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Ïðåäñòàâëåíû ðåçóëüòàòû îöåíêè óñïåøíîñòè ïðîãíîçà îáëåäåíåíèÿ âîçäóøíîãî ñóäíà (ÂÑ) ïðè èñïîëü-

çîâàíèè äèñòàíöèîííîãî ñïîñîáà îïðåäåëåíèÿ çîí åãî âîçìîæíîãî îáëåäåíåíèÿ â íèæíåì êèëîìåòðîâîì 
ñëîå. Îöåíêà ïðîâîäèëàñü íà îñíîâå ðàñ÷åòà ïðåäóïðåæäåííîñòè íàëè÷èÿ îïàñíîãî ìåòåîðîëîãè÷åñêîãî ÿâ-
ëåíèÿ, â äàííîì ñëó÷àå îáëåäåíåíèÿ ÂÑ. Îïèñàíà ìåòîäèêà ðàñ÷åòà ïðåäóïðåæäåííîñòè íàëè÷èÿ ÿâëåíèÿ, 
êîòîðàÿ ñîîòâåòñòâóåò ìåòîäèêå, èñïîëüçóåìîé â àâèàöèîííûõ ïðîãíîñòè÷åñêèõ ïîäðàçäåëåíèÿõ äëÿ ðàñ÷åòà 
îïðàâäûâàåìîñòè. Ýòà ìåòîäèêà ó÷èòûâàåò íå òîëüêî âðåìÿ, íî è âûñîòó. Ïðîâåäåííûå ðàñ÷åòû ïîêàçàëè, 
÷òî ïðåäëîæåííûé äèñòàíöèîííûé ñïîñîá óñïåøíî ñïðîãíîçèðîâàë îáëåäåíåíèå ÂÑ êàê ïî ôîðìóëå Ãîäñêå, 
òàê è ïî ìîäåëè Øóëüöà–Ïîëèòîâè÷. 

 

Êëþ÷åâûå ñëîâà: îáëåäåíåíèÿ âîçäóøíûõ ñóäîâ, ïðåäóïðåæäåííîñòü íàëè÷èÿ ÿâëåíèÿ, óñïåøíîñòü 
ïðîãíîçà, ôîðìóëà Ãîäñêå, ìîäåëü Øóëüöà–Ïîëèòîâè÷; aircraft icing, phenomenon presence warning, forecast 
accuracy, the Godske formula, the Schulz–Politovich model. 

 
 
Îäíîé èç îñîáåííîñòåé ïðîãíîçèðîâàíèÿ ìåòåî-

ðîëîãè÷åñêîãî ñîñòîÿíèÿ àòìîñôåðû âî âðåìÿ âçëåòà 
è ïîñàäêè âîçäóøíîãî ñóäíà (ÂÑ) ÿâëÿåòñÿ òî, ÷òî 
ÂÑ ëåòèò ñ îãðîìíîé ñêîðîñòüþ íà âûñîòàõ, áëèç-
êèõ ê ïîâåðõíîñòè çåìëè, è íà ïðèíÿòèå ðåøåíèé 

ýêèïàæó îñòàåòñÿ ìàëî âðåìåíè. Ïîýòîìó èíôîð- 
ìàöèÿ î ñîñòîÿíèè àòìîñôåðû äîëæíà áûòü òî÷íîé  
è ïîëó÷åííîé ñ âûñîêèì ïðîñòðàíñòâåííî-âðåìåííûì 
ðàçðåøåíèåì [1, 2]. 

Ìåòåîðîëîãè÷åñêèé òåìïåðàòóðíûé ïðîôèëåìåð 
MTP-5PE, êîòîðûé ïðåäñòàâëÿåò ñîáîé ðàäèîìåòðè-
÷åñêèé ïðèáîð äèñòàíöèîííîãî çîíäèðîâàíèÿ àòìî-
ñôåðû [3], ïîçâîëÿåò ïîëó÷èòü òðåáóåìîå ïðîñòðàí-
ñòâåííî-âðåìåííîå ðàçðåøåíèå, ñîîòâåòñòâóþùåå 

