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:

: . . 

: . , . , . , . , . ,
. 

. 

 c 

. 
, 

 Fe . 

 (fO2), .

 fO2  c 
,  « » (H2O, CO2, OH-, CO3

2-)  « » (H2,
CH4 H–Si, S–C, Si-H, Me–C) . 

 [Kadik, et al., 2004; ., 2006]. 
 –  [Miyazaki, et al., 2004; Libourel, et al., 2003;

Roskosz, et al., 2006; Kadik and Litvin, 2007].

[Kadik, et al., 2004; ., 2006;  2008] 
, .

,  fO2.
,  fO2

 N2
,  fO2, 

, 

. , , 
. 
.  fO2, 

 N–N, N–Si, N–H, N–O, N–C ,  NH3, NH4
+,

Si3N4, CN-, 
.
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.
, ,

 1.5  4 , 1400-1600 , 
, .

 2009 
 (FeO+NaAlSi3O8)+ ) + H+ N  1.5  4 , 1400-

1600  fO2, 
, , logfO2(IW)  -2  -

5 , logfO2(IW)  fO2
 (IW). 

, 
, 

, , 
 (NH3, NH4

+, Si3N4, CN-

.),  fO2
.

 ( )
 ( )  – 

. 
 NaAlSi3O8

, , 
.

 (NaAlSi3O8)  SiO2,
Al2O3  Na2CO3. , , 

,  3 
 1400 , 1  3–4

.  100–200 .
, , 3 

.  20 . 
 SiC, Si3N4  FeO ,

 200  24 . 
 1.

 1.  NaAlSi3O8 ( )  +  FeO  +  Si3N4, 
 (% .)

SiO2 Al2O3 FeO Na2O Si N

L5 99%AbFeO+1%Si3N4 54.4 15.4 19.8 9.4 0.6 0.4

L6 97%AbFeO+3%Si3N4 53.3 15.1 19.4 9.2 1.8 1.2
L7 95%AbFeO+5%Si3N4 52.2 14.8 19.0 9.0 3.0 2.0
L8 93%AbFeO+7%Si3N4 51.1 14.5 18.6 8.8 4.2 2.8

 4  1550–1600  1.5 
1400  [ , 1981; Kadik, et al., 2004].

 6 3

 5
0.1 .  Pt  10  5 .
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 Pt  0.05 
 Pt. 

 Pt30%Rh/Pt6%Rh 
 ( ). 

 5  1500  10  1600 . 
 [Bohlen, Boettcher, 1982].

 0.1 . 1.
 [ , 1962] ,

, 
.  Pt–Pt10Rh  ±5 ,

 ±0.1 .  200 
 Pt   5  ,   15   0.2  .  

 0.2  .   Pt  
 0.05

 Pt.  120
. 

. 
 ~200 .

 fH2, , 
[Kadik, et al., 2004]. 

 f 2,  IW.
 fH2 2

.  T,  f 2  fH2 /fH2
.  Pt  f 2

, 2, , 
. 

2
:

2FeO=2Fe+ 2. (1)
 SiC 

:
SiC( .)+O2= SiO2 )+ ). (2)

 Si3N4
:

Si3N4 ( .) + 3O2 3SiO2 ) +2N2 ( ), (3)

.
 (1–3)  f 2 .

 f 2(exp)  fO2
 IW 

logfO2(IW) = logfO2(IW) – log f 2(exp), (4)
 fO2(IW)  f 2(exp) 
 IW , . 

logfO2(IW)  Fe  FeO 
 [e.g. Drake et al., 1989]

logfO2(IW) = 2log(aFeO/aFe) (5)
FeO–  FeO , aFe –

 Fe . 
 (

 (x) a= x·
logfO2(IW) = 2log (xFeO/xFe) + 2log ( FeO/ Fe) (6).
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 f 2(exp), 
,  [ . .,

1992]
logfO2(exp) = 2log(XFeO/aFe) – h/T(K) – dXi), (7)

 h  d – , X i-
 (% .).  (7) 

, ,
.

lgfO2(IW)  fO2(IW) 
 O’Neill and Pownceby [1993].

 (
 fO2 ),  Fe  30–100 

, .  Fe
, , .  Fe

, .
 Fe  

. . 
 C meca (Camebax-microbeam  Cameca SX100). 

 Fe  18 %
.,  Fe ,  2 % . 

logf 2(IW) = -3.9.  Fe
 Fe.

 Fe  W  Pt  0.1 % .,  Pt  W  W
 Pt  (  0.1–1 % .). 

 Pt  W  Fe 
.

, ,
 0.4–1.9 % .

 2.  (% .)*  4 
1550

logfO2(IW) FeO SiO2 Al2O3 Na2O N Total
L5 -2.2 9.21 (12) 62.17 (28) 15.56 (7) 8.47 (7) 0.36 (7) 95.77 (29)
L6 -2.4 8.58 (11) 64.12 (35) 15.64 (12) 8.74 (11) 1.22 (6) 98.30 (50)
L7 -3.1 4.02 (9) 68.84 (13) 15.57 (15) 8.14 (13) 1.57 (9) 98.14 (31)
L8 -3.9 2.45 (37) 70.45 (10) 15.58 (13) 8.51 (15) 1.86 (14) 98.85 (43)

 10 . 
.

1H+/30Si+
 Cameca IVS 3f ( ). 

. 1H+ 30Si+
 O2

-  10–15 nA  10 µm 
 1200  100±20 eV. 

 0.2–0.4 % .
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 N–H–O  C–H–O 

,
, 

, , 
N  fO2.  

 180º  T-64000 (Jobin Yvon),
 CCD , . 

 Spectra Physics Ar+  514.5 
 50-  2 , 

. 
 1 -1.

 1  200 2,
. 

3 
 80  140 . -

 «Bruker IFS–113v»,  “IR
Microscope A590”, 

 50  400 .
 5 , 

, 
. 

 350  5000 -1  2 -1

 0.1%. 
 128 , 

.
. 1.  0–4200 -1.  1500-

4000 -1 ,  N–H, N–N, ,
H–H  O–H .

. logfO2(IW) = -2.2  -2.4 
 3544 -1  3570 -1, . 

, 
 [Mysen, Virgo, 1986; Luth, et al., 1987].  O–H 

2  OH- . 
 fO2.  1634–1625 -

1, , 2 ,
 [Dianov, et al., 2005]. logfO2(IW) = -3.9 ,

 O-H , .
.  4135 -1 logfO2(IW)= -2.2  -3.9, 

, 2,  [Luth, et al., 1987].
 2000–3500 -1

, ,  NH3 [Touray, et
al., 1985]  [Roskosz, et al., 2006], 

 N–H  N–N .
N–H .  3287 -1  fO2

, ,  NH3 ,
,  NH4

+.  fO2
3400–3700 -1,  3287 -1  3315 -1

3400 -1.
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4
)

N-H (NH
3
,NH

4
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OH-+H
2
O

logfO
2
(IW)=-2.4 (L6)

16
20

10
33

78
8

48
5

90

29
1231

8435
70

32
87

, 
.

, c -1
23

31

. 1. , 
 (Fe)  4  1550 , (OH, H2,

H2O, NH3 NH4
+, N2 )

N–N .  2331 -1 , N2,
.  N2  2331

-1.  N2 . 
 N2  3 

 1300- 1700  [Roskosz et al., 2006].
C–H .

2914–2915 -1 logfO2(IW)= -2.2  -2.4. .
 [Kadik et al., 2004] ,  CH4

. .
, 

.
 0–1200 -1  1030–1120 -1, 784-798 -1, 490–483 -1  80–93

-1 , 
 900–1200 -1, 800–850 -1  500–600 -1 [Neuvillie, Mysen,

1996; Mysen, 1998].  1030–1120 -1,  .  4,  

FeO . ,  1030–1120 -1

 N-
Si,  [Schrimpf and Frischat, 1983] 

 Si3N4  CaO–Na2O–SiO2.  C ,  
,  Si3N4 [Wada, et al., 1981; Muraki,

et al., 1977], 
.

 N–  L5, L6, L7, L8  4000-
1000 -1 . 2. 

 (  3000 -1) , 
 N–H,  OH-.  1630–1615 -1

.
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N-H (NH
3
, NH

4
+)

logfO
2
(IW)=-3.1 (L7)

, 
-1

, -1

3540

3375
3285

1790

1615
1440

. 2. , 
 (Fe)  4  1550 ,  (OH,

H2, H2O, NH3 NH4
+, N2 )

.  3518 -1, 3538 -1  3543 -1

logfO2(IW) = -2.2, logfO2(IW)  =  -2.4  logfO2 = -3.1 
 OH–

2  [Stolper, 1982; Newman et al., 1986; Kadik et al., 2004].
 fO2

logfO2= -3.9 .  1626–1632 -1 ,
, 2  [Dianov et al., 2005].

N-H . logfO2(IW) = -2.2  3318 -1

3194 -1, logfO2(IW) = -2.4  -3.1  3373  3287 -1, logfO2(IW)  =  -2.2  
logfO2= -3.1  3374  3306 -1  1430-1440 -1

, ,  N–H  [Keller and
Halford, 1949; France et al., 1984; Harlov et al., 2001; Busigny et al., 2004]. 

 3300 -1  Si3N4
 CaO–Na2O–SiO2  1400 oC  [Mulfinger, 1966]. 

,  NH4,
,  [NH4]Al2[AlSi3O10] (OH)2, 

2800-3300 -1,  NH4
+

[Harlov et al., 2001].  3300 -1, 3175 -1, 3035 cm-1  2825 -1.
 3145 -1,

3040 -1, 1680 -1  1430 -1[Nakamoto, 1978;]. ,  N–H 
 – 

 NH4
+,  NH3.
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 fO2

,  N  H 

 N2  N–H (NH3, NH4
+). , 

 N–Si ,
 [Mulfinger, 1966]. 

-
2 . 

2. 
,  fO2

2 .

, 

 [Galimov, 2005]. 
,  2009 , 

 2007-2008 
 H–N–O 

 fO2, . 
 C–N–H–O 

, 

.

, 
. 

.
, 
, 

. 
, ,

, 
 Fe 

, 
. 

, ,  N 
, – , .

, 
.
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 [Miyazaki et al., 2004; Libourel, et al.,
2003; Roskosz et al., 2006; Kadik, Litvin, 2007; 2008] 

 fO2 . , 
 fO2 ,  fO2

FMQ, 
 N2

 ppm.  fO2  IW
 ppm. 

,  fO2

 ( ).

. , 
 –

. 
. 

, 
 – .

, ,

, , 
. [Javoy, 1997; Tolstikhin, Marty, 1998; Marty,

Dauphas, 2003].
 N-H 

,  2 .% 
logfO2(IW)=-(3-4). , 

 fO2 ,
 fO2  IW. 

 N2  n× 10-4 % . [Miyazaki et al., 2004; Libourel et al., 2003].
, 

 [Galimov, 2005] 
, 

,  2 , 2

4, 2, NH3.

1. ., ., ., 1992. 
. ,  9, .1231-1240.

2. ., ., ., ., .,
2006

. ,  1, . 38-53.
3. ., 2008 

: .:
. . .:  « », 2008. 367-

379.
4. ., 1981. 

. ,  8, .
1234-1242.
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. 

, 
, 

. 
 ( ) . , 

, 
, , 

,
. ,

.

 1.  

, 
, ,

 (Sano,  Miyama, 1999; Sano ., 2000;
Velikhov, 1959).   

 (Hawley, Balbus, 1991). 
,   , 

,   .  
  , 

 ( , ,
1979; Brandenburg ., 1996; Bisnovatyi-Kogan, Lovelace, 2001; Armitage . 2001).

 ( 24 s
2 c/B ) 

.

  , 
,   (

),  
, ), 

. ,  ( )
 ( z ) 

, 
. , 

, 
, 

, 
, , 

. , 
, , 

 ( ) , , , 

 ( , 1987). 
, 
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 ( , 2001, 2004; 2005 , ,
2006; 2007, 2008; Marov, Kolesnichenko, 2002; 2006) 

  ,

- 
- ,  

, , 
, 

, 
. ,

, 
, 

, 
,     

,   
. , , 

  
,   

, .
 2009 . 

, , 
:

1. 
, 

    
      ;

2. 
,   
  

    , 
-

  (Shakura, Syunyaev, 1973);
3. ,

   ,  
    , 

     ;
4.      ( )

  ,      
, 

,  , 
, ,  

 ( )   .
  

, 
   .

 II. 

 - 
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,  (r  1 .). 
  ( ., 2008).  2009 .

.

1. 
. (r)  r = 1 .

  K < 0,
 6- digdd Vchk ,,,,, :

.0)1(1)(
1
2 22

2

2
2

d
d

g

di

gd
dg

d

Vk
c
V

kh
GkK

/2k  – ,  –   , dh  –
, d g –  , ci -

, Vd – 
. 

 ( ., 2008) 
,   =  0,  

k d .  
, 

1d , d  -  ~ 20 . 
. 

cr kcr d k

: 0
k

; 0 .  

k, 2.2~
d

( 3* 4/3 rM S ), *4.4~2 dddd hh , 
t  103

max= min,  (  ~ ). 
,  ~ 4 

, . 
. , ,

1~ d . 

, 
. , d  k  

 ~ 2500   , .
  

, 100~/crcr g .
, 

0  (  ~ 0.2 - 0.7 
). 

Gm
R

R
R

c

23
0

2

0

1 , 6
0

33

22

1 R
Gmc . max/1ct , 

m ,  
, *2.2~

d
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= 0.5  1. d = 150 2,
r =1 . hd=2.4 108 .

 1.

d ( ) 1 2 4 10 20

ñm  ( ) 3.8 1020 3.8 1020 3.2 1020 1.6 1020 6.8 1019

tc ( )     190      61      16      1.9      0.3
R0 3.35hd

3.35hd 3.05hd 2.15hd 1.4hd

R1/R0 0.2 0.2 0.18 0.12 0.08
3) 7.0 10 5 7.0 10 5 3.5 10 5 1.7 10 4 8.3 10 4

1 12.5 15.4 15.4 34.7 78

2. .
, , 

Ki VcAV /2  ( , 
). 1d

2/

.à.å1

qp

r
rB

dt
drV , 

1

2

3/23/1
1 )(2.0

icc

g

c
V

m
B .

d =10 , 
mc  , c   1, 

p
gg r à.å.1/1  = =2500 2   qrTT .1/1 =300 K = 2.4

175.0 ññì.)à.å1/(7.6 rVr .  
25.0

1
1 )/(1

4 rr
B
r

r ,  1 . .  0.5 . . ëåò105.4 4
r , 

1  0.1 . . ëåò102.1 5
r .

 105

, , B,
.

3. ñ ,
, , 

. Vr B  , 
, 

, 
rd

cc
ñ V

mk 3/13/2
1  ,

( 11k ).   
. 

R1 =
0.5 1.85.  ñ , r , mc c d

=10  ( . . 1)  ëåò102 12
ñ ,  2-3

r . 
, ccc mdtdm // ,  103 ,

.   1 2 , r . , ëåò105.4 4
r

 190 , Vr   12
, Vr .
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, 
.

, 
, .

4.
26Al, 

.
, 

 ( ., 2008).  Al 
 1.3 .%, 26Al  

 2.8 10 5  10 4 27Al  =  5 10 5

 -  6 105 -
 ( AIs) =9.63 10 7 1.

t =  6 105 : Q = 1.3 104 1 1 (1.3  
1 1)  =  4.1 10 4 1 1. , 

Wtur  = ( V)2  = 3.9 1 1

 100–150   r = 1 . .,  , 
, Q/Wtur ~ 10 4..

.
, ~ 10 3 3, 

 - 26Al .

 III. 
 (

)

, , 
  , 

. , 
. 

 2009 . .
1.  ( , 

 «Spitzer»), , 
 ~  8-10  .  ,  

 ~  10-30  .  .   «snow  line»
 (100-300 ),  (

, ), 
.  

, , 
, 
.

2. , 
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Wn = 0, 3, 5 – Wn = 0, 
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, .
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1, 7, 12 

0
n

,  8,  11  

935548.1
n

, 

.
2). 8, 11 

– ,
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. , .
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 2.

«nbody-4» -100K 

 «nbody-3» -15000. N , st ,

, P , pK

, NPtt sp

, PNN p

, .

.  BH N st , P pK pN pt , 

NBody-3 (2007 ) 75.0 1M 10 16 76% 62.5K 0.1600 -15000
NBody-3 (2007 ) 75.0 1M 8 32 47% 31.3K 0.2560 -15000
NBody-3 (2007 ) 75.0 1M 6.8 64 28% 15.6K 0.4352 -15000
NBody-3 (2007 ) 75.0 , Cluster. 1M 75 16 71% 62.5K 1.2000 -15000
NBody-3 (2007 ) 75.0 , Cluster. 1M 55 32 49% 31.3K 1.7600 -15000
NBody-3 (2007 ) 75.0 , Cluster. 1M 40 64 33% 15.6K 2.5600 -15000
Nbody-4 (2009 ) 75.0 1M 70 1 100% 1000K 0.07 -100K
Nbody-4 (2009 ) 75.0 1M 8.9 8 98% 125K 0.071 -100K
Nbody-4 (2009 ) 75.0 1M 4.63 16 94% 62.5K 0.074 -100K
Nbody-4 (2009 ) 75.0 1M 2.5 32 87% 31.3K 0.08 -100K
Nbody-4 (2009 ) 75.0 1M 1.37 64 80% 15.6K 0.088 -100K
Nbody-4 (2009 ) 75.0 1M 0.98 128 56% 7.8K 0.125 -100K
Nbody-4 (2009 ) 75.0 10M 13.4 128 78K 0.17 -100K
Nbody-4 (2009 ) 75.0 10M 6,7 256 39K 0.17 -100K
Nbody-4 (2009 ) 75.0 , Cluster. 1M 6,9 64 15.6K 0.44 -100K

1. . « » . .: «
», ( . . . ), . , 1995, .8-45.

2. ., ., ., ., .
», , 11, 2005.

3. . , . . «

». 
 « », . 

, , 2008
4. ., ., .

. : ,1992, 296 .
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. 

 Aurelien Crida  JENAM (Joint European National
Astronomy Meeting)  2008 .  2009 . 

.

Crida, A. Solar System formation (2009), September 8-12, VIENNA, AUSTRIA

Abstract. In this review, three major changes in our understanding of the early history of
the  Solar  System  are  presented.  1)  Early  differentiation:  A  few  recent  results  support  the  idea
that protoplanet formation and differentiation occurred partly simultaneously than CAI
formation. First, some iron meteorites, eucrites, and angrites older than the chondrules or even
than the CAI have been found. Second, iron meteorites could be debris of early disrupted
differentiated planetesimals, scattered from the terrestrial planet region to the Main Belt. Finally,
chondrules  contain  fragments  of  planetesimal  material.  2)  Earth  and  Moon:  An  equilibration
mechanism explains  the  identical  Oxygen isotopic  composition  of  the  Earth  and  the  Moon.  In
addition, it has been shown that the Earth and the Moon mantles have the same 182^W anomaly,
in contrast to what was believed before. Consequently, the Moon forming impact should have
occurred  after  the  extinction  of  the  182Hf  radioactivity,  about  60  Myr  after  Solar  System
formation. This new datation is in agreement with new N-body numerical simulations of the last
phase of terrestrial planets formation, in which giant impacts occur during about 100 Myr. 3)
Giant planets and Nice model: The migration of the giant planets in the protoplanetary disc can
be prevented if the planets are in resonance, close to each other. In the ``Nice model'', the 4 outer
planets of the Solar System were in a compact configuration after the dissipation of gaseous disc.
A few hundred million years later, a global instability drives the planets on their present orbits,
producing the Late Heavy Bombardment. In this frame, a lot of characteristics of our Solar
System  can  be  explained.  Comment:  Invited  review  talk  on  Solar  System  formation,  at  the
JENAM 2008 conference. Proceeding to appear in "Reviews in Modern Astronomy, 21".

