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COopHEMK MaTepHaJOB MEKIYHAPOAHOI Hay4HOil KoH(epeHuun: Mexannka, CelicMOCTONKOCTD,
MamuHocTpoenue no npoodjgemam «QdecnedeHns celicMUYeCKO 0€30IIACHOCTH M CECMOCTOHKOCTH
3IaHMH M COOpPY:KeHHH, TPHKIAJHbIe 3aJa4d  MeXaHHUKW», MOCBsIeHHOo  90-jeTnio
akagemunka AH PY3 T.P. PamnngoBa.

COopHUK MaTepHaIoB COCTOUT U3 3X TOMOB:
I-ToMm conepxut marepuansl cekiuil 1 «CelicMOCTONKOCTD 31aHUM U COOPYKEHUI,
2 «nxxeHepHast CefCMOIIOrus U CEHCMUYECKUM PUCKY;
I1-Tom conmepxut MaTepuaisl cekiuu 3 «MexaHuka 1eOpMUPYEMOro TBEPAOro TeJla, FTEOTEXHUKA;
I11-Tom conepxut Matepuainsl cekuuit 4 «MexaHHKa )KUAKOCTH, Ta3a 1 MHOIO(a3HbIX cpely,
5 «/luHamMMKa ¥ IPOYHOCTH MALIMH.

B cOopHuke MexIyHapoAHOM KOH(EpPEeHIUH IpeACTaBIeHbl HayyHble JOKJIAAbl U3 HAy4dHO-
WCCIIEIOBATEIILCKUX OpPTaHM3allMii M YHUBEpPCUTETOB Y30ekucrana, Kazaxcrana, Keipreizcrana, CILA,
Poccun, Tamxukucrana.

B cOopamke MaTepuanbl TOCBSIICHB AaKTyalbHBIM MpoOJieMaM OOeCTeueHUus CeHCMUYECKOi
0€30MacHOCTH ¥ CEHCMOCTONKOCTH 3/TaHUN U COOPY>KEHHH, a TAK)Ke PELICHUIO TPUKJIAIHBIX 337124 MEXaHUKH.
Marepuasnsl cOOpHHKA OCBELIAIOT IIMPOKHH KPYT BOIPOCOB MO MEXAUCIUIUIMHAPHBIM HCCIEIOBAHUAM
po0JIeM TeOPEeTUIECKOI U MPUKIIATHON MEXaHUKH: TIPE/ICTaBIICHBI IT0CTIeIHIE HHHOBAIIMOHHBIE PE3YIbTAaThI
HaY4YHBIX UCCIIEIOBAHUI, a TaKKe HOBEHIINE pa3paOOTKU U TEHIEHLIUY IUPOKOro CIIEKTpa 3a7a4 MEXaHUKH,
BKJIIOYAs OKCIEPUMEHTHI, UHUCICHHBIC pe3ylbTaThl M MpUIOXKeHus. I30paHHble pokimaabl OyayT
onybnukoBaHbl B Y30ekckoM xypHaie [Ipo6nemsr mexanuku, AIP Conference Proceedings u Magazine of
Civil Engineering. B cOopHuKe Bce cTaThy ITPEACTABICHBI B AaBTOPCKON PEAAKIINH.

COopHuk MmarepuanoB OylIeT MoJe€3eH HaydYHbIM pPaOOTHHMKAM, IIPEroAaBaTessiM, JOKTOPaHTaM U
CTYZI€HTaM BY30B.

Collection of materials of the International Scientific Conference: Mechanics, Seismic Resistance,
Mechanical Engineering on the problems of "Ensuring Seismic Safety and Seismic Resistance of
Buildings and Structures, Applied Problems of Mechanics", dedicated to the 90th anniversary
of Academician of Academy of Sciences of RUz T.R. Rashidov

The collection of materials consists of 3 volumes:
Volume | contains materials of sections 1 “Seismic resistance of buildings and structures” and
2 “Engineering seismology and seismic risk”;
Volume Il contains materials of section 3 “Mechanics of deformable rigid bodies, geotechnics”;
Volume 11l contains materials of sections 4 “Mechanics of liquids, gases, and multiphase media” and
5 “Dynamics and strength of machines.”

The proceedings of the International Conference of present scientific reports from research institutions
and universities of Uzbekistan, Kazakhstan, Kyrgyzstan, the USA, Russia, and Tajikistan.

Materials of the collection of reports are devoted to current problems of ensuring seismic safety and
seismic resistance of buildings and structures and solving applied problems of mechanics. The proceedings
cover a wide range of issues in interdisciplinary research into problems of theoretical and applied mechanics:
the latest innovative results of scientific research and the latest developments and trends in numerous
mechanics problems, including experiments, numerical results, and applications. Selected reports will be
published in the Uzbek Journal of Problems of Mechanics, AIP Conference Proceedings and Magazine of
Civil Engineering. In the collection, all articles are presented in the author's edition.

The collection of reports will be useful to researchers, lecturers, doctoral students, and university students.

© UHCTHTYT MEXaHUKH U CeHCMOCTOMKOCTH coopyxeruii uMm. M.T. Vpasbaesa, 2024



OPI'AHU3ATOPHBI
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MuHHCTp 0 Ype3BBIYaHBIM CUTYyalusIM PecriyOnuku Y30ekucTan
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[Ipesunent Axkanemunm Hayk PecnyOmuku VY30ekucTaH, JOKTOp (PU3MKO-MAaTeMaTHYECKHX HayK,
npodeccop. Tamkent, Y30ekuctan

CyaranoB Kapum CyaranoBuy (conpedceoamens)
JIOKTOp (PU3UKO-MAaTeMaTUYECKUX HayK, mpodeccop, aupektop MHCTUTYyTa MEXaHUKHU U
cericmocToitkocTu coopyxeHuit AH PY3. Tamkent, Y36ekuctan

Batun HuxoJiait UBanoBu4 (conpedceoamens)
JOKTOP TEXHUYECKUX HayK, mpodeccop, Cankr-IlerepOyprckuii MOIUTEXHHYECKUH YHUBEPCUTET
[Terpa Benukoro. Cankr-IlerepOypr, Poccust

MEXIYHAPOJIHbIA KOHCYJbTATUBHBLIA KOMUTET

Hurmatyaun P.U. — Akanemuk PAH, n.¢.-M.H., mpodeccop, MoCKOBCKHIA TOCYTapCTBEHHBII
yHuBepcuteT uMmeHu M.B.JlomonocoBa. Mocksa, POCCUA

Mapko Amaduau — npodeccop, MmkeHepusiii hakynpTeT YHUBEpcUTeTa BecTieiika, XaHDKOY,
Kuraii.

Amapkut CHHIX — npodeccop, MammmHOCTpOUTENbHBIN (GakynbTeT, HanmmonamsHbII
TEXHOJOTUYECKUA MHCTUTYT Xamupnyp, Uuaus.

BrikoBueB A.C. — 1.T.H., npodeccop, PernonanpHas akajeMusi €CTeCTBEHHBIX Hayk, Kanudopuus,
CIIIA.

Pamupa 3eraun — npodeccop, Yauepcuretr Kacaun Mep6a Yapria, Yapria, Apkup.

Baccac A. Taiiax — npodeccop, CrpoutensHslii ¢pakynabret, Mcnamckuii yausepcuret 'azbl, ['aza.

Jupuke [la Cuaba [u3zo — CtpourtensctBo/Boansie pecypebl, @akynbTeT rUIpaBInuecKuit
n3MepeHui, MyHuIunagbHas CaHUTapHO-TeXHUUecKass kommnanus JKyuc ne @opa, Munac
Kepauc, bpazunus.

MupcaugoB M.M. — Axagemuxk AH PVY3, nokrop Texuudeckux Hayk, npodeccop, HarmonanbHblit
HCCIeA0BATENIbCKUN YHUBEPCUTET "TalIKeHTCKUI MHCTUTYT UHKEHEPOB UPPUTALIUU U
MeXaHHU3alMH CeIbCKOTo Xo3siicTBa". TamkeHT, Y30ekucTaH.

Baxagupos I'.A. — mpodeccop, HCTUTYT MexaHUKU M ceilcMocToiikocTu coopyxkennit AH PVY3.
TamkenT, Y30eKucTaH.

Caypas JIukceut — npodeccop, [Ipopeccunonansusit yausepcuret Jlosnu, @arsapa, [lenmxad, Muaus

Taxupos LI.M. — npocdeccop, Kanudopuuiickuit Yuusepcuter B bepxin, CIHIA.

Xy Jdourmenr — npodeccop, TexHomornueckuii yHuBepcuTeT Yxaus, ¥Yxanb, Kutaii

AOnpoB P.A. — crapimmii Hay4HbIH COTPYIHUK, IHCTUTYT MEXaHUKHU U CEIICMOCTOMKOCTH COOPYKEHUM
AH PV3. TamkenT, Y30eKucTaH.
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TYPCYHBOM PALIINIOB
(1934 — 2020)

BuaHbiil y4eHbIH B 00J1aCTH MEXaHUKH, JOKTOP TEXHUYECKHX HAYK, npodeccop, akageMHuK
Axanemun HayK Pecry0iukn Y30ekucTaH, 3aci1yKeHHbIHN JAesATe]b HAyKH PecryOankn
Y30ekucran, gaypeat ['ocynapcrBenHoii npemun uM. A0y Paiixana bepynu B 00/1acTH HAyKH U
TeXHUKH, Jaypeat npemun Cosera Munucrpos CCCP.

Typcynb6aii Pammmos pomwics 27 mas 1934 1. B ropoae Tamkenrte. [locine okoHyaHwsi cpemHei
IIKOJBI  C 30J0TOM Memainbto B 1951 r. OoH moctymui Ha (U3HKO-MaTeMaTHYeCKHid (PaKkyabTeT
CpenHea3naTckoro rocyapcTBeHHOr0 yHUBepcuTeTa (HpiHe HannoHnanbHbI yHUBEepeUTET Y30eKHCTaHa) U
B 1956 r. OKOHUMIJ €ro ¢ OTJIMYMEM MO CleUUanbHOCTH «MexaHukay. [lo okoHYaHMM yHMBEpPCUTETa OH
MIpOIIeNl Kypc o0ydeHHs B acUpaHType Mol pykoBoiacTBoM akanemuka M.T. Ypazbaesa u B 1959 r. Obut
HamnpasiieH B Mactutyt mexanuku AH PY3, rie npomien Tpy/10Boii myTh OT MIIA/IIETO HAYYHOTO COTPYAHUKA
70 AUPEKTOpa UHCTUTYTA.

26 ampens 1966 r. — B 1neHb, KOrjga Ipou3onnio TamkeHTckoe 3emierpsicenue T.PammmoB Obut
Ha3Ha4YCH AUPEKTOPOM MHCTUTYTa MEXaHHUKH U celicMocToiKocTH coopykeHnit AH PY3 u mpopaboran B 3T0#
nomkHocty 1o 1974 ropa.

B neproa ¢ 1966 mo 1970 rr. mox ero pyKoBOJCTBOM TPOBEACH OOIIMPHBIA aHAIHU3 CEHCMUYECKHX
BO3JIEMCTBUI Ha COOPYXEHHS B SIULEHTPAIBbHOM 30HE TallIKEeHTCKOro 3emieTpsaceHus. B aTor ke nepuon
TypcyHnOaii PBriepBble M3JIOKHI IMHAMUYECKYIO TEOPUIO CEHCMOCTOMKOCTH TOJI3EMHBIX COOPY)KCHUH H
YTOYHUJI CTATUYECKYIO TEOPHIO, CO3JaHHYIO JUIS ITOI3€MHBIX TPYOOITPOBOIOB, UM ObLIa yCTaHOBJIEHA IPUPOIA
B3aUMOJICUCTBUSA COOPYKEHHSI C OKPY)KAIOIIUM TPYHTOM, OOJQAAIOIUM YIPYro-BsA3KOIIACTUYECKUMU
CBOMCTBaMH.

Pe3ynbrarel 3THX HCCIEAOBAaHUI JIETIM B OCHOBY €ro JOKTOPCKOM guccepTauuu «Bompocs
JUHAMUYECKOM TEOpUU CEUCMOCTOMKOCTH CIOXKHBIX CHUCTEM IOJ3EMHBIX COOPYKEHUI», KOTOPYK OH
yCIemHo 3amuTwi B utonae 1971 r. moag pyKOBOJACTBOM BBIJAIOLIETOCS YYEHOrO-MEXaHHWKa, 4JieHa-
koppecnongenta AH CCCP A.A. UnbrommuHa.

OrpomHoe OnarorBopHoe BiusHUE Ha popmupoBanue T.P. PammaoBa kak ydeHoro u opraHuzaTopa
HayKM OKa3ajo MOCTOSHHOE BHUMaHME M 3a00Ta ero HacTaBHUKA, M3BECTHOI'O YYEHOrO-MEXaHHKa,
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OCHOBAaTeJsl Halero HHCTuTyra — akagemuka M.T. Ypa3baeBa. Bo MHOrOM 3TO onpenenuio aaibHeHmun
TBOpueckuil nyrs T.P.Pamunnosa.

VYcenexu B HayuHoW nestenbHocTH T.P.PammpoBa orpasuiuchk Ha pa3paOOTaHHOM MM TEOpUH U
MOJIyYEHHBIX aBTOPCKUX CBUJETEILCTBAX, KOTOPBIE JIETJIN B OCHOBY CO3JaHMSI CEICMOCTOMKHUX KOHCTPYKLIMH
MeTponoiuTeHa Tr.TallkeHTa, HCIONb30BATUCH IpU cTpouTenbeTBe ToHHene bAMa, Coduiickoro
MmerpononuTeHa, Kapakymckoro kanama, Porynckoit I'DC, a Ttakxke npu pa3paboTke HOPMAaTHUBHBIX
JOKYMEHTOB B CEMCMOCTOHKOM CTPOUTENLCTBE, OOYCIIaBIMBAIOIIUX 3HAYUTEIHHBIA SKOHOMUYECKUH W
conuanbHbll 3¢ dexr. Yxe B roxel HesaBucumocTu, wH3IaHHbIE BIIEpBBIE B Hallell pecryOinke
CTPOUTEIIbHBIE HOPMATUBBI 110 CECMOCTOMKOCTH HAINPSMYIO CBsI3aHbI ¢ MMeHeM T. Pammnosa.

B nanpneiimem Teopus ceiicmonuHaMuku T. P. PammnoBa Hamuia 60ibInoe KOJMMYECTBO HAYYHBIX
noceoBaTesnell U cenaga ero MMs U3BECTHBIM He TOJIBKO B Halllel peciyOiIMKe, HO U 3a PyOesKOM.

CospganHas T.P. PammaoBelM Teopus, BIOCIEICTBUM Ha3BaHHAs W IPU3HAHHAs Hay4dHOU
001IeCTBEHHOCThIO «CelCMOIMHAMUYECKOW TeopHel MOA3EMHBIX COOPYXEHHUN», SBUJIACh MOBOPOTHBIM
MOMEHTOM B pPEIICHUU AaKTYaJIbHOM 3aJaud COBPEMEHHOIO CTPOMTEILCTBA B YCIIOBUSAX HapacTarollen
ypOaHH3auU U €CTECTBEHHOT'O PACIINPEHUS 30H CEHCMUYHOCTH.

Axanemuk Pammnos T.P. mpoBoam1 akTUBHYIO NPETOAABATENLCKYIO PaOOTY, SIBIISJICS HACTABHUKOM
MOJIOJIBIX CHEIMATNCTOB, PYKOBOJUTEIEM MHOIMX HaydHbIX paboT. Mim moarorosieHo 44 kanaunata u 7
nokTopoB Hayk. OnuH u3 Hux, S1.H.MyOapakoB, n30pan neiicrButensusiM wieHoM AH PVY3, mecrepo ero
YYEHUKOB SIBJISTIFOTCS JlaypeaTamu [ ocynapcTBeHHON npemun Y30ekuctana uMm. A0y Paiixana bepynu, a 15
— naypeatamu nipemuii Coro3a MOJIOIEKH B 00JIACTH HAYKH U TEXHUKH.

T.P. PammmoB aBtop 17 moHorpadumit m Oomee 520 HaydHbIX craTeii, mmeer 16 aBTOpCKHX
CBUJICTEIIHCTB, OBIJT OTBETCTBEHHBIM peakTopoM OoJiee 70 cOOPHUKOB 1 MOHOTpaduid.

B nmomxnOCTH akagemuka-cekperaps OTaeneHus MeXaHuKH | rporeccoB ynpasienus AH PY3 (1979
— 1984 rr.), 'maBHOTO y4yenoro cekperaps [Ipesuamyma AH PY3 (1984 — 1985 rr.) u Bune-npesuaenta AH
PY3 (1985 — 1994 rr.) T.P. PammaoB cocpenorourBai YCWJINS KOJIJIEKTUBOB I10/IBEIOMCTBEHHBIX
YUpeXJACHUH Ha pelIeHre BaXKHEWINX (GYHIaMEHTAIbHBIX U MIPUKIIAIHBIX 3a/1a4.

Hapsny ¢ HayyHOU, agMHHUCTPAaTUBHOW W NeAarorudyeckord aestenpHocThio T.P. PammaoB Ben
Oonpmyro obmecTBeHHY0 pabory. bomee 20 ner (¢ 1972 1.) on sBisuics [lpencenarenem Y30eKCKOTro
Pecnnyonukanckoro CoBera Hay4yHO-TeXHHYecKHX oOmecTB. Ilo ero wuHunmatuBe npu Y30€KCKOM
Pecnnyonukanckom CoBete Obul cozgaH JloM TEXHUKH 1O TMpoOMNaraHjae M BHEAPSHUIO B MPOU3BOJICTBO
JOCTIKEHUH HAyYHO-TEXHHYECKOro nporpecca. OH 0oiblIoe BHUMaHHUE YEISUl Pa3BUTHIO U YKPETUICHUIO
JIPYKECKHX M TBOPUECKUX CBSA3EH HAYUHO-TEXHHYECKUX OOIIEeCTB Y30eKnuCTaHa 1 3apyOeKHBIX CTPaH.

Emte ogna cdepa nesrenprocT T. PammmoBa cBs3aHa ¢ IpOsSBICHHUEM OOJBIIOT0 MHTEpEca U 3a00THI
0 COXPaHHOCTH apXUTEKTYPHBIX NaMSATHUKOB Ha TEPpUTOpUH Y30ekucTaHa. Ero sHTy3na3m B 3T0i obnactu
MO3BOJIWJI MOAHATH M BO MHOTOM pELIaTh BOIPOCHI COXPAHHOCTM U PEKOHCTPYKLHMH HCTOPUYECKUX
APXUTEKTYPHBIX TAMATHUKOB.

Axkanemux AH PY3 T.P. Pammnos, Oyayun uineHom HannoHanbHOr0 KOMUTETA MO TEOPETUUECKON U
npuknagnod mexannke CCCP, Haywunoro CoBera mo mpoGieMam NpOYHOCTH W TutactuuHocTH PAH,
Me:xBenomcTBeHHOro CoBeTa 1o CeMCMOIO0rMH U CEIICMOCTONKOMY CTPOUTEIBCTBY, a TAKXKE MpeceaTeNIeM
VY30ekckoit ceknmu HarmoHanbHOrO KOMUTETA TI0 CEHCMOCTOMKOMY CTpoHuTeNbcTBY, Hayunoro CoBeta 1o
npobieMaM MeXaHHWKH, MPOYHOCTH W celicMoauHaMuKu coopykeHuil AH PecnyOomuku V30ekucraw,
[JIaBHBIM PEAAaKTOpoM Y30ekckoro xypHaia «I[IpoGieMbl MeXaHUKW», HpUjarajl MHOTO YCWIMHA Jis
MOJIHATHUS aBTOPUTETA U MPECTHKA HAYKH KaK B Y30EKHCTaHe, TaK U 3a €ro MpelelIaMH.

3acnyru akagemuka T.P. PammioBa oTMedeHbI psiioM rocy1apCcTBeHHbIX Harpan. OH ObLT HarpaxkaeH
opaeHamu «3Hak [Toyeray, «MexHnar [llyxpaTuy, roOuneitHoN Meaanbio «3a 100IECTHBIN TPYI» U MaMSATHBIM
3HaKOM «25 5eT KOHCTUTyuMH Y30ekucrana». B 1978 r. emy ObUIO NPUCBOEHO MOYETHOE 3BaHME
«3acnyKEeHHBIN JIesTeNlb HayKu Y30eKucTaHay.

OrpomHas Tpy10criocOOHOCTh, IHTY3HAa3M, J1I000Bb K PosiHe, yBI€UEHHOCTh U IPEAAHHOCTh CBOEMY
JieNy, MCKIIIOUUTENbHAs TpeOOBaTENbHOCTh K ceOe M CBOMM coTpyAHukam cHuckanu T.P. PammnoBy
3acIyKEHHOE YBa)KEHUE U aBTOPUTET KaK KOJUIEKTHBA, TaK U BCEH Hay4HOM OOIIECTBEHHOCTH PeCIyOIHKH.



Section A - Seismic resistance of buildings and structures
(theory and experiment)
Cexkuust A — CeiCMOCTOMKOCTD 3aHUIN U COOPYKEHU M
(Teopus M IKCIIEPUMEHT)

ASSESSMENT OF SEISMIC STRENGTH OF TRANSPORT STRUCTURES BASED
ON ELECTRONIC TECHNICAL PASSPORTS IN UZBEKISTAN

Bekmirzaev D., Berdibaev M.%, Botabaev N.!, Rakhimjonov Z.2
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Abstract. The article examines the sequence of seismic strength assessment and certification of transport structures
on the basis of electronic technical passports. The main objectives of this research are as follows. First, assessment of the
technical state of transport structures based on diagnostic results and periodic monitoring. Second, the technical condition
of the transport structures is monitored in time to evaluate whether the existing structural defects are progressing or new
defects are developing. Third, classification of transport structures according to their seismic state into seismically strong,
requiring instrumental technical inspection and seismically weak types. Fourth, classification of transport structures into
seismic vulnerability types and formation of electronic technical passports based on all collected data.

Keywords. Earthquake, transport structure, certification, seismic state, technical state, electron technical passport.

1. Introduction.

Highway systems play a key role in providing mobility to society, especially during emergency
situations, including earthquakes. Bridges in highway systems are susceptible to damage from
earthquakes, causing traffic capacity loss leading to a serious impact on surrounding areas. To better
prepare for such scenarios, it is important to estimate capacity loss and traffic disruptions from
earthquakes [1].

Earthquake damage to a bridge can have severe consequences. Clearly, the collapse of a bridge
places people on or below the bridge at risk, and it must be replaced after the earthquake unless alternative
transportation paths are identified. The consequences of less severe damage are less obvious and
dramatic, but they are nonetheless important. A bridge closure, even if it is temporary, can have
tremendous consequences, because bridges often provide vital links in a transportation system. In the
immediate aftermath of an earthquake, closure of a bridge can impair emergency response operations.
Later, the economic impact of a bridge closure increases with the length of time the bridge is closed, the
economic importance of the traffic using the route, the traffic delay caused by following alternate routes,
and the replacement cost for the bridge. Damage usually results from a complex and interacting set of
contributing variables. The details of damage often are obscured by the damage itself, so that some
speculation is required in reconstructing the event. In many cases, the cause of damage can be understood
only after detailed analysis, and, even then, the actual causes and effects may be elusive. Performance of
a bridge structure during an earthquake is likely to be influenced by proximity of the bridge to the fault
and site conditions. Both of these factors affect the intensity of ground shaking and ground deformations,
as well as the variability of those effects along the length of the bridge. Furthermore, many of the sites
were subject to liquefaction and lateral spreading, resulting in permanent substructure deformations and
loss of superstructure support. Bridge seismic design practices have changed over the years, largely
reflecting lessons learned from performance in past earthquakes [2].

According to the international geophysical reference book, every year in seismically dangerous
areas of the globe, on average, about 700 earthquakes with a magnitude of at least 5 occur, about 90 with
a magnitude of at least 6, and over 12 with a magnitude of 7 or more. Strong earthquakes with a
magnitude of 5 to 8.5 lead to great destruction and loss of life. Over the entire history of mankind, about
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80 million people died from earthquakes and their direct consequences - fires, tsunamis, landslides, etc.
During the first quarter of the twentieth century, about half a million people died in five devastating
earthquakes alone - in San Francisco and Arezano (1901), Messina (1908), Kanshu (1920) and Tokyo
(1923). Over the next 25 years, earthquakes killed an average of 15 thousand people annually, and
property damage amounted to hundreds of millions of US dollars.

For example, the 1923 Tokyo earthquake in Japan alone, with a magnitude of 8.2, claimed 143
thousand lives. During this earthquake, 1286261 buildings were destroyed, 447128 buildings burned
down, 268 buildings were washed away by sea waves, hundreds of pipeline accidents were recorded,
many bridges and 2270 river vessels were destroyed. The damage caused by the earthquake to Tokyo
and its environs amounted to $3 billion in 1923 prices. The 1971 San Fernando earthquake (USA),
magnitude 6.6, caused approximately $1 billion in damage. During the 1988 Spitak earthquake
(Armenia), damage amounted to up to 20 billion rubles, more than 25 thousand people died and more
than 100 thousand people received injuries of varying severity [3].

Chile is located on one of the most active subduction zones in the world. In fact, three major
earthquakes of moment magnitude greater than My=8.0 have occurred within the last 8 years, namely,
the 2010 Maule earthquake (Mw=8.8), the 2014 Iquique earthquake (Mw=8.2), and the 2015 Illapel
earthquake (My=8.3). Because of this, the design, construction and overall seismic performance of the
civil infrastructure in Chile are constantly being tested. In particular, highway bridges, which are essential
structures for the transportation and communication among regions, were heavily damaged and some
even collapsed during the 2010 Maule earthquake.

After the 2010 Maule earthquake, approximately 300 bridges were damaged and some of them
even collapsed (Buckle, et al., 2012). Most of the bridges that were damaged during the earthquake
corresponded to multi-span prestressed precast concrete (PC) girder bridges. The damage observed on
those bridges was caused by large displacements of the superstructure relative to the substructure, leaving
a large number of bridges with residual deck displacements, shear key damage, bearing damage, and
damage in theyweb of precast girders as shown in Figure.1 [4-9].
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shear key

Figure.1. - Dam;ge observed in highay bridges after the 2010 Maule earthquake

International experience shows that every destructive earthquake leads to a change in building
standards towards stricter requirements. At the same time, the deployment of a set of works to prepare
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cities for natural disasters is currently hampered by the lack of information about the volume of necessary
costs for carrying out protective measures of various significance [10].

The first shock of the Tashkent earthquake occurred at 5:22 a.m. on April 26, 1966. Intense
vibrations lasted 6-7 seconds and were accompanied by an underground hum and light flashes. The
outbreak was located directly under the city center at a depth of only 8 km, i.e. The epicenter of the
earthquake, the magnitude of which was 8 score here, coincided with the urban center, which suffered
the most. A large number of residential buildings, especially old adobe ones, were destroyed. Naturally,
the first morning shock found the city's residents in their beds, which led to casualties. Schools, factories,
hospitals and other buildings were destroyed [11].

Uzbekistan is located on one of the most active subduction zones in the Central Asia. Because of
this, the design, construction and overall seismic performance of the civil infrastructure in Uzbekistan
are constantly being tested. The territory of the Republic of Uzbekistan is divided into regions with a
seismicity of 7, 8 and 9 score degrees (MSK-64) (Figure.2). Therefore, possible earthquakes affect the
working condition of life structure systems, including bridge structures. An earthquake causes various
dangerous deflection and stresses in the constructions of transport structures, and if there are various
damages in the bridge structures during operation, this will reduce their earthquake resistance. Therefore,
in the event of an earthquake, by ensuring the technical condition of transport facilities, possible damages
can be prevented, and the risk of possible earthquakes can be assessed in advance, and the development
of suitable measures for their protection is of great importance in reducing catastrophic events. [12-18].

Figure 2. - Seismic map of the territory of Uzbekistan [14-15]

According to the country’s inventory results, there are 14331 bridge structures as of the beginning
of 2019. Of these, 7628 (53.2%) are located on public roads, and 6703 (46.8%) are located on city roads,
villages, and on-farm roads. It should be noted that a significant number of currently operating bridge
structures were constructed in 1960-1970. It is related to the program of intensive cultivation of sown
lands that took place in the Syrdarya, Jizzakh, Navoi, Bukhara regions and other regions of Uzbekistan
during this period. As a result, about 70% of the currently operated bridges on public roads have a service
life of more than 40 years and their condition is poor [19-21].

It is not possible to simultaneously improve the technical condition of all bridge structures. This
requires significant funds and time. In addition to that, a strong political will and economic support from
the government are needed. In recent years, the government of Uzbekistan has done a lot of work in this
direction.



2. Methodology.

In order to carryout vulnerability analysis of bridges, an inventory of bridges is needed which
should include information related to the characteristics of each bridge. In recent years, much attention
has been paid to scientific and technical support and monitoring of the stress-strain state (SSS) of
structures during construction and subsequent operation [22-23].

Table 1.

Information necessary for the formation of the electronic technical passport of the transport structure

z

I. General information
The date of filling out the electronic technical passport of the transport structure
Types of transport structures
Year of building of the transport structure
The organization that formed the electronic technical passport of the transport structure
Location of the transport structure (province, region or city)
The category of the road where the transport structure is located
The road where the transport structure is located (km, pk)
Cipher of the transport structure
Contact information (phone, email, website, etc.)
Geolocation coordinates of the transport structure (the Internet is obtained from the global information network
using the Google Map program using mobile communication)
Water basin where the transport structure is located (river, canal, ditch, no)
I1. Technical parameters of the transport structures
12 | Types by function performed by a transport structure
13 | Types of transport structure by static scheme
14 | Types of transport structure by length
15 | Seismicity of the construction site (obtained from passport document or seismic zoning map, 6, 7, 8, 9, 9%)
16 | Constructive solution of the superstructure intermediate device of the transport structure
17 | Constructive solution of the support of the transport structure
18 | The number of superstructures of the transport facility
19 | The length of the superstructure
20 | Bearing construction
21 | Gabarite dimensions of the transport structure
22 | The highest point of the transport structure
23 | Repair of the transport structure
24 | Year of reconstruction
25 | Strengthened during reconstruction
26 | The technical state of the transport structure on the day the passport is filled out
27 | Technical state of the main load-bearing structures of the transport structure
28 | The state of the transport structure has changed due to earthquakes
29 | Passport and diagnostic documents of the transport structure
30 | Pictures of the general state of the transport structure (total two sides (facade), general movement part)
31 | Places where injury is present (damage to the main load-bearing structures)
32 | Information on the implementation of strengthening and strengthening work in the transport structure
Final conclusion (I-seismic strength is moderate, I1-seismic strength is satisfactory, Ill-seismic strength is
33 | unsatisfactory, an instrumental-technical inspection is required, IV-reinforcement is required, in pre-accident
condition, in an emergency)

The main objectives of this research are as follows:

- determining the need to implement priority measures to take into account seismic risk, prevent
socio-economic losses, to ensure safety and improve the quality of life of the population, sustainable
socio-economic development;

- creating conditions for the sustainable functioning of the main social infrastructure facilities, life
support systems and transport structures in Uzbekistan;

- achieving an acceptable level of seismic safety of transport structures in Uzbekistan;

- reducing possible economic, social and environmental damage from seismic impacts;
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- creation of seismic resistance survey certificates for transport structures (bridges, overpass,
flyover) in Uzbekistan;

- visual inspection of transport structures in Uzbekistan;

- identification of seismically vulnerable structures, in relation to which measures should first of
all be developed to reduce the seismic risk of their further operation to an acceptable level;

- identification of the most earthquake-hazardous structures requiring priority demolition or
strengthening;

- development of recommendations for further operation, seismic reinforcement or demolition of
the structure;

- assessment of the expected degree of damage to structures depending on their design solutions,
wear and seismic capacity under maximum seismic impacts;

- assessment of economic and social damage from the consequences of possible earthquakes,
assessment of the economic costs of seismic reinforcement based on the degree of damage to structures
during possible design earthquakes;

- preparation of a scientific and technical report.

The following information is required for the development of electronic technical passports of
transport structures (Table 1).

The information in table 1 is obtained based on the results of technical diagnostics. After this
information is fully entered into the platform, the transport facility is divided into seismically strong,
requiring instrumental technical inspection and seismically weak types.

3. Results.

Information about transport facilities is entered into the platform and divided into types according
to its seismic status. Figure 3 shows an overview of the platform.

'
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Figure 3. - Geheral view of the platform

Monitoring of bridge structures is a system of monitoring the condition of bridge structures, which
includes all types of surveys (measuring, geodetic, engineering, special) and instrumental measurements.
As a result of monitoring, the technical condition of the bridge structure is determined, the reasons for
the violation of its load-bearing capacity are established, and the ways and timing of decisions on the
reconstruction or repair of the bridge structure are determined. Monitoring the technical condition of
transport structures is long-term monitoring of parameters characterizing the stress-strain state of bridge
structures in order to identify negative changes at an early stage, both during the construction stage and
during operation.

The process of assessing the technical condition of artificial structures is very complex from a
technological point of view. Carrying out certain types of measurements and tests is impossible without
the use of special equipment, and the professional experience and qualifications of the specialist using it
are of great importance. Inspection of the structure of artificial structures is carried out, as a rule, by a
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group of experienced engineers who have a full range of necessary measuring instruments. The
professionalism of the employees of this group allows us to minimize the time spent on carrying out the
necessary diagnostic tests. Inspection and testing of bridges is carried out using non-destructive methods,
visual and instrumental.

Visual examinations. They are an indispensable condition for carrying out work on the inspection
and testing of bridges; they make it possible to record visible breaks in individual structural elements,
various defects in the surface layer due to the influence of corrosion processes or mechanical static and
dynamic loads. Particular attention is paid to the inspection of load-bearing units; magnifying devices
are used if necessary.

Instrumental examinations. They make it possible to identify possible deviations of individual
structural elements from the given initial positions, changes in the distances between them and violations
of the linearity of surfaces due to deformation of the structure. For instrumental examinations, special
instruments and devices are used, all data obtained is verified with the original design of the structure.
All main load-bearing elements and structures are checked.

Acceptance surveys and tests of bridges are carried out for all new objects with individual
structures of spans and supports. Before starting work, a test program for the bridge is developed, taking
into account the specifics of its actual operation. Then, according to the Test Program approved by the
Customer, all necessary work is carried out. In addition to full-scale measurements and tests, a
verification calculation is carried out according to the test program to compare natural indicators with
theoretical values.

Determination of the assessment of the technical condition of bridge structures should be carried
out regularly throughout the entire period of their operation. Measures allow you to detect defects in a
timely manner, prevent emergency situations and extend the service life of structures.

There is a marked difference in seismic design aspects of bridges and buildings. The reduced degree
of indeterminacy of bridge structures leads to reduced potential of dissipating energy and load
redistribution. In bridges, the superstructures (piers and abutments) are the main structural elements
which provide resistance to seismic action. For energy dissipation, ductile behaviour is necessary during
flexure of these structural elements under lateral seismic loads. This essentially means that the formation
of plastic hinges or flexural yielding is allowed to occur in these elements during severe shaking to bring
down the lateral design forces to acceptable levels [22]. Severe damages occurred by strong earthquake
could be divided into 4 groups, such as collapse of spread foundation, collapse of substructure (column
of pier, wall of abutment), collapse of bearing, and fall of superstructure [1].

Certification of a transport structure is the process of systematizing information about the constant
or variable technical and operational characteristics of an object in a specific document, reflected in the
form of a technical passport, which is a reporting document and is drawn up in the prescribed form. A
bridge passport is a document based on legislation that records the main parameters of the structure. Its
necessity arises when inspecting bridges from a construction or design organization, facility management
or road maintenance department.

Certification of transport structures is the first stage of work to ensure the necessary and
economically feasible level of seismic safety of operating construction projects in conditions of moral,
physical and seismic deterioration of structures, changes in seismic hazard and design and construction
standards in seismic areas. Certification of transport structures in seismic areas has two main goals: a)
comparative assessment of the actual seismic resistance of buildings with the calculated seismicity of the
territory (assessment of the seismic resistance deficit); b) identification of the most earthquake-hazardous
objects that require priority strengthening, change of purpose or demolition of the building (seismic
monitoring of the condition of the building stock). An important task is also the assessment of the
vulnerability (vulnerability) of buildings or the probable degree of their damage under seismic impacts
of various intensities, which is used in calculating seismic risk. It is known that the reliability of
calculations depends not so much on the selected seismic risk model, but on the completeness and
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reliability of the results of certification of buildings, which is one of the links in the methodological
chain: seismic hazard — certification — vulnerability — seismic risk.

On the basis of electronic technical passports included in the platform, transport facilities are
divided into types according to seismic vulnerability and their technical condition is evaluated. That is,
they are divided into seismically strong, instrumental technical inspection required and seismically weak
transport structures (Figure. 4).
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Figure.4. Distribution of transport structures by seismic state in the cross section of the Republic and territories
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4, Conclusions.

This paper presented the results of studies which were conducted to determine seismic vulnerability
of existing transport structures in Uzbekistan. The data of bridges and their structural systems were
collected by diagnostic and structural monitoring surveys. All transport facilities in the republic were
divided into seismically strong, requiring instrumental technical inspection, and seismically weak types
based on their seismic condition. Based on the obtained results, an electronic technical passport on the
seismic strength of transport facilities was formed.

The results of certification made it possible to identify earthquake-prone transport structures, assign
priority objects for their seismic strengthening or demolition, and determine the amount of costs for
strengthening seismic transport structures and demolition of dilapidated structure. Based on the
Certification data received, state programs (for the demolition of dilapidated residential transport
structures) were adjusted and dilapidated residential transport structures in Uzbekistan are being
demolished and new earthquake-resistant residential transport structures are being built in their place. A
classification of construction projects has been compiled based on the seismic scale MSK-64.

Based on the certification results, electronic passports of the surveyed transport structures were
created with an assessment of their seismic vulnerability. Based on the results of certification, an
electronic database was created on the seismic vulnerability of transport structures in Uzbekistan, which
will improve the reliability of life support systems, reduce damage to transport structures and reduce
population losses from destructive earthquakes.
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CALCULATION OF DYNAMIC CHARACTERISTICS DURING LONGITUDINAL-
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Abstract. The article is devoted to the development of calculation methods within the framework of a continuum plate
model of a multi-story building, under the assumption that its seismic vibrations can be modeled by the motion of a thick
orthotropic cantilever plate, the deformation of which is described on the basis of the bi-moment theory of thick plates.
Formulas are presented for determining the reduced moduli of elasticity, shear, and density of a plate model of a building.
The first three natural frequencies of a multi-story building are calculated using the resonant method for given geometric and
mechanical parameters.

Keywords: multi-storey building, continuum plate model, reduced moduli of elasticity, shear, and density, moments,
forces, bi-moments, seismic impact, numerical method, resonance method, natural frequency.

1. Introduction.

The development of dynamic spatial models of buildings and structures, the deformation of which
is spatial, is one of the most complex current problems in the mechanics and dynamics of structures. At
this stage of development of the theory of structures, various methods for calculating buildings and
structures for seismic impacts were developed, considering various important factors. Such research
includes the following scientific publications.

Article [1] is devoted to solving the problems of a four-story reinforced concrete frame building
subjected to seismic loads, taking into account various irregularities. To assess the seismic characteristics
of the structure, calculations were conducted considering the inelastic properties of the concrete and steel
materials filling the walls.

The influence of [2] earthquakes of varying intensity and frequency on the seismic resistance of a
wooden frame-type building, consisting of wooden vertical posts, lower and upper frames, bracing
systems, and floor and roof elements. Seismic resistance was assessed based on experimental and
theoretical studies. Article [3] considers the parametric bending of concrete-reinforced beam elements
using the finite element method (FEM). Within the framework of the Abaqus Finite Element Analysis
(FEA) software package, calculations were conducted of beams with a load applied in the middle of the
span.Article [4] presents the results of a numerical study of the behavior of a multi-story reinforced
concrete frame building under seismic influence. Numerical studies were conducted using the LIRA
software package on a 9-story frame house.

The study in [5] proposes a method for using the polymer reagent POLIANCE in concrete,
developed on the basis of waste from the production of polyacrylonitrile fibers. The results of the
influence of the reagent on the capillary absorption of concrete are presented; it helps to ensure high
resistance of cement concrete in saline environments.

References [6, 7] propose a methodology for experimental studies of curved reinforced concrete
beams made of ordinary heavy concrete, equipped with fiberglass composite reinforcement. Data are
presented on methods for measuring the resulting strains, cracks and deflections of prototype beams
under the influence of transverse forces.

Article [8] is devoted to the calculation of structural elements of buildings and structures; scientific
publications of many authors are devoted to this issue. The influence of displacements and inclinations
of the axes of wall panels during their installation on the operation of large-panel structures is considered.

Articles [9, 10] are devoted to assessing the reliability of the design and construction of structures
depending on the properties of the foundation soil of the construction site.

Reference [11] deals with the application of an active seismic protection system in the form of a
seismic isolation sliding belt at the foundation level to ensure the seismic stability of a building or
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structure. As a result of the calculations, the relative displacements, accelerations, and stress intensity in
the most loaded structural elements were obtained.

In [12], the influence of the linear and nonlinear models of the base-soil interaction on the
vibrations of the multi-storey building under seismic effects was studied.

In [13], vibrations of the buildings on the sliding foundation with dry friction was studied under
the action of real earthquakes at the intensity of 8 and 9 on the MSK-64 scale.

Reference [14] considers the influence of moisture content of loess soil and soil foundations on
sedimentary deformations. Subsidence of loess soils occurs due to a decrease in the strength parameters
of soil and transform of the stressed state of soil [14-15].

The dynamic behavior of soils during the interaction of underground structures and building
foundations with soil in a non-one-dimensional statement is considered in [16-17].

In [18-20], seismic vibrations of a building are modeled by the motion of a thick anisotropic
cantilever plate, the deformation of which is described based on the bi-moment theory of thick plates
[21].

2. Statement of the problem.

Longitudinal-shear vibrations of a multi-story building within the framework of a plate model of a
multi-story building are considered in a Cartesian coordinate frame with variables x,, x, and z. The

origin is located in the lower left corner of the middle surface of the continuum plate model of a multi-
story building. Let us direct the OX; and OX> axes in length and height, and the OZ —axis along the
thickness (width of the building) of the plate model.

We describe the problem of longitudinal-shear vibrations of a multi-story building within the
framework of the bi-moment theory of plate structures, developed in [18-20]. The basic system of
equations of motion of the bi-moment theory of plate structures (multi-story buildings), which consists
of equations for longitudinal, shear forces, and bi-moments and are described by nine unknown kinematic
functions:

1t 1%, 1 o1 1
z//kzﬁ:[ukdz, ﬁkzﬁ:[]ukz dz, (k=12), r:W:';%zdz, ;/:W_J;ug dz. 1)

To formulate the problem of longitudinal-shear vibrations of a building within the framework of a
continuous plate model of a multi-story building, we use the expressions of forces and bimoments
proposed in [18-20].

We introduce longitudinal and shear forces N,;, N;,, N,, fromstress oy, o;,, 0,,, from stress:

h — _
oy, oy —
N,, = Jhandz =E,H Txll +E,H 6)(22 +2E.W,

" o7 o )
Ny, = [oy,02 = E,H 2+ E,,H 2 4 2B, W,
22 :‘; 22 12 ax1 22 axz 23
Ny, =N,y _GM(H Wz OV J
X, 24

Similarly, expressions for the bi-moments generated by the longitudinal-shear plate model of the
building are constructed, T,;, T,,, T,, fromstress o, o,,, 0,,, they are defined as:
op, E P, E 2W —4rJ

1"
Tll:hzi[]allzde:H(EllaXl—’_ 12 ox, =T H

17 0B, . B, 3
T12=T21:hz_jhalzz2dz:HGn££+8Xﬂzl], 3)

1" op, op. W —4F
T, =W:|;o-2222dz _ H(E12 aiw E,, @(ﬁ22+ E,, Hj.
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Expressions for the intensities of transverse bi-moments generated by a longitudinal-shear plate
model of a building are introduced, p,;, P,; and 7,5, 7,3 from shear stresses o,;, o©,;, determined by
the following formulas:

_ or 2, -,
Pra=5r7 J'o-lszdz— k{ax +(kHWk))

k

_ o7 2T, -3B,)
rkgzw_jhazafdzzek{axk =] (k=12),

The concept of bimoment intensities is also introduced P,; and 7,; from normal stress o,
according to the following formulas:

(4)

_ oy, o, W
Ia33dz—E31 8xl+E 6XZ+E v (5)

_ oB. _ OB AW —4F
Tas :W:[O-ZBZBdZ = E31§ll+ E32§22+ E, H

Now, we present the basic system of equations for longitudinal vibrations of a plate model of a
multi-story building, proposed in [13-15]. The system of differential equations of seismic vibrations of
a multi-story building relative to longitudinal and shear forces (2) generated during longitudinal-shear
vibrations of the plate model of the building is constructed in the following form:

ON,;, ON,, . oN,, ON .

—=+—==pHy, , A4+ -2 = pHy,. 6

x o, PHY, x ox, PHY, (6)
It should be noted that the system of two equations (6) contains three unknown functions

Wy, W.

The system of differential equations of seismic vibrations of a multi-story building relative to
longitudinal and shear bi-moments (3), (4), generated during longitudinal-shear vibrations of the plate
model of the building, is constructed in the following form:

o, of, ,_ = O, dT, =
87)(14_ ox, — 4Py, = pHA,, o, + ox, —4py = pHP,. (7)

The system of differential equations of seismic vibrations of a multi-story building relative to the
intensities of transverse longitudinal and shear bi-moments (3), (4) and (5) is constructed in the following
form:

6ﬁ13+5_23_2ﬁ33

=pr, 8
ox  ox, H 7 (®)
0T;; 0T,3 675 -

_|_ — = . 9
x o H ®)
It should be noted that the systems of four equations (6) - (9) contain new six unknown functions

l'_jl' UZ’ ﬁl ﬁZ' r'

Thus, the systems of six equations (6)-(9) contain nine unknown functions
U, U, B B, T, 7, W, W, W. Therefore, three more equations are missing.

Three missing equations of motion of a plate model during longitudinal-shear vibrations of a multi-
story building were constructed in [13-15] based on the method of expanding the displacement function
into an infinite Maclaurin series. Considering six terms of the Maclaurin series, three approximate

equations were constructed to determine generalized displacements U,, U,, W , which are rewritten as
follows:

I 1, oW
0 =-(218, -3y, )-—-H—, (k=12 10
uk 4( ﬁk W ) 20 axk ! ( d )’ ( )
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W=1ey-7)-LtH Eadh B ) (11)
2 30 | E, ox  Ey 0%,

To represent the boundary conditions of the problem of longitudinal vibrations for multi-story
buildings (10) - (11), we introduce the intensities of bi-moments &,,, G, 0y,, Oy, O, determined
by the formulas obtained in [20]. Bimoments &;,,5,,, &,, have the following expressions:

_ E Ou. E Ou.
Oy :(En —2E, J : +(E12 _EBE3zj21

Eq X, - OX,
E ou, E ou.
622 = E21 = E31 —+ E22 -2 E32 72! (12)
Es; 0%, Es; oX,
ou, Ou.
G —G 1 2
o2
oW oW  _ 60(7W +42r —1057)
&.=-E,H——E,_H +E +
11 11 a 2 12 axzz 13 H
0 0 [ 0,
+E.H—| L |+E H-——| 22|
" X (Gla] . X, [Gza] (13)
o'W o'W 60(7W +42r —1057
&y =—E,H - 5 —E,H 5 +E, ( - 7>+

vEH O O |ig g O % |
0% \ Gya X, \ Gy

Now let us write the boundary conditions on the free side and top faces of the multi-story
building. On the side faces, the conditions for forces, moments, and bi-moments equal to zero are set:
Ny =0, N, =0, T, =0, T,,=0, Pz =0, 7,,=0, (15)
6,=0, 7,,=035,=0.
On the free upper face, the conditions for forces and bi-moments equal to zero are also specified:
Ny, =0, Ny =0, T, =0, T,, =0, Py =0, 7,3 =0,
. (16)
1, =0, 0,,=0 0, =0.
We take zero values as initial conditions.
Determine the reduced density and modulus of elasticity of the plate model according to the
method given in [18-20].
The reduced density of the building is determined as follows. We determine the total volume
and total volume of the elements of one floor of a multi-story building:

V, =abH, V, =abh, +(n—2)Hbh, +aHh,, (18)

Where a, H —are the length and width of the building; b, —the height of one floor of the building;

k— the number of internal transverse walls of the building; h, - the thickness of external load-bearing
walls; h, — the thickness of internal walls; h,, —the overlap thickness.

In general, the given elastic characteristics and density of the building are determined by the
following formulas:

Elgiven =By, Ezgiven =¢pEy, Ee?iven =3B,

Glgziven = (1,6, Glgsiven =136y, Ggéven = ¢ »Gy, Pygiven = PoSo-
It should be noted that the coefficient values &, &y, & Gi2v Giar 30 G TOr each cell (room) of

(19)

a discrete part of the building are determined in the form of functions of two spatial variables, E;, G, —
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moduli of elasticity and shear of the strongest load-bearing panel of a cell of a discrete part of a building.
Let us write the formulas for determining coefficients &, &,,, &g, &0 &30 &30 & and given moduli of
elasticity of a discrete part of the building:

gllzai' 522:05%’ 4:33:“%1512:05%1
So S S So1 (20)
Nep o h Vv

§13:a blp/l’ é:ZBZaél é,O:\T;

Where Sy, Sy,, Sy — are the cross-sectional areas of the building in three coordinate planes of
one floor of the building; S;, S,,, S;; — the total cross-sectional areas of the slabs in the coordinate

planes forming one floor of the building; A" — is the coefficient characterizing the voids in the cross-
section of the floor slab. Coefficient o is determined depending on the cellular structure of the building
structure.
Depending on the size of the slabs, rooms and the building itself, we determine the above areas
using the methodology presented in [18-20], in the following form:
So = Eob1H1 See =EgaH, Sgz = anbp ( 21)
S,, =bh,E® +Hh E_,, S,=bhE?,

S,, =ah,E{? +(k—2)Hh,E®?, S, =ah,EP +(k—2)bh,E®.
Where Goy — is the building floor shear module; Gz — internal wall shear module; ES? — modulus of

elasticity of internal walls; Eov — modulus of elasticity of the floor.

(22)

3. Analysis of numerical results.

Let us assume that the seismic movement of soil occurs in the direction of the OZ axis (along the

width of the building) in the form of movement of the base of the building:
uo(t)z'/;"(l—cos(Zﬂvot)).

vo, Ao — are the frequency and amplitude of external influence, ke, g — earthquake seismicity
coefficient and gravity acceleration.

Calculations for seismic impacts were performed within the framework of a plate continuum model
of multi-story buildings. In calculations, the foundation of the building is considered absolutely rigid.
Amplitude of external influence Ao depends on the magnitude of the earthquake, which is determined

from condition A @i =2k.g, Where k., g are the seismicity coefficient and gravitational acceleration,

respectively. From here we find
A = 2kczg .
@y

Note that the seismicity coefficient of 7, 8, and 9-magnitude earthquakes are equal, k:=0.1.

The mechanical and geometric characteristics of the room panels and the external dimensions of
the buildings must be specified as initial data. We assume that the external walls consist of reinforced
concrete with an elastic modulus E=20000 MPa, density p=2500 kg/m?®, Poisson's ratio v=0.3. We
consider the internal walls to consist of expanded clay concrete with the following physical
characteristics: modulus of elasticity E=7500 MPa, density p=1200 kg/m?, Poisson's ratio v=0.3.

The results of calculations of forced vibrations of a building within the framework of a thick plate
model are presented for the following sizes of building slabs:

h, =0.40m, h, =0.25m, h,, =0.2m, a, =5m, b, =3m,

The height and length of a multi-story building are assumed to be b=nb and a=30m,
respectively, and the width of the building varies.
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The height for a nine-story, twelve-story and sixteen-story buildings is assumed to be a=30 m,
a=40 mand a =51 m, respectively.
Using the initial data, the values of the reduced moduli of elasticity, shear, and density, given in
Table 1, of multi-story buildings, calculated using formulas (17)-(20), were determined.
Consequently, the given characteristics of the building depend on the initial data and vary greatly

depending on the specific task.

Table 1
Reduced elastic moduli of the continuum model of multi-story buildings for given initial data
Thickness Modules of elasticity of a continuum model of a building
H (m) Elgiven, MPa Egiven, MPa Egiven’ MPa Glgziven’ MPa Glgsiven’ MPa ngaiven, MPa
11 1545 1965 458.2
13 1369 1789 387.7
15 1240 1660 1220 336.0 3200 2400
18 1100 1520 280.0

Let us present the results of calculations of displacements and stresses for a 16-story building.

Note that the natural frequencies of a multi-story building are determined using the resonance
method. When determining the natural frequencies of a multi-story building, we gradually increase the
frequencies of external influences until a gradual increase in displacements in the oscillatory process of
the building is observed. As the value of the dimensionless frequency of external influence wo approaches
dimensionless natural frequency p: the values of displacements, forces, and moments increase sharply,
which indicates a gradual transition to the resonant mode.

Let us present the results of calculations of the frequency, periods of oscillations and displacements
of points for nine-, twelve- and sixteen-story buildings with longitudinal shear, near the resonant mode.

Below we present graphs of changes in normal and generalized displacements, from which the
values of natural frequencies of multi-story buildings are determined. Graphs of changes in displacement
and stress values were obtained for transverse vibrations of multi-story buildings in the resonant case
during an earthquake of magnitude 7.

Figure 1 shows graphs of changes over time of normal displacement ¢,, in the middle of the top
floor of a 16-story building near resonant oscillations with a frequency of p;1=3.52 Hz. As can be seen
from the figures, when the external influence frequency values v, very close to the natural frequency

value p,, there is an infinite increase in displacements.

¢1,m 014 0-117 25
o MPa. *
1

5000 10000 15000 20000 25000 30000 35000 5000 10000 15000 20000 25000 30000 35000

40 Dﬂﬂsec 40000 Sec

Figure 1 Graph of normal displacement change I intimein the Figure 3 - Graph of normal stress change 07, intime in the
middle of the top floor of a 16-story building with a width H=13 \iqqe of the first floor of a sixteen-story building with a width
m at natural frequency p;=3,52 Hz. H = 13 m at a natural frequency p:=3,52 Hz

Figure 2 shows a graph characterizing changes in the maximum normal stress o, in the middle of
the first floor of a sixteen-story building at time t. As established (Figure 2), in the middle of the first
floor of the building, the maximum value of the normal stress was o, =27 MPa.
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Similarly, using the resonance method, the second and third values of the natural frequency of a
sixteen-story building with transverse dimensions are determined. Thus, the first three values of natural
frequencies turned out to be

p1=3.52 Hz, p1=3.44 Hz and p;=3.36 Hz,
and the periods of the fundamental tone of oscillations are:

T1=1/p1=0.2841 s, T1=1/p1=0.2907 s and T1=1/p1= p1=0.2976 s.
Table 2.
The first three natural frequencies p1, p2, ps and periods of natural oscillations Ty, T, T3 of nine-, twelve-, sixteen-story buildings,
depending on three widths of the building

Ne N”frlgt(’)?g of Hm | p,Hz | p,Hz | p,,Hz | T,sec | T,,sec | T,,sec
11 7,70 2061 | 3391 | 0,298 | 0,0485 | 0,0295
1 9 13 7,63 2031 | 3325 | 041311 | 00492 | 0,0301
15 7,58 2012 | 3282 | 0,319 | 0,0497 | 0,0304
11 5,02 1531 | 28,16 | 0,992 | 00653 | 0,0355
2 12 13 4,97 1522 | 27,81 | 02012 | 0,0657 | 0,0359
15 4,93 1515 | 27,42 | 0,028 | 0,0660 | 0,0365
13 3,52 1151 | 2302 | 02841 | 0,868 | 0,0434
3 16 15 3,44 11,41 | 22,83 | 0,2907 | 0,876 | 0,0438
18 3,36 11,31 | 2244 | 02976 | 0,884 | 0,0446

Calculations of natural frequencies were performed for nine-story and twelve-story buildings.
Table 2 shows three values of natural frequencies p1, p2, ps and periods of natural oscillations Ty, T2, T3
of nine-, twelve-, sixteen-story buildings. For a nine-story and twelve-story building, the natural
frequency is determined for three options for the building width H=11m, H=13m, and H=15m. For a
sixteen-story building, the frequency of natural vibrations is determined for three options for the building
width H=13m, H=15m, and H=18m.

Based on the results obtained, we note that the first natural frequencies of multi-story buildings
under longitudinal shear vibrations are greater than the first natural frequency of the same building under

transverse vibrations.
Table 3.
Values of the first natural frequency, maximum and minimum stresses of nine-, twelve-, sixteen-story large-panel
buildings during an earthquake of magnitude 7-8-9

Number | H « | Vor| Po on, MPa Oy, MPaA o, MPa | T, m/sekz,
of floors m Hz | Hz min max min max min max
0.1 -2.42 2.43 -9.880 10.70 -8.43 -7.45 70.1

9 13 [02 270|305 | -407 4.07 -20.11 | 21.20 -13.14 -14.9 | 133
0.4 -6.52 6.55 -25.02 25.03 -16.31 -30.1 26.9

0.1 -1.90 2.00 -7.95 8.91 -6.74 -6.52 6.53

12 13 0.2 | 275 2.2 -3.50 3.70 -14.8 16.0 -11.68 -12.5 13.2
0.4 -7.10 7.55 -30.3 31.2 -23.35 -25.1 25.6

0.1 -0.9 0.8 -4.01 3.70 -3.22 -3.91 3.85

16 15 0.2 250 15 -1.7 1.6 -8.00 7.61 -6.41 -6.92 6.95
0.4 -3.59 3.31 -15.9 15.0 -10.32 -14.5 14.5

Here vo and po - resonant frequency. Calculations have shown that under external dynamic
influences with a large amplitude, quite dangerous stresses appear in different upper levels of external
walls during magnitude seven, eight and nine earthquakes.

4. Conclusions.

1. Within the framework of a continuous spatial plate model, the problem of determining the natural
frequencies of multi-story buildings was formulated. Methods were developed for numerical solutions to
the problem of seismic vibration based on the finite difference method and determining the natural
frequencies of a multi-story building within the framework of the resonance method.
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2. Based on the application of the resonance method, the first three values of the natural frequency

of a multi-story building with the number of floors ranging from nine to forty were determined.

3. Based on the analysis of numerical results, it was established that the plate model is suitable for

describing the dynamic behavior and calculating the stress-strain state of multi-story buildings under
seismic impacts.
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CONTRIBUTION AND INFLUENCE OF T.R. RASHIDOV'S WORKS ON THE FORMATION
OF MATHEMATICAL SEISMODYNAMICS OF UNDERGROUND STRUCTURES

Israilov M.Sh.!
ILLC: "Sensor Fusion and Monitoring Technologies". California 94596, USA
E-mail: israiler@hotmail.com

Abstract: The role and influence of T.R. Rashidov's works on the creation of mathematical seismodynamics of
underground structures are discuss. Physically acceptable statements of seismic problems for the soil and their analytical
solutions are given. These statements and solutions are based on the following propositions. First, on the transfer of boundary
conditions from the surface of the Earth to a cylindrical surface that is coaxial to the surface of the pipeline. Second, on the
proof of the dependence of the tangential stresses causing seismic movements of the pipeline only from the first terms of
decomposition of soil displacement components in Fourier series on the angular coordinate (what leads the soil problem to
an axisymmetric one). Third, on the assumption of quasi-one-dimensionality of soil deformation during the propagation of a
longitudinal seismic wave along the pipeline. The solutions obtained lead to theoretical expressions for the force and
coefficient of interaction of the pipeline with the ground. In particular, when the ratio of the wavelength to the diameter of
the pipe is large, the law of proportionality of the interaction force to the relative displacement of the pipeline proposed by
T.R. Rashidov is obtained.

Keywords: soil, pipeline, seismic problem, quasi-one-dimensional deformation, force of interaction.

1. Introduction: the works of academician T.R. Rashidov and their role in mathematical
seismodynamics

When studying the reaction of an underground structures, in particular, pipelines to seismic effects
and clarifying the issues of their non-destruction, it is necessary to introduce a number of assumptions
and hypotheses, the validity of which can be confirmed or not either experimentally or theoretically by
formulating and solving problems about joint seismic vibrations of the soil and the structure. In the latter
case, we will talk about the mathematical theory of seismic resistance of an underground structure (or,
in short, about mathematical seismodynamics). Of course, such a division into engineering and
mathematical theories of seismic resistance is to a certain extent conditional, however, it is convenient
to distinguish approaches in substantiating the basic propositions and principles underlying these
theories.

The main works of T.R.Rashidov, which address the theoretical aspects of seismodynamics of
elongated underground structures, are the works of the 60s - 70s of the last century [1-9]. These works
have made a significant contribution to the formation and development of mathematical seismodynamics
of complex systems of underground structures. Let us note some of the fundamental issues raised in these
works, the theoretical study of which was crucial for the formation and development of the named part
of seismodynamics. They are as follows: (1) the definitions of seismic forces of interaction between an
elongated structure (pipeline) and the soil during elastic and inelastic deformation of the soil; (2) the
dependence of the force of interaction on the depth of the pipeline; (3) the existence of an attached mass
during the motion of a body in the ground; (4) the possibility of considering the "soil - pipeline" system
during longitudinal movements as a composite rod (i.e., elucidation of the conditions for the validity of
the hypothesis of flat sections for longitudinal movements of such a system); and (5) the derivation of
averaged differential equations of motion and averaged velocities of propagation of longitudinal waves
in a pipeline with a periodic system of wells attached to the pipeline compartments using damping
devices. Some of these problems were fully or partially solved in the works of Rashidov himself, while
the other part determined the directions of further research carried out including under his supervision.

One of the main questions in the above list is the question about the force of interaction between
the pipeline and the soil during seismic action. For elastic soil T. Rashidov proposed [2-5, 9] the law of
proportionality of the force of interaction to the relative displacement of the pipeline, in which relative
displacement is understood as the difference between the movements of soil particles in an incident
seismic wave (away from the pipeline) in the direction of the pipeline axis and the motions of pipeline
sections. Thus, the relative displacement is not understood in the law as the amount of slippage at the
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boundary of soil contact with a pipe, which may not be there. The coefficient of proportionality in the
named dependence is called the coefficient of interaction.

Due to the lack of external (in relation to the pipeline) statements and solutions at that time of
seismic problems for soil, T. R. Rashidov and G. H. Khozhmetov proposed methods for experimental
determining the interaction force and the coefficient of proportonality and also developed test setups for
conducting appropriate experiments. These methods and setups are described in monographs by T.R.
Rashidov [9] and T.R. Rashidov and G. H. Khozhmetov [10].

Let us note here what importance is the fulfillment of the law of proportionality of the interaction
force of the pipeline with the soil to its relative displacement. When the soil and the pipeline material are
linearly elastic the tangential stresses in the soil on the surface of the pipeline and, therefore, the force of
interaction are represented by linear dependencies on the incident wave and the movement of the pipeline.
Such a more general linear dependence (with two constants) does not complicate the theoretical study
and solution of the problem of seismic vibrations of the pipeline, since in this case the equation of motion
of the pipeline remains linear. However, the fact that the tangential stress and the force of interaction are
proportional to the relative displacement significantly simplifies the experimental study of the law of
interaction, reducing the task to determining only one constant from a test. This simplification becomes
even more important in the case of inelastic deformation of the soil, when functions, rather than constants,
are subject to experimental definition in the law of interaction.

The solution of the seismodynamic problem for the pipeline can be divided into two stages. Finding
the force of interaction with the soil (experimentally or theoretically, by formulating and solving a
seismic problem for the soil) at the first stage and solving the problem of forced vibrations of the pipeline
under the influence of the found force of interaction — at the second. A fundamental contribution to the
mathematical foundations of seismodynamics of underground structures was a investigation conducted
by T. Rashidov together with A.A. II'yushin and devoted to nonstationary longitudinal seismic vibrations
of an endless pipeline [11]. In this work, for the first time in the literature, the self-similar mode of wave
propagation along the pipeline is considered, when the motion characteristics are functions of the distance
from the wave front. A.A. Il'yushin and T.R. Rashidov drew attention to the fact that a situation is
possible when seismic waves in the ground propagate along the pipeline with velocity higher than the
velocity of wave propagation in the pipeline (this case is called supersonic). Such an assumption cannot
be taken into account purely formally, but requires a physically justified extension of the problem
statement and leads to solutions that differ significantly in the nature of behavior from solutions for the
subsonic case. These results are now classic in mathematical seismodynamics. They served and continue
to serve as a model for subsequent research in this area.

2. Methods: theoretical investigation of the laws of seismic interaction of soil and pipeline
2.1. A brief history of the problem

The relation describing the proportional dependence of tangential stresses on shear displacements
on the pipeline surface was proposed by L. M. Yemel'yanov [12] in 1951 when studying the forces of
interaction between pipe and soil in the longitudinal motion of the pipeline by analogy with the same
ratio between normal pressure and transverse displacement of the pipe in the theory of calculation of
beams on an elastic base. Later (1953), R. I. Aronov [13] investigated this question in detail and gave a
theory and methodology for conducting experiments to determine the proportionality coefficient in the
above relation. It was believed that the longitudinal displacements of the pipe was caused by a change in
the temperature of the metal of the pipe walls (heterogeneity of the temperature distribution along the
pipe), or shortening of the pipeline compartments as a result of internal pressure (for example, in gas
pipelines), or other reasons. Longitudinal displacements were measured in field experiments using the
method of transverse sections of the pipeline. The named proportionality coefficient was identified with
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the uniform shear coefficient introduced by D.D. Barkan [14] when studying shear movements and
vibrations of rigid foundations of ground structures.

As noted above, in the law of proportionality proposed in the seismic problem by T.R. Rashidov,
the force of the interaction of the soil with the pipe is proportional to the relative displacement and the
coefficient of interaction in this case does not have such simple physical interpretations as in the problems
studied by L.M. Yemel'yanov and R.I. Aronov and cannot be determined from the experiments described
in [13].

Starting with the publication of A. Sakurai and T. Takahashi [15] (1969) a slightly different
approach was also developed, however, leading to the same or similar results. In this approach the
medium (soil) and the interaction with the medium are modeled by elastic springs. Then, in the problem
of the longitudinal motion of an elongated underground structure, considered as a rod, the forces of
interaction with the soil are proportional to the relative displacement, i.e., to the difference between the
longitudinal displacements in the seismic wave and in the pipeline. Thus, the problem is reduced to the
equation of forced vibrations of the rod containing an indefinite parameter - the stiffness of the springs.
Numerous modifications and generalizations of this approach have been proposed [15], designed to take
into account slippage between the pipeline and the soil [16-20], as well as the inelasticity of the soil by
replacing the elastic spring in the soil model with a viscoelastic element [21, 22].

2.2. Formulation and analytical solution of an external problem for elastic soil

A rectilinear pipeline is considered as an infinitely long thick-walled cylinder (rod) of outer radius
a. The motion of the pipeline and the elastic soil, surrounding it, is caused by a plane seismic wave
propagating in the soil (medium) in the direction of the pipeline axis (Figure 1), which taken as the 0z
axis of the cylindrical coordinate system (r, 8, z). This means that at a distance r = R, sufficiently far
from the pipeline, the displacements of the medium wu(u,, ug,u,) are equal to the displacements in the
incident wave, i.e.,

ur'r:R =0, u9|r=R =0, uz'r:R = W(Z - Ct)- (1)

Here c is the wave propagation velocity and t is the time.
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Figure 1. Geometry of the problem

As arule, the depth of the pipeline is taken as the "remote” radius R and then w is the displacements,
measured on the Earth's surface in the direction of the pipeline axis.
The boundary conditions on the contact surface of the pipeline and the soil are taken as

ur'r:a =0, u9|r=a =0, uz'r:a = U(Z» t)’ (2)

where U(z,t) means the axial displacement of the pipeline, determined from the equation of longitudinal
vibrations of the rod. Physically, conditions (2) express the requirement of sticking on the contact surface
of the soil and the pipeline. In solving an external problem for the soil (the problem of determining
interaction forces), the influence of changes in the dimensions of the cross-sections of the pipeline during
its longitudinal deformations is neglected (the first condition in (2)).
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The latter assumption is valid for metal and concrete pipes due to the significant flexibility of the
soil in comparison with the pipeline material. The necessary refinements in solving the external problem
for the medium, taking into account the transverse deformations of the pipe in the case of flexible
pipelines, can be easily implemented. The second condition in (2) expresses the fact that the torsion
vibrations of circular cylinder are not to be excited under the action of plane waves.

Steady-state (or stationary) vibrations of the soil and the pipeline occur when a given incident
seismic wave is represented as

ik(z—ct) — Woei(kz—wt) (3)

where w is the frequency of seismic vibrations and k = w/c is the wave number. Then the displacements
of the soil and pipeline are expressed in a similar way, i.e.,

(U, ug,u,) = (U, Ug, U,) e | = Y, etkZ=ct), (4)

1). The case ¢ = ¢4 when a given seismic wave w is a longitudinal wave [23]. Its propagation
velocity is ¢; = /(A + 2u1)/p, where (4, 1) denote the Lame constants of the elastic soil and p is its
density. In this case the problem for the medium is axisymmetric with Uy = 0 and the displacements U,
and U,, which do not depend on the angular coordinate 8. Under these conditions, the Lame's equations
of motion of the elastic soil are reduced in cylindrical coordinates to the next two equations

(d (dU, U 2ldu. 2
= ( ’"+—’")+ik[1—(ﬁ)] Z+k2[1—(c—2)]ur=o,
!dr dr T C1 dr C1

1d/ dU c1\? dau, U
| - % z . AT r _r\
krdr(r dr)-Hk[(cZ) 1](dr * r) 0

relative to the nonzero components of the displacement vector. When deriving equations (5), it is
taken into account that w = kc;.

The boundary conditions for the amplitude functions (U,, U,) atr = R and r = a, following
from (1) and (2), are obvious by virtue of representations (3), (4),.

The method of "quasi-one-dimensional’ deformation of the soil. A significant simplification
of the formulated problem is obtained with the additional assumption that for the described soil motion,
longitudinal deformations ¢,, (in the direction of motion of medium particles in a seismic wave) are
predominant and by deformations ¢,,- and €49 can be neglected in comparison with ¢,, [24], i.e., when
an approximate equality can be assumed for the tensor of soil deformations

Er 0 &y 0 0 ¢
&

SZT 0 SZZ zr 0 gZZ

w(z — ct) = wye

(5)

In the considered case of steady-state oscillations (stationary motions), the specified property is
provided if |dU,./dr| < |U,|/A and |U,/r| < |U,|/A, where A = 2r/k is the length of the incident
seismic waves. Then the second equation of the system (5) is allocated to a separate equation for U,,
namely

d2U, 1dU,
dr? +; dr 0. (7)

Solution of the boundary value problem (7), (1), (2) (when in a stationary problem the
displacements are represented by the relations (3), (4)) is
In(r/a) dU,(r) 1
In(R/a) (Wo = Uo) + Uy, dr  rln(R/a)

U,(r) =

(wo — Up)- C))
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The tangential stress a,-, on the pipeline surface, taking into account the boundary condition (2),

is determined by the formula
)] _ <6ur N auz> _ <6uz) _ (dUz)
Orllr=a = K75, " ¢ r—a \or —a “ar

2). The case ¢ # ¢4 when the given function is the axial component of a seismic wave obliquely
approaching the pipeline. In the case of an inclined fall the displacement vector in the incident wave is
decomposed into a component parallel to the axis of the pipeline and a component perpendicular to it.
Thus, the incident plane wave can be considered as the sum of two plane waves, which propagate along
the Earth's surface (r = R) in the direction of the pipe axis with a velocity ¢ equal to ¢, /sina or to
c,/sina, depending on whether the initial wave is longitudinal or transverse (shear) with a propagation

velocity of ¢, = /u/p . Here a is the angle formed by the front of an incident plane wave (or a plane of
equal phase in the case of a stationary wave) with the axis of the pipeline. Therefore, if ¢ # c; then the
cases ¢, < ¢ < ¢, and ¢ > c; are possible.

The interaction of the pipeline and the wave, representing the second term in the above
decomposition of the incident seismic wave, with displacements in the transverse direction to the pipe
leads either to transverse motions of the pipeline together with the medium (without bending), or to its
bending vibrations. The latter problem can be studied separately (see, for example, [25]) and is not
considered here.

When the burial depth of the pipeline significantly exceeds its diameter, then even in the case of
oblique fall of the incident wave, the longitudinal displacements on the surface r = R might be
considered as approximately the same. Hence, the function w (or w, in (3)) is independent from angle 6.
Then the external problem for the soil is axisymmetric (as in case 1) and leads to finding a solution to

the system

(& (G E i (@) ]S v () - () o =o

! dr \ dr r C1 dr C1 C1 (10)

|1d ( dU,\ . [rer)? auv, U, N

el dr)“"[(a) _1]<dr )k z U=
under the same boundary conditions (1), (2). The system (10) coincides with (5) at ¢ = ¢;.

There are, of course, situations when the boundary conditions transfer to a cylindrical surface
(r = R), then the displacements w in (1) and, accordingly, w, in (3) are not constants in the same cross-
sections even approximately, and they must be considered as functions of the angle 8. This is the case,
for example, when a large-diameter tubular structure (say, a subway tunnel) lies at a shallow depth and
when with an inclined fall of a seismic wave in the soil layer, lying above the structure, multiple reflected
waves arise from the surface of the structure and the boundary of the half-space (the surface of the Earth).
In this case, the problem is reduced to integrating of three Lame equations under boundary conditions
(1), (2) and it can be solved by the Fourier method, decomposing the given function w, (8) and unknown
functions into series by 6 (the longitudinal displacement of the cross section of the rod U (or U,) cannot
depend on 8). At the same time, the following important fact is easily established: the resulting force
acting on the pipeline and driving it is not affected by the coefficients of expansion of the displacement
components in the Fourier series (coefficients at cosnf and sinnf) for n > 1, i.e., this resultant force
(calculated as an integral over the lateral surface of the pipe from the tangential stresses o,., is completely
determined by the first coefficients of the Fourier series (for n = 0) of the displacement components.
In accordance with expression (9) for tangential stresses on the pipe surface, in order to find the

specified resultant force, it is necessary to know only the first term UZ(O)(r) of the Fourier series
expansion of the longitudinal displacement of the medium U,(r,8). But it cannot be determined

independently, since the Lame equations (for the first coefficients of the series) include Ur(o) (r) and

eik(z—clt)_ (9)

r=a
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Uéo) (r) — the coefficients of the Fourier series of the other two components of the displacement vector
of the medium. However, it is easily established that the differential equations for these functions
decompose into a system of two equations with respect to UZ(O) and Ur(o), exactly coinciding with (10),
and a separate equation for Uéo):

azuy® 1du® 1

el 2 _ —\pg©@ _ — I/ 2_1 11
dr2 " r dr ( rz) Up” =0, m=kylc/c,) - (b
Therefore, due to homogeneous boundary conditions for UH(O) from (1) and (2) we have UG(O) =0.
Thus, in the non-axisymmetric case, the problem reduces to the system (10) with respect to the

functions UZ(O) and UT(O). But in this case, in the boundary condition (1) for UZ(O) it is necessary to replace
w, by the mean value (the first coefficient of the Fourier series) w, = (2m)~? fozn wy(8)d6 or, in other

words, the boundary condition on the surface r = R is sufficient to set in the integral form.

Further, applying, as above, the approach of quasi-one-dimensional deformation of the soil, i.e.,
considering the deformations &,,- and €49 small in comparison with &,,, we obtain that a separate
equation for U, is allocated from the system (10), namely

d2U, 1dU, k
—Z 22y = =" [|c2 = ¢2].
drz rdr —P Uz =0, Ccy e —cil (12)

The Bessel equation (12) in combination with the boundary conditions (1), (2) for U, leads to a
separate problem for longitudinal displacements. The solving of the last problem is enough, in accordance
with (9), to determine tangential stresses on the pipeline surface. The plus sign in (12) is taken in the case
of a) ¢ > ¢, and the minus sign in the case of b) ¢, < ¢ < ¢;.

Solution of the problem (12), (1), (2) it is elementary written out and given in the cases under
consideration by the relations:

Y.
@ U, =L oR U, ~ Yopawol =L UopRIV, ~ o(pawl,  (13)

A= Jo(pa)Yo(pR) — Yo (pa)]o(pR);
I K,
b) U, = (Lr) [Ko(PR)Up — Ko (pa)w,] — i}zﬂ”)

A,
A= Iy(pa)Ky(pR) — Ko(pa) Iy (pR);
Here J,, Y, mean Bessel functions of the first and second kind of zero order and I,,, K, are modified
Bessel functions of the first and second kind of zero order.

[Io(PRYUy — Iy (pa)wo],  (14)

3. Results and Discussion: Derivation of the proportionality law, theoretical values of the interaction
coefficient

In the case of ¢ = c; , substituting the solution (8) of the boundary value problem for soil into
formula (9), we have

Orlr=a = ginizay ¥ — V) = kew = V), (15)

Thus, in this case on the contact surface of the soil and the pipeline the tangential stress is
proportional to the ("global™) relative displacement and the coefficient of this proportional dependence
(called the coefficient of interaction of soil and pipeline) is given by the exact expression

m

kz = m (16)
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In the case of ¢ # ¢, the tangential stress on the pipeline surface calculated by formula (9), as
follows from formulas (13), (14), in the general case (for arbitrary values of the parameters included in
the solutions) is not proportional to the relative displacement w — U, as it was the event in the above case
¢ = ¢; (formulas (15), (16)). In the existing literature, this fact was not noticed and, as a result, the
question of the existence of conditions when the "law of proportionality" is fulfilled remained unclear.

Now suppose that pR <« 1 (then also pa « 1) or, equivalently, R/A < 1, a/A < 1, i.e., assume
that the depth of the pipeline and its diameter are small compared to the length of the seismic wave. Then,
it follows from solutions (13), (14) that the tangential stresses on the surface of the pipe, defined by the
formula (9), have in both cases a and b the same asymptotic representation, namely

1 pay? 2 2
-1 ~ — - — ) = R
7 Orslrea = —= (R/a){(w ) +2(2) [Uln (pR) win (pa)]}. (17)
This asymptotic is obtained using well-known series for Bessel functions, included in solutions

(13), (14), for small values of arguments (see, for example, [26], Chapter 5).

The condition of proportionality. As can be seen from (17), when the diameter and depth of the
pipeline are significantly less than the length of the seismic 07
wave, the tangential stresses on the contact surface of the
pipeline and the soil are proportional to the relative
displacement w — U up to terms of the order O(&?1Ine),
where & =R/A. Moreover, the coefficient in this
proportional dependence is determined by the same
expression (16) as in the case of ¢ = ¢;.

The above statement establishes the range of
applicability and accuracy of the proportionality hypothesis
in the case of propagation of seismic waves along the

pipeline with an arbitrary velocity. 01— - : :

Note that the more general linear dependence (17) of RS g W W
tangential stresses on displacements w and U (with different Figure 2. - Graph of the dependence of the
multipliers in front of them) does not complicate the interaction coefficient on the ratio

theoretical study and solution of the problem of seismic of the depth of the pipeline tots radius

vibrations of the pipeline, since in this case the equation of pipeline motion remains linear. However, the
fact that the stresses a,, are proportional to the relative displacement significantly simplifies the
experimental study of the law of interaction, reducing the task to determining only one constant from
experiment.

Figure 2 shows a graph of the dependence of the interaction coefficient on the ratio of the depth of
the pipeline to its radius. It follows from formulas (16), (17) that k, — 0 as R/a — oo, however, it can
be seen from the graph that the decrease in the interaction coefficient will be slow at R/a = 10.
Therefore, burying the pipeline to a depth greater than 10a may not have a meaningful effect to ensure
earthquake resistance.

4, Conclusions

1. The issues raised in the works of T.R. Rashidov are discuss, the research and solution of which
was a significant contribution to the creation of mathematical seismodynamics of underground structures.

2. The formulations of an external problems for elastic soil arising from the study of joint
longitudinal seismic vibrations of soil and pipeline (elongated underground structure) are given. Their
analytical solutions are obtained on the basis of a physically and mathematically justified assumption
about the quasi-one-dimensionality of the soil deformation tensor in the considered cases.

3. These solutions lead to theoretical expressions for the forces of interaction between the pipeline
and the soil. By means of asymptotic analysis (for large ratios of the depth of the pipeline to its radius)
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the law of proportionality of the interaction forces to the relative displacement of the pipeline is derived.
This result establishes the accuracy and the area of validity of engineering approaches in the study of the

problem.
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RECENT EARTHQUAKES IN TURKEY (2023) AND TAIWAN (2024):
EARTHQUAKE SPECTRAL CHARACTERISTICS, SEISMIC WAVES, AND METHODS
OF SEISMIC PROTECTION
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!Moscow State University of Civil Engineering, Moscow, Russia
2Ishlinsky Institute for Problems in Mechanics, Moscow, Russia
E-mail: kuzn-sergey@yandex.ru

Abstract. The recent earthquakes in Turkey, occurred on February 6, 2023 and Taiwan, occurred on 03.04.2024, in
Hualien region having extreme intensity (XI) by the modified Mercalli scale (MMS) caused extremely different subsequence,
e.g. the death of more than 52,800 people in Turkey and Syria, as well as severe damages to the infrastructure, while in
Taiwan the total death was 18 people, of which seven of these deaths were caused by land sliding, and less sever damages to
the buildings. The appearance of an unusually strong delta-like S-wave pulse in the seismograms of these earthquakes and
their consequences are analysed, and possible measures to mitigate the possible future high intensity earthquakes are
discussed.

Keywords: Earthquake; seismogram; delta-pulse; spectrogram; seismicity; damage

1. Introduction

1.1. Turkey-Syria earthquake of 06.02.2023. The recent earthquake (06.02.2023) of My 7.8 and the
subsequent strong aftershock Mw7.5, which took place in the Kahramanmaras region of Turkey and in
the nearby regions in Syria, had a relatively shallow hypocentre located within the sedimentary layers of
the Earth’s crust, about 10,000 meters below the ocean level [1, 2]. The estimated earthquake intensity
in the cities Gaziantep and Kilis was XI on the modified Mercalli scale [3, 4]. The aftershocks continue
and are likely to continue for about a year after the main shock [3].

Figure 1. - a) Huge damages in Kahramanmaras city; b) a horizontal component of the seismogram of the main shock at 01:17 GMT,
Station IlU ANTO, Ankara, Turkey; located about 235 km away from the epicentre

At least 15.73 million people and 4 million buildings were affected, more than 70 000 people were
Killed. About 164,000 buildings were either destroyed or severely damaged. All 15 buildings equipped
with seismic isolating devices were destroyed.

The analysis of seismogram detected at different stations reveals the presence of a large
horizontally polarized delta-like pulse located between 01:20 and 01:22; see Fig. 1a. It is associated with
the arrival of the horizontally polarized large intensity and short duration S-wave. The authors’ estimates
indicate the duration of the peak pulses being ~100 ms. Considering this seismogram in a better resolution
reveals that the two peaks actually consist of two delta-like pulses of almost equal amplitude and
duration, as shown in Fig. 1b. Note that the resolution in the seismogram is limited by a sampling time
At =50ms [5, 6].

