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ELABORATION CRITERIA FOR THE CURRENT  
FORECAST OUTBURST AT PENETRATION MINING  

ON LAYER KRIII IN MINE OJSC «URALKALI» 

S.S. Andrejko, T.A. Ljalina, O.V. Ivanov, E.A. Nesterov 

Mining Institute, Ural Branch of the Russian  
Academy of Sciences, Perm, Russian Federation 

The object of investigation sylviniteKrIII seam roof and wall rocks mines in mine fields Mine 2 and Mine 4 OJSC 

"Uralkali". The aim of the research was to determine the critical value of the gas pressure that could cause a gas-

dynamic phenomena of the roof when driving preparatory mining the seam KrIII. In carrying out the analysis of para-

metric studies support the current forecast of outburst during the preparatory and cleaning openings in potash mines. 

The technique of mine and made experiments to study the gas-dynamic characteristics of roof rock preparatory exca-

vations traversed the seam KrIII. Geomechanical modeling and conducted an assessment of the stability of roof rock 

excavation under the pressure of the contact gas accumulation at penetration KrIII the seam workings. In mining condi-

tions preparatory mining the seam KrIII on mine fields Mine 2 and Mine 4 based on experimental studies of mine gas-

dynamic characteristics of the roof rocks and estimation of rock disintegration under pressure near-contact gas for 

units of the current projection PB-2 The critical values gas pressure in the pile of free gas at the contact layer with a 

layer KrII salt KrII-KrIIIa. The generalization of the results of this work have been developed and issued criteria for the 

current forecast of outburst when driving development workings in furrows KrIII for the conditions of the mines "Ural-

kali". Critical values of the gas pressure are included in the regulations governing the safe mining operations at the 

seams, unsafe gas-dynamic. 

Key-words: potash mines sylvinite layers, gas-dynamic characteristics, roof generation, gas-dynamic phenomena 

(GDYA) GDYA mechanism, assessment of stability, gas pressure, the critical value, the current forecast.  
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)9M32%&, 0$$836&'-10A A'8A?%$A

$08='010%&';B 78-$% Q+III 0 ',3@-?-

@03 7&+&6; 2+&'80 :&+1;D ';+-9&%&2

1- +#6102-D YQIPE-2 0 YQIPE-4 )()

«E+-82-80B». 

H38= +-9&%; – &7+36383103 2+0%0<3-

$2&B '380<01; :->&'&:& 6-'8310A, $7&-

$&91&:& ';>'-%= :->&601-,0<3$203 A'83-

10A 0> 2+&'80 7+0 7+&D&623 7&6:&%&'0-

%38=1;D :&+1;D ';+-9&%&2 7& 78-$%#

Q+III ' #$8&'0AD 2-80B1;D +#6102&'

YQIPE-2 0 YQIPE-4.

! 1-$%&A@33 '+3,A 7+0 '363100 7&6-

:&%&'0%38=1;D 0 &<0$%1;D :&+1;D +-9&%

7& 78-$%-, Q+II 0 (Y 68A 7+&:1&>0+&'--

10A ';9+&$&&7-$1&$%0 (&7-$1&$%0 '&>-

1021&'310A :->&601-,0<3$20D A'8310B)

7&+&6 2+&'80 ';+-9&%&2 ' +-9&<0D >&1-D,

&%13$311;D 2 &7-$1;, 7& :-># 0 :->&-

601-,0<3$20, A'8310A, (J W), 7+0,31A-

3%$A 7+09&+ 9-+&,3%+0<3$2&:& 2&1%+&8A

IY-2. I+&:1&>0+&'-103 &$#@3$%'8A3%$A

,-.010$%-,0 :&+1&-';3,&<1;D ,-.01

7&$+36$%'&, 0>,3+310A $2&+&$%0 1-+-$-

%-10A 6-'8310A :->- ' .7#+3, >-:3+,3%0-

>0+&'-11&, 7+09&+&, IY-2.

! 7+&43$$3 7+&'36310A 0$$836&'-10B

7& +->+-9&%23 0 '136+310? 6-11&:& $7&-

$&9- %32#@3:& 7+&:1&>- ';9+&$&&7-$1&-

$%0 N2$73+0,31%-8=1;3 1-98?6310A 7+&-

'&6080$= ' #$8&'0AD &%+-9&%20 78-$%&'

Q+II 0 (Y 1- .-D%1;D 7&8AD +#6102&'

YQIPE-2 0 YQIPE-3. ! $'A>0 $ N%0,

9;80 #$%-1&'831; '380<01; $2&+&$%3B

1-+-$%-10A 6-'8310A :->- ' >-:3+,3%0>0-

+&'-11&, .7#+3, 2&%&+;, $&&%'3%$%'#-

?% 6-'8310A 7+02&1%-2%1;D :->&', $7&-

$&91;3 ';>'-%= :->&601-,0<3$203 A'83-

10A 0> 2+&'80 ';+-9&%&2, $&&%'3%$%'311&

68A #$8&'0B &%+-9&%20 78-$%&' Q+II 0 (Y.

