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AHHOTaIHSA.

IMocTanoBka mpodiaemsl. Vcrnonbp30BaHNe TPAAULMOHHBIX CPECTB KOMMYHHKAIMU B IIOOAIBHBIX CETAX AN MOIJIEPIKKU
HAy4YHO-HMCCJIE/0BATEIbCKUX MTPOEKTOB HE MOXKET PELIMTh CHelU(UISCKUX NPoOIeM, BO3HUKAIOLIMX IIPU COBMEILIECHHH 3Ha-
HHI B OHOM M TOIf ke 0067acTH, HO BHIPAOOTAHHBIX PA3HBIMU HAYYHBIMH LIKOJIAMH, B Pa3HBIX MapajurMax M Ha Pa3In4HON
KOHLIeNnTyanbHOW ocHoBe. CylecTByronme CHHXpOoHHbIE (Hampumep, Webex wmiam ShowDocument) WM acHHXPOHHBIE
(Zimbra, Google Docs u npyrue) mporpaMMHBIE NPOAYKTH 3¢(()EeKTHBHEI JNIIL TOTAA, KOIZA IMOJIb30BATENN OJHO3HAYHO
TPAKTYIOT KOHTEKCT MCCIICIOBAaHUS U HE NIPUBHOCAT B HETO COOCTBEHHBIX He(OPMaM3yeMbIX CMBICIOB. B To ke Bpems it
3¢ exkTHBHOI pabOTHl HajJ HAyYHBIMH MPOEKTaMH HEOOXOIUM HMHCTPYMEHT, TTO3BOJISIONIMH B SIBHOM BHJE NPHBHOCHTH I10-
JOOHBIE CMBICIIEI ¥ CBSI3BIBATh MX C OOIINM KOHTEKCTOM.

Mertoasl. [IpesncraBneno pemieHre MPoOIeMbl ¢ TOMOIIBIO CTEHATN3HPOBAHHBIX CPEJCTB MOJJEPKKU COBMECTHBIX Hayd-
HBIX uccnenosanuii B cperne COLLA, ucronp3yromux METoIb! NPEeCTaBICHUS U HHKeHepuy 3HaHui. [loka3aHo, 4To addex-
THBHOE MOJICTHPOBAHUE MHOTHX 001acTeil 3HaHus TpeOyeT MPUMEHEHHUS CIIEHU(PUIECKIX CPEICTB MOJCINPOBAHUS AUHAMH-
YEeCKOTO 3HaHUs, U3 KOTOPHIX Hanbosee pa3pabOTaHHBIM SIBIAETCS METOJ KyCTa COOBITHHA.

PesyabTarbl. PaccMOTpeHBI BOIPOCH COBMELIEHHS METO/a KycTa COOBITUI M CHCTEMBI MOANEPKKH COBMECTHBIX HAyIHBIX
nccienosanniit COLLA Ha npuMepe Hay4HO-HCCIEI0BATEIECKIX POEKTOB B CEHCMOJIOTUH | BynkaHoioruu. [logxox ampo-
OMpoBaH Ha IpHUMepe ABYX aKTyaIbHBIX 3a/ia4 HayK O 3eMile — OIICHKH CIIEHapHEB Pa3BUTHS F€0JOTHUECKUX KaracTpod, CBs-
3aHHBIX C W3BEPIKCHUEM OJJHOTO M3 CaMbIX ONACHBIX €BPONEHCKNX BYNKAaHOB (DTHBI), U OJHOTO M3 CaMbIX ONACHBIX d(Pdek-
TOB, BOSHUKAIOIIUX NPHU 3eMIICTPSICEHHAX (9 PeKTa MECTOIIONOKEHNS).

IIpakTHyeckas 3HAYUMOCTb. MeTox KycTa COOBITHH MOXKET HCIIONB30BaThCS Ul KONMYECTBEHHOH OIEHKH CXOICTBA—
pa3IuHs MOAICIUPYEMBIX SBICHHUI HAa OCHOBE SKCIIEPTHOTO 3HAHMS O HUX, YTO MOXET UMETh MPAKTHIECKOEe 3HAUCHUE Jalie-
KO 3a TIpefieiaMy Hayk o 3emite.

KiroueBble €JI0Ba: CUCTEMBbI NOAAEPKKH COBMECTHBIX HAYYHBIX HCCIICIOBAHUH, IPEICTaBICHNE 3HAHUMN, WHXKCHEPHs 3Ha-
HU, THHAMHUYECKOe 3HaHUE, KyCT COOBITHI, HayKu O 3eMiie, BYJIKAaHOIOTHS, DTHA.
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Abstract.

Problem statement. Conventional tools of online communication in global networks for support of scientific and research
projects fail to handle specific issues that arise at scientific collaboration of different scientific schools. They cannot be used
to bring together the knowledge relating to the same field but generated in various scientific schools, under different
paradigms and on different conceptual grounds. Existing software solutions, both synchronous (e.g., Webex or
ShowDocument) and asynchronous (Zimbra, Google Docs and others) are efficient only when the users share similar
understanding of the context and do not bring their own non-formalized meanings in it. Meanwhile, a tool is needed for
scientific cooperation that makes it possible to bring one’s own meanings and relate them to the common context.

Methods. Special tools for support of collaborative research in the COLLA environment using the methods of knowledge
engineering and knowledge representation are given. Effective modeling of many knowledge domains is shown to require
special methods of dynamic knowledge modeling; one of the well-developed is the event bush method.

Results. The paper deals with issues of combination of the event bush method and COLLA collaborative research support
technique on the example of S&R projects in seismology and volcanology. Approach approbation is done on the example of
two urgent tasks for geosciences: estimation of progress scenarios for geological disasters caused by Etna eruption, one of
the most dangerous European volcanoes, and one of the most perilous earthquake effects (location effect).

Practical application. Event bush method can be used for quantitative assessment of similarity-difference for modeled
effects based on the expert knowledge about them. This opportunity can find its substance in many fields of science far
beyond geosciences.

Keywords: collaborative research support systems, knowledge representation, knowledge engineering, dynamic knowledge,
event bush, geosciences, volcanology, Etna.