1.2. Taiwan (Hualien region) earthquake of 03.04.2024. The recent earthquake in Hualien region
of Taiwan (03.04.2024) of Mw7.4 and a large number of subsequent less strong aftershocks, three of
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which were near or above My, 6.0. The earthquake had a relatively shallow hypocentre located within the
sedimentary layers of the Earth’s crust, more than 15,000 meters below the ocean level.
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Figure 2. - a) Soil liquefaction caused uneven building settlements in Hualien city; b) an integral seismogram registered at station in
Taipei, about 120 km from Hualien

1.3. Other high intensity earthquakes. TThe analogous extremely large pulses of relatively short
duration have been also recorded at some strong earthquakes, caused high loss of life and severe
destructions , e.g. Kobe My, 6.9 earthquake, occurred on 17 January 1995 [7].

Sometimes large peaks appear at arrivals of large intensity Rayleigh, Rayleigh — Lamb, and
horizontally polarized Love waves [8, 9]; see a seismogram of the Haitian My 7.0 earthquake of
12.01.2010; Fig. 3.

D J Love Surface Wavee

. -
Figure 3. - Large intensity and low duration peaks associated with the arrival of Rayleigh — Lamb waves in Haitian M 7.0 earthquake of
12.01.2010 [10].

It should also be noted that the situation is much more typical when the recorded seismograms do
not contain large impulses of such a short duration; see a sample of the typical seismogram in Fig. 4.
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Figure 4. - The typical seismogram; an earthquake near island Severnaya Zemlya, occurred on 19 April 1997 [11]; red line indicates
arrival of S-waves

2. What does a double delta-like pulse spectrum look like?
Consider integral Fourier transform of a single delta-like pulse, shown in Figs. 1b and 2b.
T
f~ () = j f (t)exp(—iot))dt (2.1)
-T

where ® is the circular frequency; f(t) is the function having finite support in the time-domain:
supp f=[-T; T]
t+T, -T<t<0
f(t)=Lx . 2.2)
T |T-t, O<t<T
In Eq. (2.2) p is the amplitude multiplier. Herein, the pulse is shifted by T along the time-axis to

avoid asymmetry, and thus, to have only real part in the Fourier spectrum.
Applying transformation (2.1) to function (2.2), yields the corresponding Fourier spectral
function [12]

f (w)=pT sinc? (%) : (2.3)
where
sinc(t) = %nt . (2.4)
In view of Eq. (2.3),0F£1()e plots for the corresponding Fourier spectra become; see Fig. 5.
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Figure 5. - Fourier spectrums of delta-like pulses at different T

The plot in Fig. 5 clearly indicates the substantial maximums at the zero frequency.
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3. AFC for a typical seismic isolating device

Suppose a building is equipped with a typical seismic isolating device, modelled by Kelvin — Voigt
model or a more refined Zener model, known also as the standard viscoelastic model [13, 14]; see Fig.
6a,b. The governing equations for both Kelvin — Voigt and Zener models may be represented in the
Cauchy form [15]

S0 =6 YO+U0). @
where for Kelvin — VVoigt model
(X)), (0 1 ) B _
Y(®) _(v(t)j’ G _(—k/m —n/mj’ U(t) = Ug exp(iot). (3.2)

Herein, x(t) is the deflection of a mass; v(t) =x(t); n is the viscosity of a dashpot; k is the
stiffness of a spring; m is the vibration mass; and, Uy is the amplitude of an external load. Note that G

is a semi-stable matrix [15]. For Zener model with the auxiliary spring, the corresponding parameters
become

X]_(t) 0 0 1
Yt)=|xt), G= k'/m —k'/n 0], (3.3)
vy (t) —(k+k)/m k'/m O

where X (t), vy (t) are deflection and speed of the mass; X, (t) is the deflection of the auxiliary spring;

and, k' is the auxiliary spring stiffness. Solving Eqg. (3.1) at different excitation frequencies yields the
amplitude-frequency characteristic (AFC); the typical AFC for Zener model is shown in Fig. 6c.

k k’ n

o o =

= Amplification zone

AFC
w

circular frequency,

c)
Figure 6. - a) Kelvin — Voigt model; b) Zener model; ¢) The typical AFC of a seismic isolating device modelled by Zener model;
grey colour indicate amplification zone
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The plot in Fig. 6¢ clearly demonstrates that the typical seismic isolating device being perfectly
suited for damping relatively high frequencies (®>1), generates considerable signal amplification in a
smaller frequency range (w<1), exactly, where the delta-like pulse spectrogram attains its maximum;
see Fig. 4. Thus, the considered seismic isolating devices become not only useless at low frequencies,
but instead, they amplify seismic signals in the low frequency range.

4. Collapse of a frame building without seismic isolation

Consider now the diffraction of the high intensity seismic delta-like S-wave into frame building
without a seismic isolation.

The finite element (FE) analysis of the diffracted large amplitude and short duration S-wave pulse
corresponding to 1g acceleration (~ 9.8 m/s?) reveals, (i) the appearance of high intensity stress fields
both in columns and slabs, especially on the lower floors; (ii) multiple damage zones appearing mostly
at the back-fronts of the diffracted waves; and, (iii) collapse of the frame elements prior to the onset of
vibration, when the standing waves are formed; see Fig. 7. The latter effect undermines the attempts to
apply vibration dampers to mitigate high intensity and short duration delta-like impulse loadings.
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Figure 7. - Collapse of the frame building caused by the arrival of shock waves of high intensity; FE modelling

The slides in Fig. 7 demonstrate collapse of the building frame elements starting from the bottom
floors, while the high-intensity S-wave propagates upward. Thus, the performed FEA along with
numerous evidences [1 — 11] reveals a strong necessity for seismic protection against the considered
types of short-duration seismic pulses.

5. How to get seismic protection at arrival of high intensity shock waves?
5.1 Seismic pads, an overview.

A natural question arises, on how to become seismically protected at the appearance of high
intensity and short duration seismic pulses. That is especially important in view of the principal inability
of the widely used seismic isolating devices to damp such short pulses.

Apparently, the first known natural seismic protection system capable of protecting from strong
ground motions caused, by high intensity seismic waves, is the Imperial Hotel in Tokyo, designed in
1923 by Frank Lloyd Wright. The building was placed above a relict swamp, which acted as a seismic
pad, protected the building from S-waves during the Great Kanto earthquake My 7.9-8.2, which occurred
on 01.09.1923, the same year when the building was finished [16]. It is also known [17] that most of the
surrounding buildings were destroyed by the earthquake. The principal scheme of the seismic pad is
shown in Fig. 8.
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a b
Figure 8. - a) Imperial Hotel, Tokyo, 19)23 [16]; b) The principal scheme of)a relict swamp acting as a seismic pad

Currently, there are several approaches for mitigating the effect of the considered strong shock S-
wave pulses. Some of these approaches are already developed, while others are still under development,
including

Q) In case of foundations for bridges the following solution was developed, based on a
seismic pad made of calibrated natural stones placed between pile heads and the bottom surface of the
grillage. Thus, presumably for the first time for such large structures, the grillage was separated from the
piles. This solution was used at constructing the Rion-Antirion bridge and some other long-span bridges
[18, 19] by Geodynamique® (France). While such a pad could not reflect much seismic wave energy,
because of small differences in acoustic impedances between seismic pad and reinforced concrete, it still
could dissipate some of the wave energy within the pad ensured by the relative movement of the stones
[20].

(m A seismic protection system for buildings developed by Marathon Alliance® (Australia)
relies on installation of a seismic pad either beneath the foundation slab (Fig. 9a) or splitting a grillage,
in case of a pile foundation (Fig. 9b); see [21]. The developed seismic pads are made of granular
metamaterials, ensuring reflection of the arriving seismic waves in a broad range of the corresponding
spectral frequencies and absorbing mechanical energy of seismic waves within granular metamaterial;
thus, more than 4 times attenuating wave energy that may still diffract into the building. The lifespan of
these granular metamaterials is comparable with the lifespan of the protected structure due to the
inorganic nature of the granules [21].

a) b)
Figure 9. - Seismic pads for protecting a) NPP reactor building protected against both P- and S-shock waves, the composite pad
made of the acoustically contrast layers (shown in different colours) is placed below the foundation structure [21]; b) splitting the
foundation slab by a seismic pad (red).
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) Seismic pads especially constructed for seismic isolation of precision equipment, e.g. the
use of elastomeric sheets coupled with mechanical sliders [22].

(v) Seismic pads made of sheets of fluoroplastic, which have a very small friction coefficient
and serve for achieving almost friction-free sliding surfaces [23, 24]. This approach can also be referred
to the seismic protection by a meta-surface, since it is based on the concept of a sliding surface.

5.2 Seismic pads, basic principles

The considered seismic pads are capable for seismic protection from large intensity S-waves in a broad
frequency range, moreover, as was previously mentioned, some kinds of pads are capable of protecting
from both P- and S-waves. At least three basic principles ensuring the applicability and efficiency of the
considered seismic pads could be stated,

(A) The acoustic impedance difference between ambient soil or concrete and granular
metamaterial used for a typical seismic pad (not applicable to seismic pads made of fluoroplastic sheets).
This principle ensures reflection of seismic wave energy at the interfaces between seismic pad and soil
or concrete, thus decreasing the amount of wave energy diffracted into building. Note also that the
reflection-refraction coefficients do not depend upon the wave frequency due to the Knott — Zoeppritz
theory [25], the frequency independence provides a major advantage of the seismic pad over more
common seismic isolating devices; see Sec 2.

(B) The formation and propagation of discontinuous shock wave fronts within the
microstructure of a granular metamaterial, resulting in the substantial dissipation of wave energy inside
the seismic pad [26]. This unusual effect is dominant in dissipating wave energy inside a granular
metamaterial [27 — 29].

© The ability of relative movement of different granules inside the pad, which ensures
additional attenuation of seismic wave energy [30]. Accounting dry friction at the contacting surfaces
between granules, provides another source for dissipation of mechanical energy by the metamaterial [31].

6. Concluding remarks

The analysis of the seismograms of the recent devastating earthquake of Mw7.8 occurred on
February 6, 20223 in the Kahramanmaras region, revealed the appearance of an unusually strong delta-
like S-wave pulse in the seismogram of the main shock. As was pointed out, the observed delta-like pulse
corresponds to a large peak located at the zero frequency, making most of the widely used seismic
isolating devices almost unusable, or even dangerous, at the appearance of delta-like pulses, since, as
was shown, the considered seismic isolators amplify signals in the vicinity of zero frequency.

The analysis of the existing and being under development methods of seismic protection based on
different seismic pads containing granular metamaterials, revealed the major benefits of these methods
of seismic protection comparing to other types of seismic isolation, especially in regard of the appeared
strong delta-like pulses in the earthquake seismograms.
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Abstract: The stress-strain state of segmented underground pipelines with regular joints under the impact of seismic
waves is examined in the article. There are two types of calculation models of a segmented pipeline: the homogeneous model
with the given characteristics and the “pipe-joint “model with its physical and mechanical characteristics. An explicit finite-
difference scheme and finite element method with a time-domain implicit Newmark method were used. The results obtained
using different models and both methods were compared for a one-dimensional problem. The dynamic processes in the
pipeline are analyzed with abrupt and smooth changes in the velocity of particles in a given seismic wave propagating in soil.
Calculations were conducted for different cases of the ratio of velocities of wave propagation in soil and segmented pipelines.
The occurrence of high-frequency waves in a segmented pipeline is shown. The results of calculations of spatially located
segmented pipeline systems were obtained and analyzed under the influence of real earthquakes.

Keywords: explicit scheme, implicit scheme, soil, interaction, segmented pipeline systems, seismic impact.

1. Introduction

Underground pipeline systems are generally used to transport water, wastewater, oil, natural gas,
and other materials. These pipelines are often called “lifelines” because they transport materials
necessary to support life and maintain household [1-11]. Pipelines can be divided into continuous and
segmented ones. Steel pipelines with welded joints are considered continuous, while segmented pipelines
include cast iron, concrete, and asbestos-cement pipes with sealed or rubber gaskets [1-6, 22-24].

The seismic safety of embedded pipelines continues to attract the attention of researchers and
practicing engineers. Important characteristics of underground pipelines are that they span large areas
and are subject to numerous geotectonic hazards. Reviews of theoretical and experimental studies on
mathematical modeling of dynamic processes in underground pipelines under the impact of seismic
waves are given in [3-9, 20, 21].

Depending on the physical and mechanical properties of soil and the underground pipeline, velocity
relations of wave propagation in soil and the underground pipeline embedded in it may be different. In
[7, 19], it is shown that an inclined wave can be represented in the form of several longitudinal and
transverse waves propagating along the pipeline at velocities greater than the velocity of the incident
wave.

Analysis of strong earthquakes shows that damage and destruction of pipelines occur in the areas
of pipe connection [12-15]. It is important to note that pipeline joints are the most vulnerable points in
the pipeline system; the points where they turn and intersect are the most dangerous [1, 16-18].
Segmented pipeline systems with fragile joints fail during magnitude 7 and 8 earthquakes due to the
destruction of joints.

One of the main factors determining the seismic resistance of underground pipelines is the
flexibility of pipeline connections with complex joints and with each other. The seismic resistance of
cast iron, reinforced concrete, asbestos-cement, concrete and polymer pipes significantly depends on the
design, methods, and quality of jointing [1].

For segmented pipelines, especially the ones with large diameters and relatively thick walls, the
observed seismic failure is most often associated with the failure of pipe joints. For example, in the
monograph by M.J. O'Rourke et al. [1], it was reported that during the 1976 Tangshan earthquake, about
80% of pipe ruptures were associated with joints; six types of damage mechanisms were identified.

Axial extension, sometimes combined with relative angular rotation of joints, is a common failure
mechanism in zones of tensile strain of soil. This is due to the fact that the shear strength of the joint
sealing materials, or the frictional force due to the compression of the rubber gasket, is significantly less
than the tensile strength of the pipe. That is, the segmental joint is the weak link. In areas of compressive
soil stress, telescoping or failure of a socket or socket joint is a fairly common failure mechanism in, for
example, concrete pipes. For segmented pipes of small diameter, failure was observed under the bending
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along a circle in zones of soil curvature. For example, as noted by T. O'Rourke et al. (1991), more than
80% of small-diameter (100 to 200 mm or 4 to 8 in.) cast iron pipe ruptures in the Marina area following
the 1989 Loma Prieta event were circular cracks in pipe segments near joints [15].

In [22] underground pipelines and their interaction with soil under seismic conditions are
investigated. Continuous and segmented pipelines of different geometrical parameters are considered.
The density, internal pressure of the pipe and density of the surrounding soil are taken into account. In
continuous pipelines, the safety of the pipeline is checked against the force, while in segmented pipelines
it is verified by the permanent ground deformation due to liquefaction. The results are presented in the
form of strain and displacement curves for different pipe parameters and in each case the critical point
for safety is identified. Based on the results, some considerations are given for the design of pipelines in
the liquefied zone, which improve the capability of the pipeline to withstand the buoyancy force due to
soil liquefaction.

In [23], the response of a segmented ductile iron pipeline crossing a fault is studied. All parts of
the pipeline are inter-connected by K-type joints, which are flexible and widely used by water systems
in Taiwan. Nonlinear finite element analysis considering large deformations was used. Full-scale tensile
and compression tests of pipelines with K-type joints are carried out. The tension and compression of
such joints are modeled by nonlinear springs and hard contact, respectively. The soil-pipeline interaction
is simulated according to the ALA-ASCE guidelines. The main failure mode and failure range of a
underground segmented pipeline with intersecting defects are presented and discussed.

In [24], a program is proposed to determine modified factors for segmented pipes in Chinese pipe
seismic design code. A stochastic analysis method based on the finite element model of underground
pipes and probability density evolution method is proposed to determine probability density functions of
seismic responses of underground-segmented pipes. Using the proposed method, the stochastic seismic
responses of three-segment pipes buried in four sites are calculated. Then, modified factors for segmented
pipes are derived to modify the Chinese code.

Basically, all studies were conducted for single pipelines, neglecting the interaction between
pipelines in the network.

Analysis of the research has shown that the problems of mathematical modeling of seismodynamic
processes of underground segmented pipeline systems under static and dynamic impacts are currently
insufficiently studied. Researchers have mainly considered one-dimensional problems when a seismic
wave is represented by a given function. For this reason, the issues of calculating seismodynamic
processes in a spatial system of segmented pipelines of complex structures based on real earthquake
records have not been sufficiently studied. O'Rourke and Liu [1] noted that virtually no research has been
conducted in this area.

Despite numerous studies performed in this direction, there are still a number of pressing problems
associated with complex seismodynamic processes in underground structures.

2. Materials, methods, and object of study.

Fig. 1 shows the general structure of an underground pipeline with joints.

A study of the effect of a seismic wave propagating in soil on an underground segmented pipeline
was conducted for an extended pipeline (a one-dimensional problem) and a spatial pipeline system (a
three-dimensional problem).

Figure 1. - Segmented pipeline
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Consider the one-dimensional problem for an extended underground pipeline subject to seismic
influences. Let a given plane longitudinal wave Vv, (t—x/cg) propagate in soil at a velocity of cg, the
normal to the front of which is parallel to the axis of a pipeline of length L. The origin of the coordinate

axis Ox is located at the left end of the pipeline.
The equations of longitudinal motion of the pipeline are written in velocities v and forces N, Ns

v_10N D,

o Fpox Fp '

T:kx(ug _u)

@: FE@, forthe pipeline, W
ot OX

ON,

p =K, (v, —V,), forthe joint.

With initial conditions
ul,=0 and v|_,=0. (2
To ensure combined operation of joints and pipes, the conditions of equality of displacements of
the corresponding ends of pipes with displacements of the corresponding ends of joints are used Uipr =
Uis , Ui+1p1 = Uis2 , Nipr = Nisz, Ni+1p1 = Nis2, Where uipr is the displacement of the right end of the i-th pipe,
Ui+1pl IS the displacement of the left end of the (i+1)-th pipe, uis1, Uis2 are the displacements of the left and
right ends of the i-th joint, Nipr is the force on the right end of the i-th pipe, Ni+1p1 is the force on the left

end of i+1-th pipe, Nis1, Nis2 are the forces on the left and right ends of the i-th joint. Here K, =zD_IG, /o

is the stiffness coefficient of the joint; Ds, | is the average diameter and length of the joint gasket; 6 is
the thickness of the joint gasket; Gs is the shear modulus of the joint; v1, v2 are the particle velocities of
the left and right ends of the joint; E, p are the elastic modulus and density of the pipeline material; v, u
are the velocity and displacement of soil particles along the axis of the pipeline; vg, ug are the velocity
and displacement of soil particles along the axis of the pipeline; D, F are the outer diameter and cross-
sectional area of the pipeline; z is the tangential stress that occurs on the contact surface of the pipeline
with the soil.
The boundary conditions at the ends of an extended segmented pipeline system are stress-free:

ou ou
&Ix:ozo and &L:LZO- (3)

Strains in the pipeline and joint are defined as follows
£= N Ey = N,
EF" Kl
Here ¢ is the pipeline strain, es is the shear strain in the joint.

System of equations (1) is approximated by finite differences [6]. Based on the resulting equations,
we determine the velocity, displacement of particles, and strain in the pipeline.

The spatial problem for an underground segmented pipeline system subject to seismic impacts is
posed only for a pipeline system interacting with soil, where propagating three-component seismic waves
are specified. Since the length of the seismic wave is greater than the diameter of the pipeline, the latter
is modeled as a rod working in tension-compression, torsion, and bending, considering shear strain; the
interaction with the surrounding soil is modeled using various simplified models. The seismic impact
propagating in soil is transferred to the pipeline through a combination of elastic and viscous contact
elements. The spatial system of underground pipelines interacting with soil can be divided into linear
sections of pipelines, massive nodes, and joint contacts. Joint contacts can be rigid or flexible. A finite
element method for solving seismic dynamics problems for such structures was proposed [5]. When
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calculating the problems posed, the following numerical methods were used: the finite element method
for spatial coordinates and the time-domain implicit Newmark type scheme of the finite difference
method.

To solve a system of algebraic equations, the Cholesky method was used for profile storage of the
stiffness matrix of the spatial system of an underground pipeline [5].

To perform calculations, a set of programs for studying the seismodynamics of complex
underground pipeline systems was developed, designed to automate the solution to such problems [5].

3. Results and discussion

For a one-dimensional problem, the following mechanical and geometric parameters of an
extended segmented pipeline made of cast iron pipes and rubber gaskets were selected under the impact

of the harmonic wave V, =V, -cos(z(t—x/c,)/t,)-H{t-x/c,), Vgn=0.19m, =0.165s. The

parameters of the cast iron pipe: modulus of elasticity E=1.2-10°MPa; material density p=7-10%kg/m?;
pipeline length L=1000m; pipe segment length Lseg=5m; outer diameter Dn=0.5m; internal diameter d
=0.48m; coefficient of linear interaction with soil ke—=1-10*kN/m®; and parameters for the rubber joint,
they are E,=2 MPa; pr=930kg/m?; 1=0.05m; §=0.01m; longitudinal rigidity K =5.42-103kN/m.

Let us present the results when the pipeline has rubber joints every 5 meters, i.e. Lseg=5m. Let the
velocities of wave propagation in the soil cg=500m/s and in the pipe segment cseg=4150m/s. For this case,
fig. 2 shows the comparison of forces when calculating the joint (100m) and the pipe (102.5m) by explicit
and implicit schemes. The results obtained by explicit and implicit difference schemes differ in the joint
up to 1.6%, and in the pipe up to 3.1%. It follows that the implicit time difference scheme can be used in
calculations for seismic effects of spatial systems of segmented pipelines.
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Figure 2. - Compariso(ﬁ)of forces in the joint (a) and pipeline (b), calculated by explicit and implicit schemes

Let cg=1000 m/s. In this case, the results showed that obtained by explicit and implicit difference
schemes differ in the joint up to 0.7%, and in the pipe up to 5%. Ns=8.374 kN, N=16.06 kN in the explicit
scheme, Ns= 8.31 kN, N=15.2 kN in the implicit scheme.

The wave propagation velocity in the soil of 1000 m/s exceeds the average wave propagation
velocity in the pipeline of 492 m/s, therefore the difference in the amplitudes of high-frequency
oscillations increases to 6473 N in the joint and to 4345 N in the pipe compared to 2326 N and 481 N,
accordingly, at c;=500 m/s. At c;=300 m/s the oscillations of forces in joints and pipes are not noticeable.
This implies the influence of the value of the wave propagation velocity in the soil compared to the value
of the average wave propagation velocity in the pipeline. It is impossible to conduct such studies and
obtain results using an averaged pipeline model.

Now consider the case when steel pipes 5 meters long each are connected by rubber joints. Let
Cg=1000m/s in the soil, cseg=5000m/s in the steel pipe, then taking into account the rubber joints, the
average wave propagation velocity in the segmented pipeline is c,=720m/s.
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Fig. 3a shows the displacements of soil particles and both ends of the joint at a distance of 500
meters from the left end of the pipeline. Fig. 3b shows the change in the values of the relative
displacements of the ends of this joint over time. As a result of the influence of the harmonic wave
propagating in soil, the resulting stress wave in a segmented pipeline reaches a stationary mode at a
distance of 35 meters. The joints lead to the formation of a high-frequency wave, which is associated
with a discontinuity in the particle velocity at the wavefront in soil and a higher wave propagation
velocity in soil compared to the reduced (averaged) wave propagation velocity in a segmented pipeline.
In this case, the maximum strain in soil is egm =0.0002. Moreover, if the average strain in a segmented
pipeline is calculated from the relative displacement of the ends of one segment, then &m.,=0.0003. Thus,
we come to the conclusion that in a segmented pipeline for cg>cp the maximum average strain in the
segmented pipeline is 1.5 times higher than the maximum strain in soil. If we perform the calculation
using the reduced (averaged) model of a segmented pipeline, then this difference is 2 times higher [6].
Calculations have shown that if there is no velocity jump at the seismic wave fronts, high-frequency
waves are not observed.
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Figure 3. - Displacements of the ground particles and both ends of the joint

Fig. 4 shows the strain: in the joint at point x=500m, &st = (U2-u1)/0 is the shear strain of the rubber
gasket of the joint and the longitudinal strain of the pipe at point x=504m. It can be seen that the strain
in the joint & is significantly greater than in the pipeline ¢, the ratio of their maximum values is 29673.
This is due to the fact that the rigidity of the joint is much less than the rigidity of the pipe. Therefore,
the joints are mostly deformed and the pipes behave almost like a rigid body. In this case, the maximum

forces in the pipeline and joint do not differ so much, Nmax/Nsmax=1.8.
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Figure 4. - Joint shear strain (a) and pipeline strain (b).

-0.2

If a given wave is represented as V, =V, -Sin(ﬂ'(t -x/c, )/to)- H (t -x/c, ) then we get the result

shown in fig. 5. In this case, it is clear that the maximum strain in joints is very large compared to the
maximum strain in the pipeline, max(est)/max(e)=22407. However, with this type of seismic wave, high-
frequency waves with high amplitudes are not observed in the pipeline. In this case, the averaged strain
for one segment does not practically differ from the strain in soil, as in the model of a segmented pipeline
with averaged characteristics [6].
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Now we simulate the segmented pipeline as a homogeneous pipeline with averaged characteristics
for previously specified pipe and joint. Let the velocity of wave propagation in soil be cg =1000m/s, and
in the pipeline its calculated value is c=720m/s.

From the above results, it is clear that when the velocity of wave propagation in soil exceeds the
propagation velocity in the segmented pipe, if there is a jump (a rupture) or a sharp change of the seismic
wave velocity, then high-frequency waves appear in the pipeline in the linear model of the “pipe-soil”
system and the maximum strain in the pipe exceeds the maximum strain in soil. Since there is no sharp
change of the velocity of soil particles in a seismic wave in real earthquakes, such processes are not
observed and the strain in the pipeline is equal to the strain in soil [6]. For cg<cp, even with a jump or
sharp change of the velocity of the seismic wave, high frequency waves are not observed in the pipeline.

Now consider the problem of the impact of a three-component seismic wave in the form of records
of real earthquakes on an underground pipeline system of cast iron pipes with rubber gaskets with butt
joints connected at different angles (fig. 6). Here Roman numerals (1, 11, 111, V) indicate the numbers of
segmented pipelines in the system of spatial pipelines. Let us denote the distances from the joint for each
segmented pipeline by I, I2, I3 and ls. We do not take into account the slippage of the rubber gasket
relative to the pipe.

The instrumental records of an earthquake with an intensity of 9 points on the MSK-64 scale that
occurred in 1976 in Gazli, Uzbekistan were used in calculations [5].

The mechanical and geometric parameters of the pipeline system are presented as: for cast iron
pipes: E=1.2-10°MPa; p=7-10%kg/m?; length of one branch L=100m; Lseg=5m; D=0.5m; d=0.48m;
coefficients of linear interaction with the soil: longitudinal coefficient k=1-10*kN/m? and transverse
coefficients k,=4.07-10*KkN/m3, k,=4.07-10*KkN/m3; for rubber joint gasket: E.=2MPa; p,=930kg/m?;
1=0.05m; 6=0.01m; longitudinal rigidity Kn=5.42-10°kN/m; transverse rigidity Ko=1.35-10*kN/m;
bending rigidity K,, =6.09 kN-m; torsional rigidity K, =5.42- 10kN-m; flexible joints (I-joint, I1-joint,
I11-joint, IV-joint) of pipes from the rigid joint are at a distance of 0.3 m. Fig. 6 shows examples of
segmented pipelines joints connected at different angles in a system of spatial underground pipelines.
The results are presented in fig.7-9.

a b ¢

~
II

Figure 6. - Examples of pipeline connections
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Fig. 6a shows a spatial underground pipeline system connected through joint at an angle of 30° to
a straight-line section of pipeline. The values of forces occurring in joints: I-joint, ll-joint, 111-joint (fig.
7a) and in pipes at a distance of 22 m from the rigid joint of pipes (fig. 7b) are given. The rubber gasket
in the joint reduces the forces and moments of forces by several times, the physical and mechanical
parameters of the rubber are of great importance in this process. It is also clear from the results that the
values of the generated forces in the joints and pipes also depend on the pipe joint angles.
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Figure 7. - (a) Forces in joints and (b) forces in pipelines at distances of 22m from the rigid joint

Fig. 8 shows the case of seismic wave impact at an angle a=0° to the coordinate axis OX of the
underground pipeline for a spatial underground pipeline system connected through joint at an angle of
45° to a straight-line section of pipeline (fig. 6b). Maximum values of forces occur in joints (I-joint, 11-
joint, I1l-joint) and in pipes at a distance of 22 m from the rigid joint of pipes are given. The relative
displacements in joints (I-joint, Il-joint, 111-joint) are 0.0013, 0.0041, 0.0014 m respectively and the
relative rotations with respect to local axes for the joints are: 1-1.67-10°, 5.1-10%, 6.2:10, Il-joint
1.46-10%, 5.5-10%, 4.7-10, I1l-joint 6.42-107, 3.9-10*, 2.9-10 radians. These results show that during
an earthquake with an intensity greater than 9 points on the MSK-64 scale, the relative rotations are small
due to the significant length of seismic waves, and the relative approaches of pipes in joints do not exceed
the value of 0.0041 m. Thus, it is necessary to establish a gap in joints at least 0.05 m.
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Figure 8. - (a) F(oar)ces in joints and (b) forces in pipelines at distances of 22m fr(c?r?w the rigid joint

Fig. 9 shows the case of seismic wave impact at an angle a=0° to the coordinate axis OX of the
underground pipeline for a spatial underground pipeline system connected through joint at an angle of
90° relative to each other (fig. 6¢). Maximum values of forces occur in joints (I-joint, Il-joint, I11-joint,
IV-joint) and in pipes at a distance of 22 m from the rigid joint of pipes are given. From fig. 9, it is seen
that if the seismic impact acts parallel to the axis of the pipeline, then the forces in the longitudinal
pipeline much exceed the forces in the transverse pipeline. This effect is due to the fact that the transverse
pipeline is perpendicular to the direction of seismic wave propagation, and small vibrations in it are due
to the connection of the pipelines to each other.
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Figure 9. - (a) Forces in joints and (b) forces in pipelines at distances of 22m from the rigid joint

Table 1 presents the maximum values of forces in joints (I-joint, Il-joint, I11-joint, 1\VV-joint) of the
cross-shaped system of underground segmented pipelines and in pipes at the distances of 22m from the
rigid joint shown in fig. 9, based on various records of real earthquakes. In the calculations presented in
table 1, records of real earthquakes with intensities of 7-10 points on the MSK-64 scale were used.

Results of the impact of various earthquakes on pipelines connected through rigid joint Tadled
No. Records of real I-joint | Ill-joint | Hl-joint | IV-joint | I=22m | [1=22m | ly=22m | ly=22m
earthquakes (kN) | (kN) (kN) (kN) N) | (kN) (kN) (kN)
1 Fi"pgi%sogr?trseece) 0.434 | 0436 | 0.000479 | 0.00106 | 1.68 | 169 | 0.000379 | 0.00045
2 Masngc')i(r:tr:”) 201 | 201 | 000501 | 0.00767 | 7.78 | 7.82 | 0.00279 | 0.00353
3 E'Zingag‘ogt‘;rkey) 611 | 6.1 | 000525 | 0.00949 | 23.6 | 237 | 0.00371 | 0.00378
4 Gaz'gﬁ“;cgi'gﬂa“) 823 | 824 | 00345 | 00369 | 321 | 323 | 00197 | 0.0226

From the calculation results, it is clear that an increase of the intensity of earthquakes causes an
increase of forces occurring in underground pipelines and joints. This, in turn, leads to the destruction of
underground segmented pipelines during severe and very severe earthquakes.

4. Conclusion

Seismodynamic processes in segmented one-dimensional and spatial underground pipelines were
analyzed in this study. A spatial underground pipeline system connected through a rigid joint at different
angles to a straight pipeline section was considered. The seismic waves propagating in the pipeline were
taken as harmonic ones and from records of real earthquakes with intensities of 7-10 points on the MSK-
64 scale. The values of forces occurring in flexible joints and in pipes were obtained and presented in the
form of graphs and table. It is revealed that the increase of the intensity of earthquakes causes an increase
in the forces occurring in underground pipelines and flexible joints.

If the wave propagation velocity in soil exceeds the wave propagation velocity in the pipeline and
there is a jJump (a rupture) or a sharp change in the velocity of seismic wave in that case high-frequency
waves appear in the pipeline and the maximum strain in the pipe exceeds the maximum strain in soil.

The flexible joints reduce the forces and moments of forces in the pipeline by several times, the
physical and mechanical parameters of the gasket are of great importance in this process.

It was determined that if the seismic impact acts parallel to the axis of the pipeline then the forces
in the longitudinal pipeline much exceed the forces in the transverse pipeline. This effect is due to the
fact that the transverse pipeline is perpendicular to the direction of seismic wave propagation, and small
vibrations in it are due to the connection of the pipelines to each other.
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It is shown that during an earthquake with an intensity greater than 9 points on the MSK-64 scale,

the relative rotations are small due to the significant length of seismic waves, and the relative approaches
of pipes in joints do not exceed the value of 0.0041 m. Thus, it is necessary to establish a gap in joints at
least 0.05 m.

The impact of an earthquake itself does not cause large approaches of pipes and angular rotation in

the flexible joints of segmented pipelines, and also reduces the forces and moments of forces in the
pipeline elements. This is due to the fact that segmented pipelines, unlike continuous pipelines, are less
rigid and more flexible. Hazards for segmented pipelines are landslides due to earthquakes, soil scouring,
mudflows, cracks and other consequences, as well as sandy soil surrounding the underground pipeline
under which voids form during pipeline operation.
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ON EARTHQUAKE RESISTANCE OF FRAME-SKELETON BUILDINGS CONSTRUCTED
WITHIN THE FRAMEWORK OF BUILDING STANDARDS SNiP 11-A.12-69

Sagdiev Kh.S., Yuvmitov A.S.1, Akhundjanov D.G.}, Egamberdiev B.O.?
Ynstitute of Mechanics and Seismic Stability of Structures named after M.T. Urazbaev, Tashkent, Uzbekistan
2Fergana Polytechnic Institute, Fergana, Uzbekistan
E-mail: imssan@mail.ru

Abstract: The article presents the results of measurement-and-survey and instrumental-calculation studies of seismic
resistance of frame-skeleton buildings erected following regulatory documents that were in force in 1969-1981 when
designing buildings and structures in seismic areas. The results of studies of the seismic safety of two and three -story buildings
of a frame system are analyzed, a comparison of actual parameters and design requirements is conducted with the data of
currently valid regulatory documents, and the corresponding conclusions are made. The general conclusions briefly
summarize the results of previously conducted studies, indicate the need to develop technical data sheets for operating
facilities, and recommend the organization of an engineering seismometric service in newly constructed high -rise buildings
to obtain reliable information about the performance of the structures during earthquakes.

Keywords: frame-skeleton building, space-planning and structural solution, standards, instrumental and calculated
data, strength and dynamic characteristics, general conclusions and recommendations.

1. Introduction.

Considering the aftermaths of strong earthquakes, the Republic has accumulated significant
experience in earthquake-resistant construction of buildings and structures in regions of high seismicity
and unfavorable soil conditions. Dynamic theories and methods for calculating the seismic resistance of
underground and aboveground structures with various design solutions were developed, building codes
and regulations, construction technologies, and building materials were improved. These methods are
used in the design and construction of buildings and structures in seismic areas, and in technical expertise
of operating facilities. At the same time, it should be noted that there are certain shortcomings in the
regulatory documents for construction in seismic areas. The current standards do not account for such
factors as the wave pattern of the impact of seismic loads; non-homogeneous properties of building
materials; nonlinear vibrations of structural elements; real conditions of the structure interaction with the
soil foundation and mutual influence of structural elements during earthquakes. Observation of damage
and destruction of buildings and structures during strong earthquakes and their analysis indicate existing
shortcomings in the technology of seismic-resistant construction, research methods used, and building
codes applied in the design of buildings and structures, and insufficient accuracy of seismic hazard
assessment in the territories of the regions. This is confirmed by the results of the consequences of strong
earthquakes in recent years in Turkey, Morocco, Afghanistan, Japan, etc.

Reducing possible damage during strong earthquakes in the Republic largely depends on the
seismic vulnerability of buildings and structures in use and ensuring their sufficient strength, taking into
account their low seismic resistance compared to the real seismic hazard. This especially concerns

48


https://doi.org/10.1016/j.tust.2011.05.001
https://doi.org/10.14256/JCE.3185.2021
https://doi.org/10.1061/(ASCE)PS.1949-1204.0000527
mailto:imssan@mail.ru

buildings and structures operated within/beyond their service life [1-13], since their design does not meet
modern requirements of earthquake-resistant construction standards [14] designed after surveying the
consequences of recent strong earthquakes. For reliable operation of buildings and structures, an
important factor is the forecast of the strength life of load-bearing structures and seismic safety of
buildings, determined by instrumental and calculation methods considering the actual state of structures.
Currently, in the regions of the republic, buildings are in use that were constructed with different design
solutions and from different building materials and in accordance with old building codes and regulations
[15-22]. A major part of these buildings [1-13] does not meet the requirements of the standards currently
in force in the Republic for the design of buildings and structures in seismic areas.

2. Formulation of the problem.

It is known that the frame of a building consists of columns (posts), beams (crossbars), and floors
connected into a solid skeleton of a spatial frame. All these elements are subject to vertical and horizontal
(seismic) loads. In addition to these elements, buildings have wall structures, which to a certain extent
also participate in joint work with the frame. Depending on the design solutions of the wall fillings and
their connection with the building frame, they can be divided into several design schemes.

The first is a frame scheme, representing a system of columns, crossbars, floor slabs and anti-
seismic belts, rigidly connected to each other. In this case, wall structures (frame filling, hitch panels,
brick and plaster partitions, etc.) must be connected to the frame in such a way as not to prevent the frame
from deforming under seismic impact. Then the rigidity and stability of the building must be fully ensured
by the frame itself. Here one should pay attention to the fact that the filling of the frame is considered in
the calculations only as an inertial load, which contributes, on the one hand, to an increase in the seismic
load, and on the other, to its reduction due to an increase in the period of natural oscillations. Generally,
the first factor has a greater influence on the value of the calculated seismic load, since the seismic load
is directly proportional to the mass of the system, while the dynamic coefficient B is inversely
proportional to the square root of this mass.

The operating principle of the second frame-bracing scheme of a frame building is similar to the
frame scheme with the only addition that the horizontal rigidity of the building increases due to diagonal
connections, usually made of metal or reinforced concrete. In this case, part of the horizontal forces is
transferred from the columns to these connections. A feature of the frame-bracing scheme is the limitation
of frame displacements.

The third scheme is a frame system with stiffness diaphragms. This scheme is characterized by the
fact that an increase in rigidity of the frame system is achieved by introducing vertical stiffness walls,
and installing interior railings, elevator shafts, and staircases. Unlike previous schemes, this one provides
for a rigid connection of the diaphragm (walls) with the frame along the entire perimeter of the filling,
which allows the filling to be included in the operation of the frame under seismic impacts to the extent
of its load-bearing capacity.

Regarding the structural schemes of frame buildings, it should be noted that frame-braced schemes,
as well as frame schemes with stiffening diaphragms, are recommended to be used mainly in high-rise
buildings under significant horizontal loads. Structural solutions for frame buildings depend not only on
the schemes discussed above; they are also determined by the methods of structure construction.

This article presents the results of an examination and study of space-planning and design solutions
of frame-skeleton two- and three-story structures built in accordance with the SNIP I11-A.12-69 standards.
Based on the conducted instrumental and computational studies, the dynamic characteristics of buildings
and the soil properties of their construction sites were determined; the results of calculations for seismic
impacts of 8 and 9-points intensity, and assessment of compliance with the requirements of current
standards for the design of buildings and structures in seismic areas are presented.
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3. Research results and their analysis.

To assess the seismic resistance of skeleton buildings of the frame system following the
requirements of the current standards of earthquake-resistant construction, the operated frame buildings
of secondary schools and preschool educational institutions (PEISs), built according to “SNiP I1I-A.12-69
Construction in seismic areas” were selected as objects of study. For each object, the results of
measurement and survey and instrumental and calculation studies and their analysis are presented
separately according to the requirements of current standards.

1. The two-story frame building of preschool educational institution Ne27 is located at the address:
Tashkent, Shaykhantakhur district, Center-27, Gulobod street. The building of the PEI is
L-shaped and consists of two blocks separated by an aseismic joint. The structural system of reinforced
concrete frame-skeleton blocks was built in 1974 without a basement. Here we present the results of
studies of the main building (block 1), intended for group premises for children. The building is
rectangular in plan measuring 12x54 m and is not divided into compartments by an aseismic joint. The
block in plan has a protrusion in the form of a console with a length of 1.4 m. The building consists of
typical rooms by floors (Fig. 1). The height from the floor to the ceiling slab is 3.1 m, to the transverse
load-bearing crossbar - 2.7 m.

The skeleton of the building is reinforced concrete, of frame system, with rigid joints in the
transverse and longitudinal directions. In the longitudinal direction of the building, there are multi-span
frames with a pitch of 6 m, and in the transverse direction, there are two-span frames with a pitch of 6+6
m. The main load-bearing structures are reinforced concrete columns with a cross-sectional area of
0.3x0.3 m. The main load-bearing beams are transverse ones on which floor slabs and partitions rest.
Transverse crosshars have dimensions: 0.3x0.4 m. Transverse frames are connected to longitudinal
crossbars (links) of cross-section 0.3x0.2 m. Wall enclosures are external panels made of hitched
expanded clay concrete slabs 0.3 m thick. Internal partitions built from brick separate interior rooms and
corridors.

Floors and ceilings are made of prefabricated reinforced concrete hollow-core slabs, supported by
transverse frames. The roof has an attic. The supporting structures of the roof (rafters and lathing) are
wooden. A double-slope metal roof is made of corrugated sheets with water drainage and free discharge
onto the blind area using a drainpipe. The staircases are structurally identical, double-flight, reinforced
concrete with a flight width of 1.2 m. Prefabricated reinforced concrete flights with platforms were used.
The staircases rest on the frame crossbars.

The technical condition of the building is satisfactory.

A comparison of the actual data with the margin data of the current standards shows that the
structural design of the blocks corresponds to the standards of earthquake-resistant construction in terms
of space-planning and design solutions.
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2. The two-story frame building of preschool educational institution Nel14 was built in 1976 without
a basement and is located at the address: Andijan, 3rd micro-district. The building of the preschool
educational institution is L-shaped and consists of two blocks intended for group premises for children
(block 1) and administrative and service premises (block 2). The building of the first block is rectangular
in plan, measuring 12x72 m and has a protrusion in the form of a console with a length of 1.4 m. The
second block is rectangular in plan, 12x12 m.

The blocks are connected using crossbars with rigid joints. The frame of the blocks is connected
using reinforced concrete crossbars and floor slabs at the points of transition from the end of the first
block to the end of the second block. The blocks are not separated by an aseismic joint. The children's
block is divided with an aseismic joint into two compartments of the same size: 12x36 m. Here we present
the results of an instrumental and computational study of the divided compartment of the children's block
of the building (Fig. 2).

The skeleton of the building is reinforced concrete, of frame system, with rigid joints in the
transverse and longitudinal directions. The height from the floor to the ceiling slab is 2.9 m, and to the
transverse load-bearing beam 2.5 m. In the longitudinal direction of the building, there are multi-span
frames with a pitch of 6 m, and in the transverse direction, there are two-span frames with a pitch of 6+6
m. The main load-bearing structures are reinforced concrete columns with a cross-sectional area of
0.3x0.3 m. The main load-bearing crossbars are transverse on which the floor and roof slabs rest. The
dimensions of the transverse crossbar are 0.3x0.45 m. The transverse frames are connected to
longitudinal crossbars (links) with a cross-section of 0.3x0.2 m.

Wall enclosure presents external panels made of hitched expanded clay concrete panels 0.3 m thick.
Internal brick partitions separate internal rooms and a corridor. Floors and ceilings are made of
prefabricated reinforced concrete multi-hollow slabs, supported by transverse frames. The roof is an attic.
The load-bearing structures of the roof (rafters and lathing) are wooden. A double-slope wavy metal roof
is made of corrugated sheets with water drainage and free discharge onto the blind area using a drainpipe.
All staircases are structurally identical, external, double-flight, reinforced concrete with a flight width of
1.2 m. The flights of stairs rest on the frame crossbars.

The technical condition of the block building is satisfactory.

A comparison of the actual values of the structural systems of PEIs with the margin parameters of
KMK 2.01.03-19 standards shows that the buildings comply with earthquake-resistant construction
standards, except for the connection of blocks at the transition points where the staircase is located.

The design solution does not meet the requirements of KMK 2.01.03-19, clause 3.1.1. The building
must have a geometrically correct shape in plan. If there are projections, they, as a rule, should not exceed
6 m in plan for frame buildings. In this case, the projection of the second block relative to the first block
is12 m.
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3. Three-story frame building of school Ne248. The school building was erected in 1975 in the
Mirzo-Ulugbek district of Tashkent and consists of ten blocks separated by anti-seismic joints. The
buildings are one-, two- and three-story with floor heights of 3.3, 4.15 and 6.4 m, without a basement,
some blocks have technological channels. The skeletons of the building blocks are reinforced concrete,
single- and double-span, of frame system with rigid joints in the transverse and longitudinal directions.
Aseismic joints in buildings are constructed in violation of the requirements of KMK 2.01.03-19, i.e.
there is no complete separation between the blocs. As an example, we present the results of an inspection
of a three-story building and the compliance of its parameters with the requirements of current
earthquake-resistant construction standards. The building is rectangular in plan with dimensions of
9.0x87.0 m (Fig. 3) and is divided into two compartments with dimensions of 9.0x36.0 m and 9.0x51.0
m using an aseismic joint. The building has a floor height of 3.3 m. Transverse and longitudinal frames
and rigid disks of slabs provide the spatial stability of the skeleton. The transverse frames bear the vertical
load.

Columns are prefabricated reinforced concrete standard-type with a cross-section of 0.3x0.3 m.
The grid of columns is 6.0x6.0 m, 3.0x6.0 m and 3.0x3.0 m. In the longitudinal direction of the building,
there are multi-span frames (links) with a pitch of 3 and 6 m, and in the transverse direction, there are
two spans with a pitch of 6+3 m. To connect the crossbars with the supporting frames, there are special
free ends of reinforcement in the crossbar part of the columns. To fit the longitudinal crossbars, the
columns also have free ends for reinforcing bars. The columns of the outer rows have embedded fittings
for fastening wall panels.

The crosshars of the load-bearing transverse frames are prefabricated reinforced concrete of
rectangular cross-sections, 0.4 m high and 0.3 m wide, of standard type. For the installation of the floor
disc, free ends of the rod are provided in the crossbars for anchoring the reinforcement ends from the
slabs. The upper and lower longitudinal reinforcement of the crossbars protrudes at the ends beyond the
edges of the crossbars for connection with the free ends of the reinforcement from the columns in the
frame rigid joints. Prefabricated reinforced concrete longitudinal crossbars, with a cross-section of
0.3x0.35 m are attached to the columns with the free ends of the reinforcement and monolithic rigid
joints.

The floors and roofing of the building are made of prefabricated reinforced concrete round-hollow-
core prestressed slabs of several standard sizes. The rigidity of the floor discs is provided by anchoring
the free ends of reinforcement into monolithic reinforced concrete anti-seismic belts, reinforced with flat
frames with longitudinal reinforcement. The flat frames of the chords are attached to the free ends of the
reinforcement of the load-bearing crossbars.

The wall enclosure is made of hitched expanded clay concrete panels of rectangular section 0.3 m
thick and of brickwork. Ordinary, wall and corner prefabricated panels of the standard series were used.
It is recommended to carry out routine repairs of the wall panels and restore the fastening of the wall
panels. To keep the panels from shifting out of plane, it is recommended to weld plates to the outside
tables.

The partitions in the building are made of brick with a thickness of 0.12 m, plaster thickness - 0.8
and 0.16 m. When examining the masonry of the partitions between the rooms, no reinforcement was
found, the fastening of the brick partitions to the frame structures was not arranged, and the gaps between
the upper edges of the partitions and floor structures were observed. Due to the lack of fastening, cracks
formed at the junctions of the partitions with the supporting structures. There were no gaps between the
edges of the partitions and the load-bearing structures, which is why cracks formed at the junctions of
the partitions with the frame elements.

It was recommended that brick partitions with through cracks and damaged plaster partitions be
dismantled and rebuilt, and the partitions be secured to load-bearing structures following the
requirements of the building codes.
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All staircases are structurally the same - two-flight, reinforced concrete with a flight width of 1.15
m. The flights of stairs rest on the frame crossbars. Reinforced concrete frames are installed to support
the intermediate flights.

Expansion joints between the blocks are covered with prefabricated reinforced concrete slabs of
solid section with a thickness of 0.12 m and a plan size of 2.85 x 2.4 m. These slabs at both ends rest
freely on metal tables made of rolling corners attached to longitudinal and transverse crossbars frames
of adjacent compartments (Fig. 4, c).

When analyzing the design of aseismic joints, it was found that the joints correspond to the
designed ones. The design solution does not meet the requirements of KMK 2.01.03-19, clause 3.1.3.
“At the seismicity of the site 8-points or higher, it is not allowed to combine aseismic joints with
displacement compensation due to the gap of the free-lying span structure of adjacent compartments”.

In general, the inspection did not reveal any significant defects or damage that would reduce the
load-bearing capacity of the building structure of the block.

IL
|

Figure 3. Floor plan (a) and cross-section (b) of the building

When determining the dynamic characteristics of buildings, a Mobile engineering seismometric
station was used, developed as part of a scientific project [23]. Using the mobile station, a series of
instrumental measurements of microseismic vibrations of buildings were conducted. Based on the results
of instrumental measurements, the periods and decrements of attenuation of natural vibrations of
buildings in the longitudinal and transverse directions were determined:

N(_’27: Tlong:0,27 sec, 6|ong=0,15; T[r:O,ZO sec, Str:0,26.
Nel4: Tiong=0,20 sec, diong=0,19; Ty=0,17 sec, d4=0,34.
N9248: Tlong = 0,21 SecC, 6|ong:0,27; Ttr=0,33 SecC, StFO,lZ.

As seen from the above data, the periods of free vibrations of buildings depend on the geometric
dimensions; and in two-story frame buildings in the longitudinal direction, they are greater than in the
transverse direction. When compared with calculated data, it was found that the period of the fundamental
tone of natural vibrations of buildings in theoretical calculations is greater than the periods obtained from
measurements of microseismic vibrations. This discrepancy is explained by the fact that in calculations,
it is almost impossible to consider the real states of all structural elements, and in the mode of micro
oscillations the dynamic stiffness is determined by the initial elastic modulus, which is always greater
than the calculated one.

Instrumental measurement methods [11-13] determined the wave propagation velocities and
mechanical properties of soils of the construction site. According to the data obtained, the preliminary
seismicity of the construction sites of the surveyed buildings can be attributed to 8 and 9-point zones
with the predominant frequency of ground vibrations from 2 to 4 Hz and the thickness of the top soil
layer in the range 0f 4.0 + 9.0 m.

Using non-destructive inspection procedures [24-26], the strength of concrete and the
characteristics of structural elements of skeleton-frame buildings were determined in the following
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ranges: concrete of columns of class B20 - B30, concrete of monolithic joints B15 - B20; and actual
concrete strength of crosshars B25 - B30.

The results of instrumental and calculation studies were used to perform verification calculations
of skeleton-frame buildings under seismic impacts. The seismicity of the building construction site
according to the microseismic zoning map of the cities of Tashkent and Andijan was taken as 8 and 9-
points, respectively. Calculations of buildings for seismic loads were conducted using the LIRA 9.6
software package. In the calculations, the building was taken as a spatial diagram with the corresponding
finite elements (Fig. 4). According to the calculation results, the displacements of buildings along the
longitudinal and transverse axes are, respectively:

PEI Ne27: 14,3 mm < (1/200)I = 35,4 mm; 10,6 mm < (1/200)I = 35,4 mm;
PEI Nel4: 41,1 mm > (1/200)l =35,4 mm; 17,6 mm < (1/200)l = 35,4 mm;
School Ne248 76,0 mm > (1/200)I = 49,5 mm; 68,6 mm > (1/200)I = 49,5 mm.

From the calculation results, it is clear that the displacements of the frame of the building of PEI
No. 27 along the longitudinal and transverse axes are within standard limits. The displacements of the
building of PEI No. 14 along the longitudinal axis exceed the allowable value, and the displacements of
the building of school No. 248 along the longitudinal and transverse axes exceed their allowable values
following the existing standards.

The load-bearing capacity of reinforced concrete columns of the frame of buildings of preschool
educational institution No. 14 and school No. 248 is not ensured and reinforcement of floor columns is
required. It is recommended to strengthen the columns by installing a reinforced concrete frame and
bringing the cross-section to 400x400 mm accepted in the current standards. During reconstruction, it is
not allowed to increase the proportion of constant loads compared to those accepted in the calculations,
and when installing partitions and floors, it is recommended to use lightweight materials.

5
G
[CNO) ® ® @ OO ® ®
7 ya 7
7 y v
. : 2 ®
v, i 7
; 9

& & & ©6d ¢ @ 064
d)
Figure 4. Design diagrams of building frames: a — PEI No. 27; b — PEI No. 14; ¢ and d — general view and design diagram of the
frame of the 2nd compartment of the building of school No. 248

4. Conclusion.

Conducted studies of the seismic resistance of operating reinforced concrete skeleton-frame
buildings, constructed following SNIP 11-A.12-69 norms, operating in the period from 01.03.1963 to
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01.07.1970, showed that their parameters corresponded to the requirements of current standards, except
for the use of aseismic joints. The building of preschool educational institution No. 14 has an L-shape in
plan and is not divided into separate blocks using an aseismic joint, which does not meet the requirements
of KMK standards 2.01.03-19, clause 3.1.1. “The building must have a geometrically correct shape in
plan. If there are protrusions, they, as a rule, should not exceed 6 m in plan for frame buildings”. The
protruding part of the building relative to the main part is 12 m.

A comparison of the actual values of the structural systems of the skeleton-frame three-story
building of school No. 248 with the margin parameters according to KMK 2.01.03-19 shows that the
buildings comply with the standards of earthquake-resistant construction, except for the design solution
of the aseismic joint between the compartments. The aseismic joint between the compartments is covered
with prefabricated reinforced concrete slabs and at both ends they are freely supported by metal tables
made of rolling corners attached to the crossbars of the longitudinal and transverse frames of the adjacent
compartments, which do not meet the requirements for the design of the aseismic joint for 8 and 9-point
seismicity of the construction sites.

When analyzing the design of the aseismic joint, it was found that the design of the joints does not
meet the requirements of KMK 2.01.03-19, clause 3.1.3. “At the seismicity of the site is 8 points or
higher, it is not allowed to combine aseismic joints with displacement compensation due to the gap of
the free-lying span structure of adjacent compartments”.

The results of verification calculations of skeleton-frame buildings showed that the displacement
of buildings under seismic impacts exceeded their permissible value according to current standards. The
load-bearing capacity of reinforced concrete columns of the building frame is not ensured and
reinforcement of floor columns is required. It is recommended that the columns be strengthened by
installing a reinforced concrete frame and bringing the cross-section to the accepted values stated in the
current standards. When recalculating the frame considering the reinforcement of the columns in the
specified way, a redistribution of stresses occurs, and the reinforcement of the columns must be
performed to the entire height of the building. The load-bearing capacity of the reinforced concrete
crossbars of the frame is ensured; reinforcement of the crossbars is not required. During reconstruction,
it is not allowed to increase the proportion of constant loads compared to those accepted in the
calculations, and when installing partitions and floors, it is recommended to use lightweight materials.

5. General conclusions and recommendations.

In the Republic, since the 1950s, building codes and rules for the design of buildings and structures
in seismic areas have been regularly updated, considering the results of scientific and technical research
and new technologies for earthquake-resistant construction and building materials; recording the
intensity of seismic vibrations by region and seismic impact on objects for various purposes, and studying
the consequences of past earthquakes. Using instrumental and calculation methods, we inspected
buildings constructed in the first half of the twentieth century before the application of earthquake-
resistant construction standards and buildings erected following the standards TU-58-48, PSP 101-51,
SN-8-57, SNIiP II-A.12- 62 and SNIP [1-A.12-69. As part of the research, the general seismic
vulnerability of buildings was determined depending on the building codes and rules used during their
construction.

1. The surveyed buildings, built in the first half of the last century, generally do not meet the
requirements of the current standards for the design and construction of buildings and structures in
seismic areas. According to the design solutions, the buildings have complex configurations; they are H-
shaped, U-shaped, L-shaped, and T-shaped in plan; the protruding parts are not separated from the main
part of the building structure. During earthquakes, a complex deformation process may occur in the
structural system of buildings, i.e. the associated structural elements in the joints between the protruding
and main parts of the building will simultaneously work in compression-tension, bending and torsion,
which can lead to cracks (damage) in the joints of the longitudinal and transverse walls. It would be
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necessary to install seismic joints between parts of buildings; these regulations were not accepted at that
time in construction technology in seismic regions.

In the buildings, there is no aseismic belt installed in the floors and there are no aseismic joints
along the length of the building to divide it into separate compartments. All buildings have wooden
floors, which does not provide spatial rigidity of the building structure, and is an important point in
ensuring the seismic resistance of structures. In addition to those listed, according to certain actual
parameters, the surveyed buildings do not meet such requirements of earthquake-resistant construction
standards as length and height; pitch of transverse walls, and width of the walls. The design solutions of
the inspected buildings do not comply with the design requirements of KMK 2.01.03-19 standards: strip
foundations are made of brickwork, lintels are made of brickwork, the connecting walls are not
reinforced, etc.

2. Inthe regions of the Republic, the main part of the operated facilities are buildings and structures
constructed in the second half of the twentieth century after the Second World War due to the significant
growth of industry, the expansion of cities and settlements, and the aftermaths of strong earthquakes
(Chatkal, 1946 and Tashkent, 1966). Under normal operating conditions, many buildings and structures
of mass construction (housing, municipal, educational, medical, industrial and other) are at the limit of
their design service life. It should also be noted that individual buildings and structures have already
exhausted their service life as a result of their operation in negative conditions and the impact of man-
made and natural phenomena. Operating buildings and structures have low seismic resistance since they
were built according to old regulatory requirements that were in force during the period of their
construction, and did not consider the consequences of destructive earthquakes in recent decades.
According to the results of the research, it was revealed that the brick buildings built in 1950-60, in some
respects, do not meet the requirements of the current earthquake-resistant construction standards, such
as length and height of the building; the pitch of transverse walls and spans; the width of the walls
between the window openings; dividing the building with anti-seismic joints does not comply with the
limit data of KMK 2.01.03-19. It should also be noted that in many buildings, the spacing of transverse
walls is irregular and not all transverse walls have structural connections with all longitudinal walls,
which leads to a non-uniform distribution of stresses in the building structure system.

As for certain characteristics of design solutions, the surveyed buildings do not meet the
requirements of the current standards for the design of buildings and structures in seismic areas. For
example, according to clause 3.5.12 of KMK 2.01.03-19 “Reinforcing meshes with a total cross-sectional
area of longitudinal reinforcement of 1 cm2 and a length of 1.5 m must be laid in the joints of walls in
masonry for every 700 mm in height at the design seismicity of 7-8 points and 500 mm - at seismicity of
9-points and higher. Sections of walls and columns above attic floors with a height of more than 400 mm
must be strengthened and reinforced with monolithic reinforced concrete inclusions anchored in an anti-
seismic belt.” Some buildings do not meet the requirements of the standards of clause 3.5.6 “In buildings
with load-bearing walls two or more floors high, in addition to external longitudinal walls, there must be
at least one internal longitudinal wall”.

To ensure the seismic safety of buildings, it is recommended to conduct a detailed instrumental and
calculation study considering the state of structural elements and soil conditions of construction sites.
The use of research results in practice and the implementation of recommendations to ensure the seismic
safety of buildings in use will significantly mitigate seismic risk and damage during possible strong
earthquakes.

3. The studies have shown that buildings and structures with different space-planning and design
solutions operating in the Republic were built in accordance with the requirements of regulatory
documents that were in force during their construction period. Buildings erected before 1970 were built
mainly of baked bricks with longitudinal, transverse or mixed load-bearing walls. Since the mid-60s,
after the Tashkent earthquake in 1966, reinforced concrete elements have predominated in the load-
bearing structures of buildings in use. The results of the studies showed that skeleton buildings of the
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frame system in terms of actual parameters and design requirements correspond to the requirements of
earthquake-resistant construction, except for the design solution of anti-seismic joints and the results of
calculations for seismic loads. In this regard, it is recommended to strengthen the columns by installing
a reinforced concrete frame in accordance with the requirements of current standards for earthquake-
resistant construction.

4. The main purpose of the inspection of buildings and structures is to certify the technical condition
of buildings and structures as a whole, and their operational suitability, to obtain information about
compliance with current regulatory requirements, to determine deviations from the norms, and to develop
recommendations for their further reliable operation. When studying the technical condition of buildings
and structures, the initial information is the design and technical documentation of construction and major
repairs (reconstructions) carried out during the operation of the facilities. Unfortunately, during survey
work on many objects, neither technical passports nor construction and reconstruction projects were
found, i.e. there were no initial and subsequent documents of building structures, which complicated
survey research to assess the seismic resistance of objects. It should also be noted that until recently,
there were no laws or regulations in the republic obliging owners to issue a technical passport of a
building or structure; in some cases, registration took place based on the results of an inspection of
building structures or monitoring the technical condition of the facility. In this regard, the Resolution of
the Cabinet of Ministers of the Republic of Uzbekistan PKM No. 405 dated June 30, 2021 was issued,
which reflects the methodological recommendation we developed for the certification of buildings and
structures. Currently, work is underway to create an integration platform for electronic technical
passports of buildings and structures in the regions of the republic. The technical passport of the building
must be a mandatory document for the use of the building and its surrounding area after commissioning
and before decommissioning. As a rule, the developer must draw up the technical passport of a building
upon its commissioning, and its further maintenance must be carried out by the operating organization.
Regardless of the purpose of the building or legal status, any object must have a technical passport. The
technical passport of the building must contain the main technical characteristics, for example, the year
of construction, overall dimensions, design solutions, structural materials, area and the number of floors
of the building, date of construction, date of major repairs, walls, ceilings, roofs, dynamic and strength
characteristics of structures, etc.

5. In recent years in the Republic, the intensity of construction of buildings and structures has
increased significantly, especially in the city of Tashkent; construction of high-rise buildings of more
than 16 floors with a height of more than 50 m with new structural systems, technical solutions, elements
and connections (links) began with the application of special seismic protection systems. At the same
time, overall dimensions, space-planning and design solutions of objects do not comply with the
provisions of the current norms of KMK 2.01.03-19 clause 1.1; their design and construction should be
carried out according to special technical conditions developed by specialized research organizations
authorized State body for architecture, urban planning and construction. In accordance with the Decree
of the President of the Republic of Uzbekistan PU No. 144 dated May 30, 2022, the scientific and
technical examination of the design documents of these objects is entrusted to the Institute of Mechanics
and Seismic Stability of Structures named after M. T Urazbaev of the Uzbekistan Academy of Sciences.

It should be noted here that the main criterion for assessing the seismic resistance of high-rise
buildings is their experimental testing and studying the impact of past earthquakes of varying intensities.
Studying the impact of weak earthquakes on high-rise buildings using instrumental methods will make
it possible to predict their behavior during strong earthquakes, evaluate the building materials used in
design and construction, methods of theoretical research, the accuracy of calculation results for seismic
loads, and the operation of the structural system. Bearing in mind the relevance of this issue, KMK
2.01.03-19 clause 1.9 provides: “To obtain reliable information about the operation of structures during
earthquakes and vibrations of soils adjacent to buildings, in projects of typical buildings of mass
development, buildings with fundamentally new structural decisions of especially critical structures, in
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agreement with the State Authority of the Republic of Uzbekistan for Architecture, Urban Planning and
Construction, Engineering Seismometric Service (ESS) stations should be installed ..." Monitoring high-
rise buildings during their operation and recording vibrations of objects during earthquakes is of great
practical importance in the subsequent development of design and technical documents and construction,
as well as in studying the condition of building structure elements based on the impacts of earthquakes.

In conclusion, it should be noted that the manifestation of unfavorable phenomena on earth, the
increase in megalopolises, large-scale industries, vehicle numbers, the expansion of energy production,
and other processes lead to a deterioration of the environmental situation, a decrease in green areas, air
pollution, etc. Especially large-scale production of gas and oil, the construction of large-scale dams with
many billions of cubic meters of water lead to a change in the stressed state of tectonic plates and an
increase in the intensity of strong earthquakes. It must be borne in mind that the process of earthquakes
will continue until the earth cools down and there is no life on the earth, which indicates the need to take
preventive measures to ensure seismic safety. In this regard, it would be advisable to conduct regular
seismic risk assessments, monitor the condition of buildings and structures, appropriate supervision
during the design and construction of buildings and structures for various purposes, and periodically
update regulatory documents on the design and construction of buildings and structures in seismic areas.
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MONITORING THE STATE OF DAMS THROUGH SATELLITE AND IN SITU OBSERVATIONS
AND THEORETICAL STUDIES

Salyamova K.D., Tashmatov K.A.2, Nishonov N.AL AnEV.!
Ynstitute of Mechanics and Seismic Stability of Structures named after M.T. Urazbaev, Tashkent, Uzbekistan
2 Center for Space Monitoring and Geoinformation Technologies LLC, Tashkent, Uzbekistan
E-mail: klara_51@mail.ru

Abstract. A technique is proposed for determining the condition of a high dam using space monitoring,
instrumentation, and theoretical research. Photo recordings of the condition of the hydro-technical structure are provided.
During engineering and geodetic observations, deformations in the crest were identified. The data of processed satellite radar
images taken in 2019 — 2023 were analyzed; according to the results of radar images, ground settlement was observed in
areas of the crest. The stress-strain state of the dam under basic loads was studied using the finite element method. The results
of the distribution of vertical displacements and normal stresses of the dam were plotted in the form of graphs; they show the
subsidence of the dam in the area of the upstream slope. It is shown that the results of space monitoring confirm the results
of engineering and geodetic observations and theoretical studies.

Keywords: high dam, space monitoring, engineering and geodetic observations, finite element method, subsidence.

1. Introduction

Our republic has created a unique complex of hydro-technical structures (HTS), including dams
and other structures, which are among the most important objects of the country’s economy. In our
republic, reservoirs play an important role: they are necessary for the production of electricity, for
satisfying the needs of agriculture with water, for supplying fresh water to the population, and, in general,
for the sustainable functioning of other sectors of the national economy.

The territory of Uzbekistan has seismicity of 7, 8, and 9 points. Today, 273 large hydraulic
structures of categories I, 11, and 111 are in operation in Uzbekistan, including 54 large earth dams (mostly
earth-fill ones), with a total reservoir capacity of 20 km®. More than 28 hydroelectric power plants (HPP)
were built 60-70 years ago. In particular, the Bozsu HPP that operates on the Bozsu canal was built in
1923, Akkavak-2 HPP (1930 - 1940), Farkhad HPP (1949), Charvak HPP (1977), Gissarak HPP (1986),
Karkidon reservoir (1962 - 1964), Kattakurgan reservoir (1942), etc. The seismicity of the sites ranged
from 6 to 9 points.

Currently, one of the main tasks of water use is the reliable and rational operation of previously
constructed and operating hydraulic structures. The condition of these structures directly depends on the
results of generalized monitoring of their operation and technical state. At present, a large number of
dams around the world are in the stage of planning or building due to the needs of countries’ economies.
In our republic, due to the lack of water, the design of the following reservoirs was resumed: a cascade
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of reservoirs above and below (Zarchopa 1, 2) of the Tupolang hydroelectric power station, on the rivers
Tupolang Darya, Naryn, Chatkal, Ugam, and Pskem. Maintaining the proper functioning and safety of
dams throughout their life is a complex and never-ending task.

The aftermaths of the earthquake are dangerous displacements and stress concentrations in
vulnerable areas of reservoir dams, due to the development of cracks, peeling of the protective layer of
concrete, corrosion, etc. (the amount of damage may exceed the maximum permissible values established
by the current design standards (SNiP)) [1], leading to a decrease in the seismic resistance of dams. Thus,
the reliability and safety of dams are largely determined by the stresses and strains that appear under
various loads and seismic impacts. Therefore, a preliminary forecast of the stress-strain state of a
structure, considering its design features, characteristics of the structure itself, and the underlying
foundation makes it possible to identify areas where the permissible safety margins are exceeded; thus,
it is necessary to conduct appropriate revision.

In addition to monitoring the condition of dams by analyzing visual and field observations using
control and measuring equipment (CME), large volumes of detailed cartographic materials that can be
obtained using satellite-based means of observation of water bodies (reservoirs and their dams, the
surrounding area), which allow to promptly identify the nature of changes and trace the intensity of
processes occurring in them with sufficiently high accuracy. Therefore, obtaining and processing
information on the state of water bodies using space methods is an urgent task for many regions, including
Uzbekistan.

Space technology, due to its effectiveness in monitoring entire infrastructure without the need to
install local control centers, allows the integration and improvement of monitoring capabilities provided
by ground-based methods. Classical topographic methods have two main disadvantages: the inability to
obtain complete information about the deformations of an object and the difficulty of observation with
the required regularity in hard-to-reach places. New satellite-assisted methods overcome these
shortcomings, allowing complete and continuous control of the movement of a structure without the need
for access to the structure [2 — 5].

Luzi G. et al. [6] described two new remote sensing methods based on radar interferometry
technology that can be used in monitoring dams. The first method uses synthetic aperture radar (SAR)
data to produce 2D images. The second technology uses Real Aperture Radar (RAR) and can be used to
measure objects (displacements) in a specific direction. In M. Alba et al. [7], the Cancano dam (Alta
Valtellina, Italy) was investigated by two radar methods, RAR and SAR.

Al-Sadik B. and Al-Kanani Y. in [8], focused on assessing the displacement of the Mosul Dam in
northern Irag. A detailed review of the ongoing process of destabilization of the Mosul Dam was
conducted in [8, 9].

The method of space radar interferometry with synthetic aperture (SAR, INSAR) is a new space
geodetic tool for monitoring strains on the Earth’s surface [10-15]. INSAR can provide dense
observations over large spatial scales over long periods, providing a more complete analysis of dam
deformation characteristics.

References [16, 17] are devoted to the study of the collapse of the Sardoba dam in Uzbekistan. In
[17], the study was performed on three sets of data from Earth observation: (1) ICESat-2 data, necessary
to understand the topographic features in the area under study; (2) Sentinel-1 multi-geometry SAR data
to extract pre-crash deformation along the vertical and horizontal east-west directions; (3) optical images
from Sentinel-2 satellites and Global Precipitation Measurement (GPM) products, used to study pre-
disaster environmental conditions. Possible causes of dam failure were analyzed from the point of view
of both physical and human factors. The differential settlement of approximately 60 mm detected by
INSAR at the breach site is an indication of internal embankment erosion, which is a physical factor
contributing to the breach. The opportunity to prevent a breakthrough was missed due to the lack of
conventional monitoring methods. The authors of [16] revealed that the Sardoba water structure
experienced local uneven settlement of ~4.7 cm near the breakthrough area using optical and SAR
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imagery and modeling tools. Researchers in [17] noted that neither ground-based observations nor
satellite GPM products showed extreme ground surface precipitation in the region, eliminating the
possibility of rainfall-induced overflow. The settlement rate of the embankment does not tend to decay,
indicating that the dam is undergoing a phase of primary consolidation of complete settlement. A
maximum subsidence of ~270 mm (~0.8% of the dam height) occurred on the north bank when the
reservoir was flooded. A group of authors [16, 17] showed that INSAR could recognize a precursor to
failure by detecting movement of the ground surface and that strain signals can help warn of risks and
avoid dam failure.

The monitoring using space observations, which is developing now in the Republic of Uzbekistan
is expected to be tested at high earth dams of hydroelectric power stations (Charvak, Tupolang, Rezaksai,
Gissarak, Angren), and then at dams’ reservoirs. Below we propose a research method; the main results
of radar interferometric monitoring using as an example a selected reservoir (the monitoring is performed
by the Center for Space Monitoring and Geoinformation Technology under the Uzbekcosmos Agency)
are compared with engineering and geodetic observations (provided by JSC “Hydroproject” of the
Republic of Uzbekistan), and theoretical calculations (performed in the Institute of Mechanics and
Seismic Stability of Structures named after M.T. Urazbaev, Uzbekistan Academy of Sciences). This
study is a continuation of the research presented in [18, 19]. The ongoing research is conducted in
pursuance of the objectives of the Decree of the President of the Republic of Uzbekistan No. PF-144 “On
measures to further improve the seismic safety system of the Republic of Uzbekistan” dated May 30,
2022, specified in paragraph 43 of Appendix 2.

2. Materials and methods of satellite radar interferometry

Satellite radar interferometry INSAR uses the effect of interference of electromagnetic waves and
is based on mathematical processing of several coherent amplitude-phase measurements of the same area
of the earth's surface with a spatial shift of the radiating antenna during several successive surveys. In
multi-time or multi-pass radar surveys, the methods of permanent reflectors or the PSI - Persistent
Scatterer Interferometry method, well described in the literature [20], and the SBAS - Small Baselines
Subset method [21] are used.

The input data for processing using specialized software systems is an interferometric pair (or
multi-pass series) of radar images taken in identical survey geometry. The space and time bases limit the
ability to interferometrically process a pair (or series) of radar images.

8§ o= Interferometric phase contains
survay three components:

’ @Dopo - topographic phase component due to
“——— " viewing the topography from two different
angles;

@am - atmospheric phase component
- associated with the passage of the radar
signal through the atmosphere;

Dger - deformation phase component due to
/the displacement of the point in the direction
/ of the radar beam;

f

st
1 n

survay

- -

Area of deformation
of the earth's surface

Figure 1. — Scheme of space photography of an interferometric pair of radar images

The space basis (or baseline) is the distance between the orbital positions of the radar when
capturing the images that make up the interferometric pair. The smaller the value of the perpendicular
component of the baseline (Fig. 1), the higher the degree of reliability of the model of displacements of
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the earth's surface. In the case of a baseline equal to zero, the interferogram calculated from such a pair
of images generally contains only the displacement phase and does not contain the relief phase.

The time base is the time interval that elapsed between the capture of images that make up an
interferometric pair. The concept of a time base is directly related to such an important problem as time
decorrelation, which arises due to changes that occur during the time between surveys in relief,
vegetation, humidity, roughness, and other properties of the surface reflected by the radar beam.

As a result, the processing of radar images comes down to calculating the phase difference of the
reflected signal from the same object for repeated observation (shooting) dates and its subsequent
conversion into a change in relief height. As a result of using a set of interferograms for different shooting
dates, it is possible to track the dynamics of vertical displacements of points on the earth’s surface, that
is, to construct a map of displacements or displacement rates for the studied period.

The technologies for using these methods and the logic of the processing have much in common
(Fig. 2), but, depending on the tasks, the use of one or another method must be justified.

The PS method is suitable for built-up urban areas, and the density of permanent scatterers in
undeveloped areas drops significantly. Therefore, SBAS is the best method for analyzing areal
displacements on undeveloped surfaces.
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Figure 2. — Technological chain for processing multi-pass radar data using PS and SBas methods

3. Results of the study
3.1 Geodetic observations

Figure 3 — Reservoir of the selected object
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The object under study is a large hydraulic engineering facility located in an 8-point seismic zone.
The dam is erected from local materials, has a loamy core, and retaining prisms made of rockfill or
combined (pebbles with stone surcharge). The main purpose is to produce electricity and regulate water
consumption for irrigation and the energy needs of the national economy.

Below we present photographs of the state of the hydraulic structure (provided by the Center for
Space Monitoring and Geoinformation Technology under the Uzbekcosmos Agency and JSC
“Hydroproject” of the Republic of Uzbekistan). It is shown that along the dam crest, there are cracks in
the concrete pavement and parapet. There are local traces of reshaping of the downstream slope as a
result of compaction and sliding of the rock fill (see Fig. 4). Cracks and subsidence were observed on the
concrete fastenings of the upstream slope, indicating the formation of cavities under fastenings (see Fig.
5).

-~

Figure 4. — Local traces of reshaping of the downstream slope as a result of compaction and sliding of rockfill
from the downstream side

Figure 5. — Cracks and subsidence of reinforced concrete fastenings from the upstream side

To diagnose the stability of the dam in the first observation cycle (7 - 22 May 2022), observations
were conducted based on engineering and geodetic studies. The displacements of the structure foundation
and the body of the reservoir dam were determined.

As indicated in the technical report, as the dynamics of the structure's subsidence enters the
stabilization phase, the observation cycle is shortened and the time interval increases. In large hydraulic
facilities, the observation cycle is extended to once a year.
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Figure 7. — Vertical deformation observed in the dam crest of the reservoir

When conducting engineering and geodetic observations at the site, all 73 strains were identified,
including in the body of the dam and 5 marks on the berm at level H-1110m.
3.2 Results of interferometric processing

Data from processed space radar images were analyzed. As a result of studies of the reservoir
conducted from January 2019 to March 2023, a total of 2,687 control points were identified on the dam
and the water area of the reservoir; the maximum subsidence in the study area was observed on the left
bank of the reservoir at -94.15mm; the point of the maximum rise was recorded at +80.20mm on the right
bank. In the cross-section of the area under study, the average annual deformation was -0.1 mm.

« 9. Hisorak (20190...

Figure 8. — Results of the analysis of space monitoring of the selected reservoir object

It can be seen that the results of space monitoring confirm the results of engineering and geodetic
observations. Subsidence was observed at points 1100 m of the upper crest.
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Figure 9. — The maximum subsidence of the dam recorded in 2019-2023.

The deformation of all points of the dam was -2.75 mm over the observation period, and the annual
average was -0.65 mm. It should be noted that seasonal displacements were observed as well. The lowest
point of dam subsidence was -26 mm and the average annual value was -6.18 mm.

Space observations must be combined with safety standards (with criterion values) and theoretical
results of calculations considering climate changes depending on the time of year.

3.3 Theoretical results

When studying the stress-strain state (SSS) of a dam, a well-founded approach to the choice of
calculation model and calculation method is required, allowing the consideration of the real geometry,
design features of the structure, real properties of the material, static loads, and dynamic impact
characteristics of the area where the object is located.

Based on the above, the authors considered a plane calculation model representing the cross-section
of the dam. To determine the SSS of the dam under the impact of basic loads (dead weight and hydrostatic
pressure), the finite element method (FEM) was used. This method allows one to consider the
heterogeneity of the structure, its actual geometry, and various boundary conditions.

The geometric parameters of the dam model and the physical and mechanical characteristics of
materials for each section of the dam were taken from the design documentation.

The equilibrium equations of converging forces at all nodes of the system give a matrix system of
high-order algebraic equations in the following form [22]:

[K1{a}={Q}+{P} . (1)
where [K] is the global stiffness matrix; {q} — is the vector of displacements of model nodes; {Q} — is
the self-weight matrix; {P} is the matrix of surface hydrostatic load from water on the upstream slope to
the normal backwater level and on the bedrock surface in front of the dam.

The system of algebraic equations (1) was solved using the Gauss method. Next, using the Cauchy
relations, the strain components in the element were determined, and, based on the resulting strains, using
Hooke’s law, the stress components were determined.

The results of the distribution of vertical displacements and normal vertical stresses of the dam are
presented in Figure 10.
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b) vertical stresses o;, MPa
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Figure 10. — Distribution of fields of vertical displacements (a) and normal stresses (b) in the dam considering the dead weight and
hydrostatic pressure
Figure 10, a shows the dam subsidence, where vertical displacements (v) are presented. The
maximum subsidence on the crest is 30 cm. The settlement is asymmetrical - the upper slope area, where
hydrostatic pressure is applied, is subject to greater subsidence. From Fig. 10 b, it is clear that the vertical
stresses along the surface of the downstream slope are only 0.024 MPa.

4. Conclusions

This study is a continuation of ongoing research on determining the condition of high hydro-
technical structures. Uzbekistan has launched a system of continuous space monitoring of ground
deformations and displacements (settlements) observed at dams; the system is relevant and vital for the
reliable operation of dams, especially those located in seismic areas.

Note that space-monitoring data must comply with the results of engineering and geodetic
observations and safety criteria. Therefore, this paper proposes a method for determining the condition
of a high dam using space monitoring, instrumentation, and theoretical studies.

Photo recordings of the condition of the hydraulic structure are presented. During engineering and
geodetic observations, deformations (settlements) were identified on the crest; as a result, individual
cracks were noted in the reinforced concrete pavement and parapet. This indicates the formation of
cavities under the fastening. Local traces of reshaping of the lower slope due to compaction and sliding
of the rock fill were also discovered.

The methods of satellite radar interferometry PSI - Persistent Scatterer Interferometry and SBAS -
Small Baselines Subset are presented. Data from processed space radar images taken in 2019-2023 were
analyzed. According to the results of space monitoring, ground subsidence was observed in the crest
areas.

The stress-strain state of a high dam under basic loads (dead weight and hydrostatic pressure) was
studied using the finite element method (FEM), which allows considering the real geometry, design
features of the structure, real properties of the material, static loads, and dynamic impact characteristics
of the area where the object is located. The results are presented in the form of graphs of the distribution
of vertical displacements and normal vertical stresses of the dam, with account for dead weight and
hydrostatic pressure. From the results, it follows that the region of the upstream slope, where hydrostatic
pressure is applied, is subject to greater subsidence.

Thus, it is shown that the results of space monitoring confirm the results of engineering and
geodetic observations and theoretical studies. Therefore, the proposed methodology is appropriate for
the dams under operation and design to predict their condition under basic loads and special combinations
of loads following regulatory documents.
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STRUCTURAL RESPONSE OF THE HUMBOLT BAY BRIDGE TO THE RECENT SEISMIC
EVENTS: ANALYSIS OF STRONG MOTION DATA.
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Abstract: The paper is focused on the analysis of the structural performance of the Humbolt Bay Bridge in Eureka
(California, USA). The bridge was instrumented by accelerometers in 1996 to monitor and assess its structural performance
in response to earthquakes. Out of three spans, the span called Samoa Channel Bridge was studied. The structural
performance of the bridge during a few seismic events since 2014 is studied. It was shown that taking into account the spectral
demand on top of the piers is very important for assessing the motions of the bridge’s deck. Since the bridge represents a
nonlinear system, the variation of the spectral demand over the range of resonant frequencies needs to be taken into account.
This is especially important for spectral acceleration rapidly increasing within the frequency variability range, which is
discussed in the paper based on the examples of a few seismic events after 2014.

Keywords: bridge, deck, pier, strong motion data, real-time monitoring, Humbolt Bay Bridge, seismic response.

1. Introduction

The importance of structural health monitoring of bridges is discussed by using an example of the
Humbolt Bay Bridge in Eureka, California, USA. Because of the range and sensitivity limitation of
accelerometers, the monitoring can be arranged in two ways. First, it can be built as a network of very
sensitive accelerometers monitoring the bridge’s response to ambient vibrations: traffic, wind load, small
excitations from nearby construction, and so on. Second, a set of accelerometers with a relatively higher
range and lower sensitivity can be used to develop a network that monitors the shaking of the bridge
during strong motion excitations. An example of the second one is discussed herein for a common bridge
typology.

