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Óñòàíîâëåíû çàâèñèìîñòè äèýëåêòðè÷åñêèõ ïàðàìåòðîâ âîäû èç ñîëåíûõ è ãîðüêî-ñîëåíûõ îçåð ðàâíèí-
íîé ÷àñòè Àëòàéñêîãî êðàÿ îò ñîâîêóïíîñòè õèìè÷åñêèõ ïîêàçàòåëåé. Ïðèâåäåíû ðåçóëüòàòû ðàñ÷åòà äèýëåê-
òðè÷åñêèõ ñâîéñòâ ñ ó÷åòîì ðàñòâîðåííûõ â âîäå õèìè÷åñêèõ âåùåñòâ. Ïðåäëîæåíà ìåòîäèêà ó÷åòà âëèÿíèÿ 
ðàñòâîðåííûõ â âîäå õèìè÷åñêèõ âåùåñòâ íà äèýëåêòðè÷åñêèå ñâîéñòâà ñ èñïîëüçîâàíèåì ðåãðåññèâíîãî 
àíàëèçà. 
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è ãîðüêî-ñîëåíûå îçåðà; dielectric characteristics, data multivariate analysis, PCR, PLS, salty and brackish lakes. 

 
Â ïîñëåäíèå ãîäû â ñâÿçè ñ ðàçâèòèåì ìåòîäîâ 

è ïðèáîðîâ äèñòàíöèîííîãî çîíäèðîâàíèÿ ñòàíîâèò-
ñÿ âîçìîæíûì îñóùåñòâëåíèå ãëîáàëüíîãî ìîíèòî-
ðèíãà ïðèðîäíûõ ðåñóðñîâ [1, 2]. Âàæíàÿ ðîëü â ñáîðå 
äîñòîâåðíîé è ñâîåâðåìåííîé èíôîðìàöèè î ñîñòîÿ-
íèè ïðèðîäíîé ñðåäû îòâîäèòñÿ ðàäèîôèçè÷åñêèì 
ñèñòåìàì êîñìè÷åñêîãî áàçèðîâàíèÿ. 

Îñíîâíîé ïðîáëåìîé ïðè ðàçðàáîòêå äèñòàíöè-
îííûõ ðàäèîôèçè÷åñêèõ ìåòîäîâ äèàãíîñòèêè ýêî-
ëîãè÷åñêîãî ñîñòîÿíèÿ îêðóæàþùåé ñðåäû, â ÷àñòíî-
ñòè âíóòðåííèõ âîäîåìîâ, ÿâëÿåòñÿ íåîáõîäèìîñòü 
ó÷åòà õèìè÷åñêèõ ïàðàìåòðîâ âîäû, îêàçûâàþùèõ 
âëèÿíèå íà åå äèýëåêòðè÷åñêèå ñâîéñòâà [3–6]. 

Â íàñòîÿùåé ñòàòüå ïðèâåäåíû ðåçóëüòàòû èñ-
ñëåäîâàíèé äèýëåêòðè÷åñêèõ õàðàêòåðèñòèê âîäû, 
îòîáðàííîé èç ñîëåíûõ è ãîðüêî-ñîëåíûõ îçåð ðàâ-
íèííîé ÷àñòè Àëòàéñêîãî êðàÿ, â ÷àñòîòíîì äèàïàçîíå 

0,6÷1,42 ÃÃö. Èñïîëüçîâàëè ðåãðåññèîííûé àíàëèç 

äëÿ ìîäåëèðîâàíèÿ äèýëåêòðè÷åñêèõ ñâîéñòâ âîäû. 
Ïðè îáðàáîòêå äàííûõ ýêñïåðèìåíòà èññëåäîâàëè 

çàâèñèìîñòè ïîêàçàòåëåé ïðåëîìëåíèÿ è ïîãëîùåíèÿ 

ýëåêòðîìàãíèòíîé âîëíû, ïðîõîäÿùåé ÷åðåç îáðàçåö 
âîäû îò ñëåäóþùèõ õèìè÷åñêèõ âåùåñòâ: CO3

2–
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–
, Cl

–
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, Ca

2+
, Mg

2+
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–
, NO3

–
, Ð è äð. 
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Äèýëåêòðè÷åñêèå õàðàêòåðèñòèêè âîäû èçìåðÿëè 

