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Ïðåäñòàâëåíû ðåçóëüòàòû ïðèìåíåíèÿ ìåòåîðîëîãè÷åñêîãî òåìïåðàòóðíîãî ïðîôèëåìåðà MTP-5PÅ äëÿ 
îïðåäåëåíèÿ ïðîñòðàíñòâåííûõ çîí âîçìîæíîãî îáëåäåíåíèÿ âîçäóøíîãî ñóäíà â àýðîïîðòó ã. Òîìñêà íà 
17.03.2013 ã. Ïðè îïðåäåëåíèè ïðîñòðàíñòâåííûõ çîí èñïîëüçîâàëèñü RAP-àëãîðèòì, ôîðìóëà Ãîäñêå, à òàê-
æå äàííûå ÀÌÈÑ-ÐÔ äëÿ âîññòàíîâëåíèÿ ïðîôèëÿ âëàæíîñòè. Ïîêàçàíî, ÷òî RAP-àëãîðèòì è ôîðìóëà Ãîä-
ñêå äàþò ñõîæèå ðåçóëüòàòû ïî ðàñïîëîæåíèþ ïðîñòðàíñòâåííûõ çîí âîçìîæíîãî îáëåäåíåíèÿ âîçäóøíîãî 
ñóäíà. Îäíàêî ðåçóëüòàò, ïîëó÷åííûé ïî RAP-àëãîðèòìó, áîëåå áëèçîê ê ôàêòè÷åñêèì äàííûì îá îáëåäåíå-
íèè, êîòîðûå ïîñòóïàëè ñ áîðòîâ âîçäóøíûõ ñóäîâ. 

 

Êëþ÷åâûå ñëîâà: îáëåäåíåíèå, ïðîôèëü, òåìïåðàòóðà, îòíîñèòåëüíàÿ âëàæíîñòü, òåìïåðàòóðà òî÷êè ðî-
ñû; icing, profile, temperature, relative humidity, dew point temperature. 

 

Ââåäåíèå 
 

Îáëåäåíåíèå âîçäóøíîãî ñóäíà îòíîñèòñÿ ê ÷èñ- 
ëó îïàñíûõ ÿâëåíèé ïîãîäû. Îíî íàðóøàåò àýðîäè-
íàìè÷åñêèå ñâîéñòâà âîçäóøíîãî ñóäíà, ðàáîòó ïðè-
áîðîâ è äâèãàòåëåé, ñâÿçü, óõóäøàåò âèäèìîñòü, 
âûçûâàåò èçìåíåíèå êîíñòðóêöèè ëåòàòåëüíûõ àï-
ïàðàòîâ. Îáëåäåíåíèå ìîæåò íàðóøàòü îáòåêàíèå 
êðûëà ñàìîëåòà, ÷òî ïðèâîäèò ê ïðåæäåâðåìåííîìó 
ñðûâó ïîòîêà è äàæå ê êàòàñòðîôå. Â áîëüøèíñòâå 
ñàìîëåòîâ èìåþòñÿ àíòèîáëåäåíèòåëüíûå óñòðîéñò-
âà, è â àýðîïîðòàõ ïðåäóñìîòðåíî ïðèìåíåíèå ïðîòè-
âîîáëåäåíèòåëüíûõ ñðåäñòâ. Íî áîðüáà ñ ýòèì ÿâëå-
íèåì çàòðàòíà, îòíèìàåò çíà÷èòåëüíûå ìàòåðèàëüíûå  

è ëþäñêèå ðåñóðñû, ïîýòîìó ðåãóëÿðíûå íàáëþäå-
íèÿ, êîíòðîëü îáëåäåíåíèÿ è åãî ïðîãíîçèðîâàíèå 
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ñîâåðøåííî íåîáõîäèìû äëÿ îáåñïå÷åíèÿ áåçîïàñ-
íîñòè ïîëåòà. 

