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�,IS��¹®²²K,�d�I	�¼�uÐ�?uþ,Ï.¸Iu 1� 20FÑ

yÄ~(�¾~ [4],3���C���S¿vkuÐ��I�u5�D/¾,¸II

Sò#)¡ö�D/¾�Åý´?O���/´+0.g 2� 19Få,du¸I�¤½

Ú�ÿ���/Ñy�5�à85a/¯�,Ñya/<ê-O��¹ [5]. ¼�3¸

IIS×�*Ñ,ëYõFF#O(�¾~3 500~±þ.¸IoÚ©3× 2� 23Fe

Ì\Ù,ò#)¡öD/¾�Åý´?OþN��p�/î­0?O [6].�� 3� 8F,

¸I���\O(�¾~ 7382~,\Ok� 51~ [7]. 8c,#)¡ö¼��3¸I×

�*Ñ,¿�¸I�·I5�§üI�m�3���n´ÚNÖ� 5,¸I¼���

u¦�·I5g¸	Ñ\.¾~�ºx�ÌÝO\,ù�·I�¼���ó��5ã

�]Ô.nÜ�Ä±þÏ�·�ò¸IêâA^��©ïá�ÄåÆ�.¥?1ê�

ïÄ,©ÛÑ\.¾~é·I¼����K�.IS���­:Åìl/S�*Ñ0=

�/	�Ñ\0.8c��Eó�§�p¸Ï,<
6Ä5�,XJé	5Ñ\<
�+

�Ø� ,ò��O\ÊÏ¬¯��³ºx.

¼��u±5,·IêÆó�ö3�é#)¡ö¼��ÄåÆ�[!¼�uÐý

ÿ��¡�Ñ
éõk¿Â�ó�.©z [8] ÏLÚ\�¢�5£ã¾Ó�dÏÏÚ

£�±Ï,JÑ
�k�¢�ÄåÆ�.,éu¼��uÐ?1
�[. (Øw«3y

k�p�����e,¼�ò3CÏÐ=.©z [9] ò¼��wêâ�zÝ<�[â�

êâ�(Ü,�ï
ÉÇ9±> 15�¼�î­¢½�¼�DÂE,�ä�.,©Û


ÉÇ9±>/«Eó��U�m!:,µ�
Eó�5��g¼��u�ºx.ÙïÄ

(JL²,3�r�����Úg·�oe, 2020 c 3� 2FEóò3�ã�mSØ¬

Úå¼���g�u. ©z [10]3²;� SEIR ó¿�.Ä:þ,�é·Iéu#)¡

ö¼��+N�l�ü?1ï�,ÏLé�Iõ��½¼�uÐ��[,�Ñ
���

½���2)ê�k���2)ê,�º
�l���k�5Ú7�5;©Ùq?�Ú

/©Û
í��I�¼�DÂ��'5±9¼¢0\éu¼����K�.

�©3cÏó� [10]��.Ä:þ,Ú\óÀ�5�x¸	Ñ\.¾~.·�ïÄ


n«ØÓ§Ý����ü,ïá
�A�óÀÄåÆ�..ÏLé·I�¸IÏÊ�

15��°êâ��[5�NÑ\.¾~éu·I¼�uÐ�¢SK�.ïÄuy,éu

Ñ\.¾~pu/«,XJ>�u¼��l��Ø� ,±Y5�a/öÑ\òÚu/

«S¼���g�u;3pY²�����e,¼����k���,�I�±Y��

�]
Ý\.éuÑ\.¾~Y²�$«�,�,dÑ\.¾~Úu�g�u�ºx�

$,�´������t�T/«�Ã{¢y¼��". éu¸	Ñ\.¾~,·�7

L���±pÝ´+G�,�kî��u¼Ú�lâU�y¼��¼oNÔ!{ÂÔ�

���|.

2 ÄåÆ�.

�éµ4XÚ,=ÃÑ\.¾~��¹,·�÷^©z [10]¥ïá�#)¡öÄå

Æ�..�.I�÷vXeb�:

(1) ¤k�.ëêþ�K,ùp¦^ Z+L«��ê8Ü.
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(2) ù´��áÏ�.,Ø�Äg,Ñ)�g,k�.

(3) �ö��±�,du�¼XÚ��^,Ø¬2g�a/.

