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ASSESSMENT AND FORECAST OF SOIL FORMATION

UNDER IRRIGATION IN THE STEPPE ZONE OF UKRAINE
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Simulation of changes in energy costs on soil formation in the period of irrigation reclamation in the steppe zone

performed using Wavelets analysis. A method for evaluating natural-anthropogenic soil-forming process, taking

into account the contribution of irrigation water to the change in the hydrothermal regime during the growing

season and predict the direction of soil under the influence of changing climatic conditions for the area of irrigated

agriculture was proposed.
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Ñòåïíûå è ñóõîñòåïíûå ëàíäøàôòû ñôîðìèðîâà-

ëèñü â óñëîâèÿõ äîñòàòî÷íîãî êîëè÷åñòâà òåïëà, íî

íåäîñòàòêà âëàãè. Ïî îáîáùåííûì äàííûì ìåòåîðîëî-

ãè÷åñêèõ ðÿäîâ (1900-2014 ãã.), ãîäîâàÿ íîðìà ñóììû

àòìîñôåðíûõ îñàäêîâ îöåíåíà â 400 ìì, òåìïåðàòó-

ðû âîçäóõà – â 9,8 °Ñ. Îò íà÷àëà âåãåòàöèè çåðíîâûõ

êóëüòóð äî èõ óáîðêè â ïðè÷åðíîìîðñêîé ïîëîñå (ñ

òåìíî-êàøòàíîâûìè ïî÷âàìè) âåðîÿòíîñòü çàñóõè

ñîñòàâëÿåò 40 %, â ÷åðíîçåìíûõ ïîäçîíàõ ñòåïè –

30 %; âåðîÿòíîñòü ëåò ñ èíòåíñèâíûìè è î÷åíü èíòåí-

ñèâíûìè ñóõîâåÿìè – 40-90 %. Ïî÷âåííûé ïîêðîâ

àãðîëàíäøàôòîâ ðàçíîîáðàçåí: ÷åðíîçåìû îáûêíî-

âåííûå è þæíûå, òåìíî-êàøòàíîâûå ïî÷âû â êîìï-

ëåêñå ñ ïî÷âàìè ñîëîíöîâîãî ðÿäà. Çàïàñû ïèòàòåëü-

íûõ âåùåñòâ è èõ äîñòóïíîñòü ðàñòåíèÿì, à òàêæå

ðåçåðâû ïðîäóêòèâíîé âëàãè îáóñëîâëåíû ïðèðîä-

íî-êëèìàòè÷åñêèìè óñëîâèÿìè àãðîëàíäøàôòîâ (îñî-

áåííîñòÿìè ðåëüåôà, ãèäðîãåîëîãèè, ïî÷âåííî-êëè-

ìàòè÷åñêèõ ðåñóðñîâ è ò.ä.) [1]. Âûñîêàÿ ðàñïàõàí-

íîñòü ñòåïíûõ è ñóõîñòåïíûõ ëàíäøàôòîâ (65-75 %),

øèðîêîå ðàçâèòèå îðîøåíèÿ, õàðàêòåð âåòðîâîãî ðå-

æèìà è âûïàäåíèÿ îñàäêîâ âî ìíîãîì îïðåäåëÿþò

àêòèâíîå ðàçâèòèå äåôëÿöèè è âîäíîé ýðîçèè ïî÷â,

÷òî ïðèâîäèò ê óõóäøåíèþ èõ àãðîôèçè÷åñêîãî è àã-

ðîõèìè÷åñêîãî ñîñòîÿíèÿ, à â çîíå îðîøåíèÿ ñëîæèë-

ñÿ êîìïëåêñ ãèäðîìåëèîðàòèâíûõ ïðîáëåì è íàìåòè-

ëèñü íîâûå òðåíäû ïî÷âîîáðàçîâàòåëüíûõ ïðîöåññîâ.