! 1-$%&A@33 '+3,A 1- +#6102-D )()

«E+-82-80B» 7+&'&60%$A 9&8=.&B &9M3,

7&6:&%&'0%38=1;D ';+-9&%&2 7& 78-$%#

Q+III. P-9&<03 >&1; ' N%0D ';+-9&%2-D

&%13$31; 2& II :+#773 &7-$1&$%0 – &7-$-

1;3 7& :-># 0 J W. I+0 +->80<1&B 7+0-

'A>23 2+&'80 7&6:&%&'0%38=1;D ';+-9&-

%&2, 7+&D&60,;D 7& 78-$%# Q+III – ' $8&3

2-,311&B $&80 Q+II–Q+III, ' 78-$%3 Q+III, 

' 78-$%3 Q+II, '380<01; 6-'8310B, $7&-

$&91;3 ';>'-%= :->&601-,0<3$203 A'83-

10A 0> 2+&'80 0 $&&%'3%$%'#?@03 0,

$2&+&$%0 1-+-$%-10A 6-'8310A :->- ' >--

:3+,3%0>0+&'-11&, .7#+3, '>A%; 7& -1--

8&:00 $ 78-$%&, Q+II 93> 2-2&:&-809&

1-#<1&:& &9&$1&'-10A. ! $'A>0 $ N%0,

' 6-11&B +-9&%3 1- &$1&'3 .-D%1;D N2$-

73+0,31%-8=1;D 0$$836&'-10B :->&60-

1-,0<3$20D D-+-2%3+0$%02 7&+&6 2+&'80

0 &43120 #$8&'0B +->+#.310A 7&+&6 7&6

63B$%'03, 6-'8310A 7+02&1%-2%1;D :--

>&' #$%-1&'831; 68A 7+09&+&' %32#@3:&

7+&:1&>- IY-2 2+0%0<3$203 '380<01;

:->&'&:& 6-'8310A ' #$8&'0AD 7+&'36310A

7&6:&%&'0%38=1;D :&+1;D ';+-9&%&2 7&

78-$%# Q+III 1- .-D%1;D 7&8AD +#6102&'

YQIPE-2 0 YQIPE-4. !136+3103 +3>#8=-

%-%&' ';7&81311;D +-9&% ' 7+-2%02#

7&>'&80% 7&';$0%= 93>&7-$1&$%= '36310A

:&+1;D +-9&% 1- 78-$%3 Q+III.
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! 1-$%&A@33 '+3,A #$%-1&'831&, <%&

#<-$%20 $&8A1&:& 7&+&61&:& ,-$$0'-,

&7-$1;3 7& :->&601-,0<3$20, A'8310A,,

&98-6-?% &$&9311&$%A,0 :3&8&:0<3$2&:&

$%+&310A, &9#$8&'80'-?@0,0 $#@3$%'31-

1&3 &%80<03 0D :->&601-,0<3$20D D-+-2-

%3+0$%02, L0>02&-,3D-10<3$20D $'&B$%',

- %-253 1-7+A5Z11&-63L&+,0+&'-11&:&

$&$%&A10A &% 7&+&6 13&7-$1;D #<-$%2&'.

F- ';A'83100 N%0D &$&9311&$%3B 0 &$1&-

';'-3%$A 9&8=.01$%'& ,3%&6&' 7+&:1&>-

>&1, &7-$1;D 7& J W.

/32#@0B 7+&:1&> :->&601-,0<3$20D

A'8310B &$1&'-1 1- 137+3+;'1;D 1--

98?6310AD 0 -1-80>3 $&$%&A10A 7+0>--

9&B1&B <-$%0 78-$%-. /32#@0B 7+&:1&>

,&51& +-$$,-%+0'-%= 2-2 7&$%&A11&3

0 1-0,3133 %+#6&Z,2&3 >-@0%1&3 ,3+&-

7+0A%03. Q-2 7+-'08&, 7+0 0$7&8=>&'--

100 ,3%&6&' %32#@3:& 7+&:1&>- #8-'80-

'-?%$A 7+36#7+360%38=1;3 7+0>1-20

0 7+36'3$%1020 :->&601-,0<3$20D A'83-
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10B – +->80<1;3 .#,; 0 7&%+3$20'-10A,

$'A>-11;3 $ +->+#.3103, 0 %+3@01&&9-

+->&'-103, ' 7&+&6-D, 2&839-103, :->&-

';638310B, 63L&+,0+&'-103, 0 $,3@3-

103, 2+&'80 0 7&<'; [1–14]. ! 1-$%&A-

@33 '+3,A ' 2-80B1;D +#6102-D )()

«E+-82-80B» %32#@33 7+&:1&>0+&'-103

&7-$1&$%0 +->'0%0A J W &$#@3$%'8A3%$A

7#%3, >-,3+&' $2&+&$%0 1-+-$%-10A 6-'-

8310A :->- ' 2-56&, .7#+3 7+&L08-2%0-

<3$2&:& 0 >-@0%1&:& 9#+310A 7& ,3+3

7+&D&620 :&+1&B ';+-9&%20 7+09&+&,

9-+&2&1%+&8A IY-2 [15, 16], $ 7&,&@=?

2&%&+&:& #$%-1-'80'-3%$A $%3731= &7-$-

1&$%0 '&>1021&'310A J W %&8=2& 0>

2+&'80 ';+-9&%20. )4312- &7-$1&$%0

J W 0> 2+&'80 &$#@3$%'8A3%$A ,-.010-

$%&, 2&,9-B1-. K%&% ,3%&6 %32#@3:&

7+&:1&>0+&'-10A .0+&2& 7+0,31A3%$A '&

'$3D 2-80B1;D +#6102-D 1- !3+D132-,-

$2&, ,3$%&+&563100. C3%&6 9-+&2&1-

%+&8A &7-$1&$%0 '&>1021&'310A J W 0>

2+&'80 ';+-9&%&2 1-63531, %3D1&8&:0-

<31, &%80<-3%$A 13$8&51;, -77-+-%#+-

1;, &93$73<3103, 0 N2&1&,0<1&$%=?.

