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JZajZ[hlZgu�kbfmeypbhggu_�fh^_eb�m\_ebq_gby�qbke_gghklb�ihimeypbb�jbkh\h]h�^he]hghkbdZ�6LWRSKLOXV�RU\]DH�>/�@�

ijb�ojZg_gbb�a_jgZ�\�kdeZ^Zo�k�]hjbahglZevgufb�iheZfb�b�\�f_lZeebq_kdbo�kbehkZo�������l���h[hjm^h\Zgguo�\_glbeypbhg�

gufb�mklZgh\dZfb��>hklh\_jghklv�fh^_e_c�khhl\_lkl\_ggh����b�����^ey�^\mo�lbih\�a_jghojZgbebs��<�j_amevlZl_�[he__�

wnn_dlb\gh]h�hoeZ`^_gby�a_jgZ�\�kdeZ^Z��m\_ebq_gb_�ihimeypbb�\j_^bl_e_c�ijhbkoh^bl�f_^e_gg__��Ih�kjZ\g_gbx�k�kbeh�

kZfb�fZdkbfZevgZy�aZjZ`_gghklv�\����jZa�f_gvr_�b�hgZ�^hklb]Z_lky��gZ����^g_c�jZgvr_��<�k\yab�k�wlbf��\hafh`gh�ba[_�

`Zlv�nmfb]Zpbb�ojZgys_]hky�a_jgZ�\�kdeZ^Zo�� 
Dexq_\u_�keh\Z��ojZg_gb_�a_jgZ��\j_^bl_eb�a_jgZ��jbkh\hc�^he]hghkbd��m\_ebqb\Zgb_�ihimeypbb��kbfmeyp�y� 
In this paper simulation models were developed to determine the increasing of population of rice weevil Sitophilus oryzae 

during storage of grain in flat storehouse and in metal silo bins. Reliability of the models for the two kinds of storages is 79 % and 95 
% respectively. As a result of the more effective cooling of grain the increasing of the population of pest insects in the flat storages 
runs slowly. The population of insects reaches its climax about 40 days earlier and it is 10 times less in number in comparison with 
that in the silo. In accordance with such results it is possible to avoid fumigation of grain stored in the flat storehouse. 
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Ijb�ojZg_gbb�a_jgZ�dhfivxl_jgu_�kbfmeypb�

hggu_� fh^_eb� ijbf_gyxlky� ^ey� ijh]ghabjh\Zgby�

m\_ebq_gby� ihimeypbb� \j_^bl_e_c� k� p_evx� hij_^_�

e_gby�g_h[oh^bfhklb�ijbgylby�dhgdj_lguo�f_j�ijh�

lb\�gbo��Wlh�hkh[h�g_h[oh^bfh�ijb�ojZg_gbb�k\_`_�

m[jZggh]h� a_jgZ�� dh]^Z�bgnhjfZpby�h� aZjZ`_gghklb�

b�__�baf_g_gbb�g_�fh`_l�[ulv�ihemq_gZ�dhg\_gpbh�

gZevgufb�kihkh[Zfb��Kbfmeypbhggu_�fh^_eb�jZajZ�

[Zlu\Zxlky�gZ�[Za_�dhgdj_lguo�^Zgguo�h�^ebl_evgh�

klb� jZa\blby�� ieh^h\blhklb� b� kf_jlghklb� \� jZaguo�

mkeh\byo��l_fi_jZlmjZ�b�\eZ`ghklv�ibs_\hc�kj_^u���

LZdb_�fh^_eb� jZajZ[hlZgu� ^ey� g_kdhevdbo� \j_^bl_�

e_c� –� dhjhldhmkuc� fmdh_^� Cryptolestes ferrugineus, 
a_jgh\hc� lhqbevsbd�Rhyzoperta dominica�b�[meZ\hm�
kuc�ojmsZd�Tribolium castaneum��>hklh\_jghklv�fh�
^_e_c�mklZgh\e_gZ�\�eZ[hjZlhjguo�b�ijhba\h^kl\_g�

guo� mkeh\byo� �\�f_lZeebq_kdbo� kbehkZo� \f_klbfhk�

lvx� ��l�� ijb� _kl_kl\_gghf� hoeZ`^_gbb� a_jgh\hc�

fZkku� >�@��>Ze__�fh^_ev� ^ey� m\_ebq_gby� ihimeypbb�

R. dominica� kh\_jr_gkl\m_lky� >�@�iml_f�bkihevah\Z�
gby� gh\uo� ^Zgguo� h� ieh^h\blhklb� b� kf_jlghklb��

Memqr_ggZy�fh^_ev�ijbf_gy_lky�^ey�ijh]ghabjh\Z�

gby� baf_g_gby� iehlghklb� ihimeypbc� ijb� ojZg_gbb�

a_jgZ� ir_gbpu� \� `_e_ah[_lhgghf� g_\_glbebjh\Zg�

ghf� kbehk_� >�@�� Ih^h[gu_� kbfmeypbhggu_� fh^_eb�

jZajZ[hlZgu�b�^ey�\j_^bl_e_c�–�kmjbgZfkdbc�fmdh_^�
Oryzaephilus surinamensis� b� jbkh\hc� ^he]hghkbd�

Sitophilus oryzae��>hklh\_jghklv�fh^_eb�mklZgh\e_gZ�
\�eZ[hjZlhjguo�mkeh\byo�khhl\_lkl\_ggh�ijb�ihklh�

ygguo� l_fi_jZlmjZo� b� \eZ`ghklb� b� \_k_gg_f� ih\u�

r_gbb�l_fi_jZlmju�a_jgZ�>�@�� 
Djhf_� hij_^_e_gby� m\_ebq_gby� ihimeypbb�

kbfmeypbhggu_�fh^_eb�bkihevamxlky�^ey� kjZ\gb\Z�

gby�wnn_dlb\ghklb�jZaguo�\ha^_ckl\bc��\_glbeypby��

nmfb]Zpby�b�l�^����dhlhju_�ijbf_gyxlky�^ey�aZsblu�

oe_[guo�aZiZkh\�hl�\j_^bl_e_c� >�����@��Bo�^hklh\_j�

ghklv� aZ\bkbl� hl� bkihevah\Zgguo� wdheh]bq_kdbo�

^Zgguo�^ey�\j_^bl_e_c�b�mkeh\bc�ojZg_gby��dhlhju_�

\�jZaguo�a_jghojZgbebsZo�g_h^bgZdh\u� 
P_ev�gZklhys_c�jZ[hlu�–�jZajZ[hldZ� kbfmey�

pbhgguo� fh^_e_c� m\_ebq_gby� qbke_gghklb� ihimey�

pbb�kZfh]h�rbjhdh]h�jZkijhkljZg_ggh]h�\j_^bl_ey�– 
jbkh\h]h�^he]hghkbdZ�Sitophilus oryzae� >/�@�ijb�ojZ�
g_gbb� a_jgZ�ir_gbpu�\� kdeZ^Zo� k� ]hjbahglZevgufb�

iheZfb�b�\�f_lZeebq_kdbo�kbehkZo�[hevrhc�\f_klb�

fhklb� �����l��� Wlb� a_jghojZgbebsZ� h[hjm^h\Zggu�

\_glbeypbhggufb� mklZgh\dZfb� b� hgb�rbjhdh� jZki�

jhkljZg_gu�\�;he]Zjbb� 
 
FZl_jbZeu�b�f_lh^u 
Kbfmeypbhggu_� fh^_eb� jZajZ[hlZgu� kihkh�

[hf�� hibkZgguf� \� mdZaZgguo� \ur_� bklhqgbdZo�

>�����@�� k� lhc� ebrv� jZagbp_c�� qlh� fu� bkihevah\Zeb�

^Zggu_� h� ijh^he`bl_evghklb� jZa\blby� hl^_evguo�

klZ^bc��ihemq_gguo�ijb�bkke_^h\Zgbb��ijh\_^_gguo�

\�;he]Zjbb�>�@��GZ�hkgh\Zgbb�wlbo�^Zgguo�\u\_^_gu�

j_]j_kkbhggu_� mjZ\g_gby�� ih^h[gu_� bkihevah\Zg�

guf�+DJVWUXP�	�0LOOLNHQ�>�@��>ey�\dexq_gby�aZ\bkb�

fhklb�ycp_deZ^db�hl�l_fi_jZlmju��\eZ`ghklb�b�\ha�

jZklZ� gZk_dhfuo� bkihevah\Zeb� mjZ\g_gb_� (YDQV� >�@��

>ey�aZ\bkbfhklb�ycp_deZ^db�b�kf_jlghklb�hl�\hajZk�

lZ� bfZ]bgbjZeuo� \hajZklguo� bkihevah\Zeb� mjZ\g_�

gb_ Longstaff [10]. 
<�����-hf�]h^m�kbfmeypby�k^_eZgZ�^ey�l_fi_�

jZlmjguo� mkeh\bc� ijb� ojZg_gbb� a_jgZ� ir_gbpu� \�

kdeZ^_�k�]hjbahglZevgufb�iheZfb�b�\�f_lZeebq_kdhf�

kbehk_� \f_klbfhklvx�� khhl\_lkl\_ggh� �����b� ����l��

A_jghojZgbebsZ� aZihegyebkv� k� ��-]h� ih� ��-_� bxey��
GZqZevgZy� l_fi_jZlmjZ� ir_gbpu� [ueZ� ��–32hK�� Z�
kj_^gyy�\eZ`ghklv�–��������<h�\j_fy�ojZg_gby�we_d�

ljhgguf� l_jfhsmihf� lhqghklvx�^h� ���hK�baf_jyeb�

l_fi_jZlmjm� \� jZaguo� lhqdZo� ^\mo� keh_\� a_jgh\hc�

gZkuib� gZ� jZkklhygbb� ���� b� �f� hl� ih\_joghklb�� <�

kbehk_�lhq_d�[ueh������\�p_glj_�b�ih���gZ�jZkklhygbb�
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����b����f�hl�kl_gdb���Z�\�kdeZ^_�-�������gZ�\_jrbgZo��
�� \� k_j_^bg_�f_`^m� \_jrbghc� b� kl_gdZfb� b� ih� �� m�

kl_ghd�� 
>ey� hij_^_e_gby� ^hklh\_jghklb� kbfmeypbhg�

guo� fh^_e_c� bkihevah\Zeb� ^Zggu_� h[� baf_g_gbb�

aZjZ`_gghklb�� hij_^_e_gghc� kihkh[hf� hl[hjZ� ijh[�

smihf�ba�iylb�lhq_d�\�kbehk_����\�p_glj_�b���\�ihem�

jZ^bmkZo��b���\�kdeZ^_����gZ�\_jrbg_�gZkuib��Z�hklZ�

evgu_�f_`^m� \_jrbghc� b� kl_gdZfb���<j_^bl_eb� hl�

^_eyebkv�iml_f�ijhk_b\Zgby�ijh[��Z�bo�qbke_gghklv�

i_j_kqblu\ZeZkv� gZ� �d]�� <� l_o� `_� kZfuo� ijh[Zo�

hij_^_eyeZkv�b�\eZ`ghklv��OjZgb\r__ky� a_jgh�ir_�

gbpu� hoeZ`^Zeb� \_glbebjh\Zgb_f� k� g_dhg^bpbhgb�

jh\Zgguf��\ha^mohf�\�ghqgh_�\j_fy�kmldhd����-���q���
bkdexqZy� ^gb� k� hlghkbl_evghc� \eZ`ghklvx� \ha^moZ�

[hevr_� ���� ijb� ojZg_gbb� \� kbehk_� b� [hevr_� ����

ijb�ojZg_gbb�\�kdeZ^_�� 
>ey� kbfmeypbb� b� hij_^_e_gby� ^hklh\_jghklb�

fh^_e_c�bkihevah\Zeb�ijh]jZffm�06�([FHO���� 
 
J_amevlZlu�bkke_^h\Zgby� 
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Jbk�����Baf_g_gb_�l_fi_jZlmju�a_jgZ�ijb�

ojZg_gbb�\�kdeZ^_�b�kbehk_� 
 

GZ� jbk�� �� ihdZaZgh� baf_g_gb_� l_fi_jZlmju�

\_jog_]h� ^\mof_ljh\h]h� kehy� a_jgh\hc� gZkuib� \�

kdeZ^_�b�\�f_lZeebq_kdhf�kbehk_��Wlhl�kehc�fu�\u[�

jZeb�^ey�gZ[ex^_gby��lZd�dZd�hg�ijb�\_glbebjh\Zgbb�

hoeZ`^Z_lky� ihke_^gbf�� b�� h[uqgh�� h[eZ^Z_l� kZfhc�

[hevrhc�aZjZ`_gghklvx��Ba-aZ�ijbf_g_gby�\_glbeb�
jh\Zgby��gZqbgZ\r_]hky�k�fhf_glZ� aZiheg_gby��l_f�

i_jZlmjZ� a_jgZ� \� a_jghojZgbebs_� gZqbgZ_l� kjZam�

ihgb`Zlvky�b�ihke_� ���^g_c�k� ��-32hK�^hklb]ZeZ�^h�
26hK��Ihke_�wlh]h�i_jbh^Z�\�kdeZ^_�l_fi_jZlmjZ�ijh�
^he`Z_l� kgb`Zlvky�ijb[ebabl_evgh� k� lhc�`_� kdhjh�

klvx�� Z� \� kbehk_� aZ^_j`b\Z_lky� \� ]jZgbpZo� ��-28hK�
_s_� ��� ^g_c� ^h� gZqbgZxs_]hky� hk_gg_]h� kgb`_gby�

l_fi_jZlmju�Zlfhkn_jgh]h�\ha^moZ� �\�k_j_^bg_�k_g�

ly[jy��� IjbqbgZfb� [he__� f_^e_ggh]h� hoeZ`^_gby�

a_jgZ� \� kbehk_� y\eyxlky� f_gvrZy� m^_evgZy� ih^ZqZ�

\ha^moZ� ����f3�q�l��b�[hevrbc�gZ]j_\�\ha^moZ�\�\_g�

lbeylhj_� ��hK���Ihwlhfm� \� kbehk_� hilbfZevgZy� l_f�

i_jZlmjZ� ^ey� jZa\blby� \j_^bl_e_c� khojZgylky� ���

^g_c�k�gZqZeZ�ojZg_gby��dh]^Z�dZd�\�kdeZ^_��ba-aZ�[u�
kljh]h� hoeZ`^_gby� lhevdh� ��� ^g_c�� <� ^Zevg_cr_f�

ijb�ihgb`_gbb� l_fi_jZlmju�^h� aZsblguo� agZq_gbc�

(18–19hK�� jZa\blb_� \j_^bl_e_c� lh`_� ijh^he`Z_lky��
gh�k�f_gvr_c�bgl_gkb\ghklvx��Wlb�l_fi_jZlmju�^h�

klb]Zxlky�ihke_����^g_c� �\�dhgp_�k_gly[jy��b�ihke_�

����^g_c��\lhjZy�iheh\bgZ�ghy[jy��k�gZqZeZ�ojZg_gby�

khhl\_lkl\_ggh�\�kdeZ^_�b�\�kbehk_� 
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GZ�jbk����b�jbk����ij_^klZ\e_gh�m\_ebq_gb_�aZ�

jZ`_gghklb�ih�kbfmeypbhgguf�b�hiulguf�^Zgguf��

Ba� ]jZnbdh\� \b^gh�� qlh� kbfmeypbhggu_� j_amevlZlu�

kjZ\gbl_evgh�ohjhrh�hljZ`Zxl�baf_g_gb_� aZjZ`_g�

ghklb� ojZgb\r_]hky� a_jgZ� ir_gbpu�� ?keb� kjZ\gb�

\Zlv�kbfmeypbhggu_�j_amevlZlu�\�kdeZ^_�b�\�kbehk_��

lh� hgb� \� ihke_^gbo� –� [eb`_� d� hiulguf��>hklh\_j�
ghklv�hij_^_eyeb�ZgZebahf�ebg_cghc�j_]j_kkbhgghc�

aZ\bkbfhklb� f_`^m� ihemq_ggufb� j_amevlZlZfb� aZ�
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jZ`_gghklb� ijb� i_jbh^bqguo� baf_j_gbyo� \� ^\mo�

a_jghojZgbebsZo� b� ^Zggufb�� hij_^_e_ggufb� ih�

fh^_eb� �lZ[e����� <uqbke_ggu_� ih� j_]j_kkbhgghfm�

mjZ\g_gbx� (y = ax+b)� iehlghklb� ihimeypbb� (y)� ih�
ijh]ghabjh\Zgguo�(x)�hljZ`Zxl����b�����hl�baf_g_�

gby� aZjZ`_gghklb�hl�\j_^bl_ey� 6�� RU\]DH�ijb�ojZg_�

gbb� \� kbehk_� b� kdeZ^_�� JZagbpZ� k\yaZgZ� k� jZagufb�

l_fi_jZlmjZfb� a_jgZ� \� ^\mo� a_jghojZgbebsZo�� <h�

\k_o�bkke_^h\Zgguo�kemqZyo�dhwnnbpb_glu�a�g_�[h�
evr_����Z�dhwnnbpb_glu�b –�����qlh�y\ey_lky�mdZaZgb�
_f� ^ey� ohjhr_]h� khhl\_lkl\by� f_`^m� ijh]ghabjh�

\Zgguf�m\_ebq_gb_f�iehlghklb�ihimeypbb�\j_^bl_�

e_c� ih� fh^_eb� b� j_amevlZlZfb�� hij_^_e_ggufb� gZ�

ijZdlbd_�� Wlh� agZqbl�� qlh� kbfmeypbhggu_� fh^_eb�

fh]ml� bkihevah\Zlvky� k� ^hklZlhqghc� lhqghklvx� \�

ijZdlbd_� ^ey� hij_^_e_gby� m\_ebq_gb_� ihimeypbb�

\j_^bl_e_c�ijb�ojZg_gbb�k\_`_m[jZggh]h�a_jgZ�ir_�

gbpu�� Ihemq_ggu_� j_amevlZlu� ihdZau\Zxl�� qlh� \�

f_lZeebq_kdhf� kbehk_� aZjZ`_gghklv� m\_ebqb\Z_lky�

[uklj__�ba-aZ�[he__�\ukhdbo�l_fi_jZlmj�a_jgZ��FZd�

kbfZevgZy� aZjZ`_gghklv� ���wda��d]� ^hklb]Z_lky� gZ�

����^_gv�k�gZqZeZ�ojZg_gby� 
LZ[ebpZ�� 

IZjZf_lju�j_]j_kkbb��j_Zetghc��\��b�ijh]gh-
abjh\Zgghc�aZjZ`_gghklb��[��6��RU\]D_ 

IZjZf_lju Kbehk KdeZ^ 

a ± SE 1.15±0.13 1.31±0.32 

t (H0: a=1) 1.14 0.95 

P 0.32 0.41 

b ± SE -0.47±7.58 -0.60±0.52 

t (H0: b=0) -0.06 0.20 

P 0.95 0.85 

r2 0.95 0.79 
 

<� kdeZ^_�� ba-aZ� [he__� wnn_dlb\gh]h� hoeZ`^_�
gby�� m\_ebq_gb_� aZjZ`_gghklb� ijhbkoh^bl� f_^e_g�

g__�� Ijb� h[gZjm`_gbb� h^bgZdh\hc� gZqZevghc� aZjZ�

`_gghklb� ����wda��d]�� \� h^gh� b� lh`_� \j_fy� \� kdeZ^_�

fZdkbfZevgZy� aZjZ`_gghklv� ��wda��d]� beb� \� ��� jZa�

f_gvr_�ih� kjZ\g_gbx� k�ojZg_gb_f� \� kbehk_��Djhf_�

lh]h�hgZ�^hklb]Z_lky��gZ����^g_c�jZgvr_� 
Ihke_�^hklb`_gby�fZdkbfZevghc� aZjZ`_gghk�

lb�ke_^m_l�f_^e_ggh_�__�kgb`_gb_��dhlhjh_�ijh^he�

`Z_lky�^h�k_j_^bgu�yg\Zjy��Z�wlh�lh�\j_fy��dh]^Z�g_�

h[gZjm`b\Zxlky�\j_^bl_eb�\�ojZgb\r_fky�a_jg_� 
Ba� ihemq_gguo� j_amevlZlh\� ke_^m_l�� qlh� ojZ�

gb\r__ky�a_jgh�\�kdeZ^_�\�[hevr_c�kl_i_gb�aZsbs_�

gh� hl� \j_^bl_e_c��IjbqbgZ� \� [he__�f_^e_gghf� m\_�

ebq_gbb�ihimeypbb�b�\�[he__�dhjhldhf�kjhd_��dh]^Z 
a_jgh� gZoh^blky� ih^� \ha^_ckl\b_f� \j_^bl_e_c�� Wlh�
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