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XAPAKTEPUCTUKU NTHPPA3ZBYKOBOI'O CUTHAJIA,
CTEHEPUPOBAHHOI'O YEJIABUHCKUM KOCMHNYECKUM TEJIOM:
TJIOBAJIBHAA CTATUCTHUKA

TIpenmer u nenb paboTh: [Ipedmem ucciedoganus — CMamucmu4eckue XapaKmepucmuKky UHGpazgyKo8oeo cueHana (8pemst 3anasobl-
8aMUsL; CKOPOCTb NPUXOOA U €e 3A8UCUMOCb O PACCIOAHUA MEICOY UCHOUHUKOM U MECIOM Pe2UCPayull, a maxice Om asumy-
ma; OMUMeNbHOCMb, Nepuood U aAMIAUMY0a), C2eHepUPOSAHHO20 npu nponeme u 3puise Uenabunckozo kocmuueckozo mena 15
espans 2013 2.

L]envio pabomwi si61151€MCS NOCMPOEHUE KOPPETSIYUOHHBIX NOJE *‘CKOPOCMb NPUX00a CUSHANA — paccmosiHue”, ‘cKopocmbs npuxooa
cueHana — cunyc azumyma’”, “OnumenbHOCHb CUSHANA — paccmosnue”, “‘amniumyoad cueHana — paccmosivue” u “nepuoo — nepuoo”
07151 NepU0008, OYEHEHHBIX NO OBYM MEMOOUKAM, 4 MAKICE UX ANNPOKCUMAYUS NPOCMBIMU AHATUIMUYECKUMU COOMHOUEHUAMU.
Tepmun “paccmosnue’” 30ecb OMHOCUMCA K PACCIMOAHUIO MEHCOY UCIOUHUKOM UHPA3BYKA U pecucmpupyroujel e2o Canyuel.
Mertonsl u Metopoorust: C ucnonvzosanuem 6azvl OaHHbIX UHDPA368YK0B0IU cucmembl monumopurea (IMS) sadepuvix ucnvima-
Hutl, npunaonexcawen Opeanusayuu no Jo2oeopy o eceobvemmowem 3anpewyenuu soepuvix ucnoimanuii (CTBTO), nonyuensvi
annpoKcumMupyroujue 3a8UcUmMocmu Ok OCHOBHbIX XapaKmepuUCmuK UHQpaseyKo8020 CUSHAA, C2EHEPUPOBAHHO20 NPU NPOIEme
u 3pvige Yensabuncrkoeo kocmuveckozo mena 15 gpespansn 2013 a.

Pesynbratel: [lokazano, umo Kopperayuornnoe none ‘‘CKopocms npuxooa UHQpa3eyKo8020 CUSHALA — PACCMOAHUE MEXHCOY
UCMOYHUKOM U cmaHyuel”’ 06aadaem 3HauumenbHbIM pa3opocom, cpeonee sHaueHue ckopocmu cocmagisiem (286.0+21.5) m/c.
Tonyuenvl annpokcumupyiowue 3a6UCUMOCIU Ol CKOPOCIMU NPUX00A UHPPA3EYKOBO20 CUSHALA OM PACCOAHUA MENCOY UC-
MOYHUKOM U CIAHYUel, a MaKxice Om AsuMyma UCMOYHUKA, 05l ONUMENbHOCIU U AMIAUMYObl CUSHANA OM PACCMOSHUA.
Ilocmpoeno koppenayuonnoe none 015 Nepuod08 OCHOBHO20 KONEOAHUA, OYEHEHHO20 NO O8YM PA3TIUUHBIM MEMOOUKAM.
3aKiroueHue: Bpems 3anazovieanus uHPpazeyKo8ozo CUSHaA Y8eTUHUBANOCy NPAKIMUYECKU NO TUHELIHOMY 3aKOHY NPU YEeaueHuu
PACCMOsHUA MeXHCOY UCOYHUKOM UHGpaszeyka u cmaryuel. CpeoHss no 6cem mpaccam cKOpocmy NpUXo0d UHPPA38yKo8020 CUSHA-
na cocmasnsina 291 m/c. 3agucumocms ckopocmu npuxo0a om paccmosiHus U3-3a CUIbHO20 pazdpoca OAHHbIX HAOIIOOEHULL ANNPOK-
CUMUPOBAHA KOHCMAHMO. 3a8UCUMOCTb CKOPOCIU NPUX00A OM CUHYCA A3UMYMANLHO20 Y2la (PACCUUMAHHO20 U OYEeHEeHHO20)
ANnPOKCUMUPOBAHA TUHEUHBIM 3AKOHOM, U3 KOMOPO20 OYEHEeHbL CPeOHUe N0 6ceM mpaccam sHavenust ckopocmu (287 =288 m/c)
u ckopocmu mponocghepro-cmpamocgheprozo éempa (12 +14 m/c). 3asucumocms OnumenbHOCmU UHPPAZEYKOB0O2O CUSHANA
0m paccmosHUs ANNPOKCUMUPOBAHA TUHEHBIM 3aKOHOM. TIpu 2mom onumensHOCmb cuHana 801U3U UCTNOYHUKA COCABTANA OKOIO
10.7 mun. B cnexmpe unghpazeyko6020 CueHAa Ha pasHbIX CHAHYUAX NPeodnadan cocmasiiiowue ¢ nepuooom npumepto om 17
00 85 c¢. Cpeonue 3nauenus nepuo0os, NoryHeHHble N0 PA3IULHBIM MEMOOUKAM, USMEHSIUCL npumepHo om 35 0o 39 c.

Kitouessie cnioa: Yenabunckuil memeopouo, 6pemst 3anazobl8anuus CUCHAAA, CKOPOCHb NPUX00d, OIUMETbHOCHb CUSHAAA, AM-
RAUMYOa CUSHANA, NePUOO CUSHALA, ANAPOKCUMUDYIOUWUE 3ABUCUMOCTIU

1. BBenenue Pa3BYKOBOI'0 CUTHala. Pe3ynbsraTsl perucTpanuu 31o-
rO CUTHaJa U3II0KEHHI B psijie padot [6-9, 15-23].

B crarpe [20] ommcaHbl akycTHUecKHe 3P PEKTHI
YensiOMHCKOTO METEOPOH 1A, U3yUEHHBIE 10 PErHCT-
paumsM curHana Ha 9 WHQPa3BYKOBBIX CTaHIMSIX,
pacmonoxeHHbIx B Boctounoii EBpornie, Cubupu 1 Ha
Kamuarke.

