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Huceprarniitna poOoTa NMPUCBAYEHA PO3B’SI3aHHIO aKTyaJbHOI MPOOIEMU —
EKCIIEPUMEHTAJILHOMY Ta TECOPETUYHOMY JOCIHIJKEHHIO BIUIUBY 1H(PPa3ByKOBUX
XBWJIb, 3TEHEPOBAHUX JDKEpeJaMH MPUPOAHOTO Ta IITYYHOTO TOXOKCHHS,
Ha MapaMeTpu aTMOC(EpHO-KOCMIYHUX pPaJlOKaHATIB, SIKI BUKOPHUCTOBYIOTHCS
3aco0aMM TeJIeKOMYHIKaIIli, paaiookallii, pajioHaBiraiii, paaioneieHraiii, TOIIo,
a TaKOX Ha XapaKTEPUCTUKHU PaiOXBUJIb.

MeToto qucepTatliitHoi poOOTH € JOCHIIKEHHSI OCHOBHUX (DI3UYHUX MPOIIECIB
B arMoc(epHo-ioHOCEepHUX pajiokaHanax, sKI CYNpPOBOJKYBajld BIUIUB Ha
HABKOJIO3EMHE CEpPENIOBUINE XBWIb 1H(GPaA3BYKOBOrO Jlama3oHy, 3reHEPOBAHHUX
JDKepeIaMy MPUPOJIHOTO Ta TEXHOTCHHOT'O OXOIKEHHS.

3 mepuoro po3auly, sSIKUd € OrJsiIOBUM, BUIUIMBAE, IO OUIBIIICTh JXKEpen
1H(}pa3ByKy SK MPUPOJHOTO, TaK 1 MITYYHOTO MOXOJKEHHS € JIOKaJi30BaHUMH B
yaci Ta mpocTopi. AHami3 30ypeHb mapamMeTpiB BiJ MOAIOHUX JKepesl T03BOJIUB
3 BEJHMKOK HMOBIPHICTIO BHUSBUTH 1H(QPa3BYKOBI KOJMBaHHS Ha pI3HUX
MOHITOPUHIOBUX CTaHIisX CcBiTy. HaBegeHo maHi mpo HaOIp TEXHIYHUX 3ac00iB,
Kl JOLUIbHO BUKOPUCTOBYBATH I peecTpallii 1HPPa3BYKOBUX KOJIMBAHb.
Onucano CKJIAMHOINI, [0 BHHUKAIOTH y Tpoleci peectparii iH(pa3ByKOBUX
KOJMBaHb, 1 METOAM IXHHOTO BUpimIeHHS. OmNHCaHO OCHOBHI METOIHU
KOMIT IOTEPHOTO aHali3y iH(GPa3ByKOBUX CHUTHAIIB 3a JIONOMOIOK0 CHEI1aIbHOrOo
MpOrpaMHOTO 3a0e3MeyueHHsT W aIrOpuTMIB, SKI pO3poOJEHO I TAKETiB

KOMIT'I0TepHOT MaTtemaTuku. OI[IHEHO OCHOBHI MapaMeTpu 30ypeHb THUCKY B
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NOBITP1 BiJ PI3HUX JKeped 3a JaHuMU 3apyOikHuX poOiT. Ilokazano, o
TEOPETUYHE ONHWCAaHHS TOMHPEeHHS 1HGpa3ByKy B armocdepi moTpedye
3aCTOCYBaHHS BUIMOBIAHUX Mojelie 1 (I3MYHMX CIPOIIeHb, 30KpeMa —
NpPEJCTaBICHHS  MOMIMPEHHS  paaioXBWIb B arMochepHo-ioHOchepHuX
pajokaHaiax y paMKax MPOMEHEBOIO Ta XBUJIEBOAHOTO HaOmmkeHHs. [lepre
HaWOLIBII BAATIO onucye (DI3UUYHI MPOIECH Ha BITHOCHO HEBEIMKHMX BIJICTAHIX (10
1 Mwm), apyre — Ha OUTbIUX BifAcTaHAX (OiabIe 1 Mwm).

Y npyromy po3aiiai pO3TsSIHYTO CTaTUCTUYHI XapaKTEPUCTHKUA METEOPOi[liB
SK BaXJIMBOTO JiKepesa 1HOPa3ByKOBUX XBUJIb. [[iATBEpIKEHO, MO YMCIIO TAiHb
MIHIQCTEpOiMIB IIBUJKO CHajgae 31 30UIbIIEHHAM 1iX €Heprii  CBITIHHSL
OOrpyHTOBaHO, IIO0 3aKOH PO3MOJTY YHCIA MaJiHb KOCMIYHUX TUI METPOBOTO
pO3Mipy 3a JOBrOTOI € OJIM3bKUM J0 piBHOMipHOTro. Po3moxain yucna nagiHb 3a
IIUPOTOI0 3MEHIIYEThCS TPH 30UIBIICHHI IIMPOTH, 10 OOYMOBJIEHO HE
ACTPOHOMIYHUMH, & TECOMETPUYHUMHU TTpuunHaMu. Cepell yciX KOCMIUHUX TiJI, SIKi
NOTPAIUISIIOTh 10 atMocepu 3emill, CTAIOK € KUIBKICTh KOCMIYHHUX TIT B
mianazoni eHeprid ciyeHHs 20 I'Jx — 150 I'JIx. Ilpu 30inbIneHH] eHeprii Bix
125 T'[Ix mo 3000 I'JI>x mpuifHATHUN CTeNeHEeBUM 3akoH po3moniny. IIBuakicTh
O1MBIIOCTI KOCMIYHMX T BapiroBajiacs B Jiama3oHl nmpubiau3HO Bix 12,5 kM 10
20 kM/c, 1 numie B JBOX BHMAJKaX CIIOCTEPIraloch 3HAYEHHS IIBHJIKOCTI BiJ
45 km/c 1o 49 km/c. 3anexHICTh 4YucCiIa KOCMIYHMX Tijd, SKI BTOPTarOThCS [0
aTMocepH, Bl BHCOTH OOJACTI IXHHOTO MAKCHMAJIBHOTO CBIYEHHS J00pe
anpPOKCUMY€ETHbCS HOPMAJIBHMM 3aKOHOM Yy fiama3oHi BuUcOT 20 kM — 48 kM.
Cnocrepiraerbcs JTOCUTh BUCOKWW CTaTUCTUYHUN 3B’S30K MDK KBaJpaToM
MOYATKOBOI MIBUJIKOCTI KOCMIYHOTO Tijia Ta JIOTapu(MOM eHeprii CBIYCHHS.

TpeTiii po3ail TPUCBSIYEHO BCTAHOBJICHHIO 3aJICKHOCTEM OCHOBHHX
napameTpiB 1H(QPa3ByKOBUX XBWJIb, 3T€HEPOBAHMUX MAJIHHAM 1 BUOYXOM KPYITHUX
KOCMIYHUX TUI, Bia BigcTaHi. [IpeanpuitHsaTo cipoOy BUBECTH MPOCTI MaTeMaTHYH1
CIIBBITHOIIICHHS, 3aCHOBaHI Ha (I3MYHO aJCKBATHUX 1 3PO3YMUIMX MeEXaHi3Max
NoNMMpeHHs 1H(GPa3BYKOBUX XBHWJIb Ha TJIOOQJBbHI BIJICTaHI Y3/IOBX IOBEpPXHI

3emil.
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3a pe3ynpTaTaMu JOCITIDKEHHS aKyCTUYHOTO CHUTHANY BiJ] YHIKQJIBHOTO
TyHryCBKOTO KOCMIYHOTO Tijla BCTAHOBJEHO, II0 3aJIEKHICTh AaMIUTITYIU
iH(Qpa3ByKOBOI XBWJII, 3re€HEpPOBaHOI TaiHHAM 1 BHOyXoM TyHIrychbKOro
KOCMIYHOT'O TiJIa, BiJl BIICTaHI € CKJIaJHOIO Ta 3 TPYAOM MiA€ThCS anmpoOKCUMAIIii
OPOCTUMH MaTEMaTUYHUMH  CIIBBIJHOIICHHSAMH, 3aCHOBAaHMMU Ha (HI3UUHO
PO3yMHUX MeXaHi3Max MOIIUPEHHs 1H(Pa3BYKOBUX XBUJIb Y30BXK IMOBEPXHI 3eMIll
Ha moOanbHl BiAcTaHi. [lOpiBHSUIBHHMI aHali3 OTPUMAaHUX AampPOKCHUMYIOUHX
3QJIGKHOCTEM JIO3BOJIMB 3 1X CYKYIMHOCTI OOpaTu Kpamil 3ajiekHocTi. Jlo Hux
BIIHOCSATHCS 3aJIEKHOCTI, 3aCHOBaHI Ha HACTYMHUX MOJCIAX TOIMUPEHHS
1H(pa3BYKOBUX XBWUJIb B XBWIEBOJAX, IO YTBOPEHI MOBEpPXHEIO 3emill Ta
aTMOC(epHUMH 00JIacTAMH (B TEpIIy 4yepry crtparocheporo Ta B MEHIIH Mipi
TepMoc(heporo): Moelb 31 cPepUIHOI0 PO301KHICTIO 3 MOCTYIIOBUM MIEPEXOIOM 0
HWTHAPUYHOT PO30LKHOCTI Ta MOJENh 3 UWIHAPUYHOIO PO3ODKHICTIO Ta
3aracaHHsM.

[IpoBeneHO CTATUCTUYHMM aHaIi3 OCHOBHUX IapaMETpiB CHUTHAIY (4acy
3aTPUMKH, HIBUIKOCTI MPUXOIY, TPUBAJIOCTI, MEPIOAY KOJMBAHb 1 aMIUTITY/IH)
B 3aJIEKHOCTI BiJI TOPU3OHTAIBHOI BIACTAaHI MDK OOJAcTiO  CBIYEHHS
[HoHe31ChKOTO CyTepOomiy Ta MICHE3HAXOKEHHSIM 1H(Pa3BYKOBOI CTaHIIII.
HaBeneHo ampokcumyroui 3ajie’KHOCTI TapaMeTpiB CHTHaly BiJ  BiJICTaHI.
[ToObynoBano kopensuiiHi 1osigs. OLIHEHO OCHOBHI MMapaMeTpud METEOopoindy,
CKOPUTOBaHE 3HAYEHHS IIBUIKOCTI TMPUXOAY 1H(PA3BYKOBOTO CHUTHAIY Ta
CepeaHbO1 MIBUIKOCTI TPONOchepHO-CTpaTOCHEPHOrO BITPY.

Jns YenssO1HCHKOTO KOCMIYHOTO Tijlla IMOKa3aHo, IO KOpeJsliiiHe moJie
«IIBHJIKICTh TIPUXOAY 1H(Pa3BYKOBOTO CUTHAIIY — BIACTaHb MIXK JDKEpEIOM Ta
CTaHIII€I0» Ma€ 3HAYHUN PO3KHUI, CEPEIHE 3HAYCHHS Ili€l MIBUIKOCTI CKJIaJae
286.0 £21.5 m/c. OTpuMaHi anmpOKCUMYIOY1 3aJIEKHOCTI JIJIsI MIBUAKOCTI TIPUXOTY
1H(}Pa3BYKOBOI0 CHTHANY BiJ BIACTaHI MK JIKEPEJIOM 1 CTaHIIIE€I0, a TaKOX BiJ
a3uMyTy JDKepelna, TPUBAJIOCTI Ta aMIUTITYu CUTHaiy Bia BiacTani. [loOynoBano
KOpeJsiliifHe Tojie JJIsi MEpioJiiB OCHOBHOI'O KOJIMBaHHS, OILIIHEHOTO 3a JBOMa

pi3HUMH MeToaukamu. Yac 3ami3HeHHs 1H(PPa3BYKOBOTO CHTHATY 301IbIITYBaBCS
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MPAKTUYHO 32 JIHIMHUM 3aKOHOM TMpW 30UTBIICHHI BIJICTaHI MIX DKEPEIOM
iHQpa3ByKy Ta craHmiero. CepenHs MO BCIX Tpacax IIBUAKICTE MPUXOLY
1H(}pa3ByKOBOro curHaiy ckiagana 291 m/c. 3ajiekHICTh IIBUAKOCTI MPUXOY Bij
BIACTaHI Yepe3 CUJIbHUN PpO3KUJ JaHUX CIIOCTEPEkKEHb alPOKCHMOBAHO
KOHCTaHTOI0. 3aJIeKHICTh HIBUIKOCTI MPUXOAY BiJl CHHYCY a3UMYTalbHOTO KyTa
(pO3paxoBaHOrO Ta OI[IHEHOr0) alpOKCMMOBAaHA JIHIMHUM 3aKOHOM, 3 SIKOTO
OLIIHEHO CEpelHE MO BCIX Tpacax 3HA4YeHHA MmBuAKocTi (287 — 288 wm/c) Ta
HIBUIKOCTI TpomnocdepHo-cTpatochepnoro BiTpy (12 — 14 wm/c). 3anexHicTb
TPUBAJIOCTI 1H(GPA3BYKOBOTO CHTHATY BiJl BiJICTaHI ampOKCHUMOBAHO JIIHIMHUM
3akoHOM. [Ipu 1IbOMY TpUBAJICTh CHTHATY MOOIM3Y JuKepena ckimanana Oims 10.7
XB. Y crnekTpi 1H()pa3ByKOBOro CUTHAITY Ha PI3HUX CTAHIIISX MEPEBAXKAIU CKIIA0B1
3 nepiogoM npudu3Ho Bij 17 go 85 c. CepenHi 3Hau€HHs MEPioJIiB, OTPUMaHI 3a
JIOTIOMOT'OI0 PI3HUX METOJUK, 3MIHIOBAJIMCH MTpuoOIM3HO Bija 35 1o 39 c.
JlocmipkeHHsT  aKyCTHYHUX  KOJIUBaHb, 3TeHEpoBaHUX  JIMMernpkum
METeOpOiloM, TOKa3ajiu, W0 Yac 3ali3HeHHS 1H(Pa3BYKOBOIrO CHUTHAILY
30UTBIITYBABCS MPU 30LIBIICHH] TOPU30HTAIBHOI BIJICTAaHI Bij €MIIEHTPY BUOYXY
METEOpOiAy N0 CTaHIlii 3a JiHIfHUM 3akoHOM. [Ipu mboMmy cepenHsi 3a BciMa
TpacaMu IIBUIKICTHh NPHUXOAY curHaiay Oyma Onuspkoro 1o 304 — 305 m/c.
[IBuakicTe mnpuxomy 1HGPa3BYKOBOI'O CHUTHAY TIpU 30UIbIIEHHI BIJACTaH1
CIOYaTKy JOCTaTHBO INBUAKO Clajgaida, a Ha Biacramsx 4.5 —8.66 Mm
baykryroBana 611 3HaueHHs 302 M/c. 3anekHICTh TPUBAIOCTI 1H(PPA3BYKOBOTO
CUTHAJIy BiJ BiAcTaHl Oyna chajnar4oro 3a JIHIMHUM 3akoHoM. [lucnepciiiHe
YIIUPEHHs] CUTHAITy OyJl0 HeCyTT€BUM Ha BiacTaHsax 5 — 8 Mm. CepenHi 3HaYeHHS
niepioiiB iHGPa3BYKOBOTO CHTHAIY, SKI HE 3aJIe)KaTh Bij BIJCTaHI Ta SKi OIIIHEHO
3a pi3HUMH perpecismu, gopiBHoBamu 6.28+0.98 Ta 6.14+0.76 c. Cepenne
3HAYEHHA MMOYaTKOBOT KIHETUUHOI €HEPrii METEOPOily, OTpUMaHE 3 IHPPA3BYKOBUX
CIIOCTEPEKEHb Tepiofa KOJMBaHb, ckiagae 2.26 —2.43 xkt THT, mo HecyTTeBO
BiIpi3HsAEThCA Biag HesanmekHnx mannx HACA (2.8 xr THT). Anpoxcumariis
HIBUIKOCTI MPUXOAY 1H(PPA3BYKOBOI'O CHUTHATY BiJl CHHYCa a3UMYTaJbHOTO KyTa

nokaszaja, [0 CKOPUTrOBaHE 3HAUEHHS LIBUIKOCTI MPUXOAY CUTHAY CKJIafayo Oius
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300 M/c, a cepemHe 3HauyeHHS TpomnocdepHo-cTpaTochepHoro BITPY OyIo
Omu3bkuM 110 25 — 31 m/c. AHani3 KOpenaLiiHUX MOJiB T0Ka3aB, 1110 ICHY€ CTIMKui
CTATUCTUYHHUM 3B 30K MIXK CIOCTEPEKYBAaHUM Ta ICTUHHHM a3uMyTaMU JpKepena
iHQpa3Byky. BimMmiueHo, mo Mama Micie TEHACHIS 10 30UTbIICHHS pPIBHS
bayKTyalii a3uMyTy IpH 3017IbIIISHH] BIJICTaHI.

Jlist mapameTpiB 1H(Pa3BYKOBOTO CHTHaly, 3reHepoBaHoro KamuaTchkum
KOCMIYHUM T1UJIOM, BCTAHOBJICHO HacTymHEe. AMITIITYy1a iH()Pa3BYKOBOTO CUTHATY
JIOCUTH IIBUJIKO CI1ajiajia pHu 301IbIIIEHH] BiICTaH1 BiJl MICIS BUOYXY METEOpOiny
0 Michs peectparii curHanmy. Yac 3ami3HEHHS 1H(GPa3BYKOBOTO CHUTHATY
30UTbIIYBaBCs B MIpy 30UIBIIEHHS BIACTaHI MK MICIIEM BUOYXY KOCMIYHOTO Tijia
Ta MiclieM peectpallii curHamy. [IBHAKICTP TPUXOJy CHUTHANTYy 3ajexkaia Bijl
BKa3aHOi BIJICTaHI U Opi€HTalli Tpacu Ta 3MiHIOBajacsi B Mexax 269 — 308 m/c.
TpuBanicTh 1HPPA3BYKOBOTO CHUTHANY MPAKTUYHO HE 3ajekalia Bij BIJICTaHI MIXK
MiclleM TeHepalii Ta MicieM peectpaiii curnany. Crnektpu 1H(pPa3ByKOBOTO
CUTHAITy OyJIHM MIUPOKOCMYTOBUMHU, B HUX OYJIM MIPUCYTHI nepioau Bia ~5 no ~40 c.
Pa3zoMm 3 Tum HailOiIbIIa eHepris Mpunaaaia Ha BUALIeH] nepioan 12 — 15128 — 33
c. I[loOymoBano KopemnsIiHI TOJII Ta perpecii s OCHOBHHUX TMapaMeTpiB
1H(}pa3ByKy. 3a MepeBaXHUM TEPioIoM 1HPPa3BYKY OI[IHEHO KIHETHYHY EHEPTii0
(179 xt THT) Ta akycTuuHy epeKTHBHICTD (~4%) KOCMIYHOTO TiJa.

Y 4yerBeproMy poO3AUIl NPOJEMOHCTPOBAHO TMPHUKIAAU  3aJIEKHOCTEH
aMIUTITYIM XBWII 1H(Pa3BYKOBOTO Alana3oHy, 3reHEPOBaHOI MOTYKHUM BYJIKaHOM
1 3apeecTpOBaHOl CTAHIISIMA CBITOBOI MEPEX1 Ha PI3HUX KOHTHUHEHTaX CBITY, BiJl
BIJICTAaHI MDK CTaHII€I0 Ta JHKEPEJIOM. YCTaHOBJICHO, IO HAWOUIBII BIAJIOKD €
anpoKcUMallis, sika OMKHCY€ XBHWJIECBOJHE MOLIMPEHHS 13 3aracaHHsAM. OIIHEHO
BIJIMOBITHI KOS(IIIEHTH Ta TTHOUHY 3aracaHHS.

Brnepiue Ha npukiaii MacoBUX BUOYXiB CKJIaaiB OoenpumnaciB y BiHHUIBKIT
o0JlacTi y MM’ATOMY PO3JUII MOKa3aHo, IO MPpU 301JIbIIEHHI €HePrOBUIIJICHHS BiJl
3 mo 53 T THT cnocrepiraiacst TeHIEHIIIS 10 301IBIICHHS aMIUTITYIA Ta TIepioay
NEPEeBAKAIOUOTO  KOJIMBAHHA. TpPHBANICTh IYTiB KOJIWMBAaHb TMPU  I[BOMY

30inbITyBaacs Big ~1.5 mo 2 xB. BecTaHoBieHo, mo npu HeBenukin (Ha 15 — 18%)
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3MiHI BiZICTaHI M €MILEHTPOM BHOYXIB 1 MICIIEM pO3TallyBaHHs 1H()Pa3BYKOBOI
CTaHlli TapaMeTpu 1H(PPa3BYKOBOIO CHUTHAIY 3MIHIOBAJIHCS  HE3HAYHO.
BiaminHOCTI B XBIWIILOBUX (DOpMax IMOB's13aH1 3 OpieHTAIlI€l0 Tpacu. BuspieHo, 1o
pu eHeproBuaAlIeHH], o AopiBHIoe 53 T THT, B cnekTpi KoIuBaHb MepeBaXKaiu
rapMOHIKM 3 mepiojoM Bif 3 10 5 — 6 c. TpuBamicTe IIyTiB KOJWBaHb 3 TaKUMU
nepiogamu ctaHoBmwia 40 c. Po3paxoBaHo, M0 cepeHs MBUAKICTh NPUXOAY IS
pI3HUX Tpac Mpu cTpPaTochEepHOro BiAOOpaKECHHI XBWJIb 3MIHIOBAJacs B Mexkax
300 — 309 m/c, 110 CBITYUTH PO BILUIMB BITPY Yy BEpXHIN aTMocdepi Ha MOIIUPEHHS
iHpa3Byky. Ilpu TepmochepHOoMy BIZOWTTI XBHJIb aMIUTITyJa CUTHaIy Oyia B
KUTbKA pa3iB MEHIIIe, a MBHUJIKICTh MPUXOAY cTaHoBuia 245 — 250 m/c.

Ha npukmani cepiii macoBux BUOYXIB TM00JM3Yy M. [4HS BHUBYEHO
ocoOnMBOCTI  XBWJIEBMX (OopM 1H(PaA3BYKOBUX CHUTHAIIB, IX aMIUNTYI 1
CHEKTPAJILHOTO CKJIaay MpH JanekoMy (218 kM) mommupeHH1 XBUilb, 3reHEPOBAHUX
BIIPOJIOBK TEXHOI'€HHOI KatacTpodu Ha apceHani 6oenpuraci. [lokazaHo, mo npu
30uIbIIeHH] eHeproBuaiieHHs Bl 4.1 10 49.9 Ton THT cnocrepiranacs TeHACHISA
710 30UIBIIIEHHS aMIUTITYM Ta TMepioay MepeBakaroyoro KoJmBaHHsS. TpuBaicTh
I[yT1B KOJIMBAHHA MpU LIbOMY 30uIblIyBanacs Big 2.5 a0 7 ¢. BusBneno, mo npu
eHeproBuiieHHl, piBHOMY 49.9 ton THT, B crmekTpi KOJMBaHb MepeBaKalu
rapMoHiku 3 mepiomamu Bix 1 g0 2 c. Po3paxoBaHo, 110 CepenHs MIBHIKICTh
NpUXO0y XBWUJIb 3MiHIOBasacs B Mexax 300 — 333 wm/c. IloOygoBaHO OCHOBHI
KOPEJISIIITHI TIOJIS.

VY mocToMy po3/ii Ha NPUKIIAAl CUIBLHOT T€OKOCMIYHOT Oypi, SIK BaXKJIMBOIO
JoKepena 1H(Qpa3ByKy, BHUBYEHO OCOOJMBOCTI XBHJIEBUX (OPM TeOMarHiTHUX
KOMITOHEHT Ha PI3HHUX CTaHINsAX CBiTOBOi Mepexi InterMagnet. Ilokazano, 1o 3i
3MEHIICHHSIM IIUPOTH aMIUliTyAa Bapiamid X- 1 Y-KOMIIOHEHT cnajae. OCHOBHI
nepiosid, sfKi CHOCTEpIrajaucs B CIEKTPl KOJHMBaHb, CKIagamu 35 XB —55 XB Ta
70xB—110 xB. AMIUIITyla KOJMBaHb 3MiHIOBajach mnpuOiau3Ho B 70 pasis.
TpuBanicTh KBa3iNepioAUYHUX KOJIMBAHb BapitoBajiacs B Jiana3oHi 2—16 rogux.

VY croMOMy pO3aUIi BIEpIe HA MPUKIIAl TOMIPHOTO 3eMIIeTpycy B AuOaHii,

SK MOTY>KHOTO JiKepena 1H(pa3ByKy, MNpPOJAEMOHCTPOBAHO, 110 MOJIOHI JIKepena
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MOKYTh BHUKJIMKATH KBa3iMEepiOAWYHI Bapiauii piBHS T€OMArHiTHOrO MOJs, SKI
MaloTh 4ac 3amizHeHHs Onu3pko 6 xB 1 TpuBamictb 70-80 xB. IlepeHocHHKOM
30ypeHb B I[bOMY BHIIQJIKy MOTJM OyTH MAarHiTOTiAPOJWHAMIYHI  XBHJIL.
KBazinepioguuani 30ypeHHs, sKi MaloTh 4dac 3amizHeHHsS 97-106 xB i TpuBaiicTh
omu3bko 130-140 xB, mBUIIE 32 BCE, BUKIMKAHI 3eMJIETPYCOM. 3a TIEPEHECEHHSI
30ypeHb BIAMOBIIAIM aKyCTUKO-TpaBIiTaIlliHI XBWIII, K1 MaloTh nepioa 7—14 xs.
Binnocue 30ypeHHS KOHIEHTpaAllli €MeKTPOHIB Yy MOJ1 aKyCTHKO-TpaBiTaIllitHOi
XxBUIl Oyno Omu3bko 5.3%. PesynbTaTu crocTepekeHb 3a al0aHCHKUM 1

TypeUbKUM 3eMJIETPYCaMU B IIIOMY y3TOKYIOThCS MIXK COOOIO.

Kuarw4osi ciioBa: xBuis, ioHocdepa, BITEp, XBUICBII, CTATUCTUYHUNA aHAI3,
NaJlHHA  METEOpOoiAlB,  3€MJIETPYC, alnpoKCHMallis, aMIUNTyAa  THUCKY,
HAJIIUPOKOCMYTOBUM  CUTHaJN, cdepuyHa Ta MWIIHAPUYHA  PO3OIKHICT,

nucnepcisi, pazoBa MIBUIKICTh, 3aTaCaHHS.



ABSTRACT

Shevelev M. B. Parameters of infrasound waves generated by sources of
different physical origin. — Qualifying scientific work is as a manuscript.

Thesis for a Philosophy Doctor Degree in Physics and Mathematics:
Speciality 105 — Applied Physics and Nanomaterials (Physics and Mathematics). —
V. N. Karazin Kharkiv National University, Ministry of Education and Science of
Ukraine, Kharkiv, 2023.

This Ph.D. thesis is devoted to the solution of an urgency task: this is
experimental and theoretical research of the infrasound waves action generated
by sources of natural and artificial origin, on the parameters of atmospheric and
space radio channels used by means of telecommunications, radar, radio
navigation, radio direction finding, etc., as well as on the characteristics of radio
waves.

The goal of this thesis is to study the main physical processes in the
atmospheric and ionospheric radio channels during the impact on the near-Earth
environment of infrasound waves generated by sources of natural and
anthropogenic origin.

From the Chapter | (analytical review of Ph.D. thesis), it follows that most
sources of infrasound, both natural and artificial, are localized in time and space.
The analysis of parameter disturbances from similar sources made it possible to
detect low-frequency (LF) oscillations at various monitoring stations around the
world. The data on the range of technical equipment, which are effective to use for
recording LF oscillations, are given. Difficulties arising in the process of recording
infrasound vibrations and methods of their solution are described. Basic methods
of computer analysis of infrasound signals using special software and algorithms
developed for computer mathematics packages are described. The main parameters
of air pressure disturbances from various sources were estimated based on the data
of foreign works. It is shown that the theoretical description of the propagation of

infrasound in the atmosphere requires the use of appropriate models and physical
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simplifications, in particular, the representation of the propagation of radio waves

in atmospheric-ionospheric radio channels within the framework of the ray and
waveguide approximation. The first most successfully describes physical processes
at relatively small distances (up to 1 Mm), when the second approximation is
rational for longer distances (more than 1 Mm).

At the Chapter 1l a rapid decrease in the number of asteroids with increasing
of their glow energy is confirmed. It is substantiated that the law of distribution of
the number of falls of meter-size bolides by longitude is close to uniform. The
distribution of the number of falls by latitude decreases with increasing latitude,
which is due not to astronomical reasons, but to geometric reasons. Among all
bolides that enter the Earth’s atmosphere, the number of cosmic bodies
in the range of luminescence energies from 20 GJ to 150 GJ is constant.
When increasing the energy from 125 GJ to 3000 GJ, a power-law distribution is
acceptable. The speed of most of the space bodies varied in the range of
approximately from 12.5 km to 20 km/s, and only two cases were observed with a
speed value from 45 km/s to 49 km/s. The dependence of the number of cosmic
bodies invading the atmosphere on the height of the region of their maximum
luminosity is well approximated by the normal law in the (20-48) km height range.
A fairly high statistical relationship is observed between the square of the initial
speed of the cosmic body and the logarithm of the luminous energy.

The Chapter Ill is devoted to establishing the dependence of the main
parameters of infrasound waves from the fall and explosion of large celestial
bodies versus distance. An assume was made to derive simple mathematical
relations based on physically adequate and understandable mechanisms of
propagation of infrasound waves over global distances along the Earth’s surface.

It is found out from infrasonic signal analysis of unique Tunguska celestial
body the following conclusions have been drawn from this study: (1) the
dependence of the amplitude of the infrasound wave generated by the Tunguska
celestial body on distance is determined to be complex and difficult to fit with

simple mathematical relations based on reasonable physical models of the



11
propagation of infrasound waves along the Earth’s surface at global-scale

distances, (2) the intercomparison of the approximating relations determined
permitted the selection of preferable relations from their entire set. To these latter
belong the relations based on the following models for propagation of infrasound
waves in the waveguides formed by the ground and atmospheric layers (primarily,
by the stratosphere, and, to a lesser degree, by the thermosphere): (1) a spherical
wavefront gradually becoming a cylindrical wavefront, and (2) a cylindrical
wavefront with attenuation.

The statistical analysis of the basic signal parameters (time delay, celerity,
duration, oscillation period, and amplitude) has been performed as a function of the
horizontal distance from the luminosity region of the Indonesian super-bolide to
the place of a corresponding infrasound station. The approximating relations for
the signal parameters as a function of range are presented. Correlation diagrams are
constructed. The principal meteoroid parameters, the corrected infrasound wave
celerity, and the mean troposphere-stratosphere wind speed are estimated.

For Chelyabinsk meteoroid it is found the correlation diagrams for the
infrasound signal celerity and the distance between the source and an observation
station have been shown to exhibit a significant scatter with a mean of 286.0 + 21.5
m/s. The model fits of the infrasound signal celerity to the signal duration, to the
back-azimuth angle of arrival, and to the distance between the source and an
observation station, as well as the model fit of the signal amplitude to distance, are
determined. The correlation diagrams for the main oscillation periods obtained by
two different techniques are constructed. The infrasound signal time delay
increases virtually linearly with the distance between the infrasound source and the
station. The infrasound signal celerity averaged over all paths is equal to 291 m s
The dependence of the celerity on the distance is fit with a constant due to a large
scatter of the data. The dependence of the celerity on the sine of the back-azimuth
angle of arrival, both calculated and estimated, is fit with a straight line that gives
mean values of the celerity (287 — 288 m s!) and troposphere-stratosphere winds

(12 — 14 ms 1) along all paths. The dependence of the infrasound signal duration
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on the distance is fit with a straight line, and the signal duration near the source is

found to be 10.7 min. The spectral components with a period in the 17-s to 85-s
range predominate in the infrasound signal spectrum, and the period mean values
estimated by employing different techniques vary from 35 s to 39 s.

Acoustic oscillations investigation, which generated by Lipetsk meteoroid,
shown the infrasonic signal exhibits a linear dependence of the infrasonic signal
time delay on the horizontal distance from the meteoroid explosion epicenter, and
the signal celerity averaged over all propagation paths is estimated to be
approximately 304 — 305 m/s. The infrasonic signal celerity first shows a rapid
enough decrease with distance, but over the 4.5 — 8.66-Mm distance range exhibits
fluctuations about the 302 m/s value. The duration of the infrasonic signal shows a
linear decrease with distance, and the signal duration dispersion is insignificant in
the 5—-8 Mm distance range. The mean periods of the infrasonic signal,
independent of distance and averaged over various regression functions, are
estimated to be 6.284+0.98 s and 6.14+0.76 s. The mean of the initial kinetic energy
estimated using the oscillation period of the infrasonic signal is 2.26 — 2.43 kt
TNT, which differs insignificantly from the NASA estimates (2.8 kt TNT). The
approximation for the dependence of celerity vs. sine of the back-azimuth angle of
arrival shows that the corrected value of the celerity is about 300 m/s, and the
mean of the troposphere-stratosphere wind is approximately 25 — 31 m/s. Analysis
of the scatter diagrams has shown that a steady statistical link exists between the
true and observed back-azimuth angles of infrasound sources. It is noted that the
level of fluctuations in the azimuth tends to increase with distance.

For Kamchatka meteoroid infrasonic signal it was found that the infrasonic
signal amplitude exhibits quite a rapid decrease with distance between an
infrasonic station and the meteoroid’s explosion site. The time delay of the
infrasonic signal shows an increase with distance between the celestial body
explosion and the site of signal detection. The signal celerity exhibits a dependence
on the distance and the path orientation; it is estimated to be in the range of 269-

308 m/s. The infrasonic signal duration shows virtually no dependence on the



13
distance from the detonation point to an infrasonic station. The infrasonic signal

spectra have a wide bandwidth with periods from ~5 to ~40 s. At the same time,
the greatest energy falls within the isolated periods of 12-15 s and 28-33 s. The
scatter diagrams and regressions for the infrasound main parameters were plotted.
The celestial body’s kinetic energy (179 kt TNT) and acoustic efficiency (~4%)
were estimated from the prevailing infrasonic period.

In the Chapter IV, examples of dependences of the amplitude of the
infrasound wave generated by a powerful volcano and registered by stations of the
global network on different continents of the world, on the distance between the
station and the source are demonstrated. It was established that the most successful
approximation is the one that describes waveguide propagation with attenuation.
The corresponding coefficients and attenuation depth were estimated.

At Chapter V (on the example of massive ammunition depot at Vinnytsia
region) it was shown that an upward trend in the amplitude and period of the
predominant oscillation were observed when the energy release increased from 3 to
53 tons of TNT, while the duration of the oscillation trains increased from ~1.5 to
2 min. The infrasonic signal parameters were determined to change insignificantly
when the distance between the explosion epicenter and an infrasonic station
location changed a little (by 15 to 18 %). The differences in the wave forms are
related to orientation of the propagation path. The analysis has revealed that the
harmonics in the 3 to 5 — 6 s period range were predominant when the energy
release was equal to 53 tons of TNT. The duration of the trains of oscillations with
such periods amounted to 40 s. The average celerity was calculated to change
within 300 to 309 m/s for different propagation paths with stratospheric wave
reflections, that provides evidence for the influence of the wind in the upper
atmosphere on the infrasound propagation. The thermospheric reflection resulted
in the signal amplitude smaller by a factor of a few times and the celerity equal
from 245 to 250 m/s.

At the Ichnia ammunition depot catastrophe the features of the waveforms,

amplitudes, and spectral content of the infrasonic signals generated during the



14
man-made catastrophe and propagated to long distances (218 km) from the

ammunition depot near the Town of Ichnia (Chernihiv Province, Ukraine) on
October 9 — 10, 2018 have been investigated. It has been shown that an upward
trend in the amplitude and period of the predominant oscillation are observed when
the energy release increases from 4.1 to 49.9 tons of TNT. The duration of the
oscillation trains increases from 2.5 to 7 s. The analysis has revealed that the
harmonics in the 1 to 2-s period range are predominant when the energy release
was equal to 49.9 tons of TNT. The average celerity of waves is calculated to vary
within the 300 to 333 m/s interval. The main correlation fields are plotted.

At the Chapter VI, using the example of a strong geospace storm, the
peculiarities of the geomagnetic components waveforms at various stations of the
InterMagnet global network were studied. It is shown that as the latitude decreases,
the amplitude of the X- and Y-component variations decreases. The main periods
observed in the spectrum of oscillations reached from 35 min to 55 min and from
70 min to 110 min. The amplitude of oscillations changed approximately 70 times.
The duration of quasi-periodic oscillations varied in the (2—16) hours range.

At the Chapter VII for the Albanian moderate earthquake it is demonstrated
similar sources can cause of the quasi-periodic variations in the level of the
geomagnetic field which observed with a 6 min lag and a 70-80 min duration.
These disturbances could be transferred by the magnetohydrodynamic waves. The
quasi-periodic variations that were observed to appear with a 97-106 min lag and
to last for about 130-140 min were most likely due to the earthquake. They were
transferred by the atmospheric gravity waves with a period of 7-14 min. A relative
disturbance in the electron density in the atmospheric gravity wave field was
observed to be approximately 5.3%. The results obtained from observations of

Albanian and Turkish earthquakes show agreement.

Keywords: wave, ionosphere, wind, waveguide, statistic analysis, meteoroids
fall, earthquake, approximation, pressure amplitude, ultra-wideband signal,

spherical and cylindrical wavefront, dispersion, phase velocity, attenuation.
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BCTYII

OOrpynTryBanHss BUOOpPY Temm jociil:keHHsi. OcCTaHHIM  4YacoM
aKTyaJbHOIO CTa€ MpoOiieMa 3a00pOHM SIIEPHUX BUIIPOOYBaHb KpaiHaMHu, SKi
MalOTh BIAMOBITHY MaTepiadbHO-TEXHIYHY 0a3zy. 3 Ii€l0 METOI0 B CBITI OyIio
CTBOpPEHO MIKHApOJHY CHUCTEMY MOHITOPUHTY, $IKa CKJIQJa€TbCs 31 CTaHIIN
PI3HOTO TIPU3HAYCHHS, Ta Y3TO/DKEHO KJIFOYOBI TOJIOKEHHS IIi€l 3a00pOHH, SKi
3BeICHO B €quHUM J[OroBip MpO BCEOCSHKHY 3a00pOHY SIIEPHUX BUIPOOYBaHb.
Cepen KIIIOYOBHMX 3aJad JUIsl JOCSATHEHHS €(PEKTUBHOTO BCEOCSIKHOTO KOHTPOJIIO
MO>KHA BUJIJIUTH HACTYIIHI: BUSIBJICHHS HA 3aMMCl KOPUCHUX CUTHAIIB CEMCMIYHHUX
ab0o 1H(Pa3BYKOBUX XBWJIb, BHU3HAUCHHs iXHIX MapamMeTpiB Ta iAeHTUdIKAIlisA
(BU3HAYEHHSA THUMIB XBWJIb); MOWIYK (PparMEHTIB AaHUX, [0 MICTITh 3alKCH
ceiicMiyHUX a00 1H(Pa3ByKOBUX MOJIM, sIKI OBUHHI OyTH 0OpOOJIEHI CHCTEMOIO;
MOPIBHSIHHS BUSBIEHUX €(EKTIB 3 MOMEPEIHHO OUYIKYBAHHUMH MapamMeTpamu s
MEpeX1 CTaHIIM; BU3HAUYCHHS JpKepelia (SMmieHTPY/TIMOUEHTPY) CeMcMIUHUX abo
iHGPa3BYKOBUX MOJIN 1 po3mi3HaBaHHSA TUMy jpkepena [1, 2]. Bapto 3a3HaunTw,
10 PO3B’s3aHHS KOXHOI 3a7ja4l Ma€ CBOI CKJIAJHOIII Ta MOTPeOye KOMIUIEKCHOTO
X0y, MPO IO CBi4YaTh JEsKi 3 poOIT iIHO3EMHHUX aBTOPIB (IMB., HAPHUKIA, [2,
3-8]). Ha mpukazi HaBeIeHUX MOCHIAHb JIETKO 3PO3YMITH, IO 3a/1a4i BUSBICHHS
Ta aHami3y 1HGPa3BYKOBUX CUTHAIIIB, a TAKOX IXHHOTO BILUIMBY Ha pajlilOKaHAJH, €
JOCUTh CKJIAJHUMHU HE JIMIIE B TEOPETUYHOMY OOUMCIICHHI BEJIMYMHU TaKOTO
BIUTUBY Ta MOOYIOBI eMIIPUYHUX MOJIENIel 3MIHU aTMOC(epHUX TapamMeTpiB, a Iie
W B MpakTUYHIN peati3allii BUSIBJICHHS aKyCTUYHUX KOJIUBAHb 1 MIXO/I1 10 iXHBOTO
anami3y. KpiMm Toro, Ha Bapialli TUCKY BIUIMBAlOTh HU3Ka (PAKTOPIB, TAKUX SIK
IIPOCTOPOBO-YaCOBI HEOAHOPIMHOCTI B arMocdepi 3emil, JAWHAMIYHI 3MIiHU
10HOC(epu, MPOCTOPOBA CTPYKTYpa BITPY, HEI30TPOIHICTh, TEMIEPATYPH1 Bapiallii

touro [9].
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Ha pmamwmit wac aims  BUSIBJICHHS 3aKOHOMIPHOCTEM B IapameTpax
1H}Pa3BYKOBUX CUTHAIIB, SKi T€HEPYIOThCS MOTYKHUMHU SIIEPHUMU BHOyXaMH,
MIPOBOAATHCS JTOCIIKEHHS Ha MPUKIaAl 1HIIUX JIOKAJI130BaHUX Y Yacl Ta MpoCTopi
mxepen: BynkaniB [10-12], noryxuux tandynis [13, 14], 3emmnerpycis [15-18],
NOJIBOTIB JIiTaKkiB KpymHUX paket [19, 20], cepiit ximiunux BHOYXiB 1 MacmTaOHUX
noxex [21-24] tomo. 3a pe3yibTaTaMu aHalily OTPUMAHO YHUCEIbHUN MacuB
JTaHuX, SKUN OyJae 3acTOCOBAaHO B MOMAAJIBIIOMY JJI PO3POOKH EMMIIPUYHHUX
MojeNield BIUIMBY JIKEpesl MPUPOJHOTO Ta TEXHOTEHHOTO TIOXO/KEHHS Ha
ioHOC(hepHI pamiokaHanu. Ile HeoOXigHO [T MOHITOPUHTY TIOOAJbHUX
KaTacTpod, IKICHOTO PO3yMIHHSI B3aEMO3B’SI3KiB MK T€0000JIOHKaMU Ta (PI3UIHUX
MPOILIECIB, SIKI BUHUKAIOTh MPOTITOM aKyCTUYHOTO BIUIMBY BHCOKOCHEPTETHYHHX
TOKepen.

3B’f130K po0OTH 3 HAYKOBUMH NMPOrpaMaMH, IJIAHAMH i TeMaMH.

VY nucepraiii HaBeIEHO Pe3yNbTaTh JOCIII)KEHb, BAKOHAHUX aBTOPOM 3 HOTO
HAayKOBUM KepiBHUKOM mpoTsirom 2016-2022 pp. BiANOBIZHO A0 HayKOBO-
JOCIIITHUX POOIT Kadeapu KOCMIYHOI pamiopi3ukyu XapKiBCbKOTO HAI[lOHAJIBHOTO
yHiBepcuteTy iMeHi B. H. Kapa3zina. OcHOBHMMH 3 HHX € TaKl.

1. MonentoBaHHs JUHAMIYHUX MPOLIECIB B 10HOCPEPI Ta FTEOMArHiTHOMY MO
B II€P10]T aHOMAJILHOTO 24-T0 UKy COHAYHOI akTUBHOCTI (2015—2017 pp.), HOMED
nepxpeectpaiii 01 15U000467 (BUKOHABEIH HATIPSIMKY ).

2. JIucTaHIIHHUN BIUIMB TOTY)KHOTO PAaTiOBUIPOMIHIOBAHHA Ha KaHAJIU
TEJCKOMYyHIKaliii Ta  eJeKkTpoHHy amapatypy (2016-2018 pp.), Homep
nepxpeectpariii 0116U000822 (BukoHaBEIb HAMPSIMKY ).

3. 'mobanbHi Ta BeIMKOMAacIITaOHI 30ypeHHsI B T€OKOCMOC1, BUKIIMKAHI J1€10
BHCOKOCHEPIIMHMX Kepel, Ta ix ekosoriuni Hacmigku (2018-2020 pp.), HOoMep

nepxpeectpariii 0118U002039 (BukoHaBeIb HAPSIMKY ).
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4. BenukomacimitabHi Ta rio0anbHi (i3MYHI TpoIecH B arMocdepi Ta
T€OKOCMOCI TIPHPOJHOTO Ta TeXHOreHHoro moxopkeHHs (2019-2021 pp.), Homep
nepxpeectparii 0119U002538 (BukoHaBelb HANPSIMKY).

5. Benukomacmitabui Ta 1100anbH1 (DI3MUHI MPOLECH B CUCTEMI 3eMIIsi—
aTMocdepa—ioHochepa—marairochepa IPUPOTHOTO Ta TEXHOTCHHOTO MTOXO[KEHHS
(2022-2024 pp.), nHomep aepxpeectparii 0122U001476 (BrKOHABEIb HAIIPSIMKY).

6. Ilpoext HamionamsHoro ¢ouny pocaimkens Ykpainu 2020.02/0015
“TeopeTdHi Ta €KCIEpUMEHTAJIbHI JOCIDKCHHS TJIOOAIbHUX  30ypeHb
IPUPOJIHOTO 1 TEXHOICHHOI'O IMOXO/UKEHHS B cHUcTeMl 3emisi — aTmocdepa —
ioHochepa” (2020-2021 pik) (BUKOHABEIb HAIIPSIMKY ).

Mera i 3agaui nocaigxennsi. Metoro aucepraiiifHoi poOOTH € JOCIIHKEHHS
napameTpiB  1H(QPa3BYKOBHX CHUTHaIIB, SIKI CYIOPOBO/UKYBAJM BIUIMB Ha
HAaBKOJIO3€MHE CEpEIOBUILIE MaliHb KOCMIYHHMX TUI METPOBOrO PO3MIpY,
3eMJIETPYCiB, BUBEPKEHb BYJIKaHIB, MACOBUX XIMIYHUX BHOYXIB Ta MacIITaOHHX
TIOXKEXK.

JInst OCSATHEHHS MOCTaBJIEHOI METH B pOOOTI PO3B’S3YIOTHCS HACTYIIHI
3a1a4l:

— JlochiKeHHST PO3MOAUTY 4YHCIa 3apeECTPOBAHUX AMEPUKAHCHKUMU
CYIIyTHUKOBHUMH CHCTEMaMH KOCMIYHMX TuUl y atmocdepi 3emii BiJ iXHIX
OCHOBHUX XapaKTEPUCTHK.

— ExcriepuMeHTanbHl  JOCHIKEHHS ~ OCHOBHUX  (DI3UYHMX  IPOLECIB,
BUKJIMKAHUX MAJIIHHSAM 1 BUOYXOM YHIKaJIbHUX KOCMIYHHX TLII.

— ExcriepuMeHTa bH1 JOCHIIKEHHS! BIUIMBY 3€MJIETPYCIB Ha Bapialii THCKY
B 10HOC(eEDI.

— ExcriepuMeHTanbHl  AOCHIKEHHS OCOOJIMBOCTEHW Bapialii  KOMITOHEHT

r€OMAarHiTOro MoJisi IPOTATOM BIUIMBY CHJIBHUX T€OKOCMIYHUX OYP.
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— ExcnepumenrtanpHi  JOCHKEHHS MapaMmeTpiB  1HQPA3BYKy, SKUH
3r€HEPOBAHO CEPisIMU XIMIYHUX BHOYXIB Ha CKJIaJax OOEMpHUIIACiB.

— @i3uyHa IHTEpIIpeTallisi OTPUMAHUX PE3YJbTaTIB 1 BUSIBICHHS HaWOLIbII
aJIeKBaTHUX MOJIENIeH MOUIUPEHHS 1HPPa3BYKOBUX KOJMBAHb BiJ] JOKAJII30BAHUX Y
Yaci Ta MpOCTOP1 BUCOKOCHEPTETUYHHX JIXKEPElL.

006’ckm 0ocniorncenna — armochepHuit iHpa3ByK.

Ilpeomem Oocnioycennsa — PpizuyHi mporecu B aTMOCPEPHUX pajioKaHanax,
3YMOBJIEHI BIUIMBOM Ha CEPeOBUILE 1H(YPa3BYyKOBUX KOJUBAHb THUCKY.

Memoou Oocnioxcenb. Y  nucepraiii  BUKOPUCTOBYIOTHCS — BIOMI
MaTeMaTWyHli Ta paaloi3uyHl METOAM CTAaTUCTUYHOI  paaiodi3uku  Ta
MaTEeMaTUYHOI CTAaTUCTHKH, CHIEKTPaJIbHUN aHami3, CTATUCTUYHUN aHaui3,
KOpEJSILIMHUN aHaji3, YMUCIIOBI METOAM KOMIT IOTEPHOI MaTEMaTHKH, a TaKOX
(b13U4HE MOJIEITIOBAHHS.

HaykoBa HOBH3HA OTPUMAaHHUX pe3yJbTaTIB.

1. Brnepiie npoBeneHO TOOATbHUNA CTaTUCTUYHUI aHalll3 KOCMIYHUX T,
3apeecTpoBannx 0azor0 gaHmx NASA, 3a OCHOBHUMH MapaMeTpaMu:
reorpapiYHIMU KOOPIMHATAMU, KOMITIOHEHTAMU Ta MOJyJIEM IIBUIKOCTI, BUCOTOIO
MaKCUMaJbHOTO CBIYE€HHS, E€HEPri€l0 CBIYEHHS, I[OYaTKOBOK KIHETUYHOIO
eHepriero. BcraHoBieHO OCHOBHI (Di3WYHI 3aKOHOMIPHOCTI MK YHMCIIOM MaJliHb
KOCMIYHUX T 1 (I3MYHUMU TMapaMeTpaMu, a TaKOXX OCHOBHI CTaTHCTUYHI
XapaKTePUCTHUKHU.

2. Bnepme gns 1w’sath  yHiKanbHUX KocMiyHMX Tl (TyHrycwkoro,
Innonesiiickkoro, Yensoincbkoro, Jlunenpkoro, Kamuarchbkoro) 3a J0mOMOroro
CTaTUCTUYHHUX METOAIB 3 BHKOpUcTaHHsIM 0a3u paHux NASA nposeneHo
BCeOIUYHUIN aHami3 Bapialiid mapaMeTpiB 1H(PPa3BYKOBUX CHUTHAIIB 1 OI[IHEHO
OCHOBHI CTaTUCTHYHI XapaKTEPUCTUKU (IUBUIKOCTI MPUXOY, AMILTITYIH, IEPIOIH,

BIJIHOIIICHHSI CUTHAJI/IIyM ToIlo). Bmepiie moOyayBaHO KOpENSIiAHI MO s
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a3UMyTiB, TMEpIOAIB 1 IIBUAKOCTEH MPUXOAYy Ta BCTAHOBJICHO CTIMKUH
CTAaTUCTUYHHI 3B’ SI30K MK IIUMH MapaMeTpaMH, 10 € HEOOX1THUM JJIsi CTBOPEHHS
aJIeKBaTHUX (PI3UKO-MATEeMaTUYHUX MOJIEIeH MOIIMPEHHS 1HPPa3ByKOBUX XBUJIb,
3r€HEPOBAaHUX KOCMIYHUMH TLJIAaMU METPOBOTO—JEKaMETPOBOTO PO3MIpiB.

3. Brepmie mist moTy>kHOTO BUBEp)KeHHs BynkaHy CB. OneHu moOymoBaHO
perpecii «Bapiailii TUCKY — BIACTaHb JO JKEpEia» JJIsi BCTAHOBJIEHHS XapaKTepy
NOLIMPEHHS XBUJEBOr0 (GpoHTy. BusiBieHo HaWOUIbII HMOBIpHUN MeXaHi3M
pPO30DKHOCTI (PPOHTY XBWJII, & CaM€ — XBWJICBOJHE TOIIMPEHHS 3 3aracaHHsIM.
O1iHeHO OCHOBHI MapaMeTpH 3aracaHHs aMIUTITYIu 1HGPa3BYKY MPU MOUIUPEHHI
Ha o0anbHi (10 40 MwMm) BiacTani. [IpoBeneHo perpeciitHuii aHasi3 1 BCTAHOBJICHO
HaWOUTbII  (PI3UYHI 3aJIEKHOCTI, SIKI TMOSCHIOIOTH OCOOJIMBOCTI MOIIMPEHHS
BUOYXOBHUX XBWJIb IPHU TOJIOJIAHHI BIACTaHEH, €KBIBAJICHTHUX JOBXXHHI 3€MHOIO
eKBaTOpA.

4. Brepuie 3 BUKOPUCTAHHSIM JIaHUX MEpEXl YKpaiHCHKUX 1H(PPa3BYKOBUX
CTaHI[Il JOCHI/PKEHO XapaKTepUCTUKHU Baplaliid TUCKY, BHUKIMKAHUX CEPIEIO
xiMiyHuX BUOYXiB y 2017 ta 2018 pokax Ha ckianax OoenpunaciB moOIU3y CMT
KanunuiBka (Binaumnpeka 006:1.) ta M. [uns (YepniriBcbka 007.). BcranoBieno
3aKOHOMIPHOCTI Bapiailiii mapamMeTpiB CHEKTPAIbHOTO CKJIaJy CHUTHAIIB Y
3aJIeKHOCTI BiJl iXHROTO eHeproBuuIeHHs. [I[poBeeHO cucTeMHuii CrieKTpaIbHUM
aHaI3 CTPYKTYpH TapMOHIK 1H(PPa3ByKOBUX CUTHAIIB MIPH MOUIMPEHHI HA BEJIMKI
(KITbKa COTEHb KUIOMETPIB) BIJCTaHI Bl EMIUEHTPY Ta BCTAHOBJIEHO OCHOBHI
napamMeTpyu CUTHAIIB HAa 4acO-YaCTOTHIM IJIOMIMHI. 3a JOTMOMOTOI PETrpeciiHOTO
aHaii3y  BCTAHOBJIEHO  3aJE€KHOCTI  OCHOBHUX  (DI3MYHMX  mHapameTpiB
3apEECTPOBAHUX MPUXOAIB CUTHAJIB OJHE BiA oaHOro. OIIHEHO MIBUIKOCTI Ta
aMIUTITYIA XBUJIb TIPU TepMOCPEpHOMY Ta cTpaTochepHOMY BiIOUTTI.

5. Brepiie Ha mpuKkiaal CHIIBHOI T€OMarHiTHOI Oypi 3 BUKOPHUCTAHHSAM 0Oa3u

naanx NOAA ta OMNIWeb BcranoBieHo ¢i3ndHI XapaKTEpPUCTHKU 30ypeHb Y
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KOMIIOHEHTaXx  reomarHitTHoro  mons. [lokazano, 1o  cmocTepiraaucs
KBa3IMEPIOAMYHI Ta amepioguuHi THOH IuX 30ypeHb. OILIHEHO BEITUYHHY
aMIIUNITYM TaKUX KOJMBaHb, iXHI TPHUBAJOCTI Ta Yacu 3ali3HIOBaHHS.
3a AOMOMOroI0 aHami3y KOCMIYHOI MOTOAH JOBEIEHO, 10 €()EeKTH B MAarHiTHOMY
MOJIl BHUKJIMKAHI CaM€ YHIKaJIbHOIO B 24-My UMKl COHSYHOI AaKTHUBHOCTI
r€OMarHiTHOIO Oypero.

6. Bmepme ©a mpukiaagli moMipHOTO 3eMieTpycy (MarHityma 6,4)
BCTAHOBJICHO XapaKTEPHI MapaMeTpH arnepioUYHUX 1 KBa3IMepioJUuIHUX 30ypEHb,
CHEKTPAJIbHUMI CKJIJ] 1 TOHKY CTPYKTYPY KOJHMBaHb TOPU30HTAIBHUX KOMIIOHEHT
Mar”iTHoro moisiga 3emii. HaBeneHo OCHOBHI (DI3MYHI XAPAKTEPUCTUKHU TIOSIBU
TaKUX KOJIMBaHb: 1XHI YacH 3ali3HIOBAHHS, TPUBAJIOCTI, aMIUIITYIU. Y CTAHOBJIEHO
THUIINA XBUJIb, SIKI CIIOCTEPIrajaucs B BapialiiX MarHiTHOTO MOJIS.

IIpakTH4yHe 3HAYeHHS] OTPUMAHHUX pe3yJbTATIB MONSITa€ B OTPUMAaHHI
KUIBKICHUX 3HQUY€Hb CTATUCTUYHMX  XapaKTEpPUCTUK Ta ixHIX 30ypeHb
y 1H(QPa3ByKOBHX XBWISIX 1 HapaMmeTrpiB aTtMoc(epHO-I0HOC(HEpPHOro KaHay
NOIIMPEHHST TiJ JII€l0 BHCOKOCHEPTeTHUYHMX JKepen (madiHb METEOpoiiB,
T€OKOCMIYHUX OYp, MOTY>KHUX BHOYXiB, BUBEPKEHb BYJIKAHIB 1 3eMJIETPYCIB), 110
BU3HAYAIOTh €(PEKTUBHICTh (DYHKIIOHYBAHHS MDKHAPOJHUX 1 HaI[lOHAIBHHUX
CUCTEM BHUSBJICHHS TOTY)KHUX TMPOIECIB 1 iXHBOTO TJIOOAJIBHOTO KOHTPOJIIO,
aKyCTUYHOTO  30HJyBaHHA aTMocdepHu, TeJIeKOMYHIKallii, pajioHaBirai,
pajioyioKallii, pagioacTpOHOMIT Ta AUCTAHIIMHOTO Pa/li030HyBaHHS.

3HayHa YacTWMHA pe3yJbTaTiB JAUcCepTalii yBIAIUIA B MIJCYMKOBI 3BITH 3a
HAyKOBO-JOCIIAHUMU poOoTaM Kadeapu KOCMIYHOT paaioizuku, Il SKUX
OTPUMaHI aKTH MPO BIPOBAKEHHS PE3YJIbTATIB AOCITIIKEHbD.

Ocobuctuii BHecOK 3J00yBaya T1oJsTac B aHami3l PE3yNbTATIB

CIIOCTEPEXKEHb 1 BUMIPIOBaHb, MPOBEACHHI UYUCIOBUX PO3PAXYHKIB, HAMMCAHHI
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BIAMOBIIHUX PO3AUIIB Yy CTAaTTAX 1 Te3ax, y4yacTi B (DI3UYHOMY TIIyMAd€HHI
i1 0OroBOpeHH1 OTPUMAHUX PE3yIbTaTIB.

Anpobaunia pesyiabratiB aucepramii. [IpeacraBieni B poOOTi pe3ynbTaTH
nonoBiganucsa Ha 9 MKHAPOAHUX 1 HAIIOHATBHUX KOH(EPEHI[ISX, OCHOBHI 3 SIKHX
HACTYTIHI:

— Vkpaincbka koHdepeHiis 3 kocMmiunux gociaimkens (Odesa, Ukraine, 21—
25 August 2017; Kui, Ykpaina, 17 — 20 Bepecus 2018).

— MibKHapogHa HaykoBa KOH(EpeHIs «ACTpOHOMIYHA IIIKOJIA MOJIOJTUX
BueHUx». (YMmanb, Ykpaina, 2324 tpasus 2018).

— Astronomy and Space Physics in the Kyiv University (Kyiv, Ukraine, 24—
27 May 2016, 29 May— 01 June 2018; 28 May—31 May 2019; 27 — 29 May 2020).

— XVII International Young Scientists’ Conference on Applied Physics
(Kyiv, Ukraine, 23-27 May 2017).

— XIII International Conference “Electronics and Applied Physics” (Kyiv,
Ukraine, 24-27 October 2017).

— 2018 9th International Conference on Ultrawideband and Ultrashort
Impulse Signals (Odessa, Ukraine, 4 — 7 September 2018).

—2019 IEEE 2nd Ukraine Conference on Electrical and Computer
Engineering (Lviv, Ukraine 02-06 July 2019).

— Fifth UK-Ukraine-Spain Meeting on Solar Physics and Space Science
(Kyiv, Ukraine, 26-30 August 2019).

— 2020 IEEE Ukrainian Microwave Week: 2020 IEEE 6th International
Symposium on Microwaves, Radar and Remote Sensing (Kharkiv, Ukraine,
22-27 June 2020).

IMyoaikanii. Matepianu auceprauii omyOJiikoBani y 21 HaykoBid mpaiii,
cepen skux 1 crTaTTs y HaykoBOMYy (axoBoMy BHAaHHI YKpainu, 3 — mpari
B 3apyODKHUX HAyKOBHX CIICILIaTi30BaHUX BUAAHHAX (BXOISATH 10 MIKHAPOIHUX

HaykoMmeTpuuHux 0a3 Scopus/Web of Science), 17 — marepianu gomoBijaed Ha
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KOH(epeHwisx (30kpeMa 3 Te3H, 10 BXOAATh JO HAyKOMETPUUHHUX 0a3 SCOpUS Ta
Web of Science).

CTpykrypa Ta obcar aucepraiii. Jlucepraris ckinagaetbes 31 Berymy, cemu
po3ainiB, BUCHOBKIB, CIUCKY BUKOPUCTAHUX JKEpEN 1 10AaTKIB. 3araibHUid 00CsT
pobotu ckiamae 249 crtopiHOK, OCHOBHOTO Tekcty — 150 cropinok. PoGoTta
uttoctpoBana 107 pucynkamu, 16 tabmuisimu. CnuCOK BHUKOPUCTAHUX JUKEpPEN
micTuTh 240 HaliMEeHYBaHb.

