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Îáíàðóæåíèå ëüäà 0 â ðàçëè÷íûõ èñêóññòâåííûõ è ïðèðîäíûõ ñðåäàõ1

Âûïîëíåíû èññëåäîâàíèÿ íîâîé ìîäèôèêàöèè êðèñòàëëè÷åñêîãî ëüäà � ëüäà 0, êîòîðàÿ
ìîæåò îáðàçîâûâàòüñÿ òîëüêî èç ïåðåîõëàæä¼ííîé âîäû. Äëÿ ýòîãî ïðîâåäåíû ýêñïåðèìåí-
òû ñ ðàçëè÷íûìè ïîðèñòûìè ñðåäàìè, èñêóññòâåííûìè è ïðèðîäíûìè, ñîäåðæàùèìè âîäó
â ïîðàõ íàíîìåòðîâûõ ðàçìåðîâ. Èçìåðÿëè äèýëåêòðè÷åñêèå ïàðàìåòðû ñðåä, à òàêæå íåêî-
òîðûå èõ ýëåêòðè÷åñêèå ñâîéñòâà. Ê íèì îòíîñÿòñÿ êîýôôèöèåíòû îòðàæåíèÿ èçëó÷åíèÿ
óâëàæí¼ííûõ ñèëèêàòîâ íà ÷àñòîòå 12.4 ÃÃö è ïîãëîùåíèÿ â âåòêàõ è õâîå ñîñíû íà ÷àñòîòå
5.3 ÃÃö, òàíãåíñ óãëà äèýëåêòðè÷åñêèõ ïîòåðü ñèëèêàòíûõ ñîðáåíòîâ íà ÷àñòîòàõ îò ñîòåí
ãåðö äî ñîòåí êÃö, ñîáñòâåííûå ýëåêòðè÷åñêèå ôëóêòóàöèè â ïîëîñå ÷àñòîò 1 Ãö. . . 100 Ãö
è ïðîïóñêàíèå ýëåêòðîìàãíèòíîãî èçëó÷åíèÿ âèäèìîãî äèàïàçîíà ÷åðåç îáðàçöû èç ïðî-
çðà÷íûõ äèýëåêòðèêîâ ñ òîíêèì ñëîåì ëüäà íà èõ ïîâåðõíîñòè. Òåìïåðàòóðíûé äèàïàçîí
äëÿ ðàçíûõ ýêñïåðèìåíòîâ äîñòèãàë çíà÷åíèé îò +20 äî −170 ◦C. Îáíàðóæåíî óâåëè÷åíèå
èíòåíñèâíîñòè ïîãëîù¼ííîãî (ðàññåÿííîãî) èçëó÷åíèÿ íà äëèíå âîëíû 0.52 ìêì. Âáëèçè
òåìïåðàòóð −20 . . . − 24 ◦C îáíàðóæåíû ðåçêèå èçìåíåíèÿ ïàðàìåòðîâ óâëàæí¼ííûõ ñè-
ëèêàòîâ è äðåâåñèíû ñîñíû, êîòîðûå ìîæíî îáúÿñíèòü îáðàçîâàíèåì èëè äåñòðóêöèåé ñå-
ãíåòîýëåêòðè÷åñêîãî ëüäà 0. Âûñêàçàíû äâå âîçìîæíûå ïðè÷èíû òàêîãî ïîâåäåíèÿ ïàðà-
ìåòðîâ ïðè îáðàçîâàíèè ëüäà 0. Ýòî âîçíèêíîâåíèå âûñîêî ïðîâîäÿùåãî ñëîÿ íà êîíòàêòå
ñåãíåòîýëåêòðè÷åñêîãî ëüäà ñ äðóãèì äèýëåêòðèêîì, à òàêæå âîçíèêíîâåíèåì â ýòîì ñëîå
ïîâåðõíîñòíûõ ïëàçìîíîâ.

Êëþ÷åâûå ñëîâà: ë¼ä 0, ïåðåîõëàæä¼ííàÿ âîäà, äèñòàíöèîííîå çîíäèðîâàíèå, ñåãíå-
òîýëåêòðè÷åñòâî, ýëåêòðîìàãíèòíûå ñâîéñòâà

Ââåäåíèå. Â ðÿäå ðàáîò çàðóáåæíûõ àâòîðîâ îïóáëèêîâàíà èíôîðìàöèÿ î ïîëó-
÷åíèè ïðè êîìïüþòåðíîì ìîäåëèðîâàíèè ìåòîäàìè ìîëåêóëÿðíîé äèíàìèêè íîâîé
êðèñòàëëè÷åñêîé ìîäèôèêàöèè ëüäà. Ýòó ìîäèôèêàöèþ íàçâàëè ¾ë¼ä 0¿, òàê êàê
îí ïðåäøåñòâóåò îáðàçîâàíèþ ëüäîâ Ih è Ic [17; 18; 22]. Ýòîò ë¼ä ñëóæèò ñâîåãî ðî-
äà ïåðåõîäíîé ñòóïåíüþ îò âîäû ê ëüäó. Òðóäíîñòü ïîëó÷åíèÿ òàêîãî ëüäà ïðåæäå
âñåãî ñîñòîèò â òîì, ÷òî îí îáðàçóåòñÿ òîëüêî èç ïåðåîõëàæä¼ííîé âîäû ïðè òåìïå-
ðàòóðàõ íèæå −23 ◦C. Âìåñòå ñ òåì, ë¼ä 0 îáëàäàåò îñîáûìè ñâîéñòâàìè, ÷òî ìîæåò

1Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå ÐÔÔÈ, ïðîåêò � 20-05-00563 ¾Îáðàçîâàíèå ëüäà 0 â ðàçëè÷-
íûõ ïðèðîäíûõ ñðåäàõ è åãî âëèÿíèå íà èõ äèýëåêòðè÷åñêèå ñâîéñòâà.¿
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Ôèçèêà, ìàòåìàòèêà, òåõíèêà, òåõíîëîãèÿ

ïîìî÷ü åãî îáíàðóæèòü, â òî æå âðåìÿ, ñîçäà¼ò àíîìàëèè ñâîéñâ ñðåä, â êîòîðûõ îí
îáðàçóåòñÿ. Ë¼ä 0 � ñåãíåòîýëåêòðèê [17].

