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!"#$ %&!"#$ ' ()*+(  

 ;<, 789– =3>/?@!( 1,% 13456( 
"A!B/C %,D5 E( 13456/F< GHIB/J5K L/M 0/?N L"OP1%& 
 ,-&./0 1"2 3$4565/+7"874 9* $: %1 ;<)=. >+?@$ 14"2 (:  

-.  .!/!*+ 
0. 12 .!+') 

:,=% */,&E#/ *F ;G)&H*': /)"1*>I G)H*':& JK63= L6 $MN)/ O)"'&7:  

a. Q,1,% L"J*  G)N*':&):,:= LP5 H:4MQ R&S(  "':I "#'*/ :R:,:"'*S$T )"#U(&VI 3*V.(...  
b. 9& Q/R L"J*  ) !40/ R3"6( %#WX G)N*':&)I "': H:4MQ R&S( "Y*Q LP "#'*/ :R*V"'Z[3 H:47G. 

S,"OP :\  !=:&'*[ 2: ]$^ ,&>'2%*-ST&#:4) (Hymenoptera) I  2: _&' T`)/ a) "1*>3 T`)a  L6b#T 34V! c%  ]
d(: !"1 O$MN :  

A( TK-* U-V& $-,"Apis Mellifera   : 8$^ ,&>'2< /),= */ Le "1*>f3"#g *\5 ,&>'2  :, *0'`
/ h,34T)\")3 O ,= '=)/ !"#e:4T *)"1*>.  

i( TK- W0 U /5,"Apis cerna  : ,&>'2? ,= Le \ j#( k*P13 *\,*l ][:=*5 *S$\&e'<  L#N3
V"'2 R*S[,=X /)"##P. *0'` R*S(3"#\3 R*S$'*mQ: ,&7e,=  ][:=,= :,f3"#g  *0'`2:3 !=:= ,:4Y

/ d1:=46 ]$^)"##P : Le%$6 ]$^ *\ ,&>'2 ;)-e ,*X *0n*N L( =3"G, e)9&N &8)/ ")"##P.  
B( TK- ,13V$ U : Apis flora :%$6 ,&>'2 ;)/ =,&[ ,*)*oQ,= Le "1*>5  =:2`%* 6)1` R34)/ L'*) "##P

3 $6 ]$^)-e ,*X 9&N)/ ") "##P. Q: ,&7e,=m R*S$'* I R*S(3"#\ I:%$/4V pq*#/3 R:4)= 4% !"
/)=&7. S/r:46 s=4/ L'*U(5 ]$^ d1:=46 :%,&>'2 ; =&6*' t4W/,= :,5 "': !=:=,:4Y.  
u( TK- /!/01<% UApis dorsata   ::% ,&>'2 ;4SV,Z6 *\ ,&>'2 2:5 =46 s*' Le%O /) "1*> 3,= 3,5 

*0[*15 3 ?&Y  "#86 R*S[,=/ L'v)I"##P  *0'`% w x*Y,Z6<V =2*$)/ ,= Le 3,5 % d[,= w
6)= ,&>'2 L'v "#n 2: J% !" !"1  3/ =&F&/ R*S(3"#\ ,&7e,=) "1*>y*.9 ;)-\ 2: I  d[,= R`
*\ /&6  :,)*\ d[,= R*5 / ,&>'2)&z%"#.  
{( TK-134> UB /HApis laboriosa  :  2:4SV,Z6 !,:&Y 4E'%/ ,&>'2 ;) ,= Le "1*>%w x*Y  |,Z6

/ L'v)=,:Z\ ,*0n *N ,:Z\ H*^*UN,:,= v&-W/ } =2*$%/ !")&7=. 

  

 XB"#J9D5/C %,(  GHI 13456 
A. 3H5,"$ 13456 %,D5( /T<1,<Y&:  

:%2 ;T` s*#6 ,&>')8/ aX Q):4 8/X Q) :4)Apis mellifera mellifera( =&7)/ =*%  j', Le*0'` e ~�/* () !*
3 !=&6 *\4'5 *0'` Z)' ( j',)"',:= !* .:%3, ,= *\ ,&>'2 ;5 x*Y -e *\X >�^X /) OKN ,*06,= "#1*>
,%Z5 /:,` L6 :,X 2 :4.g "01 �Y&/,= Le !=4e _341%/ =*) =&7 *0'` 3, OKN%Z5 2 :,%/ =*) *N "##P
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Z. 6/)[\ 13456 %,D5(  B /Apis Mellifera caucasica : 

:%4S$e*[ ,&>'2 =:�' ;5  j',!=&6 :,:=35 *\&/5 2%=*5 /)*\ 4' Le "1*>5 ( R`)j', !*  d(:
 ,=33,5 : 4-e% *\ ,&>'2 ;%*7/ �2*' "#6 w/ !"\)g&�[ }=&7)O0/ H* :,&>'2%[ 2: Le d(: ; s&q4

*\,&>'2 L6 d>$'4SV,Z65 =%,:=,&[464z d(: 3  s&q4[ !2:"':�.�u� 8/X / 4S/)"1*>.  

 ;%:$6 ,&>'2),* L6 /:,`X 3,5 x*Y  !=4e <V"'2 L�6>q)WX  Oe3 "#P)/")9&N L'*[ 8/LP / Oe)  =2*$
:3:,= Le%, OKN ,*06 ]%Z5 2 "01 �Y&/,=3 !=4e _341 Oe2: :,%, OKN =*%Z5  �3: L6 :,%"G* 4�e:

/)"'*(4. :%/&/ !46 ,&>'2 L6 k34W/ ,&>'2 ;2*$d(: .^ *0#N): �%,&>'2 =:�' ; :%#d$ Le  46:46,=
t4/ )*/32&' (/ �*$G)"1*>. "#e:4TVX *\ ,&7e,= *0'`5 *6,c`%I R*� I2*MUY R*S$F4V ,= k:4q:3%*5 
()/ !*)"1*> 93X :% d(: !"1 !=:= H=*^3 !"1 !=46 *\ ,&7e 4�e:,= =:�' ;.  

]. /T<1, %16 GHI 13456 %,D5B^ B /Apis mellifera ligustica : 

:%/*T3,: LM�#/ ,&>'2 *0#N ,&>'2 ;)d(: =,2 �/*e R` j', Le "1*> 3 *\4'5 / j', =,2 R`)"1*>. 
:%'=,= =:�' ;)SG !"1 !"#e:4T *X 4/: ,&7e L6%9:4S(:I *P)'3 *)2&% d(: !"1 !=46 O\ "'� ., OKN%Z5 :% ;

:3:,= =:�'%2 ,*06 ]%, OKN3 !=&6 =*%Z5 $6 R`)/ v*6 ,*) Le "1*>Y3"#g*05 :%$6 =:�' ;)W-F4T ,*) d
/) "1*> .9&N)*\=:�' 2: 4S-e R` s&/ !46 "5 =% 4z!=&6 >q L�6 4S-e3)WX /)"\" .^ *0#N): �%: =:�' ;%# d$

,= Le *\ |,3=5 :%= =:�' *6 =:�' ;%*\ ,&>'2 4z5 '*>�^X /)' Le "\")2 J% =*/)"'Z.'= L-\,=3) *
/ =&F&/)"#1*>.  

_./*"` 13456 %,D5Y& "!, a51BO& Apis mellifera carnica : 

:% j', =:�' ;<�*/4[ *\ 4'3  =,:= j',4T5 *\ =:�' 2: 4N |,Z6 R`5 =% 4z !=&6(3) *\ 4' L#
4S$e*[5 / j',)$6 ,&>'2 }"1*>)6&[ ,*X :465 V�*\ R*S$/2 R"':,5 'v&qX '*S$\&e pq*#/,=X 

/)"1*>. $6 ,&>'2)*-N3 s:,` ,*%>q R=:= L�6 L6 ])WX , OKN I=,:"'%Z5 :41*63 Oe ,*06,= R`% x` �
, OKN :&\3%Z5 =&[ 2 x*S1*6 :,%W-F3 !=4e =*) df3"#g &/ "01 *6 �(*#/ :,F>q,= =&) dW

M6*�/d /)"\". *\ |,3=5 :%*\=:�' *6 =:�' ;5 =%$6 4z) d(: !=4e ]-^ x&[ ,*. ,*7S': R` 
*T3,:,=5 9*-1XY41 IX *\ !,*#e35 ':=  L'*[ =3,) x& I4N: ,&7e%3 J%3�$V&%?*  !"\*7/ p6*(

/)=&7 d(: !"1 !=:= H=*^3  !"1 !=46 *\ ,&7e 4�e: ,= =:�' ;%: <93 I. 

% wf3"#g &>'2:,:= ]$^ ,5 / ,&>'2 _&' L()"1*>:  

A( "8:-2 :5B@0  
C(  9DE/ :5B@0  
F( "@ :5B@0 
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,*3!/5& GHI 13456 

 4\/ d-$Y L( ]/*1 ,&>'2)"1*>:  

a( "G : w[*1 ]/*1%�e4/ O7n L(3 !=*( O7n3= I s&q4[ I;S'` * .  
b( G+9H : dUF L( I@*6 dUF3= ]/*1*T I?:&\ �:,&(3= : s*#6%S$)*/ wH 3 3= ,%L "1*>)/ .  
c( (DI : ]/*1L-+*\ OS$)(  IOS$)( 9&N) w-KN " ) LP8/,= R:= OKN )  (OS$)( 8(*#NX *\4',= (

OS$)( #N$UX  I R:,3= OS$)(IR&[ OS$)( >�^X/ �'*$' !"l3 I)"1*>.  

a( "0 - :ZF: ]/*15 c%/ ])"1*>:  

 JK-I:  $MN d-$Y3"6 *\ w[*1) �*P(: s*#6 @3: d-$Y I d(: !"1 OEscape   F�Q s*#6 s3= d-$Y3)] 
)f�1(  ~ *W-F Le %/ d-$Y !=2*)93: }"1*>)T s*#6 R` d-$Y ;X  =5 () ]Pedicelle  F�Q Le) L6 :, ]: �*P(

/ ]�S/) "##P .\,*e*5 / s*�': *\ w[*1 Le O0/)2: "#N,*>^ "#\":  

!  =*6 H*'*(&'  
! H*'*(&' /4V LF,= H,:4GX   
! V)*\ !"'45 *\&65  �8SK/  
! 8[:= O7nX f3"#g  
! 6*/ H*q*>N,:) O\ ;  

 ,5L"K: "#n 2: s&q4[%P7N d-$Y ;)P/ R` ,*e3 !"1 ]) @*MS':3 *08V "01 R"`/ !"W/ L6 R)>"1*.  

 14-G (MN: / ="^3= Le !=*( O7n)3, L6 "1*>5  LSQ4V ,:4Y ,&>'2 4(3 *\ ,&>'2,=5 4SV,Z6 4'  2:
=%/ *\ ,&>'2 4z)"1*>.  

O2"/ (MN: / ="^ L( Le �e4/ O7n)"1*> I:,:=5 ?*\ @&8( N*/3:)"5 O\ L6 Le �$n)d(: !" I :465 
,*e ,&>'2 ,:Z\ �#T *N L( 4VL'*[  I :465 U\ 4' ,&>'2 ,:Z\ d7\ *N dL'*[ 3 :465  ,*0n *N L( LP8/

 ,:Z\L'*[ /)"1*>. =%,&>'2 ""�)( &�N%'*�,= 4)/ L)= _*W13 "1*>%( 3: ")/ LF,= d�13 "�)"1*>. 
N,&g,=),= LP */ R*$': *\6)( *N d$X '*�,= aP^)L  Le !=&6 _*W1 �MQ]6*M/ / :,)>)#) O . ]$^ ,&>'2

 Z/4Y j',%-' :, j', �4( *X 6) "#93X :,3*/5 / :, JU#6)>)"#.  

b( 0- b?: 

: Le @*6 dUF3= ]/*1%6 �(&N *09*6 ;)�$n O\ L6 x�Y  d$)/ v*6 :, ,&>'2 d^4(3 !")*09*6} =4>5 
&Y3 4SV,Z6 4' ,&>'25 *09*6 2: 4N5 LP8/ 4V,*e ,&>'23 /)"1*>.  

-P-QR >)S :5B@0:  ,&>'2,= Le4V,*e $6)T ,*)/ LSQ47) "1*> I:465 ,3` �-F5  ]V !=4V I !:,3 s&/ !46
/ !=*US(:  ;SQ,)==4z } 93X *\ ,&>'2,=5 / !=*( *\*T 4'3 LP8/) "1*> .8g: w[*13=X ,%( ][:=,= L) L#
LS1:= ,:4Y  R`,= Let4/  ),*e:%2& (/ &-'3 "1,) "#P.  

  



c( 2@N: 

 ]$^ ,&>'2 OP1 ][:=,=()?*\ OS$ $U#NX>�^ IX I R:,3=R&[ 3L-+*\  ) R:= OKN LP8/,=
T)7e3 LSQ4) L$:N*/,*�()w) (8(*#N !*zS(=4' ,&>'2,=X )  (,=R:"-KN 4V,*e  �Y*' I !=&6g,= H,&
%S) R"1 Of3"#g ,*e ,&>'2 �MQ, OKN 4' 4V%Z5 /) ���g: L6 "##P4' :2%/ =*)"##P (.  

