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Общие указания 

¶ ɼʘʥʥʳʡ ʢʦʤʧʣʝʢʪ ʟʘʜʘʥʠʡ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʪʫʨʘ ʩʦʜʝʨʞʠʪ 53 ʩʪʨʘʥʠʮʳ. 

¶ ʅʘʯʠʥʘʡʪʝ ʨʘʙʦʪʫ ʧʦʩʣʝ ʢʦʤʘʥʜʳ çʉʪʘʨʪè (çStart»). 

¶ ʅʘ ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʥʠʡ ʚʘʤ ʦʪʚʦʜʠʪʩʷ 5 часов. 

¶ ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʦʪʚʝʪʳ ʜʦʣʞʥʳ ʙʳʪʴ ʘʢʢʫʨʘʪʥʦ ʟʘʧʠʩʘʥʳ ручкой в специально 

отведенные для этого ячейки. ʆʪʚʝʪʳ, ʟʘʧʠʩʘʥʥʳʝ ʚ ʣʶʙʦʤ ʜʨʫʛʦʤ ʤʝʩʪʝ, ʦʮʝʥʠʚʘʪʴʩʷ 

ʥʝ ʙʫʜʫʪ. 

¶ ɺʘʤ ʚʳʜʘʥʦ 3 ʣʠʩʪʘ ʙʫʤʘʛʠ ʜʣʷ ʯʝʨʥʦʚʠʢʦʚ. ɽʩʣʠ ɺʘʤ ʪʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʩʪʦ 

ʜʣʷ ʯʝʨʥʦʚʠʢʦʚ, ʠʩʧʦʣʴʟʫʡʪʝ ʦʙʦʨʦʪʥʳʝ ʩʪʦʨʦʥʳ ʣʠʩʪʦʚ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʪʘ. Помните, 

что черновики оцениваться не будут. 

¶ ʇʝʨʠʦʜʠʯʝʩʢʘʷ ʪʘʙʣʠʮʘ ʠ ʚʠʜʠʤʳʡ ʩʧʝʢʪʨ ʥʝ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʪʘ 

ʟʘʜʘʥʠʡ. ʆʥʠ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ɺʘʤ ʦʪʜʝʣʴʥʦ. 

¶ ʀʩʧʦʣʴʟʫʡʪʝ ʪʦʣʴʢʦ ʚʳʜʘʥʥʳʝ ɺʘʤ ʨʫʯʢʫ ʠ ʢʘʣʴʢʫʣʷʪʦʨ. 

¶ ɺʳ ʤʦʞʝʪ ʧʦʧʨʦʩʠʪʴ официальную английскую версию ʪʦʣʴʢʦ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʪʝʢʩʪʘ. 

¶ ɽʩʣʠ ɺʘʤ ʪʨʝʙʫʝʪʩʷ ʚʳʡʪʠ (ʚ ʪʫʘʣʝʪ ʠʣʠ ʧʦʧʠʪʴ ʚʦʜʳ), ʧʦʤʘʰʠʪʝ ʩʠʥʝʡ ʢʘʨʪʦʯʢʦʡ IChO. 

ɼʝʞʫʨʥʳʡ ʧʦʜʦʡʜʝʪ, ʯʪʦʙʳ ʩʦʧʨʦʚʦʜʠʪʴ ɺʘʩ. 

¶ ɼʝʞʫʨʥʳʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʩʜʝʣʘʝʪ ʦʙʲʷʚʣʝʥʠʝ ʟʘ 30 ʤʠʥʫʪ ʜʦ ʢʦʥʮʘ ʪʫʨʘ. 

¶ ɺʳ ʜʦʣʞʥʳ ʥʝʤʝʜʣʝʥʥʦ ʧʨʝʢʨʘʪʠʪʴ ʨʘʙʦʪʘʪʴ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʧʨʦʟʚʫʯʠʪ ʢʦʤʘʥʜʘ çʉʪʦʧè 

(çStopè). ɽʩʣʠ ɺʳ ʥʝ ʧʨʝʢʨʘʪʠʪʝ ʧʠʩʘʪʴ ʚ ʪʝʯʝʥʠʝ İ ʤʠʥʫʪʳ, ɺʘʰ ʨʝʟʫʣʴʪʘʪ ʟʘ 

ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʪʫʨ ʙʫʜʝʪ ʘʥʥʫʣʠʨʦʚʘʥ. 

¶ ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʧʨʦʟʚʫʯʠʪ ʢʦʤʘʥʜʘ çʉʪʦʧè (çStopè), ʧʦʤʝʩʪʠʪʝ ʜʘʥʥʳʡ ʢʦʤʧʣʝʢʪ ʟʘʜʘʥʠʡ 

ʦʙʨʘʪʥʦ ʚ ɺʘ hʢʦʥʚʝʨʪ ʠ ʞʜʠʪʝ ʥʘ ʩʚʦʝʤ ʤʝʩʪʝ. ɼʝʞʫʨʥʳʡ ʧʦʜʦʡʜʝʪ ʢ ɺʘʤ, ʯʪʦʙʳ ʟʘʙʨʘʪʴ 

ʢʦʥʚʝʨʪ. 
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Физические константы, формулы и уравнения 

ʇʦʩʪʦʷʥʥʘʷ ɸʚʦʛʘʜʨʦ: NA = 6.022 Ĭ 1023 ʤʦʣʴī1 

ʋʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ: R = 8.314 ɼʞÖʂī1Öʤʦʣʴī1 

ʉʢʦʨʦʩʪʴ ʩʚʝʪʘ: c = 2.998 Ĭ 108 ʤÖʩī1 

ʇʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ: h = 6.626 Ĭ 10ī34 ɼʞÖʩ 

ʇʦʩʪʦʷʥʥʘʷ ʌʘʨʘʜʝʷ: F = 9.6485 Ĭ 104 ʂʣÖʤʦʣʴī1 

ʉʪʘʥʜʘʨʪʥʦʝ ʜʘʚʣʝʥʠʝ: pÁ = 1 ʙʘʨ = 105 ʇʘ 

ʅʦʨʤʘʣʴʥʦʝ (ʘʪʤʦʩʬʝʨʥʦʝ) ʜʘʚʣʝʥʠʝ: Pʘʪʤ = 1.01325 Ĭ 105 ʇʘ 

ʅʦʣʴ ʧʦ ʰʢʘʣʝ ʎʝʣʴʩʠʷ: 273.15 ʂ 

ʄʘʩʩʘ ʵʣʝʢʪʨʦʥʘ: me = 9.109 Ĭ 10ī31 ʢʛ 

ɸʪʦʤʥʘʷ ʝʜʠʥʠʮʘ ʤʘʩʩʳ: 1 ʘ.ʝ.ʤ. = 1.6605 Ĭ 10ī27 ʢʛ 

ɸʥʛʩʪʨʝʤ: 1 ¡ = 10ī10 ʤ 

ʕʣʝʢʪʨʦʥʚʦʣʴʪ: 1 ʵɺ = 1.602 Ĭ 10ī19 ɼʞ 

ɺʘʪʪ: 1 ɺʪ = 1 ɼʞÖʩī1 

 

ʋʨʘʚʥʝʥʠʝ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ: pV = nRT 

ʇʝʨʚʳʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʠʢʠ: ȹU = q + W 

ʄʦʱʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ: 

 

P  = U I  

ʛʜʝ U ï ʥʘʧʨʷʞʝʥʠʝ, I ï ʩʠʣʘ ʪʦʢʘ 

ʕʥʪʘʣʴʧʠʷ: H = U + pV 

ʕʥʝʨʛʠʷ ɻʠʙʙʩʘ: G = H  ï TS 

 ȹG
o
 = ï RT lnK = ï zFE̫ ʯʝʡʢʠ

o
 

 ȹG = ȹGo + RT lnQ 

ɺʝʣʠʯʠʥʘ Q (quotient) 

ʜʣʷ ʨʝʘʢʮʠʠ a A + b B ᵶ c C + d D:  Q = 
CcDd

AaBb
 

  

ʀʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ: 

 

ȹS = 
q̏ ̂̑

T
 

ʛʜʝ q
ʦʙʨ

 ï ʪʝʧʣʦʪʘ ʦʙʨʘʪʠʤʦʛʦ ʧʨʦʮʝʩʩʘ 

ʊʝʧʣʦʪʘ ʥʘʛʨʝʚʘʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ 

ʤʦʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ cm: 

ȹq = ncmȹT 

ʛʜʝ cm ï ʤʦʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ 
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ʋʨʘʚʥʝʥʠʝ ʠʟʦʙʘʨʳ ɺʘʥʪ-ɻʦʬʬʘ: d lnK

dT
 = 
ȹrHm

RT
2
     ᵼ     ln

K2

K1
 = ï
ȹrHm

R

1

T2
 ï 
1

T1
 

ʋʨʘʚʥʝʥʠʝ ɻʝʥʜʝʨʩʦʥʘ-

ʍʘʩʩʝʣʴʙʘʣʴʭʘ: 
pH = pKa + log

A
ï

HA
 

ʋʨʘʚʥʝʥʠʝ ʅʝʨʥʩʪʘ: E = E
o
 ï 
RT

zF
lnQ 

 

ʕʥʝʨʛʠʷ ʬʦʪʦʥʘ: E = 
hc

ɚ
 

ɿʘʢʦʥ ʃʘʤʙʝʨʪʘ-ɹʝʨʘ: A = log
I0

I
 = Ůlc 

ɺʦʣʥʦʚʦʝ ʯʠʩʣʦ: ɜ = 
ɜ

c
 = 
1

2́c

k

ɛ
 

ʇʨʠʚʝʜʝʥʥʘʷ ʤʘʩʩʘ Õ ʤʦʣʝʢʫʣʳ AX: ɛ = 
mA mX
mA + mX

 

ʕʥʝʨʛʠʷ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ: En = hɜ (n +
1

2
) 

 

ʋʨʘʚʥʝʥʠʝ ɸʨʨʝʥʠʫʩʘ: k = A e
 
Ea
RT 

ʀʥʪʝʛʨʘʣʴʥʳʝ ʢʠʥʝʪʠʯʝʩʢʠʝ 

ʫʨʘʚʥʝʥʠʷ: 

 

0-ʡ ʧʦʨʷʜʦʢ: [A] = [A]
0
 ï kt 

1-ʡ ʧʦʨʷʜʦʢ: ln[A] = ln[A]
0
 ï kt 

2-ʡ ʧʦʨʷʜʦʢ: 
1

[A]
 = 
1

[A]
0

 + kt 
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Теоретическая 

задача 1 

ɺʦʧʨʦʩ 1.1 1.2 1.3 1.4 1.5 1.6 Total 

ʆʯʢʠ 5 5 4 12 12 24 62 

7 ʙʘʣʣʦʚ ʈʝʟʫʣʴʪʘʪ        

Задача 1. ДНК 

ʇʘʣʠʥʜʨʦʤʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ï ʠʥʪʝʨʝʩʥʳʡ ʢʣʘʩʩ ʤʦʣʝʢʫʣ ɼʅʂ. ɺ ʜʚʫʮʝʧʦʯʝʯʥʳʭ 

ʧʘʣʠʥʜʨʦʤʥʳʭ ɼʅʂ (dsɼʅʂ) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʩʥʦʚʘʥʠʡ ʦʜʥʦʡ ʠʟ ʮʝʧʝʡ, ʧʨʦʯʠʪʘʥʥʘʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ 5ǋŸ3ǋ, ʚ ʪʦʯʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 5ǋŸ3ǋ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʡ 

ʮʝʧʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʘʣʠʥʜʨʦʤʥʘʷ dsɼʅʂ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʠʜʝʥʪʠʯʥʳʭ ʮʝʧʝʡ, 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʭ ʜʨʫʛ ʜʨʫʛʫ. ʈʘʩʩʤʦʪʨʠʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ 

ʜʦʜʝʢʘʥʫʢʣʝʦʪʠʜ ɼʨʶ-ɼʠʢʝʨʩʦʥʘ (1): 

 
(1) 

1.1 ʉʢʦʣʴʢʦ ʩʫʱʝʩʪʚʫʝʪ ʨʘʟʣʠʯʥʳʭ ʧʘʣʠʥʜʨʦʤʥʳʭ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʜʦʜʝʢʘʥʫʢʣʝʦʪʠʜʦʚ ɼʅʂ 

(ʪʦ ʝʩʪʴ dsɼʅʂ, ʩʦʩʪʦʷʱʠʭ ʠʟ 12 ʧʘʨ ʦʩʥʦʚʘʥʠʡ)? 

 

 

1.2 ʉʢʦʣʴʢʦ ʩʫʱʝʩʪʚʫʝʪ ʨʘʟʣʠʯʥʳʭ ʧʘʣʠʥʜʨʦʤʥʳʭ ʜʚʫʮʝʧʦʯʝʯʥʳʭ ʫʥʜʝʢʘʥʫʢʣʝʦʪʠʜʦʚ ɼʅʂ 

(ʪʦ ʝʩʪʴ dsɼʅʂ, ʩʦʩʪʦʷʱʠʭ ʠʟ 11 ʧʘʨ ʦʩʥʦʚʘʥʠʡ)? 

 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ dsɼʅʂ, Tm, ï ʵʪʦ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦʪʦʨʦʡ 50% ʠʩʭʦʜʥʳʭ 

ʜʚʫʮʝʧʦʯʝʯʥʳʭ ɼʅʂ ʜʠʩʩʦʮʠʠʨʫʶʪ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʮʝʧʦʯʢʠ.  

1.3 ʈʘʩʩʤʦʪʨʠʪʝ ʜʦʜʝʢʘʥʫʢʣʝʦʪʠʜ ɼʨʶ-ɼʠʢʝʨʩʦʥʘ (1). ʉʯʠʪʘʡʪʝ, ʯʪʦ  ʧʘʨʘ ʥʫʢʣʝʦʪʠʜʦʚ  

GïC ʚʥʦʩʠʪ ʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʩʪʘʙʠʣʴʥʦʩʪʴ ʜʚʫʮʝʧʦʯʝʯʥʦʡ ɼʅʂ, ʯʝʤ ʧʘʨʘ AïT. ʂʘʢʦʚʘ 

ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ Tm ʚʦʟʨʘʩʪʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʣʫʯʘʡʥʦʡ ʟʘʤʝʥʳ ʦʜʥʦʡ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʧʘʨʳ ʚ ʜʦʜʝʢʘʥʫʢʣʝʦʪʠʜʝ ʥʘ ʧʘʨʫ GïC? 

ɺʝʨʦʷʪʥʦʩʪʴ 

 

5 -CGCGAATTCGCG-3  

 | | | | | | | | | | | | 
3 -GCGCTTAAGCGC-5  
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ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʪʝʨʤʦʜʠʥʘʤʠʢʫ ʦʙʨʘʟʦʚʘʥʠʷ ʜʚʫʮʝʧʦʯʝʯʥʦʡ ɼʅʂ ʠʟ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʮʝʧʝʡ, 

ʘ ʪʘʢʞʝ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʜʣʠʥʳ ʮʝʧʠ ɼʅʂ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʂʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ ʘʩʩʦʮʠʘʮʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʮʝʧʦʯʝʢ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ dsɼʅʂ 

ʨʘʟʣʠʯʘʶʪʩʷ ʜʣʷ ʧʘʣʠʥʜʨʦʤʥʦʡ ʠ ʥʝʧʘʣʠʥʜʨʦʤʥʦʡ dsɼʅʂ. ʈʘʩʪʚʦʨ dsɼʅʂ ʩ ʥʘʯʘʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ cinit = 1.00 Ĭ 10ī6 ʤʦʣĬɹʜʤī3 ʥʘʛʨʝʣʠ ʜʦ Tm ʠ ʜʦʞʜʘʣʠʩʴ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ. 

1.4 ʈʘʩʩʯʠʪʘʡʪʝ ʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ ассоциации ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʮʝʧʦʯʝʢ ʧʨʠ Tm ʜʣʷ 

ʥʝʧʘʣʠʥʜʨʦʤʥʦʡ ʠ ʧʘʣʠʥʜʨʦʤʥʦʡ ɼʅʂ. 

