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, . 
:-

-
-
-
-

-
. .

)
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… -
-
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… -
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)»,
, , .  – !

,  1  2015 -
 (  « -
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% -

)

,
. 

% -

)

. )

42731,5 70,8 42744,5 70,8 -13
 (  –

) 10630,3 17,6 10624,4 17,6 5,9

: 0

9695,2 16,1 9691,0 16,1 4,2

217,3 0,4 217,8 0,4 -0,5

313,5 0,5 310,7 0,5 2,8

404,3 0,7 404,9 0,7 -0,6

 « », -
: « :

- ;
- ;
- , ;
- , ,

, .
-

,  ,  .  .   «
».

, -
, , -

,  ,  .  ,  
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» ( , . 19).
, 

,  
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1. . .  01.07.2015 /
.  // http://zakon4.rada.gov.ua.

2. -
 01.01.2011  // 

. 
.  , 2012. – 130 .

3. . -
 / .  // 

 « », 2012   7. – . 70 – 79.
4. . : -

 / . , .  //  « -
», 2012  3. – . 70 – 80.
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 [1]. , 
,

.

, 
 Cu, Co, Mo, Mn, Fe  Zn, -

 [2].
-
-
-

.

 (  30  70 
)  (> 70 ). -

 [3]. 
 10  [4]. 

 – -
 Zn  -  Mo,  o  ;   –

 Zn  Zn, Cu  Zn ; 
 –   Zn -  ;  

 – , ,  Zn - Mo , 
Zn  Zn - Mo ,  Zn .

-
-

. , 
, , .  – 

, .  –
Zn , 

; -
, -

, .
,  7,6, 

-
.

, 
 0,2  1% . , -

, -
-
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, 
, -

.  34 -
, , -

 [5]. -

,  .  ,  =   10,8  [6].  -
, 

.  (2) -
 7  (14).

-
, 

, -
 (>10  /  ),  

 (< 50  / ). -
-

, -
.

, -

 – 
.

, -

.

1.
 / . . . . – .: ,

2013. – 64 .
2.

 / . . .  //  "
. . ". :

, 2013. — 61 .
3. . -

:  / . . // 
. . . ,  4 –

2014. – . 16-18.
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4. . 
. //

. 2, 2003. – . 71-77.
5. Kabata—Pendias A. Trace elements in soils and plants / Alina Kabata—

Pendias, Henryk Pendias — London—New York—Washington: CRC Press
LLC, 2001.— 403 .

6. .   /  .  .  .  —  .:
, 1975. — 342 .

.
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., ., 
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-
,  
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, , ) [1–3], , -

,  -
 ( ), 

 ( ) , -
. , -

-
 ( , ), -

. 
-

 [4].

, , 
, ,

 80% [5]. 
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-
-

.
-
-

, -
-

. -
, 

 ( , ).

: GALA, FAIRY, ,
, , , . 

-
 ( -

)  13399  (10% )
. 1).

, -
, GALA , FAIRY , 

 –  7719,8  ,   –
6405,8 ,  – 7336,1  – 3942,0 . -

 – 1861,5 .
-

 (Eco chlor, San alkalin, , ,
Basix, Hyproclor ED, CircoSuper AF )  (San acid, Acid XD,
Eco cid, Hypracid, CircoSuper SFM .) .  -

 189 -
 10%  ( . 2).

 49960 
 – 59896,5  – 28689,0 

 –  16315,5  .   Eco  chlor  
Neomoscan RD  54,3%. 

 Neomoscan RD 
 – 27375,0 .
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 1

-

-
-

 (  16749
), 

-
,%

14,1 6,7 20,1 7336,1

9,0–12,5 5,0–6,7 15,0–
20,1

5475,0–
7336,5

3,2–5,0 1,7–3,3 5,1–9,9 1861,5–
3613,5

5,0–15,0 0,8–3,3 2,4–9,9 876,0–3613,5GALA 
5,0 0,8 3,3 876,0

15,0–
30,0

1,7–3,3 5,1–9,9 1861,5–
3613,5

FAIRY -
-

5,0–15,0 0,5–1,7 1,5–5,1 547,5–1861,5

5,0 1,7 5,1 1861,5

5,0 1,7 5,1 1861,5

 13687,5 . 
 –  60 %  28

 (  OECD),  648/2004 [5].
-
-

. 
49960  124,9  Acid XD, Eco cid,
Hypracid, CircoSuper SFM, Niroklar Sauer flüssig ,   –
374,7 . -

 124,9  ( . 3).
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 2

-

(49960 ), 
- -

,%

36,5 54,7 164,1 59896,5

-
10,0 14,9 44,7 16315,5

-

35,0 26,2 78,6 28689,0
Eco chlor 10,0 25,0 75,0 27375,0

5,0 25,0 75,0 27375,0

5,0 25,0 75,0 27375,0

Neomoscan
RD

5,0 25,0 75,0 27375,0

2,5 12,5 37,5 13687,5

 Niroklar Sauer flüssig -
 64112,3 .  Acid XD  CircoSuper SFM -

 33,3 %, 
 –  60%.  CircoSuper SFM -

, , -
 – 42705,0 .  

 Hypracid.  Eco
cid  60%. 

 – 17082,0 .
, , 

,  ,  -
 [4].
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 3
-

 (49960 -
), 

- -

,%

-

Acid XD - 25,0 46,8 117,0 42705,0

- 10,0 18,7 46,8 17082,0Eco cid

- 10,0 18,7 46,8 17082,0

Hypracid - 25,0 46,8 117,0 42705,0

- 25,0 46,8 117,0 42705,0CircoSuper
SFM

- 25,0 46,8 117,0 42705,0

Niroklar
Sauer flüssig

- 25,0–
50,0

46,8–
93,7

117,0–
234,3

42705,0–
85519,5

- 15,0 28,1 70,3 25659,5

- 10,0 18,7 46,8 17082,0

-

, -
, 

. 

-
, . -

. 
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 [6].
-

, .
, , ,

, , , 
.

 13399 -
, , GALA , FAIRY

, 
 7719,8 ,  – 6405,8 ,  – 7336,1 , -

 – 3942,0  – 1861,5 .
 49960 -

 (Eco
chlor, San alkalin, , , Basix, Hyproclor ED,
CircoSuper AF)  (San acid, Acid XD, Eco cid, Hypracid,
CircoSuper SFM) 
(114646,5 ),  (28689,0 ),  (43690,5 ), 
(27375,0 )  (13687,5 ),  311837,8 -

, .
-

, 
-

.

1.  / [ . .,
.  .,  .  .  .]  .  .  .  ,  .  .

. : , 2004. 1280 .
2. , -

:   3  .  /  [ .  .  .,  .  .;  .
. .]. : , 2003. ( ). .1. 413 .