Íåñìîòðÿ íà òî, ÷òî ðàíåå ïðåäñòàâëåíî ýêñïåðèìåíòàëüíîå äîêàçàòåëüñòâî îá-
ðàçîâàíèÿ ëüäà 0, ïðÿìîå ýêñïåðèìåíòàëüíîå ïîäòâåðæäåíèå åãî ñóùåñòâîâàíèÿ ñ
èñïîëüçîâàíèåì ìåòîäîâ íåéòðîíîãðàôèè èëè êîìáèíàöèîííîãî ðàññåÿíèÿ âèäèòñÿ
ïðîáëåìàòè÷íûì [4]. Ïîñêîëüêó êîëè÷åñòâî ëüäà 0, ïîëó÷åííîãî â äàííîé ðàáîòå,
ìîæåò áûòü íåäîñòàòî÷íûì äëÿ ýòèõ ìåòîäîâ [12]. Ïåðåîõëàæäåíèå äî íóæíûõ òåì-
ïåðàòóð â ýêñïåðèìåíòàõ ïîëó÷åíî ñ èñïîëüçîâàíèåì íàíîïîðèñòûõ ñèëèêàòíûõ ìà-
òåðèàëîâ ñ ðàçìåðàìè ïîð â íåñîëüêî íàíîìåòðîâ. Ïîëó÷èòü äîñòàòî÷íîå êîëè÷åñòâî
ïåðåîõëàæä¼ííîé âîäû â îáú¼ìå ïðè ýòèõ òåìïåðàòóðàõ î÷åíü ñëîæíî, à îáëàñòü íè-
æå −37 ◦C âîîáùå ñ÷èòàåòñÿ íåäîñòóïíîé äëÿ ñîâðåìåííûõ ìåòîäîâ è íàçûâàåòñÿ â
çàðóáåæíîé ëèòåðàòóðå �no man's land� [16].

Â íàñòîÿùåå âðåìÿ ìèíèìàëüíàÿ òåìïåðàòóðà, äî êîòîðîé óäàëîñü ïåðåîõëàäèòü
âîäó, íå çàìêíóòóþ â ïîðîâîå ïðîñòðàíñòâî, −46 ◦C [20]. Â ýòîé ðàáîòå èññëåäîâàëè
êàïëè âîäû ìèêðîííûõ ðàçìåðîâ ïðè èñïàðåíèè èõ â âàêóóìå. Îäíàêî êðèñòàëëè÷å-
ñêóþ ôàçó àâòîðû íå èçó÷àëè.

Èçâåñòíî òàêæå, ÷òî â ïîðàõ íàíîìåòðîâûõ ðàçìåðîâ âîäà ìîæåò ïåðåîõëàæäàòü-
ñÿ äî òåìïåðàòóðû −90 ◦C [13]. Â ñèëèêàòíûõ ìàòåðèàëàõ ñâîéñòâà òîëüêî ñëîÿ
∼ 0, 4 . . . 0, 5 íì îïðåäåëÿþòÿ ñòðóêòóðîé ïîâåðõíîñòè ïîð, îñòàëüíûå ñëîè, ïðè äèà-
ìåòðå ïîð áîëüøå 3 íì, áëèçêè ñâîéñòâàì îáú¼ìíîé ìåòàñòàáèëüíîé âîäû [8; 9; 23].
Ïîýòîìó äàííûå ìàòåðèàëû óäîáíû äëÿ èññëåäîâàíèÿ ñâîéñòâ ïåðåîõëàæä¼ííîé îáú-
¼ìíîé âîäû. ×òîáû ïîëó÷èòü å¼ òðåáóåìûå êîëè÷åñòâà, íåîáõîäèìî èñïîëüçîâàòü ñè-
ëèêàòíûå ìàòåðèàëû ñ ðàçìåðàìè ïîð > 2 . . . 6 íì. Â ýòîì ñëó÷àå, ñîãëàñíî ìîäèôè-
öèðîâàííîé ôîðìóëå Ãèááñà � Òîìñîíà [24], òåìïåðàòóðà òàÿíèÿ ëüäà, íàïðèìåð, â
ïîðàõ ñ ðàçìåðîì 6 íì ñîñòàâëÿåò ∼ −20 ◦C. Îäíàêî òàêîå ïåðåîõëàæäåíèå íåäîñòà-
òî÷íî äëÿ ýêñïåðèìåíòà, ïîñêîëüêó çíà÷åíèå ïåðåõîäà −23 ◦C ÿâëÿåòñÿ îöåíî÷íûì.
Âìåñòå ñ òåì, äîïîëíèòåëüíîå ïåðåîõëàæäåíèå ìîæíî ïîëó÷èòü ïðè ðåæèìå îõëà-
æäåíèÿ ñðåäû (äîïîëíèòåëüíî íà 10 ◦C) è èñïîëüçîâàíèè íåïîëíîãî çàïîëíåíèÿ ïîð
âîäîé (äîïîëíèòåëüíî íà 20 ◦C) [19].

Ïîìèìî ñëîæíîñòè ïîëó÷åíèÿ ïåðåîõëàæä¼ííîé âîäû íàáëþäåíèÿ ëüäà 0 îñëîæ-
íåíû åù¼ è íå óñòàíîâëåííûìè îñîáåííîñòÿìè åãî îáðàçîâàíèÿ è ñóùåñòâîâàíèÿ (ðå-
æèìû îõëàæäåíèÿ, òåìïåðàòóðíûå ãðàíèöû è ò. ï.). Íà ñàéòå ïðîôåññîðà Chaplin'à
ë¼ä 0 íàçâàí êîìïüþòåðíûì ëüäîì èç-çà îòñóòñòâèÿ ïðÿìûõ ýêñïåðèìåíòàëüíûõ íà-
áëþäåíèé [10].

Â äàííîé ðàáîòå èññëåäîâàëèñü ýêñïåðèìåíòàëüíûå ïîêàçàòåëè, êîòîðûå ìîãëè
áû óêàçàòü íà ñóùåñòâîâàíèå ëüäà 0. Ýòè äàííûå ïîëó÷åíû ñ èñïîëüçîâàíèåì ðàç-
ëè÷íûõ ýëåêòðè÷åñêèõ èçìåðåíèé, áîëåå ÷óâñòâèòåëüíûõ ê ìàëûì çíà÷åíèÿì ìàñ-
ñû ñåãíåòîýëåêòðè÷åñêîé ôðàêöèè. Äëÿ îáíàðóæåíèÿ îáðàçîâàíèÿ ëüäà 0 èñïîëü-
çîâàëèñü äàííûå, êàñàþùèåñÿ ñâîéñòâ ýòîãî ëüäà. Âî-ïåðâûõ, îí îáðàçóåòñÿ òîëüêî
èç ïåðåîõëàæä¼ííîé âîäû ïðè òåìïåðàòóðàõ íèæå −23 ◦C, âî-âòîðûõ, â ýòîì ëüäå
âîçíèêàåò ñåãíåòîýëåêòðè÷åñêîå óïîðÿäî÷åíèå ïðîòîíîâ êðèñòàëëè÷åñêîé ðåø¼òêè.
Äîïîëíèòåëüíî âûïîëíåíû îïòè÷åñêèå èçìåðåíèÿ, ÷òîáû îïðåäåëèòü ñïåêòðàëüíûå
îáëàñòè ïðîÿâëåíèÿ ëüäà 0.

