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IIpennoxken MeTOJ OLIGHKM JIOKAIbHBIX BapualUil ceHCMMYECKOW MHTEHCHUBHOCTH IO pe3yJbTaTaM
MaKpOCEHCMHMUYECKUX MCCICAOBAHUU  B3pBIBHOTO Bo3AecicTBusa. IlpuBeneHa cxema CeHCMUYECKOrO
30HHPOBaHMS TeppuUTOpHH ropoga deomocum, UCIOIB30BaHHAS HpPH Pa3pabOTKe KapThl CEHCMUYECKOTO
MHKPOpPAHOHNPOBAHHSI.

Kniouesvie cnosa: maxpoceiicMHMKa, HM30CEHCTBI, CeHCMHYECKash HHTCHCHBHOCTB, IIpHpalleHHe Oaiia,
CEeNCMHMUYECKOe MUKPOPalOHUPOBAHUE.

BBEJEHUE

B ceiicmuueckom wmukpopaionupoBannd (CMP) BaHeilmee 3HaueHHE HMEIOT
MaKpOCEHCMHUUYECKUE UCCICAOBAHUS, pE3yJIbTaThl KOTOPBIX OMNPEACISAIOT 0a30BbIC
KpUTEPUH 30HUPOBAHUS U3y4YaeMON TEPPUTOPUHU HA YUACTKH C PA3THYHBIM IIPUPALICHUEM
CeCMUYECKOW MHTEHCUBHOCTH. B yCIOBHUSX OTCYTCTBHS CHJIBHBIX CEUCMHUYECKHUX
COOBITHII HCTOJNB30BAaHHE MAaKPOCEHCMHUKH clabblX ¥ YMEpPEHHBIX BO3JEHCTBUH
HECOMHEHHO TMOBBIIIaeT KadecTBo pador mo CMP. Jlns storo B mocnemaHee Bpems
CO37aHBl  HEKOTOpPBIE  TPEONMOCHUIKHA:  pa3paboTaH W YCIENHO  ampoOMpoOBaH
CTATUCTHUYECKUN METOJ OMPEICICHHMs] CEeHCMHUYECKON WHTEHCHBHOCTH Ha 0ase
MOJIEpHU3ZUPOBAHHOM ceiicmuueckoit mkansl Tuna MSK [1, 2, 3], moka3aHO COOTBETCTBUE
pacopelneieHuil  ceMCMMYECKOW MHTEHCHUBHOCTH TPU  CHJIBHBIX H  OLLyTHUMBIX
3emuteTpsiceHusx [7, 8]. ['maBHas 3amaga MaKpOCEHCMHYECKUX HCCICAOBAHUH IS Ielei
CMP coctouT B OIEHKE JIOKaJbHBIX Bapualuil CeUCMUYCCKOH WHTEHCUBHOCTH.
MakpoceiicMuKa B3pbIBHBIX BO3ACHCTBUI 17151 3TON LENH UCIIONb30BaHA BIEPBBIE.

PE3YJIbTATHI HABJIIOJEHUI

24 anpens 1979 r. B akBatopun deonocuiickoro 3anvpa YepHOTO MOPS IPOU3OIIIEI
MOUIHEHIINH caMONPOM3BOJIBHBIA B3pBIB Ooe3apsna BpeMeH Benmkoit OteuecTBeHHOH
BoiiHBEL. Ilo maHHBIM TexHHMYeckux ciayx0 YepHomopckoro @nora KOOPAMHATHI
B3pPBIBHOTO MCTOYHHMKA cocTaBuiu: @ = 45°01.7'; L = 35°24.5’. CotpsiceHus: OT B3pbIBa
OLIYIIAJHNCh MPAKTUYECKH BceMH XuTelnsiMu Peomocun. B oTaenpHBIX 31aHUAX BOIU3M
1opTa HaOMIONAINCH JIETKHE MOBPEKACHUS. MIHTEeHCHUBHOCTh TOJNYKOB OLIEHUBAIAch OT 3
10 5 6an106 IO CTaHAAPTHOM IIIKaJe.

