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IMPOT'PAMMHO-MATEMATHYECKOE OBECIIEYEHMUE
OUEHKHM N'EOAUHAMHUYECKOI'O PUCKA

Ananuzupyemces knaccugurayus mooenei 0l OYeHKU 2e00UHAMUYECKO20 PUCKA. Yumenbl
macwmadHvle Xapakxmepucmuxku meppumopuil. /s Kaxcoo2o KiacCuQukayuoHHo20 yposHs Onu-
Canvl MOOenU U NPOSPAMMHbBIE CPeOCmEa Olisi OYeHKU 2e00UHAMUUEeCKO20 PUCKA U NPUBEOeHbl
npakmuieckue pesyiomamol. Mamepuan modicem Ovimb NOAE3EH NPU peuteHuu npooiem mexHo-
cghepnoil bezonacnocmu.

Kniouesvle cnosa: 2eodunamuueckuti puck, KiacCUuukayus, npocpammHvle Cpeocmed,
oyeHKa.
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N.A. Kuzmenko, T.M. Nevdakh

SOFTWARE AND MATHEMATICAL SUPPORT
OF THE GEODYNAMIC RISK ASSESSMENT

Analysis of classification of geodynamic risk models was carried out. Large-scale charac-
teristics of territories taken into account. Models and software geodynamic risk assessments
are described for each classification level. Practical results are presented. The material can be
helpful in solving the problems of technosphere safety.

Key words: geodynamic risk, classification, software tools evaluation.
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Bsenenue
[TpoOnembl 3anTUTHI HACENIEHUS U TEPPUTOPUN OT BO3JEHCTBUSA OIMACHBIX I'€0-

JTUHAMUYECKUX TPOIIECCOB HEBO3MOXHO pelllaTh, HE Biaaes MHbopmarueit 00 ux
MIPOCTPAHCTBEHHOM paCMpEIeICHUH, HHTEHCUBHOCTH BO3JIEUCTBUS U MEPUOIUUYHOCTH
nposiBjieHus. IMEHHO MO3TOMY HCCIIeIOBaHUS B 00JIaCTU MAaTEMAaTHUYECKOTO MOJIEIH-
pOBaHUs TE€OJAMHAMUYECKUX PHUCKOB B MOCIEIHEE BpPEMsI CTPEMUTEIBHO HAOHPAIOT
obopoTsl [1, 2]. TpaaguIMOHHO OHM MPOBOJATCS JUOO B paMKaX KaueCTBEHHOT'O OITH-
caHusi, TM00 Ha OCHOBAaHUHU HCKIIOUUTEIHLHO MPHUOOPHBIX HCCIEIOBAHUN, KOTOPHIE
MO3BOJISIIOT OTCJICKUBATH PA3BUTHE OIMACHBIX I€OJIMHAMHYECKUX COOBITUN B PEKUME
peaIbHOrO0 BPEMEHH, OJHAKO HE OCTaBIsiE BO3MOXKHOCTH MPOBEICHUS HE TOJIBKO
CPEAHECPOUHBIX, HO U KPATKOCPOUHBIX IPEBEHTUBHBIX MEPOIIPUSITHH.

OuyeBHUIHO, YTO MPUOOPHBIC UCCIICIOBAHUS B ATOM chepe BecbMa JOPOTOCTOs-
1T Y1 HE MOTYT OBITh TPUMEHEHBI MIOBCEMECTHO, TaK KaK JIOPOrocTosiee 00opyao-
BaHME pa3MeIlaeTcs, KaKk MNpaBWIO, TOJBKO TaM, TJI€ €ro YCTAaHOBKAa CUMTAETCS
KpaiiHe HeoOxomaumoit. 1o 3Tol mpuymHEe HaMM cTajia pa3pabdaThIBaThCS MaTeMaTH-
YyecKasi TEXHOJIOTHUS OIIEHKU T'€0JJMHAMUYECKUX PUCKOB.
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Kanaccupukanus mareMaTHYeCKHX MOJIes1eH
JJIS1 OLIEHKH Te0INHAMMYECKOr0 pUCKa

B cBoux paboTtax Mbl BBIJICIMIA TPU TUIIA MOJEJICH JIJIsl OLICHKU T'€0JIMHaMUYe-
ckoro pucka (puc. 1) mo ux BHUAOBOMY MPHU3HAKY U TPHU THIIA — 10 MACIITAOHOMY
MIPU3HAKY.

Tun 1 — oemepmunupoeannsvie mooenu. lleppornauanbHo OblIa pazpaboTaHa
MAaTE€MaTUYEeCKasi TEXHOJIOTHSI OLIEHKH MECT BO3MO>XHOTO BO3HUKHOBEHHMS I€O/IMHA-
MUYECKUX KaTacTpod, B YACTHOCTH — 3€MJICTPSICEHH, Ha OCHOBE aHaJIM3a MPOCTPaH-
CTBCHHOTO paclpe/ieiCHUs Te0IMHaMHUeCKUX aHoMasmii [1-4].

