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REMODELLING AND REP AIR WORK OF THE 

JAPANESE ANTARCTIC RESEARCH SHIP SOYA 

Yoichiro TOKUNAGA* 

Abstract 

The M. S. SOYA, formerly a lighthouse sup­

ply vessel belonging to the Maritime Safety 

Agency of the Jai:;anese Government, was 

remodelled as an Antarctic research ship in 

1956. 

After the 1 st Antarctic voyage in which 

the Japanese Antarctic Research Expedition 

established the Syowa Base in Ongul Island, 

her cargo capacity was increased by 25% 

and her thrust horsepower by 20% over that 

of the previous year. 

During the 2nd Antarctic voyage the 

M. S. SoY A could not approach the Syowa 

Base due to thick ice. One of her propeller 

blades was broken and the rudder stock was, 

twisted during this voyage. Therefore, 

aerial transportation by two large helicop­

ters was employed in subsequent expeditions. 

In 1958 the M. S. SOYA was fitted with a 

flight deck for Sikorsky 58 helicopters and 

gasoline storage tanks with necessary appa­

ratuses. 

During the fourth remodelling work in 

1959, a lifting boom was furnished for the· 

S-58's on the stern derrick post. The spec-­

tacle frame was heavily damaged and the 

screw shaft was bent during the fourth 

Antarctic expedition. Repair work was car-­

ried out in 196 0 and 1961. 
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Table 1. Schedule of remodelling work. 
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:mimlliii�tJJ::v:. t "'.) -c ":P < t::..'?56, i:f:rF�i![rtJO)fre� 40 mm :It L, i:f:rF�i![rtiijt t �ff Lt::... 

2) �1J(Jlv'i:fr--c·vi, M1fjjtO)-m��r��fit.JiltJ, < -t 0 �,�iJ�As "'.) t::.. .. -rO)t::..'?56::±:�mt 

v:. vi±�#tfMJWtna ;r-Y 7
°
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-5:Ev:.f*d:n 0 J: :"J v:., :tr:titt-tn.f nv:. oi.:rr. O)j!MJWfmi ;r-:,, 7
°

iJ, G�mi Lffl 01J:t:�1* 0 

t::... fiiP7}d#J7J<;r-:,17
°
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4) ffi 1 *.JlmWO) c � rAi�v:. tJ:. 0 t::..tjHi���-t 0 t::..'?56, F R32 J: IJ 75 O)r�v:.J=rJ'ttt 

4 f@ J: 1J � 0 � � 0. 3 m 0) 1::· 1v::, =t- -1v��filt L, 7J(v:. � 0 c �a!J-t 0 J: :"J t&� � 8 mm 

c Lt::... ;: ;hv:. J: "'.) -C, WH!fiFJvi 1 *.O) c � 0) 60% v:.�f 0 Ji�.l,t.i}�"'.)\, ,f::... 
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Table 2. Principal items. 
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Table 3. Transport results of the Antarctic Research Ship SoY'.4.. 

1 � 1 �  2 iJ( m 3 iJ( � 4 iJ( 

I 
1956$11 � 8 B 
1957$ 4 � 24 6 

1957$10 � 21 a 
1958il': 4 � 28 B 

1958$11� 12  B 
1959$ 4 � 13 8  

1959$10 � 31 8 
1960$ 4 � 23 8 

I 168 B 1 190 a 153 8 176 B 

1382. 728 m 3 1741. 13 m3 1533. 54 m3 1533. 54 m3 

193. 565 m3 (21. 000 t ) 84. 172 m3 

71. 817 m 3 

110. 600 m3 (62. 099 t ) 262. 362 m3 

213. 445 m3 

293. 435 m3 (91. 649 t ) 153. 000 m3 

126. 716 m3 

14. 225 m3 (5. 280 t ) 6. 631 m3 

13. 387 m3 

245. 675 m3 
(32. 491 t )  132. 159 m 3 
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79. 960 m3 (12. 043 t ) 71 .  505 m3 

· 57 734 m3 .. ::: - · - · .. 
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m3 r=:.J:i'u L t: . � 1 :JZ O)  c � 2 �c· 67 m3 O)�fjtc·ct> --:d--=: ,t�/flHt, - 18 "C 0)1�v:lrn\i. 2 

�'ia::' '2i'D' 5 �1 c tJ:: IJ ,  c. O)y'f- vuh�:\ L ,��!]µ.'ia::'t9:vtt--=: O) c·, ���O)�flvt 169 m3 (IYJ 

�U*Jj!J) c tJ:: 0 ts.: .  <ifJR.vt 7. 5 .�jJ 3 "EJ' O)y'f- vc 30 .�7J 2 "EJ''ia::':Li;tft� L ts.: . 

7) WJUfl!J I� JfiJ· tl: l�J t :l& ::f� 4 }.J&f 'ia::' § t:WJ c L -c 1K lilli � WI 'ia::' {=f tJ:: 0 t--=: . 

8) ��FrlffJl!ifl1J�'.f c '¥1�/Jf1;U6UJ!IJ3Ht�ll: � :h, '.iltJrJJ1J5E� c 1t-iJ¥¥:WJi!t01rn;.f;o��Q:vt G :ht--=: . 

�- �����tt0) 2 mtJ�*m•�mma'ia::'ffl* L, c. O)UK 5 mtJ O)�*m•�mm 

a'ia::'mt9'. L ts.: . �f)}WifJUULl :}; J: rYtitiftJlJJtifiJ. O) t--=: cl)  10, 000 m O)fi1�1fi} f�HHW?lliliA1�'ia::' 'J r -

9) tt 1TI!J 0) 1K 0) :IA m, 'ia::' 11t r/,fZ, -t �d--=: cl_) , 5l � 0) iY'. 7t ri1H.SL: � 0) �E :Wi 0) Yi-vc, 1 KW 30 cm 

�!KHI 2 1tru c 500 W iY'.7t:rig: 8 1@ 'ia::':lt1�� L ts.: . 

