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òå÷åíèå äëèòåëüíîãî ïðîìåæóòêà âðåìåíè. Èçìåðåíèÿ âûïîëíÿëèñü íà ëåäÿíîì ïîêðîâå
îç. Àðàõëåé (Çàáàéêàëüñêèé êðàé) íà ðàññòîÿíèè 120 ì îò áåðåãà â ìàðòå 2021 ã. Ïðîâî-
äèëèñü èçìåðåíèÿ âíåøíèõ ïàðàìåòðîâ èññëåäóåìîé ñðåäû, à èìåííî òåìïåðàòóðû ëåäÿíî-
ãî ïîêðîâà, ìåòåîïàðàìåòðîâ (ñêîðîñòü âåòðà, òåìïåðàòóðà âîçäóõà, äàâëåíèå). Äèñòàíöèÿ
ìåæäó ãåíåðàòîðîì è ïðè¼ìíèêîì ýëåêòðîìàãíèòíîãî èçëó÷åíèÿ ñîñòàâèëà 40 ì. Îðèåíòà-
öèÿ ïðèáîðîâ � çàïàä � âîñòîê. Â ðåçóëüòàòå áûëè îáíàðóæåíû âàðèàöèè ìîùíîñòè ïðî-
õîäÿùåãî ìèêðîâîëíîâîãî èçëó÷åíèÿ. Ýòè âàðèàöèè ñâÿçàíû ñ òåìïåðàòóðíûìè äåôîðìà-
öèÿìè ëåäÿíîãî ïîêðîâà, êîòîðûå áûëè çàôèêñèðîâàíû ñ ïîìîùüþ äàò÷èêà äåôîðìàöèè,
óñòàíîâëåííîãî â ëåäÿíîé ïîêðîâ. Âûÿâëåíà îñîáåííîñòü, êîòîðàÿ íàáëþäàëàñü è ðàíåå â
âåñåííèé ïåðèîä âðåìåíè: ðàçëè÷íîå âðåìåííîå ïîâåäåíèå ïåðâîãî ïàðàìåòðà Ñòîêñà, êîòî-
ðûé îïðåäåëÿëñÿ ñóììîé ìîùíîñòåé äâóõ îðòîãîíàëüíûõ ïîëÿðèçàöèé, à èìåííî, ñóììîé
ïðèíèìàåìûõ ñèãíàëîâ íà âåðòèêàëüíîé è ãîðèçîíòàëüíîé ïîëÿðèçàöèÿõ, è ñóììîé ïðè-
íèìàåìûõ ñèãíàëîâ äâóõ ïîëÿðèçàöèé, ïîâ¼ðíóòûõ ïîä óãëîì +45◦ è −45◦. Âûÿâëåííîå
îòëè÷èå â ïàðàìåòðàõ Ñòîêñà ñâÿçûâàåòñÿ ñ òåìïåðàòóðíûìè äåôîðìàöèÿìè ïðåñíîãî ëå-
äÿíîãî ïîêðîâà â âåñåííèé ïåðèîä âðåìåíè.

Êëþ÷åâûå ñëîâà: ìèêðîâîëíîâûé äèàïàçîí, ïðåñíûé ëåäÿíîé ïîêðîâ, ïàðàìåòðû
Ñòîêñà, òåìïåðàòóðíàÿ äåôîðìàöèÿ

Ââåäåíèå. Èññëåäîâàíèå ì¼ðçëûõ ñðåä ìåòîäîì ðàäèîïðîñâå÷èâàíèÿ èñïîëüçó-

åòñÿ äëÿ ðåøåíèÿ øèðîêîãî êðóãà çàäà÷ [1; 2]. Òàê, íàïðèìåð, ñ ïîìîùüþ ìåòîäîâ

ðàäèîëîêàöèè ïðåñíîãî ëåäÿíîãî ùèòà Àíòàðêòèäû áûëè îïðåäåëåíû ïîäë¼äíûå îçå-

ðà [3]. Äëÿ âûÿâëåíèÿ ðàçëè÷íûõ îáðàçîâàíèé â êðèîñôåðíûõ ñðåäàõ íåîáõîäèìû

çíàíèÿ èõ äèýëåêòðè÷åñêèõ ñâîéñòâ, êîòîðûå òàêæå âëèÿþò íà ñêîðîñòü ðàñïðîñòðà-

íåíèÿ ýëåêòðîìàãíèòíîé âîëíû â òàêèõ îáúåêòàõ [4].