Àêòóàëüíîñòü ðàçðàáîòêè íîâûõ ïîäõîäîâ ê êîìï-

ëåêñíûì îöåíêàì ïî÷âîîáðàçîâàòåëüíîãî ïîòåíöèà-

ëà êëèìàòà, èìåþùèì ïðîãíîñòè÷åñêèé ïîòåíöèàë,

îáóñëîâëåíà íåîáõîäèìîñòüþ ó÷åòà àíòðîïîãåííîãî

âêëàäà ïðè îðîñèòåëüíûõ ìåëèîðàöèÿõ çåìåëü â ñòåï-
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íîé è ñóõîñòåïíîé çîíàõ [2]. Ôåíîìåí åñòåñòâåííî-

àíòðîïîãåííîãî ïî÷âîîáðàçîâàòåëüíîãî ïðîöåññà íà

îðîøàåìûõ çåìëÿõ çàêëþ÷àåòñÿ â åãî óñêîðåííûõ è

íåîáðàòèìûõ ïðîÿâëåíèÿõ, òîãäà êàê ðåçóëüòàòû àã-

ðîãåííî îáóñëîâëåííîé ýâîëþöèè ïî÷â â ñòàðîîñâî-

åííûõ ðåãèîíàõ áîãàðíîãî çåìëåäåëèÿ äèàãíîñòèðó-

þòñÿ ïî ïðîøåñòâèè ñîòåí ëåò [3].

Öåëüþ íàñòîÿùåé ðàáîòû áûëè îöåíêà äèíàìèêè

è ïðîãíîçèðîâàíèå íàïðàâëåííîñòè ïî÷âîîáðàçîâà-

íèÿ íà ïðèìåðå Õåðñîíñêîé îáëàñòè, ãäå ñåëüñêîõî-

çÿéñòâåííûå óãîäüÿ çàíèìàþò 1971 òûñ. ãà (69,2 %),

âêëþ÷àÿ 1778 òûñ. ãà ïàøíè (90,2 %). Â îáëàñòè ñî-

ñðåäîòî÷åíî 20 % îðîøàåìûõ çåìåëü Óêðàèíû, ÷òî

ñîñòàâëÿåò îêîëî 426,8 òûñ. ãà, íî ôàêòè÷åñêè èñ-

ïîëüçóþò 285 òûñ. ãà.

Ìåòîäèêà. Â ðàáîòå èñïîëüçîâàëè ìåòîäîëîãèþ

áèîýíåðãåòè÷åñêîãî ïîäõîäà [4], ïîçâîëÿþùåãî ìî-

äåëèðîâàòü ñöåíàðèè êëèìàòè÷åñêèõ âîçäåéñòâèé

(÷åðåç òåïëî- è âëàãîîáåñïå÷åííîñòü), âûðàæåííûå

â ýíåðãåòè÷åñêèõ ýêâèâàëåíòàõ, íà òðåíäû ðàçâèòèÿ

ïî÷â âî âðåìåíè. Ðàíåå â ðàçâèòèå ýòîãî ïîäõîäà óñî-

âåðøåíñòâîâàíà ìåòîäèêà ðàñ÷åòà ýíåðãåòè÷åñêèõ

çàòðàò íà ïî÷âîîáðàçîâàíèå (Q) â çàâèñèìîñòè îò êëè-

ìàòè÷åñêèõ ôàêòîðîâ [5] è ïðåäëîæåíà [6] ìîäåëü

çàâèñèìîñòè ìîùíîñòè ãóìóñîâîãî ãîðèçîíòà îò Q

è ñîäåðæàíèÿ ãðàíóëîìåòðè÷åñêîé ôðàêöèè ôèçè-

÷åñêîé ãëèíû â ïî÷âîîáðàçóþùèõ ïîðîäàõ. Ðàñ÷åò

âåëè÷èí ðàäèàöèîííîãî áàëàíñà, ýíåðãåòè÷åñêèõ çà-

òðàò íà ïî÷âîîáðàçîâàíèå (Q, ÌÄæ/ì
2
), ïðåäåëüíîé

ìîùíîñòè ãóìóñîâîãî ãîðèçîíòà ïî÷â (Hlim, ìì) â çà-

âèñèìîñòè îò Q è ñîäåðæàíèÿ ôèçè÷åñêîé ãëèíû â

ïî÷âîîáðàçóþùèõ ïîðîäàõ (PC, %; < 0,01 ìì) ïðîâî-

äèëè ïî ìåòîäèêàì, ïðåäëîæåííûì â ðàáîòàõ [5, 6].