The main objective of the paper is to demonstrate the advantages of structural health monitoring
(SHM) of bridges and promote their utilization in both Uzbekistan and Kazakhstan. A strong need for
the application of SHM technologies to bridges was shown in the recently completed extensive program
assessing the structural condition of bridges in Uzbekistan [1,2]. In addition, it is especially important
for the ongoing effort in Kazakhstan aiming at the development of digital twins of major components of
transportation infrastructure (see [3,4] as representative examples). In this case, in addition to the overall
3D geometry of the object, data related to its structural performance characteristics can be added. The
latter is very important for well-calibrated modeling of bridges [5], complemented by component testing

[6].

The construction of the Humbolt Bay Bridge in Eureka started in 1968 and was completed in 1971
[7-9]. It is located about 440 km north of San Francisco. It consists of three structures with the following
names: (1) Eureka Channel Bridge, (2) Middle Channel Bridge, and (3) Samoa Channel Bridge [4], as
presented in Figure 1 (Google Earth). This study is focused on the longest structure, the Samoa Channel
Bridge. It underwent a structural retrofit in 2006 [9].

The bridge consists of 20 spans, varying from 36.6 m to 68.6 m long [7]. Its total length is 764.1m.
[7]. The bridge is 10.4 m wide and carries two lanes of traffic. The bridge superstructure consists of a
concrete deck and two prestressed concrete beams. In 2006 [9], the bridge was seismically retrofitted by
strengthening the columns and foundation elements.
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Figure 1. — Three spans of the Humbolt Bay Bridge.

2. Materials, methods, and object of study.

Based on the information provided in [7], the Samoa Channel Bridge was instrumented for the first
time in 1996 with twenty-six accelerometers and a set of three accelerometers to record free-filed motion.
More instrumentation was added throughout the years, with one of the latest additions in 2002 bringing
the total number of sensors to 33 [9]. The locations of the sensors are presented in Figure 2 (reproduced
from [10]). The data collected by the sensors was analyzed in the Matlab environment [11].
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Figure 2. — Layout of accelerometer locations [10].
3. Problem statement.

The bridge represents a complex system with complex behavior that involves considering (1) the
soil-structure effects of the supporting piers [12-15], (2) the motion of the deck with respect to the piers
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[16-17], (3) the interaction of the adjacent bridge frames via expansion joints [18-21]. In addition, for
long bridges such as the structure considered in this report, the seismic input would vary at the bridge
piers, and this needs to be considered as well.

An extensive monitoring system was introduced to understand this performance and monitor
possible changes. The changes can be related to the deterioration of the bridge over time or can be a
result of seismic upgrades aimed at improving its structural performance. This paper is focused on
analyzing the bridge performance in recent earthquakes, namely after 2014.

4. Results and discussion.

The effect of strong motions on the performance of the Samoa Channel Bridge was studied earlier
[9], but this study is mainly based on all earthquake records up to 2014. In recent years, the bridge has
experienced a few earthquakes, and it is noted that the structure is located in a region that can be subjected
to very large earthquakes as a result of the fault rupture in the Cascadia Subduction Zone. A complete
list is provided in Table 1 [22]. A special name was given to each dataset, which is provided in the last
column of Table 1. It is worth noting that two datasets were missing sensor data for the accelerometer's
location on or above Pier S-8. Hence, they were not used in the study. Therefore, as shown in the table,
the study focused on the bridge responses to seven earthquakes (excluding numbers 4 and 5).

Table 1.
List of recent earthquakes (after 2024) [22]

Vo | ooty | Gromireaw | FAEC | g | ST oron | Dae
1 255 0.054 BlueLake 4. 7MW 7/21/2016 23:09 BL-16
2 20.1 0.017 humboldthill 4.6MW 3/22/2018 16:24 HH-18
3 91.6 0.011 Petrolia 5.8MW 3/9/2020 2:59 P-20
4 49.1 0.043 Petrolia 6.2MW 12/20/2021 20:10
5 39.3 0.210 Ferndale 6.4MW 12/20/2022 10:34
6 35.5 0.011 Ferndale 4.5MW 3/21/2023 23:18 F1-23
7 19.1 0.027 McKinleyville 3.8MW 8/13/2023 15:28 MV-23
8 30.9 0.019 Ferndale 4. 7MW 9/30/2023 15:26 F2-23
9 57.0 0.023 Petrolia 4. 7MW 10/16/2023 10:20 P-23

The response of the bride to a few earthquakes was studied earlier [9], and resonant frequencies of
the bridge were estimated. It was observed that there is a large variation of resonant frequencies, as shown
in Table 2.

Table 2.
Resonant frequencies estimated for a few seismic events that happened before 2024 [9]
Longitudinal Direction Transverse Direction
Event\Sensor No 31 28 9 11 33 30 8 10
Ferndale, 2007 0.93 0.93 1.26 1.26 NA 0.93 0.93 0.93
Trinidad, 2007 0.90 0.90 1.23 1.23 NA 0.93 0.93 0.93
Willow Creek, 2008 0.90 0.90 0.93 0.93 0.93 0.90 0.90 0.90
Trinidad, 2008 NA 0.93 1.23 1.23 NA 0.93 0.93 0.93
Ferndale, 2020 0.68 0.68 0.78 0.78 NA NA 0.68 0.68

Table 2 shows [9] that the frequency of the deck right above Pier S-8 depends on the level of
excitation and varies from 0.78 Hz to 1.26 Hz for the longitudinal direction and from 0.68 Hz to 0.93 Hz
for the transverse direction. It is worth noting that the results were somewhat close to each other except
for the last one obtained for the 2020 Ferndale earthquake. This was attributed [9] to the nonlinear
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performance of the bridge. This study is focused on data collected by Sensors 10 and 11, which are shown
in bold in Table 2. They correspond to deck accelerations above Pier S-8. As presented in Figure 2,
Sensor 10 is oriented in the transverse direction, whereas Sensor 11 is oriented in the longitudinal

direction.
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Figure 3. — FFTs of the deck and spectral accelerations on Pier S-8: longitudinal axis during Event BI-16.

Figure 3 provides the deck’s Fast Fourier Transforms (FFTs) and spectral accelerations on Pier S-
8 in the longitudinal direction. The shadowed zone in the right image corresponds to the range of the
resonant frequency variability estimated in [9]. Both plots show the bridge's response recorded during
the 2016 Blue Lake earthquake (Event BL-16 in Table 2). The resonant frequency was estimated at 1.17
Hz, which remains within the frequency variability range of (0.78 Hz + 1.26 Hz) reported in [9].

Figure 4 presents the bridge's response during the same seismic event in the transverse direction.
Similar to Figure 3, the shadowed zone corresponds to the variability range of the resonant frequencies
adapted from [9] without an outlier. The range of frequency variability is much narrower in the transverse
direction than in the longitudinal direction (the right images in Figure 4 and Figure 3, respectively). The
resonant frequency in the transverse direction was estimated at 0.87 Hz, which remains within the
frequency variability range of (0.68 Hz + 0.93 Hz) reported earlier [9].
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Figure 4. — FFTs of the deck and spectral accelerations on Pier S-8: transverse axis during Event BI-16.

These results are presented for Sensors 10 and 11, located on the deck supported by Pier 8. Sensors
12 and 13 were installed on the deck between Pier S-8 and Pier S-9 with an expansion joint on the former
side. The FFTs for these two sensors are presented in Figure 5. The resonant frequency in the longitudinal
direction was estimated at 1.28 Hz, which is slightly higher than the frequency variability range of (0.78
Hz + 1.26 Hz) reported in [9]. It is worth noting that these sensors were not used in the earlier analysis
[9], and this small discrepancy is considered acceptable. The resonant frequency in the transverse
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direction was estimated at 0.87 Hz, which remains within the frequency variability range of (0.68 Hz +
0.93 Hz) reported earlier [9].
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The FFTs and spectra for the 2018 Humboldt Hill earthquake are provided in Figure 6 and Figure
7 for the longitudinal and transverse directions of the bridge, respectively. The resonant frequency was
estimated at 1.14 Hz in Figure 6, which remains within the frequency variability range of (0.78 Hz + 1.26
Hz) reported in [9]. Based on the results shown in Figure 7, the resonant frequency in the transverse
direction was estimated at 0.93 Hz, which remains within the frequency variability range of (0.68 Hz +

0.93 Hz) reported earlier [9].
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The FFTs of the deck between Pier S-8 and S-9 (deck#8 when counted from Pier S-1 toward Pier
S-9) are presented in Figure 8. The resonant frequency was estimated at 1.21 Hz in Figure 8, which
remains within the frequency variability range of (0.78 Hz + 1.26 Hz) reported in [9]. Based on the results
shown in Figure 9, the resonant frequency in the transverse direction was estimated at 0.93 Hz, which
also remains within the frequency variability range of (0.68 Hz +~ 0.93 Hz) [9].
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An example of the bridge’s response to one more event is shown in Figure 9 and Figure 10. As
shown in these plots, in the case of the March 9, 2023 Ferndale earthquake, the resonant frequencies

were slightly greater than those reported earlier [9].
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The results for the deck (deck#7) right above Pier S-8 are shown in Figure 9 and Figure 10. The
results for the neighboring deck (deck#8) are shown in Figure 11.
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Figure 11. — FFTs of the deck between Pier S-8 and Pier S-9: longitudinal and transverse directions during Event F1-23.
Figure 12 summarizes the estimated resonant frequencies for both decks. The shadowed boxes
correspond to the frequency variability ranges published earlier [9]. This paper utilized a new set of data,

and it shows that the frequencies are closer to the high end of the respective ranges, which might be
related to the bridge's ongoing reinforcements, interactions between the decks, and other nonlinearities.
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Figure 12. — Summary of the estimated resonant frequencies for two neighboring decks.

Based on the results of this paper and the previous publication [9], it can be concluded that the
resonant frequencies of the bridge can greatly depend on the intensity of the event and its frequency
content. The bridge’s response is nonlinear because of the presence of the seismic isolators, expansion
joints, and overall nonlinear performance of the concrete support structure and the decks. To separate the
effects from each other and investigate the benefits of each device in detail, having more extensive
instrumentation is beneficial. For example, the residual displacement between the decks cannot be
obtained in a reliable way from the acceleraton data. Therefore, having position transducers would be
beneficial for that.

5. Conclusions

Because of the expansion joints, the seismic isolators, the deck’s material, and the material of the
supporting piers and cracking of concrete elements, the bridge's structural performance is nonlinear. As
a result, there is a large variability in the dominant frequency of the bridge’s response. It was reported
earlier [9] for a set of earthquakes before 2014. The large variability of the resonant frequencies in both
longitudinal and transverse directions is confirmed again for a new set of seismic events after 2014.
Based on the results of this work, it was concluded that the resonant frequencies of the bridge can greatly
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depend on the intensity of the event and its frequency content. The need for more extensive
instrumentation to investigate the benefits of the seismic isolation and expansion joints is shown. Position
transducers could be beneficial for measuring residual displacements or impact loading when the
clearance in the expansion joint is obstructed or blocked. The sensing technology is rapidly progressing,
and new sensors are coming to market (see [23] as an example) that can enrich data collection and expand
the structural health monitoring of bridges in a significant way.
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CALCULATION OF NATURAL FREQUENCIES OF MULTI-STORY BUILDINGS UNDER
TRANSVERSE VIBRATIONS WITHIN THE FRAMEWORK OF A CONTINUUM PLATE
MODEL
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Abstract. The article is devoted to solving the problem of determining natural frequencies, periods of oscillation and
movement of points of a multi-story building, using the resonant method. The dynamic behavior of the building near the
resonant regime is described within the framework of a continuum plate model developed within the framework of the
biomoment theory of thick plates. The problem is solved using an explicit finite difference method. To compare the numerical
results, the same problem was solved within the framework of the plate model of the Timoschenko theory.

Keywords: multi-storey building, continuum model, bimoment theory, resonant state, reduced elastic moduli, seismic
impact, numerical method.

1. Introduction.

The development of dynamic spatial models and methods for dynamic calculation of multi-story
buildings, the deformation of which is spatial in nature, is one of the urgent problems of the science of
structural dynamics and mechanics. In recent years, in the field of seismic resistance of structures, various
methods for calculating a building for seismic impacts have been developed, considering various
important factors. Such research includes a number of published scientific works.

The study in [1] deals with the issue of determining the natural vibration frequencies of modular
buildings. The dependence between the first cross-frequency of one-storey buildings and the frequency
of a single block is determined. The article shows the effect of the ratio of rigidity of horizontal and
vertical elements of a building on the value of the first natural vibration frequency. The analytical formula
for the determination of the first natural vibration frequency is proposed and substantiated.

Reference [2] investigated the natural frequency and modes of vibration of a multi-story office
building with a foundation system and analyzed the influence of the vibration mode on the dynamic
characteristics of the structure.

In [3], the calculation of a multi-storey monolithic concrete building for an earthquake is discussed.
The problem is solved in the time domain using the direct dynamic method.

The study in [4] presents the results of a dynamic analysis of an 11-story steel moment-resisting
building with sliding pin connections as beam-column connections, considering influential self-centering
factors such as the continuity of MRFs and gravity columns and column base, and the flexibility of the
diaphragm.
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Article [5] proposes a model for calculating the seismic resistance of a building, considering its
self-variable rigidity during an earthquake; the model takes into account the soil characteristics of the
region, architectural and design features, and the general stage of construction.

The study in [6] presents the results of numerical observations of the behavior of a multi-story
reinforced concrete wall frame structure under a special combination of loads, considering the seismic
impact of a destructive earthquake. Article [7] considers the situation when a multi-storey building is
subject to equivalent static and dynamic analysis. For the purpose of the study, the building was modeled
using SAP2000 software. For dynamic analysis, a building was subjected to ground motion to obtain the
building's response. The results are presented in displacement form.

Reference [8] describes the modified dynamic inelastic analysis, a method that can help account
for the dynamic characteristics of structures using mode shapes during inelastic analysis. The steps to
perform a modified dynamic inelastic analysis are described, and the proposed method is applied to
examples of seven- and fifteen-story buildings. A common practice is to design high-rise buildings in
such a way that the safety margin available after the formation of plastic hinges is designed to withstand
earthquakes, avoiding the collapse of structures [9]. Pushover analysis is commonly used for static
inelastic analysis of a structure [10]. In this method, the lateral load is increased with the same profile to
determine the inelastic capacity of the structure. At each increment of lateral load, the plastic hinge
sequence and the elastoplastic behavior of each element were determined without dynamic consideration
of the structure [11].

In [12-14], the behavior and stress-strain state of structures and soils were investigated, considering
the nonlinear deformation of soils around the structures and showed the existence of a near-contact layer
of soil near the contact, in which it can play the role of self-protection for structures. To solve the
problems, the numerical finite difference method was used and results were obtained for elastoplastic
interaction problems taking into account dynamic processes for the design of structures and soil.

Articles [15-16] are devoted to dynamic calculations of elements of a box-shaped structure of
buildings for seismic resistance, considering its spatial operation under the action of dynamic influences
specified by the movement of their lower part by a sinusoidal law. The equations of motion are given for
each of the plate and beam elements of the box-shaped building structure based on the Kirchhoff-Love
theory. Expressions are given for forces, moments and stresses of plate elements that balance the
movement of box elements, as well as boundary conditions and conditions for full contact through
displacements and force factors in the contact zones of plate and beam elements.

References [17-18] are devoted to the dynamic calculation of box-shaped building structures for
seismic resistance, considering the spatial operation of box-shaped elements under the influence of
dynamic influence. The development of spatial calculations and the study of vibrations of box-type
structural elements taking into account various factors is an urgent task in structural mechanics.

The studies in [19-20] are devoted to the numerical solution of the problem of transverse vibrations
of a multi-story building within the framework of a continuous plate model of a solid slab under seismic
influence. As a dynamic model of the building, a cantilever anisotropic plate is proposed, the theory of
which was developed within the framework of the three-dimensional dynamic theory of elasticity and
considers not only structural forces and moments but also bi-moments.

In [21], the development of the bi-moment theory and method for calculating thick plates within
the framework of the three-dimensional theory of elasticity are discussed. The presented basic
relationships and equations of motion of the plate are constructed considering the forces, moments and
bimoments arising due to the nonlinearity of the law of distribution of displacements and stresses along
the thickness of the plate. Article [22] proposes a dynamic continuous plate model of a multi-story
building in the form of a cantilever orthotropic slab, developed within the framework of the Timoshenko
plate theory, which describes seismic vibrations of buildings. Formulas are given for determining the
reduced moduli of elasticity, shear, and density of a plate model of a building. Transverse natural and
forced vibrations of a nine-story building under magnitude nine seismic impacts are considered.
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Seismic vibrations of a multi-story building within the framework of a plate model are considered
in a rectangular Cartesian coordinate system x,, X, and z. For convenience, the origin of coordinates

is located in the lower left corner of the middle surface of the continuum plate model of a multi-story
building. Let us direct the OX1 and OX2 axes along the length and height, and the OZ axis along the
width of the plate model of a multi-story building.

The problem of transverse vibrations of a multi-story building is an antisymmetric problem of the
bimoment theory of plate structures, developed in [23]. The system of equations for transverse vibrations
consists of six equations regarding shear forces, bending and torque moments and bimoments, as well as
three more kinematic equations obtained by satisfying the conditions on the front surfaces of plate
structures.

2. Materials, methods and object of study.

In the calculations, we assume zero initial conditions of the problem. The geometric characteristics
of the room panels and the external dimensions of the buildings must be specified as initial data. To
obtain specific numerical results, the mechanical characteristics of the structure of the considered plate
model of a multi-story building must also be known.

Determination of the reduced density and elasticity moduli of the plate model according to the
method given in [19]. The reduced density of the building is determined by the following formula:

My, = PV 1= PV o- (1)
Here V, —volume of slabs forming one floor of a building. V,, — volume of one floor of the building.

Considering the geometric parameters of the building in question, to calculate these volumes, we obtain
the following formulas

V, =abH, V, =abh, +(n—2)Hbh, +aHh,, 2)
Here a, H — building length and width; b, — height of one floor of a building; k — number of
internal transverse walls of the building; h, - thickness of external load-bearing walls; h, — thickness
of internal walls; h,, — floor thickness.

In general, the given elastic characteristics and density of the building are determined by the
following formulas:

E =CuEy B’ =»E, E" =5k, 3

Gy =616y, G5 =816y, Gy =Gy, Prup = PoSo- ®)

It should be noted that the coefficient values &, &,, &s &y, &30 &30 &, Tor each cell (room) of

a discrete part of the building are determined as functions of two spatial variables, E;, G, — moduli of
elasticity and shear of the strongest load-bearing panel of a cell of a discrete part of a building.

Let us write the formulas for determining coefficients &, &, &, &0 &av & & OF reduced

moduli of elasticity of a discrete part of the building:
Sll S S33 SlZ

:a—, :ai’ :a—, :a—1
511 801 522 802 533 803 é:12 SOl

(4)
Sis :ahbn%fn Sas :a:l_j' 4/0:\\:_;-

Here S,, Sy, Sy — cross-sectional area of the building in three coordinate planes of one floor of
the building; S;;, S,,, S;; — total cross-sectional areas of slabs in coordinate planes forming one floor
of the building; A" — coefficient characterizing the voids in the cross section of the floor slab. Coefficient
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a is determined depending on the cell-type structure of the building structure.
Depending on the size of the slabs, rooms, and the building itself, the above areas are determined
using the methodology presented in [21], in the following form:
S =EobH, S =EsaH, Sy, =Eqab, (9)

Sll = bth EéZ) + thepEnep’ S12 = bth EkEZ)’

S,, =ah,E® +(k—2)Hh,E®, S., =ahE® +(k-2)o,h,EP.
Here G,,, — building floor shear modulus; G, — internal wall shear modulus; E? — modulus of

(6)

elasticity of internal walls; E,__ — floor elastic modulus.

nep

We assume that the external walls consist of reinforced concrete with an elastic modulus
E = 20000MPa, density p = 2500 kg/m®, Poisson's ratio v =0.3.

We consider the internal walls to consist of expanded clay concrete with the following physical
characteristics: modulus of elasticity E = 7500MPa, density p=1200 kg/m®, Poisson's ratio v =0.3.

The results of calculations of forced vibrations of a building within the framework of a thick plate
model are presented for the following sizes of building slabs:

h, =0.40m, h,=0.25m, h,  =02m a =5m, b =3n,
The given elastic characteristics and densities of a multi-story building are determined by formulas

(1) - (6).
Tables 1 and 2 show the elastic characteristics of the building and the coefficients to determine the
given elastic characteristics.
Table 1

Reduced elastic characteristics of the building and coefficients to determine the reduced elastic
characteristics

Thickness Coefficients and elastic characteristics of the building
H (m) &o &1 E12 13 &2 &3 &s3
11 0.102 0.129 0.095 0.164
13 0.101 0.114 0.081 0.149
15 0.100 0.103 0.070 0.138
18 0.099 0.092 0.058 0.127
20 0.098 0.086 0.053 0.067 0.121 0.05 0.102
22 0.098 0.081 0.048 0.116
24 0.097 0.077 0.044 0.112
26 0.097 0.074 0.040 0.109
28 0.096 0.071 0.038 0.106

Consequently, the given building characteristics depend on the initial data and vary greatly
depending on the specific task at hand. The height and length of a multi-story building are assumed to be
b=nb, and a=30m, respectively, and the length, width, and thickness of the foundation are

a, =40m, b, =25m, and H, =1m. Building width H varies. As the value of the dimensionless
frequency of external influence v, approaches dimensionless natural frequency P, the values of

displacements, stresses, forces, and moments increase sharply, which indicates a gradual transition to the
resonant mode.
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Table 2
Given elastic characteristics of the building

Thickness Elastic characteristics of the building
H (M) Ex E2 Es G G Gz
11 1545 1965 458.2 320.0 240.0
13 1369 1789 2154 177.8 133.3
15 1240 1660 129.2 123.1 92.31
18 1100 1520 82.35 94.12 70.59
20 1030 1450 1220 60.00 76.19 57.14
22 972.7 1393 45.82 64.00 48.00
24 925.0 1345 36.21 55.17 41.38
26 884.6 1305 29.37 48.48 36.36
28 850.0 1270 24.32 43.24 32.43
3. Statement of the problem.

The seismic impact on a multi-story building is set by a given law in the form of acceleration of
the base of a multi-story building. Let us assume that the base points move by the given law of movement

uo(t) with acceleration U, (t), and the lower part of a multi-story building moves in the horizontal
direction along with the base.
The movement of the base of a multi-story building U, (t) is given by the harmonic law in the
following form:
Uy (t) = @, cos(@yt)., (7)
Here a, =k.g - maximum acceleration and @, =22v, — circular frequency of the soil base, k.
and v, - earthquake magnitude coefficient and natural frequency of external influence, respectively.

From the differential dependence of the displacement uo in time (2), it is possible to determine the
displacement of the base of the building in the following form:

Uolt) = 2> (- cos@), ®)
Here A,—amplitude of movement of the base, determined by the following formula:
2k
A:) — 02g ) (9)
Wy

Note that the seismicity coefficient of a magnitude nine earthquake is k. =0,4.

4. Analysis of numerical results.

Below we present graphs of changes in normal and general displacements, from which the values
of natural frequencies are determined, see Table 3. Graphs of changes in the values of displacement and
stress were obtained for transverse vibrations of multi-story buildings in the resonant case during an
earthquake of magnitude 8. (k, =0.2). Let us present the results of calculations of natural frequencies,

displacements, and stresses for a 9-story building.
Calculations of displacement and stress were performed for the following values: frequency of

external influence v, =3.2 Hz. The amplitude of the external impact is determined for a nine-story

building during an eight-magnitude earthquake (kc =O.2) according to the formula
2k.g 2-02-9.8

A=)

2 = —0.0097m.
o 2001
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Figure 1 shows graphs of changes over time t of normal displacement values r at the highest point
of a nine-story building near resonant oscillations with a frequency p1=3.301 Hz.
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Figure 1 — Graphs of changes over time t of normal displacement values I atthe highest point of a nine-story building
near resonant oscillations with a frequency p1=3.301 Hz.

As seen from Figure 1, when the external impact frequency values v, are very close to the natural
frequency value p,, then there is an infinite increase in displacements.

Figure 2 shows graphs of changes in the values of the generalized transverse shear function y, at

the midpoint of the upper level of a nine-story building when oscillating with a frequency p1=3.201 Hz
(a beating state).
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Figure 2 — Law of change in the generalized transverse shear function &2 at the midpoint of the upper level of a nine-story

building when oscillating with a frequency p;=3.201 Hz
(a beating state).

According to the graph, it can be seen that for a nine-story building, the displacement value at the
edges of the upper level of the ninth floor of the building is y,=4 cm.

Figure 3 shows a graph of changes over time t in normal stress values o, at the lowest point of a
nine-story building near resonant oscillations with a frequency p1=3.401 Hz.
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Figure 3 - Graphs of changes in normal stress & ; in a resonant case in time, in the middle of the first floor of a nine-story

building.
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As seen from Figure 3, when the external impact frequency values v, are very close to the natural
frequency value p,, then there is an infinite increase in stress o, .

Figure 4 shows the law of change over time t of normal stress values o, at the lowest point of a
nine-story building near resonant oscillations with a frequency p1=3.401 Hz.
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Figure 4 - Graphs of changes in normal stress 622 at a resonant time event in the middle of the first floor of a nine-
story building.

As seen from Figure 4, when the external impact frequency values v, are very close to the natural

frequency value p,, then there is an infinite increase in stress o, .

Let us present the results of calculations of frequency and oscillation periods for nine to twenty-
story buildings near the resonant mode. The dynamic characteristics of a multi-story building are
determined by the resonance method. The frequency values of external impact, starting from a certain
small value, gradually increase. The value of the dimensionless frequency of external impact a,
approaches dimensionless natural frequency p,; this indicates a gradual transition to the resonant mode.

Using the finite difference method, a technique for dynamic calculation of multi-story buildings with
different numbers of floors was developed. Let us present the results of calculations of the frequency,
periods of oscillation, and displacements of points for nine-, twelve-, sixteen- and twenty-story buildings,
near the resonant mode.

Table 3 shows the first three values of natural frequencies pi, p2, ps and periods of natural
oscillations Ty, T2, Tz of nine-, twelve-, sixteen and twenty-story buildings.

Table 3.

First three natural frequencies P1, P2, P3 and periods of natural oscillations Ty, T, Ts of sixteen- and twenty-storey
buildings, depending on three building widths

Ne N”frl‘;%?; o ' bm | Hm | poHz | poHz | p,Hz | T,,sec | T,,sec | T,sec
11 | 3301 | 11.20 | 3655 | 0303 | 0089 | 0.027
1 9 27 | 13 | 3402 | 1152 | 3685 | 0.294 | 0086 | 0.027
15 | 3700 | 1221 | 3765 | 0270 | 0082 | 0.027
11| 1.911 | 7702 | 1543 | 052 | 0430 | 0.065
12 3 | 13 | 2303 | 8201 | 1651 | 0434 | 0122 | 0.061
15 | 2501 | 8600 | 1732 | 0400 | 0116 | 0.058
13 | 1.301 | 5800 | 1250 | 0.768 | 0472 | 0.080
2 16 a8 | 15 | 1611 | 6301 | 1322 | 0620 | 0158 | 0.075
18 | 1.802 | 6704 | 1391 | 0554 | 0149 | 0071
18 | 0901 | 4304 | 9203 | 1.109 | 0232 | 0.108
20 60 | 20 | 1002 | 4503 | 9.504 | 0.998 | 0.222 | 0.105
22 | 1201 | 4601 | 9802 | 0832 | 0217 | 0102
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Now, we present the results of calculations of forced vibrations of high-rise buildings within the
framework of the continuum plate model according to Timoshenko’s theory.

Table 4 shows the first three numerical values of the natural vibration frequencies of buildings with
the number of storeys 9, 12, 16, 20, using a continuum model of the building.

Table 4.
Natural frequencies of three vibration modes of buildings in the continuum model
Noo| NUROTOT | hm | Hm | pLHz | pHz | pHz | Tysec | T,sec | T,sec
1 9 27 11 0.65 3.15 9.10 1.54 0.32 0.11
2 12 36 13 2.05 3.35 4.65 0.49 0.30 0.22
3 16 48 15 1.4 3.10 3.62 0.71 0.32 0.28
4 20 60 18 1.0 2.52 3.81 1.00 0.40 0.26

Note that the seismicity coefficient of an eight-magnitude earthquake is k.=0.2

Now we present the results of calculations of displacements, accelerations and stresses obtained
during forced vibrations of multi-story buildings and foundations under seismic impacts with an intensity
of 9 points, with the frequency of external influence of the soil conditions of our republic. When
determining the reduced moduli of elasticity and shear of external walls, taking into account window
openings, we apply the methodology given in [15] in the form of approximate formulas:

Elgiven _ El(l—n} Egiven = Ez(]_—’]} Glgzi"en 2612(1—77} Glg;"eﬂ =Glg(1—77]_ (10)
n o , Mo

where E;, E;, G,,, G,;— elasticity and shear moduli of external walls, 7, 77, - constant odds.

To solve the problem numerically, the finite difference method was chosen. To approximate the
derivatives of displacements along spatial coordinates, we will use the formulas of central difference
schemes.

We select the calculation steps based on spatial coordinates and time as follows:

a b

AXJ_:Nl AX:Z:M’ CAtSmin(Axl’sz).

where introduced C =/ E/p .

Note that in the contact zone of a rigid foundation and a multi-story building, rather large contact
compressive and tensile stresses are generated. The height for nine-story, twelve-story and sixteen-story
buildings is assumed to be 30 m, 40 m and 51 m, respectively. Calculations were performed for multi-
story buildings during magnitude nine earthquakes, which are specified through the corresponding
seismicity coefficients ks. In the calculations, the building walls, floors and coverings are considered to
consist of reinforced concrete. Let us present the results of stress calculations at the lowest points of load-
bearing walls of multi-story buildings.

Calculation results for a 9-story building.

The height and width of the building are assumed to be equal b=30 m, a=30 m and A=13m
respectively. Let us present the numerical results of stresses obtained during transverse vibrations of a 9-
story building during a magnitude 9 earthquake.

In Figures 5. and 6 show graphs characterizing changes in the maximum normal voltage o;,, o,,
in the middle of the first floor of a nine-story building from time t, corresponding to magnitude nine

earthquakes k., =0,4 and v, =2,7.
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Figure 5 - Graph of changes in normal voltage 07, intime  Figure 6 - Graph of changes in normal voltage 0, in time
in the middle of the first floor of a nine-story building. in the middle of the first floor of a nine-story building.

Table 5 shows the minimum and maximum stress values obtained during transverse vibrations of
a 9-story building.
Table 5.

Values of the first natural frequency, maximum and minimum stresses of a 9-story large-panel building
during earthquakes with a magnitude of 7-8-9 points

No H, k | Yo Py 011, MPa 0%, MPa r, m/SECZ’
m Hz Hz min ma X min max min max
1 0.1 -2.42 2.43 -9.880 10.70 -7.45 70.1
2 13 0.2 2.7 3.05 -4.07 4.07 -20.11 21.20 -14.9 13.3
3 0.4 -6.52 6.55 -25.02 25.03 -30.1 26.9

The height and width of the building are taken to be b=30 m and a=30 m, respectively. Note that
the minimum and maximum values of tangential and normal stresses were found during forced transverse
vibrations in the middle and quarter of the length a = 30 m of the multi-story high-rise building under
consideration.

Calculation results for a 12-story building.

Let us present the numerical results of stresses obtained during transverse vibrations of a 12-story
building during a magnitude 9 earthquake. The height and width of the building are taken to be b=40 m
and a=30 m H=13, respectively.

Graphs of maximum stresses in the middle of the first floor of a twelve-story building versus time

t during magnitude nine earthquakes are presented. k. =0,4.

Figures 7 and 8 show a graph characterizing changes in the maximum normal stress o, , o,, in the
middle of the first floor of a twelve-story building from time t, corresponding to magnitude nine
earthquakes k, =0,4 and v, =2,7.
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Figure 7 - Normal voltage change graph &, intimeinthe  Figure 8 - Graph of changes in normal voltage ©,, intime
middle of the first floor of a twelve-story building. in the middle of the first floor of a twelve-story building.
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Table 6 shows the minimum and maximum stress values obtained during transverse vibrations of
a 12-story building. The height and width of the building are taken to be b=40 m and a=30 m,
respectively. Note that the minimum and maximum values of tangential and normal stresses were found
during forced transverse vibrations in the middle and quarter of the length

a = 30 m of the multi-story high-rise building under consideration.
Table 6
Values of the first natural frequency, maximum and minimum stresses of a 12-story large-panel building during an
earthquake of 7-8-9 magnitude

Ne | Hm K Vo, D, Hz 011, MPa 02 , MPa r, mlsecz,
Hz min max min max min max
1 0.1 -1.90 2.00 -7.95 8.91 -6.52 6.53
2 13 0.2 2.7 2.2 -3.50 3.70 -14.8 16.0 -12.5 13.2
3 0.4 -7.10 7.55 -30.3 31.2 -25.1 25.6

Calculation results for a 16-story building.

The height and width of the building are taken equal to b=51 m, a=30 m and H=15 m, respectively.
Let us present the numerical results of stresses obtained during transverse vibrations of a 16-story
building during a magnitude 9 earthquake.

Figures 8 and 9 show graphs characterizing changes in the maximum normal stress o,,, o©,, Iin
the middle of the first floor of a 16-story building from time t during magnitude nine earthquakes
k.=0,4 and v, =2,7.
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Figure 8 - Graph of changes in normal voltage 07, intime  Figure 9 - Normal voltage change graph O, in time in the
in the middle of the first floor of a sixteen-story building. middle of the first floor of a sixteen-story building.

Table 7 shows the minimum and maximum stress values obtained during transverse vibrations of
a 16-story building. The height and width of the building are taken to be b=51m and a=30m H=15,
respectively.

Table 7

Values of the first natural frequency, maximum and minimum stresses of a 16-story large-panel building
during an earthquake of 7-8-9 magnitude.

N | Hm | ok | Yo | Po Ou1, Mlla O, Mila r ol cex”
Hz Hz min max min max min max
1 0.1 -0.9 0.8 -4.01 3.70 -3.91 3.85
2 15 0.2 2.7 1.5 -1.7 1.6 -8.00 7.61 -6.92 6.95
3 0.4 -3.59 3.31 -15.9 15.0 -14.5 14.5

Calculation results for a 20-story building.

The height and width of the building are taken to be a=30m, b=72m and H=18m, respectively. Let
us present the numerical results of stresses obtained during transverse vibrations of a 20-story building
during a magnitude 9 earthquake.
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Figures 10 and 11 show graphs characterizing changes in the maximum normal stress o;;, o,, in
the middle of the first floor of a twenty-story building from time t during magnitude nine earthquakes
k. =04 and v, =2.7.
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Figure 10 - Graph of changes in normal voltage 07, in Figure 11 - Normal voltage change graph O, intimein
time in the middle of the first floor of a twenty-story the middle of the first floor of a twenty-story building.

building.

Table 8 shows the minimum and maximum stress values obtained during transverse vibrations of

a 20-story building. The height and width of the building are taken to be a=30m, b=72m and H=18m,

respectively. Note that the minimum and maximum values of tangential and normal stresses were found

during forced transverse vibrations in the middle and quarter of the length a = 30 m of the multi-story
high-rise building under consideration.

Table 8

Values of the first natural frequency, maximum and minimum stresses of a 20-story large-panel building
during earthquakes of magnitude 7-8-9.

o o r, m/sec’
No H, Kk vy, Hz D, Hz 11, MPa 22, MPa ,
m min ma X min max min max
1 0.1 -0,45 0,45 -2 2 -7.95 8.55
2 18 0.2 2.7 0.905 -0,9 0,9 -4 4 -16.0 16.7
3 0.4 -1,8 1,8 -8 8 -30.6 31.8
5. Conclusion.

Formulas are given for determining the elastic characteristics of a plate model of multi-story
buildings, considering their design features.

For various options of geometric dimensions, numerical results of calculations of displacements
and stresses under transverse vibrations of multi-story buildings were obtained.

Based on the application of the resonance method, the first three values of the natural frequency of
a multi-story building with the number of floors ranging from nine to twenty floors were determined.

Based on the analysis of numerical results, it was established that the plate model is suitable for
describing the dynamic behavior and calculating the stress-strain state of multi-story buildings under
seismic impacts.
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AMPLITUDE-FREQUENCY RESPONSE OF SEISMIC-ISOLATED HIGHWAY BRIDGES
AT DIFFERENT COMBINATIONS OF SPAN LINKS

Uzdin A.M.%, Shermukhamedov U.Z.2, Rakhimjonov Z.K. 2, Gulomov D.l.2
‘Emperor Alexander | St. Petersburg State Transport University.
Saint Petersburg, Russia
2Tashkent State Transport University, Tashkent, Uzbekistan
E-mail: ulugbekjuve@mail.ru

Abstract: The features of calculating seismic resistance and studying the amplitude-frequency response of seismically
isolated road bridges with various combinations of superstructure links are discussed in the article. An example of
constructing the amplitude-frequency response of a system is given: a rigid support part on one span and a seismic isolating
support part on the other, and seismic isolating support parts on both spans resting on a support. Possible options for
installing isolating supporting parts are indicated and the case of simple seismic isolation, when fixed supporting parts are
replaced with isolating ones, is considered in detail. The setting of the rigidity and damping of seismic isolation is determined
by the allowable displacements of spans relative to supports.

Keywords: amplitude-frequency response, span structure, rigid supporting part, seismic isolating supporting part,
damper, road bridge, seismic load, seismic impact.

Introduction

In Uzbekistan, like in other countries, bridge supports are constructed with sturdy and heavy
structures. The support body must be designed to withstand seismic loads, which in turn results in an
increase in the load. Therefore, it is advisable to use special methods of seismic protection, particularly
by incorporating movable supporting parts that offer seismic isolation, to protect the piers.

Issues on improving the methodology for calculating transport structures, in particular bridges,
for seismic resistance are currently acquiring special relevance in connection with the widespread
development of construction in seismic areas. The works of K.S. Zavriev [1], G.N. Kartsivadze [2], G.S.
Shestoperov [3], A.A. AmosovV [4], O.N. Eliseev, A.M. Uzdin [5-7], E.N. Kurbatsky [8], I.0. Kuznetsova
[9], U.Z. Shermukhamedov [10, 11], T.V. Zhgutov [12], and others are devoted to methods for
calculating bridges for seismic impacts.

In [13], the problem of harmonic oscillations of a linear damped system with inhomogeneous
damping was considered. An example of constructing the amplitude-frequency response of a system with
two dynamic vibration absorbers and three peaks in the amplitude-frequency response is given. The
proposed formulas for calculating displacements are convenient for constructing the amplitude-
frequency response of damped systems with viscous, hysteretic, and mixed types of damping. Based on
the developed methodology, options for the technical implementation of the proposed seismic protection
systems for bridges are proposed. This solution concerning a specific bridge is discussed.

The impact of adjustment errors on the efficiency of dynamic dampers of various masses was
studied in [14]. Three types of damper are given there as an example. The obtained estimates make it
possible to significantly simplify the task of designing seismic protection devices for bridges since they
give the designer a wide opportunity to choose the size and rigidity of the designed elements of seismic
protection devices.

At present, in the world practice of earthquake-resistant construction, the most important issue is
to conduct dynamic calculations of structures based on seismograms of earthquakes. Such calculations
are especially important when designing seismic damping and isolation systems for large multi-span
bridges, unique buildings, and other critical objects, when assessing the damageability of structures, etc.
Currently, two opposing approaches have emerged when modeling based on calculated accelerograms:
modeling the impact on the construction site and modeling the impact on the structure. In [15], the
kinematic, spectral, and energy properties of the impact are highlighted. The values of the energy
characteristics 1a, CAV, SED, the harmonicity ratio » and base accelerations PGA should be set to
correspond to the values of the same characteristics at the construction site with a given adequacy. The
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impact hazard assessment for a structure is conducted using spectra of kinematic quantities and work
spectra of plastic strain forces.

Statement of the problem

Proposals for seismic isolation of a road bridge are discussed in this article. Span structures with
a length of 33 m and a weight of 1343.8 tons rest on channel piers having a height of 5.200 m. The
intermediate piers rest on a pile foundation 16 m long; the piles are connected using monolithic reinforced
concrete grillages. The bridge scheme is shown in Fig. 1. The scheme of intermediate piers is shown in

Fig. 2
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Figure 1 - Schematic of the road bridge )
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Figure 2 - Schematic drawing of piers

During the design process of the bridge crossing, a decision was made to use simple seismic
isolation at this site, where each span has a movable support at one end. In this case, the bridge supports
operate independently, and the non-uniformity of the acceleration field along the length of the bridge
can be ignored.

The following options for connecting the support and spans are possible:

— a rigid support part on one span and a seismic isolating support part on the other;
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— seismic isolating supporting parts on both spans resting on the support.
The considered methods of connecting spans lead to the simplest design schemes of support,
shown in Fig. 3. The schemes have two degrees of freedom.

7’ 7’

a) b)
Figure 3. - Calculated schemes of the support at different connection of spans with supports:
a - seismic isolating + rigid support part; b - seismic isolating + movable part

Research methods.

For each of the above options, the amplitude-frequency responses are determined, which include
the rigidity coefficient “c” and the inelastic resistance coefficient “y” in the element connecting the
span to the support. For this purpose, a standard method was used, widely described in literary sources
[16]. Following it, amplitude-frequency responses (AFR) are determined by selecting the damping
rigidity of the elements on the grid so that the relative displacements are minimal. The algorithm
proposed in [14] was used to determine displacements.

Equation of motion for hysteretic damping according to E.S. Sorokin has the following form:

Mg+ B.q+Rq=Psinwt : 1)
where B, is the hysteretic damping matrix; M is the matrix of inertia of the system; R is the stiffness
matrix; P is the vector of impact amplitudes; o is the frequency of excitation; q is the vector of
displacements of generalized masses; g is a vector complex conjugate to q according to E.S. Sorokin
[15].

Matrix Bc is constructed using the E.S. Sorokin generalized hypothesis with the same formulas
as the stiffness matrix R when replacing the elasticity modulus of each element E with the product y-E,
where y is the coefficient of inelastic resistance in the material
When calculating building structures, the Sorokin matrix is often replaced with a matrix of
equivalent viscous damping. There are several ways to do this [18]. The most effective method is the
distribution of attenuation proportional to the energy of the vibration modes. The following formula is
used:

B,=B;-X-K1-Xx1, )
where X is the matrix of eigenvectors of the undamped system, (matrices M~1R ); K? is the diagonal
matrix of eigenvalues of matrix M~1R.

After approximate replacing of hysteretic damping with equivalent viscous damping, equation (1)
takes the following form:
Mg+ B.q+Rq=Psinwt (3)
The solution to the equation is given in [11] in the following form:
S(w)=(w?* B, - (R—A-w*)1-B, +(R—A-w?))1-P
Clw)=—(R-A4-w>)1 B, v S(w),
As shown in [14], this solution leads to errors in the resonance region, and the authors proposed in
[14] the solution in the following form:

€@ =G (A w*~R) B (40 ~R) +B, )P 4)
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S =(C-B. (A 0= R) - C(w) (5)

Using formulas (4, 5) by iterating the values of C and ¥ on a grid of their possible values, the
sought-for settings for the parameters of rigidity and damping were obtained, minimizing the amplitude
of oscillations of the support and the frequency response corresponding to the found values of the
parameters.

To simplify the AFC optimization procedure, the original equations were de-dimensionalized. To
do this, all equations were divided by the reduced mass of the support. Then the stiffness and inertia
matrices take the following form:

For scheme a:

v 0 f+f2v —ff-v
M=(O V1> R=<—f121-v ffl-v ; (6)
Here v ="00 ¢ X p - %
! ko’ m1+m0
For scheme b:
2. — 2-
M=<1 O) R = 1+}2C1 v ];1 v; )
O V1 —fl'v fl'V

Optimization was conducted by setting parameters f; and f. (rigidity of the insulating supporting
parts) and damping parameters y1 and ya.

During the optimization process (selection of parameters), it was considered that the displacements
of spans relative to supports should be limited following the conditions of ensuring the operation of
expansion joints. For this purpose, the maximum displacement of the superstructure uiim under static load
was introduced:

Si =m; Ag, (10)
where A is the acceleration in fractions of the acceleration of gravity g.
Limit static displacement is:

_Si_Agm; _ Ag
Uiim = C; - C; kiZ’ (11)
hence
k2 =29
Ulim

Moving on to dimensionless settings, we obtain the maximum dimensionless rigidity of the
insulating supporting parts:

e (12)

= uymk?®
Analysis of results

To perform the necessary calculations, a dynamic calculation of a freestanding support was
previously conducted. The period of oscillations To of the support without spans and the displacement
8,1, of the top of the support under the action of a unit load were determined:

To=0.314s; k=20s"; §,, = 2:1.8328-10* m/kN.
The reduced mass of the support is determined by maintaining the compliance of the top of the

support to ensure the period of its oscillations. The result is:

c T2

m=15 =5 =27.12¢ (13)

It is crucial that the weight of the spans is significantly greater than the weight of the support.
vi=v2=1343.8/27.12 =49.26
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With this weight ratio, the dynamic displacements of the support and the load on it are determined
solely by the load from the span structure. This is illustrated by the frequency response normalized by
the static displacement amplitude of the support without a span (Fig. 4).
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Figure 4.- Frequency response of vibrations of the top of the support without a superstructure
(solid curve) and with a superstructure (dotted curve); displacement in meters

Consider simple seismic isolation of one span, which, in principle, can be used as a dynamic
vibration absorber (DVA). As is known, the critical weight of the DVA is about v~2 [7], and considering
damping, it is significantly less. This means that the damping effect is not realized in an isolated span.
Optimization of the setting in the absence of limitations leads to the transformation of the isolating
supporting parts into a Lanchester damper [19], the isolation rigidity is 0, and the damping is greater than
the critical one. Unfortunately, in this case, the displacement of the span relative to the support is several
meters. Thus, seismic isolation should be made as flexible as possible, based on acceptable
displacements in expansion joints. Modular expansion joints with rubber expansion pieces can provide
up to half a meter of motion. When developing technical solutions for seismic isolation for the bridge in
question, the authors proceeded from virtual displacements of the span relative to the support within the
range of 6-12 cm.

Despite the obvious approach to seismic isolation for the case under consideration, the issue of
setting rigidity and damping in the seismic isolation system remains unclear since they influence the
effect of seismic isolation and the displacement of the superstructure, and this influence is not
unambiguous.
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Figure 5. — Frequency response of vibrations of the top of a support with an isolated span
when the acceptable compliance of seismic isolation is exceeded: red line — displacement
of the top of the support, blue line — displacement of the span
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Figure 5 shows two possible frequency response systems with seismic isolation, which are difficult
to implement. In Fig. 5, the rigidity of the insulating supporting parts is given by the following
parameters: a — f=0.01, b — f=0.075. In the first case, the displacement of the span Usp reaches 14 m,
which makes the example purely theoretical. In the second case, Us, = 0.448 m, and the displacement of
the top of the pier is Upier = 0.174 m. Mutual displacement is A = 0.274 m. The expansion joint for such
a displacement is quite complex.

Figure 6 shows the frequency response with acceptable seismic isolation rigidity. In Fig. 6a, the
minimum rigidity, from our point of view, is set for Usp = 0.377 m, and Upier = 0.207 m; and mutual
displacement is A=0.207 m. Figure 6,b shows the case of maximum isolation rigidity for Us=0.452 m,
and Upier=0.395 m; mutual displacement is A=0. 07 m. With a further increase in rigidity, the effect of
reducing the seismic load becomes insignificant.

(0207
0377

a) b)
Figure 6. — Frequency response of vibrations of the top of a support with an isolated span

structure with acceptable compliance of seismic isolation: red line — displacement of the top of
the support, blue line — displacement of the span structure

The choice of acceptable seismic isolation rigidity for v>2 significantly depends on damping. At a
fixed rigidity, the displacements of the superstructure drop with increasing damping. In all cases, the
damping must be significant. Figure 7 shows the dependence of the displacement of the span on damping
y for f=0.15. For acceptable displacements, the value of y must be greater than 1, i.e. higher than 50%
of the critical value.

Figure 7. — Dependence of superstructure displacements on the frequency response on DVA
damping
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When calculating a seismic isolation system using the linear-spectral method, considering modal
attenuation in the system, the calculated isolation efficiency is quite high.

Conclusion

1. The problem of seismic isolation of a road bridge with light frame supports and heavy reinforced
concrete spans is considered. The relative weight of the span structure is very large and does not allow
its use as DVA of supports, but seismic isolation of the span structure is quite acceptable.

2. Possible options for installing isolation supporting parts were indicated and the case of simple
seismic isolation, when fixed supporting parts are replaced with isolating ones, was considered in detail.
The setting of the rigidity and damping of seismic isolation is determined by the acceptable displacements
of spans relative to supports. In this case, seismic loads on the support can be reduced by more than 2
times.

3. For any case of an acceptable setting, the damping in the isolation system must be significant
and be at least 50% of the critical value. In this case, for a given damping, there is an optimal isolation
setting that minimizes the displacement of the span.
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ATTENUATION OF SEISMIC SURFACE WAVES AFFECTING THE BUILDING USING
VARIOUS BARRIERS
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Abstract: In the article, the effect of seismic surface waves on the building was determined using the Plaxis 3D software
complex using the Finite Element method. To reduce the effect of seismic surface waves on the building, an open circular
trench was designed 10 meters away from the building. The open trench is filled with 3 different materials. The first is GEO
FOAM EPS 19, the second is industrial waste car tires and the third is tire particles. The obtained results were comparativel y
analyzed. Based on the calculations, it was determined that if the elastic modulus of the material inside the open trench is
low, and the density is high, the level of seismic surface waves is significantly dampened.

Keywords: Building, seismic surface waves, finite element method, theory of elasticity, trench, seismic bar rier, Geo
Foam EPS 19, car tire, ground model.

1. Introduction.

The main purpose of seismic barriers is to protect the area where buildings and structures are
located from seismic surface waves. Depending on the propagation characteristics of seismic surface
waves, different types and design solutions of seismic barriers can be used. Vertical barriers can also be
used to dampen seismic surface waves. Therefore, passive protection can be achieved by filling in open
circular trenches.

2. Research materials and methodology

Circular pile foundations for seismic protection were developed by Kalmatron® Corp. (USA). This
barrier, according to the developer, ensures the reduction of seismic vibrations by ensuring the uniform
operation of the "soil-foundation” system. With such a project, it was possible to reduce the spread of
seismic surface waves [1].

Revle to'lgini

Figure 1. - Rayleigh surface wave propagation scheme.

Researcher A. V. Dudchenko [2] analyzed the interaction between Rayleigh surface waves and
vertical seismic barriers using an elastic plane and spatial models to optimize the damping properties of
vertical seismic barriers. Based on calculations, he determined that the reduction of vibrations in the zone
protected from Rayleigh waves depends on the mechanical parameters of the barrier material and its
geometric configuration. He accepted the size of the barrier and its attenuation coefficient as objective
functions. Two problems are considered: finding the optimal value of the damping coefficient with the
limitation of the size of the barrier and finding the minimum size of the barrier with the limitation of the
damping coefficient. For both problems, he constructed a solution algorithm using the Kunn-Tucker
condition and provided an example of a solution using it [3].

This article deals with the backfilling of an open circular trench to reduce seismic surface waves.
Several issues have been considered to reduce the effect of Rayleigh surface waves on building floors.

In the issue under consideration, the effects of the Rayleigh surface wave on the building and the
dependence on the ground are determined and compared.
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In order to apply the numerical method, a straight parallelepiped with dimensions of 200 m length,
100 m width, and 50 m depth was selected from the area where seismic waves are propagating. In this
case, boundary conditions are imposed on the edges of the parallelepiped, which transmit the wave to
infinity. The issue also takes into account the influence of underground water at a depth of 25 m from the
surface of the earth. The building, located on the free surface of the parallelepiped, is 24 m long, 24 m
wide and 27 m high, and the ground part is 3 m deep. The thickness of the 1st layer of soil is 5 meters,
and the thickness of the 2nd layer is 45 meters.

Solving problems of seismic surface wave energy propagation was carried out using the Plaxis 3D
software using the finite element method.

Figure 2. - Model section Figure 3. - Dividing the model into finite elements

When we replace the infinite half-space with a finite sphere. The following conditions are set at
the boundaries, which ensure that the waves tend to infinity [3,7].

oy = aplu o, = apV,v o, = apVpw
Tyz = prSu Txz = prsW Ty = prSu (1)
Tzy = bpVsw Tz = bplsul Tyx = bpVsv

The research area is divided into 46095 finite elements and 86975 nodes. The shapes of the finite
elements are chosen in the form of an irregular tetrahedron. The order of the resulting system of second-
order linear differential equations of motion is 260925.

Seismic waves propagated during an earthquake affect the earth's surface through a dynamic load.
Here we imagine that the Rayleigh wave moves along the x-axis. Taking into account the physical and
mechanical properties of the material, we determine the movement of seismic waves in the soil through
the displacements of finite element nodes.

A dynamic model of the problem-solving space is presented in Figure 3.

The system of time-dependent motion differential equations of a discrete system created by
applying the finite element method to the model under the influence of dynamic load is expressed as
follows [3- 6]:

[M]{i(8)} + [C){u(®)} + [K]{u(®)} = {F(£) } (2)

The order of this equation is 86975 x 3 = 260925

Here [M] — is the mass matrix, [C] - is the damping matrix, [K] — is the singularity matrix, and
{F(t)} is the dynamic load vector. {u(t)} — displacement, {it(t)} — velocity, and {it(t)} — acceleration
are continuous functions of time. The mass of materials (soil + water + any structure) is taken into account
in [M] matrix [3 - 6].

In the numerical representation of the problem of dynamics, the formation of iteration over time is
an important factor for the stability and accuracy of the calculation process.

We take Newmark's time iteration coefficients as @ = 0.25 and 8 = 0.5. Properties of the soil are
listed in Table 1.
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Soil properties

Table 1

Name

Unit of measurement

Designation

Name of the grunt

Loam Pebble

General characteristics of the soil
Soil model - - Linear elastic Linear elastic
Soil feature - - Dried Dried
The specific gravity of the upper
layer of the soil under the influence kN/m3 Yunsat 16 19
of underground water
The specific gravity of the bottom
layer of the soil under the influence kN/m?3 Vsat 17 20.5
of underground water
Initial porosity coefficient - €init 0.5 0.5
Young's modulus (constant) kN/m? E 50000 90000
Poisson's ratio - v 0.35 0.3
Longitudinal wave speed m/s Vp 218.4 250.1
Transverse wavelength m/s Vs 104.9 133.7

General characteristi

cs of the building

Model type - - Elastic
Modulus of elasticity kN/m? E 27500000
Poisson coefficient - v 0.2
Density kN/m3 y 24
General characteristics of the barrier
Geo foam EPS 19
Model type — - Elastic
Modulus of elasticity kN/m? E 8800
Poisson coefficient - v 0.1
Density kN/m?3 y 0.184
Car tire
Model type - - Elastic
Modulus of elasticity kN/m? E 1000
Poisson coefficient - v 0.3
Density kN/m?3 y 12
Tire particles
Model type - - Elastic
Modulus of elasticity kN/m? E 1000
Poisson coefficient - v 0.3
Density kN/m3 y 22

Solving the system of equations (2) determines the effect of seismic surface waves on the building.
Then, to determine the extinction coefficients, problems related to filling material into a circular open

trench are solved.
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Figure 4. - Circular open trench model Figure 5. - Model of a trench filled in.

Seismic waves propagated during an earthquake affect the earth's surface as a dynamic load. We
create the propagation of seismic surface waves by harmonic force. The phase of the harmonic force is
0, the amplitude is 1, the frequency is 10 Hz, and the duration is 5 seconds.

1,00

0,00

Dynamic multiplier

-1,00{
0,00 0,0200 0,0400 0,0600 0,0800 0,100 0,120 0,140 0,160 0,180 0,200
Time [s]

Figure 6. - Law of harmonic force

Figure 7. - Comparison of displaceme‘;ﬁa}aphs on the floors of the building

Table 1
The highest displacement amplitudes in the z-axis when the building is affected by seismic surface waves
No barrier Barneys - -
Geo Foam EPS 19 Car tire Tire particles
Name Displacement | Displacement Displacement Displacement
Efficiency Efficiency Efficiency
(mm) (mm) (mm) (mm)
ground floor 2,59 2,23 1,16 1,82 1,42 1,64 1,58
1st floor 2,59 2,17 1,19 1,74 1,49 1,57 1,65
2nd floor 2,26 1,68 1,35 1,32 1,71 1,20 1,88
3rd floor 1,80 1,23 1,46 0,99 1,82 0,91 1,98
4th floor 1,31 0,89 1,47 0,84 1,56 0,81 1,62
5th floor 0,83 0,65 1,28 0,70 1,19 0,66 1,26
6th floor 0,76 0,65 1,17 0,71 1,07 0,70 1,09
7th floor 0,99 0,93 1,06 0,93 1,06 0,89 1,11
8th floor 1,16 1,07 1,08 1,09 1,06 1,02 1,14
9th floor 1,25 1,15 1,09 1,17 1,07 1,10 1,14
roof of the 128 116 1,10 1,10 1,08 1,12 1,14
building
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3. Conclusion.

Issues related to the propagation of seismic surface waves in the building were calculated when the
seismic barrier was used and when the seismic barrier was not used. When solving the problem, the
obtained results were compared. It was found that when using a barrier filled with tire particles, the
displacement is 1.58 times in the ground part of the building, 1.65 times on the 1st floor, 1.88 times on
the 2nd floor, 1.98 times on the 3rd floor, 1.62 times on the 4th floor, On the 5th floor, it was determined
that the level of wave vibration was reduced by 1.26 times and on the floors above by an average of 1.12
times. As a result, it was noted that the effectiveness of the barrier reduces the level of vibration in the
building by 1.42 times. based on the obtained results, we can say that using a barrier filled with tire
particles can significantly reduce seismic surface waves in the building. It was found that using materials
with a low modulus of elasticity and high density when filling an open trench can significantly reduce
the level of seismic surface waves in the building.
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Abstract. The paper presents modern approaches and provisions to the calculations of buildings with a special
combination of loads, taking into account seismic impacts according to the norms of different countries. Some results of the
researches are highlighted, which can be recommended in design practice and for the further scientific work, when creating
new regulatory documents in Uzbekistan. Based on the analysis of formulas (2.9-2.11) of Building Codes and Norms QMQ
2.01.03-19, the dependence of the reduction coefficient values on the permissible relative inelastic deformation of elements
and the period of natural vibrations of buildings (structures) is analyzed.

Keywords. seismic effects, seismic safety of a structure, building calculation, reduction factors, spectral method.

1. Introduction

The document defining further directions for the development of the construction industry of the
Republic of Uzbekistan (RUz) in the field of earthquake-resistant construction, reconstruction,
restoration, and strengthening of buildings, structures, and historical monuments of the country, taking
into account advanced foreign experience and international standards, while ensuring harmonization
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(ensuring mutual compliance) of relevant regulatory documents in Uzbekistan with those of leading
countries has been adopted as a Resolution by the Cabinet of Ministers of RUz [1]. At the same time,
improvements to the structure and content of Building Codes and Norms (hereinafter referred to as the
“QMQ”), enhancements to calculation methods, improvements in the quality and reliability of performed
calculations and their assessment for reliability, with a focus on ensuring seismic safety for the
population, which is a socio-economic issue have become particularly significant [1-2, 6-11].

2. Materials, methods and object of research

The results of the study [6-8, 23] are focused on analyzing foreign experience in using regulatory
documents, related to the facility design in seismic areas, including Eurocodes, international building
codes of the United States, United Kingdom standards, Japanese national standards, Chinese national
building codes, Korean building regulations, building codes of the Russian Federation and other countries
of the Commonwealth of Independent States (CIS) and others, as listed in Appendix Nel to the Decree
of the President of Uzbekistan Ne DP-5963 dated March 13, 2020. The aim is to harmonize QMQ with
foreign regulatory documents in order to preserve and maximize the existing benefits of the QMQ, while
minimizing its disadvantages. It is also advisable to summarize the experience of certain CIS countries
(Russia, Belarus, Kazakhstan, Ukraine, etc.) that have already, to some extent, implemented the
“updating” of their standards, taking into consideration Eurocode-8 [6-9, 23].

3. Setting the task

It should also be noted that in the national standards of different countries regarding earthquake-
resistant construction, nonlinear effects are taking into account when determining the calculated seismic
loads in three directions.

1. The use of reaction spectra for inelastic systems, followed by calculation according to the linear
spectral theory (LST), is used in the United States [5, 12-13].

2. The use of elastic system reaction spectra, with the subsequent introduction of a reduction
coefficient directly into the LST calculation formulas, is used in Russia, in countries of the
Commonwealth of Independent States (CIS), Eurocode 8, the regulations of China, India, Turkey,
Algeria and other countries [4, 12-22].

3. Calculation based on the reaction spectra of elastic systems in accordance with LST [2-3], with
the subsequent introduction of a reduction coefficient for different structural system elements into the
formula for determining the forces in these elements - used in the RUz, when applying the spectral
method of calculation for seismic (conditionally static) loads in accordance with clause 2.6b of QMQ
2.01.03-19 [2]. According to paragraphs 2.6 of QMQ, a dynamic method of calculation is implemented
for actual or simulated seismic effects, where the forces from a particular combination of loads are
determined considering shear forces from seismic impact that are numerically equal to limiting elastic
reactions.

The prerequisites and calculation methods used in the spectral method as described in clause 2.6b
of QMQ 2.01.03-19 [2] must be reviewed and revised due to a significant shortcoming in the calculation
of building (structure) seismic impacts — the lack of equilibrium in the combination of forces in certain
sections of structural elements adjacent to nodes in the structural system. This is caused by the location
of the reduction factor r in formula (2.8) [2] outside the root term, as well as the use of different
coefficients p and reduction factors for different structural elements with different degrees of
responsibility in the transition of the building (structure) from the elastic state to the limit state when
calculating the design forces for a specific combination of loads. This makes it difficult to compare the
results with those obtained using other standards. To address the issue of the shortcoming of QMQ
2.01.03-19 [2] in the calculation process as per clause 2.6b, it can be accomplished in the simplest manner
by incorporating a single reduction factor r into formulas (2.3) and (2.4) of QMQ. This would allow for
the differentiation of responsibilities among different components of the structural system. For instance,
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this can be achieved by incorporating responsibility factors when selecting the cross-sectional
dimensions of components.

4. Results

In accordance with clause 2.21 of QMQ 2.01.03-19 [2], when calculating buildings and structures
according to clause 2.6(0) to ensure that the Limit State LS-1 is not exceeded, the calculated forces in
the components of the structural system for a specific load combination, including seismic forces are
determined by using formula (2.8). When considering the reduction factors r before the root of formula
(2.8), a premise is made that the forces in the components are calculated based on the corresponding
forces in an elastic system, various reduction factors (attenuation) applied to them, whose values are
normalized based on the type of structural system, material, and the importance of the components in
terms of the transition of the system to its ultimate state. A different calculation method is associated
with considering the reduction factors in formula (2.8) and not in the formulas (2.3-2.4) of the QMQ,
leading to the occurrence of unbalanced force combinations in the elements at the junctions to the nodes
[6-7, 9]. The values of forces in sections of the considered elements from individual loads determined
with a reduction factor r = p = 1,0, assuming elastic deformation of the structure, yields significantly
larger the calculated force combinations in sections of the same elements (the worst combinations).
Verification of the absence of the Limit State in LS-2 is carried out in the same manner as for an elastic
system (at r = pu = 1,0), which should not be the case, using the assumption of deformation equality of
elastic and non-elastic systems.

Within the same QMQ, different approaches are employed to account for the reduction factor.
When calculating the “Spectral Method”, various values of the limiting relative nonelastic deformation
u (based on Table 2.11) and reduction factors r are applied for different components of buildings.
However, when using the “Dynamic Method”, a single value of [u;] (based on Table 2.5) is utilized, and
consequently, a single reduction factor r is applied to the entire building (structure) depending on its
design, and not for the individual elements.

5. Analysis of the results

In accordance with clause 2.22 of the QMQ 2.01.03-19 standard, the reduction coefficient r is
determined using the formulas (2.9-2.11). Previously, its values could be obtained from Figure 2.3 of the
QMQ 2.01.03-96 standard, depending on the values of the maximum permissible relative inelastic
deformation p of the elements (as specified in Table 2.11 of the standard):

r=1-0,07-u-Ty, (2.9)
r, =0,03+1,95-T,, (2.10)
7 =0,85"u~%7, (2.11)

By analyzing the given formulas, we found that when solving in a joint decision of formulas
(2.9)...(2.11), the obtained values of the natural oscillation periods T; do not to correspond with their
inflection points T, as shown in Figure 2.3 of QMQ 2.01.03-96 [3]. In addition, there were no lines in
the graph corresponding to the other values of p in Table 2.11 (u =35 u=4,u=6;, u=7;, u = 8),
which raises concerns about the accuracy of Figure 2.3 in QMQ 2.01.03-96. Due to these shortcomings,
Figure 2.3 has been excluded from QMQ 2.01.03-19.

We attempted to analyze formulas (2.9)-(2.11) by solving them jointly for the values T; = T,.

- In the first case (2.9) + (2.10), the formula is derived as follows:

T, =0,97/(195+ 1,07 - ). (2.12a)
- In the second case (2.10) + (2.11), the following formula is derived:
T, = (0,85 u~%7 —0,03)/1,95. (2.12b)

- In the third case (2.9) + (2.11), the formula is derived as follows:
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T,=(1-0,85-u"9%7)/(1,07 - ). (2.12¢)

- In the fourth case, combining formulas (2.9) + (2.10) + (2.11), results in the following formula:

T, = (1,7 - u~%7 —1,03)/(1,95 — 1,07 - ). (2.12d)

- In the fifth case, assuming that the dependency graphs of the relationships “r — T;” in Figure 2.3
[3] can be correct, we have selected Formula (2.12d), which corresponds to the inflection points of the
periods of oscillation T; = T,,. We have done this by taking into account two extreme values of i, namely
w =2 and x =15, in accordance with Figure 2.3, and the reduction factors r calculated using Formula
(2.11) for different values of p and its corresponding values of p~9¢7:

T, = (r — 0,03)/(0,66762 + 2,0404 - u1=267). (2.12¢)

For example, when u=2: T, =(0,5342-0,03)/(0,66762 + 2,0404-0,6285) = 0,5042/
1,95 = 0,2586.

This corresponds to the formula (2.10) and the graph shown in Figure 2.3.

At u=15 T, = (0,1385—0,03)/(0,66762 + 2,0404-0,1629) = 0,1085/1,0 = 0,1085,
which corresponds to the graph in Figure 2.3 [3] but does not conform to formula (2.10). In the
intermediate sections, the inflection points of T, deviated from the straight line shown on the graph on
the right, due to the nonlinear dependence “r = p”, taking into account u~%%7 values in formula (2.11).

Apparently, the formula (2.10) was selected at only one point at — p = 2, with a single coefficient
of 1,95. However, at u = 15, this coefficient should be equal to 1,0 in accordance with the graph in
Figure 2.3 [3], indicating that it may be variable.

- In the sixth case, the T}, values presented in Figure 2.3 [3] may also be calculated using the formula
(2.12f), which is derived from the combined solution of formulas (2.10) and (2.11), with consideration
given to the values of y equal to p = 2 and p = 15.

T, = (0,85 u~%7 —0,03)/[1,0 + 0,95 - (15 — u)/13], (2.12f)

where the values of u are assumed to be in the range 2 < p < 15, for example, when u = 2:

T, = (0,85-27°67 — 0,03)/[1,0 + 0,95 - (15 — 2)/13] = 0,5042/1,95 = 0,2586, (2.12f*)

which corresponds to the formula (2.10) and the graph in Figure 2.3 [3], at u = 15.

T, = (0,85 157°67 — 0,03)/[1,0 + 0,95 - (15 — 15)/13] = 0,1085/1,0 = 0,1085. (2.12f**)

In the intermediate sections, the points of inflection in the T,, curve deviated from the straight-line
shown in the graph on the left, due to the nonlinear dependence of “r = p”, when considering the values
of u=%%7 in formula (2.11).

- In the seventh case, we also analyzed the option of placing (as shown in the graph) finding their
positions from the similarity of triangles, taking into account the two known extreme points T, and T;s
on the graphs corresponding to 4 = 2 and u = 15.

Ty =T, — [(r; = 1) - (Tuz — Tras)1/ (12 — 715). (2.12g)

Where the values of T, and r are taken with indices corresponding to inflection points with the
values of u =2 and u = 15, respectively, and 7, represents the reduction coefficient based on the graph
for which the period of fluctuation of T, is determined. However, even in this case the inflection points
of T, deviated from the straight line to the left due to the nonlinear dependence of “r = p” when
considering the values of =967 in formula (2.11).

- In the eighth case, we also analyzed the placement of intermediate inflection points on the graph
of Figure 2.3 [3], finding their position from the proposed modified formula (2.9), to the inflection points
on the graphs of Figure 2.3, but assuming that the positions of the inflection points in the original graphs
are accurate (this assumption will need to be verified).

r=14p-T,-(0,033-u—1). (2.9h)
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Based on the combined solution of formulas (2.9a) and (2.11), considering the graphs in Figure 2.3
[3], formula (2.12h) is derived, which allows us for the calculation of T, values that are as close as
possible to the points of inflection in the graphs depicted in Figure 2.3.

T,= (0,85 u"%7 —1)/[u-(0,033-u— 1)]. (2.12i)
6. Discussion

Therefore, the results of the analysis of formulas (2.9-2.11) indicate that it is necessary to bring the
formulas and inform the developers of computer calculation programs about the modifications made to
QMQ. It should be borne in mind that formula (2.11) has been most widely used for more than 28 years,
and therefore, it is essential to clarify the location of inflection points as they are crucial in determining
r for rigid buildings. Only after that, it will be possible to refine formulas (2.9) and (2.10) in order to
ensure accurate calculations of buildings and structures, particularly those with short periods of
fluctuation in the first form at (T; < T,).

7. Conclusions

In light of the above, it is essential to address the identified shortcomings in QMQ 2.01.03-19 [2]
with a view to enhancing the reliability (seismic safety and durability) and performance of buildings and
structures designed for construction in seismically active areas. The underlying assumptions and
calculation methodologies incorporated in the spectral analysis need to be reviewed and adjusted. Many
of the shortcomings of QMQ 2.01.03-19 cannot be corrected when the reduction factor r in formula (2.8)
is positioned outside the root expression, as well as different coefficients y and reduction coefficients are
taken into account for different elements that have different degrees of responsibility for the transition of
a building (structure) to the limit state.

References

1. Resolution by the Cabinet of Ministers of the Republic of Uzbekistan, dated 06.10.2022. No.577. On
measures to simplify requirements for the construction industry and systematization of regulations in the field
of technical regulation (https://lex.uz/ru/docs/-6230882).

2. QMQ 2.01.03-19. Construction in seismic areas / Ministry of construction of the Republic of Uzbekistan.
Tashkent. 2019. 110 p.

3. QMQ 2.01.03-96. Construction in seismic areas / The State committee of architecture and construction of the
Republic of Uzbekistan. Toshkent. 1996. 175 p.

4. BS EN 1998-1. Eurocode 8: Design provisions for earthquake resistance of structures. Part 1: General rules,
Seismic actions and rules for buildings. / European committee for standardization: Brussels, Belgium, 2004.

5. ACI 318-19: Building code requirements for structural concrete and commentary / Farmington Hills,
Michigan, USA. American concrete institute. 628 p. DOI: 10.14359/51716937.

6. Ubaydulloyev M.N., Ubaydulloyev O., Ubaydulloyeva N., Nasrullayev L. Design of buildings (structures)
taking into account seismic loads according to QMQ 2.01.03-19 // Bulletin of the international association of
experts on earthquake-resistant construction. 2022, Vol 2(14), pp. 69-74. DOI:10.38054/iaeee-202223.

7. Ubaydulloyev M.N. On the issue of harmonization of regulatory documents of the Republic of Uzbekistan in
the field of earthquake-resistant construction with regulatory documents of leading foreign countries. In:
Innovative technologies in construction. Tashkent. Uzbekistan. 2023, wvol.1l, pp. 91-93.
https://doi.org/10.5281/zen0d0.8136052 .

8. Khakimov S.A. New constructive systems of housing and civil buildings and problems of updating seismic
norms. In: Collection of materials of the Russian national conference on earthquake-resistant construction
and seismic zoning. 2019. https://doi.org/10.37153/2687-0045-2019-13-195-205

9. Khakimov Sh.A. Problems of updating seismic norms in the conditions of application of new structural
systems of residential and civil buildings // Earthquake engineering. Construction safety. 2022, vol. 2, pp. 29-
42. https://doi.org/10.37153/2618-9283-2022-2-29-42

10. Kondratiev V., Nishonov N., Akhmedov M., Abirov R. Assessment of possible damages of residential buildings
in the Fergana Valley of Uzbekistan. In: E3S web of conferences. EDP sciences. 2023, vol. 405.
https://doi.org/10.1051/e3sconf/202340504020

103



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Umarov S., Akramov K., Abobakirova Z., Mirzababayeva S. Comparison of current and expired norms for the
development of methods for checking and monitoring the seismic resistance of buildings. In: E3S web of
conferences EDP Sciences. 2024, vol. 474, https://doi.org/10.1051/e3sconf/202447401020

Rodrigues R.A., Mazzilli C.E.N., Bittencourt T.N. Comparative analysis of normative provisions for seismic
design and detailing of reinforced concrete structures // Revista ibracon de estruturas e materiais, 2019, vol.
12(5), pp. 1220-1247. https://doi.org/10.1590/51983-41952019000500013

Hampshire De.C., Santos S., Zanaica L., Bucur C., De Souza Lima S. Comparative study of codes for seismic
Design of structures. In: Mathematical modelling in civil engineering. 2023, vol. 9, No 1, pp. 1-12.
https://doi.org/10.2478/mmce-2013-0001.

Latifi R., Hadzima-Nyarko M. A comparison of structural analyses procedures for earthquake-resistant design
of buildings. In: Earthquake and Structures. 2021, wvol. 20, No 5, pp. 531-542.
https://doi.org/10.12989/eas.2021.20.5.531

Izhar T., Bano S., Mumtaz N. Comparative study on analysis and design of reinforced concrete building under
Seismic forces for different codal guidelines // International journal of trend in scientific research and
development. 2019, vol.3, No 4, pp. 536-551. https://doi.org/10.31142/ijtsrd238109.

Kurbatsky E., Mondrus V., Titov E., Yemelyanova G., Pestryakova E. Outdated provisions of the norms of
the Russian Federation governing construction in seismic areas // Scientific journal Academia. Architecture
and construction. 2024, Nol, pp. 159-165. https://doi.org/10.22337/2077-9038-2024-1-159-165

Cada P., Mdca J. Comparison of methods used for seismic analysis of structures. In: Acta polytechnica CTU
proceedings. 2017, No 13, pp. 20-28. https://doi.org/10.14311/app.2017.13.0020

Wang M., Yang Z., Gao L. Modification of Chinese-code formula for equivalent lateral force method //
Earthquake and structures. 2021, vol. 21, No 2, pp. 137-145. https://doi.org/10.12989/eas.2021.21.2.137
Adhikari D., Adhikari S., Thapa D.A. Comparative Study on Seismic Analysis of National Building Code of
Nepal, India, Bangladesh and China. In: OALib, 2021, wvol. 09, No 06, pp. 1-11.
https://doi.org/10.4236/0alib.1108933

Biiyiiksarag A., Isik E., Bektas O.A. Comparative evaluation of earthquake code change on seismic parameter
and structural analysis; A case of Turkey // Arabian journal for science and engineering. 2022, vol. 47, No
10, pp. 12301-12321. https://doi.org/10.1007/s13369-022-07099-4

Chandak N.R. Response spectrum analysis of reinforced concrete buildings // Journal of the institution of
engineers (India): Series A. 2012, vol. 93, No 2, pp. 121-128. https://doi.org/10.1007/s40030-012-0012-9
Bilgin H., Hadzima-Nyarko M., Isik E., Ozmen H.B., Harirchian E.A. Comparative study on the seismic
provisions of different codes for RC buildings // Structural engineering and mechanics, 2022, vol. 83, No 2,
pp. 195-206. https em.2022.83.2.195://doi.org/10.12989/s

Kryucina O.A, Gardeners |.E. Harmonization with European Union standards: issues, problems, solutions //
Photonics Russia. 2020, vol. 14, No 1, pp. 56-65. https://doi.org/10.22184/1993-7296.fr0s.2020.14.1.56.65

104


https://doi.org/10.12989/sem.2022.83.2.195

KOJIEBAHUSI TPYBOITPOBOJA, KOHTAKTHAPYIOIIEI'O CO CJIOEM I'PYHTA,
MOJIEJIMPYEMOI'O 3EPHUCTOM CPEJION

Mapponos B.}, Humonos H.A.!, Paxmanos A.
HUnemumym mexanuxu u ceticmocmoukocmu coopyxceruti um. M. T. Vpasoaesa, Tawkenm, Y30exucman
Hamaneanckuii unscenepno-mexnonocuveckuil uncmumym, Hamanean, ¥30exucman
E mail: nematilla81@mail.ru

Annomayun: Hcenonvsogana mooens 3epHUCHOU  Cpedbl 0Nl MOOEIUPOBAHUSL  COCMOSHUSL  OKPYHCAIOUE20
mpybonpogood Clos SpyHmMogoul cpedvl. 3adaua paccMOmpeHa 8 0CceCUMMEempUdHoU nocmanoeke. Paccmompen cnyuail
VIPOWeHUst ROCMAHOBKU 3a0aUll, K020a COBU208bIE OBUNCEHUSL 3ePHUCMO20 CI051, OKPYHICAOWe20 mpyoonposoo npoucxoosm
npu HAIUYUU BPOOOALHOU deghopmayuu yacmuy cpeovl 8 cioe. Ilpu smom omcycmeyem pe3oHaHCHOe S6leHUe 8 npoyecce
KOebanuti mpy6onpogooa, OKPYICEHHO20 ClLo0eM 3epHUcmoil cpeodvl. Tloxkazano, umo pocm 0aeneHus, C8A3aHHO20 C CUNOU
6eca, cozdaem coicamoe COCMOSHUE CA0Si OKONO MpyOonpoeood, 3mo 00CMOSMeNbCME0 YKA3bIBAC HA 603MONCHOCb
2aUeHUsL Pe30HAHCHOU AMIIUNYObl KOeOAHUT MPY6Onpo8ood, YI0NHCEHHO20 6 CLOE SPDYHMA C SPAHYLAMU.

Knroueswie cnnosa: mpyboonposoo, cioil epyHma, 3epHUCAst cpeod, CO8U208ble O8UNCCHUL, OABNICHUe 2DYHMA, 2AuleHUe
PE30HAHCHOU aMNIUMYObl KOJIeOaHUll

1. BBenenune

[TonzemHble TPyOOTPOBOJBI WIPAIOT KU3HEHHO BAXKHYIO pOJIb B TOBCEJIHEBHOW JKHU3HHU.
CelicMOCTOMKOCTh CHCTEM TPYOOIIPOBOJOB SIBJSETCS OYECHb BaXKHOM TEMOW HMCCIICIOBAaHWHM HM3-3a €€
OTPOMHOTO BJIMSTHUS BO BPEMS U MOCIE 3eMJIETpsiCeHUs. bombInas 4acTh MOBpeXACHUN TPyOOIIPOBOIOB
B PE3yJIbTAaTE 3eMJICTPSICEHUI, O KOTOPBIX COOOIIATIOCh Ha CErOHANIHUMN JIeHb, CBsI3aHa C OCTATOYHOMN
nebopmarmeli TPyHTa, HO TaK)Ke CYHIECTBYIOT HEOCIOPUMBIC JI0Ka3aTeIbCTBA TOTO, 4YTO
pacmipocTpaHeHHe BOJIH MOXeET OBITh pa3pymuTelbHbM [1 — 2]. B paborte [3] mpoaHamu3upoBaHO
BIIUSIHUE PEATBHBIX 3alliceld HECKOJbKUX 3EMIJICTPACCHHH Ha HampsHKEeHHO-Ae(POpMHUpPOBAHHOE
coctostare (HJIC) monumepHBIX TpyOOIIPOBOIOB MPH PA3THUYHBIX TPAHUYHBIX YCIOBUSX.

Tak >xe cucreMaTHUecKd COOOIIATOCh O pa3pyLICHUSIX H3-3a JIOKAIBHOTO BBITyYUBAHUS
MOJ3EMHBIX CTAJBHBIX TPYOOTPOBOJIOB. B Takmx ciydasx CHJIBHO JIOKaJIW30BAaHHBIC HCKPUBIICHUS,
CBs3aHHBIE C (OpMaMH JIOKAJbHOTO BBIITYYHBAHHS, MOTYT BBI3BAaTh pa3pblB CTEHKH M YTCUKY
COJICP)KMMOTO HIIH YCKOPHTh YCTaJOCTHOE MOBpexkaeHune. B pabore [4] u3ydeHO BBIMyYHBaHUE
MOI3EMHBIX TPYOOIIPOBOIOB O IEHCTBUEM MPOAOIBLHOM CKUMAIOIIEH CHIIBI M B paboTe [5] BBISBIICHBI
BO3MOXKHBIE  3(PEeKThl  BBITyYWBAHUS  IMOJ3EMHBIX  TPYOONPOBOJOB,  PACIOJOKCHHBIX B
MEJIKOJUCIIEPCHOM TPYHTE, TPU JUHAMHUYECKOM Harpy:keHuu. A B pabote [6] memaercs MOMBITKA IaTh
YUCJICHHBIMM CPEJICTBAMH OOOCHOBAHHBIM OTBET Ha BOIPOC, MOXET JH TOJ3EMHBIM CTaJIbHON
ra3oIMpoOBOJI HCMBITATh BBITyYMBAHHUE OO0OJIOYEUYHOTO THIIA MPU KOJIEOAHWUAX TPYHTA, BBI3BAHHBIX
3emserpsicecHieM. OCHOBHOE€ BHUMAHHE OTPAHUYCHO HEOJArOoMpPUSTHHIMU, HO BCTPEYAIOUIUXCS B
MPUPOJIC CIy4asMH, KOTJa TPYOOIPOBOJ IepeceKkaeT I'PYHTOBbIE OOpa30BaHHs C HEOJHOPOIHBIMU
COCTOSIHUSIMU U BO30OYXKJCHHE TPYHTa BO3HHKAeT B BHUjE MIOCKuX SV-BosH. KoHTakTHOE cocTOsHHE
MOXKET OBbITh CHJILHO HEOJHOPOJHBIM Kak IO JUIMHE, TaK U MO TiayOuMHe TpyOOmpoBOJa: B Ipeaesiax
0071110} 30HBI eopMalliu TPYHTA IPOUCXOIUT 3HAUUTEIHHOE MPOCKAIb3bIBAHHUE U MOTEPS KOHTAKTA,
a Ha y/IaJIeHUH OT Hee Mpeo0IaaloT uaeaabHble YCIOBUS CICTUICHUSI.

