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3-3-$å+0O(&$åÏ'& 

 íæ-5 íÑ�'N"Ç Ì-G äæ),äÒæ +, �*#Yb000    ã-Ü%#Ü$Ü&5    ÒÇ

 \WTTNT  BE�Ç å)* á)� 

 

:-$$PGQR,C$äÇS,&$ 0(8$$TÑ'7*Pso$$U$ÑÏ$íÏ.#

9H@2$á@V 

ã-" ÑÏ Ì-G ¡A�ÇÏ#<Ç ÑÇQ=ÇPE4  äÒæ +,c`   ¡íæ-Ü5 ;3* �, ã-%

 +$7�= �,dc0 C$&�      Ö-ÜX +Ü, ;&6!J� H6L� �, ;"#< +"�(Ï ÒÇ -!�

1e0 C$&� Ú�N<ÑÇ æ -!�100C$&�  á#f +, æ -!�e00      CÜ$Ü&Ü�   -Ü!Ü�

+&?* C� +!=-% åÒÇ)"Ç ;"#< í�V!"Ç ÑÏ Ñ�4= äÇQ&� æ å)* íÒ��  Ï#*

 ;3*abg B  

äÇQ&�  Ñ�4= ÑÇÏ#/" æ Ñ�4=-     CÜ,-Ü'Ü< ���!" �, ¡íÏ)X ;K ä��Ò

 äÇÑ�3/( æ E&/�Ç +2�L� ���!" ÒÇ ;7�K ]11h         CÜ� +ÜJ��ÜL�  Ï#Ü*

ÑÇÏ#/" æ áæ)Ta1g  B 

Ñ�4= í�(ÑÇÏ#/" æ ���!" +, +T#< �,-       ¡CÜ,-Ü'Ü< æ íÏ)X ä��Ò

    åÒÇ)Ü"Ç æ +!*ÇÏ Z( �, C,#G i,�6< ;"#< ;GÇÏ ÑÏ Ì#� Ñ�'N"Ç å#@"

B ÏÑÇÏ  �6G )7ÑÏ EN( Ïæ)K �(Ñ�4= �&, 
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$9W43�$9H@2$%H@!Há.&$í'X$UíÏ.#T$Y1ÇÏ@2Ç$æ$U C+02T$%Z'K&$ÑÏ$å.4

$Ï'LCÇ$%C=\E×=EE ",&$+;& 

�&,gÑ�,a Ñ�4=  ���!"  
 +"�(Ï �< +'W� +$7�=

C$&�a ;"#< g-!� 

1jkb0 íÏ)X  

e00 1ekj0 C,-'<  

cl �6G )7ÑÏ  

$áæ.N=�$$$^1';HPso$]$ C+02$P<2$æ$Y1ÇÏ@2Ç$ÑÇS*Ç$ã+H$ÒÇ$9Q'_==$ÑÏ$[

$%"Q'*6FE$$ ",&$9H@2$äæÑÏ$ÑÏ$+;& 



=7   íÑ!"#$Ç í!%Ñ!& '&Ç'& ÑÏ ($)* +,)- ./!0$ 124 í568* .9:;<'& '=Ç 

>- ?@A,íÏ5B C/!:$ æ íÒ!4 

 ���   ÑÏ ¡���! "#$�� %&�' ÑÏ í()*! "+,-�./ .0Ç "1Ñ./

 %2/3 Ñ$45�Ç %6$7   8Ñ$9: "; ¡ %2/ �-#$/     ÇÑ Ñ$Ü45�Ç ÒÇ "&$� Ñ$9:

�<$= ÑÏ >2?,-; ���! ÑÏ    @Ü-#$Ü?; >6 $/ "+,-�./ $/ æ Ý$A í$6

 ã.� ÑÏ Ç(,/Ç Ñ�BC; D#(/ EÏ�)�     Ì.ÜF D#ÇÏ�!Ç ÑÇG:Kg TNT  HIII 

íæ.7�J& @KA$: $/ ¡LM       Ï$Ü*Ü/Ç $Ü/ N/.; NO?; $/ ���! @�$6Ï ÒÇ .,;

