉ 10 Ȋ ȊȇȎȇ ȉȕȋȕȗȕȋȇ ȈȕȒȣȟȌ ȞȏȘȒȇ ȓȕȒȌȐ ȉ  8 Ȋ ȓȌșȇȔȇ?

Ǳȇȑ ȖȗȕȏȎȉȕȋȏșȣ ȗȇȘȞȧșȢ Ȕȇ ȕȘȔȕȉȇȔȏȏ ȓȕȒȦȗȔȕȐ ȓȇȘȘȢ"

ǳȌȍȋȚ  ȑȕȒȏȞȌȘșȉȕȓ ȉȌȠȌȘșȉȇ (n), ȓȕȒȦȗȔȕȐ ȓȇȘȘȕȐ (M) ȏ 

ȓȇȘȘȕȐ ȉȌȠȌȘșȉȇ (m) ȘȚȠȌȘșȉȚȌș ȘȉȦȎȣ, ȖȕȑȇȎȇȔȔȇȦ ȔȏȍȌ:

P
ǳȇȘȘȇ 

(Ȋȗȇȓȓ�

Q
ǱȕȒȏȞȌȘșȉȕ 

ȉȌȠȌȘșȉȇ

0
ǳȕȒȦȗȔȇȦ 

ȓȇȘȘȇ

P   Q Ă 0

Q   ²²²

0   ²²²

ǾșȕȈȢ ȗȇȘȘȞȏșȇșȣ ȓȇȘȘȚ, ȎȔȇȦ ȑȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇ, ȘȒȌȋȚȌș 

ȞȏȘȒȕ ȓȕȒȌȐ ȚȓȔȕȍȏșȣ Ȕȇ ȓȕȒȦȗȔȚȥ ȓȇȘȘȚ ȉȌȠȌȘșȉȇ.

ǫȒȦ ȉȌȠȌȘșȉ, ȕȈȗȇȎȕȉȇȔȔȢȜ ȇșȕȓȇȓȏ, ȓȇȘȘȇ 1 ȓȕȒȣ ȉȌȠȌȘșȉȇ ȗȇȉȔȇ ȕșȔȕȘȏșȌȒȣȔȕȐ  

ȇșȕȓȔȕȐ ȓȇȘȘȌ ȋȇȔȔȕȊȕ ȤȒȌȓȌȔșȇ.

ǴȇȖȗȏȓȌȗ:

A (He) = 4r

A ()e) = 56r

ǳȇȘȘȇ 1 ȓȕȒȣ ȊȌȒȏȦ = 4 Ȋ

ǳȇȘȘȇ 1 ȓȕȒȣ ȍȌȒȌȎȇ = 56 Ȋ

M(He) = 4 Ȋ/ȓȕȒȣ

M()e) = 56 Ȋ/ȓȕȒȣ

1. ǷȇȘȘȞȏșȇȐșȌ ȓȇȘȘȚ (Ȋ) 2 ȓȕȒȣ ȊȇȎȇ ȑȏȘȒȕȗȕȋȇ. 

m = 2 Ã 32 = 64 Ȋ

2. ǷȇȘȘȞȏșȇȐșȌ ȓȇȘȘȚ (Ȋ) 5 ȓȕȒȣ ȉȕȋȢ.

m = 5 Ã 18 = 90 Ȋ

3. ǷȇȘȘȞȏșȇȐșȌ ȓȇȘȘȚ (Ȋ) 0,1 ȓȕȒȣ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ.              

m = 0,1 Ã 44 = 4,4 Ȋ

4. ǷȇȘȘȞȏșȇȐșȌ ȓȇȘȘȚ (Ȋ) 0,25  ȓȕȒȣ ȊȇȎȇ ȊȌȒȏȦ.

m = 0,25 Ã 4 = 1 Ȋ    

Ƕȗȏ ȗȇȘȞȧșȌ ȞȏȘȒȇ ȓȕȒȌȐ ȉȌȠȌȘșȉȇ ȘȒȌȋȚȌș ȓȇȘȘȚ ȉȌȠȌȘșȉȇ ȗȇȎȋȌȒȏșȣ Ȕȇ ȌȊȕ ȓȕȒȦȗȔȚȥ ȓȇȘȘȚ.

1. ǸȑȕȒȣȑȕ ȓȕȒȌȐ ȘȕȘșȇȉȒȦȌș 320 Ȋ ȊȇȎȇ ȑȏȘȒȕȗȕȋȇ?

n = 320  :  32 = 10 ȓȕȒȣ 

2. ǸȑȕȒȣȑȕ ȓȕȒȌȐ ȘȕȘșȇȉȒȦȌș 9 Ȋ ȉȕȋȢ?

n = 9  :  18 = 0,5 ȓȕȒȣ 

3. ǸȑȕȒȣȑȕ ȓȕȒȌȐ ȘȕȘșȇȉȒȦȌș 8,8 Ȋ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ? 

n = 8,8  :  44 = 0,2 ȓȕȒȣ 

4. ǸȑȕȒȣȑȕ ȓȕȒȌȐ ȘȕȘșȇȉȒȦȌș  6 Ȋ ȊȇȎȇ ȊȌȒȏȦ?

n = 6  :  4 = 1,5 ȓȕȒȣ

Ǳ ȊȇȎȕȉȕȐ ȘȓȌȘȏ, ȖȕȒȚȞȌȔȔȕȐ Ȗȗȏ ȘȓȌȟȏȉȇȔȏȏ ȋȉȚȜ ȏȒȏ ȈȕȒȌȌ ȊȇȎȕȉ, ȖȗȏȓȌȔȦȥș 

ȖȕȔȦșȏȌ ȘȗȌȋȔȌȐ ȓȕȒȦȗȔȕȐ ȓȇȘȘȢ. ǸȗȌȋȔȦȦ ȓȕȒȦȗȔȇȦ ȓȇȘȘȇ ȗȇȉȔȇ ȓȇȘȘȌ 1 ȓȕȒȣ 

ȊȇȎȕȉȕȐ ȘȓȌȘȏ ȏ ȗȇȘȘȞȏșȢȉȇȌșȘȦ ȘȒȌȋȚȥȠȏȓ ȕȈȗȇȎȕȓ:

ǮȋȌȘȣ n – ȑȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇ ȊȇȎȇ (ȓȕȒȣ), M – ȓȕȒȦȗȔȇȦ ȓȇȘȘȇ ȊȇȎȇ (Ȋ/ȓȕȒȣ).

M  = ––––––––– = –––––––––––––––.Șȗ

m  + m1 2

n  + n1 2

n  Ã M  + n  Ã M  1 1 2 2

n  + n1 2

P

0

P
Q

1ǱȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇǾȇȘșȣ I
ǫ

Ȍ
Ȧ
șȌ

Ȓ
ȣ
Ȕ

ȕ
Șș

ȣ
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ǵȈȘȚȋȏșȌ�

�� ǸȑȕȒȣȑȕ Ȋȗȇȓȓȕȉ ȜȒȕȗȇ ȘȕȋȌȗȍȏșȘȦ ȉ � ȓȕȒȣ ȖȕȉȇȗȌȔȔȕȐ ȘȕȒȏ"

�� ǩȕ ȘȑȕȒȣȑȕ ȗȇȎ ȓȇȘȘȇ Ȕȏșȗȇșȇ ȔȇșȗȏȦ� ȘȕȋȌȗȍȇȠȌȊȕ � ȓȕȒȣ ȑȏȘȒȕȗȕȋȇ� ȈȕȒȣȟȌ 

ȓȇȘȘȢ ȇȓȓȏȇȑȇ� ȘȕȋȌȗȍȇȠȌȊȕ �� Ȋ ȉȕȋȕȗȕȋȇ"

a. ǾȌȓȚ ȗȇȉȔȇ ȓȇȘȘȇ (ȉ ȊȗȇȓȓȇȜ) 2 ȓȕȒȣ ȕȑȘȏȋȇ ȑȇȒȣȝȏȦ?  

b. ǾȌȓȚ ȗȇȉȔȇ ȓȇȘȘȇ (ȉ ȊȗȇȓȓȇȜ) 0,5 ȓȕȒȣ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ?

c. ǩȕ ȘȑȕȒȣȑȕ ȗȇȎ ȓȇȘȘȇ 1,5 ȓȕȒȣ ȊȇȎȇ ȑȏȘȒȕȗȕȋȇ ȈȕȒȣȟȌ ȓȇȘȘȢ  4 ȓȕȒȣ ȊȇȎȇ ȊȌȒȏȦ? 

d. ǸȑȕȒȣȑȕ ȓȕȒȌȐ ȘȕȘșȇȉȒȦȥș 20 Ȋ ȕȑȘȏȋȇ ȓȌȋȏ(II)?

e. ǸȑȕȒȣȑȕ ȓȕȒȌȐ ȘȕȘșȇȉȒȦȥș 84 Ȋ ȊȇȎȇ ȇȎȕșȇ?

f. ǩȕ ȘȑȕȒȣȑȕ ȗȇȎ ȞȏȘȒȕ ȓȕȒȌȐ ȉ 10 Ȋ ȊȇȎȇ ȉȕȋȕȗȕȋȇ ȈȕȒȣȟȌ ȞȏȘȒȇ ȓȕȒȌȐ ȉ  8 Ȋ ȓȌșȇȔȇ?

Ǳȇȑ ȖȗȕȏȎȉȕȋȏșȣ ȗȇȘȞȧșȢ Ȕȇ ȕȘȔȕȉȇȔȏȏ ȓȕȒȦȗȔȕȐ ȓȇȘȘȢ"

ǳȌȍȋȚ  ȑȕȒȏȞȌȘșȉȕȓ ȉȌȠȌȘșȉȇ (n), ȓȕȒȦȗȔȕȐ ȓȇȘȘȕȐ (M) ȏ 

ȓȇȘȘȕȐ ȉȌȠȌȘșȉȇ (m) ȘȚȠȌȘșȉȚȌș ȘȉȦȎȣ, ȖȕȑȇȎȇȔȔȇȦ ȔȏȍȌ:

P
ǳȇȘȘȇ 

(Ȋȗȇȓȓ�

Q
ǱȕȒȏȞȌȘșȉȕ 

ȉȌȠȌȘșȉȇ

0
ǳȕȒȦȗȔȇȦ 

ȓȇȘȘȇ

P   Q Ă 0

Q   ²²²

0   ²²²

ǾșȕȈȢ ȗȇȘȘȞȏșȇșȣ ȓȇȘȘȚ, ȎȔȇȦ ȑȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇ, ȘȒȌȋȚȌș 

ȞȏȘȒȕ ȓȕȒȌȐ ȚȓȔȕȍȏșȣ Ȕȇ ȓȕȒȦȗȔȚȥ ȓȇȘȘȚ ȉȌȠȌȘșȉȇ.

ǫȒȦ ȉȌȠȌȘșȉ, ȕȈȗȇȎȕȉȇȔȔȢȜ ȇșȕȓȇȓȏ, ȓȇȘȘȇ 1 ȓȕȒȣ ȉȌȠȌȘșȉȇ ȗȇȉȔȇ ȕșȔȕȘȏșȌȒȣȔȕȐ  

ȇșȕȓȔȕȐ ȓȇȘȘȌ ȋȇȔȔȕȊȕ ȤȒȌȓȌȔșȇ.

ǴȇȖȗȏȓȌȗ:

A (He) = 4r

A ()e) = 56r

ǳȇȘȘȇ 1 ȓȕȒȣ ȊȌȒȏȦ = 4 Ȋ

ǳȇȘȘȇ 1 ȓȕȒȣ ȍȌȒȌȎȇ = 56 Ȋ

M(He) = 4 Ȋ/ȓȕȒȣ

M()e) = 56 Ȋ/ȓȕȒȣ

1. ǷȇȘȘȞȏșȇȐșȌ ȓȇȘȘȚ (Ȋ) 2 ȓȕȒȣ ȊȇȎȇ ȑȏȘȒȕȗȕȋȇ. 

m = 2 Ã 32 = 64 Ȋ

2. ǷȇȘȘȞȏșȇȐșȌ ȓȇȘȘȚ (Ȋ) 5 ȓȕȒȣ ȉȕȋȢ.

m = 5 Ã 18 = 90 Ȋ

3. ǷȇȘȘȞȏșȇȐșȌ ȓȇȘȘȚ (Ȋ) 0,1 ȓȕȒȣ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ.              

m = 0,1 Ã 44 = 4,4 Ȋ

4. ǷȇȘȘȞȏșȇȐșȌ ȓȇȘȘȚ (Ȋ) 0,25  ȓȕȒȣ ȊȇȎȇ ȊȌȒȏȦ.

m = 0,25 Ã 4 = 1 Ȋ    

Ƕȗȏ ȗȇȘȞȧșȌ ȞȏȘȒȇ ȓȕȒȌȐ ȉȌȠȌȘșȉȇ ȘȒȌȋȚȌș ȓȇȘȘȚ ȉȌȠȌȘșȉȇ ȗȇȎȋȌȒȏșȣ Ȕȇ ȌȊȕ ȓȕȒȦȗȔȚȥ ȓȇȘȘȚ.

1. ǸȑȕȒȣȑȕ ȓȕȒȌȐ ȘȕȘșȇȉȒȦȌș 320 Ȋ ȊȇȎȇ ȑȏȘȒȕȗȕȋȇ?

n = 320  :  32 = 10 ȓȕȒȣ 

2. ǸȑȕȒȣȑȕ ȓȕȒȌȐ ȘȕȘșȇȉȒȦȌș 9 Ȋ ȉȕȋȢ?

n = 9  :  18 = 0,5 ȓȕȒȣ 

3. ǸȑȕȒȣȑȕ ȓȕȒȌȐ ȘȕȘșȇȉȒȦȌș 8,8 Ȋ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ? 

n = 8,8  :  44 = 0,2 ȓȕȒȣ 

4. ǸȑȕȒȣȑȕ ȓȕȒȌȐ ȘȕȘșȇȉȒȦȌș  6 Ȋ ȊȇȎȇ ȊȌȒȏȦ?

n = 6  :  4 = 1,5 ȓȕȒȣ

Ǳ ȊȇȎȕȉȕȐ ȘȓȌȘȏ, ȖȕȒȚȞȌȔȔȕȐ Ȗȗȏ ȘȓȌȟȏȉȇȔȏȏ ȋȉȚȜ ȏȒȏ ȈȕȒȌȌ ȊȇȎȕȉ, ȖȗȏȓȌȔȦȥș 

ȖȕȔȦșȏȌ ȘȗȌȋȔȌȐ ȓȕȒȦȗȔȕȐ ȓȇȘȘȢ. ǸȗȌȋȔȦȦ ȓȕȒȦȗȔȇȦ ȓȇȘȘȇ ȗȇȉȔȇ ȓȇȘȘȌ 1 ȓȕȒȣ 

ȊȇȎȕȉȕȐ ȘȓȌȘȏ ȏ ȗȇȘȘȞȏșȢȉȇȌșȘȦ ȘȒȌȋȚȥȠȏȓ ȕȈȗȇȎȕȓ:

ǮȋȌȘȣ n – ȑȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇ ȊȇȎȇ (ȓȕȒȣ), M – ȓȕȒȦȗȔȇȦ ȓȇȘȘȇ ȊȇȎȇ (Ȋ/ȓȕȒȣ).

M  = ––––––––– = –––––––––––––––.Șȗ

m  + m1 2

n  + n1 2

n  Ã M  + n  Ã M  1 1 2 2

n  + n1 2

P

0

P
Q

1ǱȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇǾȇȘșȣ I

ǫ
Ȍ
Ȧ
șȌ

Ȓ
ȣ
Ȕ

ȕ
Șș

ȣ
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1. ǷȇȘȘȞȏșȇȐșȌ ȘȗȌȋȔȥȥ ȓȕȒȦȗȔȚȥ ȓȇȘȘȚ 

(Ȋ/ȓȕȒȣ) ȊȇȎȕȉȕȐ ȘȓȌȘȏ, ȘȕȘșȕȦȠȌȐ ȏȎ 2 ȓȕȒȣ CO  2

ȏ 1 ȓȕȒȣ O .2

2. ǮȔȇȦ, Ȟșȕ ȘȗȌȋȔȦȦ ȓȕȒȦȗȔȇȦ ȓȇȘȘȇ ȊȇȎȕȉȕȐ ȘȓȌȘȏ, 

ȘȕȘșȕȦȠȌȐ  ȏȎ CO  ȏ ǸO, ȗȇȉȔȇ 40 Ȋ/ȓȕȒȣ, ȗȇȘȘȞȏșȇȐșȌ 2

ȓȕȒȣȔȕȌ ȘȕȕșȔȕȟȌȔȏȌ ȊȇȎȕȉ ȉ ȤșȕȐ ȘȓȌȘȏ [n(CO ) : n(CO)].  2

ǺȞȏșȢȉȇȦ, Ȟșȕ ȉ ȔȌȑȕșȕȗȕȓ ȕȈȡȧȓȌ ȉȕȎȋȚȜȇ ȘȕȋȌȗȍȏșȘȦ 78 ȓȕȒȣ ȇȎȕșȇ, 

21 ȓȕȒȣ ȑȏȘȒȕȗȕȋȇ ȏ 1 ȓȕȒȣ ȇȗȊȕȔȇ, ȗȇȘȘȞȏșȇȐșȌ ȘȗȌȋȔȥȥ ȓȕȒȦȗȔȚȥ 

ȓȇȘȘȚ ȉȕȎȋȚȜȇ (Ȋ/ȓȕȒȣ).

�ǶǵǫǺǳǧǰ�ǵǨǸǺǫǯ�ǶǵǫǬ ǲǯǸȃ�

M  = ––––––––––––– = –––– = 40 –––––.Șȗ

2 Ã 44 + 1 Ã 32 

2 + 1

120

3

Ȋ

ȓȕȒȣ

40 = ––––––––––––– 
44 n  + 28 n  1 2

n + n  1 2

40 n + 40 n  = 44 n  + 28 n  1 2 1 2

4 n = 12 n1 2

n  : n = 31 2 

Примените полученные знания

1.  ǵȖȗȌȋȌȒȏșȌ ȓȕȒȦȗȔȚȥ ȓȇȘȘȚ ȓȌșȇȒȒȇ Ǽ. 3. ǷȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȓȕȒȌȐ (I) ȏ ȓȇȘȘȚ ȉ ȊȗȇȓȓȇȜ (II) 

ȓȌșȇȔȇ, ȘȕȋȌȗȍȇȠȌȊȕ ȉ Șȉȕȧȓ ȘȕȘșȇȉȌ 2,4 Ȋ ȚȊȒȌȗȕȋȇ. 

2. ǪȋȌ ȈȕȒȣȟȌ ȞȏȘȒȕ ȇșȕȓȕȉ – ȉ 8 ȊȗȇȓȓȇȜ 

ȓȌșȇȔȇ ȏȒȏ ȉ 32 ȊȗȇȓȓȇȜ ȑȏȘȒȕȗȕȋȇ? 

ǵȈȕȘȔȚȐșȌ ȘȉȕȐ ȕșȉȌș  ȗȇȘȞȧșȕȓ.

4.  ǷȇȘȘȞȏșȇȐșȌ ȓȇȘȘȚ ȚȊȒȌȗȕȋȇ ȏ ȞȏȘȒȕ ȓȕȒȌȐ ȘȌȗȢ 

ȉ ȖȗȏȉȌȋȧȔȔȕȐ ȘȓȌȘȏ.

ǩȌȠȌȘșȉȇ ȉ ȘȕȘșȇȉȌ ȘȓȌȘȏ ǾȏȘȒȕ ȓȕȒȣ

0,5

ǳȇȘȘȇ, Ȋ

12
ǺȊȒȌȗȕȋ

ǸȌȗȇ

Проверьте полученные знания

1. Ǿșȕ șȇȑȕȌ ȓȕȒȦȗȔȇȦ ȓȇȘȘȇ ȏ ȉ ȑȇȑȏȜ ȌȋȏȔȏȝȇȜ 

ȕȔȇ ȉȢȗȇȍȇȌșȘȦ?

2. ǶȌȗȌȖȏȟȏșȌ ȉ șȌșȗȇȋȣ ȏ ȋȕȖȕȒȔȏșȌ șȇȈȒȏȝȚ.

3. ǷȇȘȖȕȒȕȍȏșȌ ȉȌȠȌȘșȉȇ ȉ ȗȦȋ Ȗȕ ȉȕȎȗȇȘșȇȔȏȥ 

ȞȏȘȒȇ ȓȕȒȌȐ. ǵȈȕȘȔȚȐșȌ ȘȉȕȐ ȕșȉȌș  ȗȇȘȞȧșȕȓ.

a. 84 Ȋ CaO 

b. 40 Ȋ CXO

c. 100 Ȋ CaCO3

d. 80 Ȋ MgO

ǩȌȠȌȘșȉȕ

O  2

H O2

CH4

KHCO3

ǾȏȘȒȕ ȓȕȒȣ

2

5

0,5

0,25

ǳȇȘȘȇ, Ȋ

;&D

1.4  ǳȕȒȦȗȔȢȐ ȕȈȡȧȓ. ǮȇȑȕȔ ǧȉȕȊȇȋȗȕ

� Ǳȇȑȕȉȕ ȘȕȕșȔȕȟȌȔȏȌ ȓȌȍȋȚ ȞȏȘȒȕȓ ȓȕȒȌȑȚȒ ȤșȏȜ ȊȇȎȕȉ"

�  Ǳȇȑ ȓȕȍȔȕ ȗȇȘȘȞȏșȇșȣ ȓȇȘȘȚ ȊȇȎȕȉ"

ǯșȇȒȣȦȔȘȑȏȐ ȚȞȧȔȢȐ ǧȓȌȋȌȕ ǧȉȕȊȇȋȗȕ, ȏȎȚȞȇȦ ȗȌȇȑȝȏȏ ȓȌȍȋȚ 

ȊȇȎȇȓȏ, ȉȢȋȉȏȔȚȒ ȏȋȌȥ ȕ șȕȓ, Ȟșȕ ȉ ȗȇȉȔȢȜ ȕȈȡȧȓȇȜ (9) 

ȗȇȎȒȏȞȔȢȜ ȊȇȎȕȉ ȘȕȋȌȗȍȏșȘȦ ȕȋȔȕ ȏ șȕ ȍȌ ȞȏȘȒȕ ȓȕȒȌȑȚȒ. 

ǩ ȔȇȘșȕȦȠȌȌ ȉȗȌȓȦ ȎȇȑȕȔ ǧȉȕȊȇȋȗȕ țȕȗȓȚȒȏȗȚȌșȘȦ 

ȘȒȌȋȚȥȠȏȓ ȕȈȗȇȎȕȓ:

Ƕȗȏ ȑȕȓȔȇșȔȕȐ șȌȓȖȌȗȇșȚȗȌ ȏ ȇșȓȕȘțȌȗȔȕȓ ȋȇȉȒȌȔȏȏ ȉ ȈȇȘȑȌșȈȕȒȣȔȕȓ ȓȦȞȌ 
3 3ȘȕȋȌȗȍȏșȘȦ ȕȑȕȒȕ 7,5 ȋȓ  ȊȇȎȇ, ȇ ȉ țȚșȈȕȒȣȔȕȓ ȓȦȞȌ – 4,4 ȋȓ .

ǩ ȗȇȉȔȢȜ ȕȈȡȧȓȇȜ ȗȇȎȒȏȞȔȢȜ ȊȇȎȕȉ Ȗȗȏ ȕȋȏȔȇȑȕȉȕȐ șȌȓȖȌȗȇșȚȗȌ

ȏ ȋȇȉȒȌȔȏȏ ȘȕȋȌȗȍȏșȘȦ ȕȋȏȔȇȑȕȉȕȌ ȞȏȘȒȕ ȓȕȒȌȑȚȒ.

ǩȢ ȎȔȇȌșȌ, Ȟșȕ ȌȘȒȏ ȉ ȉȌȠȌȘșȉȇȜ ȘȕȋȌȗȍȏșȘȦ ȕȋȏȔȇȑȕȉȕȌ ȞȏȘȒȕ 

ȓȕȒȌȑȚȒ (N), șȕ ȞȏȘȒȕ ȓȕȒȌȐ (n) șȕȍȌ ȈȚȋȌș ȕȋȏȔȇȑȕȉȢȓ. 

ǵșȘȥȋȇ ȏȎ ȎȇȑȕȔȇ ǧȉȕȊȇȋȗȕ ȘȒȌȋȚȌș, Ȟșȕ ȗȇȉȔȢȌ ȕȈȡȧȓȢ 

ȗȇȎȒȏȞȔȢȜ ȊȇȎȕȉ Ȗȗȏ ȕȋȏȔȇȑȕȉȢȜ șȌȓȖȌȗȇșȚȗȌ ȏ ȋȇȉȒȌȔȏȏ 

ȘȕȋȌȗȍȇș ȗȇȉȔȕȌ ȞȏȘȒȕ ȓȕȒȌȐ.

N(He) = N(NH ) = N(O )    Ö     n(He) = n(NH ) = n(O ) �3 2 3 2

NH3He O2

1ǱȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇǾȇȘșȣ I

ǮȇȑȕȔ ǧȉȕȊȇȋȗȕ,      

ȓȕȒȦȗȔȢȐ ȕȈȡȧȓ, 20°C  
3

ȏ 1 ȇșȓ, ȋȓ /ȓȕȒȣ

ǱȒȥ-
ȞȌȉȢȌ 
ȘȒȕȉȇ

4. ǷȇȘȘȞȏșȇȐșȌ ȘȗȌȋȔȥȥ ȓȕȒȦȗȔȚȥ ȓȇȘȘȚ (Ȋ/ȓȕȒȣ) 

ȊȇȎȕȉȕȐ ȘȓȌȘȏ, ȘȕȘșȕȦȠȌȐ ȏȎ 32 Ȋ ǵ  ȏ 42 Ȋ N .2 2
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1. ǷȇȘȘȞȏșȇȐșȌ ȘȗȌȋȔȥȥ ȓȕȒȦȗȔȚȥ ȓȇȘȘȚ 

(Ȋ/ȓȕȒȣ) ȊȇȎȕȉȕȐ ȘȓȌȘȏ, ȘȕȘșȕȦȠȌȐ ȏȎ 2 ȓȕȒȣ CO  2

ȏ 1 ȓȕȒȣ O .2

2. ǮȔȇȦ, Ȟșȕ ȘȗȌȋȔȦȦ ȓȕȒȦȗȔȇȦ ȓȇȘȘȇ ȊȇȎȕȉȕȐ ȘȓȌȘȏ, 

ȘȕȘșȕȦȠȌȐ  ȏȎ CO  ȏ ǸO, ȗȇȉȔȇ 40 Ȋ/ȓȕȒȣ, ȗȇȘȘȞȏșȇȐșȌ 2

ȓȕȒȣȔȕȌ ȘȕȕșȔȕȟȌȔȏȌ ȊȇȎȕȉ ȉ ȤșȕȐ ȘȓȌȘȏ [n(CO ) : n(CO)].  2

ǺȞȏșȢȉȇȦ, Ȟșȕ ȉ ȔȌȑȕșȕȗȕȓ ȕȈȡȧȓȌ ȉȕȎȋȚȜȇ ȘȕȋȌȗȍȏșȘȦ 78 ȓȕȒȣ ȇȎȕșȇ, 

21 ȓȕȒȣ ȑȏȘȒȕȗȕȋȇ ȏ 1 ȓȕȒȣ ȇȗȊȕȔȇ, ȗȇȘȘȞȏșȇȐșȌ ȘȗȌȋȔȥȥ ȓȕȒȦȗȔȚȥ 

ȓȇȘȘȚ ȉȕȎȋȚȜȇ (Ȋ/ȓȕȒȣ).

�ǶǵǫǺǳǧǰ�ǵǨǸǺǫǯ�ǶǵǫǬ ǲǯǸȃ�

M  = ––––––––––––– = –––– = 40 –––––.Șȗ

2 Ã 44 + 1 Ã 32 

2 + 1

120

3

Ȋ

ȓȕȒȣ

40 = ––––––––––––– 
44 n  + 28 n  1 2

n + n  1 2

40 n + 40 n  = 44 n  + 28 n  1 2 1 2

4 n = 12 n1 2

n  : n = 31 2 

Примените полученные знания

1.  ǵȖȗȌȋȌȒȏșȌ ȓȕȒȦȗȔȚȥ ȓȇȘȘȚ ȓȌșȇȒȒȇ Ǽ. 3. ǷȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȓȕȒȌȐ (I) ȏ ȓȇȘȘȚ ȉ ȊȗȇȓȓȇȜ (II) 

ȓȌșȇȔȇ, ȘȕȋȌȗȍȇȠȌȊȕ ȉ Șȉȕȧȓ ȘȕȘșȇȉȌ 2,4 Ȋ ȚȊȒȌȗȕȋȇ. 

2. ǪȋȌ ȈȕȒȣȟȌ ȞȏȘȒȕ ȇșȕȓȕȉ – ȉ 8 ȊȗȇȓȓȇȜ 

ȓȌșȇȔȇ ȏȒȏ ȉ 32 ȊȗȇȓȓȇȜ ȑȏȘȒȕȗȕȋȇ? 

ǵȈȕȘȔȚȐșȌ ȘȉȕȐ ȕșȉȌș  ȗȇȘȞȧșȕȓ.

4.  ǷȇȘȘȞȏșȇȐșȌ ȓȇȘȘȚ ȚȊȒȌȗȕȋȇ ȏ ȞȏȘȒȕ ȓȕȒȌȐ ȘȌȗȢ 

ȉ ȖȗȏȉȌȋȧȔȔȕȐ ȘȓȌȘȏ.

ǩȌȠȌȘșȉȇ ȉ ȘȕȘșȇȉȌ ȘȓȌȘȏ ǾȏȘȒȕ ȓȕȒȣ

0,5

ǳȇȘȘȇ, Ȋ

12
ǺȊȒȌȗȕȋ

ǸȌȗȇ

Проверьте полученные знания

1. Ǿșȕ șȇȑȕȌ ȓȕȒȦȗȔȇȦ ȓȇȘȘȇ ȏ ȉ ȑȇȑȏȜ ȌȋȏȔȏȝȇȜ 

ȕȔȇ ȉȢȗȇȍȇȌșȘȦ?

2. ǶȌȗȌȖȏȟȏșȌ ȉ șȌșȗȇȋȣ ȏ ȋȕȖȕȒȔȏșȌ șȇȈȒȏȝȚ.

3. ǷȇȘȖȕȒȕȍȏșȌ ȉȌȠȌȘșȉȇ ȉ ȗȦȋ Ȗȕ ȉȕȎȗȇȘșȇȔȏȥ 

ȞȏȘȒȇ ȓȕȒȌȐ. ǵȈȕȘȔȚȐșȌ ȘȉȕȐ ȕșȉȌș  ȗȇȘȞȧșȕȓ.

a. 84 Ȋ CaO 

b. 40 Ȋ CXO

c. 100 Ȋ CaCO3

d. 80 Ȋ MgO

ǩȌȠȌȘșȉȕ

O  2

H O2

CH4

KHCO3

ǾȏȘȒȕ ȓȕȒȣ

2

5

0,5

0,25

ǳȇȘȘȇ, Ȋ

;&D

1.4  ǳȕȒȦȗȔȢȐ ȕȈȡȧȓ. ǮȇȑȕȔ ǧȉȕȊȇȋȗȕ

� Ǳȇȑȕȉȕ ȘȕȕșȔȕȟȌȔȏȌ ȓȌȍȋȚ ȞȏȘȒȕȓ ȓȕȒȌȑȚȒ ȤșȏȜ ȊȇȎȕȉ"

�  Ǳȇȑ ȓȕȍȔȕ ȗȇȘȘȞȏșȇșȣ ȓȇȘȘȚ ȊȇȎȕȉ"

ǯșȇȒȣȦȔȘȑȏȐ ȚȞȧȔȢȐ ǧȓȌȋȌȕ ǧȉȕȊȇȋȗȕ, ȏȎȚȞȇȦ ȗȌȇȑȝȏȏ ȓȌȍȋȚ 

ȊȇȎȇȓȏ, ȉȢȋȉȏȔȚȒ ȏȋȌȥ ȕ șȕȓ, Ȟșȕ ȉ ȗȇȉȔȢȜ ȕȈȡȧȓȇȜ (9) 

ȗȇȎȒȏȞȔȢȜ ȊȇȎȕȉ ȘȕȋȌȗȍȏșȘȦ ȕȋȔȕ ȏ șȕ ȍȌ ȞȏȘȒȕ ȓȕȒȌȑȚȒ. 

ǩ ȔȇȘșȕȦȠȌȌ ȉȗȌȓȦ ȎȇȑȕȔ ǧȉȕȊȇȋȗȕ țȕȗȓȚȒȏȗȚȌșȘȦ 

ȘȒȌȋȚȥȠȏȓ ȕȈȗȇȎȕȓ:

Ƕȗȏ ȑȕȓȔȇșȔȕȐ șȌȓȖȌȗȇșȚȗȌ ȏ ȇșȓȕȘțȌȗȔȕȓ ȋȇȉȒȌȔȏȏ ȉ ȈȇȘȑȌșȈȕȒȣȔȕȓ ȓȦȞȌ 
3 3ȘȕȋȌȗȍȏșȘȦ ȕȑȕȒȕ 7,5 ȋȓ  ȊȇȎȇ, ȇ ȉ țȚșȈȕȒȣȔȕȓ ȓȦȞȌ – 4,4 ȋȓ .

ǩ ȗȇȉȔȢȜ ȕȈȡȧȓȇȜ ȗȇȎȒȏȞȔȢȜ ȊȇȎȕȉ Ȗȗȏ ȕȋȏȔȇȑȕȉȕȐ șȌȓȖȌȗȇșȚȗȌ

ȏ ȋȇȉȒȌȔȏȏ ȘȕȋȌȗȍȏșȘȦ ȕȋȏȔȇȑȕȉȕȌ ȞȏȘȒȕ ȓȕȒȌȑȚȒ.

ǩȢ ȎȔȇȌșȌ, Ȟșȕ ȌȘȒȏ ȉ ȉȌȠȌȘșȉȇȜ ȘȕȋȌȗȍȏșȘȦ ȕȋȏȔȇȑȕȉȕȌ ȞȏȘȒȕ 

ȓȕȒȌȑȚȒ (N), șȕ ȞȏȘȒȕ ȓȕȒȌȐ (n) șȕȍȌ ȈȚȋȌș ȕȋȏȔȇȑȕȉȢȓ. 

ǵșȘȥȋȇ ȏȎ ȎȇȑȕȔȇ ǧȉȕȊȇȋȗȕ ȘȒȌȋȚȌș, Ȟșȕ ȗȇȉȔȢȌ ȕȈȡȧȓȢ 

ȗȇȎȒȏȞȔȢȜ ȊȇȎȕȉ Ȗȗȏ ȕȋȏȔȇȑȕȉȢȜ șȌȓȖȌȗȇșȚȗȌ ȏ ȋȇȉȒȌȔȏȏ 

ȘȕȋȌȗȍȇș ȗȇȉȔȕȌ ȞȏȘȒȕ ȓȕȒȌȐ.

N(He) = N(NH ) = N(O )    Ö     n(He) = n(NH ) = n(O ) �3 2 3 2

NH3He O2

1ǱȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇǾȇȘșȣ I

ǮȇȑȕȔ ǧȉȕȊȇȋȗȕ,      

ȓȕȒȦȗȔȢȐ ȕȈȡȧȓ, 20°C  
3

ȏ 1 ȇșȓ, ȋȓ /ȓȕȒȣ

ǱȒȥ-
ȞȌȉȢȌ 
ȘȒȕȉȇ

4. ǷȇȘȘȞȏșȇȐșȌ ȘȗȌȋȔȥȥ ȓȕȒȦȗȔȚȥ ȓȇȘȘȚ (Ȋ/ȓȕȒȣ) 

ȊȇȎȕȉȕȐ ȘȓȌȘȏ, ȘȕȘșȕȦȠȌȐ ȏȎ 32 Ȋ ǵ  ȏ 42 Ȋ N .2 2



ǶȌȗȌȖȏȟȏșȌ ȉ șȌșȗȇȋȣ ȏ ȋȕȖȕȒȔȏșȌ șȇȈȒȏȝȚ.

ǱȇȑȏȌ ȗȇȘȞȧșȢ ȓȕȍȔȕ ȖȗȕȏȎȉȌȘșȏ Ȕȇ ȕȘȔȕȉȇȔȏȏ ȕȈȡȧȓȕȉ ȊȇȎȕȉ (���& ȏ � ȇșȓ�"

2524

Ƕȗȏ ȕȋȏȔȇȑȕȉȢȜ ȚȘȒȕȉȏȦȜ ȕșȔȕȟȌȔȏȌ ȕȈȡȧȓȇ ȗȇȎȒȏȞȔȢȜ ȊȇȎȕȉ ȑ ȞȏȘȒȚ ȏȜ 

ȓȕȒȌȐ ȦȉȒȦȌșȘȦ ȉȌȒȏȞȏȔȕȐ ȖȕȘșȕȦȔȔȕȐ ȏ ȔȇȎȢȉȇȌșȘȦ ȓȕȒȦȗȔȢȓ 

ȕȈȡȧȓȕȓ. 

�
ǳȕȒȦȗȔȢȐ ȕȈȡȧȓ ȕȈȕȎȔȇȞȇȌșȘȦ 9  ȏ ȏȓȌȌș ȌȋȏȔȏȝȚ ȏȎȓȌȗȌȔȏȦ ȋȓ �ȓȕȒȣ ȓ

(Ȓ�ȓȕȒȣ�. ǮȔȇȞȌȔȏȌ ȓȕȒȦȗȔȕȊȕ ȕȈȡȧȓȇ ȊȇȎȕȉ ȎȇȉȏȘȏș ȕș ȋȇȉȒȌȔȏȦ ȏ 

șȌȓȖȌȗȇșȚȗȢ. ǺȘșȇȔȕȉȒȌȔȕ, Ȟșȕ Ȗȗȏ ȑȕȓȔȇșȔȕȐ șȌȓȖȌȗȇșȚȗȌ (20°Ǹ) ȏ 

ȋȇȉȒȌȔȏȏ ȉ 1 ȇșȓ 1 ȓȕȒȣ ȒȥȈȕȊȕ ȊȇȎȇ ȎȇȔȏȓȇȌș ȕȈȡȧȓ 24 ȋȓࢗ (24 Ȓ).

ǱȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇ (n), ȓȕȒȦȗȔȢȐ ȕȈȡȧȓ (9 )  ȏ ȕȈȡȧȓ ȊȇȎȇ (9) ȘȉȦȎȇȔȢ M

ȓȌȍȋȚ ȘȕȈȕȐ, ȑȇȑ  ȖȕȑȇȎȇȔȕ ȔȏȍȌ: 

ǶǷǯǳǬǷ �

31.  ǸȑȕȒȣȑȕ ȓȕȒȌȐ ȉ 48 ȋȓ  (20°C ȏ 1 ȇșȓ) ȑȏȘȒȕȗȕȋȇ?

n = 48 : 24 = 2 ȓȕȒȣ

2.  ǷȇȘȘȞȏșȇȐșȌ ȕȈȡȧȓ 0,5 ȓȕȒȣ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ (20°C ȏ 1 ȇșȓ).
39 = 0,5 ∙ 24 = 12 ȋȓ  

9
ǵȈȡȧȓ 

�( ȋȓ �

Q
  ǱȕȒȏȞȌȘșȉȕ   

ȉȌȠȌȘșȉȇ

90

ǳȕȒȦȗȔȢȐ 

ȕȈȡȧȓ

ǪȇȎȢ 3ǵȈȡȧȓ, ȋȓ  (20°C ȏ 1 ȇșȓ) ǾȏȘȒȕ ȓȕȒȌȑȚȒ ǾȏȘȒȕ ȇșȕȓȕȉ ǳȇȘȘȇ, Ȋ

N2

He

CO2

CH4

12

233,01 Ã 10

24
6,02 Ã 10

88

ǵȈȘȚȋȏșȌ�

�� Ǻ ȑȇȑȕȊȕ ȏȎ  ȊȇȎȕȉ  ² ȑȏȘȒȕȗȕȋȇ ȏȒȏ ȉȕȋȕȗȕȋȇ� ȉȎȦșȢȜ ȉ ȗȇȉȔȢȜ ȕȈȡȧȓȇȜ (���Ǹ ȏ � ȇșȓ�� 

ȓȇȘȘȇ ȕȑȇȍȌșȘȦ ȈȕȒȣȟȌ" ǵȈȕȘȔȚȐșȌ ȘȉȕȐ ȕșȉȌș�

�� ǱȇȑȕȐ ȏȎ ȊȇȎȕȉ Ș ȕȋȏȔȇȑȕȉȕȐ ȓȇȘȘȕȐ ² ȑȏȘȒȕȗȕȋ ȏȒȏ ȇȎȕș ² ȎȇȔȏȓȇȌș ȈȕȒȣȟȏȐ ȕȈȡȧȓ (���& 

ȏ � ȇșȓ�" ǵȈȕȘȔȚȐșȌ ȘȉȕȐ ȕșȉȌș�

ǶǷǯǳǬǷ �

31. ǾȌȓȚ ȗȇȉȔȇ ȓȇȘȘȇ (ȉ ȊȗȇȓȓȇȜ) 4,8 ȋȓ  (20°C ȏ 1 ȇșȓ) ȊȇȎȇ ȉȕȋȕȗȕȋȇ?

n = 4,8 : 24 = 0,2 ȓȕȒȣ

m = 0,2 ∙ 2 = 0,4 Ȋȗȇȓȓ  
3   2. ǷȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȓȕȒȌȑȚȒ ȉ ȊȇȎȕȕȈȗȇȎȔȕȓ ȇȎȕșȌ ȕȈȡȧȓȕȓ 12 ȋȓ (20°C ȏ 1 ȇșȓ).

n = 12 : 24 = 0,5 ȓȕȒȣ
23 23N = 0,5 ∙ 6,02 Ã 10  = 3,01 Ã 10  ȓȕȒȌȑȚȒ

ǩȎȇȏȓȕȘȉȦȎȣ ȓȌȍȋȚ ȑȕȒȏȞȌȘșȉȕȓ ȉȌȠȌȘșȉȇ (n), ȕȈȡȧȓȕȓ (9), ȓȇȘȘȕȐ (m) ȏ ȞȏȘȒȕȓ 

ȞȇȘșȏȝ (N) (ȓȕȒȌȑȚȒ ȏȒȏ ȇșȕȓȕȉ) ȓȕȍȔȕ ȖȕȑȇȎȇșȣ ȉ ȉȏȋȌ ȘȜȌȓȢ, Ș ȖȕȓȕȠȣȥ 

ȑȕșȕȗȕȐ ȓȕȍȔȕ ȉȢȖȕȒȔȦșȣ ȗȇȎȒȏȞȔȢȌ ȗȇȘȞȧșȢ.

9   Q Ă 90

Q   ²²²9
90

9    ²²²0

9
Q

ǵȈȡȧȓ

ȊȇȎȇ

(20°C ȏ 1 ȇșȓ)

9   Q Ă 90 Q   ²²²9
90

Q   ²²²
1

1$

P   Q Ă 0

Q   ²²²
P

0

ǾȏȘȒȕ 

ȞȇȘșȏȝ
ǳȇȘȘȇ

1   Q Ă 1$

ǾȏȘȒȕ 

ȓȕȒȌȐ

1ǱȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇǾȇȘșȣ I
ǫ

Ȍ
Ȧ
șȌ

Ȓ
ȣ
Ȕ

ȕ
Șș

ȣ



ǶȌȗȌȖȏȟȏșȌ ȉ șȌșȗȇȋȣ ȏ ȋȕȖȕȒȔȏșȌ șȇȈȒȏȝȚ.

ǱȇȑȏȌ ȗȇȘȞȧșȢ ȓȕȍȔȕ ȖȗȕȏȎȉȌȘșȏ Ȕȇ ȕȘȔȕȉȇȔȏȏ ȕȈȡȧȓȕȉ ȊȇȎȕȉ (���& ȏ � ȇșȓ�"

2524

Ƕȗȏ ȕȋȏȔȇȑȕȉȢȜ ȚȘȒȕȉȏȦȜ ȕșȔȕȟȌȔȏȌ ȕȈȡȧȓȇ ȗȇȎȒȏȞȔȢȜ ȊȇȎȕȉ ȑ ȞȏȘȒȚ ȏȜ 

ȓȕȒȌȐ ȦȉȒȦȌșȘȦ ȉȌȒȏȞȏȔȕȐ ȖȕȘșȕȦȔȔȕȐ ȏ ȔȇȎȢȉȇȌșȘȦ ȓȕȒȦȗȔȢȓ 

ȕȈȡȧȓȕȓ. 

�
ǳȕȒȦȗȔȢȐ ȕȈȡȧȓ ȕȈȕȎȔȇȞȇȌșȘȦ 9  ȏ ȏȓȌȌș ȌȋȏȔȏȝȚ ȏȎȓȌȗȌȔȏȦ ȋȓ �ȓȕȒȣ ȓ

(Ȓ�ȓȕȒȣ�. ǮȔȇȞȌȔȏȌ ȓȕȒȦȗȔȕȊȕ ȕȈȡȧȓȇ ȊȇȎȕȉ ȎȇȉȏȘȏș ȕș ȋȇȉȒȌȔȏȦ ȏ 

șȌȓȖȌȗȇșȚȗȢ. ǺȘșȇȔȕȉȒȌȔȕ, Ȟșȕ Ȗȗȏ ȑȕȓȔȇșȔȕȐ șȌȓȖȌȗȇșȚȗȌ (20°Ǹ) ȏ 

ȋȇȉȒȌȔȏȏ ȉ 1 ȇșȓ 1 ȓȕȒȣ ȒȥȈȕȊȕ ȊȇȎȇ ȎȇȔȏȓȇȌș ȕȈȡȧȓ 24 ȋȓࢗ (24 Ȓ).

ǱȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇ (n), ȓȕȒȦȗȔȢȐ ȕȈȡȧȓ (9 )  ȏ ȕȈȡȧȓ ȊȇȎȇ (9) ȘȉȦȎȇȔȢ M

ȓȌȍȋȚ ȘȕȈȕȐ, ȑȇȑ  ȖȕȑȇȎȇȔȕ ȔȏȍȌ: 

ǶǷǯǳǬǷ �

31.  ǸȑȕȒȣȑȕ ȓȕȒȌȐ ȉ 48 ȋȓ  (20°C ȏ 1 ȇșȓ) ȑȏȘȒȕȗȕȋȇ?

n = 48 : 24 = 2 ȓȕȒȣ

2.  ǷȇȘȘȞȏșȇȐșȌ ȕȈȡȧȓ 0,5 ȓȕȒȣ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ (20°C ȏ 1 ȇșȓ).
39 = 0,5 ∙ 24 = 12 ȋȓ  

9
ǵȈȡȧȓ 

�( ȋȓ �

Q
  ǱȕȒȏȞȌȘșȉȕ   

ȉȌȠȌȘșȉȇ

90

ǳȕȒȦȗȔȢȐ 

ȕȈȡȧȓ

ǪȇȎȢ 3ǵȈȡȧȓ, ȋȓ  (20°C ȏ 1 ȇșȓ) ǾȏȘȒȕ ȓȕȒȌȑȚȒ ǾȏȘȒȕ ȇșȕȓȕȉ ǳȇȘȘȇ, Ȋ

N2

He

CO2

CH4

12

233,01 Ã 10

24
6,02 Ã 10

88

ǵȈȘȚȋȏșȌ�

�� Ǻ ȑȇȑȕȊȕ ȏȎ  ȊȇȎȕȉ  ² ȑȏȘȒȕȗȕȋȇ ȏȒȏ ȉȕȋȕȗȕȋȇ� ȉȎȦșȢȜ ȉ ȗȇȉȔȢȜ ȕȈȡȧȓȇȜ (���Ǹ ȏ � ȇșȓ�� 

ȓȇȘȘȇ ȕȑȇȍȌșȘȦ ȈȕȒȣȟȌ" ǵȈȕȘȔȚȐșȌ ȘȉȕȐ ȕșȉȌș�

�� ǱȇȑȕȐ ȏȎ ȊȇȎȕȉ Ș ȕȋȏȔȇȑȕȉȕȐ ȓȇȘȘȕȐ ² ȑȏȘȒȕȗȕȋ ȏȒȏ ȇȎȕș ² ȎȇȔȏȓȇȌș ȈȕȒȣȟȏȐ ȕȈȡȧȓ (���& 

ȏ � ȇșȓ�" ǵȈȕȘȔȚȐșȌ ȘȉȕȐ ȕșȉȌș�

ǶǷǯǳǬǷ �

31. ǾȌȓȚ ȗȇȉȔȇ ȓȇȘȘȇ (ȉ ȊȗȇȓȓȇȜ) 4,8 ȋȓ  (20°C ȏ 1 ȇșȓ) ȊȇȎȇ ȉȕȋȕȗȕȋȇ?

n = 4,8 : 24 = 0,2 ȓȕȒȣ

m = 0,2 ∙ 2 = 0,4 Ȋȗȇȓȓ  
3   2. ǷȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȓȕȒȌȑȚȒ ȉ ȊȇȎȕȕȈȗȇȎȔȕȓ ȇȎȕșȌ ȕȈȡȧȓȕȓ 12 ȋȓ (20°C ȏ 1 ȇșȓ).

n = 12 : 24 = 0,5 ȓȕȒȣ
23 23N = 0,5 ∙ 6,02 Ã 10  = 3,01 Ã 10  ȓȕȒȌȑȚȒ

ǩȎȇȏȓȕȘȉȦȎȣ ȓȌȍȋȚ ȑȕȒȏȞȌȘșȉȕȓ ȉȌȠȌȘșȉȇ (n), ȕȈȡȧȓȕȓ (9), ȓȇȘȘȕȐ (m) ȏ ȞȏȘȒȕȓ 

ȞȇȘșȏȝ (N) (ȓȕȒȌȑȚȒ ȏȒȏ ȇșȕȓȕȉ) ȓȕȍȔȕ ȖȕȑȇȎȇșȣ ȉ ȉȏȋȌ ȘȜȌȓȢ, Ș ȖȕȓȕȠȣȥ 

ȑȕșȕȗȕȐ ȓȕȍȔȕ ȉȢȖȕȒȔȦșȣ ȗȇȎȒȏȞȔȢȌ ȗȇȘȞȧșȢ.

9   Q Ă 90

Q   ²²²9
90

9    ²²²0

9
Q

ǵȈȡȧȓ

ȊȇȎȇ

(20°C ȏ 1 ȇșȓ)

9   Q Ă 90 Q   ²²²9
90

Q   ²²²
1

1$

P   Q Ă 0

Q   ²²²
P

0

ǾȏȘȒȕ 

ȞȇȘșȏȝ
ǳȇȘȘȇ

1   Q Ă 1$

ǾȏȘȒȕ 

ȓȕȒȌȐ

1ǱȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇǾȇȘșȣ I

ǫ
Ȍ
Ȧ
șȌ

Ȓ
ȣ
Ȕ

ȕ
Șș

ȣ



33. ǷȇȘȘȞȏșȇȐșȌ ȕȈȡȧȓ ȊȇȎȕȕȈȗȇȎȔȕȊȕ ȑȏȘȒȕȗȕȋȇ (ȋȓ ,  20°C ȏ 1 ȇșȓ) ȓȇȘȘȕȐ 64 Ȋȗȇȓȓȇ.

n = 64 : 32 = 2 ȓȕȒȣ
39 = 2 ∙ 24 = 48 ȋȓ  

4. ǷȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȓȕȒȌȑȚȒ ȉ 11 ȊȗȇȓȓȇȜ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ.

n = 11 : 44 = 0,25 ȓȕȒȣ
23 23N = 0,25 ∙ 6,02 Ã 10  = 1,505 Ã 10  ȓȕȒȌȑȚȒ

5. ǱȇȑȕȐ ȕȈȡȧȓ (ȋȓ , 20°Ǹ ȏ 1 ȇșȓ) ȎȇȔȏȓȇȌș ȊȇȎȕȕȈȗȇȎȔȢȐ ȊȌȒȏȐ, ȘȕȋȌȗȍȇȠȏȐ 1,204 Ã 10  ȓȕȒȌȑȚȒ?3 24

n = 1,204 Ã 10  : 6,02 Ã 10  = 2 24 23 ȓȕȒȣ

9 = 2 ∙ 24 = 48 3ȋȓ  
246. ǾȌȓȚ ȗȇȉȔȇ ȓȇȘȘȇ ȚȊȇȗȔȕȊȕ ȊȇȎȇ, ȘȕȘșȕȦȠȌȊȕ ȏȎ 3,01 Ã 10  ȓȕȒȌȑȚȒ?

n = 3,01 Ã 10  : 6,02 Ã 10  = 5 24 23
ȓȕȒȣ

m = 5 ∙ 28 = 140 Ȋ

Проверьте полученные знания
31. ǷȇȘȘȞȏșȇȐșȌ ȕȈȡȧȓ  0,25 ȓȕȒȣ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ (ȋȓ , 20°C ȏ 1 ȇșȓ).

2. ǩ ȑȇȑȕȓ ȘȒȚȞȇȌ ȏȓȌȌșȘȦ ȔȇȏȈȕȒȣȟȌȌ ȞȏȘȒȕ ȓȕȒȌȑȚȒ? ǵȈȕȘȔȚȐșȌ ȘȉȕȐ ȕșȉȌș ȗȇȘȞȧșȕȓ.

a. 480 Ȋ CH4

3
b. 480 ȋȓ  CH  (20°C ȏ 1 ȇșȓ)4

c. 48 ȓȕȒȣ CH4

3 3
3. ǷȇȘȘȞȏșȇȐșȌ ȕȈȠȌȌ ȞȏȘȒȕ  ȓȕȒȌȑȚȒ ȉ ȊȇȎȕȉȕȐ ȘȓȌȘȏ, ȘȕȘșȕȦȠȌȐ ȏȎ 6 ȋȓ  ȑȏȘȒȕȗȕȋȇ ȏ 12 ȋȓ   

ȉȕȋȕȗȕȋȇ (20°C ȏ 1 ȇșȓ).

4. ǷȇȘȘȞȏșȇȐșȌ ȕșȔȕȟȌȔȏȌ ȞȏȘȒȇ ȓȕȒȌȑȚȒ ȉ 14 Ȋ ȇȎȕșȇ ȑ ȞȏȘȒȚ ȇșȕȓȕȉ, ȘȕȋȌȗȍȇȠȏȜȘȦ ȉ 8 Ȋ ȊȌȒȏȦ. 

Примените полученные знания
3

1. ǷȌȎȏȔȕȉȢȐ ȟȇȗ ȕȈȡȧȓȕȓ 1,2 ȋȓ  (20°C ȏ 1 ȇșȓ) ȔȇȖȕȒȔȏȒȏ ȊȌȒȏȌȓ. Ǳȇȑ ȏȎȓȌȔȦșȘȦ ȓȇȘȘȇ ȏ ȞȏȘȒȕ 

ȇșȕȓȕȉ, ȌȘȒȏ ȎȇȓȌȔȏșȣ ȊȌȒȏȐ Ȕȇ ȇȎȕș? 

32. ǾȌȒȕȉȌȑ ȉ ȖȗȕȝȌȘȘȌ ȋȢȜȇȔȏȦ ȉȢȋȌȒȦȌș ȉ ȇșȓȕȘțȌȗȚ 240 ȋȓ  (20°Ǹ ȏ 1 ȇșȓ) ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ ȉ ȘȚșȑȏ. 

ǷȇȘȘȞȏșȇȐșȌ ȓȇȘȘȚ (Ȋ) ȚȑȇȎȇȔȔȕȊȕ ȕȈȡȧȓȇ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ.

ǸȗȇȉȔȏșȌ ȞȏȘȒȕ ȓȕȒȌȑȚȒ ȏ ȞȏȘȒȕ ȇșȕȓȕȉ, ȘȕȋȌȗȍȇȠȏȜȘȦ Ȗȗȏ ȕȋȏȔȇȑȕȉȢȜ ȚȘȒȕȉȏȦȜ   
3 3 3ȉ  40 ȋȓ  NH  ȏ 10 ȋȓ  O  . ǸȑȕȒȣȑȕ ȋȓ  ȏ ȑȇȑȕȊȕ ȊȇȎȇ ȔȚȍȔȕ ȋȕȈȇȉȏșȣ ȑ ȏȘȜȕȋȔȕȓȚ 3 2

ȑȕȒȏȞȌȘșȉȚ, ȞșȕȈȢ ȉ ȊȇȎȇȜ ȕȑȇȎȇȒȕȘȣ ȕȋȏȔȇȑȕȉȕȌ ȞȏȘȒȕ ȇșȕȓȕȉ?

�  ǶǵǫǺǳǧǰ

�  ǵǨǸǺǫǯ 

�  ǶǵǫǬ ǲǯǸȃ

1.5 ǶȒȕșȔȕȘșȣ ȊȇȎȕȉ ȏ ȕșȔȕȘȏșȌȒȣȔȇȦ ȖȒȕșȔȕȘșȣ

� ǾȌȓ� Ȗȕ ȉȇȟȌȓȚ ȓȔȌȔȏȥ� ȔȇȖȕȒȔȦȥș ȉȕȎȋȚȟȔȢȌ ȟȇȗȢ"

�  ǶȕȞȌȓȚ ȉȕȎȋȚȟȔȢȌ ȟȇȗȢ Ș ȒȧȊȑȕȘșȣȥ ȖȕȋȔȏȓȇȥșȘȦ ȉȉȌȗȜ"

�  Ǳȇȑȏȓȏ ȘȉȕȐȘșȉȇȓȏ ȋȕȒȍȔȢ ȕȈȒȇȋȇșȣ ȏȘȖȕȒȣȎȚȌȓȢȌ ȊȇȎȢ 

ȋȒȦ ȕȈȌȘȖȌȞȌȔȏȦ ȈȌȎȕȖȇȘȔȕȘșȏ ȉȕȎȋȚȟȔȢȜ ȟȇȗȕȉ"

ǶȒȕșȔȕȘșȣ ȊȇȎȕȉ

ǩȢ ȎȔȇȑȕȓȢ Ș ȏȎȓȌȗȌȔȏȌȓ ȖȒȕșȔȕȘșȏ șȉȌȗȋȢȜ șȌȒ ȏ ȍȏȋȑȕȘșȌȐ 

ȏȎ ȚȞȌȈȔȏȑȇ ´Ƕȗȏȗȕȋȇ .́ ǧ ȖȒȕșȔȕȘșȣ ȊȇȎȕȉ ȓȕȍȔȕ ȕȖȗȌȋȌȒȦșȣ 

ȗȇȘȞȧșȔȢȓ ȖȚșȧȓ.

ǩ ȘȕȉȗȌȓȌȔȔȚȥ ȤȖȕȜȚ 

ȖȕȒȌșȢ Ȕȇ ȉȕȎȋȚȟȔȕȓ 

ȟȇȗȌ ȉȢȎȢȉȇȥș ȏȔșȌȗȌȘ 

Ț ȈȕȒȣȟȏȔȘșȉȇ ȒȥȋȌȐ.

ǵȈȘȚȋȏșȌ�  

�� ǱȇȑȕȐ ȗȏȘȚȔȕȑ ȘȕȕșȉȌșȘșȉȚȌș ȓȇȘȘȇȓ ȊȇȎȕȉ 

ȑȏȘȒȕȗȕȋȇ ȏ ȇȎȕșȇ� ȉȎȦșȢȜ ȉ ȗȇȉȔȢȜ 

ȑȕȒȏȞȌȘșȉȇȜ Ȗȗȏ ȕȋȏȔȇȑȕȉȢȜ ȚȘȒȕȉȏȦȜ"

�� ǱȇȑȏȌ ȗȏȘȚȔȑȏ ȘȕȕșȉȌșȘșȉȚȥș 

ȖȕȕȞȌȗȌȋȔȕȐ ȎȇȓȌȔȌ ȑȏȘȒȕȗȕȋȇ Ȕȇ ȊȇȎȢ         

&2� H  ȏ 62 "� �

�� ǩ ȑȇȑȕȓ ȞȏȘȒȌȔȔȕȓ ȘȕȕșȔȕȟȌȔȏȏ ȘȒȌȋȚȌș 

ȉȎȦșȣ ȑȏȘȒȕȗȕȋ ȏ ȇȎȕș� ȞșȕȈȢ ȏȜ ȓȇȘȘȢ 

ȈȢȒȏ ȗȇȉȔȢ"

ǾȌȓ ȗȇȎȒȏȞȇȥșȘȦ ȓȌȍȋȚ ȘȕȈȕȐ ȓȇȘȘȢ ȗȇȎȒȏȞȔȢȜ ȊȇȎȕȉ ȕȋȏȔȇȑȕȉȕȊȕ ȕȈȡȧȓȇ"

III

O2

N2

N2O2

I£

N2

O2

II£

1ǱȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇǾȇȘșȣ I

3
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33. ǷȇȘȘȞȏșȇȐșȌ ȕȈȡȧȓ ȊȇȎȕȕȈȗȇȎȔȕȊȕ ȑȏȘȒȕȗȕȋȇ (ȋȓ ,  20°C ȏ 1 ȇșȓ) ȓȇȘȘȕȐ 64 Ȋȗȇȓȓȇ.

n = 64 : 32 = 2 ȓȕȒȣ
39 = 2 ∙ 24 = 48 ȋȓ  

4. ǷȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȓȕȒȌȑȚȒ ȉ 11 ȊȗȇȓȓȇȜ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ.

n = 11 : 44 = 0,25 ȓȕȒȣ
23 23N = 0,25 ∙ 6,02 Ã 10  = 1,505 Ã 10  ȓȕȒȌȑȚȒ

5. ǱȇȑȕȐ ȕȈȡȧȓ (ȋȓ , 20°Ǹ ȏ 1 ȇșȓ) ȎȇȔȏȓȇȌș ȊȇȎȕȕȈȗȇȎȔȢȐ ȊȌȒȏȐ, ȘȕȋȌȗȍȇȠȏȐ 1,204 Ã 10  ȓȕȒȌȑȚȒ?3 24

n = 1,204 Ã 10  : 6,02 Ã 10  = 2 24 23 ȓȕȒȣ

9 = 2 ∙ 24 = 48 3ȋȓ  
246. ǾȌȓȚ ȗȇȉȔȇ ȓȇȘȘȇ ȚȊȇȗȔȕȊȕ ȊȇȎȇ, ȘȕȘșȕȦȠȌȊȕ ȏȎ 3,01 Ã 10  ȓȕȒȌȑȚȒ?

n = 3,01 Ã 10  : 6,02 Ã 10  = 5 24 23
ȓȕȒȣ

m = 5 ∙ 28 = 140 Ȋ

Проверьте полученные знания
31. ǷȇȘȘȞȏșȇȐșȌ ȕȈȡȧȓ  0,25 ȓȕȒȣ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ (ȋȓ , 20°C ȏ 1 ȇșȓ).

2. ǩ ȑȇȑȕȓ ȘȒȚȞȇȌ ȏȓȌȌșȘȦ ȔȇȏȈȕȒȣȟȌȌ ȞȏȘȒȕ ȓȕȒȌȑȚȒ? ǵȈȕȘȔȚȐșȌ ȘȉȕȐ ȕșȉȌș ȗȇȘȞȧșȕȓ.

a. 480 Ȋ CH4

3
b. 480 ȋȓ  CH  (20°C ȏ 1 ȇșȓ)4

c. 48 ȓȕȒȣ CH4

3 3
3. ǷȇȘȘȞȏșȇȐșȌ ȕȈȠȌȌ ȞȏȘȒȕ  ȓȕȒȌȑȚȒ ȉ ȊȇȎȕȉȕȐ ȘȓȌȘȏ, ȘȕȘșȕȦȠȌȐ ȏȎ 6 ȋȓ  ȑȏȘȒȕȗȕȋȇ ȏ 12 ȋȓ   

ȉȕȋȕȗȕȋȇ (20°C ȏ 1 ȇșȓ).

4. ǷȇȘȘȞȏșȇȐșȌ ȕșȔȕȟȌȔȏȌ ȞȏȘȒȇ ȓȕȒȌȑȚȒ ȉ 14 Ȋ ȇȎȕșȇ ȑ ȞȏȘȒȚ ȇșȕȓȕȉ, ȘȕȋȌȗȍȇȠȏȜȘȦ ȉ 8 Ȋ ȊȌȒȏȦ. 

Примените полученные знания
3

1. ǷȌȎȏȔȕȉȢȐ ȟȇȗ ȕȈȡȧȓȕȓ 1,2 ȋȓ  (20°C ȏ 1 ȇșȓ) ȔȇȖȕȒȔȏȒȏ ȊȌȒȏȌȓ. Ǳȇȑ ȏȎȓȌȔȦșȘȦ ȓȇȘȘȇ ȏ ȞȏȘȒȕ 

ȇșȕȓȕȉ, ȌȘȒȏ ȎȇȓȌȔȏșȣ ȊȌȒȏȐ Ȕȇ ȇȎȕș? 

32. ǾȌȒȕȉȌȑ ȉ ȖȗȕȝȌȘȘȌ ȋȢȜȇȔȏȦ ȉȢȋȌȒȦȌș ȉ ȇșȓȕȘțȌȗȚ 240 ȋȓ  (20°Ǹ ȏ 1 ȇșȓ) ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ ȉ ȘȚșȑȏ. 

ǷȇȘȘȞȏșȇȐșȌ ȓȇȘȘȚ (Ȋ) ȚȑȇȎȇȔȔȕȊȕ ȕȈȡȧȓȇ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ.

ǸȗȇȉȔȏșȌ ȞȏȘȒȕ ȓȕȒȌȑȚȒ ȏ ȞȏȘȒȕ ȇșȕȓȕȉ, ȘȕȋȌȗȍȇȠȏȜȘȦ Ȗȗȏ ȕȋȏȔȇȑȕȉȢȜ ȚȘȒȕȉȏȦȜ   
3 3 3ȉ  40 ȋȓ  NH  ȏ 10 ȋȓ  O  . ǸȑȕȒȣȑȕ ȋȓ  ȏ ȑȇȑȕȊȕ ȊȇȎȇ ȔȚȍȔȕ ȋȕȈȇȉȏșȣ ȑ ȏȘȜȕȋȔȕȓȚ 3 2

ȑȕȒȏȞȌȘșȉȚ, ȞșȕȈȢ ȉ ȊȇȎȇȜ ȕȑȇȎȇȒȕȘȣ ȕȋȏȔȇȑȕȉȕȌ ȞȏȘȒȕ ȇșȕȓȕȉ?

�  ǶǵǫǺǳǧǰ

�  ǵǨǸǺǫǯ 

�  ǶǵǫǬ ǲǯǸȃ

1.5 ǶȒȕșȔȕȘșȣ ȊȇȎȕȉ ȏ ȕșȔȕȘȏșȌȒȣȔȇȦ ȖȒȕșȔȕȘșȣ

� ǾȌȓ� Ȗȕ ȉȇȟȌȓȚ ȓȔȌȔȏȥ� ȔȇȖȕȒȔȦȥș ȉȕȎȋȚȟȔȢȌ ȟȇȗȢ"

�  ǶȕȞȌȓȚ ȉȕȎȋȚȟȔȢȌ ȟȇȗȢ Ș ȒȧȊȑȕȘșȣȥ ȖȕȋȔȏȓȇȥșȘȦ ȉȉȌȗȜ"

�  Ǳȇȑȏȓȏ ȘȉȕȐȘșȉȇȓȏ ȋȕȒȍȔȢ ȕȈȒȇȋȇșȣ ȏȘȖȕȒȣȎȚȌȓȢȌ ȊȇȎȢ 

ȋȒȦ ȕȈȌȘȖȌȞȌȔȏȦ ȈȌȎȕȖȇȘȔȕȘșȏ ȉȕȎȋȚȟȔȢȜ ȟȇȗȕȉ"

ǶȒȕșȔȕȘșȣ ȊȇȎȕȉ

ǩȢ ȎȔȇȑȕȓȢ Ș ȏȎȓȌȗȌȔȏȌȓ ȖȒȕșȔȕȘșȏ șȉȌȗȋȢȜ șȌȒ ȏ ȍȏȋȑȕȘșȌȐ 

ȏȎ ȚȞȌȈȔȏȑȇ ´Ƕȗȏȗȕȋȇ .́ ǧ ȖȒȕșȔȕȘșȣ ȊȇȎȕȉ ȓȕȍȔȕ ȕȖȗȌȋȌȒȦșȣ 

ȗȇȘȞȧșȔȢȓ ȖȚșȧȓ.

ǩ ȘȕȉȗȌȓȌȔȔȚȥ ȤȖȕȜȚ 

ȖȕȒȌșȢ Ȕȇ ȉȕȎȋȚȟȔȕȓ 

ȟȇȗȌ ȉȢȎȢȉȇȥș ȏȔșȌȗȌȘ 

Ț ȈȕȒȣȟȏȔȘșȉȇ ȒȥȋȌȐ.

ǵȈȘȚȋȏșȌ�  

�� ǱȇȑȕȐ ȗȏȘȚȔȕȑ ȘȕȕșȉȌșȘșȉȚȌș ȓȇȘȘȇȓ ȊȇȎȕȉ 

ȑȏȘȒȕȗȕȋȇ ȏ ȇȎȕșȇ� ȉȎȦșȢȜ ȉ ȗȇȉȔȢȜ 

ȑȕȒȏȞȌȘșȉȇȜ Ȗȗȏ ȕȋȏȔȇȑȕȉȢȜ ȚȘȒȕȉȏȦȜ"

�� ǱȇȑȏȌ ȗȏȘȚȔȑȏ ȘȕȕșȉȌșȘșȉȚȥș 

ȖȕȕȞȌȗȌȋȔȕȐ ȎȇȓȌȔȌ ȑȏȘȒȕȗȕȋȇ Ȕȇ ȊȇȎȢ         

&2� H  ȏ 62 "� �

�� ǩ ȑȇȑȕȓ ȞȏȘȒȌȔȔȕȓ ȘȕȕșȔȕȟȌȔȏȏ ȘȒȌȋȚȌș 

ȉȎȦșȣ ȑȏȘȒȕȗȕȋ ȏ ȇȎȕș� ȞșȕȈȢ ȏȜ ȓȇȘȘȢ 

ȈȢȒȏ ȗȇȉȔȢ"

ǾȌȓ ȗȇȎȒȏȞȇȥșȘȦ ȓȌȍȋȚ ȘȕȈȕȐ ȓȇȘȘȢ ȗȇȎȒȏȞȔȢȜ ȊȇȎȕȉ ȕȋȏȔȇȑȕȉȕȊȕ ȕȈȡȧȓȇ"

III

O2

N2

N2O2

I£

N2

O2

II£

1ǱȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇǾȇȘșȣ I

3
ȖȒȕșȔȕȘșȣ ȊȇȎȕȉ, Ȋ/ȋȓ ,

ȕșȔȕȘȏșȌȒȣȔȇȦ ȖȒȕșȔȕȘșȣ 

ǱȒȥ-
ȞȌȉȢȌ 
ȘȒȕȉȇ

2726

ǫ
Ȍ
Ȧ
șȌ

Ȓ
ȣ
Ȕ

ȕ
Șș

ȣ



ǮȔȇȦ, Ȟșȕ ȖȒȕșȔȕȘșȣ ȉȢȞȏȘȒȦȌșȘȦ Ȗȕ țȕȗȓȚȒȌ ǐ = ––, 

ȗȇȘȘȞȏșȇȌȓ ȖȒȕșȔȕȘșȣ ȊȇȎȕȉ Ȗȗȏ 20°Ǹ ȏ 1 ȇșȓ.

m
9

ǐ = –––�
M

9m

––– : –––– = –––
Ȋ

ȓȕȒȣ

3ȋȓ

ȓȕȒȣ

Ȋ
3ȋȓ

Ǳȇȑ ȉȏȋȔȕ, ȖȒȕșȔȕȘșȣ ȊȇȎȇ (Ȗȗȏ 20°Ǹ ȏ 1 ȇșȓ) ȗȇȉȔȇ 

ȕșȔȕȟȌȔȏȥ ȌȊȕ ȓȕȒȦȗȔȕȐ ȓȇȘȘȢ ȑ ȓȕȒȦȗȔȕȓȚ ȕȈȡȧȓȚ                    
�

ȏ ȏȎȓȌȗȦȌșȘȦ ȉ Ȋ�ȋȓ .

ǶǷǯǳǬǷ �

31. ǷȇȘȘȞȏșȇȐșȌ ȖȒȕșȔȕȘșȣ (Ȋ/ ȋȓ ) ȊȇȎȇ C H  (20°C ȏ 1 ȇșȓ).4 6

M(C H ) = 54 Ȋ/ȓȕȒȣ  4 6

3 3
ǐ = 54 Ȋ/ȓȕȒȣ : 24 ȋȓ /ȓȕȒȣ = 2,25 Ȋ/ȋȓ

32. ǷȇȘȘȞȏșȇȐșȌ ȓȕȒȦȗȔȚȥ ȓȇȘȘȚ (Ȋ/ȓȕȒȣ) ȊȇȎȇ ȖȒȕșȔȕȘșȣȥ 1,25 Ȋ/ȋȓ  (20°Ǹ ȏ 1 ȇșȓ).
3 3M = ǐ9 =1,25 Ȋ/ȋȓ  ∙ 24 ȋȓ /ȓȕȒȣ = 30 Ȋ/ȓȕȒȣm

3ǷȇȘȘȞȏșȇȐșȌ ȖȒȕșȔȕȘșȣ (Ȋ/ȋȓ ) ȊȇȎȕȉȕȐ ȘȓȌȘȏ, ȘȕȘșȕȦȠȌȐ ȏȎ 2 ȓȕȒȣ 

ȑȏȘȒȕȗȕȋȇ ȏ 1 ȓȕȒȣ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ (20°C ȏ 1 ȇșȓ).

� �ǶǵǫǺǳǧǰ  ǵǨǸǺǫǯ  ǶǵǫǬ ǲǯǸȃ

Ǳȇȑ ȉȏȋȔȕ, ȋȒȦ ȉȢȞȏȘȒȌȔȏȦ ȕșȔȕȘȏșȌȒȣȔȕȐ ȖȒȕșȔȕȘșȏ ȊȇȎȕȉ 

ȔȌȕȈȜȕȋȏȓȕ ȖȒȕșȔȕȘșȣ ȖȌȗȉȕȊȕ ȊȇȎȇ ȗȇȎȋȌȒȏșȣ Ȕȇ ȖȒȕșȔȕȘșȣ ȉșȕȗȕȊȕ 

ȊȇȎȇ, ȉȎȦșȕȊȕ ȉ șȕȓ ȍȌ ȕȈȡȧȓȌ ȉ ȕȋȏȔȇȑȕȉȢȜ ȚȘȒȕȉȏȦȜ.

 ǶȕȘȑȕȒȣȑȚ Ȗȗȏ 20°C ȏ 1 ȇșȓ:

ǶǷǯǳǬǷ �

3 3ǩ ȕȋȏȔȇȑȕȉȢȜ ȚȘȒȕȉȏȦȜ ȓȇȘȘȇ 1 ȋȓ   ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ ȘȕȘșȇȉȒȦȌș 1,98 Ȋȗȇȓȓa, ȇ ȓȇȘȘȇ 1 ȋȓ  ȊȇȎȇ 

ȉȕȋȕȗȕȋȇ – 0,09 Ȋȗȇȓȓa. ǩȢȞȏȘȒȏșȌ ȕșȔȕȘȏșȌȒȣȔȚȥ ȖȒȕșȔȕȘșȣ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ Ȗȕ ȉȕȋȕȗȕȋȚ.

D = –––––––– = –––– = 22
m (CO )2

m (H )2

1,98

0,09

ǾșȕȈȢ ȗȇȘȘȞȏșȇșȣ ȕșȔȕȘȏșȌȒȣȔȚȥ ȖȒȕșȔȕȘșȣ ȊȇȎȇ ǧ Ȗȕ ȊȇȎȚ ǩ, 

ȗȇȎȋȌȒȏȓ ȓȇȘȘȚ ȊȇȎȇ  ǧ Ȕȇ ȓȇȘȘȚ ȊȇȎȇ ǩ, ȉȎȦșȢȜ ȉ ȕȋȏȔȇȑȕȉȕȓ 

ȕȈȡȧȓȌ Ȗȗȏ ȕȋȏȔȇȑȕȉȢȜ ȚȘȒȕȉȏȦȜ (20°Ǹ ȏ 1 ȇșȓ):

D = ––––– = ––––––– = –––––
m(A)

m(B)

ǐ(A) Ã 9

ǐ(B) Ã 9

ǐ(A)

ǐ(B)

ǐ(A) = –––––  ȏ  ǐ(B) = ––––– 
M(A)

9m

M(B)

9m

ȕșȘȥȋȇ ȘȒȌȋȚȌș:

ǸȒȌȋȕȉȇșȌȒȣȔȕ, ȕșȔȕȘȏșȌȒȣȔȇȦ ȖȒȕșȔȕȘșȣ ȊȇȎȇ ǧ Ȗȕ ȊȇȎȚ ǩ ȗȇȉȔȇ 

ȕșȔȕȟȌȔȏȥ ȏȜ ȓȕȒȦȗȔȢȜ ȓȇȘȘ.

––––– =  ––––– : ––––– = –––––.
ǐ(A)

ǐ(B)

M(A)

9m

M(B)

9m

M(A)

M(B)

––––– =  ––––– 
ǐ(A)

ǐ(B)

M(A)

M(B)

ǵșȔȕȘȏșȌȒȣȔȇȦ ȖȒȕșȔȕȘșȣ ȦȉȒȦȌșȘȦ ȈȌȎȗȇȎȓȌȗȔȕȐ ȉȌȒȏȞȏȔȕȐ, 

ȖȕȘȑȕȒȣȑȚ ȖȗȌȋȘșȇȉȒȦȌș ȘȕȈȕȐ ȕșȔȕȟȌȔȏȌ ȕȋȔȕȗȕȋȔȢȜ ȉȌȒȏȞȏȔ.

D  =  ––––– B

M(A)

M(B)

ǶȒȕșȔȕȘșȣ ȊȇȎȕȉ ȞȇȘșȕ ȘȗȇȉȔȏȉȇȥș Ș ȖȒȕșȔȕȘșȣȥ ȉȕȎȋȚȜȇ. Ǳ ȉȕȎȋȚȜȚ, 

ȦȉȒȦȥȠȌȓȚȘȦ ȘȓȌȘȣȥ ȊȇȎȕȉ, ȖȗȏȓȌȔȦȥș ȖȕȔȦșȏȌ ´ȘȗȌȋȔȦȦ ȓȕȒȦȗȔȇȦ 

ȓȇȘȘȇµ. ǸȗȌȋȔȦȦ ȓȕȒȦȗȔȇȦ ȓȇȘȘȇ ȉȕȎȋȚȜȇ ȗȇȉȔȇ 29 ––––. 
Ȋ

ȓȕȒȣ

2928

ǵșȔȕȘȏșȌȒȣȔȇȦ ȖȒȕșȔȕȘșȣ

ǵșȔȕȘȏșȌȒȣȔȇȦ ȖȒȕșȔȕȘșȣ ȖȕȑȇȎȢȉȇȌș, ȉȕ ȘȑȕȒȣȑȕ ȗȇȎ ȕȋȏȔ ȊȇȎ 

șȦȍȌȒȌȌ ȋȗȚȊȕȊȕ ȊȇȎȇ Ȗȗȏ ȗȇȉȔȢȜ ȕȈȡȧȓȇȜ ȊȇȎȕȉ Ȗȗȏ ȎȇȋȇȔȔȢȜ 

ȚȘȒȕȉȏȦȜ, ȏ ȕȈȕȎȔȇȞȇȌșȘȦ ȈȚȑȉȕȐ D.

ǫȒȦ 1 ȓȕȒȣ ȊȇȎȇ

(20°C ȏ1 ȇșȓ) 

ȓȇȘȘȇ = ȓȕȒȦȗȔȇȦ ȓȇȘȘȇ

ȕȈȡȧȓ = ȓȕȒȦȗȔȢȐ ȕȈȡȧȓ 

ǶǷǯǳǬǷ �

2. ǷȇȘȘȞȏșȇȐșȌ ȓȕȒȦȗȔȚȥ ȓȇȘȘȚ (Ȋ/ȓȕȒȣ) ȊȇȎȇ ǧ, ȕșȔȕȘȏșȌȒȣȔȇȦ ȖȒȕșȔȕȘșȣ ȑȕșȕȗȕȊȕ Ȗȕ ȊȌȒȏȥ ȗȇȉȔȇ 7.

D  =  –––––– He

M(A)

M(He)

M(A) = D Ã M(He) = 7 Ã 4 = 28He 

1. ǷȇȘȘȞȏșȇȐșȌ ȕșȔȕȘȏșȌȒȣȔȚȥ ȖȒȕșȔȕȘșȣ ȋȏȕȑȘȏȋȇ ȘȌȗȢ Ȗȕ ȓȌșȇȔȚ.  

D = ––––––= ––– = 4CH4

M(SO )2

M(CH )4

64

16

1ǱȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇǾȇȘșȣ I



ǮȔȇȦ, Ȟșȕ ȖȒȕșȔȕȘșȣ ȉȢȞȏȘȒȦȌșȘȦ Ȗȕ țȕȗȓȚȒȌ ǐ = ––, 

ȗȇȘȘȞȏșȇȌȓ ȖȒȕșȔȕȘșȣ ȊȇȎȕȉ Ȗȗȏ 20°Ǹ ȏ 1 ȇșȓ.

m
9

ǐ = –––�
M

9m

––– : –––– = –––
Ȋ

ȓȕȒȣ

3ȋȓ

ȓȕȒȣ

Ȋ
3ȋȓ

Ǳȇȑ ȉȏȋȔȕ, ȖȒȕșȔȕȘșȣ ȊȇȎȇ (Ȗȗȏ 20°Ǹ ȏ 1 ȇșȓ) ȗȇȉȔȇ 

ȕșȔȕȟȌȔȏȥ ȌȊȕ ȓȕȒȦȗȔȕȐ ȓȇȘȘȢ ȑ ȓȕȒȦȗȔȕȓȚ ȕȈȡȧȓȚ                    
�

ȏ ȏȎȓȌȗȦȌșȘȦ ȉ Ȋ�ȋȓ .

ǶǷǯǳǬǷ �

31. ǷȇȘȘȞȏșȇȐșȌ ȖȒȕșȔȕȘșȣ (Ȋ/ ȋȓ ) ȊȇȎȇ C H  (20°C ȏ 1 ȇșȓ).4 6

M(C H ) = 54 Ȋ/ȓȕȒȣ  4 6

3 3
ǐ = 54 Ȋ/ȓȕȒȣ : 24 ȋȓ /ȓȕȒȣ = 2,25 Ȋ/ȋȓ

32. ǷȇȘȘȞȏșȇȐșȌ ȓȕȒȦȗȔȚȥ ȓȇȘȘȚ (Ȋ/ȓȕȒȣ) ȊȇȎȇ ȖȒȕșȔȕȘșȣȥ 1,25 Ȋ/ȋȓ  (20°Ǹ ȏ 1 ȇșȓ).
3 3M = ǐ9 =1,25 Ȋ/ȋȓ  ∙ 24 ȋȓ /ȓȕȒȣ = 30 Ȋ/ȓȕȒȣm

3ǷȇȘȘȞȏșȇȐșȌ ȖȒȕșȔȕȘșȣ (Ȋ/ȋȓ ) ȊȇȎȕȉȕȐ ȘȓȌȘȏ, ȘȕȘșȕȦȠȌȐ ȏȎ 2 ȓȕȒȣ 

ȑȏȘȒȕȗȕȋȇ ȏ 1 ȓȕȒȣ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ (20°C ȏ 1 ȇșȓ).

� �ǶǵǫǺǳǧǰ  ǵǨǸǺǫǯ  ǶǵǫǬ ǲǯǸȃ

Ǳȇȑ ȉȏȋȔȕ, ȋȒȦ ȉȢȞȏȘȒȌȔȏȦ ȕșȔȕȘȏșȌȒȣȔȕȐ ȖȒȕșȔȕȘșȏ ȊȇȎȕȉ 

ȔȌȕȈȜȕȋȏȓȕ ȖȒȕșȔȕȘșȣ ȖȌȗȉȕȊȕ ȊȇȎȇ ȗȇȎȋȌȒȏșȣ Ȕȇ ȖȒȕșȔȕȘșȣ ȉșȕȗȕȊȕ 

ȊȇȎȇ, ȉȎȦșȕȊȕ ȉ șȕȓ ȍȌ ȕȈȡȧȓȌ ȉ ȕȋȏȔȇȑȕȉȢȜ ȚȘȒȕȉȏȦȜ.

 ǶȕȘȑȕȒȣȑȚ Ȗȗȏ 20°C ȏ 1 ȇșȓ:

ǶǷǯǳǬǷ �

3 3ǩ ȕȋȏȔȇȑȕȉȢȜ ȚȘȒȕȉȏȦȜ ȓȇȘȘȇ 1 ȋȓ   ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ ȘȕȘșȇȉȒȦȌș 1,98 Ȋȗȇȓȓa, ȇ ȓȇȘȘȇ 1 ȋȓ  ȊȇȎȇ 

ȉȕȋȕȗȕȋȇ – 0,09 Ȋȗȇȓȓa. ǩȢȞȏȘȒȏșȌ ȕșȔȕȘȏșȌȒȣȔȚȥ ȖȒȕșȔȕȘșȣ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ Ȗȕ ȉȕȋȕȗȕȋȚ.

D = –––––––– = –––– = 22
m (CO )2

m (H )2

1,98

0,09

ǾșȕȈȢ ȗȇȘȘȞȏșȇșȣ ȕșȔȕȘȏșȌȒȣȔȚȥ ȖȒȕșȔȕȘșȣ ȊȇȎȇ ǧ Ȗȕ ȊȇȎȚ ǩ, 

ȗȇȎȋȌȒȏȓ ȓȇȘȘȚ ȊȇȎȇ  ǧ Ȕȇ ȓȇȘȘȚ ȊȇȎȇ ǩ, ȉȎȦșȢȜ ȉ ȕȋȏȔȇȑȕȉȕȓ 

ȕȈȡȧȓȌ Ȗȗȏ ȕȋȏȔȇȑȕȉȢȜ ȚȘȒȕȉȏȦȜ (20°Ǹ ȏ 1 ȇșȓ):

D = ––––– = ––––––– = –––––
m(A)

m(B)

ǐ(A) Ã 9

ǐ(B) Ã 9

ǐ(A)

ǐ(B)

ǐ(A) = –––––  ȏ  ǐ(B) = ––––– 
M(A)

9m

M(B)

9m

ȕșȘȥȋȇ ȘȒȌȋȚȌș:

ǸȒȌȋȕȉȇșȌȒȣȔȕ, ȕșȔȕȘȏșȌȒȣȔȇȦ ȖȒȕșȔȕȘșȣ ȊȇȎȇ ǧ Ȗȕ ȊȇȎȚ ǩ ȗȇȉȔȇ 

ȕșȔȕȟȌȔȏȥ ȏȜ ȓȕȒȦȗȔȢȜ ȓȇȘȘ.

––––– =  ––––– : ––––– = –––––.
ǐ(A)

ǐ(B)

M(A)

9m

M(B)

9m

M(A)

M(B)

––––– =  ––––– 
ǐ(A)

ǐ(B)

M(A)

M(B)

ǵșȔȕȘȏșȌȒȣȔȇȦ ȖȒȕșȔȕȘșȣ ȦȉȒȦȌșȘȦ ȈȌȎȗȇȎȓȌȗȔȕȐ ȉȌȒȏȞȏȔȕȐ, 

ȖȕȘȑȕȒȣȑȚ ȖȗȌȋȘșȇȉȒȦȌș ȘȕȈȕȐ ȕșȔȕȟȌȔȏȌ ȕȋȔȕȗȕȋȔȢȜ ȉȌȒȏȞȏȔ.

D  =  ––––– B

M(A)

M(B)

ǶȒȕșȔȕȘșȣ ȊȇȎȕȉ ȞȇȘșȕ ȘȗȇȉȔȏȉȇȥș Ș ȖȒȕșȔȕȘșȣȥ ȉȕȎȋȚȜȇ. Ǳ ȉȕȎȋȚȜȚ, 

ȦȉȒȦȥȠȌȓȚȘȦ ȘȓȌȘȣȥ ȊȇȎȕȉ, ȖȗȏȓȌȔȦȥș ȖȕȔȦșȏȌ ´ȘȗȌȋȔȦȦ ȓȕȒȦȗȔȇȦ 

ȓȇȘȘȇµ. ǸȗȌȋȔȦȦ ȓȕȒȦȗȔȇȦ ȓȇȘȘȇ ȉȕȎȋȚȜȇ ȗȇȉȔȇ 29 ––––. 
Ȋ

ȓȕȒȣ

2928

ǵșȔȕȘȏșȌȒȣȔȇȦ ȖȒȕșȔȕȘșȣ

ǵșȔȕȘȏșȌȒȣȔȇȦ ȖȒȕșȔȕȘșȣ ȖȕȑȇȎȢȉȇȌș, ȉȕ ȘȑȕȒȣȑȕ ȗȇȎ ȕȋȏȔ ȊȇȎ 

șȦȍȌȒȌȌ ȋȗȚȊȕȊȕ ȊȇȎȇ Ȗȗȏ ȗȇȉȔȢȜ ȕȈȡȧȓȇȜ ȊȇȎȕȉ Ȗȗȏ ȎȇȋȇȔȔȢȜ 

ȚȘȒȕȉȏȦȜ, ȏ ȕȈȕȎȔȇȞȇȌșȘȦ ȈȚȑȉȕȐ D.

ǫȒȦ 1 ȓȕȒȣ ȊȇȎȇ

(20°C ȏ1 ȇșȓ) 

ȓȇȘȘȇ = ȓȕȒȦȗȔȇȦ ȓȇȘȘȇ

ȕȈȡȧȓ = ȓȕȒȦȗȔȢȐ ȕȈȡȧȓ 

ǶǷǯǳǬǷ �

2. ǷȇȘȘȞȏșȇȐșȌ ȓȕȒȦȗȔȚȥ ȓȇȘȘȚ (Ȋ/ȓȕȒȣ) ȊȇȎȇ ǧ, ȕșȔȕȘȏșȌȒȣȔȇȦ ȖȒȕșȔȕȘșȣ ȑȕșȕȗȕȊȕ Ȗȕ ȊȌȒȏȥ ȗȇȉȔȇ 7.

D  =  –––––– He

M(A)

M(He)

M(A) = D Ã M(He) = 7 Ã 4 = 28He 

1. ǷȇȘȘȞȏșȇȐșȌ ȕșȔȕȘȏșȌȒȣȔȚȥ ȖȒȕșȔȕȘșȣ ȋȏȕȑȘȏȋȇ ȘȌȗȢ Ȗȕ ȓȌșȇȔȚ.  

D = ––––––= ––– = 4CH4

M(SO )2

M(CH )4

64
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ǾȇȘșȣ I

Проверьте полученные знания

3
1. ǷȇȘȘȞȏșȇȐșȌ ȖȒȕșȔȕȘșȣ (Ȋ/ȋȓ ) ȊȇȎȇ ȕȎȕȔȇ (20°C ȏ 1 ȇșȓ).

2. ǵșȔȕȘȏșȌȒȣȔȇȦ ȖȒȕșȔȕȘșȣ ȔȌȑȕșȕȗȕȊȕ ȊȇȎȇ Ȗȕ ȉȕȋȕȗȕȋȚ ȗȇȉȔȇ 29. ǷȇȘȘȞȏșȇȐșȌ ȕșȔȕȘȏșȌȒȣȔȚȥ 

ȖȒȕșȔȕȘșȣ ȤșȕȊȕ ȊȇȎȇ Ȗȕ ȉȕȎȋȚȜȚ.

3
3. ǵȖȗȌȋȌȒȏșȌ ȖȒȕșȔȕȘșȣ (ȉ Ȋ/ȋȓ � Ȗȗȏ 20°Ǹ ȏ 1 ȇșȓ) ȊȇȎȕȉȕȐ ȘȓȌȘȏ, ȕȈȗȇȎȕȉȇȔȔȕȐ Ȗȗȏ ȘȓȌȟȏȉȇȔȏȏ  

ȊȇȎȕȉ Ǹǵ  ȏ ǵ  ȉ ȓȕȒȣȔȕȓ ȕșȔȕȟȌȔȏȏ 1 : 2. 2 2

3
4. ǷȇȘȘȞȏșȇȐșȌ ȓȇȘȘȚ (ȉ ȊȗȇȓȓȇȜ) ȊȇȎȇ ȕȈȡȧȓȕȓ 48 ȋȓ  (20°C ȏ 1 ȇșȓ), ȖȒȕșȔȕȘșȣ ȑȕșȕȗȕȊȕ ȈȕȒȣȟȌ 

ȖȒȕșȔȕȘșȏ ȓȌșȇȔȇ ȉ 4 ȗȇȎȇ. 

Примените полученные знания

1. Ƕȗȏ ȕȋȏȔȇȑȕȉȢȜ ȚȘȒȕȉȏȦȜ  ȕȑȘȏȋ ȚȊȒȌȗȕȋȇ ȏ ȕȑȘȏȋ ȇȎȕșȇ ȏȓȌȥș ȗȇȉȔȚȥ ȖȒȕșȔȕȘșȣ. ǵȖȗȌȋȌȒȏșȌ 

țȕȗȓȚȒȢ ȤșȏȜ ȕȑȘȏȋȕȉ.

2. Ƕȗȏ ȋȕȈȇȉȒȌȔȏȏ ȑȇȑȕȊȕ ȊȇȎȇ ȑ ȊȇȎȕȉȕȐ ȘȓȌȘȏ, ȘȕȘșȕȦȠȌȐ ȏȎ N  ȏ CO, ȖȒȕșȔȕȘșȣ ȘȓȌȘȏ Ȗȗȏ șȌȜ ȍȌ 2

ȚȘȒȕȉȏȦȜ ȚȉȌȒȏȞȏȉȇȌșȘȦ?

1. CH           2. NH         3. N O        4. C H           5. SO4 3 2 2 4 2

ǩ ȔȇȞȇȒȌ XIX ȉȌȑȇ ȏșȇȒȣȦȔȘȑȏȐ ȚȞȧȔȢȐ ǧȓȌȋȌȕ ǧȉȕȊȇȋȗȕ ȉȢȋȉȏȔȚȒ ȏȋȌȥ, ȑȕșȕȗȇȦ 

ȑȕȗȌȔȔȢȓ ȕȈȗȇȎȕȓ ȏȎȓȌȔȏȒȇ ȜȏȓȏȞȌȘȑȚȥ ȔȇȚȑȚ. ǩ șȕ ȉȗȌȓȦ ȌȠȧ ȔȌ ȈȢȒȏ 

ȖȕȒȔȕȘșȣȥ ȖȗȕȦȘȔȌȔȢ ȖȕȔȦșȏȦ �ȇșȕȓ� ȏ �ȓȕȒȌȑȚȒȇ�. ǨȕȒȌȌ șȕȊȕ, ȚȞȧȔȢȌ 

ȎȇșȗȚȋȔȦȒȏȘȣ ȋȇȍȌ Ș șȕȞȔȢȓ ȕȖȗȌȋȌȒȌȔȏȌȓ ȘȕȘșȇȉȇ ȉȕȋȢ. ǻȗȇȔȝȚȎȘȑȏȐ ȚȞȧȔȢȐ 

ǪȌȐ-ǲȥȘȘȇȑ, ȖȗȕȉȌȋȦ ȏȔșȌȗȌȘȔȢȌ ȏȘȘȒȌȋȕȉȇȔȏȦ Ș ȕȈȡȧȓȇȓȏ ȊȇȎȕȉ, ȖȕȑȇȎȇȒ, Ȟșȕ 

ȘȕȕșȔȕȟȌȔȏȌ ȕȈȡȧȓȕȉ ȊȇȎȕȉ, ȉȘșȚȖȇȥȠȏȜ ȓȌȍȋȚ ȘȕȈȕȐ ȉ ȗȌȇȑȝȏȥ, ȖȕȋȕȈȔȕ 

ȘȕȕșȔȕȟȌȔȏȥ ȖȗȕȘșȢȜ ȞȏȘȌȒ.  ǧȉȕȊȇȋȗȕ, șȠȇșȌȒȣȔȕ ȖȗȕȇȔȇȒȏȎȏȗȕȉȇȉ Ȥșȏ 

ȗȌȎȚȒȣșȇșȢ, ȖȗȌȋȖȕȒȕȍȏȒ, Ȟșȕ ȗȇȉȔȢȌ ȕȈȡȧȓȢ ȊȇȎȕȉ, ȉȎȦșȢȌ Ȗȗȏ ȕȋȏȔȇȑȕȉȢȜ 

ȚȘȒȕȉȏȦȜ, ȘȕȋȌȗȍȇș ȕȋȏȔȇȑȕȉȕȌ ȞȏȘȒȕ ȓȕȒȌȑȚȒ. Ȅșȇ Ȕȇ ȖȌȗȉȢȐ ȉȎȊȒȦȋ ȖȗȕȘșȇȦ ȏȋȌȦ 

ȕȎȔȇȓȌȔȕȉȇȒȇ ȔȇȞȇȒȕ ȔȕȉȕȐ ȤȗȢ ȉ Ȝȏȓȏȏ: ȈȒȇȊȕȋȇȗȦ ȤșȕȓȚ ȎȇȑȕȔȚ ȘșȇȒȕ 

ȉȕȎȓȕȍȔȢȓ ȚȘșȇȔȕȉȒȌȔȏȌ ȘȕȘșȇȉȇ ȉȌȠȌȘșȉ, ȖȕȔȏȓȇȔȏȌ ȏȜ ȓȕȒȌȑȚȒȦȗȔȕȊȕ 

ȘșȗȕȌȔȏȦ ȏ ȋȕȘȑȕȔȇȒȣȔȕȌ ȗȇȎȡȦȘȔȌȔȏȌ șȌȞȌȔȏȦ ȜȏȓȏȞȌȘȑȏȜ ȗȌȇȑȝȏȐ. ǵȋȔȇȑȕ 

șȌȕȗȏȦ ǧȉȕȊȇȋȗȕ ȔȌ ȈȢȒȇ ȘȗȇȎȚ ȖȗȏȔȦșȇ ȚȞȧȔȢȓȏ. Ƕȗȏ ȌȊȕ ȍȏȎȔȏ ȖȗȌȋȘșȇȉȒȌȔȏȦ ȕ 

ȓȕȒȌȑȚȒȦȗȔȕȐ ȘșȗȚȑșȚȗȌ ȊȇȎȕȉ ȈȢȒȏ ȌȠȧ ȉȌȘȣȓȇ ȎȇȖȚșȇȔȔȢȓȏ. ǼȕșȦ ȓȔȕȊȏȌ 

ȚȞȧȔȢȌ ȖȗȕȋȕȒȍȇȒȏ ȘȞȏșȇșȣ, Ȟșȕ ȉȕȋȕȗȕȋ ȏ ȑȏȘȒȕȗȕȋ ȕȈȗȇȎȕȉȇȔȢ ȇșȕȓȇȓȏ, ȊȕȋȢ 

ȘȖȚȘșȦ ȏȋȌȦ ǧȉȕȊȇȋȗȕ ȖȕȒȚȞȏȒȇ ȖȕȋșȉȌȗȍȋȌȔȏȌ ȏ ȘȖȕȘȕȈȘșȉȕȉȇȒȇ ȗȇȎȉȏșȏȥ Ȝȏȓȏȏ 

ȉ ȖȗȇȉȏȒȣȔȕȓ ȔȇȖȗȇȉȒȌȔȏȏ.

ǹȌȕȗȏȦ ǧȉȕȊȇȋȗȕ ȖȗȕȒȕȍȏȒȇ ȖȚșȣ ȖȕȔȦșȏȥ �ȓȕȒȣ� – ȕȋȔȕȐ ȏȎ ȉȇȍȔȌȐȟȏȜ ȉȌȒȏȞȏȔ 

ȉ Ȝȏȓȏȏ. ǾȏȘȒȕ ȇșȕȓȕȉ ȏ ȓȕȒȌȑȚȒ ȉ ȕȈȗȇȎȝȇȜ ȉȌȠȌȘșȉ ȔȇȘșȕȒȣȑȕ ȉȌȒȏȑȕ, Ȟșȕ  

ȉȢȗȇȍȌȔȏȌ ȏȜ Ș ȖȕȓȕȠȣȥ ȕȈȢȞȔȢȜ ȞȏȘȌȒ ȉȢȎȢȉȇȒȕ ȎȇșȗȚȋȔȌȔȏȦ. Ǳ ȖȗȏȓȌȗȚ, ȉ 

ȘșȇȑȇȔȌ ȉȕȋȢ ȓȕȒȌȑȚȒ ȈȕȒȣȟȌ, ȞȌȓ ȉȕ ȉȘȌȜ ȎȉȧȎȋȇȜ ǩȘȌȒȌȔȔȕȐ. ǶȕȤșȕȓȚ ȋȒȦ 

ȉȢȗȇȍȌȔȏȦ șȇȑȏȜ ȈȕȒȣȟȏȜ ȞȏȘȌȒ ȚȞȧȔȢȌ ȖȗȏȔȦȒȏ ȘȖȌȝȏȇȒȣȔȚȥ ȌȋȏȔȏȝȚ 

ȏȎȓȌȗȌȔȏȦ. ǹȇȑ ȍȌ ȑȇȑ Ȗȕȋ  ´ȋȥȍȏȔȕȐ Ȧȏȝµ ȏȓȌȌșȘȦ ȉ ȉȏȋȚ 12 Ȧȏȝ, șȇȑ ȏ ȉ Ȝȏȓȏȏ 

Ȗȕȋ ´ȕȋȔȏȓ ȓȕȒȌȓµ ȖȕȋȗȇȎȚȓȌȉȇȌșȘȦ 6,02 Ã 10ࢗ࢖ ȞȇȘșȏȝ.  Ȅșȇ ȌȋȏȔȏȝȇ ȖȕȎȉȕȒȏȒȇ 

Ȝȏȓȏȑȇȓ ȖȗȕȏȎȉȕȋȏșȣ șȕȞȔȢȌ ȗȇȘȞȧșȢ ȉ ȒȇȈȕȗȇșȕȗȏȦȜ ȏ ȉ ȖȗȕȓȢȟȒȌȔȔȢȜ 

ȚȘȒȕȉȏȦȜ. ǸȌȊȕȋȔȦ Ȕȇ ȖȕȔȦșȏȏ ´ȓȕȒȣµ ȕȘȔȕȉȇȔȢ ȗȇȘȞȧșȢ ȉȕ ȓȔȕȊȏȜ 

șȌȜȔȕȒȕȊȏȞȌȘȑȏȜ ȕȈȒȇȘșȦȜ. ǹȇȑ, Ȗȗȏ ȏȎȊȕșȕȉȒȌȔȏȏ ȗȇȑȌșȔȕȊȕ șȕȖȒȏȉȇ ȗȇȘȞȧșȢ 

ȤȔȌȗȊȏȏ, ȉȢȋȌȒȦȥȠȌȐȘȦ ȉ ȗȌȎȚȒȣșȇșȌ ȊȕȗȌȔȏȦ Ș ȚȞȇȘșȏȌȓ ȉȕȋȕȗȕȋȇ ȏ ȑȏȘȒȕȗȕȋȇ, 

ȉȌȋȚșȘȦ Ș ȏȘȖȕȒȣȎȕȉȇȔȏȌȓ ȓȕȒȦ. 

ǷȕȒȣ ȓȕȒȦ șȇȑȍȌ ȉȌȒȏȑȇ ȏ ȋȒȦ țȇȗȓȇȝȌȉșȏȞȌȘȑȕȐ ȖȗȕȓȢȟȒȌȔȔȕȘșȏ. ǱȕȒȏȞȌȘșȉȕ 

ȇȑșȏȉȔȕȊȕ ȉȌȠȌȘșȉȇ ȉ ȑȇȍȋȕȐ ȑȇȖȘȚȒȌ ȏȎȓȌȗȦȌșȘȦ Ș ȕȘȕȈȕȐ șȕȞȔȕȘșȣȥ, ȖȕȘȑȕȒȣȑȚ 

ȋȇȍȌ ȘȇȓȇȦ ȔȌȎȔȇȞȏșȌȒȣȔȇȦ ȗȇȎȔȏȝȇ ȉ ȋȕȎȏȗȕȉȑȌ ȏȓȌȌș ȍȏȎȔȌȔȔȕ ȉȇȍȔȕȌ 

ȎȔȇȞȌȔȏȌ ȋȒȦ ȎȋȕȗȕȉȣȦ ȞȌȒȕȉȌȑȇ. ǩ ȔȇȔȕșȌȜȔȕȒȕȊȏȏ ȖȗȇȉȏȒȣȔȕȌ ȕȖȗȌȋȌȒȌȔȏȌ 

ȞȏȘȒȇ ȇșȕȓȕȉ ȏ ȓȕȒȌȑȚȒ ȏȊȗȇȌș ȉȇȍȔȚȥ ȗȕȒȣ Ȗȗȏ ȖȕȒȚȞȌȔȏȏ ȔȕȉȢȜ ȓȇșȌȗȏȇȒȕȉ.

ǳȢ ȏ ȉ ȖȕȉȘȌȋȔȌȉȔȕȐ ȍȏȎȔȏ ȉȘșȗȌȞȇȌȓȘȦ Ș ȖȕȔȦșȏȌȓ ´ȓȕȒȣµ. ǩ ȘșȇȑȇȔȌ ȖȏșȣȌȉȕȐ 

ȉȕȋȢ ȘȕȋȌȗȍȏșȘȦ ȕȑȕȒȕ 10 ȓȕȒȣ H₂O, ȇ Ȗȗȏ ȕȋȔȕȓ ȉȋȕȜȌ ȉ Ȕȇȟȏ ȒȧȊȑȏȌ ȖȕȖȇȋȇȥș 

șȗȏȒȒȏȕȔȢ ȓȕȒȌȑȚȒ. ǬȘȒȏ ȈȢ Ȓȥȋȏ ȉȕ ȉȘȌȓ ȓȏȗȌ ȖȕȘȞȏșȇȒȏ Ȏȇ ȘȌȑȚȔȋȚ ȉȘȌȊȕ ȕȋȔȚ 

ȓȕȒȌȑȚȒȚ, șȕ Ȕȇ ȖȕȋȘȞȧș 1 ȓȕȒȣ ȓȕȒȌȑȚȒ ȚȟȒȏ ȈȢ ȓȏȒȒȏȇȗȋȢ ȒȌș.  Ȅșȕș țȇȑș, 

ȔȇȗȦȋȚ Ș șȌȓ, Ȟșȕ ȚȑȇȎȢȉȇȌș Ȕȇ ȉȇȍȔȕȌ ȎȔȇȞȌȔȏȌ ȞȏȘȒȇ ȓȕȒȌȐ, șȇȑȍȌ  ȖȗȏȉȒȌȑȇȌș 

ȔȇȘ ȑ ȗȇȎȓȢȟȒȌȔȏȥ ȕ ȊȏȊȇȔșȘȑȏȜ ȓȇȘȟșȇȈȇȜ ȉ ȖȗȏȗȕȋȌ. ǩȘȧ ȉȢȟȌȘȑȇȎȇȔȔȕȌ ȌȠȧ 

ȈȕȒȣȟȌ ȖȕȉȢȟȇȌș ȝȌȔȔȕȘșȣ șȌȕȗȏȏ ǧȉȕȊȇȋȗȕ. ǴȌȘȓȕșȗȦ Ȕȇ șȕ, Ȟșȕ ǧȉȕȊȇȋȗȕ ȔȌ 

ȋȕȍȋȇȒȘȦ ȖȗȏȍȏȎȔȌȔȔȕȊȕ ȖȗȏȎȔȇȔȏȦ ȘȉȕȏȜ ȏȋȌȐ, ȕȘșȇȉȒȌȔȔȕȌ ȏȓ ȔȇȚȞȔȕȌ 

ȔȇȘȒȌȋȏȌ ȘșȇȒȕ ȖȗȕȞȔȕȐ ȕȘȔȕȉȕȐ ȋȒȦ ȗȇȎȉȏșȏȦ Ȝȏȓȏȏ.

Ƕȗȏ ȗȇȉȔȢȜ ȕȈȡȧȓȇȜ ȊȇȎȕȉ, ȉȎȦșȢȜ Ȗȗȏ ȕȋȏȔȇȑȕȉȢȜ ȚȘȒȕȉȏȦȜ, 

ȊȇȎȢ Ș ȓȕȒȦȗȔȕȐ ȓȇȘȘȕȐ ȓȌȔȣȟȌ ȘȗȌȋȔȌȐ ȓȕȒȦȗȔȕȐ ȓȇȘȘȢ 

ȉȕȎȋȚȜȇ ȒȌȊȞȌ ȉȕȎȋȚȜȇ, ȇ ȊȇȎȢ Ș ȈȕȒȣȟȌȐ, ȞȌȓ Ț ȉȕȎȋȚȜȇ, 

ȓȕȒȦȗȔȕȐ ȓȇȘȘȕȐ – șȦȍȌȒȌȌ ȉȕȎȋȚȜȇ. ǶȕȤșȕȓȚ ȟȇȗȢ, 

ȔȇȖȕȒȔȌȔȔȢȌ ȊȇȎȕȓ Ș ȓȕȒȦȗȔȕȐ ȓȇȘȘȕȐ ȓȌȔȣȟȌ ȘȗȌȋȔȌȐ 

ȓȕȒȦȗȔȕȐ ȓȇȘȘȢ ȉȕȎȋȚȜȇ, ȖȕȋȔȏȓȇȥșȘȦ ȉȉȌȗȜ.

HH
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ǧȓȌȋȌȕ ǧȉȕȊȇȋȗȕ 
(1776 – 1856)
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ǴȇȚȑȇ, șȌȜȔȕȒȕȊȏȦ, ȍȏȎȔȣ
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ǾȇȘșȣ I

Проверьте полученные знания

3
1. ǷȇȘȘȞȏșȇȐșȌ ȖȒȕșȔȕȘșȣ (Ȋ/ȋȓ ) ȊȇȎȇ ȕȎȕȔȇ (20°C ȏ 1 ȇșȓ).

2. ǵșȔȕȘȏșȌȒȣȔȇȦ ȖȒȕșȔȕȘșȣ ȔȌȑȕșȕȗȕȊȕ ȊȇȎȇ Ȗȕ ȉȕȋȕȗȕȋȚ ȗȇȉȔȇ 29. ǷȇȘȘȞȏșȇȐșȌ ȕșȔȕȘȏșȌȒȣȔȚȥ 

ȖȒȕșȔȕȘșȣ ȤșȕȊȕ ȊȇȎȇ Ȗȕ ȉȕȎȋȚȜȚ.

3
3. ǵȖȗȌȋȌȒȏșȌ ȖȒȕșȔȕȘșȣ (ȉ Ȋ/ȋȓ � Ȗȗȏ 20°Ǹ ȏ 1 ȇșȓ) ȊȇȎȕȉȕȐ ȘȓȌȘȏ, ȕȈȗȇȎȕȉȇȔȔȕȐ Ȗȗȏ ȘȓȌȟȏȉȇȔȏȏ  

ȊȇȎȕȉ Ǹǵ  ȏ ǵ  ȉ ȓȕȒȣȔȕȓ ȕșȔȕȟȌȔȏȏ 1 : 2. 2 2

3
4. ǷȇȘȘȞȏșȇȐșȌ ȓȇȘȘȚ (ȉ ȊȗȇȓȓȇȜ) ȊȇȎȇ ȕȈȡȧȓȕȓ 48 ȋȓ  (20°C ȏ 1 ȇșȓ), ȖȒȕșȔȕȘșȣ ȑȕșȕȗȕȊȕ ȈȕȒȣȟȌ 

ȖȒȕșȔȕȘșȏ ȓȌșȇȔȇ ȉ 4 ȗȇȎȇ. 

Примените полученные знания

1. Ƕȗȏ ȕȋȏȔȇȑȕȉȢȜ ȚȘȒȕȉȏȦȜ  ȕȑȘȏȋ ȚȊȒȌȗȕȋȇ ȏ ȕȑȘȏȋ ȇȎȕșȇ ȏȓȌȥș ȗȇȉȔȚȥ ȖȒȕșȔȕȘșȣ. ǵȖȗȌȋȌȒȏșȌ 

țȕȗȓȚȒȢ ȤșȏȜ ȕȑȘȏȋȕȉ.

2. Ƕȗȏ ȋȕȈȇȉȒȌȔȏȏ ȑȇȑȕȊȕ ȊȇȎȇ ȑ ȊȇȎȕȉȕȐ ȘȓȌȘȏ, ȘȕȘșȕȦȠȌȐ ȏȎ N  ȏ CO, ȖȒȕșȔȕȘșȣ ȘȓȌȘȏ Ȗȗȏ șȌȜ ȍȌ 2

ȚȘȒȕȉȏȦȜ ȚȉȌȒȏȞȏȉȇȌșȘȦ?

1. CH           2. NH         3. N O        4. C H           5. SO4 3 2 2 4 2

ǩ ȔȇȞȇȒȌ XIX ȉȌȑȇ ȏșȇȒȣȦȔȘȑȏȐ ȚȞȧȔȢȐ ǧȓȌȋȌȕ ǧȉȕȊȇȋȗȕ ȉȢȋȉȏȔȚȒ ȏȋȌȥ, ȑȕșȕȗȇȦ 

ȑȕȗȌȔȔȢȓ ȕȈȗȇȎȕȓ ȏȎȓȌȔȏȒȇ ȜȏȓȏȞȌȘȑȚȥ ȔȇȚȑȚ. ǩ șȕ ȉȗȌȓȦ ȌȠȧ ȔȌ ȈȢȒȏ 

ȖȕȒȔȕȘșȣȥ ȖȗȕȦȘȔȌȔȢ ȖȕȔȦșȏȦ �ȇșȕȓ� ȏ �ȓȕȒȌȑȚȒȇ�. ǨȕȒȌȌ șȕȊȕ, ȚȞȧȔȢȌ 

ȎȇșȗȚȋȔȦȒȏȘȣ ȋȇȍȌ Ș șȕȞȔȢȓ ȕȖȗȌȋȌȒȌȔȏȌȓ ȘȕȘșȇȉȇ ȉȕȋȢ. ǻȗȇȔȝȚȎȘȑȏȐ ȚȞȧȔȢȐ 

ǪȌȐ-ǲȥȘȘȇȑ, ȖȗȕȉȌȋȦ ȏȔșȌȗȌȘȔȢȌ ȏȘȘȒȌȋȕȉȇȔȏȦ Ș ȕȈȡȧȓȇȓȏ ȊȇȎȕȉ, ȖȕȑȇȎȇȒ, Ȟșȕ 

ȘȕȕșȔȕȟȌȔȏȌ ȕȈȡȧȓȕȉ ȊȇȎȕȉ, ȉȘșȚȖȇȥȠȏȜ ȓȌȍȋȚ ȘȕȈȕȐ ȉ ȗȌȇȑȝȏȥ, ȖȕȋȕȈȔȕ 

ȘȕȕșȔȕȟȌȔȏȥ ȖȗȕȘșȢȜ ȞȏȘȌȒ.  ǧȉȕȊȇȋȗȕ, șȠȇșȌȒȣȔȕ ȖȗȕȇȔȇȒȏȎȏȗȕȉȇȉ Ȥșȏ 

ȗȌȎȚȒȣșȇșȢ, ȖȗȌȋȖȕȒȕȍȏȒ, Ȟșȕ ȗȇȉȔȢȌ ȕȈȡȧȓȢ ȊȇȎȕȉ, ȉȎȦșȢȌ Ȗȗȏ ȕȋȏȔȇȑȕȉȢȜ 

ȚȘȒȕȉȏȦȜ, ȘȕȋȌȗȍȇș ȕȋȏȔȇȑȕȉȕȌ ȞȏȘȒȕ ȓȕȒȌȑȚȒ. Ȅșȇ Ȕȇ ȖȌȗȉȢȐ ȉȎȊȒȦȋ ȖȗȕȘșȇȦ ȏȋȌȦ 

ȕȎȔȇȓȌȔȕȉȇȒȇ ȔȇȞȇȒȕ ȔȕȉȕȐ ȤȗȢ ȉ Ȝȏȓȏȏ: ȈȒȇȊȕȋȇȗȦ ȤșȕȓȚ ȎȇȑȕȔȚ ȘșȇȒȕ 

ȉȕȎȓȕȍȔȢȓ ȚȘșȇȔȕȉȒȌȔȏȌ ȘȕȘșȇȉȇ ȉȌȠȌȘșȉ, ȖȕȔȏȓȇȔȏȌ ȏȜ ȓȕȒȌȑȚȒȦȗȔȕȊȕ 

ȘșȗȕȌȔȏȦ ȏ ȋȕȘȑȕȔȇȒȣȔȕȌ ȗȇȎȡȦȘȔȌȔȏȌ șȌȞȌȔȏȦ ȜȏȓȏȞȌȘȑȏȜ ȗȌȇȑȝȏȐ. ǵȋȔȇȑȕ 

șȌȕȗȏȦ ǧȉȕȊȇȋȗȕ ȔȌ ȈȢȒȇ ȘȗȇȎȚ ȖȗȏȔȦșȇ ȚȞȧȔȢȓȏ. Ƕȗȏ ȌȊȕ ȍȏȎȔȏ ȖȗȌȋȘșȇȉȒȌȔȏȦ ȕ 

ȓȕȒȌȑȚȒȦȗȔȕȐ ȘșȗȚȑșȚȗȌ ȊȇȎȕȉ ȈȢȒȏ ȌȠȧ ȉȌȘȣȓȇ ȎȇȖȚșȇȔȔȢȓȏ. ǼȕșȦ ȓȔȕȊȏȌ 

ȚȞȧȔȢȌ ȖȗȕȋȕȒȍȇȒȏ ȘȞȏșȇșȣ, Ȟșȕ ȉȕȋȕȗȕȋ ȏ ȑȏȘȒȕȗȕȋ ȕȈȗȇȎȕȉȇȔȢ ȇșȕȓȇȓȏ, ȊȕȋȢ 

ȘȖȚȘșȦ ȏȋȌȦ ǧȉȕȊȇȋȗȕ ȖȕȒȚȞȏȒȇ ȖȕȋșȉȌȗȍȋȌȔȏȌ ȏ ȘȖȕȘȕȈȘșȉȕȉȇȒȇ ȗȇȎȉȏșȏȥ Ȝȏȓȏȏ 

ȉ ȖȗȇȉȏȒȣȔȕȓ ȔȇȖȗȇȉȒȌȔȏȏ.

ǹȌȕȗȏȦ ǧȉȕȊȇȋȗȕ ȖȗȕȒȕȍȏȒȇ ȖȚșȣ ȖȕȔȦșȏȥ �ȓȕȒȣ� – ȕȋȔȕȐ ȏȎ ȉȇȍȔȌȐȟȏȜ ȉȌȒȏȞȏȔ 

ȉ Ȝȏȓȏȏ. ǾȏȘȒȕ ȇșȕȓȕȉ ȏ ȓȕȒȌȑȚȒ ȉ ȕȈȗȇȎȝȇȜ ȉȌȠȌȘșȉ ȔȇȘșȕȒȣȑȕ ȉȌȒȏȑȕ, Ȟșȕ  

ȉȢȗȇȍȌȔȏȌ ȏȜ Ș ȖȕȓȕȠȣȥ ȕȈȢȞȔȢȜ ȞȏȘȌȒ ȉȢȎȢȉȇȒȕ ȎȇșȗȚȋȔȌȔȏȦ. Ǳ ȖȗȏȓȌȗȚ, ȉ 

ȘșȇȑȇȔȌ ȉȕȋȢ ȓȕȒȌȑȚȒ ȈȕȒȣȟȌ, ȞȌȓ ȉȕ ȉȘȌȜ ȎȉȧȎȋȇȜ ǩȘȌȒȌȔȔȕȐ. ǶȕȤșȕȓȚ ȋȒȦ 

ȉȢȗȇȍȌȔȏȦ șȇȑȏȜ ȈȕȒȣȟȏȜ ȞȏȘȌȒ ȚȞȧȔȢȌ ȖȗȏȔȦȒȏ ȘȖȌȝȏȇȒȣȔȚȥ ȌȋȏȔȏȝȚ 

ȏȎȓȌȗȌȔȏȦ. ǹȇȑ ȍȌ ȑȇȑ Ȗȕȋ  ´ȋȥȍȏȔȕȐ Ȧȏȝµ ȏȓȌȌșȘȦ ȉ ȉȏȋȚ 12 Ȧȏȝ, șȇȑ ȏ ȉ Ȝȏȓȏȏ 

Ȗȕȋ ´ȕȋȔȏȓ ȓȕȒȌȓµ ȖȕȋȗȇȎȚȓȌȉȇȌșȘȦ 6,02 Ã 10ࢗ࢖ ȞȇȘșȏȝ.  Ȅșȇ ȌȋȏȔȏȝȇ ȖȕȎȉȕȒȏȒȇ 

Ȝȏȓȏȑȇȓ ȖȗȕȏȎȉȕȋȏșȣ șȕȞȔȢȌ ȗȇȘȞȧșȢ ȉ ȒȇȈȕȗȇșȕȗȏȦȜ ȏ ȉ ȖȗȕȓȢȟȒȌȔȔȢȜ 

ȚȘȒȕȉȏȦȜ. ǸȌȊȕȋȔȦ Ȕȇ ȖȕȔȦșȏȏ ´ȓȕȒȣµ ȕȘȔȕȉȇȔȢ ȗȇȘȞȧșȢ ȉȕ ȓȔȕȊȏȜ 

șȌȜȔȕȒȕȊȏȞȌȘȑȏȜ ȕȈȒȇȘșȦȜ. ǹȇȑ, Ȗȗȏ ȏȎȊȕșȕȉȒȌȔȏȏ ȗȇȑȌșȔȕȊȕ șȕȖȒȏȉȇ ȗȇȘȞȧșȢ 

ȤȔȌȗȊȏȏ, ȉȢȋȌȒȦȥȠȌȐȘȦ ȉ ȗȌȎȚȒȣșȇșȌ ȊȕȗȌȔȏȦ Ș ȚȞȇȘșȏȌȓ ȉȕȋȕȗȕȋȇ ȏ ȑȏȘȒȕȗȕȋȇ, 

ȉȌȋȚșȘȦ Ș ȏȘȖȕȒȣȎȕȉȇȔȏȌȓ ȓȕȒȦ. 

ǷȕȒȣ ȓȕȒȦ șȇȑȍȌ ȉȌȒȏȑȇ ȏ ȋȒȦ țȇȗȓȇȝȌȉșȏȞȌȘȑȕȐ ȖȗȕȓȢȟȒȌȔȔȕȘșȏ. ǱȕȒȏȞȌȘșȉȕ 

ȇȑșȏȉȔȕȊȕ ȉȌȠȌȘșȉȇ ȉ ȑȇȍȋȕȐ ȑȇȖȘȚȒȌ ȏȎȓȌȗȦȌșȘȦ Ș ȕȘȕȈȕȐ șȕȞȔȕȘșȣȥ, ȖȕȘȑȕȒȣȑȚ 

ȋȇȍȌ ȘȇȓȇȦ ȔȌȎȔȇȞȏșȌȒȣȔȇȦ ȗȇȎȔȏȝȇ ȉ ȋȕȎȏȗȕȉȑȌ ȏȓȌȌș ȍȏȎȔȌȔȔȕ ȉȇȍȔȕȌ 

ȎȔȇȞȌȔȏȌ ȋȒȦ ȎȋȕȗȕȉȣȦ ȞȌȒȕȉȌȑȇ. ǩ ȔȇȔȕșȌȜȔȕȒȕȊȏȏ ȖȗȇȉȏȒȣȔȕȌ ȕȖȗȌȋȌȒȌȔȏȌ 

ȞȏȘȒȇ ȇșȕȓȕȉ ȏ ȓȕȒȌȑȚȒ ȏȊȗȇȌș ȉȇȍȔȚȥ ȗȕȒȣ Ȗȗȏ ȖȕȒȚȞȌȔȏȏ ȔȕȉȢȜ ȓȇșȌȗȏȇȒȕȉ.

ǳȢ ȏ ȉ ȖȕȉȘȌȋȔȌȉȔȕȐ ȍȏȎȔȏ ȉȘșȗȌȞȇȌȓȘȦ Ș ȖȕȔȦșȏȌȓ ´ȓȕȒȣµ. ǩ ȘșȇȑȇȔȌ ȖȏșȣȌȉȕȐ 

ȉȕȋȢ ȘȕȋȌȗȍȏșȘȦ ȕȑȕȒȕ 10 ȓȕȒȣ H₂O, ȇ Ȗȗȏ ȕȋȔȕȓ ȉȋȕȜȌ ȉ Ȕȇȟȏ ȒȧȊȑȏȌ ȖȕȖȇȋȇȥș 

șȗȏȒȒȏȕȔȢ ȓȕȒȌȑȚȒ. ǬȘȒȏ ȈȢ Ȓȥȋȏ ȉȕ ȉȘȌȓ ȓȏȗȌ ȖȕȘȞȏșȇȒȏ Ȏȇ ȘȌȑȚȔȋȚ ȉȘȌȊȕ ȕȋȔȚ 

ȓȕȒȌȑȚȒȚ, șȕ Ȕȇ ȖȕȋȘȞȧș 1 ȓȕȒȣ ȓȕȒȌȑȚȒ ȚȟȒȏ ȈȢ ȓȏȒȒȏȇȗȋȢ ȒȌș.  Ȅșȕș țȇȑș, 

ȔȇȗȦȋȚ Ș șȌȓ, Ȟșȕ ȚȑȇȎȢȉȇȌș Ȕȇ ȉȇȍȔȕȌ ȎȔȇȞȌȔȏȌ ȞȏȘȒȇ ȓȕȒȌȐ, șȇȑȍȌ  ȖȗȏȉȒȌȑȇȌș 

ȔȇȘ ȑ ȗȇȎȓȢȟȒȌȔȏȥ ȕ ȊȏȊȇȔșȘȑȏȜ ȓȇȘȟșȇȈȇȜ ȉ ȖȗȏȗȕȋȌ. ǩȘȧ ȉȢȟȌȘȑȇȎȇȔȔȕȌ ȌȠȧ 

ȈȕȒȣȟȌ ȖȕȉȢȟȇȌș ȝȌȔȔȕȘșȣ șȌȕȗȏȏ ǧȉȕȊȇȋȗȕ. ǴȌȘȓȕșȗȦ Ȕȇ șȕ, Ȟșȕ ǧȉȕȊȇȋȗȕ ȔȌ 

ȋȕȍȋȇȒȘȦ ȖȗȏȍȏȎȔȌȔȔȕȊȕ ȖȗȏȎȔȇȔȏȦ ȘȉȕȏȜ ȏȋȌȐ, ȕȘșȇȉȒȌȔȔȕȌ ȏȓ ȔȇȚȞȔȕȌ 

ȔȇȘȒȌȋȏȌ ȘșȇȒȕ ȖȗȕȞȔȕȐ ȕȘȔȕȉȕȐ ȋȒȦ ȗȇȎȉȏșȏȦ Ȝȏȓȏȏ.

Ƕȗȏ ȗȇȉȔȢȜ ȕȈȡȧȓȇȜ ȊȇȎȕȉ, ȉȎȦșȢȜ Ȗȗȏ ȕȋȏȔȇȑȕȉȢȜ ȚȘȒȕȉȏȦȜ, 

ȊȇȎȢ Ș ȓȕȒȦȗȔȕȐ ȓȇȘȘȕȐ ȓȌȔȣȟȌ ȘȗȌȋȔȌȐ ȓȕȒȦȗȔȕȐ ȓȇȘȘȢ 

ȉȕȎȋȚȜȇ ȒȌȊȞȌ ȉȕȎȋȚȜȇ, ȇ ȊȇȎȢ Ș ȈȕȒȣȟȌȐ, ȞȌȓ Ț ȉȕȎȋȚȜȇ, 

ȓȕȒȦȗȔȕȐ ȓȇȘȘȕȐ – șȦȍȌȒȌȌ ȉȕȎȋȚȜȇ. ǶȕȤșȕȓȚ ȟȇȗȢ, 

ȔȇȖȕȒȔȌȔȔȢȌ ȊȇȎȕȓ Ș ȓȕȒȦȗȔȕȐ ȓȇȘȘȕȐ ȓȌȔȣȟȌ ȘȗȌȋȔȌȐ 

ȓȕȒȦȗȔȕȐ ȓȇȘȘȢ ȉȕȎȋȚȜȇ, ȖȕȋȔȏȓȇȥșȘȦ ȉȉȌȗȜ.
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ǧȓȌȋȌȕ ǧȉȕȊȇȋȗȕ 
(1776 – 1856)
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ǩ ȔȇȟȌ ȉȗȌȓȦ ȏȘȖȕȒȣȎȕȉȇȔȏȌ ȊȇȎȇ, ȚȊȒȦ ȏ ȋȗȚȊȏȜ ȉȏȋȕȉ șȕȖȒȏȉȇ ȉ șȗȇȔȘȖȕȗșȔȢȜ 

ȘȗȌȋȘșȉȇȜ, Ȕȇ ȖȗȕȓȢȟȒȌȔȔȢȜ ȖȗȌȋȖȗȏȦșȏȦȜ ȏ ȉ ȈȢșȚ Ȗȗȏȉȕȋȏș ȑ ȉȢȈȗȕȘȇȓ ȉ 

ȇșȓȕȘțȌȗȚ ȈȕȒȣȟȕȊȕ ȑȕȒȏȞȌȘșȉȇ ȕȑȘȏȋȇ ȚȊȒȌȗȕȋȇ(I9) (CO₂). Ȅșȕș ȊȇȎ ȦȉȒȦȌșȘȦ ȕȋȔȕȐ ȏȎ 

ȊȒȇȉȔȢȜ ȖȗȏȞȏȔ ȏȎȓȌȔȌȔȏȦ ȑȒȏȓȇșȇ, ȊȒȕȈȇȒȣȔȕȊȕ ȖȕșȌȖȒȌȔȏȦ ȏ ȎȇȊȗȦȎȔȌȔȏȦ ȉȕȎȋȚȜȇ. 