ABTOp AucepTaliiHoi poOOTH BUCIIOBIIIOE TMOJSKY BCIM CHiBaBTOpaM poOiT,
HA OCHOBI SIKHX MIATOTOBJICHO JUCEPTAIliiiHy poOOTYy, a TaKOX 1 CIIBPOOITHHKAM
Kageapu KocMiuHOI pamiodizuky, HalioHanbHOrO UEHTPY yOpaBIiHHSA Ta
BUNPOOYyBaHb  KOCMIYHMX  3aco0iB,  SKI  BHECIM  BaroMuid  BKJIAJ
B pe3yJbTaTH JOCHIDKEHb, HaBeJeHUX B aucepraiii. OcCoOIUMBO XOYEThCA
Bi3HaunTU BHecok O. 1. Jlsamiyka 3a HagaHHA 1H(Ppa3BYKOBUX JaHUX JJi1 OOPOOKHU
Ta IHTEpIpeTalii aKyCTUYHUX peecTpalliii, Ha OCHOBI SIKMX HAMKHCAHO HU3KY
cratey, K. I1. 'apmarniia 3a KOHCYJIbTYBaHHS Ta pO3’ICHEHHS HU3KM KOMII FOTEPHUX
MeToxiB 1 anroputmiB, O. B. JIazopenka 3a 03HalOMIICHHS 3 OCHOBHUMH METOAaMHU
o0poOku ganux, C. B. IlanaceHka 3a HaJaHHA KOMII IOTEPHUX 3ac00iB 0OpOOKHU
JaHUX 1 JeTanbHl  IHCTPYKWIIi moAo  KopuctyBaHHs, B. A.IlogHoca,
A. M. llumbana ta B. @. [Iymuna 3a KOpUCHI peKOMEHAIIT 1010 3aCTOCYBaHHS
OCHOBHHMX METOIB PO3paxyHKy OCHOBHUX MapaMeTpiB y CIELIai30BaHUX MaKeTax
KOMIT 10TepHO1 MaTemaTuku. OkpeMa mojisika HayKOBOMY KEpIBHHKY, 3aBiyBady
Kadeapu, IOKTOpY (Gi3UKO-MaTeMaTHYHUX HayK, mpodecopy, 3aciyKeHOMY
npodecopy XapOiHCBKOro 1HXeHepHOro Ta IliHZaoChKOro yHIBEPCUTETIB
Yopuoropy Jleoniny ®@eokTuctoBUuy 3a po3po0Ky HOBUX KOHIICIIIIH 10 B3aEMO/IIT
MmiJicucTeM B cucTeMi 3emisi—atMocdepa—ioHochepa—mardiTochepa mig yac
BEJIMKOMACIITA0OHUX KaTacTpod 1 CTBOPEHHSI METOJIy CUCTEMHOTO CIEKTPaIbHOIO
aHami3dy, 3a JOTMOMOTOI0 SIKOTO TPOBEJACHO JOCTIKeHHsS 1H(Pa3BYKOBUX 1

MarHiTOMETPUYHUX CUTHAJIIB BiJ] OUTBIIOCTI JPKEPEN, pPO3TIISHYTHUX Y 11l poOOTI.
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PO3/ILI 1. AHAJITUYHUAM OTJISI]

JlocnipkeHHsT TOIIMPEHHsSI aKycTUKo-TpaBitauiiHux (mam — AIl'X) Ta,
30KpeMa, 1HGPa3BYKOBHUX KOJIUBaHb B aTMocdepi 3emili € akTyalbHUM Ha MOYaTKY
XXI cropivus. Ile mom’s3aHo 3 aekuibkoma ¢aktopamu. [lo-mepiie, yactoTu
iHppasByky (0.003Tm<f<20lm) He MoxHa 3adikcyBaTH 3a JOIOMOTOIO
OPUPOAHIX OPTaHiB YyTTS, MPOTE KOJIMBAHHS LBOTO Jiana3oHy Oe3mocepeaHbo
BIUTMBAIOTH Ha Oiocdepy [1, 2]. Tlo-npyre, yepe3 BiICYTHICTH aIeKBaTHOI MOJIEi
NOIIMPEHHSI KOJMBaHb 1H(Pa3ByKOBOTO Jiama3oHy Ha PI3HUX BHUCOTAX 3a
JIOTIOMOTOI0 HasIBHUX 3acO0IB peecTpallii aKyCTMYHUX KOJIMBaHb HEOOX1THO
CTBOPEHHsI CIEL1aJi30BAHUX PEECTPATOPIB, 3AATHUX BUMIPIOBAaTH Ta 30epiraTu
iH(popmarlito npo Taki koiuBaHHsS. [lo-TpeTe, HaBITh 3 BUKOPUCTAHHSIM HasSIBHUX
Gb13UYHKX peecTpalliil He0OX1IHO BpaXxOBYBAaTH HU3KY (aKTOPIB, K1 BILTUBAIOTH HA
HIBUAKICTh MOIIMPEHHS 1H(PPa3ByKOBUX KOJIMBaHb, HANpPUKIAL, Takl, SK
HEOJHOPIAHICTH aTtMocdepu, BUMNAJKOBI Bapialii TeMmIeparypu IMOBITPS Ta
HIBHJIKICTI BiTpY, TOmIO [1, 2].

JlocnikeHHsT MapaMeTpiB MOITUPEHHS 1HPPAa3BYKOBUX XBUJIb B aTMocdepi
3eMii Ta mapaMeTpiB 3MIH CEpeJOBHINA IiJ iXHIM BIUIMBOM HEOOXIJTHO JJIs
MOHITOPUHTY CTaHy aTMOC(HEpPHO-TEPMOCPEPHOrO0 XBHIJIEBOIY Ta MOKIUBOIO
nepe0ayeHHs CTENEHI0 BIUIMBY BUCOKOCHEPTETHUYHUX TIPOIIECIB HA T€0000JIOHKH.

Po3zrisitHeMo criovatky MOXKIIMBI JKepelia reHepalli akyCTUKO-TpaBiTallliHuX

XBWJIb SIK OCHOBHOTO JiXKepesa 30ypeHb B 10HOCepi.

1.1. /I:xepeJia indpa3ByKOBHX XBHJIb

Jlxepenamu 1H(PA3BYKOBUX XBHWJIb K 4YacTWHU gianazoHy AI'X e Oararo
NPUPOJIHIX Ta TEXHOINEHHUX SBHIN. Jl0 TPHPOIHIX SBUIN HaICKATh IMaIiHHS
BEJIMKUX KOCMIYHHX Tia (MeTeopoiniB) [2, 25-31], reokocmiuni Oypi [2, 32—-34],
constuni 3areMHeHHs [35—40], consunuii Tepminarop [41-43], monsipHi csiiBa [2,

32-34], norogHi (pOHTH, LUKIOHHW, TOpHAAO Ta yparaHu [44-47], oOTikaHHS
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BiTpoM Tip [2], BuOyxu Ta BuBep:keHHs ByikaHiB [48-53], ripceki naBunu [54],
Mopchkuid TopM [55-59], Bemuki moskexi [60, 61], cumpHi 3emierpycu [62—70],
myHami [67, 71], rpo3u [7/2—77] Ta iH.

Jlo sIBHIIl TEXHOTEHHOI MPUPOIU BiAHECEMO siiepHI BUOyxH [78-84], xiMiuH1
BuOyxu [85-91], craptu Ta mnonabotu paker [92-101], BIIMB MOTY>KHOTO
panioBunpomidioBanHs [102-106], monroTu Benukux jgitakiB [107-109], BiTposi
enekrpoctanmii  [110], meramomicm [2, 111], ckuam Bomu 3 Tpedenb [2],
MpU3EMJICHHSI KOCMIYHUX YOBHUKIB [112] Ta 1H.

SAx  BUAHO 3 HABEACHOTO OIJBIAY JDKEpen, OUIBIICTh 13  HUX
€ BUCOKOEHEPIreTUYHUMHU, iXHIN BIUIUB € OOMEXEHUM Yy 4acl Ta npoctopl. Brums
BUKUJY €HEprii Ha OJHy re0000JI0OHKY CIIPUYUHSIE 30ypPEeHHS, SIK1 caMl € JIKEPEIOM
JUIsl BIUTMBY Ha 1HIII 000i0HKH. Lleit (akT Oyae rpatv BU3HA4yalbHY pOJIb MpHU

aHaJIi31 IEBHUX SIBUIIl Y HACTYITHUX PO3JIIJIaX IUCEPTAIiHHOT pOOOTH.

1.2. 3aco0u cnocrepexeHHs

st BUMIpIOBaHHS 1HTEHCHUBHOCTI 1H(pPa3BYKOBUX CHUTHAIIIB BUKOPHUCTO-
BYBaJUCs pI3HI Mozen MikpobaporpadiB 1 iH(pa3BykoBux ceHcopiB. llepmi
HAIYyTJIMBl MIKpO(OHHU, 10 MalM BHCOKY HaIIAHICTh 1 3a0e3medyBaiu
Oe3mepediitHy poboty, O0yio po3pobiaeHo Harionansaum Bropo 31 ctangapTusamii
y M. Bammmarron na movarky 1950-x pp. [2]. Ha choromHimHiii MOMEHT Mepexa
CUCTEMHU 1H(PPa3BYKOBOTO MOHITOPUHTY BHUKOPHUCTOBYE JIBa OCHOBHI THIH
MikpobapomeTpiB: mnepmmid — Mmoaens MB2000, po3pobieHa reodi3UUHOIO
nabopatopiero npu KomicapiaTi 3 muTaHb aTOMHOI eHepreTuku y ®panuii, 1pyrui
— tak 3Banmii Chaparral Physics Model 5.1, ckoncrpyiioBanuii B AnbOykepke,
Hrro-Mexiko, rpymnoto BueHux-(i3ukiB. CMyroBa ¢iabTpailisi B MiKpoOapoMeTpi
MB2000 mpoBomuThes curHamy B miama3oHi dactoT 0.01 — 27 T'm, a B iHmIin
mozaeni — o 50 I'm. Tlepmmii TUO MpPUCTPOIO TO3BOJISIE BUMIPIOBATH 3HAYCHHS
BUXIJIHOTO CUTHaNy B piama3oHi 4dactoT Big 0 mo 40 I'm. Jpyruii ocHaiieHo

CEHCOpaMH 3 PIBHOMIPHOIO IMIYJLCHOIO XapakTEPUCTHKOI Ha piBHI 3 1b,
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€JIEKTPOHHI KOMITOHEHTH 130JIbOBAHO Bij 30BHINIHHOTO BILUIMBY, IO POOUTH IIEH
npuia TepMOCTiHKuM [2].

B wmonorpadii [2] TakoX HaBeICHO JEAKI MOXJIUBI KOHIryparii
1HQPa3ByKOBUX CTaHLIA [UIsI SKOMOTa TOYHINIONO BHUSBJICHHS TMapaMeTpiB
1H(}pa3ByKOBOi XBUJIl. 30KpeMa, JOBENICHO, 110 HANKpalIow KOHQITypali€ew s
BUSIBJICHHSI a3UMYTY Ta LIBHJIKOCTI MPUXOAY Ta MPOCTOPOBOI KOPEJSIli CUTHAITY
€ TSTUKYTHUK 3 TPhOMAa CTAHIIISIMHU, IO YTBOPIOIOTH TPUKYTHHUK, MOCEPEIWHI
(macuB 3 8 cranuii). HaBeneHo mnpukiIagu ICHYHOYHMX pO3TallyBaHb KaHAIIIB
cranmin 1S04, 1S05, 1S07. ABropamu, 30KpeMa, MOSCHIOETHCS, IO BigMIHA B
CUCTEM1 pO3TAalllyBaHHS KaHAJIIB TIOB’s3aHa 3 OCOOJMBOCTSIMHU Teorpadii,
MOTOAHUMHU YMOBAMH, a TaKOX JIOYKOMIUIEKTYBAaHHSM CTaHINM, 10 paHilie
CKJIa/IaJiiCsl 3 YOTUPHOX KaHAJIB, TOAATKOBUMH KaHAJIAMHU.

B 1H}pa3ByKOBUX CIIOCTEPEKEHHIX 3a SACPHUMHU BHOYXaMU Ba)JIMBY POJIb
BiJIIrpa€e PO3B’SI3aHHS 3a/1adul PO 3MEHIIEHHsS PIBHS CTOPOHHIX 3aBajl BIJ 1HIIHUX
Jokepen 1H(pa3ByKy Ta, 30KpeMa, BITpY. i 1bOro BUKOPUCTOBYIOTH CHEIIaIbHI
IIYMO3HIDKYIOUl TPYOKH, TMPUYOMY pPO3TAIlIOBaHI BOHM B YCIX HampsiMKax st
€(EeKTUBHOIO 3HMKEHHS IIYMOBOTO ()OHY BiJl aTMOC(HEPHUX BITPIB Ta OTPUMAHHS
SKOMOTa WYITKIIIMX XBUJIBOBUX (opM. I[lpuknaau mryMO3HHKYIOUUX CHCTEM
HaBesieHo Ha puc. 1.2.1. BunHo, 1m0 iCHYIOTh cucTeMH 3 96 mopTamu Ta JiaMeTpoM
aneptypu 18 M ta 3 144 moptamu ta giamerpom 70 M. B ocHOBHOMY, came Taki
CUCTEMHU BUKOPUCTOBYIOTh HUHI Ha cTaHIlisx |IMS.

Bapro 3a3HaunTH, 10 B YKpaiHi € BIacHa Mepeka 1HPPa3BYKOBUX CTaHIIIN,
gKa TPEACTAaBIsI€ COOOI0 CHCTEMY MAalOAlepTypHUX AaKyCTUYHUX TPYII,
posramoBanux y JKuromupcekii, Omecekiii i XMeabHHIBKIH oOmacTsax [113].
OcoOJUBICTIO IUX aKyCTHYHHUX TPYI € BUKOPUCTAHHS 3aBaJOCTIHKUX MEXaHI3MIB
TUIY «MaBYK», M €THAHUX 0 BXOAY MikpoOaporpady, s 3MEHIICHHS POl
aKyCTUYHUX 3aBaJ 1 BIUIMBY BiTpy. JleTanpHille mpo aneprypy iH(Qpa3BYKOBHX

CTaHI[i} 1 IXHI1 XapaKTePUCTUKHU OMMCAHO B OPUTIHANBHIN YacTUHI pOOOTH.
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Puc. 1.2.1 Tunosi npukiaau CUCTEM JUIsl TPUAYIICHHS IIyMiB BiJ] aTMOChEpHUX

BITPIB

Ha puc. 1.2.1, d, noka3aHo IIyMO3HHXYIOUYy CHUCTEMYy HIMEIbKOI CTaHIli, IO
0a3yerbcst B AHTapkTul. Ll iHGpa3BykoBa cTaHIis, KaHAJIU SKOi pO3TAILIOBAHO B
dbopmi «cmipani» (auB. puc. 1.2.2), BBaKAa€ThCS OJHIEIO 3 HAWKPAIIKMX B CBIT1, aJI)KE
Taka KOH(QIrypauis 03BOJSI€ OJHO3HAYHO BU3HAYUTH HANpPSMOK (a3UMYT) Ta
MIBUIKICTh TpHUXOAY 1H(GPA3BYKOBOi XBWII B 4acToTHIM oOmacti mo 0.7 T,
OPUAYIIYIOUM TIPU I[bOMY IIYMH BITPIB Ta atMoc(epHUX HEOoTHOpimHOCTe. B
KOXHIM TOYI[l BUMIPIOBaHHSI BCTAHOBJIEHO MIKpOOapOMETp Ta aHaJIOroBO-LHU(POBI
MEepPEeTBOPIOBAYi, 10 130JbOBaHI BiJl BIUIMBY HABKOJMIITHBOTO CEPEIOBUIIA
QTIOMIHIEBUMM €MHOCTSMHM Ta ONYIIEHI B OMNOJOHKY (puc. 1.2.2, mpaBopyu).
[Tepenaya ganux o rojoeHoi cranmii Hoiimaiiep Il BinOyBaerbes uepes Wi-Fi, a

JKABJIEHHS — 3a JOIIOMOTOI0 Ka0er0 TOBXUHOK 10 KMm.



Puc. 1.2.2 Koudirypamis kananiB HiMmenbkoi ctaHiii «Hoiimaep Ill», 1mio
po3ramioBaHa B AHTapKTHAl (311Ba); MIKpOOapOMETpU Ta MEpPETBOPIOBaYl B

QJIFOM1HI€B1M €EMHOCTI, 110 OMYIIEHI B OMOJIOHKY (CTpaBa)

Jnst  mpocTOpoOBOi  CENEKIl  TaKoX  BHKOPUCTOBYIOTH  CIIELIaJIbHI
3aBa/I03axMCHI TPUCTPOi Yy BUIVIAAI XBWJIEBOJIB JUIl NPUIYLIEHHS 3aBaj
B1Jl HEOJIHOPIAHOCTEN 1 TypOYyJIEHTHOCTEHN y MPU3EMHIN aTMocdepi.

st peectpariii  iH(pa3ByKoBOro curHainy Bia mamiHHs Yensi61HChKOTo
MeTeopoiny, 1o mpoBoaunacs B TyHkiHCbKOMY paitoni Bypsatii, B 150 km
BiJl [pKyTChKa, BUKOpUCTOBYBaiacs 1HPpa3BykoBa anaparypa [HCTUTYTy COHSYHO-
3emHoi ¢i3uku CO PAH. YcrarkyBanHs siBisie cO00I0 TIEPEHOCHI MaBIILHOHU, B
AKUX 3HAaXOJIUTbCS MikpoOaporpad, mpuctpiii kamOpyBaHHS Ta cHCTeMa Jid
OpUAYLIEHHS  3aBaJ Yy BUIMAAl  TpyOHOI  iHII  JgoBkuHOIO 60 M
3 JBaJATbMa BXITHAMH Kamiigpamu giametpoM B 1 Mm. OCHOBHI mapameTpu
MikpoOaporpada, 3a JOMOMOIOI SIKOTO BeJlacs peecTpallis CUTHAIIB, TakKi:
gytnuBicth 0.5 B/lla, nunamiunuii mianason — 80 nb, cmyra wactort Big 0.01 1o
3 I', piBens BitacHoro mymy — 0.001 Ia [114].

Ha nanuii MOMEHT B CBITI Ji€e MDKHapojHa CHUCTEMa MOHITOPUHIY, IO
BKIIIOYae B cebe Mepexy 3 60 iHPpa3ByKOBUX CTaHI MO BCHOMY CBITY, SKi

JOCIIIKYIOTh 1H(Pa3BYKOBI sIBUIIA BiJ] pI3HUX JUKepesn (AuB., Hanpukian, [1, 2]).
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IxHs AisnbHICTL pernamMmenTyeThes JOroBOPOM MpPo BCEOCSIKHY 3a00POHY SIEPHHUX

BUIIPOOYBAaHb.

1.3. MeToau omucaHHsi MomupeHHs iH(Pa3ByKOBUX XBWIb y aTMmocdepi

3emui

Llleuokicme nowupenus ingpassyky 6 ammocgepi. SIKk BiAOMO 3 poOOTH
[115], mBHAKICTH 3ByKY MOKE CYTTEBO 3aJIS)KATH BiJ MIBUAKOCTI BITPY, OCOOIHBO
SKIIO MOMIMPEHHS BiAOyBaeThcsa B 001acTi BepxHboi atMochepu. Came ToMy s
XapaKTepUCTUKU IMIBUAKOCTI 3BYKY OyJ0 BBEACHO TaK 3BaHy e€(EeKTHBHY
HIBUIKICTb 3BYKY Uef, IO JOPIBHIOE CyMl1 HIBUJIKOCTI 3BYKY B IIPH3EMHIN
aTMoc(epl Ta CKAIAPHOTO JOOYTKY MK HOPMAJTII0O N Ta HaMpsSIMKOM BIiTpy U
[115]:

Vgt = Us +(N-U)=+YRT +(Nn-u).

Tyt y — moka3HuK ajiabaTtu, Mo 3a3BUyail nopiBHIoE 1.4; R — yHiBepcayibHa
razoBa crana, mo gopiBHIoe KNa (K — crana bonbiimana, Na — unciio ABoraapo);
T — Temniepatypa armocepu, B gKiii B11I0OYBa€TbCS MOMIUPEHHS XBUII1. 3aJI€KHICTh
e(eKTHBHOI IIBUIKOCTI 3BYKY BiJl BUCOTH Miaiomy moka3aHo B [115]. 3 rpadiky
I1€1 3aJIe)KHOCTI BUIUIUBAE, IO Ueff CYTTEBO 3aJICKHUTh BIJ IMIBUAKOCTI BITPY Ta
CE30HY: HailOuIbIIa pi3HULA Moxke ckiaaaatu 130 m/c qust E-mapy 1oHocdepu.

Mooeni nowupenns ingpazeykosux xeunv. llepury Monaenb MNOIIUPEHHS
1H(}pa3ByKoBUX XBHIIb B aTMoc(hepi Oyno omucano ['occapaom ta Xykom y 1975 p.
[116]. Tak 3BaHMii METO «HOPMAJIBLHOI MOJIWY, IO OMKUCAHO B HOTO KHM31, MaB Ha
MET1, TO-TIepIle, 3HAXO/PKCHHSI BJIACHUX 3HA4YCHb Ta BIACHUX PO3B’SA3KIB IS
PI3HUX HOpPMaJbHUX MOJ B atMocdepi, 0 € OJHOPITHOI B TOPU30HTAIBHOMY
HarpsmMi, 1, Mo-Apyre, CHHTE3 XBWIbOBUX ()OPM B J1ara3oHi JiHIMHUX PO3MIPIB Ta
yacy, IO 3aBYacCHO BiJIOMi, BiJ pI3HUX JKepen 1H(pa3Byky. ABTOpoMm Oyio
MPOBEJICHO OTJISIT pOOIT, HA OCHOBI SIKUX OYJIO BCTAHOBJICHO, IO MTOBHI KOJMBaHHS
TUCKY B TPYyMi XBWIb CKIAAAIOThCS 3 CYKYMHOCTEH N BKJIaAIB KOJIMBaHb TUCKY BiJ

okpemux Moj. KokHa MoJia € BJIacHUM PILICHHSM PiBHSIHb, K1 33JOBUIBHSIOTH
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TPaHWYHAM yMOBaM Ha HECKIHUYEHHOCTI Ta Ha moBepxHi 3emuti. Po3B’s30k mux
PIBHSHB Ja€ BJIACHI 3HAYCHHS XBHJIBOBOTO Yncia K, I KOXKHOI YaCTOTH M.

Ha croroaHimHii AeHb iCHY€E JABI OCHOBHI Te€Opii MOIIMPEHHS 1HPPa3BYKy B
aTMocdepi: MpoOMEHeBa Ta XBUJIEBOAHA Teopii. B 3arampHOMY BHIamky, mepiia
BUKOPUCTOBYEThCS JJIi MPHUOJIM3HOI Bizyanaszalii HUISXY, SIKUM TOUIMPIOETHCS
3BYK, Ta Iepe0ayeHHss MOMEHTIB dYacy Mpuxoay 1HGPa3ByKOBOi XBHJII.
XBUJIEBOJIHA MOJIETh «O€3MEepepBHUX» XBWJIb JT03BOJIIE BpaxyBaTH AU(]pakiiiHi
e(eKTH Ha TEeBHIN YacTOTI, 110 BUKOPUCTOBYIOTHCS JIJIsl Mepea0adyeHHs] aMILTITY/T
noniB. KpiM Toro, iCHyloTh Tak 3BaHl «IIHPOKOCMYTOBI» MOJEMi, SIKi
BUKOPUCTOBYIOTh [UJII OTPUMaHHS BEHBIET-GOpPMH IIIYKAHOTO CHUTHAIY Ta
OTPUMaHHS aMIUTTYJ] XBUJI Ha MEBHOMY MPOMDKKY 4acy IUISXOM PO3B’S3aHHS
napaboIIYHOro PIBHSIHHS Ha IEBHOMY YaCOBOMY ITPOMIXKY.

PosristHemMo 11 Mojieni OUIbI AeTallbHO.

Ilpomenesa meopin. Knacuuna npomeneBa Teopis [117] mpumyckae, 110
NOIIMPEHHSI XBWJII BIJIOYBA€ThCS B IUIOIIMHI, SIKa € MapalebHOK (DPOHTY
akycTuuHoi XBWiIl. CepeloBUINE € JIHIMHUM Ta HEIUCUIIATUBHUM. PiBHSHHS

MOIIMNPCHHA B HbOMY BHIIAAKY MAarOTh TaKHM BUTIJIAA:

%: oK +U. (13.0)
dk
a:(k.v(vs+|<.u))k—V(vs+k-u), (1.3.2)

e F — paliyc-BeKTOp, IO BKa3ye Ha TOJOXCHHS (QpOHTY XBWIi, Ta K —
HOPMAJIbHUA BEKTOpP XBWJIBOBOTO (DPOHTY, JOBKHHA SKOTO IOPIiBHIOE 1, Us, 5K
1 paHiie, sBjsie COOOK MBUJIKICTh 3BYKY B MOBITP1, @ U — BEKTOP HAMPSIMKY BITpY.
BaxxnuBo, 1m0 ocraHHi ABlI BeTUYHHU € (YHKIISIMU Bif . Y TpOMEHEBid Teopii
XBUJ, MO MaroTh Yactory Oumbmie 0.01 T, mMOmMprOIOTHCS HE3AIEKHO Bij
edekTiB maBy4ocri [117].

PiBastaus (1.3.1) 1 (1.3.2) Moxe OyTH CHPOIIEHO, SIKIO MPHUITYCTUTH, IO
MOIIUPEHHS BIJIOYBAETHCS B TOPU3OHTAIBHO cTpaTtudikoBaHiii atmocdepi. Toai vs

1 TOPU30HTAJIbHI KOMIIOHEHTH BITPY U Ta U € PYyHKI[ISIMHU, IO 3aleXaTh JIUIIE BiJ
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BUCOTH Z. [loXiTHUMU BiJi KOMITIOHEHT BEeKTOPY K 10 BUCOTI Z MOKHA 3HEXTYBATH B
MOPIBHSHHI 3 JOBXHUHOI XBWIi. Tomi piBHsHHS (1.3.1) MOXHA mepenucaTd TaKuM
yrHOM [116]:
dx d dz
E:kxvs +U,d—¥:kyvs +U,E=kzvs. (133)
PiBusunas (1.3.2) 3 ypaxyBaHHSIM THUX CaMHX MPHUIYIICHh HaOyAe TaKoro

BUTIISIAY:

dk
dk, _ nk k,, —~ =nk k., dk,
dt dt TR dt

[Toka3Huk 3asi0MIeHHS 200 TOKA3HUK pedpakilii N BU3HAYAETHCS TaK:

:dvs +kxd—u+k @ (1.3.5)
dz dz 7 dz

Tak, piBasaas (1.3.3) — (1.3.5) yTBOpIOIOTH CHCTEMY 3BHUYAHHHUX

=n(k’-1).  (1.34)

n

nudepeHIiiHUX PIBHSAHDB, PO3B’ 30K SKOi J03BOJISIE€ 3HAWTH 3aJICKHICTh IIBUIKOCTI
3BYKY Ta KOMIIOHEHT BITPY U Ta ¥ B/l BACOTH B YUCJIOBOMY BUIJISI/L.

Xeuneeoona meopia. 1la Teopisi BUKOPUCTOBYETbCA TMpPU MNOIIUPEHHI
PagioXBWIb y MPHUPOJIHIX CTpatochepHOoMy Ta TporochepHOMy XBUIIEBOAAX abo
3ByKoBUX KaHamax [118]. 3aBasku muM yTBOpeHHSM iH(PA3BYKOBI KOJMBAHHS
MOXXYTh OYTH 3apeecTpoBaHl Ha BiACTaHi Bif KiUIbKOX coTeHb 10 20 —40 Tucsu
kutomeTpiB. [li XBUJEBOAHI CTPYKTypU MalOTh 3HAYHY MPOTSHKHICTE ¥y
BEPTHKAIBHOMY HAIPIMKY.

ABTOpoM pobotu [118] HaBeaeHO MOACII MOIMIMPEHHS XBHIb B Tporocdepi
Ta cTpaTocdepi Ha OCHOBI CHOCTEPEXKEHb 1HPPA3BYKOBUX KOJUBAaHb BiJ| SAECPHHUX
BUOYXIB, €HEprig sKUX He nepeBuinyBaia Kuibkox MeratoH THT. IlyHktu
peecTpaiii 3Haxomawimch Ha BiAactani 5 1 11.5 tuc. kM. IlepeBakaroui mepionu
KOJIMBaHb CcKianaiau Big 5—8 ¢ g0 1 XB mpoTArom peectpauniii TpUBAIICTIO
niBroguHu. JloBkrHa XBUJI1 B IbOMY BUIAAKY MOxe focsarata 20 KM, 1110 poOUTh
HEMOXXJIUBUM  3aCTOCYBaHHSI MPOMEHEBOI Teopii. XBWJIbOBE pIBHSHHSA B
CTaHJIAPTHOMY BUIJISIIII TIPHUJATHE JUIIE AJI TUX XBHIIb, AJSl SIKHX BHKOHYETHCS

yMOBa
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T %
27 g’

TOOTO 17151 XBUJIh 3 T < 1 XB. 3a OUTBIINX 3HAaYEHb | CHJIa TSKIHHS CTa€ CYTTEBOIO
Ta PIBHIHHS YCKJIaTHIOIOTHCS [118].

KpiM po3risiHyTHX BHIE TEOpid, BEAYTHCS CHPOOM PO3POOKH IHIIHMX
aniekBaTHUX (Pi3MYHUX MOJeIel mommpenHs iHppassyky [2, 117, 118].

BapTto 3ragatu, mo iHQpa3ByK € 4aCTHHOIO aKyCTHKO-TPaBiTalliiHUX XBHIIb,

K1 T€K MalOTh CBOi OCOOJIMBOCTI MTOITUPEHHS.

1.4. Pe3yabTaTn ciocTrepexeHb

IIpupoani pKepesia

Bynxaniuna OISANbHICMb. [epmi JOKYMEHTAaJIbHI 1H(pa3BYKOBI
criocTepexeHHs: AaTyroThess 1883 p., konu BynkaH Kpakaray, mo B Injonesii,
MI0YaB MPOSIBISATUH aKTUBHY BYJIKAHIYHY JISJIBHICTh. XBUJIl 3BYKOBOIO [1alla30HY
Oy70 YyTHO 3a 5 THC. KM BiJ JKepelia BUBEPXKEHHS, a 1H(QPa3ByKOBI XBUII
OXOMWJIH Mai)keé BCIO 3€MHY KyJIO, NMPUYOMY L1 XBWII OYyJIM 3apeecTpOBaHi
OapoMeTpamu 10 BChOMY CBITOBI aX IUTUX CiM pa3iB [2].

3 PO3BUTKOM amaparypu Ta IiJIBUIIEHHSIM TOYHOCTI BUMIPIOBaHb HA MOYATKY
XXI cr. crajio MOXJIMBUM BHU3HAYaTH HE JIMIIE Maylli KOJWUBAHHS THUCKY BIJ
BUBEpP>KEHb, & W TPYMOBI MIBUIKOCTI Ta €HEPreTUKY MOAIOHMX TmporeciB. Tak,
B po6Ootri [119] omucaHO €HEPreTHKY XBWUJIBLOBUX TMIPOLIECIB, CIHPUYMHEHHX
BUBEp)KCHHsIM Bynkany Hunga Tonga 15 ciuas 2022 p. o 04:14 UT ra
3apeecTpOBaHMX MikpoOaporpadaMu B PI3HMX dYacTHHAX CBiTy. PesynbTaTn
CIIOCTEPEXKEHbD, B3ATI 3 i€l poOOTH, HaBeeHO Ha puc. 1.4.1a, 6. 3 ULOro pUCYHKY
BUIUIMBAE, II0 OCHOBHA aMIUTiTyAa KoiuBaHb nocsrana 20 Ila, a BuBUYeHHs
CEUCMIYHUX 3aJeKHOCTEH TOKa3ajo, IO CepeaHs IMBHUAKICTh (PIKCOBaHMX

KOJIMBaHb 36MHOI MOBEPXHI 3MiHIOBajachk y Mexax 0.2-0.5 Mxm/c.
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Puc. 1.4.1 Pesynbratu iHQpa3ByKOBHUX CIIOCTEPEIKEHD 32 BUBEPIKEHHSIM BYIIKAHY
Hunga Tonga 15 ciyas 2022 p. o 04:14 UT [119]:
@ — YacoBi 3aJIeXKHOCTI THUCKY B 1H(pa3ByKoBiil xBuii 3 Mikpobaporpadgy GSN
craniii ANMO (Hsro-Mekcuko, Biactanb n0 ByidkanHy — 9524 kM, cmyra
diteTpy — 3-50 MI'11); 6 — YACOBI 3aIEKHOCTI AMILTITYIU CEHCMIYHUX XBHUJIb Y
PI3HMX YaCTOTHHX Jiama3oHax Ha Tid ke cradiii. [loyatkoBuil yac BimJiKy —

00:00 UT 15 ciuns 2022 p.
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Mikpobapomu. Opaumu 3 mepuMX 1HQPa3BYKOBI KOJMBAHHS MOPCHKOT

MOBEPXHI criocTepiranu aBropu podotu [120] me B 1939 pori 3a 10mOMOTo0 JBOX

MmikpoOaporpadiB. CroctepexeHHss npoBoauiucs Henojadik CelcMoIorigHOT
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naboparopii 6ins M. [lacamena, mo B IliBnenniit Kamidopnii. ABropu pobotu
criocTepiranu ayxe mMaii GiaykTyaiii 6apoMeTpUYIHOTO TUCKY 3 TIepiojilaMu, 10 B
O1BIIOCT] BUMAAKIB ckiaganu Big 4 — 20 10 KiabKoX coTeHb cekyHa. [TomambIi
JOCTIPKEHHSI TIOKa3ajil, 10 XBUIbOBI ¢dopMu Oynu MOAIOHI 70 MiKpoceicM
(OCHOBHHUH MepioJi KOJIMBAaHb TAKOTO THUIY XBWJIb — O 5 C), BHACHIIJOK YOTO
OTpUMAaJIK Ha3By «MikpoOapoMuy. [1i3HilIe KOJUBaHHS TaAKOT'O TUITY CIIOCTEpIraan
IHCTpyMeHTanbHO B yHiBepcuteTi DpiOypra (LlBeiimapis). 3a A0MOMOro0
HaWMpoCTIIOro MikpoOaporpady OyJio 3apeecTpoBaHO Bapiallii THCKY Hal
MOBEPXHEI0 ATIAHTUYHOTO OKEaHy Ta TOSCHEHO MEXaHI3M YTBOPEHHS KOJHMBAHb
takoro Tumy [121].

3riIHO YTOYHEHOTO BHU3HAYCHHS [2], MIKpOoOapoMHU SIBJISIOTH COOOIO CTOSU1
XBUWJI1, 1110 TEHEPYIOTHCA HA MMOBEPXHI OKEaHy 1]l 4ac IITOPMIB.

Opna 13 cy4yacHMX poOiT, TeMaThKa SKOi MpUCBAYEHA I1H(PaA3BYKY BIJ
MIKpOOapoM, MOKa3ye, SKUM YUHOM OIIIHIOBAJIACsl HEJIHIMHA B3a€MOJIISl XBUJIb Ta
iX MapaMeTpH, BUXO/SUU 31 CIIOCTEPEKEHb Ha 39 cTaHUIAX 1HPPA3BYKOBOI MEPEXKI
o BCcboMy CBITY [122]. Pe3ynbrat HaBEJAEHO Yy BUTJISAI MICSIYHOTO PO3MOALTY
Yyycia peecTpaiii MikpobapoM Ha KOKHIM 31 CTaHIIIM B 3aJIEKHOCTI BiJl ii IMIUPOTH
Ta cTpatoceproro Bitpy. Kpim Toro, aBTopamu nody1oBati rio0anbHi KapTH, 10
MOKAa3yIOTh MICIISl YTBOPEHHSI MIKp0oOapoMm sk Jikepell iHPpa3ByKy B PI3HUX MICIISAX
HAaIIo1 Tu1aHeTH 3 iMoBipHicTio P > 0.7,

ABtropu pobotu [123] goCHiKYOTH Tak  3BaHI  MEAMKAHH  —
CepPEeA3eMHOMOPCHKI IMKJIOHW, BUKOPUCTOBYIHOYM JOCHIIKEHHS B Aianmazoni 0.1-
05T 1 2-8T'm mna Oumemn e)EKTUBHOI CENEeKIi pPI3HUX THITB JHKEpes
1H(pa3ByKOBUX KOJIMBaHb Y paMKkax /[oroBopy mpo BCEOCsHIKHY 3a00pOHY SACPHHUX
BUNPOOYBaHb. Y CTAHOBJIEHI OCHOBHI XapaKTEPUCTHUKU MPUXOAY 1HPPa3BYKOBUX
XBUJIb — 3BOPOTHIA a3uMyT, €Heprito, MmBUAKOCTI. [lo0ya0BaHO CTaTHCTHYHI
XapaKTEPUCTUKN 3arajbHOi KUIHBKOCTI YHCIA pPEECTpaliii BiJ dacy, a TaKoxX
BIIHOIIICHHS 3arajibHOI KIJBKOCTI BUMNAIKIB BIJ aKyCTUYHUX CHUTHAIIB, SIKI HE
MOTJIM OyTHM TOB’Si3aHI 3 JIOCHI/DKYBAaHUMH IMKJIOHaMH (JpKepenoM 30ypeHb

BUCTyNAIH OJTMCKABKH).
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Homyoxcni 3emnempycu. Tlicis CHUIBHOTO 3€MJIETPYCY T€HEPYEThCS OIpaszy
JNeKUIbka THUMIB  XBWJIb, 10 TOMHUPIOIOTHCA 3€MHOI0  TIOBEPXHEI0  Ta
BUIIPOMIHIOIOTHCS BEPTUKAIBHO Bropy. XBHUJIbOBA IIBUIKICTh B IbOMY BHUIIAJKY
3HaYHO TMIEPEeBUINYE IMIBUIAKICTh 3BYKy. i oOuucieHHs (QaykTyaiiidl THUCKY
BUKOPDHUCTOBYETbCA  (Gopmyna P=p00, nge P — THUCK, CHPUYNHEHUN
BUITPOMIHIOBaHHSIM XBUJI1 TOBEPXHEIO, 1[0 PYXAETHCS 31 MBHUJIKICTIO U, p — TYCTHHA
npu3eMHoi atMochepH, Us — MBUIKICTh 3BYKY B TIOBITpi [124].

AMIUTITYIM, 110 BUHUKAIOTH ITiJT 4aC TPEMTIHHS 36MHOI TIOBEPXHI, B COTHI 200
HaBITh THUCSYl Pa3iB MEPEBUINYIOTh aMIUTITyaAu MikpoceiicM. Kpim Toro, 3ByKoBi
XBUJI1 BiJl 3€MJIETPYCIB MOXKYTh OyTH 3apEeCTPOBaHI Ha BIJICTaH1 TUCAY KUIIOMETPIB
BiJl eMilleHTpY 3emiieTpycy. Tak, Hampukiaam, y Tid ke podoti [124] maBemeHo
MikpoOaporpamy, mo Oyria 3amucaHa IiJl yac 3emieTpycy B MoHnTtani 18 cepmus
1959 p. Peectpamii iH(Gpa3ByKOBHX XBUJIb MpoBoAwiIHCcs 3a 2860 KM Bif
EHilEeHTpy, B M. BamuHrToH. 3 JaHUX CHOCTEPEKEHb BHUIHO, IO KOJWBAHHS
THUCKY, CIIPUYMHEHI 3eMJICTPYCOM, 3a3BHYail CKIAMAIOTHCA 3 KUTBKOX XBHJIBOBHUX
Ipyn, 3 SKWAX KOJUBAaHHS THUCKY 3JIMCHIOIOTH ceicMmiuHl xBuil. [lpuxin
MOBEPXHEBUX CEUCMIUHUX XBWJIb (TaK 3BaHUX PEJICEBCHKUX) Mo3Ha4YeHo sk G. [Him
MO3HAYECHI JITepaMu B POOOTI CUTHAJIM MOXKYTh OyTH HACIIAKOM 0araTopa3oBOro
BIIOUTTSI BiJI IOBEPXHI PO3LIY MiXK s/ipoM Ta MaHTi€r0. IIIBUaKOCTI MpHXOay BCIiX
MO3HAYEHUX TPYN XBWJIb MOXYTh BapitoBatucs Bil 4 no 6 kM/c. 3emieTpycu
MOXXYTh TaKOXX TOPOKYBAaTH XBHIIFO B CBOEMY CIMIIEHTPi, IO TOIIHPIOETHCS
MOBITPSIM 31 IIBUJIKICTIO Us.

Jlo 6inbIn cydacHuX poOiT MoxHa BimHectn [15-18], me mocmimkyroThes sK
CEHCMIYHI, TaK 1 akKyCTH4HI 30ypeHHs. Y Tepmiiil 13 crareid KOJEKTUBY
bpaHIly3bKHX aBTOPIB MPEANPUNAHATO CPOOY BUSBUTU 1H(PA3BYKOBI KOJWBAHHS
THUCKY 3a JOTIOMOTOI0 IMOBITPSHUX a€pOCTATIB MICJS BOX MOTY>KHHUX IT1ABOJHUX

3eMJIETPYCIB MarHityaot 7.5 1 7.3.
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Puc. 14.2 Makcumanbae 30ypenHs tucky (Ila) wa Bucori 18.7 kM
1 nepioal 10 ¢ sk QyHKUiA TOPU30HTAIBHOI BIACTaHI 10 3€MIIETPYCY (KM) ISt
PI3HUX MAarHiTyja noepxHeBoi xBuil (Ms) 3emiierpycy. IIyHKTUpHI YepBOHI JIiHIi
Ta CHHS JIiHIS — IIe TEOPETHYHI pOo3paxyHKH Ha BucOTi 18.7 kM; b — ckajorpamu
3amuCiB TUCKY Kymi 16 1 C — BepTUKalIbHOI CKiIanoBoi cedicMomerpa DAV,
o0umcCIeH1 3a JOTIOMOT' OO 0e3nepepBHOTO BEBIICT-IIEPETBOPEHHS

3 BUKOpPUCTaHHSM BerBieTra Mopie [15]

Y  pobGori [16] BHUKOHYETbCS  MOJCIIOBAaHHS  TIMOTCTHMYHHX,  alie
HECIOCTEePEIKYBAaHUX 30ypeHb MOBITPSHOIO CBIUCHHS Me30May3H, CIPUYMHEHHX
1H(}pa3ByKOBUMH aKyCTHUHMMH XBWJISIMH Mg 4Yac 3emietpycy y Kaiikypi
2016 poxy wMaruitymoro 7.8. Y pobGoti [17] Ha mnpukigami JBOX MOMIpHUX
3eMJIETPYCIB Ha AJiscil, po3HeceHuX Ha 10 kM Ta BiAOYBIIMXCS MPOTSATOM JIBOX
TOJIMH, PO3pPaxOBaHO BIHOCHY 3MiHY CIEKTPaJIbHOI T'YCTHHHU MOTYXKHOCTI MIXK
JBOMa MoisAsMH. {151 611 TOYHOT OIIHKYA BUKOPHUCTAHO aKyCTHUYHI Ta CEMCMIUHI
peectparii 3 macuBy 1S53 ta okpemux cranmiit USArray. ¥V gianazoni 0.9-2.1 I'ny
BUSIBJICHO, 1[0 CEWCMIYHA €Heprisi e(EeKTUBHO TEPETBOPIOETHCS HA aKyCTHUYHY.
[TomiOHI TPOCTOPOBI PO3MOIIIM CEUCMIYHOI Ta AUQPpParoBaHoi 1HPPa3BYKOBOI
€Heprii BKa3yloTh Ha BIUIMB PI3HUX MEXaHI3MIB EMIIEHTPY 3EeMIIETPYCIB Ha

1H(ppa3ByKoBI crnoctepekeHHs. Lle mocmimkeHHS TpOJMBa€e CBITIO HAa MEXaHi3M
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reHepamii 1HQPa3ByKy 3eMIETPYCy Ta JIEMOHCTPYE TOTEHIial MOHITOPUHTY
1Hpa3ByKy ISl 0OMEKEHHS BIACTUBOCTEH JKEpesna 3eMIIETPYCy.

CunvHi 2posu ma pospsaou oOnuckasox. 1li TmpupojHi sBUILNA BIAHOCITHCS
710 JpKepes HaaIIMPOKOCMYTOBHX MpoIieciB. [lomuprorodnch B XBIIICBOII 3eMIIs —
atMocepa — ioHOocdepa — marHiTocdepa, TpO3U IeHEePYIOTh EJICKTPUYHE TOJIe
HanpyxkeHictio 6mu3pko  10° B/m.  JlocmimkeHHs iHQpa3ByKy Bim TIpos3
npoBomuimcss B M. Iamiceiine, Hero-Mopk, 27 cepmus 1976 p. I3 pesynsraTis
JOCIIJIKEHb MOJKHA BHSIBUTHU, III0 OCHOBHUM IMIYJBbC, IO CIOCTEPIraeThes
3 PO3HECEHUX 3a BIACTaHHIO CTaHIid, mae amruntyay 1 — 1.5Tla, TpuBamicts
t=5c, mepiog T=1.4c [72].

HoBuMH AOCHIKEHHSAMH 1IOTO HANpsiMy € pobotu [125-127]. ¥V meprmiii i3
poOIT 3a gomomororo i1H(Ppa3ByKoBOi cTaHilii, po3ramoBaHoi B Kot-x’IByapi,
JOCIIJIKEHO CTATUCTUYHI XapaKTEPUCTUKH PEECTpallii aKyCTUHYMX MPUXOIB
CUTHAJIIB BIJ] TPO30BUX Oyp. YCTAHOBJIEHO THUIOBI YacTOTH JIsl OJIMCKABOK, fKi €
NOTYXHUM JikepesioM 1H(dpa3Byky (Bix 0.5 go 5 I'm). YcranoBineHo maciurad
aMIUTITYIM 3aracaHHs aMIUTITyId KoJMBaHb. ABTopH [126] 32 JOIOMOT0OI0 MacuBy
13paiIbChKUX CTAHILIIM BUBYAIM CIOPANTH (CBITJIOBI ciajlaxy, OJIMCKaBKU YEPBOHOTO
Yl CHUHBOTO KOJIbOPIB, SIKI O’FOTh Bropy Ta 30CEpEKEHI B Jiara3oHi BUCOT 50—
130 km) Ha Bucotax me3zocepu. [Ipukinanu croctepexeHb MOAIOHUX MPUPOTHUX
SBMII 32 TOIIOMOTOK METOJly MYJIbTHKAHAJIbHOI 00pOOKM HaBeieHO Ha puc. 1.5.
Sk BHIIHO 3 IIUX PUCYHKIB, aMIUTITyAa peecTtpoBaHoro 30ypens ckiana 0,03 Ila, a
3HAYCHHS TEPEeBaXKalOUUX 4acToT BapiroBaiucs Big 1 g0 4 I'm. Y poboti [127]
npoaHa izoBaHO 1H(GPA3BYKOB1 IMIYJIbCH 1] 4ac T'po30Boi akTUBHOCTI. Ilig yac
JIOCITIJIKEHBb TTPOBOIMIN BUMIPIOBAHHS IIBUKUX 3MiH €JIEKTPOCTATUIHOTO OIS 32
JIOTIOMOTOI0 Y€ChKOi Mepexki MikpoOaporpadis. Biactans 10 mkepena ckianana 4—
10 kM. 3a MOMOMOTOI0 METOAIB MaTeMaTHYHOI CTATHCTHKU BHU3HAYEHO BHUCOTY

moxepena iHdpa3Byky (3—5 km).
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Puc. 1.4.3 TunoBuil BuUMAIOK BUHUKHEHHS 1H(QPA3BYKOBUX XBUJIb IIiJI Yac

BUHUKHEHHS cripaity 9 nucronana 2012 p. nag CepenzeMHuM MopeM [126]

Chicosi nasunu. ITHppa3ByKoBi 3amucH Bia 4 3xo/pkeHb j1aBuHu B M. Vallée de
la Sionne, mo B IlIBelinapii, HaBeaeHi aBTOopamu pobotm [128]. JlocmimkeHHSs
akycTHYHUX edekrtiB mpoBoauiucst y 2009 — 2010 pp. Ta go3Bonmid 3a
JIOTIOMOTOI0  1HPPa3BYKOBUX CeHCOpiB 3 uyTiuBicTio 2 B/lla Ta HMWXHBOIO
rpanuiero 0.1 ' orpumatu peectpariii B MOMEHTH 3X0/keHHs. [lepen anamizom
OTpUMaHi J1aHi OyJI0 IPOIYIIEHO uepe3 cMmyroBuil GpinbTp barrepBopra 4 nopsaxky
(Bim 1 mo 40 I'm). Bymo BcTaHOBIEHO, IO MaKCUMajlbHAa aMIUIITyJa B YCIX
YOTUPHOX pEECTpalisx He mnepepummyBaia 2.5 Ila, a cykymHi ceiicMiuHi Ta
1H(}pa3ByKOBI BUMIPIOBAHHS BiJ MOMIOHUX MPOIIECIB J0OpE Y3rOKYIOThCS MIXK
coboro [128].

llaoinna xocmiynux min. IHpa3sByKOBUM JOCTIIKEHHSIM BiJ MPOIECIB
IPOJLOTY Ta BUOYXY KOCMIYHUX TUT B arMocdepi 3emil NPUCBAYEHO BEIUKY
KUIBKICTh poOIT (AuB., Hampukiazn, [2, 129 — 135]). Bnepue iH@pa3ByKoBi
peecTpaiiii Oyno 3aJ0KyMeHTOBaHO came Toji, koiau 30 uepBHs 1908 p. Oins

Tynrycku, mo B LenrpansHomy CuOipy, mposieTiB Ta BUOYXHYB MiHIACTEpOil
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[132]. 3rimno pobotu [132], kiHeTHUHA eHepris MeTeopoiny ckianana Big 10 mo
10° Mr THT, KyT HaxuIy IO TOPU30HTY 3a Pe3yJIbTaTaMH OOYMCIICHb O Pi3HHMX
MoeNsiX ckiaaas npubauzno 30°. PesynbTaTi iHPpa3ByKOBUX CIIOCTEPEKEHD Bijl
BUOyxy TyHI'yCBKOrO KOCMIYHOrO Tilia Moka3aHo B pooOoti [133]. Jlerko
3pO3YMITH, IO PEeecTpallis 3amucy 3 KiUIbKOX MikpoOaporpadiB MICTUTh KUJIbKa
XBUJIEBUX TMaKeTiB: mepmui 3 HuX HamiimoB o 05:10 UT, itoro ammmityna Ap
ckianana npubauzno 100 Ila, a kBazinepioa T — 6ina 120 c; npyruit npulys Oinst
05:24 UT, mpu upbomy Ap = 40 ITa,a T = 20 - 30 c.

[Ticns miei moxii Maike Ha MIBCTOPIYYS MPO AOCHIIKEHHS B 11 00iacTi
3a0yny, 1 MOBEPHYJIHCS O LbOTOo Juiie Ha noyaTky 1960-x pp. Toai BTOprHeHHs
KOCMIYHUX TIT B arMochepy 3emill MoYajiyd pO3risSAaTH K MOXIHMBE JKEPEIIO
aKycTo-TpaBiTalliiHuX XBWIb. B 1976 p. Oyno omy0OmnikoBaHo poboTy [26], B sKii
ONKCAaHO MOXJIMBUHA MEXaHI3M TeHepauli LWIIHAPUYHOI yIapHOi XBWIL IpH

BXOJI’)KEHHI METEOPIB B atMocdepy. Po3riisia ux mpoieciB BKIIOYAB TPUITYLIECHHS,

o urciao Maxa M>1, a uncno Kayncena Kn =1, Kirouosa cucreMa piBHSHB, 1110
PO3B’SI3yETHCS B IOMY BHITAJKy, Ma€ Takuil BUTIsi [26]:

do . 1, dm
ma_mgsme 2vaDA fwdt—

=mgsin® —%vaCDA;

. dzdo
az—vsmezwa,
dm _ A"(j
d " 2Q v )

Jie M — Maca METeopy; U — BIJHOCHA IIBUJKICTb METEOPY; § — MPUCKOPEHHS CUIIN
TSOKIHHS; 0 — TOPU3OHTAJNBHUM KyT MigioMy; p — ryctuHa atmocdepu; Cp —
KOe(DIL[IEHT XBUJIEBOTO OMOPY; CD — epeKTUBHUN KOEQILIEHT XBUIEBOTO OIMOPY;
A — mroina nomnepeyHoro nepepizy Mereopy; f — mapamerp adssmii (0 <f<1); w—
il MBUIKICTH; t — 3MIHHA Yacy; Z — TEOMETPUYHA BUCOTA (BIJIIK BEACTHCS BiJl PIBHSA
noBepxHi 3emi, ae z = 0); Cy — 0e3po3mipHuii KoedilieHT nepeHocy Temia; Q —

TEryjIoTa almsIil; Uym — IIBUIAKICTH METEOPY, 3a KO aOMsIis MPUIMUHSIETHCS.
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[IIBuakicTe MeTeopiB 3MiHIOBaacs Bix 11.2 kM/c (apyroi kocMiuHoi) 10 73.2 KM/C,
paniyc — Bigx 0.5 ¢cM 10 5 M, KyT BXOMKEHHS B IIUIbHI IIapu arMmochepu —
10° <6 <90° (To6TO, 10 BEPTUKAILHOTO BXOKCHHS), a apameTp adssmii — Bifg 0
mo 5-107%2 ¢%/cm?® [26]. Ha oCHOBI MOIENBLHUX PO3PAXyHKIB OTPMMAHO BayKIMBI
CHIBBITHOIIEHHS BIAHOCHOI 3MIHM THUCKY SIK (YHKIIIi BIJCTaHi, a TaKOX pajiycy
HMUAJITHAPUYIHOT YIapHOT XBUJI1 B1Jl BUCOTH.

Y poboti [134] mokazaHo iH(pPa3ByKOBUW CHUTHAJ, IO HAIINIIOB BiJ
IpOJBOTY Ta BUOYXy MeTeopoiny MeTpoBoro po3mipy (R = 1.8 m) ITapk dopect 27
oepe3ns 2003 p. o 05:50 UT. IlouaTkoBa KiHETUYHA €HEPTisl LIbOTO TLJIa CKJIajaasa
0.5 xr THT, mowatkoBa maca — (11£3)-10° kxr, a KyT Haxumy TpaekTOpii 10
ropu3oHty — Oing 30°. Pesynbratu crnoctepexeHb BHOYXOBOi XBHJI 3 JBOX
iHpa3ByKkoBux ctaHMmiil — 1S10, po3ramoBanoi Ha Biactani 1170 kM Binx mxepena
BUOyXy, Ta «Blossom Point» (ma Bigcrani 965 kM) — mokazano Ha puc. 1.4.4.
[lepen ananmizom BuXiaHI AaHi Oyno BiAduIbTpoBaHo B moJioci yactot 0.4 — 3 I'i
s nepmoi cranmii tTa 0.5 — 12 I'm g gpyroi. Byno oOpaxoBaHo mnepionu
1H(}pa3ByKOBUX XBWJIb — 5 1 2.3 ¢ BIANOBIIHO — Ta 3 ypaxyBaHHSAM BIUIMBY BITPY
OIIIHEHO KiHEeTWYHY eHeprito Tima [134]. B poOoTi TakoX HaBEJACHO OIIHKU
MIBUIKOCTI TIOMMUPEHHS 1H()Pa3BYKOBOT XBHIIL JJIS ITUX JTBOX CTAHIIIM.

Benuky 3HauymiicTh y BHBYEHHI NUTaHHS MOIIMPEHHS I1HQPA3BYKy BIJ
BUOYXiB cymepOomiaiB siBise co0or0 poboTta [27]. ABTOp po3risiiae pe3yiabTaTu
3aMKCiB peecTpalii 1HPPa3ByKOBUX XBWIb BIJl TPhOX PI3HUX CYNEepOOIIiIiB.
3a3Buuaii aBTOp JJIs aHAII3Y OJIHIEI MOAlT OpaB peecTparlii 3 LECTH PI3HUX CTAHIIIN
y pI3HUX KpaiHaX CBITYy Ta MOPIBHIOBaB iX MK COOOO JiJisi BUSBIICHHS SIKOMOTa
cwibHIIIOI Kopensamii. Ha puc. 1.4.5, 3amo3udeHomy 3 11i€i po6oTH, 6GaunMo, 110
CIJIECKU MaJM pI3HY aMIUIITyqy Ta TpUBaIicTh. HaBeeHi BUMIpIOBaHHS B3SITO 3
aMEpPUKAHCHKOI Ta aHTAPKTUYHOT CTaHIIH. /{7151 BUKITIOYEHHSI MOXKIIUBUX «XUOHUX)»
peectpaliiii aBTopoM OyJ0 HaBEIEHO HaMKpalll MPUKIAId peecTpalii 3 KOKHOi
CTaHIIIi HE MEHII SK Ha YOTUPHhOX KaHajgaX. BUAHO, 10 pe3yibTaTh 3 Pi3HHUX
KaHaJiB OfHI€T CTaHLiM J0Ope Y3ro[KyHOThCS MIK CO0OI0, 32 PaxyHOK YOTO

JOCSITHYTO 3HAYHOT KOPEJISAIIi MiXK CUTHAJIaMHU.
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Puc. 1.4.4 Pesynpraté 1H(GPa3BYKOBUX CIIOCTEPEKEHb BiJl BTOPTHEHHS

ta BuOyxy meteopoiny [lapk @opect [134]

Opniero 3 HaltHOBImMX crarei € [135], me aBTOpM Ha MPUKIAIl aHATI3Y
peecTpaliiid BiJ MaJiHb TPbOX KOCMIYHUX T1J JOCIIIKYIOTh IHPPa3BYKOBI CUTHAIIN
3a momnomorot anropurMmy MCCA (Multi-channel cross correlation algorithm).
Jnst 0OpoOku 1 aHamizy Oyiu B3STI JaHl 3 YOTHPHOX 1H(PA3BYKOBUX CTaHIIIM:
kazaxcranchkoi 131KZ, pociticbkoi 143RU, keniiicekoi I32KE Ta Himerpkoi 127DE
(3 po3zramryBanHsM B AHTapkTuai). [loOymoBano rpadikd BUXIITHOTO CHUTHATY 3
ypaxyBaHHsIM (inbTparii Ta 3poOJeHO BIJAMOBIAHI BUCHOBKH CTOCOBHO
MPUIATHOCTI AITOPUTMY JJI1 0OpOOKU CUTHAITIB.

Bapro Bim3HauuTH TaKOX IUIHA KOMIUIEKC 1H(GPa3BYKOBHUX JIOCHIIKEHbD,
NoB’si3aHUX 13 MeTreopoigoMm FOWmry, BTOprHeHHss Ta BHOYX Yy MpU3EMHIN

atmMocdepi sikoro manu mictie o 23:23:33 UTC 22 rpyaus 2020 p. 61151 KuTacbkoi
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Puc. 1.4.5 Ilpuknann xBuneBux (opwm, mo Oy 3apeectpoBani 3 BepecHs 2004 p.

Ha aMEPHUKAHCHKIM Ta aHTApPKTUYHIH cTaHMigx [27]

npoBiniii [unaxait [136]. 3a 10MOMOror YOTHPHOX AATUHMKIB 1HPPA3BYKOBOTO
MacuMBy B IIii TpoBiHIIT Ha BiacTtani Omm3bko 1100 kM BUSIBIEHO peecTpartii
aKyCTUYHMX KOJMBaHb 1 OLIHEHO BHUCOTY BHOYXy KOCMIYHOIO  Tijia
(43.22+15.51 kM), mo npubIM3HO BigmoBimae 3apeectpoBaniii marunkamu NASA
BUCOTI 35.5 kM. HaiinoBummii nepiosi KOKHOTO MPUOYTTS BUKOPUCTOBYBABCS IS
omiHku eHeprii mereopoimy (7.51 xr THT). Bugno, mo omiHeHa 3a

BUMIpIOBaHHsAMH eHepris Ha 20% BigpizHsiacsa Bin eHeprii, oouncinenoi NASA.



o1

Ile Mormo OyTH TOB’A3aHO 3 TEXHIYHUMH OCOOJMBOCTSMHU BHMIPIOBaHb abo
MeTOMKOI0 00poOku. Ha puc. 1.4.6 HaBeneHO pe3ynbTaTd ACSIKUX pPEeCTpaiiid
1H(}Pa3BYKOBUX CUTHATIB, 3apeecTpoBaHux y nposiHuii FOunans, KHP. Jlitepamu

A Ta B no3naueno nBa npuxoau iHpa3ByKOBUX XBUIIb.
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Puc. 1.4.6 Pesynmpraté MiKKaHaJIbHOI OOpOOKHM iH(PA3BYKOBOTO CHTHAIy Ha
craniii B mpoBiHiii FOuHaub. [lpuxonu A Ta B BiAmoBinamTh pi3HUM Tpynam

1H(}Pa3BYKOBUX XBUJIb

Bume  posrnsHyTo — sMmie  JEKUIbKAa — MPUKIANIB  CIIOCTEPEKEHHS
1H(pa3BYKOBUX CUTHATIB BIJ MaJiHHS KOCMIYHUX TUI. JleTaybHilne 1€ MUTaHHS
OyJie pO3MJISHYTO B €KCIICPUMEHTAIbHIN YaCTHHI pOOOTH.