Èñïîëüçîâàëè äàííûå î òåìïåðàòóðå âîçäóõà (T, °Ñ)

è ñóììå îñàäêîâ (Ð, ìì) çà âåãåòàöèîííûé ïåðèîä

âîñüìè ìåòåîñòàíöèé Õåðñîíñêîé îáëàñòè. Îöåíî÷-

íûé ïåðèîä îïðåäåëåí äëèòåëüíîñòüþ îðîøàåìîãî

çåìëåäåëèÿ (1966-2014 ãã.). Ïðèâëå÷åíû äàííûå Õåð-

ñîíñêîãî îáëàñòíîãî óïðàâëåíèÿ âîäíûõ ðåñóðñîâ,

÷òî ïîçâîëèëî âûÿâèòü ïðîñòðàíñòâåííî-âðåìåííûå

îñîáåííîñòè ðàñïðåäåëåíèÿ èððèãàöèîííîé âëàãè

(IN, ìì) íà îðîøàåìûõ çåìëÿõ. Äëÿ ïîñòðîåíèÿ öèô-

ðîâîé ìîäåëè ðåëüåôà è îöåíêè ðàñïðåäåëåíèÿ ïî

òåððèòîðèè ðàäèàöèîííîãî áàëàíñà (R, ÌÄæ/ì
2
) èñ-

ïîëüçîâàëè ðàäàðíóþ òîïîãðàôè÷åñêóþ ñúåìêó. Ïðè

ðàçëîæåíèè èñõîäíîãî ðÿäà Q äëÿ îïðåäåëåíèÿ òðåí-

äà (Ò), íèçêî÷àñòîòíûõ (àïïðîêñèìèðóþùèõ, À), âû-

ñîêî÷àñòîòíûõ (D) ñèãíàëîâ ïðèìåíÿëè âåéâëåò-ïðå-

îáðàçîâàíèå ôóíêöèè Ìåéåðà ïÿòîãî ïîðÿäêà [7, 8],

÷òî îáåñïå÷èëî ñîõðàíåíèå èñõîäíîé ýíåðãèè ñèã-

íàëà íà 96,17 %. Äëÿ ìîäåëèðîâàíèÿ è ïðîãíîçèðî-

âàíèÿ íàïðàâëåííîñòè ïî÷âîîáðàçîâàòåëüíîãî ïðî-

öåññà íà îðîøàåìûõ çåìëÿõ èñïîëüçîâàëè òåîðåòè-

÷åñêóþ ìîäåëü, âêëþ÷àþùóþ ñóììó ñèíóñîâ, âèäà:

( )( )∑
=

+⋅⋅=

N

1i

iii
ctbsina)x(f , (1)

ãäå x – âåëè÷èíà èçó÷àåìîãî ïðîöåññà; a – àìïëèòó-

äà êîëåáàíèé; b – ÷àñòîòà àìïëèòóä; ñ – ôàçà (ñâîáîä-

íûé ÷ëåí), êîòîðàÿ ïîñòîÿííà äëÿ êàæäîé ñèíóñî-

èäàëüíîé âîëíû â ïåðñïåêòèâå; t – äèñêðåòíîå çíà÷å-

íèå âðåìåíè â ìîìåíò i; n – ÷èñëî ÷ëåíîâ ðÿäà èëè

ðåòðîñïåêòèâíàÿ âðåìåííàÿ ïðîåêöèÿ.

Àäåêâàòíîñòü ìîäåëè (1) îöåíèâàëè ïî êðèòåðèÿì

îöåíêè äîñòîâåðíîñòè ïðîãíîçèðîâàíèÿ [9, 10]. Äëÿ

ïðîñòðàíñòâåííî-âðåìåííîãî àíàëèçà, ìîäåëèðîâàíèÿ

è ïðîãíîçèðîâàíèÿ èñïîëüçîâàëè ïðîãðàììíûå ïðî-

äóêòû STATISTICA Advanced + QC for Windows v.10 Ru,

MathWorks MATLAB 7.9 R2009b è ArcGIS 10.1.

Ðåçóëüòàòû è îáñóæäåíèå. Ê îñíîâíûì êëèìàòè-

÷åñêèì ïîêàçàòåëÿì, êîòîðûå îïðåäåëÿþò ýíåðãåòè-

÷åñêèå çàòðàòû íà ïî÷âîîáðàçîâàíèå (Q), îòíîñÿòñÿ

ñóììà òåìïåðàòóð âîçäóõà >
 
10° è ñóììà îñàäêîâ çà

âåãåòàöèîííûé ïåðèîä (IV-X). Çà 48 ëåò íàáëþäåíèé

â èçìåíåíèè òåìïåðàòóð çà âåãåòàöèþ îòìå÷åí ïîëî-

æèòåëüíûé òðåíä, ýêñòðåìóì êîòîðîãî ïðèõîäèòñÿ

íà íà÷àëî ÕÕ² â. (ñ ïåðèîäè÷íîñòüþ 8-9 ëåò). Ïåðèîä

íàáëþäåíèé (1966-2014 ãã.) ìîæíî ðàçäåëèòü íà ïå-

ðèîäû ôîðìèðîâàíèÿ òåìïåðàòóðû âîçäóõà (T, °C) â

ñòàáèëüíîì (1966-1996 ãã.): T
– 

= 16,54±0,16; V = 5,4 %;

