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The Klyuchevskoy group of volcanoes (KVG) is the most powerful active group located in the
north of Kamchatka and includes such active volcanoes as Klyuchevskoy, Krestovsky, Ushkovsky,
Bezymianny, and Plosky Tolbachik. In the north Sheveluch volcano also belongs to this group.
Now volcanoes of Klyuchevskoy group are in an activization stage, and it gives an urgency of
carrying out of researches of features of dynamics of a structure of this group. In the given work the
results of calculations of P-waves (Vp) velocity field in the area of Kljuchevskoy group according to
volcanic earthquakes registered by the network of telemetric stations in the investigated area are
presented. Calculations of the velocity field were carried out on the basis of results of processing of
the weak volcanic earthquakes parameters registered in KF GS of the Russian Academy of Sciences
during the period since 2005 to 2009.

The principle of convertibility of wave fields is put in a basis of a design procedure of velocities of
P-waves in the three-dimensional environment, namely the travel time of a seismic wave from point
M, (source) to point S; (receiver) is equal to the travel time of this wave from point S; to point M;.
Use of this principle allows considering set of travel times of a seismic wave from reasonably weak
earthquakes to some seismic station, as a travel time of a reversible wave from this seismic station
to chosen, closely located hypocenters of earthquakes.

As the initial information for considered algorithm serve: the system of seismic stations located in
plane Z=0, co-ordinates of the hypocenters of earthquakes M; (X;, Y, Z;), the travel time of a seismic
wave from i-th focus to j-i stations - #;. Under this information three-dimensional distribution of
speed V (X, Y, Z) in the areas occupied with the foci of earthquakes is defined. The technique
developed by the authors [Pivovarova, Slavina, 1981] has allowed to restore velocity n the field of
concentration of the volcanic earthquakes foci and to track its change in time and on depth.
Calculations were carried out on the time periods characterizing various conditions of the activity
of volcanoes according to the monitoring of volcanic activity, carried out in KF GS of the Russian
Academy of Sciences.

Any of the methods applied before, including DSS, owing to methodical features did not allow
tracking change of speeds in time and their communication with the process of volcanic
activization.

Carrying out the analysis of calculations of velocity cuts in plane XZ, it was possible to allocate
characteristic features of the velocity field inherent in various conditions of volcanoes. So, during
the periods of a quiet condition of volcanoes when earthquakes are localized on depths Z> 25-
30 km, on borders of crust and mantle it is possible to observe restless behavior of the velocity
isolines, lifting of high-speed horizons with Vp~6.5-7.0 km/s upwards with formation of separate
ledges, in the direction of volcanic constructions. These values of velocity characterize so-called
[Fedotov, 2010] crust-mantle mix. Lifting of magmas from deeper horizons of mantle upwards.
During the periods of activity of volcanoes when earthquakes tend lifting upwards, in area of
intermediate depths and in constructions of volcanoes, we see alignment of high-velocity borders,
as though calm of a high-velocity field.

Two high-speed cuts, characterizing the various periods of volcanic activization are presented
lower. The cut is constructed for the interval of time after central-type eruption in the spring of
2007: 01.12.2007-01.06.2008.
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The velocity field is characterized by equal enough and quiet behavior of isolines. The isoline of
6.0 km/s velocity under volcanoes Klyuchevskoy and Bezymianny is fixed on depth of 8-10 km, at
X =-20 the km step-like immersing to depth of 18-20 km is observed, with the subsequent lifting in
the direction of Sheveluch volcano.

The following cut is constructed for the interval of 01.06-01.10.2008
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Character of the velocity has changed, perturbations in the form of ledges of isoline Vp=6.0 km/s
under the Klyuchevskoy volcano, and also an abnormal stain with values Vp=6.5-7.0 km/s on
depths of 15-20 km northeast of the Klyuchevskoy volcano are observed.
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OtpakeHue npouecca pa3sBUTHs ByJIKAaHHYeCKOil akTUBHOCTH KiroueBckoi rpynmsl
BYJIKAHOB B TUHAMMKE 10JISI CKOPOCTH P-BOJIH (110 CEMICMOIOTMUECKUM JaHHBIM)
JLB. Cnasuna', H.B. HI/IBOBapOBal, C.JI. Cenrokos>
"MucruryT dusuku 3emmn PAH, r. Mocksa, slavina@ifz.ru
? KamuaTtckuit ¢unuan ['eopusuueckoii cyx661 PAH, r. [lerponasnoBck-Kamuarckuii