M ×M  á�P @/HI @2Q& .,; "; íÒ$1  �J&3 Ï�&R       �ÜQÜ0 ��� æ 8

%2/ @4C1 Ñ$9:    >Ü6 ÒÇ .,; S# @KA$: $/ æ Ï(T UC'  ÏÇ(*! @/ í$6

���! í$�,�Ç ÑÏ Ñ$9: %6$7 å�V� äÏÇÏ ä$9� ���  D#.FÂ ÒÇ (*/ æ

"+,-�./ "; ÑÇ.W  á(; D#Ç ÑÏ EÏ.2X)H ( ¡Ú$5!ÑÇ)B  (     æ Ö.T )S( 

"; "+,-�./ ã$X @KA$:  3 �J& E(&$/Y @2Q& @��)� S# 8     ÒÇ íÒ$Ü1

ã.� ÑÏ "+,-�./ íÇÑÇÏ ���! á(; "; ä$9� ÇÑ D#ÇÏ�!Ç ÑÇG:Ç E(6Ï  

 

>-D- E .9:;<'& Ö'B ÊÇ'=ÇBF 

          Ù$ÜVÜ< ÒÇ �Ü1 S# ÒÇ (&$/ .,)7 "+,-�./ Ö.T Ñ(?Z .6

  ¡�Ü��! ÑÏ "C: æ "#Ç.�Ç Ê$B=[; �2<Ï @/ G2� æ @:.A @/ íÏ$\,WÇ

 EÏ�/ (6Ç�F .,92/ G2� Ñ$7 �<��1 

 ¡Ñ$9: %6$7 ÑÏ "+,-�./ Ö.T .20$! D22*! íÇ./ Ç]<^  @��)�

@2Q& ¡íÒ$1   "+,-�./ Ö.T æÏ @-#$?; íÇ./I_L  æL    ã$Ü4Ü�Ç .,;

";  ���! S# �;$& @7 Ï.#]'M ×M  Ì.F $/HIII    íÇÑÇÏ æ ã.X�K27

     �Ü/$Ü0 ã$X �AÇ�: $/ "+,-�./ æÏY                  Ú$Ü5Ü!ÑÇ $Ü/ "Ü<æ  .Ü,Ü;

"+,-�./  `K,a; í$6I_M  ¡I_H   æI_R "; .,;    ÑÏ UÜ#$,� @7 ¡(&$/

3 áæÇ(�M3 ¡ 8H3 æ 8R E�1Ç å(& åÏÑæÂ 8 

 ÑÇÏ)6$D- FGHÇ  Ñ!IJ ÑÇÏ)6$-FÈ .&'"* (K ä!LÒ  Ñ!IJ ÑÇÏ)6$- (K ä!LÒ

 ?MN!J ÑÏ íÏ5B>OO.M@L  ($)* äæÑÏ ÑÏ ':L 

 (P,Q-   .9:;<'& íÇÑÇÏ ($)* á5L 

8`<Ç3 

8È3 

 (P,>- ?@A, ($)* ?$)6$ ã'$ ÑÏ .9:;<'& íÇÑÇÏ å5, íÒ!4  ÑÇRJÇ

 S/ÇÏ)*Ç 

 @4C1 @KA$:

���! @�$6Ï $!