Baprti yBaru nociipkeHHsl Bapialiii IpU3eMHOTO TUCKY Ta MarHiTHOTO MOJ,
a TaKOX reHeparlii akyCTUKO-TpaBiTalliiHUX XBHJIb B TIOJSIpHUX mupoTtax [137]. 3a
JIOTIOMOTOI0 TEXHIYHUX 3ac001B aHTAPKTUYHOI CTaHINT «Akagemik BepHaachkuii»
BUSIBJICHO 3B 30K MIXK I1H(QpPa3ByKOBUMHU BapialiiMd THUCKYy Ta MAarHiTHUMHU
GbayKTyalissMd, BCTAHOBJICHO YacH 3alli3HIOBAaHHS Ta TEpeBaXkarodl Iepioau
BIIMOBIAHUX Bapialiid. 3a OTpUMaHUMM JAHUMH MOOYJAOBAaHO MOJIEl MEPEHOCY
aTMocdepHux 30ypeHb Ha ioHochepHi Bucotu [137].

JocnimxeHnHss Bapiaiiii THCKYy B 1H(pa3ByKOBOMY [liara3oHi HEPO3PHUBHO
MOB’si3aHE 3 BUBYCHHSIM XapakTepy TeHepamii Ta TOMUPEHHS PYXOMHX
10HOC(epHHX 30ypeHb. Ha naHuii yac akTyalbHOIO TEMOIO € PO3poOKa Moaeni
MONIUPEHHS PYXOMHX 30ypeHb y pailoHI AHTapKTHUKH, a TaKOX 3B 30K IXHBOT

re’epanii 3 aKyCTHKO-TpaBITAlIMHUMHU XBWISAMH B Tporocdepl; 3alexHICTh
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OCHOBHHUX TapaMeTpiB KX 30ypeHb BiJ C€30HY POKy Ta udacy no0u. [losicHeHHs
¢i3MuHUX MeXaHi3MiB TeHepalii MNOoAIOHMX eQeKTiB, sK 1 IXHBOTO 3B’SI3KY
3 KOJIMBaHHSAMH 1H(PaA3BYKy 3HAXOMAThCsA B mporieci po3pooku [138]. LlikaBum
TaKOXX € 3B’SI30K MK HIKHBOIO aTtMocdeporo i 1oHOocheporo 3emui mpu
JOCTIDKeHHI XapaKTepy TMOIIUPEHHS 3HAYHUX 3a aMIUNTYyA0l0 30ypeHb y

apKTUYHIN NOJIApHIM cTpatocdepi [139].

HITy4Hi xxepena

THonvomu naossykoeux nimakie. OQHUMH 3 TEpIIUX 1H(PPA3BYKOBUN BILTUB
JITaKiB, 110 MAOTh MIBUIKICTh HAa MOPSAOK BUILY 3a Us, BUBYAIU aBTOPHU POOIT
[107, 108]. ABTOopH 1ux poOIT BHBYAIM XBHUJIbOBI (OpMH, IO OYyJIH YTBOPEHI
BHACJIIJIOK MPOJIbOTY HaA3BYKOBOTO JiTaky «Concorde» y 165 kM Ha miBJIeHb Bij
o6cepparopii «Lamont-Doherty», mo B Hero-Hopky. Peectpanii mokasamm, 1o
ynapHa xBuiisi Mae N-00pa3Hy CTpyKTypy, TpUBaIICTh cUrHaily ckiana 230 mc, a
daykryamii THcKy mocsranu 105 Ila. 3amo3wueni 3 pobotu [108] pesympraTn
CIOCTepeKeHb 1HPPa3BYKy MokazaHo Ha puc. 1.4.7. 3niBa — yJlapHa XBWISI B 30HI

MPOJIBOTY, CIIpaBa — XBUJILOBA (pOpMa B «TIHHOBIM 30HI.

sonic-boom carpet
shadow zone ‘

Puc. 1.4.7 XBunboBi (hOpMH BiJT IPOSILOTY HaAIIBHIKICHOTO JiTaky «Concorde» [108]

[Tonanpin MOCHIPKEHHS 3 MUTaHb TeHepalii 1H(Qpa3ByKy HaA3BYKOBHUMHU
mitakamu npoBoguwin apropu [140, 141]. V nepuriii poOOTI miaAOUTO MIACYMKH
CIIOCTEPEKEHb aKyCTUYHUX XBWJIb BIJ] JIITAKIB, 30KpeMa BIJIMIYE€HO, III0 OCHOBHI
YacTOTH CHOCTEPEKyBaHUX XBWIb ckianganu Bix 0.5 go 6 I'i; oOuncieHo a3umyr
IPHUXO0JIy XBHJIb BiJ MOJILOTY «Concorde» 6 mororo 1995 p. HaBeaeHo 3anexHocCTi

BIJICTaH1 J0 Jokepena iH(pa3ByKy BiJ a3UMYTy, (a30Boi IIBUIKOCTI CUTHAIY BiJ
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a3UMyTy; BUKOHAHO TOPIBHSHHS IMX 3aJ€KHOCTEH ISl ABOX PI3HUX MOTINA —
nposiboty «Concorde» Ta BuBepkeHHS Bynkany [ekma. ABtopm pobotu [141]
npoaHaiizyBaid 1HQpa3ByKoBi koiuBaHHS Bix «Concorde» 3a J0OMOMOIOI0 BiKe
po3pobnerHoro Ha Tod MomeHT anroputmy PMCC (muB. miapo3min 1.5)
Ta o0uMcnuan (a3oBi mapaMerpu XBuib. CHUrHal peecTpyBaBcs 3a JIOMOMOTOIO
Mepexi Mikpobaporpadis, 1o Maiu aneptypy B 3 km. Curnan 6ysio o6po0ieHo 3a
JOTIOMOTOI0  cMyroBoro ¢imeTpa B mosioci wactor 0.02 — 4 I'm. Pesymbratn
HaBEJICHO 3 JCKUIBKOX KaHAIIB PI3HUX CTAHIIA Ta OOYMCIICHO X KOPEJSIIII0 3a 115
BUJIUICHHA KOpUCHOTO curHaimy Ha (oHi 3aBaa. KpiM Toro, Ha OCHOBI Bke
3rajlaHux pasinie poOiT Ta CTATUCTUYHOIO aHali3y OUIbII HIK 6 TUCAY MPOJIBHOTIB
«Concorde» Oymno moOymoBaHO Mojedi Jpkepena Ta atMmochepu, B SKid
nomuproBaBca 1H(Qpa3Byk. BCTaHOBIEHO Y3TrOKEHICTh MIK MOJEIUII0 Ta
eKCIIEPUMEHTAJIbHUMH CIIOCTEPEKEHHSIMH, a came: MOO0YyJ0BaHO TpPAEKTOpii Ta
OOYHMCIICHO MIBUAKOCTI MOMIMPEHHS XBUJIb, HABEJICHO MOPIBHAHHS OYIKYBaHOTO Ta
CIIOCTEPEKYBAHOTO  a3MMYTIB,  3pOOJIEHO  TOPIBHSHHSA  OYIKyBaHOI  Ta
eKCIIEPUMEHTAIbHOI IIBUIKOCTEH cTpaTOChHEPHO-TPOIIOCHEPHOTO BITPY ISl BECHU
Ta oceHi 1999 p.

Y Oimpmr cydacHii poGoti [142] nmoBeaeHo, IO PETyIspHI TOJBOTH
BEPTOJIOTIB HaJ TEBHOIO MUISHKOI MOXYTh CIPOBOKYBATH T€OJOTIYHI 3MIHU
JaHAmAdTIB 1 HABITh HEOE3NEUH1 PyHHYBaHHA KaM STHUCTUX 1 MIIIAHUX CTPYKTYpP
yepe3 CIIBMAAIHHS YacTOT 1H(PA3BYKy BiJ JIOMACTEH BEPTOJIHOTY Ta BIIACHHUX
4acToT ckensactux GopMm penbedy. BusiBieHo, 1o aMmmityga KOJIUBaHb Y
IPUPOIHIX i MITYYHO 30yPEHUX TAKMM YHHOM yMoBax 3pocrac B 10° pasis.

Cmapmu ma norvomu nomyxcuux pakem. TpuBanuii iH(pa3ByK BiJ 3aMTyCKiB
BEJIMKUX pakeT (IKCYIOTh 1 BUBYAIOTh 3 1957 p. 32 10MOMOTOI0 HU3bKOYACTOTHHUX
akycTuuHuX mpwiaiB. [lepeBaxkaroui mepionu iH(pa3BykoBux curHamiB — 0.1 —
2 'u. CurHanu MOXYThb TpylyBaTHCS Ha paHHI 3 HaJ3BYKOBOIO HIBUAKICTIO,
HOpMaJIbHI aKyCTHYHI 1 Ti3H1 (31 IBUAKICTIO, MEHIIOIO 3a MIBUIKICTh 3BYKY).

OnaHuM 13 BIJOMHX JOCTIIKEHb aKyCTHUHUX KOJIMBAHb BiJl CTAPTIB MOTY>KHUX

paker OyB 3amyck pakeTu «Saturn V», skuil BiaOyBcs 9 nmcromanga 1967 p.
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o 12 roguni 3a cBitoBuM yacom [143]. Peectpamis iHdpa3Byky npoBoguiacs B
1485 kM Bin micug 3amycky, B M. [lamiceitnc, CIIIA. Cnoctepiranocst Bi Tpynu
XBWJIb: Tiepina (TpuBaiicTio 10 XBWIMH) NPUHIIUIA 10 TOUYKH CIIOCTEPEKEHHS Yepe3
70 XBWJIMH MICHS CTapTy pakeTu, Apyra (TpuBaiicTh — 9 xBuiaMH) 3adikcoBaHa
yepe3 81 xBuiIMHY miciis ctapTy. [lepina rpyna curHamiB BiITHOCUTHCS O MOMEHTY
nigioMy pakeTu Ha BUCOTY 120 kM Haj MoBepXHEI0 3eMili.

[ndpa3BykoBuil curHan mepmoi rpymu 3apeectpoBaHo o 13:10:30 UT, 9
muctoniaga 1967 poky, apyroi — o 13:21:30 UT. 3akiH4eHHsS 3amucy OCTaHHBOT'O
iH(ppazBykoBoro curnamy 3adikcoBaHo o 13:30:30 UT. MakcumanbHa amriTyaa
nepmoro curHany ckimana 1 Ila, gpyroro — 2 Ila. ®@yp’e-aHam3 mnokasas,
10 TepioAr JUIs CUTHATIB MepIIoi 1 Apyroi rpyn piBHi BianoBigHo 10 1 7 c¢. Inmm
napameTpu [3 curnaiB Bin 3amycky paketu «Saturn V» HaBeseHi B podoTax [144-146].

Po6ota [20] imrocTpye noCHiJKEHHs Bapiallii 3ByKOBOT'O THCKY BiJl TPbOX
3ammyckiB paketoHocis Falcon 9. YcraHOBIEHO BUCOKMN CTYMHiHB KOPENSIT MIXK
TphOMa 3aMyCKaMH PaKETOHOCIs, 3A1MCHEHOr0 B Pi3HI YacH JI0OM Ta MOPHU POKY.
[TinTBEpXKEHO MOLIUPEHHS aKyCTMYHUX 30ypeHb TUCKY Ha rjoOaibHI BiJCTaH1
IpoTATOM 0€3MOCepeIHhOTO CTApPTy PAKETH, a TaKOXK BiJOKPEMJICHHSI TOJOBHOTO
JBUTYHA Ta JPYyroi CTymeHl pakeTu. Pe3ynbTaT MIATBEPIKEHO HE JIHIIE
CTaTUCTHKOIO 3a KIJIBKICTIO CTapTIB, a ¥ 32 JAHUMHU 3 PI3HUX MTyHKTIB BUMIPIOBAHb.

Aptopu [147] 3i6panu indopmamiro npo 1001 3amyck paker i3 27
KOCMOJPOMIB CBITY JJIi BCTAHOBJICHHS €MIIIPUYHHMX 3aJICKHOCTEH EHEeprii TATh
PAKETOHOCIIB Bil aMILUNITYAN aTMOC(PEpHHUX 30ypeHb THUCKY, SIKI CTBOPEHO LUMHU
THKEepEeTaMH.

KonexTrBoM aBTOpIB HINEPIAHACHKUX YCTAaHOB JIOCHIIKEHO 1H(Pa3BYKOBI
edexktu Big ctaptiB paker KHJP y 2009 Ta 2017 pp. Ha rnobansHux (moHazg 4,5
THC. KM Bifctanax) [148]. YcranoBieHO, 110 aMIUTITyad Bapiamid THUCKY IS
pI3HHMX CTaHIlii ri00anpHOI Mepexi BapitoBaimca B Mexax 0.01-0.7 [Ta, a
3HAQYCHHS BJaBaHUX IIBUAKOCTEH OyiIM HAOMMKEHI 10 IIBUJKOCTI TOIIUPEHHS
3ByKy B moBiTpi Ta ckimananu 330-342 m/c. [loOymoBaHo HaiOIBIT WMOBIpPHI

TPAEKTOPIi MOIIMUPEHHS 1HPPA3BYKOBUX XBUJIb Y3JIOBXK MLUISXIB MOMIMPEHHS IS
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POCICHKHMX, MOHTOJILCBKHX, SIMIOHCBKHX 1 aMepukaHChbkux craHIii [148]. Ha
puc. 1.4.8 3ano3udyeHomy 3 11i€i poOOTH, HABEACHO pPe3yibTaTu OOPOOKU MacHUBY
nanux Juis 3amycky pakeru KHJIP 5 kBitas 2009 p. OCHOBHUMHM € 4YacoBi
3aJIEKHOCT]I yAaBaHO! IIBUAKOCTI, 3BOPOTHBOIO a3MMYTy, AMIUNTYAU Bapiarii
TUCKY Ta YaCTOTHU CIIOCTEPEKYBAHUX CUTHAIIIB.

[HIm mpukiIagM CTapTiB pakeT Ta aHai3y aKyCTUYHUX CHUTHAIIB BIJ HUX
PO3TIITHYTO B MOHOTpadii [2].

Aoepni sunpooysanns. Ctanom Ha 2017 p. OJIHIEIO 3 HAUTOCTPIIKX MPOOIEM
B CBITI € PO3BHTOK Ta BIOCKOHAJCHHS sAepHOi 30poi. MacmTabHi mia3eMHl Ta
HAJ3€MHI BUIPOOYBaHHS LBOrO BHUAY 30poi Maibke MIBTOpa JecATKa POKIB
npooauTh KHJIP. HacnigkoM mepiivx € mTy4dHi 3eMJIETPYCH, IO MOPOIKYIOTh
iHpa3ByKOBI XBWIIi. 30KpemMa, B poOoTi [84] omucaHo pe3ylbTaTh CHOCTEPEKEHB
aKyCTUYHHUX CUTHAJIIB Ha 1H(PPA3BYKOBUX CTAHIIINX, 10 po3TamoBaHi B [liBgeHH1
Kopei, Anonii Ta Pociiicekiit @enepamii. s npukiany, anaparypa KOpeucbKoi
1H(pa3BYKOBOI MeEpexki, 10 peecTpyBajia Ii CHUTHAIU, BKIOYaTIa HATIYTIWBI
MIKpO(hOHHU, aKyCTUYHI TaTYUKU Ta CEHCOPHU, PEAYKIIHHI CUCTEMH, IO MO€THAH]
MDK COOOI MOPUCTUMHU HUIAHTaMH, K1 3MEHIIYIOTh IIyM BIJ BITPY. XBHUJIEBI
dbopmu, 10 OYyJI0 3apeeECTPOBAHO OJHIECIO 3 1H(PA3BYKOBUX CTAHINM IIi€l MEepexki —
KSGAR — naBeneHo Ha pucynky 1.4.9. Sk 1 y BUnajgKy 3 3emyieTpycom, 6a4mumo, 1o
OPUCYTHI OApa3y Kulbka Tpyn 1HQPa3BYKOBHX XBWJb: Meplla — JIOKAJIbHUN
iH(Dpa3Byk, JOpyra — BIIOUTHUN BiJ 3€MHOI TMOBEpPXHI 1H(PPA3BYK, OCTAHHI —
1H(pa3BYyK, 1110 HAIIUIIIOB 3 €MIEHTPY BUOYXY. 3 pUCYHKY BUJIHO, 1110, HAITPUKJIIA/,
HIOKHSI TIAHENb TI0Ka3ye pe3yNbTaTh CIOCTEPEXEHb 3a TPETIM MiJ3eMHUM
BunpoOyBanusmM B 2013 p. Yac 3ami3HEHHS MDK MOMEHTOM BHUIPOOYBaHHS Ta
IPUXOJAOM OCTaHHbBOI, PEJIEEBCHKOI XBUJI, BapitoeTbest Mix 1114 Ta 1186 c
(MOMEHTH TIPUXOAY MEPEIHBOTO Ta 3aJHHOTO (DPOHTIB BIAMOBIAHO), MIBHAKICTH
MPUXO/Y, BiJIMOBITHO, CTAHOBUTH 3HAYCHHS M1k 256 10 273 M/c.

TakuM 4YHHOM, BHINE PO3TJISHYTO aHaNi3 JaHWX Ha3eMHUX BHUMIipIOBaHb

Bapialliii TUCKy, OTPUMaHUX 37eOUIBIIOTO 3a JOMOMOTrow Mikpobaporpadis ado
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Puc. 1.4.8 Pesynbratn oOpoOkM MacuBy naHux nansi 3amycky pakern KHJIP
5 kBiTHA 2009 p. CroBIIl NMOKAa3ylOTh Pe3yJbTaTH UJIi MACHBY 31 30UIbIICHHIM
BIJICTaHI BiJ JUKepesa, ToOTo 37iBa Hamnpaso (a) 145RU, (b) 130JP, (c) 144RU ra (d)
I53US. Tlo psimkax moka3aHO YacoBi 3alIeXHOCTI TapaMeTpiB iHPpPa3ByKy Ha
CTaHIlISIX CBITy. 3HW3Y Bropy HaBeJEHI: 4YacToTa, aMIUIITy/la HaWKpamux
peecTpalliiif, 3BOPOTHUM a3uMyT 1 BUAMMA WIBUIKICTB. [lapameTpu mo3HavyaroThes
curHai/mrym.  Haiikpammii  npominb

KOJHOPOM  SIK  (DYHKINS  BIJHOIIEHHS

MIBUIKOCTI

pPO3pAaXOBYETHCA Uil  3BOPOTHOIO a3uMyTa Ta BUIUMOI pu

MaKCHMaJbHOMY BiHOIICHHI curHa/myMm [ 148]

HAIUyTIMBUX MikpooHiB. Bapro 3ayBaxkuTtH, MmO mid peectpauii (i3UUHUX
edeKTiB BiJi BHUCOKOCHEPTETUYHUX 1 KaTacTpO(MIUHUX SBUII Pi3HOI (Pi3UUHOI
OpPUPOIM MOXKYTh BUKOPHCTOBYBATHCh PI3HI YCTaTKyBaHHS Ta oOOJaJHaHHS,
30KkpeMa M TepecyBHI OopToBI MexaHi3mu (AuB., Hampukian, [149, 150]).
Pesynbratu aHamizy JaHUX BUKOPHCTOBYIOTHCS [UJIsl BUSIBICHHS OCOOJIUBOCTEN

MOIMPECHHA pa)liOXBI/IJ'IB AK HHU3BKOYAaCTOTHOI'O, TakK 1 AYKE BHCOKOYACTOTHOT'O

J1arna3ony.
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Pucynox 1.4.9 Pesynbratu crioctepexens iH(pa3BykoBrx curHaiiB 31 cranili KSGAR,
posramoBaniid B [liBnenniii Kopei. 3miBa BKa3aHO pIK, y SKUI 3[1ICHIOBAIOCH SIIEPHE
BUTIPOOYBaHHS, Ta METO/IMKA, 32 SIKOI0 BUsBIsUTMCS edektu Bin 3emierpycy (PMCC —
Big Progressive Multi Channel Correlation) [148, 149, 150-152]. /o BUXigHHX JaHHX
MOTIEPEHBO OYJI0 3aCTOCOBAHO CMYTOBY (UIBTpallif0 B Jiama3oHi Big 2 jgo 71T

KonbopoM mokazaHuii a3uMyT, 3a SIKHM 3apEECTPOBAHO TPHXIJT XBUIIb [84]

Bapro 3a3HauuTH, MO0 OKPIM TPaJMLIMHUX 3acO0IB 1 aJITOPUTMIB OOpPOOKH
CUTHAIIB Oy/b-SKOTO THITY, SIK OT CIICKTpaJIbHUI aHaI3 abo nepeTBOpeHHS Dyp’e,
JUTsl 1HPa3BYKOBUX CUTHAJIIB BUKOPUCTOBYIOTHCA CIELIAIbHI METOAH 0OpOOKH 3a
JIOIOMOTOI0 BY3bKOMPO(IILHOTO MPOTPaMHOr0 3a0e3MeyYeHHs. 3 OCHOBAMU Ta
NpUKIagaMH  JEMOHCTpalii poOOTH TakuX METOAIB MOXKHA O3HAHOMHUTHCH

B poOoTax aBropiB [151, 152] Ta HU3MI TepepaxoBaHKUX BUIIE POOIT.

1.5. BucHoBku 10 po3ainy 1
Jlxepen iHGpa3ByKy ICHye TOPIBHAHO HeOarato, IO TOSCHIOETHCS
HU3BKOIO YaCTOTOI Ta BEJIWKUM 3HAUYCHHSM JOBXKHUHM XBWIi. J[epena 3ByKy
NOAUISIIOTH, HA MpUPOAHI Ta MmTy4Hl. Jl0o MOpUPOIHIX JOKEpen HaleXaTh:

reOKOCMIYHI Oypil (BUCHUTIAHHS EHEPTiMHUX YaCTHHOK, TOJIAPHI CsAiBa 1 T.IL.),
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MOPCBKI IIITOPMH, 3€MJICTPYCH, BHUBEP)KEHHS BYJIKAHIB, 3XOJPKCHHS JIaBUH,
MiKpoOapoMHu, TOTYKHI TPO30BI pO3psAU, MPOJBOTH Ta BUOYXH METEOpOIdiB Y
atMocdepi 3emiii. JIo TEXHOTEHHHUX JKEPEN BIIHOCATBH: MOTYXKHI BUOYXH, CTapTH
Ta MOJHOTH KOCMIYHUX amapaTiB, MaJiHHSA KOCMIYHOTO CMITTS Ta CTYIICHIB pPakKerT,
yAapHi1 XBWI1 BIJI JIITaKiB, 0 PyXarOThCS 3 HAA3BYKOBOIO IIBHAKICTIO, BUOYXH SIK
HACIZIOK XIMIYHUX Ta SIIGPHUX BUIPOOYBaHb K Ha MOBEpXHI 3emull, Tak 1 B il
000JIOHKAX.

2. CnocrtepexeHHsl 32 4YaCOBMMH BapiallisiMU THCKY B 1H(GPa3BYKOBIH XBHIII
notpebye BUKOPUCTaHHA HAAUYYTIMBOI amapartypu, 30KpeMa, MiKpoQoHIB Ta
MikpoGaporpadis, o MaroTh uyTauBicTs He ripme 103-10* ITa/B. Kpim Toro,
JATYMKW I CIOCTEPEKEHHS 3a BaplalliiMU THUCKY MOBHHHI MaTH CKJIQJHY
KOH(]ITrypallito Ta BpaxoOByBaTH reorpadiyHi Ta KJIIMaTOJIOTi4HI OCOOJMBOCTI,
XapaKTep CUTHAIY, SKUU PEECTPYETHCS, 1HII (DAKTOPH, MOB’SA3aH1 3 MOTPATUITHHIM
B CIIEKTP CTOPOHHIX 3aBajl BiJ I1HIIMX JoKepen iHGpa3ByKy U arMocdepHux
HEOHOPITHOCTEH.

3. Hns BusBieHHA 1HGPA3BYKOBHX CHUTHATIB JOLLUIBHO MPOBOJIUTH
KOpeJsliiiHy oOpoOKy 3a YacTOTOK, MIBUAKICTIO Ta HAMNpsIMOM TOIIMPEHHS
1H(ppa3BykoBoi xBwii. [lomambiry oOpoOKy cCilijg MPOBOAUTH 3a JIOMIOMOTOIO
CMYTOBUX (QIIBTPIB 1 CHEKTPATHHOTO aHAII3Y.

4. Jlns TEopeTMYHOro OINHCAHHS MOWUpPEeHHs 1H(Qpa3ByKy B arMmocdepi
BUKOPHCTOBYIOTh IIPOMEHEBE Ta XBWJIEBOAHE HaOmwkeHHs. llepuie 3pydHO
BUKOPHUCTOBYBATU Ha BIJJTHOCHO HEBEJIMKUX BIJICTAHAX (COTHI KUIIOMETPIB), APYre —

Ha OUIBIINX BIJCTaHAX.
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PO31J1 2. CTATUCTUYHI XAPAKTEPUCTUKHU

METEOPOIIIB Y ATMOC®EPI 3EMJII

AKTyaJlbHICTh BKJIIOYEHHS IIHOTO PO3AUTY OOrpyHTOBaHa HEOOXIIHICTIO
JOCTIPKeHHST MacUBHUX KocMiuHMX TUT (miamerpom d > 10 M), sKi € BaXKJIMBUM
JDKEepenoM iHPpa3ByKy Ta MOKYTh CTAHOBUTH HEOE3MEKy I iCHYBaHHS JIFO/ICTBA
(muB., Hampukiaa, [153-156]). Meroo 1LOr0 pO3AITy € BCTAHOBJICHHS
EMITIPUYHHIX 3aJIKHOCTEH YaCTOTH MaJiHh KOCMIYHUX TiJT B 3aJICKHOCTI Bij| TXHii
napaMeTpiB, a TaKoXK reorpadiuyaux koopauHart. [lomepeaHi 10CiKeHHS UPOKO
IPOBOJAMIIUCH 3aKOPJAOHHUMH OpTaHi3alisiMH Ta 1IHCTUTYyTaMu (IHB., HaIPHUKIA,
[153]).

PesynbTaTi 1150T0 PO3/iTY ONMYyOIiKOBaHO B poboTax aBTopis [157-160].

2.1. 3araabHi BizomocTi

JIJ1st CTaTUCTUYHOTO aHai3y BUKOPUCTOBYBAJIaCh 0a3a CIIOCTEPEKHUX JaHUX
HACA [161]. Bona oTpumaHa 3a JIOIIOMOTOIO TJ100aIbHOI CYITyTHUKOBOI CHCTEMHU
KOHTPOJIIO KOCMIYHOI'O MPOCTOPY, SKy Oyiao pospobneno B CIIA [162]. 3a
JIOTIOMOTOI0  1H(PpauepBOHUX JATYMKIB CHUCTEMa JI03BOJISIE BUSIBUTA CBIYEHHS
MiHiacTepoiniB i3 eHepricro cBideHHs E, me menme 3a 2-10%° J[x i muromoro
NOTYXKHICTIO JpKepena BHUIpOMiHIOBaHHA He Menme 3a 10° Br/crep. Ilum
napamMeTpaM CBIUYEHHSI BIAMOBIJIaI0Th MIHIMAIbHI PO3MIpH KOCMIYHUX T1J OJM3BKO
0.3 M — 1 M y 3aneXHOCTI Bif iX CKaay Ta 006’€MHOI T'yCTHHHU.

VY 6a3i manux 3a 1994 — 2016 pp. € B HasiBHOCTI 693 BUManku peectpartii
sickpaBux Oouinis. Emepris E, npu mpomy 3minroBanack Big 2-10%° Jx (Bckoro
18 punankis) mo 3.75-10% Jx (1 Bumagox — BTOprHeHHs Yensa6iHCHKOTO
KOCMIYHOTO Tija).

Sx BUSBUIIOCH, IMIIIBHICTH PO3MOJAUTY MAJAl0YMX KOCMIYHHUX TIJI 1CTOTHO
3ajiekana Bij reorpadivyaux koopauHat (puc. 2.1.1). I3 puc. 2.1.1 BugHO, 110
HaWOUIbIIA TIUTHHICTH MaJia Micile moOau3y reorpadiunoro exparopy. Ilo mipi
BIJIJIAJICHHS BiJl €KBATOPY IIUIHHICTh MOMITHUM YMHOM 3MEHIIIyBasiacs. JlOBroTHuit

po3moai 0yB OJM3bKUM JI0 PIBHOMIPHOTO.
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3a iHTepBal yacy, SIKUil JOPIBHIOBAB 23 pOKaM, CIOCTEPIrajJoch BTOPTHEHHS
no armochepu 3emiai He MeHme 693 kocmiuHmx Tima. (Jleski BHSBIICHI Ha
cynmyTHUKax meteopoinu 3a 3asBoro HACA B 0a3i gmanux BiacyTHi). CepenHe
HIOpIYHE YHMCIIO MOMAIM 3a TaKoi CTaTUCTHKU € Onu3bkuM 10 30, peasbHO BOHO
Oys0, BOYEBHZb, JACHIO OUIBIIMM. SIKIIO BHUKIIOUUTH IITUPOTHY 3aJICKHICTD,
TO BUSBIAETHCS, LIO0 TYCTHMHA PO3MOAUTY NaJalouyuX TUI y cepeaHboMYy Oyje
He3MiHHOI0 — 6iu3bko 0.06 rox* Ha miomy 1 MiH KM%, TOOTO HA IUIOMII, OIU3bKIH
a0 Teputopii VYkpainu. [3 ypaxyBaHHSM IIHUPOTHOI 3aJI€KHOCTI TYCTHHA,

HaIpukiIaa, Ha mupoTi 60°, BABIUI MEHIIA, HI’K HA €KBATOPI.

. .
.
. .
.
.t
L) .
H .
i L L) P i
.
« * -
o AdHA e -
- . ' 1
. o . . “ .
CEBEPHAS o * o EBF 8N4 e O * e .. . LAl S
sVERHSY o .. s % . ®ots “e
. J] - L .
L 0% 9,%, o & WS L) v
& o .i.' e % s @ . ® (] W e
e - 8 o2 s ® > . (] (] sse o
. . ... ..ﬂuf.n’i. S e, ® e & o
. . - (1 L) *
L ] . (] ¥ . l= .‘ () .

. L] -
o o PIEPHKA .

5

.
Y5 0 . L
e e . ° %

&

- H
e 8 e 8 s Mo .
e e e o 3% 9° = AKEA AR S .
. .. at 5 o 8 IKEAHNS o
. . ¥ L] . 's 0 . i
20 o . g, e R it O .
] . . : L
. . a )
. UL .:i .0, ..I" O o8 " o
. i »
o * o L) ) L] ."'-' 0 '.
. [
2 e . L
0 O o
. . LI RN %
L} . .
. . .
e .
. . .
SIHTAPKTHKA .
.
. .

Puc. 2.1.1 Po3noai Micip MajaiHb KOCMIYHUX TiJ METPOBOTO PO3MIPY 3E€MHOIO

KYJICHO.

2.2. Pe3yIbTaTH CTATUCTUYHOIO AHAJI3Y

3ajiesKHICTD YHMcJIa MOiN B eHeprii CBiYeHHs.

OCKUJIbKY €Heprisi CBIUYEHHS PI3HUX KOCMIYHHUX TiJ 3MIHIOBAJIAach OLIBIIE HIXK
Ha yotupu nopsaaku (ixg 2-10'° no 3.75-10% JIx), a umcno ix nagiHe — GiabLI Hixk
Ha JIBa TOPSAKH, 3aJ€KHICTh YHMCIa TMOAINM BiA iX eHeprii CBIYEHHS JOIIBHO

NPEJCTaBUTH B Jiorapudmiunomy Maciuradi (puc. 2.2.1). 3 puc. 2.2.1a BumHO, 1110
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3aJIeKHICTD JIoTapudMy YKciia MoAi BiJ Jorapudmy eHeprii CBIY€HHS KOCMIYHUX
T y mepuioMy HaOMMKEHHI MOXKe OyTH ampOKCHMMOBAHO MpsiMOIo JiHiew. [Ipu

ObOMY aAIIPOKCUMYIOUC piBHHHHH Ma€ BUT'JIA O

lgn=- 0.6875IgE, + 1.1153.

lgn - lgn -
g \ a gn

oy

20 1535 10 -05 0.0 ] 10 128 - 2 -1 0 1 lgE
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\\\\
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Puc. 2.2.1 Posnonin norapudmy dmclia BUMAIKIB 3a Jorapudmom eHeprii
BunpomiHtoBanHss (B TJIk) KocMmiuHOTO Tijla (3arajbHE YKCIO BHUIIAJKIB
N=693): a — ampokcuMmallisi CTEINCHEBOI  3aleXHICTIO  Ign =—
0.6875IgE, + 1.1153; R~ 0.9588; o ~0.2007; 6 — ampokcumaillis MOJiHOMOM
tperboro  crenento  lgn = 0.1944Ig°E, + 0.0720IgE, — 0.9781IgE, + 1.0939,
R~ 0.9763; 6 ~ 0.1649; ¢ — anmpokcumallis HopMajabHUM 3akoHOM: Ign = 2.0684-
-exp(-0.5((IgE, + 1.4972)/1.3417)?), R ~ 0.9747; ¢ ~0.1639; 2 — anpokcumaris
creneHeBuM 3akoHoM: Igh = —0.4368IgE, + 1.0888; R ~ 0.8083; o ~ 0.0504

[Tpu mpomy koedimienT moctoBipHOcTI R =~ 0.9588. 3nauenns E, maroTecs

B TEPAIKOYJIAX.



62

3anexHicth Ign Bix IgE; Takoxx MOXXKHA anmpOKCMMYBATH MOJTIHOMOM TPETHOI
crerieHi (puc. 2.2.16) abo HopManbHMM 3akoHOM (puc. 2.2.16). BianosimHi

arpoKCHUMAaIlli MatOTh BUTJIS/I;

lgn=0.19441g° E, +0.07201g” E, —0.9781IgE, +1.0939, R ~0.9763,
lgn =2.0684exp(—0.5((Ig E, +1.4972)/1.3417)%), R=~0.9747.

Tyt Er TakoX BUMIPIOETHCS B TEPAKOYIISIX.

3aj1e:KHICTh YHCJIa MOAIN Bi CKJIAJ0BUX HIBHAKOCTI.

CymnyTHHKOBa CHCTEMa BHUMIpIOBajla TPU MPOEKINT MOYATKOBOI IMIBHIAKOCTI
KOCMIYHOTO Tina (vy, vy 1 v;) y 145 Bumagkax. [Ipy oMy BHKOPHCTOBYBAJIACh
JIeKapTOBa TEOIEHTPUYHA CHCTeMa KOOPAWHAT, y siKii Bich OZ cripsMoBaHa B30BXK
Bici oOeptanHs 3emui a0 [liBHIYHOTO TOMIIOCA, OCh OX JIEKUTh B €KBaTOpIalbHIN
IJIOIMMHI 3eMini Ta CIpsSMOBaHA 10 HYJIhOBOTO MepujiaHy, a och OY yTBOPIOE
npaBy TPOMKY BIANOBIJHUX BEKTOPIB.

3aNeXHICTh YMCiIa BUIAJIKIB Bl MPOEKIIN MIBUIKOCTI Ta MOYJISI IIBUIKOCTI
mokazaHo Ha pwuc.2.2.2. 13 pwuc.2.2.2a BuIHO, [0 3HAYCHHS Uy 3a3BHYAN
sMmiHIOBaJIMCch Tpubam3Ho Bim —20 kmM/c go +20 km/c, a cepeaHE 3HAYCHHS
v_xz6.9 kMm/c, o~6.0 km/c. Jlume B ACKUIBKOX BHUIAIKaX 3HAYCHHS Uyx OyIu
omu3bki 10 —30 Km/c.

[Ipubnu3HO B TakWX K€ MeEXax 3MIHIOBAIUCH 1 3HA4eHHS Uy 1 U; (OuB.
puc. 2.2.26, ). Ilpn 1upomy v_yz9 km/c, o~101xkm/c, a v, ~12 xm/c,
6 ~10.0 xkm/c. Y nBoX Bumaakax 3Hau4€HHS vy gocsraiu npubiamnsHo —40 km/c.

3aJIe)KHICTh YnciIa TOMIA BiJl MOMYJS IIBUAKOCTI ¥ TIOKa3aHO Ha puc. 2.2.2e.
I3 pucyHka BUAHO, IO 3HAYCHHS U HaWYacTille 3a BCE 3MIHIOBAIMCH B MeEXkKax

12 xm/c — 20 xM/c, ane B 1BoX BHnajakax gocsraiu 44.8 1 49.0 km/c.

3anexHicts N(v) MOXKHA AlIPOKCUMYBATH HACTYITHUM CITiBBITHOIIICHHSIM:
n(v)=a(v-1v,) e, (2.2.1)
ne a~7.5073, b=0.3766, v,~9.193 xm/c. Jonamo, mo ampokcumaris (2.2.1)

cripaBeyuBa mpu v >11.2 xkm/c.
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Puc. 2.2.2 Posmoaun 4ucia BUMOAAKIB 32 KOMIIOHEHTAMH IIBHIAKOCTI Ta
MOZYyJIEM IIBUIKOCTI KOCMIYHOTO Tija (145 no1ii):
a —3a n(v,); 6 —3a N(v,); 6 —3a N(v,); 2 — 3a MOAYNEM HIBUAKOCTI n(|v|)

(cyuinbHa JiHisS — anpokcuMaltis 3akoHoM (2.1), R=0.9588, ¢ =3.0169)

3ajexHicTh YKMcia NoAii BiA BUCOTH 00/1aCTi MAKCHUMAJILHOIO CBiYeHHS.
Bucora o001acTi MakCHUMaJIBHOTO CBIYEHHS Oojga Zy € OJHM3BKOIO
JI0 BHUCOTH Maiike€ TMOBHOTO PYHHYBaHHS KOCMIYHOTO Tila Ta HOTO HaWOLIbII
IHTEHCHUBHOTO TaJIbMyBaHHS. 3alieXHICTh N BiJ Z; MOKa3aHO Ha puc. 2.2.3. BuaHo,
[0 BHCOTa 00JIaCTI MAaKCUMaJIbHOTO CBIYEHHSI 3MiHIOBajach MPUOJIU3HO Bij
15.2 xm 1o 74 kM, anre HaidacTime 3a Bce — Bijg 28 kM 110 40 kM. J[J1s1 OCTaHHBOTO

J1ara3oHy BUCOT 3arajbHe YMCio BUMAIKIB ckiano 150 abo 52%.

3alIeKHICTh n(zr) MOXHa alpOKCUMYBAaTH HOPMaJIbHUM 3aKOHOM:

n=524410exp(-0.5((7, ~33.6964)/8.1143)' .

3HadyeHH Z, Aar0Thcs B KM. HaliOuibin iMoBipHa BUcOoTa Oyia OJIM3BKOIO 0

34 kM, a ii cTaHgapTHE BIAXUIEHHS — 10 8 KM.
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Jlongamo, 110 HOpPMadbHUN 3aKOH TIOMITHO 3aHWXKY€ 3HAYCHHS N Mpu

z, > 48 xm. Ckopimie 3a Bce, 11e OB’ 53aH0 3 BiIMIHHICTIO B CTPYKTYPi KOCMI4HHX

TN, SKI migBeprHyTo pyhHyBanHo. [lpu z, <48 kM Tina, BodeBUIb, OyiH
, o o

Kam’sHuMH, a npu Z, >48-50 kM — apoasHUMH. MIIHICTH OCTaHHIX ICTOTHO

MEHIIIa MIIIHOCTI KaM SIHUX T1JI, a BUCOTa iX pyWHYBaHHS Ta CBIYEHHS — MOMITHO

OlJbIIIA.
M
30 4
40 -
0 -
20 4
10 - ]
T
EI T T T T T T
0 10 20 30 40 50 60 0z,

Puc. 2.2.3 Posmoxain 4mciia BHUOAAKIB 32 BHUCOTOK 00JacTl MaKCHMaJIbLHOTO
cBiueHHs1 KocMmiyHoro Tina (288 momiit). CyuinpHa JiHIA — aNpOKCHUMAIis

HOPMaJIbHUM 3aKOHOM n=>52.441exp {—0.5[( Z, — 33.8964)/8.1143]2} ,
R=0.9796, 6 =3.9168

3ajiexkHicTh BHCOTH 00J1aCTI MAKCHMMAJILHOTO CBIYeHHSl BiJl eHeprii
CBiYeHHS.

KopensuiitHe mosne «BUCOTa 00JaCTI MaKCUMaJbHOTO CBIUYEHHS — EHEpris
CBIUEHHSI 300pakeHO Ha puc.2.2.4. 3 1BOro PUCYHKY MOXHA OaduTH, IO
KopeJsiiist Mix Zr 1 E, € gemo GinbIoro B inTepBaii 3HaueHb IgE, Big — 1.7 o — 0.6
Ta 3Ha4YeHb Zy Big 26 1m0 42 km. HaliOuible 4yuciao Mol peecTpyBajiocs B

Jiarma3oHi BHCOT 26 kM — 42 KM, iM BiJIIOBiJIajla €HEPris CBIYCHHS MPUOINU3HO Bij

30 I'Tx mo 500 I'Ix.
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3asexHiCTh KBaAPATy MOYATKOBOI HIBHIKOCTI BiJl eHeprii cBiYeHHsI.
KBanpar moyaTkoBOi MIBHIKOCTI ¥2 KOCMIYHOTO Tijia € TMPOMOPIIAHUM HOTO
MOYaTKOBIM KiHeTH4YHIN eHeprii. Kopensiiiine mojie kBaapat MBUIKOCTI — CHEPTis

CBIYEHHSI HaBEJCHO Ha puc. 2.2.5. 3 puc. 2.2.5 BUAHO, 110 3HAYHA KOPETAIisA Majia

micne mpu > ~150 — 400 (xm/c)’ u E, ~30-500 I'Ix.

7 KM
»
-0_ “
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Puc. 2.2.4 Kopensiiiine moje “BrcOTa 001acTi MAKCUMAJIBHOTO CBIYEHHS (B KM) —
norapudm eneprii cBiueHHs kocmiunoro Tina (B T/Ix) (N=288 moiii)

Puc. 2.2.5 KopensauiitHe mnone “kBaapaT MOYaTKOBOI IIBUAKOCTI (B KM/C) —
norapudm eHeprii cBiueHHs1 kocMmiyHoro Tina” (B TJx) (N =145 noiit)
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2.3. O0roBopeHHs pe3yJIbTATiB CTATHCTUYHOI0 AHAJII3Y

Amnaimi3 puc. 2.1.1 mokasas, 110 3aKOH PO3IOILTY YKCIIa MaliHb KOCMIYHUX T
3a TOBTOTOIO OJMM3bKHIA 10 piBHOMIpHOTO. L{p0T0 1 Citijl OyJI0 O4iKyBaTH, OCKITIBKU
HEMa€ BUOKPEMJICHOT IUISIHKU TOBEPXH1 3eMIIi.

VY Toii ke yac 3aKOH PO3MOJAUTY YKciia MOJII 3a ITUPOTOI0 HE € PIBHOMIPHUM.
3a Miporo BiJIaJieHHS BiJ €KBATOpa YMCIIO MOJiN 3MEHIIYETHCS, 10 0O0YMOBIEHO
HE aCTPOHOMIYHMMH, a YACTO T€OMETPUYHUMU NMpUYMHAMU. Taka MOBEIIHKA Ma€e
IPOCTE TOSCHEHHS: BOHO IMIOB’si3aHE 31 3MEHILIEHHSM IUIONIl TOBEPXHI, SKa
NiABEpKEHA MaJIHHIO KOCMIYHMX Til1. ['eoMeTpuuH1 MipKyBaHHSI MOKa3yOTh, IO
I IUIOIIAa HPOMNOpLiHA COSY, J€ (¢ — IIMPOTa CHOCTEPEKEHHs O0iiia, sika B
MPOIIEC] MOJBOTY TiJIa 3MIHIOETHCS HE 3HAYHOIO Mipoto. JlificHo, uucio moAdii N
npomnopuiiine enementy miomi dS = 2nR?cosede, ne R — paniyc 3emuri.

3aJie)KHICTh 4YMCla TMOAINA BiA Jorapudmy eHeprii CBIYEHHS MOXe OyTH
anmpoKcUMoBaHa Hu3KOK ¢yHKUiM (muB. puc. 2.2.1). Haitbuiem Baanoro
(R = 0.9763) e momiHOMiajbHA ampOKCHUMAIlisl, MPOTE BOHA HE Ma€ HAOYHOTO
¢iznyHOTO TIyMadeHHs. Maibke Takwmii ke koedimieHT qoctopipHocTi (R = 0.9747)

Ma€ ampoKCUMAaIlisi HOPMaJbHUM 3akoHOM (cM. puc. 2.2.16). Uepe3 Besmke

cTaHAapTHE BiaxuieHHs (G, ~ 1.34), ske nopiBHIHE 3 ‘IgEr ~1.50, mpoMy 3aKOHY

TaKOXX Ba)XKO AaTH (pi3UYHE MOSICHEHHS, Xo4a 11 Hboro o =~ 0.1639 BusBuioch
MiHIMaJIbHUM.

Haii6inpIm npocTe TIyMadeHHS Mae cTerneHeBuit 3akon N~ E-*%" (nus. puc.
2.2.1a). Yum O1iBIIOIO € eHepris CBIYEHHS, TUM MEHIIUM € YHCIIO TaKUX T, SKI
MPOHUKAIOTH 10 atMocdepu 3emii. Y TOH Ke Yac YUCIO TUT 13 EHEprisiMu
Er~0.02 Txx — 0.13 T/)x mpu auckperi IgE, = 0.2 3anumiaeTbcsi MPaKTHIHO
HE3MIHHMM Yy [bOMY Jiama3oHi eneprid (N~ 100 mpu IgE,~ (-1.7) — (-0.9)).
BigHocHa momns Takux Tin ckiamae Omu3bko 67%. CremneHeBa ampoKCHUMAIIIS €

safgoBitbHOO Tpu  IQE = (1) — (+1), T006TO mpm E;~0.1-—10 T/Ix. Skio
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X auckpery 3MeHmuTH 10 0.08, TO MOXHa TOMITUTH JCsKe 3MEHIIEHHS Ign mpu
30ibmrenHi IQE, (puc. 2.2.12). Ipu somy Ign = —0.4368IgE,+1.0888.

AnpokcumMaliis 3aJIe)KHOCTI Yrciia MOAiN Bl MOIYJIS MIBUIKOCTI HOpMaJIbHUM
3aKOHOM HE € I[IJTKOM 33/I0BUIBHOIO, OCKIIBKH 1€ 3aKOH TIOTAaHO OIMHCYE PO3ITOILT
3a IIBUJIKOCTSIMH, SAKUN CIIOCTEPITaeThCs npu v <12 xkm/c
1 ocobmuBo mpu v > 25 km/c. 3akoH y BUrsAi cmiBBimHOmEHHs (2.2.1) He Mae
npoctoro ¢izuuHoro TiaymadeHHs. llle 3 OUIbIIMMU TpyAHOLIAMU CTHUKAETHCS
MOSICHEHHS AKUX-HEOYAb anpoKCUMAIliil N Bi Ux, Uy 1 U;.

3riapKyBaHH eMITIPHYHOT 3aJISKHOCTI N(Zr) HOPMAJTBLHUM 3aKOHOM € IILTKOM
npuitHATHUM Uit Zy = 20 kM — 48 kM. TloMiTHI pO301KHOCTI CHOCTEPITalOThCs SIK
npu Z; <20 kM, Tak 1 mpu Z, > 48 kM. Sk BxKe BiA3HAYANOCH, 1€ TIOB’S3aHO 31
3HAYHOIO 3MIHOIO TYCTUHH KOCMIYHUX TUI. Ha Bucotu z; < 20 KM MpOHUKAIOThH TiJia
MiJBUIEHOI rycTuHU. HaliMeHI MilfH1 00’ €KTH, K1, CKOPIII 3a BCE, CKJIAIal0ThCS
3 IOy, pYHHYIOThCS Ha BucoTax Oumbiie 50 km — 60 kM.

Kopemsiitne mone, HaBeaeHe Ha puc. 2.2.4, CBIIYUTH MPO MPHUCYTHICTD
IIOMITHOTO 3B 513Ky Mixk Z; 1 IQE;. IcHye Oinbiumii 38’30k Mixk 02 1 IgE;, To6TO MiX

KiHETUYHOIO SHEPTIEI0 Tijia Ta CHEePTi€r0 Horo cBiueHHs (puc. 2.2.5).

2.4. BUCHOBKH 10 po3aiiay 2

1. 3aKkoH pO3MOITY YHCHA MaJiHb KOCMIYHHMX TIJ METPOBOTO pPO3MIpY 3a
JIOBFOTOI0 € OJIM3BKUM JI0 piBHOMIpHOro. Po3mojin yucia majiHb 3a HIUPOTOIO
3MEHIIYETHCS TIPU 301IBIICHH] MHUPOTH, M0 OOYMOBIICHO T€OMETPUYHUMH, a HE
aCTPOHOMIYHUMHU MPUIHNHAMHU.

2. Yncno KOCMIYHUX T, K1 BTOPratoThes 10 atMochepu 3emil, B Jiana3oHi
enepriit ceiuenns 20 I'JIx — 150 I'JIx, 3anuimaeTbes mpakTHYHO HE3MIHHUM. Jloms
Takux TUT € Onu3bkoro 10 72%. Ilpu 30inbmienHi eneprii Bim 125 'J[x no

3000 I'I>x mpuitHATHUI CTENEHEBHI 3aKOH PO3MOILITY.
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3. bimpmricte (70.13%) koCMIYHMX Tijl Majia IIBHIKICTH MPUOJIU3HO Bij
12.5 kM g0 20 km/c. 3HaueHHS MBUIKOCTI Bix 45 kM/c 10 49 KM/C criocTepiraaoch
JIMIIE B IBOX BUIAJIKAX.

4. 3anexHICTh YWCIa KOCMIYHUX T, SIKI BTOPraloThcs N0 aTMocdepw,
B BUCOTH 00JacCTl iXHBOI'O MAaKCHMAJIBHOTO CBIUYEGHHS J100pe ampOKCUMYETHCS
HOpPMAaJIbHUM 3aKOHOM Y faiama3oHi BUCOT 20 kM — 48 kM. [ToMmiTHE BiAXUIICHHS Bij
IIHOTO 3aKOHY Ha BUCOTax, MeHIHUX 3a 20 kM 1 OUThIuX 3a 48 KM, TOSICHIOETHCS
CUJILHOIO BIJIMIHHICTIO TYCTMHHM T BiJ THUIIOBOi T'YCTHHHM, BJIACTHBOI KaMm’ STHUM
KOCMIYHUM TLJIaM.

5. KopensuiiiHe mosie BUcOTa 00J1acTi MAKCUMaIbHOTO CBIYEHHS — JIorapupm
€Heprii CBIYEHHS CBIAYUTH TMPO JesKe 3OUIbIIEHHA 3B’SI3Ky MDK IUMHU
nmapamMeTpaMe B Jiama3oHi BUCOT 26 kM —42 kM Ta IHTepBaji 3HAYCHHS
IgE; ~ — (1.7 - 0.6).

6. Cnoctepira€TbCsi JOCUTh BUCOKUN CTAaTUCTUYHHUHN 3B’SI30K MK KBaJapaToM

MOYaTKOBOI MIBUJIKOCTI KOCMIYHOTO Tijia Ta JIOTapu(MOM €HEeprii CBIYCHHSI.
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PO31J1 3. XAPAKTEPUCTHUKH IH®PA3ZBYKOBUX XBUJIb,

3SrEHEPOBAHUX METEOPOIJIAMHU
VY 1upoMy po3aiT ONMHUCAHO Bapiallii XapakTepUCTUK 1H(PA3BYKOBUX XBUJIb
IpU MPXOHKEHHI Yyepe3 HecTallloHapHI cepeIoBUIIla Ha MPUKIIAAl MaliHb 1 BUOYXIB
YVHIKQJIBbHUX METEeOopoiniB. Pe3ynbpraTu po3naury omyOJIiKOBaHO B Mpalix 1 Te3ax

aBTopiB [163-172].

3.1 3anexHictb amMIUNTYyAH IHPPA3BYKOBHX XBWJb, 3IeHEPOBAHUX
TyHrycbKuM KOCMiYHUM TLIIOM

3aragabHi BizoMmocTi npo TyHrycbke KocMiuHe Tij1o.

TyHrycbke KOCMIUHE TLIO BTOPIJIOCH 10 atMocdepu 3emii Haa LlenTpaisHuM
Cubipowm y paitoni piku Iligkam’sua Tynrycka 30 uepsas 1908 p. o 00:13:59+0:08
UT. Koopaunatu emineHTpy BuOyxy Hactyndi: 60°53'09"'+6" no.m.,
101°53'40""+13" cx.a. [163, 164]. IlouaTtkoBa Maca Tija OIHIOETECA B 1 MT,
ereprisg BuOyxy 20 Mt THT — 50 Mt THT, Bucora Bubyxy — 6 km — 10 xm [163].
BuGyxoBa XBUIIS IpH3Bea J0 BMBay Jjicy Ha miomi (2150+50) km? [163, 164].
Ha Benukux BigJaJeHHSIX BiJ €MILEHTPY BUOYXY yAapHa XBUJIS MEPETBOPUIACH B
aKyCTHUKO-TpaBITALlliIHY XBWJIIO, 1H(pa3BykoBa YacTHHA SIKOT MiCTWJIa mepiogu |
Bim ~ 10 ¢ mo 3 xB—5xB [116]. Indpa3BykoBa XBWIS 3apeecTpoBaHa 23 €Bpo-
a31aTCbKUMU  BUMIPDIOBAJIBHUMHM TYHKTaMU 32 JIOIOMOIOIO ICHYIOUMX TOJI
mikpobaporpadis (tad:. 3.1.1). Tada. 3.1.1 nobyaoBaHo 3a gaHuMu 3 poOiT [133,
175, 176]. Biacranp Bix okepena iHGpa3ByKy 10 oOcepBaTopii I 3MiHIOBaJIach y
mupokux Mexax: Bix 0.49 Mwm o 5.8 Mwm. O6cepatopis [lotcaam 3apeectpyBana
gk npsamy (I = 5.1 Mwm), Tak 1 3BOpoTHIO (aHTHUNOigaNRHY) (I = 35 MM) XBUIIIO.
Ammnityna  THCKy Ap  iH(dpa3BykoBoi xBwii 3MiHioBajack Big 110 Ila
(r = 0.970 Mwm) no 11 1da (r = 35 Mm). B 1minomy 3anexuicte Ap(r) € maneko
HEMOHOTOHHOIO (AuB. Ta6i. 3.1.1), Mo MoB’s3aHe 3 OCOOJMBOCTSIMU TOITUPEHHS

1H(}Pa3BYKOBUX XBUJIb Ha Tpacax II00ATbHOT TPOTSKHOCTI.
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Tabmuis 3.1.1 BumiproBaibHi MyHKTH, Ha SIKUX PEECTPYBATUCH XBHIbOBI
dbopmu Big BuOyxy TyHrycekoro Tiia 3a marepianamu [133, 175, 176]

[TyHkT [upora JloBrora Bincrans, Hanpsam Ammutityna
peecTparii MM BUIIPOMIHIOBaHHS Ap, ITa
Kupencek | 57°47 mu.m. | 108°07' cx.x. 0.49 132° 73

Tynyn 53°33' ma.mr. | 100°22' cx.n. 0.83 187° 163

Typyxancek | 65°55' mH.m. | 87°36' cx.n. 0.9 314° 60
Onxon 53°03' mu.mr. | 106°54' cx.n. 0.92 159° 100
Ipkyrebk | 52°16 mu.m. | 104°19 cx.x. 0.97 170° 110
[Ticuana 52°15" mu.m. | 105°43' cx.a. 0.99 165° 66.5
byxrta

Tynka 51°45" mu.m. | 102°32' cx.n. 1.02 178° 96.5
Kabancek | 52°03' mu.m. | 106°39' cx.n. 1.03 162° 80

Kynryx 51°43' nu.m. | 103°44’ cx.x. 1.03 173° 36.5

Ilepesanbna | 51°44' mu.m. | 112°37' cx.n. 1.21 143° 3.25

Yira 52°02" ma.r. | 113°30' cx.n. 1.21 139° 26.6
Xaranra | 71°59' ma.m. | 102°20° cx.n. 1.23 1° 73

Cperencek | 52°14' mu.m. | 117°42' cx.n. 1.36 128° 106.5

CaHkT- 59°41' mu.m. | 30°29' cx.n. 3.74 3axin 18

[TeTepOypr
Cnyreek | 59°41' ma.m. | 30°29' cx.m. 3.76 3axin 15
Konenraren | 55°40" ma.m. | 12°30' cx.nx. 4.9 3axin 10
Bepain 52°32' ma.mi. | 13°25' cx.n. 51 3axin 15
52°32' mH.1m. 13°25' cx.m. 5.1 3axin 35.35
IloTrcnam
[ITneexon | 50°44' .. 15°43' cx.x. 51 [TiBgenHu# 3axin 15
3arpe6 45°49' ma.m. | 15°59' cx.n. 5.5 [liBnennnit 3axin 13.5
England, | 52°00' ma.m. 0°0’ 5.7 3axin 12.35
Composite
['pinBiu 51°29’ nH.11. 0°0’ 5.8 3axin 10
Ksro 51°29" nH.1I. 0°0’ 5.8 3axin 9.85
[Morcmam | 52°32' mu.m. | 13°25' cx.n. 35 Cxin 11.0

Ha >xanp, y mkepenax [133, 175, 176] He BKazaHO MOXHOKY BHMIpPIOBAaHb

amMIUTiTY M TUCKY. Ha et yac MmikpoOaporpadu 103BOJISIIOTH BUMIPIOBATH PIBEHb

TUucKy 3 noxubkoro nopsaky 0.01 ITa 1 memo menme. Cynsuun 3a QaykTyauisMu

TUCKY, Ha peecTpallisix, oTpuMaHux B o0cepBaropisx [lorcnam i I'pinBiv, moxuOka

BUMIpIOBaHb Oyna He ripmoto 3a 1 [la. Sk BugHO 3 Tabmumi 3.1.1, miHiManbHe

3HaueHHa AP B oOcepBatopisax Konenraren, Keto Ta ['pinBiu 0ysno 6ausbko 10 Ila,

TOOTO BIAHOIIEHHS CUTHAJ/IIyM ckianano mopsaky 10. B iHmmx oGcepBaTopisx

e BIAHOUIEHHS Oysio OIbIIKMM. BUKIIOUEHHS CKJIa/aloTh BUMIPIOBAHHS B ITyHKTI
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[lepeBanbHasi, It SKOTO BINHOIIGHHS curHan/mym Oyno Onuseko 3. Lli
BHUMIPIOBAHHS HE BUKOPHUCTOBYBAJIUCH MPU MOJAIBIIIIN 00poOIIi.

OOGmmupH1 BIIOMOCTI MPO OCOOJIMBOCTI MOIIMPEHHS 1H(GPA3BYKYy HaBEICHO
B MoHorpadisx [2, 116]. Ha BigcraHsx y HeKiibka COTEHb KiJIOMETPIB 4acTo
OOMEXKYIOTbCS TPOMEHEBU HaOMMkKeHHsAM. [Ipu 1[bOMy CHodaTKy MpPOMEHI
CIpsIMOBaH1 y Bcl OOKM BiJ JKepesna. Mae miciie cpeprdHa po301KHICTE PpOHTY

xBUJIl. YacThHa TMpPOMEHIB BiOMBaeThCs Ha crpaTtochepHux Bucorax (~40 km —

45kM), a wyacthuHa — Ha Bucotax Tepmochepu (~110 km — 120 km)
Ta TOBEpPTaEThCA A0 ToBepxHI 3emii. Ha BigmaneHHsX, OUIBIIMX 3a JEKUIbKa
COTEHb KIJIOMETpiB, MOCTYIIOBO IMOYMHAE TEPEBAKATH XBHJICBOJIHE MOIIMPEHHS,
AK€ OIHUCYEThCSA 3a JIONMIOMOTOK MeToAy HopMainbHux Moj [116]. XBumesin
yTBOpPEHO TmMOBepxHer 3emii # obnactio armocdepu (ctpatocdeporo ado
TepMoceporo). BHecok y eHeprito XBWJl B XBWIECBOJAI Ja€ B OCHOBHOMY
cTtpatochepHe NOMMPEeHHS. B XBUIEBOAI Mae Micle IUIIHIAPUYHA PO3OIKHICTH
¢ponty xBuii. OcnabiieHHs XBWJII BUHUKAE HE JIMIIE 32 PAXyHOK PO301KHOCTI i
dbpoHTy, ane ¥ 3a paxyHok 3aracaHHs. [lormuHaHHs 1H(PPA3BYKOBUX XBUIb 13
nepiogoMm T ~10-100c y mpusemHiii atmocdepi MOpiBHSIHO Majne. Tomy
3aracaHHs XBWJII TIOB’sI3aHE 3 HE1JICANbHICTIO XBUJIEBOJA Ta «BUCBIUYBAHHSIM)
YaCTUHU €HEprii NpH MOLIMPEHHI XBWII, I PO3CISHHAM Ha aTMOC(PEpPHHUX
HEOJHOPIAHOCTAX, JUCTIEPCIMHUM PO3IJIMBAHHAM XBUJIEBOTO TMakeTy. OcTaHHE
Oy70 1CTOTHUM, OCKIUIBKH 1H(GPa3BYKOBHM CUTHAN Bif TyHTYCHKOTO KOCMIYHOTO

Tia OyB HagmMpPoKocMyroBuM. KoedilieHT HaAmMpOKOCMYTOBOCTI MPHU Tmin =

10 ¢ 1 Tmax = 200 ¢ gopiBHtoe [177]:

o= 2@ ~181.
Tmax +Tmin

J171s By3bKOCMYTOBHUX MPOLIECIB L << 1.