Ò = -0,168Ln(t) + 16,96; r = 0,16) è íåñòàáèëüíîì

ðåæèìå (1997-2014 ãã.): T
– 

= 18,12±0,31; V = 7,4 %;

Ò = 16,403å
0,0102t

; r = 0,76). Ðîñò òåìïåðàòóðû âîçäó-

õà è ðàäèàöèîííîãî áàëàíñà ïðåäïîëàãàåò óâåëè÷å-

íèå ïîëèâíûõ íîðì (IN), íî ïîâûøåíèå îñàäêîâ ïî

òðåíä-öèêëè÷åñêîìó (11 ëåò) ñöåíàðèþ îáóñëîâëè-

âàåò ôîðìèðîâàíèå ïîëîæèòåëüíîãî òðåíäà â èçìå-

íåíèè ýíåðãåòè÷åñêèõ çàòðàò (QP) íà ïî÷âîîáðàçî-

âàíèå, ÷òî çà ïîñëåäíèå 25 ëåò â óñëîâèÿõ ñëîæíîé

ñîöèàëüíî-ýêîíîìè÷åñêîé ñèòóàöèè (çíà÷èòåëüíûé

ðîñò ïëàòû çà îðîñèòåëüíóþ âîäó) ïðèâåëî ê ñîêðà-

ùåíèþ ýíåðãèè çà ñ÷åò îðîñèòåëüíîé ìåëèîðàöèè

(QIN) â 2,7 ðàçà (ðèñ. 1): ñî 147,6 (1966-1990 ãã.) äî

55,4 ÌÄæ/ì
2
 (1991-2014 ãã.).

Çàâèñèìîñòü äèíàìèêè îðîñèòåëüíîé íîðìû îò

ñóììû îñàäêîâ âåãåòàöèîííîãî ïåðèîäà èìååò ñòå-

ïåííîé âèä. Â îòäåëüíûå ïåðèîäû ýòà çàâèñèìîñòü

ðàçëè÷àëàñü: â 1966-1989 ãã. – IN = 20224·P
-0,9248

;

r = 0,795; r
2

= 0,632;
 
â 1990-2014 ãã. – IN = 20379·P

-0,9888
;

r = 0,801; r
2

= 0,652. Â 1966-2014 ãã. çà âåãåòàöèþ

ñóììà îñàäêîâ íà òåððèòîðèè Õåðñîíñêîé îáëàñòè

óâåëè÷èëàñü ñ þãà íà ñåâåð îò 155 äî 330 ìì. Ïðè

ýòîì ñóììàðíàÿ âîäîïîäà÷à (P+IN, ìì) íà îðîøàå-

ìûõ çåìëÿõ ñîñòàâèëà 345-410 ìì (ðèñ. 2, à), ÷òî

îáåñïå÷èëî ïîâûøåíèå ýíåðãåòè÷åñêèõ çàòðàò íà ïî÷-

âîîáðàçîâàíèå (QP+IN) â ñðåäíåì çà âåãåòàöèîííûé

ïåðèîä íà 335 ÌÄæ/ì
2 

(äî 850 ÌÄæ/ì
2
). Ñóììàð-

íàÿ âåëè÷èíà çàòðàò ýíåðãèè íà ïî÷âîîáðàçîâàíèå

çà âåãåòàöèþ íà òåððèòîðèè îáëàñòè äèôôåðåíöè-

ðîâàíà: íà îðîøàåìûõ çåìëÿõ – 790-910 ÌÄæ/ì
2
,

áîãàðíûõ – 265-765 ÌÄæ/ì
2
.