10) 1K ifiJ JlJM=r rN t *itffi :mr,p. '§ c �it - rl Jl!JI ¥L *it� riu tt}� illrnIH'i!Ji £'fl c 0) 11�9 0) ill mi'r 'ia::' ?1£; vc 

-t 6 �,�;o� ci:) 6 O) c·, 1\s/1�-M-'ia::'lr� Lt-.: .  

11) �tJ �t.Iz vct{ti:-t 6 JlJ1c�a;o\ -c 7, r a  J: IJ -5(:f;J�'l 0) i:::· - ,, ::: -a c tJ:: 0 ts.: t-.:cl), FirJ t�1 

'ia::'F5�{:r' l) ,:; !7 ;t; 7, r c L,  }jj}� O)  c � 7 7 r lJ - -1- 'ia::'3t:7t c :h 0 J: '5 vc L k. 

12) 3Efi·a1:HJJ O):J:ilu::fcr-o 1 rffdl*J�mmtJ7GJ:EO) t-.:ci) 15 KVA mrw�mt�ma 1 �� 

13) i=ittftfjf:fFJrl Ht 7
° 

i=z ""' 5  -ttHrfm v::. :}; 1,, , -C 0. 3 mm rtl3 ;o� 0 -C \i '  6 c c iJ� illl iJ� 1J �:11:-c· 

BJ:J G iJ ,  c tJ:: 0 t-.: O)c·�� L t::_ .  

14) � 1 :JZ O)  t � �9:vttJ:: iJ , 0 t::_•M��fl i::r 'ia::' "" 1J :::z 7' !J -f)3ifJJ!fl'.O)t�fHIB v=-�v-r, c c.  vc 

ct> 0 k���'ia::'i:itttt�K3� L -c��'ia::'�vt, i ts.:, ���wmm'A�m•'ia::'�vt -c ,  

�*J1J1c�� O)��� O) •m�ffi'ia::'� 0 t--= . 

15) *&i''AiffiJOO,**iE'ia::'�ci) -Cf;a''AlD�'a::' 30% :J:ti L, i t::_,  f�l:'Aiffima 7. 5 .fi�7J 'ia::'lr�1 L 

-C , ����� $ffi�, ���:}; J: Uiffi�O)��iffi]OO,O)��'ia::'fi� 0 k, i k, W��� 

-ttyfC Jv - A !l - 7 - 2 "EJ''ia::'�fmf L ts.:.  

2-2-2. � 2 :JZl?f:ffiAA�fEl!JtJ�ifll1t 

I*{� J a 1957 if. 12 }I 31 B J: I) 1958 if. 2 }1 17 B 'i: c·Wf¥1KvcM �-- � :h -C i�w Lt� 

1*., fl tJ --C·fu1 /:H L t-:.. iJ;, 1958 ff. 2 J=.I 1 B tc:tt 7
° 

i=z � 5 4 fiO) 25 t:i 1 �iJ\iN5f:lli: < iJ, G 

:Jfrtfil L ts.: (Photo. 5) . c O) fs.:: ob�'ffi'ffiYW'ia::'� C, %} I) O)f!vtifrJ.--C·vt±.�'ffi PFJ@ll��'ia::' 180 

l I) 145 v-:.}f, Lt-:.. .  'i: ts.: , c. 0)1·:�(J}Jrcp vcJittfM�:zr:� 10 )Jt'. 35 :B-tR:ht-.: . td·-o , :zr:ttr!:t 

��£ ,,::: 1v :,/ 5"1-t/Hu J: urJJ ff�R:fJ 'i'l· �itlz��=- 4 fl:JJ,fJ· , t:,, §vc bt--=: 0 -c Yi-tlz 0) 1��1 7-. ,  BJJ ' i'J ·O)v.Jltfr > 
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JtfJ'/ij· c *vf:iitt c coW�COtf�tL �� Lt::.. . 

mHsfffiir:tt F R 128-132 co5i-t& (25 mm) 7J;�f,,�J:.: 3. 7 m  coffijrJr-c, R:JJ 'r!- c #K.t� 

10-20 mm QD J\ L -c � 1? ,  F R 129 c F R 130 coRM&7J�M:15v::. t'9 50 mm �A_, ·-c-1, , t::.. . 

1::·· 1v ::;, 4- - 1v vi 1i:wtv:::. :t� 1, ,  -C;tiHi·R� r=. :f�:s1. ·-:d:..7J;,  1J(mfwtfrco t::.. oo,  Photo. 6 co J:: 5 v=. 

jµjjfttt 8 1'1�$1J;J:.::15v=.:tfrtL cti1 7J� 1? ,  ttJIDi 1J;:illiil-!1J -C·t6 0 t::.. ;:. c �lK L t::.. . 7- � � � � 1v 7 v 

- A �11f1'A�� L t:.. ro�t �&lln] CO�ffiv=. fit �  150 mm, t� � 15 mm coi�n{� 2 {l � vt L 

c,6 ffi � � C0 {� �9£Jl L t::.. 7J;, ./. - 7J - CO�Jl -c· vi,  Jf!l i�li-fHa: COtf�tL -C' 26 0 -C �ltv=-��t£ 

1, ,  t co ;:.  t -c·t6 0 t::.. . Rr:/-f±'l± v=. "'.) 1, ,  -c vi ,  1i:wt�nJlW1J�ffi'tfil:l-f±!R co�'A:ii�1J�:J'm1=!f: L t::.. vt 

c··�� � tL  -c 1, , f£ \, ,  c 1, , 5 �7J�J0 0 t::.. . 

