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�Xen�(Ø. 1!¥I�?æ��é�é�Å�®²é#.)G¾Ó¡ö¼���å�
wÍ�

J. ����Ä�2)êl 2� 3F�c� 3.86 (=��a/ö3a/±ÏSò�� 3.86<a/)Å

ìü� 2� 8F��� 0.42; úô!2À!àH!�H!ôÜ!S !�®Úþ°�8��½�Ä�

2)êl 1� 30F�c� 3.68ü� 2� 4F��� 0.18. 2!ÃwGa/öÚkwGa/ö3(�

c�a/å�C. #.)G¾Ó¡ö¼����J:3u�l¿9�Â£ÃwGa/ö. ���Ãw

Ga/ö<êl 2� 5F��p: (23,068<)ÅÚ£á� 2� 29F� 2,935<, ����¼���

/³�,�~î�; úô!2À!àH!�H!ôÜ!S !�®Úþ°8��½ÃwGa/ö<ê

3 2� 29F®²£á� 5 ∼ 21<�m, ù
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§1. y�ã¼���¡��n�¯K

2019c 12�, ÉÇ½Ü©��Å�ºY�wØ²�Ï¡ö¾~, d�(½¾Ï�a

/#.)G¾Ó [1]. ducÏéT¾Ó@£Øv, ÉÇ½�����Ø¿©, ��¼�ø

ò. �� 2020c 2� 29F, ���\O(�¾~ 66,907~, k� 2,761~, ©OÓ�I�

83.6%, 96.1%. �I�¾kÇ� 3.59%, Ù¥, ���¾kÇ� 4.12%, �pu�IÙ¦/«

0.85%�¾kÇ [2].

�
×�	�¼��¯�uÐ, ¥I�?pÝ­À, �?�?ªªæ^¼����?

�A. g 1� 23Fm©, ��¸S¬Ê!c´!ú´!Y´�$�	ÑÏ�ºY'4. 3

�I��S, Nõ¢½½à~$���µ4�«½~B. ù
î������4��$�

�I��¤Ú)�¹Ä�Ì��, ¥I�d�3«Éã��²L�d. 3GÑ�­�²L

�d�, XÛuÀ�Ié�é�Å�´Äå�
 “��D/
!�äDÂå»!�o´a

<+”��J?

#.)G¾Ó¡ö¼����J:3u�3�þÃwGa/ö
�dÏ±Ï�. }�

úÌÒeÓþ1k 3,711<, k 634< (17.1%)(�a/#)¾Ó, Ù¥k 322< (50.8%)

´ÃwGa/ö. “��D/
”!“JpÂ£Ç”�'�´9��l¿Â£ÃwGa/ö.

g1Ê�5#.)G¾Óa/�¡ö���Y6åB²(�Ñ, “ÃwGa/ö��U¤

�D/
”. ÃwGa/ö�kwGa/ö�', a/å´Ä�3�O? XÛ��ÃwGa

/ö�êþQ? �Ié�é�Å�´ÄwU
~�
ÃwGa/öQ?

�Ié�é�Å���g#.)G¾Ó¡ö¼�<Ô�C���. �XS!bÏ�(

å, �I�/Ñ¡��§Eó¯K. �þ�§Eó<
=ò�£ó�k , Ý\�­:Ô]

Ú)¹7I¬�)�¥�, �� “²L�¥Ô”. 2020c 2� 24FþÌ 11:, ÉÇ½#.

)G¾Ó¡ö¼�����ÜuÑ
5'u\r?ÑÉÇ½�ýÚ<
+n� (1 17Ò)6

-, #N�ê!A½<+�±lmÉÇ, �T 17Ò-3 3�����\wÃ�. ÉÇ½j

±0�SC²oÖP'u “	�Ñ\”�­��«° , î�lÇÏ�+n, î�<
+�,

î�¼��	ÑÑ. ���ml
Ï��Ï+���, �þÃwG<+³7òl��Ñ\

®9F!�n�!¾n�±9��±>�°. µ�ØÓ�ªÚ�m�ml
Ï��Ï+

���!����6Ñ<�éÑ\/¼����K�, é�I��Ú�é�é�Å�äk

“ý´”�^.

�©òÌ��7¼�������J!ÃwGa/ö±9�tl
Ï��Ï+���

�ºxýÿn��¡ÐmïÄ.

§2. �.0�

�
Bu£ã·�JÑ��., ·�Äk0��e#.)G¾Ó¡ö¼��9� 5�

<+: ´a<+!ÃwGa/ö<+!kwGa/ö<+!��ö<+ÚÏ¾k�<+.