KmioueBckas rpynma BynkaHoB (KI'B) sBnsercs Hambonee MOIIHOW JeiCTBYrOIEH
rpYMIOH, pacmnojioKeHHONW Ha ceBepe KaMuaTku W BKJIIOYAET TaKue ACHCTBYIONIME BYJIKAHBI Kak
Kitouesckoit, KpecroBckuii, YmkoBckuii, bessiMsanbtii u [Inockuit Tonbaunk. Ha ceBepe k 3Toi
rpynmne OTHOCUTCA Takke ByikaH Illuenyd. B Hactosimiee Bpems ByJkaHbl Killo4eBCKOM TpyIIbI
HaxoJATCsl B CTaJAUM aKTUBU3ALMH, U 3TO MPUIAET AKTYaJIbHOCTh MPOBEICHUS HCCIEIOBAHHI
0COOEHHOCTEH NUHAMHUKW CTPOEHHUS 3TOW rpymmbl. B nmanHoi pa®oTe mpeacTaBieHBbI Pe3yJIbTaThl
pacyeToB MOJIA ckopoctu P-Bonmn (Vp) B obOmactu KirodeBckod Tpymmbl IO JaHHBIM
BYJIKAHMUYECKUX 3€MIIETPSACEHUM, 3apEerHCTPUPOBAHHBIX CETHIO TEIEMETPUYECKUX CTAHLIMM B
ucciaeayeMoM paifoHe. PacdeTsl MoOJisE CKOPOCTM MNPOBOAWIMCH Ha OCHOBAHMHM PE3YJIbTaTOB
00paboTKH MapaMeTPOB CJIA0bIX BYJKAHHMYECKUX 3eMJICTPSICEHUH, 3apeructpupoBaHHbix B KO I'C
PAH B nepuog ¢ 2005 r. mo 2009 r.

B ocHOBY meToauku pacuyera CKOpOCTEH P-BOJIH B TPEXMEPHOU Cpejie MOJIOKEH MPUHIUIT
00paTUMOCTH BOJIHOBBIX IOJICH, @ MMEHHO — BpEMs PacHpOCTPAHEHUS CEHCMHUYECKOW BOJHBI U3
TOYKH M; (MICTOYHMKA) 10 TOYKHU S; (IPUEMHUKA) pPAaBHO BPEMEHH PACIPOCTPAHEHUS STOM BOJIHBI OT
TOYKU S; 10 Touku M; Hcnonp3oBaHHE 3TOr0 MPHHLUIA MO3BOJSAET PACCMAaTPUBATh MHOKECTBO
BpeMEH mpobera CEHCMUYECKONW BOJHBI OT JTOCTATOYHO CJIA0BIX 3EMIICTPSCEHHH 10 HEKOTOPOM
ceiicMUYeCcKOll CTaHINM, KaK BpeMeHa npodera o0paTuMoii BOJIHBI OT 3TOM CEHCMHYECKON CTaHIIUU
110 BBIOpAHHBIX, OJIM3KOPACIIOIOKEHHBIX THIIOLEHTPOB 3€MJICTPSCEHUH.

Hcxonnoit wuHpopMamueil ains paccMaTpUBAaEMOro ajropuTMa CIyKaT: CHCTeMa
CECMUYECKHX CTaHUWW, pacrnojoXeHHas B IUlockocTh Z=0, KOOpAMHATHI THIOIEHTPOB
semuetpsicenuit M,(X;, Y, Z;), Bpemena npodera ceiCMUYEeCKOW BOHBI OT i-T'O o4ara Jo j-i CTaHIIHH
— t;. Ilo aroit mHpOpManMu omnpexenseTcs TpexMepHoe pacrnpeneneHue ckopoctu V(X Y, Z) B
o0JacTsX, 3aHUMAEMbIX OYaraMu 3eMIICTPSCEHH. PaspaboranHass aBTOpaMH METOAUKA
[[Tusosaposa, Cnasuma, 1981] mo3BoiniIa BOCCTAHOBHUTH CKOPOCTH B 00JIaCTH KOHIIEHTpAIlUU
O0YaroB BYJIKAHMYECKUX 3E€MIICTPSCEHUM W MPOCIEAUTh 32 W3MEHEHHEM €€ BO BPEMEHU U IO
riyoune. PacdyeTsl NpOBOAMIUCH TO BpPEMEHHBIM IEPHOJAM, XapaKTEPU3YIOIIUM pPa3IuyHOe
COCTOSIHME€ AaKTUBHOCTH BYJIKAHOB 110 JI@HHBIM MOHUTOPHHIA BYJKAHUYECKONM aKTUBHOCTH,
ocymiectBisieMbix B KO I'C PAH.