: 
, , 
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1. Crida A. Solar System formation // Proceeding to appear in “Reviews in Modern
Astronomy, 21”. http://adsabs.harvard.edu/abs/2009arXiv0903.3008C.

2. ., ., . :
. .: , 1990. 296 .

3. ., .
 // . 1996. N 6, . 3-16.

4. Pechernikova G.V., Vityazev A.V. Statistical model of Earth Moon coaccretion and
macroimpacts // XXVII Lunar and Planet. Sci. Conf., 1996. P. 1213-1214.

5. Pechernikova G.V., Vityazev A.V. Formation and composition of prelunar swarm in
Earth Moon coaccretion model // Abst. Internat. Conf.  "Planetary Systems  the long viev",
Blois, 1997. P. 56.

6. .  // , 2005, . 401,  3, . 391-394.
7. Pechernikova G.V., Vityazev A.V. Origin  of  the  small  Solar  System  bodies  //

 “Asteroid-Comet Hazard – 2009 (ACH-2009), St. Petersburg. ( ).
8. Collins G.S., Melosh H.J., Marcus R.A. Earth Impact Effects Program: A Web-based

computer program for calculating the regional environmental consequences of a meteoroid
impact on Earth // Meteoritics & Planetary Science 40, Nr 6, 817-840 (2005).
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 Ni-  Ol – . 
. 

 Fe-Ni 
Ni . 
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 (Ariskin et al., 2008; ., 2009; Bychkov et al., 2009), 
 SCSS (Sulfur Content at Sulfide Saturation) 
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 “ ” .

1. 

 2007-2008 . ,
 “ ” 

 (Yakovlev et al., 2008), 
 Fe-Ni 

” ( ., 2008) 
, . 
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 –  (104-105),  “ ” 
, ,

 –  Ni 
. 

 III (1200 ), 
 18  2006-2008 . ( .,

2008; . . 6 . 10). 
. 1.
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P=1 . “
” - 0.5 .%,  log fO2 = -6.70.

2.  Ni  –  – 
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 ( ) 

 – . 
 2008 . ( ., 2008; Yakovlev et al., 2008) , 
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 –  102-103 ppm. , 

 Ni 

.  
 “NiO” 

,  “Ni- ” 
. . 

 Ni 
, . 

 “
”   –   Ni-
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,  – . 

.
.  343 

 25 , 
 Ni 

. 1). 
, , . 

 1070-1600°C  Fo  35-100 .%.
 NiO  80 ppm  26.5 .%,  –  40

ppm  3 .%.

 1.  Ni 

N *

SiO2

.%)

NiO 

.%)

-
, °C

#

Duke, 1976 1  CMASFN 51.64 0.044 1150 428

Ehlers, et al., 1992 16 8 Fo-Fa-Ab-
Al

47.97-59.27 0.008-0.343 1350-1275 26

Hart and Davis,
1978

20  Fo-Ab-An 46.59-68.76 0.120-0.680 1450-1250 399

Kinzler, et al., 1990 10  CMASFN 45.20-58.10 0.210-0.540 1285-1200 130

Mysen, 2007 22  CMASFNK 44.11-66.16 0.300-0.520 1550-1450 881

Mysen, 2006 20 1 CMASF 37.72-46.54 0.070-0.680 1375-1300 940

Mysen, 2007 38 CMASN 44.30-62.50 0.190-0.720 1500-1350 5001

Mysen, 2008 28 CMS 49.75-60.24 0.430-0.940 1650-1510 5002

Takahashi, 1978 44 MSFNK,
BAS

38.91-70.35 0.020-3.030 1500-1200 177

Agee and Walker,
1990

9 8 KOM, PER 45.77-53.43 0.057-0.004 1600-1300 126

Arndt, 1977 3 3 KOM, BAS 47.50-50.00 0.020-0.090 1470-1225 36

Bickle, 1978 8 5 KOM 47.69-51.88 0.005-0.069 1570-1503 42
Brenan, et al., 2005 6 5 BAS 47.03-52.73 0.060-0.530 1345-1260 818

Canil, 1997 10 5 KOM 49.87-53.08 0.010-0.050 1425-1225 389

Canil and
Fedortchouk, 2001

6 4 KOM, BAS 47.20-51.90 0.010-0.160 1375-1175 594

Canil, 2002 12 7 PER 47.60-52.30 0.010-0.280 1375-1300 657

Gaetani and Grove,
1997

20 18 KOM, MET 49.10-61.60 0.003-0.176 1350 455

Jurewicz, et al.,
1993

16 MET 34.20-40.60 0.150-0.440 1325-1139 202

Mysen and
Kushiro, 1976

1 MET 43.49 0.017 1275 70

Nabelek, 1980 5 4 BAS 49.30-50.00 0.013-0.038 1265 214

Parman, et al., 1997 4 4 KOM 50.30-52.00 0.030-0.160 1435-1250 398

Righter, et al., 2004 4 ANK 44.59-47.09 0.060-0.860 1300-1264 734

Snyder and
Carmichael, 1992

21 1 BAS, ANB 42.90-54.60 0.042-1.400 1290-1120 136
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Tuff, et al., 2005 5 3 PIC 49.03-51.34 0.010-0.060 1350-1125 827

Wang and Gaetani,
2008

13 5 BAS, ECL 47.07-62.81 0.018-0.491 1325-1200 5000

N* - ,  Ni-Ol .
: S - SiO2, A - Al2O3, F - FeO, M - MgO, C - CaO, N -

Na2O, K- K2O.

, Beattie et al. (1991) 
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. 2.  NiO , 
(Beattie et al., 1991; Beattie, 1993)  (Wang&Gaetani, 2008) 

 Ni- . 
 – 

Ni- :
NiO (L) + 0.5SiO2 (L)= NiSi0.5O2 (Ol), (1)

:
ln K = aOl(NiSi0.5O2)/ [aL(NiO) [aL(SiO2)]1/2 . (2)

 lnK
 (2000) :

ln K = a/T + bln RL + c, (3)
RL – , a, b c – 

.
 lnK   ( . 3, ). . 3

, 
 Ni .
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 IW+2. 
 –  NiO 

 ( . 4), 
 ( . 4). 
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.

10 14 18 22 26 30
FeO*, .%

1200
1300
1400
1500
1600
1700
1800
1900

T,
C

IW+2.0
IW

0.00 1.00 2.00 3.00 4.00
NiO , .%

1200
1300
1400
1500
1600
1700
1800
1900

0.00 0.10 0.20 0.30 0.40
SCSS, .%

1200
1300
1400
1500
1600
1700
1800
1900

Met

Met+Ol

Met+Ol+Opx

Met

Met+Ol

Met+Ol+Opx

Met+Ol

. 5.
 LL 

.

 LL  St.Severin (SiO2 – 40.6, TiO2 – 0.11, Al2O3 –
2.37, FeO – 25.9, MnO – 0.32, MgO – 25.2, CaO – 1.92, Na2O – 1.0, P2O5  0.22, Cr2O3 – 0.58,
NiO – 2.0 .%). :  – IW,  – IW+2.
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: . . 

: . , . , . , . 

. 

1. 

 ( )  (
) , , 

. 
, 

, . 

.
, 

. 
 4 . 

.
 « ».

,   -
.

,  14  (H-O-K-Na-Ca-Mg-
Fe-Al-Si-Ti-P-C-S-N)  113 ,  19 

.

 HCh (GIBBS) , 
, . 

, 
, ,

.  « -
» (Eh, pH, 

, ) 
, , .

.

,  « » 
2. , 

 (K/Na  n) 
 10-5-10-7

.
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 « » 
K/Na  CO2  CH4
25oC. ,  K/Na  n×10 

, .
,  CH4  CO2

, 

 10%. 
 NH3, NH4

+,   N2 ,  N2,  H2, CO2, CH4,
NH3,  H2S. P CO2=10-5 10-8 , P CH4 = 10-8 10-5

.1 (  K/Na – lg P CH4 – lg P CO2

 lg P CH4 – lg P CO2)  P CO2 = 10-7 1 , P CH4 =  10-6 1  K/Na
 4-14,  K  0.1-0.3 m, 

Na 0.05-0.1 m,  Mg 0.01 m,  Ca 0.05-0.1 m, 
(NH4

++NH3)  2.10-3 m,  P(V) 5×10-9 m, pH=8-9, Eh=-450 50 
25 .

-9 -8 -7 -6 -5 -4 -3
-4

-6

-8

lg P CO2

lg P CH4 K/Na

12.00-14.00

10.00-12.00

8.00-10.00

6.00-8.00

4.00-6.00

2.00-4.00

0.00-2.00

. 1.  K/Na   «
» , 25 .
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2. K/Na 

 ( .2), 

. 2.  K/Na,

 ( ), 

.
: 1, 2 – , 3 – .

: –
,  – ,  –

,  – ,  – ,
– ,   – ,  – ,  –

,  – .

3.  «
»

lg P H2

-12 -10 -8 -6 -4 -2

(III), 

(III)

0.0069

0.0070

0.0071
(V), 

1e-80

1e-70

1e-60
(V)

. 3. (V)  P(III)  «
»  25

,  (QFM). 

.
 H-O-C-N-P  25 . 

: H2, O2, N2, H2O, CH4, CO, CO2, N2,
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NH3,  H3PO2,  H3PO3,  H3PO4,  H4P2O7. 
, , , .

 P,  N,  C   ( .),  
,   HP2O7

3-  H2P2O7
2-,  PH3.

,  4 ,  P, N, C ( .3.1). 
 ( .), 

 P(V) ,
 (lg f

H2>7),  H3PO4+H2=H3PO3+H2O (pK=8.52)  HPO4
2-

+H2=HPO3
2-+H2O (pK=7.06).  NH4

+

 pH=4-6.  pH>9 
 HPO4

2- PO4
3-  NH4

+

 ( .3.1).

 3.1.  H-O-C-N-P
(O/P<4)  25

 (f 2) 1 ; C+N+P  1  + 2  O

N  P  N
H2 9.98×10-1 PH3

CH4 1.9×10-3 HP2O7
2-

CO 5.18×10-42 H2PO7
-

CO2 1.10×10-50 NH4
+

N2 1.65×10-13

NH3 3.09×10-4

 (f 2) 1 ; C+N+P  1  + 3  O

N  P  N
H2 9.98×10-1 H2P2O7

2-

CH4 2.28×10-3 HP2O7
3-

CO 2.52×10-41 PH3

CO2 2.28×10-49 NH4
+

N2 7.74×10-16

NH3 2.11×10-5

 (f 2) 1 ; C+N+P  1  + 4  O

N  P  N M
H2 9.98×10-1 H2P2O7

2- 53
O2 2.86×10-85 H2PO4

- 35
CH4 2.30×10-3 HP2O7

2- 1.7
CO 1.72×10-30 H3PO4 1.6
CO2 1.06×10-27 NH4+ 148
N2 2.54×10-18

NH3 1.21×10-6

 (f 2) 1 ; C+N+P  1  + 10  O

N  P M
H2 9.98×10-1 H2PO4

- 5.9
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O2 4.83×10-84 H2P2O7
2- 1.4

CH4 2.30×10-3 HP2O7
3- 0.1

CO 7.10×10-30 H3PO4 0.1
CO2 1.79×10-26 NH4

+ 9.0
N2 6.11×10-19

NH3 5.94×10-7

 (f 2) 1 ; C+N+P  1 + H2O 1 

N  P M
H2 9.98×10-1 H2PO4

- 1.0
O2 7.54×10-84 H2P2O7

2- 0.01
CH4 2.30×10-3 H3PO4 0.006
CO 8.87×10-26 HPO4

2- 0.005
CO2 2.79×10-26 NH4

+ 1.1
N2 1.55×10-20

NH3 9.46×10-8

4. :

 90- , 
 ( ., , “Treatise on Geochemistry”, 2003, vol. 1, 4; Mottl et al., 2007).

 (Drake, ampins, 2005; .),
 ( , Delsemme, 1999,

1999a, 2006), ,  – 
,  – 

 (Delsemme, 2006; .). 

.
:

1. , 
 – , 

 ( ,
).

2. 
 1 . 

.
3. , 

 – .

, 
. 

, 
.
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” 

, 
 (Pepin, 1991; Tolstikhin, O’Nions, 1994;

Daupas et al., 2003; Porcelli, Pepin, 2003; .):
1. 

 (  Xe/Kr –  30%).
2.  Xe  (7% .) 129Xe, 

.

. 
 – ,  –

, 
 ( ., 2009):  Ne  30 , 

 35-40  ( ), 
 50 . 

,  ( , 
 (Mottl et al., 2007; ., 2009) 

3-5 .) 
. , , 

 (Porcelli, Pepin, 2003),  Xe
. ( , 

, 
 - Daupas et al., 2003)

 Xe 
, , 

,  ( , 85% - Porcelli, Pepin,
2003,  >99%, Halliday, 2003). , 

, ,  ( , 
).  (

, ),
, , 

. 
 ( ) 

.
 – 129Xe 

. 
129I,   15.7  .  .

129Xe , 
. , 129I , 129Xe

 (  (Drake, ampins, 2005) 
, , , , 

). 
 –  35 .  (Porcelli, Turekian., 2003;

Mottle et al., 2007).
, , 

, , . , 
, , ,

! 
,  ( 129Xe). , 
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. 
.

 (Bockelée-Morvan et al.,
2005; Jehin et al., 2009). 

, 
. 

,  “ ” 
. 

.   ( !)  
.

,  (Halliday,
2003; Drake, ampins, 2005; .). , 

,   ( .  1).  ,  ,  
, . 

.
1. 

.  (-80‰). 

, , ,  (McKeegan, Leshin, 2001; 
.). , 

, .
2. 

. 
 – Halley, Hyakutake  Hale-

Bopp ( . 1), , 
.

, 
 (Delsemme, 2006). 

, Horner et al., 2007) 
, 

. ,  (Delsemme, 2006) : 
, , 

,  – 
. , , , 

. 
.

 UV-  IR-
 ( . . 1) 

, .

 4.1. .  (Mottl et
al., 2007), .

D/H, 10-6 D, ‰
25 -871

:
150

120 300
+7

-229  +920
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149 0
:

     1P/Halley 308±50 +1067
     C/Hyakutake 290±100 +1054
     C/Hale-Bopp 330±80 +1214
     C/2001 Q4 (NEAT) 460±140 +2087 Jehin et al., 2009
     C/2002 T7 (LINEAR) 250±70 +678 “
     8P/Tuttle 409±145 +1745 Villanueva et al., 2009

, 
, 

,  – 
, 

. , 
 ( .,

2009).
, 

 Stardust  Deep Impact.
3. . 

 Ar  Hale-Bopp (  Ne, Kr  Xe 
) (Bockelée-Morvan et al., 2005).

,  Ar –  Ar/O  1.8 
 (46 10-4).  –

LINEAR 2001 A2  LINEAR 2000 WM1  – 
Ar  10% 

. , 
, .

, 
, 

, .

, 

, 
, , 

, 
.

 (Drake, ampins, 2005) 

. , , 

.  – 
 50% . 

 Ar  Hale-Bopp, , 
 – ,

 50% , , 
2400 .

 - ,  Hale-Bopp
. , 

, 

, .
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, , 
,  (Daupas et al., 2000), 

 0  0.1. , 

.
, 

. 
 (  85% - Porcelli, Turekian, 2003)

. 
:  5.1 1021

,  78% 
 4.6 1021  ( .4.2).

, 
 NH3  N2. 

(Bockelée-Morvan et al., 2005), ,
 0.5%  1.5%. 

,  (Delsemme, 2006) 
 2.6%,  (Bockelée-Morvan et al., 2005)

. 
 ( .4.2). , 
, .

. 4.2. , 
,   2-17  

.

 4.2. , 
.

5.1 1021 Mottl et al., 2007

 78 .% 
 85%

3.98 1021

1.621 1024 Mottl et al., 2007
, 

 – 
 0.5%

8.11 1021

(Bockelée-Morvan et al.,
2005)

 – 
4.1%

6.8 1022

(Delsemme, 2006)

 – 
.  – 

 (6  –  50  %),  
. 

.

, 
. 

, 
, 

. 
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 2009  «

» 
 - 

. 
:  K/Na 

 (1) 
 (2).

1.  K/Na  -
 - 

  ( ,  ,  ,
2008; , , 2008) , 

» , 
. ,

  , , 
 K/Na  1 ,

.
       

 GEOCHEQ (
 SUPCRT92) ( ., 2008). 

 ( .1.1).
 ( , , ). 

 15° ,  1  10, 1 
0.1.  –  100 .

 ( .1.2,
1.3). , 

, 
. 
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. 1.1.

. ,  
. , 

, 

.

,  
,   ( .1.4, 1.5,

1.6). ,  pH, 
. 

, ,  ( ) .

, , . 
.

. 1.2.  W/R = 10



79

. 1.3.  W/R =
0.1

. 1.4.  W/R = 10

. 1.5.  W/R = 1
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. 1.6.  W/R = 0.1

,   
  

 ( .1.7, 1.8). , 
. 

, , ,  ( .1.9, 1.10, 1.11). 

.  
.  0.1 

. 
. 

.
 2009 

,  ,   K   Na  ,
. 

 (K/Na < 1). ,   W/R =
0.1  t = 44.5 - 52.7 .  K/Na  1 ( .1.11).

, , 
, , 

 K/Na . , 
: 

 Na-  -  . , 

.
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. 1.7.  W/R = 10

. 1.8.  W/R = 0.1

. 1.9.  W/R = 10
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. 1.10.  W/R = 1

. 1.11.  W/R = 0.1

    ,  K/Na 
, 

, , , 
.

2. 

 ( ,
2007) , , 

, 
 (3.2 G ) , ,

  .
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, 
 « » 

 ( .2.1).
, 

.

0.05* .  40 000
.   -

0.016**.  - 15° . ,
2 - 1 .

 2.1, 2.2, . 2.2, 2.3) 
, , 

, 

. 
) . 

, , 
   (140 % )  6.75 

.

