YK 550.347.2

H.I0. I'epacumoBa, K.b. PaTtbku

© HN.I0. I'epacumosa, K.B. ®arbkuH,
2011

CEHCMOPA3BEAOYHAA OLIEHKA COCTOAHHA
CO/IAHOI'O MACCHBA B 30OHE MACCOBOI'O
OBPVIUIEHHA BBIPABOTAHHOI' O ITPOCTPAHCTBA

I'IpeacraBieHpl pe3y/IbTaTel H3YYeHHs MPOCTPAHCTBEHHO-BPEeMEeHHbIX 3aKOHOMEepPHOCTEerH
H3MEeHeHHS YIPYrHux CBOFCTB cpesbl B 30He TeXHoreHHoH aBapui. ChopMHUpOBaH KOM-
T/IeKC BO/THOBBIX MapaMeTpOB, MO3BO/ISIOIIHE BbIAB/AATh TOTEHLIHA/IBHO OIMacHble y4acT-
KM C [TOHHMXEeHHBIMH [POYHOCTHBIMH CBOHMCTBaMH MaCCHBa ITOPOA

KroueBbie c/0Ba: Ma/sor/1y6HHHas CceFicMopasBesKa, OC/IOXHEHHe BO/IHOBOIO IO/,

CTPYKTYpa rec/IOrHYecKoro paspesa.

ausape 1995 r. Ha oaHoM u3

IIAXTHBIX T1071er BepxHekaMcko-
FO MeCTOPOXKAeHMs Ka/lMMHBIX — CO/en
MMPOU3OIIIZIO BHE3arHoe IpoceaaHre Mac-
CMBa TOpHBIX T[IOpOA Ha IVIOMAIU
600x600M c obpasoBaHyeM Ha IOBEpX-
HOCTH 3eM/T1 MY/IbIbl OCelaHusl T7TYOHHOM
no 4,5 m.

Ha yuactke aBapyu pasBepHyTa CeTh
KOMIT/IGKCHOTO MOHMTOPMHIA 3a COCTOS-
HyeM BoaosammtHoM Tomuu (B3T), Bro-
Yarolllasi MapKILIeHAePCKHM, reoMexaHye-
CKUH, CeMCMO/IOTMYeCKMM U CercMH4Ye-
CKMi1 BUAbl KOHTposs. [Ipoieanit Bpe-
MEHHO¥ TTepHo/l XapaKTepHU30Ba/ICs ABYMs]
CTaAMSMKU AMHAMWKU W3MEHEHUsl COCTOS-
Hust B3T: obnmM yxyiieHreM reoMexa-
HIYECKOM OOCTaHOBKU I10 Bcelt mepude-
pyM 30HbI 06pyiieHust (1995-1996 r.r.) u
TeHACHIIMeH K CTabWIr3alMy IMPOYHOCT-
HbIX XapPaKTePUCTHK CO/MSAHBIX M HAACO/s-
HbIX nopoz (¢ 1996 r.).

CBoeBpeMeHHO MpoBeaeHHbIe PaboThl
[0 3aK/IaZke OTPabOTaHHOIO MacCHBa B
IIOrPAaHHUHEBIX K 30HEe OOpyiieHus obaac-
TAX ODOeCrevn/ii BO3MOKHOCTb JasibHer
IeH SKCIVIYATaLMU [aXTHOTO T1O/IS.

B HacTtosiee Bpemsi B 06/1aCTH TEXHO-
TeHHOU aBapuy He Hab/onaeTcss 3Hauu-
MBIX H3MEHEHWI B COCTOSIHUM BOIO3a-
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mmtHOM Tomuu. C ApYrort CTOPOHBI, pea-
NM30BaHHbIe B ee mpeenax AedpopMaliv-
OHHbIE TIPOLIeCCHI, KaK TMOKAa3bIBaIOT pe-
3y/IbTaThl TPebIAYIINX HUCCIea0BaHmi [1,
2], BBIAENSIOT AAHHYIO 30HY [0 YPOBHIO
HETaTVBHBIX M3MEHEeHWI VIIpyrux (B oc-
HOBHOM CKOPOCTHBIX) CBOMCTB CO/ISIHOM
To/MM. PaccMoTpyM BOBMOMXKHOCTB OTpa-
JKEHUsl TOAOOHBIX M3MEHEHHIl B ApPYryx
rapameTpax CerCMHUYeCKOro BO/THOBOTO
IO/,