1 3Ï y+�, �: #.)G¾Ó¡ö¼�é�é�üÑµd�m�l
Ï�K��ýÿ 323

Ù¥, ´a<+´�ÿ�a/¾Ó�èx<+; ÃwGa/ö<+´®a/¾Ó�ÿ�L

yÑ�KwG�<+; kwGa/ö<+�����¡�a/ö<+, �3�©¥, �
«

©ÃwGa/ö, ·�^kwGa/ö5L«®a/¾Ó¿²wLyÑ�KwG�<+;

��ö<+´�²L£�±�­¼èx�<+; Ï¾k�<+´�Ï�a/¾ÓÔ�)·.

·�b���ö<+�Ï¾k�<+��Ø2ë�a/½�a/L§.

�
ïÄl��ÃwG<+ (�)´a<+!ÃwGa/ö9��<+)[£�úô!

2À!àH!�H!ôÜ!S !�®Úþ°�8��½, éÑ\/\Oa/<ê�K�.

·�JÑ*Ð�SEIR-ü�¬ (S: ´a<+; E: ÃwGa/<+; I: kwGa/<+; R:

��<+)DÂÄåÆ�. [3–5]. 1���¬éA��, 1���¬éA8��½�Ù¥�

�/«. 2020c 1� 23Fm©, ���Ü©¢½¢�
�Ï+��� (X, ÉÇ½¢�


“µ¢”üÑ), ��
l���[\�8��½�Ù¥��/«�<+êþ. �´, ��(

½#N�§�m (T0), @oa/<+Ï��Ï$ÑXÚ�ü��� ('XN§iÿ)¬�{

�?\8��½�Ù¥��/«. �´, ´a<+ÚdÏ<+þk�Ul���[£�8

��½�Ù¥��/«. Ïd, ·�ò t��l��[£�8��½�Ù¥��/«�<

�b�� d(t). �.Xe:



S′
1 = −c1(t)β1IS1I1/N1 − c1(t)β1ES1E1/N1 − d(t)S1/N1,

E′
1 = c1(t)β1IS1I1/N1 + c1(t)β1ES1E1/N1 − σE1 − d(t)E1/N1,

I ′1 = σE1 − (α+ γ)I1,

R′
1 = γ1I1 − d(t)R1/N1,

H ′
1 = σE1, D′

1 = α1I1,

S′
2 = −c2(t)β2IS2I2/N2 − c2(t)β2ES2E2/N2 + d(t)S1/N1,

E′
2 = c2(t)β2IS2I2/N2 + c2(t)β2ES2E2/N2 − σE2 + d(t)E1/N1,

I ′2 = σE2 − (α+ γ)I2,

R′
2 = γ2I2 + d(t)R1/N1,

H ′
2 = σE2, D′

2 = α2I2.

(1)

�
�x�ml
Ï��Ï+���±�, l��6Ñ�ÃwGa/öéÑ\/a/

<ê�K�, ·�^ H0(t)L«Ø#N�§�¹e, t��8��½�Ù¥��/«�\O

a/<+êþ; HT0(t)�3 T0 ��#N�§��, t��8��½�Ù¥��/«�\O

a/<+êþ. Ïd, 3 T0 ��#N�§�, l���[£�8��½�Ù¥��/«�

\Oa/<êO�úª�

HB(T0) = HT0(T0 + T1)−H0(T0 + T1). (2)
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·�¦^Xe 3�êâ5
: 2020c 1� 20F� 3� 4FI[¥)èx�
¬úÙ