Ìåòîäèêà ýêñïåðèìåíòà. Òàê êàê âîäó äëÿ ïîëó÷åíèÿ ëüäà 0 íàäî áûëî ïåðå-
îõëàäèòü ìèíèìóì äî −23 ◦C, òî èñïîëüçîâàëàñü âîäà, íàõîäÿùàÿñÿ â ïîðàõ, ðàçìåð
êîòîðûõ èçìåíÿëñÿ â ïðåäåëàõ 3 . . . 9 íì [17]. Òåìïåðàòóðà ïåðåîõëàæäåíèÿ â òàêîì
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ñëó÷àå îïðåäåëÿåòñÿ ïî ôîðìóëå Ãèááñà � Òîìñîíà: ∆T = (T0 − Tm) = k/(r − t),
ãäå T0 � òåìïåðàòóðà òàÿíèÿ ëüäà ïðè íîðìàëüíûõ óñëîâèÿõ (T0 = 0 ◦C); Tm � òåì-
ïåðàòóðà òàÿíèÿ â ïîðàõ; k � õàðàêòåðèçóåò ìàòåðèàë ïîð è äëÿ âîäû ïðèíèìàåò
çíà÷åíèå 58 Ê·íì [24]; r � ðàäèóñ ïîð, t = 0, 38 íì, è ñîñòàâëÿåò 15 . . . 52 ◦Ñ. Èç-çà
ãèñòåðåçèñà òåìïåðàòóðû çàìåðçàíèÿ âîäû óäà¼òñÿ ïîëó÷èòü äîïîëíèòåëüíîå ïåðå-
îõëàæäåíèå ∼ 10 ◦C. Êðîìå òîãî, òåìïåðàòóðà çàìåðçàíèÿ äîïîëíèòåëüíî ïîíèæàåò-
ñÿ íà 20 ◦C â ñëó÷àå, êîãäà ïîðû çàïîëíÿþòñÿ âîäîé ÷àñòè÷íî [19]. Äîïîëíèòåëüíî â
ïîðàõ ôàçîâûé ïåðåõîä ïðîèñõîäèò íå ñêà÷êîì, à ðàñòÿãèâàåòñÿ íà èíòåðâàë ∼ 10 ◦C.
Â ðåçóëüòàòå, ïðè íåïîëíîì çàïîëíåíèè ïîð âîäîé â ýêñïåðèìåíòàõ óäàëîñü ïîëó÷èòü
ïåðåîõëàæäåíèå −45 . . .− 82 ◦C.

Ïîñêîëüêó ïðè îáðàçîâàíèè ëüäà 0 ðåçêî èçìåíÿþòñÿ ýëåêòðè÷åñêèå ïàðàìåòðû
îáðàçöà, èñïîëüçîâàëèñü ìåòîäû ýêñïåðèìåíòîâ, ÷óâñòâèòåëüíûå ê ýòèì ñâîéñòâàì.
Íàïðèìåð, îïðåäåëÿëè êîýôôèöèåíò îòðàæåíèÿ ìèêðîâîëíîâîãî èçëó÷åíèÿ îò ãðà-
íèöû ¾ñðåäà � âîçäóõ¿, èññëåäîâàëè ïðîõîæäåíèå ìèêðîâîëíîâîãî èçëó÷åíèÿ ÷åðåç
îáðàçåö [2], êîòîðûé èçìåíÿåòñÿ â ìîìåíò ôàçîâîãî ïåðåõîäà æèäêîñòè â òâ¼ðäîå
òåëî [21]. Ïðèìåíÿëè ìåòîä íèçêî÷àñòîòíîé äèýëåêòðè÷åñêîé ñïåêòðîñêîïèè [7] è
èññëåäîâàíèÿ ñîáñòâåííûõ íèçêî÷àñòîòíûõ ýëåêòðè÷åñêèõ ôëóêòóàöèé [4]. Îïðåäå-
ëÿëè ïðîõîæäåíèå îïòè÷åñêîãî èçëó÷åíèÿ ÷åðåç òîíêèé ñëîé ëüäà, îñàæä¼ííûé íà
äèýëåêòðè÷åñêîé ïîäëîæêå. Â îïòè÷åñêèõ ýêñïåðèìåíòàõ îñíîâíîå âëèÿíèå íà îòðà-
æåíèå è ðàññåÿíèå èçëó÷åíèÿ èãðàåò âûñîêî ïðîâîäÿùèé ñëîé òîëùèíîé 0, 1 . . . 1 íì
íà ãðàíèöå ëüäà 0 è äèýëåêòðèêà. Ïîýòîìó ñïåöèàëüíûì ðåæèìîì â õîëîäèëüíîé
êàìåðå ïîëó÷àëè îáðàçöû òîëùèíîé áîëåå 1 íì [1].

Ñõåìû ýêñïåðèìåíòàëüíûõ óñòàíîâîê ïðèâåäåíû íà ðèñ. 1.

Ðèñ. 1. Ñõåìû ýêñïåðèìåíòàëüíûõ óñòàíîâîê: à) ìèêðîâîëíîâûõ èçìåðåíèé êîýôôèöèåíòà
îòðàæåíèÿ: 1 � òåðìîñòàò, 2 � òåðìîïàðà, 3 � ñîñóä Äüþàðà ñ æèäêèì àçîòîì, 4 � ðåçèñòîð

èñïàðèòåëü, 5 � èñòî÷íèê ïèòàíèÿ èñïàðèòåëÿ, 6 � ÑÂ×-äåòåêòîð, 7 � öèðêóëÿòîð, 8 � óñèëèòåëü,
9 � ñèñòåìà ñáîðà èíôîðìàöèè, 10 � ãåíåðàòîð øóìà; á) îïòè÷åñêîãî ïðîñâå÷èâàíèÿ òîíêîé ïë¼íêè