Îïòèìàëüíûì ìåòîäîì èññëåäîâàíèÿ ýëåêòðîìàãíèòíûõ ñâîéñòâ ëüäà ÿâëÿåòñÿ

åãî èçó÷åíèå â åñòåñòâåííûõ óñëîâèÿõ áåç ðàçðóøåíèÿ. Ïðèìåðîì ìîæåò ÿâëÿòüñÿ

èññëåäîâàíèå ëüäà ñ ïîìîùüþ ðàäèðîïðîñâå÷èâàíèÿ, êîãäà ïðè¼ìíàÿ è ïåðåäàþùàÿ

àïïàðàòóðà óñòàíàâëèâàåòñÿ íåïîñðåäñòâåííî â ëåäÿíîé ïîêðîâ. Ïðè ýòîì ìåòîäå

èññëåäîâàíèÿ ñîõðàíÿþòñÿ óñëîâèÿ ïðèðîäíîãî ñóùåñòâîâàíèÿ ëåäÿíîãî ïîêðîâà áåç

åãî ðàçðóøåíèÿ, ÷òî ïîçâîëÿåò èññëåäîâàòü âðåìåííóþ ýâîëþöèþ, íàïðèìåð, äåãðà-

äàöèþ ïðèðîäíîãî îáúåêòà â çàâèñèìîñòè îò âíåøíèõ óñëîâèé, òàêèõ êàê òåìïåðà-

òóðà ñðåäû, âíåøíåå äàâëåíèå, îñâåùåíèå ïîâåðõíîñòè ñðåäû, äåôîðìàöèè è ò. ä.

Ñ ïîìîùüþ ðàñïðîñòðàíåíèÿ ðàäèîâîëí â ìèêðîâîëíîâîì äèàïàçîíå â ïðåñíîì

ëåäÿíîì ïîêðîâå áûë îáíàðóæåí ýôôåêò ïðîñòðàíñòâåííîé äèñïåðñèè â ìèêðîâîë-

íîâîì äèàïàçîíå, êîòîðûé áûë âïåðâûå ðàññìîòðåí â ðàáîòàõ íîáåëåâñêîãî ëàóðåàòà

Â. Ë. Ãèíçáóðãà [5; 6]. Íàèáîëåå ÿðêî ýòîò ýôôåêò ïðîÿâëÿåòñÿ â âîçíèêíîâåíèè äî-

áàâî÷íûõ âîëí ñ òîé æå ïîëÿðèçàöèåé, ÷òî è èñõîäíàÿ, íî ñ äðóãèì çíà÷åíèåì âîë-

íîâîãî âåêòîðà, ÷òî è áûëî îáíàðóæåíî ïî èçó÷åíèþ ïîëÿðèçàöèîííûõ îñîáåííîñòåé

ïðîõîäÿùåãî èçëó÷åíèÿ ñêâîçü ïðåñíûé ëåäÿíîé ïîêðîâ. Ïðè÷èíîé âîçíèêíîâåíèÿ

äîáàâî÷íûõ íåêîãåðåíòíûõ ýëåêòðîìàãíèòíûõ âîëí âî ëüäó ÿâëÿåòñÿ ñóùåñòâîâà-

íèå ïåðèîäè÷åñêîé ñòðóêòóðû, ê ïîÿâëåíèþ êîòîðîé ìîãóò ïðèâåñòè ìåõàíè÷åñêèå

íàïðÿæåíèÿ è ïëàñòè÷åñêàÿ äåôîðìàöèÿ [5]. Èçìåðåíèå ðàñïðîñòðàíåíèÿ ìèêðîâîë-

íîâîãî èçëó÷åíèÿ ïîçâîëÿåò íàáëþäàòü òå÷åíèå ëåäÿíîé ñòðóêòóðû.
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Çàäà÷è ìàòåìàòè÷åñêîé ôèçèêè. Àíàëèòè÷åñêèå ìåòîäû