2-3-1 .  1* 3 :1zgz3fil{��I-

m 1 :1z c m  2 :?T( COin£.®fit7J ,  G '*� J CO ::iJ v:.. J: 0 -C , 1it � v=.;fill\ L 5 0 �Rltvi,  SBfn&jfu 

7J , G t'9 80 11t cot-t!!,�-C·J0 0 c � x.. G tL 0 co -c·, -i- fL J: 1? ::¥i: Ji*ml""' Y ::z 7
°

� - , � ::z iv .7-.  

4- - S -58 2 -�{El!JtJ L -C ,  m{.!&CO § fJW c  L -C  12 iZ; co WUI!li�ffe't� l Cl' 30 t co:mttm �ffftr 

*-t' 0 ;:_ t v=- :15ili-l-7J�JEOO G nt::.. .  � � C0�7J(.fdCO::l'f-t 0 - y ::z 7
° 

� - vi,  S 55 tJT-C·J0. 

0 -c ,  s 58 co J:: 5 v=-*ml �ti� L t.:.1�Jvt t£ 1, , .  

1) m 2 * i -c· co- y ::z 7
° 

� - 1:j3;J:jvi -" IV 47 G -2 mlv=-M L�t® � ht:.. t CO -C'26 0 -c� 

ffe: � 21. 5 m, Jft7($j 12. 8 m  CO * l:j3 ;j:j-cJ0 0 t:.. . S -58 C0 P - � - CO TI[f.£vi 16. 8 m . c 

t£ 0 co -c·, vf* co ""' v ::z 7
° 

� - 1:j'! ;J:Jz -c· a l=j=l;J:&miffi7J�l°'JE-t 0 J::., :M5mi*J$ c 1itf1J;�*1 co� 

�H&J c f£ 0 .  -i- ;:. -c·, t�� l=j=l ;j:lz�1i:15v=-�fit L -C,  ffe: � 23 m, �*$i 17  m CO -"' Y ::z 7
° 

� - 1:j=l f&��vt,  -t- co5i- f.ITJ v=- $i 1. 5 m co�{fiJ:i:\J.IH!:LW1��vtt:.. .  l:j'!flzv=. fiiz'.�tJ c L -c 

DEX-0-TEX 16 mm �:tJi!i L t::.. .  i t:.. ,  1i :Mli�f)1ff§!{IJIH:.. 6 m  �iJJ L�*i*JµJ[�ffit:!:, 3 :ffi: 

4 =m:co sJszM��Jitt1JlU v=- � �  L t::.. . 4 � cosJszM�v=- !m  i nt::.. i'lfM� l=j=!flz co f:/=l�fffi v:::. , s -58 2 

-���K� � '  �m �7f- L -Cffftr*HJ�� CO J:.:Kffi. L, l=j=l �K-� L -C �SCO i i ffftr� 

-t 0 ;:. c v=. f £ 0 t::.. .  

2) m 1 :1z, m 2 :1z-C· vi ,  -" lv }fj CO ;;fi Y  Y :/ 5, 500 ! (:t- � � Y {rffi 91-96) vifd§f n·· y  

Y Y $v=- F 7 A ffiffi.l;.t. c L t:..7J�, S -58 vt:tf'&;fSJ-y/� jtHr�:7J;7( � < ,  rJr�:fffHi 60, 000 l (:t- .7 

� :/ {rffi 115-145) c f£ 0 t::.. t::.. oo, *frmit!!§� c mJ:0itlf ll: COJi!.Jf£7J , G , F 7 A ffiffi.l;.t. ��� L 

-c ,  �ffi 35 m3 co � :,,- �  2 1'1 �*1mff�v=- I&  1? #vt, *��fU'itIC0:155:R:v=- {� 0 -c,  � :,,- � OJ 

f:/=1 -C· vHf:rJ 7.K CO J::. v=. ;Ii Y Y Y � i'!/-7J '  L, ifHJt � tL t::.. jf Y Y :/ CO ::·Tu: t � vf jflnm} fd :fit l:j3 f& CO mJ 7.K £ 

h � :,,- � 7J ,  G 1f!J7}(1J�tm*€;- � tL 0 J: 5 v:::. L t::.. .  � :/ � �&l cot::.. oo, 1*-fd� COMfffi c ±ttf-4 
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�$*.I;{MJv:t;f$mt i t-.: vtQZ� � n, �1.K0)�� 0 7"f-f.lzO)tJl{Jjii�, mrm ?" / !J � J: U*5'mi 
in::. :zsuit.t 1, ,  J: 5 ,  ?" / !J O)S�J�ni:t�r�.:. -m�-t 0 c �v=-, ?" / !J �FJT 2:: ji '} 1) / ;f- / 7° 