ëüäà 0, êîíäåíñèðîâàííîé íà ïðîçðà÷íóþ äèýëåêòðè÷åñêóþ ïëàñòèíó: 1 � ëàçåð,
2 � äèýëåêòðè÷åñêàÿ ïîäëîæêà, 3 � ôîòîäåòåêòîð, 4 � òåðìîïàðà, 5 � ñèñòåìà ñáîðà èíôîðìàöèè,

6 � ñîñóä Äüþàðà ñ æèäêèì àçîòîì, 7 � ðåçèñòîð èñïàðèòåëü, 8 � ñòàáèëèçèðîâàííûé èñòî÷íèê

ïèòàíèÿ èñïàðèòåëÿ, 9 � êàìåðà èç ïîëèýòèëåíà

Fig. 1. Layout of the setups: a) microwave measurements of the re�ection coe�cient:
1 � thermostat, 2 � thermocouple, 3 � Dewar vessel with liquid nitrogen, 4 � resistor evaporator,
5 � source evaporator power supply, 6 � microwave detector, 7 � circulator, 8 � ampli�er, 9 � data

acquisition system, 10 � noise generator; b) optical transmission of a thin ice �lm 0 condensed onto a
transparent dielectric plate: 1 � laser, 2 � dielectric substrate, 3 � photodetector, 4 � thermocouple,
5 � system information collection, 6 � Dewar vessel with liquid nitrogen, 7 � resistor evaporator,

8 � stabilized power supply of the evaporator, 9 � polyethylene camera
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Ìèêðîâîëíîâûå èçìåðåíèÿ êîýôôèöèåíòà îòðàæåíèÿ ïî ìîùíîñòè (R) âûïîëíÿ-

ëè íà ÷àñòîòå 12.4 ÃÃö. Ïðè èçìåðåíèè êîýôôèöèåíòà îòðàæåíèÿ íà ÷àñòîòå óâëàæ-

í¼ííóþ ñðåäó ïîìåùàëè â ïðÿìîóãîëüíûé âîëíîâîä ñå÷åíèåì 23 × 10 ìì2 è äëèíîé

140 ìì (ðèñ. 1à). Ñîçäàâàëè ïëîñêóþ ãðàíèöó ñðåäû â âîëíîâîäå, äëèíà åãî áûëà

âûáðàíà òàêîé, ÷òîáû âûïîëíèòü óñëîâèå ïîëóáåñêîíå÷íîé ñðåäû (òî åñòü çàòóõàíèå

íà äëèíå 140 ìì áûëî âåëèêî, è îòðàæ¼ííûé ñèãíàë îò âòîðîãî êîíöà âîëíîâîäà

îòñóòñòâîâàë).

Èçìåðåíèÿ äåéñòâèòåëüíîé (ε′) è ìíèìîé (ε′′) ÷àñòåé îòíîñèòåëüíîé äèýëåêòðè-

÷åñêîé ïðîíèöàåìîñòè (ε̇) âûïîëíåíû íà ÷àñòîòàõ 120 . . . 100 êÃö. Ñõåìà óñòàíîâêè

ñõîæà ñî ñõåìàìè íà ðèñ. 1à, íî âìåñòî âîëíîâîäíûõ ëèíèé èñïîëüçîâàëàñü ¼ìêîñò-

íàÿ ÿ÷åéêà ñ êâàäðàòíûìè ýëåêòðîäàìè 40× 40 ìì2, èçìåðåíèÿ âûïîëíèëèñü LCR-

èçìåðèòåëåì. Äëÿ îïðåäåëåíèÿ îáëàñòåé ôàçîâûõ ïåðåõîäîâ ñ ðåçêèì èçìåíåíèåì

ýëåêòðè÷åñêîé äîìåííîé ñòðóêòóðû íàéäåí òàíãåíñ óãëà äèýëåêòðè÷åñêèõ ïîòåðü:

tgδ = ε′′/ε′, êîòîðûé õàðàêòåðèçóåò ñòåïåíü ïîãëîùåíèÿ â ñðåäå ýëåêòðîìàãíèòíîé

ýíåðãèè.

Èçìåðåíèÿ ýëåêòðè÷åñêèõ øóìîâ âûïîëíåíû â ïîëîñå ÷àñòîò 1 . . . 100 Ãö. Íà

ýòèõ ÷àñòîòàõ ñåãíåòîýëåêòðè÷åñêèå ìàòåðèàëû ìîæíî èññëåäîâàòü ïî âîçðàñòàíèþ

øóìîâ, îïðåäåëÿåìûõ ýôôåêòîì Áàðêãàóçåíà [11]. Ýòîò ýôôåêò ñâÿçàí ñ ÷óâñòâè-

òåëüíîñòüþ ýëåêòðè÷åñêîé äîìåííîé ñòðóêòóðû ê èçìåíåíèÿì òåìïåðàòóðû, ìåõà-

íè÷åñêèõ íàïðÿæåíèé è äðóãèõ âíåøíèõ âîçäåéñòâèé íà ñðåäó. Èçìåðåíèÿ òàêæå

ïðîâîäèëè â ¼ìêîñòíîé ÿ÷åéêå, íî ñèãíàë ñíèìàëè ñïåöèàëüíûì äåòåêòîðîì ñ ôèëü-

òðîì è óñèëèòåëåì.

Îïòè÷åñêèå èçìåðåíèÿ âûïîëíåíû ñ èñïîëüçîâàíèåì ìàëîìîùíîãî ïîëóïðîâîä-

íèêîâîãî ëàçåðà (1) � ðèñ. 1á, íà äëèíó âîëíû 0, 52 ìêì. Äëÿ ïîëó÷åíèÿ îáðàçöà â

âèäå òîíêîé ïë¼íêè íà äèýëåêòðè÷åñêîé ïëàñòèíêå êàìåðó (9) îõëàæäàëè ïàðàìè

àçîòà, êîòîðûå, ïîìèìî îõàæäåíèÿ, âûòåñíÿëè èç êàìåðû ïàðû âîäû. Ïîñëå äîñòè-

æåíèÿ ïîäëîæêîé (2) òåìïåðàòóðû (−150 ◦C. . .− 170 ◦C) êàìåðó ãåðìåòèçèðîâàëè è

îòêëþ÷àëè èñïàðèòåëü àçîòà (8). Ïðè äàëüíåéøåì ïðîöåññå íàãðåâàíèÿ àäñîðáèðî-

âàííûå ïàðû âîäû, èñïàðÿÿñü íà íàãðåâàåìûõ ïîâåðõíîñòÿõ è äèôôóíäèðóÿ, êîíäåí-

ñèðîâàëèñü íà áîëåå õîëîäíîé ïîäëîæêå ïðè òåìïåðàòóðàõ −120 . . .−70 ◦C. Âî âðåìÿ

òåìïåðàòóðíûõ èçìåíåíèé âûïîëíÿëè èçìåðåíèÿ ïðîõîäÿùåé ìîùíîñòè èçëó÷åíèÿ

ñ èñïîëüçîâàíèåì ôîòîäåòåêòîðà è óñèëèòåëÿ (3). Äëÿ ïîâûøåíèÿ ÷óâñòâèòåëüíîñòè

èçìåðåíèé èñïîëüçîâàëè ñèíõðîííîå äåòåêòèðîâàíèå ïðèíèìàåìîãî èçëó÷åíèÿ.