Ðàíåå â ðàáîòå [6] áûëà óñòàíîâëåíà çàâèñèìîñòü

ïðåäåëüíîé ìîùíîñòè ãóìóñîâîãî ãîðèçîíòà ïî÷â

(Ílim, ìì) îò ýíåðãåòè÷åñêèõ çàòðàò íà ïî÷âîîáðàçîâà-
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Ðèñ. 1. Äèíàìèêà êëèìàòè÷åñêîé è àíòðîïîãåííîé îáåñïå÷åííîñòè ýíåðãèåé ïî÷âîîáðàçîâàòåëüíîãî ïðîöåññà ïðè îðîñè-

òåëüíûõ ìåëèîðàöèÿõ â ñòåïíîé çîíå Óêðàèíû (1966-2014 ãã.): êëèìàòè÷åñêàÿ (QP, ÌÄæ/ì
2
), àíòðîïîãåííàÿ (QIN, ÌÄæ/ì

2
),

ñóììàðíàÿ ýíåðãèÿ (QP+IN, ÌÄæ/ì
2
).

Ðèñ. 2. Ðàñïðåäåëåíèå óñëîâèé âëàãîîáåñïå÷åííîñòè çà âåãåòàöèîí-

íûé ïåðèîä è ïîòåíöèàëà ïî÷âîîáðàçîâàíèÿ íà îðîøàåìûõ è íåîðî-

øàåìûõ çåìëÿõ Õåðñîíñêîé îáëàñòè: à – ñóììàðíàÿ âîäîïîäà÷à (ñóì-

ìà îñàäêîâ (P, ìì) è îðîñèòåëüíûõ íîðì (IN, ìì)); á – ðàñ÷åòíàÿ âå-

ëè÷èíà ïðåäåëüíîé ìîùíîñòè ãóìóñîâîãî ãîðèçîíòà ïî÷â (Hlim, ìì).

á)

à) íèå (Q) è äîëè ãðàíóëîìåòðè÷åñêîé ôðàêöèè

ôèçè÷åñêîé ãëèíû (< 0,01 ìì; PC, %) â âèäå:

.
e1

PC6.3914
H

)Q00523.0346.5(

19.0

lim
⋅−

−

+

⋅
= (2)

Âîçìîæíîñòü ó÷åòà èçìåíåíèé ãèäðîòåð-

ìè÷åñêèõ óñëîâèé â ôîðìóëå (2) ïîçâîëÿåò ïî-

ëó÷èòü ïîòåíöèàëüíóþ îöåíêó ïðåäåëüíîé

ìîùíîñòè ãóìóñîâîãî ãîðèçîíòà ïî÷â (Ílim).

Ýòà âåëè÷èíà êîëåáëåòñÿ â øèðîêèõ ïðåäå-

ëàõ (ðèñ. 2, á), ñîñòàâëÿÿ â ñðåäíåì íà áîãàð-

íûõ çåìëÿõ 238 ìì (45-430 ìì), îðîøàåìûõ

– 605 ìì (410-800 ìì). Ó ñåâåðíîé ãðàíèöû

ðàñïðîñòðàíåíèÿ ÷åðíîçåìîâ îáûêíîâåííûõ

è þæíûõ ìàëîãóìóñíûõ (ñîäåðæàíèå ãóìóñà

(G) = 2,60-3,85 %) âåëè÷èíà Ílim ìîæåò äîñòè-

ãàòü íà áîãàðíûõ çåìëÿõ 250-430 ìì, îðîøàå-

ìûõ – 630-800 ìì; â çîíå þæíûõ ÷åðíîçåìîâ

(G = 2,00-3,30 %) – ñîîòâåòñòâåííî 110-250 è

480-630 ìì, â çîíå òåìíî-êàøòàíîâûõ ïî÷â

(G = 1,75-3,00 %) – 100-160 è 430-550 ìì. Þæ-

íóþ ÷àñòü îáëàñòè õàðàêòåðèçóþò êàøòàíî-

âûå è ëóãîâî-êàøòàíîâûå ñîëîíöåâàòûå ïî÷-

âû (G = 1,00-2,6 %) ñ ïðîãíîçíîé âåëè÷èíîé

Ílim 410-550 ìì.

Ñîãëàñíî ìîäåëÿì ïðîñòðàíñòâåííîãî ðàñ-

ïðåäåëåíèÿ âåëè÷èí Q è Ílim, íàèáîëåå áëà-

ãîïðèÿòíûå óñëîâèÿ äëÿ ðåàëèçàöèè ïî÷âî-

îáðàçîâàòåëüíîãî ïðîöåññà ñîçäàþòñÿ â çîíå

îáûêíîâåííûõ è þæíûõ ÷åðíîçåìîâ. Íî èí-

òåíñèâíîå ðàçâèòèå èððèãàöèè (1970-1989 ãã.)

