ACTPOHOMHYECKHH BECTHHK, 2023, mom 57, Ne 3, c. 275—283

VIIK 52-424

IMAZEHUE HA 3BEMJIIO ®PATMEHTOB PASPYIIEHHOT'O ACTEPOUJIA

© 2023 1.

B. B. Cseruos*

Hucmumym ounamuku eeocgpep um. M.A. Cadosckozo PAH, Mockea, Poccus
*E-mail: svettsovO7@rambler.ru

IToctynuna B penakuumio 24.11.2022 .
IMocne mopabotku 27.12.2022 1.
IMpunsra k nyonmukauuu 06.01.2023 r.

ITpoBeneHbI OLIEHKU BIUSTHUS pa3pyllIeHNs aCTEPOUIOB Ha OpOUTaX IpU UX TPUOJIMXKEHUU K 3emiie Ha TT0-
cliencTBUs X yaapoB. OnpenenaeHsbl IJIoIaay MopaxkKeHUs yIapHOU BOJIHOM, CeiiCMUYECKOil BOJIHOM U 13-
JIy4YeHUEM TIPU yape KaMEeHHBIX aCTepOUI0B MO Cyllle WM TIPU BXoJe B aTMochepy Haj cyllieil co CKOpo-
cthio 20 kM/c m1s nuana3oHa ux pasamepon 20—500 m. [TosrydeHo, 4TO IIPOU3BOJIBHOE pa3pylleHe acTepO-
Ula HeJajieko oT 3eMJIM MOXET MPUBOAUTH K YBEIUUEHUIO CYMMapHON TUIOIaan NMOPaXKeHUsT yIapHbIMU
BOJIHAMU U TEIUJIOBBIM U3JIyYEHUEM TPU yaapax OTAENbHbIX (pparMeHTOB. B 00l1eM ciyyae yMeHbIIECHUS
yiiep6a npu paspylieHur acrepounoB ¢ auamerpamu 150—500 M MOXHO 1OOUTHCS, €CJT OCHOBHYIO Maccy
¢dbparMeHTOB COCTaBJISIOT TeJia ¢ pasMepamMu MeHee 20—30 M, KOTOpbIe He IPEeACTaB/IsSIOT KaTacTpoduye-

CKOI1 OITaCHOCTH.
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BBEAEHUE

CroJIKHOBeHME 3eMJIA C acCTepPOMIOM pa3MepOM
~20 M m OompIle, KaK IMOKa3bIBacT nameHue Yeirs-
ouHckoro meteoputa 15 ¢dpeBpansg 2013 r., mpencras-
JISIET YTPO3Y IJISI XKU3HU U 300POBbSI IO 1 MOXET
MPUBECT K 3HAYUTEJILHOMY OOIIeMy YIIepOy
(Brown u np., 2013; Popova u ap., 2013). JIng npenot-
BpallleHWsI CTOJKHOBEHHUS C OMNACHBIM OOBEKTOM
MpeaIarajuch U HEOMHOKPATHO OOCYKIAINCh METO-
Il YBOIA OOBEKTA CO CTOJIKHOBUTEJILHOW OpPOUTHI:
yIapHO-KMHETUYECKOE BO3ACUCTBUE MACCHUBHOIO
Tena, 3amylIeHHOTro K OOBEKTY, I'paBUTALIMOHHBIN
YBOJI, WCIIOJb30BAaHME MAaJIOM PEAKTUBHOM TSIIH,
B3PBIB IIOJ WJIM Haj IOBEPXHOCTBIO OOBEKTa U UX
pa3auYHbIE BapuaHThl (CM., Hampumep, AKHUMOB
u ap., 2015; Hussein u op., 2016; Morrison, 2019; Lu-
bin, 2021; Horan u ap., 2021).

I1pu oTHOCUTENBHO HEOOJIBIIMX BpeMEeHaX OT MO-
MeHTa OOHapyXeHUsI 00bEKTa IO MOMEHTA CTOJIKHO-
BeHU (MOPsIIKA ToAa U MEHBIIIE) B3PBIB CTAHOBUTCS
Haunbosee 3(pPEeKTUBHBIM CPEACTBOM U3MEHEHUS Op-
ouTthl (Perna u np., 2013; Akumos u ap., 2015; Horan
u 1ap., 2021). ITpu He0OXOIMMOM OTKJIOHEHUU OpOM-
THI B3PBIBOM II€JIECOO0pa3HO HE pa3pylIaTh OOBEKT,
orpaHWYMBasi SHEPTUIO B3PbIBA, TaK KaK yaap OCKOJI-
KOB MOXET TaK:Ke ObITh onaceH. Ho mpu ellie MeHbIIINX
BpeMeHax, Korma opOouTy M3MEHUTh MPAKTUUECKU He-
BO3MOXHO, EIMHCTBEHHBIM CIIOCOOOM CHVKEHMSI
YIPO3BI MOXET OBITh pa3pyllieHre OOBEKTa B3PBIBOM.
IMocnencTBust Takoro paspylieHus] He BITOJHE TIpel-

cKazyeMbl, OHU 3aBUCSIT OT MAacChl, MPOYHOCTU U
CTPYKTYPBI 00BEKTa, PACCTOSTHUS IO 00BEKTa U €T0
OpOUTHI M MOTYT MPUBECTU K eIle 60jiee OIMMacCHOMY
CTOJIKHOBEHUIO 3eMJIU C OCKOJIKAMU pa3pyllIeHHOTO
Tea.

B3pbiBoM MOXHO pa3pylIMTh acTepoup IIpu
ynenbHoM 3Hepruu Bo3aeiictBus 400—500 [ /T; Tak
B3pbIBOM C 3Heprueii coiiie 3 MT THT MoxxHo 3aBe-
JIOMO pa3pylIUThb acTEPOUI XOHIPUTHOIO THUIIA C
nuameTrpom 200 m (ApuctoBa u ap., 2018). Pazpymie-
HUE MOXET ObITh 3(P(PEKTUBHBIM CPEACTBOM 3aIIUTHI
JTaxke Ui BpeMEH IIopsimKa MecsieB. MoaenmpoBa-
Hue (Kaplinger u np., 2012) pa3pylieHus1 acTepouaa
MOAITIOBEPXHOCTHBLIM B3PBIBOM M JaJbHEMIIEro 1BU-
KEHUSI PaCIIMPSIONIErocs 001aKa OCKOJIKOB K 3eMiie
I10Ka3aJjIo, 4TO pa3pylieHUe acTepouaa ¢ IMaMeTpoOM
1 kM (Maccoii ~10'2 kr) 3apsmom ¢ sHeprueil 1 Mt 3a
200 gHeit 1o CTOJKHOBEHMS ¢ 3eMiIeit YBOIUT OOJIb-
IIIYIO YaCTh OCKOJIKOB CO CTOJIKHOBUTEJILHEIX OPOUT
¥ YMEHbIIIAeT CYMMapHYIO MAacCy BXOISIINX B aTMO-
cepy ockoikoB 10 3 X 10 KT (Takast Macca COOTBET-
CTBYET TeJIy C IDTOTHOCTBIO TpaHuTa ¢ nuaMeTpoM 130 M).
Takast xxe cymMmMapHasi Macca yaapsoliiX OCKOJKOB
noJjIydaeTcsl, €CJIM acTepOu]] MEHBIIEro AuaMeTpa,
270 M, paspymaetcsa 3apsimoM ¢ 3Heprueir 300 kT
THT 3a 20 gHeii no cToKHOBeHUs1. Pa3pylieHue Ta-
KOTO 3X€ HEIIOPUCTOrOo acTepouaa IIpy HaIIOBEpPX-
HOCTHOM HEWTPOHHOM B3pBEIBe ¢ dHeprueil 70 KT
THT (Syal u np., 2013) 3a 20 1He# 10 CTOIKHOBEHMUS
NpakTUYeCKU He aaeT 3(ppeKTa yMEHBIICHUS yaapsi-
IOILIE MacChl, U Jullb paspyineHue 3a 1000 mHeit
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YMEHbIIIAeT 3Ty Maccy 10 ~1% ot HayanbpHOU. CHU-
JKEeHUE ynapsioeil Macchl 10 1% mist IIopucToro Te-
JIa IPOUCXOIUT ITPU B3pbIBE 3a 60 THEI 10 CTONKHO-
BEHUS.

