
40

 
B. I. Dolot
 

 
FRONTIE
 

 

( ),
Mr. Boris 
gies, Komso
 

 
» (

Ms. Oksan
Technologie
 

 
  

 
 

 
 
  

 
. 

 
 
Summary. 
pass withou
there are the
being used. 
welding cur
items made 
an opportun
forth the ne
existing we
edges using
 

, 
 
Keywords:
force, granu
 
 

 621. 
 

 

. ., 
tov, O. N. K

 
 

ERS OF TH

 
» 

, e-mail: ktsp
I. Dolotov –
omolsk-on-A

  

( ), e
na N. Kleshn
es, Komsom

.  

 
  

 

 40…44
 
 

 
, 

The immers
ut edge prep
e restrictions
Thus, a spec

rrent providi
of titanium 

nity to approa
ecessity to d
elding equipm
g both a U-sh

 : 
 

 welding, tu
ulated additiv

791. 75. 01

 
 

 . 
Kleshnina 

HE IMMER

 – 
  «

p@knastu.ru
– Doctor of 

Amur State T

»  
e-mail: ktsp@

nina – PhD i
molsk-on-Amu

   
 . 

 -1
  

4 . 
   100

,  

 -

sed tungsten 
paration, in c
s linked to th
cialized weld
ing the maxi
alloys 40 - 4
ach the item 
evelop a new
ment. We pr
haped slot an

, 
, 

ungsten elec
ve. 

: 537. 523 

  
,  

. 

 
 

RSED TUN

 

. 
Engineering

Technical Un

 – 
 «

@knastu.ru.
in Engineerin
ur State Tech

 
  

  
 
 

 
…110  

  
  

 

electrode w
comparison w
he stability o
ding installat
imal weld pe
44 mm. The 
from one sid

w ITEW me
opose a free
d a gap. 

 
 , 

trode, imme

 

NGSTEN E

 , 
- -

g, Professor, 
niversity. E-m

 
-

ng, Assistant
hnical Unive

 
 

  
 

 
   

  
 

 
 
   

welding (ITEW
with other t

of electrodes 
tion GSPD-1
enetration in
increase of t
de only, and

ethod that wo
e-pass ITEW

, 
 ,

ersion, toroid

   
 

 

ELECTROD

 
 

Department
mail: ktsp@k

 , 
-  

t Professor, 
ersity. E-mai

 (
  

 
 

  
  50
 

 
. 

W) provides 
types of iner
and to the c

1M is combin
n one pass w
thickness of 

d up to 100 -
ould be bette

W relying on 

, 
, 

dal electrode

 
 

 

DE WELD

 «
 

t of Welding
knastu.ru. 

 

Department 
l: ktsp@knas

) 
  

. 

 
…55   

 
 

the greatest 
rt gas weldin
apabilities o
ned with a V

without edge 
welded item
110 mm for 
er adjusted t
the combine

 

e, welding a

 
 

DING PRO

 
 

g Engineerin

 «
 

of Welding 
astu.ru. 

 
 

 
, 

  -
 

  
 

 

t weld penetr
ng. However

of the weldin
VSV-2000 re

preparation 
ms up to 50 - 

two-side we
to the capab
ed preparatio

 , 
.  

arc, welding 

  
 

 -

CESS 

»

ng Technolo-

 -
 -

Engineering

  -
-

-2000, -
  -
 

 -
 -

 -

ration in one
r, for ITEW
g equipment
ctifier of the
for welding
55 mm with

elding brings
ilities of the

on of welded

current, arc

-

 
» 

-

-
-

g 

 
 

-
-
-
-
 

-
-
-

e 
W 

t 
e 
g 
h 
s 
e 
d 

 

c 

 
 

Материал поступил 05.04.2012



41

  

  
  

  

  
 

 

 
 

 
1). 

 
 

  
 

  
 

. 1.
h3 – 

 ( ).
 

  
 

 
 

 
; 

 
 ; 

 
  

,   
 

  
 

 

 

  
 

.  
  

.  

.  
 

  

.  
,  

 
 

,   
  

 , 
  

  
; 

 
 (0,

 

 . .), 
 

 

 

  
 

 
 

 
 . 
 

 
; 

He – 

 
 

  
 

 

; 
 

 

,95). 
 

 
 

  
  

 

 
.   