Knaccudukanms
Mozenen

BunoBoil npusHak MaciutaOHbIH
PernonansHbie N
Pationnsie N
JlokannHBIC |
Toueunsie <«

Puc. 1. Knaccudukarus MaTeMaTHYeCKIX MOJIEIIEH
JUISL OLEHKHU T€OIMHAMHUYECKOTO PUCKa

WNubivMu cioBamu, 0a3upysich Ha pe3yibTaTax aHall3a KOCBEHHBIX NMPU3HAKOB
reoJIMHaMUYeCKOM HEeCTaOUIIbHOCTH, @ UMEHHO — Ha TOPU30HTAIbHBIX TI'PaTUEHTAX
aHOMaJIMil TPaBUTAILMOHHOTO TMOJS B M30CTaTHUYECKOM peayKiuu, ObUla MOCTpOEHA
MaTeMaTU4YeCKasi MOJIENb T'€OJOTHYECKON Cpeabl UCCIEAYEMOM TEPPUTOPHUH. 3aTeM
[0 pe3ysJbTaTaM MaTeMaTUYECKOI0 MOJEIVMPOBAHUS BBIIIOJHEHO BOCCTaHOBJICHUE
IIOJIEN TEKTOHUYECKUX HAIPSIKEHUU U CMELICHUN B OTOU CpeLE.
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I[eTepMI/IHI/IPOBaHHBIe MOoACIn 6a3pr}0Tc>1 Ha I'PAHUYIHBIX YCIIOBUAX!
pgu, (x,y,h)—o, (X, y,h) =0;

o, (X, ¥,0)+(p, —p)gu, (X, y,0) = ph,,,P(X, y);
7,,(X,y,h)=0:

T, (X, y,0) =0,

II€ Ty, — KacaTelbHbIC HAIPSIKEHUS B INIOCKOCTH XZ;

1)

G, — BEpTUKAJIbHAS COCTABIIAIONIAsl HOPMAIbHBIX HANPSHKEHUN;

U, — BEpTUKAJIbHASI COCTABJISAIONIAsA MTOJHOIO BEKTOpa CMEUIEHUI B reojiornye-
CKOM Cpene;

P(X, y) — BenmuunHa pacnpeaeaéHHON Harpy3Kd B TOUKe ¢ KoopauHatamu (X, Y);

p — CpPEeIHsIS IUIOTHOCTh BEIIECTBA I'€0JIOTUYECKOM CPEIbl;

Po — CPEAHSAS IUIOTHOCTH BEIIECTBA HUYKE YCIOBHOW MOJIEIIBHOW T'PAaHULIBI IPU-
JIO’KEHUS BHEITHEN pACIIPEACIEHHON HAIPY3KY;

g — YCKOpPEHHUE CUJIbI TAKECTH;

Nmax — HaMOOJbBIIAS BETUYMHA OTKIOHCHUS MOJICIIEHOW HIDKHEH TpaHUIlbl
OT HYJIEBOT'O YPOBHS;

h — cpemusist ToNIMHA paccMaTPUBACMOTO MOJCIBHOTO YIPYTOTro MPOCTPaH-
CTBa.

KoMITOHEHTBI TEH30pa HAIPSIKEHUW W COCTABILIIOLIME BEKTOpPAa CMELICHHM
B I€0JIOTUYECKOM cpelie an/I 3TOM Hpe,[[CTaBJ'ISIIOTCH crneayrommmM odpasom [1, 3]:

c, (XY, z)_ ;°°)+1Z m0) 4= Zc‘o”)+ZZc‘m”)

m=1 m=1n=1
u (X y,z) = (00)+ Zu(m0)+ ZU(On)+ZZu(mn) @)
m=1n=1
rnc ae{xi y,Z,Xy,XZ,yZ},
e{x,v,z}.

HauanbHble MOJEIM, OPUEHTUPOBAHHBIE HA OLEHKY M'€0OJUHAMHYECKOTO PUCKA
JUTSL TOCTATOYHO MPOTSHKEHHBIX TEPPUTOPUM (PETHOHAILHOTO MaciiTtada), ObuH Je-
TepMUHUpOBaHHBIMH. OJIHAKO OHM HE BCErJa KOPPEKTHO 'paboTayiu’’ Ha MEHBIIMX
0 TUIOIIAIA TEPPUTOPUSX, TTOKA3bIBAsI PA3JIMUHbIC PE3YIbTAThl Ha MJIAT(HOPMEHHBIX
U OPOTCHHBIX TePPUTOPHSIX [5, 6].

