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1. 

1.1. 

 « » 

. 
, , 

. 

, 
. ,

, ,
.1.1.

.1.1. .

. 1.2. 
, , , , 

) , 
, ,

.
 (190-390

) , 
 (390-800 ) – . 

, 
, , .
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. 
:  0.5  2 .

. 1.2. : 1 – ,
2 – , 3 – 

, , 
, . 

,  – . 
, 

I I0, . 
I/I0, , 

:

0

lg
I
IA

A
.  1.3 

. 
) . 

, . 

.
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. 1.3. 

C ( ), 
L ( ) 

:

CL
I
IA

0

lg (1.1)

, .

L = 1 . 
, 

. 
 1.4. 

. 
 = 210 -1 -1

 = 254,75 ,  –  = 2864 -1 -1  =  261.75 .
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. 1.4. 

, 
. 

,
, 

.  – 
, 

, 
. 

, 
. 

, 
. 

, 

.

 Uvwinlab. , 
. 

, . 1.5.
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. 1.5. 

, , ,
 APPLIC66.MSC.  SCAN, . 1.6,

, 
, , 

. 
 (Autosave – On). 
 Method info.

 Inst.  Instrument 
, , 

, 
. 

, 
.
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. 1.6.  SCAN 

. 1.7.  INSTRUMENT 
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 Acc  ( ) 
: Cell changer – «Off», 

,  – «On», 

.
 Sample, . 1.8, 

, , 

. 

. , 

, , .

. 1.8.  Sample 

,
,

 Save as  File.
 Default spectral format  ASCII 

 Utilities -> Configuration. 
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,  Excel 
.

 Start. 

, . 1.9.

. 1.9. . 
.

. 
L=1  3-3.5 

. .
. 

 OK  Sample change. 
, 

.

,  Sample . 
, , 

. 
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. 
:

L
C 1

, 
. 

. 
.  OK  Sample

change. , 
, . 1.10. 

, , 
.

. 1.10. 

 UVWinlab 

 Find peaks ( ). , 
 ASCII, 
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Excel.  Excel , 
 « » .

 1.1 

 1- .
.

:
1.  25  1-

 10-3 .
2.  220–400 .
3. A

 (> 250 )  2.1, 
 3 ,  2.1,  – A .

4. .  3-4 ,
A = 0.7–1.7.

, 

, ,
A = 1. 

,  1-
 100 . . 

 (1.1).

. 
, 

, 
.

. 
, , 

, , 
. , ,  80%

, , 
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, . 
 « ». 

, 
.

, . 

n1R1 +n2R2 + ...  m1P1 + m2P2 + ... (1.2)
R1,  R2,…Ri – , P1,  P2,  …, Pi – ,

n1,…,ni, m1,…, mi – . ,
, 

v :

dt
Pd

mdt
Rd

n
v i

i

i

i

][1][1
 (1.3)

t – , [Ri]   [Pi] – 
. 

 ni, mi . 

.
, 

, 
,

:

...][][][
21

21
1 nn RRk

dt
Rdv (1.4)

n1, n2,… 
. 

. 
, , 

. 
,  ( ), 

.
,

 (1.4). 
,

:
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E – , S – , P – , k1, k-1, k2 –
.

 (
) 

SK
SV

dt
Pd

M
max (1.5)

Vmax – , KM –  :

1

21

k
kkK M

, 
- 

. 
, 

, . 

,  (1.1).

Lambda-35  KinLab. 
. , , 

. 
 MethodEditor. 

 *.mki 
.  Kinetics 

, 
.

 Sample. 
. 1.11.  (Number of

Samples) , 
. , 

, 
, 

Blank. 
.
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. 1.11. 
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 Instrument. 
, 

, ,
,

, 
. 

Accessories 
.

 Output , . 1.11.
,  File, Save Method As.

 Setup. 
.

 3 
 1 .

.  3 
, . 

, 
.  AutoZero.

, 
 30 . 

 5 .

.  Start. 
 10-50 . 

.
,  Instrument, 

, 
,  Sample. 

 …/Uvwinlab/Data  *.rki. 
:

Time[min]       A      Delta A  dA/min
   0.00 0.1171
   0.08 0.1211   0.0041   0.0491
   0.17 0.1257   0.0045   0.0518
   0.25 0.1282   0.0025   0.0446
   0.33 0.1312   0.0030  0.0425
……………………………………………….
  13.50   0.3052   0.0004   0.0139
  13.58   0.3055   0.0002   0.0139
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 Time[min] – , ,  –
, Delta A – 

, dA/min – , 
. 

 dA/min 
, 

. 
, 

 80%, 

.

