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Ñòàòèñòè÷íèé àíàë³ç ïàðàìåòð³â ³íôðàçâóêó, 
çãåíåðîâàíîãî ×åëÿá³íñüêèì ìåòåîðî¿äîì

Ïðîë³ò ×åëÿá³íñüêîãî ìåòåîðî¿äà âèêëèêàâ ö³ëèé êîìïëåêñ ô³çè÷íèõ
åôåêò³â ó âñ³õ ï³äñèñòåìàõ ñèñòåìè Çåìëÿ — àòìîñôåðà — ³îíî ñôå -
ðà — ìàãí³òîñôåðà. Ðàí³øå âèâ÷åíî åôåêòè ×åëÿá³íñüêîãî ìåòåîðî -
¿äà â àòìîñôåð³, ³îíîñôåð³, ãåîìàãí³òíîìó ïîë³. Çíà÷íó óâàãó òàêîæ
ïðèä³ëåíî îñîáëèâîñòÿì ïîøèðåííÿ ³íôðàçâóêîâîãî ñèãíàëó, çãåíåðî -
âà íîãî ×åëÿá³íñüêèì ìåòåîðî¿äîì. Ó òîé æå ÷àñ â ë³òåðàòóð³ â³äñóò -
í³ ðåçóëüòàòè ñòàòèñòè÷íîãî àíàë³çó ïàðàìåòð³â ³íôðàçâóêîâîãî
ñèã íàëó. Ìåòîþ ö³º¿ ðîáîòè º ïîáóäîâà êîðåëÿö³éíèõ ïîë³â äëÿ îñíîâ -
íèõ ïàðàìåòð³â ãëîáàëüíî ïîøèðþâàíîãî ³íôðàçâóêîâîãî ñèãíàëó (â³ä -
íîøåííÿ ñèãíàë/øóì, ÷àñó çàï³çíåííÿ, øâèäêîñò³ ïðèõîäó, òðèâàëîñ -
ò³, àìïë³òóäè, ïåð³îäó) â çàëåæíîñò³ â³ä â³äñòàí³ ì³æ äæåðåëîì ³íô -
ðà çâóêó òà ì³ñöåì éîãî ðåºñòðàö³¿ àáî â³ä àçèìóòàëüíîãî êóòà äæå -
ðåëà, à òàêîæ îòðèìàííÿ â³äïîâ³äíèõ ðåãðåñ³éíèõ çàëåæíîñòåé. Äëÿ
àíàë³çó çàëó÷àëèñÿ äàí³ 15 ³íôðàçâóêîâèõ ñòàíö³é Ì³æíàðîäíî¿ ñèñ -
òå ìè ìîí³òîðèíãó ÿäåðíèõ âèïðîáóâàíü ïðè Îðãàí³çàö³¿ ç Äîãîâîðó
ïðî âñåîñÿæíó çàáîðîíó ÿäåðíèõ âèïðîáóâàíü (CTBTO). Â îêðåìèõ
âèïàäêàõ ö³ äàí³ äîïîâíþâàëèñÿ äàíèìè ³íôðàçâóêîâèõ ñòàíö³é, ðîç -
ì³ ùåíèõ â ºâðàç³éñüêèõ ãåîô³çè÷íèõ îáñåðâàòîð³ÿõ. Ïîáóäîâàíî êîðå -
ëÿö³éí³ ïîëÿ äëÿ îñíîâíèõ ïàðàìåòð³â ãëîáàëüíî ïîøèðþâàíîãî ³íôðà -
çâóêîâîãî ñèãíàëó. Íàâîäÿòüñÿ ðåãðåñ³éí³ çàëåæíîñò³ öèõ ïàðàìåòð³â 
â³ä â³äñòàí³ àáî â³ä àçèìóòàëüíîãî êóòà. Îòðèìàíî ñåðåäí³ ïî âñ³õ
òðàñàõ ïîøèðåííÿ îö³íêè øâèäêîñò³ ïðèõîäó ³íôðàçâóêîâîãî ñèãíàëó
(áëèçüêî 280 ì/ñ) òà øâèäêîñò³ òðîïîñôåðíî-ñòðàòîñôåðíîãî â³òðó
(áëèçüêî 30 ì/ñ). Îáãîâîðþþòüñÿ ïåðåâàãè òà íåäîë³êè çàïðîïîíîâà -
íèõ ðåãðåñ³éíèõ çàëåæíîñòåé.
Êëþ÷îâ³ ñëîâà: ³íôðàçâóêîâèé ñèãíàë, êîðåëÿö³éí³ ïîëÿ, â³äíîøåííÿ
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ñèã íàë / øóì, ÷àñ çàï³çíåííÿ, øâèäê³ñòü ïðèõîäó, òðèâàë³ñòü ñèãíàëó,
àìïë³òóäà ñèãíàëó, ïåð³îä ñèãíàëó, àçèìóò, ðåãðåñ³éí³ çàëåæíîñò³.

ÂÑÒÓÏ

Ïàä³ííÿ ³ âèáóõ ×åëÿá³íñüêîãî ìåòåîðî¿äà — âàæëèâà àñòðîíîì³÷íà ³
ãåîô³çè÷íà ïîä³ÿ, ùî ñòî¿òü â îäíîìó ðÿäó ³ç âòîðãíåííÿì â àòìîñôåðó 
Çåìë³ òóíãóñüêîãî êîñì³÷íîãî ò³ëà. Åôåêòàì ×åëÿá³íñüêîãî ìåòåîðî -
¿äà ïðèñâÿ÷åíî âåëèêó ê³ëüê³ñòü ðîá³ò, çîêðåìà [1—35, 37—41]. Ó öèõ
ðîáîòàõ ïðåäñòàâëåíî ðåçóëüòàòè ñïîñòåðåæåíü ³ ìîäåëþâàííÿ ðÿäó
ô³çè÷íèõ åôåêò³â, ³í³ö³éîâàíèõ ïðîëüîòîì ×åëÿá³íñüêîãî ìåòåîðî¿äà.
Ðåçóëüòàòè ìîäåëþâàííÿ ïðîöåñó ðóéíóâàííÿ êîñì³÷íîãî ò³ëà îïèñà -
íî â ðîáîòàõ [19, 20, 22, 38, 40, 42]. Ñèñòåìíèé ï³äõ³ä äî àíàë³çó
áàãàòüîõ ô³çè÷íèõ åôåêò³â â ñèñòåì³ Çåìëÿ — àòìîñôåðà — ³îíîñôåðà
— ìàãí³òîñôåðà âèêëàäåíî â ðîáîòàõ [18—20, 22, 35]. Åôåêòè ãàçî -
ïèëîâîãî ñë³äó âèâ÷àþòüñÿ â ðîáîòàõ [6—8, 25]. 

Ðåçóëüòàòè ñïîñòåðåæåíü åôåêò³â ×åëÿá³íñüêîãî ìåòåîðî¿äà â
³îíî ñôåð³ îïèñàí³ â ðîáîòàõ [4, 5, 9, 13, 23, 26—28, 30], à ìàãí³òíèé
åôåêò îáãîâîðþºòüñÿ â ðîáîòàõ [20, 21]. 

Ñåðåä ³íøèõ ô³çè÷íèõ åôåêò³â âàæëèâå ì³ñöå çàéìàº ³íôðàçâóêî -
âèé åôåêò ×åëÿá³íñüêîãî ìåòåîðî¿äà [10, 11, 15, 16, 24, 29, 31—34, 39].
Ó ðîáîò³ [39] ïðèâåäåíî äàí³ âèì³ðþâàíü ³íôðàçâóêîâîãî ñèãíàëó,
îòðèìàí³ íà 20 ñòàíö³ÿõ Ì³æíàðîäíî¿ ñèñòåìè ìîí³òîðèíãó, îö³íåíî
øâèäê³ñòü ïðèõîäó ³ ä³àïàçîí ïåð³îä³â ñèãíàëó (áëèçüêî 20...70 ñ). Çà -
çíà÷åíî, ùî ìàêñèìàëüíà äàëüí³ñòü r ïîøèðåííÿ ñèãíàëó äîð³âíþâàëà 
86663 êì (ñèãíàë îá³ãíóâ Çåìíó êóëþ á³ëüø í³æ óäâ³÷³). Ïðè r »
»40000 êì àìïë³òóäà ³íôðàçâóêîâîãî ñèãíàëó áóëà áëèçüêîþ äî 0.1 Ïà
[39]. Ó ðîáîò³ [31] ïðîâåäåíî ñïåêòðàëüíèé àíàë³ç çàðåºñòðîâàíîãî íà
ñòàíö³ÿõ I31KZ, I43RU, KPDA ³ I27DE ³íôðàçâóêîâîãî ñèãíàëó ç âèêî -
ðèñòàííÿì â³êîííîãî ïåðåòâîðåííÿ Ôóð’º, àäàïòèâíîãî ïåðåòâîðåííÿ
Ôóð’º, âåéâëåò-ïåðåòâîðåííÿ; âèâ÷åíî òàêîæ ÷àñîâî-ïåð³îäíó ñòðóê -
òó ðó ñèãíàëó. Â ðîáîò³ [29] çà äàíèìè ÷îòèðüîõ ³íôðàçâóêîâèõ ñòàíö³é 
(IS31, IS46, MAAG2 ³ IS27) îòðèìàíî îñíîâí³ ïàðàìåòðè ñèãíàëó (÷àñ
çàï³ç íåííÿ, òðèâàë³ñòü, ñïåêòðàëüíèé ñêëàä, øâèäê³ñòü ïðèõîäó, äèñ -
ïåð ñ³é íà çàëåæí³ñòü). 