)61-2& $836#3% &%,3%0%=, <%& 7+0 +3-80-

>-400 6-11&:& ,3%&6- %32#@3:& 7+&:1&>-

&7-$1&$%0 +->'0%0A J W %+39#3%$A #%&<-

13103 2+0%0<3$2&B '380<01; :->&'&:&

6-'8310A, $7&$&91&:& ';>'-%= :->&601--

,0<3$203 A'8310A 0> 2+&'80 :&+1;D ';-

+-9&%&2, 68A &%638=1;D .-D%1;D 7&83B

2-80B1;D +#6102&' 1- !3+D132-,$2&,

,3$%&+&563100.

><F%'$8<GF&% ;"%/'$!84%*&0

+ -%:!*&5-% ,!5+/&*!-&B%'#&:

084%*&E &5 #"+84& & ;+B82 ,+"*2:

82"!3+$+# 8 #!4&E*2: "</*&#!:

J->&601-,0<3$203 A'8310A ' '063 &9-

+#.310B 7&+&6 2+&'80, $&7+&'&56-?@0D-

$A :->&';638310A,0, 7+&0$D&6A% ' +3>#8=-

%-%3 137&$+36$%'311&B 7&6+-9&%20 :&+1&B

';+-9&%2&B $2&78310B $'&9&61;D 7+02&1-

%-2%1;D :->&' 080 ,0:+-400 %-20D :->&'

' 7+0>-9&B1#? >&1# 1-6 ';+-9&%2&B 0>

&2+#5-?@3:& ,-$$0'-, 2&%&+-A &7+3638A-

3%$A 0>,313103, L08=%+-40&11;D $'&B$%'

7+0 7&6'0:-100 >-9&A ';+-9&%20 [5]. !&>-

1021&'3103 :->&601-,0<3$20D A'8310B

6-11&:& %07- $%-1&'0%$A '&>,&51;,, 3$80

-2%0'1;3 $08; (6-'83103 7+02&1%-2%1;D

:->&') 7+3';.-?% $08; $&7+&%0'8310A

7&+&6 2+&'80 +->+#.310?.

(1-80> J W 0> 2+&'80, 7+&0$.36.0D

' 2-80B1;D +#6102-D, 7&2->-8, <%& &$1&-

'-103 7&8&$%0 7+0#+&<31& 2 ,3$%# 1-D&-

56310A 7+02&1%-2%1;D :->&' (>&1; 2&1-

%-2%&' 80%&8&:0<3$20D +->1&$%3B 7&+&6,

:-8&7380%&';3 7+&$8&B20). I+0 ,1&:&-

A+#$1&, +-$7&8&53100 $2&78310B 7+0-

2&1%-2%1;D :->&' ' 2+&'83 080 7&<'3 ';-

+-9&%20 J W ,&53% 0,3%= ,1&:&$%-60B-

1;B D-+-2%3+.  8A &93$73<310A 93>&7-$-

1&$%0 '36310A :&+1;D +-9&% ' ';+-9&%23,

2+&'8A 080 7&<'- 2&%&+&B $&63+50% 7+0-

2&1%-2%1;3 :->;, %+39#3%$A 7+&0>'&60%=

&4312# #$%&B<0'&:& $&$%&A10A 7&+&6

2+&'80 7& ,010,-8=1;, $08-,, $7&$&9-

1;, 1-+#.0%= 0D +-'1&'3$03 [8, 9]. 

 -11-A >-6-<- ,&53% +-$$,-%+0'-%=$A

2-2 #7+#:-A, - N%& 7&>'&8A3% $D3,-%0>0-

+&'-%= #$8&'0A +-'1&'3$0A 7&+&6 2+&'80

' '063 +-'1&'3$0A 780% $+3613B %&8@0-

1;, >-:+#5311;D 7& '3+D13,# 2&1%#+#

+-'1&,3+1& +-$7+3638311;, 6-'83103,

7+02&1%-2%1;D :->&' (+0$. 1). 

 8A &70$-10A ,3D-10>,- %-20D :->&-

601-,0<3$20D A'8310B, 2-2 &9+#.3103

7&+&6 2+&'80, $&7+&'&56-?@0D$A :->&-

';638310A,0, +->+-9&%-1- ,&638= 1-

9->3 +3.310A #+-'1310A '06- [6] 

∆2η (x, y) = "/ ,  (1) 

:63 ∆ – &73+-%&+ V-78-$-, ∆ = (∂/∂x2 + ∂/∂y2); 

η (x, y) – %32#@0B 7+&:09 780%;, $,;

x, y – 2&&+601-%; ' #7+#:&B (:&+0>&1-

%-8=1&B) 78&$2&$%0 780%;; " – 6-'83103

:->- 7& 2&1%#+# 780%;, I-;   – 408016-

+0<3$2-A 53$%2&$%= 780%;, F⋅$,.

! +3>#8=%-%3 -1-80%0<3$2&:& +3.310A

9;80 7&8#<31; ';+-5310A, &7+3638A?-

@03 #$8&'0A 7+&%32-10A :->&601-,0<3-

$20D A'8310B ' 7+0>-9&B1&B >&13 0 '13 33.