B paborax [21, 22] npoBefieH CHCTEMHBIN CIIEKT-
PabHbINA aHANN3 HH(PA3BYKOBBIX CUTHAJIOB, 3aPETUCT-
© JI. ®. Yeprorop, H. b. Llesenes, 2018 PUPOBAaHHBIX HA TEPMAHCKOI CTaHIMU B AHTapKTUIE.

YensaOuHCKMI METEOPOH ] BTOPrcs B atMocdepy 3eM-
mu 15 despansg 2013 . B 03:20:22 (3gech u ganee
BcemupHoe BpeMsa UT). IIponeT u B3ppIB kKocMuuec-
KOTO TeJla COMPOBOXKAAJICS LIEIbIM KOMIUIEKCOM (H-
3udeckux mpoueccoB [1-14]. Baxxnoe mecto cpeau
HUX 3aHUMAET FeHepaLus U paclpocTpaHeHne HH)-
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[Ipencrasisier nuHTEpec Oojee NETalbHOE H3Y-
yeHHe TI00aIBHBIX 0COOCHHOCTENW WH(Pa3BYKO-
BBIX CUTHAJIOB, 3apErUCTPUPOBAHHBIX 15 cTaHIMAMU
METyHapOoaHOHU cucteMbl MOHUTOpHHTa (IMS) sinep-
HBIX ucnbITanuil Opranuzanuu no JloroBopy o Bce-
00BEMITIONIEM 3alPELICHUN SACPHBIX HCIBITAHUN
(CTBTO) [24].

Llenbto HacTosimel pabOTHI SBISETCS MOCTPOE-
HUE KOPPENALMOHHBIX MOJEH “CKOpOCTh IpHXOAa
CUTHaJIa — pacCTOsIHUE™, “CKOPOCTh IPUXO/la CUTHA-
Ja — CUHYC a3uMyTa’, “IIUTENBbHOCTh CUTHala —
paccrosHue”, “aMIUINTYAa CUTHaJla — pacCTOsSHUE”
U “niepuoj — nepuoa’’ AJi NepUoA0B, OLIEHEHHBIX 10
JIBYM METOAMKAM, a TAK)KE UX alIPOKCUMAIHS TPO-
CTBIMU aHAJIUTUYECKUMHU COOTHOIIEHUAMU. TepMUH
“paccTostHMEe” 31€Ch OTHOCUTCS K PACCTOSHUIO MEXK-
Iy HICTOYHHUKOM MH(Pa3ByKa U PETHCTPUPYIOLICH €ro
CTaHIIHEMN.

2. O0umme cBeneHus

OcHoBHBIE CBelleHH 00 MH(Pa3BYKOBBIX CTaHLUIX
CTBTO, 3aperucTpupoBaBIIUX aKyCTUYECKUHA CHUT-
Haj oT YensiO0MHCKOTO METeopoua, MPHUBEACHBI
B Tabu. 1. M3 tabauipel BUAHO, YTO M3 15 craH-
uuid ToNbKO 2 pacnonoxeHbl B KOxxHOM monymia-
pun (I33MG, Maparackap u 127DE, AnTapktuza).
PaccrosiHue 7 oT ncTOUHNKA HH(PaA3BYKa 10 PETHCT-
PUPYIOIIEH CTaHIIMU U3MEHsIIoCh oT 530 kM (cTaH-

s 131KZ) no 14983 km (ctanmus 127DE). Ha6mro-
JaeMbIi a3MMYT UCTOYHWKA WH(pa3ByKa M3MEHSII-
cs 0T 2 10 355°, a TeopeTHUeCcKH pacCUUTaHHbIN —
ot 1 mo 341°.

OcHOBHBIE CBEJICHHS O ITapaMeTpax HHPPa3BYKO-
BOrO CUTHaJla NPHUBEICHBI B Tall. 2, U3 KOTOPOH
BHJTHO, YTO TIPH YBEJIUYCHUU 7 BpeMs 3ama3iblBa-
HHS CUTHalla Af HM3MEHSJIOCh MPUMEpPHO OT 28
no 870 muH, ero muuTenbHOoCcTs AT — ot 377
1o 2142 c, ammmutyna Ap — ot 0.195 no 6.31 Ila,
Tepuo/T KoJieOaHuH, ONPEACeIICHHBIN 1T0 MAKCUMAaJTh-
HOU aMIUTUTYJE B IyTe, Tamp —ot 19.28 no 84.7 c,
a TIepUo/JI, OIPEICIICHHBIH IO MOJI0KESHUI0 MAKCHMY -
Ma B CHEKTPAJIbHON MIOTHOCTH MOILMHOCTH, Tpg, —
ot 16.72 mo 81.92 c. Kak crnenyer u3 tadi. 2, yBe-
JTYEHUE 7 He 00s13aTEIHFHO COMMPOBOKIAIOCH YBEIH-
uenneM At, AT, T, Tpg, ¥ ymenbuenuem Ap.
3. Pe3yibTaThl aHAIM3a JTAHHbBIX
HaOmonennii. KoppeasamuoHHbie moJis

1 aANMmpOKCHUMHUDPYIOIINE 3aBUCUMOCTH

3asucumocms 8pemeHU 3aNA30bI8AHUA CUSHANA
om paccmosanus TIOKa3aHa Ha pUC. 1, U3 KOTOPOTO
MO>KHO BUJETb, YTO C YBEIMUYEHUEM 7 BpEMsI 3amla3-
JIBIBaHUS YBEJIUNYUBAETCSA MPAKTUUECKH I10 JINHEHHO-
My 3aKOHY. YpaBHEHHE PETPEeCCHH UMEET BU:

At = 57.266r +6.324. (1)