.  dA/min 
.  Excel

  .

 1.2

 (BAPNA) .  25 
 0,05  ( =8,1),  10-2

CaCl2,  200  BAPNA , 
,  BAPNA 

 0,36·10-3 ,  – 24 . 
=

410 .
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1.2. 

, 
, 

. 
, ,

.
, 

, 
, 

. 
, .

. , 
, .

.
 (

) 
. -

. 
. , 

.  « » 

. , , «
» 

.

, 
 (1.6):
E = E2 – E1 (1.6)

 E2  E1 – .

. 
 (

), -1 (  =  1/ ,
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 – ). 
:

1  ( ) = 2.859 10-3  ( -1).
,  400  25000 -1

 71.5 .

,  n- ,  3n-6 
) . 

 3n-5. 
, ,

.

. , -
, 

. 
.

, 
 (1.7):

K
2
1

(1.7)

 – ;  – , 
;  –  (  1.8)

21

21
mm

mm
(1.8)

. 

, 

, . 
, . ,

, 
 ( , , N-H), 

(C=C, C=N, C=O, N=N).

: ) , ) 
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, ) , ) 
- .

, 
. , 

, : 3000-2800 -1, 1400-1300
-1  700 -1, . 1.12.

. 1.12. 

 3000-2800 -1

. 
,  2962 -1  2872  -1

 (  - as  -
s),  2926  2853 -1

 ( as s, ). 

. 
.

 1400-1300 -1  700 -1

.

CH3-(CH2)5-CH3

, -1

,%
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, ,
, 

. 
 1680-1640 -1. 

, 
, . 1.13.

,%

, -1

. 1.13. -1.

 (

). 

.  1680-1640 -1

, . 1.
 1, 

.  , , , 
.

, -1
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 1
 ( ) 

, -1 , -1

RCH=CH2
R1R2C=CH2
R1CH=CHR2-
R1CH=CHR2-
R1R2C=CHR3
R1R2C=CR3R4

1648-1638
1658-1648
1662-1652
1678-1668
1675-1665

-1
3,3- -1
2- -1

-2
-2

1642
1645
1653
1658
1670

:  ( >3000
-1), 

 (1600-1500 -1)  900 -1,
.

. 

.

,  900 -1. 

. 
 671 -1. 

.
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,%

, -1

. 1.14.  1,4- .

, .
 3600-3000 -1

), . 1.15.
,

. 
 (3600-3000 -1), 

. 
.

, 
 3670-3580 -1. 

.
,

, 
.
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,%

, -1

. 1.15. -1.

.

. 
 3550-3450 -1.  

 3400-3200
-1. 

 3600-3200 -1

: 

, .

, 
.

.
,  3600-3000 -1

. 

.
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, 

 1900-1580 -1,

. 
 ( ; 

, ; 
; ). , 

 (
).

, , ,
.

, 
, 

. 

, 

.
 – 

 – , , 
1745 -1.

 1740-1720 -1. 
. ,

1752 -1,  – 1757 -1.

 1725-1705 -1.  ,
 ~  20 -1. , ,

1742 -1,  – 1728-1718 -1

.
. 

 1790-1770 -1. 
 1720 –

1700 -1 , .
1.16.
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,%

, -1

. 1.16. .

, , 
 ~  30 -1

.

 1750 – 1735 -1. 

, .

 N-H -N, 
 3500 – 3300, 1650 – 1500, 1360 – 1000 -1.

 3500 – 3300 -1

 N-H. 
, . 1.17.

 (~3500 -1) 
,  (~3400 -1)  –

 NH2. 
, .

1.18. ,
. 1.19.

- . 
 NH 
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. , 
.

, 
, 

.
 1650-1500 -1

. 

 1650-1580 -1. 
 NH ,

 1600-1500 -1, 
.

 1360 – 1000 -1

,  C-N 
.

,%

, -1

. 1.17.  ( ).
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,%

, -1

. 1.18.  (N- ).

,%

, -1

. 1.19.  N,N- .
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, 
.  1.20 -

 Vector 22  Bruker, 
.

. 1.20.  Vector 22, 
:  – , B – , C –

, D – , E – 
.