B nmepBele amHM mocne coObITUS HaMH  OBUIO OPTaHM30BAaHO JACTAIBHOE
MakKpoceHcMHYecKoe OO0CIe0BaHUE MAaccoBOro xapakrepa. OOciiemoBaHHE HPOBEICHO
METOJIOM MpPSIMOTO OIpOca JKUTENEeH IO CIEeNHUaIbHO pa3pabdOTaHHBIM MapIIpyTaM,
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JIOCTaTOYHO  PAaBHOMEPHO  OXBAaThIBAIOIIMM  TeppUTOpuio Topoma. B cOope
MaKpOCEHCMHUYECKON WHGpOpMAIK aKTUBHOE YYacTHUE MPHHUMAIH aBTOPHI HACTOSIICH
crateu, JlutBuHoB O.B., [lextepe B.A., IlextepeBa E.I'. u ap.

OTcyTCTBHE JOCTATOYHOTO OIBITA MAaKPOCEHCMUYECKHX MCCIIEIOBAaHNI B COUETaHHU CO
cnaboif Meroandyeckor 0a30ii He TMO3BOJIMIM B TO BpeMs IMOJMYYHUTh Kakhe-THOO 3HaYMMBbIE
pe3yNbTaThl. BEIMOIHEHO JIMIIIL TOCTPOCHHUE CTATM3UPOBAHHOMN cXeMbl m3oceict (Puc. 1), Ha
OCHOBaHMM KOTOpOW ObITa ClefaHa TIIOTbITKA Ha KadeCTBEHHOM YpPOBHE COIOCTaBHUTH
XapakTepHbIe OCOOCHHOCTH MAaKpOCCHCMHYECKOTo MO (KOH(UIypaluio H30CEHCT, 30HBI
AHOMAJIBHOM MHTEHCUBHOCTH U TIP.) C TPYHTOBBIMH yCIOBUSMHU.

CtuMynioM K HOBOMY OOpalleHHI0 K MarepuaiaM o0cieloBaHHsS BO3JCHCTBUI OT
MOPCKOTO B3pBIBa MOCIYXXHJIO HAYaJI0 KOMITIEKCHBIX HCCIEIOBAHUNA 10 CO3JaHHIO
KaueCTBEHHO HOBOM JETaNbHON KapThl CEHCMHYECKOTO MHUKPOPaMOHUPOBAHUS TOpPOJa
®eonocuu. 3a Oonee 4YeM TPHUAUATHICTHWA IIEPHOJ BpPEMEHH Ha paccMaTpHBaeMOM
TEPPUTOPUHE HE TMPOW3OIUI0O HH OJHOTO OIIyTHMOTO 3eMIIeTpsiceHus. Mexay Tem
MHOTOJICTHHM OMBIT PaboOT MO CEeHCMUYECKOMY MHKPOPAHOHMPOBAHUIO IOKAa3al, 4YTO
HauboJiee JOCTOBEPHOE 30HUPOBAHUE TEPPUTOPHUU HA YYACTKU C Pa3HBIM IMpPHPAIICHUEM
celiCMMYeCKO WHTEHCHBHOCTH TIONy4YaeTcd NpPH  HCIONB30BAHUU  PE3yNbTAaTOB
MakpoceHCMHUUeCKUX uccienopanuid. K TomMy e psijg COOCTBEHHBIX METOIUUECKUX
pa3pabOTOK TMO3BOJISET BBHINOJIHHUTH MPOIEAYPY OIEHKH JIOKAIBHBIX BapHalui
celicMIUYeCKOi HHTEHCHBHOCTH IOCTATOYHO KOPPEKTHO.

B xauectBe 6a30BOro MakpoCEHCMHUIECKOTO 00BEKTa, HTPAIOIIETO POITb WHANKATOPA
CECMUYECKOT0 BO3JICUCTBUS, B3AT «YEIOBEK, HAXOIALIMNACA Ha TIEPBOM 3Ta)ke 3JaHUS B
CIIOKOWHOM cocTostHUM». CTeneHb peakiuu o0BheKTa Ha CEWCMUYEeCKOe BO3JICHCTBHE
OIICHMBAIACh B COOTBETCTBUH C TpaganusamMu mkainsl MMSK-84 [1].

