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Research on calculation methods of differentiation energy

during the formation and evolution of the earth
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Abstract According to Dai Wensai's nebular hypothesis, the formation of the Earth was closely
related to the formation of the solar system, which can be described as “primordial nebular-
protoplanetary disc-konisphere-planetesimal-planet”. Accretion was the last stage during the
formation of the Earth. Generally considered, homogeneous accretion has a greater possibility,
which means that the primordial Earth was a nearly homogeneous body without significant
stratification. However, different from the primordial Earth, the present-day Earth is divided
into crust, upper mantle, lower mantle, outer core and inner core. This layering structure was
formed by the differentiation process. During the differentiation and adjustment of the layers, the
generation, migration, conversion and consumption of the Earth's internal energy was the
decisive factor that restricted the whole process. Therefore, the calculation of differentiation

energy is a pivotal issue.
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Starting from the definition of planet accretion, Sorokhtin et al. derived a potential
calculation formula which is based on the density distribution within the Earth, and the calculated
differentiation energy is 1. 698 X10*'J. Flasar and Birch calculated the work done by gravity in the
process of the Earth's accretion in the light of primordial Earth and present-day Earth. The
difference between these two quantity, 1. 66X 10*] is the potential energy loss in the process of
the Earth’s differentiation. Estimates given by other authors suggest that the gravitational
potential energy released during the process of the Earth's differentiation is between 1. 46 X 10°']
and 2X10°].

The idea of calculating the potential energy of a sphere was adopted in this paper, and
differentiation energy was calculated by evaluating the potential energy difference between
primordial Earth and present-day Earth. Firstly, the analytic formula of the Earth's potential
energy was derived based on a uniformly layered Earth model. The calculated differentiation
energy is 1. 535 X 10°' ] which is close to the result given by Sorokhtin et al. Further, using a
more sophisticated model, the preliminary reference Earth model (PREM), and by applying the
numerical formula of the Earth’s potential energy, the differentiation energy was calculated to be
1. 698X 10" ], which is the same as the result of Sorokhtin et al. within the given precision.

Different from the “accretion work method” in previous studies, the“uniform layered analytic
method” gives the analytic formula for the potential energy of primordial Earth and present-day
Earth, from which the tedious steps of numerical summation were avoided. In the actual case,
the density of core, mantle and crust decreases with radius increasing. This will make the
potential energy of present-day Earth under uniform layered Earth model larger than that in the
actual case, which can further make the calculated differentiation energy small. Since an Earth
model with more layers can bring inconvenience to the derivation and calculation of the “uniform
layered analytic method”, only the derivation and calculation on the “core-mantle two-layer
structure” was given in this paper.

Considering that the difference of pressure is smaller than the difference of density between
different Earth models, the “PREM numerical summation method” uses pressure instead of
density to describe the Earth's potential energy. which can reduce the error brought by the
differences between models. Using the Earth models adopted in this paper, the “PREM numerical
summation method” gives the same result as the method of Sorokhtin et al. Moreover, when
density distributions given by different Earth models vary significantly, this method can lead to
more reliable results than the method of Sorokhtin et al.

At present, the Earth's differentiation has not yet stopped, but it is no longer comprehensive
and large-scale activity which forms the core-mantle-crust structure. In this process, a portion of
the differentiation energy was consumed by the Earth's elastic compression, while most of it was
converted into the Earth’s internal heat. Subsequent research should focus on the heat sources
provided by other physical processes during the evolution of the Earth and other relevant issues,
such as the decay of radioactive elements, the total temperature the Earth raised by absorbing this
heat, and the releasing rate and releasing amount of differentiation energy with time.

Keywords  Gravitational differentiation; Potential energy; Differentiation energy; Accretion
energy; PREM
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(EBESE, 2010, 2012, 2013) , H A5 Ay 5 3 oA 7]
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S, 1979).

WY R T AT AL b BR 1 I 2 B B o6 F IR FRAT
PR AS [] 0 W s B 34— W R 3 R A 48— W AR (R
AAE . 1982). 3 H A 3 — IR FR U AT RE R B L B
JE ey b 2R R — A2 30 3 T Bk AT B Y )
EI G G ST FE AR E L, 1976). HR 48 %) My 5k 4M 4%
A3 B TRR [R] S 3 — W B AT 43 Sy 4 Ja Ak A% 1t
F A% U8 (Schmidt, 1957). hfi I 5280 2 W] (R k&
K, 1980)  AMZ Y BT % BE R0 AMZ J A 19 %
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T W ERIEJZ Y 5 ) 43 573 B2 (Rubie et al. , 2007).
e P JZ o0 S VR B b, i BR P AR A R R LR
B VAL T AR . 2 T 24 8 P o 7 1 e B AR
KL s 43 55 g i T332 — A S H i [ .