OP1 1&T ,&>'2)e 2: !")S)/ *\&/3 ;)4-e d-$Y Le "1*>5 F4N :4'`) dTergite  /)&z% "#I  ="^ J1
/)"1*> .-P1 d-$YX '4S(: :4'`) dsternite   /) "#/*#I / ="^ J1) "1*>Le *\ !"l R` OP1 d-$Y,=5  s&/

2*( 4-e d-$Y,=35 =,:= =&F3 �'*$' !"l R`.  

/c<B1/d 13456 E "R: 

! %3= *N w '*V"'2 @3: 23,X  !"##e �*T ,&>'2f3"#g /)!=4e �*T :,*\ !4�G Le "1*>  LP8/*N
, OKN R`,=%Z5  "#e. 

! 23, �#T *N s&( 23, 2: !VX  ,&>'2 d)9&�$/:�lR=:=  6 L,v :3*\  =,:= :, Le :�l ;%:  ]/*1
}]$^  ]V !=4V "1*>)/ !4)l3. 

! !23, != *N J1 VX 9&N ,&>'2)#e "#"! �% L'*\*1 L8%/ L'*\*1 !,*�^ *)*\ !"l �(&N Le "1*>5 
\)&�':4Q)�%/ 4(,= Le ;)9&N "1*>),v3 LP8/ L63 !=4e "3:? �%/ L'*\*1 ]) "\"%#WX �mN%/ L)"#P. 
! %23, !=Z'*T *N !=2* !VX : @�$/'/ *\ !4�G ][:=,= ]V !=4V3 "01 R=4e ,*>)"1*>.  
! 23, !"U\ *N !=Z'*1 !VX 9&N),= Le 2*( s&/ !"l �(&N s&/ !"##e " 2%  dUF ,*0n R` OP1 4

'4S(:,=)*\ d5 L(  I,*0n  I/ J13 �#T)9&N "1*>)/ s&/ ")s&/3 "#P Q*6X / s*�': :,)"\".  
! 6 *N !=�\)V23, d$X 0z' ,&>'2 R*>]6*M/  ,=f3"#g /)l =:4Q: =3,3 2: Le "1*>L%4) 63) L'*z

V&8F)45 /) "#P.  
! 6 23,2:)3 d$% ,&>'2 "W6 L6 w4V,*e 6)'34X /):46 Le "1*>5 "01 R=,3` I ]V !=4V  s&/ !46 I

/ x`3)"1*>. 

P Q,1<%- S/1/d 13456"R: 

'"6 H"/) * R"/`% ,&>'2 w4V,*e 6)3 d$% wiA / 23,) L( ]/*1 Le "1*>
OKN 23, I v 23, J1?:3, 2*6  3U1 23, !=2:3=)/ LS$6 !4)"1*> . 4-^ @&q

 ,&>'24V,*e zS$6X ,*e ,:"M/ L65 / s*�': Le)/ "\")"1*> .6 Ln4\) }"#e,*e 4S7
/ 4S-e h4-^)*\ ,&>'2 =&75 '"6 R*S$6*N3 ,*06,= Le)/ *)*%-^ "# ~ */&  R*14-^

*\,&>'23 LSU\ J1%,= LP 3 R*S$6*N 4[:3: :3:%'"6 R:Z[ ])/ *)*% J1 R*14-^ "#
/ !*/ dU\*N)"#1*>.  

 /c<B1% b@V* 13456 E.<e?f: 

y3)g: LU8X ,= LP8/ ,&>'2f3"#g , OKN%Z5 /), OKN �3:,= Le "1*>%Z5  R23 46:46 L( *N3= LP8/
/ OKN 23, ,= =&[)z�4q*K6 } =,:%:�l LP5 $6 3:)&M/ ,*5 "1*>)/ � R*-\ Le% L'*\*1 L8d(:. y3)U L

"W65 "/ LP8/%4% df3"#g 4.N 4E'2:% R=4e w4V,*e:46 R:5 6 ,*e) 4S7 }V&8F)45  ;S[*(2:L'*[ 
*\5  ][:=,= LP8/f3"#g V&8F3)45 *\ R:"-KN 2:5 *\ ,&>'25 4V,*e :465 V OKN�,:5 #�-\ 3) ;

*\ ,&>'2 */4( �Y:&/,= [ H,&�6 :,/,= L1&)=,3*  3/ =&[ @*>'"6 :, *\ 4' !4e*6 LP8/)"'*7P : Le% ;
8-^)9&N :,*\ R&/4\3 *\&6 �'*$' !"l �(&N H*)/ ")"#P.  

 4



P Q,1<%- S/ b@V* 13456: 

 LP8/ ,&>'2H"/ ,=  !=Z'*1'= L6 !23,)/ *)*% 23, L( Le "
 OKN R` @3: I'3  �#T)v R` 23, O3 :3, '3 dU\3) R` 23, O

U1)S$6 !4/ L) "1*> .,= '"6 LP8/ O\=Z'*1 23,)/ *X `%: Le "% ;
/ !4e*6 LP8/)"1*>. :%V dUF 2: aT LP8/ ;)45 *6 '4 ,:=,*6 *\

 H"/ L6 !"1%z9*( �#T *N !*/ wX V OKN�,:5 /) "#P. 
�&9&#PN,=5 ,:= ,&>'25 "F%" 2: "W6 &WN :, LP8/ @*(3=4\% �

/)"##P.  

<TI$4 4-  :MQ =&[ 4-^ @&q ,= LP8/ �%V dUF ,*6 w)45 
/)*-#%".  

 5

/c<B"5 13456 E: 

:46 4' ,&>'25 V dUF)45 *6 LP8/*6e/ !=*US(: !4):,= Le ==4z%*\ LP8/ �Y&/ ;5 ,= !4e*6% w
*\ ,&>'2 Le !=&6 2:34T @*G,= LM�#/5 / *0'` @*>'"6 4')"1*> .V dUF LP8/*6 4' ,&>'2 !=Z'*1*N d7\)45 

8(*#N d9`3 !=4eX  ][:=,= *\ 4'Y*6 LP8/ ;�6X *\ ,&>'2 �(&N Le !"'*/5 4V,*e / LS1:=46)=&7.  ,&>'2
*\5 V dUF ]-^ 2: "W6 4')45 3, 465 /2) !=*SQ: ; 3/)-)"'4. y3) R=4e w#[ 4' ,&>'2 s3= LUf3"#g 
/)>':3 "1*>:�l =:&/ R=4e ,*5 ,*e ,&>'2 L6/ w-e 4V)"#P.  

P Q,1<%- S/"5 13456  :                                          

LP8/ ,&>'2 

4' ,&>'2 

 4' ,&>'2iu '"6 !23,)/ *)*%" . 23, L( OKN I '3 J1)k,v 23, O  3
!=,*0n '3) O 23,U1 O\)/ LS$6 !4)6*/ 4' ,&>'2 4-^ Le "1*>) ;%'3 w)O  3= *N
/ !*/)"1*>. 

 /C13456 g/h! Q/96 )/C i\1( /C13456(: 

/2 !4e H:=&F&/ s*-N)4q L6 ;%*\ LM5 �*-N O\*6 �8SK/ / ,:4Y46)"##P . �Y, �(&N ]$^ ,&>'2
*\,&>'2 L6 R=4e5 =%/,:4Y46 q*>N,: 4z): Le "#P%*Y` "#S$\ _&'3= *\ �Y, ;5 4Q R:3% !"'46 Le J

*F%:,= ]6&' !Z%/2 ;)*(*#1 :,,&>'2 �Y, _&'3= d(: !=&6 L#5 +&N3 !=4e)d(: !=:= � :  

 U7$ VW: )$4<7"R >DI(:  !*V4\ ,&>'24V,*e %�l �>#/ w:�X *(*#1 :,�X : Le =4e%:�l �>#/ ;�X 
=Z'% L6 wf3"#g /) "1*>3  L6 R` L8g*Qf3"#g S-e4  2:/ "g)"1*6 4S  I  d^*( L64M^ aP^46 ,&>'2

' H,&�6):= O%/ !4)3 "[4�  R` aP^46%' w):= O%= !4%/ s*�': :, 4z) "\" .:,=% *\ ,&>'2 L6 �Y, ;
:�l �>#/ d0F�X T)!"1:" 3 *(*#1 :, L8g*Q�X /)3 "##P =%:�l �>#/ R` R=,3` @*>'"6 *\,&>'24z�X LSQ, 

 L6 :4'`3f3"#g / @*MS':)"#\". 4( �Y, Ln4\%:�l �>#/ "1*6 4N �5 :,:=5 &/8l =:)�  4N R:3:4Q3 4N
/)"1*>.  

EX@$ TMP 3:5Y* ,74 VW:+)Z: :%:46 �Y, ;5  dQ*$/2: 4S7)6 / 4S/ "g) "1*> .�Y, ;%,= 
': d7\ H,&g L6 ,&>'28z)$X 3:2 Le%: L5 3:2 aP^46 �Y,%:�l �>#/ Le L5 3 x*SQ`f3"#g /)"1*> 

 "\")/ s*�':. ,=:%=&[ OP1 ,&>'2 �Y, ;  d9*G LS1:= Lz'v*6 :,  d^*( L64M^ �&PW/=,&K)/ ,3=.  
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/0<B1,%13456 1/d G(: 

 2: "': H,*>^  :=3= !*zS(=5 V ]$^ !*zS(= I)45 I ,:=,&>'2 !�e5 '2 w9&T L'*1 IX  4>/: I
,:=,&>'25 I , s&/3 23= s&/%Z ( I)':&9*e O)!Z ��T I 9*[ f3"#g IX I p>q I l3 s&/)!4.  

-P:-2< 9D<:5B@0 J -* :$4< U5L:4 ?< ,-[@$ U-G J*0$ TG$ 3:-BS ?P?:  

I. 1/J9 Gj$ :*\,*e5 :,= ,:= ,&>'2 Le%c ,:4Y 2: "\= s*�': ]�Q ;%/ ])"1*>:  

 \#$- ><,-% 6/9 XB1/J9 e(: :%=2*6 ;%,= "%,= s4V 23, w  R*S$/2 4[:3:%:3: *%,*06 ] 
=4)z)/ H,&g .  R=:= =3= 2: aTf3"#g 2: !=4e2*6 :, d9*G  LP8/ I:�l5 [c) !"1 !4 I, OKN%Z5 

3 L8P/  LP8/ ;(==4V "%=2*6. 

! ]^.< _4"2 9W7?H`-a: ' H,&g,=)2* Y3"#g L6 *0 L6 :�l4P1 *0'`  !=4e q&8K/ :, x`3) d-$Y3=
 x`%4P1 d-$Y w (,&[:�l k4y,=5 / *0'`)z�,:%O  .:%/ �^*6 ,*e ;) LP8/ ,&>'2 Le =&7
4.N%, OKN3 !"1 w%Z5 v*6 :,=4>6.  

! "bH279DE/ U: =2*6,=%T 4E'2: :, LP8/ ") 4%(,46 R=&6 R:&F *X /)#P)O:  x*Y R:&F LP8/% LP8/ *
2%:,:= @*(3= 45 4\*y ]P15 x&[ 7e OP1)2:,=3 !"  I LP8/ L'"6:,:=5 *\&/5 2% OKN3 =*
,%Z5  ][:=,= R`x*Y $6)/ OE#/3 �N4/ ,*)"1*>. :%*6 LP8/ ; :%g&�[ ;)' *)&WN L6 2*% �

=,:"' I : aP^46 LP8/ 4V:%g&�[ ;)' "1*6 H*)&WN L6 2*%=,:= �.  
! 5c.<9DE/ d : LP8/ �%&WN/),:=,&>'2 �(&N "':&S ,=f3"#g z6 s*�': !"1 x*KS': �(*#/) =4

%4[ LP8/ *%,:"5 =&1.  

! e-* ,5/Z  9* _4$4 ,5/7W7?H` -a: *\ s&/5 3,46 @Z#/ ][:=,= �1 :, f,35 6*Y !=4e ,:&( *0
:46 !=*/` 35  L6 "W6 23,f3"#g ' Le *\)/ "',:= 2*)\")3 O 6*Y*05 e:, L#0 Z)'  R*/2 ,34/ L6

 �(&N6*Y*05 "F s&/%/ t&^ ")#P)O.  
! 4 0-*<-P ?R :-a* O."/R:   23,%2:3,= ,*6 w !Y3"#g*0 '3 !=4e 2*6 :,)T :,*0'` 2*) !=4e:"

/ �Q,3)#P)O.  

 1,")#0, Gk*B,1,% Q/#013456 l( eN/4-* GBm nB,"N: 

A. =Z'%"1*>' R*S(4>Y L6 w.  
i. =Z'%*$-\ L6 w%"1*>' L.  
B.  LM�#/%:/ ,:4Y R*S(,&>'2 LP)z)V =*6 =4)F4N "1*>' 4) ~ *. "1*6 L8>Y L63,.  
u.  LM�#/,=%:,:4Y LP 6 :, ,&>'2 d(:4>% O/ "%*6;)1* =346 *�'` L6 "':&S6.  
{. Q*e !2:"': LM�#/ R`,=X V3 ]V)"1*6 =&F&/ !*.  
�. =Z',=%, w%*\ !=*F3 ]5 4T "1*>' "/`3 dQ,.  

/C o<1(  bp3pR-"( I3?j*&: 

  :465 :%3= ,*P# / :, !=*( h3,)':&S)#e :4F: O)O:  

"qB;<, b): % wf3"#g %&Y f3"#g *5 :,:= Le5 != x*Y W-F)"1*6 d / x*KS':)*-#% O 3:465  L�6
V)45  R` 2:*(3%2 ]%H,34+ :, 4 ,:=%O :  
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" 9*[ f3"#gX.  
" 6*Y*0%LP :4-\ ?!"1 LSQ*6 s&/ d(:.  
" =3= !*zS(=5 :,:= Le5 "1*6 :2 =3= =:&/.  