â äåöèìåòðîâîì äèàïàçîíå, â êîòîðîì íàáëþäàþòñÿ  
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çàìåòíûå ðàçëè÷èÿ â äèýëåêòðè÷åñêèõ ñâîéñòâàõ ðàç-
íûõ âîäíûõ ôðàêöèé, îáðàçóþùèõñÿ â ðåçóëüòàòå 
âçàèìîäåéñòâèÿ ñ èîíàìè ðàñòâîðåííûõ ñîëåé. Ïðè-
ìåíÿëè ìåòîä ìîñòîâûõ ñõåì, îáëàäàþùèé âûñîêîé 
òî÷íîñòüþ îïðåäåëåíèÿ äèýëåêòðè÷åñêèõ ïàðàìåò-
ðîâ äèñïåðñíûõ ñìåñåé è æèäêîñòåé, õàðàêòåðè-
çóþùèõñÿ âûñîêîé ïîãëîùàòåëüíîé ñïîñîáíîñòüþ. 
Ëàáîðàòîðíàÿ óñòàíîâêà, âûïîëíåííàÿ ñ ïîìîùüþ 
èçìåðèòåëüíîãî è îïîðíîãî êàíàëîâ ïðîìûøëåííî-
ãî ôàçîìåòðà ÔÊ2-18, ïîçâîëÿëà èçìåðÿòü äèýëåê-
òðè÷åñêèå ïàðàìåòðû æèäêîñòåé â äèàïàçîíå ÷àñòîò 
îò 300 ÌÃö äî 5,0 ÃÃö è èìåëà ñëåäóþùèå òåõíè÷å-
ñêèå õàðàêòåðèñòèêè: äèàïàçîí îäíîçíà÷íûõ èçìå-
ðåíèé ôàçû ± 180; äèàïàçîí èçìåðåíèÿ çàòóõàíèé 
îò 0 äî 60 äÁ; ïîãðåøíîñòü èçìåðåíèé îñëàáëåíèÿ 
0,5 äÁ, ôàçû – 2°. 

Â êà÷åñòâå âåëè÷èíû, õàðàêòåðèçóþùåé ñîäåð-
æàíèå õèìè÷åñêèõ âåùåñòâ â âîäå, èñïîëüçîâàëè 
ìàññîâóþ äîëþ S ðàñòâîðåííîãî âåùåñòâà, êîòîðóþ 
îïðåäåëÿëè ïî ôîðìóëå S = Mc/M, ãäå Ì, Ìñ – 
ìàññû îáðàçöà è ñóõîãî îñòàòêà, èçìåðåííûå ïóòåì 
âçâåøèâàíèÿ íà àíàëèòè÷åñêèõ âåñàõ ñ òî÷íîñòüþ 
äî 0,001 ã äî è ïîñëå âûïàðèâàíèÿ âîäû èç îáðàçöà 
â òåðìîñòàòå ïðè òåìïåðàòóðå 215 °Ñ. Èçìåðÿëè íà 
ðàçíûõ ÷àñòîòàõ îñëàáëåíèå À è ñäâèã ôàçû ϕ ýëåê-
òðîìàãíèòíîé âîëíû â èññëåäóåìîì îáðàçöå, ïðè-
ìåíÿåìûå äëÿ ðàñ÷åòà ïîêàçàòåëåé ïðåëîìëåíèÿ n  
è ïîãëîùåíèÿ κ, ñâÿçàííûõ ñ êîìïëåêñíîé äèýëåê-
òðè÷åñêîé ïðîíèöàåìîñòüþ ε ôîðìóëîé .n iε = + κ  
Èçìåðåíèÿ äèýëåêòðè÷åñêèõ ïàðàìåòðîâ âîäû ïðî-
âîäèëè ïðè òåìïåðàòóðå (25 ± 1) °Ñ. 

Äëÿ ðàñ÷åòà n è κ âîäû èñïîëüçîâàëè èçâåñò-
íûå ìåòîäû ðåãðåññèîííîãî àíàëèçà äàííûõ: ðåãðåñ-
ñèþ íà ãëàâíûå êîìïîíåíòû (ÐÃÊ) è ïðîåêöèþ íà 
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ëàòåíòíûå ñòðóêòóðû (ÏËÑ) [7]. Ïðîâîäèëè ìíî-
ãîìåðíóþ êàëèáðîâêó äàííûõ ïî 30 îáðàçöàì âîäû 
(ïàðàìåòðû ìîäåëè: ïîêàçàòåëè ïðåëîìëåíèÿ è ïî-
ãëîùåíèÿ, ÷àñòîòà ñèãíàëà, ìàññîâàÿ êîíöåíòðàöèÿ, 
äàííûå õèìè÷åñêîãî àíàëèçà). Ñòðîèëè ìíîãîìåð-
íóþ ðåãðåññèîííóþ ìîäåëü (Õ, Y) äëÿ ýêñïåðèìåí-
òàëüíûõ äàííûõ, êîòîðóþ çàòåì èñïîëüçîâàëè äëÿ 
îïðåäåëåíèÿ íîâûõ çíà÷åíèé Y ïî íîâûì èçìåðå-
íèÿì X. Ñìûñë ýòîé îïåðàöèè çàêëþ÷àëñÿ â òîì, 
÷òîáû ïîëó÷èòü âîçìîæíîñòü â äàëüíåéøåì íå èçìå-
ðÿòü çíà÷åíèÿ Y, à îïðåäåëÿòü èõ ïî çíà÷åíèÿì X. 
  Óñòàíîâëåíû ñëåäóþùèå çàâèñèìîñòè n è κ îò 
ìàññîâûõ äîëåé õèìè÷åñêèõ âåùåñòâ (Si) è ÷àñòîòû 
ñèãíàëà f (0,6; 1,11; 1,42 ÃÃö): 