 2.1. , .%

7 35 100 2000 
SiO2

Al2O3
Fe2O3
FeO
MgO
CaO
Na2O
K2O
H2O
CO2

48.76
9.36
3.07
8.04
21.65
8.05
0.90
0.16
0.00
0.00

41.06
7.83
7.55
1.57
6.73

15.70
0.72
0.13
0.62

17.86

57.24
10.58
11.60
0.44
6.90
3.68
0.38
0.17
2.41
6.20

74.27
7.72
12.83

0.0008
0.47
1.15
0.30
0.22
3.04
0.00

98.33
1.13
0.001
0.00
0.005
0.10
0.003
0.24
0.20
0.00

 2.2. ,  H2O

7 35 100 2000 

K
Mg
Ca
Al
C
Si
S

0.00E+00
0.00E+00
0.00E+00
0.00E+00
4.60E-02
0.00E+00
2.62E-01

5.86E-04
3.86E-01
1.44E-03
2.49E-09
7.55E-02
1.45E-03
2.54E-01

4.35E-09
2.77E-01
9.91E-02
1.20E-02
5.82E-02
7.21E-06
2.61E-01

1.58E-05
9.86E-04
3.13E-04
4.97E-03
4.69E-02
1.45E-03
2.62E-01

1.43E-05
1.59E-05
3.00E-06
1.07E-04
4.69E-02
1.45E-03
2.62E-01

* -  Geocheq. 
, 

;
** -  ,   1000   (

),  0.05 
1 .

. 2.1.
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Na
Cl
Fe
pH

0.00E+00
2.60E-01
0.00E+00

0.445

7.80E-03
2.59E-01
5.82E-03

5.857

4.01E-03
2.59E-01
5.70E-04

5.446

3.56E-04
2.60E-01
1.22E-02

0.491

3.60E-06
2.60E-01
8.54E-07

0.446

, 
 73 % .

, ,  3
:

1. , , ,  (
) (  7 );

2. , , ,  (
, , 

)  (7 - 50 );
3. , , ,  (

) (50 - 2000 ).
 2000 

,  (96.4
.%)  (3.3 .%). 

 ( , , 1974).

, .  2.4  2.5 
, ,  

,
 K/Na (>1).

. 2.2.
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. 2.3.

. 2.4.
 W/R = 10, K/Na = 45

. 2.5.
 W/R = 0.1, K/Na = 6.8
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 2009 , 
, 

 K/Na .
 2009   « »  

» (  – , )

., . ,
, 2007, 18 .

., .,  K/Na-  //
. 2008. . 421.  3. . 375-377

., . , ., , 1974, 272 .
., ., ., . GEOCHEQ_M –

.  2008 . . 2008.  1(26). URL:
http://www.scgis.ru/russian/cp1251/h_dgggms/1-2008/informbul-1_2008/mineral-22.pdf

., ., .,  (K/Na) 
 // : .

URSS. . 2008. .403-409
., ., 

 //
, .

http://www.scgis.ru/russian/cp1251/h_dgggms/1-2008/informbul-1_2008/mineral-22.pdf
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:  (U-TH-PB,
HF, O, REE) 

: .- . . , .- . . 

: . , . , . , . ,
. 

. 

, 
, 

, 
. 

, ,
, 

.

. 

. 
, , 

. 
 (  3.0 . ) , 

, 
 (  4.0 . ), . , 

, 
,  (4.5-4.0 . ), 

. 
, 

 4.0 . . 
. , 

 4.0 .
, 

 (Amelin et al., 1999, Valley et a., 2006).

. 
, 

 (Peck et al., 2001). , 
18  +5.5±1‰. 18

, .  
 ( )
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18 ,  10‰, 
, . , 

 4.4  .   (Mojzsis  et  al.,  2001,  Harrison  et  al.,
2008).

, ,  4.0 . 
(Nemchin et al., 2006) 18  6-7‰, 

.  
.  

(Wild et al., 2001; Valley et al., 2008) , 

.  Sm-Nd 
, , , , 

. 
, , 

. 
 ( ) , 

, ,
,  (Darling et

al., 2009). ,  

.

. , 
. 

3.5 .  3.9 . .

. 
, ,

, . 

: , ,  (
). 

 3.3 . , 
, .  3.6-3.7 . , 

.  - 
, -

, 
. ,   

,   , 
.

.
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N

I

II III IY
Y YI

1 2 3 4 5 6
8 7/11, 7/12

92-218

88-305,
88-306

84-328,
84-330

7 9 10

1
2

4

5

6

3

. . 
            . 1 - 
           ; 2-3 :
           2 - , 3 - ; 4 -  ( );
           5 - ; 6 - ; 7 - ;
           8 - ; 9 - ; 10 - -
           .  : , 2 - ,
           3 - ,  - ,    - ,    - ,
           :  - ,  - , - -
           , - , ,  - .

1 -
4 5 6

I -  II III
IY Y - YI

 ( )  - , ,
. . 

,  1,5 , 
, .

 35 ,  –  1.2 . 
.

, , , ,
, .   .

. ,  ( )  ( ).
 2,83 . ,

  .
 U-Pb 

.
 U-Th-Pb 

 CAMECA 1270, NORDSIM, 
, .

-
 Triton.  Sm  Nd 

150Nd + 149Sm  0.1% 
147Sm/144Nd  0.005% 143Nd/144Nd. 143Nd/144Nd 
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148Nd/144Nd  0.241572, 146Nd/144Nd = 0.7219. 
DM) [18] :

143Nd/144Nd=0.513151, 147Sm/144Nd=0.212.
 4  

.   
.    (  7/11, 5/88) 

 CU-1),   (92-218)  
.

.

1

10

100

1000

Ba Th K Nb La Ce Sr Nd Hf Zr Sm Eu Ti Dy Er Yb Lu

7-11, 

7-12, 

5-88, 

92-218, 

>3.0 . [20]

1

10

100

1000

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

PAAS

>3Ga

7-11, 

7-12, 

92-218, 

5-88, 

. 2.

, 
, , 

 (LaN/YbN  17   32)  

.    Cr/Ni,  Co/V  ,  ,  
, 

. , 
.

, 
, 

,  
 – , 

.
 NORDSIM, 

. 
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207Pb/206Pb. 
 110 . 

 – 
,  ,   U-Th-Pb  

, .

3800

3400

3000

2600

2200

0.2

0.4

0.6

0.8

5 15 25 35 45
207Pb/235U

20
6 Pb

/23
8 U

CU-1+7/11+5/88
zircons from metasediments
Soroki structure

0

1

2

3

4

5

6

3100 3200 3300 3400 3500 3600 3700 3800
207Pb/206Pb

N
um

be
r

CU-1+7/11+5/88
Concordance higher than

10%

. 3.

 40%  3500 . ,  5
 3700 .  ( . 3). 

,  3784 .  150- 320 ppm,  0.4-
0.7.  3.5-3.6 .  100-200
ppm  Th/U    0.5. 

 – . 
 3.2-3.3 . . 

 3.3 . .  
,  100 ppm,

 Th/U  0.5-0.7. 
,  Th/U ,

.
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 Sm-Nd , 
,  3.42-

3.2 . .

, ppm
    [Sm] [Nd] 147Sm/144Nd 143Nd/144Nd ± 2 T(DM), Ga

    7/12 2.9 18.5 0.0953 0.510626 0.000012 3.28
    7/11 2.1 13.1 0.0972 0.510589 0.000008 3.38

2.2 13.7 0.0985 0.510584 0.000005 3.42

, 
-

 ( ) 
. -

Cr/V, Ni/Co.  Nb 
, 

.

  ,
,  ( ), , 

, 
, 

 Eu  Nb.

, 
..

PAAS, 
, 

.

, 
, 

 3.3 . . , , 
   .

 3700-3800 . . ,  39  CU1  3785±2
. ,  -0.9%.  50% 

 3680- 3400 . . 
, , 

, 
207Pb/206Pb. 

3685±6  . .  3570 . . ,
.    

 3200-3300 . . 
 3300 . .  ,  

, 
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.   Th/U 
, 

, .
  , , 

,   , 
, , , , 

 TTG, , 
 –   , .

, 
, .

, 
, 

. 
, 

.
 2  2

,  « »  American Journal of Science, in press.
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, 

: . . 

: . , . , . , . 

. 

 (
), 

 (FeNi)  (FeS) 

 ( ). 
, , 

 ( , 1995, 2004). 
, , 

, 
. 

 (~5%)  (5%S  Fe), .
 FeS (95%Fe, 5%S).

. , 

. 

, , 
, 

 ( , 1975; , 1975; , 1982; ,
1995). 

, ,  ( , 1995,
1998, 2004; , 1995, 1997).

 ( ) :
85 .% Ol,  10 .% Pic,  5 .% Fe,  5 .%S  Fe,    Fe-
S (95 . % Fe  5 .%S), , 1995, 1998, 2004).
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: 85 .% Ol,  10 .% Bas (+10%FeO),  5 .% Fe-S (95 . % Fe  5
.%S),

Ol- , Pic- , Bas- , Fe- ,  Fe-S 

 ,  (95 . % Fe  5 .%S)

.
-85/1) - .
 ( -85/1): SiO2-41.10; MgO-48.58; FeO-10.26; CaO-0.08;

-85/2) - .
 ( -85/1): SiO2-42.87; MgO-53.56; FeO-9.51; CaO-0.09;

349 ( ,  ):
 349 ( ,  ): SiO2-45.60; TiO2-0.82; Al2O3-

12.70; Fe2O3-2.15; FeO-8.19; MnO-0.19; MgO-18.17; CaO-10.56;
  (TRV-158, High-Ca boninite from Sous Troodos)

  (TRV-158, High-Ca boninite from Sous Troodos) ): SiO2-49.62; TiO2-
0.17; Al2O3-8.75; Fe2O3---; FeO-7.96; MnO-0.15; MgO-17.61; CaO-8.76;

, )
 ( , ): SiO2-52.5; TiO2-0.85; Al2O3-15.16; Fe2O3-

4.48; FeO-5.16; MnO-0.10; MgO-9.49; CaO-9.29;
 – FeS2.

 « », 
3-5  98 %

 4 .%  (96% Fe  2% )  ,   30-50
, ( ).

,  5% ( ) 
. 

 Fe-Ni 
. -

, .4, b.
 CS-97   CS-110, . 1, a, b 

 CS-122, CS-123, CS-126 . 3,a,b,d. 
 CS-78, . 2,d.

 CS-97. : 85%Ol; 10% Bas (+10%FeO); 5%Fe (+2%C); 5%S  Fe
(95 .%Fe  5 .%S); g=4000; T=1480oC; t1=10  ( ); t2=5

 ( ). .  log 2 = ~   -11,5. ,
, . 

, , . ,
» ( . 1, ), . 

 ( = ~1480 ), , , . 3, .
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.   FeO  20%,  ,
. 

 2% .
, , 

, . 1.
 CS -110. : 85%Ol; 10%Bas(+10%FeO); 5%Fe(+2%C); 5%S  Fe

(95 .% Fe  5 .%S).; g=4000; T=1460oC;  t1=10  ( ); t2=5
 ( ).  ZrO2.  log 2 = ~   -11,5

 « , , .
 ( = 1460 ),  ,  ,  .  3,b.

,  ZrO2 ,  
, . 1. 
, , , 

.
 CS-122, CS-123, CS-126 ( . 3,a,b,d) 

, ,
=1440 . . ,

.
 CS-78 ( . 2,d) 

. . 
, . 

. .

. 
, 

, Si  P. 
. .

, 
.

. 
. 

, , 
.

 (  10% )   log  = ~109--
1012  . ,   ~40%FeO, 

  log  = ~ 2.10-1 . 
.   

(log  = ~ - 2-3.10-2 ) (  log  !!!) , 
 S, P, Si, . 4, .

, 

, . 1, ; . 3,d. 
. -

, 

. 
. 

, 
. 
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. 
 « ,

».

. 
.

.  

. ,

, , , , , 
), . 1.

 MgO , 
 ~20-40% FeO. , 

, . 
» .

, 
, 

,  MgO, FeO, Al2O3, SiO2 ,  
 Al2O3 , ZrO2, . 

, -
, , , .

 ( =1460-1480 ), 
=1400-1440 ),  , .  ( . 4, ) 

 ( .)    FeS (95 .% Fe  5 .%S)  =1430 , 
=1421,9 .

(10%)  (20% FeO)   =1460-
1480  log 2 = ~ -11,5 

.
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 1.  : SC-47, SC-53,
SC -58, SC-97, CS-103, CS-110 , CS-120 . 

.
=1400 .

c- -

-

.

-

-

SC -58

-

SC-53

-
-

SC-47

-

SC-97

-
-

CS-120

-

ZrO2
CS-110

-

CS-
103
(Fo)

Na2O 0.0142     2.46 0.00427 0.01209 0.01045 0.0129 0.0079 0.0009
SiO2 0.4560 52.5 0.67993 0.60433 0.43935 0.4741 0.5473 0.5781 0.4385
MgO 0.1817 9.49 0.08663 0.08778 0.15657 0.1812 0.0801 0.1659 0.1144
Al2O3 0.1270 15.16 0.14191 0.13082 0.22896 0.1162 0.1171 0.2747
K2O 0.0004 0.89 0.00464 0.00160 0.00143 0.0750 0.0033 0.0033 0.0002
CaO 0.1056 9.29 0.10957 0.12223 0.06624 0.0419 0.1345 0.0737 0.1546
TiO2 0.0082 0.85 0.00145 0.00584 0.00510 0.0061 0.0038 0.0077
P2O5 0.0003 0.13 0.00000 0.00037 0.00000 0.0022
FeO 0.1034 9.64 0.00405 0.07458 0.10894 0.0076 0.0888 0.0016 0.0061
MnO 0.0019 0.10 0.00115 0.00353 0.00250 0.0031 0.0036 0.0010
Cr2O3 0.0000 0.00083 0.00262 0.00256 0.0016 0.06 0.0008
NiO 0.0000 0.00090 0.00004 0.00000
WO3 0.0017
ZrO2

1.03535 1.04582 1.02210 99,94 95.54 99.89

 SC-97  20 % FeO ( )

 CS-110    30%

 CS-103 (Fo)  85%
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: . . 

: . , . , . , . 

. 

 2009 : «
 in situ , Eh ».

.
 «  – » 

150° . 
 -   -   25 ,

. 
 ( ): K 0.029-0.059, Na 0.024-0.036, Ca 1.41-10.34, Mg 3.33-5.74,

K/Na ( .)= 0.7-1.1, pH=6.73-7.88.
 2009 

 « »  150  ( .1,
2). . 

-Eh , 
. 

2 2. 
,  H+,  K+  Na+.

 –  Ag, AgCl/ 3M KCl, , 
NH4NO3  « » .

 ( 3836)  ( 4021) 
). , 

 ( ,  ,  
). 

 ( . 3836)  ( . 4021), 
 – ,  ( . 1,

 1.2).
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. 1. .

. 2.
.
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 1.  ( . 3836) ( , ,
2007)

, . %
SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O  K2O Cr2O3 NiO
39.76 0.06 0.33 9.24 0.10 49.29 0.50 0.01 0.01 0.37 0.33

, 
, , 

 3 .

, , ,  ( .2). 
 (0.7-1.5) 10-6  (1-1.6) 10-6 , 

 (  5% 
10–6 ), 

.

 2.  ( /  )  
.

 3836
, 

Na Ca Mg pH K/Na ( )
27.07.09 0.029 0.024 10.34 5.74 6.73 0.7
26.08.09 0.029 0.024 3.87 3.33 6.78 0.7
28.09.09 0.044 0.036 3.41 3.64 6.92 0.7

 4021
27.07.09 0.044 0.024 6.14 5.05 7.59 1.1
26.08.09 0.044 0.024 1.41 5.40 7.75 1.1
28.09.09 0.059 0.036 1.71 5.66 7.98 0.9

 ( 0.005
)  – 

Na. ,  ( . 3836),
, ,  ( . 4021).

, , 

 Na . 
 90

; 
,  1.5 . % K2O  3.5 . % Na2O ( . 3). 

.

 3.  ( . « .
. .: , 1985).

, . %
SiO2 TiO2 Al2O3 Fe2O3 FeO MnO MgO CaO Na2O  K2O  2O5
47-52 1-3.4 14-18 2-6 4-11 0.1-0.3 5-7 6-13 1.6-3.5 0.1-1.5 <0.5

,
 (  7-13) -
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, 
.

 90
, 

.

 1

 3836 ( )

 ( )-  % 
 ( )- 40 %.

.

.
, 

 0.5  2 . 
 (100), 

, . 
 (100)  (001) . 

, .
, .

 IV ,  c:Ng = 38'

,  0.5  6 
. .

, .
, , 

.
,

 (100), 
, .  (101).

,
, 

.
, .

, , , .
,  

, 
, . 

.  -
. . - 
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 2

-4021 ( )

 -75 % 
 (Opx)- 25 %

,
.

,  1  6 
  . 
. .

x  II  (
), , , 

, .

, 
.

Opx ,  0.5 
2 . 

.
, .

x II , , 
.

- ; . 
.

px
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Opx

Opx

Opx

Ol
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: . . 

: . , . , . , . . ,
. , . , . , . , . ,

. , . 

. 

.

.
 2009 

 2- , 3-  4-

. 
 3-  4- , ,

 (130 , 300 ) 
.  Ala, Gly  Asp  1:1:1  1:4:1

 Ala, Gly  Glu  1:1:1  1:4:1 
 – .  Ala, Gly, Asp 

Lys  1:1:1:1  1:2:1:1  Ala, Gly, Glu  Lys  1:1:1:1 
1:2:1:1  – . 

. 
- (Ala  Gly) 

. 
 E2 (Ala, Gly  Glu  1:1:1, 1.5 . H2SO4) ,

 ( -  
) ,  Glu 

,  H2O.  (
 – ) 

, , 
, 

 –  Glu. 
 ( ). 

 2 
. , 

,  – . 
 12 , 
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 ( ), 
, ,

 Glu. 

.  1 . 
 «

.»  ( ,
11-12  2009 ., , )  57-

 (31  – 4  2009 ., ,
, ).

1. . , . , . , . , . , .

. // , 2009 . – .
2. Alexey S. Kononikhin, Olga V. Demina, Erast V. Kunenkov, Andrey A. Khodonov,

Maria I. Indeykina, Igor A. Popov, Sergey D. Varfolomeev, Eugene N. Nikolaev. Sequencing of
peptides produced in the process of mimicking prebiotic syntheses from amino acids by
thermocycling. // 57th ASMS Conference on Mass Spectrometry, May 31 - June 4, 2009
(Phyladelphiya, Pennsilvaniay, USA). Abstract 1475.

 - 

, 
,  « » , 
, 

, ,

.
 - 

, 
, ,

. 
 [1-4], 

.
 [2]:

4.5 . 4.2 . 4.2 - 4.0 . 4.0 . 3.8 . 3.6 . 

,  ,  
, , , , , 
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, 
.

. , 
 ( ) 
 [2-4]. 

. , 
, 

, , 
. 

( ~ 0.1M–1), 
, 

, . 
, 

, 
, , 

.  4 –
7.5 ,  

. , 
, 

. 
, 

,  ,  
. 

, 
 [5].

, 

, 
.

, 
, 

 [6]. , 
, ,

 [6]. 
, , , 

 [7]. ,
,  -

, ,  ( , ), , .
, 

, , 
 « » , , 

, 
.

 2-
 (Asp   Lys,  Asp   Arg,  Glu   Lys,  Arg   Glu)  

, 
 [8-9].
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. 