Pe3yabTaTn aHasi3y 3aj1€2KHOCTI TUCKY Bijl BIACTaHi.
[3 ananizy BUKIIIOYATUCH JaHI BUMIPIOBAILHUX MYyHKTIB [lepeBanpHa (AP =

3.3 I1a), Yita (Ap = 26.6 ITa) Ta Kyntyk (Ap = 36.5 [1a) 3 aHOMaIbHO HU3bKUMU
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3HaYEHHSIMHU aMmIuTiTyau iHGpa3Byky npu r=<1.0-12Mwm. ¥V Toii xe yac y
BUMiproBaigpbHUX myHKkTax Kabancek (I~ 1.0 Mm) 1 Tynka (r = 1.0 Mm) 3HaueHHs
aMILTITYau ckiagamu om3bko 80 Ta 96.5 Ila.

Kopensiiiine mone «BicTaHb MK JKEpeIoM 1H(PPa3ByKy Ta MicHeM HOro
peectpanii ' — amIuniTyJla THCKY B 1H(pa3BykoBi XBwiIi ApP» HaBeACHO Ha
puc. 3.1.1. Tam e mokazaHo cHpoOy ampoKcHUmaIllii 3aKOHOM 31 Cc(epHUHOIO

PO30LKHICTIO (PPOHTY XBHUJIL:
Ap=76.46r", R~0.75, o©~29.7 Ila. (3.1.1)

Tyt 1 nani R — koedilieHT JOCTOBIPHOCTI, G — CEPEIHBOKBAAPATUYHE BIAXUICHHS
anpokcuMartii. I3 puc. 3.1.1 BuAHO, IO ampOKCHUMYyIOUYa 3aJICKHICTh 3aJJ0BIIBHO
OIKCY€E PE3yJIbTaTU CIOCTEPEKEHD, KPIM TOUKU 3 I' = 35 MM. JI111 yCYHEHHS LbOTO
HEOJIIKY 3aMpONOHOBAHO iHITY anmpokcumaiiro (puc. 3.1.2). [lpu upomy

Ap=65.66r"+11.3, R=0.77, o©=2951 Ila. (3.1.2)

KO BUKIIIOUUTH 13 PO3MVISIAAHHS TOYKY 3 I = 35 MM, TO anmpokcumanis Halyne

suriay (puc. 3.1.3):

Ap=76.44r", R~074, o©~304 Il (3.1.3)
Ap, Ila

¢
150}

a

100 2
50¢

0 10 20 30 v, MM

Puc. 3.1.1 3anexHicTb aMIUTITyIu THUCKY B 1H(Pa3BYKOBIH XBHJII, BUKIWKaHIN
BUOyxoM 1 mamiHHAM TyHTYCBKOrO KOCMIYHOrO Tula.  ANpoKcHMallis

3a 21 Toukoro: AP =76.46r",R~0.75, 6~29.7 Ila
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Ap, Ila

150

100 ¢

507

A

ﬁh .
0 10 20 30 r, Mm

Puc. 3.1.2 3anexHicTh aMIUTITYOu THCKY B 1H(QPa3BYKOBIM XBHIIi, BUKIUKaHIN
BUOyXOM 1 magiHHAM TyHTYCBKOTO  KOCMIYHOTO Tila. Ampokcumarlist

3a 21 Toukoro: AP =65.66r"+11.3,R~0.77, c~29.51 ITa

Ockinbku 3HaueHHsS R Ha puc. 3.1.1 — 3.1.3 € HeAOCTaTHHO BEIMKUMHU, & 3HAYCHHS
G, HaBMNaKW, MOPIBHSIHO BEJHKI, MNPEANPUHHATO CHpPoOYy HACTYMHOTO 3aKOHY
ociabeHHs aMILTiTYau iHppa3BykoBoi xBuii (puc. 3.1.4):

Ap=80.69r " R=~0.80, oc=~28.14 Ila. (3.1.4)

Sk BUSBUIIOCH, 3HAUE€HHS R 1 6 Ipy IbOMY 3MIHWJIMCh HE3HAYHUM YHHOM.

Jlami HamMaraTUMEeMOCh ypaxyBaTH 3MIHU XapakTepy Po301KHOCTI ()pOHTY XBHIIL.
[Ipn nommupeHHi 1HPPA3BYKy CHOYATKY OYIKyBajlach c@epuyHa po301KHICTh
GpoHTY XBWJII, a MOTIM — IMIIHAPUYHA PO3OLKHICTE PpoHTy XBuii. [Ipu mpomy

(puc. 3.1.5)
Ap =27.25r " +52.36r *°, R~0.79, o©~28.02IMa. (3.1.5)
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Ap, Ila

150}

100}

501

0 2 4 r, Mm
Puc. 3.1.3 3anexHicTh aMIUTITYOu THCKY B 1H(QPa3BYKOBI XBWIIl, BUKIUKaHIN
BUOyXOM 1 magiHHAM TyHTYCBKOTO  KOCMIYHOTO Tila. Ampokcumarlist

3a 20 Toukamu: AP = 76.44r*, R~0.74,6 ~30.4 Tla

[Ticnst BUKITIOYCHHS TOYKH 3 I' = 35 Mwm 3anexHicth AP(r) 3MiHWIaCh HE3HAYHUM

grHOM (puc. 3.1.6):
Ap =27.44r " +52.16r°°, R~0.78, o©~28791la. (3.1.6)

Jami cnpobyeMo ypaxyBaTH 3aracaHHs iH(pa3BykoBoi xBuii. [Ipu numiaapuyaHini
po30ikHOCTI ppoHTY XBHIII Maemo (puc. 3.1.7):

Ap=99.02r%%"*  R=x~0.83, ©~24.94 Ila. (3.1.7)
SIKI110 K BUKIIFOUUTH TOUKY 3 ' = 35 MM, Koe]ilieHT TOCTOBIPHOCTI anpOKCUMaIlii
JICIIO TOTIPIIUTHCS, OCKUIBKH G 301UTbIUThCS (pHc. 3.1.8):

Ap=99.02r%%°*  R=x~0.83, o~2547 Ila. (3.1.8)
Y Bunaaky cdepudHoi po30DKHOCTI (DPOHTY XBHJII 3a HAsBHOCTI 3aracaHHs
aMpPOKCUMYIOYa 3aJIC)KHICTh HaOyBae Burisiay (puc. 3.1.9):

Ap=87.18r"e ", R~0.68, ©~32.92 Ila. (3.1.9)
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Ap, Ila
150+
100t
50¢
1 RN
0 2 4 ) MM

Puc. 3.1.4 3anexHicTh aMIUIITyAH THCKY B 1H(pa3BYKOBIA XBWJI, BUKJIMKaHIN
BUOyXOM 1 magiHHAM TyHTYCBKOTO KOCMIYHOTO Tila. AmpoKcumarlis

3a 20 Toukamm: Ap = 80.69r %°"® R =~0.80,5~28.14 Ila

OO0roBopeHHs.

HepiBHOMIpHUI pO3MOAUT Yy TOPOCTOPI PEECTPYHOUMX MiKpoOaporpadis,
iXHIM HEBHCOKHU TEXHIYHMM pIBEHb, ICTOTHHUH BIUIMB METCOYMOB Ha Tpacil
MOIIUPEHHS 1H(PPA3BYKOBOI XBUJIl, BUHUKHEHHS YMOB Ui (DOKYCyBaHHSA Ta
neokycyBaHHS TPOMEHIB TMPHU3BIB JO 3HAYHOTO PO3KUAY TOUYOK Ha
KOpEJSIIITHOMY TOJi  «BIJCTaHb — amruntyga». lle 1CTOTHO yCKIIagHWIIo
anpokcuMariito 3amexHocti  Ap(r) mpoctoro Ta  (Pi3WYHO OOIPYHTOBAHOKO
dbopmysoro. BukIOUeHHS [aHUX CIIOCTEPEKEHh Ha BKa3aHUX BHIINE TPHOX
CTaHIIiSAX MPU3BOIMIIO JIO JACSIKOTO TOKpAIIeHHs] R Ta 0JTHOYaCHOTO 3MEHIIIEHHS G.

3anexHicth (3.1.1) moxkHa Oysio 6 BU3HATH 3aI0BIILHOIO, IKOW BOHA J1aBaJia
3HaueHHs1 AP nipu I' = 35 Mwm, sike Oyno 0au3bkumM 10 crioctepexxyBanoro (11 Ila).
HacmpaBni 3 (3.1.1) BumiuBae, mo npu I = 35Mm Ap = 2.21la, T06TO

anpoKCUMAIlisl 3aHWKYE aMILTITyly TPUOJIM3HO B 5 pasiB.



76

Ap, Ila
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Puc. 3.1.5 3anexHicTh aMIUIITyAX TUCKY B 1H(Pa3BYKOBIA XBWJIl, BUKJIMKaHIN
BUOyXOM 1 magiHHAM TyHTYCBKOTO  KOCMIYHOTO Tila.  Ampokcumarlist

3a 21 Toukoro: Ap =27.25r " +52.36r *°, R~0.79, 6~28.02 Ila

Anpoxcumanis (3.1.2) mpu r = 35Mm pmae Ap = 13,2 1la, mo € nmyxe
OJMM3BKAM JIO CIIOCTEPEKYBaHOTO 3HaueHHA. Hemomik ampoxcumarii (3.1.2)
MOJISITa€ B TOMY, IO TIPU F—»00 aMIUTITy/1a HE TIparde A0 Hyss. BiacyTHICTh maHuX
crioctepexenb mpu I Big 5.8 10 35 MM He 103BOJIsiE TIEPEBIPUTH KOPEKTHICTh
anpokcumarii (3.1.2), sika onucye chepudHy po301KHICTh XBWIIL MPH ii MOIIUPEHHI
B TI00ABbHUX MaciTabax.

Buxopucranns 3amexHocti  (3.1.3) He mpus3Bero 0  TOJMIMIICHHS
anpoKcuMaIi.

BiamoBa Bim cdepuyHoi po30DKHOCTI (GPOHTY XBHII Ta Mepexif
no anpokcuMaiiii (3.1.4) He mpu3BeaM 10 MOMITHOTO 30UIBIIEHHS KoedilieHTa
JIOCTOBIPHOCTI Ta 3MEHIIICHHS CEPeIHHOKBAIPATUYHOrO BiaxwuieHHsA. Kpim Toro,

anpokcumariis (3.1.4) e mae Gpi3UUHOTO TIIyMaYeHHS.
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Puc. 3.1.6 3anmexHicTh aMIUTITyAX THUCKY B 1H(pPa3BYKOBIA XBWJIl, BUKJIMKAHIN
BUOyXOM 1 magiHHAM TyHTYCBKOTO  KOCMIYHOTO Tila.  Ampokcumarlist

3a 20 Toukamu: AP = 27.44r™* +52.16r *°, R~0.78, 6 ~28.79 Ila

3anexnocti (3.1.5) 1 (3.1.6) mepenbayaroTh MOCTYNOBUN mMeEpexia BiJ
chepuvHOi 10 MITIHIPUYHOI po301KHOCTI PpoHTY 1H(Gpa3ByKoBOi XBuUiil. BHECOk
000X MEXaHI3MiB OClIa0JeHHS aMILTITyAu JyIs 3aiexHocTi (3.1.5) ctae ogHaKOBUM
npu Bizactasi o = 0.27 Mwm. Ilpu r < ry nepeBaxae chepuuna po30iKHICTh, a IPU
r>ro — mwiHIpuyHa po30ikHicTe. Hampukman, mpu r = 35Mwm 3 (3.1.5)
otpumaemo, 1o Ap = 9.6 Ila, 1m0 € JOCTATOTHLO OJIU3BKUM 0 CIIOCTEPEKYBAHOTO
sHaueHHs (11 ITa). Ilepexinm Bix 3amexnocti (3.1.5) mo 3amexnocti (3.1.6) He
MPU3BIB JI0 TOKPAIICHHS alpOKCUMAIIIl JaHUX CIIOCTEPEIKEHb.

3anexnocti (3.1.7) 1 (3.1.8) nmependadaroTh UHIIHAPUYHY PO30OIKHICT
(bpoHTY XBHJII Ta HasABHICTH 11 3aracanus. Sk BUIUIMBaE 3i criBBigHOIIeHHS (3.1.7),
KoedilieHT 3aracaHHst XBuil € 0nu3bkum j0 0.16 Mwm, a rmubuHa 3aracaHHs —
n0o 6.25Mwm. 3rigo (3.1.7) mpu r = 35Mm Ap = 0.06 Ila, mo 3Ha4YHO
BIZIPI3HIETHCS BiJl Pe3y/IbTaTiB BUMIipIoBaHb. Tomy 3anexnocti (3.1.7) ta (3.1.8)
3aJI0BIJTLHO ONHUCYIOTh PEe3YyJIbTaTH CIIOCTEPEKeHb jumie mpu I = 0.5 — 5.8 Mwm.

Hampuknan, npu r = 1 Mm maemo Ap = 74 Ila. biu3bke 3HaYeHHS aMILIITyId
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Puc. 3.1.7 3anmexHicTh aMIUTITyAX THUCKY B 1H(Pa3BYKOBIA XBWJIl, BUKJIMKAHIN
BUOYXOM 1 MaJiHHAM TYHTYCBKOTO KOCMIYHOTO Tiuia. Ampokcumaris 3a 21

TOYKOI0: AP = 99.02r > " R=~0.83, o©~24.94 Ila
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Puc. 3.1.8 3anexHicTh aMIUIITyAH THUCKY B 1H(pa3BYKOBIA XBWJIl, BUKJIMKaHIN
BUOyXoM 1 mamiHHAM TyHTYCBKOTO KOCMIYHOTO Tijla.  ANpOKCHUMAIls

3a 20 Toukamu: AP = 99.02r %°e " R =~0.83, 6~25.47 Ila
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Puc. 3.1.9 3aBucumoCcTh aMIIUTYIbl JaBIEeHUS B WH(PPA3BYKOBOW BOJIHE,
BBI3BAHHOM B3PBIBOM W MOaJ€HHEM TYHT'yCCKOTO KOCMHYECKOTO  Tela.

Amnmpokcumanus mo 20 Toukam: Ap =87.18r" e’ R~0.68, 6~32.92 Ila

Takum 4nHOM, 13 BCIX MEPEPaXOBaHUX ANPOKCHUMAIIIN TIepeBary ciij HaaaTu
sanexxHocTsam (3.1.5), (3.1.7) 1 (3.1.9). Ilepma 3 HHX, MOXIHBO, 3aJI0BLILHO
ormucye ApP(r) mms intepBany Bimcranedr 0.5 —35 Mwm. B ocHoBy ampokcumartii
(3.1.5) mnokmageHo mnpuUPOAHIO (I3UYHY YMOBY — IOCTYIIOBUH TEpeXil BiJ
chepuvHOi A0 UMIIHAPUYHOI po30ixkHOCTI ppoHTy XBUal. [Ipu 1IbOMY 3HAUEHHS
ro =~ 0.79 Mm npeACTaBIS€THCS IIJIKOM PO3YMHHUM.

B ocnoBy ampokcumamiii (3.1.7) 1 (3.1.9), axi cnpaBemiuBi B 1HTEpBai
Bijicranedd 0.5 Mm — 5.8 MM, mokiajeHi muiiHApUYHA Ta chepudHa po301KHOCTI
bpoHTYy XBWII Ta HasABHICTH i1 3aracanHs. [lpu oMy riamOWHA 3aracaHHs
MIPEJCTABIISAETHCS BEJIBMHU TMPABAOINOAIOHOI0 — OJM3BKOI0 70 6.25 MM 1 5.9 Mwm.
Anpoxcumariist (3.1.7) 6inbm ¢i3udHO 0O0TpYHTOBaHA, OCKUIBKM BOHA Tiependadae
HUAJIHAPUYHY PO3ODKHICTh, a OTXKE W OUIBII MpaBAONOJAIOHE XBUJIECBOJHE
NOIIMPEHHS Ha JOCTaTHbO BEJMKUX BIJJANICHHSIX BIJ JKepena 1HPpPa3ByKy

(r>1 Mwm).
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OcHoBHi  pe3yabraT. 1. 3a 1gaHUMU  €BpPO-a3iiChKOI  MEpexi
MikpoOaporpadiB moOy10BaHO KOpENALIiHE MOJIe «BIACTaHb — aMIUTITYyAa XBUIII»
Ta BCTAHOBJICHO, 1110 MaB MiCII€ 3HAUHUM pO3Ku TOUOK. [[puumH A 1bOro MOIJIo
OyTH JeKUTbKa: HEPIBHOMIPHICTh PO3MOJLITY PEECTPYIOUNX 1H(PA3BYKOBY XBHIIIO
MikpoOaporpadiB, HEBHUCOKI TEXHIUHI XapaKTEPUCTUKH IMPUJIATIB TOTO dYacy,
PO30DKHICTh METEOYMOB Ha TpacaxX MOIMPEHHS 1H(GPa3BYKOBOI XBHII, HASBHICTh
boxycyrounx i AepOKyCyIOUHX AUITHOK HA TPaci MOLIUPEHHS 1 T. II.

2. 3amnpomoHOBaHO  JeKiibka  Mojelied  mociablieHHd — aMIUTTYyJIu
1HPa3ByKOBOI XBUJII MPH 301IBIICHH] BIICTaHI MK JDKEPEIOM XBHJIl Ta MICIEM i1
peecTpaiii: cpeprudHa po30LKHICT (POHTY XBWJI, MMIIHAPUYHA PO3OIKHICTH
GbpoHTY XBWII B XBHWJIEBOJI, iXHS KOMOIiHAIlisg, pPO301KHICTh, BIIMIHHA BIJ
chepruyHOi Ta HUTTHIPUIHOI, pO3OIKHICTD y MOEIHAHHI 3 3aTaCaHHSIM.

3. [IlepeBary cuig HajgaThd MOJAENAM, SKI MOEIHYIOTh ChEpUUHY
Ta MWIHJIPUYHY PO301KHOCTI, @ TaKOXK PO3OIKHOCTI B MOEIHAHHI 3 3araCcaHHSIM.
[Tepmra Moaenb, MOXIIMBO, CIIpaBeIMBa B iHTEepBail BiacTaHei 5.8 Mm — 35 Mw,
a npyra — B iHTepBaii Biactaneit 0.5 Mm — 5.8 Mwm.

4. Ilpu BUKOpPHUCTaHHI MOJENl 3 MOCTYNOBHM MEPEXOI0M Bi chepuyHoi 10
MWTIHAPUYHOT PO301KHOCTI (PPOHTY XBWUJIl BIJICTaHb, Ha SIKIH BHECOK IHX
PO30DKHOCTEH cTae piBHUM, cKiangae 0mmu3bko 0.79 Mwm.

5. B Mogem 13 3aracaHHsM 1H(QPa3BYKOBOi XBWJI KOE(IUIEHT 3aracaHHs
€ 6muspkuM 10 0.16 (abo 0.17) MmL, a rnmOuna 3aracanus — g0 6.25 i 5.9 Mum

BIJIMOBIJTHO MPU UWJTIHAPUYHIN 1 chepruyHii po30IKHOCTAX (PPOHTY XBHJIL.

3.2. XapakTepucTHMKHM  iH(pPa3ByKOBHX  XBHJb, 3IFeHEPOBAHUX
IngoHe3iiCbKUM MeTeopoiIoM
Meni MacmTaGHUM 1 MEHII BIIOMUM OyB IPOJIT 1 BUOYX METEOpOiny Haj
[amonesiero 8 xoBtHs 2009 p. [178, 179]. fx Bimomo, OULIBIIICTE BTOPTHEHb
KOCMIYHUX TUT A0 atMocdepu 3emsii Mae miciie Hajg CBITOBUM OKeaHOM. Takum
Oyno i1 BTOprHeHHA MeTeopoiny B TuxookeaHcbkoMy perioHi. B nux Bumaakax

ONTUYHI Ta CEUCMIYHI CIOCTEpPEeKEeHHs BiACyTHI. HalOunbm eheKTUBHUMU
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BUSBISIIOTBCS  1H(PPA3BYKOBI Ta CYNYTHUKOBI BUMIpIOBaHHSA. BoHu HecyTh
iHbOpMaIlil0 PO EHEPTeTHKY METEOpOiqy Ta MapaMeTpu aKyCTUYHOTO CHTHAITY
(ioro aMIUTITY Ty, IIBUJIKICTh IPUXOAY, CIIEKTPAILHUI CKJIaJl, TPUBATICTD i T.11.).
MeToro 1BOTO PO3IITy € aHali3 OCHOBHUX MapameTpiB 1H(PPa3ByKOBOTO
CUTHAJTy, 3T€HEPOBAHOIO YHIKAJILHUM METeopoinoM Haj [HmoHe3i€ro 8 >KOBTHs
2009 p. dakt mamiHHA CHOCTEpiraBcs OararbMa OUYEBHUAIIMU, 3apEECTPOBAHO
cynmytaukamu CIIIA, a Takox amaTOpchKuMHU Kamepamu. J{0 YHIKaJIbHOCTI AaHO1
nozii ciig BigHectr Horo 3HauHy (33 kr THT) eHepreruky, a TakoK peecTpaIliio
3reHepOBaHOr0 MeTeopoinoM iHdpa3Byky 17 (i3 42) craHimisMu TJI00aIbHOT
Mixnaponnoi cuctemu wmonitopunry mepexi CTBTO [180]. Curnan Oymo
3apeeCTPOBAHO B JIy)K€ IIMPOKOMY Jiala3oHi TOPU3OHTAIBHUX BIJICTAHEH BiJl
Micusg BUOYXy MeTeopoigy: mnpubnauzHo Bix 2 go 17.5Mwm. Jlume npns
Yensg0iHCHKOTO METEOPOIAY MaKCHUMallbHA BiJICTaHb TepeBuiyBaia 17.5 Mm (s

3BOPOTHBOI'O CHTHAITy BOHA CKJaaaia 6m3bko 25 Mm [165]).

3araabHi BizomocTi npo Ingonesiicbkuii cynepoo.iig

3a manumu poOiT [178, 179] mereopoin BToprayBcs a0 atMochepu 3emii o
02:57 3a BcecsiTHiM yacoM abo o 10:57 micueBoro yacy. Orineno asropamu [178,
179] xoopauHaTu BHOYXy Mmeteopoiny HactymHi: 4.9°S, 122.0°E 13 cepennboro
noxuOkow B 2.9°. 3a AyMKOIO IHMX € aBTOPIB MOYATKOBA KIHETUYHA EHEPris
meTeopoiny ckinagana (70+20) kr THT, giametp — 8 M —10 M, a Maca — He OibIie
6 Tuc. T. Cepenniit inTepBan yacy ATy, MK IBOMa HaaiHHAMH Takux Ti1 — (10—
22) pokis [178, 179].

3a manumu HACA koopauHatu 00J1acTi MaKCUMaJIbHOTO CBIYEHHS CKJIaJIaliv
4.2°S, 120.6°E, a enepris cpivenns — 2-10% Ik [161]. Toxi moyaTkoBa KiHeTHYHA
eHepria Oyna 6muspkoro 10 33 kT THT, a mouarkoBa mBuaKicTh — 10 19.2 kMm/c
[161]. Bubyx meteopoiny maB miciie Ha BucoTi 19.1 kM [161]. IIpu nupomy, 3rigHO
CHIBBIAHOIIEHHIO 3 pobotu [156], mepiog Mk mMagiHHSIMH TOAIOHMX T

ATy = 5.6 pokis.
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Bimomocti mpo koopauHaTu 1HGPA3BYKOBUX CTaHIHM, AKI 3apeecTpyBaju
CUTHAJI, 3T€HEPOBAaHUN METEOPOiTOM, IXHE BIJJAICHHS BiJ MICId TeHeparlil
1H(}pa3ByKy, a TaKOX CIIOCTEPEIKYBAHUH 1 ICTUHHUN a3UMYTH JiKepena iHppa3ByKy
HaBe[eHO B TaOur. 3.2.1, moOynoBaHiit 3a gqanumu poOit [178, 179]. B tadn. 3.2.1
nepepaxoBaHO OCHOBHI IMapaMeTpy iHPPa3BYKOBOTO CUTHAITY, OTPUMaHi aBTOpaMu
[178, 179].

Tabmuns 3.2.1 OcHOBHI Bi1OMOCTI PO 1H(GPa3BYKOBI CTaHIII1

Hazsa [upora, JoBrora, Bincrans, IcTrHAMK CnocrepexxHui
CTaHLii rpagycu rpagycu MM a3uMyT, a3uMYyT,
rpagycu rpagycu
1I39PW 7.5N 134.5E 2.099 230 264
107AU 19.9S 134.3E 2.291 316 318
104AU 34.6S 116.4E 3.35 7 9
130JP 35.3N 140.3E 4.92 210 211
105AU 42.5S 147.7E 5.009 319 319
122FR 22.2S 166.8E 5.386 284 285
145RU 44.2N 132.0E 5.543 196 197
146RU 53.9N 84.8E 7.296 222 224
144RU 53.1N 157.7E 7.323 141 141
I55US 77.7S 167.6E 8.577 311 305
I153US 64.9N 147.9W 10.573 270 270
126DE 48.8N 13.7E 11.594 80 80
118DK 6.7N 4.9W 11.9 350 340
I56US 48.3N 117.1W 12.767 293 322
113CL 15.3N 23.2W 13.636 244 240
117ClI 33.7S 78.8W 13.926 91 87
108BO 16.2S 68.5W 17.509 203 218

Hani Tabn. 3.2.1 1 3.2.2 OyayTh BUKOPHUCTaHI JJI1 CTaTUCTUYHOTO aHAIIZY
Ta anmpoOKCHUMAIIIT 3aJIeKHOCTEH OCHOBHHX MapaMeTpiB 1H(PA3BYKOBOTO CUTHAITY
BIJl BIICTaHl, a TAKOX 3aJ€KHOCTEN MIBUIKOCTI MPUXOJY CUTHAIY BIJ a3UMYTY
JoKepena.

[lopiBHSIHHS  OCHOBHUX  mapaMeTpiB  [HAOHE3IHCBKOrO  METeopoiry
3 apaMeTpaMu 1HIIMX METEOPOiiB 13 TOYaTKOBOIO KIHETUYHOIO €HEPTI€r0 OLIbIe
3a 10 ktr THT naBeneno B tabin. 3.2.3. Cynsuu 3 BUCOTH MaKCUMaJIbHOTO CBIYEHHS,

BC1 KOCMIYHI T1JIa, CKOPIIII 3a Bce, OyJIi KaM STHUMU po3MipoM Bijx 4.4 m 10 7.9 M.
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Tabmur 3.2.2 OCHOBHI B1IOMOCTI IPO MapaMeTpu iH(YPa3ByKOBOTO CUTHATY

HasBa Yac Tpuga- Mini- Makcu- | ApyIla | App,Ila | Ti,c | To,c | Ts,c
cTaH- 3aIi3- JIICTh MajJbHa | MajbHa
it HEHHS, | CHUTHANY, | IIBU- IIBUI-
XB c KICTh KICTh
NpUXOay, | MPUXO-
m/c Ty, M/C
139PW 103 1235 283 340 - 0.785 — 113.65]|14.87
I07AU 119 850 287 320 1.4115 | 1.5455 | 6.96 | 7.88 | 5.79
104AU 182 1370 271 305 0.2355 0.263 [536| 7.31 | 7.11
130JP 276 1280 280 302 0.321 |0.30385|25.6 | 7.88 | 7.89
I05AU 279 690 280 292 0.271 0.437 |10.5|29.26 | 25.23
122FR 287 1340 290 312 0.0825 | 0.0635 | 5.3 | 20.48 | 21.07
145RU 307 1450 278 300 0.596 | 0.59365 | 10.7 | 17.07 | 19.79
146RU 348 1490 281 298 0.4015 - 15.2 - -
144RU 352 2450 268 294 0.1815 | 0.3948 | 6.99 | 18.62 | 18.29
I55US 417 1060 289 299 0.084 0.0725 |12.1 |17.07 | 17.62
I153US 472 830 291 297 0.244 0.209 |12.7 | 12.8 | 14.66
126DE 631 185 278 279 0.02 - 5.48 - -
118DK 618 1100 284 292 0.3465 | 0.3225 | 18.1| 25.6 | 21.81
I156US 657 1520 286 292 0.3825 0.382 |14.7 | 13.65 | 11.83
113CL 809 1310 273 281 0.309 0.303 |12.1]11.38|11.31
117ClI 848 615 270 274 0.064 |0.06735|12.1| 9.31 | 8.64
108BO 957 30 - 305 - 0.4665 - [ 17.07 | 16.34

Pe3yJbTaTH CTATUCTHYHOIO AHAJII3Y

Yac 3anmizHeHHSI CUTHAJTY

UYac 3ami3HeHHs curHany At oliHIOBaBCS SK PI3HHIT MOMEHTIB 4acy MPHUXOy
nepeaHboro (GpoHTy 1H(PA3BYKOBOrO CUTHAIY Ta 4acy HpPOJbOTY METEOpOifdy.
3anexHicTe At BiJi TOPU30HTAIBLHOI BIJCTaHI MDK MICLIEM crajiaxy OoJijay Ta
MICIIeM po3TallyBaHHS 1HGPa3ByKoBOi cTaHIlli I HaBemeHo Ha pwuc. 3.2.1.
I3 pucynky BusHO, o At 361aburyBangock Bifg 103 q1o 957 xB npu 3011bIIeHH1 I' Bij

2.099 no 17.509 Mm. CepenHs MBHUIKICTh MPHUXOAY CUTHATY ISl BCIX Tpac

v=dr/dt~297 m/c. 3ajexHicTh 4Yacy 3ali3HEHHS CHTHATy  MOXHa
arpOKCUMYBATH HACTYITHUM CI1BBIHOIIICHHSIM
At =56.09r —23.44, R=0.99, o©=45.16xs. (3.2.1)

Tyt At naetbcs B xB, a ' — B MM. BuaHo, mo npu upoMmy Koe]illieHT
noctoBipuoctd R = 0.99, a cepennbokBajpaTUYHE BIAXUIJICHHS alpPOKCHUMAITI]

c ~45.16 xB.
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Puc. 3.2.1 3anexHicTs yacy 3ami3HEHHS CHUTHAJIy BiJ BiJCTaHI MDK MicleM

cniayiaxy 0oy Ta iHQPa3BYKOBOIO CTaHIIIEI0. ATPOKCUMAITis JIIHIMHUM 3aKOHOM:

At=56.09r —23.44, R=0.99, 6 = 45.16 xB

HIBuaKicTH MPUXOAY CUTHATY

Mae ceHc OKpeMO pO3IIsAaTH 3aJ1€KHOCTI IBUKOCTI MPUXOY HEPEIHBOIO
(Vmax) Ta 3aAHBOTO (Umin) (POHTIB 1H(PA3BYKOBOrO CHUTHAIY BiJ TPOHACHOI
BifctaHi (puc. 3.2.2). I3 pucyHKy BUAHO, IO MAa€ MICIe 3HAYHUN PO3KH] TOUYOK.

OO6uIB1 3a7I€KHOCTI ANPOKCUMYBAITUCh KOHCTAHTAMU:

Ve = 298.9115.6 m/c,
v, =280.6 7.3 m/c,
[TomiTuMmo, 110 17151 BOX HaOmkumx cranmiit (I = 2.099 1 2.291 Mm) mBHUIKOCTI

Umax, K1 JOopiBHIOIOTE 340 1 320 m/c, OMITHO BIPI3HSIIMCH BiJl CEPEIHBHOTO
3HaueHHa (Omu3pko 297 M/c). Ile & came MOXKHA CKa3aTH W TIPO CTaHIIIIO,
BilJ1asieHy Ha BijicTaHb 13.926 Mwm, 11 sIKOT Umax = 274 M/c.

SIKITO TPUITYCTUTH, IO Umax 3aJI€KUTH BT I' Ta BUKJIIOUYUTH CTAHITIIO, IS SKOT
r ~ 17.509 MM, vmax = 305 M/c, TOZIl ampoOKCHUMYyIOoYa 3aJISKHICTh HAOy/le BUTIISTY
(muB. puc. 3.2.2, 6):
=-3.25r+324.2, R=0.82, ¢~=9.51wm/c.

vmax
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Puc. 3.2.2 3anexHicTh MBUAKOCTI MEepeaHboro (a, 6) Ta 3aaHBOTO (8) (PPOHTIB

aKyCTUYHOTO  CHUTHaJlly  Bix  Bigctani: a — 0., =2989+15.6 m/c;

0 — Uy =—3.25r +324.2, R~ 082, 6951 m/c; 6 - v,,,, =280.6£7.3 m/c

TpuBaJicTb curHaxy
3aJIe’KHICTh TPUBAJIOCTI T 1H(PA3BYKOBOTO CUTHAIY BiJl BiJICTaHI TOKa3aHO Ha
puc. 3.2.3, a, 3 AKOTO BUAHO, III0 Ma€ MICIle 3HAYHUU PO3KUI TOo4oK. CrodaTrky
BKa3aHa 3aJIEKHICTh allPOKCUMYBajacsi HAaCTYITHUM CIIiBBIITHOUIEHHSIM:
1=1844+9.34 xs.
3HayH1 BIOXWICHHS BIJ CEPEIHBOTO 3HAYEHHS T BIJ3HAYAIMCh IJIs CTaHIIIMH,
BlraieHux Ha Biacradi 7.323, 13.926 ta 17.509 Mm.
SIKIO  BiAMOBHUTHCH Bijl MpumyIieHHs, 1mo T(r) = const, Toai 3aaexHICTh T(I)
MOKe OYTH anpOKCMMOBAHO HACTYITHUMH 3aJIeKHOCTsIMU (1B, prc. 3.2.3, 61 3.2.3, 6):
t=-083r+2544, R~0.40, o~8.82xs,
t=-0.75r + 23.43, R=047, o~=6.94xs. (3.2.2)

TyT T BUMIPIOETBCS B XBUIIMHAX, a I — B MM.
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Puc. 3.2.3 3anexHICTh TPUBAJIOCTI AaKyCTUYHOTO CHUTHANy BiJ BIJCTaHi:
a —1=1844+934 xB; 6 — 1t=-083r+2544, R=~040, o©~882 xs;
6—1=—0.75r+23.43, R~ 047, 6 ~6.94 xB

Hpyry B3ajIe)KHICTh OTPUMAHO TMICIAS BUKIIOUEHHS CTaHIi, M7 SKOi
r=7.323Mwm 1 1= 40.8 xB. Bugno, 1o 3HaueHHd R B 000X BHIAJIKax BIJHOCHO
HEBEJIHKI.

Ilepiox koJIUBaHb

[lepion ocHOBHMX KoJMBaHb | y poOotax [178, 179] omiHtoBaBCcs 3a
JOTIOMOT0I0 JIBOX HesanexxHux metoauk — PMCC [151] 1 MatSeis 1.7 [181, 182],
NpUYOMy B JAPYroMy BHIAJKy OIIHKH Oa3yBaJIMCh Ha aHajli3l CHEKTPaJbHOI
ryctuan notyxHocti (T2) Ta amrutityau (T3). Ilepion, oriHeHHI 3a JTOMOMOTOO
PMCC-meronuku, mo3HauuMo sk T1 (quB. Tadi. 3.2.2).

3anexHICTh MEpioly KOJMBAaHb BiJA BiJCTaHI HaBelAeHO Ha puc. 3.2.4. I3
puc. 3.2.4, a BUAHO, 1O 3HAYCHHS [1 MalOTh BIJIHOCHO HEBEJIUKUU PO3KHU]I.
Banexuicth T1(r) micas BUKIIOUEHHS 3HaueHHS 25.6 ¢ MOXKHA ampOKCHMYBATH

TAKAM CITIBBITHOIIIEHHSIM:

T,=057r+5.76, R=~055 o~353c (3.2.3)
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ne I BuMiproeTbesi B Mm, a T1 — B ¢. [Ipu 30unbmienHi I Big 2 g0 14 Mm 3HadeHHS

T 36inbmIyerhes Bix 6.9 mo 13.7 ¢, To6to mpuban3Ho BaBivi. CepeaHe 3HAUYCHHS

T,=10.6+1.1c.

2 4 6 8 10 12 14 r, Mu 5 : : = N

0 5 10 15 r, Mm
8

Puc. 3.2.4 3anexHicTp Tmepiogy aKyCTUYHMX CHUTHAJIB BiA  BiJACTaHi:

a — 3a metogqoMm PMCC, anmpokcumartis JTiHIHHAM 3aKOHOM: Tl(r) =057r+5.76,
R ~ 0.55, o ~ 3.53 ¢; 6 — 3a MeTogom MatSeis (MeTomuka PSD), T,=13.4+1.2 c;

6 — 3a MeTo0M MatSeis, '?3 =148+15 ¢

Ax BugHO 3 puc. 3.2.4, 6, Mae Miclle 3HAYHMA PO3KHA TO4doK. Yepes 1ie

3aJCKHICTh T2 (I) He BOANOCSA ampPOKCHMYBATH IIIXOMSIIAM CITiBBIIHOIIICHHSM.
CepenHe 3HaueHHs 1, micias BUKIOYEHHS 3HaueHb 29.26 1 25.60 ¢ ckiagae

13.4+1.2 c.

BanexHicTh T3 () TakoX XapaKkTEPU3YEThCS 3HAYHUM PO3KHIOM TOYOK

(muB. puc. 3.2.4, 6). Cepenne 3HaUCHHS 173 =14.8+1.5 c.
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AMILTITYAAa CUTHAJLY
3anexHicTh aMILTITY AP1 1 APz 1HPPa3BYKOBOTO CUTHANY 3 BUKOPUCTAHHIM
metoguk PMCC 1 MatSeis, naBeaeno Ha puc. 3.2.5. B intepBani BifcTaHei

r =2 — 12 Mwm 3a10BIJIbHUMU SIBIISTFOTHCSI HACTYITHI 3aJI€)KHOCTI:

Ap,=4.84r°%**"  R~066, ©~0.26 Ila, (3.2.4)

Ap, =2.22r°%e**  R=x0.69, o~0.29 Ila, (3.2.5)

ne I maetbest B Mm, a Apio — B Ila. Ilpu r =12 — 18 MM anpoxcumaiiii moMiTHO

3aHMXXAaIOTh 3HAYCHHSI aMHJIiTy,Z[.

Apl ,Ia

0.5f

1.8

Ap,, Ia

1.5¢

05f

Puc. 3.2.5 3anexHicts (ayKTyaliif THCKY aKyCTHYHOTO CUTHAJY, 3T€HEPOBAHOTO
InnonesiiicbkkuM  MeTeopoinoMm, Big BiacTtaHi: a — 3a wmerogom PMCC,
Ap, =4.84r°%e %% R=x~066, ©~026 Ila

anpoKcUMaIliss  3aKOHOM

6 — 3a MeTosioM MatSeis, Ap, =2.22r °*e** R ~0.69, 6~0.29 Ila

3aj1esKHICTh IBUAKOCTI EPeIHBOr0 (PPOHTY CUTHAJY BiJ a3UMYTY

3aJIeKHICTh MIBUAKOCTI Umax BiJl CHHYCY a3UMYTaJIBHOTO KyTa A HaBEJIEHO Ha
puc. 3.2.6. OCKIIbKH MIBUIKICTh MPUXOY 1HOPA3BYKOBOTO CUTHATY 3aJICKHUTh BiJ
HaIMpsIMKY Tpacu, a 3HaYuThb W BIJl MIBKYJIl, B SIKI 3HAXOAUTHCS 1H(PPA3BYKOBA
CTaHIIis, MA€ CEHC PO3MIAHYTH 3aJICKHICTh Umax BiA SINA OKpeMO /J1s TiBACHHOT Ta
MiBHIYHOT MiBKYJIb. J{JI51 IUX MiBKYJb allpOKCUMYIOU1 3aJI€KHOCTI MAlOTh BUTJIS!

U (SINA, ) = —15.87sin A, +295.68, R=0.73, 6 = 11.15 wrc, (3.2.6)
Unax (SINA, ) =—3.98sin A, +291.53, R = 0.35, 6 = 8.03 m/c. (3.2.7)

[TomiTuMO, 1110 1OCTOBIpHICTH anpokcuMartii (3.2.7) — HeBucoka (R = 0.35).
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300
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-1 -0.5 0 0.5 Gin/itr -1 —015 (iJ 0?5 g‘mAtr
a o
Puc. 3.2.6 3anexHicTh MIBUIKOCTI MEPEAHHOTO (POHTY 1H(PPA3BYKOBOTO CUTHATY

Bi CHHYCY ICTMHHOTO a3UMyTy: a — I CTaHIii, pO3TalllOBaHUX
y M1BJICHHIN MBKYJII, anmpoKcuMaIlis JTHIAHUM 3aKOHOM:
Unx (SINA, ) =—15.87sinA, +295.68, R~0.73, 6~ 11.15m/c; 6 — s CTaHWiH,
pO3TAlllOBaHMX Yy MIBHIYHIA MIBKYJl, amnpoKCHMAIlsl JIHIMHUM  3aKOHOM:

U (SINA, ) =—3.98sinA, +291.53, R = 0.35, 6 = 8.03 m/c

Kopeasiuiitai mosst
3B’A30K 3HAYE€Hb MIHIMAJBHOI TA MAKCHUMAJIbHOI MIBHAKOCTEH MPUXOXY
iH(pa3ByKOBOro CUrHATy
Kopemsitiiitne mone 3HAYEHb Umin — Umax THPEACTaBiIeHO Ha pwuc. 3.2.7.
ATNpOKCUMYIOY€E CIIBBIAHOIIEHHS MA€ BUTJISIA:
VUax = 0,930, +38,96, R~0,42, o=15,08 m/c. (3.2.8)
I3 puc. 3.2.7 ta Bupa3sy (3.2.8) BuaHO, 1110 iCHYE TIOMITHHA CTATUCTHYHUIN 3B’SI30K

MDXK 3rajlaHUMU TlapamMeTpaMu CUTHATY.

3B’5130K 3HAY€eHb NEePiOAiB KOJIUBAHb, OHIHEHUX 32 Pi3HUMH METOAUKAMHU
OCKIJIbKM JUIS OI[IHKK TIEpioAy OCHOBHOTO KoJMBaHHs aBTropu [178, 179]
3aCTOCYBaJM TPU METOAMKHU (IMB. BUIIE), MPEACTABISE LIKABICTh 3 SICYBaHHS
iXHBOT B3a€EMHOI Y3TO/KEHOCTI. 3 Mi€I0 MEeTo Oynu moOynoBaHiI KOpemsIiiHI
noJist 3HaueHb 11 — T2, T1 — T3 1 To — T3 (puc. 3.2.8). 3 puc. 3.2.8, a Tta 3.2.8, 6

BUILIMBAE, IO CTATUCTUYHUH 3B’ 30K MK IIUMH OIIHKAaMU (DaKTUYHO BiJICYTHIH.
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Puc. 3.2.7 KopensmiiiHe mojie IMBHIKICTh MEPEAHHOTO (POHTY — IIBUIKICTD
3aIHBOTO (DPOHTY aAKYCTMUHOTO CHUTHaIy, amnpoKCHUMallisl JIHIMHUM 3aKOHOM:

U =0.930,, +38.96, R~0.42, 6~15.08 m/c

VY Toi ke Yac BiH YITKO BUPaXCHHU IS KOpeJsiiiiHoro moyiss T, — T3 (muB.
puc. 3.2.8, 6), 1O NIATBEPAWIO AaHAIOTIYHUK pe3yiabTar aBTOpiB [178].
ATpOKCHMYIOUa 3aJICKHICTh MA€ BUTJISI:
T, =1.045T, -0.21, R~0.96, c=1.93 c.

3B’6130K 3HAYeHb AMILIITY] KOJMBAaHb, AKi OLIHIOBAJINCS 32 Pi3HUMH
MeTOAMKAMU

J1J1s1 OLIIHKM aMIUTITYyIM KOJIMBaHb THCKY B iH(GPa3BYKOBil XBwiIi aBTOpH [178,
179] 3acrocyBamm naBi Metomuku (Ap: Ta Apz). 3’sACyeMo IXHIO B3aEMHY
BiAnoBiAHICTh. Kopensiiiine mone 3HadeHb ApP; — Apz HaBeaeHo Ha pwuc. 3.2.9.
ATNpOKCHMYIOUl 3aJIGKHOCTI B BUNAAKY BUKopucTanHsa 13 Ta 10 craHmin

BIJIITOBITHO MArOTh BUTJIS:

Ap, =0.90Ap, +0.01, R=0.98, o~0.15 Ila. (3.2.9)
Ap, =0.99Ap, +0.01, R=0.99, o~0.02 Ila. (3.2.10)

BunHo, 110 iCHY€ CTIMKUN CTATUCTHYHUN 3B’ 130K MK aMIUTITyIaMH KOJIUBAaHb.
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Puc. 3.2.8 Kopensamiitai onst: a — T1 — Tp; 6 — T1 — T3, 6 — To — Ta, anpokcumartis
niniiinM - 3akonom:  T,(T,)=1.05T,-0.21, R=0.96, 6=193 c. Ocrauus

apOKCHMAIIis CITIBIAA€E 3 alrpoOKCUMaIiieto 3 poootu [178]

3B’A30K 3HAYEHb iCTHHHOI0 Ta CIIOCTEPEKHOI0 A3MMYTIiB

Kopemnsiitne none ictuaauil (Ay) 1 crioctepexxHuid (Aop) a3UMYTH HaBEACHO
Ha puc. 3.2.10, 3 IKOro BUIHO, 110 ICHYE BUCOKUIN CTATUCTUYHHM 3B’ I30K MIXK Aty 1
Aob. ATIpOKCUMYIOYA 3aJICKHICTh MA€ BUTIIAL:

A, =1.00A, +2.98, R~0.99, o©~12.03 rpan.
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Apl. ITa Apl. IMa
0.5}
0.4}
03F
0.5}

0.1

0 0;] 0..2 0.‘3 0?4 O.lS Apz, ITa
a o
Puc. 3.2.9 Kopensmitine mone Ap; — Apz: @ — nmoOyaoBane 3a 13 craHIisMmu,

0 0.5 1 15 Ap,,Ta

anpoxcumaris niHiitauM 3akonom: Ap, =0.90Ap, +0.01, R = 0.98, ¢ = 0.15 Ila;

6 — mnoOyaoBaHe 3a 10 craHIissMHU, anpoKCUMallisl JIHIAHUM 3aKOHOM:

Ap, =099Ap, +0.01, R = 0.99, 6 = 0.02 ITa
Aob‘ rpaj

300

200+

100 -

0

0 100 200 300 A rpax
Puc. 3.2.10 3amexHICTh CIOCTEPEKYBAaHOTO a3uMyTa  BiJl  ICTUHHOTO.

Anpoxkcumarris niniitaum 3akoHom: A, =1.00A, +2.98, R=0.99, 6 = 12.03°

OoroBopennst
Ilapamempu memeopoioy. 3a nanumu HACA mouaTkoBa KiHETUYHA €HEPTis
meteopoiny ckmagana 33 kr THT = 1.38:10' Ik, a mouarkoBa HIBHAKICTH

v,=19.2 xm/c [161]. Ilpm 1pOMy mnoOYaTKOBa Maca KOCMIYHOTrO Tina Oyna

o0mm3bKkoro g0 750 T.
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OrmiHky MOYaTKOBOi KIHETUYHOI €HEeprii MEeTeopoily MOXHa OTpUMATH
3 iH(ppa3BykoBux cnocrepexenb. [Ipuy E/2<100 xr THT maemo emmipuuHe

criBBigHOmEeHHs [178]:
E
Ig 5= 3.341gT —2.58.

Pesynbratu ominku E 3a cepemniM 3HaueHHsM Ti, T, 1 T3 HacTymHi:

E =9.7-194 xr THT, E, =22.4-40.7 xr THT 1a E, =29.8-59.5 k1 THT. Ilpun
IIbOMY CepeHl 3HA4YeHHS CKJIaJar0Th. El ~14.0 xr THT, E_2 ~30.6 xr THT

ta E;~42.6 xr THT. 3nauenns E, ta E; € nocratHpo Oam3bki Mk co00r0 Ta

1o ouinku HACA (33 xt THT).

Otpumane 3HaueHHsa E miaTBepmxkye ¢dakT yHIKanbHOCTI [HIOHE31HCHKOTO
Meteopoiny. 3a 34 pOKM CyNyTHUKOBUX CIIOCTEPEKEHb JIMIIE ABIYl BUSBISUINA
kocMiuHi Tina 3 E = 33 ktr THT, a omHOTO pa3y eHepris MEeTeopoiny nepeBUIyBaia
1ie 3HaueHHs E (nuB. Ta6ma. 3.2.3).

Cxman  MeTeopoimy Heimommit. Moro o06’eMHa TrycTMHa p Morna
3MIHIOBATHCS B HIMPOKUX MexkaxX — Bim 3.3 T/M° I kaM’SHOTO METeopoimy [0
7.7 /M qns 3anmizHOrO METEOpoiny. Bin 3HaueHHs p 3anexuth 00’ em V i miamerp d
KOCMiuHOro Tina (Tabdin. 3.2.4).

Haii0inpm 1HTEHCHMBHUI criajiax CcynepOoJiily CHOCTEepIraBcs, 3a JaHUMHU
HACA, na Bucori zr=19.1 kM. Ha miii BucOTI TycTuHa HOBiTps P, ~ 0.1 xr/m3,
3Haw0uu Pa(Zr) 1 Vg, MOXKHA OIIHUTH HANIPYTy PYHHYBaHHS KOcMiuHOTo Tina [153]:

Gyo = O.365p(zr)v§,
3BIJKHM OTPUMAEMO, IO G4, ~11 MIla. Taki 3HaueHHA G,, MOXYTb MAaTU JIyXkKe
MIIIHI MOHOJIITHI KaMm’siH1 Tijla, 3ali30-KaM’siHi a00 He Jy»Ke MIIHI 3ali3Hi TiJa.
OcKiJIbKM Ha BHCOTI Z, MIBHJKICTb JEIIO MEHIIA 3a U,, 3HaueHHs o, <11 MIla.
Tomy Meteopoin He Mir OyTu 3ami3HUM. He Mmir BiH ckiagaTucs 1 3 KOMETHOI
pedoBUHU. B 11bOMY BHIIaJKy TiJIO MOBHICTIO 3pyHHYBajocsi O Ha BHCOTaxX OuIbII
50 — 55 kM (nuB. Tabn. 3.2.4). Takum yuHOM, [HIOHE31HCEKUIT MeTeopoin OyB abo

KaM’stHAM, a60 3ati30-kam’ssHuM. Moro miamerp (po3mip) 6yB Bif 6.3 10 7.6 M.
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Tabmums 3.2.3 BimomocTi mpo cyrepOosiu 3 TOYaTKOBOK KIHETUYHOIO

eneprieto Eyo > 10 xr THT, 3adikcoBani narunkamu HACA

3a miepion Big 1994 mo 2017 p. (3a marepiasiamu caiity [161])

Hara [MIupo- | Hosro- | Bucora | Mo- Makcu- | Ilouyatkosa | [TouarkoBa

crocrepe- Ta, Ta, Makcu- | nIyjb MajbHa KiHe- Maca, T

KEHHs | Tpady- | Tpaay- | Majib- | IIBUA- eHepris TUYHA
cu cH HOTO KOCTi, | CBIUEHHS, eHepris,
CBive- KM/C Jx kTt THT
HHS, KM

15.02.2013 11000
03:20:33 | 54.8N | 61.1E 23.3 18.6 3.75-10% 440

25.12.2010 843
23:24:00 | 38.0N | 158.0E 26 18.1 2.00-10*3 33

08.10.2009 750
02:57:00 425 |1206E | 19.1 19.2 2.00-10*3 33

01.02.1994
22:38:09 2./N | 164.1E 1.82-1013 30

21.11.2009 146
20:53:00 | 22.0S | 29.2E 38 32.1 1.00-10*3 18

07.10.2004 401
13:14:43 | 27.3S | 71.5E 35 19.2 1.04-10*3 18

06.07.2010 475
23:54:43 | 34.1S | 1745W 26 15.7 7.56-1012 14

09.12.2006 464
06:31:12 | 26.2N | 26.0E 26.5 15.9 7.41-1012 14

15.04.1988
03:03:10 41S | 124.3E 7.58-1012 14

06.02.2016 447
13:55:09 | 30.4S | 25.5W 31 15.6 | 6.853-10% 13

03.09.2004
12:07:22 | 67.7S | 18.2E 31.5 7.26-1012 13

30.04.2013 572
08:40:38 | 35.5N | 30.7W | 21.2 12.1 5.11-10*2 10

3riHO CHIBBIMHOIICHHIO 3 pPoOoTH [156], umcmo kaM’sSHUX TiI, SKi

CTHKAIOTHCSA 3 3EMIJICIO ITPOTATOM POKY
IgN = (1.568 + 0.03) = (2.70 + 0.08) lgd ,
ne d maerscs B m. IIpu d =75 M maemo N ~0127-0.202 pix?, a inTepBan
AT =N"~50-79 poxis.
Yac 3aniznenns cuenmany. Sk 1 cmig Oyno OYIKyBaTH, HpHU 30UIbLIECHHI
MDK MICIIEM CHajaxy

BlJICTaHI cymepOoJlily Ta MiCIIeM pO3TallyBaHHS

1H(Pa3BYKOBOi CTaHIi 4Yac 3alli3HEHHS CHUrHainy (Moro mnepenHboro (poHTY)
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30UTBITY€THCS TMPAKTAYHO 3a JIHIMHUM 3akoHOM. CepemHs IMBHUAKICTh MPUXOIY
CUTHAIIy JUIA BCIX Tpac € Omm3pkoro a0 297 M/c. 3Ha4YeHHsS Ili€l TIBHUIKOCTI
3ajieXxano BiJ HaANpSIMKYy Ta MPOTSKHOCTI TPacH, B3JIOBXK SIKOI MOLIMPIOBABCS
CHUTHAaJ, 1, 30KpeMa, BiJl MBKYJI, B SKi PO3TallIOBYBajach 1H(Ppa3ByKOBa CTaHIIi,
Ta HAMPSIMKY TporochepHO-CTpaTOCPEPHOro BITPY Ta HOro CUIIH.

Anpokcumariis (3.2.1) B mimomy go0pe onucye 4ac 3ami3HEeHHS CUTHATY TPy
r=2-17.5 MwM, ockinbku koedimieHT noctoBipHocTi R = 0.99, onHak, BoHa HE €
3a10BUIbHOIO TIpH I—>(. [{s 1i€i rpaHuill yac 3ami3HEHHs MOBUHEH MPArHyTH J0
Atmin = 1 — 3 xB. Take 3Ha4eHHS Alpnin BU3HAYAETHCS YacOM NPUXOAY 1HGPa3BYKY
BiJl BUCOT, Ji¢ BiH reHepyerbes (60 — 20 kM), 10 MOBEpXHI 3eMIi.

Cnpoba nogatu Ha Kopensmiiae mojie Touky I = 0 Mm ta Atmin = 1 — 3 XB He
npu3Besia JI0 TOJIMIIEHHs 3aiexHocTi (3.2.1), BoHa 3amumimiach MPAKTUYHO

TaKOIO K, JIUIIIE HE3HAYHO 3MIHWIUCH KOE(PIIEHTH.

Tabmuis 3.2.4 MoxinBi napameTpu [HI0HE31HCEKOTO METEOpOiaa
B 3QJIEKHOCTI B1J MOr0 CTPYKTYpH (BUCOTH Z1 1 Z7 BIATIOBIIAIOTH
MiHIMQJILHOMY T2 MAaKCUMAIILHOMY 3HAYCHHSIM G)

ITapameTtp 3anizHuii 3anizo-KaM’ THUH Kam’ssuuit Komerna
peUoBUHA
p, T/M® 7.7 4.7-5.6 3.3-3.6 0.9
od, MIla 10 - 100 3-30 1-10 0.01-0.1
Z1, KM 21.5 30.5 38.7 73.2
Z2, KM 4.2 13.2 215 56
V, M 97.4 133.9 - 159.6 208.3 —227.3 833.3
d,m 5.7 6.3-6.7 7.3-17.6 11.7

lllsuoxicme npuxody cuenany. Cyasduu 3 anpoKCUMAIlli, y CEpPeIHbOMY

VUax = 299 M/c, a v, =280 M/c. BiAMIHHICTD y IIMX MIBUAKOCTSX OOyMOBIIEHA

3HaYHOIO TMPOTSKHICTIO aKyCTUYHOro curHainy — 12-25xB. B iHTepBam
I~2—12 MM 3Ha4YeHHS KX MIBUIKOCTEH MPAKTUYHO HE 3aJIeXkKaau BiJl JOBKUHU
tpacu. Jna HaiOmmkumx craHmi, BiamameHnx Ha 2.099 ta 2.291 MM, 3HaueHHS

Unax CKIIAAAIH BiAnoBigHO 340 Ta 320 M/c, TOOTO 3HaYHO MEPEBUILYBAIN CEPEIAHE

3HaueHHs (299 m/c) Ta Oymu Omrbk4e 1O UIBHIKOCTI 3BYKY B OJHOPIIHIN

npU3eMHIi atMocdepi.
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3MEHIIECHHS U, NpH 30UIBIIEHHI BIJICTaHl Ma€ NpocTe (Pi3MYHE TIyMadyeHHS:

IpH 30UTBIICHHI I' HEB1I’€MHO 30UIBIIYETHCS IUIAX, SIKUA MPOXOASITh 1H(PPA3BYKOBI
IPOMEHI MpU IXHBOMY Oaratopa3oBOMY BIJOHMTTI BiJ CTIHOK XBHJIEBOIB 3eMilsi —
ctpatocdepa ta 3emis — tepmochepa. [Ipu oMy 30UTBITY€ETHCS Yac 3ami3HEHHS

HepeIHbOro PPOHTY, a 3HAUUTh — 3MEHIIYETHCS U, -
Tpusanicme cuenany. llpm v, =const nel mnapamerp 1H(Pa3ByKOBOTO

CUTHAJTY TaKOX MPAaKTHUYHO HE 3aJeKaB BiJl MPOiIeHO01 BijcTaHl Ta OyB OIM3bKUM
no 18.44+934 xB. Taky mMOBeAIHKY MOKHA TMOSCHUTA THUM, IO CIEKTP
1H(pa3ByKOBOTO CUTHANIy Ha BiJicTaHiAX '=2-14 MM OyB JOCTaTHHO BY3bKHM,
nepiol OCHOBHOro koyiuBaHHS (T2 abo T3) mpu LbOMYy 3MIHIOBaBCS HE3HAYHUM
yuHOoM. [lpu 1bOMy Jucmepciss XBHIJIEBOIO TAKeTy BHpakeHa ciabo Ta
JUCHepCiiiHe PO3IUIMBAaHHS CHUTHaly, SK L€ Oyno y Bumaaky YensOlHCHKOro
metreopoiny (mis Hporo T =~10-100 ¢ [183]), He cmocrepiramochk. Skmo x B
JIACHOCTI MaJjia MiCIle CUTYallisl, Toka3aHa Ha puc. 3.2.2, 6, TO yepe3 3MEHIIICHHS 3
BIJICTAHHIO Umax TPUBAJIICTh CUTHATY 3HAYHO (MPHOIM3HO Ha 6 XB) 3MiHIOBAIACh Yy
NOpPIBHAHHI 31 3HaUeHHsM T ~ 18.44 +9.34 xB (nuB. puc. 3.2.3, 6 ta 3.2.3, 8).

Bapro ponmatu, 1mo TpuBadicTh 1H(PPA3BYKOBOTO cHUTHaNY T~ 12.24 xB
dbopmyBanacs He MPOTSAKHICTIO 00JIaCTI WOro reHepailii, ska ckiagaia OJM3bKO
45— 55 kM, TIpU BOMY Tmin = 2.5 — 3 xB. TpuBamicTe 1H(GPA3BYKOBOTO CHUTHATY
Hacmpapal QopMmyBanacss MPOTSKHICTIO 00JacTi MOpPUXOAY MPOMEHIB, SKi
MOIIMPIOBAINCS PI3HUMH TPAEKTOPISIMU, B XBUJIEBOAAX 3emiil — cTpaTocdepa
Ta 3eMiis — TepMmocdepa.

Cepenniii TpuBanocTi iH(pa3ByKoBoro curHany T~18.44 xB, skwuii
MONIUPIOETBCS 31 MBHIKICTIO =297 M/c, BIAMOBiIae xXapakTepHa JIOBKHHA

L ~ vt ~330 xm. Ha Bigcrani r < L mae micue MEePEBAKHO MPOMEHEBE MOITUPECHHS
iH(ppa3ByKy, mipu I > L iH(Dpa3BykoBUN CHUTHAJ, SIKHH SBISE COOOI PE3yNbTaT
HaKJIaJJaHHSI BEJIMKOI KUIBKOCTI MPOMEHIB, MOUIMPIOETHCS B XBUJIEBOAAX 3eMJIS —
ctpatocdepa ta 3emiss — Tepmocdepa. OueBUIHO, OCHOBHY POJIb (3 TOUKHU 30Dy

SHEPTeTUKH) TPa€ CTpaTOCHEPHHI XBUIIEBI/I.
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Ilepioo konusams. 3HAYCHHS TEPIOAY KOJMBAHb CUJIBHO 3aJIe)Kaldl BiJl
METOJIMKH IXHBOI OIIIHKH, po3poliieHoi aBropamu [151, 181, 182]. Menmie 3a Bce

¢duykTytoBamu  3HadeHHs 11 (mmB. puc. 3.2.4, a). CepenHi 3Ha4YCHHS
T,~106+11xB, T,~134+12 xB, a T,~141+14 xB. Sk mnoka3aB aHaii3
KopessiiitauX moiiB T1 — T2 1 T1 — T3, metoguka [151] omiatoBanHs T HE € IIITKOM
Blajo0. ToMy BUKOpPHMCTAHHS 3HA4eHb [1 Ui OwiHKM E HemorinbHO. 3 1i€i X
MIPUYUHA 3aJICKHICTh Tl(l’), sIKa Ta€ThCs criBBigHOMEHHSM (3.2.3), HE BIAMOBia€E
JIACHOCTI.