BBenenue

COBpeMeHHLIe Hay4YHBIC HUCCJICAOBAHUS, KaK IPaBUJIO, MPEACTABIIAIOT coboit KPYHNHbBIE COBMECTHBIC IIPO-
C€KThbI, 3a4aCTyI0 BKJIIOYAIOIHE ACCATKU KOJIJICKTUBOB. OTH KOJUIEKTHBBI MPpOUCXOAAT M3 PA3JIMYHBIX HAYYHBIX
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IIKOJI, TIOJIb3YIOTCS Pa3HOM TEPMHUHOJOTUEH M, 4TO HanboJjiee BaKHO, Pa3HOM KoHLENTyajbHOU 0azou. s a¢-
(heKTHBHON KOOpIMHAIMK UX PabOThl HEOOXOJUMBI TEXHOJIOTHH, UCIOJb3YIOIIUE INI00aJbHBIE KOMIIBIOTEPHBIE
cerr. IIpu 9TOM OOBIYHBIE CPEACTBA KOMMYHHKAIMH (3JIEKTPOHHAsI [TOYTA, COLHMAIBHBIC CETH, HOPYMBI U Ip.)
MOTYT PEMINTH 3Ty 3aJady TOJBKO Ha BHELIHEM, CAMOM IIPOCTOM YPOBHE — Ha YPOBHE TEXHHMUYECKHX BOIPOCOB
(opram3anuy BCTped, paclpeneleHus CPEACTB U ToMY 1mono0HOro). Vicnonp30BaHue WX IS BEACHHUS COOCTBEH-
HO HAyYHBIX JWCKYCCHH, KaK ITOKa3bIBAaCT OMNBIT MHOTOYMCICHHBIX HAYYHBIX ()OPYMOB M OJIOTOB, MPHUBOIHUT K
CMEUICHHIO TEMAaTHK, YXOLy OT MpeaMeTa OOCYKACHUs, MOAMEHE MOHSATHH M TE3WCa W, B KOHEYHOM CUeTe, He
BEIET K yCTAaHOBJICHUIO B3aMMOIIOHMMAHUS MEXIy ydeHbIMH. [Iprnanaa Hea(h(HheKTHUBHOCTH OOBIYHBIX CPEICTB
CETEBOr0 OOIIEHUSI KPOETCSl B TOM, YTO OHHM HE MO3BOJISIIOT BCKPHITH CMBICJIOBBIE OCOOCHHOCTH KOMMYHHIIUpYe-
MOH MH(pOpMaLUH.

B nocnegnue roasl MOIy4MIN PacIpOCTPaHEHUE CIEHUATN3UPOBAHHbBIE CPEJICTBA MOJAEPKKA COBMECT-
HBIX MCCIIEJOBAaHHUH, KaK CHHXPOHHbIE, TpeOyIolIne 0JJHOBPEMEHHOI pabOThI MOJIb30BaTEICH HaJl OMHUM IPOEK-
ToM — Hanpumep, Webex (http://www.webex.com) miu ShowDocument (www.showdocument.com), Tak u acuH-
XpOHHBIE, Tpejmoaramime pabory «mo odepenu» — Zimbra (www.zimbra.com), Google Docs
(docs.google.com) u np. Kak moka3pIBaeT ONBIT, aCHHXPOHHBIE MHCTPYMEHTBHI OKa3bIBAIOTCS B OOJIBIIMHCTBE
ciryqaeB ynoonee. OnHaKo Aake YIMOMSHYTBIE IPOrpaMMHBIE NMPOXYKTHI YAOBIETBOPSIOT, CKOpee, MOTPpeOHOCTH
MIPOMBIIIICHHBIX M TOPIOBBIX KOMIAHWH, HEXKENN YUEHBIX, IOCKOIBbKY HE MOTYT JOCTATOYHO «BBITYKIIO» ITOKa-
3aTh B3aMMOOTHOILICHHMSI CMBICIIOB M KOHTEKCTOB. B HacTosimiee BpeMsi akTHBHO pa3pabarhIBaeTcsi CTIEIHaIn3U-
POBaHHBIN aCHHXPOHHBIN MHCTPYMEHT ISl MOANEp KU HaydHBIX uccnenoBanuii COLLA [1], mpencrapisromuii
co0oif cpexy, B KOTOPOii OymyT paboTaTh pa3iInyHbIC CPEACTBA MIPEACTaBICHUS 3HAHUH.

Kak oTMeuaroT MHOTHE CHEeHUATNCThl B 00JIaCTH METOOJIOTUH HAYKH, HAUTH OOLIMH S3bIK JJISl y4aCTHH-
KOB COBMECTHBIX HCCIICOBAHUI BO3MOXKHO TOJILKO IPH YCIOBUH, YTO KaXbIi M3 HUX OyleT MpoIoJIKaTh CyIe-
CTBOBAaTh B CBOEM MHTEJUICKTYaJIbHOM NPOCTpaHCTBE [2, 3]. BEIMOMHUTG AaHHOE YCIIOBHE KpaitHe TPYIHO, U IS
9TOTO HEOOXOJMMBI, KaK OTMEYAIOT MHOTHE Y4YEHBIE, CPE/ICTBA MPEICTABICHNS U WH)XCHEPUU 3HAHUH, COUETAl0-
LIMe CTPYKTYpUpOBaHME 3HAHWI M MX BU3yanuzauuio [4]. B HacTosiiiee BpeMsi OHMM U3 OCHOBHBIX METOJIOB,
AKTHBHO MCIOJIB3YEMBIX JUISl TTOJJICP)KKH COBMECTHBIX Hay4YHBIX HCCIIEJJOBaHMH, SABISAIOTCS oHTONOTHH [5]. 1ln-
POKO NPHUMEHSIOTCS TaKKe APYTHe CPEACTBA, OCHOBAHHBIE HAa KJIACCHMYECKOW JIOTHKE — KOHIIENTYaJbHbIE rpadbl
[6], OWL, KIF, RDF, ER, N3 u np. [7].