. 1.21 .
 Vector 22 –  7500  370 -1.

 1 -1.
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. 1.21.  Vector 22. 
:  – , B – , C –

, D – ,  – , ’ –
, F – , G – .

.
1.22. : ,

. 
, 

. 
. 

, 
.

:
) 

;
) 

;
) 
.

, , .
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. 1.22. .

1) . 
 30 ) 

.  – 
.

2) .
3)  (Windows, OS2) 

 OPUS.
4) Measurement.
5)  - . 

Measurement , . 1.23, 
).   -  32.  

,  ( ). 
 Sample,  Work, 

,  - E:\opus\MEAS. 
“Start Background Measurement” (  E) 

. 
.

 Experiment ( ), Repeat Control (  D),
Special Measurements (  F), Setup (  A), Test/Optic Utilities

 I), Align Mode (  G) 
, 

.
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. 1.23. Measurement.

6)  – . 
. . 

. 
“Measurement” “Start Sample Measurement”, 

. 
 “Work”  E:\opus\MEAS.

 1.3. 
.

. 

. 
, ,

.

:

1) 
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2)  5 , 
, , , , .

3) 

.

 1.4. 
.

. 

. , 

1700 – 1600 -1. 
. 

 ( )

.

:

1)  1-
.

2) 
 (  1700 – 1600

-1).
3) 

.
4)  1-

.
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5) 
 (  1700 – 1600

-1) 
.

 1.5. 

. 
, 

, 
. , 

. 
, 

– . 

. , 
 (B) :

 + 6 5                       6 5
l4  (1.9)
H = 0.016 OH + 0.63 (1.9)

OH – -
 ( -1).  H –

 ( ).

.

:

1)  ( =0.005
) l4  (3700-3000 -

1)  5 .
2)  ( =5

) .
3) 

.
4) 

.
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:

1. . . .: . 1981. .1.
2. ., . -, - -

. .: , 1971.
3. ., . 

. .: , 2003.
4. . .

. .: , 2009.
5. . . .:

, 2003. .1.
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2. 

.
 – ,

. , 
. 

, , 
.

:
– , 

;
– , ,

;
– ,

, .

. :
– ,

, 
. : U,

H, G, F, S.
– , 

, . 
:  A  Q.

 – . 

, 
. , 

, 

: QV = – U,  – 
: QP = – H.

, 

. , 
, 

, 
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. 
.

, ,
. 

, 
, 

. , ,
, . 

:
1. .

: = =const. 
. 

, .
2. .

: =const. 

= , 
. 

. 

.
3. .

. 
:

(t)= (t). ,

.
, 

.
4. .

.
 – 

. 
.

= ( )0 + t

. 
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: , 
, .

, 
.

2.1. 

 ( , 
) . 

. 
,  ( )

. 
. ,

, 
, 

,  « » 
.  « » , 

, 
-

. , 

.

. 
. 

, 
. , 

, , 
. 

, 
. 

, . 
 -  (

), 
,

, 
. : 

 10  20%, ,
, 
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, 
 ( ,

 20 ,  100 ). 
, 

 – 
. , .

 ( )
, , ,  «

» .
, , , 

,
, 

. 
, , 

, 
. 

. 
: «

», « ». 

» (semi-adiabatic). 

.
. 2.3 

.

. 2.3. 
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, 
. , . 2.3,

: 
. 

, 
. 

, .
 « »

 ( t):
Q C t (2.1)

C
. 

, , 
, 

, ,
. , 

. 

kQ kt .
 « » 

:
k

k

QC
t

. 
, . 

. 2.4. 
t

.
. 2.4 b e. 

,

. 
b ; 

b e – ,    -
. 

t’
t,  e

.
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b, 
. 2.4, 

, 
. , 

,
, , . 2.5.

t 
t’ , 

, 
b e, 

b e.

. 2.4. 

. 2.5. 

. 
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. , 
, 

 (T )  (T )
dT k T T
d

 (k T  )

  b e. b

e.

 10-6 . , 
,

. 

. ,

, 
, ) . ,

, . 

, 

.
 4 ,

. 
.

 ( . 2.6) – 
 « ». , 

.
 10-3

.  100
. , 

. 
, 

, 
.
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 (2.7) 
 «Parr Instruments». 

,  (10-4

). 
. : 

, 
.  – 

 – .

 ( ), 
. 

. 
.

. 2.8 , 
. 

