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íîâîãî�è�ñòàðîãî�àñôàëüòîâîãî�ïîêðûòèÿ,�íà�îñíîâàíèè�ïðîâåäåííîãî�àíàëèçà�ñäåëàí�âûâîä�î�âàæíîñòè�
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ñïåêòðàëüíîé�èçìåí÷èâîñòè�èçëó÷àòåëüíîñòè�ìîæåò�óìåíüøèòüñÿ
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Temperatures� in�urban�areas�are�always�higher�than� in�rural�areas,�“urban�heat� islands”�noticeably�affect�the�
urban�climate,�which�puts� the�theme�under�discussion� in� the�category�of�acute�environmental�problems.�The�
author�suggests�a�possibility�of�accurate�satellitebased�estimation�of�surface�temperature�of�heterogeneous�ur
banized�areas.�The object of the study�is�surfaces�of�urbanized�areas.�The subject of the study is�satellite�temper
ature�estimation�of�“urban�heat�islands”.�The aim of the study�is�to�scientifically�substantiate�the�probability�of�an�
accurate�satellite�assessment�of�surface�temperature�of�heterogeneous�urbanized�areas.�The�realization�of�the�
aim�involves�solving�a�number�of�tasks,�the�main�ones�of�which�are:�–�to�reveal�the�dependence�of�the�depth�of�the�
carried�out�correction�of�the�emissivity�variability�influence�on�the�measured�value�of�the�degree�and�character�of�
emissivity�change�from�the�wavelength;�–�to�consider�the�emissivity�properties�of�new�and�old�asphalt�pavement.��
The�research�methodology�is�presented�by�the�ecological�approach�and�structuralfunctional�approach.�The�aim�
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of�the�study�and�its�objectives�has�determined�the�need�to�use�the�following�methods:�analysis,�synthesis,�induc
tion,�deduction,�comparison,�explanation.�

The�task�of�increasing�the�accuracy�of�remote�sensing�of�heat�islands�appearing�in�urbanized�areas�by�tak
ing�into�account�the�emissivity�index�spectral�dependence�of�objects�on�the�surface�of�the�ground�cover�on�the�
wavelength�has�been�formulated�and�solved.�It�is�determined�that�the�optimum�is�the�inverse�dependence�of�the�
emissivity�coefficient�on�wavelength.�Emission�properties�of�new�and�old�asphalt�pavement�have�been�consid
ered,�and�on�the�basis�of�the�analysis�the�author�has�made�a�conclusion�about�the�importance�of�taking�into�ac
count�the�temperature�of�such�a�pavement.�It�has�been�found�that�if,�according�to�the�Planck�curve�family,�asphalt�
pavement�emits�at�an�appropriate�temperature�in�the�9...11�µm�range�at�the�maximum�energy,�the�requirement�
for�the�correction�may�weaken,�and,�consequently,�the�error�due�to�the�failure�to�consider�the�influence�of�spec
tral�variability�in�emissivity�may�diminish

Key words: measurement error, heat island, emissivity, optimization, functional, urbanized areas, remote sensing, asphalt 
pavement, urban climate, atmospheric radiation

Ââåäåíèå. Õîðîøî�èçâåñòíî,�÷òî�“ãîðîäñêèå�
òåïëîâûå�îñòðîâêè”�(urban�heat�island)�çíà
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òåìïåðàòóðà�â� ãîðîäñêèõ�çîíàõ�îêàçûâàåòñÿ�
âûøå,�÷åì�â�ñåëüñêîé�ìåñòíîñòè�[2;�7;�8].�
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íîñòè� ñ�ïîìîùüþ�ñïóòíèêîâûõ� ðàäèîìåòðîâ�
ÿâëÿþòñÿ:� 1)� íåòî÷íàÿ� êàëèáðîâêà� áîðòîâûõ�
ðàäèîìåòðîâ;�2)�íåòî÷íàÿ�îöåíêà�êîýôôèöè
åíòà�ñïåêòðàëüíîãî�ïîãëîùåíèÿ�àòìîñôåðû;�
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Ðèñ. 1. Ãðàôèê çàâèñèìîñòè èíòåíñèâíîñòè òåïëîâîãî îñòðîâêà îò ðàçìåðà ãîðîäà (S) è ôðàêòàëüíîãî 
ðàçìåðà (D) [6] / Fig. 1. Graph of the dependence of  the heat island intensity on the size of the city (S) and 

the fractal size (D) [6]