Bcé 310 3actaBMiIO MCKATh HOBBIE MOJEIM UIS OLICHKH T'€OJUHAMUYECKOTO
pPHUCKa, YTO B UTOT€ TIPUBEJIO AaBTOPOB K CO3JAHUIO IEJIOTO UX KOMILIEKCa, Kiaccudu-
Kalusi KOTOPBIX MpUBEAEHA Ha puc. 1.
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Tun 2 — seposimnocmmbvie MOOENU.

CyTtb Mojzerei cocrout B cienyromeM [1, 5-7]. Tlpeamnonaraercs, 4ro mocie-
JNOBAaTEIbHOCTh TE€OJMHAMUYECKUX COCTOSHUN TI€0JOTUYECKOW Cpeabl HEKOTOPOM
TEPPUTOPHUH TPEJCTABISAET COOOM MOTOK OJHOPOIHBIX COOBITHI, KOTOPBIN YIOBIIE-
TBOPSAET YCIOBUSIM HE3aBHCUMOCTH, OJHOPOAHOCTH M OPJIUHAPHOCTH, TO €CTh IPE-
CTaBJIIET COOOM MPOCTEHIIHI TTOTOK.

Oo6o03Hauas yepe3 P, (t) BEpOATHOCTH TOrO, UTO B T€UEHHUE HEKOTOPOTO IMpO-

MEXYTKa BPEMEHU pealn3alus re0JIMHAMHYECKOr0 MPOLECCa MOXKET COOTBETCTBO-
BaTh K COCTOSIHUSIM I'e€OJIOTUICCKON CPEJIbl, M, YIUTHIBAS, YTO 3Ta BEPOSITHOCTH HE 3a-
BHCHUT HU OT BBIOOpA CHCTEMBI OTCUETA, HU OT MPEJBICTOPUM T'€OCPEbl, TOCTPOECHBI
COOTHOILICHUSI JIJIsI OMPENIECNICHUS] U3MEHEHUSI pacCMaTPUBAEMBIX COCTOSIHMM, OCHO-
BaHHbIC Ha AU(depeHITnaTbHBIX YpaBHeHUsIX KoMoropoBa (17151 TpEX COCTOSIHUMN):

pr(t) =—0us Py (1) + 0ty P5 (1);
P (t) = —0u,5 P, (1) + 0gy P4 (1); (3)
Pa(t) = 03 Py (1) +0uys P, (1) — (0t +0Ly) P5(t)-

Tun 3 — neuémkue moodeau. K tepputopusM, 3HAYUTEITHLHO HEOTHOPOIHBIM
B TEKTOHUYECKOM OTHOIIECHWHU, IPUMEHEHUE YKa3aHHBIX JETEPMUHUPOBAHHBIX U BE-
POSITHOCTHBIX MaTEMaTHYECKUX MOJEIeH sl OIEHKH T€OJIMHAMUYECKOTO PHCKa
He Bcerja onpasaaHo. [loaTromy aBropamu ObLIM pa3padOTaHbl MOAEIIHA, OCHOBAaHHBIE
Ha TCOPHH HEYETKUX MHOXKECTB [8].

[Ipu ¢popmupoBanun 0a3bl MpPaBUJI CUCTEMBI HEUETKOTO BBIBOJA B KaueCTBE
BXOJHBIX IEPEMEHHBIX HCIOJb30BAIUCh XaPAKTEPUCTUKU TE€OJOTHYECKON Cpembl,
MOJIyYECHHbIE KAaK HAa OCHOBAHWMU aHAIN3a MAaKpPOCEMCMUYECKUX W JAPYTUX JIaHHBIX
0 3eMJIETPSICEHUSM, TaK ¥ MH(OpMaIMs O HAPSDKEHUSIX M CMEIEHUSIX, paCCUUTaH-
HBIX B XO0JI€ TPUMEHEHHS JETEPMUHUPOBAHHBIX U BEPOSITHOCTHBIX MAaTEMaTUYECKUX
Mozenei. B pesynbrare onpeneneH HaOOp BXOJHBIX NMEPEMEHHBIX, KOTOPBIA 3aTeM
OBLIT OJBEPTHYT Tpouienype "'dazudukammm' .