���!úô!2À!àH!�H!ôÜ!S !�®Úþ°�Ô��½(�<ê!Ï¾

k�<ê!��<ê [2]; I[ÚOÛúÙ�<�êâ; ÏL�êâ�{¼��<�[âê

â [6]. 3þ¡��.¥, ´a<+ S �ÃwGa/ö E ÚkwGa/ö I a/, �UC¤

ÃwGa/ö, a/Ç©O� βiE Ú βiI , ù´·�I��O�ëê. ·�Äu 2020c 1

� 21F� 2020c 3� 5F\È(�<êêâ, ¦^ MCMC�{�O. ÃwGa/ö E

3LyÑ²wwG�ÒuÐ�a/ö I, dÏÏ�Ý� 1/σ. ·��â©z [7], �dÏÏ

σ = 5.2U. kwGa/ö I �Ug�½ö£�C¤��ö R, ¡EÇ� γ. #)G¾Ó�

ölÑywG�\�Ò���m²þ� 2.7U [8], l4��Ñ��²þ�m� 10U [9]. Ï

d, ¡EÏ��m�Ý γ = 12.7U. ���UÏ¾��k�, Ï¾k�Ç� αi. ,	, ëê

ci(t) ∈ [0, 1]L«du<aé61¾��AÚZý�� (~X��í!�l!�Ï+�)�

�DÂÇü$. �I��Ú�é�é���l 1� 23Fm©¢�. Äué��ÚÙ§8�

�½zU#O¾~êâ©Û, ·�@�, é�é�Å�3��±	/«, 7U��±úúu

��^; 3��/«, ���3 11U�â¬úúNy�J. Ïd, ·�b� c2(t)Ú c1(t)©

O÷v

c2(t) =


1, 1� 30F�c;

exp[ln(cmin2)t], 1� 30F� 2� 3F�m;

cmin2, 2� 3F��,

(3)

Ú

c1(t) =


1, 2� 3F�c;

exp[ln(cmax1)t], 2� 3F� 2� 8F�m;

cmin1, 2� 8F��.

(4)

·�¦^MCMC�{�O� cmin2 = 0.052Ú cmin1 = 0.11.

����8��½�Ù¥��/«zU[\<� d(t)�O�: ·��â 2020c 1�

10F� 1� 24FÏmdÉÇ½[\úô!2À!àH!�H!ôÜ!S !�®Úþ°

�8��½�<ê, ���ml
Ï��Ï+����, zUd���[\8��½�<

ê. ~XÉÇ½ 1� 10F� 1� 24F[\úô��<�oê� 92,559<, ÉÇ½²þz

Uk 6,171<?\úô. ÉÇ½~4<�oê� 1,108�, ���~4<�oê� 5,917�,

l
#N�§����[\úô[âþ

d = 32, 953(</U).

aq�, ·������ml
Ï��Ï+����, zUd��[\2À!àH!�

H!ôÜ!S !�®Úþ°�<ê©O� 81,851!339,290!193,560!98,401!104,950!

77,186!58,003!81,851!339,290!193,560!98,401!104,950!77,186!58,003<.
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§3. é�é�Å���Jµd

#)G¾Ó¡ö¼��­�A:��´ÃwGa/öä�D/Uå, �ÃwGa/ö

�dÏÏ�� [7, 10]. ·�|^±þ*Ð�.µdé�é�Å���J, �OÃwGa/ö

�<ê, ¿ýÿ���ml
Ï��Ï+���±�, l��6Ñ�ÃwGa/öéÑ\

/a/<ê�K�. äN/, ·�æ^Ä�2)ê [11–13]5µ��I��Ú�é�é�Å�

��J. Ä�2)ê R0 ´���a/ö3a/ÏS¤Ua/�²þ<ê
[11–13]. ù´��

D/¾DÂ���­��I. ÏL¦^2)Ý
��{, ·���
äkXeäk���

��Ä�2)ê

Rc
0i =

cβiE
σ

+
cβiI
α+ γ

, i = 1, 2, (5)

Ù¥ i = 1L«���, i = 2L«8��½�Ù¥��/«.

U��3 2020c 1� 23FéÄ�Ï+��� (ÉÇÇk\Ù “µ¢”)�, �I�/º

YéÄ
é�é�Å�. é�é�Å�éu¼���u��^¬k� 2±�m�¢��A.

2020c 2� 3F, ����(�a/<êzUÑ¥y¯�O�ª³, l 1� 20F� 270<

¯�O\� 2� 3F� 16,678<. Ù¥, 2� 3F�U(� 3,156<. 2� 4F, ����

(�<êOÌÄg �, �U(� 2,987<, �c�F~� 169<. �IÙ{/«Ä�aq.

oN
ó, 2�Ð�, �I¼�;Ü/³ÐÚ���).

·�æ^Ä�2)ê [11–13] 5µ��I��Ú�é�é�Å���J. Ä�2)ê£

ã��D/
3Ø�\����/e, ��a/ö3a/±ÏS�±a/´a<+�ê

þ, ´�½ú�¥)�ü­�ë��â. ·�ÏL2)Ý
����ÚúôÄ�2)êú

ª (5)O�����Ä�2)ê�²þ�l 2020c 2� 3F�c� 3.86Åìü� 2� 8

F��� 0.42. �éu��5`, úô!2À!àH!�H!ôÜ!S !�®Úþ°�

8��½�(�<êØõ, é�é�Å��N´��. ù
/«�Ä�2)ê�²þ�l

2020c 1� 30F�c� 3.68ü� 2� 4F��� 0.18. þã¤kÔ��½�Ä�2)ê

�Üü� 1±e. ùv±`²¥I�?æ���I��Ú�é�é�Å�®²é#)¡ö

¼���å�
�~wÍ��J.