YyacTok aBapuy HaxoAWuTcs B IIpe-
fenax AOCTAaTOUYHO C/IOXKHOM B Ieo/orH-
YeCKOM OTHOIleHHH Tepputopuu [3]. B
TE@KTOHWUUYECKOM OTHOIIEHUU 3TO CK/IO-
HoBag 4yacTb ConmMkaMCKOM OpaxvaH-
THUKMWHa/MW. VIHTeHCMBHOCTB CK/IamyaTo-
CTU COMNSHBIX IVIACTOB, ee XapakTep U
pasMepbl U3MEHSIIOTCS KaK B [71aHe, Tak U
o paspesy. B 10xKHOM YacTh 30HBI 0OPY-
ILIEHYs PACIIONOKEH OOIIMPHbBIM YJacTOK
3aMellleHrs] KapHa//iMTa I71acTa B mect-
PbIM CW/IBBUHHTOM, B Ipeaenax KOTOPOro
MPOBO/IM/IACh TPEXI/IaCToRasi OTpaboTKa
(puc. 1). K 0cobeHHOCTsAM CTpOoeHus pas-
pe3a ydacTKa TaKke OTHOCHTCH PesKoe
yBe/IMYeHHe MOMIHOCTU T/IMHUCTBIX Tel B
HIZKHeW 4aCTW CO/IAHO-Mepre/lbHOM TOorl-
1M, Pa3pbiBbl B HAZCO/IAHOMN TO/IILE, 3PO-
3WIOHHBIE BPE3bl Ha TOBEPXHOCTH CO/SIHO-
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Puc. 1. O630pHas cxema parlioHa paboT

ro 3epKasia U 30Ha aHOMa/ILHOTO CTpoe-
HYSl BOO3AIUIMTHOM TO/IIIM, Bblae/IgeMast
[0 TOPHOTEO/IOTMUECKUM faHHbIM. Bce
3TH TapaMeTpbl eCTeCTBeHHONM W TeXHO-
FeHHOM TMPUPOAbl C/IOXKHBIM OOpa3oM
BAMSIIOT Ha XapakTep PervcTprpyeMoro
BO/IHOBOTO T1O/A, BbI3bIBasi aHOMa/TWU
Pa3IMUHOM MHTEHCHBHOCTH.

[ns  uWsydyeHUs MPOCTPAHCTBEHHO-
BpPEeMeHHBIX 3aKOHOMEpHOCTel U3MeHe-
HUS YIPYrUX CBOMCTB B 30HE OOpyIle-
HHS MCIIO/Ib30BA/IMCh MACCHBbI AAHHBIX,
ronyueHHble B peaynbrate 06paboTKU U
VHTepIIpeTalrd MaTepuasioB Maslor/y-
OUHHOM celicMopa3Beakd. B mpeaenax
CercMOoreoMexaH1yeCcKoro Mo/IMroHa Ha
yJacTKe aBapyM IIAXTHOTO I0O/s pas-
BepHYTa CeTb M3 HECKO/MbKHX IMPOH/Ib-
HBIX /TMHUWM OOIIel MPOTHKEeHHOCTHIO B
10,5 runomerpos.

[pakTiKa H3ydeHUs YNpyrvx CBOMCTB
MopoA B HapyIIeHHBIX 30HaX [TOKa3blBa-

eT, UTO OHU HMEIOT C/I0XKHOE ITPOCTPaH-
CTBEHHOe pacripesenieHue BC/IeCTBUE
aHOMa/IbHBIX HarpsiKeHUlt U aedopMa-
LMHA B MacCHBax OCA/IOUHBIX T[OPOA.
BHyTpeHHee cTpoeHre Takux 30H MOKET
CYIIECTBEHHO H3MEHAThCS, OHAKO B
OO/BIIMHCTBE CYJaeB OHW IIpeaCTaB/ie-
Hbl TOHKHMMM C0sIMM, AudpdpepeHLMpo-
BaHHBIMU 10 YIIPYrKMM cBoicTBaM. [Ipu
3TOM 30HBI pa3phiBa XapaKTepPH3YIOTCs
[MOHWKEHHBIMM 3HAYEHHSIMU CKOPOCTeM
BoMH (pyc. 2, a) Mo OTHOLIEHWIO K He-
TPOHYTHIM TOpPOAaM, OCOGEHHO B TIO-
rpaHuuHBIX  obractax. CdopMypoBaH-
Hble A7 UWHTepBada [POAYKTUBHOM
TO/MIM CXeMbl paclipesesieHUsi CKOpo-
cTerl U amrzMtya (puc. 2, 6) Yrpyrux
KO/1ebaHMi1 T103BO/ISIOT AOCTATOUHO YBe-
PEHHO OKOHTYPHTb TPaHMLY B/AUSHUS
My/IbIbl OCe/laHMsl Ha BMENLIAIOIMI Mac-
CHB ropHbIX ropoa. MHrepecHo, uTo Ha
cXeMe paclipeneneHusl aMIVIUTyYA 30Ha
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Puc. 2. HutepBan npoayKTHBHOH ToauH. CxeMbl HHTepBa/lbHBIX CKOPOCTeH (a) H
cpeaHeB3BellleHHbIX aMI/THTY YNIPYTrux Konaebanwuii (6)