8.,;3 

3000kgTNT,(S=5m),(H=0.2m), (N=2) 

(bar)  %2/ Ñ$9:  

Smooth B=1m B=0.1m 

Mb ^_H Y_^R b_Lc 

M^ ^_IY Y_bY Y_d 

Mc b_d Y_M^ Y_YM 

Md b_^b R_cb Y_LY 

HI Y_dc R_RH R_b^ 

 áæ6<T- ?@A, C/!:$  Ö'B íÇÑÇÏ æ .9:;<'& !& æ Ý!N ($)* íÒ!4

 .9:;<'&D  ¡OUD  æ ':LFS=5m),(H=0.2m) (N=2EV 
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 ) áæ�� ����!2    "Ü#�Ü$ Ý%�&Ç �'ÑÏ ($ *+Ç äÂ ÒÇ ,$�- .

Ö/0 �1 ,3�4�/1 íÇÑÇÏ 5!67 Ñ�89  í�#:  ¡;<:         Ú�Ü=Ü7ÑÇ æ /Ü�>

 *1�? ,3�4�/1;<2  ÒÇ /�@$ ¡A# (1 *B4! ¡/�>C,> D      (Ü$ �ÜE�Ü1

,> ,3�4�/1 Ö/0 æ Ï/$ /FG9/' äÂ ÒÇ äÇ67;<:      HÜ�IÜ3Ü��Ü� ÇÑ

 Ö/0:        (Ü1 *ÜBÜ4! Ñ�89 "#�$ *J�- H�Ç ÑÏ (�BJÇ ($ Ï6@! /�>

 ¡Ý�' *J�-2; KÏ61 �#Ç6& �'ÑÏ 

 ) áæ�� ����!L    "Ü#�Ü$ Ý%�&Ç �'ÑÏ ($ *+Ç äÂ ÒÇ ,$�- .

Ö/0�1 ,3�4�/1 íÇÑÇÏ 5!67 Ñ�89  í�#:  ¡;<:          Ú�Ü=Ü7ÑÇ æ /Ü�Ü>

 *1�? ,3�4�/1;<L  ÒÇ /�@$ /�>M  Ï61 �#Ç6& D    *ÜJ�Ü- H�Ç ÑÏ ($

 Ö/0 (1 (�67 �1 Ñ�89 "#�$;<:     ¡Ý�Ü' *J�- (1 *B4! /�>LN 

KÏ61 �#Ç6& �'ÑÏ 

 ) áæ�� Ì��!M      "Ü#�Ü$ Ý%�&Ç �'ÑÏ ($ *+Ç äÂ ÒÇ ,$�- .

Ö/0 �1 ,3�4�/1 íÇÑÇÏ 5!67 Ñ�89 í�#:  æ /�>;<:   Ú�Ü=7ÑÇ æ /�>

 *1�? ,3�4�/1;<M  ÒÇ /�@$ ¡A# (1 *B4! /�>N ,> D      (Ü$ �ÜE�Ü1

 (OG+ (P'�9

5!67 (!�#Ï �7

./�>) 

3000kgTNT,(S=5m),(H=0.3m), (N=2) 

(bar)  "Q1  Ñ�89  

Smooth B=1m B=0.1m 

2R N<L M<R2 M<NL 

2N N<;C M<NN M<MR 

2S R<T M<MR M<:L 

2T R<NR M<:C M<:M 

L; C<TS L<TM L<NR 

$áæ.?3-$%,@4$A1';B$$Ö+#$íÇÑÇÏ$æ$ C;<?+D$'D$æ$Ý'E$9BF2$íÒ'8

$ C;<?+D=$$¡GH=$$æ$+;&IS=5m),(H=0.3m) (N=2JK 

 (OG+ (P'�9

5!67 (!�#Ï �7

./�>) 

3000kgTNT,(S=5m),(H=0.4m), (N=2) 

(bar)  "Q1  Ñ�89  

Smooth B=1m B=0.1m 

2R N<L L<TL L<S: 

2N N<;C L<T; L<R; 

2S R<T L<N2 L<MR 

2T R<NR L<RN L<MN 

L; C<TS L<LS L<:; 