ʅʝʧʘʣʠʥʜʨʦʤʥʘʷ dsɼʅʂ 

ʈʘʩʯʝʪʳ: 

 

 

 

 

 

 

 

 

 

 

K =  

ʇʘʣʠʥʜʨʦʤʥʘʷ dsɼʅʂ 

ʈʘʩʯʝʪʳ: 

 

 

 

 

 

 

 

 

 

 

 

 

K = 
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ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʨʝʜʥʠʡ ʚʢʣʘʜ ʚ ʩʚʦʙʦʜʥʫʶ ʵʥʝʨʛʠʶ ɻʠʙʙʩʘ ʘʩʩʦʮʠʘʮʠʠ ʜʚʫʭ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʮʝʧʝʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ dsɼʅʂ ʩʦʩʪʘʚʣʷʝʪ ī6.07 ʢɼʞÖʤʦʣʴī1 ʥʘ ʦʜʥʫ ʧʘʨʫ  

GïC ʠ ī1.30 ʢɼʞÖʤʦʣʴī1 ʥʘ ʦʜʥʫ ʧʘʨʫ AïT, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ dsɼʅʂ. 

1.5 ʉʢʦʣʴʢʦ ʧʘʨ ʦʩʥʦʚʘʥʠʡ ʜʦʣʞʥʦ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ самом коротком ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʝ 

dsɼʅʂ, Tm ʢʦʪʦʨʦʛʦ ʧʨʝʚʳʰʘʝʪ 330 K? ɺ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʫʡʪʝ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ Tm 

ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʨʘʚʥʦʚʝʩʠʷ ʘʩʩʦʮʠʘʮʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʮʝʧʝʡ ɼʅʂ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ dsɼʅʂ: Kʥʧ = 1.00 Ĭ 106 ʜʣʷ ʥʝʧʘʣʠʥʜʨʦʤʥʦʡ dsɼʅʂ, Kʧ = 1.00 Ĭ 105 ʜʣʷ 

ʧʘʣʠʥʜʨʦʤʥʦʡ dsɼʅʂ. ʂʘʢʠʤ ʙʫʜʝʪ ʩʘʤʳʡ ʢʦʨʦʪʢʠʡ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜ: ʧʘʣʠʥʜʨʦʤʥʳʤ ʠʣʠ 

ʥʝʧʘʣʠʥʜʨʦʤʥʳʤ? 

ʈʘʩʯʝʪ ʯʠʩʣʘ ʧʘʨ ʦʩʥʦʚʘʥʠʡ: 

 

 

 

 

 

 

 

ʄʠʥʠʤʘʣʴʥʘʷ ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʠʥʘ ʥʝʧʘʣʠʥʜʨʦʤʥʦʡ dsɼʅʂ: 

 

 

 

 

 

 

ʄʠʥʠʤʘʣʴʥʘʷ ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʠʥʘ ʧʘʣʠʥʜʨʦʤʥʦʡ dsɼʅʂ: 

ʉʘʤʳʡ ʢʦʨʦʪʢʠʡ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜ ʷʚʣʷʝʪʩʷ  

 δ ʧʘʣʠʥʜʨʦʤʥʳʤ (ʇ) 

ἦ  ʥʝʧʘʣʠʥʜʨʦʤʥʳʤ (ʅʇ) 

 

ʆʪʦʡʜʝʤ ʦʪ ʫʧʨʦʱʝʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʢʣʘʜʝ ʧʘʨ ʦʩʥʦʚʘʥʠʡ ʚ 

ассоциацию ʮʝʧʝʡ ɼʅʂ. ʉʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ, ʦʙʨʘʪʥʦʡ Tm, ʜʣʷ ʜʦʜʝʢʘʥʫʢʣʝʦʪʠʜʘ ɼʨʶ-

ɼʠʢʝʨʩʦʥʘ (1) ʦʪ ʣʦʛʘʨʠʬʤʘ ʠʩʭʦʜʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʚʫʮʝʧʦʯʝʯʥʦʡ dsɼʅʂ cinit. (ʇʨʠʤʝʯʘʥʠʝ: 

ʩʪʘʥʜʘʨʪʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ c0 = 1 ʤʦʣÖɹʜʤī3.) 
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cinit / 10ī6, ʤʦʣÖɹʜʤī3
 
 0.25 0.50 1.00 2.0 4.0 8.0 

Tm / K 319.0 320.4 321.8 323.3 324.7 326.2 

 

  



 RUS-1 
Международная химическая олимпиада / СЛОВАКИЯ & ЧЕХИЯ, 2018 

ТЕОРЕТИЧЕСКИЙ ТУР, ОФИЦИАЛЬНАЯ РУССКАЯ ВЕРСИЯ  9 

 
 

1.6 ʈʘʩʩʯʠʪʘʡʪʝ ʩʪʘʥʜʘʨʪʥʫʶ ʵʥʪʘʣʴʧʠʶ ȹHÁ ʠ ʩʪʘʥʜʘʨʪʥʫʶ ʵʥʪʨʦʧʠʶ ȹSÁ ʘʩʩʦʮʠʘʮʠʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʮʝʧʝʡ ɼʅʂ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʘʣʠʥʜʨʦʤʥʦʛʦ ʜʚʫʮʝʧʦʯʝʯʥʦʛʦ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʘ ɼʨʶ-ɼʠʢʝʨʩʦʥʘ (1). ʇʨʝʜʧʦʣʦʞʠʪʝ, ʯʪʦ ȹHÁ ʠ ȹSÁ ʥʝ ʟʘʚʠʩʷʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ. 

ʈʘʩʯʝʪʳ: 
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Теоретическая 

Задача 2 

ɺʦʧʨʦʩ 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 Всего 

ʆʯʢʠ 1 4 4 2 6 10 17 14 58 

8 ʙʘʣʣʦʚ ʈʝʟʫʣʴʪʘʪ          

Задача 2. Репатриация останков в средние века 

ʇʨʠ ʦʙʳʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʨʘʮʝʤʠʟʘʮʠʷ ʧʨʦʪʝʢʘʝʪ ʤʝʜʣʝʥʥʦ, ʧʦʵʪʦʤʫ ʝʝ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʨʘʩʪʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠ, ʠʥʦʛʜʘ, ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʫʩʣʦʚʠʡ ʠʭ ʭʨʘʥʝʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ L-ʠʟʦʣʝʡʮʠʥ (L-Ile) ((2S,3S)-2-ʘʤʠʥʦ-

3-ʤʝʪʠʣʧʝʥʪʘʥʦʚʘʷ ʢʠʩʣʦʪʘ). ʆʥ ʠʟʦʤʝʨʠʟʫʝʪʩʷ ʧʦ a-ʘʪʦʤʫ ʫʛʣʝʨʦʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ (2R,3S)-

2-ʘʤʠʥʦ-3-ʤʝʪʠʣʧʝʥʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʪʘʢʞʝ ʠʟʚʝʩʪʥʦʡ ʢʘʢ D-ʘʣʣʦ-ʠʟʦʣʝʡʮʠʥ. ʇʦʩʢʦʣʴʢʫ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ ʫ ʦʜʥʦʛʦ ʠʟ ʜʚʫʭ ʩʪʝʨʝʦʮʝʥʪʨʦʚ, ʵʪʦʪ ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʶʪ ʥʝ 

ʨʘʮʝʤʠʟʘʮʠʝʡ, ʘ ʵʧʠʤʝʨʠʟʘʮʠʝʡ. 

2.1 ʋʢʘʞʠʪʝ ʚʩʝ ʧʨʘʚʠʣʴʥʳʝ ʫʪʚʝʨʞʜʝʥʠʷ. 

 δ D-ʘʣʣʦ-ʠʟʦʣʝʡʮʠʥ ʠ L-ʠʟʦʣʝʡʮʠʥ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʦʝ ʫʜʝʣʴʥʦʝ ʦʧʪʠʯʝʩʢʦʝ ʚʨʘʱʝʥʠʝ, 

ʥʦ ʨʘʟʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ. 

 δ D-ʘʣʣʦ-ʠʟʦʣʝʡʮʠʥ ʠ L-ʠʟʦʣʝʡʮʠʥ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʦʝ ʧʦ ʤʦʜʫʣʶ, ʥʦ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʧʦ ʟʥʘʢʫ ʫʜʝʣʴʥʦʝ ʦʧʪʠʯʝʩʢʦʝ ʚʨʘʱʝʥʠʝ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ 

ʫ ʥʠʭ ʦʜʠʥʘʢʦʚʘʷ. 

 δ D-ʘʣʣʦ-ʠʟʦʣʝʡʮʠʥ ʠ L-ʠʟʦʣʝʡʮʠʥ ʠʤʝʶʪ ʨʘʟʥʦʝ ʫʜʝʣʴʥʦʝ ʦʧʪʠʯʝʩʢʦʝ ʚʨʘʱʝʥʠʝ, ʥʦ 

ʦʜʠʥʘʢʦʚʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ. 

 δ D-ʘʣʣʦ-ʠʟʦʣʝʡʮʠʥ ʠ L-ʠʟʦʣʝʡʮʠʥ ʠʤʝʶʪ ʨʘʟʥʦʝ ʫʜʝʣʴʥʦʝ ʦʧʪʠʯʝʩʢʦʝ ʚʨʘʱʝʥʠʝ ʠ 

ʨʘʟʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ. 

 δ D-ʘʣʣʦ-ʠʟʦʣʝʡʮʠʥ ʦʧʪʠʯʝʩʢʠ ʥʝʘʢʪʠʚʝʥ. 

 

2.2 ʉʦʦʪʥʝʩʠʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʩʦ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʠʤʠ ʠʥʜʝʢʩʘʤʠ. ɺʧʠʰʠʪʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʙʫʢʚʳ ʚ ʷʯʝʡʢʠ. 

 

  2S,3R (L-ʘʣʣʦ-ʠʟʦʣʝʡʮʠʥ) 

   

  2R,3S (D-ʘʣʣʦ-ʠʟʦʣʝʡʮʠʥ) 
   

  2S,3S (L-ʠʟʦʣʝʡʮʠʥ) 
   

  2R,3R (D-ʠʟʦʣʝʡʮʠʥ) 
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2.3 ʂʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ Kʵʧ ʜʣʷ ʵʧʠʤʝʨʠʟʘʮʠʠ L-ʠʟʦʣʝʡʮʠʥʘ ʨʘʚʥʘ 1.38 ʧʨʠ 374 K. ʇʨʠʥʷʚ 

ʟʘ 0 ʤʦʣʷʨʥʫʶ ʵʥʝʨʛʠʶ ɻʠʙʙʩʘ L-ʠʟʦʣʝʡʮʠʥʘ, Gm
Á

 = 0 ʢɼʞÖʤʦʣʴī1, ʦʧʨʝʜʝʣʠʪʝ ʤʦʣʷʨʥʳʝ 

ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʜʣʷ ʚʩʝʭ ʩʪʨʫʢʪʫʨ AïD ʠʟ ʚʦʧʨʦʩʘ 2.2 ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

 

 

 

 

 

 

A ʢɼʞÖʤʦʣʴī1 

B ʢɼʞÖʤʦʣʴī1 

C ʢɼʞÖʤʦʣʴī1 

D ʢɼʞÖʤʦʣʴī1 

 

2.4 ɽʩʣʠ ʫʯʠʪʳʚʘʪʴ ʚʩʝ ʩʪʝʨʝʦʮʝʥʪʨʳ ʠʟʦʣʝʡʮʠʥʘ, ʪʦ ʯʝʤʫ ʨʘʚʥʦ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ 

ʯʠʩʣʦ ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ ʪʨʠʧʝʧʪʠʜʘ Ile-Ile-Ile? 

ʏʠʩʣʦ ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ = 

 

 

ɺ ʥʘʯʘʣʝ ʵʧʠʤʝʨʠʟʘʮʠʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʦʙʨʘʪʥʦʡ ʨʝʘʢʮʠʝʡ, ʪʦʛʜʘ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ 

ʨʝʘʢʮʠʝʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ: 

 

ɿʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʜʣʷ ʵʪʦʡ ʨʝʘʢʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 374 ʂ ʠ 421 ʂ ʨʘʚʥʳ: 

k1(374 K) = 9.02 Ĭ 10ī5 ʯī1, k1(421 K) = 1.18 Ĭ 10ī2 ʯī1. 

ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʫʡʪʝ ʦʙʦʟʥʘʯʝʥʠʝ [L] ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ L-ʠʟʦʣʝʡʮʠʥʘ ʠ [D] 

ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ D-ʘʣʣʦ-ʠʟʦʣʝʡʮʠʥʘ. 

ʆʧʨʝʜʝʣʠʤ ʚʝʣʠʯʠʥʫ ʜʠʘʩʪʝʨʝʦʤʝʨʥʦʛʦ ʠʟʙʳʪʢʘ de ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 de = 
L ï D

L + D
 Ĭ 100(%). 
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2.5 L-ʠʟʦʣʝʡʮʠʥ ʢʠʧʷʪʠʣʠ ʚ ʪʝʯʝʥʠʝ 1943 ʯʘʩʦʚ ʧʨʠ 374 K. ʏʝʤʫ ʨʘʚʝʥ de (ʩ ʪʨʝʤʷ 

ʟʥʘʯʘʱʠʤʠ ʮʠʬʨʘʤʠ) ʜʣʷ L-ʠʟʦʣʝʡʮʠʥʘ: ʘ) ʜʦ ʢʠʧʷʯʝʥʠʷ, ʙ) ʧʦʩʣʝ ʢʠʧʷʯʝʥʠʷ? 

 

ʘ) ɼʦ ʢʠʧʷʯʝʥʠʷ 

ʈʘʩʯʝʪ: 

 

de =              %    (3 ʟʥʘʯʘʱʠʝ ʮʠʬʨʳ) 

 

ʙ) ʇʦʩʣʝ ʢʠʧʷʯʝʥʠʷ: 

ʈʘʩʯʝʪ: 

 

 

 

 

 

 

de =               %     (3 ʟʥʘʯʘʱʠʝ ʮʠʬʨʳ) 

 

 

2.6 ʉʢʦʣʴʢʦ ʣʝʪ ʧʦʪʨʝʙʫʝʪʩʷ ʜʣʷ ʧʨʝʚʨʘʱʝʥʠʷ 10% L-ʠʟʦʣʝʡʮʠʥʘ ʚ D-ʘʣʣʦ-ʠʟʦʣʝʡʮʠʥ ʧʨʠ 

298 K? 

ʈʘʩʯʝʪ: 

 

 

 

 

 

 

 

 

 

 

t =                  ʣʝʪ 
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ʅʘ ʩʘʤʦʤ ʜʝʣʝ, ʦʙʨʘʪʥʦʡ ʨʝʘʢʮʠʝʡ ʧʨʝʥʝʙʨʝʛʘʪʴ ʥʝʣʴʟʷ. ʇʨʘʚʠʣʴʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʠʤʝʝʪ ʚʠʜ: 

 
ʆʧʨʝʜʝʣʠʤ ʦʪʢʣʦʥʝʥʠʝ ʪʝʢʫʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ L-ʠʟʦʣʝʡʮʠʥʘ ʦʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʟʥʘʯʝʥʠʷ L̑́̃̎ 

 x = L ï Lʨʘʚʥ 

ʄʦʞʥʦ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ x ʦʪ ʚʨʝʤʝʥʠ ʠʤʝʝʪ ʚʠʜ: 

 xt = x(0) Ĭ e ï k1 +  k2t ȟ 

ʛʜʝ x(0) ï ʥʘʯʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʨʘʚʥʦʚʝʩʠʷ, ʧʨʠ t = 0 ʯ. 

