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Èçëîæåí îïûò ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ ïðèðîäíûõ ÿâëåíèé äëÿ îïðåäåëåíèÿ ñòåïåíè âëèÿ-
íèÿ îòäåëüíûõ ôàêòîðîâ è èõ ñî÷åòàíèÿ íà ðàçâèòèå  ýïèäåìè÷åñêîãî ïðîöåññà. Óñòàíîâëåíî, ÷òî
97,9% âàðèàöèè ïîêàçàòåëÿ çàáîëåâàåìîñòè ãåìîððàãè÷åñêîé ëèõîðàäêîé ñ ïî÷å÷íûì ñèíäðîìîì
íàñåëåíèÿ èçó÷àåìîãî ðàéîíà îïðåäåëÿþò 6 êëèìàòè÷åñêèõ ôàêòîðîâ: ÷èñëà Âîëüôà, êîëè÷åñòâî
îñàäêîâ â íîÿáðå, âûñøèé óðîâåíü ðåêè ïðè ðàçëèâå, òåìïåðàòóðà àòìîñôåðíîãî âîçäóõà â îêòÿáðå,
ìàêñèìàëüíûé è ìèíèìàëüíûé óðîâíè âûñîòû ñíåæíîãî ïîêðîâà â ôåâðàëå. Íàèáîëåå çíà÷èìûìè
ôàêòîðàìè, ñïîñîáñòâóþùèìè ðàñïðîñòðàíåíèþ èçó÷àåìîãî çàáîëåâàíèÿ, îïðåäåëåíû  ïàðàìåòðû
òåìïåðàòóðû âîçäóõà è âûñîòû ñíåæíîãî ïîêðîâà. Àïðîáèðîâàííóþ ìåòîäèêó ìàòåìàòè÷åêîãî
ìîäåëèðîâàíèÿ ïðåäëàãàåòñÿ èñïîëüçîâàòü â âîéñêàõ äëÿ ïðîãíîçèðîâàíèÿ èçìåíåíèé ýïèäåìèîëîãè-
÷åñêîé îáñòàíîâêè ïî äàííîìó çàáîëåâàíèþ è ñâîåâðåìåííîé îðãàíèçàöèè ïðîôèëàêòè÷åñêèõ ìåðî-
ïðèÿòèé ñ öåëüþ èñêëþ÷åíèÿ çàíîñà èíôåêöèè â âîèíñêèå ÷àñòè.

Ê ë þ ÷ å â û å  ñ ë î â à:  ãåìîððàãè÷åñêàÿ ëèõîðàäêà ñ ïî÷å÷íûì ñèíäðîìîì, ýïèäåìè÷åñêèé ïðîöåññ,
êëèìàòè÷åñêèå ôàêòîðû, ìàòåìàòè÷åñêèå ìîäåëè äëÿ ïðîãíîçèðîâàíèÿ  çàáîëåâàåìîñòè íàñåëå-
íèÿ.

Kalmykov A.A., Korneev A.G., Aminev R.M., Kosova A.A., Polyakov V.S. – Significance of the individual
helio-climatic factors in hemorrhagic fever with renal syndrome morbidity formation of population in
the district of military units dislocation. Been outlined the experience of mathematics modelling of natural
phenomena for determination of the impact of individual factors and their combination on the epidemic
process development. Found that 97,9% of the variation of haemorrhagic fever with renal syndrome index of
population in the study area determine six climatic factors: the Wolf number, rainfall in November, the highest
level of the river during floods, the temperature of air in October, the maximum and minimum levels of snow
cover in February. As the most significant factors, contributing to the spread of the disease under study, been
determine the parameters of air temperature and the height of snow. In the troops proposed to use approved
methodology of mathematics modelling to predict changes of epidemiological situation for the disease and for
timely organization of preventive measures to avoid introduction of infection in military units.

K e y  w o r d s:  haemorrhagic fever with renal syndrome, epidemic process, climatic factors, mathematical
models to predict population morbidity.