"9 ≤  (": – γ h:) + ∆:.7,  (2) 

"9 ≤  (": + γ h:) + ∆:.7,  (3) 
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P0$. 1. OD3,- 2 &7+3638310? 7+3638=1&:& >1-<310A

6-'8310A $'&9&61;D 7+02&1%-2%1;D :->&' [6]:  

  – ' 7+0>-9&B1&, 7+&$%+-1$%'3; ! – 1- +-$$%&A100

&% >-9&A 9&833 20 ,; # – 68A 7&+&6 2+&'80; $ – 68A

7&+&6 7&<';; " – +-'1&,3+1& +-$7+3638311&3 6-'-

83103 7+02&1%-2%1;D :->&'; h – %&8@01- 780%;

(7&+&61&:& $8&A);   – 7&8#7+&83% ';+-9&%20;

[ – %32#@0B 7+&:09 780%;; [,-D – ,-2$0,-8=1;B

7+&:09 780%;; Z, Y – 2&&+601-%1;3 &$0

:63 "9 – 93>&7-$1&3 6-'83103 7+02&1%-2%-

1;D :->&'; ": – 6-'83103 7+02&1%-2%1&:&

:->-; γ – 78&%1&$%= 7&+&6 2+&'80; h: – ';-

$&%- $8&A 7&+&6, 7+0:+#5311&:& 6-'8310-

3, :->-; ∆:.7 – $43783103 7& :-8&7380%&'&B

7+&$8&B23.

I+0'36311;3 13+-'31$%'- (2) 0 (3) 

&>1-<-?%, <%& J W 0> 2+&'80 0 7&<'; 13

9#6#% +->'0'-%=$A 6& %3D 7&+, 7&2- 7+--

'-A <-$%= 13+-'31$%' 13 $%-13% 9&8=.3

080 +-'1&B 83'&B. O836&'-%38=1&, 7&2-

6-'83103 &<-:- 7+02&1%-2%1&:& :->-,

+-$7&8&5311&:& 1- ';$&%3 (:8#9013) h:
&% 2&1%#+- 2+&'80 (7&<';) ';+-9&%20 13

7+3';$0% 132&%&+&B 93>&7-$1&B '380<0-

1;, :->&601-,0<3$2&3 A'83103 6-11&:&

%07- 13 7+&0>&B63%.

Q 7+0>-9&B1&B >&13 &%1&$0%$A %-

<-$%= :&+1&B ';+-9&%20, 2&%&+-A +-$7&-

8&531- 1- +-$$%&A100 &% >-9&A 13 9&833

20 ,. I+0 +-$$%&A100 9&833 20 , – '13-

7+0>-9&B1-A <-$%= ';+-9&%20.

I+36$%-'8311-A ,&638= ,3D-10>,-

J W #<0%;'-3% 0>,31310A 6-'8310A :->-,

7&8&53103 &<-:- &%1&$0%38=1& 2&1%#+-

:&+1&B ';+-9&%20, :3&,3%+0? ';+-9&%20,

7+&<1&$%1;3 $'&B$%'- $&8A1;D 0 :8010-

$%;D 7&+&6, &61-2& N%- ,&638= 0,33%

&:+-10<310A.  -11-A -1-80%0<3$2-A ,&-

638= 1-.8- 7&6%'3+563103 7+0 '363100

:&+1;D +-9&% 1- $08='010%&';D 78-$%-D

!3+D132-,$2&:& 0 O%-+&901$2&:& ,3$%&-

+&56310B 2-80B1;D $&83B. I+0 +3.3100

7+&983,; :->&601-,0<3$20D A'8310B 0>

7&<'; N%- ,&638= ,&53% $ #$73D&, 0$-

7&8=>&'-%=$A 7+0 &70$-100 J W 0> 7&<-

'; 7&6:&%&'0%38=1;D ';+-9&%&2.

=%$+/&#! +;"%/%4%*&0

,!5+*+'*+'$& & ,!5+/&*!-&B%'#&:

:!"!#$%"&'$&# ;+"+/

C3%&602- &7+3638310A :->&1&$1&$%0

7&+&6 7& $'&9&61;, :->-, 0 0D :->&60-

1-,0<3$20D D-+-2%3+0$%02 +3-80>&';'--

8-$= 7#%3, .-D%1;D 01$%+#,31%-8=1;D

1-98?6310B >- :->&';638310A,0 0> $2'--

501 0 .7#+&' 60-,3%+&, 42 ,,, 7+&9#-

+311;D ' 2+&'8? 0 $%3120 :&+1;D ';+--

9&%&2, $ &61&'+3,311;, &%9&+&, 7+&9

$'&9&61&:& :->-. J->, ';638A?@0B$A $&

$%31&2 0 >-9&A >-:3+,3%0>0+&'-11&B <-$-

%0 $2'-501; 080 .7#+-, 7&$%#7-8 ' :--

>&&%'&6A@0B .%#43+, 2 2&%&+&,# 9;8

7&628?<31 7+09&+ IJ-2C(.

I+09&+ IJ-2C( 7+361->1-<31 68A

0>,3+310A 1-<-8=1&B $2&+&$%0 :->&';-

638310A 0> .7#+&' 0 $2'-501. )1 7+36-

$%-'8A3% $&9&B 6+&$$38=1;B +-$D&6&-

,3+ 0 63B$%'#3% 7& 7+01407# +3&,3%+-.

/3D10<3$203 D-+-2%3+0$%020 7+09&+-

IJ-2C( $&&%'3%$%'#?% $836#?@0, 1&-

,01-8=1;, 6-11;,: 60-7->&1 0>,3+310B

1-<-8=1&B $2&+&$%0 :->&';638310A – &%

0,5 6& 25 8/,01; 60-7->&1 6-'8310B 0>-

,3+A3,&:& :->- – &% 0,02 6& 0,15 CI-;

&$1&'1-A 7&:+3.1&$%= 7+09&+- $&$%-'8A-

3% ±10 %. ! %3<3103 30 $ 7&$83 :3+,3%0-

>-400 .7#+- 7+09&+&, IJ-2C( >-,3+A-

3%$A 7+3';.3103 6-'8310A :->&' ' $2'--

5013 1-6 -%,&$L3+1;,, %.3. 1-<-8=1&3

:->&'&3 6-'83103 [11, 12]. 