I'pynt ans TpyOompoBoja sIBIsIeTCS HE TOJBKO BHELIHEH Harpys3koil, HO U cpeioil, B KOTOpOi
pa3BHBaroTCs Aeopmalu TMHEHHOTO COOpyKeHUs. BHyTpeHHue ycuius B TpyOOTIpOBOI€ HETHMHEWHO
3aBHUCST OT COMPOTUBIICHHS OKPYKAIOIIEro €ro MaccuBa rpyHTa. B [7] Ha OCHOBE MOJIeNU yIpyroro teia
MIPEJICTaBJICHO PeIlIeHUE 3a/1a4l CIBUra TPYyOOTIPOBO/Ia, YI0KEHHOTO B IOMyIpocTpaHcTse. [IpoBeaeHb!
CpaBHEHHUS PE3yJIbTATOB TEOPETHUYECKUX PACUETOB C WM3BECTHBIMHU SKCIIEPUMEHTAIBLHBIMU JIAHHBIMHU.
[IyreM mpaBUIBHOTO BHIOOpA TUHAMHYECKUX XAPAKTEPUCTUK MOJETh COMPOTUBICHUS TPYHTa MpHU
JNeVCTBUHM Ha TPYOONPOBOJ OCEBOM CHJIBI MOXET OBITH C TpeOyeMO TOYHOCTHIO HCIOIb30BaHA IS
TEOPETUYECKOr0 aHalnu3a padOoThl OKpYyXKarolied TpyOOnmpoBOJ IpyHTOBOW cpenoil. B paborax [8-9]
TaKOM MOJXOJ] MCHOJIb30BaH /Jisi OMHCAHUS TEOPETUYECKUX METOJOB ONpPEAENeHUs TUHAMHUYECKHX
MapaMeTpoB KOJNeOaHWW >KECTKOW IUIUTHI (KPYIJIOTO M KBaJpaTUYHOTO ceueHus). CTpyKTypHOeE
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paspylieHe rpyHTa Mpu CABUTOBBIX AeopManusax HaOII0IaIMCh B IPOBEICHHBIX dKcriepuMenTax [ 10,
11].

Hindy u Novak [12] uccienoBany aHaIUTHYECKH yIpyrue TpyOOmpoBOAbI KaK Ha OJHOPOJIHBIX
y4JacTKax, TaK U Ha y4acTKaX, COCTOSIIUX U3 JABYX PA3IMYHBIX CPeJl B TOPH30HTAIHHOM HAIPaBJICHUH.
VY CTaHOBIIEHO, YTO MPHU PACHPOCTPAHEHUH OOBEMHBIX BOJH BJIOJIb TPYOOIIPOBOJAA MUKOBBIE OCEBBIC U
M3TUOHBIC HANPSHKCHUST BOSHUKAIOT BOJIM3H TPAHMIIBI IBYX CpeJl ¥ OOJIbIIE, YeM B OJHOPOJIHOM CiIydae.
[TporHo3sI TakkKe MOKa3alu, YTO U3rHOAIOIINE HAMIPSHKCHHUS, BEI3BAHHBIC S-BOJTHAMU, HAMHOTO MCHBIIIE,
9YeM OCEBBIC HAIIPSHKCHMSI, BEI3BaHHbIC P-BoHAMY.

KpynHomacmtabHOE  TpeXMEepHOE  MOJCIMPOBAHWE  METOJOM  KOHEYHBIX  JJIEMEHTOB
JTMHAMHYECKON PeaKIMK B3aMMOJCHCTBYIONICH CHCTEMBI TPYHT — TpyOa B mjaeasie Obuto Obl Hamboliee
CTPOTHUM TIOAXOJIOM, KOTOPOMY MOYKHO OBLIO OBbI CIIeOBaTh, OJJHAKO €My MEIIaeT CBSi3aHHasl C 3TUM
TPYJHOCTh HAJISKHOW HMHTEPIPETAIINHM PE3YJIbTaTOB, IKCTPEMAalbHAs BBIYHCIUTEIIbHAS Harpy3ka H
BBICOKHH YpOBEHb HEONPEACICHHOCTH BOBJICYCHHBIX NapamMeTpoB Monenu. Kpome TOro, ObLIO
3aMEYEHO, YTO y4eT TPEXMEPHBIX BOJHOBHIX 3()()EKTOB B PEaKIMU ydacTKa HE Bcernma oOecreunBaeT
0oJiee BHICOKYIO TOYHOCTh 110 CPABHEHHUIO C JIBYXMEPHBIM HIIH J]aXKe OTHOMEPHBIM aHaiu30oMm [ 13].

TeopeTnueckue U KCiepUMEHTAIbHbBIE UCCIIEIOBAHNUS, a TAKXKE MOJIEBbIE JaHHbIE MTOKA3aJld, YTO
MIPHU HECTAITMOHAPHOW JieOpMalii TPYHTA MOJA3EMHBIE CTAIBHBIE CBAPHBIE Ta30IPOBOIBI HE JIOJKHBI
MOJIBEPraThCs Pa3pbIBY MPH PACTSHKCHHH, a TAaK)KE YTO JPYTHe BO3MOYKHBIC BHJIBI Pa3pyIICHHUS, TaKue
KaK BBIIYYHBAaHUC M OBAIM3AIINS CEKIIHI, HEe HAPYIIAIOT UX [EJOCTHOCTh U paboTocrnocobHocTh [ 14].

[ToBepXHOCTHOE JaBleHWE TOJ ACHCTBHEM IHMHAMHYECKOTO HArpy)KeHWsl Ha 3ariyOJIeHHBIC
COOPY)KE€HHUSI MO>KHO 3HAYUTEIBHO CHU3UTH MPU COOTBETCTBYIOIIEM HCIIOJIB30BAaHUH TaK Ha3bIBAEMOTO
aMOPTU3UPYIOIIETO YIIOTHEHMS, KOTJa SHEProIoriIallafonlie MaTepruaitbl TOMEIIAT B BHUJE TUIAT
HEMOCPEACTBEHHO HaJl COOPY>KEHHEM UJTU B BH/IE CIUIOIIHBIX HAPYKHBIX 000JI0UeK BOKPYT Hero. OOBIYHO
UCIIOJIb3YeMbIE MaTephaibl UMEIOT T'PaHyJUPOBAHHBIA COCTAaB WM SYEUCTYIO CTPYKTYpy. OITO
BCIIEHEHHbIE TUTACTUKHU U PE3UHBI, OETOH ¢ HEOOJIBIION MIIOTHOCTHIO.

B pabore [15] ObuM MpOBEICHBI WCIBITAHHS PA3HBIX MAaTEpUaIOB M M3YYCHBI HX
SHEPTONOTJalIaloIIe CBOMCTBA. B Hell ke cmenan 0030p Mo ApyruM OnmyOIMKOBAaHHBIM paboTaM, W3
aHaJlu3a KOTOPBIX CJAENaH BBIBOJ, YTO BCIIEHEHHbIE WM S4YEHCThble MaTepuanbl 00JaaaloT
YIPYrOMJIaCTHYHBIMU XapakTepuctukamu. B [16] ucnbiTannst ObUTM MPOBEICHBI TS HCCIICIOBAHHS
peaKuu KECTKOro, TOPHU30HTAIBHO OPHEHTUPOBAHHOTO CTAJBbHOTO IMJIMHIAPA, KOTOPBIM HMes
aMOpTHU3UpYIOlIee YIUIOTHEHUE U3 STUEUCTOro OeToHa HU3KOM mpoyHocTH. Lumuuap Obut 3armyOlieH B
XOPOUIO YIJIOTHEHHBIN MECOK U MOJBEPKEH CTATHYECKUM U JIUHAMUYECKUM H30BITOUHBIM JABJICHUSM,
BBI3BAHHBIM HEOOJIBIINM T€HEPAaTOpPOM B3PHIBHOW HArpy3KH. YCTAHOBJIEHO, YTO aMOPTH3UPYIOIIEe
YIJIOTHEHUE CHUKAET MUKOBBIE NeOpMAaIIHH.

B paborax [17, 18] pacuersl yImJIOTHCHHS BHECEHBI B KayeCTBE PEKOMCHIAIMN II0 pacyery
MI0/I3€MHBIX COOPYXKEHUH, TPUHSAB, UTO OTHOIIIEHHE TITyOMHBI COOPY>KEHHUE K €ro TMaMeTpy JT0JKHO ObITH
JOCTaTOYHO OOJBIIUM, YTOOBI 00pa3oBajcs CBOJ M3 TPYHTA HaJ CJIOEM M3 siueucToro marepuana. [Ipu
YCIOBUH, YTO COXpaHSETCS IEJIOCTHOCTh TPYHTOBOTO CBOJA OH CJeJall BBIBOJ OT TOM, YTO MUKOBOE
JIaBJICHUE Ha COOPY)KEHHE Oy/IeT paBHO Mpeeny TEKy4eCTH aMOPTU3UpPYIolIero yroTHenus. [lomydyena
pacuétHas Qopmyna s TpeOyeMoil TONMMIMHBI YyrloTHEHHs. [IpoBeeHbI Takke TEOpeTHUYECKUE
WCCIIEIOBAHUS BIUSHUS YIJIOTHEHUS M0 BCEMY IEPUMETPY IIMIMHPA IIPH TONIIUHE YIUIOTHEHUS, PAaBHON
MOJIOBHHE JTMaMEeTpa IUIHHIPA.

2. ITocTanoBKa 3a1a4H.

Jlnist onucaHus TEOPETUUECKOM MOJIEN I MEXaHNYECKOH CHCTEMBI TPYHTOBOTO CJIOSI COCTOSILIETO U3
OueHb OOJIBILIEr0 YHMCIa XaOTHYECKH YIMAKOBAHHBIX OJMHAKOBBIX A0COJIIOTHO TBEPIBIX CHEPUUECKUX
YaCTHII, UCTIONIB3YeM MOJIENb 3E€PHUCTOM Ccpellbl, peuIoKeHHOoH B padoTax [19, 20]. O6o3Ha4unm vepe3

1
E =& T &y +Ep- OTHOCHTEIBHOE H3MEHECHHE 00BeMa, y; =g&; — 3 £0;- KOMIIOHCHTBI JIBHATOpA
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. . 1 0u oOu.
Tensopa pepopmanmit, rae & =1 mpu 1=, & =0, mpu 1#], & =-(_+—_")- xoMnoHeHTHI
2 0X; O
tensopa nedpopmanmid, (i,j=1, 2, 3), rae Ui(X1, X2, X3, ) — KOMIIOHEHTHI BEKTOpa IMEPEMEIICHUS B
ACKAPTOBBIX KOOpAWHATAX.

KommoneHTsl TCH30pa HaHpﬂ)KeHI/If/'I Oij BBIPAXKAKOTCA 4€pE3 CPCAHCC JaBJICHUC p U KOMIIOHCHTHI

JIeBUATOpa TEH30pa HAMPSHKEHUN Tjj 10 popmynam
o =T; — PGy (1)
__Out0»pt0ym_
3

3aBUCUMOCTA MEXJy KOMIIOHEHTaMH TEH30pa HamNpsDKeHHsT ¢ TeH3opa  AedopMaiivu
OTNIPENIETISIOTCST TI0 YPAaBHEHHUIO COCTOSIHHMSI 3€PHHUCTOM CpEeIbl, KOTOPOE OMpEAeNsieTcs BUIIOM
3aBUCHMOCTH OOBEMHOW AedopMarniyi OT KOMIIOHEHTOB JeBHaTtopa TeH3opa aedopmanuu. Criemyro

pabore [5] Takyro 3aBHCUMOCTb MPEJICTABIISIEM B BHJIC KBAPATUUHOU (hopMe

e=uy > 7. (2)

i-1 j-1

Torma w3 ypaBHEHHUSI COCTOSIHUSI OTPEICNIIEM 3aBHCHMOCTH KOMIIOHEHTOB JEBHATOpa TEH30pa
HaIpsDKEHUH OT COOTBETCTBYIONTUX KOMITIOHEHTOB JIEBHATOPA TeH30pa AehopMariuii

T = 2ﬂp7ij- (3)
3nech 1 — 6e3pa3MepHBIi mapaMeTp, XapakTepU3yIoIIuii cTeneHsb cxatus (pu 1<0) u pazpexeHus (mpu
(>0) cpenpl mpu CABUTOBBIX Aedopmarusix. Takum 00pa3om, B OTIUYHE YIIPYTOU CPEIbl, T YpaBHECHUE
COCTOSIHHE OTIPEEIISIOTCS Yepe3 nocTosiHable Jlame A 1 G 1u1st 3epHUCTO# cpelbl TOCTAaTOYHO 33aBaTh
Oe3pa3MepHBIN TapaMeTp U.

Hcnonb3dyeM MoAens 3€pHUCTONM cCpeAbl Uis MOJECIUPOBAHUS COCTOSHUS OKPYXKAIOIIETro
TpyOOTmIpoBO/a CJI0Si TPYHTOBOM cpembl. CuuTaeM 3€pHHCTasl Cpela BECOMOW W 3aIoJIHSET
NUJTUHIPUYECKUH cioi paaumycom R. 3amady cuMTaeM OCECHMMETPHUYHON, YCTaHOBUM HAdasio
KOOpJIWHAT B TMpaBOM TOpPIE MWIWHApPAa W HampaBuM ocb 0Z BOOIb OCH IWNMHApPA, Och Or
neprneHAuKyisipHas K Hel. COCTaBIISIIONIME BEKTOpA EPEMEILICHHS B0 KOOPAUHATHBIX oceil Or u 0z
COOTBETCTBEHHO 0003HauuM uepe3 U(r,z) u W(r,z). KommoHneHTsl TeH30pa aedopmanuu &ij, 00beMHas
nedopmarus g, a TakKe JeBUaTOpa TeH30pa AedopMallnu yij BeIpakatorcs GopmynaMu

___ou _ oW
En =& =1 Ep =& -7 Ep =&, !

or

CPEAHCC CTaTUYCCKOE JABJICHUE.

1 1 1 1
Yu=7% =& _5525(25} —E9—&,) Vn=Ve=& ——-=-(25,-¢, —¢&,),

3 3
1 1 oW ou
7/33:72:39—55:5(282—(9,—56), ylszyrzzaJrE, (4)

3aBHCHMOCTh 00BEMHOH JeopMaluii OT KOMIIOHEHTOB JeBHaTopa AehopMali 1 KOMIIOHEHTHI
TEH30pa HaMPSHKEHUH Ojj COOTBETCTBEHHO BBHIYUCIIOTCS 10 hopmynam (1) u (3)

2
0y = —pbij + 2puyy; = —p(1 + S ue)dy; + 2upey;, Ty = 2upyy;. (5)
KOMIIOHEHTBI TEH30pa HANPSKEHHIT yIOBIETBOPSIOT YPABHEHUAM JBIDKCHUS

0oy , 00y; ., Oy—0O¢g _ 0%u

or 0z + r + pgz_ p otz’ (6)
00,5 do, Orz _ _0°w 7
or T ¥ TP (7)

31ech p — INIOTHOCTb 3€PHUCTOM Cpeabl.
IToctaBmsst B ypaBHeHUsIX (6) ¥ (7) BbIp@XeHUs HAMPSDKEHUH ¢ yUEeTOM 3aBUCUMOCTEH (5) MOXKHO
MOJIyYUTh TPU YPaBHEHUS, KOTOPbIE COBMECTHO C 3aBUCUMOCTBIO (4) COCTABIISIOT HEJTMHEHHYIO CUCTEMY
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IS omipenesncHus nepemeriennid u(r, z, t), w(r, z, t) u nasnenus p(r,z,t). B obmem ciygae pereHus
COOTBCTCTBYIOIIMX KPACBLIX 3a4a4 IJId 9TUX ypaBHeHI/If/’I TpeGyeT MMPUBJICYCHHUA YN CJICHHBIX MCTOIOB.
Hcxons u3 (u3MYECKUX COOOpakeHHUs, MOXHO C(HOPMYIMPOBATH YIPOIIECHHBIC MOCTAHOBKH
3aaa4, rac yaactcsa MHOJy4YuTb TOYHBIC HIIN HpI/I6JII/I)I(€HHBIe HUX PCIICHUA. PaCCMOTpI/IM CABUT'OBBIC
JBIDKCHUSI 36PHUCTOTO CJIOS OKPYKAIOIIEro TPyOOIpoBOAa MO JICHCTBHEM Ha TPyOOIPOBOJ OCEBOE
yemue P(t). CumraeM, 4To JBM)KEHHE CJIOS MPOMCXOAUT MPH HAJIMYMU IPOJOJBHOM Jedopmariu
YaCTHIL CPEIbI B CJIOE HE 3aBUCSIIEH OT IEPEMEHHOM Z, T.€.
ow ou
7z = g = O, E =0.
Takum 0Opa3om, paaraabHOE U MPOI0JIBLHOE CMENICHUS HE 3aBUCST OT MepeMeHHOM Z. JIBrkeHue
qaCTHUI] 36pHHCTOI>i Cp€abl CHUTaEM YUCTO CABUT'OBLIM. TOF)Ia KOMITOHCHTBI TCH30pa HAITPSIKCHUA 6y,)IYT
paBHBI

ow
011 = Oy = 033 = =P, 013 =, 023 = 0, 013 = 0y, = 2UpYy, = 2p o (8)
O6bemHas nedopmarius ciios CoryiacHo (2) onpenensiercs o Gopmyie
oW\ 2
e=u(5r)- ©

B ciydae okpyskaroriero TpyoonpoBoia MHIHHAPHIECKOTO Cliost paanyca R u tommunoi h=R-a
pacripeielieHue TaBJICHUS C YYETOB Beca 3€PHUCTOM CPeJibl IO TOJIINHE CIIOS IPEACTaBUM B BHJIE
p=po+pg(R—r),
I7ie Po — JEHCTBYIOIIEE aBJIEHUE Ha BHEUIHIOIO I'PaHUIly CJOS, P-TFIOTHOCTh 3€PHUCTOM Cpelbl, a —
BHEIIHUI pajiyc TpyOOIIPOBOIa, JaBJIEHUS Py MOKHO BBIUKMCIIUTE 110 popmyite py = p.g(H — R + a),
P —TUIOTHOCTB OKPYXKAIOIIETO 36PHUCTOM Cpeibl ClI0si TpyHTa, H — riryOrHa 3amoskeHust TpyoonpoBoaa

YpaBHeue CIBUTOBOrO JBUKEHUS YaCTHUIL 3€PHUCTOM CPEIbI 3aITUCHIBACTCS B BUJIC
00yz Orz __ 2°w 10
—-t—==p (10)

ar r ot?

BBoas Gespasmensie mepmennsie ¢=r/R, t=t\/29/R, a=a/R, U =W(S)/R, & =1+D,,

P =p.N./ AR, he=H-R+a — paccrosuue ot cBOGOIHON MOBEPXHOCTH IO BEPXHEH TPAHMIBI CIOS

3epHHUCTOM cpenpl, ypaBHeHHe (10) ¢ yueToM 3aBUCUMOCTH (8) 3amuchiBaeM B BHJIE

_ 2
HaelGo =) S+ uE T =02 (11)
Oyukuus U = U(§,t) ynoBIeTBopseT HYJIEBbIM HaYallbHBIM U TPAHHYHBIM YCIIOBUSIM
U=Uy(t) npué =1, U=0npué = a. (12)
ITpu sTOoM niepemenicane Tpyoomnposoaa Wo=W(a, t) yaoBIeTBOpsAET ypaBHEHUIO ABHKECHUS
mW, = —So,,(a,t) + P(t), (13)

rjae m, S Macca ¥ Iiomaab OOKOBOW MOBEPXHOCTH TPYOOTIPOBOIA.
BBojis HOBYIO nepemMeHHyto 1o gopmyne z = /(§y — &) ypaBHenue (11) mpuBoauM K BUILY

a%u [1 2z ]au _9%U
0z2 z  &-z218z ~ @92’
z%-po

Beoas ¢pyukuuio mo popmyie v = U(&,t) — Uy(t) —
CBeJIeM IpaHusiHble yeioBus 1t GpyHkiun v (€, t) K OQHOPOIHOMY BHLY

v=20 npnzoz\/% nz; =,/1+p,—a. (14)

OyHkus v(z) yI0BIETBOPSAET HEOJHOPOJHOMY YPAaBHEHUIO

62 1 2 F] 62 .
a5 = 5+ U DR @ ~ UyDF (). 15)
_2u 2 272 _z%-p,
3neck Fy(z, t) = TLTH S [1 —Eo—zz]' Fy = 1-g '
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Pemenue ypaBuenus (15), yaosnerBopsromiee ycioBusM (14), MOKHO NOJTy4UTh YUCIEHHO. 31€Ch

ucnoib3yercs Metos1 byoHoBa -Ianepkuna. PaccMoTpum cimydaii AeCTBUS TApMOHUYECKOW CHITBI
P = Pysin(wt).

rae @ = w+/R/g , (w, Po—yactoTa u aMrMTya 1eHCTBYIOIICH CHIIbI).

[Monaras W, = A sin(@t) , v = v, (z)sin(@f) ypaBuenue (15) npuBeaeM K BHIY

d?v 2z | dv —

S+ ut - )R+ @y = ARy () + (2] (16)

Pemenne ypaBHeHust (16) HaxoJIUM II0 METOMY By6HOBa, COIJIACHO KOTOPOMY BBeE€M ()YHKIIHIO
U(z), yIOBIETBOPSIIOIIYIO YPABHEHHIO

d®u | 1du 2
5z T, T u=0,

u ycnoBusiMm (14). Pemienue nocnennero ypaBHeHm[ MPEJICTaBUM B BUJIE
u=A,F(Bz), (17)
F(Bz) = Jo(Bz)No(B20) — Jo(BZzo)No(B2).
3neck U; UICKOMBIN KOAPPHUITUCHT, 5 KOPSHb ypaBHEHUE

Jo(Bz1)No(Bzo) — Jo(BZzo)No(Bz1) = 0,
Jo(s) Ny(s) — dpyuxuuu Beccens HyneBoro nopsaxa.
[Toctasunsis (17) B ypaBaenue (16), noxydaem

AL[(@ = uBPF (B2) = Z2EF(B2)] = AlFo(2) + @°F1(2). (18)

Cnenyro mertony byOHOBa, ymHOXaeM paBeHCTBO (8) Ha (yHKIHMIO U(Z) U WHTErPUPYIO B
uHTEepBalE Zy < Z < Z;, YCTaHaBIMBAEM CBA3b MEXITy A U A
A, = CcA,
[ Fo @)+ Fy (2)]F (Bz)dz
" U@ -upF(62) R EONF (pz)dz

KacarenbHoe HanmpspkeHHE MPEJACTABUM B BHIIC

Oy, = To(z)sin(wt).
Corunacho (8) dhyHKIMS T((Z) onpenensercs Gopmylie

10(z) = —uRpgzAc|BF'(Bz) + 2z/(1 — @)]/a.
[ToctaBinsst BeIpaXKeHUE 0,, B ypaBHeHue (13), momyunm (Gopmyny i aMIUTUTYAbI KOJIeOaHUsS
TpyOOTIpOBOIa
_ aP
cuz,[BF1(Bz)+2z/(1-a)]+aw? '

Py LS
roe P = a =21 St
pgRS PRS

BHYTPEHHU paanyc TpyOompoBoa.

= m(a3 — a?) , py —IIOTHOCTH MaTepuaa Tpyobl, L U a; — JAIMHA U

3. Pe3yabTarbhl M NX aHAJIU3

Pacyetsl mpoBOaMIKCE TSI CNEAYIONUX 3HAYCHU T€OMETPUIECKIX U (PU3NYECKUX MMapaMeTPOB:
a=0.2 M, a1=0.18 M, L=10 M, H=2Mm, Po=10*H, p.=1800 xr/m®, p=2500 xr/m>, pr =7800 Kr/m>.

Ha pucynkax 1 u 2 npencraBieHbl rpaduky 3aBUCUMOCTH aMIUTATY/IbI KOJIeOaHuUsl TpyOOIIpoBoIa

(puc.1) xacatenbHOTO HampskeHHs (puc.2) oT 6e3pa3MepHO YacTOThl W = w+/R/g Tpu pa3znuyHbIX
3HAUEHUSX MapaMeTpa |l ¥ TOJIIMHBI CJI0Sl 3€PHUCTOM cpeabl h(m).
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AJa

0.14]

0.12

0.02

0.06

0.04

4 5

Pucynok 1. — 3aBucumocTn aMIIMTYbI KOJ1e0aHUA TPYOONIPOBOaa OT Ge3pa3MepHOil 4acToThl (¥ = (. R/ 0 npm pazamyHbIX

3HAYEHHSIX TapaMeTpa [ ¥ TOJIINHBI cJ10s1 3epHuUCTOi cpeast h(m): 1- p=-1; 2 — p=-1.2; 3—p=-1.5; 4— p=-2; 5-

=-3.5

U3 pHuc. 2 3aMCTHUM, YTO aMIUIUTyJda KaCATCJIbHOT'O HAIIPSKCHHUA HUMCECT IIPU TEX YKA3aHHBIX
JaCTOTaxX IIMKOBBIC 3HAYCHUSA, KOTOPBIC JIsA TOJIIHWHBI CJIOA h<IM CHWXKaeTcs H aajiee ¢ pocToM

TOJIIIUHBI OHA YBEJIIMYUBACTCH.

h=0.85 m h=0.95m
4 5 5
0 R @ () @
0.02
0.01]
-0.04
0.06] 002
0.08 0.03]
o 0.04]
0.12]
005
014
G,./pga ! o,./pga =
h=1m
k] 1
0 & 0 2
-0.014
0.2
D02
0.4
003
004 06
-0.051
/ 4.8
-pEa 1 0,2 /\pga 1

Pucynok 2. — 3aBHCHMOCTH aMILTUTY/bI KOJIE0AHHS KACATEbHOI0 HANPSKeHUs! (OTHECEHHOI0 K BeJUYHHE Oy, /pga) oT

Ge3pazMepHoii YacToThl () = () R/ 0 npu pa3IM4HBIX 3HAYEHHSIX TApaMeTpa | ¥ TOJIIMHBI CJI0s1 3epHUCTOI cpeabt h(m):
1-p=-1;2-p=-12; 3—p=-15; 4- p=-2;5- pn=-35

W3 ananuza KPHBBIX MPCACTABJICHHLIX HA pPICl u?2 CJICOAYCT, 4YTO IJIA BBI6paHHBIX napameTpoB
3aJa4d U guaria3doHa U3MCHCHUA 6€3p33MepHOI71 YaCTOThbI pr6OHpOBOI[ HMECT PC30HAHCHYIO YacCTOTY,
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KOTOpasi C pOCTOM TOJIIIIHMHBI CJIOSI 3€PHUCTOM CpeJibl IEPEMEIIAaeTCs B 30HY BHICOKUX 4acTOT. [Ipu aTtom
YBEJTUYCHHUE TOJIIUHBI CJIOSI CHavaia MPUBOJUT K CHIDKCHHIO U JIaJie€ C POCTOM €€ PacTeT aMIUIUTYAbI
Kosie0aHui. DTa 3aKOHOMEPHOCTh YKa3bIBaeT Ha BO3MO’KHOCTb BEIOOPA TOJIIIMHA CJI0S 36PHUCTON Cpe/Ibl
JUTS. CHUKEHUS aMILTUTYbl KoJiebaHui TpyOopoBoa.

Jlureparypa

1.

10.

11.

12.
13.

14.

15.
16.

17.
18.

19.
20.

O'Rourke M.J. Wave propagation damage to continuous pipe. In: Proceedings of the technical council on lifeline
earthquake engineering conference (TCLEE), Oakland, CA, June 28-July 1., Reston, VA: American Society of Civil
Engineers; 20009.

Esposito S., Giovinazzi S., Elefante L., lervolino I. Performance of the L’ Aquila (central Italy) gas distribution network
in the 2009 (Mw 6.3) earthquake, 2013, Vol. 11, pp. 2447-2466. http://dx.doi.org/10.1007/s10518-013-9478-8
Nishonov N., Bekmirzaev D., An E., Urazmukhamedova Z., Turajonov K. Behaviour and Calculation of Polymer Pipelines under Real
Earthquake Records // IOP Conference Series: Materials Science and Engineering, 2020, Vol. 869(5). doi:10.1088/1757-
899X/869/5/052076.

Mardonov B., Mirzaev, |., Nishonov N.A., An E.V., Kosimov E.A. Upheaval buckling of underground pipelines of complex configuration
located in liquefied soils / E3S Web of Conferences «Modern Materials Science: Topical Issues, Achievements and Innovations
(ISCMMSTIAI-2023)» 2023. Vol. 401, 02041. https://doi.org/10.1051/e3sconf/202340102041CONMECHYDRO 2023.

An E.V,, Rashidov T.R. Seismodynamics of underground pipelines interacting with water-saturated fine-grained soil // Mechanics of
Solids, 2015. Vol. 50. Issue 3. Pp. 305—317.

Psyrras N., Kwon O., Gerasimidis S., Sextos A. Can a buried gas pipeline experience local buckling during earthquake ground shaking? /
Soil Dynamics and Earthquake Engineering. 2019. Vol.116. Pp. 511-529.

Mardonov B.M.,Mirzaev I.,Hojmetov G.H., An E.V. Theoretical values of the interaction parameters of the underground pipeline with the
sail // AIP Conference Proceedings. 2022. Vol.2637, 030009. https://doi.org/10.1063/5.0119270.

Jianbo Dai, Li Wang, Chengtao Hu, Guidi Zhang. Experimental Study on Seismic Response of Buried Oil and Gas Pipeline Soil Layers
under Lateral Multipoint Excitation // Hindawi Journal “‘Shock and Vibration”. 2021, P. 11. Article ID 9887140

Castiglia M., Fierro T., Santucci de Magistris. Pipeline performances under earthquake-induced soil liquefaction: state of the art on real
observations, model tests, and numerical simulations // Shock and Vibration. 2020, P. 20. Article ID 8874200

Toprak S., Taskin F., Koc A.C. Prediction of earthquake damage to urban water distribution systems: a case study for Denizli Turkey /
Bull Eng Geol Environ 68:499-510. 2009.

O'Rourke T.D., Jeon S.S., Toprak S., Cubrinovski M., Hughes M., Ballegooy S. Van, Bouziou D. Earthquake Response of Underground
Pipeline Networks in Christchurch, NZ // Earthq. Spectra 30. 2014. URL.: https://doi:10.1193/030413EQS062M.

Hindy A., Novak M. Earthquake response of underground pipelines. Earthq Eng Struct Dyn, 1979, Vol. 7, Pp. 451-76.

Makra K., Chavez-Garcia F.J. Site effects in 3D basins using 1D and 2D models: an evaluation of the differences based on simulations
of the seismic response of Euroseistest. Bull Earthq Eng, 2016, Vol. 14, Pp. 1177-1194. https.//doi.org/10.1007/s10518-015-9862-7
Psyrras N.K., Sextos A.G. Safety of buried steel natural gas pipelines under earthquake-induced ground shaking: a review. Soil Dyn Earthq
Eng, 2017, Vol. 106, Pp. 254-77.

Hoff G.C. Shock-absorbing materials. US Army Waterways Experiment station, Tech. Rep., 1967, Pp. 6763

Foster D.C. Elastic Response of Shock-Isolated Cylinders in a Dense, Dry Sand. US Waterways Experiment Station, Tech. Rep., 1969.
Pp.69-6.

Allgood J.R. Summary of soil-structure interaction, US Naval Civil Engineering Lab., Tech. Rep., 1972, p. 771.

Kawabata T., Ling H.I, Mohri Y., Shoda D. The behavior of buried flexible pipe under high fill sand design implications, Journal of
Geotechnical and Geoenviromental Engineering, ASCE, 2006. VVol.132(10), Pp. 1354-1359.

Baiicman AM., F'omowmux M.A. Tedopmupoanue 3eprrctoii cpezst // JJAH CCCP, 1980, 1.252, Nel, C.61-64.

bepouuesckuti B.JI. Bapyarmonnsie npuximns: MCC, M., Hayka, 1983, 420 c.

111


https://www.scopus.com/authid/detail.uri?authorId=57195464775
https://www.scopus.com/authid/detail.uri?authorId=56845632000
https://www.scopus.com/authid/detail.uri?authorId=56890869500
https://www.scopus.com/authid/detail.uri?authorId=57209305626
https://www.scopus.com/authid/detail.uri?authorId=57214083324
https://www.scopus.com/authid/detail.uri?authorId=57195464775#disabled
http://dx.doi.org/10.1088/1757-899X/869/5/052076
http://dx.doi.org/10.1088/1757-899X/869/5/052076
https://www.scopus.com/authid/detail.uri?authorId=6507558443
https://www.scopus.com/authid/detail.uri?authorId=7801461898
https://www.scopus.com/authid/detail.uri?authorId=57195464775
https://www.scopus.com/authid/detail.uri?authorId=56890869500
https://www.scopus.com/authid/detail.uri?authorId=57218417918
https://www.scopus.com/authid/detail.uri?authorId=56890869500
https://www.scopus.com/authid/detail.uri?authorId=6602651794
http://link.springer.com/journal/11964
http://link.springer.com/journal/11964
http://link.springer.com/journal/11964/50/3/page/1
https://doi.org/10.1063/5.0119270
https://doi:10.1193/030413EQS062M

CEMCMMYECKHUE KOJEBAHUA MMOJ3EMHBIX TPYBOIIPOBOI0OB
C YYETOM BA3KOYIIPYT'OI'O B3AUMOJENCTBUA
Markapumos A.X.!

Yawrenmerui 20CY0apCmMEeHHHI Mpancnopmuwill yrusepcumem, Tawkenm, Y30ekucman
E mail:abdurashidmatkarimov1952@gmail.com

Annomayun: Pewena cucmema ypasHeHutli 08UdICEHUs TUHEUHO20 NOO3EMHO20 MPYOONpo6ood, 6vlGedeHHdas Hd
ocnose eapuayuonnoz2o npunyuna I amunemona—Ocmpocpaocko2o npu nPpoCmpaHCmMeeHHOM CEeUCMUUECKOM HAZPYHCEHUU C
VUemom 653KOYnpy2020 83aumooeticmausi mpyo ¢ okpysicaioujeti cpeooil.

Knroueewie cnosa: I[1o0zemmunbiti mpyoonpogoo, ceticMuiecKoe HazpyHceHue, 3K0Ynpy20e 63aumooeticmeue.

1. BBenenune

OmHuM U3 OCHOBHBIX (DaKTOPOB, OOECHEUYMBAIOIIUX HAJACKHOCTh pPalbOTHl  IMOA3EMHBIX
TpyOOTIPOBOJIOB, SIBJISIETCSI BBIIIOJIHEHWE MPOYHOCTHOTO pacyera TpyOOIpoBOJa, OTPA’KAIOILIETO
JNEHUCTBUTENbHBIE YCJIOBUA €ro paloThl, YTO JOCTHTaeTcs 3a CcYeT BhIOOpa (PUINYECKUX U
MaTeMaTH4eckux Mmojeneil. COBpeMEHHOE COCTOSHUE BBIYMCIUTENbHBIX CPEJICTB MO3BOJISIET OoJjiee
MOJHO Y4Y€CTh MHOTOYHMCIICHHBIE (aKTOpPhI M C OOJIBIIEH CTEMEHbIO JOCTOBEPHOCTH OIPEACIUTH
(hakTHYeCcKOE HAMPSKEHHO-e(hOPMUPOBAHHOE COCTOSIHUE TTOJ3€MHOTO TPYOOTIPOBO/Ia.

2. MarepuaJbl, MeTOAbI H 00bEKT UCCJIEI0BAHMS.

Pemena cucrema ypaBHEeHHMH ABMKEHMSI JIMHEWHOTO TIOJJ3€MHOTO TPYOOIIPOBO/ia, BBIBEACHHAS HA
OCHOBE BapuanMoOHHOro mnpuHnuna [ammibroHa—OCTpPOrpajgCcKOro MHpH  MPOCTPAHCTBEHHOM
celicCMMUeCKOM Harpy>KeHHU C Yy4ETOM BA3KOYIPYIoro B3aUMOAEUCTBUS TPYO ¢ OKpYyKarollel cpeaoi.
Jlig u3ydeHus: celicMMUYeCKUX KOoJIeOaHMM MCIOJIb3YeTCsl MaTeMaTH4ecKass MOJENb CeMCMOIUHAMUKU
MOJ3EMHBIX  COOPY)KEHHH  TpH  NPOCTPaHCTBEHHOM  Harpykenuu  [11-14] Ha  ocHOBe
CECMOIMHAMUYECKOM TeopuH TMOA3eMHBIX coopyxenuit T.P. PammmoBa [1] mnpuBiedeHuem
NPUKIAIHON Teopuu crepkHel, npemtokenHoii B.3. Bmacoseim [4], T'1O. JIxanenumse [5] wu
06o6mmennoi B.K. KaOymoeiM [6] mist ciydas mepeMeIneHusi TOYCK CTEPIKHsS TPH COBMECTHOM
JeVCTBUH MPOJIOJIBHBIX, OTIEPEYHBIX U KPYTHIBHBIX CHIL. [locTpoeHa BIYUCIUTENbHAS CXEMa PEIICHHS
3a/laud JUHAMHYECKOTO pacyeTa MOJ3EMHBIX COOPYKEHHH Ha OCHOBE METOJa KOHEYHBIX Pa3HOCTEH,
MOJTyYEHBI Pa3peIIarolie yPaBHEHUS 3a/1a41 C yIETOM IPaHUYHBIX U HaYaabHBIX ycmoBuii [13-14]. Tlpu
3TOM HCHOJIb30BaHbI IIEHTPaJIbHbIe KOHEUHO-PA3HOCTHBIE COOTHOILICHUS METO1a KOHEYHBIX Pa3HOCTEH C
TOYHOCTHIO BTOPOTO MOPSIKA C qPpOOHBIMHU Iaramu [7,8].

3. INocranoBKa 3aga4u.

[Ipy cOBMECTHBIX TPOAOJBHBIX, MOMEPEUYHBIX M KPYTHIBHBIX KOJIEOAHUSX CTEPIKHS 3aKOHBI
pacnpezienieHus: epeMenieHui, nehopmMannuil 1 HaANpsHKEHUN B CEUEHUSAX CTEPXKHSI CIIOKHBI, TIOATOMY
Teopust KoeOaHus CTep)KHEH CTPOUTCS Ha OCHOBAHUU pslia CTATHUECKUX U KHHEMATHYEeCKUX THUIOTe3
OTHOCHUTEJIBHO 3aKOHA pacIpe/iefieHUs] NepeMeleHni, aegopManuil ¥ HampspKeHUM B CeUeHMAX
crepxkHeil [4-6]. TIpsMonuHEHHBIH MOM3EMHBIA TPYyOOIPOBOJ ANMPOKCUMHPYETCS KaK CTep)KEHb,
B3aMMO/ICHCTBYIOLIUI C OKPYKAIOLIUM IPYHTOM, OCh OX (0X1) HampaBJeHa MO JAJUHE CTEPHKHS, OCH Oy
(ox2) 1 0Z (0X3) COBMEIIEHBI C TJIaBHBIMU LIEHTPAILHBIMH OCSIMHU MOMEPEYHOr0 ceueHus. AGCOIIOTHBIE
NepeMeIleHus] EHTpa TSDKECTH 0003HadeHbl uyepe3 U, v, W; yIJIbl HAaKJIOHA KacaTeNbHBIX K yNpyrou

JMHMM TIPM 4YMCTOM M3rube uepes «, (,; Yroa 3akpyuuBanus — depes 0. Torma c yderom
KHHEMATHUYCCKUX U CTATHUYCCKHUX THUIIOTE3 [6] YCTAHABJIMBACTCA OJHO3HAYHAA 3aBUCUMOCTL MCIKIAY
dymxmusvu U, (X, Y,2,t), U,(X,Y,2,t), Uus;(X,y,z,t) u Uu(X,t), o(x,t), wixt).

U (X, r, 7, t) =u(x,t) —eg (X, t) rcosy —a, (x,t) rsin y + o(r, y)v(x,t) +

+a,(r,y) A1) +a,(r,7) 5 (x1),
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U, (X, I, 7,t) =o(X,t) —0(x,t)rsin y, us(x, r, ,t) =w(x,t)+0(x,t) rcosy.
Ilyrem BBeneHHs BEKTOPaA AEBATOrO MOPSAIKA

Y ={uowa,a,0,v,.5 5} (1)

W nopxcraBiisisi BEKTOPHBIE BBIPAKEHUs BAapUallMd KUHETUYECKOW, MOTEHLIMAIBHOM SHEPruil U
paboTHI BHEIIHUX CHJI B BAPHAIMOHHBIN npuHIw [ 'amuinbToHa-OCcTporpanckoro

j(ar—&7+5A)dt=5j(T—n+A)dt=o;
t t
nosydero [11,15]:
2 2
”{ aY Y C% DHY+DA(Y—YO)+F}E5dedt+
+H—|§aa—1—c_:HY+GA(Y—YO)+P2P}EaYdt‘ +jA%E5de‘ =0, )
X t

snece A B,C,D;;,D,, B,C, E -marpuupsl, F,P? -BekTopbI JeBSTOr0 MOPSIKA.
Taxum oGpazom
o oY oY

—Aat— Bax— C&+DHY+DA(Y—YO)+F=O, 3)

[ B% C,Y +C, (Y - Y0)+P‘P}6Y‘ =0, 4)
20

atEéY‘ (5)

I[1pu BSI3KOYPYrOM B3aWMOACHCTBHU TPYOBI C OKPYKAIOIIIUM TPYHTOM JUIS CHJI B3aUMOICHCTBHS
o npuHIMny BonsTeppa npunsato [2,7]

P2(x8) = DAY ~¥,)= D, (Y ~¥)- [R -l (en)-Yourlon |, @

u u3 (3)-(5) nomy4yeHs

2 2 L
—Aﬂ Bﬂ c, DY + D, (Y =Y, )- DAIR(t—n)[Y(x,n)—Yo(x,n)]dn+F=0,
ot? ox? OX )

{ B%+C Y +C,( —YO)—CAIF?(t—n)[Y(x,n)—Yo(x,n)]dm P"”}éY‘X =0,

Il EaY\ -0. )
at

Jlnst siapa penakcaly MpuHSTO cna6oanryn${pH0e Tpexmapamerpuieckoe sapo [2,7]

R(t)=Aet“", O<a<l, [B]=cek™, [A]=cek™; 8)

Tpexmapamerpuueckoe sapo (8) umeet cnabyro ocobeHHOCTh Tuna AGens. Jlis ycTpaHeHus 3Toi
OCOOCHHOCTH B TMOAMHTErpajibHOM BbIpakeHHUH (7) mpou3BeACHAa 3aMeHa NEPEeMEHHBIX s

duxcuposanmbix {, = (n —1)2' no metoauke @.b. baganosa [9], mociie 3TOro MHTErpal BEIYUCIIEH T10
KBaJIpaTypHoii popmyre:
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o%Y N o%Y oY

—A—+B—+C—+D,)Y +
ot OX OX
D, (Y =Y) =23 B Y (xt, —t, )= Yo xt, =t )] | + F =0,
o k=1
— oY — —
{—B&+CHY +C (Y =Yy)-
_iZBke_mk [Y (x,t, =t )= Yo(x,t, =t )] [+ P |, =0,
a
k=1
Aa—YEéY‘ =0. (9)
6t t

IIpy mocTpoeHHM BBIUUCIUTENBHON CXeMBbl I CHCTeMbl AU(p(EepeHIUATbHBIX YPaBHEHHH ¢
TPAaHUYHBIMA M HAYaJIbHBIMH YCIOBHSMHU (9) TpPUMEHEHBI IEHTPaJbHBIC KOHEYHO-PA3HOCTHBIC
COOTHOIIICHHUS METO/1a KOHEYHBIX PAa3HOCTEH C TOYHOCTHIO BTOPOTO MOPsKa C APOOHbIMH miaramu [7,8]:

oy 1 oY 1
St S B2 ) ok)

2

2
rie t=jz, x=ih.

2
Ha miar mo BpPEMCHH CTaBUTCA OTI'PAHUYCHHC O<T< h /4, 9TO COOTBCTCTBYCT YCIIOBUIO

2

7 =rhy,, r<1/2, mpyroe orpannuenue C 2

miny N=2 TakKe YIOBICTBOPSET YCIOBHIO

max? < 1 h
n
ycroiunBocTH KypanTa.

[Ipu pa3paboTke MAaIIMHHOTO aNrOpUTMa JApPOOHBIE IIAarM CETKH CO3Jal0T CBOEOOpa3HbIe
3arpyaHenus. [loatomy apoOHbIe MIaru ceTku mpeoOpa3oBaHbl B LIETIbIC MIArd CeTKU U, Ucmonb3ys (10)
anmnpoKCUMHUPOBAHbI cliaraemble JUddepeHnanbHbIX BIpaXKEHUNH cucTembl (9), HayallbHBIX YCIOBUI
(5), rpaHMUHBIX yCIOBHI (4), s 3TOr0 MPUHUMAIOT NpHU 1=0 anmpoKCUMAIMIO I1aroM BIIepe] U MpU
=N anmpokcUMaIlrIo [1aroM Haza/l.

Takum 06pazom, momyuyaetcs 3anavya Koy 1711 KOHEYHO-Pa3HOCTHBIX YPaBHEHHH CEHCMUYECKOTO
KoJiebaHus MOA3eMHOTO TPYOOIIPOBOIa MPHU MPOCTPAHCTBEHHOM HATPYKEHUU C YIETOM BA3KOYIPYTOTO
B3aUMO/ICHCTBUS C OKPYXKAIOIINM TPYHTOM:

Ipu 1 =1, j=0;
Y, = ;(ﬁvléo +CYp, —D,Ble oY, +F, —2r A Yif’o), (11)
npu i =i, j=0;
Y, = ;(Avi_w +BY,, +CY,,, —D,Ble Y, + F )+ 7 ATV, (12)
mpu 1=N =1, ]=0;
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0 =

1 (= ~ - g}
Yya1 = Z(AYI\?—Z,O +BY\o— DABge ﬂtOYN—l,O + N—1,0)+ r A? Yr\?—i,o , (13)
mpu 1 =1, j=1;

Y,, =BY,, +CY,, - E)Ai B e Y, +F, Y, (14)
wpit i =1, j=1: -

Y, =AY, +BY, - 5,3 B e Y, +F, Y, (15)
mpu i =N—1 j=1: “

=

2
N 5 ~ = 2 : b A=A 0
YN—1,2 = AYN—2,1 + BYN—l,l + CYN,l - DA Bk—le Al 1YN—1,2—k + N-11 _YN—l,O ) (16)
k=1

mpu 1=1, | >2;
= = ~ j+l B ~
Y1,j+1 = BYl,j + CYz,j - DAkz_lBlE—le ﬂtHYl,j+1—k + Fl,j _Yl,j—l ’ (17)
mpu 1 =1, | >2;
~ _ _ - i -
Yiju =AYy +BY;; +CYiy; — DAkZ_lBIE—le_ﬁt“ ik TR =Yg (18)
mpu I=N-1]>2;

j+1

_ = ~ b ~py_ =
YN—l,j+1 - AYN—z,j + BYN—l,j - DAZBk—le ‘ 1YN—1,j+l—k + FN—l,j _YN—l,j—l' (19)
k=1

4, Pe3yabTarhl

Jlis aHanu3a BIUSHUS BS3KOYNPYTOCTH B3aUMOJACWCTBUSA MOA3EMHBIX TpPyOOIpPOBOJOB C
okpyxawomuM rpyntoM Ha HJIC monazeMHbIX TpyOONpOBOJOB COCTaBjieHa MporpaMmMa pacyera Io
dopmynam (11) - (19), xoTopble COOTBETCTBYIOT 3amade Kommm ansi pa3HOCTHBIX YpaBHEHUU
ceficMHUecKUX Koyie0aHHi MOI3eMHOT0 TPyOOIpOBOIa MpHU MPOCTPAHCTBEHHOM HArpyKeHUH C YYETOM
BSI3KOYIIPYIOTrO B3aUMOJICHCTBUSL C OKPYKAIOUIUM TPYHTOM, M CIYXKaT alrOPUTMOM BBIUHCIICHUS
BekTOpa Y B MAaTpUYHOM (opme.

Jlis omucaHusl MPOILIECCOB BA3KOYMPYTOCTH MPHHSATHI CIa0OCHUHTYISIpHBIE siapa PikaHuibiHa-
Konrtynoa mo (8). T.P. PamunossiM, I'.X. XoxxmeToBbIM [3] Ha OCHOBE 3KCIIEPUMEHTAIBLHBIX PabOT MO
M3YYECHUIO BSI3KOYIPYTUX CBOMCTB B3aUMOJEUCTBUS PA3NMMUYHBIX TPyO C pa3iHYHBIMH TPYHTAMH,
HampuMep, A7 TPYHTOB M3 CYIIIMHKA, [eCKa U TpaBus, ONpeAeTeHbl MapaMeTphl CI1a00CHHTYISIPHOTO
sanpa i cyrinuaka -A=0.134, 0=0.2, B =0.25, nns necka -A=0.0748, o =0.2, p =0.048, nnst rpaBus -
A=0.0815, o =0.2, B =0.25. CeiicMuueckoe BO3/IEHCTBHE MPUHATO B BHJE HUMITYIbCa MOCTOSHHON
BeNUYUHBI - U, =0.007 M, Ha ocHOBe 3THX JaHHBIX IPOBEJICH AHAJIN3 YUCIECHHBIX PE3YIbTaTOB BIUSHUSA
MapaMeTpoB BS3KOYIPYTOCTH B3aWMOJEHCTBHUS CTAbHON TpyOBbl ¢ TPYHTaMH W3 CYTJIMHKA, TECKa H
rpaBusl.
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Pucynok 1. - Bausinue Bsi3koctu Ha nporud W (A=0.134, =0.25, a=0.2).

AHanmn3 YHCIECHHBIX PE3YJILTAaTOB IIOKA3bIBACT, YTO BA3KOCTHb B3aI/IMOI[eI\/'ICTBI/IH IIPUBOJUT K

YMEHBIIIEHNUIO MAaKCUMAaJIbHBIX 3HAUE€HUH NepeMelieHus U, mporuba W, yria HakJIOHa 02, yIiia caBura f3z,
npotosibHOM crutel N, ortepeunoit cmtel Q, MomeHTOB My, Ma. B paccMOTpeHHBIX puMepax pa3HUIla
B pe3yabTaTax yIpyrux U BSI3KOYNpYyrux pemenuit cocrasiser 10% -15%.

5.

3akjaouyeHue

Hcnonb3ys pe3ynbTaTbl pabOThl MOXHO pallMOHAIBHO MOAOMpaTh pa3Mephbl CEUYEeHUs TPyO u

00ecneynTh CEHCMOCTOMKOCTh IO A3CMHBIX TPY6OHpOBOI[OB.
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METOJIMKA PACUETA TPAHCIIOPTHBIX TOHHEJIEA
HA CEUCMHUYECKME BO3JIEMCTBUSI

Mupamumos M.X.Y, Kapum6oes A.I.., Aupapos B.®.., Epnonaros B!
YTawixenmexuii 2ocyoapcmeennviii mpancnopmuwiii yuusepcumem, Tawixenm, Yzbexucman
E mail: mirzakhid_miralimov@yahoo.com

Annomayun: B nacmosiwyell cmamve HA OCHOBE MeMOOd KOHEUHbIX DJIeMEHmO8 ¢ MOOenvio Oepopmuposanus
«000enKa-20pHbIL MACCUBy Npusedena Memooukda pacyema KOHCMPYKYU aemompancnopmHuuix MoHHeRel 21y60Ko2o
3a100ICEHUsL HA B030EUCMBUS  CEUCMUYECKUX 60IH colcamusi (pacmsoicenus) u coguea. Ilocnedosamenvuvlii ananus,
NPOUCXOO0SWUX NPU DMOM (PUIUYECKUX HPOYECccos, NO360senm 6 OOCMAMOYHO NOJHOU Mepe Onpedeiums OCHOGHblE
3AKOHOMEPHOCTU 83AUMOOEtiCMEUsl 000eIKU MOHHENel COBMECMHO C BMeWaloWumM PYHMOBLIM MACCUBOM, A MAKICE
pazpabomams peKoMeHOayuu no KOHCMPYUPOBAHUIO DJIEMEHMOE C Y4emom 6cex 0cobeHHocmell pabomul MoHHeNell 8 2OPHbIX
VCOBUSIX.

Knroueswie cnosa: Tonnenv, maccus, 2pyHmogslil Maccus, 000e1Ka, KOHeUHblll INeMEHM.

1. BBenenune

B nocnemnue  necstuieTuss  HAONIOMAeTCS  WMHTEHCUBHOE  Pa3BUTHE  TPAHCIIOPTHOTO
TOHHEJIECTPOCHHUS, 00YCIOBJICHHOE PACIIMPEHUEM CETH MaruCTPAIbHBIX JIOPOT, YBETUYCHHEM 00BEMOB
MAaCCaAXUPCKUX M TPY30BBIX TMEPEBO30K, JAITHHEHIINM COBEPIICHCTBOBAHHEM TPAHCIOPTHOM
UH(PPACTPYKTYPHI.

B nacrosimiee Bpems B EBpome akcrumyatupyrotcst 6osee 10 ThIC. KM TpaHCTIOPTHBIX TOHHENEH,
MIPUYEM TOJIBKO 32 MOCIEAHHE |5 JeT MX MPOTSKEHHOCTh YBEIMYMJIACh HA 2 ThIC. KM. AHAaJOTrMYHAas
KapTUHA XapaKTepHa U ISl CTPaH I0ro-BoctoyHoi Asuu, rae ¢ 1990 r. noctpoeno 2350 kM TOHHEIEH,
CeBeproii u HOxnoit Amepuku. CerogHs B MHpPE pealu3yrOTCs OKoJIO 650 TpOEKTOB KPYIHBIX
TOHHENIBHBIX COOPY)KEHMI, MPUYEM T'OJIOBbI€ KANUTATIOBIOKEHUS AOCTUTIN YypoBHs (0e3 SAmonun) 40
wipa. gosun. CIHIA [1, 2].

Cpenn KpynmHEHIIMX TOPHBIX aBTOJOPOKHBIX TOHHENEH, MOCTPOEHHBIX 3a IOCJIEJAHHE TOJBI,
MOXHO BBIJIEIUTHh TOHHENb Jlaepaan nuHoi 24,5 kM B HopBeruu, 1Ha napanienbHbIX TOHHENS JJIMHON
o 19,6 kM yepe3 Tropunrckuii jiec B ['epmanuu, 1Ba napauiebHbIX TOHHENS Xuaa aauHou mo 10,75
kM Mexay r.r. Haroeit u Tossmu B SImonnu. Hambomnee KpyrHbIEe TIOIBOIHBIE aBTOOPOKHBIC TOHHEIN
nmocTpoeHsl moj Tokuiickoi OyxTrod B SnoHwm (IBa mapauiedbHBIX TOHHENS IMHOW 1o 10 KM H
muamerpom 14,14 M), mox p. Dnbboit B ['epmanum (mmuHoit 3,1 kM, muamerpom 14,2 M), TOHHEIH
bamnaduopn B Hopeeruu mmuHoi 7,9 kM, ToHHETs Bectepimensae nmuHoi 6,6 kM u quamerpom 11,33
M B Hugepnannax. K xpynmHelmuM ropoJcKuM TOHHENSIM MOXKHO OTHECTH Moja3emMHyro ceTh Central
Artery B 1. boctone (CILA) o6uieit npoTspkeHHOCTBIO 11,3 KM, 1Ba TOHHEINS Ha aBToMarucTpaiu A86 B
r. [Tapmwxke (Opannus) pymaon 10 u 7,5 kM 1 quametpoM 11,75 M, KeJe3HOIOPOKHBIE TOHHETTH MEXIY
asporopramu B r. Heio-Mopxe (CIIIA) [3].

B nameii ctpane 3a nociaeaHue rojbl NOCTPOCHBI TOPHBIE ABTOJOPOKHBIE TOHHENIN Ha IepeBalie
Kamuuk u Pesak o6mieit anmuHoi 1,8 kM, a Takke NPOTSHKEHHBIN KEIe3HOIOPOKHBIN TOHHENb Ha THHUH
a Takxke «AHrpes — [lom» anunoii 19,2 xm [4].

Ha cnenyromue roapl HaMe4yaeTcst CTPOUTENHCTBO HOBOTO aBTOJOPOKHOTO TOHHEISI ATUHOM Ooee
6 kM. Tepputopus B VY30ekuctaHe M palOHBI, B KOTOPBIX PACIOJIOXEHBI U MPOEKTUPYIOTCS
TPaHCIOPTHBIE MArUCTPAJIU, XaPAKTEPU3YIOTCS OBBIILIEHHON CEHCMUYECKON aKTUBHOCTBIO.

Cnenyer mnOAYEpKHYTb, YTO B OCHOBHOM TOPHBIE TOHHEIM OTHOCATCS K TOHHEJIbHBIM
COOPYKEHHSIM TITyOOKOTO 3aJI05KEeHUs, TIIyOrHA KOTOPBIX MPEBHIIIAET AUaMeTp 00K HE MEHEe YeM
B 3 pa3za.

B cBsi3u ¢ 3TUM MeTOIbl, TpeIHa3HAYEHHBIE IS pacyeTa 00/IeI0K TOHHENIEH MEIKOTO 3aJI0KEeHUS
(rmyOuHa 3aJ0KEHUsI TOHHENSI MPEBOCXOIUT HAUOOIBIINKA pa3Mep ero MomepeyHoro CeYCHHsI MEHee,
4yeM B 3 pasa), He MPUEMHBIMU B TAaKUX CITydasl.

[Ipy mpoxokJAEHHH B TOPHOM MAaCCHUBE CEMCMHUYECKUX BOJH CHKATUSA-PACTSDKEHHUS WM CIIBUTa,
PacpOCTPaHSIONIMXCA OT OYara 3eMJIETPSICEHHUs, B KKJIOM AJIEMEHTE IPyHTa, TIOMUMO €CTECTBEHHOTO
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HANPSHKEHHOTO COCTOSTHHSA, (POPMHUPYIOTCS CECMUYECKUE HanpspkeHus. B MecTax KOHTakTa rpyHTa C
KOHTYPOM OOEJIKH TOHHENS (MM APYrUM TPENSTCTBUEM) IPU MPOXOKICHNUHN TUIOCKONW CEHCMHYECKON
BOJHBl BO3HHMKAET KOHLEHTpALUs CEHCMUYECKUX HAIPSDKEHUM, SIBJISIOIIMXCS JIONOJHUTEIBHOMN
CEMCMHUYECKON KOHTAKTHOM Harpy3koil. BaxHol 3aa4yeil SBIISIETCSA OLIEHKA HANPSKEHHOTO COCTOSHHUS
00eTIKM aBTOAOPOKHOTO TOHHEIS OT ACUCTBUS JUTMHHOM BOJIHBI CKATUSA-PACTSDKEHUS M BOJIHBI C/IBUTA,
3aJjaBaeMbIMH HANPsHKCHUSAMU Ha OeckoHeuHocTH. [locnemoBaTenbHBIN aHAMN3, TPOUCXOSIINX TPU
3TOM (U3UYECKUX TPOIECCOB, MO3BOJSIET B JIOCTATOYHO TIOJHOW Mepe OIpEeaesuTh OCHOBHBIE
3aKOHOMEPHOCTH B3aUMOJICHCTBUSL OOAEIKM TOHHEIEHM COBMECTHO C BMEIIAIOIIUM TI'PYHTOBBIM
MacCUBOM, a TaKXke pa3paboTaTh PEKOMEHJALUU MO0 KOHCTPYMPOBAHHMIO AJIEMEHTOB C YYETOM BCEX
ocobeHHOCTeH paboThl TOHHEIEH B TOPHBIX YCIOBHSX.

PazpaboTka MeTo/1a MaTEMAaTHIECKOTO MOJICTTUPOBAHUS U YUCIICHHOE MCCIIeI0OBaHNE HAIIPSKEHHO-
Ne(OPMUPOBAHHOTO COCTOSTHUSI TOPHOTO MAacCHBa U 3JIEMEHTOB TOHHENEH C y4eTOM OCOOEHHOCTel
CEMCMUYECKUX KOHTAKTHBIX HArpy30K SIBJISIETCS B HACTOSIILIEE BPEMsI AKTyaJIbHOM 3a1a4eil.

2. MartepuaJibl, CylieCTBYIOIIME METOABI U 00bEKT UCCIeJOBAHMS.

Uctopusi pa3BuTusT METOJOB  pEIIEHUS 33a7a4 MEXaHUKA TOA3EMHBIX  COOPYXKEHUM
HacCUMTHIBaIOIas yxe Oojiee CTOJIeTUS, HAUMHAS C MPOCTEHIINX CXEM PaBHOBECHSI KECTKUX KIMHBEB,
KOTOPBIMH allPOKCUMHUPOBAJIACh 00JIENIKa CBOJIOB [5], BKIIFOUAET Pl XapaKTEPHBIX ATanoB. [Ipu 3Tom
CYIIECTBEHHO PA3IUYHBIMU TEMIIAMU Pa3BUBAINCH PEIICHHsI JBYX OCHOBHBIX IOJXOJOB K pacdery
TOHHEJIbHBIX 00/1e510K. [1epBhIil MOIX0 — 3TO UMEIOIIM 3HAUUTEIHHO 00Jiee TaBHIOK NMPEABICTOPHIO,
00BEKTOM  HEMOCPEACTBEHHOTO  HWCCJICAOBAHUS  SIBISCTCA  KOHCTPYKIMSA  OOACNKH, KOTOpas
MIPEJICTaBIsIeTCS B MPOCTPAHCTBE B BUJE LIMIUHAPUIECKOM, MPU3MATHUECKON 000JI0UKH, a B TIIOCKOCTH
B BHJIE€ CTEp)KHEBOW ammpokcumaruu. Bo BTOpOM TOAX0/€ paccMaTpuBaeTCsl COBMECTHOCTH
nepeMeneHuil 006/IeIOK TOHHENEH ¢ OKPYKAIOIIMM MacCHBOM U PEIIaeTCs KOHTAKTHAs 3ajjaua TEOPUH
YIPYTrOCTH WM TJIACTUYHOCTH [35, 6].

HHTepecHble pe3ynbTaThl MO pacyeTy Ha CEMCMOCTOMKOCTh TOHHENIEH TIyOOKOTO 3aJI0KCHUS
nosydensl H. C. BynbiueBsiM [5] U Ap. HA OCHOBE pacCMOTPEHUSI KBAa3UCTATHMUECKUX 3a]lady TEOPUU
YOPYrOCTH Ui Cpeibl, OCIIa0JIEHHON HEMOJKPEIUIEHHBIMH WM TOJAKPEIJICHHBIMU OTBEPCTHUSIMH,
UCIBITHIBAIONIEH] HE OECKOHEYHOCTH JBYXOCHOE C)XKaTH€ WJIM YHUCTBIM CIBUT, MOJAEITUPYIOIINE
COOTBETCTBEHHO JEUCTBUIO JIUHHBIX (Oojee, yeM B 3 pa3a MPEBOCXOMSALIMX pa3Mepbl OTBEPCTHIN)
MIPOJIOJILHBIX M MOMEPEYHBIX BOJIH MPOU3BOJILHOTO HAPaBICHUSI.

HccnenoBanus, nposeaennsie 1. U. AlitamuessiM, JK. K. MacanoBbM 1 Apyrux y4éHsix [6-9]
TaK)Ke MOCBSIICHbI U3YYCHHIO KBAa3HCTAaTUYECKOW pabOThl TOHHEIHHOW OOJENKHU MPU CEMCMHUYECKUX
BO3JICHCTBUSAX C yYETOM aHU30TPOIUHU MacCUBa U AU(PpaKLIUU BOJH.

TeKTOHW4eckue,
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Pucynok 1. Bo3aelicTBust celicMU4eCKOi BOJHBI HA NMOA3eMHbIE COOPY:KEHH s
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B pa3BuTHM AMHAMHUYECKUX METOJIOB pacyera MOJA3EMHBIX COOPYKEHUM, B3aUMOJICHCTBYIOLINX C
IPYHTOM OOJIBILIYIO POJib, chirpayiu Tpyasl Pammpgosa T. P. u A. A. Mmanxomxaesa [11]. TonHens
MOKET HCIBITBIBATh TpPU BUAA JeGopManmuy MpH CEHCMHYECKOM BO3ACHCTBUH: IPOJOJIbHBIC
nedopmanuu (cxaTus M pacTsLKeHHs), U3ruOHble aedopmanun u aepopmanuu casura. IloBenenus
TOHHEJEW 3aBUCAT OT MapaMeTpOB 3eMIICTPSACEHHS, XapakTepa aedopMalyii MaccuBa IpyHTa OKOJIO
TOHHEJIS U 0COOCHHOCTEH KOHCTPYKIIUU TOHHEITLHOU OOICIIKH.

B 3aBucuMocTu OT COOTHOIIEHMSI )KECTKOCTU TOHHEIBHOW OOJENKHU U MaccuBa IPyHTAa TOHHEIb
Oyzner mnbo aehopMUpOBATHCS BMECTE C MAacCHBOM TIPYHTA, JHOO COMPOTUBIATHCA JehOopMarusiM
(puc.1). IIpoBeneHHbIE UCCIIEOBAHMSI CBUIETEILCTBYIOT, YTO B MECTaX KOHTAKTa I'PYHTa C KOHTYPOM
00fenKy TOHHENS (WM JPYTUM TPETSTCTBUEM) MPH MPOXOKICHUH TUIOCKOW CEHMCMUYECKOH BOJIHBI
BO3HHMKAET KOHLEHTpALUs CEHCMUYECKUX HAPSDKEHUM, SIBJIFOIINXCS JOTIOJHUTEIBHON CEHCMUYECKON
KOHTaKTHOM Harpy3ko# [8, 9].

3. IlocTanoBKa 3aga4u U MeTO/ PeIICHUA

[Ipu nocraHOBKE 3a/1a4M pacyeTa aBTOIOPOKHOTO TOHHENS Ha ceicMUYeCcKUe BO3IeCTBUSA OyieM
HCXOJUT OT CJIETYIOLIErO:

- paccMaTpHBalOTCSl TUIOCKME KOHTAKTHBIE 3a7adydl TEOPUU YIPYroCTU [UIsl COOPYKEHHS,
MOAKPEIUISIONIET0 BhIpE3 B YIPYroi cpejie ¥ paboTarolIero B YCIOBUIX COBMECTHOCTH MEepEMEICHUN
IpU  CIEAYIOIMX TPAaHUYHBIX YCIOBHSX: CEUCMHUYECKHE BOJHBI MPEANOJAraloTcs YOpYruMH,
rapMOHUYECKUMH C MJIOCKUM (POHTOM PACIPOCTPAHEHHUS, JINOO HECTaHJAPTHBIMH, C HE3HAYUTEIbHBIM
otnnyueM (1o opme) peaabHOro UMITYJIbCa OT CUHYCOUIAIbHOTO.

- IJIOCKHM (PPOHT BOJIHBI SABISETCS MPOCTEUIIMM W IIUPOKO HCHOJIB3YeTCS A H3ydeHUs
pacnpocTpaHeHus yIpyrux BOJH B TOPHBIX OPOJax U MaccuBax. B 3Toii cBs3u 60s1ee ciokHble (OpMBI
BOJIHOBOTO TOJISI TPEACTABISIOT MaTEeMaTHUYeCKd B BUJE CYNEPHO3UIUN IUIOCKUX BOJH,
PacpOCTPaHSIONINXCS B PA3HBIX HAIIPABIICHUSX.

- TPYHTOBBI MAacCHB NPUHUMAIOT CIUIOIIHBIM, JIMHEHHO Je(OPMHUPYEMBIM, OTHOPOIHBIM,
XapakTepHu3yromumMcs MoayneM nedopmanuu Eo u koaddunuentom [lyaccona vo.

OO6nenky paccMaTpuUBaeM B YCIOBHSIX IJIOCKOM fedopMaliny, T.€. B MPEANOI0KEHUH, YTO JIHMHA
TOHHEJIS MPEBOCXOJUT €ro IMOIMEpeyHble pa3Mepbl HE MEHEe YeM B 5 pa3 U ceiCMUYEecKHe BOJIHBI
PacIpoCTPaHSAIOTCS B INIOCKOCTH €T0 TOTIEPEUHOTO CEUEHUs. DTU JIOMYILIEHUS OTHOCITCS K TOHHETIbHBIM
COOPY)KEHHUSIM, TITyOMHa KOTOPBIX MPEBBIIIAET JUAMETP 00/EIKH He MEHee YeM B 2 pa3a. Y CIOBUMCH,
YTOOBI UTMHA CEMCMUYECKUX BOJIH CABHUTa MPEBOCXOJMIA AUAMETp TOHHENs HE MEHee 4eM B 3 pasa
(Hanmpumep, I CKaIbHOTO TpyHTa ¢ MoxyiaeMm nedopmanum Eo= 1-104 Mlla, oObemMHONM Maccoit
po=2.5 t/™M® u xorpdunumentom Ilyaccona vo=0.25 mpu mpeobnajaromieM HepHOAOM KolebaHumii
To=0.4 ¢, nMHa ynpyroil BOJIHbI CIBUra COCTABISAET 482 M).

PaccmoTpuM HamnpsikeHHOE COCTOSIHUE 001K aBTOI0POKHOTO TOHHEIS TITyOOKOTO 3aJI0KEHHS,
BO3HHUKAIOIIIEEe MO/ JeHCTBIEM ceCMUYEeCKHX BOJH (puc. 2).

o o w
HpI/I 9TOM JACUCTBUSA CCUCMHNYCCKUX BOJIH CXKATUA-PACTAKCHUA U CABUT'A - 5TU HOPMAJIBHBIC (O-JE' )

w w
n 0-35' )) 1 KaCaTCJIbHBIC (T)(C'JZ') HAaIIPsAKCHUS, BO3HUKAKOIIUC B MACCHUBE Ha OECKOHEUYHOCTH II0

HPOU3BOJIBHBIM B3aUMHO-TICPIICHIUKY/SIPHBIM HAlpaBlIeHUsIM X' W ', CICOyeT ONIpenelsTh Ha
bopmynam

1
O',Eiu) = igkcyclTo; 1)
ol = 2 g )
y 1—1]0 X
1
ch(f;z, = igkcyczTo 3

re Ci1 - CKOPOCTh PacHpOCTpaHEHUs MPOJOJbHBIX (CKATHSA-PACTSHKEHUS) BOJH, M/C; C2 - CKOpPOCTh
pacipocCTpaHeHUs MOTMEPEYHBIX (CABUTH) BOJH, M/c; To - TpeoOiagaronuii mepruo/1 KoaebaHui 4acTuIl
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0poasl, ¢; Vo - koaddurment Ilyaccona rpynra; K- xosddunuent ceiicMuunoctr, 4 - ycioBHOE

CeMCMUYECKOE YCKOPCHHE YacTHUI[ MOPOJbI B JOJSIX YCKOPEHHsI CBOOOTHOTO MAajCHHUsS, MPUHUMACT
srauenue 0,1, 0,2, 0,4 cOOTBETCTBEHHO JUIsl pacdyeTHOU ceiicmuunoctu 7, 8, 9 6amnos; Ki1=0,25 -

KOA(PUIIMEHT YUUTHIBAIOIIMIA JOMyCKaeMble TIOBPEXKACHUS 00/1e10K ToHHeneH [7, 10].

PI/ICyHOK 2. - PacueTHas cxema K ONnpeaeJeHuI0 HANPAKEHHOr0 COCTOAHUSA OﬁlleJIKl/I OT MPOAOJBbHBIX M NIONEPEYHBIX

ceiiCMUYeCKHX BOJIH.

HpI/I PaCIOJIOKCHHUU TOHHCIIA FJ'IY6OKOI‘O 3aJI0OKCHHUA B OJHOPOAHBIX 11O celicMuYecKomn

KCCTKOCTHU CKAJIBHBIX I'PYHTAX IIPU HAJTUYHUHU SKCIICPUMCHTAJIbHBIX TaHHBIX BO3MOYXHO YMCHBIIICHUC

k03 durmenta ceiicmuunocTh 10 0,5 Ke pu riyoune 3anoxxeHus ToHuens B 100 M u 6osee. Perrenne

JAHHOU KOHTAKTHOM 3a/laui TEOPUU YIPYTOCTH CBOJUTCS K PEIICHUIO KPAeBOH 3a]1auu TEOPUHU
VIIPYrOCTH, XapaKTEPU3YIOIINUX COOTBETCTBEHHO HAMPSKCHHOE COCTOSIHHE CPeIbl (TPYHTOBOTO
MaccHBa) ¥ KOHCTPYKIIUU (TOHHEIBHOU 00/ICTIKN).

[IpenmonoxuM, 9To 1Mox ASUCTBHEM ITHX CHJI JeOPMAIIMU MaJIbl M Ut HUX CIIPaBE/ITHBBI
CIIeyIOIIe OCHOBHBIE ypaBHeHwus [8, 10-14]:

1. YpaBuenus papHoBecus (CtaTnueckue ypaBHEHUS)

or _ or, 0o, _
a0*+—”+X=O, Z+y—2L+Y=0
ox oy oy
Ty =Ty =T
rie X u Y - oO0bemHble cuiibl. Unu B MaTpuaHOU hopme
AG+P=0
Lo
e A= , G=[o,0,7], P=[X Y]
00
oy OX
2. 3aBUCHUMOCTH MeXxy AepopmanusiMu 1 nepemenieHusmu (I'eomerpruyeckue ypaBHEHNU)
TR Y
X ax 1 y 6y ' 7xy ax ay 1
UM =AU, rze g=|e, gy]T, U=[u v['

3. ®usnueckue ypaBHeHUs (3akoH ['yka)

1 1
&y :E(O-x _Vo-y)’ gy :E(O-y _Vo-x)’ 7/xy =
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()



WIH &=Bo
rae A= , 6=[o,0,7,], P=[X Y]
02 2
dy ox
rae L 1 —v 0
0 0 20+v)

Torma s ypaBHEHMsI TEOpUU YHPYTOCTH C KpaeBbIMU (TPAHUYHBIMHM) YCIOBHSIMH MO>KHO

3amucath [11]:

_CU

4.

AG+P=0
§=A"U 7
£§=B&
Kunematnueckue rpaHUYHBIC YCJIOBUA HAa KOHTYpPEC Cu
U=u, (8)
CraTnueckue I'paHUYHBIC YCIIOBUS HAa KOHTYPE C o
A =P, (9)

3nece U,,P, - BEKTOp 3a/[aHHBIX NIepeMEIIeHH# Ha KOHTYpE - C, ¥ BeKTOp 3aaHHBIX yCHIMI Ha

, AC - MaTpHUIla HAMPABIIAIONINX KOCUHYCOB.

JInst peteHust moTyIeHHbIX YPaBHEHHI PUHSITH METOJ] KOHEUHBIX dieMenToB [11, 12-14].

Pe3ynbTaThl pacyera M X aHAJIU3

PaccMoTpuM TpaHCHOPTHBIN TOHHENH C OJHOMOJOCHBIM JBMKEHHEM, PACHIOJIOKEHHBIH B TOPHOM

paifoHe B TpeIIMHOBAThIX IPaHUTaX (PUCYHOK 3, a). B pacueTHOM ydacTke mopo/ia, BMEIaroIias TOHHEb
— IPaHUTHl U CUJIBHOBBIBETpEsble NMopupsl ¢ noepxHocTu. Ilo pazpaboranHON MeTonuke Oyaem
OLIEHUBATh HECYIIYIO CLIOCOOHOCTh OOJIETIKM C Y4€TOM 30HbI PErMOHAIBHOM TPEIMHOBATOCTH, KOTOPAst

MOJKET 0Ka3aTh 3HAYUTEIbHOE BIHUSIHUE Ha TOHHEIb, TO €CTh BBEJICHUEM KO3 (dUIIMEHTA IIEPOXOBATOCTH
pasnoii 0,35.

| y |

Pucynok 3. - CxeMbl 00/1€JIKH TOHHEJISI: a) HCXOAHASI KOHCTPYKUUS, 0) AHGOpPMUPOBaHHE KOHCTPYKIIMH
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Pacuersl moOKa3anu, YTO BO3AEHCTBUE CEUCMUYECKOW BOJHBI CYIIECTBEHHO BIIMSIET Ha
HaNPsHKEHHO-1e(OPMHUPOBAHHOE COCTOSIHUE “TpyHT-001enka”. Ha pucyHok 3,0 mpuBepeHa KapTHHA
nepOopMUPOBAHUS KOHCTPYKITUU OOACITKA TOHHEIIS.

Ha pucynke 4-5 mnpuBeneHbl, pacupeleleHHUs TOPU30HTAIbHBIX M BEPTUKAJIBHBIX H30XPOM
IIEpEMEIIECHUN.

a) 0)

-9.70ZE-0003

—8.273E-0003
.B45E-0003 -1.500E-0602
-H16E 0003 -1.395E-0602
-98BE- -1.289E-0002
-559E-0003 e 183E-0002
-1.131E-6603 L Jpvcabres

Z.978E-0004 [ ] .
PR 6603 — 0 - 719E-0003
3 155E-0003 — - 662E-0003
1.583E-0003 — - 606E-0003
6.012E-0003 - 519E-0003
7.440E-0003 — 5 - 192E-0003
8.869E-0003 e 1 - 436E-0003
1.030E-0002 -3.379E-0603
1.173E-0002 B 327E-0003
I

e ~ 1 - 265E-0003
-2 .087E-0004
8.480E-0004

Pucynox 4. - I30XpoMbI rOpU30HTAJBLHBIX NlepeMeLeHHUIi: a) B cUcTeMe “TPyHT- 001e/ika”, 0) B TOHHeJILHOIi 00/1e/ike

a) 6)

-7.296E-0003
-6.324E-0003
-5.352E-0003 -1.685E-0002
-4.379E-0003 -1.535E-0002
213580003 1 o002
-1.463E-0003 _ —
~4.9035-0004 — ok 0003
4.819E-0004 — o or o003
1.454E-0003 E—
2.426E-0003 -6.313E-0003
——EEe
4.371E-0003 - B
5 .343E-0003 e 1 -795E-0003
6.315E-0003 — —Z.894E-0004
7.288E-0003 o 1.216E-0003
e 2-722E-0003
4.228E-0003
5.734E-0003

Pucynok 5. - I30XpomMbl BepTUKAJIbHBIX NlepeMellleHu i, (M):a) B cucTeMe “rpyHT- 001e/1Ka”, 0) B TOHHEJbHOIl 001e/Ke

Ha puc.6 u3oxopamu HamnpspKeHUH B CHCTEME «TpyHT-o0nenka». M3 pe3ynabTaToB BUAHO, YTO
KOHIICHTPALMIO HaNpsHKEeHUH co37aéT TOHHeNbHas o0jesiKa, KaKk MHOPOJHOE BKIIOYEHHE B TOPHOM
MaccuBe. A Ha puc. 7 NpPUBEIEHbI, BOZMOXKHAs 00JIACTh MPEAEIbHOIO COCTOSHHS B CUCTEME «TPYHT-
o0zie7IKa» M BEKTOPHOE I0JI€ TJIaBHBIX HaNpsDKEHUH B TOHHEIBbHOM o0nenke. AHanM3 3THX JaHHBIX
MOKa3bIBAET, YTO OOJIACTh MPENEIBHOTO COCTOSHUS MOXKET YBEIHYUTHCS M0 OKPYXHOCTH TOHHENS B
Cllydae yBEJIMYECHMsI BHEIIHEH CEIICMUYECKON Harpy3KH.
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—4.751E-0001, —2.0ZBE-0001
—4.430E-0001] —1.888E-0001

—1.748E-0001

—1.608E-0001
—1.468E-0001
—3.145E-0001) —1.328E-0001

—2 .824E-0001 —1.1B8E-0001
—2.90ZE-0001 —1.048E-0001
—9.078E-000Z

—?.678E-0002

-1.539E-0001 —6.277E-000Z
—1.218E-0001 —4.877E-0002
—8.966E-0002 -3.476E-000Z
—5.754E-0002 —2.076E-0002
~2.542E-0002 -6.754E-0003
6.697E-0003 7 .250E-0003

—2.592E-0001
—2.247E-0001
—1.901E-0001
—1.555E-0001
—1.210E-0001
—8.641E-0002
—5.1B5E-0002
—1.728E-0002

1.72BE-0002

5.185E-0002

8.641E-0002
1.Z10E-0001
1.555E-0001
1.901E-0001
2.247E-0001
2.592E-0001

Pucynok 6. - I30XpomMbl HANIPSIKEHMI CUCTEMbI «TPYHT-001e/1Ka», (MIIa): a) ropu3oHTANBHBIX, 0) BepTHKAJIBHBIX, B)
KacaTeJbHBIX

6)

-1.7bbE+0OO1
-1.648E+0001

-1.531E+0001
-1.413E+0001
-1.296E+0001
-1.179E+0001
-1.061E+0001
-9.438E+0000
-8.264E+0000
~7.091E+0000
-5.917E+0000

—3.569E+0000
-Z.395E+0000

~4.743E+0000 _

MepemeneHna
W KOOPAMHATH
Y3M0B

6 577 0.7

-.330°03 -.16D-01
1 6.25

0.91
-.940-03 -.153D-01
-2 623 0.99

-.120°02 -.15D-01
3 5.7 0.83

-1.221E+0000
-.46D-03 -.16D-01

—4.750E-000Z

K. [n/NIKOHEY
KoopguHa e
TOUKH

X = 6.001
Y= 081

Sx = -15.6174
Sy = -2.8526
Txy= —4.4677
NanemeHTa 2

Pucynok 7. - Bo3amo:kHast 00;1acTh: a) Npeie/IbHOT0 COCTOSIHUA B CHCTeMe «IPYHT-001e/1Ka», 0) BEKTOPHOI'0 MOJIs1 HANIPs:KeHUii

BbIsiBII€HO, UTO MaKCUMAaJIbHBIE HANIPSKEHUSI BO3HUKAIOT B COEIUHEHUU CTEHKHU U JJOTKOBOW YaCcTH
TOHHEJIbHOM KOHCTPYKUMU. B cepeanHe TOTKOBOM 4YacTu OOJENKH HANMpPsDKEHUsS CYIIECTBEHHO HIKE
OTHOCHUTEIIBHO JPYIMX CEYEHHUM, TaK KakK JIOTOK MMEET IOBBIIICHHYIO >KECTKOCTh C TOJIIMHOW B
npeaenax 1,0-1,2 M. BepxHsis yacTh CBOJIa M HApY>KHasi CTOPOHA CTEHKHU UCTIBITHIBAIOT PACTATUBAIOLLINE
HaIpsKEHUs, HO OHU HMKE€ HOPMATUBHBIX 3HAYEHUH.