Äuþãb�Ú#)¡öDÂ�ÄåÆA�,T�.�±L«�Xe�§|:

dS
dt

= −βS(I +θA)− pS+λQ,

dQ
dt

= pS−λQ,

dE
dt

= βS(I +θA)−σE,

dA
dt

= σ(1−ρ)E− εAA− γAA,

dI
dt

= σρE− γII−dII− εII,

dD
dt

= εAA+ εII−dDD− γDD,

dR
dt

= γAA+ γII + γDD.

(2.1)

ùpòo<�©� 7�ó¿, S(t),Q(t),E(t),A(t), I(t),D(t)Ú R(t)©OL«´a<+!�

l<+!�³<+!ÃwGa/<+!kwGa/<+!(�3�£�<+Ú��<

+. �³<+�$Y²¾Ó��ö,�@�´ÃD/5�. �l<+ Q(t)´��âI[

'uÀ1��Ú�«+n�5½,?u[Ì�lL§¥�<+±9I[5½�A½|

¤�l<+,·�b�¦�Ø¬�Éa/<+�>,�Ø¬�a/. D(t)L«3 t ��

�3½:���É�l£��(�¾~êþ.

3�. (2.1)¥,·�æ^V�5u¾Ç5£ã;¾�a/,ëê β L«�>Ç.d

ukwGa/ö�ÃwGa/ö�DÂUåØÓ,·�^ëê θ ∈ (0,1)��N!Ïf

5£ãù«�É.ëê pÚ λ ©OL«�ló¿ Q��lÇÚº�Ç.�³<+�a/

=�ÇL«� σ . ��a/,=z�kwGa/ö�'~� ρ ,ÃwG�'~K� 1−ρ .

ÃwGÚkwGa/��äÇ©O� εAÚ εI .ó¿ A, I,D�²þ��Ï©O�1/γA,1/γI

Ú 1/γD.ëê dI Ú dD©OL«ó¿ IÚ D¥d#)¡öÚå�k�Ç.

�éÑ\.¾~,du¸	Ñ\±�'��½,��ÏL�Å!ÓE��ª-�·

IÅ|!l�,ù«¸	Ñ\3êÆþLy�±Ï5óÀ.�
Aé¸	Ñ\.¾~,·

��½�3n«�¼�ü:

I Øæ�ç���,\¸<
��ÏL°'?\·I.

II ÏL\¸ç�,£OÑkwGa/öÚÃwGa/ö,òùüÜ©<+��x��

��l£�,Ù{<�~\¸.

III ÏLî�\¸ç�,±961¾ÆN�,£OÑkwGa/ö!ÃwGa/öx�

���l£�;òÙ{\¸öx��½/:½Ø[?1�l*	.

·�^ã 2.15L«n«ØÓ��¼�ü.Ù¥,ùÚ!7ÚÚÉÚ�Þ©O�L�

¼�ü I!II!III�¸	a/ö�±Ï5Ñ\. ·�b�Ñ\±Ï� T ;ëê Sk,Ek, Ik,Ak,

3



SSS

QQQ

EEE AAA

III

DDD

RRR

ppp λλλ

βββ σσσ(((111−−−ρρρ)))

σσσρρρ

εεεA

γγγA

εεε I

γγγ I

γγγD

dddI

dddD

SSSk

IIIk

EEEk AAAk

SSSk EEEk AAAk,,, IIIk

SSSk,,,EEEk

AAAk,,, IIIk

ã 2.1 COVID-19ó¿�.9ØÓ�¼�üóÀ5Ñ\«¿ã

©OL« t = nT ��ÏL¸	Ñ\�·I�´a<+!�³<+!kwG9ÃwGa

/<+.

�A�ÄåÆ�.Xe,�¼�ü I�L«�:

(2.1), t 6= nT,

S(t+) = S(t) + Sk,

E(t+) = E(t) + Ek,

A(t+) = A(t) + Ak,

I(t+) = I(t) + Ik.


t = nT, n ∈ Z+.

(2.2)

�¼�ü II�L«�:


(2.1), t 6= nT,

S(t+) = S(t) + Sk,

E(t+) = E(t) + Ek,

D(t+) = D(t) + Ak + Ik.

 t = nT, n ∈ Z+.
(2.3)

�¼�ü III�L«�:


(2.1), t 6= nT,

Q(t+) = Q(t) + Sk +Ek,

D(t+) = D(t) + Ak + Ik.