Hu oaun u3 npumeHsBuiuxcsi panee MetonoB, Bkitouas ['C3, B cuily METOIUYECKUX
0COOCHHOCTEH He MO3BOJIST MPOCIEIUTh 32 U3MEHEHHEM CKOpPOCTEH BO BPEMEHHM M HX CBSI3U C
MPOLIECCOM BYJIKAHMYECKOW aKTUBU3AIUU.

[IpoBoas aHamM3 pacyeToB CKOPOCTHBIX Pa3pe30B B IUIOCKOCTH XZ, yIaJOCh BBIICIUTH
XapaKTepHble 0COOCHHOCTH TOJISI CKOPOCTH, MPHUCYIIHE PA3IMYHBIM COCTOSHUSM BYJKaHOB. Tak, B
MEePHUObl CIIOKOMHOTO COCTOSIHUSL BYJIKAHOB, KOTJA 3€MIIETPSICEHHS JIOKAJIU3YIOTCS Ha TiIyOuHax
7>25-30 kM, Ha TpaHMIIAX KOPBI 1 MAaHTHH MOXXHO HAOIIOaTh HECTIOKOWHOE TIOBEICHUE U30IHMHHMA
CKOPOCTH, TOJBEM BBEPX BBICOKOCKOPOCTHBIX TOPHU3OHTOB C Vp~6.5-7.0 kM/c ¢ oOpa3oBaHHEM
OTJIENIbHBIX BBICTYNIOB, B HANpaBICHUU BYJIKAHUYECKUX MOCTPOEK. OTH 3HAYEHHUS CKOPOCTU
XapakTEepU3yIOT Tak HasbiBaeMyto [@Pedomos, 201(0] xopomaHTuiiHylo cMmech. [lombeM marm u3
Oonee TIyOOKMX TOPU30HTOB MAHTHUM BBEpX. B TmepHoasl aKTUBHOCTH BYJIKAaHOB, KOTI/a
3eMJICTPSICCHUST MMEIOT TEHJICHIIUIO IMOJbEMa BBEpPX, B 00JAaCTh MPOMEKYTOUHBIX TIYyOWH U B
MOCTPOMKY BYJKAHOB, Mbl BUAMM BBIDABHUBAHUE CKOPOCTHBIX TPAHUI], Kak Obl YCIIOKOCHHE
CKOPOCTHOTI'O MOJIS.

Hwxe npuBeneHbl ABa CKOPOCTHBIX pa3pesa, XapaKTEpPU3YIOIIUX pPa3jIudHble MEPUOIbI
BYJKAHMYECKOW aKTHBU3aluu. Pa3pe3 moCTpoeH misi MHTEpBajga BPEMEHH TOCE BEPIIMHHOTO
nu3Bepxkenus BecHoit 2007 r. - 01.12.2007-01.06.2008 rr.
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[lone cxopocTH XapakTepu3yeTcs AOCTaTOYHO POBHBIM M CIIOKOWHBIM MOBEICHHEM HM30MMHUHA. M30mmHus
ckopoctu 6.0 kM/c o BynkaHamu KimroueBckod M be3pMsHHBIN (hukcupyeTcs Ha Timyomne 8-10 kM, mpu
X=-20 kM HabmIOMaeTCA CTyIeHeoOpa3zHoe NorpykeHne 10 ryOuHsl 18-20 kM, ¢ MoCHenyoIUM TOAEMOM
B HanpasneHuM BynkaHa [llusenyd. Cnenyroumii paszpes noctpoen s uatepBana 01.06-01.10.2008 r.
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XapakTep HoJIsl CKOPOCTH U3MEHHJICS, HA0II0IAl0TCSl BO3MYIIICHHS B BUJIE BBICTYTIOB U30JUHUH Vp=6.0 KM/C
o KirtoueBCKHUM BYJIKAaHOM, a TaKK€ aHOMAIILHOE MATHO CO 3HaueHusIMH Vp=6.5-7.0 kM/c Ha TiyOuHax 15-

20 kM ceBepo-BocTouHee KimtoueBCKOro ByJIKaHa.
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