B pa6ote (King u mp., 2021) paccMOTpeHbI BpeMe-
Ha BO3IEUCTBUA HA OMACHBIII OOBLEKT 00Jiee OMHOU
HeJeIU 0 CTOJKHOBEHMSI, KOra CpeACcTBa OTKJIOHE-
HUSI HE NPUMCEHUMBI, IIpUYEM clejJaH akKIEHT Ha
HamOoJiee TOYHBIM pacdyeT OpPOMT OCKOJIKOB IIOCTIC
pas3pylieHus actepouaa. ITojrydyeHo, 4To 1Jis1 acTepo-
nna ¢ guamerpoM 100 M, eciu ero pa3pyuieHUe IIpo-
M30MIET 3a MECSLl OO0 CTOJKHOBEHMS, TOCTIKIMO
YMEHBILIEHUE yIapsIIollIeii MacChl Ha JIBa Iopsiaka, a
B CjIydae OCOOEHHBLIX OpOUT MOXHO JIOCTUTHYTh
YMEHBIIIeHWs Ha TpH mopsiaka. s acreponna Amno-
duc, pazmepom okos1o 300 M, yMeHbIIIECHUE yaapsItO-
IIeil MacChl Ha IBa IIOPSIIKa JOCTUTACTCS TaKxKe IIPU
pa3pyuieHUU IIPUMEPHO 32 MECSIII O CTOJIKHOBEHMSI,
HO MpU pa3pylLICHUHU 3a IBE HelleJIM BO3MOXXHBI BapU-
aHTBI, KOIJa Bce (PparMeHTHI CTOJIKHYTCS ¢ 3eMIICH.

Bo3MoxHOCTh epexBarta 1 pa3pylieHus1 HeOOoIb-
mux Tea ¢ pazmepamu 50—150 M ripu oYeHb HEOOIb-
LIUX BpeMeHax MpeaynpexaeHusi o6 onacHoOCTH Mo-
psiiIKa HECKOJIbKUMX THEH 1 TaXKe 4acoB paccMaTpuBa-
nmace B (Hupp u np., 2015). PaspymeHue B 3TOM
cllydyae BO3MOXKHO C MTOMOII[bIO COBPEMEHHBIX pakeT
Ha3eMHOTIo 0a3upoBaHUsl, HO TTOCIENCTBYS yaapa pas-
JIpoOJIEHHOTO TeJla OCTAlOTCSl HESICHBIMU. 3apaHee He-
MU3BECTHO, YTO OMAacHee — yap Hepa3pylleHHOro Tejia
WJIM MHOXECTBEHHBIE YIapbl €r0 OCKOJIKOB.

B nanHoii paboTe paccMaTpuUBarOTCS BO3MOXKHEBIC
MOCJIEACTBUS yaapa actepouaa ¢ paamepom g0 500 m
IO CyIlle B CITydae, KOTrma OH paspylleH, HO OOoJbIast
yacTh (parMeHTOB CTaJIKMBaeTcs ¢ 3emiieii. B mepBom
paznene “BozpaeiicTBUe BO3AYLIHOW ymapHOW BOJI-
HBI” paccMaTpUBaeTCsl ASUCTBUE BO3AYIIHOM yaap-
HOI BOJIHBI, a B paszaeiie “BriOpockl U3 KpaTepa n
ceiicMuyeckuit addexr” ceiicMuyeckoe Bo3neli-
CTBHE 1 BLIOPOCHI M3 KpaTepa MpH MageHUU aCTEPOUIOB
¢ pasmepamu ot 20 1o 500 M. s momydeHust oonacTeit
OI1aCHOTO BO3MIEMCTBUS B 3TUX pasesiax UCIOIb30Bal-
cs OHJIAMH-KaNbKyIaTop. B pasnene “TeroBoe u3-
JIydeHue” paccMaTpUBaeTCs BO3ICHCTBIE TETIJIOBOTO
U3JTy4eHUsI, KOTOPOEe MOXKET IMTPUBECTU K BOCILJIaMe-
HeHUIo MaTepuanoB. B pasnene “IlagmeHne 0CKOTKOB
actepouma”, He 3aTparuBasi IIpo0JieMy CaMoTO pa3py-
IIEHUSI aCTEPOMIOB, Mbl CpaBHMBAeM ITOCJICICTBUS
yIapoB HepaspylIeHHOro acTepouaa W acTepouna,
pa3pylLICHHOTO Ha JOCTATOYHO MeJIKUEe (PparMeHThI.

BO3JIEMICTBUE BO3AYLIHON
YIAPHOW BOJIHBI

IMpu ymape KOCMUYECKOTO 0OBEKTA TI0 CYIIEe pa3-
JIMYHBIE Pa3pylIeHus 1 OEACTBUSI MOTYT BBHI3BIBATD:
yIapHasi BOJTHA, paCIIpOCTPaHIOIIAsICST B BO3MyXE 1O
MMOBEPXHOCTH 3eMJIM, BBIOPOCH M3 KpaTepa, eClIn
KOCMMYECKUI 0OBEKT JOCTATOYHO MaCCUBEH, 3eMJIe-
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TpsiceHWe U TemjoBoe wuanydeHume. Haubomplnyro
TUIOIIAAb pa3pylLIeHWI co3MaeT yaapHasi BOJIHA, OC-
HOBHOI1 XapaKTepUCTUKOI KOTOPOI SIBIISIETCSI N30bI-
TOYHOE HaBjieHue 3a ee PpOHTOM, AP, Mo oTHOIIEe-
HHUIO K aTMOC(epHOMY AaBJICHUIO Ha TTOBEPXHOCTM.
CornacHo JaHHbBIM, MOJIYYEHHBIM MPU MPOBEASCHUU
B3PBIBOB B aTMocdepe, CTEHBI, TOCTPOSHHBIC U3 Oe-
TOHHBIX OJIOKOB TOJIIIMHOM 24—36 cM, pa3pylialoTcs
npu AP = 35 xIla, a KUpIIUYHbIE CTEHBI TaKOM K€
tommuHbl — npu AP = 20 xIla (Glasstone, Dolan,
1977). Ilpu AP = 25 kIla mpoucxXoauT BBIBAJ Aepe-
BbeB Ha 90%, a mpu AP = 15 kIla — Ha 40% (Glass-
tone, Dolan, 1977). MeHbi1re M30bITOYHBIC TaBJIE-
Hus 3.5—5 kI1a mpuBOIST K pa3pylIeHUSIM OKOH, Ha-
CTeHHBIX ITaHesdelt, kpbii (Mannan, Lees, 2005).
Ilpu eme MeHpmMx ngasieHussx, 1—2 kIla, moBpe-
KIAIOTCSl OKOHHBIE CTEKJIa M HaOJIOHAlOTCsS TakKue
TpaBMBbI Y JIFOAEl, KaK MOope3bl, YIIUObI, MEPETOMBI,
COTpsiICeHMS MO3Ta, HapymieHue ciayxa (Popova i op.,
2013; Kartashova u ap., 2018). 3HauuTeIpbHOE KO-
YeCTBO JIIOJEH TMocie MPUxXoaa yIiapHOI BOJHBI BIla-
JIaeT B TTAaHUKY WJIM TIPUXOAUT B COCTOSIHUE CTpecca
(Kartashova u gp., 2018).