Ha pucynok 8 nokasansl pacnpeieieHus IJIaBHbIX MAaKCUMAJIbHbIX 1 MUHUMAaJIbHBIX HAIIPSLDKEHUI
B CEUEHUIX 00/1eNKu. B jKkene300eTOHHOI KOHCTPYKIIMH BBICOKHE CKMMAIOIINE HAMIPSKEHUS BOSHUKIN
B OCHOBHOM B MECTaX COCJIMHEHUs Pa3INUYHbIX 3JIEMEHTOB 00JIENKH MEKIy co00i (CBOA-CTEHA, CTEHA-
J0TOK). MakcuMalbHbIE 3HAUCHUS CKUMAIOIIETO HaMpshKeHUs paBHsoch 9,348 MIla, koTopas aaneko
HE JolUIa JO TMpeaeibHOro 3HaueHus OeToHa Ha cxartue paBHo 14,8 MIla. Dto cBsizaHo ¢
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IIPUCYTCTBUEM B CXKATOW 30HE NPOAOJBHBIX apmaryp. PacTarmparomue HanpspKeHUs B apMmaTypax
gacTeil 0eToHa OB cCaMbIMU MaKCHUMAaJIbHBIMH U MX 3HaUYeHUs He npeBbicun 3,40 MIla.

a) 0)

—1.583E+0001
-1.421E+0001 -1.009E+0000
—1.259E+0001 6.181E-0001

1.697E+0001 2.245E+0000
—9.348E+0000 3.872E+0000
—7.729E+0000 5.499E+0000
—6.109E+0000 7.126E+0000
-4 .,490E+0000 §.753E+0000
2 .B70E+0000 1.038E-0001
-1.251E+0000 1.201E+0001
3.688E-0001 1.363E+0001
1.988E+0060 1.526E+0001

. 3.608E-0000 1.689E+0001
5.2Z7E+0000 1.852E+0001
6.847E+0000 2.014E+0001
8.466E+0000 Z.177E+0001
Z.340E+0001

Pucynox 8. - 130XpoMBblI IVIABHBIX MAKCUMAJILHBIX H MUHUMAJIBHBIX HANIPSIZKCHUI B TOHHE/IBbHOI KOHCTpyKuuu, (MIla)

Ha pucyHok 9 mpuBeicHBI MMOJTy4€HHBIC U3 pacyeTa 3HAYCHUS PACHPEICIICHUS HampsHKSHUH 3a
00J1eNIKOl B TpyHTE. M3 3TUX PHCYHKOB MOHO YBUJIETH MECTa KOHIICHTPAIIUU HANPSDKCHUH BOKPYT
00I€JIKM TOHHEIIA.
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3 0oz

oz

 —————— = s L3 . L L
T3S h_rﬂ 13 15 %19 e 2 002 R S - S S R L
oz —

1 f?‘—'-—.—-—l—'_;"_"'ﬁ-‘_‘\"- i 004
B

JJ.-’ 1 = = e 006
bl
f/ 008 1
sz lr(’_"_""_‘—\-h_;_\_,_\___\_-_\_
f{ -0
- :_\_\_._‘_,_...,—l—'—'_'_ _E“—‘_’_‘_‘_
T 01z 2
s 014
B)

004

002 3 —

0 o - T

popdl 3 8 7 9 11 13 15 17 19

004

D08 =

D08 I =

oy Lot e

012 1 S

014

Pucynok. 9. - Pacnpenenenns nanpsikenuii, (MIIa): a) BoKpyr ToHHe/IbHOI 00/1eJIKH, 0) 32 TOHHEJbHOH 001e/1Kol 10 ocu X, B) 3a
TOHHEJIBHOI 00/1eJ1K0ii M0 ocu Y, 1- rOPH30HTAJILHBIE HANPSI)KEHHS], 2 - BEPTHKAJIbHbIE HANPSIKEHHs], 3 - KacaTeJbHbIe
HANIPSIZKeHUs

5. 3akjaroueHue

Ha ocHoBe MeToJla KOHEYHBIX 3JIEMEHTOB C MOJIENbIO J1e(OPMUPOBAHUS «OOJeNIKa-TOPHBIN
MaccuB» pa3paboTaHa METOAMKA pacyeTa KOHCTPYKUUH aBTOTPAHCIOPTHBIX TOHHENEH TIiyOOKoro
3aJI0)KEHUs Ha BO3JICHCTBUS CEHCMHUYECKMX BOJIH CKaTus (pacTshkeHus)) M casura. PaccMoTpeH
TPAHCIIOPTHBIM TOHHEIb C OJHOIIOJIOCHBIM JBHXKCHUEM, DACIOJOKECHHBIM B TOPHOM palioHE B
TPELIMHOBATHIX rpaHuTax. [IpoaHam3upoBaHbl OCHOBHbBIE 3aKOHOMEPHOCTH B3aUMOJICHCTBUS 001eNKN
TOHHEJEW COBMECTHO C BMELIAIOIIMM T'PYHTOBBIM MAaCCHUBOM, [UId JajbHeWIIed pa3paboTku
pPEKOMEHAlUN M0 KOHCTPYMPOBAHUIO 00JIENIOK ¢ Y4eTOM OCOOCHHOCTEN paboThl TOHHENEH B FOPHBIX
yCIIOBHSIX. BaKHEHIIUM JTOCTOMHCTBOM IIPEIUIOKEHHOIO METOJA pacdyera 3aKIH4acTCs B HArISJIHOM
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MIPOCMOTPE U MPOCISKUBAHIN XapaKTepa 1e(OpMHPOBAHUE HKETIe300eTOHHON KOHCTPYKIIUU OOAETIKU B
Ka)KJIOM €€ CEUEHUHU.
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MATEMATHUYECKOE MOJEJIUPOBAHME 3ATAYH B3AHMOI[EI7'ICTBI{JISI 3IAHUM U
COOPYKEHUU C OCHOBAHHMEM ITPU CEUCMHUYECKHUX BO3JAEUCTBUAX

Husomos J.H.!

YUnemumym 2eonozuu, ceticmocmotixozo cmpoumenscmsa u ceicmonozuu HAH Tadxcuxucmana
E-mail: nizomov-jn@mail.ru

Annomayun: Paccmampusaiomes  8onpocsl  MAmMeMamuyecko20 MOOeIUPOBAHUA  3a0auu  83aUMOOeCmeus
COOPYAHCEHUS C YNPY2UM OCHOBaHUeM. Paspabomannuie aneopummbvl u KoMnvlomepHbie NPOSpamMmbl HO380IAIOM UCCIe008AMb
83AUMOO0eliCMBUs 30aHULL U COOPYI*CEHULI HA OCHOBe 08YX YRPOWEHHBIX Mooenel, a makce MoOenu KOHMAKMHOU 3a0adu
meopuu ynpyeocmu. Ilepgvie 08e 3a0auu peuiaromes ucxoos u3z ougpepenyuanrbHblx ypasHeHul O8UNCeHUs, a KOHMAKMHAS
3a0a4a peanuzyemcs Ha OCHO8e PAHUYHBIX UHMESPATbHBIX YPAGHEHU.

Kniouesvie cnosa: e3aumooeiicmeue, HUCIeHHOe peuieHue, CHIAUH- ARNPOKCUMAYUs, — AKCenepozpamma,

NOIYNPOCMPAHCIMBO, MOOCTUPOBAHUE, PAHUYHBIE YDPABHEHU.
1. BBenenne

CoopyxeHue 1 0OCHOBaHHE 00pa3yIoT CBA3aHHYIO TUHAMHYECKYIO CUCTEMY, B KOTOPOl mapaMeTphl
COOPYXEHHs BIIMAET Ha XapaKTEPUCTHUKU CEHCMHUYECKOrO BO3JCHCTBHUS, HAONIOIAEMOr0 B YpOBHE
OCHOBAaHHMS 3/aHUS, M MOATOMY (U3NYECKUE CBOMCTBA TPYHTa OCHOBAHHUS OKa3bIBaeT BIHMSIHME Ha
peakuuu coopykeHus. J[nHaMu4yeckoe B3aUMOACHCTBUE COOPYKEHHUS C TPYHTOM OCHOBAHUS SIBIISETCA
OJIHUM M3 OCHOBHBIX 3a/a4 B TEOPHUM CEHCMOCTOMKOCTH 3JaHMM M COOPY)KEHHH. MaremaTudeckoe
MOJICIUPOBAHUE U HCCIICOBAaHHE HANpPsHKEHHO-Ae()OPMHUPOBAHHOTO COCTOSHHS B3aWMOJICHCTBHUS
COOPYXEHHI C OCHOBAaHHEM SIBJIIETCS aKTyalbHOM MpoOieMoit. Peakiius coopykeHuUsI Ha CeCMHUUECKUe
BO3JICMCTBUS 3aBUCUT OT B3aMMOJCHUCTBMSI MEXIy B3aUMOCBS3aHHBIX JIEMEHTOB CUCTEMBI «TPYHT-
¢byHIaMeHT-coopyxeHue». B paboTte uccnenyroTes 3a1aund B3auMOJCHCTBUS 3aHUN U COOPYXKEHUH ¢
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OCHOBAHHEM, KOTOPbIE COOTBETCTBEHHO MPHUBOIAT K PEIICHHIO CUCTeM Iu(pPepeHINaTbHBIX U
I'paHUYHBIX MHTCTPAJIbHBIX ypaBHCHPIﬁ. PazmmuHbIe acIeKThI 3aJadyu o BSaI/IMOI[ef/'ICTBI/DI COOPYIKCHHA C
OCHOBaHHMEM PacCMOTpPEHBI B padorax [1-4].

2. MartemaTH4eckoe MoaeTHPOBaHHe HA OCHOBe U epeHINATBHBIX YPaBHEHUI

PaCCMOTpI/IM )II/IHaMI/I‘-ICCKyIO MOACIb 31aHus, KOTOpaSI HpCI[CTaBJ'ISIeT CO6OI71 CI/ICTeMy C KOHCYHBIM
YHUCJIOM CTereHei cBobopl. [lpu sToM mpenmnosiaraercs, 4to Ha riayoMHe h OT 3eMHOW TOBEPXHOCTH
PacIOJIOAKEHBI KOPEHHBIE OPObI, Ky/1a MIPUKIAJABIBAETCA CEUCMUYECKOE BO3ACHCTBUE B BUJIE 33/IaHHOMN
akceneporpaMMmsbl 3emieTpscerus (puc.l).. Cuctema nuddepeHHnaIbHBIX YpaBHEHUN CEHCMUYECKHUX
KoJieOaHUi KapKacHOTO 3/IaHUsI MOKHO MPEACTaBUTh B MAaTPUIHOU hopMme

MW +CW + KW = -MIvi, (t) (1)
rae M, C, K —marpunsl mace, 3aryxanuns u xkectkoctr, W, W, W — BEKTOPBI YCKOPEHHii, ckopocTeil u

nepemenienuit, W, (t) —3amannas GpyHKIMA aKcenepOrpaMMBbl 3eMIIETPSCEHHS,

M =diag(m, m, m,---m,), C=diag(c,c, ¢, --c,),

[k, +k, K, 0 i, Wiy
-k, Kk, +k; —k, W, W,
K= W={..l W=<.0 =
-k, k. +k, —k;
0 -k, Kk, | W, W, 1
3. YucjieHHOE MOIEIUPOBAHHUE.

[IpuMeHHB MeTOABl CIUIAMH ammpoKCUMauuu [5-7], BEKTOpPBI CKOPOCTEM M YCKOPEHHIA,
COOTBETCTBYIOIINE MOMEHTY BpeMEHH 1 , IPeACTaBIAIOTCS B BUsIE

. a a. . : .
-1 — _2 —
W, = 2(Wn Wn—l) W, —aW, 4, (2)
Ty Ty
i ﬁl . .
Wn - _(Wn _Wn—l) _ﬂzwn—l - z-nﬁI:’Wn—l ) (3)
n
n=1,2,...,N
X
a) m, o)
= a = = = B
z
[ = ] &) ] ] s
, 2 H
0 Y )
B a s [ B " s a8
m,
""""" St -
I 6x6=36 m - =
. = ==
w, (1) bt e o | .
| - i ¥4

Pucynok 1. - Mogeas B3auMOAeliCTBHS COOPY:KEHHS C OCHOBAHHEM

3necs: W, ,,W. |, W, , —BekTOpbI NepeMenienuii, CKOpocTeil U YCKOPEHHUH, COOTBETCTBYIOIINE
momenty Bpemenn t,, W, ,W ,W. — 10 ke, cooTBercTByIOImME MOMEHTY BpeMeHH t,, 7, —IIar

MHTETPUPOBAHUS HA OTPE3KE BPEMEHU [tnfl, tn] , &, 3; — K09 QUIMEHTBI, KOTOPBIE 3aBUCAT OT CIIOCO0a
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anmpokcuMaruu. Hanpumep, ecin Ha otpeske [tn1, th] mepByro m BTOpYIO HpPOM3BOJHBIE HCKOMOIL
(GYHKIMU TOCIIEIOBATEIbHO ANIPOKCHMHUPOBATh MHOTOWIEHOM IE€pBOM CTemeHu [7], TO OTH
KO3 PULIUEHTHI OyIyT paBHBI

a=m=4 o= [=2 p=L pf=0

a pu anmpokcumaru W(t) Ha otpeske [th-1, th] KyOrueckoi mapadosoit

a=a,=6, o,=2, B=3 B=2 p=0,5

Brocs (2) u (3) B (1) nonmy4ynm cucteMy anreOpanvecKux ypaBHEHUN

AmiLicik |w, =M, 1)+
Tn Tn ’
M EW %W s, e Bw +BW. . +7. SW, (4)
2 n-1 r n-1 37 'n-1 r n-1 2 n-1 n/~3%  n-1 (!
n=12,..,N.
Brenem o603HaueHMS:
a o, .
A=W, + 2 W + oW, 5)
Via= z__l Wi+ W, +7,6W, (6)
R:%M+QC+K, (7)
Tn Tn
Y ypaBHEHHE (4) IPEJICTaBUM B BHJIC
RW, =-Mlv,  (t)+MA _,+CV,,, (8)
rie R —wmarpuna o0000meHHOM KeCTKOCTH, Ani, Vni — BEKTOpBl YCKOPEHMH UM CKOPOCTEH,
COOTBETCTBYIOIIIE MOMEHTY BpeMEHHU tn1. YpaBHeHHE (8) MOKHO MPEICTABUTh B OKOHYATEIIEHOM BUJIC
RW, =F, (9)
F,=-MIw, +MA ,+CV,_,, (10)

rae Fn — BekTop 00001eHHON JUHAMUYECKON HAarpy3Ku, KOTOPBIA COCTOUT U3 CYMMBI TPEX BEKTOPOB:
CeCMHYECKUX, MHEPIIMOHHBIX U CHJI 3aTyXaHUsI.

B kauectBe BTOpPOro BapHaHTa paccMaTpuUBaeTcs MOJElIb  B3aUMOJICHCTBHUS, Te
MOJIYIIPOCTPAHCTBO 3aMEHSETCS YINPYIrUMH OMNOPAaMH, KOTOPHIE COOTBETCTBYIOT TOPU3OHTAIBHOMY
MEPEMEILEHUIO U MTOBOPOTY (hyHAaMEHTHOM IIUTHI (puc.2). 31ech Mpearnoiaraercs, 4to GyHIjaMeHTHAs
IJTUTa UMEET JIBE CTEIEHU CBOOOIBI.

Pucynok 2. - YnpouieHHast MoJe/1b B3aUMOJAEICTBUSI TPYHTA OCHOBAHHUS CO 3/1aHHEM
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B stom cj1ydau OJIOUHBIE MaTpulbl MaCC U JKCCTKOCTU MMPEACTABIIAIOTCA B BUIC:

M, M K, 0
M = -[S- sb ’ K = S , (11)
My, M, 0 K,
rae M., K, —kBaapartHele OJI0KU pazmepa N
m 0 .. O L, Iy 0 k,+k, -k, 0
M, = 0O m .. O K - fy Iy Ty ... O _ -k, k,+k; —k; ... O |
0 .. m 0 r r 0 -k k

n n n

M, , K, —KBaapaTHble OJOKH 2-TO MopsIKa

n n
m, +>_m, > mh
=1 =1

i i k, 0

Mb: n n n , Kb:{o K ]
dmh 3D 3+ mh’
i=1 i=1

i=1

M., M/, — npsMoyrosbHbIe 6I0KM Pa3MepoB Nx2 U 2xN

ml mlhl
M, = m, m,h, oM :{ m m .. m }
mh  mh, ... mh
m, mh,
Martpuity 3aTyxaHUs. MOXHO MPEICTaBUTh B OJJOUHOM BUJIE
co C, O
|5 o)
rae matpuiia Cs mpuHuMaeTcs 1o Penero mponopiinoHaabHO MAaTPHUIIE MAcC U JKECTKOCTEH [ 8]
C, =aM, +bK| (12)
ab — koadpounmentsr mnpomopioHadbHOCTH. KBaaparHas Marpuma Broporo rmopsaka Cp

MMpEACTaBJIACTCA B BUIC

c, O
Cb:{ C}:aﬂM“boKb.

a
Bekropsl nepeMerieHuii CKOpocTeil 1 YCKOPEHH COCTOST U3 N+2 3JIeMEHTOB
W = i
=[w, W, ..ow, W oa],
Ilocie Toro kak C(I)OpMI/IPOBaHBI MaTpuibl Macc, JKECTKOCTEH U 3aTyXaHHsl, MOKHO IIPUCTYIIUTH K
YHUCICHHOMY pEIIEHUI0 CUCTeMbl Iu(QepeHIHanbHbIX ypaBHEHUH (1) MO BBIIIE H3IOKEHHOMY

AJITOPUTMY. Ha ocHoOBe U3110KE€HHBIX AJITOPUTMOB pa3pa60TaHLI KOMITIBIOTCPHBIC ITPOT'paMMBbI Ha S3BIKC
q)OpraH U MPOBCACHBI YNCJICHHBIC SKCIICPUMCHTDBI IIPHU PA3JIMIHBIX BO3ACHCTBUSIX.

4. IIpumep 1.

PaccmaTpuBaercs 9-3TakHOE KapKacHOE 3JaHUE pa3MepaMu B Iu1aHe 36% 18 M, CETKOM KOJIOHH 6 X6
M, BeicoTa 3Taxxa h=3wm (puc.l,a). Ceuenune xomonH — 0,5x0,5 m, ceuenne pureneii — 0,3x0,45 M,
tomuuHa mwmr — 0,2 M. O6mas Macca CymepcTpyKTyphl —cocTaBiuseT 564,35  1c?/m:
m=m =...=m,=51,791c*/™M, mg,=42,12 tc’m. Ilpenmonaraercs, 410 (yHIAMEHT 3IaHHS

ornupaercsi Ha 28-Mu OypoHaOMBHBIX cBasx kpyrioro ceuenus d=0,5, koTopble oMMparoTCs Ha IUIOTHBINA

128



TPYHT WIHA CKaJbHOE OCHOBaHHE, JIOCTUTas MPOeKTHOW riyOmHsl (puc.l,0). ByponaOuBHbIe cBau ¢
apMHUPOBaHHBIM KapKacoM IPEAal0T Harpy3Ky HE TOJbKO Ha TOT CJIOW IPyHTA, HA KOTOPBIA OMMparoTCH,
HO U 110 Bcel OOKOBOI IOBEPXHOCTH.

Ha puc.3 nmoka3ansl morydeHHbIe rpaduKi H3MEHEHUS! TOPU30HTAIBHBIX TEPEMEIICHUN MacChl My
1 M1p BO BPEMEHH OT CEHCMHMUYECKOTO BO3JCHCTBHUS B BUC 3aMaHHOU akceieporpammbl El Centro na
YpOHE KOPEHHBIX IMOPOJI, PacroyioKeHHBIX Ha TiayomHe h1=20 M ot 3emHO# moBepxHocTH (puc.l1,0).
Pesynbpratel mosrydensl npu miare mHTerpupoBanus Th=0,001 ¢ Ha oTpe3ke BpeMeHH 8 CEKyHI, XOTs
MIPOIOJDKUTENIBHOCTE akceneporpammbl 6onee 30 cexkyna. Ha oTpe3ok BpemMeHH OT HYJSl 10 BOCHBMU
CEKYHJl TPUXOJIUTCS IHKOBbIE 3HAUYEHUS YCKOpPEeHHs 3emieTpsceHuid. [Ipm 3ToM MakcuManbHOE
MepeMeIeHrue Macchl My osrydaercs 6osiee 20-TH CAaHTUMETD.

W1, W10, m —W! —WI10
0,3 1
0,25
0,2
0,15
0,1
0,05
0
0,05 4
0,1
0,15 4
0,2 1
Pyl W10 t,c

MNepemewenna maccml u m10
0T 3aAaHHOW aKkceneporpammbi
El Centro

Pucynok 3. - I'padukn xoeGannst Macesl M, u M, 3xaHust

5. BriBon.

[Ipemyararorcss MaTeMaTHYECKUE MOJIETH, KOTOPHIE OMHUCHIBAIOT YIPOIICHHBIE MOJCIH 3aTa4d
B3aMMO/ICHCTBUS COOPYKEHHsI C OCHOBaHHEM. B pe3ynbraTe mpoBeIeHHBIX alllPOKCUMAIIUi 10 BPEMEHU
MOJIy4€Hbl CHCTEMbI areOpanvyeckux ypaBHEHUH, KOTOpbIe Ha Ka)XIOM IIare Mo BPEMEHU PElIaloTcs
UTEPaLMOHHBIM MeToJIoM 3eiinens. PazpaboTanHble anropuT™Mbl U KOMIBIOTEPHBIE MPOTPaMMbl MOTYT
ObITh MCNOJB30BaHbl HA CTAJUMU BAapUAHTHOTO TPOCKTHPOBAHUS 3HAaHUW U  COOPYKEHHI,
B3aMMO/ICHCTBYIONIUX C OCHOBAHUEM.

6. MartemaTH4ecKkoe MOIeTHPOBAHNE HA OCHOBE I'PAHMYHBIX MHTErPAJIbLHbBIX YPABHEHUI

IIycTh TENO coopykeHus, KoTopoe 3anuMaet oomacte V+Q, rae Q=0Q0+Q1, IMeeT KOHTaKTHYIO
MOBEPXHOCTh €29 ¢ moxynpocTpaHcTBOM (puc.4). [lpenamonaraercs, 4YTO TOPOJHBIM MaccuB
MOJIYIIPOCTPAHCTBA SABJIAETCS H30TPONMHBIM M JIMHEHHO-ynpyruMm c¢ wmoayiaem casura Go wu

0
KOB(b(bI/II_[I/ICHTOM HyaCCOHa Vo M HAXOOWUTCA B HA4YaJbHOM HAaIIPsDKECHHOM COCTOSHUH Gij . Takxe

MPEANoaraeTcs, 4To B TeJle MOJIYNPOCTPAHCTBO UMEETCS OJIOCTh C TPAaHUYHON MOBEPXHOCTHIO a.
W3 paccMOTpeHHsI COOPYKEHHS W UCXOJSI M3 TEOPEMbl B3aUMHOCTH paboT [9] MOXKHO 3amucaTh
UHTETpalbHOE YpaBHEHUE [ 7]

W+ [ Py 0w, ()dQX) — [ W (£,)p, ()dA(x) =

Qp+y

= [ W (£, P2 (0dQx) + [W; (&, Y)Q; (¥)AV (). (13)
0 v

0 .
rae P (X)—3amannas marpyska Ha moBepxHOCTH € ; P j(X)—HaHp}I)KeHI/IH Ha KOHTaKTHOMH

MMOBEPXHOCTH; Qj (Y) — o6bemuas cuna. HenssecTHbiMu B (13) SBISIOTCS KOMIIOHEHTHI TI€pEMEILCHHUS

Ha NOoBEepXHOCTH =C20+21 1 KOMIIOHEHTBI HAIIPSDKEHUI Ha MIOBEPXHOCTH 0.
Bropoe rpannyHOE ypaBHEHHE MBI IIOJTy4aeM U3 pacCCMOTPEHUs MTOTyOECKOHEYHOTO MPOCTPAHCTBA
C TMOJIOCTBIO U C YYETOM ACHCTBUS KOHTAKTHBIX HANPSYKEHUI HA MOBEPXHOCTHU MOJYIIPOCTPAHCTBA
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CW, &)+ | Py (€)W, ()dQ(x) — [ Wi (£,%) p; ()dA(x) =
Q, Q
:jw;;(g,x)pj’(x)dgz(x), FeQ,, xeQ,+Q,, 1,j=12,3. (14)

0
rae pP; (X) —3anannas Harpyska Ha nosepxHoctu Q. HenspecTHbiMu B (14) ABJIAIOTCSA NepeMEIEHHs Ha

MOBEPXHOCTHU (22 U HANPSYKEHUsS] HA KOHTAKTHOM roBepxHOCTU L2o.

Tperbe ypaBHEHHE MBI MOXXEM IOJIy4UTh U3 (14) ecian nmpuHEMAaTh, 4t0 &€y U C; = J;, TOrAa
OyJeM UMETh:
W (&) + [ pj (€)W, 09dQ(x) — [ W (£,%) p; (x)dQA(x) =
Q, Q
:IW;(f,x)pj(x)dQ(x), EeQ,, xeQ,+Q,, (15)
Q,

I7Ie HEWU3BECTHBIMHU SIBJISIOTCS KOMIIOHEHTHI TIEpEMEIIeHHs Ha KOHTAaKTHOM rpaHuie o U Ha
ITOBEPXHOCTH (22, a TAK)KE KOMIIOHEHTBI HAIIPSHKEHU Ha MIOBEPXHOCTH £o.

Takum oOpa3om, cucTeMbl U3 TpeX rpaHUuHbIX ypaBHeHU (13)-(15) no3BossdoT chopMupoBarth
CUCTEMY pa3pellialoluX ypaBHEHUHN 3a/Jadll B3aUMOJICHCTBUS COOPYXEHHS C IOy OEeCKOHEUHBIM
IIPOCTPAHCTBOM, B KOTOPOM HMMEETCA IMOJIOCTh C MOBEPXHOCTBIO €22. ClieyeT OTMETHUTH, YTO BO BCEX
TpeX MPHUBEACHHBIX HWHTErpajbHBIX YpPaBHEHUSX HEU3BECTHBIMU SABISIOTCA IEpPEMEIEeHUs WIH
HaNpsLKEHUS Ha TIOBEPXHOCTH UCCIIEyeMOTro 0ObEeKTa.

1. YucjieHHOE MO/IeJIMPOBaHMeE.

C Uenpl0 YHUCIEHHOTO HWHTETPUPOBAHUS, BBINOJIHACTCSA CIUIAH-aNMIpPOKCUMAIMS T'PaHUYHBIX
napametpoB [7]. Hanpumep, ecim KoHTYphI o, 21, 1 22 pa30MBarOTCsA COOTBETCTBEHHO Ha No, N1 U N2
MOCTOSIHHBIX DJIEMEHTOB, a oOsactb V Ha M TMOCTOSIHHBIX $4YE€eK, TO CHCTEMY pa3pellaroinx
anredpanvecknx ypaBHEHHM, OJYYEHHYIO B Pe3yJbTaTe TaKOW alMmpoOKCUMAIlUU, MOKHO MPEJICTaBUTh
B MaTpU4HOU popme

U
Al A B 0 ‘I |BI D 0 [[P°
U
0 0 -B) A’ P° =0 0 B:|iQ;. (16)
0 E} -BY A U° 0 0 BI||P,

2

U, ={W, W, W, }", i=12,...n, P,={P,P,P;}, i=n+1..n+n,, snecs Ej—- emmnnunas
Matpuua nopsaka ny; W,
TepeMEIIEHUSIM 1 HAIPSUKEHUSM 10 HATIPABIEHUIO OCH Xi.

P; (1=12,3; j=12,...)— BEKTOpbI, 3JIEMEHTBI KOTOPBIX COOTBETCTBYIOT

oyl

N

———— e ———— ______.r‘\-____-____..

Pucynok 4. - Harpy3kwu, aeiicTByiolue Ha NJIaTHHY
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Tpu cTpoku B MaTpUyHOM ypaBHEHHUH (16) COOTBETCTBYIOT TPEM UHTETPaAIbHBIM ypaBHEHUAM (13)
— (15); BepxHUIl MHAEKC yKa3bIBa€T HA HOMEpP NOBEPXHOCTH, I'/ie MPOU3BOAUTCS UHTETPUPOBAHUE, a
HUKHUM MHAEKC COOTBETCTBYET HOMEPY YpPaBHEHHMI B TOM NOpsIKE, Kak OHU 3amnucaHbl. Hampumep,

A — 6r0uHas MaTpUIa, SIEMEHTBI Y KOTOPOH COOTBETCTBYIOT ypaBHeHHIO (15), Ipu MHTErpUpOBaHUH

o nosepxHoctu Q2. Kaxxnas u3 matpun B (16) siBisiercst 01104HOM MaTpuLiel THIa
ks ks ks

ai a; .. ay ¢ by by

A= v o |t Beg=la

as as, .. as be b, .. b
(k,s=1,2,3),

3JIEMEHTHI, B KOTOPBIX BBIUUCISIOTCS O CIEIYIOIIUM (popMyrnam:

ar = [ puli A, b= [ wi(i.j)de;,
AQ; )

] A§2J

die = [ wi (i, AV, (k.s=123),
AV;

]
1=12,..,N, j=12,.,M.
BexTophl 3aaHHBIX HANpsOKEHUH HAa TPAaHUYHBIX MOBEPXHOCTAX M OOBEMHBIX CHJI B SYEHKaxX TeJo
COOPYKEHHUs 3aIIUCHIBAIOTCS TAK:

P° ={P? Py PJ}", i=12,..,n,
P, ={P, P, Pai}T' i=n+1..,n+n,. (17)
QZ{QU in Q3i}T' i=12,..,m.

Cnenyer OTMETHTb, YTO TPU BBIYMCICHHH DJEMEHTOB IIEpBOM CTpoku MaTtpuri B (16)
WCTIONB3YIOTCA (GyHAaMeHTanbHbIe pemieHnss KenbBuHa [9], a /s ABYyX OCTadbHBIX CTpOKAax —
dbysaameHTanbpHbIe pereHus Munmaa [ 10].

CucrteMy pa3peliaronyx ypaBHEHUH 3a/1a4u B3aUMOJIEHCTBUS COOPYKEHUS C TOJTYITPOCTPAHCTBOM
(16) MOxHO 3amucaTh B CTAHJAAPTHOM BUIE

[AI{X}={B}, (18)
{X3={U, U, R, U},
rae Mmarpuna [A] sBuseT kBampaTHOH Matpumed S(2n,+n,+n,) mopsaka, rae f=3 u 2
COOTBETCTBEHHO VISl TPEX — M OBYMEpHBIX 3anad. Bextoper {X} u {B} B cooTBercTBHM COCTOAT W3
A(2n, +n, +n,) >IEMEHTOB, HAIIPUMED, Npu pazduske: N, =5, n, =8, n, =9 n npu F =2, marpuua
[A] Oynmer umers 54 mopsigok. Ilocne pemenunst cucremsl ypaBueHuid (18) u ompemeneHus HCKOMBIX

NepeMeIeHUl ¥ HampsHKeHUH Ha TPaHWYHBIX MOBEPXHOCTAX MOXKHO MPHUCTYNUTh K BBIYHCIECHUIO
TeH30pa AedopMalii U HANPSDKEHUH U ONpPEIENICHUI0 HAaNpsKEeHHO-A1e(hOPMUPOBAHHOTO COCTOSTHHS
CUCTEMBI.

8. Ipumep 2.

I/ICCJ'IC,Z[OBE[HI/IC HaHpH)KeHHO-I[e(I)OpMI/IpOBaHHOFO COCTOAHUA HeOI[HOpOI(HOﬁ 3eMJISHOM IUIOTHHBI
Ipnu COBMECTHOM B03I[CI7ICTBI/II/I Pa3JINYHBIX HAarpy3ok. YucieHHbIe HUCCIICA0BaHUs IIPOBCIACHBI Ha
nmpumepe HeonHopo,uHoﬁ 3eMJISTHOM MJIOTHHBI CO CIICAYHOINUMHA I'€COMETPUICCKUMU ITapaMCTpaMu:
a=c=160 M, b=60 M, h=87M, hy=82 M, a, =c, =172 M, b, =36 M;
M YIPYruMHU IapaMeTpaMu I'pyHTAa OCHOBAHUA, YIOPHBIX IPU3M U spa:
1, =57,69 MIla (5769 tc/mM?), v, =0,3; 14 = s, = 38,46 MIla (3846 tc/M?); v, =v, =0,3,
W=Vs =2, 21/M; L, =22,14 MIla (2214 Tc/M?); v,=0,4, y, =2, 21/,
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Pe3ynbrarhl mosyyeHsl NMpU JUCKPETHOM NIPEJICTaBICHUM BCEM rpaHuubl Ha 154 MOCTOSHHBIX
IpaHUYHBIX 31eMeHTOB. Ha puc.2 nokaszansl rpaduKi H3MEHEHUS TaHT CHIIUAIbHBIX HANPSHKSHUH BJIOTTb
KOHTypa siipa IUIOTUHBI NPU pa3iuuHbIX Bo3aencTBusX: OktWi (kpuBas 1); QxtWi+W2 (kpusas 2);
QktW1+W2+Si(kpuBast 3), rae Ok — Bec minotuHbl, Wi — ruzapoctarndeckoe nasienue, Wo —
(buUIbTPAIMOHHOE MPOTHUBOJAABIICHUE, S1 — cedicMuueckoe BosxaelicTtBue [11]. MoxxHO yBHAETH, UYTO
JEUCTBUS CEMICMUYECKON HAarpy3Ku IPUBOJUT K 3HAYUTEIBLHOMY POCTY HalIPSDKEHUM B YIVIOBBIX 30HAX
KOHTYpa IpeOHU IUIOTHHBI.

05, T/M?
20
10 M10-1 M1l
7 T +
. M8 M9 A M12+1
Fe=k="1 T / T T . T —.—-\1 1
-10 4 2 n 1z m
220 -
3 TaHreHuManbHble
-30 4+ m-1
HanpAXXeHuA
-40 - Ha KOHType Agpa
.50 - NAOTUHbBI

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Homepa anemeHToB
Pucynox 5. - I'pa¢guku u3MeHeHHs1 TAHTeHIHAIBHBIX HANPSIKEHUI HA KOHTYpe /1pa NVIOTHHbI

9. BriBoabiF

Takum o6pa3oM, pa3paboTaHa MareMaTudeckas MOJEIb 3aJaul B3aUMOJCUCTBUS COOPYKEHHUS C
VIIPYIUM  TIOJYIIPOCTPAHCTBOM. llpeanaraemplii anropuT™M pacueTa SIBISETCS YHUBEPCAIBHBIM U
MO3BOJISIET TPOBOJAUTH HCCIEAOBAHUS HANPSHKEHHO-IE(POPMUPOBAHHOTO COCTOSIHUS CHCTEMBI Kak
TPEXMEPHBIX, TaK U JBYMEPHBIX, KAK CTATUYECKUX, TaK U IUHAMUYECKHX 3aJ]a4 TEOpUHU ynpyroctu. Tak
KaK OCHOBHBIMH HEW3BECTHBIMH B pa3pellaolleil CUCTEME ypaBHEHUH B Ciydae CMELIaHHOW 3ajgauu
SIBJIIOTCSI TIEPEMEIICHNS] U HAMPSKEHHUS] Ha TPAHUYHBIX MOBEPXHOCTAX, TO KOJMYECTBO HEM3BECTHBIX
3]1eCh CYIIECTBEHHO MEHbIIIE, YeM MPU PEUICHUH JaHHOMN 3a7jau 10 METOJaM KOHEYHBIX Pa3HOCTEH Win
KOHEYHBIX 3JIEMEHTOB.
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YIIPYTOILUIACTHYECKHE BOJIHEI B TPYHTAX ITPH ITPOIOJILHOM JABVKEHAN
MO/3EMHOT'O TPYEOITPOBOJIA

Puxcuesa B.B.}, Caimxosa 3.P.}, Xycanos B.J.!

YUncmumym mexanuxu u celicmocmorikocmu coopyoicenuii um. M.T. Ypaz6aesa AH PY3, Tawxenm, Y3bexucman
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Annomayusn: B pabome ucciedyemcs npoyecc pacnpocmpaneHus 00HOMEPHBIX YUTUHOPUYECKUX GOH 6 2DYHMAX npU
O0BUIICEHUU MBEPA02O YUTUHOPUUECKO20 NOO3EMHO20 MPYOOnposoda 6 HanpasieHuu ocu cummempuu. Tlonyuenvl yucientvle
PE3VAbMAampl ¢ NPUMEHeHUeM Memodd KOHEYHbIX PA3HOCMel NpU PA3IUYHbIX SPAHUYHBIX VCIOGUSX, 6 MOM Hucie npu
osudicenuu mpybonposooa. Onpedenenvi napamempvl pacnpoCcmpansioWuxcs YUIUHOPUHECKUX GONH cO8U2d 8 cpyHme npu
NPOOOTILHOM OBUNCEHUU NOO3EMHO20 MPYOONPO800a u epanuybl 001ACMU NAACIUYECKO20 0ehOPMUPOBAHUSL.

Knioueswle cnosa: epynmoguie cpedvl, noozemuvle mpyoonposoosl, NapaMempol G0JIHbI, YUIUHOPUYECKAsL 60NIHA.

1. BBenenune

[ToazemubIe TPyOOIIPOBOBI BOBJIEKAIOTCS B IBUYKEHHUE 3@ CUET BOSHUKAIOUIUX CUJT (HAPSKEHUI)
Ha WX BHEUIHEH MOBEPXHOCTH, B3aMMOJCHCTBYIOLIEH C IPYHTOM. Benu4uHBI 3TUX HANPSIKEHUA H
JIBUKEHHSI CaMOro TpyOONpoOBOJAa OMNPEAENSIOTCS IPOLECCOM, BO3HUKAIOIIUM B TPYHTE BOKpPYT
TpyOoIpoBOaa.

B [1-3] moapoOHO BBISBIICHBI OCHOBHBIE CHITBI, BO3/ICHCTBYIOIINE Ha MOA3EMHBIE TPYOOTIPOBO/IBI
IpH 3eMyIeTpsiceHUsIX. PaccMOTpeHbI METObI [UIsl ONpEAETICHHs] XapaKTepUCTUKU peaklUy rpyHTa Ha
IBUKEHHE TOoJ3eMHOro TpyobompoBoga. ComocTaBieHbl pe3yiabTaTbl pa3IUYHbIX  HCIBITAaHUM
B3aUMOJICHCTBUS ¢ TpyOompoBogoM. B [4] wucciemoBaHa pabOTOCOCOOHOCTh — TOJA3EMHBIX
TpyOOIIPOBOJIOB, MOJBEP)KEHHBIX MOCTOSIHHOMY YJapHOMY HarpyXeHUIO IMpHU TMPOCKAb3bIBAHUU C
rpyHToM. [l TpyOOIpOBOAOB, MMEIOMIMX OECKOHEYHYI0 M KOHEYHYIO JJIMHY, MOKA3aHO BIIMSHUE
IpaHUYHBIX YCIOBUI Ha Aedopmariuio TpydornpoBoaa. B [5], ucnonb3ys KOHEUHO-3JIEMEHTHYIO MOJIETh
13 OallOYHBIX 3JIEMEHTOB MJIs TPyOONpOBOJa M HEIMHEWHBIX NPYKUH A TPYHTa, HCCIEI0BaHa
CIIOCOOHOCTh ~ paccMaTpUBAEMON MOJENbHON CHUCTEMBI «TPYOONPOBOJ-TPYHT» TMPOTHUBOCTOSTH
oOpaTHOMYy cMelIeHHIO pa3ioMa. Bompocam 0e30MacHOCTH MOA3EMHBIX CTaJbHBIX TPYyOONpPOBOJOB
MIPUPOIHOTO Ta3a MocBsmieHa padora [6]. OOpa3oBaHKE BBITYYHMBAHUS MaruCTPAIBHBIX Ta30MIPOBOJIOB
MPY 3EMJIETPSACEHUSX UCCIEA0BAHO B [7].

Jliia obecrieyeHUs] TPOYHOCTH M Oe3aBapuiiHON pabOThl MOA3EMHBIX TPYOOIPOBOJIOB, OCOOEHHO
MIPU CEMCMUYECKUX BO3ACUCTBUSAX, OCHOBHYIO POJIb CHIIPAET MPOLECC, MPOUCXOIAIINI B OKPYKEHHOM
rpynTe. [losToMy uccnenoBanus npouecc 1epopMUPOBAaHUS IPYHTA BOKPYT O3EMHOI0 TPYOOIIpoBOIa
MMEET HayYyHOE U IPAKTUYECKOE 3HaUeHHE. I3MeHeHe MEXaHUYECKUX XapAKTEPUCTHK I'PYHTOB IIPH €r0
ne(OopMUPOBAHUN M3YyYEHO HA OCHOBE 3KcrepuMeHTOB B [1, 8]. Meroabl onpenenenns MeXaHu4eCcKuX
XapakTepUCTUK TPYHTOB TMpPU JAUHAMUYECKUX (CEHCMHUYECKMX) Harpy3skax M  H3MEHEHue
nepOopMaIMOHHBIX XapaKTePUCTHK IPYHTA MPU B3aUMOACUCTBUU C TPYOOIIPOBOIOM PacCCMOTPEHHI B [8§,
9]. HamesxHOCTh M TIPOYHOCTh CHCTEMBI MOJ3EMHBIX TPYOONpPOBOJIOB, Kak oTmeuaercs B [8, 10-11],
MpeXJe BCEro, 3aBUCAT OT CUJI B3aUMOJEHMCTBUS, BO3HUKAIOIIMX IPU OTHOCUTEIBHOM JBUKEHUU
TpyOONpoBOJa W OKpyXawiero rpyHTta. Ilpu sTOoM, OZHMM M3 Ba)KHBIX MOMEHTOB SIBIISETCS
HAMpPsDKEHHOE COCTOSHUE W JTMHAMHUYECKOE IMOBEACHHUE TPYHTa BOKPYT MOJ3EMHOT0 TPyOOIpOBOAA.
Pa3BuTtnem nccnenoBanus JUHAMHYECKUX MPOIIECCOB U HAMPSXKEHHO-1e(hDOPMUPOBAHHOTO COCTOSTHUS B
IPyHTax sBJISETCS NMPUMEHEHHE HETMHEWHBIX ypaBHEHMH coctosHMil. Hanbonee oOmMMHU U IIMPOKO
IIPUMEHSIEMBIMU HEJIMHEHHBIMU YPAaBHEHUSMM COCTOSHUS SBJIAIOTCS YHNPYIOIUIACTHYECKHUE 3aKOHBI
nepopmupoBanus [11-12]. B HacTosmieil paboTe ¢ UCIOIb30BaHUEM ITHX 3aKOHOB JI€(OPMHUPOBAHUS
HCCIIEIyeTCsl HECTAlMOHAPHOE MOBEACHNE ITPYHTA € YUETOM INIACTUYECKUX CBOWCTB BOKPYT MOI3€MHOTO
TpyOOIpoOBOJia MPH MPOJIOJBHOM JBWXXEHHUU TPYOONpPOBOJA, YTO SBJISIETCS MPOIODKEHHEM DPabOTHI
[6,8,10-11].
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2. ITocTaHoBKa 3aga4un

[Ipenmonoxum, dYro B Oe3rpaHnYHON HeAeGOpPMHUPOBAHHON TPYHTOBOW Cpelae HMeeTcs
JOCTaTOYHO MPOTSDKEHHBIN M )KECTKO 3aKpPEIUICHHBIN MOI3eMHBIN TPyOOIIPOBO/] C BHEIIHUM PAHYCOM

r=r,.

[lyctp B HauanbHBIHE MOMEHT BPEMEHHM MOJ3E€MHBIM TpyOOIPOBOJ HAaYMHAET MOCTYNATENIbHOE
JBKEHUE TI0 HAMPABIICHUIO OCH CUMMETPHUH, MPU 3TOM Jedopmaiiuend TpyoorpoBoga npeHedperaeM,
T.e. cuuTaeM ero aOcoiroTHO HexehopMupyeMbiM. B 3TOM ciaydae B TpyHTE HAuyMHAIOT
pacnpoCTpaHATbCA CIBUIOBbIE LMJIMHJIPUYECKHWE BOJHBI, IapaMeTpbl 3TUX BOJH SIBJISIFOTCS
OCECUMMETPHUYHBIMH OTHOCHUTEIBHO OCH TPYOOIIPOBOJAa M OHM 3aBUCAT TOJIBKO OT paaualbHON
KOOpJMHATBl U BPEMEHHU, T.€. 3ajaya SBJSETCS OJHOMEPHOM.

VYpaBHeHHE ABWKEHHS TPyHTa MPU OTCYTCTBHMM MAacCOBBIX CHJI B SHJIEPOBOM MpPEICTABICHUU

HUMECT CJ'IG)IYIO BHU/I.
dv, o7,
=—+ ,
dt or r (1)

rae r — paavalibHasg KoopauHara, V, =V, (I’,t) — CKOPOCTh YacCTHI] TPyHTa MO UHWJIMHIPUYECKOMN

T

4 r

Yol

KoopauHate z, 7, =7, (r,t) — caBuroBoe HampsbkeHue rpyHTa. J{ns pemieHus ypaBHenus (1), rae

HEM3BEeCTHBIMH siBILIoTCs V, =V, (I,t) n 7,, =7, (r,t), o6aBum coorHomenne Komm B Buae
_deg, ov

— 4
Toodt o or ()
Yr1oObl MOTYyYUTh 3aMKHYTYIO cUCTeMY ypaBHeHU, B (1) — (2) HeoOXx0auMo 100aBUTh ypaBHEHHE
COCTOSIHUS. YPpaBHEHHE COCTOSHUS TpPyHTa INPUHUMAeM B BHUJE YNPYroIIACTUYECKOIO 3aKOHa

ne(popMUPOBAHHUS:

&

pu [T, | <7, 7, =Gé&,, (3)

s (4)

rje 7, — IpeelIbHOE 3HAYCHNE KacaTeIbHOIO HANPSUKEHUs IPH IIACTHYECKOM Je()OPMUPOBAHUH.

pu |rzr| > T

ZIJ'IH PCUICHHA 9TOM CHCTEMBEI YpaBHCHHA IIPUHUMACM CIICAYIOIMUEC HAYaJIbHBIC YCIIOBUA:

pu t=0, r>r,:

v,(r,00=0, 7,(r,00=0, &,(r0)=0; (5)
rpaHuuHbIe ycaoBus: mpu =1, t>0:
V, (15, 1) =V (t) mma u, (15,) = U (t) w7, (15,t) =7, (). (6)

rie Uy(t) u Vv,(t) — mepememienne u CKOPOCTH TOA3EMHOTO TPYOOIPOBOJAA B HAINPABIECHHU OCHU
npotsukenHoct (0z).

Takum oOpaszom, cuctema ypaBHeHuil (1)-(4) ¢ HaganbHBIMU (5) U TpaHUYHBIMU (6) YCIOBUSMU
SIBIISICTCSI 3aMKHYTOM, OMpEIEIseT NpPOIECcC PaclpoCTPaHEHWE CIBUTOBOM BOJHBI W HANPSHKCHHO-
ne(OpPMUPOBAHHOE COCTOSIHME€ TpPyHTa TPH TMPOAOIHHOM ABMKCHHUU IKECTKOTO IOA3EMHOTO
TpyOompoBoa.

3. YucjieHHbIe pe3yJIbTaThl 321241 U UX AaHAJIN3

Bocnonpszyemcss KOHEYHO-pa3HOCTHOM cxemMoil [6, 13-14] M YMCIEHHO pelIMM MOCTABJICHHYIO
3amavy. be3rpaHuyHBId TPYHT CUMTAEM OTPAaHUYECHHBIM paauycoM I =R, 4To sBiIsIeTcs 00IACTHIO
HMCKOMBIX pelIeHUH. YUUThIBAs CKOPOCTh PaCHpOCTPAHEHUS CABUTOBBIX BOJH Cg, YACIEHHOE pElICHUE
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paccMaTprBaeMoOi 3aJ1aud MOJIyYUM J0 MOMEHTA BPEMEHHU, KOraa (DPOHT MEPEIHEH BOJIHBI JOCTHTAET
rpaHuiy I = R, T.e. OJIy4HM YHCIEHHOE penrenne 10 MomenTa Bpemenn t < (R—1;)/c,.
PaccMoTpuM BapuaHT 3a[aHdsl KacaTelbHOTO HampspkeHus Ha rpadmime F =1, =01 m mno
rapMOHHUYECKOMY 3aKOHY
%o (t) = Tmaxsm(ai)' (7)
HcxonHble JaHHBIC TOYHO Takue, kak B [6, 11], a 7,,, =5 MIla, ® =507 pay/c 7, =2 Mlla,
G, =G/100. Ha puc.1-4 npuBeneHbl U3MEHEHUS KaCaTEIbHOIO HaNpshkeHus 7, (puc.l), caBUroBoi

nebopmanuu &, (puc.2), ckopocTu yacTul V, (puc.3) u cmenienus yactul U, (puc.4) mo BpeMeHH B
¢bukcupoBanHbix ceuenusx '=0.105, 0.15,0.2, 0.3, 0.4 u 0.6 M, COOTBETCTBYIOIINX KPUBBIM 1-6.

€1, %
1
12 /f_-—j\
10 { \
o
6 ","—_—""
41
, i 2]
A\
0755
-5 ‘ : ‘ -
0.00 0.02 004 006 0.08 010 012 rc %.00 002 0.04 006 008 010 012 r¢
PI/ICyHOK 1. - U3MeHeHHe KacaTeJIbLHOIro HaNPSZKEHUSA Tzr Pncy].[o]( 2. —HN3MeHeHHe CHB“rOBOﬁ Heq’opMau"" Er
TPyHTa 110 BpeMEHU TPYHTAa N0 BpeMeHHU
U.,cM/C Uz, MM
100
30 45,6
0 -~ “'-_/, "-_/’ g
50 V)7
-100 - ‘[ﬂ
-150 —¥
200 ' : : 9
0.00 002 004 006 008 010 012 1¢c 0.00 0.02 004 006 0.08 0.10 0.12 tc
Pucynok 3. — U3MeHeHHe CKOPOCTH YaCTULl TPYHTA V; 11O Pucynok 4. — U3MeHeHHe NPOI0JIBLHBIX CMeLeHu# U;
BpPeMEHH TPYHTA N0 BPeMeHH

3aBUCUMOCTh KacaTeJIbHOI'0 HANPSDKEHUS Tzr OT JeOpMalluu CABHTaA &zr, IOIyUYEHHAsI B pacyeTax
B TeX e cedeHusix 1-6, uro m Ha puc.1-4, npuBenena Ha puc.5. M3 momydeHHOW auarpamMMel
“kacaTelbHOE HaNpsDKEHHE — AeopMalus CABUra” MOXKHO CHIENIaTh BBIBOJ, YTO TPYHT 3a IpeAeiIaMu
paccrosaus I =0.3 M (kpuBbie 4, 5 U 6) He HCHBITHIBAET MIacTHYECKOe NehOpPMHUpPOBAHHE, T.€. 30HA
TUIACTUYECKOro /1e(OPMUPOBAHUSI TPYHTA NPH TPOJOJBHOM JBIKEHHH IMOJ3EMHOTO TpyOOmpoBoaa
orpannyeHa cedenueM g0 r=0.3 ™M wiIM [ByKpaTHOTO pasMepa paauyca TpyOOImpoBOJa.
CornacoBaHHOCTb JUArpaMMBbl Tzr (€zr) (PUC.5) C KPUBBIMU KacaTelIbHOTO HampspkeHUs o (t) (puc.l) u
caBuroBoil medopmanun  £x(t) (puc.2) HOATBEp)KAACT MPABHIBHOCTh TNPHUMCHEHHsS YpaBHEHHS
coctosHus (3) — (4) ¢ ynpouHEeHHEM.

PaccmoTpuM Teneps pe3ysbTaThl pacyeToB Ul YMEHBUICHHOTO HayallbHOTO 3HaueHus 7s=1 MIla.
Ha puc. 69 npuBeneHbsl U3MEHEHHs KacaTeIbHOTO HaNpshKeHUs Tzr (puc. 6), neopmanuu cIBura €z
(puc. 7), ckopoctu yactull V; (puc. 8) u cMeleHus yactuil U; (puc. 9) no BpeMeHH B (PUKCUPOBAHHBIX
ceueHHsIX rpyHTa. O0O3Ha4YeHUs KPUBBIX Ha puc. 6—9 mpexHue, T.e. KpuBble 1-6 COOTBETCTBYIOT
3Ha4YEeHMUSIM napameTpoB B ceueHusax r=0.105, 0.15, 0.2, 0.3, 0.4 u 0.6 M rpyHTa.
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Pucynoxk 5. — lmarpamMma KacareJibHOe HaNPsizkeHUe — Ae)opManys CABUIA

N3 puc. 6 BUgHO, YTO TpH 3aJaHUHM HA TPAHHUIIE KACATEILHOTO HANPSHKCHUS WX 3HAUYCHUE HE
3aBUCHUT OT HAYaJILHOTO 7s BOJIM3U MPUIIOKEHHS Harpy30K. 3a cUeT YIUIOTHEHUS IPYHTA B IJIACTHYECKOM

nedopmupoBanuu z;r (f) co BpeMeHeM OHa MPaKTHYECKH COBIMAACT ¢ puc. 1.
T-,Mlla

5 . .
000 002 004 006 008 010 012 ¢,c
Pucynok 6. — U3MeHeHHe KacaTeJbHOI0 HANPSIZKEHUS Tz
TPYHTA N0 BpeMeHH!
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Pucynok 8. — U3MeHeHHe CKOPOCTH YaCTULl TPYHTA V; IO
BpeMeHH
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Pucynok 9. — U3MeHeHne NPOI0JIBHBIX CMeLeHu# U;
IPYHTA 110 BpeMeHH!

Ha puc. 10—12 npuBeaeHsl AMIOPhI MAaKCHMAIbHBIX KacaTeIbHBIX HAMPSOKCHHH Trr (puc. 10),
caBUroBoil aedopmarmu &;r (puc. 11) u cmemenuit yactun U; (puc. 12) mo paauanbHOW KOOpIUHATE
IpyHTa JUis HayasibHOro 3HaueHus ts=2 Mlla (kpusbie 1) u 7s=1 MIla (kpuBble 2) ynpyromiacTuueckoro
nepopmupoBanus rpyHta. [IpsMbiMu BepTukambHbIMU JUHHSIMH 1 u 2 Ha puc. 10—12 o0o3HaUYEHBI
TPaHULBl PaJUATbHBIX CEYEHUU TPYHTA, OTIENSIIONIME 30HBl YIOPYTOro U YIPYromJIaCTUYECKOTO
nepopmupoBanus rpyHToB. Hanpumep, npu 7s=2 MIla B rpyHTe 10 paguansHoro ceuenus I'=0.245 m B
HEKOTOPbIE MOMEHTBI PacCMaTpUBAEMOTO Ipoliecca MPOUCXOIUT yIpyromjaacTuiyeckas aegopmanus, a
3a TpaHUIAaMH BepTHKaIbHOW nuHMH 1, T.e. 3a mpenenom r=0.245 M, OTCYTCTBYIOT OCTAaTOYHBIE
negopmanuu, T.e. IPOUCXOAUT TOJIBKO yrpyroe aedpopmupoBanue. C yMEHbIIEHHEM 3HAYEHUS Ts Ha 1
MIla sTa rpanuiia (BepTukanbHas JUHUSA 2) yBenuuuBaercs u focturaet r=0.58 m.
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Pucynok 10. — PacnipenejieHue MakCHMAJIbHBIX Pucynoxk 11. — Pacnipenejienne MaKCMMaJIbHbIX 3HAYEHMIA
HaNPSIKEHUH Tzr 10 pagnycy ned)OpMALIMH £zr CIBUTA 10 PATHATBEHOMY CeYeHHIO TPYHTA

[Ipu 3amaHuu Ha TpaHUIle KAacaTeIbHOTO HAIPsDKEHUS HadaJlbHOE 3HAYEHHE Ts MPAKTHUYECKU HE
BIIUSIET HA PACIpe/ieIeHNs KacaTeIbHOrO HANPSDKEHUS Tzr(r), HO 3HAUEHHUS Ts CYILIECTBEHHO BIIMSIOT Ha
MaKCHMaJIbHBIE CIBUTOBbIE Ae(POPMAINH €z U CMEILLEHUS YacTUIl U; TPYHTA. Y MEHbIIEHHE HAaYaJIbHOTO
3HAYEHUS Ts YBEJIUYMBAET HE TOJIBKO 30HY IJIACTHYECKOIrO Ae(QOpMUpPOBaHUs, HO U AedopMaluio €z U
CMeEIlleHHE TPYyHTA U; B 00JIACTH MJIACTHYECKOTO Je(POPMUPOBAHUSL.
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Pucynoxk 12. — PacnpenejieHue MaKCHMAJIbHBIX 3HAYCHUI cMelleHuii U; o paauycy

B menom, u3 puc. 10-12 MOXHO ONpeneNuTh TOJIUHY TpyHTa (MOXKHO pPAaCCUHUTATh
MIPUKOHTAKTHBIA CJIOH), TJIe TPOUCXOJNT TIacTu4eckoe nedopmupobanue. Kak Buano u3 puc. 11-12,
MIpH 33/1aHUU HA TIOBEPXHOCTH KOHTAKTA MOA3EMHOT0 TPYOOIPOBOIa C TPYHTOM 3a mpeaenamMu o0i1actu
TUTACTHYECKOTO J1e(OpPMUPOBAHUS CIBUTOBast JeopMaIus £ M TPOJOJIBLHOE CMEIICHHE U; TPyHTa
CTaOMIIM3UPYIOTCS M HE 3aBUCST OT 3HAYCHUS M CII0c00a 3a71aBaeMoii KacaTeJIbHOW HAarpy3Ku.

4, 3akjaroueHue

UuciieHHO  pelIeHWeM  YIpYrolulaCTMYeCKOM — 3aJayd  YCTAHOBJCHBI  CYIECTBOBAHHE
NPUKOHTAaKTHOTO CIJIOS TPYHTA, BO3MOKHOCTH OMNPEAENEHHS TOJIIMHBI 3TOTO CJOS, T.C. TPaHHUIIBI
IUIACTHYECKOTO M YIPYroro aehopMUpPOBaHHS TPYHTOB.

BeisiBiieHO BIMsIHME 3aJaHus TPAaHWYHBIX YCIOBHII Ha MapaMeTpbl BOJIHBI, MaKCHMaJbHBIC
3HAYEHHs KacaTeJIbHOTO HANPSHKEHUS W CIBUTOBOM JedopManuM, a TakKe Ha TpaHHIy o0JacTé
TUIACTUYECKOTO Ae(hOPMHUPOBAHHUS.

Pemennem TeopeTHyeckoi 3aJayd MOKa3aHa BO3MOXKHOCTb PAaCCUUTATh NMPHUKOHTAKTHBIN CION
TpyHTAa, TJ€ MPOUCXOAUT IIACTHUECKOE Ae(hOPMUPOBAHHUE 32 MTPEIEIOM KOTOPOI MOBEJCHUE TPYyHTA HE
3aBUCAT OT 3HAYEHUS M crocola 3a/JaBacMOi KacaTelbHOW HArpy3Kd Ha IMOBEPXHOCTH KOHTAKTa
TpyOOIIPOBOJIA C TPYHTOM.

137



Jluteparypa

1. Cynmanos K.C. BomHoBast TeOpHst CEHCMOCTORKOCTH MOA3eMHbIX coopyxkenuit / «®AH» Tamkent, 2016, 392 c.

2. Israilov M.S. Solution of the External Pochhammer—Chree Problem and Bending Seismic Vibrations of the Pipeline
in Infinite Elastic Continuum // Mechanics of Solids. 2023, vol.58, pp.26-37.

3. Sultanov K. Contact interaction of an underground pipeline with soil under dynamic impacts // Facta Universitatis,

Series: Mechanical Engineering, [S.1.], mar. 2024. ISSN 2335-0164. Date accessed: 31 mar. 2024.
4. O’Rourke T.D., Jung J.K., Argyrou C. Underground pipeline response to earthquake-induced ground deformation //
Soil Dynamics and Earthquake Engineering. 2016, vol.91, pp.272-283.

5. Vazouras P., Dakoulas P., Karamanos S.A. Pipe—soil interaction and pipeline performance under strike—slip fault
movements // Soil Dynamics and Earthquake Engineering. 2015, vol.72, pp.48—65.
6. Rikhsieva B., Khusanov B. Simulation of soil behavior under longitudinal motion of underground pipeline in one-

dimensional statement // E3S Web of Conferences. 2023. vol.383, pp.04091.

7. Psyrras N.K., Sextos A.G. Safety of buried steel natural gas pipelines under earthquake induced ground shaking: A
review // Soil Dynamics and Earthquake Engineering. 2018, vol.106, pp. 254-277.

8. Sultanov K.S., Vatin N.I. Wave Theory of Seismic Resistance of Underground Pipelines // Applied Sciences. 2021,
vol.11, pp.1-28.

9. Fares R., Santisi d'Avila M.P., Deschamps A. Soil-structure interaction analysis using a 1DT-3C wave propagation
model // Soil Dynamics and Earthquake Engineering. 2019, vol.120, pp.200-213.

10.  Khusanov B., Rikhsieva B., Salikhova Z. Longitudinal wave propagation in an extended cylindrical body with external
Coulomb friction // E3S Web of Conferences. 2023, vol.402, pp.10015.

11.  Rikhsieva B., Khusanov B. The influence of plastic properties of the surroundings on the interaction process of the
“cylindrical body — External medium” system // AIP Conference Proceedings. 2023, vol.2768, Iss.1, pp.020020

12.  Zhuravkov M., Lyu Y., Starovoitov E. Mathematical Models of Plasticity Theory. In: Mechanics of Solid Deformable
Body / “Springer” Singapore, 2023, pp.149-197.

13.  Wilkins M.L. Computer Simulation of Dynamic Phenomena / “Springer-Verlag” Berlin, 2010, 246 p.

14.  Rikhsieva B., Khusanov B. Accuracy and stability of a finite difference scheme for two-dimensional problems of soil
dynamics. // E3S Web of Conferences. 2023, vol.420, pp.03012

YUCJIEHHBIN PACYET TPYHTOBOM IIOTUHBI C YYETOM YHIPYT' O-IVTACTUYECKOI'O
JAE®@OPMHUPOBAHUA I'PYHTA ITPU CEUCMHNYECKHUX BO3JAEUCTBUAX.

Cyaranos K.C.}, Ymapxonos C.U.!
Unemumym mexanuxu u ceticmocmotixocmu coopyocenuii, Tawkenm, Vzbexucman
E-mail: umarkhonov@gmail.com

Annomayun: B oannoil cmamve peuleHo HANPANCEHHO-0eOPMUPOBAHHOE COCTNOsHIE SPYHIMOBOU NIOMUHBL HOO
Oeticmeuem CetiCMUYecKUxX CUL C Y4emom YIPY2onaacmuieckozo deghopmuposarus epyuma. OOHUM U3 YUCTEHHBIX MEMo0o0s,
UCNONL3YEeMbIX NPU PeuleHUY OUHAMUYECKOU 3a0auu, AGIAemca Memoo KOHeuHbIX pasHocmel. B xauecmee epynmosoii
NIOMUHbBL ObLIO UCCTIE008AHO Axaneaparckoe odoxpanunuute 8 Aneperckom patione. E2o gvicoma — 100 m, a MaxcumanvHwiil
00vém 60061 — 260 man.m®. Ocnoeanue npeononazaemcs abconomuo xcecmium. TIpusodsmes pesyromamovl usMeHeHUs.
HanpsaxjceHuu, nepemewjeHull u Oegpopmayuil 80 8peMeHU 8 XAPAKIMEPHBIX MOUYKAX SPYHMOB0U NIOMUHbL NPpU Oelticmeuu
celicMUYecKux Cull, KOMopbwle NPUIONHCeHbl K e€ OCHOBAHUIO.

Kntouesvie cnosa: epynmosas niomuna, 0e@opmuposanue, ceticMuieckue 6030elicmsus, YUcIeHHoe peuleHue,
Memoo KOHeUHbIX pasHocmetl, OUHaMu4ecKoe nogeoeHue.

1. BBenenne

['pyHTOBBIE MJIOTUHBI UTPAIOT OUEHb BAYKHYIO POJIb B 00ECIIEYeHUN HaceJIeHUs TUThEeBOM BOAOH U
JJIEKTPOOHEPIUEH, a TAKXKE B CEINbCKOM XO03s1CcTBE. BO BCeM MHpe MOCTPOEHO U CTPOUTCSA MHOKECTBO
IPYHTOBBIX IUIOTHH. | pyHTOBBIE IUIOTHUHBI, PACIIOJIOKEHHBIE B CEHCMUYECKUX PETMOHAX, OYE€Hb OIIACHBI,
a UX MOCTOSTHHBIM KOHTPOJIb M OIpe/ielIeHue HaNpsHKEHHO-Ae()OPMUPOBAHHOTO COCTOSIHHS SIBIISETCS
BaXXHOH 3aaueil. ' pyHTOBBIE MJIOTUHBI HACTOJIBKO YHUKAJIBbHBI, UTO X HANPSHKEHHO-1e(OPMHUPOBAHHOE
COCTOSIHHE HEBO3MOXKHO PacCUMTaTh MpaKTUYeCKH. UMCIEeHHbIE METOAbl OOBIYHO MCIOJB3YIOTCS JUIS
pacuera JIMHAMUYECKOTO COCTOSIHUS KpPYNHBIX COOpYXeHMH. OIHMM W3 YHCICHHBIX METOJIOB,
HCIIOJIb30BAHHBIX B JAHHOW HAY4YHOU CTaThe, SBJIACTCA METOJ KOHEYHBIX PA3HOCTEM.

138



3a mocnenHue ToJbl MPOBEACH DSJl OPraHU3AlMOHHBIX PAa0OT MO 00ECIEeYEeHHIO0 CTaOMIBHOM
0€30IMaCHOCTH TUPOTEXHUYECKUX COOpYKeHHI Y30ekuctana. C MOMOIIBIO COBPEMEHHBIX MEPEIOBBIX
U(POBBIX TEXHOJIOTHIA 00JIbIIOE BHUMAHUE YAETSETCS 00eCIIEYeHU IO IKOJIOTHIECKOM, SKOHOMUYECKOH,
SHEPreTUYECKOM U celicMUYeCcKOl 0€30MacHOCTH HACEJICHUS], 31aHH, B TOM YUCJIE BOJIOXO3SIMCTBEHHBIX
COOPYKEHHUI.

MupoBoil ONBIT TOKAa3bIBA€T, YTO DJKOHOMUYECKH BBITOAHEE U J(PGEeKTUBHEE BOBpPEMS
npeaoTBPATUTH HOIIO6HI>I€ CO6I)ITI/15[, YCM YCTPAHATH MOCJICACTBHA, CBA3AHHBIC C HABOAHCHHUAMU WA
JpPYTMMU  aBapusMHU Ha THAPOTEXHUUYECKUX COOpYKeHMsX. OpraHuzauus MOHUTOPUHIa U
IMPOTHO3UPOBAHUA BO3MOKHBIX tIp€!3BI>I‘~IEII\/'IHI>IX CI/ITY&III/IfI, pcamsanusa 3alllUTHBIX HWHXCHCPHO-
TECXHUYCCKUX MepOHpI/IﬂTI/Iﬁ B IICJIAX ITOBBIIICHUA yCTOfI‘-IHBOCTPI U MMPOYHOCTH THAPOTCXHHUYCCKUX
COOPY)KCHMH MMEIOT NPUOPUTETHOE 3HaueHue. [apaHTHpPOBaHHOE BOJOCHAOKEHUE CEIbCKOIo
X035MCTBA PECITYOJMKH BO MHOTOM 3aBHUCUT OT UX MOITHOCTH M CTaOMIbHOU paboThl. [loaTtomy Bompoc
HAJEeKHOM M 0Oe30macHOW SKCIUTyaTallud TUIPOTEXHUYECKUX COOPYKEHUN SBISETCS aKTyaJbHOUN
poOIeMoi.

W3Hoc M paspylieHne IUIOTHMH M JIPYTMX COOPYKEHUN MPEACTaBISIOT CEPbE3HYI0 Yrpo3y s
HaceJIeHUs U O0OBEKTOB, PACHOJIOXKEHHBIX B Pa3BUTHIX pallOHAX HIDKE MO TEUEHUIO OT IUIOTHH U PEK.
HanexxHocts u 0e€30macHOCTh IUIOTMH 3aBUCUT OT MHOTHUX (AaKTOpPOB, BO3HMKAIOIMIMX IPHU HX
CTPOUTENBCTBE M 3KcIryaTtanuu. [IpouyHocTh M 0€30MacHOCTb IUIOTHH 3aBUCHUT OT HaNpPsHKEHHO-
Ne(OPMUPOBAHHOTO COCTOSIHMSI, BBI3BAHHOTO PAa3JMYHBIMU BO3JEHCTBUSMU HA TEJNO IUIOTHHBI.
Omnpenenenre W TPOTHO3UPOBAHME W3MEHEHUH HANpPSKEHHO-/e(OPMUPOBAHHOTO COCTOSIHHS Teja
IJIOTUHBI TIO3BOJISIET MOJIYYHUTH MOJHYI0 MHPOPMAIIMIO O MPOYHOCTH U HAJIEKHOCTHU IJIOTHUHBL. 3a/lauu
ONpCACIICHUA OWMHAMHUYECKOTO COCTOAHUA HW MNPOYHOCTH TPYHTOBBIX IIJIOTMH peIIaIuCh C
HCIIOJIb30BAHUEM YHCIIEHHBIX MeTOI0B [1-21].

[Ipn obecrieyeHNMM TPOYHOCTH IUJIOTHHBI W M3YYEHHM €€ HaIpsHKeHHO-Ie(pOPMUPOBAHHOTO
COCTOSIHMSI BO3HUKAET PsiJi BOIPOCOB, CBSA3AHHBIX C €€ peanbHON reOMeTpren, HEOJHOPOJHOCTBIO Teja
IUIOTUHBI U KOHCTPYKTUBHOW CTPYKTYpBI, OINPENEICHUEM pealbHBIX (PU3UKO-MEXaHUYECKUX CBOMCTB
rpyHTa [22]. HamexHoe onpesenenne HanpsoKeHHO-Ae(OPMUPOBAHHOTO COCTOSIHUS INIOTHH 3aBUCUT OT
METOJIOB OLIEHKH MX TEXHUYECKOI'O COCTOSIHMS, UCIOJIb3YEMbBIX MaTEMATHUYECKUX MOJIENIEH, YpaBHEHUI
COCTOSIHUSI TPYHTOB U METOJIOB UX PEIICHMUS.

2. IlocTaHoBKa M pelIeHUE 3aJa4H.

PaCCMOTpI/IM I'PYHTOBBIC IINIOTUHBI, KOTOPBIC UMCIOT TBEPJA0C OCHOBAHMUC. Z[aM6y, KOTOpasa UMCCT
O4YCHb 60J'II)I_H}’IO JJIWHY 110 CPAaBHECHUIO C H.IHpHHOfI u BBICOTOﬁ, MOXXHO paCcCMAaTpuBATb KaK IIJIOCKO
I[e(l)OpMI/IpOBaHHYIO CTPYKTYpPY. Bo BpCMA HeﬁCTBHH JUHAMHWYCCKUX CUJI, HAIIPABJICHHBIX HA OCHOBAHUC
TPYHTOBBIX INUIOTUH 4YaCTHLbI CPpCAbl INUIOTUHBI HAYWHAKOT JIBUIKCHUC. I[I/IHaMI/ILIeCKOG YpaBHCHUC
JABUIKCHUA FPYHTOBOﬁ IIJIOTHUHBI UMCCT CJ'IG,ZLYIOH_[I/Iﬁ BU:

dUX —% a_P+%

dt ox ox oy

d 0S 0 @)
Gy %oy P Ty

d oy oy ox

TA€ Sxx, Syy, Txy - KOMIIOHEHTHI HANpPsOKEHUs AEBUATOpa; P — MaBIEHUE; Uy, Uy - CKOPOCTH YACTHIl B
HaIpaBJIEHUSAX X U ), p — IJIOTHOCTb CPEJIbI.
[TonHbIe HANPSHKEHUS OTIPEIEINIAIOTCS 10 CIEAYIONUM (hopMynam:

0, =9, +P, Oy =S, +P, c,=S,+P. (2)

[IpunsATO pemeHue, 4To MoOAENb Je(hOPMHPOBAHUS IUIOTHHBI OyAeT NpeJCTaBiIeHa B BUJE
HEJIMHENHBIX YPaBHEHUIN
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P=—(1+3uj¥, (3)

3
B 4 s, = 2G£dgxx _ v j ,

dt dt  3vdt

ds d
w g5, =26 Lo AV ) (4)
dt Y dt  3vdt

By | g5, =26 4= AV )

dt dt  3vdt

dr, dr,
—2+ A1, =2G6—.
dt dt

CBs13b MEXYy TIPEIICIIOM MPOYHOCTHU U JaBJICHUEM B 0000IEHHOM yCIIOBUH Mmu3eca uMeeT BUT

S +S2 +Sh +21, s%[\((P)]2 : (5)
_ HP
VP)=Yor 1+ 4P /(Y —Yo) ©
W B 1 atW=>0
E‘WH(W)’ H(W)_{o, at W<0 ' 0

de. 1dVv de
W=2u] 3 s, [n 1OV, Tl
Xy dt  3Vvdt dt

C mnomompio cucteMbl ypaBHeHUW (1)-(7) HE0OXOAMMO BBECTH COOTHOIICHHS, KOTOPBIC
CBSI3BIBAIOT KOMIIOHEHTHI CKOpOCTeW jgedopMaliiid C MacCOBBIMH CKOpPOCTSMH W ypaBHCHHE

HEPa3pbIBHOCTH IPYHTA

de,, _ oY, dgyy:auy dgxy_l aUy_|_5Ux (8)
dt ox ~dt oy T dt 2l ox oy )
ouU
Vv [N, Py g, )
dt ox oy

B cooTtBercTBHM ¢ 3THM, cucteMa auddepeHnmanbabix ypaBHeHu# (1)-(9) npenacrasiser coboit
3aMKHYTYIO ~CHUCTEMY, KOTOpas OIKChIBAaeT [UHAMUYECKOE TMOBEACHHE W  HANPSKEHHO-
neOpPMUPOBAHHOE COCTOSTHUE TPYHTOBBIX MIOTHH. Ha rpeOHe W CKIOHAX TUIOTHHBI, KaK IMPaBHIIO,
HaTNPsDKCHUS PaBHBI HY/It0. HadanbHbIe YCIIOBUS PUHSITHI pAaBHBIMU HYJIIO.

I'eomerpuueckne pa3mepbl AXaHrapaHCKOW I'PYHTOBOM IJIOTHHBL: BbicoTa — 100 M, mmpuHa —
BbllIE 12 M, mMpuHa — HUKeE 412 M, mupHuHa HeHTpanbHOro sapa — 70 u 8 M.

OU3NKO-MEXaHUYECKHE MMapaMeTphbl TPYHTOBOU MIIOTUHBI TPUHSTHI CIIEAYIOUTUMU:
JIns IpU3MBL: MIIOTHOCT — 2250 Kr/M3, MOIYIb MACTHYHOCTH — Eomma=60 MIla, koadpduuuent
[lyaccona — Vinomsa=0.3; s anpa: mmotHOCTH — 1960 Kr/M; MOAYJb 3MaCTUYHOCTU — Egypo=30 Mlla,
ko3 duuueHT IlyaccoHa — Vipo=0.3.

3. MeTtoa pemieHusl.

Pa3HOCTHBINM METO/1 TO3BOJIIET PELIUTH MOCTABIECHHYIO 33/1a4y, UCIOJIb3Ys CXEMY, IPEAJIOAKEHHYIO
M.VYunkuncom [23], KoTopasi IpeAcTaBiIseT COOO0M YETHIPEXYTOIbHYIO CETKY.
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Cxema YwunkuHca 00J7aJaeT MPEHMYIIECTBOM, KOTOPOE 3aKIIFOUaeTCs B TOM, IPOIECC CUeTa
MIPOUCXOAUT C IIaroM BpeMeHU. BbIOOp OCYIIECTBIIsIETCS aBTOMATUYECKU U3 YCIOBUS CTAOUILHOCTH U
TOYHOCTU. OH MOXKET U3MEHSIThCS Kaxblii pa3 [23].

J‘UX(X’ y) (ﬁ : J)js

6Ux(X’Y)=Iimll)X(X’y)‘(ﬁ'i}js aUx(va):”rr.c
ox 40 H dxdy oy it f I dxdy '

(10)

rae A — ImIomaas 4eTHIPEXYrolbHONW CeTKH; ¢ - TPaHULA Iuomand A; S — jumMHa Oyru; 7 — BEKTOp

HOpMauTi; [ — BEKTOP KacaTeslbHOM; I , ] — HAIPABJISIONINE CANHUIHBIC BEKTOPBI X, Y-

Aoy, gy
dn dn ds ds

PI/ICyHOK 1. - Slueiiku AJIS1 BBIMUCJIEHUA YaCTHBIX IIPOU3BOAHBIX B IEHTPE AYE€EK

[Tpumensist aTu hopmyinbl K 4eThipexyroabHuKy 1,2,3,4 ¢ mmomanpio 4 (puc.l) mis dyakiuu F,
omnpeneraeHHoOM B Toukax 1,2,3,4, mosrydaem:

IF(ﬁ -T)ds = J-(de/ds)ds = Fp(Ys = Vo) + Foa(Ya — Vo) + Fa (Yo — V1) (11)
rie F; = (F, +F, )/2, (i, j=12,3, 4), UM 13 prc. | oaydum
ﬁ — (Fz — F4)(y3 — Y1)_(y2 — Y4)(F3 — Fl) . (12)
OX 2A
AHaJIOTHYHO HAXOIUM
8_F:_(F2 _F4)(X3_X1)_(X2 _X4)(F3_F1) (13)
oy 2A '

[Tonyuennsle TakuM 00Opa3oM BEIUYMHBI JAIOT MPOM3BOJHBIE HEKOTOPOW HENPEPHIBHOM
byukmuun F(Xy); X u Xy B uentpe dersipexyroibHuka. Vcmons3ys (12)—(13), Mbl MoxeM
HAIKCATh BBIPAXKEHUS 11 OLx/OX, OLY/OX, OLX/Oy, OLY/Oy B 3aIaHHOM TOYKE MPOCTPAHCTBA B JAHHBIM
MOMEHT BpEMEHHU.

Jns  BeluuciieHUs: yckopeHus 3Hauenue ¢yHkuumu F w3z (10) ompexpensiercs B LEHTpe
MPSIMOYTOJIbHHKA, T/I€ TIOIIAIbI0 HHTETPUPOBAHUS TeTIeph OyIeT CYKHUTh riomans 1,2,3,4, ykazaHHas
Ha puc.l. CoOTBETCTBYIONINE KOHEUHO-PA3HOCTHBIE YPABHEHUS IPUMYT BUJ [23]:

[ .)ds__ (V2 = Ya)+ Fiu (Vs = Vo )+ Fo (va = ¥2)+ F (92 = ¥,

C

IF(ﬁ Jbs — X3 +|:ll(x?, 4)+F|||(X4_X1)+ Flv(xl_xz)]- (14)
C
B xauectBe mnomasu 1,2,3,4 6epercs cpeanee u3 miolnaaei ueTeipexyrobHukoB Ay Ay A Arv (puc.1).

31
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Takum 00pa3oM, yacTHBIC TPOU3BOIHEIE TT0 KOOpAUHAaTaM B ypaBHeHUsX (1), (8) ompenensirorcs
W3 MpuBelNeHHBIX cooTHomeHu (12)—(14). Pa3HOCTHBIE COOTHOIIEHUS IO BPEMEHHU OIPEICIISIFOTCS
LEHTPAIbHBIM Pa3HOCTHBIM YPAaBHEHHEM

Un+1/2 _ Un—1/2 (d v,

X

At"
rJie 3HAUCHHSI CKOPOCTeH (Uy M Uy) BBIYUCIISAIOTCS MPH MPHUPANICHUN BPEMEHHU Ha TMOJIIIAra, a 3HAUCHUS

KOOpAMHAT (X ¥ y) — IPpU U3MCHEHUH BPEMEHM Ha TOJIHBIN IIIar, YTO MPUBOIUT KO BTOPOMY HOPSIKY
TOYHOCTH anmpoKkcumanuu [23].

X X o j , Xn+1 — Xn +Un+1/2 'Atn+l/2, (15)

y M A
4 - 3 j+1
I |
b
1 2
1l v
j-1
i-1 i i+1

X, M
Pucynok 2. - YeTbIpexyrojabHble CeTKH

Iycts B o6mact {2, 3aHATOMN Cpesoif, IOCTPOCHBI YETHIPEXYTOJIbHBIC JIATPAHKEBIE CETKH i-j,
KOTOpBIE IBMKYTCSI BMECTE €O cpefoid. LIeHTphbl 1 BEpIIMHBI YETHIPEXYTOJIbHUKOB MOKa3aHbl HA PUC.2.
Broaum crnenyromue 0003HauYEHNUS:
| =i+1/2, j+1/2; W=i-1/2, j+1/2; W =i-1/2, j—-1/2; IV =i+1/2, j-1/2;

1=i,j;2=i+1 j; 3=i+1 j+1; 4=i, j+1.
[lmockass Macca, COOTBETCTBYIOIIAA KaXAOMY YETHIPEXYrOJIbHUKY B HaYaJbHbII MOMEHT,

ompezensercs MyTeM yMHOKEHHs HadalbHOH IIIOTHOCTH HA momanb Tena. Torma macca B t0 mos
YyeThIpexyroyibHuKa | Beraucnsercs mo gopmyse [23]

M, =| 20| (A0 D). (16)
0
rae Aa, Ab — COOTBCTCTBCHHO ILJIOIIIaaun Tpe}IFOJIBHI/IKOB a I/Ilb, KOTOpBIe onpez[enﬂroTc;{ Hn3 COOTHOH_IGHI/II\/'I
(AN =[x (yz — o)+ xa(ys — o)+ xa(ya - yalr2,
(A =[xa(ys = ym)+xa(vr =y )+ xe(va = yi 2, (17)
A=(A)+(A). (18)

) YCJI0BHUA COXpAHCHUA MAaCChl UMECM

PoAY

n —
v (19)
1
Ananoruuno seruucistores macest My, M mM,,
o n-1/2 , n-1/2 n n
[Tycts B HekOTOpBI MOMeHT t=t" m3BecTHbI BenmuuuHbl Uy Oy X", Y Bo Bcex y3max

CETKH M BETMYMHBI Oy, O';y, oy, T:y, P",V" B leHTpax 4eThIpeXyroIbHUKOB, 00pPa3yrOIIUX CETKY.
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[Monyuum ¢opmysbl sl ONpEAeTICHUs] 3TUX BEJIMYMH BHYTPH M Ha rpaHune obmactu (2 B
MOMeHT Bpemenn t=t""1=t+At" | rue At" — mar no Bpemenn.
3anumiem ypaBHeHus aBikenust (1) ¢ momomipio (14), KOTOpbIE HEHTPUPYIOTCS B TOYKE |, ]

(puc.2):
(Ux ):’}1/2 = (Ux) i —At" ((P( Oy y)nj _(D( xy’X )
(Uy):;llz :( ).1/2 +AL" ( ( yy,y)1 (TXV’X):,])’ (20)
N T T ry
n of Xl+lj X| j+1 +o)) X| j+1 Xn—l,j + N
PO, X) = /2(//,
( ' )’J +O_III(X| 1 Xu,j—l)"'GN(X:j—l_Xin+1,j) ( IJ)
= (oA V), + (oA V), + (0o AT V), + (oA V), 14 (21)
Tocite Haxok/ieHns Beex Besmann V' 7, U'yl+l/2 OTIpe/ieNsieM HOBOE TIOJIOKEHNE KOOPIHHAT:
Xirj}-l _ Xi,}l +(U:+l/2)i,j A2 yln]-l ylj ( n+1/2)ij A2 (22)

Jlanee, 1o OnpeaeeHHbIM 3HAYEHUSIM CKOPOCTU M KOOPJIMHATHI, C NPUMEHEHHEM KOHEYHO-
pa3HocTHBIX ypaBHeHUi (12),(13) 3anumiem pacyeTHbie (GOPMYIBI 715 CKOpOCTel 1edhopMaliiu B LIEHTPE
sraeriku | (puc.2) [23]:

(éxx)zlmlz =[¢(UX,J7)]’,1+1/2a (éyyxﬂ/z =[(|)(Uy,x)];+”2, (~Xy)n+l/2 [¢( v,y ) u X)]n+1/2’ (23)

rae ¢(U X)n+1/2 [(Uz —U, )(X3 — Xl)2_ (r:(j/z )(03 Ul)]n+1/2 |
A
n+l/2 _ M n+1/2 _ M i M
AT = iz y |
2 5 >
n+1/2 In+l +V|n) V n+1/2 s AV n+1/2 V|n+l _Vln
e U7 A N
| | |

371ech BETMYUHBI A{Hl/z u V,M/2 BBIUHCIIAIOTCS 110 ypaBHeHUsM (16)—(19).
[Tpupamenus nepopManuy HAXOIUM € TIOMOIIBIO (POPMYITBI

(Ac, )n+1/2 (5, ) A (Agyy):ﬂﬂ _ (éyy):+1/2 A2

|
(Aézz )T+1/2 _ (ézz )r|1+1/2 NG , (Agxy)Tu/z _ (éxy )Im/z L APMY2 . (24)

C momompio HaWACHHBIX 3HAUEHUU ckopocTed (23) u mpupaimeHuit nepopmanuu (24), BEIYUCTUM

n+l n+1 n+1 n+1

BCJIIMYHUHBI COOTBETCTBYHOIIINX KOMIIOHCHT HaHpH)KeHI/II/I (O' (0}

w 10y 10y y ) B LeHTpe sueiiku | mo

KOHKPETHBIM IIPHHUMACMbIM YPaBHEHHUSM cOCTOsIHUSA (2)-(4).
[TosHbIe HANPSDKEHUS ONPEAEIISAIOTCS 10 CAeyoIuM GopMyiam:

(@t =S =P I o, =8, ) =P (e =) - (P (25)

AHAJIOTUYHO BBIYUCISIOTCS BeNUYHHBI (23)-(25) u HanpsikeHus B neHtpax sueiiku 1, 1, 1V u
T.J.
Takum o6pasoM, Jis MOMeHTa BpeMeHH t=t"! BLumcneHBl Bce HEOOXOIMMBIE TapaMeTphl
1/2 1/2 n+l \,n+l n+l 1 n+l 1 n+l
sagaum: O, 0, X7, Y Ha y3lOBBIX TOYKAaX BHYTPH CeTKH, Oy ,0y ,0, ,To ,0 - B

[IEHTPaX CETKH U MOXEM IPOJI0JDKUTH MPOACTIaHHYI0 Mpolieaypy (asroputm) Beraucienuii (18) — (25).
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4. PesyabTarsl.