Â íàñòîÿùåå âðåìÿ íà àýðîäðîìàõ ÐÔ ìîíèòî-
ðèíã ìåòåîðîëîãè÷åñêèõ óñëîâèé, êîòîðûå ñïîñîá-
ñòâóþò îáëåäåíåíèþ, îñóùåñòâëÿåòñÿ 2 ðàçà â ñóòêè 
ìåòîäàìè ðàäèîçîíäèðîâàíèÿ, à òàêæå ïåðèîäè÷åñêè 

äàííûå îá îáëåäåíåíèè ïîñòóïàþò ñ áîðòîâ ñàìîëå-
òîâ, íà êîòîðûõ óñòàíîâëåíû êîíòàêòíûå äàò÷èêè. 
Äàííàÿ ïåðèîäè÷íîñòü ïîëó÷åíèÿ èíôîðìàöèè íå-
äîñòàòî÷íà äëÿ îáúåêòèâíîãî êîíòðîëÿ íàä èçìåíå-
íèåì ìåòåîðîëîãè÷åñêîé ñèòóàöèè â ñèëó âûñîêîé 
âíóòðèñóòî÷íîé èçìåí÷èâîñòè òåìïåðàòóðíûõ ïîëåé 
â àòìîñôåðå. 

Â íàñòîÿùåå âðåìÿ ïîâûñèòü ïåðèîäè÷íîñòü ïî-
ëó÷åíèÿ èíôîðìàöèè ìîæíî äâóìÿ ñïîñîáàìè. Ïåð-
âûé ñïîñîá çàêëþ÷àåòñÿ â èñïîëüçîâàíèè ñîâðåìåí-
íûõ ìåòåîðîëîãè÷åñêèõ ìîäåëåé ïðîãíîçà äëÿ îïðå-
äåëåíèÿ çîí âîçìîæíîãî îáëåäåíåíèÿ âîçäóøíûõ 
ñóäîâ [1], âòîðîé ñïîñîá – â ïðèìåíåíèè òåõíèêè 
äèñòàíöèîííîãî çîíäèðîâàíèÿ, êîòîðàÿ ïîçâîëÿåò êîí-
òðîëèðîâàòü òåðìè÷åñêóþ ñòðóêòóðó íèæíåãî êèëî-
ìåòðîâîãî ñëîÿ àòìîñôåðû è îöåíèâàòü åå âðåìåííóþ 
äèíàìèêó ñ âûñîêèì ïðîñòðàíñòâåííî-âðåìåííûì 

ðàçðåøåíèåì. 
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Ïðîñòðàíñòâåííûå çîíû âîçìîæíîãî îáëåäåíå-
íèÿ âîçäóøíîãî ñóäíà íàìè îïðåäåëÿëèñü íà îñíîâå 
èçìåðåíèÿ äèíàìèêè òåìïåðàòóðíîãî ïîëÿ ñ ïîìî-
ùüþ òåõíèêè äèñòàíöèîííîãî çîíäèðîâàíèÿ, à èìåí-
íî ìåòåîðîëîãè÷åñêîãî òåìïåðàòóðíîãî ïðîôèëåìåðà 
MTP-5PÅ (âåðñèÿ ðàñøèðåííîãî òåìïåðàòóðíîãî äèà- 
ïàçîíà è âûñîêîãî ðàçðåøåíèÿ) [2–4]. Äàííûå èç-
ìåðåíèé áûëè ïîëó÷åíû â õîäå ýêñïåäèöèîííûõ ðà-
áîò â àýðîïîðòó ã. Òîìñêà â ïåðèîä 2012–2013 ãã. [5]. 
Ïðîôèëü âëàæíîñòè, êîòîðûé òàêæå íåîáõîäèì äëÿ 
îïðåäåëåíèÿ ïðîñòðàíñòâåííûõ çîí, âîññòàíàâëèâàë-
ñÿ ñ èñïîëüçîâàíèåì äàííûõ àýðîäðîìíîé ìåòåîðî-
ëîãè÷åñêîé ñèñòåìû ÀÌÈÑ-ÐÔ. 