Tak, Hanpumep, QyHKIUS TPUHAJICKHOCTH BEPTUKAIBHBIX CMEIICHUN B Ieo-
Joruveckor cpene U, (mmleo0) Obuta mpejacTaBieHa B BHjae HaOoOpa KyCOYHO-
JUHENHBIX (QYHKIMI BUAA:

HTl(uz):aiuz+bil I :1’ 2’31 (4)
a GyHKIUS TPUHAJICKHOCTH OTHOCUTEIIBHOW IJIOTHOCTH MOTEHIIMATBLHON IHEPTUU
nedopMUpYeMbIX TIOPOJ| Teostorudeckoit cpenst E, ( Jowc/(m® - 200) ) — norapudmuye-
CKOM 3aBHUCHUMOCTBIO BUJIA.

e, (E,) = d +CIg(E, ). ®)
B coornomennsx (4) u (5) cumonamu My (U,)u Wy (E)) o6osuauens: repm-

MHOKECTBA COOTBCTCTBYIOIIUX JIMHTBUCTHYCCKHUX IICPEMCHHBIX C KOB(l)(l)I/ILII/IeHTaMI/I

a,b,c,d eR.
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Y4yér macmiTada TeppUTOPHH OLIEHKH PUCKA

Jns TeppuTOpHil 3HAYUTENBHON MPOTSHKEHHOCTU aBTOPAMHU HCMOJIb30BAJIUCH
pecuonanvuvle mooeau sua (1).

B ominune oT HUX, MoOdenu panoHHO20 MACUWIMAOHO20 YPOGHA TO3BOJSAIOT
JOCTOBEPHO OLIEHHWBAaTh '€OJUHAMHYECKYIO CUTYAMIO U1l TEPPUTOPHUI C IIJIOIIAIBIO
He GoJiee HECKOJIBKUX IECATKOB KM°. B KauecTBe BXOXHBIX JAHHBIX B TAKHX MOJICISX
ucnoJib3dyercs nHpopmalys o Tornorpaguueckom penbede MECTHOCTH U pacrpesese-
HUU [JIOTHOCTHBIX HEOJHOPOIHOCTEN HA UCCIIETYEMON TEPPUTOPUH.

MopenbHbIil yOpyruii 00bEM reoJIOrHYecKor cpeabl MpH MOJ0OHOM IOAXO0E
npescTaBiisgier coOOM mapajuleNienure]l, K HIKHEW TpaHulle KOTOPOTro MPHIIOKEHO
BHEIIIHEE Bo3MyIaromiee Bo3aeicteue P(X, Y), a rpaHuIla BO3MYIIEHUH OT IUIOTHOCT-
HBIX HEOJHOPOJIHOCTEH BHYTPU ITOrO CJIOSI MPEACTaBISET COO0O0M TPEXMEPHYIO
MIOBEPXHOCTD, 3a7aBaeMyro pynkiueit Buga W(X, Y, z) [9]:

c,(xy.0)=P(xy),  1,(xy,0)=0,
o, (X% ¥, %)=W(x,y,x) 7,(x,y,h)=0,

rne ), — HeKoTopas (MKCHpOoBaHHAs ITyOHWHA JJIsl KaKI0U TOYKH (X, V).

(6)

Takue Monenu MO3BOJISIFOT OoJiee AeTaabHO MCCICI0BATh TEPPUTOPHUIO PAHOH-
HOTO MacmTabHOTO YPOBHS HA MPEAMET MX YCTOHYHMBOCTH TI0 OTHOIICHHUIO K MPOSB-
JICHUIO OMACHBIX I'€OJJUHAMUYECKHX IMPOIECCOB — KPHII, OMOJ3HU, MPOBAIIBI, OCE/Ia-
HHUS 36MHOM MTOBEPXHOCTH.

Moodenu nokanvhozo macuimadHozo ypoensa TpelIHA3HAYEHBI JJISI TEPPUTO-
pHii, Ha KOTOPBIX PACIIOIAralOTCsl HECKOJIBKO 3/IaHWN ¢ MH)KCHEPHBIMH KOMMYHHKA-
IIUSIMU, WK YK€ HEOOJIBIIINE KHUIIBIC MACCHBEHI.

CornacHo 3TUM MOJEINSM, BIHMSIHHE TOMOTPaQHUECKUX MAacC MECTHOCTU (BO3-
mymieaus P(X, Y)) y4uThIBaeTCsS Ha HIDKHEH MOBEPXHOCTH MOJEIBHOIO YIPYroro
TPEXMEPHOTO CJI0Sl TEOJIOTUIECKOM Cpebl, BIUSHIE IJIOTHOCTHBIX HEOTHOPOTHOCTEH
— mytém BBeneHus pynkiuun W(X, Y, z).