B pa6ote (Artemieva, Shuvalov, 2019) Mmoaenupo-
BaJIOCh TaleHUue KOCMUYECKUX TeJl Ha 3eMITIO B IV~
pOKOM auaria3oHe MX IapaMeTpoOB U PacCUUThIBA-
JIOCh PacIIpOCTpaHEHUE YAAPHBIX BOJIH B aTMOcdepe
3emuin Ha Oozbiine paccrossHus. Ha ocHoBaHuu
STUX PacuyeToB ObLIU MPEITOKEHbI alIITPOKCUMALINO-
Hble popMyiibl (Imazaues u ap., 2021), KoTopble pea-
JIM30BaHBI B OHJIaltH-KanbKyJsiTope “ImpactEffects”
(http://AsteroidHazard.pro). /1151 3amaHHBIX pa3Mepa
acTepowuja, ero IJIOTHOCTU, CKOPOCTH U yIJia BXOAA B
atMocdepy KaIbKYJISITOP MO3BOJISIET ONPENAETUTh U3~
OBITOYHOE JaBJeHUE IJIs1 3aJaHHBIX TOYCK Ha IO-
BepxHocTH 3emiau. [1o 3TUM TaHHBIM MbI BLIYUCITAIN
ILTIOIIAAb TOBEPXHOCTH .S, TIe U30LITOUHOE JaBJICHUE
B BO3AYIIHON ydapHOIi BOJIHE MOCje MaaeHUsT acTe-
poua BhILIE OIpeaesIeHHOro 3HaueHus AP,

s OolleHKM acTepOUIHOM OMNacCHOCTU BBEIEM
3P eKTUBHOCTD yIapHOTo BO3NEHCTBUS €, 2 UMEH-
HO OTHOIIIEHHWE KBaApaTHOTO KOPHS U3 TIJIOLIAIAU MO-
BepXHOCTHU S, TAe AP BhIllle OnpeaesIeHHOro Ipeena,
K nnameTpy actepouna D. Ha puc. 1 mokazaHsl 3aBU-
cuMocTr 3¢ GHEeKTUBHOCTU Bo3aeicTBus Wist AP >1, 5
n 20 kxlIla or D. IIpennonaraercst, YTO acTEPOUI C
m10THOCTEIO 3000 Kr/M? BXOOUT B aTMOCdEPY CO CKO-
pocTthio 20 KM/ rion yriiamMu o = 90° (BepTUKAILHO),
45° u 15°. BugHo, 4yTO0 3(P(PEeKTUBHOCTU yIAPHOIO
BO3ACUCTBUS B IIMPOKOM IMAaIla30HE pa3MEPOB acTe-
pouna, ot 20 1o 500 M, UI3MEHSIOTCSI He CUJIBHO — HE
6onee yeM B 1.5 paza npu yrimax Bxoga o. = 90°u 45°u
B 2 paza npu o = 15°. Han6onrbias a¢pheKTuBHOCTD
okasbIBaetcda y Tei ¢ nuamerpamu 50—150 M, a mipu
yIapax noj odeHb OCTPBIMU yIjlaMu, o = 15°, Ha00o0-
por, y Ten ¢ pazmepamu ~300 M.

IMosenenue 3¢ppeKTUBHOCTU €, B 3aBUCKUMOCTH OT
D xagecTtBeHHO 00BsICHUMO. [Ipu TOpMOKEeHUM OT-
Ne 3
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Puc. 1. DddhekTMBHOCTH yTapHOTO BO3ICHCTBHUS B 3aBUCMOCTH OT TUaMeTPa acTepOUIa, BXOISIIETo B aTMOcGhepy CO CKOpO-
cThi0 20 KM/C MO yIJIOM Ol K ITOBEPXHOCTU 3eMJIH, IJIsI TPEX MPeaeIbHbIX U30BITOYHBIX NaBicHU AP, BbluKucIeHUsI IpOBEIeHbI

C IIOMOIIbIO OH.HafIH-KaJ'[I:KyJ'[HTOpa .

HOCUTEIBHO HEOOJBIIIOTO acTepOorJa Ha 3HAYUTENb-
HOIi BBICOTE aBJieHHWE B yIapHOii BOJIHE, KOTJa OHa
MPUXOJIUT Ha MOBEPXHOCTb, HE JOCTUTAET 3a]aHHOTO
3HaUYE€HUs. DTO MPOUCXOIUT B HallleM cilydyae, Koraa
nuameTp actepousa cocraisieT 20—30 M. T1pu Top-
MOXEHHUH acTepOUIOB BOJM3U MOBepXHOCTU (mist D
1o 80 u 100 M ipu @ = 90° u 45°) 3pheKTUBHOCTH
yIapHOI'O BO3ACHCTBUS ObLia Obl B OMHOPOOHON aT-
Mocpepe MpUMEPHO MOCTOsIHHOM. [eficTBUTENbHO,
MpU B3pbIBE B OMHOPOJHOI aTMOocdhepe paccTosiHuE,
Ha KOTOPOM JOCTUTAETCs ONpeAeeHHOE NaBJeHUE B
ynapHoii BojiHe, AP, nponoplLoHaIbHO KyOUUeCKO-
MY KOPHIO 13 9HEPIMU B3pbIBa UJIU, B HAIlIEM CiIyvae,
nuameTpy actepouna (3enpaoBud, Paiizep, 1966; Ca-
noBckuii, 1952), T.e. paccmaTpuBaeMasi HaMu 3@-
(GEKTUBHOCTH BO3IEHCTBHS B3phIBA CJIA00 3aBUCUT OT
ero sHepruu. Ho mpu yBeimueHUu 1uaMeTpa acTepo-
ulia ynapHasi BoJiHa BCJIeNCTBUE HEOMHOPOAHOCTHU aT-
Mocdepbl yCKOpsieTCS BBEpX, Kyla YXOAWUT 4YacTb
sHepruu. [lpu eme OOMBIIMX TUAMETPax acCTEPOWUI
yaapsieT 1o MOBEePXHOCTU, U SHEPTUST UIIET Ha yaap-
HYIO BOJIHY B TPYHTE 1 BBIOPOC MOPOABI U3 Kpartepa.
IMTosTomy 3(ppeKTUBHOCTD BO3AeACTBUS C pOCTOM D
YMEHbIIIAeTCS.

I1pu ynapax nmoa ocTpbIMU yIjlaMu, B HallleM CITy-
yae oL = 15°, actepoun 6obliiero pasmepa, 10 300 M,
CO3/1aeT TMPU TOPMOXEHUU B aTMocdepe yaapHylo
Ne 3
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BOJIHY BBITSHYTOU, TPUOJIMKEHHO IIMIIMHIpUYIE-
CKOM, (DOPMBI, YTO MPUBOAUT K YBEIUYEHUIO IIOIIA-
I BO3IEUCTBUS yIapHOM BOJIHBI IO CPaBHEHUIO C
KOMITAaKTHBIM BBIICJICHUEM DHEPTUH.

BbIBPOCHI N3 KPATEPA
N CEMCMHUYECKHNUN DPDEKT

BcnenctBue TopMoxkeHusi B aTMocdepe yaap 1o
3emite 1 ob6pa3oBaHMUe KpaTepa IMPOUCXOMAT, Hauu-
Has ¢ oIpeie;IeHHOTO pa3Mepa actepoumaa. [1pu ymapax
acTepoua0B 1Nof yrioM 45° co ckopocThio 20 KM/c 00-
pa30BBIBATH KpaTep MOTYT Tejla C pa3MepaMu OoJjiee
100 M, TO ecTh HOBOJILHO KPYITHBIC Tejla, KOTOPHhIC
MOTYT OBbITh (h)parMeHTaMU pa3apPOOJEHHOTO elle 00-
Jiee KpyImHOTo acTepounaa. BEIGpock U3 KpaTepa Mo-
TyT OBITh OUYE€Hb OMACHBI HA OTHOCUTEJILHO HEOOJIb-
LIUX PaccTOSSHUsIX OT KpaTepa. OObEM BBIOPOCOB,
KOTOpBIE TTaafoT Ha PaCCTOSTHUHU OT IIeHTpa KpaTepa
OoJIbllIe ¥, yMEHbBIIIAETCSI IPUMEPHO Kak 1/r, Tak 4TO
75% BBIOPOCOB TMAHAIOT Ha PAcCTOSHHWU OT LIEHTpa
Kparepa, paBHOM 4R, (R, — paguyc kparepa), a 90% —
Ha pacctossHuu 10R, (Mernoii, 1994). Ha rakux paccto-
STHUSIX TIOKPOB BHIOPOCOB HE SIBJISIETCS CTUIOITHBIM.

