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Abstract:,3;$#'%*'*(#$,R:S#,<#:(*;L,FK<#,*;,F#(M'%*K;,KT,UKUM<:%*K;,KT,:F%RFKUK($+,

#$U#'*:<<&,S#'%KF$,KT,*;T#'%*KM$,(*$#:$#$2,BTV':'&,KT,*;$#'%*'*(#$,*$,M$M:<<&,UFKS#(,

K;,W*K<KL*':<,Q:%#F*:<,:;(,(#$'F*W#(,:T%#F,:(XM$%*;L,%R#,S:<M#$,KT,U:F:Q#%#F$,*;,

$KQ#,Y%R#KF#%*':<Z,TM;'%*K;,%K,%R#,#[U#F*Q#;%:<,F#$M<%$2,3;,%R#,$%:;(:F(,:UUFK:'R+,

$M'R,TM;'%*K;,*$,(#$'F*W#(,W&,UFKW*%,F#LF#$$*K;2,\KO#S#F+,*;,$KQ#,':$#$,F#:'%*K;,

KT,%R#,UKUM<:%*K;,K;,U#$%*'*(#,(*TT#F$,TFKQ,%RK$#,OR*'R,'KM<(,W#,(#$'F*W#(,W&,%R#,

UFKW*%,F#LF#$$*K;,'MFS#,:;(,%R#,F#$M<%$,'KM<(,;K%,W#,UFKU#F<&,:$$#$$#(2,]R#,:*Q,

KT,%R*$,$%M(&,O:$,%K,#<:WKF:%*#,:,UF:'%*':<,%KK<,TKF,#S:<M:%*;L,*;$#'%*'*(#):':F*'*(#,

#TV':'&+,QKF#,M;*S#F$:<, %R:;,'<:$$*':<,UFKW*%,':<'M<:%*K;2,4KT%O:F#,U#FTKFQ*;L,

:;:<&$*$,O:$,'F#:%#(,M$*;L,=,12-82-,$%:%*$%*':<,$KT%O:F#2,

4)25/*6+7%#TV':'&,KT,*;$#'%*'*(#$+,UF:'%*':<,%KK<,TKF,%R#,#TV':'&,:;:<&$*$

INTRODUCTION

3;$#'%*'*(#$,:F#,W:$*',%KK<$,*;,F#(M'%*K;,KT,:F%RFKUK(,UKUM<:%*K;$+,#$U#'*:<<&,

S#'%KF$,KT,*;T#'%*KM$,(*$#:$#$2,]R#&,:F#,'KQU<#[,$MW$%:;'#$+,*;,%R#,':$#,KT,OR*'R,
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#S#;,:,UF#'*$#,:;(,Q#:;*;LTM<,E;KO<#(L#,O*<<,;K%,:<<KO,%K,UF#(*'%,%R#,#TT#'%^,