Óñòàíîâëåíî, ÷òî çàáîëåâàåìîñòü âî-
åííîñëóæàùèõ ãåìîððàãè÷åñêîé ëèõî-

ðàäêîé ñ ïî÷å÷íûì ñèíäðîìîì (ÃËÏÑ)
êîððåëèðóåò ñ óðîâíåì ýòîé çàáîëåâàåìî-
ñòè ñðåäè ñåëüñêîãî íàñåëåíèÿ ðàéîíà

äèñëîêàöèè âîèíñêîé ÷àñòè [3]. Îñíîâîé
ñâîåâðåìåííûõ ïðîôèëàêòè÷åñêèõ ìåðî-

ïðèÿòèé â îòíîøåíèè âîèíñêîãî êîíòèí-
ãåíòà ìîæåò áûòü âûÿâëåíèå âåäóùèõ
ôàêòîðîâ, îïðåäåëÿþùèõ óðîâåíü óêàçàí-
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íîé çàáîëåâàåìîñòè íàñåëåíèÿ. Íàèáîëåå
ýôôåêòèâíî ýòî ìîæíî ñäåëàòü ïðè ìà-
òåìàòè÷åñêîì ìîäåëèðîâàíèè ïðèðîäíûõ

ïðîöåññîâ ñ îïðåäåëåíèåì ñòåïåíè âëèÿ-
íèÿ òîãî èëè èíîãî ôàêòîðà íà óðîâåíü
ýïèäåìè÷åñêîé çàáîëåâàåìîñòè.

Ïðåäëàãàåìûå ðàçëè÷íûìè àâòîðà-
ìè ìàòåìàòè÷åñêèå ìîäåëè, îïèñûâàþ-
ùèå ýïèäåìè÷åñêèé ïðîöåññ ïðè ÃËÏÑ,

òðóäîåìêè è ñëîæíû â èñïîëüçîâàíèè
íà ïðàêòèêå [2, 5]. Ðàçðàáîòàííûå óðàâ-
íåíèÿ, êàê ïðàâèëî, èìåþò ïðèâÿçêó ê

êëèìàòè÷åñêèì è èíûì óñëîâèÿì, ïðè-
ñóùèì êîíêðåòíîé òåððèòîðèè, è â áîëü-
øèíñòâå ñëó÷àåâ ÿâëÿþòñÿ íåýôôåêòèâ-

íûìè äëÿ äðóãèõ ðåãèîíîâ. Â ñâÿçè ñ
ýòèì îñòàåòñÿ ïðèîðèòåòíûì ïîèñê äî-
ñòóïíûõ è ýôôåêòèâíûõ ìåòîäè÷åñêèõ

ïîäõîäîâ ê îïèñàíèþ ýòîé èíôåêöèè íà
êîíêðåòíîé òåððèòîðèè ðàçìåùåíèÿ
âîèíñêèõ êîíòèíãåíòîâ ñ îïðåäåëåíè-

åì çíà÷èìîñòè âëèÿíèÿ íà çàáîëåâàå-
ìîñòü ôàêòîðíûõ ïðèçíàêîâ, âõîäÿùèõ
â ìîäåëü.

Öåëü èññëåäîâàíèÿ

Îöåíêà çíà÷èìîñòè êëèìàòè÷åñêèõ
ôàêòîðîâ â ôîðìèðîâàíèè çàáîëåâàåìî-

ñòè ÃËÏÑ íàñåëåíèÿ ðàéîíà äèñëîêàöèè
âîèíñêèõ ÷àñòåé.

Ìàòåðèàë è ìåòîäû

Èçó÷àëàñü ñâÿçü êëèìàòè÷åñêèõ ôàê-
òîðîâ ñ çàáîëåâàåìîñòüþ ÃËÏÑ íàñåëå-

íèÿ Òîöêîãî ðàéîíà Îðåíáóðãñêîé îá-
ëàñòè, íà òåððèòîðèè êîòîðîãî äèñ-
ëîöèðîâàí Òîöêèé ãàðíèçîí Öåíòðàëü-

íîãî âîåííîãî îêðóãà.
Äëÿ îöåíêè ñòåïåíè âëèÿíèÿ èçó÷àå-

ìûõ ïàðàìåòðîâ íà çàáîëåâàåìîñòü èñ-

ïîëüçîâàëñÿ ðåãðåññèîííûé àíàëèç [1],
â õîäå êîòîðîãî ìåòîäîì íàèìåíüøèõ
êâàäðàòîâ áûëî ñîçäàíî óðàâíåíèå ëèíåé-

íîé ìíîæåñòâåííîé ðåãðåññèè. Â êà÷åñòâå
îïðåäåëÿþùèõ ïàðàìåòðîâ èñïîëüçîâàíû
êëèìàòè÷åñêèå ïàðàìåòðû ïî áëèæàéøå-

ìó ìåòåîïîñòó. Èñõîäíûìè äàííûìè ÿâè-
ëèñü 11 êëèìàòè÷åñêèõ ïîêàçàòåëåé è
÷èñëà Âîëüôà ïîìåñÿ÷íî çà 11 ëåò (âñåãî

528 ïàðàìåòðîâ îêðóæàþùåé ñðåäû).
Êëèìàòè÷åñêèå äàííûå ïðåäñòàâëåíû
Îðåíáóðãñêèì îáëàñòíûì öåíòðîì ïî

ãèäðîìåòåîðîëîãèè è ìîíèòîðèíãó îê-
ðóæàþùåé ñðåäû (Ãèäðîìåòöåíòð).