Amnnimyoa cuenany. 3rigHo anpokcuMariism (3.2.4) 1 (3.2.5), ammiityna
CUTHAITy 3MEHIIIY€EThCA MPH 301IbIIIEHHI JOBXUHH TpacH. [locnabnenHs nmos’si3aHe
3 JIBOMa IMpolecamMu: pPO3ODLKHICTIO (POHTY XBUJI B XBWJIEBOAI 3emisl —
ctpatocdepa Ta 3 3aracaHHsM y XBWIEBOJ1 MpPU BIAOUTTIX BiJ «CTIHOK»

XBUJIEBOJY, 3 PO3CISTHHSIM €Heprii XBWJII B XBUJIEBOA1 ¥ T.1. JIerko mokasaru, 1o B
cepeloBHILi 6e3 BTpaT Hmpu po36IKHOCTI (POHTY XBHII B XBHIEBOLI AP ~ I *°
[29]. MiiicHo, TycTHHA MOTOKY eHeprii iHdpa3BykoBoi xBuii I1~ Ap®, a moma
O14HOT TOBEPXHI UWIIHAPY MPU XBUJICBOJIHOMY IMOIIMPEHHI B XBUJIEBO/1 BHCOTOIO
h ckmamae S=2nrh. Ockinbku 3a BimcyrHocti BTpar IIS =const, Ap~r 2.

VY Hammx anpokcuMarlisx rmokasHuk cremeHi ckiaanae —0.49 ta —0.52, To6To my)e
ONM3BKUNA IO TEOPETUIHOTO 3HAUYCHHS, sike AopiBHIOBaO — 0.50.

Muoxuuk ' TIpH I' B €KCIIOHEHT] TIPEJICTaBIsIE COO0I0 KOS(IIIEHT 3aracaHHsl.

Ipu I' =0.18 — 0.40 Mm* maemo rimbuny 3aracanss | = ~ 2000 -5500 km. Ha
BizictaHi | ammutiTyna iHdpa3Byky 3a paXyHOK 3aracaHHs 3MEHIIYEThCS B € PasiB.
Orpumane 3HaueHHS | y3ro/pkyeThcss 3 HAasBHUMH B JIITEpPaTypi JaHUMH IS
1H(pa3ByKy 3 nepiogom T =10-15 c.

3anesichicmv weuoxocmi npuxody 6io azumymy. 3 T1adm. 3.2.2 ta puc. 3.2.2
BUJTHO, IO MIBUJKICTh MPUXOAY AaKyCTUYHOTO CHTHATY B 3aJIEXKHOCTI BiJl CTaHIIil
3MIHIOBaJlach B IIMpOKuX Mexax (Bix 274 no 340 m/c). Lli 3MiHM B OCHOBHOMY

BUKJIMKaHI BIUIMBOM TpomocpepHo-cTpatochepHoro Birpy. IlBuakicts o,

OB’ s13aHa 31 IBUJIKICTIO BITPY W HACTYIMHUM 4YuHOM [29]:
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Uy =0 + A0 =10"+WCOS3,
ne Av — TOJAaHOK JI0 ICTHHHOI MIBUIKOCTI 32 PaXyHOK BIUTMBY BITpYy, v’ — ICTUHHA

MIBUJKICTh aKycTHU4yHoOro curHainy, B=A,—A, A, Ta A — a3uMyTH HaIpsIMKY
BITPY Ta TOYKHU CHANaxy CynepOoiay s KOXKHOT 31 cTaHuii. st 3axiqHOTO BITPY
A, =270°, a nna cxinnoro — A, =90°. Toai

Upax =0 +WC0S(270°— A)=0' —WsinA, (3.2.11)

Upax = U’ +WC0S(90° — A) = ' + WsinA. (3.2.12)
[Ipu 3amagHoMy BITp1 AJIsl CTAaHLIN, pO3MILIEHUX Ha CXiJ BiJ MiCLs BUOYXY

mereopoiny, A>180°, sinA<0 Ta v, > 7', TOOTO MIBHUAKICTH MPUXOLY CUTHAITY

ma
CKJIAJAEThCsl 3 TMPOEKIIEI0 IMBHIAKOCTI BiTpy. Ilpum ToMy > po3ramryBaHHI
Ta CXiTHOMY BITpi U, <7’

[Ipu cxigHOMY BITp1 AJISI CTAHIIN, PO3MIIIEHUX HA CX1J BIJ MICILS CBIYEHHS
cymepbominay, A<180°, sinA>0 ta v, <v'. [Ipu TOMy X po3TamryBaHHi Ta
3aXiZHOMY BiTpi 0, > 7',

I3 mopiBHstHHEs 3anexHocted (3.2.6) 1 (3.2.11), a Takox (3.2.7) i (3.2.12)
MOXHa 3pOOWTH BHCHOBOK, IO CKOPHWTOBaHE 3HAYCHHS IIBHIKOCTI TPHUXOIY
1H(}pa3ByKOBOTO CUTHANTY € OMM3bkuM 110 295 m/c, a cepelHs MIBUIKICTh BITPY —
JUISL  CTaHIlM, pO3TalllOBAaHMX MIBJAEHHINIE Ta TMIBHIYHIIIE MICIS BHOYXY
METeOopoiny, ckiagae 6au3pko 16 Ta —4 m/c BiIMOBITHO.

Kopenayitini nons. Anam3 puc. 3.2.4 ta 3.2.8 mokasye, 1o OIIIHIOBaHHS
npuxony 3a meroankoro PMCC He € minkoMm 3ag0oBinbHUM. J[OITFHO BUKOPUCTATH
oOuaBa pi3HOBUAM MeToAMKH MatSeis, ski malTh CXO0XI pe3yiabTaT. 3 i€l
NPUYMHU OIIHKK E 3a 3HaueHHsAMH T; HE MOXYTh OyTH 3aJ0BUTBHUMHU. OIIHKH
€Heprii MeTeopoiy 3a 3HaAUEHHAMH T2 Ta T3 nar0Th 01M3bK1 pe3yibTaTu. Cepenne
3HayeHHs E ~36.6+6.0 kT THT, mo HecyrreBo (Ha ~10%) Bigpi3HSETHCS Bif
JAHUX He3alexXHOro merony, akuid 3actocoByerbcsi HACA (33 xt THT).

JIOCTaTHhO BUCOKHI CTATUCTUYHHUMN 3B’SI30K MIXK Umax 1 Umin (IHB. puc. 3.2.7)
CBIIYUTH MPO BIJCYTHICTh MOMITHUX AUCHEPCIMHUX BUKPUBIEHb 1HPPA3BYKOBOTO

CUTHAITY, SIK1 IPU3BOJISATH IO HOTO YIIHPEHHS.
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3HaueHHs aMmIUTITy 1H(Pa3ByKOBOTO CHUTHaNly, SKi OILIHEHO 3a JBOMa
METOJIMKaMH, 100pe y3TOKYIOTHCS Mk CO00I0.

Bucokuii cTaTUCTUYHUN 3B’SI30K MIDK CIIOCTEPEKHHUM 1 ICTHHHUM
3HAYCHHSIMH a3UMYTY JKepena iH(pa3ByKy CBIIYUTH MPO aJA€KBATHICTh METOIUKU
ominku Agp. CepenHs mnoxuOka B BHMAAKYy IHIOHE3IMCHKOIO MeETeopoina He

nepeBUIyBasia mpubIu3HO 3°.

OcHOBHI pe3yJabTaTn

1. Ax 1 cmig Oyno oviKyBaTH, Yac 3ami3HEHHS 1H(Pa3BYKOBOTO CHTHATY
30UTBIITYBABCS MPHU 30UIBIICHHI TOPU30HTAIBHOI BIJICTaHI BiJl €MILEHTPY BUOYXY
MeTeopoia A0 CTaHLIM 3a JiHIAHUM 3akoHOM. Ilpm nboMy cepenHsa 3a BcCiMa
TpacaMu MIBUAKICTh MIPUXOY CUTHATY Oyia 61u3bkoro 10 297 m/c.

2. CepenHi 3Ha4YeHHSI MIBUIKOCTEH MPUXOAY MEPEAHBOIO Ta 3aHHOTO
GbpoHTIB 1H(GPaA3BYKOBOTO CHTHATY cKiamanu O0ym3bko 299 ta 281 m/c BiAMOBITHO
Ta BIJHOCHO cnab0 3ajexan BiJ Tpacu NOIUPEHHS. BoueBuab, 3aJ€KHICTDH
HIBUIKOCTI TEPEIHbOrO (PPOHTY BIJ BIJCTAaHI ONUCYETHCS CHIBBIAHOLIEHHSIM
(3.2.3), sixe Mae (hi3uuHE MOSACHCHHS.

3. Cepennsi TpuBadicTh 1H(GPaA3BYKOBOI'O CHUTHANy [JIsi PI3HUX Tpac
cknagana 18.4449.34 xB. JlucmepciiiHe yHIIMPEHHS CHUTHANTY OYyJI0 HECYTTEBUM
Ha BifcTaHsax 2—12 Mwm. PazoM i3 nuM, criocTepiraiach TSHACHIIIS 10 3MCHIIICHHS
TPUBAJIOCTI 1H(Pa3BYKOBOTO curHaiy Bif 24 — 25 no 10 — 12 xB npu 301bI1eHH] I
Biz 2 10 17.5 Mm.

4, Cepenni 3HayeHHS MEpioAIB 1H(PPA3BYKOBOIO CHUTHANY, OILIHEH]
3a pizHUMH Metoaukamu, ckiananud 10.6+1.1c, 13.4+1.2 ¢ 1 14.1+1.4 c. Tlepma
3 METOJIMK HE € IJIKOM 3aJJ0BLIBHOIO.

5. Cepenne 3HAYeHHS TMOYATKOBOI KIHETHMYHOI €HEPrii MeTeopoina,
oTpuMaHe 3 1HGPA3BYKOBUX CIOCTEPEKEHb TMEpioay KOJMBaHb, CKIAaaec
36.6+6.0 kT THT, 1mo HecyTTeBO BiApi3HAEThCS BiJ HezanexkHux gaHux HACA

(33 xt THT).
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6. Anpokcumallisi amIuIiTyad 1H(pPa3ByKOBOTO CHUTHAly BiJ BiACTaHI
MIATBEPKYE, MO Ha BiACTaHsX 2—12 MM mMamo Miclie XBHJIEBOJAHE MOIMUPEHHS
curHany i3 3aracanssM. KoegiuienT 3aracanns 0ys 6musbkum 10 0.3+£0.1 Mm L.

7. AnpokcuMaliisi MBUAKOCTI MPUXOAY 1H(PPa3BYKOBOTO CHUTHAIY Bij
CUHYCY a3WMYTaJbHOTO KyTa IOKa3aja, M0 CKOPUTOBAHE 3HAYEHHS IIBUJKOCTI
NPUXOJly CHUTHaIy CcKiaagaigo Onusbko 29442 M/c, a cepelHe 3HAYEHHS
TpornocdepHo-cTpatochepHoro BiTpy s [liBgennoi ta [liBHIUHOT MIBKYJIh OYJ10
Omm3pKuM 10 16 M/c Ta —4 M/c BIAOBITHO.

8. AHall3  KOpeNAIIMHMX TIOJNIB  TOKa3zaB, IO ICHYE CTIMKHM
CTaTUCTUYHUM 3B’SI30K MIXK CIIOCTEPEKHUM 1 ICTHHHUM a3uMyTaMu JKepelia
1H(}pa3ByKy, MK MepiojlaMd KOJUBaHb, OOYMCIEHUMHU 3a JBOMa METOJMKAMU
B paMKkax TexHosorii MatSeis, mixk amrIutiTynmamu iH(ppPa3ByKOBOTO CHTHAITY, SIKi
omiHeHO 3a aBoMa pisHumMu Metoaukamu (PMCC Tta MatSeis), a Takox Mixk
MaKCUMaJIbHUM 1 MiHIMaJbHUM 3HAYEHHSIMU IIBUJKOCTI IPUXOAY 1HGPa3BYKOBOIO

CUTHAIY.

3.3. XapakrepucTuku  iH(ppPa3BYKOBHX  XBHJb, 3reHEPOBAHUX

Yens10iHCbKUM METEOPoiIoM

Beryn

YensabiHchKU MeTeopoin Bropres qo armocdepu 3emii 15 mrotoro 2013 p.
o 03:20:22 (tyr i mami BcecBiTHIM dyac). [IpomiT 1 BHOYX KOCMIYHOTO Tija
CYIPOBOJI)KYBABCs I[IJI0K0 HU3KOIO (i3MYHHMX TporieciB (auB., Hampukiam, [166—
170, 184-186]). BaximBe Mmiciie cepell HHX IOCiJae reHepallis Ta MOIIUPCHHS
1H(pa3ByKOBOTO curHanmy. Pe3ynmpTaTé peectparlii 1[bOT0 CHUTHANy BHKJIAJCHO B
HU311 poOiT [166-170].

VY crarri [29] omucano akyctmuHi edektn UYensOiHCBKOrO MeTeopoina,
BHUBYCHI 32 pPEECTpaIlisiMi CUTHATY Ha 9 1HPpa3ByKOBUX CTAHIIISX, PO3TAIIOBAHUX
y Cxigniit €sponi, Ha Cubipy Ta Ha Kamuari.

Y poborax [166, 187] npoBeacHO CHCTEMHMI CIEKTpaabHHI aHai3

1H(pa3ByKOBUX CHTHAJIB, 3apEECTPOBAHMX HA HIMEIIbKIN CTaHIlIi B AHTapKTHII.
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[IpencraBisie iHTEpec OLIBII A€TaTbHE BUBUCHHS INIOOATBHUX OCOOIMBOCTEH
1HGPa3BYKOBUX CUTHAJIB, 3aPEECTPOBAHMUX 15 CTaHIIAMU MIXHAPOAHOI CHCTEMHU
moHitopunry (IMS) snmepHux BumpoOyBanb Opranizamii 3a JloroBopom
PO BCEOCSDKHY 3a00poHy sinepaux Bunpodysans (CTBTO) [2, 167].

Metor maHOro MiAPO3AiLTY € MOoOYy/I0Ba KOPEISIIHHUX TOIIB «IIBUJIKICTH
NPUXOAY CUTHAIY — B1JICTaHbY, «IIBUAKICTb MPUXOAY CUTHATY — CUHYC a3UMYTY»,
«TPUBANICTh CUTHAITY — BIJCTaHb», «aMILIITyJJa CUTHATY — BIJICTaHbY» 1 «IEpioj] —
nepioga» JUIS TEpioJiB, OIIHEHHMX 3a JBOMa METOJWKAMH, a TaKoX IXHSA
anpOKCUMAIlisS MPOCTUMHU aHATITUIHUMH CITIBBIHOIMIEHHSIMH. TepMiH «BIICTaHB
y JTaHOMY MiIPO3AUTl BIAHOCHUTBCS IO BIACTaHI MDK JDKEpesIoM 1H(pa3ByKy

Ta CTAHIIIEIO0, IO HOTO PEECTPYE.

3arajabHi BizomocTi

OcHoBH1 BimoMocTi npo iH(pa3BykoBi crannii CTBTO, saxi 3apeectpyBaiu
aKyCTUYHHHN cuTHaI Bij YenmsOiHCbKOro MeTeopoiny, HaBeaeHi B Tabmd. 3.3.1. I3
TaOIMII BUIHO, 10 3 15 craniiil uie 2 3 HuX po3TamoBaHo B [liBaeHHIN MiBKYII
(I33MG, Maparackap 1 [27DE, Antapktuna). Bigcrans I Big mkepena iHppa3ByKy
70 peecTpyrodoi craniii 3miHtoBaigochk Bia 530 kM (ctaniig [131KZ) mo 14983 xkm
(cranmis 127DE). CrioctepexyBaHuil a3uMyT JKepena 1H(pa3ByKy 3MIHIOBABCS
Biz 2 10 355°, a TeopeTU4HO po3paxoBanuit — Big 1 g0 341°.

OcCHOBHI BIZJOMOCTI MpO mnapamMeTpu 1H(PaA3BYKOBOIO CUTHANy HaBEJIECHO
B Tab. 3.3.2, 3 sKOi BUAHO, IO MpHU 30LUIBIIEHHI ' Yac 3ami3HeHHsS curHaiy At
3MiHIOBaBcs npubiau3HO Bix 28 mo 870 xB, #oro tpuBamicte AT — Bim 377 no
2142 c, ammunityna Ap — Big 0.39 mo 12.62 Ila, nepion konuBaHb Iamp — Big 19.28
no 84.7 ¢, a mepiox Tpsp — Bim 16.72 mo 81.92 c. Ax BumumBae i3 tadi. 3.3.2,
301IbIIEHHS I' He 000B’SI3KOBO CYNPOBOKYBaJIOCh 301IbLICHHSAM At, AT, Tamp, Trsp

Ta 3MEHIIEHHSIM Ap.
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nmoJass W

3anexcHicms uacy 3anizHeHHsA cucHauy 6i0 giocmawi TIoKazaHo Ha puc. 3.3.1,

13 SKOr0 MOXHa Oa4uTH, M0 31 30UTBIMIEHHSAM I Yac 3ami3HCHHS 30UIBIIYETHCS

MPaKTUYHO 3a JIHIHHUM 3aKOHOM. PiBHSIHHS perpecii Mae BUTJIS/L;

At =57.266r +6.324.

(3.3.1)

[Tpu mpomy koedimienT moctoBipHOCTI R ~0.998, a cranmapTHEe BiAXHUIECHHS

6 ~15.06. Tyt r BumiproeTscsi B MM, a At — B XB.

3anexHICTh MIBUJIKOCTI NPHUXOIY CHTHaIy BiJ BIJCTaHI HaBEIEHO HAa

puc. 3.3.2. I3 pucyHKy BUIHO, III0 Ma€ MICII€ 3HAYHUIN PO3KH]I TOUOK, IPHU ILOMY U

3MiHIOeThCA Bi 235 no 318 m/c. CepeniHe 3HaUEHHS MBUIKOCTI ckianae 286.0 m/c,

a cTaHjapTHe BiaxuiaeHHs — 21.5 M/c.

Tabmuus 3.3.1 OcHOBHI BiJIOMOCTI 1po 1H(GPa3BYKOBI CTaHIIIT

Bingcranb Cranmis | upora | Jloerora | Teop. Cnocre-
710 CTaHIIii a3uMyT pe)KyBaHUU
(kM) (rpanm) a3umyT (rpan)
530 131KZ 50.4N 58.03E 22 29
1502 143RU 56.7N 37.3E 88 97
1532 I46RU | 53.95N | 84.82E 283 268
3185 I34MN | 47.80N | 106.41E | 301 230
3257 I26DE | 48.85N | 13.71E 60 56
4893 118DK | 77.47N | 69.29W 39 17
5022 145RU 43.7N 131.9E 310 305
5798 144RU 51.1IN 158.8E 314 302
6481 I153US 64.8N 146.9W | 341 339
8147 I10CA | 50.2N 96.0W 14 355
8311 133MG 18.8S 47.5E 8 12
8554 I156US 48.3N 117.1W 1 352
10182 I57US | 34.07/N | 120.58W 1 2
11030 ISOUS | 19.59N | 155.89W | 339 316
14983 I27DE | 70.68S 8.27TW 49 61
3aJIeKHICTh  MIBUAKOCTI MPUXOAY 1H(PPA3BYKOBOI XBWII BiJl CHHYCY

TEOPETHUYHO PO3pPaXxOBAHOro a3uMyTy A

IDKEpCila CUTHaly IIOKa3aHO Ha

puc. 3.3.3, 3 SKOro BHUJHO, IO, HE IUBIAYUCH HA 3HAYHUU PO3KHUJ TOYOK,
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3aJIeKHICTh MOXe OyTH ampOoKCHMOBaHa JIHIMHMM piBHSHHSIM perpecii. [lpu

BKJIFOUEHH1 B PO3IJISA]] BCIX CTAHIIIH 1€ PIBHSAHHS Ma€ BUTIIS;

v =-22562sinA, + 286.065,

TyT 1 nani KoediieHTH MPU apryMEHT] Ta BUIBHUN YJIEH Ial0ThCs B M/C.

R~0.685,

c~16.25.

(3.3.2)

Tabmurs 3.3.2 OCHOBHI BiIOMOCTI TPO TapaMeTpH 1HPPa3BYKOBOT'O CUTHATTY

Cranuis Yac Yac [Buakicte | TpuBamicts | Ammutityna | Ilepion | Ilepioa
NPUXOJy | 3ami3HEeHHS, IIPUXOY CUTHAILY CUTHAILY, Max Max
(UT) XB CHUTHAIY, (c) Ila Amp PSD
M/c (©) ©
1I31KZ | 03:48:08 27.77 318.13 1026 6.12 37.99 4551
143RU | 05:02:09 101.78 245.95 2142 0.79 38.48 30.06
146RU | 04:44:29 84.13 303.49 701 1.26 21.08 16.72
1I34MN | 06:14:55 174.55 304.12 924 0.25 22.79 30.34
126DE | 07:10:31 230.15 235.86 812 0.485 28.98 29.26
118DK | 08:17:13 296.85 274.72 1948 1.365 49.99 69.72
145RU | 07:55:27 275.08 304.27 887 0.67 38.45 21.01
144RU | 08:50:55 330.55 292.34 1471 0.45 19.28 60.68
I53US | 09:36:30 376.13 287.18 1660 6.31 25.69 19.74
I10CA | 11:29:57 489.58 277.34 1107 1.375 32.53 36.41
1I33MG | 11:20:35 480.22 288.45 720 0.97 47.96 43.12
I56US | 11:35:08 494,77 288.15 1621 0.795 29.45 30.91
I57US | 13:10:00 589.63 287.81 2000 0.795 28.45 27.31
I50US | 13:42:44 622.37 295.38 377 0.195 84.7 81.92
127DE | 17:50:43 870.35 286.92 830 0.93 45.15 44.28
At, MuH |
800
700 ¢
600
500
400 1
300
2001
100t
0 5 10 r, Mm

Puc. 3.3.1 3anexHICTh 4Yacy 3ami3HEHHS NPUXOAY aKyCTUYHOTO CHUTHAIy BIJ

BijicTaHl. ATpokcuMmartis 3a 15 cranmissMu JTiHIHHAM 3akoHOM: At =57.27r +6.324,
R~0.998; c~15.06 xs.
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v, M/Cla

A A A

300t
A
A
A e A A
280} R
A

2601

A
240 t

A
0 5 10 r, MM

Puc. 3.3.2 3anexHicTh MBUAKOCTI MpUXOAY 1H(GPA3BYKOBOi XBHJII Bij BiJICTaHI.
Anpoxcumarrist 3a 15 cranIismu JiHIHHAM 3aKkoHOM: © = 286.0 M/c, o~ 215 m/c.

v, M/C[ . v, M/c[

300}

300
280
290+
260
a 280
240 .
: 270 —
22(11 —-0.5 0 0.5 sin4 —1 —0.5 0 0.5 sinAd
th 6 th
a

Puc. 3.3.3 3anexHicTh MBUAKOCTI MPUXOAY 1H(GPa3BYKOBOi XBWJII BiJi CHHYCY

TEOPETUYHOTO  a3UMYTy  MpUXOAy. Ampokcumarliss  JiHIAHUM  3aKOHOM:
a — 3a 15cranmisimu: v =-225618sinA, +286.0645, R~0.6848; ©~16.25;

6 — 3a 12 cranmisMa 3 BUKIIOYEeHUMHU 3 po3rsiny cranmismu [31KZ, 143RU
ta [26DE (toukm (0.3746, 318.1), (0.9994, 2459) Ta (0.866, 235.9),
v=-14.276sinA,, + 288.23, R~0.8504; ¢ ~5.347

Axio K BUKIIOYATH 3 PO3MISLAY HaWOUIBIN BIAJaJIeH] Bif JIiHIT perpecii

TOYKH, sKi BignmomimaroTh ctaHiisMm [31KZ, [143RU Tta I126DE, to oTpmmaemo

HACTYIMHE PIBHSIHHS:

v =-14.276sinA,, +288.230, R~0850, o©=535. (3.3.3)
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AHaNOriuH1 3aJ€KHOCTI U BiJi CHHYCY CHOCTEPEXKYBAHOTO a3UMYTY Aogps IS

THUX CaMHUX CTaHIlI MaroTh BUTIIAL (puc. 3.3.4):

v=-19818sinA , +284690, R=~0621, c~17.48. (3.3.4)
v=-12251sinA, +287.470, R=~0.723, c~7.015. (3.3.5)

3anexcnicms mpusanocmi cueHany 6i0 6iocmani 1Moka3zaHo Ha puc. 3.3.5. I3
puc. 3.3.5, a BUAHO, IO NpU BpaxyBaHHI BCiX 15 cTaHIId MPUCYTHIN 3HAYHHIMA
PO3KHJ] TOUOK, a JIIHIMHA perpecis OMUCYEThCS CIaIardor0 GYHKINE:
AT =-12.49r +1324, R~0129, ©=5639. (3.3.6)
ITicms BUKIOYEHHS HAWOLIBII BIAJAJIEHHX TOYOK, SKI BIAMOBIAAIOTH
cranuism [43RU, 118DK, 133MG, [27DE 1 I59US, npuxoaumMo 10 HACTYITHOIO
piBHsHHS perpecii (puc. 3.3.5, 6):

AT =109.90r +6421, R~0.796, o~2798. (3.3.7)
Tyt r naetbcs B MM, a AT — B c.
v, M/c[ N v, M/C
300 B S
300
280
290 ¢
260
- ‘ 280
220 T 270 TR
-1 05 0 0.5 sind -1 05 0 0.5 sind
P obs 6 obs

Puc. 3.3.4 3anexHicTb MBUAKOCTI NPUXOAY 1H(PPa3BYKOBOi XBWJII BiJi CHHYCY
CIIOCTEPEKYBAHOTO a3UMYTY MPUXO0AY. ATIpOKCUMAIis JTiHIMHUM 3aKOHOM: a — 3a

15 cranmismu, v=-19.8181sinA  +284.6899, R~0.6211; c~17.48; 6 — 3a 12

CTaHIiISIMU 3 BUKIIOYeHUMHU 3 po3risay cranuisimu [31KZ, [143RU Ta [126DE,

v=-12.251sinA,, +287.47, R~0.7234; 6~7.015 m/c
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AT, ¢ AT &
S| . 5 2000
1500} . 1500}
1000 A\ 1000+
500} 500¢
300 g = 300 : : :
0 5 10 r, MM 0 3 10 r, Mm

a ~
0

Puc. 3.3.5 3anexHicTp TpUBAJIOCTI aKyCTHYHOTO CHTHAIy BiJ BiJCTaHI.
Anpokcumariisi JIHIHHUM 3aKoHOM: a — 3a 15 cranmiamu: AT =-17.45r +1324;
R~01286; c~5639 c; 6 — 3a 10 craHmissMu 3 BUKIIOYeHHIM cTaHIi [143RU,

118DK, I33MG, I127DE, 159US: AT =109.9r + 642.1; R~0.7961; c~2798 ¢

Kopensuiiine none «Tpsp — Tamp» Ta JiHIA perpecii nokazaHi Ha puc. 3.3.6.
[Tomitumo, mo mnepiogu Tpsp 1 Tamp OWIHIOIOTBCA 3a Meroxukamu CTBTO
32 TIOJIO)KEHHSIM MAaKCHUMyMy B CHEKTpaJbHIA TyCTHHI TOTYKHOCTI Ta 3a
MaKCUMAaJIbHOIO aMIUTITY/IOI0 KOJIMBaHHS B I1y31 BiAmoBiaHo. I3 puc. 3.3.6 MoxHa
O0auuTH, M0 OOMABI METOAMKU JJIsl HU3KU CTaHIN Nar0Th OMU3BKHUI pe3yiabTaT
npu 3HadeHHi nepioniB Bix 20 mo 40 c. [Ipu BukopucTanHi nanux BCix 15 craniii
PIBHSIHHSI perpecii Mae BUTIIA;

T =0.6121T,, +12.710, R~0.709, o©~1198 c. (3.3.8)

TyT 1 nayi nepioiv 1at0ThCs B C.

Axmo x BuximountH 3 po3rmsiay cranimii [44RU Tta [18DK, To piBHsAHHS

perpecii Ha0y1e BUTTISITY:

Tamp =0.902T,,, +5376, R=0918, ©~6.825 c. (3.3.9)
Cepenni 3HaueHHS 3a 15 Ta 13 cTaHIiSIMH CKJIaJaliH '?mp =36.73¢c 1

T =37.05 ¢, Togp =3913 ¢ i Tog, =3512 c Bianosimo.

3anexcuicmos amnaimyou 6i0 eiocmawni. HaBeneMo 3alexHICTh aMILTITYIU
TUCKY B 1H(pa3ByKoBill xBwii BiJ Bijactadi (puc. 3.3.7). I3 puUCyHKYy MOKHa

0aunTH, MO Ma€ MICIe 3HAYHUA PO3KUJ TOYOK. I3 po3risimy Oyino BUKITIOUEHO
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iH(ppa3BykoBy cranuito CHIA [53US, ans skoi ammiuityna Oyna aHOMalbHO

BHUCOKOIO (AP = 6.31 ITa mpu r = 6481 km). Perpeciitai 3amexHOCTI MarOTh BUTJISI:
Ap =2.803r™*7, R~0896, o~=0.679 Ila, (3.3.10)
Ap=0.750r2"° +0.758, R~0969, o©~0.397 Ila, (3.3.11)

ne ' BUMiproeThest B M, a Ap — B Ila.

C
amp’ a, amp’

80|
60t 60
407 40

20t 20t

0 20 40 60 Ty, 00 A 60 ey
a

Puc. 3.3.6 3anexHicte nepiogy Tamp, OTPUMAHOIO 32 METOJIUKOIO, siKa 0a3yeTbcs
Ha BHM3HAYCHHI MEPIOly 3a MAKCUMaJIbHOK aMIUIITYJO0l0, BiJ Mepioay Ipsp,
OTPUMAHOTO 3a METOJIMKOI0, 3aCHOBAHOK Ha BHU3HAUYEHHI TEpIoay 3a
MaKCUMAaJIbHOIO TYCTHHOIO CHEKTPaIbHOI MOTYXXHOCTI. ATNpOKCHUMAIlis JIHIHHUM

3aKoHOM: @ — 3a 15 cranmismu T, =06138T., +12.71, R~0.7085; c~11.98 c;
6 — 3a 13 crauuisvu 3 Bukimouennmu 144RU ra 118DK, T, =0.9019T,, +5.376,

R~09182; o©~6825c. IrpuxoBoto JiHIEIO T[OKAa3aHO TEOPETUUHY
anpOKCUMAIII IO

OorosopenHst

PosrisitHeMo 3aiexHICTh yacy 3ami3HeHHS 1H(Pa3BYKOBOTO CHUTHANy Bij
BijicTai (AuB. puc. 3.3.1). EkcnepuMeHTanbHI TOYKU JOCTaTHBO A00pe 3rpynoBaHi
no6nu3y miHii perpecii (3.3.1). Haxun npsiMoi xapakTepu3ye cepeiaHio 3a Bcima
TpacamMu MIBUAKICTb IPUXOY CUTHATY

-1
v {EJ _ 1 MM 91w, (3.3.12)
dr 56.9 xB

[Tpu r = 0 maemo At, ~6.324 xB, sike TIOBUHHO ONHCYBATH Yac MOMIMPECHHS

CUTHaJy BiJ MiCIIs TeHepallii 10 moBepxHi 3emii. Take 3HaUCHHS NPEACTABISIETHCS
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HAJTO 3aBUIICHUM. 3a JaHUMU poboTu [29] A'[O ~1.3+01 xs. BigminnicTs B Ato

00yMOBJICHA BEJIMKUM 3HAUYCHHIM G TIPH arpokcumariii Bupazom (3.3.1).

Ap, Ila Ap, Ila
61 6f
5t 3t
4+t 4t
3t 3
2t 2t
A A A
1' ]- A = AA A A
& A A
0 0 5 10 r, MM

(=)

Puc. 3.3.7 3anexxHicTh aMILIITYIM THCKY BiJl BiACTaH1 BiJ JpKepena iHppa3ByKy 10
cranmii 0e3 ypaxyBauHsi Touku (6.481, 6.31), sxa Bigmosimae ctanmii [53US:

a — Ap=2803r*"*" R=~08964; c~0.6789 Ila; 6 — Ap=0.750r>**° +0.758,
R~0.969, 6 ~0.397 Ila

3HaYHUN PO3KHU TOYOK HA puc. 3.3.2 € HACTIAKOM ICTOTHUX BIIMIHHOCTEH Ha
Tpacax, JOBXHHA SKMX 3MiHIoBanack Big 530 no 14983 km. Tpacu mpoxomaunu
yepe3 [liBuiuny Ta [liBgeHHYy MiBKYJ, OJHI Tpacu JIKalu Ha CXiJ BiJl JKEpena
1H(pa3ByKy, 1HIII — HA 3axij]. 3HAYHUW BHECOK y Bapialii MBUAKOCTI IPUXOAY Jla€
HampsiM 1 cuja BITPY Ha BHUcCOTax Tpomocdepu, ctparochepu Ta TepMmochepu.
3a manumu puc. 3.3.2 cepeaHE 3a BCciMa TpacaMH 3HAYCHHS IIBHJKOCTI Uay
ckmagano 286 m/c. Ominku 3a cmiBBigHomeHHsM (3.3.12) nanu  Onu3bKHiA
pesynbrar — 291 m/c.

Po3skua mBuakoctedt Ha puc. 3.3.2 YaCTKOBO TMoOsicHIOE puc. 3.3.3, ne
HABEJICHO 3aJICKHICT v Bix SiNAm, a Takox perpecii (3.3.2) Ta (3.3.3). BinbHuii

yied y piBHsHHI (3.3.2) Ta (3.3.3) cximagae 286 1 298 m/c. 1ls mBUIKICTH €

OJIM3BKOIO K JI0 Uay = 286 M/c, Tak i 10 U~291 wm/c. KoedimieHT npu cunyci
XapaKTepU3y€e CepPeIHIO MIBUAKICTh W BITPY Ha BCiX Tpacax. Sk BurummBae 3 (3.3.2)

1 (3.3.3), 3HaueHHST W B 3aJIC’KHOCTI Bij] CIIOCOOY ampoKCHUMAIlii cKiaaae OJU3bKO
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23 ta 14 m/c. JInst mOpiBHSIHHS YKa)X€MO, IO OI[IHKAa W I HAaHOMMKYUX CTAHIIIH,
HU3Ka 3 SKHUX po3TamioBaHa Ha Biactani 1500 kM Ha 3axim Bix JpKepena
iH(}pa3ByKy, a iHmI — Ha BiacTadi 1500 kM Ha cxif Biag HbOro, ckiiagae W ~ 30 M/c
[29]. OcTtanns oliHka  Jo0pe HiATBEp/UKyBajach  pe3ysibTaTaMu
MeTteocrnoctepexkenb. Ilinkpecnumo, mo B [liBHIUHIN miBKyl B moTtomy 2013 p.
HaIpsM BITpY OyB OpI€EHTOBAaHMH 13 3aX0]1y Ha CXIiJI.

[Ipu BuKOpHUCTaHHI perpeciiHux 3anexkHocteit (3.3.4) i (3.3.5) maemo O6mu3bKi

pe3yJbTaTy; v~ 285287 m/c, a W12 —20 m/c (nuB. puc. 3.3.4).

OOroBoprMO 3aJE€XKHICTh TPUBAJIOCTI 1H(PA3BYKOBOIO CUTHAILY BiJ BIJICTaHI
MDK JoKepenoM iH(pa3Byky Ta craniiero (muB. puc. 3.3.5). 30iibIICcHHS
TPUBAJIOCTI CUTHAITY MPHU 301IbIIEHHI ' 00YMOBJICHO YHCEIHbHUMU MEPEBITOUTTIMU
XBWJII B XBWJIEBOJax «3emiii — cTparochepa» Ta «3emisi — TtepMmochepar,
0araTtoMoJIOBICTIO CUTHATY, JUCIEPCIMHUM pPO3IUIMBAHHSAM XBWJIHOBOIO MAKETY
B XBWJEBOJI. 3MCHIICHHS TPUBAJIOChl MOXKE OYyTH OOYMOBJIEHE SIK Pi3HOIO
MPOIMYCKHOIO 3JIaTHICTIO 3raJlaHuX XBWJIEBOMIB, TaK 1 pPI3HUM OCIa0JECHHSIM
CIIEKTPAIbHUX CKJIAJIOBHX iH(Pa3ByKOBOTO MakeTy. Sk moka3aHo B poboTax [166,
187], y cmektpi iH(Pa3BYyKOBOrO CHrHaly, 3reHepoBaHOro YensOiHCHKUM
MeTeopoinoMm, Oynu mnpucyTHiMu ckiaaoBi 3 T~=10c—100c¢. Jlma Ttakoro
HAIIAPOKOCMYTOBOTO CHUTHAIY NHCIIEPCiS BHpaKe€HA JOCTAaTHBO CHiibHO. Came
JMCIIEPCI€l0 MOSICHIOBAJIOCH YITUPEHHS 1H()Pa3ByKOBOIO CHTrHAITYy B poboTi [29].

Amnpokcumariss  (3.3.6), sdKa  ONHCYETbCA  CMAgAlO4Yor0  (DYHKIIi€lO,
npeAcTaBisieTbess He (i3uuHO0. [licisi BUKITIOUEHHS CHJIBHO BIIJIAJIGHUX TOYOK
orpuMano ampokcumaiiito (3.3.7). [Ipu oMy TpUBAIICTh CUTHATY 301JIBIITYETHCS

npu 30unemieHHi r. [lpu r = 0 3nauenas AT, =642 c~10.7 xB. i nopiBHSHHS
BKakeMo, mo B poboti [29] otpumano, mo AT, ~4.75+0.15 xB. fxmo

ATo=10.7 XB, TO BHECOK Yy BHUIIPOMIHIOBAaHHS 1H(Pa3ByKy Jae€ CIiJ METeopoina
JTOBXKUHOK 05n3bK0 210 kM a0 aianazoH BUCOT 6Jiu3bko 70 KM, TOOTO MPHUOJIU3HO

B11 90 no 20 kM.
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I3 puc. 3.3.6 BumMBae, MO 3HAYEHHS TEPIOJiB, BU3HAYCHUX 3a JIBOMA
HEJIC)KHUMHU METOAMKAMH, MOXYTh ICTOTHO BIAPIZHATHCS. Y TOH e yac, 10
TOYHOCTI OIIHKHA TIEPiOJiB BHUCYBAIOTHCS IMIJBHUINEHI BHUMOTH, OCKIJIBKH 3a
3HAYCHHSIM | OIHIOETHCS TOYaTKOBA KiHETHYHA €Hepris KocMmivuHoro tiya [188—
190]. Iicnst BUKITIOUEHHS 3 JJAHUX CIIOCTEPEKEHb BUMIPIOBaHb Ha cTaHIlisx [44RU
i1 [18DK koeimieHT 0cTOBIpHOCTI MoMiTHO 301bIuBes Big 0.709 mo 0.918 (nus.
cruiBBigHomenHs (3.3.8) 1 (3.3.9)). IcroTHO 3MeHmMIIOCH 1 6 — Big 12 10 6.8.

OoroBopumo  3anexHicth Ap(r). Ha cranmii I53US  3apeectpoBaHO
aHOMAQJIBHO BENMWKE 3HA4YCeHHs amrunityad. lle Moxe OyTu moB’s3aHe 3
(GoKyCyBaHHSIM aKyCTUYHUX IPOMEHIB Ha Tpacl NOIHUpeHHsA. B Oyap-skomy
BUMAJIKY, 11 aMIUIITy/la BUKJIIOYalach 3 TMOJAJBIIOro aHamizy. Perpecis, sika
naerbest  cmiBBigHOmeHHsSM  (3.3.11), He3BakalouM Ha BHUCOKE 3HAYCHHS
koedimienty mocroBipHocTi (0.969), He mae dizuunoro mosicHenHs. [lo-mepie,

BIJI3HAYAETHCS HAATO IIBUAKE 3MCEHIINCHHS AP mpu 30umbineHHi . HaBith 3a
chepruHoi po36iXKHOCTI XBHIi AP ~TI', a IpH HWIHIPHUHIA pPO36GIXKHOCTI B
XBHIIEBOJ «3emirst — crpatocdepay (abo «3emis — Tepmochepar) Ap ~r°° ., Ilo-

napyre, npu r — oo mMaemo Ap =0.758 ITla. Tomy nmepeBary HamaHo ampoKCHUMaIlii

(3.3.10). Llx anpokcuMalist € GIH3BKOIO 10 3aieskHoCTi AP ~ I [168]. B mpomy

BUIAJIKY ClajiaHHg AP mpu 30UIbIICHHI I' BiIOYBA€ThCS JEIIO MIBHAIIE, HIK 32

paxyHOK cdepuyHoi po3OikHOCTI. Ile Moxke OyTH TOSICHEHO J0JaTKOBUM

ocJla0JIeHHsIM XBWJI1 TpH 11 nomwupenHi. Kpim Toro, Ap(oo) =0, 5K e i TOBHHHO

Oytu. Y Ttoit ke yac anpokcumariis (3.3.10) 3aHukye 3HAUYCHHS] aMIUNITYAW TPU
r>3 Mwm. IlotpeOyeThcst moimyk Oifbill TOYHHX perpeciii Ap(r), HDX perpecis
(3.3.10). YV npoMy BHIAAKy amnpoKCHUMAaIlisi, OJHAK, He OyJae OMHMCyBaTHCS

MPOCTUMH AHAJITUYHUMU CITIBBIHOIIEHHSAMH, SIKi MalOTh (PI3UYHUMN 3MICT.

OcHOBHI pe3yabTaTH.
1. Yac 3ami3HeHHs 1H(GPa3ByKOBOIO0 CHUTHaTY 30UIbLIYBAJIOCh MPAKTUYHO 32

JIHIAHAM 3aKOHOM TIpU 30UTBIICHHI BIACTaHI MIX JpKeperaoM iHGpa3ByKy Ta
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cranrmiero. CepemHs 3a BCiMa TpacamMH IIBUAKICTh MPUXOAY 1H(PA3BYKOBOTO
cUrHaiy ckianana 291 m/c.

2. 3aleXHICTh IMIBUIKOCTI MPHUXOJY BiJ BIACTaHI Yepe3 CHIbHUN PO3KHUI
JIAHUX CIIOCTEPEkKEHb allPpOKCMMOBAHO KOHCTAHTOO, piBHOIO 286+21.5 M/c.

3. 3aneXHiCTh MIBUAKOCTI MPHUXOMY BiA CHHYCY a3UMYyTaJIbHOTO KyTa
(po3paxoBaHOTO0 ¥ OIIHEHOTO) ampOKCHMOBAHO JHIMHUM 3aKOHOM, 13 SIKOTO
OI[IHEHO CepeaHl 3a BCIMa TpacamMu 3Ha4YeHHs IMBHUIKOCTI (287 M/c — 288 m/c)
Ta MBHUJKOCTI TpornochepHo-cTpaTtocdepHoro BiTpy (12 m/c — 14 m/c).

4. 3anexHicTb TpUBAJIOCTI 1H(GPA3BYKOBOTO CHUTHAIy BiJ  BiJCTaHi
anpOKCUMOBAHO JHIAHUM 3aKkoHOM. [Ipu 1IbOMY TPHUBAJICTh CUTHAIY MOOIU3Y
JoKepena ckianaina o6auseko 10.7 xB.

5. YV cnekrtpi iHQPa3BYKOBOTO CHUTHAJIy Ha PI3HUX CTaHIIAX IEpPEBaXKaIU
CKJIa/I0B1 3 NEPIOAOM | amp MpuOIM3HO Bix 19 no 85 ¢ abo 3 Tpsp Biar 17 no 82 c.

Cepenni 3HaueHHs mepioaiB, oTpumaHi 1o 15 1 13 Toukam, CKIagaiu:

Ty =36.73 ¢i T, =37.05 ¢, Tpgp =39.13 ¢ i Tpg =35.12 ¢ Bianosiano.

6. IloOynoBaHo perpecito AJid 3aJ€KHOCTI AMILUTITYAU TUCKY B 1H(Pa3BYKOBII
xBWwIi Big Bijacradi. llIBuakicTe cnagaHHsS aMIUNTYId JIMII ~ HE3HAYHO

nepeBUIlyBasia IBUIKICTh CHaJAaHHs NpU chepruyHii po301KHOCTI.

3.4. XapakTepuCcTHKH iHPPa3ByKOBHUX XBHJ/b, 3reHepoOBaHuX JInneubKum
MeTeopoiIoM

Bropruennss 1o armocdhepu 3emiii  OyAb-SKOTO JOCTaTHBO BEJIMKOTO
KOCMIYHOTO Tija Ta BUKJIMKaHI HUM (i3uyHI ePEeKTH 3acayroByIOTh YBaXKHOTO
BUBYCHHs. HemoaaBHbo10 mofico cTaB mouiT 1 BuOyx Jlumernpkoro mereopoimy
[171].

Jlane KocMiuHE TUIO BTOPTHYJIOCH /10 atMochepu 3emini modausy M. Jlunenbk
(Pocist) 21 wepBusa 2018 p. o 01:06:20 UT (Tyr 1 mami BcecBiTHIM dac) Ta
BUOYXHY1O Ha BucoTi Oims 27 kv [171]. Moro momit i Bu6yx 3adikcoBaHo
CHUCTEMOIO KOHTpOJII0 KocMiuHoro mpoctopy CIIA [171] Ta uyucenbHUMH

BiJleopeecTpaTopaMu Ha BiacTtansx He MeHI HDK 300 km. BumipsiHi mpoexirii
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MIBUAKOCTI ckmanu: ux =—-8.9 km/c, vy =—-4.3 km/c, v, =-10.5 km/c, a Monynb
mBuakocTi — 14.4 xm/c. Enepris CBITJIOBOT'O CBIYEHHS JOpiBHIOBAJIA
1.22-10% JIxx ~ 0.29 xt THT, ii xoopmunatu: 52.8°N, 38.1°E [161]. 3uaiineni
¢parMeHTH KOCMIYHOTO Tijia CBIAYMJIM TMPO TE, 0 METEOPUT BIAHOCUTHCS [0
KJIaCy 3BHYAWHMX XOHIPHUTIB 3 IycTHHOK Oimst 3.3 T/M°. 3a eHepricro CBiYeHHS
OLIIHEHO II0YAaTKOBY KiHETHMYHY eHeprito Tina E ~ 1.17-10% Jlx ~ 2.8 xr THT, 3a
CHEpri€0 Ta MBUAKICTIO o0uyuciaeHo macy Mmereopoiny (113 1), a 3a Macow Ta
rycTuHOI0 — 00’ eM (34.2 M®) Ta posmip (611 4 m).

JlumenpbKkoMy METEOpOoilny MpHCBIYeHO Hu3ky pobOit. Tak, B [191]
NPOMOJICIILOBAHI MEXaHIuHi, ONTHYHI Ta Ta30JuHaMidHi edektH, B [192] —
TE€PMOJIMHAMIYHI, TU1a3MOBI €()EKTH, a TAKOXK €(PEKTH TypOYJIEHTHOCTI Ta ILIIOMY,
B [193] — MarHiTHI, €ICKTPUYHI, €JICKTPOMArHiTHI, CeiicMiuHi, i0HOChEpHI ePeKTH,
a TakoX e(eKTH aKyCTUKO-TpaBITAlliMHUX XBWIb. Y poOoti [194] ommcano
pe3yibTaTH CIOCTepeXeHb 1 aHamizy 1oHochepHux edektiB Jlumenpkoro
MeTeopoiny, a B poborax [195, 196]— pesynbraTH CHOCTEpE)KEHb 1 aHATI3y
MarHiTHUX €(EeKTiB IIbOT0 METEOPOiy.

Y pob6oti [197] 3a ganumu 10 iH(Dpa3BYKOBUX CTaHINN 3HAWIEHO MEPiojn
1H(ppa3ByKoBUX KoiuBaHb 5.3842.95c, mouarkoBa eHepris Jlumeubkoro
MeTeopoiny (y po6oTi BiH iMeHyeThcst MeTeopuToM “O3epku’™) B 0.3 — 8.8 kt THT
(cepenne 3nauenns — 2.4 xt THT), maca 10 — 380 T (cepenne 3HaueHHs — 98 1) ta
po3Mmip 1.8—-6.6M (cepenne 3HaueHHs — 3.8 m). Lli 3Ha4YeHHS € TOCTaTHBO
OMM3BKUMU JI0 3HaYCHb, HaBeACHUX y poboTi [191].

MeToro AaHOTO MIAPO3AUTy € TMOOyJ0Ba OCHOBHHUX KOPEISIIMHUX TIOJIB 1
BIJIMOBIIHUX ~PETPECIMHUX 3alIeKHOCTEH U XapaKTEpUCTUK 1H(PPa3BYKOBOIO
CUTHAJTY, SKUH OyJ0 3reHepoBaHo JIUmenbKum MeTeopoiioMm.

Metoauka AOCHIDKEHHS IS 1€l mojii moaidHa A0 METOJMK, OMUCAHUX Y
poboTax [165, 167].

Jlonamo, 1m0 moyaTKoBa KiHETHMYHA eHepris Yemsi0iHCHhKOTO MEeTeopoidy
cknamana Ourt 440 xtr THT, Imponesiiicekoro — 70+20 xt THT, a Jlunenskoro —

2.8 xtr THT. IlpencraBnsie iHTepec TMOPIBHSHHA pe3yJIbTaTiB CTATUCTUYHOTO
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aHalli3y XapaKTepPUCTUK 1H(PPa3BYKOBHX CUTHAJIB, 3T€HEPOBAHMX METEOPOinaMHu,
MOYaTKOBAa KIHETUYHA €HEpris SKUX BIAPI3HSAIACH OLIbII, HDK HA TOPSIKU

BCIINYHHHMH.

3araJjibHi BiZOMOCTi PO MeTEOPOi

OcHoBHi Bigomocti mnpo 10 iHdpa3BykoBux cranmii CTBTO, ski
3apeecTpyBaliv iIH(PPa3BYKOBI CUTHAM, Ta XapPaKTEPUCTHKH ITUX CUTHAJIIB HAaBEICHI
B Tabiu. 3.4.1 Ta 3.4.2. CxeMmy po3TallyBaHHsI CTaHIl MokasaHo Ha puc. 3.4.1. 3
puc. 3.4.1 BugHO, 10 OUTBIIICTH CTAHITINA 3HAXOIUTHCSA HA 3aXijd, a OJHA CTAHIIIS —
Ha cx1J B micug BUOyXy Jlunenbkoro mereopoiny. Take po3ranryBaHHS! CTaHLIMA

JTO3BOJISIE IPOCTEKUTH 3AJICKHICTh XapaKTEPUCTHUK 1H(PaA3BYKyY BiJ a3UMYTY.

Tabmuns 3.4.1 3aranbHi BiIoMOCTi Ipo 1HGPa3BYKOBI CTaHIII{

Ta XapaKTePUCTUKHU 1HPPA3BYKOBHX CHTHAJIIB

Po3ranryBanHs Bincranp 1o @?rb};?y Hianazon | Ictunnnmit | Cnocrepexy- | ®mykryamii
Cranuis cTaHmji JoKepena (T'n) nepiozis a3UMyT BaHHUH a3UMyT a3UMyTy
(xoopauHATH) (Mm) (©) (rpan) (tpan) (tpan)
Jy6uu, Pocist
143RU (86.7°N, 37.3°E) 0.53 0.05-6 | 0.17-20 176.0 173.30 -2.70
Freyung, 017 -
126DE I'epmanis 1.74 0.15-6 6 63 69.4 68.1 -1.30
(48.9°N, 13.7°E) '
Bardufoss,
I37NO Hopseris 2.16 0.02-6 | 0.17-50 142.4 139.90 -2.50
(69.1°N, 18.6°E)
Kesra, Tynic 0.17 -
148TN (35.8°N, 9.3°F) 2.88 0.035-6 28.6 425 40.5 -2.00
Qaanaaq,. 011 -
118DK I'pernanmist 4.82 O 82 1.2-9 59.5 59.0 -0.50
(77.5°N, 69.3°W) '
Azores, Graziosa
azpr | Send 5.15 004~ 1030-20| 513 54.40 3.10
opryraist 3.39
(37.8°N, 25.5°W)
Dimbokro, Kot-
117cl Inyap 6.35 0'0025’ 21'266; 20.9 31.00 1.10
(6.7°N, 4.9°W) ' '
Fairbanks, CIIIA 0.20 —
I153US (64.9°N, 7.05 O 82 12-5 356.1 358.6 2.50
147.9°W) '
Lac du Bonnet,
110CA Karaza 7.89 090, | | 2 29.70 1.50
(50.2°N, 95.9°W) ' '
Newport, CIITIA
I156US (48.3°N, 8.66 0'1088_ 01'236; 15.6 13.10 -2.50
117.1°W) ' '
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Tabmuus 3.4.2 3aranbHi BIiTOMOCTI PO XapaKTEPUCTUKU iHPPA3BYKOBHX CUTHAIIIB

. . [Tepion,
. IIBuaxicTs Tpusamnicts N
. Yac 3amizHeHHS pO3paxoBaHuii 3a .
Craunriis MPUXOTY CHTHAJTY [pumitka
(xB) MaKCHUMaJTbHOIO
(m/c) (xB) .
aMIUTITYHOIO (C)
AHOMAaJIBEHO
BEJIMKA
MIBUAKICTb,
143RU 22.87 387.70 6.65 1.65 aHOMAJILHO
MaJIui mepiof,
aHOMaJIbHUH
a3UMyT
126DE 83.22 347.67 21.05 5.80 Beaia
LIBUKICTH
AHOMAaJIBEHO
BEJINKHI
137NO 106.12 339.08 40.55 12.00 fepioz,
aHOMAJILHO
BEJIMKA
TPHUBAIICTD
148TN 147.72 324.37 23.95 4.60
118DK 263.05 305.46 4.88 5.10 AnomarkHa
TPUBAIICTh
142PT 286.55 299.54 11.75 8.85 AnomaTbHHH
a3UMyT
AHoMaIbHO
117CI 358.08 295.56 9.60 10.10 BEJIMKUHI
nepion
By3bka cmyra
puiany,
153US 384.28 305.85 1.38 3.95 aHOMaJILHO
Maja
TPUBAIIICTH
110CA 433.68 303.10 4.72 5.60
156US 473.90 304.53 6.55 5.15

3 tabn. 3.4.1 BumHO, 1m0 BigAaneHHs 1HGPa3BYKOBUX CTaHIIA Bi JKEpela

iH(Dpa3Byky 3miHOBasioch Bif 0.53 mo 8.66 Mm, 4dac 3ami3HEHHsI CUTHaTy — BiJl

22.87 no 473.90 xB, mBuaKicTh mpuxony iHdpa3Byky — Bix 387.70 mo 304.53 m/c,

TpuBaicTh curHainy —Big 1.38 mo 40.55 xB, mepioxg—Big 1.65 mo 12.00 c,

baykryamii azumyty — Bix —2.7° no 3.1°. BigmiTumo, 1o imiie Ha OAHIN CTaHINT

[53US (Fairbanks, CIIIA) cmyra npomyckants GpiiabTpy Oysia MEHIIE CMYTH 4acTOT

1H(Pa3ByKOBOTO CUTHAITY.

3 Tabun. 3.4.2 BUIUIMBAE, MO0 AHOMAJIBLHO HU3BKI TPUBAIOCTI 1H(PPa3BYKOBOTO

curnany (1.38 xB) 3apeectpoBani Ha cranuii [S3US (Fairbanks, CIIIA). V toii xe

yac aHOMAJILHO BeJMKa TpUBaJicTh curHaiy (40.55 XB) crmocrepiraiach Ha CTaHITI
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r=2.16 Mum

r=10.53 MM
r=7.89 Mm

r=8.66 Mm r=1.74 Mm

r=6.35Mm

Map data ©2020 Terms of Use

Puc. 3.4.1 Cxema posrairyBaHHs 1H(Pa3BYKOBUX CTaHIIIN BIAHOCHO MiCIIs Bﬁ6yxy
METEOPOITy.

I37NO (Bardufoss, Hopserisi). AHOManpsHO Majuil mepioj KOJMBaHb 1HGPa3BYKY
(1.65 ¢) BimmiueHo Ha cranmii I43RU (JlyOnm, Pocis), a aHOMaJIbHO BEJIMKHIA
nepion (12.00 ¢) —na cranmisx [37NO (Bardufoss, Hopgerist) ta 10.10 ¢ — Ha
craniii [17CI (Dimbokro, Kor—n’IByap). HaiiOutemi ¢uykryanii a3sumyrty
cnocrepiramiuch Ha cranmisx [43RU  (y6onu, Pocis) ta [42PT (Azores,

[Topryranis), ne BoHM ckianany —2.7 ta 3.1° BIAMOBIIHO.

Pe3y1bTaTH CTATHCTHYHOIO aHAJI3Y

Yac 3aniznennsa cucnany. Yac 3amizHeHHs1 curHainy At po3paxoByBaBcs SIK
pI3HMIIST MDK MOMEHTaMH 4Yacy MPUXOAY MepeaHboro (poOHTY YTy KOJIHBaHb
1H(Pa3BYKOBOr0 CUTHAJIy Ta 4acy BTOPTHEHHSI METEOpOiAy 10 atMocdepu 3emii.
3anexHICTh 4Yacy 3ami3HEHHS B TOPU3OHTAJIbHOI BIACTaHI I MDK MicCLEM
crajiaxoM METEOpOoily Ta MICIIEM PO3TalllyBaHHs 1H(PPa3ByKOBOI CTaHIli MOKa3aHO
Ha puc. 3.4.2. 3 puc.3.4.2 BuAHO, 1O NpHU 30UIBbIIEHHI I 30UIbIIYBaBCS Yac
3amizHeHHs At. CepenHsi MBHUIKICTh MPUXOAY 1H(GPA3BYKOBOTO CUTHAITY JJIS BCIX

Tpac OIIHIOETHCSA 3a HACTYTHOIO (POPMYIIOHO:

-1
0= (iAtj )
dr
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At MHIL

1 2 3 4 5 6 7 b 9

400 7

At MHIL

200 q
150 (] a

100 F . .

1 2 3 4 5 6 7 8 9
r, Mm

4]
Puc. 3.4.2. 3anexxHiCTh Yacy 3ami3HeHHs iH)Pa3BYKOBOT'O CUTHATY, 3TCHEPOBAHOTO
JlumenbKUM MeETEopoioM, Bia BiAcTaHl. Amnpokcumaliisa: a —3a 10 TodykaMu
JTiHIMHUM  3aKkoHOM At =54.78r, Koe]illleHT JOCTOBIPHOCTI arpoOKCHMAIlii
R~ 0.9987, cepennbokBagpaTU4YHE BiAXWICHHS 6 =~ 7.93 xB; 6 — At = 54.54r+1.4,
R~ 0.9985, o ~ 8.48 xB.

Kopemsiitae osie At — r anpoKCUMYBaJIOCS HACTYITHUMU PETPECISIMU:
At=54.78r, R~0.9987, c =7.93 xB, (3.4.1)
At=54.54r +1.4, R~0.9985, c =8.48 xB, (3.4.2)
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ne At — BUMIPIOETbCA B XB, I' — BUMIPIOETHCSI B MM, R — koedilieHT 10CTOBIpHOCTI
ampoKCUMaIlii, ¢ — CepeTHHOKBAIPATHYHE BIIXUJICHHS alpOKCUMAIIii.

Ouinku o 3a criBBinHOMEeHHM (3.4.1) ta (3.4.2) natots 304.2 Ta 305.4 m/c
BiJIITOBITHO.

Hlguokicmo npuxody cucnany. KopendiiiiHe moje v —I I0OKa3aHO Ha
puc. 3.4.3. 3 puc. 3.4.3 MoxHa OauuTH, IO CIOCTEPITAETHCA TEHACHINS [0
3MEHIIIEHHS IIIBUJKOCTI MPUX0ay 1H(GPA3BYKOBOIO CHUTHANy TIPH 301IbIICHHI

BiZicTaHi I. 3anexHicTh v(I) ampOKCUMOBAHO TPhOMa PErpecisIMu:

v=120.60exp(—0.6032r)+302.3, R~0.9850, c=5.04 m/c, (3.4.3)

v=-27.33r+399.60, R~0.9908, 6=4.50 m/c, r <45 Mm, (3.4.4)
v=302.30 Mm/c, 6 =4.03 m/c, r >4.5 Mwm,

v=2.507r>—32.03r +399, R~0.9899, ¢ =4.68 m/c. (3.4.5)

TyT v BUMIpIO€TBCS B M/C, a I — B MM.
Tpueanicms cucnasy. 3aexXHICTh TPUBAIOCTI 1H(PpPa3ByKOBOTro curHaimy AT
BiJI BiJICTaH1 I HaBegeHo Ha puc. 3.4.4. 3 puc. 3.4.4 BUIHO, IO Ma€ MiCIE 3HAUHUN
po3ku TO4YOK. Ll oOcTaBMHA CEpHO3HO YCKIAJHIOE BHUOIP aNpOKCHUMYIOUO1
sajiexxHocti AT(r). YV skocti Takoi oOpaHi JiHIMHA Ta KBajpaTHYHA 3aJIC)KHOCTI.