 ,=*/ ,&>'2 2:%w x*Y U13 R:&F ,&>'2*6 :4-\)/46 :, 2*6 !4),:"% O 3 ][:=,=f3"#g "F% "
/)z�,:%O . 2: !,*63="#gf3  ,=*/%w x*Y U1*6 :4-\ R:&F ,&>'2)/46 :, LS$6 !4),:"%O 3  ][:=,=

f3"#g "F% "O%,:�z)/ .:465  s&( ,*6%w x*Y  2:f3"#g ,=*/ :4-\ Le5  ,&>'23 ]V !=4V3 ]$^
/)"1*> I  L6f3"#g "F%/ @*MS': ")\")3 O%w x*Y W-F4T 2:)4N d% d-$Y ;f3"#g ,=*/  LS1:=46 :,

 ][:=,=3f3"#g "F%" /X '*PN): !,*63=3 O%; x*Y /46 ,=*/ L6 :,)':=4z)O . : s*-N,=%8-^ ;)*6 H*% dY= "
,= ,=*/ ,&>'2 LP8/ Le =&1 =:,=*/ f3"#g ][  "1*6. N,&g,=)': LP#\= @*M)O  }f3"#g ,=*/ %S) O

=4V "\:&[%" : Le% ~v&-W/ ,*e ; *>'%"s*�': z6)*\*F3 =45 9*[X ,=*/ ,&>'2 *6 :, 6*Y*0%,= LP LSQ*6 s&/ R`
\:&[4T d(: !"1)=4e O O)\")/ d641 *% :�l ,=*/ f3"#g L63 I.  

"qBr<% b): 

/0<B G1<"s( : 

A(  "#nf3"#g ,=*/5 &Y *S>$'5  
i( 9*[ f3"#g 3=X  
B(  =:"WN6*Y*05 !"1 LSQ*6 s&/  
u( =3= !*zS(=5 :2 =3= =:&/*6 :4-\  
{(  x�V )x�V x`(  

 L(*/f3"#g ,=*/5 3 !=4e x*KS': :, 3=f3"#g 9*[X =Z' :,%/ R` w),3*%,=*/ f3"#g 4\ 2: O5 
% wx*Y :4-\! U13 R:&F ,&>'2 *6)3 LS1:=46 2*6 !4 3= ][:=,= f3"#g 9*[X / ,:4Y)\")O . : 2: ]>Y% ;

 L( 4\ L6 ,*ef3"#g ,=*/5 / x�V)'Z) O\3 "'&1 &6 O\ Le OP%"%"#7P' :, 4z . :465  2: s3= ,*6
Y3"#g*05 ,=*/5 3=f3"#g ,=*/5 &Y5 N s:"e4\2: 4% wx*Y :4-\ LS1:=46 !U1*6)3=4\ L6 LS$6 !4 
f3"#g /)\")O :4635  s&( ,*6%w x*Y 4\ 2:f3"#g *\ ,&>'2 L6 ]V !=4V3 ]$^ *6 :4-\5 "F% "% *

*\ f3"#g5 "F%/ LQ*+: ")#P)O . L( 2: �Y:3,=f3"#g ,=*/5 3=f3"#g "F%d(: !"1 LSQ4V ".  R3"6
:%*\,=*/ LP# 2 :,%W+ =*)=4e �1*6 !)O *F5 6*Y*05  �(&N :, !"1 LS1:=466*Y*05  4T  !"1 LSQ*6 s&/
/)*-#% O. 

bp3p 4q-A&  X#$"R o<1<KQ: 

,*06 ]�Q,= W-F) df3"#g oW63 LSQ, v*6X  ;S[*( L6 _341 *\ L�Y3"#g 2:L'*[ *\5  LP8/ </
"%*-' . : 2: ]>Y% LP#L'*[ *\5 '"6 LP8/)6*)*%'*6,=*/ LP8/ ")-X W-F2:) d#gf3"  2:f3"#g  !"1 �,*[

=Z',=3%PX 46 R*S(,&>'2 3,5  L[*1%/ d[,= L#N *X 7')"#  .:,=% ,:=,&>'2 �Y&/ ;%9*[ L�Y3"#g wX 
 "#n LQ*+: L6x*Y !"1 LS[3= s&/ :,  ][:=f3"#g *\ ,&>'2 "W63 !=:= ,:4Y5 , 46 Le35  LS$7' d[,=

d(: I Y3"#g ][:="F L�%/ R*PN ")"\"  3f3"#g R*-\,= :, V *F�*N3 LS1:  *F R`,= x*SQ` x34l
/)/ @*MS': R*S(,&>'2 ]./ L6 :4'` ,:= ,&>'2 x*SQ` x34l 2: "W6 I"'*-)"\" .:,=% ;f3"#g  "#n 2: aT

 _341 LP8/ 23,, OKN L6%Z5  !=4e9*WQ3)d ,=f3"#g '= L6 *\ LP8/ ,=*/)/ *)*%"# .%PX  2: "W6 *\ R` 2:
z#F)= *6 R"%4z LP8/  *\%PX Y*6X /)V dUF L63 "'*-)45 /) =34 Le"W6R` 2: , OKN L6 _341%Z5 /) }"#P

,&g,=)N-\ LP) ;f3"#g /):46 "':&S5 93: 2:"W6 23, �#T*N3= 2: "W6 s3= ,*6) ; s3= Ln&n I Ln&n
"\")/.  
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f45M+/ g7?H` :4 hc+BL 9N5N _4$4 iS-* hE/$5S 9N  

A. f3"#g L6 �Y&/ L6 R=:"' LM>q 
i. f3"#g L6 s&/ LY,3 R=:"' ,*06 ]�Q ,= 
B.  f3"#g ,= ]$^ R"1 Oe 
u. =,:= =*%2 <W)>q Ln&n L6 LY�^ Le ]$^ ,&>'2 =:�'. 
{. <-)8Y: H:4)mN 
�. ?,:= ,&>'2 h3,  

 Q%,% +3d\<e?f b9 /J-B Q%"d L%/*K o<1< .t\<e?f,"9 /J( G)5< GhP: 

 ]M'3 ]-G 2: ]>Y ,:=,&>'2f3"#g *6 *\% ~�>Y "  4E' 2: :, LM�#/!=*FV3 ]VI):,23 !*l3 d^)!4 46 
(, X "%*-' 3 "W6f3"#g :46 !=*/` :, *\5 ]-G 6"#P . *\ ,*e5 :46 Le5  R=4e !=*/`Y3"#g "\= s*�': *0

H,*>^ d(: 2::  

A. *\ L�Y3"#g s*-N 2: :, x*Y /4T)#P)O.  
i. ,= Y3"#g*0 :, /*6)  % L'"6 L6 L-$N *f3"#g P.// O)#P) O.  
B. /*-N L6 de4G 2: ]>YX  L�Y3"#g%=3= L/= w5 3=/ =)\")O.  
u. ,=% L6 LS$6 :,*\ L� ;)1*/V,*6)45 /)#P)O.  
{. :465 V,*6)45  *6;)1*/ *6%"1*6 x*SQ` x34l 2: "W6 ".  
�. *SQ` _&8q 2: ]>Y xY3"#g *0 2: :,;)1*/ 9*[X /)*-#%O.  
�. Y= !=Z'*T 2: "W6) LMf3"#g *\% LP *F,=5 "F% ,:4MS(: "%,= "': LSQ*%*\ L�5 / 2*6 :,*0'`)*-#)%O. 
C. &>'2 !�e ,&>'2 =&[ dEQ*./ ?:46 Je d(=3 ?,:= ,,:=, 3!"#': "1*>)/ s2v.  

Q%6 b)4q: ,=  3 �(:3:*\ L�Y3"#g ,*06 4[:3:5 ' Le)\ L6 p>q *0'` L6 "',:= R=2 LM>q L6 2*:4- ?
/ LQ*+: !"1 LSQ*6 s&/)*-#)%O.  

0/?N,3C&: 8-^,=)V L�6 H*)45 ^&#�/X  IW+3 R=:= d6413 R=:= s&/)*6 :,:&\ d%" T)6 J)#X 
*-')%2: *N O  H*U8N @*-SG:,= *\,&>'2f3"#g V &8F)45 ==4V 1: d641 R=:= 2: =4( ?:&\ ,= I x*#S

O%2,&)/.  

#d/T 13456&: %Pn&e L>WF w< 3*G Le5 %'3 w)e3=*N O)*6 :4-\ ,&>'2 &8% LP8/ ws*#6 "1*6  ,&>'2
Se*TX ==4z)/ =*%.  

"q< GR L%"RBX#$"R L%"R b):  :465 :%,*e ; ,= &8F,=% *\ L�Y3"#g 2:34T L�%3,46 w8N w5 
/ ,:&( *0'`)#P) O%/ ��' *)#P)*\ ,&>'23 O5 4V,*e / ]-G =&[*6 ]V !=4V Le) L6 =3,3 �Y&/,= "##P

*T *\ L�Y3"#g5 / "#6 w8N R` L6 *0'` s&()*-*N O)� w8N ][:= *\ !=4V "SQ:. :,:= ]V !=4V5  ¡:&[
$6)v*6 ,*�X /)3 R`,= Le "1*>%S/*)N34T =:&/ *\ ;)#X I*\")(:&#)/: *\ w-'35 '"W/X / =&F&/)"1*> Le 
:465 4lv =:4Q: 63X #n O\3 *0S1:):46 ;5 $6 R*e=&e "1,)U/ ,*)d(: ". 

 Q%"d r/u%,)BQ%3h5/v@( \<e?f/J( As-E: :465 :%3= ,*e ;f3"#g W+) L63 !=&-' x*KS': :, �
/ x�V !4�Y "#n *0'`)'Z)"'&1 &6 O\ *N O s*l=: O\,= :,*0'` "W63)%*�P(  !=4eIP7N) ]% wf3"#g 

/)\")3 Of3"#g =%/ k�G :, 4z)*-#)%O.  
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Q%"d S1/u )%6%( Q%"d( \<e?f/J: �.Y �Y&/,=X =&>-e35 "-\ L6 *\,&>'2 "01%:46 4z5  H,*l
/ R=4e)I"'34 :465 V&8F)45 : 2:%,= ,*e ;% wn&e :,*\2:34T L�%/ =,&[ *)*-#)%O.  

u X#`/0 o<1,w( h`-"(: %T w)(` 4P1 L'*-):4-\ :, !"1 x*5 %T w)/:,` *6 ]$^ L'*-X  q&8K/
/)*-#)%-[ H,&�6 *N O):&'*' R*' 45 `,=%".  

b@V* o1<"T< GHI 13456 %,D5 xtf,: Le O%*-#)/ x*KS': :, <Y3"#g w% R*S(,&>'2 w% ,=
"1*6 4%2 H*)g&�[ ?:,:=:  

A. "'Z6 J)' 4S-e. 
i. "1*6 !=:"' <W)>q Ln&n. 
B.  <Q*6 s&/6*Y"1*6 !=:= s*�': x&[ :, *0. 
u.  !*/ ,=3 "1*6 !"':,�V x&[ :, <'*S$/2 x:&[ ;%=,34Q JS)W-FA� "1*6 !"1 H*e&n. 
{. "1*6 !=:= ?=*%2 ]$^. 
�. "1*6 t:4/: 46:46 ,= s3*M/. 

?I-B+/ j:7"k "<0 ><-G7 9DE/ l:7"Q j$"*:  

A. <9*[ f3"#g 
i. 6*Yd(: !"1 LSQ*6 s&/ !:4-\ LP)%*0. 
B. = !*zS(= ?=3 

3= 3 LP8/ I O%,3*)/ 3: =Z' ,= :, <9*[ f3"#g w% I O%=4e x*KS': R*S(,&>'2 ,= LP)Y3"#g 2: x*Y 
 O)\")/ @*MS': 3: L6 :, LS$6 !4)U1 . *\ ,&>'2 d^*( w% 2: "W6 Le =&6 "\:&[ LP8/ R3"6 ,=*/ ,&>'2

"#%*-#)/ ?2*( LP8/ L6 _341 ."#g "#n =:"WN  %,*N R*-\ 2: "W6 23, != ?,=*/ ?*\ ,&>'2 2: :, f3
 2: "W6 I O)\")/ ="^ w% f3"#g 4\ L6 :, LP8/ ?*\ L'*[ d^*( w% 2: "W6 3 O%4)z)/ <^&#�/ LF&n

 H"/ L63 "#%` </ *)'= L6 *\ LP8/ 23, 3={  *NA� "##P)/ ?4)V dUF <z-\ 23, . ?*\ LP8/ ,:= ,&>'2
 Ln&n "#':&S)/ "\:&K6 4V:3 "%*-#)/ �%&WN :,=&[ 4)T=4)z6 h3, ;%2: :, ?=*%2 ?*\ <^&#�/.  

II. Q/#H9/! Gj$: 

*\,*e%*6 ,:= ,&>'2 LP%:,= "%2 ,:4Y 2: "\= s*�': ]�Q ;%/ 4)"1*>:  

" x*Y Q%,% r3*< :4V:f3"#g ' *\)/ *0'` L6 "',:= s&/3 LM>q L6 2*)\")23, *N O5 Q*6 s&/ LeX ,= 
=,:= =&F3 R*S(,&>'2 :%,*e ; / L/=: :,X \=)O. 