U3 obmiero MaccuBa JaHHBIX OTOOpaHO 626 OMPOCOB M0 PEAKIMH JIFOACH, HAXOIUBIIMXCS
BO BpEeMsl B3pbiBAa MPEUMYILNCCTBEHHO B OHOATAXKHBIX 3aHHUSAX WIM HA TEPBBIX ATaXax
MHOTO3TaKHBIX 3/MaHui. [loCKONBKY 4YenoBeK B JaHHOM CIydae pearnpyeT Ha KoleOaHwe
3Manus, TO (U3MYECKMM OOBEKTOM siBisercs 3aaHue. OOlee KOIMYEeCTBO OOCIIESIOBAHHBIX
3nanuii — 530. Takum 00pa3oM, OBUIO MOTYYSHO JOCTATOYHO MPEICTABUTEIFHOE MHOXKECTBO
OJTHOPOJIHBIX JaHHBIX B BUJIE CTETIEHEeW peaKIliy, HAHECEHHBIX Ha KapTy O0OCIIEIOBAaHHOHN YacTh
ropoja, T. €. HEKOTOPOE MaKpOCEHCMHUYIECKOE TTOJIE.

AHanmu3 TakuxX MOJEH TPaAWIIMOHHBIMHU JUJII HaC METOJaMH TpeHI-aHamm3a [2, 3]
(ckomb3sliee  OCPEAHECHUE, PA3HOCTHBIC OIECHKH  OCPEAHCHHBIX  3HAYCHUH B
(UKCUPOBAaHHBIX SYEWKax) B JAaHHOM CIydae HENpUEeMIIEM H3-32 HECOM3MEPHMBIX
SMUIEHTPATBHBIX PACCTOSHUN M JTMHEHHBIX pa3MepoB M3ydaeMoro ydacTtka ropoja (15%
kputepuif). K Tomy ke MmakpocelicMUUecKoe TMOJiE€ MOBEPXHOCTHBIX B3PHIBOB CHIIBHO
WUCKaXXCHO BCIEJACTBHE aHU3OTPONHMH CpeAbl W W3-32 MECTPOTHl WH)KEHEPHO-
TEOJIOTHYECKOTO CTPOEHHSI TePPUTOPHU. BBIXOA W3 3TOTO TMOJOKEHHUS COCTOHT, II0
HAllleMy MHEHUIO, B HCIIOJL30BAaHUM paHee anpoOMPOBAHHOTO HAMU IOAXO]A,
OCHOBaHHOT'O Ha OIEHKE MpUpaIleHus Oallla OTHOCHTEIHHO TakK Ha3blBaeMou (HOHOBOI
WHTEHCHBHOCTH, OIIEHEHHOW B TIpefieslaX OJWHAKOBBIX sU€eK, Ha KOTOpbIe pa3OMBaeTCs
m3yuaemasi teppuropus [4]. Ilpu anHanmmse makpocedicMudeckux Tonel BpaHuckmx
3eMJICTPSCEHUH ATOT MPUEM OKa3aJICs JOCTaTO4HO 3P PeKTHBHEBIM [5].
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YcnoBHble 0603HaYeHUA

-, HEeCrNaXeHHbIe
5| wsoceicrs

CrnaxeHHbe
\ 5| wsoceiicTol

* INWUEHTP B3pbiBa

Puc. 1. Cxema pacnpenenenusi HHTEHCUBHOCTH COTPSICEHUI IpH B3phIBE 24 ampens

1979 r. Ha Tepputopuu 1. Peogocumu.

Pasmep sueiiku B ¢opme KBagparta ObLT BBIOpaH, BO-IIEPBBIX, HCXOIS U3
CTaTUCTUYECKH TOCTATOYHOI'O KOJMUYECTBA MAKPOCCHCMUYECKUX OOBEKTOB, MOMANArONINX
B ee mpezaensl (He MeHee 5) M, BO-BTOPHIX, BO M30eXaHHE MPOIMycKa LEIH, UCXOAS U3
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MHUHUMAJIbHBIX pasMepoB BBIJICJICHHBIX Y4aCTKOB C TUITUMYHBIMHA HUHXXCHCPHO-
TEOJIOTHYECKUMH yCIOBUAMHA. ONTUMAIBHBIN pasMep sSUeHKu B miaHe coctaBuia S00x500
m. DoHOBasT MHTEHCUBHOCTH () paccuuThIBajach JUIA IEHTpa SYEHKH 10 YpPaBHEHHIO
Makpocericmuueckoro moyst H.B. [lle6anuna [6] o dhopmyie:

I=15M—-vlgr+3,

rne M — wmarHuTyzna B3pbiBa, V — 3(GQEKTHBHOE 3aTyXaHHE HWHTEHCHBHOCTH, F —
paccTosiHUe OT SIUIICHTPA B3PHIBA JI0 IIEHTPA TYCHKH.