Â ïåðâîì ðàçäåëå ñòàòüè èçëîæåíû ìåòîäû ïðî-
ãíîçà îáëåäåíåíèÿ ñ èñïîëüçîâàíèåì RAP-àëãîðèòìà 
[6] è ôîðìóëû Ãîäñêå [7], à òàêæå ïðåäñòàâëåíû 
îñíîâíûå âûðàæåíèÿ äëÿ âîññòàíîâëåíèÿ ïðîôèëåé 
îòíîñèòåëüíîé âëàæíîñòè è òåìïåðàòóðû òî÷êè ðî-
ñû. Âî âòîðîì ðàçäåëå ñîäåðæèòñÿ àíàëèç ñèíîïòè-
÷åñêèõ è ìåòåîðîëîãè÷åñêèõ óñëîâèé â àýðîïîðòó 
ã. Òîìñêà íà 17.03.2013 ã. Â òðåòüåì ðàçäåëå ïðåä-
ñòàâëåíû ðåçóëüòàòû ðàñ÷åòà ïðîñòðàíñòâåííûõ çîí 
âîçìîæíîãî îáëåäåíåíèÿ âîçäóøíîãî ñóäíà â àýðî-
ïîðòó ã. Òîìñêà íà ðàññìàòðèâàåìûé äåíü. Äàòû  
è âðåìÿ ñîîòâåòñòâóþò Âñåìèðíîìó êîîðäèíèðîâàí-
íîìó âðåìåíè (UTC). Îñíîâíûå âûâîäû èçëîæåíû 
â çàêëþ÷åíèè. 

 

1. Ìåòîäû ïðîãíîçà îáëåäåíåíèÿ 
 

Ñ òî÷êè çðåíèÿ ìåòåîðîëîãè÷åñêèõ óñëîâèé îá-
ëåäåíåíèå âîçìîæíî ïðè âûïîëíåíèè îïðåäåëåííûõ 
óñëîâèé, êîòîðûå íàêëàäûâàþòñÿ íà äèàïàçîí òåì-
ïåðàòóðû è âëàæíîñòè âîçäóøíîé ìàññû [6, 7]. Íà 
ïðàêòèêå íàèáîëåå ÷àñòî èñïîëüçóþòñÿ ìåòîäû ïðî-
ãíîçà îáëåäåíåíèÿ, èçâåñòíûå êàê RAP-àëãîðèòì  
è ôîðìóëà Ãîäñêå. 

 

1.1. RAP-àëãîðèòì 
 

Â [6] ïîêàçàíî, ÷òî ïîâòîðÿåìîñòü îáëåäåíåíèÿ 

ñàìîëåòîâ â çîíàõ, ãäå îäíîâðåìåííî âûïîëíÿþòñÿ 

ñëåäóþùèå íåðàâåíñòâà, íà ïîðÿäîê âûøå, ÷åì âíå 
ýòèõ çîí: 

 –16 °Ñ ≤ T(z) ≤ 0 °C, (1) 

 RH(z) ≥ 63%, (2) 

ãäå T(z) è RH(z) – òåìïåðàòóðà è îòíîñèòåëüíàÿ 

âëàæíîñòü íà âûñîòå z. 

 

1.2. Ôîðìóëà Ãîäñêå 
 

Â ñëó÷àå ôîðìóëû Ãîäñêå [7] ïðîñòðàíñòâåííûå 

çîíû âîçìîæíîãî îáëåäåíåíèÿ âîçäóøíûõ ñóäîâ îï-
ðåäåëÿþòñÿ ñëåäóþùèì îáðàçîì: 

 ( )( ) –8 ( ) – ( ) ,dT z T z T z≤ ⋅  (3) 

ãäå Òd(z) – òåìïåðàòóðà òî÷êè ðîñû íà âûñîòå z. Âå-
ëè÷èíà ( )–8 ( ) – ( )dT z T z⋅  åñòü òåìïåðàòóðà íàñûùå-
íèÿ ïî îòíîøåíèþ êî ëüäó. Ôîðìóëà Ãîäñêå ïîâñå-

ìåñòíî èñïîëüçóåòñÿ äëÿ ïðîãíîçà îáëåäåíåíèÿ â àý- 
ðîïîðòàõ ÐÔ, â òîì ÷èñëå è â àýðîïîðòó ã. Òîìñêà. 
 