I& N%&B '380<013 $ 7&,&@=? >-+--

133 7&$%+&311;D :+-L02&' >-'0$0,&-
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$%0 % = f (P:), :63 % – :->&1&$1&$%= 7&-

+&6, ,3/,3; ": – '380<01- 1-<-8=1&:&

:->&'&:& 6-'8310A, &7+3638A?%$A 7&2--

>-%380 :->&1&$1&$%0.

 8A 7&6%'3+56310A 7&8#<311;D 7&

6-11&B ,3%&6023 >1-<310B :->&1&$1&$%0

7&+&6 7-+-8838=1& &7+3638A8-$= :->&1&$-

1&$%= 7&+&6 7& $'&9&61;, :->-, ' 2-56&,

2&12+3%1&, $8#<-3 (&%638=1&B $2'-5013).

I+09&+&, IJ-2C( >-,3+A8-$= $2&-

+&$%= 0$%3<310A :->&' 0> $2'-501, $32#1-

6&,3+&, L02$0+&'-8&$= '+3,A 0>,313-

10A $2&+&$%0. I&8#<311;B &9M3, ';63-

80'.0D$A 0> .7#+- :->&' $&&%1&$08$A

$ &9M3,&, >&1; 6+310+&'-10A '&2+#:

.7#+-.

 8A &7+3638310A 2&,7&131%1&:& $&-

$%-'- ';638A?@3:&$A :->- 7-+-8838=1&

7+&0>'&608$A &%9&+. S-%3, ' 8-9&+-%&+-

1;D #$8&'0AD 1- :->&';D D+&,-%&:+-L-D

«Varian 450-GC» ';7&81A8$A D0,0<3-

$20B -1-80> &%&9+-11;D 7+&9.

J->&601-,0<3$203 D-+-2%3+0$%020

7&+&6 2+&'80 :&+1;D ';+-9&%&2 &7+3-

638A80$= 7#%3, 7+A,;D >-,3+&' $ 7&-

,&@=? 7+09&+- IJ-2C(. I+&'&6080$=

0>,3+310A 1-<-8=1&:& :->&'&:& 6-'83-

10A ' >-:3+,3%0>0+&'-11&B <-$%0 $2'--

501; 0 1-<-8=1&B $2&+&$%0 :->&';63-

8310A.  -'83103 :->- ' ,-$$0'3 7&+&6

2+&'80 +-$$<0%;'-8&$= 7& 0>'3$%1&B

L&+,#83 V.O. V3B931>&1-.

 -'83103 :->- ' ,-$$0'3 +-$$<0%;'--

3%$A 68A 2-56&:& 01%3+'-8- 7& 68013

$2'-501; 080 .7#+-.

?;"%/%4%*&% #"&$&B%'#+E

8%4&B&*2 ,!5+8+,+ /!84%*&0, ';+'+3-

*+,+ 8258!$9 ,!5+/&*!-&B%'#&% 084%-

*&0 ;"& ;"+:+/#% ,+"*2: 82"!3+$+#

;+ ;4!'$< H"III 8 <'4+8&0: "</*&#+8

IHJKL-2 & IHJKL-4

O3:&61A 13 ';>;'-3% 60$2#$$0B 7&8&-

53103 & %&,, <%& +3.-?@-A +&8= ' $&>6--

100 $0%#-400, &7-$1&B 7& J W ' 2-80B-

1;D +#6102-D, 7+01-68350% :->&'&,#

L-2%&+#. I&N%&,# 0 &$1&'1;3 #$080A 1--

7+-'831; 1- $&>6-103 ,3%&6&' 7+&:1&>0-

+&'-10A, &$1&'-11;D 1- #<3%3 0,311& :--

P0$. 2. OD3,- 2 +-$<3%# 2+0%0<3$2&B '380<01;

:->&'&:& 6-'8310A, $7&$&91&:& ';>'-%= :->&601--

,0<3$203 A'8310A 0> 2+&'80 ' $836#?@0D

:&+1&%3D10<3$20D #$8&'0AD: .0+01- ';+-9&%20 2a;

2+&'8A +-$7&8&531- ' 78-$%3 Q+IIIa; +-$$%&A103 6&

7+02&1%-2%1&:& $2&78310A $'&9&61&:& :->- h:, ,

>&'&:& L-2%&+-. KLL32%0'1-A 9&+=9- $ :--

>&601-,0<3$20,0 A'8310A,0 0 7+36&%'+--

@3103 '&>63B$%'0A 0D 7&+-5-?@0D L-2-

%&+&' 1- .-D%3+&' '&>,&51; %&8=2& 7+0

$#@3$%'&'-100 1-6351;D ,3%&6&' &7+363-

8310A 6-'8310A 7+0+&61;D :->&'.

 8A 7&+&6 2+&'80 ' 7+0>-9&B1;D >&-

1-D :&+1;D ';+-9&%&2, :63 0 7+&'&60%$A

%32#@33 7+&:1&>0+&'-103 &7-$1&$%0 +->-

+#.310A 7&+&6 2+&'80 7&6 63B$%'03,

6-'8310A 7+02&1%-2%1;D :->&', 2+0%0<3-

$2&3 6-'83103 &7+3638A3%$A 0> ';+-5310A

"2+ = 0,7925 \+ h2
:/ 

2.  (4) 

I+09&+ IY-2 7+36$%-'8A3% $&9&B 9;$%-

+&63B$%'#?@0B :3+,3%0>-%&+ :->- 0 #$%--

1&'8311;B 1- 13, ,-1&,3%+, .2-8- 2&%&-

+&:& :+-6#0+#3%$A ' 6&8AD S. F- .2-83

4'3%1&B 2+-$2&B &9;<1& 1-1&$0%$A 2+0%0-

<3$2&3 (S = 1) >1-<3103 2+0%3+0A &7-$1&$%0

'&>1021&'310A J W 0> 2+&'80, 2&%&+&3

&7+3638A3%$A ';+-53103, (4). 