Ha BepxHIOIO 4acTh YNPYroro cjosi JIEHCTBYeT paclpelelieHHas Harpyska
OT 31aHuit 1 coopyskeruii, To ectb mpu Z=h o,(X,y,h)=F(X,y) (o, - Bepruxais-
HBIC HOpPMAJIbHBIE HANpPsOKEHUs B cpeje), Ha ypoBHe Z =0 — Bo3MyIIeHHS OT TOMO-
rpaduyueckoro penbeda MECTHOCTH, a Ha IIIyOUHAX Z =7 — BIUSHUE MJIOTHOCTHBIX

HeoxHopoaHocTei [9]:

(6,(x,y,h)=F(x,y),

o, (% y,1) =W (x,y, 1)

c,(x,y,0)=P(x,y), (7)
[7,(X,,0)=0
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[TockoNbKy YMCIIEHHBIE PACUYETHI MO YIOMSHYTHIM MaTeMaTHYeCKUM MOJEISIM
Ype3BbIUAHO TPYMOEMKH, OHHM OBUIM pealu30BaHbl B BHUAC HPOOJIEMHO-
OPHEHTHPOBAHHBIX KOMITBIOTEPHBIX MPOTPaMM, CO3IaHHBIX B Cpele MPOrpamMMHUpPO-
Banus Borland Delphi 7.0. OcTanoBumcst Gosnee moapoOHO Ha HUX.

IIporpammMHubIe cpeacTBa 1S OLCHKHU Ie0AUHAMUYECKOI0 PHUCKA
U pe3yJIbTAThI

CymiecTByronye A0 HACTOSMIErO0 BPEMEHH AJITOPUTMBI OLICHKH I'€OJIMHaMHUYe-
CKOTO pUCKa ObTM OPUEHTHPOBAHBI MCKIIOYUTEIILHO Ha UHTEPIPETAINIO pacipeie-
JIEHHOM Harpy3ku OT KaKOro-iubo OJHOr0 M3 reo(u3nuecKuX IMojeil: aHOMalbHOTO
I'PaBUTALMOHHOTO IOJISL, TTOJsI COBPEMEHHBIX BEPTHUKAJIbHBIX JBUKEHUN 36MHOU KOPBI
(CB/I3K), moJist cTaTHYeCKO# Harpy3KH OT 3[aHUN B COOPYKCHHUH.

[Ipy 3TOM HCHOJIB30BATUCh JOCTATOYHO T'POMO3JIKHE CXEMBI YUCIEHHOIO pe-
meHust AudQepeHuanbHbIX YpaBHEHUH, a cama paclpesesieHHas Harpyska npen-
CTaBJISJIaCh B BUJE NEPUOJUUECKUX PYHKIUM.

[IpyHIMNMATBHBIMU OTIMYUAMH NPEICTABISIEMBIX aBTOPAMH MOJENEN U aJro-
PUTMOB OLIEHKU I'€OIMHAMUYECKOI0 PUCKA ABIISAIOTCS CIEAyIoLIee:

® JICTIOJIb3YETCS KOMIUIEKCHBIN HA0Op BXOAHBIX JIaHHBIX IO pacHpeleICHHbIM
Harpyskam, JA€MCTBYIOLIMM Ha F€0CpPeay Ha pa3IMuHbIX INTyOUHHBIX YPOBHSX;

e Onarofaps NOJYyYEHHBIM TOYHBIM aHAJIIMTUYECKUM BBIPAKEHUSAM JIJISI KOMIIO-
HEHT TE€H30pa T€OIMHAMUYECKUX HAIPSIKEHUN U COCTABISAIOIIMX BEKTOPA CMEIIEHUN
B reocpejie, NpuMeHseTcst 6oee ObICTPhIN, ''CKBO3HON' allrOPUTM pacuéTa;

® pacnpelen€HHble HAarpy3Ku IPEICTABISIIOTCS B BHUJAE HENEPHOIUYECKUX
GyHKLIMA.

Ipozpamma Region npepHazHaueHa Ui YUCICHHON peaiu3allii PeruoHab-
HOM JIETEPMUHUPOBAHHOM M BEPOATHOCTHOW MOJENEMN JUJISl OLICHKH T'€O0IMHAMUYECKO-
IO pUCKa.

Jlnst e€ pyHKIMOHUPOBaHUS HEOOX0auMa UH(OpMAIHS O:

® BHEIIIHEW BEPTUKAIBHON HArpy3Ke, ACHCTBYIOIIEH HA T€OJOTUYECKYIO CPELY
u nipeacTaBieHHoi B popmare cuctemsl GEOGRID;

® CKOPOCTSIX COBPEMEHHBIX BEPTHKAJbHBIX JBMKEHHI HA 36MHOM IMOBEPXHO-
CTH,

e 1IyOMHE, Ha KOTOPOM PACMOJIOKEHA YCIOBHAS TpaHuIla BO3MYILEHHU U pac-
yE&THas MIOCKOCTh,

® JIOJITOTHOM M IIUPOTHOM MPOQPUIISIX.

[Tocne pacuéra gaHHBIX 00 M30CTATUYECKUX AHOMAJMUSAX MPOU3BOJATCS pacué-
THI 10 KAXKJ0W KOMIIOHEHTE T€H30pa HANPSKEHUN U COCTABJISIIOIIEH BEKTOPA CMEIIe-
HUU B T€OCPELE.