Òàêèì îáðàçîì, ïðè ðàäèîïðîñâå÷èâàíèè ëåäÿíîãî ïîêðîâà ìîæíî âûÿâëÿòü îñî-

áåííîñòè ñòðîåíèÿ ëåäÿíîãî ïîêðîâà, à òàêæå ïðîöåññû, ïðîèñõîäÿùèå â íåì, ÷òî

ÿâëÿåòñÿ àêòóàëüíûì äëÿ äèñòàíöèîííîãî çîíäèðîâàíèÿ ëüäà. Òàêæå ýòè èññëåäîâà-

íèÿ èìåþò ïðàêòè÷åñêóþ öåííîñòü äëÿ ñïåöèàëèñòîâ, ÷åé ðîä äåÿòåëüíîñòè ñâÿçàí

ñ èçó÷åíèåì ïðîöåññîâ ïðîèñõîäÿùèõ â êðèîñôåðíûõ îáðàçîâàíèÿõ.

Ìåòîäèêà ýêñïåðèìåíòà. Èññëåäîâàíèå ýëåêòðîìàãíèòíûõ ñâîéñòâ ïðåñíîãî

ëåäÿíîãî ïîêðîâà ïðè åãî ðàäèîïðîñâå÷èâàíèè âûïîëíÿëè íà îç. Àðàõëåé (Çàáàé-

êàëüñêèé êðàé), êîòîðîå ðàñïîëîæåíî â ñîðîêà êèëîìåòðàõ îò ã. ×èòû íà âûñîòå

965 ì îò óðîâíÿ ìîðÿ [7]. Êàê áûëî ïîêàçàíî â ïðåäûäóùèõ ðàáîòàõ ïî ðàäèîïðîñâå-

÷èâàíèþ ïðåñíîãî ëåäÿíîãî ïîêðîâà [8] îïòèìàëüíûì âðåìåíåì íàáëþäåíèÿ, êîãäà

íàáëþäàþòñÿ çàìåòíûå âàðèàöèè ìîùíîñòè ïðîõîäÿùåãî èçëó÷åíèÿ â ìèêðîâîëíî-

âîì äèàïàçîíå, ÿâëÿåòñÿ ïåðèîä âðåìåíè ïåðåä íà÷àëîì äåñòðóêöèè ëåäÿíîãî ïîêðî-

âà, òî åñòü ôåâðàëü-ìàðò ìåñÿöû. Â ýòîò ïåðèîä âðåìåíè ïðåêðàùàåòñÿ àêòèâíûé

ðîñò ëåäÿíîãî ïîêðîâà è íà÷èíàåòñÿ ïðîöåññ åãî ðàçðóøåíèÿ. Ïî ýòîé ïðè÷èíå, èç-

ìåðåíèÿ ïî èçó÷åíèþ ýëåêòðîìàãíèòíûõ ñâîéñòâ ïðåñíîãî ëüäà áûëè âûïîëíåíû â

ñåðåäèíå ìàðòà 2021 ãîäà. Ñóòü èçìåðåíèé ñîñòîÿëà â ñëåäóþùåì.

Â ëåäÿíîé ïîêðîâ íà ãëóáèíó 40 ñì îò åãî ïîâåðõíîñòè ïîìåùàëñÿ ãåíåðàòîð

ýëåêòðîìàãíèòíîãî èçëó÷åíèÿ íà ÷àñòîòó èçëó÷åíèÿ 13 ÃÃö íà äèîäå Ãàííà. Èçëó-

÷åíèå îñóùåñòâëÿëîñü íà âåðòèêàëüíîé ïîëÿðèçàöèè (ÂÏ). Íà ðàññòîÿíèè 40 ì îò

ãåíåðàòîðà â íàïðàâëåíèè íà çàïàä ðàñïîëàãàëñÿ ðàäèîìåòðè÷åñêèé ïðèåìíèê íà òó

æå äëèíó âîëíû. Ïðèåì îñóùåñòâëÿëñÿ íà ÷åòûðåõ ëèíåéíûõ ïîëÿðèçàöèÿõ: ãîðè-

çîíòàëüíàÿ (ÃÏ), âåðòèêàëüíàÿ, è ïîëÿðèçàöèè, ïîâ¼ðíóòûå ïîä óãëîì ±45◦ ê íèì

(+45◦ è −45◦). Ñõåìà ýêñïåðèìåíòà ïðèâåäåíà íà ðèñ. 1.