 ( )  ( ). 
 ( ) 

. 
 (  – 

 –  –  – 
– 

). 
, - . 

. 

. 
, 

 (  4.2  8.2). , 
, 

. , 

. , 
, 

.
 2009 

 2- ,  3-  4-

.

-

1. 

 –
: Ala  Gly; Ala,

Gly   Asp;  Ala,  Gly   Glu;  Ala,  Gly,  Lys   Asp;  Ala,  Gly,  Lys   Glu  -  
. 

. 
.

 - . 
 120  - 130 . 

 ( )  UF256
 Merck, :  (10%)

 4:4:2,  (7:4:2,  Ala-Gly), 
 – 5%- .

-
 Finnigan LTQ FT (Thermo Electron, ), -
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 ( ) 
 7 

. , 
 (ESI). 

, -

 ( ). 

.

2. 
 (

)

 - Ala  Gly. 
 1.

 1.

 A-  Ala - Gly.

 (1400 , 300 )
1. Gly-Ala (1:1) 1 . H2SO4
2. Gly-Ala (2:1) 1 . H2SO4
3. Gly-Ala (1:2) 1 . H2SO4
4. Gly-Ala (1:1) 2 . H2SO4
5. Gly-Ala (2:1) 2 . H2SO4
6. Gly-Ala (1:2) 2 . H2SO4
7. Gly-Ala (1:1) 3 . H2SO4
8. Gly-Ala (2:1) 3 . H2SO4
9. Gly-Ala (1:2) 3 . H2SO4

10. Gly-Ala (1:1) 1 . NaOH
11. Gly-Ala (2:1) 1 . NaOH
12. Gly-Ala (1:2) 1 . NaOH
13. Gly-Ala (1:1) 2 . NaOH
14. Gly-Ala (2:1) 2 . NaOH
15. Gly-Ala (1:2) 2 . NaOH

16. Gly-Ala (1:1)  4.5
17. Gly-Ala (2:1)  4.5
18. Gly-Ala (1:2)  4.5
19. Gly-Ala (1:1)  8.5
20. Gly-Ala (2:1)  8.5
21. Gly-Ala (1:2)  8.5

, 
, 

 ( . . 1 . 2).
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H2N CH2 C OH

O

+

L-Gly

H2N CH C

CH3

OH

O

L-Ala

NH2-Gly-Gly-Gly-CO2H

NH2-Gly-Gly-Ala-Ala-CO2H(1:1)

[2Ala+H]+,
[(2Ala+Gly)+H]+,
[4Gly+H]+ .

NH2-Ala-Gly-CO2H

NH2-Gly-Ala-CO2H

NH2-Gly-Gly-CO2H

NH2-Ala-Ala-CO2H

NH2-Gly-Ala-Ala-Ala-CO2H

NH2-Gly-(Gly)4-Ala-CO2H (?)

300 h104 h

NH2-Gly-Gly-Gly-Gly-CO2H

NH2-Gly-Gly-Ala-Ala-CO2H

NH2-Ala-Gly-CO2H

   ( <1.5 %)

NH2-Gly-Ala-CO2H

NH2-Gly-Gly-CO2H

NH2-Ala-Ala-CO2H

NH2-Ala-Ala-Ala-CO2H

NH2-Gly-Ala-Ala-Ala-CO2H

NH2-Gly-Gly-Gly-Gly-CO2H

. 1.  L-Ala - L-Gly ( , 1:1, 1300 ,
, 

)

H2N CH2 C OH

O

+

L-Gly

H2N CH C

CH3

OH

O

L-Ala

NH2-Gly-Ala-Ala-CO2H

NH2-Gly-Gly-Ala-Ala-CO2H

(1:1)

[2Ala+H]+,
[(2Ala+Gly)+H]+ .

NH2-Ala-Gly-CO2H
NH2-Gly-Ala-CO2H

NH2-Gly-Gly-CO2H

NH2-Ala-Ala-CO2H

NH2-Gly-Ala-Ala-Ala-CO2H
NH2-Gly-(Gly)2-Gly-Ala-CO2H

NH2-Gly-Gly-Ala-CO2H

NH2-Gly-Gly-Gly-CO2H

NH2-Ala-Ala-Ala-CO2H
NH2-Gly-(Gly)2-Gly-CO2H

NH2-Gly-Gly-Gly-Ala-CO2H

NH2-Gly-Gly-Gly-Ala-Ala-CO2H
NH2-Gly-Gly-(Ala)2-Ala-CO2H

NH2-Gly-(Ala)3-Ala-CO2H
NH2-Ala-(Ala)3-Ala-CO2H

NH2-Gly-Gly-(Ala)3-Ala-CO2H

NH2-Gly-(Gly)4-Ala-Ala-CO2H

NH2-Gly-(Gly)3-(Ala)2-Ala-CO2H

NH2-Gly-(Gly)2-(Ala)3-Ala-CO2H

NH2-Gly-Gly-(Ala)4-Ala-CO2H

NH2-Gly-(Ala)5-Ala-CO2H

NH2-Gly-(Gly)6-Ala-CO2H

NH2-Gly-(Gly)5-Ala-Ala-CO2H

NH2-Gly-(Gly)4-(Ala)2-Ala-CO2H

NH2-Gly-(Gly)3-(Ala)3-Ala-CO2H

NH2-Gly-(Gly)2-(Ala)4-Ala-CO2H

NH2-Gly-Gly-(Ala)5-Ala-CO2H

NH2-Gly-(Ala)6-Ala-CO2H

NH2-Gly-(Gly)5-(Ala)2-Ala-CO2H
NH2-Gly-(Gly)4-(Ala)3-Ala-CO2H
NH2-Gly-(Gly)3-(Ala)4-Ala-CO2H

NH2-Gly-(Gly)2-(Ala)5-Ala-CO2H

NH2-Gly-Gly-(Ala)6-Ala-CO2H
NH2-Gly-(Gly)4-Ala-CO2H

NH2-Gly-(Gly)2-(Ala)2-Ala-CO2H

NH2-Gly-(Gly)6-(Ala)2-Ala-CO2H
NH2-Gly-(Gly)5-(Ala)3-Ala-CO2H

NH2-Gly-(Gly)9-Ala-CO2H

NH2-Gly-(Gly)4-(Ala)6-Ala-CO2H

. 2.  L-Ala - L-Gly ( , 1:1, 1300 ,
300 , , 

).

,  ,  
, 

. . 1  2, 
. , 

,  Ala-Ala-Ala
5)  (  –  – 2).

,  Ala  Gly  – Asp
 Glu.  2.
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 2.

 A-L  (Ala,
Gly  Glu)  (Ala, Gly  Asp).

(0 )
,

; (
)

,
; (

)
A Ala, Gly, Glu (1:1:1),

4,5 . H2SO4

130 104 (A1) 300 (A2)

B Ala, Gly, Glu (1:4:1),
9 . H2SO4

130 104 (B1) 300 (B2)

C Ala, Gly, Asp (1:1:1),
4,5 . H2SO4

130 104 (C1) 300 (C2)

D Ala, Gly, Asp (1:1:1),
9 . H2SO4

130 104 (D1) 300 (D2)

E Ala, Gly, Glu (1:1:1),
1,5 . H2SO4

130 104 (E1) 300 (E2)

F Ala, Gly, Glu (1:4:1),
3 . H2SO4

130 104 (F1) 300(F2)

G Ala, Gly, Asp (1:1:1),
1,5 . H2SO4

130 104 (G1) 300 (G2)

H Ala, Gly, Asp (1:4:1),
3 . H2SO4

130 104 (H1) 300 (H2)

I Ala, Gly, Glu (1:1:1),
3 . H2SO4

104 (I1) 300 (I2)

J Ala, Gly, Glu (1:4:1),
6 . H2SO4

130 104 (J1) 300 (J2)

K Ala, Gly, Asp (1:1:1),
3 . H2SO4

130 104 (K1) 300 (K2)

L Ala, Gly, Asp (1:4:1),
6 . H2SO4

130 104 (L1) 300 (L2)

. 
 ( 2)  ( .  .  3),  ,  

 ( - ) ,
 Glu , 

 H2O.  (  – 
) 

, , 
,  –  Glu. 

, 
 ( ):

N

O

C

O

N

O

O

 Glu

.
 E  (  Glu – 2 2 ) 

.

 3. 2  3-  Ala,
Gly  Glu .
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 (
)

[M+H]+

.
[M+Na]+

.
2

)

.

Ala-Gly (Gly-Ala) 147.078 - +
Ala-Ala 161.094 - +
Gly-Gly 133.062 - +

Gly-Gly-Gly 190.0835 - +
Gly-Gly-Ala 204.0995 - +

Gly-Glu 
(Glu-Gly)

205.08 227.06 +

Ala-Ala-Gly
Ala-Gly-Ala
Gly-Ala-Ala

218.1155 - +

Ala-Glu 
Glu-Ala

219.10 241.08 +

Ala-Ala-Ala 232.1315 - +
Gly-Gly-Glu 262,1 - +

Gly-Gly-Ala-Ala 275.137 - +
Ala-Gly-Glu;
Gly- Ala-Glu

276.12 298.10 +

Glu-Glu 277.10 299.11 +
Gly-Ala-Ala-Ala 289.153 - +

Ala-Ala-Glu 290.13 312.12 +
Gly-Glu-Glu

 Glu-Glu-Gly
334.12 - +

Ala-Gly-Glu-Ala;
Ala-Ala-Gly-Glu

347.16 - +

Ala-Glu-Glu;
Glu-Glu-Ala

348.14 - +

Gly-(Gly)4-Gly 361.148 - +
Glu-Glu-Gly-Gly 391.15 +

Ala-Gly-Glu-Ala-Gly 404.18 - +
Gly-Glu-Glu-Ala;
Ala-Gly-Glu-Glu

405.16 427.15 +

Gly-(Gly)5-Gly 418.17 -
Gly-(Gly)5-Ala 432.1855 -

Gly-Glu-Glu-Ala-Gly;
Ala-Gly-Glu-Glu-Gly

462.18 -

Gly-(Gly)3-(Ala)2-Ala 460.2175 - +

Glu-Glu-Gly-Glu 463.17 - +
Gly-Glu-Glu-Ala-Ala;
Ala-Gly-Glu-Ala-Glu

476.20 498.18 +

Glu-Glu-Ala-Glu 477.187 499.16 +
Glu-Glu-Ala-Gly-Gly-Ala;
Ala-Gly-Glu-Ala-Gly-Glu;
Gly-Glu-Glu-Ala-Ala-Gly;
Ala-Gly-Glu-Ala-Glu-Gly

533.22 +

Ala-Gly-Glu-Glu-Glu;
Gly-Glu-Glu-Ala-Glu

534.20 - +

Gly-Glu-Glu-(Ala)2-Ala;
Ala-Gly-Glu-Ala-Glu-Ala

547.24 569.22 +

-E 130.05 - +
Gly-E

-Gly
187.07 - +
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Ala-E ;
-Ala

201.09 - +

O

O

O

H
N E'

H2N

CO

O

E'

241.08 - +

2 Gly-Gly-E

H2N

CO

O

Gly Gly

244.09 - +

Ala-Gly-

 (Glu+Gly-
2H2O)]-Ala

258.11 280.09 +

Glu-E 259.09 +
Ala-Ala-E 272.12 294.10 +
Gly-E -E

H2N

CO

O

E' Gly

E'-GlyO

O

O

NH

298.10 - +

Gly-Gly-E -Gly 301.11 +
Ala-E -E ;

H2N

OC

O

E'-Ala

,

E'-AlaO

O

O

NH

312.12 +

Ala-Gly- -Gly;
Glu- -Gly

Gly-Gly-E -Ala

315.13 - +

Gly-Glu-E ;
Glu-E -Gly

316.11 - +

Ala-Ala-E -Gly;
Ala-Gly- -Ala;
Ala-E -Glu-Ala;
Ala-Ala-Glu- E ;

329.15 351.13 +

Ala-Glu-E ;
Glu- -Ala;

-Glu-Ala

330.13 - +

Gly-Gly-E -E 355,12 - +
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Gly-E -E -Ala;
Ala- -E -Gly;

H2N

OC

O

E'-Ala-Gly

E'-Ala-GlyO

O

O

NH

369.14 - +

Glu-E -E 370.12 - +
Gly-Gly-E -Glu;
Glu-E -Gly-Gly

373.14 - +

Ala-Ala-E -E ;

H2N

OC

O

E'-Ala-Ala

E'-Ala-AlaO

O

O

NH

383.154 -  383.16
+

Gly-Glu-E -Ala;
Ala-Gly-Glu-E
Ala-Gly-E -Glu
Glu-E -Gly-Ala

387.15 409.14 +

Glu-E -Glu 388.13 - +
Ala-Ala-E -Gly-Ala 400.19 +

Ala-Glu-E -Ala;
Glu-E -Ala-Ala

401.17 423.15 +

H2N

OC

O

E'-Ala-E'

E'-Ala-E'O

O

O

NH

423.15 - +

H2N

OC

O

E'-Ala-Gly-Gly

E'-Ala-Gly-GlyO

O

O

NH

426.16 - +

H2N

OC

O

E'-Gly-Glu 427.15 +
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E'-Gly-GluO

O

O

NH

;
Glu-E -Gly-E

Gly-E -E -Ala-Ala;
Ala-E -E -Gly-Ala;
Ala-Gly-E -E -Ala;

H2N

OC

O

E'-Ala-Ala-Gly

E'-Ala-Ala-GlyO

O

O

NH

440.18 - +

H2N

OC

O

E'-Ala-Glu

E'-Ala-GluO

O

O

NH

441.16 - +

Glu-E -Ala-Gly-Gly 444.17 - +
Glu-E -Gly-Glu 445.16 - +

Gly-Glu-E -Ala-Ala;
Ala-Glu-E -Ala-Gly;
Glu-E -Gly-Ala-Ala;
Glu-E -Ala-Ala-Gly

458.19 480.17 +

Ala-Glu-E -Glu;
Glu-E -Glu-Ala;
Glu-E -Ala-Glu

459.17 - +

H2N

OC

O

E'-Gly-Gly-E'

E'-Gly-Gly-E'O

O

O

NH

466.16 - +

Ala-Gly- - - 480.17 502.15 +

H2N

OC

O

E'-Ala-Gly-Gly-Gly

E'-Ala-Gly-Gly-GlyO

O

O

NH

483.18 - +
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H2N

OC

O

E'-Ala-Glu-Gly

,

H2N

OC

O

E'-Ala-Gly-Glu

E'-Ala-Glu-GlyO

O

O

NH

,

E'-Ala-Gly-GluO

O

O

NH

484.17 -

Ala-Ala-E -E - E ;

H2N

OC

O

E'-Ala-Ala-E'

E'-Ala-Ala-E'O

O

O

NH

494.19 - +

H2N

OC

O

E'-Ala-Gly-Gly-Ala

E'-Ala-Gly-Gly-AlaO

O

O

NH

497.20 519.18 +

Ala-Gly-Glu-E -E ;
Ala-Gly- -E -Glu;
Glu-E -Gly-Ala- ;

498.18 520.16 +

Gly-E -Ala-Gly-Gly-Gly 501.197 -
Gly-E -E -(Ala)2-Ala 511.22 533.20 +

H2N

OC

O

E'-Ala-Ala-Glu

E'-Ala-Ala-GluO

O

O

NH

;
Glu-E -Ala-Ala-E

512.20 534.18 +

Ala-Glu-E -Ala-Gly-Gly; 515.21 - +
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Glu-E -Ala-Gly-Gly-Ala;
Ala-Gly-Glu-Ala-Gly- E
Gly-Glu-E -Ala-Ala-Gly;
Glu-E -Gly-Ala-Ala-Gly

Ala-Gly-(Glu)2-E ;
Gly-Glu-Glu-Ala-E

516.19 - +

Gly-Glu-E -(Ala)2-Ala;
Ala-Glu-E -Ala-Gly-Ala;
Glu-E -Gly-Ala-Ala-Ala

529.23 541.19 +

Ala-Glu-E -Glu-Ala;
Glu-E -Ala-Ala-Glu;

530.21 - +
;

H2N

OC

O

E'-Ala-Gly-Gly-E'

E'-Ala-Gly-Gly-E'O

O

O

NH

537.19 - +

H2N

OC

O

E'-Ala-Glu-Gly-Gly

E'-Ala-Glu-Gly-GlyO

O

O

NH

541.19 - +

H2N

OC

O

E'-Ala-Ala-Gly-E'

E'-Ala-Ala-Gly-E'O

O

O

NH

551.21 - +

Glu-E -Ala-Gly-Gly- ;
Glu-E -Gly-Ala- -Gly

555.20 - +

H2N

OC

O

E'-Ala-Ala-Gly-Glu

E'-Ala-Ala-Gly-GluO

O

O

NH

Gly-Glu-E -Ala-Ala-E ;
Ala-Glu-E -Ala-Gly-E ;
Glu-E -Gly-Ala-Ala-E ;
Glu-E -Gly-Ala-E -Ala

569.22 - +

Glu-E -Ala-Gly-Gly-Ala-Gly 572.25 - + ;
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H2N

OC

O

E'-Ala-Ala-Glu-Ala

E'-Ala-Ala-Glu-AlaO

O

O

NH

583.24 - +

Glu-E -Ala-Ala-Gly-Glu;
Ala-Gly-Glu-Ala-Gly- E ;
Gly-Glu-E -Ala-Ala-Glu;
Ala-Glu-E -Ala-Gly-Glu;
Glu-E -Gly-Ala-Ala-Glu

587.23 - +

Ala-Gly- - - - 591.20 - +

H2N

OC

O

E'-Ala-Glu-Gly-Gly-E'

E'-Ala-Glu-Gly-Gly-E'O

O

O

NH

595.20 - +

Ala-Gly-Glu-E -E -E ;
Glu-E -Gly-Ala-E -E

609.21 631.19 +

H2N

OC

O

E'-Ala-Glu-Gly-Gly-Glu

E'-Ala-Glu-Gly-Gly-GluO

O

O

NH

613.21 - +

H2N

OC

O

E'-Ala-Ala-Gly-Glu-Gly

E'-Ala-Ala-Gly-Glu-GlyO

O

O

NH

;
Glu-E -Ala-Gly-Gly-Ala-E

626.24 - +

Glu-E -Ala-Ala-Gly-Glu-
Gly;

Glu-E -Ala-Gly-Gly-Ala-Glu

644.2565 - +

 1 ( )

NH

H2N

O

O O

OH

187.07 - +
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NH

H2N

O

O O

Gly

244.09 - +

NH

H2N

O

O O

Ala

258.11 - +

NH

H2N

O

O O

Gly-Ala

NH

H2N

O

O O

Ala-Gly

315,13 - +

NH

H2N

O

O O

Glu

316.11 - +

NH

H2N

O

O O

Gly-E'

355.12 - +

NH

H2N

O

O O

Gly-Glu

NH

H2N

O

O O

Glu-Gly

373.138 - +

NH

H2N

O

O O

Glu-Ala

387.15 - +

NH

H2N

O

O O

Gly-Ala-E'

426.16 - +

NH

H2N

O

O O

Gly-Ala-Glu

444.17 - +
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NH

H2N

O

O O

Glu-Ala-Ala

458.19 - +

NH

H2N

O

O O

Gly-E'-E'

466.16 - +

NH

H2N

O

O O

Gly-E'-Glu

484.17 - +

NH

H2N

O

O O

Glu-Ala-Ala-Gly

NH

H2N

O

O O

Gly-Ala-Glu-Ala

515.21 - +

NH

H2N

O

O O

Glu-Ala-Ala-Ala

529.23 +

NH

H2N

O

O O

Gly-E'-E'-E'

577.19 - +

NH

H2N

O

O O

Gly-E'-Glu-E'

595.20 - +

NH

H2N

O

O O

Gly-E'-Glu-Glu

613.21 - +

 2 ( )

NH

H2N

O

O

(CH2)2-COOH

HOOC-(CH2)2

-E

259.095 - +

NH

H2N

O

O

(CH2)2-CO-Ala

HOOC-(CH2)2

330.13 - +

370.12 - +
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NH

H2N

O

O

(CH2)2-CO-E'

HOOC-(CH2)2

NH

H2N

O

O

(CH2)2-CO-Glu

HOOC-(CH2)2

388.135 - +

NH

H2N

O

O

(CH2)2-CO-Ala-Ala

HOOC-(CH2)2

401.17 - +

NH

H2N

O

O

(CH2)2-CO-Ala-E'

HOOC-(CH2)2

441.16 - +

NH

H2N

O

O

(CH2)2-CO-E'-E'

HOOC-(CH2)2

481.16 - ?