PaccMoTpuM 4yucneHHble pe3ysbTaThl pPAacUETOB, IOJYYECHHBIE C IOMOIIBK) MNPOTrPaMMBbI,
OCHOBAHHOM HAa METOJIE KOHEYHBIX PA3HOCTEN MO cXeMe YWIKUHCA. B OCHOBHOM, IMHAMHUYECKUE 33141
PENICHBI C YYETOM YIIPYTrod U yIPYyromiacTHIeCKol AegopMaui Heo JHOPOTHOM TPYHTOBOM MJIOTHHBI
MOJT JIEWCTBUEM TOPU3OHTAIBHOTO CEHCMHYECKOTO BO3JACUCTBUS. Pe3ynprarsl mpeacTaBiICHbI

rpaduuecKu.

y.m
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5. AHaJau3 pe3yJbTaTOB

[lonyuensl pe3ynbTaTbl pELIEHUS AMHAMHYECKOM 3ajaud il AXaHrapaHCKOW TI'PyHTOBOM
IUTOTHHBI ITPU CEMCMUYECKUX BO3ICHCTBUAX B XapaKTEPHBIX TOUKaxX IUIOTHHBI A, B, C, JI (puc.5-12). Ha
OTUX PHUCYHKax CIUIOIIHASA JIMHHUS O3HA4aeT pe3ylbTaTbl C  Y4€TOM YIPYrO-IUIACTHUYECKOIO
neopMHUpOBaHuUs TPyHTA, a MYHKTUPHBIE JMHUU C y4eTOM yrpyroro aedopmupoBanus rpyHrta. Ha
PUCYHKE 5 ITOKAa3aHO CPAaBHEHUE PE3Y/IbTATOB, U3MEHEHNUE TOPU30HTAIbHBIX HAIIPSKEHUH 110 BpEMEHU B
touke C ¢ yuyeToM YHpyroro u ympyroruiactuueckoro aehopMmupoBaHus rpyHTa. M3 storo rpaduka
BUJIHO, YTO 3HAYCHHE TOPU3OHTAIBHOTO HANpPKEHHUS Ha YIPYroIIaCTUYECKOM CTaJuud UMEeT
OTpHILIATENIbHBIE 3HAYEHHUs, ITO O3HAYaeT, YTO C YYETOM YIPYromacTUYeCKOro aeGopMUpOBaHHUS
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IpyHTa B 3TOH Touke oOpasyerca cxkarue. Ha pucyHke 6 mNoka3aHO H3MEHEHUE BEPTUKAILHOTO
HanpspkeHus B Touke C 1o BpeMeHU. 3/1eCh MOYKHO CKa3aTh, YTO 3HAUEHUE BEPTUKAILHOTO HAIIPSLKEHUS
YMEHBIIACTCSI TIO0 BPEMEHU C YYETOM YIPYIUIACTHUYECKOTO J1e(pOPMHUPOBAHUS TPYyHTA U HUMEET
OTpuLATENbHbIE 3HaYeHUs. [I3MeHeHne ropu30HTaIbHOIO HapsyKEeHUs B TOUKe /] 110 BpeMeHM IIoKa3aHo
Ha pUCyHKe 7. 37ech 3HaUeHHUE HANpPSDKEHHs] YMEHBIIAETCS 110 BPEMEHHU € YUETOM YIPYIJIaCTHUECKOIO
nepopmupoBanus rpyHTa. Ha pucynkax 8-10 moka3aHo n3MeHEHUE BEPTUKATHLHOTO CMEIIEHUS B TOUKAX
A, C, I nmo BpemeHu. M3 3Tux pHUCYHKOB BHUJHO, YTO 3HAUYECHHE HAINPSDKEHUSI YBEIMUMBAETCS C
OTpULATENIbHBIM 3HAKOM Ha YIPYrolulacTU4eckoi craauu. M3MeHeHne BepTUKaJIbHON nedopmanyy B
toukax C u /[ mo BpeMeHu nokasaHo Ha pucyHkax 11-12. 3nech 3HaueHue Aeopmaliy yBeInuMBaeTCs
C OTpHILIATEIbHBIM 3HAKOM Ha YIPYTOIUIACTUYECKOM CTauM 3a CUET OCTaTOYHBIX JedopMariuil.

6. 3ak/oueHue

1. IIpuBeeHbI OCHOBHBIE COOTHOIIECHHUS 3aJjaul OIpPENEIeHHs HANPSKEHHO -Ie(OPMUPOBAHHOTO
COCTOSIHUSI TPYHTOBBIX IIJIOTUH MPU JAWHAMUYECKHX BO3JIEHCTBUAX B IUIOCKOM moctaHoBke. Ha ocHoBe
METO/1a KOHEYHBIX pPa3HOCTEH MpHUBEIEeHAa METOJMKA pPEIICHHUsS NPUMEHUTENbHO K IOCTABJIEHHOU
JBYMEPHOM 3a1aue TMHAMUKH TBEPABIX JePOPMUPYEMBIX TEII.

2. TlomydeHbl YHCIEHHBIE PE3YIbTATHl IO OMNPEIENICHUIO HaIPSHKEHHO-Ie(POPMUPOBAHHOTO
COCTOSIHUSI TPYHTOBBIX IUNIOTHH IO/ JEHCTBHEM CEHCMUYECKUX CHII C YU€TOM Beca IPYHTA.

3. OnpeneneHo HaNpsHKEHHO-AePOPMUPOBAHHOE COCTOSTHUE AXaHTapaHCKOW TPYHTOBOM TUIOTHHBI
MPU CEHCMUYECKUX BO3JECHCTBUAX C YYETOM YIPYTOoMl M YyHPYroIulaCTUYECKOW AedopMaliiviil TPyHTa.
[TonyueHs! ynCIEHHbIE pe3yNbTaThl U3MEHEHUS 0 BPEMEHH HAINpPsHKEHUH, cMellleHni U nedopmanuii B
XAapaKTEPHBIX TOYKAX TUIOTUHBI.
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UCIIOJIb30BAHUE PE3YJIbTATOB BEPOSITHOCTHOM CEMCMHUYECKOMN
OIMACHOCTH U151 OHEHKU OBECIHEYEHUSI 3AJIAHHOI'O YPOBHSI
CEMCMOCTOMKOCTH AEMCTBYIOIIUMU HOPMAMU CEMCMOCTOMKOI'O
CTPOUTEJbCTBA

Amunzona II.
Hucmumym 2eonozuu, celicmocmotikoeo cmpoumenscmaa u ceticmonozuu HAHT, . /[ywanbe, Tadxcuxucman
Email: igees_asrt@mail.ru

Annomayus: I[locieocmaus paspyuwiumensHulx 3emaempscenutl 8 Typyuu, npoucuieouux 8 Hauane gespans 20232. u
nocaed08asuiux 3a Humu 3emaempscenuti 8 Mopokxo, Kumae, Anonuu, Tatieane u Op. cmpanax, ewe pas noKazauu, Ymo Hu
O0O0HU U3 0eliCMBYIOWUX 8 MUpe HOPM CeCMOCMOUKOCIU He AGIAI0 MCs 8 NOJHOU Mepe cosepulenHbl. B ceasu ¢ uem ocobyio
aKmyanbHOCmb  npuodpemaem GONPOC — HACKOILKO OelUCMBYIOWUMYU HOPMAMU CEUCMOCHOUKO20 CMPOUMenbCmed
obecneuusaemcs 3a0aHHblI YPO8eHb celicMocmouxocmu. B nacmoswee epems, ¢ paspabomkotl 8 Taoxcukucmane kapm
6EPOAMHOCIHOU  CEUCMUYECKOU ONACHOCMU NOABUACS UHCIMPYMEHM OYeHKU 00ecneueHHOCmuU 3a0aHHO20 YPOGHS.
ceticMoCmouKocmuy  30aHUll U COOPYHCEeHUll, Pe2laMeHmupyemoz2o OeticmeyrouWumMu  HOPMAMUL  CeUCMOCHOUKO020
cmpoumenvcmea CHull PT 22-07-2018 «Ceiicmocmotixoe cmpoumenbCmeaoy.

Knrouegvie cnosa: 6eposamnocmuas oyenka ceticCMuieckol OnacHOCmu, paciemnas CelicMuueckas Hazpy3Kd, NUKooe
YCKOpeHue epyHma, paciemublii CReKmp peakyuu, HOpMUpyemslli CHeKmp peakyuu, CUHMe3UpPOBaAHHAs AKCeNepocPAMMA.

Ananu3 KatacTpo(UYecKUX TMOCIEICTBUN pa3pylIUTEIbHBIX 3eMieTpsaceHuid B Typuuw,
npoucuienmux B Hadane ¢espans 2023r. ¥ MOCIENOBABIIMX 32 HUMHU 3EMIICTPSICEHH B MOPOKKO,
Kurae, Slnonuu, TaliBane u Jp. cTpaHax, euie pa3 NoKa3aiH, 4YTO OJHOW U3 IPUYUH Pa3pyILLIECHUs COTEH
3IaHUH, MOBJCKIINX 3a COOO0W THOENU NECATKOB THICSY JIIOACH, SBISETCS, MOMUMO IPYTrUX MPHUYUH,
HE0OECIeYeHHOCTh MX 3a/JaHHOM CEeWCMOCTOMKOCTH B COOTBETCTBHMH C PACUETHOU CecMHUYECKOM
OTNACHOCTBIO TEPPUTOPHH.

Pacuetnas celicMuueckass OMACHOCTb MPEACTABISIETCS B HOPMATHUBHBIX JIOKYMEHTax IO
CEHUCMOCTOMKOMY CTPOUTEILCTBY B BUJIE CIHMCKA HACEJIEHHBIX MYHKTOB C YKa3aHMEM MAaKCUMAaJIbHBIX
YCKOPEHUH TpPyHTa U KapT CEWCMHUYECKOTOo palOHMPOBAHMS/30HMPOBAHMSI U CIYKHUT OCHOBOW ISt
OIpEe/IeJICHUsI PACUETHBIX CECMUYECKUX HATPY30K.

[Ipu ananuze mpUUMH KaTaCTPOPUUECKUX MOCIEACTBUI Typenkux 3emiuerpsicenuit 2023r. ObLI0
oOpallleH0 BHMMaHHE, YTO OOJBIIMHCTBO Pa3pYIICHHBIX 3/IaHUN OBLIO BO3BEIEHO B COOTBETCTBUU C
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HOpMaMu celicMocToiikocTti 2007r., omuparomieecss Ha CEHCMHUYECKOE 30HMPOBAHUE TEPPUTOPHUU
Typuuu, BBIIIOTHEHHOE M0 PE3YJIbTATaM ACTEPMHUHHUCTCKOM OLICHKN CEHCMHMYECKOM OITacHOCTU. B Toxke
BpeMs, JIEHCTBYIOIIME HOPMBI celicMOCTOMKOTO crpoutenscTBa Typunun 2018r. onuparorcs Ha HOBYIO
BEPOSITHOCTHYIO KapTy CEHCMHUYECKOW ONACHOCTU TEPPUTOPUHU CTPAHBI Ul MEPUOJA ITOBTOPSEMOCTU
3emiieTpsiceHus 475 €T, 3HaYUTENbHO OTJIMYAIOUIecs OT IPeablIylel, BKIIOYEHHON B CEICMUYECKUE
HOpMbI 2007r. CorsiacHO OIyOJIMKOBAHHBIX JIUTEPATYPHBIX, IPUMEHEHHE HOBOM BEPOSITHOCTHON KapThl
CeliCMMUYECKOM ONAacHOCTH, NPHUBEJIO K 3HAUUTEIBHOMY (10 JBYX pa3) YBEJIWYEHHIO pacueTHBIX
celicMuuecKkux Harpy3ok [ 1 - 3 ].

JlaHHO€ 006CTOSATENBCTBO SBUIIOCH OCHOBAHUEM
JUI TIPOBEJCHMS OLICHKM OOECIEYeHMs 3aJlaHHOTO
YPOBHSI CEHCMOCTOMKOCTH 3JaHUN U COOPYKEHUU
JNEUCTBYIOLUIUMHU HOpPMaMH CEHCMOCTOMKOTO
CTPOUTENbCTBA CHull PT 22-07-2018
«CecMOCTOIKOE  CTPOUTENBCTBO», B  KOTOPBIX
Ipe/icTaBIeHa JEeTEPMUHUCTCKAs KapTa
CEHCMUYECKOM OINIaCHOCTH TEPPUTOPHUH
Tamxukucrana 1978r. B 0amuiax MHTEHCUBHOCTH B
coOTBeTCTBUH co MmKanoit MSK-64 (puc.1) [4].

Kak BuaHO mno Kapre BCAd TeppUTOpHUS
TamkuKHCcTaHa OTHOCUTCS K CEMCMHUYECKH OIIaCHOM
¥ Ha Hed TPOTHO3UPYETCS BO3HMKHOBEHHE Puc.1. JleficTByromas kapTa ceiicMu4ecKoii
3eMJIETPSICEHUI C MHTEHCUBHOCTHIO 7, 8 1 9 Gaiios, OnacHoCTH TeppuTopun TarxuKucTana
JUIsl KOTOPBIX pacueTHbIE YCKOPEHHMS, COOTBETCTBEHHO, cocTaBisitoT 0.1, 0.2 u 0.4g9.

Onpenenenue npu NPOEKTUPOBAHUU 3JJTaHUA U COOPYKEHUM PaCUETHBIX CEICMHUUYECKUX HAarpy30K
M0 CIIEKTpaIbHOMY MeToAay, B coorBeTcTBUU co CHull PT 22-07-2018 npumMensieMbiM B OOJIBIIMHCTBE
citydaeB, 0a3upyeTcs Ha CICIYIONINX MOJ0KeHUsIX [ 4 |:

PacuetHas ceificMuyeckasi Harpy3ka Sik B BHIODAHHOM HAITpaBJICHUH, TPUIIOKECHHAS K Touke K u
COOTBETCTBYIOIIAs I-My TOHY COOCTBEHHBIX KOJIEOaHUH, oTpeaessieTcs o Ghopmyire:

Sik= K1 K2 K3 Soik (1)

rie: Soik - 3HAUCHHUE CEHCMHUYECKOM HArPY3KH JUTS I-T0 TOHAa COOCTBEHHBIX KOJICOAHUA, OnpeessieMoe B
MIPEIOJI0KEHUH YIIPYroro AeopMHUpOBaHHS KOHCTPYKLUN MO popMmyrie:

Soik = QAL Ky ik, (2)

K1 - x03(hunmenT, yunThIBatOLINi CTENeHb OTBETCTBEHHOCTH;
K> - k03¢ GUIMEHT peayKIUH, YYUTHIBAIOIINNA KOHCTPYKTHUBHBIE PEIICHUS;
K3 - ko3 puLneHT, yUUTHIBAIOIINUN BBICOTY 3/1aHUI U COOPYKEHUH, OIpeiessieMblii o (popmyIe:

Ks=1+0.05(n-5), (3)

rze N - KOJM4eCcTBO 3Takel 31aHusl (KpoMe 3TaxkeH, pacHoJIOKEHHbBIX HUKE IJIAHUPOBOYHONW OTMETKH,
IIOKOJIBHBIX M MaHcapAHbIX), ipu 3ToM 1.0 < K3 < 1.5; Qk - Bec 31aHUs UM COOPY>KEHUsI, OTHECCHHBIN K
Touke K, ompenensemblii ¢ y4eTOM pacyeTHBIX HArpy30K Ha KOHCTPYKUMH; A - KodpduimeHt
CEHCMUYHOCTH, 3HaYEHUs KOTOporo cieayetr npuHuMmath paBHeM 0.1, 0.2, 0.4, 0.6, COOTBETCTBEHHO,
npu pacdeTHou ceiicMuunoctn 7, 8, 9 m Oonee 9 OamnoB; S - K0dDUIMEHT AMHAMHYHOCTH,
COOTBETCTBYIOUIMH I-My TOHY COOCTBEHHBIX KOJICOAHH, IPUHUMAEMBIN COTJIACHO HIDKE MPHBEICHHBIX
rpa¢ukos (puc.2);
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Puc.2. I'padpuk ko3ppunuenta xuHaMuaHoOCTH

K, - x03(hGUIMeHT, yIUTHIBAIONINA CIOCOOHOCTH 3aHUSI M COOPY)KEHUS K PACCEHMBAHUIO YHEPTUH;
ik - KoappumueHT GopMbl KosIeOaHUH, 3aBUCAIINN OT (HOpMBI AehOopMaIK 3aHUS HITH COOPYKEHUS
MPU €r0 COOCTBEHHBIX KOJICOAHHSIX MO I-My TOHY M OT MECTa PACIOJI0KEHHSI HArPY3KH.

K Hactosimemy Bpemenu MHCTUTYTOM T'€0JIOTUHU, CECMOCTOMKOTO CTPOUTENBCTBA M CEUCMOJIOT MU
HAHT mo crnenuaibHOM METOOUKE ¢ NMPUMEHEHHEM BhIUMCIHTEIbHOro kKomiuiekca CRISIS 2015
MOJITOTOBJIEH KOMIUIEKT KapT BEPOATHOCTHOW CEHCMHYECKOM OMACHOCTH UIA TEPPUTOPUHU
TamKkuKUCTaHA B EIWHMIIAX THKOBBIX YCKOpeHHWi TpyHTa PGA s mepHoioB MOBTOPSIEMOCTH
3emnerpsicennii 475, 975, 2475 u 4975neT m1st TpeX TUIOB TPYHTOBBIX YCIIOBHM, XapaKTEPU3YIOTUXCS
CKOPOCTBIO paclpOCTPAHEHUsI MOTEPEUHBIX CEMCMHUUYECKUX BOJIH B BepxHed 30-METpOBOM I'PYHTOBOM
tome — VS,30 (puc.3) [ 5 ].
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Puc.3. Ilpumep KapThl BEPOSITHOCTHOM ceficMuyeckoii omacHocT B PGA i1 rpyHToB 1-ii KaTeropuu
Mo ceficMUYeCKHM CBOCTBaM /ISl IePHo/1a MOBTOPSIEMOCTH 3eMuleTpsiceHui 475 et

Cnenyer 0co00 OTMETHTh, YTO MPH HNOCTPOCHUU KapT Ul KaXKJOW pacyeTHOW TOYKH MOMHUMO
BBIUMCIICHUS NHUKOBBIX YCKOPEHHUH TPYHTA, CTPOSITCS TAKXKE PACUETHBIC CIIEKTPHI PEaKkIHH IS Tpex
TUIOB I'PYHTOBBIX YCIOBUH (puc.4).
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[Ipy npUMeHEeHHHM B TPAKTHUYECKUX pacueTax BBIIICTIPUBEACHHBIX CIHEKTPOB PpPEaKIUH
PEKOMEHAYETCSI UCXOIUTh U3 MOJIOKEHUH PETIaMEHTUPYIOLIETro JoKyMeHTa DeepalibHOro areHTCTBa
[0 YNpPaBJICHUIO KPU3UCHBIMU CHUTYaLUSMM, COIVIACHO KOTOPOMY IpU 3EMIIETPSICEHUM C IEPUOJIOM
noBTopseMoctu 475 JeT B 3AaHUU/COOPYXKEHUU AOMycKaroTcs moBpexaeHnus 0-1-if cremenu, a mpu
3eMJICTPSICEHUH C MIEPUOIOM MOBTOpsieMocT 2475 net — 3-if ctenenu [ 6 |.

O4eBHIHO, YTO C YYE€TOM OTMEUYEHHOI'O, pacueTHas CEeMCMHUYEcKash Harpy3ka MOKET ObITh
oIpeieNieHa 10 cieayoouei popmyie:

Sik = Qx Rs(Ti) nik, (4)

rie Rs(Ti) - 3HaueHue criekTpa pacyeTHbIX
peakuuii B YCKOpPEHMsIX B JIOJSAX ( Ha
nepuoe Ti.

[Ipu sTOM, UCXO/S U3 YCIOBUS, YTO
MIOJIy4YEHHBIE pacyeTHbIC CHEKTPBI
peakuuii (puc.3) chayxaT HCXOIHBIMU
JAHHBIMU JUIsl T€HEpUpOBaHUS Halopa
TPEXKOMITIOHEHTHBIX ~CHHTE3UPOBAHHBIX .
akceyneporpamm pacueTHoe
CECMUYECKOE BO3JCHCTBUE MPU pacyeTe
[0 CHEKTpaJbHOMY METOJYy TaKxKe
clenyer 3aJ1aBaTh B BHJIC
TPEXKOMIIOHEHTHOTO BO3JEUCTBUS 0O€3
B3aMMOMCKITIOUCHHUSI TI0 HAITPABJICHUSIM.

[[aHHLIﬁ MOIXOT 6BIJI HpI/IMeHeH Puc.4. HpnMep IMOCTPOCHHBIX PACYETHBIX CIEKTPOB peaKum“l
MyTeM MPOBEJICHUS PACUETHBIX UCCICIOBAHUN ITPH OIIEHKE CeHCMOCTOMKOCTH 60see 30-TH CTPOSIITUXCS
U BO3BEJICHHBIX B I. JlymanOe BBICOTHBIX 34aHUN. PacueTHble nccieqoBaHUs BKIIOYAIN BBINOTHEHHE
KOHCTPYKTHUBHBIX PACY€TOB C MPUMEHEHHUEM MMPOTPAMMHO-BBIUUCIUTENBHOTO KoMIuiekca JINPA-CAIIP
2022 kak Ha 3aJjlaHHBIE PACUETHBIC CIIEKTPhI PEAKIMi, TAK U HA PACUECTHBIC CEHCMHYECKHE HATrPy3KH,

OTIPEe/ICTICHHBIC B COOTBETCTBHH C JACHCTBYIOLIMMHU HOpMaMH (puc.5-7).

UHS Dushanbe, RP 475yrs

on, g

e \/5 3022001 Vs30=460m/s Vs30=760m/s

¥x 01€6¢6 c0l0)

Puc.5. IIpocTpaHcTBeHHAs1 pacuyeTHAsi MOJeJIb OHOI0 U3 MCCJIeI0BAHHBIX 31aHMI
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Puc.7. PacueTHoe ceiicMu4ecKoe Bo3z[eﬁcTBne coruacHo aeiicteyommux Hopm CHull PT 22-07-2018

CornacHO pe3ylbTaTOB MPOBEAECHHBIX HCCIEIOBAHUM, pacueTHbIE 3HAUYEHUS AapMUPOBAHUSA
HECYIIUX >KeIe300€TOHHBIX KOHCTPYKIMM, SIBISIIOIIMUXCS MHTETPATbHBIM TOKa3aTelleM HaIpshKeHHO-
ne(OPMUPOBAHHOTO COCTOSTHUSI KOHCTPYKIIMM, TMOJYYEHHBIX IMPU pacueTe Ha pacueTHBIE CIEKTPbI
peaKuy MO JAHHBIM BEPOSITHOCTHOM CEMCMUYECKOW omacHOCTH 110 1.5-3 pa3 HMKe MO CPaBHEHUIO C
pe3yibTaTaMi HOPMATHUBHBIX PACUE€TOM.

JlanHO€ 0OCTOSITENBCTBO IMO3BOJISIET ClENaTh BBIBOJ O JOCTaTOYHOM KOHCEPBATUBHOCTU
JNEUCTBYIONUX Ha Tepputopuu Tamkukucrana HopM ceiicmoctoiikoct CHwull PT 22-07-2018 u
BO3MOHOCTH ONTHMH3AIMN YPOBHSI PACUETHBIX CEMCMHMUYECKUX HArpy30K IMPH BKIIOUEHUU B HOBYIO
PEeAaKIHI0 HOPM KapT BEPOSITHOCTHON CEHCMUYECKON OMaCHOCTH.

OueBHIHO, BBIIICYKA3aHHBIA TOJIXOJ MOXET OBITh MPUMEHEH TakKe TMpu pa3paboTke
MEKTOCYAapCTBEHHBIX HOPM CEMCMOCTOMKOCTH.
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Section B - Engineering seismology and seismic risk
Cekuua B — Huocenepnas ceiicmono2usn u ceucmudeckuil puck

THE MANIFESTATION OF ABNORMAL VARIATIONS OF THE GEOMAGNETIC
FIELD IN UZBEKISTAN (TASHKENT SEISMICALLY ACTIVE REGION)

Abdullabekov K.N.}, Maksudov S.Kh.%, Yusupov V.R!
nstitute of Seismology, Tashkent, Uzbekistan
E-mail: valijon.yusupov@mail.ru

Abstract. The results of long-term geomagnetic research in Uzbekistan are presented. The results are presented
on the territory of the Tashkent geodynamic polygon. Local anomalous variations of the geomagnetic field associated
with strong earthquakes, the activity of a natural underground gas storage facility and a large reservoir have been
identified.

Numerous local variations of the geomagnetic field have also been identified, the nature of which has not yet been
established. These variations have different forms, intensity and time of manifestation. In order to determine their nature,
the peculiarities of the manifestation of variations according to magnetic observatories, at the points of the century
course, in the territories of seismically active regions of the globe have been studied. The analysis of the results showed
the absence of a scientifically based conclusion on the mechanisms of manifestation of this type of anomalous variations
of the geomagnetic field. Their frequent manifestation does not contribute to the identification of abnormal variations
caused by the processes of preparation of strong earthquakes.

Keywords: magnetic field, anomalous variation, amplitude, geodynamic polygon, Earth's crust, mantle, fault.

1. Introduction

Since the middle of the 20th century, geomagnetic research to identify geodynamic processes
and search for precursors of strong earthquakes has been widely carried out in most seismically active
regions of the globe.

The territory of Uzbekistan, like the whole of Central Asia, is a seismically active region.
Therefore, earthquake forecasting is important in all respects, primarily for society.

Research on the problem of earthquake forecasting in Uzbekistan was started after the strong
Tashkent earthquake of April 26, 1966 (M=5.3). In the first 2-3 years, special geodynamic polygons
were organized — Tashkent, Ferghana and Kyzylkum. Seismometric, geomagnetic, deformometric,
hydrogeochemical and other studies began to be organized in the territories of these polygons. Work
on the search for geomagnetic precursors of earthquakes in Uzbekistan has been underway since
1968. on specially organized geodynamic polygons and in epicentral zones of strong earthquakes that
have occurred. Geomagnetic studies were also carried out on the territories of man—made objects -
natural underground gas storage facilities, large reservoirs and exploited oil and gas fields using
repeated route, area and stationary regime measurements. Absolute proton magnetometers were used.
Over the more than 50-year period of geomagnetic research, more than 1,100 points have been laid
with a total length of route, area surveys of about 7,750 km. About 25 stationary magnetic stations
were involved. As a result, a wide amplitude-time spectrum of local variations of various nature was
revealed, associated with:

1) the processes of preparation and occurrence of strong (M > 5) earthquakes;

2) the activities of man—-made facilities - underground natural gas storage facilities, large
reservoirs and exploited oil and gas fields;

3) processes occurring at various depths in the Earth's crust and upper mantle.

This work is devoted to a detailed analysis of local anomalous variations of the geomagnetic
field of the third type.

2. The methodology

Geomagnetic research was organized by launching stationary magnetic stations and laying
profiles of repeated magnetic measurements. For more than 55 years of research, in some years the
number of stationary magnetic stations was more than 35 and the length of profile measurements was
more than 2,300 km with 540 points. This article presents the results of long-term geomagnetic studies
on the territory of the Tashkent geodynamic polygon. During the period of geomagnetic studies
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conducted on the territory of the landfill, local anomalous variations of the geomagnetic field were
revealed due to the strong earthquakes that occurred, the activity of man—made objects - natural
underground gas storage facilities, large reservoirs. The results obtained — identified precursors of
earthquakes, anomalous variations of a man-made nature are given in our publications [1-7].

With the accumulation of geomagnetic research data at stationary magnetic stations and points
of repeated observation profiles, numerous local anomalous variations of the geomagnetic field were
revealed, which were not associated with the processes of preparing strong earthquakes, the activities
of man-made objects.

3. The results of the research

During the initial phase of research, the identified local anomalous variations in the
geomagnetic field were initially overlooked. They appeared at single observation points or at several
points of a small area. Long-term observations in the territories of geodynamic polygons showed the
manifestation of longer (3-7 years) abnormal variations.

It is noteworthy that these anomalous variations coincided temporally with significant seismic
events, such as a strong seismic event, a series of minor earthquakes, or an uptick in background
seismic activity.

The results of research on the identification of anomalous variations of the geomagnetic field
of a local and regional nature on the territory of the Tashkent geodynamic polygon of Uzbekistan are
summarized below for the entire period (1968-2019).

In 1968, three profiles with a total length of 300 km were laid on the territory of the landfill,
with 52 measuring points (Fig.1). Two profiles have a north—easterly direction, coinciding with the
location of the regional Karzhantau fault. The third profile crosses the Karzhantau fault zone and two
profiles in a northwesterly direction.
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* Magnetic survey points

Figure 1. - Schematic map of the Tashkent geodynamic polygon.

Figure 2 shows local anomalies of the geomagnetic field at the route points of the Tashkent
geodynamic polygon. Abnormal variations appeared on 8 points out of 52 (marked with asterisks).
As you can see, the changes have different forms, intensity, time of manifestation and duration. These
changes differ even at neighboring points (Sec 1 and 2, 14a and 15), the distance between which does
not exceed 5 km. At some points (zap.9; sec. 1 and 2), against the background of a slow change, cove-
shaped, sinusoidal, zigzag anomalous changes of a medium-term nature appear. These changes are
manifested in different sections of the Tashkent geodynamic polygon. Figure 2 shows for example
the points (secant 17 and 18), where there are no significant changes during the research.
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Figure 2. - Local variations of the geomagnetic field at the points of the Tashkent geodynamic polygon caused
by near-surface sources.

Figure 3 shows an example of detecting local anomalous variations at two stationary stations
of the Tashkent geodynamic polygon. The stations are located at a distance of 500 meters from each
other. The local anomaly has an arcuate shape of a positive sign [8].

Here at station 1, the anomaly has an intensity of about 2.5 nTl, and at the station 2 - 4.5 nTI.
The duration of the anomaly in both stations is the same and is about 17 days. The anomaly was
isolated relative to the Yangibazar Magnetic Observatory, located at a distance of 40 km.
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\W N St=2
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1983 year

Figure 3. - Local changes recorded by two stations located at a distance of 500 m from each other on the territory
of the Tashkent geodynamic polygon.

Now about the results of detecting long-period regional changes in the geomagnetic field. The
changes in the geomagnetic field at the points of repeated surveys relative to the Yangibazar magnetic
observatory for the period 1989-1992 are presented. It should be noted that during this period, no
noticeable or strong earthquakes occurred at the Tashkent landfill and in the adjacent territories, and
no activation of the seismic background was noticed. During the period under review, a bay-shaped
anomaly of a negative sign with a duration of about 3 years appeared at most points of the landfill.
The anomaly manifested itself at 30 of the 40 points located mainly along the regional Karzhantau
fault. The length of the anomaly is 150 km. The profile is divided into three sections. The northeastern
section covers the area of the Charvak reservoir. Further, the profile of geomagnetic research stretches
in a southwesterly direction. The anomaly in the first section manifested itself at 9 of the 13 points
located in the water area of the Charvak reservoir. In the second section of the profile, the anomaly
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appeared on 10 out of 14 points and on the third segment of the profile on 11 out of 13 points. Figure
4 shows the changes in the average values of AT at points along the marked sections of the profile.
What are the features of the manifestation of this regional anomaly: - firstly, the amplitude and
duration of the anomaly decreases in time in a southwesterly direction. If the amplitude of the
anomaly on the territory of the Charvak reservoir is 7 nTl with a duration of about 3 years (curve "a",
Figure 4), then in the second segment these parameters have a value of 5 NT and about 2 years (curve
"b", Figure 4). In the third section — 4 nTl and 1 year, respectively (curve "b", Figure 4); - secondly,
at a distance of about 150 km, the amplitude of the anomaly decreases by only 3 nTI. Therefore, it
can be assumed that the anomaly manifested itself at a greater extent than the length of the profile at
the polygon. Judging by the attenuation of the intensity of the anomaly in the south-westerly direction,
the "focus" of the source of the anomaly is located in the north-easterly direction from the Tashkent

landfill.
i W\\

JrT
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“

Wﬂ y*\\/
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1989 1990 1991 1992 years

a — the first segment of the profile; b — the second segment of the profile; v — the third segment of the profile.

Figure 4. - The manifestation of a bay-shaped regional anomalous variation of the geomagnetic field at the points of the
Tashkent geodynamic polygon.

This regional anomaly on the territory of the Tashkent geodynamic polygon is manifested for
the first time since 1968. The selectivity of the manifestation of this regional anomaly at the points
of repeated surveys suggests that the boundary of the area of manifestation of the anomaly has a
complex configuration on the plan.

The first points of repeated geomagnetic observations in the water area of the large Charvak
reservoir were laid 26 points in December 1973. In 1976, their number increased to 35 [8].

In a detailed analysis of the dynamics and morphology of the local field change in the reservoir
area for 1974-1979, the points were divided into three groups. By the nature of the change, the points
were combined into zones (Figure 5).
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1 - rivers; 2 - Charvak reservoir; 3 - points of repeated magnetic observations; 4 - faults; "a" - zones of heterogeneous changes in the
geomagnetic field.
Figure 5. - The division of the territory in the area of the Charvak reservoir according to the nature of the change
in the geomagnetic field.

Zone "a" occupies the southern part of the study area. Zone "b" covers the southern and
southwestern parts. The rest of the research area is occupied by zone "b". It can be seen that the zones
have a complex configuration. Figure 6 shows the change in the averaged values of AT for three
Zones.

In zone "a", along with the quasi-sinusoidal change, a slow trend component is clearly
manifested. The value of the trend component is about 5.5 nT1 over a 6-year research period.
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Figure 6. - Dynamics of local changes in the magnetic field in the area of the Charvak reservoir.

The morphology of the high-frequency part of the field change in zone "b" differs slightly from
the morphology in the other two zones. Here, a slight trend change was observed in 1974-1976 and
then it disappears (see the curve of average annual values — dotted line).

The sinusoidal change is most intense in the "b" zone. The trend component here is the same as
in zone "b". The quasi-sinusoidal anomalous change in all three zones manifested itself in 1974-1976
with a minimum value in the second half of 1976. Further, until 1979, the average annual value of
the field varies slightly.

The following are the results of geomagnetic studies on the territory of the Tashkent
geodynamic polygon for the period 2004-2019. The measurements were carried out at points located
in the area of the regional Karzhantau fault. The profile also covers the epicentral zone of the
Tavaksay earthquake of 1977, the water area of the Charvak reservoir (Figure 7). Measurements of
the geomagnetic field were carried out at 29 points. It should be noted that according to the nature of
the change in the magnetic field, the points were divided into three zones. Common to all points is
the absence of any drastic changes in AT. The first zone includes 14 points (Figure 7).
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Figure 7. - Selected zones by the nature of the AT change

In this zone, the magnetic field is slowly decreasing. Figure 8 (1 - zone) shows a decrease in
the average value of AT by 14 points.As can be seen, the decrease is monotonous and the decrease
gradient averages about 0.7 nT1 /year.

The second zone includes 9 points. Here (2nd zone Figure 8) the average value of AT almost
does not change until 2016 and since 2017 there has been a slight decrease in AT.

The third zone includes 7 points (3 - zone, Figure 8). The zone covers the south and southeastern
parts of the study area. The average AT value remains unchanged until 2008.Over the period 2009-
2011, the field changes slightly in a bay-like shape, with a return to the initial level at the end of 2011.
Starting in 2012, the field begins to decrease monotonously. During this period, the decrease gradient
is on the order of 1.9 nTl/year.
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Figure 8. - Change in the average values of AT in the selected zones.

In all three zones, during 2016-2019, the change acquires the same character and a slow
decrease in AT is observed. Therefore, the field change during this period is considered separately. It
should be noted that in 2016, additional re-filming points were laid and the total number of points
increased to 48. The layout of the points is shown in Figure 9. In this case, the points were divided
into two zones by the nature of the field change (Figure 9). The first zone included 34 points. The
zone stretches from southwest to northeast. The change in the average AT value for the zone is shown
in the figure (curve 1, Figure 10). As you can see, the change in this zone is negative. During the
period V.2016- VI1.2017, the field does not change, during V1-2017-V111.2017, the field decreased by
almost 5 nTl and remains at this level until VV1.2019.
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Figure 9. - Selected zones according to the nature of the AT change.

The second zone (curve 2, Figure 10) occupies the northeastern part of the study area. It covers
the northeastern part of the first zone from the north, east and south.

Here, the average value of the field is 2.2 nTl when the value changes over the study period
from0to 5nTI.

So, starting from 1973 to 2019, studies conducted on the territory of the Tashkent landfill
revealed local anomalous changes in the geomagnetic field of various nature, intensity, duration and
size of the area of manifestation. This is the first time that such a massive nature and convincing
registration of local variations of the geomagnetic field has been carried out in the world practice of

geomagnetic research.
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Figure 10. - The change in the average values of DT in the selected zones.

The registered local variations have different intensity, form of manifestation, duration and size
in area. A detailed analysis of the area and time of manifestation of local anomalies showed the
absence of any connection between them and the geological-tectonic, hydrogeological,
geomorphological features of the studied territories. They are also not associated with the geophysical
features of the earth's crust, the seismic regime or individual strong earthquakes that occurred in the
region.

4, Discussion of the results

As a result of more than 55 years of geomagnetic research in the territories of geodynamic
polygons of Uzbekistan, local anomalous changes in the geomagnetic field were revealed due to the
processes of preparing strong (M>5) earthquakes, the operation of underground natural gas storage
facilities, large reservoirs. Numerous local anomalous changes have also been identified due to
processes occurring at various depths of the Earth's crust, possibly also within the upper mantle. This
is evidenced by the above results.

What published data are available today on the study of local anomalous variations of the
geomagnetic field over the past 50-60 years?

Even at the initial stage of geomagnetic research on the secular course of the Earth's magnetic
field, V.P. Orlov and V.S. Sokolov in the mid-1960s revealed an intense manifestation of a local
anomaly in the Khabu-Rabat region (Tajikistan) [9]. The anomaly manifested itself only in one point
of the age-old course. Later, special studies at this point showed that the field change was caused by
the loss of the primary thermally stable magnetization of igneous (diabases, porphyrites) rocks and
the occurrence of a weaker secondary magnetization in them [10].

159



K.N. Abdullabekov analyzed data from the global network of magnetic observatories.
Anomalous changes in the vertical component of the magnetic field have been identified at some
observatories. In his opinion, the sources of these regional anomalies may be in the Earth's crust and
upper mantle [1].

I.G. Zolotov analyzed the change in the average annual values of the elements of the
geomagnetic field for three observatories - Alibag, Abinger — Hartland and Tso-Ze [11]. He found
that against the background of a smooth low-frequency change, high-frequency irregular fluctuations
are observed. The frequency of the low—frequency part of the secular course at the Alibag and Abinger
- Hartland observatories is in the range of 80-150 years, and at the Tso—Ze observatory - about 40
years. The high-frequency part of the secular course at all three observatories is a complex curve with
significantly shorter periods. Nothing is said about the nature of the latter.

Since 1982, the scientific station of the Institute of High Temperatures of the Russian Academy
of Sciences has organized routine observations of the geomagnetic field at five stations on the territory
of the Bishkek Geodynamic polygon (Kyrgyzstan) [12]. In 1985, a sixth station was added. From
1988 to 1991, four more stations were added to the existing stations. At the Aksu reference station,
the measurement discreteness was 20 seconds, at the other stations — 20 minutes. In 1992, 11 repeat
observation points were included in the geomagnetic monitoring network. The frequency of
measurements at these points was 3-5 days. One of the conclusions from the long period of
observations is that there are always minor and significant variations of the geomagnetic field in the
time series. Moreover, the nature of the variation is also different at different points of the network.
It is assumed that the differences in the course of variation may be related to: the location of a
particular station relative to the source of the deformation process; the difference in physical,
including magnetic properties of rocks; with different geological and geoelectric structure of the
section under a single station; with the presence of current systems of various nature in the area of
observation points that are not related to geodynamic processes [13].

As can be seen, the data on the study of local anomalous variations of the geomagnetic field are
very insignificant and statements about the nature of these anomalies are also at the level of
assumptions.

5. Conclusion

So, local anomalous variations appear with linear dimensions from the first units to 100
kilometers or more. Consequently, the sources of these anomalies seem to be located at different
depths in the Earth's crust and upper mantle. It should be assumed that the larger the area of the
anomaly manifestation, the deeper the source of the anomaly should be located.

The forms of manifestation of local anomalies in most cases are bay-shaped, sinusoidal, and
trending. The bay-shaped and trending shapes have both positive and negative signs. Their intensity
can range from 2-3 to 25 nT1 or more. In the case of manifestation in the form of a trend, the gradient
of change ranges from 0.5-1.0 to 3 or more nTl/ year.

As the results of long-term observations on the territory of the Tashkent geodynamic polygon,
in particular in the area of the Charvak reservoir, show, the form of manifestation, the size of the area,
and the intensity of anomalies do not remain constant. They all change over time. In this regard, they
cannot be associated with the geological, tectonic, and geophysical features of the studied territories.

The smallest local anomalies in linear dimensions, which appeared at single points of repeated
surveys and at some stationary observation stations in Uzbekistan, are anomalous variations
registered for the first time at a sufficiently large number of magnetic points. The linear size of the
manifestation of these anomalies is 3-5 km. All the above-mentioned anomalies were detected due to
frequent and long-term measurements of the geomagnetic field at the points of repeated surveys.

At this stage of research, an urgent task is to determine the nature of the identified local
anomalous variations. This will allow the identification of local anomalies caused by the processes
of preparation of strong earthquakes. To solve this problem, it is proposed to organize a complex of
long-term geophysical (seismological, geomagnetic, electrical, pulsed electromagnetic, etc.) studies.
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IMPLEMENTATION OF SEISMIC MONITORING FOR THE EXAMPLE
OF THE GISSARAK DAM.

Alimov B.G.%, Kurbanov T.S.%, Artikov F.R., Islamov H.A.}
YInstitute of Seismology, Tashkent, Uzbekistan
E-mail: sadokat.anvarova@mail.ru

Abstract. Implementation and analysis of comprehensive monitoring of the seismic situation of reservoirs on the
territory of the Republic of Uzbekistan, in order to improve the quality of the obtained seismic data to study incoming
seismic information about seismological processes in order to ensure the seismic safety of infrastructure facilities.

Keywords: Seismic monitoring, hydraulic structures safety, seismometer, accelerometer.

1. Introduction

The Gissarak reservoir is located in Central Uzbekistan on the territory of the Kashkadarya
region. According to its structural position, this territory belongs to the region of transition from the
Tien Shan epiplatform orogen to the Turanian platform. The seismicity of the territory is directly
related to the tectonics of the region and manifests itself along the faults of the earth’s crust, activated
at the present stage of geological development. The areas of dynamic influence of active faults are
combined according to the data of R.N. Ibragimov into seismogenic zones [1].

2. Methodology and Instrumentation.

Seismic monitoring at hydraulic structures. Today, the world has made great progress in the
field of seismic monitoring of dams [2-5]. The high cost of seismic monitoring systems for large
strategic dams, using available modern technologies for recording and transmitting data to remote
control centers, is justified by the enormous value attached to these dams [6-9].

The data processing equipment supplied to the processing center included two servers equipped
with advanced software for data collection, analysis and archiving. Data acquisition software is
capable of automatically downloading data from remote locations upon startup and on demand. This
software is also capable of remotely configuring, monitoring and synchronizing devices, as well as
monitoring health status [10,11].

Seismic monitoring has provided seismology scientists with invaluable information about the
structure's response to seismic activity based on time-lapse observations and early warnings. Using
this information, facility personnel can perform rapid deployments and inspections to meet the need
for safe and cost-effective operation of facilities [12-14].

One possible arrangement of instruments is shown in Figure 1. This is given as an example
only, but the actual number and arrangement can be made after a careful assessment of the needs
depending on the type and importance of the dam and the seismic region in which it is located [15,16].
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Figure 1. - Layout of seismic instruments on the dam

[15,16]. Figure 2. - Seismic data transmission diagram [17].

Since there is no Internet access or reliable land lines to transmit data from remote locations
inside the dam and outside the two dams, the Global Mobile Telecommunications System (GSM) is
used to transmit data in real time [17]. Mobile Telecommunications Systems are a proven technology
for both temporary and permanent networked seismic telemetry communications (Fig. 2).
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Practice of using monitoring systems. The main goal of the entire project was the organization
of a seismometric monitoring system for the main hydraulic structures and the organization of
seismological monitoring of natural and man-made earthquakes on the territory of hydroelectric
power stations and reservoirs. [18-20] (Fig. 3,4,5). In April 2022, firm «Geobitas», in accordance
with Agreement No. 1 dated October 15, 2021, installed equipment for seismological observations at
four reservoirs. The systems were installed on: Charvak, Gissarak, Andijan and Tupalang reservoirs.

Equipment required for seismic monitoring (Fig 3):

1) Solar panel

2) Charge controller

3) Battery

4) Digital seismometer «Appatit-V»

5) Media converter

6) GPS antenna

7) Chassis with media converters

8) Ethernet Switch

9) Personal computer

10) Protective box

The main objectives of the network are the continuous recording of data on ground movement
at the locations of seismological stations and the transmission of recorded data on ground movement
at observation points via communication channels to the data collection point.

A seismic monitoring system has been implemented at the Gissarak reservoir (Fig 4):

1) Solar panel-4 pcs

2) Charge controller-4 pcs

3) Battery pcs-4 pcs

4) Digital seismometer from «Appatit-V» -4 pcs

5) Media converter -4 pcs

6) GPS antenna -4 pcs

7) Chassis with media converters-4 pcs

8) Ethernet Switch -4 pcs

9) Personal computer -1 pcs

10) Protective box -4 pcs

Figure 3. - Seismological system diagram with a list of Figure 4. - Schematic diagram of the seismological
equipment. system.
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General layout of seismometers at the Gissarak Dam (Fig 5)

Figure 5. - Layout of the seismological system at the Gissarak dam.

The seismological equipment installed on the reservoirs is a Russian broadband
electromechanical velocimeter with a built-in MEMS accelerometer called «Apatit-Vy. (Fig. 6)
= vi E| ! ’;‘ R S5 '

2

Figure 6. - Equipment layout and placement.

View vibration spectra for 4 stations (low and high frequencies). Using the example of the
Gissarak reservoir (Fig. 7)
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Figure 7. - Results of vibration spectra data from 4 stations. Frequency =0.01-10 (Hz). Color amplitude=0-16000 (C)
The study used a damage detection module consisting of two different detection algorithms that

were developed for long-term monitoring of structures (Fig. 8)
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3. Results

Seismic equipment of dams and reservoir sites is currently accepted not only for research work,
but mainly for understanding the significant seismic hazards faced by existing dams in seismic areas.
With the advent of digital seismic equipment, it can now be an integral part of dam safety monitoring
efforts. Digital earthquake data can be collected by site personnel and remote-control centers using
computers. When installing digital devices with a modem and communications, remote access is
provided. Seismic instrument recordings taken from dam sites also help in the safe design of new
dams in seismically active regions. Increasing awareness of the importance of seismic instruments
for dams has led to their installation in large numbers at large hydroelectric facilities. Currently, there
are many seismic equipment manufacturers available in the world. The degree of progress of firms in
the production of seismometers, software development and data transmission. Seismic instruments
are expensive to install, operate and maintain, but this clearly justifies their use in dams and makes
their installation highly recommended.

4. Discussion

Through seismic measurements and dynamic analysis of dams, it is possible to discover the
reasons why earth and concrete dams consistently performed better than expected by design or
analysis when shaken by earthquakes. These reasons may be:

—increasing damping, reducing the seismic impact on the dam;

—increasing the tensile strength of concrete under dynamic loading, which increases the
elasticity of the object

— creation of a system that provides seismometric observations of the operation of a structure
during the period of seismic activity;

— observations of the condition of the structure under seismic impacts are carried out to
assess the possibility of the development of dangerous deformations and other signs;

—instrumental determination of the dynamic characteristics of the structure.
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Abstract: The article presents changes in physical-mechanical and seismic properties of loess soils through
engineering-technical preparation. An analysis of results of engineering-geological, seismological and instrumental field
research is presented in this research work as well. In addition, a 3D model of the construction site was created using
Plaxis 3D software. Changes in acceleration, velocity and displacement values in the 3D models created for the pre- and
post-engineering conditions have been evaluated.
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1. Introduction.

The works [1-5] state that in the territory of Uzbekistan and adjacent regions, both in historical
period and at the present stage, earthquakes of magnitude M>7 and the intensity of shaking on the
MSK-64 scale at the epicenter of 10=9-10 points have occurred several times, and, therefore, the works
studied problems of ensuring seismic safety of the territory of the Republic and the relevance thereof.
Moreover, an increase of seismic intensity on the earth surface is very important due to seismic
intensity increment as a result of earthquakes in the areas where loess soils are scattered [6-8]. Based
on the above, an extent of effects of artificial strengthening of loess soils using the Deep Soil Mixing
Method to the seismicity level of construction sites is described herewith.

2. Methotology.

The Deep Soil Mixing Method (DSM) had been used for artificial strengthening of loess soils
[9-10]. Deep Soil Mixing (DSM) is used throughout the world. In the United States, Great Britain,
Germany, France, Japan, China, Russia, Turkey and other developed countries of the world it is used
for improving physical and mechanical properties of soils, using cement and lime mixtures mixed
with local soils spread on construction sites as a method to improve Load-Bearing Capacity of soils.
This method (DSM) of mixing soil with cement slurry is much more effective compared to other
methods used for increasing soil strength [11]. The method not only reduces project costs, but also
eliminates delays during construction. Mixing soil with cement slurry is also more environmentally
friendly since it reduces carbon dioxide emissions in more extent than other methods of improving
soil quality (Figure 1). It should be noted that there is no need for on-site mining of existing materials,
and there will be very little waste removal. The soil present at the construction site is used as a
construction material and does not require transportation of expensive and bulky construction
materials at the construction site. This allows to reduce the movement of vehicles. Technology of
deep soil mixing with cement mixtures. Deep soil mixing is a soil conditioning method that improves
properties of loose, dispersed soils by mechanically mixing them with a cement binder. Mixing
minerals such as cement, lime or bentonite with soil leads to strengthening soil properties [11].
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Figure 1. - The Production Flow Diagram according to the technology of Deep Soil Mixing with cement slurry
3. Results.

The researches were conducted in a construction area of "16-story residential buildings™ located
at the intersection of Turkestan and Movarounnahr streets, Kokand City, Fergana Region. Quaternary
deposits are scattered in the research area. “Golodnostep” complexes (apQIligl) of Upper Quaternary
deposits formed by alluvial-proluvial way are scattered as well. In the construction area there are
loess soils, clays and sandy soils in a form of a small layer, pebble stone down to 25-meter deep. As
a result of engineering-geological studies, the soils in the field were divided into 4 engineering-
geological elements. Engineer geological element 1 — Sandy Loam. Engineer geological element 2 —
Loam Soil. Engineer geological element 3 — Gravel. Engineer geological element 4 — Pebble Stone.
Physico-mechanical properties of each element were defined.

Seismological survey and engineer-geological field research were also carried out on the
construction site. Seismological surveys were performed using MASW method and the following
results were obtained (Table 1).

Table 1.
Values of engineering-geological and seismic properties of soils before the engineering preparation
. . . Plug Soil
3 .
Tracking Point Vs30, m/sec | p30, g/cm (Vsiti) (660*1.9) dl, score
Profile - average 300 1,75 525 1254 +0,64
Table 2.
Improving strength of soil in a construction site with the method of Deep Soil Mixing
Indicators of soil properties Units Natural state

. . 1,55-2,05
3 =7 e, VY

Soil Density, (p), g/lcm 175
Soil Skeletal Density, (pa), glcm3 l’%ﬂ
L 13,5-27,2

0,

Humidity, (W), % 205

. 42,4-50,0
0,

Porosity, (n), % 43.2
Transverse Wave Velocity, (Vs), m/s %

Seismic Impedance, (Vsi -n) 495

Seismic Intensity Increment (Al), score +0,64

Deep Soil Mixing (DSM) provides a fast, cost-effective and environmentally friendly method
of densifying and dynamically strengthening soils and improves soil deformation properties. The
system is designed to improve condition of soft soils by mixing a cement binder with clay, peat, or
bottom layers. The technology is designed for consolidation of subsiding soils on a large area and is
the most economical method suitable for any type of soil. Some 154 DSM piles with a length of 19
m and a diameter of 1 m were placed on a field of 620 m? under a 16-story residential building located
at the intersection of Turkestan and Movaraunnahr streets, Kokand City, Fergana Region. Engineer-
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geological, seismological and instrumental field research was carried out in the pit where DSM piles
were placed and the following results were obtained (Tables 2, 4, 5).

In the construction site, seismometric measurements of microseisms were performed to
determine soil parameters according to the Nakamura Method [12-13].

The method of estimating the seismic intensity increment allows to estimate the H/V spectral
ratio  (horizontal and vertical oscillations, Nakamura method, 1991). [14-15].
The Seismic Intensity Increase Estimation Method, i.e. data processing using JSesame software based
on synchronous recording of natural noise at two or more points and subsequent comparison of
amplitude-spectral properties of microseismic noise allows to estimate the H/V spectral ratio
(horizontal and vertical oscillations, Nakamura Method, 1991) [14-15].

Noises caused by man-made and other factors during processing were cut from the time series
(Fig. 2). The coefficient of liquefaction of soils under cyclic influence was calculated (Table 3).

2
(&
0
here, A - amplification factor, Fo - dominant frequency of grunts.
The following ratio is used to determine an increase in intensity of seismic vibrations:

Al =lg ZKij
A ®)

here, Ai - H/V value at measurement point, H/V value at An-base point
Point Nel Point Ne2 Point Ne3

(1)

Point Ne4

Frequency (Hz) Frequency (Hz) Frequency (Hz)

Figure 2. - Calculated HVSR spectra for tracking points

Table 3.
Calculation parameters of soils according to HVSR Method
No HVSR Fo Kg dl
1 4 15 10,6 -0,54
2 52 0,7 38,6 -0,11
3 8 11 14,5 -0,81
4 2 1,03 3,88 -0,43
Table 4.
Results of field seismological research after engineering-geological preparation
Tracking Point Vsso P30 Zslgg*slogl)l) dlg;,
Profile 1 350 2,3 1254 +0,32
Profile 2 506 2,46 1254 0,005
Profile 3 550 2,40 1254 -0,03
Profile - average 470 2,39 1254 0,09
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Table 5.
Values of engineering-geological and seismic properties of soils after engineering preparation

Indicators of soil properties Units After preparation
. . 2,30-2,46
Soil Density, (p), g/cm 3 2,40
Soil Skeletal Density, (pa), g/lcm 3 l,615_,7loﬁ
- 10,5-20,2
0 = ==
Humidity, (W), % 155
Porosity, (n), % %’%‘5
Transverse Wave Velocity, (Vs), m/s 352;(5)50
Seismic Impedance, (Vsi i) 1,124
Seismic Intensity Increment (Al), score 0,09

4. Analysis.

Thus, we can see that, according to the results of seismological field research, the average
transverse waves velocity in the field before engineering-geological preparation was Vs =300 m/sec,
and the seismic impedance was Vs;-pi=495 ha, and, after engineering preparation the average
transverse waves velocity in the field changed to Vs =470 m/sec, and the impedance - to Vs;-pi=1124.

According to the results of instrumental studies, the results for soil scattered on the construction
site before and after engineering preparation were analyzed. Before the preparation, it was determined
that the soils were located in the third category of soils in terms of seismic properties. After
engineering training, the grunts moved to the second category. The dominant frequency of soils in
the construction site varies in the range of 0,7-1,5 Hz. The Seismic Instability Factor does not exceed
the value of 38,6.

Evaluation of seismic impact and seismic effect change in construction sites with scattered
subsiding soils by preparing DSM piles using FEM (Finite Elements Method) in spatial space. In this
case, numerical methods cannot be directly applied to solve the problem of propagation of seismic
waves in an infinite half-space. To perform this task, we replace the infinite half-space with a finite
parallelepiped in the area of our interest [18].

At the same time, boundary conditions of the following form are imposed, with the continuation
of the parallelepiped representing the effect of the abandoned part on the faces of the abandoned sides,
i.e., passing the waves incident on the boundary without returning them.

oy = aplu o, = apl, v o, = apVpw
Tyz = prSu Txz = prsW Txy = prSu (3)
Tzy = bpVsw Tox = bpVsu Tyx = bpVsv

Here, o and t are normal and shearing stresses; U andV - projections of the velocities of the

boundary points on the axes;vP andvS are Velocity of P and S waves; o and  are dimensionless
parameters; p is the density of the material.
Geometric relations can be formulated as follows:
e=Lu 4)
LT is the transposition of the differential operator, which is defined as follows:

Is) d d
[Eooa—yog]I

0 5} 0

T _ - - =
L_lo dy 0 ox 0z Ol (5)
a a a
lo 0 5 0 % a_J

We determine the displacement, velocity and acceleration of the nodes formed in soils
considering physical and mechanical properties of the material [19].
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The system of master equations depending on the time of movement of the system under an

influence of dynamic load is as follows:
[MI{u} + [ClH{u} + [K]{u} = {F}, (6)

where the order of the system of differential equations is 39,039, [M] is the Mass Matrix, {u} —
is a displacement vector, [C] — is the Damping Matrix, which also considers the boundary conditions,
[K] —is Matrix Hardness, and {F}— is the Load Vector. Displacement {u}, velocity{u} and
acceleration{ii} may change over time.

For digital implementation of the problem, we use a software complex Plaxis 3D [18-19], which
contains possible variants of the physical equations for the material.

The [M] matrix takes into account the mass of materials (soil + water + any structures). Stability
and accuracy of iteration over time is an important factor in formulation of numerical calculation of
a dynamic process. Newmark's Numerical Iteration Scheme is applied. X=14, Y=11, Z=0.

Figure 3. - 5535-finite element 3D model of the site in pre-  Figure 4. - A 3D model of the selected model divided
and post-engineering preparation states into 13247 nodes

Table 6
Results of indicators of engineering-geological and seismic properties before and after engineering
preparation

In natural state, before L
. . . . ; After engineering
Indicators of soil properties engineering .
. preparation
preparation
. . 1,55+2,05 2,05-2,20
3 =Y o, UV &, U6,V
Soil Density, (p), g/cm 175 2.10
. . 1,50+1,60 1,65-1,75
3 EXTACIIE TASASH =997 L4, I
Soil Skeletal Density (pq), g/cm 155 1.70
L 13,5+27,2 10,5-20,2
0, EE A NET A =A &V e
Humidity (W), % 205 155
. 42,4+50,0 34,4-39,5
0, dey T JYULY O,TTII,Y
Porosity (n), % 43.2 36
. 260+350 450-650
Transverse Wave Velocity (Vs), m/s 300 550
- . 510+850 850-1200
Longitudinal Wave Velocity(Vp), m/s 600 950
Seismic Impedance (Vsi 7i) 525 1155
Seismic Intensity Increment (Al) +0,64 0,074
Modulus of Elasticity. E (MPa) 4,1 13,1
Poisson's Ratio, p 0,33 0,25
Inner Friction Angle, ¢ 25 32
Binding power. C, (kPa) 7 20
Groundwater Level, h 5,2 5
Dimensions of the building 20m x 26,1m 20m x 26,1m
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As a result of applying the FEM, a continuous mechanical system is replaced by a discrete
system. The studied area is divided into 13,247 nodes and 5,535 finite elements. The number of
generated second-order linear differential equations is 39,741. Shapes of the finite elements are
chosen as irregular tetrahedrons. At the next stage of solving the problem, the parameters of the soil
before and after engineering preparation are inputted in the application (Table 6).

After inputting soil parameters, real accelerogram recorded as a result of earthquake in that area
is entered as seismic effect for both selected models of the same size. The accelerogram is shown in
Figure 3 below. The accelerogram coordinates (x=37.85; y=72.18) were recorded as a result of an
earthquake of magnitude M=5.7, the depth of the earthquake epicenter N=112 km, which occurred
on 16.06.2020 at 01:30, local time.

3,00

Dynamic multiplier (acceleration)
o
=)
8

000 100 200 300 400 500 600 700 800 800 100
Time [s]

Figure 5. - Real accelerogram inputted in Plaxis 3D software

After performing calculations using the Plaxis 3D software set, we would be able to determine
the values of velocity, acceleration and displacement at any time of the seismic impact at any nodes.
Below are the results of the seismic effect when it reaches its maximum value.

/a4
5,20

...... je = 4,026 m/s? (Element 2945 st Node 589)
Minimum value = -3,877 m/s? (Element 3224 at Node 12)

Figure 6. - 3D model of accelerations at all nodes along the X-axis for t=3 sec
a) in a natural state b) in a state after engineering preparation

In natural state, the greatest acceleration value of ax =417,4 cm/s? is reached on 7507" node at
t=3 sec, and after engineering preparation, on the same 7507" node at t=3 the highest acceleration
value of ax =329,9 cm/s? is reached. As it can be seen from above, we can say that the elimination
of sedimentation and seismic properties of soils using the deep soil mixing method provides
attenuation of seismic waves caused by earthquakes to buildings and structures, because accelerations
A ax =88,1 cm/s? are reduced, percentage accelerations per node are decreased by 20,96 %.

Velocities v,, (scaled up 10,0 times) (Time 3,800 3)
Maximum value = 0,02961 m/s (Element 2701 at Node 405)

Figure 7. - a) in a natural state b) A 3D model of velocities in a state after engineering preparation at all nodes along the X-
axis at t=3 sec
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The figure above shows how a seismic effect affects a selected node for the entire 10 second
period as acceleration example. So, time values when maximum and minimum times of the given
accelerogram are reached, without breaking the law, correspond to the acceleration values.

In natural state, the highest velocity is reached at a value of vx1 = 10,8 cm/s on 7,507"" node with
natural coordinates (x=14, y=11, z=0) at t=3 sec, and in the post-engineering preparation state, at the
node with coordinates (x=15, y=10, z=0) at t=3 sec, the highest velocity is reached at the value of
vx2=9,6 cm/s. It can be seen that the velocities in nodes after engineering preparation were decreased
by Avx =1,2 cm/s , and in percentage by 11,2 %

Changes in the highest values of displacement over time were analyzed at 7,011th node at t=3
sec along the X axis in natural and post-preparation state. Maximum displacement value in natural
state model is ux1=0,57 cm , and the highest value of displacement in the case of post-engineering
preparation reached the value of ux.=0,46 cm. As it is seen from the above, displacement in nodes
after engineering preparation is reduced by Aux = 0,11 cm, which is in percentage means a difference
of 19,29 %. The above results are presented in the following table with the values of acceleration,
velocity and displacement parameters.

Table 7
In In Post- In In Post- In In Post-
natural | Engineering | Difference | natural | Engineering | Difference | natural | Engineering | Difference
state State state State state State
Acceleration, ax (cm/s?) Velocity, vx (cm/s) Displacement, ux (cm)
dx1 ax2 Aay Vx1 Vx2 Avy Ux1 Ux2 Al
417.4 329.9 88.1 7.0 9.6 1.2 0.57 0.46 0.11

Node accelerations in percentage has decreased by 20.96%. The velocity is this calculation has
decreased by 11.2 %, and the displacement, in percentage, has decreased by 19.29%.

5. Discussion.

On the light of above data, we can see that the difference in seismic intensity increment has
decreased by A 1=0.76=1 points. Nowadays, use of Deep Soil Mixing piles in order to prevent
subsidence during operation and to reduce the seismic effect caused by earthquakes in the
construction of multi-storey residential buildings in areas with loess soils is becoming popular in
construction works. Plaxis 3D complex was used for confirmation of the above-mentioned points and
to determine to what extent the Deep Soil Mixing piles serve to reduce the level of seismicity of a
construction site. A model of the construction site was created by the software and specific properties
were entered for each model. The selected model has been divided into 5,535 elements and 13,247
nodes, and the order of the system of differential equations was 39,741. The difference of the highest
and the lowest values of the accelerations before and after post-engineering preparation at the 7,507th
node with coordinates (x=14; y=11; z=0) at t=3 sec decreased by ax =88.1 cm/s* Now, the difference
between the maximum and minimum velocity values before and after the engineering preparation at
this very node at t=3 sec decreased by A vx =1.2 cm/s. The displacement values may be somewhat
underestimated, since the specific characteristics of accelerometers are not designed to record large
periods (of time). Moreover, the greatest displacement at t=3sec has made ux = 0.57 cm, and, after
engineering preparation, at the coordinate node of (x=14; y=11; z=0) at t=3 sec the highest
displacement value made ux = 0.46 cm. It can be seen that displacements in nodes (elements) after
engineering preparation has decreased by A ux =0.11 cm.
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"Development of scientific foundations for assessing various levels of seismic risk and reducing
earthquake losses in seismically active areas" and the Agency for Innovation Development,
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assess the level of economic damage from strong earthquakes” and #AL5822012294 "Development
of technology for predicting the risk of strong earthquakes", #AL5822012298"Create an electronic
database on seismological soil characteristics to replace Table 1.1 in the regulatory document.
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2023 TURKEY EARTHQUAKE: DAMAGE ASSESSMENT USING REMOTE SENSING AND
DEVELOPMENT OF RAPID ASSESSMENT PROTOCOL

Gilani Amir!, Miyamoto Kit?, Takhirov Shakhzod ?
! Miyamoto International, Sacramento, California, USA
2 Structures Lab and Center for Smart Infrastructure, University of California at Berkeley, Berkeley, California, USA
E-mail: agilani@miyamotointernational.com

Abstract: The 2023 Turkey earthquake caused 35,000 mid-rise buildings collapse, killed 51,000 people, and 4.1
million people homeless. Following the earthquake, satellite imagery data was reviewed to assess the damaged areas.
Next, a ream of structural engineers and disaster risk reduction experts from Miyamoto International were deployed to
Turkey for the earthquake response, shelter assessments, recovery strategies and to investigate the damage caused by
this earthquake. The team conducted field surveys at earthquake-affected sites such as Pazarcik, Adiyaman, Antakya,
Hatay, and many other towns. The NASA-JPL satellite damage assessment shows around 20 to 30 percent of building
stocks are collapsed or damaged. This was followed by conducting repairability assessment for the largest municipality
in the affected area, Gaziantep for Internally Displaced Population (IDP), by assisting them in returning to repairable
buildings. First, the program assisted displaced families by providing information to restore their confidence in the
structural safety of buildings. The program identified undamaged structures and rebranded them as habitable through
publicly visible "green tagging." 3,500 undamaged structures were assessed, supporting an estimated 90,000 people. A
broader community communication campaign was implemented to provide the community with information on the
structural safety of assessed structures through in-person events and the distribution of communication materials online.
These communication campaigns reached an estimated 200,000 people across Turkey, including more than 5,000 people
through in-person events. Second, the program provided technical assistance on cost-efficient, rapidly implementable
repairs required to make light and moderately damaged building stock habitable. The program conducted state -of-the-
art app-based vulnerability assessment surveys to identify the vulnerability classification and cost -efficient repair method
based on locally available materials and labor for each damage type. Bill of Quantities (BOQs) and generated repair
cost estimates enabled households to repair their homes rapidly. 3,100 structures were assessed, supporting an estimated
75,000 people.

Keywords: 2023 Turkey Earthquake, remote sensing, damage assessment, repairability assessment, earthquake
aftermath, reconstruction

1. Introduction

Earthquake reconnaissance is very important for any seismic event and, as such, has been
extensively covered by many agencies, engineering companies, and researchers [1-8]. It is absolutely
required after each seismic event, so general damage surveys of a region can be rapidly conducted.
As a result, information about earthquake impacts can be documented as initial important
observations. In the next stage and based on the collected information, the priorities and strategies for
repairs and reconstruction can be established.

On February 6, 2023, a series of devasting earthquakes struck southeastern Turkey and the
adjoining northern border areas of Syria. The East Anatolian fault zone, which extends further down
to Syria, was responsible for the 2023 Turkey earthquake with Mw=7.8 moment magnitude. The
earthquake was devastating as it involved the break in the fault that extended for 300 kilometers. The
maximum Peak Ground Acceleration (PGA) was more than 0.11g. The PGA map prepared is given
in Figure 1 [9].
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The safe return home and repopulation of earthquake-affected cities and towns was a priority
for the affected families, local communities, and the Government of Turkey (GoT) [10]. Such
approach had been undertaken by the authors in the previously effected areas previously by
earthquakes (see for example [11], [12], [13], [14], and [15]) In order to provide rapid and sustainable
emergency shelter solutions that accelerate the safe return of Internally Displaced Persons (IDPs) and
enable the early recovery of affected communities, the authors led a six-month emergency Shelter
and Settlements (S&S) Activity including providing building repairability assessments and guidelines
on lightly damaged buildings, as well as public outreach, pedagogical awareness, and
communications campaigns on non-damaged and repairable buildings. The scope of the effort
consisted of i) conducting damage assessment based on the review of satellite imagery data [16] and
ii) performing repairability assessment of light to moderately damaged buildings [17]. Both these
topics are relevant to the countries of Central Asia given the simplicity of these areas and construction
typologies for residential buildings. It further emphasizes the need for the development and
implementation of a response protocol that can be rapidly activated after natural disasters using the
available state-of-the-art technologies.

2. Remote Damage Assessment

There were pockets of significant destruction, like Hatay. This was due to the soil and the
geographical effect of the earthquake. The NASA-JPL satellite damage assessment showed that about
20 to 30 percent of building stocks collapsed or were damaged. Table 1 presents a summary of the
damage. The authors have utilized this technique in the aftermath of previous earthquakes [18].

Table 1
Damage Assessment Summary of Cities in Turkey
Province Location Name |[CITY_AREA Damage | Damage Province Location Name |(CITY_AREA Damase|ipameee
= Area % = Area %
Adana Ceyhan 10.86 0.32 3% Hatay Hassa 1.92 0.84 44%
Adiyaman Adiyaman 23.05 4.05 18% Hatay iskenderun 10.16 4.1 40%
Adiyaman Besni 35 1.32 38% Hatay Kirikhan 7.66 4.36 57%
Adiyaman Celikhan 0.92 0.51 55% Hatay Kumlu 1.66 0.11 7%
Adiyaman Golbasi 437 2.45 56% Hatay Payas 19.02 0.82 4%
Adiyaman Kahta 9.13 0.06 1% Kahramanmaras Andirin 1.43 0.52 36%
Adiyaman Samsat 1.7 0.02 1% Kahramanmaras| Caglayancerit 0.69 0.28 41%
Adiyaman Sincik 0.5 0.14 28% Kahramanmaras Ekinozii 1.25 0.84 67%
Adiyaman Tut 0.48 0.24 50% Kahramanmaras Elbistan 13.91 7.88 57%
Elazig Baskil 0.84 0.23 27% Kahramanmaras| Kahramanmaras 49.42 8.18 17%
Gaziantep Araban 1.51 0.04 3% Kahramanmaras Nurhak 2.54 0.72 28%
Gaziantep Gazientep 119.31 4.76 4% Kahramanmaras Pazarcik 2.89 1.64 57%
Gaziantep islahiye 4.68 1.91 41% Kahramanmaras Tirkoglu 3.47 1.04 30%
Gaziantep Nizip 7.97 0.03 0% Killis Elbeyli 0.31 0%
Gaziantep Nurdagi 3.33 1.78 53% Killis Kilis 13.27 0.64 5%
Gaziantep Oguzeli 2.19 0.02 1% Killis Musabeyli 0.54 0.04 7%
Gaziantep Yavuzeli 0.92 0.02 2% Killis Polateli 0.13 0%
Hatay Antakya 46 16.7 36% Maltaya Akcadag 1.76 0.48 27%
Hatay Dortyol 6.12 0.18 3% Maltaya Arguvan 0.47 0%
Hatay Erzin 5.96 0.23 4% Maltaya Battalgazi 0.46 0.14 30%
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An example of a damage chart developed based on satellite imagery is presented in Figure 2
[16]. Field assessment validated the accuracy of remote assessment. For example, in Kahramanmaras
city, 197 of the 230 collapsed buildings were within the zone identified by satellite imagery [16].

DAMAGE CHART

Province: Hatay Location: iskenderun

Population : 1,84,833
Total City area: 10.16 Sq km
Damage Zones : 4.1 S5q Km

@ NASA JPL DPM 12 FEB, Open Street map By Ut

Figure 2. - Example of rem eI ientified damage map :

3. Field Assessment

The current version of the Turkish seismic code has many provisions on par with the
international best practice. However, buildings of earlier vintage and buildings designed per current
code but which lacked proper seismic detailing due to inadequate construction inspection suffered
damage. Contributing factors to the damage, in particular, to the reinforced concrete buildings,
included the following: see Figure 3.

e Lack of confinement, such as the absence of 125-degree hooks
Use of round aggregates

Inadequate shear and axial capacity of columns

Building irregularity including soft and weak stories

Building irregularity, including column offset [19]

Poor confinement Round aggregates Column failure
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.
G ol 08
Soft or weak story Column offset
Figure 3. - Examples of observed damage
4. Reparability Assessment: Background

The repairs focused on slightly damaged buildings. 0 presents the repair matrix used in this
project. Examples of observed damage are presented in Figure 4; Figure 5 presents examples of
repairs.

Table 2
Damage and repair matrix

Type Description of damage Repair
P1 Minor cracks in structural members Epoxy repair
P2 Minor spalling of concrete members Repair with mortar
A3 Hollow block infill wall damage Wire mesh and mortar
A4 Hollow block infill wall with window damage Wire mesh and mortar; lintel
B3 Solid block infill wall damage Wire mesh and mortar
B4 Solid block infill wall with window damage Wire mesh and mortar; lintel
F1 Minor plaster damage, cracking (<3 mm) Wire mesh and plaster
F2 Minor plaster damage, partition walls Wire mesh and plaster
F3 Floor finish damage Plaster
F4 Ceiling finish damage Plaster

A3/B3

Figure 4. - Examples of observed damage
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Figure 5. - Schematics of repairs

A GIS-based data collection platform was developed [20]. The authors trained a group of
local engineers in the use of digital data collection and storage and identifying the different types of
damages, as listed in Table 1.

Because the data collection was based on gathering data for the building and the individual
units in each building, two sets of data were collected, and a unique QR code was assigned to track
the collected data. Examples of screenshots of data collection are presented in Figure 6.

Repair Questionnaire for both sheets:

. : - Floor Repair
- Common area repair details

1 H *
Minor cracking in concrete member (P1) (Concrete wall, beam, Floor finish repair needed
slab, or column)* ® Yes No

® Yes No .
How many locations?

How many locations? * -

2 &)

~ Miner Cracking ~ Floor Repair

Length of crack [m] * Length [m]*
1of2 > Width [m] *

Minor spalling in concrete member (P2) *
® Ves No Material *

How many locations? *

nf 10f 1 e

Figure 6. - GIS-based Data collection template

A repair logic was developed to allow estimating BoQ for each of the repair types listed in 0.
Fifteen (15) quantity items were identified to cover all the possible repairs for the damage matrix.
The quantities comprised:

QO01:  No of epoxy tubes

Q02:  No of bags of mortar

Q03:  No. of bags of grout

QO04:  Repair length in m

QO05:  Cleaning length in m

Q06 Surface preparation area in m?

Q07:  Plaster area in m?

QO08:  Paint area in m?

Q09:  Mesh area in m?

Q10  Repair area in m?

Q11 No. of hollow blocks

Q12 No. of solid brick.

Q13 No of damaged block
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Q14 No. of nail
Q15 Length of 12-mm reinforcement in m.

5. Reparability Assessment: Findings

The rapid assessment considered both buildings and units in buildings. The overall project
consisted of six (6) pools of structures comprising approximately 15,500 surveys. The data was
collected electronically using ArcGIS Survey 123 [20], and post-processed in Matlab [21]. Next, for
each unit, a web-based folder was generated using Python [22] and data was stored on the server for
individual assessment, which can be accessed by individual owners using the unique QR code
assigned to their unit. Example data from a pool of units with a sample size of 1600 units is discussed
in this section.

BoQ was developed for approximately 2500 units in multi-unit buildings. As seen in Figure 7,
the distribution of the number of damages was more uniform for the units, although still most units
had four or fewer recorded damages. Figure 8 presents the number of each type of damage as a
percentage of all observed damages. As can be seen, similar to the common area damage, types F1
and F2 comprise nearly the entirety (9%) of all recorded damage types. 0 summarizes quantiles for
the common unit damage. Note that paint followed by mesh, plaster, and nailing constitute the major
repairs.

20%
18%
16%

14%
12%
10%
8%
6%
4
BEERR
0
 § 2 3 4 5 6 7 8 9 10 >10

No of repairs

Percentage of units

3

2

Figure 7. - Distribution of occurrences of all damage
120%
100%
80%
60%

40%

Percentagerecorded

20%

0% —

Damage type

Figure 8. - Distribution of types of damage
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6.

Table 3
Computed quantities

Item names Item description Quantity
Qo1 Epoxy tube (EA) 12
Q02 Mortar bags(EA) 664
Qo3 Grout bags (EA) 116
Qo4 Repair (m) 14
Q05 Clean (m) 14
Q06 Surface prep (m2) 2
Qo7 Plaster area (m2) 12798
Qo8 Paint area (m2) 115202
Q09 mesh area (m2) 12790
Q10 Repair area (m2) 379
Q11 Hollow blocks (EA) 4426
Q12 Solid brick (EA) 1898
Q13 Damaged block (EA) 8073

Q14 Nail (EA) 11257
Q15 Rebar (m) 64

Conclusions

The 2023 earthquake in Turkey resulted in a significant number of casualties, structural
damage, and displaced citizens. On-field surveys were conducted, and results were compared with
the remotely obtained damaged data. To supplement the structural damage assessment programs
undertaken in the aftermath of the earthquake, a repair assessment for the buildings experiencing
light (not structural) damage was undertaken with the goal of developing the BoQ for repairs to
expedite repair, recovery, and re-occupancy of such buildings with the objective of reducing the
IDP in the country. A GIS-based platform was developed to conduct surveys, record data,
compute quantities, and provide secure access to the owners to download reports for individual
residences. The findings presented here are applicable to the Central Asian countries, given the
high seismicity of the region and building typologies. In particular, the following is
recommended:

Ensure the building code follows the international best practice for seismic design,
Implement a construction quality management, including robust construction inspection,
Develop a response protocol, including monitoring and damage and repair assessment programs.
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APPLICABILITY OF THE HV METHOD IN SEISMIC MICROZONING

Ibragimov A.Kh.!, Mamarozikov T.U.!
Linstitute of Seismology Academy of Sciences of Uzbekistan
E-mail: timur.mamarozikov@yandex.com

Abstract:. A comparison of HVSR and MASW methods for seismic microzoning is provided. Seismic intensity
increment values are compared using two methods.
Keywords: HVSR, MASW, cross-section. velocity.

1. Introduction

Recently, MASW and the Nakamura Method (HVSR) have been widely used in seismic
microzoning surveys of urbanized areas [1,2,3,4]. Seismic surveys often have difficulty selecting
locations (less and less soils not covered with asphalt and sidewalks) and insufficient length of non-
asphalt areas for geophones. In this regard, the application of the HVSR (Nakamura) method using
one three-component seismic station becomes relevant [5,6,7].

2. Methodology and Instrumentation

Both methods MASW and HVSR were used in Bukhara seismic microzoning [8]. According
to MASW, velocity sections were obtained, from which the Vs30 was determined. Also, using the
Dinver program as part of the Geopsy [9] system, the calculated HVSR spectra were converted into
velocity sections, from which the VVs30 was also determined.

183



Microseism measurements were performed using three-component digital seismometers CMG-
6TD with a Guralp EAM recorder, UK. The measurement duration was 30 minutes for each
registration point [4,10,11,12,13,14]. The frequency response of the three-component seismometer is
linear in the frequency range of 0.03-50 Hz. The bit size of the digitizing unit is -24 bits. Geopsy was
used to process the data [15].

Figure 1. - Broadband three-component CMG-6TD seismometer and EAM recorder

The microseism processing results were obtained as a plot of the spectrum-frequency ratio and
in tabular form (fig 2).