Sorokhtin 4§ (2010) AT B WA E X & .
IR S 18 g s N 0 2 i /N i g 3
B fE KN R 1. 698 X 10% ], Flasar I Birch
(L9735 T H i b3k 0 i s b 3K 5 e AS (R 18 TE
b 2R ARGk R b ) AR T B Y 25 1L 66 X
10°'] BP Ay Bk A3 o A 4 R Y 9ABR. D0 B R IRl 2
Ffi 3 (Lyubimov,1968; Vityazev,1973; Keondjian and
Monin, 1977) 3 W , b BR 43 5 o8 72 b B i 5 ) g
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o3 SRR 4 T b R AR A i A Ak L B T
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AT 27 1L AR A% L) f BT 30 3R 356 S Bk 1 4 g
A LA 3k B0 SR RN B BB D R BT N O A E i

SERE I fRT i AR SCHE — 22 A 0 )2 B 419 PREM
RIS HER R RE A BB T B A 0L 15
o S RER /Ny 1. 698 X 10 T 75 BT 45 4% B2 i [
M5 Sorokhtin &5 45 — B, % 2~ U e 9 %R
R R HRE B AR 1 by TR () 2 S5 A A A R 2 L A
BTN T7 6 B B e k. A SO e 705k
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Sorokhtin 45 (2010) Ay 7E KM b« Bk A
FRE E, 48 T H 8 ) a8 A S8 R e S g
AT ATAT FR G0 1 R Ik T % R G2 1Y 1 1 A%
Jai s T A1 18 A 15 T Hh U i 3 R PN ) 2 A

U = tmy| rmptrrdr, D

m(r) = 47rjrp(r)r2dr, (2)
0

Hoh U R sk i 8 s m G 2420 r B BRI Y5
JIT AL B K BT 35 0 () Ry IR AE 2 A2 - AL 1 ) T
R y=6.673X10"" m’ « kg™ + s P HNF HH
B R=6.371X10° m Sy MR F- 1242, H Hij Fl i
s b BR PR %% B 43 7 UL 1 (Naimark and Sorokhtin,
1977a,b).

TR E DA K ) W BR B L I EG P
3 A e W i B 3 53 AT S T ST TE M IR S5 Y - 44 20
Gy (3R 1) oAk R #h R 43 J8 b i HE 45 B4 (Naimark
and Sorokhtin, 1977a,b) Z I 9. & & T 3 F rp s
405 08 1 3 S S A ) o B E Y H AT E R BA
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Fig. 1 Accepted density distribution within Earth

(1 is present-day Earth;2 is primordial Earth)
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F 1 BATHIKFIR G Bk 69 ¥ R 48 A (Sorokhtin et al. , 2010)
Table 1 Composition of present-day Earth and
primordial Earth matter (Sorokhtin et al. , 2010)

KT % i B
b ey b S g SR
e gl gom g U sy TU

ae mme gm R gy MOPH

: : AR G AR

SiO, 59.3 45. 4 — 30.71 38. 04 33.0
TiO, 0.7 0.6 — 0.41 0.11 0.11
Al Oy 15.0 3.7 — 2.54 2.50 2.53

Fe; O 2.4 4.15 - - -

FeO 5.6 4.37 49. 34 22.24 12.45 22.0

MnO 0.1 0.13 - 0.09 0. 25 0. 24
MgO 4.9 38.4 — 25.81 23.84 23.0
CaO 7.2 2.3 — 1.57 1. 95 2.32
Na, O 2.5 0.43 - 0.3 0. 95 0.72
K;0O 2.1 0.012 - 0.016 0.17 -
Cr; O - 0. 41 — 0.28 0. 36 0. 49
P, O 0.2 - - - - 0. 38
NiO - 0.1 - 0.07 - -
FeS - - 6.69 2.17 5.76 13.6
Fe - - 43.41 13.62 11.76
Ni - - 0. 56 0.18 1. 34

Bt 100.0 0 100.0  100.0 100. 0 99. 48 98.39

BRI M=5. 9772 X 1077 g3 M A% BT & : Mleore = 1. 9404 X 1027 g5 4
T : Meora =0. 1083 X 10%7 g3 1 P47 i : Meorez = 0. 1299 X 1077 g3
M A+ Meores = 1. 8321 X 10%7 g3 b Jii it « M, = 4. 0143 X 10%7 g;
Tk b 7S R Mo = 2. 25 X 10% = 0. 0225 X 10*” g. * Ronov and
Yaroshevsky, 1978; " Ringwood, 1966; Dmitriyev, 1973; ¢ Urey
and Craig, 1953; ¢ Barsukov, 1981.