. 
, 

, , 
. 

, , 
, 

. 
 70 .  ( ,

, ) .
, , 

 (
), 

. ,
,  10-5

, 
2·10-4 . 

, 
.  70 , 

,  150
. 

.
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. 2.6.  ( )
», 

. 2.7. ,  «Parr
Instruments» ( )
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. 2.8. , 

. 2.9. ,
 «TA Instruments».  –

;  –  TAM III.
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 «TA Instruments»
. 
. 

 10-6 , 
 10-5 .

, 
, 

 1 ). 
 ( . 2.8) 

,

 10 . 

, . 
, .

, . 2.8

 – 
. 

. 2.10.  (1), 
 110 . 

 (2).  (3) 
, 

:  (4) 
,  (5)

. 
. 

 25°
.
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. 2.10. 

. . 2.11.
 (6)   (7)  

. 
 (8).

. 2.11. 

 (9),  (
) :  (11),  (12) 

 (13),  (10). 
 (  « »)

.  (11) 
 (10). 

 (12). , 
, 

 « », 
. 
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 (13)  « » 
. ,

 (6).

. 

. 
 (7) 

. 
. , 

.

, . 2.12.  –
 RL  RR, ,

, .

 – 3-5%/° .  – 
 R1  R2,  (R2) 

. 
 (U ). 

 V 
. 

:

2

1

R
R

R
R

R

L

, RR,  R1 R2
RL.

. 2.12. 

,
, V<<U .

, 
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V
:

RR=const L
L

c
R
V

    Rl=const L
R

c
R
V

, R1=R2  RL=RR,
cL cR

. 

,
R

R

L

L

t
R

t
R

, 

V 
:

( )L RV c t t

, ,
. 

:
L Lt c V     R Rt c V  (2.2)

, 
 QL  QR . 

,  (2.2)  (2.1).
,  (2.1)  C 

, , . 
:

L LQ k V R RQ k V

Lk Rk ,   (2.1)
. 

.
, 

 Hsoln.

 2.1 

:
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1. . : 
, 

. 
«ARNETT##.EXE».

2.  –
. 

.
3.

 110 .
4. .

: 
 (

 – )!
5.

 30 )  – 

.
6. .
7. .
8. .
9. , 

 25° .
10.

25° . ,
 «

25 ». 
, , 

. 
 <ENTER>, .

11.  4 .
 ( , I,II,III,IV). 

 I, II 
,  III, IV – .

12.  4- .
 0.0400  0.0600

. 
 4- .

13.  «I» 
. .  «III» 

.
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14.
 20 .

15. , 
 « ». 

. , , 
, 

. 
. 

 (2.0),
. , 

,  <ENTER>.

, 
. 

. 
 <ENTER>:

:»- 
 (  30 ).  «

 / ». 
, . 

: «DIPHENYL/CCl4».
 :…  :»  - 

.
» - .

 :…  :»   -  
.

» - .
 :» - 

. 
, 

, 
.

,  :» -
. 

 «50».
,  :» -  «70».

, , 
, , 

 5:7, 
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.
,  :» -

. , 
. 

 «200».
,  :» -

 (
) . 

 «600». 

. 

 «10». , 
,  <ENTER> 

.
16.

. 
. 

:
 <ESC> - 

, ,

.
 <F3> - 

, 
.

 <F5> - 
 ( ) 

.
 <F6> - 

.
17. , 

 ( ) 
 <F5>. 



55

, 
.

18.  ( ) 
: «  < >, 

!». 
> , 

, , 
, 

.

.
19.  <F6> 

.
20.

: «  < >, 
!» -  18 

.
21.

. , 

,  <ESC>.
22. , 

, 
. , 

<ENTER>. , 

. 

:
 « »

, 
) : b . 2.13

: e . 2.13
.

, 
. 

b e . ,
, 

. 
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, 
, 

, .

. 2.13. 
.  1  2  « » .

, 
) , 

 < >. 
: < >,

>. 
> 

. ,
 <ENTER>. 

, , 
 ( ).

 ( ) . 
. 

 ( ). 
.

23.
.  I  III  II  IV.

24.  14-22 
.
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25.
. . 

 (
) .

26. . 
:

 / 

 ( ) 
 ( ) 

 ( ) 

 – 
) .

 « ». 
 «CALORIM.JRN»

27. . 
, 

, , 
. ! 

. , 
. 