ǺȑȇȎȇȔȔȢȌ ȖȗȕȝȌȘȘȢ, ȖȗȕȏȘȜȕȋȦȠȏȌ ȉ ȖȕȉȘȌȋȔȌȉȔȕȐ ȍȏȎȔȏ, ȓȕȍȔȕ ȑȕȒȏȞȌȘșȉȌȔȔȕ 

ȕȜȇȗȇȑșȌȗȏȎȕȉȇșȣ Ȕȇ ȕȘȔȕȉȇȔȏȏ șȇȑȏȜ ȖȕȔȦșȏȐ, ȑȇȑ ´ȑȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇµ, ´ȓȕȒȦȗȔȇȦ 

ȓȇȘȘȇµ ȏ ´ȓȕȒȦȗȔȢȐ ȕȈȡȌȓµ. ǩȢȖȕȒȔȦȦ ȖȗȕȌȑș, ȉȢ:

– ȖȗȕȋȌȓȕȔȘșȗȏȗȚȌșȌ ȖȗȇȑșȏȞȌȘȑȕȌ ȎȔȇȞȌȔȏȌ ȜȏȓȏȞȌȘȑȕȐ ȔȇȚȑȏ�

– ȚȘȕȉȌȗȟȌȔȘșȉȚȌșȌ Șȉȕȏ ȔȇȉȢȑȏ Ȗȗȏ ȗȇȘȞȧșȇȜ Ȗȕ ȑȕȒȏȞȌȘșȉȚ ȊȇȎȕȉ�

– ȉȢȈȗȇȉ ȗȇȎȒȏȞȔȢȌ ȕȈȗȇȎȝȢ șȕȖȒȏȉȇ ȏ ȉȢȖȕȒȔȏȉ Ȗȕ Ȕȏȓ  ȗȇȘȞȧșȢ, ȘȕȖȕȘșȇȉȏșȌ 

ȖȕȒȚȞȌȔȔȢȌ ȉȇȓȏ ȗȌȎȚȒȣșȇșȢ Ș ȒȏșȌȗȇșȚȗȔȢȓȏ ȋȇȔȔȢȓȏ ȏ ȏȔțȕȗȓȇȝȏȌȐ ȏȎ 

ȏȔșȌȗȔȌș-ȗȌȘȚȗȘȕȉ�

– ȕȘȚȠȌȘșȉȏșȌ ȘșȇșȏȘșȏȞȌȘȑȏȐ ȇȔȇȒȏȎ, ȘȉȦȎȇȔȔȢȐ Ș ȕȜȗȇȔȕȐ                 

ȕȑȗȚȍȇȥȠȌȐ ȘȗȌȋȢ.

ǱȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇ ȏ ȕȑȗȚȍȇȥȠȇȦ ȘȗȌȋȇ

ǷȇȈȕșȇ Ȕȇȋ ȖȗȕȌȑșȕȓ

�� ǩȢȈȌȗȏșȌ ȏȎ ȖȗȌȋȒȕȍȌȔȔȢȜ ȏȔșȌȗȌȘȚȥȠȚȥ ȉȇȘ șȌȓȚ�

a. ǱȕȒȏȞȌȘșȉȕ ǸO₂, ȉȢȋȌȒȦȌȓȕȊȕ Ȗȗȏ ȘȊȕȗȇȔȏȏ 1 Ȓȏșȗȇ ȈȌȔȎȏȔȇ
b. ǱȕȒȏȞȌȘșȉȕ ǸO₂, ȑȕșȕȗȕȌ ȉȢȈȗȇȘȢȉȇȌșȘȦ ȕȋȔȏȓ ȇȉșȕȓȕȈȏȒȌȓ Ȕȇ ȗȇȘȘșȕȦȔȏȏ ȉ 100 ȑȓ
c. ǱȕȒȏȞȌȘșȉȕ ȌȍȌȋȔȌȉȔȢȜ ȉȢȈȗȕȘȕȉ CO₂, ȖȗȕȏȎȉȕȋȏȓȢȜ ȕȋȔȏȓ ȇȉșȕȈȚȘȕȓ
d. ǸȗȇȉȔȌȔȏȌ ȘȊȕȗȇȔȏȦ ȚȊȒȦ ȏ ȖȗȏȗȕȋȔȕȊȕ ȊȇȎȇ
e. ǱȕȒȏȞȌȘșȉȕ CO₂, ȉȢȋȌȒȦȌȓȕȊȕ ȉ ȗȌȎȚȒȣșȇșȌ ȌȍȌȓȌȘȦȞȔȕȊȕ ȖȕșȗȌȈȒȌȔȏȦ ȖȗȏȗȕȋȔȕȊȕ ȊȇȎȇ ȕȋȔȕȐ ȘȌȓȣȧȐ

�� ǴȇȖȏȟȏșȌ ȚȗȇȉȔȌȔȏȌ ȗȌȇȑȝȏȏ ȊȕȗȌȔȏȦ ȉȢȈȗȇȔȔȕȊȕ ȉȇȓȏ șȕȖȒȏȉȇ�

� ǨȌȔȎȏȔ: 2CࢭH₁25 + ࢭO₂ → 16CO₂ + 18H₂O

� ǺȊȕȒȣ: C + O₂ → CO₂

� ǳȌșȇȔ: CH2 + ࢩO₂ → CO₂ + 2H₂O

�� ǫȒȦ ȖȕȒȚȞȌȔȏȦ ȔȌȕȈȜȕȋȏȓȕȐ ȏȔțȕȗȓȇȝȏȏ ȕ ȉȢȈȗȇȔȔȕȓ ȉȇȓȏ ȉȏȋȌ șȕȖȒȏȉȇ ȖȗȕȉȌȋȏșȌ 
    ȋȕȖȕȒȔȏșȌȒȣȔȢȐ ȖȕȏȘȑ ȉ ȏȔșȌȗȔȌș�ȗȌȘȚȗȘȇȜ ȏ ȔȇȚȞȔȕȐ ȒȏșȌȗȇșȚȗȌ� 

�� ǷȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȓȕȒȌȐ ȕȈȗȇȎȕȉȇȉȟȌȊȕȘȦ &2ࢧ�

�� ǯȘȜȕȋȦ ȏȎ ȖȕȒȚȞȌȔȔȕȊȕ ȗȌȎȚȒȣșȇșȇ� ȗȇȘȘȞȏșȇȐșȌ ȓȇȘȘȚ &20) ࢧ   �� Ȋ�ȓȕȒȣ� ȏ ȌȊȕ ȕȈȡȧȓ (���& 

    ȏ � ȇșȓ��

�� ǸȗȇȉȔȏșȌ ȗȌȎȚȒȣșȇș Ș țȇȑșȇȓȏ ȏȎ ȖȕȉȘȌȋȔȌȉȔȕȐ ȍȏȎȔȏ ȉ ȘȕȕșȉȌșȘșȉȏȏ Ș ȉȢȈȗȇȔȔȢȓ ȉȇȓȏ ȉȏȋȕȓ 

    șȕȖȒȏȉȇ�

a. ǸȑȕȒȣȑȕ ȞȌȒȕȉȌȑ ȌȍȌȋȔȌȉȔȕ ȉȢȋȌȒȦȌș Ȗȗȏ ȋȢȜȇȔȏȏ șȇȑȕȌ ȍȌ ȑȕȒȏȞȌȘșȉȕ Ǹǵ , ȘȑȕȒȣȑȕ 2

ȌȊȕ ȕȈȗȇȎȚȌșȘȦ Ȗȗȏ ȘȊȕȗȇȔȏȏ 1 Ȓȏșȗȇ ȈȌȔȎȏȔȇ?

b. ǸȑȕȒȣȑȕ ȖȗȏȓȌȗȔȕ ȋȌȗȌȉȣȌȉ ȔȌȕȈȜȕȋȏȓȕ ȋȒȦ ȖȕȊȒȕȠȌȔȏȦ CO₂, ȉȢȖȚȘȑȇȌȓȕȊȕ ȉ 

ȇșȓȕȘțȌȗȚ ȕȋȔȏȓ ȇȉșȕȓȕȈȏȒȌȓ Ȗȗȏ ȖȗȕȈȌȊȌ ȉ 100 ȑȓ?

c. ǸȑȕȒȣȑȕ ȞȌȒȕȉȌȑ ȉȢȋȌȒȦȌș Ȏȇ ȋȌȔȣ ȉ ȇșȓȕȘțȌȗȚ ȘșȕȒȣȑȕ CO₂, ȘȑȕȒȣȑȕ                          

CO₂ ȌȍȌȋȔȌȉȔȕ ȉȢȈȗȇȘȢȉȇȌșȘȦ ȕȋȔȏȓ ȇȉșȕȈȚȘȕȓ?

d. Ǳȇȑȕȉȕ ȑȕȒȏȞȌȘșȉȌȔȔȕȌ ȘȕȕșȔȕȟȌȔȏȌ CO₂, ȕȈȗȇȎȕȉȇȔȔȕȊȕ Ȗȗȏ ȘȍȏȊȇȔȏȏ ȚȊȒȦ ȏ 

ȖȗȏȗȕȋȔȕȊȕ ȊȇȎȇ?

e. ǸȑȕȒȣȑȕ Ȓȏșȗȕȉ ȊȇȎȏȗȕȉȇȔȔȢȜ ȔȇȖȏșȑȕȉ ȓȕȍȔȕ ȖȗȏȊȕșȕȉȏșȣ ȏȎ CO₂, ȖȕȒȚȞȌȔȔȕȊȕ ȉ 

ȗȌȎȚȒȣșȇșȌ ȌȍȌȓȌȘȦȞȔȕȊȕ ȖȕșȗȌȈȒȌȔȏȦ ȖȗȏȗȕȋȔȕȊȕ ȊȇȎȇ ȕȋȔȕȐ ȘȌȓȣȌȐ?

�� Ǵȇ ȕȘȔȕȉȇȔȏȏ ȗȌȎȚȒȣșȇșȕȉ ȖȕȋȊȕșȕȉȣșȌ ȒȕȎȚȔȊȏ� ǴȇȖȗȏȓȌȗ�

�� ǷȇȘȘȞȏșȇȐșȌ ȑȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇ (ȓȕȒȣ� Ȕȇ ȕȘȔȕȉȇȔȏȏ ȌȊȕ ȓȇȘȘȢ ȏȒȏ ȕȈȡȧȓȇ�                      

– ǳȌȔȣȟȌ șȕȖȒȏȉȇ – ȞȏȠȌ ȉȕȎȋȚȜ�µ�

– ´ǶȗȌȋȖȕȞșȌȔȏȌ ȕȈȠȌȘșȉȌȔȔȕȓȚ șȗȇȔȘȖȕȗșȚ – ȘȕȜȗȇȔȌȔȏȌ ȤȑȕȒȕȊȏȞȌȘȑȕȊȕ ȈȇȒȇȔȘȇ�µ�

– ´ȄȑȕȔȕȓȣ ȤȔȌȗȊȏȥ – ȎȇȠȏșȏ ȘȉȕȌ ȈȚȋȚȠȌȌ�µ ȏ ȋȗ.

Ǹǵ�

&2�

ǶȗȕȌȑș

�� Ǵȇ ȕȘȔȕȉȇȔȏȏ ȖȕȒȚȞȌȔȔȢȜ ȗȌȎȚȒȣșȇșȕȉ ȖȕȋȊȕșȕȉȣșȌ ȖȗȌȎȌȔșȇȝȏȥ Ș ȏȘȖȕȒȣȎȕȉȇȔȏȌȓ șȇȈȒȏȝ 

    ȏ ȋȏȇȊȗȇȓȓ�

ǵȈȘȚȍȋȌȔȏȌ ȗȌȎȚȒȣșȇșȕȉ�

Ã ǸȑȕȒȣȑȕ ȓȕȒȌȐ ȏ ȘȑȕȒȣȑȕ ȑȊ &2ࢧ ȕȈȗȇȎȚȌșȘȦ Ȗȗȏ ȘȊȕȗȇȔȏȏ � Ȓȏșȗȇ ȈȌȔȎȏȔȇ"

Ã ǪȕȋȕȉȇȦ ȇȑșȏȉȔȕȘșȣ ȑȇȑȕȊȕ ȑȕȒȏȞȌȘșȉȇ ȋȌȗȌȉȣȌȉ ȘȗȇȉȔȏȓȇ Ș ȉȢȈȗȕȘȇȓȏ &2ࢧ� ȑȕșȕȗȢȌ ȖȗȕȏȎȉȕȋȏș ȕȋȏȔ 

ȇȉșȕȓȕȈȏȒȣ Ȗȗȏ ȖȗȕȌȎȋȌ ȗȇȘȘșȕȦȔȏȦ ȉ ��� ȑȓ"

Ã Ǿșȕ ȖȕȑȇȎȢȉȇȌș ȘȗȇȉȔȌȔȏȌ ȉȢȈȗȕȘȕȉ &2ࢧ� ȖȗȕȏȎȉȕȋȏȓȢȜ ȇȉșȕȈȚȘȕȓ ȏ ȇȉșȕȓȕȈȏȒȌȓ"

Ã Ǳȇȑȕȉȇ ȗȇȎȔȏȝȇ ȉ ȑȕȒȏȞȌȘșȉȌ ȉȢȈȗȕȘȕȉ &2ࢧ Ȗȗȏ ȘȍȏȊȇȔȏȏ ȚȊȒȦ ȏ ȖȗȏȗȕȋȔȕȊȕ ȊȇȎȇ"  ǱȇȑȕȌ ȏȎ ȤșȏȜ ȉȏȋȕȉ 

șȕȖȒȏȉȇ ȏȓȌȌș ȖȗȌȏȓȚȠȌȘșȉȕ Ș ȤȑȕȒȕȊȏȞȌȘȑȕȐ șȕȞȑȏ ȎȗȌȔȏȦ" 

Ã ǱȇȑȕȐ ȕȈȡȧȓ &2ࢧ ȕȈȗȇȎȚȌșȘȦ ȉ ȗȌȎȚȒȣșȇșȌ ȌȍȌȓȌȘȦȞȔȕȊȕ ȖȕșȗȌȈȒȌȔȏȦ ȊȇȎȇ ȕȋȔȕȐ ȘȌȓȣȧȐ"
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ǩ ȔȇȟȌ ȉȗȌȓȦ ȏȘȖȕȒȣȎȕȉȇȔȏȌ ȊȇȎȇ, ȚȊȒȦ ȏ ȋȗȚȊȏȜ ȉȏȋȕȉ șȕȖȒȏȉȇ ȉ șȗȇȔȘȖȕȗșȔȢȜ 

ȘȗȌȋȘșȉȇȜ, Ȕȇ ȖȗȕȓȢȟȒȌȔȔȢȜ ȖȗȌȋȖȗȏȦșȏȦȜ ȏ ȉ ȈȢșȚ Ȗȗȏȉȕȋȏș ȑ ȉȢȈȗȕȘȇȓ ȉ 

ȇșȓȕȘțȌȗȚ ȈȕȒȣȟȕȊȕ ȑȕȒȏȞȌȘșȉȇ ȕȑȘȏȋȇ ȚȊȒȌȗȕȋȇ(I9) (CO₂). Ȅșȕș ȊȇȎ ȦȉȒȦȌșȘȦ ȕȋȔȕȐ ȏȎ 

ȊȒȇȉȔȢȜ ȖȗȏȞȏȔ ȏȎȓȌȔȌȔȏȦ ȑȒȏȓȇșȇ, ȊȒȕȈȇȒȣȔȕȊȕ ȖȕșȌȖȒȌȔȏȦ ȏ ȎȇȊȗȦȎȔȌȔȏȦ ȉȕȎȋȚȜȇ. 

ǺȑȇȎȇȔȔȢȌ ȖȗȕȝȌȘȘȢ, ȖȗȕȏȘȜȕȋȦȠȏȌ ȉ ȖȕȉȘȌȋȔȌȉȔȕȐ ȍȏȎȔȏ, ȓȕȍȔȕ ȑȕȒȏȞȌȘșȉȌȔȔȕ 

ȕȜȇȗȇȑșȌȗȏȎȕȉȇșȣ Ȕȇ ȕȘȔȕȉȇȔȏȏ șȇȑȏȜ ȖȕȔȦșȏȐ, ȑȇȑ ´ȑȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇµ, ´ȓȕȒȦȗȔȇȦ 

ȓȇȘȘȇµ ȏ ´ȓȕȒȦȗȔȢȐ ȕȈȡȌȓµ. ǩȢȖȕȒȔȦȦ ȖȗȕȌȑș, ȉȢ:

– ȖȗȕȋȌȓȕȔȘșȗȏȗȚȌșȌ ȖȗȇȑșȏȞȌȘȑȕȌ ȎȔȇȞȌȔȏȌ ȜȏȓȏȞȌȘȑȕȐ ȔȇȚȑȏ�

– ȚȘȕȉȌȗȟȌȔȘșȉȚȌșȌ Șȉȕȏ ȔȇȉȢȑȏ Ȗȗȏ ȗȇȘȞȧșȇȜ Ȗȕ ȑȕȒȏȞȌȘșȉȚ ȊȇȎȕȉ�

– ȉȢȈȗȇȉ ȗȇȎȒȏȞȔȢȌ ȕȈȗȇȎȝȢ șȕȖȒȏȉȇ ȏ ȉȢȖȕȒȔȏȉ Ȗȕ Ȕȏȓ  ȗȇȘȞȧșȢ, ȘȕȖȕȘșȇȉȏșȌ 

ȖȕȒȚȞȌȔȔȢȌ ȉȇȓȏ ȗȌȎȚȒȣșȇșȢ Ș ȒȏșȌȗȇșȚȗȔȢȓȏ ȋȇȔȔȢȓȏ ȏ ȏȔțȕȗȓȇȝȏȌȐ ȏȎ 

ȏȔșȌȗȔȌș-ȗȌȘȚȗȘȕȉ�

– ȕȘȚȠȌȘșȉȏșȌ ȘșȇșȏȘșȏȞȌȘȑȏȐ ȇȔȇȒȏȎ, ȘȉȦȎȇȔȔȢȐ Ș ȕȜȗȇȔȕȐ                 

ȕȑȗȚȍȇȥȠȌȐ ȘȗȌȋȢ.

ǱȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇ ȏ ȕȑȗȚȍȇȥȠȇȦ ȘȗȌȋȇ

ǷȇȈȕșȇ Ȕȇȋ ȖȗȕȌȑșȕȓ

�� ǩȢȈȌȗȏșȌ ȏȎ ȖȗȌȋȒȕȍȌȔȔȢȜ ȏȔșȌȗȌȘȚȥȠȚȥ ȉȇȘ șȌȓȚ�

a. ǱȕȒȏȞȌȘșȉȕ ǸO₂, ȉȢȋȌȒȦȌȓȕȊȕ Ȗȗȏ ȘȊȕȗȇȔȏȏ 1 Ȓȏșȗȇ ȈȌȔȎȏȔȇ
b. ǱȕȒȏȞȌȘșȉȕ ǸO₂, ȑȕșȕȗȕȌ ȉȢȈȗȇȘȢȉȇȌșȘȦ ȕȋȔȏȓ ȇȉșȕȓȕȈȏȒȌȓ Ȕȇ ȗȇȘȘșȕȦȔȏȏ ȉ 100 ȑȓ
c. ǱȕȒȏȞȌȘșȉȕ ȌȍȌȋȔȌȉȔȢȜ ȉȢȈȗȕȘȕȉ CO₂, ȖȗȕȏȎȉȕȋȏȓȢȜ ȕȋȔȏȓ ȇȉșȕȈȚȘȕȓ
d. ǸȗȇȉȔȌȔȏȌ ȘȊȕȗȇȔȏȦ ȚȊȒȦ ȏ ȖȗȏȗȕȋȔȕȊȕ ȊȇȎȇ
e. ǱȕȒȏȞȌȘșȉȕ CO₂, ȉȢȋȌȒȦȌȓȕȊȕ ȉ ȗȌȎȚȒȣșȇșȌ ȌȍȌȓȌȘȦȞȔȕȊȕ ȖȕșȗȌȈȒȌȔȏȦ ȖȗȏȗȕȋȔȕȊȕ ȊȇȎȇ ȕȋȔȕȐ ȘȌȓȣȧȐ

�� ǴȇȖȏȟȏșȌ ȚȗȇȉȔȌȔȏȌ ȗȌȇȑȝȏȏ ȊȕȗȌȔȏȦ ȉȢȈȗȇȔȔȕȊȕ ȉȇȓȏ șȕȖȒȏȉȇ�

� ǨȌȔȎȏȔ: 2CࢭH₁25 + ࢭO₂ → 16CO₂ + 18H₂O

� ǺȊȕȒȣ: C + O₂ → CO₂

� ǳȌșȇȔ: CH2 + ࢩO₂ → CO₂ + 2H₂O

�� ǫȒȦ ȖȕȒȚȞȌȔȏȦ ȔȌȕȈȜȕȋȏȓȕȐ ȏȔțȕȗȓȇȝȏȏ ȕ ȉȢȈȗȇȔȔȕȓ ȉȇȓȏ ȉȏȋȌ șȕȖȒȏȉȇ ȖȗȕȉȌȋȏșȌ 
    ȋȕȖȕȒȔȏșȌȒȣȔȢȐ ȖȕȏȘȑ ȉ ȏȔșȌȗȔȌș�ȗȌȘȚȗȘȇȜ ȏ ȔȇȚȞȔȕȐ ȒȏșȌȗȇșȚȗȌ� 

�� ǷȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȓȕȒȌȐ ȕȈȗȇȎȕȉȇȉȟȌȊȕȘȦ &2ࢧ�

�� ǯȘȜȕȋȦ ȏȎ ȖȕȒȚȞȌȔȔȕȊȕ ȗȌȎȚȒȣșȇșȇ� ȗȇȘȘȞȏșȇȐșȌ ȓȇȘȘȚ &20) ࢧ   �� Ȋ�ȓȕȒȣ� ȏ ȌȊȕ ȕȈȡȧȓ (���& 

    ȏ � ȇșȓ��

�� ǸȗȇȉȔȏșȌ ȗȌȎȚȒȣșȇș Ș țȇȑșȇȓȏ ȏȎ ȖȕȉȘȌȋȔȌȉȔȕȐ ȍȏȎȔȏ ȉ ȘȕȕșȉȌșȘșȉȏȏ Ș ȉȢȈȗȇȔȔȢȓ ȉȇȓȏ ȉȏȋȕȓ 

    șȕȖȒȏȉȇ�

a. ǸȑȕȒȣȑȕ ȞȌȒȕȉȌȑ ȌȍȌȋȔȌȉȔȕ ȉȢȋȌȒȦȌș Ȗȗȏ ȋȢȜȇȔȏȏ șȇȑȕȌ ȍȌ ȑȕȒȏȞȌȘșȉȕ Ǹǵ , ȘȑȕȒȣȑȕ 2

ȌȊȕ ȕȈȗȇȎȚȌșȘȦ Ȗȗȏ ȘȊȕȗȇȔȏȏ 1 Ȓȏșȗȇ ȈȌȔȎȏȔȇ?

b. ǸȑȕȒȣȑȕ ȖȗȏȓȌȗȔȕ ȋȌȗȌȉȣȌȉ ȔȌȕȈȜȕȋȏȓȕ ȋȒȦ ȖȕȊȒȕȠȌȔȏȦ CO₂, ȉȢȖȚȘȑȇȌȓȕȊȕ ȉ 

ȇșȓȕȘțȌȗȚ ȕȋȔȏȓ ȇȉșȕȓȕȈȏȒȌȓ Ȗȗȏ ȖȗȕȈȌȊȌ ȉ 100 ȑȓ?

c. ǸȑȕȒȣȑȕ ȞȌȒȕȉȌȑ ȉȢȋȌȒȦȌș Ȏȇ ȋȌȔȣ ȉ ȇșȓȕȘțȌȗȚ ȘșȕȒȣȑȕ CO₂, ȘȑȕȒȣȑȕ                          

CO₂ ȌȍȌȋȔȌȉȔȕ ȉȢȈȗȇȘȢȉȇȌșȘȦ ȕȋȔȏȓ ȇȉșȕȈȚȘȕȓ?

d. Ǳȇȑȕȉȕ ȑȕȒȏȞȌȘșȉȌȔȔȕȌ ȘȕȕșȔȕȟȌȔȏȌ CO₂, ȕȈȗȇȎȕȉȇȔȔȕȊȕ Ȗȗȏ ȘȍȏȊȇȔȏȏ ȚȊȒȦ ȏ 

ȖȗȏȗȕȋȔȕȊȕ ȊȇȎȇ?

e. ǸȑȕȒȣȑȕ Ȓȏșȗȕȉ ȊȇȎȏȗȕȉȇȔȔȢȜ ȔȇȖȏșȑȕȉ ȓȕȍȔȕ ȖȗȏȊȕșȕȉȏșȣ ȏȎ CO₂, ȖȕȒȚȞȌȔȔȕȊȕ ȉ 

ȗȌȎȚȒȣșȇșȌ ȌȍȌȓȌȘȦȞȔȕȊȕ ȖȕșȗȌȈȒȌȔȏȦ ȖȗȏȗȕȋȔȕȊȕ ȊȇȎȇ ȕȋȔȕȐ ȘȌȓȣȌȐ?

�� Ǵȇ ȕȘȔȕȉȇȔȏȏ ȗȌȎȚȒȣșȇșȕȉ ȖȕȋȊȕșȕȉȣșȌ ȒȕȎȚȔȊȏ� ǴȇȖȗȏȓȌȗ�

�� ǷȇȘȘȞȏșȇȐșȌ ȑȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇ (ȓȕȒȣ� Ȕȇ ȕȘȔȕȉȇȔȏȏ ȌȊȕ ȓȇȘȘȢ ȏȒȏ ȕȈȡȧȓȇ�                      

– ǳȌȔȣȟȌ șȕȖȒȏȉȇ – ȞȏȠȌ ȉȕȎȋȚȜ�µ�

– ´ǶȗȌȋȖȕȞșȌȔȏȌ ȕȈȠȌȘșȉȌȔȔȕȓȚ șȗȇȔȘȖȕȗșȚ – ȘȕȜȗȇȔȌȔȏȌ ȤȑȕȒȕȊȏȞȌȘȑȕȊȕ ȈȇȒȇȔȘȇ�µ�

– ´ȄȑȕȔȕȓȣ ȤȔȌȗȊȏȥ – ȎȇȠȏșȏ ȘȉȕȌ ȈȚȋȚȠȌȌ�µ ȏ ȋȗ.

Ǹǵ�

&2�

ǶȗȕȌȑș

�� Ǵȇ ȕȘȔȕȉȇȔȏȏ ȖȕȒȚȞȌȔȔȢȜ ȗȌȎȚȒȣșȇșȕȉ ȖȕȋȊȕșȕȉȣșȌ ȖȗȌȎȌȔșȇȝȏȥ Ș ȏȘȖȕȒȣȎȕȉȇȔȏȌȓ șȇȈȒȏȝ 

    ȏ ȋȏȇȊȗȇȓȓ�

ǵȈȘȚȍȋȌȔȏȌ ȗȌȎȚȒȣșȇșȕȉ�

Ã ǸȑȕȒȣȑȕ ȓȕȒȌȐ ȏ ȘȑȕȒȣȑȕ ȑȊ &2ࢧ ȕȈȗȇȎȚȌșȘȦ Ȗȗȏ ȘȊȕȗȇȔȏȏ � Ȓȏșȗȇ ȈȌȔȎȏȔȇ"

Ã ǪȕȋȕȉȇȦ ȇȑșȏȉȔȕȘșȣ ȑȇȑȕȊȕ ȑȕȒȏȞȌȘșȉȇ ȋȌȗȌȉȣȌȉ ȘȗȇȉȔȏȓȇ Ș ȉȢȈȗȕȘȇȓȏ &2ࢧ� ȑȕșȕȗȢȌ ȖȗȕȏȎȉȕȋȏș ȕȋȏȔ 

ȇȉșȕȓȕȈȏȒȣ Ȗȗȏ ȖȗȕȌȎȋȌ ȗȇȘȘșȕȦȔȏȦ ȉ ��� ȑȓ"

Ã Ǿșȕ ȖȕȑȇȎȢȉȇȌș ȘȗȇȉȔȌȔȏȌ ȉȢȈȗȕȘȕȉ &2ࢧ� ȖȗȕȏȎȉȕȋȏȓȢȜ ȇȉșȕȈȚȘȕȓ ȏ ȇȉșȕȓȕȈȏȒȌȓ"

Ã Ǳȇȑȕȉȇ ȗȇȎȔȏȝȇ ȉ ȑȕȒȏȞȌȘșȉȌ ȉȢȈȗȕȘȕȉ &2ࢧ Ȗȗȏ ȘȍȏȊȇȔȏȏ ȚȊȒȦ ȏ ȖȗȏȗȕȋȔȕȊȕ ȊȇȎȇ"  ǱȇȑȕȌ ȏȎ ȤșȏȜ ȉȏȋȕȉ 

șȕȖȒȏȉȇ ȏȓȌȌș ȖȗȌȏȓȚȠȌȘșȉȕ Ș ȤȑȕȒȕȊȏȞȌȘȑȕȐ șȕȞȑȏ ȎȗȌȔȏȦ" 

Ã ǱȇȑȕȐ ȕȈȡȧȓ &2ࢧ ȕȈȗȇȎȚȌșȘȦ ȉ ȗȌȎȚȒȣșȇșȌ ȌȍȌȓȌȘȦȞȔȕȊȕ ȖȕșȗȌȈȒȌȔȏȦ ȊȇȎȇ ȕȋȔȕȐ ȘȌȓȣȧȐ"
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�� ǷȇȘȘȞȏșȇȐșȌ ȕșȔȕȘȏșȌȒȣȔȚȥ ȇșȕȓȔȚȥ ȓȇȘȘȚ ȓȇȊȔȏȦ�

�� ǷȇȘȘȞȏșȇȐșȌ M  ȉȌȠȌȘșȉ�U

I. N            2

II. Al O            2 3

III. H SO            2 4

I9. Ca (3O )            3 4 2

9. CH COOH3

��  ǶȌȗȌȖȏȟȏșȌ ȉ șȌșȗȇȋȣ ȏ ȋȕȖȕȒȔȏșȌ șȇȈȒȏȝȚ�

�� ǾȌȒȕȉȌȑ ȘȗȌȋȔȌȊȕ ȉȕȎȗȇȘșȇ Ȗȗȏ ȋȢȜȇȔȏȏ ȖȕșȗȌȈȒȦȌș ȉ ȘȗȌȋȔȌȓ ȕȑȕȒȕ ��� Ȓȏșȗȕȉ (���& 

ȏ � ȇșȓ� ȑȏȘȒȕȗȕȋȇ (2ࢧ� ȉ ȋȌȔȣ� 

a. ǸȑȕȒȣȑȕ ȓȕȒȌȐ ȑȏȘȒȕȗȕȋȇ ȉȋȢȜȇȌș ȞȌȒȕȉȌȑ ȉ șȌȞȌȔȏȌ ȕȋȔȕȊȕ ȋȔȦ?

b. ǸȑȕȒȣȑȕ Ȋȗȇȓȓȕȉ ȘȕȘșȇȉȒȦȌș ȓȇȘȘȇ șȇȑȕȊȕ ȑȏȘȒȕȗȕȋȇ?

ǳаȘȘа Q   ²²² 
P

0
Q   ²²² 

9

90

Обȡȧм

ǯзмерение количеȘтва вещеȘтва

ǵǹǴǵǸǯǹǬǲȃǴǧȆ 

ǧǹǵǳǴǧȆ  ǳǧǸǸǧ

ǵșȔȕȟȌȔȏȌ ȓȇȘȘȢ  ȇșȕȓȇ 
12ȤȒȌȓȌȔșȇ  –– ȓȇȘȘȢ ȇșȕȓȇ C. 

ǵȈȕȎȔȇȞȇȌșȘȦ A  . U

Безразмерная величина.

ǵǹǴǵǸǯǹǬǲȃǴǧȆ   

ǳǵǲǬǱǺǲȆǷǴǧȆ ǳǧǸǸǧ

ǸȚȓȓȇ ȕșȔȕȘȏșȌȒȣȔȢȜ 

ȇșȕȓȔȢȜ ȓȇȘȘ ȇșȕȓȕȉ, 

ȉȜȕȋȦȠȏȜ ȉ ȘȕȘșȇȉ ȓȕȒȌȑȚȒȢ 

ȉȌȠȌȘșȉȇ, Ș ȚȞȧșȕȓ ȏȔȋȌȑȘȕȉ.

ǵȈȕȎȔȇȞȇȌșȘȦ M . U

ǨȌȎȗȇȎȓȌȗȔȇȦ ȉȌȒȏȞȏȔȇ.

ǳǵǲȆǷǴǧȆ ǳǧǸǸǧ

ǳȇȘȘȇ 1 ȓȕȒȦ ȉȌȠȌȘșȉȇ. 

ǵȈȕȎȔȇȞȇȌșȘȦ M. 

ǬȋȏȔȏȝȇ ȏȎȓȌȗȌȔȏȦ – Ȋ�ȓȕȒȣ.

ǳǵǲȆǷǴȂǰ ǵǨȁǛǳ

ǵșȔȕȟȌȔȏȌ ȕȈȡȧȓȇ ȒȥȈȕȊȕ 

ȊȇȎȇ, ȉȎȦșȕȊȕ Ȗȗȏ ȕȋȏȔȇȑȕȉȢȜ 

ȚȘȒȕȉȏȦȜ, ȑ ȌȊȕ ȑȕȒȏȞȌȘșȉȚ 

(ȞȏȘȒȚ ȓȕȒȌȐ), ȦȉȒȦȌșȘȦ 

ȖȕȘșȕȦȔȔȕȐ ȉȌȒȏȞȏȔȕȐ.

ǩȌȒȏȞȏȔȇ, ȉȢȗȇȍȇȥȠȇȦ 

ȑȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉ.             

ǵȈȕȎȔȇȞȇȌșȘȦ Q.

ǬȋȏȔȏȝȇ ȏȎȓȌȗȌȔȏȦ – ȓȕȒȣ.

ǳȕȒȣ – ȑȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇ, 
��ȘȕȋȌȗȍȇȠȌȌ ���� Ã ��   ȞȇȘșȏȝ 

(ȓȕȒȌȑȚȒ, ȇșȕȓȕȉ ȏȒȏ ȏȕȔȕȉ).

ǮǧǱǵǴ  ǧǩǵǪǧǫǷǵ 

ǩ ȗȇȉȔȢȜ ȕȈȡȧȓȇȜ                                

ȗȇȎȒȏȞȔȢȜ ȊȇȎȕȉ Ȗȗȏ                      

ȕȋȏȔȇȑȕȉȢȜ șȌȓȖȌȗȇșȚȗȌ                                  

ȏ ȋȇȉȒȌȔȏȏ ȘȕȋȌȗȍȏșȘȦ                    

ȕȋȏȔȇȑȕȉȕȌ ȞȏȘȒȕ ȓȕȒȌȑȚȒ

Q   ²²² 
1

1$

   ǾиȘло молекул

He 

H2

CO

CH4

SO2

ǪȇȎȢ ǾȏȘȒȕ ȓȕȒȣ

0,25

3ǵȈȡȧȓ, ȋȓ  (20°C ȏ 1 ȇșȓ)

12

ǾȏȘȒȕ   ȓȕȒȌȑȚȒ

241,204 Ã 10

ǾȏȘȒȕ ȇșȕȓȕȉ

233,01 Ã 10

ǳȇȘȘȇ, Ȋ

320

ǴȇȎȉȇȔȏȌ ǴȇȜȕȍȋȌȔȏȌ ȉ ȖȗȏȗȕȋȌ, �

79

10

11

ǳȇȊȔȏȐ-24

ǳȇȊȔȏȐ -25

ǳȇȊȔȏȐ -26

1
12

ǱоличеȘтво вещеȘтва

Заключение Обобщающие задания

ǾȏȘȒȕ ǧȉȕȊȇȋȗȕ ȖȕȑȇȎȢȉȇȌș, ȘȑȕȒȣȑȕ 

ȇșȕȓȕȉ  ȘȕȋȌȗȍȏșȘȦ ȉ 12 ȊȗȇȓȓȇȜ ȏȎȕșȕȖȇ 
��ȚȊȒȌȗȕȋȇ-12 ( &). 

ǵȈȕȎȔȇȞȇȌșȘȦ 1 :$

��
1   ���� Ã ��$



3534

�� ǷȇȘȘȞȏșȇȐșȌ ȕșȔȕȘȏșȌȒȣȔȚȥ ȇșȕȓȔȚȥ ȓȇȘȘȚ ȓȇȊȔȏȦ�

�� ǷȇȘȘȞȏșȇȐșȌ M  ȉȌȠȌȘșȉ�U

I. N            2

II. Al O            2 3

III. H SO            2 4

I9. Ca (3O )            3 4 2

9. CH COOH3

��  ǶȌȗȌȖȏȟȏșȌ ȉ șȌșȗȇȋȣ ȏ ȋȕȖȕȒȔȏșȌ șȇȈȒȏȝȚ�

�� ǾȌȒȕȉȌȑ ȘȗȌȋȔȌȊȕ ȉȕȎȗȇȘșȇ Ȗȗȏ ȋȢȜȇȔȏȏ ȖȕșȗȌȈȒȦȌș ȉ ȘȗȌȋȔȌȓ ȕȑȕȒȕ ��� Ȓȏșȗȕȉ (���& 

ȏ � ȇșȓ� ȑȏȘȒȕȗȕȋȇ (2ࢧ� ȉ ȋȌȔȣ� 

a. ǸȑȕȒȣȑȕ ȓȕȒȌȐ ȑȏȘȒȕȗȕȋȇ ȉȋȢȜȇȌș ȞȌȒȕȉȌȑ ȉ șȌȞȌȔȏȌ ȕȋȔȕȊȕ ȋȔȦ?

b. ǸȑȕȒȣȑȕ Ȋȗȇȓȓȕȉ ȘȕȘșȇȉȒȦȌș ȓȇȘȘȇ șȇȑȕȊȕ ȑȏȘȒȕȗȕȋȇ?

ǳаȘȘа Q   ²²² 
P

0
Q   ²²² 

9

90

Обȡȧм

ǯзмерение количеȘтва вещеȘтва

ǵǹǴǵǸǯǹǬǲȃǴǧȆ 

ǧǹǵǳǴǧȆ  ǳǧǸǸǧ

ǵșȔȕȟȌȔȏȌ ȓȇȘȘȢ  ȇșȕȓȇ 
12ȤȒȌȓȌȔșȇ  –– ȓȇȘȘȢ ȇșȕȓȇ C. 

ǵȈȕȎȔȇȞȇȌșȘȦ A  . U

Безразмерная величина.

ǵǹǴǵǸǯǹǬǲȃǴǧȆ   

ǳǵǲǬǱǺǲȆǷǴǧȆ ǳǧǸǸǧ

ǸȚȓȓȇ ȕșȔȕȘȏșȌȒȣȔȢȜ 

ȇșȕȓȔȢȜ ȓȇȘȘ ȇșȕȓȕȉ, 

ȉȜȕȋȦȠȏȜ ȉ ȘȕȘșȇȉ ȓȕȒȌȑȚȒȢ 

ȉȌȠȌȘșȉȇ, Ș ȚȞȧșȕȓ ȏȔȋȌȑȘȕȉ.

ǵȈȕȎȔȇȞȇȌșȘȦ M . U

ǨȌȎȗȇȎȓȌȗȔȇȦ ȉȌȒȏȞȏȔȇ.

ǳǵǲȆǷǴǧȆ ǳǧǸǸǧ

ǳȇȘȘȇ 1 ȓȕȒȦ ȉȌȠȌȘșȉȇ. 

ǵȈȕȎȔȇȞȇȌșȘȦ M. 

ǬȋȏȔȏȝȇ ȏȎȓȌȗȌȔȏȦ – Ȋ�ȓȕȒȣ.

ǳǵǲȆǷǴȂǰ ǵǨȁǛǳ

ǵșȔȕȟȌȔȏȌ ȕȈȡȧȓȇ ȒȥȈȕȊȕ 

ȊȇȎȇ, ȉȎȦșȕȊȕ Ȗȗȏ ȕȋȏȔȇȑȕȉȢȜ 

ȚȘȒȕȉȏȦȜ, ȑ ȌȊȕ ȑȕȒȏȞȌȘșȉȚ 

(ȞȏȘȒȚ ȓȕȒȌȐ), ȦȉȒȦȌșȘȦ 

ȖȕȘșȕȦȔȔȕȐ ȉȌȒȏȞȏȔȕȐ.

ǩȌȒȏȞȏȔȇ, ȉȢȗȇȍȇȥȠȇȦ 

ȑȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉ.             

ǵȈȕȎȔȇȞȇȌșȘȦ Q.

ǬȋȏȔȏȝȇ ȏȎȓȌȗȌȔȏȦ – ȓȕȒȣ.

ǳȕȒȣ – ȑȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇ, 
��ȘȕȋȌȗȍȇȠȌȌ ���� Ã ��   ȞȇȘșȏȝ 

(ȓȕȒȌȑȚȒ, ȇșȕȓȕȉ ȏȒȏ ȏȕȔȕȉ).

ǮǧǱǵǴ  ǧǩǵǪǧǫǷǵ 

ǩ ȗȇȉȔȢȜ ȕȈȡȧȓȇȜ                                

ȗȇȎȒȏȞȔȢȜ ȊȇȎȕȉ Ȗȗȏ                      

ȕȋȏȔȇȑȕȉȢȜ șȌȓȖȌȗȇșȚȗȌ                                  

ȏ ȋȇȉȒȌȔȏȏ ȘȕȋȌȗȍȏșȘȦ                    

ȕȋȏȔȇȑȕȉȕȌ ȞȏȘȒȕ ȓȕȒȌȑȚȒ

Q   ²²² 
1

1$

   ǾиȘло молекул

He 

H2

CO

CH4

SO2

ǪȇȎȢ ǾȏȘȒȕ ȓȕȒȣ

0,25

3ǵȈȡȧȓ, ȋȓ  (20°C ȏ 1 ȇșȓ)

12

ǾȏȘȒȕ   ȓȕȒȌȑȚȒ

241,204 Ã 10

ǾȏȘȒȕ ȇșȕȓȕȉ

233,01 Ã 10

ǳȇȘȘȇ, Ȋ

320

ǴȇȎȉȇȔȏȌ ǴȇȜȕȍȋȌȔȏȌ ȉ ȖȗȏȗȕȋȌ, �

79

10

11

ǳȇȊȔȏȐ-24

ǳȇȊȔȏȐ -25

ǳȇȊȔȏȐ -26

1
12

ǱоличеȘтво вещеȘтва

Заключение Обобщающие задания

ǾȏȘȒȕ ǧȉȕȊȇȋȗȕ ȖȕȑȇȎȢȉȇȌș, ȘȑȕȒȣȑȕ 

ȇșȕȓȕȉ  ȘȕȋȌȗȍȏșȘȦ ȉ 12 ȊȗȇȓȓȇȜ ȏȎȕșȕȖȇ 
��ȚȊȒȌȗȕȋȇ-12 ( &). 

ǵȈȕȎȔȇȞȇȌșȘȦ 1 :$

��
1   ���� Ã ��$
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��  ǵșȔȕȘȏșȌȒȣȔȇȦ ȖȒȕșȔȕȘșȣ Ȗȕ ȉȕȋȕȗȕȋȚ ȊȇȎȇ ;H  ȗȇȉȔȇ �� �

ǷȇȘȘȞȏșȇȐșȌ ȕșȔȕȘȏșȌȒȣȔȚȥ ȇșȕȓȔȚȥ ȓȇȘȘȚ Ǽ�

��  ǷȇȘȖȕȒȕȍȏșȌ ȊȇȎȢ Ȗȕ ȉȕȎȗȇȘșȇȔȏȥ ȏȜ ȖȒȕșȔȕȘșȏ (���& ȏ � ȇșȓ�� ǵȈȕȘȔȚȐșȌ ȘȉȕȐ ȕșȉȌș�

I. N               2

II. O               2

III. CH               4

I9. CO2

��  ǶȒȕșȔȕȘșȏ ȑȇȑȕȊȕ ȊȇȎȇ� ȉȎȦșȕȊȕ Ȗȗȏ șȌȜ ȍȌ ȚȘȒȕȉȏȦȜ� ȗȇȉȔȇ ȖȒȕșȔȕȘșȣ ȘȓȌȘȏ� ȘȕȘșȕȦȠȌȐ 

ȏȎ � ȓȕȒȣ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ ȏ � ȓȕȒȣ ȚȊȇȗȔȕȊȕ ȊȇȎȇ"

I. N             2

II. O            2

III. C H             2 6

I9. C H             3 4

9. SO2

�� ǸȚȓȓȇ ȓȇȘȘ � ȓȕȒȣ ȓȌșȇȔȇ ȏ ���� ȓȕȒȣ ; ȗȇȉȔȇ ȓȇȘȘȌ � ȓȕȒȣ ȑȏȘȒȕȗȕȋȇ�

ǷȇȘȘȞȏșȇȐșȌ ȕșȔȕȘȏșȌȒȣȔȚȥ ȓȕȒȌȑȚȒȦȗȔȚȥ ȓȇȘȘȚ ; (Ȋ�ȓȕȒȣ��

��� ǩ ȊȇȎȕȉȢȜ ȈȇȒȒȕȔȇȜ� ȏȘȖȕȒȣȎȚȌȓȢȜ ȉ ȈȢșȚ� ȔȇȜȕȋȦșȘȦ ȉ ȕȘȔȕȉȔȕȓ ȖȗȕȖȇȔ (& H � ȏ � �

ȈȚșȇȔ (& H �� ǺșȌȞȑȇ ȏȎ șȇȑȏȜ ȈȇȒȒȕȔȕȉ� ȚȘșȇȔȕȉȒȌȔȔȢȜ Ȕȇ ȑȚȜȔȌ� ȑȗȇȐȔȌ ȕȖȇȘȔȇ� Ȅșȕ � ��

ȘȉȦȎȇȔȕ Ș șȌȓ� Ȟșȕ ȚȑȇȎȇȔȔȢȌ ȊȇȎȢ� ȘȑȇȖȒȏȉȇȦȘȣ ȉ ȔȏȍȔȌȐ ȞȇȘșȏ ȑȚȜȔȏ� ȉȕȘȖȒȇȓȌȔȦȥșȘȦ 

ȕș ȔȌȈȕȒȣȟȕȐ ȏȘȑȗȢ ȏ ȖȗȏȉȕȋȦș ȑ ȉȎȗȢȉȚ� ǶȕȞȌȓȚ Ȥșȏ ȊȇȎȢ ȘȕȈȏȗȇȥșȘȦ ȉ ȔȏȍȔȌȐ ȞȇȘșȏ 

ȑȚȜȔȏ" ǵȈȕȘȔȚȐșȌ ȘȉȕȐ ȕșȉȌș ȗȇȘȞȧșȕȓ�

�� ǯȎ ȋȉȚȜ ȟȇȗȕȉ ȕȋȏȔ ȔȇȖȕȒȔȌȔ ȉȕȋȕȗȕȋȕȓ� ȇ ȋȗȚȊȕȐ ² ȚȊȒȌȑȏȘȒȢȓ ȊȇȎȕȓ� Ǿșȕ 

ȖȗȕȏȎȕȐȋȧș� ȌȘȒȏ Ȥșȏ ȟȇȗȢ ȖȕȋȔȦșȣ ȉȉȌȗȜ ȏ ȉȢȖȚȘșȏșȣ ȏȎ ȗȚȑ" ǶȕȞȌȓȚ"



ǷȇȘȞȧșȢ Ȗȕ ȜȏȓȏȞȌȘȑȏȓ 
țȕȗȓȚȒȇȓ ȏ ȚȗȇȉȔȌȔȏȦȓ 

�  ǸȕȕșȔȕȟȌȔȏȌ ȓȇȘȘ ȤȒȌȓȌȔșȕȉ, ȉȜȕȋȦȠȏȜ ȉ ȘȕȘșȇȉ ȜȏȓȏȞȌȘȑȕȊȕ ȘȕȌȋȏȔȌȔȏȦ, ȦȉȒȦȌșȘȦ 
ȖȕȘșȕȦȔȔȢȓ ȋȒȦ ȋȇȔȔȕȊȕ ȘȕȌȋȏȔȌȔȏȦ, ȉȢȗȇȍȇȌșȘȦ ȔȌȈȕȒȣȟȏȓȏ ȝȌȒȢȓȏ ȞȏȘȒȇȓȏ ȏ 
ȔȇȎȢȉȇȌșȘȦ ȓȇȘȘȕȉȢȓ ȕșȔȕȟȌȔȏȌȓ

�  ǳȇȘȘȕȉȇȦ ȋȕȒȦ ȖȕȑȇȎȢȉȇȌș, ȑȇȑȚȥ ȞȇȘșȣ ȕș ȕȈȠȌȐ ȓȇȘȘȢ ȜȏȓȏȞȌȘȑȕȊȕ ȘȕȌȋȏȔȌȔȏȦ 
ȘȕȘșȇȉȒȦȌș ȓȇȘȘȇ  ȤȒȌȓȌȔșȇ, ȉȜȕȋȦȠȌȊȕ ȉ ȘȕȘșȇȉ ȤșȕȊȕ ȘȕȌȋȏȔȌȔȏȦ

�  Ǵȇ ȕȘȔȕȉȇȔȏȏ ȓȇȘȘȕȉȕȊȕ ȕșȔȕȟȌȔȏȦ ȏ ȓȇȘȘȕȉȕȐ ȋȕȒȏ ȓȕȍȔȕ ȕȖȗȌȋȌȒȏșȣ ȤȓȖȏȗȏȞȌȘȑȚȥ 
țȕȗȓȚȒȚ ȏ ȏȘșȏȔȔȚȥ țȕȗȓȚȒȚ ȘȕȌȋȏȔȌȔȏȦ

�  Ǵȇ ȕȘȔȕȉȇȔȏȏ ȘșȌȜȏȕȓȌșȗȏȏ ȓȕȍȔȕ ȗȇȘȘȞȏșȇșȣ ȑȕȒȏȞȌȘșȉȇ ȗȌȇȊȏȗȚȥȠȏȜ ȉȌȠȌȘșȉ ȏ 
ȖȗȕȋȚȑșȕȉ ȗȌȇȑȝȏȏ

�  ǶȗȇȑșȏȞȌȘȑȏȐ ȉȢȜȕȋ ȖȗȕȋȚȑșȇ ȗȌȇȑȝȏȏ ȕȖȗȌȋȌȒȦȌșȘȦ ȋȌȒȌȔȏȌȓ ȌȊȕ țȇȑșȏȞȌȘȑȏ  
ȖȕȒȚȞȌȔȔȕȊȕ ȑȕȒȏȞȌȘșȉȇ Ȕȇ șȌȕȗȌșȏȞȌȘȑȏ ȗȇȘȘȞȏșȇȔȔȕȌ ȑȕȒȏȞȌȘșȉȕ ȏ ȚȓȔȕȍȌȔȏȌȓ 
ȗȌȎȚȒȣșȇșȇ Ȕȇ 100�

ǯȎ ȗȇȎȋȌȒȇ ȉȢ ȚȎȔȇȌșȌ

ǨȒȥȋȇ ȖȕȒȚȞȇȥșȘȦ ȉȑȚȘȔȌȌ, ȌȘȒȏ Ȗȗȏ 

ȖȗȏȊȕșȕȉȒȌȔȏȏ ȖȏȠȏ ȏȔȊȗȌȋȏȌȔșȢ 

ȏȘȖȕȒȣȎȚȥșȘȦ ȉ ȖȗȇȉȏȒȣȔȢȜ ȘȕȕșȔȕȟȌȔȏȦȜ. 

ǴȇȖȗȏȓȌȗ, ȏȘȖȕȒȣȎȕȉȇȔȏȌ ȖȕȉȇȗȌȔȔȕȐ 

ȘȕȒȏ ȉ ȓȌȔȣȟȌȓ ȏȒȏ ȈȕȒȣȟȌȓ 

ȔȌȕȈȜȕȋȏȓȕȊȕ ȑȕȒȏȞȌȘșȉȌ ȓȕȍȌș 

Ȗȗȏȋȇȉȇșȣ ȖȏȠȌ ȏȔȕȐ ȉȑȚȘ.

1. Ǿșȕ ȉȢ ȓȕȍȌșȌ ȗȇȘȘȑȇȎȇșȣ ȕȈ Ȥșȕȓ 

ȘȕȕșȔȕȟȌȔȏȏ Ȕȇ ȖȗȏȓȌȗȌ ȗȌȇȑȝȏȐ 

ȔȌȐșȗȇȒȏȎȇȝȏȏ?

2. Ǳȇȑ, Ȗȕ ȉȇȟȌȓȚ ȓȔȌȔȏȥ, 

ȗȇȘȘȞȏșȢȉȇȥșȘȦ Ȥșȏ ´șȕȞȔȢȌ 

ȘȕȕșȔȕȟȌȔȏȦµ?

3. ǶȕȞȌȓȚ ´șȕȞȔȢȌ ȘȕȕșȔȕȟȌȔȏȦµ șȇȑ 

ȉȇȍȔȢ Ș ȤȑȕȔȕȓȏȞȌȘȑȕȐ ȏ 

ȤȑȕȒȕȊȏȞȌȘȑȕȐ șȕȞȌȑ ȎȗȌȔȏȦ?

ǹȇȑȍȌ ȏ ȉ ȜȏȓȏȞȌȘȑȏȜ ȗȌȇȑȝȏȦȜ       

ȕȞȌȔȣ ȉȇȍȔȢ ´șȕȞȔȢȌ ȘȕȕșȔȕȟȌȔȏȦµ 

ȓȌȍȋȚ ȑȕȒȏȞȌȘșȉȇȓȏ ȏȘȜȕȋȔȢȜ ȉȌȠȌȘșȉ. 

Ǵȇ ȖȗȕȏȎȉȕȋȘșȉȌ ȗȇȝȏȕȔȇȒȣȔȕȌ 

ȏȘȖȕȒȣȎȕȉȇȔȏȌ ȘȢȗȣȦ ȏ ȗȇȘȞȧș 

´ȕȖșȏȓȇȒȣȔȢȜ ȖȗȕȏȎȉȕȋȘșȉȌȔȔȢȜ 

ȘȕȕșȔȕȟȌȔȏȐµ ȏȓȌȥș ȈȕȒȣȟȕȌ ȎȔȇȞȌȔȏȌ 

ȑȇȑ Ș ȤȑȕȔȕȓȏȞȌȘȑȕȐ, șȇȑ ȏ Ș 

ȤȑȕȒȕȊȏȞȌȘȑȕȐ șȕȞȑȏ ȎȗȌȔȏȦ.

2
ȒȌȋ

Ȏ
ȇ

ȗ



2.1 ǳȇȘȘȕȉȇȦ ȋRȒȦ ȏ ȓȇȘȘȕȉȕȌ ȕșȔȕȟȌȔȏȌ

Ƕȗȏ ȕȈȗȇȎȕȉȇȔȏȏ ȜȏȓȏȞȌȘȑȏȜ ȘȕȌȋȏȔȌȔȏȐ ȇșȕȓȢ ȤȒȌȓȌȔșȕȉ, 

ȉȜȕȋȦȠȏȜ ȉ ȏȜ ȘȕȘșȇȉ, ȘȕȌȋȏȔȦȥșȘȦ ȋȗȚȊ Ș ȋȗȚȊȕȓ ȉ ȖȕȘșȕȦȔȔȕȓ 

ȞȏȘȒȌȔȔȕȓ ȘȕȕșȔȕȟȌȔȏȏ. ǸȒȌȋȕȉȇșȌȒȣȔȕ, ȘȕȕșȔȕȟȌȔȏȌ ȏȜ ȓȇȘȘ 

ȉ ȘȕȌȋȏȔȌȔȏȏ șȇȑȍȌ ȈȚȋȌș ȖȕȘșȕȦȔȔȢȓ. Ȅșȕ ȘȕȕșȔȕȟȌȔȏȌ 

ȉȢȗȇȍȇȌșȘȦ ȔȇȏȓȌȔȣȟȏȓȏ ȝȌȒȢȓȏ ȞȏȘȒȇȓȏ ȏ ȔȇȎȢȉȇȌșȘȦ 

ȓȇȘȘȕȉȢȓ ȕșȔȕȟȌȔȏȌȓ ȤȒȌȓȌȔșȕȉ� ǮȔȇȦ țȕȗȓȚȒȚ 

ȜȏȓȏȞȌȘȑȕȊȕ ȘȕȌȋȏȔȌȔȏȦ, ȓȢ ȓȕȍȌȓ ȗȇȘȘȞȏșȇșȣ ȓȇȘȘȕȉȕȌ 

ȕșȔȕȟȌȔȏȌ ȤȒȌȓȌȔșȕȉ, ȉȜȕȋȦȠȏȜ ȉ ȌȊȕ ȘȕȘșȇȉ. ǩ ȑȇȞȌȘșȉȌ 

ȖȗȏȓȌȗȇ ȗȇȘȘȞȏșȇȌȓ ȓȇȘȘȕȉȕȌ ȕșȔȕȟȌȔȏȌ ȤȒȌȓȌȔșȕȉ

ȉ ȚȑȘȚȘȔȕȐ ȑȏȘȒȕșȌ (CH COOH):3

3938

Ǵȇ ȚȖȇȑȕȉȑȇȜ ȖȗȕȋȚȑșȕȉ, ȑȕșȕȗȢȌ ȓȢ 

ȖȕȑȚȖȇȌȓ ȉ ȓȇȊȇȎȏȔȇȜ, ȌȘșȣ ȤșȏȑȌșȑȏ. 

Ǵȇ șȇȑȏȜ ȤșȏȑȌșȑȇȜ ȖȗȏȉȕȋȦșȘȦ 

ȘȉȌȋȌȔȏȦ ȕ ȘȕȘșȇȉȌ ȖȗȕȋȚȑșȇ. 

ǴȇȖȗȏȓȌȗ, ȑȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉ ȉ 50 Ȋ 

ȟȕȑȕȒȇȋȔȕȊȕ ȓȇȘȒȇ

ȓȕȍȌș ȈȢșȣ ȘȒȌȋȚȥȠȏȓ: 

� ǳȕȍȔȕ Ȓȏ ȉȢȗȇȎȏșȣ ȉ ȖȗȕȝȌȔșȇȜ ȑȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉ ȉ ȟȕȑȕȒȇȋȔȕȓ ȓȇȘȒȌ Ȗȕ ȏȜ ȓȇȘȘȌ" 

� ǳȕȍȔȕ Ȓȏ ȓȇȘȘȢ ȤȒȌȓȌȔșȕȉ ȉ ȜȏȓȏȞȌȘȑȏȜ ȘȕȌȋȏȔȌȔȏȦȜ ȉȢȗȇȎȏșȣ ȉ ȖȗȕȝȌȔșȇȜ" Ǳȇȑ ȈȢ 

ȉȢ ȔȇȎȉȇȒȏ ȤșȚ ȉȌȒȏȞȏȔȚ"

ǮȔȇȦ ȑȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉ         

ȉ 50 Ȋ ȟȕȑȕȒȇȋȔȕȊȕ ȓȇȘȒȇ, 

ȓȕȍȔȕ ȕȖȗȌȋȌȒȏșȣ

ȓȇȘȘȚ ȤșȏȜ ȉȌȠȌȘșȉ ȉ ȕȋȔȕȐ 

ȚȖȇȑȕȉȑȌ.

1. ǾȏȘȒȕ ȇșȕȓȕȉ ȤȒȌȓȌȔșȇ 

ȉ  ȓȕȒȌȑȚȒȌ

2. ǾȏȘȒȕ ȓȕȒȣ ȇșȕȓȕȉ 

ȤȒȌȓȌȔșȇ ȉ 1 ȓȕȒȣ

3. ǳȇȘȘȇ ȤȒȌȓȌȔșȕȉ 

ȉ 1 ȓȕȒȣ

4. ǳȇȘȘȕȉȕȌ ȕșȔȕȟȌȔȏȌ   

ȤȒȌȓȌȔșȕȉ

2 ȇșȕȓȇ 

ȚȊȒȌȗȕȋȇ

4 ȇșȕȓȇ 

ȉȕȋȕȗȕȋȇ

2 ȇșȕȓȇ 

ȑȏȘȒȕȗȕȋȇ

2 ȓȕȒȣ 

ȚȊȒȌȗȕȋȇ

4 ȓȕȒȣ 

ȉȕȋȕȗȕȋȇ

2 ȓȕȒȣ 

ȑȏȘȒȕȗȕȋȇ

2 ∙ 12 = 24 Ȋ

ȚȊȒȌȗȕȋȇ

4 ∙ 1 = 4 Ȋ 

ȉȕȋȕȗȕȋȇ

2 ∙ 16 = 32 Ȋ

ȑȏȘȒȕȗȕȋȇ

m(C) : m(H) : m(O) = 24 : 4 : 32 = 6  : 1 :  8

ǷȇȘȘȓȕșȗȏȓ ȗȌȎȚȒȣșȇșȢ ȋȉȚȜ ȤȑȘȖȌȗȏȓȌȔșȕȉ, ȖȗȕȉȌȋȧȔȔȢȜ Ș ȚȞȇȘșȏȌȓ ȓȌșȇȒȒȇ Ș ȖȕȘșȕȦȔȔȕȐ 

ȘșȌȖȌȔȣȥ ȕȑȏȘȒȌȔȏȦ:

ǵȖȢș �� Ǵȇ ȉȌȘȇȜ ȏȎȓȌȗȦȥș ȓȇȘȘȚ ȉȎȦșȕȊȕ ȕȈȗȇȎȝȇ ȓȌșȇȒȒȇ. ǵȈȗȇȎȌȝ ȓȌșȇȒȒȇ ȓȇȘȘȕȐ 2,5 Ȋ 

ȖȕȒȔȕȘșȣȥ ȘȍȏȊȇȥș ȉ ȞȏȘșȕȓ ȑȏȘȒȕȗȕȋȌ Ș ȖȕȒȚȞȌȔȏȌȓ ȌȊȕ ȕȑȘȏȋȇ. ǶȕȘȒȌ ȕȜȒȇȍȋȌȔȏȦ ȕȑȘȏȋȇ ȋȕ 

ȑȕȓȔȇșȔȕȐ șȌȓȖȌȗȇșȚȗȢ ȌȊȕ ȓȇȘȘȚ ȏȎȓȌȗȦȥș Ȕȇ ȉȌȘȇȜ. ǺȘșȇȔȇȉȒȏȉȇȥș, Ȟșȕ ȓȇȘȘȇ ȕȑȘȏȋȇ ȓȌșȇȒȒȇ 

ȘȕȘșȇȉȒȦȌș 3,5 Ȋ.

ȆȉȒȦȌșȘȦ Ȓȏ ȖȕȘșȕȦȔȔȢȓ ȓȇȘȘȕȉȕȌ ȕșȔȕȟȌȔȏȌ ȤȒȌȓȌȔșȕȉ ȉ ȘȕȌȋȏȔȌȔȏȏ"

ǵȈȘȚȋȏșȌ�

�� ȆȉȒȦȌșȘȦ Ȓȏ ȕșȔȕȟȌȔȏȌ  ²²²²²²²²²²² ȉ ȤșȏȜ ȕȑȘȏȋȇȜ ȕȋȔȏȓ ȏ șȌȓ ȍȌ ȏȒȏ ȗȇȎȒȏȞȇȌșȘȦ"

�� ǮȇȉȏȘȏș Ȓȏ ȓȇȘȘȕȉȕȌ ȕșȔȕȟȌȔȏȌ ȤȒȌȓȌȔșȕȉ ȉ ȘȕȌȋȏȔȌȔȏȏ ȕș ȘȖȕȘȕȈȇ ȌȊȕ ȖȕȒȚȞȌȔȏȦ"  

�� ǵȋȏȔȇȑȕȉȢ ȏȒȏ ȗȇȎȒȏȞȔȢ ȓȇȘȘȕȉȢȌ ȕșȔȕȟȌȔȏȦ ȤȒȌȓȌȔșȕȉ ȉ ȗȇȎȔȢȜ ȕȑȘȏȋȇȜ� ȕȈȗȇȎȚȌȓȢȜ 

ȕȋȔȏȓ ȤȒȌȓȌȔșȕȓ" ǵȈȡȦȘȔȏșȌ ȘȉȕȐ ȕșȉȌș Ȕȇ ȖȗȏȓȌȗȌ ȕȑȘȏȋȕȉ ȘȌȗȢ (62  ȏ 62 ��� �

�� ǩȢȗȇȎȏșȌ ȉ ȖȗȕȝȌȔșȇȜ ȓȇȘȘȕȉȚȥ ȋȕȒȥ ȓȌșȇȒȒȇ ȏ ȑȏȘȒȕȗȕȋȇ ȉ ȕȑȘȏȋȌ ȓȌșȇȒȒȇ� ȖȕȒȚȞȌȔȔȕȓ 

ȉ ȜȕȋȌ ȤȑȘȖȌȗȏȓȌȔșȇ�

�� ǩȢȗȇȎȏșȌ ȉ ȖȗȕȝȌȔșȇȜ ȓȇȘȘȚ ȘȌȗȢ� ȘȕȋȌȗȍȇȠȌȐȘȦ ȉ ȕȑȘȏȋȇȜ ȘȌȗȢ� ȏ ଈଈȘȗȇȉȔȏșȌ ȔȇȐȋȌȔȔȢȌ                   

ȉȌȒȏȞȏȔȢ�

ǵȖȢș �� Ǵȇ ȉȌȘȇȜ ȏȎȓȌȗȦȥș ȓȇȘȘȚ ȉȎȦșȕȊȕ ȕȈȗȇȎȝȇ ȓȌșȇȒȒȇ. ǳȇȘȘȇ ȕȈȗȇȎȝȇ ȓȌșȇȒȒȇ ȘȕȘșȇȉȒȦȌș 4 Ȋ. 

ǵȈȗȇȎȌȝ ȓȌșȇȒȒȇ ȗȇȘșȉȕȗȦȥș ȉ ȏȎȈȢșȑȌ ȘȕȒȦȔȕȐ ȑȏȘȒȕșȢ. ǮȇșȌȓ ȖȕȒȚȞȌȔȔȢȐ ȗȇȘșȉȕȗ ȖȕȒȔȕȘșȣȥ 

ȉȢȖȇȗȏȉȇȥș ȏ, ȗȇȘșȉȕȗȏȉ ȕȈȗȇȎȕȉȇȉȟȏȌȘȦ Ȗȗȏ Ȥșȕȓ ȑȗȏȘșȇȒȒȢ ȘȕȒȏ ȉ ȉȕȋȌ, ȊȕșȕȉȦș ȉȕȋȔȢȐ ȗȇȘșȉȕȗ 

ȘȕȒȏ. Ǳ ȤșȕȓȚ ȗȇȘșȉȕȗȚ ȋȕȈȇȉȒȦȥș ȗȇȘșȉȕȗ ȑȇȗȈȕȔȇșȇ ȔȇșȗȏȦ, ȉȎȦșȕȊȕ ȉ ȏȎȈȢșȑȌ, ȏ ȍȋȚș ȎȇȉȌȗȟȌȔȏȦ 

ȗȌȇȑȝȏȏ. ǶȕȒȚȞȌȔȔȢȐ ȕȘȇȋȕȑ ȕșȋȌȒȦȥș ȕș ȗȇȘșȉȕȗȇ țȏȒȣșȗȕȉȇȔȏȌȓ. ȄșȚ ȘȕȒȣ ȔȇȊȗȌȉȇȥș – Ȗȗȏ Ȥșȕȓ 

ȉȢȋȌȒȦȌșȘȦ ȚȊȒȌȑȏȘȒȢȐ ȊȇȎ ȏ ȕȈȗȇȎȚȌșȘȦ ȕȑȘȏȋ ȓȌșȇȒȒȇ. Ƕȗȏ ȋȕȘșȇșȕȞȔȕȓ ȔȇȊȗȌȉȇȔȏȏ ȋȕȘșȏȊȇȌșȘȦ 

ȖȕȒȔȕȌ ȗȇȎȒȕȍȌȔȏȌ ȘȕȒȏ. ǶȕȒȚȞȌȔȔȢȐ șȉȧȗȋȢȐ ȕȘșȇșȕȑ ȕȜȒȇȍȋȇȥș ȋȕ ȑȕȓȔȇșȔȕȐ șȌȓȖȌȗȇșȚȗȢ ȏ 

ȕȖȗȌȋȌȒȦȥș ȌȊȕ ȓȇȘȘȚ Ȕȇ ȉȌȘȇȜ: ȔȇȐȋȌȔȔȇȦ ȓȇȘȘȇ ȕȑȘȏȋȇ ȓȌșȇȒȒȇ ȘȕȘșȇȉȒȦȌș 5,6 Ȋ.

P(ȓȌșȇȒȒȇ�

P(2�

ǳȇȘȘȚ ȤȒȌȓȌȔșȕȉ ȉ ȜȏȓȏȞȌȘȑȏȜ ȘȕȌȋȏȔȌȔȏȦȜ ȓȕȍȔȕ ȉȢȗȇȎȏșȣ ȉ ȖȗȕȝȌȔșȇȜ. Ȅșȇ 

ȉȌȒȏȞȏȔȇ ȔȇȎȢȉȇȌșȘȦ ȓȇȘȘȕȉȕȐ ȋȕȒȌȐ ȤȒȌȓȌȔșȇ.

ǳȇȘȘȕȉȇȦ ȋȕȒȦ ȖȕȑȇȎȢȉȇȌș, ȑȇȑȚȥ ȞȇȘșȣ ȕș ȓȇȘȘȢ ȉȘȌȊȕ ȘȕȌȋȏȔȌȔȏȦ ȘȕȘșȇȉȒȦȌș 

ȓȇȘȘȇ ȋȇȔȔȕȊȕ ȤȒȌȓȌȔșȇ.

Ƕȕ ȜȏȓȏȞȌȘȑȕȐ țȕȗȓȚȒȌ ȉȌȠȌȘșȉȇ ȓȕȍȔȕ ȗȇȘȘȞȏșȇșȣ ȓȇȘȘȕȉȢȌ ȋȕȒȏ ȉȜȕȋȦȠȏȜ ȉ ȌȊȕ 

ȘȕȘșȇȉ ȤȒȌȓȌȔșȕȉ. ǹȇȑȕȐ ȗȇȘȞȧș ȉȢȖȕȒȔȦȌșȘȦ ȉ ȘȒȌȋȚȥȠȌȐ ȖȕȘȒȌȋȕȉȇșȌȒȣȔȕȘșȏ:

– ȎȇȖȏȘȢȉȇȌșȘȦ ȜȏȓȏȞȌȘȑȇȦ țȕȗȓȚȒȇ ȘȕȌȋȏȔȌȔȏȦ�

– ȗȇȘȘȞȏșȢȉȇȌșȘȦ ȕșȔȕȘȏșȌȒȣȔȇȦ ȓȕȒȌȑȚȒȦȗȔȇȦ ȓȇȘȘȇ ȘȕȌȋȏȔȌȔȏȦ ȏȒȏ 

ȕșȔȕȘȏșȌȒȣȔȇȦ țȕȗȓȚȒȣȔȇȦ ȓȇȘȘȇ ȘȕȌȋȏȔȌȔȏȦ�

– ȓȇȘȘȇ ȤȒȌȓȌȔșȇ ȉ ȘȕȌȋȏȔȌȔȏȏ ȋȌȒȏșȘȦ Ȕȇ ȕșȔȕȘȏșȌȒȣȔȚȥ ȓȕȒȌȑȚȒȦȗȔȚȥ ȓȇȘȘȚ 

ȘȕȌȋȏȔȌȔȏȦ, ȇ ȖȕȒȚȞȌȔȔȕȌ ȞȏȘȒȕ ȚȓȔȕȍȇȌșȘȦ Ȕȇ 100� – șȇȑȏȓ ȕȈȗȇȎȕȓ ȓȇȘȘȕȉȇȦ 

ȋȕȒȦ ȤȒȌȓȌȔșȇ  ȉȢȗȇȍȇȌșȘȦ ȉ ȖȗȕȝȌȔșȇȜ.

ǭȏȗȢ

ǨȌȒȑȏ

ǺȊȒȌȉȕȋȢ

ǸȇȜȇȗ

31 Ȋ

0,6 Ȋ

9,4 Ȋ

9 Ȋ

2ǷȇȘȞȧșȢ Ȗȕ ȜȏȓȏȞȌȘȑȏȓ țȕȗȓȚȒȇȓ ȏ ȚȗȇȉȔȌȔȏȦȓ ǾȇȘșȣ I

ǫ
Ȍ
Ȧ
șȌ

Ȓ
ȣ
Ȕ

ȕ
Șș

ȣ

ȞȏȘȒȌȔȔȕȌ ȘȕȕșȔȕȟȌȔȏȌ 

ȇșȕȓȕȉ, ȓȇȘȘȕȉȕȌ 

ȕșȔȕȟȌȔȏȌ ȤȒȌȓȌȔșȕȉ, 

ȓȇȘȘȕȉȇȦ ȋȕȒȦ ȤȒȌȓȌȔșȕȉ

ǱȒȥ-
ȞȌȉȢȌ 
ȘȒȕȉȇ



2.1 ǳȇȘȘȕȉȇȦ ȋRȒȦ ȏ ȓȇȘȘȕȉȕȌ ȕșȔȕȟȌȔȏȌ

Ƕȗȏ ȕȈȗȇȎȕȉȇȔȏȏ ȜȏȓȏȞȌȘȑȏȜ ȘȕȌȋȏȔȌȔȏȐ ȇșȕȓȢ ȤȒȌȓȌȔșȕȉ, 

ȉȜȕȋȦȠȏȜ ȉ ȏȜ ȘȕȘșȇȉ, ȘȕȌȋȏȔȦȥșȘȦ ȋȗȚȊ Ș ȋȗȚȊȕȓ ȉ ȖȕȘșȕȦȔȔȕȓ 

ȞȏȘȒȌȔȔȕȓ ȘȕȕșȔȕȟȌȔȏȏ. ǸȒȌȋȕȉȇșȌȒȣȔȕ, ȘȕȕșȔȕȟȌȔȏȌ ȏȜ ȓȇȘȘ 

ȉ ȘȕȌȋȏȔȌȔȏȏ șȇȑȍȌ ȈȚȋȌș ȖȕȘșȕȦȔȔȢȓ. Ȅșȕ ȘȕȕșȔȕȟȌȔȏȌ 

ȉȢȗȇȍȇȌșȘȦ ȔȇȏȓȌȔȣȟȏȓȏ ȝȌȒȢȓȏ ȞȏȘȒȇȓȏ ȏ ȔȇȎȢȉȇȌșȘȦ 

ȓȇȘȘȕȉȢȓ ȕșȔȕȟȌȔȏȌȓ ȤȒȌȓȌȔșȕȉ� ǮȔȇȦ țȕȗȓȚȒȚ 

ȜȏȓȏȞȌȘȑȕȊȕ ȘȕȌȋȏȔȌȔȏȦ, ȓȢ ȓȕȍȌȓ ȗȇȘȘȞȏșȇșȣ ȓȇȘȘȕȉȕȌ 

ȕșȔȕȟȌȔȏȌ ȤȒȌȓȌȔșȕȉ, ȉȜȕȋȦȠȏȜ ȉ ȌȊȕ ȘȕȘșȇȉ. ǩ ȑȇȞȌȘșȉȌ 

ȖȗȏȓȌȗȇ ȗȇȘȘȞȏșȇȌȓ ȓȇȘȘȕȉȕȌ ȕșȔȕȟȌȔȏȌ ȤȒȌȓȌȔșȕȉ

ȉ ȚȑȘȚȘȔȕȐ ȑȏȘȒȕșȌ (CH COOH):3

3938

Ǵȇ ȚȖȇȑȕȉȑȇȜ ȖȗȕȋȚȑșȕȉ, ȑȕșȕȗȢȌ ȓȢ 

ȖȕȑȚȖȇȌȓ ȉ ȓȇȊȇȎȏȔȇȜ, ȌȘșȣ ȤșȏȑȌșȑȏ. 

Ǵȇ șȇȑȏȜ ȤșȏȑȌșȑȇȜ ȖȗȏȉȕȋȦșȘȦ 

ȘȉȌȋȌȔȏȦ ȕ ȘȕȘșȇȉȌ ȖȗȕȋȚȑșȇ. 

ǴȇȖȗȏȓȌȗ, ȑȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉ ȉ 50 Ȋ 

ȟȕȑȕȒȇȋȔȕȊȕ ȓȇȘȒȇ

ȓȕȍȌș ȈȢșȣ ȘȒȌȋȚȥȠȏȓ: 

� ǳȕȍȔȕ Ȓȏ ȉȢȗȇȎȏșȣ ȉ ȖȗȕȝȌȔșȇȜ ȑȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉ ȉ ȟȕȑȕȒȇȋȔȕȓ ȓȇȘȒȌ Ȗȕ ȏȜ ȓȇȘȘȌ" 

� ǳȕȍȔȕ Ȓȏ ȓȇȘȘȢ ȤȒȌȓȌȔșȕȉ ȉ ȜȏȓȏȞȌȘȑȏȜ ȘȕȌȋȏȔȌȔȏȦȜ ȉȢȗȇȎȏșȣ ȉ ȖȗȕȝȌȔșȇȜ" Ǳȇȑ ȈȢ 

ȉȢ ȔȇȎȉȇȒȏ ȤșȚ ȉȌȒȏȞȏȔȚ"

ǮȔȇȦ ȑȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉ         

ȉ 50 Ȋ ȟȕȑȕȒȇȋȔȕȊȕ ȓȇȘȒȇ, 

ȓȕȍȔȕ ȕȖȗȌȋȌȒȏșȣ

ȓȇȘȘȚ ȤșȏȜ ȉȌȠȌȘșȉ ȉ ȕȋȔȕȐ 

ȚȖȇȑȕȉȑȌ.

1. ǾȏȘȒȕ ȇșȕȓȕȉ ȤȒȌȓȌȔșȇ 

ȉ  ȓȕȒȌȑȚȒȌ

2. ǾȏȘȒȕ ȓȕȒȣ ȇșȕȓȕȉ 

ȤȒȌȓȌȔșȇ ȉ 1 ȓȕȒȣ

3. ǳȇȘȘȇ ȤȒȌȓȌȔșȕȉ 

ȉ 1 ȓȕȒȣ

4. ǳȇȘȘȕȉȕȌ ȕșȔȕȟȌȔȏȌ   

ȤȒȌȓȌȔșȕȉ

2 ȇșȕȓȇ 

ȚȊȒȌȗȕȋȇ

4 ȇșȕȓȇ 

ȉȕȋȕȗȕȋȇ

2 ȇșȕȓȇ 

ȑȏȘȒȕȗȕȋȇ

2 ȓȕȒȣ 

ȚȊȒȌȗȕȋȇ

4 ȓȕȒȣ 

ȉȕȋȕȗȕȋȇ

2 ȓȕȒȣ 

ȑȏȘȒȕȗȕȋȇ

2 ∙ 12 = 24 Ȋ

ȚȊȒȌȗȕȋȇ

4 ∙ 1 = 4 Ȋ 

ȉȕȋȕȗȕȋȇ

2 ∙ 16 = 32 Ȋ

ȑȏȘȒȕȗȕȋȇ

m(C) : m(H) : m(O) = 24 : 4 : 32 = 6  : 1 :  8

ǷȇȘȘȓȕșȗȏȓ ȗȌȎȚȒȣșȇșȢ ȋȉȚȜ ȤȑȘȖȌȗȏȓȌȔșȕȉ, ȖȗȕȉȌȋȧȔȔȢȜ Ș ȚȞȇȘșȏȌȓ ȓȌșȇȒȒȇ Ș ȖȕȘșȕȦȔȔȕȐ 

ȘșȌȖȌȔȣȥ ȕȑȏȘȒȌȔȏȦ:

ǵȖȢș �� Ǵȇ ȉȌȘȇȜ ȏȎȓȌȗȦȥș ȓȇȘȘȚ ȉȎȦșȕȊȕ ȕȈȗȇȎȝȇ ȓȌșȇȒȒȇ. ǵȈȗȇȎȌȝ ȓȌșȇȒȒȇ ȓȇȘȘȕȐ 2,5 Ȋ 

ȖȕȒȔȕȘșȣȥ ȘȍȏȊȇȥș ȉ ȞȏȘșȕȓ ȑȏȘȒȕȗȕȋȌ Ș ȖȕȒȚȞȌȔȏȌȓ ȌȊȕ ȕȑȘȏȋȇ. ǶȕȘȒȌ ȕȜȒȇȍȋȌȔȏȦ ȕȑȘȏȋȇ ȋȕ 

ȑȕȓȔȇșȔȕȐ șȌȓȖȌȗȇșȚȗȢ ȌȊȕ ȓȇȘȘȚ ȏȎȓȌȗȦȥș Ȕȇ ȉȌȘȇȜ. ǺȘșȇȔȇȉȒȏȉȇȥș, Ȟșȕ ȓȇȘȘȇ ȕȑȘȏȋȇ ȓȌșȇȒȒȇ 

ȘȕȘșȇȉȒȦȌș 3,5 Ȋ.

ȆȉȒȦȌșȘȦ Ȓȏ ȖȕȘșȕȦȔȔȢȓ ȓȇȘȘȕȉȕȌ ȕșȔȕȟȌȔȏȌ ȤȒȌȓȌȔșȕȉ ȉ ȘȕȌȋȏȔȌȔȏȏ"

ǵȈȘȚȋȏșȌ�

�� ȆȉȒȦȌșȘȦ Ȓȏ ȕșȔȕȟȌȔȏȌ  ²²²²²²²²²²² ȉ ȤșȏȜ ȕȑȘȏȋȇȜ ȕȋȔȏȓ ȏ șȌȓ ȍȌ ȏȒȏ ȗȇȎȒȏȞȇȌșȘȦ"

�� ǮȇȉȏȘȏș Ȓȏ ȓȇȘȘȕȉȕȌ ȕșȔȕȟȌȔȏȌ ȤȒȌȓȌȔșȕȉ ȉ ȘȕȌȋȏȔȌȔȏȏ ȕș ȘȖȕȘȕȈȇ ȌȊȕ ȖȕȒȚȞȌȔȏȦ"  

�� ǵȋȏȔȇȑȕȉȢ ȏȒȏ ȗȇȎȒȏȞȔȢ ȓȇȘȘȕȉȢȌ ȕșȔȕȟȌȔȏȦ ȤȒȌȓȌȔșȕȉ ȉ ȗȇȎȔȢȜ ȕȑȘȏȋȇȜ� ȕȈȗȇȎȚȌȓȢȜ 

ȕȋȔȏȓ ȤȒȌȓȌȔșȕȓ" ǵȈȡȦȘȔȏșȌ ȘȉȕȐ ȕșȉȌș Ȕȇ ȖȗȏȓȌȗȌ ȕȑȘȏȋȕȉ ȘȌȗȢ (62  ȏ 62 ��� �

�� ǩȢȗȇȎȏșȌ ȉ ȖȗȕȝȌȔșȇȜ ȓȇȘȘȕȉȚȥ ȋȕȒȥ ȓȌșȇȒȒȇ ȏ ȑȏȘȒȕȗȕȋȇ ȉ ȕȑȘȏȋȌ ȓȌșȇȒȒȇ� ȖȕȒȚȞȌȔȔȕȓ 

ȉ ȜȕȋȌ ȤȑȘȖȌȗȏȓȌȔșȇ�

�� ǩȢȗȇȎȏșȌ ȉ ȖȗȕȝȌȔșȇȜ ȓȇȘȘȚ ȘȌȗȢ� ȘȕȋȌȗȍȇȠȌȐȘȦ ȉ ȕȑȘȏȋȇȜ ȘȌȗȢ� ȏ ଈଈȘȗȇȉȔȏșȌ ȔȇȐȋȌȔȔȢȌ                   

ȉȌȒȏȞȏȔȢ�

ǵȖȢș �� Ǵȇ ȉȌȘȇȜ ȏȎȓȌȗȦȥș ȓȇȘȘȚ ȉȎȦșȕȊȕ ȕȈȗȇȎȝȇ ȓȌșȇȒȒȇ. ǳȇȘȘȇ ȕȈȗȇȎȝȇ ȓȌșȇȒȒȇ ȘȕȘșȇȉȒȦȌș 4 Ȋ. 

ǵȈȗȇȎȌȝ ȓȌșȇȒȒȇ ȗȇȘșȉȕȗȦȥș ȉ ȏȎȈȢșȑȌ ȘȕȒȦȔȕȐ ȑȏȘȒȕșȢ. ǮȇșȌȓ ȖȕȒȚȞȌȔȔȢȐ ȗȇȘșȉȕȗ ȖȕȒȔȕȘșȣȥ 

ȉȢȖȇȗȏȉȇȥș ȏ, ȗȇȘșȉȕȗȏȉ ȕȈȗȇȎȕȉȇȉȟȏȌȘȦ Ȗȗȏ Ȥșȕȓ ȑȗȏȘșȇȒȒȢ ȘȕȒȏ ȉ ȉȕȋȌ, ȊȕșȕȉȦș ȉȕȋȔȢȐ ȗȇȘșȉȕȗ 

ȘȕȒȏ. Ǳ ȤșȕȓȚ ȗȇȘșȉȕȗȚ ȋȕȈȇȉȒȦȥș ȗȇȘșȉȕȗ ȑȇȗȈȕȔȇșȇ ȔȇșȗȏȦ, ȉȎȦșȕȊȕ ȉ ȏȎȈȢșȑȌ, ȏ ȍȋȚș ȎȇȉȌȗȟȌȔȏȦ 

ȗȌȇȑȝȏȏ. ǶȕȒȚȞȌȔȔȢȐ ȕȘȇȋȕȑ ȕșȋȌȒȦȥș ȕș ȗȇȘșȉȕȗȇ țȏȒȣșȗȕȉȇȔȏȌȓ. ȄșȚ ȘȕȒȣ ȔȇȊȗȌȉȇȥș – Ȗȗȏ Ȥșȕȓ 

ȉȢȋȌȒȦȌșȘȦ ȚȊȒȌȑȏȘȒȢȐ ȊȇȎ ȏ ȕȈȗȇȎȚȌșȘȦ ȕȑȘȏȋ ȓȌșȇȒȒȇ. Ƕȗȏ ȋȕȘșȇșȕȞȔȕȓ ȔȇȊȗȌȉȇȔȏȏ ȋȕȘșȏȊȇȌșȘȦ 

ȖȕȒȔȕȌ ȗȇȎȒȕȍȌȔȏȌ ȘȕȒȏ. ǶȕȒȚȞȌȔȔȢȐ șȉȧȗȋȢȐ ȕȘșȇșȕȑ ȕȜȒȇȍȋȇȥș ȋȕ ȑȕȓȔȇșȔȕȐ șȌȓȖȌȗȇșȚȗȢ ȏ 

ȕȖȗȌȋȌȒȦȥș ȌȊȕ ȓȇȘȘȚ Ȕȇ ȉȌȘȇȜ: ȔȇȐȋȌȔȔȇȦ ȓȇȘȘȇ ȕȑȘȏȋȇ ȓȌșȇȒȒȇ ȘȕȘșȇȉȒȦȌș 5,6 Ȋ.

P(ȓȌșȇȒȒȇ�

P(2�

ǳȇȘȘȚ ȤȒȌȓȌȔșȕȉ ȉ ȜȏȓȏȞȌȘȑȏȜ ȘȕȌȋȏȔȌȔȏȦȜ ȓȕȍȔȕ ȉȢȗȇȎȏșȣ ȉ ȖȗȕȝȌȔșȇȜ. Ȅșȇ 

ȉȌȒȏȞȏȔȇ ȔȇȎȢȉȇȌșȘȦ ȓȇȘȘȕȉȕȐ ȋȕȒȌȐ ȤȒȌȓȌȔșȇ.

ǳȇȘȘȕȉȇȦ ȋȕȒȦ ȖȕȑȇȎȢȉȇȌș, ȑȇȑȚȥ ȞȇȘșȣ ȕș ȓȇȘȘȢ ȉȘȌȊȕ ȘȕȌȋȏȔȌȔȏȦ ȘȕȘșȇȉȒȦȌș 

ȓȇȘȘȇ ȋȇȔȔȕȊȕ ȤȒȌȓȌȔșȇ.

Ƕȕ ȜȏȓȏȞȌȘȑȕȐ țȕȗȓȚȒȌ ȉȌȠȌȘșȉȇ ȓȕȍȔȕ ȗȇȘȘȞȏșȇșȣ ȓȇȘȘȕȉȢȌ ȋȕȒȏ ȉȜȕȋȦȠȏȜ ȉ ȌȊȕ 

ȘȕȘșȇȉ ȤȒȌȓȌȔșȕȉ. ǹȇȑȕȐ ȗȇȘȞȧș ȉȢȖȕȒȔȦȌșȘȦ ȉ ȘȒȌȋȚȥȠȌȐ ȖȕȘȒȌȋȕȉȇșȌȒȣȔȕȘșȏ:

– ȎȇȖȏȘȢȉȇȌșȘȦ ȜȏȓȏȞȌȘȑȇȦ țȕȗȓȚȒȇ ȘȕȌȋȏȔȌȔȏȦ�

– ȗȇȘȘȞȏșȢȉȇȌșȘȦ ȕșȔȕȘȏșȌȒȣȔȇȦ ȓȕȒȌȑȚȒȦȗȔȇȦ ȓȇȘȘȇ ȘȕȌȋȏȔȌȔȏȦ ȏȒȏ 

ȕșȔȕȘȏșȌȒȣȔȇȦ țȕȗȓȚȒȣȔȇȦ ȓȇȘȘȇ ȘȕȌȋȏȔȌȔȏȦ�

– ȓȇȘȘȇ ȤȒȌȓȌȔșȇ ȉ ȘȕȌȋȏȔȌȔȏȏ ȋȌȒȏșȘȦ Ȕȇ ȕșȔȕȘȏșȌȒȣȔȚȥ ȓȕȒȌȑȚȒȦȗȔȚȥ ȓȇȘȘȚ 

ȘȕȌȋȏȔȌȔȏȦ, ȇ ȖȕȒȚȞȌȔȔȕȌ ȞȏȘȒȕ ȚȓȔȕȍȇȌșȘȦ Ȕȇ 100� – șȇȑȏȓ ȕȈȗȇȎȕȓ ȓȇȘȘȕȉȇȦ 

ȋȕȒȦ ȤȒȌȓȌȔșȇ  ȉȢȗȇȍȇȌșȘȦ ȉ ȖȗȕȝȌȔșȇȜ.

ǭȏȗȢ

ǨȌȒȑȏ

ǺȊȒȌȉȕȋȢ

ǸȇȜȇȗ

31 Ȋ

0,6 Ȋ

9,4 Ȋ

9 Ȋ

2ǷȇȘȞȧșȢ Ȗȕ ȜȏȓȏȞȌȘȑȏȓ țȕȗȓȚȒȇȓ ȏ ȚȗȇȉȔȌȔȏȦȓ ǾȇȘșȣ I
ǫ

Ȍ
Ȧ
șȌ

Ȓ
ȣ
Ȕ

ȕ
Șș

ȣ

ȞȏȘȒȌȔȔȕȌ ȘȕȕșȔȕȟȌȔȏȌ 

ȇșȕȓȕȉ, ȓȇȘȘȕȉȕȌ 

ȕșȔȕȟȌȔȏȌ ȤȒȌȓȌȔșȕȉ, 

ȓȇȘȘȕȉȇȦ ȋȕȒȦ ȤȒȌȓȌȔșȕȉ

ǱȒȥ-
ȞȌȉȢȌ 
ȘȒȕȉȇ
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Проверьте полученные знания

1. ǶȌȗȌȖȏȟȏșȌ ȉ șȌșȗȇȋȣ ȏ ȎȇȖȕȒȔȏșȌ șȇȈȒȏȝȚ.

Примените полученные знания

1. ǳȇȘȘȕȉȇȦ ȋȕȒȦ ȤȒȌȓȌȔșȇ Ǽ ȉ ȘȕȌȋȏȔȌȔȏȏ X H  ȗȇȉȔȇ 80�. ǷȇȘȘȞȏșȇȐșȌ ȕșȔȕȘȏșȌȒȣȔȚȥ ȇșȕȓȔȚȥ                                  2 6

ȓȇȘȘȚ ȤȒȌȓȌȔșȇ Ǽ.

2. Ƕȗȏ ȉȎȇȏȓȕȋȌȐȘșȉȏȏ 14 Ȋ ȤȒȌȓȌȔșȇ Ǽ Ș 35 Ȋ ȤȒȌȓȌȔșȇ Y ȕȈȗȇȎȕȉȇȒȕȘȣ ȘȕȌȋȏȔȌȔȏȌ XY   ȏ 3 Ȋ Y 2

ȕȘșȇȒȕȘȣ ȉ ȏȎȈȢșȑȌ. ǷȇȘȘȞȏșȇȐșȌ ȕșȔȕȟȌȔȏȌ ––––– ȉ ȘȕȌȋȏȔȌȔȏȏ XY .2

ǷȇȘȘȞȏșȇȐșȌ ȓȇȘȘȕȉȢȌ ȋȕȒȏ 

(ȉ �)  ȑȏȘȒȕȗȕȋȇ ȏ ȘȌȗȢ ȉ 

șȗȏȕȑȘȏȋȌ ȘȌȗȢ.

ǷȌȟȌȔȏȌ�

– ǻȕȗȓȚȒȇ ȘȕȌȋȏȔȌȔȏȦ: SO3

– ǵșȔȕȘȏșȌȒȣȔȇȦ ȓȕȒȌȑȚȒȦȗȔȇȦ ȓȇȘȘȇ SO : Mr(SO ) = 1 Ã 32 + 3 Ã 16 = 803 3

– ǵșȔȕȟȌȔȏȌ ȓȇȘȘȢ ȑȏȘȒȕȗȕȋȇ ȉ ȘȕȌȋȏȔȌȔȏȏ ȑ ȕșȔȕȘȏșȌȒȣȔȕȐ 

ȓȕȒȌȑȚȒȦȗȔȕȐ ȓȇȘȘȌ SO :3

–––––– Ã 100� = 60�. 

ǳȇȘȘȕȉȇȦ ȋȕȒȦ ȘȌȗȢ ȉ ȘȕȌȋȏȔȌȔȏȏ: 100� – 60� = 40�

3 Ã 16
80

Ǳȇȑ ȓȌȔȦȌșȘȦ ȓȇȘȘȕȉȇȦ ȋȕȒȦ ȍȌȒȌȎȇ ȉ ȗȦȋȚ )eO ⟶ )e O  ⟶ )e O ? 3 4 2 3

ǵȈȕȘȔȚȐșȌ ȘȉȕȐ ȕșȉȌș.

m(X)
m(Y)

Mg N3 2

CXSO4

C H O3 6 2

ǳȇȘȘȕȉȕȌ ȕșȔȕȟȌȔȏȌ ȤȒȌȓȌȔșȕȉǩȌȠȌȘșȉȕ

2. ǷȇȘȘȞȏșȇȐșȌ ȓȇȘȘȕȉȚȥ ȋȕȒȥ (�) ȓȇȊȔȏȦ ȉ ȘȚȒȣțȇșȌ ȓȇȊȔȏȦ. 

3. ǷȇȘȘȞȏșȇȐșȌ ȕșȔȕȘȏșȌȒȣȔȚȥ ȇșȕȓȔȚȥ ȓȇȘȘȚ Ǽ, ȌȘȒȏ ȉ ȘȕȌȋȏȔȌȔȏȏ X O   ––––– = –– .2 3

4. ǩ ȘȕȌȋȏȔȌȔȏȏ XY   ––––– = ––.  ǷȇȘȘȞȏșȇȐșȌ ȕșȔȕȟȌȔȏȌ  ––––– ȉ ȘȕȌȋȏȔȌȔȏȏ XY.2

5. ǷȇȘȘȞȏșȇȐșȌ ȕșȔȕȘȏșȌȒȣȔȚȥ ȇșȕȓȔȚȥ ȓȇȘȘȚ ȤȒȌȓȌȔșȇ Ǽ, ȎȔȇȦ, Ȟșȕ ȌȊȕ ȓȇȘȘȕȉȇȦ ȋȕȒȦ ȉ ȘȕȒȏ țȕȗȓȚȒȢ 

CXXO  ȘȕȘșȇȉȒȦȌș 20�.4

m(X)

m(O)

9

8
m(X)

m(Y)

7

16

m(X)

m(Y)

2.2  ǩȢȉȕȋ ȖȗȕȘșȌȐȟȏȜ ȏ ȏȘșȏȔȔȢȜ țȕȗȓȚȒ

� Ǳȇȑ ȕȖȗȌȋȌȒȦȥș ȞȏȘȒȕ 

ȇșȕȓȕȉ ȉ ȘȕȌȋȏȔȌȔȏȦȜ"

� Ǿșȕ ȖȕȑȇȎȢȉȇȌș 

ȜȏȓȏȞȌȘȑȇȦ țȕȗȓȚȒȇ 

ȘȕȌȋȏȔȌȔȏȦ"

Ǳȇȑ ȉȇȓ ȘșȇȒȕ ȏȎȉȌȘșȔȕ ȏȎ ȖȗȕȟȒȕȐ șȌȓȢ, Ȗȕ țȕȗȓȚȒȌ 

ȜȏȓȏȞȌȘȑȕȊȕ ȘȕȌȋȏȔȌȔȏȦ  ȓȢ ȓȕȍȌȓ ȗȇȘȘȞȏșȇșȣ, ȉ ȑȇȑȕȓ 

ȓȇȘȘȕȉȕȓ ȕșȔȕȟȌȔȏȏ ȘȕȌȋȏȔȦȥșȘȦ ȤȒȌȓȌȔșȢ, ȉȜȕȋȦȠȏȌ 

ȉ ȌȊȕ ȘȕȘșȇȉ. Ǵȇ ȕȘȔȕȉȇȔȏȏ ȓȇȘȘȕȉȕȊȕ ȕșȔȕȟȌȔȏȦ ȓȕȍȔȕ 

ȉ Șȉȕȥ ȕȞȌȗȌȋȣ ȕȖȗȌȋȌȒȏșȣ țȕȗȓȚȒȚ ȉȌȠȌȘșȉȇ.

ǵȘȔȕȉȔȢȓ ȉȌȠȌȘșȉȕȓ, ȖȗȏȋȇȥȠȏȓ ȖȗȏȦșȔȢȐ ȇȗȕȓȇș ȗȇȘșȌȔȏȥ 

Ȗȕȋ ȔȇȎȉȇȔȏȌȓ ȉȇȔȏȒȣ ȖȒȕȘȑȕȒȏȘșȔȇȦ, ȦȉȒȦȌșȘȦ ȉȇȔȏȒȏȔ. ǶȕȘȒȌ 

șȕȊȕ ȑȇȑ Ȝȏȓȏȑȏ ȕȖȗȌȋȌȒȏȒȏ ȜȏȓȏȞȌȘȑȏȐ ȘȕȘșȇȉ ȏ ȘșȗȕȌȔȏȌ ȤșȕȊȕ 

ȉȌȠȌȘșȉȇ, ȌȊȕ ȘȏȔșȌȎȏȗȕȉȇȒȏ ȉ ȒȇȈȕȗȇșȕȗȏȏ ȏȘȑȚȘȘșȉȌȔȔȢȓ ȖȚșȧȓ. 

ǩ ȗȌȎȚȒȣșȇșȌ ȕșȖȇȒȇ ȔȌȕȈȜȕȋȏȓȕȘșȣ ȉ ȋȕȈȢȞȌ ȖȗȏȗȕȋȔȕȐ ȉȇȔȏȒȏ 

ȈȒȇȊȕȋȇȗȦ ȖȕȦȉȒȌȔȏȥ șȌȜȔȕȒȕȊȏȏ ȖȗȕȏȎȉȕȋȘșȉȇ Ȍȧ ȏȋȌȔșȏȞȔȕȊȕ 

ȇȗȕȓȇșȏȞȌȘȑȕȊȕ ȇȔȇȒȕȊȇ – ȉȇȔȏȒȏȔȇ. ǩ ȔȇȘșȕȦȠȌȌ ȉȗȌȓȦ Ȥșȕ 

ȉȌȠȌȘșȉȕ ȟȏȗȕȑȕ ȏȘȖȕȒȣȎȚȌșȘȦ ȉ ȖȏȠȌȉȕȐ ȖȗȕȓȢȟȒȌȔȔȕȘșȏ (Ȗȗȏ 

ȖȗȏȊȕșȕȉȒȌȔȏȏ ȑȕȔȋȏșȌȗȘȑȏȜ ȏȎȋȌȒȏȐ) ȏ ȉ ȖȗȕȏȎȉȕȋȘșȉȌ ȋȚȜȕȉ.

ǶȗȏȔȇȋȒȌȍȔȕȘșȏ� țȇȗțȕȗȕȉȇȦ Ȟȇȟȑȇ, ȔȇȊȗȌȉȇșȌȒȣ, ȠȏȖȝȢ, 

ȉȌȘȢ, ȓȇȊȔȏȌȉȇȦ ȒȌȔșȇ.

Ǽȕȋ ȗȇȈȕșȢ�

ǿȇȊ �� ǯȎȓȌȗȣșȌ Ȕȇ ȉȌȘȇȜ ȓȇȘȘȚ ȖȚȘșȕȐ țȇȗțȕȗȕȉȕȐ Ȟȇȟȑȏ                   

ȉȓȌȘșȌ Ș ȑȗȢȟȑȕȐ. ǮȇșȌȓ ȖȕȓȌȘșȏșȌ ȉ țȇȗțȕȗȕȉȚȥ ȞȇȟȑȚ 

ȔȌȈȕȒȣȟȕȐ ȑȚȘȕȞȌȑ ȓȇȊȔȏȌȉȕȐ ȒȌȔșȢ, ȎȇȑȗȕȐșȌ ȑȗȢȟȑȕȐ ȏ                 

ȘȔȕȉȇ ȉȎȉȌȘȣșȌ ȋȒȦ ȕȖȗȌȋȌȒȌȔȏȦ ȓȇȘȘȢ ȓȇȊȔȏȌȉȕȐ ȒȌȔșȢ.                                  

Ǳȇȑ ȕȖȗȌȋȌȒȦȥș ȜȏȓȏȞȌȘȑȚȥ țȕȗȓȚȒȚ ȘȕȌȋȏȔȌȔȏȐ"

ǵȈȘȚȋȏșȌ�

�� ǱȇȑȇȦ ȗȌȇȑȝȏȦ ȖȗȕȏȎȕȟȒȇ ȉ ȜȕȋȌ ȕȖȢșȇ"

�� Ǹ ȞȌȓ ȘȉȦȎȇȔȕ ȚȉȌȒȏȞȌȔȏȌ ȓȇȘȘȢ"

�� ǱȇȑȚȥ țȕȗȓȚȒȚ ȉȢ ȖȗȌȋȒȕȍȏȒȏ ȈȢ ȋȒȦ ȖȕȒȚȞȌȔȔȕȊȕ ȉȌȠȌȘșȉȇ"

�� ǸȑȕȒȣȑȕ Ȋȗȇȓȓȕȉ  ȘȕȘșȇȉȏș ȓȇȘȘȇ ȖȕȒȚȞȌȔȔȕȊȕ ȘȕȌȋȏȔȌȔȏȦ� ȌȘȒȏ ȉȎȦșȣ ȋȒȦ ȕȖȢșȇ ��� Ȋ ȓȇȊȔȏȦ"

ǿȇȊ �� ǴȇȊȗȌȐșȌ țȇȗțȕȗȕȉȚȥ ȞȇȟȑȚ. ǾȌȗȌȎ ȔȌȑȕșȕȗȕȌ ȉȗȌȓȦ 

ȕȘșȕȗȕȍȔȕ ȖȗȏȖȕȋȔȏȓȏșȌ ȑȗȢȟȑȚ ȋȒȦ ȖȕȘșȚȖȒȌȔȏȦ ȉ ȞȇȟȑȚ                         

ȑȏȘȒȕȗȕȋȇ ȉȕȎȋȚȜȇ. ǩȢ ȚȉȏȋȏșȌ, ȑȇȑ ȓȇȊȔȏȐ ȘȊȕȗȇȌș Ȧȗȑȏȓ ȖȒȇȓȌȔȌȓ.  

ǿȇȊ �� ǶȕȘȒȌ ȎȇȉȌȗȟȌȔȏȦ ȊȕȗȌȔȏȦ ȎȇȑȗȕȐșȌ ȞȇȟȑȚ ȑȗȢȟȑȕȐ ȏ 

ȋȕȍȋȏșȌȘȣ Ȍȧ ȖȕȒȔȕȊȕ ȕȜȒȇȍȋȌȔȏȦ. ǮȇșȌȓ ȌȠȧ ȗȇȎ ȕȖȗȌȋȌȒȏșȌ Ȍȧ ȓȇȘȘȚ. 

ȀȏȖȝȢ 

ȋȒȦ ȘȔȦșȏȦ 

ȑȗȢȟȑȏ

ǪȕȗȌȔȏȌ 

ȓȇȊȔȏȌȉȕȐ 

ȒȌȔșȢ

ǴȇȊȗȌȉȇșȌȒȣ

2ǷȇȘȞȧșȢ Ȗȕ ȜȏȓȏȞȌȘȑȏȓ țȕȗȓȚȒȇȓ ȏ ȚȗȇȉȔȌȔȏȦȓ ǾȇȘșȣ I

ȤȓȖȏȗȏȞȌȘȑȇȦ țȕȗȓȚȒȇ,

ȖȗȕȘșȌȐȟȇȦ țȕȗȓȚȒȇ,

ȏȘșȏȔȔȇȦ țȕȗȓȚȒȇ, 

ȓȕȒȌȑȚȒȦȗȔȇȦ țȕȗȓȚȒȇ

ǱȒȥ-
ȞȌȉȢȌ 
ȘȒȕȉȇ

ǶǷǯǳǬǷ
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Проверьте полученные знания

1. ǶȌȗȌȖȏȟȏșȌ ȉ șȌșȗȇȋȣ ȏ ȎȇȖȕȒȔȏșȌ șȇȈȒȏȝȚ.

Примените полученные знания

1. ǳȇȘȘȕȉȇȦ ȋȕȒȦ ȤȒȌȓȌȔșȇ Ǽ ȉ ȘȕȌȋȏȔȌȔȏȏ X H  ȗȇȉȔȇ 80�. ǷȇȘȘȞȏșȇȐșȌ ȕșȔȕȘȏșȌȒȣȔȚȥ ȇșȕȓȔȚȥ                                  2 6

ȓȇȘȘȚ ȤȒȌȓȌȔșȇ Ǽ.

2. Ƕȗȏ ȉȎȇȏȓȕȋȌȐȘșȉȏȏ 14 Ȋ ȤȒȌȓȌȔșȇ Ǽ Ș 35 Ȋ ȤȒȌȓȌȔșȇ Y ȕȈȗȇȎȕȉȇȒȕȘȣ ȘȕȌȋȏȔȌȔȏȌ XY   ȏ 3 Ȋ Y 2

ȕȘșȇȒȕȘȣ ȉ ȏȎȈȢșȑȌ. ǷȇȘȘȞȏșȇȐșȌ ȕșȔȕȟȌȔȏȌ ––––– ȉ ȘȕȌȋȏȔȌȔȏȏ XY .2

ǷȇȘȘȞȏșȇȐșȌ ȓȇȘȘȕȉȢȌ ȋȕȒȏ 

(ȉ �)  ȑȏȘȒȕȗȕȋȇ ȏ ȘȌȗȢ ȉ 

șȗȏȕȑȘȏȋȌ ȘȌȗȢ.

ǷȌȟȌȔȏȌ�

– ǻȕȗȓȚȒȇ ȘȕȌȋȏȔȌȔȏȦ: SO3

– ǵșȔȕȘȏșȌȒȣȔȇȦ ȓȕȒȌȑȚȒȦȗȔȇȦ ȓȇȘȘȇ SO : Mr(SO ) = 1 Ã 32 + 3 Ã 16 = 803 3

– ǵșȔȕȟȌȔȏȌ ȓȇȘȘȢ ȑȏȘȒȕȗȕȋȇ ȉ ȘȕȌȋȏȔȌȔȏȏ ȑ ȕșȔȕȘȏșȌȒȣȔȕȐ 

ȓȕȒȌȑȚȒȦȗȔȕȐ ȓȇȘȘȌ SO :3

–––––– Ã 100� = 60�. 

ǳȇȘȘȕȉȇȦ ȋȕȒȦ ȘȌȗȢ ȉ ȘȕȌȋȏȔȌȔȏȏ: 100� – 60� = 40�

3 Ã 16
80

Ǳȇȑ ȓȌȔȦȌșȘȦ ȓȇȘȘȕȉȇȦ ȋȕȒȦ ȍȌȒȌȎȇ ȉ ȗȦȋȚ )eO ⟶ )e O  ⟶ )e O ? 3 4 2 3

ǵȈȕȘȔȚȐșȌ ȘȉȕȐ ȕșȉȌș.

m(X)
m(Y)

Mg N3 2

CXSO4

C H O3 6 2

ǳȇȘȘȕȉȕȌ ȕșȔȕȟȌȔȏȌ ȤȒȌȓȌȔșȕȉǩȌȠȌȘșȉȕ

2. ǷȇȘȘȞȏșȇȐșȌ ȓȇȘȘȕȉȚȥ ȋȕȒȥ (�) ȓȇȊȔȏȦ ȉ ȘȚȒȣțȇșȌ ȓȇȊȔȏȦ. 

3. ǷȇȘȘȞȏșȇȐșȌ ȕșȔȕȘȏșȌȒȣȔȚȥ ȇșȕȓȔȚȥ ȓȇȘȘȚ Ǽ, ȌȘȒȏ ȉ ȘȕȌȋȏȔȌȔȏȏ X O   ––––– = –– .2 3

4. ǩ ȘȕȌȋȏȔȌȔȏȏ XY   ––––– = ––.  ǷȇȘȘȞȏșȇȐșȌ ȕșȔȕȟȌȔȏȌ  ––––– ȉ ȘȕȌȋȏȔȌȔȏȏ XY.2

5. ǷȇȘȘȞȏșȇȐșȌ ȕșȔȕȘȏșȌȒȣȔȚȥ ȇșȕȓȔȚȥ ȓȇȘȘȚ ȤȒȌȓȌȔșȇ Ǽ, ȎȔȇȦ, Ȟșȕ ȌȊȕ ȓȇȘȘȕȉȇȦ ȋȕȒȦ ȉ ȘȕȒȏ țȕȗȓȚȒȢ 

CXXO  ȘȕȘșȇȉȒȦȌș 20�.4

m(X)

m(O)

9

8
m(X)

m(Y)

7

16

m(X)

m(Y)

2.2  ǩȢȉȕȋ ȖȗȕȘșȌȐȟȏȜ ȏ ȏȘșȏȔȔȢȜ țȕȗȓȚȒ

� Ǳȇȑ ȕȖȗȌȋȌȒȦȥș ȞȏȘȒȕ 

ȇșȕȓȕȉ ȉ ȘȕȌȋȏȔȌȔȏȦȜ"

� Ǿșȕ ȖȕȑȇȎȢȉȇȌș 

ȜȏȓȏȞȌȘȑȇȦ țȕȗȓȚȒȇ 

ȘȕȌȋȏȔȌȔȏȦ"

Ǳȇȑ ȉȇȓ ȘșȇȒȕ ȏȎȉȌȘșȔȕ ȏȎ ȖȗȕȟȒȕȐ șȌȓȢ, Ȗȕ țȕȗȓȚȒȌ 

ȜȏȓȏȞȌȘȑȕȊȕ ȘȕȌȋȏȔȌȔȏȦ  ȓȢ ȓȕȍȌȓ ȗȇȘȘȞȏșȇșȣ, ȉ ȑȇȑȕȓ 

ȓȇȘȘȕȉȕȓ ȕșȔȕȟȌȔȏȏ ȘȕȌȋȏȔȦȥșȘȦ ȤȒȌȓȌȔșȢ, ȉȜȕȋȦȠȏȌ 

ȉ ȌȊȕ ȘȕȘșȇȉ. Ǵȇ ȕȘȔȕȉȇȔȏȏ ȓȇȘȘȕȉȕȊȕ ȕșȔȕȟȌȔȏȦ ȓȕȍȔȕ 

ȉ Șȉȕȥ ȕȞȌȗȌȋȣ ȕȖȗȌȋȌȒȏșȣ țȕȗȓȚȒȚ ȉȌȠȌȘșȉȇ.

ǵȘȔȕȉȔȢȓ ȉȌȠȌȘșȉȕȓ, ȖȗȏȋȇȥȠȏȓ ȖȗȏȦșȔȢȐ ȇȗȕȓȇș ȗȇȘșȌȔȏȥ 

Ȗȕȋ ȔȇȎȉȇȔȏȌȓ ȉȇȔȏȒȣ ȖȒȕȘȑȕȒȏȘșȔȇȦ, ȦȉȒȦȌșȘȦ ȉȇȔȏȒȏȔ. ǶȕȘȒȌ 

șȕȊȕ ȑȇȑ Ȝȏȓȏȑȏ ȕȖȗȌȋȌȒȏȒȏ ȜȏȓȏȞȌȘȑȏȐ ȘȕȘșȇȉ ȏ ȘșȗȕȌȔȏȌ ȤșȕȊȕ 

ȉȌȠȌȘșȉȇ, ȌȊȕ ȘȏȔșȌȎȏȗȕȉȇȒȏ ȉ ȒȇȈȕȗȇșȕȗȏȏ ȏȘȑȚȘȘșȉȌȔȔȢȓ ȖȚșȧȓ. 

ǩ ȗȌȎȚȒȣșȇșȌ ȕșȖȇȒȇ ȔȌȕȈȜȕȋȏȓȕȘșȣ ȉ ȋȕȈȢȞȌ ȖȗȏȗȕȋȔȕȐ ȉȇȔȏȒȏ 

ȈȒȇȊȕȋȇȗȦ ȖȕȦȉȒȌȔȏȥ șȌȜȔȕȒȕȊȏȏ ȖȗȕȏȎȉȕȋȘșȉȇ Ȍȧ ȏȋȌȔșȏȞȔȕȊȕ 

ȇȗȕȓȇșȏȞȌȘȑȕȊȕ ȇȔȇȒȕȊȇ – ȉȇȔȏȒȏȔȇ. ǩ ȔȇȘșȕȦȠȌȌ ȉȗȌȓȦ Ȥșȕ 

ȉȌȠȌȘșȉȕ ȟȏȗȕȑȕ ȏȘȖȕȒȣȎȚȌșȘȦ ȉ ȖȏȠȌȉȕȐ ȖȗȕȓȢȟȒȌȔȔȕȘșȏ (Ȗȗȏ 

ȖȗȏȊȕșȕȉȒȌȔȏȏ ȑȕȔȋȏșȌȗȘȑȏȜ ȏȎȋȌȒȏȐ) ȏ ȉ ȖȗȕȏȎȉȕȋȘșȉȌ ȋȚȜȕȉ.

ǶȗȏȔȇȋȒȌȍȔȕȘșȏ� țȇȗțȕȗȕȉȇȦ Ȟȇȟȑȇ, ȔȇȊȗȌȉȇșȌȒȣ, ȠȏȖȝȢ, 

ȉȌȘȢ, ȓȇȊȔȏȌȉȇȦ ȒȌȔșȇ.

Ǽȕȋ ȗȇȈȕșȢ�

ǿȇȊ �� ǯȎȓȌȗȣșȌ Ȕȇ ȉȌȘȇȜ ȓȇȘȘȚ ȖȚȘșȕȐ țȇȗțȕȗȕȉȕȐ Ȟȇȟȑȏ                   

ȉȓȌȘșȌ Ș ȑȗȢȟȑȕȐ. ǮȇșȌȓ ȖȕȓȌȘșȏșȌ ȉ țȇȗțȕȗȕȉȚȥ ȞȇȟȑȚ 

ȔȌȈȕȒȣȟȕȐ ȑȚȘȕȞȌȑ ȓȇȊȔȏȌȉȕȐ ȒȌȔșȢ, ȎȇȑȗȕȐșȌ ȑȗȢȟȑȕȐ ȏ                 

ȘȔȕȉȇ ȉȎȉȌȘȣșȌ ȋȒȦ ȕȖȗȌȋȌȒȌȔȏȦ ȓȇȘȘȢ ȓȇȊȔȏȌȉȕȐ ȒȌȔșȢ.                                  

Ǳȇȑ ȕȖȗȌȋȌȒȦȥș ȜȏȓȏȞȌȘȑȚȥ țȕȗȓȚȒȚ ȘȕȌȋȏȔȌȔȏȐ"

ǵȈȘȚȋȏșȌ�

�� ǱȇȑȇȦ ȗȌȇȑȝȏȦ ȖȗȕȏȎȕȟȒȇ ȉ ȜȕȋȌ ȕȖȢșȇ"

�� Ǹ ȞȌȓ ȘȉȦȎȇȔȕ ȚȉȌȒȏȞȌȔȏȌ ȓȇȘȘȢ"

�� ǱȇȑȚȥ țȕȗȓȚȒȚ ȉȢ ȖȗȌȋȒȕȍȏȒȏ ȈȢ ȋȒȦ ȖȕȒȚȞȌȔȔȕȊȕ ȉȌȠȌȘșȉȇ"

�� ǸȑȕȒȣȑȕ Ȋȗȇȓȓȕȉ  ȘȕȘșȇȉȏș ȓȇȘȘȇ ȖȕȒȚȞȌȔȔȕȊȕ ȘȕȌȋȏȔȌȔȏȦ� ȌȘȒȏ ȉȎȦșȣ ȋȒȦ ȕȖȢșȇ ��� Ȋ ȓȇȊȔȏȦ"

ǿȇȊ �� ǴȇȊȗȌȐșȌ țȇȗțȕȗȕȉȚȥ ȞȇȟȑȚ. ǾȌȗȌȎ ȔȌȑȕșȕȗȕȌ ȉȗȌȓȦ 

ȕȘșȕȗȕȍȔȕ ȖȗȏȖȕȋȔȏȓȏșȌ ȑȗȢȟȑȚ ȋȒȦ ȖȕȘșȚȖȒȌȔȏȦ ȉ ȞȇȟȑȚ                         

ȑȏȘȒȕȗȕȋȇ ȉȕȎȋȚȜȇ. ǩȢ ȚȉȏȋȏșȌ, ȑȇȑ ȓȇȊȔȏȐ ȘȊȕȗȇȌș Ȧȗȑȏȓ ȖȒȇȓȌȔȌȓ.  

ǿȇȊ �� ǶȕȘȒȌ ȎȇȉȌȗȟȌȔȏȦ ȊȕȗȌȔȏȦ ȎȇȑȗȕȐșȌ ȞȇȟȑȚ ȑȗȢȟȑȕȐ ȏ 

ȋȕȍȋȏșȌȘȣ Ȍȧ ȖȕȒȔȕȊȕ ȕȜȒȇȍȋȌȔȏȦ. ǮȇșȌȓ ȌȠȧ ȗȇȎ ȕȖȗȌȋȌȒȏșȌ Ȍȧ ȓȇȘȘȚ. 

ȀȏȖȝȢ 

ȋȒȦ ȘȔȦșȏȦ 

ȑȗȢȟȑȏ

ǪȕȗȌȔȏȌ 

ȓȇȊȔȏȌȉȕȐ 

ȒȌȔșȢ

ǴȇȊȗȌȉȇșȌȒȣ

2ǷȇȘȞȧșȢ Ȗȕ ȜȏȓȏȞȌȘȑȏȓ țȕȗȓȚȒȇȓ ȏ ȚȗȇȉȔȌȔȏȦȓ ǾȇȘșȣ I

ȤȓȖȏȗȏȞȌȘȑȇȦ țȕȗȓȚȒȇ,

ȖȗȕȘșȌȐȟȇȦ țȕȗȓȚȒȇ,

ȏȘșȏȔȔȇȦ țȕȗȓȚȒȇ, 

ȓȕȒȌȑȚȒȦȗȔȇȦ țȕȗȓȚȒȇ

ǱȒȥ-
ȞȌȉȢȌ 
ȘȒȕȉȇ

ǶǷǯǳǬǷ
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ǵȖȗȌȋȌȒȏșȣ țȕȗȓȚȒȚ ȜȏȓȏȞȌȘȑȕȊȕ ȘȕȌȋȏȔȌȔȏȦ Ȗȕ ȓȇȘȘȕȉȕȓȚ 

ȕșȔȕȟȌȔȏȥ ȤȒȌȓȌȔșȕȉ ȓȕȍȔȕ, ȘȕȈȒȥȋȇȦ ȘȒȌȋȚȥȠȚȥ 

ȖȕȘȒȌȋȕȉȇșȌȒȣȔȕȘșȣ:

ǶȗȏȓȌȔȏȓ ȤșȚ ȖȕȘȒȌȋȕȉȇșȌȒȣȔȕȘșȣ ȑ ȘȒȌȋȚȥȠȌȓȚ ȖȗȏȓȌȗȚ:

ȄȑȘȖȌȗȏȓȌȔșȇȒȣȔȢȓ ȖȚșȧȓ 

ȕȖȗȌȋȌȒȦȌșȘȦ ȓȇȘȘȇ (ȉ ȊȗȇȓȓȇȜ) 

ȉȌȠȌȘșȉ, ȉȘșȚȖȇȥȠȏȜ ȉ ȗȌȇȑȝȏȥ.

ǳȇȘȘȢ, ȚȑȇȎȇȔȔȢȌ ȉ 

ȊȗȇȓȓȇȜ, ȉȢȗȇȍȇȥșȘȦ 

ȞȏȘȒȕȓ ȓȕȒȌȐ.

ǾȏȘȒȕ ȓȕȒȌȐ ȇșȕȓȕȉ ȚȑȇȎȢȉȇȌș 

ȕșȔȕȟȌȔȏȌ, ȉ ȑȕșȕȗȕȓ 

ȘȕȌȋȏȔȦȥșȘȦ ȤȒȌȓȌȔșȢ.

ǸȌȗȇ  ȓȇȘȘȕȐ 32 Ȋ, ȘȊȕȗȇȦ, ȘȕȌȋȏȔȦȌșȘȦ Ș 32 Ȋ 

ȑȏȘȒȕȗȕȋȇ Ș ȕȈȗȇȎȕȉȇȔȏȌȓ ȕȑȘȏȋȇ. ǵȖȗȌȋȌȒȏșȌ 

țȕȗȓȚȒȚ ȤșȕȊȕ ȕȑȘȏȋȇ.

ǴȇȐȋȌȔȔȇȦ șȇȑȏȓ ȕȈȗȇȎȕȓ ȜȏȓȏȞȌȘȑȇȦ țȕȗȓȚȒȇ ȔȇȎȢȉȇȌșȘȦ ȖȗȕȘșȌȐȟȌȐ țȕȗȓȚȒȕȐ 

(ȤȓȖȏȗȏȞȌȘȑȕȐ țȕȗȓȚȒȕȐ� ȘȕȌȋȏȔȌȔȏȦ. ȄȓȖȏȗȏȞȌȘȑȇȦ țȕȗȓȚȒȇ ȖȕȑȇȎȢȉȇȌș 

ȔȇȏȓȌȔȣȟȌȌ ȘȕȕșȔȕȟȌȔȏȌ ȓȌȍȋȚ ȞȏȘȒȕȓ ȇșȕȓȕȉ ȑȇȍȋȕȊȕ ȤȒȌȓȌȔșȇ, ȉ ȑȕșȕȗȕȓ ȕȔȏ 

ȘȕȌȋȏȔȦȥșȘȦ ȓȌȍȋȚ ȘȕȈȕȐ. ǩ ȔȌȑȕșȕȗȢȜ ȘȒȚȞȇȦȜ ȔȇȐȋȌȔȔȢȌ ȤȓȖȏȗȏȞȌȘȑȏȌ țȕȗȓȚȒȢ 

ȔȌ ȕșȗȇȍȇȥș ȏȘșȏȔȔȢȜ țȕȗȓȚȒ (ȓȕȒȌȑȚȒȦȗȔȢȜ țȕȗȓȚȒ� ȘȕȌȋȏȔȌȔȏȦ. 

ǷȇȘȘȓȕșȗȏȓ Ȕȇ ȘȒȌȋȚȥȠȌȓ ȖȗȏȓȌȗȌ, ȑȇȑ ȉȢȉȌȘșȏ ȏȘșȏȔȔȚȥ țȕȗȓȚȒȚ Ȕȇ ȕȘȔȕȉȇȔȏȏ 

ȤȓȖȏȗȏȞȌȘȑȕȐ țȕȗȓȚȒȢ:

ǷȌȟȌȔȏȌ�

ȄȒȌȓȌȔșȢ ȉ ȘȕȌȋȏȔȌȔȏȏ ǱȏȘȒȕȗȕȋ

ǳȇȘȘȇ

ǵșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ ȓȇȘȘȇ

ǾȏȘȒȕ ȓȕȒȣ

ǾȏȘȒȌȔȔȕȌ ȘȕȕșȔȕȟȌȔȏȌ  

ȇșȕȓȕȉ ȤȒȌȓȌȔșȕȉ ȉ ȘȕȌȋȏȔȌȔȏȏ

ǻȕȗȓȚȒȇ ȕȑȘȏȋȇ

32 Ȋ

16

1 : 2

SO2

32

16
––– = 2

ǸȌȗȇ

32 Ȋ

32

32

32
––– = 1

ȄșȇȔ ȘȕȘșȕȏș Ȕȇ 80� (Ȗȕ ȓȇȘȘȌ) 

ȏȎ ȚȊȒȌȗȕȋȇ ȏ Ȕȇ 20�  – ȏȎ 

ȉȕȋȕȗȕȋȇ. ǵȖȗȌȋȌȒȏșȌ ȏȘșȏȔȔȚȥ 

țȕȗȓȚȒȚ ȤșȇȔȇ, ȎȔȇȦ Ȟșȕ ȌȊȕ 

ȕșȔȕȘȏșȌȒȣȔȇȦ ȓȕȒȌȑȚȒȦȗȔȇȦ 

ȓȇȘȘȇ ȗȇȉȔȇ 30.

ǷȌȟȌȔȏȌ� 

ǷȇȘȘȞȏșȇȌȓ ȋȒȦ 100 Ȋ ȉȌȠȌȘșȉȇ:

ȄȒȌȓȌȔșȢ ȉ ȘȕȌȋȏȔȌȔȏȏ ǺȊȒȌȗȕȋ ǩȕȋȕȗȕȋ

ǳȇȘȘȇ

ǵșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ ȓȇȘȘȇ

ǱȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇ (ȓȕȒȣ)

ǾȏȘȒȌȔȔȕȌ ȕșȔȕȟȌȔȏȌ ȇșȕȓȕȉ ȤȒȌȓȌȔșȕȉ 
ȉ ȘȕȌȋȏȔȌȔȏȏ

ȄȓȖȏȗȏȞȌȘȑȇȦ țȕȗȓȚȒȇ ȘȕȌȋȏȔȌȔȏȦ

80 Ȋ

12

20 Ȋ

1

6,67 : 20 = 1 : 3

CH3

20

1
––– = 20

80

12
––– = 6,67

ǯȘșȏȔȔȇȦ țȕȗȓȚȒȇ ȉȌȠȌȘșȉȇ ȖȕȒȌȎȔȌȌ ȤȓȖȏȗȏȞȌȘȑȕȐ țȕȗȓȚȒȢ, 

șȇȑ ȑȇȑ ȖȌȗȌȋȇȧș ȕ Ȕȧȓ ȈȕȒȌȌ ȖȕȒȔȚȥ ȏȔțȕȗȓȇȝȏȥ. ǫȒȦ ȗȦȋȇ 

ȘȕȌȋȏȔȌȔȏȐ ȏȘșȏȔȔȇȦ țȕȗȓȚȒȇ ȘȕȉȖȇȋȇȌș Ș ȤȓȖȏȗȏȞȌȘȑȕȐ 

țȕȗȓȚȒȕȐ. ǩ șȇȈȒȏȝȌ ȖȗȏȉȌȋȌȔȢ ȋȒȦ ȘȕȖȕȘșȇȉȒȌȔȏȦ ȏȘșȏȔȔȢȌ ȏ 

ȤȓȖȏȗȏȞȌȘȑȏȌ țȕȗȓȚȒȢ ȔȌȑȕșȕȗȢȜ ȉȌȠȌȘșȉ.

ǩȕȋȇ

ǶȌȗȕȑȘȏȋ ȉȕȋȕȗȕȋȇ

ǳȌșȇȔ

ȄșȇȔ

H O2

H O2 2

CH4

C H2 6

H O2

HO

CH4

CH3

ǯȘșȏȔȔȇȦ țȕȗȓȚȒȇ ȄȓȖȏȗȏȞȌȘȑȇȦ țȕȗȓȚȒȇǩȌȠȌȘșȉȕ

1. ǵșȔȕȘȏșȌȒȣȔȇȦ ȓȕȒȌȑȚȒȦȗȔȇȦ ȓȇȘȘȇ ȘȕȌȋȏȔȌȔȏȦ, ȘȕȋȌȗȍȇȠȌȊȕ  90� (Ȗȕ ȓȇȘȘȌ) 
ȚȊȒȌȗȕȋȇ ȏ 10� (Ȗȕ ȓȇȘȘȌ) ȉȕȋȕȗȕȋȇ, ȗȇȉȔȇ120. ǵȖȗȌȋȌȒȏșȌ ȏȘșȏȔȔȚȥ țȕȗȓȚȒȚ 
ȘȕȌȋȏȔȌȔȏȦ.

2. ǸȕȘșȇȉȣșȌ țȕȗȓȚȒȚ ȉȌȠȌȘșȉȇ, ȉ ȑȕșȕȗȕȓ ȓȇȘȘȕȉȕȌ ȕșȔȕȟȌȔȏȌ ȤȒȌȓȌȔșȕȉ ȘȕȘșȇȉȒȦȌș  
m()e) : m(S) : m(O) = 7 : 4 : 8.

Примените полученные знания

1. ǾȧȗȔȢȐ ȓȏȔȌȗȇȒ ȊȌȓȇșȏș, ȉȘșȗȌȞȇȥȠȏȐȘȦ ȉ ȖȗȏȗȕȋȌ ȉ ȘȕȘșȇȉȌ ȓȔȕȊȏȜ ȍȌȒȌȎȔȢȜ ȗȚȋ, ȖȗȌȋȘșȇȉȒȦȌș 

ȘȕȈȕȐ ȕȑȘȏȋ ȍȌȒȌȎȇ. ǵȖȗȌȋȌȒȏșȌ ȌȊȕ ȜȏȓȏȞȌȘȑȚȥ țȕȗȓȚȒȚ, ȎȔȇȦ, Ȟșȕ ȉ 50 Ȋ ȤșȕȊȕ ȓȏȔȌȗȇȒȇ 

ȘȕȋȌȗȍȏșȘȦ 35 Ȋ ȍȌȒȌȎȇ.

2. ǩ ȘȕȌȋȏȔȌȔȏȏ, ȏȘȖȕȒȣȎȚȌȓȕȓ ȉ ȑȇȞȌȘșȉȌ ȚȋȕȈȗȌȔȏȦ, ȓȇȘȘȕȉȇȦ ȋȕȒȦ ȇȎȕșȇ ȘȕȘșȇȉȒȦȌș 35�, ȓȇȘȘȕȉȇȦ 

ȋȕȒȦ ȉȕȋȕȗȕȋȇ – 5�, ȇ ȓȇȘȘȕȉȇȦ ȋȕȒȦ ȑȏȘȒȕȗȕȋȇ – 60�. ǵȖȗȌȋȌȒȏșȌ țȕȗȓȚȒȚ ȘȕȌȋȏȔȌȔȏȦ.

Проверьте полученные знания

1. ǸȑȕȒȣȑȕ Ȋȗȇȓȓȕȉ ȉȕȋȕȗȕȋȇ ȘȕȌȋȏȔȦȌșȘȦ ȉ ȓȌșȇȔȌ Ș 24 Ȋ ȚȊȒȌȗȕȋȇ?

2. ǵșȔȕȘȏșȌȒȣȔȇȦ ȓȕȒȌȑȚȒȦȗȔȇȦ ȓȇȘȘȇ ȜȏȓȏȞȌȘȑȕȊȕ ȘȕȌȋȏȔȌȔȏȦ Ș ȤȓȖȏȗȏȞȌȘȑȕȐ țȕȗȓȚȒȕȐ  CH O 2

ȗȇȉȔȇ 180. ǵȖȗȌȋȌȒȏșȌ ȏȘșȏȔȔȚȥ țȕȗȓȚȒȚ ȤșȕȊȕ ȘȕȌȋȏȔȌȔȏȦ. 