}
t = nT, n ∈ Z+.

(2.4)

éuXÚ (2.2)ÚXÚ (2.3),±YÑ\�?udÏÏ½a/Ï�<+¦�XÚØ�

3Ã¾±Ï).3ù«�¹e=¦Ñ\�a/öêþY²�$,XÚ�´Ø�3Ã¾G

��. ´a<+��¬¹Äò�3a/ºx,��éu´a<+�+�eN,;¾�3

2g�u��U.
éuXÚ (2.4),�a/�'�©| E,A, I3�l��Ïm´�±�

0�,=Ñ\.¾~�UÚåIS�#ua/.�£�| D(t)du±Y±Ï5Ñ\Ø�

0. T«G�·�½ÂÙ�I�±Y��]
Ý\��Ã¾G�,ù´8c�éÑ\.

¾~IS��U����ZG�. ����ý�¿Âþ�/�"08I,7L��ä	

.�¾~Ñ\.
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3 ê�¢�

�þzNyÑ\.¾~éu·I�c¼����K�,·�±8c¼�/ª'�

î���I¸I��Ñ\
,?1ê�¢�.3(�<ê!��]
��¡`²¸IÑ

\.¾~éu·I¼����äNK�.

êâ£ã

·�ÏL¥I¬^Ê�ÛúÙ�z±¥	Ê�úiISÊ�Oy [11], ±9¥I

E¦��ÓE&E [12],��d¸I5uÊ�!ÓE�©u/!8�/±9±�g�&

E (�L� 1).

L 1 ¸I5uÊ�!ÓE©u/!±�g9z±Ñ\��<ê
Å| l�

�½ ±Ñ\o<ê ;A 7Ë ;ì L² �¤ ;A ²L +ì

�®½ 4830 31 12 3

­�½ 105 1

4ï� 1155 11

2À� 1785 17

à�� 251 2

ç9ô� 1575 15

ô�� 1511 10 2 2

3�� 2835 27

�w� 7077 32 2 28

ñÜ� 210 2

ìÀ� 15273 80 7 28 14 7

þ°½ 6090 20 19 10 7 2

oA� 315 3

U9½ 1964 2 14

úô� 525 5

ÄuL� 1Jø�Ê�!E$±�gêâ,·��±�Oz±l¸I\¸·I<

ê.?�Ú·��â8c¸I¼�G¹,�O
¸I5u�ÑuÅ|!l�¦�¥�³

(E)!ÃwG (A)9kwG (I)a/<+Ó',·���
ü|ëê (pÑ\ºxÚ$Ñ\

ºx)?1�[¿'é(J (�L� 2).ÏLù
ëê·��±�Oz±l¸I�Å|!

l�Ñu�·I���\¸<ê,?
¼�\¸<ê�±Ï5óÀê� Sk,Ek,Ak, Ik.

\O¤I��]
9(�oê

·I�?éu#)¡ö�öæ��¤��Í£��,4�§Ýþ;�
du²L

�ÏE¤�#)¡ö�öò�Í£�¯K.�d��ü�I[Ú/�ã��5��K

ú,	5Ñ\¾~��5,Ø=Ó^IS���]
,�ã�Ü©�|±'~�k�û

'. �d,·��Ñ	5Ñ\¾~Úå�Ó^��]
�þz©Û.(�ó¿ D(t)L«

t ��3�£�<+êþ, D(t)3 [t0, t1]þ�È©�±L«ùã�mS\O¤I��]
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L 2 ¸I5u�ÑuÅ|!l�¦�¥�a<+Ó'ëê�O
;A 7Ë L² ;ì �¤ ²L +ì

$Ñ\ºx

E 0.30% 0.60% 0.30% 0.60% 0.98% 0.60% 0.30%

A 0.02% 0.04% 0.02% 0.04% 0.06% 0.04% 0.02%

I 0.04% 0.06% 0.04% 0.06% 0.08% 0.06% 0.04%

pÑ\ºx

E 0.90% 1.80% 0.90% 1.80% 2.94% 1.80% 0.90%

A 0.03% 0.06% 0.03% 0.06% 0.09% 0.06% 0.03%

I 0.08% 0.12% 0.08% 0.12% 0.16% 0.12% 0.08%


Ý\þ [10],=

AMR = r
∫ t1

t0
D(t)dt, (3.1)

ùp rL«z �öFþ¤I��]
.