NH

H2N

O

O

(CH2)2-CO-E'-E'-E'

HOOC-(CH2)2

592.18 - +

(2 Gly - 2H2O)

HN

NH2

O

O

115.05 - +

(Ala + Gly - 2H2O)

HN

NH2

O

O

H3C

129.067 - +

(2 Ala - 2H2O) 143.083 - -
(2 Glu - 2H2O) 259.095 - +

(Ala + Glu - 2H2O) 201.089 - +
(Glu + Gly - 2H2O) 187.073 - +

 HPLC 
,  Glu .
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,   Ala   Gly   2   –
Asp  Lys  Glu  Lys.  4.

 4.  M-X 
 (Ala, Gly, Lys  Glu)  (Ala, Gly, Lys  Asp).

(0 )
,

; (
)

,
; (

)
M Ala, Gly. Asp, Lys (1:1:1:1), 2

. H2SO4

130 104 (M1) 300 (M2)

N Ala, Gly. Asp, Lys (1:1:1:1), 4
. H2SO4

130 104 (N1) 300 (N2)

O Ala, Gly. Asp, Lys (1:1:1:1), 6
. H2SO4

130 104 (O1) 300 (O2)

P Ala, Gly. Asp, Lys (1:2:1:1),
2.5 . H2SO4

130 104 (P1) 300 (P2)

Q Ala, Gly. Asp, Lys (1:2:1:1), 5
. H2SO4

130 104 (Q1) 300 (Q2)

R Ala, Gly. Asp, Lys (1:2:1:1),
7.5 . H2SO4

130 104 (R1) 300 (R2)

S Ala, Gly. Glu, Lys (1:1:1:1), 2
. H2SO4

130 104 (S1) 300 (S2)

T Ala, Gly. Glu, Lys (1:1:1:1), 4
. H2SO4

130 104 (T1) 300 (T2)

U Ala, Gly. Glu, Lys (1:1:1:1), 6
. H2SO4

130 104 (U1) 300 (U2)

V Ala, Gly. Glu, Lys (1:2:1:1),
2.5 . H2SO4

130 104 (V1) 300 (V2)

W Ala, Gly. Glu, Lys (1:2:1:1), 5
. H2SO4

130 104 (W1) 300 (W2)

X Ala, Gly. Glu, Lys (1:2:1:1),
7.5 . H2SO4

130 104 (X1) 300 (X2)

 (  1  2  12 ) 
-

.

3. 

 ( ). 
 2 

 (  F8_p  F9_p). , 
. 

. 
(10-3 )   3   30 , 

 10-2 .  10-2

 F8  F9  ( .
. 5).
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 5.

 F8  F9 

1,3 ±0,2 -5 0,5±0,1 -5 0,6±0,1 -5

 4-5  )

 12 ,
 ( ),

, 
,   Glu   Asp.  

, 
 – . -

2,  – , 
 Glu, . ,

 [9] 
, 

 Asp (  Glu)  Ala  Gly.

, 
.

, 
 F8_p  F9_p . 

, , 
, 

 [10].
, 

. ,  [10] 
, 

. 
 – , ,

, , - ( ), -, - .
, .

UNICO 2800 ( ) 
: 

), 
. 

– 340  510  ( . 3). 
 24  46%, 

 4  6 
, ).
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. 3.   – , 
.  1

- 4 ;  2 - 6 ;  3 – 24 .

.

:
1. ,  Ala  Gly 

, 
 1-3 . 

 HPLC 

.
2. 

. 
,  Ala, Gly  Glu/  Asp, 

: , 
 Asp  Glu, , , .

 Ala  Gly ,
 – .

3.  E2 (Ala, Gly  Glu  1:1:1, 1.5 . H2SO4)
, 

- ) ,  Glu 
,  H2O. 

 – ) 
, , 

, 
 –  Glu.
4. 

. , 
, 

.
5.  12 
,  (
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), , 
,  Glu. 

.
6. 

, , 
. , 

, 
.

 2- , 3-  4- , 
,  (130 ,  300  )  

.  Ala,
Gly  Asp  1:1:1  1:4:1  Ala, Gly  Glu  1:1:1  1:4:1

 – . 
 Ala, Gly, Asp  Lys  1:1:1:1  1:2:1:1  Ala, Gly, Glu 

Lys  1:1:1:1  1:2:1:1  – 
. . 

- (Ala  Gly) 

.  E2 (Ala, Gly  Glu  1:1:1, 1.5
.  H2SO4) , 

 ( - ) , 
 Glu ,  H2O.

 (  – ) 
, 

, 
,  –  Glu. 

). 
 2 . , 

, 
.  12 

,  (
), ,

,  Glu. 

. 
 1 . 

-
.» 

 ( , 11-12  2009 ., , ), 
 57-  (31  – 4 

2009 ., , , ).
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 K/NA 

: . 

: . , . , . , . 

. . 

, 
, 

, 
 (

). , 
, , 

.  .  .  .  .  
.

, . 
, , ,

, , , , 
, . 

, 
 1) , , 2) 

, , 3) 
, 4) , , 

. , ,
. 

,   
, 

.
, 

,  Na  K, 
, . 

, , , 
, 

, 
. 

 – 
 1) 

, 2) , 
, 3) 

, 4) ,  4) 
, . 

 Corning-410 ( ) .
 ANOVA.
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K/Na 

, , , ,
, . ,  Na+

  ( . , . , . , , 
.)  4  –  0.16  465 . 

 K/Na , 
,  0.03 ± 0.006 ( . 1).

 1. K/Na  – , , .

K/Na
0.025
0.025
0.028
0.022
0.027
0.057
0.056

0.034±0.006

,  Na 
 ( , ),  K/Na.

 ( , , , ,
, )  Na+ ( .

2),  188%  108  203 , 
 K/Na  0.029±0.001.

 2. K/Na 

n K/Na
10 0.028
10 0.03

 Wistar 10 0.028
9 0.027
15 0.037
50 0.031

  Perca fluviatilis 10 0.028
 Coregonus 19 0.027

 Squalus acanthias 12 0.020
 Acipenser, 11 0.032

 Lampetra fluviatilis 10 0.029
0.029±0.001

 ( . 3),
 Na+  3250%  14,4  468 . 

 K/Na , 
 0.034±0.006    ( . 1).
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 3. K/Na 

n K/Na
 Pecten islandicus 20 0.032

 Mytilus
galloprovincialis

12 0.028

 Unio pictorium
6 0.033

 Margaritifera
margaritifera

14 0.028

 Paralithodes camtschatica 11 0.034

Labellula quadrimaculata
18 0.043

0.033±0.002

, Na  [ , 2005]. 
,  ( .4) , 

.

 4.
, , .

*
 Na

3000
17
290
0.8
17

176.5

17.1
0.047

1

. * , 2005, ( . 16).

, , 
, 

, , . 
.  , 

, , 
 Mg2+ +,  Na+

 [ , 1971; Pestka, 1968]. , 
, 

.  – ,

.
, ,

,  .   4  ,  ,  
. 

 K/Na , 
. 

, 
.

,  K/Na , 
.  

+  Na+
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. , , 
 Na+ + , 

 – +

. .
, , 

+  1. 
 Na+ + , 

  ( . 5).  K/Na 
,  ( ), 

,  ( . 5)

 5. K/Na , 
, , 

K/Na  Na n
0.047

, , 0.034±0.006 0.16  465 7
0.029±0.001 108  203 166
0.033±0.002 14.4  468 69

, 0.021 8
, 0.021 12

, R. temporaria 6.29 13
, 2.77 8

, Littorina saxatilis 1.01 10
, Unio tentaculata 1.35 6

n – , 

, , 
, +  Na+. 

), ,
, , 

, .

 K/Na 
4 2. 

4, 2 [ , , 2008]  –

, 
. , 

 Na .

K/Na  Lactobacillus fermentum
94

, 
. , 

, 
, 

  . 
, , , 

, , . 
 K/Na 

, 
. 
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, ,
,  Na

, 
.  

 Lactobacillus fermentum 94 .   
, 

,  – , 
, , .

.
 5 

1  48  37 . 
,  0.1 

4 
. 

,  «Sartorius» 4413 8
).  105 ,

,  30  HNO3
 90°

.  1 
. 

.
, 

. .  Na 
 Corning – 410 ( ).

M±m, 
 ANOVA.

,  Lactobacillus fermentum 94
 Na  2.2±0.1. 

4,  2% ,  K/Na 
 0.25. , ,  K+

 Na+.  + -
 800%. , +

, ,  
,   . 

+ ,  ,  .  ,  
. 

, 
. 

. 

.
-

.   K/Na  
, :  2.2±0.1,  2.77±0.1,

. , , , 
,  0.03. , , 

, +/Na+  1. +/Na+

, ,
, ,

. 
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 K  Na, 
 K+

.
+  Na+

, .

. 
 K+, 

, , 
 K+. 

, 
. 

, , 
.

, +

, 
  . 

.
 (2007), ,  «

, 
, ». 

, , 
. 

, ,  K+

.
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, ,  ( ) 
, 

: . . 

: . , . , . , . ,
. , . 

. 

. , 
, 

. , 

-  ( ), 
 [ . . 

, . 2001].
, , 

, 
, 

 [ . ., , 2007, 417, 265; Kolesnikov M.P.
et. al., Origins Life Evol. Biosph., 2008, 38, 243]. 

», . , 
 ( ) .

N

N

N

N

1

2

3

4 5

6

8

7 NH

NN
H

N

R

R

O

O

R=H – ; R=CH3 – 

, , 
, ,  

.

 + Pi  +  H2O
h
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 [Heinz B. and Ried W., BioSystems., 1981, 14, 33;  ,  .  
, ., . . ., 2001, 37, 385], , 

, , 
,  .  ,  

.

.

 ( )  .  
.

1. 
, 

. 

.
2. , .

. 
, 
), ,

, « » , , 
.

. 
, 

 2000  - 
-150 , 

. 
 2000  “ ” ( ). 

 « -02- »  « » ( ),
, 

. 

 « » ( ). , 

»  “ ” ( ). , 
, .

-
. ,

, 
,  (  8:3:1). 

 ( ) . 

, 
, 

 ( .1). 
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max =  525  ,  max = 450  (
). , , 

max  = 440 max  =  340  ,
 ( . 2).

. 1. .

. 2.
1 –  340 
2 –  375 
3 –  450 
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. 3.
1 –  525 
2 –  440 

, 
 525 , 

,  260, 375  450 , 
 290  340 ,  440 . 

, , 
. 3). 

 (77 ).

.
,  20 , 

 ( . 4). 
, 

. 

, 
 ( ).
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. 4.

, 
. , 

5 ( ). 
 ( ),  260, 375  455

,  27100, 10400  12200 -

1 -1, . , . ,
, 

.

. 5.1
 ( ).  – ,

 20 . , .

340  ,  ,  ,  
, ,
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, . 
, 

.

.

,  NH2CH2COOH ( )
 NH2CHCH3COOH.  ,  

, 
. , , 

,  (8:3:1), 
, 

.

, , 
 (  500 ). 

 6 

 350 . , 
 6% (

), 
 450  15%.

,
, 

,  7. 
 (  340 ), 

.

,  UV-A , 
. 

 ( . 8). , 
, 

.
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. 6.
, 

, ,  (  8:3:1).  350 .

. 7.
.  – ,  40

. , .
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. 8.  (  1, 2, 3) 
 (  4)  (8:3:1).
: 1 –  340 ; 2 –  375 ; 3 –  450 ; : 4 –

 440 .

.

, 
. ,  (

) 
 ( ).

, ,   
. , , , 

 ( , -
, ) 

, 
.
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: . 

: . , . 

. 

, 
.

).

,  
, .

 - 
.

, 
. 

: , 
, . 

. 

.

, , ), , 
. 

, 
. 

, , .
, , 

, .

, , 
. 

 (  CH4, NH3) 
, 

.
 « ». 

, .
,

. 
. , . 

. . 
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, , 
. ( . 1).

 + H2O  + Pi

hv

M + N  H O + MN2

MN + Q H O + MNQ2

MNQ + QP H O + MNQP2

S
t+

S
t-MN

MNQ

     

, 
.

, , 
. , , . 

  - ,
, . 

.
. 

, , , 
, 

.
, , 

. 
.   

. , .
. 

, 
, , 

. : , 
. ( . 2).
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, .
, 

, ,
. , 

. , 
. 

. 
. 

. 
. , . 

  
, ,

.
, 

, , 
, , 

. , , 
, .

, 
, , , 

, , .

:

E.M. Galimov/ Intern.Journal of Molecular Sciences,v.10, p.2019-2030, 2009, 
  

  ( . . ) 
.
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:  )

  

: , .
, 

  
.

  
  , 

, , ,
   -100  +200° ,  2  12, 

.
,   

,   
,  " " 

, 
 – .  ,

  .
 ( ) 

,    « »  
,   

.
  

 - , 

  , , 

.
  

,   
    

  
.

, 
,     

. 
, ,   

, , ), , 
.

  ,   : 
  (  5:5:1) ,   , 

     
 (  :   -1  :  3)  

 (60° =8.0). , 
,
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    80°
130° .

,
, 

 -   
, . 
  .

 ( ) 
 ( ) 

. 
  

, 
,  

.
 ( )

. 
. 

 ( - ) :   1-  : 
 :  5:1:1. 

:  - 7:3, 
, ,  (

).
, , 

-

  .
   195

 ( )  254  ( ).
 60°  =8.0   –   (1  :3).  

   60°     .
  

150  ( ),  -    –
.

  
: 

 +  .
 (  ?)  +  ,

, , 
      ( , ).

 10, 50  100  ( 
,  - 1:3   60 

 ( .  –  3).
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 130° .
 60°  – 
 2 exp ((T2 – T1)/10) , .  27 = 128 

, 
  .

    
,     (

)   ,       .
  

 ( , , ).   ( . . 4) 
, ,  (100 ) 

 ( ) 
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,
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2
3
4
5
6
7
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0.13
3.87
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0.60
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 (  ~1 

) 
. , 

(~2700 2) , 
,  0.2 . 

 L-  ~470 . . 
 Thorsberg 

. ,
, 

. 

 ~1-2 .  480 . 
.
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. 1.
 (  UDR)  « ».
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. 1:
1.  (1000 g, 2-3 )

 ~80 C.
2. 

.
3.  3.  (~1:1) , 

.
4.  5.  .

 "  …" :

1. ., ., ., ., .,
. 

 //  «
» 1(27)’2009. (Alexeev V.A., Ivliev A.I., Kuznetsova O.V.,

Sevastyanov V.S., Semenova L.F., Fisenko A.V. Heterogeneity of isotope composition of carbon
of ultradisperse detonation diamond).

URL: http://www.scgis.ru/russian/cp1251/h_dgggms/1-2009/informbul-1_2009/planet-
4.pdf

URL: http://www.scgis.ru/russian/cp1251/h_dgggms/1-2009/informbul-1_2009/planet-
4e.pdf

2. ., ., ., ., .,
. 

 // -2009, . 3-4.
3. ., ., ., ., .,

. 
 // 

, . , , 2009.
4. .  //

. 2009 ( ).

http://www.scgis.ru/russian/cp1251/h_dgggms/1-2009/informbul-1_2009/planet-
http://www.scgis.ru/russian/cp1251/h_dgggms/1-2009/informbul-1_2009/planet-
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: . . 

: . , . , . , . , . ,
. , . , . 

. 

, 
, 

-, -  ( . 1), 
, . 

, 
 “ -II” (PGII),  31 (  = -76.9 ,  = 145.3 )

. 2) ; , 
, PGII

 “ ”. 
, 

, . 
, 

. , 
, , 

, .
, ,

, . , , 
-II,

. 

.

 ( ), [H-Gly4-NH(CH2)5]2, 
. 1.  32 

 ( , , r =80).
, - 

 PCFF . 
:

SurfeVdWb VVVVVVV . (1)



190

bV V - , V  - 
, VdWV  - 

, eV  - . 

rRF=20 Å. 
. 

 3.35 Å)  1780 Å2, 
 1.42 Å .

, , 
; 

 4 kT.  ,  

.  (  (001) KAl2(Si3Al)O10(OH)2)
 20Å.  ,

,  1800Å2. 
Z. 

 (NVT- , , = 300 , = 30 ).

 (r-RESPA).  – “ ”
, , , 

rs=5Å, s =2 )  “ ”. 

rl=20 Å ( s =0.2 ). 
 3 - 4.5 . 

 STRIDE  DSSP. , 
, ,

, .

. , 

). 
, , 

 – , . 
, 

 (
). ,

.
 (  - 15Å) 

 (
Z  5Å).  ( .

3),  PGII .
, , 

 ( . .
2). , 

 PGII 
.
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 ( . 3). ;
 20Å, 

.
,
;

 (
) . , 

, 
, ), 

. 
:

ddTkGTkG BB /,exp//,exp, , (2)

,G  - .
, 

, 
 –  ( ’ . 8), (  0,389)

 =-60;  =60  =60;  =-60). , , 
, 

, .
 (

0,08). .
, , 

 =-76,9;  =145,3 –  PGII. , 
, 

 PGII.
,

, , 
. ,

 “ ”  – 
, .

, 
 PGII 

.
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n

H-Glyn-R; n>5; R= -OH, -NH2

; n>3

tri-Glyn; n>6 tetra-Glyn; n>6

. 1. , 
.

. 2. ,
. 
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  ) 

  . , 
, . 

,  N-
, . 
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. 3.  ( ) 
 ( ).

1. 
.

  
 (  DL- )

 (10-6 ) 
 –  10-6  10-4

 (
 5,5  7,5, , 

).
 1  15

,  5 .

, 
).

 ( NaPO3 ),  ( Na2H2P2O7
.

2  ), 
  (  -  Na6P6O18 ).

 ( ) –  100 .
 – 

 180  3 
 3 .