MOKeT OhITh BbiZle/leHa IO CXeMe 3HaKa
AKYCTHUYECKOTO HMMITeaHCa.

B cBs3u ¢ TeM, UTO BO BpeMs aBapuu
MPOU30IIZIO  OOpyIIeHHe MacchBa 6e3
paspbiBa CIVIOMHOCTH TOPOA  MOXKHO
TIPeArioIOKUTh Ha/MUWe B LICHTPA/IbHOM
YacTH My/bAbl TOPU3OHTa/IbHOE (HeHa-
PYIlIeHHOe) 3a7leraHyie C/7I0eB U CIOKHO
audpdepeHIMPOBaHHOE UMX COCTOSHHE
Ha TIpaHUlle MeXay YdacTKaMu C pas-
AUYHBIMU  1ePOPMAIIMOHHBIMU  CBOMCT-
BaMu. TaKas rpaHuiia XOpOIUIO Mpocae-
KUBAETCS Ha CXeMax pacrpe/ie/leHys
CKOPOCTHOrO IpaavenTa (puc. 3a) v ma-
paMeTpa HeomHopoaHocTh (puc. 36).
[TapameTp HEOAHOPOAHOCTH TMpeaCTaB-
asieT coBoM KO/MMUeCTBEHHYIO XapaKkTe-
PHCTHKY CTerleHH 3aBHCHMOCTH CKOPO-
cTert KomeGaHui OT KOOPAWHAT TOYeK
HaOMOAEHUHA UM PacCUUThIBAETCa TIpU
[OMOIIM KYMY/ISTUBHBIX KPUBBIX, hop-
MHpYEeMbIX B pe3ynbTaTe OOOOIIeHH s
cepuu uaMepenuit. ['lpu atoM Koadpdu-
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LIMeHT HEOAHOPOAHOCTH YCTaHaB/IHBa-
eTcs Kak OTHOlIeHHe 3HaudeHUM I[1epBOM
KBapTU/IM KPHBOM HAKOIVICHHS YaCTOCTU
K TpeThel, a Be/MUMHa HEeOAHOPOAHO-
cTi uaMensieTcst B npeaenax oT 0 mo 1.
Toraa, yem nokasarens Ko3dpdHLIMEHTa
Omxke K eauHWlle, TeM OaHOpOHee
rnoposa, 1 HaoOOPOT.

[loCTaTOYHO YeTKO MPOSBIAETCH 30-
Ha oOpyileHHs Ha KapTe KOMITIEKCHOTO
napamerpa (puc. 4a), ABAAIOIErocs WH-
[VIKAaTOPOM TMPOYHOCTHBIX CBOMCTB Mac-
CHBa M PaCCUMTHIBAIOIIErOCs Ha OCHOBE
COBMECTHOIO aHa/lM3a HEe3aBUCHMEBIX KO-
MMUYECTBEHHBIX aTPUOYTOB BOHOBOIO
nosns: npeobrajaolmel YacToTbl, OTHO-
IIEHWsI CUTHa/l/TIoMexa, CKOPOCTU BO/IH
M aMrautyasl  KosneGaHuii. BennunHa
KOMII/ICKCHOTO TlapaMeTpa HaxOAMTCH B
IPSMOM 3aBUCUMOCTH OT IeOMexaHuue-
CKHX CBOFCTB MacCHBa: ueM Goriblie Oc-
nabrieHrie TOKasaTelss TMPOYHOCTH T0-
poa, TeM GO/BIIMMY 3HAUCHHSAMM XapakK-
Tepuayercs rapamerp [4].
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Puc. 3. CxeMbI rpagaHeHTa CKOPOCTeH YNPYrux BOAH (a) H Ko3(pbHUHEeHTa HeoAHOPOa-
HOCTH, paCCYHTaHHOTO /151 HHTepBa/la NPOAYKTHBHO#H ToamH (6)