$áæ.?:-$%,@4$A1';B$$Ö+#$íÇÑÇÏ$æ$ C;<?+D$'D$æ$Ý'E$9BF2$íÒ'8

$ C;<?+D=$$¡GH=$$æ$+;&IS=5m),(H=0.4m) (N=2JK 

$ÑÇÏF!BL-$%,@4$ÑÇÏF!B$$$Ö+#$íÇÑÇÏ$æ$ C;<?+D$'D$æ$Ý'E$9BF2$íÒ'8

$ C;<?+D=$$¡GH=$$æ$+;&IS=5m),(H=0.2m) (N=2JK 

$ÑÇÏF!B3-$%,@4$ÑÇÏF!B$$$Ö+#$íÇÑÇÏ$æ$ C;<?+D$'D$æ$Ý'E$9BF2$íÒ'8

$ C;<?+D=$$¡GH=$$æ$+;&IS=5m),(H=0.3m),IN=2J 

$ÑÇÏF!B:-$%,@4$ÑÇÏF!B$$Ö+#$$íÇÑÇÏ$æ$ C;<?+D$'D$æ$Ý'E$9BF2$íÒ'8

$ C;<?+D=$$¡GH=$$æ$+;&IS=5m),(H=0.4m),IN=2J 
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   Ö�Ü� �� ���! "� Ñ"#$ %&"' ¡()"* +,Ç .Ï�� -&Ç�/ �01$�2 3�"4

567  ¡Ý"2 38�! �� (9:8 �;<=>    Ï"Ü,Ò äÇ?@< �;9)Ç �' (AÇ -2ÑÏ

B< BC;:��� Ú"D!ÑÇ %,Ç?$Ç 3@)Ï �� �;#@� ¡Ñ"#$ %&"'    �Ü' -E"�

.-E -&Ç�/ åÑ"EÇ äÂ �� í-F� %G� ÑÏ 

 ÒÇ BC;:��� Ö�� %&"' �' -,Ï�H IG#< áæÇ-� +,Ç J9K

 �� �;< L,567 B< æ åÏ�� M& �� L,Ï?8 N,";8 íÇÑÇÏ �;<      �Ü� äÇ�Ü!

ÒÇ �;< L, Ö�� í"�   Ö��567  Ù"O) ÒÇ M& �' Ï�P8 åÏ"D;AÇ �;<

. -E"� �$�2 �� äæ�Q< B,Ç��Ç æ B1$ Ù"O) �� M& æ íÏ"R;4Ç  

>-?- @ .8:;<'& Ú!#*ÑÇHA 

   %Ü&"Ü' ÑÏ BC;:��� Ú"D!ÑÇ ÊÇ�SÇ +@@F! (T� ¡%G� +,Ç ÑÏ

 ¡Ñ"UD8Ç= á-< �8�P8   Ï"ÜF�Ç "� 38�! L, 3<"E �' �;$�H ã"U8Ç íÒ"A

V ×V     Ì�Ü/ æ BC;:��� æÏ "�W555                Ú"ÜDÜ!ÑÇ "Ü� æ ã�ÜH�ÜXÜ@Ü'