OmnpeneneHne MarHUTYAbl B3pbIBa IPEICTABILLIO OTMENBbHYIO 3amady. B apxuBe
OBUIM HaWACHBI U MPOAHAIM3UPOBAHBI 3alUCH B3pBIBA, MOJTYYEHHbIE Ha CEHCMOCTaHLINAX
«Deonocust», «Anymray, «dntay u «Cumpeponons». OnpeaeneHue MarHUTyAbl OBLIO
BeImosHeHO CBumIoBoil B.A. pasnumuHbIME crocoOaMu. YCpeoHEHHOE 3HauCHHUE
cocraBuio M =2.8.

D¢ exTrBHOE 3aTyXaHHE OLIEHUBAIOCH B Pa3UUHBIX HAMPABICHUSIX OT SIHLEHTpa K
KKIOMY W3 IIEHTPOB ILIOMAA0K 1o opmyite bieiika [6]:

L—1L=v1g(r/r),

TJ€ F; ¥ Iy — DTIAIEHTPANBHBIE PACCTOSHUS IO U30CEHCT C COOTBETCTBYIOMMM baniom I n
I; B TaHHOM HampaBJIeHUHU.

JleTanu3upoBaHHBIC N30CEHCTHI TEHEPATU30BAHEI U TIPEJICTABICHBI B BUC BBITYKIIBIX
KPUBBIX C MaKCUMaJbHO BO3MOXXHBIM NPUOJIMKCHHEM K TpaBuiabHOU (opme (Puc. 1).
3aTyxaHusi PacCCUUTHIBAJIUCh KaK CpEeOHUE 3HAUYCHMH 3aTyXaHUW [ Kaxaod map
usoceiict 5—4, 4-3, 3-5 6annos. [lonydeHHbIC 3HAYCHUSI ¥ U3MEHSUTUACH OT 3.5 110 5.5

@dakTryecKkas HHTCHCUBHOCTh B S[UEHKE ONpEAessuiach IO CPEeIHEMY 3HAYCHUIO
CTENEHN peakUUUd OOBEKTOB, PACIONIOKCHHBIX B €€ Tpeenax, UCIONb3ys MepPeXOaHbIe
cooTHouleHus mkaiasl MMSK-84 [1]. Bapuauuu paccunThIBaIuCh Kak pa3HOCTH MEXIY
(hOoHOBOI 1 (haKTUIECKOH HHTEHCUBHOCTSAMHU, a 3aT€M OKPYTIIUIUCH JI0 IEJIOTOo Oauid.

JlokanpHBIE BapUalMd CEHCMHYECKOW WHTCHCHBHOCTH, BBIPDAKCHHBIE B OALIAX
KCIIOJIb3yEeMOH IIKaJIbl, IPEICTABICHBI Ha pUCYyHKE 2. bomblas 4acTb TEpPUTOPUH TOpoaa
OTHECEHA K 30HE C HYJICBBIM pupaiieHueM o6awia (fy). 30HbI OBBIICHUS MHTEHCUBHOCTHU
HA OJIWUH 6Oa@ni TATOTCIOT K YyYacTKaM paclpoCTpPaHEHUs OOBOJHEHHBIX IECYAHO-
TIIMHUCTBIX OTJIOXKEHUM.

Heobxogmmo OoTMETHTBH, HYTO B MAaKpOCEHCMHUKE COOIIOJACTCS  MPUHIIUIL
aBTOMOJENTBHOCTH [7, 8], YTO MO3BOJSIET YBEPEHHO SKCTPAIMOIUPOBATH MOIYUCHHBIC
pe3yNbTaThl B 00JIACTh CHIIBHBIX JIBUKCHH.

Taxum 00pa3oM, BBHITIOTHEHHBIE UCCIIEAOBAaHMS TO3BOJIMIN OOOCHOBAaHHO ONPEICITUTh
CXeMy celicMUYecKoro 30HupoBaHus Tepputopuu Oeonocun: b + 1 6ain. DTOT pe3ynbraT
WCIIOJIB30BAJICS Kak ©0a30BBI mpu  pa3paboTKe HOBOM KapThl CEHCMUYECKOTO
MHUKpPOpaoOHUpOBaHus I. DeoJ0CHH.
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OLIEHKA JIOKAJIbHBIX BAPHALVII CENCMUYECKOI VUHTEHCHBHOCTH 1O
MAKPOCEMCMUYECKUM JTAHHBIM B3PbIBHBIX BO3JIEVICTBUIA...