%R#F#TKF#+,%R#*F,#TT#'%*S#;#$$,*$,Q#:$MF#(,*;,W*K<KL*':<,%#$%$2,9MF*;L,:,%&U*':<,%#$%,

K;,#TT#'%*S#;#$$+,LFKMU$,KT,*;$#'%$,:F#,#[UK$#(,%K,(*TT#F#;%,'K;'#;%F:%*K;$,KT,%R#,

*;$#'%*'*(#,_KF,(*TT#F#;%,(K$#$,:F#,:UU<*#(,K;,%R#*F,WK(*#$`,TKF,:,$U#'*V#(,%*Q#2,

?:$*;L,K;,KS#F:<<,F#:'%*K;,KF,*%$,<:'E,a,%R#,*;$#'%,O*<<,#*%R#F,$MFS*S#,%R#,#[UK$MF#,

KF,;K%,b,%R#,':<'M<:%*K;,KT,%R#,(K$#,%R:%,O*<<,#[%#FQ*;:%#, 6c,KT,%R#,$U#'*Q#;,':;,

W#,Q:(#+,OR*'R,O*<<,'R:F:'%#F*d#,%R#,$#;$*%*S*%&,KT,%R#,UKUM<:%*K;e,H@ 6,_H9 6 in 

%R#,':$#,KT,:,(K$#`2,]R#,#[UK$MF#,KT,%R#,*;$#'%,LFKMU$,%K,%R#,$:Q#,'K;'#;%F:%*K;,

WM%,*;,(*TT#F#;%,%*Q#,*;%#FS:<$,_S:<M#,KT,H] 6,*$,':<'M<:%#(`,*$,:,S:F*:%*K;,KT,%R*$,

#[U#F*Q#;%:<,$'R#Q:2,3;,W*K<KL*':<,F#$#:F'R,'K;'#F;*;L,U#$%*'*(#,_*;$#'%*'*(#`,

#TT#'%*S#;#$$,%R#,<*;#:F.F#LF#$$*K;,Q#%RK(,*$,M$#(,*;,<KL.UFKW*%,%F:;$TKFQ:%*K;,

_*;,K%R#F,OKF($,UFKW*%,F#LF#$$*K;`+,(#S#<KU#(,W&,f*;;#&,g-h2,]R*$,Q#%RK(,TKF,

#[U#F*Q#;%*;L,K;,*;$#'%$,O:$,:(KU%#(,W&,?KX:;KO$E:,g1h2,3%,*$,UF#$#;%#(,:<$K,

*;,(#%:*<,*;,%R#,Y"#$%*'*(#,?*K:$$:&$,O*%R,>F%RFKUK($Z,g8h2

5#S#F%R#<#$$+,%R#,UFKW*%,F#LF#$$*K;,M$#(,TKF,(#%#FQ*;*;L,%R#,#TT#'%*S#;#$$,KT,

F#$M<%$,R:$,%R#*F,<*Q*%:%*K;$,:;(,*%,*$,;K%,:<O:&$,UK$$*W<#,%K,#S:<M:%#,%R#,%#$%#(,

$MW$%:;'#, UFKU#F<&2,]R#,QK$%, *;%#F#$%*;L, U:F:Q#%#F, TFKQ,UF:'%*':<, UK*;%, KT,

S*#O,a,<#%R:<,%*Q#,KF,QKF#,U:F%*'M<:F<&,a,%R#,H] 6,,S:<M#+,':;;K%,W#,':<'M<:%#(,

UFKU#F<&,W&,UFKW*%,F#LF#$$*K;2,>;,:%%#QU%,:%,:(:U%*;L,%R#,UFKW*%,Q#%RK(+,%K,%R#,

'K;(*%*K;$,OR#;,KW$#FS:%*K;$,K;,<#%R:<*%&,:F#,':FF*#(,KM%,K;,K;#,LFKMU,KT,*;$#'%$+,

O:$,UF#$#;%#(,W&,]RFK;#,#%,:<2,g/+, h2,\KO#S#F+,%R*$,O:$,:;,*;'KQU<#%#,$K<M%*K;2,

3%,(*(,;K%,%:E#,*;%K,'K;$*(#F:%*K;,%R#,':$#$,KT,YF#'KS#F&Z,_*;,%R#,KU*;*K;,KT,%R#,

:M%RKF$,%R#&,%K,W#,F#X#'%#(`+,:$,O#<<,:$,%R#,S#F&,T:$%,#TT#'%,KT,*;$#'%*'*(#$,OR#;,

*;,:,S#F&,$RKF%,%*Q#,*%,*$,UK$$*W<#,%K,KW$#FS#,K;<&,<KO,<#%R:<*%&,F:%#$,_M;(#F,16c`,