.
28. , 

. . 
, 

. , 
.

 2.2  1-
 TAM III

 TAM III

.  – 
. 

. 
 – , . 

, 
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. 
 – ,  ( .

2.9).  Hamilton,

), . 

. 
, 

,
. 

, 

.

-1 . , 

.
:

1.  100 
. . 

.  –  «SolCal»
  : «Experiment» - «Experiment Control».

500 rpm ( . . 2.14).
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. 2.14.  «SolCal»,  «Experiment Control».

2.
 45-60 .

3.  (100 ) 1-
, .

4.  «<» 
,

 0 . 

.
5. .
6.  10 .
7. :  «Experiment Control»

 «Start new experiment» ( .  2.14); 
 «Titration experiment» 

 ( . 2.15 – 2.17) 
 ( );

, .
 –  (100 ), 

.
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8.  «Start
experiment».   10

 ( ) .
9.  (

)  (

; , 
, 

).
10.

, 

. 
 «End».

11. , 
 «Calculation» - «Analyze experiment»

. 2.15.  «SolCal»: .
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. 2.16.  «SolCal»: 

. 2.17.  «SolCal»: 



62

2.2.  ( )

 – 
, :

, , 
, ).

– , 
; 

.

: , 
.

 – 

. 

.
– .

. 

.
 – 

.
, 

, 
, .

, 
, 

. 
. 

.
 –

 (
»). Q

T  (x1 x2) 
.

Q ~ T =T(x2) - T(x1) = f (x)
, 

 (  « »).
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.
:

T = T0 + ·t ,
T –  ( ), T0 – 

,  – 
, t – . 

.
(TM-DSC). 

,
, :

T = T0 + ·t + A sin(w·t),
A – , w – 

.  –
, 

, , 
.  – 

, 
, , 

.
 – 

, 
, 

, , 
.

: ,
, .

 ( . 2.18)
: 

,  – , 
,  – 

, 
). 

 ( ,
, 

.). 
.
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. 2.18. .

. , 
. 

:
– : Q f (t). ,

,

.
– .
– .
– 

: , , .
–  (

). ,
, .

– , 
 (

).

, . , 
. 

, . 
Q1. 

Q1 > 0, 
Q1 < 0. 



65

: 
.

, , ,
, 

. 
: , . ,

.

 DSC 204 F1
Phoenix

 ( , , , -
, , .) . 

 ( ) 
 ( . 2.19). 

.

. 2.19. 
 DSC 204 F1 Phoenix

 0,001  200 , 
. 

. 
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 -85  600º . 

.

 (  10 ). , 
, , 

 (  – ) 
 ( ). 

 (
 – ,  – ).

( )( )SQ T T T
l

Q – , S – , l –
, (T) – .

T = T  - T , T T  – 
, . 

 ( . 2.20).

. 2.20. 
DSC 204 F1 Phoenix

:

( )( )SQ Q T T T
l

( )Q f T T
f (T) 

. f (T) 
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. f (T)
.

 ( )

, . 2.21. 
, 

, . 
, . 2.21.

. 2.21. 

 DSC 204 F1 Phoenix

 DSC 204 F1 Phoenix 
 2.22.

, 

.
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. 2.22.  DSC 204 F1 Phoenix

: , 
. ,

. 
 ( )

 100  50 , . 
. 

, , 
, 

. 
 1-50 

. 

, 
. 

, , ,
,  5 , 

.
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. 
, 

. 
, 

.

 «NETZSCH Proteus – 
», , 

.

 2.3 

 10-15 
. 

, . 
:  10 , 

 0 – 180° . 
, 

 0°  ( ) 
 15  0° . 

. 
 2-  3- . 

.

 2.4 

 5-10 
. 

, . 
:  10 , 

 – 60-100° ,  (
0,5° ,  60 ). 

, 
 –60°  (

)  25  –60° . 
. 

 2-  3-
.



70

2.3.  ( )

 1887 . -
. 

1300 K, 

, .

,
. 

, 
.  1939 .

.

 – 
. 

 ( ) 

). 
 ( ,

.)

, 
, 

. 
. 

, . 2.23.
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. 2.23. : ) 
m = f(T) ( ); ) 

dm/dt = f(T) ( )

, 
 « ».

, 
, 

, ,
.

, 
, , 

, 
, .

, 
, 

,  – 
,  – 

.
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 ( )

: 
, , 
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