3. . . 
 / . ., -

. ., . . – .: , 1990. – 303 .
4.  « -

».  2335-VI. 
 15.06.2010 // . 2010.  38. 512 c.
5. Regulation (EC) No 648/2004 of the European Parliament and of the

Council of 31 March 2004 on detergents. Official Journal of the European Union.
2004; L 104/1 L 104/35.
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: , 2016. . 41–44.
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.  2012-2016 , (  2.1.6.
»); -

-
 2014  2015  2016

 1045 « -
-

».

-

,  « » 

, :
- -

, 
;

- -
;

-
-

.
 «

» , -
, -

.

»  ( -
. -

).  «Floating University» (
) . , 



77

. 
 « »  « ». 

, , 
-
-

, ,  ( ) 
, , 

.
-

 ( ) -
: , 

, , .
: 

 ( , , , , ,
.)  

,
, ,

.
 «  - 2015» 

: -
, , -
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. 
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; .

, , , -
; . , 

; -
, -

, -
, -

, . [2, 3,
4, 5].
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.
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, . 
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, 
.

, 
, -

, , 
, , 

.
 «  - 2017» -

, 
.

, 
, 

, 
-

, .

1. ., ., ., . -
-

 « ». . – .:
 « », 2015. – 200 .

2. ., . -
 // -

 «
». 1-3  2015

. . . 67-69.
3. ., . -

- ,  // -
 « -

». 19-20  2015 . . . 139-
142.

4. ., ., ., . 
-

 //  « , -
: , -

»,  20-
. 2016. . . 139-143.

5. ., . ., . -
-

 //  « -
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 XXI », 
15- . 2016. . . 23-25.

6. ., ., ., ., 
. « »: -

-
 // . 2015.  1-2. . 206-216.

.
.-

.
.- .

.
.- .

. 

, 

. ,
, 

, , 
 [1]. 

. -
,  

-
. , -

,  [2]. -
,

 [3, 4].

. 
, -

. 
, 

 [5]. , ,
 – , , , ,
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, , , , ,
, , . -

.  
, -

,  ,  ,  ,
-

 [6].
, 

:  – ;
 –  [7].

, -
, -

 [8]. 
-
-

 [9].

, -
,  [10].

, 

, 
, .

 – 
. -

 4,64 %, ,  – 11,6  100 , 
 –  12,7   12,8   100 ,   –  5,7.

 33,0  36,6  100 
.  1,94 ; -

 – 2,1  – 0,25  100 .  – 1,19 3.

 “ ” – 96 .
, -

 – . 
, , -

 + 7,9º ,  499 
. 

, , -
-

. 
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, 
 2014 .  1,63, -

.  ,   ( =2,16)  
 ( =1,29), -

, . 
 ( =0,18 -

 – 1,16) -
.  2014 . 

, -
. 

 2015 . 
, 

– 1,38 ( ). , 
=1,5) 
 ( =1,30) 

.

2014-2015 .  4,75 
. ,

0,43  (9,1 %), 0,52  (10,9 %)  0,41  (8,6 %)  ( . 1).
-

 (3,72 ) 
0,71  19,1 %. 

 0,34 ,  – 0,29 ,  – 0,27  9,0; 7,4  6,2
%  (  – 3,78; 3,93; 4,39 ).

-

. 
0,56 

, -
 – 0,39  (  N8)  0,55  (  28, N8). -

– 0,72 ,  (  28,
N8) – 0,55, (  N8) – 0,37, ( 2) – 0,35 . 

 0,24 (  28, N8)  0,50  (  N8).
 5,22  4,94 

      ,     – 4,67 



83

 1
, 

 (2014-2015 .), 

)
-

-

)

-

) 2014
.

201
5 .

- 2014
.

2015
.

-

+, 
-
,

-

3,08 5,70 4,39 3,43 5,89 4,66 0,27
,

N8 3,73 5,81 4,77 3,63 5,98 4,81 0,04

2,
1 3,47 5,76 4,62 3,54 5,88 4,71 0,09

 28, N8 3,45 5,72 4,58 3,82 5,74 4,78 0,20
, 4 4,00 5,85 4,93 4,41 6,03 5,22 0,29

4,75

2,73 4,83 3,78 3,25 4,99 4,12 0,34
,

N8 3,29 5,06 4,18 3,87 5,15 4,51 0,33

2,
1 3,61 5,09 4,35 3,73 5,19 4,46 0,11

 28, N8 3,83 5,12 4,48 4,09 5,25 4,67 0,19

4,32

, 4 3,02 5,27 4,15 3,56 5,36 4,46 0,31

2,68 5,18 3,93 3,05 5,39 4,22 0,29- ,
N8 3,14 5,55 4,35 3,31 5,81 4,56 0,21 4,23

2,
1 2,89 5,36 4,13 3,25 5,68 4,47 0,34

 28, N8 2,93 5,48 4,21 3,79 5,74 4,77 0,56
, 4 3,70 5,66 4,68 3,90 5,97 4,94 0,26

3,43 4,01 3,72 4,38 4,48 4,43 0,71
,

N8 3,80 4,22 4,01 4,88 4,97 4,93 0,92

2,
1 4,17 4,24 4,21 4,78 4,86 4,82 0,61

 28, N8 4,30 4,26 4,26 4,56 4,78 4,67 0,41

-

-

, 4 3,53 4,32 3,93 4,29 4,61 4,45 0,52

4,34
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 +  28, N8),  ( -
 +  N8)  4,93 . -

 4,53 
,  – 3,95 , 

 4,08  4,04  ( . 1).

. 1. 
 (2014-2015 .), 

 N8 -
 0,38  (8,7 %), -

 – 0,40  (10,6 %),  – 0,42  (10,7 %), 
 – 0,29  (7,8 %)  4,77; 4,18; 4,35  4,01 

. 2 
4,13 ( )  4,62  ( ). -

 28, N8  4,21–4,58
. 

(4,93 ) , 
 0,54  (12,3 %). -

 4,15 ,  – 4,68 ;  – 3,93 
 0,37  9,8 % ( )  0,75

 19,1 % ( ).
, 

,  4,84 ,  –
4,44;  – 4,59 ;  – 4,66 , -

 (4,65; 4,19; 4,26; 4,03 )  0,19 
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(4,1 %); 0,25  (6,0 %); 0,33  (7,7 %)  0,63  (15,6 %) 
. 2).

. 2.
 (2014-

2015 .), 
,  (5,22  4,94 ) -

-
, -

 – 4,67  (  +  28, N8),  
 (  +  N8)  4,93 / .

1. .  / .  // , 2005. –
 10. – . 34–35.

2. . . 
 / . .  // . –

2000. – . 84. – . 106–110.
3. . . :  / . . , . . -
, . .  [ .]. – .:  “ ”, 2003. – 778 .
4. -

 / [ . . -
, . . , . . , . . ] // . . .

– 2000. –  12. – . 20–23.
5. . . -

 /  .  .  ,  .  .  -
 // . :

, 2001. – . 5. – . 90–91.
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6. , 
 /  [ .  .,  .  .,  .  .,  

. .] – .: , 1974. – . 13–14.
7. .  / .  // . – 2006.