-�vUi ji 'J  1J :/ mmtt O)�ir, �® 77·· 7-- �� �5.6� 5 0 J: 5 v:. L, ?" :/ !l �FJTO)ff�v=- vt� 

miH�*.� O)�ir, tlJ.kv=. J: IJ �O)i/la.11'.�rvf 0 iN2��rrt.t -? t-:. i t-:, m I fJJilgv=. vt, 

rf��ta.;*.�IHIH�ii:��vt t-: .  77·· 'J 1J / vi 77·· '/ 1J / ;P- / 7°� 0)�mfJ=¥ -\' - ;P- / 7° v=. J: IJ ,  

ictt/� }v "/J::0)7tf)zv:.1& -? --ctt� � nt-:;f$���jm l) ,  fifffi""" 1) ::z 7° ?" - l=j=lffrO)?'-=ji-{t� 
mt�mE--c, """ 1)  ::Z 7° ?<" - v:.*5'mi � tt 0 .  77·· '} 1J :/ ?" :/ !l s's: Flr c 7'J·· 'J 1J y ;f- y 7'�0)�lc 'A 
a, �mfJ5mJOO.mv:. J: I) ,  j]'' '} 1) :/ f$1t� O)�P'Avim'A.:C. "/ I !J ?" - v::. J: 0 t-: .  ji 'J 1) / ?" 
/ !J l*.IOOvi T 7 / J;.1(!{� A�v=-oi!i L --r'  i4U7J,�tH=- J: Q �too 0)3£��1W <-· -= C C L, ji '} 
1) :/ c ¥M7.K!ftW-ffiv=.j$\, ' --C j]'' 'J 1J :/ f*;;flf :DJ:�f§'�-t 0 �cruH�1*m L t-:. 

3) ftrl{I[iJ� §I iJ�;@jJQ � n t-: 0) -e, ���, +'ilTr�, ff/1 �'A*� J: Vz'1:4mW1!mrJ� ��� L 

t-: . �mc�1}Jj( O)�}E�fITT 5 t-: eib, 10 KVA O) �!m3£�m 2 -&�m� Lt� .  

--r' 

!� v=. nt �lfileib tJ: 1, ,  J: 5 v=. L, ;: tt v=. � x L --r * 0) f;} v:. tJ: -? --C@ti�n , G 11t-� -= c � 1W 1, , ts: . 

b. :::tmmr'A ;r- / 7° 0)1I:l.::./±\ {JlU C �7dnU C O)fd'.Jv:.,  /� -1 /� 7, � � �� L, f;lf:�illll.lt�-� 

El"J v=. 35 "C v=-1::1't- � -rt--r, f�/:'A� l*.l v=. 11 -? tdm��x. 2- < -t J: 5 v=. L ,� . 

5) 7° 

p � 7 �#Mvt, m 2 * i --c��-c-25 -? --r, '-6-=fO)#Jt O)�#J-� Jlli,h 6 -=  c ii; -c· 
� tJ: 1, , ;:  c ii�, 1JHIJJ.Rltsl O)---:)-c·25 0 t � x. G tt 0 0) -c·, f1f.w1mtv::.{tm � h --r, � beib--C 
JlltH-tJ: aUJt�l[3(eib--C 1, , 6  !J p A ��v=-�ll! Lt-: .  i t-:, I&# � 1v r O)#Jt t if&� J: IJ 7-- -r  

/ v 7-- �v=-�� Lt-: .  *�26 6 1,  ' vi 7'J -J- ::f 0)�1.Kf110) 7° 

p � 7 �ttii t ,  1�f.t:2Js:mitv=- � b  

ob --c �fW- L t-: t 0) c tJ: 0 --r 1, ,  6 ;: c il�fi v=. tJ: 0 --r fU -? t-: . tci:: i-o, � -tl:tv JJJ1:*jj_ IJ -c· 25 6 .  

X 

XI&f�· 
lT-. JV f' 

--- -

2 iX- � JlW!I KSC49 

3 iX- l� :7 P - A SCS 2 
� j)W!J 

2 iX- Jl� JlW!l,SF 55 

;7. 
7 :/ v ;7. iW!llsus 2 3 ,.X � 2 ff) 

kg/mm 2 
I kg/mm2 

51. 3-53. 9

1

36. 3-39. 0 33-36 1 58. 7-62. 

68. 9-72. 9 46. 0-55. 7 24-26. 6 J 56-63 

57. 8-58. o 1 34. 2-39. 7 28. 0-30. o I -
65. 6-67 .

. 
7 1 44. 8-52. 1 28. 8-3 1 .  2

1
66. 0-69. 

I £1 rt I ffilJ � 
7· ') ;z, Jv) V "" Jv �0 

[ · I kg-m/mm2 

3 j ! 
-

I I 

1 201-207 ! _
6. 4-8. 1 

163 

0 192-197 17. 5-27. 1 
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� k O) �, �-ff � � V � O) ��O)�M�� 0 -C ,  ��* � < L k.  
7) 1.Km.Hwtrrv:::. l 0 -C�HE L t.::.. �· 1v ::, =t- - 1v vi ,  -t�-C� 2 *I:J$:O)a=_1'0)Jf30) t O) v:::.f[ 

ff L t.::.. . 
8) :tr::tt*j1t$ihv:tt!zt1:1 L -c ,  an n� 1? �ft�rrt.i::: 0 t.::..r1r, 7° P "" 7 wt'1S'msr=. io i., , -c , o. 33 

mm aE iJ� 0 -C t., ,f.::_O) "('l[ff Lt.::.. . 

2-3-2. � 3 *m�wtmfim�tJt 
� 3 *vi 1959 i:j:- 1  J=l 14 S J:  1? 2 J=l 3 S i  --c·O) f� v:::.,  S -58 2 mvc J: Q 58 ff -c-, 

M��� 14 i; c �tt 57 t � AB�£t&v=-�rntr-t Q ;:  c v:::.)ftJjJ Lt.::.. . ��!fl;t&v=-�.Ll:: � ;h 
-c ,  �Jt!ffi�mi3&rt· Q S -58 O)mf*0)3<�tl:, iv' l U'*fkO) :ii :; 1J / 0) § s"Jj:if! i -c- O)rntr 