1.3. Âîññòàíîâëåíèå ïðîôèëÿ  
âëàæíîñòè 

 

Èç íåðàâåíñòâ (1)–(3) âèäíî, ÷òî ïðîñòðàíñò-
âåííûå çîíû âîçìîæíîãî îáëåäåíåíèÿ âîçäóøíîãî 
ñóäíà îïðåäåëÿþòñÿ ïîâåäåíèåì ïðîôèëåé òåìïåðà-
òóðû è âëàæíîñòè. Ïðîôèëü òåìïåðàòóðû èçìåðÿëñÿ 
ñ ïîìîùüþ ìåòåîðîëîãè÷åñêîãî òåìïåðàòóðíîãî ïðî-
ôèëåìåðà MTP-5PÅ. Ïðîôèëü îòíîñèòåëüíîé âëàæ-
íîñòè RH(z) âîññòàíàâëèâàåòñÿ ñ èñïîëüçîâàíèåì 
äàííûõ àýðîäðîìíîé ìåòåîðîëîãè÷åñêîé ñèñòåìû 
ÀÌÈÑ-ÐÔ î íèæíåé ãðàíèöå îáëà÷íîñòè H è ïðè-
çåìíûõ çíà÷åíèÿõ îòíîñèòåëüíîé âëàæíîñòè ,0HR : 
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Âîññòàíîâëåíèå ïðîôèëÿ òåìïåðàòóðû òî÷êè ðî- 
ñû îñóùåñòâëÿåòñÿ íà îñíîâå èçìåðåííûõ çíà÷åíèé 

ïðîôèëÿ òåìïåðàòóðû Ò(z) è ðåçóëüòàòîâ âîññòàíîâ-
ëåíèÿ ïðîôèëÿ îòíîñèòåëüíîé âëàæíîñòè RH(z) ïî (4): 
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ãäå êîýôôèöèåíòû A1 = 17,625 è B1 = 243,04 °C [8]. 
 

 

2. Àíàëèç ñèíîïòè÷åñêèõ  
è ìåòåîðîëîãè÷åñêèõ óñëîâèé 

 

Íà ðèñ. 1 ïðåäñòàâëåí ïðèçåìíûé àíàëèç ïîãî-
äû äëÿ 00:00 UTC 17.03.2013 ã. Þã Òîìñêîé îáëàñòè 
è àýðîïîðò ã. Òîìñêà áûëè ðàñïîëîæåíû â ëîæáèíå 
öèêëîíà, öåíòð êîòîðîãî íàõîäèëñÿ íà åâðîïåéñêîé 

òåððèòîðèè Ðîññèè (óñëîâíîå îáîçíà÷åíèå íà êàðòå 

öèêëîíà – Í, àíòèöèêëîíà – Â). Âèäíî, ÷òî àýðîïîðò 

ã. Òîìñêà îêàçàëñÿ ìåæäó äâóìÿ òåïëûìè ôðîíòàìè 
(Àðêòè÷åñêîé è Ïîëÿðíîé ñèñòåìû ôðîíòîâ), êîòîðûå 
áûëè âûðàæåíû â êîíâåêòèâíîé îáëà÷íîñòè è ñîîò-
âåòñòâåííî â îñàäêàõ ëèâíåâîãî õàðàêòåðà. Ïðèçåì-
íûå çíà÷åíèÿ òåìïåðàòóðû âîçäóõà â çîíå òåïëîãî 
ôðîíòà Àðêòè÷åñêîé ñèñòåìû ñîñòàâëÿëè ïåðåä ôðîí- 
òîì ïîðÿäêà –9,9 °C (íà ñõåìå çíà÷åíèå òåìïåðàòó-
ðû íàõîäèòñÿ â âåðõíåì ëåâîì óãëó) è çà ôðîíòîì, 
â òåïëîì ñåêòîðå öèêëîíà, ïîäíèìàëèñü äî çíà÷åíèé 

–2,9 °C. Äàííàÿ îáñòàíîâêà ãîâîðèò î íåóñòîé÷èâîé 
àòìîñôåðå â ðàéîíå àýðîïîðòà ã. Òîìñêà. 