–  12. – . 53–56.
9. . .  / . .

. . . – .: , 1990. – 185 .
10. . 

 / . . – , 1995. – 4. – . 2–4.
11. . . 

/ . .  // . – 1999. –  1. – . 18–23.

.

. 

,  3,6% , -
 6% , -

 116,1 2.  1730 , 
. 

 81,2 . , -
 – 36,6%,  65,0–

68,0%. -
, , 
 ( ).

, 
, 
, , ,

, , 
. , -

, -
, 

,  « -
».  1.01.2016 . . -

 353  157,5 . , -
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 7,27% . 
 – 6,3%.

 2009 .  611/2009 «
». 

 « -
 2009–2020 .». -

-
-
-

 (10%).
 2010 .

 « », 
,  12 . -

 0,8%, 
 –  1,2%.  2013 -

, 
. 

-
 – 

» (15 . ) -
-

,  « » -
-

 « ». 

. 
 2017–2019 .  “ ” (15 . ),

 « » (5 . ),  « » (5 . ) . -
, 

.
-

, -

-
.

:
– -
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, 
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1. : 
– , -

 [ -
] – : http://komekolog.rada.gov.ua

2. -
 2009–2020  – 

 [ -
] – : http://www.ekologia.lviv.ua

3. . – 
 [ -

] – : http://www.ekologia.lviv.ua
4. . -

 [ ]: . ... . . : 08.00.06
/ . – ., 2008. –
23 .
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. 
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 ( -

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

, 
-
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-
-
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. 

 (HYPOPHTHALMICHTHYS MOLITRIX)

 40-50 -
, .

. -
,  ,  

, , -
. , -

, , -
.

 [1]  1954 .,
, -
, 

.

 [2].
-

,  :   –
 (TF)  (PrALB), -

 –  (MDH) (  1.1.1.37)
 (ME) (  1.1.1.40); 

 –  (EST) (  3.1.1.1.) , -
 –  (CA) (  4.2.1.1.). -

-
.

TF  2–4 ,
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, Tf ,
,  ,  D.   –  

 (Tf A D),   (Tf A , Tf
D)  (Tf C).

Tf A D -
 12 %,  Tf A  – 11 %, Tf D – 28 %  49 % Tf C.

ralb
 ( )  0,613, 

ralb  – 0,387 ( ).
-

 –  F  S. -
.

 – F
 S. 

S.
EST MDH -

.

 FS, 
2=12,514; <0,001. -

-
. 

-
 (84,3 %).

, -
 « ». 

-
.

 61,4
%  52,1 %. -

, , ,
.

1. ., . -
. // . .: , 1967, .

5 - . 41-51.
2. . .  /

. . , . . . – .: , 2013. – 310 .
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DE-INDUSTRIALIZATION IN MONOPOLISTIC COMPETITION

Most countries having bountiful energy resource or vast land suffer from
the Dutch disease. That is, the manufacturing industry in the country blessed
with natural resources tends to decline due to the booming sector such as
energy or agricultural industries.

According to Corden and Neary (1982), there are two main factors for de-
industrialization. The first one is the resource moving effect. The economy is
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directly de-industrialized because the production factor such as labor moves
from the manufacturing sector to the booming sector. The other one is the
pricing effect or spending effect.  If  the  price  of  goods  in  the  booming  sector
becomes higher and that of manufacturing goods falls, then the economy
produces less manufacturing goods. In their model, however, both sectors have
the constant return to scale technology and are perfect competitive markets.

In this paper, we propose the third factor of de-industrialization. It is the
limited availability of specialized inputs. In our model, there are four
production sectors; (1) agricultural sector, (2) final manufacturing goods sector,
(3) intermediate goods sector producing machine, and (4) specialized inputs
(parts) sector. The market of specialized parts is monopolistic competitive.

The prominent feature of our model is the labor markets where labor is
employed in three sectors; the agricultural sector, the final manufacturing goods
sector, and the specialized parts sector. Since we assume that labor moves
freely across three sectors, labor earns the same wage. Especially, the final
manufacturing  goods  sector  employs  labor  as  well  as  machine.  When  the
elasticity of substitution between machine and labor in final manufacturing
goods sector is more than the elasticity of substitution between parts, the model
generates multiple equilibria. In this case, there are three equilibrium points as
for the number of monopolistic firms producing specialized parts.

Matsuyama (1992) insists that the advance in agricultural productivity leads
to industrialization in the manufacturing sector in the closed economy. We
show that, however, in the closed economy, the advance in agricultural
productivity brings about the de-industrialization. This is because the
agricultural sector absorbs labor employment, and manufacturing labor
decreases, which decreases the number of firms producing specialized parts of
machine.

In order to deter de-industrialization, we propose some prescriptions for the
Dutch disease. That is the decrease in entry cost or initial setup cost, which
raises the number of firms producing specialized parts for machine and
increases output of the economy.

There are four sectors in this economy. We assume that a final goods sector
produces homogeneous manufacturing goods under constant return to scale
technology and that its production function is given by

111

)1( Yt LMY , where M  is the composite intermediate goods

or what is called machine, and YL  is  labor  who  engages  in  the  final  goods
sector. The parameter 1  is the elasticity of substitution between machine
and labor in the final goods sector, and )1,0(  is the parameter weighted on
machine input. The final goods market is assumed to be perfect competitive.
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We assume that the price of final manufacturing goods is normalized to be one.
According to the profit maximization conditions, we obtain the relative demand
for labor in final goods sector to machine as

wPMLY )1(                          (1)
where w  and P  are the wage rate and the price of machine.
The intermediate goods sector assembles parts of )( jm  into a machine

M , where )( jm  is  a  type- j  part. There exist n  monopolistic firms which
produce parts of machine. We assume that the machine consists of n  parts. The
production function of machine is as

11

0
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n

j
djjmM                                (2)

where 1  is the elasticity of substitution between parts. The price of
machine is defined by

1
1

0

1)(
n

j
djjpP                                (3)

where )( jp  is the price of type- j  part.
We assume that the parts market is monopolistic competitive. The

monopolistic firm j  produces parts )( jm  by increasing return to scale
technology, which involves fixed costs as well as variable costs. Producing a
type- j  part  of  machine  requires  only  labor  (fixed  labor 0F  and variable
labor 0 ). Therefore, the profit )( j of the monopolistic firm j  is given
by

])([)()()( Fjmwjmjpj                   (4)
According to the mark-up pricing, the monopolistic price is set to

wjp )1()( , where the monopolistic price pjp )(  does not
depend on j . Because of the free entry condition 0)( j , we obtain

Fjm )1()( . From the equation above, we find mjm )(  is
independent of j , and so is )( j .

The optimal employment of the monopolistic firm j  is given by
Fjl )( . Then, the total manufacturing labor producing intermediate

goods is
][)( FmnjnlLM                                    (5)
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From the production function of machine (1) and mjm )( , we obtain
1mnM .