:;(,S#F&,R*LR,<#%R:<*%&,F:%#$,_KS#F,i6c`2,

3;,%R#,UF#S*KM$,U:U#F$,g0+,!h,O#,(#$'F*W#(,:,Q#%RK(,TKF,#S:<M:%*;L,%R#,#TT#'%$,

KT,U#$%*'*(#$,K;,:F%RFKUK($,OR*'R,O*<<,W#,:;,:<%#F;:%*S#, %K, %R#,'<:$$*',UFKW*%,

Q#%RK(,:;(,*%$,Q:%R#Q:%*':<,W:'ELFKM;(2,]R#,'KQU:F*$K;,KT,%R#,;#O,Q#%RK(,

:;(, %R#, '<:$$*':<,Q#%RK(+, :$,O#<<, :$, (#U*'%*;L, %R#, '<:$$#$, KT, #[U#F*Q#;%:<,

KM%'KQ#$,TKF,OR*'R,%R#,:UU<*':%*K;,KT,%R#,;#O<&,(#S#<KU#(,Q#%RK(,Q:&,F#$M<%,

*;,:;,*QUFKS#(,UF#'*$*K;,KT,':<'M<:%*K;$,O#F#,(K;#2,

]R#, :*Q, KT, %R*$, $%M(&,O:$, %K, #<:WKF:%#, :, UF:'%*':<, %KK<, TKF, #S:<M:%*;L,

*;$#'%*'*(#):':F*'*(#,#TV':'&+,QKF#,M;*S#F$:<,%R:;,'<:$$*':<,UFKW*%,':<'M<:%*K;2,

MATERIAL AND METHODOLOGY

4KT%O:F#,$MUUKF%*;L,UF:'%*%*K;#Fj$,#S#F&(:&,OKFE,O:$,'F#:%#(2,3%,'K;$*$%$,KT,

%OK,U:F%$2,]R#,VF$%,K;#,*$,:,(:%:W:$#,UF#U:F#(,#$U#'*:<<&,M$*;L,k4,>''#$$,%K,
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$%KF#,%R#,F#$M<%$,TFKQ,W*K:$$:&,(:%:2,]R#,$#'K;(,K;#,*$,:,UFKLF:Q,OF*%%#;,M$*;L,

=,12-82-,g7h,$%:%*$%*':<,$KT%O:F#,'KQQM;*':%*;L,O*%R,%R#,(:%:W:$#,:;(,U#FTKFQ*;L,

:;:<&$#$2,kKF#,:WKM%,=,$KT%O:F#,':;,W#,TKM;(,K;,UFKX#'%j$,O#WU:L#,gih2,]R#,

*(#:,*$,%K,U#FTKFQ,:;:<&$*$,W&,:UU<&*;L,%K,%R#,(:%:,;K%,K;<&,$%:;(:F(,UFKW*%,QK(#<+,

WM%,:<$K,(*TT#F#;%,QK(#<$,%R:%,Q:&,OKFE,W#%%#F,TKF,$M'R,:,E*;(,KT,(:%:2,]K,:'R*#S#,

%R*$,:*Q+,O#,:UU<&,%R#,L#;#F:<*d#(,<*;#:F,QK(#<$,_GHk`,Q#%RK(K<KL&,g-6h2,GHk,

QK(#<,R:$,L#;#F:<,TKFQ ∑+=
i

ibxbg 0)(µ +,OR#F#,l,m,Bn,:;(,O#,:$$MQ#+,%R:%,

n,R:$,W*;KQ*:<,(*$%F*WM%*K;2,]K,$U#'*T&,:,L#;#F:<*d#(,<*;#:F,QK(#<+,K;#,$RKM<(,

L*S#,%R#,(*$%F*WM%*K;,KT,(#U#;(#;%,S:F*:W<#,_W*;KQ*:<,*;,KMF,':$#`,TKFQ,KT,<*;#:F,

UF#(*'%KF, _b0+b1x+, OR#F#, x, *$, (K$#, KF, %*Q#`, :;(, TKFQ, KT, <*;E, TM;'%*K;,g2,

3QU<#Q#;%#(,'KQW*;:%*K;$,:F#,<*$%#(,*;,]:W<#,-2

8,9-)%":% kK(#<$,M$#(,*;,%R#,:;:<&$*$,KT,W*K:$$:&,(:%:

kK(#<
H*;E,

TM;'%*K;
9*$%F*WM%*K;