 (  0  80%) 
 (25mM   – 50mM ) 

) )
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 ( 5. 10-7 ).

2.  9-
.

 9-
 (  10-4 – 10-6 ) 

(~ 10 -3 )  ( 10-3 )  ( 10-4 ) 
8,5 – 9,0.   –

 (  20 ).
, 

, 
.

-

, 
, 

.

 1-  (  6), 
N6  (  ~ 12):

N

N

N

N

NH2

Rib

Me2SO4

NaOH, pH ~12

N

N

N

N

NHMe

Rib
N

N

N

N

NH

Rib

Me

MeSO4

NaOH, pH 6

H+ H+

N

N

N
H

N

NH

Me

N

N

N
H

N

NHMe

1- N6

 1.



195

  
 1- ), 

. 
. 

 Dowex-50 4 (200-400
) +  (2:1). 

 1  (2:1).

,  1-  N6 . 
,  1 

, 
. 

 – .
, .  

.
, 

 (6- , 9- -6- , 9- )
, 

 4,6- -5- :

N

N

N

N

Cl
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N

N

Cl

O2N

Cl

N

N

Cl

H2N

Cl

N

N

Cl

O2N
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MeNH2

[H]

[H]

N

N
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H2N
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N

N

N

N

NHMe

Me

N

N

N

N

NH2
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NH3

N

N
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H2N

N

N

N
H

N

Cl

N

N

N
H

N
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Me2NH

NH3

9-

9- -6-

6-

 2.
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 4,6- -5-
, 

:

CH2(CO2Et)2

NH3

CH2(CONH)2

HC
O

NH2

NaOEt
N

N

OH

HO

N

N

OH

HO

O2N

HNO3

N

N

Cl

Cl

O2N POCl3

4,6- -5-

 3.

. 
, 

 4,6- .
 4,6- -5-  (

68%),  POCl3   
 4,6- -5-  80%.

2.
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,
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, .
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  - 1 
, 

- 2. 
, - 3 
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.
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. - 6 
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-250. - 8 ,
,  .    

  -01/3. 

   ( )- 9,  -10 -11  
.

,     
-5-  - 

.    
, 

  .
 10-3 , -

5-  10-3  2 10-3 .  0,5
 10 10  45 .

,    
, . 

 " -7" 
 0,02  0,02 

- . . 2 

 2  +700 .

.3.
   - 

. 
, , , 

  ,
.    

 18 
  .  

 2 
 2- .

  3600
,  ( )  2400 . 

 1200 , 
  1 10-9 . 

.
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. 2. . 
-2 =700
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0 2 4 6 8 10 12

0

2000

4000

6000

8000

10000

12000

14000

10-9   

. 3.  -
.

, 
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. 
,   

.
  (10-4-10- ) 

, 
    . 

, 
. 

 10-15% , 
.

, , , 
  , , 

   
.
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: . . 

: . , . , . *

, , 
, 

. 
, .

,

. 
 - , 

, 
.

, 
. , 

.

, ,
, 

(Cronin and Pizarello, 1997; Cooper et al., 1992; , 2001). 
, , 

.  (Delsemme, 1992; Greenberg, 1993), 
 14% . 

,  HCN ,
. 

, , .

, ,
, 

.
, 

, , 
. , 

 ( ) ,

.   2   3  
. 

, , , 
, , , 
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. 
 CH4, NH3, H2O 

 (Draine, 2003). 
. .

 – ; .
 —  (Mg,Fe)2[SiO4].  Fe

 Mg :  Mg2[SiO4]  —
Fe2[SiO4].

)  (145 )
.

, 
, 

, .

. .  ( ,  8094)
 (MgFe)2Si2O6,  

 –  (MgxFe1-x)2Si04. ,  SiO2

 0.2 .
 “Serva”

),  NaH2PO4.  486,44
 312,00 .  3

. 
. . 

 (HPLC) 
.

.

 98%.

. : ,
 extra pure (Merck, Germany) 

 “ ”.
 Alliance (Waters, USA), 

, , .
: Symmetry-C18,  3.9*150  (Waters, USA). 

: ,  0.01 
 0.012  (  3.4) 

 97.5:2.5. :  –
0.7 ,  - 250 ;  - 254 , 

 - 25 ,  - .

 Bruker Esquire LC  «Bruker Daltonik
GMBH», . ,

 m/z  50 
2200.  MS  c 
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SmartSelectTM . 

 HPLC . 
 esquireControlTM SmartSuite, 

. 
 DataAnalysisTM, 

 m/z.

.  50% 
 NH4. 

 240 µl/h. 
: . 

 m/z. 
 m/z. 

0.1%. 
.

 1. : 
5'  ( )  (4.31%),   2'  (0.76  %).   1  

, ,
 21.25*105 J*m-2. 

.

 1. *(  % 
 Phe)  + 

, , 
).

 145 nm, 21.25*105 J*m-2

(5- )

SiO2
5' 2.940 1.930 3.190 4.310
2' 0.760 0.093 0.086 0.420

2'3' 0.962 5.770
5' 0.780
3' 0.043 0.110

* 4.662 8.616 3.386 4.730

 (145 ) ,
, 

: 5' , 2' , 2'3' , 5'  3' . 
 8.616% 

. 5' , 
, , ,

, . 
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 5'
 1. , 

. , 
,  3.386 %, 

 8.616 %  (
). ,

. , 
 1.84

.  ,   « »  
. , 

, 
. 

. 

.  SiO2

. 
.

. 
, 
.

,

, 

.
 66% 

,  – 24%.

. 1.  5'
 (  %

). 1 –  5'  ( ). 2 - 
5'  SiO2.

. 
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, 

 (Chyba, Sagan, 1992). 
, , 

 (Paecht-
Horowitz, 1988). 

(Brownlee et al., 2006, Lambert, 2008).

, 
, 

, 
 –  ,  

. , 

. 

 « -
11»  « » (Kuzicheva, Simakov, 1999; Kuzicheva, Gontareva, 2001).

,  SiO2
. 

, 
. , 

, 

.
 (Kuzicheva, Gontareva, 1999; Kuzicheva,

Simakov, 1999) 
, , 

. , 

, 

,  (Delsemme, 1998;
Greenberg, 1993).

1. . . 2001. : .
// .: URSS. 256 c.

2. Brownlee D., Tsou P., Aléon J., Conel M., Araki T., Bajt S., Baratta G. A., Bastien
R., Bland Ph., Bleuet P., Borg J., Bradley J. P., Brearley A., Brenker F., Brennan S., Bridges J.
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, 
 ( 2 ).

,  1.

. 

:
G0

T,P = G0
f – S0

Tr,Pr (T – Tr) +
T

Tr
C 0

PdT - T
T

Tr
C 0

P dlnT +
P
V

Pr

0 dP,

G0
f

 (Tr)  (Pr) 298,15 K  1 , S0, C0
P V0

, , .

, . 
, , 

»  « » . 
,

. 
, 

 – , 
. 

, , 
2  ( )  =  2

) + 0,5 2 ( ), 
.

, , 
, 

 (
) 

.

2. 

) , 3-  (3- )  ( )
2  - 
 ( . 1).  3-

 (7), 2 , 4 2,  2 4 2,
2 , . 

 ( )
2 , 

.  (7),  (7)
 (8)  ( 2 4),  

 (1),  (1),  (13)  (12) 
2 2).
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. 1. ,  3-
. I – : 2,O2,  H2O, CO2, CO, C; II -

: 4 –  ,  2 6 , 2 4 ; III - ; IV –
 3- . 1 – , , 2 – , 3 – ,

,  4  –  ,  ,  5  –  ,  6  –  ,  7  –  ,  3-
, 8 – , 9 – , 10 – , , 11 – , 12 –

, 13 – .

4 2 4
, 

, 
). 

, , , 
 ( 13  -10 – -15‰). 4 - 2 4

2 4 2 4, 
2. , ,
,  3- 2

 (7) 
4 2 2 4 2, .

,

. 
2

 –  (  - µ 2). 
 ( )  

500  273 – 900 
 ( G0

T, ) , .
, . 2, , . 
 (373.9°C, 220.4  407°C, 298.5 ( )). 

 (  –  ),  .  ,
2  (µ 2 = RTlnaO2,

a 2 – )
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.
, 

) ,  ( ) 
 ( ) . 

, .
 = 614 , 

 C2H4 ( ) + 2CH3COOH ( ) = C2H6 ( ) + (CH2)2(COOH)2 ( ),

 ( 2 4 +  2 = 3 ), 
. 

 (  3- ) 
. 

,  457 

, , 
. 

.

. 2.  3-
 – ( 2 = RTlnaO2)  ( ).

. 
 (Fe2O3)–  (Fe3O4),  (FeS2) –  (FeS) –

 (SiO2) –  –  (Fe2SiO4) . 
.
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4 – 3  – ( 2)2 )2

, , , 
. 

 –  –
 (SiO2- Fe3O4-Fe2SiO4)  (Fe2O3-Fe3O4) 

.

(FeS2-FeS-Fe3O4). 
 – . 

 – , 
 307  – 2 , 

–  (  3- ). 
 – .

 500 
. 3), 

, 
. . 2,

,  –  –
 ( . 3). 

 ( ).
4 – 3  – ( 2)2 )2 (  –

 III)  = 500  ~670 

. 
, 

2.
, 

2 .
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. 3.  3-
 –  2  500 . 

. 
 III –  - 2 2.

. . 2.

3. 

2  3-
, .  3-

 –  –  – 
– , 

: ( 2)2 )2  ( )2 )2 2 )( )2. ,

. 2
(AFC) , 3-  ( .
4),  ( Crenarchaeota)

. ,

, 2, 
13C (0 – -12‰), 

.
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. 4. 2 (AFC). 3-  – 3-
,  – ,  – -

 ( ).

. 
, -

, , 
-

, .

 AFC. 2 . 
 AFC 

, 
 ( .

, ,  - .) 
.  ( -

),  = ~ 400-600 ( .2),  = 500  = ~ 400-700 
. 3) 

 Fe3O4, FeS  FeS2  AFC  .  ,  
,  (Fe3S4),  

 (Fe5NiS8),  (Fe4NiS5) 
– 

.

,  (“robustness”),

 ( )  ( . 2, 3). 
 AFC  ( . 4), 
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, 
)2 )2 +  2 = ( 2)2 )2.  « -

» (“redox switch”), 

.

4. 
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 [1]. , 
, 

 “ ”, 
 (  – 

, ). 
 [2, 3] 

-
, , 

, .

1. 

 T  (pH 6.0–7.0,  10-5  10-2 M). ,
 ( )-

 [2, 3]. 
,  [3]. 

 [2, 3], -

 85–90°C: 
, .
 [2, 3] -

 ( . 1).
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, 
 (0–4º )  ( )

. , 
 ( ) « » , 

. 
 ( ) 

- 
 ( ).  « » ,

.  (
10°C) , -

. 
. , 

 ( ) .

 ( , ), 
.

. 1.  Thy  Thy -
 Ade  Na+  ~  0º

 6º  [3].

, , 
 ( , , ,

).

 «Sigma» 
. ,  – 

, 
KMnO4. 

= 260  40–50 , 
 ( = 260 ), . 

 pH = 7.0  (Na2HPO4: NaH2PO4,
«Calbiochem»),   (  =  6.0),  .  ,  
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. , 
 «Hitachi-850» .

, 
.

 1. 

 (  10-5  10-2 M)   T  (pH
6.0–7.0).

. 
 320  350  (  = 260 ) 

 395–405, 440–450  510 ,
   300 , 

 ( . 2). ,
.  380,

425, 435, 455  520 . , 
, , 

.

300 350 400 450 500
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500

. 3. ) Ura,  = 2·10-5 ,  ,  (
 – ); ) 

 Ade9/Ade7 ( . ).

-
,       . 

 [4, 5], 
. ,

 S. Nikitine [6], 
 ( .4).  , 

.

. 4.
 .
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, 
 380  455 . 

,  =  410   =  450   ( .3)  
1 =  250   ( 1 = 40000 -1)   1  ( .  .4),

2 = 260  ( 2 = 38460 -1)  2, 3 = 275  ( 3 = 36360 -1) 
 3, 4 = 285  ( 4 = 35090 -1)  4. 

 1300–1500 -1,  3400–
3600 -1.  ( 1 = 250 ,

2 = 260 , 3 = 275 , 4 = 285 )  395 
405 ,  ~1375 -1, 

.  405  6, 
 395  7.

 2. 

0  10°C. 
 400  ( .5).

,  (  1–2°C) 
 (  50%) ,

, 
-

 « », 
. 

 ~70% . 
 3–7°C (

 10–15%  3  7 °C)  ~10°C.
, 

,  4°C  10°C 

 « » 
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.

 ( ) 
,

, 
. 

 (~1400 -1)  (~3500 -1) .

 [3].

2. 

 DFT/B3LYP/6-31+G(d)
 N7H  Ade  

.  Ade 
 (ApA). 

 (PCM). 
 ab initio  MP2/6-

31++G(d,p)  E(MP2)  R
)  Ade, 

 DFT- . ,
 TDDFT/PBE/6-31+G(d) 

 N7H -
 Ade . 

 GAUSSIAN-03 [7],  HPC-
 (https://hpc.apmath.spbu.ru/ ).

 N7

, 
, . 

Ade ,  N1,  N3,  N7  N9,  
 [8]  – 

N9H   (Ade9)   N7H   (Ade7), .
 B3LYP/6-31G+(d)

 N7H  
 ( . .1), 

, , ,
,  ).

https://hpc.apmath.spbu.ru/
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Ade7 (C1)

Eg = -467.326748 a. .
= -6.662 
= -1.232 

d = 6.99 D

 Ade7 (C1)
 (PCM)

Es = -467.366762 a. .
= -6.418 
= -1.076 

d = 11.46 D

.1.  N7H 
 B3LYP/6-31+G(d) .

 ( . .1), 
 N7H  0.04 a.u. (  1.09

) . 
 0.2 ) . 

 (  1.64 )  Ade7 : 6.99 D
11.46 D.  N9H 

 (0.73 ) 
 (  -0.04 ), 

 Ade9 : 2.41 D  3.46 D, .

 Ade7 

 Ade 
 ( ), 

  R = 3.4 Å 
= 36  ( . .2).

 [9], 
 Ade7    Ade9    Ade7  :  Ade9  =  28%  :

72%.  Ade, 
, 

,  N7H   N9H .  ApA
: Ade9/Ade9, Ade9/Ade7, Ade7/Ade9  Ade7/Ade7. 

,  ,  ,  ,  
, 

.

        Ade9/Ade9

ApA

. 2.  Ade9/Ade9 .
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 B3LYP/6-31+G(d) 

 ( . . 3):

Ade9/Ade9 Ade9/Ade7 Ade7/Ade9 Ade7/Ade7
R  3.49 Å,  = 36°
E = -934.748656 a. .

 = -6.263 
 = -1.040 

d = 6.79 D
 = -0.284 

R  3.46 Å,  = 36°
E = -934.740836 a. .

 = -6.259 
 = -1.196 

d = 14.40 D
 = -0.133 

R  3.42 Å,  = 36°
E = -934.742169 a. .

 = -6.314 
 = -1.091 

d = 10.62 D
 = -0.169 

R  3.67 Å,  = 36°
E = -934.735030 a. .

 = -6.366 
 = -1.199 

d = 21.05 D
 = -0.041 

. 3. -
 Ade.

, 
 R = 3.42 3.67 Å. 

Ade9/Ade9:  = -0.284 .
Ade9/Ade7 Ade7/Ade9 :  =  -

0.133  = -0.169 , .    
Ade7/Ade7  = -0.041 , 

. 
,  Ade 

 (  Ade9/Ade9  Ade9/Ade7 – 
Ade9;  Ade7/Ade9  Ade7/Ade7 –  Ade7). 

 (  Ade9/Ade9 
Ade7/Ade9 –  Ade9;  Ade9/Ade7  Ade7/Ade7 –  Ade7).

, 
. 

 [8, 9], -
, 

 ( )  . , 
,  ab initio

[10],  (BSSE).
, 

[13], 
, 

). 
 ab initio 

 DFT .
 ab initio 

MP2/6-31++G(d,p)  E(MP2)  R
)  Ade. 

 R  2.9  3.6 Å  0.05 Å. 
 4.
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,  E(MP2) 
 R = 3.20 3.25  Å,  

B3LYP-  Ade 
 R  3.42 3.67 Å.  MP2- , E 

 N7H  N9H :
E(Ade9/Ade9) = -0.558  R = 3.20 Å;
E(Ade9/Ade7) = -0.595  R = 3.20 Å;
E(Ade7/Ade9) = -0.498  R = 3.25 Å;
E(Ade7/Ade7) = -0.564  R = 3.20 Å.

2,8 2,9 3,0 3,1 3,2 3,3 3,4 3,5 3,6 3,7 3,8
-932,128

-932,126

-932,124

-932,122

-932,120

-932,118

-932,116

Ade9/Ade9
Ade9/Ade7
Ade7/Ade9
Ade7/Ade7

E(MP2), a.u.

R, A

. 4.  E(MP2)  R
)  Ade.

 B3LYP- E 
 Ade  -0.04  -0.28 . 

- -
.  ab initio 
 (CASPT2  CCSD (T)), 

.

 N7

, 
N7H . 

 Ade7 
 TDDFT/PBE  c 

.  , 
N7H  270  [1]. 

 4.90 .

 ( ) 
) : I . 

B3LYP/6-31+G(d)  ( . .1) 
Ade7 I = 5.43 ; I =  5.34  ,  

.
 [12], 

, 
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. 
 Ade9 

 PBE [11]. 
 PBE-

 Ade7  c . 
 1.  c 

 6-
31+G(d).

 1.  ( )  (f) N7H
 TDDFT .

 (PCM)

PBE/6-31G
267.50 nm (f = 0.0133)
263.93 nm (f = 0.0610)
239.60 nm (f = 0.0209)

263.81 nm (f = 0.1313)
249.64 nm (f = 0.0335)

PBE/6-31G(d) 265.37 nm (f = 0.0798)
239.63 nm (f = 0.0095)

265.07 nm (f = 0.1339)
249.6 nm (f = 0.0229)

PBE/6-31+G
267.84 nm (f = 0.0716)
263.18 nm (f = 0.0116)
261.77 nm (f = 0.0227)
241.59 nm (f = 0.0160)

268.93 nm (f = 0.1729)
252.87 nm (f = 0.0343)

PBE/6-31+G(d)
271.31 nm (f = 0.0453)
266.12 nm (f = 0.0383)
262.35 nm (f = 0.0252)
226.22 nm (f = 0.0167)

274.94 nm (f = 0.0315)
270.00 nm (f = 0.1469)
253.03 nm (f = 0.0228)

PBE/6-31++G

270.18 nm (f = 0.0275)
268.39 nm (f = 0.0585)
263.28 nm (f = 0.0159)
240.96 nm (f = 0.0106)

269.00 nm (f = 0.1734)
252.89 nm (f = 0.0343)

PBE/6-31++G(d) 268.77 nm (f = 0.1036)
242.46 nm (f = 0.0061)

275.03 nm (f = 0.0318)
270.07 nm (f = 0.1466)
253.07 nm (f = 0.0227)

PBE/6-31++G(d,p) 269.17 nm (f = 0.1029)
242.68 nm (f = 0.0059)

275.77 nm (f = 0.0287)
270.62 nm (f = 0.1500)
253.29 nm (f = 0.0219)

 5  N7H 
,  PBE/6-31+G(d) . 

: 275.01  (f = 0.0315), 270.00  (f = 0.1469)  253.29  (f =
0.0219). , , *  np * 

   ( . . 5).