èçìåíåíèÿì àòìîñôåðíûõ óñëîâèé âî âðåìÿ îáëåäå-
íåíèÿ ïðè âçëåòå è ïîñàäêå. Â ðàáîòå [4] ïðåäëîæåí 

äèñòàíöèîííûé ñïîñîá îïðåäåëåíèÿ ïðîñòðàíñòâåí-
íûõ çîí âåðîÿòíîãî îáëåäåíåíèÿ ïðè âçëåòå è ïîñàä-
êå ÂÑ ñ èñïîëüçîâàíèåì ôîðìóëû Ãîäñêå [5] è ìî-
äåëè Øóëüöà–Ïîëèòîâè÷ [6]. 

Â íàñòîÿùåì ñîîáùåíèè ïðåäñòàâëåíû ðåçóëü-
òàòû èññëåäîâàíèé ïðåäóïðåæäåííîñòè, êîòîðàÿ  
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ìîæåò ñëóæèòü êîëè÷åñòâåííûì êðèòåðèåì óñïåø-
íîñòè ïðîãíîçà îïàñíîãî ÿâëåíèÿ ñ ïîìîùüþ äàííî-
ãî äèñòàíöèîííîãî ñïîñîáà [7]. 

Ðàññìîòðèì â êà÷åñòâå ïðèìåðà ïðîãíîç ïî ìî-
äåëè Øóëüöà–Ïîëèòîâè÷ îáëåäåíåíèÿ ÂÑ, êîòîðîå 
ôàêòè÷åñêè íàáëþäàëîñü 17.03.2013 ã. â ìåæäó- 
íàðîäíîì àýðîïîðòó Òîìñêà. Ðåçóëüòàòû ïðîãíîçà 
ïðåäñòàâëåíû íà ðèñóíêå, ãäå ïîêàçàíû ïðîñòðàí-
ñòâåííûå çîíû âîçìîæíîãî îáëåäåíåíèÿ ÂÑ. Ïðî-
ãíîç ïîëó÷åí äëÿ ðàâíîìåðíîé ñåòêè ïî âûñîòå è âî 
âðåìåíè ñ èñïîëüçîâàíèåì òåõíîëîãèè ýêñòðàïîëè-
ðîâàíèÿ èçìåðåíèé ïðîôèëÿ òåìïåðàòóðû ñ ïîìî-
ùüþ MTP-5PE. 

Áóäåì ñ÷èòàòü ïðîãíîç óñïåøíûì â êîíêðåò- 
íîé ÿ÷åéêå, åñëè ïðîãíîç îáëåäåíåíèÿ (Π) ñîâïàë  
ñ ôàêòè÷åñêîé ïîãîäîé (Φ), ò.å. íàëè÷èåì îáëåäå-
íåíèÿ ÂÑ, à íåóñïåøíûì ïðè îøèáî÷íîì ïðîãíî- 
çå ( )Π . Êîëè÷åñòâåííîé îöåíêîé ïðîãíîçà îáëåäå- 
íåíèÿ ÂÑ, âûïîëíåííîãî ñ èñïîëüçîâàíèåì äèñòàí-
öèîííîãî ñïîñîáà [7] ïî ôîðìóëå Ãîäñêå [5] èëè 
ìîäåëè Øóëüöà–Ïîëèòîâè÷ [6], ÿâëÿåòñÿ ïðåäó-
ïðåæäåííîñòü ñëó÷àåâ ñ ÿâëåíèåì Πÿ, âûðàæåííàÿ  
â ïðîöåíòàõ: 
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Ïðîãíîç ïðîñòðàíñòâåííûõ çîí âîçìîæíîãî îáëåäåíåíèÿ ÂÑ (ñåðûé, òåìíî-ñåðûé è ñâåòëî-ñåðûé öâåò, ñì. [4]) è ôàêòè- 
  ÷åñêîå îáëåäåíåíèå ÂÑ (ñåòêà) (ñëåâà) è ñõåìà ðàñ÷åòà ïðåäóïðåæäåííîñòè íàëè÷èÿ ÿâëåíèÿ (îáëåäåíåíèÿ) (ñïðàâà) 

 