Íà ðèñ. 2 ïîêàçàí àíàëèç àáñîëþòíîé òîïîãðàôèè 

íà èçîáàðè÷åñêîé âûñîòå 700 ãÏà äëÿ 00:00 UTC, 
17.03.2013 ã. Âèäíî, ÷òî âîçäóøíàÿ ìàññà, êîòîðàÿ 
îáóñëîâëèâàëà ïîãîäó íà þãå Òîìñêîé îáëàñòè, ïî 
ñâîèì ñâîéñòâàì áûëà âëàæíîé è îòíîñèòåëüíî òåï-
ëîé, äåôèöèò òî÷êè ðîñû ñîñòàâëÿë ïîðÿäêà 0 °Ñ, 
òåìïåðàòóðà âîçäóõà íå îïóñêàëàñü íèæå –12 °C. 
 

 



 

 Ïðèìåíåíèå ìåòåîðîëîãè÷åñêîãî òåìïåðàòóðíîãî ïðîôèëåìåðà MTP-5PÅ… 1031 
11. Îïòèêà àòìîñôåðû è îêåàíà, ¹ 11. 

 
Ðèñ. 1. Ïðèçåìíûé àíàëèç ïîãîäû, 00:00 UTC, 17.03.2013 ã. 
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Ïîëíîå îïèñàíèå ñõåì è óñëîâíûõ îáîçíà÷åíèé íà 
ðèñ. 1 è 2 ïðåäñòàâëåíî â Íàñòàâëåíèè ïî ñëóæáå 
ïðîãíîçîâ [9]. 

Íà ðèñ. 3, à èçîáðàæåíû ïðèçåìíûå çíà÷åíèÿ 
òåìïåðàòóðû (ñïëîøíàÿ êðèâàÿ), îòíîñèòåëüíîé âëàæ- 
íîñòè (ïóíêòèðíàÿ) âîçäóõà, òåìïåðàòóðà òî÷êè ðîñû 
(øòðèõîâàÿ). Ïðèçåìíûå çíà÷åíèÿ òåìïåðàòóðû âîç-
äóõà íà óðîâíå 2 ì â ðàéîíå ã. Òîìñêà èçìåíÿëèñü îò 
–2 äî –6 °Ñ, ìèíèìàëüíûå çíà÷åíèÿ ôèêñèðîâàëèñü 
â óòðåííèå ÷àñû (22:00–01:00 UTC) è ìàêñèìàëüíûå 
â äíåâíîå è âå÷åðíåå âðåìÿ (8:00–22:00 UTC). Äå-
ôèöèò òî÷êè ðîñû â òå÷åíèå äíÿ íå ïðåâûøàë 2 °C, 
îòíîñèòåëüíàÿ âëàæíîñòü èçìåíÿëàñü îò 80 äî 100%. 
  Ñóòî÷íûå âàðèàöèè âûñîòû íèæíåé êðîìêè 
îáëà÷íîñòè ïî äàííûì ÀÌÈÑ-ÐÔ ïðåäñòàâëåíû íà 
ðèñ. 3, á. Âèäíî, ÷òî âûñîòà íèæíåé êðîìêè îáëà÷-
íîñòè â òå÷åíèå ñóòîê íå ïîäíèìàëàñü âûøå 650 ì, 
à â íåêîòîðûõ ñëó÷àÿõ ôèêñèðîâàëàñü è íà âûñîòå 
70–80 ì. 