ïðèâåëî ê âûìûâàíèþ ãóìóñà â íèæíèå ãîðè-

çîíòû è óìåíüøåíèþ åãî ñîäåðæàíèÿ (G, %)

â ñëîå 0-40 ñì ñ 2,56 äî 2,20 %. Ïåðèîä

1990-2014 ãã. õàðàêòåðèçîâàëñÿ ñòàáèëüíîé

ãèäðîìåëèîðàòèâíîé íàãðóçêîé ñ ïðîÿâëåíè-

åì ïðîöåññà äåãóìèôèêàöèè âî âðåìåíè (t):

(G = -0,0061·t + 2,2914) ïðè íåçíà÷èòåëüíîé
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Ðèñ. 3. Äåêîìïîçèöèÿ, äèíàìèêà è ïðîãíîç èçìåíåíèÿ ýíåð-

ãåòè÷åñêèõ çàòðàò íà ïî÷âîîáðàçîâàíèå äëÿ âåãåòàöèîí-

íîãî ïåðèîäà äî 2040 ã.: à – òðåíäîâàÿ ñîñòàâëÿþùàÿ (T);

á – íèçêî÷àñòîòíàÿ ñîñòàâëÿþùàÿ (A); â – âûñîêî÷àñòîò-

íàÿ ñîñòàâëÿþùàÿ (D, áåëûé øóì); ã – âåéâëåò-äåðåâî ñî-

õðàíåíèÿ ýíåðãèè èñõîäíîãî ñèãíàëà; ä – äèíàìèêà è ïðîã-

íîç ýíåðãåòè÷åñêèõ çàòðàò f(Q) = f(T) + f(À) (ëåâàÿ îñü – QP,

QP+IN, ïðàâàÿ – QIN).

áà

â

ä

âàðèàöèè (Cv = 0,03 %). Â ñâÿçè ñ ýòèì ñòàáèëèçàöèÿ

ïî÷âåííî-äåãðàäàöèîííûõ ïðîöåññîâ, â ïåðâóþ î÷å-

ðåäü íà îðîøàåìûõ çåìëÿõ, ìîæåò áûòü îáåñïå÷åíà

ïóòåì íåîáõîäèìîãî ïîñòóïëåíèÿ â ïàõîòíûé ãîðè-

çîíò ïîæíèâíûõ îñòàòêîâ è îðãàíè÷åñêèõ óäîáðå-

ã)íèé, óìåíüøåíèÿ äîëè ïðîïàøíûõ êóëüòóð, óâåëè÷åíèÿ äîëè ìíîãî-

ëåòíèõ òðàâ è ïîëåâûõ ñåâîîáîðîòîâ, ñîêðàùåíèÿ îäíîñòîðîííåãî ïðè-

ìåíåíèÿ ìèíåðàëüíûõ óäîáðåíèé (îñîáåííî ôèçèîëîãè÷åñêè êèñëûõ

ôîðì), ïîëíîãî èñïîëüçîâàíèÿ ðàñòèòåëüíûõ îñòàòêîâ íà óäîáðåíèå,

ñíèæåíèÿ âîäíîé ýðîçèè, âêëþ÷àÿ íàó÷íî îáîñíîâàííóþ îïòèìèçà-

öèþ èððèãàöèîííûõ íîðì è äð.

Äëÿ ïðîãíîçà íàïðàâëåííîñòè ïî÷âîîáðàçîâàíèÿ ïðè îðîñèòåëüíûõ

ìåëèîðàöèÿõ ïðîâåäåíî ïðåîáðàçîâàíèå èñõîäíîãî ðÿäà êëèìàòè÷åñ-

êèõ çàòðàò ýíåðãèè (QP) ñ ïîìîùüþ âåéâëåò-àíàëèçà. Â ðåçóëüòàòå äå-

êîìïîçèöèè ãàðìîíè÷åñêèõ êîëåáàíèé ðàçëè÷íûõ óðîâíåé ëîêàëèçà-

öèè ïîëó÷åíû òðåíäîâàÿ (TP, ðèñ. 3, à), íèçêî÷àñòîòíàÿ (AP, ðèñ. 3, á)