Let’s move on to the agricultural sector. We assume that the market of
agricultural goods is perfect competitive. The production function of
agricultural sector is assumed to be AA ZLY , where Z  is the agricultural
productivity which is given exogenously, AL  is  labor  who  engages  in
producing agricultural goods, and )1,0(  is a parameter. Denote the price
of agricultural goods by Ap . Profit maximization condition determines the
optimal employment of agricultural labor,

1
1

wZpL AA                                    (6)
Having analyzed the behavior of each agent, we consider the equilibrium of

the economy. We assume that total population is given exogenously by L  for
simplicity. We also assume that labors move freely between industries, which
means that all labors earn the same wage.

The labor market equilibrium is given by AMY LLLL , where the
left-hand side is the manufacturing labor of final and intermediate goods
sectors.

Then, from some algebra, the labor market equilibrium is expressed as

ALLnFmnmn 1)1()1(    (7)
where the first-term of LHS is the labor employed in the final goods sector.
Next, we consider the number of firms in the equilibrium. The free entry

condition is that the profit of monopolistic firm becomes zero, that is
0)1(1 wFmw . From this condition, the number of

monopolistic firms n  is determined endogenously.
The range of specialized inputs (the number of parts) available determines

the stage of development. In a highly developed stage, a large number of
specialist firms producing parts are active and meet the needs of intermediate
goods industry producing machine. The presence of the vast network of
auxiliary industries make the intermediate goods sector producing machine
adopt a more roundabout way of production and rely on the varieties of parts.
On the contrary, in a stage of underdevelopment, the limited availability of
specialized inputs (parts) forces the final manufacturing goods producers to use
a more labor intensive technology.

In this economy, the equilibrium depends on the values of the elasticity of
substitution. First, we consider the case where . This case corresponds
to the case in which the elasticity of substitution between labor in the final
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goods sector and machine is less than that between parts. In the economy with
, there exists a unique stable equilibrium value *n . The number of firms

converges to *n  regardless of the initial situation.
Next if , which corresponds to the case where the elasticity of

substitution between labor in the final goods sector and machine is more than
that between parts, then there are three equilibria as for the number of
monopolistic firms. They are zero, Ln , and Hn . The equilibrium Ln  is
unstable, and the others are stable. Firm entry increases the market share of
other firms, at least for a certain range because the new firm contributes to an
expanding variety of parts, and generates demand for complementary products.
New firms add a variety of parts, which induces the intermediate goods sector
producing machine to adopt an even more roundabout way of production. This
generates demand for other related industries.

The unstable equilibrium Ln  can be thought of as a threshold level. Below
the threshold, the limited availability of specialized inputs (parts) forces the
final manufacturing goods sector to use a labor intensive technology. The small
market size induces monopolistic firms to exit from producing parts. Since the
division of labor is limited by the market size, this circularity between the
market size and the degree of specialization forces the economy to move
toward 0n .

Above the threshold, however, the larger market size enables for the
economy to fulfill cumulative advance. The productivity growth of
manufacturing sector is achieved through increasing availability of specialized
inputs (parts) and more indirect methods of production. Since the division of
labor is generated by enough market size, the circularity forces the economy to
move toward the highly stable equilibrium Hnn .

 The intuitive reason why the economy has multiple equilibria is as follows.
The firms producing new parts cannot gain the whole profits of the advent of
new parts. The wide availability of specialized parts introduced by new entrants
forces the final goods sector to use more machine intensive technology. As a
result, the demands of the other parts also increase. The firms of intermediate
goods sector, however, may not recognize the effects of these pecuniary
externalities.

The problem discussed above can be solved if every firm can enter the
intermediate goods market simultaneously. Then the economy can jump to the
stable point, Hnn ,  from anywhere.  This  can  be  possible  only  in  the  static
model. In the dynamic model, however, the economy has to move some
resource from the incumbent to the entrant in order to produce new parts.
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Therefore, the economy cannot gain the whole profits from the productivity
advance just after the advent of new parts.

The main force to impede the economic growth is that a complicated
productive technology needs a lot of parts and services which are produced in
the adjoining area. In the developing countries, for instance, the economy can
use only simple technology because she has few base industries, which means
that the specialized parts market is very small. The shortage of demands
prevents the economy from establishing network of the base industries which
support the output in the area. Hence, there exist two main factors impeding the
economic growth: the shortage of demands and the undeveloped base
industries, both of which are interdependent. In other words, in the one hand,
the  division  of  labor  is  subject  to  the  market  size,  and  the  other  hand,  the
market size is also subject to the degree of specialization. This recursive
dependence generates the trap of economic development.

If an economy establishes a considerable size of base industries, then the
recursive dependence is a virtuous cycle. In the economy, the division of labor
becomes very higher, the production process becomes more circuitous, and the
specialized parts firms produce more specialized parts. These accumulative
processes enhance productivity and increase the income. That is, success brings
about another success, whereas poverty is a cause of poverty per se.

Since there is substitutability between labor intensive technology and
machine intensive technology, the parts mutually have complementarities,
which exists even if the elasticity of substitution is hig.

Now, we are ready to discuss the Dutch disease in this economy. We
consider the effects of an increase in agricultural productivity Z . In the case of

, we find that the number of firms producing parts *n  decreases, which
leads de-industrialization. In the economy with ,  this  increase  in Z
raises Ln , which means the threshold level increases, but lowers Hn , which
corresponds to de-industrialization.

Matsuyama (1992) insists that the advance in agricultural productivity leads
to industrialization in the manufacturing sector in the closed economy. Contrary
to  Matsuyama  (1992),  we  show  that  in  the  closed  economy,  the  advance  in
agricultural productivity brings about the de-industrialization. This is because
the agricultural sector absorbs labor employment, and labor who works for the
manufacturing sector decreases, which decreases the number of firms
producing specialized parts.

Having found the cause of the Dutch disease in the economy, we consider
the  solution  of  the  problem  here.  We  analyze  the  effect  of  a  subsidy.  If  the
government  makes  a  grant  to  the  entrant  for  a  fixed  cost F , then some new
firms may decide to enter the intermediate goods market, which means that the



148

number of firms producing parts increases. Therefore, the subsidy can prevent
the economy from de-industrializing.

The Dutch disease is one of the most important economic problems which
both developing and developed countries have to solve. In this paper, we have
considered the effect of an advance in agricultural productivity on the economy
whose intermediate goods sector is monopolistic competitive, and have found
that the economy suffers from de-industrialization even in the closed economy.
If an agricultural technology makes progress, the wage rate rises. This increase
in wage rate also raises the initial setup cost for the entrant in the parts market.
Therefore, the number of firms producing specialized parts falls. As a result,
the output of the economy decreases, which means de-industrialization occurs
in the economy.