Ó ðîáîò³ [11] íàâåäåíî ðåçóëüòàòè âèâ÷åííÿ òîíêî¿ ñòðóêòóðè ñèã -
íàëó çà äîïîìîãîþ ñèñòåìíîãî ñïåêòðàëüíîãî àíàë³çó, ùî âèêîðè ñòî -
âóº ðÿä ë³í³éíèõ ³ íåë³í³éíèõ ³íòåãðàëüíèõ ïåðåòâîðåíü, ÷àñîâèõ ðå -
ºñò ðàö³é ³íôðàçâóêîâîãî ñèãíàëó, çãåíåðîâàíîãî ×åëÿá³íñüêèì ìå òå î -
ðî¿äîì ³ çàðåºñòðîâàíîãî ñòàíö³ºþ IS27 â Àíòàðêòèä³. Ó ðîáîò³ [24] çà
äàíèìè äåâ’ÿòè ºâðàç³éñüêèõ ³íôðàçâóêîâèõ ñòàí ö³é, â³ääàëåíèõ íà
530...5780 êì â³ä äæåðåëà ³íôðàçâóêó, âèçíà÷åíî îñíîâí³ ïàðàìåòðè
ñèãíàëó (÷àñ çàï³çíåííÿ, øâèäê³ñòü ïðèõîäó, òðè âàë³ñòü ñèãíàëó, ïå -
ð³îä ïåðåâàæíîãî êîëèâàííÿ). Ïðîâåäåíî ïîð³â íÿííÿ ðåçóëüòàò³â îö³ -
íîê ³ ìîäåëþâàííÿ ç ðåçóëüòàòàìè ñïîñòå ðå æåíü. 
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Ñòàíîâèòü ³íòåðåñ á³ëüø äåòàëüíå âèâ÷åííÿ ó ãëîáàëüíèõ ìàñøòà -
áàõ îñîáëèâîñòåé ³íôðàçâóêîâèõ ñèãíàë³â, çàðåºñòðîâàíèõ á³ëüøîþ
ê³ëüê³ñòþ ñòàíö³é, í³æ ó ðîáîòàõ [24, 29, 32]. Ìåòîþ ö³º¿ ðîáîòè º ïî -
áóäîâà êîðåëÿö³éíèõ ïîë³â äëÿ îñíîâíèõ ïà ðàìåòð³â ³íôðàçâó êî âîãî
ñèãíàëó, ÿêèé ãëîáàëüíî ïîøèðþâàâñÿ (â³ä íîøåííÿ ñèãíàë/øóì, ÷àñó
çàï³çíåííÿ, øâèäêîñò³ ïðèõîäó, òðèâà ëîñò³, àìïë³òóäè, ïåð³îäó) â çà -
ëåæíîñò³ â³ä â³äñòàí³ ì³æ äæåðå ëîì ³íôðàçâóêó ³ ì³ñöåì éîãî ðåº ñò -
ðàö³¿ àáî â³ä àçèìóòàëüíîãî êóòà äæåðåëà, à òàêîæ îòðèìàííÿ â³äïî -
â³äíèõ ðåãðåñ³éíèõ çàëåæíîñòåé. Äëÿ àíàë³çó çàëó÷àëèñÿ äàí³ 15 ³íô -
ðà çâóêîâèõ ñòàíö³é Ì³æíàðîäíî¿ ñèñòåìè ìîí³òîðèíãó. Â îêðåìèõ
âèïàäêàõ ö³ äàí³ äîïîâíþâàëèñÿ äà íè ìè ³íôðàçâóêîâèõ ñòàíö³é, ðîç -
ì³ùåíèõ ó ºâðàç³éñüêèõ ãåîô³çè÷íèõ îáñåðâàòîð³ÿõ.

ÇÀÃÀËÜÍ² Â²ÄÎÌÎÑÒ² 

ßê â³äîìî, ×åëÿá³íñüêèé ìåòåîðî¿ä âòîðãñÿ â àòìîñôåðó Çåìë³ 15
ëþòîãî 2013 ð. î 03:20:22 UT (òóò ³ äàë³ âñåñâ³òí³é ÷àñ). Êîñì³÷íå ò³ëî
ðóõàëîñÿ ç ï³âäåííîãî ñõîäó íà ï³âí³÷íèé çàõ³ä (àçèìóò ñòàíîâèâ
áëèçüêî 290°) ï³ä êóòîì äî ãîðèçîíòó áëèçüêî 20°. Ïî÷àòêîâà ìàñà ò³ëà 
m0  » 11 êò, ïî÷àòêîâà øâèäê³ñòü u0  » 18.5 êì/ñ, à ïî÷àòêîâèé ä³àìåòð

— d0  » 18 ì [2, 3, 40, 41]. Çíàéäåí³ îñêîëêè ìåòåîðèòà ñâ³ä÷àòü ïðî òå,

ùî â³í áóâ êàì’ÿíèì, òî÷í³øå õîíäðèòîì òèïó LL5, ó ñêëàä³ ÿêîãî
áóëè ìåòàë³÷íå çàë³çî, îë³â³í ³ ñóëüô³òè. Çàëèøêè ò³ëà âïàëè â îçåðî
×åáàðêóëü ³ ïîáëèçó íüîãî. 
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Còàíöèÿ j l r, Ìì Atr Aobs

I31KZ 50.4°N 58.03°E 0.53 22° 29°
I43RU 56.7°N 37.3°E 1.502 88° 97°
I46RU 53.95°N 84.82°E 1.532 283° 268°
I34MN 47.80°N 106.41°E 3.185 301° 230°
I26DE 48.85°N 13.71°E 3.257 60° 56°
I18DK 77.47°N 69.29°W 4.893 39° 17°
I45RU 43.7°N 131.9°E 5.022 310° 305°
I44RU 51.1°N 158.8°E 5.798 314° 302°
I53US 64.8°N 146.9°W 6.481 341° 339°
I10CA 50.2°N 96.0°W 8.147 14° 355°
I33MG 18.8°S 47.5°E 8.311 8° 12°
I56US 48.3°N 117.1°W 8.554 1° 352°
I57US 34.07°N 120.58°W 10.182 1° 2°
I59US 19.59°N 155.89°W 11.03 339° 316°
I27DE 70.68°S 8.27°W 14.983 49° 61°

Òàáëèöÿ 1. Îñíîâí³ â³äîìîñò³ ïðî ³íôðàçâóêîâ³ ñòàíö³¿ 



Äëÿ àíàë³çó ïàðàìåòð³â ³íôðàçâóêîâîãî ñèãíàëó çàëó÷àëèñÿ äàí³
ñòàíö³é, ïåðåë³ê ÿêèõ íàâåäåíî â òàáë. 1 [37]. Îñíîâí³ ïàðàìåòðè ³íô -
ðà çâóêîâîãî ñèãíàëó ïåðåðàõîâàíî ó òàáë. 2.

ÊÎÐÅËßÖ²ÉÍ² ÏÎËß ² ÐÅÃÐÅÑ²ÉÍ² ÇÀËÅÆÍÎÑÒ²

Çà äàíèìè òàáë. 2 äëÿ 14 ³íôðàçâóêîâèõ ñòàíö³é ïîáóäîâàíî çàëåæ -
í³ñòü â³äíîøåííÿ ñèãíàë/øóì q (â³äíîøåííÿ åíåðã³¿ ñèãíàëó äî åíåðã³¿ 
øóìó) â³ä ãîðèçîíòàëüíî¿ â³äñòàí³ r ì³æ äæåðåëîì ³íôðàçâóêó ³ ì³ñ -
öåì ñïîñòåðåæåííÿ (ðèñ. 1). Ïðè öüîìó ç ðîçãëÿäó âèêëþ÷åíî ñòàíö³þ
I53US, äëÿ ÿêî¿ â³äíîøåííÿ ñèãíàë/øóì íàáóâàëî àíîìàëüíî âåëèêîãî 
çíà÷åííÿ (q » 165.14). ßê ³ ñë³ä áóëî î÷³êóâàòè, ðåãðåñ³éí³ çàëåæíîñò³
q(r) îïèñóþòüñÿ øâèäêî ñïàäíèìè ôóíêö³ÿìè. Ö³ çàëåæíîñò³ ìàþòü
âèãëÿä

q r= -2148 2.  + 5.51, R = 0.944, s = 7.074,  (1)

q r r= +- -710 28 442 1. .  + 0.17, R = 0.959, s = 6.345 . (2)

Òóò ³ äàë³ r äàºòüñÿ ó Ìì, R — êîåô³ö³ºíò äîñòîâ³ðíîñò³, s — ñòàí -
äàðòíå â³äõèëåííÿ.

Çàëåæí³ñòü ÷àñó çàï³çíåííÿ ñèãíàëó Dt â³ä â³äñòàí³ r íàâåäåíî íà
ðèñ. 2. Ðåãðåñ³éí³ çàëåæíîñò³ äàþòüñÿ òàêèìè ñï³ââ³äíîøåííÿìè:

Dt = 57.266r + 6.324 õâ,   R = 0.998,   s = 15.06 õâ,  (3)

Dt = 56.800r + 9.979 õâ,   R = 0.998,   s = 14.81 õâ.  (4)
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Ñòàíö³ÿ q Dt, ìèí u, ì/ñ DT , ñ Dp, Ïà Tamp,c TPSD,ñ DT , Ãö

I31KZ 76.9 27.77
(32)

318.1
(270)

1026
(390)

6.12 37.99 45.51 0.01...4

I43RU 13.67 101.78
(103)

245.9
(245)

2142
(660)

0.79 38.48 30.06 0.01...3

I46RU 35.76 84.13
(85)

303.5
(298)

701
(660)

1.26 21.08 16.72 0.02...4

I34MN 4.4 174.55 304.1 924 0.25 22.79 30.34 0.03...2
I26DE 2.89 230.15 235.9 812 0.485 28.98 29.26 0.03...3
I18DK 13.75 296.85 274.7 1948 1.365 49.99 69.72 0.01...3
I45RU 1.07 275.08 304.3 887 0.67 38.45 21.01 0.02...3
I44RU 4.03 330.55