H*;#:F,
UF#(*'%KF

kK(#<#(,
UFKW:W*<*%&,KT

_-` "FKW*% 9-1(µ) Binomial b0+b1ln(x) Insect’s death

_1` HKL*% )
1

ln(
µ

µ

−
Binomial b0+b1x Insect’s death

_8` @<KL.'<KL ln(-ln(1-µ)) Binomial b0+b1ln(x) Insect’s death

_/` @<KL.'<KL.1 ln(-ln(1-µ)) Binomial b0+b1x Insect’s survival

_ ` 3;S#F$# µ-1 Binomial 1+b1x Insect’s survival

D;,%R#,W:$*$,KT,V%%#(,QK(#<, %R#,UFKLF:Q,'KQUM%#$,H])H9 6,:;(,H])H9i6 

UK*;%$2,k#:;,$oM:F#,#FFKF,*$,'KQUM%#(,%K,:$$#$$,%R#,V%,KT,#:'R,QK(#<2,]R#,W#$%,

QK(#<,*$,'RK$#;,M$*;L,<#:S#.K;#.KM%,'FK$$.S:<*(:%*K;,'F*%#F*K;2

RESULTS

f*LMF#,-,UF#$#;%$,:,UF*;%KM%,TFKQ,%R#,(:%:W:$#,*;%#FT:'#2,9:%:W:$#,:<<KO$,%K,

$%KF#,;K%,K;<&,F#$M<%$+,WM%,:,<K%,KT,,*;TKFQ:%*K;,:WKM%,:$$:&,'K;(*%*K;$+,:;:<&d#(,

%K[*;,:;(,*;$U#'%#(,*;$#'%$2,9:%:W:$#,(#$*L;,%:E#$,*;%K,:''KM;%,%R:%,QKF#,%R:;,

K;#,$#F*#$,KT,Q#:$MF#Q#;%$,':;,W#,(K;#,(MF*;L,:;,:$$:&2



06 D. Rabczenko, A. Gliniewicz, B. Kluge, S. Piekarski

;'<&*)%":% 9:%:W:$#,Q:*;,O*;(KO2

4KT%O:F#,U#FTKFQ*;L,:;:<&$*$,O:$,'F#:%#(,M$*;L,=,12-82-,$%:%*$%*':<,$KT%O:F#2,3%,

':;,'KQQM;*':%#,O*%R,%R#,(:%:W:$#,(#$'F*W#(,:WKS#2,>T%#F,FM;;*;L,%R#,UFKLF:Q+,

M$#F,*$,:$E#(,%K,<K':%#,%R#,(:%:W:$#,V<#2,]R#;+,*;,%R#,Q:*;,*;%#FT:'#,:UUFKUF*:%#,

#[U#F*Q#;%,TKF,OR*'R,:;:<&$*$,$RKM<(,W#,U#FTKFQ#(,':;,W#,UK*;%#(2,=#$M<%$,:F#,

UF*;%#(,*;,:,;#O,O*;(KO,KT,%R#,(#T:M<%,_K;,:,U:F%*'M<:F,'KQUM%#F`,*;%#F;#%,WFKO$#F2,

>T%#F,FM;;*;L,%R#,UFKLF:Q+,TKMF,=,U:'E:L#$,_tcltk, RODBC, drc, R2HTML`,:F#,

<K:(#(2,3T,%R#$#,U:'E:L#$,:F#,;K%,*;$%:<<#(+,M$#F,O*<<,W#,:$E#(,%K,(K,$K2

]:W<#,1,UF#$#;%$,#[:QU<#,(:%:e,Q:<#$,KT,G#FQ:;,'K'EFK:'R#$,TFKQ,V#<(,$%F:*;,

O#F#,#[UK$#(,%K,(#<%:Q#%RF*;,W&,'K;%:'%,Q#%RK(2,

8,9-)% : B[U#F*Q#;%:<,(:%:e,QKF%:<*%&,F:%#$,KT,Q:<#,G#FQ:;,'K'EFK:'R#$,

TFKQ,V#<(,$%F:*;,#[UK$#(,%K,(#<%:Q#%RF*;

Time Percent of killed insects Time Percent of killed insects

- 828c -86 802!c

16 -626c -/6 802!c

1 1626c - 6  626c

86 -02!c -76 0828c

/6 1626c 1-6 0828c

 6 102!c 1/6 7626c

06 1828c 1!6 7626c

!6 1626c 866 7828c

76 8828c 886 7828c

i6 102!c 806 702!c

-66 802!c -//6 i626c

-16 802!c
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]:W<#,8,$RKO$,F#$M<%$,KT,'KQUM%:%*K;,U#FTKFQ#(,K;, %R#$#,(:%:2,k4B,:;(,

HDD@,k4B,:F#,Q#:;,$oM:F#,#FFKF,:;(,Q#:;,$oM:F#,#FFKF,KW%:*;#(,M$*;L,<#:S#.