C nomortibio nmporpaMMbl REgioN BBIMOTHEHBI YUCICHHBIC OLICHKH Ie0JMHAMU-
YECKOr0 pHCKa JJIsi TEPPUTOPUU LEHTpalIbHOM vactu Poccum (puc. 2), DkBagopa
(puc. 3) 1 MHOTHX JAPYTUX PETHOHOB.
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Puc. 2. DKBUNOTEHIMATBHOE PACIIPENICIICHUE CIBUTOBBIX T€OJUHAMUYCCKUX HAIPSKEHUH
(ceuenue uzomuuuii — 0,3 Mla), paccunTaHHBIX IO PETMOHAIBHOM MOJIeIH,
C 3MULIEHTPAMU TEKTOHUUYECKUX 3eMJIETPSCEHUH, pousoeamux 3a nociegaue 100 ner

Ha puc. 2, 3 o6mactu, OKOHTYpEHHbIE U30JUHUSMU CO 3HAYEHUEM BEPOSTHO-
ctu 0,5, ompeneneHsl Kak 30HBI MOTEHIMATBHOTO pucka; 0,7 — 30HBI YMEPEHHOTO
pucka; 0,8 — 30HbI MOBBITIIEHHOTO pucKa; 0,9 — 30HBI Upe3BBIYANHOI OMTaCHOCTH.

DTH KapThl, TOCTPOCHHBIC HA OCHOBE PACUETOB MTOKA3ATEIIS I€OIMHAMHYECKOTO
pHUCKa, B JaHHOM CJTydac — BEPOSTHOCTH BO3HUKHOBEHHS CEHMCMHYECKOTO COOBITHS,
C HaHECEHHBIMHU Ha He€ APIUICHTPAMM 3eMJICTPSICCHHH, HATSAHO JEMOHCTPHPYIOT
aJICKBaTHOCTh MAaTEMAaTHYECKUX MOJEJEH: SMUIICHTPHI MPOU3OIIEAININX 3eMIIeTpsCEe-
HUN "Nernu’ Kak pa3 Ha T€ y4aCTKU TEPPUTOPUHU, KOTOPHIE OIMPEACIICHBI TI0 MOACIU
KaK HauOoJiee OMacHbIC B TEOIMHAMUYECKOM OTHOIIICHHH.

Baxxao ormMeTuTh, 4TO KapThl, MOIOOHBIC MPECTABICHHON Ha puC. 4, OTpaxa-
10T HE MHTETPATBFHYIO BEPOSTHOCTh CEHCMHYECKOTO PHCKA JIJIsl BCETO perruoHa B Iie-
JIOM, a ''TOYEYHO-TUIOMIAAHYIO" BEPOSTHOCTh MPOSIBICHUS CEHCMHUUYECKUX COOBITHH.
Pa3zMepbl Takux "To4edHBIX" IUIOMIAZOK 3aBHUCAT OT JIMHEHHON MPOTSIXKEHHOCTH HC-
CJIeTyeMOl TePPUTOPHUH, CBOISICH K TEPPUTOPHSIM MOPSIIKA HECKOJIBKUX KBaIPAaTHBIX
KHJIOMETPOB HJIM J]a)KE€ COTEH METPOB.
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Puc. 3. Kapra 35KBUNIOTEHIIMATIBLHOTO pacIpeie]IeHNs BEPOSTHOCTHOTO ITOKa3aTels
re0JMHAMUYECKOI0 PUCKa JUUIs TEPPUTOPUM DKBaZ0pa U MPUIETAIOUINX K HEMY FOCYAapCTB
C MULIEHTPaMH Mpousouenmux 3a nepuoj 1970-2011 rr. 3emnerpscenuit

Cnenyromas npozpamma GeoRiSK ducieHHO peaqu3yeT MaTeMaTHYeCKHe
MOJIETIH /ISl OLIEHKH T'€OJMHAMUYECKOTO PUCKa Ha TEPPUTOPHSIX PAHOHHOTO H .JI0-
KAIbHO20 MacuimabHo20 ypoeHel, a TaKkKe MOXET ObITh HCIIONb30BaHA U I OT-
TENBHBIX "'moueunvix’ 00vekmos.

[TporpamMma TpeOyeT BBOAA JaHHBIX TIO:

e Tonorpadudeckomy penabedy MECTHOCTH;

® pacrnpeeseHUI0 TUIOTHOCTHBIX HEOJHOPOIHOCTEH;

® JAaHHBIX 10 PACHpEe/IeICHHON CTaTUYECKOM Harpy3Ke OT 3[JaHUil U CoopyKe-
HUM, eclii 3TO TpeOyeTcs;

e TTyOMHAM 3aJieraHusi TPAHUIIBI BO3MYIICHUN U pacYETHOMN TIIOCKOCTH;

® JJIMHAM JIOJITOTHOTO U IIUPOTHOTO MPOQHIICH.