Ðèñ. 1. Ñõåìà ýêñïåðèìåíòàëüíîé óñòàíîâêè ïî ðàäèîïðîñâå÷èâàíèþ ëåäÿíîãî ïîêðîâà íà

÷àñòîòå èçëó÷åíèÿ 13 ÃÃö: Ã è Ïð � ãåíåðàòîð è ïðè¼ìíèê ýëåêòðîìàãíèòíîãî èçëó÷åíèÿ

Fig. 1. Schematic of an experimental setup for radiotransmission of an ice cover at a radiation

frequency of 13 GHz: Ã and Ïð � generator and receiver of electromagnetic radiation

Â ìîìåíò èçìåðåíèé òîëùèíà ëåäÿíîãî ïîêðîâà ñîñòàâëÿëà ∼150 ñì, òîëùèíà

ñíåæíîãî ïîêðîâà íå ïðåâûøàëà 10 ñì. Ìèíåðàëèçàöèÿ ëüäà � îêîëî 1 ìã/êã ïðè

ìèíåðàëèçàöèè èñõîäíîé âîäû âîäî¼ìà 120 ìã/ë. Â ìåñòå, ãäå ïðîâîäèëèñü èçìåðå-

íèÿ, ðàññòîÿíèå îò íèæíåé ïîâåðõíîñòè ëåäÿíîãî ïîêðîâà äî äíà ñîñòàâëÿëî îêîëî

40 ñì. Çàïèñü ñ âûõîäà ðàäèîìåòðè÷åñêîãî ïðèåìíèêà îñóùåñòâëÿëàñü ñèñòåìîé ñáî-

ðà äàííûõ ôèðìû Agilent. Ðàäèîìåòðè÷åñêèé ïðè¼ìíèê è ãåíåðàòîð ýëåêòðîìàãíèò-

íîãî èçëó÷åíèÿ áûëè òåðìîñòàòèðîâàíû.

Âûïîëíÿëèñü èçìåðåíèÿ äåôîðìàöèè ëåäÿíîãî ïîêðîâà â íàïðàâëåíèè ñåâåð-þã è

âîñòîê-çàïàä. Ñõåìà ýêñïåðèìåíòàëüíîé óñòàíîâêè è å¼ ïðèíöèïèàëüíàÿ ñõåìà óêàçà-

íà â ðàáîòàõ [9�11]. Ãëóáèíà, íà êîòîðîé ðàñïîëàãàëñÿ äàò÷èê äåôîðìàöèè â ëåäÿíîì
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ïîêðîâå, ñîñòàâëÿëà 20 ñì. Êðîìå òîãî, âûïîëíÿëàñü çàïèñü òåìïåðàòóðû âíóòðè ëå-

äÿíîãî ïîêðîâà íà ðàçëè÷íûõ ãëóáèíàõ (5, 10, 15, 20 ñì) è íàä åãî ïîâåðõíîñòüþ.

Äàò÷èêàìè òåìïåðàòóðû ñëóæèëè êàëèáðîâàííûå êðåìíåâûå äèîäû.

Ìåòåîðîëîãè÷åñêèå ïàðàìåòðû âîçäóøíîé ñðåäû (òåìïåðàòóðà âîçäóõà, àòìî-

ñôåðíîå äàâëåíèå âîçäóõà, ñêîðîñòü âåòðà è îòíîñèòåëüíàÿ âëàæíîñòü) îñóùåñòâëÿ-

ëèñü íà áåðåãó îç. Àðàõëåé â ñ. Ïðåîáðàæåíêà íà ñòàöèîíàðå Èíñòèòóòà ïðèðîäíûõ

ðåñóðñîâ, ýêîëîãèè è êðèîëîãèè ÑÎ ÐÀÍ íà ðàññòîÿíèè 130 ì. îò ìåñòà èçìåðåíèé.

Ðåçóëüòàòû èññëåäîâàíèÿ è èõ îáñóæäåíèå. Íåïðåðûâíûå èçìåðåíèÿ

ïðîâîäèëèñü â òå÷åíèå òð¼õ ñóòîê. Â êà÷åñòâå ïðèìåðà ïðèâåäåíû ðåçóëüòàòû ïî-

ëó÷åííûõ äàííûõ ñ 18:00 äî 24:00 10 ìàðòà 2021 ãîäà.