§4. ÃwGa/ö<+êþ

#.)G¾Ó¡ö¼����J:3u9��lÚÂ£ÃwGa/ö, ¿JpÃwG

a/ö�Â£Ç. ¦+1Ê�Ú18�5#.)G¾Óa/�¡ö���Y6ÑÑ “Ãw

Ga/ö��U¤�D/
”, �´, ��vkþz�{�é'µ�ÃwGa/öÚkwG

a/ö�a/å. ÃwGa/öduvkLyÑ²w��KwG. Ïd, þOÃwGa/ö

�~(J. XJ�¬æ^Ø�uÿ�{, Ks¤ã�. ÃwGa/ö�dÏÏ'��, ²þ

dÏÏ� 5 – 6U (��� 1 – 14U) [7].
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·�¦^*Ð±�� SEIR-ü�¬DÂÄåÆ�., O�
ÃwGa/öÚkwGa

/ö�a/å. O�(J�L 1¥. ÃwGa/ö3dÏÏ�a/åÚkwGa/ö3(

��c�a/åA�vk²w�O, ¦+ÃwGa/ö3dÏÏ�a/å$��Ñ���

::. 3��±	/«, kwGa/ö�±��9�(�!9�Í£; 3��cÙ´ÉÇ/

«, kwGa/ö3LyÑ²wwG�, ²þ�� 5UâU��(�.

L 1 ÃwGa/ö3dÏÏ�a/åÚkwGa/ö3(�c�a/å

�° �� úô 2À àH �H ôÜ S  �® þ°

ÃwG 0.22 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21

kwG 0.21 0.20 0.20 0.21 0.20 0.21 0.21 0.20 0.20

,	·��O
 2020c 1� 20F� 2� 22FÏm, Ô�ü½ÃwGa/ö<ê. ù

��±^5µ�8c¼������J¿ýÿ¼�r³. du���ÃwGa/ö<êw

ÍõuÙ¦8��½, Ïd, ·�ò���ÃwGa/ö<êü�3ã 1��>. ����

ÃwGa/ö<ê���±3�pY², 3 2� 5Fc���º¸, �L 2�<; �´, 2

� 12F�U���(�¡ö¾~ 14,840~, �þa/ö��(�. DÂÄåÆ�.w«,

2� 5F��, ÃwGa/ö�<ê��3~�, ùw«é�é�Å�å�
�~²w��

J. �´, �.�w«, 2� 29F, ��/«�k 2,935�ÃwGa/ö. ù¿�X���

�¼���/³�,�~î�; úô!2À!àH!�H!ôÜ!S !�®Úþ°8�

�½ÃwGa/ö<ê�3ã 1�m>. 1�.½ 2�Ð, þã8��½ÃwGa/ö<ê

®²��º¸, ��ÃwGa/<êÑyeüª³. 2� 29F, ù
/«�ÃwGa/ö

<ê®²á� 5 ∼ 21<�m. J«, Ø���±	�Ù¦/«#.)G¾Ó¡ö¼�®²

��
k���.

ã 1 ���±9Ù{8��½zU�ÃwGa/ö<ê
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§5. m�l
Ï��K�ýÿ

38c�é�é�Å�e, �� 2020c 2� 29F, ��\O(�¾~ 66,907~, Ó

��I� 83.6%. ���ml
Ï��Ï+��� (��½öÅÚ�m¬Ê!c´!ú´!

Y´�$�	ÑÏ�), �þÃwG<+³7òl��Ñ\®9F!�n�!¾n�±9�

�±>�°. ÃwG<+�)´a<+¥�èx<+!ÃwGa/ö9��<+. Ù¥, Ã

wGa/ö6\Ù¦/«³7¬��Ñ\/a/<êO\. ·�Äu*Ð±�� SEIR-ü

�¬DÂÄåÆ�., lü�ØÓ��Ý, 5þzµd�§Eó<
éÑ\/a/<ê�

K�.