PiBHSIHHS perpeciii MatOTh BUTJISL:

AT =-2.475r +24.79, R=0.5734, 6 =10.48 xs, (3.4.6)
AT =2.792r +26.02, R=0.829, ¢ =4.89 xs, (3.4.7)
AT =-0.3646r +0.9007r +19.55, R~0.6011, 6=10.92 xB, (3.4.8)
AT =0.4533r% —7.498r +35.89, R~0.8729, c =4.67 xs, (3.4.9)

ne AT BUMIPIOETBCS B XB, a I — B MM.

Ilepioo konueans. Kopensuiiine noje T — r HaBeaeHo Ha puc. 3.4.5. MoxHa
0auuTH, 10 Ma€ MicCle OyXe€ 3HAUYHMM PO3KUJ TOYOK: IMEpioj] 3MIHIOBABCS Ha
pi3HuX iH(ppa3BykoBux cranimisx Bix 1.65 mo 12.00 c. Ile e mormo He BiaOUTHCA
Ha BUOOp1 miaxoAsamoi perpecii. HailOuib po3yMHUM BUSBWIOCH IPUITYLIECHHS,
mo T(r) =const. PiBHsHHS perpecii npu BukopuctanHi 10 Ta 8 TOUOK MaroTh

BUTJIISI;
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v,

a
390

380 F

370 F

360 F

350
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0, M/C

330 |

320 F
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Puc. 3.4.3 3ajiexHiCTh MBUAKOCTI MPUXOAY 1H(PA3BYKOBOTO  CHUTHAIY,
3reHepoBaHoro JIMMmenpbKUM METeopOoioM, BiA BIACTaHI. AMpOKCHMAIlIS: d —
CKCIIOHEHIIMHMM  3akoHOM  © = 120.6exp(—0.6032r)+302.3, R ~ 0.9850,
o ~5.04 M/c; 6—xoMOlHaII€I0 JIHIAHOI 3aJ€KHOCTI Ta KOHCTAaHTH U =-—
27.33r +399.6, R~0.9908, c~4.50m/c (mns1 mamux Biactanen I <4.5 Mwm)

ta v = 302.30, 6 = 4.03 m/c (151 Beukux BiAcTanew r > 4.5 Mm)

T =6.280+0.983, 6 ~3.11 c, (3.4.10)
T=6.144+0.764, o~ 2.16 c, (3.4.11)
neT—Bc.
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A3umym. 3HaHHS KOOpPAMHAT MiCLsl CHalaxy METeopoigy Ta Micud
po3TanryBaHHs 1H(PA3BYKOBOi CTaHINl JO3BOJISIE pO3paxyBaTH ICTUHHUN a3UMYT
Ay, KWW TIOMITHO BIAPI3HIETHCA BiJl CIIOCTEpEKyBaHOTO Agp. Kopersiiiine mosne
Aob — Ay HaBegeHo Ha puc. 3.4.6. 3 puc. 3.4.6 MoxHa 0ayuTH, IO PO3KHUI TOUYOK
HE3HAYHUU, PIBHIHHS perpecii 100pe ampoKCUMYEThCS JIIHIHHOIO 3aJI€KHICTIO!

A, =1.004A, —0.6943, R=0.9998, c=2.31°, (3.4.12)

ne Aob Ta Ay BAMIPIOIOTBCS B TpaIycax.

q0t . .

35t 1

AT, mun

40 r b

AT, s

“_ 1 1 1 1 1 1 1 1 kx|

| 2 3 4 A ) 7 b 9
r, M

o
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AT, Mun
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r, Ma
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i 2 3 4 5 6 7 8 9
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2
Puc. 3.4.4 3anexHIiCTh TpHUBAIOCTI 1HGPA3BYKOBOTO CHUTHATY, 3T€HEPOBAHOTO
JIuneupbkuM METEOpOoifoM, BiJl BiJCTaHl. ATPOKCUMAIS: a —JIIHIMHUM 3aKOHOM 32
10 toukamu AT =-2.475r +24.79, R=0.5734, o0~10.48xB;, 6 — MHIAHUM
3aK0HOM 3a 8 Toukamu AT =—-2.792r + 26.02, R = 0.8290, ¢ ~ 4.888 xB (0e3 craniiii
Hyonu Ta Bardufoss); 6—kBagpatuunuMm 3akoHoM 3a 10  Toukamu
AT =-0.3646r>+0.9007r + 19.55, R~0.6011, ©~10.92 xB, 2— KBaApaTHIHUM
3akoHOM 3a 8 Toukamu AT =0.4533r>-7.498r + 35.89, R~ 0.8729, o ~ 4.67 xB
(6e3 cranmiit Jlyonu ta Bardufoss)
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Puc. 3.4.5 3anexnicte mnepioay iH(Pa3BYKOBOrO CHUTHAIy, 3T€HEPOBAHOIO
JIunenpkum METEOPOiJIOM, BIJ BIJICTaHI. Anpokcumartisi:

a—3a 10 toukamu T = 6.28 ¢, 0 = 3.11 c, o1iHKa MOXUOKU CEPETHHOTO 3HAYCHHS
+0.98 ¢c; 6 —3a 8 Toukamu T =6.144 ¢, 0~ 2.16 c, OIliHKAa MOXHUOKH CEPETHHOTO
3HaueHHA £0.76 ¢
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Puc. 3.4.6  3anekHICTh  CHOCTEPEKYBAHOTO  a3UMYTy  KyTa  TPHUXOIY

1H(pPa3ByKOBOTO CUTHAIY BiJ ICTUHHOTO a3UMYTy. ATpOKCHUMAIliS JIHIHHUM

3akoHOM: Aoy = 1.004Ay — 0.6943, R ~ 0.9998, 6 ~ 2.31°

Daykmyauyii azumymy. Kopensamiitne mnone AA—r, rae AA = Agp — Ar,
HaBesleHO Ha puc. 3.4.7. BumHo, Mo Mae Miciie 3Ha9HWA PO3KH] TOYOK. PiBHSIHHS
JHIAHOT perpecii, moOynoBaHoi 3a nanumu 10 craHIiiif, Mae BUTIISI:

AA=0.4142r —2.286, R~ 0.5235, 6= 2.00°, (3.4.13)
AA BUMIPIOETHCS B Tpagycax, a I — B Mm.

Axmo x Bukmountu cranimii [S6US (Newport, CIIIA) Ta 142PT (Azores,
[Topryraiist), Tol piBHSIHHS perpecii npuiiMe BUTIIS;

AA=0.68r —3.328, R~ 0.9402, c~0.73°. (3.4.14)

[TomituMmo, 1o KopensiiiiHe moyie |[AA| — r Mae 3HaUYHUI PO3KH] TOUYOK Ta HE
JIOTTYCKA€ pO3yMHOI allpOKCUMAIi.

3anexncnicme weuokocmi 6i0 azumymy. Kopensuifine mome v —SinAy
HaBesieHo Ha puc. 3.4.8. 3 puc. 3.4.8 MoxHa 6aYUTH, 110 Ma€ MICIIe 3HAYHHHN PO3KHU]I

TOYOK, SIKUW YCKIIQJHIOE BUOIp allPOKCUMYIOUOTrO CiBBIAHOMEHHS. [{is miH1iHOT
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Puc. 3.4.7 3anexHnictp (aykTyauid a3uMyTy BiJI BiJCTaHl. AmNpoKcUMaIlis
JiHIMHUM 3akoHOM: a—3a 10 Toukamm: AA=0.4142r—-2.286, R ~0.5235,

o~ 2.00 rpan; 6 —3a 8 Toukamu: AA =0.68r —3.328, R~ 0.9402, o~ 0.73 rpan

(6e3 cranmiit Azores Ta Newport)
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Puc. 3.4.8 3anexHicTh IMBUIKOCTI MNPUXOAY 1H(PPA3BYKOBOTO  CHUTHAIY,
3reHepoBaHoro JIMmenpkuM KOCMIYHUM TLIOM, BiJl CUHYCY ICTUHHOTO a3uMYVTY.
ATpoKkcHMalIlisl JIHIKHAM 3aKkoHOM: 6—3a 9 Ttoukamu, v = 24.53sinAy + 300.2,
R~0.4139, o~=1810wm/c (06e3 cranmi JlyOnu); 6—3a 8§ TOUKamuy,
v =31.24sinAy + 299.1, R~ 0.5311, 6 ~ 17.42 m/c (0e3 cranuiii Jlyonu ta Azores)

perpecii, moOyaoBanoi 3a 9 (okpim [43RU) Ta 8 (okpim I[43RU Ta I17CI)

1H(Pa3BYKOBUMU CTaHIISIMU, CIIPABEJIMBI HACTYIIHI CITiBBIIHOIIECHHS:
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v =24.53sin A, +300.2, R=0.4139, 6=18.10 wm/c, (3.4.15)

v=31.24sin A, +299.1, R=0.5311, 6=17.42 wm/c, (3.4.16)

Jie a3UMYT BUMIPIOETHCS B Tpajaycax, a MBUJKICTh — B M/C.

OorosopenHs

Yac 3aniznennsa cuznany. Sk 1 cmig Oyno O4IKyBaTH, 4ac 3alli3HEHHS
CUTHAJIy TpH 30UIbIIEHHI BIJICTaHI I 30UIBIIYEThCS MPAKTAYHO 3a JIHIMHUM
3akoHOM. OOuaBi perpecii (3.4.1) Ta (3.4.2) BUSBISIOTECS 3aJ0BUIBHUMH, aJie
nepeBary ciin Biggatu 3anexHocTi (3.4.2), ockuibku mpu =0 wmaemo
Aty =1.40 xB. Ilpm BucOTI BUOYXYy Zy =27 KM OTPMMAEMO, IO XapaKTepHa
MBHAKICTE U = Z;/Aly = 321 M/c. Ll mBHAKICT, ONM3bKAa 10 IIBHAKOCTI XBHII,
3reHepOoBaHOi pHU BUOYXY METeOopoiny, a yac Aty — OJIM3bKUIA 10 Yacy MOIIUPEHHS
11€1 XBUJI1 JI0 TOBEPXH1 3eMUIl.

Honamo, mo 3anexHicth (3.4.2) moctaTHbO OJmM3bKa J0 3aiexHocTed At(r),
oTpuMaHuX y pobotax [165, 167]. biu3bki TakoK 3HaUYeHHS mBUAKOCTI U . 304 —
305 mM/c B maniii poboti Tta 291 M/c, a Takox 297 M/c B pobGorax [165, 167].
BinMiHHICTE Y U 0OYMOBJICHO THM, IIO B HAIIOMYy BHUTAAKY Imax = 8.66 MM, a B
[165] rmax=~15Mm Ta B [167] rmax~17.5 Mm. IleBHY pojib TakoX TIparoTh
GbayKTyaliiiHl epexTu.

Hleuoxicme npuxody cucnany. 3MEHIIEHHS IIBHJIKOCTI  MPUXOIY
1H(pPa3ByKOBOTO CHUTHATY MHpH 30LIBIICHHI BIACTaHI MOB’SA3aHO 31 301IBIICHHIM
HUIAXY, SKUH OpOXOJATh 1H(pa3ByKOBI MPOMEHI MpH iX OararopazoBoMy BiIOUTTI
B1JI CTIHOK XBHJIEBO/IIB 3eMiis — cTpaTocdepa ta 3emist — Tepmocdepa.

Anpoxcumariii (3.4.3) Ta (3.4.4) BUSBISAIOTHCS 3aI0BUIBHUMH, aJI€ HE LIJIKOM
bi3uaanMu. 3anexHicTs (3.4.4) mokasye, mo mpu I > 4.5 MM mBHIAKICTH c1ab0
3aJIe)KUTh BiJ BIJCTaHi, BOHA OUIbIIE 3aJICKUTH Bl CTaHy arMocdepu Ha Tpaci
TIOTITUPEHHS.

Perpecis (3.4.5) Takox He € ¢izuuHor0. [Ipu r = 6.4 MM mae micuie MiHIMyM

MIBUIKOCTI Umin =~ 297 Mm/cC.
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[Tomitumo, mo g Yensbincekoro [167] Tta Imponesiiicekoro [165]
METeopoimiB st <5 MM TakoX CHOCTEpITaNocs 3MEHIICHHS IBHIKOCTI
npuxony. Ilpu r>5Mwm 3HaueHHs v QaykTyroBaau B okom 290 Ta 295 m/c
BIIIIOBIIHO.

Tpusanicme cucnany. 3alleXHICTh TPUBAJIOCTI CHUTHANY BiA BiJACTaHl
3QJICKUTH B HU3KU (haKTOPIB: Bl 0araToOMOJIOBOCTI CHUTHaIY, OararouncebHUX
NepeBiIOUTTIB  CUTHATY B aTMOC(PepHMX  XBUJIEBOJAX, JIUCIEPCIHHOTO
PO3IUTMBAHHS XBUJIEBOTO TAKETy, 3r€HEPOBAHOTO METEOPOiTOM, BiJ BiIHOIIECHHS
CUTHAJI/IIIyM, a TaKOX BIJ PI3HOI MPOMYCKHOI 3JaTHOCTI XBUJIEBOJIIB, PI3HOTO
OCITa0JICHHSI CIEKTPATbHUX CKJIaA0BHX. JlMcmepciiiHe po3IUIMBaHHS ICTOTHO IS
IMPOKOCMYTOBHUX, TOYHIIIE, HAIIIUPOKOCMYTOBUX 1H(GPA3BYKOBUX CHUTHAJIB.
Takum OyB curHai Bijg Yemsi01HCHKOTO METeopoiny, IS HhOTO Jliara3oH MepioaiB
ckianas ~10—100 ¢ [167]. 3MeHIICHHS BIAHOIICHHS CHUTHAI/IIYM HEMUHYYE
IPU3BOJUTH JI0 BJABAaHOTO YKOpOYEeHHs curHainy. Haspani Qakropu 31aTHI
ocnadnsaTi oauH oaHoro. st YensaO1HCHKOro METEOpOily CKOpIIIE MepeBakalio
JUCIIepCiiiHe  po3MMBaHHA Ta 3anekHicte AT(r) mma 10 cranmid  Oysia
3pocTarouoro [167]. Ilpu pizHOCTI (a30BUX MIBUAKOCTEH CKJIAJOBHX CUTHAITY, SIKa
nocsirana 20 wm/c, Tta r=10Mm wmaemo gucmepciiiHe pPO3IMIMPEHHS, SKe
JIOPIBHIOBAJIO 35 XB.

s THpoHesiicbkoro MeTeopoiny 3aiexHicTh AT(r) Oyna cnamarouoro [165].
Jliama3oH nepiofis ckiaanas 5 — 25 ¢, cepenne 3HaueHHs T ~13—14 c. [Ipu npomy
pi3HMIST B (Aa30BUX IMIBUAKOCTSIX PI3HUX CKJIQJIOBUX HE TMEPEBUILYBAIO
Av =10 m/c, a nucniepciitae posmmpenss npu I = 10 Mm He nepeBuyBaio 18 xa.

V Bunanxy Jlumeunskoro mereopoiny mpu T~2—14c, T =6 ¢, Av~8 m/c
Ma€eMO JJIsi JUCTIEPCIHOTO PO3MIUPEHHS 3HAYEHHS, SIKE€ JOPIBHIOE IPUOIU3HO 7 —
11xBgmar=5-8 Mwm.

Ax Gaunmo, AucHepciiiHe pO3MMUPEHHS AJs BCIX TPhOX METEOPOIAiB MOIJIO
Oytu icrotHuM. [l [HmOHE31MchKOrO Ta JIMmenbkoro MeTeopoiiB BOHO, OJIHAK,

YaCTKOBO KOMITEHCYBAJIOCh IEPEPAXOBAHUMU BHILIE MPOTUAIIOYMME (hakTOpaMu. Y
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KIHIIEBOMY IMJACYMKY [UIS WX JBOX MeTeopoimiB 3amexHictb AT(r) Oyma
CTaIal0vuoIo.

3anexnocTi (3.4.6) ta (3.4.8) BapTO BU3HATH HE33JOBUILHUMU. 3aJEKHOCTI
(3.4.7) Ta (3.4.9) npakTHYHO PiBHOIIIHHI.

Ilepioo konueans. BiACyTHICTH SCKpaBO BHpakeHOi 3ajekHOCTI T(r)
CBITYUTH TIPO T€, IO MEP10 OCHOBHOTO KOJMBAHHA HA Tpacax Pi3HOI MPOTSHKHOCTI
W opieHTaIli 3aJUIIAETHCA Maike IMOCTIMHUM 1 JAEThCS CITIBBIIHOIICHHSIMU
(3.4.10) ta (3.4.11), sixi BUSABHIINCS AYXKE OJIM3bKHMH.

Jlomamo, 1m0 3HAYHUM PO3KHA TMepioniB 1HPPA3BYKOBOTO CHTHalTy OyB
BJACTUBUM 1 JUIsl CHUTHAJIB, 3reHepoBaHMX YensOiHCbKUM Ta I[HIOHE31MCHKUM
MeTeopoinamMu. J[Jis BCiX TPhOX METEOPOiNiB MEPEBAKHOIO BUSBUJIACS 3AJICKHICTh
T(r) = const.

BuxopucroBytoun choiBBigHOmeHHs 3 pobGotu [189] nns  eneprii
iHppa3BykoBOro Kepena, cmpasemmBoro npu E/2 <100 kr THT, moxna 3a

3HAYEHHAM NepioAy OUIHUTH E:
Ig§:3.34lgT —2.58. (3.4.17)

Mpu T=628+0.98c 3 (3.4.17) maemo E=2437% xr THT. fkmo x

T =6.14%0.76 c, Toni 3 (3.4.17) otpumaemo E = 2.26"% 1 THT. Sk BUIHO 3 KX

-0.81
OWIHOK, E ~2.26—2.43 kr THT He3HauHO BiIpi3HACTLCA BiJl JaHMX, OTPHMMAHHUX
HACA (2.8 xkt THT) [161].

Azumym. Mix cnoctepexxyBaHUM Aoy Ta ICTHHHUM Ay 3HAUEHHSAMH a3UMYTY
ICHY€ CWJIBHMM CTAaTUCTUYHUU 3B’SI30K, SKUW BHUPAXKEHO JIIHIMHOIO PErpeciero
(3.4.12). TloniOHa 3anekHICTH Maja Micie 1 g [HIOHE3IHChKOr0 METeopoimy
[165].

Dnyxkmyauii azumymy. Yepes iCTOTHY BIMIHHICTD y HampsiMaxX MOIIHUPECHHS
1H(Pa3BYKOBOTO CUTHAJIy Ta Y3J0BX TPacU Maju MicCIle 3HAKO3MiHHI (uIyKTyarii
AA. Jlna Jlumenibkoro METeopoiay crocTepiragach TeHISHII 0 30uTbieHHsT AA

npu 30unbieHH1 I (nuB. criBBigHOMmEHHS (3.4.13) ta (3.4.14)). Cepenne 3HaueHHSA

AA=19+21°. st [HIOHE31MChKOTO MeTeopoimy AA=3.1+11.7°. SIkmo x
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BUKJIIOUUTH 3 po3risiny 1H@pa3BykoBi ctanuii [39PW (AA =34°) ta I56US
(AA = 29°), To s [HIOHE31MCHKOTO METEOPOITy AA=0.2+3.5°,

3anexncnicmo wieuokocmi 6i0 azumymy. 3aNSKHICTh MIBUAKOCTI MPUXOITY
1HGpa3ByKOBOTO CUTHANy BiJ SinAy nmaetscs cmiBBigHOmeHHs M (3.4.15) Ta
(3.4.16). IlpuunHOIO TMOSABH TaKol 3aliC)KHOCTI € BIUIMB TPOMochepHO-
ctparochepHo-TepmochepHoro Bitpy. IlBuakicts mnpuxomy v TmoB’s3aHa 31
IIBHJIKICTIO BITPY W HACTYITHUM CITiBBiTHOMIEHHM [165]:

v=0v+Av="v"+WCO0sf,
ne Av — mo6aBka 70 iCTHHHOI IIBHAKOCTI v’ mpuxody curHamy, = Ay — A, Ay Ta
A —a3uMyTH HampsIMKy BITpy Ta jpkepena iHGpa3ByKy. i 3axigHOrO BITPY
Ay = 270°, a ga cxigaoro — Ay = 90°. Toni
v=v+Wwcos(270°— A)=v'—wsin A, (3.4.18)
v=0+Wwcos(90°— A)=v'+wsin A. (3.4.19)

3 (3.4.18) ta (3.4.19) MokHa OTpUMATH TaKOX HacHigkw. J[Ja cTaHIlH, sKi
pO3TalioBaHO Ha CXia Bif jpkepena iHdpassyky, A >180° SinA<0 ta v>7,
TOOTO HasIBHICThH BiTpy 30iibinye v'. Ilpu 1bOMy X poO3TaliyBaHHI Ta CXiTHOMY
BiTpi v<v'. Ilpm cxigHOMy BITpi A CTaHIiH, PO3TAIIOBAHUX Ha 3axif BiJ
mkepena iHGpasByky, A<180° SinA>0 Ta v>9¢'. Ilpu aHaIOTIYHOMY
po3TallyBaHHi, ajie 3axiHoMy BiTpi v<7v'.

Takum ymHOM, Maroum perpeciiiHi 3anexxnocti (3.4.15) 1 (3.4.16), a takox
cuiBBigHomeHHs: (3.4.18) Tta (3.4.19), MoXXHA OIIHUTH CEPEIHIO IIBHUJKICTh
aTMOC(EpHOro BITPY ¥ ICTUHHY WIBUJAKICTh NMPUXOJY CUTHaIIy, sika Oyna O y
B1JICYTHOCTI BITDY.

Jnia Jluneupkoro MeTeopoidy B MPUITYIICHHI, IO B JITHIM Yac mepeBakae
CXigHui BiTep, 3 mopiBHsHHSA (3.4.15), (3.4.16) 3 (3.4.19) oTpumaemo, mo W ~ 25 —
31m/c, a ©'~299-300 m/c. Ili 3HAYeHHS MPEIACTABISAIOTHCS  MIJIKOM

MPUUHATIBUMU.
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OcHOBHI pe3yabTaTn

3 BHUKOPUCTaHHSIM JaHUX BHUMIipIoBaHb 10 cTaHIId MIDKHApPOAHOI CHUCTEMH
MOHITOPUHTY siilepHUX BUNpoOyBaHb Opranizailii 3a JIoroBopoM mpo BCEOCSIKHY
3a00pOHY SIEPHUX BUIMPOOYBAHHh HABEICHO aHAII3 YACOBUX 3AJICKHOCTEH THUCKY B
iH(pa3ByKOBI XBWII, 3reHEpoBaHId mpoTsarom mnamiHHA 21 uepBHsa 2018 p.
JIunenpKkoro METEOpoily Ta BCTAHOBJIEHO HACTYIIHE.

1. Yac 3ami3HeHHs 1HPPa3ByKOBOTO CHUTHAITY 30UIBIITYBaIBCS MPHU 301IbIICHHI
TOPU30HTAIBHOI BIACTaHI BIJ EMIIEHTPY BHOYXy METEOpOiqy 10 CTaHIN 3a
JiHIHUM 3akoHOM. [Ipu oMy cepeaHs 3a BciMa TpacamMH HIBUAKICTH MPUXOMY
curHaity oymna 6mmspkoro 10 304 — 305 m/c.

2. lIBuakicTh mpuxoay 1HPPA3BYKOBOTO CUTHANY MpPH 30UIBIIECHHI BiJCTaH1
CHOYaTKy JOCTaTHbO IIBHAKO 3MEHIIyBajach, a Ha Biactanax 4.5 —8.66 Mm
daykryroBana Ous 3HaueHHs 302 m/c.

3. 3asiexHICTh TPUBAJIOCTI 1H(GPA3BYKOBOTO CHUTHATY BIJ BIiJACTaHi Oyna
CIaJaloyuol0 3a JIHIMHUM 3aKkoHOM. JlucmepciiiHe po3LIMPEHHS CHUTHAIY OYyJio
HECYTTEBHUM Ha BIJICTaHAX 5 — 8 Mwm.

4. CepenHi 3HauCHHSI IEP10/1iB IHPPA3BYKOBOTO CUTHAITY, SIKI HE 3QJI€KATh Bl
BIICTAaHI Ta $Ki OILIHEHO 3a pI3HUMHU perpecisimu, ckiaagamu 6.28+0.98 Ta
6.14+0.76 c.

5. CepenHe 3HaU€HHS MOYATKOBOI KIHETUYHOI €HEprii METEopOoiny, OTpUMaHe
3 1H(Pa3BYKOBUX CIOCTEPEKEHb MEpiofy KOJHMBaHb, ckianano 2.26 —2.43 kr
THT, 1o HecyTTeBO Bifipi3HseThes Bl HedanexkHux gaHnux HACA (2.8 kr THT).

6. AnpokcuMalis IBUIKOCTI TPUXOAY 1H(PPa3ByKOBOTO CUTHANY BiJ CUHYCY
a3UMYTaJIbHOTO KyTa IOKa3alja, 110 CKOPUIrOBaHEe 3HAYEHHS IIBUIKOCTI MPUXOAY
curHany ckiuagamo Ous 300 M/c, a cepeaHe 3Ha4YeHHsA TpornocdepHo-
cTparochepHOro BITpY JopiBHIOBaNIO 25 — 31 m/c.

7. AHani3 KOpeJsUiIHHUX TMOJIB MOKa3aB, IO ICHYE CTIMKUI CTaTUCTUYHUN
3B’SI30K MK CIIOCTEPEKYBAaHMM Ta ICTHHHMM a3uMyTaMU JpKepesia 1H(]pa3ByKy.
Biamideno, 1o mana miciie TeHEHIIs 10 30UIbIIeHHs piBHS (DIyKTyaIii a3sumMyTy

pu 301IBIIICHH] BiJICTaHI.
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3.5. Xapakrtepuctukum  iHQpPa3BYKOBHX  XBW/Ib, 3reHEePOBAHHX

KamuaTcbkuM MeTeopoinom

MeTa 1bpOro miApO3AUTY — BHUKJIQJCHHS PE3YJIbTATIB BUBUYEHHS MapaMeTpiB
1H(GPa3BYKOBUX CUTHAIIB, 3T€HEPOBAHMX MPOTATOM YHIKaJIbHOI MOAIl — MaaiHHA
Kamuarcekoro mereopoiny 18 rpynus 2018 p. YHIKanIbHICTh TaHOTO METEOPOimy
noJjisirae B Moro 3Ha4yHiN mBuAKOCTI (32 km/c), BenuuesHii eHeprii (173 kr THT)
Ta OJIM3BKOIO JI0 BEPTUKAIBHOT (3eHITHUHN KyT CTaHOBUB 11°) TpaekTopii.

3a cBoeto eHepriero KaMyaTchbkuil METEOpOil TOCTYMAEThCS  JIMIIE
Tynarycekomy (~25—50 Mt THT) ta Yensa6iacekomy (~440 kt THT) kocmiuHuM

TUIAM.

3arajabHi BIZOMOCTI PO MeTeopoix

18 rpynus 2018 p. o 23:48:20 (tyr 1 mam BcecBiTHI yac UT) nmoOmauzy
Kamuarcekoro miBoctpoBa (Pocis) mo armocdepu BTOPrHYJI0CH KOCMIYHE TLIO,
gKke npupoAHO HazBaTu KamuarcekuMm wmeteopoigoMm. ['eocramionapui HIC3
KOHTpoJI0 KocMmiuHOoro mnpoctopy CIIA no3Boiamin BHUMIPATH KOOPAMHATH
(56.9°N, 172.4°E), Bucoty (25.6 KM), TpH NPOEKIlii MMOYATKOBOI IIBHIKOCTI

(v, =6.3 xm/c, v, =-3 KM/C, v, =—31.2 kM/C),  €Hepriro  ONTHYHOTO

sunpominioBanss (1.3-10% JIx) subyxy [161]. Moxynb 04aTKOBOT INBUAKOCTI ¥
cknanas 32 km/c, MoyaTkoBa KiHeTHdHa eHepris Ex ~ 173 kr THT = 7.24-10% JIx.
3Haroun v Ta Ey, MoxxHa oGumciuty Macy Tina M ~ 1.41.10° xr. Bucora cnanaxy
(25.6 kM) cBiTumIIa TIPO Te, IO METEOPOin OYB, CKOpiIle 3a Bce, Kam ssHUM. bepyuu
70 yBarW, 1o WOro rycTuHa gopisHioBana 3.3 T/M°, orpuMaemo 06’em V ~ 428.5
M°. Bpaxaroun, mo popma MeTeopoina Oyiaa 6Iu3b6K010 0 chepUdHOi, OLIHIOEMO

HACTYITHE 3HAYCHHS JiaMeTpy KocMidHOTro Tijia d = 9.4 M.

3aco0u Ta meToaHn
st anamizy iH(QpPa3ByKOBUX CUTHAIB, 3r€HEPOBAHUX Yy MPOIIECI MOJIBOTY Ta

BuOyxy KamuaTchkoro MeTeopoiny, BHKOPHCTOBYBAJIUCH JaHi, 3apeecTpoBaHi
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CTaHLISIMH MDKHApOAHOI cucteMu MoHITopuHTY (IMS) sinepHux BunpoOyBaHb
Opranizamii 3a JIoroBOpOM NpO BCEOCSKHY 3a00pOHY SACPHUX BHUIPOOYBaHb
(CTBTO) [2, 172]. AHnani3 4acoBUX 3aJie’KHOCTEH THUCKY Ap B 1H(Pa3BYKOBIH
XBWI1 BUKOHaHO mid 1ectu cradmi: [53US, 130JP, 159US, 146RU, 157US
ta MAAI2 (Ykpaina) (taba. 3.5.1). Micug BuOyxy Ta quciokaiii iHppa3ByKOBUX
CTaHIIIM mokazaHo Ha puc. 3.5.1.

Metonuka  BuUABIEHHS  1HQPA3BYKOBOTO  CUTHANy,  3TE€HEPOBAHOTO
KamuaTchkuM MeTeopoinom, 3BOJMIACS O HACTYIMHOTO. 32 KOOpAMHATAMH MICLs
BUOYXy Ta 1H(QPa3BYKOBUX CTAHIIHA pO3paxOBYBaBCS TCOPETUYHUM a3uUMYT (TaOJl.

3.5.1) ta ouikyBaHMU dYac 3ami3HEHHS 1H(PPA3BYKOBOIO CHUTHANY 3a MIBHUIKOCTI
npuxony U, =250-350 m/c. IloTiM 3a JaHMUMHU IHAUKATOPY KPYrOBOTO OIJISIY
(puc. 3.5.2) Ta pesynpTaTamMu MiKKaHaIbHOI 00poOKm (puc. 3.5.3) BH3HAYaBCA
4acOBHI 1HTEpBAJ 3 IIYKaHUM 1H(GPa3BYKOBUM cUrHajoM. MiKkaHallbHa 00poOKa
JI03BOJIMJIA OLIHUTUA KOE(ILIEHT B3a€MHOI KOPEJSIIl CUTHANIB y PI3HUX KaHalax,

a3UMYT 1 MBUAKICTH Tpuxoy (nuB. puc. 3.5.2).

T ol e ®

T e N o w B '//x

Puc. 3.5.1 Cxema po3sramryBanss iHppa3BykoBux craniii: 1 — 153US, 2 — 130JP, 3
— 159US, 4 — 146RU, 5 — I157US, 6 — MAAG?2; 31pouYKor0 MoKa3aHi KOOPJIUHATH
BUOYXY METEOPOIAy
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Puc. 3.5.2 Tlanenp iHAMKATOpPY KPYTrOBOTO OTJISAY JUIsl BU3HAUCHHS a3UMYTY
mxepena iHppa3Byky: a — 153US, 6 — 130JP, ¢ — 159US, 2 — 146RU, 0 — I57US, e —
MAAG?2. ¥Y3n0Bx paaiycy BIAKIAJAEHO MIBHIKICTH (B KIJIOMETpax 3a CEKyHAY),
KyTOBa KOOpAWHATa sBsie co0Or0 asumyT. Ha iHaukaTopax BUIHO CIHIIA BiJ
aKyCTUYHMX CUTHAJIB, $KI CHocTtepiraiuch micias BuOyxy Kamuarcbkoro

Metreopoiny 18 rpynnsa 2018 p., a Takox 3aBagu

[Tpuknan xBuaboBUX (opM 1HGPA3BYKOBOTO CUTHATY JJII BOCBMUKAHAIBHOI
craumii  I53US, mokazano Ha puc. 3.5.4. BigHOmIeHHS  CHUTHAI/IIyM

(3a moTy>xHicTIO) ( OyJsi0 He MeHie 100.
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Puc. 3.5.3 Pesynprar 00poOKM iH(Pa3ByKOBOTO CHUTHAIY, 3apEECTPOBAHOTO iH(PPa3BYKOBUMHU
cranmismu: a — 153US, 6 — 130JP, ¢ — I59US, 2 — 146RU, 0 — I157US, e — MAAG?2 micis BUOyXy
Kamuarcekoro mereopoiny 18 rpynus 2018 p. Ilaneni 3Bepxy BHU3: KOe(IIIEHT MiXKaHAJIbHOI
KOpeJAIlii piBHS CUTHATY; a3uMyT JDKepelia 1HPpa3ByKy; IIBHJKICTH NPHXONY iH(Pa3BYKY;
YacoBi 3aJIEXKHOCTI PiBHA (Y BITHOCHUX OJMHHIIAX) iH(PA3BYKY B HOTUPHOX KaHAIAX
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Hami pesynpTaTé  BUMiproBaHb Ap (t) mepeTBoproBaJMCA 3 BiJIHOCHHX
omuHUIL B abcomotHi. [lotiMm 3amexHicts Ap (1) migmaBamacs ¢impTpamii B

nmiarmazoni mepiogiB 1 — 40c. Ilicms 1p0r0  3MIMCHIOBABCS CHCTEMHHM

cuektpansauit anaiiz (CCA) BindinmpTpoBanux 3anexxHocterd Ap () 3a momomororo

B3a€MOJIONIOBHIOIOUMX I1HTETPAIbHUX TIEPETBOPEHb: BIKOHHOTO TEPETBOPEHHS
dyp’e (BII®D), anmantuBHOro mneperBopeHHss PDyp’e (AIID) Tta BeliBuer-
nepetBopenns (BII) 3 marepunchkoro GpyHkiiero Mopie [198].

Ta6muis 3.5.1 Biacrans Big micig BuOyxy Kamuarcbkoro MeTeopoiny
(56.9°N, 172.4°E) no iHppa3ByKOBUX CTaHIIIN, & TAKOXK PO3PAXyHKOBUI
1 BUMIPSIHUN a3UMYTH NPUXOY 1HPPA3BYKOBUX CUTHAIIIB

Ha3ga ['eorpadiuni Biacrans, A3uMyT A3uMyT
(Iudp) KOOpAWHATHU KM (po3paxyHOK) | (BUMIpIOBaHHSI)
I153US 64.9°N, 147.9°W 2275 266° 269+5°
130JP 36.1°N, 140.10°E 3327 36° 37+7°
I59US 19.6°N, 155.9°W 4895 336° 331+3°
146RU 53.95°N, 84.82°E 5145 49° 42+1°
I57US 34.07°N, 120.58°W 5530 319° 314+5°
MAAG2 48.56°N, 26.46°E 7869 19° 15+11°

Pe3yqbTaTu CIeKTPAJILHOIO aHAJTI3Y

YacoBi 3a1€KHOCTI TUCKY B 1H(Ppa3BYKOBIA XBWJI, 3aPEECTPOBAHI B PI3HUX
KaHajax, Majo BIJIPI3HSAIOTHCS OJUH BiJ ojHOTO. I{e came MokHa cka3atu 1 mpo ix
YacTOTHI Jiana3oHu. Tomy naii JJig NMPUKIATy HABOIATHCS Pe3yJbTaTH aHATI3y
JUTSL OJTHOTO 3 KaHAJIIB.

Cmanyia I53US. XBunboBa (opma iH(PPA3BYKOBOTO CHTHANYy, a TaKOX
pe3ynbTaTH CHEKTpalibHOI 00poOkM HaBeneHi Ha puc. 3.5.5. [H(pa3BykoBwHii
CUTHaJ, SKUW BiAmoBigaB asumyTy 269+5°, cmoctepiraBcsa 3 01:31 19 rpynus
2018 p. TpuBamicte AT HOro OCHOBHOI YAaCTMHHU CTaHOBWIA He MeHie 20 XB.
MaxkcumanbHe BigHOLIEHHS curHai/myMm aopiBHioBano 400. Ili3Hime mpoTrsrom
JEKUTBKOX JIECATKIB XBUJIWH BIIHOLICHHS CUTHAJI/IIIYM MOMITHO TI€PEBUIIYBAJIO 1.

Crnektp curHaiay OyB IIMPOKOCMYTOBUM 1 3aiiMaB Jlama3oH mepiofiB T Big ~ 5
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no ~ 35c. HaiGinemy enepriro Manu ckiafoBi 3 T ~ 10 — 20c. [Apyruii

MaKCHMYyM, BUPaXEHHUI MEHIIe, MaB Miclie ipu T = 25 — 27 c.

Ap,TlaF ! '

30

20

T

10

T,cF l I

30

20

I

10

T,cF l I

30

20

10

| |

1

|

01:39:00 01:40:00 01:50:00 02:00:00 02:10:00 02:20:00

0.2

Puc. 3.5.5 Pesynprat cMyrosoi

diapTparii

UT 0 0.5 E
P

ta CCA 3anexnocti Ap(t),

3apeectpoBanoi 18 rpyans 2018 p. Ha cranmii [53US. Tyt 1 mam manem 3Bepxy
BHM3: XBWiIboBa ¢opma, pesyiabtatu BIID, AIID ta BII. CnpaBa mnokaszaHo

eHeprorpamu, P — IHTEHCUBHICTh CUTHAITY

Cmanyia 130JP. 3anexnicte ap(t), a TakoX pe3ylbTaTH CHEKTPAIBHOTO

aHami3y HaBedeHi Ha puc. 3.5.6. TpuBamicte curHamy, mo modacs o 03:14
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19 rpynuas 2018 p., cranoBwia He Menme 20 xB. MakcuMmallbHE BiTHOIICHHS
CUTHaJI/IIyM nocsirano npubausno 50, a minimansae — 10. BumiproBanuii a3sumyt
nopiBHIOBaB 3717°. [Hppa3ByKoBHii cUTHAN OYB HIUPOKOCMYTOBUM, HOTO CKIIAJ0BI
Manau tepiomn Bim ~ 5 mo ~ 40c 1 Oumeme. B cmekTpi cmoctepiraimocs aBa
MakcuMyMu 3 T1 =28 c 1 To=12c. Ilepion T3 =~ 5 ¢, mBuame 3a Bce, HE
OB’ s13aHMi 3 BHOyX0OM MeTeopoiny. Bin MaB miciie i 10 mpuxonay iH(ppa3ByKy Bif
METEOPOITY.

Cmanuyia 159US. XsunboBa popma iHGPa3ByKOBOIO CUTHAILY Ta PE3yiIbTaTH
CTIEKTPaIBFHOTO aHaJI3y MOKa3aHi Ha puc. 3.5.7. [Hppa3ByKoBHi cUTHAN, IKUIl MaB
BuMipsiHuil asumyT 3311+3°, cmoctepiraBcs B inTepBani yacy 04:28 — 04:48 UT.
BinHomenHss curHan/mym craHoBwio 3 —9. ChoekTp curHaigy 3aliMaB Jlamna3oH
nepioAiB Big 5 g0 40 c. Y chekTpi BUAUIAIOCS JABa MakCUMyMu 3 11 = 23 ¢
1 Tp = 5c. KomuBanusa 3 mepiogoM S5 c Oyiau NOpUCYTHI ¥ [0 MpPUXOIY
1H(Pa3ByKOBOr0 CUTHaIly, 00YMOBJIEHOTO NaJiHHAM KamMuaTCchkoro MeTeopoiny.

Cmanuyia I46RU. 3anexHicTb THCKY B 1H(Pa3BYKOBIM XBWII BIJ 4Yacy, a
takok pesynpbTatt CCA HaBegeHo Ha pwuc. 3.5.8. A3uUMyT TOpHUXOAY
1H(GPa3ByKOBOTO CUTHANTY CTaHOBUB 4211°, BigHOIIEHHS CUTHAN/yM — 5 — 6. Yac
3aIi3HeHHs] CUTHay OyB Onm3pkuM 10 326 XB, a Horo TpuBamicte — 20 — 25 xB. ¥V
CHEKTpl curHaigy Oyiu TPUCYTHI TapMoHIkM Bim 20 ¢ 1 Ouible, a MakKCUMyM
eHeprii npunaB Ha | = 33 c.

Cmanuyia I57US. XBunboBi GopmH 1H(Pa3BYKOBOTO CHUTHANY, a TaKOX
pesynsTati CCA mokasani Ha puc. 3.5.9. BigHomeHnHs curHan/myMm mpu a3umyTi
314+5° cranoBwio 4 —5. Curnan croctepiraBcs B iHTepBasi vacy 3 05:08 mo
05:28 UT. Cnektp curhany 3aiimMaB [miana3oH nepiomiB Binx 5 mo 40 c.
Bigznauanucs npa makcumymu 3 T1 = 15 ¢1 T2 = 30 c.

Cmanuyin MAAG2. YacoBa 3aJeXHICTh THUCKY B 1H(pa3BYKOBIM XBWJI Ta
pesynbtatn CCA HaBeneno Ha puc. 3.5.10. BuMipsinuii azumyT iH(Gpa3ByKOBOTO
curHaiay OyB Oiu3bkuM 70 15+11°, a BiIHOIIEHHS CUTHAJI/IITYM HE TIEPEBUIIYBAJIO

3 —4. Curnan cnoctepirascs B iHTepBaii yacy 07:24 —07:44. Y cnekTpi CUTHAITY
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MICTHJIMCSI TapMOHIKH Bi7 5 10 40 ¢ 1 6unbiie. Buaiisiiocst 1Ba MakCUMyMHu 3 T1 &
32 ¢1 Ty = 8 ¢, npuyoMy KOJHMBAHHS 3 MEHIIUM TEPIOJOM CIIOCTEpIiranocs i a0

MPUXOY CUTHATY BiJl METEOPOITy.
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Puc. 3.5.6 Pesyapratu cmyroBoi ¢inerpamii Ta CCA 3amexsocti  Ap(t),
3apeectpoBanoi 18 rpyans 2018 p. na cranmii 130JP
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Puc. 3.5.7 Pe3ynbratu cMyroBoi
3apeectpoBanoi 18 rpymaas 2018 p. Ha cranmii 1I59US

Kopensiuiitni moasi. Perpecii

dinpTparii

UT 0

0.5

ta CCA 3aiexHocTi

E

Ap(t),

Kopenayiiine none «gionowienHs cueHan/uiym — 8iocmamnsy. 3anexHICTh (| BiJ

I mokazaHo Ha puc. 3.5.11. Ilpu anpokcumarlii KOpeasiiHOTO MOl PErpeciero

nepeadavyasioch Bl Mojenm

noc/a0ieHHsT eHeprii  XBWIl — HWJIHAPUYHA Ta
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cepuyHa po30DKHOCTI XBHJIl, a TAKOXK ii 3aracaHHsi mpu mouupeHHi. OTpumai

perpecii MaroTh BUTJISIA;

q = 12250r %%exp(-1.53r), R = 0.9995, ¢ ~ 3.38,
q = 12230r texp(-1.35r), R ~ 0.9995, ¢ ~ 3.21,

ne R —koedillieHT  TOCTOBIPHOCTI, G — CePEAHBOKBAIPATHIHE

arpoKCHUMAIIii.

Ap, Ha I I I I

—0.05E 1 L | l
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Puc. 3.5.9 Pesyapratu cmyroBoi ¢umerpanii ta CCA 3amexsocTi  Ap(t),
3apeectpoBanoi 18 rpymaus 2018 p. Ha cranmii 1I57US

Kopenayitine none «uac 3aniznenns cueHany — 8iocmansy. 3anexHICTh Al Bij

I' HaBeZIeHO Ha pucC. 3.5.12. PiBHAHHS JIIHIMHOI perpecii Mae BUTIISIA:
At =55.27r + 14.33, R ~ 0.9888, o ~ 18.01 xB. (3.5.3)
Kopenayitine none «wsuokicms npuxoody — iocmanby. 3aJEKHICTb U Bif I

nmokaszaHo Ha puc. 3.5.13. MoxHa 6a4nTH, 1110 Ma€ MiCIle 3HaYHUN PO3KHU]] TOUOK,
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Puc. 3.5.10 Pesynbratu cmyroBoi ¢inerpamii ta CCA 3amexnocti  Ap(t),
3apeectpoBanoi 18 rpyans 2018 p. na cranuii MAAG2

KWW YCKJIQIHIOE BUOIp PIBHAHHS Jisi perpecii. SKIo * BUKIIOUATA HAHOUIBII
Bigganeny cranuito MAAG2, nns axoi = 7.869 MM, To piBHSHHS perpecii
[pUiMe BUTIISIA!

v =-5.70r + 307.8, R ~ 0.4375, 5 ~ 18.67 m/c. (3.5.4)
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Puc. 3.5.11 3anexHicTh BiIHONIEHHS CHUTHAI/IIyM B 1H(QpPa3BYKOBI XBHII,
3reHepoBaHiii BHOyxoMm Kamuarcekoro wmeteopoiny 18 rpyans 2018 p., Bin
BifcTaHi. Anpokcumanis: a —3akoHoMm (= 12250r%%exp(-1.53r), R ~0.9995,
6 ~ 3.379; 6 — 3akonoMm ( = 12230r exp(-1.349r), R ~ 0.9995, 6 ~ 3.211
Kopenayiiine none «weuoxicmov npuxooy — CUHYC a3UMYMAalbHO20 Kymax.
BigmoBiaHi Kopemsiiiiai mons v — SinAg, Ta v — SiNAy HaBeaeHo Ha puc. 3.5.14.

He3Bakatouu Ha 3HaYHUN PO3KHU TOUOK, MAIOTh MICIIE HACTYIHI JIIHIMHI perpecii,

K1 33JOBIJILHO OMUCYIOTh KOPEJAIIAHI TOJIA:
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v =-18.32sinAgp + 284.4, R = 0.7446, 6 = 19.12 m/c, (3.5.5)

v =-18.23sinAy + 285.3, R = 0.7459, 6 ~ 13.09 m/c. (3.5.6)

450 x T
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! 1 1 L 1 1
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r, Mm

Puc. 3.5.12 3anexHicTh Yacy 3ami3HEHHS CHUTHaJIy BIJ BIJACTaHI MDK MiCleM
crajaxy Mereopoigy Ta 1H(Pa3BYKOBOKO CTaHIIE. AMNpPOKCHUMAIIiS JIIHIMHAM
3akoHoM: At =55.27r + 14.33, R~ 0.9888, 6 ~ 18.01 xB

310 F

.
305

300 [ 1

v, M/C

2 3 4 5 6 7 8
r, Mm

Puc. . 3.5.13 3ayie’)xHICTh MIBUJIKOCTI MEPEAHBOTO (PPOHTY aKyCTUYHOTO CHUTHAITY
BiJ1 BiJIcTaHi. ATTpOKCHMAIlisl JIIHIMHUM 3aKOHOM 3a 5 Toukamu: v = —5.704r+307.8,

R=0.4375, 6= 18.67 m/c
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Puc. 3.5.14 3anexHicTh MBHUAKOCTI NEPEIHBOrO (PPOHTY 1H(PA3BYKOBOI XBHIII,
sreHepoBaHoi BuOyxom Kamuarcrkoro mereopoiny 18 rpyans 2018 p., Big cunyca:
@ — CTIOCTEPEIKYBAHOTO azuMyTa v = -18.32sinA,,+284.4, R~ 0.7446,
o~ 13.12 m/c; O — TEOPETUIHOTO (po3paxoBaHOro) a3uMyTa:
v =-18.23sinAn+285.3, R 0.7459, 6 ~ 13.09 M/c
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Kopenayitine none «nepioo — eiocmanwvy. Kopensiitne mone T — I HaBeaeHO
Ha puc. 3.5.15. MosxHa 6a4uTH, 110 Ma€ Miclie 3HAaYHUN PO3KHU TOUOK. 3aJIeKHICTh

T(r) TOIIIBHO AIPOKCUMYBATH KOHCTAHTOIO
T=243¢,6~79c. (3.5.7)

[Ipu 11boMy cepeHbOKBaPATUIHE BIIXUJICHHS OLIIHKU f ckiamae 3.2 c.
Kopenayiune none «cnocmepedsicysanuti  azumym — iCMUHHUU — A3UMYMY.
Biamosinae kopensiiitae moiie Aoy — Ay Tokazano Ha puc. 3.5.16. 3 puc. 3.5.16
BU/JTHO, 1110 TOJIE J00pE anpOKCUMYETHCSI HACTYIHOIO JIIHIMHOIO perpeciero:
Aob = Ar —2.90, R = 0.9996, ¢ ~ 4.38°. (3.5.8)
Kopenayitine none  «gaykmyayii  azumymy — eiocmanvy.  BinnosiaHe
KOpeJsIIiitHe mose mokazaHo Ha puc. 3.5.17. 3 puc. 3.5.17 BugHO, M0 Mae MicIie
3HAYHUH PO3KHJ TOYOK, SKUH HE JoImyckae po3ymHoi ampokcumartii AA(r)
(muB. puc. 3.5.17a). 3anexuicts |AA| Bix I' MOXXHa ampPOKCUMYBATH HACTYITHOIO
perpeciero (auB. puc. 3.5.176):
|AA| =0.47r + 1.89, R = 0.4450, ¢ =~ 2.04°. (3.5.9)
Kopenayiiine none «amnnimyoa cuenany —eiocmansvy. KopensiiitHe mnosne
Ap —r nHaBeaeHo Ha pwuc. 3.5.18. Ilpum moOymoBi perpecii mepembavamocs ABi
MOJEIl: IWIIHAPUYHA PO30KHICT, XBWII U 11 3aracanHs (muB. puc. 3.5.18, a);
chepuuyHa po30ODLKHICTH XBWJl M 1i 3aracanHHsi (cM. puc. 3.5.18, 6). PiBHsHHA
perpeciii MaroTh BUTJIAL:
Ap = 295r%5exp(-1.8r), R ~ 0.9895, ¢ ~ 0.20 I1a, (3.5.10)
Ap = 285rtexp(-1.6r), R = 0.9896, 6 ~ 0.20 Ila. (3.5.11)
SKIIO XK BUKIIOYUTH HAWOLIBII BiAJAJICHY TOYKY 3 aHOMAaJIbHO BEJIUKOIO
amrutitynoto (Ap = 0.33 I[1a), To oTpuMaeMo HACTyMHI perpecii:
Ap = 1.13r%%xp(-0.168r), R ~ 0.64, 6 ~ 0.12 I1a, (3.5.12)
Ap = 1.14r 'exp(-0.059r), R = 0.65, 6 ~ 0.12 Ila. (3.5.13)
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Puc. 3.5.15 3anmexHicTb Tepiogy AaKyCTUYHOTO CHUTHANy BiJ  BiJCTaHI.
AnpokcuMalliss KOHCTaHTOK: T =24.33 ¢, o6~7.891C, omniHka DOXKUOKU
CEepEIHbOro 3HAYEHHS £3.22 ¢
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Puc. 3.5.16 3anexHiCTh BUMIPSHOIO a3UMYTy MNPUXOAY 1H(Pa3BYKOBOI XBUII,
sreHepoBaHoi BuOyxoM Kamuarcekoro wmeteopoiny 18 rpymus 2018 p., Bin
TEOPETUYHO PO3PAXOBAHOTO A3UMYTY. AMNpPOKCUMAIS JIHIAHUM 3aKOHOM:
Ao = Ar—2.9, R~ 0.9996, 6 =~ 4.38°
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Puc. 3.5.17 3anexHicTh QuyKTyamiii asumyTy NOpuxody 1H(Pa3ByKOBOI XBHII,
3reHepoBaHoi BuOyxoM Kamuarcekoro weteopoiny 18 rpynns 2018 p., Bin
BiJicTaHi. Ampokcumariis JiHiiiHuM 3akoHoMm: |AA|=0.4708r+1.888, R ~ 0.4450,

o~ 2.04°
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0.9 o

Ap, Ila

Ap, Ila

r, MM

o
Puc. 3.5.18 3anexHicTh aMIUNITyAH THUCKY aKyCTMYHOTO CUTHAJy, 3r€HepOBaHOTO
BuOyxom Kamuarcekoro wmereopoiny 18 rpyanss 2018 p., Big BiacTadi.
AnpokcumMaris 3alIeKHOCTAMU. a —3a 5 Toukamu: Ap = 1.131r%°exp(-0.1678r),
R~0.6400, 6~0.119211a; 6—3a 5 Ttouxamu. Ap = 1.448r'exp(-0.05908r),
R = 0.6455, 6 = 0.1185 I1a
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OO0roBopeHHst

Azumym cuenany. Sk BunHO 3 puc. 3.5.2, a3UMyT NpUX0ay 1HPPa3ByKOBOTO
CUTHAIYy JOCHUTh CUJIbHO (uykTyroBaB. HalGinbimi QurykTyarii Manu Micre s
iHppasBykoBux cranmii [59US, 130JP Tta MAAG2. Jlng 1ux craHmiu
CEpeIHbOKBAIPATUYHE BIIXWICHHS a3MMYTaJbHOTO KyTa 3MIHIOBAJIOCA BiA 5 710
11° (muB. Taodu. 3.5.1). B minoMy Xk, pe3yiabTaTH PO3pPaxyHKIB 1 BHMipIOBaHb
a3MMyTa BIANOBIIAIN OJUH ogHOMY. Halibisbiia BiAMIHHICTE criocTepiraiacs s
crannii MAAG2. ®aykryamii a3sumyTy, MaOyTh, BUKIUKaHI HEOAHOPIAHOCTIMH
atMochepu Ha Tpaci momupeHHs. YuMm JoBiIa Tpaca, THM Oulble (IyKTYIOBaB
a3uMyT 1H(PA3BYKOBOTO CUTHAIY.

Bionowenns cuenan/wiym. 3 tabn. 3.5.2 BuAHO, 1m0 B Mipy 301TbIICHHA
BIJICTAaHI MK MiclleM BHOyXy MeTeopoiny ¢ 1H(GPa3ByKOBOI CTAHIIEIO
BIIHOILICHHS CUTHAJI/IITYM 3MEHIIIyBaJiacsl BiJl JE€KUIbKOX COTeHb AJisl cTaHii [S3US
0 JEKIIbKOX oauHulb s ctaHiii MAAG2. I, gkmo piBeHb NOTYXKHOCTI
1H(pa3ByKOBOTO CUTHAJy TMOBHMHEH OyB crmajaTH 31 30UIBIICHHSIM 3a3HA4€HOl
BIJICTaHI, TO MOTYKHICTh IIYMY 3aJieXaja BiJ MICLS pO3TalllyBaHHs 1HPPa3ByKOBOT
CTaHIlli, CTaHy TOTOAM, OpieHTalii Tpacu 1 T.i. [Ipu 3MeHIIEHHI BiAHOIIECHHS
CUTHAJI/IITYM MOXUOKa OI[IHKU MapaMeTPiB CUTHAITY 301JIbIITyBaJacs.

Tabmuus 3.5.2 [MapameTpu iHPPa3ByKOBOTO CUTHAITY

Cranmis BigHomenHs Yac [IBuakicts | TpuBaNiCTh T,c
CUTHAJI/ILIyM 3aMi3HEHHS, | TMPUXOIy, | CUTHAIY, XB.
XB M/c
153US 100 — 400 123 308 20 12,28
130JP 30-50 206 269 20 12,29
I159US 3-9 280 290 20 23
146RU 5-6 326 263 20—-25 33
I57US 4-5 320 288 20 15, 30
MAAG?2 3-4 436 301 20 32

Yac 3anisnenns cuenany. Lllsuoxicmo npuxoody. Ilpu 3017blIEHH] BiJCTaHI
MDXK MiclleM BUOYyXy METEOpOily Ta MICIIEM pO3TalllyBaHHA 1HGPa3BYKOBOI CTaHIIIT

criocTepiranacsi TeHJIEHIIIS 10 30UIbIIIEHHS Yacy 3ami3HeHHs. BiaxuneHHs Bif i€l
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TEHJEHI[li OyJI0 TOB’sI3aHO, MIBHUIIIE 32 BCE, 3 PI3HUMH METEOYMOBAaMH Ha Tpaci
NOIIMPEHHS 1, 30KpeMa, 31 BIUIMBOM BITPY Ha MIBUAKICTh TOIIHMPEHHS
1H(Ppa3BYKOBOTO CUTHAIY.

3anexHICTh IMIBHUAKOCTI MPUXOAY 1H(PPa3BYKOBOT'O CHTHATY BijJ 3a3HAYEHOT
BHUIIIE BIJCTaHI HE HACTLIbKM oueBHAHA. SIk BuaHO 3 Tabn. 3.5.2, mMBHAKICTH
pUXo1y 1HPPa3BYKOBOTO CUTHANYy 3MiHIOBajacsa nmpubian3Ho Bix 263 mo 308 m/c.
Taxi Bapiamii IBUAKOCTI OB’ A3aH1 3 TUMU X MPUYMHAMH, 110 3yMOBUJIM Bapiarii
qacy 3alli3HeHHs 1H(QPa3ByKOBOTO CUTHAIY.

Tpusanicme cuenany. Sk BuaHO 3 Tabm. 3.5.2, TpuBamicTh 1H(PPA3BYKOBOTO
curHaily Oyna Ommspka a0 20 xB. JlucnepciiiHe NOJOBXKEHHS CUTHALY IIpU
30UTBIIICHH]  BIJACTAaHI MK MicieM BUOyXy Ta MiClleM pO3TallyBaHHS
1H(pa3BykoBoi cTraHiii BiJ 3327 no 7869 KM NpakTUYHO HE MO3HAYMIIOCS.

3ayBakuMo, 110 Mg Yac BUOyXy UYensOIHCBKOrO KOCMIYHOTO —Tija
JMCTIEPCiHE TIOA0BXKECHHS 0YJI0 IIOMITHO BUpaxkeHUM [29].

llepesaoicaroui  nepioou xonuseanb. CHUCTEMHUN CHEKTpaJbHUM —aHamI3
MOKa3aB, 110 JUIs BCIX 1H(PA3BYKOBUX CTAHIIM B CIEKTPl MICTHIIUCS MEPIOAN BIJ
~5n10 ~40c. BiamiTumo, mo B cHekTpi 1H(PPa3BYKOBOTO CHUTHAIY BIJ
UensO1HCHKOTO METEOpoiny MiCcTUiMCs KonuBaHHS 3 mepiogamu 10 —100c. V
BUMAIKYy KaMuaTchbKOro MeTeopoiny nepeBakaju KOJIMBaHHS 3 MeplojoM Bia 23
10 32 c. Ilpu npomMy cepeaHe 3HaYCHHS TEepioay 3a BCiMa CTaHIISIMU CTaHOBHJIO
29.2+18c. Kpim Toro, nHa Tprox cranmisx (IS3US, I30JP Ta I57US)
criocTepiranucs Takox repiogu Big 12 go 15 ¢. Cepenne 3HaueHHS 1IbOTO TIEPIOY
crtaHoBwio 13.0+1.0 c.

HeoOxigHo mgomatu, mo OuUIbmui mepion OyB OMW3BKUNA 0 MEPEBAKAIOUOTO
nepiogy KOJIMBaHb, SIKI CHOCTepiraaucs Tia 4ac BuOyxy UYensOiHCHKOTO
KocMmiyHoro tuta [29]. V To#t ke yac eHeprii BUOyXy BiApizHsuucs B 2.54 pasmu.
BianoBigHo a0 Teopii, mepioau MOBUHHI OyJIM BIAPIZHITHUCS B 2.5418 = 1.37 pasu.
[Ipn nboMy po3paxyHKOBE 3HaueHHs mepioay st Kamdarcbkoro meteopoimy
ctanoButh 21.2 £1.3 ¢c. Po3paxoBanmii 13 perpecii (3.5.7) mepioa HOpiBHIOE

243+ 3.2c. He3nauHa  BIIMIHHICTb  PO3PaxyHKOBOrO  TEpiojly  BiA
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CIIOCTEPEKYBAHOTO MOXE OyTH TOB’S3aHA 3 BIIMIHHICTIO Y BHUCOTaxX BUOYXIB
meteopoiniB (23.3 kM gns  YensOiHcbKkOoro wmeteopoimy Ta  25.6 kM ans
Kamdarcpkoro meTeopoiny), B KyTax HaxwmiIy TpaekTopii 10 moBepxHi 3emi (18°
111 YensioiacbKoro kocMigHoro Tima i 79° mus KaMuaTchKoro KOCMIYHOTIO Tina), a
TaKOX 3 MMOXHOKaMU OIIHKY BETUYMHH TIePioy (OJMHHMIN CEKYHI).

Baxde mosicHuTH 3HaueHHsS MeHmoro mnepioay (12 — 15 ¢). MoxnuBo, 1ei
nepiof TOB’A3aHUM 3 HETIHIMHUM TEPEeTBOPEHHAM YaCTOTH TMOOIU3Y MICIs
BUOYXYy, /i€ yJlapHa XBWI, 110 € JpKepesoM 1HGpa3ByKy, Halepes € HeNlHINHOIO.
Axmo nepiox 24.3 + 3.2 ¢ BIANOBIJAB YAaCTOTI OCHOBHOI TapMOHIKH, TO TEpioj
12 — 15 ¢ — moaBOEHI# YaCTOTI TAPMOHIKH.