IIpu mmamerpe acrepouma D = 500 M cpenmHss
TOJIIIIMHA BEIOPOCOB I10 TIPUOIKEHHBIM (popMysTaM,
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XapakTepucTHKU 3(h(HeKTUBHOCTH BO3ICCTBUS yIapoB

D, xm D¢, kM M Rynp, KM | Rypp, KM EVIII &vi €90 €s €. €
500 6.9 7.7 60 190 210 670 430 1150 800 1300
300 4.4 7.2 40 100 230 590 470 1270 515 1150
200 3.0 6.7 20 47 180 415 450 1160 530 1000
150 2.6 6.2 ~10 30 350 510 1280 540 920
100 - 5.0 — — — 550 1380 550 840

IIpumevanue: D — nuametp acrepouna, Dy, — nMaMeTp KpaTtepa, M — MarHuTya ceiiCMU4eCKOro coobITus, Ry U Ry — panuychbl
MposiBIIeHUsT 3emiieTpsiceHrst nHTeHcuBHocTbIO VIII m VII no nmikane Mepkaiuu, €y U €y — COOTBETCTBYOIINE 3(DPEKTUBHOCTU
CEICMMYECKOTO BO3IENCTBUS, £5) U €55 — 3PGHEKTUBHOCTH ynapHOro BosaelicTeus npu AP =20 n 5 xIla, €, u €, — addpexTuBHOCTH
paIualMOHHOTO BO3AEUCTBUS MyTEM 3aKUTaHUU IPEBECUHBI U JIETKO BOCTUIAMEHSIOIINXCSI MAaTEPUANIOB, COOTBETCTBEHHO. Dy, M,

Ryqp1 4 Ryyp B3AThI U3 OHJIAMH-KaIbKYJIATOPA.

BCTaBJIEHHBIM B OHJIaiiH-KaJbKYJISITOP, COCTaBJIsSIET
2—3 cm Ha paccrosgHuu ¥ = 100 KM OT LIeHTpa KpaTepa
n okoyo 20 cM Ha pacctostHuM 50 kM. ITpuHSB 3TO
paccTosiHMe KakK I'paHUIly 00JacTU CUJIBHOIO Mmopa-
JKEHUSI, MOKHO TOJIYIUTh, 9YTO 3(PPEKTUBHOCTD BO3-
NEWCTBUS BBIOPOCOB (€, = T'/?r/D B TIpEXHEM OIpe-
neneHun) paBHa 180. DTo cyliecTBEHHO MEHBbIIIE 3(-
(bekTMBHOCTU MOpakeHUsT yalapHoil BoiHOM €, = 600
npu AP = 20 xIla, korma pa3pylialoTcss KUPIIMYHEIC
CTeHBI ¢ TOMMHOM 24—36 cMm. [1pu nnameTpe acte-
pouna D = 300 M cpegHsis TOIIIMHA BEIOPOCOB OKOJIO
20 cM okasbiBaeTcsl Ha paccTostHUM 30 KM 1 adek-
TUBHOCTb €, Takke paBHa 180. Takoii xxe ocTaercs €,
W TIpU yaape actepouna ¢ nuamerpom D = 150 m.

IlaneHue acTtepousa BbI3BIBAET CEMCMUUYECKUi
addexT onpenesieHHON MarHUTYIbl KaK MpU yaape
acTepouia 0 IOBEPXHOCTb, TaK U MPU TOPMOKEHUU B
atMocdepe MyTeM BO3IAEUCTBUSI Ha IMOBEPXHOCTb
ynapHoi BosiHbI (CBeTHOB M 1p., 2017; Xa3uHc u ap.,
2018). I'Tnomanb, OXBaUYeHHYIO CUJIBHBIMU pa3pyliie-
HUSIMU, MOXHO OLIEHUTH IO MHTEHCUBHOCTH MPOSIB-
JIHUS] 3eMJIETPSICEHUS Ha Pa3IMUHbIX PACCTOSTHUSIX
OT MecTa TaJIcHUsI, KOTOPOe IaeTcsl B OHJIaiiH-KaJlb-
KyJisitope no mkajne Mepkauu. [1pu MmHTEHCUBHO-
ctu VIII nHabmomaroTcss pas3pymmTeIbHBIE BO3IEH-
CTBUSI — 3HAYUTEJIbHbIC TTOBPEXICHUSI B OOBIYHBIX
3[AaHUSIX C YACTUYHBIM OOpYyIIeHWEM, TIOJTHOCThBIO py-
1aTcsl TJI0XO TMOCTPOEHHbIEe 3naHus, ¢adpuyHble
TpyOBbI, OAIIHU, MTAMSTHUKU, CTeHbI. [Ipy1 MHTEHCUB-
Hoctu VII 3HaunTeNnbHbBIE pa3pylieHUs HAOTIOAaAI0T -
Cs1 TOJIBKO B TJIOXO TTOCTPOEHHbBIX UJIU TJIOXO CPOEK-
TUPOBAHHBIX 3MaHUSIX. A TIpU MHTEHCUBHOCTU VI,
XOT$l OHA U OLIYLIAeTCs BCEMU, TPECKAIOTCS LITyKa-
TypKa U KUPMUYHAS KJaaKa, JIOMalTCd OKOHHbIE
CTeKJIa, HO 3HAYUTEJIbHBIX TTOBPEXICHUI HE TIPOUC-
XOJIUT.

NurencusHocTts VII mocturaercst okono Kparepa
MpU yBeJIuYeHUUu Auamerpa actepouna D no 110 M,
KOIlla MarHUTyJa CEMCMWYECKOro BO3MYIIEHUS IIO-
cruraet 5.7. Ilpu D = 150 m untencuBHocTh VII no-
cruraetcs Ha pacctostHuu + = 30 kM, rme AP = 14 kI1a.
IIpu D = 200 m uareHcuBHOCTH VII mocTuraercs mpu
r =47 xm, toe AP = 10 xIla. DddexTuBHOCTH Ceii-
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CMUYECKOTO BO3AEHCTBUS Eyyp U €y TPU UHTEHCUB-
Hoctax VII u VIII mng D 6onbiie 100 M moMeLIEHE B
TabJMuIe, TOe IIPUBEICHBI Takke 3(O@GEKTUBHOCTH
MOpaXXeHUs1 yoapHoil BojHoi € st AP = 5 xlla u
AP =20xlIla. gy cymectBeHHO HYXe € 1151 AP= 5kl ]1a,
a &yyp cylecTBeHHO Huxke € 11t AP = 20 k[la. Takum
o6pa3oM, 3(pheKTUBHOCTD (MJIM IJIOIIAb) ITOpaXke-
HUS BBIOpOCAMU U3 KpaTepa U CEMCMUYECKO BOJT-
HOIT HIKe 3(h(PEKTUBHOCTH ITOPAXKEHMS BO3MYIIHOMK
yIapHOIi BOJIHOW MPU CpaBHUMOM CTEIEHU pa3py-
ILIEHUIA.

TEITNIOBOE U3JIYYEHUE

TerutoBoe M3MydeHUe MPU yaape acTepouaa Mo-
JKeT ObITh HE MEHee OMacHo, YeM BO3/IeiCTBUE yaap-
HOW BOJIHBbI. DHEPIUS U3JYyYEHUSI COCTABIISIET OIpe-
JIEJICHHYIO JOJII0 Y OT SHEPTUM acTepouna, Ipudyem y
npu ynapax acrepounoB ¢ nmamerpamu ot 20 1o 300 m
MO/l pa3HbIMU YIJIAMU MOXKET UBMEHSTHCS B AMAIa3o-
He oT ~1 10 20% (Svetsov, Shuvalov, 2018; 2019). I1pu
MOIIIHBIX B3pbIBaX B aTMochepe, COMOCTaBUMBIX T10
9HEpPrum ¢ actepougamu ¢ nuamerpamu ~50 M, onac-
HbIe 3HAUCHUSI MOBEPXHOCTHOM IIJIOTHOCTU SHEPTUU
o6nyuenus E HaunHaiorca ot ~10 Ixx/cM?, Koraa Bo3-
HUKaloT oxoru Koxu. I[Ipu E ot 40 no 60 JIx/cMm? ipo-
HUCXOIUT OOYIJIMBaHUE IPEBECUHbBI, 3aTOPalOTCsl raze-
Thl, Tpasa; pu £ ~ 100 [Ixx/cMm? 3aropaercs onexaa 13
XJIoTIKa, yepHas pe3nHa (Glasstone, Dolan, 1977).