3. ǮȔȇȦ, Ȟșȕ ȉȕ ȉȘșȗȌȞȇȥȠȌȓȘȦ ȉ ȖȗȏȗȕȋȌ ȘȚȒȣțȏȋȌ ȓȌȋȏ 8 Ȋ ȘȌȗȢ  ȘȕȌȋȏȔȌȔȢ Ș 32 Ȋ ȓȌȋȏ, ȕȖȗȌȋȌȒȏșȌ 

ȖȗȕȘșȌȐȟȚȥ țȕȗȓȚȒȚ ȘȚȒȣțȏȋȇ.

ǮȔȇȦ ȕșȔȕȘȏșȌȒȣȔȚȥ ȓȕȒȌȑȚȒȦȗȔȚȥ ȓȇȘȘȚ ȏ ȤȓȖȏȗȏȞȌȘȑȚȥ țȕȗȓȚȒȚ ȘȕȌȋȏȔȌȔȏȦ, ȓȕȍȔȕ ȕȖȗȌȋȌȒȏșȣ ȌȊȕ 

ȏȘșȏȔȔȚȥ țȕȗȓȚȒȚ. ǫȒȦ ȤșȕȊȕ Ȗȕ ȤȓȖȏȗȏȞȌȘȑȕȐ țȕȗȓȚȒȌ ȘȕȌȋȏȔȌȔȏȦ ȔȇȜȕȋȦș ȤȓȖȏȗȏȞȌȘȑȚȥ ȓȇȘȘȚ, ȎȇșȌȓ 

ȕșȔȕȘȏșȌȒȣȔȚȥ ȓȕȒȌȑȚȒȦȗȔȚȥ ȓȇȘȘȚ ȘȕȌȋȏȔȌȔȏȦ ȋȌȒȦș Ȕȇ ȔȇȐȋȌȔȔȚȥ  ȤȓȖȏȗȏȞȌȘȑȚȥ ȓȇȘȘȚ, ȇ ȖȕȒȚȞȌȔȔȕȌ 

ȞȏȘȒȕ ȚȓȔȕȍȇȥș Ȕȇ ȏȔȋȌȑȘȢ ȉ ȤȓȖȏȗȏȞȌȘȑȕȐ țȕȗȓȚȒȌ.

2 ∙ CH = C H3 2 6

 M (ȤșaȔȇ)r

M (CH ) r 3

––––––– = –––– = 2
30

15

2ǷȇȘȞȧșȢ Ȗȕ ȜȏȓȏȞȌȘȑȏȓ țȕȗȓȚȒȇȓ ȏ ȚȗȇȉȔȌȔȏȦȓ ǾȇȘșȣ I

ǶǷǯǳǬǷ �

ǶǷǯǳǬǷ �

�ǶǵǫǺǳǧǰ�

�ǵǨǸǺǫǯ�

�ǶǵǫǬ ǲǯǸȃ�
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ǵȖȗȌȋȌȒȏșȣ țȕȗȓȚȒȚ ȜȏȓȏȞȌȘȑȕȊȕ ȘȕȌȋȏȔȌȔȏȦ Ȗȕ ȓȇȘȘȕȉȕȓȚ 

ȕșȔȕȟȌȔȏȥ ȤȒȌȓȌȔșȕȉ ȓȕȍȔȕ, ȘȕȈȒȥȋȇȦ ȘȒȌȋȚȥȠȚȥ 

ȖȕȘȒȌȋȕȉȇșȌȒȣȔȕȘșȣ:

ǶȗȏȓȌȔȏȓ ȤșȚ ȖȕȘȒȌȋȕȉȇșȌȒȣȔȕȘșȣ ȑ ȘȒȌȋȚȥȠȌȓȚ ȖȗȏȓȌȗȚ:

ȄȑȘȖȌȗȏȓȌȔșȇȒȣȔȢȓ ȖȚșȧȓ 

ȕȖȗȌȋȌȒȦȌșȘȦ ȓȇȘȘȇ (ȉ ȊȗȇȓȓȇȜ) 

ȉȌȠȌȘșȉ, ȉȘșȚȖȇȥȠȏȜ ȉ ȗȌȇȑȝȏȥ.

ǳȇȘȘȢ, ȚȑȇȎȇȔȔȢȌ ȉ 

ȊȗȇȓȓȇȜ, ȉȢȗȇȍȇȥșȘȦ 

ȞȏȘȒȕȓ ȓȕȒȌȐ.

ǾȏȘȒȕ ȓȕȒȌȐ ȇșȕȓȕȉ ȚȑȇȎȢȉȇȌș 

ȕșȔȕȟȌȔȏȌ, ȉ ȑȕșȕȗȕȓ 

ȘȕȌȋȏȔȦȥșȘȦ ȤȒȌȓȌȔșȢ.

ǸȌȗȇ  ȓȇȘȘȕȐ 32 Ȋ, ȘȊȕȗȇȦ, ȘȕȌȋȏȔȦȌșȘȦ Ș 32 Ȋ 

ȑȏȘȒȕȗȕȋȇ Ș ȕȈȗȇȎȕȉȇȔȏȌȓ ȕȑȘȏȋȇ. ǵȖȗȌȋȌȒȏșȌ 

țȕȗȓȚȒȚ ȤșȕȊȕ ȕȑȘȏȋȇ.

ǴȇȐȋȌȔȔȇȦ șȇȑȏȓ ȕȈȗȇȎȕȓ ȜȏȓȏȞȌȘȑȇȦ țȕȗȓȚȒȇ ȔȇȎȢȉȇȌșȘȦ ȖȗȕȘșȌȐȟȌȐ țȕȗȓȚȒȕȐ 

(ȤȓȖȏȗȏȞȌȘȑȕȐ țȕȗȓȚȒȕȐ� ȘȕȌȋȏȔȌȔȏȦ. ȄȓȖȏȗȏȞȌȘȑȇȦ țȕȗȓȚȒȇ ȖȕȑȇȎȢȉȇȌș 

ȔȇȏȓȌȔȣȟȌȌ ȘȕȕșȔȕȟȌȔȏȌ ȓȌȍȋȚ ȞȏȘȒȕȓ ȇșȕȓȕȉ ȑȇȍȋȕȊȕ ȤȒȌȓȌȔșȇ, ȉ ȑȕșȕȗȕȓ ȕȔȏ 

ȘȕȌȋȏȔȦȥșȘȦ ȓȌȍȋȚ ȘȕȈȕȐ. ǩ ȔȌȑȕșȕȗȢȜ ȘȒȚȞȇȦȜ ȔȇȐȋȌȔȔȢȌ ȤȓȖȏȗȏȞȌȘȑȏȌ țȕȗȓȚȒȢ 

ȔȌ ȕșȗȇȍȇȥș ȏȘșȏȔȔȢȜ țȕȗȓȚȒ (ȓȕȒȌȑȚȒȦȗȔȢȜ țȕȗȓȚȒ� ȘȕȌȋȏȔȌȔȏȦ. 

ǷȇȘȘȓȕșȗȏȓ Ȕȇ ȘȒȌȋȚȥȠȌȓ ȖȗȏȓȌȗȌ, ȑȇȑ ȉȢȉȌȘșȏ ȏȘșȏȔȔȚȥ țȕȗȓȚȒȚ Ȕȇ ȕȘȔȕȉȇȔȏȏ 

ȤȓȖȏȗȏȞȌȘȑȕȐ țȕȗȓȚȒȢ:

ǷȌȟȌȔȏȌ�

ȄȒȌȓȌȔșȢ ȉ ȘȕȌȋȏȔȌȔȏȏ ǱȏȘȒȕȗȕȋ

ǳȇȘȘȇ

ǵșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ ȓȇȘȘȇ

ǾȏȘȒȕ ȓȕȒȣ

ǾȏȘȒȌȔȔȕȌ ȘȕȕșȔȕȟȌȔȏȌ  

ȇșȕȓȕȉ ȤȒȌȓȌȔșȕȉ ȉ ȘȕȌȋȏȔȌȔȏȏ

ǻȕȗȓȚȒȇ ȕȑȘȏȋȇ

32 Ȋ

16

1 : 2

SO2

32

16
––– = 2

ǸȌȗȇ

32 Ȋ

32

32

32
––– = 1

ȄșȇȔ ȘȕȘșȕȏș Ȕȇ 80� (Ȗȕ ȓȇȘȘȌ) 

ȏȎ ȚȊȒȌȗȕȋȇ ȏ Ȕȇ 20�  – ȏȎ 

ȉȕȋȕȗȕȋȇ. ǵȖȗȌȋȌȒȏșȌ ȏȘșȏȔȔȚȥ 

țȕȗȓȚȒȚ ȤșȇȔȇ, ȎȔȇȦ Ȟșȕ ȌȊȕ 

ȕșȔȕȘȏșȌȒȣȔȇȦ ȓȕȒȌȑȚȒȦȗȔȇȦ 

ȓȇȘȘȇ ȗȇȉȔȇ 30.

ǷȌȟȌȔȏȌ� 

ǷȇȘȘȞȏșȇȌȓ ȋȒȦ 100 Ȋ ȉȌȠȌȘșȉȇ:

ȄȒȌȓȌȔșȢ ȉ ȘȕȌȋȏȔȌȔȏȏ ǺȊȒȌȗȕȋ ǩȕȋȕȗȕȋ

ǳȇȘȘȇ

ǵșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ ȓȇȘȘȇ

ǱȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇ (ȓȕȒȣ)

ǾȏȘȒȌȔȔȕȌ ȕșȔȕȟȌȔȏȌ ȇșȕȓȕȉ ȤȒȌȓȌȔșȕȉ 
ȉ ȘȕȌȋȏȔȌȔȏȏ

ȄȓȖȏȗȏȞȌȘȑȇȦ țȕȗȓȚȒȇ ȘȕȌȋȏȔȌȔȏȦ

80 Ȋ

12

20 Ȋ

1

6,67 : 20 = 1 : 3

CH3

20

1
––– = 20

80

12
––– = 6,67

ǯȘșȏȔȔȇȦ țȕȗȓȚȒȇ ȉȌȠȌȘșȉȇ ȖȕȒȌȎȔȌȌ ȤȓȖȏȗȏȞȌȘȑȕȐ țȕȗȓȚȒȢ, 

șȇȑ ȑȇȑ ȖȌȗȌȋȇȧș ȕ Ȕȧȓ ȈȕȒȌȌ ȖȕȒȔȚȥ ȏȔțȕȗȓȇȝȏȥ. ǫȒȦ ȗȦȋȇ 

ȘȕȌȋȏȔȌȔȏȐ ȏȘșȏȔȔȇȦ țȕȗȓȚȒȇ ȘȕȉȖȇȋȇȌș Ș ȤȓȖȏȗȏȞȌȘȑȕȐ 

țȕȗȓȚȒȕȐ. ǩ șȇȈȒȏȝȌ ȖȗȏȉȌȋȌȔȢ ȋȒȦ ȘȕȖȕȘșȇȉȒȌȔȏȦ ȏȘșȏȔȔȢȌ ȏ 

ȤȓȖȏȗȏȞȌȘȑȏȌ țȕȗȓȚȒȢ ȔȌȑȕșȕȗȢȜ ȉȌȠȌȘșȉ.

ǩȕȋȇ

ǶȌȗȕȑȘȏȋ ȉȕȋȕȗȕȋȇ

ǳȌșȇȔ

ȄșȇȔ

H O2

H O2 2

CH4

C H2 6

H O2

HO

CH4

CH3

ǯȘșȏȔȔȇȦ țȕȗȓȚȒȇ ȄȓȖȏȗȏȞȌȘȑȇȦ țȕȗȓȚȒȇǩȌȠȌȘșȉȕ

1. ǵșȔȕȘȏșȌȒȣȔȇȦ ȓȕȒȌȑȚȒȦȗȔȇȦ ȓȇȘȘȇ ȘȕȌȋȏȔȌȔȏȦ, ȘȕȋȌȗȍȇȠȌȊȕ  90� (Ȗȕ ȓȇȘȘȌ) 
ȚȊȒȌȗȕȋȇ ȏ 10� (Ȗȕ ȓȇȘȘȌ) ȉȕȋȕȗȕȋȇ, ȗȇȉȔȇ120. ǵȖȗȌȋȌȒȏșȌ ȏȘșȏȔȔȚȥ țȕȗȓȚȒȚ 
ȘȕȌȋȏȔȌȔȏȦ.

2. ǸȕȘșȇȉȣșȌ țȕȗȓȚȒȚ ȉȌȠȌȘșȉȇ, ȉ ȑȕșȕȗȕȓ ȓȇȘȘȕȉȕȌ ȕșȔȕȟȌȔȏȌ ȤȒȌȓȌȔșȕȉ ȘȕȘșȇȉȒȦȌș  
m()e) : m(S) : m(O) = 7 : 4 : 8.

Примените полученные знания

1. ǾȧȗȔȢȐ ȓȏȔȌȗȇȒ ȊȌȓȇșȏș, ȉȘșȗȌȞȇȥȠȏȐȘȦ ȉ ȖȗȏȗȕȋȌ ȉ ȘȕȘșȇȉȌ ȓȔȕȊȏȜ ȍȌȒȌȎȔȢȜ ȗȚȋ, ȖȗȌȋȘșȇȉȒȦȌș 

ȘȕȈȕȐ ȕȑȘȏȋ ȍȌȒȌȎȇ. ǵȖȗȌȋȌȒȏșȌ ȌȊȕ ȜȏȓȏȞȌȘȑȚȥ țȕȗȓȚȒȚ, ȎȔȇȦ, Ȟșȕ ȉ 50 Ȋ ȤșȕȊȕ ȓȏȔȌȗȇȒȇ 

ȘȕȋȌȗȍȏșȘȦ 35 Ȋ ȍȌȒȌȎȇ.

2. ǩ ȘȕȌȋȏȔȌȔȏȏ, ȏȘȖȕȒȣȎȚȌȓȕȓ ȉ ȑȇȞȌȘșȉȌ ȚȋȕȈȗȌȔȏȦ, ȓȇȘȘȕȉȇȦ ȋȕȒȦ ȇȎȕșȇ ȘȕȘșȇȉȒȦȌș 35�, ȓȇȘȘȕȉȇȦ 

ȋȕȒȦ ȉȕȋȕȗȕȋȇ – 5�, ȇ ȓȇȘȘȕȉȇȦ ȋȕȒȦ ȑȏȘȒȕȗȕȋȇ – 60�. ǵȖȗȌȋȌȒȏșȌ țȕȗȓȚȒȚ ȘȕȌȋȏȔȌȔȏȦ.

Проверьте полученные знания

1. ǸȑȕȒȣȑȕ Ȋȗȇȓȓȕȉ ȉȕȋȕȗȕȋȇ ȘȕȌȋȏȔȦȌșȘȦ ȉ ȓȌșȇȔȌ Ș 24 Ȋ ȚȊȒȌȗȕȋȇ?

2. ǵșȔȕȘȏșȌȒȣȔȇȦ ȓȕȒȌȑȚȒȦȗȔȇȦ ȓȇȘȘȇ ȜȏȓȏȞȌȘȑȕȊȕ ȘȕȌȋȏȔȌȔȏȦ Ș ȤȓȖȏȗȏȞȌȘȑȕȐ țȕȗȓȚȒȕȐ  CH O 2

ȗȇȉȔȇ 180. ǵȖȗȌȋȌȒȏșȌ ȏȘșȏȔȔȚȥ țȕȗȓȚȒȚ ȤșȕȊȕ ȘȕȌȋȏȔȌȔȏȦ. 

3. ǮȔȇȦ, Ȟșȕ ȉȕ ȉȘșȗȌȞȇȥȠȌȓȘȦ ȉ ȖȗȏȗȕȋȌ ȘȚȒȣțȏȋȌ ȓȌȋȏ 8 Ȋ ȘȌȗȢ  ȘȕȌȋȏȔȌȔȢ Ș 32 Ȋ ȓȌȋȏ, ȕȖȗȌȋȌȒȏșȌ 

ȖȗȕȘșȌȐȟȚȥ țȕȗȓȚȒȚ ȘȚȒȣțȏȋȇ.

ǮȔȇȦ ȕșȔȕȘȏșȌȒȣȔȚȥ ȓȕȒȌȑȚȒȦȗȔȚȥ ȓȇȘȘȚ ȏ ȤȓȖȏȗȏȞȌȘȑȚȥ țȕȗȓȚȒȚ ȘȕȌȋȏȔȌȔȏȦ, ȓȕȍȔȕ ȕȖȗȌȋȌȒȏșȣ ȌȊȕ 

ȏȘșȏȔȔȚȥ țȕȗȓȚȒȚ. ǫȒȦ ȤșȕȊȕ Ȗȕ ȤȓȖȏȗȏȞȌȘȑȕȐ țȕȗȓȚȒȌ ȘȕȌȋȏȔȌȔȏȦ ȔȇȜȕȋȦș ȤȓȖȏȗȏȞȌȘȑȚȥ ȓȇȘȘȚ, ȎȇșȌȓ 

ȕșȔȕȘȏșȌȒȣȔȚȥ ȓȕȒȌȑȚȒȦȗȔȚȥ ȓȇȘȘȚ ȘȕȌȋȏȔȌȔȏȦ ȋȌȒȦș Ȕȇ ȔȇȐȋȌȔȔȚȥ  ȤȓȖȏȗȏȞȌȘȑȚȥ ȓȇȘȘȚ, ȇ ȖȕȒȚȞȌȔȔȕȌ 

ȞȏȘȒȕ ȚȓȔȕȍȇȥș Ȕȇ ȏȔȋȌȑȘȢ ȉ ȤȓȖȏȗȏȞȌȘȑȕȐ țȕȗȓȚȒȌ.

2 ∙ CH = C H3 2 6

 M (ȤșaȔȇ)r

M (CH ) r 3

––––––– = –––– = 2
30

15

2ǷȇȘȞȧșȢ Ȗȕ ȜȏȓȏȞȌȘȑȏȓ țȕȗȓȚȒȇȓ ȏ ȚȗȇȉȔȌȔȏȦȓ ǾȇȘșȣ I

ǶǷǯǳǬǷ �

ǶǷǯǳǬǷ �

�ǶǵǫǺǳǧǰ�

�ǵǨǸǺǫǯ�

�ǶǵǫǬ ǲǯǸȃ�
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2.3 ǷȇȘȞȧșȢ Ȗȕ ȜȏȓȏȞȌȘȑȏȓ ȚȗȇȉȔȌȔȏȦȓ

ǸșȌȜȏȕȓȌșȗȏȦ – Ȥșȕ ȘȕȕșȔȕȟȌȔȏȌ ȓȌȍȋȚ ȑȕȒȏȞȌȘșȉȕȓ ȉȌȠȌȘșȉ, 

ȉȘșȚȖȇȥȠȏȜ ȉ ȋȇȔȔȚȥ ȜȏȓȏȞȌȘȑȚȥ ȗȌȇȑȝȏȥ ȏ ȕȈȗȇȎȚȥȠȏȜȘȦ ȉ ȜȕȋȌ 

ȗȌȇȑȝȏȏ. ǴȇȖȗȏȓȌȗ, ȑȇȑ ȉȏȋȔȕ ȏȎ ȚȗȇȉȔȌȔȏȦ ȗȌȇȑȝȏȏ 2H  + O  → 2H O, 2 2 2

Ȕȇ ȘȊȕȗȇȔȏȌ 2 ȓȕȒȣ ȉȕȋȕȗȕȋȇ ȗȇȘȜȕȋȚȌșȘȦ 1 ȓȕȒȣ ȑȏȘȒȕȗȕȋȇ, Ȗȗȏ Ȥșȕȓ 

ȕȈȗȇȎȚȌșȘȦ 2 ȓȕȒȣ ȉȕȋȢ. 

ǮȔȇȦ ȑȕȒȏȞȌȘșȉȕ ȕȋȔȕȊȕ ȏȎ ȗȌȇȊȏȗȚȥȠȏȜ ȏȒȏ ȖȕȒȚȞȌȔȔȢȜ ȉ ȜȕȋȌ 

ȗȌȇȑȝȏȏ ȉȌȠȌȘșȉ, ȓȕȍȔȕ ȗȇȘȘȞȏșȇșȣ șȇȑȍȌ ȑȕȒȏȞȌȘșȉȇ ȋȗȚȊȏȜ ȉȌȠȌȘșȉ.

Ǵȇ ȖȗȕȏȎȉȕȋȘșȉȌ ȏ Ȗȗȏ ȔȇȚȞȔȢȜ ȏȘȘȒȌȋȕȉȇȔȏȦȜ Ȝȏȓȏȑȏ ȎȇȗȇȔȌȌ, ȔȌ ȖȗȕȉȕȋȦ ȗȌȇȑȝȏȐ Ȕȇ ȖȗȇȑșȏȑȌ, 

ȗȇȘȘȞȏșȢȉȇȥș ȑȕȒȏȞȌȘșȉȕ ȖȗȕȋȚȑșȇ, ȑȕșȕȗȕȌ ȋȕȒȍȔȕ ȈȢșȣ ȖȕȒȚȞȌȔȕ. ǵȔȏ ȖȗȌȋȉȇȗȏșȌȒȣȔȕ ȕȖȗȌȋȌȒȦȥș, 

ȑȇȑȇȦ ȓȇȘȘȇ ȘȢȗȣȦ ȖȕșȗȌȈȚȌșȘȦ ȋȒȦ ȖȕȒȚȞȌȔȏȦ ȕȖȗȌȋȌȒȧȔȔȕȊȕ ȑȕȒȏȞȌȘșȉȇ ȖȗȕȋȚȑșȇ. ǫȒȦ ȤșȕȊȕ Ȝȏȓȏȑȏ 

ȏȘȖȕȒȣȎȚȥș țȕȗȓȚȒȢ, ȕșȔȕȘȏșȌȒȣȔȢȌ ȇșȕȓȔȢȌ ȓȇȘȘȢ, ȜȏȓȏȞȌȘȑȏȌ ȚȗȇȉȔȌȔȏȦ ȏ ȘșȌȜȏȕȓȌșȗȏȞȌȘȑȏȌ 

ȘȕȕșȔȕȟȌȔȏȦ. 

�  Ǿșȕ șȇȑȕȌ ȘșȌȜȏȕȓȌșȗȏȦ"

�  Ǳȇȑ ȖȗȕȏȎȉȕȋȦșȘȦ ȘșȌȜȏȕȓȌșȗȏȞȌȘȑȏȌ ȗȇȘȞȧșȢ"

ǶȌȗȌȖȏȟȏșȌ șȇȈȒȏȝȚ ȉ șȌșȗȇȋȣ ȏ ȋȕȖȕȒȔȏșȌ Ȍȧ,  ȏȘȖȕȒȣȎȚȦ ȘȕȕșȔȕȟȌȔȏȌ ȑȕȤțțȏȝȏȌȔșȕȉ                

ȉ ȚȗȇȉȔȌȔȏȏ ȗȌȇȑȝȏȏ ȊȕȗȌȔȏȦ ȉȕȋȕȗȕȋȇ.

Ǳȇȑ ȗȇȘȘȞȏșȇșȣ ȑȕȒȏȞȌȘșȉȇ ȉȌȠȌȘșȉ ȉ ȗȌȇȑȝȏȏ ȊȕȗȌȔȏȦ ȉȕȋȕȗȕȋȇ"

O  (ȓȕȒȣ)2 H O (ȓȕȒȣ)2

ǶȗȕȋȚȑșȢ ȗȌȇȑȝȏȏǷȌȇȊȏȗȚȥȠȏȌ ȉȌȠȌȘșȉȇ

H  (ȓȕȒȣ)2

4

0,5

3

ǶȗȕȋȚȑș ȗȌȇȑȝȏȏǷȌȇȊȏȗȚȥȠȏȌ ȉȌȠȌȘșȉȇ

H  2

3
12 ȋȓ  (20°C ȏ 1 ȇșȓ) 

... Ȋȗȇȓȓ

... ȓȕȒȣ

ǱȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉ ȓȕȍȔȕ șȇȑȍȌ ȉȢȗȇȎȏșȣ ȞȌȗȌȎ ȕȈȡȧȓ ȏ ȓȇȘȘȚ, ȏȘȖȕȒȣȎȚȦ ȋȒȦ ȤșȕȊȕ ȘȕȕșȔȕȟȌȔȏȌ 

ȑȕȤțțȏȝȏȌȔșȕȉ. ǶȌȗȌȖȏȟȏșȌ ȉ șȌșȗȇȋȣ ȏ ȋȕȖȕȒȔȏșȌ ȘȒȌȋȚȥȠȚȥ șȇȈȒȏȝȚ.

O  2

... ȓȕȒȣ

6,4 Ȋȗȇȓȓ 
3... ȋȓ  (20°C ȏ 1 ȇșȓ)  

H O 2

... Ȋȗȇȓȓ

... ȓȕȒȣ

72 Ȋȗȇȓȓ

ǵȈȘȚȋȏșȌ�

�� ǩ ȑȇȑȕȓ ȖȕȗȦȋȑȌ ȘȒȌȋȚȌș ȉȢȖȕȒȔȦșȣ ȗȇȘȞȧșȢ Ȗȕ ȜȏȓȏȞȌȘȑȏȓ ȚȗȇȉȔȌȔȏȦȓ"

�� ǱȇȑȕȌ ȚȘȒȕȉȏȌ ȋȕȒȍȔȕ ȉȢȖȕȒȔȦșȣȘȦ� ȞșȕȈȢ ȋȇȔȔȕȌ ȑȕȒȏȞȌȘșȉȕ ȏȘȜȕȋȔȕȊȕ ȉȌȠȌȘșȉȇ 

ȖȕȒȔȕȘșȣȥ ȉȘșȚȖȏȒȕ ȉ ȗȌȇȑȝȏȥ"

ǵȘȔȕȉȢȉȇȦȘȣ Ȕȇ ȘșȌȜȏȕȓȌșȗȏȏ, ȓȕȍȔȕ ȗȇȘȘȞȏșȇșȣ ȓȇȘȘȚ, ȞȏȘȒȕ ȓȕȒȌȑȚȒ ȏ ȕȈȡȧȓ (ȊȇȎȕȉ) ȏȘȜȕȋȔȢȜ 

ȉȌȠȌȘșȉ ȏ ȖȗȕȋȚȑșȕȉ. ǫȒȦ ȉȢȖȕȒȔȌȔȏȦ ȤșȏȜ ȗȇȘȞȧșȕȉ ȔȌȕȈȜȕȋȏȓȕ ȘȕȈȒȥȋȇșȣ
ȘȒȌȋȚȥȠȏȐ ȖȕȗȦȋȕȑ:

1. ǸȔȇȞȇȒȇ ȎȇȖȏȘȢȉȇȌșȘȦ ȚȗȇȉȔȌȔȏȌ ȘȕȕșȉȌșȘșȉȚȥȠȌȐ ȗȌȇȑȝȏȏ�
2. ǩ ȘȕȕșȉȌșȘșȉȏȏ Ș ȚȗȇȉȔȌȔȏȌȓ ȎȇȖȏȘȢȉȇȌșȘȦ ȑȕȒȏȞȌȘșȉȕ ȗȌȇȊȏȗȚȥȠȏȜ ȏ ȖȕȒȚȞȌȔȔȢȜ ȉ 

ȗȌȎȚȒȣșȇșȌ ȗȌȇȑȝȏȏ ȉȌȠȌȘșȉ (ȓȇȘȘȇ, ȞȏȘȒȕ ȓȕȒȣ, ȕȈȡȧȓ ȏ ș. ȋ.) 
3. Ǵȇ ȕȘȔȕȉȇȔȏȏ ȖȗȏȉȌȋȧȔȔȢȜ ȋȇȔȔȢȜ ȗȇȘȘȞȏșȢȉȇȌșȘȦ ȑȕȒȏȞȌȘșȉȕ ȗȌȇȊȏȗȚȥȠȏȜ ȏ  

ȖȕȒȚȞȌȔȔȢȜ ȉ ȗȌȎȚȒȣșȇșȌ ȗȌȇȑȝȏȏ ȉȌȠȌȘșȉ.                                                                                                
ǷȇȘȘȓȕșȗȏȓ ȔȌȘȑȕȒȣȑȕ ȖȗȏȓȌȗȕȉ ȗȇȘȞȧșȕȉ Ȗȕ ȜȏȓȏȞȌȘȑȏȓ ȚȗȇȉȔȌȔȏȦȓ.

Ǳȇȑ ȉȢ ȚȎȔȇȒȏ ȏȎ ȖȗȌȋȢȋȚȠȌȐ șȌȓȢ, 1 ȓȕȒȣ ȒȥȈȕȊȕ ȊȇȎȇ Ȗȗȏ șȌȓȖȌȗȇșȚȗȌ 20°Ǹ ȏ ȋȇȉȒȌȔȏȏ 1 ȇșȓ 
3ȎȇȔȏȓȇȌș ȕȈȡȌȓ 24 ȋȓ . ǸȕȊȒȇȘȔȕ ȎȇȑȕȔȚ ǧȉȕȊȇȋȗȕ, ȉ ȗȇȉȔȢȜ ȕȈȡȧȓȇȜ ȊȇȎȕȉ Ȗȗȏ ȕȋȏȔȇȑȕȉȢȜ 

ȋȇȉȒȌȔȏȏ ȏ șȌȓȖȌȗȇșȚȗȌ ȘȕȋȌȗȍȏșȘȦ ȕȋȏȔȇȑȕȉȕȌ ȞȏȘȒȕ ȓȕȒȌȑȚȒ. ǵșȘȥȋȇ ȘȒȌȋȚȌș, Ȟșȕ ȕȈȡȧȓȢ ȊȇȎȕȉ 

ȖȗȦȓȕ ȖȗȕȖȕȗȝȏȕȔȇȒȣȔȢ ȞȏȘȒȚ ȓȕȒȌȐ. ǩ ȜȏȓȏȞȌȘȑȏȜ ȗȌȇȑȝȏȦȜ Ș ȚȞȇȘșȏȌȓ ȊȇȎȕȕȈȗȇȎȔȢȜ ȉȌȠȌȘșȉ 

ȓȕȒȣȔȕȌ ȕșȔȕȟȌȔȏȌ ȊȇȎȕȉ ȗȇȉȔȕ ȏȜ ȕȈȡȧȓȔȕȓȚ ȕșȔȕȟȌȔȏȥ. Ƕȗȏ ȏȎȚȞȌȔȏȏ ȜȏȓȏȞȌȘȑȏȜ ȗȌȇȑȝȏȐ 

ȓȌȍȋȚ ȊȇȎȕȕȈȗȇȎȔȢȓȏ ȉȌȠȌȘșȉȇȓȏ ȈȢȒ ȚȘșȇȔȕȉȒȌȔ ȎȇȑȕȔ ȕȈȡȧȓȔȢȜ ȕșȔȕȟȌȔȏȐ. 
ǮȇȑȕȔ ȕȈȡȧȓȔȢȜ ȕșȔȕȟȌȔȏȐ ȊȒȇȘȏș:

1. ǸȑȕȒȣȑȕ Ȋȗȇȓȓȕȉ  ȉȕȋȢ ȕȈȗȇȎȚȌșȘȦ Ȗȗȏ 

ȖȕȒȔȕȓ ȘȊȕȗȇȔȏȏ ȉȕȋȕȗȕȋȇ, ȎȇȔȏȓȇȥȠȌȊȕ 
3ȕȈȡȧȓ 12 ȋȓ  Ȗȗȏ 20°C ȏ ȋȇȉȒȌȔȏȏ 1 ȇșȓ?                 

ǷȌȟȌȔȏȌ�
2H  + O  ⟶ 2H O2 2 2

2 Ã 24

3
12 ȋȓ

2 Ã 18

x Ȋȗȇȓȓ

3  12 ȋȓ –––––––––––– x Ȋ
348 ȋȓ  –––––––––––– 36 Ȋ

x = –––––– = 9 Ȋ (H O)2

12 Ã 36

48

3. ǷȇȘȘȞȏșȇȐșȌ ȓȇȘȘȚ (Ȋ) șȉȧȗȋȕȊȕ ȕȘșȇșȑȇ, 

ȖȕȒȚȞȌȔȔȕȊȕ Ȗȗȏ ȗȇȎȒȕȍȌȔȏȏ 16,8 Ȋ 

ȊȏȋȗȕȑȇȗȈȕȔȇșȇ ȔȇșȗȏȦ.

Ƕȗȏ ȖȕȒȔȕȓ ȗȇȎȒȕȍȌȔȏȏ ȊȏȋȗȕȑȇȗȈȕȔȇșȇ ȔȇșȗȏȦ 

ȉȢȋȌȒȦȥșȘȦ ȚȊȒȌȑȏȘȒȢȐ ȊȇȎ ȏ ȖȇȗȢ ȉȕȋȢ, ȇ șȉȧȗȋȢȐ 

ȕȘșȇșȕȑ ȦȉȒȦȌșȘȦ ȑȇȗȈȕȔȇșȕȓ ȔȇșȗȏȦ. 

2NaHCO  ⟶ Na CO  + CO + H O3 2 3 2 2

16,8 Ȋȗȇȓȓ

2 Ã 84

x Ȋȗȇȓȓ

106

16,8 Ȋ –––––––––––– x Ȋ

168 Ȋ –––––––––––– 106 Ȋ

x = ––––––––– = 10,6 Ȋ (Na CO )2 3

16,8 Ã 106

168

2. Ƕȗȏ ȖȕȒȔȕȓ ȘȊȕȗȇȔȏȏ  ȘȌȗȕȉȕȋȕȗȕȋȇ  

ȈȢȒȕ ȖȕȒȚȞȌȔȕ 0,5 ȓȕȒȣ ȕȑȘȏȋȇ ȘȌȗȢ (I9). 
3ǷȇȘȘȞȏșȇȐșȌ ȕȈȡȧȓ (ȋȓ ) ȑȏȘȒȕȗȕȋȇ, 

ȏȎȗȇȘȜȕȋȕȉȇȔȔȕȊȕ Ȕȇ ȊȕȗȌȔȏȌ (20°C ȏ 1 ȇșȓ). 

ǷȌȟȌȔȏȌ�

ǷȌȟȌȔȏȌ�

3  x ȋȓ –––––––––––– 0,5 ȓȕȒȣ
372 ȋȓ  –––––––––––– 2 ȓȕȒȣ

3x = –––––– = 18 ȋȓ  (ǵ )2

72 Ã 0,5

2

2H S + 3O  ⟶ 2SO  + 2H O2 2 2 2

3x ȋȓ  

72 2

0,5 ȓȕȒȣ

Ƕȗȏ ȕȋȏȔȇȑȕȉȢȜ ȚȘȒȕȉȏȦȜ (șȌȓȖȌȗȇșȚȗȌ ȏ ȋȇȉȒȌȔȏȏ) ȕȈȡȧȓȢ ȊȇȎȕȉ, ȉȘșȚȖȇȥȠȏȜ ȉ ȗȌȇȑȝȏȥ 

ȏ ȕȈȗȇȎȚȥȠȏȜȘȦ ȉ ȜȕȋȌ ȗȌȇȑȝȏȏ, ȕșȔȕȘȦșȘȦ ȋȗȚȊ ȑ ȋȗȚȊȚ ȑȇȑ ȔȌȈȕȒȣȟȏȌ ȝȌȒȢȌ ȞȏȘȒȇ.

2ǷȇȘȞȧșȢ Ȗȕ ȜȏȓȏȞȌȘȑȏȓ țȕȗȓȚȒȇȓ ȏ ȚȗȇȉȔȌȔȏȦȓ ǾȇȘșȣ I

ȘșȌȜȏȕȓȌșȗȏȦ, 

ȎȇȑȕȔ ȕȈȡȧȓȔȢȜ 

ȕșȔȕȟȌȔȏȐ, 

ȒȏȓȏșȏȗȚȥȠȌȌ 

ȉȌȠȌȘșȉȕ

ǱȒȥ-
ȞȌȉȢȌ 
ȘȒȕȉȇ

ǶǷǯǳǬǷ �

ǫ
Ȍ
Ȧ
șȌ

Ȓ
ȣ
Ȕ

ȕ
Șș

ȣ
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2.3 ǷȇȘȞȧșȢ Ȗȕ ȜȏȓȏȞȌȘȑȏȓ ȚȗȇȉȔȌȔȏȦȓ

ǸșȌȜȏȕȓȌșȗȏȦ – Ȥșȕ ȘȕȕșȔȕȟȌȔȏȌ ȓȌȍȋȚ ȑȕȒȏȞȌȘșȉȕȓ ȉȌȠȌȘșȉ, 

ȉȘșȚȖȇȥȠȏȜ ȉ ȋȇȔȔȚȥ ȜȏȓȏȞȌȘȑȚȥ ȗȌȇȑȝȏȥ ȏ ȕȈȗȇȎȚȥȠȏȜȘȦ ȉ ȜȕȋȌ 

ȗȌȇȑȝȏȏ. ǴȇȖȗȏȓȌȗ, ȑȇȑ ȉȏȋȔȕ ȏȎ ȚȗȇȉȔȌȔȏȦ ȗȌȇȑȝȏȏ 2H  + O  → 2H O, 2 2 2

Ȕȇ ȘȊȕȗȇȔȏȌ 2 ȓȕȒȣ ȉȕȋȕȗȕȋȇ ȗȇȘȜȕȋȚȌșȘȦ 1 ȓȕȒȣ ȑȏȘȒȕȗȕȋȇ, Ȗȗȏ Ȥșȕȓ 

ȕȈȗȇȎȚȌșȘȦ 2 ȓȕȒȣ ȉȕȋȢ. 

ǮȔȇȦ ȑȕȒȏȞȌȘșȉȕ ȕȋȔȕȊȕ ȏȎ ȗȌȇȊȏȗȚȥȠȏȜ ȏȒȏ ȖȕȒȚȞȌȔȔȢȜ ȉ ȜȕȋȌ 

ȗȌȇȑȝȏȏ ȉȌȠȌȘșȉ, ȓȕȍȔȕ ȗȇȘȘȞȏșȇșȣ șȇȑȍȌ ȑȕȒȏȞȌȘșȉȇ ȋȗȚȊȏȜ ȉȌȠȌȘșȉ.

Ǵȇ ȖȗȕȏȎȉȕȋȘșȉȌ ȏ Ȗȗȏ ȔȇȚȞȔȢȜ ȏȘȘȒȌȋȕȉȇȔȏȦȜ Ȝȏȓȏȑȏ ȎȇȗȇȔȌȌ, ȔȌ ȖȗȕȉȕȋȦ ȗȌȇȑȝȏȐ Ȕȇ ȖȗȇȑșȏȑȌ, 

ȗȇȘȘȞȏșȢȉȇȥș ȑȕȒȏȞȌȘșȉȕ ȖȗȕȋȚȑșȇ, ȑȕșȕȗȕȌ ȋȕȒȍȔȕ ȈȢșȣ ȖȕȒȚȞȌȔȕ. ǵȔȏ ȖȗȌȋȉȇȗȏșȌȒȣȔȕ ȕȖȗȌȋȌȒȦȥș, 

ȑȇȑȇȦ ȓȇȘȘȇ ȘȢȗȣȦ ȖȕșȗȌȈȚȌșȘȦ ȋȒȦ ȖȕȒȚȞȌȔȏȦ ȕȖȗȌȋȌȒȧȔȔȕȊȕ ȑȕȒȏȞȌȘșȉȇ ȖȗȕȋȚȑșȇ. ǫȒȦ ȤșȕȊȕ Ȝȏȓȏȑȏ 

ȏȘȖȕȒȣȎȚȥș țȕȗȓȚȒȢ, ȕșȔȕȘȏșȌȒȣȔȢȌ ȇșȕȓȔȢȌ ȓȇȘȘȢ, ȜȏȓȏȞȌȘȑȏȌ ȚȗȇȉȔȌȔȏȦ ȏ ȘșȌȜȏȕȓȌșȗȏȞȌȘȑȏȌ 

ȘȕȕșȔȕȟȌȔȏȦ. 

�  Ǿșȕ șȇȑȕȌ ȘșȌȜȏȕȓȌșȗȏȦ"

�  Ǳȇȑ ȖȗȕȏȎȉȕȋȦșȘȦ ȘșȌȜȏȕȓȌșȗȏȞȌȘȑȏȌ ȗȇȘȞȧșȢ"

ǶȌȗȌȖȏȟȏșȌ șȇȈȒȏȝȚ ȉ șȌșȗȇȋȣ ȏ ȋȕȖȕȒȔȏșȌ Ȍȧ,  ȏȘȖȕȒȣȎȚȦ ȘȕȕșȔȕȟȌȔȏȌ ȑȕȤțțȏȝȏȌȔșȕȉ                

ȉ ȚȗȇȉȔȌȔȏȏ ȗȌȇȑȝȏȏ ȊȕȗȌȔȏȦ ȉȕȋȕȗȕȋȇ.

Ǳȇȑ ȗȇȘȘȞȏșȇșȣ ȑȕȒȏȞȌȘșȉȇ ȉȌȠȌȘșȉ ȉ ȗȌȇȑȝȏȏ ȊȕȗȌȔȏȦ ȉȕȋȕȗȕȋȇ"

O  (ȓȕȒȣ)2 H O (ȓȕȒȣ)2

ǶȗȕȋȚȑșȢ ȗȌȇȑȝȏȏǷȌȇȊȏȗȚȥȠȏȌ ȉȌȠȌȘșȉȇ

H  (ȓȕȒȣ)2

4

0,5

3

ǶȗȕȋȚȑș ȗȌȇȑȝȏȏǷȌȇȊȏȗȚȥȠȏȌ ȉȌȠȌȘșȉȇ

H  2

3
12 ȋȓ  (20°C ȏ 1 ȇșȓ) 

... Ȋȗȇȓȓ

... ȓȕȒȣ

ǱȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉ ȓȕȍȔȕ șȇȑȍȌ ȉȢȗȇȎȏșȣ ȞȌȗȌȎ ȕȈȡȧȓ ȏ ȓȇȘȘȚ, ȏȘȖȕȒȣȎȚȦ ȋȒȦ ȤșȕȊȕ ȘȕȕșȔȕȟȌȔȏȌ 

ȑȕȤțțȏȝȏȌȔșȕȉ. ǶȌȗȌȖȏȟȏșȌ ȉ șȌșȗȇȋȣ ȏ ȋȕȖȕȒȔȏșȌ ȘȒȌȋȚȥȠȚȥ șȇȈȒȏȝȚ.

O  2

... ȓȕȒȣ

6,4 Ȋȗȇȓȓ 
3... ȋȓ  (20°C ȏ 1 ȇșȓ)  

H O 2

... Ȋȗȇȓȓ

... ȓȕȒȣ

72 Ȋȗȇȓȓ

ǵȈȘȚȋȏșȌ�

�� ǩ ȑȇȑȕȓ ȖȕȗȦȋȑȌ ȘȒȌȋȚȌș ȉȢȖȕȒȔȦșȣ ȗȇȘȞȧșȢ Ȗȕ ȜȏȓȏȞȌȘȑȏȓ ȚȗȇȉȔȌȔȏȦȓ"

�� ǱȇȑȕȌ ȚȘȒȕȉȏȌ ȋȕȒȍȔȕ ȉȢȖȕȒȔȦșȣȘȦ� ȞșȕȈȢ ȋȇȔȔȕȌ ȑȕȒȏȞȌȘșȉȕ ȏȘȜȕȋȔȕȊȕ ȉȌȠȌȘșȉȇ 

ȖȕȒȔȕȘșȣȥ ȉȘșȚȖȏȒȕ ȉ ȗȌȇȑȝȏȥ"

ǵȘȔȕȉȢȉȇȦȘȣ Ȕȇ ȘșȌȜȏȕȓȌșȗȏȏ, ȓȕȍȔȕ ȗȇȘȘȞȏșȇșȣ ȓȇȘȘȚ, ȞȏȘȒȕ ȓȕȒȌȑȚȒ ȏ ȕȈȡȧȓ (ȊȇȎȕȉ) ȏȘȜȕȋȔȢȜ 

ȉȌȠȌȘșȉ ȏ ȖȗȕȋȚȑșȕȉ. ǫȒȦ ȉȢȖȕȒȔȌȔȏȦ ȤșȏȜ ȗȇȘȞȧșȕȉ ȔȌȕȈȜȕȋȏȓȕ ȘȕȈȒȥȋȇșȣ
ȘȒȌȋȚȥȠȏȐ ȖȕȗȦȋȕȑ:

1. ǸȔȇȞȇȒȇ ȎȇȖȏȘȢȉȇȌșȘȦ ȚȗȇȉȔȌȔȏȌ ȘȕȕșȉȌșȘșȉȚȥȠȌȐ ȗȌȇȑȝȏȏ�
2. ǩ ȘȕȕșȉȌșȘșȉȏȏ Ș ȚȗȇȉȔȌȔȏȌȓ ȎȇȖȏȘȢȉȇȌșȘȦ ȑȕȒȏȞȌȘșȉȕ ȗȌȇȊȏȗȚȥȠȏȜ ȏ ȖȕȒȚȞȌȔȔȢȜ ȉ 

ȗȌȎȚȒȣșȇșȌ ȗȌȇȑȝȏȏ ȉȌȠȌȘșȉ (ȓȇȘȘȇ, ȞȏȘȒȕ ȓȕȒȣ, ȕȈȡȧȓ ȏ ș. ȋ.) 
3. Ǵȇ ȕȘȔȕȉȇȔȏȏ ȖȗȏȉȌȋȧȔȔȢȜ ȋȇȔȔȢȜ ȗȇȘȘȞȏșȢȉȇȌșȘȦ ȑȕȒȏȞȌȘșȉȕ ȗȌȇȊȏȗȚȥȠȏȜ ȏ  

ȖȕȒȚȞȌȔȔȢȜ ȉ ȗȌȎȚȒȣșȇșȌ ȗȌȇȑȝȏȏ ȉȌȠȌȘșȉ.                                                                                                
ǷȇȘȘȓȕșȗȏȓ ȔȌȘȑȕȒȣȑȕ ȖȗȏȓȌȗȕȉ ȗȇȘȞȧșȕȉ Ȗȕ ȜȏȓȏȞȌȘȑȏȓ ȚȗȇȉȔȌȔȏȦȓ.

Ǳȇȑ ȉȢ ȚȎȔȇȒȏ ȏȎ ȖȗȌȋȢȋȚȠȌȐ șȌȓȢ, 1 ȓȕȒȣ ȒȥȈȕȊȕ ȊȇȎȇ Ȗȗȏ șȌȓȖȌȗȇșȚȗȌ 20°Ǹ ȏ ȋȇȉȒȌȔȏȏ 1 ȇșȓ 
3ȎȇȔȏȓȇȌș ȕȈȡȌȓ 24 ȋȓ . ǸȕȊȒȇȘȔȕ ȎȇȑȕȔȚ ǧȉȕȊȇȋȗȕ, ȉ ȗȇȉȔȢȜ ȕȈȡȧȓȇȜ ȊȇȎȕȉ Ȗȗȏ ȕȋȏȔȇȑȕȉȢȜ 

ȋȇȉȒȌȔȏȏ ȏ șȌȓȖȌȗȇșȚȗȌ ȘȕȋȌȗȍȏșȘȦ ȕȋȏȔȇȑȕȉȕȌ ȞȏȘȒȕ ȓȕȒȌȑȚȒ. ǵșȘȥȋȇ ȘȒȌȋȚȌș, Ȟșȕ ȕȈȡȧȓȢ ȊȇȎȕȉ 

ȖȗȦȓȕ ȖȗȕȖȕȗȝȏȕȔȇȒȣȔȢ ȞȏȘȒȚ ȓȕȒȌȐ. ǩ ȜȏȓȏȞȌȘȑȏȜ ȗȌȇȑȝȏȦȜ Ș ȚȞȇȘșȏȌȓ ȊȇȎȕȕȈȗȇȎȔȢȜ ȉȌȠȌȘșȉ 

ȓȕȒȣȔȕȌ ȕșȔȕȟȌȔȏȌ ȊȇȎȕȉ ȗȇȉȔȕ ȏȜ ȕȈȡȧȓȔȕȓȚ ȕșȔȕȟȌȔȏȥ. Ƕȗȏ ȏȎȚȞȌȔȏȏ ȜȏȓȏȞȌȘȑȏȜ ȗȌȇȑȝȏȐ 

ȓȌȍȋȚ ȊȇȎȕȕȈȗȇȎȔȢȓȏ ȉȌȠȌȘșȉȇȓȏ ȈȢȒ ȚȘșȇȔȕȉȒȌȔ ȎȇȑȕȔ ȕȈȡȧȓȔȢȜ ȕșȔȕȟȌȔȏȐ. 
ǮȇȑȕȔ ȕȈȡȧȓȔȢȜ ȕșȔȕȟȌȔȏȐ ȊȒȇȘȏș:

1. ǸȑȕȒȣȑȕ Ȋȗȇȓȓȕȉ  ȉȕȋȢ ȕȈȗȇȎȚȌșȘȦ Ȗȗȏ 

ȖȕȒȔȕȓ ȘȊȕȗȇȔȏȏ ȉȕȋȕȗȕȋȇ, ȎȇȔȏȓȇȥȠȌȊȕ 
3ȕȈȡȧȓ 12 ȋȓ  Ȗȗȏ 20°C ȏ ȋȇȉȒȌȔȏȏ 1 ȇșȓ?                 

ǷȌȟȌȔȏȌ�
2H  + O  ⟶ 2H O2 2 2

2 Ã 24

3
12 ȋȓ

2 Ã 18

x Ȋȗȇȓȓ

3  12 ȋȓ –––––––––––– x Ȋ
348 ȋȓ  –––––––––––– 36 Ȋ

x = –––––– = 9 Ȋ (H O)2

12 Ã 36

48

3. ǷȇȘȘȞȏșȇȐșȌ ȓȇȘȘȚ (Ȋ) șȉȧȗȋȕȊȕ ȕȘșȇșȑȇ, 

ȖȕȒȚȞȌȔȔȕȊȕ Ȗȗȏ ȗȇȎȒȕȍȌȔȏȏ 16,8 Ȋ 

ȊȏȋȗȕȑȇȗȈȕȔȇșȇ ȔȇșȗȏȦ.

Ƕȗȏ ȖȕȒȔȕȓ ȗȇȎȒȕȍȌȔȏȏ ȊȏȋȗȕȑȇȗȈȕȔȇșȇ ȔȇșȗȏȦ 

ȉȢȋȌȒȦȥșȘȦ ȚȊȒȌȑȏȘȒȢȐ ȊȇȎ ȏ ȖȇȗȢ ȉȕȋȢ, ȇ șȉȧȗȋȢȐ 

ȕȘșȇșȕȑ ȦȉȒȦȌșȘȦ ȑȇȗȈȕȔȇșȕȓ ȔȇșȗȏȦ. 

2NaHCO  ⟶ Na CO  + CO + H O3 2 3 2 2

16,8 Ȋȗȇȓȓ

2 Ã 84

x Ȋȗȇȓȓ

106

16,8 Ȋ –––––––––––– x Ȋ

168 Ȋ –––––––––––– 106 Ȋ

x = ––––––––– = 10,6 Ȋ (Na CO )2 3

16,8 Ã 106

168

2. Ƕȗȏ ȖȕȒȔȕȓ ȘȊȕȗȇȔȏȏ  ȘȌȗȕȉȕȋȕȗȕȋȇ  

ȈȢȒȕ ȖȕȒȚȞȌȔȕ 0,5 ȓȕȒȣ ȕȑȘȏȋȇ ȘȌȗȢ (I9). 
3ǷȇȘȘȞȏșȇȐșȌ ȕȈȡȧȓ (ȋȓ ) ȑȏȘȒȕȗȕȋȇ, 

ȏȎȗȇȘȜȕȋȕȉȇȔȔȕȊȕ Ȕȇ ȊȕȗȌȔȏȌ (20°C ȏ 1 ȇșȓ). 

ǷȌȟȌȔȏȌ�

ǷȌȟȌȔȏȌ�

3  x ȋȓ –––––––––––– 0,5 ȓȕȒȣ
372 ȋȓ  –––––––––––– 2 ȓȕȒȣ

3x = –––––– = 18 ȋȓ  (ǵ )2

72 Ã 0,5

2

2H S + 3O  ⟶ 2SO  + 2H O2 2 2 2

3x ȋȓ  

72 2

0,5 ȓȕȒȣ

Ƕȗȏ ȕȋȏȔȇȑȕȉȢȜ ȚȘȒȕȉȏȦȜ (șȌȓȖȌȗȇșȚȗȌ ȏ ȋȇȉȒȌȔȏȏ) ȕȈȡȧȓȢ ȊȇȎȕȉ, ȉȘșȚȖȇȥȠȏȜ ȉ ȗȌȇȑȝȏȥ 

ȏ ȕȈȗȇȎȚȥȠȏȜȘȦ ȉ ȜȕȋȌ ȗȌȇȑȝȏȏ, ȕșȔȕȘȦșȘȦ ȋȗȚȊ ȑ ȋȗȚȊȚ ȑȇȑ ȔȌȈȕȒȣȟȏȌ ȝȌȒȢȌ ȞȏȘȒȇ.

2ǷȇȘȞȧșȢ Ȗȕ ȜȏȓȏȞȌȘȑȏȓ țȕȗȓȚȒȇȓ ȏ ȚȗȇȉȔȌȔȏȦȓ ǾȇȘșȣ I

ȘșȌȜȏȕȓȌșȗȏȦ, 

ȎȇȑȕȔ ȕȈȡȧȓȔȢȜ 

ȕșȔȕȟȌȔȏȐ, 

ȒȏȓȏșȏȗȚȥȠȌȌ 

ȉȌȠȌȘșȉȕ

ǱȒȥ-
ȞȌȉȢȌ 
ȘȒȕȉȇ

ǶǷǯǳǬǷ �
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Ȍ
Ȧ
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Ȓ
ȣ
Ȕ

ȕ
Șș

ȣ
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ǴȇȖȗȏȓȌȗ:

2CO + O  ⟶ 2CO2 2

Ǳȇȑ ȉȏȋȔȕ ȏȎ ȚȗȇȉȔȌȔȏȦ ȗȌȇȑȝȏȏ, 2 ȓȕȒȣ ȓȕȔȕȕȑȘȏȋȇ ȚȊȒȌȗȕȋȇ ȗȌȇȊȏȗȚȥș Ș 1 ȓȕȒȣ 

ȑȏȘȒȕȗȕȋȇ Ș ȕȈȗȇȎȕȉȇȔȏȌȓ 2 ȓȕȒȣ ȋȏȕȑȘȏȋȇ ȚȊȒȌȗȕȋȇ. ǩ șȕ ȍȌ ȉȗȌȓȦ ȓȕȍȔȕ 

ȚșȉȌȗȍȋȇșȣ, Ȟșȕ 2 ȕȈȡȧȓȇ ȓȕȔȕȕȑȘȏȋȇ ȚȊȒȌȗȕȋȇ ȗȌȇȊȏȗȚȥș Ș 1 ȕȈȡȧȓȕȓ ȑȏȘȒȕȗȕȋȇ Ș 

ȕȈȗȇȎȕȉȇȔȏȌȓ 2 ȕȈȡȧȓȕȉ ȋȏȕȑȘȏȋȇ ȚȊȒȌȗȕȋȇ. ǸȒȌȋȕȉȇșȌȒȣȔȕ, ȕȈȡȧȓȔȕȌ ȕșȔȕȟȌȔȏȌ 

ȊȇȎȕȉ, ȚȞȇȘșȉȚȥȠȏȜ ȏ ȕȈȗȇȎȚȥȠȏȜȘȦ ȉ ȤșȕȐ ȗȌȇȑȝȏȏ, ȘȕȘșȇȉȒȦȌș  2 : 1 : 2.

ǧȓȓȏȇȑ ȖȕȒȚȞȇȥș ȗȌȇȑȝȏȌȐ 

ȉȎȇȏȓȕȋȌȐȘșȉȏȦ ȇȎȕșȇ Ș ȉȕȋȕȗȕȋȕȓ. 
3ǷȇȘȘȞȏșȇȐșȌ ȕȈȡȧȓ ( ȋȓ , 20°C ȏ 1 ȇșȓ) 

ȇȓȓȏȇȑȇ, ȖȕȒȚȞȌȔȔȕȊȕ Ȗȗȏ ȗȌȇȑȝȏȏ 

ȉȎȇȏȓȕȋȌȐȘșȉȏȦ ȉȕȋȕȗȕȋȇ ȕȈȡȧȓȕȓ 
348 ȋȓ  (20°C ȏ 1 ȇșȓ) Ș ȇȎȕșȕȓ. 

32. ǸȍȏȊȇȥș ȘȓȌȘȣ, ȘȕȘșȕȦȠȚȥ ȏȎ 20 ȋȓ  
3ȓȌșȇȔȇ ȏ 50 ȋȓ  ȑȏȘȒȕȗȕȋȇ (ȕȈȡȧȓȢ 

ȊȇȎȕȉ ȖȗȏȉȌȋȌȔȢ Ȗȗȏ 20°C ȏ 1 ȇșȓ). 

ǯȘȜȕȋȦ ȏȎ ȚȗȇȉȔȌȔȏȦ ȗȌȇȑȝȏȏ ȊȕȗȌȔȏȦ 

ȓȌșȇȔȇ (CH  + 2O  → CO  + 2H O), 4 2 2 2

3
ȗȇȘȘȞȏșȇȐșȌ ȕȈȡȧȓ (ȉ ȋȓ , 20°C ȏ 1 ȇșȓ) 

ȖȕȒȚȞȌȔȔȕȊȕ Ȗȗȏ ȊȕȗȌȔȏȏ ȓȌșȇȔȇ 

ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ.

ǷȌȟȌȔȏȌ�

ǷȌȟȌȔȏȌ�

N  + 3H  ⟶ 2NH2 2 3

t

Ǳȇȑ ȉȏȋȔȕ ȏȎ ȚȗȇȉȔȌȔȏȦ, ȏȎ 3 ȓȕȒȣ ȉȕȋȕȗȕȋȇ ȕȈȗȇȎȚȌșȘȦ 2 

ȓȕȒȣ ȇȓȓȏȇȑȇ. ǸȕȕșȉȌșȘșȉȌȔȔȕ, ȏȎ 3 ȕȈȡȧȓȕȉ ȉȕȋȕȗȕȋȇ 

ȕȈȗȇȎȚȌșȘȦ  2 ȕȈȡȧȓȇ ȇȓȓȏȇȑȇ. ǶȕȘȑȕȒȣȑȚ ȓȕȒȣȔȕȌ 

ȕșȔȕȟȌȔȏȌ ȊȇȎȕȉ ȗȇȉȔȕ ȏȜ ȕȈȡȧȓȔȕȓȚ ȕșȔȕȟȌȔȏȥ, Ȕȇ 

ȕȘȔȕȉȇȔȏȏ ȚȗȇȉȔȌȔȏȦ ȗȌȇȑȝȏȏ ȓȢ ȓȕȍȌȓ ȎȇȖȏȘȇșȣ: 

39(NH ) = ––––––––– = –––––– = 32 ȋȓ3

2 Ã 9(H )2

3

2 Ã 48

3

–––––––– = ––
9(H )2

9(NH )3

3 

2

ǫȒȦ ȖȕȒȔȕȊȕ ȗȇȘȜȕȋȕȉȇȔȏȦ ȉ ȜȏȓȏȞȌȘȑȕȐ ȗȌȇȑȝȏȏ ȕȋȔȕȊȕ ȏȎ ȏȘȜȕȋȔȢȜ ȉȌȠȌȘșȉ 

ȋȗȚȊȕȌ ȉȌȠȌȘșȉȕ, ȑȇȑ ȖȗȇȉȏȒȕ, ȋȕȒȍȔȕ ȈȢșȣ ȉȎȦșȕ ȉ ȏȎȈȢșȑȌ. ǩȌȠȌȘșȉȕ, ȑȕșȕȗȕȌ 

ȖȕȒȔȕȘșȣȥ ȗȇȘȜȕȋȚȌșȘȦ ȉ ȜȏȓȏȞȌȘȑȕȐ ȗȌȇȑȝȏȏ, ȔȇȎȢȉȇȌșȘȦ ȒȏȓȏșȏȗȚȥȠȏȓ 

ȉȌȠȌȘșȉȕȓ. Ƕȗȏ Ȥșȕȓ ȑȕȒȏȞȌȘșȉȕ ȖȗȕȋȚȑșȇ ȗȌȇȑȝȏȏ ȗȇȘȘȞȏșȢȉȇȌșȘȦ Ȗȕ 

ȒȏȓȏșȏȗȚȥȠȌȓȚ ȉȌȠȌȘșȉȚ, ȇ ȕȖȗȌȋȌȒȧȔȔȢȐ ȏȎȈȢșȕȑ ȋȗȚȊȕȊȕ ȉȌȠȌȘșȉȇ ȕȘșȇȧșȘȦ 

ȖȕȘȒȌ ȗȌȇȑȝȏȏ ȔȌȖȗȕȗȌȇȊȏȗȕȉȇȉȟȏȓ. 

1. ǴȇȊȗȌȉȇȥș ȘȓȌȘȣ 4 Ȋ ȑȇȒȣȝȏȦ Ș 8 Ȋ 

ȘȌȗȢ.  ǮȔȇȦ, Ȟșȕ ȕȋȔȕ ȏȎ ȉȌȠȌȘșȉ 

ȗȇȘȜȕȋȚȌșȘȦ ȖȕȒȔȕȘșȣȥ, ȕȖȗȌȋȌȒȏșȌ 

ȉȌȠȌȘșȉȕ, ȑȕșȕȗȕȌ ȕȘșȇȧșȘȦ ȉ 

ȏȎȈȢșȑȌ, ȏ ȗȇȘȘȞȏșȇȐșȌ ȌȊȕ ȓȇȘȘȚ (Ȋ). 

Ca + S ⟶ CaS

Ǳȇȑ ȉȏȋȔȕ ȏȎ ȚȗȇȉȔȌȔȏȦ ȗȌȇȑȝȏȏ, ȑȇȒȣȝȏȐ ȏ ȘȌȗȇ ȉȘșȚȖȇȥș ȉ 

ȗȌȇȑȝȏȥ ȉ ȓȕȒȣȔȕȓ ȕșȔȕȟȌȔȏȏ 1 : 1. ǫȒȦ ȕȖȗȌȋȌȒȌȔȏȦ ȉȌȠȌȘșȉȇ, 

ȉȎȦșȕȊȕ ȉ ȏȎȈȢșȑȌ, ȉȢȞȏȘȒȏȓ ȞȏȘȒȕ ȓȕȒȌȐ  ȗȌȇȊȏȗȚȥȠȏȜ ȉȌȠȌȘșȉ 

Ȗȕ ȖȗȏȉȌȋȧȔȔȕȐ ȓȇȘȘȌ:

ǯȎ ȚȗȇȉȔȌȔȏȦ ȘȒȌȋȚȌș, Ȟșȕ 1 ȓȕȒȣ ȑȇȒȣȝȏȦ ȗȌȇȊȏȗȚȌș Ș 1 ȓȕȒȣ 

ȘȌȗȢ. ǹȕȊȋȇ Ȗȗȏ ȉȘșȚȖȒȌȔȏȏ ȉ ȗȌȇȑȝȏȥ 0,1 ȓȕȒȣ ȑȇȒȣȝȏȦ 

ȗȇȘȜȕȋȚȌșȘȦ ȘȕȕșȉȌșȘșȉȌȔȔȕ 0,1 ȓȕȒȣ ȘȌȗȢ, ȇ ȑȕȒȏȞȌȘșȉȕ 

ȕȘșȇȉȟȌȐȘȦ ȉ ȏȎȈȢșȑȌ ȘȌȗȢ ȘȕȘșȇȉȒȦȌș 0,25 – 0,1 = 0,15 ȓȕȒȣ. 

ǳȇȘȘȇ ȘȌȗȢ, ȕȘșȇȉȟȌȐȘȦ ȉ ȏȎȈȢșȑȌ, ȉȢȞȏȘȒȦȌșȘȦ ȑȇȑ ȖȕȑȇȎȇȔȕ 

ȔȏȍȌ:
m = n Ã M = 0,15 Ã 32 = 4,8 Ȋ.

Ǳȇȑ ȉȏȋȔȕ ȏȎ ȚȗȇȉȔȌȔȏȦ ȗȌȇȑȝȏȏ ȊȕȗȌȔȏȦ ȓȌșȇȔȇ, 1 ȕȈȡȧȓ CH   4

ȉȘșȚȖȇȌș ȉ ȗȌȇȑȝȏȥ Ș 2 ȕȈȡȧȓȇȓȏ O :2

3
9(O ) = 29(CH ) =  2 Ã 20 = 40 ȋȓ . 2 4

3
ǮȔȇȞȏș, ȉ ȏȘȜȕȋȔȕȐ ȘȓȌȘȏ ȓȌșȇȔ ȉȎȦș ȉ ȔȌȋȕȘșȇșȑȌ (20 ȋȓ ), 

ȖȕȤșȕȓȚ ȕȔ ȖȗȕȗȌȇȊȏȗȚȌș ȖȕȒȔȕȘșȣȥ. ǯȎ ȚȗȇȉȔȌȔȏȦ ȘȒȌȋȚȌș, Ȟșȕ 

Ȗȗȏ ȉȘșȚȖȒȌȔȏȏ ȉ ȗȌȇȑȝȏȥ 1 ȕȈȡȧȓȇ ȓȌșȇȔȇ ȕȈȗȇȎȚȌșȘȦ 1 ȕȈȡȧȓ 
3Ǹǵ . ǹȕȊȋȇ Ȗȗȏ ȉȘșȚȖȒȌȔȏȏ ȉ ȗȌȇȑȝȏȥ 20 ȋȓ  CH  ȖȕȒȚȞȏșȘȦ 2 4

3
ȘȕȕșȉȌșȘșȉȌȔȔȕ 20 ȋȓ  Cǵ .2

n(Ca) = ––– = ––– = 0,1 ȓȕȒȣ
m

M

4

40

n(S) = ––– = ––– = 0,25 ȓȕȒȣ
m

M

8

32

Примените полученные знания                                                                                                    
3 31. Ǵȇ ȘȊȕȗȇȔȏȌ 6 ȋȓ  ȔȌȏȎȉȌȘșȔȕȊȕ ȊȇȎȕȕȈȗȇȎȔȕȊȕ ȉȌȠȌȘșȉȇ ȈȢȒȕ ȏȎȗȇȘȜȕȋȕȉȇȔȕ 4,5 ȋȓ  ȑȏȘȒȕȗȕȋȇ, Ȗȗȏ 

3 3
Ȥșȕȓ ȉ ȗȌȎȚȒȣșȇșȌ ȗȌȇȑȝȏȏ ȕȈȗȇȎȕȉȇȒȕȘȣ 3 ȋȓ  ȇȎȕșȇ ȏ 9 ȋȓ  Ȗȇȗȕȉ ȉȕȋȢ (ȕȈȡȧȓȢ ȖȗȏȉȌȋȌȔȢ Ȗȗȏ 

ȕȋȏȔȇȑȕȉȢȜ ȚȘȒȕȉȏȦȜ). ǵȖȗȌȋȌȒȏșȌ țȕȗȓȚȒȚ ȔȌȏȎȉȌȘșȔȕȊȕ ȉȌȠȌȘșȉȇ.
32. Ƕȗȏ ȖȕȒȔȕȓ  ȗȇȎȒȕȍȌȔȏȏ 21 Ȋ  XCO  Ȗȕ ȚȗȇȉȔȌȔȏȥ XCO ⟶ XO + CO  ȈȢȒ ȖȕȒȚȞȌȔ Ǹǵ  ȕȈȡȧȓȕȓ 6 ȋȓ  3 3 2 2

(20°C ȏ 1 ȇșȓ). ǷȇȘȘȞȏșȇȐșȌ ȕșȔȕȘȏșȌȒȣȔȚȥ ȇșȕȓȔȚȥ ȓȇȘȘȚ Ǽ.

3. Ƕȗȏ ȔȇȊȗȌȉȇȔȏȏ ȗȇȉȔȢȜ ȓȇȘȘ ȓȇȊȔȏȦ ȏ ȘȌȗȢ ȈȢȒȕ ȖȕȒȚȞȌȔȕ 14 Ȋ MgS. ǷȇȘȘȞȏșȇȐșȌ ȓȇȘȘȚ (Ȋ) ȉȌȠȌȘșȉȇ, 

ȕȘșȇȉȟȌȊȕȘȦ ȉ ȏȎȈȢșȑȌ.

Проверьте полученные знания 

1. ǸȑȕȒȣȑȕ ȓȕȒȌȐ ȇȓȓȏȇȑȇ ȕȈȗȇȎȚȌșȘȦ, ȌȘȒȏ 2 ȓȕȒȣ ȇȎȕșȇ ȖȕȒȔȕȘșȣȥ ȖȗȕȗȌȇȊȏȗȚȌș Ș ȏȎȈȢșȑȕȓ 
ȉȕȋȕȗȕȋȇ?

3
2. ǷȇȘȘȞȏșȇȐșȌ ȕȈȡȧȓ ȑȏȘȒȕȗȕȋȇ (ȉ ȋȓ , 20°C ȏ 1 ȇșȓ), ȑȕșȕȗȢȐ ȗȇȘȜȕȋȚȌșȘȦ Ȗȗȏ ȖȕȒȔȕȓ ȘȊȕȗȇȔȏȏ 9 Ȋ 

ȇȒȥȓȏȔȏȦ. 
3. Ƕȗȏ ȘȊȕȗȇȔȏȏ ȤșȇȔȇ (C H ) ȕȈȗȇȎȚȥșȘȦ ȚȊȒȌȑȏȘȒȢȐ ȊȇȎ ȏ ȉȕȋȇ. Ƕȗȏ șȌȓȖȌȗȇșȚȗȌ 20°Ǹ ȏ ȋȇȉȒȌȔȏȏ 1 ȇșȓ 2 6

3 3
ȘȓȌȟȏȉȇȥș 10 ȋȓ  ȤșȇȔȇ ȏ 40 ȋȓ  ȑȏȘȒȕȗȕȋȇ, Ȗȗȏ Ȥșȕȓ ȕȋȏȔ ȏȎ ȊȇȎȕȉ ȉ ȜȕȋȌ ȗȌȇȑȝȏȏ ȊȕȗȌȔȏȦ 

3ȖȕȒȔȕȘșȣȥ ȗȇȘȜȕȋȚȌșȘȦ. ǵȖȗȌȋȌȒȏșȌ, ȑȇȑȕȐ ȊȇȎ ȕȘșȇȧșȘȦ ȉ ȏȎȈȢșȑȌ, ȏ ȗȇȘȘȞȏșȇȐșȌ ȌȊȕ ȕȈȡȧȓ (ȋȓ ) Ȗȗȏ 
20°Ǹ ȏ ȋȇȉȒȌȔȏȏ 1 ȇșȓ.

4. ǷȇȘȘȞȏșȇȐșȌ, ȑȇȑȚȥ ȓȇȑȘȏȓȇȒȣȔȚȥ ȓȇȘȘȚ (Ȋ) CaO ȓȕȍȔȕ ȖȕȒȚȞȏșȣ ȉ ȗȌȎȚȒȣșȇșȌ ȗȌȇȑȝȏȏ 
ȉȎȇȏȓȕȋȌȐȘșȉȏȦ 1 ȓȕȒȣ ȑȇȒȣȝȏȦ Ș 32 Ȋ ȑȏȘȒȕȗȕȋȇ.

5. Ƕȗȏ ȔȇȊȗȌȉȇȔȏȏ 7 Ȋ ȍȌȒȌȎȇ Ș 6 Ȋ ȘȌȗȢ ȕȈȗȇȎȚȌșȘȦ )eS, Ȗȗȏ Ȥșȕȓ ȕȋȔȕ ȏȎ ȏȘȜȕȋȔȢȜ ȉȌȠȌȘșȉ ȕȘșȇȧșȘȦ ȉ 
ȏȎȈȢșȑȌ. ǱȇȑȕȌ ȉȌȠȌȘșȉȕ ȏ ȑȇȑȇȦ ȌȊȕ ȓȇȘȘȇ (Ȋ) ȖȕșȗȌȈȚȌșȘȦ Ȕȇ șȕ, ȞșȕȈȢ ȉȌȠȌȘșȉȕ, ȕȘșȇȉȟȌȌȘȦ 
ȔȌȖȗȕȗȌȇȊȏȗȕȉȇȉȟȏȓ, ȖȕȒȔȕȘșȣȥ ȉȘșȚȖȏȒȕ ȉ ȗȌȇȑȝȏȥ?

Ǳȇȑ ȉȏȋȏȓ, ȘȌȗȇ ȈȢȒȇ ȉȎȦșȇ ȉ ȏȎȈȢșȑȌ, ȇ ȒȏȓȏșȏȗȚȥȠȏȓ ȉȌȠȌȘșȉȕȓ 

ȦȉȒȦȌșȘȦ ȑȇȒȣȝȏȐ. ǩ ȜȕȋȌ ȗȌȇȑȝȏȏ ȑȇȒȣȝȏȐ ȏȎȗȇȘȜȕȋȕȉȇȔ 

ȖȕȒȔȕȘșȣȥ, ȇ ȕȖȗȌȋȌȒȧȔȔȇȦ ȞȇȘșȣ ȘȌȗȢ ȕȘșȇȒȇȘȣ ȉ ȏȎȈȢșȑȌ.

2ǷȇȘȞȧșȢ Ȗȕ ȜȏȓȏȞȌȘȑȏȓ țȕȗȓȚȒȇȓ ȏ ȚȗȇȉȔȌȔȏȦȓ ǾȇȘșȣ I

ǶǷǯǳǬǷ �

ǶǷǯǳǬǷ � ǷȌȟȌȔȏȌ�
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ǴȇȖȗȏȓȌȗ:

2CO + O  ⟶ 2CO2 2

Ǳȇȑ ȉȏȋȔȕ ȏȎ ȚȗȇȉȔȌȔȏȦ ȗȌȇȑȝȏȏ, 2 ȓȕȒȣ ȓȕȔȕȕȑȘȏȋȇ ȚȊȒȌȗȕȋȇ ȗȌȇȊȏȗȚȥș Ș 1 ȓȕȒȣ 

ȑȏȘȒȕȗȕȋȇ Ș ȕȈȗȇȎȕȉȇȔȏȌȓ 2 ȓȕȒȣ ȋȏȕȑȘȏȋȇ ȚȊȒȌȗȕȋȇ. ǩ șȕ ȍȌ ȉȗȌȓȦ ȓȕȍȔȕ 

ȚșȉȌȗȍȋȇșȣ, Ȟșȕ 2 ȕȈȡȧȓȇ ȓȕȔȕȕȑȘȏȋȇ ȚȊȒȌȗȕȋȇ ȗȌȇȊȏȗȚȥș Ș 1 ȕȈȡȧȓȕȓ ȑȏȘȒȕȗȕȋȇ Ș 

ȕȈȗȇȎȕȉȇȔȏȌȓ 2 ȕȈȡȧȓȕȉ ȋȏȕȑȘȏȋȇ ȚȊȒȌȗȕȋȇ. ǸȒȌȋȕȉȇșȌȒȣȔȕ, ȕȈȡȧȓȔȕȌ ȕșȔȕȟȌȔȏȌ 

ȊȇȎȕȉ, ȚȞȇȘșȉȚȥȠȏȜ ȏ ȕȈȗȇȎȚȥȠȏȜȘȦ ȉ ȤșȕȐ ȗȌȇȑȝȏȏ, ȘȕȘșȇȉȒȦȌș  2 : 1 : 2.

ǧȓȓȏȇȑ ȖȕȒȚȞȇȥș ȗȌȇȑȝȏȌȐ 

ȉȎȇȏȓȕȋȌȐȘșȉȏȦ ȇȎȕșȇ Ș ȉȕȋȕȗȕȋȕȓ. 
3ǷȇȘȘȞȏșȇȐșȌ ȕȈȡȧȓ ( ȋȓ , 20°C ȏ 1 ȇșȓ) 

ȇȓȓȏȇȑȇ, ȖȕȒȚȞȌȔȔȕȊȕ Ȗȗȏ ȗȌȇȑȝȏȏ 

ȉȎȇȏȓȕȋȌȐȘșȉȏȦ ȉȕȋȕȗȕȋȇ ȕȈȡȧȓȕȓ 
348 ȋȓ  (20°C ȏ 1 ȇșȓ) Ș ȇȎȕșȕȓ. 

32. ǸȍȏȊȇȥș ȘȓȌȘȣ, ȘȕȘșȕȦȠȚȥ ȏȎ 20 ȋȓ  
3ȓȌșȇȔȇ ȏ 50 ȋȓ  ȑȏȘȒȕȗȕȋȇ (ȕȈȡȧȓȢ 

ȊȇȎȕȉ ȖȗȏȉȌȋȌȔȢ Ȗȗȏ 20°C ȏ 1 ȇșȓ). 

ǯȘȜȕȋȦ ȏȎ ȚȗȇȉȔȌȔȏȦ ȗȌȇȑȝȏȏ ȊȕȗȌȔȏȦ 

ȓȌșȇȔȇ (CH  + 2O  → CO  + 2H O), 4 2 2 2

3
ȗȇȘȘȞȏșȇȐșȌ ȕȈȡȧȓ (ȉ ȋȓ , 20°C ȏ 1 ȇșȓ) 

ȖȕȒȚȞȌȔȔȕȊȕ Ȗȗȏ ȊȕȗȌȔȏȏ ȓȌșȇȔȇ 

ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ.

ǷȌȟȌȔȏȌ�

ǷȌȟȌȔȏȌ�

N  + 3H  ⟶ 2NH2 2 3

t

Ǳȇȑ ȉȏȋȔȕ ȏȎ ȚȗȇȉȔȌȔȏȦ, ȏȎ 3 ȓȕȒȣ ȉȕȋȕȗȕȋȇ ȕȈȗȇȎȚȌșȘȦ 2 

ȓȕȒȣ ȇȓȓȏȇȑȇ. ǸȕȕșȉȌșȘșȉȌȔȔȕ, ȏȎ 3 ȕȈȡȧȓȕȉ ȉȕȋȕȗȕȋȇ 

ȕȈȗȇȎȚȌșȘȦ  2 ȕȈȡȧȓȇ ȇȓȓȏȇȑȇ. ǶȕȘȑȕȒȣȑȚ ȓȕȒȣȔȕȌ 

ȕșȔȕȟȌȔȏȌ ȊȇȎȕȉ ȗȇȉȔȕ ȏȜ ȕȈȡȧȓȔȕȓȚ ȕșȔȕȟȌȔȏȥ, Ȕȇ 

ȕȘȔȕȉȇȔȏȏ ȚȗȇȉȔȌȔȏȦ ȗȌȇȑȝȏȏ ȓȢ ȓȕȍȌȓ ȎȇȖȏȘȇșȣ: 

39(NH ) = ––––––––– = –––––– = 32 ȋȓ3

2 Ã 9(H )2

3

2 Ã 48

3

–––––––– = ––
9(H )2

9(NH )3

3 

2

ǫȒȦ ȖȕȒȔȕȊȕ ȗȇȘȜȕȋȕȉȇȔȏȦ ȉ ȜȏȓȏȞȌȘȑȕȐ ȗȌȇȑȝȏȏ ȕȋȔȕȊȕ ȏȎ ȏȘȜȕȋȔȢȜ ȉȌȠȌȘșȉ 

ȋȗȚȊȕȌ ȉȌȠȌȘșȉȕ, ȑȇȑ ȖȗȇȉȏȒȕ, ȋȕȒȍȔȕ ȈȢșȣ ȉȎȦșȕ ȉ ȏȎȈȢșȑȌ. ǩȌȠȌȘșȉȕ, ȑȕșȕȗȕȌ 

ȖȕȒȔȕȘșȣȥ ȗȇȘȜȕȋȚȌșȘȦ ȉ ȜȏȓȏȞȌȘȑȕȐ ȗȌȇȑȝȏȏ, ȔȇȎȢȉȇȌșȘȦ ȒȏȓȏșȏȗȚȥȠȏȓ 

ȉȌȠȌȘșȉȕȓ. Ƕȗȏ Ȥșȕȓ ȑȕȒȏȞȌȘșȉȕ ȖȗȕȋȚȑșȇ ȗȌȇȑȝȏȏ ȗȇȘȘȞȏșȢȉȇȌșȘȦ Ȗȕ 

ȒȏȓȏșȏȗȚȥȠȌȓȚ ȉȌȠȌȘșȉȚ, ȇ ȕȖȗȌȋȌȒȧȔȔȢȐ ȏȎȈȢșȕȑ ȋȗȚȊȕȊȕ ȉȌȠȌȘșȉȇ ȕȘșȇȧșȘȦ 

ȖȕȘȒȌ ȗȌȇȑȝȏȏ ȔȌȖȗȕȗȌȇȊȏȗȕȉȇȉȟȏȓ. 

1. ǴȇȊȗȌȉȇȥș ȘȓȌȘȣ 4 Ȋ ȑȇȒȣȝȏȦ Ș 8 Ȋ 

ȘȌȗȢ.  ǮȔȇȦ, Ȟșȕ ȕȋȔȕ ȏȎ ȉȌȠȌȘșȉ 

ȗȇȘȜȕȋȚȌșȘȦ ȖȕȒȔȕȘșȣȥ, ȕȖȗȌȋȌȒȏșȌ 

ȉȌȠȌȘșȉȕ, ȑȕșȕȗȕȌ ȕȘșȇȧșȘȦ ȉ 

ȏȎȈȢșȑȌ, ȏ ȗȇȘȘȞȏșȇȐșȌ ȌȊȕ ȓȇȘȘȚ (Ȋ). 

Ca + S ⟶ CaS

Ǳȇȑ ȉȏȋȔȕ ȏȎ ȚȗȇȉȔȌȔȏȦ ȗȌȇȑȝȏȏ, ȑȇȒȣȝȏȐ ȏ ȘȌȗȇ ȉȘșȚȖȇȥș ȉ 

ȗȌȇȑȝȏȥ ȉ ȓȕȒȣȔȕȓ ȕșȔȕȟȌȔȏȏ 1 : 1. ǫȒȦ ȕȖȗȌȋȌȒȌȔȏȦ ȉȌȠȌȘșȉȇ, 

ȉȎȦșȕȊȕ ȉ ȏȎȈȢșȑȌ, ȉȢȞȏȘȒȏȓ ȞȏȘȒȕ ȓȕȒȌȐ  ȗȌȇȊȏȗȚȥȠȏȜ ȉȌȠȌȘșȉ 

Ȗȕ ȖȗȏȉȌȋȧȔȔȕȐ ȓȇȘȘȌ:

ǯȎ ȚȗȇȉȔȌȔȏȦ ȘȒȌȋȚȌș, Ȟșȕ 1 ȓȕȒȣ ȑȇȒȣȝȏȦ ȗȌȇȊȏȗȚȌș Ș 1 ȓȕȒȣ 

ȘȌȗȢ. ǹȕȊȋȇ Ȗȗȏ ȉȘșȚȖȒȌȔȏȏ ȉ ȗȌȇȑȝȏȥ 0,1 ȓȕȒȣ ȑȇȒȣȝȏȦ 

ȗȇȘȜȕȋȚȌșȘȦ ȘȕȕșȉȌșȘșȉȌȔȔȕ 0,1 ȓȕȒȣ ȘȌȗȢ, ȇ ȑȕȒȏȞȌȘșȉȕ 

ȕȘșȇȉȟȌȐȘȦ ȉ ȏȎȈȢșȑȌ ȘȌȗȢ ȘȕȘșȇȉȒȦȌș 0,25 – 0,1 = 0,15 ȓȕȒȣ. 

ǳȇȘȘȇ ȘȌȗȢ, ȕȘșȇȉȟȌȐȘȦ ȉ ȏȎȈȢșȑȌ, ȉȢȞȏȘȒȦȌșȘȦ ȑȇȑ ȖȕȑȇȎȇȔȕ 

ȔȏȍȌ:
m = n Ã M = 0,15 Ã 32 = 4,8 Ȋ.

Ǳȇȑ ȉȏȋȔȕ ȏȎ ȚȗȇȉȔȌȔȏȦ ȗȌȇȑȝȏȏ ȊȕȗȌȔȏȦ ȓȌșȇȔȇ, 1 ȕȈȡȧȓ CH   4

ȉȘșȚȖȇȌș ȉ ȗȌȇȑȝȏȥ Ș 2 ȕȈȡȧȓȇȓȏ O :2

3
9(O ) = 29(CH ) =  2 Ã 20 = 40 ȋȓ . 2 4

3
ǮȔȇȞȏș, ȉ ȏȘȜȕȋȔȕȐ ȘȓȌȘȏ ȓȌșȇȔ ȉȎȦș ȉ ȔȌȋȕȘșȇșȑȌ (20 ȋȓ ), 

ȖȕȤșȕȓȚ ȕȔ ȖȗȕȗȌȇȊȏȗȚȌș ȖȕȒȔȕȘșȣȥ. ǯȎ ȚȗȇȉȔȌȔȏȦ ȘȒȌȋȚȌș, Ȟșȕ 

Ȗȗȏ ȉȘșȚȖȒȌȔȏȏ ȉ ȗȌȇȑȝȏȥ 1 ȕȈȡȧȓȇ ȓȌșȇȔȇ ȕȈȗȇȎȚȌșȘȦ 1 ȕȈȡȧȓ 
3Ǹǵ . ǹȕȊȋȇ Ȗȗȏ ȉȘșȚȖȒȌȔȏȏ ȉ ȗȌȇȑȝȏȥ 20 ȋȓ  CH  ȖȕȒȚȞȏșȘȦ 2 4

3
ȘȕȕșȉȌșȘșȉȌȔȔȕ 20 ȋȓ  Cǵ .2

n(Ca) = ––– = ––– = 0,1 ȓȕȒȣ
m

M

4

40

n(S) = ––– = ––– = 0,25 ȓȕȒȣ
m

M

8

32

Примените полученные знания                                                                                                    
3 31. Ǵȇ ȘȊȕȗȇȔȏȌ 6 ȋȓ  ȔȌȏȎȉȌȘșȔȕȊȕ ȊȇȎȕȕȈȗȇȎȔȕȊȕ ȉȌȠȌȘșȉȇ ȈȢȒȕ ȏȎȗȇȘȜȕȋȕȉȇȔȕ 4,5 ȋȓ  ȑȏȘȒȕȗȕȋȇ, Ȗȗȏ 

3 3
Ȥșȕȓ ȉ ȗȌȎȚȒȣșȇșȌ ȗȌȇȑȝȏȏ ȕȈȗȇȎȕȉȇȒȕȘȣ 3 ȋȓ  ȇȎȕșȇ ȏ 9 ȋȓ  Ȗȇȗȕȉ ȉȕȋȢ (ȕȈȡȧȓȢ ȖȗȏȉȌȋȌȔȢ Ȗȗȏ 

ȕȋȏȔȇȑȕȉȢȜ ȚȘȒȕȉȏȦȜ). ǵȖȗȌȋȌȒȏșȌ țȕȗȓȚȒȚ ȔȌȏȎȉȌȘșȔȕȊȕ ȉȌȠȌȘșȉȇ.
32. Ƕȗȏ ȖȕȒȔȕȓ  ȗȇȎȒȕȍȌȔȏȏ 21 Ȋ  XCO  Ȗȕ ȚȗȇȉȔȌȔȏȥ XCO ⟶ XO + CO  ȈȢȒ ȖȕȒȚȞȌȔ Ǹǵ  ȕȈȡȧȓȕȓ 6 ȋȓ  3 3 2 2

(20°C ȏ 1 ȇșȓ). ǷȇȘȘȞȏșȇȐșȌ ȕșȔȕȘȏșȌȒȣȔȚȥ ȇșȕȓȔȚȥ ȓȇȘȘȚ Ǽ.

3. Ƕȗȏ ȔȇȊȗȌȉȇȔȏȏ ȗȇȉȔȢȜ ȓȇȘȘ ȓȇȊȔȏȦ ȏ ȘȌȗȢ ȈȢȒȕ ȖȕȒȚȞȌȔȕ 14 Ȋ MgS. ǷȇȘȘȞȏșȇȐșȌ ȓȇȘȘȚ (Ȋ) ȉȌȠȌȘșȉȇ, 

ȕȘșȇȉȟȌȊȕȘȦ ȉ ȏȎȈȢșȑȌ.

Проверьте полученные знания 

1. ǸȑȕȒȣȑȕ ȓȕȒȌȐ ȇȓȓȏȇȑȇ ȕȈȗȇȎȚȌșȘȦ, ȌȘȒȏ 2 ȓȕȒȣ ȇȎȕșȇ ȖȕȒȔȕȘșȣȥ ȖȗȕȗȌȇȊȏȗȚȌș Ș ȏȎȈȢșȑȕȓ 
ȉȕȋȕȗȕȋȇ?

3
2. ǷȇȘȘȞȏșȇȐșȌ ȕȈȡȧȓ ȑȏȘȒȕȗȕȋȇ (ȉ ȋȓ , 20°C ȏ 1 ȇșȓ), ȑȕșȕȗȢȐ ȗȇȘȜȕȋȚȌșȘȦ Ȗȗȏ ȖȕȒȔȕȓ ȘȊȕȗȇȔȏȏ 9 Ȋ 

ȇȒȥȓȏȔȏȦ. 
3. Ƕȗȏ ȘȊȕȗȇȔȏȏ ȤșȇȔȇ (C H ) ȕȈȗȇȎȚȥșȘȦ ȚȊȒȌȑȏȘȒȢȐ ȊȇȎ ȏ ȉȕȋȇ. Ƕȗȏ șȌȓȖȌȗȇșȚȗȌ 20°Ǹ ȏ ȋȇȉȒȌȔȏȏ 1 ȇșȓ 2 6

3 3
ȘȓȌȟȏȉȇȥș 10 ȋȓ  ȤșȇȔȇ ȏ 40 ȋȓ  ȑȏȘȒȕȗȕȋȇ, Ȗȗȏ Ȥșȕȓ ȕȋȏȔ ȏȎ ȊȇȎȕȉ ȉ ȜȕȋȌ ȗȌȇȑȝȏȏ ȊȕȗȌȔȏȦ 

3ȖȕȒȔȕȘșȣȥ ȗȇȘȜȕȋȚȌșȘȦ. ǵȖȗȌȋȌȒȏșȌ, ȑȇȑȕȐ ȊȇȎ ȕȘșȇȧșȘȦ ȉ ȏȎȈȢșȑȌ, ȏ ȗȇȘȘȞȏșȇȐșȌ ȌȊȕ ȕȈȡȧȓ (ȋȓ ) Ȗȗȏ 
20°Ǹ ȏ ȋȇȉȒȌȔȏȏ 1 ȇșȓ.

4. ǷȇȘȘȞȏșȇȐșȌ, ȑȇȑȚȥ ȓȇȑȘȏȓȇȒȣȔȚȥ ȓȇȘȘȚ (Ȋ) CaO ȓȕȍȔȕ ȖȕȒȚȞȏșȣ ȉ ȗȌȎȚȒȣșȇșȌ ȗȌȇȑȝȏȏ 
ȉȎȇȏȓȕȋȌȐȘșȉȏȦ 1 ȓȕȒȣ ȑȇȒȣȝȏȦ Ș 32 Ȋ ȑȏȘȒȕȗȕȋȇ.

5. Ƕȗȏ ȔȇȊȗȌȉȇȔȏȏ 7 Ȋ ȍȌȒȌȎȇ Ș 6 Ȋ ȘȌȗȢ ȕȈȗȇȎȚȌșȘȦ )eS, Ȗȗȏ Ȥșȕȓ ȕȋȔȕ ȏȎ ȏȘȜȕȋȔȢȜ ȉȌȠȌȘșȉ ȕȘșȇȧșȘȦ ȉ 
ȏȎȈȢșȑȌ. ǱȇȑȕȌ ȉȌȠȌȘșȉȕ ȏ ȑȇȑȇȦ ȌȊȕ ȓȇȘȘȇ (Ȋ) ȖȕșȗȌȈȚȌșȘȦ Ȕȇ șȕ, ȞșȕȈȢ ȉȌȠȌȘșȉȕ, ȕȘșȇȉȟȌȌȘȦ 
ȔȌȖȗȕȗȌȇȊȏȗȕȉȇȉȟȏȓ, ȖȕȒȔȕȘșȣȥ ȉȘșȚȖȏȒȕ ȉ ȗȌȇȑȝȏȥ?

Ǳȇȑ ȉȏȋȏȓ, ȘȌȗȇ ȈȢȒȇ ȉȎȦșȇ ȉ ȏȎȈȢșȑȌ, ȇ ȒȏȓȏșȏȗȚȥȠȏȓ ȉȌȠȌȘșȉȕȓ 

ȦȉȒȦȌșȘȦ ȑȇȒȣȝȏȐ. ǩ ȜȕȋȌ ȗȌȇȑȝȏȏ ȑȇȒȣȝȏȐ ȏȎȗȇȘȜȕȋȕȉȇȔ 

ȖȕȒȔȕȘșȣȥ, ȇ ȕȖȗȌȋȌȒȧȔȔȇȦ ȞȇȘșȣ ȘȌȗȢ ȕȘșȇȒȇȘȣ ȉ ȏȎȈȢșȑȌ.

2ǷȇȘȞȧșȢ Ȗȕ ȜȏȓȏȞȌȘȑȏȓ țȕȗȓȚȒȇȓ ȏ ȚȗȇȉȔȌȔȏȦȓ ǾȇȘșȣ I

ǶǷǯǳǬǷ �

ǶǷǯǳǬǷ � ǷȌȟȌȔȏȌ�
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2.4  ǩȢȜȕȋ ȜȏȓȏȞȌȘȑȏȜ ȗȌȇȑȝȏȐ

ǫȒȦ ȕȝȌȔȑȏ ȑȕȒȏȞȌȘșȉȇ ȖȗȕȋȚȑșȇ, ȖȕȒȚȞȌȔȔȕȊȕ ȉ ȜȕȋȌ ȗȌȇȑȝȏȏ, ȏ ȏȎȓȌȗȌȔȏȦ Ȍȧ ȤțțȌȑșȏȉȔȕȘșȏ 

ȏȘȖȕȒȣȎȚȥș ȖȕȔȦșȏȌ �ȉȢȜȕȋ ȜȏȓȏȞȌȘȑȕȐ ȗȌȇȑȝȏȏ�. ǱȕȒȏȞȌȘșȉȕ ȖȗȕȋȚȑșȇ, ȗȇȘȘȞȏșȇȔȔȕȌ Ȗȕ 

ȚȗȇȉȔȌȔȏȥ ȜȏȓȏȞȌȘȑȕȐ ȗȌȇȑȝȏȏ, ȖȗȏȔȏȓȇȌșȘȦ Ȏȇ 100� ȏ ȔȇȎȢȉȇȌșȘȦ șȌȕȗȌșȏȞȌȘȑȏȓ ȉȢȜȕȋȕȓ. 

ǱȕȒȏȞȌȘșȉȕ ȖȗȕȋȚȑșȇ, ȗȌȇȒȣȔȕ ȖȕȒȚȞȌȔȔȕȌ ȉ ȜȏȓȏȞȌȘȑȕȐ ȗȌȇȑȝȏȏ, ȕȈȢȞȔȕ ȓȌȔȣȟȌ șȌȕȗȌșȏȞȌȘȑȏ 

ȉȕȎȓȕȍȔȕȊȕ ȏ ȔȇȎȢȉȇȌșȘȦ ȖȗȇȑșȏȞȌȘȑȏȓ ȉȢȜȕȋȕȓ. ȄșȕȓȚ ȓȕȊȚș ȈȢșȣ ȗȇȎȔȢȌ ȖȗȏȞȏȔȢ:

– ȔȌȕȖșȏȓȇȒȣȔȢȌ ȚȘȒȕȉȏȦ ȗȌȇȑȝȏȏ (ȔȌȖȗȇȉȏȒȣȔȢȐ ȉȢȈȕȗ ȋȇȉȒȌȔȏȦ, șȌȓȖȌȗȇșȚȗȢ, 

ȑȇșȇȒȏȎȇșȕȗȇ)�

– ȔȌȖȕȒȔȕȌ ȎȇȉȌȗȟȌȔȏȌ ȗȌȇȑȝȏȏ (ȉȘȌ ȏȘȜȕȋȔȢȌ ȉȌȠȌȘșȉȇ ȗȌȇȊȏȗȚȥș ȔȌ ȖȕȒȔȕȘșȣȥ ȏ ȞȇȘșȏȞȔȕ 

ȕȘșȇȥșȘȦ ȖȕȘȒȌ ȗȌȇȑȝȏȏ)� 

– ȖȗȕșȌȑȇȔȏȌ ȖȕȈȕȞȔȢȜ ȗȌȇȑȝȏȐ (Ȗȗȏ Ȥșȕȓ ȞȇȘșȣ ȘȢȗȣȦ ȖȗȌȉȗȇȠȇȌșȘȦ ȉ ȋȗȚȊȕȐ, ȔȌȝȌȒȌȉȕȐ, 

ȖȗȕȋȚȑș)�

– ȔȏȎȑȇȦ ȘșȌȖȌȔȣ ȞȏȘșȕșȢ ȘȢȗȣȦ (ȘȢȗȣȧ ȘȕȋȌȗȍȏș ȖȗȏȓȌȘȏ ȋȗȚȊȏȜ ȉȌȠȌȘșȉ)�

– ȔȌșȕȞȔȕȌ ȏȎȓȌȗȌȔȏȌ ȑȕȒȏȞȌȘșȉȇ ȘȢȗȣȦ (ȔȏȎȑȇȦ șȕȞȔȕȘșȣ ȏȎȓȌȗȏșȌȒȣȔȢȜ ȖȗȏȈȕȗȕȉ ȏ ș.Ȗ.)�

– ȖȗȕȏȘȜȕȋȏș ȞȇȘșȏȞȔȇȦ ȖȕșȌȗȦ ȖȗȕȋȚȑșȇ (ȞȇȘșȣ ȖȗȕȋȚȑșȇ ȉ ȗȌȎȚȒȣșȇșȌ ȗȇȎȒȏȞȔȢȜ ȖȗȕȝȌȘȘȕȉ 

ȕșȋȌȒȦȌșȘȦ, ȔȇȖȗȏȓȌȗ, ȏȘȖȇȗȦȌșȘȦ).

ǶȗȇȑșȏȞȌȘȑȏȐ ȉȢȜȕȋ, ȗȇȘȘȞȏșȇȔȔȢȐ Ȗȕ ȑȇȑȕȓȚ-ȒȏȈȕ ȖȗȕȋȚȑșȚ, ȔȇȎȢȉȇȌșȘȦ  ȖȗȇȑșȏȞȌȘȑȏȓ 

ȉȢȜȕȋȕȓ ȖȗȕȋȚȑșȇ. ǶȗȇȑșȏȞȌȘȑȏȐ ȉȢȜȕȋ ȖȗȕȋȚȑșȇ ȉȢȗȇȍȇȌșȘȦ ȉ ȖȗȕȝȌȔșȇȜ, Ȗȗȏ ȌȊȕ ȗȇȘȞȧșȌ 

țȇȑșȏȞȌȘȑȕȌ ȑȕȒȏȞȌȘșȉȕ ȖȕȒȚȞȌȔȔȕȊȕ ȖȗȕȋȚȑșȇ ȗȌȇȑȝȏȏ ȋȌȒȏșȘȦ Ȕȇ ȌȊȕ șȌȕȗȌșȏȞȌȘȑȏ 

ȗȇȘȘȞȏșȇȔȔȕȌ ȑȕȒȏȞȌȘșȉȕ ȏ ȚȓȔȕȍȇȌșȘȦ Ȕȇ 100�.

ǶȗȌȋȘșȇȉȣșȌ, Ȟșȕ ȉȢ ȗȚȑȕȉȕȋȏșȌȒȣ ȖȗȌȋȖȗȏȦșȏȦ Ȗȕ ȖȗȕȏȎȉȕȋȘșȉȚ ȑȗȇȘȕȑ ȏȒȏ ȍȌ 

ȓȏȔȌȗȇȒȣȔȢȜ ȚȋȕȈȗȌȔȏȐ. ǩȌȗȕȦșȔȕ,  ȉ Ȥșȕȓ ȘȒȚȞȇȌ ȉȢ ȎȇȜȕșȌȒȏ ȈȢ ȖȕȒȚȞȇșȣ ȑȇȑ 

ȓȕȍȔȕ ȈȕȒȣȟȌ ȖȗȕȋȚȑșȇ Ȗȗȏ ȔȇȏȓȌȔȣȟȏȜ ȎȇșȗȇșȇȜ. Ǵȇ ȖȗȇȑșȏȑȌ ȑȕȒȏȞȌȘșȉȕ 

� Ǳȇȑ ȉȢ ȋȚȓȇȌșȌ� ȞȌȓ Ȥșȕ ȕȈȚȘȒȕȉȒȌȔȕ"

� Ǳȇȑ Ȥșȕș țȇȑșȕȗ ȋȕȒȍȌȔ ȚȞȏșȢȉȇșȣȘȦ Ȗȗȏ ȗȇȘȞȧșȇȜ"

ȖȗȕȋȚȑșȇ, ȖȕȒȚȞȇȌȓȕȊȕ ȉ ȜȕȋȌ ȜȏȓȏȞȌȘȑȏȜ ȗȌȇȑȝȏȐ, ȕȈȢȞȔȕ 

ȓȌȔȣȟȌ șȌȕȗȌșȏȞȌȘȑȏ ȉȕȎȓȕȍȔȕȊȕ ȎȔȇȞȌȔȏȦ, ȗȇȘȘȞȏșȇȔȔȕȊȕ 

Ȗȕ ȚȗȇȉȔȌȔȏȥ.

Ƕȗȏ ȉȎȇȏȓȕȋȌȐȘșȉȏȏ 6 ȓȕȒȣ ȉȕȋȕȗȕȋȇ Ș ȇȎȕșȕȓ ȈȢȒȕ ȖȕȒȚȞȌȔȕ 17 Ȋȗȇȓȓȕȉ ȇȓȓȏȇȑȇ. ǷȇȘȘȞȏșȇȐșȌ 

ȖȗȇȑșȏȞȌȘȑȏȐ ȉȢȜȕȋ (ȉ �) ȖȗȕȋȚȑșȇ.
ǷȌȟȌȔȏȌ�

ǩ ȖȗȕȓȢȟȒȌȔȔȢȜ ȖȗȕȝȌȘȘȇȜ ȞȏȘșȕșȇ ȖȗȕȋȚȑșȇ (ȕșȘȚșȘșȉȏȌ ȖȗȏȓȌȘȌȐ) ȏȓȌȌș ȈȕȒȣȟȕȌ ȎȔȇȞȌȔȏȌ. 

ǹȇȑ, ȔȇȒȏȞȏȌ ȖȗȏȓȌȘȌȐ ȉ ȖȏȠȌȉȢȜ ȖȗȕȋȚȑșȇȜ ȏ ଈଈȒȌȑȇȗȘșȉȌȔȔȢȜ ȖȗȌȖȇȗȇșȇȜ ȓȕȍȌș ȖȗȏȞȏȔȏșȣ 

ȉȗȌȋ ȕȗȊȇȔȏȎȓȚ ȞȌȒȕȉȌȑȇ. ǶȕȤșȕȓȚ ȈȕȒȣȟȕȌ ȎȔȇȞȌȔȏȌ Ȗȗȏȋȇȥș ȕȖȗȌȋȌȒȌȔȏȥ ȘșȌȖȌȔȏ ȞȏȘșȕșȢ 

ȖȗȕȋȚȑșȕȉ, ȖȕȒȚȞȇȌȓȢȜ ȉ ȗȌȎȚȒȣșȇșȌ ȖȗȕȓȢȟȒȌȔȔȢȜ ȖȗȕȝȌȘȘȕȉ.

ǶȗȏȔȇȋȒȌȍȔȕȘșȏ� ȜȏȓȏȞȌȘȑȏȐ ȘșȇȑȇȔ, ȉȕȗȕȔȑȇ, țȏȒȣșȗȕȉȇȒȣȔȇȦ ȈȚȓȇȊȇ, ȉȌȘȢ, ȘȖȏȗșȕȉȑȇ, 

ȘȕȒȦȔȇȦ ȑȏȘȒȕșȇ, Ȗȕȗȕȟȕȑ ȇȒȥȓȏȔȏȦ, ȘȕȋȌȗȍȇȠȏȐ ȖȗȏȓȌȘȣ Ȗȕȗȕȟȑȇ ȓȌȋȏ.

Ǽȕȋ ȗȇȈȕșȢ�

ǿȇȊ �� ǯȎȓȌȗȣșȌ Ȕȇ ȉȌȘȇȜ ȓȇȘȘȚ ȜȏȓȏȞȌȘȑȕȊȕ ȘșȇȑȇȔȇ. ǮȇșȌȓ ȖȕȓȌȘșȏșȌ ȉ ȘșȇȑȇȔ ȔȌȑȕșȕȗȕȌ 

ȑȕȒȏȞȌȘșȉȕ ȇȒȥȓȏȔȏȌȉȕȊȕ Ȗȕȗȕȟȑȇ, ȘȕȋȌȗȍȇȠȌȊȕ ȖȗȏȓȌȘȣ Ȗȕȗȕȟȑȇ ȓȌȋȏ, ȏ ȘȔȕȉȇ ȉȎȉȌȘȣșȌ ȌȊȕ 

Ǳȇȑ ȕȖȗȌȋȌȒȏșȣ ȘșȌȖȌȔȣ ȞȏȘșȕșȢ"

ǵȈȘȚȋȏșȌ�

�� ǱȇȑȇȦ ȗȌȇȑȝȏȦ ȖȗȕȏȎȕȟȒȇ ȉ ȜȕȋȌ ȤȑȘȖȌȗȏȓȌȔșȇ"

�� ǱȇȑȕȐ ȓȌșȇȒȒ ȕȘșȇȒȘȦ Ȕȇ țȏȒȣșȗȕȉȇȒȣȔȕȐ ȈȚȓȇȊȌ"

�� ǾȌȓȚ ȗȇȉȔȇ ȓȇȘȘȕȉȇȦ ȋȕȒȦ (ȉ �� ȇȒȥȓȏȔȏȦ ȉ ȘȓȌȘȏ� ȘȕȘșȕȦȠȌȐ ȏȎ ȖȕȗȕȟȑȕȕȈȗȇȎȔȢȜ 

ȇȒȥȓȏȔȏȦ ȏ ȓȌȋȏ"

ȋȒȦ ȕȖȗȌȋȌȒȌȔȏȦ ȓȇȘȘȢ ȘȓȌȘȏ.

ǿȇȊ �� Ǳ ȘȓȌȘȏ ȋȕȈȇȉȣșȌ, ȘȕȈȒȥȋȇȦ ȕȘșȕȗȕȍȔȕȘșȣ, ȏȎȈȢșȕȑ ȘȕȒȦȔȕȐ ȑȏȘȒȕșȢ ȏ ȔȇȊȗȌȐșȌ ȘșȇȑȇȔ. ǩ 

ȜȕȋȌ ȗȌȇȑȝȏȏ ȔȇȈȒȥȋȇȌșȘȦ ȉȢȋȌȒȌȔȏȌ ȖȚȎȢȗȣȑȕȉ ȊȇȎȇ. 

ǿȇȊ �� ǶȕȘȒȌ ȎȇȉȌȗȟȌȔȏȦ ȗȌȇȑȝȏȏ ȋȕȍȋȏșȌȘȣ, Ȗȕȑȇ ȘȓȌȘȣ ȕȘșȢȔȌș. ǯȎȓȌȗȣșȌ Ȕȇ ȉȌȘȇȜ ȓȇȘȘȚ 

țȏȒȣșȗȕȉȇȒȣȔȕȐ ȈȚȓȇȊȏ ȏ ȖȗȕȝȌȋȏșȌ ȞȌȗȌȎ ȔȌȧ ȖȕȒȚȞȌȔȔȚȥ ȘȓȌȘȣ. ǩȢȘȚȟȏșȌ țȏȒȣșȗȕȉȇȒȣȔȚȥ 

ȈȚȓȇȊȚ ȏ ȕȖȗȌȋȌȒȏșȌ Ȍȧ ȓȇȘȘȚ.

ǫȒȦ ȉȢȞȏȘȒȌȔȏȦ ȘșȌȖȌȔȏ ȞȏȘșȕșȢ ȘȒȌȋȚȌș ȗȇȘȘȞȏșȇȔȔȚȥ ȓȇȘȘȚ 

ȋȇȔȔȕȊȕ ȉȌȠȌȘșȉȇ ȉ ȘȕȘșȇȉȌ ȘȓȌȘȏ ȖȕȋȌȒȏșȣ Ȕȇ ȕȈȠȚȥ ȓȇȘȘȚ 

(ȘȓȌȘȏ) ȏ ȚȓȔȕȍȏșȣ Ȕȇ 100�. 

ǶȗȇȑșȏȞȌȘȑȏȐ ȉȢȜȕȋ ȖȗȕȋȚȑșȇ  = ––––––––––––––––––––––––––––––– Ã 100�
țȇȑșȏȞȌȘȑȏ ȖȕȒȚȞȌȔȔȕȌ ȑȕȒȏȞȌȘșȉȕ

șȌȕȗȌșȏȞȌȘȑȏ ȗȇȘȘȞȏșȇȔȔȕȌ  ȑȕȒȏȞȌȘșȉȕ ǸșȌȖȌȔȣ ȞȏȘșȕșȢ   = ––––––––––––––––––– Ã 100�
ȗȇȘȘȞȏșȇȔȔȇȦ ȓȇȘȘȇ

ȕȈȠȇȦ ȓȇȘȘȇ

x = –––––––– = 68 Ȋ (NH )3

6 Ã 34

3

ǸȔȇȞȇȒȇ ȗȇȘȘȞȏșȢȉȇȌșȘȦ, ȑȇȑȚȥ ȓȇȑȘȏȓȇȒȣȔȚȥ ȓȇȘȘȚ ȇȓȓȏȇȑȇ ȓȕȍȔȕ ȖȕȒȚȞȏșȣ ȏȎ 6 ȓȕȒȣ ȉȕȋȕȗȕȋȇ: 

ǫȇȒȌȌ ȗȇȘȘȞȏșȢȉȇȌșȘȦ ȖȗȇȑșȏȞȌȘȑȏȐ ȉȢȜȕȋ ȖȗȕȋȚȑșȇ ȗȌȇȑȝȏȏ: 

ǶȗȇȑșȏȞȌȘȑȏȐ ȉȢȜȕȋ ȖȗȕȋȚȑșȇ  = –––––––––––––––––––––––––––––––––––––– Ã 100� = ––– Ã 100� = 25�
țȇȑșȏȞȌȘȑȏ ȖȕȒȚȞȌȔȔȕȌ ȑȕȒȏȞȌȘșȉȕ

șȌȕȗȌșȏȞȌȘȑȏ ȗȇȘȘȞȏșȇȔȔȕȌ ȑȕȒȏȞȌȘșȉȕ
17

68

N  + 3H  ⟶ 2NH2 2 3

6 ȓȕȒȣ

3

x Ȋȗȇȓȓ

2 Ã 17 

2ǷȇȘȞȧșȢ Ȗȕ ȜȏȓȏȞȌȘȑȏȓ țȕȗȓȚȒȇȓ ȏ ȚȗȇȉȔȌȔȏȦȓ ǾȇȘșȣ I

ȉȢȜȕȋ ȜȏȓȏȞȌȘȑȏȜ ȗȌȇȑȝȏȐ, 

șȌȕȗȌșȏȞȌȘȑȏȐ ȉȢȜȕȋ, 

ȖȗȇȑșȏȞȌȘȑȏȐ ȉȢȜȕȋ ȖȗȕȋȚȑșȇ, 

ȘșȌȖȌȔȣ ȞȏȘșȕșȢ ȘȢȗȣȦ

ǱȒȥ-
ȞȌȉȢȌ 
ȘȒȕȉȇ
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2.4  ǩȢȜȕȋ ȜȏȓȏȞȌȘȑȏȜ ȗȌȇȑȝȏȐ

ǫȒȦ ȕȝȌȔȑȏ ȑȕȒȏȞȌȘșȉȇ ȖȗȕȋȚȑșȇ, ȖȕȒȚȞȌȔȔȕȊȕ ȉ ȜȕȋȌ ȗȌȇȑȝȏȏ, ȏ ȏȎȓȌȗȌȔȏȦ Ȍȧ ȤțțȌȑșȏȉȔȕȘșȏ 

ȏȘȖȕȒȣȎȚȥș ȖȕȔȦșȏȌ �ȉȢȜȕȋ ȜȏȓȏȞȌȘȑȕȐ ȗȌȇȑȝȏȏ�. ǱȕȒȏȞȌȘșȉȕ ȖȗȕȋȚȑșȇ, ȗȇȘȘȞȏșȇȔȔȕȌ Ȗȕ 

ȚȗȇȉȔȌȔȏȥ ȜȏȓȏȞȌȘȑȕȐ ȗȌȇȑȝȏȏ, ȖȗȏȔȏȓȇȌșȘȦ Ȏȇ 100� ȏ ȔȇȎȢȉȇȌșȘȦ șȌȕȗȌșȏȞȌȘȑȏȓ ȉȢȜȕȋȕȓ. 

ǱȕȒȏȞȌȘșȉȕ ȖȗȕȋȚȑșȇ, ȗȌȇȒȣȔȕ ȖȕȒȚȞȌȔȔȕȌ ȉ ȜȏȓȏȞȌȘȑȕȐ ȗȌȇȑȝȏȏ, ȕȈȢȞȔȕ ȓȌȔȣȟȌ șȌȕȗȌșȏȞȌȘȑȏ 

ȉȕȎȓȕȍȔȕȊȕ ȏ ȔȇȎȢȉȇȌșȘȦ ȖȗȇȑșȏȞȌȘȑȏȓ ȉȢȜȕȋȕȓ. ȄșȕȓȚ ȓȕȊȚș ȈȢșȣ ȗȇȎȔȢȌ ȖȗȏȞȏȔȢ:

– ȔȌȕȖșȏȓȇȒȣȔȢȌ ȚȘȒȕȉȏȦ ȗȌȇȑȝȏȏ (ȔȌȖȗȇȉȏȒȣȔȢȐ ȉȢȈȕȗ ȋȇȉȒȌȔȏȦ, șȌȓȖȌȗȇșȚȗȢ, 

ȑȇșȇȒȏȎȇșȕȗȇ)�

– ȔȌȖȕȒȔȕȌ ȎȇȉȌȗȟȌȔȏȌ ȗȌȇȑȝȏȏ (ȉȘȌ ȏȘȜȕȋȔȢȌ ȉȌȠȌȘșȉȇ ȗȌȇȊȏȗȚȥș ȔȌ ȖȕȒȔȕȘșȣȥ ȏ ȞȇȘșȏȞȔȕ 

ȕȘșȇȥșȘȦ ȖȕȘȒȌ ȗȌȇȑȝȏȏ)� 

– ȖȗȕșȌȑȇȔȏȌ ȖȕȈȕȞȔȢȜ ȗȌȇȑȝȏȐ (Ȗȗȏ Ȥșȕȓ ȞȇȘșȣ ȘȢȗȣȦ ȖȗȌȉȗȇȠȇȌșȘȦ ȉ ȋȗȚȊȕȐ, ȔȌȝȌȒȌȉȕȐ, 

ȖȗȕȋȚȑș)�

– ȔȏȎȑȇȦ ȘșȌȖȌȔȣ ȞȏȘșȕșȢ ȘȢȗȣȦ (ȘȢȗȣȧ ȘȕȋȌȗȍȏș ȖȗȏȓȌȘȏ ȋȗȚȊȏȜ ȉȌȠȌȘșȉ)�

– ȔȌșȕȞȔȕȌ ȏȎȓȌȗȌȔȏȌ ȑȕȒȏȞȌȘșȉȇ ȘȢȗȣȦ (ȔȏȎȑȇȦ șȕȞȔȕȘșȣ ȏȎȓȌȗȏșȌȒȣȔȢȜ ȖȗȏȈȕȗȕȉ ȏ ș.Ȗ.)�

– ȖȗȕȏȘȜȕȋȏș ȞȇȘșȏȞȔȇȦ ȖȕșȌȗȦ ȖȗȕȋȚȑșȇ (ȞȇȘșȣ ȖȗȕȋȚȑșȇ ȉ ȗȌȎȚȒȣșȇșȌ ȗȇȎȒȏȞȔȢȜ ȖȗȕȝȌȘȘȕȉ 

ȕșȋȌȒȦȌșȘȦ, ȔȇȖȗȏȓȌȗ, ȏȘȖȇȗȦȌșȘȦ).

ǶȗȇȑșȏȞȌȘȑȏȐ ȉȢȜȕȋ, ȗȇȘȘȞȏșȇȔȔȢȐ Ȗȕ ȑȇȑȕȓȚ-ȒȏȈȕ ȖȗȕȋȚȑșȚ, ȔȇȎȢȉȇȌșȘȦ  ȖȗȇȑșȏȞȌȘȑȏȓ 

ȉȢȜȕȋȕȓ ȖȗȕȋȚȑșȇ. ǶȗȇȑșȏȞȌȘȑȏȐ ȉȢȜȕȋ ȖȗȕȋȚȑșȇ ȉȢȗȇȍȇȌșȘȦ ȉ ȖȗȕȝȌȔșȇȜ, Ȗȗȏ ȌȊȕ ȗȇȘȞȧșȌ 

țȇȑșȏȞȌȘȑȕȌ ȑȕȒȏȞȌȘșȉȕ ȖȕȒȚȞȌȔȔȕȊȕ ȖȗȕȋȚȑșȇ ȗȌȇȑȝȏȏ ȋȌȒȏșȘȦ Ȕȇ ȌȊȕ șȌȕȗȌșȏȞȌȘȑȏ 

ȗȇȘȘȞȏșȇȔȔȕȌ ȑȕȒȏȞȌȘșȉȕ ȏ ȚȓȔȕȍȇȌșȘȦ Ȕȇ 100�.

ǶȗȌȋȘșȇȉȣșȌ, Ȟșȕ ȉȢ ȗȚȑȕȉȕȋȏșȌȒȣ ȖȗȌȋȖȗȏȦșȏȦ Ȗȕ ȖȗȕȏȎȉȕȋȘșȉȚ ȑȗȇȘȕȑ ȏȒȏ ȍȌ 

ȓȏȔȌȗȇȒȣȔȢȜ ȚȋȕȈȗȌȔȏȐ. ǩȌȗȕȦșȔȕ,  ȉ Ȥșȕȓ ȘȒȚȞȇȌ ȉȢ ȎȇȜȕșȌȒȏ ȈȢ ȖȕȒȚȞȇșȣ ȑȇȑ 

ȓȕȍȔȕ ȈȕȒȣȟȌ ȖȗȕȋȚȑșȇ Ȗȗȏ ȔȇȏȓȌȔȣȟȏȜ ȎȇșȗȇșȇȜ. Ǵȇ ȖȗȇȑșȏȑȌ ȑȕȒȏȞȌȘșȉȕ 

� Ǳȇȑ ȉȢ ȋȚȓȇȌșȌ� ȞȌȓ Ȥșȕ ȕȈȚȘȒȕȉȒȌȔȕ"

� Ǳȇȑ Ȥșȕș țȇȑșȕȗ ȋȕȒȍȌȔ ȚȞȏșȢȉȇșȣȘȦ Ȗȗȏ ȗȇȘȞȧșȇȜ"

ȖȗȕȋȚȑșȇ, ȖȕȒȚȞȇȌȓȕȊȕ ȉ ȜȕȋȌ ȜȏȓȏȞȌȘȑȏȜ ȗȌȇȑȝȏȐ, ȕȈȢȞȔȕ 

ȓȌȔȣȟȌ șȌȕȗȌșȏȞȌȘȑȏ ȉȕȎȓȕȍȔȕȊȕ ȎȔȇȞȌȔȏȦ, ȗȇȘȘȞȏșȇȔȔȕȊȕ 

Ȗȕ ȚȗȇȉȔȌȔȏȥ.

Ƕȗȏ ȉȎȇȏȓȕȋȌȐȘșȉȏȏ 6 ȓȕȒȣ ȉȕȋȕȗȕȋȇ Ș ȇȎȕșȕȓ ȈȢȒȕ ȖȕȒȚȞȌȔȕ 17 Ȋȗȇȓȓȕȉ ȇȓȓȏȇȑȇ. ǷȇȘȘȞȏșȇȐșȌ 

ȖȗȇȑșȏȞȌȘȑȏȐ ȉȢȜȕȋ (ȉ �) ȖȗȕȋȚȑșȇ.
ǷȌȟȌȔȏȌ�

ǩ ȖȗȕȓȢȟȒȌȔȔȢȜ ȖȗȕȝȌȘȘȇȜ ȞȏȘșȕșȇ ȖȗȕȋȚȑșȇ (ȕșȘȚșȘșȉȏȌ ȖȗȏȓȌȘȌȐ) ȏȓȌȌș ȈȕȒȣȟȕȌ ȎȔȇȞȌȔȏȌ. 

ǹȇȑ, ȔȇȒȏȞȏȌ ȖȗȏȓȌȘȌȐ ȉ ȖȏȠȌȉȢȜ ȖȗȕȋȚȑșȇȜ ȏ ଈଈȒȌȑȇȗȘșȉȌȔȔȢȜ ȖȗȌȖȇȗȇșȇȜ ȓȕȍȌș ȖȗȏȞȏȔȏșȣ 

ȉȗȌȋ ȕȗȊȇȔȏȎȓȚ ȞȌȒȕȉȌȑȇ. ǶȕȤșȕȓȚ ȈȕȒȣȟȕȌ ȎȔȇȞȌȔȏȌ Ȗȗȏȋȇȥș ȕȖȗȌȋȌȒȌȔȏȥ ȘșȌȖȌȔȏ ȞȏȘșȕșȢ 

ȖȗȕȋȚȑșȕȉ, ȖȕȒȚȞȇȌȓȢȜ ȉ ȗȌȎȚȒȣșȇșȌ ȖȗȕȓȢȟȒȌȔȔȢȜ ȖȗȕȝȌȘȘȕȉ.

ǶȗȏȔȇȋȒȌȍȔȕȘșȏ� ȜȏȓȏȞȌȘȑȏȐ ȘșȇȑȇȔ, ȉȕȗȕȔȑȇ, țȏȒȣșȗȕȉȇȒȣȔȇȦ ȈȚȓȇȊȇ, ȉȌȘȢ, ȘȖȏȗșȕȉȑȇ, 

ȘȕȒȦȔȇȦ ȑȏȘȒȕșȇ, Ȗȕȗȕȟȕȑ ȇȒȥȓȏȔȏȦ, ȘȕȋȌȗȍȇȠȏȐ ȖȗȏȓȌȘȣ Ȗȕȗȕȟȑȇ ȓȌȋȏ.

Ǽȕȋ ȗȇȈȕșȢ�

ǿȇȊ �� ǯȎȓȌȗȣșȌ Ȕȇ ȉȌȘȇȜ ȓȇȘȘȚ ȜȏȓȏȞȌȘȑȕȊȕ ȘșȇȑȇȔȇ. ǮȇșȌȓ ȖȕȓȌȘșȏșȌ ȉ ȘșȇȑȇȔ ȔȌȑȕșȕȗȕȌ 

ȑȕȒȏȞȌȘșȉȕ ȇȒȥȓȏȔȏȌȉȕȊȕ Ȗȕȗȕȟȑȇ, ȘȕȋȌȗȍȇȠȌȊȕ ȖȗȏȓȌȘȣ Ȗȕȗȕȟȑȇ ȓȌȋȏ, ȏ ȘȔȕȉȇ ȉȎȉȌȘȣșȌ ȌȊȕ 

Ǳȇȑ ȕȖȗȌȋȌȒȏșȣ ȘșȌȖȌȔȣ ȞȏȘșȕșȢ"

ǵȈȘȚȋȏșȌ�

�� ǱȇȑȇȦ ȗȌȇȑȝȏȦ ȖȗȕȏȎȕȟȒȇ ȉ ȜȕȋȌ ȤȑȘȖȌȗȏȓȌȔșȇ"

�� ǱȇȑȕȐ ȓȌșȇȒȒ ȕȘșȇȒȘȦ Ȕȇ țȏȒȣșȗȕȉȇȒȣȔȕȐ ȈȚȓȇȊȌ"

�� ǾȌȓȚ ȗȇȉȔȇ ȓȇȘȘȕȉȇȦ ȋȕȒȦ (ȉ �� ȇȒȥȓȏȔȏȦ ȉ ȘȓȌȘȏ� ȘȕȘșȕȦȠȌȐ ȏȎ ȖȕȗȕȟȑȕȕȈȗȇȎȔȢȜ 

ȇȒȥȓȏȔȏȦ ȏ ȓȌȋȏ"

ȋȒȦ ȕȖȗȌȋȌȒȌȔȏȦ ȓȇȘȘȢ ȘȓȌȘȏ.

ǿȇȊ �� Ǳ ȘȓȌȘȏ ȋȕȈȇȉȣșȌ, ȘȕȈȒȥȋȇȦ ȕȘșȕȗȕȍȔȕȘșȣ, ȏȎȈȢșȕȑ ȘȕȒȦȔȕȐ ȑȏȘȒȕșȢ ȏ ȔȇȊȗȌȐșȌ ȘșȇȑȇȔ. ǩ 

ȜȕȋȌ ȗȌȇȑȝȏȏ ȔȇȈȒȥȋȇȌșȘȦ ȉȢȋȌȒȌȔȏȌ ȖȚȎȢȗȣȑȕȉ ȊȇȎȇ. 

ǿȇȊ �� ǶȕȘȒȌ ȎȇȉȌȗȟȌȔȏȦ ȗȌȇȑȝȏȏ ȋȕȍȋȏșȌȘȣ, Ȗȕȑȇ ȘȓȌȘȣ ȕȘșȢȔȌș. ǯȎȓȌȗȣșȌ Ȕȇ ȉȌȘȇȜ ȓȇȘȘȚ 

țȏȒȣșȗȕȉȇȒȣȔȕȐ ȈȚȓȇȊȏ ȏ ȖȗȕȝȌȋȏșȌ ȞȌȗȌȎ ȔȌȧ ȖȕȒȚȞȌȔȔȚȥ ȘȓȌȘȣ. ǩȢȘȚȟȏșȌ țȏȒȣșȗȕȉȇȒȣȔȚȥ 

ȈȚȓȇȊȚ ȏ ȕȖȗȌȋȌȒȏșȌ Ȍȧ ȓȇȘȘȚ.

ǫȒȦ ȉȢȞȏȘȒȌȔȏȦ ȘșȌȖȌȔȏ ȞȏȘșȕșȢ ȘȒȌȋȚȌș ȗȇȘȘȞȏșȇȔȔȚȥ ȓȇȘȘȚ 

ȋȇȔȔȕȊȕ ȉȌȠȌȘșȉȇ ȉ ȘȕȘșȇȉȌ ȘȓȌȘȏ ȖȕȋȌȒȏșȣ Ȕȇ ȕȈȠȚȥ ȓȇȘȘȚ 

(ȘȓȌȘȏ) ȏ ȚȓȔȕȍȏșȣ Ȕȇ 100�. 

ǶȗȇȑșȏȞȌȘȑȏȐ ȉȢȜȕȋ ȖȗȕȋȚȑșȇ  = ––––––––––––––––––––––––––––––– Ã 100�
țȇȑșȏȞȌȘȑȏ ȖȕȒȚȞȌȔȔȕȌ ȑȕȒȏȞȌȘșȉȕ

șȌȕȗȌșȏȞȌȘȑȏ ȗȇȘȘȞȏșȇȔȔȕȌ  ȑȕȒȏȞȌȘșȉȕ ǸșȌȖȌȔȣ ȞȏȘșȕșȢ   = ––––––––––––––––––– Ã 100�
ȗȇȘȘȞȏșȇȔȔȇȦ ȓȇȘȘȇ

ȕȈȠȇȦ ȓȇȘȘȇ

x = –––––––– = 68 Ȋ (NH )3

6 Ã 34

3

ǸȔȇȞȇȒȇ ȗȇȘȘȞȏșȢȉȇȌșȘȦ, ȑȇȑȚȥ ȓȇȑȘȏȓȇȒȣȔȚȥ ȓȇȘȘȚ ȇȓȓȏȇȑȇ ȓȕȍȔȕ ȖȕȒȚȞȏșȣ ȏȎ 6 ȓȕȒȣ ȉȕȋȕȗȕȋȇ: 

ǫȇȒȌȌ ȗȇȘȘȞȏșȢȉȇȌșȘȦ ȖȗȇȑșȏȞȌȘȑȏȐ ȉȢȜȕȋ ȖȗȕȋȚȑșȇ ȗȌȇȑȝȏȏ: 

ǶȗȇȑșȏȞȌȘȑȏȐ ȉȢȜȕȋ ȖȗȕȋȚȑșȇ  = –––––––––––––––––––––––––––––––––––––– Ã 100� = ––– Ã 100� = 25�
țȇȑșȏȞȌȘȑȏ ȖȕȒȚȞȌȔȔȕȌ ȑȕȒȏȞȌȘșȉȕ

șȌȕȗȌșȏȞȌȘȑȏ ȗȇȘȘȞȏșȇȔȔȕȌ ȑȕȒȏȞȌȘșȉȕ
17

68

N  + 3H  ⟶ 2NH2 2 3

6 ȓȕȒȣ

3

x Ȋȗȇȓȓ

2 Ã 17 

2ǷȇȘȞȧșȢ Ȗȕ ȜȏȓȏȞȌȘȑȏȓ țȕȗȓȚȒȇȓ ȏ ȚȗȇȉȔȌȔȏȦȓ ǾȇȘșȣ I

ȉȢȜȕȋ ȜȏȓȏȞȌȘȑȏȜ ȗȌȇȑȝȏȐ, 

șȌȕȗȌșȏȞȌȘȑȏȐ ȉȢȜȕȋ, 

ȖȗȇȑșȏȞȌȘȑȏȐ ȉȢȜȕȋ ȖȗȕȋȚȑșȇ, 

ȘșȌȖȌȔȣ ȞȏȘșȕșȢ ȘȢȗȣȦ

ǱȒȥ-
ȞȌȉȢȌ 
ȘȒȕȉȇ

ǶǷǯǳǬǷ �

ǫ
Ȍ
Ȧ
șȌ

Ȓ
ȣ
Ȕ

ȕ
Șș

ȣ
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ǴȇȚȑȇ, șȌȜȔȕȒȕȊȏȦ, ȍȏȎȔȣ

50

  Примените полученные знания

1. ǸȑȕȒȣȑȕ Ȋ ȘȌȗȢ ȖȕșȗȌȈȚȌșȘȦ ȘȍȌȞȣ ȋȒȦ ȖȕȒȚȞȌȔȏȦ 19,2 Ȋ SO   Ȗȗȏ ȖȗȇȑșȏȞȌȘȑȕȓ ȉȢȜȕȋȌ 60�? 2

2. ǪȇȎȕȉȇȦ ȘȓȌȘȣ, ȘȕȘșȕȦȠȇȦ ȏȎ ȓȌșȇȔȇ ȏ ȘȌȗȕȉȕȋȕȗȕȋȇ, ȘȕȋȌȗȍȏș  80� (Ȗȕ ȓȇȘȘȌ) ȓȌșȇȔȇ. ǷȇȘȘȞȏșȇȐșȌ 

ȓȇȘȘȚ (Ȋ) ȏȘȜȕȋȔȕȐ ȘȓȌȘȏ, ȎȔȇȦ, Ȟșȕ Ȗȗȏ ȘȊȕȗȇȔȏȏ ȤșȕȐ ȘȓȌȘȏ ȈȢȒȕ ȖȕȒȚȞȌȔȕ 17,6 Ȋ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ. 