�e5·��Ä#O(�þ.ÏLã 2.1�±wÑ D(t)�#Okn«å»,=

(1) 5
uÃwGa/öó¿ A(t),�±^ εA ·A(t)5L«;

(2) 5
ukwGa/öó¿ I(t),�±^ εI · I(t)5L«;

(3) 5
u�¼�ü II!III�±Ï5óÀÑ\,�±^ Ak + Ik5L«.

ù�,�ã�mS�(�oê�±L«�:

T DI =
∫ t1

t0
[εA ·A(t)+ εI · I(t)]dt,

T DII,III =
∫ t1

t0
[εA ·A(t)+ εI · I(t)]dt +N · (Ak + Ik),

(3.2)

ùp NL« [t0, t1]�mãS¤�¹�óÀ.Ñ\±Ï��ê"

ê�(J

�én«\¸�¼�ü,·�ÏL�. (2.1) - (2.4)òL� 1¥·I�¸IÏÊ�

15��°?1
ê��[,�.¥���ëê,·�÷^©z [10, Table 8, 9]¥�ëê

��.�[å©�mÀ½�·I�¼�l�ü�m©�m,= 2020c 1� 23F;óÀÑ

\.¾~0\�mÀ½� 2� 22F (¸IIS(�<êm©�ÌÝþ,),óÀ±Ï�

T = 3U.

Äu (3.1)Ú (3.2),3ØÓ�¼�üe,·�O�
��du¸IÑ\.¾~¤�5

���]
Ý\þÚ(�oê�O\ÌÝ,ü|ëê�(J©O®o3L 3ÚL 4¥.

·�À�Ñ\.<�oþ�õ, éu¼�K�����°±�
 E,A, I,Do�ó¿�

Cz­�,(JÐ«3ã 3.2Úã 3.3¥.

6



L 3 $Ñ\ºxeØÓ�¼�ü¥��\O¤I��]
9(�oê�O
��]
 OÌ (�êþ OÌ ��]
 OÌ (�êþ OÌ ��]
 OÌ (�êþ OÌ

�®½ ç9ô� ìÀ�

�ü I 6013r 52.38% 329 147.37% 10363r 14.79% 570 25.00% 14680r 89.25% 676 454.10%

�ü II 6065r 53.70% 334 151.28% 10364r 14.80% 570 25.00% 14703r 89.54% 676 454.10%