" 01"9& e?f\< b)y?*1% /J-BeJN< GR L%"R "z5 6, .t :*6 ,:=,&>'2%6 �Y:&/,= "),*P5 
Y3"#g,= &8F,= "#e !"\*7/ :,*0%,= Le "#e !*z' *0'` L6 2:34T L�%Y= w)*\ �>g,= LM *\4�^3 

*\,&>'2 �(&N ]V !=4V "#n5 4V,*e  =,:3f3"#g /)=&7 .=3,3 =:"WN 4V:5 :4-\ *\,&>'25 
6 !=4V) ="^ != 2: 4S74E' 2: LM�#/ R` =&6 / x&[ ]V !=4V)"1*>  Il,=) 4` H,&g R%#WX  4S-e

Y=,= ]V !=4V != 2:)-' x&[ ]V !=4V 4E' 2: LM�#/ R` }"1*6 LM)"1*>. 

" GHI {N,%"9 < R GHI o<1-"(  :*(3%' =,&/ ])V ]$^ 2*)45 2: "': H,*>^ :'2 w9&T =,*eX 
%9&T L'*1 *'2 wXV ]$^ *zS(= I)45 LM>q I�46 I 9*[X If3"#g 9*[X=3= !*zS(= I5 I s&/

h:4N  3%x` ]�( w. : 2: aT ,:= ,&>'2%*(3 LP#% w-e L6 I=4e !=*/` :, s2v ]% L6 4V,*e w
 ¢:4(f3"#g :46 *\5 / ]$^ d1:=46)=34 .=3= w-e L65 }6*Y*05 v*6�X / =3= :, p>q) "\"
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"  ,"NBR GHI ./q, n-"( : *6 f*q:%6*/ ") ;B{  *NBC */4V H,:4G LF,= *\ w9&T3 }"1*65 
6*Y :,*0%PX = 2: aT%4z5 '2 w9&T =,*e*6X /)1:4S) O .%PX = 2: aT%4z5 `,= :,*0'  ][:=
1*/)V ]$^ ;)45 /)�z,:%]$^3 O x*Y :,  / �:4KS(:)#P)O .*\ ]$^5  ][:= :, !"1 �:4KS(:
%&N �>#/ w,5 %Q*g *X / ,:4Y)\")*\ k4y,= :, *0'`3 =&1 k*g �/*e *N O5 %e w)&8�X' I) O
e)&85 3=3d$% /4V !*�#T3X  £$n46 *6 :4-\%9 *)"#6 LS$6 ]>5 /)*#)%O. 6*Y*0%V ]$^ LP)45 !"1 

 Id(: L6 !,*63= :,*0'` f3"#g / 46*\)':=4z)*\ ]$^ *N O5 Y*6X  !"'*/*\ L'*[ 4%2 *-' �*T :,% "
:3%4.N �^*6 ,*e ;%:46 *\,&>'2 w5 , OKN%Z5 !*/ ,= 01,&%4 /)"'&7. 

  

  

QK |,3`< GHI 
p GHI-}{H 

*/ ]$^%WX 1)4%,3` �-F ]$^ R:,&>'2 �(&N *08V "012: Le d(: �*#>$n3 ;5 /X =&1. 
 s=4/ L/*^ ,&�N k�[46' ,&>'2 _&Q"/ ]$^)(3 L6 :, "01 ,&>'2 LP86 d$)3,2: R*\=3 s&q4[ L85 

,3` �-F *08V5 $e L63)8$^ LX  ][:=,=3 !=:= @*MS': =,:= ,:4Y J-P1 ][:=,= Le*\ L'*[5  L1&V J1
:5 6*Y*0 /&/ :,X / ,*>': dY&/ ,&�6)"#P. 3 Le �1 s*z#\5 9= L6),*N ]%PX 2: �34[ L6 ,=*Yf3"#g 
'):4-\ d$*(*6 !% ][:= 2: :, R` *\,&>'2 4*\ L'*[ "#n *63 LS1:=46%W86 ,*6 ;)63  R") :, J6` R=:= R34

8l :, "013 LSQ4V) R=4e LQ*+: *63 !=4e �:Z':%">N *\ O%/ ]$^ L6 ]X  *-'%".  

e4N 2: ]$^)6 �) 2: Ji� "#Y  _&'  I C 3 _&'%S/*); I AA '"W/ !=*/ _&'X I A� /: _&')(: &#)" I 
"#n% _&' ;O%:Z': = LS[*#1*' =:&/3%P7N 4z)d(: !"1 ]. PH     R`{/{ -u  3 !=&6 -\:,=) ]$^ ,&>'2 d
-\)a6 ; d(: '`4Y ,= @*WS/ "'3:"[ LeO%4P !,&(  ]$^ ,&>'2 s*#6 ¡&�K/)].' ( d(: !=&/4Q @2*'
62:3)'=,&[ s*-N ;) *0 I/*1`)'")*0 '=,&[ R:&#^ L6 :, ]$^ �MQX Q4W/ JK6*U1X !=4e  !=&/4Q3)e+ 9

m-H#n opo-qI (:46 R`,= Le5  !"1 !=:= ,:4Y *U1 s=4/)` ].' !,&(% L�¤ ( .:%' ;)-\: d0F L6 4z/ d$) d
=:&/ ¡:&[35 d(: !"1 !=*0' ]$^ R3,= ,= Le .  

,wu o61,Y&  |,3`<%1,<Y& GHI: 

&MN �^*6 ]$^%W+ H�o^ d) w-e L63 !"1 �8Y �O%:Z': 64n R` ,= =&F&/X *\5  k:4q: �8Y
62: :,)/ ;X =46. -\ L6)9= ;)63 R*V=,&K9*( L6 R` k4�/ ])>8Y R:,*-X g&N)/ L)==4z. &MN,= ]$^% d

(3 LEQ*G): OS$%#-X :&Y3 R"65 '*-$FX 3 =&>063:"N5 $6),*5 SG:,*' 2:X  *\)zS[&(3 *0-[2X *\ (
oW6X  2:+4/*05 1,:&VX $63 !=&6 4��/)4( ,*%�4':3 !"1 R&[ x�F3 Oo\ �5  R` R"6 L6 :,&Q

/ ]MS#/)=&7.:46 I ]$^ k4�/35 W+ =:4Q: *g&�[ R*z-\) R:&N*' =:4Q:3IRv*$#0e IR*e=&eI�
-$FX G:4F 2: "W6 d\*M' R:,3=,=X 3 *\+4/U/ *0)#�-\ d(: ")'*$e ;X /3 *\,*e Le dK( ]l*7

'3 R:,*P12,3 "#'*/ �4.N4T3):46Z5 =:4Q:5 9*WQ Le)*0S5 4PQ5 2%/ "',:= =*X "':&N U/) "#/=&(3 "
"1*6.  
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*/ ,&7e,= Le L'*U(*S/ 9&N ]$^ Le)"5 63 =4Q L64�.#/ R`X E') L>#F L6 *0#S' d(: 4=,:3X%  R`
:�l k4�/ 4E' 2: LP86 d(: !"7' LF&N5 U�9 Oe =,&/ O\X Y:3 d(: LSQ4V ,:4%"'3:"[ d-W' ;5 

"\3%'*-(` LX SG:, L6 LeX /X R:&N 9&N :, R`)S[:,=3 ")\ ,*-4Y R*zWY:3 h2,:2&#\ =:= ,:X 6 :,=&[) ;
*(%:�l =:&/ 45 ' d(= L6)6 LF&N s"^ �F&/3 !=,3*)=4V R` L6 s=4/ 4S7%,&q L6 d(: !"% O\ 2&#\ LP

*\"#Y3 *\ *64/5 ^&#�/X : L6 :,%:�l ;5 S706X �e:3)G 4)4N46 4E'4\ 2: Le H*5 z-7n3 2*S-/)45 
=:&/ L-\ L6 d>$' :�lX% e:,&[3X 6 =,:=3 LS1:=4N45 /X 8g: ]8^ Le "#\=X :Z/ 2: d[*#1 s"^ R`% *

*012,:35 WY:3X / ]$^)"1*>.  

$"j* %1,3*^ GHI: 

%PX 4S06 2:%*0\:, ;5 / d641 H,&g L6 ]$^ 2: �$�9=3 x&8�/ !=*US(:X $6 h3, Le "1*6) ,*
6&[X :465 4( x�F3 Oo\%/ R` �X =:4Q: !=:= R*7' L64�N "1*6%"M/ 23, 4\ �N4/ ,&q L6 LP,:5 

/ k4�/ ]$^)*-#%:,:=3 4S-9*( "5 'v&q 4-^X 4N5 R"1�S>/46:46,=3 I"#S$\  L6+4/: 2: *0%#-X 
6)4S75 "',:=,&[46 .  

A*-/C 1/( GHI ~/8#5,: 

A. >)S r@:: : �$G46 ]$^% L6 p8WS/ LP#n *W>q3 LM�#/ s:"eX 8VX d(: H3*US/ Jz', "1*6. 
L#/:= dW(3 *0z',5 4MN ]$^%U( 2: *>)': L6 "*640e I=,2 _:&X% ),:&�'5( M^)*/ p% Z/4Y L6 ]

SG3X : !&0Y5 mS/): L-\ d(: 4%*\ ]$^ *0#5 >q3 x&[)WX "01 j', 4q*[ L6 */: "#S$\5  Le
�mN R` 2: ,&>'2% aT d(: H3*US/ R*7z', d(: !=4e L L6:%,3*6 ;/ LSUV)':&S)O  ]$^ Le>q)WX 

N)Y, ]$^ d(: �8l d(: j', !4)8l ]$^ Id(: "6 p)d(: x&[ � .:%*\,3*6 O\ ;5  d(: �8l
*6 Le%=&1 ��g: ". 

C. >)S TsEt:  Y,) p%8l *)zS$6 ]$^ R=&6 �X  L6i =,:= ]/*^ : 3:9)/ ]/*^ ;)6` R:ZX  }]$^,=
=3%4z5 ./ H,:4G LF,=)�X =,:= ,:4Y R`,= ]$^ Le.  
F. ?Q<>)S _40 u"DI 1?: "T% �9*[*6 R` L�6:,3 ]$^ R=2 �4P1 !"% R=&6 �9*[*' * L6 ]$^

v*6 "g,= 4q*[5 "#Y =:&/5 )Ci %"#Y =:&/5  3AC %x` ( �Y:3,= =,:= Le% "/*F !=*/ w
:41 d.N Le d(:%*/ H,&g L6 ¡*[ �%-\ L6 =,:= ,:4Y �)9= ;): �./ L6 ]%:41 LP#% �
: =&1 O\:4Q x&8�/%mN ;))Q 4)Z%PX "T%/ ,:")=&7 .#�-\3) =&F3 ;-%:Z':*\ L':= I*05  I!=4V

Is&/ H:,c d(: 4��/ ]$^ R=2 �4P1 d^4(,= Id6&q, I*/4(.  

*6 @*G4\ L6%'=,= Le d$':= ")8$^ *X ')= Le d$% 4%: =&7' dU( R"'*/ 4�:46 =32 *%mN ;)) 4]P1 
: R3"6%�*N LP#)45 e,=)U)"T "1*6 LS1:= ]$^ d%/ "X `%$6,= *#-+ "),*5 F4N *\,&7e2:)/  ) Le "#\"

*-' k4�/ !=2 �4P1 ]$^%^ �4P1 "#9= ]$)8X >8MN46X %>q *)WX ' R` R=&6)*\ ]$^ L-\3 d$5 
= �9*[% 4%/ �4P1 =32 *)"#'Z.: L6 LF&N*6 @*G4\,=%K7N Le ;)' ;P-/ R*(` L6 ]$^ ¡&8[ �) d$
*6 *-SG%*/2`,= :, ]$^ "%*/2` 4>SW/ !*z7%*6 x&[ ]$^3 =&-' J%\ !=&6 ]V ¥7#/ 2: ")'3ZQ: L'&z�X  L6

"1*6 !"7' LQ*+: R`.  

<"L _4"2 v<-/ 9=)u"DI _4"2 >! (>)S : d7N ][:= ,= :, !=2 �4P1 ?*\ ]$^ ?*\ k4y
!=:= ,:4Y h&n x` &6 ][:= x` Le =&1 q*)SG: <93 O)\")/ Lq&l x` d7N ][:= :4'` 3*0%4N ==4z'  I

 LP%,&q H"/ L6 3 "1*6 ;13, x` d7N 4%2 ,= JN`A� "#e ]m8l h&F x` LM)Y= . H*)8-^ ;%: 2: "W6
&6%4NO%,:")-0z' w%,*N3 @"SW/ I w7[ ?*F ,=3 O%,3*)/ R34)6 d7N 2: :, ]$^ ?*0.  
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III. /T Gj$-B�)Q,�`( : 

*\,*e5 *6 ,:=,&>'2 Le%:,= "%2 ,:4Y 2: "\= s*�': ]�Q ;%/ 4)"1*>:  

" @-b)/0 w$5K _?@$:x8 >y/ 9* -P :5B@0 _4$4 z52Z: :465 :% ,:=,&>'2 ,*e ;f3"#g  2: :,*\
#/M L�)%*6 Le ]./ L6 f�% "f3"#g '*S$/2 x:&[ *\X / ]-G "#':,Zz6 :,)*-#%". 