Проверьте полученные знания

1.£Ƕȗȏ ȔȇȊȗȌȉȇȔȏȏ 50 Ȋ ȑȇȗȈȕȔȇșȇ ȑȇȒȣȝȏȦ ȉ ȗȌȎȚȒȣșȇșȌ ȌȊȕ ȗȇȎȒȕȍȌȔȏȦ ȈȢȒȕ ȖȕȒȚȞȌȔȕ 7 Ȋ ȕȑȘȏȋȇ 

ȑȇȒȣȝȏȦ. ǷȇȘȘȞȏșȇȐșȌ ȉȢȜȕȋ (�) ȖȗȕȋȚȑșȇ ȗȌȇȑȝȏȏ.

2. Ǵȇ ȕȘȔȕȉȇȔȏȏ ȚȗȇȉȔȌȔȏȦ ȗȌȇȑȝȏȏ 2NH  ⟶ N  + 3H  ȗȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȓȕȒȌȐ ȉȕȋȕȗȕȋȇ, ȖȕȒȚȞȌȔȔȕȊȕ 3 2 2

Ȗȗȏ ȗȇȎȒȕȍȌȔȏȏ 20� ȇȓȓȏȇȑȇ, ȉȎȦșȕȊȕ ȑȕȒȏȞȌȘșȉȕȓ 8 ȓȕȒȣ. 
3

3. ǸȑȕȒȣȑȕ  ȋȓ   (20°C ȏ 1 ȇșȓ) ȉȕȋȕȗȕȋȇ ȓȕȍȔȕ ȖȕȒȚȞȏșȣ Ȗȗȏ ȉȎȇȏȓȕȋȌȐȘșȉȏȏ 112 Ȋȗȇȓȓȕȉ ȍȌȒȌȎȇ Ș 

ȏȎȈȢșȑȕȓ ȘȕȒȦȔȕȐ ȑȏȘȒȕșȢ Ȗȗȏ ȖȗȇȑșȏȞȌȘȑȕȓ ȉȢȜȕȋȌ 75�?

4. Ƕȕȗȕȟȕȑ ȝȏȔȑȇ ȘȕȋȌȗȍȏș ȔȌȑȕșȕȗȕȌ ȑȕȒȏȞȌȘșȉȕ ȖȗȏȓȌȘȏ Ȗȕȗȕȟȑȇ ȓȌȋȏ. ǺȞȏșȢȉȇȦ, Ȟșȕ Ȗȗȏ 

ȉȕȎȋȌȐȘșȉȏȏ Ȕȇ 200 Ȋȗȇȓȓȕȉ ȤșȕȊȕ ȕȈȗȇȎȝȇ ȗȇȎȈȇȉȒȌȔȔȕȐ ȘȌȗȔȕȐ ȑȏȘȒȕșȢ, ȉȎȦșȕȐ ȉ ȏȎȈȢșȑȌ, 
24ȕȈȗȇȎȚȌșȘȦ  1,204 Ã 10  ȓȕȒȌȑȚȒ ȊȇȎȇ, ȗȇȘȘȞȏșȇȐșȌ ȘșȌȖȌȔȣ  ȞȏȘșȕșȢ (�) ȕȈȗȇȎȝȇ.

ǵȘȔȕȉȔȇȦ ȘȕȘșȇȉȔȇȦ ȞȇȘșȣ ȓȌȒȇ – 

ȑȇȗȈȕȔȇș ȑȇȒȣȝȏȦ.  Ƕȗȏ 

ȋȕȈȇȉȒȌȔȏȏ ȑ 10 Ȋ ȓȌȒȇ ȘȕȒȦȔȕȐ 

ȑȏȘȒȕșȢ, ȉȎȦșȕȐ ȉ ȏȎȈȢșȑȌ, 

ȉȢȋȌȒȏȒȘȦ ȚȊȒȌȑȏȘȒȢȐ ȊȇȎ, 
3ȎȇȔȏȓȇȥȠȏȐ ȕȈȡȧȓ 2,256 ȋȓ  

Ȗȗȏ 20°C ȏ 1 ȇșȓ. ǷȇȘȘȞȏșȇȐșȌ 

ȘșȌȖȌȔȣ ȞȏȘșȕșȢ (�)  ȋȇȔȔȕȊȕ 

ȕȈȗȇȎȝȇ ȓȌȒȇ. 

ǷȌȟȌȔȏȌ� ǸȔȇȞȇȒȇ ȗȇȘȘȞȏșȢȉȇȌșȘȦ ȓȇȘȘȇ ȑȇȗȈȕȔȇșȇ ȑȇȒȣȝȏȦ, 
3ȏȎȗȇȘȜȕȋȕȉȇȔȔȕȊȕ Ȕȇ ȖȕȒȚȞȌȔȏȌ 2,256 ȋȓ   ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ.

x = –––––––––––– =  9,4 Ȋ (CaCO )3

2,256 Ã 100

24

CaCO  + 2HCl ⟶ CaCl  + CO   +  H O3 2 2 2

x Ȋȗȇȓȓ

100

32,256 ȋȓ

24

3x Ȋ (CaCO ) –––––––––––– 2,256 ȋȓ  (CO )3 2

3
         100 Ȋ –––––––––––– 24 ȋȓ  (CO )2

ǸșȌȖȌȔȣ ȞȏȘșȕșȢ = –––––––––––––––––––––– Ã 100� = ––– Ã 100� = 94�.
ȗȇȘȘȞȏșȇȔȔȇȦ ȓȇȘȘȇ

ȕȈȠȇȦ ȓȇȘȘȇ

9,4
10 ǧȔșȚȇȔ ǲȇȉȚȇȎȣȌ

(1743-1794)

ǵȘȔȕȉȕȖȕȒȕȍȔȏȑ ȜȏȓȏȞȌȘȑȏȜ ȗȇȘȞȧșȕȉ

ǩ X9III ȉȌȑȌ țȗȇȔȝȚȎȘȑȏȐ ȚȞȧȔȢȐ ǧȔșȚȇȔ ǲȇȉȚȇȎȣȌ ȖȗȕȏȎȉȧȒ ȗȌȉȕȒȥȝȏȥ ȉ 

ȏȘșȕȗȏȏ Ȝȏȓȏȏ. Ƕȗȏ ȖȗȕȉȌȋȌȔȏȏ ȖȗȕȘșȕȊȕ ȤȑȘȖȌȗȏȓȌȔșȇ ȕȔ ȘȍȏȊȇȒ ȉ ȎȇȑȗȢșȕȓ 

ȘȕȘȚȋȌ ȕȈȗȇȎȌȝ ȓȌșȇȒȒȇ, ȇ ȎȇșȌȓ șȠȇșȌȒȣȔȕ ȏȎȓȌȗȦȒ ȓȇȘȘȚ ȉȌȠȌȘșȉȇ. ǩ ȗȌȎȚȒȣșȇșȌ 

ȕȔ ȕȈȔȇȗȚȍȏȒ, Ȟșȕ ȕȈȠȇȦ ȓȇȘȘȇ ȘȓȌȘȏ ȔȌ ȏȎȓȌȔȏȒȇȘȣ, ȜȕșȦ Ȗȗȏ ȊȕȗȌȔȏȏ ȓȌșȇȒȒ ȏ 

ȘȕȌȋȏȔȏȒȘȦ Ș ȉȕȎȋȚȜȕȓ. Ȅșȕ ȔȇȈȒȥȋȌȔȏȌ ȉ ȋȇȒȣȔȌȐȟȌȓ ȉȕȟȒȕ ȉ ȏȘșȕȗȏȥ ȑȇȑ 

�ȎȇȑȕȔ ȘȕȜȗȇȔȌȔȏȦ ȓȇȘȘȢ�. ǲȇȉȚȇȎȣȌ ȖȗȕȉȕȋȏȒ Șȉȕȏ ȤȑȘȖȌȗȏȓȌȔșȢ Ș șȇȑȕȐ 

șȕȞȔȕȘșȣȥ, Ȟșȕ ȋȇȍȌ ȗȌȎȚȒȣșȇșȢ ȏȎȓȌȗȌȔȏȐ ȘȕȉȗȌȓȌȔȔȢȜ ȇȔȇȒȏșȏȞȌȘȑȏȜ 

ȖȗȏȈȕȗȕȉ ȔȌ ȓȕȊȚș ȏȎȓȌȔȏșȣ ȏȘșȏȔȔȕȘșȣ ȤșȕȊȕ ȎȇȑȕȔȇ. ǯȓȌȔȔȕ Ȥșȕ ȘȕȈȢșȏȌ 

ȖȗȌȉȗȇșȏȒ Ȝȏȓȏȥ ȏȎ ȔȇȚȑȏ, ȑȕșȕȗȇȦ ȕșȉȌȞȇȒȇ Ȕȇ ȖȗȕȘșȕȐ ȉȕȖȗȕȘ ´Ȟșȕ 

ȖȗȕȏȘȜȕȋȏș?µ,  ȉ ȑȕȒȏȞȌȘșȉȌȔȔȚȥ ȔȇȚȑȚ, ȑȕșȕȗȇȦ șȇȑȍȌ ȋȇȉȇȒȇ ȕșȉȌș Ȕȇ ȉȕȖȗȕȘ 

´ȘȑȕȒȣȑȕ?µ ǸȌȊȕȋȔȦ ȝȏțȗȢ, ȎȇȖȏȘȇȔȔȢȌ ȉ ȑȇȍȋȕȓ ȜȏȓȏȞȌȘȑȕȓ ȚȗȇȉȔȌȔȏȏ, ȘșȇȒȏ 

ȘȏȓȉȕȒȕȓ ȘșȗȌȓȒȌȔȏȦ ȞȌȒȕȉȌȑȇ ȖȕȎȔȇșȣ ȗȇȉȔȕȉȌȘȏȌ ȖȗȏȗȕȋȢ.

ǵș ȓȇȘȘȢ ȑ ȓȕȒȌȑȚȒȌ

ǩ ȔȇȞȇȒȌ XIX ȉȌȑȇ ȏșȇȒȣȦȔȘȑȏȐ ȚȞȧȔȢȐ ǧȓȌȋȌȕ ǧȉȕȊȇȋȗȕ ȉȢȋȉȏȔȚȒ ȔȕȉȚȥ ȋȒȦ șȕȊȕ ȉȗȌȓȌȔȏ ȏȋȌȥ ȕ 

ȘșȗȚȑșȚȗȌ ȉȌȠȌȘșȉ, ȖȕȑȇȎȇȉ, Ȟșȕ ȑȕȒȏȞȌȘșȉȕ ȊȇȎȕȉ ȎȇȉȏȘȏș ȕș ȞȏȘȒȇ ȞȇȘșȏȝ, ȘȕȋȌȗȍȇȠȏȜȘȦ ȉ ȏȜ ȘȕȘșȇȉȌ, ȏ 

Ȥșȕ ȞȏȘȒȕ ȕȘșȇȧșȘȦ ȖȕȘșȕȦȔȔȢȓ Ȗȗȏ ȕȖȗȌȋȌȒȧȔȔȢȜ ȚȘȒȕȉȏȦȜ. Ȅșȇ ȏȋȌȦ ȎȇȒȕȍȏȒȇ ȕȘȔȕȉȢ ȋȒȦ ȖȕȔȏȓȇȔȏȦ 

ȞȏȘȒȌȔȔȢȜ ȎȇȑȕȔȕȓȌȗȔȕȘșȌȐ ȉ Ȝȏȓȏȏ, șȇȑ ȑȇȑ ȉȖȌȗȉȢȌ ȑȕȒȏȞȌȘșȉȕ ȇșȕȓȕȉ ȏ ȓȕȒȌȑȚȒ ȈȢȒȕ ȖȗȌȕȈȗȇȎȕȉȇȔȕ 

ȉ ȗȌȇȒȣȔȚȥ ȓȌȗȚ. Ǹ ȤșȕȊȕ ȉȗȌȓȌȔȏ Ȝȏȓȏȑȏ ȏȎȚȞȇȒȏ ȔȌ șȕȒȣȑȕ ȖȗȌȉȗȇȠȌȔȏȦ ȉȌȠȌȘșȉ, Ȕȕ șȇȑȍȌ ȘșȇȒȏ 

ȏȎȚȞȇșȣ ȈȇȒȇȔȘ ȉ ȤșȏȜ ȖȗȌȉȗȇȠȌȔȏȦȜ ȉ ȑȕȔșȌȑȘșȌ ȘȕȈȒȥȋȌȔȏȦ ȉ ȔȏȜ ȞȏȘȒȌȔȔȢȜ ȘȕȕșȔȕȟȌȔȏȐ. ǹȇȑȏȓ 

ȕȈȗȇȎȕȓ, ȇșȕȓȢ ȏ ȓȕȒȌȑȚȒȢ ȔȌȉȏȋȏȓȕȊȕ ȓȏȗȇ ȖȕȘșȌȖȌȔȔȕ ȈȢȒȏ ȕȖȏȘȇȔȢ Ș ȓȇșȌȓȇșȏȞȌȘȑȕȐ șȕȞȔȕȘșȣȥ. 

Ȅșȇ ȏȋȌȦ ȉȖȕȘȒȌȋȘșȉȏȏ ȘȢȊȗȇȒȇ ȑȒȥȞȌȉȚȥ ȗȕȒȣ ȉ ȗȇȎȉȏșȏȏ șȇȑȏȜ ȕȈȒȇȘșȌȐ, ȑȇȑ ȓȕȒȌȑȚȒȦȗȔȇȦ ȜȏȓȏȦ, 

ȓȇșȌȗȏȇȒȕȉȌȋȌȔȏȌ ȏ țȇȗȓȇȝȌȉșȏȞȌȘȑȇȦ ȖȗȕȓȢȟȒȌȔȔȕȘșȣ. ǹȇȑ, ȔȕȉȢȌ ȉȌȠȌȘșȉȇ ȘșȇȒȏ ȘȏȔșȌȎȏȗȕȉȇșȣ ȔȌ 

șȕȒȣȑȕ Ȕȇ ȕȘȔȕȉȌ ȤȑȘȖȌȗȏȓȌȔșȇ, Ȕȕ ȏ Ȕȇ ȕȘȔȕȉȇȔȏȏ ȗȇȘȘȞȏșȇȔȔȢȜ ȑȕȒȏȞȌȘșȉ ȏ ȘȕȕșȔȕȟȌȔȏȐ. ǯȋȌȏ 

ǧȉȕȊȇȋȗȕ ȖȕȑȇȎȇȒȏ, Ȟșȕ ȓȏȗ, ȔȌȉȏȋȏȓȢȐ ȋȒȦ  ȔȇȘ ȋȇȍȌ Ș ȖȕȓȕȠȣȥ ȓȏȑȗȕȘȑȕȖȇ, ȖȕȋȞȏȔȦȌșȘȦ ȎȇȑȕȔȇȓ 

ȞȏȘȌȒ ȏ ȓȌȗ, ȏ Ȥșȏ ȎȇȑȕȔȢ ȘșȇȒȏ ȚȔȏȉȌȗȘȇȒȣȔȢȓ ȦȎȢȑȕȓ Ȝȏȓȏȏ.

ǼȏȓȏȞȌȘȑȏȐ ȈȇȒȇȔȘ ȉ ȘȕȉȗȌȓȌȔȔȕȐ șȌȜȔȕȒȕȊȏȏ                                                                           

ǶȗȕȏȎȉȕȋȘșȉȕ șȇȑȏȜ ȉȌȠȌȘșȉ, ȑȇȑ ȚȋȕȈȗȌȔȏȦ, șȕȖȒȏȉȕ, ȒȌȑȇȗȘșȉȇ, ȑȗȇȘȑȏ ȏȒȏ 

ȖȒȇȘșȓȇȘȘȢ, ȕȘȔȕȉȢȉȇȌșȘȦ Ȕȇ ȜȏȓȏȞȌȘȑȏȜ ȚȗȇȉȔȌȔȏȦȜ. ǫȒȦ ȑȇȍȋȕȊȕ ȖȗȕȏȎȉȕȋȘșȉȌȔȔȕȊȕ 

ȖȗȕȝȌȘȘȇ ȔȌȕȈȜȕȋȏȓȕ ȎȇȗȇȔȌȌ șȕȞȔȕ ȗȇȘȘȞȏșȇșȣ ȖȇȗȇȓȌșȗȢ ȖȗȌȉȗȇȠȌȔȏȦ ȉȌȠȌȘșȉ 

ȋȗȚȊ ȉ ȋȗȚȊȇ ȏ ȑȕȒȏȞȌȘșȉȕ ȖȕȒȚȞȇȌȓȕȊȕ ȖȗȕȋȚȑșȇ. ǵȋȔȏȓ ȏȎ ȔȇȏȈȕȒȌȌ ȏȎȉȌȘșȔȢȜ 

ȖȗȕȓȢȟȒȌȔȔȢȜ ȖȗȕȝȌȘȘȕȉ,  ȕȘȔȕȉȇȔȔȢȜ Ȕȇ ȤșȏȜ ȖȗȏȔȝȏȖȇȜ, ȦȉȒȦȌșȘȦ ȘȏȔșȌȎ ȇȓȓȏȇȑȇ –  

ȖȗȕȝȌȘȘ ǪȇȈȌȗȇ-Ǩȕȟȇ. ǴȌȘȓȕșȗȦ Ȕȇ șȕ, Ȟșȕ Ȥșȕș ȖȗȕȝȌȘȘ ȈȢȒ ȘȕȎȋȇȔ ȌȠȧ ȉ ȔȇȞȇȒȌ XX 

ȉȌȑȇ, ȕȔ ȏ ȉ XXI ȉȌȑȌ ȘȞȏșȇȌșȘȦ ȉȕ ȉȘȌȓ ȓȏȗȌ ȕȋȔȕȐ ȏȎ ȕȘȔȕȉ ȘȌȒȣȘȑȕȊȕ ȜȕȎȦȐȘșȉȇ. 

ǯȓȌȔȔȕ Ȥșȕș ȓȌșȕȋ ȒȌȍȏș ȉ ȕȘȔȕȉȌ ȖȗȕȏȎȉȕȋȘșȉȇ ȇȎȕșȔȢȜ ȚȋȕȈȗȌȔȏȐ, ȖȕȉȢȟȇȥȠȏȜ ȖȒȕȋȕȗȕȋȏȌ ȖȕȞȉȢ. 

ǩ ȜȕȋȌ ȗȌȇȑȝȏȏ ȊȇȎȕȕȈȗȇȎȔȢȌ ȇȎȕș ȏ ȉȕȋȕȗȕȋ ȉȎȇȏȓȕȋȌȐȘșȉȚȥș Ȗȗȏ ȉȢȘȕȑȕȓ ȋȇȉȒȌȔȏȏ ȏ șȌȓȖȌȗȇșȚȗȌ, 

ȕȈȗȇȎȚȦ ȇȓȓȏȇȑ. Ǯȇ Ȥșȏȓ, ȑȇȎȇȒȕȘȣ ȈȢ, ȖȗȕȘșȢȓ ȖȗȌȉȗȇȠȌȔȏȌȓ ȘșȕȦș ȕȞȌȔȣ șȕȞȔȢȌ ȗȇȘȞȧșȢ. ǩ ȗȌȇȑșȕȗȇȜ 

ȌȍȌȘȌȑȚȔȋȔȕ  ȑȕȔșȗȕȒȏȗȚȥșȘȦ  ȘȕȕșȔȕȟȌȔȏȌ ȊȇȎȕȉ, ȘșȇȈȏȒȣȔȕȘșȣ ȋȇȉȒȌȔȏȦ, ȖȕȋȋȌȗȍȇȔȏȌ ȎȇȋȇȔȔȕȐ 

șȌȓȖȌȗȇșȚȗȢ ȏ ȖȕșȗȌȈȒȌȔȏȌ ȤȔȌȗȊȏȏ. ǩȕ ȉȘȌȓ ȓȏȗȌ ȌȍȌȊȕȋȔȕ ȖȗȕȏȎȉȕȋȏșȘȦ ȖȗȏȓȌȗȔȕ 500 ȓȒȔ șȕȔȔ 

ȚȋȕȈȗȌȔȏȐ ȏ ȏȜ ȖȗȕȏȎȉȕȋȘșȉȕ ȎȇȉȏȘȏș ȕș ȖȗȇȉȏȒȣȔȕȘșȏ ȗȇȘȞȧșȇ ȜȏȓȏȞȌȘȑȏȜ ȚȗȇȉȔȌȔȏȐ. ǹȌ ȍȌ ȖȗȏȔȝȏȖȢ 

ȖȗȏȓȌȔȏȓȢ ȏ ȑ ȋȗȚȊȏȓ ȖȗȕȓȢȟȒȌȔȔȢȓ ȖȗȕȝȌȘȘȇȓ. ǼȏȓȏȞȌȘȑȏȌ ȚȗȇȉȔȌȔȏȦ ȦȉȒȦȥșȘȦ ȕȘȔȕȉȕȐ 

ȖȗȇȉȏȒȣȔȕȐ ȗȇȈȕșȢ ȒȇȈȕȗȇșȕȗȔȢȜ, ȖȗȕȓȢȟȒȌȔȔȢȜ, ȘȌȒȣȘȑȕȜȕȎȦȐȘșȉȌȔȔȢȜ ȏ ȤȔȌȗȊȌșȏȞȌȘȑȏȜ ȘȏȘșȌȓ.

ǾȇȘșȣ I

ǶǷǯǳǬǷ �

ǾȏȘșȕȌ ȎȕȒȕșȕ ȘȒȏȟȑȕȓ ȓȦȊȑȕȌ ȋȒȦ ȏȎȊȕșȕȉȒȌȔȏȦ ȏȎ ȔȌȊȕ ȥȉȌȒȏȗȔȢȜ ȚȑȗȇȟȌȔȏȐ. ǾșȕȈȢ     

ȖȕȉȢȘȏșȣ șȉȧȗȋȕȘșȣ, ȑ ȎȕȒȕșȚ ȋȕȈȇȉȒȦȥș șȇȑȏȌ ȓȌșȇȒȒȢ, ȑȇȑ ȓȌȋȣ ȏ ȔȏȑȌȒȣ.  ǾȏȘșȕșȇ 

ȎȕȒȕșȇ ȏȎȓȌȗȦȌșȘȦ ȉ ȑȇȗȇșȇȜ. ǾȏȘșȕȌ ȎȕȒȕșȕ ȘȕȕșȉȌșȘșȉȚȌș 24 ȑȇȗȇșȇȓ. ǬȘȒȏ ȑȕȒȣȝȕ 

ȘȋȌȒȇȔȕ ȏȎ 18-ȑȇȗȇșȔȕȊȕ ȎȕȒȕșȇ, șȕ ȘșȌȖȌȔȣ ȌȊȕ ȞȏȘșȕșȢ ȘȕȘșȇȉȒȦȌș:   ––– Ã 100 = 75�.18
24

 ǮȔȇȌșȌ 
Ȓȏ 

ȉȢ?
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ǴȇȚȑȇ, șȌȜȔȕȒȕȊȏȦ, ȍȏȎȔȣ
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  Примените полученные знания

1. ǸȑȕȒȣȑȕ Ȋ ȘȌȗȢ ȖȕșȗȌȈȚȌșȘȦ ȘȍȌȞȣ ȋȒȦ ȖȕȒȚȞȌȔȏȦ 19,2 Ȋ SO   Ȗȗȏ ȖȗȇȑșȏȞȌȘȑȕȓ ȉȢȜȕȋȌ 60�? 2

2. ǪȇȎȕȉȇȦ ȘȓȌȘȣ, ȘȕȘșȕȦȠȇȦ ȏȎ ȓȌșȇȔȇ ȏ ȘȌȗȕȉȕȋȕȗȕȋȇ, ȘȕȋȌȗȍȏș  80� (Ȗȕ ȓȇȘȘȌ) ȓȌșȇȔȇ. ǷȇȘȘȞȏșȇȐșȌ 

ȓȇȘȘȚ (Ȋ) ȏȘȜȕȋȔȕȐ ȘȓȌȘȏ, ȎȔȇȦ, Ȟșȕ Ȗȗȏ ȘȊȕȗȇȔȏȏ ȤșȕȐ ȘȓȌȘȏ ȈȢȒȕ ȖȕȒȚȞȌȔȕ 17,6 Ȋ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ. 

Проверьте полученные знания

1.£Ƕȗȏ ȔȇȊȗȌȉȇȔȏȏ 50 Ȋ ȑȇȗȈȕȔȇșȇ ȑȇȒȣȝȏȦ ȉ ȗȌȎȚȒȣșȇșȌ ȌȊȕ ȗȇȎȒȕȍȌȔȏȦ ȈȢȒȕ ȖȕȒȚȞȌȔȕ 7 Ȋ ȕȑȘȏȋȇ 

ȑȇȒȣȝȏȦ. ǷȇȘȘȞȏșȇȐșȌ ȉȢȜȕȋ (�) ȖȗȕȋȚȑșȇ ȗȌȇȑȝȏȏ.

2. Ǵȇ ȕȘȔȕȉȇȔȏȏ ȚȗȇȉȔȌȔȏȦ ȗȌȇȑȝȏȏ 2NH  ⟶ N  + 3H  ȗȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȓȕȒȌȐ ȉȕȋȕȗȕȋȇ, ȖȕȒȚȞȌȔȔȕȊȕ 3 2 2

Ȗȗȏ ȗȇȎȒȕȍȌȔȏȏ 20� ȇȓȓȏȇȑȇ, ȉȎȦșȕȊȕ ȑȕȒȏȞȌȘșȉȕȓ 8 ȓȕȒȣ. 
3

3. ǸȑȕȒȣȑȕ  ȋȓ   (20°C ȏ 1 ȇșȓ) ȉȕȋȕȗȕȋȇ ȓȕȍȔȕ ȖȕȒȚȞȏșȣ Ȗȗȏ ȉȎȇȏȓȕȋȌȐȘșȉȏȏ 112 Ȋȗȇȓȓȕȉ ȍȌȒȌȎȇ Ș 

ȏȎȈȢșȑȕȓ ȘȕȒȦȔȕȐ ȑȏȘȒȕșȢ Ȗȗȏ ȖȗȇȑșȏȞȌȘȑȕȓ ȉȢȜȕȋȌ 75�?

4. Ƕȕȗȕȟȕȑ ȝȏȔȑȇ ȘȕȋȌȗȍȏș ȔȌȑȕșȕȗȕȌ ȑȕȒȏȞȌȘșȉȕ ȖȗȏȓȌȘȏ Ȗȕȗȕȟȑȇ ȓȌȋȏ. ǺȞȏșȢȉȇȦ, Ȟșȕ Ȗȗȏ 

ȉȕȎȋȌȐȘșȉȏȏ Ȕȇ 200 Ȋȗȇȓȓȕȉ ȤșȕȊȕ ȕȈȗȇȎȝȇ ȗȇȎȈȇȉȒȌȔȔȕȐ ȘȌȗȔȕȐ ȑȏȘȒȕșȢ, ȉȎȦșȕȐ ȉ ȏȎȈȢșȑȌ, 
24ȕȈȗȇȎȚȌșȘȦ  1,204 Ã 10  ȓȕȒȌȑȚȒ ȊȇȎȇ, ȗȇȘȘȞȏșȇȐșȌ ȘșȌȖȌȔȣ  ȞȏȘșȕșȢ (�) ȕȈȗȇȎȝȇ.

ǵȘȔȕȉȔȇȦ ȘȕȘșȇȉȔȇȦ ȞȇȘșȣ ȓȌȒȇ – 

ȑȇȗȈȕȔȇș ȑȇȒȣȝȏȦ.  Ƕȗȏ 

ȋȕȈȇȉȒȌȔȏȏ ȑ 10 Ȋ ȓȌȒȇ ȘȕȒȦȔȕȐ 

ȑȏȘȒȕșȢ, ȉȎȦșȕȐ ȉ ȏȎȈȢșȑȌ, 

ȉȢȋȌȒȏȒȘȦ ȚȊȒȌȑȏȘȒȢȐ ȊȇȎ, 
3ȎȇȔȏȓȇȥȠȏȐ ȕȈȡȧȓ 2,256 ȋȓ  

Ȗȗȏ 20°C ȏ 1 ȇșȓ. ǷȇȘȘȞȏșȇȐșȌ 

ȘșȌȖȌȔȣ ȞȏȘșȕșȢ (�)  ȋȇȔȔȕȊȕ 

ȕȈȗȇȎȝȇ ȓȌȒȇ. 

ǷȌȟȌȔȏȌ� ǸȔȇȞȇȒȇ ȗȇȘȘȞȏșȢȉȇȌșȘȦ ȓȇȘȘȇ ȑȇȗȈȕȔȇșȇ ȑȇȒȣȝȏȦ, 
3ȏȎȗȇȘȜȕȋȕȉȇȔȔȕȊȕ Ȕȇ ȖȕȒȚȞȌȔȏȌ 2,256 ȋȓ   ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ.

x = –––––––––––– =  9,4 Ȋ (CaCO )3

2,256 Ã 100

24

CaCO  + 2HCl ⟶ CaCl  + CO   +  H O3 2 2 2

x Ȋȗȇȓȓ

100

32,256 ȋȓ

24

3x Ȋ (CaCO ) –––––––––––– 2,256 ȋȓ  (CO )3 2

3
         100 Ȋ –––––––––––– 24 ȋȓ  (CO )2

ǸșȌȖȌȔȣ ȞȏȘșȕșȢ = –––––––––––––––––––––– Ã 100� = ––– Ã 100� = 94�.
ȗȇȘȘȞȏșȇȔȔȇȦ ȓȇȘȘȇ

ȕȈȠȇȦ ȓȇȘȘȇ

9,4
10 ǧȔșȚȇȔ ǲȇȉȚȇȎȣȌ

(1743-1794)

ǵȘȔȕȉȕȖȕȒȕȍȔȏȑ ȜȏȓȏȞȌȘȑȏȜ ȗȇȘȞȧșȕȉ

ǩ X9III ȉȌȑȌ țȗȇȔȝȚȎȘȑȏȐ ȚȞȧȔȢȐ ǧȔșȚȇȔ ǲȇȉȚȇȎȣȌ ȖȗȕȏȎȉȧȒ ȗȌȉȕȒȥȝȏȥ ȉ 

ȏȘșȕȗȏȏ Ȝȏȓȏȏ. Ƕȗȏ ȖȗȕȉȌȋȌȔȏȏ ȖȗȕȘșȕȊȕ ȤȑȘȖȌȗȏȓȌȔșȇ ȕȔ ȘȍȏȊȇȒ ȉ ȎȇȑȗȢșȕȓ 

ȘȕȘȚȋȌ ȕȈȗȇȎȌȝ ȓȌșȇȒȒȇ, ȇ ȎȇșȌȓ șȠȇșȌȒȣȔȕ ȏȎȓȌȗȦȒ ȓȇȘȘȚ ȉȌȠȌȘșȉȇ. ǩ ȗȌȎȚȒȣșȇșȌ 

ȕȔ ȕȈȔȇȗȚȍȏȒ, Ȟșȕ ȕȈȠȇȦ ȓȇȘȘȇ ȘȓȌȘȏ ȔȌ ȏȎȓȌȔȏȒȇȘȣ, ȜȕșȦ Ȗȗȏ ȊȕȗȌȔȏȏ ȓȌșȇȒȒ ȏ 

ȘȕȌȋȏȔȏȒȘȦ Ș ȉȕȎȋȚȜȕȓ. Ȅșȕ ȔȇȈȒȥȋȌȔȏȌ ȉ ȋȇȒȣȔȌȐȟȌȓ ȉȕȟȒȕ ȉ ȏȘșȕȗȏȥ ȑȇȑ 

�ȎȇȑȕȔ ȘȕȜȗȇȔȌȔȏȦ ȓȇȘȘȢ�. ǲȇȉȚȇȎȣȌ ȖȗȕȉȕȋȏȒ Șȉȕȏ ȤȑȘȖȌȗȏȓȌȔșȢ Ș șȇȑȕȐ 

șȕȞȔȕȘșȣȥ, Ȟșȕ ȋȇȍȌ ȗȌȎȚȒȣșȇșȢ ȏȎȓȌȗȌȔȏȐ ȘȕȉȗȌȓȌȔȔȢȜ ȇȔȇȒȏșȏȞȌȘȑȏȜ 

ȖȗȏȈȕȗȕȉ ȔȌ ȓȕȊȚș ȏȎȓȌȔȏșȣ ȏȘșȏȔȔȕȘșȣ ȤșȕȊȕ ȎȇȑȕȔȇ. ǯȓȌȔȔȕ Ȥșȕ ȘȕȈȢșȏȌ 

ȖȗȌȉȗȇșȏȒ Ȝȏȓȏȥ ȏȎ ȔȇȚȑȏ, ȑȕșȕȗȇȦ ȕșȉȌȞȇȒȇ Ȕȇ ȖȗȕȘșȕȐ ȉȕȖȗȕȘ ´Ȟșȕ 

ȖȗȕȏȘȜȕȋȏș?µ,  ȉ ȑȕȒȏȞȌȘșȉȌȔȔȚȥ ȔȇȚȑȚ, ȑȕșȕȗȇȦ șȇȑȍȌ ȋȇȉȇȒȇ ȕșȉȌș Ȕȇ ȉȕȖȗȕȘ 

´ȘȑȕȒȣȑȕ?µ ǸȌȊȕȋȔȦ ȝȏțȗȢ, ȎȇȖȏȘȇȔȔȢȌ ȉ ȑȇȍȋȕȓ ȜȏȓȏȞȌȘȑȕȓ ȚȗȇȉȔȌȔȏȏ, ȘșȇȒȏ 

ȘȏȓȉȕȒȕȓ ȘșȗȌȓȒȌȔȏȦ ȞȌȒȕȉȌȑȇ ȖȕȎȔȇșȣ ȗȇȉȔȕȉȌȘȏȌ ȖȗȏȗȕȋȢ.

ǵș ȓȇȘȘȢ ȑ ȓȕȒȌȑȚȒȌ

ǩ ȔȇȞȇȒȌ XIX ȉȌȑȇ ȏșȇȒȣȦȔȘȑȏȐ ȚȞȧȔȢȐ ǧȓȌȋȌȕ ǧȉȕȊȇȋȗȕ ȉȢȋȉȏȔȚȒ ȔȕȉȚȥ ȋȒȦ șȕȊȕ ȉȗȌȓȌȔȏ ȏȋȌȥ ȕ 

ȘșȗȚȑșȚȗȌ ȉȌȠȌȘșȉ, ȖȕȑȇȎȇȉ, Ȟșȕ ȑȕȒȏȞȌȘșȉȕ ȊȇȎȕȉ ȎȇȉȏȘȏș ȕș ȞȏȘȒȇ ȞȇȘșȏȝ, ȘȕȋȌȗȍȇȠȏȜȘȦ ȉ ȏȜ ȘȕȘșȇȉȌ, ȏ 

Ȥșȕ ȞȏȘȒȕ ȕȘșȇȧșȘȦ ȖȕȘșȕȦȔȔȢȓ Ȗȗȏ ȕȖȗȌȋȌȒȧȔȔȢȜ ȚȘȒȕȉȏȦȜ. Ȅșȇ ȏȋȌȦ ȎȇȒȕȍȏȒȇ ȕȘȔȕȉȢ ȋȒȦ ȖȕȔȏȓȇȔȏȦ 

ȞȏȘȒȌȔȔȢȜ ȎȇȑȕȔȕȓȌȗȔȕȘșȌȐ ȉ Ȝȏȓȏȏ, șȇȑ ȑȇȑ ȉȖȌȗȉȢȌ ȑȕȒȏȞȌȘșȉȕ ȇșȕȓȕȉ ȏ ȓȕȒȌȑȚȒ ȈȢȒȕ ȖȗȌȕȈȗȇȎȕȉȇȔȕ 

ȉ ȗȌȇȒȣȔȚȥ ȓȌȗȚ. Ǹ ȤșȕȊȕ ȉȗȌȓȌȔȏ Ȝȏȓȏȑȏ ȏȎȚȞȇȒȏ ȔȌ șȕȒȣȑȕ ȖȗȌȉȗȇȠȌȔȏȦ ȉȌȠȌȘșȉ, Ȕȕ șȇȑȍȌ ȘșȇȒȏ 

ȏȎȚȞȇșȣ ȈȇȒȇȔȘ ȉ ȤșȏȜ ȖȗȌȉȗȇȠȌȔȏȦȜ ȉ ȑȕȔșȌȑȘșȌ ȘȕȈȒȥȋȌȔȏȦ ȉ ȔȏȜ ȞȏȘȒȌȔȔȢȜ ȘȕȕșȔȕȟȌȔȏȐ. ǹȇȑȏȓ 

ȕȈȗȇȎȕȓ, ȇșȕȓȢ ȏ ȓȕȒȌȑȚȒȢ ȔȌȉȏȋȏȓȕȊȕ ȓȏȗȇ ȖȕȘșȌȖȌȔȔȕ ȈȢȒȏ ȕȖȏȘȇȔȢ Ș ȓȇșȌȓȇșȏȞȌȘȑȕȐ șȕȞȔȕȘșȣȥ. 

Ȅșȇ ȏȋȌȦ ȉȖȕȘȒȌȋȘșȉȏȏ ȘȢȊȗȇȒȇ ȑȒȥȞȌȉȚȥ ȗȕȒȣ ȉ ȗȇȎȉȏșȏȏ șȇȑȏȜ ȕȈȒȇȘșȌȐ, ȑȇȑ ȓȕȒȌȑȚȒȦȗȔȇȦ ȜȏȓȏȦ, 

ȓȇșȌȗȏȇȒȕȉȌȋȌȔȏȌ ȏ țȇȗȓȇȝȌȉșȏȞȌȘȑȇȦ ȖȗȕȓȢȟȒȌȔȔȕȘșȣ. ǹȇȑ, ȔȕȉȢȌ ȉȌȠȌȘșȉȇ ȘșȇȒȏ ȘȏȔșȌȎȏȗȕȉȇșȣ ȔȌ 

șȕȒȣȑȕ Ȕȇ ȕȘȔȕȉȌ ȤȑȘȖȌȗȏȓȌȔșȇ, Ȕȕ ȏ Ȕȇ ȕȘȔȕȉȇȔȏȏ ȗȇȘȘȞȏșȇȔȔȢȜ ȑȕȒȏȞȌȘșȉ ȏ ȘȕȕșȔȕȟȌȔȏȐ. ǯȋȌȏ 

ǧȉȕȊȇȋȗȕ ȖȕȑȇȎȇȒȏ, Ȟșȕ ȓȏȗ, ȔȌȉȏȋȏȓȢȐ ȋȒȦ  ȔȇȘ ȋȇȍȌ Ș ȖȕȓȕȠȣȥ ȓȏȑȗȕȘȑȕȖȇ, ȖȕȋȞȏȔȦȌșȘȦ ȎȇȑȕȔȇȓ 

ȞȏȘȌȒ ȏ ȓȌȗ, ȏ Ȥșȏ ȎȇȑȕȔȢ ȘșȇȒȏ ȚȔȏȉȌȗȘȇȒȣȔȢȓ ȦȎȢȑȕȓ Ȝȏȓȏȏ.

ǼȏȓȏȞȌȘȑȏȐ ȈȇȒȇȔȘ ȉ ȘȕȉȗȌȓȌȔȔȕȐ șȌȜȔȕȒȕȊȏȏ                                                                           

ǶȗȕȏȎȉȕȋȘșȉȕ șȇȑȏȜ ȉȌȠȌȘșȉ, ȑȇȑ ȚȋȕȈȗȌȔȏȦ, șȕȖȒȏȉȕ, ȒȌȑȇȗȘșȉȇ, ȑȗȇȘȑȏ ȏȒȏ 

ȖȒȇȘșȓȇȘȘȢ, ȕȘȔȕȉȢȉȇȌșȘȦ Ȕȇ ȜȏȓȏȞȌȘȑȏȜ ȚȗȇȉȔȌȔȏȦȜ. ǫȒȦ ȑȇȍȋȕȊȕ ȖȗȕȏȎȉȕȋȘșȉȌȔȔȕȊȕ 

ȖȗȕȝȌȘȘȇ ȔȌȕȈȜȕȋȏȓȕ ȎȇȗȇȔȌȌ șȕȞȔȕ ȗȇȘȘȞȏșȇșȣ ȖȇȗȇȓȌșȗȢ ȖȗȌȉȗȇȠȌȔȏȦ ȉȌȠȌȘșȉ 

ȋȗȚȊ ȉ ȋȗȚȊȇ ȏ ȑȕȒȏȞȌȘșȉȕ ȖȕȒȚȞȇȌȓȕȊȕ ȖȗȕȋȚȑșȇ. ǵȋȔȏȓ ȏȎ ȔȇȏȈȕȒȌȌ ȏȎȉȌȘșȔȢȜ 

ȖȗȕȓȢȟȒȌȔȔȢȜ ȖȗȕȝȌȘȘȕȉ,  ȕȘȔȕȉȇȔȔȢȜ Ȕȇ ȤșȏȜ ȖȗȏȔȝȏȖȇȜ, ȦȉȒȦȌșȘȦ ȘȏȔșȌȎ ȇȓȓȏȇȑȇ –  

ȖȗȕȝȌȘȘ ǪȇȈȌȗȇ-Ǩȕȟȇ. ǴȌȘȓȕșȗȦ Ȕȇ șȕ, Ȟșȕ Ȥșȕș ȖȗȕȝȌȘȘ ȈȢȒ ȘȕȎȋȇȔ ȌȠȧ ȉ ȔȇȞȇȒȌ XX 

ȉȌȑȇ, ȕȔ ȏ ȉ XXI ȉȌȑȌ ȘȞȏșȇȌșȘȦ ȉȕ ȉȘȌȓ ȓȏȗȌ ȕȋȔȕȐ ȏȎ ȕȘȔȕȉ ȘȌȒȣȘȑȕȊȕ ȜȕȎȦȐȘșȉȇ. 

ǯȓȌȔȔȕ Ȥșȕș ȓȌșȕȋ ȒȌȍȏș ȉ ȕȘȔȕȉȌ ȖȗȕȏȎȉȕȋȘșȉȇ ȇȎȕșȔȢȜ ȚȋȕȈȗȌȔȏȐ, ȖȕȉȢȟȇȥȠȏȜ ȖȒȕȋȕȗȕȋȏȌ ȖȕȞȉȢ. 

ǩ ȜȕȋȌ ȗȌȇȑȝȏȏ ȊȇȎȕȕȈȗȇȎȔȢȌ ȇȎȕș ȏ ȉȕȋȕȗȕȋ ȉȎȇȏȓȕȋȌȐȘșȉȚȥș Ȗȗȏ ȉȢȘȕȑȕȓ ȋȇȉȒȌȔȏȏ ȏ șȌȓȖȌȗȇșȚȗȌ, 

ȕȈȗȇȎȚȦ ȇȓȓȏȇȑ. Ǯȇ Ȥșȏȓ, ȑȇȎȇȒȕȘȣ ȈȢ, ȖȗȕȘșȢȓ ȖȗȌȉȗȇȠȌȔȏȌȓ ȘșȕȦș ȕȞȌȔȣ șȕȞȔȢȌ ȗȇȘȞȧșȢ. ǩ ȗȌȇȑșȕȗȇȜ 

ȌȍȌȘȌȑȚȔȋȔȕ  ȑȕȔșȗȕȒȏȗȚȥșȘȦ  ȘȕȕșȔȕȟȌȔȏȌ ȊȇȎȕȉ, ȘșȇȈȏȒȣȔȕȘșȣ ȋȇȉȒȌȔȏȦ, ȖȕȋȋȌȗȍȇȔȏȌ ȎȇȋȇȔȔȕȐ 

șȌȓȖȌȗȇșȚȗȢ ȏ ȖȕșȗȌȈȒȌȔȏȌ ȤȔȌȗȊȏȏ. ǩȕ ȉȘȌȓ ȓȏȗȌ ȌȍȌȊȕȋȔȕ ȖȗȕȏȎȉȕȋȏșȘȦ ȖȗȏȓȌȗȔȕ 500 ȓȒȔ șȕȔȔ 

ȚȋȕȈȗȌȔȏȐ ȏ ȏȜ ȖȗȕȏȎȉȕȋȘșȉȕ ȎȇȉȏȘȏș ȕș ȖȗȇȉȏȒȣȔȕȘșȏ ȗȇȘȞȧșȇ ȜȏȓȏȞȌȘȑȏȜ ȚȗȇȉȔȌȔȏȐ. ǹȌ ȍȌ ȖȗȏȔȝȏȖȢ 

ȖȗȏȓȌȔȏȓȢ ȏ ȑ ȋȗȚȊȏȓ ȖȗȕȓȢȟȒȌȔȔȢȓ ȖȗȕȝȌȘȘȇȓ. ǼȏȓȏȞȌȘȑȏȌ ȚȗȇȉȔȌȔȏȦ ȦȉȒȦȥșȘȦ ȕȘȔȕȉȕȐ 

ȖȗȇȉȏȒȣȔȕȐ ȗȇȈȕșȢ ȒȇȈȕȗȇșȕȗȔȢȜ, ȖȗȕȓȢȟȒȌȔȔȢȜ, ȘȌȒȣȘȑȕȜȕȎȦȐȘșȉȌȔȔȢȜ ȏ ȤȔȌȗȊȌșȏȞȌȘȑȏȜ ȘȏȘșȌȓ.

ǾȇȘșȣ I

ǶǷǯǳǬǷ �

ǾȏȘșȕȌ ȎȕȒȕșȕ ȘȒȏȟȑȕȓ ȓȦȊȑȕȌ ȋȒȦ ȏȎȊȕșȕȉȒȌȔȏȦ ȏȎ ȔȌȊȕ ȥȉȌȒȏȗȔȢȜ ȚȑȗȇȟȌȔȏȐ. ǾșȕȈȢ     

ȖȕȉȢȘȏșȣ șȉȧȗȋȕȘșȣ, ȑ ȎȕȒȕșȚ ȋȕȈȇȉȒȦȥș șȇȑȏȌ ȓȌșȇȒȒȢ, ȑȇȑ ȓȌȋȣ ȏ ȔȏȑȌȒȣ.  ǾȏȘșȕșȇ 

ȎȕȒȕșȇ ȏȎȓȌȗȦȌșȘȦ ȉ ȑȇȗȇșȇȜ. ǾȏȘșȕȌ ȎȕȒȕșȕ ȘȕȕșȉȌșȘșȉȚȌș 24 ȑȇȗȇșȇȓ. ǬȘȒȏ ȑȕȒȣȝȕ 

ȘȋȌȒȇȔȕ ȏȎ 18-ȑȇȗȇșȔȕȊȕ ȎȕȒȕșȇ, șȕ ȘșȌȖȌȔȣ ȌȊȕ ȞȏȘșȕșȢ ȘȕȘșȇȉȒȦȌș:   ––– Ã 100 = 75�.18
24

 ǮȔȇȌșȌ 
Ȓȏ 

ȉȢ?
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ǼȏȓȏȦ ȈȚȋȚȠȌȊȕ ȉȏȋȕȏȎȓȌȔȦȌșȘȦ ȉ ȉȢȞȏȘȒȏșȌȒȣȔȚȥ Ȝȏȓȏȥ, ȚȖȗȇȉȒȦȌȓȚȥ  ȏȘȑȚȘȘșȉȌȔȔȢȓ ȏȔșȌȒȒȌȑșȕȓ. 

ǺȍȌ ȘȌȊȕȋȔȦ  ȑȕȓȖȣȥșȌȗȢ ȎȇȗȇȔȌȌ ȓȕȋȌȒȏȗȚȥș Ȝȕȋ ȗȌȇȑȝȏȏ ȏ ȖȗȌȋȒȇȊȇȥș ȔȇȏȈȕȒȌȌ ȕȖșȏȓȇȒȣȔȢȌ 

ȘȕȕșȔȕȟȌȔȏȦ ȗȌȇȊȌȔșȕȉ. ǩ 2024 ȊȕȋȚ ȓȕȋȌȒȏ, ȗȇȎȗȇȈȕșȇȔȔȢȌ ȉ ǳȇȘȘȇȞȚȘȌșȘȑȕȓ șȌȜȔȕȒȕȊȏȞȌȘȑȕȓ 

ȏȔȘșȏșȚșȌ (MIT) ȏ ǿȉȌȐȝȇȗȘȑȕȐ ȉȢȘȟȌȐ șȌȜȔȏȞȌȘȑȕȐ ȟȑȕȒȌ (ETH) ǽȥȗȏȜȇ, ȘȓȕȊȒȏ ȖȗȕȊȔȕȎȏȗȕȉȇșȣ ȉȢȜȕȋ 

ȗȌȇȑȝȏȐ Ș șȕȞȔȕȘșȣȥ 95�. Ȅșȕ ȋȇȧș ȉȕȎȓȕȍȔȕȘșȣ ȗȌȊȚȒȏȗȕȉȇșȣ ȎȇșȗȇșȢ Ȕȇ ȒȇȈȕȗȇșȕȗȔȢȌ ȏȘȘȒȌȋȕȉȇȔȏȦ, 

ȚȘȑȕȗȦȌș ȋȏȎȇȐȔ ȔȕȉȢȜ ȓȇșȌȗȏȇȒȕȉ ȏ ȘȔȏȍȇȌș ȔȇȊȗȚȎȑȚ Ȕȇ ȖȗȏȗȕȋȚ. ǵȋȔȇȑȕ, șȇȑȕȐ ȖȗȕȊȗȌȘȘ Ȗȕ-

ȖȗȌȍȔȌȓȚ ȈȇȎȏȗȚȌșȘȦ Ȕȇ ȖȗȕȘșȢȜ ȗȇȘȞȧșȇȜ, ȉȢȖȕȒȔȌȔȔȢȜ șȇȑȏȓȏ ȉȢȋȇȥȠȏȓȏȘȦ ȚȞȧȔȢȓȏ, ȑȇȑ ǲȇȉȚȇȎȣȌ 

ȏ ǧȉȕȊȇȋȗȕ.

ǵȖȗȌȋȌȒȌȔȏȌ țȕȗȓȚȒȢ 
ȑȗȏȘșȇȒȒȕȊȏȋȗȇșȇ

Ƕȗȏ ȔȇȊȗȌȉȇȔȏȏ ȑȗȏȘșȇȒȒȕȊȏȋȗȇșȢ șȌȗȦȥș ȘȕȋȌȗȍȇȠȚȥȘȦ ȉ ȔȏȜ 

ȑȗȏȘșȇȒȒȏȎȇȝȏȕȔȔȚȥ ȉȕȋȚ. Ƕȗȏ ȋȕȘșȇșȕȞȔȕȓ ȔȇȊȗȌȉȇȔȏȏ ȑȗȏȘșȇȒȒȏȎȇȝȏȕȔȔȇȦ 

ȉȕȋȇ ȖȕȒȔȕȘșȣȥ ȚȋȇȒȦȌșȘȦ ȏ, ȑȇȑ ȘȒȌȋȘșȉȏȌ, ȑȗȏȘșȇȒȒȕȊȏȋȗȇș ȖȗȌȉȗȇȠȇȌșȘȦ ȉ 

ȈȌȎȉȕȋȔȚȥ ȘȕȒȣ. ǵȘȔȕȉȢȉȇȦȘȣ Ȕȇ Ȥșȕȓ, ȓȕȍȔȕ ȕȖȗȌȋȌȒȏșȣ ȑȕȒȏȞȌȘșȉȕ ȉȕȋȢ, 

ȘȕȋȌȗȍȇȠȌȐȘȦ ȉ ȑȗȏȘșȇȒȒȕȊȏȋȗȇșȌ.

 

ǶȗȏȔȇȋȒȌȍȔȕȘșȏ� țȇȗțȕȗȕȉȇȦ Ȟȇȟȑȇ, ȖȌȘȞȇȔȇȦ ȈȇȔȦ, ȔȇȊȗȌȉȇșȌȒȣ, ȠȏȖȝȢ, 

ȉȌȘȢ, ȓȌȋȔȢȐ ȑȚȖȕȗȕȘ.

Ǽȕȋ ȗȇȈȕșȢ�

ǵȖȗȌȋȌȒȏșȌ ȓȇȘȘȚ ȖȚȘșȕȐ țȇȗțȕȗȕȉȕȐ Ȟȇȟȑȏ Ș ȑȗȢȟȑȕȐ. ǮȇșȌȓ ȖȕȓȌȘșȏșȌ ȉ 

țȇȗțȕȗȕȉȚȥ ȞȇȟȑȚ 2–3 Ȋ ȓȌȋȔȕȊȕ ȑȚȖȕȗȕȘȇ (ȑȗȏȘșȇȒȒȕȊȏȋȗȇșȇ ȘȚȒȣțȇșȇ ȓȌȋȏ(II)) 

ȏ ȘȔȕȉȇ ȏȎȓȌȗȣșȌ Ȕȇ ȉȌȘȇȜ ȓȇȘȘȚ țȇȗțȕȗȕȉȕȐ Ȟȇȟȑȏ. ǶȕȓȌȘșȏșȌ țȇȗțȕȗȕȉȚȥ 

ȞȇȟȑȚ Ȕȇ 20-30 ȓȏȔȚș Ȕȇ ȔȇȊȗȌșȚȥ ȖȌȘȞȇȔȚȥ ȈȇȔȥ, ȖȕȊȗȚȎȏȉ Ȍȧ ȉ ȖȌȘȕȑ. ǫȇȒȌȌ 

ȘȔȏȓȏșȌ ȞȇȟȑȚ Ș ȖȕȓȕȠȣȥ ȠȏȖȝȕȉ ȏ ȋȕȍȋȏșȌȘȣ Ȍȧ ȕȘșȢȉȇȔȏȦ. ǵȖȗȌȋȌȒȏșȌ 

ȓȇȘȘȚ ȕȘșȢȉȟȌȐ țȇȗțȕȗȕȉȕȐ Ȟȇȟȑȏ. ǮȇȖȕȒȔȏșȌ ȘȒȌȋȚȥȠȚȥ șȇȈȒȏȝȚ Ȕȇ 

ȕȘȔȕȉȇȔȏȏ ȗȌȎȚȒȣșȇșȕȉ ȕȖȢșȇ. 

ǵȈȘȚȋȏșȌ�

�� Ǳȇȑ ȓȌȔȦȒȘȦ ȝȉȌș ȑȗȏȘșȇȒȒȕȊȏȋȗȇșȇ ȉ ȜȕȋȌ ȕȖȢșȇ"

�� ǸȑȕȒȣȑȕ ȓȕȒȣ ȉȕȋȢ ȘȕȕșȉȌșȘșȉȚȌș ȕȋȔȕȓȚ ȓȕȒȥ ȘȚȒȣțȇșȇ 

ȓȌȋȏ(,,�" Ǳȇȑȕȉȇ țȕȗȓȚȒȇ ȋȇȔȔȕȊȕ ȑȗȏȘșȇȒȒȕȊȏȋȗȇșȇ"

�� ǷȇȘȘȞȏșȇȐșȌ ȓȇȘȘȕȉȚȥ ȋȕȒȥ (�� ȉȕȋȢ ȉ ȑȗȏȘșȇȒȒȕȊȏȋȗȇșȌ� 

ǳȇȘȘȇ țȇȗțȕȗȕȉȕȐ Ȟȇȟȑȏ, Ȋ

ǳȇȘȘȇ țȇȗțȕȗȕȉȕȐ Ȟȇȟȑȏ Ș ȓȌȋȔȢȓ ȑȚȖȕȗȕȘȕȓ, Ȋ

ǳȇȘȘȇ ȓȌȋȔȕȊȕ ȑȚȖȕȗȕȘȇ, Ȋ

ǳȇȘȘȇ țȇȗțȕȗȕȉȕȐ Ȟȇȟȑȏ Ș ȉȌȠȌȘșȉȕȓ ȖȕȘȒȌ ȖȗȕȑȇȒȏȉȇȔȏȦ, Ȋ

ǳȇȘȘȇ ȈȌȎȉȕȋȔȕȐ ȘȕȒȏ, Ȋ

ǳȇȘȘȇ ȉȕȋȢ, Ȋ

ǴȌȉȏȋȏȓȢȐ ȓȕȘș ȓȌȍȋȚ ȜȏȓȏȌȐ ȏ ȍȏȎȔȣȥ

ǩ ȖȕȉȘȌȋȔȌȉȔȕȐ ȍȏȎȔȏ ȜȏȓȏȞȌȘȑȏȌ ȗȇȘȞȧșȢ ȞȇȘșȕ ȔȌȎȇȓȌșȔȢ, Ȕȕ ȕȔȏ ȘȕȖȗȕȉȕȍȋȇȥș ȔȇȘ Ȕȇ ȑȇȍȋȕȓ 

ȟȇȊȚ. ǼȏȓȏȦ ȔȌ ȕȊȗȇȔȏȞȏȉȇȌș Șȉȕȧ ȖȗȏȘȚșȘșȉȏȌ ȒȇȈȕȗȇșȕȗȏȦȓȏ, ȕȔȇ ȖȗȕȦȉȒȦȌșȘȦ ȏ ȉ ȉȕȎȋȚȜȌ, ȑȕșȕȗȢȓ  

ȓȢ ȋȢȟȏȓ, ȏ ȉ șȕȖȒȏȉȌ, ȑȕșȕȗȕȌ ȓȢ ȘȍȏȊȇȌȓ, ȏ ȉ ȉȕȋȌ, ȑȕșȕȗȚȥ ȓȢ Ȗȣȧȓ, ȏ ȉ ȖȏȠȌ, ȑȕșȕȗȚȥ ȓȢ 

Ȋȕșȕȉȏȓ. Ǳ ȖȗȏȓȌȗȚ, ȉ ȓȌȋȏȝȏȔȌ ȋȒȦ ȕȝȌȔȑȏ ȊȇȎȕȕȈȓȌȔȇ ȉ ȕȗȊȇȔȏȎȓȌ ȞȌȒȕȉȌȑȇ ȉȗȇȞȏ ȖȗȕȉȕȋȦș ȇȔȇȒȏȎ 

ȊȇȎȕȉȕȊȕ ȘȕȘșȇȉȇ ȑȗȕȉȏ. ǯȎȓȌȗȌȔȏȌ ȚȗȕȉȔȦ ȋȏȕȑȘȏȋȇ ȚȊȒȌȗȕȋȇ ȏ ȑȏȘȒȕȗȕȋȇ ȉ ȇȗșȌȗȏȇȒȣȔȕȐ ȑȗȕȉȏ 

ȖȕȎȉȕȒȦȌș ȑȕȔșȗȕȒȏȗȕȉȇșȣ ȗȇȈȕșȚ ȕȗȊȇȔȕȉ. ǩ ȖȏȠȌȉȕȐ ȖȗȕȓȢȟȒȌȔȔȕȘșȏ Ȕȇ ȑȇȍȋȕȓ ȤșȇȖȌ ȖȗȕȏȎȉȕȋȘșȉȇ 

ȏȘȖȕȒȣȎȚȥșȘȦ ȜȏȓȏȞȌȘȑȏȌ ȗȇȘȞȧșȢ. Ǵȇ ȕȘȔȕȉȇȔȏȏ ȜȏȓȏȞȌȘȑȕȊȕ ȈȇȒȇȔȘȇ ȏ ȗȇȘȞȧșȔȢȜ ȘȕȕșȔȕȟȌȔȏȐ 

ȕȖȗȌȋȌȒȦȥșȘȦ ȑȇȗȈȕȔȏȎȇȝȏȦ Șȕȑȕȉ (ȔȇȘȢȠȌȔȏȌ ȏȜ ȋȒȦ ȟȏȖȚȞȌȘșȏ ȚȊȒȌȑȏȘȒȕșȕȐ), ȘșȌȖȌȔȣ ȔȇȈȚȜȇȔȏȦ 

ȜȒȌȈȇ ȏ ȗȌȊȚȒȏȗȕȉȇȔȏȌ ȑȕȒȏȞȌȘșȉȇ ȘȇȜȇȗȇ ȉ ȔȇȖȏșȑȇȜ. ǹȇȑ, ȌȘȒȏ ȑȕȒȏȞȌȘșȉȇ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ 

ȔȌȋȕȘșȇșȕȞȔȕ, ȔȇȖȏșȕȑ șȌȗȦȌș ȉȑȚȘ, ȇ ȌȘȒȏ ȌȊȕ ȘȒȏȟȑȕȓ ȓȔȕȊȕ, ȋȇȉȒȌȔȏȌ ȉ ȈȚșȢȒȑȌ ȋȕȘșȏȊȇȌș ȕȖȇȘȔȕȐ 

ȕșȓȌșȑȏ. ǩ ȤȔȌȗȊȌșȏȞȌȘȑȕȐ ȏ șȗȇȔȘȖȕȗșȔȕȐ ȕȈȒȇȘșȦȜ ȜȏȓȏȞȌȘȑȏȌ ȗȇȘȞȧșȢ ȉȒȏȦȥș Ȕȇ ȤȑȕȒȕȊȏȞȌȘȑȏȐ 

ȈȇȒȇȔȘ ȖȒȇȔȌșȢ. ǹȇȑȕȐ ȖȕȋȜȕȋ ȖȕȑȇȎȢȉȇȌș, Ȟșȕ ȜȏȓȏȞȌȘȑȏȌ ȚȗȇȉȔȌȔȏȦ ȘȒȚȍȇș ȔȌ șȕȒȣȑȕ ȋȒȦ ȚȖȗȇȉȒȌȔȏȦ 

ȜȏȓȏȞȌȘȑȏȓȏ ȖȗȌȉȗȇȠȌȔȏȦȓȏ ȉ ȒȇȈȕȗȇșȕȗȏȦȜ, Ȕȕ ȏ ȋȒȦ ȗȌȊȚȒȏȗȕȉȇȔȏȦ ȑȗȚȊȕȉȕȗȕșȇ ȤȔȌȗȊȏȏ ȏ ȗȌȘȚȗȘȕȉ 

Ȕȇ ȔȇȟȌȐ ȖȒȇȔȌșȌ.

ǶȗȕȌȑș
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ǼȏȓȏȦ ȈȚȋȚȠȌȊȕ ȉȏȋȕȏȎȓȌȔȦȌșȘȦ ȉ ȉȢȞȏȘȒȏșȌȒȣȔȚȥ Ȝȏȓȏȥ, ȚȖȗȇȉȒȦȌȓȚȥ  ȏȘȑȚȘȘșȉȌȔȔȢȓ ȏȔșȌȒȒȌȑșȕȓ. 

ǺȍȌ ȘȌȊȕȋȔȦ  ȑȕȓȖȣȥșȌȗȢ ȎȇȗȇȔȌȌ ȓȕȋȌȒȏȗȚȥș Ȝȕȋ ȗȌȇȑȝȏȏ ȏ ȖȗȌȋȒȇȊȇȥș ȔȇȏȈȕȒȌȌ ȕȖșȏȓȇȒȣȔȢȌ 

ȘȕȕșȔȕȟȌȔȏȦ ȗȌȇȊȌȔșȕȉ. ǩ 2024 ȊȕȋȚ ȓȕȋȌȒȏ, ȗȇȎȗȇȈȕșȇȔȔȢȌ ȉ ǳȇȘȘȇȞȚȘȌșȘȑȕȓ șȌȜȔȕȒȕȊȏȞȌȘȑȕȓ 

ȏȔȘșȏșȚșȌ (MIT) ȏ ǿȉȌȐȝȇȗȘȑȕȐ ȉȢȘȟȌȐ șȌȜȔȏȞȌȘȑȕȐ ȟȑȕȒȌ (ETH) ǽȥȗȏȜȇ, ȘȓȕȊȒȏ ȖȗȕȊȔȕȎȏȗȕȉȇșȣ ȉȢȜȕȋ 

ȗȌȇȑȝȏȐ Ș șȕȞȔȕȘșȣȥ 95�. Ȅșȕ ȋȇȧș ȉȕȎȓȕȍȔȕȘșȣ ȗȌȊȚȒȏȗȕȉȇșȣ ȎȇșȗȇșȢ Ȕȇ ȒȇȈȕȗȇșȕȗȔȢȌ ȏȘȘȒȌȋȕȉȇȔȏȦ, 

ȚȘȑȕȗȦȌș ȋȏȎȇȐȔ ȔȕȉȢȜ ȓȇșȌȗȏȇȒȕȉ ȏ ȘȔȏȍȇȌș ȔȇȊȗȚȎȑȚ Ȕȇ ȖȗȏȗȕȋȚ. ǵȋȔȇȑȕ, șȇȑȕȐ ȖȗȕȊȗȌȘȘ Ȗȕ-

ȖȗȌȍȔȌȓȚ ȈȇȎȏȗȚȌșȘȦ Ȕȇ ȖȗȕȘșȢȜ ȗȇȘȞȧșȇȜ, ȉȢȖȕȒȔȌȔȔȢȜ șȇȑȏȓȏ ȉȢȋȇȥȠȏȓȏȘȦ ȚȞȧȔȢȓȏ, ȑȇȑ ǲȇȉȚȇȎȣȌ 

ȏ ǧȉȕȊȇȋȗȕ.

ǵȖȗȌȋȌȒȌȔȏȌ țȕȗȓȚȒȢ 
ȑȗȏȘșȇȒȒȕȊȏȋȗȇșȇ

Ƕȗȏ ȔȇȊȗȌȉȇȔȏȏ ȑȗȏȘșȇȒȒȕȊȏȋȗȇșȢ șȌȗȦȥș ȘȕȋȌȗȍȇȠȚȥȘȦ ȉ ȔȏȜ 

ȑȗȏȘșȇȒȒȏȎȇȝȏȕȔȔȚȥ ȉȕȋȚ. Ƕȗȏ ȋȕȘșȇșȕȞȔȕȓ ȔȇȊȗȌȉȇȔȏȏ ȑȗȏȘșȇȒȒȏȎȇȝȏȕȔȔȇȦ 

ȉȕȋȇ ȖȕȒȔȕȘșȣȥ ȚȋȇȒȦȌșȘȦ ȏ, ȑȇȑ ȘȒȌȋȘșȉȏȌ, ȑȗȏȘșȇȒȒȕȊȏȋȗȇș ȖȗȌȉȗȇȠȇȌșȘȦ ȉ 

ȈȌȎȉȕȋȔȚȥ ȘȕȒȣ. ǵȘȔȕȉȢȉȇȦȘȣ Ȕȇ Ȥșȕȓ, ȓȕȍȔȕ ȕȖȗȌȋȌȒȏșȣ ȑȕȒȏȞȌȘșȉȕ ȉȕȋȢ, 

ȘȕȋȌȗȍȇȠȌȐȘȦ ȉ ȑȗȏȘșȇȒȒȕȊȏȋȗȇșȌ.

 

ǶȗȏȔȇȋȒȌȍȔȕȘșȏ� țȇȗțȕȗȕȉȇȦ Ȟȇȟȑȇ, ȖȌȘȞȇȔȇȦ ȈȇȔȦ, ȔȇȊȗȌȉȇșȌȒȣ, ȠȏȖȝȢ, 

ȉȌȘȢ, ȓȌȋȔȢȐ ȑȚȖȕȗȕȘ.

Ǽȕȋ ȗȇȈȕșȢ�

ǵȖȗȌȋȌȒȏșȌ ȓȇȘȘȚ ȖȚȘșȕȐ țȇȗțȕȗȕȉȕȐ Ȟȇȟȑȏ Ș ȑȗȢȟȑȕȐ. ǮȇșȌȓ ȖȕȓȌȘșȏșȌ ȉ 

țȇȗțȕȗȕȉȚȥ ȞȇȟȑȚ 2–3 Ȋ ȓȌȋȔȕȊȕ ȑȚȖȕȗȕȘȇ (ȑȗȏȘșȇȒȒȕȊȏȋȗȇșȇ ȘȚȒȣțȇșȇ ȓȌȋȏ(II)) 

ȏ ȘȔȕȉȇ ȏȎȓȌȗȣșȌ Ȕȇ ȉȌȘȇȜ ȓȇȘȘȚ țȇȗțȕȗȕȉȕȐ Ȟȇȟȑȏ. ǶȕȓȌȘșȏșȌ țȇȗțȕȗȕȉȚȥ 

ȞȇȟȑȚ Ȕȇ 20-30 ȓȏȔȚș Ȕȇ ȔȇȊȗȌșȚȥ ȖȌȘȞȇȔȚȥ ȈȇȔȥ, ȖȕȊȗȚȎȏȉ Ȍȧ ȉ ȖȌȘȕȑ. ǫȇȒȌȌ 

ȘȔȏȓȏșȌ ȞȇȟȑȚ Ș ȖȕȓȕȠȣȥ ȠȏȖȝȕȉ ȏ ȋȕȍȋȏșȌȘȣ Ȍȧ ȕȘșȢȉȇȔȏȦ. ǵȖȗȌȋȌȒȏșȌ 

ȓȇȘȘȚ ȕȘșȢȉȟȌȐ țȇȗțȕȗȕȉȕȐ Ȟȇȟȑȏ. ǮȇȖȕȒȔȏșȌ ȘȒȌȋȚȥȠȚȥ șȇȈȒȏȝȚ Ȕȇ 

ȕȘȔȕȉȇȔȏȏ ȗȌȎȚȒȣșȇșȕȉ ȕȖȢșȇ. 

ǵȈȘȚȋȏșȌ�

�� Ǳȇȑ ȓȌȔȦȒȘȦ ȝȉȌș ȑȗȏȘșȇȒȒȕȊȏȋȗȇșȇ ȉ ȜȕȋȌ ȕȖȢșȇ"

�� ǸȑȕȒȣȑȕ ȓȕȒȣ ȉȕȋȢ ȘȕȕșȉȌșȘșȉȚȌș ȕȋȔȕȓȚ ȓȕȒȥ ȘȚȒȣțȇșȇ 

ȓȌȋȏ(,,�" Ǳȇȑȕȉȇ țȕȗȓȚȒȇ ȋȇȔȔȕȊȕ ȑȗȏȘșȇȒȒȕȊȏȋȗȇșȇ"

�� ǷȇȘȘȞȏșȇȐșȌ ȓȇȘȘȕȉȚȥ ȋȕȒȥ (�� ȉȕȋȢ ȉ ȑȗȏȘșȇȒȒȕȊȏȋȗȇșȌ� 

ǳȇȘȘȇ țȇȗțȕȗȕȉȕȐ Ȟȇȟȑȏ, Ȋ

ǳȇȘȘȇ țȇȗțȕȗȕȉȕȐ Ȟȇȟȑȏ Ș ȓȌȋȔȢȓ ȑȚȖȕȗȕȘȕȓ, Ȋ

ǳȇȘȘȇ ȓȌȋȔȕȊȕ ȑȚȖȕȗȕȘȇ, Ȋ

ǳȇȘȘȇ țȇȗțȕȗȕȉȕȐ Ȟȇȟȑȏ Ș ȉȌȠȌȘșȉȕȓ ȖȕȘȒȌ ȖȗȕȑȇȒȏȉȇȔȏȦ, Ȋ

ǳȇȘȘȇ ȈȌȎȉȕȋȔȕȐ ȘȕȒȏ, Ȋ

ǳȇȘȘȇ ȉȕȋȢ, Ȋ

ǴȌȉȏȋȏȓȢȐ ȓȕȘș ȓȌȍȋȚ ȜȏȓȏȌȐ ȏ ȍȏȎȔȣȥ

ǩ ȖȕȉȘȌȋȔȌȉȔȕȐ ȍȏȎȔȏ ȜȏȓȏȞȌȘȑȏȌ ȗȇȘȞȧșȢ ȞȇȘșȕ ȔȌȎȇȓȌșȔȢ, Ȕȕ ȕȔȏ ȘȕȖȗȕȉȕȍȋȇȥș ȔȇȘ Ȕȇ ȑȇȍȋȕȓ 

ȟȇȊȚ. ǼȏȓȏȦ ȔȌ ȕȊȗȇȔȏȞȏȉȇȌș Șȉȕȧ ȖȗȏȘȚșȘșȉȏȌ ȒȇȈȕȗȇșȕȗȏȦȓȏ, ȕȔȇ ȖȗȕȦȉȒȦȌșȘȦ ȏ ȉ ȉȕȎȋȚȜȌ, ȑȕșȕȗȢȓ  

ȓȢ ȋȢȟȏȓ, ȏ ȉ șȕȖȒȏȉȌ, ȑȕșȕȗȕȌ ȓȢ ȘȍȏȊȇȌȓ, ȏ ȉ ȉȕȋȌ, ȑȕșȕȗȚȥ ȓȢ Ȗȣȧȓ, ȏ ȉ ȖȏȠȌ, ȑȕșȕȗȚȥ ȓȢ 

Ȋȕșȕȉȏȓ. Ǳ ȖȗȏȓȌȗȚ, ȉ ȓȌȋȏȝȏȔȌ ȋȒȦ ȕȝȌȔȑȏ ȊȇȎȕȕȈȓȌȔȇ ȉ ȕȗȊȇȔȏȎȓȌ ȞȌȒȕȉȌȑȇ ȉȗȇȞȏ ȖȗȕȉȕȋȦș ȇȔȇȒȏȎ 

ȊȇȎȕȉȕȊȕ ȘȕȘșȇȉȇ ȑȗȕȉȏ. ǯȎȓȌȗȌȔȏȌ ȚȗȕȉȔȦ ȋȏȕȑȘȏȋȇ ȚȊȒȌȗȕȋȇ ȏ ȑȏȘȒȕȗȕȋȇ ȉ ȇȗșȌȗȏȇȒȣȔȕȐ ȑȗȕȉȏ 

ȖȕȎȉȕȒȦȌș ȑȕȔșȗȕȒȏȗȕȉȇșȣ ȗȇȈȕșȚ ȕȗȊȇȔȕȉ. ǩ ȖȏȠȌȉȕȐ ȖȗȕȓȢȟȒȌȔȔȕȘșȏ Ȕȇ ȑȇȍȋȕȓ ȤșȇȖȌ ȖȗȕȏȎȉȕȋȘșȉȇ 

ȏȘȖȕȒȣȎȚȥșȘȦ ȜȏȓȏȞȌȘȑȏȌ ȗȇȘȞȧșȢ. Ǵȇ ȕȘȔȕȉȇȔȏȏ ȜȏȓȏȞȌȘȑȕȊȕ ȈȇȒȇȔȘȇ ȏ ȗȇȘȞȧșȔȢȜ ȘȕȕșȔȕȟȌȔȏȐ 

ȕȖȗȌȋȌȒȦȥșȘȦ ȑȇȗȈȕȔȏȎȇȝȏȦ Șȕȑȕȉ (ȔȇȘȢȠȌȔȏȌ ȏȜ ȋȒȦ ȟȏȖȚȞȌȘșȏ ȚȊȒȌȑȏȘȒȕșȕȐ), ȘșȌȖȌȔȣ ȔȇȈȚȜȇȔȏȦ 

ȜȒȌȈȇ ȏ ȗȌȊȚȒȏȗȕȉȇȔȏȌ ȑȕȒȏȞȌȘșȉȇ ȘȇȜȇȗȇ ȉ ȔȇȖȏșȑȇȜ. ǹȇȑ, ȌȘȒȏ ȑȕȒȏȞȌȘșȉȇ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ 

ȔȌȋȕȘșȇșȕȞȔȕ, ȔȇȖȏșȕȑ șȌȗȦȌș ȉȑȚȘ, ȇ ȌȘȒȏ ȌȊȕ ȘȒȏȟȑȕȓ ȓȔȕȊȕ, ȋȇȉȒȌȔȏȌ ȉ ȈȚșȢȒȑȌ ȋȕȘșȏȊȇȌș ȕȖȇȘȔȕȐ 

ȕșȓȌșȑȏ. ǩ ȤȔȌȗȊȌșȏȞȌȘȑȕȐ ȏ șȗȇȔȘȖȕȗșȔȕȐ ȕȈȒȇȘșȦȜ ȜȏȓȏȞȌȘȑȏȌ ȗȇȘȞȧșȢ ȉȒȏȦȥș Ȕȇ ȤȑȕȒȕȊȏȞȌȘȑȏȐ 

ȈȇȒȇȔȘ ȖȒȇȔȌșȢ. ǹȇȑȕȐ ȖȕȋȜȕȋ ȖȕȑȇȎȢȉȇȌș, Ȟșȕ ȜȏȓȏȞȌȘȑȏȌ ȚȗȇȉȔȌȔȏȦ ȘȒȚȍȇș ȔȌ șȕȒȣȑȕ ȋȒȦ ȚȖȗȇȉȒȌȔȏȦ 

ȜȏȓȏȞȌȘȑȏȓȏ ȖȗȌȉȗȇȠȌȔȏȦȓȏ ȉ ȒȇȈȕȗȇșȕȗȏȦȜ, Ȕȕ ȏ ȋȒȦ ȗȌȊȚȒȏȗȕȉȇȔȏȦ ȑȗȚȊȕȉȕȗȕșȇ ȤȔȌȗȊȏȏ ȏ ȗȌȘȚȗȘȕȉ 

Ȕȇ ȔȇȟȌȐ ȖȒȇȔȌșȌ.

ǶȗȕȌȑș
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ǵșȔȕȟȌȔȏȌ

ȓȇȘȘ 

ȤȒȌȓȌȔșȕȉ ȉ 

ȘȕȌȋȏȔȌȔȏȏ

ǵșȔȕȟȌȔȏȌ ȓȇȘȘȢ 

ȤȒȌȓȌȔșȇ ȉ ȘȕȌȋȏȔȌȔȏȏ            

ȑ ȓȇȘȘȌ ȘȕȌȋȏȔȌȔȏȦ, 

ȉȢȗȇȍȌȔȔȕȌ ȉ ȖȗȕȝȌȔșȇȜ

Ƕȕ ȜȏȓȏȞȌȘȑȏȓ țȕȗȓȚȒȇȓ ǳȇȘȘȕȉȇȦ ȋȕȒȦǳȇȘȘȕȉȕȌ ȕșȔȕȟȌȔȏȌ

ǼимичеȘкие раȘчȧты

ǷȇȘȞȧș

ȑȕȒȏȞȌȘșȉȇ 

ȕȋȔȕȊȕ ȉȌȠȌȘșȉȇ

Ȗȕ ȑȕȒȏȞȌȘșȉȚ 

ȋȗȚȊȏȜ ȉȌȠȌȘșȉ

ǷȇȘȞȧș 

ȘșȌȖȌȔȏ 

ȞȏȘșȕșȢ 

ȘȢȗȣȦ

ǷȇȘȞȧș

ȑȕȒȏȞȌȘșȉȇ ȖȗȕȋȚȑșȇ 

Ȗȕ ȒȏȓȏșȏȗȚȥȠȌȓȚ 

ȉȌȠȌȘșȉȚ

ǷȇȘȞȧș

ȖȗȇȑșȏȞȌȘȑȕȊȕ 

ȉȢȜȕȋȇ 

ȖȗȕȋȚȑșȇ

Ƕȕ ȜȏȓȏȞȌȘȑȏȓ ȚȗȇȉȔȌȔȏȦȓ
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ǳȇȘȘȇ X, Ȋ ǳȇȘȘȇ ȖȕȒȚȞȌȔȔȕȊȕ ȖȗȕȋȚȑșȇ, ȊǳȇȘȘȇ ȑȏȘȒȕȗȕȋȇ, Ȋ

1

14

15

Заключение Обобщающие задания

ǵșȔȕȟȌȔȏȌ

ȓȇȘȘ 

ȤȒȌȓȌȔșȕȉ ȉ 

ȘȕȌȋȏȔȌȔȏȏ

ǵșȔȕȟȌȔȏȌ ȓȇȘȘȢ 

ȤȒȌȓȌȔșȇ ȉ ȘȕȌȋȏȔȌȔȏȏ            

ȑ ȓȇȘȘȌ ȘȕȌȋȏȔȌȔȏȦ, 

ȉȢȗȇȍȌȔȔȕȌ ȉ ȖȗȕȝȌȔșȇȜ

Ƕȕ ȜȏȓȏȞȌȘȑȏȓ țȕȗȓȚȒȇȓ ǳȇȘȘȕȉȇȦ ȋȕȒȦǳȇȘȘȕȉȕȌ ȕșȔȕȟȌȔȏȌ

ǼимичеȘкие раȘчȧты

ǷȇȘȞȧș

ȑȕȒȏȞȌȘșȉȇ 

ȕȋȔȕȊȕ ȉȌȠȌȘșȉȇ

Ȗȕ ȑȕȒȏȞȌȘșȉȚ 

ȋȗȚȊȏȜ ȉȌȠȌȘșȉ

ǷȇȘȞȧș 

ȘșȌȖȌȔȏ 

ȞȏȘșȕșȢ 

ȘȢȗȣȦ

ǷȇȘȞȧș

ȑȕȒȏȞȌȘșȉȇ ȖȗȕȋȚȑșȇ 

Ȗȕ ȒȏȓȏșȏȗȚȥȠȌȓȚ 

ȉȌȠȌȘșȉȚ

ǷȇȘȞȧș

ȖȗȇȑșȏȞȌȘȑȕȊȕ 

ȉȢȜȕȋȇ 

ȖȗȕȋȚȑșȇ

Ƕȕ ȜȏȓȏȞȌȘȑȏȓ ȚȗȇȉȔȌȔȏȦȓ
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�� ǺȗȇȉȔȌȔȏȌ ȗȌȇȑȝȏȏ ȊȕȗȌȔȏȦ ȤșȇȔȇ ȏȓȌȌș ȘȒȌȋȚȥȠȏȐ ȉȏȋ�

�& H  � �2   → �&2  � �H 2� � � � �

�
ǫȒȦ ȗȌȇȑȝȏȏ ȊȕȗȌȔȏȦ � ȋȓ  (���& ȏ � ȇșȓ�  ȤșȇȔȇ ȗȇȘȘȞȏșȇȐșȌ�

�� ǷȇȘȘȞȏșȇȐșȌ Ȝ�

���  ǶȗȏȉȌȋȧȔ Ȋȗȇțȏȑ ȎȇȉȏȘȏȓȕȘșȏ ȓȇȘȘȢ ȉȌȠȌȘșȉ ȕș ȉȗȌȓȌȔȏ ȉ ȗȌȇȑȝȏȏ 

ȓȌȍȋȚ ȉȌȠȌȘșȉȇȓȏ Ǽ ȏ <� ǯȘȜȕȋȦ ȏȎ Ȋȗȇțȏȑȇ� ȗȇȘȘȞȏșȇȐșȌ�

D� ȎȔȇȞȌȔȏȌ Q

E� ȓȇȘȘȕȉȕȌ ȕșȔȕȟȌȔȏȌ  
P(;�
P(<�
²²²²²

Y

X 

X Y2 3

ǳȇȘȘȇ, Ȋ

Q

ǩȗȌȓȦ

50

32

�� ǷȇȘȘȞȏșȇȐșȌ �D�

34 Ȋ x Ȋ
Al

m Ȋȗȇȓȓ

O2

m Ȋȗȇȓȓ

ǷȌȇȊȏȗȚȥȠȏȌ ȉȌȠȌȘșȉȇ ȏ ȏȜ ȓȇȘȘȇ ǳȇȘȘȇ ȖȗȕȋȚȑșȇ
ǳȇȘȘȇ ȉȌȠȌȘșȉȇ, ȕȘșȇȉȟȌȊȕȘȦ    
ȉ ȏȎȈȢșȑȌ

ǸȕȌȋȏȔȌȔȏȌ ǳȇȘȘȕȉȇȦ ȋȕȒȦ X ȉ ȘȕȌȋȏȔȌȔȏȏ, �

X Y3 2

XY3

75

D

D�  ȞȏȘȒȕ ȓȕȒȌȐ ȏȎȗȇȘȜȕȋȕȉȇȔȔȕȊȕ ȉ ȗȌȇȑȝȏȏ ȑȏȘȒȕȗȕȋȇ�

�E�  ȕȈȡȧȓ (ȋȓ � ���& ȏ � ȇșȓ� ȖȕȒȚȞȌȔȔȕȊȕ ȚȊȒȌȑȏȘȒȕȊȕ ȊȇȎȇ� 

F�  ȓȇȘȘȚ (Ȋ� ȖȕȒȚȞȌȔȔȕȐ ȉȕȋȢ�



 ǹȌȗȓȕȜȏȓȏȦ

Ƕȗȏ ȘȍȏȊȇȔȏȏ ȋȗȌȉȌȘȏȔȢ, ȚȊȒȦ ȏ ȔȌțșȏ 

ȔȇȑȕȖȒȌȔȔȇȦ ȉ ȔȏȜ ȜȏȓȏȞȌȘȑȇȦ ȤȔȌȗȊȏȦ 

ȖȗȌȕȈȗȇȎȚȌșȘȦ ȉ șȌȖȒȕȉȚȥ ȤȔȌȗȊȏȥ. ǩ 

ȗȌȎȚȒȣșȇșȌ ȘȊȕȗȇȔȏȦ ȈȌȔȎȏȔȇ ȏ ȋȏȎȌȒȣȔȕȊȕ 

șȕȖȒȏȉȇ ȜȏȓȏȞȌȘȑȇȦ ȤȔȌȗȊȏȦ ȖȗȌȕȈȗȇȎȚȌșȘȦ ȉ 

ȓȌȜȇȔȏȞȌȘȑȚȥ ȤȔȌȗȊȏȥ ȏ Ȗȗȏȉȕȋȏș ȉ 

ȋȉȏȍȌȔȏȌ Ȕȇȟȏ șȗȇȔȘȖȕȗșȔȢȌ ȘȗȌȋȘșȉȇ. ǩ 

ȖȗȕȝȌȘȘȌ ȕȈȓȌȔȇ ȉȌȠȌȘșȉ ȉ ȍȏȉȢȜ 

ȕȗȊȇȔȏȎȓȇȜ ȎȇȖȇȘȧȔȔȇȦ ȉ ȖȏȠȌ ȜȏȓȏȞȌȘȑȇȦ 

ȤȔȌȗȊȏȦ ȖȗȌȉȗȇȠȇȌșȘȦ ȉ șȌȖȒȕȉȚȥ ȏ  

ȓȌȜȇȔȏȞȌȘȑȚȥ ȤȔȌȗȊȏȥ. Ȅșȏ ȖȗȌȉȗȇȠȌȔȏȦ 

ȖȕȋȋȌȗȍȏȉȇȥș șȌȖȒȕ ȉ ȔȇȟȌȓ șȌȒȌ, ȖȗȏȉȕȋȦș 

Ȕȇȟȏ ȓȢȟȝȢ ȉ  ȋȉȏȍȌȔȏȌ ȏ ȕȈȌȘȖȌȞȏȉȇȥș 

ȖȌȗȌȋȇȞȚ ȔȌȗȉȔȢȜ ȘȏȊȔȇȒȕȉ.

� ǷȇȎȋȌȒ Ȝȏȓȏȏ, ȏȎȚȞȇȥȠȏȐ șȌȖȒȕȉȢȌ ȤțțȌȑșȢ, ȔȇȈȒȥȋȇȌȓȢȌ  ȉ ȜȕȋȌ ȜȏȓȏȞȌȘȑȏȜ 

ȗȌȇȑȝȏȐ, ȔȇȎȢȉȇȌșȘȦ șȌȗȓȕȜȏȓȏȌȐ
� ǹȌȖȒȕȉȢȌ ȤțțȌȑșȢ ȗȌȇȑȝȏȐ ȉȢȗȇȍȇȥșȘȦ ȏȎȓȌȔȌȔȏȌȓ ȤȔșȇȒȣȖȏȏ
� ǩȘȌ ȏȎȓȌȗȌȔȏȦ șȌȖȒȕȉȢȜ ȤțțȌȑșȕȉ ȗȌȇȑȝȏȐ ȖȗȕȉȕȋȦșȘȦ ȉ ȘșȇȔȋȇȗșȔȢȜ ȚȘȒȕȉȏȦȜ, șȇȑ 

ȑȇȑ șȌȖȒȕȉȕȐ ȤțțȌȑș ȕȋȔȕȐ ȏ șȕȐ ȍȌ ȗȌȇȑȝȏȏ ȏȎȓȌȔȦȌșȘȦ Ȗȗȏ ȏȎȓȌȔȌȔȏȏ 

șȌȓȖȌȗȇșȚȗȢ ȏ ȋȇȉȒȌȔȏȦ
� ǸȚȓȓȇȗȔȕȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȉ ȜȕȋȌ ȜȏȓȏȞȌȘȑȕȐ ȗȌȇȑȝȏȏ ȦȉȒȦȌșȘȦ ȖȕȘșȕȦȔȔȢȓ            

ȏ ȔȌ ȎȇȉȏȘȏș ȕș ȖȚșȏ ȖȗȕȜȕȍȋȌȔȏȦ ȕș ȏȘȜȕȋȔȢȜ ȉȌȠȌȘșȉ ȋȕ ȖȗȕȋȚȑșȕȉ ȗȌȇȑȝȏȏ
� ȄȔȌȗȊȏȦ, ȔȌȕȈȜȕȋȏȓȇȦ ȋȒȦ ȗȇȎȗȢȉȇ ȕȋȔȕȊȕ ȓȕȒȦ ȘȉȦȎȏ ȏȒȏ ȉȢȋȌȒȦȥȠȇȦȘȦ Ȗȗȏ 

ȕȈȗȇȎȕȉȇȔȏȏ ȕȋȔȕȊȕ ȓȕȒȦ ȘȉȦȎȏ, ȔȇȎȢȉȇȌșȘȦ ȤȔȌȗȊȏȌȐ ȘȉȦȎȏ
� ǶȏȠȌȉȇȦ ȤȔȌȗȊȏȦ – Ȥșȕ ȜȏȓȏȞȌȘȑȇȦ ȤȔȌȗȊȏȦ, ȑȕșȕȗȚȥ Ȓȥȋȏ ȏ ȍȏȉȕșȔȢȌ ȖȕȒȚȞȇȥș ȏȎ 

ȖȗȕȋȚȑșȕȉ ȖȏșȇȔȏȦ ȋȒȦ ȕȈȌȘȖȌȞȌȔȏȦ ȘȉȕȌȐ ȍȏȎȔȌȋȌȦșȌȒȣȔȕȘșȏ

ǯȎ ȗȇȎȋȌȒȇ ȉȢ ȚȎȔȇȌșȌ

1. ǩ ȜȕȋȌ ȑȇȑȕȐ ȗȌȇȑȝȏȏ 

ȜȏȓȏȞȌȘȑȇȦ ȤȔȌȗȊȏȦ 

ȖȗȌȉȗȇȠȇȌșȘȦ ȉ șȌȖȒȕȉȚȥ 

ȤȔȌȗȊȏȥ?

2. Ǯȇ ȘȞȧș ȑȇȑȏȜ ȉȌȠȌȘșȉ 

ȉȢȗȇȈȇșȢȉȇȌșȘȦ ȤȔȌȗȊȏȦ                   

ȉ ȔȇȟȌȓ ȕȗȊȇȔȏȎȓȌ?

3. Ǳȇȑ ȉȢ ȘȞȏșȇȌșȌ, ȉ Ȟȧȓ 

ȘȕȘșȕȏș ȎȔȇȞȌȔȏȌ ȏȎȚȞȌȔȏȦ 

șȌȖȒȕȉȢȜ ȤțțȌȑșȕȉ 

ȜȏȓȏȞȌȘȑȏȜ ȗȌȇȑȝȏȐ?

ȄȔȌȗȊȏȦ – ȕȋȔȕ ȏȎ ȝȌȔȔȌȐȟȏȜ ȈȕȊȇșȘșȉ, 

ȑȕșȕȗȢȓȏ ȕȈȒȇȋȇȌș ȞȌȒȕȉȌȞȌȘșȉȕ. ǭȏȎȔȣ, 

șȌȖȒȕ ȏ ȋȉȏȍȌȔȏȌ ȔȌȉȕȎȓȕȍȔȢ ȈȌȎ ȤȔȌȗȊȏȏ. 

ǺȗȕȉȌȔȣ ȗȇȎȉȏșȏȦ ȑȇȍȋȕȐ ȘșȗȇȔȢ șȌȘȔȕ 

ȘȉȦȎȇȔ Ș Ȍȧ ȤȔȌȗȊȌșȏȞȌȘȑȏȓȏ ȗȌȘȚȗȘȇȓȏ ȏ ȏȜ 

ȗȇȝȏȕȔȇȒȣȔȢȓ ȏȘȖȕȒȣȎȕȉȇȔȏȌȓ.

3
ȒȌȋ

Ȏ
ȇ

ȗ



3.1 ȄȔșȇȒȣȖȏȦ

ǩȢ ȚȍȌ ȎȔȇȌșȌ, Ȟșȕ ȜȏȓȏȞȌȘȑȏȌ ȗȌȇȑȝȏȏ ȘȕȖȗȕȉȕȍȋȇȥșȘȦ 

ȉȢȋȌȒȌȔȏȌȓ ȏȒȏ ȖȕȊȒȕȠȌȔȏȌȓ șȌȖȒȕșȢ: ȗȌȇȑȝȏȏ, ȉ ȜȕȋȌ 

ȑȕșȕȗȢȜ șȌȖȒȕșȇ ȉȢȋȌȒȦȌșȘȦ, ȔȇȎȢȉȇȥșȘȦ 

ȤȑȎȕșȌȗȓȏȞȌȘȑȏȓȏ ȗȌȇȑȝȏȦȓȏ, ȇ ȗȌȇȑȝȏȏ, ȉ ȜȕȋȌ ȑȕșȕȗȢȜ 

șȌȖȒȕșȇ ȖȕȊȒȕȠȇȌșȘȦ, ȤȔȋȕșȌȗȓȏȞȌȘȑȏȓȏ ȗȌȇȑȝȏȦȓȏ. 

ǯȎȚȞȌȔȏȌ  ȉȢȋȌȒȌȔȏȦ ȏȒȏ ȖȕȊȒȕȠȌȔȏȦ șȌȖȒȕȉȕȐ ȤȔȌȗȊȏȏ, 

ȔȇȈȒȥȋȇȌȓȢȜ ȉ ȜȕȋȌ ȜȏȓȏȞȌȘȑȏȜ ȗȌȇȑȝȏȐ, ȏȓȌȌș ȈȕȒȣȟȕȌ 

5958

ǩȕ ȉȗȌȓȦ șȗȌȔȏȗȕȉȑȏ țȚșȈȕȒȣȔȕȐ ȑȕȓȇȔȋȢ ȕȋȏȔ ȏȎ ȏȊȗȕȑȕȉ ȚȖȇȒ ȏ ȖȕȉȗȌȋȏȒ ȔȕȊȚ. 

ǫȒȦ ȘȔȦșȏȦ ȈȕȒȏ ȏ ȕșȧȑȇ ȉȗȇȞ ȑȕȓȇȔȋȢ ȘȗȇȎȚ ȍȌ ȏȘȖȕȒȣȎȕȉȇȒ ȑȕȓȖȗȌȘȘ ȉ ȉȏȋȌ 

ȕȜȒȇȍȋȇȥȠȌȊȕ ȖȇȑȌșȇ. Ƕȗȏ Șȍȇșȏȏ ȖȇȑȌșȇ ȗȚȑȕȐ ȕȔ ȕȜȒȇȍȋȇȌșȘȦ ȏ ȕȜȒȇȍȋȇȌș 

ȖȕȉȗȌȍȋȧȔȔȢȐ ȚȞȇȘșȕȑ, ȉ ȗȌȎȚȒȣșȇșȌ ȞȌȊȕ ȕșȧȑ ȏ ȈȕȒȣ ȚȓȌȔȣȟȇȥșȘȦ.

Ǳȇȑ ȓȕȍȔȕ ȕșȒȏȞȏșȣ ȤȑȎȕșȌȗȓȏȞȌȘȑȏȌ ȖȗȕȝȌȘȘȢ ȕș ȤȔȋȕșȌȗȓȏȞȌȘȑȏȜ"

Ǽȕȋ ȗȇȈȕșȢ�

ǿȇȊ �� ǴȇȒȌȐșȌ ȉ ȖȒȇȘșȏȑȕȉȢȐ ȘșȇȑȇȔ 25 ȓȒ ȋȏȘșȏȒȒȏȗȕȉȇȔȔȕȐ ȉȕȋȢ. 

ǯȎȓȌȗȣșȌ Ș ȖȕȓȕȠȣȥ șȌȗȓȕȓȌșȗȇ ȏ ȕșȓȌșȣșȌ șȌȓȖȌȗȇșȚȗȚ ȉȕȋȢ.  

ǵȈȘȚȋȏșȌ�

�� Ǳȇȑ ȏȎȓȌȔȏȒȇȘȣ șȌȓȖȌȗȇșȚȗȇ ȉ ȑȇȍȋȕȓ ȏȎ ȋȉȚȜ ȕȖȢșȕȉ"

�� ǩ ȑȇȑȕȓ ȕȖȢșȌ ȔȇȈȒȥȋȇȒȕȘȣ ȖȕȊȒȕȠȌȔȏȌ șȌȖȒȕșȢ� ȇ ȉ ȑȇȑȕȓ ² ȉȢȋȌȒȌȔȏȌ șȌȖȒȕșȢ"  

ǵȈȕȘȔȚȐșȌ ȘȉȕȐ ȕșȉȌș�

�� ǶȕȞȌȓȚ Ȗȗȏ ȖȗȕȉȌȋȌȔȏȏ ȕȖȢșȕȉ ȈȢȒȏ ȏȘȖȕȒȣȎȕȉȇȔȢ ȖȒȇȘșȏȑȕȉȢȌ ȘșȇȑȇȔȢ"

ȎȔȇȞȌȔȏȌ ȋȒȦ ȔȇȚȞȔȢȜ ȏȘȘȒȌȋȕȉȇȔȏȐ, ȖȗȕȓȢȟȒȌȔȔȕȘșȏ, țȚȔȑȝȏȕȔȏȗȕȉȇȔȏȦ ȈȏȕȒȕȊȏȞȌȘȑȏȜ 

ȘȏȘșȌȓ ȏ ș.ȋ. ǷȇȎȋȌȒ Ȝȏȓȏȏ, ȏȎȚȞȇȥȠȏȐ șȌȖȒȕȉȢȌ ȤțțȌȑșȢ, ȔȇȈȒȥȋȇȌȓȢȌ ȉ ȜȕȋȌ ȜȏȓȏȞȌȘȑȏȜ 

ȗȌȇȑȝȏȐ, ȔȇȎȢȉȇȌșȘȦ șȌȗȓȕȜȏȓȏȌȐ. ǹȌȖȒȕȉȢȓ ȤțțȌȑșȕȓ ȗȌȇȑȝȏȏ ȔȇȎȢȉȇȌșȘȦ ȑȕȒȏȞȌȘșȉȕ 

șȌȖȒȕșȢ, ȉȢȋȌȒȦȌȓȕȐ ȏȒȏ ȖȕȊȒȕȠȇȌȓȕȐ ȉ ȜȕȋȌ ȗȌȇȑȝȏȏ. Ƕȗȏ ȉȢȋȌȒȌȔȏȏ ȏȒȏ ȖȕȊȒȕȠȌȔȏȏ 

șȌȖȒȕșȢ ȏȎȓȌȔȦȌșȘȦ ȤȔȌȗȊȏȦ ȉȌȠȌȘșȉ – ȤȔșȇȒȣȖȏȦ. ȄȔșȇȒȣȖȏȦ ȕȈȕȎȔȇȞȇȌșȘȦ ȈȚȑȉȕȐ H. 

ǩ ȑȇȞȌȘșȉȌ ȌȋȏȔȏȝȢ ȏȎȓȌȗȌȔȏȦ ȤȔșȇȒȣȖȏȏ ȏȘȖȕȒȣȎȚȌșȘȦ ȑȏȒȕȋȍȕȚȒȣ (ȑǫȍ) ȏȒȏ ȋȍȕȚȒȣ (ǫȍ). 

Ƕȕȓȏȓȕ ȚȑȇȎȇȔȔȢȜ, ȉ ȑȇȞȌȘșȉȌ ȌȋȏȔȏȝȢ ȏȎȓȌȗȌȔȏȦ ȏȘȖȕȒȣȎȚȥșȘȦ ȑȇȒȕȗȏȦ (ȑȇȒ� ȏ 

ȑȏȒȕȑȇȒȕȗȏȦ (ȑȑȇȒ� (1 ȑȇȒȕȗȏȦ ȖȗȏȈȒȏȎȏșȌȒȣȔȕ ȗȇȉȔȇ 4,184 ȋȍȕȚȒȦȓ).

� Ǳȇȑ ȉȢ ȋȚȓȇȌșȌ� Ȟșȕ ȘșȇȒȕ ȖȗȏȞȏȔȕȐ ȕȜȒȇȍȋȌȔȏȦ ȖȇȑȌșȇ"

� ǶȕȞȌȓȚ ȖȇȑȌș ȔȌ ȕȜȒȇȍȋȇȌșȘȦ ȈȌȎ ȘȍȇșȏȦ" 

ǶȗȏȔȇȋȒȌȍȔȕȘșȏ� șȌȗȓȕȓȌșȗ, ȖȒȇȘșȏȑȕȉȢȐ ȘșȇȑȇȔ, ȓȌȟȇȒȑȇ (ȖȇȒȕȞȑȇ ȋȒȦ ȖȌȗȌȓȌȟȏȉȇȔȏȦ), 

ȊȏȋȗȕȑȘȏȋ ȔȇșȗȏȦ, ȜȒȕȗȏȋ ȇȓȓȕȔȏȦ.

șȌȗȓȕȓȌșȗ
ȖȇȒȕȞȑȇ 

ȋȒȦ ȖȌȗȌȓȌȟȏȉȇȔȏȦ

ȖȒȇȘșȏȑȕȉȢȐ 

ȘșȇȑȇȔ

ȊȏȋȗȕȑȘȏȋ 

ȔȇșȗȏȦ

ǹȌȖȒȕȉȕȐ ȤțțȌȑș ȉȢȗȇȍȇȌșȘȦ ȏȎȓȌȔȌȔȏȌȓ ȤȔșȇȒȣȖȏȏ (ΔH�. ǯȎȓȌȔȌȔȏȌ 

ȤȔșȇȒȣȖȏȏ ȖȗȕȦȉȒȦȌșȘȦ ȉ ȏȎȓȌȔȌȔȏȏ șȌȓȖȌȗȇșȚȗȢ ȉ ȜȕȋȌ ȗȌȇȑȝȏȏ. 

ǶȕȉȢȟȌȔȏȌ ȏȒȏ ȖȕȔȏȍȌȔȏȌ șȌȓȖȌȗȇșȚȗȢ ȘȉȏȋȌșȌȒȣȘșȉȚȌș ȕ șȕȓ, Ȟșȕ 

ȖȗȕȏȎȕȟȒȇ ȖȌȗȌȋȇȞȇ șȌȖȒȇ. 

ǩ ȜȕȋȌ ȤȑȎȕșȌȗȓȏȞȌȘȑȕȐ ȗȌȇȑȝȏȏ șȌȖȒȕșȇ ȖȌȗȌȋȇȧșȘȦ ȕȑȗȚȍȇȥȠȌȐ ȘȗȌȋȌ, 

ȖȕȘȑȕȒȣȑȚ  ȤȔșȇȒȣȖȏȦ ȖȕȒȚȞȌȔȔȢȜ ȖȗȕȋȚȑșȕȉ ȗȌȇȑȝȏȏ (H ) ȕȑȇȎȢȉȇȌșȘȦ 2

ȓȌȔȣȟȌ ȤȔșȇȒȣȖȏȏ ȏȘȜȕȋȔȢȜ ȉȌȠȌȘșȉ (H₁). ǶȕȤșȕȓȚ ȉ ȤȑȎȕșȌȗȓȏȞȌȘȑȏȜ 

ȗȌȇȑȝȏȦȜ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ  (©H = H – H ) ȈȚȋȌș ȕșȗȏȝȇșȌȒȣȔȢȓ. 2  1

ǯȎȓȌȔȌȔȏȌ ȤȔȌȗȊȏȏ ȕșȕȈȗȇȍȇȌșȘȦ ȉ ȉȏȋȌ ȤȔȌȗȊȌșȏȞȌȘȑȏȜ ȋȏȇȊȗȇȓȓ.

©H = H  – H �     ȖȗȕȋȚȑș ȗȌȇȑȝȏȏ  ȏȘȜȕȋȔȕȌ ȉȌȠȌȘșȉȕ 

©H = H – H  �     2 1

©H�0

∆H ˂ 0 ȄȔșȇȒȣȖȏȦ (ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ)

ǶȚșȣ ȖȗȕșȌȑȇȔȏȦ ȗȌȇȑȝȏȏ

ǶȗȕȋȚȑș ȗȌȇȑȝȏȏ

ǯȘȜȕȋȔȢȌ ȉȌȠȌȘșȉȇ

∆H � 0

H1

H2

3ǹȌȗȓȕȜȏȓȏȦǾȇȘșȣ I

șȌȗȓȕȜȏȓȏȦ, șȌȖȒȕȉȕȐ 

ȤțțȌȑș, ȤȔșȇȒȣȖȏȦ, 

ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ,
 

ȋȍȕȚȒȣ (ǫȍ), ȑȇȒȕȗȏȦ (ȑȇȒ), 

ȤȑȎȕșȌȗȓȏȞȌȘȑȇȦ ȗȌȇȑȝȏȦ, 

ȤȔȋȕșȌȗȓȏȞȌȘȑȇȦ ȗȌȇȑȝȏȦ

ǱȒȥ-
ȞȌȉȢȌ 
ȘȒȕȉȇ

ǫ
Ȍ
Ȧ
șȌ

Ȓ
ȣ
Ȕ

ȕ
Șș

ȣ

ǿȇȊ �� ǫȕȈȇȉȣșȌ ȉ ȉȕȋȚ ȔȌȑȕșȕȗȕȌ ȑȕȒȏȞȌȘșȉȕ ȊȏȋȗȕȑȘȏȋȇ ȔȇșȗȏȦ ȏ 

ȖȌȗȌȓȌȟȇȐșȌ ȖȇȒȕȞȑȕȐ ȋȒȦ  ȖȌȗȌȓȌȟȏȉȇȔȏȦ. 

ǿȇȊ �� ǯȎȓȌȗȣșȌ ȑȕȔȌȞȔȚȥ șȌȓȖȌȗȇșȚȗȚ ȏ ȕșȓȌșȣșȌ ȗȇȎȔȏȝȚ ȓȌȍȋȚ 

ȑȕȔȌȞȔȕȐ ȏ ȔȇȞȇȒȣȔȕȐ șȌȓȖȌȗȇșȚȗȇȓȏ.

ǿȇȊ �� ǶȕȉșȕȗȏșȌ Ȥșȕș ȍȌ ȕȖȢș Ș ȜȒȕȗȏȋȕȓ ȇȓȓȕȔȏȦ.



3.1 ȄȔșȇȒȣȖȏȦ

ǩȢ ȚȍȌ ȎȔȇȌșȌ, Ȟșȕ ȜȏȓȏȞȌȘȑȏȌ ȗȌȇȑȝȏȏ ȘȕȖȗȕȉȕȍȋȇȥșȘȦ 

ȉȢȋȌȒȌȔȏȌȓ ȏȒȏ ȖȕȊȒȕȠȌȔȏȌȓ șȌȖȒȕșȢ: ȗȌȇȑȝȏȏ, ȉ ȜȕȋȌ 

ȑȕșȕȗȢȜ șȌȖȒȕșȇ ȉȢȋȌȒȦȌșȘȦ, ȔȇȎȢȉȇȥșȘȦ 

ȤȑȎȕșȌȗȓȏȞȌȘȑȏȓȏ ȗȌȇȑȝȏȦȓȏ, ȇ ȗȌȇȑȝȏȏ, ȉ ȜȕȋȌ ȑȕșȕȗȢȜ 

șȌȖȒȕșȇ ȖȕȊȒȕȠȇȌșȘȦ, ȤȔȋȕșȌȗȓȏȞȌȘȑȏȓȏ ȗȌȇȑȝȏȦȓȏ. 

ǯȎȚȞȌȔȏȌ  ȉȢȋȌȒȌȔȏȦ ȏȒȏ ȖȕȊȒȕȠȌȔȏȦ șȌȖȒȕȉȕȐ ȤȔȌȗȊȏȏ, 

ȔȇȈȒȥȋȇȌȓȢȜ ȉ ȜȕȋȌ ȜȏȓȏȞȌȘȑȏȜ ȗȌȇȑȝȏȐ, ȏȓȌȌș ȈȕȒȣȟȕȌ 

5958

ǩȕ ȉȗȌȓȦ șȗȌȔȏȗȕȉȑȏ țȚșȈȕȒȣȔȕȐ ȑȕȓȇȔȋȢ ȕȋȏȔ ȏȎ ȏȊȗȕȑȕȉ ȚȖȇȒ ȏ ȖȕȉȗȌȋȏȒ ȔȕȊȚ. 

ǫȒȦ ȘȔȦșȏȦ ȈȕȒȏ ȏ ȕșȧȑȇ ȉȗȇȞ ȑȕȓȇȔȋȢ ȘȗȇȎȚ ȍȌ ȏȘȖȕȒȣȎȕȉȇȒ ȑȕȓȖȗȌȘȘ ȉ ȉȏȋȌ 

ȕȜȒȇȍȋȇȥȠȌȊȕ ȖȇȑȌșȇ. Ƕȗȏ Șȍȇșȏȏ ȖȇȑȌșȇ ȗȚȑȕȐ ȕȔ ȕȜȒȇȍȋȇȌșȘȦ ȏ ȕȜȒȇȍȋȇȌș 

ȖȕȉȗȌȍȋȧȔȔȢȐ ȚȞȇȘșȕȑ, ȉ ȗȌȎȚȒȣșȇșȌ ȞȌȊȕ ȕșȧȑ ȏ ȈȕȒȣ ȚȓȌȔȣȟȇȥșȘȦ.

Ǳȇȑ ȓȕȍȔȕ ȕșȒȏȞȏșȣ ȤȑȎȕșȌȗȓȏȞȌȘȑȏȌ ȖȗȕȝȌȘȘȢ ȕș ȤȔȋȕșȌȗȓȏȞȌȘȑȏȜ"

Ǽȕȋ ȗȇȈȕșȢ�

ǿȇȊ �� ǴȇȒȌȐșȌ ȉ ȖȒȇȘșȏȑȕȉȢȐ ȘșȇȑȇȔ 25 ȓȒ ȋȏȘșȏȒȒȏȗȕȉȇȔȔȕȐ ȉȕȋȢ. 

ǯȎȓȌȗȣșȌ Ș ȖȕȓȕȠȣȥ șȌȗȓȕȓȌșȗȇ ȏ ȕșȓȌșȣșȌ șȌȓȖȌȗȇșȚȗȚ ȉȕȋȢ.  

ǵȈȘȚȋȏșȌ�

�� Ǳȇȑ ȏȎȓȌȔȏȒȇȘȣ șȌȓȖȌȗȇșȚȗȇ ȉ ȑȇȍȋȕȓ ȏȎ ȋȉȚȜ ȕȖȢșȕȉ"

�� ǩ ȑȇȑȕȓ ȕȖȢșȌ ȔȇȈȒȥȋȇȒȕȘȣ ȖȕȊȒȕȠȌȔȏȌ șȌȖȒȕșȢ� ȇ ȉ ȑȇȑȕȓ ² ȉȢȋȌȒȌȔȏȌ șȌȖȒȕșȢ"  

ǵȈȕȘȔȚȐșȌ ȘȉȕȐ ȕșȉȌș�

�� ǶȕȞȌȓȚ Ȗȗȏ ȖȗȕȉȌȋȌȔȏȏ ȕȖȢșȕȉ ȈȢȒȏ ȏȘȖȕȒȣȎȕȉȇȔȢ ȖȒȇȘșȏȑȕȉȢȌ ȘșȇȑȇȔȢ"

ȎȔȇȞȌȔȏȌ ȋȒȦ ȔȇȚȞȔȢȜ ȏȘȘȒȌȋȕȉȇȔȏȐ, ȖȗȕȓȢȟȒȌȔȔȕȘșȏ, țȚȔȑȝȏȕȔȏȗȕȉȇȔȏȦ ȈȏȕȒȕȊȏȞȌȘȑȏȜ 

ȘȏȘșȌȓ ȏ ș.ȋ. ǷȇȎȋȌȒ Ȝȏȓȏȏ, ȏȎȚȞȇȥȠȏȐ șȌȖȒȕȉȢȌ ȤțțȌȑșȢ, ȔȇȈȒȥȋȇȌȓȢȌ ȉ ȜȕȋȌ ȜȏȓȏȞȌȘȑȏȜ 

ȗȌȇȑȝȏȐ, ȔȇȎȢȉȇȌșȘȦ șȌȗȓȕȜȏȓȏȌȐ. ǹȌȖȒȕȉȢȓ ȤțțȌȑșȕȓ ȗȌȇȑȝȏȏ ȔȇȎȢȉȇȌșȘȦ ȑȕȒȏȞȌȘșȉȕ 

șȌȖȒȕșȢ, ȉȢȋȌȒȦȌȓȕȐ ȏȒȏ ȖȕȊȒȕȠȇȌȓȕȐ ȉ ȜȕȋȌ ȗȌȇȑȝȏȏ. Ƕȗȏ ȉȢȋȌȒȌȔȏȏ ȏȒȏ ȖȕȊȒȕȠȌȔȏȏ 

șȌȖȒȕșȢ ȏȎȓȌȔȦȌșȘȦ ȤȔȌȗȊȏȦ ȉȌȠȌȘșȉ – ȤȔșȇȒȣȖȏȦ. ȄȔșȇȒȣȖȏȦ ȕȈȕȎȔȇȞȇȌșȘȦ ȈȚȑȉȕȐ H. 

ǩ ȑȇȞȌȘșȉȌ ȌȋȏȔȏȝȢ ȏȎȓȌȗȌȔȏȦ ȤȔșȇȒȣȖȏȏ ȏȘȖȕȒȣȎȚȌșȘȦ ȑȏȒȕȋȍȕȚȒȣ (ȑǫȍ) ȏȒȏ ȋȍȕȚȒȣ (ǫȍ). 

Ƕȕȓȏȓȕ ȚȑȇȎȇȔȔȢȜ, ȉ ȑȇȞȌȘșȉȌ ȌȋȏȔȏȝȢ ȏȎȓȌȗȌȔȏȦ ȏȘȖȕȒȣȎȚȥșȘȦ ȑȇȒȕȗȏȦ (ȑȇȒ� ȏ 

ȑȏȒȕȑȇȒȕȗȏȦ (ȑȑȇȒ� (1 ȑȇȒȕȗȏȦ ȖȗȏȈȒȏȎȏșȌȒȣȔȕ ȗȇȉȔȇ 4,184 ȋȍȕȚȒȦȓ).

� Ǳȇȑ ȉȢ ȋȚȓȇȌșȌ� Ȟșȕ ȘșȇȒȕ ȖȗȏȞȏȔȕȐ ȕȜȒȇȍȋȌȔȏȦ ȖȇȑȌșȇ"

� ǶȕȞȌȓȚ ȖȇȑȌș ȔȌ ȕȜȒȇȍȋȇȌșȘȦ ȈȌȎ ȘȍȇșȏȦ" 

ǶȗȏȔȇȋȒȌȍȔȕȘșȏ� șȌȗȓȕȓȌșȗ, ȖȒȇȘșȏȑȕȉȢȐ ȘșȇȑȇȔ, ȓȌȟȇȒȑȇ (ȖȇȒȕȞȑȇ ȋȒȦ ȖȌȗȌȓȌȟȏȉȇȔȏȦ), 

ȊȏȋȗȕȑȘȏȋ ȔȇșȗȏȦ, ȜȒȕȗȏȋ ȇȓȓȕȔȏȦ.

șȌȗȓȕȓȌșȗ
ȖȇȒȕȞȑȇ 

ȋȒȦ ȖȌȗȌȓȌȟȏȉȇȔȏȦ

ȖȒȇȘșȏȑȕȉȢȐ 

ȘșȇȑȇȔ

ȊȏȋȗȕȑȘȏȋ 

ȔȇșȗȏȦ

ǹȌȖȒȕȉȕȐ ȤțțȌȑș ȉȢȗȇȍȇȌșȘȦ ȏȎȓȌȔȌȔȏȌȓ ȤȔșȇȒȣȖȏȏ (ΔH�. ǯȎȓȌȔȌȔȏȌ 

ȤȔșȇȒȣȖȏȏ ȖȗȕȦȉȒȦȌșȘȦ ȉ ȏȎȓȌȔȌȔȏȏ șȌȓȖȌȗȇșȚȗȢ ȉ ȜȕȋȌ ȗȌȇȑȝȏȏ. 

ǶȕȉȢȟȌȔȏȌ ȏȒȏ ȖȕȔȏȍȌȔȏȌ șȌȓȖȌȗȇșȚȗȢ ȘȉȏȋȌșȌȒȣȘșȉȚȌș ȕ șȕȓ, Ȟșȕ 

ȖȗȕȏȎȕȟȒȇ ȖȌȗȌȋȇȞȇ șȌȖȒȇ. 

ǩ ȜȕȋȌ ȤȑȎȕșȌȗȓȏȞȌȘȑȕȐ ȗȌȇȑȝȏȏ șȌȖȒȕșȇ ȖȌȗȌȋȇȧșȘȦ ȕȑȗȚȍȇȥȠȌȐ ȘȗȌȋȌ, 

ȖȕȘȑȕȒȣȑȚ  ȤȔșȇȒȣȖȏȦ ȖȕȒȚȞȌȔȔȢȜ ȖȗȕȋȚȑșȕȉ ȗȌȇȑȝȏȏ (H ) ȕȑȇȎȢȉȇȌșȘȦ 2

ȓȌȔȣȟȌ ȤȔșȇȒȣȖȏȏ ȏȘȜȕȋȔȢȜ ȉȌȠȌȘșȉ (H₁). ǶȕȤșȕȓȚ ȉ ȤȑȎȕșȌȗȓȏȞȌȘȑȏȜ 

ȗȌȇȑȝȏȦȜ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ  (©H = H – H ) ȈȚȋȌș ȕșȗȏȝȇșȌȒȣȔȢȓ. 2  1

ǯȎȓȌȔȌȔȏȌ ȤȔȌȗȊȏȏ ȕșȕȈȗȇȍȇȌșȘȦ ȉ ȉȏȋȌ ȤȔȌȗȊȌșȏȞȌȘȑȏȜ ȋȏȇȊȗȇȓȓ.

©H = H  – H �     ȖȗȕȋȚȑș ȗȌȇȑȝȏȏ  ȏȘȜȕȋȔȕȌ ȉȌȠȌȘșȉȕ 

©H = H – H  �     2 1

©H�0

∆H ˂ 0 ȄȔșȇȒȣȖȏȦ (ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ)

ǶȚșȣ ȖȗȕșȌȑȇȔȏȦ ȗȌȇȑȝȏȏ

ǶȗȕȋȚȑș ȗȌȇȑȝȏȏ

ǯȘȜȕȋȔȢȌ ȉȌȠȌȘșȉȇ

∆H � 0

H1

H2

3ǹȌȗȓȕȜȏȓȏȦǾȇȘșȣ I

șȌȗȓȕȜȏȓȏȦ, șȌȖȒȕȉȕȐ 

ȤțțȌȑș, ȤȔșȇȒȣȖȏȦ, 

ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ,
 

ȋȍȕȚȒȣ (ǫȍ), ȑȇȒȕȗȏȦ (ȑȇȒ), 

ȤȑȎȕșȌȗȓȏȞȌȘȑȇȦ ȗȌȇȑȝȏȦ, 

ȤȔȋȕșȌȗȓȏȞȌȘȑȇȦ ȗȌȇȑȝȏȦ

ǱȒȥ-
ȞȌȉȢȌ 
ȘȒȕȉȇ

ǫ
Ȍ
Ȧ
șȌ

Ȓ
ȣ
Ȕ

ȕ
Șș

ȣ

ǿȇȊ �� ǫȕȈȇȉȣșȌ ȉ ȉȕȋȚ ȔȌȑȕșȕȗȕȌ ȑȕȒȏȞȌȘșȉȕ ȊȏȋȗȕȑȘȏȋȇ ȔȇșȗȏȦ ȏ 

ȖȌȗȌȓȌȟȇȐșȌ ȖȇȒȕȞȑȕȐ ȋȒȦ  ȖȌȗȌȓȌȟȏȉȇȔȏȦ. 

ǿȇȊ �� ǯȎȓȌȗȣșȌ ȑȕȔȌȞȔȚȥ șȌȓȖȌȗȇșȚȗȚ ȏ ȕșȓȌșȣșȌ ȗȇȎȔȏȝȚ ȓȌȍȋȚ 

ȑȕȔȌȞȔȕȐ ȏ ȔȇȞȇȒȣȔȕȐ șȌȓȖȌȗȇșȚȗȇȓȏ.

ǿȇȊ �� ǶȕȉșȕȗȏșȌ Ȥșȕș ȍȌ ȕȖȢș Ș ȜȒȕȗȏȋȕȓ ȇȓȓȕȔȏȦ.
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ǴȇȖȗȏȓȌȗ, Ȗȗȏ ȗȇȎȒȕȍȌȔȏȏ ȑȇȗȈȕȔȇșȇ ȑȇȒȣȝȏȦ 

șȌȖȒȕșȇ ȖȕȊȒȕȠȇȌșȘȦ. ǸȚȓȓȇ ȤȔȌȗȊȏȏ, ȎȇȑȒȥȞȧȔȔȕȐ 

ȉ ȑȇȗȈȕȔȇșȌ ȑȇȒȣȝȏȦ, ȏ ȤȔȌȗȊȏȏ, ȖȕȊȒȕȠȧȔȔȕȐ ȏȎ 

ȕȑȗȚȍȇȥȠȌȐ ȘȗȌȋȢ, ȗȇȉȔȇ ȘȚȓȓȌ ȤȔȌȗȊȏȐ, 

ȎȇȑȒȥȞȧȔȔȢȜ ȉ ȕȑȘȏȋȌ ȑȇȒȣȝȏȦ ȏ ȋȏȕȑȘȏȋȇ 

ȚȊȒȌȗȕȋȇ. Ǳȇȑ ȉȏȋȔȕ ȏȎ ȤȔȌȗȊȌșȏȞȌȘȑȕȐ ȋȏȇȊȗȇȓȓȢ, 

ȎȔȇȞȌȔȏȌ ©H ȘȕȕșȉȌșȘșȉȚȌș ȘȒȌȋȚȥȠȏȓ 

ȑȕȒȏȞȌȘșȉȇȓ ȉȌȠȌȘșȉ: 1 ȓȕȒȣ CaCO ,1 ȓȕȒȣ CaO ȏ  3

1 ȓȕȒȣ CO . ǺȗȇȉȔȌȔȏȌ ȗȌȇȑȝȏȏ ȏȓȌȌș ȘȒȌȋȚȥȠȏȐ 2

ȉȏȋ:

CaCO (șȉ) ⟶ CaO(șȉ) + CO (Ȋ) ©H = +178 ȑǫȍ 3 2

ǺȗȇȉȔȌȔȏȌ ȤșȕȐ ȗȌȇȑȝȏȏ ȓȕȍȔȕ șȇȑȍȌ ȖȗȌȋȘșȇȉȏșȣ  

ȑȇȑ:

CaCO (șȉ) = CaO(șȉ) + CO (Ȋ) – 178 ȑǫȍ.3 2

ǴȇȖȗȏȓȌȗ, Ȗȗȏ ȗȌȇȑȝȏȏ ȉȎȇȏȓȕȋȌȐȘșȉȏȦ ȓȇȊȔȏȦ Ș 

ȑȏȘȒȕȗȕȋȕȓ șȌȖȒȕșȇ ȉȢȋȌȒȦȌșȘȦ. ǾȇȘșȣ ȜȏȓȏȞȌȘȑȕȐ 

ȤȔȌȗȊȏȏ, ȎȇȑȒȥȞȧȔȔȕȐ ȉ ȓȇȊȔȏȏ ȏ ȉ ȑȏȘȒȕȗȕȋȌ, 

ȖȗȌȉȗȇȠȇȌșȘȦ ȉ ȜȏȓȏȞȌȘȑȚȥ ȤȔȌȗȊȏȥ ȉ ȕȑȘȏȋȌ 

ȓȇȊȔȏȦ, ȇ ȞȇȘșȣ ȉȢȋȌȒȦȌșȘȦ ȉ ȉȏȋȌ șȌȖȒȕșȢ. 

ǸȒȌȋȕȉȇșȌȒȣȔȕ, ȤȔȌȗȊȏȦ ȉ ȕȑȘȏȋȌ ȓȇȊȔȏȦ ȓȌȔȣȟȌ 

ȘȚȓȓȢ ȤȔȌȗȊȏȐ ȉ ȏȘȜȕȋȔȢȜ ȉȌȠȌȘșȉȇȜ – ȓȇȊȔȏȏ ȏ 

ȑȏȘȒȕȗȕȋȌ.  Ǳȇȑ ȉȏȋȔȕ ȏȎ ȤȔȌȗȊȌșȏȞȌȘȑȕȐ ȋȏȇȊȗȇȓȓȢ, 

ȎȔȇȞȌȔȏȌ ©H ȗȌȇȑȝȏȏ ȘȕȕșȉȌșȘșȉȚȌș ȑȕȒȏȞȌȘșȉȇȓ 

ȉȌȠȌȘșȉ, ȚȑȇȎȇȔȔȢȓ ȉ ȗȌȇȑȝȏȏ: 2 ȓȕȒȣ Mg, 1 ȓȕȒȣ O₂ 

ȏ 2 ȓȕȒȣ MgO.

Ƕȗȏ ȘȕȘșȇȉȒȌȔȏȏ ȚȗȇȉȔȌȔȏȐ ȗȌȇȑȝȏȐ ȉ ȔȏȜ șȇȑȍȌ 

ȚȑȇȎȢȉȇȥșȘȦ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȏ ȘȕȘșȕȦȔȏȌ 

ȉȌȠȌȘșȉ. ǴȇȖȗȏȓȌȗ, ȜȏȓȏȞȌȘȑȕȌ ȚȗȇȉȔȌȔȏȌ, 

ȖȕȑȇȎȢȉȇȥȠȌȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȉ ȗȌȇȑȝȏȏ ȊȕȗȌȔȏȦ ȓȇȊȔȏȦ, ȏȓȌȌș 

ȉȏȋ:

2Mg  + O  ⟶ 2MgO      ©H = −1204 ȑǫȍ.(șȉ) 2(Ȋ) (șȉ)

ǺȗȇȉȔȌȔȏȌ ȤșȕȐ ȗȌȇȑȝȏȏ ȓȕȍȌș ȈȢșȣ șȇȑȍȌ ȉȢȗȇȍȌȔȕ ȘȒȌȋȚȥȠȏȓ 

ȕȈȗȇȎȕȓ:

2Mg  + O  = 2MgO  +1204 ȑǫȍ.(șȉ) 2(Ȋ) (șȉ)

Ȅșȕ ȚȗȇȉȔȌȔȏȌ ȖȕȑȇȎȢȉȇȌș, Ȟșȕ ȘȚȓȓȇȗȔȇȦ ȤȔȌȗȊȏȦ, ȎȇȑȒȥȞȧȔȔȇȦ ȉ 2 ȓȕȒȣ 

ȓȇȊȔȏȦ ȏ 1 ȓȕȒȣ ȑȏȘȒȕȗȕȋȇ, ȗȇȉȔȇ ȘȚȓȓȌ ȤȔȌȗȊȏȏ ȉ 2 ȓȕȒȣ ȕȑȘȏȋȇ ȓȇȊȔȏȦ 

ȏ ȤȔȌȗȊȏȏ, ȗȇȉȔȕȐ 1204 ȑǫȍ.

ǩ ȔȏȍȌȖȗȏȉȌȋȧȔȔȕȐ șȇȈȒȏȝȌ ȋȇȧșȘȦ ȔȌȘȑȕȒȣȑȕ ȖȗȏȓȌȗȕȉ 

ȤȑȎȕșȌȗȓȏȞȌȘȑȏȜ   ȖȗȕȝȌȘȘȕȉ:

ǩ ȜȕȋȌ ȤȔȋȕșȌȗȓȏȞȌȘȑȕȐ ȗȌȇȑȝȏȏ ȤȔȌȗȊȏȦ ȉȕȎȗȇȘșȇȌș Ȏȇ ȘȞȧș ȖȕȊȒȕȠȌȔȏȦ șȌȖȒȇ ȏȎ 

ȕȑȗȚȍȇȥȠȌȐ ȘȗȌȋȢ. ǩ ȗȌȎȚȒȣșȇșȌ ȤȔșȇȒȣȖȏȦ ȖȗȕȋȚȑșȕȉ ȗȌȇȑȝȏȏ ȖȗȌȉȢȟȇȌș ȤȔșȇȒȣȖȏȥ 

ȏȘȜȕȋȔȢȜ ȉȌȠȌȘșȉ. ǸȒȌȋȕȉȇșȌȒȣȔȕ, ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ (©H = H  – H ) ȉ ȤȔȋȕșȌȗȓȏȞȌȘȑȏȜ 2 1

ȗȌȇȑȝȏȦȜ ȈȚȋȌș ȖȕȒȕȍȏșȌȒȣȔȢȓ͘

©H = H  – H �     ȖȗȕȋȚȑș ȗȌȇȑȝȏȏ ȏȘȜȕȋȔȕȌ ȉȌȠȌȘșȉȕ

©H = H – H  �     2  1

©H > 0

� ǪȕȗȌȔȏȌ: ȋȗȌȉȌȘȏȔȢ, ȚȊȒȦ, ȖȗȏȗȕȋȔȕȊȕ ȊȇȎȇ

� ǷȌȇȑȝȏȦ ȔȌȐșȗȇȒȏȎȇȝȏȏ: HCl + NaOH → NaCl + H₂O

� ǷȇȘșȉȕȗȌȔȏȌ NaOH ȏ CaCl₂ ȉ ȉȕȋȌ

� ǮȇȘșȢȉȇȔȏȌ (ȍȏȋȑȕȌ → șȉȧȗȋȕȌ)

� ǱȕȔȋȌȔȘȇȝȏȦ (ȊȇȎȕȕȈȗȇȎȔȕȌ → ȍȏȋȑȕȌ)

� ǯȎȉȌȗȍȌȔȏȌ ȉȚȒȑȇȔȇ

� ǩȎȗȢȉ ȖȏȗȕșȌȜȔȏȞȌȘȑȏȜ ȘȗȌȋȘșȉ

� ǳȔȕȊȏȌ ȗȌȇȑȝȏȏ ȘȕȌȋȏȔȌȔȏȦ: H + Cl → 2HCl2  2 

� ǶȗȏȔȦșȏȌ ȤȒȌȑșȗȕȔȇ ȇșȕȓȕȓ 

ȄȑȎȕșȌȗȓȏȞȌȘȑȏȌ ȖȗȕȝȌȘȘȢ

(șȌȖȒȕșȇ ȉȢȋȌȒȦȌșȘȦ)

∆H > 0

ȄȔșȇȒȣȖȏȦ

(ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ)

ǶȚșȣ ȖȗȕșȌȑȇȔȏȦ ȗȌȇȑȝȏȏ 

2MgO(șȉ)

2Mg(șȉ) + O (Ȋ)2

∆H = –1204 ȑǫȍ

H1

H2

ȄȔșȇȒȣȖȏȦ 

(ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ)

ǶȚșȣ ȖȗȕșȌȑȇȔȏȦ ȗȌȇȑȝȏȏ

CaCO (șȉ)3

CaO(șȉ) + CO (Ȋ)2

∆H = + 178 ȑǫȍ

H2

H1

3ǹȌȗȓȕȜȏȓȏȦǾȇȘșȣ I

ȄȔșȇȒȣȖȏȦ 

(ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ)

ǶȚșȣ  ȖȗȕșȌȑȇȔȏȦ ȗȌȇȑȝȏȏ

ǶȗȕȋȚȑșȢ ȗȌȇȑȝȏȏ

ǯȘȜȕȋȔȢȌ ȉȌȠȌȘșȉȇ

©H > 0

H2

H1
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ǴȇȖȗȏȓȌȗ, Ȗȗȏ ȗȇȎȒȕȍȌȔȏȏ ȑȇȗȈȕȔȇșȇ ȑȇȒȣȝȏȦ 

șȌȖȒȕșȇ ȖȕȊȒȕȠȇȌșȘȦ. ǸȚȓȓȇ ȤȔȌȗȊȏȏ, ȎȇȑȒȥȞȧȔȔȕȐ 

ȉ ȑȇȗȈȕȔȇșȌ ȑȇȒȣȝȏȦ, ȏ ȤȔȌȗȊȏȏ, ȖȕȊȒȕȠȧȔȔȕȐ ȏȎ 

ȕȑȗȚȍȇȥȠȌȐ ȘȗȌȋȢ, ȗȇȉȔȇ ȘȚȓȓȌ ȤȔȌȗȊȏȐ, 

ȎȇȑȒȥȞȧȔȔȢȜ ȉ ȕȑȘȏȋȌ ȑȇȒȣȝȏȦ ȏ ȋȏȕȑȘȏȋȇ 

ȚȊȒȌȗȕȋȇ. Ǳȇȑ ȉȏȋȔȕ ȏȎ ȤȔȌȗȊȌșȏȞȌȘȑȕȐ ȋȏȇȊȗȇȓȓȢ, 

ȎȔȇȞȌȔȏȌ ©H ȘȕȕșȉȌșȘșȉȚȌș ȘȒȌȋȚȥȠȏȓ 

ȑȕȒȏȞȌȘșȉȇȓ ȉȌȠȌȘșȉ: 1 ȓȕȒȣ CaCO ,1 ȓȕȒȣ CaO ȏ  3

1 ȓȕȒȣ CO . ǺȗȇȉȔȌȔȏȌ ȗȌȇȑȝȏȏ ȏȓȌȌș ȘȒȌȋȚȥȠȏȐ 2

ȉȏȋ:

CaCO (șȉ) ⟶ CaO(șȉ) + CO (Ȋ) ©H = +178 ȑǫȍ 3 2

ǺȗȇȉȔȌȔȏȌ ȤșȕȐ ȗȌȇȑȝȏȏ ȓȕȍȔȕ șȇȑȍȌ ȖȗȌȋȘșȇȉȏșȣ  

ȑȇȑ:

CaCO (șȉ) = CaO(șȉ) + CO (Ȋ) – 178 ȑǫȍ.3 2

ǴȇȖȗȏȓȌȗ, Ȗȗȏ ȗȌȇȑȝȏȏ ȉȎȇȏȓȕȋȌȐȘșȉȏȦ ȓȇȊȔȏȦ Ș 

ȑȏȘȒȕȗȕȋȕȓ șȌȖȒȕșȇ ȉȢȋȌȒȦȌșȘȦ. ǾȇȘșȣ ȜȏȓȏȞȌȘȑȕȐ 

ȤȔȌȗȊȏȏ, ȎȇȑȒȥȞȧȔȔȕȐ ȉ ȓȇȊȔȏȏ ȏ ȉ ȑȏȘȒȕȗȕȋȌ, 

ȖȗȌȉȗȇȠȇȌșȘȦ ȉ ȜȏȓȏȞȌȘȑȚȥ ȤȔȌȗȊȏȥ ȉ ȕȑȘȏȋȌ 

ȓȇȊȔȏȦ, ȇ ȞȇȘșȣ ȉȢȋȌȒȦȌșȘȦ ȉ ȉȏȋȌ șȌȖȒȕșȢ. 