ãäå nΠΦ – ÷èñëî ÿ÷ååê, â êîòîðûõ îïðàâäàëñÿ ïðî-
ãíîç îáëåäåíåíèÿ ÂÑ; nΦ – ôàêòè÷åñêîå ÷èñëî ÿ÷å-
åê, â êîòîðûõ íàáëþäàëîñü ÿâëåíèå. Ïðåäó- 
ïðåæäåííîñòü ñëó÷àåâ ñ ÿâëåíèåì – ýòî íàèáîëåå 
îáúåêòèâíûé ïàðàìåòð îöåíêè êà÷åñòâà ïðîãíîçà, 
îòðàæàþùèé óñïåøíîñòü ïðîãíîçà îáëåäåíåíèÿ ÂÑ. 
Îïðåäåëåíèå (1) â ïîëíîé ìåðå ñîâïàäàåò ñ ìåòîäè-
êîé, ïðèíÿòîé ÀÌÑÃ Òîìñê è ÇÀÌÖ Íîâîñèáèðñê 

äëÿ îöåíêè óñïåøíîñòè ïðîãíîçà îáëåäåíåíèÿ ÂÑ  
ñ èíòåðâàëîì âðåìåíè 12 ÷. Ðàñ÷åò äàííîãî ïîêàçà-
òåëÿ ñîîòâåòñòâóåò ðóêîâîäÿùåìó äîêóìåíòó ÐÄ 
52.27.284-91 [8]. 

Íà ðèñóíêå ñëåâà âèäíî, ÷òî 17.03.2013 ã. â ìå-
æäóíàðîäíîì àýðîïîðòó Òîìñêà áûëè çàôèêñèðî- 
âàíû òðè ïåðèîäà îáëåäåíåíèÿ ÂÑ. Â ïåðâûå äâà  

ïåðèîäà êîëè÷åñòâî óñïåøíî ñïðîãíîçèðîâàííûõ îïàñ-
íûõ ìåòåîðîëîãè÷åñêèõ ÿâëåíèé ñîâïàäàåò ñ êîëè-
÷åñòâîì íàáëþäàâøèõñÿ ñëó÷àåâ îáëåäåíåíèÿ ÂÑ. 
Òðåòèé ïåðèîä õàðàêòåðèçóåòñÿ òåì, ÷òî îáëåäåíå-
íèå íàáëþäàëîñü â îáëàñòè îò ïîâåðõíîñòè çåìëè 
äî âûñîòû 1000 ì, à ïðîãíîçèðîâàëîñü îò 30–60 ì 

äî âûñîò 1000 ì â çàâèñèìîñòè îò âðåìåíè. Íà ðè-
ñóíêå ñëåâà ýëëèïñîì ïîêàçàíà äàííàÿ îáëàñòü, 
ÿ÷åéêè ñåòêè êîòîðîé ñõåìàòè÷åñêè ïðåäñòàâëåíû íà 

ðèñóíêå ñïðàâà. Âèäíî, ÷òî â ÿ÷åéêàõ, áëèçêèõ  
ê ïîâåðõíîñòè çåìëè, ñïðîãíîçèðîâàòü ïðàâèëüíî 
ÿâëåíèÿ îáëåäåíåíèÿ ÂÑ íå óäàëîñü, ò.å. ðåàëèçî-
âàëàñü ñèòóàöèÿ ,Π  Φ, à âûøå íàáëþäàëñÿ óñïåø-
íûé ïðîãíîç Π, Φ. 

Ïðè âû÷èñëåíèè ïðåäóïðåæäåííîñòè ñëó÷àåâ  
ñ ÿâëåíèåì îáëåäåíåíèÿ ÂÑ ïðåîáðàçóåì ôîðìó- 
ëó (1), ââåäÿ ðàçìåð ïîäñåòî÷íîé ÿ÷åéêè ïðîãíîçà 
íà ðèñóíêå ñïðàâà Δs = ΔzΔt, ãäå Δz = zm + 1 − zm – 
øàã ïî âûñîòå; Δt = tk + 1 − tk – øàã ïî âðåìåíè, 
ñîîòâåòñòâóþùèå âåðòèêàëüíîìó è âðåìåííîìó ðàç-
ðåøåíèþ èçìåðÿåìîãî ïðîôèëÿ òåìïåðàòóðû: 
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ãäå SΠΦ – ïëîùàäü ÿ÷ååê, â êîòîðûõ îïðàâäàëñÿ ïðî-
ãíîç îáëåäåíåíèÿ ÂÑ; SΦ – ïëîùàäü ÿ÷ååê, â êîòî-
ðûõ íàáëþäàëîñü ÿâëåíèå. 