Kopenayiiine none «sioHowenus cueHan/uiym — giocmansy. 3HAYHUA PiBEHb
JOBipuMX iHTepBatiB Ha puc. 3.5.11 cBIAUNUTH PO Pi3HUI PIBEHb IIYMY B MICIISIX
po3TanryBaHHs MikpoOaporpadis. IlpupogHo, MmO npu HpOMY Malad Micle 1
daykTyalii piBHS CUTHAITY, IO 3aJI€KaTh Bl CTaHy aTMoc(epH Ha KOXKHIH 13 Tpac.

Perpecii (3.5.1) ta (3.5.2) omHakoBO J00pe ONMUCYIOTH 3anexkHicTh ((I).
OpnHak 4yepe3 aHOMaJbHO BEJIMKI 3HAa4YeHHS ( (a 3Ha4uTh, 1 ApP) Ha cranmii [S3US
perpecii (3.5.1) Ta (3.5.2) ciix BU3HATH HE3a0BITbHIUMH.

Kopenayiiine none «uac 3aniznenusn cuenany — 8iocmansy. 13 CriiBBiTHOIICHHS

(3.5.3) BumuBae, 1110 cepeIHs A BCiX Tpac MIBUAKICTD MIPUXOTY
-1
o= Lat] ~3005 we.
dr

3rigHo perpecii (3.5.3), npu r = 0 yac 3amizHeHHs Aty ~ 14.3 + 18.0 xB, T0OTO
yepe3 BEJIMKI 3HAYEHHSI G BOHO HE MOXe OyTH BHU3HA4YEHO. 3 OI[IHOK CIIIy€, 110
IpU BHUCOTI BUOYXY METEOpOiy Ze~ 25.0 KM Ta cepeHid IIBHUIKOCTI 3BYKY
vs~ 0.3 kM/c wac 3ami3HeHHs Aty =~ Z/vs moBuHEH Oyt OMM3bkUM 10 1.4 XB.
Ockunbku ans Beix Tpac Aty < At, o, 3HaueHHA Aty He MOXke OyTH BU3HA4YEHO 3
perpecii (3.5.3).

Kopenayiiine none «weuoxicme npuxody — eiocmarnvy. Yepe3 301TbIICHHS

JOBKMHU TpaeKkTopii mpu 0araTopa3oBOMYy BiIOWUTTI BiJ CTIHOK XBMUJIEBOAY MpHU
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301IBIIICHHI I' 3a3BUYAl CIIOCTEPIraeThes craaatoua 3anexHicts v(r) [167, 171]. 3a
chepudHOi PO3ODKHOCTI XBWJII YOWBAKO4YOi 3aJ€KHOCTI HE CIOCTEPITaeThCs,
BIIMIYAIOTHCS JIMILE CUJIbHI (DIYKTYyallii v, MOB’s3aH1 3 pi3HUM CTaHOM aTMocdepu
Ha Tpaci. XBUJIEBOAHOMY TMOIMUPEHHIO BigmoBigae perpecis (3.5.4), sky cimin
BU3HATH HE TOBHOIO MIPOIO 3aJIOBUIBHOIO uUepe3 HU3bKI 3HaueHHS R Ta Benuki

3Ha4YeHHS . 3a cepruIHOi PO30IKHOCTI <v> =286.5+7.2 M/c, a 6 =17.6 m/c. Ile

3HAYEHHS U IOMITHO BIAPI3HIETHCS BiJl v~3015 wm/c.

Kopenayiiine none «weuoxicmos npuxooy — CUHYC a3UMYMAIbHO20 Kymay.
HasiBHICTh Takoi 3aJIe)KHOCTI TOSICHIOETHCS B MEPILy Yepry BIUIMBOM BITPY Ha
HIBUIKICTh IPUXOAY CUTHAIY, a B APYTY Yepry — BIIMIHHICTIO B CTaHl aTMoc(epu
Ha pi3HUX Tpacax. [Ipu nepeBakaHH1 30HAIBHOTO BITPY 3aJE€XKHICTh U BiJI CUHYCY
a3uMyTaJIbHOrO KyTa Mae Burisaa [29, 165, 171]

v=v"tWSIinA, (3.5.14)
JIe U — CIIOCTEPEXKyBaHa MIBUAKICTh CHTHAIY, ¥ — MO0 MIBHAKICTh 3a BiACYTHOCTI
BITpPY, W — IIBUJKICTH BITPY, 3HaKH + BIANOBIJAIOTH CX1AHOMY Ta 3aX1JHOMY BITpY.

[Topiutoroun (3.5.5) Ta (3.5.6) 3 (3.5.14), orpumaemo, MO MPHU 3aXITHOMY
BiTpI W~ 18 Mm/c, a ©'~284—285 m/c. 3HaueHHs v’ € ayxe OJM3BKHM [0
<v>=286.5+7.2wm/c. IIBuakicte BiTpy W~=18M/c € posymHOIO mmIsi
TponochepHO-cTpaToCHEepHUX BUCOT.

Kopenayitine none «nepioo — éiocmansvy. 3a OTpuMaHUM 3Ha4YeHHsAM B (3.5.7)
T ~24.3+3.2 ¢, BUKOPHCTOBYIOYM CIIiBBiIHOIIEHHS 3 poOotu [189], MoxkHa
OLIIHUTH  TIOYAaTKOBY  KIHETHYHY  eHeprito  KaMuaTchKoro  MeTeopoify.

CmiBsinHomuenns 3a E > 40 xkr THT mae Burian:
E
IgE =4.0141gT —3.61,

ne E maereca B kTt THT,a T —B C.
Pospaxyukn  gmaroth  E~179'2° kr THT. 3a T =243c Maemo

E ~179 xr THT. Cepenne 3nauenus 179 kr THT BimpisHseTbCS Bij 3HAYEHHS

eneprii, qanoro HACA (173 xt THT), na 3.5 %.
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Kopenayiiine none «cnocmepexcysanuii — asumym — iCMUHHUL  A3UMYM».
Perpeciiina 3anexHicts (3.5.8) mMae gyxe BHCOKMN KOe(]illiEHT TOCTOBIPHOCTI
R~ 0.9996. 3nauenHss ¢ mgocratHbo Benuke. lle moB’s3aHO 3 uiyKTyarismu
a3UMyTaJLHOTO KYTa.

Kopenayiiine none «gnykmyayii  azumymy — giocmanvy. DayKTyarii —
3HAaKO3MiHHI, Hemae uiTkoi 3amexHocTi AA(r). Jlns aOCONMIOTHUX 3HAYCHb
dbaykryaniii |[AA| perpecis Habyne Burisaay (3.5.9). Ilpu oMy MaroTh Micle
HEBUCOKUI KOE]IIIEHT JOCTOBIPHOCTI Ta 3HaYHA BEJIMYMHA G.

Kopenayitine none «amniimyoa cuenany — giocmaunsy. 3anexHocti (3.5.10) 1
(3.5.11) maroTh Ayxke BHCOKHMIA Koe(illieHT JOCTOBIpPHOCTI. IX, OJHAK, HE MOKHA
BBa)KaTH JIOCTOBIPHUMH, OCKIJIbKM TiuOuHa 3aracaHHs ckianae 0.56 u 0.63 Mw,
OUIBIII TOTO, HEpPEAIbHO BEJIMKI KOe(DIIIEHTH 3aracaHHs, Kl JOPIBHIOIOTH 1.8 u
1.6 MM . OcTtanne OOYMOBIEHO AHOMAIBHO BEJIUKOK AMIUNTYAOK CHTHAIY
(Ap = 3.31la) na cranmii 153US, mo moryio OyTH MOB’s3aHO 3 (DOKYCYBaHHIM
1H(pa3BYKOBUX MPOMEHIB Yy HEOAHOPIAHINA aTMocdepi. SKIIO BUKIIOUATH 3
pO3MIISIYy aMIUNTYJy XBWJ JJIs Il€l CTaHIli, TO perpecii HaOyIayTb BUIJISIY
(3.5.12) 1 (3.5.13). [nsg nux koedimientn 3aracanHs [ gopiBHOOTE 0.168 u
0.059 Mm 2, a riubuHa 3aracanHs — 6 1 16 MM BiIIOBITHO.

[Io6 Bimmatm mepeBary oxaHii 3 perpeciii (3.5.12) i (3.5.13), oGuuciammo
CHEpPril0 aKyCTU4HOI XBWUJl Ea 3a mumiHapuyHOI Ta cepudHoi po30iLKHOCTEN

xsum [199]:

A2

E, :nrhA—pAT, (3.5.15)
PoYs
2 A2

E, = anA—pAT (3.5.16)
Po¥s

ne h—Bucora xsunesoxy, AT —TpuBamicTh curaamy, ApP° — cepenHiii kBampar
aMIUTITYId CWUTHAaJy, po— I'yCTHHA TMOBITPS Yy MOBEpPXHI 3emill, Us— CepelHs
IIBMAKICTH 3ByKy. Ilpumyctumo h~60 kM, ©vs~320m/c, po~ 1.25 kr/m®,

r = 3.327 Mm, Ap? ~0.12 TTa?, AT = 20 xB (1 cranmii 130JP), Toxi 3 (3.5.15) ta
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(3.5.16) orpumaemo Eq~1.1-10° Ik i Ea =~ 2.55-10 JIxx. YpaxyBaHHs 3aracaHHs

MpU3BeEJIe 10 3MEHIICHHS eHeprii 1IHPPa3ByKOBUX XBUIIb
-2
E.=E &, (3.5.17)
nea=1IT.
I3 (3.5.17) oTpumaemo, 110 y BiACYTHOCTI 3aracaHHs
2
E,.,=Eege".
3a mwniHIApUYHOI Ta chepudHOoi po30iKHOCTEH Maemo Egap, ska mOpiBHIOE
1.55-10° JIxx Ta 2.9-10" k. 3a kimetwuHoi eHeprii KamuyaTchkoro mereopoimy

E ~ 7.24-10" ]I koediuieHT akycTH4HOI €()eKTHBHOCTI

E

a0

Na = E
cTaHoBUTH 61H3bKo 2-107° Ta 4-107 Bignosiguo. I OUIIHAPHYHOI PO30IKHOCTI
KOe(]IIlIEHT aKyCTUYHOI €(PEKTHUBHOCTI BUJAETHCA 3aHAATO MaJUM. 3a3BU4Yail B
eHepriro iHppa3BykoBoi xBuii mepeTBOproeThest ~0.1 —1 % kineTnuHOi eHeprii

KocMigHOTO Tina [29].

Takum uynHOM, MepeBary i Hagat perpecii (3.5.17).

OcHOBHI pe3ybTaTH

3 BUKOPHCTAHHSIM JIaHMX BUMIpPIOBaHb 6 CTaHIIM MIDKHAPOJIHOI CUCTEMU
MOHITOPUHTY sIIEpHUX BHUNPoOyBaHb Opranizamii 3 JloroBopy mpo BCEOCSHKHY
3a00pOHY SAJIEPHUX BUMPOOYBAHb HABEICHO aHAI3 YaCOBUX 3aJICKHOCTEH THCKY B
1H(}pa3ByKOBI  XBWJI, 3r€HEpOBaHii mNpoTsIroM mnamiHHi Kamdarchkoro
Meteopoiny 18 rpyans 2018 p. 1 BCTaHOBIIEHO HACTYITHE.

1. Ammtityna iHGpa3ByKOBOTO CUTHANY Ta BIJHOIIEHHS CUTHAJ/IIYM JOCHUTb
HIBUKO 3MEHIIYBAJIMCA MpU 30UIbIICHHI BIACTaH1 B MICUS BUOYXY METEOpOIdy
70 Micisl peectpaiii curHamy. llepeBary ciijg HajgaTu perpeciiiHiil 3ajeKHOCTI
(3.5.13).

2. Yac 3ami3HeHHS 1H(QPa3BYKOBOIO CHUTHAy 30UIbIIYBaBCS B MIpy

30UTBIIIEHHS BIJICTAH1 M1k MICI[eM BUOYXy KOCMIYHOTO TiJia Ta MICIIEM peecTpartii
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curHaiy. [lIBuakicTe TpuUXOMy CHUTHAIy 3ajeXana BiJ BKa3aHOI BiAcTaHi i
opieHTalii Tpacu Ta 3MiHIOBajacs B Mexax 269 — 308 m/c. Cepennst i BCiX Tpac
IIBUJIKICTB MTpuxoay ctanoBmia 301.5 m/c.

3. TpuBamicTh 1H(PPA3BYKOBOIO CHUTHAY MPAKTHYHO HE 3alexana Bif
BIICTaHI MIDK MICIIEM TeHepallii Ta MicleM peecTpallli curHamty. Jucmepciiine
PO3LIMPEHHS XBUJIBOBOTO IIYTY OYJI0 HECYTTEBUM.

4. Cnextpu 1H(Pa3ByKOBOr0 CUrHaIY Oyl MIMPOKOCMYTOBHMH, B HUX OYJIH
npucyTHi niepioau Bix ~ 5 10 ~ 40 c. Pa3om 3 TuM HaiiOUIbIIa eHepris npunaaana
Ha BuAiIeH] mepiogum 12— 15 1 28 —33 c¢. 3HaveHHS MepioAy NPAKTUYHO HE
3anesxalo Bij Bincrani. Cepe/iHe 3HaUCHHA Tepioqy craHoBmiIo 24.3+3.2 c. Homy
BIIMOBIJjajla TMOYaTKOBAa KIHETHYHA eHepriss KamuaTchbKoro MeTeopoiny, ska
nopiBHioBasia 179 xt THT. Ile 3HaueHHS MPakTUYHO HE BIAPI3HSIIOCA BiJ €HEPTii,
orpumanoi HACA (173 kt THT).

5. Ckopii 3a Bce, Maja Miciie chepuyHa po30ixkHICTh XBuiIi. [Ipo 1ie cBiquaTh
perpecii (3.5.2) u (3.5.13), skuM BapTO HajaTH TMepeBary, a TaKOX Te, IO
HIBUIKICTh MPUXOJIY CUTHAITY MPAaKTUYHO HE 3ajexana Bif Biacrai. CepenHe
3HAYEHHSA MIBUIKOCTI cKianano 286.5 + 7.2 m/c.

6. PerpeciifHa 3aleXHICTh MIBHAKOCTI TPHUXOAY BiJ a3UMYyTAJILHOTO KyTa
JO3BOJIWJIA  OL[IHUTH HANpAMOK (3aXiHUM), cepeaHio MBUAKICTH (18 m/c)
TponocepHo-cTpaTochepHOro  BITPY Ta  ICTMHHY IIBHAKICTH  TPUXOAY
iH(pa3ByKoBOro curHany (284 — 285 m/c).

7. IcHy€e CTIMKMIA CTATUCTUYHUUN 3B’SI30K MIXK CHOCTEPEKYBAHUM 1 ICTUHHUM
3HAUCHHAMH a3uMyTy JKepesia 1H(Ppa3ByKOBOTO cUTHaIYy. AOCOIOTHI 3HAYCHHS
baykTyaIii a3uMyTy Maju TEHEHIIII0 10 301UIbIICHHS MPU 30UIbIICHH] BIJICTaHI.

8. YV mnpumymieHHi cdepudHoi Po30DKHOCTI XBUJII OTPUMAHO OIIHKY
akycTHuHoi eHeprii (6iag 2.9-10'% JIx) Ta xoedinicHTy akycTHYHOI e()eKTHBHOCTI

(6ins 4-1072).
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PO31JT 4. XAPAKTEPUCTHUKHN IH®PA3BYKOBHUX XBWJIb,

SI'EHEPOBAHHUX Y IPOLIECI BUBEPKEHHA BYJIKAHY

Pesynbraty 115010 po3airy omyosikoBaHo B po6oTi aBropis [200].

4.1 3araabHi BitomocTi npo Byakan St. Helens

JlochipkeHHsT 3aJIeKHOCTI MapaMmeTpiB 1H(PPa3BYKOBHX XBWJIb Bi YMOB
Ha Tpacl TIONIMPEHHS € BaXIMUBOK TMPSAMOIO paaio(Pi3MUHOI0  3a1ayero.
be3 1i po3B’si3aHHA HEMOXXJIMBUN PO3B’A30K 3BOPOTHBHOI paaiodizuvHOl 3amaui,
AKAA 3BOJUTHCS JO 3HAXO/KEHHA MapamMeTpiB pkepena 1HGPa3ByKy 3a
XapaKTepUCTUKaMU 1H()Pa3BYKOBOT XBHIII.

BaxnuBoio 0coOuBICTIO 1H(QPA3BYKOBUX XBUJb, 34 SIKOI MOXXJIUBUM
YCHIIIHUA PO3B’SI30K 3BOPOTHHOI pamiohi3udyHOI 3a7adi, € IXHS 3JaTHICTh
HOILIMPIOBATUCS B MIO0ATBHUX MacIITadax MpakTUYHO Oe3 3aracanHs [2].

OgHuM 13 TOTYXHUX J0Kepesl I1H(Qpa3ByKOBUX XBHIb € BHOYXM Ta
BUBEpKeHHs BynkaHiB [48-54, 201-204].

Merta 1poro po3gily — moOyJIoBa perpeciid, ski OMUCYIOTh 3aJICKHICTh
aMIUTITYu 1HGPaA3BYKOBOI XBWJIl, 3T€HEPOBAHOI MPOTATOM BHUOYXY BYJIKaHY
St. Helens, Big Bigcrani. SIK BizomMo, BUBEPKEHHS BYJIKaHy Majo micie 18 TpaBHs
1980 poky. Katactpoda cympoBomKkyBajacs IIMM KOMIUIEKCOM €(EeKTiB: SK
aKyCTUYHHUX, Tak 1 ceiicmiunux [200-203]. V mporieci BuBepkeHHs iH(pa3ByKoBa
XBWIS JICKUJIbKA pa3iB OOITHYJIa 3eMHY KYJIO, IO JO3BOJUJIO 3apeeECcTpyBaTu 3a

JIOTIOMOTO10 6aporpadiB TOro yacy He JUIIE KIPSIMY», ajle i «3BOPOTHIO» XBUJTIO.

4.2 3aco0u Ta MeTOAH

st moOymoBH  perpeciii  BUKOPUCTOBYBAJIUCH PE3YJbTAaTH PEECTpallii
amIUTiTyZ] iH(QPa3BYKOBHX CHUTHANIB, TpeacTaBieHi B poborti [176]. s
MOJIaJIBIIOTO aHajIi3y BUKOPUCTOBYBAIKCH JaHl, OTpUMaHi Ha BignaieHHi I = 0,9 —

39 Mu Big emineHTpy BUOYXY (Tadm. 4.2.1). I3 tadi. 4.2.1 BuaHO, MO aMILTITYaa
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cUrHaiy 3miHtoBanachk Bix 25 mo 1,5 Ila. Binbmicte cranuiid Oyno BiiganieHO Ha
BIJCTaHb I ~ 8 MMm.

Tabmuns 4.2.1 3aranbHi BiIOMOCTI IO 1HPPA3BYKOBI CTaHIIil,

3apeecTpyBaBIIUX 1H(PPA3BYKOBHIA CUTHAN BiJl BUBEPKCHHS BYJIKaHY

St. Helens (3a matepianamu podotu [176])

MicneposramryBanns | lllupota | Josrota | Binctans, MM | Amruii-
CTaHIl] TyAa,
I1a
Berkeley, CA 37.9°N | 122.3°W 0.925 17.5
Boulder, CO 40.0°N | 105.2°W 1.530 25
Washington, DC 39.0°N | 77.1°W 3.700 10.5
Palisades, NY 41.4°N | 73.9°W 3.950 10
Honolulu, HI 21.3°N | 157.6°W 4.156 8.5
Kushiro, Japan 43.0°N | 144.4°E 6.945 7
Akita, Japan 39.7°N | 140.1°E 7.453 1.5
Tokyo, Japan 35.7°N | 139.8°E 7.778 5
Wajima, Japan 37.4°N | 136.9°E 7.833 55
DeBilt, Netherlands 52.2°N 5.3°E 7.982 20
Hamburg, FRG 53.5°N | 10.1°E 8.000 7.1
Buchholz, FRG 53.4°N 9.9°E 8.010 7.35
Tonago, Japan 35.4°N | 133.4°E 8.211 55
DeBilt, Netherlands 52.2°N 5.3°E 32.049 1.5
Berkeley, CA 37.9°N | 122.3°W 39.106 6.5

4.3 Pe3yabTaTu aHAJTI3Y 3aJ1€5KHOCTI TUCKY BiJ BigcTaHi

[IpunyctumMo crnoyaTky, IO 3r€HEpOBaHAa BHOYXOM BYJIKaHy XBHJIS
chepuunoro Ttumy. Tomi perpeciiiHa 3alexHICTh Mae BuUIIAL: Ap = a/r+b.
Pesynprat ampokcumaiiii JaHUX CIIOCTEpEXKEHHsI MpeacTaBieHo Ha puc. 4.3.1.

Perpecis mae Bursa;
Ap=26.18r", R~=~0.26, o~6.431Ia, (4.3.1)
Ap=16.21r"+5.35, R~0.67, o©x5.12 Ila. (4.3.2)

Tyr R —xoedimieHT  JOCTOBIPHOCTI  ampoKcHMallii,  © — CepeaHE

KBaJIpaTUYHE BIIXWJICHHS perpecii.
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Ap, Taf Ap, Ila

S

20} 20

10 ¢ 10

A A

0 l.O 2‘0 3‘0 r, Mm 0 10 20 30 r, Mm
Puc. 4.3.1 3anexHIiCThb aMIUTITYJU XBWJII THUCKY, 3T€HEPOBAHUN BUBEPKEHHAM

Bynkany St. Helens, Bixm BiacraHi MiK emileHTpoM 1 MikpoOaporpagom.
3anexuicte modbynoBaHo 3a N =15 Tpacamu: a — anpokcuMmallisi CTEIEHEBUM
3akoHOM Ap =26.18r!, xoedimient mocToBipHOCTI anpokcumanii R = 0.26,
cepeHe KBajpaTUYHe BinxmieHHs o ~ 6.43 Ila; 6 — Ap = 16.21r 1+5.35, R ~ 0.67,
o ~5.121la

VY BUNAKy UATIHAPUYHOI PO301XKHOCTI (PPOHTY XBHJII PErpECIiiHA 3aJI€KHICTh

mae Burisi: Ap = ar %°+b. Pipnsaus perpeciii npuiimMarots Burisg (puc. 4.3.2):

Ap =21.03r°, R~0.70, o=~4.731la, (4.3.3)

Ap =20.87r°° +0.09, R~0.70, o~4.90 Ila. (4.3.4)

Ao A0 HWIIHIAPUYHOI PO301KHOCTI (POHTY XBWUIJIl JOJATH 3aracaHHs,
TOA1 pe3yJbTaTH ampoKcuMmallii HaOyBalOTh BUIJISINY, HaBeleHOro Ha puc. 4.3.3.

BianosiznHa perpeciiiHa 3aJI€KHICTh MA€ BUTTISI!
Ap = 21.46r %% 41,35, R=0.89, o~3.19 Ila. (4.3.5)

Ha pwuc.4.3.4 1nokazaHo  pe3ylbTaTd  alpoOKCHUMAIllli  HACTYIMHUMHU

3AJIC)KHOCTIMMU.

Ap=21.05r"*  R=~0.86, o©=~3.211la, (4.3.6)
Ap=2133r*"%  R=~0.88, o~3.17Ila. (4.3.7)
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Puc. 4.3.2 3anexHiCTh aMIUNTyAH XBWJII THUCKY, 3T€HEPOBAHOI BUBEPKEHHSIM
Bynkany St. Helens, Bixm BiacraHi MiK emileHTpoM 1 MikpoOaporpagom.
3anexHict nodynoBaHo 3a N =15 Tpacamu: a — anpokcuMmallisi CTENEHEBUM
zakoHoM: Ap =21.03r%° R=~0.70, o ~4.73; 6 - Ap =20.87r%°+0.09, R ~0.70,
c~4.90

Ap, Ila Puc. 4.3.3 3anexuict aMILNTyau
XBHIITI THUCKY, 3reHepPOBaHO1

BUBEp)KeHHSIM Bynkany St. Helens, Bin

207 B1JICTaHI MDK CIILIEHTPOM 1
MikpoOaporpagom. 3aeKHICTh

nodoynoBano 3a N =12 tpacamu.
Onymieno mani cranmii Akita, Japan
(7.453; 1,5), DeBilt, Netherlands

(7.982; 20) i Berkeley, CA (39.11;
6.5). Anpokcumarlis €KCITOHCHIIIHHO-

0 10 20 30 », Mm .
CTCIICHEBHM 3aKOHOM:
Ap = 21.46r %% 0%%r+135 R~ 0.89,
c~3.191la
4.4 O0roBopeHHs

Perpecisi (4.3.1) He MOke BBakKaTHUCS TPUHHATHOIO, OCKUIBKH 3HAYCHHS
R~ 0.26 —3ananto wmane. s perpecii (4.3.2) 3nadenHs R~ 0.67 —3HauHO
Oinpmmi. OnHak, 1 I perpecis He € 3aJI0BUIBHOIO, TOMY IO HE BHKOHYETHCS
oueBuaHa BuMora Ap(cc) =0. TakuM YMHOM, CITIiJT BH3HATH, IO HA JOCTaTHHO
Benukux (r>1 Mwm) BigaaJieHHSIX Bij emIeHTpYy iH(pa3BykoBa XBWJIS HE Oyia
chepuunoro. Perpecii (4.3.3) ta (4.3.4) maroTh OM3bKI 3HA4YCHHS 5K R, Tak i ©.

Tum He MeHI, perpecito (4.3.4) ciif BiAKHMHYTH 3 Ti€l mpuanay, mo Ap(oo) # 0.
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Puc. 4.3.4 3anexHicTh aMIUIITyAd XBHJII TUCKY, 3T€HEPOBAHOT BUBEPKEHHSAM
Bynkany St. Helens, Bim Biacrani Mik emineHTpoM i MikpoOaporpadom.
AnpoKcuMallisi CTEIEHEBUM 3aKOHOM: @ — 3a 13 TpacaMu, OMyIIEHO JaHi CTaHIii
DeBilt, Netherlands (7.982; 20) ta Akita, Japan (7.453; 1.5), Ap = 21.05r 953,
R~ 0.86, o ~ 3.21 I1a; 6 —3a 12 Tpacamu, omyImieHo jaaHi ctanmii Berkeley, CA
(39.11; 6.5), DeBilt, Netherlands (7.982; 20) Ta Akita, Japan (7.453; 1.5),
Ap =21.33r%%2 R~ 0.88, 5 ~3.17 Ila

HaiiGinpiie 3nauenHs R = (0.89 ta wnaliMenmie 3HadyeHHs o ~ 3.19[la wmae
perpecisi (4.3.5). Bona onucye nomupeHHs 1H(Pa3BYKOBOI XBUJIl B XBUJIEBO/II
«3emiIst — cTpaTocdepa» (a TaKOkK YaCTKOBO B XBUJIEBOJIL «3eMIIsl — TepMochepar)
IpyU HAsBHOCTI B HBbOMY 3aracaHtsl. 3aracaHHsd HE MOXe OyTH IMOB’s3aHe 3
MOJIEKYJIIPHUM TOTJIMHAHHAM 1 pO3CIAHHAM 1H(pa3ByKy Ha TypOyJIEHTHHUX
HEOMHOpIMHOCTSIX  atMocepu. Ckopimm  3a  Bce, BOHO OOyYMOBIICHE
«BHUCBIYYBaHHSIM» YaCTUHU eHeprii 3 xBuieBony. KoedimieHT 3aracanss, sk
BUILUINBAC 3 JAHUX anpokcumarii, ommsekuii 10 0.054 MM L, a rimmbuna 3aracanss
€ Omm3pkoro 10 18.4 MM. 3HaueHHs KoeQillieHTy 3aracaHHsi OTpUMaHEe 3a
BUMIPIOBAaHHSAMM Ha OJHIN CTaHUIi Ta, TOMy, NOTpeOyeThcsl Horo yrounenns. Ha
Kaib, I PErpecis He € CIpaBeIIMBOI TpH I —> co. BTl NTPUAHATHUMU €
perpecii (4.3.6) Ta (4.3.8). JlomatkoBe B mopiBHSHHI 3 perpecisimu (4.3.1) Ta (4.3.4)
noCJIa0JIeHHST XBUJIl, BOUEBH/Ib, TTOB’SI3aHE 3 «BUCBIUYBAHHSM) YaCTUHU €HEPTii 3

XBUJIEBOY.
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4.5 BucHoBKH 10 po3ainy 4

1. dna pizHux Moxeneil po30iKHOCTI (POHTY XBHIII MOOYAOBAHO pErpecii,
AIPOKCUMYIOYi JTaHi CTIOCTEPEIKEHb.

2. IlpaBmonoaibHOIO BUSBUJIACH MOJEH MOIIUPEHHS 1H(PA3BYKOBOI XBMII
B XBWJIECBOJI «3eMiis — cTpaTocepay (a TakoX YaCTKOBO B XBUJICBOJI «3EMIIS —
Tepmocdepa») 3 3aracaHHsM. OTpUMaHO OLIHKY Koe(illleHTy 3aracaHHs
(0.054 MmY). TIpu npoMy rimbuHa 3aracaHHs CKIajana onus3sko 18.4 M.

3. HaiGinemn npudiHATHUMU € 3ajiexkHocTi (4.3.6), (4.3.7), skl ONUCYIOTh
ocnabieHHs XBIIII MPU XBUJIEBOJHOMY MOIIMPEHH] 3 «BUCBIYYBAHHSIM) YaCTHHH il

€HEeprli.
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PO31J1I 5. XAPAKTEPUCTHUKHN IH®PA3BYKOBHUX XBWJIb,

3I'EHEPOBAHUX BITPOJOBXK TEXHOI'EHHO1
KATACTPO®U

5.1. 3aranabHi BiIOMOCTI MNP0 TEXHOTeHHY KaTacTpoy mnodIU3y
M. Binuunna

Opnum 13 Kepen 1HPPa3BYKOBUX XBWJIb € MacoBl XiMmiuHi BuOyxu. Taka
CHUTYAIlisl BUHUKAE MIPU Kap €PHUX pPO3pOOKaxX KOPUCHUX KOMAJIHH, IPH MPOBEACHHI
BilicbkoBHX ii [2, 91, 205], a Takox mpu KatacTpodax Ha BIHCHKOBHX CKJaaax i
apceHanax 6oenpunacis [87, 88, 154]. [ToxiOHi kaTacTpodu, Ha TPEBETUKU Kb,
HEOJHOPa30BO cTaBajduch B YkpaiHi: B 2003 p. moOau3zy M. ApTemiBCbK (Temnep
M. baxmyt), B 2004 p. mob6auzy m. Memnitononb, B 2008 p. mo6au3y . JIo3oBa,
B 2015 p. mobam3y m. CatoBo [54, 154]. Jlume B 2017 p. mManm Micue IBi
MacmTabHi ~ KaracTpou Ha BOEHHMX CKiagax Ouia M. bamakies Tta
M. Binnui [91].

3 TOYKHM 30py Treoi3uku Ta (I3UKM F€OKOCMOCY MAacoBl BUOYXH SIBISIOTH
cO00I0 PI3HOBUJ] AKTUBHUX €KCIIEPUMEHTIB. AKTUBHI €KCIIEPUMEHTH MPOBOSTHCS
JUTsl BUBUCHHSI IPSIMUX 1 3BOPOTHUX, MO3UTUBHUX 1 HETATUBHUX 3B’SI3KIB Y CUCTEMI
3emust — armoc(epa — ioHOcdepa — marHitochepa, IJIsi BHUBUEHHS B3a€EMO/IIT
MIJICUCTEM Y 1M CUCTEMI.

Bubyxu sk kepeno 30ypeHb, K JpKepeno  1H(Gpa3ByKy, JaBHO
BHUKOPHCTOBYIOThCS B HaykoBuX Iiuisix [206, 207]. Jlns BuBdyeHHs atMochepu Ha
BrucoTax A0 100 KM 1 1adbHBOTrO MOMIMPEHHS 1H(PPA3BYKOBUX XBUJIb 3aCTOCOBYIOTh
XiMigyHl BHOYXM 3 BIIHOCHO HeBenWKUM eHeproBuauieHHsM (~1 kt THT —
10 kr THT) [206, 207]. Husa nochimkeHHS peakiii BepxHBOi artmocdepw,
10HOC(epr Ta Mar"iTocepu BHKOPUCTOBYIOTH XIMIYHI BUOYXU 13 TPOTHIIOBUM
CKBIBAJICHTOM BiJI COTHI TOHH JI0 OJMHHUIIb KiIoTOHH [208-215].

Peakuito cucremu 3emiii—arMocdepa—ioHochepa—marsitocepa Ha OKpeMHid
BHOYX BUBUYCHO MOPiBHIHO 100pe [208—-215].

BB MacoBuX BiHOCHO MAJIOMOTYKHUX BHOYXIB Ha BKa3aHy CHUCTEMY

JOCITIJIKEHO 3HAYHO XyXe. MaroThCs JHIIe OKpeMi poOOTH, MPUCBSYCHI TTOAI0HUM
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nociimpkenasm [54, 87, 205]. ¥V mmx poboTax MpoAEeMOHCTPOBAHO, IO MAacoBi
XIMIYHI BUOYXM B TiM UM 1HIIIM Mipi MOXYTbh 3a4ilaTH BCl MiJICUCTEMH CHUCTEMH
3emisi—arMocepa—ionochepa—maraitochepa.

CkIagHICTh JOCTIIKEHHSI 0COOIMBOCTEH MOIMMPEHHS 1H(PPa3BYKOBUX XBUJIb,
3r€HEpPOBAaHUX MPOTATOM TEXHOTEHHOI KaTacTpodu Ha apceHasnl Ooenpuracis,
nosisirae B HactynHomy. [lo-mepie, BUOyXH CYIpPOBOJIKYIOTHCS 1HTEHCUBHUMU
nokexamu, Ski cami € JkepenoM iHGpa3Byky. Ilo-gpyre, 30ypeHHs B
HABKOJIO3€MHOMY CEPEJOBHII HaJ MICIEM KaTtacTpodu IMpU cepisix BUOYXIB, SKI
MOBTOPIOIOTHCS, MOCTYNOBO HAKOMUYYIOTHCS, YTBOPIOETHCS CBOEPILAHMMA KYTIOJN,
napameTpH SKOro ICTOTHO BIAPI3HSAIOTHCS BiJl MapaMeTpiB HE30ypeHOi aTMOC(epH.
[To-TpeTe, Lel KynoJi ICTOTHO BIJIMBA€E HA YMOBH 3aXBaTy 1H(PPa3BYKOBUX XBUJIb Yy
XBUJIEBOAAX  «3emiis — ctpatocdepay, «3emis —me3ochepay Ta  «3eMIs —
Tepmocdepa». [lo-ueTBepTe, IHTEHCUBHICTh BUOYXIB y PI3HUX CEPISIX Ma€ pi3HY
BEJIMYMHY, 110 BU3HAYA€ 1HTEHCHUBHICTH 1 CIEKTPAJIbHUN CKIAJ] 1H(GPa3BYKOBHX
XBUJIb, 3T€HEPOBAHUX IPOTATOM MACOBUX XIMIYHUX BUOYXIB.

Takum YHMHOM, JOCHIJPKEHHS TMapaMmeTpiB 1H(PA3BYKOBUX XBWIIb, SIKI
YTBOPWJIMCS B TIPOIECI TEXHOTCHHMX KaracTpod Ha BOEHHUX CKJIanax,
1 0COOMBOCTEH TXHBOTO MOMIMPEHHS € aKTYaTbHOIO Paiio()i3NIHO0 33aUECTO.

MeToro nMaHoro MIAPO3NNy € BUBYEHHS OCOOJMBOCTEH XBWJIHOBHUX (HOPM
1H(Pa3BYKOBUX CHUTHAJIOB, IXHIX aMIUNTYA 1 CHEKTPaJbHOrO CKJIanay IpHU
nanmeHboMy  (~150 kM — 180 kM) TOMMPEHHI XBHJIb, 3TEHEPOBAHUX MPOTITOM
TEXHOTeHHO1 KaracTpodu Ha apceHani OoenpumaciB moOmmsy M. Binnums 26 —
27 Bepecus 2017 p.

Pesynbraty 115010 po3ainy onyosikoBano B [91, 216-221].

3araJjbHi BiZoMocTi npo karacrpody

Ha BilicbkoBux ckiagax (apcenan Ne48 Minoboponu Ykpainu, /4 A-1119),
nuciaokoBaHuX mo0im3y cmT KanuniBka, Binauieka 00:1., YkpaiHa, 3HaX0IUIOCH
om3bko 188 Tuc. T 6oenpumnacis (10 Tuc. ymoBHUX BaroHiB). [limomia apcenany —

60 ra. Moro reorpadiuni xoopmuHat: 49°25' mu.ur, 28°30" cx.n. Ha cknamax
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30ypirajivch apTUIEPINCHKI CHAPSAM PI3HUX KalliOpiB, a TAKOXK PAKETH 3aJIOBOTO
BOoTHIO «CMepu», «Yparan» 1 «['pan». Paniyc po3nboTy OCTaHHIX MIr JOCSTaTd
JIECATKIB KIJIOMETPiB, a pajailyC po3ab0Ty yJIaMKiB CHapsAiB, K1 PO3PUBAIUCI — 3—
SkMm. 3 ui€i mpuunHU OyB 3aKpUTUN MOBITPSIHUN mpocTip y paaiyci 50 kM
B1JI CIMIIIEHTPY KaTacTpodu.

[Tepmia cepist MacoBux BHOYxiB nporpumiia 26 Bepecus 2017 p. o 19:59 UT
(Tyr 1 nmam BcecBiTHIM 9ac). MacoBi BUOYXH TpPUITUHIINCH Juie 27 BEpecHs
o 08:03. VYcworo BimmideHo 26 cepiii MmacoBux Bubyxi [91]. Ixue
eHeproBuaieHHs 3MiHOBaoch Bix 0.3 mo 53 T THT.

CymapHuii eHeproBmicT Ha apceHam ckiaagaB Omuspko 0.1 Mt THT.
Ha macts, mnpopearyBana Juine 4YacTUHa Beix OoenpunaciB. Bulyxu
CYNpPOBOKYBAJIMUCh MaciITaOHUMHU moxexxkamu (puc. 5.1.1). Bucora nonym’s
nocsirana 100 M — 150 M, a BHcoTa migiioMy HarpiTUX HPOAYKTIB — JICKUJIBKOX

KIJIOMETPIB.

3aco0u Ta MmeToAHM

TexHoreHHa kartactpoda BigOyjacs B LEHTpl YkpaiHu. bing emiueHTpy
PO3MINIYBAINCh BHUMIPIOBaJIbHI 3aco0M ['OJOBHOTO IEHTPY CHEIIaIbHOTO
koHtpoto HITYBK3 JlepkaBHOro KOCMi4HOTO areHTcTBa YKpaiHu. Jlo HuX,
30KpeMa, BIIHOCATHCA 1HPPA3BYKOBI Ta CEMCMIYHI CTAHIIII.

Jnst  anamizy mapamerpiB  iHGPa3BYKOBHX XBHJIb BUKOPHUCTOBYBAIUCH
BUMIpPIOBaHHA, BUKOHaH1 Ha cTaHlisax Kam’sHeub-lIloginscekuii, Manun 1 banrta
(puc. 5.1.2). Cranuii o6sagHaHo MikpoOaporpagamu, QYHKIIOHYIOUMMH B
niamazoHax 4vactor 0.03 I'm— 10 I'm (Kam’saenps-Iloginscbkuii), 0.3 I'm— 1010
(Manun) 1 0.03 - 0.3 T'u (banra) BiamosimHo. Jliama3oH BUMIprOBaHUX Bapiallii
TuCcKy MikpobaporpadiB ckmagaB (.01 — 100 [Ta. Ha cranmi Kam’suens-
[Tominscbkuit (reorpadiuni koopauHatu 48.56° mH.ui., 26.46° ¢x.1.), BiagaieHoi
BiJl CMIIIEHTPYy BUOYXIB Ha BifcTaHb R =176 kM, BUKOHAHO YOTHPHOXKaHAIbHI
BUMIpIOBaHHA  1H(ppa3BykoBoro curHany. Cranuis Manun (reorpadiyHi

koopauHatu 50,70° mH.u1., 29,22° ¢x.1.), BiAgalieHa BiJ apceHainy Ha 153 kM, mae
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JBa KaHaM peectparii iHppa3BykoBux curHamiB. OmHOKaHaIbHA cTaHIlis banra
(reorpadiuni koopauHatu 47.94° mH.m., 29.60° cx.1.) BigganeHa BiJ CMILICHTPY

karactpodu Ha 181 kM.

Puc. 5.1.1 Bubyx Ta wmacmTabHa TmOXeXa B JIeTOHAIl OO€rpunacia

Ha CKJIamax Hernoamik cMmt KanmHiBka

[Tpu BuOOpPI mepepaxoBaHuX 1HPPA3BYKOBUX CTaHIIA aBTOPH KEPYBaJHCh
TAM, MO0 CTaHIll PO3TAIIOBYBAJIMCh HABKOJO CMIIEHTPY BUOYXIB 1 MPHOIHU3HO
Ha OJIHAKOBIM BiAcTaHl BiA HboOro. Lle 103BONMIO HaM BUBYUTH a3uMyTajbHI
0COOJIMBOCTI MOMIMPEHHS XBUITb.

JIns BU3HAYEHHS MOMEHTIB BHOYXIB 1 OIIHKM iXHbOi IHTEHCHBHOCTI HaMH
BUKOPUCTOBYBAIMCh BHUMIPIOBAaHHS Ha 24-eleMeHTHi cedcMiuHii craniii PS45
MixHaponHoi cuctemMu MoHiTopuHTy Oprasizaiii JloroBopy Mpo BCEOCSDKHY
3a0opony suepaux BuripooyBanb (MCM OJIB34B), aucnokoBany nmoommsy M. Mania
(50.70° mHam., 29.22° cx.a.). OiHKa €HEProBUIIICHHS NPOBOAMIACS 3
BUKOPHUCTAHHSIM MarHiTyau My YTBOPEHOTO BUOYyXaMu 3eMJIETPYCY:

IgE = m, —1.86 |
0.72
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Puc. 5.1.2 Po3ramryBaHHsS cTaHIi BiZHOCHO Miciig katactpodu. [ludpamu Ha
pUCYHKY TO3HaueHo: 1 — emineHTp Katactpodu (B/u A-1119, Binnumeka o01.,
VYkpaina); 2 — iHppa3BykoBa ctanuia Kam’saeub-Iloainecekuii; 3 — iHppa3BykoBa

ctanuis Manus; 4 — iHgpa3BykoBa craniis banra

e My, — Mar”iTyja 3eMJIeTpyCcy, OTpuMaHa Jyisi 00’€MHUX XBWIb, E — eHepris
BT THT.

Pesynbratu ominku eHeprii cepiii BuOyxiB HaBeieHo B Tabi. 5.1.1. Bunno,
mo E~0.31THT —53 v THT.

[Tpuknan peectpaiii iH(Pa3BYKOBOrO CHTHANy Ha I1HAMKATOpPl KPYrOBOIO
orisny Ha craHili Kam’saens-Tloginechkuit mokazano Ha puc. 5.1.3. I3 puc. 5.1.3
BUJTHO, IO a3UMYT Jikepena iHppa3Byky A =~ 54.5+4.6°.

[Mpuknan peectparmii iH(pa3BykoBOrO curHaiy Ha craniii Kam’sHeib-
[Tominbchbkuit mokazaHo Ha puc. 5.1.4. JIyig miABUIIEHHS JOCTOBIPHOCTI BUSIBICHHS
1H(pPa3BYKOBOTO CHUTHAITy 3aCTOCOBYEThbCS OararokaHajibHa KopelsiiiiHa oOpoOka
(BepXHs TMaHENb), a TAKOXK OIIHKA a3UMYTy Ta IIBHUIKOCTI (MIAHEN 3BEpXY BHU3).
Ha 4oTuphox HIKHIX MaHeIsIX HaBeJeHO XBUJILOB1 (hopMH 1H(PA3BYKOBOTO CUTHAITY,

3apEeECTPOBAHOTO YOTHPHOXKAHAILHUM MikpoOaporpadom.
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Tabmung 5.1.1 Celicmiuni faHi po cepii BUOyXiB

Ne [ara Bpewms B3priBa | Marnuryna, Pacuetnas
(UT) Mo momHocTh, T THT

1 26 centsi6ps 2017 1. 18:59:59 1.5 0.3
2 26 cents0ps 2017 r. 19:01:00 1.9 1.1
3 26 centsiops 2017 . 19:02:30 2.4 5.6
4 26 centsi6ps 2017 1. 19:37:18 1.6 0.44
5 26 cents0ps 2017 r. 19:38:26 1.7 0.6
6 26 centsiops 2017 . 19:43:45 2.4 5.6
7 26 cents0ps 2017 r. 19:47:42 2.2 3.0
8 26 centsiops 2017 1. 19:53:03 1.8 0.83
9 26 cents0ps 2017 r. 19:57:14 2.7 15
10 26 centsiops 2017 1. 19:59:30 3.1 53
11 26 cents0ps 2017 r. 20:05:31 1.8 0.83
12 26 centsiops 2017 r. 20:09:19 2.2 3.0
13 26 cents0ps 2017 r. 21:39:58 2.4 5.6
14 26 centsiOps 2017 r. 22:02:13 2.0 1.6
15 26 cents6ps 2017 1. 22:03:56 2.2 3.0
16 26 centsiOps 2017 r. 22:14:44 3.1 53
17 26 centsiops 2017 1. 23:17:40 1.6 0.44
18 26 cents6ps 2017 1. 23:39:38 1.4 0.23
19 26 centsiops 2017 1. 23:56:42 1.8 0.83
20 26 cents6ps 2017 1. 23:58:15 2.0 1.6
21 27 centsiops 2017 1. 01:32:44 1.8 0.83
22 27 centsi6ps 2017 1. 02:30:25 1.8 0.83
23 27 centsiops 2017 1. 02:31:08 3.0 38
24 27 centsi6ps 2017 1. 02:40:00 1.7 0.6
25 27 centsiops 2017 1. 05:08:33 2.8 20
26 27 centsi6ps 2017 1. 08:03:59 1.9 1.1
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Puc. 5.1.3 Ilanens iHAMKAaTOpa KpPYroBOTO OTJISAY JJI BHU3HAUEHHS JKEperna

asumyty (ctanmis Kam'sHenb-Ilominbchkuit). VY3m0BXK paaiycy BiakianaeHa
IIBUJIKICTH (KM/C), KyTOBa KOOpAUHATA ABJIsIE COO0I0 a3uMyT. Ha iHAMKaTOp1 YiTKO
BUJIHUW CIIiJ] BiJl aKyCTUYHOTO CUTHAaIy, sSIKMi crioctepiraBcs 26 BepecHs 2017 p.
o 20:09:19. Ilapamerpm curHany Taki: asumyt — 54.5+4.6°, mBuUAKICTE —

0.344+0.008 xm/c. EneproBuninenns BuOyxy cranoBuio 53 T THT

Meroanka 0OpoOKH TaHUX CIIOCTEPEKEHD Y JAHUX JTOCTIPKEHHSIX 3BOAMIACS
10 HactynmHOTo. CrovaTKy pe3ysabTaTH BUMIPIOBaHb YaCOBHX 3aJIEKHOCTEH THUCKY
Ap(t) mepeBoAMINCE 13 BIIHOCHUX OXMHUIL y abcomroTHi. Jam 3amexuocti Ap(t)
niggaBauck ¢iapTpainii B maiama3zoni nepioai 0.2 ¢ — 10 c. TloTiM 3miiicHIOBaBCS
cucteMuuit cnektpaipauii ananiz (CCA) BindinbTpoBanux 3anexnocteir Ap(t) 3a
JIOTIOMOT00 BikOHHOTO TiepeTBopeHHs Dyp’e (OIID), amanTuBHOTO MEPETBOPEHHS
®yp’e (AIID) Ta Beliner-neperBopenns (BII) [198]. Ilpu Buxopucranni BII B

SKOCTI Oa3ncHOI (yHKIIT 3amyyaBcs BeiBieT Mopiie [198].
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Puc. 5.1.4 PesyapTar 00pOoOKHM 1H(Pa3BYKOBOTO CHUTHATYy, 3apeeECTPOBAHOTO
1H(pa3BykoBoto cTaHiielo Kam'snens-Iloainbcbkuii 26 BepecHsa 2017 p. Ilanem
3BEpPXy MOHU3Y: KOe(DIIIEHT MIKKaHAIBHOI KOpeJsAIii piBHA CUTHAITY; a3UMYT
Jokepena 1H(pa3ByKy; WBUIKICTh MPUXOY 1HPPA3BYKY; YaCOBI 3aJ€KHOCTI PIBHA
npuxony (y BIIHOCHUX OJWHUIAX) 1H(GPa3BYKy B YOTHPHOX KaHamax.
EneproBuninenns cranoBuiio 15 1 53 T THT mnsa mepiroro ta apyroro CUrHaiiB

BIJIIIOBIIHO

Pe3yabTaTu criocrepeskeHb i aHAJI3Y

3anexcnicms  6i0  GenUUUHU — eHepeo8UOileHHA.  XBUIBOBI  (OpMHU
Bi(pIbTpOBAaHUX  1H(GPA3BYKOBUX CHUTHAJIB, 3apEECTPOBAHMX HA  CTaHIIIi
Kawm’suenp-lIloninecekuit 26 — 27 BepecHs 2017 p. npu pi3HOMY €HEpProBHU1JICHHI,
nokazaHo Ha pwuc.5.15 3 BuOyxamum mOB’s3aHi HaAWOUIBII 1HTEHCUBHI
(3 ammaitygoro ~0.1ITa— 0.3 I1a) BucokouacToTHi KoymBaHHg. Ha pwuc. 5.1.50

TaKOX CIIOCTEPIraroThCs KOJIMBAaHHA 3 aMILIITY 010 Onu3bko 0.02 Ila Ta nepiogom
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Puc. 5.1.5 XBunboBi gopmu iHGpa3ByKOBUX CHUTHaJIB 31 cTaHuli Kam’sHeub-
[TomibChKUM, IO 3T€HEPOBaHI BHACIIIOK BHOYXIB 3 €HEPTrOBUAICHHIM: a — 53 T
THT, 26 Bepecus 2017 p.; 6 —38 T THT, 27 Bepecus 2017 p.; 6—20 T THT,
27 Bepecus 2017 p.; 2— 15 T THT, 26 Bepecus 2017 p.; 0 — 5.6 T THT, 27 BepecHs
2017 p.; e—3 1 THT, 26 Bepecus 2017 p.

T~6c¢c. Taki mapameTrpu MaOTh MIKPOOAPOMH, BHUKIWKAHI OKEAHIYHUM
xBUIOBaHHAM [2, 116]. [IposiBu MikpobGapoM BUIHO Takox Ha puc. 5.1.5a, 5.1.5¢.
I3 puc. 5.1.5 BuAHO, 10 MpU 3MEHIIECHHI €Heprii BUOYXIB CHOCTEPITAETHCS

TEHJEHIlIA 10 3MEHIICHHS AaMIUNTYId I[yry KOJHMBaHb 1 IXHBOTO TIEPIOAYy.
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TpuBamicTs mMyry KoiauBaHb ckiagana 1.5 xB — 2 xB. He Bim3Havasiocs oro 4iTkoi
3aJIeKHOCTI Bl eHeprii BUOyXiB. Y minomy 3anexHicTh AP(t) He € MOHOTOHHOIO.

3anexcnicmv  6i0  giocmani.  XBWIbOBI  GopMH  BiI(UITPOBAHUX
1H}pa3ByKOBUX CUTHAIIB, 3apeecTpoBaHux o 20:08 —20:12 26 Bepecus 2017 p.
Ha craHmisx Manun, Kam’suenpb-Iloninbcbkuii 1 banrta, mokasano Ha puc. 5.1.6.
I3 mporo pucyHKy BHUJHO, IO MPU HEBEJIUKOMY 30UIBIIEHHI BIJICTaHI MIXK
eHileHTpOM BHOYXiB 1 CTaHIIEI0 aMIUINTy/Ja CUTHATy 3MIHIOETbCA HE3HAYHHUM
yuHOM. TpuBamicth curHamy ckinagae 1.5 xB—2xB. CurHan CKIaIaeThCcs
3 IeKUTbKOX ITyTiB. [lepioj KomMBaHb BiJ BIACTaHI TPAKTUIHO HE 3AJICIKHUTh.

Pesynomamu CCA. Tlpuxnan pesynbratiB CCA  3anexnocti  Ap(t),
3apeecTpOBaHOi B 1HTEpBail vacy 22:22 —22:25 26 Bepecust 2017 p. Ha cTaHIIIX
Manun, Kam’suenb-Ilomineceknii 1 banra mmgs E~53 1 THT, HaBemeno Ha
puc. 5.1.7 —5.1.9. I3 uux pUCYHKIB BUJHO, II0 CHOCTEPIraJIUCh IYI'M KOJIUBAHb
13 mepiogamu 2.5+0.5c¢ Ta 4.5tl1 ¢ (cranuis Manun), 3+l c 1 611 c (cranmisa
Kawm’suenp-Iloninecekuit), a Takox 4+l c 1 942 ¢ (cranmis banra). HaiiGinbiny
aMILTITYZly Majo KOIMBAHHS 3 Iepiogamu Bixg 3 ¢ 1o 5-6c. Moro TpuBamicTs
ckiagana 0au3bko 40 c. Y Toil ke yac 3arajibHa TPUBAJIICTh CUTHATY 3MIHIOBAJIach
y Mexax Bix 1.5 xB 10 2 xB.

OorosopenHst

[IpobGnema renepariii Ta mommMpeHHs 1HOPA3BYKOBUX XBWJIb B aTMocdepi
MPOTATOM TEXHOTE€HHUX Karactpod Ha apceHanax Ooernpunacis
y EKCHEPUMEHTAJIbHOMY IIJIaHi JIOCI 3ajuIilanachk HEBUBUYEHOIO. TeopeTuuHi
pO3paxyHKH OUIKyBaHUX €(EeKTiB BUKOHAHO B HM3Il poOIT [54, 87, 154, 205].
TpyaHo1i TOCHIIKEHHS 0COOIMBOCTEN TeHepallii Ta MOMMpPEHHs 1H()Pa3ByKOBUX

XBUJIb IPU TaKUX KaTacTpoax nepepaxoBaHo y BCTYII JI0 I[bOTO HiAPO3ILIY.
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Puc. 5.1.6 XBuiboBi (opmu iHGPa3BYKOBHX CHUTHAIIB, 3apeeECTPOBAHHX
26 Bepecust 2017 p. (eneprosuainennst — 53 T THT). [Taneni 3BepXy BHU3: CTaHIIis
Mania (R~ 153 km), cranmigs Kam’saenps-Iloginscbkuii, kanamm 1 — 4
(R = 176 km), cranuis banra (R = 181 km)

JIst BUAUIGHHS KOPUCHOTO CHUTHAY, TOB’SI3aHOTO 3 BUOyXaMu, y JaHOMY
pO3IUTI  MPOBOAWJINCH BUMIPDIOBAaHHS a3uMyTy JoKepena 1H(Qpa3ByKy Ta
MDKKaHaJIbHA KOpeldliiiHa oO0poOKa, a TakoK CHIBCTABJIEHHS XBWJIBOBHX (opM
CUTHAITy, 3apeECTPOBAHOTO Ha 1H(PA3BYKOBUX CTaHINIAX, BIIAATICHUX Ha OJU3bKI
3a cBOiM 3HaueHHsM BincTtaHi (~ 150 km — 180 kM). Bcee me mo3Bonuio HamiifHO
BUOKPEMUTH CUTHAJIM, TIOB’Si3aHI 3 KOHKPETHOIO cepieto BUOyXiB. JJisi OIIHKH

€Heprii Ta MOMEHTY BUOYXY 3aJy4aluCh CEUCMIYHI JIaHI.
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Puc. 5.1.7 Pesynbratu cmyroBoi ¢inetpartii Ta CCA Ap(t) ans 26 Bepecus 2017 p.
[Taneni 3Bepxy nmoHM3Yy: XBUIbOBa ¢opma, pesynbratd BIID, AIID Tta BII;
MpaBoOpyd MOKa3aHO eHeprorpaMu Jyis ctaniii Maiin. EneproBuiiieHHs BUOyxy —

53T THT
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Puc. 5.1.8 Pesynbratu cmyrosoi ¢inetpartii Ta CCA Ap(t) ans 26 Bepecus 2017 p.
[laneni 3Bepxy HOoHU3Y: XBWIbOBa (opma, pesyinbratu BIID, AIID® Ta BII;
mpaBopyd TOKazaHo eHeprorpamu st cranmii  Kam’saeub-IToginbebkui.

Eneprosuninenns Budyxy — 53 Tt THT
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Puc. 5.1.9 Pesynbratu cmyropoi ¢inbrparnii Ta CCA Ap(t) mis 26 Bepecus 2017 p.
[lanem 3Bepxy mAoHW3Y: XBWIbOBa (Qopma, pesynbratu BIID, AIID Ta BII;
MpaBopyd MOKa3aHO eHeprorpamu Jyis ctaHiii banra. EneproBuaiieHHs BUOyXy —

53T THT
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BuwmiproBanus Ap nipu eneprosuaiieHdi Bix 3 T THT no 53 T THT nokazanmu,

0 aMILTITYIU (A_pz)ll2 30utbmyBanuch npuoau3Ho Big 0.04 I1a mo 0.16 I1a. Ilpu

oMy Ap?® mpomopiriiiae E.

3anmexHicTh AP Bif BiacTaHi npu il He3HauHid 3MiHI (~150 kM — 180 kM)
BUpakeHO ciabo (mmB. puc. 5.1.6). BigminHOcTI B XBHJIEBHX (opmax Oiblie
MOB’s3aH1 3 BIJMIHHICTIO CMYT TMPOIYCKaHHsA MikpobaporpadiB Ha pi3HUX
CTaHIIISIX, @ TAKOXK 13 PI3HOIO OPIEHTALIIEI0 TPAC MOIIUPEHHS.

Buxoasuu 3 puc. 5.1.6, MOXHA OLIIHUTH HIBUJKICTb MPUXOAY 1HGPA3BYKOBOI
xBuil. Ha crannii Manun nouatok curnany cnoctepirasest o 20:08:00, va cranuii
Kam’sauens-IToainscekuii — o 20:09:20, a Ha ctanii banra — B 20:09:30. OckuIbKH
cepis BuOyXiB 3apeectpoBana o 19:59:30, wacu 3amizaenns ckmaganu 510 ¢, 570 ¢
i 600c. Im Bimnmosimamu Bimctami 153 kM, 176 kM i 181 kM. Tomi IMIBHAKOCTI
npuxony ckiagamm 300 m/c, 309 m/c Ta 301.6 M/c. Taki MBUAKOCTI MaIOTh MICIIE
IIPU MOCHIAOBHOMY BIAOMTTI 1H(PPa3ByKOBUX XBUJIb BIJ CTpPATOCPEPH Ta MOBEPXHI
3emmi [2]. 3a mBuakoctsmu 300 m/c, 309 m/c ta 301.6 M/c Ta BigoMHMHU
a3UMyTaMU TPUXOJy 1H(GPaA3BYKOBOTO CHUTHANy MOKHA OIIHUTA ICTUHHY
HIBUAKICTh TPHUXOAY Ug Ta CEPEAHI0 IMIBHAKICTH W CTpaTOCPEpHOro BITPY.
BusiBuiocs, mo vo = 303.5+0.5 m/c, a w ~ 6.84+0.7 m/c.

I3 puc. 5.1.6 Buano, o npubauzno yepe3 100 c — 120 ¢ micas mpuxomy
OCHOBHOI'O CHUTHAJy CIIOCTEPIraeTbCcsl CUTHAN 3 aMIUIUTYAOK B JEKUIbKa pasiB
MEHIIIOI0, HIXXK B OCHOBHOTO CHTHATYy. I7I0My BIIMOBIZIa€ MIBUIKICT TPUXOIY
ommspka 10 245 m/c — 250 m/c.  OueBWAHO, IO TaKy IIBUAKICTb MAalOTh
1H(Pa3BYKOBI XBHJII, SIKi BiIOMBArOThCS Bij TepMochepu [2].

brnu3pKicTh MIBUAKOCTI TPHUXOAY, OILIHEHOI ISl Tpac pI3HOI OpieHTaillii,
pu cTparochepHOMY BiIOUTTI XBWIb CBIITUYMTH MPO T€, M0 BILTUB BITPY B BEPXHIN
aTMoc(epl Ha MIBHIKICTh 1H(PPA3BYKYy B 1[I0 MOPY POKY OYJI0O MajOiCTOTHHUM.
OMiHKK IIBUAKOCTI BITPY 3a cmiBBigHOMmEHHIM [165] mokasamm, mo BoHa He

MepEeBUIIyBaJIa OJJUHUIIL METPIB 3a CEKYHTY.
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OcHOBHI pe3yJbTaTu

Amnaniz mapaMmeTpiB iH(Pa3BYKOBUX CHUTHANIB B arMmocdepi, 3reHepOBaHUX
MacoOBUMH XIMIYHUMU BHOyXaMu Ha apceHanl OoenpumnaciB 1mooau3y M. BiHHUIA
26 — 27 Bepecus 2017 p., 103BOJIMB BCcTaHOBUTH HacTymHe [91, 216-221].