* O)�� tivi, *1m0) 1�m:tdTiffl 0)�5lt JE:B-llruf � nt.::.. . q-JJvtWU--c-� 0 t.::..Ul �v:::. "":) \., , -c 
3£� Q c ,  F R12lt O) r.p ,C.,fiID�iJ�;\fLO) l*J�--C-�;h -C iv' IJ , F R122 :ti:*l:Jt/Jf&vi 25 mm, 

:tt:tt�:M&vi 75 mm M:1Jv:::. [1:!] 7'.  L -c i., , f.::..iJ�, fJtrttv:::. viJVl*iJ� tcen ,  0 t-.:. . F R125 O):;t*.t 
O)ffiU/J'r='r C 1 *O) c � 1RJ5jO)f.::_cl_)J:oc 1? # vtt.::.. t 0)) O)frrflz0)1���=¥-::h' J: cf'tiJift F R124 

0) �jypj· c �:M&JJff{-fS c 0) Ioc '1S' filS v=:. , 180 mm 0) :& � v:::. ht.::.. 0 -C -f.:-;rl :f ht.� iJ � 2v VJ , F R 124 

:ti:tt�nt& O)ljiI § :JLO) -1: Tv:::. 2 /J ,pfTO) [1:!]7'./J�� 0 t.::.. . 
tce �, :ti:tt F R 121t c F R122t 0)7tflz (fJ-i§·ut7j'( "7 - !7 l m O)fffilS) v:::., m 2 *O) 

c � c fPJ�[l:!]AiJ�� 0 t.::.. . 

,,� ;1,., ::, ---ea, :tt/iJt F R72t l=f:t � tlz O) /N\iJ&0)-1: T � 1 /J,fJr/J� -f.:- h :f ;h, 20 mm f�A, 

F R  70 0) ,,� JV ::, �it c ,,� 1v ::, 51-t& O)m 3 *iitmitt c O)r��ms v:::. vi t.�n�1: c -c i., , t.::.. . .A ""  

!7 !7 !7 /V 7 V - A �litt��� L!-.:PJr, m 3 *I• O) C '@" 1�� L t.::..filS:B-tJ5i-r=.!Wf.'l�7J�� 0 

;: t n�:B-n , 0 t.::.. n�, ;: ;hvi�m-1:0)X�ll3v:::.£0 < t O) c �x. G ht.::.. . tf :J  1J / !7 / !7 �rft 
--c· vi, F R112 ��O):ti::ttiJ�l=/=t lflt&�· --c·fJJ�1JlU v:::. 20 mm l��A L -C i., , t.::.. . i t.::.. , F R114, 
116, 118, 120, 121 0)1m1JIU*iitmitt c �7J 'rf· c 0)�1'l<filSiJ�, �� i t.::.. vi IDt&!:JJ��1: (, -C 1., ,  

t.::.. .  

1m��l=P 4 A l S v :/ jf ;f- - Jv�--c- 1 1  m Jruti!JJlr-j=i:f-mi.JtlfflJ!mO) �Hlml� -7 - v :/ !7'' iJ� 
Xti L t.::.. t.::..'ch, MfilS !7 v - F 1viJ�ti VJ tU L, jff*vH0�Tv:::. L -CmJOOv,:::.ftT Lt.:. t.:.'ch, k­
O)&fi¥--c·fffil5 !7 V - F /v �Mltffl!J v:::. i:J ! '@" f:f:U L t::. .  Af!f*O)m J#vifffilS��fflEE�t� J: u·t.� 
3 flffl, �W�tl t.i::: 0 t.::.. t 0) l flffl, 1ffilSr1hi:Jl-!:JJ1J.l,  fPJIJx#filS�'A·ti f�, fct!E:51-t&i:::. 4 iJ,pJr 
11�, J1tt$ihanffl�--c-� 0 t.::.. . 

2-4-1. m 4 *9fcm��I• 
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m 4 *gzJfu{�:f[gI$v:t, m 3 *wft::IDKMmJO)Jt1ttJ:i\'re.�'-3:'=t1sr: .. L -c, *1c�{t�iJ�tJ: t�-� 

ill��MKfi� bh 0 l 5K, ffi��'-3:'��� 0 � l '-3:'±� l L -C�� � hk. 

1)  *1clHltn'ffiO)WIJ��1it'.r�v=-, M�:jf(%�'-3:'lr� Lt.: . � � v=-�m� 1 "2?'-3:'lr� L, lff 

fff!HlR:'-3:'�(1"-CxtM�*�fsi.J� --c� 0 l 5 v:::. L t.: .  

1 t::., 1 :/ :5< - � - :/ 1 i? '-3:' � vt, 1JU=-. - l) � - t- , - l) :::z 7
° 

:5< - l=f=1 tBZ, 'A* rm urn �i Fief.I 
O)�m�'-3:'�JH=:. Lt::. . tJ: :k>, MM�ffiUfJ�r�1ltm5 VHF '-3:'*�iv=.;f,t�)t Lt::. .  

2) S -58 mtJHt&f. l L -C 1;Jt"� :7 l/ - :/ '-3:' 1iii� 7, 1' O)ITTiffiiv=.Jfx ?) 1'-J· vt, /Ul{:f�5'\ l L 

t::. . ffi 3 *Mmi 0)5P ?J jj --c- i:t, S -58 O)±Jfil¥ffi'i'-3:'Jfx fJ #(1" 0 v=-� L -c,  �.Ll:f=FJ�-&'-3:' rf±l 

EE ;:; ,, ·;; =t- --z:· *'¥ i::i _r-. vf, ;¥$ !.W1 HJ 0) 1*i ti '-3:' IJx ?J # vt t::. fi, 1& tr� � - :5< 1 L,, v =- � �t t::. =r "' :/ 7·· i:z 

';I :1 c {t m Wr1ll 5 t )  i --z:·;J";t miJ L -c �f* '-3:' i=P1 ?J t:tHf-c :k> �, ±}![ifiifil '-3:' J& ?J 1-J vt t::. 0) --z:·, 1 

�O)f'/:�v=- *'J 40 7t'a:� L, 3f(fm\.O)fJ;1;: 1, ,wffi1Afc·1-=rtJ: 5 {"F* l L -c i:tT-Mi� c·£> ?J ,  tit�� 

--z:·£> -? t::. .  