2818

Frequency (Hz)

Figure 2. - HVSR spectrum
The HVSR spectrum data in tabular form were used in the construction of velocity sections

(fig 3) [16, 17]:
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Figure 3. - Distribution curves with depth Vp, Vs and density for the recording point

The multi-channel analysis of surface waves (MASW) method is based on the recording and
analysis of Rayleigh and Love waves. Rayleigh waves are surface waves moving along a free surface,
such as a surface-to-air boundary. Long wave oscillations penetrate deeper, have a higher phase
velocity and are more sensitive to the elastic properties of deep-lying layers, while short wave
oscillations are more sensitive to near-surface layers, which leads to dispersion of the recorded
seismic signal [18, 19, 20].
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Geophysical MASW surveys were performed by the 24-channel MAE X820S seismic survey
station with 2 m geophone spacing. For registration, 4.5 Hz vertical seismic sensors were used.
Excitation and reception were carried out according to the Z-Z scheme, a flank observation system
with a maximum and minimum distance from the receiving line of 48 and 2 m, respectively. The
accumulation of the signal was selected depending on the distance of the source from the receiving
line, as well as the selection of the optimal quality of recording seismic traces taking into account the
ratio of the useful signal to external noise at long-distance and ranged from 5 to 10 blows with a
sledgehammer weighing 8 kg.

Dispersion analysis is performed by two-dimensional F-K transformation of the recorded
seismic signal in the frequency range of propagation of surface waves. This analysis allows us to
obtain a dispersion curve - the dependence of phase velocity on frequency.

As a result of the analysis of the obtained seismograms, a dispersion region was built and a
dispersion curve of the fundamental mode of Rayleigh wave oscillations was identified (fig 4).

station ~13; Sproad size =46 (m): Source Ofiset =2 (m)

N'S) oamy awjon-or peulls.

Figure 4. - Dispersion image with isolated dispersion curve of the fundamental mode of Rayleigh wave oscillations

According to the obtained dispersion curve, the maximum Rayleigh wavelength is 78 m, which
makes it possible to determine that the maximum depth of the studies will be 39 m. As a result of the
inversion of the dispersion curve, a profile Vs (z) up to 37.5 m deep was obtained (fig.5)

Figure 5. - Vs (2) profile by MASW
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It can be noted on the profile that to a depth of 7 m, there are bulk soils, sandy loams with a
shear wave propagation rate of 220 m/s, then along the profile, there is a gradient increase in speed
up to 700 m/s, which is associated with sand differences and underlain by pebbles with a speed of Vs
- 1100 m/s.
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3. Results

Obtained results of shear wave velocity by both methods were used to calculate the Vs30
parameter (table 1), which is used to determine elastic properties of upper soil structure, that gives
the most increment of seismic intensity [21].

As can be seen, results obtained by both methods are close with a maximum difference of about
30 m/s. To understand how this difference affects seismic intensity increment, it was calculated by

Al = 1,67 lg(petvet/(pror)
where vet and vy are weighted average values of propagation rates of longitudinal or shear waves for
the calculated soil thickness at the reference and investigated area; pet and p: - weighted average
values of soil densities for the design thickness at the reference and investigated area

The difference in seismic intensity increment calculated by both methods does not exceed 0.073
which is not affected by the resulting seismic intensity.

Cross-plot of data (fig. 6) shows the relationship of data. The relationship between MASW Vs30 and
HVSR Vs30 is given by:
Vs30 (MASW) = 1.5368*Vs30 (HVSR) -198.56

Table 1.
Results of MASW and HVSR Vs30 calculation
Vs30 from MASW Vs30 from HVSR Difference, m/s the difference in intensity
increment
380,98 356,29 -24,69 -0.048
377,81 408,16 30,35 0.056
329,05 327,80 -1,25 -0.002
345,32 353,60 8,28 0.017
397,09 397,80 0,71 0.001
350,22 328,59 -21,64 -0.046
373,51 350,00 -23,51 -0.047
362,38 340,91 -21,47 -0.044
361,50 328,95 -32,56 -0.068
373,03 402,14 29,11 0.054
361,98 344,43 -17,55 -0.036
379,21 413,22 34,01 0.062
317,06 292,40 -24,66 -0.058
356,60 322,23 -34,36 -0.073
358,79 347,22 -11,57 -0.023
378,46 417,83 39,37 0.071
329,16 301,51 -27,66 -0.063
340,99 346,02 5,03 0.010
380,05 382,17 2,12 0.004
404,69 436,55 31,86 0.054
362,39 327,51 -34,88 -0.073
376,51 395,78 19,27 0.036
450 Vs30 from MASW and HVSR
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Figure 6. - Association of MASW and HVSR Vs30
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4. Discussion

As can be seen from Table 1 the maximum difference in the Vs30 value does not exceed 34.88
m/s, which gives a difference in the increase in the intensity of seismic impacts of 0.073 points.

This gives reason to conclude that the Nakamura method is applicable to solving seismic
microzoning problems and allows for investigating the elastic properties of soil strata.

This work was funded by grants from the Academy of Sciences of the Republic of Uzbekistan,
"Development of scientific foundations for assessing various levels of seismic risk and reducing
earthquake losses in seismically active areas" and the Agency for Innovation Development,
#ALM202311142839 "Creation of a simulation digital model of the city of Tashkent allowing to
assess the level of economic damage from strong earthquakes™
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SEISMIC HAZARD OF THE FERGANA VALLEY TERRITORY

Ibragimov R.S.%, Ibragimova T.L.}, Mirzaev M.A.%, Ashurov S.Kh.!
Ynstitute of Seismology named after. G. Mavlyanov, Tashkent, Uzbekistan
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Abstract. The territory of Fergana Valley is characterized by complex tectonic structure and high level of seismic
activity. Many earthquakes with magnitude M>6.5 and intensity of shaking in the epicenter 10=8-9 MSK-64 have occurred
here during the historical and instrumental period of observations. Probabilistic analysis of Fergana Valley and its
mountainous frame seismic hazard was carried out. Quasi-homogeneous seismological provinces, active crustal faults
and seismogenic zones were considered as models of seismic sources. Parameterization of seismic source models was
carried out, including determination of seismic potential, parameters of different magnitudes earthquake recurrence,
predominant kinematic type of motion in the earthquakes sources. In assessing seismic hazard in terms of macroseismic
intensity, five different dependencies obtained for the Central Asian region were used as attenuation laws. The weights
to the attenuation dependencies were selected on the basis of the ranking procedure based on the degree of their
applicability to the study area. The equations of ground motion for shallow active crust embedded in the CRISIS software
package, with the help of which the hazard calculations were performed, were used in the hazard assessment in the
engineering parameters of seismic vibrations. Epistemic uncertainties in seismic process parameters and seismic effects
were taken into account by constructing a logic tree. For different probabilities P (P=0.90, P=0.95, P=0.98 and P=0.99)
of not exceeding the level of seismic impacts within 50 years, maps of detailed seismic zoning of the Fergana Valley have
been developed, expressing seismic hazard in points of the macroseismic scale and in values of Peak Ground
Acceleration. Hazard curves are given for a number of large cities.

Keywords: seismic hazard, active faults, seismic potential, seismic activity, macroseismic intensity, Peak Ground
Acceleration, hazard curve, seismic zonation

1. Introduction

In Uzbekistan, the Andijan, Namangan and Fergana provinces are located in the Fergana
Valley, where more than 10 million people live. Here, in addition to residential buildings, a large
number of agricultural and industrial enterprises, fuel and energy complex facilities are concentrated,
and intensive development of underground minerals is underway.

By its structural position, the mountain frame of the Fergana depression belongs to the orogenic
structures of the Western Tien Shan. From the south, the depression is bounded by the Alay,
Turkestan and Zeravshan ranges, extending in latitudinal direction. To the northeast of the Fergana
depression are the Fergana and Talas ranges, extending from northwest to southeast. The Chatkal and
Kuramin ranges extend to the north of the Fergana depression. The main tectonic disturbances
associated with shaking in the territory of the Fergana Valley are the South Fergana fault system near
latitudinal strike and the same-name flexural-fracture zone of northeastern strike, the system of near
meridional Kurshab and Taldysu faults located in the southeastern part of the study area, the North
Fergana fault system and the same-name flexural-fracture zone of northeastern strike located in the
western part of the study area. Quite perceptible shaking in the Fergana Valley causes earthquakes
occurring within the Chatkal-Atoynak and Talaso-Fergana faults. The areas of active dynamic
influence of the above mentioned faults were identified by R.N.lbragimov [1] as the corresponding
seismic generating zones. During the historical and instrumental period of observations within these
zones many strong earthquakes have occurred, some of which had magnitude M>6.5 and intensity of
shaking in the epicenter 10=8-9 MSK-64 (Fig.1). These earthquakes killed thousands of people and
caused huge damage to the economy of the country. Therefore, the problem of seismic safety for this
territory is very urgent.
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Figure 1. - Map of the epicenters of noticeable and strong earthquakes in the study area for the historical and instrumental
observation period, indicating active faults of the earth’s crust according to [10] and seismogenic zones according to [1]

Many studies have been devoted to various aspects of the problem of assessing the seismic
hazard of the study area [1-5, etc.]. In [1-3], hazard assessments of Eastern Uzbekistan were obtained
within the framework of deterministic and probabilistic-deterministic approaches [6], without taking
into account epistemic and aleatory uncertainties in the parameters of the seismic process and seismic
impacts. It is shown in [7] that this can lead to a significant underestimation of the study area seismic
hazard. In [4, 5], seismic zonation was carried out using the classical probabilistic approach [8, 9],
however, given that the seismic hazard in these studies was assessed for the entire Central Asian
region, the areal detail of these constructions is not high enough. In this study, assessments of the
seismic hazard of the Fergana Valley territory and its mountainous surroundings were obtained within
the framework of a probabilistic approach and with a high degree of detail.

40° N1@—=—

2. Data and analysis methods used

Probabilistic seismic hazard analysis (PSHA) is an analytical method in which the probability
of exceeding each fixed level of seismic impacts within a certain period of time is estimated for a
location under study. The implementation of PSHA involves the construction of two interconnected
models - a model of seismic sources surrounding the studied point, and a seismic effect model that
predicts the magnitude of the seismic impact at the studied point from each seismic event occurring
within the seismic sources.

To calculate seismic hazard of the territory of the Fergana depression and its mountainous
frame, seismic sources of three types were considered: active crustal faults, seismogenic zones
representing buffer zones of active faults, and area sources of earthquakes - quasi homogeneous
seismological provinces. The set of models reflects two major components of the seismic process -
scattered (background) seismicity, which is manifested within area formations (blocks, microplates)
and seismicity concentrated within linear structures (active crustal faults, seismogenic zones), to
which, as a rule, the strongest earthquakes are confined. Parameterization of seismic source models,
along with determination of geometric characteristics of each source in plan and depth, includes
estimation of its seismic potential, parameters of earthquake recurrence of different magnitudes and
predominant kinematic type of motions in earthquake sources.
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3. Source model in the form of active crustal faults

The Active Fault Database of Eurasia (AFEAD) [10] was used to assess the seismic hazard of
the study area; for each fault there is information about its morphology and kinematics with
quantitative indicators of Late Quaternary displacements. The faults present in the database are
differentiated into 4 classes (A, B, C, D) according to the degree of severity (reliability) of
manifestation of modern geodynamic activity - attribute CONF.

To estimate the seismic potential of active faults, relationships based on the correlation of the
Mmax Value with the geometric characteristics of the tectonic disturbance (fault length L, the length
of the maximum possible surface rupture on a given fault I, the rupture width W corresponding to this
length, and the area of the maximum surface rupture A= I*W) are usually used. In this study, the
estimated value of Mmax for each active crustal fault was found by averaging with equal weights the
estimates of seismic potential from five different relationships obtained in [11-14], in which the value
of Mmax is expressed through the length and area of the rupture. It was assumed that the width of the
rupture is half of its length W= 1/2. It should be said that the length of the rupture I, which can be
formed in the event of an earthquake with maximum magnitude Mmax, is only a certain percentage of
the entire length of the fault L. In our study, the ratio I/L was assumed to be the same as in [15].

When estimating the average annual recurrence of earthquakes of different magnitudes N(M)
in the model of active faults, in addition to the geometric characteristics of faults, data on
displacement rates (slip rate parameter) are used. We obtained estimates of the N(M) values by
averaging over four different relations obtained in [16, 17]. The relationships given in these studies
differ from each other by the nature of seismic moment release. Based on the results of analyzing the
database of active crustal faults, we considered three different models of seismic sources in the form
of active faults, taking into account the confidence classes of their manifestation of modern
geodynamic activity (CONF attribute in the AFEAD database). In the first variant, faults with
confidence classes A and B were considered. In the second variant, faults of classes A, B and C were
considered. Finally, the third option considered faults with confidence classes A, B, C, and D. Figure
2 shows for example the configuration of the active fault model for the third variant. The values of
seismic potential Mmax (in the numerator) and the average annual frequency of earthquakes with
magnitude M>5.0 (in the denominator) are given in the form of a simple fraction in the same figure.
The parameter b - angular coefficient of the earthquake recurrence plot was taken equal to one in each
of the three considered fault models, which is close to its regional value.
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Figure 2. - Model of seismic sources in the form of active faults of the Earth's crust with confidence class of manifestation of
modern geodynamic activity A+B+C+D: 1) geometry of the fault; 2) seismic potential (in the numerator) and seismic activity
of the fault, reduced to magnitude M=5.0 (in the denominator)

Seismological parameterization of area’s models sources and seismogenic zones was carried
out by the regional earthquake catalog, which includes information on historical and instrumental
seismic events. Information about the periods of representativeness of earthquakes of different
magnitude levels in the regional catalog, the methods used for its declustering, and the equations of
relationship between different types of magnitudes used in PSHA can be found in [2, 7].

4. Source model in the form of seismogenic zones

A seismogenic zone is an area of active dynamic influence of a large fault or a system of closely
located and equally directed crustal ruptures, which generate strong earthquakes at the stage of
tectonic activation of a region [1]. In plan, seismogenic zones are an overlapping along the strike of
a set of pleistoseist areas of strong earthquakes that have occurred and are expected to occur in the
future. The contours of seismogenic zones are defined taking into account the spatial position of
active faults. Geometric and morphological features of tectonic faults, as well as the age of their
emplacement are taken into account. The geometric configuration of the model of seismogenic zones
is borrowed from [1]. On the basis of seismotectonic and seismological data in [1], about 10
seismogenic zones with seismic potential Mmax > 6.5 were identified in the studied area.

Estimates of the maximum possible earthquake of seismogenic zones were obtained on the basis
of seismological and seismotectonic methods of determining the value of Mmax, described in detail
in [1, 2]. The seismic hazard was calculated at the highest value of Mmax in the seismogenic zone
when it was determined by seismological and seismotectonic methods. For seismic sources located
outside seismogenic zones, the value of seismic potential was obtained by adding half a magnitude
unit to the magnitude of the maximum observed earthquake in this source. The determination of
recurrence parameters for the model of sources in the form of seismogenic zones was carried out as
follows. For sources that had a sufficient number of seismic events to reliably construct a recurrence
plot, the seismic activity attributed to magnitude M=4.0 and the straight line angular coefficient
(parameter b) were taken directly from the plot. For seismic generating zones with a small number of
seismic events, a regional value of the b parameter was taken, and seismic activity at a given value
of the slope angle of the recurrence plot was calculated from a sample of earthquakes falling directly
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within the seismic source. Traditional methods of distribution and summation of seismic activity
determination were used. The values of seismic potential and earthquake recurrence parameters for

each seismic source in the model of seismogenic zones are shown in Figure 3.
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Figure 3. - Model of seismic sources in the form of seismogenic zones for the study area: 1 - seismogenic zones; 2 - sources
located outside the seismogenic zones; 3 - estimates of seismic potential Mmax, parameter b and seismic activity reduced to
magnitude M=4.0.

5. Area source model.

The contours of the area source model were formed during the development of maps of general
seismic zoning of the territory of Uzbekistan OSR-2017 [2]. In general, this model quite clearly
reflects the block structure of the Earth's crust. In Eastern Uzbekistan, three megazones were
identified: Pritashkent; Talaso-Fergana; Fergana depression and its mountainous frame. In turn, the
megazones themselves were also divided into subzones - areas with different seismic activity. In order
to adequately assess the seismic hazard of the border areas, we included additional area zones located
partially or completely on the territory of neighboring states.

The value obtained by adding 0.3-0.5M magnitude units to the magnitude of the maximum
observed earthquake in this source was used as an estimate of the seismic potential of area sources.
The rule for finding the recurrence parameters for the area source model was the same as for the
seismogenic zone model. The configuration of the area source model with their seismic potential and
recurrence parameters is shown in Figure 4.
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Figure 4. - Model of area sources: 1 - source contours; 2 - estimates of seismic potential Mmax, parameter b and seismic
activity reduced to magnitude M=4.0

According to the studies conducted in [18, 19], the predominant kinematic type of motion in
earthquake sources in the study area is heave. Therefore, it is this type that we used in the predicted
ground motion equations (GMPE).

6. Attenuation of seismic intensity with distance

To assess the seismic hazard of the Fergana depression territory and its mountainous
surroundings in terms of macroseismic intensity, several equations of attenuation of seismic intensity
with distance were selected. Along with the dependence of N.V. Shebalin [20], obtained from the
world data:

| =1.5M -35IgR+3 (1)
three author's dependences established on the basis of the analysis of isoseist patterns of strong
earthquakes that occurred in the territory of Central Asia [21] were considered:

- Blake-Shebalin type dependence:

| =1.32M —3.01-Ig R +3.55, o=07 (2)
- Kovesligethy type dependency:
| =1.33M —-2.37-1g R —0.00205R + 2.24 (3)

- dependence, in which the attenuation coefficient depends on the depth of earthquake origin
[21]:
| =1.475M —2.6461g H +1.905—0.498M Ig(B} +1.159Ig H Ig(Ej -1 401|g(3)
. . . : H : H : H@
oc=0.6
The dependence D.Bindi[22] obtained somewhat earlier for the same seismically active region
was also involved in the analysis:

| =0.898M +1.215-1.809 |g(§] —0.0034R—-H), o =0.73 (5)

In all the above attenuation dependences related to the macroseismic intensity, the hypocentral
distance Rhyp is used as the distance R, and the magnitude M is used as magnitude MS.

We ranked the above mentioned attenuation models by two different methods - LH [23] and
LLH [24]. The result of ranking the models by the LH method is to assign it to one of the four classes
A, B, Cand D as its fit to the real data deteriorates. The LLH method allows to give weights to each
of the considered attenuation models. The results of the attenuation models (1) - (5) ranking are
summarized in Table 1.
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Table 1.
Ranking results of different attenuation models by LH and LLH methods

Dependency number
1 2 3 4 5
Dependency class according to the criterion LH A B A A D
Weights to dependencies by criterion LLH 0.200 0.200 0.213 0.221 0.166

7. Predicted ground motion equations

The strong motion network, including about 20 stations, has been operating in the territory of
Uzbekistan since 2018. At the same time, the data accumulated to date are insufficient to construct
regional attenuation laws with distance values of Peak Ground Accelerations and their spectral
amplitudes. Therefore, at this stage of the study, the ground motion equations (GMPE) embedded in
the CRISIS software package [25] were used as attenuation laws when assessing the seismic hazard
of the study area in the engineering indicators of seismic effects. When selecting the ground motion
equations for each seismic source, we relied on studies [26], in which the Earth's crust is typified on
the basis of geological, geophysical and seismological data. According to these studies, there are
mainly two types of crust on the territory of Uzbekistan. Shallow active crust, which is distributed in
the eastern and central part of the study area, and stable shallow crust of non-cratonic type, which is
located in the west, within the Turan Platform. Dependences [27-29] were used with equal weights
for the shallow active crust to which the study area belongs.

Seismic hazard calculations were performed using the CRISIS software package. The grid
spacing for the calculation was 0.1°x0.1°.

Epistemic uncertainties in the selection of seismic sources were taken into account by
constructing a logic tree. The following weights (w) were assigned to each of the considered models:

- model of area sources - w=1/3;

- model of seismogenic zones - w=1/3;

- model of active faults with confidence class A and B- w=1/12;

- model of active faults with confidence classes A, B and C - w=1/6;

- active fault model with confidence class A, B, C and D- w=1/12.

Thus, the total weight of models of active faults of the Earth's crust with different confidence
groups was w=1/3, i.e. was the same as for models of area sources and seismogenic zones. At the
same time, the models of active faults with confidence classes A, B, and C, as moderately
conservative, were given more weight than the other two.

8. Research results

Fig 5 and 6 show seismic zoning maps of Fergana Valley and its mountainous frame territory
in points of the macroseismic scale and in values of Peak Ground Accelerations (PGA, g).
Constructions are made for probabilities P=0.90, P=0.95, P=0.98 and P=0.99 of not exceeding the
level of seismic impacts within 50 years. Since the laws of attenuation of seismic intensity with
distance are developed for average ground conditions, which for the territory of Uzbekistan are soils
of 11 category on seismic properties, then the above maps refer exactly to this ground category. Maps
of the studied territory seismic hazard in values of Peak Ground Accelerations were constructed for
each of the three categories of soil, spread on the studied territory. Differentiation of ground
conditions was carried out through the VS30 parameter, which characterizes the velocity of transverse
seismic waves in the upper 30 m of the ground stratum. In Figure 6, for example, these maps, as well
as maps in the values of macroseismic intensity, are given for soils of 11 category of seismic properties
(Vs3o:450 m/s).
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Figure. 5 - Maps of the Fergana Valley seismic zoning in points of the macroseismic scale MSK -64 for various probabilities of
not exceeding the level of seismic impacts within 50 years: a) P=0.90; b) P=0.95; c) P=0.98; d) P=0.99
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Figure. 6 - Map of the Fergana Valley seismic zoning in the values of Peak Ground Accelerations (PGA, g) on soils of category
11 according to seismic properties (Vsso = 450 m/s) for various probabilities of not exceeding the level of seismic impacts

within 50 yeas: a) P=0.90; b) P=0.95; c) P=0.98; d) P=0.99
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Figure 7 shows hazard curves in macroseismic intensity values for four large cities in the
Fergana Valley - Namangan, Andijan, Fergana and Kokand. On the abscissa axis is the value of
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seismic impact in MSK-64 scale points, and on the ordinate axis is the probability of its exceedance
within 50 years. Horizontal lines in the figure show the periods of repetition of seismic impacts
corresponding to different probabilities of exceeding the impact level.
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Figure 7. - Hazard curves in macroseismic intensity indices for some large cities of the Fergana Valley: 1 - Namangan; 2 -
Andijan; 3 - Fergana; 4 - Kokand. 5 - 10 periods of recurrence of shaking, corresponding to different probabilities of
exceeding the level of seismic impacts within 50 years: 5 - 200 years; 5 - 4750 years; 5 - 975 years; 5 - 2470 years; 5 - 4975
years; 5 - 10000 years.

Similar hazard curves for the same cities in values of Peak Ground accelerations are shown in
Figure 8. The constructions are also made for soil conditions of Il category on seismic properties.
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Figure 8. - Hazard curves in values of Peak Ground Accelerations for some large cities of Fergana Valley: 1 - Namangan; 2 -
Andijan; 3 - Fergana; 4 - Kokand. 5 - 10 periods of repetition of shaking, corresponding to different probabilities of
exceeding the level of seismic impacts within 50 years: 5 - 200 years; 5 - 4750 years; 5 - 975 years; 5 - 2470 years; 5 - 4975
years; 5 - 10000 years

9. Conclusion

The main results of the conducted research are summarized as follows.

The territory of Fergana valley is characterized by complex tectonic structure and high level of
seismic activity. During the historical and instrumental period of observations there are a lot of strong
and destructive earthquakes with magnitude M>6.5 and intensity of shaking in the epicenter 10=8-9
MSK-64. Five alternative models of seismic sources have been developed to assess seismic hazard
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of the Fergana depression and its mountainous frame: the model of area sources, the model of
seismogenic zones and three models of active crustal faults with different degrees of reliability of
manifestation of modern geodynamic activity in the latest and modern period of time. Seismological
parameterization of the constructed models of seismic sources was carried out, including
determination of seismic potential, parameters of earthquake recurrence of different magnitudes,
predominant kinematic type of movement in the sources for each source.

Taking into account the weights given to each seismotectonic model, probabilistic maps of of
the Fergana Valley territory detailed seismic zoning have been developed, expressing seismic hazard
in points of the macroseismic scale and in values of maximum Peak Ground accelerations. The
developed maps are well enough structured and reflect the modern structural plan and seismicity
distribution of the study area. In the process of their construction, epistemic and aleatory uncertainties
in the parameters of the seismic process and seismic effects were taken into account. These maps can
be used for antiseismic measures and, first of all, for seismic-resistant construction of facilities and
structures with different categories of responsibility, located in different ground conditions.
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SEISMIC RISK ASSESSMENT OF RESIDENTIAL BUILDINGS IN THE CITY
OF JIZZAKH IN TERMS OF ECONOMIC INDICATORS

Ismailov V.A.l, Aktamov B.U.}, Yodgorov Sh.1.}, Avazov Sh.B.}, Islamova N.F.}
Ynstitute of Seismology, Tashkent, Uzbekistan
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Abstract. The probability of seismic risk level of the study area in 475 years using the 95% peak acceleration map
was developed to assess the socio-economic loss probability of residential buildings. The small size of the study area
under the influence of earthquakes makes it possible to develop programs for preparing for strong earthquakes in order
to reduce the damage levels of buildings.

Keywords. Earthquake, seismic risk, seismic hazard, seismic impact, seismic vulnerability, peak acceleration,
seismic intensity.

1. Introduction

At of January 1, 2022, the permanent population of Jizzakh was 185,200 people. The city of
Jizzakh and its neighboring regions were hit by a powerful earthquake. Assessment of losses caused
by strong earthquakes and reducing the consequences of earthquakes are important in the field of
seismic safety. Special attention is paid to the assessment of different levels of seismic risks in
determining the extent of economic losses caused by an earthquake in the protection of the areas
where the population and buildings are located from seismic risk.

The city of Jizzakh is located directly in the seismically active area of Southern Fergana
and is considered seismically active.

Notable and strong earthquakes recorded near the city of Jizzakh from the historical period to
the present day have been invisible. The greatest seismic impact of these earthquakes was observed
in the following seismic events: the historic Ural-Tyubin earthquakes of 1897 with M=6.6 and M=6.7,
respectively, occurred in the South Fergana seismically active area. The first of them happened at a
distance of about 60 km from Jizzakh, and the second - much closer to the city, about 25-30 km
South-East of the city of Jizzakh.
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It allows to ensure the sustainable development of the population and regions and to assess
possible losses that may occur in residential buildings under the influence of an earthquake, as well
as to implement measures to reduce economic losses within the specified periods.

2. Literature analysis and methodology.

Seismic risk assessment scientific research has been developed since the 70-90s of the last
century. The main reason for this is related to the 1971 San Fernando (USA) earthquake with a
magnitude of M=6.5. After this earthquake, many insurance companies failed to cover the economic
losses. During this period, dedicated research centers were established in the USA and methods of
forecasting seismic risk were first developed. In this regard, R.V. Whitman, D.C. Friedman, |.M.
Idriss, C.S. Oliveira, H.C. Shah and other scientists conducted several scientific studies [1;2].

The scientific-methodological and practical aspects of seismic risk assessment, i.e. seismic risk,
seismic impact and seismic vulnerability levels of buildings, are discussed by M.Lu, N.Mert,
K.Hasegawa, H.Hayashi, M.l.Carreno, G.Gruntal, J.Zschau, V.l Osipov, S.K. Shoigu, V.A. Larionov,
G.L. Koff, V.G. Alkaz, M.A. Shakhramanyan, V.B. Zaalishvili, E.N. Chernykh, Yu.K. Chernov,
Khusomiddinov S., Sh.l.Yodgorov, Sh.B.Avazov and others to carry out several scientific research
works [9;22].

Despite the fact that a lot of important scientific and practical results have been obtained in the
past period, there are a number of problems in this area at present. Studies on the assessment of
seismic risk in direct economic indicators have not been fully analyzed, and scientific methodological
bases have not been developed sufficiently. One of them is determining the seismic risk based on
deterministic and probabilistic approaches in seismic risk assessment.

67°E 68" E 69" E
! ! !

Figure 1. - Map of epicenters of historical earthquakes

The city of Jizzakh is located in the Central part of the Republic of Uzbekistan. The seismicity
of the area is directly related to the tectonic condition of the region. The strong earthquakes that
occurred in and around the city of Jizzakh are related to the geodynamic condition of the seismically
active area of Southern Ferghana. Due to the dynamic influence of the regional fault system in the
study area, in the west of Jizzakh, the South Fergana fault system changes its direction to the North-
West and passes to the Bessapan and North Nurota fault systems. South of the city of Jizzakh, it
passes into the North-Kuljuktov-Turkestan and South-Auminzatov-Aktov seismically active regions
and is connected with the corresponding deep earth faults of the earth's crust. South of the latitudinal
faults, there are two deep fault systems: South Tien-Shan and Gissaro-Kokshaal, which are
distinguished by their very high seismic status. Seismic effects of earthquakes occurring on their
borders are largely invisible in macroseismic effects in the city of Jizzakh. Northeast of Jizzakh city,
Pskom-Tashkent and Angren are located in the seismically active regions, and strong earthquakes

199



due to the Karjantov and Angren fault systems also cause significant earthquakes in the study area
[17].

20-25 km southwest of the city of Jizzakh, South Fergana seismic active area, 2013 M=6.2
Marjonbulok earthquake, North Kuljuktov-Turkestan seismic active area approximately 40-50 km
south of Jizzakh, and 2017 Bakhmal earthquake approximately 45 kilometers from the city occurred
at a distance (Fig. 1) [12;17].

The study allows to determine the amplitude-frequency characteristics of the ground layer,
taking into account the seismic condition of the area, and, accordingly, the characteristics of
vibrations on the free surface of the field or at internal points of the medium, modified by the layered
medium. [17;18;19].

It allows to carry out calculations in the assessment of seismic risk and to determine the initial
seismic impact based on the synthetic accelerogram and to create seismogrunt models of the soil
layer. The real accelerograms of three earthquakes and their mechanism and the law of propagation
of seismic waves for the research area are selected in accordance with the seismological conditions
of the territory of the Republic of Uzbekistan.

The peak acceleration values of the surface waves for the points obtained from the peak
acceleration profiles were 0.41g and 0.02g. The isolines of different levels of peak accelerations were
summed and an initial seismicity of 0.231g was taken as the basis for the seismic zoning map [4;7].

According to the maximum acceleration levels of vibrations in the ground layers in the studied
area, it was divided into the following intermediate limit values: from 0.100 to 0.380.

Various methods of calculation and interpretation have been used in seismic risk assessment,
which allow to evaluate individual elements of risk, percentage of damages or a set of different
elements represented by any economic indicators [3;5;6]. To a large extent, this is determined by the
completeness of preliminary data on seismic risk at different levels and one or another aspect of the
determined seismic effects. A peak acceleration map (PGA) of the Jizzakh city area was developed
(Figure 2).

Spatial location of residential buildings built in the research area, the number of distribution of
peak accelerations of different intensities from 0.1g to 0.4g are presented in statistical figures. Seismic
risk assessment was carried out based on deterministic probabilistic approaches.

678 6784

Figure 2. - Peak acceleration map of Jizzakh city area (PGA)

Thus, the above vulnerability functions for different types of buildings were used to calculate
the average level of vulnerability of buildings in administrative districts (Figure 3).

Buildings built from local building materials (guvalak, pakhsa and raw brick); buildings made
of baked bricks; reinforced concrete (panel, large panel, monolithic and reinforced concrete)
buildings [8;9;10].
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Figure 3. - Vulnerability function for residential buildings using different types of building materials.

The vulnerability functions presented above are used to calculate the average vulnerability level
for different buildings within the administrative districts.

The conducted studies show that residential buildings in the area of Jizzakh city are
characterized by different vulnerability functions, respectively. It was found that the main part of
existing residential buildings in the territory of Jizzakh are individual residential buildings built from
local materials (clay brick, concrete, raw brick) [11;13].

It should be noted that the average level of vulnerability of buildings and structures is calculated
based on the calculated values of seismic vulnerability for buildings under seismic influence. The
amount of seismic vulnerability of buildings and structures is determined as follows:

ez M @

>N
i=1
Here, MVR-vulnerability indicator of buildings and structures; MVR corresponding to the
average values of the selected type of buildings; Number of buildings of the same type with N-seismic
vulnerability. This indicator (MVR) serves to quantitatively compare the seismic vulnerability of
residential buildings in the urban area, and its functional role in relative indicators is significant
[20;23;25].
One of the most important stages of seismic risk assessment is the classification of buildings
according to the degree of response to a certain seismic impact.

3. Discussion.

The most important element of seismic risk was assessed by the average damage condition of
buildings with different construction materials according to the level of seismic exposure. The peak
acceleration (PGA) in the range of probability of occurrence of strong earthquakes at peak
accelerations (PGA) with intensity from 0.1g to 0.4g in the area of Jizzakh city under different levels
of seismic effects was calculated in useful area and economic indicators in the assessment of seismic
risk due to earthquakes (Table 1).

Table 1.
Amount Type of buildings Loss of Economic

of Constructio | Cadastre | useful area, loss,
PGA | puilding | Concret | Raw Clay n site price | (thousand, | (billion,

S e brick brick m2) soums)
400 6686 46 151 6489 628,79 429,14 524,04 351,67
350 4041 24 75 3942 403,63 266,09 293,85 191,28
300 2847 33 80 2734 267,47 184,08 164,53 111,28
250 1894 23 82 1789 174,61 114,87 84,61 54,08
200 3238 32 96 3110 275,15 184,95 98,96 64,93
150 1545 14 59 1472 126,15 80,23 30,45 18,95

In the economic assessment of seismic risk, it is determined by calculating the actual cost and
damage level of residential buildings according to the cadastral passport. The results of this study
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were evaluated based on the level of damage to buildings and the cost of economic damages
[14;15;16].

The level of seismic damage of buildings is evaluated in the following indicators:

0. No damage 0 %

1. Damage at the level of current repair, restoration costs up to 15% of the book value of the
building.

2. Damage at the level of capital repair, restoration costs up to 35% of the book value of the
building.

3. Restoration, restoration costs of the building up to 55% of the book value. It should be noted
that the issue of restoration of the building will be decided by a special commission.

4. The building should be demolished when the damage is higher than 55% [16;21].

4. Results.

A systematic analysis of the database for the territory of Jizzakh and a map of cadastral prices
of residential buildings located at different levels of seismic intensity were developed. Using the
Maskur map, a map of seismic risk assessment in terms of direct economic losses was developed
(Fig. 4,5).

Cadaster cost
(bin. sums)

Pl s000-15000 | S
B 1000-25000 R

) 250.00 - 350,00
I 350.00- 429,14

67,76 678 67.84 67,88

Figure 4. - Map of the distribution of residential buildings of different seismic intensity by actual cadastral prices.

67,76 67.8 67.84 67.88

Legend:

18,95 - 100,00

I 100.00 - 150,00

150,00 - 200,00

[ 200.00 - 351.67

67,76 678 67,84 67,88

Figure 5. - Seismic risk assessment map of residential buildings located in the city of Jizzakh in terms of direct economic
losses.

The damage level of 20,251 residential buildings in Jizzakh city was assessed according to the
seismicity effect level at peak accelerations (PGA) of 0.15¢g to 0.4g. Also, the amount of damage
caused to buildings by construction materials of buildings located at different levels of seismic
intensity was calculated in percentages (Table 2).
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Table 2.

Damage to buildings in seismic intensity %
Type of Seismic damage levels | 015 0.2 0.25 0.3 0.35 0.4
buildings PGA PGA PGA PGA PGA PGA
0 - - - - - -
A ; Zg 62 50 : : :
(Raw brick) 3 - 38 50 37 26 14
4 - - - 63 74 86
0 87 - - - - -
B 1 13 80 72 65 - -
. 2 - 20 28 35 76 48
(Clay brick) 3 - . . - ) =)
4 - - - - - -
0 96 93 91 87 - -
c 1 4 7 9 13 81 74
(Concrete) g - - - 1_9 2_6
4 - - - - - -

Limited values of the amount of damage caused by the types of construction materials of
buildings at different levels of seismic intensity in the territory of the city of Jizzakh were estimated
as a percentage. As can be seen from the above data, the most vulnerable to seismic effects are A-
type buildings, which are made of local construction materials such as guvalak, raw brick, and thatch.
According to the analysis of the data, it was observed that the greatest damage to this type of buildings
was observed in the regions with seismic effects of 0.2g and more seismic intensity [9;22].

5. Conclusion.

Systematic electronic database for 20,251 real estate objects on the scale of Jizzakh city as of
February 1, 2024. Structured data of structural type of residential buildings, location coordinates and
real price according to the cadastre were divided according to seismic risk levels for structural types
of each building. This database was created for the rapid quantitative assessment of direct losses due
to seismic effects by structural types of buildings and structures in all settlements of the city of
Jizzakh, as a basis for the development of pre-preparation measures and loss reduction programs for
possible socio-economic losses in the area. is done.

According to the economic index of damage expressed on the basis of one indicator, the seismic
risk map for the territory of Jizzakh city (cadastral data) estimated the total amount of economic
damage at 792.19 billion soums.

This work was funded by grants from the Academy of Sciences of the Republic of Uzbekistan,
"Development of scientific foundations for assessing various levels of seismic risk and reducing
earthquake losses in seismically active areas" and the Agency for Innovation Development,
#ALM202311142839 "Creation of a simulation digital model of the city of Tashkent allowing to
assess the level of economic damage from strong earthquakes" and #AL5822012294 "Development
of technology for predicting the risk of strong earthquakes", #AL5822012298"Create an electronic
database on seismological soil characteristics to replace Table 1.1 in the regulatory document.
seismological part of KMK “Construction of seismic areas”", as well as the project "Regionally
coordinated assessment of earthquake and flood risks and selective analysis of landslide scenarios to
strengthen financial resilience and accelerate risk reduction in Central Asia", funded by the EU
Program "Strengthening Financial Resilience™ and Accelerating Risk Reduction” (SFRARR) funded
by the European Union and implemented by the World Bank. We sincerely thank all the project team
members, in particular Sergey Tyagunov, Paola Ceresa, Antonella Peresan, Gabriele Coccia, Denis
Sandron and Stefano Parolai, and the World Bank specialists, in particular Stuart Alexander Fraser
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EVALUATION OF RESONANCE RISK AND STRENGTH OF A HIGH-RISE BUILDING
USING THE MICROTREMOR METHOD
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Abstract: Currently, microtremor analysis is an effective method for assessing the dynamic characteristics of
buildings and the level of damage that may occur during an earthquake. The study was conducted in one of the high -rise
buildings located in the center of the city of Tashkent and in the area where it is located. Measurements on the free surface
and on the assigned floors of the building took 25-30 minutes. The HVSR method was used to determine the dominant
frequency of the free surface, and the FSR method was used to determine the natural frequency of the building. The
analysis showed that the natural frequency of the building significantly exceeds the value of the natural frequency of the
terrain where it is located. This, in turn, is characterized as a low level of resonance.

Keywords: microtremor, HVSR, FSR, resonance, vulnerability index.

1. Introduction

One of the parameters that cause significant damage to buildings and structures are their
dynamic and seismic characteristics such as natural frequency, resonance value [1,2] and building
vulnerability index [3-5]. These parameters can be obtained by recording ambient noise. In this study,
a 26-story apartment building was investigated using the microtremor method to obtain the building
safety performance. The main advantages of microtremor analysis are simplicity, efficiency and
speed, which provide a reliable, accurate and stable assessment of building vibration modes from
low-amplitude excitation.

The eigenfrequency value on soil is determined by processing microtremor data using the
HVSR (Horizontal to Vertical Fourier Spectral Ratio) [3,6,7]. And the natural frequency value of the
building is determined using FSR (Floor Spectral Ratio) method and the analysis spectrum is obtained
from each floor to get the natural frequency value of the building [8-10]. The building resonance
value is determined based on the spectrum for each component (NS and EW). Resonance can be used
to determine the level of possibility of a building experiencing resonance during an earthquake.
Resonance risk occurs if the dominant periods of the ground and buildings are close to each other.
The value of the amplification and natural frequency in soil and buildings can get the value of soil
vulnerability analysis, building vulnerability analysis and building resonance [1].

2. Methods
2.1. Microtremor measurements

Microseismic is avibration of the Earth. The weak vibration can beoriginated from the human
activity, ocean waves, wind,traffic and others. Source of microtremor ormiscroseismic can be divided
into natural and artificialsources. Examples natural microseismic can come fromrain, wind, running
water, or ocean waves, while sourcesof artificial microseismic generally come from industrialand
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human activities, including the sound of machines,cars, people walking, and so on. The amplitude of
themicroseismic is so small that it is difficult for humans todetect it, but with the development of
technology,instruments that can detect these waves are created,which are commonly called
seismometers [11].

Microtremor has based on ambient noise recordings to determine dynamical characteristic
parameters of building [12]. Many researchers reviewed, introduced and applied of ambient noise
analysis for both purposes. Nakamura et al. [3,4] and Sato et al. [5] identified damaged building using
vulnerability index of structure estimated from transfer function parameters.

Microtremors were recorded in different parts of -2F, -1F, 1F, 3F, 6F, 9F, 12F, 15F, 18F, 21F,
24F and roof floors of a T1 business class residential complex. Free-field measurements were also
taken close to the building and at a sufficient distance to avoid its influence. To improve the quality
of microtremor recording and reduce interference, measurements were performed only at night.
Measurements were performed at a total of 60 points and took 48 hours. Ambient noise
measurements were made using a CMG-6TD seismometer (Guralp, UK). Each sensor provided
vibration recording over a wide frequency range from 0.03 to 100 Hz.

Microtremor was recorded three directions (EW, NS, Z) with 1/100 second sampling rate. The
recording length was 30 minutes, because frequencies below 1 Hz were not of interest.

2.2. Horizontal to Vertical Spectral Ratio (HVSR)

Microtremor measurements can be utilized to determine the soil predominant frequency. For
this purpose, the microtremor HVRS method that proposed by Nakamura [2,5] was used. Then, power
spectra of ground motion should be calculated for two horizontal directions (EW and NS) and also
for vertical direction (V). Finally, to determine the site frequency, the spectral ratio of the combined
horizontal (H) to vertical (V) component of ground motion must be calculated. The frequency of the
peak amplitude in the spectral ratio graph is the predominant (natural) frequency of the site. By
comparing the fundamental frequency obtained from the microtremor H/V spectral ratio with the
function received from the seismic log, the researchers concluded that the H/\V microtremor spectral
ratio provides a reliable estimate of sediment frequency [13].

The following formula is the basis for calculating the horizontal to vertical microtremor
spectrum ratio (HVSR) and is expressed as follows:

2 2
HVSR — \/[(Snorth—south) +(Seast—west) ] (1)

Syertical

To obtain reliable HVSR curve results, quality control is required based on the SESAME 2004
standard. There are three reliable criteria for HVSR curves, including [14]:

1. fo > 10/lw
2. nc(fo) > 200, nc = lw. nw. fo,
3. oA(f) <2to0 0.5fp < f<2fgiffo>0.5Hz, or

cA(f) < 3t00.5fp < f<2fyiffo <0.5Hz

where Iw is the window length, nw is the number of windows selected to obtain the average
H/V curve, nc is the number of significant cycles, o4 is the standard deviation of A H/V (f), and fo is
the peak frequency in the H/V curve.

Data processing to obtain the HVSR on the free field was performed in the following way:
recorded times series were visually inspected to identify possible erroneous measurement and
stronger transient noise. Each record was then split into 20-30 s-long windows tapered with 5% cosine
function. A Fast Fourier Transform (FFT) was calculated for each window in each seismometer
component. The Fourier spectra were smoothed using Konno and Ohmachi [7] with 40 smoothing
constants. HVSR was computed as the geometric average of both horizontal component spectra
divided by the vertical spectrum for each window. This analysis was used GEOPSY software.
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2.3. Floor Spectral Ratio (FSR)

The use of HVSR is not recommended when determining transfer function parameters in
buildings, this is because only in a few cases it gets good results. This inaccuracy is because it cannot
be assumed that the horizontal and vertical spectra have a fixed value at ground level, so there is no
reason to use them in the assessment of building structures. If this is still implemented in buildings,
it will likely be very dangerous in cases of very strong soil amplification, because the analysis results
are not close to the actual situation. In this case, the HVSR may give an incorrect assessment or
building response because it is identified as a spurious transfer function parameter [2].

The floor spectra ratio (FSR) method is a method for determining the natural and resonant
frequencies of buildings that describe the characteristics of buildings against earthquakes [6,15]. In
the FSR method, other building characteristics that can be obtained besides the natural frequency are
the building resonance index and the building vulnerability index. The natural frequency building
value is determined from the spectrum analysis of each building floor to the ground below it. The
data calculation process is carried out to determine the natural frequency value of the building using
equation (2) [1].

fpNS  fpEW
fo(FSR) =ffTS=fl:TW (2)

Equation (2) is FSR analysis equations where fy is the value of the building frequency, f: is the
value of the ground frequency, and NS-EW is the respective components of the data.

Resonance can be used to determine the level of possibility of a building experiencing
resonance during an earthquake [1]. There are several classifications:

1. Low resonance (R>25%)

2. Medium resonance (15% <R< 25%)

3. High resonance (R<15%)
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Figure 1. - Schematic model of n-th floor structures and its mode shape. dj is the horizontal displacement, hi is the height, Ai is
amplification factor of i-th story column, H is the height of the n-th floor structure, and a is the horizontal acceleration of
foundation ground

The building resonance index (R) is determined based on the spectrum of each component (NS
and EW) which is calculated based on the following equation:

R= |% x 100% 3)
t
here fy is the natural frequency of the building, and f: is the natural frequency of the ground.

2.4, Vulnerability index

The vulnerability of buildings is one of the most important parameters for evaluation potential
damages in urban area caused earthquake. Nakamura et al. and Sato et al. showed that the
vulnerability index can be used to describe the building strength in bearing the earthquake shakings.
It is considered that the vulnerability of structures against earthquake disasters can be estimated by
the drift angle, related to the input earthquake acceleration a in cm/s?. Here, « is a portion which
effects this structure among whole earthquake motion a:

a=exa, 4
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where e shows the efficiency of earthquake motion working for this structure.
A deformation performance and the degree of earthquake motion amplification can be estimated from
the dynamic characteristics of structures. Here, the primary natural frequency of the structure that
seems to have influence on earthquake damage is considered. Displacement §; of ith floor is estimated
from this primary natural frequency F and amplitude A; of ith floor as follows (Fig. 1):

§; = A; X a/ (2nF,)>. (5)
Therefore, the drift angle y; of ith floor is shown as:
Yi = 6i41 — 6i/h

= AA; X a/(2nF)?/h; (6)
=e XKy Xa,
where
K, = AA;/(2nF)?/h; % 10,000, (7)
AA; = Ajpq — Ay, (8)

AA; shows the difference of amplification of the ith floor, h; is the height of ith floor in meter,
and F is the predominant frequency of structure.

Thus, the drift angle y; for each floor is estimate from vulnerability index K,; multiplied by the
maximum acceleration on the surface ground a in cm/s? and the efficiency e of earthquake motion.

Here, 4, K}, value is derived as averaged Kj,; for each structure for the discussion as follows:
A
wkKp = W % 10,000, 9)
where A — shows the amplitude of the top floor and H — is the total height of structure in meter.
In addition, when K, is substituted for K,; in Eq. (6), averaged drift angle y,, will be
calculated. K,; and ., K, are expressed in unit of 10, 10,000 in Egs. (7) and (9) is multiplied for

adjustment.
3. Analysis of results
3.1. Ground natural frequency

Ground natural frequency obtained from HVSR analysis is the average frequency of each
vertical and horizontal spectrum. The obtained spectral ratio for the site of where the T1 building is
located is shown in Figure 2. Based on this figure, the natural frequency of the site is 0.64 Hz.

Frequency (Hz)

Figure 2. - Spectral ratio (H/V) for site of where the T1 building is located, natural frequency 0.64 Hz
3.2. Floor Spectral Ratio Analysis

FSR (Floor Spectral Ratio) analysis was conducted to determine the natural frequency of
building (Fig. 3). The FSR analysis was calculated by dividing the dominant frequencies of the
building floors determined from the spectrum analysis by the free surface frequency. The EW
component values of all floors ranged from 0.97-4.8 Hz, and the NS component values ranged from
1-4.95 Hz. The average natural frequency of each component was +2.5 Hz.
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Floor Spectral Ratio analysis
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Figure 3. - Diagram of natural frequency variation by floors based on FSR analysis
3.3. Ground and Building resonance

The magnitude of building to site resonance ranged from 51% to 617% for the EW component and
59% to 674% for the NS component (Fig. 4). The average resonance value is £290%. Based on the
above classification [1], the obtained resonance value is categorized as low resonance because the
natural frequency of the building is much higher than the value of the natural frequency of the site.
For the horizontal components, resonance values up to the 9th floor differed by values greater than
>100%, and from the 12th floor and above, values differed by values below <100%. This significantly
reduces the probability of resonance phenomenon.

Resonance state according to FSR (%)
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Figure 4. - Diagram of resonance variation by floor
4. Building vulnerability index

The building vulnerability index (Kb) shows the level of damage that occurs to the building in
the event of an earthquake. The greater the vulnerability value of a building, the greater the potential
damage that will occur [5,16-17].

Based on the processing results, the vulnerability index values of building T1 changed from
0.42 to 9.45 for the EW component and from 0.43 to 7.12 for the NS component. The lowest
vulnerability index was observed on the 9th floor and the highest on the roof (Fig. 5). This indicates
that the building is very resistant to earthquakes.
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Building Vulnerability Index (Kb)
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Figure 5. - Diagram of change of vulnerability index by floors
5. Conclusions

Based on the results of calculations and analysis, the soil on which building T1 is located is
found to have a frequency of 0.64 Hz by HVSR method. The FSR analysis showed that the natural
frequency of the building was determined to be 0.97 Hz — 4.8 Hz in the EW component and 1 Hz —
4.95 Hz in the NS component. It should be said that above the 9th floor there was a sharp decrease in
the natural frequency of the building. This indicates that the building was divided into two parts.

The magnitude of the building and ground resonance varied between 51% — 617% in the EW
component and between 59% — 674% in the NS component. The mean value of the component
resonance was +290%. In turn, this figure is categorized as low resonance because the natural
frequency of the building is much higher than the value of the natural frequency of the ground.

The vulnerability index ranged from 0.42 to 9.45 for the EW component and from 0.43 to 7.12
for the NS component. The vulnerability index values decreased from the 1st floor to the 9th floor
and increased sharply from the 9th floor above. In general, the values showed a result below <10. The
vulnerability index value of the building shows that the building is of low category (safe).

This work was funded by grants from the Academy of Sciences of the Republic of Uzbekistan,
"Development of scientific foundations for assessing various levels of seismic risk and reducing
earthquake losses in seismically active areas” and the Agency for Innovation Development,
#ALM202311142839 "Creation of a simulation digital model of the city of Tashkent allowing to
assess the level of economic damage from strong earthquakes".
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ON THE ISSUE OF SEISMIC RISK IN THE TERRITORY OF BATKEN, KYRGYZSTAN
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Abstract: The territory of Batken oblas tis one of the seismically active regions of Kyrgyzstan, which has a high
seismic potential, which is confirmed with the data on strong earthquakes of the historical past.

For seismic risk tasks in Batken city, the work was carried out to determine the types of buildings based on a visual
inspection of residential buildings. The results of the performed typification served as the initial data for calculating
vulnerability and assessing seismic risk. The predominant type on the EMS-98 scale are wood lodges (WL) of the “synch”
type (wooden frame structure), accounting for 43% of the housing stock. Unreinforced masonry buildings (URML) are
also typical. They make up 29%. One-story adobe buildings are in third place, i.e. 18%. Charts of victims at different
times and in different areas of the city were compiled. It should be noted that urban areas are highly vulnerable, since
prefabricated houses and reinforced masonry buildings constitute a small percentage, making up 10% of the total housing
stock. The work provides a seismic risk map for the territory of Batken city, where areas with the corresponding level of
destruction are marked.

Determining the seismic risk for a given city is not only of interest for predicting the economic impacts of future
earthquakes, but may also have implications for risk mitigation. Seismic loss results can be used to devel op retrofit plans
for various types of structural designs with a view to improve their seismic performance.

Key words: seismic hazard, seismic risk, vulnerability, seismic losses.

1. Introduction

Over the past few decades, damage from natural disasters has increased dramatically throughout
the world. There are many reasons for the increase in seismic losses, and these certainly include the
growth of the world population, the emergence and development of new megacities, many of which
are located in areas of increased seismic hazard, high vulnerability and risk/

The territory of Batken oblast is one of the seismically active regions of Kyrgyzstan, which has
a high seismic potential, which is confirmed with data on strong earthquakes of the historical past,
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the South Fergana Fault passing through this area — the main tectonic element that determines its high
seismogenicity [7],

Scientists first separated the concepts of “seismic risk” and “seismic hazard” in 1972 at the
Sixth European Congress on Seismic Engineering [1,2]. As is known, seismic hazard is understood
as the frequency of occurrence of certain earthquake intensities, and risk is the negative consequences
for humans and the environment from the effects of seismic vibrations.

The seismic impact on certain areas depends on many factors, such as the terrain and slope of
the area, engineering-geological, hydrogeological conditions and tectonic structure. These factors
have a great influence on the vulnerability of buildings and engineering infrastructure, and taking
them into account on the intensity of seismic manifestations is the most important and pressing issue
of assessing seismic hazard and seismic risk.

Irrational use of land in large settlements significantly contributes to the vulnerability of urban
structures and increases seismic risks for buildings, the population and the territory as a whole. The
seismic vulnerability of a structure is its susceptibility to damage from ground shaking of a given
intensity. The purpose of vulnerability assessment is to obtain the probability of a given level of
damage to a given type of building as a result of seismic impacts [3-6].

The various scales that currently exist are necessary to assess the consequences of seismic
impacts and how a construction project will behave during an earthquake, i.e. rank buildings and
structures according to seismic resistance and degree of destruction. They help in defining
methodologies for predicting losses and seismic risk. In this work, we used the European modernized
EMS-98 scale [17].

The European modernized EMS-98 scale distinguishes structural vulnerability into 6 classes:
from high — class A, to low — class F. Masonry buildings correspond mainly to vulnerability class A,
up to reinforced concrete buildings, metal buildings — classes from D to F.

In order to divide residential buildings into appropriate classes in urban areas, their certification
is performed. In turn, these classes can be divided into subclasses depending on their physical and
mechanical characteristics, such as the main load-bearing system, architectural components,
construction materials, service life of the structure, etc. The certification of buildings and structures
includes the following points: dividing the city territory under study into zones or sections;
classification of objects within each zone or area; determining the number of objects of each class in
each zone or area; determination of the vulnerability function of objects of each class.

In Batken city, the work has been carried out to determine the types of buildings based on a
visual inspection of residential buildings. Residential buildings in the city are represented mainly with
one-story adobe houses of the “synch” type (wooden frame structure), which, according to the EMS-
98 scale, are relatively earthquake-resistant, some are made of brick, as well as four-story brick and
large-panel residential buildings. The design of the synch house consists of strengthening the corners
of the walls with wooden posts with clay filling of the walls. Multi-storey residential buildings are
located in the city center, while the private sector covers the rest of the urban area. In the structure of
urban development, the share of adobe non-earthquake-resistant houses makes up the majority.

2. Results

The results of the performed typification served as the initial data for calculating vulnerability
and assessing seismic risk. In the housing stock of Batken city, brick buildings have a small
percentage; for the most part, the rest of the residential buildings in the city are “synch” type houses.
An analysis of the seismic resistance of buildings according to EMS-98 classifications showed that
the share of earthquake-resistant buildings in the city's housing stock is of a small percentage.
Figure 1 shows the territory of Batken city divided into separate sectors. The division was made as
follows: multi-storey residential buildings were taken into one sector, areas with well-built private
houses were collected into other sectors, areas of new buildings with sparse residential buildings and
dense buildings were also included in separate areas.
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Figure 1. - Division of the territory of Batken city into sectors.

Figure 2 shows the number of buildings for each of the available typologies. As can be seen,
the predominant typology on EMS-98 scale are wood lodges (WL) of the "synch" type, constituting
43% of the housing stock and located mainly in geo-units 7, 11 and 18. Unreinforced masonry
buildings (URML) are also typical. They make up 29% and are mostly located in sectors 7, 11 and
22. And finally, one-story adobe buildings are in the third place — 18%, and are most concentrated in
geo-units 7, 11 and 22. It should be assumed that the urban area is highly vulnerable, since
prefabricated houses and reinforced masonry buildings make up only a small percentage, i.e. 10% of
the total housing stock. In order to calculate and build the following graphs, the [8-16,18] technique
was used.
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Figure 2. - Distribution of buildings in Batken by building typology for each geocell.

During seismic shocks, the population receives various injuries and damage from the debris of
destroyed buildings and structures. The intensity of destruction depends on the probability of
buildings receiving the appropriate degree of damage [2].

During destructive earthquakes, depending on the type and the corresponding degree of damage
to the building, human losses also occur, such as general, sanitary and irrevocable. And, thus, there
is a possibility that people will receive a corresponding degree of damage, provided that such a degree
of damage to the building has occurred [1,5].

Figure 3 shows the distribution of population of Batken city by sector. The population of Batken
city is distributed mainly in sectors or geo-units 7, 11, 18 and 22, which are also geo-units with higher
vulnerability [18].
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Figure 3. - Population distribution in each geo-unit or sector.

When predicting damage to people in a residential building, the distribution function of people
in the building during the time of day is taken into account. For residential buildings, it can be
assumed that during sleep this function is equal to 1, during working hours — 0.75, while people are
traveling to their place of work — 0.60 and 0.70 when traveling from work [5].

With the value of peak ground acceleration PGA=0.53g, using the methodology [18], based
on theoretical conclusions and calculations [8-16], we obtain results on the number of victims at
different times of the day in different sectors (Figure 4-7):

Injuries (earthquake during night)

Light
= 250 Moderate
S Severe
5 200 m Death
©
€ 150
G 100
2, Srddr H 1!-'-'“' -.'.'|
9 T . ,
e fifss ; AR
=

1 23 456 7 8 9 1011121314 15 16 17 18 19 20 21 22
Geounit
Figure 4. - The number of victims at night.
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Figure 7. - The number of victims at night, during daytime working hours and on the way to and from work.

As can be seen from the figures above, the largest number of victims both during the day, at
night, and during working hours, on the way to and from work, occurs in sectors 7, 11, 18 and 22.
Geounits 7, 11, 18 and 22 are the territories with the largest number affected population.

The consequences of a predicted earthquake given the initial data and this seismic risk model
are presented in Figure 8.

In sectors 7, 11, 18, 22 — synch residential buildings, non-seismic resistant, in sections 5, 6, 8
houses, mainly adobe, old construction, which are more than 50 years old, will be subject to greater
destruction under seismic impacts compared to other areas of the territory of the city. All these areas
are located in the 8-point zone according to the seismic microzoning map of the city with the
groundwater level from 8 to 1 meter to the north according to the map of groundwater depths.

According to the results of seismic risk assessment, these sectors are found to have a large
percentage of seismic risk — 35%.

Since in sectors 6,9,12,13,16,21 there are also partially old adobe houses, they increase the
seismic risk of these areas up to 30%. In sectors 14, 17 there are also structures of adobe houses and
the percentage of seismic risk is 25%. Sectors 2, 15 will have a 20% risk of destruction from seismic
impacts. In sectors 1,3,4,10,19,20 of the city there are also adobe houses, which contribute 15% risk
of destruction in this seismic risk assessment.
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Figure 8. - Seismic risk map of the territory of Batken city.

Conclusions
Determining the seismic risk for a given region is not only of interest for predicting the

economic consequences of future earthquakes, but may also have implications for risk mitigation.
Loss assessments that predict damage to the built (man-made) environment can be particularly
important for government emergency response and disaster planning. In addition, the results of
seismic damage assessment can be used to reduce seismic risk by adjusting seismic standards when
designing new buildings and structures, attracting additional funds to ensure the seismic resistance of
buildings and structures, while quantitatively comparing them with potential losses that can
subsequently be avoided. In addition, seismic loss results can be used to develop retrofit plans for
various types of structural schemes to improve their seismic performance.
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CLUSTERING THE DISTRIBUTION OF EARTHQUAKES NEAR RESERVOIRS

Khamidov L.A.}, Anvarova S.G.}, Ganieva B.R.
Ynstitute of Seismology named after G.A. Mavlyanov, Tashkent, Uzbekistan
E-mail: sadokat.anvarova@mail.ru

Abstract. The work determined the spatiotemporal distribution of background and extra-background seismic
processes in tectonic faults of the earth's crust in areas near the Charvak, Andijan, Akhangaran and Karkidon reservoirs
of Uzbekistan. In the clusters allocated for the reservoir zones, in each cycle there is a period of seismic activation, a
peak of seismic activation, a period of decline in seismic activation and a period of seismic quiescence. The manifestations
of changes in weak seismicity in different seismically active zones and geological structures in the local territory of the
zones of influence of large reservoirs in Eastern Uzbekistan are considered. This will create the possibility of
simultaneous tracking of seismic cycles of different periods across clusters in fault zones, combining them with variations
in the hydrological regime of operation of reservoirs. It will also make it possible to assess the level of seismicity caused
by these reservoirs in the area under consideration at a given time interval.

Keywords: catalogue, reservoir, cluster, earthquakes, magnitude

1. Introduction

In the near zones of large reservoirs in Uzbekistan, earthquake epicenters are distributed
extremely unevenly over the surface of the earth's crust. In some parts, called seismic zones,
earthquakes occur frequently and very strong earthquakes can occur there. But in most of these areas
earthquakes do not occur, or occur with weak strength. Such areas are called conditionally and can
be called aseismic. Seismic zones, as a rule, are located along narrow extended belts. As a rule, the
focus of attention of seismologists is on strong earthquakes, but within the framework of the study of
technogenic seismicity, studies of weak earthquakes are also of great interest [1]. Unlike strong
earthquakes, weak earthquakes occur more often and carry quite extensive information about the
tectonic processes occurring in the focal zones of the strongest earthquakes.

Therefore, the main goal of the research is to present the structure of weak seismicity in Eastern
Uzbekistan, where the Charvak, Andijan, Akhangaran and Karkidon reservoirs are operated.
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Considering the manifestations of changes in weak seismicity of various seismically active zones
or geological structures in local territories of the near zones of large reservoirs in Uzbekistan, it turned
out that they can be caused both by changes in the local stress fields constantly operating in them,
and by the formation and occurrence of the deformation influence of exploited man-made objects [2
,3,4]. Consequently, the possibility of identifying weak seismic processes in tectonic faults of the
earth's crust in zones of influence of reservoirs and studying the features of its manifestation is
relevant when studying seismicity caused by reservoirs.

2. Methodology

The local catalog we compiled for each object was taken as the initial database. They are quite
homogeneous for weak earthquakes and allow both the determination of the displacement of the
earth’s crust caused by the reservoir and the statistical analysis of seismic data [5, 6]. These studies
were carried out by clustering the distribution of earthquakes in zones of tectonic faults in the zones
of influence of the considered reservoirs and by numerical methods for modeling the process of water
loading and unloading of reservoirs, solving boundary value problems of mathematical physics
[4,6,7]. An analysis of works devoted to the study of seismic manifestations in the territories of the
Andijan, Charvak, Akhangaran and Karkidon reservoirs of Eastern Uzbekistan indicates the absence
of a single local catalog for the study areas. In this regard, based on available literature data, we
formed our own database for the period 2011-2023, which includes more than 2300 seismic events.
To compile the local catalog, the following platforms were used: the earthquake catalog of the
Republican Center for Seismic Forecasting Monitoring under the Ministry of Emergency Situations
of the Republic of Uzbekistan [8], the Experimental Methodological Expedition of the National
Nuclear Center of the Republic of Kazakhstan [9], the Unified Geophysical Service of the Russian
Academy of Sciences of Russia [10], the Data Center “United Research Institutes” seismology" IRIS
[11].

Information about the studied reservoirs of Eastern Uzbekistan, for which catalogs of local
earthquakes have been compiled, is shown from the website of the Ministry of Water Resources of
the Republic of Uzbekistan (https://suvchi.gov.uz/ru) in Table 1.

Table 1
Information about the studied reservoirs of Eastern Uzbekistan, for which catalogs of local earthquakes have
been compiled

No | Name of reservoirs Year of \{ol_ume, _ Dam Seismi_city, in
B entry, year | millionm® | Height, m | Length, m points
Eastern Uzbekistan
1 | Andijan 1970 1900 121 850 8-9
2 | Charvak 1978 2006 168 764 8-9
3 | Akhangaran 1989 198,0 100 1933 8
4 | Karkidon 1967 218,4 70,3 420,2 8

The results of seismic monitoring for all of these observation systems are summarized in the
form of a separate catalog of earthquakes, which indicates the date and time of the earthquake, the
location of the epicenter, the depth of the source, the magnitude or energy class, the distance from the
reservoir site to the epicenter, as well as some other parameters of the earthquake.

When compiling the catalog of local earthquakes, only those data on earthquakes were included
that exactly corresponded in all respects to at least three of the four seismometric sources listed above.
Based on these data and earthquake catalogs, we have compiled a local catalog of earthquakes for the
zones of influence of reservoirs in Eastern Uzbekistan. The local catalog of earthquakes in the zone
of influence of the reservoirs of Eastern Uzbekistan was prepared in the EXEL environment and laid
entirely in the Arc.Gis environment and is available in the IS fund of the Academy of Sciences of the
Republic of Uzbekistan. Empirical formulas for the recurrence of earthquakes within active tectonic
faults in the zones of influence of reservoirs in Eastern Uzbekistan have been determined (Table 2).
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Table 2
Empirical formulas for the recurrence of earthquakes within active structures in the zones of influence
of reservoirs in Eastern Uzbekistan

Ne Reservoirs Empirical formulas Reliability of approximation
1 Andijan IgN = -0,9384M + 5,3716 R?=0,9912
2 Charvak IgN = -0,9692M + 4,9882 R?=0,9819
3 Akhangaran IgN = -0,9548M + 4,9511 R?=0,9514
4 Karkidon IgN=-0,9681M + 5,4796 R? = 0,966

Accordingly, based on the values of the coefficients, it can be noted that the frequency of
earthquakes in the above-mentioned zones may have a fractal dimension. The distribution of
earthquakes for the period under study for each object shows the density of the sources closer to the
zones of active tectonic structures. Therefore, the spatio-temporal distribution of earthquakes in the
reservoir zones of Eastern Uzbekistan has been constructed. The method proposed by F.Waldhauser
and W.L.Ellsworth was used [12]. To further analyze the characteristics of earthquakes, as in
previous studies [2,5,6], we used the nearest neighbours method to conduct cluster analysis [13]. In
this method, the similarity is determined by the square, Euclidean distance. The best results can be
obtained according to [14,15], when the threshold value d=do? of the square of the Euclidean distance
(X2-X1)2+(y2-y1)? is taken equal to 1xM? to 1,2xM? km (M-magnitude). After clustering, earthquakes
are divided by the number of compactions of epicenters as clusters, taking into account the fact that
earthquakes are distributed non-uniformly in time.

3. Results and discussion

The spatiotemporal distribution of clusters across the zone of influence of the Andijan reservoir
is shown in Figure 1a. When comparing with tectonic structures, we used clippings from the tectonic
map of Uzbekistan and adjacent territories, developed by the Laboratory of Neotectonics and
Geodynamics of the Geological Institute of the Russian Academy of Sciences (clipping in Figure 1b)
[16].

Andijan 2011-2023
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Legend: a: 1 - epicenters of earthquakes with M>2.5 for the period 2011-2023; 2- location of the reservoir; 3-clusters identified by
the nearest neighbors method [15]; 4- dedicated clusters; b: 5- sutures; 6- shifts; 7- thrusts; 8- major faults; 9- granitoids; 10-
boundaries between structural elements
Figure 1 - Spatio-temporal distribution of earthquakes by clusters in the Andijan reservoir zone and comparison with the
structures in the cutout of the map “Tectonic map of Uzbekistan and adjacent territories [16]”

The spatiotemporal distribution of clusters across the zone of influence of the Charvak
reservoir is shown in Figure 2a.
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Figure 2 — Spatio-temporal distribution of earthquakes by clusters in the Charvak reservoir zone and comparison with
structures in the map cutout from [16]

The spatiotemporal distribution of clusters across the zone of influence of the Akhangaran
reservoir is shown in Figure 3a.
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Figure 3. - Spatio-temporal distribution of earthquakes by clusters in the area of the Akhangaran reservoir and comparison
with the structures in the cutout of the map “Tectonic map of Uzbekistan and adjacent territories [16]”

The spatiotemporal distribution of clusters across the zone of influence of the Karkidon
reservoir is shown in Figure 4a.
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Figure 4 - Spatio-temporal distribution of earthquakes by clusters in the Karkidon reservoir zone and comparison with
structures in the cutout of the map “Tectonic map of Uzbekistan and adjacent territories [19]”

The sequence of earthquakes in the zone of the Andijan, Charvak, Akhangaran and Karkidon
reservoirs is considered from the perspective of the geodynamics of the Chatkal-Kurama and Fergana
valleys of the Western Tien Shan orogen.
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Examples of the sequence of earthquakes [17,18] with M>2.5 or M>3 in the area of the Andijan,
Charvak, Akhangaran and Karkidon reservoirs are shown by cluster in Figures 5,6,7,8 below.
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Figure 5 - Sequence of occurrence of earthquakes with M>2.5 in the Andijan reservoir area for each cluster
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Figure 7 - Sequence of occurrence of earthquakes with M>2.5 in the Akhangaran reservoir zone for each cluster

mf

According to Pradeep Talwani, in most cases of reservoir-induced seismicity, the seismicity
follows flooding, large changes in the reservoir level, or its filling at a later time above the highest
water level reached at that time [19]. This is classified as initial seismicity. This “initial seismicity”
is explained by the coupled response of the reservoir to initial filling or changes in water level. It is
characterized by an increase in seismicity above pre-flood levels, a major event, general stabilization,
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and a lack of seismicity in the zone of influence of the reservoir. It is characterized by widespread
seismicity on the periphery, migrating outward in one or several directions of nearby faults. Over
time, the number and strength of earthquakes decrease, and seismicity returns to the background level
that was before the reservoir was flooded [2,19]. Preliminary results of two-dimensional (similar to
E.A. Roeloffs [20]) calculations suggest that this “long-term seismicity”” depends on the frequency
and amplitude of changes in lake level, reservoir size and foundation properties.
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Figure 8 - Sequence of occurrence of earthquakes with M>2.5 in the Karkidon reservoir zone for each cluster

Changes in force show delays relative to changes in lake level. Longer-term changes in water
level (1 year) are more likely to cause deeper and stronger earthquakes than short-term changes in
water level [7,20]. Earthquakes occur in reservoirs where lake level changes are comparable to or
account for most of the shallowest water depth. Seismicity is likely to be more widespread and deeper
in a larger reservoir than in a smaller one [21]. Induced seismicity is observed both in faults beneath
the deepest part of the reservoir and in surrounding areas. It manifests itself as outside the background
or additional seismicity in relation to the seismicity that existed before the operation of the object.
The location of seismicity is determined by the nature of the faults below and near the reservoirs.

4, Conclusions

As can be seen from Figures 5,6,7 and 8, after an earthquake with a certain large energy class
for each cluster, periods of seismic calm occur. It is expressed by lower energy classes or the absence
of earthquakes in the studied area of each cluster.

Based on the sequences of occurrence of earthquakes with K>8 within the zones of the
identified clusters in the zones of the Andijan, Charvak, Akhangaran and Karkidon reservoirs, it can
be noted that it increases the density of earthquakes in zones of close tectonic structures (Figures
1,2.3,4).

Consequently, in the sequence of occurrence of weak earthquakes in the zones of influence of
the Andijan, Charvak, Akhangaran and Karkidon reservoirs located near tectonic faults, a local
loading or unloading regime is observed.

In the clusters allocated for the zones of the Andijan, Charvak, Akhangaran and Karkidon
reservoirs, in each cycle a period of seismic activation, a peak of seismic activation, a period of
decline in seismic activation and a period of seismic quiescence can be observed.
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Abstract: Special Inspection and Testing are enforced in the current Code in high seismic areas. The enforcement
of this extra step is to achieve the objective of seismic design that is to protect lives and properties during large seismic
events. Combination of good structural concept, design with complete details, good quality control during construction
are means to achieve resilient structures. This paper presents the importance of the Special Inspection and Testing roles
applicable to the construction of reinforced concrete building structures based on USA Codes.
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1. Introduction

Inspection and Testing are one very important part of both Quality Assurance and Quality
Control programs. Inspection is a subsystem of Quality Assurance system and of a Contractor Quality
Control System. Inspection may also be part of the Authority Having Jurisdiction (AHJ) to enforce
legal Codes and other Regulations. Both Quality Assurance and Quality Control refer to tools or terms
that can be implemented to achieve a good quality project in accordance with the construction
documents and specifications.

There may be different types of inspection during construction such as:

e Regular Building Inspections —including but not limited to the inspections for footing and
foundation, fire and smoke-resistant penetration, and energy inspections, etc.

e Electrical, Plumbing & Mechanical Inspections.

e Special Inspection and Testing for building construction in high seismic areas — Detail
discussion shown in section 4.

Inspection includes visual observations, field measurements, laboratory testing and assembly
and evaluation of the test data. An Inspection and Test Report is a document signed by a certified
inspector and used to demonstrate and provide evidence of the verified attributes plus the results of
the inspection/test activity performed.

Inspection and testing are used to confirm that the inspected product and process meets the
criteria established and adheres to the approved plans and local building codes. Testing services are
performed by Testing Laboratories that are independent commercial organizations that provide
testing services and inspection personnel. All Inspection organizations/Agencies and Testing
Laboratories should be accredited and approved by the Authority Having Jurisdiction (AHJ).

The information derived from the inspection and testing process, when properly evaluated and
with conclusions and decisions implemented, will result in improvement of the quality of the product
or process. The intended quality is achieved only by implementation of an adequate quality assurance
program. Quality Control should have strong active support from top management and active concern
and participation of everyone involved in the construction process.

2. Model Codes and Building Codes in USA

In the USA, a new building design or a retrofit building project needs to follow the valid
Building Code at the jurisdiction where the project is located. This Local Building Code is based on
an International Building Code (IBC).

The IBC comprises of a series of Model Codes, which are separate documents applicable for
buildings, residential structures, electrical, mechanical, and other disciplines nation-wide. The IBC is
developed by the International Code Council (ICC). The latest version of this code is from 2021, and
this Model Code is updated every three years.

The IBC is not enforceable until it is adopted and/or amended by an AHJ such as a State, County
and/or City. Then it becomes the Building Code for that State, County or City. It is used to specify
the minimum standards that govern the design and construction of buildings and non-building
structures in a given jurisdiction.
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For example, the 2022 California Building Code (2022 CBC), which modifies some provisions
the 2021 IBC and adds new ones is the enforceable Code for California. The CBC is considered one
of the stringent codes in the USA. Cities and Counties within California adopted CBC with or without
their own Amendments and enforced the adopted Code under their own jurisdictions (AHJ). The
AHJs are responsible for enforcing the Building Code in issues that include:

e Permitting — checks on Design Teams
e Inspection — checks on Contractor

Aside from the model codes, there are also Standards such as the ASCE 7-16, “Minimum
Design Loads and Associated Criteria for Buildings and Other Structures”, and other referenced
Standards such as ASCE 41, AISC 360 and AISC 341, ACI 318, etc. The Code relies on these
Standards that are sets of technical definitions, specifications, and guidelines. A Code tells you what
you need to do, and a Standard tells you how to do it.

When submitting a building project to the building officials in a high—seismic area for a permit,
the Construction Documents (sets of drawings, set of calculations, specifications), Statement of
Special Inspections and other data are required with each application. The construction documents
shall be prepared by a Registered Design Professional (RDP).

3. Seismic-Resistant Design Principles

Design and construction are closely related. To have a good quality construction it is necessary
first to have a superior design with buildable details. This section summarizes the current seismic
design philosophies, then and now, and provides lessons or samples of earthquake damage during
past earthquakes.

a.  Seismic Design Philosophy

Historically, the general philosophy of seismic-resistant design for structures other than
essential facilities has been well established and proposed as follows:
= To prevent non-structural damage in frequent minor ground shaking.
= To prevent structural damage and minimize non-structural damage in occasional
moderate ground shaking.
= To avoid collapse or serious damage in rare major ground shaking.
The implementation of this philosophy presents in many cases serious problems particularly
regarding quantifying the different types of damage (structural and non-structural) and quantifying
what constitutes frequent minor, occasional moderate, and rare major earthquake ground shaking.

b. Earthquake damages can be categorized into two groups:

A. Earthquake Direct Effects:

e Ground failures or instabilities due to ground failures:

a. Surface faulting: surface or fault rupture

b. Vibration of soil or effects of seismic waves that may cause:

Ground cracking/splitting, Liguefaction, Differential settlement, Lateral spreading, and
Landslides.

e Vibrations transmitted from the ground to the structure (direct ground shaking vibration).

B. Earthquake Indirect Effects or Consequential Phenomena such as:

e Tsunami, Seiches, Flood, and Fire.

The seismic effect or damage that it is usually the main concern to the structural engineer, and
which is extensively considered by the code seismic-resistant design provisions, is the vibration of
the structure in response to ground shaking at its foundation. Although damage due to other effects
may exceed those due to vibration, procedures for considering these effects and for coping with them
may be outside the scope of the structural engineering discipline and so they are usually not included
or they are just slightly considered in seismic-resistant codes. Nonetheless, the structural engineer
should be aware of the different seismic hazards and should advise the client of potential damage
involved in locating structures at certain sites. Thus, the first step in the design procedure of a future
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structure should be the evaluation of the suitability of the site selected with proper consideration for
the potential of any one of the above types of damages.

c.  Lesson Learned from Past Earthquakes

Field inspection and analyses of the performance of structures during past earthquake have
shown that building design which blindly follows the seismic code regulations does not guarantee
always safety against collapse or serious damage. The reasons for this can be summarized as follows:

1. There are large uncertainties involved in estimating the design earthquake shaking
demands and predicting the response of the real three-dimensional soil-foundation-building system.
2. The performance of the building system depends on its state when the earthquake

strikes - thus construction and maintenance, which includes repair, retrofitting and/or modifications,
must also be considered in addition to the design aspects.

3. Design and construction of a structure are intimately related and the achievement of
good workmanship depends, to a large degree, on the simplicity of the detailing of the members, their
connections and supports. For example, in the case of a reinforced concrete structures, although it is
possible to detail complex reinforcement on paper and even mimic them in laboratory specimens such
design details in the field may not be economically feasible. A design is only effective if it can be
constructed and maintained.

Samples of damage in various types of buildings both due to deficiencies in seismic design and
poor workmanship during construction, and damages due to ground failures are shown below.

Examples of Damage of Masonry Structures due to direct ground shaking vibration.

[ (N S0 i

Photo 1: View of downtown Managua City, Photo 2: The second story 8-in. unreinforced solid

Nicaragua, after the 1972 Managua Earthquake. The brick masonry walls of this commercial building in
debris is from the complete collapse of unreinforced Coalinga collapsed during the 1983 Coalinga
masonry and adobe buildings. Earthquake because of inadequate tying at the floor,

roof, and transverse walls.
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Photo_3a and Photo_3b: Overview and detail of supporting column and walls at the top corner of a
Commercial Building during the 2014 South Napa Earthquake. Note the remaining epoxy anchors between
the diaphragm and brick walls.

Example of Damage to Reinforced Concrete structures due to direct ground shaking
vibration.

Photo_4: Close-up of the failure of one of the shear Photo_5: Failure of Column ue to inadequate shear

walls in a building showing incipient types of failure  reinforcement. These photos are taken from different
at the construction joints due to poor workmanship earthquake events. Collapse of heavily loaded
at the joints. The failure of this particular wall did columns may cause collapse of the building.
not occur at the construction joint, and it was These structures were built with the original
attributed to lack of adequate axial-flexural earthquake-resistant philosophy that was collapse
capacity. Note the lack of any extra reinforcement at prevention.

the edge of the shear walls.
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Photo_6: Collapse of an upscale apartment building Photo_7: Building Collapse during the 1971 Sylmar
during the 2023 Pazarcik earthquake. The Earthquake. Death toll and number of injured are
earthquake struck before dawn. The staggering very high when collapse of building happen.
death toll was the consequence of a structural system
that prioritized growth over safety.

Examples of Earthquake damages due to Ground failure.

4 : : l'}"' (‘ 85 !
Photo_8: Collapse of Apartment Buildings due to soil Photo_9: Surface rupture due to Ground shaking
liquefaction during the 1964 Niigata earthquake. during the 2004 Parkfield earthquake.
d. Current Performance-Based Seismic-Resistant Design Philosophy

Current design codes are based on satisfying conformance to prescriptive criteria in materials,
configuration, detailing, strength, and stiffness with the goal of achieving certain levels of
performance, such as that the structure should have less than 10% chance of collapse given the
occurrence of the Maximum Considered Earthquake. However, the current design trend is to orient
the design to be performance-based, where the design process is reversed by defining the end goal as
the starting point. This implies identifying optimal solutions to multiple, and sometimes compelling
objectives on safety, economy, serviceability, sustainability and robustness.

In both, a prescriptive or based-performance design of building structures, there are certain
guidelines that can be followed in selecting an adequate building configuration structural layout,
structural system, structural material, and non-structural components:

e Building (superstructure and non-structural components) should be light and unnecessary
masses/weights should be avoided.

e Building superstructure should be simple, preferable symmetric, and regular in plan and
elevation to prevent significant torsional forces. Large height-width ratio and large plan area should
also be avoided.

e Building and its superstructure should have a uniform and continuous distribution of mass,
stiffness, strength and ductility, avoiding formation of soft stories. Buildings include basement, lots
of time they have “plaza” on top of basement and the “tower/superstructure” continue above the
“plaza.
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e Building superstructures should have preferable shorter spans and the use of long cantilevers
should be avoided.

e Non-structural components could either be separated or integrated to the main structure. In
the first case, it is preferable that the non-structural components be well separated from the
main structure to avoid interaction between them. In the latter case, it is desirable that the
structure should have sufficient lateral stiffness to avoid significant damage under minor and
moderate earthquake shaking. It should also have toughness with stable hysteric behavior
(that is, stability of strength, stiffness, and deformability) under the repeated reversal of
deformations which could be induced by severe earthquake ground motion. The stiffer the
structure, the less sensitive it will be to the effects of the interacting non-structural
components, and the tougher it is, the less sensitive it will be affected by sudden failure of the
interacting non-structural elements.

e Building superstructure should be detailed so that inelastic deformations can be constrained
(controlled) to develop in desired regions and according to a desirable hierarchy.

e Building superstructure should have the largest possible number of defense lines, that is, it
should be composed of different tough structural subsystems which interact or are
interconnected by very tough structural elements (structural fuses) whose inelastic behavior
would permit the whole structure to find its way out from a critical stage of dynamic response.

e Building superstructure should be provided with balanced stiffness and strength between its
members, connections and supports.

e The stiffness and strength of the entire building should be compatible with the stiffness and
strength of the soil foundation.