Îòáîð ôàêòîðíûõ ïðèçíàêîâ îñóùå-

ñòâëÿëñÿ ìåòîäîì øàãîâîé ðåãðåññèè, ïðè
ýòîì ôàêòîðû ïîñëåäîâàòåëüíî âêëþ÷à-
ëèñü â óðàâíåíèå ñ ïîñëåäóþùåé ïðî-

âåðêîé èõ çíà÷èìîñòè.
Ñðåäè âñåõ àíàëèçèðóåìûõ ïîêàçà-

òåëåé â êà÷åñòâå íàèáîëåå ïðîãíîñòè÷-

íûõ äëÿ ðàñ÷åòà ïîêàçàòåëÿ çàáîëåâàå-
ìîñòè íà òåêóùèé ãîä (ó, íà 100 òûñ. íà-
ñåëåíèÿ) îòîáðàíû 6 ôàêòîðîâ:

– ÷èñëà Âîëüôà (s, ñ çàïàçäûâàíèåì
íà 2 ãîäà),

– òåìïåðàòóðà àòìîñôåðíîãî âîçäó-

õà â îêòÿáðå ïðåäûäóùåãî ãîäà (õ, °Ñ),
– êîëè÷åñòâî îñàäêîâ â íîÿáðå ïðå-

äûäóùåãî ãîäà (z, ìì),

– âûñøèé èç îòìå÷åííûõ â íàáëþ-
äåíèÿõ óðîâåíü ðåêè ïðè ðàçëèâå (k, ñì),

– ìàêñèìàëüíûé è ìèíèìàëüíûé

óðîâíè âûñîòû ñíåæíîãî ïîêðîâà â ôåâ-
ðàëå (ñîîòâåòñòâåííî d è ñ, ñì).

Àäåêâàòíîñòü ïîëó÷åííîé ìàòåìàòè-

÷åñêîé ìîäåëè îöåíèâàëè ïî àëãîðèòìó:
1 – îáùàÿ ïðîâåðêà óðàâíåíèÿ íà

ïðèãîäíîñòü (F-òåñò);
2 – îöåíêà çíà÷èìîñòè êîýôôèöè-

åíòîâ óðàâíåíèÿ ðåãðåññèè (t – êðèòå-
ðèé, ð – óðîâåíü);

3 – ñðàâíèòåëüíàÿ îöåíêà ñòåïåíè

âëèÿíèÿ ôàêòîðîâ (ïî êîýôôèöèåíòàì
ýëàñòè÷íîñòè).

Ìàòåìàòè÷åñêàÿ è ñòàòèñòè÷åñêàÿ

îáðàáîòêà äàííûõ ïðîèçâîäèëàñü â ïðî-
ãðàììíûõ ïðîäóêòàõ Statistica 6.1 è
Microsoft Excel 2010.

Ðåçóëüòàòû è îáñóæäåíèå

Â õîäå øàãîâîãî ðåãðåññèîííîãî

àíàëèçà íà îñíîâå êëèìàòè÷åñêèõ ïî-
êàçàòåëåé ïîñòðîåíà ìàòåìàòè÷åñêàÿ
ìîäåëü:

ó=-61,949+7,330õ+0,662z+(-l,175)d
+1,287ñ+0,025k+0,283s

Ïîëó÷åííîå àíàëèòè÷åñêîå âûðà-
æåíèå ïî ðåçóëüòàòàì F-òåñòà ÿâëÿåòñÿ

àäåêâàòíûì, ïîñêîëüêó F
ðàñ÷åòíûé 

ìåíüøå,
÷åì F

êðèòè÷åñêèé
 (0,014 è 8,941 ñîîòâåòñò-

âåííî; ð=0,002).
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Îáîñíîâàííîñòü âêëþ÷åíèÿ â îïè-
ñûâàåìóþ ôîðìóëó êàæäîãî ïàðàìåòðà
ïîäòâåðæäåíà ïðîâåðêîé çíà÷èìîñòè

âñåõ êîýôôèöèåíòîâ ðåãðåññèè ñ ïîìî-
ùüþ t-êðèòåðèÿ. Âñå ó÷òåííûå â ìîäåëè
ïîêàçàòåëè ÿâëÿþòñÿ àäåêâàòíûìè, ò. ê.

t
ðàñ÷åòíûé

 áîëüøå, ÷åì t
êðèòè÷åñêèé

(t
êðèòè÷åñêèé

=2,353) ñ ó÷åòîì ñòåïåíåé ñâî-
áîäû ï=3 ïðè ð=0,05 (òàáë. 1).