I1pu B3pEIBax B aTMOcdepe SHEPTUS OOTyICHUS
MMOBEPXHOCTH TIPOTIOPLIMOHAIbHA U3JIydaeMOoii 3Hep-
ruu E, ~ yD? (3Heprusi actepounaa npornopuroHaibHa
D?) 1 B iepBOM NPUOIMKEHUU 0OPATHO POMOPLIUO-
HaJibHa KBaJpaTy pacCTOSTHUSI 10 00JIydaeMoTo Tpe/-
mera 2. TlosToMy, ecimm onpeneauth 3GGEKTUBHOCTD
00JIy4yeHUs €, aHAIOTMYHO 3(PPEKTUBHOCTU YIAPHOTO
BO3IENCTBYS KaK OTHOILIEHME KBaIpaTHOTO KOPHS W3
IIo1Iaau, rae £ npeBbllaeT 3aaHHbIA YpOBEHb, K Ava-
MeTpy actepouna, 1o €, ~ r/D ~ (E/E)'/?/D ~ (y/E)'/*D'/.

B neiicTBUTENILHOCTH HE TOJBKO IOJISI M3JIydae-
MO 3HEPTHU 3aBUCUT OT D), HO TakXe M OIlacHas
sHeprud oomydeHus E. Yem Oompilie sHEpTUS B3PHI-
Ne 3
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Puc. 2. D dheKTUBHOCTY TEIUIOBOIO BO3ACHCTBUS B 3aBUCMMOCTH OT AMaMeTpa acTepounaa, BXOISIIEro B aTMochepy co CKO-
pocTthio 20 KM/C TIOI YIJIOM O, K TIOBEpXHOCTHU 3eMin. bosee TojicThie TMHUYM COOTBETCTBYIOT BO3IEMCTBUIO, KOTJA 3aTOpaeTCs
cyxasl ApeBecHrHa, 6oJiee TOHKHME — KOTIIa MOIXKUTAI0TCs JIETKO BOoCIUIaMeHsIIoluecs: Matepuaiibl. (h(HeKTUBHOCTH MOTyYeHbI
Ha OCHOBaHUM pe3ysbTaTtoB pabot (Svetsov, Shuvalov, 2018; 2019).

Ba, TeM OOJIbllIe BeJIMYMHA TTOBEPXHOCTHOM TIJIOTHO-
CTH SHePruM ooTydeHs F, HeoOXomumast ISt JOCTYIKE-
HUST OIIPENeICHHOTO TEeTUTOBOTO 3(deKTa, Harpumep,
IJIsl BOCIIJIAMEHEHUSI TOTO WM MHOTO MaTtepualia
(Glasstone, Dolan, 1977), NoCKOJbKYy C DPOCTOM
SHEPTUU B3phIBA WJIM AWAMeTpa acTepoMiIa pacTeT
JIJIUTEILHOCTh TEIJIOBOTO uMITyJibca. Ho akcrnepu-
MEHTAJIBHBIX TAaHHBIX 10 E I SHEpruil B3pbIBa
6osblie 20 MT HeT.

B pa6orax (Svetsov, Shuvalov, 2018; 2019) nyrem
MaTeMaTU4eCKOro MOIEIUPOBAaHUS IMANeHU Tel U
Ha OCHOBaHUHU TEOPETUIECKUX OLICHOK E GBLIM oTIpe-
IeJIEHBI TIIOIIAIN, TIe TTOMKUTAIOTCS HanboJiee Jier-
KO BOCIUIaMEHSIeMbIe MPEeaMEThl (Halpumep, Cyxue
JINCThS, TpaBa U Ccyxas IIOPUCTasT JIeCHAsT TIOACTUIIKA)
¥ BOCTUIaMEHSETCS cyXas IpeBecrHa. MICIToIb3ys 5Tn
TJIOIIAIM, MOXHO ONpeaeuThb 3PGEKTUBHOCTD TSI -
JIOBOTO BO3ICHCTBUS IJISI JOCTUIKEHUSI COOTBETCTBY-
omux 3¢p¢ekToB. DTN 3O HEKTUBHOCTU IIPUBEICHBI
Ha puc. 2.

Husg yrimoB Bxoma oo = 90° 1 45° 1 D > 100 M a¢-
($EKTUBHOCTh TEIJIOBOIO BO3IEMCTBUS C IOIXKUTA-
HHEM CyXUX JUCTheB udMeHsieTcst oT 900 mo 1300, uto
TIPUMEPHO COOTBETCTBYET 3(PHEKTUBHOCTA YHAPHOTO
Ne 3
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BosaeiictBus mist AP = 5 kIla ot 1000 no 1400, xkorma
MIPOMUCXOASAT 3HAYUTEIbHBIC, HO He KaTacTpoduye-
cKue paspynreHus1. DpOeKTUBHOCTH TETUIOBOTO BO3-
JNEUCTBUS C MOIXKUTAaHUEM CyXOi HPEBECUHBI U3ME-
HsieTcst ot 600 mo 800, YTO HECKOIBKO BhIllIe 3P PeK-
TUBHOCTH ymapHoro Bo3ueiictusa misg AP = 20 xIla
ot 400 mo 550, korma pymarcsi KUpIIMYHBIE CTEHbI U
IIPOMCXOIUT BBIBAJI JIepeBbeB. TakKnM 00pa3oM, TeIl-
JIOBOE M yIapHOE BO3[eCTBHUE IIPU ITUX O IOABEPra-
10T 3HAYUTEJIbHOM OIAaCHOCTU MPUMEPHO OAUHAKO-
BbI€ TUIOLLIAIN.

IIpu yMeHblIEHUM AUAMETPOB acTepouaa HUXKe
100 M 3P PEeKTUBHOCTH TEINIOBOTO BO3ACCTBUS T1a-
JIaeT, B OTJIMYME OT yIapHOTO BO3NEUCTBUSI, KOTOPOE
ycunuaetcs. st kocblx ynapoB o0 = 15° HauBbIC-
masi 3HEKTUBHOCTb TETJIOBOIO BO3AEUCTBUS J0-
cruraetcs npu D ~ 100 M, B To BpeMs1 KaK 3(pheKTUB-
HOCTh YJApHOIO BO3JAEUCTBUSI HauboJiee BbICOKas
npu D = 300—500 m.

IMAAEHUE OCKOJIKOB ACTEPOMUIA

Ecnu actepous paspyliieH Heganeko oT 3eMJu (OT
2500 kM (Hupp u ap., 2015) no ~0.01 a. e. (Kaplinger
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u ap., 2012; Syal u ap., 2013)), To bparMeHTHI MOT'YT
pa3oMTHUCh Ha pasaudyHble paccTosiHUsI. OHU MOTYT
BOMTHU B aTMOC(epy KaK ONUH OOBEKT, COCTOSIIIHIA 13
OCKOJIKOB, JIETSIIMX Ha HEOOJBIIOM paCcCTOSHUU
npyr ot apyra. I1pu 6osbIilieM uHTepBajie BpeMEHU OT
pa3pyiieHus 10 yaapa ¢pparMeHTBI MOTYT BOMTH B aT-
Moc(epy HE3aBUCAMO APYT OT IpyTa, HO IIOI OOHUM
yIJIoM. A TIpu elie O0oJbIlIeM BpeMeHU (pparMeHThI
MOTYT OBITh PACCESTHbBI IO OOJIBIION TUIOIIAIN U BXO-
IUTHh B aTMoc(depy B pa3HBIX MeCTax IIOI pa3HBIMU
yrjlaMHu.