Tabnuya 1. OcHOBHBIE cBeleHHs1 00 HH(PPA3BYKOBBIX CTAHIUAX

Hfi;acjlzz:sfm CraHnus Ilupora Honrora Teop. azumyr, ° Hag;ﬁ;?tbm

530 131KZ 50.4°N 58.03°E 22 29
1502 143RU 56.7°N 37.3°E 88 97
1532 146RU 53.95°N 84.82°E 283 268
3185 134MN 47.80°N 106.41°E 301 230
3257 126DE 48.85°N 13.71°E 60 56
4893 118DK 77.47°N 69.29°W 39 17
5022 145RU 43.7°N 131.9°E 310 305
5798 144RU 51.1°N 158.8°E 314 302
6481 I53US 64.8°N 146.9°W 341 339
8147 [10CA 50.2°N 96.0°W 14 355
8311 133MG 18.8°S 47.5°E 8 12
8554 156US 48.3°N 117.1°W 1 352
10182 I57US 34.07°N 120.58°W 1 2
11030 I59US 19.59°N 155.89°W 339 316
14983 127DE 70.68°S 8.27°W 49 61
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Tabauya 2. OcHOBHBIE CBeeHHUs 0 MapaMeTpax HHPPa3BYKOBOI0 CHTHAJIA

B Bpewms CKopocTh A
Crannus anxI:) i{l\;ﬂUT 3ana3$1;§a}mﬂ, npnxoz[z[ /znmana, ﬂtﬁiz;fzﬂ’ cuf:g;;yﬁz Hepnon 7,,,,, ¢ | Iepuon Ty, ¢
131KZ 03:48:08 27.77 318.13 1026 6.12 37.99 45.51
143RU 05:02:09 101.78 245.95 2142 0.79 38.48 30.06
[46RU 04:44:29 84.13 303.49 701 1.26 21.08 16.72
[34MN 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
[18DK 08:17:13 296.85 274.72 1948 1.365 49.99 69.72
[45RU 07:55:27 275.08 304.27 887 0.67 38.45 21.01
[44RU 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
110CA 11:29:57 489.58 277.34 1107 1.375 32.53 36.41
133MG 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
I570S 13:10:00 589.63 287.81 2000 0.795 28.45 27.31
159US 13:42:44 622.37 295.38 377 0.195 84.7 81.92
[27DE 17:50:43 870.35 286.92 830 0.93 45.15 44.28

IIpu aTom koappummenT gocropepHoctr R = (0.998,
a CTaHJapTHOE OTKJIOHEHHe G ~15.06. 3aech r us3-
MEpAETCs. B MEraMeTpax, a Af — B MUHYTax.
3asucumocms ckopocmu npuxooa cucHaia om
paccmosaHusa TipuBeneHa Ha puc. 2. M3 pucynka
BHJTHO, YTO MMEET MECTO 3HAUYMTEIbHBIA pa3dpoc
JAHHBIX, TIPH 3TOM CKOPOCTh NPHUXOJIa CHTHANA U
mmMenseTcs ot 235 mo 318 m/c. CpenHee 3HAUYCHHE

At, MuH
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Puc. 1. 3aBucCMMOCTb BPEMEHH 3aIa3/IbIBaHUs IPUX0/1a aKyC-
TUYECKOTO CUTHAIa OT PACCTOSHUSA: alllIPOKCHUMALUs JaH-
HBIX perucTpanuu Ha 15 cTaHIUAX JTUHEHHBIM 3aKOHOM
At =57.266r +6.324 (R~0.998, c~15.06)

CKOpPOCTH cocTaBisieT U =286 M/c, a CTaHIapPTHOE
oTkioHeHue — 21.5 m/c.

3asucumocms cxopocmu npuxooa uH@pazeyKo-
60U GOJIHbL OM CUHYCA MEOPEMUYECKU PACCUUMAH-
HO2O asumyma Ath UCMOYHUKA CcucHaa 1IOoOKa3aHa
Ha puc. 3, a, 6 U3 KOTOPOTO BUHO, YTO, HECMOTPS Ha
3HAYUTEIILHBINA Pa30pOC TOYCK, 3aBUCHUMOCTh MOXKET
OBITh ANIIPOKCUMHUPOBAHA YPABHEHNEM JIMHEHHOM per-

v, M/C

320 -a

300

280+ R

260

240

1 | |

0 5 10 r, MM

Puc. 2. 3aBUCUMOCTB CKOPOCTH MPHUX0/Ia HH(PPa3BYKOBOI BOJI-
HBI OT PACCTOSIHUS: allIIPOKCUMAITHS JaHHBIX 15 cTaHIumi TuHen-
HBIM 3aKOHOM U =286 M/c (0~ 21.5M/c)
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Puc. 3. 3aBUCUMOCTBH CKOPOCTH NPUX0/a HH(PA3BYKOBOIT BOJIHBI OT CHHYCa TEOPETHUECKU PACCYUTAHHOTO a3MMYTa MPHUXO0/a:
a— annpoKCUMAalys JaHHBIX 15 cTaHIMH TMHEHHBIM 3aKOHOM U = —22.562sin 4, +286.065 (R ~0.685, ¢ ~16.25); 6— anmpok-
cUMalys JaHHbIX 12 cTaHImii (C MCKITI0OYeHneM 13 paccMOTpeHus TaHHbIX cTaHuuid [31KZ, 143RU u I126DE — Toukwu (0.3746, 318.1),
(0.9994, 245.9) n (0.866, 235.9)) nuHEHHBIM 3aKOHOM U = —14.276sin 4, +288.23 (R~ 0.85, ¢ =5.35). Touxu (0.01,288.14)

u (0.01, 287.8) mpakTHyecKu COBIAIAIOT

peccun. 1Ipu BKIIIOYEHNH B PACCMOTPEHUE JAHHBIX
BCEX CTaHLMWA 3TO ypPaBHEHUE UMEET BUJ:

v =-22.562sin 4, +286.065, )

R=~0.685, o~16.25.

3nech u nanee ko3 (HUITUESHTHI IPH apTyMEHTE U CBO-
OOMHBIN YiIeH JaroTCsl B METpax B CEKyHIY.

Ecnu sxe uCKIIrounTh U3 pacCMOTpEHMs Hanbosee
yIOaJeHHbIE OT JMHUH PETrPecCHy TOYKH, COOTBET-
ctByrouue naHHbM ctanimi [31KZ, 143RU u 126DE,
TO TIOJIYYUM CIIEyIoIlee YpaBHEeHNUE:

v=—-14.276sin 4, +288.23, 3)

R=~0.85  o~5.35.