VYkazanHass uH(popMalus Takxke yrnopsjgodyuBaercss B ¢aiinax B (Qopmare
cuctembl GEOGRID. Untepdeiic nporpammbl moxoxx Ha uUHTepderic mporpaMMmsl
Region.

[TpuBeném B KauecTBe MpuUMeEpa pe3yabTaThl PACUETOB MO MPEABAPUTEITHHON
OILICHKE TEPPUTOPHH, TUIAHUPYEMOU IS TPOBEACHHUS HA HEW TpaloCTPOUTEITHHBIX
pabot. KapTsl 1151 ucciegyeMoi TeppuTOPUU MIPUBEACHBI B KX COMOCTABICHUH C pe-
3yJbTaTaMu MOJCIIMPOBAHUS TOJIBKO C yué€ToM Tomorpaduu (mozaenb 1), ¢ yuérom
TONorpauu U MIOTHOCTHBIX HEOJAHOPOAHOCTEHN (MOJIEb 2), U 10 KOMIUJIEKCHOM MO-
nemu (monensb 3) (puc. 4-6). Uucnamu Ha OpSMOYTOJIBHUKAX, CXEMAaTHYHO 0003Ha-
YAFOIINX JKUJIbIC JJOMa, YKa3aHa 3TaXXHOCTh TUTAHUPYEMOTO JIJIsl TOCTPOUKH 3/1aHUS.

Wurtepuer-xypHan "TexHonoruu TexnochepHoit 6ezonacuoctu” (http://ipb.mos.ru/ttb) 208
Bsimyck Ne 6 (64), 2015 r.



OT kapThl K KapTe€ BUIHO, YTO IO MEpPE YCIOXKHEHHUSI MOJEIEH MEHSETCS
HE TOJBKO KOH(UTYpalusi pacrpeiesieHus CABUTOBBIX HAINpPSKEHUM, HO U 3HAUU-
TEJIbHO YBEJIUYMBAIOTCS CAMHM UX 3HAYEHUS. DTO CBUACTEIBCTBYET O TOM, UTO JIO-
MOJIHUTEIBHBIN YUET TOJBKO OJIHUX IJIOTHOCTHBIX HEOJAHOPOIHOCTEH TOBOPUT O TOM,
YTO TeoJuHAMUYecKas OOCTaHOBKa Ha OOJBIIEH 4YacTU TEPPUTOPUU SIBISIETCS He-
ycroiunBoi. Eciu se Mbl 00paTuThCs K pHC. 6, TO MOKHO BUJIETh, UTO B CIy4ae 3a-
CTPOMKH 3TOW TEPPUTOPUU 3/IaHUSIMH U COOPYKECHHMSIMHU TUIAHUPYEMOH ATaKHOCTHU
MOKHO 0’KHJIaTh HETaTUBHBIX MOCIEACTBUHN, CBI3aHHBIX C OOPYIIIEHUEM 3TaHHMH.
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Puc. 4. CaBurosble HanpsKeHUs Puc. 5. CaBuroBble HanpsKeHUs
o mozenu 1 o Mozenu 2

[IpuBenEHHBIE MOAEIN UMEIOT OTPOMHYIO MPAKTHUYECKYIO LIEHHOCTD, MOCKOJIb-
Ky TO3BOJSIIOT HAa OCHOBE JOCTOBEPHOW OLEHKHM TIE€OJUHAMHYECKOW CUTyaluu
IUTSL CIIOKHBIX PaclpelieICHHbIX MPUPOAHO-TEXHUYECKUX CUCTEM JIOKAJIbHOIO Mac-
MTa0HOTO YPOBHS 3HAUMTENBHO ONTHUMH3UPOBATH MPOLEIYpPY NMPUHATUS YIIpaBiICH-
YEeCKUX PEIIeHUH Ipu pa3paboTKe reHepaaIbHOro MIaHa 3aCTPOMKH TEPPUTOPUH.

Ilpoepamma FuzzyCalc v.1.0 npeanasHayeHa A1 peain3aldi HEYETKUX Olle-
HOK COCTOSIHMS T'€OJIOTMYECKOM Cpefbl pa3IMYHbIX [0 CBOEMY MacuiTaly TeppUTO-
puit. OHa TpeOyeT JJIs CBOEH peann3aliy 1aHHbIX O:

e Tomorpagpuu MECTHOCTH;

® pacnpeae’IeHUH IIOTHOCTH F€0CPEBI;

® pacnpee’IeHU HEOJHOPOIHOCTEN re0JIOTUYECKON CPeIbl;

® CTATUYECKOU HArpy3KH OT 3JaHUN U COOPYKEHUM (TIpU HEOOXOAUMOCTH).