ǸȒȌȋȕȉȇșȌȒȣȔȕ, ȤȔȌȗȊȏȦ ȉ ȕȑȘȏȋȌ ȓȇȊȔȏȦ ȓȌȔȣȟȌ 

ȘȚȓȓȢ ȤȔȌȗȊȏȐ ȉ ȏȘȜȕȋȔȢȜ ȉȌȠȌȘșȉȇȜ – ȓȇȊȔȏȏ ȏ 

ȑȏȘȒȕȗȕȋȌ.  Ǳȇȑ ȉȏȋȔȕ ȏȎ ȤȔȌȗȊȌșȏȞȌȘȑȕȐ ȋȏȇȊȗȇȓȓȢ, 

ȎȔȇȞȌȔȏȌ ©H ȗȌȇȑȝȏȏ ȘȕȕșȉȌșȘșȉȚȌș ȑȕȒȏȞȌȘșȉȇȓ 

ȉȌȠȌȘșȉ, ȚȑȇȎȇȔȔȢȓ ȉ ȗȌȇȑȝȏȏ: 2 ȓȕȒȣ Mg, 1 ȓȕȒȣ O₂ 

ȏ 2 ȓȕȒȣ MgO.

Ƕȗȏ ȘȕȘșȇȉȒȌȔȏȏ ȚȗȇȉȔȌȔȏȐ ȗȌȇȑȝȏȐ ȉ ȔȏȜ șȇȑȍȌ 

ȚȑȇȎȢȉȇȥșȘȦ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȏ ȘȕȘșȕȦȔȏȌ 

ȉȌȠȌȘșȉ. ǴȇȖȗȏȓȌȗ, ȜȏȓȏȞȌȘȑȕȌ ȚȗȇȉȔȌȔȏȌ, 

ȖȕȑȇȎȢȉȇȥȠȌȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȉ ȗȌȇȑȝȏȏ ȊȕȗȌȔȏȦ ȓȇȊȔȏȦ, ȏȓȌȌș 

ȉȏȋ:

2Mg  + O  ⟶ 2MgO      ©H = −1204 ȑǫȍ.(șȉ) 2(Ȋ) (șȉ)

ǺȗȇȉȔȌȔȏȌ ȤșȕȐ ȗȌȇȑȝȏȏ ȓȕȍȌș ȈȢșȣ șȇȑȍȌ ȉȢȗȇȍȌȔȕ ȘȒȌȋȚȥȠȏȓ 

ȕȈȗȇȎȕȓ:

2Mg  + O  = 2MgO  +1204 ȑǫȍ.(șȉ) 2(Ȋ) (șȉ)

Ȅșȕ ȚȗȇȉȔȌȔȏȌ ȖȕȑȇȎȢȉȇȌș, Ȟșȕ ȘȚȓȓȇȗȔȇȦ ȤȔȌȗȊȏȦ, ȎȇȑȒȥȞȧȔȔȇȦ ȉ 2 ȓȕȒȣ 

ȓȇȊȔȏȦ ȏ 1 ȓȕȒȣ ȑȏȘȒȕȗȕȋȇ, ȗȇȉȔȇ ȘȚȓȓȌ ȤȔȌȗȊȏȏ ȉ 2 ȓȕȒȣ ȕȑȘȏȋȇ ȓȇȊȔȏȦ 

ȏ ȤȔȌȗȊȏȏ, ȗȇȉȔȕȐ 1204 ȑǫȍ.

ǩ ȔȏȍȌȖȗȏȉȌȋȧȔȔȕȐ șȇȈȒȏȝȌ ȋȇȧșȘȦ ȔȌȘȑȕȒȣȑȕ ȖȗȏȓȌȗȕȉ 

ȤȑȎȕșȌȗȓȏȞȌȘȑȏȜ   ȖȗȕȝȌȘȘȕȉ:

ǩ ȜȕȋȌ ȤȔȋȕșȌȗȓȏȞȌȘȑȕȐ ȗȌȇȑȝȏȏ ȤȔȌȗȊȏȦ ȉȕȎȗȇȘșȇȌș Ȏȇ ȘȞȧș ȖȕȊȒȕȠȌȔȏȦ șȌȖȒȇ ȏȎ 

ȕȑȗȚȍȇȥȠȌȐ ȘȗȌȋȢ. ǩ ȗȌȎȚȒȣșȇșȌ ȤȔșȇȒȣȖȏȦ ȖȗȕȋȚȑșȕȉ ȗȌȇȑȝȏȏ ȖȗȌȉȢȟȇȌș ȤȔșȇȒȣȖȏȥ 

ȏȘȜȕȋȔȢȜ ȉȌȠȌȘșȉ. ǸȒȌȋȕȉȇșȌȒȣȔȕ, ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ (©H = H  – H ) ȉ ȤȔȋȕșȌȗȓȏȞȌȘȑȏȜ 2 1

ȗȌȇȑȝȏȦȜ ȈȚȋȌș ȖȕȒȕȍȏșȌȒȣȔȢȓ͘

©H = H  – H �     ȖȗȕȋȚȑș ȗȌȇȑȝȏȏ ȏȘȜȕȋȔȕȌ ȉȌȠȌȘșȉȕ

©H = H – H  �     2  1

©H > 0

� ǪȕȗȌȔȏȌ: ȋȗȌȉȌȘȏȔȢ, ȚȊȒȦ, ȖȗȏȗȕȋȔȕȊȕ ȊȇȎȇ

� ǷȌȇȑȝȏȦ ȔȌȐșȗȇȒȏȎȇȝȏȏ: HCl + NaOH → NaCl + H₂O

� ǷȇȘșȉȕȗȌȔȏȌ NaOH ȏ CaCl₂ ȉ ȉȕȋȌ

� ǮȇȘșȢȉȇȔȏȌ (ȍȏȋȑȕȌ → șȉȧȗȋȕȌ)

� ǱȕȔȋȌȔȘȇȝȏȦ (ȊȇȎȕȕȈȗȇȎȔȕȌ → ȍȏȋȑȕȌ)

� ǯȎȉȌȗȍȌȔȏȌ ȉȚȒȑȇȔȇ

� ǩȎȗȢȉ ȖȏȗȕșȌȜȔȏȞȌȘȑȏȜ ȘȗȌȋȘșȉ

� ǳȔȕȊȏȌ ȗȌȇȑȝȏȏ ȘȕȌȋȏȔȌȔȏȦ: H + Cl → 2HCl2  2 

� ǶȗȏȔȦșȏȌ ȤȒȌȑșȗȕȔȇ ȇșȕȓȕȓ 

ȄȑȎȕșȌȗȓȏȞȌȘȑȏȌ ȖȗȕȝȌȘȘȢ

(șȌȖȒȕșȇ ȉȢȋȌȒȦȌșȘȦ)

∆H > 0

ȄȔșȇȒȣȖȏȦ

(ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ)

ǶȚșȣ ȖȗȕșȌȑȇȔȏȦ ȗȌȇȑȝȏȏ 

2MgO(șȉ)

2Mg(șȉ) + O (Ȋ)2

∆H = –1204 ȑǫȍ

H1

H2

ȄȔșȇȒȣȖȏȦ 

(ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ)

ǶȚșȣ ȖȗȕșȌȑȇȔȏȦ ȗȌȇȑȝȏȏ

CaCO (șȉ)3

CaO(șȉ) + CO (Ȋ)2

∆H = + 178 ȑǫȍ

H2

H1

3ǹȌȗȓȕȜȏȓȏȦǾȇȘșȣ I

ȄȔșȇȒȣȖȏȦ 

(ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ)

ǶȚșȣ  ȖȗȕșȌȑȇȔȏȦ ȗȌȇȑȝȏȏ

ǶȗȕȋȚȑșȢ ȗȌȇȑȝȏȏ

ǯȘȜȕȋȔȢȌ ȉȌȠȌȘșȉȇ

©H > 0

H2

H1



Примените полученные знания
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1. Ǵȇ ȕȘȔȕȉȇȔȏȏ Ȋȗȇțȏȑȇ ȕȖȗȌȋȌȒȏșȌ ȉȌȗȔȢȌ ȏ ȔȌȉȌȗȔȢȌ ȚșȉȌȗȍȋȌȔȏȦ.

a. ǩ ȗȌȎȚȒȣșȇșȌ ȗȌȇȑȝȏȏ ȉȢȋȌȒȏȒȕȘȣ 90 ȑǫȍ ȤȔȌȗȊȏȏ.

b. Ȅșȕ ȤȔȋȕșȌȗȓȏȞȌȘȑȏȐ ȖȗȕȝȌȘȘ.

c. ǺȗȇȉȔȌȔȏȌ ȗȌȇȑȝȏȏ ȓȕȍȔȕ ȎȇȖȏȘȇșȣ: A + B = 2C + 90 ȑǫȍ.

d. ǺȗȇȉȔȌȔȏȌ ȗȌȇȑȝȏȏ ȓȕȍȔȕ ȎȇȖȏȘȇșȣ:  A + B → 2C  ©H=+90 ȑǫȍ.

e. Ƕȗȏ ȕȈȗȇȎȕȉȇȔȏȏ 1 ȓȕȒȣ ȉȌȠȌȘșȉȇ Ǹ ȖȕȊȒȕșȏȒȕȘȣ 45 ȑǫȍ ȤȔȌȗȊȏȏ.

f. ǸȚȓȓȇ ȤȔșȇȒȣȖȏȐ ȏȘȜȕȋȔȢȜ ȉȌȠȌȘșȉ ȈȕȒȣȟȌ ȤȔșȇȒȣȖȏȏ ȖȗȕȋȚȑșȇ 

ȗȌȇȑȝȏȏ. 

Проверьте полученные знания

1. ǩ ȤȑȎȕșȌȗȓȏȞȌȘȑȕȐ ȗȌȇȑȝȏȏ ©H�0 ȏȒȏ ©H>0? ǵȈȕȘȔȚȐșȌ ȘȉȕȐ ȕșȉȌș.

2. ǱȇȑȕȐ ȏȎ ȔȏȍȌȖȗȏȉȌȋȧȔȔȢȜ ȖȗȕȝȌȘȘȕȉ ȤȑȎȕșȌȗȓȏȞȌȘȑȏȐ, ȇ ȑȇȑȕȐ – ȤȔȋȕșȌȗȓȏȞȌȘȑȏȐ?

a. ǮȇȓȌȗȎȇȔȏȌ ȉȕȋȢ

b. ǹȇȦȔȏȌ ȟȕȑȕȒȇȋȇ

c. ǯȘȖȇȗȌȔȏȌ ȉȕȋȢ

d. ǪȕȗȌȔȏȌ ȘȌȗȢ

e. ǷȇȎȒȕȍȌȔȏȌ ȊȏȋȗȕȑȘȏȋȇ ȓȌȋȏ(II) 

f. ǷȇȘșȉȕȗȌȔȏȌ Ȕȏșȗȇșȇ ȑȇȒȏȦ ȉ ȉȕȋȌ

3. Ƕȗȏ ȖȕȒȔȕȓ ȘȊȕȗȇȔȏȏ 2,4 Ȋ ȓȇȊȔȏȦ ȉȢȋȌȒȦȌșȘȦ 97 ȑǫȍ șȌȖȒȕșȢ. ǸȕȘșȇȉȣșȌ ȚȗȇȉȔȌȔȏȌ ȗȌȇȑȝȏȏ.

4. ǶȗȏȊȕșȕȉȏȒȏ ȗȇȘșȉȕȗ ȊȏȋȗȕȑȘȏȋȇ ȑȇȒȣȝȏȦ, ȖȕȒȔȕȘșȣȥ ȗȇȘșȉȕȗȏȉ ȉ ȉȕȋȌ 0,1 ȓȕȒȣ ȕȑȘȏȋȇ ȑȇȒȣȝȏȦ. 

Ƕȗȏ Ȥșȕȓ ȉȢȋȌȒȏȒȕȘȣ 108 ȑǫȍ șȌȖȒȕșȢ. 

a. ǸȑȕȒȣȑȕ șȌȖȒȕșȢ (ȑǫȍ) ȉȢȋȌȒȦȌșȘȦ Ȗȗȏ ȗȇȘșȉȕȗȌȔȏȏ 1 ȓȕȒȣ ȕȑȘȏȋȇ ȑȇȒȣȝȏȦ ȉ ȉȕȋȌ,  ȉȎȦșȕȐ ȉ 

ȏȎȈȢșȑȌ?

b. ǴȇȖȏȟȏșȌ ȚȗȇȉȔȌȔȏȌ ȗȌȇȑȝȏȏ.

ǮȔȇȦ șȌȖȒȕȉȕȐ ȤțțȌȑș ȗȌȇȑȝȏȏ, Ȕȇ ȕȘȔȕȉȇȔȏȏ ȤșȏȜ ȚȗȇȉȔȌȔȏȐ 

ȓȕȍȔȕ ȉȢȖȕȒȔȏșȣ ȗȦȋ ȘșȌȜȏȕȓȌșȗȏȞȌȘȑȏȜ ȗȇȘȞȧșȕȉ:

1.  CH +2O → CO + 2H O    ©H=−890 ȑǫȍ4(Ȋ) 2(Ȋ) 2(Ȋ) 2 (ȍ)

3
ǷȇȘȘȞȏșȇȐșȌ șȌȖȒȕșȚ (ȑǫȍ), ȉȢȋȌȒȏȉȟȚȥȘȦ Ȗȗȏ ȖȕȒȔȕȓ ȘȊȕȗȇȔȏȏ 12 ȋȓ  ȓȌșȇȔȇ (20°C ȏ 1 ȇșȓ). 

3ǷȌȟȌȔȏȌ� ǷȇȘȘȞȏșȢȉȇȌșȘȦ ȞȏȘȒȕ ȓȕȒȌȐ ȉ 12 ȋȓ  ȓȌșȇȔȇ.

Ǳȇȑ ȉȏȋȔȕ ȏȎ ȚȗȇȉȔȌȔȏȦ ȗȌȇȑȝȏȏ, Ȗȗȏ ȘȊȕȗȇȔȏȏ 1 ȓȕȒȣ ȓȌșȇȔȇ ȉȢȋȌȒȦȌșȘȦ 890 ȑǫȍ șȌȖȒȕșȢ. ǷȇȘȘȞȏșȢȉȇȌșȘȦ   

ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ, ȑȕșȕȗȇȦ ȉȢȋȌȒȦȌșȘȦ Ȗȗȏ ȘȊȕȗȇȔȏȏ 0,5 ȓȕȒȣ ȓȌșȇȔȇ.

1 ȓȕȒȣ ȓȌșȇȔȇ ––––– 890 ȑǫȍ  

0,5 ȓȕȒȣ ȓȌșȇȔȇ ––––– x ȑǫȍ

ǶǷǯǳǬǷȂ

� ǻȕșȕȘȏȔșȌȎ (CO₂ + H₂O + ȘȉȌș → C₆H₁₂O₆ + O₂)

� ǯȘȖȇȗȌȔȏȌ (ȍȏȋȑȕȌ → ȊȇȎȕȕȈȗȇȎȔȕȌ)

� ǶȒȇȉȒȌȔȏȌ (șȉȧȗȋȕȌ → ȍȏȋȑȕȌ)

� ǷȇȘșȉȕȗȌȔȏȌ NHࢩCl, KNO₃ ȉ ȉȕȋȌ

� ǳȔȕȊȏȌ ȗȌȇȑȝȏȏ ȗȇȎȒȕȍȌȔȏȦ: CaCO₃ → CaO + CO₂

� ǶȗȏȊȕșȕȉȒȌȔȏȌ ȖȏȠȏ

� ǵșȋȇȞȇ ȤȒȌȑșȗȕȔȇ ȇșȕȓȕȓ

ȄȔȋȕșȌȗȓȏȞȌȘȑȏȌ ȖȗȕȝȌȘȘȢ

(șȌȖȒȕșȇ ȖȕȊȒȕȠȇȌșȘȦ)

2. Ǵȇ ȕȘȔȕȉȇȔȏȏ Ȋȗȇțȏȑȇ ȕȖȗȌȋȌȒȏșȌ ȉȌȗȔȢȌ ȚșȉȌȗȍȋȌȔȏȦ.

a. Ȅșȕ ȤȑȎȕșȌȗȓȏȞȌȘȑȇȦ ȗȌȇȑȝȏȦ.

b. ǩ ȗȌȇȑȝȏȏ Z → X + Y ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȘȕȘșȇȉȒȦȌș: 

©H = –a ȑǫȍ.

c. ǺȗȇȉȔȌȔȏȌ ȗȌȇȑȝȏȏ ȓȕȍȔȕ ȎȇȖȏȘȇșȣ: X + Y = Z + a ȑǫȍ. 

ȄȔșȇȒȣȖȏȦ

(ȑǫȍ)

ǶȚșȣ ȖȗȕșȌȑȇȔȏȦ ȗȌȇȑȝȏȏ

2C

A + B
140

50

ȄȔșȇȒȣȖȏȦ

ǶȚșȣ ȖȗȕșȌȑȇȔȏȦ ȗȌȇȑȝȏȏ

X + Y

Z

∆H = + a ȑǫȍ

H2

H1

2. 2Ca + O → 2CaO    ©H = − x ȑǫȍ(șȉ) 2(Ȋ) (șȉ)

Ƕȗȏ ȖȕȒȔȕȓ ȘȊȕȗȇȔȏȏ 5 Ȋ ȑȇȒȣȝȏȦ ȉȢȋȌȒȦȌșȘȦ 79 ȑǫȍ șȌȖȒȕșȢ. ǷȇȘȘȞȏșȇȐșȌ x.
ǷȌȟȌȔȏȌ� Ǹ ȚȞȧșȕȓ șȕȊȕ� Ȟșȕ ȓȕȒȦȗȔȇȦ ȓȇȘȘȇ ȑȇȒȣȝȏȦ ȘȕȘșȇȉȒȦȌș 40 Ȋ/ȓȕȒȣ, ȗȇȘȘȞȏșȢȉȇȌșȘȦ ȞȏȘȒȕ ȓȕȒȌȐ ȑȇȒȣȝȏȦ, 

ȘȕȕșȉȌșȘșȉȚȥȠȌȌ ȌȊȕ ȓȇȘȘȌ, ȗȇȉȔȕȐ 5 Ȋ:

ǯȎ ȚȗȇȉȔȌȔȏȦ ȘȒȌȋȚȌș, Ȟșȕ Ȝ ȑǫȍ șȌȖȒȕșȢ ȉȢȋȌȒȦȌșȘȦ Ȗȗȏ ȖȕȒȔȕȓ ȘȊȕȗȇȔȏȏ 2 ȓȕȒȣ ȑȇȒȣȝȏȦ, șȕȊȋȇ:

0,125 ȓȕȒȣ ––––– 79 ȑǫȍ

       2 ȓȕȒȣ ––––– x ȑǫȍ

x = –––––––  = 1264 ȑǫȍ
79 ∙ 2

0,125

x = –––––––––  = 445 ȑǫȍ
0,5 ∙ 890

1

12 

24  
n = –––– = ––– = 0,5 ȓȕȒȣ 

9

9M

n = –– = –– = 0,125 ȓȕȒȣ
m

M

5

40

3ǹȌȗȓȕȜȏȓȏȦǾȇȘșȣ I

Ȅșȕ ȖȕȑȇȎȢȉȇȌș, Ȟșȕ ȗȇȎȔȕȘșȣ ȓȌȍȋȚ ȘȚȓȓȕȐ ȤȔȌȗȊȏȏ, ȎȇȑȒȥȞȧȔȔȕȐ ȉ 1 ȓȕȒȣ 

ȕȑȘȏȋȇ ȑȇȒȣȝȏȦ ȏ 1 ȓȕȒȣ  ȋȏȕȑȘȏȋȇ ȚȊȒȌȗȕȋȇ, ȏ ȤȔȌȗȊȏȌȐ ȉ 178 ȑǫȍ ȗȇȉȔȇ 

ȤȔȌȗȊȏȏ ȉ 1 ȓȕȒȣ ȑȇȗȈȕȔȇșȇ ȑȇȒȣȝȏȦ. ǩ ȔȏȍȌȖȗȏȉȌȋȧȔȔȕȐ șȇȈȒȏȝȌ ȋȇȧșȘȦ 

ȔȌȘȑȕȒȣȑȕ ȖȗȏȓȌȗȕȉ ȤȔȋȕșȌȗȓȏȞȌȘȑȏȜ ȖȗȕȝȌȘȘȕȉ:



Примените полученные знания
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1. Ǵȇ ȕȘȔȕȉȇȔȏȏ Ȋȗȇțȏȑȇ ȕȖȗȌȋȌȒȏșȌ ȉȌȗȔȢȌ ȏ ȔȌȉȌȗȔȢȌ ȚșȉȌȗȍȋȌȔȏȦ.

a. ǩ ȗȌȎȚȒȣșȇșȌ ȗȌȇȑȝȏȏ ȉȢȋȌȒȏȒȕȘȣ 90 ȑǫȍ ȤȔȌȗȊȏȏ.

b. Ȅșȕ ȤȔȋȕșȌȗȓȏȞȌȘȑȏȐ ȖȗȕȝȌȘȘ.

c. ǺȗȇȉȔȌȔȏȌ ȗȌȇȑȝȏȏ ȓȕȍȔȕ ȎȇȖȏȘȇșȣ: A + B = 2C + 90 ȑǫȍ.

d. ǺȗȇȉȔȌȔȏȌ ȗȌȇȑȝȏȏ ȓȕȍȔȕ ȎȇȖȏȘȇșȣ:  A + B → 2C  ©H=+90 ȑǫȍ.

e. Ƕȗȏ ȕȈȗȇȎȕȉȇȔȏȏ 1 ȓȕȒȣ ȉȌȠȌȘșȉȇ Ǹ ȖȕȊȒȕșȏȒȕȘȣ 45 ȑǫȍ ȤȔȌȗȊȏȏ.

f. ǸȚȓȓȇ ȤȔșȇȒȣȖȏȐ ȏȘȜȕȋȔȢȜ ȉȌȠȌȘșȉ ȈȕȒȣȟȌ ȤȔșȇȒȣȖȏȏ ȖȗȕȋȚȑșȇ 

ȗȌȇȑȝȏȏ. 

Проверьте полученные знания

1. ǩ ȤȑȎȕșȌȗȓȏȞȌȘȑȕȐ ȗȌȇȑȝȏȏ ©H�0 ȏȒȏ ©H>0? ǵȈȕȘȔȚȐșȌ ȘȉȕȐ ȕșȉȌș.

2. ǱȇȑȕȐ ȏȎ ȔȏȍȌȖȗȏȉȌȋȧȔȔȢȜ ȖȗȕȝȌȘȘȕȉ ȤȑȎȕșȌȗȓȏȞȌȘȑȏȐ, ȇ ȑȇȑȕȐ – ȤȔȋȕșȌȗȓȏȞȌȘȑȏȐ?

a. ǮȇȓȌȗȎȇȔȏȌ ȉȕȋȢ

b. ǹȇȦȔȏȌ ȟȕȑȕȒȇȋȇ

c. ǯȘȖȇȗȌȔȏȌ ȉȕȋȢ

d. ǪȕȗȌȔȏȌ ȘȌȗȢ

e. ǷȇȎȒȕȍȌȔȏȌ ȊȏȋȗȕȑȘȏȋȇ ȓȌȋȏ(II) 

f. ǷȇȘșȉȕȗȌȔȏȌ Ȕȏșȗȇșȇ ȑȇȒȏȦ ȉ ȉȕȋȌ

3. Ƕȗȏ ȖȕȒȔȕȓ ȘȊȕȗȇȔȏȏ 2,4 Ȋ ȓȇȊȔȏȦ ȉȢȋȌȒȦȌșȘȦ 97 ȑǫȍ șȌȖȒȕșȢ. ǸȕȘșȇȉȣșȌ ȚȗȇȉȔȌȔȏȌ ȗȌȇȑȝȏȏ.

4. ǶȗȏȊȕșȕȉȏȒȏ ȗȇȘșȉȕȗ ȊȏȋȗȕȑȘȏȋȇ ȑȇȒȣȝȏȦ, ȖȕȒȔȕȘșȣȥ ȗȇȘșȉȕȗȏȉ ȉ ȉȕȋȌ 0,1 ȓȕȒȣ ȕȑȘȏȋȇ ȑȇȒȣȝȏȦ. 

Ƕȗȏ Ȥșȕȓ ȉȢȋȌȒȏȒȕȘȣ 108 ȑǫȍ șȌȖȒȕșȢ. 

a. ǸȑȕȒȣȑȕ șȌȖȒȕșȢ (ȑǫȍ) ȉȢȋȌȒȦȌșȘȦ Ȗȗȏ ȗȇȘșȉȕȗȌȔȏȏ 1 ȓȕȒȣ ȕȑȘȏȋȇ ȑȇȒȣȝȏȦ ȉ ȉȕȋȌ,  ȉȎȦșȕȐ ȉ 

ȏȎȈȢșȑȌ?

b. ǴȇȖȏȟȏșȌ ȚȗȇȉȔȌȔȏȌ ȗȌȇȑȝȏȏ.

ǮȔȇȦ șȌȖȒȕȉȕȐ ȤțțȌȑș ȗȌȇȑȝȏȏ, Ȕȇ ȕȘȔȕȉȇȔȏȏ ȤșȏȜ ȚȗȇȉȔȌȔȏȐ 

ȓȕȍȔȕ ȉȢȖȕȒȔȏșȣ ȗȦȋ ȘșȌȜȏȕȓȌșȗȏȞȌȘȑȏȜ ȗȇȘȞȧșȕȉ:

1.  CH +2O → CO + 2H O    ©H=−890 ȑǫȍ4(Ȋ) 2(Ȋ) 2(Ȋ) 2 (ȍ)

3
ǷȇȘȘȞȏșȇȐșȌ șȌȖȒȕșȚ (ȑǫȍ), ȉȢȋȌȒȏȉȟȚȥȘȦ Ȗȗȏ ȖȕȒȔȕȓ ȘȊȕȗȇȔȏȏ 12 ȋȓ  ȓȌșȇȔȇ (20°C ȏ 1 ȇșȓ). 

3ǷȌȟȌȔȏȌ� ǷȇȘȘȞȏșȢȉȇȌșȘȦ ȞȏȘȒȕ ȓȕȒȌȐ ȉ 12 ȋȓ  ȓȌșȇȔȇ.

Ǳȇȑ ȉȏȋȔȕ ȏȎ ȚȗȇȉȔȌȔȏȦ ȗȌȇȑȝȏȏ, Ȗȗȏ ȘȊȕȗȇȔȏȏ 1 ȓȕȒȣ ȓȌșȇȔȇ ȉȢȋȌȒȦȌșȘȦ 890 ȑǫȍ șȌȖȒȕșȢ. ǷȇȘȘȞȏșȢȉȇȌșȘȦ   

ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ, ȑȕșȕȗȇȦ ȉȢȋȌȒȦȌșȘȦ Ȗȗȏ ȘȊȕȗȇȔȏȏ 0,5 ȓȕȒȣ ȓȌșȇȔȇ.

1 ȓȕȒȣ ȓȌșȇȔȇ ––––– 890 ȑǫȍ  

0,5 ȓȕȒȣ ȓȌșȇȔȇ ––––– x ȑǫȍ

ǶǷǯǳǬǷȂ

� ǻȕșȕȘȏȔșȌȎ (CO₂ + H₂O + ȘȉȌș → C₆H₁₂O₆ + O₂)

� ǯȘȖȇȗȌȔȏȌ (ȍȏȋȑȕȌ → ȊȇȎȕȕȈȗȇȎȔȕȌ)

� ǶȒȇȉȒȌȔȏȌ (șȉȧȗȋȕȌ → ȍȏȋȑȕȌ)

� ǷȇȘșȉȕȗȌȔȏȌ NHࢩCl, KNO₃ ȉ ȉȕȋȌ

� ǳȔȕȊȏȌ ȗȌȇȑȝȏȏ ȗȇȎȒȕȍȌȔȏȦ: CaCO₃ → CaO + CO₂

� ǶȗȏȊȕșȕȉȒȌȔȏȌ ȖȏȠȏ

� ǵșȋȇȞȇ ȤȒȌȑșȗȕȔȇ ȇșȕȓȕȓ

ȄȔȋȕșȌȗȓȏȞȌȘȑȏȌ ȖȗȕȝȌȘȘȢ

(șȌȖȒȕșȇ ȖȕȊȒȕȠȇȌșȘȦ)

2. Ǵȇ ȕȘȔȕȉȇȔȏȏ Ȋȗȇțȏȑȇ ȕȖȗȌȋȌȒȏșȌ ȉȌȗȔȢȌ ȚșȉȌȗȍȋȌȔȏȦ.

a. Ȅșȕ ȤȑȎȕșȌȗȓȏȞȌȘȑȇȦ ȗȌȇȑȝȏȦ.

b. ǩ ȗȌȇȑȝȏȏ Z → X + Y ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȘȕȘșȇȉȒȦȌș: 

©H = –a ȑǫȍ.

c. ǺȗȇȉȔȌȔȏȌ ȗȌȇȑȝȏȏ ȓȕȍȔȕ ȎȇȖȏȘȇșȣ: X + Y = Z + a ȑǫȍ. 

ȄȔșȇȒȣȖȏȦ

(ȑǫȍ)

ǶȚșȣ ȖȗȕșȌȑȇȔȏȦ ȗȌȇȑȝȏȏ

2C

A + B
140

50

ȄȔșȇȒȣȖȏȦ

ǶȚșȣ ȖȗȕșȌȑȇȔȏȦ ȗȌȇȑȝȏȏ

X + Y

Z

∆H = + a ȑǫȍ

H2

H1

2. 2Ca + O → 2CaO    ©H = − x ȑǫȍ(șȉ) 2(Ȋ) (șȉ)

Ƕȗȏ ȖȕȒȔȕȓ ȘȊȕȗȇȔȏȏ 5 Ȋ ȑȇȒȣȝȏȦ ȉȢȋȌȒȦȌșȘȦ 79 ȑǫȍ șȌȖȒȕșȢ. ǷȇȘȘȞȏșȇȐșȌ x.
ǷȌȟȌȔȏȌ� Ǹ ȚȞȧșȕȓ șȕȊȕ� Ȟșȕ ȓȕȒȦȗȔȇȦ ȓȇȘȘȇ ȑȇȒȣȝȏȦ ȘȕȘșȇȉȒȦȌș 40 Ȋ/ȓȕȒȣ, ȗȇȘȘȞȏșȢȉȇȌșȘȦ ȞȏȘȒȕ ȓȕȒȌȐ ȑȇȒȣȝȏȦ, 

ȘȕȕșȉȌșȘșȉȚȥȠȌȌ ȌȊȕ ȓȇȘȘȌ, ȗȇȉȔȕȐ 5 Ȋ:

ǯȎ ȚȗȇȉȔȌȔȏȦ ȘȒȌȋȚȌș, Ȟșȕ Ȝ ȑǫȍ șȌȖȒȕșȢ ȉȢȋȌȒȦȌșȘȦ Ȗȗȏ ȖȕȒȔȕȓ ȘȊȕȗȇȔȏȏ 2 ȓȕȒȣ ȑȇȒȣȝȏȦ, șȕȊȋȇ:

0,125 ȓȕȒȣ ––––– 79 ȑǫȍ

       2 ȓȕȒȣ ––––– x ȑǫȍ

x = –––––––  = 1264 ȑǫȍ
79 ∙ 2

0,125

x = –––––––––  = 445 ȑǫȍ
0,5 ∙ 890

1

12 

24  
n = –––– = ––– = 0,5 ȓȕȒȣ 

9

9M

n = –– = –– = 0,125 ȓȕȒȣ
m

M

5

40
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Ȅșȕ ȖȕȑȇȎȢȉȇȌș, Ȟșȕ ȗȇȎȔȕȘșȣ ȓȌȍȋȚ ȘȚȓȓȕȐ ȤȔȌȗȊȏȏ, ȎȇȑȒȥȞȧȔȔȕȐ ȉ 1 ȓȕȒȣ 

ȕȑȘȏȋȇ ȑȇȒȣȝȏȦ ȏ 1 ȓȕȒȣ  ȋȏȕȑȘȏȋȇ ȚȊȒȌȗȕȋȇ, ȏ ȤȔȌȗȊȏȌȐ ȉ 178 ȑǫȍ ȗȇȉȔȇ 

ȤȔȌȗȊȏȏ ȉ 1 ȓȕȒȣ ȑȇȗȈȕȔȇșȇ ȑȇȒȣȝȏȦ. ǩ ȔȏȍȌȖȗȏȉȌȋȧȔȔȕȐ șȇȈȒȏȝȌ ȋȇȧșȘȦ 

ȔȌȘȑȕȒȣȑȕ ȖȗȏȓȌȗȕȉ ȤȔȋȕșȌȗȓȏȞȌȘȑȏȜ ȖȗȕȝȌȘȘȕȉ:



3.2  ǯȎȓȌȗȌȔȏȌ șȌȖȒȕșȢ

ǩ șȌȗȓȕȘ ȏ ȉ ȘșȇȑȇȔȞȏȑȏ ȏȎ ȘșȇȒȏ ȏ ȖȒȇȘșȏȑȇ ȔȇȒȏȒȏ ȗȇȉȔȕȌ ȑȕȒȏȞȌȘșȉȕ ȊȕȗȦȞȌȊȕ ȑȕțȌ ȕȋȏȔȇȑȕȉȕȐ 

șȌȓȖȌȗȇșȚȗȢ.

ǩȢ ȚȎȔȇȒȏ, Ȟșȕ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȗȌȇȑȝȏȏ – Ȥșȕ ȗȇȎȔȏȝȇ 

ȓȌȍȋȚ ȤȔȌȗȊȏȌȐ ȗȌȇȊȌȔșȕȉ ȏ ȤȔȌȗȊȏȌȐ ȖȗȕȋȚȑșȕȉ ȗȌȇȑȝȏȏ.

ǶȕȘȑȕȒȣȑȚ ȔȌȉȕȎȓȕȍȔȕ ȏȎȓȌȗȏșȣ ȔȌȖȕȘȗȌȋȘșȉȌȔȔȕ ȎȇȖȇȘ 

ȤȔȌȗȊȏȏ ȉȌȠȌȘșȉ, ȋȒȦ ȕȖȗȌȋȌȒȌȔȏȦ ȏȎȓȌȔȌȔȏȦ ȤȔșȇȒȣȖȏȏ 

ȏȘȖȕȒȣȎȚȌșȘȦ ȏȎȓȌȔȌȔȏȌ șȌȓȖȌȗȇșȚȗȢ ȉ ȜȕȋȌ ȗȌȇȑȝȏȏ.

 Ȅșȕș ȓȌșȕȋ ȏȘȖȕȒȣȎȚȌșȘȦ ȑȇȑ ȉ ȒȇȈȕȗȇșȕȗȔȢȜ ȤȑȘȖȌȗȏȓȌȔșȇȜ, 

ȖȗȕȉȕȋȏȓȢȜ ȉ ȔȌȈȕȒȣȟȏȜ ȓȇȘȟșȇȈȇȜ, șȇȑ ȏ ȉ 

ȚȋȌȒȣȔȇȦ șȌȖȒȕȧȓȑȕȘșȣ,

ȑȇȒȕȗȏȓȌșȗ, ȈȕȓȈȕȉȢȐ 

ȑȇȒȕȗȏȓȌșȗ, șȌȖȒȕșȇ 

ȔȌȐșȗȇȒȏȎȇȝȏȏ, 

ȚȋȌȒȣȔȇȦ ȤȔșȇȒȣȖȏȦ 

ȘȊȕȗȇȔȏȦ, ȓȕȒȦȗȔȇȦ 

șȌȖȒȕșȇ  ȘȊȕȗȇȔȏȦ 

� ǩ ȑȇȑȕȐ ȖȕȘȚȋȌ ȑȕțȌ ȕȘșȢȔȌș ȈȢȘșȗȌȌ" ǶȕȞȌȓȚ"

� ǯȎ ȑȇȑȕȊȕ ȓȇșȌȗȏȇȒȇ ȋȕȒȍȌȔ ȈȢșȣ ȏȎȊȕșȕȉȒȌȔ   ȘȕȘȚȋ� ȞșȕȈȢ ȑȕțȌ ȉ Ȕȧȓ ȋȕȒȊȕ ȕȘșȇȉȇȒȘȦ 
ȊȕȗȦȞȏȓ"

� Ǳȇȑ ȓȕȍȔȕ ȉ ȒȇȈȕȗȇșȕȗȏȏ ȏȎȓȌȗȏșȣ ȘȖȕȘȕȈȔȕȘșȣ ȘȕȘȚȋȇ ȘȕȜȗȇȔȦșȣ șȌȖȒȕ" 

6564

ǵȈȘȚȋȏșȌ�

�� ǱȇȑȕȌ ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ ȉȢȋȌȒȏȒȕȘȣ (ȉ ǫȍ�� ȏȘȜȕȋȦ ȏȎ ȑȕȒȏȞȌȘșȉȇ ȘȍȏȊȇȌȓȕȊȕ 

ȤșȏȒȕȉȕȊȕ ȘȖȏȗșȇ"

�� Ǳȇȑ ȗȇȘȘȞȏșȇșȣ ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ� ȉȢȋȌȒȦȥȠȌȐȘȦ Ȗȗȏ ȘȊȕȗȇȔȏȏ � ȓȕȒȣ ȤșȏȒȕȉȕȊȕ 

ȘȖȏȗșȇ� � Ȋ ȤșȏȒȕȉȕȊȕ ȘȖȏȗșȇ"

�� ǴȇȘȑȕȒȣȑȕ ȉȇȟȏ ȗȌȎȚȒȣșȇșȢ ȕșȒȏȞȇȒȏȘȣ ȕș ȎȔȇȞȌȔȏȐ� ȖȗȏȉȌȋȧȔȔȢȜ ȉ ȒȏșȌȗȇșȚȗȌ"                       

Ǿșȕ ȓȕȊȒȕ ȈȢșȣ ȖȗȏȞȏȔȕȐ ȏȓȌȥȠȌȊȕȘȦ ȗȇȘȜȕȍȋȌȔȏȦ"

ǶȗȏȔȇȋȒȌȍȔȕȘșȏ� ȘȖȏȗșȕȉȑȇ (ȎȇȖȕȒȔȌȔȔȇȦ ȤșȏȒȕȉȢȓ ȘȖȏȗșȕȓ), 

șȌȗȓȕȘșȕȐȑȏȐ ȘșȇȑȇȔ, șȌȗȓȕȓȌșȗ, ȓȌȗȔȢȐ ȝȏȒȏȔȋȗ, ȉȌȘȢ.

Ǳȇȑ ȗȇȘȘȞȏșȇșȣ ȚȋȌȒȣȔȚȥ ȤȔșȇȒȣȖȏȥ ȘȊȕȗȇȔȏȦ ȤșȏȒȕȉȕȊȕ ȘȖȏȗșȇ"

Ǽȕȋ ȗȇȈȕșȢ�

ǿȇȊ �� ǴȇȒȌȐșȌ ȉ ȘșȇȑȇȔ 250 ȓȒ ȉȕȋȢ ȏ ȏȎȓȌȗȣșȌ Ȍȧ șȌȓȖȌȗȇșȚȗȚ.

ǿȇȊ �� ǶȗȌȍȋȌ ȞȌȓ ȎȇȍȌȞȣ ȘȖȏȗșȕȉȑȚ, ȉȎȉȌȘȣșȌ Ȍȧ Ȕȇ ȉȌȘȇȜ. 

ǿȇȊ �� ǮȇȍȊȏșȌ ȘȖȏȗșȕȉȑȚ ȏ ȔȌȑȕșȕȗȕȌ ȉȗȌȓȦ ȔȇȊȗȌȉȇȐșȌ ȉȕȋȚ ȉ ȘșȇȑȇȔȌ.

ǿȇȊ �� ǶȕȘȒȌ ȖȗȌȑȗȇȠȌȔȏȦ ȔȇȊȗȌȉȇ ȏȎȓȌȗȣșȌ șȌȓȖȌȗȇșȚȗȚ ȉȕȋȢ ȏ 

ȗȇȘȘȞȏșȇȐșȌ ȗȇȎȔȏȝȚ șȌȓȖȌȗȇșȚȗ.  

ǿȇȊ �� ǶȕșȚȟȏșȌ ȘȖȏȗșȕȉȑȚ ȏ, ȘȔȕȉȇ ȉȎȉȌȘȏȉ Ȍȧ Ȕȇ ȉȌȘȇȜ,  ȗȇȘȘȞȏșȇȐșȌ 

ȗȇȎȔȏȝȚ ȉ ȓȇȘȘȌ.

ǿȇȊ �� ǷȇȘȘȞȏșȇȐșȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ.

ǯȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȗȌȇȑȝȏȐ ȓȕȍȔȕ ȕȖȗȌȋȌȒȏșȣ ȉ 

ȒȇȈȕȗȇșȕȗȏȏ ȉ ȜȕȋȌ ȖȗȕȘșȢȜ ȕȖȢșȕȉ (ȔȇȖȗȏȓȌȗ, Ȗȗȏ 

ȔȇȊȗȌȉȇȔȏȏ ȍȏȋȑȕȘșȏ ȉ ȖȒȇȓȌȔȏ ȘȖȏȗșȕȉȑȏ). ǵȋȔȇȑȕ Ȥșȕș 

ȓȌșȕȋ ȔȌȋȕȘșȇșȕȞȔȕ șȕȞȌȔ, șȇȑ ȑȇȑ ȞȇȘșȣ ȉȢȋȌȒȦȥȠȌȐȘȦ 

șȌȖȒȕșȢ ȗȇȘȘȌȏȉȇȌșȘȦ ȉ ȕȑȗȚȍȇȥȠȚȥ ȘȗȌȋȚ.

ǫȒȦ ȖȕȒȚȞȌȔȏȦ ȈȕȒȌȌ șȕȞȔȢȜ ȗȌȎȚȒȣșȇșȕȉ ȏȘȖȕȒȣȎȚȥș 

ȘȖȌȝȏȇȒȣȔȢȌ ȚȘșȗȕȐȘșȉȇ – ȑȇȒȕȗȏȓȌșȗȢ. ǴȇȏȈȕȒȌȌ 

ȗȇȘȖȗȕȘșȗȇȔȌȔȔȢȓ ȏȎ ȔȏȜ ȦȉȒȦȌșȘȦ ȈȕȓȈȕȉȢȐ 

ȑȇȒȕȗȏȓȌșȗ. ǨȕȓȈȕȉȢȐ ȑȇȒȕȗȏȓȌșȗ – Ȥșȕ ȘȖȌȝȏȇȒȣȔȢȐ 

șȕȒȘșȕȘșȌȔȔȢȐ ȘșȇȒȣȔȕȐ ȘȕȘȚȋ. ǩȔȚșȗȏ

ȤșȕȊȕ ȘȕȘȚȋȇ ȔȇȜȕȋȏșȘȦ ȔȌȈȕȒȣȟȇȦ ȊȌȗȓȌșȏȞȔȇȦ ȑȇȓȌȗȇ, 

ȎȇȖȕȒȔȌȔȔȇȦ ȑȏȘȒȕȗȕȋȕȓ – ´ȈȕȓȈȇµ.

ǩ ȜȕȋȌ ȕȖȢșȇ ȏȘȘȒȌȋȚȌȓȕȌ ȉȌȠȌȘșȉȕ (ȑ ȖȗȏȓȌȗȚ, ȕȈȗȇȎȌȝ 

șȕȖȒȏȉȇ ȏȒȏ ȖȏȠȌȉȕȊȕ ȖȗȕȋȚȑșȇ) ȘȍȏȊȇȌșȘȦ ȉȔȚșȗȏ ȤșȕȐ 

ȑȇȓȌȗȢ. ǹȌȖȒȕșȇ, ȑȕșȕȗȇȦ ȉȢȋȌȒȦȌșȘȦ ȉ ȗȌȎȚȒȣșȇșȌ 

ȖȗȕȝȌȘȘȇ ȘȊȕȗȇȔȏȦ, ȖȌȗȌȋȇȧșȘȦ ȉȕȋȌ.

ǨȕȓȈȕȉȢȐ ȑȇȒȕȗȏȓȌșȗ
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ǱȒȥ-
ȞȌȉȢȌ 
ȘȒȕȉȇ

ȑȗȚȖȔȕȓȇȘȟșȇȈȔȢȜ ȖȗȕȓȢȟȒȌȔȔȢȜ ȖȗȕȝȌȘȘȇȜ. ǴȇȖȗȏȓȌȗ, șȌȖȒȕșȇ ȉȢȋȌȒȦȌșȘȦ 

Ȗȗȏ ȘȊȕȗȇȔȏȏ șȕȖȒȏȉȇ ȏ Ȗȗȏȉȕȋȏș ȉ ȋȉȏȍȌȔȏȌ șȚȗȈȏȔȢ Ȕȇ ȤȒȌȑșȗȕȘșȇȔȝȏȦȜ, 

șȌȖȒȕșȇ ȉȢȋȌȒȦȌșȘȦ șȇȑȍȌ Ȗȗȏ ȔȌȐșȗȇȒȏȎȇȝȏȏ ȠȌȒȕȞȌȐ ȘȏȒȣȔȢȓȏ ȑȏȘȒȕșȇȓȏ, Ȟșȕ 

ȏȓȌȌș ȉȇȍȔȕȌ ȎȔȇȞȌȔȏȌ ȑȇȑ ȋȒȦ ȒȇȈȕȗȇșȕȗȔȢȜ ȗȇȈȕș, șȇȑ ȏ ȋȒȦ  ȖȗȕȏȎȉȕȋȘșȉ Ȕȇ 

ȜȏȓȏȞȌȘȑȏȜ ȎȇȉȕȋȇȜ. 

ǫȒȦ ȗȇȘȞȌșȇ ȏȎȓȌȔȌȔȏȦ ȤȔșȇȒȣȖȏȏ ȉ ȗȌȇȑȝȏȏ ȏȘȖȕȒȣȎȚȌșȘȦ ȚȋȌȒȣȔȇȦ 

șȌȖȒȕȧȓȑȕȘșȣ. ǺȋȌȒȣȔȇȦ șȌȖȒȕȧȓȑȕȘșȣ – Ȥșȕ ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ, ȔȌȕȈȜȕȋȏȓȕȌ 

ȋȒȦ ȖȕȉȢȟȌȔȏȦ șȌȓȖȌȗȇșȚȗȢ 1 Ȋ ȉȌȠȌȘșȉȇ Ȕȇ 1°C (ȏȒȏ 1 Ǳ), ȕȈȕȎȔȇȞȇȌșȘȦ ȈȚȑȉȕȐ c. 

ǬȋȏȔȏȝȌȐ ȏȎȓȌȗȌȔȏȦ ȚȋȌȒȣȔȕȐ șȌȖȒȕȧȓȑȕȘșȏ ȦȉȒȦȌșȘȦ ––––. ǴȇȖȗȏȓȌȗ, ȚȋȌȒȣȔȇȦ 

șȌȖȒȕȧȓȑȕȘșȣ ȉȕȋȢ ȗȇȉȔȇ 4,2 –––––, șȕ ȌȘșȣ ȋȒȦ ȖȕȉȢȟȌȔȏȦ șȌȓȖȌȗȇșȚȗȢ 1 Ȋ ȉȕȋȢ 

Ȕȇ 1°C șȗȌȈȚȌșȘȦ 4,2 ȋȍȕȚȒȦ ȤȔȌȗȊȏȏ. Ǳȇȑ ȉȏȋȏȓ, ȉȕȋȇ ȕȈȒȇȋȇȌș ȉȢȘȕȑȕȐ 

șȌȖȒȕȧȓȑȕȘșȣȥ, ȖȕȤșȕȓȚ ȕȔȇ ȓȕȍȌș ȘȕȜȗȇȔȦșȣ șȌȖȒȕ ȋȒȏșȌȒȣȔȕȌ ȉȗȌȓȦ. Ȅșȕ 

ȘȉȕȐȘșȉȕ ȉȕȋȢ ȏȊȗȇȌș ȉȇȍȔȚȥ ȗȕȒȣ ȉ ȖȗȏȗȕȋȌ ȏ șȌȜȔȏȑȌ. Ƕȗȏ ȏȎȓȌȔȌȔȏȏ 

șȌȓȖȌȗȇșȚȗȢ ȉȌȠȌȘșȉȇ ȓȕȍȔȕ ȗȇȘȘȞȏșȇșȣ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ (©H), ȌȘȒȏ ȎȔȇșȣ 

ȓȇȘȘȚ ȉȌȠȌȘșȉȇ (m),  ȌȊȕ ȚȋȌȒȣȔȚȥ șȌȖȒȕȧȓȑȕȘșȣ (Ș) ȏ ȏȎȓȌȔȌȔȏȌ șȌȓȖȌȗȇșȚȗȢ: 

©H = m ∙ c ∙ ©t.

ǫȍ 
Ȋ ∙ °C

ǫȍ 
Ȋ ∙ °C
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ȕ
Șș

ȣ



3.2  ǯȎȓȌȗȌȔȏȌ șȌȖȒȕșȢ

ǩ șȌȗȓȕȘ ȏ ȉ ȘșȇȑȇȔȞȏȑȏ ȏȎ ȘșȇȒȏ ȏ ȖȒȇȘșȏȑȇ ȔȇȒȏȒȏ ȗȇȉȔȕȌ ȑȕȒȏȞȌȘșȉȕ ȊȕȗȦȞȌȊȕ ȑȕțȌ ȕȋȏȔȇȑȕȉȕȐ 

șȌȓȖȌȗȇșȚȗȢ.

ǩȢ ȚȎȔȇȒȏ, Ȟșȕ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȗȌȇȑȝȏȏ – Ȥșȕ ȗȇȎȔȏȝȇ 

ȓȌȍȋȚ ȤȔȌȗȊȏȌȐ ȗȌȇȊȌȔșȕȉ ȏ ȤȔȌȗȊȏȌȐ ȖȗȕȋȚȑșȕȉ ȗȌȇȑȝȏȏ.

ǶȕȘȑȕȒȣȑȚ ȔȌȉȕȎȓȕȍȔȕ ȏȎȓȌȗȏșȣ ȔȌȖȕȘȗȌȋȘșȉȌȔȔȕ ȎȇȖȇȘ 

ȤȔȌȗȊȏȏ ȉȌȠȌȘșȉ, ȋȒȦ ȕȖȗȌȋȌȒȌȔȏȦ ȏȎȓȌȔȌȔȏȦ ȤȔșȇȒȣȖȏȏ 

ȏȘȖȕȒȣȎȚȌșȘȦ ȏȎȓȌȔȌȔȏȌ șȌȓȖȌȗȇșȚȗȢ ȉ ȜȕȋȌ ȗȌȇȑȝȏȏ.

 Ȅșȕș ȓȌșȕȋ ȏȘȖȕȒȣȎȚȌșȘȦ ȑȇȑ ȉ ȒȇȈȕȗȇșȕȗȔȢȜ ȤȑȘȖȌȗȏȓȌȔșȇȜ, 

ȖȗȕȉȕȋȏȓȢȜ ȉ ȔȌȈȕȒȣȟȏȜ ȓȇȘȟșȇȈȇȜ, șȇȑ ȏ ȉ 

ȚȋȌȒȣȔȇȦ șȌȖȒȕȧȓȑȕȘșȣ,

ȑȇȒȕȗȏȓȌșȗ, ȈȕȓȈȕȉȢȐ 

ȑȇȒȕȗȏȓȌșȗ, șȌȖȒȕșȇ 

ȔȌȐșȗȇȒȏȎȇȝȏȏ, 

ȚȋȌȒȣȔȇȦ ȤȔșȇȒȣȖȏȦ 

ȘȊȕȗȇȔȏȦ, ȓȕȒȦȗȔȇȦ 

șȌȖȒȕșȇ  ȘȊȕȗȇȔȏȦ 

� ǩ ȑȇȑȕȐ ȖȕȘȚȋȌ ȑȕțȌ ȕȘșȢȔȌș ȈȢȘșȗȌȌ" ǶȕȞȌȓȚ"

� ǯȎ ȑȇȑȕȊȕ ȓȇșȌȗȏȇȒȇ ȋȕȒȍȌȔ ȈȢșȣ ȏȎȊȕșȕȉȒȌȔ   ȘȕȘȚȋ� ȞșȕȈȢ ȑȕțȌ ȉ Ȕȧȓ ȋȕȒȊȕ ȕȘșȇȉȇȒȘȦ 
ȊȕȗȦȞȏȓ"

� Ǳȇȑ ȓȕȍȔȕ ȉ ȒȇȈȕȗȇșȕȗȏȏ ȏȎȓȌȗȏșȣ ȘȖȕȘȕȈȔȕȘșȣ ȘȕȘȚȋȇ ȘȕȜȗȇȔȦșȣ șȌȖȒȕ" 

6564

ǵȈȘȚȋȏșȌ�

�� ǱȇȑȕȌ ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ ȉȢȋȌȒȏȒȕȘȣ (ȉ ǫȍ�� ȏȘȜȕȋȦ ȏȎ ȑȕȒȏȞȌȘșȉȇ ȘȍȏȊȇȌȓȕȊȕ 

ȤșȏȒȕȉȕȊȕ ȘȖȏȗșȇ"

�� Ǳȇȑ ȗȇȘȘȞȏșȇșȣ ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ� ȉȢȋȌȒȦȥȠȌȐȘȦ Ȗȗȏ ȘȊȕȗȇȔȏȏ � ȓȕȒȣ ȤșȏȒȕȉȕȊȕ 

ȘȖȏȗșȇ� � Ȋ ȤșȏȒȕȉȕȊȕ ȘȖȏȗșȇ"

�� ǴȇȘȑȕȒȣȑȕ ȉȇȟȏ ȗȌȎȚȒȣșȇșȢ ȕșȒȏȞȇȒȏȘȣ ȕș ȎȔȇȞȌȔȏȐ� ȖȗȏȉȌȋȧȔȔȢȜ ȉ ȒȏșȌȗȇșȚȗȌ"                       

Ǿșȕ ȓȕȊȒȕ ȈȢșȣ ȖȗȏȞȏȔȕȐ ȏȓȌȥȠȌȊȕȘȦ ȗȇȘȜȕȍȋȌȔȏȦ"

ǶȗȏȔȇȋȒȌȍȔȕȘșȏ� ȘȖȏȗșȕȉȑȇ (ȎȇȖȕȒȔȌȔȔȇȦ ȤșȏȒȕȉȢȓ ȘȖȏȗșȕȓ), 

șȌȗȓȕȘșȕȐȑȏȐ ȘșȇȑȇȔ, șȌȗȓȕȓȌșȗ, ȓȌȗȔȢȐ ȝȏȒȏȔȋȗ, ȉȌȘȢ.

Ǳȇȑ ȗȇȘȘȞȏșȇșȣ ȚȋȌȒȣȔȚȥ ȤȔșȇȒȣȖȏȥ ȘȊȕȗȇȔȏȦ ȤșȏȒȕȉȕȊȕ ȘȖȏȗșȇ"

Ǽȕȋ ȗȇȈȕșȢ�

ǿȇȊ �� ǴȇȒȌȐșȌ ȉ ȘșȇȑȇȔ 250 ȓȒ ȉȕȋȢ ȏ ȏȎȓȌȗȣșȌ Ȍȧ șȌȓȖȌȗȇșȚȗȚ.

ǿȇȊ �� ǶȗȌȍȋȌ ȞȌȓ ȎȇȍȌȞȣ ȘȖȏȗșȕȉȑȚ, ȉȎȉȌȘȣșȌ Ȍȧ Ȕȇ ȉȌȘȇȜ. 

ǿȇȊ �� ǮȇȍȊȏșȌ ȘȖȏȗșȕȉȑȚ ȏ ȔȌȑȕșȕȗȕȌ ȉȗȌȓȦ ȔȇȊȗȌȉȇȐșȌ ȉȕȋȚ ȉ ȘșȇȑȇȔȌ.

ǿȇȊ �� ǶȕȘȒȌ ȖȗȌȑȗȇȠȌȔȏȦ ȔȇȊȗȌȉȇ ȏȎȓȌȗȣșȌ șȌȓȖȌȗȇșȚȗȚ ȉȕȋȢ ȏ 

ȗȇȘȘȞȏșȇȐșȌ ȗȇȎȔȏȝȚ șȌȓȖȌȗȇșȚȗ.  

ǿȇȊ �� ǶȕșȚȟȏșȌ ȘȖȏȗșȕȉȑȚ ȏ, ȘȔȕȉȇ ȉȎȉȌȘȏȉ Ȍȧ Ȕȇ ȉȌȘȇȜ,  ȗȇȘȘȞȏșȇȐșȌ 

ȗȇȎȔȏȝȚ ȉ ȓȇȘȘȌ.

ǿȇȊ �� ǷȇȘȘȞȏșȇȐșȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ.

ǯȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȗȌȇȑȝȏȐ ȓȕȍȔȕ ȕȖȗȌȋȌȒȏșȣ ȉ 

ȒȇȈȕȗȇșȕȗȏȏ ȉ ȜȕȋȌ ȖȗȕȘșȢȜ ȕȖȢșȕȉ (ȔȇȖȗȏȓȌȗ, Ȗȗȏ 

ȔȇȊȗȌȉȇȔȏȏ ȍȏȋȑȕȘșȏ ȉ ȖȒȇȓȌȔȏ ȘȖȏȗșȕȉȑȏ). ǵȋȔȇȑȕ Ȥșȕș 

ȓȌșȕȋ ȔȌȋȕȘșȇșȕȞȔȕ șȕȞȌȔ, șȇȑ ȑȇȑ ȞȇȘșȣ ȉȢȋȌȒȦȥȠȌȐȘȦ 

șȌȖȒȕșȢ ȗȇȘȘȌȏȉȇȌșȘȦ ȉ ȕȑȗȚȍȇȥȠȚȥ ȘȗȌȋȚ.

ǫȒȦ ȖȕȒȚȞȌȔȏȦ ȈȕȒȌȌ șȕȞȔȢȜ ȗȌȎȚȒȣșȇșȕȉ ȏȘȖȕȒȣȎȚȥș 

ȘȖȌȝȏȇȒȣȔȢȌ ȚȘșȗȕȐȘșȉȇ – ȑȇȒȕȗȏȓȌșȗȢ. ǴȇȏȈȕȒȌȌ 

ȗȇȘȖȗȕȘșȗȇȔȌȔȔȢȓ ȏȎ ȔȏȜ ȦȉȒȦȌșȘȦ ȈȕȓȈȕȉȢȐ 

ȑȇȒȕȗȏȓȌșȗ. ǨȕȓȈȕȉȢȐ ȑȇȒȕȗȏȓȌșȗ – Ȥșȕ ȘȖȌȝȏȇȒȣȔȢȐ 

șȕȒȘșȕȘșȌȔȔȢȐ ȘșȇȒȣȔȕȐ ȘȕȘȚȋ. ǩȔȚșȗȏ

ȤșȕȊȕ ȘȕȘȚȋȇ ȔȇȜȕȋȏșȘȦ ȔȌȈȕȒȣȟȇȦ ȊȌȗȓȌșȏȞȔȇȦ ȑȇȓȌȗȇ, 

ȎȇȖȕȒȔȌȔȔȇȦ ȑȏȘȒȕȗȕȋȕȓ – ´ȈȕȓȈȇµ.

ǩ ȜȕȋȌ ȕȖȢșȇ ȏȘȘȒȌȋȚȌȓȕȌ ȉȌȠȌȘșȉȕ (ȑ ȖȗȏȓȌȗȚ, ȕȈȗȇȎȌȝ 

șȕȖȒȏȉȇ ȏȒȏ ȖȏȠȌȉȕȊȕ ȖȗȕȋȚȑșȇ) ȘȍȏȊȇȌșȘȦ ȉȔȚșȗȏ ȤșȕȐ 

ȑȇȓȌȗȢ. ǹȌȖȒȕșȇ, ȑȕșȕȗȇȦ ȉȢȋȌȒȦȌșȘȦ ȉ ȗȌȎȚȒȣșȇșȌ 

ȖȗȕȝȌȘȘȇ ȘȊȕȗȇȔȏȦ, ȖȌȗȌȋȇȧșȘȦ ȉȕȋȌ.

ǨȕȓȈȕȉȢȐ ȑȇȒȕȗȏȓȌșȗ
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ǱȒȥ-
ȞȌȉȢȌ 
ȘȒȕȉȇ

ȑȗȚȖȔȕȓȇȘȟșȇȈȔȢȜ ȖȗȕȓȢȟȒȌȔȔȢȜ ȖȗȕȝȌȘȘȇȜ. ǴȇȖȗȏȓȌȗ, șȌȖȒȕșȇ ȉȢȋȌȒȦȌșȘȦ 

Ȗȗȏ ȘȊȕȗȇȔȏȏ șȕȖȒȏȉȇ ȏ Ȗȗȏȉȕȋȏș ȉ ȋȉȏȍȌȔȏȌ șȚȗȈȏȔȢ Ȕȇ ȤȒȌȑșȗȕȘșȇȔȝȏȦȜ, 

șȌȖȒȕșȇ ȉȢȋȌȒȦȌșȘȦ șȇȑȍȌ Ȗȗȏ ȔȌȐșȗȇȒȏȎȇȝȏȏ ȠȌȒȕȞȌȐ ȘȏȒȣȔȢȓȏ ȑȏȘȒȕșȇȓȏ, Ȟșȕ 

ȏȓȌȌș ȉȇȍȔȕȌ ȎȔȇȞȌȔȏȌ ȑȇȑ ȋȒȦ ȒȇȈȕȗȇșȕȗȔȢȜ ȗȇȈȕș, șȇȑ ȏ ȋȒȦ  ȖȗȕȏȎȉȕȋȘșȉ Ȕȇ 

ȜȏȓȏȞȌȘȑȏȜ ȎȇȉȕȋȇȜ. 

ǫȒȦ ȗȇȘȞȌșȇ ȏȎȓȌȔȌȔȏȦ ȤȔșȇȒȣȖȏȏ ȉ ȗȌȇȑȝȏȏ ȏȘȖȕȒȣȎȚȌșȘȦ ȚȋȌȒȣȔȇȦ 

șȌȖȒȕȧȓȑȕȘșȣ. ǺȋȌȒȣȔȇȦ șȌȖȒȕȧȓȑȕȘșȣ – Ȥșȕ ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ, ȔȌȕȈȜȕȋȏȓȕȌ 

ȋȒȦ ȖȕȉȢȟȌȔȏȦ șȌȓȖȌȗȇșȚȗȢ 1 Ȋ ȉȌȠȌȘșȉȇ Ȕȇ 1°C (ȏȒȏ 1 Ǳ), ȕȈȕȎȔȇȞȇȌșȘȦ ȈȚȑȉȕȐ c. 

ǬȋȏȔȏȝȌȐ ȏȎȓȌȗȌȔȏȦ ȚȋȌȒȣȔȕȐ șȌȖȒȕȧȓȑȕȘșȏ ȦȉȒȦȌșȘȦ ––––. ǴȇȖȗȏȓȌȗ, ȚȋȌȒȣȔȇȦ 

șȌȖȒȕȧȓȑȕȘșȣ ȉȕȋȢ ȗȇȉȔȇ 4,2 –––––, șȕ ȌȘșȣ ȋȒȦ ȖȕȉȢȟȌȔȏȦ șȌȓȖȌȗȇșȚȗȢ 1 Ȋ ȉȕȋȢ 

Ȕȇ 1°C șȗȌȈȚȌșȘȦ 4,2 ȋȍȕȚȒȦ ȤȔȌȗȊȏȏ. Ǳȇȑ ȉȏȋȏȓ, ȉȕȋȇ ȕȈȒȇȋȇȌș ȉȢȘȕȑȕȐ 

șȌȖȒȕȧȓȑȕȘșȣȥ, ȖȕȤșȕȓȚ ȕȔȇ ȓȕȍȌș ȘȕȜȗȇȔȦșȣ șȌȖȒȕ ȋȒȏșȌȒȣȔȕȌ ȉȗȌȓȦ. Ȅșȕ 

ȘȉȕȐȘșȉȕ ȉȕȋȢ ȏȊȗȇȌș ȉȇȍȔȚȥ ȗȕȒȣ ȉ ȖȗȏȗȕȋȌ ȏ șȌȜȔȏȑȌ. Ƕȗȏ ȏȎȓȌȔȌȔȏȏ 

șȌȓȖȌȗȇșȚȗȢ ȉȌȠȌȘșȉȇ ȓȕȍȔȕ ȗȇȘȘȞȏșȇșȣ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ (©H), ȌȘȒȏ ȎȔȇșȣ 

ȓȇȘȘȚ ȉȌȠȌȘșȉȇ (m),  ȌȊȕ ȚȋȌȒȣȔȚȥ șȌȖȒȕȧȓȑȕȘșȣ (Ș) ȏ ȏȎȓȌȔȌȔȏȌ șȌȓȖȌȗȇșȚȗȢ: 

©H = m ∙ c ∙ ©t.

ǫȍ 
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ǫȍ 
Ȋ ∙ °C
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ǮȋȌȘȣ ȏȘȖȕȒȣȎȚȌșȘȦ șȕș ȍȌ ȖȗȏȔȝȏȖ, Ȟșȕ ȏ ȉ 
ȖȗȌȋȢȋȚȠȌȓ ȕȖȢșȌ: ȉȢȋȌȒȦȥȠȇȦȘȦ șȌȖȒȕșȇ ȔȇȊȗȌȉȇȌș 
ȉȕȋȚ.

ǩ ȉȕȋȚ ȖȕȓȌȠȇȥș șȌȗȓȕȓȌșȗ ȏ Ș ȈȕȒȣȟȕȐ  șȕȞȔȕȘșȣȥ 
ȏȎȓȌȗȦȥș ȖȕȉȢȟȌȔȏȌ șȌȓȖȌȗȇșȚȗȢ. ǯȘȜȕȋȦ ȏȎ ȓȇȘȘȢ 
ȉȕȋȢ, ȚȋȌȒȣȔȕȐ șȌȖȒȕȧȓȑȕȘșȏ ȏ ȏȎȓȌȔȌȔȏȦ 
șȌȓȖȌȗȇșȚȗȢ, ȗȇȘȘȞȏșȢȉȇȥș ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ. 
ǩȉȏȋȚ șȕȊȕ, Ȟșȕ ȈȕȓȈȕȉȢȐ ȑȇȒȕȗȏȓȌșȗ ȖȗȌȋȘșȇȉȒȦȌș 
ȘȕȈȕȐ ȖȕȒȔȕȘșȣȥ ȊȌȗȓȌșȏȞȔȚȥ ȘȏȘșȌȓȚ, ȉȕȎȓȕȍȔȢȌ 
ȖȕșȌȗȏ șȌȖȒȇ ȎȋȌȘȣ ȓȏȔȏȓȇȒȣȔȢ ȏ, ȑȇȑ ȘȒȌȋȘșȉȏȌ, 
ȗȌȎȚȒȣșȇșȢ, ȖȕȒȚȞȌȔȔȢȌ Ș ȌȊȕ ȖȕȓȕȠȣȥ, ȈȕȒȌȌ șȕȞȔȢ. 
ǨȕȓȈȕȉȢȐ ȑȇȒȕȗȏȓȌșȗ ȟȏȗȕȑȕ ȏȘȖȕȒȣȎȚȌșȘȦ ȉ 
ȜȏȓȏȞȌȘȑȏȜ ȏ ȈȏȕȜȏȓȏȞȌȘȑȏȜ ȒȇȈȕȗȇșȕȗȏȦȜ. Ǹ ȌȊȕ 
ȖȕȓȕȠȣȥ ȕȖȗȌȋȌȒȦȥș șȌȖȒȕșȚ ȘȊȕȗȇȔȏȦ ȗȇȎȒȏȞȔȢȜ 
ȉȏȋȕȉ șȕȖȒȏȉȇ (ȚȊȒȦ, ȈȌȔȎȏȔȇ, ȊȇȎȇ, ȘȖȏȗșȕȉ ȏ ȋȗ.), 
ȤȔȌȗȊȌșȏȞȌȘȑȚȥ ȝȌȔȔȕȘșȣ ȖȏȠȌȉȢȜ ȖȗȕȋȚȑșȕȉ (ȍȏȗȕȉ, 
ȈȌȒȑȕȉ, ȚȊȒȌȉȕȋȕȉ) ȏ ȔȇȜȕȋȦș șȕȞȔȕȌ ȏȎȓȌȔȌȔȏȌ 

ȤȔșȇȒȣȖȏȏ ȜȏȓȏȞȌȘȑȏȜ ȗȌȇȑȝȏȐ. ǩ ȜȕȋȌ ȤȑȘȖȌȗȏȓȌȔșȕȉ Ș ȏȘȖȕȒȣȎȕȉȇȔȏȌȓ ȈȕȓȈȕȉȕȊȕ ȑȇȒȕȗȏȓȌșȗȇ 
ȏȎȓȌȗȦȌșȘȦ ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ, ȉȢȋȌȒȦȥȠȌȐȘȦ ȉ ȗȌȎȚȒȣșȇșȌ ȖȕȒȔȕȊȕ ȘȊȕȗȇȔȏȦ ȉȌȠȌȘșȉȇ, ȏ Ȕȇ 
ȕȘȔȕȉȇȔȏȏ ȤșȏȜ ȋȇȔȔȢȜ ȗȇȘȘȞȏșȢȉȇȥșȘȦ ȚȋȌȒȣȔȇȦ ȤȔșȇȒȣȖȏȦ ȘȊȕȗȇȔȏȦ ȏ ȓȕȒȦȗȔȇȦ ȤȔșȇȒȣȖȏȦ 
ȘȊȕȗȇȔȏȦ ȉȌȠȌȘșȉȇ.

ǺȋȌȒȣȔȇȦ ȤȔșȇȒȣȖȏȦ ȘȊȕȗȇȔȏȦ – Ȥșȕ ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ, ȉȢȋȌȒȦȥȠȌȐȘȦ Ȗȗȏ ȖȕȒȔȕȓ ȘȊȕȗȇȔȏȏ   
1 Ȋȗȇȓȓȇ ȉȌȠȌȘșȉȇ͕ ȓȕȒȦȗȔȇȦ ȤȔșȇȒȣȖȏȦ ȘȊȕȗȇȔȏȦ – Ȥșȕ ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ, ȉȢȋȌȒȦȥȠȌȐȘȦ Ȗȗȏ 
ȖȕȒȔȕȓ ȘȊȕȗȇȔȏȏ 1 ȓȕȒȣ ȉȌȠȌȘșȉȇ. ǬȋȏȔȏȝȌȐ ȏȎȓȌȗȌȔȏȦ ȚȋȌȒȣȔȕȐ ȤȔșȇȒȣȖȏȏ ȘȊȕȗȇȔȏȦ ȦȉȒȦȌșȘȦ 
ȑǫȍ�Ȋ,  ȇ ȌȋȏȔȏȝȌȐ ȏȎȓȌȗȌȔȏȦ ȓȕȒȦȗȔȕȐ ȤȔșȇȒȣȖȏȏ ȘȊȕȗȇȔȏȦ – ȑǫȍ�ȓȕȒȣ͘ 

ǶǷǯǳǬǷ �

Ƕȗȏ ȖȕȒȔȕȓ ȘȊȕȗȇȔȏȏ 92 Ȋ ȤșȏȒȕȉȕȊȕ ȘȖȏȗșȇ  ȉȢȋȌȒȦȌșȘȦ 2676 ȑǫȍ șȌȖȒȕșȢ. ǫȒȦ ȤșȏȒȕȉȕȊȕ ȘȖȏȗșȇ ȗȇȘȘȞȏșȇȐșȌ:

I.  ȚȋȌȒȣȔȚȥ ȤȔșȇȒȣȖȏȥ ȘȊȕȗȇȔȏȦ (ȑǫȍ/Ȋ)�

II.  ȓȕȒȦȗȔȚȥ ȤȔșȇȒȣȖȏȥ ȘȊȕȗȇȔȏȦ (ȑǫȍ/ȓȕȒȣ).

ǷȌȟȌȔȏȌ�

I.  ǺȞȏșȢȉȇȦ, Ȟșȕ Ȗȗȏ ȖȕȒȔȕȓ ȘȊȕȗȇȔȏȏ 92 Ȋ ȤșȏȒȕȉȕȊȕ ȘȖȏȗșȇ ȉȢȋȌȒȦȌșȘȦ 2676 ȑǫȍ șȌȖȒȕșȢ, ȓȕȍȔȕ ȗȇȘȘȞȏșȇșȣ 

ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ, ȉȢȋȌȒȦȥȠȌȐȘȦ Ȗȗȏ ȘȊȕȗȇȔȏȏ 1 Ȋ ȘȖȏȗșȇ. ǫȒȦ ȤșȕȊȕ ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ ȋȌȒȏșȘȦ Ȕȇ ȓȇȘȘȚ ȘȖȏȗșȇ:

II.  ǺȞȏșȢȉȇȦ, Ȟșȕ ȓȕȒȦȗȔȇȦ ȓȇȘȘȇ ȤșȏȒȕȉȕȊȕ ȘȖȏȗșȇ (Ǹ Ǵ ǵǴ) ȗȇȉȔȇ 46 Ȋ/ȓȕȒȣ, ȓȕȍȔȕ ȗȇȘȘȞȏșȇșȣ ȑȕȒȏȞȌȘșȉȕ ȘȖȏȗșȇ 2 5

ȉ ȓȕȒȦȜ.

ǮȔȇȦ, Ȟșȕ Ȗȗȏ ȖȕȒȔȕȓ ȘȊȕȗȇȔȏȏ 2 ȓȕȒȣ ȤșȏȒȕȉȕȊȕ ȘȖȏȗșȇ ȉȢȋȌȒȦȌșȘȦ 2676 ȑǫȍ  șȌȖȒȕșȢ, ȓȕȍȔȕ ȗȇȘȘȞȏșȇșȣ 

ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ, ȉȢȋȌȒȦȥȠȌȐȘȦ Ȗȗȏ ȘȊȕȗȇȔȏȏ 1 ȓȕȒȣ ȘȖȏȗșȇ. ǫȒȦ ȤșȕȊȕ ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ ȋȌȒȏșȘȦ 

Ȕȇ ȞȏȘȒȕ ȓȕȒȌȐ ȘȖȏȗșȇ:

ǹȌȖȒȕșȇ ȔȌȐșȗȇȒȏȎȇȝȏȏ

ǯȎȚȞȌȔȏȌ șȌȖȒȕȉȢȜ ȦȉȒȌȔȏȐ ȉ ȜȏȓȏȞȌȘȑȏȜ ȗȌȇȑȝȏȦȜ ȔȌ ȕȊȗȇȔȏȞȏȉȇȌșȘȦ 

ȖȗȕȝȌȘȘȇȓȏ ȊȕȗȌȔȏȦ. Ǹ ȤșȕȐ șȕȞȑȏ ȎȗȌȔȏȦ ȕȋȔȕȐ ȏȎ ȔȇȏȈȕȒȌȌ ȉȇȍȔȢȜ ȗȌȇȑȝȏȐ 

ȦȉȒȦȌșȘȦ ȗȌȇȑȝȏȦ ȔȌȐșȗȇȒȏȎȇȝȏȏ, ȖȗȕșȌȑȇȥȠȇȦ Ȗȗȏ ȉȎȇȏȓȕȋȌȐȘșȉȏȏ ȑȏȘȒȕș ȏ 

ȠȌȒȕȞȌȐ. Ƕȗȏ ȘȓȌȟȏȉȇȔȏȏ ȗȇȘșȉȕȗȕȉ ȑȏȘȒȕșȢ ȏ ȠȌȒȕȞȏ ȏȕȔ ȉȕȋȕȗȕȋȇ (Hࢠ) 

ȘȕȌȋȏȔȦȌșȘȦ Ș ȊȏȋȗȕȑȘȏȋ-ȏȕȔȕȓ (OHࢡ), ȕȈȗȇȎȚȦ ȓȕȒȌȑȚȒȚ ȉȕȋȢ. Ȅșȇ ȗȌȇȑȝȏȦ 

ȘȕȖȗȕȉȕȍȋȇȌșȘȦ ȉȢȋȌȒȌȔȏȌȓ șȌȖȒȕșȢ, Ȟșȕ ȦȉȒȦȌșȘȦ ȕȋȔȕȐ ȏȎ ȉȇȍȔȢȜ Ȍȧ 

ȕȘȕȈȌȔȔȕȘșȌȐ. 

ǹȌȖȒȕșȇ ȔȌȐșȗȇȒȏȎȇȝȏȏ – ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ, ȉȢȋȌȒȦȥȠȌȐȘȦ Ȗȗȏ ȕȈȗȇȎȕȉȇȔȏȏ             

1 ȓȕȒȣ ȉȕȋȢ ȉ ȗȌȎȚȒȣșȇșȌ ȉȎȇȏȓȕȋȌȐȘșȉȏȦ ȕȘȔȕȉȇȔȏȦ Ș ȘȏȒȣȔȕȐ ȑȏȘȒȕșȕȐ.

ǫȒȦ ȏȎȚȞȌȔȏȦ ȤȔȌȗȊȌșȏȞȌȘȑȏȜ ȏȎȓȌȔȌȔȏȐ ȉ ȜȏȓȏȞȌȘȑȏȜ ȗȌȇȑȝȏȦȜ Ȥșȕ ȦȉȒȌȔȏȌ 

ȏȊȗȇȌș șȇȑȚȥ ȍȌ ȉȇȍȔȚȥ ȗȕȒȣ, ȑȇȑ ȏ șȌȖȒȕșȇ ȘȊȕȗȇȔȏȦ. ǨȕȒȌȌ șȕȊȕ, ȖȗȕȝȌȘȘ 

ȔȌȐșȗȇȒȏȎȇȝȏȏ șȇȑȍȌ ȓȕȍȔȕ ȏȎȚȞȇșȣ ȤȑȘȖȌȗȏȓȌȔșȇȒȣȔȕ Ș ȖȕȓȕȠȣȥ ȑȇȒȕȗȏȓȌșȗȇ.

Ƕȗȏ ȘȓȌȟȏȉȇȔȏȏ ȗȇȘșȉȕȗȕȉ țȏȑȘȏȗȚȌșȘȦ ȏȎȓȌȔȌȔȏȌ șȌȓȖȌȗȇșȚȗȢ, Ȕȇ ȕȘȔȕȉȇȔȏȏ 

ȑȕșȕȗȕȊȕ ȗȇȘȘȞȏșȢȉȇȌșȘȦ șȌȖȒȕșȇ ȔȌȐșȗȇȒȏȎȇȝȏȏ.

50 ȓȒ ȗȇȘșȉȕȗȇ, ȘȕȋȌȗȍȇȠȌȊȕ 0,05 ȓȕȒȣ ȘȕȒȦȔȕȐ ȑȏȘȒȕșȢ, ȘȓȌȟȏȉȇȥș Ș 50 ȓȒ ȗȇȘșȉȕȗȇ, ȘȕȋȌȗȍȇȠȌȊȕ 0,05 ȓȕȒȣ 

ȊȏȋȗȕȑȘȏȋȇ ȔȇșȗȏȦ. ǴȇȞȇȒȣȔȇȦ șȌȓȖȌȗȇșȚȗȇ ȗȇȘșȉȕȗȇ ȊȏȋȗȕȑȘȏȋȇ ȔȇșȗȏȦ 26 °C, ȔȇȞȇȒȣȔȇȦ șȌȓȖȌȗȇșȚȗȇ ȗȇȘșȉȕȗȇ 

ȘȕȒȦȔȕȐ ȑȏȘȒȕșȢ 27 °C, ȇ ȓȇȑȘȏȓȇȒȣȔȇȦ șȌȓȖȌȗȇșȚȗȇ ȗȇȘșȉȕȗȇ, ȕȈȗȇȎȕȉȇȉȟȌȊȕȘȦ ȖȕȘȒȌ ȘȓȌȟȌȔȏȦ ȗȇȘșȉȕȗȕȉ ȉ 

ȗȌȎȚȒȣșȇșȌ ȖȗȕȏȎȕȟȌȋȟȌȐ ȗȌȇȑȝȏȏ, 33,2 °C. ǷȇȘȘȞȏșȇȐșȌ șȌȖȒȕșȚ ȔȌȐșȗȇȒȏȎȇȝȏȏ.

ǷȌȟȌȔȏȌ�
NaOH +HCl ଃ→ NaCl +H₂O(ȗ-ȗ) (ȗ-ȗ) (ȗ-ȗ) (ȍ)

Ǳȇȑ ȉȏȋȔȕ ȏȎ ȚȗȇȉȔȌȔȏȦ, 1 ȓȕȒȣ NaOH ȉȘșȚȖȇȌș ȉ ȗȌȇȑȝȏȥ Ș 1 ȓȕȒȣ HCl Ș ȕȈȗȇȎȕȉȇȔȏȌȓ 1 ȓȕȒȣ H₂O. ǸȒȌȋȕȉȇșȌȒȣȔȕ, 

0,05 ȓȕȒȣ NaOH͕ ȉȘșȚȖȇȦ ȉ ȗȌȇȑȝȏȥ Ș  0,05 ȓȕȒȣ HCl,  ȕȈȗȇȎȚȌș 0,05 ȓȕȒȣ H₂O, ȇ ȕȈȡȧȓ ȖȕȒȚȞȌȔȔȕȊȕ ȗȇȘșȉȕȗȇ 

ȘȕȘșȇȉȒȦȌș 100 ȓȒ. ǳȇȘȘȚ ȗȇȘșȉȕȗȇ ȉ ȝȌȒȕȓ (ȖȗȏȔȏȓȇȦ ȉȕ ȉȔȏȓȇȔȏȌ, Ȟșȕ ȖȒȕșȔȕȘșȣ ¨1 Ȋ/Șȓࢗ) ȓȕȍȔȕ ȖȗȏȔȦșȣ Ȏȇ 100 Ȋ. 

ǬȘȒȏ ȚȞȌȘșȣ, Ȟșȕ ȘȓȌȟȏȉȇȌȓȢȌ ȗȇȘșȉȕȗȢ ȏȓȌȒȏ ȗȇȉȔȢȌ ȕȈȡȧȓȢ, ȘȗȌȋȔȦȦ ȔȇȞȇȒȣȔȇȦ șȌȓȖȌȗȇșȚȗȇ ȈȚȋȌș ȗȇȉȔȇ: 

T = (26+27)/2 = 26,5°C. 1  

ǮȔȇȦ, Ȟșȕ ȖȕȘȒȌ ȖȕȒȔȕȊȕ ȎȇȉȌȗȟȌȔȏȦ ȗȌȇȑȝȏȏ șȌȓȖȌȗȇșȚȗȇ T = 33,2°C, ȖȕȉȢȟȌȔȏȌ șȌȓȖȌȗȇșȚȗȢ ȘȕȘșȇȉȏș: 2  

©T = T – T = 33,2 - 26,5 = 6,7°C. 2  1  

ǺȋȌȒȣȔȚȥ șȌȖȒȕȧȓȑȕȘșȣ ȗȇȘșȉȕȗȇ (c = 4,2 ǫȍ/Ȋ ∙ °C) ȓȕȍȔȕ ȖȗȏȔȦșȣ ȗȇȉȔȕȐ ȚȋȌȒȣȔȕȐ șȌȖȒȕȧȓȑȕȘșȏ ȉȕȋȢ. ǹȕȊȋȇ 

ȏȎȓȌȔȌȔȏȌ  ȤȔșȇȒȣȖȏȏ ȓȕȍȔȕ ȗȇȘȘȞȏșȇșȣ, ȑȇȑ ȖȕȑȇȎȇȔȕ ȔȏȍȌ: 

©H = m ∙ c ∙ ©T = 100 Ȋ ∙ 4,2 ǫȍ/Ȋ  ∙ °C  ∙ 6,7°C = 2814 ǫȍ = 2,814 ȑǫȍ

ǺȞȏșȢȉȇȦ, Ȟșȕ Ȥșȇ șȌȖȒȕșȇ ȘȕȕșȉȌșȘșȉȚȌș ȕȈȗȇȎȕȉȇȔȏȥ 0,05 ȓȕȒȣ ȉȕȋȢ,  șȌȖȒȕșȇ ȔȌȐșȗȇȒȏȎȇȝȏȏ ȈȚȋȌș ȗȇȉȔȇ: 

șȌȖȒȕșȇ, ȉȢȋȌȒȦȥȠȇȦȘȦ Ȗȗȏ ȕȈȗȇȎȕȉȇȔȏȏ 0,05 ȓȕȒȣ H₂O  –––––  2,814 ȑǫȍ

șȌȖȒȕșȇ, ȉȢȋȌȒȦȥȠȇȦȘȦ Ȗȗȏ ȕȈȗȇȎȕȉȇȔȏȏ 1 ȓȕȒȣ  H₂O –––––  x

x =  2,814 ǫȍ ∙ 1 ȓȕȒȣ / 0,05 ȓȕȒȣ = 56,28 ǫȍ

4 = ––––––––––  ¨ 29 ȑǫȍ/Ȋ
2676 ȑǫȍ

92 Ȋ

4 = ––––– = 1338 ȑǫȍ/ȓȕȒȣ
2676

2

n = ––– = –––––––––– = 2 ȓȕȒȣ
m

M

92 Ȋ

46 Ȋ/ȓȕȒȣ 

ȓȌȟȇȒȑȇ

ȈȕȓȈȕȉȢȐ
ȑȇȒȕȗȏȓȌșȗ

ȑȏȘȒȕȗȕȋ 
Ȗȕȋ ȉȢȘȕȑȏȓ 
ȋȇȉȒȌȔȏȌȓ
ȞȇȟȌȞȑȇ 

ȋȒȦ ȕȈȗȇȎȝȇ

șȌȗȓȕ-
ȓȌșȗ

ȉȕȋȇ

ȤȒȌȑ
șȗȏ-

ȞȌȘȑȏȐ
  Ȗȗȕȉȕȋ        

ȉȇȑȚȚȓ
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ǮȋȌȘȣ ȏȘȖȕȒȣȎȚȌșȘȦ șȕș ȍȌ ȖȗȏȔȝȏȖ, Ȟșȕ ȏ ȉ 
ȖȗȌȋȢȋȚȠȌȓ ȕȖȢșȌ: ȉȢȋȌȒȦȥȠȇȦȘȦ șȌȖȒȕșȇ ȔȇȊȗȌȉȇȌș 
ȉȕȋȚ.

ǩ ȉȕȋȚ ȖȕȓȌȠȇȥș șȌȗȓȕȓȌșȗ ȏ Ș ȈȕȒȣȟȕȐ  șȕȞȔȕȘșȣȥ 
ȏȎȓȌȗȦȥș ȖȕȉȢȟȌȔȏȌ șȌȓȖȌȗȇșȚȗȢ. ǯȘȜȕȋȦ ȏȎ ȓȇȘȘȢ 
ȉȕȋȢ, ȚȋȌȒȣȔȕȐ șȌȖȒȕȧȓȑȕȘșȏ ȏ ȏȎȓȌȔȌȔȏȦ 
șȌȓȖȌȗȇșȚȗȢ, ȗȇȘȘȞȏșȢȉȇȥș ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ. 
ǩȉȏȋȚ șȕȊȕ, Ȟșȕ ȈȕȓȈȕȉȢȐ ȑȇȒȕȗȏȓȌșȗ ȖȗȌȋȘșȇȉȒȦȌș 
ȘȕȈȕȐ ȖȕȒȔȕȘșȣȥ ȊȌȗȓȌșȏȞȔȚȥ ȘȏȘșȌȓȚ, ȉȕȎȓȕȍȔȢȌ 
ȖȕșȌȗȏ șȌȖȒȇ ȎȋȌȘȣ ȓȏȔȏȓȇȒȣȔȢ ȏ, ȑȇȑ ȘȒȌȋȘșȉȏȌ, 
ȗȌȎȚȒȣșȇșȢ, ȖȕȒȚȞȌȔȔȢȌ Ș ȌȊȕ ȖȕȓȕȠȣȥ, ȈȕȒȌȌ șȕȞȔȢ. 
ǨȕȓȈȕȉȢȐ ȑȇȒȕȗȏȓȌșȗ ȟȏȗȕȑȕ ȏȘȖȕȒȣȎȚȌșȘȦ ȉ 
ȜȏȓȏȞȌȘȑȏȜ ȏ ȈȏȕȜȏȓȏȞȌȘȑȏȜ ȒȇȈȕȗȇșȕȗȏȦȜ. Ǹ ȌȊȕ 
ȖȕȓȕȠȣȥ ȕȖȗȌȋȌȒȦȥș șȌȖȒȕșȚ ȘȊȕȗȇȔȏȦ ȗȇȎȒȏȞȔȢȜ 
ȉȏȋȕȉ șȕȖȒȏȉȇ (ȚȊȒȦ, ȈȌȔȎȏȔȇ, ȊȇȎȇ, ȘȖȏȗșȕȉ ȏ ȋȗ.), 
ȤȔȌȗȊȌșȏȞȌȘȑȚȥ ȝȌȔȔȕȘșȣ ȖȏȠȌȉȢȜ ȖȗȕȋȚȑșȕȉ (ȍȏȗȕȉ, 
ȈȌȒȑȕȉ, ȚȊȒȌȉȕȋȕȉ) ȏ ȔȇȜȕȋȦș șȕȞȔȕȌ ȏȎȓȌȔȌȔȏȌ 

ȤȔșȇȒȣȖȏȏ ȜȏȓȏȞȌȘȑȏȜ ȗȌȇȑȝȏȐ. ǩ ȜȕȋȌ ȤȑȘȖȌȗȏȓȌȔșȕȉ Ș ȏȘȖȕȒȣȎȕȉȇȔȏȌȓ ȈȕȓȈȕȉȕȊȕ ȑȇȒȕȗȏȓȌșȗȇ 
ȏȎȓȌȗȦȌșȘȦ ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ, ȉȢȋȌȒȦȥȠȌȐȘȦ ȉ ȗȌȎȚȒȣșȇșȌ ȖȕȒȔȕȊȕ ȘȊȕȗȇȔȏȦ ȉȌȠȌȘșȉȇ, ȏ Ȕȇ 
ȕȘȔȕȉȇȔȏȏ ȤșȏȜ ȋȇȔȔȢȜ ȗȇȘȘȞȏșȢȉȇȥșȘȦ ȚȋȌȒȣȔȇȦ ȤȔșȇȒȣȖȏȦ ȘȊȕȗȇȔȏȦ ȏ ȓȕȒȦȗȔȇȦ ȤȔșȇȒȣȖȏȦ 
ȘȊȕȗȇȔȏȦ ȉȌȠȌȘșȉȇ.

ǺȋȌȒȣȔȇȦ ȤȔșȇȒȣȖȏȦ ȘȊȕȗȇȔȏȦ – Ȥșȕ ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ, ȉȢȋȌȒȦȥȠȌȐȘȦ Ȗȗȏ ȖȕȒȔȕȓ ȘȊȕȗȇȔȏȏ   
1 Ȋȗȇȓȓȇ ȉȌȠȌȘșȉȇ͕ ȓȕȒȦȗȔȇȦ ȤȔșȇȒȣȖȏȦ ȘȊȕȗȇȔȏȦ – Ȥșȕ ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ, ȉȢȋȌȒȦȥȠȌȐȘȦ Ȗȗȏ 
ȖȕȒȔȕȓ ȘȊȕȗȇȔȏȏ 1 ȓȕȒȣ ȉȌȠȌȘșȉȇ. ǬȋȏȔȏȝȌȐ ȏȎȓȌȗȌȔȏȦ ȚȋȌȒȣȔȕȐ ȤȔșȇȒȣȖȏȏ ȘȊȕȗȇȔȏȦ ȦȉȒȦȌșȘȦ 
ȑǫȍ�Ȋ,  ȇ ȌȋȏȔȏȝȌȐ ȏȎȓȌȗȌȔȏȦ ȓȕȒȦȗȔȕȐ ȤȔșȇȒȣȖȏȏ ȘȊȕȗȇȔȏȦ – ȑǫȍ�ȓȕȒȣ͘ 

ǶǷǯǳǬǷ �

Ƕȗȏ ȖȕȒȔȕȓ ȘȊȕȗȇȔȏȏ 92 Ȋ ȤșȏȒȕȉȕȊȕ ȘȖȏȗșȇ  ȉȢȋȌȒȦȌșȘȦ 2676 ȑǫȍ șȌȖȒȕșȢ. ǫȒȦ ȤșȏȒȕȉȕȊȕ ȘȖȏȗșȇ ȗȇȘȘȞȏșȇȐșȌ:

I.  ȚȋȌȒȣȔȚȥ ȤȔșȇȒȣȖȏȥ ȘȊȕȗȇȔȏȦ (ȑǫȍ/Ȋ)�

II.  ȓȕȒȦȗȔȚȥ ȤȔșȇȒȣȖȏȥ ȘȊȕȗȇȔȏȦ (ȑǫȍ/ȓȕȒȣ).

ǷȌȟȌȔȏȌ�

I.  ǺȞȏșȢȉȇȦ, Ȟșȕ Ȗȗȏ ȖȕȒȔȕȓ ȘȊȕȗȇȔȏȏ 92 Ȋ ȤșȏȒȕȉȕȊȕ ȘȖȏȗșȇ ȉȢȋȌȒȦȌșȘȦ 2676 ȑǫȍ șȌȖȒȕșȢ, ȓȕȍȔȕ ȗȇȘȘȞȏșȇșȣ 

ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ, ȉȢȋȌȒȦȥȠȌȐȘȦ Ȗȗȏ ȘȊȕȗȇȔȏȏ 1 Ȋ ȘȖȏȗșȇ. ǫȒȦ ȤșȕȊȕ ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ ȋȌȒȏșȘȦ Ȕȇ ȓȇȘȘȚ ȘȖȏȗșȇ:

II.  ǺȞȏșȢȉȇȦ, Ȟșȕ ȓȕȒȦȗȔȇȦ ȓȇȘȘȇ ȤșȏȒȕȉȕȊȕ ȘȖȏȗșȇ (Ǹ Ǵ ǵǴ) ȗȇȉȔȇ 46 Ȋ/ȓȕȒȣ, ȓȕȍȔȕ ȗȇȘȘȞȏșȇșȣ ȑȕȒȏȞȌȘșȉȕ ȘȖȏȗșȇ 2 5

ȉ ȓȕȒȦȜ.

ǮȔȇȦ, Ȟșȕ Ȗȗȏ ȖȕȒȔȕȓ ȘȊȕȗȇȔȏȏ 2 ȓȕȒȣ ȤșȏȒȕȉȕȊȕ ȘȖȏȗșȇ ȉȢȋȌȒȦȌșȘȦ 2676 ȑǫȍ  șȌȖȒȕșȢ, ȓȕȍȔȕ ȗȇȘȘȞȏșȇșȣ 

ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ, ȉȢȋȌȒȦȥȠȌȐȘȦ Ȗȗȏ ȘȊȕȗȇȔȏȏ 1 ȓȕȒȣ ȘȖȏȗșȇ. ǫȒȦ ȤșȕȊȕ ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ ȋȌȒȏșȘȦ 

Ȕȇ ȞȏȘȒȕ ȓȕȒȌȐ ȘȖȏȗșȇ:

ǹȌȖȒȕșȇ ȔȌȐșȗȇȒȏȎȇȝȏȏ

ǯȎȚȞȌȔȏȌ șȌȖȒȕȉȢȜ ȦȉȒȌȔȏȐ ȉ ȜȏȓȏȞȌȘȑȏȜ ȗȌȇȑȝȏȦȜ ȔȌ ȕȊȗȇȔȏȞȏȉȇȌșȘȦ 

ȖȗȕȝȌȘȘȇȓȏ ȊȕȗȌȔȏȦ. Ǹ ȤșȕȐ șȕȞȑȏ ȎȗȌȔȏȦ ȕȋȔȕȐ ȏȎ ȔȇȏȈȕȒȌȌ ȉȇȍȔȢȜ ȗȌȇȑȝȏȐ 

ȦȉȒȦȌșȘȦ ȗȌȇȑȝȏȦ ȔȌȐșȗȇȒȏȎȇȝȏȏ, ȖȗȕșȌȑȇȥȠȇȦ Ȗȗȏ ȉȎȇȏȓȕȋȌȐȘșȉȏȏ ȑȏȘȒȕș ȏ 

ȠȌȒȕȞȌȐ. Ƕȗȏ ȘȓȌȟȏȉȇȔȏȏ ȗȇȘșȉȕȗȕȉ ȑȏȘȒȕșȢ ȏ ȠȌȒȕȞȏ ȏȕȔ ȉȕȋȕȗȕȋȇ (Hࢠ) 

ȘȕȌȋȏȔȦȌșȘȦ Ș ȊȏȋȗȕȑȘȏȋ-ȏȕȔȕȓ (OHࢡ), ȕȈȗȇȎȚȦ ȓȕȒȌȑȚȒȚ ȉȕȋȢ. Ȅșȇ ȗȌȇȑȝȏȦ 

ȘȕȖȗȕȉȕȍȋȇȌșȘȦ ȉȢȋȌȒȌȔȏȌȓ șȌȖȒȕșȢ, Ȟșȕ ȦȉȒȦȌșȘȦ ȕȋȔȕȐ ȏȎ ȉȇȍȔȢȜ Ȍȧ 

ȕȘȕȈȌȔȔȕȘșȌȐ. 

ǹȌȖȒȕșȇ ȔȌȐșȗȇȒȏȎȇȝȏȏ – ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ, ȉȢȋȌȒȦȥȠȌȐȘȦ Ȗȗȏ ȕȈȗȇȎȕȉȇȔȏȏ             

1 ȓȕȒȣ ȉȕȋȢ ȉ ȗȌȎȚȒȣșȇșȌ ȉȎȇȏȓȕȋȌȐȘșȉȏȦ ȕȘȔȕȉȇȔȏȦ Ș ȘȏȒȣȔȕȐ ȑȏȘȒȕșȕȐ.

ǫȒȦ ȏȎȚȞȌȔȏȦ ȤȔȌȗȊȌșȏȞȌȘȑȏȜ ȏȎȓȌȔȌȔȏȐ ȉ ȜȏȓȏȞȌȘȑȏȜ ȗȌȇȑȝȏȦȜ Ȥșȕ ȦȉȒȌȔȏȌ 

ȏȊȗȇȌș șȇȑȚȥ ȍȌ ȉȇȍȔȚȥ ȗȕȒȣ, ȑȇȑ ȏ șȌȖȒȕșȇ ȘȊȕȗȇȔȏȦ. ǨȕȒȌȌ șȕȊȕ, ȖȗȕȝȌȘȘ 

ȔȌȐșȗȇȒȏȎȇȝȏȏ șȇȑȍȌ ȓȕȍȔȕ ȏȎȚȞȇșȣ ȤȑȘȖȌȗȏȓȌȔșȇȒȣȔȕ Ș ȖȕȓȕȠȣȥ ȑȇȒȕȗȏȓȌșȗȇ.

Ƕȗȏ ȘȓȌȟȏȉȇȔȏȏ ȗȇȘșȉȕȗȕȉ țȏȑȘȏȗȚȌșȘȦ ȏȎȓȌȔȌȔȏȌ șȌȓȖȌȗȇșȚȗȢ, Ȕȇ ȕȘȔȕȉȇȔȏȏ 

ȑȕșȕȗȕȊȕ ȗȇȘȘȞȏșȢȉȇȌșȘȦ șȌȖȒȕșȇ ȔȌȐșȗȇȒȏȎȇȝȏȏ.

50 ȓȒ ȗȇȘșȉȕȗȇ, ȘȕȋȌȗȍȇȠȌȊȕ 0,05 ȓȕȒȣ ȘȕȒȦȔȕȐ ȑȏȘȒȕșȢ, ȘȓȌȟȏȉȇȥș Ș 50 ȓȒ ȗȇȘșȉȕȗȇ, ȘȕȋȌȗȍȇȠȌȊȕ 0,05 ȓȕȒȣ 

ȊȏȋȗȕȑȘȏȋȇ ȔȇșȗȏȦ. ǴȇȞȇȒȣȔȇȦ șȌȓȖȌȗȇșȚȗȇ ȗȇȘșȉȕȗȇ ȊȏȋȗȕȑȘȏȋȇ ȔȇșȗȏȦ 26 °C, ȔȇȞȇȒȣȔȇȦ șȌȓȖȌȗȇșȚȗȇ ȗȇȘșȉȕȗȇ 

ȘȕȒȦȔȕȐ ȑȏȘȒȕșȢ 27 °C, ȇ ȓȇȑȘȏȓȇȒȣȔȇȦ șȌȓȖȌȗȇșȚȗȇ ȗȇȘșȉȕȗȇ, ȕȈȗȇȎȕȉȇȉȟȌȊȕȘȦ ȖȕȘȒȌ ȘȓȌȟȌȔȏȦ ȗȇȘșȉȕȗȕȉ ȉ 

ȗȌȎȚȒȣșȇșȌ ȖȗȕȏȎȕȟȌȋȟȌȐ ȗȌȇȑȝȏȏ, 33,2 °C. ǷȇȘȘȞȏșȇȐșȌ șȌȖȒȕșȚ ȔȌȐșȗȇȒȏȎȇȝȏȏ.

ǷȌȟȌȔȏȌ�
NaOH +HCl ଃ→ NaCl +H₂O(ȗ-ȗ) (ȗ-ȗ) (ȗ-ȗ) (ȍ)

Ǳȇȑ ȉȏȋȔȕ ȏȎ ȚȗȇȉȔȌȔȏȦ, 1 ȓȕȒȣ NaOH ȉȘșȚȖȇȌș ȉ ȗȌȇȑȝȏȥ Ș 1 ȓȕȒȣ HCl Ș ȕȈȗȇȎȕȉȇȔȏȌȓ 1 ȓȕȒȣ H₂O. ǸȒȌȋȕȉȇșȌȒȣȔȕ, 

0,05 ȓȕȒȣ NaOH͕ ȉȘșȚȖȇȦ ȉ ȗȌȇȑȝȏȥ Ș  0,05 ȓȕȒȣ HCl,  ȕȈȗȇȎȚȌș 0,05 ȓȕȒȣ H₂O, ȇ ȕȈȡȧȓ ȖȕȒȚȞȌȔȔȕȊȕ ȗȇȘșȉȕȗȇ 

ȘȕȘșȇȉȒȦȌș 100 ȓȒ. ǳȇȘȘȚ ȗȇȘșȉȕȗȇ ȉ ȝȌȒȕȓ (ȖȗȏȔȏȓȇȦ ȉȕ ȉȔȏȓȇȔȏȌ, Ȟșȕ ȖȒȕșȔȕȘșȣ ¨1 Ȋ/Șȓࢗ) ȓȕȍȔȕ ȖȗȏȔȦșȣ Ȏȇ 100 Ȋ. 

ǬȘȒȏ ȚȞȌȘșȣ, Ȟșȕ ȘȓȌȟȏȉȇȌȓȢȌ ȗȇȘșȉȕȗȢ ȏȓȌȒȏ ȗȇȉȔȢȌ ȕȈȡȧȓȢ, ȘȗȌȋȔȦȦ ȔȇȞȇȒȣȔȇȦ șȌȓȖȌȗȇșȚȗȇ ȈȚȋȌș ȗȇȉȔȇ: 

T = (26+27)/2 = 26,5°C. 1  

ǮȔȇȦ, Ȟșȕ ȖȕȘȒȌ ȖȕȒȔȕȊȕ ȎȇȉȌȗȟȌȔȏȦ ȗȌȇȑȝȏȏ șȌȓȖȌȗȇșȚȗȇ T = 33,2°C, ȖȕȉȢȟȌȔȏȌ șȌȓȖȌȗȇșȚȗȢ ȘȕȘșȇȉȏș: 2  

©T = T – T = 33,2 - 26,5 = 6,7°C. 2  1  

ǺȋȌȒȣȔȚȥ șȌȖȒȕȧȓȑȕȘșȣ ȗȇȘșȉȕȗȇ (c = 4,2 ǫȍ/Ȋ ∙ °C) ȓȕȍȔȕ ȖȗȏȔȦșȣ ȗȇȉȔȕȐ ȚȋȌȒȣȔȕȐ șȌȖȒȕȧȓȑȕȘșȏ ȉȕȋȢ. ǹȕȊȋȇ 

ȏȎȓȌȔȌȔȏȌ  ȤȔșȇȒȣȖȏȏ ȓȕȍȔȕ ȗȇȘȘȞȏșȇșȣ, ȑȇȑ ȖȕȑȇȎȇȔȕ ȔȏȍȌ: 

©H = m ∙ c ∙ ©T = 100 Ȋ ∙ 4,2 ǫȍ/Ȋ  ∙ °C  ∙ 6,7°C = 2814 ǫȍ = 2,814 ȑǫȍ

ǺȞȏșȢȉȇȦ, Ȟșȕ Ȥșȇ șȌȖȒȕșȇ ȘȕȕșȉȌșȘșȉȚȌș ȕȈȗȇȎȕȉȇȔȏȥ 0,05 ȓȕȒȣ ȉȕȋȢ,  șȌȖȒȕșȇ ȔȌȐșȗȇȒȏȎȇȝȏȏ ȈȚȋȌș ȗȇȉȔȇ: 

șȌȖȒȕșȇ, ȉȢȋȌȒȦȥȠȇȦȘȦ Ȗȗȏ ȕȈȗȇȎȕȉȇȔȏȏ 0,05 ȓȕȒȣ H₂O  –––––  2,814 ȑǫȍ

șȌȖȒȕșȇ, ȉȢȋȌȒȦȥȠȇȦȘȦ Ȗȗȏ ȕȈȗȇȎȕȉȇȔȏȏ 1 ȓȕȒȣ  H₂O –––––  x

x =  2,814 ǫȍ ∙ 1 ȓȕȒȣ / 0,05 ȓȕȒȣ = 56,28 ǫȍ

4 = ––––––––––  ¨ 29 ȑǫȍ/Ȋ
2676 ȑǫȍ

92 Ȋ

4 = ––––– = 1338 ȑǫȍ/ȓȕȒȣ
2676

2

n = ––– = –––––––––– = 2 ȓȕȒȣ
m

M

92 Ȋ

46 Ȋ/ȓȕȒȣ 

ȓȌȟȇȒȑȇ

ȈȕȓȈȕȉȢȐ
ȑȇȒȕȗȏȓȌșȗ

ȑȏȘȒȕȗȕȋ 
Ȗȕȋ ȉȢȘȕȑȏȓ 
ȋȇȉȒȌȔȏȌȓ
ȞȇȟȌȞȑȇ 

ȋȒȦ ȕȈȗȇȎȝȇ

șȌȗȓȕ-
ȓȌșȗ

ȉȕȋȇ

ȤȒȌȑ
șȗȏ-

ȞȌȘȑȏȐ
  Ȗȗȕȉȕȋ        

ȉȇȑȚȚȓ

3ǹȌȗȓȕȜȏȓȏȦǾȇȘșȣ I

ǶǷǯǳǬǷ �
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Проверьте полученные знания

1. ǶȕȞȌȓȚ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȔȌȒȣȎȦ ȏȎȓȌȗȏșȣ ȤȑȘȖȌȗȏȓȌȔșȇȒȣȔȢȓ ȖȚșȧȓ ȔȇȖȗȦȓȚȥ?

2.£Ǿșȕ șȇȑȕȌ ȚȋȌȒȣȔȇȦ șȌȖȒȕȧȓȑȕȘșȣ ȏ ȑȇȑ ȕȔȇ ȉȢȞȏȘȒȦȌșȘȦ?

3. Ƕȗȏ ȋȕȈȇȉȒȌȔȏȏ ȖȕȗȕȟȑȕȕȈȗȇȎȔȕȊȕ ȝȏȔȑȇ, ȉȎȦșȕȊȕ ȉ ȏȎȈȢșȑȌ, ȑ 50 ȓȒ ȗȇȘșȉȕȗȇ, ȘȕȋȌȗȍȇȠȌȊȕ 

0,01 ȓȕȒȣ ȘȚȒȣțȇșȇ ȓȌȋȏ(II), șȌȓȖȌȗȇșȚȗȇ ȖȕȉȢȟȇȌșȘȦ Ȕȇ 9°C.

a. ǴȇȖȏȟȏșȌ ȚȗȇȉȔȌȔȏȌ ȗȌȇȑȝȏȏ.

b. ǷȇȘȘȞȏșȇȐșȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȋȒȦ 1 ȓȕȒȣ ȘȚȒȣțȇșȇ ȓȌȋȏ(II).

4. Ƕȗȏ ȋȕȈȇȉȒȌȔȏȏ 8 Ȋ Ȕȏșȗȇșȇ ȇȓȓȕȔȏȦ (NHࢩNO₃) ȑ 100 ȓȒ ȉȕȋȢ șȌȓȖȌȗȇșȚȗȇ ȖȕȔȏȍȇȌșȘȦ Ȕȇ 6°C.

a.  Ȅșȕ ȤȑȎȕșȌȗȓȏȞȌȘȑȏȐ ȏȒȏ ȤȔȋȕșȌȗȓȏȞȌȘȑȏȐ ȖȗȕȝȌȘȘ?

b. ǷȇȘȘȞȏșȇȐșȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȋȒȦ ȕȖȏȘȇȔȔȕȊȕ ȉȢȟȌ ȖȗȕȝȌȘȘȇ.

c. Ǳȇȑȏȓ ȈȚȋȌș ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ Ȗȗȏ ȗȇȘșȉȕȗȌȔȏȏ ȉ ȉȕȋȌ 1 ȓȕȒȣ Ȕȏșȗȇșȇ ȇȓȓȕȔȏȦ Ȗȗȏ 

șȌȜ ȍȌ ȚȘȒȕȉȏȦȜ?

Примените полученные знания

ǶȕȑȇȎȇȔ ȖȗȏȈȕȗ, ȑȕșȕȗȢȐ ȏȘȖȕȒȣȎȕȉȇȒȏ ȋȒȦ ȕȖȗȌȋȌȒȌȔȏȦ ȚȋȌȒȣȔȕȐ ȤȔșȇȒȣȖȏȏ ȘȊȕȗȇȔȏȦ ȓȌșȇȔȕȒȇ. 

ǹȌȖȒȕșȇ, ȉȢȋȌȒȦȥȠȇȦȘȦ Ȗȗȏ ȘȊȕȗȇȔȏȏ 1,6 Ȋ ȋȇȔȔȕȊȕ șȕȖȒȏȉȇ, ȖȕȉȢȟȇȌș șȌȓȖȌȗȇșȚȗȚ 400 ȓȒ ȉȕȋȢ Ș 

15°C ȋȕ 36°C  (c = 4,2 C ∙ Ȋ࢘ࢡ∙ °C࢘ࢡ).

a. ǷȇȘȘȞȏșȇȐșȌ șȌȖȒȕȉȕȐ ȤțțȌȑș  

(ȉ ȑǫȍ) ȗȌȇȑȝȏȏ ȊȕȗȌȔȏȦ 

ȓȌșȇȔȕȒȇ.

b. ǷȇȘȘȞȏșȇȐșȌ ȚȋȌȒȣȔȚȥ șȌȖȒȕșȚ 

ȘȊȕȗȇȔȏȦ (ȉ ȑǫȍ/Ȋ) ȓȌșȇȔȕȒȇ.

c. ǷȇȘȘȞȏșȇȐșȌ ȓȕȒȦȗȔȚȥ  șȌȖȒȕșȚ 

ȘȊȕȗȇȔȏȦ (ȉ ȑǫȍ/ȓȕȒȣ) 

ȓȌșȇȔȕȒȇ. 

3.3  ǯȎȓȌȔȌȔȏȌ ȘșȇȔȋȇȗșȔȕȐ ȤȔșȇȒȣȖȏȏ. ǮȇȑȕȔ ǪȌȘȘȇ

ǵȋȔȏȓ ȏȎ ȉȇȍȔȌȐȟȏȜ ȏȘșȕȞȔȏȑȕȉ ȤȔȌȗȊȏȏ, ȏȘȖȕȒȣȎȚȌȓȢȜ 

Ȕȇȓȏ ȉ ȖȕȉȘȌȋȔȌȉȔȕȐ ȍȏȎȔȏ, ȦȉȒȦȌșȘȦ șȕȖȒȏȉȕ. ǩ ȋȕȓȇȜ 

ȏȘȖȕȒȣȎȚȌșȘȦ ȖȗȏȗȕȋȔȢȐ ȊȇȎ, ȉ ȇȉșȕȓȕȈȏȒȦȜ – ȈȌȔȎȏȔ ȏ 

ȋȏȎȌȒȣȔȕȌ șȕȖȒȏȉȕ, ȇ ȏȔȕȊȋȇ ȈȏȕȤșȇȔȕȒ ȑȇȑ 

ȇȒȣșȌȗȔȇșȏȉȔȕȌ șȕȖȒȏȉȕ. ǱȇȍȋȢȐ ȉȏȋ șȕȖȒȏȉȇ ȉȢȋȌȒȦȌș 

ȗȇȎȒȏȞȔȕȌ ȑȕȒȏȞȌȘșȉȕ ȤȔȌȗȊȏȏ. ǴȇȖȗȏȓȌȗ, ȤȔȌȗȊȏȦ, 

ȖȕȒȚȞȇȌȓȇȦ Ȗȗȏ ȘȍȏȊȇȔȏȏ ȗȇȉȔȢȜ ȕȈȡȧȓȕȉ ȈȌȔȎȏȔȇ ȏ 

ȈȏȕȤșȇȔȕȒȇ, ȔȌȕȋȏȔȇȑȕȉȇ, Ȟșȕ ȎȇșȗȚȋȔȦȌș ȏȜ ȘȗȇȉȔȌȔȏȌ.

� Ǳȇȑ ȉȢ ȋȚȓȇȌșȌ� ȑȇȑȕȐ  ȏȎ 

ȖȌȗȌȞȏȘȒȌȔȔȢȜ ȉȢȟȌ ȉȏȋȕȉ șȕȖȒȏȉȇ 

ȉȢȋȌȒȦȌș Ȗȗȏ ȘȊȕȗȇȔȏȏ ȔȇȏȈȕȒȣȟȌȌ 

ȑȕȒȏȞȌȘșȉȕ ȤȔȌȗȊȏȏ"

� Ǳȇȑ ȓȢ ȓȕȍȌȓ ȘȗȇȉȔȏșȣ ȑȕȒȏȞȌȘșȉȕ 

ȤȔȌȗȊȏȏ� ȎȇȖȇȘȧȔȔȕȌ ȉ ȗȇȎȒȏȞȔȢȜ 

ȉȏȋȇȜ șȕȖȒȏȉȇ"

� ǬȘȒȏ ȈȢ ȋȒȦ ȑȕȗȗȌȑșȔȕȊȕ ȘȗȇȉȔȌȔȏȦ 

ȖȕșȗȌȈȕȉȇȒȕȘȣ ȌȋȏȔȕȌ ȖȗȇȉȏȒȕ� ȑȇȑȕȌ 

ȖȗȇȉȏȒȕ ȉȢ ȈȢ ȖȗȌȋȒȕȍȏȒȏ"

ǸșȇȔȋȇȗșȔȢȌ ȚȘȒȕȉȏȦ 

ǷȇȎȒȏȞȔȢȌ ȉȏȋȢ șȕȖȒȏȉȇ ȗȇȎȒȏȞȇȥșȘȦ Ȗȕ ȑȕȒȏȞȌȘșȉȚ 

ȉȢȋȌȒȦȌȓȕȐ Ȗȗȏ ȏȜ ȘȊȕȗȇȔȏȏ ȤȔȌȗȊȏȏ. Ȅșȕ ȗȇȎȒȏȞȏȌ 

ȕȈȚȘȒȕȉȒȌȔȕ ȔȌ șȕȒȣȑȕ ȜȏȓȏȞȌȘȑȏȓ ȘșȗȕȌȔȏȌȓ ȉȌȠȌȘșȉ, Ȕȕ ȏ 

ȚȘȒȕȉȏȦȓȏ, Ȗȗȏ ȑȕșȕȗȢȜ ȖȗȕȉȕȋȦșȘȦ ȏȎȓȌȗȌȔȏȦ. ǹȌȖȒȕȉȕȐ 

ȤțțȌȑș ȕȋȔȕȐ ȏ șȕȐ ȍȌ ȗȌȇȑȝȏȏ ȓȕȍȌș ȈȢșȣ ȗȇȎȒȏȞȔȢȓ Ȗȗȏ 

ȏȎȓȌȔȌȔȏȏ șȌȓȖȌȗȇșȚȗȢ ȏ ȋȇȉȒȌȔȏȦ. ǶȕȤșȕȓȚ ȋȒȦ ȘȗȇȉȔȌȔȏȦ 

ȏȎȓȌȔȌȔȏȦ șȌȖȒȕșȢ ȉ ȗȌȇȑȝȏȦȜ ȉȘȌ ȏȎȓȌȗȌȔȏȦ ȘȒȌȋȚȌș Ȗȗȕȉȕȋȏșȣ Ȗȗȏ ȕȋȏȔȇȑȕȉȢȜ ȚȘȒȕȉȏȦȜ. 

ǹȇȑȏȓȏ ȚȘȒȕȉȏȦȓȏ ȘȞȏșȇȥșȘȦ ȋȇȉȒȌȔȏȌ 1 ȇșȓ (100 ȑǶȇ) ȏ șȌȓȖȌȗȇșȚȗȇ 298 Ǳ (25°Ǹ), Ȥșȏ ȚȘȒȕȉȏȦ 

ȔȇȎȢȉȇȥșȘȦ ȘșȇȔȋȇȗșȔȢȓ ȘȕȘșȕȦȔȏȌȓ� Ƕȗȏ Ȥșȕȓ ȋȒȦ ȉȌȠȌȘșȉ ȚȑȇȎȢȉȇȌșȘȦ ȘȕȘșȕȦȔȏȌ ȏȜ 

ȔȇȏȈȕȒȌȌ ȚȘșȕȐȞȏȉȕȐ țȏȎȏȞȌȘȑȕȐ țȕȗȓȢ. ǴȇȖȗȏȓȌȗ, ȋȒȦ ȚȊȒȌȗȕȋȇ ȚȘșȕȐȞȏȉȢȓ ȦȉȒȦȌșȘȦ 

șȉȧȗȋȕȌ (Ȋȗȇțȏș), ȋȒȦ ȑȏȘȒȕȗȕȋȇ – ȊȇȎȕȕȈȗȇȎȔȕȌ, ȇ ȋȒȦ ȉȕȋȢ – ȍȏȋȑȕȌ ȘȕȘșȕȦȔȏȌ. 

ǽȌȒȣȥ ȖȗȏȔȦșȏȦ ȘșȇȔȋȇȗșȔȢȜ ȚȘȒȕȉȏȐ ȦȉȒȦȌșȘȦ ȔȌȕȈȜȕȋȏȓȕȘșȣ ȖȗȕȉȌȋȌȔȏȦ ȘȗȇȉȔȌȔȏȦ șȌȖȒȕȉȢȜ 

ȤțțȌȑșȕȉ ȜȏȓȏȞȌȘȑȏȜ ȗȌȇȑȝȏȐ ȉ ȕȋȏȔȇȑȕȉȢȜ ȚȘȒȕȉȏȦȜ. ǵȖȗȌȋȌȒȌȔȏȌ șȌȖȒȕȉȢȜ ȤțțȌȑșȕȉ 

ȗȌȇȑȝȏȐ șȕȒȣȑȕ ȉ ȤșȏȜ ȚȘȒȕȉȏȦȜ ȖȕȎȉȕȒȦȌș ȖȕȒȚȞȇșȣ ȋȕȘșȕȉȌȗȔȢȌ ȗȌȎȚȒȣșȇșȢ. ǯȎȓȌȔȌȔȏȌ 

șȌȖȒȕșȢ, ȏȎȓȌȗȌȔȔȕȌ Ȗȗȏ ȘșȇȔȋȇȗșȔȢȜ ȚȘȒȕȉȏȦȜ ȏȒȏ ȖȌȗȌȘȞȏșȇȔȔȕȌ Ȗȗȏ ȖȗȏȉȌȋȌȔȏȏ ȚȘȒȕȉȏȐ ȑ 

ȘșȇȔȋȇȗșȔȢȓ, ȔȇȎȢȉȇȌșȘȦ ȏȎȓȌȔȌȔȏȌȓ ȘșȇȔȋȇȗșȔȕȐ ȤȔșȇȒȣȖȏȏ. ǯȎȓȌȔȌȔȏȌ ȘșȇȔȋȇȗșȔȕȐ 

ȤȔșȇȒȣȖȏȏ ȜȇȗȇȑșȌȗȏȎȚȌșȘȦ șȌȖȒȕȉȢȓ ȤțțȌȑșȕȓ ȜȏȓȏȞȌȘȑȕȐ ȗȌȇȑȝȏȏ, ȖȗȕșȌȑȇȥȠȌȐ ȉ 

ȘșȇȔȋȇȗșȔȢȜ ȚȘȒȕȉȏȦȜ, ȏ ȕȈȕȎȔȇȞȇȌșȘȦ ȎȔȇȑȕȓ ©H°. ǮȋȌȘȣ ȎȔȇȑ ´°µ ȚȑȇȎȢȉȇȌș, Ȟșȕ ȖȗȕȝȌȘȘ 

ȖȗȕȉȕȋȏșȘȦ Ȗȗȏ ȘșȇȔȋȇȗșȔȢȜ ȚȘȒȕȉȏȦȜ. ǹȇȑ ȍȌ ȑȇȑ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ, ȏȎȓȌȔȌȔȏȌ ȘșȇȔȋȇȗșȔȕȐ 

ȤȔșȇȒȣȖȏȏ ȓȕȍȌș ȖȗȏȔȏȓȇșȣ ȖȕȒȕȍȏșȌȒȣȔȕȌ ȏȒȏ ȕșȗȏȝȇșȌȒȣȔȕȌ ȎȔȇȞȌȔȏȌ ȉ ȎȇȉȏȘȏȓȕȘșȏ ȕș 

ȔȇȖȗȇȉȒȌȔȏȦ ȗȌȇȑȝȏȏ ȏ ȚȑȇȎȢȉȇȌșȘȦ ȉ ȚȗȇȉȔȌȔȏȏ ȗȌȇȑȝȏȏ.

CH  (Ȋ) + 2O  (Ȋ) → CO  (Ȋ) + 2H  O(ȍ)      ©H° = −890 ȑǫȍ4 2 2 2

3ǹȌȗȓȕȜȏȓȏȦǾȇȘșȣ I

ȓȌșȇȒȒȏȞȌȘȑȏȐ 

ȑȇȒȕȗȏȓȌșȗ

Ȏȇȍȏȓ

ȏȎȕȒȏȗȚȥȠȇȦ

ȖȒȇȘșȏȔȇ (ȑȗȇȔ)

șȌȗȓȕȓȌșȗ

ȉȕȋȇ

ȘȖȏȗșȕȉȑȇ

ȓȌșȇȔȕȒ

ȏȎȓȌȔȌȔȏȌ ȘșȇȔȋȇȗșȔȕȐ  

ȤȔșȇȒȣȖȏȏ, ȘșȇȔȋȇȗșȔȇȦ

ȤȔșȇȒȣȖȏȦ ȕȈȗȇȎȕȉȇȔȏȦ,

ȘșȇȔȋȇȗșȔȇȦ ȤȔșȇȒȣȖȏȦ     

ȘȊȕȗȇȔȏȦ, ȎȇȑȕȔ ǪȌȘȘȇ

ǱȒȥ-
ȞȌȉȢȌ 
ȘȒȕȉȇ
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Проверьте полученные знания

1. ǶȕȞȌȓȚ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȔȌȒȣȎȦ ȏȎȓȌȗȏșȣ ȤȑȘȖȌȗȏȓȌȔșȇȒȣȔȢȓ ȖȚșȧȓ ȔȇȖȗȦȓȚȥ?

2.£Ǿșȕ șȇȑȕȌ ȚȋȌȒȣȔȇȦ șȌȖȒȕȧȓȑȕȘșȣ ȏ ȑȇȑ ȕȔȇ ȉȢȞȏȘȒȦȌșȘȦ?

3. Ƕȗȏ ȋȕȈȇȉȒȌȔȏȏ ȖȕȗȕȟȑȕȕȈȗȇȎȔȕȊȕ ȝȏȔȑȇ, ȉȎȦșȕȊȕ ȉ ȏȎȈȢșȑȌ, ȑ 50 ȓȒ ȗȇȘșȉȕȗȇ, ȘȕȋȌȗȍȇȠȌȊȕ 

0,01 ȓȕȒȣ ȘȚȒȣțȇșȇ ȓȌȋȏ(II), șȌȓȖȌȗȇșȚȗȇ ȖȕȉȢȟȇȌșȘȦ Ȕȇ 9°C.

a. ǴȇȖȏȟȏșȌ ȚȗȇȉȔȌȔȏȌ ȗȌȇȑȝȏȏ.

b. ǷȇȘȘȞȏșȇȐșȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȋȒȦ 1 ȓȕȒȣ ȘȚȒȣțȇșȇ ȓȌȋȏ(II).

4. Ƕȗȏ ȋȕȈȇȉȒȌȔȏȏ 8 Ȋ Ȕȏșȗȇșȇ ȇȓȓȕȔȏȦ (NHࢩNO₃) ȑ 100 ȓȒ ȉȕȋȢ șȌȓȖȌȗȇșȚȗȇ ȖȕȔȏȍȇȌșȘȦ Ȕȇ 6°C.

a.  Ȅșȕ ȤȑȎȕșȌȗȓȏȞȌȘȑȏȐ ȏȒȏ ȤȔȋȕșȌȗȓȏȞȌȘȑȏȐ ȖȗȕȝȌȘȘ?

b. ǷȇȘȘȞȏșȇȐșȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȋȒȦ ȕȖȏȘȇȔȔȕȊȕ ȉȢȟȌ ȖȗȕȝȌȘȘȇ.

c. Ǳȇȑȏȓ ȈȚȋȌș ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ Ȗȗȏ ȗȇȘșȉȕȗȌȔȏȏ ȉ ȉȕȋȌ 1 ȓȕȒȣ Ȕȏșȗȇșȇ ȇȓȓȕȔȏȦ Ȗȗȏ 

șȌȜ ȍȌ ȚȘȒȕȉȏȦȜ?

Примените полученные знания

ǶȕȑȇȎȇȔ ȖȗȏȈȕȗ, ȑȕșȕȗȢȐ ȏȘȖȕȒȣȎȕȉȇȒȏ ȋȒȦ ȕȖȗȌȋȌȒȌȔȏȦ ȚȋȌȒȣȔȕȐ ȤȔșȇȒȣȖȏȏ ȘȊȕȗȇȔȏȦ ȓȌșȇȔȕȒȇ. 

ǹȌȖȒȕșȇ, ȉȢȋȌȒȦȥȠȇȦȘȦ Ȗȗȏ ȘȊȕȗȇȔȏȏ 1,6 Ȋ ȋȇȔȔȕȊȕ șȕȖȒȏȉȇ, ȖȕȉȢȟȇȌș șȌȓȖȌȗȇșȚȗȚ 400 ȓȒ ȉȕȋȢ Ș 

15°C ȋȕ 36°C  (c = 4,2 C ∙ Ȋ࢘ࢡ∙ °C࢘ࢡ).

a. ǷȇȘȘȞȏșȇȐșȌ șȌȖȒȕȉȕȐ ȤțțȌȑș  

(ȉ ȑǫȍ) ȗȌȇȑȝȏȏ ȊȕȗȌȔȏȦ 

ȓȌșȇȔȕȒȇ.

b. ǷȇȘȘȞȏșȇȐșȌ ȚȋȌȒȣȔȚȥ șȌȖȒȕșȚ 

ȘȊȕȗȇȔȏȦ (ȉ ȑǫȍ/Ȋ) ȓȌșȇȔȕȒȇ.

c. ǷȇȘȘȞȏșȇȐșȌ ȓȕȒȦȗȔȚȥ  șȌȖȒȕșȚ 

ȘȊȕȗȇȔȏȦ (ȉ ȑǫȍ/ȓȕȒȣ) 

ȓȌșȇȔȕȒȇ. 