PaccMoTpuM ciydait, Korma OCKOJKU BXOOST IO,
onHuM yrioMm. CymmapHasi 00JIacTh TOpakeHUsI BCe-
MU parMeHTaMU COCTaBJISIET

S; = ans,. = Zn:(a,.p,.)2 = SZ”: (e:D/e, DY, (1)
i=0 i=0 i=0

I1e CyMMHMpOBaHUE BeAeTCsl MO BceM (pparMeHTaM,
S; — nIo1aab MopaxeHus i-M parMeHToM, €; — 3(h-
(EeKTUBHOCTD yIapHOTO BO3AEUCTBUS U D; — nuameTp
i-ro parmeHTa, €, — 3DDOEKTUBHOCTD U .S — TIOIIAAb
TOpaXXeHUsI TIpM ymape Iejoro acrepomma. IlycTsb
¢dparMeHTbl MMEIOT ONMHAKOBBIN pasmep D; U uX
uucso pasHo n. Torna S; = nS; = n(g;D;)?. TIOCKONbKY
D; = D/n'3?, tne D — nmamerp acrepouna, To S; =
= (e/e)*Sn'".

HormyctyMm, 9t0 acteponn nuaMeTpoM 500 M, BXO-
IS o yrtoM o = 45° (g, = 1150, §'= 330 x 10° km?
npu AP > 5 xIla), pa3pymexn Ha 1000 ogmHaKOBBIX
(parmenToB pasmMepoM 50 M (g;,= 1400, 5;=4.9 X 10’ km?).
Torma ipm ynape dparMeHTOB cyMMapHasl TTIOIIAIb
MOpaXXeHUsI YBEJIUYUTCS B 15 pa3 Mo CpaBHEHUIO C
yAApOM LIEJIOTO acTepouaa U cocTaBuT 5 X 100 k2.
Ob6nacTp 607€ee cuiibHOTO MopaxkeHust ¢ AP > 20 klla
yBenmuutcsa B 11 pa3. AHaJOTMYHO W TIPU BEPTHU-
KaJIbLHOM BXOJ¢ Ton yrioM o. = 90° obyactu nopa-
KeHUs yaapHOU BojHOI yBenuuarcd B 19 u 21 pas
mig AP > 5 xIla u AP > 20 kIla cOOTBETCTBEHHO.
YBenuueHue 30HbI TOPaKeHUs 3a CYET OTHOCUTENb-
HO HeOOIbILIUX (PPAarMEHTOB CTOJIb 3HAYUTEIBHO, UTO
€CJIY ISITUACCITUMETPOBBIX (hparmeHToB He 1000, a
50—100 (u onu coctaBnsior 5—10% ot Macchl acTe-
powuja), To BCe paBHO ITPOU30IIET HEKOTOPOE YBEH-
YeHUe TUIOIIAaN TopaxkeHus. DTO KacaeTcs U CIIy-
yagl, Korja Iocie paspyiieHus 90—95% maccrel acre-
pouza YXOOWUT CO CTOJKHOBUTEJIbHBIX OpPOUT C
3emuteit, HO ocraBmmecss 5—10% coctosT U3 dpar-
MEHTOB ¢ pazMepamu 50 M wiu OoJbllle, — IIPU yaa-
pax Mo cylle cyMMapHasi IUIOIIaab MOPaXXeHUST He
YMEHBIITUTCS.

I1pu ynape acrepouna nuametrpoMm D = 50 M 1on
OCTPBbIM YIJIOM O, = 15° u30biTOUHOE HaBjieHue AP He
nmocturaeT BeamurHbl 20 kI1a. DddeKTMBHOCTh MO-
paxeHusl ¢ U30OBITOYHBIM naBieHuemM AP > 5 klla
TakXe 3HAaYMTeJIbHO MeHbllle, yeM Ipu D = 500 M, HO
CcyMMapHas IUIolIaAb MOpaXeHus (parMeHTaMu

ACTPOHOMMWYECKHWM BECTHUK
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pasmepom 50 M B 3.5 paza Oosbiie, 4eM IIpHu yaape Te-
Ja 500 M 3a cueT 60bIIOro Ynciia GparMeHTOB.

Ecim acreponn nmamerpom 300 M paspyineH Ha
OCKOJIKM pa3zMepoM 50 M YMCIeHHOCThIO 216, TO Tak-
Ke IIPOUCXOINT YBeJIMYeHMe TUIOIIAIN ITOPaXXeHUS B
5.5—7 pazipu o = 45°,89.5—10 paz npu oo = 90° u B
1.7 pazanipu a0 = 15°u AP > 5 xIla. YBennueHue 1jio-
many mopaxeHus B 1.5—2 pasza IIpOUCXOOUT U IPU
JIPOOJICHUH CTOMETPOBOTO acTeponaa Ha parMeHTHI
¢ pasmepamu 50 M. YMeHbIIICHUS MJIOIIAAM MTOpaXxe-
HUSI TIpu AOpoOJIECHUM acTepouaa Ha OOUHAKOBEIC
¢dparMeHTBl MOXXHO ITOOUTHCS B OOJBIIMHCTBE CIIy-
yaeB, €c/iM pa3Mmepbl (parMeHTOB OYAyT MEHbIIe
30 M. Ho B oTmenbHBIX cilydasix U IIpy ApOOJIEHUM Ha
OCKOJIKH ¢ pazMepaMu 20 M TpOMCXOTUT YBEJIMUCHIE
TJIOLIAAN, €CJAW B3SITh TIpelnejibHOe 3HaueHue AP
MeHbIle Wi paBHbIM 5 Klla. Tak mipu gpoOieHUn
BEPTUKAJIbHO Majalollero acTepoujaa ¢ AUaMeTpoOM
300 M Ha ~3000 ockosnkoB ¢ pazMepamu 20 M 1mJjo-
LIaIb TTOPAKEHMSI ¢ U30BITOYHBIM AaBieHrueM AP > 5 kI 1a
yBeJIMUMBaeTCs B 5 pas.

Ecmu acrepoun paznpo6ieH Ha (hparMeHThI pas-
HOTO pa3Mepa, 4To 0oJiee BEpOSITHO, UeM JIPOOIeHNE
Ha OIMHAKOBbBIE OCKOJIKU, TO JJISI YMEHBILIEHUS CYM-
MapHOTO YIapHOTO BO3IECTBUSI MacCoBast TOJIST OT-
HOCHUTEJIbHO 0e30ITacHBIX OCKOJKOB C pa3MepaMu
menbire 20—30 M moJoKHa ObITh OobIIoii. [1pemo-
JIOXXUM, YTO pacmnpeaesieHre OCKOIKOB 10 pa3MepaM
TMOJTYMHSIETCSI CTEIIEHHOMY 3aKOHY, M 3aIluIleM Ky-
MYJISITUBHBIN 3aKOH pacIpeaesieHus B Buae (Sanchez
u ap., 2008)

N (>m) = (M M) =(dpar/d)”
b=1/(1+f), )
f= Mg/ M = (dpa /D),

rae m,,, — Macca caMmoro OoJbllioro dparmeHra,
d, .« — €ro nuamertp, f — parMeHTallMOHHOE OTHO-
meHue, a M — macca actepouaa. Yuciao ¢pparMeHTOB
B UHTEpBaJie AUaMETPOB OT d| 10 d, paBHO

N (dl < d < d2) =(dmax/d1)3b - (dmax/dZ)sb . (3)