Nudopmaruss 0 BHENTHUX BO3JEHCTBUAX HA TEOJOTUYECKYIO Cpeay B TPO-
rpamme pasmemniaercs B ¢ainax dopmara cuctembl GEOGRID, wucnonssyrores
HECKOJIBKO TUITOB HEYETKOI0 aJITOPUTMA OLIEHOK.
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Puc. 6. CaBuroBsie HaNpsH>KEHUS 10 MOJACTH 3

Pe3ynbTaThl, MOTyYEHHBIE C TTOMOIIBIO 3TOM MPOTPaMMBbl, MPOUILTIOCTPUPYEM
Ha mpuMepe Tepputopun coppemernoit Apmenuu [10]. E€, cornmacHo puc. 7, MOXKHO
0XapaKTEPU30BaATh KaK TEPPUTOPUIO 3HAYUTEIBHOIO U BBICOKOTO PHUCKA, YTO COOT-
BETCTBYET HACTOSIIIEMY N€OAMHAMHYECKOMY COCTOSIHHIO 3TOTO PETMOHA, OLICHUBae-
MOT'0 KaK BBICOKO CEICMUUYECKU aKTUBHOE.

42.5 43 435 44 445 45 455 46 46.5 a7
a1 0.6 5 - ot 0.8 a1
40.5- 40.5
40
39.5

39.5

39

42.5 43 43.5 44 44.5 45 45.5 46 46.5 a7

Puc. 7. DKBUNOTEHITMATBHOE PaCIpeIeICHHe BEPOSITHOCTHOTO T€0JMHAMHYECKOTO pUCKa
Ha TEPPUTOPHH COBPEMEHHOW APMEHUH M MIPUJIETAIOIINX K HEH TOCYIapCTB.
Ceuenue nzonunuii pauo 0,05
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[IpencraBuM kapTy pachpenesieHuss BEKTOPOB TOPU3OHTAIBHBIX CIBUTOBBIX
HAIPSDKEHUM B TEOJIOTUYECKOM CpEAEe WCCIEAYEMOW TEPPUTOPUH, MOJTYUYEHHYIO
IO pe3yJbTaraM MaTeMaTHYECKOr0 MOJIEIUPOBAHUS, BBIMOJHEHHOIO C IOMOIIBIO
nporpammbl FuzzyCalc v.1.0 (puc. 8).

42.5 43 43.5 44 44.5 45 45.5 46 46.5 47

LY
40.5 40.5
40
39.5

39.5

39

42.5 43 43.5 44 44.5 45 45.5 46 46.5 47

Puc. 8. BekTopbl ropr30HTaNbHBIX CABUTOBBIX HAIIPSDKEHUN
Ha TEPPUTOPUU COBPEMEHHON ApMEHUU U NMPUIIETAIONINX K HEH TOCy1apCTB

Bekropsl, moka3zanHble puc. 8, OTOOpaKarOT TEHICHIUIO W3MEHEHHUs Ipo-
CTPAHCTBEHHOTO MOJISI PACHPEAEIICHUs CABUTOBBIX HANPSIKEHUM, YTO IMO3BOJISAET Olle-
HUTH JUHAMUKY OIACHBIX T€OJIOTHYCCKUX MPOIECCOB, MPOUCXOAINX B JTUTOCHEPE.
Kpome Toro, HampaBiieHue BEKTOPOB TAKKE CBSI3aHO C MPOTSKEHHBIMH TEKTOHHYE-
CKHMH CTPYKTYpaMH U ¢ HH(poOpMaImein 0 COBpEMEHHBIX TOPU30HTAIBHBIX JBIKCHU-
AX, TTOJYYEHHBIX 10 TaHHBIM KOCMUYECKOW I'€0IE3UH.

BuiBOABI
B 3akmodenne oTMeTMM, YTO pa3pabOTaHHBIE aBTOPAMH MaTEMaTUYECKUE
MOJIEJIM U MPOTPAMMHBIE CPEJICTBA MX peau3alliy MO3BOJISIOT 0oJjiee OnepaTHUBHO,
pallMOHAJILHO U MEHEe 3aTPaTHBIM CHOCOOOM, IO CPaBHEHUIO C CYIIECTBYIOIIMMH,
BBIMOJIHATh KOJUYECTBEHHYIO OLIEHKY MOKa3aTeieil IeoJUHAMUYECKOrO0 pHUCKa
JUISl CaMbIX pa3HOOOPa3HBIX MO CBOEMY MaciiTady, COCTaBy M T'€0JIOTHYECKOMY CTPO-
SHUIO TEPPUTOPHI U PACTIOIOKEHHBIX HA HUX OOBHEKTOB.
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