2.7 ʈʘʩʪʚʦʨ L-ʠʟʦʣʝʡʮʠʥʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 1.00 ʤʦʣʴÖʜʤī3 ʢʠʧʷʪʠʣʠ ʚ ʪʝʯʝʥʠʝ 1943 ʯʘʩʦʚ 

ʧʨʠ 374 K. ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʧʨʷʤʦʡ ʨʝʘʢʮʠʠ: k1(374 K) = 9.02 Ĭ 10ī5 ʯī1, ʢʦʥʩʪʘʥʪʘ 

ʨʘʚʥʦʚʝʩʠʷ ʵʧʠʤʝʨʠʟʘʮʠʠ L-ʠʟʦʣʝʡʮʠʥʘ: Kʵʧ = 1.38 ʧʨʠ 374 K. ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʩʯʝʪʘʭ 

ʠʩʧʦʣʴʟʫʡʪʝ ʦʙʦʟʥʘʯʝʥʠʝ [L] ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ L-ʠʟʦʣʝʡʮʠʥʘ ʠ [D] ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ  

D-ʘʣʣʦ-ʠʟʦʣʝʡʮʠʥʘ. ʆʧʨʝʜʝʣʠʪʝ (ʩ ʪʦʯʥʦʩʪʴʶ ʪʨʠ ʟʥʘʯʘʱʠʝ ʮʠʬʨʳ): ʘ) [L]ʨʘʚʥ,  

ʙ) ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʡ ʠʟʙʳʪʦʢ (de) ʧʦʩʣʝ ʢʠʧʷʯʝʥʠʷ. 

 

ʘ) ʈʘʩʯʝʪ: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[L]ʨʘʚʥ =              ʤʦʣʴÖʜʤī3 
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ʙ) ʈʘʩʯʝʪ: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

de =              %        (3 ʟʥʘʯʘʱʠʝ ʮʠʬʨʳ) 
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ɸʤʠʥʦʢʠʩʣʦʪʳ ʩ ʝʜʠʥʩʪʚʝʥʥʳʤ ʭʠʨʘʣʴʥʳʤ ʮʝʥʪʨʦʤ, ʪʘʢʠʝ ʢʘʢ L-ʘʨʛʠʥʠʥ, ʨʘʮʝʤʠʟʫʶʪʩʷ: 

 
ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʵʪʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʠʤʝʝʪ ʚʠʜ: 

ln

1 + 
[D]
[L]

1 ï 
[D]
[L]

 = 2k1t + C 

ʛʜʝ [D] ʠ [L] ï ʪʝʢʫʱʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ D- ʠ L-ʘʨʛʠʥʠʥʘ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t, k1 ï ʢʦʥʩʪʘʥʪʘ 

ʩʢʦʨʦʩʪʠ, ʚʝʣʠʯʠʥʘ C ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʥʘʯʘʣʴʥʳʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ. 

ʈʠʤʩʢʠʡ ʠʤʧʝʨʘʪʦʨ ʃʦʪʘʨ III ʩʢʦʥʯʘʣʩʷ ʚʦ ʚʨʝʤʷ ʩʚʦʝʡ ʧʦʝʟʜʢʠ ʥʘ ʉʠʮʠʣʠʶ ʚ 1137 ʛʦʜʫ. 

ʏʪʦʙʳ ʦʙʣʝʛʯʠʪʴ ʨʝʧʘʪʨʠʘʮʠʶ ʦʩʪʘʥʢʦʚ, ʝʛʦ ʪʝʣʦ ʩʨʘʟʫ ʞʝ ʧʦʩʣʝ ʩʤʝʨʪʠ ʧʨʦʢʠʧʷʪʠʣʠ ʚ ʚʦʜʝ 

(373 K) ʚ ʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ. ʅʘʡʜʝʤ ʵʪʦ ʚʨʝʤʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ 

ʨʘʮʝʤʠʟʘʮʠʠ ʘʨʛʠʥʠʥʘ ʚ ʩʦʩʪʘʚʝ ʙʝʣʢʘ ʧʨʠ 373 ʂ ʠ ʨʅ = 7 ʨʘʚʥʘ k1 = 5.10 Ĭ 10ï3 ʯï1.  

ɼʣ ̫ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʦʤʝʨʥʦʛʦ ʩʦʩʪʘʚʘ ʘʨʛʠʥʠʥʘ ʚ ʢʦʩʪʷʭ ʃʦʪʘʨʘ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʚʝʩʪʠ 

ʘʨʛʠʥʠʥ ʚ ʨʘʩʪʚʦʨ. ɼʣ ̫ʵʪʦʛʦ ʫʞʝ ʚ ʥʘʰʝ ʚʨʝʤʷ ʢʦʩʪʠ ʛʠʜʨʦʣʠʟʦʚʘʣʠ ʚ ʩʠʣʴʥʦʢʠʩʣʦʡ ʩʨʝʜʝ ʚ 

ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ ʧʨʠ 383 K. ʆʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʧʪʠʯʝʩʢʠʭ ʠʟʦʤʝʨʦʚ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ 

ʩʦʩʪʘʚʠʣʦ 
[D]

[L]
 = 0.090. ʊʝʣʦ ʞʝʥʳ ʃʦʪʘʨʘ, ʈʠʯʝʥʮ,r ʥʝ ʢʠʧʷʪʠʣʠ ʧʦʩʣʝ ʝʝ ʩʤʝʨʪʠ. ɽʝ ʢʦʩʪʠ 

ʛʠʜʨʦʣʠʟʦʚʘʣʠ ʚ ʥʘʰʝ ʚʨʝʤʷ ʩ ʧʦʤʦʱʴʶ ʪʘʢʦʡ ʞʝ ʧʨʦʮʝʜʫʨʳ, ʢʘʢ ʠ ʢʦʩʪʠ ʃʦʪʘʨʘ, ʧʦʩʣʝ ʯʝʛʦ 

ʠʟʤʝʨʠʣʠ ʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʟʦʤʝʨʦʚ: 
[D]

[L]
 = 0.059. (ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʨʠ 

ʢʠʩʣʦʪʥʦʤ ʛʠʜʨʦʣʠʟʝ ʨʘʮʝʤʠʟʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩ ʢʦʥʩʪʘʥʪʦʡ ʩʢʦʨʦʩʪʠ kȭ1, ʦʪʣʠʯʥʦʡ ʦʪ k1). 

 

2.8 ʉʢʦʣʴʢʦ ʯʘʩʦʚ ʢʠʧʷʪʠʣʠ ʪʝʣʦ ʨʠʤʩʢʦʛʦ ʠʤʧʝʨʘʪʦʨʘ ʃʦʪʘʨʘ III ʚ 1137 ʛʦʜʫ? 

ɺʥʠʤʘʥʠʝ: ɽʩʪʝʩʪʚʝʥʥʘʷ ʨʘʮʝʤʠʟʘʮʠʷ ʘʨʛʠʥʠʥʘ ï ʯʨʝʟʚʳʯʘʡʥʦ ʤʝʜʣʝʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʨʠ ʢʦʪʦʨʳʭ ʪʝʣʘ ʥʘʭʦʜʷʪʩʷ ʚ ʤʦʛʠʣʘʭ. ʇʦʩʢʦʣʴʢʫ ʦʙʦʠʤ ʪʝʣʘʤ ʚʩʝʛʦ 

ʦʢʦʣʦ 880 ʣʝʪ, ʤʳ ʤʦʞʝʤ ʧʨʝʥʝʙʨʝʯʴ ʝʩʪʝʩʪʚʝʥʥʦʡ ʨʘʮʝʤʠʟʘʮʠʝʡ ʟʘ ʵʪʦ ʚʨʝʤʷ. 

ʈʘʩʯʝʪ: 
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tʢʠʧʷʯʝʥʠʷ =                ʯ 
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Теоретическая 

задача 3 

 
8 ʙʘʣʣʦʚ 

ɺʦʧʨʦʩ 3.1 3.2 3.3 3.4 3.5 3.6 

ʆʯʢʠ 2 6 7 3 7 8 

ʈʝʟʫʣʴʪʘʪ       

ɺʦʧʨʦʩ 3.7 3.8 3.9 3.10 3.11 Всего 

ʆʯʢʠ 6 10 5 2 6 62 

ʈʝʟʫʣʴʪʘʪ       

Задача 3. Развитие электрического транспорта 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʧʝʨʝʜʚʠʞʝʥʠʷ ʨʘʙʦʪʘʶʪ ʥʘ ʩʛʦʨʘʥʠʠ ʪʦʧʣʠʚʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʂʇɼ 

ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʦʛʨʘʥʠʯʝʥ ʠ ʦʙʳʯʥʦ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 20 ʜʦ 40%.  

3.1 ʆʪʤʝʪʴʪʝ ʩʧʦʩʦʙʳ, ʢʦʪʦʨʳʤʠ ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʂʇɼ ʪʝʧʣʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ: 

ἦ ʋʩʠʣʠʪʴ ʪʨʝʥʠʝ ʤʝʞʜʫ ʧʦʜʚʠʞʥʳʤʠ ʯʘʩʪʷʤʠ ʜʚʠʛʘʪʝʣʷ  

ἦ ʋʚʝʣʠʯʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʚ ʜʚʠʛʘʪʝʣʝ 

ἦ ʉʫʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ 

ἦ ʋʚʝʣʠʯʠʪʴ ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ʛʘʟʘ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʂʇɼ ʜʚʠʛʘʪʝʣʷ ʚ 

ʘʚʪʦʤʦʙʠʣʷʭ ʙʫʜʫʱʝʛʦ. 

3.2 ʉʪʘʥʜʘʨʪʥʘʷ ʵʥʪʘʣʴʧʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʞʠʜʢʦʡ ʚʦʜʳ ʨʘʚʥʘ ȹfHÁ(H2O,ʞ) = ī285.84 

ʢɼʞÖʤʦʣʴī1, ʩʪʘʥʜʘʨʪʥʘʷ ʵʥʪʘʣʴʧʠʷ ʩʛʦʨʘʥʠʷ ʠʟʦʦʢʪʘʥʘ ʨʘʚʥʘ ȹcHÁ(C8H18,ʞ) = ī5065.08 

ʢɼʞÖʤʦʣʴī1 (ʦʙʘ ʟʥʘʯʝʥʠʷ ʧʨʠ 323.15 K). ʈʘʩʩʯʠʪʘʡʪʝ ʫʜʝʣʴʥʳʝ (ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ) 

ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ ʯʠʩʪʳʭ ʞʠʜʢʦʛʦ ʠʟʦʦʢʪʘʥʘ ʠ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʚʦʜʦʨʦʜʘ ʧʨʠ ɻʪʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ.  

 

 

 

ȹcHʫʜÁC8H18 =  

 

 

 

ȹcHʫʜÁH2 = 
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3.3 ʈʘʩʩʯʠʪʘʡʪʝ ʩʪʘʥʜʘʨʪʥʫʶ ʕɼʉ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʚʦʜʦʨʦʜʝ ʠ 

ʢʠʩʣʦʨʦʜʝ ʠ ʧʨʦʠʟʚʦʜʷʱʝʛʦ ʞʠʜʢʫʶ ʚʦʜʫ. ʆʙʘ ʛʘʟʘ ʩʯʠʪʘʡʪʝ ʠʜʝʘʣʴʥʳʤʠ ʠ 

ʥʘʭʦʜʷʱʠʤʠʩʷ ʧʨʠ ʜʘʚʣʝʥʠʠ 100 ʢʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 323.15 ʂ. ʇʨʠ ʫʢʘʟʘʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩʪʘʥʜʘʨʪʥʳʝ ʵʥʪʨʦʧʠʠ ʚʝʱʝʩʪʚ ʨʘʚʥʳ: SÁ(H2O,ʞ) = 70 ɼʞÖKī1Öʤʦʣʴī1, 

SÁ(H2,ʛ) = 131 ɼʞÖKī1Öʤʦʣʴī1, SÁ(O2,ʛ) = 205 ɼʞÖKī1Öʤʦʣʴī1. 

ʈʘʩʯʝʪʳ: 

 

 

 

 

 

 

 

 

 

ʕɼʉ =                     ɺ 

3.4 ʈʘʩʩʯʠʪʘʡʪʝ ʧʨʝʜʝʣʴʥʳʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʂʇɼ (ɖ) ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʧʨʦʠʟʚʦʜʷʱʝʛʦ 

ʞʠʜʢʫʶ ʚʦʜʫ, ʧʨʠ 353.15 K. ʇʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʵʥʪʘʣʴʧʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʳ ʨʘʚʥʘ 

ȹfHÁ(H2O,ʞ) = ī281.64 ʢɼʞÖʤʦʣʴī1, ʘ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ ʵʪʦʡ ʨʝʘʢʮʠʠ ʨʘʚʥʘ ȹrGÁ = ī225.85 

ʢɼʞÖʤʦʣʴī1. 

 

 

ɖ =                  % 

3.5 ʕʣʝʢʪʨʦʣʠʟʝʨ ʩ ʧʦʣʠʤʝʨʥʦʡ ʤʝʤʙʨʘʥʦʡ ʨʘʙʦʪʘʝʪ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 2.00 ɺ ʠ ʧʦʜʢʣʶʯʝʥ ʢ 

ʚʝʪʨʷʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʝ ʤʦʱʥʦʩʪʴʶ 10.0 ʄɺʪ, ʨʘʙʦʪʘʚʰʝʡ ʩ 10 ʚʝʯʝʨʘ ʜʦ 6 

ʫʪʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʣʝʢʪʨʦʣʠʟʘ ʦʙʨʘʟʦʚʘʣʦʩʴ 1090 ʢʛ ʯʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ. ʈʘʩʩʯʠʪʘʡʪʝ 

ʚʳʭʦʜ ʵʣʝʢʪʨʦʣʠʟʘ ʧʦ ʪʦʢʫ, ʢʦʪʦʨʳʡ ʨʘʚʝʥ ʦʪʥʦʰʝʥʠʶ ʤʘʩʩʳ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ 

ʚʦʜʦʨʦʜʘ ʢ ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʘʩʩʝ. 

ʈʘʩʯʝʪʳ: 
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ɺʳʭʦʜ ʵʣʝʢʪʨʦʣʠʟʘ  =                    % 

 

3.6 ʈʘʩʩʯʠʪʘʡʪʝ ʤʘʩʩʫ ʚʦʜʦʨʦʜʘ, ʢʦʪʦʨʘʷ ʥʝʦʙʭʦʜʠʤʘ, ʯʪʦʙʳ ʧʨʝʦʜʦʣʝʪʴ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʇʨʘʛʦʡ ʠ ɹʨʘʪʠʩʣʘʚʦʡ (330 ʢʤ) ʩʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ 100 ʢʤ/ʯ ʥʘ ʵʣʝʢʪʨʦʤʦʙʠʣʝ, 

ʦʩʥʘʱʝʥʥʦʤ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʩ ʥʦʤʠʥʘʣʴʥʦʡ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʴʶ 310 ʢɺʪ, 

ʨʘʙʦʪʘʶʱʝʤ ʥʘ ʫʨʦʚʥʝ 15% ʦʪ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ. ʇʨʠʤʠʪʝ, ʯʪʦ ʂʇɼ 

ʵʣʝʢʪʨʦʛʝʥʝʨʘʮʠʠ ʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʨʘʚʝʥ 75%, ʘ ʂʇɼ ʩʘʤʦʛʦ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ï 95%. ʕʥʝʨʛʠʷ ɻʠʙʙʩʘ ʨʝʘʢʮʠʠ ʩʛʦʨʘʥʠʷ ʚʦʜʦʨʦʜʘ ʨʘʚʥʘ ȹrG = ī226 

ʢɼʞÖʤʦʣʴī1. 

ʈʘʩʯʝʪʳ: 

 

 

 

 

 

 

 

 

 

 

 

 

 

m =                  ʢʛ 

 



 RUS-1 
Международная химическая олимпиада / СЛОВАКИЯ & ЧЕХИЯ, 2018 

ТЕОРЕТИЧЕСКИЙ ТУР, ОФИЦИАЛЬНАЯ РУССКАЯ ВЕРСИЯ  20 

 
 

ʅʠʟʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ ʠ ʥʝʙʝʟʦʧʘʩʥʦʩʪʴ ʝʛʦ ʭʨʘʥʝʥʠʷ ʧʨʝʧʷʪʩʪʚʫʶʪ 

ʨʘʟʚʠʪʠʶ ʚʦʜʦʨʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ʊʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʥʘ ʛʠʜʨʘʟʠʥʝ (N2H4) ʷʚʣʷʶʪʩʷ 

ʠʥʪʝʨʝʩʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ.  