Äíåâíûå âàðèàöèè ïðîôèëÿ òåìïåðàòóðû 

17.03.2013 ã. ïîêàçàíû íà ðèñ. 3, â. Â òå÷åíèå ñóòîê, 
êîãäà ïðîâîäèëèñü èçìåðåíèÿ òåðìè÷åñêîé ñòðóêòó- 
 

ðû íèæíåãî êèëîìåòðîâîãî ñëîÿ àòìîñôåðû â àýðî-
ïîðòó ã. Òîìñêà ñ ïîìîùüþ ïðîôèëåìåðà MTP-5PÅ, 
òåìïåðàòóðà â ýòîì ñëîå õàðàêòåðèçîâàëàñü çíà÷è-
òåëüíîé âûñîòíîé è âíóòðèñóòî÷íîé èçìåí÷èâîñòüþ. 
Â âå÷åðíåå è íî÷íîå âðåìÿ èçìåíåíèå òåìïåðàòóðû 
â ñëîå îò çåìëè äî 1000 ì ñîîòâåòñòâîâàëî íîðìàëü-
íîìó âåðòèêàëüíîìó ãðàäèåíòó. Â óòðåííèå ÷àñû, 
íà÷èíàÿ ñ âûñîòû 500 ì, íàáëþäàëñÿ ðîñò òåìïåðà-
òóðû âîçäóõà. Ìèíèìàëüíûå çíà÷åíèÿ òåìïåðàòóðû 
ôèêñèðîâàëèñü íà âûñîòàõ 400–500 ì ñ 00:00 äî 

02:00, à ìàêñèìàëüíûå – â íî÷íîå âðåìÿ íà âûñî-
òàõ îò çåìëè äî 100 ì è ñîñòàâëÿëè ïðèìåðíî –2 °C. 
  Íà îñíîâàíèè ïðîâåäåííîãî àíàëèçà ñèíîïòè÷å-
ñêèõ è ìåòåîðîëîãè÷åñêèõ óñëîâèé ìîæíî ñäåëàòü 
âûâîä, ÷òî ñèòóàöèÿ, êîòîðàÿ íàáëþäàëàñü â àòìî-
ñôåðå 17.03.2013 ã., ñïîñîáñòâîâàëà îáëåäåíåíèþ 

âîçäóøíûõ ñóäîâ. Ñîãëàñíî äàííûì, ïîñòóïàâøèì  
ñ áîðòîâ ñàìîëåòîâ, óìåðåííîå îáëåäåíåíèå îòìå÷à-
ëîñü â ýòîò äåíü â ïåðèîäû ñ 00:00 ïî 02:30 UTC  
â îáëàêàõ, ñ 08:15 ïî 10:00 UTC â îáëàêàõ íà âûñî-
òàõ îò 700 äî 2000 ì è ñ 11:06 ïî 13:00 UTC â îá-
ëàêàõ è îñàäêàõ íà âûñîòàõ îò 0 äî 2400 ì. 
 

 
 

 
 

 

 

Ðèñ. 3. Ïðèçåìíûå çíà÷åíèÿ òåìïåðàòóðû, îòíîñè-
òåëüíîé âëàæíîñòè âîçäóõà, òåìïåðàòóðû òî÷êè
ðîñû ïî äàííûì ÀÌÈÑ-ÐÔ (à); ñóòî÷íûå âàðèà-
öèè âûñîòû íèæíåé êðîìêè îáëà÷íîñòè ïî äàí-
íûì ÀÌÈÑ-ÐÔ (á); äíåâíûå âàðèàöèè ïðîôèëÿ 
òåìïåðàòóðû íà 17.03.2013 (äàííûå, ïîëó÷åííûå
  ñ ïîìîùüþ MTP-5PE) (â) 
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3. Ðåçóëüòàòû ðàñ÷åòà 
ïðîñòðàíñòâåííûõ çîí  