4--@�vtt::. f_;t'=� :1 l/ - :/ 'a:{iffl� 0 � l v=. l -? -c, i:z - :5< - O))j[� O);lclJ.: v=. =r "' :/ 7· i:z ·;; 

:1 '-3:' :r=-J -? -c * 0 � l iJ � --z:-� 0 0) --z:·, �.LI: &flt --z:·�f* 'a: m ?J t!Hf-c :k> 1,, -c, ±ll[l¥ffi'i'a: J& ?J ft 

(1J' 0 � t iJ�Btm l tJ: 1J ,  f"F*�1M.l'a:ilnim L, W�i.J��i1 1it�v=-1-=rtJ: bh 0  l 5 v=. tJ: -? t::. . 

3) *J'c�f�n'i�n t L -C, Mtili � ;z, 1' O) _r: �v=-J1c�JE§� 40 km 0) ,��1rHt (A C 100V, 

500W) '-3:'lr� L -C, ""' lJ :::z 7
° 

:5< - 1-lt}�l}O) § t� t Lt::. . 

4) �fHl1:r�0)1ITT5ixtffi t L -C vi, firUJ;f.fJCif�t 6 �O)�l}{R!J k:ftiflH::t'-3:':f:ff/� L F R  124-130 

0) �:btiz v=. vi,  A JLO) 113�v=-rr1Jgj;,f:;J-'a: !lx fJ ttvt, i t::., i/iI § :JL 'a:� �-\ IWmtt'-3:'m Lt::. .  

5) :5< :/ :1 �rfil13�n 'fl· t 11'i}fJl!J*iff:mitJ t O)Jfxttr�}i� 0) t.�v:t i :t"J ?J IN -?  -c, Nz�}�O) 

.r. , /� ';I t- 7, t- 7 ';/ 7°'a: � -c t::. .  

6)  1 1  m JiMO);J'iJ®Hi, m 3 **1t1� i --c-f,:}fo§O)�fd��#H�J®fli'a:!irJJjJ t L -c,  =f-iM� 

JiM�'-3:'i\'re-C1-'rtJ: -? -C it  ,t::.i7� .  4'@ 18 KW �lifJf���'-3:'�JillM l=f=lt&M�v=. :t-c, �, *JIMO):W:J:8 

1¥1JIM� t Lt::. .  :5<'' r::· ·;; t- 0) 5 i:::i :1 l/ - r 1L,, vi?t*O) t 0) '-3:'N{tm L, iFJL� t :1 l/ - r ;L,, 1*i 

iliim l vi, ITt::. v=-3'E5ttJ: 5i!t'-3:'t"J l 5v=-�1H�W � :ht::. .  n m  JlW;vitU:* l ?J t-'J 800 kg 

mill:i.J��I < tJ: 0 l 5 v=-1�:f£ � :ht::. . 

2-4-2. � 4 *FY4ti�mHiJTI�itJt 

� 4 *MWUc' vi, 1960 � 1 }1 1  B :t- t:'� l �-fi-, 1 }1 2 B 09�055t l f) !RJ }I 6 B 06� 

005} t --c- v==.m 1 *�ffiI:}51!1,� (SBfO�:f:-tgO)�tfli!OR 44 f!l:O)}tf!,,�) l ?J 59 ffl!:c· 77 t, �J::11[ 

O)j,L.j_m)li@6¥�v=- l 0 15 t, ttilt 92 t �ffiI* Lt::. . 1 A 16 B l ?J 19 B 1 --c-v=., 17@!:---C' 19 t 
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zL C7)�1 2 31Z:SS'.fnu�1-'rfJ: l ', gz1,, , -c- 2 A  4 B cl: i) 6 B i -c- v:::,� 3 31Z?'Ellintr 27 � -c- 30 t, �J: 

]In::. ct 1) 13 t �:ijtr� L 11 B 11� 33 :n'"�tH'}�!': v=-�mi L f,:_ , *;�l/intr�ffil:vi 154 t v::::.� L, 

� 3 31ZC7)fllll*::7\:C7) *'9 3 fg- c l , 5 ::Y,.jtJltJJ-. Cl):{Ff /l!Ht{�lJxc!_)f_:. c Cl) faj, 1_K�fUAA:1-'r�g�H l u· 

T i' - / '/ ;7'' Cl) @J�vi, 4 @] Cl) mt�wUffJ r-p J&: t g,.;IJ '  0 f_: , i f_ :, � - 1) '/ ;7'' !;< '/ ;7 �{tm 

L "')"') =r i' - :) Y ;7-- �1-'rfJ: 5 �tiJ8H1Jtid=-t fr L l , :15 titJq* G ;hf_: .  