ʅʠʞʝ ʜʘʥ rʩʪʘʥʜʘʨʪʥʳʝ ʵʣʝʢʪʨʦʜʥʳʝ ʧʦʪʝʥʮʠʘʣʳ (ʇʨʠʤʝʯʘʥʠʝ: V ï ʚʦʣʴʪ, ɺ): 

 

3.7 ɿʘʧʦʣʥʠʪʝ ʷʯʝʡʢʠ ʚ ʥʠʞʝʧʨʠʚʝʜʝʥʥʳʭ ʜʠʘʛʨʘʤʤʘʭ ʃʘʪʠʤʝʨʘ. ʋʢʘʞʠʪʝ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ  ʷʯʝʡʢʘʭ ʘʤʤʠʘʢ ʠ ʛʠʜʨʘʟʠʥ ʚ ʪʦʡ ʬʦʨʤʝ, ʢʦʪʦʨʘʷ ʧʨʝʦʙʣʘʜʘʝʪ ʚ 

ʜʘʥʥʦʡ ʩʨʝʜʝ, ʠ ʥʘʧʠhʠʪʝ ʧʦʜ ʢʘʞʜʦʡ ʩʪʨʝʣʢʦʡ ʟʥʘʯʝʥʠʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʵʣʝʢʪʨʦʜʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ. ʇʨʠʚʝʜʠʪʝ ʚʳʯʠʩʣʝʥʠʷ. 

 

a) ʂʠʩʣʘʷ ʩʨʝʜʘ (pH = 0) 

 

 

 

 

 

b) ʑʝʣʦʯʥʘʷ ʩʨʝʜʘ (pH = 14) 

 

 

 

 

 

 

ʈʘʩʯʝʪʳ: 

 

 

 

 

 

 

 

 

 

 

 

N2(g) + 5 H+(aq) + 4 eī Ÿ N2H5
+(aq) EÁ = ҍ0.23 V 

N2H5
+(aq) + 3 H+(aq) + 2 eī Ÿ 2 NH4

+(aq) EÁ = +1.28 V 

N2(g) + 4 H2O(l) + 4 eī Ÿ N2H4(aq) + 4 OHī (aq) EÁ = ҍ1.16 V 

N2H4(aq) + 2 H2O(l) + 2 eī Ÿ 2 NH3(aq) + 2 OHī (aq) EÁ = +0.10 V 

2 H2O(l) + 2 eī Ÿ H2(g) + 2 OHī (aq) EÁ = ī0.83 V. 

N2   

N2   
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ʆʙʨʘʟʦʚʘʥʠʝ ʘʤʤʠʘʢʘ ʚ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ ʢʨʘʡʥʝ ʥʝʞʝʣʘʪʝʣʴʥʦ ʠʟ-ʟʘ ʝʛʦ ʪʦʢʩʠʯʥʦʩʪʠ, 

ʟʘʧʘʭʘ ʠ ʚʣʠʷʥʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

3.8 ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ ʨʘʟʣʦʞʝʥʠʷ ʛʠʜʨʘʟʠʥʘ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʥʘ: i) ʘʤʤʠʘʢ ʠ 

ʘʟʦʪ; ii) ʘʟʦʪ ʠ ʚʦʜʦʨʦʜ. ʈʘʩʩʯʠʪʘʡʪʝ ʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ ʵʪʠʭ ʨʝʘʢʮʠʡ ʧʨʠ T = 298.15 

K. 

ʋʨʘʚʥʝʥʠʷ ʨʘʟʣʦʞʝʥʠʷ ʛʠʜʨʘʟʠʥʘ: 

 

 

 

 

ʈʘʩʯʝʪʳ: 

i) ʇʨʝʚʨʘʱʝʥʠʝ ʛʠʜʨʘʟʠʥʘ ʚ NH3 ʠ N2 ʚ ɦʝʣʦʯʥʦʡ ʩʨʝʜʝ: 

 

 

 

 

 

 

K =  

ii) ʇʨʝʚʨʘʱʝʥʠʝ ʛʠʜʨʘʟʠʥʘ ʚ H2 ʠ N2 ʚ ɦʝʣʦʯʥʦʡ ʩʨʝʜʝ: 

 

 

 

 

 

 

 

 

K = 

 

 

ʇʝʨʝʟʘʨʷʞʘʝʤʳʝ ʣʠʪʠʝʚʳʝ ʙʘʪʘʨʝʠ ʷʚʣʷʶʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʪʦʧʣʠʚʥʳʤ ʵʣʝʤʝʥʪʘʤ. ɺ 

ʣʠʪʠʡ-ʠʦʥʥʳʭ ʙʘʪʘʨʝʷʭ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʨʘʬʠʪʦʚʳʡ ʵʣʝʢʪʨʦʜ ʩ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʥʳʤ 

ʣʠʪʠʝʤ. ɼʨʫʛʠʤ ɻ ʣʝʢʪʨʦʜʦʤ ʷʚʣʷʝʪʩʷ ʦʢʩʠʜ ʢʦʙʘʣʴʪʘ, ʩʧʦʩʦʙʥʳʡ ʦʙʨʘʪʠʤʦ ʩʚʷʟʳʚʘʪʴ ʣʠʪʠʡ 

ʚ ʭʦʜʝ ʟʘʨʷʜʘ ʠ ʨʘʟʨʷʜʘ ʙʘʪʘʨʝʠ. ʕʣʝʢʪʨʦʜʥʳʝ ʧʦʣʫʨʝʘʢʮʠʠ ʜʣʷ ʪʘʢʦʛʦ ʵʣʝʤʝʥʪʘ ʤʦʛʫʪ 

ʙʳʪʴ ʫʩʣʦʚʥʦ ʟʘʧʠʩʘʥʳ ʪʘʢ: 

 

(C)
n
 + Li

+ + eï  Ÿ  Li(C)
n
 E

Á = ï 3.05 V, 

CoO2 + Li
+ + eï  Ÿ  LiCoO2 E

Á
= +0.19 V. 
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3.9 ɿʘʧʠʰʠʪʝ ʨʝʘʢʮʠʶ разряда ʣʠʪʠʡ-ʠʦʥʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ. ʋʢʘʞʠʪʝ 

ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʘʪʦʤʦʚ ʢʦʙʘʣʴʪʘ.  

 

 

 

3.10 ʆʪʤʝʪʴʪʝ ʛʘʣʦʯʢʘʤʠ ʚʝʨʥʳʝ ʫʪʚʝʨʞʜʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ разряда ʣʠʪʠʝʚʦʛʦ ʵʣʝʤʝʥʪʘ, 

ʦʧʠʩʘʥʥʦʛʦ ʚ ʧ. 3.9: 

 

Li(C)n ʵʣʝʢʪʨʦʜ ʵʪʦ 

 ʂʘʪʦʜ  ʇʦʪʦʤʫ ʯʪʦ ʥʘ ʥʝʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʠʦʥʳ ʣʠʪʠʷ. 

 ɸʥʦʜ  ʇʦʪʦʤʫ ʯʪʦ ʥʘ ʥʝʤ ʦʢʠʩʣʷʶʪʩʷ ʘʪʦʤʳ 

ʣʠʪʠʷ. 

 

LiCoO2 ʵʣʝʢʪʨʦʜ ʵʪʦ 

 ʂʘʪʦʜ  ʇʦʪʦʤʫ ʯʪʦ ʥʘ ʥʝʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʠʦʥʳ ʢʦʙʘʣʴʪʘ. 

 ɸʥʦʜ  ʇʦʪʦʤʫ ʯʪʦ ʥʘ ʥʝʤ ʦʢʠʩʣʷʶʪʩʷ ʠʦʥʳ 

ʢʦʙʘʣʴʪʘ. 

 

 

3.11 ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʘʪʘʨʝʠ, ʩʧʦʩʦʙʥʦʡ ʦʪʜʘʪʴ ʚʦ ʚʥʝʰʥʶʶ ʮʝʧʴ ʦʜʠʥ 

ʵʣʝʢʪʨʦʥ, ʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ C6, ʦʜʥʦʡ ʯʘʩʪʠʮʳ CoO2 ʠ ʦʜʥʦʛʦ ʘʪʦʤʘ Li. 

ʀʩʧʦʣʴʟʫʷ ʩʪʘʥʜʘʨʪʥʫʶ ʕɼʉ, ʨʘʩʩʯʠʪʘʡʪʝ ʫʜʝʣʴʥʫʶ ʝʤʢʦʩʪʴ ʙʘʪʘʨʝʠ (ʚ ʤɸÖʯ/ʛ) ʠ 

ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ (ʚ ʢɺʪÖʯ/ʢʛ) ʜʣʷ ʪʘʢʦʡ ʙʘʪʘʨʝʠ. 

ʈʘʩʯʝʪ:r 

 

 

 

ʋʜʝʣʴʥʘʷ ʝʤʢʦʩʪʴ (cq,s =                              ʤɸÖʯ/ʛ 

ʈʘʩʯʝʪʳ: 

 

 

 

 

 

ʇʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ (ɟ
el

)=                                  ʢɺʪÖʯ/ʢʛ 
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Теоретическая 

Задача 4 

ɺʦʧʨʦʩ 4.1 4.2 4.3 4.4 4.5 4.6 4.7 4.8 Всего 

ʆʯʢʠ 2 5 1 2 7 2 3 2 24 

6 ʙʘʣʣʦʚ ʈʝʟʫʣʴʪʘʪ          

Задача 4. Колоночная хроматография радиоактивной меди 

ʅʫʢʣʠʜ 64Cu ʜʣʷ ʧʦʟʠʪʨʦʥʥʦʡ ʵʤʠʩʩʠʦʥʥʦʡ ʪʦʤʦʛʨʘʬʠʠ ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʙʦʤʙʘʨʜʠʨʦʚʢʠ 

ʮʠʥʢʦʚʦʡ ʤʠʰʝʥʠ ʷʜʨʘʤʠ ʜʝʡʪʝʨʠʷ (ʚ ʜʘʣʴʥʝʡʰʝʤ ʪʘʢʫʶ ʤʠʰʝʥʴ ʧʦʩʣʝ ʙʦʤʙʘʨʜʠʨʦʚʢʠ 

ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʤʠʰʝʥʴʶ). 

4.1 ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʥʫʢʣʠʜʘ 64Cu, ʧʨʦʪʝʢʘʶʱʝʡ ʧʨʠ 

ʙʦʤʙʘʨʜʠʨʦʚʢʝ ʥʫʢʣʠʜʘ 64Zn ʷʜʨʘʤʠ ʜʝʡʪʝʨʠʷ. ʋʢʘʞʠʪʝ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʚʘʜʨʘʪʘʭ 

ʤʘʩʩʦʚʝr ʯʠʩʣʘ ʠ ʟʘʨʷʜʳ ʚʩʝʭ ʷʜʝʨ.  

 

é                    + é                    Ÿ  é                   +   é 

 

 

ɸʢʪʠʚʠʨʦʚʘʥʥʫʶ ʤʠʰʝʥʴ ʨʘʩʪʚʦʨʷʶʪ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ (HCl (ʚʦʜʥ.)), ʧʨʠ 

ʵʪʦʤ ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʩʴ, ʩʦʜʝʨʞʘʱʘʷ ʠʦʥʳ Cu2+, Zn2+ ʠ ʠʭ ʭʣʦʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ. 

 

4.2 ʈʘʩʩʯʠʪʘʡʪʝ ʩʫʤʤʘʨʥʫʶ ʤʦʣʴʥʫʶ ʜʦʣʶ ʚʩʝʭ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, 

ʩʦʜʝʨʞʘʱʠʭ ʤʝʜʴ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʣʠʯʝʩʪʚʫ ʤʝʜʠ, ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʧʨʠ ʘʢʪʠʚʘʮʠʠ 

ʮʠʥʢʦʚʦʡ ʤʠʰʝʥʠ. ʇʨʠʤʠʪʝ, ʯʪʦ [Clī] = 4 ʤʦʣÖɹʜʤī3. ɿʥʘʯʝʥʠʷ ʦʙʱʠʭ ʢʦʥʩʪʘʥʪ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ɓ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʚʳʯʠʩʣʝʥʠʡ ʫʢʘʞʠʪʝ ʚ ʢʚʘʜʨʘʪʠʢʘʭ ʟʘʨʷʜʳ ʧʨʠʚʝʜʝʥʥʳʭ ʯʘʩʪʠʮ: 

Cu         [CuCl]            [CuCl2]          [CuCl3]        [CuCl4] 

 

ʊʘʙʣʠʮʘ 1. ɿʥʘʯʝʥʠʷ ʦʙʱʠʭ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ɓ ʜʣʷ ʯʘʩʪʠʮ, ʩʦʜʝʨʞʘʱʠʭ Cu (ʟʘʨʷʜʳ ʚ 

ʬʦʨʤʫʣʘʭ ʯʘʩʪʠʮ ʥʝ ʫʢʘʟʘʥʳ).   , 

 ʟʥʘʯʝʥʠʝ i ʚ [CuCli] 

 1 2 3 4 

ɓi 2.36 1.49 0.690 0.055 
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ʈʘʩʯʝʪʳ: 

 

 

 

 

 

 

 

 

 

 

 

 

ʄʦʣʴʥʘʷ ʜʦʣʷ = 

(ʧʨʠʚʝʜʠʪʝ ʦʪʚʝʪ ʩ ʜʚʫʤʷ ʮʠʬʨʘʤʠ ʧʦʩʣʝ ʟʘʧʷʪʦʡ) 

 

ʉʤʝʩʴ, ʩʦʜʝʨʞʘʱʫʶ ʠʦʥʳ Cu2+, Zn2+ ʠ ʠʭ ʭʣʦʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʨʘʟʜʝʣʷʶʪ ʩ ʧʦʤʦʱʴʶ 

ʘʥʠʦʥʠʪʘ. ʉʥʘʯʘʣʘ ʩʫʭʫʶ ʠʦʥʦʦʙʤʝʥʥʫʶ ʩʤʦʣʫ ʚ OHï-ʬʦʨʤʝ ʦʙʨʘʙʘʪʳʚʘʶʪ ʚʦʜʦʡ ʜʣʷ 

ʥʘʙʫʭʘʥʠʷ, ʧʦʩʣʝ ʯʝʛʦ ʩʫʩʧʝʥʟʠʶ ʥʘʙʫʭʰʝʡ ʩʤʦʣʳ ʧʝʨʝʥʦʩʷʪ ʚ ʢʦʣʦʥʢʫ. ɼʣ ̫ʟʘʤʝʱʝʥʠʷ ʚʩʝʭ 

ʠʦʥʦʦʙʤʝʥʥʳʭ ʮʝʥʪʨʦʚ ʥʘ ʠʦʥʳ Clī (ʪ.ʝ. ʧʦʣʫʯʝʥʠʷ ʘʥʠʦʥʠʪʘ ʚ Clī-ʬʦʨʤʝ) ʩʤʦʣʫ ʚ ʢʦʣʦʥʢʝ 

ʧʨʦʤʳʚʘʶʪ ʩʥʘʯʘʣʘ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ, ʘ ʟʘʪʝʤ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʣʷ ʫʜʘʣʝʥʠʷ ʚʩʝʭ 

ʥʝʩʚʷʟʘʥʥʳʭ ʠʦʥʦʚ Clī.  

 

4.3 ʇʝʨʝʜ ʦʙʨʘʙʦʪʢʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʚʩʷ ʩʠʩʪʝʤʘ ʠʤʝʣʘ ʢʦʤʥʘʪʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ. 

ʋʢʘʞʠʪʝ, ʠʟʤʝʥʷʝʪʩʷ ʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʣʦʥʢʠ ʚʦ ʚʨʝʤʷ ʧʨʦʤʳʚʘʥʠʷ ʝʝ ʩʦʣʷʥʦʡ 

ʢʠʩʣʦʪʦʡ?  

ἦ ʅʝʪ. 

ἦ ɼʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʫʤʝʥʴʰʘʝʪʩʷ. 