" :-. :-B@$:4 -a@n _4"2 :-B@$7 -P 9=BL %bI$4"*<JHK7 J: 3, 2: *\ LM>q5  LS1:=46 *\ ,&>'2
*6 :, *0'`3 6*Y*05 *\ s&/3 !"1 LSQ*65 T H,&�6 ,*>':,= f,3)` @*( ,*06,= *N Le !=:=,:4Y ]% !"#

 !=*US(: =,&/V ,:4Y *\ ,&>'2 ="�/)=4. 

 Q%"d L%/*K.<e?f ,"9 /C( 5/#H*6 ~,3`&:  

" K; U"bH2+$]t 1"R ::465 ,�V'*S$/2 x:&[ R"':X  ,= =3"G6*N !=�\)e d$)8' ]$^ &) d(: 2*
=&>-e H,&g,= *6I,:=,&>'2%�mN :,*\,&>'2 "%"#e L.:465 :%T3=I,:=,&>'2 ,*e ;)3 4P1 L'*-% w

T)L'*-)!2:"':( q&8K/ x`  L6 I!=4ef3"#g  *\ ,&>'2*N "\"6 *\[c)!4 : Le "#e% ;[c)!4 :�l5 *6% "
: I=&7' h4N R*S$/2 ,= Le ="#>6 :,*0'`,= *\,&>'23 !"1 ,*>': *\ !4�G,=%*6 :, ,*e ;%:3:,= "% ]

*T)%=:= s*�': Z. 

Q%"d �hF 5*06*Y $/s,&: 

8e)L 6*Y*05 '*�$n O\ L6 j#7Y :, "': !=4e @*m1: *\,&>'2 Le/,= !=47Q d9*G L6 :, ,&>'23 !"),3*% O
3 5*06*Y *oQ d-$Y3 !=4e �-F :, d(: !=4P' @*m1: R`,= ,&>'2 Le5 9*[X f3"#g  �(&N :,% w

 ;N,*e%/ :&( LSKN *)#P)*oQ R`3 O5 9*[X  �(&N :,5*06*Y f3"#g / 4T)*-#)%O. ,=3f3"#g / :,)"#>%O. 
= I "1*6 LS1:= =&F3 f3"#g 4\ ,= "%*6 LP8/ Le:4%2 I O)#e s*l=: "%*6 :, f3"#g LP8/ R=&>' H,&g ,

"#e ?4)V dUF O%: !=:= h,34T LP%: LP8/*6 Le =,:"' =&F3 ?4' ,&>'2 R:Z[ ]%:3: ,=.  

R,3C-"( 1% �0/?*.<e?f: 

6 2: d6&q, :, ]$^ ,&>'2)/ ;)6 2: :, ]$^ ,&>'2 */4( }=4>)-' ;):46 }=4>5 :%:&\ LP#5  ][:=
f3"#g >WN)=&1 L v*6 IR*S$/2,=5  LQ�/%S'*( L( !2:"': L6 �:,&( wX 3,464S/5 / s*�': LQ�/)\") O
:&\ *N5  2: d6&q,3 !=&9`f3"#g =&1 �,*[. 3"#e R*/,=L6 d>$' d%*/ "1*>)/ ?,*>F: :3,:3.  

IV. Q/#H*6 Gj$: 

*\,*e5 *6 ,:=,&>'2 Le%:,= "%2 ,:4Y 2: "\= s*�': ]�Q ;%/ 4)"1*>:  

Y3"#g*F,=:, *05 /G2:,3= L6 �(*#)/:"g34( I H*':&X ,:�V%O:,= I%\ H"/ ;)8-^ L'&V �) H*
,:= ,&>'25 =2*63%-' s*�': ")\")#W/ L6 OX WY:3X '*S$/2 x:&[ L-8eX *^, :,%/ d)*-#)% Le �Y&/,= O
/ k46),= L6 x*SQ` LW1: 4V: I=,*>%4Q *\ ,&>'2 =,&K6 *\2:34T L�%: 4PQ 3 !=,&[ �% d(: s4V:&\ LP#

6)34/ R))*)%6,=3 "#) R34%/3 !=2  )-)"'4 ..*6,:=,&>'2% "Y3"#g3, :,*05 *T%,=3 !=:=,:4Y L% :,*\ L�
,&q5 E#N) x*SQ` Le "#e OL6 ,=%,&�6 *\ L� MS$/)"6*S' O.  

  

  



  

 r<% 789-  �,"*,  13456GHI 

53[Ies& /C :'&U^ "+X SY3 ,*e �Y&/,= �Y:3,= *\< *6 Le+4// =,&[46 *0)*-#)%*6 O%3 "*(% ]
'&U^ "+ :,*\ d(=3,*eX #e)l,= O): 4%V=&9` H,&g ;X *\ L�Y3"#g L6 :,5 =%/ @*MS': 4z)\")O .
 3 *\ LM>q I*\ f3"#g6*Y/ ~�/*e *N O)�*-#)/ <'&m^ "+ 2&/4)T ¢:4n �(&N :, L#0e ?*0) *\ x34P

"'346 ;)6 2: H,:4G �(&N *\ ¦,*Y3.  

'&U^ "+X $MN d-$Y3"6 *\)/ O)"'&7:  

" D<x+eh :*/4V IJN` "#'*/5 x*SQ` LW1:3 w7[.  

  

 

" h{-&+I: $MN d-$Y3"6 Le)/ O)=&7:   
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A. */% �:@&/4Q3 @3:� x` "#'*/     
i. 2*V5 :"9: "#'*/%*0%/,&Q ") w– ")(: S(:)w. 
B.  ")(:<'&U^ "+ ?:46 w)S(: 5*06*Y  �%4/ ?*\ ,&>'2 Le !"1 dQ*6

 R` ?346 Le */3Z'&Q"/ _<'&U^ "+ R` �(&N "1*6 !=4e O)#P)/. 

  

  

 Le??d eI/H* G*,3I�,"*, GHI13456 

d9*G ,= ,:= ,&>'2  <'&U^ "+
2&/4)T ¢:4n *6 

,:= ,&>'2  <'&U^ "+  d9*G ,=
  "1*>)/ @3:� x` *6 =&[ d(=  

b*e)*: 

 s*-N "#'*/ L6 ]$^ ,&>'2/ L8-G d.N !"'2 H:=&F&/)*0634P  I3% *\ �343 *\ L#e I n,*YX  ,:4Y
/)z)"'4 :4635 T)V J)45 *6 R` 2:%*\,&Se*Q "5  !"##e "^*$/t4/ *^, :,%=4e d.  

 >/-SG-HI$5PZ: 4.N :,*\,&>'2 Le �Y&/,=%/ w)#P), OKN *\ LP8/ Le O%Z5 6 :,) OKN 4V:3 "#e 4S7
,%Z5 2%,= =*f3"#g 3, ,&>'2 Le d-$Y R`3 !"/`,= L1&[ H,&�6 *\ ,&>'2 =&1 =4(:&\ "1*65  *0'`

 "': LS$7#'63 !=,&[ */4()/ ,*-) "'&7% ;SQ*6 2: !"/` */4( R&n }"Q*>6 *N !=:=,&>'2 �(3,= :, f,3 s&/ *
3 !"1 k4�#/ R`f3"#g ,$MN d-$Y 3"6 :)/ O)-' LP8/ Le d-$Y R`3 "#P) "1*>L'*[  �^*63 LS[*( LP8/

>q R=:= L�6)WX /)=&7.  

 >/-S $]t: �3 ]V !=4V3 ]$^ R:"MQ H,&g,=%W+ *\,&>'2 L'*\*1 L8), OKN3 !"1 �%Z5 / Oe) =&7
#n O\3)N34T =&>-e 4�:,= *\,&>'2 ;) H�-G d.N ;t4/ *\5 3%(34X /3)634PX :9 "#'*/�*T3,: �&X 
l3)!4 / ,:4Y)z)"'4.  



:$4:5B@0 l7:R: =2*6 4�:,= ,:=,&>'2% "f3"#g *\5 8-^3 !=&9`)P-e R=4e s*l=: H*X  ¦&e3 R=:=
V=&9` R=:=X *\ R*S(,&>'23 =,&[ R*S(,&>'2,= :,5 =%/ w-e R:4z)"#P .  

|:$ >/-SZ  : oW6X *\ =:�' 2:5 oW6 L6 d>$' ,&>'2X  2:t4/ W+3 �*$G *\)/ �): Le "#1*>% ,*e ;
6 �^*6) R"1,*-f3"#g / *\)#�-\3 "'&7)/*Q ;)/ �^*6 *\,&>'2 R"1 ]) x&[ *\ ,&>'2 Le ==4z ,*e

/ R` L6 Le "#P')&z%/*Q ")R"1 ].oW6X *\ =:�' 2:5 '2>q Ln&n ]$^ ,&>)WX 2%/ =*) "#\"*6 Le%: "% ;
&WN :, *\ LP8/%=4e �.  

>/-S W-*Z :4 -P 1?@-/g7?H`:  4�:,=,= <�*-)1 ?*0'*/V=&9`3X / �^*6 d^:,23 :&\) =:&/ Le ==4z
 L6 4o/f3"#g W+3 !=4e !=&9` R*/2 ,34/ L6 :,*\,&>'23 !"1 ]-G)/ �)#P" . ?*%*M6 ;-+ ,=
?*\3,:=  <�*-)1?:46 Le R*/,=  !"'*/ <Y*6 s&/ ][:= ,= *0'` 2: <oW6 Le =&7)/ !=*US(: *\ f3"#g

 ][:= ,= *%*M6 ;%: Le =,:�z)/=&7)/ ]$^ ,&>'2 d/3*M/3 d)/&-$/ �^*6 3 !"1 �-F s&/.  

�"* "*K �3>B/@(: 

"c.<\: t4/ &�K/U1 ¡)*\ !4LS$6 ? /)$6 Le "1*>),*?4$/   d(: �*'4�[3.  

        

 >/-S}"/ :  ]/*^t4/ /) x34Ppenibacillus larvae subsp  /): Le "1*>%/ ;) H,&g L6 x34P,&�(: 
/,=)*% Le",&�(:  *\'v&q H"/X >q,=)/ dW)"'*-.( 3"g H,:4G *6 LeX 6 2: LF,=)/ ;)=34.  

:-Mb@$ }"/  >K$4:4g7?H`: *\ ,&>'2 �(&N5 *\ ,&>'23 *\ !4�G !"##e �*T5 / !"#\=:�l) *\ x34P
3,&�(:*\ *( L6%*\,&>'2 45 f3"#g / @*MS':)"6*.  

:-Mb@$ }"/  ~:-K:4g7?H`: *\ ,&>'2 �(&N5 4V,*e5 6)'34X : Le ][:=,= !*>S1f3"#g =% 4z
/)#�-\3 "'34)*\ ,&>'2 ;5  L6 :3,3 x4F3 I,:&[ s&/ s4e3 4'Y3"#g*05 =%T @*MS': 4z)/:")*-#% "

 *6 ,*e 4�:,= O\,:=,&>'23f3"#g  L6 !=&9`f3"#g *\5 =%V=&9` 4zX / @*MS': :,)"\".  f3"#g R=:= ¦&e
"#P)/ !=&9` :, , 4z%= pq*#/ O\4z%= ?*\ *F L6 *\.  

�"*: tIB 2

" U1 R=&6 OE#/ *')Z/ ]P1 L6 *\ !4% w  
" &65 ,*�' £$n5  )� ,%J (  
" U1 j',)*\ !45 &0Y LS$65 */ j',4T%N L6 ])V4X / !"1 �:,&(3)"1*>  
" U1)*\ !45 V=&9` LeX "1%�$n *\ !4�G LN,=3 !"1 w7[3 !=4/ LS1:= ")2: &8-/ Le !" /)8)'&*0 

,&�(: /)"1*>.  
" */2`)%4>e x&n J% d :%n w4>e x&%4/ !4�G ][:=,= :, d%/34Q �)#P)/ :, 3:3 O)7P) } O

6 Je 4V:)*%4/: �&9 R` "%*P5 /)"1*> .4/: �&9 ,=%�*PX 1 �MQU)*\ !45 6 LS$6)/ ,*-)"'&7.  

=4V&V x&n J%*/2` "1*>)/ <�*P%4/: �&9 t4/ L6 �S>/ LS$6 ?*\ !4)U1.  
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 _-/:4 }"/: 8e) LY3"#g*05 V=&9` LeX "1 *0'`%/ ")/*-N I"1*>X / �-F :4'`)#P)3 O?*06*Y  :4-\ :,*0'`
/ *\ ,&>'2*6)':2&$)O  LM63Y3"#g*05  :, O9*(=,:3? )$e3:X 4SN8P(:); {�� 8/X /4VX  (:465  4\

f3"#g P1 �(&N`4x*)( 3,46 !=4e q&8K/ !"15 *06*Y /X 1*T):3 O% 23, dU\ L8g*Q L6 ,*6 L( :,,*e ;
/ ,:4PN)#P)O .:465  R*/,=*>'%V ]$^ ]�Q,= ")45 \= s*�':)2 O%Y*6 L6 !=&9` *\ ]$^ :4X  !"'*/=,:3 

/)=&7.  

XM+Qj"+:.*6%*(3 ,:=,&>'2 "%'&U^ "+ �/*e :, =&[ d(=3 I,*e ]X ` @*(,= :,*\ LP8/ 3 !=4e% !"#
&WN%*-' �%". s*-N f3"#g *\5 9*[X '&U^ "+ :,X "##e.  

�"* /T<1, �3>&B: 

"c.< \}"/: U1 ¡&�K/ t4/)*\ !42*6 ? /)"1*> . :%t4/ ;  ?4$/ !=&6:4( Le% 2: 4S-e R` d
4/: �&9%*P5 /)"1*>.  