Âñå ýêñïåðèìåíòû ñîïðîâîæäàëèñü èçìåðåíèåì òåìïåðàòóðû òåðìîïàðîé ñ òî÷-

íîñòüþ îêîëî 1 ◦C.

Ðåçóëüòàòû ýêñïåðèìåíòîâ. Ðåçóëüòàòû èçìåðåíèé, âûïîëíåííûõ íà íèç-

êèõ ÷àñòîòàõ ïðåäñòàâëåíû íà ðèñ. 2.

Ïðè èçìåðåíèÿõ ñîáñòâåííûõ øóìîâ îáðàçöà ïðè íàãðåâàíèè ïðîèñõîäèëî èõ

óìåíüøåíèå ïðè ïðèáëèæåíèè ê 0 ◦C ñ íåñêîëüêèìè ôàçîâûìè ïåðåõîäàìè, îäèí èç

êîòîðûõ ñîïðîâîæäàëñÿ íåñêîëüêèìè èìïóëüñàìè ïîãëîùåíèÿ òåïëà è íà÷èíàëñÿ

ïðè ∼ −21 ◦C [3]. Èç èçìåðåíèé tgδ âèäíî, ÷òî ïðè ïîíèæåíèè òåìïåðàòóðû íèæå

−25 ◦C ïðîèñõîäèò ôàçîâûé ïåðåõîä, êîòîðûé ñîïðîâîæäàåòñÿ ïîñëåäóþùèì ïîâû-

øåíèåì ïîòåðü â îáðàçöå.
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Íà ðèñ. 3 îòîáðàæåíû ðåçóëüòàòû èçìåðåíèé êîýôôèöèåíòà îòðàæåíèÿ ìèêðî-

âîëíîãî èçëó÷åíèÿ îò îáðàçöà óâëàæí¼ííîãî ñèëèêàòíîãî ìàòåðèàëà è ïðîõîæäåíèÿ

èçëó÷åíèÿ íà ÷àñòîòå ∼ 5 ÃÃö ÷åðåç õâîþ è âåòêè ñîñíû, â êîòîðûõ ñîäåðæàòñÿ ïîðû

äî 2 íì.

Ðèñ. 2. Òåìïåðàòóðíûå çàâèñèìîñòè ïàðàìåòðîâ óâëàæí¼ííûõ îáðàçöîâ SBA-15

ïðè íèçêî÷àñòîòíûõ èçìåðåíèÿõ: à) ñðåäíåãî çíà÷åíèå àìïëèòóäû øóìîâ â ïîëîñå ÷àñòîò

1 . . . 100 Ãö ïðè íàãðåâàíèè; á) òàíãåíñà óãëà äèýëåêòðè÷åñêèõ ïîòåðü íà ÷àñòîòå 120 Ãö ïðè

îõëàæäåíèè

Fig. 2. Temperature dependences of the parameters of wetted SBA-15 samples during

low-frequency measurements: a) the average value of the noise amplitude in the frequency band

1 . . . 100 Hz when heated; b) the dielectric loss tangent at a frequency of 120 Hz during cooling

Ðèñ. 3. Èçìåðåíèÿ â ìèêðîâîëíîâîì äèàïàçîíå óâëàæí¼ííûõ îáðàçöîâ: a) çàâèñèìîñòü
îò òåìïåðàòóðû ñðåäû êîýôôèöèåíòà îòðàæåíèÿ ìîùíîñòè ìèêðîâîëíîâîãî èçëó÷åíèÿ

îò óâëàæíåííîãî ñèëèêàãåëÿ Acros â âîëíîâîäå íà ÷àñòîòå 12, 4 ÃÃö ïðè îõëàæäåíèè; á) çíà÷åíèå

ïîòåðü ïðîïóñêàíèÿ ìîùíîñòè èçëó÷åíèÿ (L) õâîè ãðóïïû ñîñíîâûõ äåðåâüåâ íà ÷àñòîòå 5, 3 ÃÃö

ïðè äâóõíåäåëüíûõ èçìåðåíèÿõ. Ñïëîøíîé ëèíèåé ïîêàçàíû äàííûå ïðè ïîíèæåíèè

òåìïåðàòóðû, øòðèõîâîé � ïðè ïîâûøåíèè

Fig. 3. Measurements in the microwave range of wetted samples: a) dependence of the re�ection
coe�cient of the microwave radiation power on wetted Acros silica gel in a waveguide at a frequency

of 12, 4 GHz upon cooling; b) the value of the transmission power loss (L) of the needles of a group

of pine trees at frequency 5, 3 GHz during two-week measurements. The solid line shows the data

with decreasing temperature, the dashed line � data with increasing temperature

Çà âðåìÿ èçìåðåíèé âëàæíîñòü âåòîê è õâîè ñîñåí ñóùåñòâåííî íå èçìåíÿëàñü,

òàê êàê âëàæíîñòü âîçäóõà áûëà íèçêîé, è îñàäêè îòñóòñòâîâàëè. Îòíîñèòåëüíàÿ
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ìàññà õâîè ïî íàïðàâëåíèþ ëó÷à ∼ 65 %; äðåâåñèíû âåòîê ∼ 35 %. Èç ãðàôèêà

íà ðèñ. 3á õîðîøî âèäåí õàðàêòåðíûé ãèñòåðåçèñà ïîòåðü îò òåìïåðàòóðû, ïðè÷¼ì

ïðè ïîâûøåíèè òåìïåðàòóðû, êîãäà áîëüøàÿ ÷àñòü âîäû äîëæíà áûòü â òâ¼ðäîì ñî-

ñòîÿíèè è ìåíüøå ïîãëîùàòü ýëåêòðîìàãíèòíóþ ýíåðãèþ, íàáëþäàåòñÿ ïîâûøåííîå

çíà÷åíèå ïîòåðü.