ἦ ɼʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

 

ʉʤʝʩʴ, ʩʦʜʝʨʞʘʱʘʷ ʠʦʥʳ Cu2+, Zn2+ ʠ ʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʭʣʦʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʙʳʣʘ 

ʧʝʨʝʥʝʩʝʥʘ ʚ ʢʦʣʦʥʢʫ, ʟʘʧʦʣʥʝʥʥʫʶ ʘʥʠʦʥʠʪʦʤ ʚ Clï-ʬʦʨʤʝ. ɺ ʢʘʯʝʩʪʚʝ ʵʣʶʝʥʪʘ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʦʣʷʥʘʷ ʢʠʩʣʦʪʘ.  
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ʀʩʧʦʣʴʟʫʷ ʧʨʦʩʪʫʶ ʵʤʧʠʨʠʯʝʩʢʫʶ ʬʦʨʤʫʣʫ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʚʝʣʠʯʠʥʳ, ʢʦʪʦʨʳʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʫʩʨʝʜʥʝʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʣʦʥʢʠ ʨʘʟʜʝʣʷʪʴ ʯʘʩʪʠʮʳ, ʩʦʜʝʨʞʘʱʠʝ ʤʝʜʴ ʠ 

ʮʠʥʢ. 

ʆʙʲʝʤ ʫʜʝʨʞʠʚʘʥʠʷ VR (ʵʪʦ ʦʙʲʝʤ ʧʦʜʚʠʞʥʦʡ ʬʘʟʳ, ʧʨʠ ʢʦʪʦʨʦʤ 50 % ʚʝʱʝʩʪʚʘ ʙʫʜʝʪ 

ʚʳʤʳʪʦ ʠʟ ʢʦʣʦʥʢʠ) ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ: 

VR = Dg × mсухой смолы в ОН форме + V0 

4.4 ʀʩʧʦʣʴʟʫʷ ʤʘʩʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Dg (Dg(Cu-ʩʦʜʝʨʞʘʱʠʭ ʯʘʩʪʠʮ) = 

17.4 ʩʤ3Öʛī1, Dg(Zn-ʩʦʜʝʨʞʘʱʠʭ ʯʘʩʪʠʮ) = 78.5 ʩʤ3Öʛī1), ʨʘʩʩʯʠʪʘʡʪʝ ʦʙʲʝʤ ʫʜʝʨʞʠʚʘʥʠʷ 

VR (ʚ ʩʤ3) ʜʣʷ ʤʝʜʴ-ʩʦʜʝʨʞʘʱʠʭ ʯʘʩʪʠʮ ʠ ʜʣʷ ʮʠʥʢ-ʩʦʜʝʨʞʘʱʠʭ ʯʘʩʪʠʮ, ʝʩʣʠ  

mʩʫʭʦʡ ʩʤʦʣʳ ʚ ʆʅ-ʬʦʨʤʝ = 3.72 ʛ, ʘ V0 = 4.93 ʩʤ3. 

ʈʘʩʯʝʪʳ: 

 

 

 

 

 

VR(Cu-ʩʦʜʝʨʞʘʱʠʭ ʯʘʩʪʠʮ) =   ʩʤ3     (1 ʮʠʬʨʘ ʧʦʩʣʝ ʟʘʧʷʪʦʡ) 

VR(Zn-ʩʦʜʝʨʞʘʱʠʭ ʯʘʩʪʠʮ) =   ʩʤ3     (0 ʮʠʬʨ ʧʦʩʣʝ ʟʘʧʷʪʦʡ) 

 

ɽʩʣʠ ʚʘʤ ʥʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʦʪʚʝʪ, ʠʩʧʦʣʴʟʫʡʪʝ ʚʝʣʠʯʠʥʳ VR(Cu-ʩʦʜʝʨʞʘʱʠʭ ʯʘʩʪʠʮ) = 49.9 

ʩʤ3 ʠ VR(Zn-ʩʦʜʝʨʞʘʱʠʭ ʯʘʩʪʠʮ) = 324 ʩʤ3 ʧʨʠ ʧʦʩʣʝʜʫʶʱʠʭ ʚʳʯʠʩʣʝʥʠʷʭ. 

 

ʈʘʟʜʝʣʝʥʠʝ ʩʤʝʩʠ ʜʚʫʭ ʯʘʩʪʠʮ A ʠ B ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʦʣʥʳʤ, ʝʩʣʠ:  

V0.001(A) – V0.999(B) > 10Vc 

ʛʜʝ V0.001 ï ʦʙʲʝʤ ʧʦʜʚʠʞʥʦʡ ʬʘʟʳ, ʧʨʠ ʢʦʪʦʨʦʤ 0.1 % A ʚʳʤʳʚʘʝʪʩʷ ʠʟ ʢʦʣʦʥʢʠ, V0.999 ï ʦʙʲʝʤ 

ʧʦʜʚʠʞʥʦʡ ʬʘʟʳ, ʧʨʠ ʢʦʪʦʨʦʤ 99.9 % B ʚʳʤʳʚʘʝʪʩʷ ʠʟ ʢʦʣʦʥʢʠ. 

 V0.001(A) = VR A   1 – 6.91 dp/Lc  

 V0.001(B) = VR(B)  1 – 6.91 dp/Lc  

 V0.999(B) = 2VR(B) – V0.001(B) 

4.5 ɺʳʧʦʣʥʠʪʝ ʨʘʩʯʝʪʳ ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʨʝʰʠʪʝ, ʧʦʣʥʦʩʪʴʶ ʣʠ ʤʝʜʴ-ʩʦʜʝʨʞʘʱʠʝ ʯʘʩʪʠʮʳ 

ʦʪʜʝʣʷʶʪʩʷ ʦʪ ʮʠʥʢ-ʩʦʜʝʨʞʘʱʠʭ ʯʘʩʪʠʮ. ʆʙʲʝʤ ʢʦʣʦʥʢʠ, ʟʘʧʦʣʥʝʥʥʦʡ ʥʘʙʫʭʰʝʡ 

ʩʤʦʣʦʡ, ʨʘʚʝʥ Vc = 10.21 ʩʤ3, ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ ʩʤʦʣʳ dp = 0.125 ʤʤ, ʚr ʩʦʪʘ ʩʣʦʷ 

ʥʘʙʫʭʰʝʡ ʩʤʦʣʳ ʚ ʢʦʣʦʥʢʝ ʨʘʚʥʘ Lc = 13.0 ʩʤ. 
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V0.001(A) =   ʩʤ3 

 

 

V0.999(B) =   ʩʤ3 

ʄʦʞʥʦ ʣʠ ʨʘʟʜʝʣʠʪʴ ʤʝʜʴ- ʠ ʮʠʥʢʩʦʜʝʨʞʘʱʠʝ ʯʘʩʪʠʮʳ? 

ἦ ɼʘ   ἦ ʅʝʪ 

 

4.6 ʈʘʩʩʯʠʪʘʡʪʝ ʚʝʣʠʯʠʥʫ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʘʩʩʦʚʦʡ ʝʤʢʦʩʪʠ ʩʤʦʣʳ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʜʘʥʥʦʡ 

ʟʘʜʘʯʝ, Qm,ʪʝʦʨ, ʚ ʤʤʦʣʴÖʛī1. ʉʯʠʪʘʡʪʝ, ʯʪʦ ʠʦʥʥʳʡ ʦʙʤʝʥ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ 

ʪʝʪʨʘʘʣʢʠʣʘʤʤʦʥʠʡʥʳʭ ʛʨʫʧʧ ʩʤʦʣʳ. ʅʠʢʘʢʠʭ ʜʨʫʛʠʭ ʘʟʦʪ-ʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ ʚ ʩʤʦʣʝ 

ʥʝʪ. ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʘʟʦʪʘ ʚ ʩʫʭʦʡ ʩʤʦʣʝ ʩʦʩʪʘʚʣʷʝʪ 4.83 %. 

 

 

 

Qm,ʪʝʦʨ =   ʤʤʦʣʴÖʛī1  (ʦʪʚʝʪ ʩ 2 ʮʠʬʨʘʤʠ ʧʦʩʣʝ ʟʘʧʷʪʦʡ) 

ɽʩʣʠ ʚʘʤ ʥʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʦʪʚʝʪ, ʠʩʧʦʣʴʟʫʡʪʝ ʚʝʣʠʯʠʥʫ Qm,ʪʝʦʨ = 4.83 ʤʤʦʣʴÖʛī1 ʧʨʠ 

ʧʦʩʣʝʜʫʶʱʠʭ ʚʳʯʠʩʣʝʥʠʷʭ 

ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʥʝ ʚʩʝ ʪʝʪʨʘʘʣʢʠʣʘʤʤʦʥʠʡʥʳʝ ʛʨʫʧʧʳ ʚʦʚʣʝʯʝʥʳ ʚ ʠʦʥʥʳʡ ʦʙʤʝʥ. ɼʣ ̫

ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʥʦʡ ʠʦʥʦʦʙʤʝʥʥʦʡ ʝʤʢʦʩʪʠ, Qv, ʚ ʢʦʣʦʥʢʫ ʧʦʤʝʩʪʠʣʠ 3.72 ʛ ʩʫʭʦʡ ʩʤʦʣʳ ʚ 

Clï-ʬʦʨʤʝ, ʘ ʟʘʪʝʤ ʧʨʦʤʳʣʠ ʠʟʙʳʪʢʦʤ ʨʘʩʪʚʦʨʘ ʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ. ʕʣʶʘʪ ʧʦʤʝʩʪʠʣʠ ʚ ʤʝʨʥʫʶ 

ʢʦʣʙʫ ʥʘ 500 ʩʤ3 ʠ ʨʘʟʙʘʚʠʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ ʤʝʪʢʠ. ɸʣʠʢʚʦʪʫ 100 ʩʤ3 

ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠ ʦʪʪʠʪʨʦʚʘʣʠ 0.1027 ʤʦʣÖɹʜʤī3 ʨʘʩʪʚʦʨʦʤ 

ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʦʯʢʠ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʧʦʥʘʜʦʙʠʣʦʩʴ 22.20 ʩʤ3 ʨʘʩʪʚʦʨʘ 

ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ. ʆʙʲʝʤ ʢʦʣʦʥʢʠ, ʟʘʧʦʣʥʝʥʥʦʡ ʥʘʙʫʭʰʝʡ ʩʤʦʣʦʡ, ʩʦʩʪʘʚʠʣ Vc = 10.21 ʩʤ3. 

4.7 ʈʘʩʩʯʠʪʘʡʪʝ ʚʝʣʠʯʠʥʫ Qv ʚ ʤʤʦʣʴ ʘʢʪʠʚʥʳʭ ʪʝʪʨʘʘʣʢʠʣʘʤʤʦʥʠʡʥʳʭ ʛʨʫʧʧ ʥʘ 1 cʤ3 

ʥʘʙʫʭʰʝʡ ʩʤʦʣʳ. 

 

 

 

 

Qv =    ʤʤʦʣʴÖʩʤī3                (ʦʪʚʝʪ ʩ 2 ʮʠʬʨʘʤʠ ʧʦʩʣʝ ʟʘʧʷʪʦʡ)  
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ɽʩʣʠ ʚʘʤ ʥʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʦʪʚʝʪ, ʠʩʧʦʣʴʟʫʡʪʝ ʚʝʣʠʯʠʥʫ Qv = 1.00 ʤʤʦʣʴÖʩʤī3 ʧʨʠ 

ʧʦʩʣʝʜʫʶʱʠʭ ʚʳʯʠʩʣʝʥʠʷʭ. 

4.8 ʈʘʩʩʯʠʪʘʡʪʝ ʤʦʣʴʥʫʶ ʜʦʣʶ (x) ʘʢʪʠʚʥʳʭ ʪʝʪʨʘʘʣʢʠʣʘʤʤʦʥʠʡʥʳʭ ʛʨʫʧʧ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʠʦʥʥʦʤ ʦʙʤʝʥʝ. 

ɺʳʯʠʩʣʝʥʠʷ: 

 

x =    (ʦʪʚʝʪ ʩ 3 ʮʠʬʨʘʤʠ ʧʦʩʣʝ ʟʘʧʷʪʦʡ) 
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Теоретическая 

задача 5 

 
8 ʙʘʣʣʦʚ 

ɺʦʧʨʦʩ 5.1 5.2 5.3 5.4 5.5 5.6 5.7 5.8 5.9 

ʆʯʢʠ 3 3 1 5 3 2 4 1 2 

ʈʝʟʫʣʴʪʘʪ          

ɺʦʧʨʦʩ 5.10 5.11 5.12 5.13 5.14 5.15 5.16 5.17 Всего 

ʆʯʢʠ 5 7 3 2 6 1 1 1 50 

ʈʝʟʫʣʴʪʘʪ          

Задача 5. Богемский гранат 

ɹʦʛʝʤʩʢʠʡ ʛʨʘʥʘʪ (ʧʠʨʦʧ) ï ʵʪʦ ʟʥʘʤʝʥʠʪʳʡ ʯʝʰʩʢʠʡ ʢʨʦʚʘʚʦ-ʢʨʘʩʥʳʡ ʧʦʣʫʜʨʘʛʦʮʝʥʥʳʡ 

ʢʘʤʝʥʴ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʨʠʨʦʜʥʳʭ ʛʨʘʥʘʪʦʚ ʚʳʨʘʞʘʝʪʩʷ ʦʙʱʝʡ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ 

ʬʦʨʤʫʣʦʡ A3B2(SiO4)3, ʛʜʝ AII ï ʜʚʫʭʚʘʣʝʥʪʥʳʡ ʢʘʪʠʦʥ, BIII ï ʪʨʸʭʚʘʣʝʥʪʥʳʡ ʢʘʪʠʦʥ. ɻʨʘʥʘʪʳ 

ʠʤʝʶʪ ʢʫʙʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ, ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʢʦʪʦʨʦʡ ʩʦʜʝʨʞʠʪ 8 ʬʦʨʤʫʣʴʥʳʭ ʝʜʠʥʠʮ. 

ʉʪʨʫʢʪʫʨʘ ʚʢʣʶʯʘʝʪ 3 ʪʠʧʘ ʤʥʦʛʦʛʨʘʥʥʠʢʦʚ: ʢʘʪʠʦʥ AII ʟʘʥʠʤʘʝʪ ʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ 

(ʦʥ ʦʢʨʫʞʝʥ ʚʦʩʝʤʴʶ ʘʪʦʤʘʤʠ O), ʢʘʪʠʦʥ BIII ʟʘʥʠʤʘʝʪ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ (ʦʥ ʦʢʨʫʞʝʥ 

ʰʝʩʪʴʶ ʘʪʦʤʘʤʠ O), ʠ SiIV ʦʢʨʫʞʝʥ ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ O, ʦʙʨʘʟʫʶʱʠʤʠ ʪʝʪʨʘʵʜʨ. 

ʉʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʛʨʘʥʘʪ ʘʣɹʤʘʥʜʠʥ ʠʤʝʝʪ ʬʦʨʤʫʣʫ Fe3Al2(SiO4)3. ʇʘʨʘʤʝʪʨ ʝʛʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ a = 11.50 ¡. 

5.1 ʈʘʩʩʯʠʪʘʡʪʝ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʘʣʴʤʘʥʜʠʥʘ. 

 

 

 

 

 

 

 

r =  ʛÖʩʤī3 

 

ɹʦʛʝʤʩʢʠʡ ʛʨʘʥʘʪ ʠʤʝʝʪ ʩʦʩʪʘʚ Mg3Al2(SiO4)3. ʏʠʩʪʦʝ ʩʦʝʜʠʥʝʥʠʝ ʙʝʩʮʚʝʪʥʦ, ʘ ʮʚʝʪ 

ʧʨʠʨʦʜʥʳʭ ʛʨʘʥʘʪʦʚ ʦʙʫʩʣʦʚʣʝʥ ʭʨʦʤʦʬʦʨʘʤʠ ï ʢʘʪʠʦʥʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, 

ʟʘʤʝʱʘʶʱʠʤʠ ʠʩʭʦʜʥʳʝ ʢʘʪʠʦʥʳ ʚʝʱʝʩʪʚʘ. ʂʨʘʩʥʳʡ ʮʚʝʪ ʙʦʛʝʤʩʢʦʛʦ ʛʨʘʥʘʪʘ ʦʙʫʩʣʦʚʣʝʥ 

ʩʣʝʜʦʚʳʤʠ ʢʦʣʠʯʝʩʪʚʘʤʠ ʠʦʥʦʚ CrIII ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʦʣʦʞʝʥʠʷʭ ʠ ʠʦʥʦʚ FeII ʚ 

ʜʦʜʝʢʘʵʜʨʠʯʝʩʢʠʭ ʧʦʣʦʞʝʥʠʷʭ. 