è âûñîêî÷àñòîòíàÿ (DP, ðèñ. 3, â) ñîñòàâëÿþùèå. Ôóíêöèÿ ïÿòèóðîâ-

íåâîãî ðàçëîæåíèÿ âðåìåííîãî ðÿäà èìååò âèä ñóììû ôóíêöèé îò-

äåëüíûõ êîìïîíåíò: f(QP) = f(TP) + f(AP) + f(DP). Íà ðèñ. 3, ã ïðåäñòàâëå-
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íî âåéâëåò-äåðåâî ïîðÿäêà ñëåäîâàíèÿ êîýôôèöèåí-

òîâ ïÿòèóðîâíåâîãî ðàçëîæåíèÿ è ïîøàãîâîãî ñîõðà-

íåíèÿ ñèãíàëà èñõîäíîãî âðåìåííîãî ðÿäà. Ôóíêöèè

îòäåëüíûõ êîìïîíåíò ïðåäñòàâëåíû â âèäå ôóíêöèé

ñóìì ñèíóñîâ: ñì. ôîðìóëó 3 ââåðõó ñòðàíèöû.

Ñèñòåìà ôóíêöèé (3) îáåñïå÷èâàåò ïðàêòè÷åñêóþ

âîçìîæíîñòü îñóùåñòâëÿòü ñ âûñîêîé ñòåïåíüþ äî-

ñòîâåðíîñòè äîëãîñðî÷íûé (íà îñíîâå òðåíäîâîé ñî-

ñòàâëÿþùåé, f(T)), ñðåäíåñðî÷íûé (ñ ó÷åòîì íèçêî-

÷àñòîòíîé ñîñòàâëÿþùåé, f(T) + f(À)) è êðàòêîñðî÷íûé

(ñ ïðèâëå÷åíèåì âûñîêî÷àñòîòíîé ñîñòàâëÿþùåé,

f(T) + f(À) + f(D)) ïðîãíîçû ýíåðãåòè÷åñêèõ çàòðàò

íà ïî÷âîîáðàçîâàíèå, åñëè áóäóò ñîõðàíÿòüñÿ ñóùå-

ñòâóþùèå òåíäåíöèè êëèìàòè÷åñêèõ èçìåíåíèé â

ñòåïíîé çîíå.

Äîñòîâåðíîñòü âðåìåííîãî ìîäåëèðîâàíèÿ äëÿ

òðåíäîâîé ñîñòàâëÿþùåé ñ ó÷åòîì ñòàíäàðòíîé îøèá-

êè âõîäíûõ äàííûõ ñîñòàâèëà 94,97 %, äëÿ íèçêî÷àñ-

òîòíîé – 84,07 %, äëÿ âûñîêî÷àñòîòíîé – 59,02 %. Äîë-

ãîñðî÷íîå ïðîãíîçèðîâàíèå íà 26 ëåò (2015-2040 ãã.)

îñóùåñòâëåíî ñ ïðèâëå÷åíèåì òðåíäîâîé è íèçêî÷àñ-

òîòíîé ñîñòàâëÿþùåé (f(Q) = f(T) + f(À)), ïðè ýòîì äîñ-

òîâåðíîñòü ìîäåëèðîâàíèÿ îöåíåíî â 90 % (ðèñ. 3, ä).

Ðåçóëüòàòû ïðîãíîçèðîâàíèÿ ïîçâîëÿþò ñäåëàòü

âûâîä î òîì, ÷òî ïðè ñëîæèâøèõñÿ òåíäåíöèÿõ êëè-

ìàòè÷åñêèõ èçìåíåíèé â ñòåïíîé çîíå ïðîãíîçèðóåò-

ñÿ ïîâûøåíèå çàòðàò ïðèðîäíîé ýíåðãèè íà ïî÷âî-

îáðàçîâàíèå (QP) äî 2040 ã. íà 80 ÌÄæ/ì
2
,
 
÷òî ïðè

ñíèæåíèè èððèãàöèîííîé ýíåðãèè (QIN) â ñðåäíåì â

1,4 ðàçà îáåñïå÷èò ñòàáèëüíîå óâåëè÷åíèå ñóììàðíîé

ýíåðãèè åñòåñòâåííî-àíòðîïîãåííîãî ïî÷âîîáðàçîâà-

òåëüíîãî ïðîöåññà (QP+IN) â ñðåäíåì íà 38 ÌÄæ/ì
2
.

Ýòî ìîæåò ñïîñîáñòâîâàòü çàìåäëåíèþ òåìïîâ ðàç-

âèòèÿ ïî÷âåííûõ äåãðàäàöèé, íàìåòèâøèõñÿ ê íàñ-

òîÿùåìó âðåìåíè.