Ðåçóëüòàòû ñðàâíèòåëüíîé îöåíêè
ñòåïåíè âëèÿíèÿ èçó÷àåìûõ ôàêòîðîâ íà
çàáîëåâàåìîñòü ïîçâîëÿþò ïðåäïîëîæèòü
âåðîÿòíûé âêëàä â ýïèäåìè÷åñêèé ïðî-

öåññ ÃËÏÑ êàæäîãî èç èñïîëüçîâàííûõ
ïàðàìåòðîâ.

Èñõîäÿ èç óñëîâèé óðàâíåíèÿ ñëåäó-

åò, ÷òî óâåëè÷åíèå èíòåíñèâíîñòè âîçäåé-
ñòâèÿ ëþáîãî èç ôàêòîðîâ íà 1% ïðèâî-
äèò ê èçìåíåíèþ çíà÷åíèÿ ïîêàçàòåëÿ

çàáîëåâàåìîñòè íà âåëè÷èíó êîýôôèöè-
åíòà ðåãðåññèè ýòîãî ôàêòîðà.

Ðåçóëüòàòû ðàñ÷åòà êîýôôèöèåíòîâ

ýëàñòè÷íîñòè äëÿ êàæäîãî ïàðàìåòðà ïî-
êàçàëè, ÷òî íàèáîëüøåå âëèÿíèå íà çà-
áîëåâàåìîñòü íàñåëåíèÿ îêàçûâàþò òåì-

ïåðàòóðà àòìîñôåðíîãî âîçäóõà â îêòÿá-
ðå (õ), ìàêñèìàëüíûé è ìèíèìàëüíûé
óðîâåíü ñíåæíîãî ïîêðîâà â ôåâðàëå –

d è ñ ñîîòâåòñòâåííî (òàáë. 2).
Äëÿ ïîëó÷åííîãî óðàâíåíèÿ íîðìè-

ðîâàííûé êîýôôèöèåíò äåòåðìèíàöèè

(R2) ñîñòàâèë 0,979. Ñëåäîâàòåëüíî, 97,9%
âàðèàöèè ïîêàçàòåëÿ çàáîëåâàåìîñòè
îáúÿñíÿþòñÿ èçìåíåíèåì ôàêòîðíûõ

ïðèçíàêîâ, âêëþ÷åííûõ â ðåãðåññèîííóþ
ìîäåëü. Òàêèì îáðàçîì, äîëÿ çàáîëåâàå-

ìîñòè ÃËÏÑ íàñåëåíèÿ ðàéîíà äèñëî-
êàöèè âîèíñêèõ ÷àñòåé, îáóñëîâëåííàÿ
âëèÿíèåì íåó÷òåííûõ â àëãîðèòìå ôàê-

òîðîâ, ñîñòàâëÿåò íå áîëåå 2%.
Îïèñàííàÿ ìîäåëü áûëà ïðèìåíåíà

äëÿ ïðîãíîçèðîâàíèÿ çàáîëåâàåìîñòè

íàñåëåíèÿ Òîöêîãî ðàéîíà. Ïðîãíîç çà-
áîëåâàåìîñòè íà 2012 ã. ñîñòàâèë 20,1±
7,1 ñëó÷àÿ íà 100 òûñ. íàñåëåíèÿ ïðè

ðåàëüíîì ïîêàçàòåëå, çàðåãèñòðèðîâàí-
íîì â ýòîì ãîäó, ðàâíîì 18,3±6,8 ñëó÷àÿ
íà 100 òûñ. íàñåëåíèÿ. Ïðè t=l,96 âåðõ-
íÿÿ è íèæíÿÿ äîâåðèòåëüíàÿ ãðàíèöû

ïðîãíîçèðóåìîãî ïîêàçàòåëÿ ñîñòàâèëè
34,0 è 6,2 ñëó÷àÿ íà 100 òûñ. íàñåëåíèÿ.
Ñòàòèñòè÷åñêè äîñòîâåðíûõ ðàçëè÷èé

ìåæäó ïðîãíîçèðóåìûì è ôàêòè÷åñêèì
ïîêàçàòåëÿìè íå âûÿâëåíî (ð<0,05).