Ïðè� çíà÷åíèÿõ� êâàíòèëÿ� 0,1� è� 0,9� ïîëó
÷åíû�ñëåäóþùèå�çíà÷åíèÿ�íàêëîíîâ:�(à)�0,24�
è�0,8�(b)�2,05�è�5,50�[6].�Èçëó÷àòåëüíîñòü�ïî
âåðõíîñòè� îáúåêòîâ� çàâèñèò� îò� ñîäåðæàíèÿ�
âîäû;�õèìè÷åñêîãî�ñîñòàâà,�ñòðóêòóðû�è�øå
ðîõîâàòîñòè� ïîâåðõíîñòè.� Èçëó÷àòåëüíîñòü�
çàâèñèò�îò�äëèíû�âîëíû�[9]�è�èìåíóåòñÿ�ñïåê
òðàëüíîé�èçëó÷àòåëüíîñòüþ.�Â�ñëó÷àå�îòñóò
ñòâèÿ� äàííûõ� îá� èçëó÷àòåëüíîñòè� âîçìîæíî�
ïîÿâëåíèÿ�ïîãðåøíîñòè�â�èçìåðåíèè�òåìïå
ðàòóðû�îò�0,2�äî�1,2�K�â�ëåòíåå�âðåìÿ�è�îò�0,8�
äî�1,4�K�â�çèìíåå�âðåìÿ�[9].�Ðàññìîòðèì�ñó
ùåñòâóþùóþ� ìåòîäèêó� ó÷åòà� èçëó÷àòåëüíî
ñòè�ïðè�îïðåäåëåíèè�èíòåíñèâíîñòè�“òåïëî
âîãî�îñòðîâêà”�â�óðáàíèçèðîâàííûõ�çîíàõ.

Ñîãëàñíî� [7],� â� ïåðâóþ� î÷åðåäü� îñó
ùåñòâëÿåòñÿ� ïðåîáðàçîâàíèå� DN� ÷èñåë�
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öèþ�ïî�ôîðìóëå
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èëè�

�
.����������������������������������������(9)

×òî�êàñàåòñÿ�õàðàêòåðà�è�òèïà�âîëíîâîé�
çàâèñèìîñòè� ,�òî,�ñîãëàñíî�èíôîðìàöèè,�
ïðèâåäåííîé�â�[6],�ýòà�çàâèñèìîñòü�ðàçëè÷íà�
äëÿ�ðàçíûõ�ìàòåðèàëîâ�(ðèñ.�2)�[6].

Ñ�ó÷åòîì�òàêîé�ðàçíîòèïíîñòè�âîëíîâîé�
çàâèñèìîñòè� ôóíêöèè� � ìîæíî� ñôîð

ìóëèðîâàòü� ñëåäóþùóþ� îïòèìèçàöèîííóþ�
çàäà÷ó� âûáîðà� îïòèìàëüíîãî� òèïà� ôóíêöèè�

,�ïðè�êîòîðîì� �äîñòèã�áû�ìàêñèìàëü
íîé� âåëè÷èíû,� ò.� å.� ïîòðåáîâàëàñü� áû� âíå
ñåíèå� ìèíèìàëüíîé� êîððåêöèè� ïî� èçëó÷à
òåëüíîñòè.� Äëÿ� ðåøåíèÿ� óêàçàííîé� çàäà÷è�
îïòèìèçàöèè� ïðèìåì� ñëåäóþùåå� îãðàíè
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Ðèñ. 2. Êðèâûå çàâèñèìîñòè èçëó÷àòåëüíîñòè ðàçëè÷íûõ ìàòåðèàëîâ îò äëèíû âîëíû [8] / 
Fig. 2. Curves of dependence of the various materials emissivity on the wavelength [8]

Ñìûñë� îãðàíè÷èòåëüíîãî� óñëîâèÿ� (10)�
çàêëþ÷àåòñÿ� â� òîì,� ÷òî� (à)�çàâèñèìîñòü� �
â� ïðèíöèïå,� ìîæåò� èìåòü� êàê� ìîíîòîííî�
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íàõîäèì

��.�����������������������������������������������������(16)

Èç�âûðàæåíèé�(14)�è�(16)�íàõîäèì

�.��������������������������������������������������������(17)

Î÷åâèäíî,�÷òî�ïðè�ðåøåíèè�(17)�öåëåâîé�
ôóíêöèîíàë� F(λ)� äîñòèãàåò� ìèíèìóìà,� ò.� ê.�
ïðèâåäåííûé�äàëåå�ïîêàçàòåëü�îêàçûâàåòñÿ�
ïîëîæèòåëüíîé�âåëè÷èíîé,�ò.�å.

.

Òàêèì�îáðàçîì,�ïðè�ëèíåéíî�âîçðàñòàþ
ùåì�õàðàêòåðå�ôóíêöèè� �ïîêàçàòåëü� �
äîñòèãàåò�ìèíèìóìà.�Îòñþäà�ìîæíî�ñäåëàòü�
ýâðèñòè÷åñêèé�âûâîä�î�òîì,�÷òî�íàèáîëüøåå�
çíà÷åíèå� �ìîæåò�áûòü�äîñòèãíóòî�ïðè�îá
ðàòíîé� çàâèñèìîñòè� � è� λ,� ò.� å.� ïðè� ðîñòå� λ�
çíà÷åíèå� �äîëæíî�óìåíüøàòüñÿ.