Òåìïåðàòóðà âîçäóõà â ýòîò äåíü èçìåíÿëàñü îò 0 ◦Ñ â äíåâíîå âðåìÿ è äî −10 ◦Ñ

â íî÷íîå âðåìÿ. Ïî ýòîé ïðè÷èíå íàáëþäàëîñü ïîâûøåíèå òåìïåðàòóðû âíóòðè ëå-

äÿíîãî ïîêðîâà äî 20:00 â âåðõíåì ñëîå ëåäÿíîãî ïîêðîâà, à çàòåì øëî åå ïîíèæåíèå.

Ïðè÷åì â ðåçóëüòàòå òåïëîâîé èíåðöèè ìàêñèìàëüíûé ïèê òåìïåðàòóðû ëüäà íà ðàç-

íûõ ãëóáèíàõ äîñòèãàåòñÿ â ðàçíîå âðåìÿ, ÷òî è ïîêàçàíî íà ðèñ. 2. Òàêæå âèäíî,

÷òî ñ ãëóáèíîé ïðèðàùåíèå òåìïåðàòóðû çà ýòî âðåìÿ óìåíüøàåòñÿ. Íà ãëóáèíå 5 ñì

ïðèðàùåíèå ìåæäó ìàêñèìàëüíûì è ìèíèìàëüíûì çíà÷åíèåì òåìïåðàòóðû ñîñòàâ-

ëÿåò ∼0, 6 ◦C, à óæå íà ãëóáèíå 20 ñì ∼0, 2 ◦Ñ. Åñëè ñóòî÷íûå âàðèàöèè òåìïåðàòóðû

âîçäóõà ñóùåñòâåííû, òî äíåâíûå âàðèàöèè òåìïåðàòóðû âî ëüäó äîñòèãàþò áîëü-

øèõ çíà÷åíèé è ñîñòàâëÿþò ∼5 ◦Ñ (â ñëó÷àå ðàçíèöû äíåâíûõ è íî÷íûõ òåìïåðàòóð

âîçäóõà 20 ◦Ñ). Â ñâÿçè ñ ýòèì ëåäÿíîé ïîêðîâ ïðåòåðïåâàåò ñóùåñòâåííûå òåìïåðà-

òóðíûå íàïðÿæåíèÿ â âåðõíåì ñëîå, â îòëè÷èå îò áîëåå ãëóáîêèõ ñëîåâ ëüäà, êîòîðûå

ïðèâîäÿò ê äåôîðìàöèÿì ëåäÿíîãî ïîêðîâà.

Ðèñ. 2. Èçìåíåíèå òåðìîäèíàìè÷åñêîé òåìïåðàòóðû (t) âíóòðè ëåäÿíîãî ïîêðîâà íà

ðàçíûõ ãëóáèíàõ: 1 � 5 ñì, 2 � 10 ñì, 3 � 15 ñì, 4 � 20 ñì. Îç. Àðàõëåé. 10 ìàðòà 2021 ã.

Fig. 2. Change in thermodynamic temperature (t) inside the ice cover at di�erent depths:

1 � 5 cm, 2 � 10 cm, 3 � 15 cm, 4 � 20 cm. Lake Arakhley. March 10, 2021

Ðåãèñòðèðóåìîå èçìåíåíèå ðàññòîÿíèÿ (l) íà äëèíå äàò÷èêîâ 1 ì. â íàïðàâëåíèè

þã-ñåâåð è çàïàä-âîñòîê ïîêàçàíî íà ðèñ. 3.
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Ðèñ. 3. Ðåãèñòðèðóåìàÿ äåôîðìàöèÿ (l) âåðõíèõ ñëî¼â ïðåñíîãî ëåäÿíîãî ïîêðîâà â

íàïðàâëåíèè 1 � ñåâåð � þã, 2 � çàïàä � âîñòîê. Îç. Àðàõëåé. 10 ìàðòà 2021 ã.