INokanbHbIe BapMaumMm MHTEHCUBHOCTHU
coTpsiceHui Ha TeppuTtopun r. ®eogocuu

YCNOBHBIE OBO3HAYEHUA

AMENAKN C NPUPALLEHNEM
- MHTEHCHBHOCTH + 1 Bann

A4EAKN € HOHOBBIM
! 3HAYEHMEM MHTEHCHBHOCTH
0

Gannos

Puc. 2. Kapra-cxema pacnpeneneHusl JIOKaJbHBIX BapUaIllii HWHTEHCHBHOCTH
COTpsiCeHM Ha TeppuTopuu r. deo1ocHu.

BbIBO/IbI

1. BrnepBele MNpeUioKeH METOJA OLEHKHM JIOKAJIbHBIX Bapualuil celcMuuecKon
MHTEHCUBHOCTH TI0 pe3yJbTaTaM aHajh3a MaKpOCEHMCMHUYECKHX MJAaHHBIX B3PBIBHOTO
BO3IEHCTBHA.

2. OnpeneneHa cxema 30HUPOBaHMS Teppuropuu Peonocuu, Kak ABYX3BEHHas, ¢
npeobIaaolMMU  Y9acTKaMH HYJIEBOTO IpUpAIleHus Oajna ¥ HEMHOTOYHCICHHBIMU
y4acTKaMy IPUPAILEHHs CEHCMUYECKOH MHTEHCUBHOCTU B OAUH OA/L.

3. CxeMa 30HMPOBAHUS 3aJ0XKHJIA OCHOBY CEHCMHUYECKOIO MHUKPOPaHOHUPOBAHUS
ropoza.
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ESTIMATION OF LOCAL VARIATIONS OF SEISMIC INTENSITY BY
MACROSEISMIC DATA OF EXPLOSIVE IMPACTS ON THE EXAMPLE OF
THE TOWN OF FEODOSIYA

Korolyov V. A, Sklyar A.M.

Seismology Department of S.1. Subbotin Geophysics Institute UNAS, Simferopol, Republic of Crimea,
Russia
E-mail: seismosilver@mail.ru

The work is devoted to the final stage of determining seismic hazard: seismic micro
zoning. The most important aspect of this problem, consisting in the evaluation of local
variations of seismic intensity in the study area and in determining the zoning scheme has
been considered. For these purposes macro seismic explosive effect was used for the first
time.

A spontaneous explosion of the warhead of the great Patriotic war (magnitude 2.8)
occurred on 24 April 1979 in the area of Feodosia Bay of the Black sea. The shocks from
the explosion were felt by almost all inhabitants of Feodosiya. Minor damage to buildings
was observed in separate buildings near the port.
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OLIEHKA JIOKAJIBHBIX BAPMALIMI CEMCMUYECKOM MTHTEHCUBHOCTH 10
MAKPOCEMCMUYECKUM JJAHHBIM B3PbIBHBIX BO3JIEVICTBUIA. ..

A preliminary assessment of the intensity of the shocks was 3 to 5 points by the standard
scale. As a result of mass survey of the effects of the explosive impact on the territory of
the city the response of 626 similar objects-indicators was received. The analysis of macro
seismic data allowed us to estimate local variations of area on the territory of the city as an
increment of the actual intensity of the shocks as compared to its so-called background
value rounded to the nearest whole point. (The City map of concussions to its so-called
background value is presented in the form of a raster with equal cells of the square
form. The background intensity was calculated for the center cell by using the well-known
equation of the macro seismic field by N.V. Shabalin with a variable coefficient of
effective attenuation dependent on the azimuth directions from the epicenter of the
explosion to the center of the cell.

The actual intensity in the cell was determined by the average degree of the macro seismic
response of the objects located within it, using the transitional ratio of the used
scale. Thus, the prevailing part of the territory of the city belongs to the area with zero
increment points (I0). Few cells with increase in the intensity by one point are
concentrated in the areas of distribution of sandy-clay deposits. The performed studies
allowed to determine the reasonable scheme of seismic zoning of the territory of Feodosia
as two-unit one: 10 + 1 point.

The model provided a reliable basis for the seismic micro zoning of Feodosiya and can be
used for other areas of the South-Eastern coast of Crimea in similar soil conditions.
Keywords: micro seismicity, isoseists, seismic intensity, the increment of points, seismic
micro zoning.
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