(322)
292.3
(299)

1471
(1770)

0.45 19.28 60.68 0.02...3

I53US 165.14 376.13 287.2 1660 6.31 25.69 19.74 0.02...4
I10CA 5.55 489.58 277.3 1107 1.375 32.53 36.41 0.01...1
I33MG 2.07 480.22 288.4 720 0.97 47.96 43.12 0.01...0.2
I56US 7.61 494.77 288.1 1621 0.795 29.45 30.91 0.015...3
I57US 3.42 589.63 287.8 2000 0.795 28.45 27.31 0.01...1
I59US 2.48 622.37 295.4 377 0.195 84.7 81.92 0.01...0.1
I27DE 3.76 870.35 286.9 830 0.93 45.15 44.28 0.01...0.1

Òàáëèöÿ 2. Îñíîâí³ â³äîìîñò³ ïðî ïàðàìåòðè ³íôðàçâóêîâîãî ñèãíàëó (â äóæêàõ
íàâåäåíî ñêîðèãîâàí³ çíà÷åííÿ Dt,  ³ DT) 



Çàóâàæèìî, ùî ïðè ïîáóäîâ³ ðèñ. 2à âèêîðèñòàíî äàí³ 15 ñòàíö³é ç
òàáë. 2, à ïðè ïîáóäîâ³ ðèñ. 2á äîäàòêîâî çàëó÷àëèñÿ äàí³ ãåîô³çè÷íèõ
îáñåðâàòîð³é ²ÄÃ ÐÀÍ (ì. Ìîñêâà), ÃÔÎ ²ÄÃ ÐÀÍ (Ì³õíüîâî), ÍÂÎ
«Òàéôóí» (ì. Îáí³íñüê), ÒÃÓ (ì. Òîìñüê) ³ ÃÔÎ ²ÑÇÔ ÐÀÍ (ì. ²ð -
êóòñüê), òîáòî âñüîãî 20 ñòàíö³é (äàí³ äëÿ r » 1.5 Ìì íà ðèñóíêó çëè -
âàþòüñÿ). Çíà÷åííÿ Dt äëÿ îñòàíí³õ ï’ÿòè ñòàíö³é, âçÿò³ ç ðîáîòè [24],
íàâåäåíî â òàáë. 3. Çàóâàæèìî, ùî äëÿ ñòàíö³é I43RU, I46RU ³ ñòàíö³é
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Ðèñ. 2. Çàëåæí³ñòü ÷àñó çàï³çíåííÿ ³íôðàçâóêîâîãî ñèãíàëó â³ä â³äñòàí³: à — àïðîêñèìàö³ÿ
ë³í³éíèì çàêîíîì Dt = 57.27r + 6.324, R = 0.998, s = 15.06 õâ; á — àïðîêñèìàö³ÿ ë³í³éíèì
çàêîíîì Dt = 56.8r + 9.979, R = 0.998, s = 14.81 õâ (ç óðàõóâàííÿì äàíèõ ðîáîòè [24])

Ðèñ. 1. Çàëåæí³ñòü â³äíîøåííÿ ñèãíàë/øóì â³ä â³äñòàí³ áåç óðàõóâàííÿ äàíèõ àìåðèêàí ñüêî¿
ñòàíö³¿ I53US: à — àïðîêñèìàö³ÿ çàêîíîì q = 21.48r-2 + 5.51, R = 0.944, s = 7.074; á —
àïðîêñèìàö³ÿ çàêîíîì q = 7.1r r- -+2 128 44.  + 0.169, R = 0.959, s = 6.345 

Ñòàíö³ÿ j l r, Ìì Dt, õâ u, ì/ñ DT , õâ

Ñïîðóäà ²ÄÃ ÐÀÍ
(ì. Ìîñêâà)

55.7N 37.6E 1.5 106 236 11

ÒÄÓ (ì. Òîìñüê) 56.5N 84.9E 1.5 87 287 11
ÃÔÎ ²ÄÃ ÐÀÍ
«Ì³õíüîâî»

54.9N 37.7E 1.5 103 243 12

ÍÏÎ «Òàéôóí»
(ì. Îáí³íñüê)

55.1N 36.6E 1.52 114 222 12

ÃÔÎ ²ÑÇÔ ÐÀÍ
(ì. ²ðêóòñüê)

51.8N 103.1E 2.78 152 305 16...17

Òàáëèöÿ 3. Ïàðàìåòðè ³íôðàçâóêîâèõ ñòàíö³é ³ àêóñòè÷íèõ ñèãíàë³â



³ç ãåîô³çè÷íèõ îáñåðâàòîð³é âèêîðèñòîâóâàëèñÿ ñêîðèãîâàí³ çíà÷åííÿ 
Dt (äèâ. òàáë. 2). 

ßê ³ ñë³ä áóëî î÷³êóâàòè, çàëåæí³ñòü Dt(r) áëèçüêà äî ë³í³éíî¿. 
Çàëåæí³ñòü øâèäêîñò³ ïðèõîäó ³íôðàçâóêîâî¿ õâèë³ â³ä â³äñòàí³ r

ïîêàçàíî íà ðèñ. 3. Ïðè ïîáóäîâ³ ðèñ. 3à, 3á ³ 3â ïîñë³äîâíî
âèêëþ÷àëèñü ñòàíö³¿ I26DE, I43RU ³ I18DK. Â³äïîâ³äí³ ðåãðåñ³éí³
çàëåæíîñò³ ìàþòü âèãëÿä

u = –0.447r + 292.5 ì/ñ, R = 0.107, s = 17.62 ì/ñ,  (5)

u = –1.719r + 304.7 ì/ñ, R = 0.574, s = 10.24 ì/ñ,  (6)

u = –1.958r + 308.1 ì/ñ, R = 0.728, s = 8.00 ì/ñ.  (7)

Çàëåæí³ñòü øâèäêîñò³ ïðèõîäó ³íôðàçâóêîâî¿ õâèë³ â³ä ñèíóñà
òåî ðåòè÷íî ðîçðàõîâàíîãî àçèìóòàëüíîãî êóòà Ath  äëÿ 15, 13 ³ 12 ñòàí -
ö³é íàâåäåíî íà ðèñ. 4. Âèäíî, ùî çàëåæí³ñòü îïèñóºòüñÿ ñïàäíîþ
ôóíê ö³ºþ. Öå îçíà÷àº, ùî øâèäê³ñòü ïðèõîäó äëÿ ñòàíö³é, ðîçòàøîâà -
íèõ íà çàõ³ä â³ä äæåðåëà ³íôðàçâóêó (òîáòî 0° < Ath  < 180°), øâèäê³ñòü

ïðè õî äó ìåíøà, í³æ äëÿ ñòàíö³é, ðîçòàøîâàíèõ íà ñõ³ä â³ä äæåðåëà
(180° < Ath  < 360°). Â³äïîâ³äí³ ðåãðåñ³éí³ çàëåæíîñò³ ìàþòü âèãëÿä

u = –22.562sin Ath  + 286.06 ì/ñ,   R = 0.685, s = 16.25 ì/ñ,  (8)

u = –25.540sin Ath  + 284.10 ì/ñ,   R = 0.732, s = 16.50 ì/ñ,  (9)
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Ðèñ. 3. Çàëåæí³ñòü øâèäêîñò³ ïðèõîäó ³íôðà -
çâóêîâî¿ õâèë³ â³ä â³äñòàí³. Àïðîêñèìàö³ÿ ë³ - 
í³éíèì çàêîíîì: à — äëÿ äàíèõ 14 ñòàíö³é,
áåç ñòàíö³¿ I26DE (u = –0.447r + 292.5, R =
= 0.107, s = 17.62 ì/ñ); á — äëÿ 13 ñòàíö³é,
áåç ñòàí ö³é I26DE ³ I43RU (u = –1.719r +
+ 304.7, R = 0.5738, s = 10.24 ì/ñ); â — äëÿ
12 ñòàíö³é, áåç ñòàíö³é I26DE, I43RU ³ I18DK 
(u =–1.958r +  + 308.1, R = 0.728, s = 8.00 ì/ñ)



u = –29.617sin Ath  + 280.02 ì/ñ,   R = 0.917, s = 9.20 ì/ñ.  (10)

Çàóâàæèìî, ùî ðèñ. 4à ïîáóäîâàíî çà äàíèìè âñ³õ 15 ñòàíö³é ç
òàáë. 2, à ðèñ. 4á ³ 4â — çà âèíÿòêîì ñòàíö³é, ùî ëåæàòü ó Ï³âäåíí³é
ï³âêóë³ (I33MG, I27DE). Êð³ì òîãî, íà ðèñ. 4 â³äñóòí³ äàí³ ñòàíö³¿
I31KZ. Âèêëþ÷åííÿ öèõ ñòàíö³é ïðèçâåëî äî ïîì³òíîãî çá³ëüøåííÿ R,
à ï³ñëÿ âèêëþ÷åííÿ ñòàíö³¿ I31KZ — äî ñóòòºâîãî çìåíøåííÿ s. 

Íà ðèñ. 5 äëÿ òèõ æå ñòàíö³é ïîêàçàíî çàëåæí³ñòü øâèäêîñò³ ïðè -
õîäó ³íôðàçâóêîâî¿ õâèë³ â³ä ñèíóñà ñïîñòåðåæóâàíîãî àçèìóòàëüíîãî 
êóòà Aobs . Â³äïîâ³äí³ ðåãðåñ³éí³ çàëåæíîñò³ ìàþòü âèãëÿä

u = –19.818sinAobs  + 284.69 ì/ñ,   R = 0.621,   s = 17.48 ì/ñ,  (11)

u = –24.200sinAobs  + 281.90 ì/ñ,   R = 0.692,   s = 17.49 ì/ñ,  (12)

u = –31.147sinAobs  + 276.40 ì/ñ,   R = 0.938,   s = 8.00 ì/ñ.  (13)

Ïðè îòðèìàíí³ âèðàçó (12) âèêîðèñòîâóâàëèñÿ ñòàíö³¿, ðîçòàøî -
âàí³ ó Ï³âí³÷í³é ï³âêóë³. Ç ïîð³âíÿííÿ (13) ç (11) ³ (12) âèäíî, ùî âè -
êëþ÷åííÿ ñòàíö³é I31KZ, I33MG ³ I27DE ïðèçâåëî äî ïîì³òíîãî çá³ëü -
øåííÿ R ³ ñóòòºâîãî çìåíøåííÿ s. 