5.2 ʀʟʦʙʨʘʟʠʪʝ ʜʠʘʛʨʘʤʤʫ ʨʘʩʱʝʧʣʝʥʠʷ d-ʦʨʙʠʪʘʣʝʡ ʜʣʷ [CrIIIO6]ʦʢʪ ʠ ʟʘʧʦʣʥʠʪʝ ʝʝ 

ʵʣʝʢʪʨʦʥʘʤʠ. 
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5.3 ʋʢʘʞʠʪʝ ʵʣʝʤʝʥʪ( )r 1-ʛʦ ʨʷʜʘ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʯʝʡ(ʴʠ) ʪʨʝʭʚʘʣʝʥʪʥʳʝ MIII 

ʢʘʪʠʦʥ( )r ʧʨʠ ʨʘʟʤʝʱʝʥʠʠ ʚ октаэдрическом ʧʦʣʦʞʝʥʠʠ ʷʚʣʝ̫ʪ(ʁʪ)ʩʷ 

ʜʠʘʤʘʛʥʠʪʥʳʤ(ʠ) ʚ ʥʠʟʢʦʩʧʠʥʦʚʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʧʘʨʘʤʘʛʥʠʪʥʳʤ(ʠ) ʚ ʚʳʩʦʢʦʩʧʠʥʦʚʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ. 

 

 

5.4 ʅʘ ʨʠʩʫʥʢʝ ʥʠʞʝ ʧʨʠʚʝʜʝʥʘ ʜʠʘʛʨʘʤʤʘ ʨʘʩʱʝʧʣʝʥʠʷ d-ʦʨʙʠʪʘʣʝʡ ʚ ʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʤ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʧʦʣʝ. ɿʘʧʦʣʥʠʪʝ ʝʝ ʵʣʝʢʪʨʦʥʘʤʠ ʜʣʷ ʭʨʦʤʦʬʦʨʘ [FeIIO8]ʜʦʜ ʜʣʷ 

ʚʳʩʦʢʦʩʧʠʥʦʚʦʡ ʠ ʥʠʟʢʦʩʧʠʥʦʚʦʡ ʢʦʥʬʠʛʫʨʘʮʠʡ. 

ʘ) ʚʳʩʦʢʦʩʧʠʥʦʚʘʷ  ʙ) ʥʠʟʢʦʩʧʠʥʦʚʘʷ 

 

   

 

 

 

5.5 ɿʘʧʠʰʠʪʝ ʥʝʨʘʚʝʥʩʪʚʘ (ʪʠʧʘ P < E1 + E2 + E3), ʩʚʷʟʳʚʘʶʱʠʝ ʵʥʝʨʛʠʶ ʩʧʘʨʠʚʘʥʠʷ (P) ʩ 

ʚʝʣʠʯʠʥʘʤʠ ʵʥʝʨʛʠʡ E1, E2 ʠ E3 ʜʣʷ ʢʘʞʜʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. 

ʘ) ʚʳʩʦʢʦʩʧʠʥʦʚʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ:  P  

ʙ) ʥʠʟʢʦʩʧʠʥʦʚʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ:  P 

 

5.6 ʉʯʠʪʘʷ, ʯʪʦ P > E3, ʫʢʘʞʠʪʝ ʩʠʤʚʦʣ(ʳ) ʵʣʝʤʝʥʪʘ(ʦʚ) 1-ʛʦ ʨʷʜʘ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, 

ʯʝʡ(ɹʠ) ʜʚʫʭʚʘʣʝʥʪʥʳʡ(ʝ) ʢʘʪʠʦʥ( )r MII ʧʨʠ ʨʘʟʤʝʱʝʥʠʠ ʚ ʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʤ ʧʦʣʦʞʝʥʠʠ 

ʷʚʣʷʝʪ(ʶʪ)ʩ  ̫ʜʠʘʤʘʛʥʠʪʥ ʤr(ʠ) ʚ ʥʠʟʢʦʩʧʠʥʦʚʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʧʘʨʘʤʘʛʥʠʪʥr ʤ(ʠ) ʚ 

ʚʳʩʦʢʦʩʧʠʥʦʚʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. 
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ʅʘ ʨʠʩʫʥʢʘʭ ʥʠʞʝ ʧʦʢʘʟʘʥʳ ʫʧʨʦʱʝʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʯʝʪʳʨʝʭ ʦʢʨʘʰʝʥʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ï ʢʨʘʩʥʦʛʦ (Red) ʙʦʛʝʤʩʢʦʛʦ ʛʨʘʥʘʪʘ, ʟʝʣʝʥʦʛʦ (Green) ʫʚʘʨʦʚʠʪʘ, ʩʠʥʝʛʦ (Blue) 

ʩʘʧʬʠʨʘ ʠ ʞʝʣʪʦ-ʦʨʘʥʞʝʚʦʛʦ (Yellow-orange) ʮʠʪʨʠʥʘ. (ʧʦ ʦʩʠ y ï Absorbance(ʧʦʛʣʦʱʝʥʠʝ) 

 

  

  

5.7 ʋʢʘʞʠʪʝ ʙʫʢʚʫ ʜʣʷ ʩʧʝʢʪʨʘ ʢʘʞʜʦʛʦ ʤʠʥʝʨʘʣʘ. 

ɹʦʛʝʤʩʢʠʡ ʛʨʘʥʘʪ:  ʉʘʧʬʠʨ:  

ʋʚʘʨʦʚʠʪ:  ʎʠʪʨʠʥ:  

 

5.8 ʂʘʢʫʶ ʦʢʨʘʩʢʫ ʙʫʜʝʪ ʠʤʝʪʴ ʙʦʛʝʤʩʢʠʡ ʛʨʘʥʘʪ ʧʨʠ ʦʩʚʝʱʝʥʠʠ ʝʛʦ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʤ 

ʩʚʝʪʦʤ ʠʟ ʩʠʥʝ-ʟʝʣʝʥʦʡ (Blue-green) ʦʙʣʘʩʪʠ? 

Ã ʂʨʘʩʥʳʡ Ã ʉʠʥʠʡ Ã ɾʝʣʪʦ-ʦʨʘʥʞ. Ã ʏʝʨʥʳʡ 

Ã ɾʝʣʪʳʡ Ã ʉʠʥʝ-ʟʝʣʝʥʳʡ Ã ʌʠʦʣʝʪʦʚʳʡ Ã ɹʝʣʳʡ 

 

ɸʥʜʨʘʜʠʪ ʷʚʣʷʝʪʩʷ ʝʱʝ ʦʜʥʠʤ ʤʠʥʝʨʘʣʦʤ ʠʟ ʛʨʫʧʧʳ ʛʨʘʥʘʪʦʚ. ɽʛʦ ʭʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ 

Ca3Fe2(SiO4)3. ɼʚʦʡʥʦʝ ʟʘʤʝʱʝʥʠʝ ʢʘʪʠʦʥʦʚ ï TiIV ʥʘ ʤʝʩʪʦ FeIII ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʧʦʣʦʞʝʥʠʠ 

ʠ FeIII ʥʘ ʤʝʩʪʦ SiIV ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤ ʧʦʣʦʞʝʥʠʠ ï ʧʨʠʚʦʜʠʪ ʢ ʜʨʫʛʦʤʫ ʤʠʥʝʨʘʣʫ ï 

ʰʦʨʣʦʤʠʪʫ. ɽʛʦ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʬʦʨʤʫʣʦʡ Ca
  

3[Fe,Ti]
ʦʢʪ 

2 ([Si,Fe]ʪʝʪO
  

4)
  

3. 
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5.9 ʈʘʩʩʯʠʪʘʡʪʝ ʜʦʣʶ ʠʦʥʦʚ SiIV ʚ ʦʙʨʘʟʮʝ ʰʦʨʣʦʤʠʪʘ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʤʝʱʝʥʳ 

ʠʦʥʘʤʠ FeIII, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ 5 % ʠʦʥʦʚ FeIII ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʧʦʣʦʞʝʥʠʠ ʟʘʤʝʱʝʥʳ 

ʥʘ TiIV. 

 

 

ɼʦʣʷ ʟʘʤʝʱʝʥʥʳʭ ʠʦʥʦʚ SiIV =   % 

 

ʆʢʨʘʩʢʘ ʤʠʥʝʨʘʣʘ ʦʙʫʩʣʦʚʣʝʥʘ ʜʚʫʤʷ ʭʨʦʤʦʬʦʨʘʤʠ: [FeIIIO6]ʦʢʪ ʠ [FeIIIO4]ʪʝʪʨ. ʎʝʥʪʨʘʣʴʥʳʝ 

ʠʦʥʳ ʦʙʦʠʭ ʭʨʦʤʦʬʦʨʦʚ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʦʝ ʯʠʩʣʦ ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. 

5.10 ʀʟʦʙʨʘʟʠʪʝ ʜʠʘʛʨʘʤʤʳ ʨʘʩʱʝʧʣʝʥʠʷ d-ʦʨʙʠʪʘʣʝʡ ʜʣʷ ʦʙʦʠʭ ʭʨʦʤʦʬʦʨʦʚ ʠ ʟʘʧʦʣʥʠʪʝ 

ʠʭ ʵʣʝʢʪʨʦʥʘʤʠ. 

[FeIIIO6]ʦʢʪ: [FeIIIO4]ʪʝʪʨ: 

   

 

 

 

 

 

 

 

ʊʝʪʨʘʵʜʨʠʯʝʩʢʦʝ ʧʦʣʝ ʚʳʟʳʚʘʝʪ ʤʝʥʴʰʝʝ ʨʘʩʱʝʧʣʝʥʠʝ, ʯʝʤ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ (æʪʝʪʨ = 
4

9
 æʦʢʪ). 

ʆʜʥʘʢʦ, ʜʣʷ ʠʦʥʘ FeIII, ʵʥʝʨʛʠʷ ʧʝʨʚʦʛʦ (ʤʘʣʦʠʥʪʝʥʩʠʚʥʦʛʦ) dïd ʧʝʨʝʭʦʜʘ ʜʣʷ 

ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʭʨʦʤʦʬʦʨʘ ʤʝʥʴʰʝ (11 000 ʩʤī1), ʯʝʤ ʜʣʷ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ (22 000 ʩʤī1). 

5.11 ʈʘʩʩʯʠʪʘʡʪʝ ʚʝʣʠʯʠʥʫ ʵʥʝʨʛʠʠ ʩʧʘʨʠʚʘʥʠʷ (P) ʠ ʚʝʣʠʯʠʥʳ ʨʘʩʱʝʧʣʝʥʠʡ ȹʦʢʪ ʠ ȹʪʝʪʨ. 

ʉʯʠʪʘʡʪʝ, ʯʪʦ ʵʥʝʨʛʠʷ ʩʧʘʨʠʚʘʥʠʷ ʧʦ ʚʝʣʠʯʠʥʝ ʦʜʠʥʘʢʦʚʘ ʜʣʷ ʦʙʦʠʭ ʭʨʦʤʦʬʦʨʦʚ. 

 

 

 

 

 

 

 

P =  ʩʤī1 

ȹʦʢʪ =  ʩʤī1 

ȹʪʝʪʨ =  ʩʤī1 
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ʉʠʥʪʝʪʠʯʝʩʢʠʡ ʛʨʘʥʘʪ YAG (YttriumAluminiumGarnet), ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʝ, ʠʤʝʝʪ 

ʩʦʩʪʘʚ Y3Al5O12. ɽʛʦ ʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʦʙʱʝʡ ʩʪʨʫʢʪʫʨʳ ʛʨʘʥʘʪʘ A3B2(SiO4)3 ʧʫʪʝʤ 

ʨʘʟʤʝʱʝʥʠʷ ʠʦʥʦʚ YIII ʠ AlIII ʚ ʧʦʣʦʞʝʥʠʷ A, B ʠ Si. 

5.12 ʀʩʭʦʜʷ ʠʟ ʚʘʰʠʭ ʟʥʘʥʠʡ ʦʙ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʚʝʣʠʯʠʥʘʭ ʘʪʦʤʥʳʭ ʨʘʜʠʫʩʦʚ, ʫʢʘʞʠʪʝ ʜʣʷ 

ʢʘʞʜʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʢʘʢʦʡ ʵʣʝʤʝʥʪ (YIII ʠʣʠ AlIII) ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʤ. 

A:  B: Si: 

 

5.13 ɼʣ ̫ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ LED ʪʝʭʥʦʣʦʛʠʠ ʛʨʘʥʘʪʳ YAG ʜʦʧʠʨʫʶʪ ʘʪʦʤʘʤʠ CeIII. ʈʘʩʩʯʠʪʘʡʪʝ 

ʚʝʣʠʯʠʥʳ x ʠ y ʚ ʬʦʨʤʫʣʝ ʛʨʘʥʘʪʘ YAG, ʚ ʢʦʪʦʨʦʤ 5 % ʘʪʦʤʦʚ ʠʪʪʨʠʷ ʟʘʤʝʱʝʥʳ ʥʘ 

ʘʪʦʤʳ ʮʝʨʠʷ.  

YxCeyAl5O12 

 

 

x = y = 

  

ɽʩʣʠ ʚʳ ʥʝ ʩʤʦʛʣʠ ʧʦʣʫʯʠʪʴ ʚʝʣʠʯʠʥ rʭ ʠ y, ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʫʡʪʝ x = 2.25, y = 

0.75. 

5.14 ɻʨʘʥʘʪ YAG, ʜʦʧʠʨʦʚʘʥʥʳʡ CeIII, ʙʳʣ ʧʨʠʛʦʪʦʚʣʝʥ ʧʫʪʝʤ ʧʨʦʢʘʣʠʚʘʥʠʷ ʩʤʝʩʠ Y2O3, Al2O3 

ʠ CeO2 ʚ ʘʪʤʦʩʬʝʨʝ H2. ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ ʛʨʘʥʘʪʘ ʠʟ ʧʫʥʢʪʘ 5.13, ʟʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ 

ʧʨʦʪʝʢʘʶʱʝʡ ʧʨʠ ʵʪʦʤ ʨʝʘʢʮʠʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʮʝʣʦʯʠʩʣʝʥʥʳʤʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ.  
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ɼʦʧʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʛʨʘʥʘʪʘ YAG ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʠʦʥʘʤʠ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ 

ʣʘʟʝʨʘʭ, ʠʟʣʫʯʘʶʱʠʭ ʩʚʝʪ ʦʪ ʋʌ- ʜʦ ʩʨʝʜʥʝʡ ʀʂ-ʦʙʣʘʩʪʠ. ʅʘ ʩʭʝʤʝ ʥʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʫʧʨʦʱʝʥʥʦʤ ʚʠʜʝ ʵʥʝʨʛʠʠ fïf ʧʝʨʝʭʦʜʦʚ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʦʥʦʚ. 

 

5.15 ɺ ʢʘʢʦʤ ʢʘʪʠʦʥʝ ʧʝʨʝʭʦʜ fïf ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʩʧʫʩʢʘʥʠʶ ʩʠʥʝʛʦ (Blue) ʩʚʝʪʘ? 

Ã Er3+ Ã Sm3+ Ã Tm3+ Ã Pr3+ 

Ã Yb3+ Ã Nd3+ Ã Tb3+ 

 

5.16 ʈʘʩʩʯʠʪʘʡʪʝ ʜʣʠʥʫ ʚʦʣʥʳ ʩʚʝʪʘ ʠʟ ʧʫʥʢʪʘ 5.15. 