�ü III 4876r 23.57% 197 48.27% 10018r 10.97% 530 16.23% 9825r 26.66% 243 99.26%

­�½ ô�� þ°½

�ü I 3790r 0.40% 321 0.63% 11459r 15.26% 166 64.36% 3891r 97.61% 362 289.25%

�ü II 3791r 0.42% 322 0.94% 11490r 15.57% 168 66.34% 3926r 99.39% 364 291.40%

�ü III 3779r 0.11% 320 0.31% 11156r 12.21% 141 39.60% 2298r 16.71% 136 46.24%

4ï� 3�� oA�

�ü I 4483r 21.72% 265 36.60% 1297r 77.67% 98 250.00% 1199r 5.64% 45 21.62%

�ü II 4484r 21.75% 265 36.55% 1324r 81.37% 101 260.71% 1200r 5.73% 46 24.32%

�ü III 4264r 15.78% 236 21.60% 857r 17.40% 43 53.57% 1149r 1.23% 39 5.41%

2À� �w� U9½

�ü I 13226r 22.98% 655 36.74% 2430r 103.35% 284 208.70% 2611r 47.60% 82 256.52%

�ü II 13236r 23.07% 656 36.95% 2483r 107.78% 291 216.30% 2630r 48.67% 83 261.30%

�ü III 12936r 20.28% 616 28.60% 1450r 21.34% 129 40.22% 2108r 19.16% 40 74.35%

à�� ñÜ� úô�

�ü I 3613r 17.57% 218 25.29% 2780r 1.05% 116 2.65% 8921r 1.27% 467 1.52%

�ü II 3614r 17.60% 218 25.46% 2784r 1.20% 117 3.54% 8922r 1.28% 477 3.70%

�ü III 3571r 16.21% 212 22.01% 2760r 0.33% 114 0.88% 8929r 1.36% 463 0.65%

1 O��ml 2� 22F� 4� 22F.
2 $Ñ\ºxëê5gL� 2.

L 4 pÑ\ºxeØÓ�¼�ü¥��\O¤I��]
9(�oê�O
��]
 OÌ (�êþ OÌ ��]
 OÌ (�êþ OÌ ��]
 OÌ (�êþ OÌ

�®½ ç9ô� ìÀ�

�ü I 8587r 117.61% 624 369.17% 11117r 23.14% 658 44.30% 25316r 226.36% 1616 1224.59%

�ü II 8665r 119.59% 633 375.94% 11115r 23.12% 657 44.08% 25322r 226.44% 1615 1223.77%

�ü III 5101r 29.27% 222 66.92% 10081r 11.66% 537 17.76% 10690r 37.81% 315 158.20%

­�½ ô�� þ°½

�ü I 3816r 1.09% 326 2.19% 12193r 22.64% 223 120.79% 7400r 275.83% 853 817.20%

�ü II 3818r 1.14% 326 2.19% 12248r 23.19% 227 124.75% 7447r 278.21% 857 821.51%

�ü III 3782r 0.19% 320 0.31% 11246r 13.12% 147 45.54% 2565r 30.27% 171 83.87%

4ï� 3�� oA�

�ü I 4966r 34.84% 327 68.56% 2319r 217.67% 225 703.57% 1312r 15.59% 60 62.16%

�ü II 4966r 34.84% 326 67.99% 2365r 223.97% 229 717.86% 1315r 15.86% 60 62.16%

�ü III 4304r 16.86% 241 24.18% 963r 31.92% 55 96.43% 1160r 2.20% 40 8.11%

2À� �w� U9½

�ü I 13881r 29.07% 742 54.91% 4678r 291.46% 636 591.30% 3756r 112.32% 176 665.22%

�ü II 13895r 29.20% 744 55.32% 4760r 298.33% 646 602.17% 3783r 113.85% 179 676.09%

�ü III 12995r 20.83% 624 30.27% 1662r 39.08% 160 73.91% 2218r 25.38% 49 110.87%

à�� ñÜ� úô�

�ü I 3707r 20.63% 231 32.76% 2832r 2.94% 123 8.85% 9124r 3.58% 505 9.78%

�ü II 3708r 20.66% 231 32.99% 2839r 3.20% 124 9.73% 9126r 3.60% 505 9.78%

�ü III 3579r 16.47% 213 22.64% 2768r 0.62% 115 1.77% 8846r 0.42% 465 1.09%

1 O��ml 2� 22F� 4� 22F.
2 pÑ\ºxëê5gL� 2.
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5 3.1 lL 3ÚL 4�±wÑ,��\O¤I��]
Ú(�oê,�ü II��ü I

Ä�±². ù´du�ü II�ç��Ý¦�Ñ\.a/¾~��±óÀ�ª?\�ó

¿ D(t)¥;
�ü Ivk²Lç�,Ñ\.a/¾~©O?\ó¿ A(t) Ú I(t)�¥,,

�²L(�±ÏâU?\ó¿ D(t) ¥,éuÃwGÚkwGa/ö©Ok 1/εAÚ 1/εI

U��¢�A.

L 3ÚL 4¥·��±�ßwÑ,¸IÑ\.¾~�·I���XÚE¤�Kú,

cÙ´oN<
Ñ\þ���°.±�ö¤33���~,=¦3$Ñ\ºxëê�ê

��[e,�ü IÚ�ü II¦��S��]
KúO\ 70%±þ,�ü III�,éu¼

����å�È4�^,��O\
 53.57%�\O(�þ. 
3pÑ\ºxëê�ê

�(J¥,��]
KúÚ\O(�êþ�´¤�O\.XJ¸	Ñ\�D/
�Ø�

k���,IScÏ�e���Ä:�òG�À6.

ÏLþãê�¢�(J�±wÑ,éuÑ\.<�oþ����½,~X­�!à
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