2% ~4 % 1K BE (Sorokhtin et al. , 2010). Jf X Fi
T3 00 0 i 4 b 2K P R 4% 2 43 A UL ] 1 (Naimark
and Sorokhtin, 1977a,b).

il 20 (D) B (2) 58 46 4248 Hip 3K A it
T R I B RE. AR (4 T IHm R a2
E KUy —23.255X10° ] fE40(E F. 5 5
oy S REAE T4 S B WA fn (RDZY 40 {CARTD Z
HI 4 5] b BR A # B8 5 H Fi 20 J2 s Bk 0y #fe 2
(Sorokhtin et al. , 2010)

E,=U,o U (3)

H i BR (19 #4RBE fy — 24. 952 X 10* ] (Sorokhtin et
al., 2010). PG AR I & . 5 g 40 5 10 GV RE B Ol
[—23.255— (—24.952) ] X 10" J=1. 698X 10"].

1% J7 1 4, Flasar #il Birch (1973) 38 T H
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() H BT b ER AL 5 Birch(1965) 1% J5L 4R Mo BR ALY , fi

{145 s B ai sk i W FRLRE S 2. 490 X 10%° T, i 4R M
BRI W FLRE A 2. 324 X107 J. M4 7 S RE M E .
FI2E 1,66 X 10°" ] B by Mo Bk 43 55 b B2 4602k 19
.
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A, = | Lot = p(r0) Jg, Hdv. ()

Horb 0 AT B AR, SRR B 45 MR B 4
S BB RN IR 23 5 A B A5 R L (H R HLHE S T g
M T 45 Flasar 1 Birch (1973)4H [A] i1 & .

3 I ZAEIN WA RO ik
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JEEE N dr BYHEER 5 (0<Tr<<R,) . U 3% 3K 52 1 Jit it
LIKEYS|

dm:po X 4t dr, (5)

HHEH

dU,, =—r X g(r)dm =— 4dxr’ p, g (r)dr.  (6)

MO B R AT A5 S e s 3R 1) S 3 RE Jhy (Solomon,
1979)

Y

2 %5 BE 150 df b R AR 1
Fig.2 A primordial Earth model which consists
of a homogeneous mixture of the materials of the

present core and mantle
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A B2 r AR E J7 i (Monteux et al. ,
2009). {8 AHFR A GE 0 355 1
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HARER B> R IE A

R,
U, =—tmp| P a(Pdr. (10)
0
/\'4:'
T
50 =8 O, (1)

XA AR r AT JI I E R (0 <r<<R. R
A K15

_ 4Ttg0{0§ K 4 o 47Tgo;0§Ri

U. = R JO rdr = 75{00R .

X FHuse frg K IHS % (DO WIER 5 il
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Fig. 3 A present-day earth model in which its density
distribution is substituted by the mean density of core

and the mean density of crust and mantle

R
U, :_47(‘0ij r’g. (r)dr, (13)

S ERF o o Ak ) T Ry AR 3 o R AR R . — 2
A IR T HOH R e ) L 14 3t e R e i i L 1A
(o — pu) g R, L on8o, (14

gm(r) - poR ? ©o
RN 3% H 15
__Amgepn [ JI’ JR ‘
U., R [(pC om R Rcrdr—}—‘om R(.r dr}
_ dmgen R o e
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15
4 M A% 5 Hb e 0 0 ) e AR i £ A5 2 ATk
A aeRIR R
Uo.o =U.+U,. (16)

B 15 i iy b 3K A0 H i b 35K 2 18D g i e A
[ o Jir s b R A I b R ) S 2 9% BE AR ). 30
4% (Anderson, 1989; Jeffreys and Singer, 2009)
IR HUER R W ) A g0 = 9. 8156 m + s 75 5t
U6 VB ST BRI B oo =5. 514 X10° kg » m*; 5l dR
BRI 48 R, = 6. 355X 10° m; H A # Bk (9 2K 42
R=6.371X10° m; i #% 19 F- 4 % & p. = 10. 76 X
10° kg « m™7 s i AYF 2248 R.=3. 485X 10° m;
HUFE AL 1T B, = 4. 400X 10° kg +
TR R G R A BB U, o~ —22. 131X 10"
1, HATHL BR8N Uy o~ —23.665 X107 ). FJe:
WA E S, o3 5RE N Ec=U, o — U, =[(—22.131)
—(—23.665)]X10°'J=1.535X10"].