K;#.KM%,'FK$$.S:<*(:%*K;,Q#%RK(2,H] 6 and LTi6,:F#,%*Q#$,*;,OR*'R, 6c,:;(,i6c,

KT,*;$#'%$,:F#,E*<<#(+,F#$U#'%*S#<&2

8,9-)%=:% =#$M<%$,KW%:*;#(,K;,(:%:,TFKQ,]:W<#,1

Model MSE LOOCV MSE LT>! LT?!

_-` 62660 6266!0 -8/ !-7

_1` 626600 626676 -!! /80

_8` 62660- 6266!1 -/i 06i

_/` 6266/0 6266 0 -0! / /

_ ` 62667i 6266ii -/6 -106

3%,Q:&,W#,$##;+,%R:%,%R#,W#$%,V%,*$,KW%:*;#(,TKF,QK(#<,_/`2,H] 6,TKF,QK(#<,_/`,

*$,16c,R*L#F,%R:;,%R*$,KW%:*;#(,TFKQ,QK(#<,_-`,_UFKW*%`,:;(,H]i6,S:<M#,*$, 7c,

R*LR#F2

DISCUSSION

3;,KMF,UF#S*KM$,U:U#F$,g0+,!h,O#,$RKO#(+,%R:%,:UU<*':%*K;,KT,QK(#<$,:<%#F;:%*S#,

%K,%R#,UFKW*%,F#LF#$$*K;,':;,$*L;*V':;%<&,*QUFKS#,V%,%K,%R#,(:%:2,I#,TKM;(,:<$K+,

%R:%,(*TT#F#;'#$,W#%O##;,#$%*Q:%#(,H] 6,UK*;%$,O#F#,;K%,S#F&,W*L,K;,:S#F:L#+,

WM%, $MW$%:;%*:<, (*TT#F#;'#$,O#F#, oM*%#, KT%#;2,H:FL#, (*TT#F#;'#$, *;, F#$M<%*;L,

LT 6,UK*;%,O#F#,KW$#FS#(,*;,#[U#F*Q#;%$,*;,OR*'R,<:FL#,(*TT#F#;'#$,*;,V%,O#F#,

KW$#FS#(+,%RM$,M$#,KT,:<%#F;:%*S#,QK(#<$,Q:&,W#,:(S*$:W<#2,I#,:<$K,U:*(,:%%#;%*K;,

%K, %R#,#[U#F*Q#;%$,OR#F#, %R#,:$$MQU%*K;$,KT, %R#,UFKW*%,Q#%RK(,:F#,;K%,Q#%2,

3;,$M'R,$*%M:%*K;$+,%R#,:M%KQ:%*',M$#,KT,%R#,$%:;(:F(,UFKW*%,QK(#<,':;,<#:(,%K,

:;,M;(#F#$%*Q:%*K;,KT,%R#,H] 6,S:<M#+,WM%,%R#,TM;'%*K;$,:%,OKFE,:F#,'K;$*(#F#(,

F#$*$%:;%,%K,%R#$#,UFKW<#Q$2,DMF,UFKLF:Q,*QU<#Q#;%$,QKF#,FKWM$%,Q#%RK(K<KL&,

:;(,*%$,:UU<*':%*K;,Q:&,W#,M$#TM<,*;,#S#F&,(:&,UF:'%*%*K;#Fj$,OKFE2

#3@$/5-)6<A)$.+

]R*$,OKFE,O:$,U:F%<&, $MUUKF%#(,W&,"FKX#'%,5K,5,5/6/617i8 ,KT,"K<*$R,

k*;*$%F&,KT,4'*#;'#,:;(,\*LR#F,B(M':%*K;2,
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