AHaJOru4HEIE 3aBUCUMOCTH 7 OT CHHYCa Ha0JIro-
JaeMoro asumyTa A, IOpHU ydeTe JaHHBIX BCEX
CTaHIIMH ¥ TIPH UCKJTFOYCHNH JaHHBIX cTaHimii [31KZ,
I143RU u 126DE umetor Bun (puc. 4, a, 6):

v=—19.818sin 4,,_+284.69, (4)
R~0.621, o=~17.48;
v=—12251sin 4, +287.47, (5)

R=~0.723, o~=7.015.
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3asucumocmv OnumenbHOCMU CUSHANA OmM pac-
cmoAHus TI0KazaHa Ha puc. 5. U3 puc. 5, a BUIHO,
YTO MPH yueTe JaHHBIX U3MEpPEeHNUH Ha Bcex 15 cTaH-
LUAX UMEEeTCS 3HAUMUTENbHBIH pa3dpoc Touek, a
JUHEHHas perpeccus ONMUCHIBAETCA yOBIBAarOUICH

(yHKIWMCH:

AT =—17.49r +1324, (6)

R=~0.129, o©~563.09.

[Mocne uckimoueHus Hanbomee ymaleHHBIX TOYEK,
COOTBETCTBYIOINX MaHHBIM cTauImii [43RU, [18DK,
I33MG, I27DE u I59US, npuxoaum K cienyromeMy
YpaBHEHUIO perpeccud (puc. 5, 0):

AT =109.97 +642.1, (7)

R=0.796, o©=279.8.

3aecs ¥ naerca B MerameTpax, a AT — B CeKyHJIax.

Koppenayuonnoe none “Tpg, —T,,,,” W IHHUS
perpeccun oKa3aHbl Ha pUC. 6. 3aMeTHM, YTO Tie-
puonsl Tpg, W T, OLCHHBAIOTCS 110 METOAMKAM
CTBTO 1o nonoxeHuto MakCuMyMa B CIIEKTpajb-
HOM IIOTHOCTH MOILHOCTH U 0 MAaKCUMaJbHOU
aMILIUTYyAe KojeOaHus B IIyre COOTBETCTBEHHO.

U3 puc. 6, a, 6 MOXHO BHJIETh, UTO 00€ METOIUKHU
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v, M/C v, M/C
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a 6

Puc. 4. 3aBucuMOCTb CKOPOCTH IPHX0/a MH(PPa3BYKOBOH BOIHEI OT CHHYCa HAOIIOAaeMOoro a3uMyTa IPUX0/a: a — alllPOKCHMa-
1yst TaHHBIX 15 cTaHnmi TMHEHHBIM 3aKOHOM v = —19.818sin 4, +284.69 (R ~0.621, 6 ~17.48); 6 —anmpokcumanus naH-
HBIX 12 craHuuil (¢ MCKIIOYEHHEM M3 paccMoTpeHus naHHbix craHiuil [31KZ, 143RU u 126DE) nuHeiiHbIM 3aKOHOM
v=-12.251sin 4, +287.47 (R=0.723, c~7.015)

AT, ¢ AT, ¢
A
2000 - N A
A A
1500 - A
\
1000 - .
A
A A
A A
500 - =
A
| | | | | |
0 5 10 rnMM O 5 10 r, MM
a 6

Puc. 5. 3aBECUMOCTB JUTUTETTFHOCTH aKyCTHYECKOTO CHTHAJIA OT PACCTOSIHIS: @ — alIIPOKCUMAITHS TAaHHBIX 15 cTaHIni THHEHHBIM
3akoHOM AT =—-17.49r+1324 (R~0.129, 6~ 563.9); 6 —annpoxcumanys AaHHbIX 10 cTaHIuii (C HCKIIFOYEHHEM U3 paCCMOTpe-
Hus naHabIx cranmuii [43RU, [18DK, I33MG, 127DE, 159US) muneitasiM 3akoHOM AT =109.97 +642.1 (R = 0.796, o ~279.8)

IUISL psAfla CTAHIMK Jar0T OJIM3KWN pe3yibTar mpu  31eCh W Jaliee MEePUObl Jal0TCI B CEKYH/aX.

3HauYeHUAX mepronoB oT 20 mo 40 c. Ilpu ucmonsb- Ecim e HCKIIOUNTH M3 pacCMOTPEHUS JTaHHEIE
30BaHMM JaHHBIX Bcex 15 ctanuuil ypaBHeHue per-  craniuu [44RU n 118DK, To ypaBHeHMe perpeccun
peccun UMeeT BUI: IIPUMET BUJ:

T = 0.6138T 5, +12.71, ) T =0.9027), +5.376, 9)
R=0.709, o=11.98. R=00918, o©=6.825.
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Puc. 6. 3aBucumocts nepuona T, , MOITYIEHHOTO 10 METO/MKE, OCHOBAHHON Ha ONPEAENEHNH [IEPHO/IA [0 MAKCUMANIbHON aMILIH-
Tyze, oT iepuona 7pg,, HOIYYEHHOTO II0 METOJMKE, OCHOBAHHOI Ha ONPEIENIEHHH IIEPHUO/IA IO MAKCHMYMY CHEKTPaIbHOM IJIOTHO-
CTH MOLHOCTH: @ — aNPOKCUMALHS JAHHBIX 15 CTaHUMH THHEHHBIM 3aKoHOM T, = 0.61387}, +12.71 (R~ 0.709, o ~11.98);
0 — anMpOKCUMAIVS JAHHBIX 13 cTaHImif (¢ HCKITIOUeHHEeM U3 paccMOTpeHus JaHHbIX cTaHmii 144RU n [18DK) nmuHeiHbIM 3aKoHOM
Tomp = 0.902T g, +5.376 (R~ 0.918, o =~ 6.825). LLITpuxoBo# MHKMEH I0Ka3aHa 0KK/aeMast 3aBUCHMOCTD

CpenHue 3Ha4eHHs 110 faHHBIM 15 1 13 cranmmii co-  (puc. 7). M3 pucyHKa MOXHO BHUIETh, YTO HMeEET

crapmsimn 7, =36.73¢ n T, =37.05¢c, a Takke MeECTO 3HAYUTENBHBIN pazopoc Touek. 13 paccmot-
TPSD =3913c u TPSD =35.12 ¢ COOTBETCTBEHHO. PE€HUA UCKIIFOYCHBI JaHHBIC I/IH(i)paSByKOBOI‘/'I CTaHLIH