I+0 &43123 2+0%0<3$2&B '380<01;

:->&'&:& 6-'8310A, $7&$&91&:& ';>'-%=

:->&601-,0<3$203 A'8310A 0> 2+&'80 7+0

7+&D&623 :&+1;D ';+-9&%&2 7& 78-$%#

Q+III, ' $&&%'3%$%'00 $ ';+-53103, (4) 
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P3>#8=%-%; +-$<3%&' 2+0%0<3$2&B '380<01; :->&'&:& 6-'8310A,

$7&$&91&:& ';>'-%= :->&601-,0<3$203 A'8310A 0> 2+&'80 7+0 7+&D&623

';+-9&%&2 7& 78-$%# Q+III ' #$8&'0AD +#6102- YQIPE-2

I&8&53103

7+02&1%-2%1&:& $2&7-

8310A $'&9&61&:& :->-

E<-$%&2

.-D%1&:& 7&8A

"0+01-

:&+1&B

';+-9&%20, ,

P-$$%&A103 &% 2+&'80

6& 7+02&1%-2%1&:&

$2&78310A $'&9&61&:& :->-,,

Q+0%0<3$2&3

6-'83103, $7&$&91&3

';>'-%= J W,CI-

Q+III- $ Q+II–Q+III-
S-7-61;3 0 '&$%&<-

1;3 7-1380
3,2 0,7 0,34 

!&$%&<1;3 7-1380 3,2 2,24 2,87 
Q+II $ Q+II–Q+III-

S-7-61;3 7-1380 3,2 2,52 3,62 

Q+III- $ Q+II–Q+III-
S-7-61;3 0 '&$%&<-

1;3 7-1380
4,4 0,7 0,21 

!&$%&<1;3 7-1380 4,4 2,24 1,53 
Q+II $ Q+II–Q+III-

S-7-61;3 7-1380 4,4 2,52 1,92 

#<0%;'-80$= ,010,-8=1;3 $08;, $7&$&9-

1;3 1-+#.0%= #$%&B<0'&3 $&$%&A103 7&+&6

2+&'80. OD3,- 2 +-$<3%# 2+0%0<3$2&B

'380<01; :->&'&:& 6-'8310A, $7&$&91&:&

';>'-%= :->&601-,0<3$203 A'8310A 0>

2+&'80 7+0 7+&D&623 :&+1;D ';+-9&%&2

7& 78-$%# Q+III ' #$8&'0AD +#6102-

YQIPE-2, 7+36$%-'831- 1- +0$. 2. 

I+0 +-$<3%3 2+0%0<3$2&B '380<01;

:->&'&:& 6-'8310A 7+010,-80$= $836#?-

@03 >1-<310A 0$D&61;D 7-+-,3%+&':

,&@1&$%= >-@0%1&:& $8&A h: (+-$$%&A103

&% 2&1%#+- 2+&'80 ';+-9&%20 6& :->&'&:&

$2&78310A) &7+3638A8-$= 2-2 ,010,-8=-

1&3 +-$$%&A103 &% 2+&'80 ';+-9&%20 6&

2&1%-2%- 78-$%- Q+IIIa $ 78-$%&, 2-,31-

1&B $&80 Q+II–Q+IIIa (h: = 0,7 ,) 080 2&1-

%-2%- 78-$%- 2-,311&B $&80 Q+II–Q+IIIa

$ 78-$%&, Q+II; >1-<3103 7+3638- 7+&<-

1&$%0 7&+&6 2+&'80 7+0 +-$%A53100 \+
7+010,-8&$= ,010,-8=1;, 7& +3>#8=-

%-%-, N2$73+0,31%-8=1;D 0$$836&'--

10B (\+ = 1,83 CI-); 7+&83% (.0+01-)

7&6:&%&'0%38=1;D :&+1;D ';+-9&%&2 7&

78-$%# Q+III 7+010,-8$A $&&%'3%$%'311&

3,2 0 4,4 ,. )%$?6-, 7&6$%-'8AA <0$831-

1;3 >1-<310A ' L&+,#8# (4), &7+36380,

2+0%0<3$2#? '380<01# :->&'&:& 6-'83-

10A, $7&$&91&:& ';>'-%= :->&601-,0<3-

$203 A'8310A 0> 2+&'80 7+0 7+&D&623

:&+1;D ';+-9&%&2 7& 78-$%# Q+III ' #$-

8&'0AD +#6102- YQIPE-2. P3>#8=%-%;

';7&81311;D +-$<3%&' 7+36$%-'831;

' %-98. 1. 

Q-2 '061& 0> %-98. 1, 68A 78-$%- Q+III

' #$8&'0AD +#6102- YQIPE-2 ,010,-8=1-A

2+0%0<3$2-A '380<01- 6-'8310A ' $2&783-

100 $'&9&61&:& :->- 1- 2&1%-2%3 78-$%-

Q+IIIa $ 78-$%&, 2-,311&B $&80 Q+II–Q+IIIa

$&$%-'8A3% 0,21 CI- (2,1 2:/$,2). O836&-

'-%38=1&, 7+0 0>,3+3100 $2&+&$%0 1-+-$-

%-10A 6-'8310A :->- 7+09&+&, 9-+&2&1-

%+&8A IY-2 ' >-:3+,3%0>0+&'-11&, .7#-

+3 >- 30 $ 1- .2-83 ,-1&,3%+- 7+09&+-

2+0%0<3$20, '380<01-, $2&+&$%0 0>,3-

1310A 6-'8310A $&&%'3%$%'#3% '380<01-

6-'8310A, +-'1-A 0,21 CI- (2,1 2:/$,2). 