A A X b A% -7 1 2 L)% 465 K 1) el i 1T ATE Y
B A% — T g — b b e Y TR S A T A
TR H AT R 0 e (R ZEA T Bl — 2P A
ez )G g e X g5 th i ek A g R KAEw &
Fe o DT 28 183 5 3 J2 fife e 125 ) 41 5 AN 5207 DR A .
PRl o AR SCAN 2 1 A A% -7 g 2 RS AU It 3k 4
AEAY - 5o A

4 PREM FERITF () B8 >R A1k

MEEHTABTEAR (D (2.3 KW R,
AT 130 5K T 1 3R PN S 9% B2 3 A1 38 7kt i BK ) W AR
RE. 28 LB, AN [) A9 3t 3R A2 B (Bolt, 1957; Bullen,
1965; Dziewonski et al. , 1975; Martinec et al. ,
1986) 7E He vt 43 A1 - 19 22 53 B4 T %6 B2 0 A b iy 22
SRR TE O BT AR T3 AR TR 6371 km
kb Bullen #FR 25 BF 8 (Bullen, 1938) Fr 45 1 19 &
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SREUEAR % T PREM #£ % (Dziewonski and Anderson,
198D /N2 3. 5306 % BE Qi /N2 7. 0206, AT L 4
AE LAE 58 37 3 3K 14 BB L U RE 96 4 IR PR A2 7 [
22 S Al R iy 1R 22

X A5 AN 2 4% R B AL F AR T
B RAS T R4 R AT D3RGk O 2 RO W] 19 T X
(EEEZ, 2010, 2012, 2013) .

A Mm, _ LJV’
U = GL " dm, = 7). pdm,
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=— 471J gor’dr =— 12TtJ Pr*dr, (17)
0 0

Hrp
m, = 4nf}2pdr, (18)
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THBERY T2 B R O B . JF HLNAS [ 25 3 48 Y
Hh T 5 Y 22 S /0N 3K — S 2 AT LA s o 6 P b B
PN B A A2 IR 8 A A1 1 E R Bk R FRE L TE A [
WEERIT A R AEE 2 R A S R W T IR
Ho 3K 1 e fig . AR SCHE SR Birch B 5 6 b BR B Y
(£ 2) AT X T H A H R 9 #RE A SCRR
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(£ D HATIHA.
B X AD T Ry R AL N
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Horpd Jy e 11 S0 32 2 BT A0 2 o N D Jir A Y
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—23.338X 10" JOHEMLR O, HajHbEk 9 #884 U,
A~ —25.036 X107 J(FEIL 3 5). F o2 i . 7 57
fiE E,=U,, —U,,~ [(—23.338) — (—25.036) ]
X10*J=1.698X10"].

TE A SC T B 4 A L R A B R, PREM %%
fHR AL AR 3 T 5 Sorokhtin 45 AH [A] A 45 2R, B T
8 P 5 ) LA DA A () 452 B[] 22 S o Y 158 22 24
AN TR) A5 BY () 9% B Oy A 28 S BRI, % 7 5 1
Sorokhtin % { J5 ¥k B A B i 0 HEA 7.

%2 Birch FfAMIKEE TEE B ER

JE 38 4 % (Birch,1965)

Table 2 Radius, density and pressure distribution

under Birch primordial earth model (Birch,1965)