3asucumocmv amnaumyos cuenara om pac- CHIA I5S3US ¢ aHOMaIbHO BBICOKOW aMIUIMTYHOM
cmosanus. Tlpusenem 3aBucumocTh ammnutyasl  (Ap~6.311la mnpu r=6481 km). Perpeccuonnbie
JIaBJIeHHs] B MH(PA3BYKOBON BOJHE OT PACCTOSHUS ~ 3ABUCHMOCTH MMEIOT BH:

Ap,Tla Ap, Ila

»>»
>

0 5 10 MM 0 5 10 r, MM

Puc. 7. 3aBUCIMOCTb aMIUTUTY/IbI IaBJICHUS B UH(PPA3BYKOBOW BOJIHE OT PAaCCTOSHHUS: @ — allPOKCUMANUs JaHHbIX 14 cTaHuunit
3akoHOM Ap =2.8037""7 (R ~0.896, o~ 0.679); 6 —anmpoKcUMAaIys JaHHBIX 14 cTaHIuii 3akoHOM Ap = 0.75r739% 1.0.758
(R=~0.969, 6 ~0.397). U3 paccMoTpenus uckitoueHsl aHHble craniuu [53US —rouka (6.481, 6.31)
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Ap =2.8037"7, (10)
R~0.896, o©=~0.679;
Ap =0.75r7% 10.758, (11)

R=0.969, &=0.397,

rae » U3MepseTcs B Meramerpax, a Ap — B mac-
KaJsx.

4. O0cyxaeHue

PaccMoTpuM 3aBHCUMOCTD BpEMEHU 3ara3IbIBaHHsI
HH(Pa3BYKOBOTO CUTHAJIA OT PACCTOSHUS (CM. pHC. 1).
DKCIepUMEHTANbHBIE TOYKH J0CTATOYHO XOPOIIO
TpyIIUPYIOTCs BOKPYT TuHNnM perpeccui (1). Hakinon
NPSMON XapaKTepu3yeT CPEHIO 110 BCEM TpaccaM
CKOPOCTb MPHUXO0JIa CUTHAJIA

4
6:(“‘) L ™M 91w

i 12
dr 56.9 MuH (12)

[Ipu paccrosHum r=0 nMeeM BpeMs 3ama3jblBa-
HUs At, = 6.324 MUH, KOTOPO€ JOJIKHO ONUCHIBATh
BpEMs PACIpPOCTPAHEHHs CUTHAJIA OT MecTa reHepa-
LIUM A0 NMOBEpXHOCTU 3emin. Takoe 3HadeHue mpea-
CTaBIISICTCS CUJIBHO 3aBbIIEHHBIM. 110 maHHBIM pa-
60t [20], Af, ~(1.3+£0.1) mun. Pasnuuue B 3Hade-
HUAX Af, 00yCIIOBIIEHO OOJIBIINM 3HAYEHHEM G IpU
anmpoKcUManuy BeipaxenueM (1).

3HAYUTEIBHBIA Pa30pOC TOYCK HA PHUC. 2 SBISACT-
Csl CIIEACTBHEM CYILECTBEHHBIX Pa3Inivil (pr3niec-
KUX YCJIOBHI Ha Tpaccax pacrpocTpaneHus nH(pasBy-
Ka, JUIMHA KOTOPBIX m3MeHsuiack oT 530 mo 14983 kM.
Tpaccs! npoxonunu uepe3 Ceseproe u FOxHoe mo-
Jymapus, OJHU Tpacchl OBUIM BOCTOYHEE HCTOY-
HUKa UH(pa3ByKa, Ipyrue — 3anajaHee. 3HAYUTEIb-
HBIH BKJIa]] B BApUallil CKOPOCTH MPHUXOJa JIaeT Ha-
NpaBJIeHHE W CHJIa BETpa Ha BBICOTAX Tpomochepsl,
ctpatocdepsl 1 TepMmocthepsl. [lo maHHBIM pHc. 2
CpellHee 10 BCEM TPaccaM 3HAau€HHE CKOPOCTH U,
coctasisuio 286 m/c. OLieHKH 110 COOTHOIIEHHTO (12)
Janu Onmu3kuid pesynsrar: 291 m/c.

Pa3bpoc ckopocreit Ha puc. 2 9acTUYHO 00BsC-
HSET puc. 3, rle mpHUBeleHa 3aBHCHUMOCTb U OT
sin 4,,, a taxxke perpeccuut (2) u (3). CBoOGOAHBIIT
uieH B ypaBHeHUsX (2) u (3) cocraBiser ~ 286 u
~288m/. DTa ckopocTh OJHM3Ka Kak K
v,, ® 286 M/c, Tak U k U =291 m/c. Koaddunuent
IpU CHHYCE XapaKTEepU3YeT CPEIHIOI CKOPOCTHb

BeTpa w Ha Bcex Tpaccax. Kak cinenyet u3 (2) u (3),
3HA4YEHUs] W B 3aBUCHMOCTH OT CIIOC00a amnmpoKCH-
Malliu COCTaBISIOT okono 23 u 14 m/c. Jlns cpas-
HEHMsSI YKa)XeM, 4TO AJ1s1 OMmKalux cTaHuui, psjg
13 KOTOpBIX pacmonokeH Ha 1500 kM 3amanHee, a
psx —Ha 1500 kM BocTOYHEE HCTOYHMKA HH(Pa3By-
Ka, nmoiydena omnenka w30 m/c [20]. [Tocnennss
OIIEHKA XOPOIIIO MOJITBEPKAATACEH PE3YIIbTaTaMt Me-
teoHabnronenuii. [Tomuepkaem, yto B CeBEpHOM I10-
nymapuu B ¢epasne 2013 r. HampaBieHHe BeTpa
OBIJIO OPUEHTHPOBAHO C 3araja Ha BOCTOK.

[Ipn mcronap30BaHUU PETPECCHOHHBIX 3aBHUCH-
Moctelt (4) u (5) umeem Onu3KHE PE3yNBTATHI:
D ~285+287 M/, a wr12+20 m/c (cM. puc. 4).