BC;:��� 3<"E YX;G< í"&567 ¡56V  æ56=  æ �;<Z   �ÜU1A Ï-�

B< �;< L, 32Ç�$ �� 38�! í"T;8Ç ÑÏ      �Ü' -Ü,Ï�H IG#< æ -E"�

        ¡MÜ& �Ü� (Ü9:8 Ñ"#$ %&"' ¡Ï�E �;#@� BC;:��� Ú"D!ÑÇ Ñ-Q[

 Ïæ-*V=  38�! ()"* �� (9:8 æ \V ×V       ¡BÜCÜ;Ü:��� äæ-�=W   \

B<] ÑÇÏ�P8 æ áæ-� ÑÏ äÂ N,";8 �' -E"�Z . (AÇ å-<Â ^ 

>-3-  ÊÇ'=Ç .8:;<'& ÏÇ57*@NA 

  %Ü&"' ÑÏ BC;:��� ÏÇ-F! ÊÇ�SÇ +@@F! (T� ¡(P:4 +,Ç ÑÏ

 ¡38�! Ñ"#$Z á-< �8�P8     "Ü� 38�! L, 3<"E �' �;$�H ã"U8Ç íÒ"A

 Ï"F�ÇV ×V  (�"S BC;:��� Ú"D!ÑÇ æ56V      BÜCÜ;Ü:��Ü� Ö�� æ  �;<

 (�"S567  Ì�/ æ  �;<W555 �X@'    BÜCÜ;Ü:��� ÏÇ-F! "� æ ã�H  í"Ü&

 æ YX;G<Z B< 38�! í"T;8Ç ÑÏ �;< L, �X2"$ �� �U1A Ï-�   -ÜE"�

á-< +,Ç N,";8 �'íÒ"A] áæ-� ÑÏ "&_ . (AÇ å-E åÏÑæÂ ^ 

    å-Ü,Ï�ÜH å-&"#< ¡N,";8 +,Ç J9K   (ÜAÇ   �Ü'    �Ü[�Ü&     ÏÇ-ÜFÜ!

 �X2"$

 "! �U1A

38�! �8"&Ï

^�;<] 

3000kgTNT,(S=5m),(H=0.1m), (N=2) 

(bar)   Ñ"#$ %@�  

Smooth H=0.1m H=0.2m H=0.4m 

V_ `6W _67> Z6V7 W6aW 

V` `65Z _6=_ Z6_Z W6a5 

V> _6a Z6aa Z6V` W6`V 

Va _6`_ Z6_7 =6>_ W6_` 

W5 Z6a> =6a_ =6VW W6W> 

 áæ5<>- BCD, E/!:$ Ú!#*ÑÇ íÇÑÇÏ æ .8:;<'& !& æ Ý!F ($)* íÒ!4 í!%

GHI  ¡GH?  æGHJ  æ ':KAS=5m),(H=0.1m) (N=2@L 

 ÑÇÏ)6$>- BCD, ÑÇÏ)6$    íÇÑÇÏ æ .8:;<'& !& æ Ý!F ($)* íÒ!4

Ú!#*ÑÇ í!%GHI  ¡GH?  æGHJ  æ ':KAS=5m),(H=0.1m) (N=2@L 

 áæ5<M- BCD, E/!:$  ÏÇ57* íÇÑÇÏ æ .8:;<'& !& æ Ý!F ($)* íÒ!4

 .8:;<'&I¡?¡J  æIG  æ Ï5NAS=5m),(BO0.1m) (HO0.2m@ 

 �X2"$

 "! �U1A

38�! �8"&Ï

^�;<] 

3000kgTNT,(S=5m),(B=0.1m), (H=0.2m) 

(bar)   Ñ"#$ %@�  

Smooth N=1 N=2 N=4 N=10 

V_ `6W _6ZZ Z6WZ Z67` Z6`Z 

V` `65Z _6V5 Z6_Z Z65> =6VV 

V> _6a Z6a> Z6V` =6_W W6=> 

Va _6`_ Z6>` =6>_ =67V W657 

W5 Z6a> Z67> =6VW W6VZ V6Z_ 

 ÑÇÏ)6$M- BCD, ÑÇÏ)6$ ÏÇ57* íÇÑÇÏ æ .8:;<'& !& æ Ý!F ($)* íÒ!4

 .8:;<'&I¡?¡J  æIG  æ Ï5NAS=5m),(BO0.1m) (HO0.2m@  
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 ÒÇ 0.G) �� �� !"#$ Ñ%&' (�%) ÝT.IÇU          ÇVÜ7 ¡Ï5Ü� �Ü�Ç5I 1