3.3  ǯȎȓȌȔȌȔȏȌ ȘșȇȔȋȇȗșȔȕȐ ȤȔșȇȒȣȖȏȏ. ǮȇȑȕȔ ǪȌȘȘȇ

ǵȋȔȏȓ ȏȎ ȉȇȍȔȌȐȟȏȜ ȏȘșȕȞȔȏȑȕȉ ȤȔȌȗȊȏȏ, ȏȘȖȕȒȣȎȚȌȓȢȜ 

Ȕȇȓȏ ȉ ȖȕȉȘȌȋȔȌȉȔȕȐ ȍȏȎȔȏ, ȦȉȒȦȌșȘȦ șȕȖȒȏȉȕ. ǩ ȋȕȓȇȜ 

ȏȘȖȕȒȣȎȚȌșȘȦ ȖȗȏȗȕȋȔȢȐ ȊȇȎ, ȉ ȇȉșȕȓȕȈȏȒȦȜ – ȈȌȔȎȏȔ ȏ 

ȋȏȎȌȒȣȔȕȌ șȕȖȒȏȉȕ, ȇ ȏȔȕȊȋȇ ȈȏȕȤșȇȔȕȒ ȑȇȑ 

ȇȒȣșȌȗȔȇșȏȉȔȕȌ șȕȖȒȏȉȕ. ǱȇȍȋȢȐ ȉȏȋ șȕȖȒȏȉȇ ȉȢȋȌȒȦȌș 

ȗȇȎȒȏȞȔȕȌ ȑȕȒȏȞȌȘșȉȕ ȤȔȌȗȊȏȏ. ǴȇȖȗȏȓȌȗ, ȤȔȌȗȊȏȦ, 

ȖȕȒȚȞȇȌȓȇȦ Ȗȗȏ ȘȍȏȊȇȔȏȏ ȗȇȉȔȢȜ ȕȈȡȧȓȕȉ ȈȌȔȎȏȔȇ ȏ 

ȈȏȕȤșȇȔȕȒȇ, ȔȌȕȋȏȔȇȑȕȉȇ, Ȟșȕ ȎȇșȗȚȋȔȦȌș ȏȜ ȘȗȇȉȔȌȔȏȌ.

� Ǳȇȑ ȉȢ ȋȚȓȇȌșȌ� ȑȇȑȕȐ  ȏȎ 

ȖȌȗȌȞȏȘȒȌȔȔȢȜ ȉȢȟȌ ȉȏȋȕȉ șȕȖȒȏȉȇ 

ȉȢȋȌȒȦȌș Ȗȗȏ ȘȊȕȗȇȔȏȏ ȔȇȏȈȕȒȣȟȌȌ 

ȑȕȒȏȞȌȘșȉȕ ȤȔȌȗȊȏȏ"

� Ǳȇȑ ȓȢ ȓȕȍȌȓ ȘȗȇȉȔȏșȣ ȑȕȒȏȞȌȘșȉȕ 

ȤȔȌȗȊȏȏ� ȎȇȖȇȘȧȔȔȕȌ ȉ ȗȇȎȒȏȞȔȢȜ 

ȉȏȋȇȜ șȕȖȒȏȉȇ"

� ǬȘȒȏ ȈȢ ȋȒȦ ȑȕȗȗȌȑșȔȕȊȕ ȘȗȇȉȔȌȔȏȦ 

ȖȕșȗȌȈȕȉȇȒȕȘȣ ȌȋȏȔȕȌ ȖȗȇȉȏȒȕ� ȑȇȑȕȌ 

ȖȗȇȉȏȒȕ ȉȢ ȈȢ ȖȗȌȋȒȕȍȏȒȏ"

ǸșȇȔȋȇȗșȔȢȌ ȚȘȒȕȉȏȦ 

ǷȇȎȒȏȞȔȢȌ ȉȏȋȢ șȕȖȒȏȉȇ ȗȇȎȒȏȞȇȥșȘȦ Ȗȕ ȑȕȒȏȞȌȘșȉȚ 

ȉȢȋȌȒȦȌȓȕȐ Ȗȗȏ ȏȜ ȘȊȕȗȇȔȏȏ ȤȔȌȗȊȏȏ. Ȅșȕ ȗȇȎȒȏȞȏȌ 

ȕȈȚȘȒȕȉȒȌȔȕ ȔȌ șȕȒȣȑȕ ȜȏȓȏȞȌȘȑȏȓ ȘșȗȕȌȔȏȌȓ ȉȌȠȌȘșȉ, Ȕȕ ȏ 

ȚȘȒȕȉȏȦȓȏ, Ȗȗȏ ȑȕșȕȗȢȜ ȖȗȕȉȕȋȦșȘȦ ȏȎȓȌȗȌȔȏȦ. ǹȌȖȒȕȉȕȐ 

ȤțțȌȑș ȕȋȔȕȐ ȏ șȕȐ ȍȌ ȗȌȇȑȝȏȏ ȓȕȍȌș ȈȢșȣ ȗȇȎȒȏȞȔȢȓ Ȗȗȏ 

ȏȎȓȌȔȌȔȏȏ șȌȓȖȌȗȇșȚȗȢ ȏ ȋȇȉȒȌȔȏȦ. ǶȕȤșȕȓȚ ȋȒȦ ȘȗȇȉȔȌȔȏȦ 

ȏȎȓȌȔȌȔȏȦ șȌȖȒȕșȢ ȉ ȗȌȇȑȝȏȦȜ ȉȘȌ ȏȎȓȌȗȌȔȏȦ ȘȒȌȋȚȌș Ȗȗȕȉȕȋȏșȣ Ȗȗȏ ȕȋȏȔȇȑȕȉȢȜ ȚȘȒȕȉȏȦȜ. 

ǹȇȑȏȓȏ ȚȘȒȕȉȏȦȓȏ ȘȞȏșȇȥșȘȦ ȋȇȉȒȌȔȏȌ 1 ȇșȓ (100 ȑǶȇ) ȏ șȌȓȖȌȗȇșȚȗȇ 298 Ǳ (25°Ǹ), Ȥșȏ ȚȘȒȕȉȏȦ 

ȔȇȎȢȉȇȥșȘȦ ȘșȇȔȋȇȗșȔȢȓ ȘȕȘșȕȦȔȏȌȓ� Ƕȗȏ Ȥșȕȓ ȋȒȦ ȉȌȠȌȘșȉ ȚȑȇȎȢȉȇȌșȘȦ ȘȕȘșȕȦȔȏȌ ȏȜ 

ȔȇȏȈȕȒȌȌ ȚȘșȕȐȞȏȉȕȐ țȏȎȏȞȌȘȑȕȐ țȕȗȓȢ. ǴȇȖȗȏȓȌȗ, ȋȒȦ ȚȊȒȌȗȕȋȇ ȚȘșȕȐȞȏȉȢȓ ȦȉȒȦȌșȘȦ 

șȉȧȗȋȕȌ (Ȋȗȇțȏș), ȋȒȦ ȑȏȘȒȕȗȕȋȇ – ȊȇȎȕȕȈȗȇȎȔȕȌ, ȇ ȋȒȦ ȉȕȋȢ – ȍȏȋȑȕȌ ȘȕȘșȕȦȔȏȌ. 

ǽȌȒȣȥ ȖȗȏȔȦșȏȦ ȘșȇȔȋȇȗșȔȢȜ ȚȘȒȕȉȏȐ ȦȉȒȦȌșȘȦ ȔȌȕȈȜȕȋȏȓȕȘșȣ ȖȗȕȉȌȋȌȔȏȦ ȘȗȇȉȔȌȔȏȦ șȌȖȒȕȉȢȜ 

ȤțțȌȑșȕȉ ȜȏȓȏȞȌȘȑȏȜ ȗȌȇȑȝȏȐ ȉ ȕȋȏȔȇȑȕȉȢȜ ȚȘȒȕȉȏȦȜ. ǵȖȗȌȋȌȒȌȔȏȌ șȌȖȒȕȉȢȜ ȤțțȌȑșȕȉ 

ȗȌȇȑȝȏȐ șȕȒȣȑȕ ȉ ȤșȏȜ ȚȘȒȕȉȏȦȜ ȖȕȎȉȕȒȦȌș ȖȕȒȚȞȇșȣ ȋȕȘșȕȉȌȗȔȢȌ ȗȌȎȚȒȣșȇșȢ. ǯȎȓȌȔȌȔȏȌ 

șȌȖȒȕșȢ, ȏȎȓȌȗȌȔȔȕȌ Ȗȗȏ ȘșȇȔȋȇȗșȔȢȜ ȚȘȒȕȉȏȦȜ ȏȒȏ ȖȌȗȌȘȞȏșȇȔȔȕȌ Ȗȗȏ ȖȗȏȉȌȋȌȔȏȏ ȚȘȒȕȉȏȐ ȑ 

ȘșȇȔȋȇȗșȔȢȓ, ȔȇȎȢȉȇȌșȘȦ ȏȎȓȌȔȌȔȏȌȓ ȘșȇȔȋȇȗșȔȕȐ ȤȔșȇȒȣȖȏȏ. ǯȎȓȌȔȌȔȏȌ ȘșȇȔȋȇȗșȔȕȐ 

ȤȔșȇȒȣȖȏȏ ȜȇȗȇȑșȌȗȏȎȚȌșȘȦ șȌȖȒȕȉȢȓ ȤțțȌȑșȕȓ ȜȏȓȏȞȌȘȑȕȐ ȗȌȇȑȝȏȏ, ȖȗȕșȌȑȇȥȠȌȐ ȉ 

ȘșȇȔȋȇȗșȔȢȜ ȚȘȒȕȉȏȦȜ, ȏ ȕȈȕȎȔȇȞȇȌșȘȦ ȎȔȇȑȕȓ ©H°. ǮȋȌȘȣ ȎȔȇȑ ´°µ ȚȑȇȎȢȉȇȌș, Ȟșȕ ȖȗȕȝȌȘȘ 

ȖȗȕȉȕȋȏșȘȦ Ȗȗȏ ȘșȇȔȋȇȗșȔȢȜ ȚȘȒȕȉȏȦȜ. ǹȇȑ ȍȌ ȑȇȑ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ, ȏȎȓȌȔȌȔȏȌ ȘșȇȔȋȇȗșȔȕȐ 

ȤȔșȇȒȣȖȏȏ ȓȕȍȌș ȖȗȏȔȏȓȇșȣ ȖȕȒȕȍȏșȌȒȣȔȕȌ ȏȒȏ ȕșȗȏȝȇșȌȒȣȔȕȌ ȎȔȇȞȌȔȏȌ ȉ ȎȇȉȏȘȏȓȕȘșȏ ȕș 

ȔȇȖȗȇȉȒȌȔȏȦ ȗȌȇȑȝȏȏ ȏ ȚȑȇȎȢȉȇȌșȘȦ ȉ ȚȗȇȉȔȌȔȏȏ ȗȌȇȑȝȏȏ.

CH  (Ȋ) + 2O  (Ȋ) → CO  (Ȋ) + 2H  O(ȍ)      ©H° = −890 ȑǫȍ4 2 2 2

3ǹȌȗȓȕȜȏȓȏȦǾȇȘșȣ I

ȓȌșȇȒȒȏȞȌȘȑȏȐ 

ȑȇȒȕȗȏȓȌșȗ

Ȏȇȍȏȓ

ȏȎȕȒȏȗȚȥȠȇȦ

ȖȒȇȘșȏȔȇ (ȑȗȇȔ)

șȌȗȓȕȓȌșȗ

ȉȕȋȇ

ȘȖȏȗșȕȉȑȇ

ȓȌșȇȔȕȒ

ȏȎȓȌȔȌȔȏȌ ȘșȇȔȋȇȗșȔȕȐ  

ȤȔșȇȒȣȖȏȏ, ȘșȇȔȋȇȗșȔȇȦ

ȤȔșȇȒȣȖȏȦ ȕȈȗȇȎȕȉȇȔȏȦ,

ȘșȇȔȋȇȗșȔȇȦ ȤȔșȇȒȣȖȏȦ     

ȘȊȕȗȇȔȏȦ, ȎȇȑȕȔ ǪȌȘȘȇ

ǱȒȥ-
ȞȌȉȢȌ 
ȘȒȕȉȇ
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ǸșȇȔȋȇȗșȔȇȦ ȤȔșȇȒȣȖȏȦ ȕȈȗȇȎȕȉȇȔȏȦ

ǵȋȔȏȓ ȏȎ ȕȘȔȕȉȔȢȜ ȖȕȔȦșȏȐ, ȑȕșȕȗȕȌ ȏȘȖȕȒȣȎȚȌșȘȦ ȋȒȦ ȘȗȇȉȔȌȔȏȦ 

ȤȔȌȗȊȏȐ ȜȏȓȏȞȌȘȑȏȜ ȘȕȌȋȏȔȌȔȏȐ, ȦȉȒȦȌșȘȦ ȘșȇȔȋȇȗșȔȇȦ 

ȤȔșȇȒȣȖȏȦ ȕȈȗȇȎȕȉȇȔȏȦ, ȕȈȕȎȔȇȞȇȌȓȇȦ ΔH�   (ȕș ȇȔȊȒȏȐȘȑȕȊȕ I

fRrmatLRn – �ȕȈȗȇȎȕȉȇȔȏȌ�). Ȅșȇ ȉȌȒȏȞȏȔȇ ȉ ȚȖȗȕȠȧȔȔȕȓ ȉȏȋȌ 

ȜȇȗȇȑșȌȗȏȎȚȌș ȖȗȕȝȌȘȘ ȕȈȗȇȎȕȉȇȔȏȦ ȘȕȌȋȏȔȌȔȏȦ. ǸșȇȔȋȇȗșȔȇȦ 

ȤȔșȇȒȣȖȏȦ ȕȈȗȇȎȕȉȇȔȏȦ (©H° )  –  Ȥșȕ ȏȎȓȌȔȌȔȏȌ șȌȖȒȕșȢ, f

ȖȗȕȏȎȕȟȌȋȟȌȌ ȉ ȗȌȎȚȒȣșȇșȌ ȕȈȗȇȎȕȉȇȔȏȦ 1 ȓȕȒȣ ȜȏȓȏȞȌȘȑȕȊȕ 

ȘȕȌȋȏȔȌȔȏȦ ȏȎ ȘȕȘșȇȉȒȦȥȠȏȜ ȌȊȕ ȤȒȌȓȌȔșȕȉ (ȉ ȏȜ ȔȇȏȈȕȒȌȌ 

ȚȘșȕȐȞȏȉȕȐ țȕȗȓȌ) ȉ ȘșȇȔȋȇȗșȔȢȜ ȚȘȒȕȉȏȦȜ. ǴȇȖȗȏȓȌȗ, 

ȘșȇȔȋȇȗșȔȇȦ ȤȔșȇȒȣȖȏȦ ȕȈȗȇȎȕȉȇȔȏȦ ȉȕȋȢ – Ȥșȕ ȑȕȒȏȞȌȘșȉȕ 

șȌȖȒȕșȢ, ȉȢȋȌȒȦȥȠȌȌȘȦ Ȗȗȏ ȘȕȌȋȏȔȌȔȏȏ ȊȇȎȕȕȈȗȇȎȔȢȜ ȉȕȋȕȗȕȋȇ 

ȏ ȑȏȘȒȕȗȕȋȇ Ș ȕȈȗȇȎȕȉȇȔȏȌȓ 1 ȓȕȒȣ ȍȏȋȑȕȐ ȉȕȋȢ:

H ( Ȋ) + 1/2O ( Ȋ) → H O (ȍ) ©H°   =−286 ȑǫȍ/ȓȕȒȣ2 2 2 f

ǹȌȖȒȕșȇ, ȑȕșȕȗȇȦ ȉȢȋȌȒȦȌșȘȦ Ȗȗȏ ȘȕȌȋȏȔȌȔȏȏ ȚȊȒȌȗȕȋȇ ȉ țȕȗȓȌ 

Ȋȗȇțȏșȇ ȏ ȊȇȎȕȕȈȗȇȎȔȕȊȕ ȉȕȋȕȗȕȋȇ Ș ȕȈȗȇȎȕȉȇȔȏȌȓ 1 ȓȕȒȣ 

ȓȌșȇȔȇ, ȦȉȒȦȌșȘȦ ȘșȇȔȋȇȗșȔȕȐ ȤȔșȇȒȣȖȏȌȐ ȕȈȗȇȎȕȉȇȔȏȦ ȓȌșȇȔȇ:   

 C(Ȋȗȇțȏș) + 2H  (Ȋ) ⟶ CH  (Ȋ)  ©H°   =−74,8 ȑǫȍ/ȓȕȒȣ 2 4 f

ǴȏȍȌ ȉ șȇȈȒȏȝȌ ȖȗȏȉȌȋȌȔȢ ȘșȇȔȋȇȗșȔȢȌ ȤȔșȇȒȣȖȏȏ 

ȕȈȗȇȎȕȉȇȔȏȦ (©H° ,  298 Ǳ, 1 ȇșȓ) ȔȌȑȕșȕȗȢȜ ȉȌȠȌȘșȉ:f

ȜȇȗȇȑșȌȗȏȎȚȥȠȇȦ ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ, ȑȕșȕȗȇȦ ȉȢȋȌȒȦȌșȘȦ ȉ ȜȕȋȌ ȤșȏȜ ȗȌȇȑȝȏȐ, șȇȑȍȌ ȓȕȍȌș 
ȏȎȓȌȔȦșȣȘȦ ȉ ȎȇȉȏȘȏȓȕȘșȏ ȕș ȚȘȒȕȉȏȐ ȖȗȕȉȌȋȌȔȏȦ ȗȌȇȑȝȏȏ.
ǾșȕȈȢ ȓȕȍȔȕ ȈȢȒȕ ȘȗȇȉȔȏȉȇșȣ șȌȖȒȕȉȢȌ ȤțțȌȑșȢ, ȗȌȇȑȝȏȏ ȊȕȗȌȔȏȦ șȇȑȍȌ ȗȇȘȘȓȇșȗȏȉȇȥșȘȦ 
ȖȗȏȓȌȔȏșȌȒȣȔȕ ȑ ȘșȇȔȋȇȗșȔȢȓ ȚȘȒȕȉȏȦȓ. ǸșȇȔȋȇȗșȔȇȦ ȤȔșȇȒȣȖȏȦ ȘȊȕȗȇȔȏȦ – Ȥșȕ 
ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ, ȑȕșȕȗȕȌ ȉȢȋȌȒȦȌșȘȦ Ȗȗȏ ȖȕȒȔȕȓ ȘȊȕȗȇȔȏȏ 1 ȓȕȒȣ ȉȌȠȌȘșȉȇ Ȗȗȏ 
ȘșȇȔȋȇȗșȔȢȜ ȚȘȒȕȉȏȦȜ, ȕȈȕȎȔȇȞȇȌșȘȦ ΔH�  (ȕș ȇȔȊȒȏȐȘȑȕȊȕ ȘȒȕȉȇ cRmbXVtLRn – �ȊȕȗȌȔȏȌ�).F

ǶȕȘȑȕȒȣȑȚ, ȘȕȊȒȇȘȔȕ ȚȗȇȉȔȌȔȏȦȓ ȗȌȇȑȝȏȐ, ȖȕȒȔȕȘșȣȥ ȘȊȕȗȇȌș 1 ȓȕȒȣ ȉȌȠȌȘșȉ, ȋȒȦ 

ȤșȏȜ ȗȌȇȑȝȏȐ ȎȔȇȞȌȔȏȌ ȘșȇȔȋȇȗșȔȕȊȕ ȏȎȓȌȔȌȔȏȦ ȤȔșȇȒȣȖȏȏ ȗȌȇȑȝȏȏ ȗȇȉȔȕ 

ȘșȇȔȋȇȗșȔȕȐ șȌȖȒȕșȌ ȘȊȕȗȇȔȏȦ. ǵȋȔȇȑȕ ȋȒȦ ȔȌȑȕșȕȗȢȜ ȗȌȇȑȝȏȐ ȎȔȇȞȌȔȏȌ 

ȏȎȓȌȔȌȔȏȦ ȘșȇȔȋȇȗșȔȕȐ ȤȔșȇȒȣȖȏȏ ȔȌ ȈȚȋȌș  ȗȇȉȔȢȓ ȘșȇȔȋȇȗșȔȕȐ șȌȖȒȕșȌ 

ȘȊȕȗȇȔȏȦ. ǩ ȤșȏȜ ȘȒȚȞȇȦȜ, ȞșȕȈȢ ȔȇȐșȏ ȘșȇȔȋȇȗșȔȚȥ șȌȖȒȕșȚ ȘȊȕȗȇȔȏȦ, ȔȌȕȈȜȕȋȏȓȕ 

ȏȎȓȌȔȌȔȏȌ ȘșȇȔȋȇȗșȔȕȐ ȤȔșȇȒȣȖȏȏ ȗȇȎȋȌȒȏșȣ Ȕȇ ȑȕȤțțȏȝȏȌȔș ȖȌȗȌȋ țȕȗȓȚȒȕȐ 

ȘȊȕȗȇȌȓȕȊȕ ȉȌȠȌȘșȉȇ.

C (Ȋȗȇțȏș)

H₂

O₂

N₂

Cl₂

C (ȇȒȓȇȎ)

CO₂

CO

CHࢩ

C₂H₆

C₂Hࢩ

C₂H₂

MgO

Al₂O₃

ǹȉȧȗȋȕȌ

ǪȇȎ

ǪȇȎ

ǪȇȎ

ǪȇȎ

ǹȉȧȗȋȕȌ 

ǪȇȎ

ǪȇȎ

ǪȇȎ

ǪȇȎ

ǪȇȎ

ǪȇȎ

ǹȉȧȗȋȕȌ

ǹȉȧȗȋȕȌ

0

0

0

0

0

+1,9

−393,5

−110,5

−74,8

−84,7

+52,3

+226,7

−601,6

−1675,7

H₂O

H₂O

H₂O₂

NH₃

NO

CaCO₃ (ȑȇȒȣȝȏș)

SO₂

H₂S

HCl

HBr

HI

NaCl

KCl

CaO

ǭȏȋȑȕȌ

ǪȇȎ

ǭȏȋȑȕȌ

ǪȇȎ

ǪȇȎ

ǹȉȧȗȋȕȌ

ǪȇȎ

ǪȇȎ

ǪȇȎ

ǪȇȎ

ǪȇȎ

ǹȉȧȗȋȕȌ

ǹȉȧȗȋȕȌ

ǹȉȧȗȋȕȌ

−285,5

−241,5

−187,8

−46,1

+90,3

−1206,9

−296,8

−20,6

−92,3

−36,3

+26,5

−411,2

−436,7

−635,1

ǩȌȠȌȘșȉȕ ǸȕȘșȕȦȔȏȌǩȌȠȌȘșȉȕ ǸȕȘșȕȦȔȏȌ ΔH�  I ΔH�  I

C  H  OH(ȍ) + 3O  (Ȋ) → 2CO  (Ȋ) + 3H  O(ȍ)    ©H° =−1367 ȑǫȍ2 5 2 2 2

C  H  (Ȋ) + 3O  (Ȋ) → 2CO  (Ȋ) + 2H  O(ȍ)    ©H° =−1411 ȑǫȍ2 4 2 2 2

S(șȉ) + O  (Ȋ) → SO  (Ȋ)    ©H°=−296,8 ȑǫȍ2 2

©H°  =−1367 ȑǫȍ/ȓȕȒȣc

©H°  =−1411 ȑǫȍ/ȓȕȒȣc

©H° =−296,8 ȑǫȍ/ȓȕȒȣc

 ǸșȇȔȋȇȗșȔȇȦ ȤȔșȇȒȣȖȏȦ ȘȊȕȗȇȔȏȦǺȗȇȉȔȌȔȏȌ ȗȌȇȑȝȏȏ

2C  H  (Ȋ) + 7O  (Ȋ) → 4CO  (Ȋ) + 6H  O(ȍ)  ©H° =−3120 ȑǫȍ2 6 2 2 2

2CO(Ȋ) + O  (Ȋ) → 2CO  (Ȋ)           ©H° =−566 ȑǫȍ2 2

©H°  =−1560 ȑǫȍ/ȓȕȒȣc

©H°  =−283 ȑǫȍ/ȓȕȒȣc

 ǸșȇȔȋȇȗșȔȇȦ ȤȔșȇȒȣȖȏȦ ȘȊȕȗȇȔȏȦǺȗȇȉȔȌȔȏȌ ȗȌȇȑȝȏȏ

ȄȔșȇȒȣȖȏȦ

ǶȚșȣ ȖȗȕșȌȑȇȔȏȦ ȗȌȇȑȝȏȏ 

H O(ȍ)2

H (Ȋ) + 1/2O (Ȋ)2 2

∆H = – 286 ȑǫȍ

0

-286

3ǹȌȗȓȕȜȏȓȏȦǾȇȘșȣ I

ǸșȇȔȋȇȗșȔȇȦ ȤȔșȇȒȣȖȏȦ ȘȊȕȗȇȔȏȦ
ǶȗȕȝȌȘȘȢ ȊȕȗȌȔȏȦ ȦȉȒȦȥșȘȦ ȏȘșȕȞȔȏȑȕȓ ȤȔȌȗȊȏȏ ȋȒȦ ȍȏȉȢȜ ȕȗȊȇȔȏȎȓȕȉ ȏ ȕȋȔȏȓ ȏȎ ȉȇȍȔȌȐȟȏȜ 
ȏȘșȕȞȔȏȑȕȉ ȤȔȌȗȊȏȏ ȋȒȦ ȖȗȕȓȢȟȒȌȔȔȕȘșȏ ȏ șȗȇȔȘȖȕȗșȇ. ǳȕȒȦȗȔȇȦ ȤȔșȇȒȣȖȏȦ ȘȊȕȗȇȔȏȦ, 

ǱȇȑȕȌ șȕȖȒȏȉȕ ȤȑȕȔȕȓȏȞȔȌȌ"

ǫȒȦ ȖȗȌȕȋȕȒȌȔȏȦ ȗȇȘȘșȕȦȔȏȦ ȉ 100 ȑȓ ȇȉșȕȓȕȈȏȒȥ ȖȕșȗȌȈȚȌșȘȦ 10 Ȓȏșȗȕȉ ȈȌȔȎȏȔȇ (ȌȊȕ țȕȗȓȚȒȚ 

ȓȕȍȔȕ ȉ ȕȈȠȌȓ ȉȏȋȌ ȖȗȏȔȦșȣ ȑȇȑ C H ) ȏȒȏ 12 Ȓȏșȗȕȉ ȈȏȕȤșȇȔȕȒȇ.8 18

ǵȈȘȚȋȏșȌ�

�� ǸȑȕȒȣȑȕ șȌȖȒȕșȢ ȉȢȋȌȒȦȌșȘȦ Ȗȗȏ ȘȊȕȗȇȔȏȏ � ȓȕȒȣ ȈȌȔȎȏȔȇ"

�� ǸȑȕȒȣȑȕ șȌȖȒȕșȢ ȉȢȋȌȒȦȌșȘȦ Ȗȗȏ ȘȊȕȗȇȔȏȏ � ȓȕȒȣ ȈȏȕȤșȇȔȕȒȇ"

�� ǱȇȑȕȌ șȕȖȒȏȉȕ ȉȢȋȌȒȦȌș ȈȕȒȣȟȌ ȤȔȌȗȊȏȏ"

�� ǱȇȑȏȌ ȖȗȌȏȓȚȠȌȘșȉȇ ȌȘșȣ Ț ȈȏȕȤșȇȔȕȒȇ"
ǫ

Ȍ
Ȧ
șȌ

Ȓ
ȣ
Ȕ

ȕ
Șș

ȣ

Ǽȕȋ ȗȇȈȕșȢ�

ǿȇȊ �� ǷȇȘȘȞȏșȇȐșȌ ȓȇȘȘȚ 10 Ȓȏșȗȕȉ ȈȌȔȎȏȔȇ, ȏȘȖȕȒȣȎȚȦ ȌȊȕ ȖȒȕșȔȕȘșȣ.

ǿȇȊ �� ǷȇȘȘȞȏșȇȐșȌ ȓȇȘȘȚ 12 Ȓȏșȗȕȉ ȈȏȕȤșȇȔȕȒȇ.

ǿȇȊ �� ǷȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȓȕȒȌȐ ȑȇȍȋȕȊȕ ȏȎ ȏȘȖȕȒȣȎȕȉȇȔȔȢȜ ȉȏȋȕȉ șȕȖȒȏȉȇ. 

ǿȇȊ �� ǯȘȖȕȒȣȎȚȦ ȎȔȇȞȌȔȏȦ ©H° , ȗȇȘȘȞȏșȇȐșȌ ȤȔȌȗȊȏȥ, ȉȢȋȌȒȦȌȓȚȥ ȑȇȍȋȢȓ c

ȉȏȋȕȓ șȕȖȒȏȉȇ.

ǿȇȊ �� ǸȗȇȉȔȏșȌ ȖȕȒȚȞȌȔȔȢȌ ȗȌȎȚȒȣșȇșȢ.
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ǸșȇȔȋȇȗșȔȇȦ ȤȔșȇȒȣȖȏȦ ȕȈȗȇȎȕȉȇȔȏȦ

ǵȋȔȏȓ ȏȎ ȕȘȔȕȉȔȢȜ ȖȕȔȦșȏȐ, ȑȕșȕȗȕȌ ȏȘȖȕȒȣȎȚȌșȘȦ ȋȒȦ ȘȗȇȉȔȌȔȏȦ 

ȤȔȌȗȊȏȐ ȜȏȓȏȞȌȘȑȏȜ ȘȕȌȋȏȔȌȔȏȐ, ȦȉȒȦȌșȘȦ ȘșȇȔȋȇȗșȔȇȦ 

ȤȔșȇȒȣȖȏȦ ȕȈȗȇȎȕȉȇȔȏȦ, ȕȈȕȎȔȇȞȇȌȓȇȦ ΔH�   (ȕș ȇȔȊȒȏȐȘȑȕȊȕ I

fRrmatLRn – �ȕȈȗȇȎȕȉȇȔȏȌ�). Ȅșȇ ȉȌȒȏȞȏȔȇ ȉ ȚȖȗȕȠȧȔȔȕȓ ȉȏȋȌ 

ȜȇȗȇȑșȌȗȏȎȚȌș ȖȗȕȝȌȘȘ ȕȈȗȇȎȕȉȇȔȏȦ ȘȕȌȋȏȔȌȔȏȦ. ǸșȇȔȋȇȗșȔȇȦ 

ȤȔșȇȒȣȖȏȦ ȕȈȗȇȎȕȉȇȔȏȦ (©H° )  –  Ȥșȕ ȏȎȓȌȔȌȔȏȌ șȌȖȒȕșȢ, f

ȖȗȕȏȎȕȟȌȋȟȌȌ ȉ ȗȌȎȚȒȣșȇșȌ ȕȈȗȇȎȕȉȇȔȏȦ 1 ȓȕȒȣ ȜȏȓȏȞȌȘȑȕȊȕ 

ȘȕȌȋȏȔȌȔȏȦ ȏȎ ȘȕȘșȇȉȒȦȥȠȏȜ ȌȊȕ ȤȒȌȓȌȔșȕȉ (ȉ ȏȜ ȔȇȏȈȕȒȌȌ 

ȚȘșȕȐȞȏȉȕȐ țȕȗȓȌ) ȉ ȘșȇȔȋȇȗșȔȢȜ ȚȘȒȕȉȏȦȜ. ǴȇȖȗȏȓȌȗ, 

ȘșȇȔȋȇȗșȔȇȦ ȤȔșȇȒȣȖȏȦ ȕȈȗȇȎȕȉȇȔȏȦ ȉȕȋȢ – Ȥșȕ ȑȕȒȏȞȌȘșȉȕ 

șȌȖȒȕșȢ, ȉȢȋȌȒȦȥȠȌȌȘȦ Ȗȗȏ ȘȕȌȋȏȔȌȔȏȏ ȊȇȎȕȕȈȗȇȎȔȢȜ ȉȕȋȕȗȕȋȇ 

ȏ ȑȏȘȒȕȗȕȋȇ Ș ȕȈȗȇȎȕȉȇȔȏȌȓ 1 ȓȕȒȣ ȍȏȋȑȕȐ ȉȕȋȢ:

H ( Ȋ) + 1/2O ( Ȋ) → H O (ȍ) ©H°   =−286 ȑǫȍ/ȓȕȒȣ2 2 2 f

ǹȌȖȒȕșȇ, ȑȕșȕȗȇȦ ȉȢȋȌȒȦȌșȘȦ Ȗȗȏ ȘȕȌȋȏȔȌȔȏȏ ȚȊȒȌȗȕȋȇ ȉ țȕȗȓȌ 

Ȋȗȇțȏșȇ ȏ ȊȇȎȕȕȈȗȇȎȔȕȊȕ ȉȕȋȕȗȕȋȇ Ș ȕȈȗȇȎȕȉȇȔȏȌȓ 1 ȓȕȒȣ 

ȓȌșȇȔȇ, ȦȉȒȦȌșȘȦ ȘșȇȔȋȇȗșȔȕȐ ȤȔșȇȒȣȖȏȌȐ ȕȈȗȇȎȕȉȇȔȏȦ ȓȌșȇȔȇ:   

 C(Ȋȗȇțȏș) + 2H  (Ȋ) ⟶ CH  (Ȋ)  ©H°   =−74,8 ȑǫȍ/ȓȕȒȣ 2 4 f

ǴȏȍȌ ȉ șȇȈȒȏȝȌ ȖȗȏȉȌȋȌȔȢ ȘșȇȔȋȇȗșȔȢȌ ȤȔșȇȒȣȖȏȏ 

ȕȈȗȇȎȕȉȇȔȏȦ (©H° ,  298 Ǳ, 1 ȇșȓ) ȔȌȑȕșȕȗȢȜ ȉȌȠȌȘșȉ:f

ȜȇȗȇȑșȌȗȏȎȚȥȠȇȦ ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ, ȑȕșȕȗȇȦ ȉȢȋȌȒȦȌșȘȦ ȉ ȜȕȋȌ ȤșȏȜ ȗȌȇȑȝȏȐ, șȇȑȍȌ ȓȕȍȌș 
ȏȎȓȌȔȦșȣȘȦ ȉ ȎȇȉȏȘȏȓȕȘșȏ ȕș ȚȘȒȕȉȏȐ ȖȗȕȉȌȋȌȔȏȦ ȗȌȇȑȝȏȏ.
ǾșȕȈȢ ȓȕȍȔȕ ȈȢȒȕ ȘȗȇȉȔȏȉȇșȣ șȌȖȒȕȉȢȌ ȤțțȌȑșȢ, ȗȌȇȑȝȏȏ ȊȕȗȌȔȏȦ șȇȑȍȌ ȗȇȘȘȓȇșȗȏȉȇȥșȘȦ 
ȖȗȏȓȌȔȏșȌȒȣȔȕ ȑ ȘșȇȔȋȇȗșȔȢȓ ȚȘȒȕȉȏȦȓ. ǸșȇȔȋȇȗșȔȇȦ ȤȔșȇȒȣȖȏȦ ȘȊȕȗȇȔȏȦ – Ȥșȕ 
ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ, ȑȕșȕȗȕȌ ȉȢȋȌȒȦȌșȘȦ Ȗȗȏ ȖȕȒȔȕȓ ȘȊȕȗȇȔȏȏ 1 ȓȕȒȣ ȉȌȠȌȘșȉȇ Ȗȗȏ 
ȘșȇȔȋȇȗșȔȢȜ ȚȘȒȕȉȏȦȜ, ȕȈȕȎȔȇȞȇȌșȘȦ ΔH�  (ȕș ȇȔȊȒȏȐȘȑȕȊȕ ȘȒȕȉȇ cRmbXVtLRn – �ȊȕȗȌȔȏȌ�).F

ǶȕȘȑȕȒȣȑȚ, ȘȕȊȒȇȘȔȕ ȚȗȇȉȔȌȔȏȦȓ ȗȌȇȑȝȏȐ, ȖȕȒȔȕȘșȣȥ ȘȊȕȗȇȌș 1 ȓȕȒȣ ȉȌȠȌȘșȉ, ȋȒȦ 

ȤșȏȜ ȗȌȇȑȝȏȐ ȎȔȇȞȌȔȏȌ ȘșȇȔȋȇȗșȔȕȊȕ ȏȎȓȌȔȌȔȏȦ ȤȔșȇȒȣȖȏȏ ȗȌȇȑȝȏȏ ȗȇȉȔȕ 

ȘșȇȔȋȇȗșȔȕȐ șȌȖȒȕșȌ ȘȊȕȗȇȔȏȦ. ǵȋȔȇȑȕ ȋȒȦ ȔȌȑȕșȕȗȢȜ ȗȌȇȑȝȏȐ ȎȔȇȞȌȔȏȌ 

ȏȎȓȌȔȌȔȏȦ ȘșȇȔȋȇȗșȔȕȐ ȤȔșȇȒȣȖȏȏ ȔȌ ȈȚȋȌș  ȗȇȉȔȢȓ ȘșȇȔȋȇȗșȔȕȐ șȌȖȒȕșȌ 

ȘȊȕȗȇȔȏȦ. ǩ ȤșȏȜ ȘȒȚȞȇȦȜ, ȞșȕȈȢ ȔȇȐșȏ ȘșȇȔȋȇȗșȔȚȥ șȌȖȒȕșȚ ȘȊȕȗȇȔȏȦ, ȔȌȕȈȜȕȋȏȓȕ 

ȏȎȓȌȔȌȔȏȌ ȘșȇȔȋȇȗșȔȕȐ ȤȔșȇȒȣȖȏȏ ȗȇȎȋȌȒȏșȣ Ȕȇ ȑȕȤțțȏȝȏȌȔș ȖȌȗȌȋ țȕȗȓȚȒȕȐ 

ȘȊȕȗȇȌȓȕȊȕ ȉȌȠȌȘșȉȇ.

C (Ȋȗȇțȏș)

H₂

O₂

N₂

Cl₂

C (ȇȒȓȇȎ)

CO₂

CO

CHࢩ

C₂H₆

C₂Hࢩ

C₂H₂

MgO

Al₂O₃

ǹȉȧȗȋȕȌ

ǪȇȎ

ǪȇȎ

ǪȇȎ

ǪȇȎ

ǹȉȧȗȋȕȌ 

ǪȇȎ

ǪȇȎ

ǪȇȎ

ǪȇȎ

ǪȇȎ

ǪȇȎ

ǹȉȧȗȋȕȌ

ǹȉȧȗȋȕȌ

0

0

0

0

0

+1,9

−393,5

−110,5

−74,8

−84,7

+52,3

+226,7

−601,6

−1675,7

H₂O

H₂O

H₂O₂

NH₃

NO

CaCO₃ (ȑȇȒȣȝȏș)

SO₂

H₂S

HCl

HBr

HI

NaCl

KCl

CaO

ǭȏȋȑȕȌ

ǪȇȎ

ǭȏȋȑȕȌ

ǪȇȎ

ǪȇȎ

ǹȉȧȗȋȕȌ

ǪȇȎ

ǪȇȎ

ǪȇȎ

ǪȇȎ

ǪȇȎ

ǹȉȧȗȋȕȌ

ǹȉȧȗȋȕȌ

ǹȉȧȗȋȕȌ

−285,5

−241,5

−187,8

−46,1

+90,3

−1206,9

−296,8

−20,6

−92,3

−36,3

+26,5

−411,2

−436,7

−635,1

ǩȌȠȌȘșȉȕ ǸȕȘșȕȦȔȏȌǩȌȠȌȘșȉȕ ǸȕȘșȕȦȔȏȌ ΔH�  I ΔH�  I

C  H  OH(ȍ) + 3O  (Ȋ) → 2CO  (Ȋ) + 3H  O(ȍ)    ©H° =−1367 ȑǫȍ2 5 2 2 2

C  H  (Ȋ) + 3O  (Ȋ) → 2CO  (Ȋ) + 2H  O(ȍ)    ©H° =−1411 ȑǫȍ2 4 2 2 2

S(șȉ) + O  (Ȋ) → SO  (Ȋ)    ©H°=−296,8 ȑǫȍ2 2

©H°  =−1367 ȑǫȍ/ȓȕȒȣc

©H°  =−1411 ȑǫȍ/ȓȕȒȣc

©H° =−296,8 ȑǫȍ/ȓȕȒȣc

 ǸșȇȔȋȇȗșȔȇȦ ȤȔșȇȒȣȖȏȦ ȘȊȕȗȇȔȏȦǺȗȇȉȔȌȔȏȌ ȗȌȇȑȝȏȏ

2C  H  (Ȋ) + 7O  (Ȋ) → 4CO  (Ȋ) + 6H  O(ȍ)  ©H° =−3120 ȑǫȍ2 6 2 2 2

2CO(Ȋ) + O  (Ȋ) → 2CO  (Ȋ)           ©H° =−566 ȑǫȍ2 2

©H°  =−1560 ȑǫȍ/ȓȕȒȣc

©H°  =−283 ȑǫȍ/ȓȕȒȣc

 ǸșȇȔȋȇȗșȔȇȦ ȤȔșȇȒȣȖȏȦ ȘȊȕȗȇȔȏȦǺȗȇȉȔȌȔȏȌ ȗȌȇȑȝȏȏ

ȄȔșȇȒȣȖȏȦ

ǶȚșȣ ȖȗȕșȌȑȇȔȏȦ ȗȌȇȑȝȏȏ 

H O(ȍ)2

H (Ȋ) + 1/2O (Ȋ)2 2

∆H = – 286 ȑǫȍ

0

-286

3ǹȌȗȓȕȜȏȓȏȦǾȇȘșȣ I

ǸșȇȔȋȇȗșȔȇȦ ȤȔșȇȒȣȖȏȦ ȘȊȕȗȇȔȏȦ
ǶȗȕȝȌȘȘȢ ȊȕȗȌȔȏȦ ȦȉȒȦȥșȘȦ ȏȘșȕȞȔȏȑȕȓ ȤȔȌȗȊȏȏ ȋȒȦ ȍȏȉȢȜ ȕȗȊȇȔȏȎȓȕȉ ȏ ȕȋȔȏȓ ȏȎ ȉȇȍȔȌȐȟȏȜ 
ȏȘșȕȞȔȏȑȕȉ ȤȔȌȗȊȏȏ ȋȒȦ ȖȗȕȓȢȟȒȌȔȔȕȘșȏ ȏ șȗȇȔȘȖȕȗșȇ. ǳȕȒȦȗȔȇȦ ȤȔșȇȒȣȖȏȦ ȘȊȕȗȇȔȏȦ, 

ǱȇȑȕȌ șȕȖȒȏȉȕ ȤȑȕȔȕȓȏȞȔȌȌ"

ǫȒȦ ȖȗȌȕȋȕȒȌȔȏȦ ȗȇȘȘșȕȦȔȏȦ ȉ 100 ȑȓ ȇȉșȕȓȕȈȏȒȥ ȖȕșȗȌȈȚȌșȘȦ 10 Ȓȏșȗȕȉ ȈȌȔȎȏȔȇ (ȌȊȕ țȕȗȓȚȒȚ 

ȓȕȍȔȕ ȉ ȕȈȠȌȓ ȉȏȋȌ ȖȗȏȔȦșȣ ȑȇȑ C H ) ȏȒȏ 12 Ȓȏșȗȕȉ ȈȏȕȤșȇȔȕȒȇ.8 18

ǵȈȘȚȋȏșȌ�

�� ǸȑȕȒȣȑȕ șȌȖȒȕșȢ ȉȢȋȌȒȦȌșȘȦ Ȗȗȏ ȘȊȕȗȇȔȏȏ � ȓȕȒȣ ȈȌȔȎȏȔȇ"

�� ǸȑȕȒȣȑȕ șȌȖȒȕșȢ ȉȢȋȌȒȦȌșȘȦ Ȗȗȏ ȘȊȕȗȇȔȏȏ � ȓȕȒȣ ȈȏȕȤșȇȔȕȒȇ"

�� ǱȇȑȕȌ șȕȖȒȏȉȕ ȉȢȋȌȒȦȌș ȈȕȒȣȟȌ ȤȔȌȗȊȏȏ"

�� ǱȇȑȏȌ ȖȗȌȏȓȚȠȌȘșȉȇ ȌȘșȣ Ț ȈȏȕȤșȇȔȕȒȇ"

ǫ
Ȍ
Ȧ
șȌ

Ȓ
ȣ
Ȕ

ȕ
Șș

ȣ

Ǽȕȋ ȗȇȈȕșȢ�

ǿȇȊ �� ǷȇȘȘȞȏșȇȐșȌ ȓȇȘȘȚ 10 Ȓȏșȗȕȉ ȈȌȔȎȏȔȇ, ȏȘȖȕȒȣȎȚȦ ȌȊȕ ȖȒȕșȔȕȘșȣ.

ǿȇȊ �� ǷȇȘȘȞȏșȇȐșȌ ȓȇȘȘȚ 12 Ȓȏșȗȕȉ ȈȏȕȤșȇȔȕȒȇ.

ǿȇȊ �� ǷȇȘȘȞȏșȇȐșȌ ȞȏȘȒȕ ȓȕȒȌȐ ȑȇȍȋȕȊȕ ȏȎ ȏȘȖȕȒȣȎȕȉȇȔȔȢȜ ȉȏȋȕȉ șȕȖȒȏȉȇ. 

ǿȇȊ �� ǯȘȖȕȒȣȎȚȦ ȎȔȇȞȌȔȏȦ ©H° , ȗȇȘȘȞȏșȇȐșȌ ȤȔȌȗȊȏȥ, ȉȢȋȌȒȦȌȓȚȥ ȑȇȍȋȢȓ c

ȉȏȋȕȓ șȕȖȒȏȉȇ.

ǿȇȊ �� ǸȗȇȉȔȏșȌ ȖȕȒȚȞȌȔȔȢȌ ȗȌȎȚȒȣșȇșȢ.



ǮȇȑȕȔ ǪȌȘȘȇ

ǹȌȖȒȕȉȢȌ ȤțțȌȑșȢ, ȔȇȈȒȥȋȇȌȓȢȌ ȉ ȜȕȋȌ ȜȏȓȏȞȌȘȑȏȜ ȗȌȇȑȝȏȐ, 

ȘȉȦȎȇȔȢ Ș ȉȔȚșȗȌȔȔȌȐ ȤȔȌȗȊȏȌȐ ȉȌȠȌȘșȉ. ǮȔȇȞȌȔȏȌ ȤȔșȇȒȣȖȏȏ 

ȗȌȇȑȝȏȏ ȎȇȉȏȘȏș ȕș ȔȇȞȇȒȣȔȕȊȕ ȏ ȑȕȔȌȞȔȕȊȕ ȘȕȘșȕȦȔȏȦ 

ȗȌȇȑȝȏȕȔȔȕȐ ȘȏȘșȌȓȢ. ǩ șȕ ȍȌ ȉȗȌȓȦ  Șșȇȋȏȏ, Ȗȕ ȑȕșȕȗȢȓ 

ȖȗȕșȌȑȇȌș ȗȌȇȑȝȏȦ, ȔȌ ȕȑȇȎȢȉȇȥș ȉȒȏȦȔȏȦ Ȕȇ ȏȎȓȌȔȌȔȏȌ 

ȤȔșȇȒȣȖȏȏ. ǬȘȒȏ ȕȋȔȚ ȏ șȚ ȍȌ ȗȌȇȑȝȏȥ ȓȕȍȔȕ ȖȗȕȉȌȘșȏ 

ȔȌȖȕȘȗȌȋȘșȉȌȔȔȕ (ȉ ȕȋȔȚ Șșȇȋȏȥ) ȏȒȏ ȉ ȔȌȘȑȕȒȣȑȕ ȘșȇȋȏȐ, șȕ 

ȕȈȠȌȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȗȌȇȑȝȏȏ ȉ ȕȈȕȏȜ ȘȒȚȞȇȦȜ ȈȚȋȌș 

ȕȋȏȔȇȑȕȉȢȓ. 

Ǳȇȑ ȉȏȋȔȕ ȏȎ ȘȜȌȓȢ, ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȗȌȇȑȝȏȏ (©H) ȗȇȉȔȕ 

ȘȚȓȓȌ ȏȎȓȌȔȌȔȏȐ ȤȔșȇȒȣȖȏȏ Șșȇȋȏȏ I (©H ) ȏ Șșȇȋȏȏ II (©H ).1 2

ǮȇȑȕȔ ǪȌȘȘȇ ȖȕȎȉȕȒȦȌș Ȗȗȕȉȕȋȏșȣ ȗȇȎȒȏȞȔȢȌ ȗȇȘȞȧșȢ ȋȒȦ 
ȗȌȇȑȝȏȐ, ȖȗȕșȌȑȇȥȠȏȜ ȉ ȔȌȘȑȕȒȣȑȕ ȘșȇȋȏȐ. ǩ Ȥșȕȓ ȘȒȚȞȇȌ 
ȔȌȕȈȜȕȋȏȓȕ ȘȒȕȍȏșȣ ȚȗȇȉȔȌȔȏȦ ȗȌȇȑȝȏȐ șȇȑȏȓ ȕȈȗȇȎȕȓ, 
ȞșȕȈȢ ȏȜ ȘȚȓȓȇ ȖȗȏȉȌȒȇ ȑ ȚȗȇȉȔȌȔȏȥ ȏșȕȊȕȉȕȐ ȗȌȇȑȝȏȏ.

ǶǷǯǳǬǷ �

2A + B → C      ©H° = +50 ȑǫȍ

C → 2D            ©H° = –80 ȑǫȍ

ǷȇȘȘȞȏșȇȐșȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ (ȉ ȑǫȍ) ȋȒȦ ȗȌȇȑȝȏȏ  2A + B → 2D.

ǷȌȟȌȔȏȌ�

Ƕȗȏ ȘȒȕȍȌȔȏȏ ȚȗȇȉȔȌȔȏȐ ȋȉȚȜ ȗȌȇȑȝȏȐ ȖȕȒȚȞȏȓ ȚȗȇȉȔȌȔȏȌ 2A + B → 2D.

2A + B → C

C → 2D

––––––––––––––––

2A + B → 2D    

ǸȕȊȒȇȘȔȕ ȎȇȑȕȔȚ ǪȌȘȘȇ, Ȗȗȏ ȘȒȕȍȌȔȏȏ șȌȖȒȕȉȢȜ ȤțțȌȑșȕȉ ȉȘȌȜ ȘșȇȋȏȐ ȖȕȒȚȞȇȌșȘȦ ȖȕȒȔȕȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ 
ȗȌȇȑȝȏȏ.

2A + B → C      ©H° = +50 ȑǫȍ

C →             ©H° = –80 ȑǫȍ2D

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

2A + B → 2D    ©H° = –30 ȑǫȍ

Ȅșȕ ȖȕȦȘȔȌȔȏȌ ȓȕȍȔȕ ȖȗȌȋȘșȇȉȏșȣ ȉ ȉȏȋȌ ȘȒȌȋȚȥȠȌȐ ȘȜȌȓȢ:

ǯȔȕȊȋȇ Ȗȗȏ ȉȢȖȕȒȔȌȔȏȏ ȗȇȎȒȏȞȔȢȜ ȗȇȘȞȧșȕȉ ȋȒȦ 

ȓȔȕȊȕȘșȇȋȏȐȔȢȜ ȗȌȇȑȝȏȐ Ȕȇ ȕȘȔȕȉȇȔȏȏ ȎȇȑȕȔȇ ǪȌȘȘȇ ȉȕȎȔȏȑȇȌș 

ȔȌȕȈȜȕȋȏȓȕȘșȣ ȖȗȌȕȈȗȇȎȕȉȢȉȇșȣ  ȚȗȇȉȔȌȔȏȦ ȗȌȇȑȝȏȐ. Ƕȗȏ 

ȖȗȌȕȈȗȇȎȕȉȇȔȏȏ ȚȗȇȉȔȌȔȏȐ ȘȒȌȋȚȌș ȘȕȈȒȥȋȇșȣ ȘȒȌȋȚȥȠȏȌ 

ȖȗȇȉȏȒȇ:

1. Ƕȗȏ ȚȓȔȕȍȌȔȏȏ ȚȗȇȉȔȌȔȏȦ ȗȌȇȑȝȏȏ Ȕȇ ȑȇȑȕȐ-ȒȏȈȕ ȓȔȕȍȏșȌȒȣ 

ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȗȌȇȑȝȏȏ șȇȑȍȌ ȚȓȔȕȍȇȌșȘȦ Ȕȇ șȕș ȍȌ 

ȓȔȕȍȏșȌȒȣ. ǴȇȖȗȏȓȌȗ, ȌȘȒȏ Ȗȗȏ ȘȊȕȗȇȔȏȏ 1 ȓȕȒȣ ȉȌȠȌȘșȉȇ      

©H = –300 ȑǫȍ, șȕ Ȗȗȏ ȘȊȕȗȇȔȏȏ 2 ȓȕȒȣ ©H = –600 ȑǫȍ.

7372

∆H°
+50 ȑǫȍ

∆H°
–80 ȑǫȍ

2D

2A + B

–30 ȑǫȍ∆H°

∆H

ǩ ȔȌȘȑȕȒȣȑȕ ȘșȇȋȏȐ

∆H°
+50 ȑǫȍ

∆H°
–80 ȑǫȍ

2D

2A + B

–30 ȑǫȍ
∆H°

ǩ ȕȋȔȚ Șșȇȋȏȥ

C C

ǮȇȑȕȔ ǪȌȘȘȇ� ǸȚȓȓȇȗȔȕȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȉ ȜȕȋȌ 

ȜȏȓȏȞȌȘȑȕȐ ȗȌȇȑȝȏȏ ȕȘșȇȧșȘȦ ȔȌȏȎȓȌȔȔȢȓ ȏ ȔȌ ȎȇȉȏȘȏș ȕș 

ȖȚșȏ ȖȗȕșȌȑȇȔȏȦ ȕș ȏȘȜȕȋȔȢȜ ȉȌȠȌȘșȉ ȋȕ ȖȗȕȋȚȑșȕȉ 

ȗȌȇȑȝȏȏ.

3ǹȌȗȓȕȜȏȓȏȦǾȇȘșȣ I

ǯȘȜȕȋȔȕȌ ȉȌȠȌȘșȉȕ
��Ȍ�ȔȇȖȗȇȉȒȌȔȏȌ

ǶȗȕȋȚȑș ȗȌȇȑȝȏȏ

I ȘșȇȋȏȦ

∆H1

II ȘșȇȋȏȦ

∆H2

��Ȍ�ȔȇȖȗȇȉȒȌȔȏȌ

∆HȗȌȇȑȝȏȏ

ǶȗȕȓȌȍȚșȕȞȔȕȌ ȉȌȠȌȘșȉȕ

଱H   ଱H  � ଱HȗȌȇȑȝȏȏ � �



ǮȇȑȕȔ ǪȌȘȘȇ

ǹȌȖȒȕȉȢȌ ȤțțȌȑșȢ, ȔȇȈȒȥȋȇȌȓȢȌ ȉ ȜȕȋȌ ȜȏȓȏȞȌȘȑȏȜ ȗȌȇȑȝȏȐ, 

ȘȉȦȎȇȔȢ Ș ȉȔȚșȗȌȔȔȌȐ ȤȔȌȗȊȏȌȐ ȉȌȠȌȘșȉ. ǮȔȇȞȌȔȏȌ ȤȔșȇȒȣȖȏȏ 

ȗȌȇȑȝȏȏ ȎȇȉȏȘȏș ȕș ȔȇȞȇȒȣȔȕȊȕ ȏ ȑȕȔȌȞȔȕȊȕ ȘȕȘșȕȦȔȏȦ 

ȗȌȇȑȝȏȕȔȔȕȐ ȘȏȘșȌȓȢ. ǩ șȕ ȍȌ ȉȗȌȓȦ  Șșȇȋȏȏ, Ȗȕ ȑȕșȕȗȢȓ 

ȖȗȕșȌȑȇȌș ȗȌȇȑȝȏȦ, ȔȌ ȕȑȇȎȢȉȇȥș ȉȒȏȦȔȏȦ Ȕȇ ȏȎȓȌȔȌȔȏȌ 

ȤȔșȇȒȣȖȏȏ. ǬȘȒȏ ȕȋȔȚ ȏ șȚ ȍȌ ȗȌȇȑȝȏȥ ȓȕȍȔȕ ȖȗȕȉȌȘșȏ 

ȔȌȖȕȘȗȌȋȘșȉȌȔȔȕ (ȉ ȕȋȔȚ Șșȇȋȏȥ) ȏȒȏ ȉ ȔȌȘȑȕȒȣȑȕ ȘșȇȋȏȐ, șȕ 

ȕȈȠȌȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȗȌȇȑȝȏȏ ȉ ȕȈȕȏȜ ȘȒȚȞȇȦȜ ȈȚȋȌș 

ȕȋȏȔȇȑȕȉȢȓ. 

Ǳȇȑ ȉȏȋȔȕ ȏȎ ȘȜȌȓȢ, ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȗȌȇȑȝȏȏ (©H) ȗȇȉȔȕ 

ȘȚȓȓȌ ȏȎȓȌȔȌȔȏȐ ȤȔșȇȒȣȖȏȏ Șșȇȋȏȏ I (©H ) ȏ Șșȇȋȏȏ II (©H ).1 2

ǮȇȑȕȔ ǪȌȘȘȇ ȖȕȎȉȕȒȦȌș Ȗȗȕȉȕȋȏșȣ ȗȇȎȒȏȞȔȢȌ ȗȇȘȞȧșȢ ȋȒȦ 
ȗȌȇȑȝȏȐ, ȖȗȕșȌȑȇȥȠȏȜ ȉ ȔȌȘȑȕȒȣȑȕ ȘșȇȋȏȐ. ǩ Ȥșȕȓ ȘȒȚȞȇȌ 
ȔȌȕȈȜȕȋȏȓȕ ȘȒȕȍȏșȣ ȚȗȇȉȔȌȔȏȦ ȗȌȇȑȝȏȐ șȇȑȏȓ ȕȈȗȇȎȕȓ, 
ȞșȕȈȢ ȏȜ ȘȚȓȓȇ ȖȗȏȉȌȒȇ ȑ ȚȗȇȉȔȌȔȏȥ ȏșȕȊȕȉȕȐ ȗȌȇȑȝȏȏ.

ǶǷǯǳǬǷ �

2A + B → C      ©H° = +50 ȑǫȍ

C → 2D            ©H° = –80 ȑǫȍ

ǷȇȘȘȞȏșȇȐșȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ (ȉ ȑǫȍ) ȋȒȦ ȗȌȇȑȝȏȏ  2A + B → 2D.

ǷȌȟȌȔȏȌ�

Ƕȗȏ ȘȒȕȍȌȔȏȏ ȚȗȇȉȔȌȔȏȐ ȋȉȚȜ ȗȌȇȑȝȏȐ ȖȕȒȚȞȏȓ ȚȗȇȉȔȌȔȏȌ 2A + B → 2D.

2A + B → C

C → 2D

––––––––––––––––

2A + B → 2D    

ǸȕȊȒȇȘȔȕ ȎȇȑȕȔȚ ǪȌȘȘȇ, Ȗȗȏ ȘȒȕȍȌȔȏȏ șȌȖȒȕȉȢȜ ȤțțȌȑșȕȉ ȉȘȌȜ ȘșȇȋȏȐ ȖȕȒȚȞȇȌșȘȦ ȖȕȒȔȕȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ 
ȗȌȇȑȝȏȏ.

2A + B → C      ©H° = +50 ȑǫȍ

C →             ©H° = –80 ȑǫȍ2D

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

2A + B → 2D    ©H° = –30 ȑǫȍ

Ȅșȕ ȖȕȦȘȔȌȔȏȌ ȓȕȍȔȕ ȖȗȌȋȘșȇȉȏșȣ ȉ ȉȏȋȌ ȘȒȌȋȚȥȠȌȐ ȘȜȌȓȢ:

ǯȔȕȊȋȇ Ȗȗȏ ȉȢȖȕȒȔȌȔȏȏ ȗȇȎȒȏȞȔȢȜ ȗȇȘȞȧșȕȉ ȋȒȦ 

ȓȔȕȊȕȘșȇȋȏȐȔȢȜ ȗȌȇȑȝȏȐ Ȕȇ ȕȘȔȕȉȇȔȏȏ ȎȇȑȕȔȇ ǪȌȘȘȇ ȉȕȎȔȏȑȇȌș 

ȔȌȕȈȜȕȋȏȓȕȘșȣ ȖȗȌȕȈȗȇȎȕȉȢȉȇșȣ  ȚȗȇȉȔȌȔȏȦ ȗȌȇȑȝȏȐ. Ƕȗȏ 

ȖȗȌȕȈȗȇȎȕȉȇȔȏȏ ȚȗȇȉȔȌȔȏȐ ȘȒȌȋȚȌș ȘȕȈȒȥȋȇșȣ ȘȒȌȋȚȥȠȏȌ 

ȖȗȇȉȏȒȇ:

1. Ƕȗȏ ȚȓȔȕȍȌȔȏȏ ȚȗȇȉȔȌȔȏȦ ȗȌȇȑȝȏȏ Ȕȇ ȑȇȑȕȐ-ȒȏȈȕ ȓȔȕȍȏșȌȒȣ 

ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȗȌȇȑȝȏȏ șȇȑȍȌ ȚȓȔȕȍȇȌșȘȦ Ȕȇ șȕș ȍȌ 

ȓȔȕȍȏșȌȒȣ. ǴȇȖȗȏȓȌȗ, ȌȘȒȏ Ȗȗȏ ȘȊȕȗȇȔȏȏ 1 ȓȕȒȣ ȉȌȠȌȘșȉȇ      

©H = –300 ȑǫȍ, șȕ Ȗȗȏ ȘȊȕȗȇȔȏȏ 2 ȓȕȒȣ ©H = –600 ȑǫȍ.

7372

∆H°
+50 ȑǫȍ

∆H°
–80 ȑǫȍ

2D

2A + B

–30 ȑǫȍ∆H°

∆H

ǩ ȔȌȘȑȕȒȣȑȕ ȘșȇȋȏȐ

∆H°
+50 ȑǫȍ

∆H°
–80 ȑǫȍ

2D

2A + B

–30 ȑǫȍ
∆H°

ǩ ȕȋȔȚ Șșȇȋȏȥ

C C

ǮȇȑȕȔ ǪȌȘȘȇ� ǸȚȓȓȇȗȔȕȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȉ ȜȕȋȌ 

ȜȏȓȏȞȌȘȑȕȐ ȗȌȇȑȝȏȏ ȕȘșȇȧșȘȦ ȔȌȏȎȓȌȔȔȢȓ ȏ ȔȌ ȎȇȉȏȘȏș ȕș 

ȖȚșȏ ȖȗȕșȌȑȇȔȏȦ ȕș ȏȘȜȕȋȔȢȜ ȉȌȠȌȘșȉ ȋȕ ȖȗȕȋȚȑșȕȉ 

ȗȌȇȑȝȏȏ.

3ǹȌȗȓȕȜȏȓȏȦǾȇȘșȣ I

ǯȘȜȕȋȔȕȌ ȉȌȠȌȘșȉȕ
��Ȍ�ȔȇȖȗȇȉȒȌȔȏȌ

ǶȗȕȋȚȑș ȗȌȇȑȝȏȏ

I ȘșȇȋȏȦ

∆H1

II ȘșȇȋȏȦ

∆H2

��Ȍ�ȔȇȖȗȇȉȒȌȔȏȌ

∆HȗȌȇȑȝȏȏ

ǶȗȕȓȌȍȚșȕȞȔȕȌ ȉȌȠȌȘșȉȕ

଱H   ଱H  � ଱HȗȌȇȑȝȏȏ � �



2. ǬȘȒȏ ȔȌȕȈȜȕȋȏȓȕ ȎȇȖȏȘȇșȣ ȚȗȇȉȔȌȔȏȌ ȗȌȇȑȝȏȏ ȉ ȕȈȗȇșȔȕȓ 

ȔȇȖȗȇȉȒȌȔȏȏ, șȕ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȎȇȖȏȘȢȉȇȌșȘȦ Ș 

ȖȗȕșȏȉȕȖȕȒȕȍȔȢȓ ȎȔȇȑȕȓ. ǴȇȖȗȏȓȌȗ, ȌȘȒȏ ȋȒȦ ȗȌȇȑȝȏȏ         

A → B   ©H = –100 ȑǫȍ, șȕ ȋȒȦ ȗȌȇȑȝȏȏ B → A   ©H = +100 ȑǫȍ.

ǶǷǯǳǬǷ �

I. 2CO(Ȋ) + O  (Ȋ) → 2CO  (Ȋ)    ©H = −566 ȑǫȍ2 2

II. 2H  (Ȋ) + O  (Ȋ) → 2H  O(ȍ)    ©H = −571 ȑǫȍ2 2 2

III. 2CH  OH(Ȋ) + 3O  (Ȋ) → 2CO  (Ȋ) + 4H  O(Ȋ)  ©H = −1430 ȑǫȍ3 2 2 2

ǯȘȖȕȒȣȎȚȦ ȖȗȏȉȌȋȧȔȔȢȌ ȉȢȟȌ ȎȔȇȞȌȔȏȦ ȏȎȓȌȔȌȔȏȦ ȤȔșȇȒȣȖȏȏ ȗȌȇȑȝȏȐ, ȗȇȘȘȞȏșȇȐșȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ 

ȗȌȇȑȝȏȏ ȖȕȒȚȞȌȔȏȦ ȓȌșȇȔȕȒȇ (CH₃OH) ȏȎ ȓȕȔȕȕȑȘȏȋȇ ȚȊȒȌȗȕȋȇ (CO) ȏ ȊȇȎȕȕȈȗȇȎȔȕȊȕ ȉȕȋȕȗȕȋȇ (H₂).

ǷȌȟȌȔȏȌ�

ǮȇȖȏȘȢȉȇȌșȘȦ ȚȗȇȉȔȌȔȏȌ ȗȌȇȑȝȏȏ, ȋȒȦ ȑȕșȕȗȕȐ ȗȇȘȘȞȏșȢȉȇȌșȘȦ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ: 

CO(Ȋ) + 2H  (Ȋ) → CH  OH(Ȋ)2 3

Ǳȇȑ ȉȏȋȔȕ, ȉ Ȥșȕȓ ȚȗȇȉȔȌȔȏȏ CO ȏ H₂ ȔȇȜȕȋȦșȘȦ ȉ ȒȌȉȕȐ ȞȇȘșȏ ȚȗȇȉȔȌȔȏȦ, ȇ CH OH – ȉ ȖȗȇȉȕȐ. ǶȕȤșȕȓȚ 3

ȖȗȏȉȌȋȧȔȔȢȌ ȉ ȎȇȋȇȔȏȏ ȚȗȇȉȔȌȔȏȦ ȗȌȇȑȝȏȐ ȘȒȌȋȚȌș ȖȗȌȋȘșȇȉȏșȣ ȉ șȇȑȕȐ țȕȗȓȌ, ȞșȕȈȢ Ȗȗȏ ȏȜ ȘȒȕȍȌȔȏȏ 

ȉȌȠȌȘșȉȇ, ȔȌ ȉȜȕȋȦȠȏȌ ȉ ȏșȕȊȕȉȕȌ ȚȗȇȉȔȌȔȏȌ ȗȌȇȑȝȏȏ (ǵ  ȏ Ǵ ǵ), ȉȎȇȏȓȔȕ ȘȕȑȗȇșȏȒȏȘȣ, ȇ ȖȕȒȚȞȌȔȔȕȌ ȉ ȏșȕȊȌ 2 2

ȚȗȇȉȔȌȔȏȌ ȗȌȇȑȝȏȏ ȏȓȌȒȕ ȉȏȋ: CO(Ȋ) + 2H (Ȋ) → CH OH(Ȋ). ǶȕȘȑȕȒȣȑȚ  ȖȕȘȒȌȋȔȌȌ ȚȗȇȉȔȌȔȏȌ ȘȕȋȌȗȍȏș 1 ȓȕȒȣ CO, 2 3

ȑȕȤțțȏȝȏȌȔșȢ ȉ ȚȗȇȉȔȌȔȏȏ I ȘȒȌȋȚȌș ȖȕȋȌȒȏșȣ Ȕȇ 2:

CO + 1/2O   →CO          ©H=−566 ȑǫȍ/2 =−283 ȑǫȍ2 2

ǶȕȘȑȕȒȣȑȚ ȉ ȏșȕȊȕȉȕȓ ȚȗȇȉȔȌȔȏȏ ȚȞȇȘșȉȚȌș 2 ȓȕȒȣ ȉȕȋȕȗȕȋȇ (2H  ), ȚȗȇȉȔȌȔȏȌ II ȕȘșȇȧșȘȦ ȉ ȖȌȗȉȕȔȇȞȇȒȣȔȕȓ 2

ȉȏȋȌ: 

2H  + O  → 2H  O         ©H=−571 ȑǫȍ2 2 2

ǩ ȏșȕȊȕȉȕȓ ȚȗȇȉȔȌȔȏȏ  CH OH ȔȇȜȕȋȏșȘȦ ȉ ȖȗȇȉȕȐ ȞȇȘșȏ ȉ ȑȕȒȏȞȌȘșȉȌ 1 ȓȕȒȣ, ȖȕȤșȕȓȚ ȉ ȚȗȇȉȔȌȔȏȏ  III ȘȒȌȋȚȌș 3

ȏȎȓȌȔȏșȣ ȔȇȖȗȇȉȒȌȔȏȌ ȗȌȇȑȝȏȏ Ȕȇ ȖȗȕșȏȉȕȖȕȒȕȍȔȕȌ ȏ ȖȕȋȌȒȏșȣ ȑȕȤțțȏȝȏȌȔșȢ Ȕȇ 2. Ƕȗȏ Ȥșȕȓ ȎȔȇȑ ©H șȇȑȍȌ 

ȎȇȓȌȔȦȌșȘȦ Ȕȇ ȖȗȕșȏȉȕȖȕȒȕȍȔȢȐ:

CO   + 2H  O → CH  OH + 3/2 O             ©H=+1430/2 =+715 ȑǫȍ2 2 3 2

ǾșȕȈȢ ȖȕȒȚȞȏșȣ ȏșȕȊȕȉȕȌ ȚȗȇȉȔȌȔȏȌ, ȒȌȉȢȌ ȏ ȖȗȇȉȢȌ ȞȇȘșȏ ȚȗȇȉȔȌȔȏȐ ȘșȇȋȏȐ ȔȚȍȔȕ ȘȒȕȍȏșȣ:

CO +  →                           ©H=−566/2 =−283 ȑǫȍ 1/2O  2  CO  2

2H  +  →                               ©H=−571 ȑǫȍ2  O2 2H  O2

CO   2 + → CH  OH +          ©H=+1430/2 =+715 ȑǫȍ32H  O 2 3/2 O2

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

CO(Ȋ) + 2H  (Ȋ) → CH  OH(Ȋ)      2 3

©H =(−283)+(−571)+(+715)=−139 ȑǫȍȏșȕȊ.

ǹȌȖȒȕȉȕȐ ȤțțȌȑș ȜȏȓȏȞȌȘȑȏȜ ȗȌȇȑȝȏȐ ȓȕȍȔȕ ȗȇȘȘȞȏșȢȉȇșȣ 

ȘȕȊȒȇȘȔȕ ȎȇȑȕȔȚ ǪȌȘȘȇ, ȏȘȜȕȋȦ șȇȑȍȌ ȏȎ ȘșȇȔȋȇȗșȔȢȜ ȤȔșȇȒȣȖȏȐ 

ȕȈȗȇȎȕȉȇȔȏȦ ȗȌȇȊȏȗȚȥȠȏȜ ȉȌȠȌȘșȉ ȏ ȖȗȕȋȚȑșȕȉ ȗȌȇȑȝȏȏ. 

ǶȕȘȑȕȒȣȑȚ ȏȎȓȌȔȌȔȏȌ ȘșȇȔȋȇȗșȔȕȐ ȤȔșȇȒȣȖȏȏ ȗȌȇȑȝȏȏ 

ȘȕȕșȉȌșȘșȉȚȌș ȗȇȎȔȕȘșȏ ȤȔȌȗȊȌșȏȞȌȘȑȏȜ ȘȕȘșȕȦȔȏȐ ȏȘȜȕȋȔȢȜ ȏ 

ȑȕȔȌȞȔȢȜ ȉȌȠȌȘșȉ, ȌȊȕ ȓȕȍȔȕ ȗȇȘȘȞȏșȇșȣ, ȉȢȞȏșȇȦ ȏȎ ȘȚȓȓȢ 

ȘșȇȔȋȇȗșȔȢȜ ȤȔșȇȒȣȖȏȐ ȕȈȗȇȎȕȉȇȔȏȦ ȖȗȕȋȚȑșȕȉ ȗȌȇȑȝȏȏ ȘȚȓȓȚ 

ȘșȇȔȋȇȗșȔȢȜ ȤȔșȇȒȣȖȏȐ ȕȈȗȇȎȕȉȇȔȏȦ ȏȘȜȕȋȔȢȜ ȉȌȠȌȘșȉ: 

©H ° = �n©H  ° (ȖȗȕȋȚȑșȢ) − �n©H  ° (ȏȘȜȕȋȔȢȌ ȉȌȠȌȘșȉȇ)f f

ǮȋȌȘȣ n – ȘșȌȜȏȕȓȌșȗȏȞȌȘȑȏȌ ȑȕȤțțȏȝȏȌȔșȢ ȉȌȠȌȘșȉ, ©H°  – f

ȘșȇȔȋȇȗșȔȇȦ ȤȔșȇȒȣȖȏȦ ȕȈȗȇȎȕȉȇȔȏȦ.

ǶǷǯǳǬǷ �

ǷȇȘȘȞȏșȇȐșȌ ȘșȇȔȋȇȗșȔȚȥ ȤȔșȇȒȣȖȏȥ ȗȌȇȑȝȏȏ (ȑǫȍ) CH (Ȋ) + 2O (Ȋ) → CO (Ȋ) + 2H O(ȍ). 4 2 2 2

ǷȌȟȌȔȏȌ�

ǸșȇȔȋȇȗșȔȚȥ ȤȔșȇȒȣȖȏȥ ȗȌȇȑȝȏȏ ȓȕȍȔȕ ȗȇȘȘȞȏșȇșȣ ȘȒȌȋȚȥȠȏȓ ȕȈȗȇȎȕȓ: 

©H °  = [©H  ° (CO  ) + 2©H  ° (H  O)] − [©H  ° (CH  )]  = [(−393,5) + 2 ∙ (−285,5)]−[ −74,8] = – 889,7 ȑǫȍf 2 f 2 f 4

ǯȔȕȊȋȇ ȘșȇȔȋȇȗșȔȚȥ ȤȔșȇȒȣȖȏȥ ȕȈȗȇȎȕȉȇȔȏȦ ȉȌȠȌȘșȉȇ ȓȕȍȔȕ 

ȗȇȘȘȞȏșȇșȣ, ȏȘȜȕȋȦ ȏȎ ȌȊȕ ȘșȇȔȋȇȗșȔȕȐ ȤȔșȇȒȣȖȏȏ ȘȊȕȗȇȔȏȦ. ǩ Ȥșȕȓ 

ȘȒȚȞȇȌ, ȞșȕȈȢ ȗȇȘȘȞȏșȇșȣ șȌȖȒȕșȚ ȕȈȗȇȎȕȉȇȔȏȦ ȉȌȠȌȘșȉȇ, ȔȚȍȔȕ 

ȕș ȘȚȓȓȢ ȘșȇȔȋȇȗșȔȢȜ ȤȔșȇȒȣȖȏȐ ȕȈȗȇȎȕȉȇȔȏȦ ȖȗȕȋȚȑșȕȉ 

ȉȢȞȌȘșȣ ȘșȇȔȋȇȗșȔȚȥ ȤȔșȇȒȣȖȏȥ ȘȊȕȗȇȔȏȦ ȤșȕȊȕ ȉȌȠȌȘșȉȇ:

©H° (ȉȌȠȌȘșȉȕ) = [�©H° (ȖȗȕȋȚȑșȢ)] – ©H °(ȉȌȠȌȘșȉȕ)f f c

ǮȋȌȘȣ ©H ° – ȘșȇȔȋȇȗșȔȇȦ ȤȔșȇȒȣȖȏȦ ȕȈȗȇȎȕȉȇȔȏȦ ȉȌȠȌȘșȉȇ, f

�©H°  ² ȘȚȓȓȇ ȘșȇȔȋȇȗșȔȢȜ ȤȔșȇȒȣȖȏȐ ȕȈȗȇȎȕȉȇȔȏȦ ȖȗȕȋȚȑșȕȉ,  f

©H ° – ȘșȇȔȋȇȗșȔȇȦ ȤȔșȇȒȣȖȏȦ ȘȊȕȗȇȔȏȦ ȉȌȠȌȘșȉȇ. c

7574

CH4

O₂

CO₂

H₂O(ȍ)

−74,8

0

−393,5

−285,5

ǩȌȠȌȘșȉȕ ǸșȇȔȋȇȗșȔȇȦ ȤȔșȇȒȣȖȏȦ ȕȈȗȇȎȕȉȇȔȏȦ, ȑǫȍ/ȓȕȒȣ
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2. ǬȘȒȏ ȔȌȕȈȜȕȋȏȓȕ ȎȇȖȏȘȇșȣ ȚȗȇȉȔȌȔȏȌ ȗȌȇȑȝȏȏ ȉ ȕȈȗȇșȔȕȓ 

ȔȇȖȗȇȉȒȌȔȏȏ, șȕ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȎȇȖȏȘȢȉȇȌșȘȦ Ș 

ȖȗȕșȏȉȕȖȕȒȕȍȔȢȓ ȎȔȇȑȕȓ. ǴȇȖȗȏȓȌȗ, ȌȘȒȏ ȋȒȦ ȗȌȇȑȝȏȏ         

A → B   ©H = –100 ȑǫȍ, șȕ ȋȒȦ ȗȌȇȑȝȏȏ B → A   ©H = +100 ȑǫȍ.

ǶǷǯǳǬǷ �

I. 2CO(Ȋ) + O  (Ȋ) → 2CO  (Ȋ)    ©H = −566 ȑǫȍ2 2

II. 2H  (Ȋ) + O  (Ȋ) → 2H  O(ȍ)    ©H = −571 ȑǫȍ2 2 2

III. 2CH  OH(Ȋ) + 3O  (Ȋ) → 2CO  (Ȋ) + 4H  O(Ȋ)  ©H = −1430 ȑǫȍ3 2 2 2

ǯȘȖȕȒȣȎȚȦ ȖȗȏȉȌȋȧȔȔȢȌ ȉȢȟȌ ȎȔȇȞȌȔȏȦ ȏȎȓȌȔȌȔȏȦ ȤȔșȇȒȣȖȏȏ ȗȌȇȑȝȏȐ, ȗȇȘȘȞȏșȇȐșȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ 

ȗȌȇȑȝȏȏ ȖȕȒȚȞȌȔȏȦ ȓȌșȇȔȕȒȇ (CH₃OH) ȏȎ ȓȕȔȕȕȑȘȏȋȇ ȚȊȒȌȗȕȋȇ (CO) ȏ ȊȇȎȕȕȈȗȇȎȔȕȊȕ ȉȕȋȕȗȕȋȇ (H₂).

ǷȌȟȌȔȏȌ�

ǮȇȖȏȘȢȉȇȌșȘȦ ȚȗȇȉȔȌȔȏȌ ȗȌȇȑȝȏȏ, ȋȒȦ ȑȕșȕȗȕȐ ȗȇȘȘȞȏșȢȉȇȌșȘȦ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ: 

CO(Ȋ) + 2H  (Ȋ) → CH  OH(Ȋ)2 3

Ǳȇȑ ȉȏȋȔȕ, ȉ Ȥșȕȓ ȚȗȇȉȔȌȔȏȏ CO ȏ H₂ ȔȇȜȕȋȦșȘȦ ȉ ȒȌȉȕȐ ȞȇȘșȏ ȚȗȇȉȔȌȔȏȦ, ȇ CH OH – ȉ ȖȗȇȉȕȐ. ǶȕȤșȕȓȚ 3

ȖȗȏȉȌȋȧȔȔȢȌ ȉ ȎȇȋȇȔȏȏ ȚȗȇȉȔȌȔȏȦ ȗȌȇȑȝȏȐ ȘȒȌȋȚȌș ȖȗȌȋȘșȇȉȏșȣ ȉ șȇȑȕȐ țȕȗȓȌ, ȞșȕȈȢ Ȗȗȏ ȏȜ ȘȒȕȍȌȔȏȏ 

ȉȌȠȌȘșȉȇ, ȔȌ ȉȜȕȋȦȠȏȌ ȉ ȏșȕȊȕȉȕȌ ȚȗȇȉȔȌȔȏȌ ȗȌȇȑȝȏȏ (ǵ  ȏ Ǵ ǵ), ȉȎȇȏȓȔȕ ȘȕȑȗȇșȏȒȏȘȣ, ȇ ȖȕȒȚȞȌȔȔȕȌ ȉ ȏșȕȊȌ 2 2

ȚȗȇȉȔȌȔȏȌ ȗȌȇȑȝȏȏ ȏȓȌȒȕ ȉȏȋ: CO(Ȋ) + 2H (Ȋ) → CH OH(Ȋ). ǶȕȘȑȕȒȣȑȚ  ȖȕȘȒȌȋȔȌȌ ȚȗȇȉȔȌȔȏȌ ȘȕȋȌȗȍȏș 1 ȓȕȒȣ CO, 2 3

ȑȕȤțțȏȝȏȌȔșȢ ȉ ȚȗȇȉȔȌȔȏȏ I ȘȒȌȋȚȌș ȖȕȋȌȒȏșȣ Ȕȇ 2:

CO + 1/2O   →CO          ©H=−566 ȑǫȍ/2 =−283 ȑǫȍ2 2

ǶȕȘȑȕȒȣȑȚ ȉ ȏșȕȊȕȉȕȓ ȚȗȇȉȔȌȔȏȏ ȚȞȇȘșȉȚȌș 2 ȓȕȒȣ ȉȕȋȕȗȕȋȇ (2H  ), ȚȗȇȉȔȌȔȏȌ II ȕȘșȇȧșȘȦ ȉ ȖȌȗȉȕȔȇȞȇȒȣȔȕȓ 2

ȉȏȋȌ: 

2H  + O  → 2H  O         ©H=−571 ȑǫȍ2 2 2

ǩ ȏșȕȊȕȉȕȓ ȚȗȇȉȔȌȔȏȏ  CH OH ȔȇȜȕȋȏșȘȦ ȉ ȖȗȇȉȕȐ ȞȇȘșȏ ȉ ȑȕȒȏȞȌȘșȉȌ 1 ȓȕȒȣ, ȖȕȤșȕȓȚ ȉ ȚȗȇȉȔȌȔȏȏ  III ȘȒȌȋȚȌș 3

ȏȎȓȌȔȏșȣ ȔȇȖȗȇȉȒȌȔȏȌ ȗȌȇȑȝȏȏ Ȕȇ ȖȗȕșȏȉȕȖȕȒȕȍȔȕȌ ȏ ȖȕȋȌȒȏșȣ ȑȕȤțțȏȝȏȌȔșȢ Ȕȇ 2. Ƕȗȏ Ȥșȕȓ ȎȔȇȑ ©H șȇȑȍȌ 

ȎȇȓȌȔȦȌșȘȦ Ȕȇ ȖȗȕșȏȉȕȖȕȒȕȍȔȢȐ:

CO   + 2H  O → CH  OH + 3/2 O             ©H=+1430/2 =+715 ȑǫȍ2 2 3 2

ǾșȕȈȢ ȖȕȒȚȞȏșȣ ȏșȕȊȕȉȕȌ ȚȗȇȉȔȌȔȏȌ, ȒȌȉȢȌ ȏ ȖȗȇȉȢȌ ȞȇȘșȏ ȚȗȇȉȔȌȔȏȐ ȘșȇȋȏȐ ȔȚȍȔȕ ȘȒȕȍȏșȣ:

CO +  →                           ©H=−566/2 =−283 ȑǫȍ 1/2O  2  CO  2

2H  +  →                               ©H=−571 ȑǫȍ2  O2 2H  O2

CO   2 + → CH  OH +          ©H=+1430/2 =+715 ȑǫȍ32H  O 2 3/2 O2

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

CO(Ȋ) + 2H  (Ȋ) → CH  OH(Ȋ)      2 3

©H =(−283)+(−571)+(+715)=−139 ȑǫȍȏșȕȊ.

ǹȌȖȒȕȉȕȐ ȤțțȌȑș ȜȏȓȏȞȌȘȑȏȜ ȗȌȇȑȝȏȐ ȓȕȍȔȕ ȗȇȘȘȞȏșȢȉȇșȣ 

ȘȕȊȒȇȘȔȕ ȎȇȑȕȔȚ ǪȌȘȘȇ, ȏȘȜȕȋȦ șȇȑȍȌ ȏȎ ȘșȇȔȋȇȗșȔȢȜ ȤȔșȇȒȣȖȏȐ 

ȕȈȗȇȎȕȉȇȔȏȦ ȗȌȇȊȏȗȚȥȠȏȜ ȉȌȠȌȘșȉ ȏ ȖȗȕȋȚȑșȕȉ ȗȌȇȑȝȏȏ. 

ǶȕȘȑȕȒȣȑȚ ȏȎȓȌȔȌȔȏȌ ȘșȇȔȋȇȗșȔȕȐ ȤȔșȇȒȣȖȏȏ ȗȌȇȑȝȏȏ 

ȘȕȕșȉȌșȘșȉȚȌș ȗȇȎȔȕȘșȏ ȤȔȌȗȊȌșȏȞȌȘȑȏȜ ȘȕȘșȕȦȔȏȐ ȏȘȜȕȋȔȢȜ ȏ 

ȑȕȔȌȞȔȢȜ ȉȌȠȌȘșȉ, ȌȊȕ ȓȕȍȔȕ ȗȇȘȘȞȏșȇșȣ, ȉȢȞȏșȇȦ ȏȎ ȘȚȓȓȢ 

ȘșȇȔȋȇȗșȔȢȜ ȤȔșȇȒȣȖȏȐ ȕȈȗȇȎȕȉȇȔȏȦ ȖȗȕȋȚȑșȕȉ ȗȌȇȑȝȏȏ ȘȚȓȓȚ 

ȘșȇȔȋȇȗșȔȢȜ ȤȔșȇȒȣȖȏȐ ȕȈȗȇȎȕȉȇȔȏȦ ȏȘȜȕȋȔȢȜ ȉȌȠȌȘșȉ: 

©H ° = �n©H  ° (ȖȗȕȋȚȑșȢ) − �n©H  ° (ȏȘȜȕȋȔȢȌ ȉȌȠȌȘșȉȇ)f f

ǮȋȌȘȣ n – ȘșȌȜȏȕȓȌșȗȏȞȌȘȑȏȌ ȑȕȤțțȏȝȏȌȔșȢ ȉȌȠȌȘșȉ, ©H°  – f

ȘșȇȔȋȇȗșȔȇȦ ȤȔșȇȒȣȖȏȦ ȕȈȗȇȎȕȉȇȔȏȦ.

ǶǷǯǳǬǷ �

ǷȇȘȘȞȏșȇȐșȌ ȘșȇȔȋȇȗșȔȚȥ ȤȔșȇȒȣȖȏȥ ȗȌȇȑȝȏȏ (ȑǫȍ) CH (Ȋ) + 2O (Ȋ) → CO (Ȋ) + 2H O(ȍ). 4 2 2 2

ǷȌȟȌȔȏȌ�

ǸșȇȔȋȇȗșȔȚȥ ȤȔșȇȒȣȖȏȥ ȗȌȇȑȝȏȏ ȓȕȍȔȕ ȗȇȘȘȞȏșȇșȣ ȘȒȌȋȚȥȠȏȓ ȕȈȗȇȎȕȓ: 

©H °  = [©H  ° (CO  ) + 2©H  ° (H  O)] − [©H  ° (CH  )]  = [(−393,5) + 2 ∙ (−285,5)]−[ −74,8] = – 889,7 ȑǫȍf 2 f 2 f 4

ǯȔȕȊȋȇ ȘșȇȔȋȇȗșȔȚȥ ȤȔșȇȒȣȖȏȥ ȕȈȗȇȎȕȉȇȔȏȦ ȉȌȠȌȘșȉȇ ȓȕȍȔȕ 

ȗȇȘȘȞȏșȇșȣ, ȏȘȜȕȋȦ ȏȎ ȌȊȕ ȘșȇȔȋȇȗșȔȕȐ ȤȔșȇȒȣȖȏȏ ȘȊȕȗȇȔȏȦ. ǩ Ȥșȕȓ 

ȘȒȚȞȇȌ, ȞșȕȈȢ ȗȇȘȘȞȏșȇșȣ șȌȖȒȕșȚ ȕȈȗȇȎȕȉȇȔȏȦ ȉȌȠȌȘșȉȇ, ȔȚȍȔȕ 

ȕș ȘȚȓȓȢ ȘșȇȔȋȇȗșȔȢȜ ȤȔșȇȒȣȖȏȐ ȕȈȗȇȎȕȉȇȔȏȦ ȖȗȕȋȚȑșȕȉ 

ȉȢȞȌȘșȣ ȘșȇȔȋȇȗșȔȚȥ ȤȔșȇȒȣȖȏȥ ȘȊȕȗȇȔȏȦ ȤșȕȊȕ ȉȌȠȌȘșȉȇ:

©H° (ȉȌȠȌȘșȉȕ) = [�©H° (ȖȗȕȋȚȑșȢ)] – ©H °(ȉȌȠȌȘșȉȕ)f f c

ǮȋȌȘȣ ©H ° – ȘșȇȔȋȇȗșȔȇȦ ȤȔșȇȒȣȖȏȦ ȕȈȗȇȎȕȉȇȔȏȦ ȉȌȠȌȘșȉȇ, f

�©H°  ² ȘȚȓȓȇ ȘșȇȔȋȇȗșȔȢȜ ȤȔșȇȒȣȖȏȐ ȕȈȗȇȎȕȉȇȔȏȦ ȖȗȕȋȚȑșȕȉ,  f

©H ° – ȘșȇȔȋȇȗșȔȇȦ ȤȔșȇȒȣȖȏȦ ȘȊȕȗȇȔȏȦ ȉȌȠȌȘșȉȇ. c

7574

CH4

O₂

CO₂

H₂O(ȍ)

−74,8

0

−393,5

−285,5

ǩȌȠȌȘșȉȕ ǸșȇȔȋȇȗșȔȇȦ ȤȔșȇȒȣȖȏȦ ȕȈȗȇȎȕȉȇȔȏȦ, ȑǫȍ/ȓȕȒȣ
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ǶǷǯǳǬǷ �

CH  OH(ȍ) + 3/2O  (Ȋ) → CO  (Ȋ) + 2H  O(ȍ)     ©H°=−726 ȑǫȍ3 2 2 2

©H° (CO  ) =−393,5 ȑǫȍ/ȓȕȒȣf 2

©H° (H  O)=−285,8 ȑǫȍ/ȓȕȒȣf 2

ǷȇȘȘȞȏșȇȐșȌ ȘșȇȔȋȇȗșȔȚȥ ȤȔșȇȒȣȖȏȥ ȕȈȗȇȎȕȉȇȔȏȦ ȓȌșȇȔȕȒȇ.

Ǳȇȑ ȉȏȋȔȕ ȏȎ ȚȗȇȉȔȌȔȏȦ ȗȌȇȑȝȏȏ ȘȊȕȗȇȔȏȦ ȓȌșȇȔȕȒȇ:  ©H° (CH OH) =−726  ȑǫȍ/ȓȕȒȣ. ǺȞȏșȢȉȇȦ ȖȗȏȉȌȋȧȔȔȢȌ c 3

ȋȇȔȔȢȌ, ȘșȇȔȋȇȗșȔȚȥ ȤȔșȇȒȣȖȏȥ ȕȈȗȇȎȕȉȇȔȏȦ ȓȌșȇȔȕȒȇ ȓȕȍȔȕ ȗȇȘȘȞȏșȇșȣ ȘȒȌȋȚȥȠȏȓ ȕȈȗȇȎȕȓ:

©H° (CH OH) = [©H° (CO  ) + 2©H° (H  O)] – ©H° (CH  OH)  f 3 f 2 f 2 c 3

©H° (CH  OH) = [(−393,5) + 2(−285,8)] − (−726) =−238,7 ȑǫȍ/ȓȕȒȣf 3

ǹȌȖȒȕȉȢȌ ȤțțȌȑșȢ ȗȌȇȑȝȏȐ, ȑȕșȕȗȢȌ ȔȌ ȓȕȊȚș ȈȢșȣ ȕȖȗȌȋȌȒȌȔȢ 

ȔȌȖȕȘȗȌȋȘșȉȌȔȔȕ ȏȒȏ ȍȌ ȏȜ ȕȖȗȌȋȌȒȌȔȏȌ ȘȕȖȗȦȍȌȔȕ Ș șȗȚȋȔȕȘșȦȓȏ,               

ȓȕȍȔȕ ȗȇȘȘȞȏșȇșȣ Ȕȇ ȕȘȔȕȉȇȔȏȏ ȎȇȑȕȔȇ ǪȌȘȘȇ.  ǴȇȖȗȏȓȌȗ, ȗȌȇȑȝȏȦ 

Примените полученные знания

1. ǵșȉȌșȣșȌ Ȕȇ ȘȒȌȋȚȥȠȏȌ ȉȕȖȗȕȘȢ, ȚȞȏșȢȉȇȦ, Ȟșȕ 2H  (Ȋ) + O  (Ȋ) → 2H  O(ȍ)  ©H = −571 ȑǫȍ. 2 2 2

a. Ȅșȕ ȤȔȋȕșȌȗȓȏȞȌȘȑȇȦ ȏȒȏ ȤȑȎȕșȌȗȓȏȞȌȘȑȇȦ ȗȌȇȑȝȏȦ?

b. Ǻ ȑȇȑȏȜ ȉȌȠȌȘșȉ ȤȔșȇȒȣȖȏȦ ȈȕȒȣȟȌ – ȖȗȕȋȚȑșȕȉ ȗȌȇȑȝȏȏ ȏȒȏ ȗȌȇȊȏȗȚȥȠȏȜ ȉȌȠȌȘșȉ?

Ș. ǱȇȑȕȌ ȎȔȇȞȌȔȏȌ ȖȗȏȔȏȓȇȌș ©H ȘȒȌȋȚȥȠȏȜ ȗȌȇȑȝȏȐ? 

2H  O(ȍ) → 2H  (Ȋ) + O  (Ȋ)2 2 2

H  (Ȋ) + 1/2O  (Ȋ) → H  O(ȍ)2 2 2

d. Ǳȇȑ, ȏȘȜȕȋȦ ȏȎ ȗȌȇȑȝȏȏ H  O(ȍ) → H  O(Ȋ)  ©H =+44 ȑǫȍ, ȗȇȘȘȞȏșȇșȣ ȎȔȇȞȌȔȏȌ ©H ȋȒȦ ȗȌȇȑȝȏȏ 2 2

2H  (Ȋ) + O  (Ȋ) → 2H  O(Ȋ)?2 2 2

2. 21 ȏȥȒȦ1969 Ȋȕȋȇ ȉ ȗȇȓȑȇȜ ȓȏȘȘȏȏ ǧ́ȖȕȒȒȕȔ-11µ ȞȌȒȕȉȌȑ ȉȖȌȗȉȢȌ ȉȢȘȇȋȏȒȘȦ Ȕȇ ǲȚȔȚ – Ȥșȏȓ 

ȞȌȒȕȉȌȑȕȓ ȈȢȒ ǴȏȒ ǧȗȓȘșȗȕȔȊ. ǩ Ȥșȕȓ ȖȗȕȌȑșȌ ȉ ȋȉȏȊȇșȌȒȦȜ ȒȚȔȔȕȊȕ ȓȕȋȚȒȦ ȈȢȒȏ ȏȘȖȕȒȣȎȕȉȇȔȢ 

ȓȌșȏȒȊȏȋȗȇȎȏȔ (CH₃NHNH₂) ȏ șȌșȗȇȕȑȘȏȋ ȋȏȇȎȕșȇ (N₂Oࢩ). Ȅșȏ ȍȏȋȑȕȘșȏ ȈȢȒȏ ȉȢȈȗȇȔȢ ȉ ȑȇȞȌȘșȉȌ 

șȕȖȒȏȉȇ Ș ȕȘȕȈȕȐ șȠȇșȌȒȣȔȕȘșȣȥ, șȇȑ ȑȇȑ Ȗȗȏ ȑȕȔșȇȑșȌ ȚȑȇȎȇȔȔȢȌ ȉȌȠȌȘșȉȇ ȘȇȓȕȖȗȕȏȎȉȕȒȣȔȕ 

ȉȕȘȖȒȇȓȌȔȦȥșȘȦ (ȘȇȓȕȉȕȎȊȕȗȇȥșȘȦ) Ș ȉȢȋȌȒȌȔȏȌȓ ȈȕȒȣȟȕȊȕ ȑȕȒȏȞȌȘșȉȇ șȌȖȒȕșȢ. ǩȕȘȖȕȒȣȎȚȐșȌȘȣ 

ȏȔșȌȗȔȌș-ȗȌȘȚȗȘȇȓȏ ȏ ȗȇȘȘȞȏșȇȐșȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȤșȏȜ ȗȌȇȑȝȏȐ.

Проверьте полученные знания

1.  ǱȇȑȕȐ șȌȓȖȌȗȇșȚȗȌ ȏ ȋȇȉȒȌȔȏȥ ȘȕȕșȉȌșȘșȉȚȌș ȘșȇȔȋȇȗșȔȕȌ ȘȕȘșȕȦȔȏȌ ȉȌȠȌȘșȉȇ? ǾȌȓ 

ȕȈȚȘȒȕȉȒȌȔȇ ȔȌȕȈȜȕȋȏȓȕȘșȣ ȏȘȖȕȒȣȎȕȉȇȔȏȦ ȤșȕȊȕ ȖȇȗȇȓȌșȗȇ?

2. Ǿșȕ șȇȑȕȌ ȘșȇȔȋȇȗșȔȇȦ ȤȔșȇȒȣȖȏȦ ȕȈȗȇȎȕȉȇȔȏȦ ȏ ȘșȇȔȋȇȗșȔȇȦ ȤȔșȇȒȣȖȏȦ ȘȊȕȗȇȔȏȦ? ǶȗȏȉȌȋȏșȌ 

ȋȒȦ ȑȇȍȋȕȊȕ ȖȕȔȦșȏȦ Ȗȕ ȕȋȔȕȓȚ ȖȗȏȓȌȗȚ. 

3. ǳȕȍȔȕ Ȓȏ Ȕȇ ȕȘȔȕȉȇȔȏȏ ȚȗȇȉȔȌȔȏȦ CH (Ȋ) + 2O (Ȋ) → CO (Ȋ) + 2H O(ȍ)  ©H° = –889,7 ȑǫȍ  4 2 2 2

ȘȚȋȏșȣ ȕ ȘșȇȔȋȇȗșȔȕȐ ȤȔșȇȒȣȖȏȏ ȘȊȕȗȇȔȏȦ ȏ ȘșȇȔȋȇȗșȔȕȐ ȤȔșȇȒȣȖȏȏ ȕȈȗȇȎȕȉȇȔȏȦ ȑȇȍȋȕȊȕ              

ȏȎ ȚȞȇȘșȉȚȥȠȏȜ ȉ ȗȌȇȑȝȏȏ ȉȌȠȌȘșȉ? ǵȈȕȘȔȚȐșȌ ȘȉȕȐ ȕșȉȌș.

4. ǯȘȖȕȒȣȎȚȦ ȖȗȏȉȌȋȧȔȔȢȌ ȋȇȔȔȢȌ, ȗȇȘȘȞȏșȇȐșȌ ȘșȇȔȋȇȗșȔȕȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ Ȗȗȏ ȖȕȒȔȕȓ 

ȘȊȕȗȇȔȏȏ 1 ȓȕȒȣ ȑȌȗȕȘȏȔȇ ȉ ȑȏȘȒȕȗȕȋȌ, ȖȗȏȔȦȉ ȚȘȒȕȉȔȕ țȕȗȓȚȒȚ ȑȌȗȕȘȏȔȇ ȑȇȑ C₁₁H₂ࢩ.

©H° [C H (ȍ)] = −327 ȑǫȍ/ȓȕȒȣf 11 24

©H° [CO (Ȋ)] = −394 ȑǫȍ/ȓȕȒȣf 2

©H° [H O(ȍ)] = −286 ȑǫȍ/ȓȕȒȣf 2
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ȖȗȌȉȗȇȠȌȔȏȦ ȇȒȓȇȎȇ ȉ Ȋȗȇțȏș ȖȗȕșȌȑȇȌș ȕȞȌȔȣ ȓȌȋȒȌȔȔȕ. ǶȕȤșȕȓȚ ȏȎȓȌȗȏșȣ șȌȖȒȕȉȕȐ ȤțțȌȑș ȤșȕȐ 

ȗȌȇȑȝȏȏ ȋȕȘșȇșȕȞȔȕ ȘȒȕȍȔȕ.

ǮȔȇȦ� Ȟșȕ ΔH� (Ȋȗȇțȏș�   ²����� ȑǫȍ�ȓȕȒȣ ȏ ΔH� (ȇȒȓȇȎ�   ²����� ȑǫȍ�ȓȕȒȣ� ȑȇȑ ȓȕȍȔȕ F F

ȗȇȘȘȞȏșȇșȣ ȏȎȓȌȔȌȔȏȌ ȘșȇȔȋȇȗșȔȕȐ ȤȔșȇȒȣȖȏȏ ȖȗȌȉȗȇȠȌȔȏȦ &  ମ &  "(ȇȒȓȇȎ� (Ȋȗȇțȏș�

5.  N  (Ȋ) + 3H  (Ȋ) → 2NH  (Ȋ)             ©H=−92 ȑǫȍ2 2 3

2H  (Ȋ) + O  (Ȋ) → 2H  O(Ȋ)             ©H=−484 ȑǫȍ2 2 2

N  (Ȋ) + O  (Ȋ) → 2NO(Ȋ)                 ©H=+181 ȑǫȍ2 2

ǷȇȘȘȞȏșȇȐșȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȗȌȇȑȝȏȏ ȕȑȏȘȒȌȔȏȦ ȇȓȓȏȇȑȇ:

4NH  (Ȋ) + 5O  (Ȋ) → 4NO(Ȋ) + 6H  O(Ȋ)        3 2 2



ǶǷǯǳǬǷ �

CH  OH(ȍ) + 3/2O  (Ȋ) → CO  (Ȋ) + 2H  O(ȍ)     ©H°=−726 ȑǫȍ3 2 2 2

©H° (CO  ) =−393,5 ȑǫȍ/ȓȕȒȣf 2

©H° (H  O)=−285,8 ȑǫȍ/ȓȕȒȣf 2

ǷȇȘȘȞȏșȇȐșȌ ȘșȇȔȋȇȗșȔȚȥ ȤȔșȇȒȣȖȏȥ ȕȈȗȇȎȕȉȇȔȏȦ ȓȌșȇȔȕȒȇ.

Ǳȇȑ ȉȏȋȔȕ ȏȎ ȚȗȇȉȔȌȔȏȦ ȗȌȇȑȝȏȏ ȘȊȕȗȇȔȏȦ ȓȌșȇȔȕȒȇ:  ©H° (CH OH) =−726  ȑǫȍ/ȓȕȒȣ. ǺȞȏșȢȉȇȦ ȖȗȏȉȌȋȧȔȔȢȌ c 3

ȋȇȔȔȢȌ, ȘșȇȔȋȇȗșȔȚȥ ȤȔșȇȒȣȖȏȥ ȕȈȗȇȎȕȉȇȔȏȦ ȓȌșȇȔȕȒȇ ȓȕȍȔȕ ȗȇȘȘȞȏșȇșȣ ȘȒȌȋȚȥȠȏȓ ȕȈȗȇȎȕȓ:

©H° (CH OH) = [©H° (CO  ) + 2©H° (H  O)] – ©H° (CH  OH)  f 3 f 2 f 2 c 3

©H° (CH  OH) = [(−393,5) + 2(−285,8)] − (−726) =−238,7 ȑǫȍ/ȓȕȒȣf 3

ǹȌȖȒȕȉȢȌ ȤțțȌȑșȢ ȗȌȇȑȝȏȐ, ȑȕșȕȗȢȌ ȔȌ ȓȕȊȚș ȈȢșȣ ȕȖȗȌȋȌȒȌȔȢ 

ȔȌȖȕȘȗȌȋȘșȉȌȔȔȕ ȏȒȏ ȍȌ ȏȜ ȕȖȗȌȋȌȒȌȔȏȌ ȘȕȖȗȦȍȌȔȕ Ș șȗȚȋȔȕȘșȦȓȏ,               

ȓȕȍȔȕ ȗȇȘȘȞȏșȇșȣ Ȕȇ ȕȘȔȕȉȇȔȏȏ ȎȇȑȕȔȇ ǪȌȘȘȇ.  ǴȇȖȗȏȓȌȗ, ȗȌȇȑȝȏȦ 

Примените полученные знания

1. ǵșȉȌșȣșȌ Ȕȇ ȘȒȌȋȚȥȠȏȌ ȉȕȖȗȕȘȢ, ȚȞȏșȢȉȇȦ, Ȟșȕ 2H  (Ȋ) + O  (Ȋ) → 2H  O(ȍ)  ©H = −571 ȑǫȍ. 2 2 2

a. Ȅșȕ ȤȔȋȕșȌȗȓȏȞȌȘȑȇȦ ȏȒȏ ȤȑȎȕșȌȗȓȏȞȌȘȑȇȦ ȗȌȇȑȝȏȦ?

b. Ǻ ȑȇȑȏȜ ȉȌȠȌȘșȉ ȤȔșȇȒȣȖȏȦ ȈȕȒȣȟȌ – ȖȗȕȋȚȑșȕȉ ȗȌȇȑȝȏȏ ȏȒȏ ȗȌȇȊȏȗȚȥȠȏȜ ȉȌȠȌȘșȉ?

Ș. ǱȇȑȕȌ ȎȔȇȞȌȔȏȌ ȖȗȏȔȏȓȇȌș ©H ȘȒȌȋȚȥȠȏȜ ȗȌȇȑȝȏȐ? 

2H  O(ȍ) → 2H  (Ȋ) + O  (Ȋ)2 2 2

H  (Ȋ) + 1/2O  (Ȋ) → H  O(ȍ)2 2 2

d. Ǳȇȑ, ȏȘȜȕȋȦ ȏȎ ȗȌȇȑȝȏȏ H  O(ȍ) → H  O(Ȋ)  ©H =+44 ȑǫȍ, ȗȇȘȘȞȏșȇșȣ ȎȔȇȞȌȔȏȌ ©H ȋȒȦ ȗȌȇȑȝȏȏ 2 2

2H  (Ȋ) + O  (Ȋ) → 2H  O(Ȋ)?2 2 2

2. 21 ȏȥȒȦ1969 Ȋȕȋȇ ȉ ȗȇȓȑȇȜ ȓȏȘȘȏȏ ǧ́ȖȕȒȒȕȔ-11µ ȞȌȒȕȉȌȑ ȉȖȌȗȉȢȌ ȉȢȘȇȋȏȒȘȦ Ȕȇ ǲȚȔȚ – Ȥșȏȓ 

ȞȌȒȕȉȌȑȕȓ ȈȢȒ ǴȏȒ ǧȗȓȘșȗȕȔȊ. ǩ Ȥșȕȓ ȖȗȕȌȑșȌ ȉ ȋȉȏȊȇșȌȒȦȜ ȒȚȔȔȕȊȕ ȓȕȋȚȒȦ ȈȢȒȏ ȏȘȖȕȒȣȎȕȉȇȔȢ 

ȓȌșȏȒȊȏȋȗȇȎȏȔ (CH₃NHNH₂) ȏ șȌșȗȇȕȑȘȏȋ ȋȏȇȎȕșȇ (N₂Oࢩ). Ȅșȏ ȍȏȋȑȕȘșȏ ȈȢȒȏ ȉȢȈȗȇȔȢ ȉ ȑȇȞȌȘșȉȌ 

șȕȖȒȏȉȇ Ș ȕȘȕȈȕȐ șȠȇșȌȒȣȔȕȘșȣȥ, șȇȑ ȑȇȑ Ȗȗȏ ȑȕȔșȇȑșȌ ȚȑȇȎȇȔȔȢȌ ȉȌȠȌȘșȉȇ ȘȇȓȕȖȗȕȏȎȉȕȒȣȔȕ 

ȉȕȘȖȒȇȓȌȔȦȥșȘȦ (ȘȇȓȕȉȕȎȊȕȗȇȥșȘȦ) Ș ȉȢȋȌȒȌȔȏȌȓ ȈȕȒȣȟȕȊȕ ȑȕȒȏȞȌȘșȉȇ șȌȖȒȕșȢ. ǩȕȘȖȕȒȣȎȚȐșȌȘȣ 

ȏȔșȌȗȔȌș-ȗȌȘȚȗȘȇȓȏ ȏ ȗȇȘȘȞȏșȇȐșȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȤșȏȜ ȗȌȇȑȝȏȐ.

Проверьте полученные знания

1.  ǱȇȑȕȐ șȌȓȖȌȗȇșȚȗȌ ȏ ȋȇȉȒȌȔȏȥ ȘȕȕșȉȌșȘșȉȚȌș ȘșȇȔȋȇȗșȔȕȌ ȘȕȘșȕȦȔȏȌ ȉȌȠȌȘșȉȇ? ǾȌȓ 

ȕȈȚȘȒȕȉȒȌȔȇ ȔȌȕȈȜȕȋȏȓȕȘșȣ ȏȘȖȕȒȣȎȕȉȇȔȏȦ ȤșȕȊȕ ȖȇȗȇȓȌșȗȇ?

2. Ǿșȕ șȇȑȕȌ ȘșȇȔȋȇȗșȔȇȦ ȤȔșȇȒȣȖȏȦ ȕȈȗȇȎȕȉȇȔȏȦ ȏ ȘșȇȔȋȇȗșȔȇȦ ȤȔșȇȒȣȖȏȦ ȘȊȕȗȇȔȏȦ? ǶȗȏȉȌȋȏșȌ 

ȋȒȦ ȑȇȍȋȕȊȕ ȖȕȔȦșȏȦ Ȗȕ ȕȋȔȕȓȚ ȖȗȏȓȌȗȚ. 

3. ǳȕȍȔȕ Ȓȏ Ȕȇ ȕȘȔȕȉȇȔȏȏ ȚȗȇȉȔȌȔȏȦ CH (Ȋ) + 2O (Ȋ) → CO (Ȋ) + 2H O(ȍ)  ©H° = –889,7 ȑǫȍ  4 2 2 2

ȘȚȋȏșȣ ȕ ȘșȇȔȋȇȗșȔȕȐ ȤȔșȇȒȣȖȏȏ ȘȊȕȗȇȔȏȦ ȏ ȘșȇȔȋȇȗșȔȕȐ ȤȔșȇȒȣȖȏȏ ȕȈȗȇȎȕȉȇȔȏȦ ȑȇȍȋȕȊȕ              

ȏȎ ȚȞȇȘșȉȚȥȠȏȜ ȉ ȗȌȇȑȝȏȏ ȉȌȠȌȘșȉ? ǵȈȕȘȔȚȐșȌ ȘȉȕȐ ȕșȉȌș.

4. ǯȘȖȕȒȣȎȚȦ ȖȗȏȉȌȋȧȔȔȢȌ ȋȇȔȔȢȌ, ȗȇȘȘȞȏșȇȐșȌ ȘșȇȔȋȇȗșȔȕȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ Ȗȗȏ ȖȕȒȔȕȓ 

ȘȊȕȗȇȔȏȏ 1 ȓȕȒȣ ȑȌȗȕȘȏȔȇ ȉ ȑȏȘȒȕȗȕȋȌ, ȖȗȏȔȦȉ ȚȘȒȕȉȔȕ țȕȗȓȚȒȚ ȑȌȗȕȘȏȔȇ ȑȇȑ C₁₁H₂ࢩ.

©H° [C H (ȍ)] = −327 ȑǫȍ/ȓȕȒȣf 11 24

©H° [CO (Ȋ)] = −394 ȑǫȍ/ȓȕȒȣf 2

©H° [H O(ȍ)] = −286 ȑǫȍ/ȓȕȒȣf 2
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ȖȗȌȉȗȇȠȌȔȏȦ ȇȒȓȇȎȇ ȉ Ȋȗȇțȏș ȖȗȕșȌȑȇȌș ȕȞȌȔȣ ȓȌȋȒȌȔȔȕ. ǶȕȤșȕȓȚ ȏȎȓȌȗȏșȣ șȌȖȒȕȉȕȐ ȤțțȌȑș ȤșȕȐ 

ȗȌȇȑȝȏȏ ȋȕȘșȇșȕȞȔȕ ȘȒȕȍȔȕ.

ǮȔȇȦ� Ȟșȕ ΔH� (Ȋȗȇțȏș�   ²����� ȑǫȍ�ȓȕȒȣ ȏ ΔH� (ȇȒȓȇȎ�   ²����� ȑǫȍ�ȓȕȒȣ� ȑȇȑ ȓȕȍȔȕ F F

ȗȇȘȘȞȏșȇșȣ ȏȎȓȌȔȌȔȏȌ ȘșȇȔȋȇȗșȔȕȐ ȤȔșȇȒȣȖȏȏ ȖȗȌȉȗȇȠȌȔȏȦ &  ମ &  "(ȇȒȓȇȎ� (Ȋȗȇțȏș�

5.  N  (Ȋ) + 3H  (Ȋ) → 2NH  (Ȋ)             ©H=−92 ȑǫȍ2 2 3

2H  (Ȋ) + O  (Ȋ) → 2H  O(Ȋ)             ©H=−484 ȑǫȍ2 2 2

N  (Ȋ) + O  (Ȋ) → 2NO(Ȋ)                 ©H=+181 ȑǫȍ2 2

ǷȇȘȘȞȏșȇȐșȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȗȌȇȑȝȏȏ ȕȑȏȘȒȌȔȏȦ ȇȓȓȏȇȑȇ:

4NH  (Ȋ) + 5O  (Ȋ) → 4NO(Ȋ) + 6H  O(Ȋ)        3 2 2
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3.4  ȄȔȌȗȊȏȦ ȘȉȦȎȏ

ǬȘȒȏ ȖȕȋȔȌȘșȏ ȋȗȚȊ ȑ ȋȗȚȊȚ ȖȗȕșȏȉȕȖȕȒȕȍȔȢȌ 

ȖȕȒȥȘȇ ȋȉȚȜ ȘȏȒȣȔȢȜ ȓȇȊȔȏșȕȉ, ȕȔȏ ȓȊȔȕȉȌȔȔȕ 

ȘȕȌȋȏȔȦȥșȘȦ Ȗȕȋ ȋȌȐȘșȉȏȌȓ ȘȏȒȣȔȕȊȕ 

ȖȗȏșȦȍȌȔȏȦ, ȑȇȑ ȈȚȋșȕ ȔȌȉȏȋȏȓȇȦ ȘȏȒȇ 

ȖȗȏȈȒȏȍȇȌș ȏȜ ȋȗȚȊ ȑ ȋȗȚȊȚ. ǵȋȔȇȑȕ Ȗȗȏ ȖȕȖȢșȑȌ 

ȕșȋȌȒȏșȣ Ȥșȏ ȓȇȊȔȏșȢ ȋȗȚȊ ȕș ȋȗȚȊȇ, ȔȇȕȈȕȗȕș, 

ȖȗȏȑȒȇȋȢȉȇȌșȘȦ ȎȔȇȞȏșȌȒȣȔȇȦ ȘȏȒȇ (ȤȔȌȗȊȏȦ). 

ǵȞȌȉȏȋȔȕ, Ȟșȕ ȏȎȓȌȔȌȔȏȌ ȤȔȌȗȊȏȏ ȖȗȕȏȘȜȕȋȏș 

ȑȇȑ ȉ ȖȗȕȝȌȘȘȌ ȘȕȌȋȏȔȌȔȏȦ, șȇȑ ȏ ȉ ȖȗȕȝȌȘȘȌ 

ȗȇȎȋȌȒȌȔȏȦ ȓȇȊȔȏșȕȉ.

ȤȔȌȗȊȏȦ ȘȉȦȎȏ, ȑǫȍ/ȓȕȒȣ,

ȗȇȎȗȢȉ ȘȉȦȎȏ, ȕȈȗȇȎȕȉȇȔȏȌ 

ȘȉȦȎȏ 

�  ǶȕȞȌȓȚ ȓȇȊȔȏșȢ� ȌȘȒȏ ȏȜ ȈȒȏȎȑȕ ȖȕȋȔȌȘșȏ 

ȋȗȚȊ ȑ ȋȗȚȊȚ� ȘȕȌȋȏȔȦȥșȘȦ Ȗȕȋ ȋȌȐȘșȉȏȌȓ 

ȘȏȒȣȔȕȊȕ ȖȗȏșȦȍȌȔȏȦ" 

� ǶȕȞȌȓȚ ȔȚȍȔȕ ȖȗȏȒȕȍȏșȣ ȋȕȖȕȒȔȏșȌȒȣȔȚȥ 

ȘȏȒȚ� ȞșȕȈȢ ȏȜ ȗȇȎȋȌȒȏșȣ"

� ǱȕȊȋȇ ȉ ȤșȏȜ ȕȖȢșȇȜ ȤȔȌȗȊȏȦ ȖȕȊȒȕȠȇȌșȘȦ� ȇ 

ȑȕȊȋȇ ȉȢȋȌȒȦȌșȘȦ"

� ǱȇȑȏȌ ȘȜȕȍȏȌ ȖȗȏȓȌȗȢ ȉȢ ȓȕȍȌșȌ ȖȗȏȉȌȘșȏ� 

ȏȎ ȖȕȉȘȌȋȔȌȉȔȕȐ ȍȏȎȔȏ�  ȜȏȓȏȞȌȘȑȏȜ 

ȗȌȇȑȝȏȐ"

Ǵȏ ȕȋȔȇ ȜȏȓȏȞȌȘȑȇȦ ȗȌȇȑȝȏȦ ȔȌ ȖȗȕȏȘȜȕȋȦș ȈȌȎ ȗȇȎȗȢȉȇ ȘșȇȗȢȜ ȘȉȦȎȌȐ ȏ 

ȕȈȗȇȎȕȉȇȔȏȦ ȔȕȉȢȜ. ǶȕȤșȕȓȚ, ȞșȕȈȢ ȖȕȔȦșȣ ȘȚȠȔȕȘșȣ ȗȌȇȑȝȏȐ, ȉȇȍȔȕ ȉ 

ȖȌȗȉȚȥ ȕȞȌȗȌȋȣ ȖȕȔȦșȣ, ȑȇȑȏȓ ȕȈȗȇȎȕȓ ȗȇȎȗȢȉȇȥșȘȦ ȏ ȕȈȗȇȎȚȥșȘȦ ȘȉȦȎȏ.

Ƕȗȏ ȗȇȎȗȢȉȌ ȜȏȓȏȞȌȘȑȏȜ ȘȉȦȎȌȐ șȌȖȒȕșȇ ȖȕȊȒȕȠȇȌșȘȦ, ȇ Ȗȗȏ ȏȜ 

ȕȈȗȇȎȕȉȇȔȏȏ – ȉȢȋȌȒȦȌșȘȦ. ǴȇȖȗȏȓȌȗ, ȋȒȦ ȗȇȎȗȢȉȇ ȘȉȦȎȌȐ Cl–Cl ȉ 1 ȓȕȒȣ 

ȓȕȒȌȑȚȒ ȜȒȕȗȇ șȗȌȈȚȌșȘȦ 242 ȑǫȍ ȤȔȌȗȊȏȏ. ǬȘȒȏ Ȥșȏ ȍȌ ȇșȕȓȢ ȜȒȕȗȇ ȘȔȕȉȇ 

ȕȈȗȇȎȚȥș ȘȉȦȎȏ Cl–Cl, ȉȢȋȌȒȦȌșȘȦ șȇȑȕȌ ȍȌ ȑȕȒȏȞȌȘșȉȕ ȤȔȌȗȊȏȏ (242 ȑǫȍ). 

Ǳȇȑ ȉȏȋȏȓ, Ȥșȕ ȑȕȒȏȞȌȘșȉȕ ȤȔȌȗȊȏȏ ȉȢȗȇȍȇȌș ȑȇȑ ȤȔȌȗȊȏȥ, ȔȌȕȈȜȕȋȏȓȚȥ 

ȋȒȦ ȗȇȎȗȢȉȇ ȘȉȦȎȏ, șȇȑ ȏ ȤȔȌȗȊȏȥ, ȉȢȋȌȒȦȥȠȚȥȘȦ Ȗȗȏ ȕȈȗȇȎȕȉȇȔȏȏ ȘȉȦȎȏ.

Ȅșȇ ȤȔȌȗȊȏȦ ȔȇȎȢȉȇȌșȘȦ ȤȔȌȗȊȏȌȐ ȘȉȦȎȏ.

ȄȔȌȗȊȏȦ, ȔȌȕȈȜȕȋȏȓȇȦ ȋȒȦ ȗȇȎȗȢȉȇ 1 ȓȕȒȣ ȘȉȦȎȌȐ ȏȒȏ ȉȢȋȌȒȦȥȠȇȦȘȦ 

Ȗȗȏ ȕȈȗȇȎȕȉȇȔȏȏ 1 ȓȕȒȣ ȘȉȦȎȌȐ, ȔȇȎȢȉȇȌșȘȦ ȤȔȌȗȊȏȌȐ ȘȉȦȎȏ.

ȄȔȌȗȊȏȦ ȘȉȦȎȏ ȕȈȕȎȔȇȞȇȌșȘȦ  ȈȚȑȉȕȐ E ȏ ȏȎȓȌȗȦȌșȘȦ ȉ ȑǫȍ/ȓȕȒȣ.
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ǼȕșȦ ȉ ȜȕȋȌ ȜȏȓȏȞȌȘȑȏȜ ȗȌȇȑȝȏȐ ȔȇȈȒȥȋȇȥșȘȦ ȏȎȓȌȔȌȔȏȦ ȉȕ 

ȉȔȌȟȔȌȓ ȉȏȋȌ ȉȌȠȌȘșȉ, ȉ ȕȘȔȕȉȌ ȤșȏȜ ȗȌȇȑȝȏȐ ȒȌȍȏș 

ȖȗȕȝȌȘȘ ȘȕȌȋȏȔȌȔȏȦ ȏ ȗȇȎȋȌȒȌȔȏȦ ȇșȕȓȕȉ. ǶȗȌȋȘșȇȉȣșȌ ȘȌȈȌ, 

Ȟșȕ ȘȔȕȘȦș ȘșȇȗȕȌ ȎȋȇȔȏȌ. ǸȔȇȞȇȒȇ ȑȇȓȔȏ ȏ ȑȏȗȖȏȞȏ 

ȕșȋȌȒȦȥș ȋȗȚȊ ȕș ȋȗȚȊȇ. ǮȇșȌȓ, Ȗȗȏ ȏȘȖȕȒȣȎȕȉȇȔȏȏ ȤșȏȜ ȍȌ  

ȏȒȏ ȔȕȉȢȜ ȓȇșȌȗȏȇȒȕȉ, ȘșȗȕȏșȘȦ ȋȗȚȊȕȌ ȎȋȇȔȏȌ. ǶȕȜȕȍȇȦ 

ȑȇȗșȏȔȇ ȔȇȈȒȥȋȇȌșȘȦ ȏ ȉ ȜȏȓȏȞȌȘȑȏȜ ȗȌȇȑȝȏȦȜ: ȘȔȇȞȇȒȇ 

ȗȇȎȗȢȉȇȥșȘȦ ȘȚȠȌȘșȉȚȥȠȏȌ ȘȉȦȎȏ, ȎȇșȌȓ ȕȈȗȇȎȚȥșȘȦ ȔȕȉȢȌ, 

ȏ ȉ ȗȌȎȚȒȣșȇșȌ ȕȈȗȇȎȚȌșȘȦ ȘȕȉȌȗȟȌȔȔȕ ȋȗȚȊȕȌ ȉȌȠȌȘșȉȕ.

ǮȇșȌȓ Ȏȇ ȘȞȧș ȘȉȦȎȌȐ, ȉȕȎȔȏȑȇȥȠȏȜ ȓȌȍȋȚ ȇșȕȓȇȓȏ ȉȕȋȕȗȕȋȇ ȏ ȏȕȋȇ, 

ȕȈȗȇȎȚȥșȘȦ ȓȕȒȌȑȚȒȢ ȏȕȋȕȉȕȋȕȗȕȋȇ. Ƕȗȏ Ȥșȕȓ ȤȔȌȗȊȏȦ ȉȢȋȌȒȦȌșȘȦ.

ǴȇȖȗȏȓȌȗ, ȉȕȋȕȗȕȋ ȗȌȇȊȏȗȚȌș Ș ȏȕȋȕȓ Ș ȕȈȗȇȎȕȉȇȔȏȌȓ ȏȕȋȕȉȕȋȕȗȕȋȇ. 

Ƕȗȏ Ȥșȕȓ ȘȔȇȞȇȒȇ ȖȗȕȏȘȜȕȋȏș ȗȇȎȗȢȉ ȘȉȦȎȌȐ ȉ ȓȕȒȌȑȚȒȇȜ ȉȕȋȕȗȕȋȇ ȏ 

ȏȕȋȇ. ǫȒȦ ȤșȕȊȕ șȗȌȈȚȌșȘȦ ȤȔȌȗȊȏȦ.
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3.4  ȄȔȌȗȊȏȦ ȘȉȦȎȏ

ǬȘȒȏ ȖȕȋȔȌȘșȏ ȋȗȚȊ ȑ ȋȗȚȊȚ ȖȗȕșȏȉȕȖȕȒȕȍȔȢȌ 

ȖȕȒȥȘȇ ȋȉȚȜ ȘȏȒȣȔȢȜ ȓȇȊȔȏșȕȉ, ȕȔȏ ȓȊȔȕȉȌȔȔȕ 

ȘȕȌȋȏȔȦȥșȘȦ Ȗȕȋ ȋȌȐȘșȉȏȌȓ ȘȏȒȣȔȕȊȕ 

ȖȗȏșȦȍȌȔȏȦ, ȑȇȑ ȈȚȋșȕ ȔȌȉȏȋȏȓȇȦ ȘȏȒȇ 

ȖȗȏȈȒȏȍȇȌș ȏȜ ȋȗȚȊ ȑ ȋȗȚȊȚ. ǵȋȔȇȑȕ Ȗȗȏ ȖȕȖȢșȑȌ 

ȕșȋȌȒȏșȣ Ȥșȏ ȓȇȊȔȏșȢ ȋȗȚȊ ȕș ȋȗȚȊȇ, ȔȇȕȈȕȗȕș, 

ȖȗȏȑȒȇȋȢȉȇȌșȘȦ ȎȔȇȞȏșȌȒȣȔȇȦ ȘȏȒȇ (ȤȔȌȗȊȏȦ). 

ǵȞȌȉȏȋȔȕ, Ȟșȕ ȏȎȓȌȔȌȔȏȌ ȤȔȌȗȊȏȏ ȖȗȕȏȘȜȕȋȏș 

ȑȇȑ ȉ ȖȗȕȝȌȘȘȌ ȘȕȌȋȏȔȌȔȏȦ, șȇȑ ȏ ȉ ȖȗȕȝȌȘȘȌ 

ȗȇȎȋȌȒȌȔȏȦ ȓȇȊȔȏșȕȉ.

ȤȔȌȗȊȏȦ ȘȉȦȎȏ, ȑǫȍ/ȓȕȒȣ,

ȗȇȎȗȢȉ ȘȉȦȎȏ, ȕȈȗȇȎȕȉȇȔȏȌ 

ȘȉȦȎȏ 

�  ǶȕȞȌȓȚ ȓȇȊȔȏșȢ� ȌȘȒȏ ȏȜ ȈȒȏȎȑȕ ȖȕȋȔȌȘșȏ 

ȋȗȚȊ ȑ ȋȗȚȊȚ� ȘȕȌȋȏȔȦȥșȘȦ Ȗȕȋ ȋȌȐȘșȉȏȌȓ 

ȘȏȒȣȔȕȊȕ ȖȗȏșȦȍȌȔȏȦ" 

� ǶȕȞȌȓȚ ȔȚȍȔȕ ȖȗȏȒȕȍȏșȣ ȋȕȖȕȒȔȏșȌȒȣȔȚȥ 

ȘȏȒȚ� ȞșȕȈȢ ȏȜ ȗȇȎȋȌȒȏșȣ"

� ǱȕȊȋȇ ȉ ȤșȏȜ ȕȖȢșȇȜ ȤȔȌȗȊȏȦ ȖȕȊȒȕȠȇȌșȘȦ� ȇ 

ȑȕȊȋȇ ȉȢȋȌȒȦȌșȘȦ"

� ǱȇȑȏȌ ȘȜȕȍȏȌ ȖȗȏȓȌȗȢ ȉȢ ȓȕȍȌșȌ ȖȗȏȉȌȘșȏ� 

ȏȎ ȖȕȉȘȌȋȔȌȉȔȕȐ ȍȏȎȔȏ�  ȜȏȓȏȞȌȘȑȏȜ 

ȗȌȇȑȝȏȐ"

Ǵȏ ȕȋȔȇ ȜȏȓȏȞȌȘȑȇȦ ȗȌȇȑȝȏȦ ȔȌ ȖȗȕȏȘȜȕȋȦș ȈȌȎ ȗȇȎȗȢȉȇ ȘșȇȗȢȜ ȘȉȦȎȌȐ ȏ 

ȕȈȗȇȎȕȉȇȔȏȦ ȔȕȉȢȜ. ǶȕȤșȕȓȚ, ȞșȕȈȢ ȖȕȔȦșȣ ȘȚȠȔȕȘșȣ ȗȌȇȑȝȏȐ, ȉȇȍȔȕ ȉ 

ȖȌȗȉȚȥ ȕȞȌȗȌȋȣ ȖȕȔȦșȣ, ȑȇȑȏȓ ȕȈȗȇȎȕȓ ȗȇȎȗȢȉȇȥșȘȦ ȏ ȕȈȗȇȎȚȥșȘȦ ȘȉȦȎȏ.

Ƕȗȏ ȗȇȎȗȢȉȌ ȜȏȓȏȞȌȘȑȏȜ ȘȉȦȎȌȐ șȌȖȒȕșȇ ȖȕȊȒȕȠȇȌșȘȦ, ȇ Ȗȗȏ ȏȜ 

ȕȈȗȇȎȕȉȇȔȏȏ – ȉȢȋȌȒȦȌșȘȦ. ǴȇȖȗȏȓȌȗ, ȋȒȦ ȗȇȎȗȢȉȇ ȘȉȦȎȌȐ Cl–Cl ȉ 1 ȓȕȒȣ 

ȓȕȒȌȑȚȒ ȜȒȕȗȇ șȗȌȈȚȌșȘȦ 242 ȑǫȍ ȤȔȌȗȊȏȏ. ǬȘȒȏ Ȥșȏ ȍȌ ȇșȕȓȢ ȜȒȕȗȇ ȘȔȕȉȇ 

ȕȈȗȇȎȚȥș ȘȉȦȎȏ Cl–Cl, ȉȢȋȌȒȦȌșȘȦ șȇȑȕȌ ȍȌ ȑȕȒȏȞȌȘșȉȕ ȤȔȌȗȊȏȏ (242 ȑǫȍ). 