O06cynum 3aBUCUMOCTD JUINTEIILHOCTH HH(PA3BY-
KOBOT'O CHTHAJIa OT PacCTOSHUS MEX Iy UCTOUHHKOM
uH(ppa3ByKa U craHiueil (cM. puc. 5). YBenuueHue
JUINTENILHOCTH CUTHANIA IIPH YBEJINYEHUH PACTOSHUS
00yCJIOBJIEHO MHOTOUHCIICHHBIMHU [IEPEOTPAsKEHUSIMU
BOJIHBI B BOJIHOBOAax “3eminst — crpatocdepa” u
“3emutst — Tepmocdepa’”, MHOTOMOJIOBOCTBIO CHTHA-
Jia, TUCTIEPCUOHHBIM PACIUIBIBAHUEM BOJIHOBOTO Ma-
KeTa B BOJHOBOJE. YMEHBILICHHE MJINTEIbHOCTU
MOKET ObITh 00YCIIOBIEHO KaK Pa3iu4HON Mpo-
IIyCKHOM CIIOCOOHOCTBIO YITOMSHYTHIX BOJTHOBOJIOB,
TaK W Pa3IUYHBIM OCNIa0JICHNEM CIEKTPaIbHBIX CO-
CTaBJSIOIIMX MH(Ppa3ByKoBoro nakera. Kak moxasa-
HO B pabotax [21-23], B cmekTpe MH(]pa3ByKo-
BOTO CHUTHaja, CreHEepUpoBaHHOro YensOMHCKUM
METEOPOUIOM, MPHUCYTCTBOBAIN COCTABIIAIOLIUE C
T =10+100 c. Ay Takoro CBEpXUIMPOKOIIOIOCHOTO
CUTHaJIa AMCTIEpPCHsI BBIpaXKeHa IOCTaTOYHO CHIIBHO.
WmenHo aucniepcueit 00bCHSIIOCHh YIIUPEHUE HH-
pa3BykoBoro cursaia B padore [20].

Amnmpokcumanus (6), orMceiBaeMasi yObIBatoIei
(dhyukumet, npencrasnserca HeuznaHoU. [locne
HCKJIFOYEHHS CHJIBHO YIAJEHHBIX TOYEK IIOJy4YeHa
anmpokcumanus (7). IIpu 3ToM IIUTENHHOCTD CUT-
HaJla yBEJIMYHMBAETCS C YBEJIWYEHHEM DPACTOSHUS.
IIpu r =0 3nauenus AT, =~ 642 c~10.7 mun. [Ins
CpaBHEHHS YKakeM, 4To B pabore [20] momydeHo,
yro AT, = (4.75+0.15) mun. Ecin AT, ~10.7 mun,
TO BKJIaJ B WM3IydeHUEe MH(]pa3Byka AaeT cien Mme-
Teopoua IIUHOM 0kojo 210 KM, Wi IUAama3oH BhI-
cot okosio 70 kM, T. e. mpumepHo oT 90 no 20 km.

U3 puc. 6 caemyert, 4To 3HAYEHUS MEPHOIOB, OII-
penenseMbIX MO JBYM HE3aBHCHMBIM METOJUKAM,
MOTYT CYIIECTBEHHO pasziu4atbcsa. B To ke Bpems
K TOYHOCTH OIIEHKH NEPHUOI0B MPEABABIAIOTCS 11O~
BBIIIEHHBIE TPeOOBaHUS, TaK KakK IO 3HAYCHHUIO 1
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OIICHUBAETCS HadallbHAasi KUHETHYeCKass dHEePTHs
kocMmmaeckoro tena [15, 25, 26]. [locie uckito-
YeHUS! U3 JAHHBIX U3MepeHuil Ha cTaHuusax [44RU
u [18DK k03¢ dunreHT 1ocToBEpHOCTH R 3aMETHO
yBenuuuics ot 0.709 mo 0.918 (cMm. cooTHomIE-
Hus (8) 1 (9)). CyliecTBeHHO YMEHBIITIIOCH U CTaH-
JapTHOE OTKJIOHEHHE G — OT ~12 jmo ~ 6.8 c.

OO0cyuM 3aBUCUMOCTh aMIUIMTYIbl CHUTHAaja OT
paccrosaus Ap(r). Ha cranmuu [53US 3apeructpu-
POBaHO aHOMAJLHO OOJBIIIOE 3HAYCHUE AMILIHTYIIBL.
DTO MOXeET OBITh CBSI3aHO C (POKyCHPOBKOH aKyc-
THYECKUX JIyuell Ha Tpacce pacnpoCTpaHCHUS.
B mobom ciydae 3T0 3Hau€HWE HMCKIIOYAJIOCh W3
JlaJbHENIIero aHanusa. Perpeccus, 1aBaeMas COOT-
HommenneM (11), HecMOTpS Ha BHICOKOE 3HaYE€HHE KO-
a¢¢unmenta gocropeproctu (0.969), He umeeT hu3m-
4ecKoro o0bsicHeHHs1. Bo-miepBrIX, 0TMeUaeTcs CIuII-
KOM OBICTpOE yOBIBaHUE Ap TIpH yBETUUCHUH 7. Jaxe
pu chepUIEcKoil PACXOIMMOCTH BOTHBI Ap ~r ™',
a TIpY [IJIMHPUIECKOH PACXOIMMOCTH B BOTHOBOJIE
“3emist — crpartochepa” (mm “3emist — Tepmoche-
pa”) Ap~r"°. Bo-BTOpHIX, IPH »—>00 HMeEeM
Ap =0.758 I1a. TlosToMy mpeanoyTeHUE OTHAHO
armpokcuMartyu (10). Jta anmpoxkcumarnms 6JIM3Ka K
3aBucuMocTi Ap ~ 7~ [26]. B aTOM citydae y6bI-
BaHWE Ap TPH YBEIMYCHUH ¥ TIPOUCXOTUT HECKOIBKO
ObIcTpee, YeM 3a cHeT CPepHUECKON pPacXOAUMOCTH.
DTO MOXKET OBITH OOBSICHEHO IOIIOIHUTEILHBIM OC-
TaGJieHHeM BOJIHBI IPH ee pacnpocTpaneHnu. Kpome
toro, Ap(e) =0, Kak 3TO ¥ JOIHKHO ObITh. B TO e
Bpems anmpoxcumanys (10) 3aHKaeT 3HaYSHUS aM-
winTynsl npu » >3 MM. TpeOyercs mouck Oonee
TOYHBIX perpeccuii Ap(r), dyem perpeccus (10).
OnHako B ATOM cCilydae anmpoKCHMAaIus He Oyaer
OIMUCBIBATHECA IMPOCTBIM AHAJIUTUYCCKUM COOTHOILIC-
HUEM, UMEIOMNM (PU3UYECKHA CMBICTI.