OTH METONBI MO3BOJISIOT 3()(EKTUBHO pelIaTh IUPOKUI KpYT 33ja4, B KOTOPBIX CYIIHOCTH, UX CBOMCTBA
1 OTHOLICHUS PacCMaTPUBAIOTCS KaK HEU3MEHHbIE (TTOCTPOEHHE MOJIENel TaHHBIX, aNrOPUTMOB HOMCKA U APY-
rue). B To jxe Bpemst ecTh He MEHBIIMI KJlace 3a/ia4y, B KOTOPHIX JaHHOE yCJIOBHE HE TOJIHKO MOXKET HE BBIIOI-
HATBHCS, HO ¥ IOJDKHO HApYIIAThCsl — M MMEHHO 3THU 33Ja4 MPEICTABIAIOT, KaK MPaBUiI0, OCOOCHHBIN HHTEPEC B
Hay9IHBIX HcchenoBaHusax [8]. [y ux perneHus TpeOyroTCsS Juramuyeckue METOMbI PEICTABICHHUS U WHXCHE-
pHHM 3HAHUH, U3 KOTOPBIX CEMaHTUYECKN M CHHTAaKCHYECKN Hanbosee pa3pabOTaHHBIM B HACTOSIIIEE BpEMs Hpe-
CTaBISETCS METON KycTa coObITHii [9].

Ienpro HacTosAMIeH pabOTHI ABISAETCS pa3paboTKa MpaBUil MpeoOpa3oBaHus WHPOPMAITUN IS CO3TaHUS
CHCTEM TOAJICPKKH COBMECTHBIX HAyYHBIX MccieoBaHuil B Haykax o 3emie B cpene COLLA Ha ocHOBe MeTozia
KycTa coObITHH. [laHHast eNb MPEAIoaraeT peleHne CIeIyONNX 3a0a4:

— aJanTHpOBaTh METOJ KycTa COOBITHH /IS 33124 MOJJICP)KKH COBMECTHBIX HayYHBIX MCCIICIOBAHUIH;

— BHEJIPHTH CYIIECTBYIOUIYIO KOMITBIOTEPHYIO peajHM3alli0 METOAa KycTa COOBITHH B Cpeay MOIIEPKKH CO-
BMECTHBIX HayuHBIX uccienoBanuiit COLLA;

— BalIMAMPOBATH MpEJIaracMbIil IMOJX0J Ha MPUMEPE KOHKPETHBIX CUCTEM MOJIEPKKH COBMECTHBIX HaY4YHBIX
HCCIIEIOBAaHUHN B HayKax o 3emuie.

MeTton KycTa coObITHIA

Merton KycTa COOBITUH — 3TO METOJ MHXKCHEPHH 3HAHUI O TUHAMUYECKHX CYIIHOCTAX (COOBITHSX, MPO-
meccax, CICHapHsIX ), OCHOBAaHHBIN Ha MPE/ICTABICHUH IPEIMETHON 00JIaCTH B BUJIC «MHOTOIIOTOKOBOM CTPYKTY-
pe» [9]. C MOMOIIBIO 3TOTO0 METOJIA MOXKHO TparUECKy OMUCATh PACCMATPUBACMYIO MPEJAMETHYIO 00JacTh Ha
OCHOBE COOBITHI M CBA3CH MEKITY HUMH (MJIH, HHBIMH CIIOBAMH, TIPOIIECCOB).

CoGbiTre E onpenensiercs: kak BbickaspiBanue Buga S — Py, Py, ..., Py, tne S — cyobekT, a Py, Py, ..., Py —
MpeUKaThl, BO3MOXKHO, C OTpHuaHueM. Ha 3To omnpezieseHie BBOAATCS CIEAYIONHE OrPAaHUYCHHS:

1. B KaXIOM COOBITHH IIPUCYTCTBYET TOIBKO OUH CyOBEKT;

2. cyObBeKT He MOXET OTPHIIATHCS;

3. Bce mpeauKaTsl B COOBITHH Takke HE MOTYT OTPHUIATHCH, T.e. B crucke P, Py, ..., P, momken ObITh, 1O
KpaifHel Mepe, OJUH npenukar 0e3 orpuiianus. Hampumep, coObITHEM sIBIsIeTCs BhICKa3biBaHHE «CHIBHOE
rocyaapctso (S) He UMeeT OOJbIINX 3amacoB Chipbs (—P;1), He pa3padarbiBaeT 3anackl Coipbs (—P,), qomyc-
KaeT BO3MOXKHOCTh BMEIIAThCS B fea ciaboro rocynapcersa (P3), JomyckaeT BO3MOKHOCTh MOIIOTHTE Clia-
60e rocynapctso (P4)» [10].

Co0biTHs enstcst Ha yeTsipe Tuma (puc. 1):

1. mepBUYHBIC BHYTPEHHUE (THII i),
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2. mnepBuuHble BHelnHue (Tul ib),
3. BropuuHble (THI ii),
4. tpernunsle (Tum iii).

... 3mensriorcs nona Z[eﬁCTBHCM BHCIIHHUX (1)aKTOp0B

IlepBuunbIe BHEIIHNE
coObrTus (ib)

Bropuunsie
coObrtus (ii)

[epBHUHBIE BHYTPEHHHE
coObrtus (ia)
L
Y
Tperuunsie
coObrrus (iii)

Kax nepBonmpuyuHHI ...
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Puc. 1. Ba3oBblIn cMHTaKCUC KycTa cobbiTuii [8]

El [ » EZ El

2

g

~ - - E,

|-

E2 El

E n-1

&

Y
5"
#mgj

Puc. 2. Coto3bl KycTa cobbITuin: TeveHue (a); BnusHune (6); pasnue (B); cnusaHue (r) [9]; E — cobbiTne

CoOBITHS CBSA3BIBAOTCS JPYT C JPYTOM COKO3aMHU YETHIPEX BHJOB — TCUCHHS, BIMSHUS, CIIUSHUS U Pa3IIH-
Ba. Hammune mepBBIX NIBYX SBISIETCSA 00sS3aTENbHBIM B KycTe COOBITHIA. [paduueckue HOTAMU COFO30B TpEI-
craBneHs! Ha puc. 2 [9]. JletanpHOE M3I0KEHHE METOIa KyCcTa COOBITHIA TpuBOANTCS B padorax [9] u [11].