242 (km) BRE (kg + m™3) JE 3 (GPa)
0.0 7120. 00 214. 000
200.0 7120. 00 213. 700
400. 0 7110. 00 212.900
600. 0 7100. 00 211. 400
800. 0 7090. 00 209. 500
1000. 0 7070. 00 206. 900
1200.0 7050. 00 203. 900
1400. 0 7020. 00 200. 300
1600. 0 6990. 00 196. 100
1800. 0 6950. 00 191. 500
2000. 0 6910. 00 186. 300
2200. 0 6870. 00 180. 700
2400. 0 6820. 00 174. 600
2600. 0 6760. 00 168. 000
2800. 0 6700. 00 161. 000
3000. 0 6630. 00 153. 600
3200. 0 6560. 00 145. 800
3400. 0 6480. 00 137.700
3600. 0 6390. 00 129. 200
3800. 0 6300. 00 120. 400
4000. 0 6210. 00 111. 400
4200. 0 6110. 00 102. 100
4400. 0 6010. 00 92.700
4600. 0 5900. 00 83. 000
4800. 0 5770. 00 73.300
5000. 0 5650. 00 63. 400
5200. 0 5510. 00 53. 600
5400. 0 5370. 00 43.700
5600. 0 5220. 00 33. 800
5800. 0 4980. 00 24.100
6000. 0 4500. 00 14. 800
6200. 0 4180. 00 6. 400
6355. 0 4090. 00 0. 000
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%3 PREM @B TEE BEMERESH g% 3
(Dziewonski and Anderson,1981) S48 (km) W (kg + m ) 3 (GPa)
Table 3 Radius, density and pressure distribution 5701. 0 3992, 14 23. 830
under preliminary reference earth model
5771.0 3975. 84 21.040
(Dziewonski and Anderson,1981)
5771.0 3975. 84 21. 040
242 (km) W (kg » m™ %) JE 5% (GPa)
5871.0 3849. 80 17.130
0.0 13088. 48 363. 850
5971.0 3723.78 13. 350
200.0 13079. 77 362. 900
5971.0 3543. 25 13. 350
400. 0 13053. 64 360. 030
6061.0 3489.51 10. 200
600. 0 13010. 09 355. 280
6151.0 3435.78 7.110
800.0 12949. 12 348.670
6151.0 3359. 50 7.110
1000. 0 12870.73 340. 240
6221.0 3367.10 4.780
1200. 0 12774.93 330. 050
6291.0 3374.71 2.450
1221.5 12763. 60 328. 850
6291.0 3374.71 2.450
1221.5 12166. 34 328. 850
6346. 6 3380. 76 0. 604
1400. 0 12069. 24 318. 750
6346. 6 2900. 00 0.604
1600. 0 11946. 82 306. 150
6356.0 2900. 00 0. 337
1800. 0 11809. 00 292.220
6356. 0 2600. 00 0.337
2000. 0 11654. 78 277.040
6368. 0 2600. 00 0. 300
2200.0 11483. 11 260. 680
6368. 0 1020. 00 0. 300
2400. 0 11292. 98 243. 250
6371.0 1020. 00 0. 000
2600. 0 11083. 35 224. 850
2800. 0 10853. 21 205. 600 # 4 Birch FRMKER THENITES R
3000. 0 10601. 52 185. 640 Table 4 Calculation procedures of potential energy
3200. 0 10327. 26 165. 120 under Birch primordial earth model
3400. 0 10029. 40 144.190 BT i MEEHEE U (X100 ) B #HEE UCX 103D
3480. 0 9903. 49 135. 750 1 —0.0064 —0.0064
3480. 0 5566. 45 135. 750 2 —0.0257 —0.0321
3600. 0 5506. 42 128. 710 3 —0.0574 —0.0895
3630.0 5491, 45 126. 970 4 —0.1011 —0.1906
3630. 0 5491. 45 126.970 5 —0. 1560 —0. 3466
3800. 0 5406. 81 117. 350 6 —0.2214 —0.5680
4000. 0 5307. 24 106. 390 7 —0.2960 —0.8640
4200. 0 5207.13 95. 760 8 —0.3785 —1.2425
4400. 0 5105. 90 85.430 9 —0.4678 —1.7103
4600. 0 5002. 99 75. 360 10 —0.5619 —2.2722
4800. 0 4897. 83 65. 520 11 —0.6594 —2.9316
5000. 0 4789. 83 55. 900 12 —0.7583 —3.6899
5200. 0 4678. 44 46. 490 13 —0.8563 —4.5462
5400. 0 4563.07 37. 290 14 —0.9517 —5.4979
5600. 0 4443, 17 28. 290 15 —1.0423 —6.5402
5600. 0 4443.17 28. 290 16 —1.1257 —7.6659