5. OcHoBHbIE pe3yJabTaTbl

1. Bpems 3ana3npiBanusi MHQPa3BYKOBOTO CHUTHAIA
YBEJIMYUBAIIOCH IPAKTHYECKH 110 INHEHHOMY 3aKOHY
MIPH YBEIWYEHUH PACCTOSIHHUS MEXIY MCTOYHHKOM
uH(pa3Byka u cranuueil. CpeaHsis mo BceM Tpaccam
CKOPOCTh IPHX0/a UH(PA3BYKOBOI'O CUT'HAJIA COCTaB-
asma 291 m/c.

2. 3aBUCHUMOCTb CKOPOCTH NPUXOAa CHTHajia OT
paccTosiHUA U3-3a CUIIBHOI'O pa3dpoca JaHHBIX Ha-
OJIOeHNH anIpPOKCUMUPOBaHa KOHCTAHTON, PaBHON
(286£21.5) m/c.

3. 3aBUCHMOCTh CKOPOCTH MPHUXO/a CUTHajia OT
CHHYCa a3UMYTaJIbHOTO yIJia (PaCCYMTAHHOTO H OLie-

HEHHOTO) alpPOKCUMUPOBaHA JITHEHHBIM 3aKOHOM, 13
KOTOPOTO OIICHEHKI CPEeTHUE M0 BCEM Tpaccam 3Ha-
yeHus ckopoctu (287 +288 M/c) U CKOpPOCTH TPO-
nochepHo-cTpaTochepHoro Berpa (12-+14 m/k).

4. 3aBUCHMOCTH JUIUTEITLHOCTH HH(]PPA3BYKOBOTO
CUTHaJIa OT PACCTOSHUS alMPOKCUMHUPOBaHA JINHEH-
HBIM 3aKOHOM. lIpm 3TOM UIHTENHPHOCTH CHTHala
BOJIHM3M UCTOYHHKA COCTaBIIsUIA 0K0jI0 10.7 MHH.

5. B cnexrpe nH(ppa3ByKOBOro CWTHaNA Ha pas-
HBIX CTaHIHMIX MPeodIiajjalid COCTABIISIONIUE C TIe-
puogom T, mpumepHo ot 19 o 85 ¢ miu ¢ nepuo-
oM Tpen ot 17 no 82 c. CpenHue 3Ha4eHUs IEpUO-
JIOB, MOJdy4eHHbIE N0 15 u 13 Toukam, cocTaBisIN

T,.=3673¢c u T, =37.05c, Tpy =39.13¢ u

amp amp

Tpgp, =35.12 ¢ COOTBETCTBEHHO.

6. IloctpoeHa perpeccus A 3aBUCUMOCTH aMIl-
JUTYAbI AAaBJICHUS B MH(Pa3BYKOBOM BOJHE OT pac-
cTossiHUA. COMIaCHO NOJYYEHHOM perpecCUOHHOM 3a-
BHCUMOCTH, CKOPOCTb YOBIBaHUS aMILIUTYAbI JIHIIb
HE3HAYUTEIbHO IPEBOCXOINIIA CKOPOCTh YOBIBAaHUS
aMILTUTYABI IpU c(hepUIecKOr pacxoiuMOCTH.

ABTOpBI OJ1aroapHbI KOJJICKTHBY MeXIyHapoIHO-
ro neHTpa aanHeix Opranmzanmu JloroBopa o Bce-
00BEMITIONIEM 3aTIPEIICHUH STCPHBIX UCITBITAHUH 32
BO3MOXHOCTb HCIIOJIB30BaTh IICPBUYHLIC JAHHBIC
HaOMIONEeHU.
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V. N. Karazin Kharkiv National University,
4, Svoboda Sq., Kharkiv, 61022, Ukraine

CHARACTERISTICS OF THE INFRASOUND SIGNAL
GENERATED BY CHELYABINSK CELESTIAL BODY:
GLOBAL STATISTICS

Purpose: The investigation subject is the statistical characteris-
tics of the infrasound signal generated during the passage and
airburst of the Chelyabinsk celestial body on February 15, 2013.
The parameters under study include the time delay, amplitude,

duration, period, celerity and its dependence on the distance
to the epicentre of the airburst from the observation site and on
the back-azimuth angle of arrival.

The study aims at constructing correlation diagrams for the
signal celerity and the distance, the signal celerity and the sine of
the back-azimuth angle of arrival, the signal duration and the
distance, the signal amplitude and the distance, the period and
the period for the periods determined by two techniques, and at
fitting simple analytical relations to the diagrams obtained. Here,
the distance refers to the distance between the infrasound source
and the infrasound station where the infrasound is observed.
Design/methodology/approach: The data retrieved from the US
Department of Defence, the Comprehensive Nuclear-Test-Ban
Treaty Organization’s International Monitoring System da-
tabase are used to determine approximate relations for the
basic characteristics of the infrasound signal generated by the
passage and airburst of the Chelyabinsk celestial body on Feb-
ruary 15,2013.

Findings: The correlation diagrams for the infrasound signal cele-
rity and the distance between the source and an observation sta-
tion 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.
Conclusions: The infrasound signal time delay increases virtual-
ly linearly with the distance between the infrasound source and
the station. The infrasound signal celerity averaged over all paths
isequalto 291 m-s~'. The celerity dependence on distance is fit
with a constant due to a large data scatter. The celerity depen-
dence 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 m-s™") along all paths. The depen-
dence of the infrasound signal duration on 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 within 17
to 85 s predominate in the infrasound signal spectrum, and the
period mean values estimated by employing different techniques
vary from 35 to 39 s.