C KaXAbIM 00BEKTOM KycTa COOBITHI — CyOBEKTOM HJIM IPEIUKATOM COOBITHS, COOBITHEM B IEJIOM, COTO-
30M, MOCJIEI0BATEIbHOCTBIO COI030B (T.€. CLIEHapHeM) M, HAKOHEell, CO BCEM KYCTOM — MOXKHO CBSI3aTh JaHHbIC
mroboro gopmara. CBS3BIBasI C OMHUM H TEM K€ OOBEKTOM pasIMyHbIE JaHHBIE, TI0JIE30BATEIN CTPYKTYPUPYIOT H
CHCTEeMaTU3UPYIOT 00I1I[ee 3HAHKE 0 MPOEKTY HA BCEX YPOBHSX, YCTAHABIMBAS TOUYKH ITPOTUBOPEUHMS U BO3MOXK-
HOCTH KoMIpomucca. KpoMe Toro, eciu pasHuia B MOIX0AaX y YUCHBIX CIUIIKOM BEJINKA, HHXKCHED 10 3HAHHSM,
COIPOBOK/IAIOIIUI MPOEKT, MOXKET MPEAJIOKUTh BMECTO OIHOTO KyCTa CEMEWCTBO KyCTOB COOBITHII C OIUHAKO-
BOW CEMaHTHKOH (T.e. HAOOPOM COOBITHIA), HO PA3IMYHBIM CHHTAKCUCOM (T.€. OpraHM3aIlUeH 3TUX COOBITHIl B
CIICHAPHHU TTOCPEICTBOM COIO30B). DTO COXPAaHUT BO3MOXKHOCTH CBSI3BIBAHMS aJIbTCPHATHUBHBIX JTAHHBIX C 00BEK-
TaMM KYCTOB COOBITHIA, HO OTKPOET BO3MOXKHOCTH JUIsl (hOPMaNM3alMy TUCKYCCUHU U TIOMCKa OOLIero s3bIKa Ha
camMoM 0a30BOM, ()yHJJAMEHTaJIbHOM YPOBHE TOHUMAaHUSI IPEAMETHON 00IaCTH.

KomnbloTepHas peajn3anus MeToaa Kycra coobiTuii B cpene COLLA

K HacTosIeMy BpeMEHH KycT COOBITHII peain3yeTcsi B BUAE BEKTOPHOH IpaduKH B COOTBETCTBYIOLIHUX
rpaduueckux pemaktopax (Hampumep, Corel Draw, Microsoft Visio wru Dia). Bekroprbrii daitn koHBepTHpYeT-
cs B popmar SVG, uro mozBoisieT ocymecTBUTh B cpeie COLLA mHTepakTHBHYIO BU3yaJIM3aIUI0 KycTa cOOBI-
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TUH (KaK ¥ JII000ro APYroro rpaduvyeckoro MoCTPOCHHUS) U CBS3bIBATh C JFOOBIM M3 €ro 00bEKTOB BHEITHHUE JTaH-
HBIC, & TAK)KE YMEHBIIATh WIHM YBEIMYMBATH MACIITA0 ¥ MPOCMATPHUBATH KYCT TI0 YacTSM Ha dKpaHe (4To Ipej-
CTaBJISIETCSI KpaiiHe Ba)KHBIM BBH/Y CJIOKHOCTH CTPYKTYPHI M OOJIBIIOTO pa3Mepa MHOTHX «pabovnx» KycTOB).
daiin SVG umnoprupyercs B popmatr COLLA, tre cranoBuTCSt 0cHOBO# HOBOTo Tipoekta COLLA (pric. 3).

Hauaino
A

| Cosnatp npoekt COLLA |

|

Co31ath KyCT COOBITHI
B (hopMaTe BEKTOPHOI1 rpaduku

v

DKCIOPTHPOBATE KYCT COOBITHIA
B ¢popmare SVG

v

3arpy3uTh KYCT COOBITHI

B ipoexT COLLA
* Ectb x0Ts1 Ob1 0tH (aitn nin
Ja XOTsI OBI OJTHO COOOIIEHHE,
_________ COZIEPIKAIIIE BO3PAKCHUSI
Her OTHOCHTEINIFHO Y3II0B U CBA3CH
HUcnons3oBath npoekt COLLA KycTa CoObITHIA?

IUTSL IOJICPIKKA
COBMECTHBIX HCCJIEIOBAaHUMA

Puc. 3. MNMpuHuMnuanbHasa cxema NpoekTa Ha ocHoBe KycTa cobbituin B cpege COLLA

COLLA npennaraer aBa BUAa JaHHBIX, KOTOPbIE MOXKHO CBS3BIBAaTh C rpaduueckumMu oObexramu — aii-
161 u coobmenus (puc. 3). U te, u npyrue moryt conepxarb MurepHer-cepuiky. Paiinsl MOryT UMETh JF000H-
¢dopmar. Coobmienust coznarorcs noib3oBarensimu B npoekte COLLA cpasy B npuBsizke K KOHKPETHOMY (BblJie-
JICHHOMY I0JIb30BaresieM) rpaduuecKkoMy WM TeKcToBoMy 00bekTy. Coobmienne nosisisiercs B cpene COLLA,
XpaHUTCsl B 0a3e JaHHBIX MPOEKTa, 0TOOpaxkaeTcsi Ha Web-cTpaHHIe, COOTBETCTBYIOIICH TOMY OOBEKTY, K KOTO-
pOMY OHO OTHOCHTCS, U JyOnupyeTcs IO JIEKTPOHHOH MOYTE BCEM yYaCTHHKAM IPOEKTa. AZpec IEKTPOHHOMN
moYTH HeoOxoanM 1pu peructpanuu B mpoekre COLLA. B tene mucema, kpome Tekcra coobmenust B COLLA,
COZIEPXKUTCS «BOJNIIEOHAS CCBUIKA, O3BOJIIONIAS aBTOMAaTHIECKH PETNCTPUPOBATHCS B CHCTEME U HEMEIUICHHO
MIPHUCTYTIATh K PadoTe 1Mo 00CyKTaeMOMy MTPOCKTY.