âîçìîæíîãî îáëåäåíåíèÿ 
 

Íà ðèñ. 4 ïîêàçàíû ðåçóëüòàòû ðàñ÷åòà ïðî-
ñòðàíñòâåííûõ çîí âîçìîæíîãî îáëåäåíåíèÿ âîçäóø-
íîãî ñóäíà äëÿ àýðîïîðòà ã. Òîìñêà íà 17.03.2013 ã. 
ñ èñïîëüçîâàíèåì RAP-àëãîðèòìà è ôîðìóëû Ãîäñêå 
ñîîòâåòñòâåííî. Ñâåòëî-ñåðûì, ñåðûì è ÷åðíûì öâå-
òîì ïîêàçàíû ïðîñòðàíñòâåííûå çîíû âîçìîæíîãî 
îáëåäåíåíèÿ âîçäóøíîãî ñóäíà, áåëûì öâåòîì – çîíû, 
ãäå ìåòåîðîëîãè÷åñêèå óñëîâèÿ íå ñïîñîáñòâóþò îá-
ëåäåíåíèþ. Ñâåòëî-ñåðûé öâåò ñîîòâåòñòâóåò ïðî-
ñòðàíñòâåííûì çîíàì âîçìîæíîãî îáëåäåíåíèÿ âîç-
äóøíîãî ñóäíà â îáëàêàõ, ÷åðíûé – â ëèâíåâîì ñíå-
ãå, ñåðûì öâåòîì ïîêàçàíû çîíû, ãäå âûïîëíÿþòñÿ 
óñëîâèÿ äëÿ âîçíèêíîâåíèÿ îáëåäåíåíèÿ â îòñóòñò-
âèå îáëàêîâ è îñàäêîâ. Øòðèõîì îáîçíà÷åíû ïðî- 
 

 
à 

 
á 

Ðèñ. 4. Ïðîñòðàíñòâåííûå çîíû âîçìîæíîãî îáëåäåíåíèÿ 
âîçäóøíîãî ñóäíà â àýðîïîðòó ã. Òîìñêà íà 17.03.2013 ã.: 
  à – RAP-àëãîðèòì; á – ôîðìóëà Ãîäñêå 

ñòðàíñòâåííûå çîíû ôàêòè÷åñêîãî îáëåäåíåíèÿ, èí-
ôîðìàöèÿ î êîòîðûõ ïîñòóïàëà ñ áîðòîâ ñàìîëåòîâ 
â òå÷åíèå ðàññìîòðåííîãî ïåðèîäà âðåìåíè. 

Àíàëèç ïðåäñòàâëåííûõ íà ðèñ. 4 äàííûõ ïîêà-
çûâàåò, ÷òî RAP-àëãîðèòì è ôîðìóëà Ãîäñêå äàþò 

ñõîæèå ðåçóëüòàòû ïî ðàñïîëîæåíèþ ïðîñòðàíñòâåí- 
íûõ çîí âîçìîæíîãî îáëåäåíåíèÿ âîçäóøíîãî ñóäíà. 
Îäíàêî ðåçóëüòàò, ïîëó÷åííûé ïî RAP-àëãîðèòìó, 
áîëåå áëèçîê ê ôàêòè÷åñêèì äàííûì îá îáëåäåíåíèè, 
èíôîðìàöèÿ î êîòîðîì ïîñòóïàëà ñ áîðòîâ âîçäóø-
íûõ ñóäîâ. 

 

Çàêëþ÷åíèå 
 

Ïðîâåäåíû èññëåäîâàíèÿ ïðîñòðàíñòâåííûõ çîí 
âîçìîæíîãî îáëåäåíåíèÿ âîçäóøíîãî ñóäíà â àýðî-
ïîðòó ã. Òîìñêà 17.03.2013 ã., ðàññ÷èòàííûõ ïî RAP-
àëãîðèòìó è ôîðìóëå Ãîäñêå. Àíàëèç ñèíîïòè÷åñêèõ 
è ìåòåîðîëîãè÷åñêèõ óñëîâèé ïîêàçàë, ÷òî ñîñòîÿ-
íèå àòìîñôåðû â ýòîò äåíü ñîîòâåòñòâîâàëî âîçíèê-
íîâåíèþ îáëåäåíåíèÿ âîçäóøíûõ ñóäîâ, à ïî äàí-
íûì, êîòîðûå ïîñòóïàëè ñ áîðòîâ ñàìîëåòîâ, íàáëþ-
äàëîñü óìåðåííîå îáëåäåíåíèå. 