Çàëåæí³ñòü òðèâàëîñò³ ³íôðàçâóêîâîãî ñèãíàëó â³ä â³äñòàí³ r çà
äàíèìè 20 ñòàíö³é ç òàáë. 2 ³ 5 ñòàíö³é, ðîçòàøîâàíèõ ó ãåîô³çè÷íèõ
îá ñåðâàòîð³ÿõ (òàáë. 3), íàâåäåíî íà ðèñ. 6 (òî÷êè ç r » 1.5 Ìì íà ðè -
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Ðèñ. 4. Çàëåæí³ñòü øâèäêîñò³ ïðèõîäó ³íôðà -
çâóêîâî¿ õâèë³ â³ä ñèíóñà òåîðåòè÷íî ðîçðà -
õî âà íî ãî àçèìóòà ïðèõîäó õâèë³. Àïðîêñè -
ìà ö³ÿ ë³í³éíèì çàêîíîì: à — äëÿ 15 ñòàíö³é 
(u = –22.562sinAth + 286.06, R = 0.685, s =

= 16.25 ì/ñ); á — äëÿ 13 ñòàíö³é, ùî ëåæàòü ó
Ï³â í³÷í³é ï³âêóë³, çà âèíÿòêîì I33MG,
I27DE (u = –25.540sinAth  + 284.10, R = 0.732,
s = 16.5 ì/ñ); â — äëÿ 12 ñòàíö³é, çà âèíÿòêîì 
ñòàíö³¿ I31KZ (u = –29.617sinAth  + 280.02, R = 
= 0.917, s = 9.20 ì/ñ)



ñóíêó çëèâàþòüñÿ). Ç ðèñ. 6à âèäíî çíà÷íèé ðîçêèä òî÷îê. Ï³ñëÿ âè -
êëþ ÷åííÿ ñòàíö³é I33MG, I59US, I27DE, I18DK ³ I10CA êîåô³ö³ºíò
äîñòîâ³ðíîñò³ çá³ëüøèâñÿ ìàéæå óòðè÷³, à çíà÷åííÿ s çìåíøèëîñÿ ó
2.7 ðàçà. Ðåãðåñ³éí³ çàëåæíîñò³ ìàþòü âèãëÿä

DT  = 40.52r + 804.70 ñ, R = 0.323, s = 488.2 ñ,  (14)

DT  = 157.38r + 441.63 ñ, R = 0.936, s = 180.2 ñ.  (15)

Êîðåëÿö³éíå ïîëå «sin Ath  — sinAobs», ïîáóäîâàíå çà äàíèìè äëÿ 15
ñòàíö³é, ïîêàçàíî íà ðèñ. 7. Ðåãðåñ³éíà çàëåæí³ñòü äàºòüñÿ ë³í³éíîþ
ôóíêö³ºþ:

sinAobs  = 1.004sinAth  – 0.069,   R = 0.972, s = 0.16,  (16)

äå Aobs  ³ Ath  íàâîäÿòüñÿ â ãðàäóñàõ.
Âèäíî, ùî òî÷í³ñòü îö³íêè Aobs  º äîñèòü âèñîêîþ. Ñòàíäàðòíå â³ä -

õèëåííÿ Aobs  ³ Ath , îòðèìàíå áåç äàíèõ ñòàíö³¿ I34MN, ñòàíîâèòü 12.9°.

Äëÿ ñòàíö³¿ I34MN ð³çíèöÿ Ath  – Aobs  » 71°. 

Çàëåæí³ñòü Aobs  â³ä Ath  äëÿ 15 ³ 14 (áåç I34MN) ñòàíö³é íàâåäåíà íà
ðèñ. 8. ßê ³ ñë³ä áóëî î÷³êóâàòè, ðåãðåñ³éíà çàëåæí³ñòü îïèñóºòüñÿ
ë³ í³é íîþ ôóíêö³ºþ:

Aobs  = 0.937Ath  + 2.244, R = 0.992, s = 18.44°,  (17)
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Ðèñ. 5. Çàëåæí³ñòü øâèäêîñò³ ïðèõîäó
³í ôðà çâóêîâî¿ õâèë³ â³ä ñèíóñà ñïîñòå ðå -
æóâàíîãî àçèìóòà ïðèõîäó. Àïðîêñèìà -
ö³ÿ ë³í³éíèì çàêîíîì: à — äëÿ 15 ñòàíö³é 
(u = –19.818sinAobs + 284.69, R = 0.621,
s = 17.48 ì/ñ); á — áåç óðàõóâàííÿ
ñòàíö³é Ï³âäåííî¿ ï³âêóë³ I33MG, I27DE
(u =  –24.200sinAobs + 281.90, R = 0.692,
s = 17.49 ì/ñ); â — áåç ñòàíö³é I33MG,
I27DE ³ I31KZ (u = –31.147 sinAobs +
+ 276.4, R = 0.938, s = 8.00 ì/ñ)



Aobs  = 0.957Ath  + 2.401, R = 0.998, s = 9.761°.  (18)

Âèêëþ÷åííÿ ñòàíö³¿ I34MN ïðèçâåëî äî çìåíøåííÿ s ïðèáëèçíî
óäâ³ ÷³.

Ïåðåéäåìî äî àíàë³çó ïåð³îäó ïåðåâàæíîãî êîëèâàííÿ â ³íôðàçâó -
êîâîìó ñèãíàë³. Ïåð³îä ó Ì³æíàðîäíîìó öåíòð³ äàíèõ îö³íþºòüñÿ çà
äâîìà ìåòîäèêàìè. Ïî-ïåðøå, çà àìïë³òóäîþ ò³º¿ ÷àñòèíè öóãà êîëè -
âàíü, äå àìïë³òóäà ìàêñèìàëüíà. Öåé ïåð³îä ó òàáë. 2 ïîçíà÷åíî ÿê
Tamp . Ïî-äðóãå, çà ìàêñèìóìîì ñïåêòðàëüíî¿ ù³ëüíîñò³ ïîòóæíîñò³
ñèã íàëó (ïåð³îä TPSD ). 

Êîðåëÿö³éíå ïîëå «TPSD  — Tamp» íàâåäåíî íà ðèñ. 9. Âèäíî, ùî
çíà÷åííÿ Tamp  ³ TPSD  ìîæóòü ñóòòºâî â³äð³çíÿòèñÿ îäíå â³ä ³íøîãî.
Íàïðèêëàä, äëÿ ñòàíö³¿ I44RU çíà÷åííÿ TPSD  á³ëüøå, í³æ Tamp , ó 3.15
ðàçà, à äëÿ ñòàíö³¿ I18DK — ó 1.39 ðàçà. Ïðè ïîáóäîâ³ ðèñ. 9à ñòàíö³ÿ

ISSN 0233-7665. Ê³íåìàòèêà ³ ô³çèêà íåáåñ. ò³ë. 2020. Ò. 36, ¹ 4 43

ÑÒÀÒÈÑÒÈ×ÍÈÉ ÀÍÀË²Ç ÏÀÐÀÌÅÒÐ²Â ²ÍÔÐÀÇÂÓÊÓ, ÇÃÅÍÅÐÎÂÀÍÎÃÎ ×ÅËßÁ²ÍÑÜÊÈÌ...

Ðèñ. 7. Êîðåëÿö³éíà çàëåæí³ñòü ñèíóñà ñïîñòåðåæóâàíîãî àçèìóòàëüíîãî êóòà â³ä ñèíóñà òåî -
ðåòè÷íî ðîçðàõîâàíîãî àçèìóòàëüíîãî êóòà äëÿ 15 ñòàíö³é [37]. Àïðîêñèìàö³ÿ ë³í³éíèì çà -
êîíîì sinAobs = 1.004sinAth – 0.069, R = 0.972, s = 0.16. Øòðèõîâà ë³í³ÿ — òåîðåòè÷íà àïðîê -

ñèìàö³ÿ

Ðèñ. 6. Çàëåæí³ñòü òðèâàëîñò³ ³íôðàçâóêîâîãî ñèãíàëó â³ä â³äñòàí³ äî 20 ñòàíö³é: à — àïðîê -
ñèìàö³ÿ DT  = 40.52r + 804.70, R = 0.323, s = 488.2 ñ; á — àïðîêñèìàö³ÿ ï³ñëÿ âèêëþ÷åííÿ
ñòàíö³é I33MG, I59US, I27DE, I18DK ³ I10CA (DT  = 157.38r + 441.63, R = 0.936, s = 180.2 ñ)



I44RU âèêëþ÷àëàñÿ ç ðîçãëÿäó. Äëÿ ñòàíö³¿ I45RU, íàâïàêè, ïåð³îä 
Tamp  á³ëüøèé â³ä TPSD  ó 1.83 ðàçà. Ç ö³º¿ ïðè÷èíè ðèñ. 9á, íà â³äì³íó â³ä
ðèñ. 9à, áóäóâàâñÿ áåç çàëó÷åííÿ ñòàíö³é I18DK ³ I45RU. Â³äïîâ³äí³
ðåãðåñ³éí³ çàëåæíîñò³, àïðîêñèìîâàí³ ë³í³éíîþ ôóíêö³ºþ, ìàþòü âè -
ãëÿä 

Tamp  = 0.771TPSD  + 8.980 ñ,   R = 0.884,   s = 7.88 ñ,  (19)

Tamp  = 0.970TPSD  + 1.725 ñ,   R = 0.956,   s = 5.31 ñ.  (20)

Âèêëþ÷åííÿ ç ðîçãëÿäó ñòàíö³é I18DK ³ I45RU ïðèçâåëî äî ïî ì³ò -
íîãî çá³ëüøåííÿ R ³ çìåíøåííÿ s. Çàóâàæèìî, ùî äëÿ ñòàíö³¿ I45RU
â³äíîøåííÿ q » 1.07 (äèâ. òàáë. 2). 