I+0 6&$%053100 $%+382&B ,-1&,3%+- >-

30 $ 6-'8310A 0,21 CI- (2,1 2:/$,2) #<--

$%&2 2+&'80 ' ';+-9&%23, 7+&D&60,&B 7&

78-$%# Q+III ' #$8&'0AD +#6102- YQIPE-2, 

&% >-:3+,3%0>0+&'-11&:& .7#+- 6& >-9&A

$<0%-3%$A &7-$1;, 7& J W 0> 2+&'80.

OD3,- 2 +-$<3%# 2+0%0<3$2&B '380<0-

1; :->&'&:& 6-'8310A, $7&$&91&:& ';-

>'-%= :->&601-,0<3$203 A'8310A 0> 2+&'-

80 7+0 7+&D&623 :&+1;D ';+-9&%&2 7&

78-$%# Q+III ' #$8&'0AD +#6102- YQIPE-4, 

7+36$%-'831- 1- +0$. 3. 

I+0 +-$<3%3 2+0%0<3$2&B '380<01;

:->&'&:& 6-'8310A 7+010,-80$= $836#?-

@03 >1-<310A 0$D&61;D 7-+-,3%+&': ,&@-

1&$%= >-@0%1&:& $8&A h: (+-$$%&A103 &%

2&1%#+- 2+&'80 ';+-9&%20 6& :->&'&:&

$2&78310A) &7+3638A8-$= 2-2 ,010,-8=-

1&3 +-$$%&A103 &% 2+&'80 ';+-9&%20 6&

2&1%-2%- 78-$%- Q+II $ 78-$%&, 2-,31-

1&B $&80 Q+II–Q+IIIa (h: = 1,0 ,); >1-<3103
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P0$. 3. OD3,- 2 +-$<3%# 2+0%0<3$2&B '380<01;

:->&'&:& 6-'8310A, $7&$&91&:& ';>'-%= :->&601--

,0<3$203 A'8310A 0> 2+&'80 ' $836#?@0D :&+1&-

%3D10<3$20D #$8&'0AD: .0+01- ';+-9&%20 2a, ,;

2+&'8A +-$7&8&531- ' 78-$%3 2-,311&B $&80

Q+II–Q+III-; +-$$%&A103 6& 7+02&1%-2%1&:&

$2&78310A $'&9&61&:& :->- h:, ,

7+3638- 7+&<1&$%0 7&+&6 2+&'80 (78-$%-

2-,311&B $&80 Q+II–Q+IIIa) 7+0 +-$%A53-

100 \+ 7+010,-8&$= ,010,-8=1;, 7&

+3>#8=%-%-, N2$73+0,31%-8=1;D 0$$83-

6&'-10B (\+ = 1,31 CI-); 7+&83% (.0+0-

1-) 7&6:&%&'0%38=1;D :&+1;D ';+-9&%&2

7& 78-$%# Q+III 7+010,-8$A $&&%'3%$%-

'311& 4,3, 5,3 0 5,5 ,. )%$?6-, 7&6$%-'-

8AA <0$8311;3 >1-<310A ' L&+,#8# (4), 

&7+36380, 2+0%0<3$2#? '380<01# :->&-

'&:& 6-'8310A 68A ';+-9&%&2 .0+01&B

$&&%'3%$%'311& 4,3, 5,3 0 5,5 ,, $7&$&9-

1&:& ';>'-%= :->&601-,0<3$203 A'8310A

0> 2+&'80 7+0 7+&D&623 7&6:&%&'0%38=-

1;D ';+-9&%&2 7& 78-$%# Q+III. P3>#8=-

%-%; ';7&81311;D +-$<3%&' 7+36$%-'83-

1; ' %-98. 2. 

Q-2 '061& 0> %-98. 2, 68A 78-$%-

Q+III ' #$8&'0AD +#6102- YQIPE-4 ,0-

10,-8=1-A 2+0%0<3$2-A '380<01- 6-'-

8310A ' $2&783100 $'&9&61&:& :->- 1-

2&1%-2%3 78-$%- Q+II $ 78-$%&, 2-,311&B

$&80 Q+II–Q+III- $&$%-'8A3% 0,146 CI- ]