      
  

 

 15

>/-S}"/: /)*\ x34P5 / �8SK/) 2: "': H,*>^ Le "1*>:Melissococcus plutoniuns   3Bacillus alvei    3
streptococcus faecalis  /) "1*>. / 4\):4-\ x34P5 %/ w)= x34P%:,:= 4z5 g&�[)Q H*)Z%PX 

/): Le "1*>%g&�[ ;)&6 2: H,*>^ H*5 "#V%V"X&6 I5 "#N5 63&6 R3".  
 :-Mb@$ }"/  >K$4:4g7?H`: *\ ,&>'2 �(&N5 *\ ,&>'23 *\ !4�G !"##e �*T5 / !"#\=:�l) *\ x34P
3,&�(:*\ *( L6%*\,&>'2 45 f3"#g / @*MS':)"6*.  

:-Mb@$ }"/  ~:-K:4g7?H`: *\ ,&>'2 �(&N5 4V,*e5 6)'34X  ][:=,= !*>S1: Lef3"#g =% 4z
/)#�-\3 "'34)*\ ,&>'2 ;5 4e3 4'x4F3 I,:&[ s&/ s  3: L6 :3,Y3"#g*05 =%T @*MS': 4z)/:")*-#% "

 *6 ,*e 4�:,= O\,:=,&>'23f3"#g  L6 !=&9`f3"#g *\5 =%V=&9` 4zX / @*MS': :,)"\".   

tIB 2�"*: 

# &65 "#N5  
# &65 "#V%zX  
# &6 R3"6  
# U1)*\ !45 *T3,: �&9 L6 2*65 / !=&9`)U1 Le =&7)Z/ ]P1 L6 !4%/,= wX `%".  
# \ 3,vW+3 3 k*U13 !"1 |,Z6 *)mN �/*e !4�G ][:=,= R` d)/ 4) "#P.  
#  =,2 2: *\ 3,v j',/ j',4T !&0Y k4q L6) =34.   
# / !4�G LN,=3 !"1 dU( |4/ 2: aT *\3,vX "#�$n. 

 d(: !"%=4V <�*T3,: �&9 L6 Le 2*6 ?*\ !4)U1.  



# :3,v5 ( j', L6 !4�G LN ,= !=4/)/ ,= !*X `%".  

 _-/:4}"/: 8e) LY3"#g*05 V=&9` LeX "1 *0'`%/ ")/*-N I"1*>X  ?*06*Y 2: :, !=&9`f3"#g  �,*[
/3 !=&-')':2&$) OY3"#g*05 4/% *6 :, O9*( 3 �=,:35 )$e3:X :4SN8P(); {�� 8/X /4VX  (:465  4\
f3"#g 4P1 �(&Nx*)(` 3,46 !=4e q&8K/ !"15  *06*Y /X 1*T):3 O% dU\ L8g*Q L6 ,*6 L( :,,*e ;

/ ,:4PN 23,)#P)O . R*/,=*>'%V ]$^ ]�Q,= ")45 �':\= s*)2 O%Y*6 L6 !=&9` *\ ]$^ :4X  !"'*/=3,: 
/)=&7. 

j"+XM+Q:.*6%*(3 ,:=,&>'2 "%'&U^ "+ �/*e :, =&[ d(=3 I,*e ]X ` @*(,= :,*\ LP8/ 3 !=4e% !"#
&WN%*-' �%". <Mq*#/ ,=  =&K6 =&[ t4/ ;%: "1*6 =*%2 ]V !=4V Le R*/,===4z)/.  

�"* p1/\& GHI13456:  

"c.<\: t4/ U1 ¡&�K/) *\ !4"1*>)/ ?4$/3. U13 *\ 3,v R`,= Le)�V H,&g L6 !4X  dU(
/)*\3,v *0'` L6 Le =&75 �VX / O\)&z%"#.  

      

 >/-S}"/: ,&�(:*\5  s*#6Ascosphera apis  IAscosphera  major 128 m   Ascosphera minor 65 m  /)"1*>.  
"': LSK%, *\ ,&>'2 f3"#g ?347)T ,= Le <�e ?:3,v 

:-Mb@$ }"/  >K$4:4g7?H` :*\,&>'2 �(&N5 4V,*e  Le*\ 3,v5 �VX 6 L6 :,)/ ]-G R34) I"##P
*6,&�(:*\ *\ 3,v L6 R=:= :�l �Y&/,=3 !=&6 �*-N,=5 =%/ !=&9` :, *0'` 4z)#�-\3 "#P)*\ ,&>'2 *6 ;5 
=% s*-N3 !=&6 �*-N,= 4zf3"#g : L6 :,% ;t4/ / !=&9`)"#P.   

:-Mb@$ }"/  ~:-K:4g7?H` :*\,&>'2 �(&N5 4V,*e �(&N d7V2*6 !*>S1:,= *\ ,&>'25 3 4'  H,*l
 R=4ef3"#g &>'2 �(&N*\ ,5 =% ,&>'23 4z,:= R=:= ¦&e3 f3"#g  *\.  

�S< (}"/: �V H,&�6 *\ 3,v *\ !4�G ][:=,=X &8F,=3 !"1f3"#g ,=3%*\"$F 2:34T L�5 
:3,v5 �VX = �/*e%/ !")=&7.  

j"+XM+Q : : *6 !2,*>/ !:, *0#N% ;t4/ T)V J)45 /&-^X /X  Le "1*6*6 ,:= ,&>'2% 2: *N "\= s*�': "
:% ;t4/ V &8F)45 "#e.4N O0/%2: d(: H,*>^ *0'` ; :V:&\)45 ,= �(*#/f3"#g,3= I5  2: R=4e

46: :&\ 4V: ,*06,= Id6&q,5 V"',*63X /)Y, d641,&>'2 L6 "1*>)-' p)\")O.3Y3"#g3, L6:,*05 *T% L
/22: L8g*Q !=:= ,:4Y)/ ;)\")O .*\ 3,v =*$F:5 =4/ &8F 2: :, !f3"#g /3 LS1:=46)':2&$) &8F3 O

f3"#g '&U^ "+ �/*e :,X /)#P)O .*(33 *\ d(=3%/*-N :,,*e ]X *\ @&8./ �(&N5 '&U^ "+X I
'&U^"+X /)#P)/3 O` @*( :, LP8%&WN !"#%/ �)*-#)%O.  
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�"* /*635: 

"c.<\ :t4/ / §9*6 ,&>'2 ¡&�K/):3:3 R*S$/2 4[:3:,= Le "1*>%/ ,*06 ]\*7/ !") =&73?4$/ 
/)"1*>.  

    

 >/-S}"/: : ]/*^% ;t4/ %34�G w5  s*#6Nosema apis    3Nosema ceranae : Le% ;%L6 !4�G w 
 H,&g,&�(: /,=)*%/ &-'3 "1, ]$^ ,&>'2 !=3, ][:=,= Le ")"#P.  

*\ f3"#g ?347)T ,= §9*6 ?*\ ,&>'2 H*U8N 

:-Mb@$ :4 _ng7?H`: *\,&>'2 �(&N5 4V,*e 6 Le* :,&�(*\ *\,&>'2 L6 !=&6 �*-N,=5 =% @*MS': 4z
/)#�-\3 "\") L6 *\ ,&>'2 d7V2*6,= !*>S1:,= ;f3"#g *\5 =%R=4e H,*l I4z .&>'2 ,:=*06*Y 5  !=&9`

: 2: :,% ;f3"#g  L6Y3"#g*05 =%/ @*MS': 4z)"\" . LP%: !"##e �*T ?*\ ,&>'2 _&Q"/ �%4/ ?*\ ,&>'2
L6 !=&9` I "\")/ @*MS': R34)6 L63 !=4e �-F :, :  */3Z' ,&�(==4z)/.  

�M.+ V}"/: 3,465 *06*Y ,= &8F 3%*\ L8oQ 2:34T L�5 = �/*e ]$^,&>'2%/ !")#�-\3 =&7) ;
 &8F,= *\,&>'2f3"#g 3,5 ,=3 *\ �8^%/ L(4T 2:34T L�)-'2:34T L6 ,=*Y3 "#'ZX *\ OP13 "#1*65 

/ !=4e s,3 �/*e *0'`)"#1*>.  

 _-/:4}"/: :465 4\f3"#g i{ /)8X s4V &Q/V *)8); fumagilline  % *Fumadil B '*6)9 O) d641 4S) ��'
4P1 ��' Ix` ( L6 !=4e q&8K/f3"#g 6)/ ,*-)\"): O% H"/3 !=4e ,:4PN LSU\,= ,*63= :,,*e ; R*/,=

%/ !*/ w)"1*>)!*/,= ,*6 d7\=  s4V X8)/A�� (  

j"+XM+Q: *6 ,:=,&>'2% "Y3"#gV:&\ :,*0)45 ./ *N "\= s*�': �(*#/)S6&q, �X ,#�-\3 "#e Oe :) ;
\4T d641 R=:= 2: =4( �Y&/,=)*-'Z%".3?*06*Y  L6 !=&9`,&�(: L6 :, */2&'Y3"#g*05 =%"\"' 4z . LP8/3

` @*( :,%&WN !"#%*-' �%".  
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�"* 1/d,B63:  

"c.<\ :t4/ / §9*6 ,&>'2 ¡&�K/):3:3 R*S$/2 4[:3:,= Le "1*>%"\*7/ ,*06 ]/ !)V:3 3 =&7) 4
/)"1*>.  

         

 >/-S"/} : ]/*^t4/ 8[:= x4FX  ]$^ ,&>'2Acarapis woodi   /) !=*/ 4\ Le "1*>Acarapis woodi  
, ][:=,=%8g: LX ( d-$Y,= Le)/ ]$^,&>'2 L#)/ OKN J1 *N ,*0n I"1*>) 23, !=Z'*T 2: "W6 Le =,:Zz

: Le%*/ ;%P/ L6 _3413 !"1 §9*6 *\ d)\ R") �-9&-)R&[ (/ ]$^,&>'2)=&7.   
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:-Mb@$ }"/ :4g7?H`: *\,&>'2 �(&N5 *\ ,&>'2 L6 !=&9`5 d7V2*6,= !*>S1: 3 O9*(. *\,&>'25  4'
= LM�#/ L6 LM�#/ 2:,:=,&>'23%*�6*F �(&N 4z5 Y3"#gd(: *0.  

_-/:4: :465  R*/,=:% ;t4/ =,:3*\5 U8SK/X "Y,=%*\ ,&7e,= 4+*G @*G,= }d(: !=&6 O5 T) LSQ47
3==,:3? 6)�&9&%PX /)/ !=*US(: "#1*>)I"##P%PX 4e s*#6%=3 @&S'*/ @*S$%4z5 (: s*#6)/,&Q ")w.:465 
4\f3"#g %4e ="^ w%3,46 :, @&S'*/ @*S$5  x*YK>N *N LS1:ZV)=&1 4./ ,:4PN ,*6 "#n3)=&7 . R&n
:% ;=,:3 Y R:4V)/ d-)SG:46 "1*>X T)-':")=&7 .4S06%: ,*e ;% 2: Le d(: ;w)/,&Q ")(: =&1 !=*US(:  I

LP%,&q ,:"M/B� 8/X s4V w)/,&Q ")(: �{ %,*6 L(R*/,= L6 3, dU\ L8g*Q 2 s*�':==4V.  

j"+XM+Q: *6 ,:= ,&>'2% "Y3"#g*F,= :,*05 ':,ZV R*S$/2 x:&[X V x*SQ`) =,:Zz6 4%#WX *F,=5 
V x*SQ` Le =,:Zz6)"1*6 4 .*\ !,=,=35 *( pq*#/3 j#N%: "\"' ,:4Y ,:= L% ;t4/ /2,= v&-W/ R*S$

*\5 'v&qX 6)=4V !"\*7/ 4S7% d(: !".  

�"* ,<1,< ~"F: 

"c.<\: :% ;t4/ U1 ¡&�K/)/ §9*6 ,&>'23 *\ !4) "1*>Le d%:4( :% ;L#e '= s*-N,=) !"1 !"#e:4T *
\ 2: Le d(:)3,v �-9&-!4)U1 I : 3 �mN §9*6,&>'2%/ L)"#P.  

 ,="1*>)/ R&[ R")P/3 ?Z%4-KN @&m7/ Le ")#P/ !"\*7/ :, 2&%,*e: ?*\ L#e ]$^ ,&>'2 <$U#N ?*\ :4�/ ][:=  



      

 >/-S}"/  :*/% dVarroa destructor A., T, 2000 : !=*/ Le% ]/*^ �Y:3,= ]z': ;t4/ /)"1*> . H,*$[ Le
/ =,:3 *\,&>'2 L6)"#P.  