Çàëåæíîñò³ ïåð³îä³â Tamp  ³ TPSD  â³ä â³äñòàí³ ì³æ äæåðåëîì ³íôðà -
çâóêó ³ ì³ñöåì ðîçòàøóâàííÿ ñòàíö³¿ íàâåäåíî â³äïîâ³äíî íà ðèñ. 10 ³

44 ISSN 0233-7665. Ê³íåìàòèêà ³ ô³çèêà íåáåñ. ò³ë. 2020. Ò. 36, ¹ 4

Ë. Ô. ×ÎÐÍÎÃÎÐ

Ðèñ. 9. Êîðåëÿòèâíà çàëåæí³ñòü ïåð³îäó Tamp â³ä ïåð³îäó TPSD . Àïðîêñèìàö³ÿ ë³í³éíèì çàêîíîì: 
à — äëÿ 14 ñòàíö³é ³ç âèêëþ÷åíîþ ñòàíö³ºþ I44RU (Tamp = 0.771TPSD  + 8.980, R = 0.884, s =

= 7.88 ñ); á — äëÿ 12 ñòàíö³é, êð³ì ñòàíö³é I44RU, I18DK ³ I45RU (Tamp = 0.970TPSD  + 1.725, R =
= 0.956, s = 5.31 ñ). Øòðèõîâà ë³í³ÿ — òåîðåòè÷íà çàëåæí³ñòü

Ðèñ. 8. Êîðåëÿö³éíà çàëåæí³ñòü ñïîñòåðåæóâàíîãî àçèìóòà â³ä òåîðåòè÷íî ðîçðàõîâàíîãî.
Àïðîêñèìàö³ÿ ë³í³éíèì çàêîíîì: à — äëÿ 15 ñòàíö³é (Aobs = 0.937Ath  + 2.244, R = 0.9924, s =

= 18.44°); á — äëÿ 14 ñòàíö³é ³ç âèêëþ÷åíîþ ñòàíö³ºþ I34MN (Aobs = 0.957Ath  + 2.401, R =

= 0.998, s = 9.76°). Øòðèõîâà ë³í³ÿ — òåîðåòè÷íà çàëåæí³ñòü



11. Âèäíî, ùî êîðåëÿö³éí³ ïîëÿ «Tamp  — r» ³ «TPSD  — r» äóæå «ðîç -
ìèò³». Ñïðîáó ë³í³éíî¿ àïðîêñèìàö³¿ ïîêàçàíî íà ðèñóíêàõ. Ðå ãðåñ³éí³ 
çàëåæíîñò³ ìàþòü âèãëÿä

Tamp  = 1.664r + 26.37 ñ,   R = 0.410,   s = 15.48 ñ,  (21)

TPSD  = 1.419r + 30.30 ñ,   R = 0.303,   s = 18.68 ñ.  (22)

Âèäíî, ùî çíà÷åííÿ R — äîâîë³ ìàë³, à çíà÷åííÿ s — âåëèê³. 
Äàë³ ðîçãëÿíåìî êîðåëÿö³éíå ïîëå «â³äñòàíü ì³æ äæåðåëîì

³íôðàçâóêó ³ ì³ñöåì éîãî ðåºñòðàö³¿ r — àìïë³òóäà òèñêó â äîçâóêîâ³é
õâèë³ Dp» (ðèñ. 12). Ðèñ. 12 ïîáóäîâàíî áåç óðàõóâàííÿ àíîìàëüíî
âåëèêî¿ àìïë³òóäè ñèãíàëó íà ñòàíö³¿ I53US. Ä³éñíî, ïðè r = 6.481 Ìì 
Dp » 6.31 Ïà. Ïðèáëèçíî òàêó æ àìïë³òóäó çàðåºñòðîâàíî íà ñòàíö³¿

I31KZ, â³ääàëåíî¿ âñüîãî íà 530 êì â³ä ì³ñöÿ ãåíåðàö³¿ ³íôðàçâóêó
(äèâ. òàáë. 2). Òðè ìîæëèâ³ àïðîêñèìàö³¿ çàëåæíîñò³ Dp(r) çà äàíèìè
14 ñòàíö³é íàâåäåíî íà ðèñ. 12. ßê ³ ñë³ä áóëî î÷³êóâàòè, çàëåæíîñò³
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Ðèñ. 10. Çàëåæí³ñòü ïåð³îäó Tamp â³ä ïðîéäåíî¿ õâèëåþ â³äñòàí³. Àïðîêñèìàö³ÿ ë³í³éíèì
çàêîíîì äëÿ 15 ñòàíö³é (Tamp = 1.664r + 26.37, R = 0.410, s = 15.48 ñ)

Ðèñ. 11. Çàëåæí³ñòü ïåð³îäó TPSD  â³ä ïðîéäåíî¿ õâèëåþ â³äñòàí³. Àïðîêñèìàö³ÿ ë³í³éíèì
çàêîíîì äëÿ 15 ñòàíö³é (TPSD  = 1.419r + 30.30, R = 0.303, s = 18.68 ñ)



Dp(r) º øâèäêî ñïàäíèìè:

Dp r r= +- -2879 00751 0 5. . .  Ïà,    R = 0.892,  s = 0.69 Ïà,  (23)

Dp r= -2 751 1.  + 0.189 Ïà,    R = 0.898,  s = 0.67 Ïà,  (24)

Dp r= -151 2.  + 0.657 Ïà,    R = 0.962,  s = 0.42 Ïà.  (25)

ÎÁÃÎÂÎÐÅÍÍß 

Çàëåæí³ñòü â³äíîøåííÿ ñèãíàë/øóì â³ä â³äñòàí³. Ðåãðåñ³éíà çàëåæ -
í³ñòü (1) äîñèòü äîáðå îïèñóº çàëåæí³ñòü â³äíîøåííÿ ñèãíàë/øóì â³ä
â³äñòàí³ ïðè r £ 15 Ìì. Çàëåæí³ñòü q µ r -2  º ô³çè÷íîþ. Ó öüîìó
âèïàäêó ìàº ì³ñöå ñôåðè÷íà ðîçá³æí³ñòü õâèë³, ³ Dp µ r -1 . Îäíàê ïðè

r ® ¥ çàëåæí³ñòü (1) ñòàº íåô³çè÷íîþ. 
Á³ëüø àäåêâàòíîþ âèäàºòüñÿ ðåãðåñ³éíà çàëåæí³ñòü (2). Íà

â³äñòàíÿõ r << r0  » 0.25 Ìì Dp µ r -2 , à ïðè r >> r0  àìïë³òóäà Dp µ r -0 5. ,

òîáòî ñôåðè÷íà ðîçá³æí³ñòü õâèë³ çì³íþºòüñÿ öèë³íäðè÷íîþ. Îñòàííÿ 
ìàº ì³ñöå ïðè õâèëåâîäíîìó ïîøèðåíí³ ³íôðàçâóêó. Äëÿ àíòàðêòè÷íî¿ 
ñòàíö³¿ ïðè ïîøèðåíí³ óçäîâæ äîâãî¿ äóãè r = 25 Ìì ìàºìî çíà÷åííÿ
q » 1.3. ßêùî æ r = 40 Ìì, òî q » 0.9. Òàê³ çíà÷åííÿ q âèäàþòüñÿ
ðîçóìíèìè. 
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Ðèñ. 12. Çàëåæí³ñòü àìïë³òóäè òèñêó â³ä â³ä -
ñòàí³ ì³æ ñòàíö³ºþ ³ äæåðåëîì ³íôðàçâóêó
áåç óðàõóâàííÿ äàíèõ ñòàíö³¿ I53US:
à — Dp = 2.879r-1 + 0.075r-0 5. , R = 0.892, s =

= 0.69 Ïà; á — Dp = 2.751r-1 + 0.189, R = 0.898,
s = 0.67 Ïà; â — Dp = 1.510r-2 + 0.657, R =

= 0.962, s = 0.42 Ïà



Ó ö³ëîìó æ çàëåæí³ñòü q(r) áóäå êîðèñíîþ ëèøå òîä³, êîëè ïîòóæ -
í³ñòü øóìó äëÿ ð³çíèõ ³íôðàçâóêîâèõ ñòàíö³é áëèçüêà, ùî, íà æàëü, äà -
ëåêî â³ä ä³éñíîñò³. 

Çàëåæí³ñòü ÷àñó çàï³çíåííÿ â³ä â³äñòàí³. Ðåãðåñ³éí³ çàëåæíîñ ò³,
ùî äàþòüñÿ ñï³ââ³äíîøåííÿìè (3) ³ (4), ïðèâîäÿòü äî áëèçüêèõ ðåçóëü -
òà ò³â. Íàõèë ïðÿìî¿ íà ðèñ. 2 õàðàêòåðèçóº ñåðåäíþ ïî âñ³õ òðàñàõ
øâèä ê³ñòü ïðèõîäó u ³íôðàçâóêó:

u =
dr

d tD
.