[Tpn nmmopTe Kycta coOBITHI BCe MApTHEPHI BUAAT €r0 HAa SKpaHe U MOTYT paboTaTh ¢ HUM, CBSI3BIBAs C
cyObeKTaMH, IpeJuKaTaMH, COI03aMH, CIICHApUsIMH U KYCTOM B IeJIoM (ainbl u coobmenus. [llenxays mo Tomy
WJIN MTHOMY OOBEKTY, TI0JIb30BaTeNb BUIUT, Kakue (ailiibl 1 COOOIIEHHsI C HUM CBSI3aHbI, 1 MOXET JI00aBUTh CBOU.
[Ipu 3TOM BCe y4acTHHMKHM NPOEKTA, BKIIIOYAs €0 CaMOro, MOJIy4aT 110 AJICKTPOHHOM MMoYTe yBEJIOMIICHHE O TOJI-
rpy’keHHOM (paiiie M KOMMEHTapHU K COOTBETCTBYIOIIEMY OOBEKTY KycTa COOBITHH.

CucreMbl NOAJEPKKH COBMECTHBIX HCCIeA0BAHMII B HAyKaXxX 0 3emJie

[Ipemmaraemerii moxxon OBUT MPUMEHEH B PaMKax HECKOJIBKUX MEKIYHAPOIHBIX HCCIIENOBATEIBCKUX
WHHUIIMATHB B HayKax 0 3emire — ByJakaHosorud (puc. 4) u ceficmonorun [12].

Cucrema MOAEPIKKA BYIIKAHOJIOTHIECKUX MICCIIEIOBAHMIA TIPECIelyeT [eNbIo0 00beANHEHNE U COTTIACOBAHHUE
TPE/ICTaBICHUI O XapakTepe u3Bep keHui BynkaHa OTHa (Mtamms). s 3TOr0 MOBeIeHNEe BylTKaHa MOICITHPYETCS
cpenctBamu Kycra coosiTri [13]. Kak mokaszano Ha puc. 4, KycT coOsrtuii (2) BHenpsercs B cpexy COLLA B Buzne
CaMOCTOSATENIFHOTO TIpoeKTa B 3Toit cpezxe (0). B 3Tom mpoekTe k KakaoMy OOBEKTy KycTa COOBITHI MOTYT ITOJ-
rpyXarbcsi coodmenus (B) u daiiist (r). [loarpysxast cBon (aiiibl, MoJIB30BaTEIb TEM CaMbIM IIEpeacT CBOM yHH-
KaJIbHBI KOHTEKCT, B KOTOPOM CYILIECTBYET €ro BijEHHE IpeaMeTa oocyxaeHus. OJHOBPEMEHHO 3TOT KOHTEKCT —
TOYHCC, Ta €T0 4aCThb, KOTOPYIO CaM IOJIb30BATCJIb MOCYUTAJ 3HAYMMOU JJIs1 COBMECTHOI'O HMCCJIEAOBAHUA — IIOME-
maercst B 6oJiee 0OUIMIT KOHTEKCT JaHHOTO UCCIIE/IOBAHMS, O4YePYMBAEMbIil KyCTOM COOBITHIA.

OnucanHas cucTeMa JecTByeT B HallmoHaabHOM MHCTUTYTE OKeaHOrpaduH M 3KCIIEPUMEHTAIBHON reo-
¢usuku B Tpuecre (MTanus) 1 UCHONB3yeTCsl MEX/IyHaPOJAHBIM HaYYHBIM COOOIECTBOM JIJIsl TIPOTHO3HOM OlIeH-
K{ aKTHBHOCTH KPaTepoB DTHEI.
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Puc. 4. ObLas cxema ccTeMbl NOAAEPXKKU BYJIKAHONOMMYECKUX UCCIEnOoBaHuii Ha BynkaHe JTHa (Mtanus):
KYCT coObITUIA (a); KYCT COBbITUI, BHeApeHHbIN B cpeagy COLLA B TOM BuZe, B KaKOM €ro BUAMT MoJib3oBaTeNb

(6); TexcToBble coobLleHus, cBa3aHHble B cpege COLLA ¢ anemeHTamu Kycta cobblTui (B); baiinbl, CBA3aHHble
B cpeae COLLA c anemeHTamu kycTa cobbiTuii (r)

Eie ogHUM MpUMEPOM KCTIONB30BaHus Kycta coObituil B cpene COLLA nns perienus 3aga4 B Haykax o
3emile ABIAETCSA CO3MAHUE CHCTEMBI ONTHMHU3AIMU MOAeIupoBanus 3(dexroB Mecrononoxenus (Site effects),
3aKITIOYAIOIINXCS B MHOTOKPAaTHOM YCHJICHWH CEHCMHWYECKOH BOJHBI HAa OTPAaHUYEHHBIX TEPPUTOPHUAX BCIEICT-
BHE 0COOEHHOCTEH T'eOJIOTMYEeCKOTO CTpoeHHs. PaboTa Ham maHHOW cUCTeMOW Obljla Hayara B paMKax IpPOEKTa
Eeponeiickoit komuccur CRODINAS (2009-2011 rr.), a B HacTosiIee BpeMsl OHA TAKKE Pa3BEPHYTa B HUTAIIbsIH-
ckoM HanmoHambHOM MHCTHTYTE OKeaHOTpa(uH U SKCIIEPUMEHTAIBLHON re0(H3HUKH.

MogenupoBaHue 3pyNTHBHONH AKTHBHOCTH ByJ1KaHa JTHa

[Tpumep mocTpoeHus Kycra COOBITHI 1O HaOIIOAaEMbIM Ha MOBEPXHOCTH OTHBI MopojaaM u Qopmam
penbeda (puc. 5) Ha OCHOBE 3HAHMSA O TIOPOJMBIIMX WX Mpolleccax mpuBeneH Ha puc. 6. [TomoOHEIM 0Opa3zoM
ObUT TOCTpOeH OoOmMiA KycT COOBITHIA, OITMCHIBAIOIIMN IIOJNHYIO TPYIIy CIeHapueB u3BepxkeHnit FOTo-
Bocrounoro kparepa JtHsI [13]. 3arem, myTem yhasieHHs HeHaOMIOAABIINXCS CIIEHAPHEB, U3 HETO OBUTH ITOITY-
YEeHBI €T0 YacCTHBIC CIyYal — KyCTHI COOBITHI IO TpEM IIOCIIEeAOBaTEeIbHEIM H3BEepKeHIsIM, 16, 19 u 24 Hos0ps
2006 r.