Ðåçóëüòàòû îïòè÷åñêèõ èçìåðåíèé ïîãëîùåíèÿ èçëó÷åíèÿ äëÿ äâóõ ïðîçðà÷íûõ

ïîäëîæåê èç ñëþäû è êâàðöåâîãî ñòåêëà ïðåäñòàâëåíû íà ðèñ. 4.

Ïðîöåññ îõëàæäåíèÿ â ýòèõ ýêñïåðèìåíòàõ õàðàêòåðèçóåòñÿ ïëàâíûì ïîâûøå-

íèåì ìîùíîñòè ïðîõîäÿøåãî èçëó÷åíèÿ, ÷òî, ñêîðåå âñåãî, ñâÿçàíî ñ ïîñòåïåííûì

âûòåñíåíèåì ïàðîâ âîäû èç êàìåðû. Ïðè íàãðåâàíèè, êàê è îæèäàëîñü, íàáëþäàëîñü

ïîíèæåíèå ïðîõîäÿùåé ìîùíîñòè ïðè îñàæäåíèè íà ïîäëîæêå ïë¼íêè ëüäà èç ïàðîâ

ïðè íàêîïëåíèè è èçáûòî÷íîì äàâëåíèè ïàðîâ âîäû èç-çà ðàçíîñòè òåìïåðàòóðû â

öåíòðå è áîëåå ò¼ïëîé ïåðèôåðèè êàìåðû.

Ðèñ. 4. Òåìïåðàòóðíûå çàâèñèìîñòè ìîùíîñòè ëàçåðíîãî èçëó÷åíèÿ (P ), ïðîõîäÿùåãî
÷åðåç ïëàñòèíêó ñ îñàæä¼ííîé íà íåé ïë¼íêîé ëüäà: à) äëÿ ñëþäÿíîé ïëàñòèíêè;

á) äëÿ ïëàñòèíêè èç êâàðöåâîãî ñòåêëà. Ñïëîøíîé ëèíèåé ïîêàçàí ïðîöåññ îõëàæäåíèÿ,

øòðèõîâîé � íàãðåâàíèÿ

Fig. 4. Temperature dependences of the laser radiation power (P ) passing through a plate

with an ice �lm deposited on it: a) for a mica plate; b) for a plate of quartz glass. The solid line

shows the cooling process, dashed � heating process

Îáñóæäåíèå ðåçóëüòàòîâ. Ïðè èçìåðåíèÿõ ýëåêòðè÷åñêèõ øóìîâ óâëàæ-

í¼ííûõ îáðàçöîâ äëÿ ñèëèêàòíîãî ìàòåðèàëà SBA-15 îáíàðóæåí âûðàæåííûé ãè-

ñòåðåçèñ àìïëèòóäû øóìîâ ñ èõ âîçðàñòàíèåì íà ó÷àñòêå ðîñòà òåìïåðàòóðû ïîñëå

ïðåäâàðèòåëüíîãî îõëàæäåíèÿ îáðàçöà. Ïî ñðàâíåíèþ ñ îáëàñòüþ òåìïåðàòóð, ãäå

îñóùåñòâëÿëè îõëàæäåíèå ìàòåðèàëà, íàïðÿæåíèå øóìîâ âîçðàñòàëî â 1000 ðàç. Ïî-

âûøåíèå ôëóêòóàöèé íàáëþäàëè ïðè òåìïåðàòóðàõ íèæå −60 ◦C, òî åñòü â ýòîé îá-

ëàñòè òåìïåðàòóð âîçíèêëî ñåãíåòîýëåêòðè÷åñêîå ñîñòîÿíèå âîäû â ïîðàõ SBA�15.

Àìïëèòóäà øóìà ðåçêî óìåíüøàëàñü ïðè íàãðåâàíèè âûøå −22 ◦C. Êàê èçâåñòíî,

ãèñòåðåçèñ ýëåêòðè÷åñêèõ ïàðàìåòðîâ ñðåä ñîîòâåòñòâóåò ñåãíåòîýëåêòðè÷åñêîìó ñî-

ñòîÿíèþ [11].

Ãðàôèê èçìåíåíèé tgδ äëÿ óâëàæíåííîãî SBA-15 íà ÷àñòîòå 120 Ãö (ðèñ. 2á) ïî-

êàçûâàåò âîçðàñòàíèå ýòîé âåëè÷èíû îò çíà÷åíèÿ òåìïåðàòóðû ∼ −25 ◦C ïðè îõëà-

æäåíèè. Ïðè íàãðåâàíèè îáíàðóæèëñÿ ãèñòåðåçèñ tgδ ñ ìàêñèìóìîì ïðèáëèçèòåëüíî
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ïðè ýòîé æå òåìïåðàòóðå. Ýòè ðåçóëüòàòû òàêæå ìîæíî îáúÿñíèòü âîçíèêíîâåíèåì è

èñ÷åçíîâåíèåì ñåãíåòîýëåêòðè÷åñêîãî ëüäà ñ òåìïåðàòóðîé ïåðåõîäà âáëèçè −25 ◦C,

òàê êàê íàéäåííûå â äðóãèõ ýêñïåðèìåíòàõ ýêñòðåìóìû tgδ íå çàâèñÿò îò ÷àñòîòû.

Ðåçóëüòàòû ìèêðîâîëíîâûõ èçìåðåíèé óâëàæí¼ííûõ íàíîïîðèñòûõ ñèëèêàòîâ

ïîêàçàëè ñóùåñòâîâàíèå îñîáîé òåìïåðàòóðû âáëèçè −20 . . . − 22 ◦C. Â ýòîé îáëà-

ñòè òåìïåðàòóð íàáëþäàëè ðåçêîå èçìåíåíèå ãðàôèêà êîýôôèöèåíòà îòðàæåíèÿ ïî

ìîùíîñòè èçëó÷åíèÿ îò ãðàíèöû ¾âîçäóõ � ñðåäà¿. Ïðè÷¼ì êîýôôèöèåíò îòðàæåíèÿ

ìîíîòîííî âîçðàñòàë ïðè ïîíèæåíèè òåìïåðàòóðû äî −100 ◦C. Ýòîò ýôôåêò íå ñâÿ-

çàí ñ ïðîñòûì ïðåâðàùåíèåì âîäû â ë¼ä Ih èëè Ic, òàê êàê îáðàçîâàíèå ëüäà ïðè

òåìïåðàòóðàõ íèæå −20 ◦C ïðèâîäèò ê ïîíèæåíèþ ε̇ ñðåäû è óìåíüøåíèþ êîýôôè-

öèåíòà îòðàæåíèÿ, îïðåäåëÿåìîãî ïî ôîðìóëå: R =

∣∣∣∣(√ε̇−1)
(
√
ε̇+1)

∣∣∣∣2 [21].
Âîçìîæíîå îáúÿñíåíèå íàáëþäàåìîãî ýôôåêòà � îáðàçîâàíèå ïðè òåìïåðàòóðàõ

íèæå −22 ◦C òàêîãî ëüäà, äëÿ êîòîðîãî ñòàòè÷åñêàÿ äèýëåêòðè÷åñêàÿ ïðîíèöàåìîñòü

(εs) ñóùåñòâåííî ïðåâûøàåò òó æå âåëè÷èíó äëÿ æèäêîé âîäû è ëüäîâ Ih èëè Ic.