M3MeHeHMe 3HaKa akyCTUUYECKOU kKe-
CTKOCTH B TIOTPAHWUUYHOM 30HE MY/IbbI
ocenaHus TIO3BO/ISIET TIPUB/ICUD K U3yde-
HUIO W3MEHEHMM, CBSI3aHHBIX C MPOYHO-
CTHBIMM CBOMCTBaMH MOPOZ, AUHAMUYE-
CKHX XapaKTEePHCTHK PerucTpUpyeMOro
curdaza [5). MIHTeHCHMBHOCTL OTpaxkeH-
HOM BOMHBI C YAaZieHWeM OT IIYHKTa
B3pbiBa (AVO-analysis) nomkHa ymeHb-
IIAThCA, TTOCKO/IBKY B O00/1aCTH paspyille-
HUS Cpela MOMXET CUMTaThCH HU3KOUM-
Ie/IaHCHOM IO OTHOLIEHMIO K BMellako-
IIMM, BBICOKOMMIIE/IAaHCHBIM [TI0PO/IaM.

PaccuutaHHble B HEKOTOPOM Bpe-
MEHHOM WHTEepBasie, COOTBETCTBYIOLIEM
LIe/IeBOMY  OTPaXKaiolleMy TOPH30HTY
(Mayke NPOAYKTHMBHBIX T[IOPOZ), Mapa-
MeTpbl A U B ABYU/1eHHOM arinpoKcuMa-
umu [llys rosBonsitoT COOTHOCUTD TIO/MY-
YyeHHBle pe3y/bTaThl C KaacCUUKaLMen
Pezepdopaa-Yunssamca. Coueranune
3HAKOB IpaavieHTa B u nepeceuenus A
YKasblBaeT Ha TPUHAANCKHOCTh aHOMa-
MY K ONpezeneHHOMY K/Iaccy cped, a
AMIUTUBHBIN MapameTp A+B 1nosBonsieT

BBIIC/IUTh 30HY IMOHMKEHHBIX 3HAYeHWI
aKyCTHUECKOro umrieaaHca (puc. 4, 6).

AHan3 M3MeHeHHWH IMPOCTPAHCTBEH-
HOTO pacripeaeneHrs aTtpubyToB BOI-
HOBOI'O [I0/11 B 30HE IpOCeaaHHs Mac-
CHBa TOPHBIX [OPOA MO3BO/SAET CAenaThb
BBIBOZA, YTO [IPU3HAKaMM Ha/MuMg B
paspese TMOTeHLIMa/IbHO OIacHOro yua-
CTKa C TIOHMKEHHBIMU (PU3HKO-MexXaHH-
YeCKHMY CBOMCTBAMMU SAB/ISICTCA:

e  yYMeHbllIeHHe CKOPOCTeH YIpy-
'MX Ko7ieOaHUH,

e  BHICOKME 3HAueHWsl TIpaireHTa
CKOPOCTeM BO/H,

e  HU3KUI YpOBEHb KO3(P(HLIMEH-
Ta CKOPOCTHOM HEOAHOPOAHOCTH,

e  [IOBbILIGHHE BE/INYMHBI  KOM-
T/IGKCHOTO TapaMeTpa, YKa3blBakollero
Ha YpOBeHb OCMab/eHrsl IMPOYHOCTHBIX
CBOWMCTB I10PO4,

e  13MEHeHHe 3HaKa aKyCTUYECKO-
ro UMIIeZaHCa, BbIAE/IAEMOro IO pac-
pesesIeHUio aMIVINTY CUTHasa,

e  OTpULIATe/IbHbIe 3HAUEHUS aalau-
THBHOIO Iapamerpa A+B, saBasiiomerocs
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Puc. 4. CxeMbl KOMIIZIEKCHOTO napaMeTpa (a) H pacnpeneneHHs1 aAAHTHBHOTO aTpHOY-

Ta A+B
KOMOUHalMert  xapaktepuctik  AVO-
aHa/M3a.

YKazaHHOe coyeTaHWe BO/THOBBIX

MMapaMeTpoOB HAB/I4eTCA CBHUACTE/IbCTBOM

Ha/IMYKA B Pa3pe3e MeCTOPOxKAEeHHA T10-
TeHLHa/IbHO OITaCHOI'o Y4acCTKa C IIOHM-
2KeHHBbIMHW TIPOYHOCTHbBIMH CBOWCTBaMU
MacCCHBa I1opoa.
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