1. ITpu 36inbmeHHi eHeproBunuieHHs Bix 3 g0 53 T THT cnoctepiranacs
TEHJICHIIIS 70 30UIBIICHHS aMIUIITyJAM Ta IEpioay IMepeBa)kalouoro KOJHWBaHHS.
TpuBainicTh IyriB KOJWBaHHS MpU IIbOMY 301ablIyBanacs Big ~ 1.5 xB 10 2 XB.
3HaueHHS CepeHhOT0 KBAApPATy aMIUIITYId CHUTHATY NPHUOIM3HO MPOIMOPIIHHO
eHeprii BUOyxy.

2. Ilpu neenukiii (Ha 15% — 18%) 3miH1 BiACTaH1 MIX €MIIIEHTPOM BUOYXIB 1
MICLIEM pO3TallyBaHHS 1H(PA3BYKOBOi CTaHIl MapaMmeTpu 1H(PPa3ByKOBOTO
CUTHAJTy 3MIHIOBAJIMCS HE3HAYHO. BiAMIHHOCTI B XBWJIHOBHUX (pOpMax MOB’si3aHi 3
OpIEHTAIlIEI0 TPACH.

3. Ilpu eneproBuninenHi, mo gopiBHioe 53 T THT, B cmnekTpi KoiMBaHb
nepeBaXkaii TapMOHIKH 3 1epioAoM Bija 3 ¢ 10 5 — 6 ¢. TpuBaiicTh 1yriB KOJIMBaHb
3 TaKMMHU nepiogamu ctaHoBuia 10 c— 12 c.

4. Cepennsi MBHIKICTh MPUXOMY JUISI PI3HUX Tpac MpU cTpaTochepHOMY
B1IOUTTI XBUJIb 3MiHIOBasacs B Mexax 300 m/c —309 m/c, mo CBITYUTH TPO
HE3HAUYHUW BIUIMB BITPY y BEpxXHii armocdepi Ha nmomupeHHs iHPpa3Byky. [Ipu
TepMochEepHOMY BIAOUTTI XBUJIb aMIUTITYJ]a CUTHaNy OyJjia B KUJIbKa pa3iB MEHIIIE,
a IBUJAKICTh TPUXOAY cTaHOBUIA 245 m/c — 250 m/c.

5. O1iHeH1 cupaBXHs cepeHs MBUAKICTh NPUXOAY 1H(PA3BYKOBOTO CUTHAITY
(303.5+0.5 m/c) mpu cTparocepHOMY BIIOMTTI XBWJIb 1 CEPEIHS IIBUAKICTH

ctpaTocdepHoro BiTpy (6.8+0.7 m/c).

5.2 3aranabHi BiioMoCTi Npo TeXHOreHHY KaTacTpody nodausy M. Iuns

PesynpTaTi 115010 MiApo3aiTy omy0ikoBaHo B podortax [219, 221].

Ha BiiichkOBUX CKJIaaX, MTUCIOKOBAaHUX MO0aU3y M. [uns, UepHiriBchka 001.,
VYkpaina, Oyno Onauszpko 69.5 tuc. T OoenpumaciB (6Ju3bk0 3 THC. YMOBHHX

Baronis). Ilnoma apcenany — 682 ra. Moro reorpadiuni koopaunatu: 50°51'45"
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nH.11., 32°23'39" cx.n. Ha ckmagax 30epiraiucst apTHIEPIIChKI CHapsSIu pi3HUX
KaJmiOpiB, a TaKOXX pPaKeTH 3almoBOro BorHIO «CMmepu», «Yparan» Ta «['pam».
Paniyc po3:1b0Ty OCTaHHIX MIT JOCSTaTH JECATKIB KUUIOMETPIB, a PajiyC pO3JIbOTY
OCKOJIKIB CHapsi/iiB, III0 MOXKYTh PO3IpBaTHCI — 3 — 5 KM.

[Tepmia cepis MmacoBUx BUOYXIB 3 eHeproBuauieHHsM y 17 T THT nporpumina
9 sxoBTHs 2018 p. 0 00:38:25 UT. Macosi BuOyxu npunuauiucs auuie 10 koBTHS
06 11.50:08 UT. Vcworo 3apeectpoBaHo 45 cepiii MacoBuX BHOYXiB. IxHe
eHeproBuieHHs: 3MiHtoBanocs Big 0.1 mo 49.9 T THT (tabn. 5.2.1). Cymapuuii
eHepro3Mict Ha apceHani ckmanaB O6mm3pko 30 kt THT. IlpopearyBanma mure
yacTMHa BCIX OoempumnaciB. BuOyxu cynpoBOKyBaJuCd — MacIITAOHUMU
noxexxamu (puc. 5.2.1). Bucora nonym’st carana 100 — 150 M, a BucoTa migiiomy

HarpiTUX YyTBOPEHb — KIJIbKOX KIJIOMETPIB.

Pe3yabTaTi 4acoBOIo Ta CHEKTPAJIBHOI0 AHAJI3IB

3a J0MOMOIO0 TEXHIYHUX 3ac00iB 1 METOJIIB KOMIT IOTEPHOI MaTeMaTHKH,
ONKCAaHUX B PO3AUIL 3, OTPUMAHO NPUKIATU YACOBUX 3aJEKHOCTEH 1 CHEKTPH
1H(Pa3BYKOBUX CUTHAIIB, 3reHEPOBAHUX CEPIEI0 MACOBUX BUOYXIB.

[lpuknag dYacoBuUX 3ajeKHOCTEH THUCKY B 1H(Pa3BYyKOBIM XBWI BIJ
CHEPrOBUIUICHHSI MMPOTATOM BUOYXIB HaBeJIeHO Ha puc. 5.2.2. 3 puc. 5.2.2 BUIHO, 10
XBWJIbOBa (popMa 1HPPa3BYKOBOTO CUTHATY MOMITHO CHOTBOPIOETHCS IIymamu. J1iis
X YCYHEHHsI 3aCTOCOBYBaJIaCh CMyToBa (jiana3oH nepiofis 0.2 — 5 ¢) dhinbTparris.

XBWIbOB1 (hopMH 1HPPA3BYKOBUX CHUTHATIB micis (UIbTpalii MOKa3aHO Ha
puc. 5.2.3. 3 puc. 5.2.3 BuHO, 10 3a 3MEHIIEHHS SHEeproBUAUICHHS Bif 49.9 no
4.1 T THT mepiol OCHOBHOTO KOJIMBaHHS IMOCTYIOBO 3MEHIIYEThCA Bif 1.5 10
0.5c. Iudpa3BykoBuil cuUrHaig Mpu pI3HUX EHEPrOBUIUICHHS MICTUTh II'STh
KOJIMBaHb 3arajbHOI TPUBAIICTIO 5 —7 c. 31 3MEHIICHHSAM EHEPTrOBHILICHHS
CepelHiil KBaapaT aMIUIITyOd THUCKY Y XBWJIi, TO4YHIiIIe, Horo n00yTOK Ha
TPUBAJICTh CUTHAIY, 3MEHILIYETHCS TPUOIU3ZHO MPOMOPIIHHO 3HAYEHHIO BUALICHOT
EHeprii.

Tabnuug 5.2.1 CelicMiuH1 JaH1 PO cepito BUOYXiB
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Yac mxepena Marniryna PO3anyH.KOBa
Ne flata (MicrieBHiA) (3a mkanoro Pixtepa) HOTYRHICTD
(r THT)

1. | 09.10.2018 03:38:25 1.98 17.0
2. | 09.10.2018 03:51:27 1.75 9.9
3. | 09.10.2018 03:55:11 1.67 8.4
4. | 09.10.2018 04.01:23 2.45 49.9
5. | 09.10.2018 04:04:30 1.12 2.3
6. | 09.10.2018 04:06:05 2.00 17.5
7. | 09.10.2018 04:09:06 0.50 0.6
8. | 09.10.2018 04:16:28 1.48 5.4
9. | 09.10.2018 04:18:42 2.21 29.1
10.| 09.10.2018 04:21:31 1.54 6.1
11.| 09.10.2018 04:27:16 1.00 1.8
12.| 09.10.2018 04:28:49 2.17 26.3
13.| 09.10.2018 04:30:04 2.09 22.0
14.| 09.10.2018 04:30:20 1.72 9.3
15.| 09.10.2018 04:31:41 1.91 14.4
16.| 09.10.2018 04:35:10 0.97 1.7
17.| 09.10.2018 04:35:21 1.27 3.3
18.| 09.10.2018 04:39:24 0.22 0.3
19.| 09.10.2018 04:40:57 1.40 4.5
20.| 09.10.2018 04:42:08 2.40 44.4
21.| 09.10.2018 04:44:01 1.04 2.0
22.| 09.10.2018 04:51:40 2.01 18.2
23.| 09.10.2018 05:18:45 1.50 5.6
24.| 09.10.2018 05:31:43 1.58 6.7
25.| 09.10.2018 05:35:31 2.06 20.3
26.| 09.10.2018 05:40:18 1.37 4.1
27.| 09.10.2018 05:45:38 1.63 7.5
28.| 09.10.2018 06:05:39 1.0 1.8

[Tponomxenus tabui 5.2.1
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29.| 09.10.2018 06:06:21 1.87 13.2
30.| 09.10.2018 06:06:26 2.02 18.5
31.] 09.10.2018 06:13:55 1.71 9.2
32.| 09.10.2018 06:16:41 1.41 4.6
33.| 09.10.2018 06:38:51 2.05 19.9
34.| 09.10.2018 06:52:28 0.26 0.3
35.| 09.10.2018 07:29:03 0.96 1.6
36.| 09.10.2018 10:24:02 0.99 1.7
37.| 09.10.2018 11:19:40 2.0 17.9
38.| 09.10.2018 12:12:12 1.23 3.0
39.| 09.10.2018 12:45:16 1.08 2.2
40.| 09.10.2018 13:09:24 0.99 1.8
41.| 09.10.2018 13:10:44 0.99 1.8
42.| 09.10.2018 14:03:12 0.79 1.1
43.| 09.10.2018 15:20:34 1.33 3.8
44.1 09.10.2018 17:19:56 0.75 1.0
45.| 10.10.2018 14:50:08 0.77 1.0

3HarouM BIACTaHb MK MiICIEM KaTacTpo(du Ta MICLUEM peecTpalli, a TaKOX
yac 3ami3HeHHs 1H(Pa3ByKOBOTO CHTHaly MOXXHa pO3paxyBaTd IIBUAKICTh
npuxony iH(ppa3ByKoBOi XBuIi. Pe3ynpratu po3paxyHKiB HaBeneHo y Tabm. 5.2.3.
3 1abn. 5.2.3 BUAHO, MO MBUAKICTh MPUXOAY 3MiHIOeThes Biax 310 go 333 wm/c,
ocHoBHmi mniepioa — Big 0.40 mo 1.55 c, ammmityga Ap — Big 0.75 mo 3.7 Ila, a
azumyT A — Bix 70° 1o 90°.

Ha puc. 5.2.3— 5.2.9 naBeneno pesynsratu CCA miis pi3sHUX €HEprOBUIICHD.
BunHo, mo iHppa3ByKOBUN CUTHAN IOCUTH YITKO JIOKQJII3Y€ThCS 3a 4YacOM Ta 3a
nepiogamMu. SIK 1 Ciia OYIKYyBaTH, MpPU 3MEHIICHHI CHEPTOBUAUICHHS 3HAYCHHS
OCHOBHOI'O TEpIOJy KOJMBAHHS 3MEHIIyeTbcd. 3actocyBaHHs BII® Tta AIID

JTIO3BOJIAJIO TIOKPAIUTH YaCOBE Ta YaCTOTHE PO3PI3HCHHS BiJIITOBIIHO.
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Puc. 5.2.1 Ilpuxnaau BUOYXIB 1 IXHI HACITI KA

Tabmurs 5.2.3 AkycTruHi AaHi po cepii BuOyXiB
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EneproBuainennss | Yac npuxony IBunkicTs Jliamazon A, rpan
BuOyxy, T THT curHaiy, UT pUxoay, M/c nepiofiB, ¢
4,1 02:51:15 332 0,25-1,05 70-80
4,5 01:53:03 300 0,27 -1,07 70-80
4,6 03:27:37 332 0,28 -1,08 70-80
5,6 02:29:41 332 0,32-1,12 70—-80
6,7 02:42:38 333 0,37-1,17 70—-80
7,5 02:56:33 333 0,40-1,20 70-80
9,2 03:24:51 332 0,45-1,25 60— 70
17,0 00:50:04 314 0,65-1,45 70-80
18,2 02:02:38 331 0,67—-1,47 6070
20,3 02:46:27 332 0,71-1,51 70—-80
22,0 01:40:58 333 0,74—-1,54 70—-80
26,3 01:39:46 332 0,81-1,61 6070
29,1 01:29:39 332 0,85-1,65 80-90
44,4 01:53:07 331 1,04 -1,84 80-90
49,9 01:12:20 332 1,10-1,90 70-80

Pe3y1bTaTH CTATHCTHYHOIO aHAJI3Y

Kopenayiiine none «mpusanicmo cuenany ATwe — mpueanicme cueHnany
ATser». TpuBamicts curhamy AT Bu3Hayasiacs 3a JBOMa METOJUKAMH: 32
xBuiaboBUMHU (Gopmamu (ATwr) Ta 3a pesynapratamu BIID (ATser). Biamosinne
Kopessiiiiine mosie HaBeneHo Ha puc. 5.2.10. PiBHsHHS miHiNHOI perpecii mae
BUTJISAI

AT, =0.96AT,. +0.02, (5.2.1)

Koedimienr  goctoBipHocti ampokcumamii  R~0.94, cepemnbokBagpaTHyHEe
Blaxmienus o ~0.71 c.

Kopenayiiine none «nepioo — ewnepeis eubyxyy». Ilepiom oiiHIOBaBCS 3a
noromororo AII®. BignoinHe KopensdiiiHe mosie Ta 3anexHicTs T(E) mokasano
Ha puc. 5.2.11. BukopucToByBaauch HaCTYIHI TPU pPerpecii:

T =0.30E°*, R~0.90, 6~0.19 c; (5.2.2)
T =0.41E**, R~0.88, 6~0.21 c; (5.2.3)



185

T =0.54E**, R~0.80, 6~0.26 c. (5.2.4)

Kopenayitine none «mpusanicme cuehany — euepeis eubyxyy». BimmoBimHe
noJyie HaBeZieHo Ha puc. 5.2.12. BugHo, 1m0 Mae Micle 3HaYHUA PO3KHUJ TOYOK.

PerpeciiiHi 3a71€XHOCT1 MatOTh BUTJISIA:

ATgr =0.06E +3.97, R~0.64, c~1.14 c; (5.2.5)
ATy, =2.96E°*, R~0.62, 6~1.16 c; (5.2.6)
AT, =0.07E +3.63, R~0.68, c~1.17 c; (5.2.7)
AT, =2.52E°*, R~0.68, c~1.16 c. (5.2.8)

Kopenayitine none «cepedniii keaopam amnaimyou xeuii — eHepeis UOYxXy».
B cuny 3akony 30epeKeHHs eHeprii mpu 301IbIIEHHT eHepTii BUOYXY 301IbITY€EThCS

HE JIMIIE aMIUNTyna iH(pa3BykoBoi XBWIl Ap, aje W TpHUBANICTh CHTHANY.
Kopensuiiine mone «Ap°AT - E» nokaszaHo Ha puc. 5.2.13. CnocrepiraeTbcs
NOMITHUH PO3KUJ TOUOK. PIBHSIHHS perpeciii MatoTh BUTJISA:

Ap’AT,. =0.38E”, R~0.59, 5 ~8.06 Ilac; (5.2.9)

AP?AT,., =1.49E°®, R~0.25, 6 ~5.00 ITaZc. (5.2.10)

OCHOBHI MMapaMeTpu CUTHATIB B 1H(PA3BYKOBOMY Jl1ala30Hi, 3apEECTPOBAHUX
YKPaTHCHKOIO MasioanepTypHoro akyctuyHoro rpymnoto MAAG 2, HaBemeHo

B Ta0I. 5.2.4.
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Puc. 5.2.7 Pesynsratt CCA 1H(pa3ByKOBOTO CUTHAIY, 3r€HEPOBAHOTO BHOYXOM 3

eneproBuieHHsM 17.0 T THT o 00:38:25 UT 9 sxopTas 2018 p.
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Alyp© . P
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0 1 2 3 4 3 6 7ATSFT’C

Puc. 5.2.10 3anexHicTh TPHUBAJIOCTI CHUTHANy, BU3HAUYEHOI 3a XBWJIbOBUMHU
dbopmamu (ATwg), BiJ TpPHBAJOCTI CHUTHAIy, BU3HAYEHOI 3a JIONMIOMOI'OK) METOIUKH
BII® (ATsrr). Anpokcumarnis miHiiHOI 3anexHicTio Buny AT, =0.96ATg ., +0.02,

koedimieHT  gocTtoBipHOCTI  anmpokcumarii  R=~0.94, cepeaHbokBagpaTHUHE
BinxwieHHs o ~0.71 c. [lyHkTHpHOIO JIHIEIO TIOKa3aHa ampoKCUMAaIllis y pasi 30iry

TPHUBAJIOCTEH, BU3HAYCHUX 3a pizHuX MeToauk (R =1.00)

T, c
1.6

1.4
12
I
081
0.6
04§

021

0 10 20 30 40 50 E,xr THT

Puc. 5.2.11 3anexHicTh Tepiogy OCHOBHOTO KOJMBAaHHS BiJ €HEProOBUAICHHS
BuOyXy. ATpoKcHMaris cremeHesuM 3akomoM 1 — T =0.30E°*, R=~0.90,
c~0.19; 2 — T=041E**, R~0.88, 6~0.21; 3 — T =0.54E**, R~0.80,
c~0.26
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e
Puc. 5.2.12 3anexwnicts TpuBanocti iHppa3ByKOBOro CHTHATy BiJ €HEPrOBMAIEHHS 3a 15 Toukamu.

Anpokcumanis ~ 3akonom: a — AT =0.06E+3.97, R~0.64, oc~1.14 c;
6— ATy =2.96E°*, R~0.62, 6~1.16 c; s - AT, =0.07E +3.63, R~0.68, c~1.17 c;
2— AT, =2.52E°® R=~0.68, 6~1.16 c.

OcHoOBHI pe3yJbTaTn

1. V Bumanky 30utbliieHHs1 eHeproBuiauieHHs Bix 4.1 mo 499 T THT
criocTepiranacs TeHACHINIS 10 30UTbINIeHHs aMIuTiTyau (mpubimsHo Bix 1 g0 4 Ila) ta
niepioay (mpubmsHo Big 0.5 1o 1.5 ¢) nmepeBakaro4oro KoJMBaHHs. TpUBAIICTh IIyTIB
KOJIMBaHHS MPH 1IbOMY 301IbIITyBasIacs Bij 2.5 10 7 C.

2. Ilpu eneproBuninenHi, mo AopiBHoe 49.9 T THT, y cnektpi KoauBaHb
nepeBakaaIl TapMOHIKU 3 TiepiojgoMm Big 1 g0 2 c¢. TpuBamicTh LyTiB KOJIWBaHb 3

TaKWMHU TIepioJJaMH CTaHOBWIIA 7 C.
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Ap ATUT. IMa”-c
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0 10 20 30 40 E, xT 0 10 20 30 40 F.

Puc. 5.2.13 3anexHictb A00YTKY A_pZATSFT BiJl EHEPrOBUALICHHS BHOYXY.
Anpokcumariis  3akoHoM: a — Ap°AT,. =0.38E*”, R~059, c~8.06 Ila’c;

6 — AP?AT, =1.49E°®, R~0.25, 5~5.00 Ila%c

Tabmuug 5.2.4 3aranbHi BIIOMOCTI PO MapaMeTpu 1HPa3ByKOBUX CUTHAIB,
3apeectpoBanux Ha ctaniii MAAG 2 Bix BUOyXiB 13 pi3HUMU
eHeproBuIeHHsAIMU. TpuBanocTi iH()Pa3ByKOBUX CUTHAIIB BU3HAYEHO 3a
XBUJILOBUMU (hOopMaMH Ta BIKOHHUM niepeTBopeHHAM Dyp’e (y qyxKax)

E, xr THT AT, c T,c APmax, [1a Cepenniii
KBa/Ipar

aMIUTITyId

THCKY, ITa?

4.1 2.98 (3.60) 0.80. 0.45 1.85 0.85 (0.76)
4.5 5.83 (5.76) 0.85. 0.50. 0.30 1.52 1.63(0.38)
4.6 3.70 (4.32) 0.65 3.95 3.07 (2.82)
5.6 2.98 (2.52) 0.45 1.70 1.17 (0.82)
6.7 4.13 (4.68) 0.45 2.53 1.26 (0.95)
7.5 3.55(4.32) 0.80. 0.45 2.31 1.20 (0.79)
9.2 4.50 (5.76) 0.83 2.96 3.25(1.68)
17.0 3.75 (3.60) 1.23 111 0.72 (0.36)
18.2 6.08 (6.48) 1.30 0.75 0.81(0.12)
22.0 7.78 (6.12) 1.43 1.74 1.96 (0.68)
20.3 4.02 (3.60) 0.80 1.16 2.12 (0.39)
26.3 6.10 (6.84) 1.48 1.35 1.36 (0.46)
29.1 5.00 (5.06) 1.43 1.35 1.01 (0.42)
444 6.05 (6.66) 1.53 1.76 1.59 (0.76)
49.9 7.40 (7.20) 1.45 3.70 5.56 (2.62)
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3. Cepenssi IIBUAKICT IPUXOTY XBIJIb 3MiHIOBanacs B Mexkax 300 — 330 m/c.

4. Perpeciiina 3anexHicTh nepiofy iH(Pa3ByKOBOI XBUJI Bl eHEprii BUOYXy
3arajgoM € OJNU3BKOI0 SK J0 TeOpeTHuHoi, Tak i g0 emmipuunoi (T ~ E®3*). IIpn
oMy R ~ 0.88.

5. PerpeciitHa 3a1eXHICTh TPUBAIOCTI 1H(OPA3BYKOBOTO CHUTHANY BiJ €HEprii
BUOYXy € Oym3bpKot0 10 JiHidHOI. [Tpu meomy 0.64 (myst ATser) un R = 0.68 (ms
ATwe). [IpuliHITHUMH € TaKOXK CTEIIEHEB1 perpecii.

6. Perpeciitna 3anexHicTbh AP’AT Bin eHeprii BUOyXy OJIM3bKa 110 JIHIHHOI,

0 BiOOpakye 3akoH 30epexeHHs eHeprii iHdpa3BykoBoi xBuil. [lpu mpomy

R~ 0.59.
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PO3JI1 6. XBWJBOBI IPOLIECH BIPOJOBX CWJIbHOI

TEOMATHITHOI BYPI

6.1. Beryn

Bepecenb 2017 p., He3Bakal0UM Ha ONM3BKICTH 10 MIHIMyMY B 24-My LMK
COHSTYHOI aKTMBHOCTI, XapaKTepU3yBaBCsl BUCOKOIO aKTUBHICTIO cBiTHA. Cranocs 40
cnanaxiB kimacy C, 15 — kmacy M, 4 — kiacy X. BigzHadanucs MOTYXHI BUKHIU
KOPOHAJIBbHOI MacH Ta CHJIbHI T€OKOCMIYHI Oypi, SIKI SIBIISIIOTH COOOI0 CYKYIIHICTb
MarHiTHUX, 10HOC(epHHX, aTMOc(epHMX Ta €JIeKTpUudHuX Oyp [222]. 3 1poro
BUIUIUBAE, 110 TEOKOCMIUHI Oypi € He JuIe JKepesioM iH(Ppa3ByKy, a MiI0i HU3KA
¢b13nuHnx nporeciB. OkpeMuM MposiBaM reokocMmiuHux Oyp 6 — 10 BepecHs 2017 p.
NPUCBSYCHO HHM3KY poOiT. Y poboti [223] koporko omucaei nporecu Ha CoHIl, B
MDKIUTAaHETHOMY CEpelIOBHINI Ta Ha 3emil mpotsrom 2-15BepecHsi 2015p. ¥V
poboTax [224-226] onucaHi PosiBU MarHiTHUX Oyp, B poboTax [227, 228] — nposiBu
10HOCepHuX Oyp Y BUCOKHX, HU3bKHX Ta €KBATOPIATbHUX IIMPOTaX, B podoTax [229,
230] — nposiBu atMocheprux Oyp. Y poboti [231] onmcaHO TUHAMIKY IIa3MOBHX
nyxupiB Hajx Kutaem mpotsirom marditHoi 0ypi 8 BepecHs 2017 p.

MeTta 1pOro po3Auly — BHKJIAQICHHS PE3yNbTATIB aHali3y II00AIbHUX
KBa3IMEepIOAMYHUX Bapiailiii TEeOMarHiTHOTO TIOJIA mMapaMeTpiB  1oHOchepu
BIIPOJIOBXK YHIKalIbHOT TeokocMiuHoi Oypi 6 — 10 Bepecus 2017 p. Pesynbratu

IILOTO PO3/1ITy Ony0IiKoBaHO B po0OTI aBTOpIB [232].

6.2 CTaH KOCMIYHOI IOr0au

Haii6inbmn moTyxHi COHSYHI cmanaxu B akTuBHIM oOnacti Conig AR2673
mann wmiciie o 09:10 UT (X2.2) ta o 12:02 UT 6 Bepecus 2017 p., a Takox 0
16:47 UT (X8.2) 10 Bepecus 2017 p. ITomitumo, mo cnanaxu kiaacy X9.3 ta X8.2
Oynu HAWUNOTYXXHIIIUMU B 24-My LHKII COHAYHOI aKTUBHOCTI. 7 BEpecHs
KOHIIEHTpAllli YacTMHOK Y COHSYHOMY BITpl 301IbIIMiacs NpUOIU3HO BiX
(2-3)-10° M3 1o 107 M3, ix mBmakicTs — Big 500 km/c 10 800 kM/c, Temmeparypa —
Bix 10°K go 8:10°K (puc. 6.2.1). 3HaueHHs B,-KOMIIOHEHTH MiXIIITAHETHOTO

MarHiTHoro noJis 7 Ta 8 BepecHst 2017 p. nocsiranu —10 vTa 1 —12 vTn BianoBigHO.
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TpuBanocti Big’eMHUX 3HaueHb B, nopiBHoBasim 12 1 18 rox BiAMOBITHO.
3nauenns Qynkuii Axkacody mocsranu 15 I'JIx/c ta 50 I'lx/c 7 Ta 8 BepecHs
BIIMOBIHO. 7 BepecHs 3HadeHHs iHAekcy AE 306impmyBamuca jgo 1500 HTa —
2000 #Tn. MinimManbHi 3HaueHHs iHIekcy Dg, piBri —144 wTn 1 —111 vTx,
Bim3Havanucs 8 BepecHs 2017 p. o 01:05 UT 1 15:05 UT sianosiguo. Ilpu npomy
MakcHUMaJbH1 3HaueHHs iHaekcy K, ckiaganu 8 1 9 BianosigHo. Bopoxosxk 7 — 8
BepecHs 2017 p. ciocTepiranucs JB1 MarHitHi 0ypi.

Jlomamo, o marHiTHa Oypst 8 BepecHst 2017 p. kiacy G4 (inmexc A, = 106)
Oymna Apyroro 3a IHTEHCUBHICTIO Ticias HaWcuibHimoi Oypi 17 6epesns 2015 p.
(inmekc Ap = 108). Hdns 6ypi 8 Bepecusa 2017 p. XK, =48, a s O6ypi 17 6epesns
2015 p. — 2K, = 49.

6.3 30ypenHsi B MarHiTHomy noJii 3emJii

Jns anamizy 4acoBUX Baplaliii 3allydaluch JaHl MEpeXl MarHiTOMETpIB
«Intermagnet» ma cranmisx Tamanrasset (22.79°N, 5.53°E), Duronia (41.35°N,
14.466°E), Lonjsko Polje (45.408°N, 16.659°E), Belsk (51.84°N, 20.79°E),
Uppsala (59.903°N, 17.353°E), Abisko (68.358°N, 18.823°E) 3 po3pi3HeHHsM Oi1s
0-1 uTn Ta yacoBoro amckperusaiiero B 1 xB. AHamizyBamucst A00OBI Bapiarii
rOPU30HTAJIBLHUX KOMMOHEHT ToJisg 3a 7 — 9 BepecHst 2017 p. CmyroBa ¢dinbrpartis
Ta cucteMHuii ciektpaibauii anani3 (CCA) BUKOHAHO B Jliara3oHi MepiojiiB 2 XB —
120 xB. [Ipu 11bOMYy OAHOYACHO BUKOPHUCTOBYBAIUCH B3AEMOJOTOBHIOIOYI OJTHE
oHOTrO BikOHHE mepetBopeHHs Pyp’e (BIID), amantuBHe neperBopeHHs Dyp’e
(ATI®D) Ta BeiiBner-nieperBopenns (BIT) Ha ocHoBi 0a3ucHOI dyHKIiT Mopie [198].
BII® wmae kpame po3pizHeHHs 3a 4yacom, AIID — kpaimie po3pi3HEHHSA

3a mepiogamu. BII, sx Bimomo, sBIsie cO00I0 «MaTEeMATHYHUNA MIKPOCKOID)

[232].



G =3
Ho 107 M

T 105K Vi M

Py 1la

¥

H;, B ,uTn

& g [l

AE,nTa

r

K

D nTa

=
h

ﬁ

=homs & e [
T T T T 17

TTTT

20
10

1500

1000

500

SR e e

-145

04.09.2017 05.09.2017 06092017  07.09.2017  08.09.2017
T T T T T T T

09.09.2017  10.082017
T T

200

TTTTOTTTTTT

i
g
i
b

LI B

Al I P . o
+ £

i
i
I
i
.
0 12 0 12 0 12 0 12 0 12 0

I
i
i
12 0

12 UT

Pucynok 6.2.1 YacoBi Bapiailii mapameTpiB COHSYHOTO BITPY (MOCIIJOBHICTH

naHeseil 3ropy TOHU3Y): BUMIPSHUX KOHIIGHTpAIlll eIEKTPOHIB B COHSIYHOMY BITP1

Nsw, TEMIIEPATypU EJIEKTPOHIB Tgy Ta TOMepeyHoi IMBUIKOCTI Vg (3riIHO

ftp://ftp.swpc.noaa.gov/pub/lists/ace?/), po3paxoBaHOTO IWHAMIYHOTO THCKY,

BUMIPSIHUX KOMIIOHEHT MIKIUIAHETHOIO MarHiTHoro noss By ta B, (3rigHo naHux

cynytauka ACE), po3paxynkoBoi ¢yHkiiii Akacody €a, sSika MOKazye KUIbKICTh

€Heprii, IO MOCTYIMAa€ BiJl COHSYHOIO BITPY B MarHitocepy 3a OJMHHUIIIO Yacy,

i

H
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6.4 Pe3yabTaTn anaiisy

30ypeHHsl TeOMarHiTHOTO TOJIsl CIIOCTEpirajanch B iHTepBanax uacy Bia 20:00
7 BepecHs 2017 p. mo 04:00 8 Bepecus 2017 p. Ta Big 12:00 8 Bepecusa 2017 p. a0
08:00 9 Bepecus 2017 p. (puc. 6.4.1). Sk 1 ciig Oyno O4iKyBaTH, MO Mipi 3MEHILICHHS
IIMPOTH piBeHb (IYKTyallii TeOMarHiTHOTO TIOJs 3MEHIITYBaBCS IPHOJIU3HO BIiJj
800 uTx — 1500 aTa mo 20 HTn — 40 HTn. Ha Bucokux mmumpoTax Bapialiii piBHS Oyiu
CKOpIIlIE amnepiOMYHUMH, a B CEpeIHIX 1 HU3bKUX IIMPOTaX BOHU Oymu SK
anepioANYHMMHU, TaKk 1 KBazimepioguuHnumu 3 mepiogoM Big 30xB go 100 xB
(puc. 6.4.2-6.4.7).

Posrnsitnemo neranpHime pesyiaprathi CCA vacoBux Baplamii X- 1 Y-
KOMITIOHEHT reomardiTHoro moist 8 BepecHsi 2017 p., 3apeecTpoBaHUX PI3HUMU
CTaHLIsIMU Mepexi «Intermagnety.

Ha BucokommpotHii craniii AbiSKO Bapiamii reoMarHiTHOro mOJs Oynu
CKOpillle amnepioguyHuMu  (auB. puc. 6.4.2). Y  Bapiamisix X-KOMIIOHEHTH
BHOKPEMJTIOBIUCH Tiepioau T, ski Oynu Oau3pkumu 10 15 xB—23 xB 1 70 XB —
90 xB, y Bapiamiax Y-koMmnoHeHTH — 15 xB — 23 xB, 35 xB — 50 xB 1 65 xB — 100 xB.

Bapianii reomarritHoro mojisi Ha cranmii Uppsala, sika 3HaXoIuThCA Mix
BUCOKMMH Ta CEPeIHIMU IIUPOTAMH, TaKOX CKopilie Oyiau anepiogudyHuMHU
(puc. 6.4.3). Ins X- ta Y-KOMIIOHEHTIB HaWOUIbIIY aMIUIITY/ly MaJd CKJIAJOBi 3
nepiogamu T = 35 xB — 45 xB.

Ha cepennbommpoTHiii craHimii Belsk kBasimepioguuHicTh Bapialiii piBHS
T€OMAarHiTHOTO TOJIA TOMITHO BHpaxkeHa (nuB. puc. 6.4.4). Haiibinbury eHeprito
Maiii ckianoBi 3 T ~ 40 xB — 80 xB it X-kommoneHnt ta | ~ 60 xB — 120 xB mia
Y-KOMIIOHEHTH.

KBazinepiogu4HicTh Bapialllii T€OMarHiTHOTO IMOJs Ha CepPeaHbOIIMPOTHIN
craniii Lonjsko Polje Oyno BupakeHO diTKille, HIX Ha TMONEPEAHIX TPHOX
cTaHuisX (quB. puc. 6.4.5). Y cnexTpi KoauBaHb nepeBakanu nepioan 1 = 70 xB —

110 xB1 T =40 xB — 60 xB g1 X- Ta Y-KOMIIOHEHT BIIITOBIIHO.
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Puc. 6.4.1 XBuiboBi opMu Bapialliif rOpU30HTAIBHUX KOMIIOHEHT reoMarHiTHoro mojst 7 (a), 8
(6) Ta 9 (8) (;MiBOpy4 — X-KOMITIOHEHT, IpaBopyd — Y-KOMIIOHEeHT) Ha ctaHitisx Abisko, Uppsala,
Belsk, Lonjsko Polje, Duronia, Tamanrasset (mauest 3BepXy BHH3)
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Puc. 6.4.2 Pesynbratu CCA  4yacoBuUX Baplaliii T'€OMAarHiTHOTO  TOJs
8 Bepecust 2017 p. mns cranuii Abisko. INanemi 3BepXy BHHM3: BUXIiIHI XBHIIBOBI
dbopmu, pe3ynbTaTH BIKOHHOTO MepeTBOpeHHs Dyp’e, afanTUBHOTO MEPETBOPECHHS
®dyp’e Ta BeBIET-IEPETBOPEHHS Ha OCHOBI BeiBiera Mopuie. [IpaBopyu nokaszano

eHeprorpamMu — po3Mno/IiJl eHeprii 3a nepiogamMu

Bapiariii reoMarHiTHOro moJjisi Ha CEpPeIHBOIIMPOTHIN cTaHiii Duronia Oymu
MPAKTUYHO KBa3imepioAnyHUMH (TUB. puc. 6.4.6). Y crekTpi mepeBakanu CKIaa0Bi
3T~75xB—105 xB, a Takoxx T ~ 35 xB — 55 xB.

Ha wnusbkomupoTHi# cTaHiii Tamanrasset kpa3imepioJUYHICTh Bapiaiii
TE€OMarHiTHOTO MOJI BHPaXeHO YiTKO (auB. puc. 6.4.7). HailOutpnry aMrunTymy
Manu ckianoBi 3 nepiogamu T =~ 80 xB — 110 xB mis X-kommnonenTa tTa T ~ 70 XB —
110 xB 1t Y-KOMIIOHEHTA.

TpuBasicTh KBa3iMEpIOJUYHUX Bapialli T€OMAarHiTHOro Mojst B HIY 3 7 Ha
8 Bepechs 2017 p. Ha BCIX CTAHINAX CKiIaaaia OJM3bKO 4 TOJI, a MPOTSIToM JTHS 8 BEpecHs

Ta HOui 3 8 Ha 9 BepecHs 2017 p. TpuBaiticTh Kocsrana 16 rof (qus. puc. 6.4.1).
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Puc. 6.4.5 Te came, 110 ¥ Ha puc. 6.4.2, s cranmii Lonjsko Polje
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Puc. 6.4.6 Te came, 110 ¥ Ha puc. 6.4.2, qis craniii Duronia
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Puc. 6.4.7 Te came, mo i Ha puc. 6.4.2, nyig cranmii Tamanrasset

6.5 O0roBopenHst

Y 1upoMy po3IiTl MPEACTaBICHO XBUILOBI (OPMHU Bapiailiii T€OMarHiTHOTO
MOJISL TIPOTATOM HAMCUIIBHIIIO! TeokocMivuHoil Oypi 7-9 Bepecus 2017 p. MarnitHa
Oyps kiacy G4 3a CBOEH IHTEHCHBHICTIO TMOCTyHajacs JIMIE MAarHiTHIA Oypi
17 6epe3ns 2015 p., sxa Oyna HalCWIBHINIOW B 24-0oMy IMKII COHSYHOI

aKTUBHOCTI. MarsiTHa

CUJILHUMH  BapiallisiMu

Abisko

aMIUTITyJa anepiloauyHux Bapiamii gocarana 1500 aTn g X-koMrmoHeHTa Ta

oyps

KOMITIOHEHTIB T'€OMAar”HiTHOTO MOJIA.

CYNPOBOJIKYBaJIach

Ha BucokommpoTtHiii cTaHIii

1000 aTn mnst Y-komnonenTa. s cranmii Uppsala, posmiiieHoi Ha IIHAPOTI
npubam3Ho 60°, aMITITy1a anepiogUYHKX CIIeCKiB He nepeBuiryBana 400 T ta
300 aTn pmns X- 1 Y-KkOMOOHEHT BiINOBIAHO. Ha Tpbhox cepeaHbOIIUPOTHUX
CTaHLISIX piBeHb (IYKTyallill AJisl LUX K€ KOMIIOHEHT He mnepesuinyBaB 50 HTm —
100 uTn. Ha Hu3bkomMpoTHIM cTaHuii Tamanrasset Bapialiii reOMarHiTHOTO MO

He nepeBunryBanu 20 HTn — 40 vTin.
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Bim3nauumo, 1m0 31 3MEHUIEHHSAM reorpadiuHoi MMUPOTH  Bapiaii
TE€OMarHiTHOTO TOJI CTaBajdW BCE OLIbII YHOPSAKOBAHUMH: BiJ arnepioJudHUX
y BUCOKHX IIMPOTAaX /10 KBA3IMEPIOANIHHUX Y CEPEIHIX 1 HU3BKUX IUPOTaX.

Sk 1 cmpg Oynmo ouikyBatd, Bapiamii X- 1 Y-KOMIOHEHT CIiTyBald 3a
3MeHIEeHHSIM Dg-1Hnekcy Tta 30uibmieHHsAM Kp-iHaekcy. TpuBanicTe MarHiTHOI
Oypl, sKa crioctepiraiacs y Hiu 3 7 Ha 8 BepecHs 2017 p., He nepeBuIyBaia 4 roj,
a TpuBaiictb O0ypi 8-9 Bepecus 2017 p. gocsirana 16 rox.

VY cnekTpi Bapiallii reOMarHiTHOTO TOJIs MEpeBaXkajau CKJIAIO0B1 3 MEPioioM

70 xB —110 xB. [IoMiTHO MEHIIly €HEPTril0 MaJId TAPMOHIKH 3 MepiojoM T =~ 35 XB —

55 xB.

6.6 BucHoBkmu 10 po3aity 6

OCHOBHI pe3ynbTaTH JOCTIIKEeHb TaKi [232].

['eokocMiuHa  Oypsi  CyHNpOBO/DKYBaJIacsl  SIK  aleplOJIMYHUMM, TaK 1
KBa3IMIEPIOIMYHUMU 30ypEHHSIMH TeoMarHiTHoro mnoJist. Keasinepioguyni Bapiari Maam
Micue B niana3zoHi nepioaiB 35 xB—55xB Ta 70 xB— 110 xB. KBasinepiognuHicTh
M1JCUITIOBAJIACh 3 MIPOIO CrafaHHs reorpadiyHoil myupoTH MarHiTHOi crauiii. [lpu
30imbmIeHHi TeorpadiuHoi mmpotu Big ~20° go ~70° ammmityna 30ypeHb
s0upmyBaniach Big 20 HTn go 1500 wTn. TpuBamicte 1yriB koyiuBaHb 8 —9

BepecHs 2017 p. ckiramana Bijg OJWHUIL TOIUH 710 ~16 roauH.
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PO31J1I 7. XBWJIBOBI ITPOLHECH BIIPOAOBK ITOMIPHOI'O

BEMUIETPYCY
7.1 Beryn

3emiieTpycu OyJH MEPILIUM JKEPEIIOM, SIKE JO3BOJIMIIO MPOCTEKUTH BUHUKHEHHS
30ypeHb y atMocdepi i ioHochepi, TOOTO BUSBUTH B3AEMOJIIIO IiJACUCTEM Y CHUCTEMI
3AIM [234-236]. Sk BusBHiocs, 30ypeHHs Bif Jitochepu A0 armochepu i
10HOC(hepr TIEPEHOCATHCS €JICKTPOMArHITHUMUA W aKyCTUKO-TPaBITAIIHHUMU, B TOMY
guciti — i iHdpazBykoBumu xBusivu (AlX) [234-236].

Jlocuth 1OBro Ta 3 MEPEMIHHUM YCIIXOM BEIEThCSA IMOIIYK MAarHITHUX
Hepe/IBICHUKIB  3emiieTpyciB. Orisa BIAMOBIAHUX poOiT BukoHaHo B [237].
MoxJuBUil MeXaHi3M BUHUKHEHHS TEPIOJUYHOTO MArHITHOTO TIEpE/IBICHUKA
ornucaHui B poboti [238]. VYV crarti [237] aHami3yloThCA Bapiaiii piBHA
reoMar”iTHoro mnosis B giarna3oni nepioaiB 1-1000 c, siki nmepemyBamu TypelbKOMY
semiterpycy 24 ciuns 2020 p. 3 mardiTymoro M ~ 6.7, a Takox Micisa CEMCMIYHOI
nozii. ABTOpamMu 3p00JIEHO BUCHOBOK, 110 3€MJIETPYC MIT BUKJIUKATH 30ypPEHHS, SIK1
MOIIMPIOIOTECS B 1oHOChepi 31 mBuakicTio ~20 km/c Ta ~230-320 M/c. bimbmny
mBUAKICTE MatoTh MI'JI xBumi, a Mmenury — AI'X. IlikaBum Oysno 06 miaATBEpAMTH
pe3ynbTati podoTH [237] MIIAXOM aHajli3y 4acOBHUX Bapialliii piBHS reéOMarHiTHOTO
NOJIS AJIS1 1THIIMX 3€MJIETPYCIB 3 OJU3bKOIO MArHITYI010.

MeTor 1BOTO PO3/UTYy € ONUCAHHS MOKJIMBOI PEaKIlii piBHS T'€OMAarHiTHOTO

HOJIsI Ha 3eMJIETPYC, IKUi MaB Mictie 26 nuctonana 2019 p. B AnbGanii [239].

7.2 3arajibHi BiTOMOCTI PO 3eMJ1eTpycC

3emuerpyc MarHiTynor0 M = 6.4 ctaBcs o 02:54 (TyT 1 maii — BCECBITHIN Yac
UT) 26 aucromaga 2019 p. B AnbGanii. KoopauHaTH emileHTPY 3eMIICTPYyCy
HacTynHi: 41.51°miBH.11., 19.53°cx.a. ['mubuna eniueHTpy — 22 KM. 32 OCHOBHOIO
ceficMiuHOI0 Tomier0 crocrepiramucs adrepmoku: o 02:59 (M =~5.1), 03:03

(M ~5.3), 05:56 (M ~ 4.5), 06:08 (M ~5.5), 07:13 (M ~ 4.5) ta 07:27 (M ~ 4.9).
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Adrepimiokn mpuUONHU3HO 3 TAKOK XK MArHiTy/I0I0 TPUBAIU MPOTATOM IHS Ta

BBeuepi 26 1 27 nucronama 2019 p. [239].

7.3 CtaH KOCMiYHOI MO0
[Ipy momIyKy MAarHiTHOTO TEpEeABICHUKA 3EMIIETPYCy, a TaKOoX peaxiii
T€OMAarHiTHOTO IOJIS Ha 3eMJIETPYC, SKUM BIIOYBCS, HEOOX1AHUHN peTeIbHUN aHaTi3
CTaHy KOCMIYHOi moroau. 24, 25 Ta B mepuriii mojoBuHi A00M 26 nucromana
2019 p. KoHIIEHTpAIIIS 3apSHPKCHUX YACTHHOK Y COHSYHOMY BITp1 (hiIyKTyrOBaJia B
mexax (2-3)-10° M2 (puc. 7.3.1). 3 25 mo 27 mucromaga 2019 p. mBuaxicTs
YaCTMHOK B COHAYHOMY BITpi1 3miHtoBanacs Big 350 mo 450 km/c. Lliel x mobu
TemmepaTypa 4acTuHOK Oyma B mexax (0.5-1)-10°K, a tuck wactmaok — 0.5-
1.5 ulla. By Ta B, KOMIIOHEHTH MIXIUIAHETHOTO MAarHiTHOTO MOJS (PIYyKTYIHOBaJIU
Bix —2 no 4 uTn. 3nauenns ¢yHkiii Axkacody 3 25 no 27 nucronanga 2019 p. He
nepesuiryBanu 1-3 I'Jlx/c. Lliei s no6u 3nauenHs Ky-iHIekcy 3MiHIOBaIUCh BiJ 2
1o 3, a 3HaueHHs Dg-1Hnexcy BapitoBanu Big —15 mo —10 uTo.
TakuM yuHOM, MarHiTHa 0OCTaHOBKA OyJia CKOpIII CIIOKIMHOIO, HI3K 30ypEHOI0.
[Is oOcTaBuHA TOJIETIIMIIA TONIYK PEaKIlii T€OMAarHITHOTO TOJII HAa CEUCMIYHY

IMOIIIO.

7.4 Pe3ynbTaTn aHamiiszy

Jani onuieMo Bapiallii piBHS r€OMarHiTHOTO IMOJs B J€Hb 3€MJIETPYCY Ta B
KOHTPOJIBHI JH1 25 127 nmuctomana 2019 p. (puc. 7.4.1-7.4.3). 3 puc. 7.4.1a MmoxHa
O6auntn, mo 25 mucromaga 2019 p. B imTepBami uacy 01:00-07:00 piBenp H-
KOMITOHEHTH 3MiHIOBaBcs Bi ~0.1 mo 0.2 HTn. ¥V crnekTpi KoJMBaHb NEpeBakKaIA
nepiogu Big 600 mo 850 c, ame Owbm TpuBamuii vac (3 01:30 mo 05:00)
Bim3Havanmucs mnepiomn T =~ 350-600 c. Ilpubnmszno Taki ) mepiogu Oynu
NpUCYTHIMH 1 B Bapialiax D-kommnonentu (puc. 7.4.16). Kpim toro, 3 02:00 go
03:30 peectpyBanucs cwibHi (3 ammnitygoro g0 0.2-0.3 #Tn) komuBaHHS 3

T = 700-1000 c.
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Puc. 7.3.1 YacoBi Bapiailii OCHOBHUX NapaMeTpiB, SIKi OMHUCYIOTh CTAaH KOCMIYHO1
noroau (maHesl 3BEpXy BHHU3): 4YacOBl Bapiallii mapameTpiB COHSYHOTO BITPY:
KOHIICHTpAIli Ngy, pamianbHoi mBuakKocTi Vs, Temnepatypu Tsy [Space Weather
Prediction Center. National Oceanic and Atmospheric Administration. Accessible
link:  ftp://ftp.swpc.noaa.gov/pub/lists/ace2/], wu  po3paxoBaHHX  3HAYCHB
JUHAMIYHOTO THCKY Psw, By (iHIA) Ta B; (TOYKM) KOMIIOHEHT MIXKIUIAHETHOTO
marHiTHoro moss [Space Weather Prediction Center. National Oceanic and
Atmospheric Administration. Accessible link:
ftp://ftp.swpc.noaa.gov/publ/lists/ace2/], po3paxoBaHUX 3HA4Ye€Hb CHEPTii €a, sdKa
NEePEeIAEThCSI COHTYHUM BITPOM MarHiTocdepi 3emili 3a OAMHULIO Yacy, Ky-1Haekcy
[World Data Center for Geomagnetism, Kyoto. Accessible link:
http://wdc.kugi.kyoto-u.ac.jp/kp/index.html], Dst- inmexcy [World Data Center for
Geomagnetism, Kyoto. Accessible link: http://wdc.kugi.kyoto-
u.ac.jp/dst_realtime/index.html] mpotsirom 21-27 nucronama 2019 p.
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Puc. 7.4.1 Pe3ynpTaTil CHCTEMHOTO CIEKTpanbHOTrO aHaii3y piBHiB H () Ta D koMmoHeHT (6) TeOMarHiTHOTO OIS
25 mcromama 2019 p. Ilanenmi 3BepXy BHU3: aHANI30BaHUH CHTHAJ, PE3yNIbTaTH BIKOHHOTO mepeTrBopeHHsI Dyp’e,
aganTUBHOTO TepeTBopeHHs Dyp’e Ta BeUBICT-TIEPETBOPEHHS 3 MATEPUHCHKOIO (YHKIIEI B SIKOCTI (YHKIIl
Moprte. TpaBopyd mokazaHo eHeprorpamu (po3momin eHeprii curHamy 3a mepiomamu). LIITpuxoBaHMME JiHIIMH
no3HadyeHo MoMeHT cxoxy Coni Ha BucoTi 100 kM Ta Ha piBHI 3eMiti B MicIli po3TanryBaHHs 0OcepBaTopii
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Puc. 7.4.3 Te x came, mo ¥ Ha puc. 2, ;s 27 mactonaga 2019 p.

VY nenp 3emierpycy npubauszHo g0 03:00 piBeHb H-koMIoHeHTH 3a3BUYail He
nepesunyBaB ~0.1 uTn (puc. 7.4.2a). 3 03:00 1 mo 04:10 piBens aemo (10
~0.2 1Tn) Bupic. Bapyre 36inpmenns ammiityau ¢uaykryamniid 1o ~0.2 aTn mano
micie B iHTepBaii yacy 04:41-06:50. IlepeBakanu xonmuBanHs 3 T =~ 600-800 c.
36inbiieHHs piBHsA D-komnonentu 10 0.2 HTn crnoctepiranocst OUTbI HIXK 3a ABI
roauHu a0 3emierpycy (puc. 7.4.26). llle Ounbie (mo 0.3—0.4 uTon) 30uIbIIEHHS
piBHS D-kommonenTn mano micue B iHTepBaii dacy 03:00-04:20. IlepeBaxanu
komuBaHHs 3 T = 700-900 c. [loBTOopHEe 30iUMBIICHHS PiBHS Ii€] KOMIIOHEHTHU
BimzHavanocs 3 04:30 no 06:40, nmpu nubomy T = 300-600 c. 27 nmucronaga 2019 p.
piBeHb H-xommnonenTH 3miHtoBaBcs B niiomy Bix 0.1 go 0.2 HTa (puc. 7.4.3q).
Jlume B okpemi MOMEHTH yacy croctepiranucs cruiecku piBHs a0 0.3-0.4 uTo.
[lepion xonmuBaHp BapitoBaB y mupokux mexax: Big 200 mo 1000 c. PiBenp D-

KOMITIOHEHTH Haiuactime ¢uykryoBaB y mexax 0.1-0.2 uTn (puc. 7.4.36). B
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OKpeMi MOMEHTH 4acy BiH 30iibinyBaBcs 10 0.3 1 HaBite 10 0.5 HTn. B cnekrtpi

cnocrepiranucs nepioau Big 200 go 1000 c.

7.5 O0roBopeHHst

Mooicnugicms icnysanusa machimuo2o nepedgicHuka. CrocTepexyBaHe O1IbIin
HDK 3a J[Bl TOJMHM JI0 3eMJIETPYyCy 30UIbIIeHHS piBHA D-KoMIOHEHTH MOTJIO OyTH
BUKJIMKAHO KOCMIYHMMH TPUYWHAMHU, A€ HE MOXKHA BHUKIIOYATH ¥ Te, IO IIe
MOIJI0O OyTH Mar”iTHUM TnepeaBiCHHKOM. [Ipo 1e cBimuath mepioau KoJMBaHb
T~600-900c. 3a pospaxyHnkamu aBTOpa poboTu [238] came Taki mepioau
MOBUHHI OyTH BJIACTHB1 MarHiTHOMY MEPEIBICHUKY.

Moowcnusicmo ecenepayii MIJ] xeéunv. 301nbIIEHHS PIBHS 000X KOMIIOHEHT
micast 03:00 mpotsarom 70-80 xB Moryio Oyt oOymoBiieHO renepaiiiero MI'J]
xBuJb. [lepmonpuunnoro ciyxatb Al'X, ikl TeHepyroThes 3emuerpycom. Lli xBui
JOCSTAaOTh JAUHAMO-00yacTi ioHOchepu npubIu3HO 3a 4yac Atlp~5xB. Al'X
MOAYJIIOIOTh TYCTHHY atMochepu, a 3a0QHO W KOHIIGHTpAIlil0 eJIEKTPOHIB,
Bukiaukaroun MI'J] edekr. Jlami 11 XBWI MOIIUPIOIOTECS B 10HOCHEpl, B TOMY
4yucii W B HampsMKy MarHitomerpa. Ha moBepxni 3emii npossu MI'J[ xBuib B
10HOCEepl PEECTPYIOThCA SK MAarHiTHI Bapiaiii, npuuyomy B D-KOMIOHEHTI
(mpoexist Cxin—3axin) edexT Bupaxenuit cunpHime. [Ipu mBuakocti MI'Jl xBumi
omu3pko 20 km/c [237, 240] yac mommMpeHHs A0 MarHiTOMETpa, BiJIajJCHOrO Bij
emieHTpy 3emuerpycy Ha 1620 kM, craHoBuTh Omm3pko 80 c. B cymi uyac
3ami3HeHHs MPUOJIU3HO JTOPIBHIOE 6.3 XB, a 32 JAHUMH CIIOCTEPEIKCHh MEHIITUN Yac
3aImi3HeHHs CTaHOBUB Aty ~ 6 XB.

Mooicnugicme  cenepayii AI'’X. Bnpyre xapakrtep Bapiamii pieas H 1 D
KOMITOHEHT 3MiHIOBaBcsl yepe3 yac Atp, piBHuii 0au3bko 106 Ta 97 xB st H 1 D
KOMITOHEHT BiamoBimHo. IlIBuaKiCTE moOmUpeHHS 1MX 30ypeHb OI[IHUMO 3

HACTYIHOI (popMyu:

At, — At,
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Braxaroun Aty = 5 xB 1 R = 1620 kM, oTpumaeMo, 1110 V € 61u3bkoro 10 230 Ta
290 M/c qist H 1 D xommnonenT BianosiaHo. Taky mBuakicts 1 nepioau 400—-800 ¢
abo 7-14 xB maroth AI'X (muB., Hanpukian, [116]).

36ypennsa  konyemmpayii  enexmpouis. Pyx razy B momi AIl'X
CYNPOBO/IKYETHCSL  3aXOIUICHHSIM  3aps/DKEHOT KOMIIOHEHTH IUIa3MH, TOOTO
NEPIOANYHOI0 MOJYJIALI€l0 KOHIEeHTpalli enekTpoHiB N. OmiHuMO BIIHOCHY
amIuTiTY 1y Oy Bapianiii N. 3 poropHoro piBHsSHHS MakcBeia BUILIHBAE, 1110 [237]:

AB = p,AJAZ =y j 0, AZ
e o — MarHiTHa crana, Aj — 30ypeHHs TYCTHHU 10HOC(EPHOTO CTPyMy B TMHAMO-
obmacti atmocdepH, jo— He30ypeHe 3HaueHHS TYCTHHU CTpyMmy, AZ — TOBIIWHA
nuHamo-o6nacti. Ilpumyckaroun, mo AB =~ 0.2 uTn, jo~ 107 A/M?, Az~ 30 km,
OTpUMaeMo, 1o Oy = 5.3%.

Onucani B JaHiii poOOTI pe3yapTaTH B I[UIOMY Y3TOJUKYIOTBCS 3
pesynbTaTamu pobotu [237]. OnHak y BUNAAKY al0aHCHKOTO 3€MJIETPYCY MarHiTHI
epexktn BupaxeHi cnadbme. Llpomy € kinpka npuuuH. [lo-mepmie, marhiTyna
anba”ceKkoro 3emiieTpycy Oymna aemo MeHmow (6.4 mporu 6.7). Ilo-mpyre,
BIJICTaHb JI0 MarHiromerpa Oyna nemro Outbmoro (1620 km mpotu 1350 km). Ilo-
TpeTe, TIMOMHA EMIIEHTPY ajl0aHChKOro 3eMJIeTpycy Oyjia MOMITHO OLIbIION0
(22 xm mpotu 10 km). Ilo-yeTBepTe, peakilisi Ha aaOaHCBKUH 3eMIIETPYC

criocTepiranacs Ha T npupoaHix 30ypens (K, = 3).

7.6 BucHoBKkM 10 po3aiay 7

1. KBaszinepioanuHi Bapialii piBHA T'€OMAarHITHOTO TOJ, SIKI MalpTh Yac
3ami3HeHHsT Omm3bko 6 XxB 1 TpuBamicth 70-80 xB, Mornu OyTH BHUKIMKaHI
3emsieTpycoM. [lepeHocHrKOM 30ypeHb B IIbOMY BUTNIaAKy Mo Oytu MI'J] xBui.

2. KgazinepioguuHi 30ypeHHs, sKI MawTh 4ac 3amizHeHHs 97-106 xB
1 TpuBaiicth Omu3pko 130-140 xB, ckopim 3a Bce, BUKIMKAHI 3€MIIETPYCOM.

3a nepeHeceHHs 30ypens BianoBinamu Al'X, ski MaroTh niepiof 7—14 xa.
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3. BinnocHe 30ypeHHsI KOHIEHTpallii enekTpoHiB y moni AI'X xBuii Oyno
0sm3bK0 5.3%.
4. Pe3ynpTaTd CIOCTEPEKEHb 3a al0AHCHKUM 1 TYpELUbKUM 3eMIIETpyCaMu

B IIIJIOMY Y3TOJIKYIOThCSI MIXK COOOTO.
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HIACYMKH

1. Brnepmie 3a nanumu NASA st 693 BumaakiB yCTaHOBJICHO 3aJI€KHICTD
YaCTOTH MMaJiHb KOCMIYHHUX TUT B iX po3Mmipy, reorpadidyHUX KOOPJHWHAT Ta
eHeprii CBIYCHHS.

2. Ha npuknagi mnamiap yHIKanbHUX KocMiuHuX Tin1 (TyHrycekoro,
Innonesiiickkoro, Yensbincekoro, Jlumempkoro ta KamyaTchkoro MeTeopoisiB)
BIIEpILIC BUSBJICHO OCOOIMBOCTI MOIMIMPEHHS Ta OI[IHEHO 3aracaHHs 1H(PPa3BYKOBOI
XBUJI1, HaJlaHO (PI3MYHY IHTEPHIPETAIiI0 OTPUMAHUX 3aJICKHOCTEH Bapialliil THCKY
BiJI BiJICTaHi.

3. Bmepiie BCTaHOBIEHO CTAaTHUCTHYHI 3aJ€KHOCTI OCHOBHHX ITapaMeETpiB
1H(pa3ByKOBUX CHUTHAJIB BiJ BIACTaHI JJIsl PI3HUX JDKEPEN €HEPTrOBUIIIJICHHS.
BcTanoBieHo eMIipyuyHI 3aJI€KHOCTI aMIUTITY AW XBUII1 B1J] B1JICTaHI.

4. 3a BUMIPIOBAaHHIMH Ha CBITOBIM Mepexi MikpoOaporpadiB BCTaHOBJICHO
CTaTUCTUYHY 3aJICKHICTh THUCKY B 1H(QPa3BYyKOBIA XBWJII, 3TrE€HEPOBaHIM
BUBEpKEHHAM ByinkaHy St. Helens, Bix BiacTaHi npu NOLIMPEHHI XBWII Ha
rJ100aJIbHI BIICTaHI.

5. Ha npukiazi cepiii BUOyXiB Ha YKpaiHCHKUX CKJIafax OO€MpHUIIaciB yrepuie
3a JIOMOMOTOI0 METOIB CMYToBOi (iiabTpailii Ta CHUCTEMHOTO CHEKTPaIbHOTO
aHaJ13y BUBUYEHO OCOOJIMBOCTI MONIUPEHHS 1H(PA3BYKOBUX XBUJIb HA BIJICTaHI 110
200 kM Ta BCTAaHOBJIEHO OCHOBHI NapaMeTpH aKyCTUUYHUX XBUJIb.

6. 3a IOMOMOTOI0 PE3yJIbTATIB JOCTIIKEHb MOTYKHUX T'€OMAarHiTHUX Oyp 1
MOMIPHUX 3€MJIETPYCIB OLIIHEHO OCHOBHI MAapaMeTpu I'€OMArHITHUX (IyKTyarii
TOPU30HTAJIBFHUX KOMITOHGHT T€OMAarHiTHOTO TOJIS Ta BEIMYHUHY iXHBOTO BILIHUBY

Ha 30ypeHHs KOHIICHTpAIlii eIEKTPOHIB.
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