 Ade

Ade   N7H  260 , 275 
288 .  N9H 

, , 
 ( ) [1]. 

 TDDFT/PBE/6-31+G(d)

,  N7H  N9H . 
, 2-  (

 R = 3.20 3.25 Å). 
Ade9/Ade7, Ade7/Ade9, Ade7/Ade7  Ade9/Ade9  6  7.
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. 5.  N7H  Ade 
 PBE/6-31+G(d) .

Ade9/Ade7
274.3  (f = 0.099)  (277–292

),  (262–245 ). *  np *

 ( . . 6). 
 323–337 , 

 Ade7  Ade9.  (  253, 274
 284 ) , 

260, 275  288 .
Ade7/Ade9  268   (f  =  0.148)  

 (271–285 )  (242–256 )
. Ade7/Ade7  273   (f  =

0.152)  (275-290 ) 
 (244–263 ) . 

 6.
Ade9/Ade9 ( . . 7) 

 269.1 , 
 Ade9 (267 , ).  271–

284  277 . 
 277  254.6  (f = 0.091)

  , 
, , ApA [1]. 

2  3115 -1,
.
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337.4 nm (f=0.008); 1 1*(0.56), 1 2*(0.29)
323.8 nm (f=0.010); 2 2*(0.41), 2 1*(0.38)

292.4 nm (f=0.002); 1 1*(0.69)
287.6 nm (f=0.008); 1 3*(0.63), 2 3*(0.27)

284.5 nm (f=0.005); 2 1*(0.65)
282.3 nm (f=0.057); 1 4*(0.39), 1 2*(0.30)
280.4 nm (f=0.026); 2 2*(0.36), 1 2*(0.30)
277.1 nm (f=0.034); 1 2*(0.41), 2 2*(0.27)
274.3 nm (f=0.099); 1 2*(0.32), 2 4*(0.27)

273.5 nm (f=0.015); 2 2*(0.64)
261.6 nm (f=0.021); 3 1*(0.43), 2 4*(0.28)
259.2 nm (f=0.007); 2 3*(0.38), 2 4*(0.29)
255.8 nm (f=0.013); 3 2*(0.53), 4 1*(0.33)
252.9 nm (f=0.019); 4 1*(0.42), 4 2*(0.36)

251.9 nm (f=0.001); 1 3*(0.68)
246.6 nm (f=0.001); 3 1*(0.61), 2 3*(0.33)
245.9 nm (f=0.001); 1 4*(0.52), 2 4*(0.42)

244.8 nm (f=0.016); 1 1*(0.69)
330.7 nm (f=0.0001); 1 1*(0.70)
314.7 nm (f=0.004); 2 2*(0.69)
288.0 nm (f=0.0008); 1 1*(0.69)

285.1 nm (f=0.015); 1 3*(0.50), 1 2*(0.37)
280.8 nm (f=0.024); 2 1*(0.42), 2 1*(0.38)
279.9 nm (f=0.007); 1 2*(0.53), 2 2*(0.29)
276.5 nm (f=0.014); 2 1*(0.48), 2 4*(0.28)

275.6 nm (f=0.004); 2 2*(0.63)
271.3 nm (f=0.032); 1 2*(0.35), 2 4*(0.33)
268.4 nm (f=0.148); 2 4*(0.40), 2 1*(0.33)
256.7 nm (f=0.056); 1 4*(0.48), 1 3*(0.26)
255.2 nm (f=0.002); 3 1*(0.45), 2 3*(0.41)
252.5 nm (f=0.010); 4 1*(0.51), 2 3*(0.34)
250.0 nm (f=0.022); 3 2*(0.54), 4 2*(0.36)

249.4 nm (f=0.004); 1 3*(0.63)
245.1 nm (f=0.001); 1 4*(0.43), 2 3*(0.39)

242.6 nm (f=0.011); 1 1*(0.68)
241.3 nm (f=0.0008); 2 4*(0.54), 1 4*(0.34)
326.4 nm (f=0.005); 1 1*(0.46), 2 1*(0.31)
323.9 nm (f=0.006); 1 2*(0.44), 1 1*(0.32)

289.7 nm (f=0.010); 1 1*(0.64)
285.8 nm (f=0.0006); 2 1*(0.56), 1 2*(0.40)
282.5 nm (f=0.019); 1 2*(0.37), 2 1*(0.33)
280.0 nm (f=0.001); 1 3*(0.51), 1 2*(0.31)
278.7 nm (f=0.014); 1 4*(0.35), 2 2*(0.27)
276.7 nm (f=0.008); 2 2*(0.42), 1 4*(0.37)
275.5 nm (f=0.029); 2 2*(0.45), 2 2*(0.23)
273.1 nm (f=0.152); 2 1*(0.34), 1 2*(0.34)
262.9 nm (f=0.001); 3 1*(0.60), 4 2*(0.20)
258.1 nm (f=0.003); 3 2*(0.50), 4 1*(0.30)
255.5 nm (f=0.015); 2 3*(0.39), 4 1*(0.35)
252.6 nm (f=0.007); 2 4*(0.37), 4 2*(0.34)

250.1 nm (f=0.002); 1 3*(0.55)
247.0 nm (f=0.001); 3 1*(0.62)

245.9 nm (f=0.003); 4 1*(0.55), 1 4*(0.26)
243.9 nm (f=0.015); 1 1*(0.70)

. 6. Ade9/Ade7, Ade7/Ade9
Ade7/Ade7.
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, 
 Ade  TDDFT/PBE/6-31+G(d) 

  .

 B3LYP/6-31+G(d) 
  N7H , 

.  ab initio  MP2/6-31++G(d,p)
 E(MP2)   R  (

)  Ade, 
 DFT- . , 

E(MP2)  R = 3.20 3.25  Å,  
B3LYP-  Ade 

 R  3.42 3.67 Å.  B3LYP- E 
 N7  Ade   -0.04   -

0.28 .  MP2- E = -0.5 -0.6 . 
-

. 
 ab initio  (CASPT2 CCSD (T)), 

.
 TDDFT  

 Ade . 
 N7  Ade, 

 270 nm,  PBE/6-31+G(d): 253 nm (f =
0.023), 270 nm (f = 0.147), 275 nm (f = 0.032). 
PBE/6-31+G(d) 

 N7H   N9
.

325.9 nm (f=0.005); 1 1*(0.51), 2 2*(0.31)
322.5 nm (f=0.001); 2 1*(0.45), 1 2*(0.39)

288.0 nm (f=0.003); 1 1*(0.67)
284.6 nm (f=0.012); 2 1*(0.61)

282.8 nm (f=0.030); 1 3*(0.36), 2 3*(0.27)
278.4 nm (f=0.017); 2 4*(0.35), 1 4*(0.33)
276.0 nm (f=0.033); 1 2*(0.43), 1 4*(0.25)
274.0 nm (f=0.010); 1 2*(0.44), 2 2*(0.26)

271.1 nm (f=0.018); 2 2*(0.60)
269.1 nm (f=0.124); 1 2*(0.29), 2 3*(0.28)
257.6 nm (f=0.016); 2 4*(0.34), 2 3*(0.33)
255.6 nm (f=0.068); 1 4*(0.38), 4 1*(0.31)
248.6 nm (f=0.011); 3 1*(0.43), 1 3*(0.35)
247.8 nm (f=0.003); 1 3*(0.51), 3 2*(0.24)
246.4 nm (f=0.027); 4 1*(0.40), 3 2*(0.36)
245.9 nm (f=0.002); 2 4*(0.45), 1 4*(0.41)
242.3 nm (f=0.002); 1 4*(0.51), 2 4*(0.30)

241.1 nm (f=0.001); 3 1*(0.56)
240.6 nm (f=0.020); 1 5*(0.66)

. 7. Ade9/Ade9.
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. 1. , 
. 

 50-100  ~ 10 .

. 

.  4000-5000 
 ~10-3 .  

500 3   He  1  ( . . 2). 

. , 
~3 , . 

7  (  Ni– ), 
. 

 Ar+

 ~103-104 Å.

. 2. -
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 (XPS )  ESCA-5950 (Hewlett-
Packard).  K

.  10-8 . 
 1s  (E  = 284.8 eV). 

 ~ 0.8 eV. 
 0.1 eV.  ±5% 

 >10 .% ;  (<10 .%) 
 ±10%. 

 Ar+,  50–300 .

.

. 
, , 

 ( . . 3).

. 3.  ( ) 
. 

 ( ). 
.

 Fe0.

:
3FeO  Fe + Fe2O3

, 
 (Fe0, Fe2+  Fe3+). 

 ( . . 4). 
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(Fe3+/Fe0 = 2).

Thickness of the condensed film (%)
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.
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Oithona spp. (  1 ) Ctenocalanus citer. 
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.  « » ,

: 

. :

5. 

 ( . 7). 
,  –  1,3  65,7 3. 

,  ,  
 2-3 .

. 7.  ( 3,  )  
 0-200 

 10 

.
 15,2  65,7 3,  –  3,7  23,6

3,  –  1,2  51,3 3.

. 

.  (0,64) 
.
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.

. 8.  (%) 
 3 :  ,

,  

:
1. , 

: Oithona frigida, Clausocalanus spp., Subeucalanus longicornis, Euphausia frigida,
Euphausia triacantha;

2. , 
: Microcalanus pygmaeus, Oncaea spp., Rhincalanus gigas, Calanoides acutus,

Scolecithricella minor.
3. , 

 1,  –  2 (
 +1.7  , ).

6. , 

, 

 (r = 0,56, p = 0,0002): Calanus simillimus, Subeucalaanus longicornis,
Pareuchaeta spp., Ostracoda. 

Microcalanus pygmaeus,
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 ( ).
, 

. 
, . 

.  FB  600-1000 
80% 

,  2  20% .  FB1 

.  FB2 , 
. 

. 
,  60 

30 . ,  200  1000 .



327

:
 400  1000  – . 

. 
.
.

 FB   FD.  
 (

 FB ) 
 FB, FC, FD.

 ( ) 
, 

,  (FB), 
 FA. 

:  ,  ,
.

 35 000 2. . 
. [23],  FB  84·109 , 

. 
,  1,98 . , 

 FA. 
,  

. 

, 
, .

 FC  150 
, 

.  FD ,
.  FE – . 

 1000 . 
. 
,  FA,  2,143 . , 

 970 . .
, 

 FB ( ) 
 F .  FB 

, 
.  FA 

, . 

FB. , 
, , , 

, . , 
.

. , 
, , ,

, 
 18  .  

 15  2009 . ,
, 



328

. , 
,  2007 .  « –

: » (ICDP), 
 (3265 ),

 « »  2008-2009 . 
.  2009 . 

. 
 - . . , , .-

. . .  ( ), 
.

. 
, , 

, , 
.

.
, 

. 
: 13

 ( ), 

?
13

 ( . 1). 13

.
 3-4‰,  .  .  

13 ,  
.

, , ,
, ,

, , 
. ,

.  .   [1],  ,  
.

13 , 
. ,  ( ),

, 
13  -23   -27‰,  ,  

,  -30  -32‰.  [6] 
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, 13 .
 [28] 

. 13  -
 -60‰,  –  -45‰, 

 –  -30‰. 
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, 2
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 -33‰. 13
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6

),  115 ; 
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, 20%  5% , 13  -29,0‰ [28,
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1. 

1.1. , 
,   

     (
) . ,   

 ( ) , , .
, , 

, . 
    

Acritarcha,     . 
 Sphaeromorphitae   18  ,     Netromorphytae  -  4

,   Netromorphytae  –  4   Acantomorphytae  –  5
.   

: 10     
;  5  ( , ,

) ( , , 2008), 5   
 ( , , 2008; , , ). 

    
,   , 

.   ,
  

, . 
,  

. 
, , 

.
  

. 
 (2  )   . 

,  (10 )
  .

. 
, 

.  
Acritarcha   . 

  , 
   Cypandinia,  
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   Maiasphaeridium.
  

 ( ), 
.

, . 

.
, 

. , 
,  

, 
 (German, Podkovyrov, 2009;  Podkovyrov, 2009). 

 (
) , 

, ,
 (2-15 ) ,

. 
,

. 
 (V/Cr =0.69–1.28, Ni/Co=1.3–6.7, V/(V+Ni)=0.78-0.90) 

, ; 
, , , 

.
  -

, 

(V/Cr=1.2-2.1, V/(V+Ni)=0.85-0.97) , 
 (Podkovyrov, 2009).

1.2. 
 Eosolenides, 

 ( ., . 1-3; German,  Podkovirov, 2009).  
,   

, . 
 ( ), 

, . 
,  – 

, 
. , 

, . 
    

,   . .

, 
 ( ., . 2 ).  Eosolenides , 

  . 
      Eosolenides 

  , 
, .
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  .

  ,
   , . 

Eosolenides , 
 –       , 

.

2. 

2.1. , 

-
. 

,

, , 
.

 (120 ),
 11  2 . .

, , 
.  14 , 

. 
. -1, –806,

-823. 
. –806 

.  Leiosphaeridia sp.
.  – 806. 

 Appendisphaera tenuis – Hamakinia sp. 
.  – 806, . -

 – 823 . -1.  Vanavarataenia insolita
. -

 – 806 . -803. ,  Cavaspina
acuminata .

 – 806.

(Appendisphaera tenuis ) 
,

 ( , , , , 
).  (Vanavarataenia insolita) 

 ( , 1986 .).  Cavaspina acuminata
) 

 ( , 1990, 1991; , , ,
, ). 

, ,  
, 

. 

. 
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 Cavaspina acuminata 
 ( , ,

, ).

, , , 
. 

.
2.2. 

 ( . ) , 
) -

 ( . . , . ). , 
  

 ( , 
),  ( ) 

. ,
, 

 (P, Y, REE). , ,
,

, , 

 - 
, .   

,  ( )
 (Mort  et  al.,  2007  .),     

, 
. 

 – , ,
 (  0.5-0.7% P2O5).

.
 (V/Cr =1.9 – 3.7)  Ni/Co (3.2-7.5) 

, 
. , 

 (
), 

, , 
.

2.3.   
, 

 ( , ),

., . 4-6). 
 (Grey, 2005; Willman, Moczyd owska, 2008) 

(Moczyd owska et al., 1993), 
Appendisphaera. , 

 ( .,  .  5-6),   
,  Appendisphaera. 
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, , 
 tabifica ( ),  Appendisphaera 

,  
. , 

, 
.

,  2008 ., . 
(CSEOL),  (  2009 ), 

 «200 » .  (  2009 ).
 4 , 2 .

 2009 :

., .
: 

 // 
.  LV .

.: , 2009. . 124-127.
German T. N. and  Podkovyrov V. N. New insight into the Late Riphean Eosolenides //

Precambrian Research. 2009. V.173. P. 154-162.
Podkovyrov V.N. Mesoproterozoic Lakhanda Lagerstätte, Siberia: paleoecology and

taphonomy of the microbiota  // Precambrian Research. 2009. V.173. P. 146-153.
Podkovyrov V.N., Maslov A.V., Grazhdankin D.V. Ediacarian mudstones from the

nortwestern margin of the East European platform // ,   
 – CMLM2009. M.: . , 2009. . 133.

:

. ., . .  //
. 2010.  3 ( ).

.,  ., .
 //

. . . 2010.   3 ( ).
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: . . 

. 

, 
, 

. 
,

, 
. 

, 

;
-

 1853  2003 ;

.

. , 
 ICOADS

(International Comprehensive Ocean-Atmosphere Data Set) (Worley et al. 2005), 
 150- ,  1853 

. , 

 (NCEP/NCAR), 
 (ECMWF). 

 ECMWF 
1982-2004 . 
1.875 1.92  (NCEP/NCAR)  1.125 1.125  (ECMWF)  3  6

. 

 1972 . 
, 

.
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 2009 
. 

,  1948  2007 . 

. 

, 
, . 

,
. 

, . 
,  3-12 

. 
 «

 ( ) - » 

 1953-2004 . 

. 

. 

.
-

, 
. 

 (  20-  1960  2004 .). 

, 

.

 1948-2004 . 
, 

 6-  NCEP/NCAR  ECMWF 
, . 
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 – 
. 

. . 1 
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, 
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, 
, ,

 300  2.  
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 6- , 
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, ,
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 – , ,
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 (da Silva et al. 1994, Josey et al. 1999, Lindau 2000). 

, . 

 Dobson and Smith (1988), Lind et al. (1984), Reed (1981),
Bignami (1995) 

.

, 
. 

. 
.  «  – 

», . 
, 

, . 
, 

 Reynolds and Smith (1994, 1996), Yu et al.
(2004, 2006), Kent and Brohan (2005). 

. 
,

 1948-1950 , 
. 

, 
, 

.

   «NEMO-ORCA»
,  OPA-

9.1 . 
, 

 (Madec  et  al.  2005),  
 (Tregurier et al. 2004, Barnier et al. 2006,

2007).  «NEMO-ORCA» 
 DRAKKAR. 

 c 

.  31  67 
,  –  2° 2°  1/12° 1/12°. 

 5  (2°, 0.5°, 0.25°, 1/6°, 1/12°).
 NEMO-ORCA 

 1950  2006 . , 
. 

 – 
 (Barnier et al.

1995, arnier 1998, Gulev et al. 2003, 2007) 
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 (Large and Yager 2004, 2006, Boening et al. 2007). 
. 

 ( , )
 ( , ) , , 

. , 
, . ,

, , , :

)()()()( © tTtSST
T
QtQtQ Snetnet , (1)

Q’net(t) –  ( , 

),
T
Q  –  (Barnier et al. 1995, Gulev et al. 2007),

 30  55 2·K-1, SST(t) TS(t) – 
 ( , , ) 
. , 

. 

. , 
, 

. , , 
 (Gulev et al. 2007) , 

, 
. 

. 
, 

, , 
. 

 ( .  2) , 
.

. 6  7 
, , 

, 

.
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. 6.  ( 3) 

.

. 7.  ( 3) 
.

 7 , 
 (1). , . 6  7

. 

 1° 1°  1/6° 1/6°. ,

. 
 ( , ) 

 1/12° 1/12°  1/15° 1/15°, 
: «

?». 
. , 
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, , 

, 
.

 Latif  et  al.  (2006)  

, 
 – 

. 
 2 , 0.25  1/6 . 
 2° 2° ( )

 « » 
, 

. , 

 ±1 ,  4-8 
. , 

. , , 

.

 1.
 1º  1/6º ATL6  ATL1 

 (after Chelton et al., 1998) .

ATL6

1/6°

ATL1

1°
18.5 111.0 230 ATL6: 

ATL1: 

20° . 17.3 103.8 55 ATL6: 
ATL1: 

45° . 13.0 78.0 30 ATL6: 
ATL1: 

60° . 9.3 55.5 10 ATL6: 
ATL1: 

 1 
. 