A subsidy for the entrant can deter de-industrialization. If the government
subsidizes the entrants in the intermediate goods market for the setup cost, then
the number of firms producing specialized parts increases. Making a grant is a
most simple prescription for the Dutch disease.
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Management of semi-natural ecosystems, which have been exposed to differ-
ent complex pollution, as well as remediation of former industrial sites, contami-
nated with radionuclides, heavy metals or organic compounds are of major con-
cern in several European countries. For example, uranium mining and milling,
phosphate processing or coal mining resulted in the high accumulation of ra-
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dionuclides and/or heavy metals in soil surface layers of the surrounding envi-
ronment. Contamination also resulted from accidents at nuclear power plants and
nuclear weapon tests.

Soil pollution is a serious environmental problem, not only in the highly in-
dustrialized western countries but also in developing countries. Contaminated
sites may cause severe risks to humans and ecosystems. The extent and the char-
acteristics of polluted sites vary widely. In almost in every collective farm in
these territories, there was a storehouse where large amounts of pesticides were
stored, including persistent organochlorine pesticides. A polluted zone is usually
located around each storehouse that depends on the mass of pesticides stored in
the storehouse. During many years of work solutions of pesticides were repack-
aged, reloaded and prepared near these storehouses. As a result of a long period
of unmonitored exploitation of pesticides, these storehouses and also former agri-
cultural aviation airfields had a high possibility of becoming polluted with persis-
tent pesticides in the quantity which greatly exceed maximal concentration limits
for soil.

A substantial portion of polluted sites consists of large areas where the sur-
face soil is more or less diffusely polluted with pesticides. These pesticides are
often highly stable organic pollutants and are not easily biodegraded in nature.

Environmental pollution of soil with radionuclides after of the Chernobyl ac-
cident and with obsolete pesticides from abandoned pesticide storage warehouses
are some of the greatest ecological problems for Ukraine. Radionuclide pollution
covers a large area of Ukraine including Chernigov, Kiev, Zhitomir, Rivne and
Volyn regions. In many Ukrainian regions, abandoned warehouses store large
quantities of pesticides, including many organochlorine pesticides. These pesti-
cides are classified as persistent organic pollutants or POPs.

Phytoremediation is the name given to a set of technologies for remediation
that use different plants as containment, destruction, or an extraction pollutant
from soil or natural water. Soil pollution is a problem that stands before European
community, as well as before entire world. Among the wide range of pollutants,
persistent organic pollutants (POPs) are of particular concern due to their ex-
tremely harmful effects on human health. Not only polluted area causes this dan-
ger; transfer of toxicants in food chains after crop pollution and migration of pol-
lutants to the adjacent environment are of even more concern. Thereby, remedia-
tion of polluted soil has to be a priority task of our society (Schwitzguébel at al.,
2009; Mench at al., 2010).

Almost every settlement in Latvia and Ukraine had storehouses where large
quantities of pesticides were stored, including POPs –organochlorine pesticides:
DDT, HCH, aldrin, dieldrin etc., a total of 12 names – so-called “dirty dozen”.
(Stockholm Convention, 2001). The polluted zone is usually situated around
every storehouse and depends on the mass of pesticides that were stored in the
storehouse. As the result of the long-term non-controlled exploitation of pesti-
cides, these storehouses, as well as abandoned agriculture airfields were polluted
with persistent pesticides in concentrations that greatly exceed maximum concen-
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tration levels for soil. Remediation of polluted soil is a complex task. To preserve
agricultural fields, it is highly desirable to use resource-saving approaches that
decrease the risk of soil degradation. World’s scientists had studied different
methods of remediation of polluted soils. In-situ and ex-situ methods of polluted
soil remediation were developed. Well-known methods of soil remediation can be
classified in a next way: methods, based on upper soil removal using scrapers;
methods that base on stabilization of pollutants in some polluted area; transfer of
pollutants to more deep soil layers using washing; methods, based on selective
pollutants removal; removal of soil with the followed by washing; bioremediation
methods with the help of microorganisms; phytoremediation methods, based on
usage of plants for soil stabilization (phytostabilization), pollutants extraction
(phytoextraction), degradation of toxic organic compounds (phytodegradation).
Phytoremediation methods are alternative to traditional physicochemical meth-
ods, despite relevantly long period needed to achieve the final goal. Therefore
today evaluation of all advantages and disadvantages of phytoremediation meth-
ods require further research. (Schwitzguébel, 2015).
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In September 2000, the UN issued the Millennium Declaration, in which
the assembled rich and poor countries pledged to cut extreme poverty in half
and reduce child mortality by two-thirds within next 15 years. After consulta-
tions among international agencies, the UN launched the Millennium Devel-
opment Goals (MDGs) as a road map for implementing the Millennium Decla-
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ration. In the 1990s, the World Bank and others reoriented their aid policy by
shifting the goal of its development strategy from “growth promotion” to “pov-
erty reduction.” The enhanced Heavily Indebted Poor Countries (HIPC) Initia-
tive introduced in 1999 is linked with poverty reduction. It aimed to reduce the
external debt of the world’s poorest countries to “sustainable levels” and com-
mitted to providing faster, broader, and deeper debt relief. This would be deliv-
ered to countries once they have demonstrated an effective way to reduce pov-
erty. This shift in focus does not mean that a “growth promotion” strategy is
irrelevant. There were some debates on whether the “trickle down” approach to
poverty reduction could be accepted. Dollar and Kraay (2002), and Moster and
Ichida (2001) argue that economic growth is closely associated with poverty
reduction using cross-country analysis. While the degree to which two variables
are linked varies among studies, there is consensus that growth is a key factor
for poverty reduction. Examining the linkage between aid and growth is indis-
pensable for grasping the effect of aid, e.g., the enhanced HIPC Initiative on
poverty reduction. In recent years, several econometric studies on the impact of
aid on growth tackle aspects of this controversy. The aid-growth puzzle is: Why
is it so hard to find a robust effect of aid on the growth of aid recipient coun-
tries? Ranjan and Subramanian (2005) find little evidence of a robust positive
effect of aid on growth after correcting for the endogeneity bias. On the other
side, as we report below, there is little evidence of a positive impact of aid on
poverty reduction even if we use the rigorous econometric manner such as in
Ranjan and Subramanian (2005).

Section 2 gives a brief account of how to define and measure poverty in our
model. Section 3 presents our empirical estimates derived from cross-sectional
and panel data on the linkage between foreign aid and poverty reduction. We
also examine the effects of policies and quality of institution on poverty reduc-
tion. The final section has some conclusions.

World Bank (2005) reports that most countries in Sub-Saharan Africa are
not on track to achieve the poverty goal, namely reducing by half the propor-
tion  of  people  living  on  less  than  $  1  per  day.  It  also  estimates  that  “Sub-
Saharan Africa would have to achieve average annual GDP growth of around 7
percent over next decade” to achieve its poverty goal.2 There is a large litera-
ture on the relation among between growth, aid and poverty. Before briefly
estimating it, let us make clearer what poverty is.