OnHOM U3 BaXKHEHWIINX 3a/1a4, PeIaeMbIX Il COCTABICHUS IPOTHO3HON OLICHKH XOa U3BEPIKEHHMs, SIBIISI-
eTcsl omnpeJeNieHHe CXOACTBA HAYMHAIOLIETOCS WIIN MPEATIOIaraeéMoro N3Bep KeHHs ¢ yxe npousoumenmumMu. J{o
HACTOSIIEr0 BPEMEHHU JIaHHAs 3a/la4a pelajgach B BYJIKAHOJIOTMM MHTYMTHUBHO, HAa OCHOBE 3PUTEIBHOTO OIBITA
YUYCHBIX, a B CJiIyd4a€ €ro OTCYTCTBHUA — HAa OCHOBC TCKCTOBBIX ONHUCaHUuM. ABTOpaMl/I 6I)IJ'I IMPOU3BEACH OIIPOC CIIC-
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LMAJIMCTOB, 3HAKOMBIX C TPEMsl MOJEIMPYEMBIMH H3BepxkeHUsMU. [lomasisioniee OOJBIIMHCTBO BBICKA3aJIO0
MHEHHE, YTO U3BepxkeHus 16 u 19 Hosi0pst ropa3mo Ooliee CXOKHU APYT C IpyroM, Hexenu 16 u 24 HosOpst u 19 u
24 Hos6pst 2006 . Metoa KycTa COOBITHII OTKPBIBAET TEOPETHUECKYIO BO3MOXXHOCTh IIPOBOJIUTH MOJJOOHOE CPaB-
HEHHE Ha ropasjo Oosiee cTpOroM M GECHPUCTPACTHOM YPOBHE, OLIEHHWBAsl MEPY CXOACTBA/pa3iNdus U KadecT-
BEHHO, U KOJTMIECTBEHHO.

JI71s OTIIeHKH pa3nudaus KyCTOB COOBITHI ompenennM OMHapHOE OTHOIIEHHE < Ha MHOXecTBe [14], B maH-
HOM Cllydae — Ha MHOJKECTBE KyCTOB coObITnii. [l 3amanHbeix KycToB A 1 B Oynem roBoputs: ecimt 4 < B, TO
KycT A He mpeBoCcXoauT KycT B. DT0 3HaYHT, YTO, BO-TIEPBBIX, MHOJKECTBO Y3JI0B KycTa A V, sSBIIETCS MOJMHO-
JKECTBOM MHOXECTBa y3J10B Kycta B Vg: V4 S Vp; Bo-BTOpBIX, MHOXKECTBO pebep Kycra A Ea sBisercs mogMHo-
JKECTBOM MHOXKecTBa pebep kycta B Eg: E4 € Ep.

OTMETHM, YTO MHOXXECTBO KYCTOB COOBITHI SIBIS€TCS YaCTHYHO YIOPSAOYEHHBIM MHOXECTBOM [15] o1-
HOCHUTEJIBHO 33J]aHHOTO BBIIIe OMHAPHOTO OTHOLIEHUs <. J[eiCTBUTENHHO, HA MHOXKECTBE KyCTOB COOBITHIT JJIst
JTAHHOTO OTHOIICHUS BBIMIONHEHBI Pe(ICKCUBHOCTD, TPAH3UTUBHOCTh M AHTHCUMMETPUYHOCTh. TakuM 00pazom,
IIPY CPAaBHEHHUH JIBYX KyCTOB COOBITHH, ONMICHIBAIOIINX W3BEPKECHHSI HJIM 3PYNTHBHBIC LIEHTPBI, HETPYAHO Cop-
MYJIHPOBaTh COOTHOIICHUS MeX Ty HUMH [16].

adBOBbIe KOHYCH|
Ha CKIoOHe BynKaHa

CKNnoH BynkKaHa
Be3 TpewmH

»

% / TpewuHbl
Avncnokaumm.¢ Ha CKNOHe BYMKaHa,

thopm pénsedua '— He 2anonHeHHLIe
/M2 CKNOH ByrikaHa , ok
BOONb TPELUVIH,

MapKWpOBaHHLIE
NaBoORLIMU NMOTOKaMMU , w

JIlaBoBbLIe NOTOKU

M3 NaBOBbLIX KOHYCOB
BOONbL TpewuH
Ha CKNoHe BYynNKaHa

Puc. 5. Penbed 1 nopodel, co3gaHHble apynTUBHBIMU MPOLLECCaMmn Ha F0OXXHOM CKIOHe ByrkaHa 3THa (Cuumnus)
B6nu3n Pedyoxmo CanveHua. ®oto K.A. MweHnyHoro

1. Ornomenne ToxaectBa: A = B. KycTer coBmamaior, T.e. coBmanaroT U HabOp y3/10B, M BCe pedpa MEXIy
HHUMH.

2. OrtHomenue nogunHenus: A > B. OquH KycT sBIIsSieTCs 4acThio Apyroro. Bee ero y3isl u pedpa npucyTcT-
BYIOT B JIpyroM KyCTe, HO He Bce y3JIbl M (WIM) pedpa Ipyroro Kycra NpUCYTCTBYIOT B HeM. VIMeHHO B Ta-
KOM OTHOLIEHHH HaXOIATCS KyCTHI OTACIBHBIX H3BEPKeHHUI K KycTy 1o F0ro-BoctouHoMy Kpatepy.

3. OrtHolIeHHE NepecedeH s, Wik 00mIero nonoxenus. A u B HaxoasTcst B 001IeM MOJOKEHUH, T.€. CYIIECT-
BYIOT, IIO0 KpaiHe# Mepe, oauH y3en (WM pedpo), MpHHAUISKAIINI NCKITIOUUTENBEHO KYCcTy A, y3en (Wiu
pedpo), mpuHaUIeKaIINIl HCKITIOUYUTENBHO KycTy B, a Takke y3ei, npuHaaIeKamui 000MM KyCTaM.

4. OrHowenue HecpaBHUMOCTH. KycTel A u B He mepecekarorcs, T.e. y KYCTOB HET HH OJIHOTO OJJMHAKOBOTO
y3J1a. 3aMEeTUM, 4TO OTCYTCTBHE OJAMHAKOBBIX Y3JIOB l'apaHTHPYET OTCYTCTBHE OANHAKOBBIX pedep.