·�Äk�â 2020c 1� 10F� 1� 24FÏmdÉÇ½[\úô!2À!àH!�

H!ôÜ!S !�®Úþ°�8��½�<ê, ��
���ml
Ï��Ï+���

�, zUd���[\8��½�<ê©O� 32,953<!81,851<!339,290<!193,560

<!98,401<!104,950<!77,186<!58,003<. 3DÂÄåÆ�.¥, ·�b��ml


Ï��Ï+�����m©OÀJ3 3� 15F!4� 15F!5� 15F½ 6� 15F. 3

�ml
Ï��Ï+����, Ñ\/�a/<ê¥yÅìO\. Ïd, ·�|^�.5ý

ÿ, 3ØÓ�m:�ml
Ï��Ï+��������, Ñ\/O\�a/<ê.

L 2 ÃwGa/ö3dÏÏ�a/åÚkwGa/ö3(�c�a/å

�m úô 2À àH �H ôÜ S  �® þ°

3�¥Í 30.3 73 269.5 164.6 88.2 93.3 70.5 53

4�¥Í 7.2 17.4 64 39.1 20.9 22.2 16.7 12.6

5�¥Í 1.8 4.3 16 9.7 5.2 5.5 4.1 3.1

6�¥Í 0.4 1 3.8 2.3 1.2 1.3 1.0 0.7

3þã8��½¥, àHÚ�Hl����é�C. ���ml
Ï��Ï+���,

��6Ñ�ÃwG<+éàHÚ�H�¤¼���Øåò´�é���.

���Ñ�´, ·�Äu 2020c 1� 10F� 1� 24FÏmdÉÇ½[\úô!2

À!àH!�H!ôÜ!S !�®Úþ°�8��½�<ê, 5�����3�ml


Ï��Ï+���±�, zUd��[\þã8��½�<ê. ù����U´éØO(

�. Ï����t�Ï+���±�, ��/«�þÃwG<
�UÑ¬Ñ\��IÙ¦

/�, Ï¦`���]
Úó�Å¬. Ïd, ·�k7�l��ØÓ��Ý5µ��§Eó

<6éÑ\/a/<ê�K�.

·��,b����ml
Ï��Ï+�����m©OÀJ3 3� 15F!4� 15

F!5� 15F½ö 6� 15F, ÄuDÂÄåÆ�., ýÿ�ml
Ï��Ï+�����

����, Ñ\/O\�a/<ê. *Ð±�� SEIR-ü�¬DÂÄåÆuy, XJ3 5�

¥Í½ 6�¥Í�tl
Ï��Ï+���, #NzUl��Ñ\ 10�ÃwG<+�ú
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ô!2À!àH!�H!ôÜ!S !�®Úþ°�8��½, K�����Ñ\/a/

<êò\OO\ 5.5<½ 1.3<. �XJÀJ3 3�¥Í½ 4�¥Í�tl
Ï��Ï+

���, ����±�Ñ\/a/<êò\OO\ 93<½ 22<.

þã�.©Ûlü�ØÓ��Ý5`², �±8c��Ï+���éu¼����~

k��, ���tl
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Abstract: Using the transmission dynamics model, the number of confirmed cases, cured cases and dead

cases announced by the National Health Commission, we got the following three conclusions: First, the

joint prevention and control mechanism adopted by the Chinese government has played a very significant

role in the prevention and control of Corona virus diseases 2019 (COVID-19). The basic regeneration

number (R0) in Hubei province has gradually decreased from 3.86 before February 3 to 0.42 after February

8; and R0 of Zhejiang province, Guangdong province, Henan province, Hunan province, Jiangxi province,

Anhui province, Beijing city and Shanghai city (six provinces and two cities) decreased from 3.68 before

January 30 to 0.18 after February 4. Second, the infectivity of asymptomatic and symptomatic cases was

almost the same before confirmed diagnosis. The difficulty in the prevention and control of the COVID-19

lies in the isolation and timely treatment of asymptomatic cases. Although the number of asymptomatic

cases in Hubei province has gradually dropped from 23,068 to 2,935 on February 29, the situation of

epidemic prevention and control in Hubei province remains very grim. The number of asymptomatic

cases in six provinces and two cities has fallen to between 5 and 21 on February 29, and the epidemic of

COVID-19 in these regions has been effectively controlled. Third, selecting the time to relax traffic control

measure in Hubei province requires caution. The transmission dynamic model predicts that if the traffic

control measures are lifted in mid-May or mid-June, and approximately 100,000 asymptomatic cases are

allowed to be imported from Hubei province to six provinces and two cities, the cumulative number of

infected people will increase by 5.5 or 1.3 after 1.5 months. However, if the traffic control measures are

lifted in mid-March or mid-April, the cumulative number of infected people will increase by 93 or 22 after

1.5 months.
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