World Bank (2000) defines poverty as “encompassing not only material
deprivation (measured by an appropriate concept of income or consumption)

2 Suppose that population growth rate is 2 percent, the growth rate of GDP per capita is 5 percent. As
shown in section 3, Sub-Saharan Africa has to achieve average annual GDP per capita growth of around 8
percent to meet the poverty goal.
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but also low achievements in education and health.”3 This view of poverty is
primarily based on Sen (1999) where he recognizes capability deprivation as a
better measure of poverty than low income. Though attractive conceptually, it
is not easy to convert poverty defined above into explicit index and relate it to
action and policy needed to reduce poverty. For instance, the United Nations
human development index (HDI) is a composite index that measures a coun-
try’s average achievements in three basic aspects of human development: lon-
gevity (life expectancy at birth), knowledge (a combination of the adult literacy
rate and the combined primary, secondary, and tertiary gross enrolment ratio),
and the standard of living (GDP per capita (PPP US$)). This index embodies
the idea of Sen (1999), although it has been criticized for not reflecting political
participation or gender inequalities and for having arbitrary component
weights. Krueger (2005) criticizes the arbitrariness of setting the line for ex-
treme poverty at less than $ 1 per day. He also points out several problems in
using indexes of “purchasing power parity.”4 Deaton (1997) suggests consump-
tion data rather than income data should be utilized in poverty analysis because
of measurement errors problem.

In order to examine the effect of development aid, policy, and the HIPC Ini-
tiative on poverty reduction, we selected 1) life expectancy, 2) primary school
enrollment, 3) infant mortality, and 4) headcount poverty index (the proportion
of people living on less than $ 1 per day). These variables reflect to some de-
gree the World Bank’s broader definition referred to above.

The next section will analyze the direct effect of aid on poverty reduction
using disaggregated aid along the lines of Clemens, et al. (2004). We disaggre-
gate aid in five ways: 1) net ODA, 2) humanitarian aid, 3) short-impact aid, 4)
long-impact aid, and 5) multilateral aid.5

We employ the similar model with Moster and Ichida (2001) to examine
the effect of aid on poverty reduction:

ctctcctct XtAidyPI 3210             (1)
where c and t index countries and time, respectively, PIct is the logarithm of

poverty index [(1) life expectancy, (2) infant mortality, (3) primary school en-
rollment, (4) headcount], yct is the logarithm of per capita real income, Aid is
aid  flow  per  GDP,  and  Xct is a set of additional control variables, ct is error

3 World Bank (2000) points out the important three terms, “promoting opportunity,” “facilitating the
empowerment,” and “enhancing security” are keys to reducing poverty defined above.
4 Deaton (2001) suggests that purchasing power parity is not reliable measure of international differences
in real income.
5 Our aid data are from International Development Statistics CD (OECD: DAC). Our classification of aid
is broader than Clements, et al. (2004). See the Appendix II for our classification. Appendix I - in are
omitted here because of limitation of space. See the online paper for them ://www.
eb.kobegakuin.ac.jp/~ntohru/poverty.pdf).
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term. The control variables include the familiar ones in the literature on the
relation between aid and growth; inflation, openness index, budget balance,
policy index, institutional quality, financial depth, landlocked dummy, civil
conflict dummy, tropics dummy, and East Asia dummy.6 The results are shown
in Tables 1 to 4. We do the exercise in both ways; two stage least squares
(2SLS) and general moment method (GMM). Details for instrumental variables
are shown in the next subsection.

When we test the relation between aid and poverty reduction, we face the
same problem of endogeneity bias that arises in testing between aid and growth.
We instrument for aid using two kinds of variables set to correct endogeneity
bias. On the one hand, we take the same instrument variables as in Hansen and
Tarp (2001). That is, policyt-1, policy2

t-1, policy×ln(population), policy×aidt-1,
policy×aid2

t-1 aidt-1, and aid2
t-1. On the other hand, we take the instruments used

in Raj an and Subramanian (2005) to check our results (with Hansen and Tarp’s
instruments) on the relation between aid and poverty reduction. These are de-
rived as:

rt

drtdtdtd

GDP
AGDP

rtA å=
q̂ˆ                                      (2)

where d and r stand for the donor and the recipient country respectively,
GDPdt is the GDP of the donor in year t, Adt is the aid to GDP ratio for that do-
nor in that year, and q̂ drt is the predicted share of the donor’s aid allocated to
the recipient in year t.7

The results are presented in Tables 1 to 4.8 Table 1 shows the determinants
of life expectancy. Per capita income has a strong significance, and estimated
income elasticity of life expectancy is about 0.17. Its estimate is larger than
derived by Moster and Ichida (2001), 0,089. Only humanitarian aid has a sig-
nificant and positive coefficient in both 2SLS and GMM results. However, ap-
plying the instrumental variable suggested in the former subsection, Ârt, the
coefficient becomes insignificant in case of 2SLS (0,002 with a robust standard
error of 0,006).9 The openness index and financial depth have positive and sig-

6 Policy index is a regression-weighted average of inflation, openness (Sachs and Warner (1995)),
and budget balance described in Burnside and Dollar (2000).
7 To derive Ârt, Rajan and Subramanian (2005) use Âdt, the predicted value of Adt, calculated using the
regressors, overall fiscal balance as a share of GDP, and the unemployment rate in order to correct “any
bias from politically-motivated aid.”
8 Tables 1 - 4 are omitted here because of limitation of space. See the online paper for them
(http://www.eb.kobegakuin.ac.jp/~ntohru/poverty.pdf).
9 Results by instrumental variable, Ârt, are available from the authors up request. We report the cases
where Hansen’s J statistic cannot reject exogeneity of the instrumental variable on the 95 percent signifi-
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nificant coefficients, but the coefficients on the HIPC dummy and other vari-
ables are not significantly different from zero.

In Table 2, we present estimates for the equation on primary school enroll-
ment. We find significant and positive coefficients on per capita income. The
estimated income elasticity of primary school enrollment is about 0,25, smaller
than Moster and Ichida’s (2001) estimate, 0,32. Only short-impact aid has a
positive and significant impact and only in the case of GMM. Using the instru-
mental variable Ârt, we find that the coefficient becomes insignificant (0,012
with a robust standard error of 0,022). Although the aid for education belongs
to long-impact aid, coefficients of long-impact aid are both negative and statis-
tically insignificant.10 The openness index has a significant coefficient, but the
coefficient of financial depth is not significantly different from zero. The coef-
ficients of the ratio of budget balance to GDP are significant only in the case of
GMM. While a rise in population growth leads to an increase in primary school
enrollment, the landlocked dummy has a negative and significant impact.

Table 3 provides the results using infant mortality as the poverty index. The
estimated income elasticity of infant mortality is about -0.34, almost the same
as Moster and Ichida (2001) found. Long-impact aid has a significant impact on
infant mortality in both sets of results. This is a highly plausible result.11 The
coefficients on budget balance, quality of institutions, financial depth, urbaniza-
tion and East Asian dummy have the expected signs and significance.