  

 
  

, 
 

 
 – 
; l9 – 

 

  
 

. 
: 
  25…

  

 
 

 
  

 
 

 
 

 

 

  
  

 
  

  

:
 

 ;  

  

 
 
 

…50 ; 
 

  
 

 [1]; 
 

 

 
  

 
 (

  
: 

 

 

(

 
h3 

 

. .,

 
 

 
 

 
 

 

 

 
 

  
 

 
 

 , 
 

  
  

 
 , 

 

 [2]. 
 

 

 
  

 
 

 
», . 
 

-2000. 
I   

 
 , 

, 
, 

 
  

 
) 

 . 

 -
  

 
  

, 
 

 -  
 

  

  
 

  
 
 

 
 

  
  

 
, 

 
 
 

 

 
 

, 
 [3], 

 
 

 «
),  

 
 

 
 

 
 

 
 
 
 

 
 (

 
1 

 
 

 

 
, 

  

 -
. 

 -
,

 -

  -

-
 

 
. 

, -

  
 ( .

 -
 -

 -1
-

 

 -

, -
 

 

 
 -

 -
( -

) -

 -
 -
  -

 -

 -

. . -

 

-

-
, 
 

-
 

-
 
 

-
 

 

 
-

 
. 

-
-
 
 

-
 
 

-
 

-
 
 
 
 
 

-
-
-
-

-
-
-
-
 
 
 

-
 
 

Долотов Б. И., Клешнина О. Н., Мороз Ю. В.
ПРЕДЕЛЬНЫЕ ВОЗМОЖНОСТИ ПРОЦЕССА СВАРКИ ПОГРУЖЕННЫМ ВОЛЬФРАМОВЫМ ЭЛЕКТРОДОМ



42

 
).  

 

4 

961 

18 10  
199 

 

 
  

 

 

  

 
 

 

 

 

 
  

 
 

, 
. 

 
 

. 1 
  

 

 

4
5

10
4
8
5

10

 
  

  

. 
  

 
 
  

 [2
 

, 
 

 
 h3, 

 

 
 V  = 1,

 
 h3, 
 

  
 

  
 

 

 
 (

 

  
,  

,0 
,0 

0,0 
,0 
,0 
,0 

0,0 

 

 
 

   
, 

. 
 

20  
2]. 

 
 

 , 
 

  l9
 

 
  

 h3 = 23 
,5 / .  

 
 

 
 

 
  
 

  
) 

 
 

 

, 
/ 3 

4,5 

7,8 

7,9 
8,64 

 
 

.  

.  
,  

 
 
-

  
 , 

 
 

9  
 

 Ø 10 
 37

, 

 
  
 (

  

 
 

  
 

  
  

 

 

 
)  

, 
 

 
  (
  

 
.

  
,  

 

 
  

…40  
  

 

 
 

 
 

, 
 [5],  

 
 

 
 [4].

 

 
, 10-1 

1760 
2200 
4400 
3060 
6100 
3870 
8450 

 
 
 

 

 
  

.  

 , 
 

 
  

 

 
  

 I  =

 
 

).  

 
 

 
 

 
.

 
. 

 

 
 I , 

350
440
550
440
600
480
440

 
 

 

)  
 

 
 

 

 

 . 
,   

 
 – 

= 1750…18

 
 

 
 

 

 (
. 

 

 

 
 U ,  

0 
0 
0 

10 
10 

10,5 
0 
0 

11 
11 

0 11 
0 11 

 (  

 
  

 
  

 
 

 

 
 

 ( . 1)

 
 

850  (

 
 

 
. 

,  
 

 

 -

  -

 1

 

 
V , /  

36 
36 
18 
36 
20 
36 
8,0 

 
 -
 -

 

. 
 

 -

 -
 

 .
: -

 -
  

 -
. 2)  -

 -
 -

 -
 -
 -
 
 
.  

-

-

 

 
-
-
 
 
 

 
-

-
 

. 
-

-
 

-
-

-
-
-
-
-
 
 



43

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

: 

. 2

1 – 
2 – 

,

 
 

 ,

. 3. 

 

2. 
 

 
 

 

, 

 
 –

 

 
 

 
 

, 
 
  

  
– 

  

  
: 

;

  
 

. 3. 

  
;  –

 

 = H – h3

 

;  

 
 

 
 

 
 

 
 
 
 

 
 

  
 

  

 k – 
 

   
 

 
 

  

  (

. 

 
  

 [6].
  

 

 

 
 

.  
  

 
 

 
P 
 

  
 

 
 

 
  

  
. 2). 

 
 

 

 
, 

 
.  

, 
 

  
  
 ,

 
,  

.  
 P 

 
= kI 2,  

, 
 

 

 
  

 

 h3  

 -
  -

 – -

 -

 
 -

, -
 [7].