Ëèòåðàòóðà. 1.Pichura V.I., Larchenko O.V., Domaratsky E.À.,

Breus D.S. Spatial assessment of the suitability of agricultural lands

for growing and design of grain harvest using GIS technologies //

Ó÷åíûå çàïèñêè Îðëîâñêîãî ãîñóäàðñòâåííîãî óíèâåðñèòåòà.

Ñåðèÿ: Åñòåñòâåííûå, òåõíè÷åñêèå è ìåäèöèíñêèå íàóêè. – 2013.

– ¹ 3. – Ñ. 357-362. 2.Pichura V.I., Breus D.S. The basin approach

in the study of spatial distribution anthropogenic pressure with irriga-

tion land reclamation of the dry steppe zone // Biogeosystem Techni-

que. – 2015. – V. 3. – Is. 1. – P. 89-100. 3.Lisetskii F., Stolba V.F., Mari-

nina O. Indicators of agricultural soil genesis under varying conditions

of land use, Steppe Crimea // Geoderma. – 2015. – V. 239-240. –

P. 304-316. 4.Âîëîáóåâ Â.Ð. Ââåäåíèå â ýíåðãåòèêó ïî÷âîîáðàçî-

âàíèÿ. – Ì.: Íàóêà, 1974. – 126 ñ. 5.Ëèñåöêèé Ô.Í., ×åïåëåâ Î.À.

Êëèìàòè÷åñêàÿ îáóñëîâëåííîñòü ïî÷âîîáðàçîâàíèÿ â Öåíòðàëü-

íîì ×åðíîçåìüå // Âåñòíèê ÂÃÓ, ñåðèÿ ãåîãðàôèÿ è ãåîýêîëîãèÿ.

– 2003. – ¹ 2. – Ñ. 15-23. 6.Lisetskii F., Chepelev O. Quantitative

substantiation of pedogenesis model key components // Advances

in Environmental Biology. – 2014. – V. 8. – ¹ 4. – Ð. 996-1000.

7.Mayer Y. Wavelets, generalized white noise and fractional: the

synthesis of fractional Brownian motion // The Journal of Fourier

Analysis and Applications. – 1995. – ¹ 5 (5). – P. 465-494. 8.ßêîâ-

ëåâ À.Í. Ââåäåíèå â âåéâëåò-ïðåîáðàçîâàíèÿ. – Íîâîñèáèðñê:

Èçä-âî ÍÃÒÓ, 2003. – 104 ñ. 9.Ïè÷óðà Â.È. Ïðîñòðàíñòâåííî-

âðåìåííîå ïðîãíîçèðîâàíèå èçìåíåíèé ïàðàìåòðîâ àãðîõèìè-

÷åñêèõ ïîêàçàòåëåé ìåëèîðèðóåìûõ ïî÷â ñ èñïîëüçîâàíèåì ÃÈÑ

è íåéðîòåõíîëîãèé // Àãðîõ³ì³ÿ ³ ãðóíòîçíàâñòâî. – 2012. – ¹ 78.

– Ñ. 87-95. 10.Pichura V.I., Pilipenko Yu.V., Lisetskiy F.N., Dov-

bysh O.E. Forecasting of hydrochemichal regime of the Lower

Dnieper section using neurotechnologies // Hydrobiological Journal.

– 2015. – V. 51. – ¹ 3. – P. 100-110.

f(T) = 1453·sin(0,02291·t + 81,96) + 869,1·sin(0,03151·t + 200,1), r = 0,99, r2 = 0,98,
f(A) = 674,5·sin(0,1892·t + 143,4) + 73,31·sin(0,5141·t + 17,21) + 644,5·sin(0,1754·t – 89,85) +

+ 63,26·sin(0,6238·t + 61,68) + 60,47·sin(0,3115·t + 158), r = 0,97, r2 = 0,94,
f(D) = 1113·sin(2,912·t – 63,02) + 1110·sin(2,918·t + 185,8) + 94,87·sin(2,075·t + 41,05) +

(3)

+ 85,39·sin(1,933·t + 60,24) + 67,27·sin(2,662·t – 88,16) + 113,4·sin(2,496·t – 20,4) +
+ 67,1·sin(0,9913·t + 114,7), r = 0,79, r2 = 0,63.

QP = ⎧
QP = ⎪
QP = ⎪
QP = ⎨
QP = ⎪
QP = ⎪
QP = ⎩
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