Ïðîñòðàíñòâåííûå çîíû îïðåäåëÿëèñü ïóòåì èç- 
ìåðåíèÿ äèíàìèêè òåìïåðàòóðíîãî ïîëÿ ñ ïîìîùüþ 
òåõíèêè äèñòàíöèîííîãî çîíäèðîâàíèÿ, à èìåííî ìå- 
òåîðîëîãè÷åñêîãî òåìïåðàòóðíîãî ïðîôèëåìåðà MTP-
5PÅ. Ïðîôèëü âëàæíîñòè âîññòàíàâëèâàëñÿ ñ èñïîëü- 
çîâàíèåì äàííûõ àýðîäðîìíîé ìåòåîðîëîãè÷åñêîé 
ñèñòåìû ÀÌÈÑ-ÐÔ. Ïîêàçàíî, ÷òî RAP-àëãîðèòì 
è ôîðìóëà Ãîäñêå äàþò ñõîæèå ðåçóëüòàòû ïî ðàñ-
ïîëîæåíèþ ïðîñòðàíñòâåííûõ çîí âîçìîæíîãî îá- 
ëåäåíåíèÿ âîçäóøíîãî ñóäíà. Îäíàêî ðåçóëüòàò, ïî- 
ëó÷åííûé íà îñíîâå RAP-àëãîðèòìà, áîëåå áëèçîê  

ê ôàêòè÷åñêèì äàííûì îá îáëåäåíåíèè, èíôîðìàöèÿ 
î êîòîðîì ïîñòóïàëà ñ áîðòîâ âîçäóøíûõ ñóäîâ. 

Èçâåñòíî [2–4], ÷òî ïðîôèëåìåð MTP-5PÅ ïî-
çâîëÿåò èçìåðÿòü ïðîôèëü òåìïåðàòóðû äî âûñîòû 
1000 ì ñ ïðîñòðàíñòâåííûì ðàçðåøåíèåì 10, 25 è 50 ì 
è ñ ïåðèîäè÷íîñòüþ 5 ìèí. Ðàçðåøåíèå ïî âðåìåíè íà 

àýðîäðîìå ïî ðåãëàìåíòó ïðîèçâîäèòñÿ ÷åðåç 30 ìèí, 
îäíàêî â çàâèñèìîñòè îò èçìåíåíèÿ ïîãîäíûõ óñëîâèé 

è çàïðîñîâ ñëóæáû äâèæåíèÿ àýðîïîðòà âîçìîæíû 

ó÷àùåííûå ìåòåîðîëîãè÷åñêèå íàáëþäåíèÿ. Òàêèì îá- 
ðàçîì, èñïîëüçîâàíèå ìåòåîðîëîãè÷åñêîãî òåìïåðà-
òóðíîãî ïðîôèëåìåðà MTP-5PÅ ñîâìåñòíî ñ äàííûìè 

àýðîäðîìíîé ìåòåîðîëîãè÷åñêîé ñèñòåìû ÀÌÈÑ-ÐÔ 
ïîçâîëÿåò îñóùåñòâëÿòü ìîíèòîðèíã ìåòåîðîëîãè÷å-
ñêèõ óñëîâèé, êîòîðûå ìîãóò ïðèâåñòè ê îáëåäåíå-
íèþ, ñ âûñîêèì ïðîñòðàíñòâåííî-âðåìåííûì ðàçðå-
øåíèåì. 
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V.V. Zuev, D.P. Nakhtigalova, A.P. Shelekhov, E.A. Shelekhova, A.V. Pavlinsky, N.A. Baranov, 
L.I. Kizhner. The application of meteorological temperature profiler MTP-5PE at the airport for determi- 
ning spatial zones of the potential aircraft icing. 

The results of using the MTP-5PE meteorological temperature profiler for determining the spatial zones of 
potential aircraft icing in Tomsk airport on March 17, 2013, are presented. To determine the spatial zones the 
RAP-algorithm, the Godske method, and the AMIS-RF data to retrieve humidity profile were used. It is shown 
that the RAP-algorithm and the Godske method gave similar results on location of spatial zones of potential 
aircraft icing. However, the results obtained from the RAP-algorithm are closer to the actual icing reports  
received from the aircraft crews. 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