Ïðàêòè÷åñêàÿ çíà÷èìîñòü�ïðîâåäåííîãî�
èññëåäîâàíèÿ�çàêëþ÷àåòñÿ�â�ñëåäóþùåì.�Êàê�
èçâåñòíî,� èçëó÷àòåëüíîñòü� ñòàðîãî� è� íîâîãî�
àñôàëüòîâîãî� ïîêðûòèÿ� ðåçêî� ðàçëè÷àåòñÿ�
[5].�Â�êà÷åñòâå�ïðèìåðà�íà�ðèñ.�3�ïðèâåäåíû�
êðèâûå�èõ�ñïåêòðàëüíîé�çàâèñèìîñòè.

Êàê� âèäíî� èç� ãðàôèêîâ,� ïðèâåäåííûõ�
íà�ðèñ.�3,� ñïåêòðàëüíàÿ� çàâèñèìîñòü� íîâîãî�
àñôàëüòà� â� òåïëîâîì� äèàïàçîíå� 8...12� ìêì�
èìååò� ïî÷òè� ìîíîòîííî� ðàñòóùèé� õàðàêòåð.�
Ñëåäîâàòåëüíî,� ïðè� èññëåäîâàíèè� “òåïëî
âûõ� îñòðîâêîâ”� â� ãîðîäñêîé� çîíå� ñî� ñâåæå
íàêàòàííûì�àñôàëüòîì�ó÷åò�èçëó÷àòåëüíîñòè�
ÿâëÿåòñÿ�îáÿçàòåëüíûì.�Îäíàêî,�÷òî�êàñàåò
ñÿ�ñòàðîãî�àñôàëüòà,�òî�çäåñü�ìîíîòîííîñòü�
êðèâîé� � �íà�ó÷àñòêå�9...11�ìêì�ðåçêî�íà
ðóøàåòñÿ�è� �èìååò� ñïàäàþùèé�õàðàêòåð�
ïî�λ.�Îòñþäà�ìîæíî�ñäåëàòü�ñëåäóþùèé�âû
âîä:�åñëè�òåìïåðàòóðà�àñôàëüòîâîãî�ïîêðû
òèÿ�òàêîâà,� ÷òî�íà�äèàïàçîíå� �9...11�ìêì� àñ
ôàëüò� èçëó÷àåò� ìàêñèìàëüíóþ� ýíåðãèþ,� òî�
òðåáîâàíèå� ê� ó÷åòó� èçëó÷àòåëüíîñòè� ìîæíî�
íåñêîëüêî�îñëàáèòü.

Ðèñ. 3. Êðèâûå âîëíîâîé çàâèñèìîñòè èçëó÷àòåëüíîñòè ñòàðîãî è íîâîãî àñôàëüòîâîãî 
ïîêðûòèÿ [5]: 1 – íîâûé àñôàëüò; 2 – ñòàðûé àñôàëüò / Fig. 3. Waveform curves of emissivity 

of old and new asphalt pavement [5]: 1 – new asphalt; 2 – old asphalt

Çàêëþ÷åíèå. Ïðîàíàëèçèðîâàíà� çàäà
÷à� òî÷íîãî� äèñòàíöèîííîãî� çîíäèðîâàíèÿ�
òåïëîâûõ� îñòðîâêîâ,� ïîÿâëÿþùèõñÿ� â� óðáà
íèçèðîâàííûõ� òåððèòîðèÿõ� â� ïëàíå� íåîáõî
äèìîñòè� ó÷åòà� ñïåêòðàëüíîé� çàâèñèìîñòè�
ïîêàçàòåëÿ�èçëó÷àòåëüíîñòè�îáúåêòîâ,�íàõî
äÿùèõñÿ�íà�ïîâåðõíîñòè�çåìëÿíîãî�ïîêðûòèÿ�
îò�äëèíû�âîëíû.�Ïîêàçàíî,�÷òî�ïðè�îáðàòíîé�
çàâèñèìîñòè� êîýôôèöèåíòà� èçëó÷àòåëüíî
ñòè� îò� äëèíû� âîëíû� òðåáîâàíèå� ê� ïðîâåäå
íèþ� òàêîé� êîððåêöèè� îñëàáåâàåò.� Ðàññìî

òðåíû� èçëó÷àòåëüíûå� ñâîéñòâà� íîâîãî� è�
ñòàðîãî� àñôàëüòîâîãî� ïîêðûòèÿ� è� íà� îñíî
âàíèè� ïðîâåäåííîãî� àíàëèçà� ñäåëàí� âûâîä�
î� òîì,� ÷òî� åñëè,� ñîãëàñíî� ñåìåéñòâó� êðèâûõ�
Ïëàíêà,�àñôàëüòîâîå�ïîêðûòèå�ïðè�ñîîòâåò
ñòâóþùåé�òåìïåðàòóðå�èçëó÷àåò�â�äèàïàçîíå�
9...11�ìêì�ìàêñèìóì�ýíåðãèè,�òî�òðåáîâàíèå�
ê� ïðîâîäèìîé� êîððåêöèè� ìîæåò� îñëàáåòü� è,�
ñîîòâåòñòâåííî,�ïîãðåøíîñòü�èççà�íåó÷òåí
íîãî� âëèÿíèÿ� ñïåêòðàëüíîé� èçìåí÷èâîñòè�
èçëó÷àòåëüíîñòè�ìîæåò�óìåíüøèòüñÿ.
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