1/!B< b�81/O#5, ,B X�"* 1% 5%-/ : 

 93:): ,*6 ;% ;t4/  �(&NE. Jacobson   ZF,= R&$T&PF =,:3=:%'3"': ,&7e,= :3*F !4)Z% @*(,= *
A¤�u 3,465 T` ,&>'2)"': a%4>Q *P%=4V !"\*7/ �&$% @*(,= "A¤uC 93: :, :3,:3 x4F) ,*6 ;

*N ,&7e,=%3,46 "#85 8\: ]$^ ,&>'2X  )T`)8/ aX Q):4 (=4V !"\*7/%*\ @*(,=3 "5  ,&7e ,= "W6
(3,)n3 L) ; @*(,=A¤{C  @*(,=3A¤�B \,=w'*e j'*  L\=,=3A¤C� *\,&7e,=5 *T3,:5 =% !"
"1 .: R*/2 ,34-63% ;t4/ =b#T , /2 !4e !,*Y)"1 !"#e:4T ;..:% ;t4/ )x4F (:3:,=% :3,:3 s*#6 ]

'&( x&PFX ,:ZV s*'5 =&6 !"1.:% ;t4/ ,&>'2)T`)( a)*':4 (*\ ,&7e,= Le5  R*S(3"#\3 R*S$'*mQ:
/)"1*>.  L\=,=A¤{� /)=�5  @*(,= Le }"'=&6 !=&9`i��� /)=�5 *Y` �(&N5  2: Le ;/34N 3 R&(,"':

'� 4E')S)PX (,46X  Le L'&V Le "'=&-' !"\*7/ "13,465 / ]$^ ,&>'2)346 Le L'&V3 "1*>5  ,&>'2
)T`)( a)*':4 (/)�&9&Q,&/ 4E' 2: I"1*>5 %4\*y ]P1 *5 =,:= f4Q. :4'` LeVarroa destructor V s*'�,:5 

"'=4e.  

  

P Q,1<%- S/:  

 G R:,3=)H* 6)�&9&5 / ]$^ ,&>'2 "#'*/ L6 :3,:3)=,:= L8G4/ ,*0n Le "1*> :A OKN I   i I3,v   B 
�-'   3  u §9*6. :3:3,5 N"/2:"W6 3 !"1 !4�G =,:3 ]$^ ,&>'2 3,v !4�G R"1 LS$6 2: ]>Y !=*/X 

,:ZV OKN L6 _341 "W6 d^*( d�1*N ]0n5 /)93: Le "#P)'32&/34e wN R` OKN ;X /) Le "1*>
/4')/ @&q 23, dU\ J'"1 §9*6 H"/ Le =&7) "7P.'32&/34e R: LeX /)"1*> . 3,:3 dU\ *N 3= !=*/
/) "':&S%"#e !=&9` :, 3,v w .U1,= Le) !44V,*e / !=*/ :3,:3 OKN J1*N b#T =3"G)U1,=3 =,:Zz) !4

: Le d7\*N J1 4' ,&>'2%/ ,:"M/ ;)6 *N "':&S)"(46 OKN L'3 d$.  

:465 R"1 §9*6 3:3,:5  !=*/ �.i :463 23,5  R"1 §9*6:3,v5  4'�.¤ Q*e 23,X d(:. 3:3,:5  4'
dUF 2: aT V)45  *6:3,:35 \*N&e H"/ 2: "W6 !=*/X / H&Q)3 "#P ?*\:3,:3 Y*6 !=*/X /) 2:3 "'*-

\)/ !=*US(: ,&>'2 3,v �-9&-) ,&>'2 Le �Y&/3 "#P4V,*e '"6 4'3)/ *)*%4-\ "#:5 6 L6 *0'`)34 !4�G R
/X `%P/ L6 _3413 ")*\ ,&>'2 R&[ R"5 / §9*6)*-#%N"/ 2: "W63 "X !4�G ][:"6 !,*63=  _3413 LSQ, *\

,:ZV OKN L65 /X *-'% ".  

:% ;t4/ $6),*SQ4V3 4( =,= ,*5 :465 *6 R:,:= ,&>'2 L9*(4\ Le !=,3` =&F3 L6 R:,:=,&>'2% "
Y3"#g*05 '*S$/2 x:&[ 2: ]>Y:,=&[X  R*/,= "#\= s*�': ]/*e.  

"1*>)/ ?4S$e*[ ")U( j', L6 *\ 4'3 �4( j', L6 *\ !=*/ Le 4'3 !=*/ ?*\ L#e ]P1 
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:-Mb@$ }"/: :% ;t4/ "-\ L6 *\,&>'2 �(&N%#�-\3 !"1 !=:= @*MS': 4z) �(&N ;*\,&>'25 =% L6 4z
T @*MS': *\ 3,v)/ :")"#P. *\,&>'2 IR=4e H,*l Id7V2*6,= !*>S1:5  L-\ L6 R=:= ¦&e3 I,:=,&>'23 I4'

*F? :4(%/ d)"#P. :4(%: d% ;t4/ $6)4( ,*%8�-9: x4+,= Le !=&6 �X  L6 L/*' 4>-N "#'*/ L6
*\,&7e5 =%/ 4z)S(4U)O.  

 _-/:4}"/: :% ;t4/ :3:,=% �(&N ]=,:3*\5 =4V @4S#e :2 =3=%: Le I"% ;=,:32: d(: H,*>^ *\ :
>9&Q)aP 35  `2:3,3 I%I; : Le R*S(:3,3% ;=,:3:,:= *\5 :Z/%*5 *W/3 Oe%2 �%"': !=&6 =*.  

=,:*\35 ()-S$) w%e:,&[ *X : !=,= LeA¤C{  L\= *NA¤¤{ =4V !=*US(:%:,:= Le "5 :Z/%*5 2% =*
*W/3%=&6 Oe � .H,*>^ 2: "'::4T%Z%/` I;)T: I2:4S) @&S.  

 L\=,=A¤¤{  "W6 L6=,:*\35 (*-NX / ,:&' H,&�6 Le)$6 Le "1 L+4^ ,:2*6 L6 "1*>) dG:, ,*
63X $6 R:,:=,&>'2 Le =&6 4(=,=): 2: @*.1&[ ,*% ;=,:3 "'=&6 *\ .n)Z5  2: "W6 d1Zz' ?*0'*/,=TX 
T,=X : L6 :3,3 x4F d/3*M/ L9*( "#n% ;=,:3T *\)"1 :".=,:3*\5 :3,:3 "+ 2:"': H,*>^ :T:,:&') I R*S$
*6,:&'5 3:T: ,:&' I@3,X ,:3. d%*/ wn ,:&'  

 L\=,=i��� : s*-N R&n "W6 L6% ;=,:363 Oe *\)*6 JYX l3 ]$^3 s&/ ][:=,= !"'*/) !=,3:4Q !4
*\5  I "'=&6 LS1�V ]$^ ,&>'2,*SQ4V �^*65 4K'3%*\ ]$^ R"5 *\,&7e,= *0'`5 =%"1 4z .@*�/ :

n ,&7e)*09*(,= ;5 i���-i��u :465 ]$^ h34Q  L6*\,&7e5 4z%= T ]P7/) :4'` ]$^ 3=4e:"
4K'%/ ,*n*#6 }"'") =&S R*/,=*\,&7e }=4e t&^ :,=&[5 *T3,:5 4PQ L6 R*/,= 6* =,:*\35 N*>'X 

: Le "'=*SQ:% ;=,:3 *\ 2: "': H,*>^ :T:X T: I=,*VX v%: I,:3 �%N 3 x&S(: &P)3 @&-x*Y N) "': !=*SQ: @&-
: Le% ;=,:3:,:= *\5 *W/%[ �)8X 2%:Z/3 =*%*5 =&6 �(&S/ .*\ ,&7e,=5 oW6 3 :=*'*eX *\,&7e 2:5 
 2:=,:*\35 6)*\ s*#6 4�K5 :(:)/,&Q ")(: Iw)9*$e3: ")/ !=*US(: w)*-#%"#  ,= !"'*/ <Y*6 ")(: 3= ;%: Le

'2 ?:46 <SEQ*./ H*P' "%*6 <93 "',:�V <-' s&/ 3 ]$^ ,&>,:= =&1 LSQ4V 4E' ,= "%*6 .  

_-/:4: :,=% h3, *F ;3:"N5 :,(*-NX =,:*\35 3 :4'` L6 q&64/=,:*\35 N*>'X  �41 :,*0'`,:"M/3
/)\")O..  

%1,<C/( 1,35( : 
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A. nQ+_-b): )C�� 8/X 9 3&8Q s4V)H*#  (:465  4\
f3"#g &Y5 :46 ,:&'3=5 f3"#g  �(&S/% w

 H"/ ,:&' R*/,=*\,:&' LSU\ J1 ,= :,6*Y*0? 
6*/ �n d-(2:3 d(:, d-( 2: s,*0n3 s&() ;

 *06*Y3`%/ R:Z)#P) :,*\,:&' LSU\ J1 2:"W6 O
/,=X ,3`%/ L9*62,=3 OX 2:"':%O .  

i. Q$:$5@Z :$7):{�� 8/X /` s4V)2:4S  (:465  4\
f3"#g &Y5 :46 ,:&'3=5 f3"#g  �(&S/% w

 H"/ ,:&' R*/,=,= :,*\,:&' LSU\ J1 ?*06*Y 
n3 s&(6*/ �n d-(2:3 d(:, d-( 2: s,*0); *06*Y 3`%/ R:Z)#P) :,*\,:&' LSU\ J1 2:"W6 O
/,=X ,3`%/ L9*62,=3 OX 2:"':%O .  

 ,&>'2"1*>)/ R*S$)T: ,:&' *6 R*/,= @*G ,= ,:=  

B. -* :$5@R U7:7):B.� 8/X /&9&Q s4V)4S%;  (:465 4\f3"#g &Y5 :46 I,:&' ,*0n5  dU\ ,&>'2
 x*Y:46 ,:&' L(5  b#T ,&>'2 x*Y: },:&'3=%&' "#'*/ L6 :,*\ ,:&' ;*\,:5 =% ][:=,= 4zf3"#g 
3`%/46 :,*0'` LSU\ J1 2:"W6 !=4e R:Z),:"%/ L9*62 k4y ,=3 O)4%Z%O.  



  

,==,:*\35 ,:&'5 *T)%4N ;%:, !4��/ !=*/ ; )*65 3:@3, (Y*6 4E' 2: Le =,:=X  s&/ ][:=,= !"'*/
\ ]$^3)8P7/ �X :465 -' ]$^ H:,=*g)4N R��/ =,:Zz% ;=,:3 /,=) R*=,:*\35 )1 <�*-/)"1*>.  

 ,&>'2*6 ,:&' *6 R*/,= @*G ,= ,:="1*>)/ @3,3 ?  
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�. T<-/ JN :$5@ ):A� %�&Q*/&e( :465 &Y f3"#g 4\5 :46 ,:&'3=5  �(&S/ f3"#g% ,:&' w
 H"/ R*/,=,= :,*\,:&' LSU\ J1 ?*06*Y 6*/ �n d-(2:3 d(:, d-( 2: s,*0n3 s&() ;

 ?*06*Y3`%/ R:Z)#P)/,= :,*\,:&' LSU\ J1 2:"W6 OX ,3`%/ L9*62,=3 OX 2:"':%O . 
C.  %<x<"+Q: )�IB �&Q*/&e ( *6 :, ;%Z%4)T <( <( w%u¤  4%2 @&8./3 !=4e q&8K/ x` <( <(

O%Z%4)/ *\ ,&>'2 ?346 ?&Y f3"#g w% ?:46 :, . 2: 4N �)W+ f3"#g 4V:A�  x*Y I =&6
 4\ ?:46 x*Y{  O%=4e !=*/` Le :, <9&8./ 2: <( <( R*/,=O)#P)/ . dU\ f3"#g w% ?:46 ~��/

x*YB{ =&7)/ k4�/ <( <(.R*/,=  =&7)/ ,:4PN 23, dU\ 2: "W6) R*/,= L8g*Q L6 L>N4/ 3=
23, dU\ .( R*/,= !*/ ,= "%*6 ,&%401  !*/ *%40/ 2: 4Nv*6 R34)6 H,:4G LF,=3 =4)V s*�':Ai 

"1*6 =:4V <S'*( LF,=. 

"2].: s*-N =,:<�*-)1 5*\3 ==4V @*-WS(: <\= ]$^ R:,3= ,= "%*>'.  

%1,/C<( !/45&: =,:*\35 (:N !=:&'*[ 2: Le d)/ @&-)"#'*/ Le "1*>:  

T,& %1/R : :%; =,:3 :,:=5 Ai.{ N s4V)/ ��T4\,= @&-) ��T4\ R23 Le "1*>{� d(: s4V . ]-^
3,46 R` =4e5  : :3,:3 x4F,(*-NX K>N 3)45 /):46 Le "1*>5 4\f3"#g &Y5 3, :, ��T ="^3=5 

 ?*06*Yf3"#g V�= ="^3= LSU\3= 2: "W6 LS1:%4z / ,:4Y)\") H"/ Le O R*/,=: Le d(: �Y&/*N% ;=,:3  *\
K>N)=&1 4 .3R*/,= *T,=)%/ ,:4PN Z)#P)O. 