Ñåãíåòîýëåêòðèêè, êîíòàêòèðóÿ ñ äèýëåêòðèêàìè, îáðàçóþò â îáëàñòè êîíòàêòà òîí-

êèé, ïîðÿäêà íàíîìåòðà ñëîé, ñ âåñüìà âûñîêîé ýëåêòðîïðîâîäíîñòüþ [14; 15]. Õîòÿ

ýòîò ñëîé èìååò òîëùèíó â íåñêîëüêî íàíîìåòðîâ, îäíàêî, èç-çà áîëüøîé ïëîùàäè

ïîâåðõíîñòè ïîð ñèëèêàãåëÿ çíà÷åíèå ∆ε′′ äëÿ ÷àñòîòû îêîëî 10 ÃÃö ïîðÿäêà 10. Ýòî

îáúÿñíÿåò âîçðàñòàíèå R äî 0.24.

Â ýêñïåðèìåíòå ïî èçó÷åíèþ âàðèàöèé ìèêðîâîëíîâîãî ïîãëîùåíèÿ â âåòêàõ ñîñ-

íû â óñëîâèÿõ åñòåñòâåííûõ ñóòî÷íûõ èçìåíåíèé òåìïåðàòóðû îêðóæàþùåãî âîçäó-

õà â çèìíèé ïåðèîä âðåìåíè ïîêàçàíî âîçíèêíîâåíèå òåìïåðàòóðíîãî ãèñòåðåçèñà

(ðèñ. 3á) ïðè îõëàæäåíèè äî òåìïåðàòóð íèæå −30 . . . − 35 ◦C. Êàê óæå ãîâîðèëîñü

ðàíåå ãèñòåðåçèñ ýëåêòðè÷åñêèõ ïàðàìåòðîâ ñîîòâåòñòâóåò ñåãíåòîýëåêòðè÷åñêîìó

ñîñòîÿíèþ, òåì áîëåå, ÷òî ïðè ïîâûøåíèè òåìïåðàòóðû íàáëþäàëèñü ïîâûøåííûå

ïîòåðè, ÷òî âîçìîæíî, åñëè ñóùåñòâóåò îáðàçîâàíèå âûñîêî ïðîâîäÿùèõ ñëî¼â íà

ãðàíèöå ëüäà 0 è ñòåíîê ïîð â äðåâåñèíå ñîñíû.

Â èçìåðåíèÿõ ïðîõîæäåíèÿ èçëó÷åíèÿ ëàçåðà ÷åðåç îñàæä¼ííóþ ïë¼íêó ëüäà

íàáëþäàëîñü íàëè÷èå õàðàêòåðíîãî ìèíèìóìàà ïîñëå íà÷àëà êîíäåíñàöèè ëüäà íà

ïîäëîæêå èç ðàçëè÷íûõ äèýëåêòðèêîâ, îáëàäàþùèõ ðàçëè÷íîé ñòåïåíüþ ãèäðîôèëü-

íîñòè. Êîýôôèöèåíò ïðîïóñêàíèÿ â îáëàñòè òåìïåðàòóð −40 . . . − 23 ◦C ïîíèæàëñÿ

äî çíà÷åíèé 0.1 . . . 0.5. Ýòîò ïðîöåññ, êàê è ïðåäïîëàãàëè, íàáëþäàåòñÿ íà âåòâè íà-

ãðåâàíèÿ ïðè ïðåêðàùåíèè ïðèòîêà è îòòîêà ãàçîîáðàçíîãî àçîòà.

Îáúÿñíåíèå òàêîãî ýôôåêòà ñâÿçûâàåòñÿ ñ âîçíèêíîâåíèåì ïîâåðõíîñòíûõ ïëàç-

ìîíîâ â òð¼õñëîéíîé ñðåäå ñ òîíêèì ñëîåì ïîâûøåííîé ïðîâîäèìîñòè ìåæäó äâóìÿ

äèýëåêòðèêàìè ñ øåðîõîâàòûìè ïîâåðõíîñòÿìè [5; 6]. Èõ âîçíèêíîâåíèå ïðèâîäèò ê

ïîãëîùåíèþ è ðàññåÿíèþ ïàäàþùèõ èçëó÷åíèé äàæå îò ñëî¼â íàíîìåòðîâîé òîëùè-

íû [1].

Âûâîä î òîì, ÷òî â ïðîöåññå êîíäåíñàöèè îáðàçóåòñÿ èìåííî ë¼ä 0, ñëåäóåò èç

òîãî íàáëþäàåìîãî ôàêòà, ÷òî ïðè òåìïåðàòóðàõ âûøå −23 ◦C äëÿ âñåõ ýêñïåðèìåí-

òîâ ïðîïàäàþò àíîìàëèè èõ ýëåêòðè÷åñêèõ èññëåäóåìûõ îáðàçöîâ. Â ýòîé îáëàñòè
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òåìïåðàòóðû ë¼ä 0 íåñòàáèëåí è ïðåâðàùàåòñÿ â ë¼ä Ih èëè Ic, ñîãëàñíî ïðîâåä¼ííûì

èññëåäîâàíèÿì [17; 18; 22].