1. Ìåòîä ÏËÑ: 

 1 2 39,72 0,01– 0,06 0,002n S S S= + ⋅ ⋅ + ⋅ +  

 4 5 6 70,006 0,27 0,007 15,15S S S S+ ⋅ + ⋅ + ⋅ + ⋅ +  

 8 91,63 19,56 0,45,S S f+ ⋅ + ⋅ − ⋅  (1) 

 1 2 33,26 – 1,21– 0,3 0,004S S Sκ = ⋅ ⋅ + ⋅ +  

 4 5 6 70,018 0,28 0,01 72,32S S S S+ ⋅ + ⋅ + ⋅ + ⋅ +  

 8 91,2 7,2 – 0,06.S S f+ ⋅ + ⋅ ⋅  (2) 

2. Ìåòîä ÐÃÊ: 

 1 2 38,91 0,13 – 0,004 0,002n S S S= + ⋅ ⋅ + ⋅ +  

 4 5 6 70,0003 0,14 0,003 – 16,43S S S S+ ⋅ + ⋅ + ⋅ ⋅ +  

 8 90,99 21,93 – 0,51,S S f+ ⋅ + ⋅ ⋅  (3) 

 1 2 33,38 – 0,14 – 0,002 0,002S S Sκ = ⋅ ⋅ + ⋅ +  

 4 5 6 70,01 0,075 0,0054 13,03S S S S+ ⋅ + ⋅ + ⋅ + ⋅ +  

 8 90,5 – 0,36 0,18.S S f+ ⋅ ⋅ + ⋅  (4) 

Â (1)–(4) öèôðû â  èíäåêñàõ è i îáîçíà÷àþò ñëå-
äóþùèå õèìè÷åñêèå âåùåñòâà, ðàñòâîðåííûå â âîäå: 
1 – CO3

2–
, 2 – HCO3

–
, 3 – Cl

–
, 4 – SO4

2–
, 5 – Ca

2+
, 6 – 

Mg
2+

, 7 – NO2

–
, 8 – N–NH4, 9 – P. 

Èññëåäîâàííûå âåëè÷èíû èçìåíÿëèñü â ñëå-
äóþùèõ ïðåäåëàõ (ã/ë): 

 S1 = 0,015÷0,9; S2 = 0,026÷3,6; S3 = 3÷195; 

 S4 = 3÷36; S5 = 0,04÷4; S6 = 0,45÷63; 

 S7 = 0÷0,009; S8 = 0÷0,52; 

 S9 = 0÷0,001; f = 0,6÷1,42 ÃÃö. 

Èñïîëüçîâàíèå óñòàíîâëåííûõ ýìïèðè÷åñêèõ çà-
âèñèìîñòåé n è κ îò èññëåäîâàííûõ ïàðàìåòðîâ ïî-
çâîëÿåò ðàññ÷èòàòü ÷èñëåííûå çíà÷åíèÿ n è κ ïî õè-
ìè÷åñêèì ïàðàìåòðàì âîäû äëÿ ðàçíûõ ñëó÷àåâ. Ïî-
ñòðîåíèå òàêèõ ìîäåëåé ïîçâîëèò êîíòðîëèðîâàòü 
èçìåíåíèå ìèíåðàëèçàöèè âîäîåìà è, òàêèì îáðàçîì, 
îñóùåñòâëÿòü äèàãíîñòèêó ýêîëîãè÷åñêîãî ñîñòîÿíèÿ. 
  Äëÿ ïîêàçàòåëÿ κ ÷èñëî ãëàâíûõ êîìïîíåíò êàê 
â ÐÃÊ, òàê è â ÏËÑ ðàâíî 1, äëÿ ïîêàçàòåëÿ n ÷èñëî 
ãëàâíûõ êîìïîíåíò äëÿ ÐÃÊ ðàâíî 5, äëÿ ÏËÑ – 4. 
Â äàííîì ñëó÷àå öåëåñîîáðàçíåå èñïîëüçîâàòü ìî-
äåëü, ïîñòðîåííóþ ñ ïîìîùüþ ìåòîäà ÏËÑ, òàê êàê îí 
èñïîëüçóåò ìåíüøåå ÷èñëî ãëàâíûõ êîìïîíåíò è çíà-
÷åíèå îøèáêè ïðåäñêàçàíèÿ äëÿ ýòîãî ìåòîäà ìåíüøå. 
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À.Yu. Sukovatova, À.N. Romanov, N.Ì. Oskorbin. Modeling of dielectric properties of water from 
natural mineralized reservoirs by the regression analysis method. 

Dependenies Altai steppe lakes water dielectric characteristics on a set of chemical parameters are deter-
mined. Calculation data of water dielectric features subject to soluted matters are presented. Method of  
accounting of the soluted matters dependence on dielectric characteristics with regression analysis application  
is suggested. 

 
 