Ǳȇȑ ȉȏȋȏȓ, Ȥșȕ ȑȕȒȏȞȌȘșȉȕ ȤȔȌȗȊȏȏ ȉȢȗȇȍȇȌș ȑȇȑ ȤȔȌȗȊȏȥ, ȔȌȕȈȜȕȋȏȓȚȥ 

ȋȒȦ ȗȇȎȗȢȉȇ ȘȉȦȎȏ, șȇȑ ȏ ȤȔȌȗȊȏȥ, ȉȢȋȌȒȦȥȠȚȥȘȦ Ȗȗȏ ȕȈȗȇȎȕȉȇȔȏȏ ȘȉȦȎȏ.

Ȅșȇ ȤȔȌȗȊȏȦ ȔȇȎȢȉȇȌșȘȦ ȤȔȌȗȊȏȌȐ ȘȉȦȎȏ.

ȄȔȌȗȊȏȦ, ȔȌȕȈȜȕȋȏȓȇȦ ȋȒȦ ȗȇȎȗȢȉȇ 1 ȓȕȒȣ ȘȉȦȎȌȐ ȏȒȏ ȉȢȋȌȒȦȥȠȇȦȘȦ 

Ȗȗȏ ȕȈȗȇȎȕȉȇȔȏȏ 1 ȓȕȒȣ ȘȉȦȎȌȐ, ȔȇȎȢȉȇȌșȘȦ ȤȔȌȗȊȏȌȐ ȘȉȦȎȏ.

ȄȔȌȗȊȏȦ ȘȉȦȎȏ ȕȈȕȎȔȇȞȇȌșȘȦ  ȈȚȑȉȕȐ E ȏ ȏȎȓȌȗȦȌșȘȦ ȉ ȑǫȍ/ȓȕȒȣ.
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ǼȕșȦ ȉ ȜȕȋȌ ȜȏȓȏȞȌȘȑȏȜ ȗȌȇȑȝȏȐ ȔȇȈȒȥȋȇȥșȘȦ ȏȎȓȌȔȌȔȏȦ ȉȕ 

ȉȔȌȟȔȌȓ ȉȏȋȌ ȉȌȠȌȘșȉ, ȉ ȕȘȔȕȉȌ ȤșȏȜ ȗȌȇȑȝȏȐ ȒȌȍȏș 

ȖȗȕȝȌȘȘ ȘȕȌȋȏȔȌȔȏȦ ȏ ȗȇȎȋȌȒȌȔȏȦ ȇșȕȓȕȉ. ǶȗȌȋȘșȇȉȣșȌ ȘȌȈȌ, 

Ȟșȕ ȘȔȕȘȦș ȘșȇȗȕȌ ȎȋȇȔȏȌ. ǸȔȇȞȇȒȇ ȑȇȓȔȏ ȏ ȑȏȗȖȏȞȏ 

ȕșȋȌȒȦȥș ȋȗȚȊ ȕș ȋȗȚȊȇ. ǮȇșȌȓ, Ȗȗȏ ȏȘȖȕȒȣȎȕȉȇȔȏȏ ȤșȏȜ ȍȌ  

ȏȒȏ ȔȕȉȢȜ ȓȇșȌȗȏȇȒȕȉ, ȘșȗȕȏșȘȦ ȋȗȚȊȕȌ ȎȋȇȔȏȌ. ǶȕȜȕȍȇȦ 

ȑȇȗșȏȔȇ ȔȇȈȒȥȋȇȌșȘȦ ȏ ȉ ȜȏȓȏȞȌȘȑȏȜ ȗȌȇȑȝȏȦȜ: ȘȔȇȞȇȒȇ 

ȗȇȎȗȢȉȇȥșȘȦ ȘȚȠȌȘșȉȚȥȠȏȌ ȘȉȦȎȏ, ȎȇșȌȓ ȕȈȗȇȎȚȥșȘȦ ȔȕȉȢȌ, 

ȏ ȉ ȗȌȎȚȒȣșȇșȌ ȕȈȗȇȎȚȌșȘȦ ȘȕȉȌȗȟȌȔȔȕ ȋȗȚȊȕȌ ȉȌȠȌȘșȉȕ.

ǮȇșȌȓ Ȏȇ ȘȞȧș ȘȉȦȎȌȐ, ȉȕȎȔȏȑȇȥȠȏȜ ȓȌȍȋȚ ȇșȕȓȇȓȏ ȉȕȋȕȗȕȋȇ ȏ ȏȕȋȇ, 

ȕȈȗȇȎȚȥșȘȦ ȓȕȒȌȑȚȒȢ ȏȕȋȕȉȕȋȕȗȕȋȇ. Ƕȗȏ Ȥșȕȓ ȤȔȌȗȊȏȦ ȉȢȋȌȒȦȌșȘȦ.

ǴȇȖȗȏȓȌȗ, ȉȕȋȕȗȕȋ ȗȌȇȊȏȗȚȌș Ș ȏȕȋȕȓ Ș ȕȈȗȇȎȕȉȇȔȏȌȓ ȏȕȋȕȉȕȋȕȗȕȋȇ. 

Ƕȗȏ Ȥșȕȓ ȘȔȇȞȇȒȇ ȖȗȕȏȘȜȕȋȏș ȗȇȎȗȢȉ ȘȉȦȎȌȐ ȉ ȓȕȒȌȑȚȒȇȜ ȉȕȋȕȗȕȋȇ ȏ 

ȏȕȋȇ. ǫȒȦ ȤșȕȊȕ șȗȌȈȚȌșȘȦ ȤȔȌȗȊȏȦ.
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ǩ ȤșȕȐ ȗȌȇȑȝȏȏ ȘȚȓȓȇȗȔȇȦ ȤȔȌȗȊȏȦ, ȔȌȕȈȜȕȋȏȓȇȦ ȋȒȦ ȗȇȎȗȢȉȇ 

ȘȉȦȎȌȐ H–H ȏ I±I, ȓȌȔȣȟȌ ȤȔȌȗȊȏȏ, ȉȢȋȌȒȦȥȠȌȐȘȦ Ȗȗȏ 

ȕȈȗȇȎȕȉȇȔȏȏ ȋȉȚȜ ȘȉȦȎȌȐ H–I.

ǶȕȤșȕȓȚ ȉ ȗȌȎȚȒȣșȇșȌ ȗȌȇȑȝȏȏ ȉȢȋȌȒȦȌșȘȦ șȌȖȒȕșȇ – ȗȌȇȑȝȏȦ 

ȦȉȒȦȌșȘȦ ȤȑȎȕșȌȗȓȏȞȌȘȑȕȐ.

Ƕȗȏ ȘȏȒȣȔȕȓ ȔȇȊȗȌȉȇȔȏȏ ȊȇȎȕȕȈȗȇȎȔȢȐ ȇȓȓȏȇȑ ȗȇȎȒȇȊȇȌșȘȦ, 

ȕȈȗȇȎȚȦ ȊȇȎȕȕȈȗȇȎȔȢȌ ȇȎȕș ȏ ȉȕȋȕȗȕȋ.

Ǵȇ ȗȇȎȗȢȉ ȘȉȦȎȌȐ ȉ ȓȕȒȌȑȚȒȌ ȇȓȓȏȇȑȇ 

ȤȔȌȗȊȏȦ ȎȇșȗȇȞȏȉȇȌșȘȦ (ȖȕȊȒȕȠȇȌșȘȦ ȏȎȉȔȌ). 

ǩ ȜȕȋȌ ȤșȕȐ ȗȌȇȑȝȏȏ ȤȔȌȗȊȏȦ, ȔȌȕȈȜȕȋȏȓȇȦ ȋȒȦ ȗȇȎȗȢȉȇ ȘȉȦȎȌȐ, ȈȕȒȣȟȌ ȤȔȌȗȊȏȏ, 

ȉȢȋȌȒȦȥȠȌȐȘȦ Ȗȗȏ ȕȈȗȇȎȕȉȇȔȏȏ ȔȕȉȢȜ ȘȉȦȎȌȐ. ǶȕȤșȕȓȚ ȗȌȇȑȝȏȦ ȖȗȕșȌȑȇȌș Ș 

ȖȕȊȒȕȠȌȔȏȌȓ șȌȖȒȕșȢ ȏ ȦȉȒȦȌșȘȦ ȤȔȋȕșȌȗȓȏȞȌȘȑȕȐ.

ǬȘȒȏ ȤȔȌȗȊȏȦ, ȎȇșȗȇȞȌȔȔȇȦ Ȕȇ ȗȇȎȗȢȉ ȘȉȦȎȌȐ, ȓȌȔȣȟȌ ȤȔȌȗȊȏȏ, ȉȢȋȌȒȦȌȓȕȐ Ȗȗȏ 
ȕȈȗȇȎȕȉȇȔȏȏ ȔȕȉȢȜ ȘȉȦȎȌȐ, ȗȌȇȑȝȏȦ ȦȉȒȦȌșȘȦ ȤȑȎȕșȌȗȓȏȞȌȘȑȕȐ, ȇ ȉ ȕȈȗȇșȔȕȓ 
ȘȒȚȞȇȌ – ȤȔȋȕșȌȗȓȏȞȌȘȑȕȐ.

ǷȇȎȒȏȞȔȢȌ ȜȏȓȏȞȌȘȑȏȌ ȘȉȦȎȏ ȕșȒȏȞȇȥșȘȦ ȋȗȚȊ ȕș ȋȗȚȊȇ Ȗȕ ȘȉȕȌȐ ȤȔȌȗȊȏȏ. 

ǴȇȖȗȏȓȌȗ:

ǵȈȘȚȋȏșȌ�

�� ǩ ȑȇȑȕȐ ȗȌȇȑȝȏȏ Ȕȇ ȗȇȎȗȢȉ 

ȘȉȦȎȌȐ ȎȇșȗȇȞȏȉȇȌșȘȦ  

ȔȇȏȈȕȒȣȟȌȌ ȑȕȒȏȞȌȘșȉȕ 

ȤȔȌȗȊȏȏ" 

�� ǩ ȑȇȑȕȐ ȗȌȇȑȝȏȏ Ȗȗȏ 

ȕȈȗȇȎȕȉȇȔȏȏ ȘȉȦȎȌȐ ȉȢȋȌȒȦȌșȘȦ 

ȔȇȏȈȕȒȣȟȌȌ ȑȕȒȏȞȌȘșȉȕ 

ȤȔȌȗȊȏȏ"

�� ǱȇȑȏȌ ȗȌȇȑȝȏȏ  ȦȉȒȦȥșȘȦ 

ȤȑȎȕșȌȗȓȏȞȌȘȑȏȓȏ� ȇ ȑȇȑȏȌ  ²  

ȤȔȋȕșȌȗȓȏȞȌȘȑȏȓȏ"

�� ǩ șȕȓ ȘȒȚȞȇȌ� ȌȘȒȏ ȔȌȏȎȉȌȘșȔȇ 

ȤȔȌȗȊȏȦ ȘȉȦȎȏ ȋȒȦ ȕȋȔȕȐ ȏȎ 

ȘȉȦȎȌȐ ȉ ȓȕȒȌȑȚȒȇȜ 

ȗȌȇȊȏȗȚȥȠȏȜ ȉȌȠȌȘșȉ ȏȒȏ 

ȖȗȕȋȚȑșȕȉ ȗȌȇȑȝȏȏ� ȉȕȎȓȕȍȔȕ 

Ȓȏ ȗȇȘȘȞȏșȇșȣ Ȍȧ� ȏȘȜȕȋȦ ȏȎ  

șȌȖȒȕȉȕȊȕ ȤțțȌȑșȇ ȗȌȇȑȝȏȏ" 

ǸȕȘșȇȉȣșȌ ȘȕȕșȉȌșȘșȉȚȥȠȌȌ 

ȎȇȋȇȔȏȌ�

Ǳȇȑ Ȕȇ ȕȘȔȕȉȇȔȏȏ ȤȔȌȗȊȏȏ ȘȉȦȎȏ ȕȖȗȌȋȌȒȏșȣ� 
ȦȉȒȦȥșȘȦ ȗȌȇȑȝȏȏ ȤȑȎȕșȌȗȓȏȞȌȘȑȏȓȏ ȏȒȏ 
ȤȔȋȕșȌȗȓȏȞȌȘȑȏȓȏ"

a. CH  + 2O ଃ→ଃଇCO  + 2H O4 2 2 2

b. 2H  + O ଃ→ 2H O2 2 2

Ǽȕȋ ȗȇȈȕșȢ�

ǿȇȊ �� ǯȎȕȈȗȇȎȏșȌ ȓȕȒȌȑȚȒȦȗȔȕȌ ȘșȗȕȌȔȏȌ 

ȉȌȠȌȘșȉ, ȖȗȏȉȌȋȧȔȔȢȜ ȉ ȗȌȇȑȝȏȦȜ, ȏ ȕȖȗȌȋȌȒȏșȌ ȤȔȌȗȊȏȏ 

ȘȉȦȎȌȐ ȉ ȑȇȍȋȕȐ ȓȕȒȌȑȚȒȌ. ǫȒȦ ȤșȕȊȕ ȉȢ ȓȕȍȌșȌ 

ȏȘȖȕȒȣȎȕȉȇșȣ ȖȗȌȋȘșȇȉȒȌȔȔȚȥ ȉ șȌȓȌ șȇȈȒȏȝȚ ȏ 

ȏȔșȌȗȔȌș-ȗȌȘȚȗȘȢ.

ǿȇȊ �� ǫȒȦ ȑȇȍȋȕȐ ȗȌȇȑȝȏȏ ȗȇȘȘȞȏșȇȐșȌ ȘȚȓȓȚ ȤȔȌȗȊȏȐ 

ȘȉȦȎȌȐ ȉ ȓȕȒȌȑȚȒȇȜ ȗȌȇȊȏȗȚȥȠȏȜ ȉȌȠȌȘșȉ� ȉ ȓȕȒȌȑȚȒȇȜ 

ȖȗȕȋȚȑșȕȉ ȗȌȇȑȝȏȏ. Ƕȗȏ Ȥșȕȓ ȋȕȒȍȔȢ ȈȢșȣ ȚȞșȌȔȢ 

ȑȕȤțțȏȝȏȌȔșȢ ȉ ȚȗȇȉȔȌȔȏȏ ȗȌȇȑȝȏȏ.

ǿȇȊ �� ǫȒȦ ȑȇȍȋȕȐ ȗȌȇȑȝȏȏ ȗȇȘȘȞȏșȇȐșȌ ȏȎȓȌȔȌȔȏȌ 

ȤȔșȇȒȣȖȏȏ Ȗȕ ȗȇȎȔȕȘșȏ ȓȌȍȋȚ ȘȚȓȓȕȐ ȤȔȌȗȊȏȐ ȘȉȦȎȌȐ ȉ 

ȓȕȒȌȑȚȒȇȜ ȗȌȇȊȏȗȚȥȠȏȜ ȉȌȠȌȘșȉ ȏ ȘȚȓȓȕȐ ȤȔȌȗȊȏȐ 

ȘȉȦȎȌȐ ȉ ȓȕȒȌȑȚȒȇȜ ȖȗȕȋȚȑșȕȉ ȗȌȇȑȝȏȏ.

ǿȇȊ �� ǫȒȦ ȑȇȍȋȕȐ ȗȌȇȑȝȏȏ ȖȕȘșȗȕȐșȌ ȤȔȌȗȊȌșȏȞȌȘȑȚȥ 

ȋȏȇȊȗȇȓȓȚ.

ǸȉȦȎȣ

H–H

Cl–Cl

O=O

N≡N

O–H

H–Cl

ȄȔȌȗȊȏȦ ȘȉȦȎȏ, ȑǫȍ/ȓȕȒȣ

436

242

496

946

463

431

ǸȉȦȎȣ

N–H

C–H

C–C

C=C

C≡C

C=O

ȄȔȌȗȊȏȦ ȘȉȦȎȏ, ȑǫȍ/ȓȕȒȣ

391

412

346

612

835

358

2 ȓȕȒȣ H + 2 ȓȕȒȣ I

ǧșȕȓȢ ȉȕȋȕȗȕȋȇ ȏ ȏȕȋȇ

ǳȕȒȌȑȚȒȢ

ǩȕȋȕȗȕȋȇ ȏ ȏȕȋȇ

ȄȔȌȗȊȏȦ, 

ȉȢȋȌȒȦȥȠȇȦȘȦ

ȉ ȜȕȋȌ ȗȌȇȑȝȏȏ
ǳȕȒȌȑȚȒȢ   

ȏȕȋȕȉȕȋȕȗȕȋȇ

2HI(Ȋ)

H (Ȋ)   + I (Ȋ)2 2

ǫȒȦ ȗȇȎȗȢȉȇ 1 ȓȕȒȣ             

ȘȉȦȎȌȐ H–H ȏ 1 ȓȕȒȣ          

ȘȉȦȎȌȐ I–I șȗȌȈȚȌșȘȦ 

ȤȔȌȗȊȏȦ

Ƕȗȏ ȕȈȗȇȎȕȉȇȔȏȏ

2 ȓȕȒȣ ȘȉȦȎȌȐ H–I

ȉȢȋȌȒȦȌșȘȦ ȤȔȌȗȊȏȦ 

ǳȌȍȋȚ ȇșȕȓȇȓȏ ȉȕȋȕȗȕȋȇ ȏ ȓȌȍȋȚ ȇșȕȓȇȓȏ ȇȎȕșȇ ȕȈȗȇȎȚȥșȘȦ ȘȉȦȎȏ. 

Ƕȗȏ Ȥșȕȓ ȤȔȌȗȊȏȦ ȉȢȋȌȒȦȌșȘȦ.

H

N

H

H

H

N

H

H

3ǹȌȗȓȕȜȏȓȏȦǾȇȘșȣ I

ǫ
Ȍ
Ȧ
șȌ

Ȓ
ȣ
Ȕ

ȕ
Șș

ȣ
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ǩ ȤșȕȐ ȗȌȇȑȝȏȏ ȘȚȓȓȇȗȔȇȦ ȤȔȌȗȊȏȦ, ȔȌȕȈȜȕȋȏȓȇȦ ȋȒȦ ȗȇȎȗȢȉȇ 

ȘȉȦȎȌȐ H–H ȏ I±I, ȓȌȔȣȟȌ ȤȔȌȗȊȏȏ, ȉȢȋȌȒȦȥȠȌȐȘȦ Ȗȗȏ 

ȕȈȗȇȎȕȉȇȔȏȏ ȋȉȚȜ ȘȉȦȎȌȐ H–I.

ǶȕȤșȕȓȚ ȉ ȗȌȎȚȒȣșȇșȌ ȗȌȇȑȝȏȏ ȉȢȋȌȒȦȌșȘȦ șȌȖȒȕșȇ – ȗȌȇȑȝȏȦ 

ȦȉȒȦȌșȘȦ ȤȑȎȕșȌȗȓȏȞȌȘȑȕȐ.

Ƕȗȏ ȘȏȒȣȔȕȓ ȔȇȊȗȌȉȇȔȏȏ ȊȇȎȕȕȈȗȇȎȔȢȐ ȇȓȓȏȇȑ ȗȇȎȒȇȊȇȌșȘȦ, 

ȕȈȗȇȎȚȦ ȊȇȎȕȕȈȗȇȎȔȢȌ ȇȎȕș ȏ ȉȕȋȕȗȕȋ.

Ǵȇ ȗȇȎȗȢȉ ȘȉȦȎȌȐ ȉ ȓȕȒȌȑȚȒȌ ȇȓȓȏȇȑȇ 

ȤȔȌȗȊȏȦ ȎȇșȗȇȞȏȉȇȌșȘȦ (ȖȕȊȒȕȠȇȌșȘȦ ȏȎȉȔȌ). 

ǩ ȜȕȋȌ ȤșȕȐ ȗȌȇȑȝȏȏ ȤȔȌȗȊȏȦ, ȔȌȕȈȜȕȋȏȓȇȦ ȋȒȦ ȗȇȎȗȢȉȇ ȘȉȦȎȌȐ, ȈȕȒȣȟȌ ȤȔȌȗȊȏȏ, 

ȉȢȋȌȒȦȥȠȌȐȘȦ Ȗȗȏ ȕȈȗȇȎȕȉȇȔȏȏ ȔȕȉȢȜ ȘȉȦȎȌȐ. ǶȕȤșȕȓȚ ȗȌȇȑȝȏȦ ȖȗȕșȌȑȇȌș Ș 

ȖȕȊȒȕȠȌȔȏȌȓ șȌȖȒȕșȢ ȏ ȦȉȒȦȌșȘȦ ȤȔȋȕșȌȗȓȏȞȌȘȑȕȐ.

ǬȘȒȏ ȤȔȌȗȊȏȦ, ȎȇșȗȇȞȌȔȔȇȦ Ȕȇ ȗȇȎȗȢȉ ȘȉȦȎȌȐ, ȓȌȔȣȟȌ ȤȔȌȗȊȏȏ, ȉȢȋȌȒȦȌȓȕȐ Ȗȗȏ 
ȕȈȗȇȎȕȉȇȔȏȏ ȔȕȉȢȜ ȘȉȦȎȌȐ, ȗȌȇȑȝȏȦ ȦȉȒȦȌșȘȦ ȤȑȎȕșȌȗȓȏȞȌȘȑȕȐ, ȇ ȉ ȕȈȗȇșȔȕȓ 
ȘȒȚȞȇȌ – ȤȔȋȕșȌȗȓȏȞȌȘȑȕȐ.

ǷȇȎȒȏȞȔȢȌ ȜȏȓȏȞȌȘȑȏȌ ȘȉȦȎȏ ȕșȒȏȞȇȥșȘȦ ȋȗȚȊ ȕș ȋȗȚȊȇ Ȗȕ ȘȉȕȌȐ ȤȔȌȗȊȏȏ. 

ǴȇȖȗȏȓȌȗ:

ǵȈȘȚȋȏșȌ�

�� ǩ ȑȇȑȕȐ ȗȌȇȑȝȏȏ Ȕȇ ȗȇȎȗȢȉ 

ȘȉȦȎȌȐ ȎȇșȗȇȞȏȉȇȌșȘȦ  

ȔȇȏȈȕȒȣȟȌȌ ȑȕȒȏȞȌȘșȉȕ 

ȤȔȌȗȊȏȏ" 

�� ǩ ȑȇȑȕȐ ȗȌȇȑȝȏȏ Ȗȗȏ 

ȕȈȗȇȎȕȉȇȔȏȏ ȘȉȦȎȌȐ ȉȢȋȌȒȦȌșȘȦ 

ȔȇȏȈȕȒȣȟȌȌ ȑȕȒȏȞȌȘșȉȕ 

ȤȔȌȗȊȏȏ"

�� ǱȇȑȏȌ ȗȌȇȑȝȏȏ  ȦȉȒȦȥșȘȦ 

ȤȑȎȕșȌȗȓȏȞȌȘȑȏȓȏ� ȇ ȑȇȑȏȌ  ²  

ȤȔȋȕșȌȗȓȏȞȌȘȑȏȓȏ"

�� ǩ șȕȓ ȘȒȚȞȇȌ� ȌȘȒȏ ȔȌȏȎȉȌȘșȔȇ 

ȤȔȌȗȊȏȦ ȘȉȦȎȏ ȋȒȦ ȕȋȔȕȐ ȏȎ 

ȘȉȦȎȌȐ ȉ ȓȕȒȌȑȚȒȇȜ 

ȗȌȇȊȏȗȚȥȠȏȜ ȉȌȠȌȘșȉ ȏȒȏ 

ȖȗȕȋȚȑșȕȉ ȗȌȇȑȝȏȏ� ȉȕȎȓȕȍȔȕ 

Ȓȏ ȗȇȘȘȞȏșȇșȣ Ȍȧ� ȏȘȜȕȋȦ ȏȎ  

șȌȖȒȕȉȕȊȕ ȤțțȌȑșȇ ȗȌȇȑȝȏȏ" 

ǸȕȘșȇȉȣșȌ ȘȕȕșȉȌșȘșȉȚȥȠȌȌ 

ȎȇȋȇȔȏȌ�

Ǳȇȑ Ȕȇ ȕȘȔȕȉȇȔȏȏ ȤȔȌȗȊȏȏ ȘȉȦȎȏ ȕȖȗȌȋȌȒȏșȣ� 
ȦȉȒȦȥșȘȦ ȗȌȇȑȝȏȏ ȤȑȎȕșȌȗȓȏȞȌȘȑȏȓȏ ȏȒȏ 
ȤȔȋȕșȌȗȓȏȞȌȘȑȏȓȏ"

a. CH  + 2O ଃ→ଃଇCO  + 2H O4 2 2 2

b. 2H  + O ଃ→ 2H O2 2 2

Ǽȕȋ ȗȇȈȕșȢ�

ǿȇȊ �� ǯȎȕȈȗȇȎȏșȌ ȓȕȒȌȑȚȒȦȗȔȕȌ ȘșȗȕȌȔȏȌ 

ȉȌȠȌȘșȉ, ȖȗȏȉȌȋȧȔȔȢȜ ȉ ȗȌȇȑȝȏȦȜ, ȏ ȕȖȗȌȋȌȒȏșȌ ȤȔȌȗȊȏȏ 

ȘȉȦȎȌȐ ȉ ȑȇȍȋȕȐ ȓȕȒȌȑȚȒȌ. ǫȒȦ ȤșȕȊȕ ȉȢ ȓȕȍȌșȌ 

ȏȘȖȕȒȣȎȕȉȇșȣ ȖȗȌȋȘșȇȉȒȌȔȔȚȥ ȉ șȌȓȌ șȇȈȒȏȝȚ ȏ 

ȏȔșȌȗȔȌș-ȗȌȘȚȗȘȢ.

ǿȇȊ �� ǫȒȦ ȑȇȍȋȕȐ ȗȌȇȑȝȏȏ ȗȇȘȘȞȏșȇȐșȌ ȘȚȓȓȚ ȤȔȌȗȊȏȐ 

ȘȉȦȎȌȐ ȉ ȓȕȒȌȑȚȒȇȜ ȗȌȇȊȏȗȚȥȠȏȜ ȉȌȠȌȘșȉ� ȉ ȓȕȒȌȑȚȒȇȜ 

ȖȗȕȋȚȑșȕȉ ȗȌȇȑȝȏȏ. Ƕȗȏ Ȥșȕȓ ȋȕȒȍȔȢ ȈȢșȣ ȚȞșȌȔȢ 

ȑȕȤțțȏȝȏȌȔșȢ ȉ ȚȗȇȉȔȌȔȏȏ ȗȌȇȑȝȏȏ.

ǿȇȊ �� ǫȒȦ ȑȇȍȋȕȐ ȗȌȇȑȝȏȏ ȗȇȘȘȞȏșȇȐșȌ ȏȎȓȌȔȌȔȏȌ 

ȤȔșȇȒȣȖȏȏ Ȗȕ ȗȇȎȔȕȘșȏ ȓȌȍȋȚ ȘȚȓȓȕȐ ȤȔȌȗȊȏȐ ȘȉȦȎȌȐ ȉ 

ȓȕȒȌȑȚȒȇȜ ȗȌȇȊȏȗȚȥȠȏȜ ȉȌȠȌȘșȉ ȏ ȘȚȓȓȕȐ ȤȔȌȗȊȏȐ 

ȘȉȦȎȌȐ ȉ ȓȕȒȌȑȚȒȇȜ ȖȗȕȋȚȑșȕȉ ȗȌȇȑȝȏȏ.

ǿȇȊ �� ǫȒȦ ȑȇȍȋȕȐ ȗȌȇȑȝȏȏ ȖȕȘșȗȕȐșȌ ȤȔȌȗȊȌșȏȞȌȘȑȚȥ 

ȋȏȇȊȗȇȓȓȚ.

ǸȉȦȎȣ

H–H

Cl–Cl

O=O

N≡N

O–H

H–Cl

ȄȔȌȗȊȏȦ ȘȉȦȎȏ, ȑǫȍ/ȓȕȒȣ

436

242

496

946

463

431

ǸȉȦȎȣ

N–H

C–H

C–C

C=C

C≡C

C=O

ȄȔȌȗȊȏȦ ȘȉȦȎȏ, ȑǫȍ/ȓȕȒȣ

391

412

346

612

835

358

2 ȓȕȒȣ H + 2 ȓȕȒȣ I

ǧșȕȓȢ ȉȕȋȕȗȕȋȇ ȏ ȏȕȋȇ

ǳȕȒȌȑȚȒȢ

ǩȕȋȕȗȕȋȇ ȏ ȏȕȋȇ

ȄȔȌȗȊȏȦ, 

ȉȢȋȌȒȦȥȠȇȦȘȦ

ȉ ȜȕȋȌ ȗȌȇȑȝȏȏ
ǳȕȒȌȑȚȒȢ   

ȏȕȋȕȉȕȋȕȗȕȋȇ

2HI(Ȋ)

H (Ȋ)   + I (Ȋ)2 2

ǫȒȦ ȗȇȎȗȢȉȇ 1 ȓȕȒȣ             

ȘȉȦȎȌȐ H–H ȏ 1 ȓȕȒȣ          

ȘȉȦȎȌȐ I–I șȗȌȈȚȌșȘȦ 

ȤȔȌȗȊȏȦ

Ƕȗȏ ȕȈȗȇȎȕȉȇȔȏȏ

2 ȓȕȒȣ ȘȉȦȎȌȐ H–I

ȉȢȋȌȒȦȌșȘȦ ȤȔȌȗȊȏȦ 

ǳȌȍȋȚ ȇșȕȓȇȓȏ ȉȕȋȕȗȕȋȇ ȏ ȓȌȍȋȚ ȇșȕȓȇȓȏ ȇȎȕșȇ ȕȈȗȇȎȚȥșȘȦ ȘȉȦȎȏ. 

Ƕȗȏ Ȥșȕȓ ȤȔȌȗȊȏȦ ȉȢȋȌȒȦȌșȘȦ.

H

N

H

H

H

N

H

H

3ǹȌȗȓȕȜȏȓȏȦǾȇȘșȣ I
ǫ

Ȍ
Ȧ
șȌ

Ȓ
ȣ
Ȕ

ȕ
Șș

ȣ
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ǯȘȖȕȒȣȎȚȦ ȤȔȌȗȊȏȏ ȘȉȦȎȌȐ ȉ ȓȕȒȌȑȚȒȇȜ ȉȌȠȌȘșȉ, ȓȕȍȔȕ 

ȗȇȘȘȞȏșȇșȣ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȗȌȇȑȝȏȐ: 

ǶǷǯǳǬǷ

1. ǺȞȏșȢȉȇȦ, Ȟșȕ E(H–H) = 436 ȑǫȍ/ȓȕȒȣ,                                           

E(Cl–Cl) = 242 ȑǫȍ/ȓȕȒȣ,  E(H–Cl) = 431 ȑǫȍ/ȓȕȒȣ,                       

ȋȒȦ ȗȌȇȑȝȏȏ H   + Cl   → 2HCl:2 2

a. ȗȇȘȘȞȏșȇȐșȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ (ȉ ȑǫȍ)�

b. ȕȖȗȌȋȌȒȏșȌ, ȦȉȒȦȌșȘȦ ȗȌȇȑȝȏȦ ȤȑȎȕșȌȗȓȏȞȌȘȑȕȐ 

ȏȒȏ ȤȔȋȕșȌȗȓȏȞȌȘȑȕȐ� 

c. ȖȕȘșȗȕȐșȌ ȤȔȌȗȊȌșȏȞȌȘȑȚȥ ȋȏȇȊȗȇȓȓȚ. 

ǷȌȟȌȔȏȌ�

a. ȄȔȌȗȊȏȦ, ȏȎȗȇȘȜȕȋȕȉȇȔȔȇȦ Ȕȇ ȗȇȎȗȢȉ ȘȉȦȎȌȐ:

E(H–H) = 436 ȑǫȍ/ȓȕȒȣ

E(Cl–Cl) = 242 ȑǫȍ/ȓȕȒȣ

ǩȘȌȊȕ = 678 ȑǫȍ

ȄȔȌȗȊȏȦ, ȉȢȋȌȒȏȉȟȇȦȘȦ Ȗȗȏ ȕȈȗȇȎȕȉȇȔȏȏ ȘȉȦȎȌȐ: 

2 ï E(H–Cl) = 2 ∙ 431 = 862 ȑǫȍ

ǯȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ:

©H  = 678 – 862 = –184 ȑǫȍ

2. ǺȞȏșȢȉȇȦ, Ȟșȕ E(N–H) = 391 ȑǫȍ/ȓȕȒȣ, 

E(N≡N) = 946 ȑǫȍ/ȓȕȒȣ, ȇ ȚȗȇȉȔȌȔȏȌ ȗȌȇȑȝȏȏ 

2NH  → ଃN  + 3H    ©H  = + 92 ȑǫȍ,  3 2 2

ȇ. ȗȇȘȘȞȏșȇȐșȌ ȤȔȌȗȊȏȥ ȘȉȦȎȏ H–H (ȑǫȍ/ȓȕȒȣ)�

b. ȖȕȘșȗȕȐșȌ ȤȔȌȗȊȌșȏȞȌȘȑȚȥ ȋȏȇȊȗȇȓȓȚ.

ǷȌȟȌȔȏȌ�

ȇ. ȄȔȌȗȊȏȦ, ȎȇșȗȇȞȌȔȔȇȦ Ȕȇ ȗȇȎȗȢȉ ȘȉȦȎȌȐ:

6 ∙ E(N–H) = 6 ∙ 391 = 2346 ȑǫȍ

ȄȔȌȗȊȏȦ, ȉȢȋȌȒȏȉȟȇȦȘȦ Ȗȗȏ ȕȈȗȇȎȕȉȇȔȏȏ ȘȉȦȎȌȐ:

E(N≡N) = 946 ȑǫȍ

3 ∙ E(H–H) = 3x ȑǫȍ

ǸȚȓȓȇ = (946 + 3x) ȑǫȍ

ǯȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ:

2346 – (946 + 3x) = +92 ȑǫȍ

x = 436  ȑǫȍ

b. ǷȌȇȑȝȏȦ ȦȉȒȦȌșȘȦ ȤȑȎȕșȌȗȓȏȞȌȘȑȕȐ, șȇȑ ȑȇȑ 

ȉȢȋȌȒȏȉȟȇȦȘȦ ȤȔȌȗȊȏȦ ȈȕȒȣȟȌ ȖȕȊȒȕȠȧȔȔȕȐ 

ȤȔȌȗȊȏȏ (ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ –  ȕșȗȏȝȇșȌȒȣȔȕȌ).

c. ȄȔȌȗȊȌșȏȞȌȘȑȇȦ ȋȏȇȊȗȇȓȓȇ ȖȗȌȋȘșȇȉȒȌȔȇ ȔȏȍȌ:

b. ȄȔȌȗȊȌșȏȞȌȘȑȇȦ ȋȏȇȊȗȇȓȓȇ ȖȗȌȋȘșȇȉȒȌȔȇ ȔȏȍȌ:

Примените полученные знания

1. ǶȗȏȉȌȋȌȔȇ ȗȌȇȑȝȏȦ ȊȕȗȌȔȏȦ ȊȏȋȗȇȎȏȔȇ (N H ), ȔȇȜȕȋȦȠȌȊȕȘȦ ȉ ȊȇȎȕȕȈȗȇȎȔȕȓ ȘȕȘșȕȦȔȏȏ. 2 4

Проверьте полученные знания

1. Ǿșȕ șȇȑȕȌ ȤȔȌȗȊȏȦ ȘȉȦȎȏ ȏ ȉ ȑȇȑȏȜ ȌȋȏȔȏȝȇȜ ȏȎȓȌȗȦȌșȘȦ?

2. ǴȌȑȕșȕȗȢȌ ȗȌȇȑȝȏȏ ȦȉȒȦȥșȘȦ ȤȔȋȕșȌȗȓȏȞȌȘȑȏȓȏ. ǵȈȡȦȘȔȏșȌ ȖȗȏȞȏȔȚ, ȏȘȜȕȋȦ ȏȎ ȖȕȔȦșȏȐ ȗȇȎȗȢȉȇ    

ȏ ȕȈȗȇȎȕȉȇȔȏȦ ȘȉȦȎȌȐ. 

3. ǯȘȖȕȒȣȎȚȦ ȋȇȔȔȢȌ ȕȈ ȤȔȌȗȊȏȦȜ ȘȉȦȎȏ ȉ ȉȌȠȌȘșȉȇȜ, ȗȇȘȘȞȏșȇȐșȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ (ȉ ȑǫȍ) ȋȒȦ 

ȖȗȏȉȌȋȧȔȔȢȜ ȗȌȇȑȝȏȐ ȏ ȖȕȘșȗȕȐșȌ ȏȜ ȤȔȌȗȊȌșȏȞȌȘȑȏȌ ȋȏȇȊȗȇȓȓȢ.

a. C H  +2H  → C H2 2 2 2 6

b. C H OH + 3O  → 2CO  + 3H O2 5 2 2 2

4. 

E(H–H) = 436 ȑǫȍ/ȓȕȒȣ,

E(H–Cl) = 431 ȑǫȍ/ȓȕȒȣ,

H  + Cl →ଃ2HCl   ©H  = –184 ȑǫȍ,2 2

ȗȇȘȘȞȏșȇȐșȌ ȤȔȌȗȊȏȥ ȘȉȦȎȏ Cl–Cl (ȉ ȑǫȍ/ȓȕȒȣ).

a. ǵȖȗȌȋȌȒȏșȌ, ȑȇȑȏȌ ȘȉȦȎȏ ȗȇȎȗȢȉȇȥșȘȦ.

b.£ǵȖȗȌȋȌȒȏșȌ, ȑȇȑȏȌ ȘȉȦȎȏ ȕȈȗȇȎȚȥșȘȦ.

c. ǷȇȘȘȞȏșȇȐșȌ ȘȚȓȓȇȗȔȚȥ ȤȔȌȗȊȏȥ, ȑȕșȕȗȇȦ ȖȕșȗȌȈȚȌșȘȦ ȋȒȦ ȗȇȎȗȢȉȇ ȉȘȌȜ ȘȉȦȎȌȐ.

d. ǷȇȘȘȞȏșȇȐșȌ ȘȚȓȓȇȗȔȚȥ ȤȔȌȗȊȏȥ, ȉȢȋȌȒȏȉȟȚȥȘȦ Ȗȗȏ ȕȈȗȇȎȕȉȇȔȏȏ ȔȕȉȢȜ ȘȉȦȎȌȐ. 

e. ǷȇȘȘȞȏșȇȐșȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȗȌȇȑȝȏȏ. 

f. ǵȖȗȌȋȌȒȏșȌ, ȗȌȇȑȝȏȦ ȦȉȒȦȌșȘȦ ȤȑȎȕșȌȗȓȏȞȌȘȑȕȐ ȏȒȏ ȤȔȋȕșȌȗȓȏȞȌȘȑȕȐ. 

g. ǩȢȘȑȇȍȏșȌ Șȉȕȧ ȓȔȌȔȏȌ ȕȈ ȏȘȖȕȒȣȎȕȉȇȔȏȏ ȊȏȋȗȇȎȏȔȇ ȉ ȑȇȞȌȘșȉȌ șȕȖȒȏȉȇ.

2. ǯȘȖȕȒȣȎȚȦ ȖȗȏȉȌȋȧȔȔȢȌ ȋȇȔȔȢȌ, ȗȇȘȘȞȏșȇȐșȌ ȤȔȌȗȊȏȥ ȘȉȦȎȏ O–H ȉ ȓȕȒȌȑȚȒȌ ȉȕȋȢ. 

H O(Ȋ) → HO(Ȋ) + H(Ȋ)    ©H °= 498ᆆȑǫȍ 2

HO(Ȋ) →H(Ȋ) + O(Ȋ)        ©H °= 428ᆆȑǫȍ 

ȄȔȌȗȊȏȦ

ǩȢȋȌȒȏȉȟȇȦȘȦ

ȤȔȌȗȊȏȦ

H (Ȋ) + Cl (Ȋ)2 2

ǷȇȎȗȢȉ ȘȉȦȎȏ

2HCl(Ȋ)
 ǷȇȎȔȕȘșȣ ȤȔȌȗȊȏȐ

–184 ȑǫȍ

ǮȇșȗȇȞȌȔȔȇȦ

ȤȔȌȗȊȏȦ

ȄȔȌȗȊȏȦ

ǩȢȋȌȒȏȉȟȇȦȘȦ

ȤȔȌȗȊȏȦ

2NH (Ȋ)3

ǷȇȎȗȢȉ ȘȉȦȎȏ

ǷȇȎȔȕȘșȣ 

ȤȔȌȗȊȏȐ

+92 ȑǫȍ

ǮȇșȗȇȞȌȔȔȇȦ

ȤȔȌȗȊȏȦ N (Ȋ) + 3H (Ȋ)2 2

3ǹȌȗȓȕȜȏȓȏȦǾȇȘșȣ I

H

H

N — N +     O = O ⟶  N ≡ N  +  2O                 

H

H

H

H
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ǯȘȖȕȒȣȎȚȦ ȤȔȌȗȊȏȏ ȘȉȦȎȌȐ ȉ ȓȕȒȌȑȚȒȇȜ ȉȌȠȌȘșȉ, ȓȕȍȔȕ 

ȗȇȘȘȞȏșȇșȣ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȗȌȇȑȝȏȐ: 

ǶǷǯǳǬǷ

1. ǺȞȏșȢȉȇȦ, Ȟșȕ E(H–H) = 436 ȑǫȍ/ȓȕȒȣ,                                           

E(Cl–Cl) = 242 ȑǫȍ/ȓȕȒȣ,  E(H–Cl) = 431 ȑǫȍ/ȓȕȒȣ,                       

ȋȒȦ ȗȌȇȑȝȏȏ H   + Cl   → 2HCl:2 2

a. ȗȇȘȘȞȏșȇȐșȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ (ȉ ȑǫȍ)�

b. ȕȖȗȌȋȌȒȏșȌ, ȦȉȒȦȌșȘȦ ȗȌȇȑȝȏȦ ȤȑȎȕșȌȗȓȏȞȌȘȑȕȐ 

ȏȒȏ ȤȔȋȕșȌȗȓȏȞȌȘȑȕȐ� 

c. ȖȕȘșȗȕȐșȌ ȤȔȌȗȊȌșȏȞȌȘȑȚȥ ȋȏȇȊȗȇȓȓȚ. 

ǷȌȟȌȔȏȌ�

a. ȄȔȌȗȊȏȦ, ȏȎȗȇȘȜȕȋȕȉȇȔȔȇȦ Ȕȇ ȗȇȎȗȢȉ ȘȉȦȎȌȐ:

E(H–H) = 436 ȑǫȍ/ȓȕȒȣ

E(Cl–Cl) = 242 ȑǫȍ/ȓȕȒȣ

ǩȘȌȊȕ = 678 ȑǫȍ

ȄȔȌȗȊȏȦ, ȉȢȋȌȒȏȉȟȇȦȘȦ Ȗȗȏ ȕȈȗȇȎȕȉȇȔȏȏ ȘȉȦȎȌȐ: 

2 ï E(H–Cl) = 2 ∙ 431 = 862 ȑǫȍ

ǯȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ:

©H  = 678 – 862 = –184 ȑǫȍ

2. ǺȞȏșȢȉȇȦ, Ȟșȕ E(N–H) = 391 ȑǫȍ/ȓȕȒȣ, 

E(N≡N) = 946 ȑǫȍ/ȓȕȒȣ, ȇ ȚȗȇȉȔȌȔȏȌ ȗȌȇȑȝȏȏ 

2NH  → ଃN  + 3H    ©H  = + 92 ȑǫȍ,  3 2 2

ȇ. ȗȇȘȘȞȏșȇȐșȌ ȤȔȌȗȊȏȥ ȘȉȦȎȏ H–H (ȑǫȍ/ȓȕȒȣ)�

b. ȖȕȘșȗȕȐșȌ ȤȔȌȗȊȌșȏȞȌȘȑȚȥ ȋȏȇȊȗȇȓȓȚ.

ǷȌȟȌȔȏȌ�

ȇ. ȄȔȌȗȊȏȦ, ȎȇșȗȇȞȌȔȔȇȦ Ȕȇ ȗȇȎȗȢȉ ȘȉȦȎȌȐ:

6 ∙ E(N–H) = 6 ∙ 391 = 2346 ȑǫȍ

ȄȔȌȗȊȏȦ, ȉȢȋȌȒȏȉȟȇȦȘȦ Ȗȗȏ ȕȈȗȇȎȕȉȇȔȏȏ ȘȉȦȎȌȐ:

E(N≡N) = 946 ȑǫȍ

3 ∙ E(H–H) = 3x ȑǫȍ

ǸȚȓȓȇ = (946 + 3x) ȑǫȍ

ǯȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ:

2346 – (946 + 3x) = +92 ȑǫȍ

x = 436  ȑǫȍ

b. ǷȌȇȑȝȏȦ ȦȉȒȦȌșȘȦ ȤȑȎȕșȌȗȓȏȞȌȘȑȕȐ, șȇȑ ȑȇȑ 

ȉȢȋȌȒȏȉȟȇȦȘȦ ȤȔȌȗȊȏȦ ȈȕȒȣȟȌ ȖȕȊȒȕȠȧȔȔȕȐ 

ȤȔȌȗȊȏȏ (ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ –  ȕșȗȏȝȇșȌȒȣȔȕȌ).

c. ȄȔȌȗȊȌșȏȞȌȘȑȇȦ ȋȏȇȊȗȇȓȓȇ ȖȗȌȋȘșȇȉȒȌȔȇ ȔȏȍȌ:

b. ȄȔȌȗȊȌșȏȞȌȘȑȇȦ ȋȏȇȊȗȇȓȓȇ ȖȗȌȋȘșȇȉȒȌȔȇ ȔȏȍȌ:

Примените полученные знания

1. ǶȗȏȉȌȋȌȔȇ ȗȌȇȑȝȏȦ ȊȕȗȌȔȏȦ ȊȏȋȗȇȎȏȔȇ (N H ), ȔȇȜȕȋȦȠȌȊȕȘȦ ȉ ȊȇȎȕȕȈȗȇȎȔȕȓ ȘȕȘșȕȦȔȏȏ. 2 4

Проверьте полученные знания

1. Ǿșȕ șȇȑȕȌ ȤȔȌȗȊȏȦ ȘȉȦȎȏ ȏ ȉ ȑȇȑȏȜ ȌȋȏȔȏȝȇȜ ȏȎȓȌȗȦȌșȘȦ?

2. ǴȌȑȕșȕȗȢȌ ȗȌȇȑȝȏȏ ȦȉȒȦȥșȘȦ ȤȔȋȕșȌȗȓȏȞȌȘȑȏȓȏ. ǵȈȡȦȘȔȏșȌ ȖȗȏȞȏȔȚ, ȏȘȜȕȋȦ ȏȎ ȖȕȔȦșȏȐ ȗȇȎȗȢȉȇ    

ȏ ȕȈȗȇȎȕȉȇȔȏȦ ȘȉȦȎȌȐ. 

3. ǯȘȖȕȒȣȎȚȦ ȋȇȔȔȢȌ ȕȈ ȤȔȌȗȊȏȦȜ ȘȉȦȎȏ ȉ ȉȌȠȌȘșȉȇȜ, ȗȇȘȘȞȏșȇȐșȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ (ȉ ȑǫȍ) ȋȒȦ 

ȖȗȏȉȌȋȧȔȔȢȜ ȗȌȇȑȝȏȐ ȏ ȖȕȘșȗȕȐșȌ ȏȜ ȤȔȌȗȊȌșȏȞȌȘȑȏȌ ȋȏȇȊȗȇȓȓȢ.

a. C H  +2H  → C H2 2 2 2 6

b. C H OH + 3O  → 2CO  + 3H O2 5 2 2 2

4. 

E(H–H) = 436 ȑǫȍ/ȓȕȒȣ,

E(H–Cl) = 431 ȑǫȍ/ȓȕȒȣ,

H  + Cl →ଃ2HCl   ©H  = –184 ȑǫȍ,2 2

ȗȇȘȘȞȏșȇȐșȌ ȤȔȌȗȊȏȥ ȘȉȦȎȏ Cl–Cl (ȉ ȑǫȍ/ȓȕȒȣ).

a. ǵȖȗȌȋȌȒȏșȌ, ȑȇȑȏȌ ȘȉȦȎȏ ȗȇȎȗȢȉȇȥșȘȦ.

b.£ǵȖȗȌȋȌȒȏșȌ, ȑȇȑȏȌ ȘȉȦȎȏ ȕȈȗȇȎȚȥșȘȦ.

c. ǷȇȘȘȞȏșȇȐșȌ ȘȚȓȓȇȗȔȚȥ ȤȔȌȗȊȏȥ, ȑȕșȕȗȇȦ ȖȕșȗȌȈȚȌșȘȦ ȋȒȦ ȗȇȎȗȢȉȇ ȉȘȌȜ ȘȉȦȎȌȐ.

d. ǷȇȘȘȞȏșȇȐșȌ ȘȚȓȓȇȗȔȚȥ ȤȔȌȗȊȏȥ, ȉȢȋȌȒȏȉȟȚȥȘȦ Ȗȗȏ ȕȈȗȇȎȕȉȇȔȏȏ ȔȕȉȢȜ ȘȉȦȎȌȐ. 

e. ǷȇȘȘȞȏșȇȐșȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȗȌȇȑȝȏȏ. 

f. ǵȖȗȌȋȌȒȏșȌ, ȗȌȇȑȝȏȦ ȦȉȒȦȌșȘȦ ȤȑȎȕșȌȗȓȏȞȌȘȑȕȐ ȏȒȏ ȤȔȋȕșȌȗȓȏȞȌȘȑȕȐ. 

g. ǩȢȘȑȇȍȏșȌ Șȉȕȧ ȓȔȌȔȏȌ ȕȈ ȏȘȖȕȒȣȎȕȉȇȔȏȏ ȊȏȋȗȇȎȏȔȇ ȉ ȑȇȞȌȘșȉȌ șȕȖȒȏȉȇ.

2. ǯȘȖȕȒȣȎȚȦ ȖȗȏȉȌȋȧȔȔȢȌ ȋȇȔȔȢȌ, ȗȇȘȘȞȏșȇȐșȌ ȤȔȌȗȊȏȥ ȘȉȦȎȏ O–H ȉ ȓȕȒȌȑȚȒȌ ȉȕȋȢ. 

H O(Ȋ) → HO(Ȋ) + H(Ȋ)    ©H °= 498ᆆȑǫȍ 2

HO(Ȋ) →H(Ȋ) + O(Ȋ)        ©H °= 428ᆆȑǫȍ 

ȄȔȌȗȊȏȦ

ǩȢȋȌȒȏȉȟȇȦȘȦ

ȤȔȌȗȊȏȦ

H (Ȋ) + Cl (Ȋ)2 2

ǷȇȎȗȢȉ ȘȉȦȎȏ

2HCl(Ȋ)
 ǷȇȎȔȕȘșȣ ȤȔȌȗȊȏȐ

–184 ȑǫȍ

ǮȇșȗȇȞȌȔȔȇȦ

ȤȔȌȗȊȏȦ

ȄȔȌȗȊȏȦ

ǩȢȋȌȒȏȉȟȇȦȘȦ

ȤȔȌȗȊȏȦ

2NH (Ȋ)3

ǷȇȎȗȢȉ ȘȉȦȎȏ

ǷȇȎȔȕȘșȣ 

ȤȔȌȗȊȏȐ

+92 ȑǫȍ

ǮȇșȗȇȞȌȔȔȇȦ

ȤȔȌȗȊȏȦ N (Ȋ) + 3H (Ȋ)2 2

3ǹȌȗȓȕȜȏȓȏȦǾȇȘșȣ I

H

H

N — N +     O = O ⟶  N ≡ N  +  2O                 

H

H

H

H



ȄȔȌȗȊȏȦ (ȑȑȇȒ)

120

120

100

16

64

105

78

69

125

24

22

16

18

22

12

12

8

ǶȗȕȋȚȑș ȖȏșȇȔȏȦ

ǳȕȒȕȑȕ (ȘȗȌȋȔȌȐ ȍȏȗȔȕȘșȏ) 

   ǪȇșȢȊ (ȘȗȌȋȔȌȐ ȍȏȗȔȕȘșȏ)

  ǼȒȌȈ ȖȟȌȔȏȞȔȢȐ ȈȌȒȢȐ

ǲȇȉȇȟ

  ǼȒȌȈ șȇȔȋȢȗ

ǷȏȘ ȈȌȒȢȐ (ȕșȉȇȗȔȕȐ)

  ǷȏȘ ȑȕȗȏȞȔȌȉȢȐ (ȕșȉȇȗȔȕȐ) 

ǨȚȒȊȚȗ (ȕșȉȇȗȔȕȐ)

  ǱȗȚȖȇ ȊȗȌȞȔȌȉȇȦ (ȕșȉȇȗȔȇȦ)

ǳȇȑȇȗȕȔȢ (ȕșȉȇȗȔȢȌ)

ǱȇȗșȕțȌȒȣ (ȕșȉȇȗȔȕȐ)

ȆȐȝȕ ȑȚȗȏȔȕȌ

ǱȚȗȏȔȕȌ țȏȒȌ (ȕșȉȇȗȔȕȌ)

  ǪȕȉȦȋȏȔȇ ȈȌȎ ȍȏȗȇ (ȕșȉȇȗȔȇȦ)

ǷȢȈȇ (ȕșȉȇȗȔȇȦ)

ǨȌȒȢȐ ȘȢȗ

ǹȉȕȗȕȊ

ǳȌȗȇ

  1 ȘșȇȑȇȔ (250 ȓȒ)

1 ȖȏȇȒȇ (200 Ȋ)

1 Ȓȕȓșȏȑ (30 Ȋ)

1 ȟș. (50 Ȋ)

1 Ȓȕȓșȏȑ (50 Ȋ)

100 Ȋ

100 Ȋ

100 Ȋ

100 Ȋ

100 Ȋ

     1 Șȗ. ȗ. (150 Ȋ)

   1 ȟș. (50 Ȋ)

100 Ȋ

100 Ȋ

100 Ȋ

1 Ȓȕȓșȏȑ (30 Ȋ)

100 Ȋ

8584

3.5 ǷȇȘȞȧș ȤȔȌȗȊȌșȏȞȌȘȑȕȐ ȝȌȔȔȕȘșȏ ȖȗȕȋȚȑșȕȉ ȖȏșȇȔȏȦ 

ǵȋȏȔ ȏȎ ȋȉȚȜ ȘȖȕȗșȘȓȌȔȕȉ ȖȌȗȌȋ șȗȌȔȏȗȕȉȑȕȐ ȘȡȌȋȇȌș 200 Ȋ ȕȗȌȜȕȉ, ȇ ȋȗȚȊȕȐ – șȇȑȚȥ ȍȌ ȓȇȘȘȚ 

țȗȚȑșȕȉ ȏ ȕȉȕȠȌȐ. ǶȕȘȒȌ ȉȢȖȕȒȔȌȔȏȦ ȕȋȏȔȇȑȕȉȢȜ ȘȖȕȗșȏȉȔȢȜ ȚȖȗȇȍȔȌȔȏȐ ȞȚȉȘșȉȕ ȊȕȒȕȋȇ Ț 

ȕȋȔȕȊȕ ȘȖȕȗșȘȓȌȔȇ ȖȕȦȉȒȦȌșȘȦ ȗȇȔȣȟȌ, ȞȌȓ Ț ȋȗȚȊȕȊȕ. ǸȒȌȋȕȉȇșȌȒȣȔȕ, ȔȌȘȓȕșȗȦ Ȕȇ 

ȕȋȏȔȇȑȕȉȚȥ ȓȇȘȘȚ ȘȡȌȋȌȔȔȕȊȕ, ȕȗȊȇȔȏȎȓȚ ȖȌȗȌȋȇȧșȘȦ ȗȇȎȒȏȞȔȕȌ ȑȕȒȏȞȌȘșȉȕ ȤȔȌȗȊȏȏ.

� Ǳȇȑ ȉȢ ȋȚȓȇȌșȌ� ȑȇȑȕȐ ȘȖȕȗșȘȓȌȔ ȖȗȕȊȕȒȕȋȇȌșȘȦ 
ȈȢȘșȗȌȌ"

� ǾȌȓ ȕȖȗȌȋȌȒȦȌșȘȦ ȤȔȌȗȊȏȦ ȖȏȠȏ"

� Ǳȇȑ ȉȢ ȋȚȓȇȌșȌ� ȑȇȑȏȌ ȖȗȕȋȚȑșȢ ȞȇȠȌ  ȉȘȌȊȕ 
ȉȢȎȢȉȇȥș Ț ȞȌȒȕȉȌȑȇ ȕȍȏȗȌȔȏȌ" 

� ǩȕȎȓȕȍȔȕ Ȓȏ ȤȑȘȖȌȗȏȓȌȔșȇȒȣȔȕ ȕȖȗȌȋȌȒȏșȣ 
ȤȔȌȗȊȌșȏȞȌȘȑȚȥ ȝȌȔȔȕȘșȣ șȕȊȕ ȏȒȏ ȏȔȕȊȕ ȖȗȕȋȚȑșȇ 
ȖȏșȇȔȏȦ"

ǶȏȠȇ ȦȉȒȦȌșȘȦ ȏȘșȕȞȔȏȑȕȓ ȤȔȌȗȊȏȏ ȋȒȦ ȍȏȉȢȜ ȕȗȊȇȔȏȎȓȕȉ.    

ǱȕȊȋȇ ȉȌȠȌȘșȉȇ, ȘȕȋȌȗȍȇȠȏȌȘȦ ȉ ȖȗȕȋȚȑșȇȜ (ȉ ȕȘȕȈȌȔȔȕȘșȏ 

ȍȏȗȢ, ȚȊȒȌȉȕȋȢ ȏ ȈȌȒȑȏ), ȗȌȇȊȏȗȚȥș Ș ȑȏȘȒȕȗȕȋȕȓ, Ȥșȇ ȤȔȌȗȊȏȦ 

ȉȢȋȌȒȦȌșȘȦ ȉ ȉȏȋȌ șȌȖȒȕșȢ ȏ ȔȇȎȢȉȇȌșȘȦ ȖȏȠȌȉȕȐ ȤȔȌȗȊȏȌȐ. 

ǶȏȠȌȉȇȦ ȤȔȌȗȊȏȦ ² Ȥșȕ ȜȏȓȏȞȌȘȑȇȦ ȤȔȌȗȊȏȦ, ȑȕșȕȗȚȥ Ȓȥȋȏ 

ȏ ȍȏȉȕșȔȢȌ ȖȕȒȚȞȇȥș ȏȎ ȖȏȠȏ ȋȒȦ ȖȕȋȋȌȗȍȇȔȏȦ ȘȉȕȌȐ 

ȍȏȎȔȌȋȌȦșȌȒȣȔȕȘșȏ.

ȄȔȌȗȊȌșȏȞȌȘȑȇȦ ȝȌȔȔȕȘșȣ ȔȌȑȕșȕȗȢȜ ȖȗȕȋȚȑșȕȉ:

ȄȔȌȗȊȏȦ (ȑȑȇȒ)

160

120

80

135

130

130

111

83

92

155

120

70

165

240

190

80

98

ǶȗȕȋȚȑș ȖȏșȇȔȏȦ

ǶȕȋȘȕȒȔȌȞȔȕȌ ȓȇȘȒȕ

ǵȒȏȉȑȕȉȕȌ ȓȇȘȒȕ

ǸȒȏȉȕȞȔȕȌ ȓȇȘȒȕ

ǸȇȜȇȗ (ȈȌȒȢȐ)

ǳȧȋ

ǨȇȔȇȔȢ

ȆȈȒȕȑȏ

ǩȏȔȕȊȗȇȋ

ǮȧȗȔȇ ȊȗȇȔȇșȇ

ǵȊȚȗȝȢ

ǶȕȓȏȋȕȗȢ

ǮȌȒȧȔȢȐ ȒȚȑ

ǶȌșȗȚȟȑȇ

ǺȑȗȕȖ

ǱȏȔȎȇ

ǨȇȎȏȒȏȑ

ǸȇȒȇș ȒȇșȚȑ

ǳȌȗȇ

1 ȘșȕȒȕȉȇȦ Ȓȕȍȑȇ (15 ȓȒ)

1 ȘșȕȒȕȉȇȦ Ȓȕȍȑȇ (15 ȓȒ)

1 ȘșȕȒȕȉȇȦ Ȓȕȍȑȇ (14 Ȋ)

1 ȞȇȐȔȇȦ Ȓȕȍȑȇ (4 Ȋ)

1 ȘșȕȒȕȉȇȦ Ȓȕȍȑȇ (21 Ȋ)

1 ȘȗȌȋȔȌȊȕ ȗȇȎȓȌȗȇ (120 Ȋ)

1 ȘȗȌȋȔȌȊȕ ȗȇȎȓȌȗȇ (150 Ȋ)

1 ȖȏȇȒȇ (100 Ȋ)

1 ȖȏȇȒȇ (150 Ȋ)

1 ȘȗȌȋȔȌȊȕ ȗȇȎȓȌȗȇ (150 Ȋ)

1 ȘȗȌȋȔȌȊȕ ȗȇȎȓȌȗȇ (150 Ȋ)

1 ȖȚȞȕȑ (50 Ȋ)

1 ȖȚȞȕȑ (50 Ȋ)

1 ȖȚȞȕȑ (50 Ȋ)

1 ȖȚȞȕȑ (50 Ȋ)

1 ȖȚȞȕȑ (50 Ȋ)

5 ȒȏȘșȣȌȉ (50 Ȋ)

ǵȈȘȚȋȏșȌ�

�� Ǻ ȑȇȑȕȊȕ ȖȗȕȋȚȑșȇ ȖȏșȇȔȏȦ ȤȔȌȗȊȌșȏȞȌȘȑȇȦ ȝȌȔȔȕȘșȣ ȉȢȟȌ"

�� Ǳȇȑȕȉȇ ȤȔȌȗȊȌșȏȞȌȘȑȇȦ ȝȌȔȔȕȘșȣ (ȉ ȑǫȍ� ��� Ȋȗȇȓȓ ȑȇȍȋȕȊȕ ȖȗȕȋȚȑșȇ"

�� ǸȗȇȉȔȏșȌ ȎȔȇȞȌȔȏȦ� ȑȕșȕȗȢȌ ȉȢ ȖȕȒȚȞȏȒȏ ȉ ȗȌȎȚȒȣșȇșȌ ȕȖȢșȇ� Ș ȗȌȇȒȣȔȢȓȏ 

ȎȔȇȞȌȔȏȦȓȏ" ǬȘșȣ Ȓȏ ȘȚȠȌȘșȉȌȔȔȇȦ ȗȇȎȔȏȝȇ" ǬȘȒȏ ȋȇ� șȕ ȞȌȓ ȕȔȇ  ȕȈȚȘȒȕȉȒȌȔȇ"

Ǳȇȑ ȓȕȍȔȕ ȘȗȇȉȔȏșȣ ȤȔȌȗȊȌșȏȞȌȘȑȚȥ ȝȌȔȔȕȘșȣ ȊȗȌȝȑȏȜ ȕȗȌȜȕȉ (ȏȒȏ țȚȔȋȚȑȇ� ȏ ȜȒȌȈȇ"

Ǽȕȋ ȗȇȈȕșȢ�

ǿȇȊ �� ǸȕȈȌȗȏșȌ ȖȗȏȈȕȗ, ȖȕȑȇȎȇȔȔȢȐ Ȕȇ ȗȏȘȚȔȑȌ Ȕȇ Șșȗ. 86.

ǿȇȊ �� ǴȇȒȌȐșȌ ȉ ȘȕȘȚȋ 100 ȓȒ ȉȕȋȢ ȏ ȏȎȓȌȗȣșȌ ȔȇȞȇȒȣȔȚȥ șȌȓȖȌȗȇșȚȗȚ (t ).1

ǿȇȊ �� ǶȕȘȒȌ ȕȜȒȇȍȋȌȔȏȦ ȏȊȒȢ ȋȕ ȑȕȓȔȇșȔȕȐ șȌȓȖȌȗȇșȚȗȢ ȘȔȕȉȇ ȉȎȉȌȘȣșȌ Ȍȧ (m ) ȏ ȉȢȞȏȘȒȏșȌ 2

ȖȕșȌȗȦȔȔȚȥ Ȗȗȏ ȘȊȕȗȇȔȏȏ ȓȇȘȘȚ (m – m ).1 2

ǿȇȊ �� ǶȕȉșȕȗȏșȌ Ȥșȕș ȕȖȢș Ș ȕȈȗȇȎȝȕȓ ȜȒȌȈȇ.

ǿȇȊ �� ǶȕȉșȕȗȏșȌ ȕȖȢșȢ ȏ Ș ȊȗȌȝȑȏȓ ȕȗȌȜȕȓ (ȏȒȏ țȚȔȋȚȑȕȓ), ȏ Ș ȜȒȌȈȕȓ ȋȉȇȍȋȢ                                               

ȏ ȗȇȘȘȞȏșȇȐșȌ ȘȗȌȋȔȥȥ șȌȓȖȌȗȇșȚȗȚ.

ǿȇȊ �� Ǵȇ ȕȘȔȕȉȇȔȏȏ ȗȌȎȚȒȣșȇșȕȉ ȕȖȢșȇ ȗȇȘȘȞȏșȇȐșȌ șȌȖȒȕȉȕȐ ȤțțȌȑș ȗȌȇȑȝȏȏ.

ǶȗȏȔȇȋȒȌȍȔȕȘșȏ� ȘȖȏȗșȕȉȑȇ, ȓȌșȇȒȒȏȞȌȘȑȏȐ ȘȕȘȚȋ (ȏȒȏ ȔȌȈȕȒȣȟȇȦ ȑȕȔȘȌȗȉȔȇȦ ȈȇȔȑȇ), ȟșȇșȏȉ, 
Ȏȇȍȏȓ, șȌȗȓȕȓȌșȗ, ȏȊȒȇ/ȖȗȕȉȕȒȕȑȇ (ȋȒȦ ȎȇȑȗȌȖȒȌȔȏȦ ȕȈȗȇȎȝȇ), 100 ȓȒ ȉȕȋȢ, ȤȒȌȑșȗȕȔȔȢȌ ȉȌȘȢ, 
ȊȗȌȝȑȏȐ ȕȗȌȜ (ȏȒȏ țȚȔȋȚȑ), ȜȒȌȈ.

ǿȇȊ �� ǮȇȑȗȌȖȏșȌ ȕȈȗȇȎȌȝ ȕȗȌȜȇ Ȕȇ ȏȊȒȌ ȏ ȉȎȉȌȘȣșȌ Ȕȇ ȉȌȘȇȜ (m ).1

ǿȇȊ �� ǶȕȋȕȍȊȏșȌ ȕȈȗȇȎȌȝ ȏ ȔȇȊȗȌȉȇȐșȌ Ș ȌȊȕ ȖȕȓȕȠȣȥ ȉȕȋȚ. ǱȕȊȋȇ șȌȓȖȌȗȇșȚȗȇ ȘșȇȔȌș ȖȕȘșȕȦȔȔȕȐ, 

ȎȇȖȏȟȏșȌ ȑȕȔȌȞȔȚȥ șȌȓȖȌȗȇșȚȗȚ (t ) ȏ ȉȢȞȏȘȒȏșȌ ȗȇȎȔȕȘșȣ șȌȓȖȌȗȇșȚȗ (t  – t ). 2 2 1
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Ǻ ȖȗȕȋȚȑșȕȉ, ȉȎȦșȢȜ ȉ ȕȋȏȔȇȑȕȉȕȐ ȓȇȘȘȌ, ȗȇȎȒȏȞȔȢȐ ȘȕȘșȇȉ, 

ȖȕȤșȕȓȚ ȏȜ ȤȔȌȗȊȌșȏȞȌȘȑȇȦ ȝȌȔȔȕȘșȣ șȇȑȍȌ ȗȇȎȒȏȞȔȇ. 

ǵȘȔȕȉȔȕȐ ȖȗȏȞȏȔȕȐ șȇȑȕȊȕ ȗȇȎȒȏȞȏȦ ȦȉȒȦȌșȘȦ ȗȇȎȔȇȦ 

ȘȖȕȘȕȈȔȕȘșȣ ȍȏȗȕȉ, ȚȊȒȌȉȕȋȕȉ ȏ ȈȌȒȑȕȉ ȕȈȌȘȖȌȞȏȉȇșȣ 

ȕȗȊȇȔȏȎȓ ȤȔȌȗȊȏȌȐ. ȄȔȌȗȊȌșȏȞȌȘȑȇȦ ȝȌȔȔȕȘșȣ ȖȏȠȏ 

ȚȑȇȎȢȉȇȌșȘȦ ȉ ȑȏȒȕȋȍȕȚȒȦȜ (ȑǫȍ) ȏȒȏ ȑȏȒȕȑȇȒȕȗȏȦȜ (ȑȑȇȒ).

ǩ ȝȌȒȕȓ, ȑȇȍȋȢȐ Ȋȗȇȓȓ ȍȏȗȇ ȋȇȧș ȖȗȏȈȒȏȎȏșȌȒȣȔȕ 37 ȑȑȇȒ 

ȤȔȌȗȊȏȏ, șȕȊȋȇ ȑȇȑ  ȑȇȍȋȢȐ Ȋȗȇȓȓ ȚȊȒȌȉȕȋȕȉ ȏ ȈȌȒȑȕȉ – 

ȖȗȏȈȒȏȎȏșȌȒȣȔȕ 17 ȑȑȇȒ ȤȔȌȗȊȏȏ. Ǹ ȚȉȌȒȏȞȌȔȏȌȓ 

ȘȕȋȌȗȍȇȔȏȦ ȉȕȋȢ ȏ ȑȒȌșȞȇșȑȏ ȉ ȖȗȕȋȚȑșȌ ȌȊȕ 

ȤȔȌȗȊȌșȏȞȌȘȑȇȦ ȝȌȔȔȕȘșȣ ȘȔȏȍȇȌșȘȦ, ȖȕȤșȕȓȚ ȕȉȕȠȏ ȏ 

țȗȚȑșȢ Ș ȉȢȘȕȑȏȓ ȘȕȋȌȗȍȇȔȏȌȓ ȉȕȋȢ ȏȓȌȥș ȓȌȔȣȟȏȐ 

ȎȇȖȇȘ ȤȔȌȗȊȏȏ. ǩ ȘȚȟȧȔȢȜ, ȍȇȗȌȔȢȜ ȏȒȏ ȍȏȗȔȢȜ ȖȗȕȋȚȑșȇȜ 

ȔȏȎȑȕȌ ȘȕȋȌȗȍȇȔȏȌ ȉȕȋȢ, Ȕȕ ȉȢȘȕȑȇȦ ȓȇȘȘȕȉȇȦ ȋȕȒȦ ȍȏȗȇ 

ȏ ȘȚȜȏȜ ȉȌȠȌȘșȉ, ȖȕȤșȕȓȚ ȕȔȏ ȖȌȗȌȋȇȥș ȕȗȊȇȔȏȎȓȚ ȓȔȕȊȕ 

ȤȔȌȗȊȏȏ.

ȖȏȠȌȉȇȦ ȤȔȌȗȊȏȦ, 

ȤȔȌȗȊȌșȏȞȌȘȑȇȦ ȝȌȔȔȕȘșȣ 

ȖȗȕȋȚȑșȕȉ ȖȏșȇȔȏȦ
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ǶȗȕȋȚȑș ȖȏșȇȔȏȦ

ǳȕȒȕȑȕ (ȘȗȌȋȔȌȐ ȍȏȗȔȕȘșȏ) 

   ǪȇșȢȊ (ȘȗȌȋȔȌȐ ȍȏȗȔȕȘșȏ)

  ǼȒȌȈ ȖȟȌȔȏȞȔȢȐ ȈȌȒȢȐ

ǲȇȉȇȟ

  ǼȒȌȈ șȇȔȋȢȗ

ǷȏȘ ȈȌȒȢȐ (ȕșȉȇȗȔȕȐ)

  ǷȏȘ ȑȕȗȏȞȔȌȉȢȐ (ȕșȉȇȗȔȕȐ) 

ǨȚȒȊȚȗ (ȕșȉȇȗȔȕȐ)

  ǱȗȚȖȇ ȊȗȌȞȔȌȉȇȦ (ȕșȉȇȗȔȇȦ)

ǳȇȑȇȗȕȔȢ (ȕșȉȇȗȔȢȌ)

ǱȇȗșȕțȌȒȣ (ȕșȉȇȗȔȕȐ)

ȆȐȝȕ ȑȚȗȏȔȕȌ

ǱȚȗȏȔȕȌ țȏȒȌ (ȕșȉȇȗȔȕȌ)

  ǪȕȉȦȋȏȔȇ ȈȌȎ ȍȏȗȇ (ȕșȉȇȗȔȇȦ)

ǷȢȈȇ (ȕșȉȇȗȔȇȦ)

ǨȌȒȢȐ ȘȢȗ

ǹȉȕȗȕȊ

ǳȌȗȇ

  1 ȘșȇȑȇȔ (250 ȓȒ)

1 ȖȏȇȒȇ (200 Ȋ)

1 Ȓȕȓșȏȑ (30 Ȋ)

1 ȟș. (50 Ȋ)

1 Ȓȕȓșȏȑ (50 Ȋ)

100 Ȋ

100 Ȋ

100 Ȋ

100 Ȋ

100 Ȋ

     1 Șȗ. ȗ. (150 Ȋ)

   1 ȟș. (50 Ȋ)

100 Ȋ

100 Ȋ

100 Ȋ

1 Ȓȕȓșȏȑ (30 Ȋ)

100 Ȋ

8584

3.5 ǷȇȘȞȧș ȤȔȌȗȊȌșȏȞȌȘȑȕȐ ȝȌȔȔȕȘșȏ ȖȗȕȋȚȑșȕȉ ȖȏșȇȔȏȦ 

ǵȋȏȔ ȏȎ ȋȉȚȜ ȘȖȕȗșȘȓȌȔȕȉ ȖȌȗȌȋ șȗȌȔȏȗȕȉȑȕȐ ȘȡȌȋȇȌș 200 Ȋ ȕȗȌȜȕȉ, ȇ ȋȗȚȊȕȐ – șȇȑȚȥ ȍȌ ȓȇȘȘȚ 

țȗȚȑșȕȉ ȏ ȕȉȕȠȌȐ. ǶȕȘȒȌ ȉȢȖȕȒȔȌȔȏȦ ȕȋȏȔȇȑȕȉȢȜ ȘȖȕȗșȏȉȔȢȜ ȚȖȗȇȍȔȌȔȏȐ ȞȚȉȘșȉȕ ȊȕȒȕȋȇ Ț 

ȕȋȔȕȊȕ ȘȖȕȗșȘȓȌȔȇ ȖȕȦȉȒȦȌșȘȦ ȗȇȔȣȟȌ, ȞȌȓ Ț ȋȗȚȊȕȊȕ. ǸȒȌȋȕȉȇșȌȒȣȔȕ, ȔȌȘȓȕșȗȦ Ȕȇ 

ȕȋȏȔȇȑȕȉȚȥ ȓȇȘȘȚ ȘȡȌȋȌȔȔȕȊȕ, ȕȗȊȇȔȏȎȓȚ ȖȌȗȌȋȇȧșȘȦ ȗȇȎȒȏȞȔȕȌ ȑȕȒȏȞȌȘșȉȕ ȤȔȌȗȊȏȏ.

� Ǳȇȑ ȉȢ ȋȚȓȇȌșȌ� ȑȇȑȕȐ ȘȖȕȗșȘȓȌȔ ȖȗȕȊȕȒȕȋȇȌșȘȦ 
ȈȢȘșȗȌȌ"

� ǾȌȓ ȕȖȗȌȋȌȒȦȌșȘȦ ȤȔȌȗȊȏȦ ȖȏȠȏ"

� Ǳȇȑ ȉȢ ȋȚȓȇȌșȌ� ȑȇȑȏȌ ȖȗȕȋȚȑșȢ ȞȇȠȌ  ȉȘȌȊȕ 
ȉȢȎȢȉȇȥș Ț ȞȌȒȕȉȌȑȇ ȕȍȏȗȌȔȏȌ" 

� ǩȕȎȓȕȍȔȕ Ȓȏ ȤȑȘȖȌȗȏȓȌȔșȇȒȣȔȕ ȕȖȗȌȋȌȒȏșȣ 
ȤȔȌȗȊȌșȏȞȌȘȑȚȥ ȝȌȔȔȕȘșȣ șȕȊȕ ȏȒȏ ȏȔȕȊȕ ȖȗȕȋȚȑșȇ 
ȖȏșȇȔȏȦ"

ǶȏȠȇ ȦȉȒȦȌșȘȦ ȏȘșȕȞȔȏȑȕȓ ȤȔȌȗȊȏȏ ȋȒȦ ȍȏȉȢȜ ȕȗȊȇȔȏȎȓȕȉ.    

ǱȕȊȋȇ ȉȌȠȌȘșȉȇ, ȘȕȋȌȗȍȇȠȏȌȘȦ ȉ ȖȗȕȋȚȑșȇȜ (ȉ ȕȘȕȈȌȔȔȕȘșȏ 

ȍȏȗȢ, ȚȊȒȌȉȕȋȢ ȏ ȈȌȒȑȏ), ȗȌȇȊȏȗȚȥș Ș ȑȏȘȒȕȗȕȋȕȓ, Ȥșȇ ȤȔȌȗȊȏȦ 

ȉȢȋȌȒȦȌșȘȦ ȉ ȉȏȋȌ șȌȖȒȕșȢ ȏ ȔȇȎȢȉȇȌșȘȦ ȖȏȠȌȉȕȐ ȤȔȌȗȊȏȌȐ. 

ǶȏȠȌȉȇȦ ȤȔȌȗȊȏȦ ² Ȥșȕ ȜȏȓȏȞȌȘȑȇȦ ȤȔȌȗȊȏȦ, ȑȕșȕȗȚȥ Ȓȥȋȏ 

ȏ ȍȏȉȕșȔȢȌ ȖȕȒȚȞȇȥș ȏȎ ȖȏȠȏ ȋȒȦ ȖȕȋȋȌȗȍȇȔȏȦ ȘȉȕȌȐ 

ȍȏȎȔȌȋȌȦșȌȒȣȔȕȘșȏ.

ȄȔȌȗȊȌșȏȞȌȘȑȇȦ ȝȌȔȔȕȘșȣ ȔȌȑȕșȕȗȢȜ ȖȗȕȋȚȑșȕȉ:

ȄȔȌȗȊȏȦ (ȑȑȇȒ)

160

120

80

135

130

130

111

83

92

155

120

70

165

240

190

80

98

ǶȗȕȋȚȑș ȖȏșȇȔȏȦ

ǶȕȋȘȕȒȔȌȞȔȕȌ ȓȇȘȒȕ

ǵȒȏȉȑȕȉȕȌ ȓȇȘȒȕ

ǸȒȏȉȕȞȔȕȌ ȓȇȘȒȕ

ǸȇȜȇȗ (ȈȌȒȢȐ)

ǳȧȋ

ǨȇȔȇȔȢ

ȆȈȒȕȑȏ

ǩȏȔȕȊȗȇȋ

ǮȧȗȔȇ ȊȗȇȔȇșȇ

ǵȊȚȗȝȢ

ǶȕȓȏȋȕȗȢ

ǮȌȒȧȔȢȐ ȒȚȑ

ǶȌșȗȚȟȑȇ

ǺȑȗȕȖ

ǱȏȔȎȇ

ǨȇȎȏȒȏȑ

ǸȇȒȇș ȒȇșȚȑ

ǳȌȗȇ

1 ȘșȕȒȕȉȇȦ Ȓȕȍȑȇ (15 ȓȒ)

1 ȘșȕȒȕȉȇȦ Ȓȕȍȑȇ (15 ȓȒ)

1 ȘșȕȒȕȉȇȦ Ȓȕȍȑȇ (14 Ȋ)

1 ȞȇȐȔȇȦ Ȓȕȍȑȇ (4 Ȋ)

1 ȘșȕȒȕȉȇȦ Ȓȕȍȑȇ (21 Ȋ)

1 ȘȗȌȋȔȌȊȕ ȗȇȎȓȌȗȇ (120 Ȋ)

1 ȘȗȌȋȔȌȊȕ ȗȇȎȓȌȗȇ (150 Ȋ)

1 ȖȏȇȒȇ (100 Ȋ)

1 ȖȏȇȒȇ (150 Ȋ)

1 ȘȗȌȋȔȌȊȕ ȗȇȎȓȌȗȇ (150 Ȋ)

1 ȘȗȌȋȔȌȊȕ ȗȇȎȓȌȗȇ (150 Ȋ)

1 ȖȚȞȕȑ (50 Ȋ)

1 ȖȚȞȕȑ (50 Ȋ)

1 ȖȚȞȕȑ (50 Ȋ)

1 ȖȚȞȕȑ (50 Ȋ)

1 ȖȚȞȕȑ (50 Ȋ)

5 ȒȏȘșȣȌȉ (50 Ȋ)

ǵȈȘȚȋȏșȌ�

�� Ǻ ȑȇȑȕȊȕ ȖȗȕȋȚȑșȇ ȖȏșȇȔȏȦ ȤȔȌȗȊȌșȏȞȌȘȑȇȦ ȝȌȔȔȕȘșȣ ȉȢȟȌ"

�� Ǳȇȑȕȉȇ ȤȔȌȗȊȌșȏȞȌȘȑȇȦ ȝȌȔȔȕȘșȣ (ȉ ȑǫȍ� ��� Ȋȗȇȓȓ ȑȇȍȋȕȊȕ ȖȗȕȋȚȑșȇ"

�� ǸȗȇȉȔȏșȌ ȎȔȇȞȌȔȏȦ� ȑȕșȕȗȢȌ ȉȢ ȖȕȒȚȞȏȒȏ ȉ ȗȌȎȚȒȣșȇșȌ ȕȖȢșȇ� Ș ȗȌȇȒȣȔȢȓȏ 

ȎȔȇȞȌȔȏȦȓȏ" ǬȘșȣ Ȓȏ ȘȚȠȌȘșȉȌȔȔȇȦ ȗȇȎȔȏȝȇ" ǬȘȒȏ ȋȇ� șȕ ȞȌȓ ȕȔȇ  ȕȈȚȘȒȕȉȒȌȔȇ"

Ǳȇȑ ȓȕȍȔȕ ȘȗȇȉȔȏșȣ ȤȔȌȗȊȌșȏȞȌȘȑȚȥ ȝȌȔȔȕȘșȣ ȊȗȌȝȑȏȜ ȕȗȌȜȕȉ (ȏȒȏ țȚȔȋȚȑȇ� ȏ ȜȒȌȈȇ"

Ǽȕȋ ȗȇȈȕșȢ�

ǿȇȊ �� ǸȕȈȌȗȏșȌ ȖȗȏȈȕȗ, ȖȕȑȇȎȇȔȔȢȐ Ȕȇ ȗȏȘȚȔȑȌ Ȕȇ Șșȗ. 86.

ǿȇȊ �� ǴȇȒȌȐșȌ ȉ ȘȕȘȚȋ 100 ȓȒ ȉȕȋȢ ȏ ȏȎȓȌȗȣșȌ ȔȇȞȇȒȣȔȚȥ șȌȓȖȌȗȇșȚȗȚ (t ).1

ǿȇȊ �� ǶȕȘȒȌ ȕȜȒȇȍȋȌȔȏȦ ȏȊȒȢ ȋȕ ȑȕȓȔȇșȔȕȐ șȌȓȖȌȗȇșȚȗȢ ȘȔȕȉȇ ȉȎȉȌȘȣșȌ Ȍȧ (m ) ȏ ȉȢȞȏȘȒȏșȌ 2

ȖȕșȌȗȦȔȔȚȥ Ȗȗȏ ȘȊȕȗȇȔȏȏ ȓȇȘȘȚ (m – m ).1 2

ǿȇȊ �� ǶȕȉșȕȗȏșȌ Ȥșȕș ȕȖȢș Ș ȕȈȗȇȎȝȕȓ ȜȒȌȈȇ.

ǿȇȊ �� ǶȕȉșȕȗȏșȌ ȕȖȢșȢ ȏ Ș ȊȗȌȝȑȏȓ ȕȗȌȜȕȓ (ȏȒȏ țȚȔȋȚȑȕȓ), ȏ Ș ȜȒȌȈȕȓ ȋȉȇȍȋȢ                                               

ȏ ȗȇȘȘȞȏșȇȐșȌ ȘȗȌȋȔȥȥ șȌȓȖȌȗȇșȚȗȚ.

ǿȇȊ �� Ǵȇ ȕȘȔȕȉȇȔȏȏ ȗȌȎȚȒȣșȇșȕȉ ȕȖȢșȇ ȗȇȘȘȞȏșȇȐșȌ șȌȖȒȕȉȕȐ ȤțțȌȑș ȗȌȇȑȝȏȏ.

ǶȗȏȔȇȋȒȌȍȔȕȘșȏ� ȘȖȏȗșȕȉȑȇ, ȓȌșȇȒȒȏȞȌȘȑȏȐ ȘȕȘȚȋ (ȏȒȏ ȔȌȈȕȒȣȟȇȦ ȑȕȔȘȌȗȉȔȇȦ ȈȇȔȑȇ), ȟșȇșȏȉ, 
Ȏȇȍȏȓ, șȌȗȓȕȓȌșȗ, ȏȊȒȇ/ȖȗȕȉȕȒȕȑȇ (ȋȒȦ ȎȇȑȗȌȖȒȌȔȏȦ ȕȈȗȇȎȝȇ), 100 ȓȒ ȉȕȋȢ, ȤȒȌȑșȗȕȔȔȢȌ ȉȌȘȢ, 
ȊȗȌȝȑȏȐ ȕȗȌȜ (ȏȒȏ țȚȔȋȚȑ), ȜȒȌȈ.

ǿȇȊ �� ǮȇȑȗȌȖȏșȌ ȕȈȗȇȎȌȝ ȕȗȌȜȇ Ȕȇ ȏȊȒȌ ȏ ȉȎȉȌȘȣșȌ Ȕȇ ȉȌȘȇȜ (m ).1

ǿȇȊ �� ǶȕȋȕȍȊȏșȌ ȕȈȗȇȎȌȝ ȏ ȔȇȊȗȌȉȇȐșȌ Ș ȌȊȕ ȖȕȓȕȠȣȥ ȉȕȋȚ. ǱȕȊȋȇ șȌȓȖȌȗȇșȚȗȇ ȘșȇȔȌș ȖȕȘșȕȦȔȔȕȐ, 

ȎȇȖȏȟȏșȌ ȑȕȔȌȞȔȚȥ șȌȓȖȌȗȇșȚȗȚ (t ) ȏ ȉȢȞȏȘȒȏșȌ ȗȇȎȔȕȘșȣ șȌȓȖȌȗȇșȚȗ (t  – t ). 2 2 1
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Ǻ ȖȗȕȋȚȑșȕȉ, ȉȎȦșȢȜ ȉ ȕȋȏȔȇȑȕȉȕȐ ȓȇȘȘȌ, ȗȇȎȒȏȞȔȢȐ ȘȕȘșȇȉ, 

ȖȕȤșȕȓȚ ȏȜ ȤȔȌȗȊȌșȏȞȌȘȑȇȦ ȝȌȔȔȕȘșȣ șȇȑȍȌ ȗȇȎȒȏȞȔȇ. 

ǵȘȔȕȉȔȕȐ ȖȗȏȞȏȔȕȐ șȇȑȕȊȕ ȗȇȎȒȏȞȏȦ ȦȉȒȦȌșȘȦ ȗȇȎȔȇȦ 

ȘȖȕȘȕȈȔȕȘșȣ ȍȏȗȕȉ, ȚȊȒȌȉȕȋȕȉ ȏ ȈȌȒȑȕȉ ȕȈȌȘȖȌȞȏȉȇșȣ 

ȕȗȊȇȔȏȎȓ ȤȔȌȗȊȏȌȐ. ȄȔȌȗȊȌșȏȞȌȘȑȇȦ ȝȌȔȔȕȘșȣ ȖȏȠȏ 

ȚȑȇȎȢȉȇȌșȘȦ ȉ ȑȏȒȕȋȍȕȚȒȦȜ (ȑǫȍ) ȏȒȏ ȑȏȒȕȑȇȒȕȗȏȦȜ (ȑȑȇȒ).

ǩ ȝȌȒȕȓ, ȑȇȍȋȢȐ Ȋȗȇȓȓ ȍȏȗȇ ȋȇȧș ȖȗȏȈȒȏȎȏșȌȒȣȔȕ 37 ȑȑȇȒ 

ȤȔȌȗȊȏȏ, șȕȊȋȇ ȑȇȑ  ȑȇȍȋȢȐ Ȋȗȇȓȓ ȚȊȒȌȉȕȋȕȉ ȏ ȈȌȒȑȕȉ – 

ȖȗȏȈȒȏȎȏșȌȒȣȔȕ 17 ȑȑȇȒ ȤȔȌȗȊȏȏ. Ǹ ȚȉȌȒȏȞȌȔȏȌȓ 

ȘȕȋȌȗȍȇȔȏȦ ȉȕȋȢ ȏ ȑȒȌșȞȇșȑȏ ȉ ȖȗȕȋȚȑșȌ ȌȊȕ 

ȤȔȌȗȊȌșȏȞȌȘȑȇȦ ȝȌȔȔȕȘșȣ ȘȔȏȍȇȌșȘȦ, ȖȕȤșȕȓȚ ȕȉȕȠȏ ȏ 

țȗȚȑșȢ Ș ȉȢȘȕȑȏȓ ȘȕȋȌȗȍȇȔȏȌȓ ȉȕȋȢ ȏȓȌȥș ȓȌȔȣȟȏȐ 

ȎȇȖȇȘ ȤȔȌȗȊȏȏ. ǩ ȘȚȟȧȔȢȜ, ȍȇȗȌȔȢȜ ȏȒȏ ȍȏȗȔȢȜ ȖȗȕȋȚȑșȇȜ 

ȔȏȎȑȕȌ ȘȕȋȌȗȍȇȔȏȌ ȉȕȋȢ, Ȕȕ ȉȢȘȕȑȇȦ ȓȇȘȘȕȉȇȦ ȋȕȒȦ ȍȏȗȇ 

ȏ ȘȚȜȏȜ ȉȌȠȌȘșȉ, ȖȕȤșȕȓȚ ȕȔȏ ȖȌȗȌȋȇȥș ȕȗȊȇȔȏȎȓȚ ȓȔȕȊȕ 

ȤȔȌȗȊȏȏ.

ȖȏȠȌȉȇȦ ȤȔȌȗȊȏȦ, 

ȤȔȌȗȊȌșȏȞȌȘȑȇȦ ȝȌȔȔȕȘșȣ 

ȖȗȕȋȚȑșȕȉ ȖȏșȇȔȏȦ
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ǫȒȦ ȏȎȓȌȗȌȔȏȦ ȤȔȌȗȊȌșȏȞȌȘȑȕȐ ȝȌȔȔȕȘșȏ ȖȏȠȏ ȓȕȍȔȕ, 

ȕȈȗȇșȏȉ ȤȔȌȗȊȏȥ ȉ șȌȖȒȕșȚ, ȕȖȗȌȋȌȒȏșȣ ȤșȚ șȌȖȒȕșȚ Ȗȕ 

ȏȎȓȌȔȌȔȏȥ Ȗȕȋ Ȍȧ ȉȕȎȋȌȐȘșȉȏȌȓ șȌȓȖȌȗȇșȚȗȢ 

șȌȖȒȕȔȕȘȏșȌȒȦ.

ǫȒȦ ȤșȕȊȕ ȕȈȗȇȎȌȝ ȖȏȠȏ ȘȍȏȊȇȥș, Ȏȇ ȘȞȧș ȉȢȋȌȒȦȥȠȌȐȘȦ 

șȌȖȒȕșȢ ȔȇȊȗȌȉȇȥș ȍȏȋȑȕȘșȣ (șȌȖȒȕȔȕȘȏșȌȒȣ) ȏ ȕȖȗȌȋȌȒȦȥș 

ȏȎȓȌȔȌȔȏȌ șȌȓȖȌȗȇșȚȗȢ ȍȏȋȑȕȘșȏ. ǹȌȖȒȕȉȕȐ ȤțțȌȑș ȗȌȇȑȝȏȏ 

ȊȕȗȌȔȏȦ ȗȇȘȘȞȏșȢȉȇȥș Ȕȇ ȕȘȔȕȉȇȔȏȏ ȗȇȎȔȏȝȢ șȌȓȖȌȗȇșȚȗ  

Ȗȕ țȕȗȓȚȒȌ ©H = m ∙ c ∙ ©T. 

Ȅșȇ ȖȕȘȒȌȋȕȉȇșȌȒȣȔȕȘșȣ ȕȖȌȗȇȝȏȐ ȒȌȍȏș ȉ ȕȘȔȕȉȌ ȖȗȏȔȝȏȖȇ 

ȗȇȈȕșȢ ȖȗȕȘșȕȊȕ ȑȇȒȕȗȏȓȌșȗȇ. ǫȒȦ ȉȢȖȕȒȔȌȔȏȦ ȤșȕȐ ȗȇȈȕșȢ 

ȉ ȟȑȕȒȣȔȕȐ ȒȇȈȕȗȇșȕȗȏȏ ȋȕȘșȇșȕȞȔȕ ȏȓȌșȣ ȉ ȔȇȒȏȞȏȏ 

ȓȌșȇȒȒȏȞȌȘȑȕȐ ȘȕȘȚȋ (ȏȒȏ ȔȌȈȕȒȣȟȚȥ ȑȕȔȘȌȗȉȔȚȥ ȈȇȔȑȚ), 

ȉȕȋȚ ȏ șȌȗȓȕȓȌșȗ. ǯȘȖȕȒȣȎȕȉȇȔȏȌ ȉȕȋȢ ȉ ȑȇȞȌȘșȉȌ 

șȌȖȒȕȔȕȘȏșȌȒȦ ȕȈȚȘȒȕȉȒȌȔȕ șȌȓ, Ȟșȕ ȕȔȇ ȋȕȘșȚȖȔȇ, 

ȈȌȎȕȖȇȘȔȇ, ȔȇȜȕȋȏșȘȦ Ȗȗȏ ȑȕȓȔȇșȔȕȐ șȌȓȖȌȗȇșȚȗȌ ȉ ȍȏȋȑȕȓ 

ȘȕȘșȕȦȔȏȏ, Ȍȧ șȌȓȖȌȗȇșȚȗȚ ȓȕȍȔȕ ȒȌȊȑȕ ȏȎȓȌȗȏșȣ Ș 

ȖȕȓȕȠȣȥ șȌȗȓȕȓȌșȗȇ, ȇ șȇȑȍȌ Ȍȧ ȉȢȘȕȑȕȐ  ȚȋȌȒȣȔȕȐ 

șȌȖȒȕȧȓȑȕȘșȣȥ.

Ƕȗȏ Ȥșȕȓ ȖȕșȌȗȏ șȌȖȒȕșȢ Ȏȇ ȘȞȧș Ȍȧ ȖȌȗȌȋȇȞȏ ȉ ȕȑȗȚȍȇȥȠȚȥ ȘȗȌȋȚ ȔȌ 

ȚȞȏșȢȉȇȥșȘȦ, ȇ ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ, ȖȕȒȚȞȌȔȔȕȐ ȉȕȋȕȐ, ȖȗȏȔȏȓȇȌșȘȦ ȑȇȑ 

ȈȒȏȎȑȕȌ ȑ ȑȕȒȏȞȌȘșȉȚ șȌȖȒȕșȢ, ȕșȋȇȔȔȕȐ ȖȏȠȌȐ.

Ȅșȕ ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ, ȖȕȋȌȒȧȔȔȕȌ Ȕȇ ȓȇȘȘȚ ȕȈȗȇȎȝȇ ȖȏȠȏ,                     

ȖȕȑȇȎȢȉȇȌș ȤȔȌȗȊȌșȏȞȌȘȑȚȥ ȝȌȔȔȕȘșȣ ȖȗȕȋȚȑșȇ ȖȏșȇȔȏȦ, ȑȕșȕȗȇȦ,                  

ȑȇȑ ȖȗȇȉȏȒȕ, ȉȢȗȇȍȇȌșȘȦ ȉ ȑǫȍ/Ȋ, ȒȏȈȕ ȤȔȌȗȊȌșȏȞȌȘȑȇȦ ȝȌȔȔȕȘșȣ                                   

ȖȗȕȋȚȑșȇ ȖȏșȇȔȏȦ ȚȑȇȎȢȉȇȌșȘȦ ȉ ȗȇȘȞȧșȌ Ȕȇ 100 Ȋ ȖȗȕȋȚȑșȇ ȉ ȑǫȍ/100 Ȋ.

Ƕȗȏ ȘȗȇȉȔȌȔȏȏ ȔȇȈȒȥȋȇȌșȘȦ ȔȌȑȕșȕȗȕȌ ȗȇȘȜȕȍȋȌȔȏȌ ȖȕȒȚȞȌȔȔȢȜ 

ȗȌȎȚȒȣșȇșȕȉ Ș ȏȔțȕȗȓȇȝȏȌȐ Ȕȇ ȤșȏȑȌșȑȇȜ ȖȗȕȋȚȑșȕȉ ȖȏșȇȔȏȦ. Ȅșȕ ȘȉȦȎȇȔȕ 

Ș șȌȓ, Ȟșȕ ȞȇȘșȣ șȌȖȒȕșȢ ȖȌȗȌȋȇȧșȘȦ ȉȕȎȋȚȜȚ. Ǵȇ ȗȌȎȚȒȣșȇș șȇȑȍȌ ȉȒȏȦȥș 

ȔȌȖȕȒȔȕȌ ȘȊȕȗȇȔȏȌ ȖȗȕȋȚȑșȕȉ ȖȏșȇȔȏȦ, ȏȘȖȇȗȌȔȏȌ ȞȇȘșȏ ȉȕȋȢ ȏ ȔȏȎȑȇȦ 

șȕȞȔȕȘșȣ ȏȎȓȌȗȌȔȏȐ. ǫȒȦ ȖȕȉȢȟȌȔȏȦ ȑȇȞȌȘșȉȇ ȗȌȎȚȒȣșȇșȕȉ 

ȝȌȒȌȘȕȕȈȗȇȎȔȕ ȞȇȘșȏȞȔȕ ȏȎȕȒȏȗȕȉȇșȣ ȖȗȏȈȕȗ, ȚȘșȇȔȇȉȒȏȉȇșȣ ȖȒȇȓȦ 

ȘșȗȕȊȕ Ȗȕ ȝȌȔșȗȚ, ȘȒȌȊȑȇ ȖȌȗȌȓȌȟȏȉȇșȣ ȉȕȋȚ, ȖȕȉșȕȗȦșȣ ȏȎȓȌȗȌȔȏȦ 

ȔȌȘȑȕȒȣȑȕ ȗȇȎ Ș ȝȌȒȣȥ ȖȕȒȚȞȌȔȏȦ ȚȘȗȌȋȔȌȔȔȕȊȕ ȗȌȎȚȒȣșȇșȇ. ǫȒȦ ȈȕȒȌȌ 

ȉȢȘȕȑȕȐ șȕȞȔȕȘșȏ ȕȖȗȌȋȌȒȌȔȏȐ ȏȘȖȕȒȣȎȚȥș ȈȕȓȈȕȉȢȐ ȑȇȒȕȗȏȓȌșȗ, 

ȗȇȈȕșȇȥȠȏȐ ȉ ȎȇȓȑȔȚșȕȓ ȘȕȘȚȋȌ Ȗȗȏ ȖȕȘșȕȦȔȔȕȓ ȕȈȡȧȓȌ.

Примените полученные знания

1. Ƕȗȏ ȘȊȕȗȇȔȏȏ 5 Ȋ ȖȗȕȋȚȑșȇ ȖȏșȇȔȏȦ șȌȓȖȌȗȇșȚȗȇ 100 Ȋ ȉȕȋȢ ȏȎȓȌȔȦȌșȘȦ ȕș 20°C ȋȕ 80°C.

ǷȇȘȘȞȏșȇȐșȌ ȤȔȌȗȊȌșȏȞȌȘȑȚȥ ȝȌȔȔȕȘșȣ ȖȗȕȋȚȑșȇ (ȉ ȑȑȇȒ).

2. ǸȓȌȘȣ Trek Ȕȇ 60� ȘȕȘșȕȏș ȏȎ ȕȗȌȜȕȉ (2600 ȑǫȍ/100 Ȋ) ȏ Ȕȇ 40� ȏȎ ȏȎȥȓȇ (1200 ȑǫȍ/100 Ȋ). 

ǷȇȘȘȞȏșȇȐșȌ ȤȔȌȗȊȌșȏȞȌȘȑȚȥ ȝȌȔȔȕȘșȣ ȘȓȌȘȏ ȉ ȑǫȍ/100 Ȋ ȏ ȤȔȌȗȊȌșȏȞȌȘȑȚȥ ȝȌȔȔȕȘșȣ Ȍȧ Ȗȕȗȝȏȏ 

ȓȇȘȘȕȐ 30 Ȋ (ȉ ȑǫȍ).

3. ǵȋȏȔ țȚȔȋȚȑ ȋȇȧș ȉ ȘȗȌȋȔȌȓ 25 ȑǫȍ ȤȔȌȗȊȏȏ. ǸȑȕȒȣȑȕ ȖȗȏȈȒȏȎȏșȌȒȣȔȕ ȟșȚȑ țȚȔȋȚȑȇ ȖȕșȗȌȈȚȌșȘȦ, 

ȞșȕȈȢ ȖȕȉȢȘȏșȣ șȌȓȖȌȗȇșȚȗȚ 200 Ȋ ȉȕȋȢ Ȕȇ 5°C?

Проверьте полученные знания

1. ǱȇȑȕȌ ȗȇȎȒȏȞȏȌ ȉȢ ȓȕȍȌșȌ ȖȗȕȉȌȘșȏ ȓȌȍȋȚ ȖȕȔȦșȏȦȓȏ ́ ȤȔȌȗȊȏȦµ, ́ șȌȖȒȕșȇµ ȏ ́ șȌȓȖȌȗȇșȚȗȇµ? 

2. ǶȕȞȌȓȚ ȉ ȗȇȘȞȧșȇȜ Ȕȇ ȕȘȔȕȉȇȔȏȏ ȑȇȒȕȗȏȓȌșȗȏȞȌȘȑȏȜ ȏȎȓȌȗȌȔȏȐ ȏȘȖȕȒȣȎȚȌșȘȦ ȉȕȋȇ?

3. Ǳȇȑ ȓȕȍȔȕ ȖȕȉȢȘȏșȣ șȕȞȔȕȘșȣ ȗȌȎȚȒȣșȇșȕȉ ȏȎȓȌȗȌȔȏȐ Ȕȇ ȖȗȕȘșȕȓ ȑȇȒȕȗȏȓȌșȗȌ?

4. ǸȗȇȉȔȏșȌ ȤȔȌȗȊȌșȏȞȌȘȑȚȥ ȝȌȔȔȕȘșȣ ´ȍȇȗȌȔȕȊȕµ ȏ ´ȕșȉȇȗȔȕȊȕµ ȑȇȗșȕțȌȒȦ ȕȋȏȔȇȑȕȉȕȐ ȓȇȘȘȢ. 

ǱȇȑȕȐ ȏȎ ȔȏȜ ȋȇȧș ȈȕȒȣȟȌ ȤȔȌȗȊȏȏ? ǵȈȡȦȘȔȏșȌ ȖȗȏȞȏȔȚ.

ȄȔȌȗȊȏȦ

ǸȖȕȘȕȈȔȕȘșȣ 

șȌȒȇ ȘȕȉȌȗȟȇșȣ 

ȗȇȈȕșȚ.

ǹȌȖȒȕșȇ

 ǶȌȗȌȋȇȞȇ ȤȔȌȗȊȏȏ ȕș ȔȇȊȗȌșȕȊȕ 

șȌȒȇ ȑ ȜȕȒȕȋȔȕȓȚ șȌȒȚ ȏȎ-Ȏȇ 

ȗȇȎȔȏȝȢ șȌȓȖȌȗȇșȚȗ.

ǹȌȓȖȌȗȇșȚȗȇ

  ǶȕȑȇȎȇșȌȒȣ șȕȊȕ,  

ȔȇȘȑȕȒȣȑȕ �ȊȕȗȦȞȏȓ� ȏȒȏ 

�ȜȕȒȕȋȔȢȓ� ȦȉȒȦȌșȘȦ șȌȒȕ.

ǶȕȋȘșȇȉȑȇ ȏȎ șȌȗȓȕȘșȕȐȑȕȊȕ ȓȇșȌȗȏȇȒȇ

ǴȇȑȕȔȌȞȔȏȑ ȏȊȒȢ

  ǸȊȕȗȇȌȓȢȐ ȕȈȗȇȎȌȝ ȖȏȠȏ

ǳȌșȇȒȒȏȞȌȘȑȏȐ ȘȕȘȚȋ

ǹȌȗȓȕȓȌșȗ

ǩȕȋȇ

ȝȌȔȔȕȘșȣȥ, ȉ șȕ ȉȗȌȓȦ ȑȇȑ ȕȗȌȜȏ ȏ 

ȖȗȕȋȚȑșȢ Ș ȉȢȘȕȑȏȓ ȘȕȋȌȗȍȇȔȏȌȓ 

ȍȏȗȇ ȏȓȌȥș ȘȇȓȚȥ ȉȢȘȕȑȚȥ 

ȤȔȌȗȊȌșȏȞȌȘȑȚȥ ȝȌȔȔȕȘșȣ. ǸȖȕȘȕȈ 

ȖȗȏȊȕșȕȉȒȌȔȏȦ ȖȏȠȏ șȇȑȍȌ 

ȕȑȇȎȢȉȇȌș ȘȚȠȌȘșȉȌȔȔȕȌ ȉȒȏȦȔȏȌ 

Ȕȇ Ȍȧ ȤȔȌȗȊȌșȏȞȌȘȑȚȥ ȝȌȔȔȕȘșȣ. 

ǵȈȢȞȔȕ ȖȗȕȋȚȑșȢ, 

ȖȗȏȊȕșȕȉȒȌȔȔȢȌ ȉ ȉȕȋȌ ȏȒȏ Ȕȇ 

ȖȇȗȚ, ȏȓȌȥș ȔȏȎȑȚȥ 

ȤȔȌȗȊȌșȏȞȌȘȑȚȥ ȝȌȔȔȕȘșȣ, ȉ șȕ 

ȉȗȌȓȦ ȑȇȑ ȖȗȕȋȚȑșȢ, ȍȇȗȌȔȢȌ ȏȒȏ 

ȖȗȏȊȕșȕȉȒȌȔȔȢȌ Ȕȇ ȓȇȘȒȌ, ȏȓȌȥș 

ȉȢȘȕȑȚȥ ȤȔȌȗȊȌșȏȞȌȘȑȚȥ 

ȝȌȔȔȕȘșȣ.

ǮȌȗȔȕȉȢȌ ȏ ȈȕȈȕȉȢȌ 

ȦȉȒȦȥșȘȦ, ȑȇȑ ȖȗȇȉȏȒȕ, 

ȖȗȕȋȚȑșȇȓȏ Șȕ ȘȗȌȋȔȌȐ 

ȤȔȌȗȊȌșȏȞȌȘȑȕȐ 

ǮȔȇ-
ȌșȌ Ȓȏ 
ȉȢ?
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ǫȒȦ ȏȎȓȌȗȌȔȏȦ ȤȔȌȗȊȌșȏȞȌȘȑȕȐ ȝȌȔȔȕȘșȏ ȖȏȠȏ ȓȕȍȔȕ, 

ȕȈȗȇșȏȉ ȤȔȌȗȊȏȥ ȉ șȌȖȒȕșȚ, ȕȖȗȌȋȌȒȏșȣ ȤșȚ șȌȖȒȕșȚ Ȗȕ 

ȏȎȓȌȔȌȔȏȥ Ȗȕȋ Ȍȧ ȉȕȎȋȌȐȘșȉȏȌȓ șȌȓȖȌȗȇșȚȗȢ 

șȌȖȒȕȔȕȘȏșȌȒȦ.

ǫȒȦ ȤșȕȊȕ ȕȈȗȇȎȌȝ ȖȏȠȏ ȘȍȏȊȇȥș, Ȏȇ ȘȞȧș ȉȢȋȌȒȦȥȠȌȐȘȦ 

șȌȖȒȕșȢ ȔȇȊȗȌȉȇȥș ȍȏȋȑȕȘșȣ (șȌȖȒȕȔȕȘȏșȌȒȣ) ȏ ȕȖȗȌȋȌȒȦȥș 

ȏȎȓȌȔȌȔȏȌ șȌȓȖȌȗȇșȚȗȢ ȍȏȋȑȕȘșȏ. ǹȌȖȒȕȉȕȐ ȤțțȌȑș ȗȌȇȑȝȏȏ 

ȊȕȗȌȔȏȦ ȗȇȘȘȞȏșȢȉȇȥș Ȕȇ ȕȘȔȕȉȇȔȏȏ ȗȇȎȔȏȝȢ șȌȓȖȌȗȇșȚȗ  

Ȗȕ țȕȗȓȚȒȌ ©H = m ∙ c ∙ ©T. 

Ȅșȇ ȖȕȘȒȌȋȕȉȇșȌȒȣȔȕȘșȣ ȕȖȌȗȇȝȏȐ ȒȌȍȏș ȉ ȕȘȔȕȉȌ ȖȗȏȔȝȏȖȇ 

ȗȇȈȕșȢ ȖȗȕȘșȕȊȕ ȑȇȒȕȗȏȓȌșȗȇ. ǫȒȦ ȉȢȖȕȒȔȌȔȏȦ ȤșȕȐ ȗȇȈȕșȢ 

ȉ ȟȑȕȒȣȔȕȐ ȒȇȈȕȗȇșȕȗȏȏ ȋȕȘșȇșȕȞȔȕ ȏȓȌșȣ ȉ ȔȇȒȏȞȏȏ 

ȓȌșȇȒȒȏȞȌȘȑȕȐ ȘȕȘȚȋ (ȏȒȏ ȔȌȈȕȒȣȟȚȥ ȑȕȔȘȌȗȉȔȚȥ ȈȇȔȑȚ), 

ȉȕȋȚ ȏ șȌȗȓȕȓȌșȗ. ǯȘȖȕȒȣȎȕȉȇȔȏȌ ȉȕȋȢ ȉ ȑȇȞȌȘșȉȌ 

șȌȖȒȕȔȕȘȏșȌȒȦ ȕȈȚȘȒȕȉȒȌȔȕ șȌȓ, Ȟșȕ ȕȔȇ ȋȕȘșȚȖȔȇ, 

ȈȌȎȕȖȇȘȔȇ, ȔȇȜȕȋȏșȘȦ Ȗȗȏ ȑȕȓȔȇșȔȕȐ șȌȓȖȌȗȇșȚȗȌ ȉ ȍȏȋȑȕȓ 

ȘȕȘșȕȦȔȏȏ, Ȍȧ șȌȓȖȌȗȇșȚȗȚ ȓȕȍȔȕ ȒȌȊȑȕ ȏȎȓȌȗȏșȣ Ș 

ȖȕȓȕȠȣȥ șȌȗȓȕȓȌșȗȇ, ȇ șȇȑȍȌ Ȍȧ ȉȢȘȕȑȕȐ  ȚȋȌȒȣȔȕȐ 

șȌȖȒȕȧȓȑȕȘșȣȥ.

Ƕȗȏ Ȥșȕȓ ȖȕșȌȗȏ șȌȖȒȕșȢ Ȏȇ ȘȞȧș Ȍȧ ȖȌȗȌȋȇȞȏ ȉ ȕȑȗȚȍȇȥȠȚȥ ȘȗȌȋȚ ȔȌ 

ȚȞȏșȢȉȇȥșȘȦ, ȇ ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ, ȖȕȒȚȞȌȔȔȕȐ ȉȕȋȕȐ, ȖȗȏȔȏȓȇȌșȘȦ ȑȇȑ 

ȈȒȏȎȑȕȌ ȑ ȑȕȒȏȞȌȘșȉȚ șȌȖȒȕșȢ, ȕșȋȇȔȔȕȐ ȖȏȠȌȐ.

Ȅșȕ ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ, ȖȕȋȌȒȧȔȔȕȌ Ȕȇ ȓȇȘȘȚ ȕȈȗȇȎȝȇ ȖȏȠȏ,                     

ȖȕȑȇȎȢȉȇȌș ȤȔȌȗȊȌșȏȞȌȘȑȚȥ ȝȌȔȔȕȘșȣ ȖȗȕȋȚȑșȇ ȖȏșȇȔȏȦ, ȑȕșȕȗȇȦ,                  

ȑȇȑ ȖȗȇȉȏȒȕ, ȉȢȗȇȍȇȌșȘȦ ȉ ȑǫȍ/Ȋ, ȒȏȈȕ ȤȔȌȗȊȌșȏȞȌȘȑȇȦ ȝȌȔȔȕȘșȣ                                   

ȖȗȕȋȚȑșȇ ȖȏșȇȔȏȦ ȚȑȇȎȢȉȇȌșȘȦ ȉ ȗȇȘȞȧșȌ Ȕȇ 100 Ȋ ȖȗȕȋȚȑșȇ ȉ ȑǫȍ/100 Ȋ.

Ƕȗȏ ȘȗȇȉȔȌȔȏȏ ȔȇȈȒȥȋȇȌșȘȦ ȔȌȑȕșȕȗȕȌ ȗȇȘȜȕȍȋȌȔȏȌ ȖȕȒȚȞȌȔȔȢȜ 

ȗȌȎȚȒȣșȇșȕȉ Ș ȏȔțȕȗȓȇȝȏȌȐ Ȕȇ ȤșȏȑȌșȑȇȜ ȖȗȕȋȚȑșȕȉ ȖȏșȇȔȏȦ. Ȅșȕ ȘȉȦȎȇȔȕ 

Ș șȌȓ, Ȟșȕ ȞȇȘșȣ șȌȖȒȕșȢ ȖȌȗȌȋȇȧșȘȦ ȉȕȎȋȚȜȚ. Ǵȇ ȗȌȎȚȒȣșȇș șȇȑȍȌ ȉȒȏȦȥș 

ȔȌȖȕȒȔȕȌ ȘȊȕȗȇȔȏȌ ȖȗȕȋȚȑșȕȉ ȖȏșȇȔȏȦ, ȏȘȖȇȗȌȔȏȌ ȞȇȘșȏ ȉȕȋȢ ȏ ȔȏȎȑȇȦ 

șȕȞȔȕȘșȣ ȏȎȓȌȗȌȔȏȐ. ǫȒȦ ȖȕȉȢȟȌȔȏȦ ȑȇȞȌȘșȉȇ ȗȌȎȚȒȣșȇșȕȉ 

ȝȌȒȌȘȕȕȈȗȇȎȔȕ ȞȇȘșȏȞȔȕ ȏȎȕȒȏȗȕȉȇșȣ ȖȗȏȈȕȗ, ȚȘșȇȔȇȉȒȏȉȇșȣ ȖȒȇȓȦ 

ȘșȗȕȊȕ Ȗȕ ȝȌȔșȗȚ, ȘȒȌȊȑȇ ȖȌȗȌȓȌȟȏȉȇșȣ ȉȕȋȚ, ȖȕȉșȕȗȦșȣ ȏȎȓȌȗȌȔȏȦ 

ȔȌȘȑȕȒȣȑȕ ȗȇȎ Ș ȝȌȒȣȥ ȖȕȒȚȞȌȔȏȦ ȚȘȗȌȋȔȌȔȔȕȊȕ ȗȌȎȚȒȣșȇșȇ. ǫȒȦ ȈȕȒȌȌ 

ȉȢȘȕȑȕȐ șȕȞȔȕȘșȏ ȕȖȗȌȋȌȒȌȔȏȐ ȏȘȖȕȒȣȎȚȥș ȈȕȓȈȕȉȢȐ ȑȇȒȕȗȏȓȌșȗ, 

ȗȇȈȕșȇȥȠȏȐ ȉ ȎȇȓȑȔȚșȕȓ ȘȕȘȚȋȌ Ȗȗȏ ȖȕȘșȕȦȔȔȕȓ ȕȈȡȧȓȌ.

Примените полученные знания

1. Ƕȗȏ ȘȊȕȗȇȔȏȏ 5 Ȋ ȖȗȕȋȚȑșȇ ȖȏșȇȔȏȦ șȌȓȖȌȗȇșȚȗȇ 100 Ȋ ȉȕȋȢ ȏȎȓȌȔȦȌșȘȦ ȕș 20°C ȋȕ 80°C.

ǷȇȘȘȞȏșȇȐșȌ ȤȔȌȗȊȌșȏȞȌȘȑȚȥ ȝȌȔȔȕȘșȣ ȖȗȕȋȚȑșȇ (ȉ ȑȑȇȒ).

2. ǸȓȌȘȣ Trek Ȕȇ 60� ȘȕȘșȕȏș ȏȎ ȕȗȌȜȕȉ (2600 ȑǫȍ/100 Ȋ) ȏ Ȕȇ 40� ȏȎ ȏȎȥȓȇ (1200 ȑǫȍ/100 Ȋ). 

ǷȇȘȘȞȏșȇȐșȌ ȤȔȌȗȊȌșȏȞȌȘȑȚȥ ȝȌȔȔȕȘșȣ ȘȓȌȘȏ ȉ ȑǫȍ/100 Ȋ ȏ ȤȔȌȗȊȌșȏȞȌȘȑȚȥ ȝȌȔȔȕȘșȣ Ȍȧ Ȗȕȗȝȏȏ 

ȓȇȘȘȕȐ 30 Ȋ (ȉ ȑǫȍ).

3. ǵȋȏȔ țȚȔȋȚȑ ȋȇȧș ȉ ȘȗȌȋȔȌȓ 25 ȑǫȍ ȤȔȌȗȊȏȏ. ǸȑȕȒȣȑȕ ȖȗȏȈȒȏȎȏșȌȒȣȔȕ ȟșȚȑ țȚȔȋȚȑȇ ȖȕșȗȌȈȚȌșȘȦ, 

ȞșȕȈȢ ȖȕȉȢȘȏșȣ șȌȓȖȌȗȇșȚȗȚ 200 Ȋ ȉȕȋȢ Ȕȇ 5°C?

Проверьте полученные знания

1. ǱȇȑȕȌ ȗȇȎȒȏȞȏȌ ȉȢ ȓȕȍȌșȌ ȖȗȕȉȌȘșȏ ȓȌȍȋȚ ȖȕȔȦșȏȦȓȏ ́ ȤȔȌȗȊȏȦµ, ́ șȌȖȒȕșȇµ ȏ ́ șȌȓȖȌȗȇșȚȗȇµ? 

2. ǶȕȞȌȓȚ ȉ ȗȇȘȞȧșȇȜ Ȕȇ ȕȘȔȕȉȇȔȏȏ ȑȇȒȕȗȏȓȌșȗȏȞȌȘȑȏȜ ȏȎȓȌȗȌȔȏȐ ȏȘȖȕȒȣȎȚȌșȘȦ ȉȕȋȇ?

3. Ǳȇȑ ȓȕȍȔȕ ȖȕȉȢȘȏșȣ șȕȞȔȕȘșȣ ȗȌȎȚȒȣșȇșȕȉ ȏȎȓȌȗȌȔȏȐ Ȕȇ ȖȗȕȘșȕȓ ȑȇȒȕȗȏȓȌșȗȌ?

4. ǸȗȇȉȔȏșȌ ȤȔȌȗȊȌșȏȞȌȘȑȚȥ ȝȌȔȔȕȘșȣ ´ȍȇȗȌȔȕȊȕµ ȏ ´ȕșȉȇȗȔȕȊȕµ ȑȇȗșȕțȌȒȦ ȕȋȏȔȇȑȕȉȕȐ ȓȇȘȘȢ. 

ǱȇȑȕȐ ȏȎ ȔȏȜ ȋȇȧș ȈȕȒȣȟȌ ȤȔȌȗȊȏȏ? ǵȈȡȦȘȔȏșȌ ȖȗȏȞȏȔȚ.

ȄȔȌȗȊȏȦ

ǸȖȕȘȕȈȔȕȘșȣ 

șȌȒȇ ȘȕȉȌȗȟȇșȣ 

ȗȇȈȕșȚ.

ǹȌȖȒȕșȇ

 ǶȌȗȌȋȇȞȇ ȤȔȌȗȊȏȏ ȕș ȔȇȊȗȌșȕȊȕ 

șȌȒȇ ȑ ȜȕȒȕȋȔȕȓȚ șȌȒȚ ȏȎ-Ȏȇ 

ȗȇȎȔȏȝȢ șȌȓȖȌȗȇșȚȗ.

ǹȌȓȖȌȗȇșȚȗȇ

  ǶȕȑȇȎȇșȌȒȣ șȕȊȕ,  

ȔȇȘȑȕȒȣȑȕ �ȊȕȗȦȞȏȓ� ȏȒȏ 

�ȜȕȒȕȋȔȢȓ� ȦȉȒȦȌșȘȦ șȌȒȕ.

ǶȕȋȘșȇȉȑȇ ȏȎ șȌȗȓȕȘșȕȐȑȕȊȕ ȓȇșȌȗȏȇȒȇ

ǴȇȑȕȔȌȞȔȏȑ ȏȊȒȢ

  ǸȊȕȗȇȌȓȢȐ ȕȈȗȇȎȌȝ ȖȏȠȏ

ǳȌșȇȒȒȏȞȌȘȑȏȐ ȘȕȘȚȋ

ǹȌȗȓȕȓȌșȗ

ǩȕȋȇ

ȝȌȔȔȕȘșȣȥ, ȉ șȕ ȉȗȌȓȦ ȑȇȑ ȕȗȌȜȏ ȏ 

ȖȗȕȋȚȑșȢ Ș ȉȢȘȕȑȏȓ ȘȕȋȌȗȍȇȔȏȌȓ 

ȍȏȗȇ ȏȓȌȥș ȘȇȓȚȥ ȉȢȘȕȑȚȥ 

ȤȔȌȗȊȌșȏȞȌȘȑȚȥ ȝȌȔȔȕȘșȣ. ǸȖȕȘȕȈ 

ȖȗȏȊȕșȕȉȒȌȔȏȦ ȖȏȠȏ șȇȑȍȌ 

ȕȑȇȎȢȉȇȌș ȘȚȠȌȘșȉȌȔȔȕȌ ȉȒȏȦȔȏȌ 

Ȕȇ Ȍȧ ȤȔȌȗȊȌșȏȞȌȘȑȚȥ ȝȌȔȔȕȘșȣ. 

ǵȈȢȞȔȕ ȖȗȕȋȚȑșȢ, 

ȖȗȏȊȕșȕȉȒȌȔȔȢȌ ȉ ȉȕȋȌ ȏȒȏ Ȕȇ 

ȖȇȗȚ, ȏȓȌȥș ȔȏȎȑȚȥ 

ȤȔȌȗȊȌșȏȞȌȘȑȚȥ ȝȌȔȔȕȘșȣ, ȉ șȕ 

ȉȗȌȓȦ ȑȇȑ ȖȗȕȋȚȑșȢ, ȍȇȗȌȔȢȌ ȏȒȏ 

ȖȗȏȊȕșȕȉȒȌȔȔȢȌ Ȕȇ ȓȇȘȒȌ, ȏȓȌȥș 

ȉȢȘȕȑȚȥ ȤȔȌȗȊȌșȏȞȌȘȑȚȥ 

ȝȌȔȔȕȘșȣ.

ǮȌȗȔȕȉȢȌ ȏ ȈȕȈȕȉȢȌ 

ȦȉȒȦȥșȘȦ, ȑȇȑ ȖȗȇȉȏȒȕ, 

ȖȗȕȋȚȑșȇȓȏ Șȕ ȘȗȌȋȔȌȐ 

ȤȔȌȗȊȌșȏȞȌȘȑȕȐ 

ǮȔȇ-
ȌșȌ Ȓȏ 
ȉȢ?
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ǻȕȘȘȏȒȣȔȕȌ șȕȖȒȏȉȕ (ȔȌțșȣ, ȖȗȏȗȕȋȔȢȐ ȊȇȎ, ȎȕȒȇ, ȚȊȕȒȣ ȏ ș.ȋ.) ȕșȔȕȘȏșȘȦ ȑ 

ȔȌȉȕȎȕȈȔȕȉȒȦȌȓȢȓ ȤȔȌȗȊȌșȏȞȌȘȑȏȓ ȗȌȘȚȗȘȇȓ. Ȅșȏ ȉȏȋȢ șȕȖȒȏȉȇ ȔȌ ȕȈȗȇȎȚȥșȘȦ ȉ ȔȌȋȗȇȜ 

Ș șȕȐ ȍȌ ȘȑȕȗȕȘșȣȥ, Ș ȑȇȑȕȐ ȏȘșȕȠȇȥșȘȦ ȏȜ ȎȇȖȇȘȢ, ȉȕș ȖȕȞȌȓȚ ȏȜ ȔȇȎȢȉȇȥș 

´ȔȌȉȕȎȕȈȔȕȉȒȦȌȓȢȓȏµ ȗȌȘȚȗȘȇȓȏ. ǨȢȒȏ ȖȗȕȉȌȋȌȔȢ ȗȇȘȞȧșȢ, ȚȞȏșȢȉȇȥȠȏȌ ȓȌșȕȋȢ 

ȋȕȈȢȞȏ ȏ ȘȑȕȗȕȘșȣ ȤȑȘȖȒȚȇșȇȝȏȏ, ȑȕșȕȗȢȌ ȖȗȏȈȒȏȎȏșȌȒȣȔȕ ȖȕȑȇȎȢȉȇȥș, ȘȑȕȒȣȑȕ ȒȌș ȈȚȋȌș 

ȌȠȧ ȉȕȎȓȕȍȔȕ ȏȘȖȕȒȣȎȕȉȇșȣ ȘȚȠȌȘșȉȚȥȠȏȌ ȎȇȖȇȘȢ.

88 89

ǴȇȚȑȇ, șȌȜȔȕȒȕȊȏȦ, ȍȏȎȔȣ

ǻȕȘȘȏȒȣȔȕȌ șȕȖȒȏȉȕ

ǶȗȏȗȕȋȔȢȐ ȊȇȎ

ǴȌțșȣ

ǱȇȓȌȔȔȢȐ ȚȊȕȒȣ

ǶȗȏȈȒȏȎȏșȌȒȣȔȢȌ ȕȝȌȔȑȏ ȖȌȗȏȕȋȇ, ȋȕ ȑȕșȕȗȕȊȕ Ȝȉȇșȏș ȎȇȖȇȘȕȉ țȕȘȘȏȒȣȔȕȊȕ șȕȖȒȏȉȇ

2110 Ȋȕȋ

2080 Ȋȕȋ

2500 Ȋȕȋ

ǶȕȤșȕȓȚ ȉȇȍȔȕ ȗȇȝȏȕȔȇȒȣȔȕ ȏȘȖȕȒȣȎȕȉȇșȣ ȔȌȉȕȎȕȈȔȕȉȒȦȌȓȢȌ ȉȏȋȢ 

șȕȖȒȏȉȇ ȏ ȗȇȘȘȓȇșȗȏȉȇșȣ ȉȕȎȓȕȍȔȕȘșȣ ȏȘȖȕȒȣȎȕȉȇȔȏȦ ȉ ȈȚȋȚȠȌȓ 

ȉȕȎȕȈȔȕȉȒȦȌȓȢȜ ȇȒȣșȌȗȔȇșȏȉȔȢȜ ȏȘșȕȞȔȏȑȕȉ ȤȔȌȗȊȏȏ. 

ǧșȕȓȔȇȦ ȤȔȌȗȊȏȦ

ǩ 1956 ȊȕȋȚ ȕȑȕȒȕ ǸȌȒȒȇțȏȒȋȇ (ȊȗȇțȘșȉȕ ǱȇȓȈȗȏȦ, ǩȌȒȏȑȕȈȗȏșȇȔȏȦ)  

ȈȢȒȇ ȉȉȌȋȌȔȇ ȉ ȤȑȘȖȒȚȇșȇȝȏȥ ȇșȕȓȔȇȦ ȤȒȌȑșȗȕȘșȇȔȝȏȦ (ǧȄǸ) ªǱȕȒȋȌȗ-

ǼȕȒȒ«. Ȅșȇ ȘșȇȔȝȏȦ ȦȉȒȦȌșȘȦ ȖȌȗȉȢȓ ȉ ȓȏȗȌ ȦȋȌȗȔȢȓ ȗȌȇȑșȕȗȕȓ, 

ȖȗȕȏȎȉȕȋȦȠȏȓ ȤȒȌȑșȗȕȤȔȌȗȊȏȥ ȉ ȖȗȕȓȢȟȒȌȔȔȢȜ ȓȇȘȟșȇȈȇȜ. ȆȋȌȗȔȢȌ 

ȗȌȇȑșȕȗȢ ȈȌȗȚș ȤȔȌȗȊȏȥ ȊȒȇȉȔȢȓ ȕȈȗȇȎȕȓ ȕș ȗȌȇȑȝȏȏ ȋȌȒȌȔȏȦ ȦȋȌȗ 

ȏȎȕșȕȖȇ ȚȗȇȔȇ U-235. ǩ ȖȗȕȝȌȘȘȌ ȋȌȒȌȔȏȦ ȉȢȋȌȒȦȌșȘȦ ȕȞȌȔȣ ȈȕȒȣȟȕȌ 

ȑȕȒȏȞȌȘșȉȕ ȤȔȌȗȊȏȏ.

ǸȕȒȔȌȞȔȇȦ ȤȔȌȗȊȏȦ

ǱȗȚȖȔȌȐȟȏȓ ȏȘșȕȞȔȏȑȕȓ ȤȔȌȗȊȏȏ ȋȒȦ ȔȇȟȌȐ ȖȒȇȔȌșȢ ȦȉȒȦȌșȘȦ ǸȕȒȔȝȌ. 

ǩ ȘȕȉȗȌȓȌȔȔȚȥ ȤȖȕȜȚ ȕȋȔȏȓ ȏȎ ȔȇȏȈȕȒȌȌ ȉȇȍȔȢȜ ȖȗȏȓȌȔȌȔȏȐ 

ȘȕȒȔȌȞȔȕȐ ȤȔȌȗȊȏȏ ȦȉȒȦȥșȘȦ ȘȕȒȔȌȞȔȢȌ ȖȇȔȌȒȏ. ǸȕȒȔȌȞȔȢȌ ȖȇȔȌȒȏ 

ȏȎȊȕșȇȉȒȏȉȇȥșȘȦ ȏȎ ȘȖȌȝȏȇȒȣȔȢȜ ȓȇșȌȗȏȇȒȕȉ ȏ ȖȗȌȕȈȗȇȎȚȥș ȘȕȒȔȌȞȔȢȐ 

ȘȉȌș ȔȌȖȕȘȗȌȋȘșȉȌȔȔȕ ȉ ȤȒȌȑșȗȏȞȌȘȑȚȥ ȤȔȌȗȊȏȥ. ǸȉȌș, ȖȇȋȇȥȠȏȐ Ȕȇ 

ȖȇȔȌȒȣ, ȉȢȎȢȉȇȌș ȋȉȏȍȌȔȏȌ ȤȒȌȑșȗȕȔȕȉ, ȘȕȎȋȇȉȇȦ ȤȒȌȑșȗȏȞȌȘȑȏȐ șȕȑ.