Âûâîäû. Âûïîëíåííûå èññëåäîâàíèÿ ýëåêòðè÷åñêèõ õàðàêòåðèñòèê óâëàæí¼í-

íûõ íàíîïîðèñòûõ ñðåä ðàçëè÷íûìè ñïîñîáàìè âûÿâèëè àíîìàëèè èõ íèçêîòåìïåðà-

òóðíûõ ýëåêòðè÷åñêèõ ñâîéñòâ. Â ñëó÷àå íàíîïîðèñòûõ ñèëèêàòíûõ ìàòåðèàëîâ âñå

àíîìàëèè ïðîÿâèëèñü ïðè òåìïåðàòóðàõ âáëèçè −20 . . . − 24 ◦C. Èññëåäóåìûå ïàðà-

ìåòðû, îñîáåííî òàíãåíñ óãëà äèýëåêòðè÷åñêèõ ïîòåðü è ñîáñòâåííûå ýëåêòðè÷åñêèå

ôëóêòóàöèè, íà íèçêèõ ÷àñòîòàõ ïîêàçûâàëè ãèñòåðåçèñ çíà÷åíèé ïðè öèêëè÷åñêîì

èçìåíåíèè òåìïåðàòóðû. Âñå ýòè îñîáåííîñòè ìîæíî îáúÿñíèòü ïîÿâëåíèåì â ñðåäå

ëüäà 0, îáíàðóæåííîãî ïðè ìîäåëèðîâàíèè [18]. Â ñðåäàõ ñ áîëåå ñëîæíîé ñòðóê-

òóðîé, íàïðèìåð äðåâåñèíå ñîñíû, àíîìàëèè ýëåêòðè÷åñêèõ ñâîéñòâ íàáëþäàëè ïðè

òåìïåðàòóðå ∼ −100 ◦C [2]. Óñòàíîâëåí àíîìàëüíûé õàðàêòåð ãèñòåðåçèñà ïîòåðü,

ïðè êîòîðîì èõ çíà÷åíèÿ îêàçàëèñü âûøå äëÿ ó÷àñòêà íàãðåâàíèÿ âåòîê ñîñíû, ÷åì

äëÿ ó÷àñòêà îõëàæäåíèÿ ïðè îäèíàêîâûõ òåìïåðàòóðàõ. Òàêèì îáðàçîì, îáðàçîâàíèå

ñåãíåòîýëåêòðè÷åñêîãî ëüäà 0 ïî ïîëó÷åííûì äàííûì âîçìîæíî â ïîðèñòûõ ñðåäàõ

â øèðîêîì èíòåðâàëå òåìïåðàòóð îò −20 äî −100 ◦C.

Èñïîëüçóåìûé ñïîñîá öèêëè÷åñêîãî îõëàæäåíèÿ � íàãðåâàíèÿ êàìåðû ïðè çà-

ïîëíåíèè å¼ õîëîäíûìè ïàðàìè àçîòà ïîçâîëèë ïîëó÷èòü ïë¼íêè ëüäà 0 íàíîìåòðî-

âûõ òîëùèí, âûÿâëåííûõ ïðè ïðîñâå÷èâàíèè ïîäëîæåê èç äèýëåêòðè÷åñêèõ ìàòåðè-

àëîâ ñ îñàæä¼ííûì ëüäîì ñ èñïîëüçîâàíèåì ëàçåðà íà äëèíó âîëíû 0.52 ìêì. Èç

çàâèñèìîñòåé èíòåíñèâíîñòè ïðîøåäøåãî èçëó÷åíèÿ ñëåäóåò, ÷òî êîíäåíñèðîâàííûé

ë¼ä ÿâëÿåòñÿ ëüäîì 0, òàê êàê âûøå òåìïåðàòóðû −23 ◦C íàáëþäàëè âîññòàíîâëåíèå

ïðîïóñêàíèÿ èíòåíñèâíîñòè èçëó÷åíèÿ â ñîîòâåòñòâèè ñ òåîðåòè÷åñêèìè èññëåäîâà-

íèÿìè. Êîýôôèöèåíò ïðîïóñêàíèÿ èíòåíñèâíîñòè èçëó÷åíèÿ ëàçåðà óìåíüøàåòñÿ äî

çíà÷åíèé 0.1 . . . 0.5 â çàâèñèìîñòè îò ïëîùàäè ïîêðûòèÿ ïë¼íêàìè ëüäà ïîâåðõíîñòè

ïîäëîæêè, ÷òî ïîäòâåðæäàåòñÿ ñòåïåíüþ èõ ãèäðîôèëüíîñòè. Ýòîò ýôôåêò îïðåäå-

ëÿåòñÿ òåì, ÷òî íà ãðàíèöå ñåãíåòîýëåêòðè÷åñêîãî ëüäà 0 ñ äèýëåêòðèêîì âîçíèêàåò

âûñîêî ïðîâîäÿùèé ñëîé òîëùèíîé ïîðÿäêà íàíîìåòðà. Ïîãëîùåíèå è ðàññåÿíèå â

òîíêîì ñëîå ñâÿçàíî ñ âîçíèêíîâåíèåì ïëàçìîííûõ êîëåáàíèé è ðåçîíàíñíûõ ÿâëå-

íèé.

Îáíàðóæåííàÿ îñîáåííîñòü ìîæåò ïðîÿâèòüñÿ â ñòðàòîñôåðíûõ è ìåçîñôåðíûõ

îáëàêàõ ïðè ðåçêèõ ïîíèæåíèÿõ òåìïåðàòóðû è îñàæäåíèè ïàðîâ âîäû â âèäå ëüäà

0 íà ïûëåâûõ äèýëåêòðè÷åñêèõ ÷àñòèöàõ.
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Detection of Ice 0 in Various Synthetic and Natural Environments1

Studies of a new modi�cation of crystalline ice � ice 0, which can be formed only from
supercooled water, have been performed. To do this, experiments were conducted with various
porous media, arti�cial and natural, containing water in the pores of nanometer sizes. The
dielectric parameters of the media, as well as some of their electrical properties, were measured.
These include re�ection coe�cients of the radiation of moistened silicates at a frequency of
12, 4 GHz and absorption in pine branches and needles at a frequency of 5, 3 GHz, dielectric
loss tangent of silicate sorbents at frequencies from hundreds of hertz to hundreds of kHz,
intrinsic electrical �uctuations in a frequency band of 1 Hz. . . 100 Hz and transmitting visible
electromagnetic radiation through samples of transparent dielectrics with a thin layer of ice
on their surface. The temperature range for di�erent experiments reached values from +20 to
−170 ◦C. An increase in the intensity of absorbed (scattered) radiation at a wavelength of 0, 52 µm
was detected. Near the temperatures −20 . . .−24 ◦C, sharp changes were found in the parameters
of moistened silicates and pine wood, which can be explained by the formation or destruction of
ferroelectric ice 0. Two possible reasons for this behavior of the parameters during ice formation
0 are stated. This is the appearance of a highly conductive layer at the contact of ferroelectric
ice with another dielectric, as well as the appearance of surface plasmons in this layer.

1This work was supported by the Russian Foundation for Basic Research, project No. 20-05-00563
�Ice formation 0 in various natural environments and its e�ect on their dielectric properties�.
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