Ç (3) ³ (4) ìàºìî äëÿ u çíà÷åííÿ 291 ³ 293 ì/ñ. 
Çàëåæí³ñòü øâèäêîñò³ ïðèõîäó â³ä â³äñòàí³. Öþ çàëåæí³ñòü ïðåä -

ñòàâëåíî íà ðèñ. 3. Çíà÷íèé ðîçêèä øâèäêîñòåé îáóìîâëåíèé â³äì³í -
íîñòÿìè íà òðàñàõ ïîøèðåííÿ: âïëèâîì â³òðó, íàïðÿìêîì âèêðèâëåí -
íÿ òðàºêòîð³¿ (äî Çåìë³, â³ä Çåìë³), òåìïåðàòóðíèì ðåæèìîì àòìî ñôå -
ðè ³ ò. ï. Íàéìåíøå çíà÷åííÿ øâèäêîñò³ ïðèõîäó (236 ì/ñ) ñïîñòåð³ãà -
ëîñÿ äëÿ í³ìåöüêî¿ ñòàíö³¿ I26DE ïðè u » 290 ì/ñ. Íàé á³ëüøå çíà÷åííÿ
øâèäêîñò³ (318 ì/ñ) çà äàíèìè òàáë. 2 çàðåºñòðîâàíå äëÿ êàçàõñòàí -
ñüêî¿ ñòàíö³¿ I31KZ. Ï³ñëÿ óòî÷íåííÿ ÷àñó çàï³çíåííÿ, ð³âíîãî 32 õâ,
äëÿ ö³º¿ ñòàíö³¿ îòðèìàºìî îö³íêó u » 270 ì/ñ. 

×åðåç çíà÷íèé ðîçêèä øâèäêîñòåé ðåãðåñ³éí³ çàëåæíîñò³ (5) ³ (6)
âèäàþòüñÿ äàëåêèìè â³ä ³ñòèíè. Äëÿ íèõ R ñòàíîâèòü áëèçüêî 0.107 ³
0.574. Êðàùîþ º çàëåæí³ñòü (7), äëÿ ÿêî¿ R = 0.728. 

Çàëåæí³ñòü øâèäêîñò³ ïðèõîäó ³íôðàçâóêó â³ä àçèìóòà äæåðåëà.
Îñê³ëüêè øâèäê³ñòü ïðèõîäó ³íôðàçâóêîâî¿ õâèë³ ³ñòîòíî çàëåæèòü â³ä 
âåëè÷èíè ³ íàïðÿìêó â³òðó, àíàë³ç âèêîíàíî ç óðàõóâàííÿì äàíèõ âñ³õ
ñòàíö³é (äèâ. ðèñ. 4à) ³ ç âèêëþ÷åííÿì ç ðîçãëÿäó äàíèõ ñòàíö³é, ùî
ëåæàòü ó Ï³âäåíí³é ï³âêóë³ (äèâ. ðèñ. 4á ³ 4â). Êð³ì òîãî, íà ðèñ. 4â ç
ðîçãëÿäó âèêëþ÷åíî ñòàíö³þ I31KZ, äëÿ ÿêî¿ u » 318 ì/ñ. 

Øâèäê³ñòü ïðèõîäó õâèë³ ïîâ’ÿçàíà ç ³ñòèííîþ (áåç óðàõóâàííÿ
âïëèâó â³òðó) øâèäê³ñòþ ïðèõîäó u0 òàêèì ñï³ââ³äíîøåííÿì [29]:

u » u +0 wcosb, (26)

äå w — øâèäê³ñòü â³òðó, b = Aw  + A, Aw  ³ A — àçèìóòàëüí³ êóòè

íàïðÿìê³â â³òðó ³ äæåðåëà ³íôðàçâóêó. 
Óçèìêó ó ï³âí³÷í³é ï³âêóë³ ïåðåâàæàº çàõ³äíèé â³òåð, ïðè öüîìó 

Aw  » 270°. Òîä³ âèðàç (26) çâîäèòüñÿ äî òàêîãî:

u » u -0 w Asin . (27)

Äëÿ ñï³ââ³äíîøåíü (8), (9), (11) ³ (12) êîåô³ö³ºíò äîñòîâ³ðíîñò³
íåäîñòàòíüî âèñîêèé (â³ä 0.621 äî 0.732). Ó òîé æå ÷àñ äëÿ ðåãðåñ³é
(10) ³ (13) ìàºìî R = 0.917 ³ 0.938. Äëÿ öèõ æå ðåãðåñ³é çíà÷åííÿ s
ïðèáëèçíî â äâà ðàçè ìåíø³, í³æ äëÿ ðåãðåñ³é (8), (9), (11) ³ (12). 

Ç ïîð³âíÿííÿ (10) ç (27) îòðèìàºìî, ùî w » 29.6 ì/ñ, à u0  » 280 ì/ñ,

ïîð³âíÿííÿ (13) ³ (27) äàº w » 31.1 ì/ñ ³ u0  » 276 ì/ñ. Âèäíî, ùî çíà÷åí -
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íÿ w ³ u0 , îòðèìàí³ òàêèìè ñïîñîáàìè, äóæå áëèçüê³. Øâèäê³ñòü u0

òàêîæ ñëàáêî â³äð³çíÿºòüñÿ â³ä u = 291...293 ì/ñ. 
Âàæëèâî, ùî îö³íêà ñåðåäíüî¿ øâèäêîñò³ â³òðó w » 30 ì/ñ â ö³ëîìó

óçãîäæóºòüñÿ ç ðåçóëüòàòàìè ìåòåîñïîñòåðåæåíü [15]. 
Çàëåæí³ñòü òðèâàëîñò³ ñèãíàëó â³ä â³äñòàí³. ²íôðàçâóê ãåíåðó -

ºòüñÿ ïðè ïðîëüîò³ ìåòåîðî¿äà ó ù³ëüíèõ øàðàõ àòìîñôåðè. Ìàêñè -
ìàëüíà âèñîòà ãåíåðàö³¿ ³íôðàçâóêó áëèçüêà äî âèñîòè, äå ïî÷èíàº ãå -
íå ðóâàòèñÿ áàë³ñòè÷íà óäàðíà õâèëÿ, òîáòî ïðè z1  » 70 êì. Ì³í³ìàëüíà

âèñîòà, äå ùå ³íôðàçâóê ãåíåðóºòüñÿ, áëèçüêà äî âèñîòè âèáóõó ìåòåî -
ðî¿äà, òîáòî z2  » 23 êì [40]. Òîä³ ä³àïàçîí âèñîò Dz » 47 êì. Äîâæèíà

äæåðåëà ³íôðàçâóêó L = Dz/sina, äå a » 20° — êóò íàõèëó òðàºêòîð³¿ äî
ãîðèçîíòó. Ïðè öüîìó L » 137 êì. Ïðè ñåðåäí³é ïî âèñîò³ øâèäêîñò³
çâóêó us , ð³âí³é 300 ì/ñ, ìàºìî òðèâàë³ñòü âèïðîì³íþâàííÿ äæåðåëîì
³íôðàçâóêó DÒ 0= L/us  » 460 c » 7.6 õâ. 

Ó ïðîöåñ³ ïîøèðåííÿ ³íôðàçâóêîâîãî ïàêåòó â³äáóâàºòüñÿ éîãî
ðîçøèðåííÿ íà âåëè÷èíó DT1 . Ïðè÷èíîþ ðîçøèðåííÿ ñëóæèòü ÷àñòîò -
íà äèñïåðñ³ÿ ñåðåäîâèùà, áàãàòîðàçîâ³ ïåðåâ³äáèòòÿ õâèë³ (ðåâåð áå -
ðàö³ÿ) ó õâèëåâîä³, íåîäíîð³äí³ñòü òðàñè ïîøèðåííÿ ³ ò. ï. Â³äîìî, ùî
³íôðàçâóêîâèé ïàêåò, çãåíåðîâàíèé ×åëÿá³íñüêèì ìåòåîðî¿äîì, áóâ
íàä øèðîêîñìóãîâèì: ó éîãî ñïåêòð³ óòðèìóâàëèñÿ ñêëàäîâ³ ç ïåð³î -
äàìè ïðèáëèçíî â³ä 20 äî 90...100 ñ [11, 29, 39]. Ïðè öüîìó øâèäê³ñòü
ïîøèðåííÿ ãàðìîí³ê ç T » 20 ñ áóëà ìåíøîþ íà âåëè÷èíó Du = 10...
15 ì/ñ, í³æ øâèäê³ñòü ïîøèðåííÿ ãàðìîí³ê ç T = 90...100 ñ [29]. Òîä³
ïî äîâæåííÿ ñèãíàëó ò³ëüêè çà ðàõóíîê äèñïåðñ³¿ äàºòüñÿ ñï³ââ³äíî -
øåííÿì [29]

D
D

T
r

1 =
u

u umin max

, (28)

äå u min  ³ u max  = u min  + Du — â³äïîâ³äíî øâèäêîñò³ ïîøèðåííÿ ãàðìîí³ê
ç T min  » 20 ñ ³ T max  = 90...100 ñ. Çíà÷åííÿ u min  ³ u max  çàëåæàëè â³ä òðàñè

ïîøèðåííÿ [29]. Ïðè u = 290 ì/ñ ³ Du = 13 ì/ñ, òîáòî u min » 283.5 ì/ñ ³ 

u max  » 296.5 ì/ñ ³ç (28) ä³ñòàíåìî, ùî

DT r1 155» , 

äå r äàºòüñÿ ó Ìì, DT1  — ó ñåêóíäàõ. Òîä³ ïîâíà òðèâàë³ñòü ñèãíàëó

D D DT T T r= + = +0 1 460 155 . (29)

Ïîð³âíþþ÷è ñï³ââ³äíîøåííÿ (29) ³ (15), áà÷èìî, ùî êîåô³ö³ºíòè â
îáîõ çàëåæíîñòÿõ äîñèòü áëèçüê³. Öå îçíà÷àº, ùî äëÿ ñòàíö³é, äëÿ ÿêèõ 
ïîáóäîâàíî çàëåæí³ñòü (16), îñíîâíèì ìåõàí³çìîì ðîçøèðåííÿ ñèã -
íàëó º ÷àñòîòíà äèñïåðñ³ÿ êàíàëó ïîøèðåííÿ ³íôðàçâóêó. 