The results for final poverty index, headcount poverty are reported in Table
4. The estimated income elasticity of headcount is about – 0.6 and significant at
the 1 percent level. Net ODA and short-impact aid lead to a significant reduc-
tion in headcount poverty. The coefficient of short-impact aid using 2SLS is not
significantly different from zero. Moreover, financial depth, urbanization, and
the HIPC dummy (population growth, landlocked dummy) lead to a statistically
significant reduction (increase) in headcount poverty.

We also examine Burnside and Dollar’s (2000) claim that aid works better in
countries with good policy. We put the variable, i.e., policy variable x aid into
equation (1), and estimated its impact. Only in the case of primary school enroll-
ment does the variable have the expected significant sign.12

Despite our efforts to define poverty in several ways and to disaggregate aid
flows we find that the impacts of aid on poverty reduction are fragile and weak
statistically. It is noteworthy that the multilateral aid has no impact on poverty

cance level or higher.
10 Aid for education corresponds to long-impact aid (social infrastructure and services). See Appendix II.
11 Aid for health corresponds to long-impact aid (social infrastructure and services). See Appendix II.
12We also examined the impact of the aid-policy interaction using several policy variables such as: 1)
Burnside and Dollar’s (2000) policy variable, 2) Sachs and Warner’s (1995) openness index, and 3) the
quality of institution. These were unsuccessful and were omitted from the results.
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reduction in all cases. Our sample period is from 1970 to 2001. From the begin-
ning, the donor countries did not take the priority on poverty reduction as a strat-
egy for aid. Moreover, there are some debates over whether aid was effective in
promoting economic growth in the recipient countries, as indicated in our survey
on aid and growth. Masud and Yontcheva (2005) shows that official development
aid tends to reduce recipient governments efforts, say public social sector expen-
ditures, for promoting development. They also find that official development aid
is not more effective than NGO aid in reducing infant mortality. What are the
implications for the HIPC Initiative which aims at poverty reduction? We find
that the HIPC dummy has the significant effect on only headcount poverty. It
might be too short to detect the effect of the HIPC Initiative on reducing poverty
because the HIPC Initiative launched only in the second half of the 1990s. The
freed-up funds by way of its debt relief will be disbursed for the poor, say, health
and education expenditures and expenditures on social safety nets. Hence, the
HIPC Initiative might have a stronger effect over time and affect the specific
poverty area in each HIPCs. If so, the cross-country analysis will not be suitable
for specific poverty indexes (life expectancy, education, and infant mortality) but
for macroeconomic data such as headcount poverty.

In this paper, we have investigated several questions regarding the impact of
foreign aid on poverty reduction using a panel of 49 countries data and eight four-
year time periods from 1970 – 73 until 1998 – 2001. We find that aid has not had
a robust and significant impact on several poverty indexes regardless of the de-
composition of aid. As critics of aid have argued, there are numerous reasons
why aid does not work: aid is 1) misallocated, 2) misused, and 3) recipients have
a lack of absorptive capacity. When aid is not used effectively due to administra-
tive bottlenecks and corruption in the recipient country, aid through NGOs and
private bodies such as Global Fund to Fight Aids, Tuberculosis and Malaria
might be more productive.13

Finally, we examined the effect of the HIPC Initiative on poverty reduction.
We find that the HIPC dummy has the significant effect on only headcount pov-
erty. We would have examined the effect of the HIPC Initiative precisely if data
were available on public social expenditure (for education, health, and so on).
This is our future work.
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лин. Відтак, вважається, що залежно від попиту та споживацьких потреб
прилеглих до засадженої ділянки лікарськими рослинами довколишніх
населених пунктів кількість господарств, які займаються культивацією
збільшується або ж навпаки зменшується. Таким чином, Україна, яка по-
сідає 7 місце в Європі та 2 місце серед пострадянських країн за густотою
населення, має неабиякі шанси наздогнати Китай у сфері культивації та
переробки лікарських рослин, а також передбачається неабиякий попит на
сировину на внутрішньому ринку.

В даному дослідженні було здійснено огляд ситуації з вирощування
лікарських рослин в Японії, а також проаналізовано бізнес-перспективи
культивації та переробки лікарських рослин в Україні. Звісно, в процесі
реалізації цього бізнес-плану передбачаються певні труднощі, проте це
буде неабияким кроком вперед до подальшого плідного розвитку японсь-
ко-українських партнерських відносин.
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Реформування агропромислового комплексу України призвело до не-
гативних змін у тваринництві. Масове скорочення поголів’я сільськогос-
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THE STRATEGY OF FANUC'S ROBOT BUSINESS CASE STUDY OF
PLATFORM LEADERSHIP STRATEGY

The capital goods industry is the key to innovation. This is because
technological innovation has been codified in the machine tool industry. The
machine tool industry has also continued to innovate, and small- and medium-
sized enterprises have continued to survive with the spread of the Numerical
Controller  (NC),  which  will  enable  companies  to  have  their  own  machining
technology. In addition to domestic companies, this has expanded machine tool
companies in Taiwan, South Korea, and China. In 2009, Japan slipped as the
world’s largest machine tool manufacturer, after maintaining this status for 27
consecutive years. On the other hand, as large companies can be difficult to
differentiate, a movement exists for the NC device’s unique internal
development.

In case studies of IT companies in the United States, Gawer and Cusumano
(2002) presented a “Platform Leadership Strategy,” and Iansiti and Levien
(2004) proposed their “keystone strategy.” Hayashi (2014) analyzed the
machine tool industry using these frameworks, and from this perspective,
considered FANUC, one of the world’s top NC device companies, as the
“keystone,” and it applied to the machine tool industry as an “ecosystem.” The
Platform Leadership Strategy has until recently been primarily adapted in the
IT and retail industries. However, Hayashi (2014) considered that this strategy
can adapt to the manufacturing industry, and from that perspective, the
FANUC’s strategy was analyzed in 4 lever.

This paper, based on these analyses, will extend this to the robot industry.
As a result, FANUC used to maintain customers’ diversity, is beneficial in the
maintenance of the capital goods industry’s ecosystem, which this paper will
prove.
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FANUC is a company that represents Japan. Its sales in FY2015 have
approximated 623 billion yen, operating income is 215 billion yen, and its
operating profit margin approximates 35%. At the end of May 2016, FANUC’s
market capitalization is approximately 3.4 trillion yen, or twenty-second place
among all Japanese companies; when limited by manufacturer, FANUC is the
eighth, following Toyota, Honda, Nissan, Keyence, Canon, Sony, and Denso.

FANUC is a leading manufacturer of NC equipment and industrial robots.
The machine tool’s key component is the NC device, and particularly a device
for controlling the tool’s position and feed rate. FANUC has supplied for the
customer  one  NC  unit  and  an  average  of  five  servo  motor  sets,  as  the  NC
device moves the servo motor. At the end of 2015, FANUC has cumulatively
produced 16 million servo motor units, and 3.45 million NC device units. The
FA, Factory Automation department represents the NC device’s sales, and the
FY2015 sales ratio is 27%.