ǶȗȌȏȓȚȠȌȘșȉȕȓ ȘȕȒȔȌȞȔȢȜ ȖȇȔȌȒȌȐ ȦȉȒȦȌșȘȦ șȕ, Ȟșȕ ȕȔȏ ȔȌ ȎȇȊȗȦȎȔȦȥș 

ȉȕȎȋȚȜ ȏ ȦȉȒȦȥșȘȦ ȤȑȕȒȕȊȏȞȌȘȑȏ ȞȏȘșȢȓ ȏȘșȕȞȔȏȑȕȓ ȤȔȌȗȊȏȏ. ǴȇȗȦȋȚ Ș 

Ȥșȏȓ ȘȕȒȔȌȞȔȇȦ ȤȔȌȗȊȏȦ ȔȌȏȘȞȌȗȖȇȌȓȇ, ȇ Ȥșȕ ȎȔȇȞȏș, Ȟșȕ ȓȢ ȘȓȕȍȌȓ 

ȏȘȖȕȒȣȎȕȉȇșȣ Ȍȧ ȈȌȘȑȕȔȌȞȔȕ.

ȄȔȌȗȊȏȦ ȈȏȕȓȇȘȘȢ ȏ ȈȏȕȊȇȎȇ

Ǹ ȋȗȌȉȔȏȜ ȉȗȌȓȧȔ Ȓȥȋȏ ȉ ȑȇȞȌȘșȉȌ șȕȖȒȏȉȇ ȏȘȖȕȒȣȎȕȉȇȒȏ ȋȗȌȉȌȘȏȔȚ, 

ȗȇȘșȏșȌȒȣȔȢȌ ȕȘșȇșȑȏ ȏ ȕșȜȕȋȢ ȍȏȉȕșȔȢȜ. Ȅșȏ ȏȘșȕȞȔȏȑȏ ȔȇȎȢȉȇȥșȘȦ 

ȈȏȕȓȇȘȘȕȐ. ǶȕȒȚȞȌȔȏȌ ȤȔȌȗȊȏȏ ȏȎ ȈȏȕȓȇȘȘȢ — ȕȋȏȔ ȏȎ ȘșȇȗȌȐȟȏȜ             

ȓȌșȕȋȕȉ, ȑȕșȕȗȢȐ ȋȕ ȘȏȜ Ȗȕȗ ȖȕȉȘȌȓȌȘșȔȕ ȟȏȗȕȑȕ ȏȘȖȕȒȣȎȚȌșȘȦ.     

ǸȕȉȗȌȓȌȔȔȢȌ șȌȜȔȕȒȕȊȏȏ ȖȕȎȉȕȒȦȥș ȏȘȖȕȒȣȎȕȉȇșȣ ȈȏȕȓȇȘȘȚ ȈȕȒȌȌ 

ȤțțȌȑșȏȉȔȕ. ǫȒȦ ȖȗȕȏȎȉȕȋȘșȉȇ ȈȏȕȊȇȎȇ ȗȇȘșȏșȌȒȣȔȢȌ ȕșȜȕȋȢ, ȘȕȒȕȓȇ,        

ȒȏȘșȣȦ ȏ ȔȌȑȕșȕȗȢȌ ȈȢșȕȉȢȌ ȕșȜȕȋȢ ȗȇȎȒȇȊȇȥșȘȦ ȉ ȘȖȌȝȏȇȒȣȔȢȜ ȚȘșȗȕȐȘșȉȇȜ. 

ǵȘȔȕȉȔȢȓ ȑȕȓȖȕȔȌȔșȕȓ ȤșȕȊȕ ȊȇȎȇ ȦȉȒȦȌșȘȦ ȓȌșȇȔ, ȑȕșȕȗȢȐ ȘȍȏȊȇȥș șȇȑ ȍȌ, 

ȑȇȑ ȕȈȢȞȔȢȐ ȖȗȏȗȕȋȔȢȐ ȊȇȎ, ȏ ȏȘȖȕȒȣȎȚȥș ȋȒȦ ȖȗȕȏȎȉȕȋȘșȉȇ ȤȔȌȗȊȏȏ.

ǩȕȋȕȗȕȋȔȇȦ ȤȔȌȗȊȏȦ

ǵȈȒȇȘșȏ ȖȗȏȓȌȔȌȔȏȦ ȉȕȋȕȗȕȋȔȕȐ ȤȔȌȗȊȌșȏȑȏ ȘșȗȌȓȏșȌȒȣȔȕ ȗȇȘȟȏȗȦȥșȘȦ.                

ǩ ȔȇȘșȕȦȠȌȌ ȉȗȌȓȦ ȉ ȗȦȋȌ ȘșȗȇȔ ȏȘȖȕȒȣȎȚȥșȘȦ ȇȉșȕȈȚȘȢ, ȇȉșȕȓȕȈȏȒȏ ȏ ȖȕȌȎȋȇ, 

ȗȇȈȕșȇȥȠȏȌ Ȕȇ ȉȕȋȕȗȕȋȔȕȓ șȕȖȒȏȉȌ, ȏ ȋȇȍȌ ȖȗȕȉȕȋȦșȘȦ ȌȊȕ ȏȘȖȢșȇȔȏȦ Ȕȇ 

ȘȇȓȕȒȌșȇȜ. Ȅșȏ șȗȇȔȘȖȕȗșȔȢȌ ȘȗȌȋȘșȉȇ ȔȌ ȉȢȈȗȇȘȢȉȇȥș ȉ ȉȕȎȋȚȜ ȉȗȌȋȔȢȜ ȊȇȎȕȉ, 

ȉȢȋȌȒȦȦ ȉ ȕȘȔȕȉȔȕȓ ȖȇȗȢ ȉȕȋȢ. ǶȕȤșȕȓȚ ȉȕȋȕȗȕȋ ȘȞȏșȇȌșȘȦ ȕȋȔȕȐ ȏȎ 

ȤȑȕȒȕȊȏȞȌȘȑȏ ȞȏȘșȢȜ ȇȒȣșȌȗȔȇșȏȉ ȉ șȗȇȔȘȖȕȗșȔȕȓ ȘȌȑșȕȗȌ. ǵȋȔȇȑȕ ȏȘȖȕȒȣȎȕ-

ȉȇȔȏȌ ȉȕȋȕȗȕȋȇ ȘȕȖȗȦȍȌȔȕ Ș ȕȖȗȌȋȌȒȧȔȔȢȓȏ șȗȚȋȔȕȘșȦȓȏ. ǶȗȕȏȎȉȕȋȘșȉȕ, 

șȗȇȔȘȖȕȗșȏȗȕȉȑȇ ȏ ȜȗȇȔȌȔȏȌ ȉȕȋȕȗȕȋȇ – ȋȕȗȕȊȕȘșȕȦȠȏȐ ȖȗȕȝȌȘȘ. ǫȒȦ ȌȊȕ 

ȜȗȇȔȌȔȏȦ ȉ ȉȏȋȌ ȘȍȇșȕȊȕ ȊȇȎȇ ȏȒȏ ȉ ȍȏȋȑȕȓ ȘȕȘșȕȦȔȏȏ ȔȚȍȔȢ ȕȘȕȈȢȌ ȚȘȒȕȉȏȦ.  ǩ 

șȕ ȍȌ ȉȗȌȓȦ ȉȉȏȋȚ ȉȎȗȢȉȕȕȖȇȘȔȕȘșȏ ȉȕȋȕȗȕȋȇ Ȗȗȏ ȗȇȈȕșȌ Ș Ȕȏȓ ȔȌȕȈȜȕȋȏȓȕ 

ȘșȗȕȊȕ ȘȕȈȒȥȋȇșȣ ȓȌȗȢ ȖȗȌȋȕȘșȕȗȕȍȔȕȘșȏ. ǯȓȌȔȔȕ ȖȕȤșȕȓȚ ȚȞȧȔȢȌ 

ȖȗȕȋȕȒȍȇȥș ȗȇȈȕșȇșȣ Ȕȇȋ ȘȕȎȋȇȔȏȌȓ ȈȕȒȌȌ ȈȌȎȕȖȇȘȔȢȜ ȏ ȋȌȟȧȉȢȜ șȌȜȔȕȒȕȊȏȐ.

ȄȔȌȗȊȏȦ ȉȌșȗȇ

ǩ ȔȇȟȌ ȉȗȌȓȦ ȤȔȌȗȊȏȦ ȉȌșȗȇ ȏȘȖȕȒȣȎȚȌșȘȦ ȋȒȦ ȖȗȕȏȎȉȕȋȘșȉȇ ȤȒȌȑșȗȏȞȌȘșȉȇ. ǶȗȏȔȝȏȖ 

ȗȇȈȕșȢ ȉȌșȗȦȔȢȜ șȚȗȈȏȔ ȑȗȇȐȔȌ ȖȗȕȘș: Ȗȗȏ ȘȏȒȣȔȕȓ ȉȌșȗȌ ȈȕȒȣȟȏȌ ȒȕȖȇȘșȏ ȔȇȞȏȔȇȥș 

ȉȗȇȠȇșȣȘȦ. Ȅșȕ ȋȉȏȍȌȔȏȌ Ȗȗȏȉȕȋȏș ȉ ȋȌȐȘșȉȏȌ ȊȌȔȌȗȇșȕȗ, ȉȘȒȌȋȘșȉȏȌ ȞȌȊȕ 

ȉȢȗȇȈȇșȢȉȇȌșȘȦ ȤȒȌȑșȗȏȞȌȘȑȇȦ ȤȔȌȗȊȏȦ. ǶȕȋȕȈȔȢȌ șȚȗȈȏȔȢ ȕȈȢȞȔȕ ȚȘșȇȔȇȉȒȏȉȇȥș ȉ 

ȉȌșȗȌȔȢȜ ȖȗȏȈȗȌȍȔȢȜ ȎȕȔȇȜ, ȖȗȌȋȊȕȗȣȦȜ ȏ Ȕȇ ȕșȑȗȢșȢȜ ȗȇȉȔȏȔȇȜ. ȄȔȌȗȊȏȦ ȉȌșȗȇ ȏȓȌȌș 

ȓȔȕȍȌȘșȉȕ ȖȗȌȏȓȚȠȌȘșȉ. ǶȗȌȍȋȌ ȉȘȌȊȕ, Ȥșȕș ȏȘșȕȞȔȏȑ ȤȔȌȗȊȏȏ ȔȌȏȘȞȌȗȖȇȌȓ, ȏ ȕȔ ȔȌ 

ȔȇȔȕȘȏș ȚȠȌȗȈȇ ȖȗȏȗȕȋȌ: ȉȕ ȉȗȌȓȦ ȗȇȈȕșȢ ȉȌșȗȦȔȢȌ șȚȗȈȏȔȢ ȔȌ ȉȢȈȗȇȘȢȉȇȥș ȉ 

ȇșȓȕȘțȌȗȚ ȉȗȌȋȔȢȌ ȊȇȎȢ. ǸȒȌȋȕȉȇșȌȒȣȔȕ, ȖȗȏȓȌȔȌȔȏȌ ȤȔȌȗȊȏȏ ȉȌșȗȇ ȘȖȕȘȕȈȘșȉȚȌș 

ȎȇȠȏșȌ ȕȑȗȚȍȇȥȠȌȐ ȘȗȌȋȢ.



ǻȕȘȘȏȒȣȔȕȌ șȕȖȒȏȉȕ (ȔȌțșȣ, ȖȗȏȗȕȋȔȢȐ ȊȇȎ, ȎȕȒȇ, ȚȊȕȒȣ ȏ ș.ȋ.) ȕșȔȕȘȏșȘȦ ȑ 

ȔȌȉȕȎȕȈȔȕȉȒȦȌȓȢȓ ȤȔȌȗȊȌșȏȞȌȘȑȏȓ ȗȌȘȚȗȘȇȓ. Ȅșȏ ȉȏȋȢ șȕȖȒȏȉȇ ȔȌ ȕȈȗȇȎȚȥșȘȦ ȉ ȔȌȋȗȇȜ 

Ș șȕȐ ȍȌ ȘȑȕȗȕȘșȣȥ, Ș ȑȇȑȕȐ ȏȘșȕȠȇȥșȘȦ ȏȜ ȎȇȖȇȘȢ, ȉȕș ȖȕȞȌȓȚ ȏȜ ȔȇȎȢȉȇȥș 

´ȔȌȉȕȎȕȈȔȕȉȒȦȌȓȢȓȏµ ȗȌȘȚȗȘȇȓȏ. ǨȢȒȏ ȖȗȕȉȌȋȌȔȢ ȗȇȘȞȧșȢ, ȚȞȏșȢȉȇȥȠȏȌ ȓȌșȕȋȢ 

ȋȕȈȢȞȏ ȏ ȘȑȕȗȕȘșȣ ȤȑȘȖȒȚȇșȇȝȏȏ, ȑȕșȕȗȢȌ ȖȗȏȈȒȏȎȏșȌȒȣȔȕ ȖȕȑȇȎȢȉȇȥș, ȘȑȕȒȣȑȕ ȒȌș ȈȚȋȌș 

ȌȠȧ ȉȕȎȓȕȍȔȕ ȏȘȖȕȒȣȎȕȉȇșȣ ȘȚȠȌȘșȉȚȥȠȏȌ ȎȇȖȇȘȢ.

88 89

ǴȇȚȑȇ, șȌȜȔȕȒȕȊȏȦ, ȍȏȎȔȣ

ǻȕȘȘȏȒȣȔȕȌ șȕȖȒȏȉȕ

ǶȗȏȗȕȋȔȢȐ ȊȇȎ

ǴȌțșȣ

ǱȇȓȌȔȔȢȐ ȚȊȕȒȣ

ǶȗȏȈȒȏȎȏșȌȒȣȔȢȌ ȕȝȌȔȑȏ ȖȌȗȏȕȋȇ, ȋȕ ȑȕșȕȗȕȊȕ Ȝȉȇșȏș ȎȇȖȇȘȕȉ țȕȘȘȏȒȣȔȕȊȕ șȕȖȒȏȉȇ

2110 Ȋȕȋ

2080 Ȋȕȋ

2500 Ȋȕȋ

ǶȕȤșȕȓȚ ȉȇȍȔȕ ȗȇȝȏȕȔȇȒȣȔȕ ȏȘȖȕȒȣȎȕȉȇșȣ ȔȌȉȕȎȕȈȔȕȉȒȦȌȓȢȌ ȉȏȋȢ 

șȕȖȒȏȉȇ ȏ ȗȇȘȘȓȇșȗȏȉȇșȣ ȉȕȎȓȕȍȔȕȘșȣ ȏȘȖȕȒȣȎȕȉȇȔȏȦ ȉ ȈȚȋȚȠȌȓ 

ȉȕȎȕȈȔȕȉȒȦȌȓȢȜ ȇȒȣșȌȗȔȇșȏȉȔȢȜ ȏȘșȕȞȔȏȑȕȉ ȤȔȌȗȊȏȏ. 

ǧșȕȓȔȇȦ ȤȔȌȗȊȏȦ

ǩ 1956 ȊȕȋȚ ȕȑȕȒȕ ǸȌȒȒȇțȏȒȋȇ (ȊȗȇțȘșȉȕ ǱȇȓȈȗȏȦ, ǩȌȒȏȑȕȈȗȏșȇȔȏȦ)  

ȈȢȒȇ ȉȉȌȋȌȔȇ ȉ ȤȑȘȖȒȚȇșȇȝȏȥ ȇșȕȓȔȇȦ ȤȒȌȑșȗȕȘșȇȔȝȏȦ (ǧȄǸ) ªǱȕȒȋȌȗ-

ǼȕȒȒ«. Ȅșȇ ȘșȇȔȝȏȦ ȦȉȒȦȌșȘȦ ȖȌȗȉȢȓ ȉ ȓȏȗȌ ȦȋȌȗȔȢȓ ȗȌȇȑșȕȗȕȓ, 

ȖȗȕȏȎȉȕȋȦȠȏȓ ȤȒȌȑșȗȕȤȔȌȗȊȏȥ ȉ ȖȗȕȓȢȟȒȌȔȔȢȜ ȓȇȘȟșȇȈȇȜ. ȆȋȌȗȔȢȌ 

ȗȌȇȑșȕȗȢ ȈȌȗȚș ȤȔȌȗȊȏȥ ȊȒȇȉȔȢȓ ȕȈȗȇȎȕȓ ȕș ȗȌȇȑȝȏȏ ȋȌȒȌȔȏȦ ȦȋȌȗ 

ȏȎȕșȕȖȇ ȚȗȇȔȇ U-235. ǩ ȖȗȕȝȌȘȘȌ ȋȌȒȌȔȏȦ ȉȢȋȌȒȦȌșȘȦ ȕȞȌȔȣ ȈȕȒȣȟȕȌ 

ȑȕȒȏȞȌȘșȉȕ ȤȔȌȗȊȏȏ.

ǸȕȒȔȌȞȔȇȦ ȤȔȌȗȊȏȦ

ǱȗȚȖȔȌȐȟȏȓ ȏȘșȕȞȔȏȑȕȓ ȤȔȌȗȊȏȏ ȋȒȦ ȔȇȟȌȐ ȖȒȇȔȌșȢ ȦȉȒȦȌșȘȦ ǸȕȒȔȝȌ. 

ǩ ȘȕȉȗȌȓȌȔȔȚȥ ȤȖȕȜȚ ȕȋȔȏȓ ȏȎ ȔȇȏȈȕȒȌȌ ȉȇȍȔȢȜ ȖȗȏȓȌȔȌȔȏȐ 

ȘȕȒȔȌȞȔȕȐ ȤȔȌȗȊȏȏ ȦȉȒȦȥșȘȦ ȘȕȒȔȌȞȔȢȌ ȖȇȔȌȒȏ. ǸȕȒȔȌȞȔȢȌ ȖȇȔȌȒȏ 

ȏȎȊȕșȇȉȒȏȉȇȥșȘȦ ȏȎ ȘȖȌȝȏȇȒȣȔȢȜ ȓȇșȌȗȏȇȒȕȉ ȏ ȖȗȌȕȈȗȇȎȚȥș ȘȕȒȔȌȞȔȢȐ 

ȘȉȌș ȔȌȖȕȘȗȌȋȘșȉȌȔȔȕ ȉ ȤȒȌȑșȗȏȞȌȘȑȚȥ ȤȔȌȗȊȏȥ. ǸȉȌș, ȖȇȋȇȥȠȏȐ Ȕȇ 

ȖȇȔȌȒȣ, ȉȢȎȢȉȇȌș ȋȉȏȍȌȔȏȌ ȤȒȌȑșȗȕȔȕȉ, ȘȕȎȋȇȉȇȦ ȤȒȌȑșȗȏȞȌȘȑȏȐ șȕȑ.

ǶȗȌȏȓȚȠȌȘșȉȕȓ ȘȕȒȔȌȞȔȢȜ ȖȇȔȌȒȌȐ ȦȉȒȦȌșȘȦ șȕ, Ȟșȕ ȕȔȏ ȔȌ ȎȇȊȗȦȎȔȦȥș 

ȉȕȎȋȚȜ ȏ ȦȉȒȦȥșȘȦ ȤȑȕȒȕȊȏȞȌȘȑȏ ȞȏȘșȢȓ ȏȘșȕȞȔȏȑȕȓ ȤȔȌȗȊȏȏ. ǴȇȗȦȋȚ Ș 

Ȥșȏȓ ȘȕȒȔȌȞȔȇȦ ȤȔȌȗȊȏȦ ȔȌȏȘȞȌȗȖȇȌȓȇ, ȇ Ȥșȕ ȎȔȇȞȏș, Ȟșȕ ȓȢ ȘȓȕȍȌȓ 

ȏȘȖȕȒȣȎȕȉȇșȣ Ȍȧ ȈȌȘȑȕȔȌȞȔȕ.

ȄȔȌȗȊȏȦ ȈȏȕȓȇȘȘȢ ȏ ȈȏȕȊȇȎȇ

Ǹ ȋȗȌȉȔȏȜ ȉȗȌȓȧȔ Ȓȥȋȏ ȉ ȑȇȞȌȘșȉȌ șȕȖȒȏȉȇ ȏȘȖȕȒȣȎȕȉȇȒȏ ȋȗȌȉȌȘȏȔȚ, 

ȗȇȘșȏșȌȒȣȔȢȌ ȕȘșȇșȑȏ ȏ ȕșȜȕȋȢ ȍȏȉȕșȔȢȜ. Ȅșȏ ȏȘșȕȞȔȏȑȏ ȔȇȎȢȉȇȥșȘȦ 

ȈȏȕȓȇȘȘȕȐ. ǶȕȒȚȞȌȔȏȌ ȤȔȌȗȊȏȏ ȏȎ ȈȏȕȓȇȘȘȢ — ȕȋȏȔ ȏȎ ȘșȇȗȌȐȟȏȜ             

ȓȌșȕȋȕȉ, ȑȕșȕȗȢȐ ȋȕ ȘȏȜ Ȗȕȗ ȖȕȉȘȌȓȌȘșȔȕ ȟȏȗȕȑȕ ȏȘȖȕȒȣȎȚȌșȘȦ.     

ǸȕȉȗȌȓȌȔȔȢȌ șȌȜȔȕȒȕȊȏȏ ȖȕȎȉȕȒȦȥș ȏȘȖȕȒȣȎȕȉȇșȣ ȈȏȕȓȇȘȘȚ ȈȕȒȌȌ 

ȤțțȌȑșȏȉȔȕ. ǫȒȦ ȖȗȕȏȎȉȕȋȘșȉȇ ȈȏȕȊȇȎȇ ȗȇȘșȏșȌȒȣȔȢȌ ȕșȜȕȋȢ, ȘȕȒȕȓȇ,        

ȒȏȘșȣȦ ȏ ȔȌȑȕșȕȗȢȌ ȈȢșȕȉȢȌ ȕșȜȕȋȢ ȗȇȎȒȇȊȇȥșȘȦ ȉ ȘȖȌȝȏȇȒȣȔȢȜ ȚȘșȗȕȐȘșȉȇȜ. 

ǵȘȔȕȉȔȢȓ ȑȕȓȖȕȔȌȔșȕȓ ȤșȕȊȕ ȊȇȎȇ ȦȉȒȦȌșȘȦ ȓȌșȇȔ, ȑȕșȕȗȢȐ ȘȍȏȊȇȥș șȇȑ ȍȌ, 

ȑȇȑ ȕȈȢȞȔȢȐ ȖȗȏȗȕȋȔȢȐ ȊȇȎ, ȏ ȏȘȖȕȒȣȎȚȥș ȋȒȦ ȖȗȕȏȎȉȕȋȘșȉȇ ȤȔȌȗȊȏȏ.

ǩȕȋȕȗȕȋȔȇȦ ȤȔȌȗȊȏȦ

ǵȈȒȇȘșȏ ȖȗȏȓȌȔȌȔȏȦ ȉȕȋȕȗȕȋȔȕȐ ȤȔȌȗȊȌșȏȑȏ ȘșȗȌȓȏșȌȒȣȔȕ ȗȇȘȟȏȗȦȥșȘȦ.                

ǩ ȔȇȘșȕȦȠȌȌ ȉȗȌȓȦ ȉ ȗȦȋȌ ȘșȗȇȔ ȏȘȖȕȒȣȎȚȥșȘȦ ȇȉșȕȈȚȘȢ, ȇȉșȕȓȕȈȏȒȏ ȏ ȖȕȌȎȋȇ, 

ȗȇȈȕșȇȥȠȏȌ Ȕȇ ȉȕȋȕȗȕȋȔȕȓ șȕȖȒȏȉȌ, ȏ ȋȇȍȌ ȖȗȕȉȕȋȦșȘȦ ȌȊȕ ȏȘȖȢșȇȔȏȦ Ȕȇ 

ȘȇȓȕȒȌșȇȜ. Ȅșȏ șȗȇȔȘȖȕȗșȔȢȌ ȘȗȌȋȘșȉȇ ȔȌ ȉȢȈȗȇȘȢȉȇȥș ȉ ȉȕȎȋȚȜ ȉȗȌȋȔȢȜ ȊȇȎȕȉ, 

ȉȢȋȌȒȦȦ ȉ ȕȘȔȕȉȔȕȓ ȖȇȗȢ ȉȕȋȢ. ǶȕȤșȕȓȚ ȉȕȋȕȗȕȋ ȘȞȏșȇȌșȘȦ ȕȋȔȕȐ ȏȎ 

ȤȑȕȒȕȊȏȞȌȘȑȏ ȞȏȘșȢȜ ȇȒȣșȌȗȔȇșȏȉ ȉ șȗȇȔȘȖȕȗșȔȕȓ ȘȌȑșȕȗȌ. ǵȋȔȇȑȕ ȏȘȖȕȒȣȎȕ-

ȉȇȔȏȌ ȉȕȋȕȗȕȋȇ ȘȕȖȗȦȍȌȔȕ Ș ȕȖȗȌȋȌȒȧȔȔȢȓȏ șȗȚȋȔȕȘșȦȓȏ. ǶȗȕȏȎȉȕȋȘșȉȕ, 

șȗȇȔȘȖȕȗșȏȗȕȉȑȇ ȏ ȜȗȇȔȌȔȏȌ ȉȕȋȕȗȕȋȇ – ȋȕȗȕȊȕȘșȕȦȠȏȐ ȖȗȕȝȌȘȘ. ǫȒȦ ȌȊȕ 

ȜȗȇȔȌȔȏȦ ȉ ȉȏȋȌ ȘȍȇșȕȊȕ ȊȇȎȇ ȏȒȏ ȉ ȍȏȋȑȕȓ ȘȕȘșȕȦȔȏȏ ȔȚȍȔȢ ȕȘȕȈȢȌ ȚȘȒȕȉȏȦ.  ǩ 

șȕ ȍȌ ȉȗȌȓȦ ȉȉȏȋȚ ȉȎȗȢȉȕȕȖȇȘȔȕȘșȏ ȉȕȋȕȗȕȋȇ Ȗȗȏ ȗȇȈȕșȌ Ș Ȕȏȓ ȔȌȕȈȜȕȋȏȓȕ 

ȘșȗȕȊȕ ȘȕȈȒȥȋȇșȣ ȓȌȗȢ ȖȗȌȋȕȘșȕȗȕȍȔȕȘșȏ. ǯȓȌȔȔȕ ȖȕȤșȕȓȚ ȚȞȧȔȢȌ 

ȖȗȕȋȕȒȍȇȥș ȗȇȈȕșȇșȣ Ȕȇȋ ȘȕȎȋȇȔȏȌȓ ȈȕȒȌȌ ȈȌȎȕȖȇȘȔȢȜ ȏ ȋȌȟȧȉȢȜ șȌȜȔȕȒȕȊȏȐ.

ȄȔȌȗȊȏȦ ȉȌșȗȇ

ǩ ȔȇȟȌ ȉȗȌȓȦ ȤȔȌȗȊȏȦ ȉȌșȗȇ ȏȘȖȕȒȣȎȚȌșȘȦ ȋȒȦ ȖȗȕȏȎȉȕȋȘșȉȇ ȤȒȌȑșȗȏȞȌȘșȉȇ. ǶȗȏȔȝȏȖ 

ȗȇȈȕșȢ ȉȌșȗȦȔȢȜ șȚȗȈȏȔ ȑȗȇȐȔȌ ȖȗȕȘș: Ȗȗȏ ȘȏȒȣȔȕȓ ȉȌșȗȌ ȈȕȒȣȟȏȌ ȒȕȖȇȘșȏ ȔȇȞȏȔȇȥș 

ȉȗȇȠȇșȣȘȦ. Ȅșȕ ȋȉȏȍȌȔȏȌ Ȗȗȏȉȕȋȏș ȉ ȋȌȐȘșȉȏȌ ȊȌȔȌȗȇșȕȗ, ȉȘȒȌȋȘșȉȏȌ ȞȌȊȕ 

ȉȢȗȇȈȇșȢȉȇȌșȘȦ ȤȒȌȑșȗȏȞȌȘȑȇȦ ȤȔȌȗȊȏȦ. ǶȕȋȕȈȔȢȌ șȚȗȈȏȔȢ ȕȈȢȞȔȕ ȚȘșȇȔȇȉȒȏȉȇȥș ȉ 

ȉȌșȗȌȔȢȜ ȖȗȏȈȗȌȍȔȢȜ ȎȕȔȇȜ, ȖȗȌȋȊȕȗȣȦȜ ȏ Ȕȇ ȕșȑȗȢșȢȜ ȗȇȉȔȏȔȇȜ. ȄȔȌȗȊȏȦ ȉȌșȗȇ ȏȓȌȌș 

ȓȔȕȍȌȘșȉȕ ȖȗȌȏȓȚȠȌȘșȉ. ǶȗȌȍȋȌ ȉȘȌȊȕ, Ȥșȕș ȏȘșȕȞȔȏȑ ȤȔȌȗȊȏȏ ȔȌȏȘȞȌȗȖȇȌȓ, ȏ ȕȔ ȔȌ 

ȔȇȔȕȘȏș ȚȠȌȗȈȇ ȖȗȏȗȕȋȌ: ȉȕ ȉȗȌȓȦ ȗȇȈȕșȢ ȉȌșȗȦȔȢȌ șȚȗȈȏȔȢ ȔȌ ȉȢȈȗȇȘȢȉȇȥș ȉ 

ȇșȓȕȘțȌȗȚ ȉȗȌȋȔȢȌ ȊȇȎȢ. ǸȒȌȋȕȉȇșȌȒȣȔȕ, ȖȗȏȓȌȔȌȔȏȌ ȤȔȌȗȊȏȏ ȉȌșȗȇ ȘȖȕȘȕȈȘșȉȚȌș 

ȎȇȠȏșȌ ȕȑȗȚȍȇȥȠȌȐ ȘȗȌȋȢ.



ǶȗȕȌȑș

9190

ǱȇȑȕȌ șȕȖȒȏȉȕ ȤțțȌȑșȏȉȔȌȌ?

ǩ ȘȕȉȗȌȓȌȔȔȕȓ ȓȏȗȌ ȖȗȕȓȢȟȒȌȔȔȕȌ ȖȗȕȏȎȉȕȋȘșȉȕ, șȗȇȔȘȖȕȗș ȏ ȈȢșȕȉȇȦ ȋȌȦșȌȒȣȔȕȘșȣ, ȕșȔȕȘȦȠȏȌȘȦ 
ȑ ȕȘȔȕȉȔȢȓ ȕȈȒȇȘșȦȓ ȤȑȕȔȕȓȏȑȏ, ȎȇȉȏȘȦș ȕș ȤȔȌȗȊȌșȏȞȌȘȑȏȜ ȗȌȘȚȗȘȕȉ. ǩ ȖȕȘȒȌȋȔȏȌ ȋȌȘȦșȏȒȌșȏȦ ȉ 
ȗȌȎȚȒȣșȇșȌ ȗȕȘșȇ ȔȇȘȌȒȌȔȏȦ, ȈȢȘșȗȕȐ ȚȗȈȇȔȏȎȇȝȏȏ ȏ ȝȏțȗȕȉȏȎȇȝȏȏ ȘȖȗȕȘ Ȕȇ ȤȔȌȗȊȏȥ ȔȌȚȑȒȕȔȔȕ 
ȗȇȘșȧș, ȏ, ȉ ȞȇȘșȔȕȘșȏ, ȋȕȒȦ ȤȒȌȑșȗȕȤȔȌȗȊȏȏ ȉ Ȥșȕȓ ȘȖȗȕȘȌ ȎȔȇȞȏșȌȒȣȔȕ ȚȉȌȒȏȞȏȉȇȌșȘȦ. ǩ șȕ ȍȌ ȉȗȌȓȦ 
ȗȏȘȑ ȏȎȓȌȔȌȔȏȦ ȑȒȏȓȇșȇ ȉȢȔȚȍȋȇȌș ȘșȗȇȔȢ ȖȌȗȌȜȕȋȏșȣ Ȕȇ ȈȕȒȌȌ ȞȏȘșȢȌ ȏ ȚȘșȕȐȞȏȉȢȌ ȉ 
ȤȑȕȒȕȊȏȞȌȘȑȕȓ ȇȘȖȌȑșȌ ȏȘșȕȞȔȏȑȏ ȤȔȌȗȊȏȏ.

ǶȕȤșȕȓȚ ȉȢȈȕȗ șȕȖȒȏȉȇ ȕȝȌȔȏȉȇȌșȘȦ ȏȘȜȕȋȦ ȏȎ șȗȧȜ ȕȘȔȕȉȔȢȜ ȑȗȏșȌȗȏȌȉ: ȈȌȎȕȖȇȘȔȕȘșȣ� 
ȤȑȕȔȕȓȏȞȌȘȑȇȦ ȤțțȌȑșȏȉȔȕȘșȣ ȏ ȉȕȎȋȌȐȘșȉȏȌ Ȕȇ ȤȑȕȒȕȊȏȥ.

ǶȗȇȑșȏȞȌȘȑȇȦ ȎȔȇȞȏȓȕȘșȣ șȕȖȒȏȉȇ ȏȎȓȌȗȦȌșȘȦ ȌȊȕ ȤȔȌȗȊȌșȏȞȌȘȑȕȐ ȖȒȕșȔȕȘșȣȥ, ȑȕșȕȗȇȦ ȖȕȑȇȎȢȉȇȌș 
ȑȕȒȏȞȌȘșȉȕ ȤȔȌȗȊȏȏ, ȉȢȋȌȒȦȌȓȕȐ ȌȋȏȔȏȝȌȐ ȓȇȘȘȢ ȏȒȏ ȕȈȡȧȓȇ. Ǹ ȤșȕȐ șȕȞȑȏ ȎȗȌȔȏȦ ȕȘȕȈȕȌ ȎȔȇȞȌȔȏȌ ȏȓȌȌș 
ȍȏȋȑȕȌ șȕȖȒȏȉȕ. Ȅșȕ ȕȈȚȘȒȕȉȒȌȔȕ șȌȓ, Ȟșȕ ȕȔȕ Ȋȕȗȏș ȚȘșȕȐȞȏȉȢȓ ȖȒȇȓȌȔȌȓ ȈȌȎ ȑȕȖȕșȏ, ȔȌ ȕȈȗȇȎȚȌș ȎȕȒȢ, ȇ 
șȇȑȍȌ ȒȌȊȑȕ șȗȇȔȘȖȕȗșȏȗȚȌșȘȦ ȏ ȜȗȇȔȏșȘȦ. ǩ ȑȇȞȌȘșȉȌ ȍȏȋȑȕȊȕ șȕȖȒȏȉȇ ȟȏȗȕȑȕ ȏȘȖȕȒȣȎȚȥșȘȦ ȔȌțșȣ ȏ 
ȖȕȒȚȞȇȌȓȢȌ ȏȎ ȔȌȧ ȋȗȚȊȏȌ ȍȏȋȑȏȌ ȖȗȕȋȚȑșȢ, ȘȖȏȗșȢ ȏ ȋȗ.

ǩ ȗȇȓȑȇȜ ȤșȕȊȕ ȖȗȕȌȑșȇ ȈȚȋȌș ȏȎȚȞȌȔȕ ȑȕȒȏȞȌȘșȉȕ ȤȔȌȗȊȏȏ, ȉȢȋȌȒȦȌȓȕȐ Ȗȗȏ ȘȊȕȗȇȔȏȏ ȗȇȎȒȏȞȔȢȜ ȘȖȏȗșȕȉ. 
ǶȕȘȑȕȒȣȑȚ ȜȏȓȏȞȌȘȑȏȐ ȘȕȘșȇȉ ȑȇȍȋȕȊȕ ȘȖȏȗșȇ ȕșȒȏȞȇȌșȘȦ ȕș ȋȗȚȊȏȜ, ȑȕȒȏȞȌȘșȉȕ ȤȔȌȗȊȏȏ, ȉȢȋȌȒȦȌȓȕȐ Ȗȗȏ ȌȊȕ 
ȘȊȕȗȇȔȏȏ, șȇȑȍȌ ȈȚȋȌș  ȕșȒȏȞȇșȣȘȦ. ǩȕ ȉȗȌȓȦ ȗȌȇȒȏȎȇȝȏȏ ȖȗȕȌȑșȇ ȈȚȋȌș ȕȖȗȌȋȌȒȌȔȇ șȌȖȒȕșȉȕȗȔȇȦ ȘȖȕȘȕȈȔȕȘșȣ 
ȘȖȏȗșȕȉ ȏ ȖȗȕȉȌȋȌȔȕ ȘȗȇȉȔȌȔȏȌ ȏȜ ȤțțȌȑșȏȉȔȕȘșȏ. ǶȕȒȚȞȌȔȔȢȌ ȗȌȎȚȒȣșȇșȢ ȖȕȓȕȊȚș Șțȕȗȓȏȗȕȉȇșȣ 
ȖȗȌȋȘșȇȉȒȌȔȏȌ ȕ ȖȗȇȑșȏȞȌȘȑȕȓ ȏȘȖȕȒȣȎȕȉȇȔȏȏ șȕȖȒȏȉȇ ȏ ȌȊȕ ȤȔȌȗȊȌșȏȞȌȘȑȕȐ ȤțțȌȑșȏȉȔȕȘșȏ.

ǶȗȏȔȇȋȒȌȍȔȕȘșȏ� ȘȖȏȗșȕȉȑȇ, ȓȌșȇȔȕȒ, ȤșȇȔȕȒ, ȖȗȕȖȇȔȕȒ-1, ȈȚșȇȔȕȒ-1, ȤȒȌȑșȗȕȔȔȢȌ ȉȌȘȢ, 

ȓȌșȇȒȒȏȞȌȘȑȏȐ ȘȕȘȚȋ, ȟșȇșȏȉ, ȋȌȗȍȇșȌȒȣ, șȌȗȓȕȓȌșȗ, ȓȌȗȔȢȐ ȝȏȒȏȔȋȗ, ȋȏȘșȏȒȒȏȗȕȉȇȔȔȇȦ ȉȕȋȇ, 

ȖȕȋȘșȇȉȑȇ ȏȎ șȌȗȓȕȘșȕȐȑȕȊȕ ȓȇșȌȗȏȇȒȇ. 

Ǽȕȋ ȗȇȈȕșȢ�

�� ǸȕȈȌȗȏșȌ ȖȗȏȈȕȗ Ș ȖȗȕȘșȢȓ ȑȇȒȕȗȏȓȌșȗȕȓ�

ǸȕȈȌȗȏșȌ ȖȗȏȈȕȗ, ȏȘȖȕȒȣȎȚȦ ȟșȇșȏȉ, ȋȌȗȍȇșȌȒȣ, ȓȌșȇȒȒȏȞȌȘȑȏȐ ȘȕȘȚȋ (ȏȒȏ ȔȌȈȕȒȣȟȚȥ ȑȕȔȘȌȗȉȔȚȥ                        

ȈȇȔȑȚ), șȌȗȓȕȓȌșȗ ȏ ȖȕȋȘșȇȉȑȚ ȏȎ șȌȗȓȕȘșȕȐȑȕȊȕ ȓȇșȌȗȏȇȒȇ. ǾșȕȈȢ ȚȓȌȔȣȟȏșȣ ȖȕșȌȗȥ șȌȖȒȇ,                                 

ȕȈȌȗȔȏșȌ ȘȕȘȚȋ țȕȒȣȊȕȐ.

�� ǯȎȓȌȗȣșȌ ȓȇȘȘȚ ȏ șȌȓȖȌȗȇșȚȗȚ ȉȕȋȢ�

ǴȇȒȌȐșȌ ȉ ȘȕȘȚȋ 100 Ȋ ȋȏȘșȏȒȒȏȗȕȉȇȔȔȕȐ ȉȕȋȢ ȏ, ȕȖȚȘșȏȉ ȉ ȉȕȋȚ șȌȗȓȕȓȌșȗ, ȕșȓȌșȣșȌ ȔȇȞȇȒȣȔȚȥ 

șȌȓȖȌȗȇșȚȗȚ (t ).1

�� ǶȕȋȊȕșȕȉȣșȌ ȘȖȏȗșȕȉȑȚ ȏ ȏȎȓȌȗȣșȌ Ȕȇ ȉȌȘȇȜ Ȍȧ ȓȇȘȘȚ�

ǴȇȒȌȐșȌ ȔȌȈȕȒȣȟȕȌ ȑȕȒȏȞȌȘșȉȕ ȓȌșȇȔȕȒȇ ȉ ȘȖȏȗșȕȉȑȚ, ȉȎȉȌȘȣșȌ ȘȖȏȗșȕȉȑȚ ȉȓȌȘșȌ Ș ȑȕȒȖȇȞȑȕȓ Ȕȇ                     

ȤȒȌȑșȗȕȔȔȢȜ ȉȌȘȇȜ (m ).1

�� ǴȇȞȔȏșȌ ȔȇȊȗȌȉȇȔȏȌ�

ǮȇȍȊȏșȌ ȘȖȏȗșȕȉȑȚ ȏ ȚȘșȇȔȕȉȏșȌ ȘȕȘȚȋ Ȕȇ ȕȖȗȌȋȌȒȧȔȔȕȓ (ȔȌȏȎȓȌȔȔȕȓ) ȗȇȘȘșȕȦȔȏȏ ȕș ȘȖȏȗșȕȉȑȏ. 

ǸȒȌȋȏșȌ Ȏȇ ȖȕȑȇȎȇȔȏȦȓȏ șȌȗȓȕȓȌșȗȇ, Ȗȗȏ ȔȌȕȈȜȕȋȏȓȕȘșȏ ȘȒȌȊȑȇ ȖȕȓȌȟȏȉȇȐșȌ ȉȕȋȚ.

��  ǵșȓȌșȣșȌ ȑȕȔȌȞȔȚȥ șȌȓȖȌȗȇșȚȗȚ�

ǶȕșȚȟȏșȌ ȖȒȇȓȦ ȘȖȏȗșȕȉȑȏ, ȕșȓȌșȣșȌ ȑȕȔȌȞȔȚȥ șȌȓȖȌȗȇșȚȗȚ (t ) ȉȕȋȢ ȏ  ȗȇȘȘȞȏșȇȐșȌ ©t.2

�� ǵȖȗȌȋȌȒȏșȌ ȓȇȘȘȚ ȘȍȏȊȇȌȓȕȊȕ șȕȖȒȏȉȇ�

ǶȕȘȒȌ șȕȊȕ, ȑȇȑ ȘȖȏȗșȕȉȑȇ ȕȜȒȇȋȏșȘȦ ȋȕ ȑȕȓȔȇșȔȕȐ șȌȓȖȌȗȇșȚȗȢ, ȘȔȕȉȇ ȉȎȉȌȘȣșȌ Ȍȧ Ȕȇ ȉȌȘȇȜ (m )                                             2

ȏ  ȗȇȘȘȞȏșȇȐșȌ ȓȇȘȘȚ ȘȊȕȗȇȌȓȕȊȕ șȕȖȒȏȉȇ (m –m ).1 2

�� ǶȗȕȉȌȋȏșȌ ȗȇȘȞȧșȢ�

ǯȘȖȕȒȣȎȚȦ ȓȇȘȘȚ ȉȕȋȢ, ȏȎȓȌȔȌȔȏȌ șȌȓȖȌȗȇșȚȗȢ ȏ Ȍȧ ȚȋȌȒȣȔȚȥ șȌȖȒȕȧȓȑȕȘșȣ, ȕȖȗȌȋȌȒȏșȌ ȏȎȓȌȔȌȔȏȌ 

ȤȔșȇȒȣȖȏȏ. ǯȘȜȕȋȦ ȏȎ ȏȎȓȌȔȌȔȏȦ ȤȔșȇȒȣȖȏȏ ȏ ȓȇȘȘȢ ȘȊȕȗȇȌȓȕȊȕ ȓȌșȇȔȕȒȇ, ȗȇȘȘȞȏșȇȐșȌ ȏȎȓȌȔȌȔȏȦ 

ȤȔșȇȒȣȖȏȏ, ȘȕȕșȉȌșȘșȉȚȥȠȏȌ 100 Ȋ ȓȌșȇȔȕȒȇ ȏ 1 ȓȕȒȣ ȓȌșȇȔȕȒȇ.

�� ǵșȓȌșȣșȌ ȖȕȒȚȞȌȔȔȢȌ ȗȌȎȚȒȣșȇșȢ�

ǴȇȞȌȗșȏșȌ ȉ șȌșȗȇȋȏ ȘȒȌȋȚȥȠȚȥ șȇȈȒȏȝȚ ȏ ȎȇȔȌȘȏșȌ ȉ ȔȌȧ ȉȘȌ ȗȌȎȚȒȣșȇșȢ.

�� ǶȕȉșȕȗȏșȌ Ȥșȕș ȕȖȢș ȋȒȦ ȋȗȚȊȏȜ ȘȖȏȗșȕȉ�

ǶȗȕȉȌȋȏșȌ ȇȔȇȒȕȊȏȞȔȢȌ ȕȖȢșȢ Ș ȤșȇȔȕȒȕȓ, ȖȗȕȖȇȔȕȒȕȓ-1 ȏ ȈȚșȇȔȕȒȕȓ-1 ȏ ȎȇȖȏȟȏșȌ ȗȌȎȚȒȣșȇșȢ ȉ 

șȇȈȒȏȝȚ.

ǸȖȏȗș ǳȇȘȘȇ ȉȕȋȢ, Ȋ ©t (°C) ǳȇȘȘȇ ȘȊȕȗȇȌȓȕȊȕ șȕȖȒȏȉȇ, Ȋ ©H, ȑǫȍ ©H, ȑǫȍ/100 Ȋ ©H, ȑǫȍ/ȓȕȒȣ

ǳȌșȇȔȕȒ

ȄșȇȔȕȒ

ǶȗȕȖȇȔȕȒ-1

ǨȚșȇȔȕȒ-1

ǵȈȘȚȍȋȌȔȏȌ ȗȌȎȚȒȣșȇșȕȉ

1. Ǳȇȑ ȓȕȒȦȗȔȇȦ ȓȇȘȘȇ ȘȖȏȗșȕȉ ȉȒȏȦȌș Ȕȇ ȏȜ ȤȔȌȗȊȌșȏȞȌȘȑȚȥ ȝȌȔȔȕȘșȣ?

2. ǳȕȍȔȕ Ȓȏ ȚȘșȇȔȕȉȏșȣ ȉȎȇȏȓȕȘȉȦȎȣ ȓȌȍȋȚ ȓȕȒȦȗȔȕȐ ȓȇȘȘȕȐ ȏ ȤȔȌȗȊȌșȏȞȌȘȑȕȐ ȝȌȔȔȕȘșȣȥ?

3. Ƕȗȏ ȘȗȇȉȔȌȔȏȏ ȖȕȒȚȞȌȔȔȢȜ ȗȌȎȚȒȣșȇșȕȉ Șȕ ȘșȇȔȋȇȗșȔȕȐ ȤȔșȇȒȣȖȏȌȐ ȘȊȕȗȇȔȏȦ ȑȇȍȋȕȊȕ ȘȖȏȗșȇ,   Ț 

ȑȇȑȕȊȕ ȘȖȏȗșȇ ȕȑȇȎȇȒȇȘȣ ȔȇȏȈȕȒȣȟȇȦ ȗȇȎȔȏȝȇ ȉ ȎȔȇȞȌȔȏȦȜ? ǾȌȓ ȕȔȇ ȓȕȍȌș ȈȢșȣ ȕȈȚȘȒȕȉȒȌȔȇ?

4. Ǵȇ ȕȘȔȕȉȇȔȏȏ ȖȕȒȚȞȌȔȔȢȜ ȗȌȎȚȒȣșȇșȕȉ ȘȕȘșȇȉȣșȌ ȋȏȇȊȗȇȓȓȚ ȉ Excel ȋȒȦ 100 Ȋ ȑȇȍȋȕȊȕ ȘȖȏȗșȇ, ȑȇȑ 

ȖȕȑȇȎȇȔȕ Ȕȇ ȗȏȘȚȔȑȌ:

ǳȌșȇȔȕȒ

CH OH3

ȄșȇȔȕȒ

C H OH2 5

ǶȗȕȖȇȔȕȒ-1  

C H OH3 7

ǨȚșȇȔȕȒ-1 

C H OH4 9
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ǶȗȕȌȑș

9190

ǱȇȑȕȌ șȕȖȒȏȉȕ ȤțțȌȑșȏȉȔȌȌ?

ǩ ȘȕȉȗȌȓȌȔȔȕȓ ȓȏȗȌ ȖȗȕȓȢȟȒȌȔȔȕȌ ȖȗȕȏȎȉȕȋȘșȉȕ, șȗȇȔȘȖȕȗș ȏ ȈȢșȕȉȇȦ ȋȌȦșȌȒȣȔȕȘșȣ, ȕșȔȕȘȦȠȏȌȘȦ 
ȑ ȕȘȔȕȉȔȢȓ ȕȈȒȇȘșȦȓ ȤȑȕȔȕȓȏȑȏ, ȎȇȉȏȘȦș ȕș ȤȔȌȗȊȌșȏȞȌȘȑȏȜ ȗȌȘȚȗȘȕȉ. ǩ ȖȕȘȒȌȋȔȏȌ ȋȌȘȦșȏȒȌșȏȦ ȉ 
ȗȌȎȚȒȣșȇșȌ ȗȕȘșȇ ȔȇȘȌȒȌȔȏȦ, ȈȢȘșȗȕȐ ȚȗȈȇȔȏȎȇȝȏȏ ȏ ȝȏțȗȕȉȏȎȇȝȏȏ ȘȖȗȕȘ Ȕȇ ȤȔȌȗȊȏȥ ȔȌȚȑȒȕȔȔȕ 
ȗȇȘșȧș, ȏ, ȉ ȞȇȘșȔȕȘșȏ, ȋȕȒȦ ȤȒȌȑșȗȕȤȔȌȗȊȏȏ ȉ Ȥșȕȓ ȘȖȗȕȘȌ ȎȔȇȞȏșȌȒȣȔȕ ȚȉȌȒȏȞȏȉȇȌșȘȦ. ǩ șȕ ȍȌ ȉȗȌȓȦ 
ȗȏȘȑ ȏȎȓȌȔȌȔȏȦ ȑȒȏȓȇșȇ ȉȢȔȚȍȋȇȌș ȘșȗȇȔȢ ȖȌȗȌȜȕȋȏșȣ Ȕȇ ȈȕȒȌȌ ȞȏȘșȢȌ ȏ ȚȘșȕȐȞȏȉȢȌ ȉ 
ȤȑȕȒȕȊȏȞȌȘȑȕȓ ȇȘȖȌȑșȌ ȏȘșȕȞȔȏȑȏ ȤȔȌȗȊȏȏ.

ǶȕȤșȕȓȚ ȉȢȈȕȗ șȕȖȒȏȉȇ ȕȝȌȔȏȉȇȌșȘȦ ȏȘȜȕȋȦ ȏȎ șȗȧȜ ȕȘȔȕȉȔȢȜ ȑȗȏșȌȗȏȌȉ: ȈȌȎȕȖȇȘȔȕȘșȣ� 
ȤȑȕȔȕȓȏȞȌȘȑȇȦ ȤțțȌȑșȏȉȔȕȘșȣ ȏ ȉȕȎȋȌȐȘșȉȏȌ Ȕȇ ȤȑȕȒȕȊȏȥ.

ǶȗȇȑșȏȞȌȘȑȇȦ ȎȔȇȞȏȓȕȘșȣ șȕȖȒȏȉȇ ȏȎȓȌȗȦȌșȘȦ ȌȊȕ ȤȔȌȗȊȌșȏȞȌȘȑȕȐ ȖȒȕșȔȕȘșȣȥ, ȑȕșȕȗȇȦ ȖȕȑȇȎȢȉȇȌș 
ȑȕȒȏȞȌȘșȉȕ ȤȔȌȗȊȏȏ, ȉȢȋȌȒȦȌȓȕȐ ȌȋȏȔȏȝȌȐ ȓȇȘȘȢ ȏȒȏ ȕȈȡȧȓȇ. Ǹ ȤșȕȐ șȕȞȑȏ ȎȗȌȔȏȦ ȕȘȕȈȕȌ ȎȔȇȞȌȔȏȌ ȏȓȌȌș 
ȍȏȋȑȕȌ șȕȖȒȏȉȕ. Ȅșȕ ȕȈȚȘȒȕȉȒȌȔȕ șȌȓ, Ȟșȕ ȕȔȕ Ȋȕȗȏș ȚȘșȕȐȞȏȉȢȓ ȖȒȇȓȌȔȌȓ ȈȌȎ ȑȕȖȕșȏ, ȔȌ ȕȈȗȇȎȚȌș ȎȕȒȢ, ȇ 
șȇȑȍȌ ȒȌȊȑȕ șȗȇȔȘȖȕȗșȏȗȚȌșȘȦ ȏ ȜȗȇȔȏșȘȦ. ǩ ȑȇȞȌȘșȉȌ ȍȏȋȑȕȊȕ șȕȖȒȏȉȇ ȟȏȗȕȑȕ ȏȘȖȕȒȣȎȚȥșȘȦ ȔȌțșȣ ȏ 
ȖȕȒȚȞȇȌȓȢȌ ȏȎ ȔȌȧ ȋȗȚȊȏȌ ȍȏȋȑȏȌ ȖȗȕȋȚȑșȢ, ȘȖȏȗșȢ ȏ ȋȗ.

ǩ ȗȇȓȑȇȜ ȤșȕȊȕ ȖȗȕȌȑșȇ ȈȚȋȌș ȏȎȚȞȌȔȕ ȑȕȒȏȞȌȘșȉȕ ȤȔȌȗȊȏȏ, ȉȢȋȌȒȦȌȓȕȐ Ȗȗȏ ȘȊȕȗȇȔȏȏ ȗȇȎȒȏȞȔȢȜ ȘȖȏȗșȕȉ. 
ǶȕȘȑȕȒȣȑȚ ȜȏȓȏȞȌȘȑȏȐ ȘȕȘșȇȉ ȑȇȍȋȕȊȕ ȘȖȏȗșȇ ȕșȒȏȞȇȌșȘȦ ȕș ȋȗȚȊȏȜ, ȑȕȒȏȞȌȘșȉȕ ȤȔȌȗȊȏȏ, ȉȢȋȌȒȦȌȓȕȐ Ȗȗȏ ȌȊȕ 
ȘȊȕȗȇȔȏȏ, șȇȑȍȌ ȈȚȋȌș  ȕșȒȏȞȇșȣȘȦ. ǩȕ ȉȗȌȓȦ ȗȌȇȒȏȎȇȝȏȏ ȖȗȕȌȑșȇ ȈȚȋȌș ȕȖȗȌȋȌȒȌȔȇ șȌȖȒȕșȉȕȗȔȇȦ ȘȖȕȘȕȈȔȕȘșȣ 
ȘȖȏȗșȕȉ ȏ ȖȗȕȉȌȋȌȔȕ ȘȗȇȉȔȌȔȏȌ ȏȜ ȤțțȌȑșȏȉȔȕȘșȏ. ǶȕȒȚȞȌȔȔȢȌ ȗȌȎȚȒȣșȇșȢ ȖȕȓȕȊȚș Șțȕȗȓȏȗȕȉȇșȣ 
ȖȗȌȋȘșȇȉȒȌȔȏȌ ȕ ȖȗȇȑșȏȞȌȘȑȕȓ ȏȘȖȕȒȣȎȕȉȇȔȏȏ șȕȖȒȏȉȇ ȏ ȌȊȕ ȤȔȌȗȊȌșȏȞȌȘȑȕȐ ȤțțȌȑșȏȉȔȕȘșȏ.

ǶȗȏȔȇȋȒȌȍȔȕȘșȏ� ȘȖȏȗșȕȉȑȇ, ȓȌșȇȔȕȒ, ȤșȇȔȕȒ, ȖȗȕȖȇȔȕȒ-1, ȈȚșȇȔȕȒ-1, ȤȒȌȑșȗȕȔȔȢȌ ȉȌȘȢ, 

ȓȌșȇȒȒȏȞȌȘȑȏȐ ȘȕȘȚȋ, ȟșȇșȏȉ, ȋȌȗȍȇșȌȒȣ, șȌȗȓȕȓȌșȗ, ȓȌȗȔȢȐ ȝȏȒȏȔȋȗ, ȋȏȘșȏȒȒȏȗȕȉȇȔȔȇȦ ȉȕȋȇ, 

ȖȕȋȘșȇȉȑȇ ȏȎ șȌȗȓȕȘșȕȐȑȕȊȕ ȓȇșȌȗȏȇȒȇ. 

Ǽȕȋ ȗȇȈȕșȢ�

�� ǸȕȈȌȗȏșȌ ȖȗȏȈȕȗ Ș ȖȗȕȘșȢȓ ȑȇȒȕȗȏȓȌșȗȕȓ�

ǸȕȈȌȗȏșȌ ȖȗȏȈȕȗ, ȏȘȖȕȒȣȎȚȦ ȟșȇșȏȉ, ȋȌȗȍȇșȌȒȣ, ȓȌșȇȒȒȏȞȌȘȑȏȐ ȘȕȘȚȋ (ȏȒȏ ȔȌȈȕȒȣȟȚȥ ȑȕȔȘȌȗȉȔȚȥ                        

ȈȇȔȑȚ), șȌȗȓȕȓȌșȗ ȏ ȖȕȋȘșȇȉȑȚ ȏȎ șȌȗȓȕȘșȕȐȑȕȊȕ ȓȇșȌȗȏȇȒȇ. ǾșȕȈȢ ȚȓȌȔȣȟȏșȣ ȖȕșȌȗȥ șȌȖȒȇ,                                 

ȕȈȌȗȔȏșȌ ȘȕȘȚȋ țȕȒȣȊȕȐ.

�� ǯȎȓȌȗȣșȌ ȓȇȘȘȚ ȏ șȌȓȖȌȗȇșȚȗȚ ȉȕȋȢ�

ǴȇȒȌȐșȌ ȉ ȘȕȘȚȋ 100 Ȋ ȋȏȘșȏȒȒȏȗȕȉȇȔȔȕȐ ȉȕȋȢ ȏ, ȕȖȚȘșȏȉ ȉ ȉȕȋȚ șȌȗȓȕȓȌșȗ, ȕșȓȌșȣșȌ ȔȇȞȇȒȣȔȚȥ 

șȌȓȖȌȗȇșȚȗȚ (t ).1

�� ǶȕȋȊȕșȕȉȣșȌ ȘȖȏȗșȕȉȑȚ ȏ ȏȎȓȌȗȣșȌ Ȕȇ ȉȌȘȇȜ Ȍȧ ȓȇȘȘȚ�

ǴȇȒȌȐșȌ ȔȌȈȕȒȣȟȕȌ ȑȕȒȏȞȌȘșȉȕ ȓȌșȇȔȕȒȇ ȉ ȘȖȏȗșȕȉȑȚ, ȉȎȉȌȘȣșȌ ȘȖȏȗșȕȉȑȚ ȉȓȌȘșȌ Ș ȑȕȒȖȇȞȑȕȓ Ȕȇ                     

ȤȒȌȑșȗȕȔȔȢȜ ȉȌȘȇȜ (m ).1

�� ǴȇȞȔȏșȌ ȔȇȊȗȌȉȇȔȏȌ�

ǮȇȍȊȏșȌ ȘȖȏȗșȕȉȑȚ ȏ ȚȘșȇȔȕȉȏșȌ ȘȕȘȚȋ Ȕȇ ȕȖȗȌȋȌȒȧȔȔȕȓ (ȔȌȏȎȓȌȔȔȕȓ) ȗȇȘȘșȕȦȔȏȏ ȕș ȘȖȏȗșȕȉȑȏ. 

ǸȒȌȋȏșȌ Ȏȇ ȖȕȑȇȎȇȔȏȦȓȏ șȌȗȓȕȓȌșȗȇ, Ȗȗȏ ȔȌȕȈȜȕȋȏȓȕȘșȏ ȘȒȌȊȑȇ ȖȕȓȌȟȏȉȇȐșȌ ȉȕȋȚ.

��  ǵșȓȌșȣșȌ ȑȕȔȌȞȔȚȥ șȌȓȖȌȗȇșȚȗȚ�

ǶȕșȚȟȏșȌ ȖȒȇȓȦ ȘȖȏȗșȕȉȑȏ, ȕșȓȌșȣșȌ ȑȕȔȌȞȔȚȥ șȌȓȖȌȗȇșȚȗȚ (t ) ȉȕȋȢ ȏ  ȗȇȘȘȞȏșȇȐșȌ ©t.2

�� ǵȖȗȌȋȌȒȏșȌ ȓȇȘȘȚ ȘȍȏȊȇȌȓȕȊȕ șȕȖȒȏȉȇ�

ǶȕȘȒȌ șȕȊȕ, ȑȇȑ ȘȖȏȗșȕȉȑȇ ȕȜȒȇȋȏșȘȦ ȋȕ ȑȕȓȔȇșȔȕȐ șȌȓȖȌȗȇșȚȗȢ, ȘȔȕȉȇ ȉȎȉȌȘȣșȌ Ȍȧ Ȕȇ ȉȌȘȇȜ (m )                                             2

ȏ  ȗȇȘȘȞȏșȇȐșȌ ȓȇȘȘȚ ȘȊȕȗȇȌȓȕȊȕ șȕȖȒȏȉȇ (m –m ).1 2

�� ǶȗȕȉȌȋȏșȌ ȗȇȘȞȧșȢ�

ǯȘȖȕȒȣȎȚȦ ȓȇȘȘȚ ȉȕȋȢ, ȏȎȓȌȔȌȔȏȌ șȌȓȖȌȗȇșȚȗȢ ȏ Ȍȧ ȚȋȌȒȣȔȚȥ șȌȖȒȕȧȓȑȕȘșȣ, ȕȖȗȌȋȌȒȏșȌ ȏȎȓȌȔȌȔȏȌ

ȤȔșȇȒȣȖȏȏ. ǯȘȜȕȋȦ ȏȎ ȏȎȓȌȔȌȔȏȦ ȤȔșȇȒȣȖȏȏ ȏ ȓȇȘȘȢ ȘȊȕȗȇȌȓȕȊȕ ȓȌșȇȔȕȒȇ, ȗȇȘȘȞȏșȇȐșȌ ȏȎȓȌȔȌȔȏȦ

ȤȔșȇȒȣȖȏȏ, ȘȕȕșȉȌșȘșȉȚȥȠȏȌ 100 Ȋ ȓȌșȇȔȕȒȇ ȏ 1 ȓȕȒȣ ȓȌșȇȔȕȒȇ.

8� ǵșȓȌșȣșȌ ȖȕȒȚȞȌȔȔȢȌ ȗȌȎȚȒȣșȇșȢ�

ǴȇȞȌȗșȏșȌ ȉ șȌșȗȇȋȏ ȘȒȌȋȚȥȠȚȥ șȇȈȒȏȝȚ ȏ ȎȇȔȌȘȏșȌ ȉ ȔȌȧ ȉȘȌ ȗȌȎȚȒȣșȇșȢ.

�� ǶȕȉșȕȗȏșȌ Ȥșȕș ȕȖȢș ȋȒȦ ȋȗȚȊȏȜ ȘȖȏȗșȕȉ�

ǶȗȕȉȌȋȏșȌ ȇȔȇȒȕȊȏȞȔȢȌ ȕȖȢșȢ Ș ȤșȇȔȕȒȕȓ, ȖȗȕȖȇȔȕȒȕȓ-1 ȏ ȈȚșȇȔȕȒȕȓ-1 ȏ ȎȇȖȏȟȏșȌ ȗȌȎȚȒȣșȇșȢ ȉ

șȇȈȒȏȝȚ.

ǸȖȏȗș ǳȇȘȘȇ ȉȕȋȢ, Ȋ ©t (°C) ǳȇȘȘȇ ȘȊȕȗȇȌȓȕȊȕ șȕȖȒȏȉȇ, Ȋ ©H, ȑǫȍ ©H, ȑǫȍ/100 Ȋ ©H, ȑǫȍ/ȓȕȒȣ

ǳȌșȇȔȕȒ

ȄșȇȔȕȒ

ǶȗȕȖȇȔȕȒ-1

ǨȚșȇȔȕȒ-1

ǵȈȘȚȍȋȌȔȏȌ ȗȌȎȚȒȣșȇșȕȉ

1. Ǳȇȑ ȓȕȒȦȗȔȇȦ ȓȇȘȘȇ ȘȖȏȗșȕȉ ȉȒȏȦȌș Ȕȇ ȏȜ ȤȔȌȗȊȌșȏȞȌȘȑȚȥ ȝȌȔȔȕȘșȣ?

2. ǳȕȍȔȕ Ȓȏ ȚȘșȇȔȕȉȏșȣ ȉȎȇȏȓȕȘȉȦȎȣ ȓȌȍȋȚ ȓȕȒȦȗȔȕȐ ȓȇȘȘȕȐ ȏ ȤȔȌȗȊȌșȏȞȌȘȑȕȐ ȝȌȔȔȕȘșȣȥ?

3. Ƕȗȏ ȘȗȇȉȔȌȔȏȏ ȖȕȒȚȞȌȔȔȢȜ ȗȌȎȚȒȣșȇșȕȉ Șȕ ȘșȇȔȋȇȗșȔȕȐ ȤȔșȇȒȣȖȏȌȐ ȘȊȕȗȇȔȏȦ ȑȇȍȋȕȊȕ ȘȖȏȗșȇ,   Ț

ȑȇȑȕȊȕ ȘȖȏȗșȇ ȕȑȇȎȇȒȇȘȣ ȔȇȏȈȕȒȣȟȇȦ ȗȇȎȔȏȝȇ ȉ ȎȔȇȞȌȔȏȦȜ? ǾȌȓ ȕȔȇ ȓȕȍȌș ȈȢșȣ ȕȈȚȘȒȕȉȒȌȔȇ?

4. Ǵȇ ȕȘȔȕȉȇȔȏȏ ȖȕȒȚȞȌȔȔȢȜ ȗȌȎȚȒȣșȇșȕȉ ȘȕȘșȇȉȣșȌ ȋȏȇȊȗȇȓȓȚ ȉ Excel ȋȒȦ 100 Ȋ ȑȇȍȋȕȊȕ ȘȖȏȗșȇ, ȑȇȑ

ȖȕȑȇȎȇȔȕ Ȕȇ ȗȏȘȚȔȑȌ:

ǳȌșȇȔȕȒ

CH OH3

ȄșȇȔȕȒ

C H OH2 5

ǶȗȕȖȇȔȕȒ-1

C H OH3 7

ǨȚșȇȔȕȒ-1

C H OH4 9
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Заключение Обобщающие задания

�� ǯ ȘȘȒȌȋȕȉȇșȌȒȣ ȏȎȚȞȇȌș ȞȌșȢȗȌ ȕȈȗȇȎȝȇ șȕȖȒȏȉȇ� ǫȒȦ 

ȤșȕȊȕ ȕȔ ȘȕȈȏȗȇȌș ȘȒȌȋȚȥȠȏȐ ȖȗȏȈȕȗ� ǵȈȗȇȎȝȢ șȕȖȒȏȉȇ 

ȏȘȖȕȒȣȎȚȥșȘȦ ȏȓ ȋȒȦ ȔȇȊȗȌȉȇ ȉȕȋȢ� Ƕȗȏ Ȥșȕȓ ȕȔ ȘȍȏȊȇȌș 

ȉ ȘȖȏȗșȕȉȑȌ ȗȇȎȒȏȞȔȢȌ ȉȏȋȢ șȕȖȒȏȉȇ ȏ ȏȎȓȌȗȦȌș 

ȏȎȓȌȔȌȔȏȌ șȌȓȖȌȗȇșȚȗȢ ȉȕȋȢ�

�� ǶȗȏȗȕȋȔȢȐ ȊȇȎ ² Ȥșȕ șȕȖȒȏȉȕ� ȑȕșȕȗȕȌ ȉȘșȗȌȞȇȌșȘȦ ȉ ȖȗȏȗȕȋȌ ȏ ȘȕȘșȕȏș ȉ ȕȘȔȕȉȔȕȓ ȏȎ ȓȌșȇȔȇ�                                             

ǵȔ ȏȘȖȕȒȣȎȚȌșȘȦ ȉ ȑȇȞȌȘșȉȌ șȕȖȒȏȉȇ ȉ ȖȗȕȓȢȟȒȌȔȔȕȘșȏ ȏ ȉ ȈȢșȚ� ǷȌȇȑȝȏȦ ȊȕȗȌȔȏȦ ȓȌșȇȔȇ 

ȉȢȗȇȍȇȌșȘȦ ȚȗȇȉȔȌȔȏȌȓ� &Hࢩ ࢧ�2 �   ମ &2ࢧ  � �H2ࢧ � (Ȋ� (Ȋ� (Ȋ� (ȍ�©H°  = �n©H°  (ȖȗȕȋȚȑșȢ) − �n©H°  (ȏȘȜȕȋȔȢȌ ȉȌȠȌȘșȉȇ)f f

©H° (ȉȌȠȌȘșȉȕ) = [�©H° (ȖȗȕȋȚȑșȢ)] – ©H° (ȉȌȠȌȘșȉȕ)f f c

©H  = �E  − �EȗȇȎȕȗȉȇȔȔȢȌ ȘȉȦȎȏ ȕȈȗȇȎȕȉȇȉȟȏȌȘȦ ȘȉȦȎȏ

Ǵȇ ȕȘȔȕȉȇȔȏȏ ȤȔȌȗȊȏȏ ȘȉȦȎȏ

ȄȔȌȗȊȏȦ, ȔȌȕȈȜȕȋȏȓȇȦ ȋȒȦ ȗȇȎȗȢȉȇ 1 ȓȕȒȣ ȘȉȦȎȌȐ ȏȒȏ ȉȢȋȌȒȦȥȠȇȦȘȦ 

Ȗȗȏ ȕȈȗȇȎȕȉȇȔȏȏ 1 ȓȕȒȣ ȘȉȦȎȌȐ, ȔȇȎȢȉȇȌșȘȦ ȤȔȌȗȊȏȌȐ ȘȉȦȎȏ. Ǵȇ 

ȕȘȔȕȉȇȔȏȏ ȤȔȌȗȊȏȏ ȘȉȦȎȏ ȓȕȍȔȕ ȗȇȘȘȞȏșȇșȣ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ 

ȗȌȇȑȝȏȏ Ȗȕ ȘȒȌȋȚȥȠȌȐ țȕȗȓȚȒȌ:

Ǵȇ ȕȘȔȕȉȇȔȏȏ ȎȇȑȕȔȇ ǪȌȘȘȇ

ǸȚȓȓȇȗȔȕȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȉ ȜȕȋȌ ȜȏȓȏȞȌȘȑȕȐ ȗȌȇȑȝȏȏ ȦȉȒȦȌșȘȦ 

ȖȕȘșȕȦȔȔȢȓ ȏ ȔȌ ȎȇȉȏȘȏș ȕș ȖȚșȏ, ȖȗȕȐȋȌȔȔȕȊȕ ȉ ȗȌȇȑȝȏȏ ȕș ȏȘȜȕȋȔȢȜ 

ȉȌȠȌȘșȉ ȋȕ ȖȗȕȋȚȑșȕȉ ȗȌȇȑȝȏȏ. ǯȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȗȌȇȑȝȏȏ 

ȗȇȘȘȞȏșȢȉȇȌșȘȦ Ș ȖȕȓȕȠȣȥ ȘȒȌȋȚȥȠȏȜ țȕȗȓȚȒ:

Ǹ ȖȕȓȕȠȣȥ ȑȇȒȕȗȏȓȌșȗȇ

Ƕȗȏ ȏȎȓȌȔȌȔȏȏ șȌȓȖȌȗȇșȚȗȢ ȉȌȠȌȘșȉȇ ȓȕȍȔȕ ȗȇȘȘȞȏșȇșȣ ȏȎȓȌȔȌȔȏȌ                              

ȤȔșȇȒȣȖȏȏ (©H), ȌȘȒȏ ȎȔȇșȣ ȌȊȕ ȓȇȘȘȚ (m), ȚȋȌȒȣȔȚȥ șȌȖȒȕȧȓȑȕȘșȣ (c) ȏ                                    

ȏȎȓȌȔȌȔȏȌ șȌȓȖȌȗȇșȚȗȢ (©t):

©H = m ∙ c ∙ ©t

ǹȌȖȒȕȉȕȐ ȤțțȌȑș ȉȢȗȇȍȇȌșȘȦ ȏȎȓȌȔȌȔȏȌȓ ȤȔșȇȒȣȖȏȏ (ΔH� 

ǱȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ, ȉȢȋȌȒȌȔȔȕȌ ȏȒȏ ȖȕȊȒȕȠȧȔȔȕȌ ȉ ȜȕȋȌ ȗȌȇȑȝȏȏ, 

ȔȇȎȢȉȇȌșȘȦ șȌȖȒȕȉȢȓ ȤțțȌȑșȕȓ ȗȌȇȑȝȏȏ�

ǹȌȗȓȕȜȏȓȏȦ ² 

ȗȇȎȋȌȒ Ȝȏȓȏȏ, ȏȎȚȞȇȥȠȏȐ șȌȖȒȕȉȢȌ ȤțțȌȑșȢ, ȔȇȈȒȥȋȇȌȓȢȌ ȉ 

ȜȕȋȌ ȜȏȓȏȞȌȘȑȏȜ ȗȌȇȑȝȏȐ. 

ǷȇȘȞȧș ȏȎȓȌȔȌȔȏȦ ȤȔșȇȒȣȖȏȏ 

ȖȗȕȏȎȉȕȋȏșȘȦ ȗȇȎȒȏȞȔȢȓȏ ȓȌșȕȋȇȓȏ.

a.  ǺȑȇȍȏșȌ ȖȌȗȌȓȌȔȔȚȥ, ȑȕșȕȗȚȥ ȏȎȓȌȔȦȒ ȏȘȘȒȌȋȕȉȇșȌȒȣ.

b.  ǺȑȇȍȏșȌ ȖȌȗȌȓȌȔȔȚȥ, ȑȕșȕȗȚȥ ȏȎȓȌȗȦȒ ȏȘȘȒȌȋȕȉȇșȌȒȣ.

c.  ǯȘȖȕȒȣȎȚȦ ȑȇȍȋȢȐ ȉȏȋ șȕȖȒȏȉȇ, ȏȘȘȒȌȋȕȉȇșȌȒȣ ȔȇȊȗȌȉȇȌș 

ȕȋȏȔ ȏ șȕș ȍȌ ȕȈȡȧȓ ȉȕȋȢ. ǺȑȇȍȏșȌ ȕȘȔȕȉȔȕȐ ȓȕȓȌȔș, 

ȑȕșȕȗȢȐ ȕȔ ȋȕȒȍȌȔ ȖȗȕȑȕȔșȗȕȒȏȗȕȉȇșȣ.

d.  ǴȏȍȌ ȖȕȑȇȎȇȔȢ ȗȌȎȚȒȣșȇșȢ, ȖȕȒȚȞȌȔȔȢȌ ȏȘȘȒȌȋȕȉȇșȌȒȌȓ                 

Ȗȗȏ ȘȊȕȗȇȔȏȏ ȕȋȔȕȐ ȏ șȕȐ ȍȌ ȓȇȘȘȢ șȕȖȒȏȉȇ.

ǹȕȖȒȏȉȕ ǴȇȞȇȒȣȔȇȦ șȌȓȖȌȗȇșȚȗȇ (°C) ǱȕȔȌȞȔȇȦ șȌȓȖȌȗȇșȚȗȇ (°C) ǯȎȓȌȔȌȔȏȌ șȌȓȖȌȗȇșȚȗȢ (°C)

ȤșȇȔȕȒ

ȖȗȕȖȇȔȕȒ

ȈȚșȇȔȕȒ

ȖȌȔșȇȔȕȒ  

19

20

20

21

56

63

65

68

I. ǶȌȗȌȖȏȟȏșȌ ȉ șȌșȗȇȋȣ ȏ ȋȕȖȕȒȔȏșȌ șȇȈȒȏȝȚ.

II. ǸȗȇȉȔȏșȌ ȚȋȌȒȣȔȢȌ ȤȔșȇȒȣȖȏȏ ȘȊȕȗȇȔȏȦ ȕȈȗȇȎȝȕȉ șȕȖȒȏȉȇ.

e.  ǯȘȘȒȌȋȕȉȇșȌȒȣ ȖȗȏȔȏȓȇȌș ȗȌȟȌȔȏȌ Ȗȕȉșȕȗȏșȣ Șȉȕȥ ȗȇȈȕșȚ. Ǳȇȑ ȉȢ ȋȚȓȇȌșȌ, ȖȕȞȌȓȚ?

f. ǯ ȘȘȒȌȋȕȉȇșȌȒȣ ȘȞȏșȇȌș, Ȟșȕ ȞȇȘșȣ șȌȖȒȕșȢ, ȉȢȋȌȒȦȌȓȕȐ Ȗȗȏ ȘȊȕȗȇȔȏȏ șȕȖȒȏȉȇ, ȔȌ ȖȌȗȌȋȇȧșȘȦ ȉȕȋȌ. Ƕȕ 

ȑȇȑȕȐ ȖȗȏȞȏȔȌ ȓȕȊȚș ȖȗȕȏȘȜȕȋȏșȣ ȖȕșȌȗȏ șȌȖȒȇ?

a. ǵȈȡȦȘȔȏșȌ Ș șȕȞȑȏ ȎȗȌȔȏȦ ȗȇȎȗȢȉȇ ȏ ȕȈȗȇȎȕȉȇȔȏȦ ȘȉȦȎȌȐ, ȖȕȞȌȓȚ ȋȇȔȔȇȦ ȗȌȇȑȝȏȦ ȦȉȒȦȌșȘȦ 
ȤȑȎȕșȌȗȓȏȞȌȘȑȕȐ. 

b. ǯȎȕȈȗȇȎȏșȌ ȤȔȌȗȊȌșȏȞȌȘȑȚȥ ȋȏȇȊȗȇȓȓȚ ȗȌȇȑȝȏȏ ȏ ȕșȓȌșȣșȌ Ȕȇ ȔȌȐ ȘȒȌȋȚȥȠȌȌ:

I.  ȘȚȓȓȇȗȔȕȌ ȏȎȓȌȔȌȔȏȌ ȤȔȌȗȊȏȏ�

II.  ȤȔȌȗȊȏȥ, ȔȌȕȈȜȕȋȏȓȚȥ ȋȒȦ ȗȇȎȗȢȉȇ ȘȉȦȎȌȐ�

III. ȤȔȌȗȊȏȥ, ȉȢȋȌȒȦȥȠȚȥȘȦ Ȗȗȏ ȕȈȗȇȎȕȉȇȔȏȏ ȔȕȉȢȜ ȘȉȦȎȌȐ.

Ș. ǮȔȇȦ, Ȟșȕ șȌȖȒȕșȇ ȘȊȕȗȇȔȏȦ ȓȌșȇȔȇ ȘȕȘșȇȉȒȦȌș –890 ȑǫȍ/ȓȕȒȣ, ȗȇȘȘȞȏșȇȐșȌ ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ (ȉ 
ȑǫȍ), ȉȢȋȌȒȦȥȠȌȐȘȦ Ȗȗȏ ȘȊȕȗȇȔȏȏ 3 ȓȕȒȣ ȓȌșȇȔȇ.

d. ǷȇȘȘȞȏșȇȐșȌ ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ (ȉ ȑǫȍ), ȉȢȋȌȒȦȥȠȌȐȘȦ Ȗȗȏ ȘȊȕȗȇȔȏȏ 4 Ȋȗȇȓȓ ȓȌșȇȔȇ.

ǹȕȖȒȏȉȕ

ǯȎȕȒȦȝȏȕȔȔȇȦ 

ȖȒȇȘșȏȔȇ 

Ǯȇȍȏȓ

ǹȌȗȓȕȓȌșȗ

ǩȕȋȇ

ǱȇȒȕȗȏȓȌșȗ
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Заключение Обобщающие задания

�� ǯ ȘȘȒȌȋȕȉȇșȌȒȣ ȏȎȚȞȇȌș ȞȌșȢȗȌ ȕȈȗȇȎȝȇ șȕȖȒȏȉȇ� ǫȒȦ 

ȤșȕȊȕ ȕȔ ȘȕȈȏȗȇȌș ȘȒȌȋȚȥȠȏȐ ȖȗȏȈȕȗ� ǵȈȗȇȎȝȢ șȕȖȒȏȉȇ 

ȏȘȖȕȒȣȎȚȥșȘȦ ȏȓ ȋȒȦ ȔȇȊȗȌȉȇ ȉȕȋȢ� Ƕȗȏ Ȥșȕȓ ȕȔ ȘȍȏȊȇȌș 

ȉ ȘȖȏȗșȕȉȑȌ ȗȇȎȒȏȞȔȢȌ ȉȏȋȢ șȕȖȒȏȉȇ ȏ ȏȎȓȌȗȦȌș 

ȏȎȓȌȔȌȔȏȌ șȌȓȖȌȗȇșȚȗȢ ȉȕȋȢ�

�� ǶȗȏȗȕȋȔȢȐ ȊȇȎ ² Ȥșȕ șȕȖȒȏȉȕ� ȑȕșȕȗȕȌ ȉȘșȗȌȞȇȌșȘȦ ȉ ȖȗȏȗȕȋȌ ȏ ȘȕȘșȕȏș ȉ ȕȘȔȕȉȔȕȓ ȏȎ ȓȌșȇȔȇ�                                             

ǵȔ ȏȘȖȕȒȣȎȚȌșȘȦ ȉ ȑȇȞȌȘșȉȌ șȕȖȒȏȉȇ ȉ ȖȗȕȓȢȟȒȌȔȔȕȘșȏ ȏ ȉ ȈȢșȚ� ǷȌȇȑȝȏȦ ȊȕȗȌȔȏȦ ȓȌșȇȔȇ 

ȉȢȗȇȍȇȌșȘȦ ȚȗȇȉȔȌȔȏȌȓ� &Hࢩ ࢧ�2 �   ମ &2ࢧ  � �H2ࢧ � (Ȋ� (Ȋ� (Ȋ� (ȍ�©H°  = �n©H°  (ȖȗȕȋȚȑșȢ) − �n©H°  (ȏȘȜȕȋȔȢȌ ȉȌȠȌȘșȉȇ)f f

©H° (ȉȌȠȌȘșȉȕ) = [�©H° (ȖȗȕȋȚȑșȢ)] – ©H° (ȉȌȠȌȘșȉȕ)f f c

©H  = �E  − �EȗȇȎȕȗȉȇȔȔȢȌ ȘȉȦȎȏ ȕȈȗȇȎȕȉȇȉȟȏȌȘȦ ȘȉȦȎȏ

Ǵȇ ȕȘȔȕȉȇȔȏȏ ȤȔȌȗȊȏȏ ȘȉȦȎȏ

ȄȔȌȗȊȏȦ, ȔȌȕȈȜȕȋȏȓȇȦ ȋȒȦ ȗȇȎȗȢȉȇ 1 ȓȕȒȣ ȘȉȦȎȌȐ ȏȒȏ ȉȢȋȌȒȦȥȠȇȦȘȦ 

Ȗȗȏ ȕȈȗȇȎȕȉȇȔȏȏ 1 ȓȕȒȣ ȘȉȦȎȌȐ, ȔȇȎȢȉȇȌșȘȦ ȤȔȌȗȊȏȌȐ ȘȉȦȎȏ. Ǵȇ 

ȕȘȔȕȉȇȔȏȏ ȤȔȌȗȊȏȏ ȘȉȦȎȏ ȓȕȍȔȕ ȗȇȘȘȞȏșȇșȣ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ 

ȗȌȇȑȝȏȏ Ȗȕ ȘȒȌȋȚȥȠȌȐ țȕȗȓȚȒȌ:

Ǵȇ ȕȘȔȕȉȇȔȏȏ ȎȇȑȕȔȇ ǪȌȘȘȇ

ǸȚȓȓȇȗȔȕȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȉ ȜȕȋȌ ȜȏȓȏȞȌȘȑȕȐ ȗȌȇȑȝȏȏ ȦȉȒȦȌșȘȦ 

ȖȕȘșȕȦȔȔȢȓ ȏ ȔȌ ȎȇȉȏȘȏș ȕș ȖȚșȏ, ȖȗȕȐȋȌȔȔȕȊȕ ȉ ȗȌȇȑȝȏȏ ȕș ȏȘȜȕȋȔȢȜ 

ȉȌȠȌȘșȉ ȋȕ ȖȗȕȋȚȑșȕȉ ȗȌȇȑȝȏȏ. ǯȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȗȌȇȑȝȏȏ 

ȗȇȘȘȞȏșȢȉȇȌșȘȦ Ș ȖȕȓȕȠȣȥ ȘȒȌȋȚȥȠȏȜ țȕȗȓȚȒ:

Ǹ ȖȕȓȕȠȣȥ ȑȇȒȕȗȏȓȌșȗȇ

Ƕȗȏ ȏȎȓȌȔȌȔȏȏ șȌȓȖȌȗȇșȚȗȢ ȉȌȠȌȘșȉȇ ȓȕȍȔȕ ȗȇȘȘȞȏșȇșȣ ȏȎȓȌȔȌȔȏȌ                              

ȤȔșȇȒȣȖȏȏ (©H), ȌȘȒȏ ȎȔȇșȣ ȌȊȕ ȓȇȘȘȚ (m), ȚȋȌȒȣȔȚȥ șȌȖȒȕȧȓȑȕȘșȣ (c) ȏ                                    

ȏȎȓȌȔȌȔȏȌ șȌȓȖȌȗȇșȚȗȢ (©t):

©H = m ∙ c ∙ ©t

ǹȌȖȒȕȉȕȐ ȤțțȌȑș ȉȢȗȇȍȇȌșȘȦ ȏȎȓȌȔȌȔȏȌȓ ȤȔșȇȒȣȖȏȏ (ΔH� 

ǱȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ, ȉȢȋȌȒȌȔȔȕȌ ȏȒȏ ȖȕȊȒȕȠȧȔȔȕȌ ȉ ȜȕȋȌ ȗȌȇȑȝȏȏ, 

ȔȇȎȢȉȇȌșȘȦ șȌȖȒȕȉȢȓ ȤțțȌȑșȕȓ ȗȌȇȑȝȏȏ�

ǹȌȗȓȕȜȏȓȏȦ ² 

ȗȇȎȋȌȒ Ȝȏȓȏȏ, ȏȎȚȞȇȥȠȏȐ șȌȖȒȕȉȢȌ ȤțțȌȑșȢ, ȔȇȈȒȥȋȇȌȓȢȌ ȉ 

ȜȕȋȌ ȜȏȓȏȞȌȘȑȏȜ ȗȌȇȑȝȏȐ. 

ǷȇȘȞȧș ȏȎȓȌȔȌȔȏȦ ȤȔșȇȒȣȖȏȏ 

ȖȗȕȏȎȉȕȋȏșȘȦ ȗȇȎȒȏȞȔȢȓȏ ȓȌșȕȋȇȓȏ.

a.  ǺȑȇȍȏșȌ ȖȌȗȌȓȌȔȔȚȥ, ȑȕșȕȗȚȥ ȏȎȓȌȔȦȒ ȏȘȘȒȌȋȕȉȇșȌȒȣ.

b.  ǺȑȇȍȏșȌ ȖȌȗȌȓȌȔȔȚȥ, ȑȕșȕȗȚȥ ȏȎȓȌȗȦȒ ȏȘȘȒȌȋȕȉȇșȌȒȣ.

c.  ǯȘȖȕȒȣȎȚȦ ȑȇȍȋȢȐ ȉȏȋ șȕȖȒȏȉȇ, ȏȘȘȒȌȋȕȉȇșȌȒȣ ȔȇȊȗȌȉȇȌș 

ȕȋȏȔ ȏ șȕș ȍȌ ȕȈȡȧȓ ȉȕȋȢ. ǺȑȇȍȏșȌ ȕȘȔȕȉȔȕȐ ȓȕȓȌȔș, 

ȑȕșȕȗȢȐ ȕȔ ȋȕȒȍȌȔ ȖȗȕȑȕȔșȗȕȒȏȗȕȉȇșȣ.

d.  ǴȏȍȌ ȖȕȑȇȎȇȔȢ ȗȌȎȚȒȣșȇșȢ, ȖȕȒȚȞȌȔȔȢȌ ȏȘȘȒȌȋȕȉȇșȌȒȌȓ                 

Ȗȗȏ ȘȊȕȗȇȔȏȏ ȕȋȔȕȐ ȏ șȕȐ ȍȌ ȓȇȘȘȢ șȕȖȒȏȉȇ.

ǹȕȖȒȏȉȕ ǴȇȞȇȒȣȔȇȦ șȌȓȖȌȗȇșȚȗȇ (°C) ǱȕȔȌȞȔȇȦ șȌȓȖȌȗȇșȚȗȇ (°C) ǯȎȓȌȔȌȔȏȌ șȌȓȖȌȗȇșȚȗȢ (°C)

ȤșȇȔȕȒ

ȖȗȕȖȇȔȕȒ

ȈȚșȇȔȕȒ

ȖȌȔșȇȔȕȒ  

19

20

20

21

56

63

65

68

I. ǶȌȗȌȖȏȟȏșȌ ȉ șȌșȗȇȋȣ ȏ ȋȕȖȕȒȔȏșȌ șȇȈȒȏȝȚ.

II. ǸȗȇȉȔȏșȌ ȚȋȌȒȣȔȢȌ ȤȔșȇȒȣȖȏȏ ȘȊȕȗȇȔȏȦ ȕȈȗȇȎȝȕȉ șȕȖȒȏȉȇ.

e.  ǯȘȘȒȌȋȕȉȇșȌȒȣ ȖȗȏȔȏȓȇȌș ȗȌȟȌȔȏȌ Ȗȕȉșȕȗȏșȣ Șȉȕȥ ȗȇȈȕșȚ. Ǳȇȑ ȉȢ ȋȚȓȇȌșȌ, ȖȕȞȌȓȚ?

f. ǯ ȘȘȒȌȋȕȉȇșȌȒȣ ȘȞȏșȇȌș, Ȟșȕ ȞȇȘșȣ șȌȖȒȕșȢ, ȉȢȋȌȒȦȌȓȕȐ Ȗȗȏ ȘȊȕȗȇȔȏȏ șȕȖȒȏȉȇ, ȔȌ ȖȌȗȌȋȇȧșȘȦ ȉȕȋȌ. Ƕȕ 

ȑȇȑȕȐ ȖȗȏȞȏȔȌ ȓȕȊȚș ȖȗȕȏȘȜȕȋȏșȣ ȖȕșȌȗȏ șȌȖȒȇ?

a. ǵȈȡȦȘȔȏșȌ Ș șȕȞȑȏ ȎȗȌȔȏȦ ȗȇȎȗȢȉȇ ȏ ȕȈȗȇȎȕȉȇȔȏȦ ȘȉȦȎȌȐ, ȖȕȞȌȓȚ ȋȇȔȔȇȦ ȗȌȇȑȝȏȦ ȦȉȒȦȌșȘȦ 
ȤȑȎȕșȌȗȓȏȞȌȘȑȕȐ. 

b. ǯȎȕȈȗȇȎȏșȌ ȤȔȌȗȊȌșȏȞȌȘȑȚȥ ȋȏȇȊȗȇȓȓȚ ȗȌȇȑȝȏȏ ȏ ȕșȓȌșȣșȌ Ȕȇ ȔȌȐ ȘȒȌȋȚȥȠȌȌ:

I.  ȘȚȓȓȇȗȔȕȌ ȏȎȓȌȔȌȔȏȌ ȤȔȌȗȊȏȏ�

II.  ȤȔȌȗȊȏȥ, ȔȌȕȈȜȕȋȏȓȚȥ ȋȒȦ ȗȇȎȗȢȉȇ ȘȉȦȎȌȐ�

III. ȤȔȌȗȊȏȥ, ȉȢȋȌȒȦȥȠȚȥȘȦ Ȗȗȏ ȕȈȗȇȎȕȉȇȔȏȏ ȔȕȉȢȜ ȘȉȦȎȌȐ.

Ș. ǮȔȇȦ, Ȟșȕ șȌȖȒȕșȇ ȘȊȕȗȇȔȏȦ ȓȌșȇȔȇ ȘȕȘșȇȉȒȦȌș –890 ȑǫȍ/ȓȕȒȣ, ȗȇȘȘȞȏșȇȐșȌ ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ (ȉ 
ȑǫȍ), ȉȢȋȌȒȦȥȠȌȐȘȦ Ȗȗȏ ȘȊȕȗȇȔȏȏ 3 ȓȕȒȣ ȓȌșȇȔȇ.

d. ǷȇȘȘȞȏșȇȐșȌ ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ (ȉ ȑǫȍ), ȉȢȋȌȒȦȥȠȌȐȘȦ Ȗȗȏ ȘȊȕȗȇȔȏȏ 4 Ȋȗȇȓȓ ȓȌșȇȔȇ.

ǹȕȖȒȏȉȕ

ǯȎȕȒȦȝȏȕȔȔȇȦ 

ȖȒȇȘșȏȔȇ 

Ǯȇȍȏȓ

ǹȌȗȓȕȓȌșȗ

ǩȕȋȇ

ǱȇȒȕȗȏȓȌșȗ
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�� Ǵȇ ȕȘȔȕȉȇȔȏȏ ȤȔȌȗȊȏȐ ȘȉȦȎȏ� ȖȗȏȉȌȋȧȔȔȢȜ ȔȏȍȌ� ȗȇȘȘȞȏșȇȐșȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȗȌȇȑȝȏȏ 

(ȉ ȑǫȍ�  & H 2H � �2  ମ �&2  � �H 2� � � � � �

ǮȇȑȕȔ ǧȉȕȊȇȋȗȕ� ȉ ȗȇȉȔȢȜ ȕȈȡȧȓȇȜ ȗȇȎȒȏȞȔȢȜ 

ȊȇȎȕȉ Ȗȗȏ ȕȋȏȔȇȑȕȉȢȜ șȌȓȖȌȗȇșȚȗȌ ȏ ȋȇȉȒȌȔȏȏ 

ȘȕȋȌȗȍȏșȘȦ ȕȋȏȔȇȑȕȉȕȌ ȞȏȘȒȕ ȓȕȒȌȑȚȒ.

ǮȇȑȕȔ ǪȌȘȘȇ� ȘȚȓȓȇȗȔȕȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȉ 

ȜȕȋȌ ȜȏȓȏȞȌȘȑȕȐ ȗȌȇȑȝȏȏ ȕȘșȇȧșȘȦ ȖȕȘșȕȦȔȔȢȓ ȏ 

ȔȌ ȎȇȉȏȘȏș ȕș ȖȚșȌȐ ȖȗȕșȌȑȇȔȏȦ ȕș ȏȘȜȕȋȔȢȜ 

ȉȌȠȌȘșȉ ȋȕ ȖȗȕȋȚȑșȕȉ ȗȌȇȑȝȏȏ.

ǱȇȒȕȗȏȓȌșȗ – ȕȈȕȗȚȋȕȉȇȔȏȌ, ȏȘȖȕȒȣȎȚȥȠȌȌȘȦ 

ȋȒȦ ȗȇȘȞȧșȇ șȌȖȒȕȉȕȊȕ ȤțțȌȑșȇ ȗȌȇȑȝȏȏ.

ȄȔȌȗȊȏȦ ȘȉȦȎȏ, ȑǫȍ/ȓȕȒȣ ǸȉȦȎȣ ȄȔȌȗȊȏȦ ȘȉȦȎȏ, ȑǫȍ/ȓȕȒȣ

C–H

O=O

C=O

ǸȉȦȎȣ

412

496

803

H–O

C–C

C–O

463

346

358

�� Ǵȇ ȕȘȔȕȉȇȔȏȏ ȖȗȏȉȌȋȧȔȔȕȊȕ Ȋȗȇțȏȑȇ ȕȖȗȌȋȌȒȏșȌ� ȉ ȑȇȑȏȜ ȘșȗȕȑȇȜ șȇȈȒȏȝȢ ȎȔȇȑ ь ȎȇȖȏȘȇȔ ȉȌȗȔȕ�

�� ��� ȓȒ ȗȇȘșȉȕȗȇ� ȘȕȋȌȗȍȇȠȌȊȕ ��� ȓȕȒȣ ȇȎȕșȔȕȐ ȑȏȘȒȕșȢ� ȘȓȌȟȏȉȇȥș Șȕ ��� ȓȒ ȗȇȘșȉȕȗȇ� 

ȘȕȋȌȗȍȇȠȌȊȕ ��� ȓȕȒȣ ȊȏȋȗȕȑȘȏȋȇ ȑȇȒȏȦ� ǹȌȓȖȌȗȇșȚȗȇ ȗȇȘșȉȕȗȇ ȊȏȋȗȕȑȘȏȋȇ ȑȇȒȏȦ ȘȕȘșȇȉȒȦȌș ���&� 

șȌȓȖȌȗȇșȚȗȇ ȗȇȘșȉȕȗȇ ȇȎȕșȔȕȐ ȑȏȘȒȕșȢ ² ���&� ȇ șȌȓȖȌȗȇșȚȗȇ ȗȇȘșȉȕȗȇ� ȕȈȗȇȎȕȉȇȉȟȌȊȕȘȦ ȉ ȗȌȎȚȒȣșȇșȌ 

ȗȌȇȑȝȏȏ ȖȕȘȒȌ ȘȓȌȟȌȔȏȦ ȗȇȘșȉȕȗȕȉ� ² ���&� ǷȇȘȘȞȏșȇȐșȌ șȌȖȒȕșȚ ȔȌȐșȗȇȒȏȎȇȝȏȏ (ȉ ȑǫȍ�ȓȕȒȣ��

��  ǷȇȘȖȗȌȋȌȒȏșȌ ȖȗȏȉȌȋȧȔȔȢȌ ȚșȉȌȗȍȋȌȔȏȦ ȘȕȊȒȇȘȔȕ ȋȏȇȊȗȇȓȓȌ ȄȐȒȌȗȇ�ǩȌȔȔȇ�

a.  ǸȕȖȗȕȉȕȍȋȇȌșȘȦ șȌȖȒȕȉȢȓ ȤțțȌȑșȕȓ

b.  ȄȔȌȗȊȏȦ ȖȌȗȌȋȇȧșȘȦ ȕș ȘȏȘșȌȓȢ ȕȑȗȚȍȇȥȠȌȐ ȘȗȌȋȌ

c. ©H > 0 

d.  ȄȔȌȗȊȏȦ ȖȌȗȌȋȇȧșȘȦ ȕș ȕȑȗȚȍȇȥȠȌȐ ȘȗȌȋȢ ȘȏȘșȌȓȌ 

e. ©H � 0

ȄȔȋȕșȌȗȓȏȞȌȘȑȏȐ  

ȖȗȕȝȌȘȘ

ȄȑȎȕșȌȗȓȏȞȌȘȑȏȐ     

ȖȗȕȝȌȘȘ

I II III

a. ǩ ȗȌȇȑȝȏȏ B + C → A ȏȎȓȌȔȌȔȏȌ 

ȤȔșȇȒȣȖȏȏ ©H = +180 ȑǫȍ.

b. Ȅșȕ ȤȔȋȕșȌȗȓȏȞȌȘȑȇȦ ȗȌȇȑȝȏȦ.

c. ǷȌȇȑȝȏȥ ȓȕȍȔȕ ȎȇȖȏȘȇșȣ ȉ ȉȏȋȌ:        

A → B + C – 180 ȑǫȍ.

d. Ƕȗȏ ȕȈȗȇȎȕȉȇȔȏȏ 0,2 ȓȕȒȣ ȉȌȠȌȘșȉȇ B 

ȖȕȊȒȕȠȇȌșȘȦ 36 ȑǫȍ șȌȖȒȕșȢ.

e.  ȄȔșȇȒȣȖȏȦ ȏȘȜȕȋȔȢȜ ȉȌȠȌȘșȉ ȓȌȔȣȟȌ 

ȤȔșȇȒȣȖȏȏ ȖȗȕȋȚȑșȕȉ ȗȌȇȑȝȏȏ.

f. Ƕȗȏ ȗȇȎȒȕȍȌȔȏȏ1,5 ȓȕȒȣ ȉȌȠȌȘșȉȇ A 

ȉȢȋȌȒȦȌșȘȦ 270 ȑǫȍ șȌȖȒȕșȢ.

ǺșȉȌȗȍȋȌȔȏȌ ǩȌȗȔȕ ǴȌȉȌȗȔȕ

ь

ь

ь

ь

ь

ь

ȄȔșȇȒȣȖȏȦ

Ǽȕȋ ȗȌȇȑȝȏȏ

A

B + C

∆H = –180 ȑǫȍ

H1

H2

ǮȇȑȕȔ ȕȈȡȧȓȔȢȜ ȕșȔȕȟȌȔȏȐ� Ȗȗȏ 

ȕȋȏȔȇȑȕȉȢȜ ȚȘȒȕȉȏȦȜ (șȌȓȖȌȗȇșȚȗȌ ȏ ȋȇȉȒȌȔȏȏ) 

ȕȈȡȧȓȢ ȊȇȎȕȉ, ȉȘșȚȖȇȥȠȏȜ ȉ ȗȌȇȑȝȏȥ ȏ 

ȖȕȒȚȞȌȔȔȢȜ ȉ ȜȕȋȌ ȗȌȇȑȝȏȏ, ȕșȔȕȘȦșȘȦ ȋȗȚȊ ȑ 

ȋȗȚȊȚ ȑȇȑ ȔȌȈȕȒȣȟȏȌ ȝȌȒȢȌ ȞȏȘȒȇ.

ǳȇȘȘȕȉȇȦ ȋȕȒȦ – ȖȕȑȇȎȢȉȇȌș, ȑȇȑȚȥ ȞȇȘșȣ ȕș 

ȕȈȠȌȐ ȓȇȘȘȢ ȘȕȌȋȏȔȌȔȏȦ ȘȕȘșȇȉȒȦȌș ȓȇȘȘȇ 

ȉȜȕȋȦȠȌȊȕ ȉ ȌȊȕ ȘȕȘșȇȉ ȤȒȌȓȌȔșȇ.

ǲȏȓȏșȏȗȚȥȠȌȌ ȉȌȠȌȘșȉȕ – ȉȌȠȌȘșȉȕ, 

ȖȕȒȔȕȘșȣȥ ȏȎȗȇȘȜȕȋȕȉȇȔȔȕȌ ȉ ȜȕȋȌ ȗȌȇȑȝȏȏ.

23
ǳȕȒȣ – ȑȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇ, ȘȕȋȌȗȍȇȠȌȌ 6,02 Ã 10  

ȓȕȒȌȑȚȒ (ȇșȕȓȕȉ ȏȒȏ ȏȕȔȕȉ). 

ǳȕȒȦȗȔȇȦ ȓȇȘȘȇ (0� – ȓȇȘȘȇ 1 ȓȕȒȣ ȉȌȠȌȘșȉȇ.

ǳȕȒȦȗȔȢȐ ȕȈȡȧȓ – ȕșȔȕȟȌȔȏȌ ȕȈȡȌȓȇ ȗȇȎȒȏȞȔȢȜ 

ȊȇȎȕȉ ȑ ȞȏȘȒȚ ȓȕȒȌȐ Ȗȗȏ ȕȋȏȔȇȑȕȉȢȜ ȚȘȒȕȉȏȦȜ. 

ǺȘșȇȔȕȉȒȌȔȕ, Ȟșȕ Ȗȗȏ ȑȕȓȔȇșȔȕȐ șȌȓȖȌȗȇșȚȗȌ  (20°C) 

ȏ ȋȇȉȒȌȔȏȏ ȉ 1 ȇșȓ 1 ȓȕȒȣ ȉȘȌȜ ȊȇȎȕȉ ȎȇȔȏȓȇȌș ȕȈȡȧȓ 
324 ȋȓ  (24 Ȓ).

ǳȕȒȦȗȔȇȦ șȌȖȒȕșȇ ȘȊȕȗȇȔȏȦ – șȌȖȒȕșȇ, ȉȢȋȌȒȦȌȓȇȦ 

Ȗȗȏ ȖȕȒȔȕȓ ȘȊȕȗȇȔȏȏ 1 ȓȕȒȣ ȉȌȠȌȘșȉȇ. 

ǵșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ ȓȇȘȘȇ  (A � – ȕșȔȕȟȌȔȏȌ U

ȘȗȌȋȔȌȊȕ ȓȇȘȘȕȉȕȊȕ ȞȏȘȒȇ ȏȎȕșȕȖȕȉ ȤȒȌȓȌȔșȇ ȑ 1/12 

ȓȇȘȘȢ ȇșȕȓȇ 12C.

 ǯȘȜȕȋȔȢȌ ȉȌȠȌȘșȉȇ
��Ȍ�ȔȇȖȗȇȉȒȌȔȏȌ

   ǶȗȕȋȚȑșȢ ȗȌȇȑȝȏȏ

I ȘșȇȋȏȦ

∆H1

II ȘșȇȋȏȦ

∆H2

ǶȗȕȓȌȍȚșȕȞȔȕȌ ȉȌȠȌȘșȉȕ

��Ȍ�ȔȇȖȗȇȉȒȌȔȏȌ

∆HȗȌȇȑȝȏȏ

଱H   ଱H  � ଱HȗȌȇȑȝȏȏ � �

ȓȌȟȇȒȑȇ

ȈȕȓȈȕȉȢȐ ȑȇȒȕȗȏȓȌșȗ

ȑȏȘȒȕȗȕȋ Ȗȕȋ ȉȢȘȕȑȏȓ 

ȋȇȉȒȌȔȏȌȓ

ȘȕȘȚȋ ȋȒȦ ȕȈȗȇȎȝȇ

șȌȗȓȕȓȌșȗ

 ȉȕȋȇ 

ȤȒȌȑșȗȏȞȌȘȑȏȐ

  Ȗȗȕȉȕȋ 

ȉȇȑȚȚȓ

C H H H H

H H H H H

H H H

A (H)=1rA (C)=12r

ǵșȔȕȘȏșȌȒȣȔȇȦ ȓȕȒȌȑȚȒȦȗȔȇȦ ȓȇȘȘȇ (M � – U

ȗȇȉȔȇ ȘȚȓȓȌ ȕșȔȕȘȏșȌȒȣȔȢȜ ȇșȕȓȔȢȜ ȓȇȘȘ ȇșȕȓȕȉ, 

ȉȜȕȋȦȠȏȜ ȉ ȘȕȘșȇȉ ȓȕȒȌȑȚȒȢ  ȉȌȠȌȘșȉȇ, Ș ȚȞȧșȕȓ 

ȏȔȋȌȑȘȕȉ. 

ǵșȔȕȘȏșȌȒȣȔȇȦ ȖȒȕșȔȕȘșȣ ('� – ȖȕȑȇȎȢȉȇȌș, ȉȕ 

ȘȑȕȒȣȑȕ ȗȇȎ ȕȋȏȔ ȊȇȎ șȦȍȌȒȌȌ ȋȗȚȊȕȊȕ ȊȇȎȇ Ȗȗȏ ȗȇȉȔȢȜ 

ȕȈȡȧȓȇȜ ȊȇȎȕȉ Ȗȗȏ ȎȇȋȇȔȔȢȜ ȚȘȒȕȉȏȦȜ.

ǵșȔȕȘȏșȌȒȣȔȇȦ țȕȗȓȚȒȣȔȇȦ ȓȇȘȘȇ (M � – ȗȇȉȔȇ U

ȘȚȓȓȌ ȕșȔȕȘȏșȌȒȣȔȢȜ ȇșȕȓȔȢȜ ȓȇȘȘ ȇșȕȓȕȉ, ȉȜȕȋȦȠȏȜ 

ȉ ȘȕȘșȇȉ ȏȕȔȔȢȜ ȘȕȌȋȏȔȌȔȏȐ (ȘȕȌȋȏȔȌȔȏȐ Ș ȏȕȔȔȢȓȏ 

ȘȉȦȎȦȓȏ).

ǶȏȠȌȉȇȦ ȤȔȌȗȊȏȦ – ȜȏȓȏȞȌȘȑȇȦ ȤȔȌȗȊȏȦ, ȑȕșȕȗȚȥ 

Ȓȥȋȏ ȏ ȍȏȉȕșȔȢȌ ȖȕȒȚȞȇȥș ȏȎ ȖȏȠȏ ȋȒȦ 

ȖȕȋȋȌȗȍȇȔȏȦ ȘȉȕȌȐ ȍȏȎȔȌȋȌȦșȌȒȣȔȕȘșȏ.

M (H O) = 1 + 1 + 16 = 18r 2

H H

2

A (O) = 16  r

A (H) = 1  rA (H) = 1  r



Словарь

9594

�� Ǵȇ ȕȘȔȕȉȇȔȏȏ ȤȔȌȗȊȏȐ ȘȉȦȎȏ� ȖȗȏȉȌȋȧȔȔȢȜ ȔȏȍȌ� ȗȇȘȘȞȏșȇȐșȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȗȌȇȑȝȏȏ 

(ȉ ȑǫȍ�  & H 2H � �2  ମ �&2  � �H 2� � � � � �

ǮȇȑȕȔ ǧȉȕȊȇȋȗȕ� ȉ ȗȇȉȔȢȜ ȕȈȡȧȓȇȜ ȗȇȎȒȏȞȔȢȜ 

ȊȇȎȕȉ Ȗȗȏ ȕȋȏȔȇȑȕȉȢȜ șȌȓȖȌȗȇșȚȗȌ ȏ ȋȇȉȒȌȔȏȏ 

ȘȕȋȌȗȍȏșȘȦ ȕȋȏȔȇȑȕȉȕȌ ȞȏȘȒȕ ȓȕȒȌȑȚȒ.

ǮȇȑȕȔ ǪȌȘȘȇ� ȘȚȓȓȇȗȔȕȌ ȏȎȓȌȔȌȔȏȌ ȤȔșȇȒȣȖȏȏ ȉ 

ȜȕȋȌ ȜȏȓȏȞȌȘȑȕȐ ȗȌȇȑȝȏȏ ȕȘșȇȧșȘȦ ȖȕȘșȕȦȔȔȢȓ ȏ 

ȔȌ ȎȇȉȏȘȏș ȕș ȖȚșȌȐ ȖȗȕșȌȑȇȔȏȦ ȕș ȏȘȜȕȋȔȢȜ 

ȉȌȠȌȘșȉ ȋȕ ȖȗȕȋȚȑșȕȉ ȗȌȇȑȝȏȏ.

ǱȇȒȕȗȏȓȌșȗ – ȕȈȕȗȚȋȕȉȇȔȏȌ, ȏȘȖȕȒȣȎȚȥȠȌȌȘȦ 

ȋȒȦ ȗȇȘȞȧșȇ șȌȖȒȕȉȕȊȕ ȤțțȌȑșȇ ȗȌȇȑȝȏȏ.

ȄȔȌȗȊȏȦ ȘȉȦȎȏ, ȑǫȍ/ȓȕȒȣ ǸȉȦȎȣ ȄȔȌȗȊȏȦ ȘȉȦȎȏ, ȑǫȍ/ȓȕȒȣ

C–H

O=O

C=O

ǸȉȦȎȣ

412

496

803

H–O

C–C

C–O

463

346

358

�� Ǵȇ ȕȘȔȕȉȇȔȏȏ ȖȗȏȉȌȋȧȔȔȕȊȕ Ȋȗȇțȏȑȇ ȕȖȗȌȋȌȒȏșȌ� ȉ ȑȇȑȏȜ ȘșȗȕȑȇȜ șȇȈȒȏȝȢ ȎȔȇȑ ь ȎȇȖȏȘȇȔ ȉȌȗȔȕ�

�� ��� ȓȒ ȗȇȘșȉȕȗȇ� ȘȕȋȌȗȍȇȠȌȊȕ ��� ȓȕȒȣ ȇȎȕșȔȕȐ ȑȏȘȒȕșȢ� ȘȓȌȟȏȉȇȥș Șȕ ��� ȓȒ ȗȇȘșȉȕȗȇ� 

ȘȕȋȌȗȍȇȠȌȊȕ ��� ȓȕȒȣ ȊȏȋȗȕȑȘȏȋȇ ȑȇȒȏȦ� ǹȌȓȖȌȗȇșȚȗȇ ȗȇȘșȉȕȗȇ ȊȏȋȗȕȑȘȏȋȇ ȑȇȒȏȦ ȘȕȘșȇȉȒȦȌș ���&� 

șȌȓȖȌȗȇșȚȗȇ ȗȇȘșȉȕȗȇ ȇȎȕșȔȕȐ ȑȏȘȒȕșȢ ² ���&� ȇ șȌȓȖȌȗȇșȚȗȇ ȗȇȘșȉȕȗȇ� ȕȈȗȇȎȕȉȇȉȟȌȊȕȘȦ ȉ ȗȌȎȚȒȣșȇșȌ 

ȗȌȇȑȝȏȏ ȖȕȘȒȌ ȘȓȌȟȌȔȏȦ ȗȇȘșȉȕȗȕȉ� ² ���&� ǷȇȘȘȞȏșȇȐșȌ șȌȖȒȕșȚ ȔȌȐșȗȇȒȏȎȇȝȏȏ (ȉ ȑǫȍ�ȓȕȒȣ��

��  ǷȇȘȖȗȌȋȌȒȏșȌ ȖȗȏȉȌȋȧȔȔȢȌ ȚșȉȌȗȍȋȌȔȏȦ ȘȕȊȒȇȘȔȕ ȋȏȇȊȗȇȓȓȌ ȄȐȒȌȗȇ�ǩȌȔȔȇ�

a.  ǸȕȖȗȕȉȕȍȋȇȌșȘȦ șȌȖȒȕȉȢȓ ȤțțȌȑșȕȓ

b.  ȄȔȌȗȊȏȦ ȖȌȗȌȋȇȧșȘȦ ȕș ȘȏȘșȌȓȢ ȕȑȗȚȍȇȥȠȌȐ ȘȗȌȋȌ

c. ©H > 0 

d.  ȄȔȌȗȊȏȦ ȖȌȗȌȋȇȧșȘȦ ȕș ȕȑȗȚȍȇȥȠȌȐ ȘȗȌȋȢ ȘȏȘșȌȓȌ 

e. ©H � 0

ȄȔȋȕșȌȗȓȏȞȌȘȑȏȐ  

ȖȗȕȝȌȘȘ

ȄȑȎȕșȌȗȓȏȞȌȘȑȏȐ     

ȖȗȕȝȌȘȘ

I II III

a. ǩ ȗȌȇȑȝȏȏ B + C → A ȏȎȓȌȔȌȔȏȌ 

ȤȔșȇȒȣȖȏȏ ©H = +180 ȑǫȍ.

b. Ȅșȕ ȤȔȋȕșȌȗȓȏȞȌȘȑȇȦ ȗȌȇȑȝȏȦ.

c. ǷȌȇȑȝȏȥ ȓȕȍȔȕ ȎȇȖȏȘȇșȣ ȉ ȉȏȋȌ:        

A → B + C – 180 ȑǫȍ.

d. Ƕȗȏ ȕȈȗȇȎȕȉȇȔȏȏ 0,2 ȓȕȒȣ ȉȌȠȌȘșȉȇ B 

ȖȕȊȒȕȠȇȌșȘȦ 36 ȑǫȍ șȌȖȒȕșȢ.

e.  ȄȔșȇȒȣȖȏȦ ȏȘȜȕȋȔȢȜ ȉȌȠȌȘșȉ ȓȌȔȣȟȌ 

ȤȔșȇȒȣȖȏȏ ȖȗȕȋȚȑșȕȉ ȗȌȇȑȝȏȏ.

f. Ƕȗȏ ȗȇȎȒȕȍȌȔȏȏ1,5 ȓȕȒȣ ȉȌȠȌȘșȉȇ A 

ȉȢȋȌȒȦȌșȘȦ 270 ȑǫȍ șȌȖȒȕșȢ.

ǺșȉȌȗȍȋȌȔȏȌ ǩȌȗȔȕ ǴȌȉȌȗȔȕ

ь

ь

ь

ь

ь

ь

ȄȔșȇȒȣȖȏȦ

Ǽȕȋ ȗȌȇȑȝȏȏ

A

B + C

∆H = –180 ȑǫȍ

H1

H2

ǮȇȑȕȔ ȕȈȡȧȓȔȢȜ ȕșȔȕȟȌȔȏȐ� Ȗȗȏ 

ȕȋȏȔȇȑȕȉȢȜ ȚȘȒȕȉȏȦȜ (șȌȓȖȌȗȇșȚȗȌ ȏ ȋȇȉȒȌȔȏȏ) 

ȕȈȡȧȓȢ ȊȇȎȕȉ, ȉȘșȚȖȇȥȠȏȜ ȉ ȗȌȇȑȝȏȥ ȏ 

ȖȕȒȚȞȌȔȔȢȜ ȉ ȜȕȋȌ ȗȌȇȑȝȏȏ, ȕșȔȕȘȦșȘȦ ȋȗȚȊ ȑ 

ȋȗȚȊȚ ȑȇȑ ȔȌȈȕȒȣȟȏȌ ȝȌȒȢȌ ȞȏȘȒȇ.

ǳȇȘȘȕȉȇȦ ȋȕȒȦ – ȖȕȑȇȎȢȉȇȌș, ȑȇȑȚȥ ȞȇȘșȣ ȕș 

ȕȈȠȌȐ ȓȇȘȘȢ ȘȕȌȋȏȔȌȔȏȦ ȘȕȘșȇȉȒȦȌș ȓȇȘȘȇ 

ȉȜȕȋȦȠȌȊȕ ȉ ȌȊȕ ȘȕȘșȇȉ ȤȒȌȓȌȔșȇ.

ǲȏȓȏșȏȗȚȥȠȌȌ ȉȌȠȌȘșȉȕ – ȉȌȠȌȘșȉȕ, 

ȖȕȒȔȕȘșȣȥ ȏȎȗȇȘȜȕȋȕȉȇȔȔȕȌ ȉ ȜȕȋȌ ȗȌȇȑȝȏȏ.

23
ǳȕȒȣ – ȑȕȒȏȞȌȘșȉȕ ȉȌȠȌȘșȉȇ, ȘȕȋȌȗȍȇȠȌȌ 6,02 Ã 10  

ȓȕȒȌȑȚȒ (ȇșȕȓȕȉ ȏȒȏ ȏȕȔȕȉ). 

ǳȕȒȦȗȔȇȦ ȓȇȘȘȇ (0� – ȓȇȘȘȇ 1 ȓȕȒȣ ȉȌȠȌȘșȉȇ.

ǳȕȒȦȗȔȢȐ ȕȈȡȧȓ – ȕșȔȕȟȌȔȏȌ ȕȈȡȌȓȇ ȗȇȎȒȏȞȔȢȜ 

ȊȇȎȕȉ ȑ ȞȏȘȒȚ ȓȕȒȌȐ Ȗȗȏ ȕȋȏȔȇȑȕȉȢȜ ȚȘȒȕȉȏȦȜ. 

ǺȘșȇȔȕȉȒȌȔȕ, Ȟșȕ Ȗȗȏ ȑȕȓȔȇșȔȕȐ șȌȓȖȌȗȇșȚȗȌ  (20°C) 

ȏ ȋȇȉȒȌȔȏȏ ȉ 1 ȇșȓ 1 ȓȕȒȣ ȉȘȌȜ ȊȇȎȕȉ ȎȇȔȏȓȇȌș ȕȈȡȧȓ 
324 ȋȓ  (24 Ȓ).

ǳȕȒȦȗȔȇȦ șȌȖȒȕșȇ ȘȊȕȗȇȔȏȦ – șȌȖȒȕșȇ, ȉȢȋȌȒȦȌȓȇȦ 

Ȗȗȏ ȖȕȒȔȕȓ ȘȊȕȗȇȔȏȏ 1 ȓȕȒȣ ȉȌȠȌȘșȉȇ. 

ǵșȔȕȘȏșȌȒȣȔȇȦ ȇșȕȓȔȇȦ ȓȇȘȘȇ  (A � – ȕșȔȕȟȌȔȏȌ U

ȘȗȌȋȔȌȊȕ ȓȇȘȘȕȉȕȊȕ ȞȏȘȒȇ ȏȎȕșȕȖȕȉ ȤȒȌȓȌȔșȇ ȑ 1/12 

ȓȇȘȘȢ ȇșȕȓȇ 12C.

 ǯȘȜȕȋȔȢȌ ȉȌȠȌȘșȉȇ
��Ȍ�ȔȇȖȗȇȉȒȌȔȏȌ

   ǶȗȕȋȚȑșȢ ȗȌȇȑȝȏȏ

I ȘșȇȋȏȦ

∆H1

II ȘșȇȋȏȦ

∆H2

ǶȗȕȓȌȍȚșȕȞȔȕȌ ȉȌȠȌȘșȉȕ

��Ȍ�ȔȇȖȗȇȉȒȌȔȏȌ

∆HȗȌȇȑȝȏȏ

଱H   ଱H  � ଱HȗȌȇȑȝȏȏ � �

ȓȌȟȇȒȑȇ

ȈȕȓȈȕȉȢȐ ȑȇȒȕȗȏȓȌșȗ

ȑȏȘȒȕȗȕȋ Ȗȕȋ ȉȢȘȕȑȏȓ 

ȋȇȉȒȌȔȏȌȓ

ȘȕȘȚȋ ȋȒȦ ȕȈȗȇȎȝȇ

șȌȗȓȕȓȌșȗ

 ȉȕȋȇ 

ȤȒȌȑșȗȏȞȌȘȑȏȐ

  Ȗȗȕȉȕȋ 

ȉȇȑȚȚȓ

C H H H H

H H H H H

H H H

A (H)=1rA (C)=12r

ǵșȔȕȘȏșȌȒȣȔȇȦ ȓȕȒȌȑȚȒȦȗȔȇȦ ȓȇȘȘȇ (M � – U

ȗȇȉȔȇ ȘȚȓȓȌ ȕșȔȕȘȏșȌȒȣȔȢȜ ȇșȕȓȔȢȜ ȓȇȘȘ ȇșȕȓȕȉ, 

ȉȜȕȋȦȠȏȜ ȉ ȘȕȘșȇȉ ȓȕȒȌȑȚȒȢ  ȉȌȠȌȘșȉȇ, Ș ȚȞȧșȕȓ 

ȏȔȋȌȑȘȕȉ. 

ǵșȔȕȘȏșȌȒȣȔȇȦ ȖȒȕșȔȕȘșȣ ('� – ȖȕȑȇȎȢȉȇȌș, ȉȕ 

ȘȑȕȒȣȑȕ ȗȇȎ ȕȋȏȔ ȊȇȎ șȦȍȌȒȌȌ ȋȗȚȊȕȊȕ ȊȇȎȇ Ȗȗȏ ȗȇȉȔȢȜ 

ȕȈȡȧȓȇȜ ȊȇȎȕȉ Ȗȗȏ ȎȇȋȇȔȔȢȜ ȚȘȒȕȉȏȦȜ.

ǵșȔȕȘȏșȌȒȣȔȇȦ țȕȗȓȚȒȣȔȇȦ ȓȇȘȘȇ (M � – ȗȇȉȔȇ U

ȘȚȓȓȌ ȕșȔȕȘȏșȌȒȣȔȢȜ ȇșȕȓȔȢȜ ȓȇȘȘ ȇșȕȓȕȉ, ȉȜȕȋȦȠȏȜ 

ȉ ȘȕȘșȇȉ ȏȕȔȔȢȜ ȘȕȌȋȏȔȌȔȏȐ (ȘȕȌȋȏȔȌȔȏȐ Ș ȏȕȔȔȢȓȏ 

ȘȉȦȎȦȓȏ).

ǶȏȠȌȉȇȦ ȤȔȌȗȊȏȦ – ȜȏȓȏȞȌȘȑȇȦ ȤȔȌȗȊȏȦ, ȑȕșȕȗȚȥ 

Ȓȥȋȏ ȏ ȍȏȉȕșȔȢȌ ȖȕȒȚȞȇȥș ȏȎ ȖȏȠȏ ȋȒȦ 

ȖȕȋȋȌȗȍȇȔȏȦ ȘȉȕȌȐ ȍȏȎȔȌȋȌȦșȌȒȣȔȕȘșȏ.

M (H O) = 1 + 1 + 16 = 18r 2

H H

2

A (O) = 16  r

A (H) = 1  rA (H) = 1  r
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ǹȌȖȒȕșȇ ȔȌȐșȗȇȒȏȎȇȝȏȏ – ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ, 

ȉȢȋȌȒȦȥȠȌȐȘȦ Ȗȗȏ ȕȈȗȇȎȕȉȇȔȏȏ 1 ȓȕȒȣ ȉȕȋȢ ȉ 

ȗȌȎȚȒȣșȇșȌ  ȗȌȇȑȝȏȏ ȉȎȇȏȓȕȋȌȐȘșȉȏȦ ȠȧȒȕȞȏ Ș 

ȑȏȘȒȕșȕȐ.

ǺȋȌȒȣȔȇȦ șȌȖȒȕȧȓȑȕȘșȣ – ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ, 

ȔȌȕȈȜȕȋȏȓȕȌ ȋȒȦ ȖȕȉȢȟȌȔȏȦ șȌȓȖȌȗȇșȚȗȢ 1 Ȋ 

ȉȌȠȌȘșȉȇ Ȕȇ 1°C (ȏȒȏ 1 Ǳ).

ǺȋȌȒȣȔȇȦ șȌȖȒȕșȇ ȘȊȕȗȇȔȏȦ – ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ, 

ȉȢȋȌȒȦȥȠȌȐȘȦ Ȗȗȏ ȖȕȒȔȕȓ ȘȊȕȗȇȔȏȏ 1 Ȋ ȉȌȠȌȘșȉȇ. 

ǾȏȘȒȕ ǧȉȕȊȇȋȗȕ (1 � – ȞȏȘȒȕ ȇșȕȓȕȉ ȉ 12 Ȋ ȏȎȕșȕȖȇ $

12 23
ȚȊȒȌȗȕȋȇ-12 ( C), ȗȇȉȔȕȌ 6,02 ∙ 10 .

ȄȓȖȏȗȏȞȌȘȑȇȦ țȕȗȓȚȒȇ (ȖȗȕȘșȌȐȟȇȦ țȕȗȓȚȒȇ� –  

ȖȕȑȇȎȢȉȇȌș ȔȇȏȓȌȔȣȟȌȌ ȞȏȘȒȌȔȔȕȌ ȘȕȕșȔȕȟȌȔȏȌ 

ȇșȕȓȕȉ ȉ ȘȕȌȋȏȔȌȔȏȏ. 

ȄȔȌȗȊȏȦ – ȘȖȕȘȕȈȔȕȘșȣ șȌȒȇ ȘȕȉȌȗȟȇșȣ ȗȇȈȕșȚ.

ȄȔȌȗȊȏȦ ȘȉȦȎȏ – ȤȔȌȗȊȏȦ, ȔȌȕȈȜȕȋȏȓȇȦ ȋȒȦ 

ȗȇȎȗȢȉȇ 1 ȓȕȒȣ ȘȉȦȎȌȐ ȏȒȏ ȉȢȋȌȒȦȥȠȇȦȘȦ Ȗȗȏ 

ȕȈȗȇȎȕȉȇȔȏȏ 1 ȓȕȒȣ ȘȉȦȎȌȐ.

ǶȗȇȑșȏȞȌȘȑȏȐ ȉȢȜȕȋ ȖȗȕȋȚȑșȇ – ȕșȔȕȟȌȔȏȌ 

ȗȌȇȒȣȔȕ ȖȕȒȚȞȌȔȔȕȊȕ ȑȕȒȏȞȌȘșȉȇ ȖȗȕȋȚȑșȇ 

ȗȌȇȑȝȏȏ ȑ șȌȕȗȌșȏȞȌȘȑȏ ȗȇȘȘȞȏșȇȔȔȕȓȚ 

ȑȕȒȏȞȌȘșȉȚ, ȉȢȗȇȍȇȌșȘȦ ȉ ȖȗȕȝȌȔșȇȜ.

ǸșȇȔȋȇȗșȔȇȦ ȤȔșȇȒȣȖȏȦ ȕȈȗȇȎȕȉȇȔȏȦ(ΔH �� –f

Ȥșȕ ȏȎȓȌȔȌȔȏȌ șȌȖȒȕșȢ, ȖȗȕȏȎȕȟȌȋȟȌȌ ȉ 

ȗȌȎȚȒȣșȇșȌ ȕȈȗȇȎȕȉȇȔȏȦ 1 ȓȕȒȣ ȜȏȓȏȞȌȘȑȕȊȕ 

ȘȕȌȋȏȔȌȔȏȦ ȏȎ ȘȕȘșȇȉȒȦȥȠȏȜ ȌȊȕ ȤȒȌȓȌȔșȕȉ (ȉ ȏȜ 

ȔȇȏȈȕȒȌȌ  ȚȘșȕȐȞȏȉȕȐ țȕȗȓȌ) ȉ ȘșȇȔȋȇȗșȔȢȜ 

ȚȘȒȕȉȏȦȜ.

ǸșȇȔȋȇȗșȔȇȦ ȤȔșȇȒȣȖȏȦ ȘȊȕȗȇȔȏȦ (ΔH�� – Ȥșȕ c

ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ, ȑȕșȕȗȕȌ ȉȢȋȌȒȦȌșȘȦ Ȗȗȏ 

ȖȕȒȔȕȓ ȘȊȕȗȇȔȏȏ 1 ȓȕȒȣ ȉȌȠȌȘșȉȇ Ȗȗȏ 

ȘșȇȔȋȇȗșȔȢȜ ȚȘȒȕȉȏȦȜ.

ǹȌȖȒȕșȇ – ȤȔȌȗȊȏȦ, ȖȌȗȌȜȕȋȦȠȇȦ ȕș ȈȕȒȌȌ ȊȕȗȦȞȌȊȕ 

șȌȒȇ ȑ ȓȌȔȌȌ ȊȕȗȦȞȌȓȚ ȏȎ-Ȏȇ ȗȇȎȔȏȝȢ șȌȓȖȌȗȇșȚȗ.

ǹȌȖȒȕȉȕȐ ȤțțȌȑș – ȑȕȒȏȞȌȘșȉȕ șȌȖȒȕșȢ, ȑȕșȕȗȕȌ 

ȉȢȋȌȒȦȌșȘȦ ȏȒȏ ȖȕȊȒȕȠȇȌșȘȦ ȉ ȜȕȋȌ ȗȌȇȑȝȏȏ.    

ǶȌȗȏȕȋȏȞȌȘȑȇȦ șȇȈȒȏȝȇ ȤȒȌȓȌȔșȕȉ
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Pulsuz

Əziz məktəbli !

Bu dərslik sizə Azərbaycan dövləti tərəfindən bir dərs 

ilində istifadə üçün verilir. O, dərs ili müddətində 

nəzərdə tutulmuş bilikləri qazanmaq üçün sizə etibarlı 

dost və yardımçı olacaq. 

İnanırıq ki, siz də bu dərsliyə məhəbbətlə yanaşacaq, 

onu zədələnmələrdən qoruyacaq, təmiz və səliqəli 

saxlayacaqsınız ki, növbəti dərs ilində digər məktəbli 

yoldaşınız ondan sizin kimi rahat istifadə edə bilsin. Sizə 

təhsildə uğurlar arzulayırıq!

AZƏRBAYCAN RESPUBLİKASININ 
DÖVLƏT HİMNİ

Azərbaycan! Azərbaycan!
Ey qəhrəman övladın şanlı Vətəni!
Səndən ötrü can verməyə cümlə hazırız!
Səndən ötrü qan tökməyə cümlə qadiriz!
Üçrəngli bayrağınla məsud yaşa!

Minlərlə can qurban oldu,
Sinən hərbə meydan oldu!
Hüququndan keçən əsgər,
Hərə bir qəhrəman oldu!

Sən olasan gülüstan,
Sənə hər an can qurban!
Sənə min bir məhəbbət
Sinəmdə tutmuş məkan!

Namusunu hifz etməyə,
Bayrağını yüksəltməyə
Cümlə gənclər müştaqdır!
Şanlı Vətən! Şanlı Vətən!
Azərbaycan! Azərbaycan! 

                   © Azərbaycan Respublikası Elm və Təhsil Nazirliyinin qrif nömrəsi: 2026-
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