$"I< �_-/:4 :*6%*/=,= R*/ ,= "5  6*/) ;A{ -i{ S'*(X }"1*6 =:4V 2 H,:4G LF,= H"/,= 4V:% != 4
v*63 LF,=5 (X *\,&>'2,= H*U8N ==4V LF,=5 3,v3 §9*6\\:&[ *)=:= O.= ;-+,=G,)\= ]$^ ;X 

,&>'2R*/,= *>'%z6 s*�': ")2 =4%&6 ]$^ :45 N)/ @&-)z)�¥N }=4): 4% ;=,:3 6*/) ;�� *NC�  "g,=
/)*T,= }"1*>)%*6 Z% " R*/,= �(&N% w=,:35 <�*-)1 -PN)=&1 ])*+, R&e&Q 234015 i��A-i��i .(

l,=): 4%*/ H,&g ;%*\ d5 Y*6 LeX /)>'23 !=4e &-'3 "1, L6 _341 "#'*- R*S$/2 H"/,= :,*\,&
W+)V=&9``4�e:3 �X "1% !=&6 x4F L6 "%/ �8N *)"'&7.  
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T,& �B1,< E: (Api Life Var)  ]P1=,:3W�N ¡4Y "#'*/ L6) !"'&1 "AA 4V:/X e4N Le) "g4\ �
4V:/X  R`: 

# Thymol Crystal    76/00 gr. 

# Eucaliptus Oil    16/40 gr. 

# Camphore Crystals    3/80 gr. 

# Menthol Crystals     3/80 gr 

:465 4\f3"#g %$MN d-$Y ,*0n L6 :, ¡4Y w)23, != *N dU\ H"/ L6 !=&-' O)W�N *N) ]/*e "
¡4Y ( L1&V ,*0n,=f3"#g 3,465 6*Y*05 f3"#g zS$63 =&1 !=:= ,:4YX V=&9` L6X f3"#g  R*/,=

/ ,:4PN ,*6 L( *N3=)=&7.:% ;=,:3 6X \3 !=&6 4�[)Y*6 L'&V �X /-' ]$^,= !"'*)=,:Zz.  

: k4�/% ;=,:3 \= "01 R:,3=,=X / _&#-/)"1*>.  

  

"dw!: 

A.  R*/,=*6%8e,= ") LY3"#gV s*�': R*/Z-\ ,&�6 *0) =4.  
i. F4N) =32 �>g,= *.)C  *N¤ �>g (%�T s*�': x*SQ` x34l 2: "W6 *% =4.  
B. NF4) R*/2,= *.f3"#g "1*6 p>q R3"6.  
u. 4S06%:46 �(*#/ LF,= ;5  R*/,=6) ;A{  *NB� / LF,=X "1*6.  
{. R*/,=  ]/*1 ]/*eB  *Nu  L8g*Q L6 ¡4Y�  *N� / 23,)"1*>.  
�. R*/,=  ]/*eB -i / ,:4PN ,*6X =&1.  
�. ,:�V ¡4Y s*-N: 2: aT5 9*[ LS$6X >(*#/ ]./,= :, ¡4YX *-' s3"W/)%".  
C. ,:�V ¡4Y ,:4PN 2: ]>Y5 Y*6) 2: :, ]>Y L8G4/ ¡4Y !"'*-f3"#g ,3` �-F5 *-')%".  

$"I<:$4 9X@ �R: *F,=5 MS$/ ,&' 2:,3"63 w#[3 w7[),:= Lz' x*SQ` O5 =&1.  

 �/#0 3d,ECOSTOP):( / wS79*6 "#'*/ L6)3*G Le "'*-5 N s4V b#T)*\ ;l3, s4V3=3 @&-5 
N*>'X /)"1*>./ ="^ J1 R` LS$64\,= Le)"1*> .:% ;=,:3 :465 4\f3"#g &Y5 :46 wS79*6 L(5 f3"#g 
*\5 wS79*63= �(&S/ :465 f3"#g 2%�#T 4 x*Y % H"/ wS79*6 w3:"N5 u{ / 23,)"1*>. 

"dw!: 

A. R*/,= *6%8e,= ") LY3"#gV s*�': R*/Z-\ ,&�6 *0) =4.  
i. F4N) =32 �>g,= *.)C  *N¤ �>g (%�T s*�': x*SQ` x34l 2: "W6 *% =4.  
B. F4N)'*/2,= *.*0Y3"#g Le < "1*6 p>q R3"6.  
u. 4S06%:46 �(*#/ LF,= ;5 R*/,= 6) ;A{  *NB{ / LF,=X "1*6.  

$"I<:$4 9X@ �R: *F,=5 MS$/ ,&' 2:,3"63 w#[3 w7[),:= Lz' x*SQ` O5 =&1.  

  



1,3h  )Thymovar : ( !-

= ]P1,:�#U(: ,:&' H,&g L6 3X /)3*G ,:&' 4\ Le "1*>5 A{ N s:4V)/ @&-)"1*> . R` LS$6 4\ ,=
3*G5 A� / ,:&')"1*> .:465 R*/,=  f3"#gA�  x*Y% ,:&' w:463 I5 2 f3"#g% 4{  x*Y ,:&' ��' .

V ,:4Y H"/)45 3,:=  f3"#g ,=B -u / LSU\)"1*> .  

 "dw! : 
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A. R*/,= *6%V s*�': R*/Z-\ *\ f3"#g s*-N ,= ")=4. 
i. F4N)3:"N x*SQ` x34l ,= ~ *.5 V s*�':)d(: 4S06 =4. 
B. 3:"N R:,3= ,=5 *>' :, *\ f3"#g%�mN "%#e L)O. 
u. 4S06% �(*#/ LF,= ;R*/,= */6) ;Ai-B� S'*( LF,=X / =:4V)"1*>. 
{. ,*6 3= R*/,= *6 @*( ,=%�T s*�': "%=4 .%3 ,*06 ,= ,*6 w% R:Z[ ,= ,*6 w. 

$"I<:$?aX@ �R 4:$ 7: *F ,=5 ./ ,= x*SQ` ,&' 2: ,3"63 w7[)�*T �);  2: 4Ni{ S'*( LF,=X  =:4V
,:"0z'5 =&1.  

b@+8 9[+"R: t4/  :3,:3 x4F% wt4/ $6)^3 �*'4�[ ,*/&-X /)*6 R:,:=,&>'2 }"1*>%:46 "5 
: *6 !2,*>/% ;t4/ *0'%:46 }"#1*6 LS1:= :, dY= d5 V"'2X :*6% ;t4/ *6% "Y3"#g&Y :,*05  d1:= Lz'
V=&9` LF,=3X -\ :,)2 L7%d1:= Lz' "g,= dU\ 4 R*/,= ,= 4V:%z-\ LM�#/ wX  "#\= s*�': O\*6
V=&9` H"12:X = O\ L6 *0'` @*MS':3 !"1 LS(*e%*T 4z)%"/` "\:&[ ;. t4/ :46 !3�^ :3,:3% =&[ LP#

 d(:2*( ]P7/t4/ *T3,: �&95 "#n3% ;t4/ 3%(34X  ,= :,f3"#g / "^*$/)*-#%".  

�"* T<1"! ~"F-t Le0"* UT�: 

"c.<\: :% ;t4/  ]$^ ,&>'2U13 §9*6 ,&>'2 ¡&�K/) !4
/)"1*>  3 @*(,=A¤�A 8Q,=)�) @*(,= I ;A¤Cu 3 R*S$'*mQ:,= 
:% R:4 @*(,=i��� =%"1 !". :% ;t4/  2: ]>Y :3,:3 x4F "#'*/ L6

U1 R"1 LS$6) =,:3 x4F !=*/ !4!4�G ,:ZV OKN L6 _3413 !"15 
/)*-#%,:ZV OKN Le "5 :%/ OKN J1 =3"G,= *\ ;) §9*6 H"/ Le "1*>

4MN Le R` R"1%/ 23, L' *>)"1*>.%#WX '"6 !23, L')/ *X `%" .:% ;
\ 2: x4F) �-9&-/ !=*US(: ,&>'2 3,v3 ]$^ ,&>'2) "#P.R*/,= 
"#'*/ L6 R`  R*/,= *6 Le :3,:3=,:*\35 ,:&'5  @*(,= Lei��� 
*N ,&7e,=%6:&F !"1 @34S#e "#8X $6)6&[ ,*X  R` Le d(: !=:==,:3*\ ,:&' 2: d(: H,*>^ :*65  I@3,:3
*/ wn ,&'%T: ,:&'3 d) Le R*S$ R*/,=S' "g,= "g :,)d(: !=:= L�. T)V J)45 :% ;t4/ R&n I

 :3,:3 x4F *6:4-\:3 R*S$'*mQ:,=%/ R:4)"1*> R:,3=*6 R*/Z-\ ,&�6  R*/,=6 2: :3,:3)/ ;)=34.  

:3,:3 3 aTv*)T34N x4F 

  

  

  

  



GHI 13456 Q/?hN% : R*#-1= ]$^ ,&>'2 2: "': H,*>^:  

# ,:&[ s&/ s4e  
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# *0P(&( 

  

  

H*e&n ?3, ,= R` ?3,*T3 ,:&[ s&/ |,Z6 s4V 

 

# *\ ,&>'25 7G3X 

        

�2&m'*YAethina tumida 

 wz#)6 3 ,&>'2 3*V 

# R*V"'4T 

        



  

# *01&/ 

    

# &>P#^*0N 

 

 b5,<"T)r"d (1,3` r3* :  

 *\ s*' L6 L':34T 3=5  Galleria mellonella Linne ,:&[ s&/ |,Z6 s4e   3Achroea grisella Favricius  % s4e *
,:&[ s&/ wn&e / =&F&/) "1*>.  

  

�.   1,3` r3* �1�9 r"d)Galleria mellonella L( : 

 4S$e*[ j', L6 L':34T5 : !4M'5 :,:= Le5 \ @*[*5 N)3, !45 / R"6X  Le "1*6A-A{ 8/X  4S/
:465  I 4' L':34T¤ -A� 8/X :46 4S/5  !=*/ L':34T/)"1*> .:%:,:= *\ L':34T s*-N "#'*/ L':34T ;5 *\ @*65 

/ "#86X  "1*6 .*\ @*6 dG:4S(: �Y&/ ,=5 *-+3 �e4/ O7n ,= !"1 �-F%'*\= 4X 1&T)/ O7T 2: !"X 
:,:= "1*65 Le �2*' w[*1 3=  d�1 2: w[*1 4\P7N d-$Y)=4V ]%U( L':34T *\ OKN I d(: !") "
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&-5  *\ OKNi{   *NB�  LF,=
'*(.  

 1,3` r3* lp3d r"dAchroea grisella F

*/: ,= *\ ,&>'2R /)"1*> .:%2 H:,*$[ *\:3,v ;%=*5 
8>Y L':34T L6 d>$'X -' =,:3 *\ s&/ L6X "#e.  

*\ :3,v 2*5 6 2: :, L':34T)/ ;X  2: "W6 I =46
 23, R*/,=/ ,:4PN !,*6 3= :,)#P) O.  

  : 

z)*>' =4%"1*6 ". 

F. ./ H,:4G 4V:) ��*T) 2: 4N ; i� S'*( LF,=X  L6 H,34+ "1*6 =:4V R*/,="',:"'. 

  

  

 

 

  

:% H"/ ,= ]$' ,*0n *N L( L':34T ;%=2: ]�Q w%/ =*) "6* .
= =3"G *\ OKN/ @&q 23, !)">N *N "7P% "'=4V :3,v L6 ] . L6

: �./%:3,v Le ;5 '= L6 R:&F)/ *X `% L6 ~:,&Q "# LN *\ !4�G x*Y/)(4S(= *0'` L6 *\ ,&>'2 *N "'34X 
:3,v R:,3= H"/ ,= I"#1*6 LS1:"'5 / !*/ L( *N 3= =3"G LeX 3 !=4e s&/ R=,&[ L6 _341 "1*6_&Q"/ 

3, L6 :, R*1 =&[5 x*Y /X ,%"'Z. :%:46 :3,v ;5 q :, L8F4/ != R"1 §9*6X /): @&q ,= *N "#P% ;
:�l k4�/ L8G4/X% *\ s&/ *0'`5 / !"1 LSQ*6)"1*> .*0Y3"#g ,= L':34T ~v&-W/5 W+) �%9*[ *X  Le

6*Y*05 / =,:3 =,:= !"1 LSQ*6),:�V OKN3 =&75 /),*$[ �^*6 Le "#P:"1 H% "3 f3"#g L6*06*Y /) =&7 .
\ ,= :3,v 4% R"1 ]/*e !,3= wB�-u� / k4�/ s&/ s:4V) "#P .% w%: 2: dUF 3= *%Q*e L':34T ;X 

]e Id(: 6*Y*05 % f3"#g w=,&K6 :, .'3 "1, �(*#/ H,:4G LF,=
SX / =:4V)"1*>

Z.   ): ( 

 : !=*/ !2:"':%L':34T ;  A� -Ai 8/X  =3"G R` 4'3 4S/iB 8/X / 4S/)"1*> ., OKN%Z5 :% L':34T ;
8>Y L':34T 2: 4S-eX / OKN !*�#T 3"g 3= =3"G !=&6): Le "1*>%SY3 *\ OKN ;)">N :3,v L6 LP%/ ])  "'&7

v L6%*\ L5 �(3X 6*Y/ *0X  L8-G 2: *N "'3,

_-/:4: :465  R*/,=I ,:&[ s&/ s4e?*06*Y 9*[X  dU\ LM>q 4\ ,= *0M>q ][:= ,= :, x*Y/),:�P% O
T H,&g L63]) v*6 ,=3 !=,3` ,= LM>q dU\ *N J1 I5  LM>q ?3,6*Y*0 %Z8Q k4y w5  ,:4Y :,

 k4y R` ][:=3 !=:=% w%N` @*lc LPN 3= *3, L6 LSQ4V J5  I LS1:�V k4y%,&[ *64/ p1*Y w5 
=4V&V /X ,%Z% 2*V Le OSO2  9&N)/ ") "#P .:%V ;

6)3 d$% w

{N,% %/B

A. H"/ ,= R*/,= \)� !"'2 =&F&/ �X  Le ,*>': ][:= ,= R*/,=/ s*�':)
C. :% ; R*/,=:46 �MQ5 ?*06*Y / ,&>'2 R3"63  !"1 LSQ*6)"1*>. 