,  1/6º,  45º ., 

, . 
,  1º 

,
, . , 

, 
. 

, 
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 – 
.

. , 
 (

, , 
) .

, 
 20- , , 

. 

, 
30  (Koltermann et al. 1999, Falina et al. 2006, . 2003). 

. 8 

 ATL6  ATL1  1º  1/6º. 

. , 
 (  3.4 c,d), 

. 
, 

, , , 
. , 

.

.  Gulev et al. (2003,
2007), Marsh et al. (2005). 

, 
» . . 9 

,

 1° 1°  1/6° 1/6° (Gulev et  al.
2007). ,  1° 1° 

, 
.

,  1/6° 1/6°  
, 

, 
. , 

. 
, 
, 

.
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. 8.
,  T,S – .  – 

 1º  ,  –  1/6º 
,  –  1/6º , D – 

 1/6º ,  –  1/6º  1º
. STMW – , SPMW – , LSW

– .

 1/15° 1/15° (Gulev et al. 2007). 
 Gent and

McWilliams (1990) (GM-90),  0  1200
2 2. . 10 

. 
, 

 800 2 2

1/3° 1/3°  1/6° 1/6° 
.
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. 

1/4  1/12 .  1/6 
. 

, 

, , 
. 
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. 

. 
 – 

. 
 8 .

. 
 5-7  3

. 
, 

. 
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, 
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. , 

. 
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.
, 

. 
. 
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.
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. 9.
 ( ), 

 1° 1° (
)  1/6° 1/6° ( ) (Gulev et al. 2007).
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. 10.
 1/15° 1/15° (

)  1/3° 1/3° ( ) . 
 1/3° 1/3° 

 Gent and McWilliams
(1990).
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 2009 . ,
. 

,  ( , , 2005, , 2008;
Makkaveev, 2007) 

, .
, 

.

, 
. 

. 
, , 

, 
, ,

.
.

: 
; , 

 ( , 1970). .  – 
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,  ( ) 

.  « » 
 ( , ).

, . 
, ,
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1. , 
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, 
, .

2. , 
 (

). , 
, 

.
3. , 

, , , 
.

, 
 ( ) 

, 
, ,  Ca/Mg 

,  ( , 1960; Berner, 2004). 
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, , , 

.  
, , 

).
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,
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, , 
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, 2
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. ,
, 

2 , . 
, 

, 2
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. 
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, 

. .
, ,
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. , , 
, , 

, 2002; Bond et al., 1993; Pelejero et al., 2005).

 ( , 2008) 
 ( , 2002),

. 

.
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: . . 

: . , . , . , . 

. 

, 
, , , 

. 

, 
.

50 , 
.

, 
. , 

. 
. 

.

1. 

..
, , 

.

, 
.

,  5-20%, 
,   4-8%   ,

 –   (4-5%  )  
 (  10% ).

 (Si, P, C  , CO2) 
, 

.
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2. 

, 
, ), 

, 
. 

.

 ( .1), 
 15  16 , 

: ,  (  100 ),
, , ,  (10-20 ), , , ,  (3-6 ),

, , , , ,  (1.5-2 ). , 
, 

, 
.

, .1, 

,  .  
, , , ,

, , , , , , . 
, 

, , , , , , 
, , , , , , , , ,

.

 1.
 ( ) 

Si Al
1 2 oc 2 oc

Ag 1.7 1.0 1.8 1.6 1.7 0.07 24
As 34 30 27 30 58 10 5.8

Au,  4.9 8.5 8.8 7.6 9.7 1 9.7
Ba 540 760 560 590 630 800 0.8
Be 1.6 2.2 2.4 2.1 2.6 3 0.9
Bi 2.5 3.4 1.1 2.0 1.8 0.01 180
Cd 8.3 9.0 5.3 6.9 6.2 0.3 21
Ce 50 53 61 58 55 73 0.7
Co 11 11 17 14 18 20 0.9
Cr 45 86 100 81 93 100 0.9
Cs 4.1 3.0 5.9 4.8 4.2 12 0.3
Cu 55 100 100 87 140 57 2.4
Ga 13 14 20 17 17 30 0.6
Ge 1.2 3.0 2.8 2.4 2.5 2 1.2
Hf 2.2 2.9 3.8 3.5 4.5 6 0.7
La 22 29 31 28 26 32 0.8
Li 24 19 44 33 37 60 0.6

Mn 500 250 470 440 1100 700 1.6
Mo 16 29 18 20 14 2 7
Nb 2.9 17 12 10 15 20 0.7
Ni 41 63 84 67 67 96 0.7
Pb 26 17 29 26 25 20 1.2
Rb 39 44 93 68 76 200 0.4
Re 0.5 1.0 0.2 0.4 0.8 0.3 3
Sb 6.8 8.8 3.6 5.6 5.3 1.5 3.5
Sc 5.9 11 14 11 12 13 0.9
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Se 8 12 6.6 7.8 9.3 0.1 93
Sn 5 4 6.6 5.6 5.7 10 0.6
Sr 480 140 200 290 230 450 0.5
Ta 0.17 0.55 0.8 0.66 0.8 3 0.3
Te 4.2 0.3 1.7 2.1 1.8 1 2
Th 3.9 5 7.4 7.2 7.8 12 0.6
Ti 1200 2100 399 2700 2800 4300 0.6
Tl 0.7 4.8 2.6 2.5 2.2 1 2
U 10 13 14 13 9.9 3.2 3
V 99 250 20 180 180 130 1.4
W 8.1 21 2.4 7.8 2.7 10 0.3
Y 12 25 29 23 23 26 0.9
Zn 140 160 140 140 160 80 2
Zr 74 120 150 120 200 200 1

: Ca ,  Si Al - , 
, 1 2 -  

,  - 
.

, 

.

, 
 – 

. 
.

.2, .
,  50% 

, 
,

 ( , , ), -
 ( , , , ) 

 ( , , , , , , , 
).

 2.  ( ) 

.
 ( ), .

.
 ( ),

.

Al .
 ( ),

.

Si . , . ,

Ag 0.23 0.13 0.43 0.24 0.60 0.6 0.54 0.68
As 15 0.44 20 0.8 20 0.67 17 28

Au, 1.3 1.0 4.6 0.52 - - - -
Ba 400 0.75 570 1.0 740 1.0 260 235
Be 0.40 0.4 1.4 0.6 0.75 0.3 1.65 1.9
Bi 0.09 0.04 0.30 0.3 0.11 0.03 0.15 1.0
Cd 0.64 0.08 1.6 0.3 40 4.4 225 21
Ce 19 0.4 33 0.54 17 0.3 33 39
Co 28 2.5 20 1.2 5.5 0.5 4.5 37
Cr 17 0.6 57 0.6 120 1.4 92 86
Cs 1.1 0.5 4.3 0.7 2 0.7 9.2 3.6
Cu 47 0.85 155 1.5 50 0.5 44 42
Ga 3.1 0.2 12 0.6 6.2 0.4 9.8 7.8
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Hf 0.52 0.24 2.6 0.7 0.75 0.25 1.3 1.5
La 9.7 0.4 17 0.55 12 0.4 17 18
Li 13 0.54 42 1.0 18 1.0 32 13

Mn 270 0.54 180 0.54 83 0.33 225 1630
Mo 48 3.0 122 6.8 80 2.7 40 24
Nb 7.2 2.5 5.5 0.46 5 0.3 10.5 3.2
Ni 59 1.4 130 1.5 120 1.9 50 120
Pb 7.2 0.3 18 0.6 6 0.35 12.5 16
Rb 15 0.4 60 0.65 28 0.64 96 52
Re 0.049 0.1 0.15 0.75 0.15 0.15  - 0.10
Sb 1.3 0.2 3 0.8 0.65 0.07 3 3
Sc 4.8 0.8 11 0.8 5.4 0.5 6.4 9.2
Se  -  - 7.6 1.1 3.1 0.25 2.5 2.3
Sn 0.57 0.1 1.2 0.2 1.2 0.3 2.0 2.5
Sr 1300 2.7 220 1.1 140 1.0 300 690
Ta 0.20 1.0 0.40 0.5 0.33 0.6 0.35 0.26
Te  -  - 0.21 0.2  -  -  - <0.7
Th  2.7 0.7 7 0.75 6 1.2 7 4.4
Ti 1000 0.83 2200 0.56 900 0.4 2150 1800
Tl 0.17 0.24 0.75 0.3 1.25 0.26 1.3 3.6
U 19 1.9 20 1.4 44 3.4 15 50
V 80 0.8 230 1.2 140 0.6 100 110
W 0.54 0.07 2.1 0.9 1.3 0.06 1.5 2.1
Y 13 1.1 21 0.7 12 0.5 15 33
Zn 40 0.3 100 1.1 95 0.6 85 60
Zr 33 0.44 80 0.5 35 0.3 50 67

: ,  Si Al - , -
 ( . .1).

; , ,
,  ,  ,  ,  ,  .  

, 
 – , , , , .

, 
, 

. 
: , , , ,

,  .  ,  
; , , , . 

27 
.

 ( , , , 
),  16, , 
, , , , 

.
, 

, 
.

 18 
,   7,   (Mo,  Ni,  U,  V,  Cd,  Cr,

Ba) – ,  14 
;  (Li, Rb, Cs), -

, , . 
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:  20 ,
 10  (Co, Cu, Mo, Ni,

Pb, Zn, V, Bi, Se, Sc) ,  – .

. 
 17  .   17  

 ( .  Mn,  Co,  Pb,  Sb,  Sn,  Bi,  )   5
 –  (Ba, Cd, Cr, Mo, Zn). 

.  21 
, 

(Mn, Bi, Cd, Sn, Sr, Tl)  (Ba, Ga, Li, Cu, Mo, Se, Sn).

. , 
, 

, , ,
, .

, , 

,  – 
, 

, 
, -

.

3. 

1. 
 15  (Bi, Se, Ag, Cd,

Au, Mo, As, Sb, U, Re, Cu, Te, Tl, V, Zn)  100 .
2. 

. 
.

3. , -

.
4. 

, 
.
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: . . 

. 

 – 

 (  - -
) , :

, , . 
. 

. 
, , 

. .
. 

, .
, 

. 

. 
, .

, , 
. 

. 
. 

, 
. , 

.
 ( ) 

-
: , 13  ( ), 

, Ni- , , 
 (Keller et al., 1995).

, , 
 ( ),

, . 

. . 
, , 

. 
, 
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. 
, , , 

. 
, .

, , 
.  (Keller et al., 2002) , 

: 
 (

).
, 

, , , , 
, 

 (Pospichal, 1996) ( .1).

.  1. 
 ( .527)  ( .690) (  Pospichal, 1996,

).

13 , 
 ( . 2).
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. 2. ,
, , 

 (  Pospichal, 1996, ).

 (~70-67 .), 
, 

.
, ,

, 
, . 

,  90% 
, 

 (D’Hondt et al., 1996). , 
.

. , 

.

, 
 (Alegret et al., 2004).  2-

.  90%
, 

70% . 
. 

. 
,  

.
, 

(Jeffery, 2001). 
, 

.
,

, 
 –  (Hansen et al., 2004). 



371

, , 
.

, , -

(Surlyk, Johansen, 1984).
,

,  .  -
 ( , , , ),

, .
, 

. , 
.

?  13 ,

. .  (~68.5-65.5 .) 
18

 6°C. , ,
. 

87Sr/86Sr. 

. 
,  (Hallam, Wignall, 1997).

, , , , , ,
, ), 

. , ,
 ( , 1988 ) , 

,
,

.
:

 ( ) . 

,   –

, , 
.

) . (Alvarez et al., 1980).
 ( ). 

65 . 
. , 

. 
,  10 

 25 . 

.  – ,
, , , 

.  ( )
 180  280  65 . .
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,  « », 
. .

(Alvarez et al., 1980), 
, 

, . ,

, . 
. 

. 
 CaCO3  CaSO4,

),  CO2 . 

, . 
, , 

, . 

, , .
,  100-

,  1000 ,  (Alvarez,
1987). : ,

 ( , 
), , ,

, , ,
,  (Carlissle, Braman, 1993) 

.
.

,  ( . 3) 
.

,  ,
, 

. . 
Textulariina spp. 

Osangularidae Gavellinellidae . 
 1500-1800 

, 
, (Spiroplectammina spp.). 

. 
 50  .  .  ,

. 
, -

, , 
, , 

.
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. 3. ,
.  –  (  25 ),  –

 (  0.6 ) ;  –
 ( eugubina) 

(Montanari, Koeberl, 2000).

. 4. :  Yax-1 
,  (  Keller et al.,

2004, )
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,  60 ,  2001-2002 . 
 1511  ( . 4). . Yax-1 

617-
100-

, . 

, 
.   (  Keller  et  al.,  2004),,

,  (65.4–65.2 .) 
 700 . , 

.
, 

 200 . ,
. 

 540  600 , 
, ; 

, 
 (Urrutia-Fucugauchi et al., 2004). -

 ( )  6.1 
; 

 (Shipley et al., 2004).
, , 

. -
 ( . 5)

(Chatterjee, 1997;.Chatterjee et al., 2003). ,
. 

 600 450  12 , 
. 

, , 
(65 . .)  (  29R), 

. 
, . 

-
. ,  65 . 

40 , ,
.
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. 5.
 (  Chatterjee, 1997, )

, 
.

 9 (S-L9) 
21 ,  5 . 

 (Chatterjee,, 1997).
: 40-

,  10-  – . 
, , ,

 KT- ,  (87%
) . DSDP 576; 

, 
 (Kyte et al., 1994).

, , ,
, ,

,  « ». 
, , , , 

. , 
, , , 

, .

. . ,
. 

 1-2 . ,  (Bhandari et al.,
1994). -

, .
, 

.  (48°45' ., 32°10' .)
. , 

,  30 . 
.

,  24 
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 1  .  
 25000 .  « » - 

 220 , . 
 12-97 . ,  Ar-Ar , 

 65.17  ±  0.64  .  ,  .  ,  
, . .

.
 (Gurov et al., 2006),

,  (42° 35' ., 94° 33' .) 
 35  -  (Frankel, 1999).  100-

. 
 10 

. , 
 12 . 

 4 . .
. 

, . , 
.  «Earth Impact database, PASSC»

 73.8±0.3 . . ,  1988 . Ar-Ar-
 65.7±1 . .

.
,  (69.6º ., 64,9º .), 

 - .  1970- . 
 (Badjukov et al. 1992;

Trieloff et al., 1998; .). . 
, 

. , 
 120 , 

, , 
. , 

 10 ,  1-2 .
 (Frankel, 1999) ,  66 . . 

 (Earth Impact Database. Univ. of New Brunswick)  70.3±2.2
. .

 2001 . ,
, 

(Silverpit)  20  60-65 .  (Stewart, Allen, 2002).
 1500  40 .

,  50-300 . 

.  3 
. , 

 120 . ,  65-60 . , 
 74-45 .

.  65 . , 
, 

, . 
.

,  (49°42' ., 110°30' .), 
 (Eagle  Butte).   10  .  

. ,  (Vista Alegre) 
 (25°57' ., 52°41' .)  9.5 . 
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 65  .   ( ),  .  
(Crósta et al., 2004).

, , 
, , , , , . 

, , 
. 

, 
, . , 

.

. 
. 

 (SO2, HCl, 2)  
, , 

, ,  pH 
, , 

 (Hallam, 1987). , ,
, , 2.

2 ,  (  10 )
, 

(Wignall, 2001). ,

(Sahni et al., 1994).
. (Wilf et al., 2003),  ( ) 

 ( ) 
. 

,  66.0-65.9 ., 
65.8-65.6 . .

. 
pCO2

, , pCO2
 ~0.5 . . , 

, , 
 ~1.5 . . . 

pCO2 .   CO2 , , 
.

, ,
, , . 

, 
 (Tschudy, Tschudy, 1986).

-
, , 

, 
,  – . 

 (
, ,  CO2 ,

,  .).  
,  -

, , 
. -
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. 
, , . 

, ,  1 . . 
(Chatterjee, Rudra, 1996), 

 (Bhandari et al., 1994).
,  (  – . ) 

, 
. ,

.

,
. 

 26-30 . , 
.  2-3

. . .,  35, 65  95 . . . , 
, , 

, , 
 (Taylor, Cordes, 1993). 

 – 
 30±3 . . 

.
, 

. -
, ,

 (Rampino, Haggerty, 1995).
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: . . 

. 

, 
, . 

, , 
(Hemithyris psittacea Glaciarcula spitzbergensis), 

 (Elliott, 1956), 
 ( ) – 

 ( , 1997 ).

 « » ( . 1), 
. 

, , 
,

, , 
.  - 

 ( ., 2005; , 2008), 
.  – ,

, 
.

 « »  ( . 2), 

 ( . 3, 4).

, , 
, 

.

Novocrania anomala ( ) Cryptopora gnomon (
 ( . 5). 

Nymphon giltayi, , 
 (  « », 54- , 2007 .) 

.
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. 1.
 ( , 1978). 

:   –  ,   –  ;   –   “ ”:   –  ,   –
,  – ; 

.

. 2.  (
Herman, 1989).
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. 3.  300-500 
 ( , 1960).

. 4.
… 2008).
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. 5. .  –
Novocrania anomala,  – Cryptopora gnomon.

,  – 
.
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. 6.
. 1. Terebratulina retusa, 2. Macandrevia cranium, 3. Dallina septigera

, 
Terebratulina retusa, Dallina septigera,

Macandrevia cranium, 
,  ( . 6),

,
.

, 
 ( ) 

, , ), 
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. 
.

. Glaciarcula
spitzbergensis Hemithyris psittacea. 

) 

. G. spitzbergensis  –1,720

 32,68 ‰ ( , 1990), . 
G. spitzbergensis  13  ,  

 « » 
 10,2  ( , 1997 ). H.

psittacea . 
 -1,840 . ,  30 , 

 ( ,  1999).  
 ( ) 

 23 ,  12  -  13
. 

,   8- ,  
,  5 

 ( . 7).
H. psittacea  7  ,  

, , 
, , 

, 
 ( ., 2009).

:  7  390 ,
. 

. , 

.
 (Pycnogonida) .

,
, . 

.
 ( .8). 

, 
, , 

. -
,  14 Nymphon  9, 

.
 (Herman, 1989; 

., 2005) , 
: -

 –  ( . . 2) 
, . 

, ,
, , , 

. 
, 

.
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, 
, 

.

. 
, 

, 
 ( ), 

. . 
 (

) 
 ( . 9, 10). Colossendeis angusta (  « » 

) Ascorhynchus abyssi (  « » 
).

Achelia
: 

Achelia borealis neotenica - , 

Achelia borealis japonica
 ( . 11, 12).

. 7. Hemithyris psittacea
 (“ ”, 54- , 2007 , . 4988).

. 8. Nymphon
.
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. 9. Colossendeis angusta
,  I  ( , 1929).

. 10. Colossendeis angusta
 5450 .  I  (

, 1989).
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, 
, , 

, . 
, 

 (
) , 

, , 
).

. 11. Achelia borealis japonica -
, 1933.

. 12. Achelia borealis neotenica
”, 54- , 2007 .