 
 -

 
, -

-
 I :  

,
 -

. 
 -
 ,

 -
 

 h3 -
 -

: 

  -

-
-
-

-
 
 

-
-
. 
 

-
 

-
-

, 
-

-
, 
-
 

-
-

-

Долотов Б. И., Клешнина О. Н., Мороз Ю. В.
ПРЕДЕЛЬНЫЕ ВОЗМОЖНОСТИ ПРОЦЕССА СВАРКИ ПОГРУЖЕННЫМ ВОЛЬФРАМОВЫМ ЭЛЕКТРОДОМ



44

 
  

 
 

 

  
 

  

. 4 
 
 

 

 

 

  

 

. 4

  
 

 , 
 
  

 
 

 
 -2

 
 

 
 

   

 
 

 

1
3
4

  

 

4.  

 
 

 
,  

 
 

 
   10

2500 
 

 
 

: 
 

 

  

 

, 2 
, 5 
, 6 

  
   

 

20 

 4  1-0 

 

 

 
  2500 

 
00…110 

 
 

  
, 

 

 

 

 

. 2 
 

5

3,

 

,  
  

 
  

 
  .
  
  
 
  
 

 
  

 
, 

. 

 
  . 2

  
 

20
0,783
0,524
0,579

 
  ( . 3)

 
 

Al 

5,5-7,0 0

,85-4,9 0,5

 
  

  
 
 

 
 60…65

 
  
 

 
 -

 
 

-
 

 
 

   
. 

 
 

 
 
 

  
.  

 

 

 
). 

 

V 

0,8-2,5 0

56-1,75 0,

 
 

 
 55…60

   
  

. 

  
 

 
 

  
  

. 
 

; 
 

 -
 

 
  

,   
 

  
,  

 

  

 

 

Mo 

0,5-2,0 

,35-1,40 1

 
 

 
 

0   

 , 

 
 

.  
 

 

 
 

 
  

 

 

 
 

 . 
 

 
 

  

 

 
 

0,217 
0,476 
0,421 

 

 3 

Zr 

1,5-2,5 

,05-1,75 

 -
, 

, -
-

 

 
 -

 -

 . 
-
;
-

 ,
-
-

 -
  

. 
 -

 -
 -

  -

  -
 -

 20. 

 2 

-
 

-
-
 

 
-
-

 
  

-
; 
-

, 
-
-
-
 

-
-
-
-

 
-
-

    



45

 

 
 

 
 90 

 

1. 
, . .

2. 
-1

3. 
 

4. 
 / . . 

. 24-26. 
5. 

 
. –

6. 
. . 

7. 
 

 5. – . 5

 
1-0,  

 

%  

  
 

  

  
 , 

, . . 
, 2004. – 208

, . 
 

, 1964. –
 

, 

 
 /

– 1968. – 8
, . . 
 [  .] // 
, . . 

  
-8. 

 4  -2

  
 – 

  
 20. 

 

  60 
  

  
. . 

 
8 . 

.  
  

–  7.– . 81
 

. . 

 
/ . . 
8. – . 44. 

 

 / 

2 4

 
 

  
 

 
  

  
 

 // 
 

  
 

1-90. 
 

, . . 

 
, . . 

 

  
. . 

4,9-6,2 1,7

  
 

 
  

,  
 -25

   
 , 

 

 
  

 

  
 

 
 [  .

 

 
. – 1996. –

 
, . . 

75-2,45 0

  
  

00  

 

 

 
/ . . 

 
.] // 

 
, . . 

 
–  10. – .
, 

 // 

0,3-1,9 

 
-2. 

  

 

  130 
 

 / . . 
. – 1992. – 
 / . . 

  
 

 
 

 
 // 

 / . . 
 23-26. 

  
 

1,3-2,6 

  

 

 
  

  
 

, . 
 8. – . 46

. – 

 
// : 

 
. – 197

 

, . 

 

 

. -
 

 

-
.

. -
6-47. 
.: -

 -
. . – .:

  -
74. –  9. –

 
 -

. ,

 
. – 1997. –

 

-
 

 
 

-
 

-

-

-
:     

-
– 

 
-

, 

 
–     

Долотов Б. И., Клешнина О. Н., Мороз Ю. В.
ПРЕДЕЛЬНЫЕ ВОЗМОЖНОСТИ ПРОЦЕССА СВАРКИ ПОГРУЖЕННЫМ ВОЛЬФРАМОВЫМ ЭЛЕКТРОДОМ