Âàæëèâî òàêîæ ³ òå, ùî çíà÷åííÿ DÒ 0 , îòðèìàí³ ðîçðàõóíêîâèì
øëÿõîì (460 ñ) ³ ç äàíèõ ñïîñòåðåæåíü (442 ñ), áëèçüê³.

Ðåãðåñ³éíó çàëåæí³ñòü (14) ñë³ä âèçíàòè íåçàäîâ³ëüíîþ ÷åðåç
íèçü êå çíà÷åííÿ R = 0.323 ³ âåëèêå çíà÷åííÿ s = 488.2 ñ. 
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Êîðåëÿö³éíå ïîëå äëÿ ðîçðàõîâàíîãî ³ âèì³ðÿíîãî àçèìóò³â. Ç
ðèñ. 7 ³ 8 âèäíî äîñèòü ñèëüíèé ñòàòèñòè÷íèé çâ’ÿçîê ì³æ Ath  ³ Aobs .
Ïðè öüîìó êîåô³ö³ºíò äîñòîâ³ðíîñò³ îòðèìàíèõ ðåãðåñ³éíèõ çàëåæ -
íîñ òåé äîð³âíþº 0.972 (äëÿ ñèíóñ³â àçèìóòàëüíîãî êóòà) ³ 0.998 (äëÿ
àçèìóòà). Ñåðåäíÿ ïîõèáêà îö³íêè Aobs  ñòàíîâèëà áëèçüêî 12.9° (áåç

óðà õó âàííÿ ñòàíö³¿ I34MN, äëÿ ÿêî¿ ð³çíèöÿ Ath  – Aobs  » 71° áóëà àíî -

ìàëüíî âåëèêîþ). 
Êîðåëÿö³éíå ïîëå äëÿ ïåð³îä³â. Ïðè óðàõóâàíí³ äàíèõ 14 ñòàíö³é

(êð³ì I44RU, äëÿ ÿêî¿ TPSD /Tamp  » 3.15) êîåô³ö³ºíò äîñòîâ³ðíîñò³ R =

= 0.884, à s = 7.88 ñ (äèâ. ñï³ââ³äíîøåííÿ (19)). Ï³ñëÿ âèêëþ÷åííÿ ç
ðîçãëÿäó ùå äâîõ ñòàíö³é (I18DK ³ I45RU, äëÿ ÿêî¿ q » 1.07) ðåãðåñ³éíà
çàëåæí³ñòü (20) ïîì³òíî ïîêðàùèëàñÿ. Ïðè öüîìó R = 0.956, s = 5.31 ñ.
Êîåô³ö³ºíò, ùî îïèñóº íàõèë ë³í³¿ ðåãðåñ³¿, â³äð³çíÿâñÿ â³ä òåî ðå òè÷ -
íîãî íà 3 %. Ñåðåäíÿ ïîìèëêà îö³íêè ïåð³îäó ñòàº áëèçüêîþ äî 1.7 ñ.
Ïðè ñåðåäíüîìó ïåð³îä³ T  » 34 ñ âîíà äîð³âíþº 5 %. Äîäàìî, ùî òî÷ -
í³ñòü îö³íêè ïåð³îäó ìàº âåëèêå çíà÷åííÿ, áî ïî íüîìó îá÷èñëþºòüñÿ
ïî÷àòêîâà ê³íåòè÷íà åíåðã³ÿ E ìåòåîðî¿äà [36, 39, 42]. Ïðè ïîìèëö³
îö³íêè T íà 10...20 % ìàºìî ïîìèëêó îá ÷èñëåííÿ E, ð³âíó 41...83 %.

Çàëåæí³ñòü ïåð³îäó â³ä â³äñòàí³. Ðåãðåñ³éí³ çàëåæíîñò³ Tamp(r) ³ 
TPSD (r) äàþòüñÿ ñï³ââ³äíîøåííÿìè (21) ³ (22). Êîåô³ö³ºíò äîñòîâ³ð -
íîñò³ íåâåëèêèé (áëèçüêî 0.410 ³ 0.303), à çíà÷åííÿ s — âåëèê³. Ìîæíà 
ïðèïóñòèòè, ùî çíà÷åííÿ ïåð³îäó ó ïðîöåñ³ ïîøèðåííÿ ³íôðàçâóêó íå
çì³íþþòüñÿ. ßêùî âñå æ ïåð³îä çì³íþºòüñÿ çà çàêîíàìè (21) ³ (22), òî
ïðè r » 10 Ìì éîãî çá³ëüøåííÿ äîñÿãàº 16.6 ñ àáî 14.2 ñ, òîáòî 63 % àáî 
47 % â³äïîâ³äíî. Ô³çè÷íîþ ïðè÷èíîþ çìåíøåííÿ âêëàäó â ñèãíàë
ãàðìîí³ê ç ìåíøèìè ïåð³îäàìè ìîæå áóòè «âèñâ³÷óâàííÿ» öèõ ìîä ç
õâèëåâîäó «Çåìëÿ — ñòðàòîñôåðà» ó ì³ðó ïîøèðåííÿ õâèë³, òîáòî
îñëàá ëåííÿ ³íòåíñèâíîñò³ õâèëüîâîãî ïàêåòà áåç éîãî ïîãëèíàííÿ. 

Êîðåëÿö³éíå ïîëå «â³äñòàíü — àìïë³òóäà». Îòðèìàíî òðè ìîæ -
ëèâ³ ðåãðåñ³éí³ çàëåæíîñò³ Dp(r) (äèâ. âèðàçè (23) — (25)). Äëÿ âñ³õ
çàëåæíîñòåé êîåô³ö³ºíò äîñòîâ³ðíîñò³ ìàº çíà÷íå çíà÷åííÿ (â³ä 0.892
äî 0.962) ³ â³äíîñíî íåâåëèê³ çíà÷åííÿ s. 

Çàëåæí³ñòü (23) ìàº ïðîñòèé ô³çè÷íèé çì³ñò — íà ìàëèõ â³äñòàíÿõ
ïåðåâàæàº ñôåðè÷íà ðîçá³æí³ñòü õâèë³, à íà âåëèêèõ — öèë³íäðè÷íà
ðîçá³æí³ñòü, âëàñòèâà õâèëåâîäíîìó ïîøèðåííþ ³íôðàçâóêó. Êð³ì
òîãî, âèêîíóºòüñÿ ïðèðîäíà âèìîãà Dp( )¥  ® 0. Ðåãðåñ³ÿ (23) ìàº òîé

³ñòîòíèé íåäîë³ê, ùî ïåðåõ³ä â³ä ïåðåâàæíî ñôåðè÷íî¿ ðîçá³æíîñò³ äî
öèë³íäðè÷íî¿ â³äáóâàºòüñÿ ïðè íåðåàëüíî âåëèêèõ çíà÷åííÿõ â³äñòàí³
r » 1470 Ìì. Öå îçíà÷àº, ùî ó ðåãðåñ³¿ (23) öèë³íäðè÷íà ðîçá³æí³ñòü
äëÿ âñ³õ ìèñëèìèõ r íå íàñòàº. 

Ðåãðåñ³éíà çàëåæí³ñòü (24) îïèñóº ò³ëüêè ñôåðè÷íó ðîçá³æí³ñòü
õâèë³ ³ íå âðàõîâóº ìîæëèâ³ñòü õâèëåâîäíîãî ïîøèðåííÿ. Äëÿ àíòàð -
êòè÷íî¿ ñòàíö³¿ ïðè r » 25 Ìì ç (24) ìàºìî çíà÷åííÿ Dp » 0.30 Ïà, ÿêå çà 

ïîðÿäêîì âåëè÷èíè áëèçüêå äî ä³éñíîãî [11]. 
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Ðåãðåñ³éíà çàëåæí³ñòü (25), íåçâàæàþ÷è íà âèñîêå çíà÷åííÿ R =
= 0.962, íå ìàº ðîçóìíîãî ô³çè÷íîãî ïîÿñíåííÿ, òîìó ùî Dp µ r -2 ,

òîáòî àìïë³òóäà çìåíøóºòüñÿ íàáàãàòî øâèäøå, í³æ ïðè ñôåðè÷í³é
ðîçá³æíîñò³, à ïðè r > 2...3 Ìì ïàä³ííÿ Dp ð³çêî ñïîâ³ëüíþºòüñÿ. Ïðè
r ® ¥ ìàºìî ñê³í÷åííå çíà÷åííÿ Dp » 0.657 Ïà. Äëÿ àíòàðêòè÷íî¿

ñòàíö³¿ ïðè r » 25 Ìì ç (25) ìàºìî çíà÷åííÿ Dp » 0.66 Ïà, ÿêå ïåðå -

âèùóº ñïîñòåðåæí³ çíà÷åííÿ. 
Òàêèì ÷èíîì, íàéá³ëüø àäåêâàòíîþ º ðåãðåñ³éíà çàëåæí³ñòü (24).

ÂÈÑÍÎÂÊÈ 

1. Ç âèêîðèñòàííÿì áàçè äàíèõ ³íôðàçâóêîâèõ ñòàíö³é Ì³æíàðîäíî¿
ñèñòåìè ìîí³òîðèíãó âèêîíàíî ñòàòèñòè÷íèé àíàë³ç çàëåæíîñòåé îñ -
íîâ íèõ ïàðàìåòð³â ïîøèðåííÿ ó ãëîáàëüíèõ ìàñøòàáàõ ³íôðà çâóêî -
âîãî ñèãíàëó (â³äíîøåííÿ ñèãíàë/øóì, ÷àñó çàï³çíåííÿ, øâèäêîñò³
ïðèõîäó, òðèâàëîñò³, àìïë³òóäè, ïåð³îäó), çãåíåðîâàíîãî ×åëÿá³íñü -
êèì ìåòåîðî¿äîì ³ çàðåºñòðîâàíîãî íà 15 ³íôðàçâóêîâèõ ñòàíö³ÿõ.
Êð³ì ñòàíö³é Ì³æíàðîäíî¿ ñèñòåìè ìîí³òîðèíãó, ó ðÿä³ âèïàäê³â çàëó -
÷àëèñÿ äàí³ ùå ï’ÿòè ³íôðàçâóêîâèõ ñòàíö³é, ðîçì³ùåíèõ ó ºâðàç³éñü -
êèõ ãåîô³çè÷íèõ îáñåðâàòîð³ÿõ. 