Fig. 3. Recorded deformation (l) of the upper layers of the fresh ice cover in the direction

1 � North-South, 2 � West-East. Lake Arakhley. March 10, 2021

Êàê âèäíî èç ïðèâåä¼ííûõ ãðàôèêîâ, â íàïðàâëåíèè ïàðàëëåëüíîì áåðåãîâîé

ëèíèè îçåðà (ñåâåð � þã) íàáëþäàëè ñóòî÷íûé ýêñòðåìóì äåôîðìàöèè, à â ïåðïåíäè-

êóëÿðíîì íàïðàâëåíèè (çàïàä � âîñòîê) èçìåíåíèå äåôîðìàöèè ïîõîæå íà òåìïåðà-

òóðíûé òðåíä âíóòðè ëåäÿíîãî ïîêðîâà íà òîé æå ãëóáèíå, íà êîòîðîé ðàñïîëàãàëñÿ

äàò÷èê äåôîðìàöèè ëåäÿíîãî ïîêðîâà (∼20 ñì îò ïîâåðõíîñòè ëüäà). Òàêèì îáðà-

çîì, ðàñòÿæåíèå ëåäÿíîãî ïîêðîâà èìååò áîëåå ñëîæíûé õàðàêòåð. Îíî çàâèñèò îò

âûáðàííîãî íàïðàâëåíèÿ, òåìïåðàòóðû ëüäà è äðóãèõ ïàðàìåòðîâ, íàïðèìåð, òàêîãî

êàê, íàïðàâëåíèå ãëàâíîé êðèñòàëëîãðàôè÷åñêîé îñè êðèñòàëëà ëüäà (îñü Ñ).

Ðåçóëüòàòû èçìåðåíèé, ìîùíîñòè ïðîøåäøåãî ñêâîçü ëåäÿíîé ïîêðîâ ýëåêòðî-

ìàãíèòíîãî èçëó÷åíèÿ â ìèêðîâîëíîâîì äèàïàçîíå ïîêàçàíû íà ðèñ. 4.

Êàê âèäíî èç ïðèâåäåííûõ ãðàôèêîâ, íàáëþäàþòñÿ âàðèàöèè ìîùíîñòè ïðîõî-

äÿùåãî èçëó÷åíèÿ ñêâîçü ëåäÿíîé ïîêðîâ. Ñëåäóåò îòìåòèòü, ÷òî ñèãíàëû âåäóò ñåáÿ

ïî-ðàçíîìó äëÿ ðàçëè÷íûõ âèäîâ ïîëÿðèçàöèè, à èìåííî, íà ÃÏ è +45◦ âðåìåííîé

õîä ïðîõîäÿùåé ìîùíîñòè èçëó÷åíèÿ ñîâïàäàåò ñ âðåìåííûì õîäîì äåôîðìàöèè ëå-

äÿíîãî ïîêðîâà. Â òî âðåìÿ êàê íà ÂÏ è −45◦ òåìïåðàòóðíîé çàâèñèìîñòè ïðîõî-

äÿùåé ìîùíîñòè èçëó÷åíèÿ íå íàáëþäàåòñÿ. Äëÿ îïèñàíèÿ ñîñòîÿíèÿ ïîëÿðèçàöèé

ýëåêòðîìàãíèòíûõ âîëí ïðèíÿòî èñïîëüçîâàòü ïàðàìåòðû Ñòîêñà (÷åòûðå ïàðàìåòðà

Ñòîêñà), òðè èç êîòîðûõ ìîæíî îïðåäåëèòü èç ïîëó÷åííûõ ëèíåéíûõ ïîëÿðèçàöèé

â äàííîì èññëåäîâàíèè. Ïåðâûé ïàðàìåòð Ñòîêñà õàðàêòåðèçóåò ïîëíóþ ìîùíîñòü

ïðîõîäÿùåãî èçëó÷åíèÿ è îïðåäåëÿåòñÿ êàê ñóììà äâóõ îðòîãîíàëüíûõ ïîëÿðèçàöèé,

ëèáî ÃÏ è ÂÏ (ïåðâûé ñïîñîá), ëèáî +45◦ è −45◦ (âòîðîé ñïîñîá). Åñëè ðàññ÷èòàòü

ïàðàìåòðû Ñòîêñà ïî ïåðâîìó è âòîðîìó ñïîñîáó (èç ðèñ. 4), òî áóäåò âûÿâëåíî, ÷òî