 

 

ɚ =   ʥʤ 

 

5.17 ʉʦʛʣʘʩʥʦ ʣʝʛʝʥʜʝ, ʅʦʡ ʠʩʧʦʣʴʟʦʚʘʣ ʧʦʩʦʭ ʩ ʛʨʘʥʘʪʦʤ ʜʣʷ ʦʩʚʝʱʝʥʠʷ ʚʦ ʚʨʝʤʷ ʩʚʦʝʛʦ 

ʧʫʪʝʰʝʩʪʚʠʷ. ʋʯʠʪʳʚʘʷ ʪʦʣʴʢʦ ʵʬʬʝʢʪ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʫʢʘʞʠʪʝ ʮʚʝʪ ʠʟʣʫʯʝʥʠʷ, 

ʠʩʧʫʩʢʘʝʤʦʛʦ ʧʦʩʦʭʦʤ ʩ ʢʨʘʩʥʳʤ (Red) ʙʦʛʝʤʩʢʠʤ ʛʨʘʥʘʪʦʤ.  

Ã Red Ã Blue Ã Yellow-orange Ã Black 

Ã Yellow Ã Blue-green Ã Violet Ã White 
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Теоретическая 

задача 6 

ɺʦʧʨʦʩ 6.1 6.2 6.3 6.4 6.5 6.6 6.7 6.8 Всего 

ʆʯʢʠ 18 4 8 3 4 12 16 3 68 

7 ʙʘʣʣʦʚ ʈʝʟʫʣʴʪʘʪ          

Задача 6. Грибочки 

ɺ ʏʝʭʠʠ ʠ ʉʣʦʚʘʢʠʠ ʪʨʘʜʠʮʠʦʥʥʦ ʚʝʨʷʪ, ʯʪʦ ʚʩʝ ʛʨʠʙʳ ʤʦʞʥʦ ʝʩʪʴ, ʥʦ ʥʝʢʦʪʦʨʳʝ ʪʦʣʴʢʦ ʦʜʠʥ 

ʨʘʟ. 

ʏʝʨʥʠʣʴʥʳʡ ʛʨʠʙ (Coprinopsis atramentaria), ʩʯʠʪʘʶʱʠʡʩʷ ʜʝʣʠʢʘʪʝʩʦʤ, ʩʦʜʝʨʞʠʪ ʚʝʱʝʩʪʚʦ, 

ʥʘʟʳʚʘʝʤʦʝ ʢʦʧʨʠʥ (Е). ʆʥʦ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ, ʠʩʭʦʜʷ ʠʟ  

ʵʪʠʣ-3-ʭʣʦʨʧʨʦʧʠʦʥʘʪʘ (1): 

 

6.1 ʅʘʨʠʩʫʡʪʝ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ А – Е ʩ ʫʯʝʪʦʤ ʩʪʝʨʝʦʭʠʤʠʠ. ʇʦʜʩʢʘʟʢʘ: ʚ ʧʝʨʚʦʡ ʨʝʘʢʮʠʠ, 

ʧʨʠʚʦʜʷʱʝʡ ʢ ʩʦʝʜʠʥʝʥʠʶ ɸ, ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʮʠʢʣʠʟʘʮʠʷ 

ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

A 

 

B 

 

C 
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D 

 

E 

 

 

ɺ ʯʝʣʦʚʝʯʝʩʢʦʤ ʦʨʛʘʥʠʟʤʝ ʢʦʧʨʠʥ ʛʠʜʨʦʣʠʟʫʝʪʩ  ̫ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ L-ʛʣʫʪʘʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (3), 

ʘ ʪʘʢʞʝ ʩʦʝʜʠʥʝʥʠʡ С ʠ 4, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ ʥʝʧʨʠʷʪʥʳʝ ʧʦʙʦʯʥʳʝ ʵʬʬʝʢʪʳ. ʆʥʠ 

ʠʥʛʠʙʠʨʫʶʪ ʘʮʝʪʘʣʴʜʝʛʠʜʜʝʛʠʜʨʦʛʝʥʘʟʫ, ʬʝʨʤʝʥʪ, ʠʤʝʶʱʠʡ ʦʪʥʦʰʝʥʠʝ ʢ ʤʝʪʘʙʦʣʠʟʤʫ 

ʵʪʘʥʦʣʘ. ʀʥʛʠʙʠʨʦʚʘʥʠʝ ʵʪʦʛʦ ʬʝʨʤʝʥʪʘ ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʚ ʦʨʛʘʥʠʟʤʝ ʘʮʝʪʘʣʴʜʝʛʠʜʘ, 

ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʞʝʩʪʢʦʛʦ ʧʦʭʤʝʣʴʷ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ, ʘʥʪʘʛʦʥʠʩʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ). 

ɸʢʪʠʚʥʳʡ ʮʝʥʪʨ ʬʝʨʤʝʥʪʘ ʩʦʜʝʨʞʠʪ SH-ʛʨʫʧʧʫ ʮʠʩʪʝʠʥʘ, ʢʦʪʦʨʘʷ ʙʣʦʢʠʨʫʝʪʩʷ ʢʘʢ 

ʩʦʝʜʠʥʝʥʠʝʤ С, ʪʘʢ ʠ ʩʦʝʜʠʥʝʥʠʝʤ 4. 

 

 

ʌʝʨʤʝʥʪ = ʘʮʝʪʘʣʴʜʝʛʠʜʜʝʛʠʜʨʦʛʝʥʘʟʘ 

6.2 ʀʩʧʦʣʴʟʫʷ ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʘʮʝʪʘʣʴʜʝʛʠʜʜʝʛʠʜʨʦʛʝʥʘʟʳ, ʧʨʠʚʝʜʝʥʥʦʝ ʥʘ 

ʩʭʝʤʝ ʚʳʰʝ, ʥʘʨʠʩʫʡʪʝ ʩʪʨʫʢʪʫʨʫ ʩʦʝʜʠʥʝʥʠʷ F, ʷʚʣʷʶʱʝʛʦʩʷ ʧʨʦʜʫʢʪʦʤ ʠʥʛʠʙʠʨʦʚʘ-

ʥʠʷ ʬʝʨʤʝʥʪʘ ʚʝʱʝʩʪʚʦʤ 4.

 

F 
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ɸʥʪʘʙʫʩ (5) ï ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʦʝ ʣʝʢʘʨʩʪʚʦ ʜʣʷ ʣʝʯʝʥʠʷ ʘʣʢʦʛʦʣʠʟʤʘ. ɽʛʦ ʤʦʞʥʦ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: 

 
6.3 ʅʘʨʠʩʫʡʪʝ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ G ʠ H. ʇʦʜʩʢʘʟʢʘ: ʉʦʝʜʠʥʝʥʠʝ H ʩʦʜʝʨʞʠʪ ʧʷʪʴ 

ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ. 

G 

 

H 

 

 

 

 

 

 

 

6.4 ʆʪʤʝʪʴʪʝ ʛʘʣʦʯʢʦʡ ʚʩʝ ʚʝʱʝʩʪʚʘ ʠʟ ʩʧʠʩʢʘ ʥʠʞʝ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙ  rʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʘ I: 

ἦ 
ʤ-ʧʝʨʭʣʦʨʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ 

(mCPBA) 
ἦ ʨʘʟʙʘʚʣʝʥʥʘʷ H2O2 

ἦ Zn/CH3COOH ἦ NaBH4 

ἦ I2 ἦ 
ʛʦʨʷʯʘʷ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʘʷ 

H2SO4 

ἦ K2CO3, H2O ἦ AlCl3 

 

 

ʀʥʛʠʙʠʨʦʚʘʥʠʝ ʘʮʝʪʘʣʴʜʝʛʠʜʜʝʛʠʜʨʦʛʝʥʘʟʳ ɸʥʪʘʙʫʩʦʤ ʧʨʦʪʝʢʘʝʪ ʘʥʘʣʦʛʠʯʥʦ 

ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʵʪʦʛʦ ʬʝʨʤʝʥʪʘ ʩʦʝʜʠʥʝʥʠʷʤʠ C ʠ 4. 

 

ʌʝʨʤʝʥʪ = ʘʮʝʪʘʣʴʜʝʛʠʜʜʝʛʠʜʨʦʛʝʥʘʟʘ 

6.5 ʀʩʧʦʣʴʟʫʷ ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʘʮʝʪʘʣʴʜʝʛʠʜʜʝʛʠʜʨʦʛʝʥʘʟʳ, ʧʨʠʚʝʜʝʥʥʦʝ ʥʘ 

ʩʭʝʤʝ ʚʳʰʝ, ʥʘʨʠʩʫʡʪʝ ʩʪʨʫʢʪʫʨʫ ʩʦʝʜʠʥʝʥʠʷ J ï ʧʨʦʜʫʢʪʘ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʬʝʨʤʝʥʪʘ 

ɸʥʪʘʙʫʩʦʤ (5). ʇʦʜʩʢʘʟʢʘ: J ʩʦʜʝʨʞʠʪ ʪʨʠ ʘʪʦʤʘ ʩʝʨʳ. 
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ʉʪʨʦʯʦʢ ʦʙʳʢʥʦʚʝʥʥʳʡ (Gyromitra esculenta) ï ʝʱʝ ʦʜʠʥ ʠʥʪʝʨʝʩʥʳʡ ʛʨʠʙʦʯʝʢ. ʍʦʪʷ ʨʘʥʴʰʝ 

ʝʛʦ ʠ ʩʯʠʪʘʣʠ ʩʲʝʜʦʙʥʳʤ (esculentus ʦʟʥʘʯʘʝʪ çʩʲʝʜʦʙʥʳʡè ʚ ʧʝʨʝʚʦʜʝ ʩ ʣʘʪʠʥʩʢʦʛʦ), 

ʩʝʡʯʘʩ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦʪ ʛʨʠʙ ʷʚʣʷʝʪʩʷ ʷʜʦʚʠʪʳʤ ʠʟ-ʟʘ ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʥʝʤ ɻʠʨʦʤʠʪʨʠʥʘ 

(М). ʕʪʦ ʩʦʝʜʠʥʝʥʠʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʤʝʪʠʣʛʠʜʨʘʟʠʥʘ (6): 

 

6.6 ʅʘʨʠʩʫʡʪʝ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ KïM. 

K 

 

L 

 

M 

 

 

ɺ ʯʝʣʦʚʝʯʝʩʢʦʤ ʦʨʛʘʥʠʟʤʝ ɻʠʨʦʤʠʪʨʠʥ (M) ʛʠʜʨʦʣʠʟʫʝʪʩ  ̫ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʪʠʣʛʠʜʨʘʟʠʥʘ 

(6), ʦʙʣʘʜʘʶʱʝʛʦ ʤʦʱʥʳʤ ʛʝʧʘʪʦʪʦʢʩʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ. ʂʘʢ ʘʤʠʜʥʘʷ, ʪʘʢ ʠ ʠʤʠʥʥʘʷ ʛʨʫʧʧʳ 

ɻʠʨʦʤʠʪʨʠʥʘ (М) ʛʠʜʨʦʣʠʟʫʶʪʩ  ̫ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʞʝʣʫʜʢʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʛʠʜʨʦʣʠʟ ʘʤʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʤʦʣʝʢʫʣʳ ɻʠʨʦʤʠʪʨʠʥʘ. ʏʘʩʪʦʪʘ ʚʘʣʝʥʪʥʦʛʦ 

ʢʦʣʝʙʘʥʠʷ CïN ʩʚʷʟʠ ʩʦʩʪʘʚʣʷʝʪ 1293 ʩʤï1, ʧʨʠ ʵʪʦʤ ʠʟʦʪʦʧʥʦʝ ʟʘʤʝʱʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʟʤʝʥʷʝʪ ʧʨʦʬʠʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ. 

  

J 
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6.7 ʈʘʩʩʯʠʪʘʡʪʝ ʟʥʘʯʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʠʟʦʪʦʧʥʦʛʦ ʵʬʬʝʢʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʪʝʣʘ (37 oʉ) ʜʣʷ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ ʘʤʠʜʥʦʡ ʩʚʷʟʠ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʟʘʤʝʱʝʥʠʠ ʠʟʦʪʦʧʦʚ 14N ʥʘ 15N ʠ 12ʉ ʥʘ 13ʉ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʯʠʪʘʡʪʝ, ʯʪʦ ʪʦʣʴʢʦ 

ʵʥʝʨʛʠʷ ʥʫʣʝʚʦʛʦ ʢʦʣʝʙʘʥʠʷ ʚʣʠʷʝʪ ʥʘ ʢʦʥʩʪʘʥʪʫ ʩʢʦʨʦʩʪʠ. ʇʨʠʤʠʪʝ ʤʘʩʩʳ ʚʩʝʭ 

ʠʟʦʪʦʧʦʚ ʮʝʣʦʯʠʩʣʝʥʥʳʤʠ. ɺʝʩʴ ʨʘʩʯʝʪ ʧʨʦʚʦʜʠʪʝ ʩ ʪʦʯʥʦʩʪʴʶ ʧʷʪʴ ʟʥʘʯʘʱʠʭ ʮʠʬʨ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6.8 ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʠʟʦʪʦʧʥʦʤ ʟʘʤʝʱʝʥʠʠ, ʦʧʠʩʘʥʥʦʤ ʚʳʰʝ, ʩʢʦʨʦʩʪ ɹ

ʛʠʜʨʦʣʠʟʘ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ʆʪʤʝʪʴʪʝ ʛʘʣʦʯʢʦʡ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʫʶ 

ʩʢʦʨʦʩʪʴ-ʣʠʤʠʪʠʨʫʶʱʫʶ ʩʪʘʜʠʶ ʠʟ ʩʧʠʩʢʘ ʥʠʞʝ: 

ἦ ʅʫʢʣʝʦʬʠʣʴʥʘʷ ʘʪʘʢʘ ʚʦʜʳ ʥʘ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ʘʤʠʜʥʳʡ ʬʨʘʛʤʝʥʪ; 

ἦ ʈʘʟʨʳʚ ʩʚʷʟʠ CīN; 

ἦ ʇʨʦʪʦʥʠʨʦʚʘʥʠʝ ʤʦʣʝʢʫʣʳ ɻʠʨʦʤʠʪʨʠʥʘ. 
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Теоретическая 

задача 7 

ɺʦʧʨʦʩ 7.1 7.2 7.3 7.4 7.5 7.6 Всего 

ʆʯʢʠ 10 6 15 9 11 6 57 

7 ʙʘʣʣʦʚ ʈʝʟʫʣʴʪʘʪ        

Задача 7. Цидофовир 

ʎʠʜʦʬʦʚʠʨ (1) ï ʘʥʪʠʚʠʨʫʩʥʳʡ ʧʨʝʧʘʨʘʪ, ʘʥʘʣʦʛ ʥʫʢʣʝʦʪʠʜʘ, ʙr ʣ ʚʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥ ʚ 

ʛʨʫʧʧʝ ʧʨʦʬʝʩʩʦʨʘ ʍʦʣʠ ʚ ʙʳʚʰʝʡ ʏʝʭʦʩʣʦʚʘʢʠʠ. ʕʪʦʪ ʧʨʝʧʘʨʘʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʣʝʯʝʥʠʷ 

ʚʠʨʫʩʥʳʭ ʠʥʬʝʢʮʠʡ ʧʘʮʠʝʥʪʦʚ, ʙʦʣʴʥʳʭ ʉʇʀɼʦʤ. 

 

ʂʣʶʯʝʚʳʤ ʠʥʪʝʨʤʝʜʠʘʪʦʤ ʚ ʩʠʥʪʝʟʝ ʎʠʜʦʬʦʚʠʨʘ ʷʚʣʷʝʪʩʷ ʦʧʪʠʯʝʩʢʠ ʯʠʩʪʳʡ ʜʠʦʣ 2, ʢʦʪʦʨʳʡ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʠʟ L-ʤʘʥʥʠʪʘ (3). 