2. Ïîáóäîâàíî êîðåëÿö³éí³ ïîëÿ äëÿ â³äíîøåííÿ ñèãíàë/øóì, ÷àñó 
çàï³çíåííÿ, øâèäêîñò³ ïðèõîäó, òðèâàëîñò³, àìïë³òóäè, ïåð³îäó
êîëèâàíü â çàëåæíîñò³ â³ä â³äñòàí³ ì³æ äæåðåëîì ³íôðàçâóêó ³ ì³ñöåì
ðåºñòðàö³¿ àáî â³ä àçèìóòàëüíîãî êóòà äæåðåëà. 

3. Ïîáóäîâàíî ðåãðåñ³éí³ çàëåæíîñò³ ïåðåðàõîâàíèõ âèùå ïàðà -
ìåòð³â â³ä â³äñòàí³ â³ä àçèìóòàëüíîãî êóòà. 

4. Îòðèìàíî ñåðåäí³ ïî âñ³õ òðàñàõ ïîøèðåííÿ îö³íêè øâèäêîñò³
ïðèõîäó ³íôðàçâóêîâîãî ñèãíàëó (áëèçüêî 280 ì/ñ) ³ øâèäêîñò³ òðîïî -
ñôåðíî-ñòðàòîñôåðíîãî â³òðó (áëèçüêî 30 ì/ñ), ÿêà â ö³ëîìó óçãîä -
æóºòüñÿ ç äàíèìè ìåòåîñïîñòåðåæåíü. 
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Õàðüêîâñêèé íàöèîíàëüíûé óíèâåðñèòåò èìåíè Â. Í. Êàðàçèíà, 
Õàðüêîâ, Óêðàèíà

ÑÒÀÒÈÑÒÈ×ÅÑÊÈÉ ÀÍÀËÈÇ ÏÀÐÀÌÅÒÐÎÂ ÈÍÔÐÀÇÂÓÊÀ, 
ÑÃÅÍÅÐÈÐÎÂÀÍÍÎÃÎ ×ÅËßÁÈÍÑÊÈÌ ÌÅÒÅÎÐÎÈÄÎÌ

Ïðîëåò ×åëÿáèíñêîãî ìåòåîðîèäà âûçâàë öåëûé êîìïëåêñ ôèçè÷åñêèõ ýôôåêòîâ âî
âñåõ ïîäñèñòåìàõ ñèñòåìû Çåìëÿ — àòìîñôåðà — èîíîñôåðà — ìàãíèòîñôåðà. Ðà -
íåå èçó÷åíû ýôôåêòû ×åëÿáèíñêîãî ìåòåîðîèäà â àòìîñôåðå, èîíîñôåðå, ãåîìàã -
íèò íîì ïîëå. Çíà÷èòåëüíîå âíèìàíèå òàêæå óäåëåíî îñîáåííîñòÿì ðàñïðîñòðàíåíèÿ 
èíôðàçâóêîâîãî ñèãíàëà, ñãåíåðèðîâàííîãî ×åëÿáèíñêèì ìåòåîðîèäîì. Â òî æå âðå -
ìÿ â ëèòåðàòóðå îòñóòñòâóþò ðåçóëüòàòû ñòàòèñòè÷åñêîãî àíàëèçà ïàðàìåòðîâ èí -
ôðà çâóêîâîãî ñèãíàëà. Öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ ïîñòðîåíèå êîððåëÿ öè -
îííûõ ïîëåé äëÿ îñíîâíûõ ïàðàìåòðîâ ãëîáàëüíî ðàñïðîñòðàíÿâøåãîñÿ èíôðàçâó -
êîâîãî ñèãíàëà (îòíîøåíèÿ ñèãíàë/øóì, âðåìåíè çàïàçäûâàíèÿ, ñêîðîñòè ïðèõîäà,
äëèòåëüíîñòè, àìïëèòóäû, ïåðèîäà) â çàâèñèìîñòè îò ðàññòîÿíèÿ ìåæäó èñòî÷íèêîì 
èíôðàçâóêà è ìåñòîì åãî ðåãèñòðàöèè ëèáî îò àçèìóòàëüíîãî óãëà èñòî÷íèêà, à
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òàêæå ïîëó÷åíèå ñîîòâåòñòâóþùèõ ðåãðåññèîííûõ çàâèñèìîñòåé. Äëÿ àíàëèçà ïðè -
âëåêà ëèñü äàííûå 15 èíôðàçâóêîâûõ ñòàíöèé Ìåæäóíàðîäíîé ñèñòåìû ìîíèòî ðèí -
ãà ÿäåð íûõ èñïûòàíèé ïðè Îðãàíèçàöèè ïî Äîãîâîðó î âñåîáúåìëþùåì çàïðåùåíèè 
ÿäåðíûõ èñïûòàíèé (CTBTO). Â îòäåëüíûõ ñëó÷àÿõ ýòè äàííûå äîïîëíÿëèñü äàí -
íûìè èíôðàçâóêîâûõ ñòàíöèé, ðàçìåùåííûõ â åâðàçèéñêèõ ãåîôèçè÷åñêèõ îáñåð âà -
òîðèÿõ. Ïîñòðîåíû êîððåëÿöèîííûå ïîëÿ äëÿ îñíîâíûõ ïàðàìåòðîâ ãëîáàëüíî ðàñ -
ïðîñòðàíÿþùåãîñÿ èíôðàçâóêîâîãî ñèãíàëà. Ïðèâîäÿòñÿ ðåãðåññèîííûå çàâèñèìîñ -
òè ýòèõ ïàðàìåòðîâ îò ðàññòîÿíèÿ ëèáî îò àçèìóòàëüíîãî óãëà. Ïîëó÷åíû ñðåäíèå ïî 
âñåì òðàññàì ðàñïðîñòðàíåíèÿ îöåíêè ñêîðîñòè ïðèõîäà èíôðàçâóêîâîãî ñèãíàëà
(îêîëî 280 ì/ñ) è ñêîðîñòè òðîïîñôåðíî-ñòðàòîñôåðíîãî âåòðà (îêîëî 30 ì/ñ). Îá -
ñóæäàþòñÿ äîñòîèíñòâà è íåäîñòàòêè ïðåäëîæåííûõ ðåãðåññèîííûõ çàâèñèìîñòåé.
Êëþ÷åâûå ñëîâà: èíôðàçâóêîâîé ñèãíàë, êîððåëÿöèîííûå ïîëÿ, îòíîøåíèå ñèãíàë/
øóì, âðåìÿ çàïàçäûâàíèÿ, ñêîðîñòü ïðèõîäà, äëèòåëüíîñòü ñèãíàëà, àìïëèòóäà ñèã -
íà ëà, ïåðèîä ñèãíàëà, àçèìóò, ðåãðåññèîííûå çàâèñèìîñòè.

L. F. Chernogor 
V. N. Karazin Kharkiv Na tional Uni ver sity, Kharkiv, Ukraine

THE STA TIS TI CAL ANAL Y SIS OF IN FRA SONIC PA RAM E TERS 
GEN ER ATED BY THE CHELYABINSK METEOROID 

The pas sage of the Chelyabinsk me te or oid gen er ated a wide va ri ety of phys i cal ef fects in
all sub sys tems in the Earth — at mo sphere — ion o sphere — mag neto sphere sys tem. Ear lier 
stud ies have been con ducted in or der to ex am ine Chelyabinsk me te or oid ef fects in the at -
mo sphere, ion o sphere, and the geo mag netic field. Par tic u lar at ten tion has been given to the 
fea tures of the infrasound sig nal gen er ated by the Chelyabinsk me te or oid. At the same
time, the re sults of the sta tis ti cal anal y sis of in fra sonic pa ram e ters are ab sent in the lit er a -
ture. The pur pose of this pa per is to con struct cor re la tion di a grams for ba sic in fra sonic pa -
ram e ters of the sig nal prop a gat ing glob ally (such as sig nal-to-noise ra tios, time lags,
ce ler ity, time du ra tions, am pli tudes, and pe ri ods per cy cle) on ei ther the dis tance be tween
the infrasound source and the sen sor or the source back-az i muth, as well as to fit re spec tive
re gres sion lines. The data have been re trieved from 15 infrasound sta tions of the In ter na -
tional Mon i tor ing Sys tem (IMS) set up by the Com pre hen sive Nu clear-Test-Ban Treaty
Or ga ni za tion (CTBTO). On in di vid ual oc ca sions, these data have been com p le mented by
the data ac quired by the infrasound sta tions lo cated at the Eur asia geo phys i cal ob ser va to -
ries. The cor re la tion di a grams have been con structed for ba sic pa ram e ters of the in fra sonic
sig nal prop a gat ing glob ally. The es ti mated re gres sion lines su per im posed on the scat ter di -
a grams of these pa ram e ters ver sus dis tance or back-az i muth are shown. Av er aged over all
prop a ga tion paths, es ti mates of the ce ler ity (ap prox i mately 280 m/s) and tro po spheric-
strato spheric wind (about 30 m/s) have been de ter mined. The ad van tages and dis ad van -
tages of the re gres sion lines pro posed are dis cussed. 
Key words: in fra sonic sig nal, cor re la tion di a gram, sig nal-to-noise ra tio, time lag, ce ler ity,
sig nal du ra tion, sig nal am pli tude, sig nal pe riod per cy cle, az i muth, re gres sion line.
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