 FANUC’s  NC  device  share  is  the  best  worldwide,  and  while  there  is  no
exact  number,  there  is  a  share  of  the  exhibition  in  each  country.  FANUC’s
share in Japan is 55%, the United States is 59%, and Europe is 44%. FANUC’s
share of the exhibition in China is on average slightly less than 50%.

FANUC is the world’s top manufacturing company for robots that use NC
devices. A normal articulated robot uses a single NC unit, and six servo motors.
FANUC and Yaskawa Electric Corporation are the only leading companies that
provide in-house production of the robots’ servo motor; FANUC’s FY2015
robot sales ratio is 30%. Additionally, FANUC has also produced other
machines, such as machine tools and injection molding machines, which do not
conflict with its customers. The FY2015 sales ratio for these robomachines is
29%. At the end of 2015, FANUC cumulatively produced 400,000 robot units,
240,000 machine tools, and 50,000 injection molding machines. NCs are
incorporated in these machines; in other words, FANUC’s NCs have been used
in almost all its products.

FANUC’s industrial robot share is the best worldwide. Specifically, market
share in Europe and the United States is high, although market share in Japan is
low because Japanese companies’ customers tend to prefer custom
specifications. Additionally, Japanese companies’ customers are accustomed to
handling the robot; further, large companies, such as Toyota, have
independently decided the robot’s specifications, which are then manufactured.
However, FANUC has sold the only robot that has been standardized for their
specifications. Therefore, Toyota has not adopted the FANUC robot on a full-
scale basis.

Generally, independent system integrators have established industrial
robots for the production lines of small- and medium-sized enterprises. System
integrators have conducted detailed production line design, robot installation,



219

software design, and embedded control software, etc., System integrators
customize the customer.. An independent system integrator consists of
approximately 1,000 companies in China. They must assure the final user of
diversity.

FANUC  is  listening  to  the  needs  of  system  integrators  and  are  making  a
standardized robot, which itself will be produced by a robot. FANUC describes
it as follows: “The automated assembly systems, with a large number of
FANUC  intelligent  ROBOTs,  assemble  other  ROBOTs,  which  go  through  a
continuous running test, and inspection in the testing area.” The ROBOT
Factory has a capacity to produce 5,000 robots in a month. Approximately 30%
of the robots can use the factory assembly process, and currently, the remaining
70%  cannot  produce  only  robots.  On  the  other  hand,  FANUC  robots  are
standardized and approximately 80% of the robot assembly process is
automated. Similarly, the company expects to automate approximately 90% of
this process in 2016. Naturally, FANUC has produced their robots’ NC devices
and servo motors. Owing to standardization, NC devices and robots are
inexpensive, and are less likely to malfunction after the customer’s purchase.

 FANUC announced an alliance with Cisco in 2016. The two companies
will jointly develop a system to prevent issues with industrial robots. They
uploaded the robot’s operation information to a computer, and it analyzed this
information to find signs of failure. If possible, their customers can increase
their equipment’s utilization rate. FANUC equipped a function in 2016 to
collect operational information on the robot’s behalf. This is a benefit for the
customer, and provides an incentive for the system integrator to preserve the
robot. In other words, this is considered as an enhancement to the stability of
the business ecosystem of robot manufacturing. FANUC has previously
adapted an Intel MPU to the NC device. FANUC was Intel’s first mass
production user in 1975, and as a result, NC customers had freedom. Similarly,
the Cisco system’s introduction will offer benefits to customers who use their
robots.

Hayashi (2014) applied the framework of Gawer and Cusumano (2002) to
FANUC’s NC device. This paper also extends this to the robot industry.

1. The firm’s scope: FANUC has produced a standardized robot using its
own robot, and has also manufactured its primary NC device and servo motor
components. FANUC has left the final customer correspondence to machine
tool companies in the NC industry. Similarly, FANUC has left the final
customer correspondence to the system integrators in the robot industry.

2. Product technology: FANUC is listening to the customer’s needs, and are
incorporating standardization as a function. Hayashi (2014) has highlighted that
FANUC’s NC display was to mirror the personal computer’s display, and its
operation method involves the customer’s ability to customize. FANUC also
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normalized the NC device and its robot and, as a result, both their failure rate
and product price are low.

3. Relationships with external complementors: FANUC has adapted the
Intel MPU to the NC device for the first time. FANUC will collaborate with
Cisco  to  develop  an  open  architecture  system  to  prevent  issues  with  the
industrial robot. The maintenance of Customer of the customer; specifically,
the final user performs worldwide, to support the customer.

4. Internal organization: FANUC has placed approximately one-third of its
employees in the development department. It has similarly arranged
approximately one-third of its service organization. FANUC does not provide
much support for particular users. Rather, FANUC has thoroughly promoted
product standardization.

The machine  tool  industry  is  affected  by  the  business  cycle,  as  it  depends
on customers’ capital investment. Additionally, fixed costs are substantial, as
small machine tool companies develop the NC’s software. Globalization
involves larger fixed costs for maintenance systems and user education.
However, by adopting FANUC’s NC, companies can reduce fixed costs, and it
will be possible for them to export their products.

Finished
product

Parts

Various processing

FANUC

Machine Tools
Companies

Finished product
Companies

General Product Pyramid
User Relationship as
seen from FANUC

Fig. 1. User relationship from FANUC’s perspective

Additionally, South Korean and Taiwanese machine tool companies are
expanding their sales. These are in the field, and competing less with Japan’s
small- and medium-sized machine tool companies. Japan’s leading companies
have produced a machine that can undertake a variety of general-purpose
processing tasks, but these machines are a part of the processing and can be
inexpensive. From FANUC’s perspective, Korean and Taiwanese companies
have pioneered a new-end customer. Originally, Japan’s machine tool
companies have focused on the development of low-price products in focused
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functionality for the small- and medium-sized processing industry. FANUC has
prompted the development of a new niche machine for the entire industry,
involving the maintenance of diversity in both companies and technology.
FANUC’s perspective is that, the user, or specifically, a machine tool company,
broadens end use.

FANUC can develop using the NC module without being bound to the trend
of end users’ needs, as they have built superiority as an industry. FANUC has the
world’s top market share in robotics. However, due to strong customer needs,
FANUC has a low market share in Japan, but due to high versatility, FANUC has
a high market share abroad. This high market share has also been evaluated in the
global after-sales service system, as western companies tend to capture after-sales
service and business. As FANUC has established a global service organization, its
customers’ companies can sell their products overseas. Specifically, FANUC’s
after-sales service involves maintaining user’s ecosystem. Consequently, FANUC
has achieved a maximum benefit from market expansion, making it possible to
verify the current situation, in which it is possible to create a niche ecosystem with
structural stability and robust maintenance.
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