[lepBsIii ciiyyaii TpUBHAJIEH, B OCTAJIBHBIX CIy4asX MOXKHO OLIEHHTh KOJMUYECTBO M XapakTep IIaros (BBe-
JeHHe/ynajaeHne y3JoB 1 CBs3eil), He0OXOIUMBIX, YTOOBI U3 OJHOTO KyCTa MOIYyYUTh JPYrod — WIIH, HHBIMH CJIO-
BaMH, KOJMYECTBEHHO OINPEACIUTh, HACKOJIBKO OIMH KYCT MOXOXK Ha Ipyrod. COOTBETCTBEHHO, €CJIM CYMTATh
KyCT COOBITHI MOIENbI0 HAIIMX MPEICTaBJICHUH O SBICHHH, €CTh OCHOBAHUS HAIEAThCS, YTO JAHHBINA ITOIXO.
MIO3BOJIUT OTIPENEIIUTh TOT «IIONPABOYHBINA KOIDPUIMEHT, KOTOPBIIl HAZI0 BBECTH, YTOOBI IPUMEHHUTH BEPOSITHO-
CTHOE BBICKa3bIBaHHE 00 OJJHOM BYJIKAHE WJIM U3BEP)KCHUHM K JPYTOMY BYIKaHY HJIH H3BEPKCHHUIO.
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Puc. 6. Kyct cobbiTuid, onuckiBatoLmii hopMmpoBaHne penbeda 1 NopoA, nokasaHHblX Ha puc. 5. 3a4epkHyTbl
NpU3HaKky, okasblBaloLLMECH HE PeNeBaHTHLIMW AN CneaytoLero wara

[TompaBounslii k03¢ ¢UIEEeHT sABIsSeTCS (QyHKIHMEH, apryMEeHTaMH KOTOPOH SBIISIOTCS KOJMYECTBO pas-
mnaabixX y350B ((V4\Vg) U (Vg\V,)) 1 xomuaectBo pazinaabix pedep ((E4\Eg) U (Eg\E,)).

B npocrteiiniem ciryyae nanHas GpyHKIHS MOXKET BBIIAIETH CIIENYIOIUM 00pa3oM:
|A, B[+|B, Al

| A|+| B

rae | A\ B | — 9T0 KOIM4ecTBO Y3JI0B U pedep, KOTopbie €CTh B KyCTe cOOBITHI A, HO HE TIPHCYTCTBYIOT B KyCTe
cobObITnii B; | B \ A | — 9TO KOJM4YeCTBO y3II0B U pedep, KOTOpBIE €CTh B KycTe COObITHII B, HO He MpUCYTCTBYIOT
B Kycrte coObituii A; | A |, | B | — 310 0011€e KoIn4ecTBO y3JI0B U pedep KycToB coObiTHH A, B cooTBeTCTBEHHO.
JanHblil monpaBoyHbIi K03()(UIHUEHT OTpaXkaeT CXOKECTh KYCTOB COOBITHIA: €CIM KYCThI paBHBI, KOI(GHIHUESHT
paBeH 1, ecin y KyCTOB HET HM OIHOTO OJIMHAKOBOTO y3i1a, KoadduiueHt pasen 0.

KoadduirenT 6bU1 MOCUUTAH U1t KYCTOB COOBITHH, MMeBIIMX MecTo 16, 19 u 24 HosOpst 2006 .

Haumenbliee 3HaueHne uMeeT k0d3(GHUIUEHT Ui KycToB coObITHi 16 1 19 HOs0psI, ero 3Hayenue = 0,5.
CpaBHenune KycToB coObiThit ajist 16 u 24 HosiOpst naet koaddurment ~ 0,68. Haubonpinm cxoacreom obnana-
0T KYCThI cOOBITHI 1i1st 19 1 24 HOsOpst, koddduuuent ~ 0,82. C ByJIKaHOJIOTHUECKOI TOUKH 3PSHHUS 3TH 3HAYE-
HUS TPEACTABISIOTCS BIIOJHE OOOCHOBAaHHBIMH, XOTS MHTYUTHBHO IaJeKO HE OYEBUIHBIMHU. JleficTBHTENBHO,
MTOJABIISIONIEe OONBITMHCTBO COOBITHI 19 HOAOpS (CBSI3aHHBIX C MCTEUYEHHEM JIaBBl WM CTPOMOOIHAHCKOM aK-
THUBHOCTBIO) B TOM BHJE, B KAKOM OHH IPEJCTABICHBl B PACCMATPHBAEMOM KyCTE COOBITHH, MOBTOPWIHCH H

k(A B)=1-
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24 Hos10ps1. B TO ke Bpems apyrue coOBITHSI TPETHETO M3BEP)KCHUS (2 MMEHHO, IPAaKTUYECKU BCE HEOOBIYHBIC
MPOLIECCHI NIEpEMEIIEHHs BIIKAHMYECKOTO Marepualia) MIMEIOT ropaszio Oounblie o0Iiero ¢ u3BepxeHnem 16 Ho-
a6ps. TeM He MeHee, MHTYUTHBHOE PELICHHE OOJIBIINHCTBA IKCIEPTOB-BYIKAHOJIOTOB OTHOCUTEIBHO MOTIAPHOTO
CXOJICTBA PacCCMaTPUBAEMBIX U3BEPKEHUN OBITIO HHBIM.

ITomoOHOE cpaBHEHNE MOXHO HPOU3BOANUTH HE TOJIBKO [UIS KYCTOB COOBITHIA, ONMHMCHIBAIOIINX Pa3INIHbIC
M3BEPXKEHUS OIHOTO BYJKaHA, HO M AJSI [BYX JIIOOBIX KyCTOB COOBITHH, HampuMep, IJIsl JBYX KYCTOB COOBITHH,
OTIMCHIBAIOIINX IOBEICHNE PA3IMYHBIX BYJIKAaHOB. B Oymymiem MblI mpenmonaraeM pas3paborarb Ooiee TOHKHE
MepBI CXOACTBA/PA3NMYNSA, JIydIle yIUTHIBAIONINE CEMAHTHUECKHE Pa3IHdMs MEXKAY y3IaMH. Takod cpaBHH-
TEJIbHBIA aHaMU3 ObLI Obl YpE3BbIYAHO MOJIE3EH B PEIICHUM psija MPHUKJIaIHbIX 331a4 — TAKUX, KaK OLEHKa BYIl-
KaHWYEeCKOH OITaCHOCTM WJIM TEOTEPMabHOTO IIOTEHIMala MHUTAIOIMX MarMaTH4eckux cucrteM. llomoOHoe
CpaBHEHHE MOXKHO OCYILECTBIATh U B APYTUX 00JacTAX HayK o 3eMJje, YTO 3HAYUTEIBHO MOBBICUT HAJEKHOCTh
9KCIIEPTHBIX OLIEHOK NPH MEPEeHOCce 3HaHKS [0 OIHOMY OOBEKTY Ha JIPYrou.