Âñå âûäåëåííûå êëèìàòè÷åñêèå ôàê-

òîðû ìîãóò âëèÿòü íà ýïèçîîòè÷åñêèé

Òàáëèöà 1

Ðåçóëüòàòû îöåíêè ñòàòèñòè÷åñêîé çíà÷èìîñòè êîýôôèöèåíòîâ ðåãðåññèè

Òàáëèöà 2

Îöåíêà ñèëû ñâÿçè êëèìàòè÷åñêèõ
ôàêòîðîâ ñ çàáîëåâàåìîñòüþ

íàñåëåíèÿ ÃËÏÑ
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è ýïèäåìè÷åñêèé ïðîöåññ õàíòàâèðóñíîé
èíôåêöèè. Ðàçâèòèå ýïèäåìèé èíôåêöè-
îííûõ çàáîëåâàíèé ñ ïðîÿâëåíèåì ñîë-

íå÷íîé àêòèâíîñòè ñâÿçûâàë àêàäåìèê
A.Ë.×èæåâñêèé [4]. Òåìïåðàòóðíûé ðå-
æèì â îêòÿáðå è êîëè÷åñòâî îñàäêîâ â

íîÿáðå ìîãóò ïðîäëåâàòü èëè ïðåðûâàòü
ïåðèîä îñåííèõ ìèãðàöèîííûõ ïðîöåñ-
ñîâ ìåëêèõ ìëåêîïèòàþùèõ â ñòîðîíó

æèëüÿ, ÷òî íåñîìíåííî ïîâûøàåò íà ðèñê
çàðàæåíèÿ íàñåëåíèÿ. Òå æå êëèìàòè÷åñ-
êèå ôàêòîðû îïðåäåëÿþò ÷àñòîòó ïîñå-

ùåíèÿ ìåñòíûìè æèòåëÿìè ñ êàêèìè-
ëèáî öåëÿìè ïðèðîäíûõ î÷àãîâ ÃËÏÑ.
Ïðè ýòîì íåîáõîäèìî ó÷èòûâàòü, ÷òî

êîëè÷åñòâî îñàäêîâ âëèÿåò íà àêòèâíîñòü
âîçäóøíî-ïûëåâîãî ïóòè ïåðåäà÷è, ÿâëÿ-
þùåãîñÿ îñíîâíûì ïðè ÃËÏÑ â ñòåï-

íûõ ëàíäøàôòàõ Îðåíáóðãñêîé îáëàñòè.
Óðîâåíü ðåê ïðè âåñåííåì ðàçëèâå îáåñ-
ïå÷èâàåò óíè÷òîæåíèå îïðåäåëåííîé

äîëè ïîïóëÿöèè ìåëêèõ ìëåêîïèòàþùèõ,
è â ïåðâóþ î÷åðåäü ïîïóëÿöèþ ðûæåé
ïîëåâêè, ïðîæèâàþùåé â Îðåíáóðãñêîé

îáëàñòè â ïîéìå ðåê. Óðîâåíü âûñîòû
ôåâðàëüñêîãî ñíåæíîãî ïîêðîâà â òîé
èëè èíîé ìåðå îáåñïå÷èâàþò âîçìîæ-

íîñòü ðàííåãî ïîäñíåæíîãî ðàçìíîæåíèÿ
ðûæåé ïîëåâêè – îñíîâíîãî èñòî÷íèêà
âîçáóäèòåëÿ âèðóñà ÃËÏÑ òèïà Ïóóìàëà,

âûäåëÿåìîãî íà òåððèòîðèè Îðåíáóðãñ-
êîé îáëàñòè [5].

Òàêèì îáðàçîì, ñðåäè ìíîãîîáðàçèÿ

äîñòóïíûõ êëèìàòè÷åñêèõ äàííûõ 97,9%
îáúåìà âàðèàöèè ïîêàçàòåëÿ çàáîëåâàå-
ìîñòè ÃËÏÑ íàñåëåíèÿ èçó÷àåìîãî ðàé-

îíà ðàçìåùåíèÿ âîåííîñëóæàùèõ îïðå-
äåëÿþò 6 ôàêòîðîâ, íàèáîëåå çíà÷èìûìè
èç êîòîðûõ ÿâëÿþòñÿ òåìïåðàòóðà àòìîñ-

ôåðíîãî âîçäóõà â îêòÿáðå, ìàêñèìàëü-
íûé è ìèíèìàëüíûé óðîâíè âûñîòû
ñíåæíîãî ïîêðîâà â ôåâðàëå.
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