Ha puc. 3 nmoka3aHbl ynciia pparMeHTOB B BbIAe-
JICHHBIX MHTEpBajax IIpXA paspylIeHUM acTepouaa
muameTpoM 500 M 1mpu pa3auvHbIX f. 3Hasa 3ddek-
TUBHOCTb YIApHOTO BO3IEHCTBUSI B WHTEpBaJiax,
MOXHO IPUOJIMKEHHO BBIYMCIIMTD CYMMAapPHYIO TIIO-
1aap Bozneicteus Sy st odnactu AP > 20 xIla oHa
OKa3bIBaeTcs B 4 pa3a OoJIbIIE MJIOIIAIN TTOPAKECHUS
uesnoro actepouna S npu f= 0.5 u B 1.1 pa3a 6obliie
npu f=0.03. Jlumb npu f= 0.02 S; cTaHOBUTCSI MEHb-
e S. I[1pu paspymenun acteponnaa ¢ nmamerpom 300 m
00J1aCTh MOPaXXEHUSI CTAHOBUTCS MEHbIIIE S IIpU f =
= (.06. Takue ke KpUTHUYECKUE 3HAUEHU [ TIOTy4da-
1oT1ca U 11t odsiactu AP > 5 xITa. i Toro, 4ToObl
JIMIIIb HEHAMHOIO CHU3UTH IJIOILIAAb IOpaxkeHMUs,
HY>XXHO pa3apoOuTh aCTEPOU 40 COCTOSIHUSI, KOTIa
pasMep MakcuMajibHoro ¢parmenra oymer 0.3—0.4
Ne 3
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Puc. 3. Pacnipenenenue ¢hparMeHTOB 10 pa3MepaM IIpu ApooeHnr acTepourna ¢ auaMmeTpoM 500 M ITo CTelIeHHOMY 3aKOHY IJIsT
HECKOJIbKMX 3HaUeHUi pparmeHTaiimoHHoro otHoueHus f 0.5, 0.25, 0.1 u 0.03. [To BepTUKaIbHON OCH OTJIOXEHBI KOJIYe-
cTBa (hparMeHTOB B OTMEUYEHHBIX Ha TOPU3OHTAILHOM OCU MHTEpBajIaxX AMaMeTpOB (DparMeHTOB MePEMEHHOM IIUPUHBI.

OT pa3Mepa acTepoua, IMPU 3TOM Macca Bcex dpar-
MEHTOB ¢ tMaMeTpamMu MeHee 40 M cocTaBisieT 00JTb-
me 90% ot Maccel actepoupa. TakuM obpazoM, U
TIpY pa3pylIeHUU aCTePOUIA C pacIipeaeeHUEM pa3-
MepoB (parMeHTOB IO CTEMEHHOMY 3aKOHY ISt
YMEHBIIIEHUS OMACHOCTH HYKHO Pa3IpOoOUTh €ro Ha
OYEeHBb MEJIKME IO CPaBHEHUIO C pa3MepOM acTepouia
OCKOJIKH.

DPPEKTUBHOCTE CEMCMHUYECKOTO BO3ICHCTBUS
CYLIIECTBEHHA TIpU JMaMEeTpax acTepOUIOB OOJbIIe
100 m. ITosTOoMy 006J1aCTh MOpPaXEHUSI MOXHO CHU-
3UTh NpU IPOOJEeHUM Ha 0ojiee KPYITHbIE OCKOJKM,
YyeM HEOOXOIUMO IJisi YMEHBIICHUS pa3pylueHUui
ynapHoii BoiaHo#. Ho muiomans paspylueHuid ynap-
HO BOJIHOI OOJBIIIe TIIOIIAAN COITOCTAaBMMBIX pa3-
PYLLIEHUNA CEMCMUYECKOW BOJIHOM, U TO3TOMY MPU
OIIEHKE OMACHOCTU B MEPBYIO OUYEPENb CIEAYET pac-
CMaTpuBaTh BO3[IEMCTBUE YOIAPHOI BOJIHBI, 4 HE CEli-
cMuyeckuit 3(deKT. AHAJIOTUYHBIA BBIBOI MOXHO
cleylaTh W TI0 TIOBOMY TIOPaXXeHWSI BBIOpOCAMU W3
Kparepa.

Db hEKTUBHOCTD TETIJIOBOTO BO3ASMCTBUS TIPU He
OYEeHb OCTPHIX yIVIaX BXOJa MaaaeT IMpYU YMeHbIIEHUN
nmnametpa teaa 1o 100 m 1 mensme. [Tostomy mio-
1Iaab MopaxeHusl Mo CpaBHEHUIO C YAapOM lIeJIOTO
acTepoua CTAaHOBUTCS MeHbIIle TIpu 6onbinx f. Tak
st oo = 45° ato mpoucxoaut nipu f < 0.15 a1st 30HbI
BOCIJIaMeHeHUs cyxuX JuctbeB u f < 0.18 — cyxoii
npeBecuHbl, ecii D = 500 m. Eciu D = 300 M, TO co-
otBeTcTBYIoNIee yeioBue f < 0.2. Ho Tak Kak rpu ta-
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KUX f30Ha MopaxkeHus yIapHoii BOJTHOI BeJIMKa, TO C
1IEJIbI0 YMEHBIIIEHUs Yrpo3bl HYKHO OPUEHTUPO-
BaTbCSl Ha OMACHOCTb MEXaHUUYECKOTO BO3ICUCTBUSI.
K Tomy e BocIUlaMeHEeHUWE 3aBUCUT OT OOJIbIIEro
yucia (pakTopoB, TAKMX KaK KJIMMAT, IToTroAa, BiaaxkK-
HOCTb.

Eciu ockollku actepouma He yCIEBalOT pa3oii-
TUCh Ha TaKoe PAaCCTOSIHUE, YTO UX ydapbl MOXHO
CUMTATh HE3aBUCUMBIMU JPYT OT JIpyra, TO HEOOXO-
MO pacCMOTpEeTh najieHue post pparMeHTOB. B He-
KOTOPOM TIpUOJIMKEHUH MOXKHO OIPEIENINTh I10-
CJIe[ICTBUSI TIAJICHUS TeJla, PaBHOTO acTepoOuAy IO
Macce, HO TIOHVKEHHOM INIOTHOCTH. TeJa ¢ IIoTHO-
¢TI0 p = 500 Kr/M3, Macchl KOTOPBIX paBHBI MaccaM
acrepouios ¢ p = 3000 kr/m?>, umetoT pasmepsl B 6!/
pas 6ombiie D. O6beM MyCcTOT cocTaBisieT 5/6 (83%)
ob6beMa posi. Kak rmokaspIBaloT BHIYMCICHUS TIOIIA-
el mopaXkeHWsI, OCHOBaHHBIE Ha OHJIAH-KaJIbKy-
JIITOpe, MOHMXEHWE IUIOTHOCTU acTepoupa Mpu
(bUKCUpOBaHHON Macce MPUBOIUT K YBEJIWYCHUIO
5} PeKTUBHOCTY yIapHOTO BO3IeiCTBUSI acTepounaa
B 1.4—1.5 paza, ectu D = 500 1 300 M, u B 1.1—1.3 paza,
ecimu D = 100 m. To ectb poii ¢pparMeHTOB IIPOU3BO-
JINT, BEPOSITHO, OoJiee CUIIbHOE BO3IECTBIE.

Ecnu ¢pparMeHThl pacxoasiTcs Ha CTOJIb OOJIbIIIOE
paccTosiHUe, YTO BXOAST B aTMocdepy Toj pa3biMu
yIJlaMH, TO U B 3TOM cCjydae HEOOXOAUMO, UTOOBI
acTepoun ObUT pa3apo0diieH Ha Melikue ockosku. Ho
HaJ0 yYUTBIBATh, UTO B 3TOM cCllyyae 4yacTb pparMmeH-
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TOB MOXKET YITACTh B HEHACEJIEHHYIO MECTHOCTb WU
OKeaH, YTO CHU3UT yLIepO.