4 A 22 B Cl)+11[��mU;�� -c-mt�WUWJ Cl) 2 l��:&7J�V-!:� �:hf,:_ C7) v=-M L, ifUJ:{:l?/� fr C 

L -n i 4 * C7) wJrnir1 � *� :b 0 -om-m L f.: 171� i� J Cl) frH* Wt !Ml, JitJ'j;� � C7) tJUx � rJ/u :rrr: Cl) 1:, :t� 
lit�i-J� cl_) 0 s: C v=-tJ: 0 f,:_. IGY � t7J C7) �;5:E -C'vi 2 41!\J 3 AA:ifTJ -C't�:b 0 vi f -c- ct) 0 f,:_/)�, 

--t-c- r::. 2 it-Y�:& � tL f.:J-J=-, � v=- 2 4 ¥J Mi :& � tL 0 /J, t L ;t1,tJ: 1,, ,$1[.�v=-tJ: 0 t l ,f_: .  -

15 ,  l*tU vi� 1 31ZCl)�Jfu1& 4 :'if.�mIJ® Lt ::G fJ ,  c Cl)4/)� 5E ;ltJl tt j1f C7) 4v=- �f,:_ 0 Cl) 

-c-, frH*®M �fr&!n:.B'-H=- rJ�]t Lt, 4-1& Cl) {tHJ v=- flfrt x. 5 0 /),��/), ���:dJ: vt :hvf tJ: G tJ: tJ �  

c 7'1-tlx c Cl) i'tHtJf2=¥- Cl) t, ��, ft JiJt = W: � 5i-tlx c I B 51-tlx c Cl) Fs9 v=. llI rm 0) i'ffii", I B �t tt Cl){�, 

�m\:�l13lllrm !7 '/ ;7 Cl) --c;,  - :) '/ 7 '/ f;vCl) � l  CJ :5< '/ ;7 -tr ,1 F' ""'Cl)]iyS:J Cl)Vffii"�' )@_� 3 

@] C7)w/u1EI$v=- tD � \ L {11J � YE, tJ:. /), 0 f_:f_fil�jCl)j( � tJ: m (WjiJ;9€5E. �:hf,:_ C7) -c-, *•M<:� � � 
cb. 5 i':J v:::. pfH� wnlliJ ��:b G --ltf,:_ l ,  c l' 5 :15 v=-M{*� C7)� ;z_/); ftJ[ �, 7tl!L�� C7)1JC7)$ 11'M t 1)11 

:b 0 -c,  8 A 22 B  2 4�:&��tt�iL -r_ 1,, ,f,:_)%:f¥G�WHiwciftlift:;$:fffivi, �1f- l tJ ,4M;;& 

�tk:i:E L f,:_ . '!'ii� 4 31ZWtiffJ 1&, rJ/u:ilEI$�=- tD l  ' -C 9€5E. � :ht::_1J f�@lpfrv:::. "')\, , -C3zt� 0 c ,  

1) fr_t ·@ttJ' c 25 mm 51-tlx c Cl) r� 1'� 15G iJ;, i=i JiJt 3. 7 m nt7J'( " - !7 �tHli -c- "' �  � � c, 

i!lU}( LL ( ' f  ,:_ Cl) -c-, zfHtfffi �vi "') 1) C 0 L rlilit L f_: C s: 6 '  ����11 l1tt Cl) 7 � ';I r f¥G C 

25 mm 7'1-tlx c iJ � llil -t � Cl) i i m � � ft -C l , f _: t ::_ 61_), � 1 N& § C7) i:::- - F Cl) t� � � � iJ; )JJt 1zs1 

-c-ct) 0 t.: c tl5E 6 .hf.: . r fftv=- l 0��l'JU� v=- ct fJ ,  i=itt 3. 2-4. 2 m, ii=:tt 3. 6-4. o m 

C7)m}1Ht=¥-v=-t jpjtfLCl)X�fs/J;n:2,C>O G :h, =¥-DIT L --t 0 c c  v=-tJ: 0 f::_. 

2) ffi@7_K �i� Cl) 113 nG f=- ct) 0 -c, t1H-@"t*1- C7) _f::t$lnG�SzJfy-t 0 r-p f:f1 tlxMiz//HiM; A JLCI) JffiJ-OlUc-..,� 

'/ !1 /V L -C l  , f_: ,  

3)  /�  / V  / -C' fi i:iftt F R92 rl1 f:f1 tBC"f C7) /� / V  / 51-tlx# � Cl);Wtjj;tt Cl) 7'' 7 7 ';I r 0) / �  ';I r 

ffi }:t 15G, 1D l U' F R 66 r-p f:f1 tlx MH.lz C7) _t. Cl) ;Wt jffi tJ Cl) 7'' 7 7 '/ r Cl) "'�' ft JiJt F R 46 Cl) /� 

4) ft/irt� FR94t Cl) ..,�1v:):l&:wif¥GIRITffi (� 2 31ZM1ro l fJ 1rm'ffl c L -C]Um�ti �Lf::_ 

rJr) Cl)r� cl: fJ =1IBl7i-tlx c 187'1-tlxFJJv=-Bimi/J� Vffi/i L -C l ,  0 ;:  c 7J;9€R � :hf,:_ , 
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5) �ffl�tr:AA=:mf!Ev:.s  6 ,  � 3 liitE ?l :/ ;,  O) x'  - :-) :/ 7 :/ :,·· 11v tr· G ,  Jlniln�=1t� 

51-t& c 1s51-� c 0) mn=-�h --c "' ,  0 .:. c nt9J-n , 0 t::.. . 

6) 7- """  ;7 ?l ;7 J'v 7 v - A O)ir:AA 7 - A O)ffi"mv:., (tMn�mi 75 mm -*Fv=-�-t 6 :R: � 

400 mm O)tUhiJ�3€3! � ht::... li:AAflJirril!lli t ,  .:. 0) c � -3! L --c fU 6 vf t':tt L < Bil iJ� 0 --c 

i,, , t::.. . ttrJltl1.ffii ,C.,£Hi 96 mm S 0 t::.. . 