Key words: Chelyabinsk meteoroid, signal time delay, celerity,
signal duration, signal amplitude, signal period, model fit
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XapkiBchKHil HallioHanbHUH yHiBepeuTeT iMeHi B. H. Kapasina,
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XAPAKTEPUCTHUKHU IHOPA3ZBYKOBOI'O CUTHAJLY,
3T'EHEPOBAHOI'O YEJIABIHCBKHMM KOCMIYHUM
TIJIOM: ITTOBAJIBHA CTATUCTHUKA

Ilpeomem i mema pobomu: IlpeaMeT MOCTIIKEHHS — CTaTHC-
THYHI XapaKTePUCTHKH 1H(PPa3ByKOBOrO CUTHAITY (4ac 3aIi3HeH-
HST; IBUJIKICTH IIPUXO/TY Ta 11 3aIeXKHICTP Bifl BiICTaHI MK JDKe-
perIoM i MicIieM peecTpallii, a TaKoXK Bifl a3UMYTY; TPHBAJIICTB;
TepioA i aMILIiTY1a), 3reHePOBAHOTO MPH MPOIBOTI Ta BUOYXY
UYenst6iHCHKOTO KOCMiYHOTO Tina 15 mmotoro 2013 p.
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Mertoto poOoTH € TOOYI0Ba KOPEISIIHUX OB “IIBUIKICTD

LTI

MIPUXOJY CUTHAIY — BiZICTaHb , “IIBUIKICTB IPHXOY CUTHAILY —
CHHYC a3UMyTY”, “TpUBAJIiCTh CUTHAIY — BIICTaHb”, “aMILIITy-
Jla CUTHAITY — BiICTaHb” Ta “mepioj — nepiox’” Ajs NepiojiB,
OLIIHEHEHUX 32 BOMa METOJJUKAMH, a TAKOXK iX alipOKCUMaIlis
MPOCTUMH aHAIIITHIHUMH CITiBBiIHOLIICHHAMU. TepMiH “‘BincTaHp”
TYT BIIHOCUTHCS JI0 BIICTaHI MiX JPKEPENIOM iHPpa3ByKy Ta pee-
CTPYIOUOIO HOTO CTaHIIEIO.

Memoou ma memodonozis: 3 BUKOPHCTaHHAM 0a3W JTaHUX
iH(pa3BykoBoi cucreMu MoHiTopuHry (IMS) smepHux BHII-
poOyBaHp, mo Hamexutb Opranizanii moxo Jorosopy mpo
BCEOCSDKHY 3a00pony sinepHux Bunipodysans (CTBTO), otpu-
MaHO anpoKCHMYIOUi 3aJIe)KHOCTI 1151 OCHOBHUX XapaKTePHCTUK
iH(pa3BYKOBOrO CUTHAITY, 3TCHEPOBAHOTO MPH MTPOIBOTI Ta BU-
Oyxy YensbiHchKoro kocMmiuHoro tina 15 mrororo 2013 p.
Pesynomamu: TlokazaHo, 110 KOpesiiiifHe moje “IBUIKICTh
npuxoay iH(Qpa3ByKOBOTO CUTHAITY — BiICTaHb M)XK JDKEPEJIOM
Ta CTaHIII€I0” Ma€ 3HAYHUN PO3KUJI, CEepEIHE 3HAUCHHS IIIBH/I-
xocri cknanae (286.0+21.5) m/c. OTpumaHO anpoKCHMYFO4i 3a-
JI©KHOCTI TS MIBUAKOCTI IPUXOY 1H(Pa3BYKOBOTO CUTHAITY BijT
BIJICTaHI MiX JDKEPEJIOM Ta CTAHIIIEI0, 4 TAKOXK Bil a3UMYTY JIKe-
pena, i TPUBAIOCTI Ta aMILTITYId CUTHAJNY BiJl BiICTaHi.
TToOGynoBaHo KopersIiitHe ToIe A epioliB OCHOBHOTO KOJIHU-
BaHHI, OL[IHEHOT0 32 IBOMA Pi3HUMH METOJHKaMH.

Bucnosxu: Hac 3ami3HeHHS iHPPa3ByKOBOIO CHIHAIY 3011b-
LIyBaBCcsS NPAKTHYHO 32 JIHIHHUM 3aKOHOM 31 301IbIICHHIM
BiZCTaHi MiX JpKepesioM iH(pa3ByKy Ta ctanuieo. CepenHs
Ha BCIX Tpacax MIBUAKICTH MPUXOY iHYPa3BYKOBOTO CHUTHAITY
cknanana 291 m/c. 3ajexHICTh NIBUIKOCTI IPUXOY BiJ Bijic-
TaHi Yyepe3 CHIbHUH PO3KUJI JAHUX CIIOCTEPEKEHb alPOKCHMO-
BaHO KOHCTAHTOH). 3aJISKHICTh IIBH/KOCTI TPUXOLY BiJl CHHYCY
a3UMYTaJILHOTO KyTa (PO3pax0BaHOIr0 Ta OLIHEHOT0) allPOKCH-
MOBAHO JIIHITHUM 3aKOHOM, 3 SIKOTO OIIIHEHO CEepEeHE Ha BCIiX
Tpacax 3HadeHHs mBHIAKOCTI (287 +288 M/C) Ta IBHIKOCTI TPO-
nochepro-crparocheproro Bitpy (12+14 m/C). 3anexHicTh
TPHUBAIOCTI iH(Pa3ByKOBOTO CUTHAITY BiJ] BiICTaHI allpOKCHUMO-
BaHO JIIHIHHUM 3aKOHOM. [IpH IbOMY TPUBAIIICTh CUTHAIY T10-
6mu3y mkepena ckinanana 6museko 10.7 xB. Y criektpi iHdppasz-
BYKOBOT'O CUTHAJIy Ha Pi3HUX CTAHIIiAX IePeBaXKaH CKIAI0BI
3 mepiogoM mpubau3no Bif 17 10 85 ¢. CepenHi 3HaAUSHHS Tie-
pioniB, OTpUMaHi 3a pi3HUMH METOAUKAMH, 3MIHIOBAITUCH MTPU-
6mm3HO Bin 35 no 39 c.

Knrouosi crosa: YensaOiHChKMIA METEOPOIN, Yac 3ari3HEHHS CUT-
HaJTy, INBUJIKICTh IPUXOY, TPUBATICTH CHTHAITY, aMILTITY/Ia CUT-
Hally, Iepiofl CHTHAITY, allpOKCUMYIOUi 3aJI€KHOCTI
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