Eciu u3BecTHO, 4TO acrepoun OydeT IagaTh B
OKe€aH, TO C TOYKU 3PEHUSI YMEHBIIECHMS OIIACHOCTU
IyHAMHM 1IeJeCO00pa3HO pa3apoOuTh €ro Ha (gpar-
MEHThI ¢ pa3mepamu MeHee 100 M, KoTopble OymyT
TOPMO3UThCI B aTtmocdepe. OHM MOTYT CO3daTh
OMNACHOCTb IIYHAMH JUISI IIPUOPEXKHBIX PaiilOHOB TOJIb-
KO B cjIy4dae IajeHusl BOJu3u Oepera, HO B 9TOM CJTy-
yae 0oJjiee cepbe3Hasi OIIACHOCTh UCXOIUT HE OT IIy-
HaMM, a OT Bo3oylnHOM BOJHBI (Berger, Goodman,
2018). CuuTaercsi, YTO U yaaphbl aCTEPOUIOB C pa3Me-
pamu MeHee 250 M BIajau OoT moOepexXbs HE CO30al0T
Yrpo3bl I Joaeil 1 nHdpacTpykTypsl (Morrison,
Venkatapathy, 2017). Actepounsl ¢ pasmepamu 300—
500 M Ipu IMageHUU B ThICSTYE KMJIOMETPOB OT Oepera,
KOIZa BO3AYIIIHAS yIapHasl BOJIHA U TEIUIOBOE M3JIy-
YeHHe He OIacHBI IS 0ObeKTOB Ha cyllle, MOTYT Te-
HEepUPOBAaTh BOJIHY IlyHAMU, IIPEACTABJISIONIYIO OIIac-
HocTb i TTobepexbst (Chesley, Ward, 2006), Ho nipu
5TOM TIpEAYIPEXICHUE U dBaKyalsl MOTYT ObITb Me-
Hee 3aTpaTHBIMU, YeM KOCMMYECKAasi MUCCHSL JIJIsI OT-
KJIOHEHUS Wir paspylueHus acrepourna (Gisler u ap.,
2011).

MonenupoBaHue 0O6pa3oBaHUsI U pacrpocTpaHe-
HUS IIyHAaMJ METOIaMU TUAPOANHAMUKYI ITOKa3bIBa-
€T, YTO TOJIBKO OKOJIO 1% sHeprum acrepona mnepe-
XOIUT B BosiHY LyHamu (Robertson, Gisler, 2019).
B aT0i1 paboTe yTBepKIaeTcsi, 4To IIPHU yaape acTepo-
naoB ¢ nuamerpamu 100—500 M B m1yOOKOBOIHYIO
yacTh OKeaHa BIaJIv OT Illejibgha BOJTHA CYLIECTBEHHO
3aTyXaeT 1 He MPEeACTaB/IsIeT 3HAYUTEIbHOM OITacHO-
CTHU IS Bcero nooepexnbsa. Ho BcieacTBue cioxKHO-
cTeil MOACIMPOBAHUS MHOTOE OCTAETCS HESCHBIM,
HampuMep, HACKOJILKO BeJIMKa OMNAaCHOCTb, KOLJa
IIyOMHA KpaTepa B BOJAE COCTABISIET 3HAUUTEIbHYIO
JIOJIIO OT MIYOMHBI OKeaHa, UTO BaxKHO TPH yaape Te
¢ pasmepamu ~500 m. IToaTOoMy BOIIpOoC O TOM, Ha-
CKOJIBKO OOJIBIINM JOJIKEH OBITh aCTepOMI, YTOOBI
MPOM3BECTU ONACHOE I[yHaMH, MOKa OCTaeTcsl OT-
KpeIThIM. [1o-Bumumomy, apodienue 500-MeTpoBO-
ro acrepousia Ha (pparMeHTHl ¢ pa3MepaMu MeHee
~250 M cylIecTBEHHO CHU3UT OIMACHOCTb, €CIU 3TU
¢parMeHTHI yHanyT BoajeKe OT mieabda.

OBCYXIEHWE PE3VIIbTATOB 1 BbIBOJbI

MbI OLIeHUIIN BO3ACUCTBUE HECKOTBLKHMX OITACHBIX
¢dakTOpoB IIpM MaJeHUM Ha CYIIy acTepOUIOB C
moTHocThIo 3000 Kr/M3 1 co ckopocthio 20 km/c. Ha
pPacCTOSIHUSIX B IECITKU U COTHU KMJIOMETPOB OT M€-
cTa nmageHus Tei ¢ nuamerpamu 150—500 M geiicTBue
yIapHOI BOJIHBI, TEIJIOBOTO U3JIYyUEHUS U CeiicMuue-
CKMX BOJIH IIPUBOJIUT K KOJOCCAJIbHBIM pa3pylIeHM-
SIM, 4TO JIeJIaeT HEOOXOAWMBIM pa3BUTHE CPEACTB
YMEHBIIIEHUs yrpo3bl. Hanbonpnryio miomans pas-
PYLLIEHUI co3maeT BO3AylIHAs yaapHas BoiaHa. JIpoo6-
JIEHUE OTTACHOTO acTepoua OUeHb OJIM3KO OT 3eMIIH,
KOTJa acTepou BXOAUT B aTMOcdepy KaK KOMITaKT-

ACTPOHOMMWYECKHWM BECTHUK

CBETLIOB

HBIIT poii (pparMeHTOB, He CHIKaeT yiiepoa. Eciom
rocJie ApoOJIeHMs Ha OoJiee yIaJIeHHOM pacCTOSSHUU
¢dparMeHTHI BXOAST B aTMOCcdepy U BO3IEiICTBYIOT Ha
00BEKTHl 3eMJIM HE3aBUCHMO APYr OT Apyra, TO
YMEHBIIIEHUS yIiepOa B OOIIeM ciiydyae MOXHO HO-
OUTHCS, €CJIM OCHOBHYIO Maccy ()parMeHTOB COCTaB-
JISIOT Tesa ¢ pa3MepaMu MeHee ~30 M, KOTOpble He
MPENCTABISIIOT  KaTacTpOo(pUUEeCKoil  OMacHOCTH.
B npotuBHOM ci1ydae cyMMapHasi IJI0IIaab ITopaske-
HUS JIMIIb YBEIMYUBAETCS. DTO XKe KacaeTcst U Apo0-
JICHUsI acTepouia Ha elle 6ojiee yIaJleHHOM paccTo-
SIHUU OT 3eMJIM, KOT[a 4acTh (pparMeHTOB BCe-TaKU
HE CXOIWUT CO CTOJIKHOBUTENIBHBIX opout. Eciu atu
dparMeHTHI KpyrmHee ~30 M 1 Macca 3TuxX parMeHTOB
HE OYeHb MaJjla, TO 3TO HE YMEHbIIIAeT OITAaCHOCTH.

HMN3MeHeHne CKOpPOCTH acTepoMaa, €ro IUIOTHO-
CTH, TIOPUCTOCTU U CTPYKTYPHI KapAMHAJIbHO HE 3a-
TPOHET BHIBOAOB, HO MOTYT M3MEHUTHCS KPUTHUYEC-
CKUe 3HaUYeHMSsI pa3MepoB (parMeHTOB, MajgeHUE KO-
TOPBIX HE TIPEICTABIISIET CYIIECTBEHHOM OMAaCHOCTH.
PeanbHBIe cUTyalliy MOTYT OBITh JOBOJIBHO pa3HO-
00pa3HBl. ACTEpPOUI MOXKET YIACTh B HEHACEICHHO
MECTHOCTH WU, HA000POT, (pparMeHTHI acTepoua,
najgeHre KOTOPOIo IIPOrHO3MPOBAJIOCh B pailloHE C
BBICOKOI TIJIOTHOCTBIO HACEJIEHUSI, MOTYT YIACTh B HE-
obuTaeMble pallOHBI MJIU OKeaH. DBaKyalldsI MOXET
OBITh MEHEE 3aTPAaTHOM WJIU, HA0OOPOT, ITPaKTUUECKU
HeBo3MOHa. C TIOMONIBIO OHJIANH-KaIBKYJISTOPA
MOKHO JOCTaTOYHO OBICTPO OLIEHUBATh MOCJICACTBUS
MaJAcHUI pa3pylLIeHHBIX TeJ B KOHKPETHBIX CIIydasiX.

JaHHast paboTa BBIIIOJTHEHA B paMKaX TOCyIapCTBEH-
Horo 3aganust 1T PAH (per. Ne 122032900176-3).
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