5701.0 4380. 71 23.830 17 —1.2002 —8.8661
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gk 4 “ZRs
BT i MEEHEE U (X100 BE#HEE UCX 103D BT i MEEHEE U (X101 B #HEE UCX 103D
18 —1.2625 —10. 1285 22 —0. 7546 —12.9453
19 —1.3109 —11. 4394 23 —0.1892 —13.1345
20 —1. 3439 —12.7833 24 0. 0000 —13.1345
21 —1. 3580 —14.1413 25 —1. 0860 —14. 2205
22 —1.3532 —15. 4944 26 —1.2835 —15. 5040
23 —1.3242 —16. 8186 27 —1.2736 —16.7776
24 —1.2734 —18.0920 28 —1. 2470 —18.0247
25 —1.1951 —19. 2870 29 —1.2023 —19. 2270
26 —1.0928 —20. 3798 30 —1.1382 —20. 3652
27 —0.9608 —21. 3406 31 —1.0537 —21.4189
28 —0.7992 —22.1398 32 —0.9478 —22.3667
29 —0.6113 —22.7511 33 —0. 8199 —23.1865
30 —0.4017 —23.1528 34 —0. 6689 —23. 8555
31 —0.1855 —23. 3383 35 0. 0000 —23. 8555
32 0. 0000 —23. 3383 36 —0. 2949 —24.1504
37 0. 0000 —24.1504
5 PREM #E THEMITESH
& RETRENT SR 38 —0. 1849 —24. 3353
Table 5 Calculation procedures of potential energy
. 39 0. 0000 —24. 3353
under preliminary reference earth model
40 —0.2226 —24. 5579
BT CHATRREE U X10M])  BINEREE U103 ])
41 —0.1794 —24.7373
1 —0.0109 —0.0109
42 0. 0000 —24.7373
2 —0.0434 —0.0544
43 —0.1271 —24. 8644
3 —0.0964 —0.1508
44 —0.0913 —24. 9557
4 —0.1683 —0.3191
45 0. 0000 —24. 9557
5 —0.2565 —0.5756
46 —0. 0488 —25.0045
6 —0. 3583 —0.9339
47 —0.0256 —25.0301
7 —0.0398 —0.9737
48 0. 0000 —25.0301
8 0. 0000 —0.9737
49 —0. 0051 —25.0352
9 —0.4204 —1. 3941
50 0. 0000 —25.0352
10 —0.5909 —1.9851
51 —0. 0005 —25.0357
11 —0.7139 —2.6989
52 0. 0000 —25.0357
12 —0. 8355 —3.5345
53 —0. 0006 —25.0362
13 —0.9513 —4. 4857
54 0. 0000 —25.0362
14 —1.0564 —5.5422
55 0. 0000 —25.0362
15 —1. 1460 —6.6882
16 —1.2154 —7.9036
17 —1.2597 —9.1633 3
7 5 Zhip
18 —1.2749 —10. 4381
19 1. 2568 ~ 116919 () R IR T W BN 3 4450 4 J2 A
20 —0.4958 12,1907 e A LU HT L 308235 L1 R S B0 T M3 10 3

21 0- 0000 1z 1907 AE » TR R 07 335 b O T RR(ELSR A Y BB BR.
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(2) FESZBRGE LT Ho Az | b A b 5% (V) 2% BE It
AR IG I W s/ X A 5] r R R i
I R R A e L S PR OO I K % 22 3F — 2P
FECT 4 SRR TR S B A /.

(3) |43 2 B 22 14 Hb SRS 23 25 34 57 43 J2 iR
BT % A 4 5 0 0 ok TR, AR S0 2 H b A -
JERUZZ5K9 T H i ek S m8 194 5 5 1A R

(4) 25 BB A R] (1 b BRABE R AE R 5 40 A b i 22
SONT R E 25 7 PREM BB R R R
TR Ak M BR 1 SR L T R AIG H A A (R] 22 S T
KAy 2%,

(5) FEAS 3BT 1 B J 6 A H A L Bk R F
PREM ${d K k45t T 55 Sorokhtin %5 (1 75 74 AH
) B &5 SR I H XY A [R5 70U (] 85 35 43 A 2 S R
%0715 Sorokhtin 45 4 J7 & BLAT T i ) R

(6) H i H 3K 19 43 505 Sh A5 I A 45 1k, K25y
SN F IR Y A% -8 -5 25 4 1 4 TR A 2. 7
BE A B rp, — 3R 43 4 5 BB B b 3R ) M R 4 T T A
Y FCH 43 51 S e i Ak hy Bk R S ) B R

(D) JGEM R P IRARVT I EENEA ek
T Ak 3 R v ) At g R IL A e S M o R A
) RERE N b BRFE AL P RE . BEIE b aX BEARE Bk R
{6 4t BR T = IR 5 40 S5 B 0 R0 R R R
Wi i ] ) 25 A 0 56 o S [
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