] 0,15 CI- (1,5 2:/$,2) 68A #$8&'0B 7+&-

'36310A ';+-9&%&2 7& 78-$%# Q+III 1-

?:&-'&$%&<1;D 7-138AD. O836&'-%38=1&,

7+0 0>,3+3100 $2&+&$%0 1-+-$%-10A 6-'-

8310A :->- 7+09&+&, 9-+&2&1%+&8A IY-2

' >-:3+,3%0>0+&'-11&, .7#+3 >- 30 $ 1-

.2-83 ,-1&,3%+- 7+09&+- 2+0%0<3$20,

'380<01-, $2&+&$%0 0>,31310A 6-'8310A

$&&%'3%$%'#3% '380<01- 6-'8310A, +-'1-A

0,15 CI- (1,5 2:/$,2). I+0 6&$%053100

$%+382&B ,-1&,3%+- >- 30 $ 6-'8310A

0,15 CI- (1,5 2:/$,2) #<-$%&2 2+&'80 ' ';-

+-9&%23, 7+&D&60,&B 7& 78-$%# Q+III ' #$-

8&'0AD +#6102- YQIPE-4, &% >-:3+,3%0-

>0+&'-11&:& .7#+- 6& >-9&A $<0%-3%$A

/ - 9 8 0 4 -  2  

P3>#8=%-%; +-$<3%&' 2+0%0<3$2&B '380<01; :->&'&:& 6-'8310A,

$7&$&91&:& ';>'-%= :->&601-,0<3$203 A'8310A 0> 2+&'80 7+0 7+&D&623

';+-9&%&2 7& 78-$%# Q+III ' #$8&'0AD +#6102- YQIPE-4

I&8&53103 7+02&1-

%-2%1&:& $2&78310A

$'&9&61&:& :->-

E<-$%&2

.-D%1&:& 7&8A

"0+01-

:&+1&B

';+-9&%20, ,

P-$$%&A103 &% 2+&'80

6& 7+02&1%-2%1&:& $2&783-

10A $'&9&61&:& :->-, ,

Q+0%0<3$2&3

6-'83103, $7&$&91&3

';>'-%= J W,CI-

4,3 0,9 0,238 

5,3 0,9 0,176 R:&->-7-61;3 7-1380

5,5 0,9 0,167 

4,3 0,8 0,202 

5,3 0,8 0,153 R:&-'&$%&<1;3 7-1380

5,5 0,8 0,146 

4,3 0,9 0,238 

5,3 0,9 0,176 O3'3+&->-7-61;3 7-1380

5,5 0,9 0,167 

4,3 0,9 0,238 

5,3 0,9 0,176 

Q+II $ Q+II–Q+III-

O3'3+&-'&$%&<1;3 7-1380

5,5 0,9 0,167 
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&7-$1;, 7& J W 0> 2+&'80. *$80 7&6D&-

60%= 60LL3+3140+&'-11& 2 #<-$%2-, .-D%-

1&:& 7&8A +#6102- YQIPE-4, %& ,&51&

+32&,316&'-%= 68A %32#@3:& 7+&:1&>-

&7-$1&$%0 +->'0%0A J W 0> 2+&'80 ';+--

9&%&2, 7+&D&60,;D 7& 78-$%# Q+III, $83-

6#?@03 2+0%0<3$203 >1-<310A '380<01

:->&'&:& 6-'8310A: ?:&->-7-61;3 7-1380 – 

0,17 CI- (1,7 2:/$,2); ?:&-'&$%&<1;3 7--

1380 – 0,15 CI- (1,5 2:/$,2); $3'3+&-

>-7-61;3 7-1380 – 0,17 CI- (1,7 2:/$,2);

$3'3+&-'&$%&<1;3 7-1380 – 0,17 CI-

(1,7 2:/$,2). 

M!#4GB%*&%

! 7+&43$$3 ';7&81310A +-9&%; 7&

0>#<310? :->&601-,0<3$20D D-+-2%3+0-

$%02 1- 2&1%-2%3 78-$%- Q+III 0 78-$%-

2-,311&B $&80 Q+II–Q+III- $ 438=? +->-

+-9&%20 2+0%3+03' %32#@3:& 7+&:1&>-

';9+&$&&7-$1&$%0 7+0 7+&D&623 ';+-9&-

%&2 7& 78-$%# Q+III ' #$8&'0AD +#6102&'

YQIPE-2 0 YQIPE-4 )() «E+-82-80B»

68A 7+09&+&' %32#@3:& 7+&:1&>- IY-2 

#$%-1&'831; 2+0%0<3$203 '380<01;

:->&'&:& 6-'8310A ' $2&783100 $'&9&6-

1&:& :->-:

1. ! #$8&'0AD +#6102- YQIPE-2 2+0-

%0<3$2-A '380<01- 6-'8310A ' $2&783100

$'&9&61&:& :->- $&$%-'8A3% 0,21 CI-

(2,1 2:/$,2).

2. F- ?:&-'&$%&<1;D 7-138AD +#6102-

YQIPE-4 ,010,-8=1-A 2+0%0<3$2-A '3-

80<01- 6-'8310A ' $2&783100 $'&9&61&:&

:->- $&$%-'8A3% 0,15 CI-.

3. F- ?:&->-7-61;D, $3'3+&->-7-61;D

0 $3'3+&-'&$%&<1;D 7-138AD +#6102-

YQIPE-4 ,010,-8=1-A 2+0%0<3$2-A '3-

80<01- 6-'8310A ' $2&783100 $'&9&61&:&

:->- +-'1- 0,17 CI-.

/-20, &9+->&,, 3$80 '& '+3,A 7+&'3-

6310A %32#@3:& 7+&:1&>0+&'-10A 7+0

0>,3+3100 $2&+&$%0 1-+-$%-10A 6-'8310A

:->- 7+09&+&, 9-+&2&1%+&8A IY-2 ' >--

:3+,3%0>0+&'-11&, .7#+3 >- 30 $ $%+38-

2- ,-1&,3%+- 6&$%0:-3% 2+0%0<3$2&:&

6-'8310A, #<-$%&2 2+&'80 ' ';+-9&%23 &%

>-:3+,3%0>0+&'-11&:& .7#+- 6& >-9&A

$<0%-3%$A &7-$1;, 7& J W 0> 2+&'80.

Q+0%0<3$203 >1-<310A '380<01; :->&-

'&:& 6-'8310A '28?<31; ' 1&+,-%0'1;3

6&2#,31%;, +3:8-,31%0+#?@03 93>&7-$-

1&3 '363103 :&+1;D +-9&% 1- 78-$%-D,

&7-$1;D 7& :->&601-,0<3$20, A'8310A,.
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