 

7.1 ʅʘʨʠʩʫʡʪʝ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ AïD ʩ ʫʯʝʪʦʤ ʩʪʝʨʝʦʭʠʤʠʠ. ʋʯʪʠʪʝ, ʯʪʦ ʠʟ ʦʜʥʦʡ 

ʤʦʣʝʢʫʣ rA ʦʙʨʘʟʫʶʪʩʷ ʜʚʝ ʤʦʣʝʢʫʣʳ B. 
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A                                                    C12H22O6 

 

B 

 

C D 

 

7.2 ʅʘʨʠʩʫʡʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ ʩʦʝʜʠʥʝʥʠʷ 3, 

ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʭʝʤʝ ʚʤʝʩʪʦ ʤʘʥʥʠʪʘ ʠ ʜʘʚʘʣʠ ʙʳ ʪʦʣʴʢʦ ʪʦʪ 

ʞʝ ʧʨʦʜʫʢʪ 2. 
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ɺ ʩʠʥʪʝʟʝ ʩʦʝʜʠʥʝʥʠʷ I ʜʠʦʣ 2 ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʨʠʚʝʜʝʥʥʳʤ ʥʠʞʝ ʧʨʝʚʨʘʱʝʥʠʷʤ. ʉʠʥʪʝʟ 

ʬʦʩʬʦʥʘʪʘ 4, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʧʨʝʚʨʘʱʝʥʠʷ F ʚ G, ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʥʠʞʝ. 
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7.3 ʅʘʨʠʩʫʡʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣ rʩʦʝʜʠʥʝʥʠʡ EïI ʩ ʫʯʝʪʦʤ ʩʪʝʨʝʦʭʠʤʠʠ. ʀʩʧʦʣʴʟʫʡʪʝ 

ʘʙʙʨʝʚʠʘʪʫʨʫ MMT ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ (4-ʤʝʪʦʢʩʠʬʝʥʠʣ)ʜʠʬʝʥʠʣʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ. 

ʊʘ ʞʝ ʩʭʝʤʘ, ʯʪʦ ʠ ʥʘ ʧʨʝʜʳʜʫʱʝʡ ʩʪʨʘʥʠʮʝ 

 

E                                               C30H30O4 

 

F G 

H 

 

I                                            C16H27O8PS 
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ʌʦʩʬʦʥʘʪ 4 ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʩʦʛʣʘʩʥʦ ʥʠʞʝ ʧʨʠʚʝʜʝʥʥʦʡ ʩʭʝʤʝ: 

 

7.4 ʅʘʨʠʩʫʡʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʩʦʝʜʠʥʝʥʠʡ JïL. 

J 

 

K 

L 

 

 

 

ʈʝʘʢʮʠʷ ʩʦʝʜʠʥʝʥʠʷ I (ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʧ. 7.2) ʩ ʮʠʪʦʟʠʥʦʤ (5) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʩʠ 

ʠʟʦʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ M ʠ N ʚ ʩʦʦʪʥʦʰʝʥʠʠ 3 : 1. ʆʙʨʘʟʦʚʘʥʠʝ ʵʪʠʭ ʧʨʦʜʫʢʪʦʚ ʦʙʲʷʩʥʷʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʮʠʪʦʟʠʥ (5) ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʬʦʨʤʝ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʪʘʫʪʦʤʝʨʘ P. ʈʝʘʢʮʠʷ 

ʩʦʝʜʠʥʝʥʠʷ M ʩ ʮʠʢʣʦʛʝʢʩʘʜʠʝʥʦʤ-1,4 ʠ ʛʠʜʨʦʢʩʠʜʦʤ ʧʘʣʣʘʜʠʷ ʥʘ ʫʛʣʝ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʷ O. ʌʨʘʛʤʝʥʪ ʵʬʠʨʘ ʬʦʩʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʩʦʩʪʘʚʝ ʩʦʝʜʠʥʝʥʠʷ O 

ʨʝʘʛʠʨʫʝʪ ʩ ʪʨʠʤʝʪʠʣʩʠʣʠʣʙʨʦʤʠʜʦʤ, ʜʘʚʘʷ ʎʠʜʦʬʦʚʠʨ (1). 
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7.5 ʅʘʨʠʩʫʡʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʜʚʫʭ ʠʟʦʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ M ʠ N, ʘ ʪʘʢʞʝ 

ʩʦʝʜʠʥʝʥʠʷ O ʩ ʫʯʝʪʦʤ ʩʪʝʨʝʦʭʠʤʠʠ. ʊʘʢʞʝ ʜʣʷ ʮʠʪʦʟʠʥʘ (5) ʥʘʨʠʩʫʡʪʝ ʩʪʨʫʢʪʫʨʥʫʶ 

ʬʦʨʤʫʣʫ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʪʘʫʪʦʤʝʨʘ P. ʋʯʪʠʪʝ, ʯʪʦ ʧʨʝʚʨʘʱʝʥʠʝ M ʚ O ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʥʷʪʠʝ ʟʘʱʠʪʥʦʡ ʛʨʫʧʧʳ. 

M (75%) 

 

N (25%) 
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O 

 

P 

 

 

7.6 ʅʘʨʠʩʫʡʪʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʜʚʫʭ ʥʝʮʝʣʝʚʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʧʨʦʩʪʦʛʦ 

ʩʪʨʦʝʥʠʷ Q ʠ R, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʧʨʝʚʨʘʱʝʥʠʠ M ʚ O. 

Q                                ʠʟ ʮʠʢʣʦʛʝʢʩʘʜʠʝʥʘ 
 

R                          ʠʟ ʟʘʱʠʪʥʦʡ ʛʨʫʧʧʳ 
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Теоретическая 

задача 8 

ɺʦʧʨʦʩ 8.1 8.2 8.3 8.4 8.5 8.6 8.7 8.8 Всего 

ʆʯʢʠ 14 14 2 16 6 8 9 6 75 

9 ʙʘʣʣʦʚ ʈʝʟʫʣʴʪʘʪ          

Задача 8. Кариофиллен 

b-ʂʘʨʠʦʬʠʣʣʝʥ (3) ï ʵʪʦ ʧʨʠʨʦʜʥʳʡ ʩʝʩʢʚʠʪʝʨʧʝʥ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʡ ʚ ʛʚʦʟʜʠʢʝ ʠ ʥʝʢʦʪʦʨʳʭ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʯʝʰʩʢʠʭ ʠ ʩʣʦʚʘʮʢʠʭ ʨʘʩʪʝʥʠʷʭ, ʪʘʢʠʭ ʢʘʢ ʭʤʝʣʴ ʠʣʠ ʣʠʧʘ ʩʝʨʜʮʝʣʠʩʪʥʘʷ.  

ʉʠʥʪʝʟ b-ʂʘʨʠʦʬʠʣʣʝʥʘ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ, ʠʩʭʦʜʷ ʠʟ ʦʜʥʦʛʦ ʵʥʘʥʪʠʦʤʝʨʘ ʜʠʝʥʦʥʘ A. ʈʝʘʢʮʠʷ 

ʩʦʝʜʠʥʝʥʠʷ A ʩ ʩʠʣʠʣʠʨʦʚʘʥʥʳʤ ʘʮʝʪʘʣʝʤ ʢʝʪʝʥʘ 1 ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʠ 

ʚʦʜʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʧʨʠʚʦʜʠʪ ʢ ʢʝʪʦʥʫ 2. ʉʦʝʜʠʥʝʥʠʝ 2 ʟʘʪʝʤ ʦʙʨʘʙʘʪʳʚʘʶʪ ʪʦʟʠʣʭʣʦʨʠʜʦʤ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʝʱʝʩʪʚʫ B, ʦʩʥʦʚʥʘʷ ʮʠʢʣʠʟʘʮʠʷ ʢʦʪʦʨʦʛʦ ʜʘʝʪ ʩʦʝʜʠʥʝʥʠʝ С. ʅʘ ʧʦʩʣʝʜʥʝʡ 

ʩʪʘʜʠʠ ʨʝʘʢʮʠʷ С ʩ ʠʣʠʜʦʤ D ʧʨʠʚʦʜʠʪ ʢ b-ʂʘʨʠʦʬʠʣʣʝʥʫ (3). 
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8.1 ʅʘʨʠʩʫʡʪʝ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ AïD ʩ ʫʯʝʪʦʤ ʩʪʝʨʝʦʭʠʤʠʠ. ʇʦʜʩʢʘʟʢʘ: ɺ 

ʧʨʝʚʨʘʱʝʥʠʠ A Ÿ 2, ʩʠʣʠʣʠʨʦʚʘʥʥʳʡ ʘʮʝʪʘʣʴ ʢʝʪʝʥʘ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʥʫʢʣʝʦʬʠʣʘ. 

A C10H14O B 

C D 

 

ʆʜʥʘ ʠʟ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 2 ʠ 3 ʠʤʝʝʪ ʪʨʘʥʩ-ʢʦʥʬʠʛʫʨʘʮʠʶ. ʉʪʘʙʠʣʴʥʦʩʪʴ 

ʪʘʢʦʛʦ ʮʠʢʣʘ ʜʦʩʪʠʛʘʝʪʩʷ ʝʛʦ ʙʦʣʴʰʠʤ ʨʘʟʤʝʨʦʤ. ʊʨʘʥʩ-ʮʠʢʣʦʦʢʪʝʥ (4) ï ʥʘʠʤʝʥʴʰʠʡ ʮʠʢʣ, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʪʨʘʥʩ-ʜʚʦʡʥʫʶ ʩʚʷʟʴ. ɽʛʦ ʩʠʥʪʝʟ ʧʨʠʚʝʜʝʥ ʥʠʞʝ: 
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8.2 ʅʘʨʠʩʫʡʪʝ ʩʪʨʫʢʪʫʨʳ ʨʝʘʛʝʥʪʘ E, ʠʥʪʝʨʤʝʜʠʘʪʦʚ F ʠ G ʩ ʫʯʝʪʦʤ ʩʪʝʨʝʦʭʠʤʠʠ. ɼʣ ̫

ʩʪʨʫʢʪʫʨ F ʠ G ʦʪʤʝʪʴʪʝ ʛʘʣʦʯʢʦʡ ʚ ʬʦʨʤʝ ʜʣʷ ʦʪʚʝʪʦʚ ʧʨʘʚʠʣʴʥʫʶ ʩʪʝʨʝʦʭʠʤʠ.ʁ 

E 
F 

 

 

 

 

 

 

ἦ ʘʭʠʨʘʣʴʥʳʡ 

ἦ ʦʜʠʥ ʵʥʘʥʪʠʦʤʝʨ 

ἦ ʨʘʮʝʤʘʪ 

ἦ ʩʤʝʩʴ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ 

G 

 

 

 

 

 

 

 

ἦ ʘʭʠʨʘʣʴʥʳʡ 

ἦ ʦʜʠʥ ʵʥʘʥʪʠʦʤʝʨ 

ἦ ʨʘʮʝʤʘʪ 

ἦ ʩʤʝʩʴ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ 
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8.3 ʅʘʨʠʩʫʡʪʝ ʩʪʨʫʢʪʫʨʳ ʵʥʘʥʪʠʦʤʝʨʦʚ ʮʠʢʣʦʘʣʢʝʥʘ 4. 

 

 

 

ɼʚʝ ʜʚʦʡʥʳʭ ʩʚ̫ʟʠ ʚ b-ʂʘʨʠʦʬʠʣʣʝʥʝ ʠʤʝʶʪ ʨʘʟʥʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ: ʜʚʦʡʥʘʷ 

ʩʚʷʟʴ ʚ ʮʠʢʣʝ (ʵʥʜʦʮʠʢʣʠʯʝʩʢʘʷ) ʙʦʣʝʝ ʘʢʪʠʚʥʘ, ʯʝʤ ʜʨʫʛʘʷ (ʵʢʟʦʮʠʢʣʠʯʝʩʢʘʷ) ʠʟ-ʟʘ 

ʥʘʧʨʷʞʝʥʠʷ ʮʠʢʣʘ. 
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8.4 ʅʘʨʠʩʫʡʪʝ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ Ha + Hb, I ʠ Ja + Jb ʩ ʫʯʝʪʦʤ ʩʪʝʨʝʦʭʠʤʠʠ. ʇʦʜʩʢʘʟʢʘ: 

Ha + Hb ʠ Ja + Jb ï ʵʪʦ ʧʘʨʳ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ. 

Ha + Hb 
 

I 
 

Ja + Jb 
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ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ b-ʂʘʨʠʦʬʠʣʣʝʥʘ (3) ʢ ʀʟʦʢʘʨʠʦʬʠʣʣʝʥʫ (5) ʧʦʨʷʜʦʢ 

ʘʢʪʠʚʥʦʩʪʠ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ ʠʥʚʝʨʪʠʨʫʝʪʩʷ.   

 

8.5 ʅʘʨʠʩʫʡʪʝ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ Ka ʠ Kb. ʇʦʜʩʢʘʟʢʘ: Ka + Kb ï ʧʘʨʘ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ. 

Ka + Kb 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

ʀʟʦʪʦʧʥʦ-ʤʝʯʝʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʙʝʩʮʝʥʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʝʭʘʥʠʟʤʦʚ ʨʝʘʢʮʠʡ, ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʤʘʩʩ- ʠʣʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʩʠʥʪʝʟʳ ʤʝʯʝʥʦʛʦ b-ʂʘʨʠʦʬʠʣʣʝʥʘ. 
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8.6 ʅʘʨʠʩʫʡʪʝ ʩʪʨʫʢʪʫʨʳ L ʠ M ʩ ʫʯʝʪʦʤ ʩʪʝʨʝʦʭʠʤʠʠ. 

L 

 

M                                               C14H20D2O 

 

 

b-ʂʘʨʠʦʬʠʣʣʝʥ (3) ʧʨʝʪʝʨʧʝʚʘʝʪ ʢʠʩʣʦʪʥʦ-ʢʘʪʘʣʠʟʠʨʫʝʤʫʶ ʮʠʢʣʠʟʘʮʠʶ, ʧʨʠʚʦʜʷʱʫʶ ʢ 

ʩʣʦʞʥʦʡ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ. ʉʨʝʜʠ ʥʠʭ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʷʚʣʷʶʪʩʷ ʧʘʨʳ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ  

Na + Nb ʠ 7a + 7b. ʈʝʘʢʮʠʷ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʵʥʜʦʮʠʢʣʠʯʝʩʢʦʡ (ʙʦʣʝʝ ʘʢʪʠʚʥʦʡ) 

ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʦʢʘʪʠʦʥʘ O. ʂʘʪʠʦʥ О ʮʠʢʣʠʟʫʝʪʩʷ ʙʝʟ ʨʘʟʨʳʚʦʚ 

ʦʜʠʥʘʨʥʳʭ ʉïʉ ʩʚʷʟʝʡ, ʜʘʚʘʷ ʜʠʘʩʪʝʨʝʦʤʝʨʥʫʶ ʧʘʨʫ ʪʨʠʮʠʢʣʠʯʝʩʢʠʭ ʢʘʪʠʦʥʦʚ Pa ʠ Pb, 

ʢʦʪʦʨʳʝ ʛʠʜʨʘʪʠʨʫʶʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʧʠʨʪʦʚ Na ʠ Nb. ʅʘʨʷʜʫ ʩ ʵʪʠʤ, ʢʘʪʠʦʥʳ Pa ʠ Pb 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʳʚʘʶʪʩʷ ʩ ʨʘʟʨʳʚʦʤ ʦʜʠʥʘʨʥʦʡ ʉïʉ ʩʚʷʟʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʪʠʦʥʦʚ Qa ʠ Qb, 

ʢʦʪʦʨʳʝ ʜʝʧʨʦʪʦʥʠʨʫʶʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ 7a ʠ 7b. 
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8.7 ʅʘʨʠʩʫʡʪʝ ʩ ʫʯʝʪʦʤ ʩʪʝʨʝʦʭʠʤʠʠ ʩʪʨʫʢʪʫʨʳ трех ʠʥʪʝʨʤʝʜʠʘʪʦʚ O, Pa, Qa, ʧʨʠʚʦʜʷʱʠʭ 

ʢ ʜʠʘʩʪʝʨʝʦʤʝʨʫ 7a. 

O  Pa 

Qa  

 

8.8 ʅʘʨʠʩʫʡʪʝ ʩʪʨʫʢʪʫʨʳ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ Na + Nb. 

Na + Nb                                                                                                                     C15H26O 

 

 

 

 

 

 

 

 

 

 