KycTbl coOBITHII IO TpeM MOCIEA0BaTEIbHBIM H3BepKeHUSAM — 16, 19 u 24 Hoa6ps 2006 1. — npeacTaBis-
10T cOOOH YacTHBIE CIIy4an OOILIero KycTa COOBITHH, IIOCTPOSHHOTO /ISl OIIMCAHMUS TIOJIHOM TPYIIIBI APYNTHBHBIX
CIICHapHeB IOT0-BOCTOYHOTO Kparepa OTHHL 3a mepuox ¢ 2006 mo 2014 rr. OBIIO OMHCAaHO HECKOJIBKO COTEH
OONBIINX W MAJBIX U3BEP)KCHHH IOT0-BOCTOYHOTO, a 3aT€M M HOBOTO IOTO-BOCTOYHOTO KpaTepoB OTHHL. B xone
MHOTHX U3 HUX HAaOIIIOJaliCh COOBITHS, OTCYTCTBOBABILHE MIPU TPEX YIIOMSHYTHIX H3BEP)KEHHUSIX — IIPEBPAIICHUE
TIOTOKA JIABBI B ITOTOK OOJIOMKOB B PE3yJIbTaTe B3aMMOAEHCTBUS JIaBbl U CHETa, (POHTAHUPOBAHKE JABbI U3 BHOBb
PacKpBIBIINXCS TPELIMH U JIpyrue — HO He ObUIo 3a)MKCHPOBAaHO HU OJHOTO CIIEHAPHs, HE COIEpIKallerocs B
o01eM KycTe coObIThil. DTO 03Ha4aeT, 4To 3a BOCEMb JIET HE BO3HHUKIIO CHTYalllH, KOT/a JIaHHBIE, MOATpYXKae-
Mble yuacTHUKaMu npoekTa B cpeny COLLA B Buzae ¢aiinoB uimu cooOuIeHuid, He MO Obl OBITH aJeKBaTHO
COOTHECEHBI C IPUHATON MOJETHIO BYJIKAHUIECCKOI aKTUBHOCTH.

3akaouenne

Kak noka3pIBaroT IpoBEJCHHBIE HCCIICIOBAHMSI, METO/ KyCcTa COOBITHI, SBISIOIINIICS HA TaHHBIH MOMEHT
OCHOBHBIM METOJIOM MHXXCHEPUH ANHAMUYECKUX 3HAHHUH, XOPOIIO afaNTUpyeTCs UIA 3a/ad MOAJEPKKH COBME-
CTHBIX HAay9HBIX HccienoBanuil. [lomydaemsblii B pe3ynbTare MpUMEHEeHHs JaHHOTO MeToa TpapuIecKuii KOHCT-
PYKT (KycT COOBITHIA) JIETKO pa30MBaeTcs Ha OOBEKTH Pa3IMYHON CIIONKHOCTH, KaKIBIH M3 KOTOPBIX COOTBETCT-
BYET TOMY WJIM HHOMY ONOKy 3HaHMH. CHHTaKCHC U CEMaHTHKA KycTa COOBITHH OONETYAIOT 3aJaqy CBI3bIBAHHS C
3THM OJIOKOM 3HAaHUH CIICHHAINCTOB B IIPEAMETHOH OOJACTH C COXpaHEHHEM TOTO HMHTEIUICKTYalbHOTO IPO-
CTPaHCTBA, B KOTOPOM OHH OBLIH CO3JaHBI.

Hecmotps Ha 1O, 4TO elie He cO3/1aHO CIEeLHaIN3UpPOBaHHEE IPOrPaMMHOE 00eCIICYeHUE, TTO3BOJISIOIIEE
CTPOUTH KYCTHI COOBITHH, CYIIECTBYIOIIAsl KOMIIBIOTEPHAs peajn3alys JaHHOTO METOo/a B BHJE OOBIKHOBEHHOM
BEKTOPHOI rpaduku jierko BHeapsiercs yepe3 popmar SVG B cpeny MmozJiep)KKH COBMECTHBIX HAayuHBIX HCCIIe-
nosanuit COLLA.

JanHblit moaxon ObUT 0ITpoOOBaH Ha IPUMEpPE JIBYX aKTyaJIbHBIX 33j1ad HayK O 3eMile — OLIEHKH CLIEHApH-
€B Pa3BUTHUS I'€OJOIMYECKUX KaracTpo(), CBA3aHHBIX C M3BEPIKEHUEM OJJHOTO M3 CaMbIX OMACHBIX EBPOIEHCKUX
BYJIKaHOB (DTHBI) U OHOTO U3 CaMbIX OMACHBIX A(PPEKTOB, BOHUKAOIINX MpHU 3eMieTpsiceHms X (dddexra me-
crononioxeHns1). Co3maHHbIEe MPOEKTH MO3BOJIMIIN 3HAYWTENLHO IOBBICUTH KadeCTBO HAYYHOW IUCKYCCHH H
CTPYKTYPHPOBATh COOTBETCTBYIOIINE OOIACTH 3HAHUS TTOJ] PEIICHHE KOHKPETHBIX 3a/1a4, HHTEPECYIONINX HCCIIe-
nosarelneil. @opMan30BaHHOE CPaBHEHHE 1 KOJIMUECTBEHHAsSI OLICHKA CXOJICTBA—PA3IIMUMsI 0OCTaHOBOK M 00beK-
TOB Ha OCHOBE METOJIa KyCTa COOBITHI MO3BOJISIOT CYIIECTBEHHO IOBBICUThH HaJEKHOCTH 3KCIEPTHBIX OLIEHOK B
HayKax o 3emie.
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