Èç ôîðìóëû (2) ñëåäóåò: äëÿ îïðåäåëåíèÿ âå-
ëè÷èíû ïðåäóïðåæäåííîñòè äîñòàòî÷íî ðàññ÷èòàòü 
ïëîùàäè ÿ÷ååê, â êîòîðûõ óñïåøíî ñïðîãíîçèðîâà-
íî îïàñíîå ìåòåîðîëîãè÷åñêîå ÿâëåíèå, è ïëîùàäè 
ÿ÷ååê íàáëþäàâøèõñÿ ñëó÷àåâ îáëåäåíåíèÿ ÂÑ. Ðå-
çóëüòàòû ðàñ÷åòà ïðåäóïðåæäåííîñòè ñëó÷àåâ ñ îá-
ëåäåíåíèåì ÂÑ ïîëó÷åíû äëÿ àýðîïîðòà Òîìñêà çà 
îäèí ãîä (ñ îêòÿáðÿ 2012 ã. ïî ñåíòÿáðü 2013 ã.)  
è àýðîïîðòà Íîâîñèáèðñêà çà ÿíâàðü 2015 ã. è ïðåä-
ñòàâëåíû â òàáëèöå. Âûáîð âðåìåííûõ ïðîìåæóò-
êîâ ñâÿçàí ñ ïðîâåäåíèåì ýêñïåðèìåíòîâ â äàííûõ 
àýðîïîðòàõ. Âèäíî, ÷òî ïðåäóïðåæäåííîñòü ýòîãî 
ÿâëåíèÿ, ðàññ÷èòàííàÿ ïî ôîðìóëå Ãîäñêå, èìååò 
ïîðÿäîê 80%, à äëÿ ìîäåëè Øóëüöà–Ïîëèòîâè÷ – 
90% è âûøå. 

 
Ñòåïåíü ïðåäóïðåæäåííîñòè ñëó÷àåâ  

ñ îáëåäåíåíèåì ÂÑ, % 

Ìåòîä ðàñ÷åòà Òîìñê Íîâîñèáèðñê

Ôîðìóëà Ãîäñêå 83,4 78,7 
Ìîäåëü Øóëüöà–Ïîëèòîâè÷ 88,7 99,6 

 
Òàêèì îáðàçîì, ïðåäëîæåííûé äèñòàíöèîííûé 

ñïîñîá [7] èìååò âûñîêóþ ñòåïåíü íàäåæíîñòè ïðè 

ïðîãíîçèðîâàíèè ïðîñòðàíñòâåííûõ çîí âåðîÿòíîãî 
îáëåäåíåíèÿ ïðè âçëåòå è ïîñàäêå ÂÑ. 

Èññëåäîâàíèå âûïîëíåíî ïðè ôèíàíñîâîé ïîä-
äåðæêå ÐÔÔÈ â ðàìêàõ íàó÷íîãî ïðîåêòà ¹ 18-
05-80051. 
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V.V. Zuev, D.P. Mordus, A.V. Pavlinskii. Verification of aircraft icing forecast based on the atmos-

pheric radiometry remote method. 
The results of verification of the aircraft icing forecast based on the remote method for determining the ar-

eas of potential icing in the lower kilometer layer, are presented. The evaluation was carried out on the basis of 
the calculation of the presence warning of the dangerous meteorological phenomenon, in this case, the icing  
of the aircraft. The method of calculating of the phenomenon presence warning, which corresponds to the method 
used in the aviation forecasting units for the calculation of accuracy, is described. The proposed method takes 
into account not only time but also height. The calculations showed that the proposed remote method success-
fully predicted aircraft icing hazard, both using the Godske formula and the Schulz–Politovich model. 
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