7) Jlt'i':ttli:AAffiU=ltfilOMit& 0) J::�v:.m:i,, '2§H�J:: 4. 95 m 0) rM:., Jlt'i':tt�MfilS v=. :R: � 

'90 mm O)tUhiJ�3€3! � ht::... i t::.. , 11AA 4. 8 m O)=:millHm5if&mtirnrs v:. � 7 '/ � n�S 

I) ' iJ ,0Jitttt�111Ef&0)�1J.l 2 iJ ,p]TiJ�S 0 t::.. . 

8 ) F R 123 � illf 0) JNJ lffl !11 %� 0) :5 i:i ti: AA r-f=d=f'I t& T 0) -!frs !J '• G , mrt1K fiml 0) 7k iJ \ -Jf 'J lJ 

:/ ?l :/ � �rJrffilJ v:. i!l 0 --c 1,, , 6 .:. c tM IUfi: r-f::t v:. 3B J! � ht::.. .  

9) -Ji' 'J lJ :/ ?l :/ � �pJTO) l*J$0) E:iJ'Pi' c, mHffiiJ*iitJitt c 0)3trv�7�}�tffSO) ��Lt,  � m:tfJllJ 

K 5 iJ ,pJT3£3! � ht::.. .  

1) � 4 *jlJfl:wv:. ::fD \, , --C, *i,��� C,t::..�ilffiJ� ;z_ .,,.::. �  ?l � J'v 7 I/ - A � , �f}z� 7� .,,.::.  

� ?l � 11v 7 v - A v=-lr�i"" 6 .:.  c v:. tJ'.. 0 t::... .:. hvi 5 JI 31 B ��v=-f#Jft � ht:J1ttt��i 

�O)fwrrv::::.�v::5 < t O) c·s 6 .  7
° 

i:r """ 7  v:.:1Kttn�:llit::.. 0 --c�}�v=-@ti� 1r. c0 t::..�itv=. 0 1,, , 

--c�t� L, Qf(;iiHl 0) 7' """  � ?l � 11v 7 v - A 0)5i
l
t vi�§M 0)*'9 1 . 9 f1* 1·:. tci:: 6 J: :5 v:. ;f&/1;£ 

��5:E Lt::.. . 7- .,,.::. �  ?l � 11v 7 v - A 0) 7 - A vi, *�§I*Mv;:. vt7J('fc·::5 0 t::..n�, 51-ffil 

$1Kt/fdc·vt 11:Ji�:� L --c i,, , 6 t 0) n�� < ,  5i
l
tJ:: t E:iJ1tv:. mi:fiEJ c·s 6 :Nn�ift1Jc·::-5 6 0) --c 17 

it 30 7tO){tJ#4�0vtt::.. . 

2) �ffl�=:m:,lftO) ""'<' - :-) :/ 7 :/ ;7·' 11v � W �  L --C,  ""'<' - :-) :/ 7
° 

v - r � IB5i-t&v:.ili[ft7� 

tii"" 6 t:fif§v:.�o0t::.. . .:. O)f::..00, /� 11v :-) O)TfilS=:m3JHi-t&O)J=iJT�filS�i,, , 0 t::..A..,ffix� L t::.. J:: 

c', ""'<' - :-) :/ 7 :/ ;7'' J'v 0) 1851-;f:& c 0) ufil*r�:JL �mtt'.c' :lfilo6, =:rn3!5'H&�� IB  Lt::.. .  

3) M�5i-tlz0)� 1, 500 2!s:�#Ji:i�x. t::.. . 

4) Mwfdm l=j:lt&v;:. vt, � 4 *O)I•c·wt�m���:!111W: L --c::FD 9 ,  m7k, nu7J'(itjJ ?l 

;7 :/ iJ�� 0 --c \, \ 6 iJ�, ;:_ h i  c' IB 1*ii-J 0) i i  c'S 0 --c' TrrJjtJfi:mJO)f5:;\:jt iR�iJ�fi{:.00 G 

hf::..O) c·, 1lrv��vi t c 0) i i  c L--C , 1=j:1 ;f:& �0)-$�1[� L, -}J - lJ :/ !l�i1u1W: Lt::.. 

51-, � tt � :s1. --C --C *1:!Hi L t::.. • 

5) 9 JI 16 8 S -58 202 %�0)-ii$(0)f::..o6, fRJm,J.��[W:pfjff J: 9 ff #Ji"" 6 ;:_ c v=.tJ: 0 

.t::..n�, Jl!IJO)�mn�BltJ: 0 t::..00, �ll:1Ettmffi2t\!O)�]I! t ,  �f*O) lffi � n�l1 < tJ'.. 6 t::..00, t-tml 
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!l v - Y � fiHi ;-t;  ..7. r r::.� lJ ftvt -c 1., , � �tJ'mO)iWj � � 300 mm iWi < -t 0 I$� �I Lt.: . 

i t.:, f1JH1t O);J,'t�JOOJE��ll-t � c �, R�f* O)Sz:x_ c L -C ,  -tt 1 r ..7. T - iJ",&;,� c tI:. 0 (]), 

'c', �t.: r:.JH'i:: L t.: .  *I$vi, $tb'.J",ffi 5 *I$*%T TI[ffrn::. �� L t.: t.: c6, lli �Ill�� i: 

2-5-2. ffi 5 *ffifiwt1fr}{lffi�*1t 

*Mw --c-u:, �q:.� 16 A, �tt 121 t �aB�£tlf!v::. �ifml-t 0 O)V::.fiX.JJJ L t.: .  1961 � 

1 A 19 8 v-:.fffimJJ;7_k�/� 7 ..7. r !;( Y !l l*J O)�l_kv::.@J7_kt,q�A L -C \., '  0 ;:  c iJ",�j! � ;ht:: 
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