ã%= 4>Ç5' 0??S6        �Ü�Ç5ÜDÜ$ ,Ü$Ç�ÜWX 0?@%6 Ñ%EF$Ç Ñ%� (�%) ÑÏ %�

;!<ÇÏ 

F-$G!C$%1,:H$æ$í.(Dí+,@ 
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,: ,-.#/0�(?� �$Ç56ÏÑÇæ Ñ%&'     ÑÇ�ÜYÜ: %6 ÇÑ 4$56 4IÇÏ �� å�<
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ÔæÑ 0-*Ï Ñ%W) ÑÏ ÔæÑ A*Ç æ åÏ5� Ñ%EF$Ç  ¡Ñ%EF$Ç ÊÇ0@Ç (�%) í%�

,: _?HÂ (�%) _/5: �$Ç56 ÏÇ0'Ç í0*V\    åÒ%ÜH äæÑÏ ÊÇ+?CE6  æ

,: åÏÑæÂ �:ÇÏÇ ÑÏ (�æ`\ A*Ç �C: Q*%.$ ;Ï5< A:Ç;�$5< 

a7Ç- ,HÑ0� ã%E$Ç í%�     ä%Ü&$ ,Ü-Ü.#/0� íÇÑÇÏ 4$56 ÑÏ å�<  

,: 4:%M A?� ÒÇ ÑÇV=0?@%6 4:Ç5M A*0.&?� �) ��Ï    í%Ü�U     �Ü$%Ü=

           Ú%ÜFÜ6ÑÇ bÜcÜH æ ÏÇ�B6 Ç�.�Ç ¡Rã%= �K>%' æ ÏÇ�B6 ¡Ö0M ¡Ú%F6ÑÇP

,: ,-.#/0� Ñ%&' (�%) ��%* (*Ç+'Ç !?G) æÏ A*Ç �X0� æ �<%�

;!<ÇÏ �?�Ç5I í0.&?� 

È-  (�%) ÑÏ ,$Ç�WX 0?@%6 ,-.#/0� Ö0M äÏ0) Ï%*Ò %* �)

,: æ ÏÑÇ�$ Ñ%EF$Ç Ñ%�             Ö0ÜM %Ü� ,Ü-Ü.Ü#/0Ü� 4:%M O* ÒÇ äÇ56

�� ]7%d: �E� �� %6 Ï5G$ åÏ%F.HÇ0.G) æ ��%* (�%) å�< åÏ0�Ñ%)

;�<%� �'0> �� äæ0Y: +?$ íÏ%d.ZÇ Ù%e7 ÒÇ 

Ì- !e> Ó%HÇ 0�ã%E$Ç ,EWH äÇ+?: ¡�7%Y: A*Ç ÑÏ �.'0=Pso 

��!HÏ                      ,Ü�0ÜEÜ6 (Ü*%Ü:ÒÂ %Ü� RAÜ*ÇÏ56ÇPíÏ�M (*%:ÒÂ ÒÇ å�:Â
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 �K>%'

 %6 �EWH

4$56 �$%�Ï

R0.:P 

3000kgTNT,(B=0.1m),(H=0.2m), (N=2) 

(bar)   Ñ%&' (?�  

Smooth S=2m S=5m S=10m 

2i 9L3 iL2J iL32 iLUN 

29 9LJ8 iLJ8 iLN8 iL23 
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Abstract 

The entrance of defensive underground structures is vulnerable to blast loading. Deliberate 

use of prominence in the final lining of the tunnel, one of the ways of dealing with the effects of 

the blast wave and reduce the vulnerability to degradation. In this study, the software 

(AUTODYN) the explosions in the line with the distance from the mouth of the tunnel           

simulated and then the effects of deliberate prominence at the end of the tunnel cover Performed 

directly.The amount of airflow (overpressure) discussed and finally considering the size      

prominence of the tunnel and reducing the amount of pressure are expressed. The results show  

that using prominence can Reduce  overpressure inside the tunnel For acceptable.   
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