îíè èìåþò ðàçëè÷íûé âðåìåííîé õîä, ÷åãî íå äîëæíî íàáëþäàòüñÿ äëÿ îáû÷íûõ êðè-

ñòàëëîâ. Ýòîò ýôôåêò ñâÿçûâàåòñÿ ñ íàëè÷èåì äîáàâî÷íûõ ýëåêòðîìàãíèòíûõ âîëí,

âîçíèêàþùèõ â ðåçóëüòàòå ñóùåñòâîâàíèÿ ïðîñòðàíñòâåííîé äèñïåðñèè â ëåäÿíîì

ïîêðîâå, ïðè ðàñïðîñòðàíåíèè â íåì ýëåêòðîìàãíèòíîé âîëíû [5].
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Ðèñ. 4. Èçìåíåíèå ïðîõîäÿùåé ìîùíîñòè ìèêðîâîëíîâîãî èçëó÷åíèÿ (P â îòí. åä.) â

ëåäÿíîì ïîêðîâå. Èçëó÷åíèå íà ÂÏ, ïðè¼ì èçëó÷åíèÿ íà: 1 � ïëþñ 45◦, 2 � ÂÏ,

3 � ìèíóñ 45◦, 4 � ÃÏ. Îç. Àðàõëåé. 10 ìàðòà 2021 ã.

Fig. 4. Change in the transmitted power of microwave radiation (P in rel. Units) in the ice

cover. Radiation at the VP, and the reception of radiation at: 1 � (+45◦), 2 � VP, 3 � (−45◦),

4 � GP. Lake Arakhley. March 10, 2021

Âûâîäû. Òàêèì îáðàçîì, â íàøåé ðàáîòå ýêñïåðèìåíòàëüíî áûëî îáíàðóæåíî

âëèÿíèå òåðìè÷åñêîé äåôîðìàöèè ëåäÿíîãî ïîêðîâà íà ìîùíîñòü ïðîõîäÿùåãî ìèê-

ðîâîëíîâîãî èçëó÷åíèÿ â íåì. Íàèáîëüøèé ýôôåêò âîçíèêàåò ïðè ðàçîãðåâå âåðõíèõ

ñëîåâ ëüäà, êîòîðûå â íî÷íîå âðåìÿ èìåþò áîëåå íèçêóþ òåìïåðàòóðó. Ýòîò ýôôåêò

íåîáõîäèìî ó÷èòûâàòü ïðè ðàäèîëîêàöèîííîì èññëåäîâàíèè ïðåñíûõ ëåäÿíûõ ïî-

êðîâîâ [12; 13] è ïðè èññëåäîâàíèè äðóãèõ êðèîñôåðíûõ îáðàçîâàíèé.
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Features of the Propagation of Microwave Radiation
in a Freshwater Ice Cover

When scanning fresh ice cover in the microwave range at a frequency of 13 GHz, the

transmitted radiation power was investigated at four linear polarizations (vertical, horizontal,

and polarizations rotated at an angle of ±45◦) for a long period of time. The measurements were

carried out on the ice cover of the lake. Arakhley (Transbaikal region) at a distance of 120 m from

the coast in March 2021. We also measured the external parameters of the studied environment,

namely, the temperature of the ice cover, meteorological parameters (wind speed, air temperature,

pressure). The distance between the generator and the receiver of electromagnetic radiation

1À. À. Gurulev systematized the material of the article.
2S. V. Tsyrenzhapov systematized the material of the article.
3 Yu. V. Kharin writing the text of the article, conducting �eld research.
4V. A. Kazantsev writing the text of the article, carrying out �eld studies.
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was 40 meters. The orientation of the instruments is West-East. As a result, variations in the

power of the transmitted microwave radiation were detected. These variations are related to

the temperature deformations of the ice cover, which were recorded using a deformation sensor

installed in the ice cover. Also revealed a feature that was observed earlier in the spring. This is a

di�erent temporal behavior of the �rst Stokes parameter, which is determined by the sum of the

powers of two orthogonal polarizations, namely, the sum of the received signals at the vertical

and horizontal polarizations, and the sum of the received signals of the two polarizations rotated

at an angle of +45◦ and −45◦. This di�erence is also associated with temperature deformations

of the fresh ice cover in the spring.

Keywords: microwave range, fresh ice cover, Stokes parameters, temperature deformation
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