4. Special Inspection and Testing
a. Development and History of Special Inspection in the USA

Historically, Special Inspections and Testing started with the Uniform Building Code (UBC),
which included requirements for special inspection of certain types of construction since 1937.
Special inspection requirements have not always been vigorously or uniformly enforced. These
requirements were conceived at a time when testing of construction materials was more prevalent and
necessary due to variations in materials quality and when the labor force was less costly.
Subsequently, the quality of construction materials has become more consistent while the cost of
labor has risen dramatically, both in absolute terms and as a percentage of the total construction cost.
The result has been a reduction in the testing of construction materials and more emphasis on
inspection of the labor portion of the work.

These trends, along with periodic earthquakes in California highlighting the need for better
quality control of construction, and the emergence of the International Building Code (IBC) as the
national model building code have resulted in placing more attention on the special inspection
requirements within the last thirty years or so. This has pushed the interest in conducting special
inspection, particularly among engineers who see special inspection as an extension of their
construction phase services.

b.  What are Special Inspections and Testing for Seismic-Resistant Structures

Special inspection is the inspection of a construction activity requiring unique expertise or where
additional assurance of quality is deemed necessary. Concrete placement, masonry construction,
structural welding and high strength bolting are common special inspection items.

The requirement for special inspection, called Statement of Special Inspection needs to be
submitted as part of Permit Submittal by the Register Design Professional (RDP) and it becomes part
of the design documents and building permits.

There are two levels of Special Inspections: Continuous Special Inspection and Periodic Special
Inspection.
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Continuous Special Inspection. It is the inspection of construction or work that requires special

inspection in accordance with the statement of special inspections and, due to the nature of the work,
is inspected by an approved special inspector who is continuously present in the area when and where
the construction or work is being performed.
Periodic Special Inspection. It is the inspection of construction or work that requires special
inspection in accordance with the statement of special inspections and, due to the nature of the work,
is inspected by an approved special inspector who is intermittently present in the area when and where
the construction or work has been or is being performed.

c.  Duties and Qualifications of Personnel for Special Inspection and Testing
I. Building Officials Duties

The building official is the authorized person to enforce the provisions of the code. The building
official has the authority to render interpretations of the code and to adopt policies and procedures in
order to clarify the application of its provisions.

The building official makes the required inspections, or the building official shall have the
authority to accept reports (in written) of inspection by approved agencies or individuals. The building
official is authorized to provide expert opinion as deemed necessary to report on unusual technical
issues that arise, subject to the approval of the appointing authority.

ii. Owner or Representative Responsibility

The owner of the construction project or the engineer or architect of record, acting as the
owner’s agent, is the person that employs the special inspector(s). Contractors may not employ the
special inspector(s) since this would constitute a conflict of interest and is not in accordance with the
intent of special inspection as an independent evaluation.

iii. Special Inspectors Qualifications

A special inspector is a specially qualified person with both inspection and practical experience
in the construction operation requiring special inspection. The individual must submit his
qualifications to the local building official for approval. Approval is sometimes done on a case-by-
case basis or is granted to local testing agencies who employ inspectors with the particular expertise.
In many cases the approval is informal, based on previous experience with firms and individuals.

The International Code Council (ICC) has a certification program that includes many of the
common special inspections. Also, the International Accreditation Service (IAS) has an accreditation
program for special inspection agencies. Engineers may be qualified as Special Inspectors; however,
an engineering degree or license does not automatically qualify a person as a special inspector.

iv. Special Inspectors Duties

The special inspector observes the work for conformance with the approved design drawings,
specifications and workmanship provisions of the building code, brings discrepancies to the
immediate attention of the contractor and to the design authority and the building official if not
corrected. Periodic and final inspection reports are required to be submitted to the building official
and engineer or architect of record.

The special inspector is considered an extension of the building official by virtue of the code
requirements for inspections by the building official and special inspection. The AHJ formalizes the
relationship with special inspectors in this regard, and they are called “deputy inspectors”.

V. Contractor responsibility.

Each contractor responsible for the construction of a main wind- or seismic force resisting
system, designated seismic system or a wind- or seismic force-resisting component listed in the
statement of special inspections shall submit a written statement of responsibility to the building
official and the owner or the owner’s authorized agent prior to the commencement of work on the
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system or component. The contractor’s statement of responsibility shall contain acknowledgement of
awareness of the special requirements contained in the statement of special inspections.

5.  Structural Observations

Where required by the provisions, the owner or the owner’s authorized agent shall employ a
registered design professional to perform structural observations. The structural observer shall
visually observe representative locations of structural systems, details and load paths for general
conformance to the approved construction documents. Structural observation does not include or
waive the responsibility for other type of required inspections by the Code. Prior to the
commencement of observations, the structural observer shall submit to the budding official a written
statement identifying the frequency and extent of structural observations. At the conclusion of the
work included in the permit, the structural observer shall submit to the building official a written
statement that the site visits have been made and identify any reported deficiencies that, to the best
of the structural observer’s knowledge.

Structural observations shall be provided for those structures where one or more of the
following conditions exist:

1. The structure is classified as Risk Category Il or 1V (Essential buildings).

2. The structure is a high-rise building.

3. The structure is assigned to Seismic Design Category E (high seismic area) and it is
greater than two stories above the grade plane.

4. Such observation is required by the registered design professional responsible for the
structural design.

5. Such observation is specifically required by the building official.

6. Code Requirements for Inspection and Testing for Concrete Construction

The 2022 CBC requires the following Special Inspections and Tests for Concrete construction:
1. Inspect reinforcement, including prestressing tendons, and verify placement.

2 Reinforcing bar welding per AWS D1.4.

3. Inspect anchors Cast-in-place.

4, Inspect Post-installed anchors in hardened concrete.

5. Verify use of required mix design.

6. Make cylinders for concrete strength, perform slump test, air content test, take
temperature of concrete before placement.

7. Inspect concrete and shotcrete placement for proper application techniques.

8. Concrete curing per ACI 318 section 26.5.

9. Inspect prestressed concrete for: Prestressing forces and grouting of bonded tendon.

10. Inspect erection of precast concrete members.

11. Inspection of PC diaphragm connections.

12. Inspect installation tolerances of PC diaphragm connections.

13. Verify in-situ concrete strength prior to stressing of tendons and prior removal of
shores, and forms.

14. Inspect formwork for shape, location and dimensions of the concrete being formed.

Table 1705.3 of 2022 CBC shown the required Special Inspections and Tests of Concrete
construction, including the level of Special Inspections and Reference Standards, as shown below.
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2022 CBC - TABLE 1705.3

REQUIRED SPECIAL INSPECTIONS AND TESTS OF CONCRETE CONSTRUCTION

TYPE Cont_lnuous Perlophc Reference Standard IBC
Special Special Reference
Inspection Inspection
1. Inspect reinforcement, including prestressing tendons, and -- X ACI318: Ch. 20, -
verify placement 25.2,25.3,26.6.1-
26.6.3
2. Reinforcing bar welding:
a. Verify weldability of reinforcing bars other than -- X AWSDL1.4;
ASTMA706 ACI 318: 26.6.4
b. Inspect single-pass fillet welds, maximum 5/16" -- X -
c. Inspect all other welds. X --
3. Inspect anchors cast in concrete. -- X ACI 318:17.8.2 -
4. Inspect anchors post-installed in hardened concrete members -
(see footnote b)
a. Adhesive anchors installed in horizontally or upwardly X - ACI 318:17.8.2.4 -
inclined orientations to resist sustained tension loads.
b. Mechanical and adhesive anchors not defined in 4.a. - X ACI 318:17.8.2 -
5. Verify use of required design mix - X ACI 318: Ch. 19, 1904.1,
26.4.3, 26.4.4 1904.2
6. Prior to concrete placement, fabricate specimens for strength X - ASTM C31 -
tests, perform slump and air content tests, and determine the ASTMC172
temperature of the concrete. ACI 318: 26.5, 26.12
7. Inspect concrete and shotcrete placement for proper X - ACI 318: 26.5 -
application techniques.
8. Verify maintenance of specified curing temperature and - X ACI 318: 26.5.3- -
techniques. 26.5.5
9. Inspect prestressed concrete for:
a. Application of prestressing forces; and X - ACI 318: 26.10 -
b. Grouting of bonded prestressing tendons. X -
10. Inspect erection of precast concrete members. -- X ACI 318: 26.9 -
11. For precast concrete diaphragm connections or ACI 318: 26.13.1.3
reinforcement at joints classified as moderate or high
deformability elements (MDE or HDE) in structures assigned to
Seismic Design Category C, D, E or F, inspect such connections
and reinforcement in the field for:
a. Installation of the embedded parts X - ACI 550.5 -
b. Completion of the continuity of reinforcement across joints. X -- -
¢. Completion of connections in the field. X - -
12. Inspect installation tolerances of precast concrete diaphragm - X ACI 318: 26.13.1.3 -
connections for compliance with ACI 550.5.
13. Verify in-situ concrete strength, prior to stressing of tendons - X ACI318:26.11.2 -
in post-tensioned concrete and prior to removal of shores and
forms from beams and structural slabs.
14. Inspect formwork for shape, location and dimensions of the - X ACI 318: 26.11.1.2(b)

concrete member being formed.

For SI: 1 inch =25.4 mm.

a. Where applicable, see Section 1705.13: Special Inspections for Seismic Resistance.

b. Specific requirements for special inspection shall be included in the research report for the anchor issued by an approved source in
accordance with 17.8.2 in ACI 318, or other qualification procedures. Where specific requirements are not provided, special inspection
requirements shall be specified by the registered design professional and shall be approved by the building official prior to the

commencement of the work.

¢. OSHPD 1R, 2 & 5 Installation of all adhesive anchors In horizontal and upwardly inclined positions shall be performed by an
ACI/CRSI Certified Adhesive Anchor Installer, except where the factored design tension on the anchors is less than 100 pounds and
those anchors are dearly noted on the approved construction documents or where the anchors are shear dowels across cold joints in slabs
on grade where the slab is not part of the lateral force-resisting system.

7. Discussions

Special Inspection and Testing are important tools that are used to control and improve the
construction quality of building structures and manufactured products. It is expected that this practice,
which is extensively applied in the USA, may be applied also to other rapidly developing region, like
Central Asia. These tools and good planning will be useful to help the growth of the countries’
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infrastructure and the construction industry by developing and implementing resilient structures,
which may be simple, but yet robust and easier to implement.

8. Conclusions

While this practice is based on design practice in the USA, the same principles can be applied
in other developing regions such as in Central Asia region, and particularly in Uzbekistan.
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TESTING OF AN MICROCOMPUTER-BASED STATION IN MICROTREMOR
SURVEYS

Yanbukhtin I.R.}, Mamarozikov T.U.?, Zakirov A.Sh.!, Musaev. U.T.!
Center for Advanced Technologies under Ministry of Higher education, science and innovations;
2Institute of Seismology, Tashkent, Uzbekistan
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Abstract. Testing of an accelerometer and geophones used microcomputer based microtremor recording station
with widely used sensors as TROMINO and Guralp. Testing was carried out using HVSR method. Results showed
applicability of use such type of recording stations.

Keywords: microtremor, microcomputer, accelerometer, geophones, H/V.

1. Introduction

Construction is one of the drivers of national economic growth. In recent years, our country has
experienced a construction boom. The expansion of construction is associated with such factors as
population growth, increasing welfare and purchasing power of citizens. In turn, the growth of
construction contributes to the creation of new architectural solutions and improvement of
infrastructure. In our republic, there is a certain gap in the system of maintenance and seismic
monitoring of large national economic facilities. To eliminate such gaps, the state began to pay great
attention and financial support to ensuring the security of strategic facilities and, first of all, the
population. In order to introduce a system of continuous instrumental seismological monitoring on
reservoirs located in the seismically active zone of the country, and ensure the implementation of
Presidential Decree No. PP-4794 of July 30, 2020 “On measures to radically improve the system for
ensuring seismic safety of the population and territory of the Republic of Uzbekistan”, the Cabinet of
Ministers The Republic of Uzbekistan signed the resolution “On the implementation of a system of
continuous instrumental seismological observations of water bodies located in seismically active
zones of the Republic” on December 17, 2020. In this regard, the issue of seismic protection, as well
as the development of effective methods for assessing the seismic resistance of buildings, as well as
seismic monitoring, is becoming very relevant for our country. The goal of the research carried out
within the framework of the project 1L-5221091401 is to create a hardware and software complex for
assessing the deficiency of seismic resistance of buildings and structures. As part of the project, for
the first time in Uzbekistan, a hardware and software complex using RASBERRY PI will be created
and applied to assess the seismic resistance of buildings and structures, consisting of a station with
motion sensors and installed software for their operation.

2. Materials and methods

One of the methods for assessment of the seismic resistance of buildings and structures is modal
analysis of structures motion [1-6] and microtremor analysis [7, 8]. For this purpose, microcomputer-
based motion detection equipment was constructed. This equipment includes 3-axial digital
accelerometer ADXL 355 and 3-axis geophones as a seismometer. As an ADC ADS1256 was used.

To compare the work and the data obtained, TROMINO, Guralp 6TD, Guralp 5TDE devices
were used

TROMINO is a small (1 dm3, < 1 kg) universal device equipped with a 3-axis velocimeter
(with adjustable dynamic range), 3-axis accelerometer, GPS receiver, built-in radio
transmitter/receiver (for synchronization between different devices), radio synchronization system
(for MASW studies, etc.). TROMINO operates in the range of 0.1-1024 Hz and is powered only by
2 AA batteries (1.5 V) [9].

Giiralp 5TDE is a digital accelerometer with a built-in data acquisition module based on Linux,
providing remote monitoring and control with unprecedented flexibility. Combining a 5TC strong
motion meter, a DM24 ADC, and an integrated data acquisition module (EAM), the 5TDE is a low-
noise sensor with built-in and external storage. Featuring a web-based user interface and multi-
protocol communications over serial and Ethernet connections, the optional Wi-Fi module provides
802.11b/g connectivity [10].
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Giiralp 6TD is a digital broadband force feedback velocimeter, the 6TD has zero mechanical
non-linearity (overall measured linearity exceeds 90 dB) [11].

Testing was carried out in the back of the Advanced Technology Center, testing duration was
1 hour. The devices were arranged in a row and oriented to the cardinal points.

3. Results

As a result, hourly recordings from the instruments were obtained and the spectra of the
recordings of each of the instruments were calculated (Figure 1)

Figure 1. - Spectra of recordings: a-c - z,y,x components of Guralp 6TD; d-f - z,y,x components Guralp 5TDE; g-i - z,y,x
components of TROMINO; j-I - z,y,x accelerometer components, m-o - z,y,x components of the velocimeter
As can be seen from Figure 1, all devices recorded vibrations in the frequency range 2-40 Hz.
The Guralp devices are distinguished by the greatest sensitivity; the dynamic range of the TROMINO
and velocimeter data is similar and is lower than the Guralp. The shape of the frequency response of

all recordings is similar for all devices except the accelerometer of the device, which is due to the low
sensitivity of the accelerometer

Based on the data obtained, an H/V analysis was performed, based on an analysis of the spectral
relationships of the vertical and horizontal components, which makes it possible to isolate the
resonant characteristics of the structure under study and determine the transfer coefficient during
vibrations at resonant frequencies [12,13,14,15,16,17,18,19,20].
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Figure 2. - H/V analysis results: a- Guralp 6TD; b — Guralp 5TDE; ¢ — TROMINO; d — accelerometer; f — velocimeter
4. Discussion

As a result of the analysis, it is clear that the results obtained using the velometer repeat the
results of the Guralp and TROMINO devices, having similar peaks at frequencies of 2, 10 and 20 Hz,
which is due to the structure of the rear Center of Advanced Technologies. The sensitivity of the
accelerometer did not allow us to register vibrations on the first floor of the building, which is why
there is a straight line on the H/V graph. Stronger motions which appear in higher floor can be
registered on accelerometer.

5. Conclusion

As a result of the work, a prototype of a device was built for recording microseisms in values
of vibration velocity and acceleration. The results were tested and compared with devices used to
solve the problem of recording microtremor.
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UTILIZING VARIATIONS IN ELECTROMAGNETIC FIELDS OF ALTERABLE
NATURES AS PREDICTORS OF STRONG EARTHQUAKE
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Abstract. The article presents a joint analysis of the results of ground-based and satellite observations of an
alternating electromagnetic field at the time of their behavior immediately before a strong earthquake. So, before the
earthquake itself, several magnetometric anomalous effects (peculiar anomalies) were observed, and during the
earthquake itself, the behavior of electromagnetic fields changed significantly. The operation of stationary magnetic
research stations in the territories of geodynamic polygons of Uzbekistan was at different levels and varied depending on
various factors.

Keywords: earthquakes, precursor, geodynamic polygon, forecast, magnetic field.

1. Introduction

Research on the very problem of earthquake forecasting in the world has been especially
intensified since the second half of the last century, since along with theoretical research it became
possible to additionally conduct high-level laboratory, ground-based and satellite experiments [1-14].
Thanks to them, various anomalous changes in geophysical fields were detected both in the
lithosphere itself and in other terrestrial shells (in the atmosphere and ionosphere) during the
preparation of the earthquakes themselves. Variations in geophysical fields associated with the
preparation and occurrence of earthquakes can be conditionally divided into factors causing
earthquakes [15-16], earthquake indicators [17-18] and earthquake precursors [19].

The problem of identifying geomagnetic indicators of seismic tectonic processes has long
attracted the attention of geophysicists around the world. Some scientists believe that this problem
can be solved, and there is a catalog of geomagnetic signatures associated with dozens of predicted
earthquakes (Abdullabekov and Maksudov 1975, Sadovsky 1981, Ogata et al. 1996, Wiss 1997,
Gaffet et al. 2003). The opposite opinion is that there is still no accurate way to predict earthquakes
(Solonenko 1987, Geller et al. 1997). Thus, the problem of earthquake forecasting is far from its final
solution. The main problem is that anomalous geodynamic effects are complicated by a wide range
of physico—geological processes unrelated to stresses in the Earth's crust [20-21].

Despite numerous attempts to identify anomalous geomagnetic variations associated with
geodynamic processes and earthquakes (for example, Moore 1964, Abdullabekov, Maksudov 1975,
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1987, Johnston 1978, Finkelstein 1983, Shapiro, Abdullabekov, 1982, Finkelstein, Maslatov 1984,
Akishev et al. 1986, Fraser-Smith 1990, Hayakawa 1993, Appelbaum, Finkelstein 1998, Hattori 2002,
Gaffet et al. 2003, Gokhberg and Shalimov 2008, Sobisevich and Sobisevich 2010, Moskovskaya
2011, Yamazaki 2011) only a few have achieved success. This circumstance is due to the unclear
nature of anomalous changes in geomagnetic variations and an insufficiently developed methodology
for detecting anomalies caused by geodynamics relative to other unrelated factors. In a study
(Finkelstein and Maslatov 1984), a method was proposed to exclude a short-term anomalous
geomagnetic field from the total function.

In this case, here we propose to discuss the behavior of anomalous geomagnetic variations over
longer periods (from several days to several months) and their online use for monitoring geodynamic
processes. It is well known that abnormal geomagnetic variations are a complex function of various
factors. Literature analysis (Wait 1951, Jacobs et al. 1964, Pudovkin et al. 1973, Bezuglaya and
Akhverdyan 1973, Vanian et al. 1967, Fitterman 1978, 1979, Forbringer et al. 2010, Solomatin and
Tikhonov 2011) and personal observation experience allowed us to conclude that the observed
general geomagnetic variation can be represented as the sum of many (numerous) factors. Each factor
has a separate origin and can create a wide range of magnetic anomalies (Finkelstein 1987) [21].

2. Materials and methods

Experiments were carried out with the methods of repeated route and area magnetic surveys
within a network of stationary magnetometric stations located in specific geodynamic polygons. The
first experiments by the method of repeated route surveys were started in 1968 at the Tashkent
Geodynamic test site together with the Institute of Terrestrial Magnetism, lonosphere and Radio
Wave Propagation of the Academy of Sciences of the Former USSR (IZMIRAN). Three routes were
laid along and across the seismogenic zones. The distance between the points was 5 km . The total
length of the routes at this training ground is about 330 kilometers. The modulus of the total vector T
was measured using an absolute proton magnetometer PM-5. The measurements were taken to the
baseline of the T-variometer of the Yangibazar magnetic Observatory [2-5]. Since the 1970s, the
volume of experimental work has gradually increased. In addition to IZMIRAN, the Institute of Earth
Physics (Moscow), the Institute of Geophysics (Yekaterinburg), the Institute of High Temperatures
(Moscow) and others began to take part in the experiments [2-5]. Measurements began to be carried
out with more high-precision instruments: TMP, TM-5, MPP, MV-01 PMP, G-816, GSM-19T and
others. Measurements were carried out synchronously at ordinary and stationary stations. The volume
of experimental work gradually increased. Experiments began to be carried out in man-made facilities
(underground gas storage, high-altitude reservoirs, areas of gas and oil fields, epicenters of strong
earthquakes, etc.). Measurements at stationary stations were carried out with a frequency of 10-20
minutes around the clock, at points of repeated area surveys - every 15 days, at points of repeated
route surveys 3-4 measurement cycles per year. The total length of the repeated route surveys was
larger than 7,750 kilometres, the number of repeated measurement points reached approximately
1,110, the number of stationary stations ranged from 15-25, and in certain years, this number even
reached 37.

Many achievements in the field of studying the Earth's crust have become possible only thanks
to the development of experimental techniques and methods for analyzing the results obtained.
Outstanding achievements in the field of experimental technology include the creation of an
automatic standard magnetic observatory with telemetry devices, the development of highly sensitive
magnetometers, the creation of integrating computing systems to work in combination with the
development of computational methods for analyzing magnetic data. A recently developed method
for measuring the vertical gradient of the magnetic field has great potential, and the successful
development of this method is facilitated by a sharp increase in the sensitivity of magnetometers used
for magnetic surveys. This system significantly increases the resolution, eliminates time corrections
and, using the Laplace and Euler equations, makes it possible to distinguish the sources of anomalies
located inside the base and at closer distances from the earth's surface. Including the beginning of the
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use of magnetometric methods for earthquake prediction. Currently, more than 150 magnetic
observatories around the world are conducting magnetic observations.
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Figure 1. - Diagram of stationary stations from INTERMAGNET.

One of the main tasks of magnetic observatories is to provide homogeneous and highly accurate
(in an absolute sense) data on the Earth's magnetic field for the longest possible time interval. The
traditional scheme of conducting magnetic observations is the continuous recording of field changes
using variometers and periodic absolute measurements (Parkinson, 1986; Jankowski & Sucksdorff,
1996). The same scheme has been adopted as a standard for the Intermagnet network of magnetic
observatories (INTERMAGNET Manual, 1999). Absolute measurements occupy a special place and
their role is becoming increasingly important [22-23].

A technique for detecting geomagnetic variations caused by dangerous geodynamic processes
at depth has been developed. This methodology was tested using data from three Japanese
observatories in the network of the international INTERMAGNET project (www.intermagnet.org
2011). The abnormal behavior of the geomagnetic field was discovered during the period of the
strongest Tohoku-Oki earthquake on March 11, 2011. A theoretical assessment of the possible
mechanisms of these anomalous geomagnetic variations was considered. In Japan, the possibility of
abnormal geomagnetic variations near the epicenter of an earthquake and their rapid monitoring
(online or with a one-day delay) has been demonstrated. The main tool of the developed methodology
is the determination of the geodynamic magnetic effect using a differential function [21].

However, in early studies (Pudovkin 1973, Abdullabekov and Maksutov 1975), the days of
magnetic storms observed before strong earthquakes were mistaken for harbingers of earthquakes.
Since in most of these works the method of eliminating the above-mentioned factors (noise) is
ignored, the results were obtained without the correct formulation of the problem, and therefore it
was difficult to achieve the goal and to believe their assessment.

3. Research results

Geomagnetic variations. The concept of the "background” level of geomagnetic variations is a
key concept in the formulation of the above-mentioned problems. Therefore, it is important to define
what we mean by this. Based on the experience of measuring geomagnetic variations at mid-latitudes
covering an area of about (9-16) x 104 km2, we can assume that normal fields exist if, during a quiet
night near two separated observation points, the data agree with a certain accuracy for several months
(Jacobs et al., 1964, Finkelstein 1983). This means that the differential function of variations between
the observation points will be an almost constant horizontal line.

In Fig. 2, 3, for this event, one can notice the presence of the highest wavelet coefficients for
the first three levels of decomposition in connection with the geomagnetic storm. Sharp changes in
the vertical component of the geomagnetic field are emphasized by the highest amplitudes of the
wavelet coefficients. On the other hand, smooth oscillations caused by the magnetosphere in calm
conditions represent a very small amplitude of the wavelet coefficients. In the work of Mendes et al.
(2005), it was found that "when a geomagnetic storm is in the development stage (periods of
disturbance), the wavelet coefficients are significantly large™ especially during the initial and main
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phases. The initial phase and maximum height of the tsunami near MMB occurred after the main
phase [24].
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Figure 2. - Geomagnetic field dataset for Memanbetsu Station. The panels show from top to bottom the Z component of the
geomagnetic field and the amplitudes of the wavelet coefficients at levels 1, 2 and 3 for March 11, 2011 [24].
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Figure 3. - Geomagnetic field dataset for Kanoya Station (KNY). The panels show from top to bottom the Z component of the
geomagnetic field and the amplitudes of the wavelet coefficients at levels 1, 2 and 3 for March 11,2011[24].

The results are encouraging. In the next step, we will present a further study using more events
and more stations to conduct a complete analysis. The first stage of interpretation of the results
suggests that the discrete wavelet transform can be used to characterize the effects of Tsunamis on
the geomagnetic field, but needs further study.

Currently, quite diverse and interesting articles are being published based on terrestrial and
satellite data on terrestrial and electromagnetic radiation observed during the preparation for an
earthquake. These phenomena can be detected both on a laboratory and geological scale. Currently,
in some seismically active countries of the world, a network has been organized to collect a large
number of electromagnetic radiation data generated in preparation for an earthquake. Constant
monitoring of the frequency spectrum of electromagnetic radiation from the earth can be very useful
from the point of view of forecasting large earthquakes M > 5 within the country [25].

Here we have considered several anomalies, abnormal effects when electromagnetic fields
changed during an earthquake. Here are some examples of predicted earthquakes in the world:

China. A successful earthquake prediction was made in 1975 in Haicheng, Liaoning Province,
in Northeast China. The area around Haicheng was under the close attention of seismologists for
several years before 1975, as some signs indicated that a strong earthquake could occur here in the
near future. Instruments were installed to record the slopes of the Earth's surface, fluctuations in the
magnetic field and changes in the electrical resistance of soils. Instrumental observations clearly
indicated the changes taking place in the bowels of the Earth.

In 1976, three earthquakes were predicted in China: on May 29 in Yunnan Province, on August
16 in Sichuan Province, on November 7 on the border of these two provinces of Sichuan and Yunnan.
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For many months before each earthquake, seismologists issued a long-term forecast based on the
study of seismicity, repeated leveling and magnetic anomalies. The operational forecast for these
three earthquakes was made within a few hours to several days before the earthquake, mainly based
on data on an increase in the number of weak tremors. Security measures were taken, and in one case,
a mass evacuation of the population was carried out four days before the earthquake.

USA. In the USA, an earthquake was successfully predicted, which took place in 1974 in
California near Hollister, at the place where the Calaveras fault closes with the San Andreas fault.
This area is one of the most instrument-rich and most studied seismic zones in the world.
Magnetometer data revealed a change in the Earth's magnetic field, and tilt meters showed that the
Earth's surface is shifting. A day after the changes were established, an earthquake with a magnitude
of 5.2 occurred.

Japan. Comprehensive research on earthquake forecasting in Japan has been conducted since
1964. In Japan, devastating earthquakes occur almost every year, and the possibility of successful
forecasts is of great public interest. Identification of a number of objectively instrumentally recorded
earthquake precursors, several successful operational forecasts were made, which allowed people to
be removed from buildings that were soon destroyed by earthquakes. Any parameter of the
geophysical field that changes before an earthquake, so that it can predict the possibility of an
earthquake with a careful study of the nature of its changes in physical or chemical fields, is called a
harbinger of an event. Recently, the world has been paying more and more attention to geophysical,
geomagnetic, geoelectric and electromagnetic precursors. A number of geomagnetic data from three
stations obtained through an INTERMAGNET located at a distance of less than 500 km before the
earthquake in Japan on September 5 has been identified. Then, using the method of characteristic
curves, the influence of the daily course of the geomagnetic field is eliminated. After that, by studying
anomalies that become more distinct after the implementation of the method, all cases are compared
with the seismic activity of the region. Among the various magnetic components of the Earth's
geomagnetic field, the horizontal components are more suitable than others for predicting the
proposed process, mainly due to the large variations of the geomagnetic field in the vertical direction,
and due to the presence of a geomagnetic gradient.

Uzbekistan. To date, repeated route and area surveys of the magnetic field at the Tashkent,
Ferghana, Kyzylkum landfills, a network of stationary magnetometric stations, repeated surveys at
man-made facilities (Charvak, Poltoratskoye underground gas storage facility, areas of gas and oil
fields), epicenter surveys in the epicenters of strong earthquakes that occurred (Gazli in 1976 and
1984, Isfara- Batken 1977, Tavaksai 1977, Nazarbayev 1980, Chimion 1982, Papal 1984 and others.

Darbaza 6.12.1977r.
M=5.2

o

Figure 4. - is a diagram of magnetometric observations at the Tashkent test site.
1-magnetic observation points, 2-earthquake epicenters, 3-Yangibazar Observatory.

At the Tashkent test site, three routes - Western, Eastern, Abaybazar-Chinaz, are laid along the
Karzhantau seismogenic zone. The fourth Secant route is laid perpendicular to the strike of the
seismogenic zone. The distance between the observation points is 5 kilometers. In cases of abnormal
changes, the distances between points increase to 2.5 kilometers. Since 1968, 3-4 cycles of repeated
route measurements have been carried out. In the early years, measurements at ordinary points were
brought to the baseline of the T-variometer of the Yangibazar magnetic observatory. Since 1974,
measurements at ordinary points have been carried out using proton magnetometers synchronously
with the Yangibazar Observatory. During the research period, several long-term and medium-term
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anomalous changes in the magnetic field associated with earthquakes were detected at the landfill
(Figure 4).
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Figure 5. - Abnormal changes in the magnetic field at the Andijan stationary station associated with the Alai earthquake on

November 2, 1978 with a magnitude of M=6.8, which occurred at a distance of 130 km from the station [27]

Thus, an abnormal change was also detected at the stationary Chimion station, i.e. the ratio of
cove-like variations at Chimion station relative to Yangibazar station. According to repeated route
observations at the Tashkent, Ferghana and Kyzylkums polygons, long-term anomalous magnetic
field changes associated with the Abaybazar on February 9, 1971 with a magnitude of M =4.2, and
the Khalkabad on January 9, 1971 (M=3.7, H=5 km) were identified. Isfara-Batken earthquake on
January 31, 1977 (M=5.75), Alai earthquake on November 2, 1978 with M=6.8 and others.

For example, abnormal changes in the magnetic field associated with the Tavaksai earthquake
on December 6, 1977 with a magnitude of M =5.2 along the Secant and Eastern routes of the Tashkent
landfill. Figure 6 shows long-term and medium-term anomalous changes in the magnetic field at point
9 of the Secant route of the Tashkent landfill associated with the Tavaksai earthquake on December
6, 1977 with a magnitude of M=5.2 [13, p.105]. The time of the long-term harbinger is 7 years, the
medium-term one is 2 years.
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Figure 6. - is a graph of long-term and medium-term changes in the magnetic field at point Sec -9 associated with the
Tavaksai earthquake on December 6, 1977 with a magnitude of M= 5.2 [27].

According to repeated route observations at the Tashkent, Ferghana and Kyzylkum ranges,
long-term abnormal changes in the magnetic field are associated with an earthquake. In Uzbekistan,
scientists have received many results related to earthquakes. Table 1 shows the magnetometric
anomalies.

The developed improved monitoring system for the complex of geophysical earthquake
precursors in Uzbekistan is based on the accumulated 50-60 years of experience in the territories of
seismically active regions, geodynamic polygons of Uzbekistan. The routes of repeated magnetic
surveys were laid and the first measurements were carried out on them. The routes were laid taking
into account the geological and tectonic situation, seismogenic zones and operating stationary stations
on the territory of Uzbekistan.

Measurements at the route points and at the stationary point were carried out synchronously
with the Yangibazar Observatory.

The representativeness of stationary magnetic research stations in the territories of
geodynamic polygons of Uzbekistan was at different levels and varied depending on various factors,
such as:

- on the level of seismic activity of the geodynamic polygon territory;

- depending on the number of available magnetic stations;
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- from the organization and conduct of special geomagnetic studies in the territories of man—
made facilities - natural underground gas storage facilities, large reservoirs and exploited oil and gas
fields.

Table 1.
A list of long-term, medium-term, short-term anomalous changes in the magnetic field,
modern movements of the Earth's crust and other precursors.

Intensity of Duration of
Ne Magnitude Y abnormal
Earthquake abnormal Note
M changes.
changes ;
in years
Abaybazar on February ) The anomaly appeared at 15 points of
L 9, 1971. 4.2 15423 nTl 2.6 the Western route
Alai earthquake on The anomaly appeared at 5 repeated
2. November 1, 1978. 6.8 -15 +4nTl 5 points of the Eastern route.
3. Nllgatalgegrztlhquake 7.5 0+16 mm 21 Modern movements of the Earth's crust
Anomalous changes in the magnetic
4, Agfazzgfﬁgfag hfg?'fe 4.2 10 nTI 2.6 field over time at certain points along
ye the western route.
A Medium-term anomalous changes in the
5. Chimion earthquake on 5.8 0.2+1,5 Tl 0.5 ratio of the amplitudes of bay-like
May 6, 1982 . .
variations at stations
6 Marjanbulak earthquake 6.2 0 +15nTI 15 The anomaly is local. highlighted at
) on May 26, 2013. ) ' point 7a of the Western Route
Przheval earthauake of Vertical displacement of one of the
7 1970q 6.8 0 + 40 mm 3 characteristic reference points of the
Almaty polygon.

The largest number of magnetic stations involved occurred in the period 1980 - 1990. At that
time, the number of stations was 36, of which there were 12 at the Tashkent test site, 11 at Ferghana,
6 at Kyzylkum, and 7 in Central and Southern Uzbekistan.

The number of stationary stations for 2023 at the Tashkent landfill is -4, Ferghana -5, Kyzylkum
-3, Central and Southern Uzbekistan — 3. The total number for the marked period is -15 (Figure 7).

Currently, there are 3 stations operating on the territory of the Tashkent geodynamic polygon.
These are the Yangibazar Observatory, the Nazarbayev and Khumsan stations. All two stations are
located in the Karzhantau fault zone. The distance between these stations is about 50 km. Relative to
the Yangibazar Observatory, the Nazarbayev station is located at a distance of 40 km to the northwest.
Khumsan Station is 50 km northeast of Yangibazar.
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Figure 7. - The layout of stationary magnetometric stations in Uzbekistan.

The territory of the Tashkent landfill is characterized by an abundance of faults in the north—
western, northern, north—eastern and sub-latitude directions. Although the Poltoratsko — Syrdarya
seismotectonic zone is the most seismically active, the Tuyabuguz earthquake of May 25 (M=5.6) in
2013 indicates the potentially seismic activity of other seismogenic zones of the territory of the
Tashkent geodynamic polygon. In this regard, the territory of the landfill should be covered with a
network of magnetic stations more or less evenly. This will make it possible to control the entire
territory of the landfill. To do this, it is proposed, in addition to the existing two stations, to organize
stationary magnetic stations near the settlements of Nurafshan (Toitepa). Akhangaran, Angren,
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Syrdarya, Gulistan, Pakhtakor. There will be 10 stations in total, including the Yangibazar
Observatory. With an area of 10,000 km2 of the Tashkent geodynamic polygon, an average of 1,000
km2 falls on each station. A control point should be installed near each station, at a distance of 0.5 -
1.0 km, where it will be necessary to carry out a control measurement during the next measurement
cycle at the points of repeated measurements of the geomagnetic field. This is necessary to control
the operation of this stationary magnetic station.

Based on the analysis of general literature data obtained by scientists from leading countries of
the world (Russia, Japan, China, USA, etc.), catalogs of earthquake precursors on geomagnetism,
modern movements of the Earth's crust, pulsed electromagnetic radiation of the Earth's crust and other
geospheres, long-term, medium-term, short-term precursors of seismic danger associated with
various stages of earthquake preparation are identified;

The results of repeated route and area surveys of the magnetic field at the Tashkent, Ferghana,
Kyzylkum landfills, on a network of stationary magnetometric stations, the results of repeated surveys
at man-made facilities (East Ferghana, Charvak, Poltoratskoye underground gas storage, areas of gas
and oil fields), epicenter surveys in the epicenters of strong earthquakes (Gazli 1976 and 1984 years,
Isfara - Batken 1977, Tavaksai 1977, Nazarbayev 1980, Chimion 1982, Papal 1984 and others), as
well as the age-old course of the geomagnetic field of the world network of geomagnetic observatories
for more than a century.

4, Discussion of the results.

As can be seen from the analysis of data from long-term magnetometric studies of earthquake
precursors at landfills in Uzbekistan, as well as numerous results obtained in a number of other
countries, the problem of earthquake forecasting is an extremely complex and multifactorial task.
Along with the specific questions regarding each method individually, there are also general
problems. The authors tried to find common spatial and temporal features of the manifestation of
magnetometric precursors depending on the magnitude of earthquakes.

5. Conclusions

Over the past decade, research on earthquake prediction has revived again, and experiments are
currently being conducted around the world to predict them. When considering the data from these
experiments, a number of issues related to the assessment of the forecast are important: a detailed
specification of the experiment, the measure of success used and the choice of an appropriate
reference model.

Here we have reviewed each of them, paying special attention to the analysis of long-term
earthquake forecasts.

The analysis of the materials showed that the precursors have different shapes, configurations
and signs of the amplitudes of the curves of the studied fields. There is no single harbinger form.
Many curves have bay-shaped shapes of positive and negative signs. There are (observed) stepwise,
wave-oscillatory and other forms of anomalous curves of the recorded field. The variety of forms of
manifestation primarily depends on the geological and tectonic structure of the regions and the variety
of different processes in the Earth's crust.

A large number of regular seismic observations are currently being carried out. These stations
track the coordinates of the epicenter, the magnitude of the earthquake and register the arrival of
seismic waves. This is all observed after the occurrence of the earthquake itself. Currently,
electromagnetic field variations are being observed by more than 200 magnetic observatories around
the world, which conduct only magnetic observations. Stationary magnetic observations are very few
in comparison with purely seismic registrations, about 1000 times. By increasing the number of
magnetometric stationary stations and improving the quality of their operation, we increase the
probability of predicting (forecasting) possible earthquakes in the studied area.

Reliable prediction of possible earthquakes in a seismically active territory is possible as a result
of a comprehensive interpretation of all types of geophysical, geochemical, hydrogeological, and
geological fields, based on the study of criteria for their behavior over a long period of time in the
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History of the Earth as a cosmic body and the influence of factors of extraterrestrial origin. Earthquake
on May 9, 1966. (strength of 7 points) was predicted by Y.S.Shmanenko from the very close location
of the Moon relative to the focus of the Tashkent earthquake on April 26, 1966.
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TEOJUHAMMWYECKASI OFCTAHOBKA 3EMHOM KOPBI 3AITATHO-
TAHbL-IIIAHbCKOM MUKPOILJIUTHI
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YUncmumym ceiicmonoauu AH PY3, Tawkenm, V36exucmar
E-mail: atabekovi@mail.ru

Annomayusn: B npedcmasiennoi pabome meKmoHuieckas 00Cmanogka 3eMHoul kopwl 3anaono-Tauv-Illanvckoii
MUKPONIUMbL NPOAHATUZUPOBAHA C NOMOWBIO Mamemamuyeckol mooeau. Ha ocrnosy mooenu neanu cogpemennas kapma
AKMUBHBIX PA3IOMO8 U COBPEMEHHbBIE OBUNCCHUS MUKPONIUMDbL, CO30AHHAS NO MHO2SOYUCTEHHbIM UCMOYHUKAM. B
pesyibmame onpeoeseHbl 603MONCHbIE MECHA ONACHBIX 3eMIEMPSCEHUL.

Knrwouessle cnosa: mexkmonuueckoe 08udicenue, MUKponiumol, ypaghuenuss Cmoxca, cxemamuyeckdas Kapmd.

1. BBenenune

CoBpeMeHHOE TEKTOHMYECKOE IBUKEHUE U3Yy4aloTCs MHCTPYMEHTAIbHBIMU HAONIOEHUSMU,
CIYTHHKOBOM T€0JIe3Uel, PEKOHCTPYKIMEH MEXaHM3MOB OYaroB 3€MIJIETPSICEHUM, 110 MaTepuagam
TPEIIMHOOOPA30BaHUM 3E€MHOM IOBEPXHOCTH, CEHCMOAMCIOKAIIMEN CHIIBHBIX COBPEMEHHBIX H
HCTOPUYECKUX, B TOM 4YHCIIE, Majeo 3eMIIETpsCCHUH. MareMaTndecKkoe MOJEIMPOBAHUE TAKUX
IBYOKCHMM C y4eTOM pPE3yiabTaTOB IIOJYYEHHBIX BBIIICHA3BAaHHBIMH HHCTPYMEHTAaMU U
BepU(UIIMPOBAHHOE HA UX JAHHBIX HWIPAET HEMAJIOBAXXHOE 3HAYEHHE JUISI TEKTOHUYECKOTO
IIPOTHO3UPOBAHHUSI OITACHBIX MECT CHJIbHBIX 3€MJIETPSICEHUM.

2. MartepuaJjbl, MeTOAbI U 00bEKT MCCJIEI0BAHUS

CoBpeMeHHas CTPYKTypa 3anagHo-Tsaab-11TanbcKOM MUKPOTUTUTHI (3TLLIMI L)
chopMupoBasiach B pe3yjibTaTe BHYTPUKOHTHHEHTAJIHHOTO KOJUIM3MOHHOTO TOpooOpa3oBaHUS B
ycioBUsAX B3aumoiencTBrs EBpasuiickoi, Muauiickoit u Apasuiickoi mumt. B npenenax 3TIHMIIn
BBIJICTISICTCS CIENYIOIas CUCTeMa TeKTOHWYeckuX OjokoB 2-ro panra: Yartkano-Kypama, Tamaco-
O®eprana, FOxnbil Taab-1llane u depranckas BnaguHa [1]. YuuTeiBas B3aMMOCBSI3U HOBEWIIIHX,
MOJIOJBIX U COBPEMEHHBIX JBMKEHUN C HEOTEKTOHUYECKOUN CTpyKTypoil CpenHeil A3uu 1o JaHHBIM
HMCTOYHHKOB [2, 3, 4, 5] mocTpoeHa cxemaTH4ecKast KapTta akTUBHBIX paznomoB 3TILIMILx (puc. 1).

AKTHBHBIE PASJAOMB JANALHONO TAHL-UIAHSA

UZBEKISTAN

YCAOBHKE OROIHAYEHHS

P p—

Pucynok 1. - CxemaTuueckasi KapTa akTHBHBIX pa3ioMoB 3anagHo-Tsaub-1llanckoi MUKPONIUTHI

Ha xapre oTpakeHbl aKTHUBHBIE pa3ioMbl, (IIEKCYpHO-pa3pbIBHbIE 30HBI, MaJIC030HCKUE
JMCIIOKALINHU, TOBEPXHOCTHBIE TPEIIMHOOOPA30BaHUS, @ TAKKE N30CEHUCTHI CUIIBHBIX 3€MJICTPSICEHHIH.
Ora KapTa cTaja OCHOBOM JUISl CO3JaHHS MaTeMaTHYECKOM MOJIENH HAIpPSHKEHHOTO COCTOSHUS
3eMHoi kopsl 3THIMIIa [6]. ITockonbky Takoe 0OMIHE PA3IOMOB TPYAHO Y4ECTh B MOJIENHU, OBLIO
pEILIeHO MOATANHO YCIOXKHAThH 33Jauy, ¢ BKIIOUEHHEM CHadaja caMmbIX IITyOMHHBIX pa3jIoMOB. 3a
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OTPaHUYMBAIOLLYID  TPaHULY  IPUHSIA Tanaco-®epranckui, Akcy—Maiinanranbckui,
boronanmuuckuii, I'ncapo-Kokmanbckuii pasnomsl. B kauecTBe BHYTPEHHHX pa3iOMOB CHaudalia
B3su CeBepo-®epranckuit u OxHo-DepraHckuid, a 3aTeM W UX 30HBI JUHAMUYECKOTO BIIUSTHHS.
[ToCKONBKY TEKTOHMYECKUH XapaKTep COBPEMEHHBIX [BMKEHUN Oojiee MOJIXOIUT Ha MOJ3ydyee
JBUKEHHE, B KAayeCTBE OIPEACISAIONIET0 YpaBHEHUs NPUHATHL ypaBHeHMsI (CTokca Ui BSI3KOM
HECKMMAEMOH KHUAKOCTH ¢ BaszkocThio 102°-10%? myas. TpexmepHble ypaBHEHHS yCPETHEHBI C
yuetoM penbeda u rpanuisl Moxo 3THIMIIn. Ycpemnenue NpoBOAWTCS Ha OMpPEICTICHHYIO
riryouny. [T0CKOBKY B 9HEPT€TUYECKOM CMBICIIC BBIICTICHHON CEMCMUYECKOW SHEPTUU TITyOHHBI 15
-20 KM Ha HECKOJIbKO MOPSIKOB IMPEBHIIIACT Apyrue riryOuHsl 1o Beeil LlenTpanbHoil A3uu, ObUIO
pELIEHO OTPAaHWYUTCS AHAIW30M HAIPSHKEHHOIO COCTOSIHUS Ha 3TOM ypoBHe. Ilpm ycpenHeHnn
(oHOBOE HANpSHKEHHWE BKIIOYACTCA JOMOJHHUTENBHO B TMpaByld dacTh ypaBHeHusi CTokca.
YcpenHeHre ypaBHEHUS HEC)KMMAEMOCTH IIPU 3TOM IIO3BOJISIET NOJIYYUTh BEPTUKAIBHYIO CKOPOCTh
MepeMeIleHUs] Ha NOBEpXHOCTU 3emiu. B pesynpTaTe ycpeIHEHHUsS MOJIy4arOTCs YpaBHEHMS IS
OTIpeJieNIEeHUs] TOPU3OHTAJILHBIX JBUKEHUM, UYTO OUYEHb BayKHO JJIs1 TEKTOHUKHU. Onpesensis riaBHble
TOPU30HTAJIBHBIE HAIPSOKEHUS W WX HANPABICHUS M3 PEIICHUS 3aJadd, NMPUHUMAs 3a TPETHIO
KOMIIOHEHTY JIMTOJIOTMYECKOE HANpPSHKEHUE MOKHO IIPOBECTH TE€OJMHAMUYECKHNA aHaIM3 Ha
MPUHSATHIX TTyOUHAX.

Kak wn3BecTHO, peleHns ypaBHEHUH B YAaCTHBIX MPOU3BOJHBIX BCELENO ONPEIEISIOTCA HX
IPAHUYHBIMU YCJIOBHUSIMHU. B KauecTBe rpaHUYHBIX YCIOBHI NPHUHATHI TOPU30HTAIBHBIE CKOPOCTH,
onpeneneHHsie ¢ momombio GPS [7] (puc. 2).
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Pucynok 2. - CkopocTu nepemMenenmii, nocrpoeHsbie no 1aHubiMm GPS B [7]

Hcnonb3oBanue wmarepuanoB GPS TpeOyer Oo0mbIION OCTOPOXKHOCTH, IOCKOJIBKY OHHU
MOKA3bIBAIOT JBM)KEHUS NMOBEPXHOCTU 3eMJIU. MIHCTpyMEHTaNbHO OTMEUEHO [2], UTO MmepeMelieHus
K CeBepy IIYHKTOB, pacnojiokeHHbIXx Ha [lamupe, B CeBepo-3amanmnom KynbiyHe u B Tapuwme,
MIPOUCXOJAT C OIU3KUMU CKOpOCTSIMH 15-20 MM/TOJ. DTO CBUAECTENHCTBYET O TOM, YTO B HACTOSIIICE
Bpemst [lamup u TuGer nepemematorcst B ctopoHy Tsnb-lllans coBmectHo. Ha ¢ponrte 3Toro
commkennst Tapum mononsuraercs noxa TsHe-llawe. Mo maHHBIM [7] BBIIEISIOTCS HECKOJBKO
paliOHOB OTJIMYAKOLIMXCS OPUEHTALMEH BEKTOPOB IlepeMelleHus. B mepByr ouepenp rpymmna
MIYHKTOB, PAcIIONIOKEHHBIX B Tipenenax Tamaco-Depranckoro 6:10ka. [lepBas rpymma HanpaBieHa Ha
FOKO3 u Bce oHU pacmonio’keHsl K ceBepo-BOCTOKY OT Tanaco-®depranckoro capura. K roro-zamany
OT C/BUTa, B mpejenax Toro ke Tamaco-Depranckoro 010ka Bce BEKTOpa COTIACHO OPUEHTHPOBAHBI
Ha ceBepo-3amaa. OOe rpynmbl BEKTOPOB IMOMAYEPKHBAIOT COBPEMEHHYIO T'€0JMHAMHYECKYIO
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o0cTaHoBKY B 30HE Tanmaco-depranckoro npaBoOCTOPOHHETO CIIBUTA. | 'pyIina myHKTOB HaOIIOACHNUS,
pacroyio)keHHBIX B mpeaenax YaTtkano-KypamuHCKOro OJ0Ka OpPHUEHTHPOBAHBI B  I0KHOM
HaIPaBJIEHUH, YTO TaKXK€E CBUJETEIBCTBYET B MOJIb3Yy BhITalIKMBaHUs YaTkano-Kypamunckoro 010ka
Ha 3amajg oT Tamaco-@epranckoro casura Ha (OHE MEPUIMOHAIBHOTO CxkaTtus. ['pynma myHKTOB
HAOJIO/ICHUH, PACIOJIOKEHHBIX B Mpeaenax I0HOU uyacTu DepraHckoil BmaauHbI U AJNalCKOM
JOJIUHBl  OPUEHTHUPOBAaHbl CyOMepUINOHANBbHO. [IpOTHBOMONOXKHYIO, IOKHYIO, OPHUEHTAIUIO
[IOKa3bIBaeT IpylIa MMyHKTOB HAOIIOAECHUN, paclOJIOKEHHBIX B JOJIMHE MEXAy casMu Jlalisak u
Hcdapa. XapakTepHO, YTO 1O BEIUYHHE MEPEMEIIEHUH ITyHKTHI HAOIIOICHH, PacloJIOKEHHBIE B
paBHUHHBIX 4acTsax (®PepraHckas BmajauHa, HappiHckas BHaauHA) YCTYNalT —IIYHKTaM
PacroJIO’KEHHBIX B TOPHBIX 00JacTsaX. B 11enoM nanHas cxema noATBepKaaeT cyOMepuIMOHaIbHYIO
OpHEHTALIMIO CKUMAIOLIUX HANpPSHKEHUM, AeWCTBYIOIIMX B mpenenax 3amagHoro Tsanbp-lllans u
CBSI3aHHBIX BEpOSITHO ¢ naBiaeHueM [lamupckoro Beictyna Ha KOxHbIil Taub-111ans.

3. AHaIU3 pe3yJIbTATOB MO/IeJIMPOBAHUS

Ilo pe3ynbraTaM 4YMCIEHHOrO peuleHus ypaBHeHHs CTOKCa HOCTPOEHO IOJIE CKOPOCTEH
MepeMeIeHus], 1 OHU CTPYIIIUPOBAHBI 110 CPEAHUM HarpaBieHUsM (puc. 3).
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Pucynok 3. - Ilosie ckopocTeii crpynnupoBaHHble 10 CPEAHUM HANPABJICHUSAM ABHKEHHS N0 pe3y/1bTaTaM MaTeMaTH4ecKoil
MOACIHn

Pe3ynbTaThl NOKa3bIBaOT, YTO TeppuTopHs depranckoil BriaJuHbl BpallaeTcs MPOTUB YaCOBOM
CTpPEJIKU BOKPYT TOYKU ¢ KoopauHatamu (39°8' c.mr., 69°9' B.1.) co CKOpOCThIO yria BpaieHus 4
HaHoOpaauaH/roll. BepTukajgbHbBIE CKOpPOCTH  BIIOJIHE COIJIACYIOTCS C  YCTaHOBJIEHHBIMHU
MHCTPYMEHTAJIbHBIMU JaHHBIMU. TeKTOHMUYECKHE OJIOKH 2-TO paHra pa3JesIniIuch Ha OloKku 3-paHra
C XapaKTEPHBIM CPEJHUM HalpaBlIeHUEM IBIKEHMs. COMOCTABIEHNE HTOTO PUCYHKA C KOMIUIEKCOM
reos10ro-reo(hu3nYecKx MaTepruaoB MO3BOJIAET HaM YTBEP)KIaTh, YTO ITH YYaCTKU COOTBETCTBYIOT
peanbHBIM OJIokaMm BepxHel 4dactu 3eMHOW Kopbl 3TIIMIIn. Pe3ynbrarhl YHMCICHHOTO PEIICHHS
TaK)Ke COIIOCTABIIEHBI ¢ ouaraMu 3emierpsicenuii no karanory YHTL ¢ 1902 mo 2023 ¢ marauTynoiu
M=>3.0. MHoOTHe oYaru pacnojararTcs 0 I'paHULAM BbIEIEHHBIX 0510KOB. 1o 3TUM pe3ynbraTam
ClIeflyeT, 4TO HauOoJblIell celcMUYecKOll aKTUBHOCTBIO OTIMYACTCS FOXKHAs BHEIIHAA TpaHUIa
3TIIMIIn, cootBercTByromas I'nccapo-KookiansckoMy pasiioMy, 30HE B3aUMOACHCTBHUS
IMamupckoit nyru u KOxHo-Tsub-1llanbckoro 610ka 2-ro paHra. Y COBEpIIEHCTBOBAHUE MOJETH C
IIPUBJIEYEHUEM 30H JuHamuueckoro BiusHUS Ceepo-®epranckoro u IOxHOo-PepraHckoro
Pa3IoOMOB CJIE€TKa U3MEHSET I10JIe CKOPOCTEH ITepeEMELCHUS.

B xadecTBe y3710B HaNIPs>KEHHOCTH IIPUHATHI yYaCTKH, I'/I€ IEPECEKAOTCS pa3HOHAIPABICHHbBIE
BEKTOPBI ckopocTeil. ConocTraBieHue ux ¢ 0071acTAMU 0KUAaEMON CeHCMUUYECKON aKTUBU3ALUH 110
KOMIIJIEKCY TPOTHOCTHMYECKHX MapaMmeTpoB [8] namo yzmosieTBopuTenbHOe coBnaaeHue. Ilo
MOJIy4EHHBIM HAIPSDKEHUSM C J10OaBIEHHWEM JMTOCTATUYECKOTO JIABJICHHUS I pacCMaTpUBAEMBbIX
rIIyOMH IOCTpOEHA TreoJMHaMuYeckas oOCTaHOBKa pervoHa (puc. 4) mo Meroay AHAEpCOHa,
COIJJaCHO KOTOpPOMY CpPaBHHBAIOTCSI OTHOUIEHME BEPTUKAIBHOTO  HANPSDKEHHUS  Gver K
TOPU30HTAIBHBIM HAHOOJIBIIUM G1 M HAMMEHBIIUM G2 HAMPSDKEHUSIM. DTOT METO/1 IPEJIOKEH elle B
1951 rony Annepcernom (Anderson) u HMCHOIB30BAICS MPHU MOCTPOSCHHU KapThl HANPSHKEHUH IO
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Bcemy mupy [9, 10, 11]. B atux pabotax BBIICISIOTCS TPU PA3IMYHBIX ciiydas. [Ipu mepBom cirydae
npeo0ialaeT BEPTUKAIBHOE HANpPSDKEHUE G1=Cver, KOTJA TI'PAaBUTAILUS BBI3BIBACT HOPMAaJIbHbIC

Pa3IoMBI, cO3/1aBasi TOPU3OHTAIBHYIO Ae(OpMaIHIo pacTshkeHus. Bo BTopom ciydae rae o, =0

ver !
MpU KOTOPOM pa3HUIA MEXKIY ABYMS TOPU30HTAIBHBIMHU HAIPSHKEHUSMH CO3JIA€T CIBUTOBYIO
nepopmarmio. Tpetwit ciaywaid 3T0 Korma o0a TOPU3OHTAIBHBIX HANPSOKEHUS TPEBBIIIAIOT

BEPTHUKAJIIBHOC HAIIPSIDKCHUE O, = O, _, IIPU KOTOPOM AcPpopMaluia CKaTHusl KOMIICHCU TCA 3a CUCT
3 ver

HajBura wim B30Opoca. B ornuume ot moaxonos Zoback m Heidbach [9, 10, 11] mbr ucnonb3yem
MPaBWJIO 3HAKOB HANpPSKEHUH, NPUHATOE B KJIACCHYECKON MEXaHMKe, T.e. CUUTAeTCs, YTO
CKMMAIOINE HaNpsHKEHUS] OTPULIATENIbHBI, @ pacTATUBaIOIIME — IOJIOKUTEIbHBL. B cuimy 3toro
[JIaBHbIE HAIPSDKEHUS O1 SIBJISIIOTCSI MUHUMAJIBHBIMHU CKMMAIOIIUMHU, a O3 — MAaKCHUMAaJIbHbIMH
ckuMaromuMu. BenenctBue atoro ciydait 1 u ciaydaii 3 B HalieM npuMepe NOMEHSIOTCS. MECTaMU.

o neL
L

Pucynok 4. - 'eonmnamMmuyeckasi o0ctanoBka 3anagHo-Tanb-1llanbckoii MEKPONINTHI IOCTPOEHHAS 110 YMCJIEHHOH MoIe/Iu:
G- B30poc, B-casur, R-copoc.

4, 3ak/oueHmne

- Co3/laHa KapTa COBPEMEHHBIX JABUKEHUH 3anaaHo-TsHb-1[[aHbCKO MUKPOTUIUTHI C Y4ETOM
AKTUBHBIX Pa3JIOMOB.

-Iloctpoena MaremaTtuyeckass MOJENb HAMPsDKEHHOTO COCTOSIHUS —~ MHUKPOIUTUTBHI  TIO
ypaBHeHUsAM CTOKca, KOTOpPbIE YCPEIHEHBI C UCIIOJIb30BaHUEM pelibeda u rpaHuibl Moxo.

-Ilo pe3ynbprataM MaTeMaTHYECKOI MOJEH JlaHA FreoJuHAMUYecKast 00CTaHOBKA 3¢MHOM KOPbI
MUKPOTLUIUTHI.
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Annomauus: 6 gpespans 2023 2. 6 ocmounoit wacmu Typyuu npou3ouiio Kamacmpopuueckoe 3eMiempsicerue ¢
MazHumyoou omoenbHbiX Mmoaukos 7,8 u 7,5, ouazu Komopwix Haxoounucy 8 Bocmouno-Anamonuiickom pasiome. Imo
npugeno k eubenu decsimkos moicsiy moded. B 11 uz 17 nocmpadasuiux nposunyuii Typyuu noeudno 50 783 uenosexa,
297 nponanu 6e3 eéecmu u 107 204 nonyuunu panenus. B Xamae, oonoui uz 11 nposunyuil, 20e 3emiempsicerue HaAHeci0
Haubovwul ywep6, nocubau 23 065 uenosex, u ewé 30763 uenosex nonyuunu panernus. Oopywunoce 13 517 30anuu, 8
162 mpebosanu cnoca u 67 346 Oviiu curbHo nospedicoenvl. B npedcmagienHoM 00KIA0e U3NONCEHbL NOCeOCNEUs.
semnempsicenust 6 2. Mlckenoepyn.

Knioueevie cnosa: semnempsicenue, yuepb, 6mopuunoe 6030eticmsue, puck.

1. BBenenune

l'opox B mpoBunnmu Xartaii Ha rore Typouu, r. VICKeHIAEpyH pacmoyiokeH Ha TMoOepexnbe
olHOMMEHHOro 3anuBa Ha Oepery CpemmzemHoro mops (puc. 1). KomuyectBo xuteneir B
Uckennepyne ceromus — 331 697 yenoBek, IIOTHOCTh HaceneHust — 446,4/km?.
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Pucynok 1. - UckenaepyH Ha kapTe npoBuHnuu Xaraid B Typuumn [1]

Ceronnst VMckeHaepyH — OJIMH W3 KPYMHEHIIMX TOPOJOB MPOBUHIMM XaTai, SIBISETCS
KPYIHBIM TypeukuM noptoM B Boctounom Cpennzemuomopse. Taxxe VckeHaepyH KpYyIHBIN LHEHTP
YepHOI METAJTypruu U ¢ Pa3BUTON MHAYCTPUU MEepepadOTKH MPOAYKTOB CEIbCKOTO X03siicTBa. Bo
MHOTOM OecrniepeboitHoe GyHKIIMOHUPOBAHUE 3TUX OTpacieil 0OecreynBaeT yCTOWYNBOE Pa3BUTHE
1enoro peruoHa. M3ydeHue KpyMHOTO KaTacTpOUUYECKOTO 3EMIIETPSICEHHMsI, MPOU3OLISANIETO B
Typuun HaxoguTCs B TMOJIE 3pEHUSI KaK CEMCMOJIOrOB, TaK U CIEIHAIMCTOB MO CEHCMOCTOMKOMY
crpoutenbeTBy [1-3]. B manHo#l paboTe MBI MombITaeMcs MOHSATH CYTh HMPOM3OLIEALIETO M KaKue
YPOKH MOTYT OBbITh M3JIEYEHBI U3 ITOTO COOBITHS.

2. MocaeacTBust NPsAMOro BO3AeHCTBHUSA 3eMJICTPSICCHUS

B pe3ynbraTte mpsiMoro BozJeiicTBUs KaTacTpoduueckoro zemierpsacenus 6 ¢espans 2023 B
Uckennepyne mpowusonuio obpymenne 534 3manumii, 337 U3 KOTOpBIX TpeOoBamu cHoca U 4622
MOJIyYUITH Cepbe3Hble MOBpeXaAeHUs [4], B TOM uyucie ObUTM pa3pylLIeHbl COBPEMEHHbIE 3IaHUs
MOCJIETHUX JIET OCTPOUKH (puc. 2) [5], ucropuueckue noctpoiiku (Cobop brarosemenus (puc. 3)
[5]). [To menbieit mepe 3109 venosek norubim B ropose u 6osiee 12 000 momydnnm paHenus [6].
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Pucynok 4. - ®oro: Umit Bektas / Reuters [5].
3. IHocnencTeust BTOPUYHBIX BO3ACHCTBUH 3eMJIeTPSACEHUS

Bropuunble BO3IEHCTBUS, BBI3BAHHBIE CEHCMUYECKMM BO3JCHCTBUEM TaKXKe HMEIN
3HAYUTENBHOE BIUSHUE HA HHPPACTPYKTYPY.

Typeuxuit mopt MckeHnepyH BpeMEHHO MPUOCTAHOBHI CBOIO PalOTy M3-3a MOJTYYCHHBIX, B
pe3ynbTaTe MOIIHOTO 3eMIIETPSICeHUs OOpYIIeHHs MpuYaia mopTra. B pe3ynabTare ONpOKHUHYIUCH
KOHTEHHEPBI, YTO MPUBENIO0 K CUIBHOMY MOXKapy (puc. 5), miaMs KOTOPOTO OXBaTHJIO MOYTH BCHO
npuctadb. OroHb ObUT HACTONBKO CHJIBHBIM, YTO €r0 HE MOTJIA XOTS OBl B3STh MOJ KOHTPOJb B
TEYCHHUH JABYX JHEH [7]. B3sATh OroHb MOJ KOHTPOJIb MOKAPHBIE CMOTIIM TOJIbKO 8 deBpais [7] u
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okoHuaTenbHO ToTymwin ero 10 deBpams. B oOmieir crnoxuoctn 3670 KOHTEHHEPOB OBLTH
YHUUTOKEHBI IIOKapoM B Topty [7, 8].

Pucynoxk 5. — I'opsiluue konTteiineps! B nopty Uckennepys [7].

Hanee, wu3-3a 3emsierpsceHuit, B VckeHaepyHe MNOIHSIICS YpOoBEeHb Mops. HaBonHenue
MIPOU30MIO BOJIE OSperoBol JIMHUHM TOPOa, 3aTOMHB YIIHIBI W IDIOMAIn Ha TiayouHy mo 200 m
Brayon ropoaa [9] (puc. 6). Boga He oTcTynuia gaxke yepes JBa JHs Mocie 3eMyeTpsicerus [9].

Ly

Pucynok 6. — 3aTonsieHHble aﬁepemuue I/Ikeﬁnepa []

Cutyanust B ropojae, B KoTopoMm mpokuBajo Oosiee 300 TbICcSY 4YETIOBEK, OCIOKHAIACH
KPYIHBIM HOXapoM, BO3HMKIIMM Ha CKJIaJe BPEMEHHOIO XpaHEHUs KOHTEHHEpOB B IMOPTY
HckennepyHa cpasy nocie 3emieTpsiceHus 6-ro ¢heBpas 1 3aTOTUIEHUEM €ro IPUTOPOIHBIX paiOHOB
¥ CEIIbCKOXO3SUCTBEHHbIX yroauii (puc. 7).

Y-

Pucynok 7. — 3aronnennsiii npuropon Mckengepysa [9]

CornacHo aHHBIM CEHCMOJIOTMUECKUX HaOMIoeHu, K 3aTomieHuio MckenaepyHa npuBeno
cMelleHne ApaBUICKONW TEKTOHMYECKOH mnThl. OHa caBUHYNAach B cTopoHy Cupuu Ha Tpu METpa U
OIYCTHJIACh IPUMEPHO Ha I1ecTb MeTpoB [10].

HckeHaepyH HaxXxoAWTCA B 30HE CTHIKA JIBYX TEKTOHMYECKMX IUINT — AHATOJIMHCKON H
ApaBuiickoil. B pesynbrate 3emierpsceHuii ApaBuiickas Iuiatdopma CIBHHYNIAch Ha 3 MeTpa
OTHOCHUTENILHO AHATOJMIICKOM, a TaKKe OKa3aiach Ha 6 METpOB HUXe, ueM Obina 70 Hee [10]. U
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Typuusa cmectunack Ha 3 metpa K FOro-3amnany B CpeauzeMHOe MOpE, U4TO MPUBEIIO K U3MEHEHUIO
pUOPEKHOM 30HBI, KaKHE-TO palOHBI MOIHSIIUCH HAJl YPOBHEM MOPsI, KaKUe-TO OMyCTHIIUCH.
CrnenyronM TOCTEICTBHEM 3EMIICTPSACEHHsI ObUIO SIBICHUE pa3kmwkeHus rpyHTOB. C
MOMOIIBIO CIYTHHKA M JUCTAHIIMOHHOTO 30HIUPOBAHMS ObUIO OOHAPYKEHO pPa3KMKEHUE TPyHTa
BJIOJIb I0KHOW YacTu BocTtouHo-AHATONMIICKOM pa3noma OT AHTakbu A0 [onbacu. PazkmkeHue
HaOIroaMCh B MPUOPEKHBIX pailoHaX, PEYHBIX MOJUHAX W BOJM3HM HUX, a TaKKE B OCYIICHHBIX
o3epax WM O00JI0Tax, MOKPBITBIX OTJIOXKEHUSMH TOJIOLEHA. OJTH TOCIEACTBUS OBUIM IIHPOKO
pacnpocTpaHeHbl B JOJMHE AMHMK UM Ha paBHUHE peku OpoHT, K ceBepy OT AHTakbu (puc. 1).
Pazxmkenue taxke Habmoganock B Camanmare. Ha ozepe ['enpOamy, mpoBUHIMS AJbBISIMaH,
MIPOU30IILI0 OOKOBOE PaCTIPOCTPAHEHHUE BIOJIb CEBEPHOT0, BOCTOYHOTO M I0KHOTO MOOepexbs. YacTh
Oepera o3epa Takke Obla 3aToruieHa. ['enplammm Takke MOCTpaaal B Pe3ylbTaTe PazKWKCHUS U
00KOBOTO pacnpocTpaHeHus (puc. 8, 9).

fra b : e SR ST
Pucynox 8. — Ilpumep pa3:KuKeHHMs] 1 YACTUYHO HAKJIOHEHHOI0 *uJIoro foma B I'ensdamm [9]

Pucynok 9. — Ocenanue rpynta Ha o3epe I'eib0aiuu B pe3ysbTare 00KOBOI0 pacnpocTpaHeHus [9]

Pasxmxkenune noxa MckenaepyHoMm mpuBesno K BBIOPOCY Mecka, KOTOPOE MPHUBENO K OCETaHUIO
rpyHta non MckennepyHoM mpu 3emieTpscenuu. [locie 3emuerpsicennii B ropoje HaOIIOAATUCh
peryispHbie HaBOAHECHUS. bojiee paHHee HAaBOJHEHUE MOXKET OBITh CBS3aHO C PA3KMKCHUEM, B TO
BpeMsi Kak MOCIEAYIOUINEe COOBITUS MOTYT OBITh BBI3BaHbBI MOBPEXKJIECHUEM MOOEPEKbsS U BOJHOM
uHppacTpykTypsl. boinbiimne ydacTku modepexbs U y4acTKU MUPCOB OBLIM 3aTOIUICHBI. bobiiue
BOJIHBI OT TUIOXOHM MOTO/IBI U IlyHAMH, BO3MOXHO, CIIOCOOCTBOBAJIH MOCIEICTBUSAM, HAOIIO1aeMbIM B
HckenaepyHe, nocie 3eMJIETPCEHHUS.

HecmoTps Ha To, yTo snuneHTp Haxoawicsa B 90 kM oT OeperoBoii nmuHum, B CperuzeMHOM
MoOpe OBLIO 3aperuCTPUPOBAaHO IyHamH. HeOousbline BOJHBI IIyHAMH OBbLTH 3a)UKCUPOBAHBI Y
nobepexns Kunpa. Cuna niynamu cocraBuina 0,17 M, a BOJIHBI IlyHaMH ObUTH 3a(pUKCHPOBaHBI HA
ypoBae 0,12 M B UckenaepyHe.

Kpome m3MeHeHus: ypoBHS MOpsS U MPHOPEKHON 30HBI B TypIuu, BO3MOXKHBI U3MEHEHUS
HampaBJIeHHEe peK, oOpa3zoBaHHe HEOOBIINX PAa3IOMOB M 00pa3oBaHHE HA UX MECTaX HOBBIX 03ED.
CTpouTensCTBO TOPOJIOB HA MOPCKOM MOOEpexbe OOJBIION PUCK, U3-32 U3MEHEHUSI YPOBHS MODS,
3eMJIETPSICEHUM U IIyHaMHU.
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4, Oo6cyxxnenne

Tenepp, Typuun npunercs nepecensatb Hacenenue 300 000 ropona, Aanplie OT MOPCKOTO
nobepexns. BoccranoBieHne mNpUOPEKHON 30HBI OYEHBb 3aTpaTHOE M OECCMBICICHHO, €CIU
YUYUTBIBATh, YTO JOMa Ha MEPBBIX ITa)KaxX 3JaHUH MOCTENIEHHO MOTYT YHTH TOJ BOJIY, 3aTOIUB
MOI3€MHbIE TTAPKOBKH M KaHAIM3aLUOHHBIE ceTH [7, 9].

B pesynbpraTe nanHoro 3emserpsiceHus B coceaHel Cupuu noru6bau no kpaiiHeil mepe 8476
gyenoBek. OT 3emileTpsceHMs MocTpajanu 0ojiee ABYX JECATKOB TOPOJOB, OHO 3aTPOHYJIO IIO
MeHblIel Mepe 15,73 MuiuiMoHa 4yenoBek W 4 MHIUIMOHA 37aHMM. ThicAuM JroAel OKa3aluch B
JIOBYIIKE MOJI 3aBajaMHM PYXHYBLIUX 3[1aHUil. MHorue jronu nponaiyd 0e3 BECTH IOJ 3aBajaMH.
Oxoso 1,5 MUJUIMOHOB Y€IOBEK OcTalnuch 0e3 kpoBa. bosee 2 MUIITMOHOB XKUTeNel MOCTPaAaBIINX
MIPOBUHIMI OBUIH IBaKyHpPOBaHBI B OoJiee O€301acHbIe paiioHbI.

B uem xe npuunHa paspyieHuii? Uem Bbllle ATaKHOCTb, TEM 0OJIbIIIE aMILIUTY/Aa KoJeOaHu
Y BEPOSITHOCTH OOPYIICHHS — 3TOT (aKT, Kak MPaBUIIO PUHIMAETCS KaK UMIIepaTHB. TeM He MeHee,
B MckannepyHe OblIM pa3pylI€Hbl HE TOJIBKO MHOTO3Ta)XKHbIE IOCTPOUKH (pHcC. 3, 5).

OTcrona BBIBOJ, YTO IPYHTOBBIE YCIIOBUSI UMEIOT €CJIM HE MEPBOCTENEHHOE 3HAYEHHUE, TO BO
BCAKOM cllydae O4YeHb BakHOe. Tak Kak B COCEAHEM ropojie Dp3UH Jake CTapble COOPYKEHUs,
XOPOLIO MEPEKUITH 3EMIIETPSICEHHE.

Bo BcskoMm ciiydae BOMPOCHI O TPHUYMHAX TaKUX KaTacTpo(OUUECKUX pa3pylIeHHH u
MHOTOYHMCIICHHBIX JKEepTBaX Ha JaHHOM JTale OCTalOTCS JWCKYCCHOHHBIMH W JKIYyT BCEMHU
MPU3HAHHOW SKCIIEPTHOM OLCHKHU.

5. 3akjaoueHue

Ha ¢one coceanero ropoma Dp3uH KOTOPBIM MPAKTUYECKH HE TOCTPagall CTOUT OTMETHTH
NPUYUHBL TaHHBIX oTinunit. [lepBoe 1 camoe BayKHOE 3TO BBIOOP MeCTa ISl BO3BEACHUS CTPOCHHUI
(land use planning). Dto uMeeT HePBOCTENICHHOE 3HAYCHUE TaK KaK KMEHHO 3TO BO MHOTOM CTajio
NPUYUHON OOJIBIINHCTBA paspylieHuid. BTopsiM (hakTOpOM, MOBIHUSBIIMM Ha MHOTOYHCIICHHBIC
’KEPTBBI CYMTAEM, YTO ITO HEIOCTATOK CAMUX CTPOMTEIBHBIX HOPMAa MPHHATHIX B PETHOHE W HE
JI0JDKHOE HCIIOJIHEHHE YK€ CYIIECTBYIONIMX. TakKe CTOUT OTMETHTh M BTOPHYHOE BO3IEHCTBHUE
3eMIICTPSICEHHUH, K KOTOPBIM B I€JIOM TOTOBHOCTB CIICIIMABHBIX CITY’KO OKa3anach HEJ0CTAaTOYHOM.

Jlureparypa

1. Jiang, Xinyu, Xiaodong Song, Tian Li, Kaixin Wu. Special Focus/Rapid Communication Moment Magnitudes of
Two Large Turkish Earthquakes on February 6, 2023 from Long-Period Coda // Earthquake Science. 2023, vol.
36, No. 2, pp. 169-174. https://doi.org/10.1016/j.eqs.2023.02.008.

2. Saragoglu, Mustafa Halik, and Ahmet Ozkaya. Investigation of Acceleration on Non-Structural Building Elements
under Earthquake Effect // Turkish Journal of Engineering. 2023, vol. 7, No. 1, pp. 56-63
https://doi.org/10.31127/tuje.1021866.

3. Zahradnik, Jiri, Fatih Turhan, Efthimios Sokos, Frantisek Gallovic. Asperity-like (Segmented) Structure of the 6
February 2023 Turkish Earthquakes // EarthArXiv. 2023

4. 2023 Turkey—Syria earthquakes // https://en.wikipedia.org/wiki/2023_Turkey%E2%80%93Syria_earthquakes

5. Turkey earthquake: Before and after pictures show extent of destruction // https://www.bbc.com/news/world-
europe-64544998

6. Authorities seize aid intended for earthquake victims in epicenter area // https://bianet.org/haber/authorities-seize-
aid-intended-for-earthquake-victims-in-epicenter-area-274389

7. Kak Typmus wu CHpus  CHOpaBISAIOTCS C  TOCIHSACTBHSAMH  3emuieTpsicenusi.  Qotoramepes  //

https://www.rbc.ru/photoreport/07/02/2023/63e211e29a79471af84a3d85

8. Ozalp Mehmet Will the Turkish earthquakes affect how the country is governed? //
https://theconversation.com/will-the-turkish-earthquakes-affect-how-the-country-is-governed-199946.

9. Typeuxuit ropoxn Uckennepyn Hayval YXOIHUTh 3 (o) BOLY rnocie 3EMJIETPSICEHUS /!
https://www.m24.ru/videos/proisshestviya/09022023/549120?utm_source=CopyBuf

10. TekroHmdueckas IMTa TOX Typuued omycTunack Ha 6 METpPOB, YTO TMPHUBEIO K 3aTOIUICHUSAM //
https://topcor.ru/31919-tektonicheskaja-plita-pod-turciej-opustilas-na-6-metrov-chto-privelo-k-
zatoplenijam.html

255


https://www.preventionweb.net/news/scientists-take-step-toward-warning-those-tall-buildings-during-earthquakes
file:///E:/Конференция%202024/InstmechConf%202024/InstmechConf%202024/.%2036,%20No.%202
file:///E:/Конференция%202024/InstmechConf%202024/InstmechConf%202024/.%2036,%20No.%202
https://doi.org/10.1016/j.eqs.2023.02.008
file:///E:/Конференция%202024/InstmechConf%202024/InstmechConf%202024/.%207,%20No.%201
https://doi.org/10.31127/tuje.1021866
https://en.wikipedia.org/wiki/2023_Turkey%E2%80%93Syria_earthquakes
https://www.bbc.com/news/world-europe-64544998
https://www.bbc.com/news/world-europe-64544998
https://bianet.org/haber/authorities-seize-aid-intended-for-earthquake-victims-in-epicenter-area-274389
https://bianet.org/haber/authorities-seize-aid-intended-for-earthquake-victims-in-epicenter-area-274389
https://www.rbc.ru/photoreport/07/02/2023/63e211e29a79471af84a3d85
https://theconversation.com/will-the-turkish-earthquakes-affect-how-the-country-is-governed-199946
https://www.m24.ru/videos/proisshestviya/09022023/549120?utm_source=CopyBuf
https://topcor.ru/31919-tektonicheskaja-plita-pod-turciej-opustilas-na-6-metrov-chto-privelo-k-zatoplenijam.html
https://topcor.ru/31919-tektonicheskaja-plita-pod-turciej-opustilas-na-6-metrov-chto-privelo-k-zatoplenijam.html

MOJIEPHU3AIINSA MHKEHEPHO-CEUCMOMETPUUYECKOMN CTAHIIUA
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Annomayusn: Ilpu coszdanuu 12-u KaAHAILHOZO UBMEPUMENbHO20 KOMNJEKCA Oblio BbIAGICHO pasiuyue
KOG puyuenmos ycunenus 8 usMepumenbHblx Kananax. s usmeHenus Ko3phuyuenmos ycuienull 6 usmMepumenrbHbix
KaHaax 6ulia ocyuecmeiena Koppekyus nymem 66004 KOPpeKmupyowux KodQpouyueHmos 8 npozpammy Komnvlomepd,
YUMo NpuBeio K 0OHOMY 3HAYEHUIO YCUNICHUSL NO HANPSNCEHUIO B0 6CeX KAHANAX.

Cozoannas komnviomepras npoepamma o051 MCCH nozsonssem pacmseusame ceticmozpammol npu npocmompe u
amanuze 3apecUcmpupoOSaHHbIX 3eMICMPACEHUN, YMo NO8blUidem MOYHOCHb HpU  ONpedeseHuu  amMniumyoHo -
YACTNOMHBIX XAPAKMEPUCMUK KOeOaHULl 30aHUSL.

Knrwouegvle cnosa: undicenepHo-celiicMOMempuieckas Cmanyusi, CelucmMozpamma, KOppeKyust Y CuieHust KaHauos.

1. BBenenune

N3ydeHne mocneacTBuil CHIIbHBIX 3€MJIETPSICEHUN MOKa3bIBalOT, 0OBbEKTHI, BO3BEJCHHbBIE 0O€3
COOMIO/IEHUsT HOPM CEHCMHMYECKOW 3alllMThl, TOJBEPXKEHBI Pa3PYIICHUSM, MPUBOIAIMINM K
YEeJIOBEUECKUM JKepTBaM. Bo3BeneHWs 3[4aHUN, COOTBETCTBYIOIIUX CEHCMOCTOMKOCTH, IOJKHBI
CTPOUTBHCS COTJIACHO pacyeTraM, a IOCTPOEHHBIE 3AaHMS JOJKHBI COOTBETCTBOBATH CTPOUTEIBHBIM
HOpPMaM, U HCCJIEI0BaHbl C TOMOIIbIO CIEIMATU3UPOBAHHOTO 000PYIOBaHHUSI.

AHanu3 pe3ylnbTaToB MHCTPYMEHTAJIbHBIX HAONIO/IEHUHN 3a KOJIEOaHUSIMU COOpPYKEHUH Ha
Pa3IMYHBIX TPYHTOBBIX OCHOBAHUSAX IIPU 3EMIIETPACEHUIX, UMEET MPSIMOE OTHOLIEHUE HE TOJBKO K
CO3JJaHHUIO HOBBIX HOPMAaTHUBHBIX JOKYMEHTOB, HO M OLIEHKE METOJIOB pacueTa Ha CelCMOCTOMKOCTD,
YCOBEPIICHCTBOBAHHUIO PACUCTHBIX MOJICIICH B cXeM coopyxkenuii [1-3].

Pe3ynbTaThl HaTypHBIX M3MEPEHUN SBISIOTCS HCXOMHOM MHMopManmed mias 000CHOBaHUS
MOJIEIM W TEOPETUYECKUX MPEANOCHIIOK NPH pacueTax 3JaHui U coopyxkeHund. Ilo 3amucsam
KoJieOaHusl TPYHTOBOIO OCHOBaHMS M 3MaHUS (QOPMUPYIOTCS pacueTHbIe 3HAUEHUS CEMCMHUYECKUX
BO3JICHCTBUM, TpU 3TOM OO0JbIIOE 3HAYCHHE HMMEET aMIUIUTYAHO-YaCTOTHBIM CHEKTp BHEIIHUX
Harpy3ok. HMcxoas u3 3TOro, B MHCTUTYT€ MEXaHMKUA M CeMcMOCTOMKOCTH coopyxkeHuit AH PY3
pa3paboTaH ¥ co3daH 12-TM KaHAJIbHBIH H3MEPUTEIIbHBIA KOMILJIEKC HAa OCHOBE KOMITBIOTEPHOM
TeXHOJIoTuu [4].

Peructpupyromee ycrtpoiicteo ¢ IIK, Bxoasmmue B cOCTaB HM3MEPUTEIHHOIO KOMILIEKCA
MpeAHa3HAaYEeHbl JUIsl PErUCTpPAlMU 3JEKTPUUYECKUX CUTHAIOB OT 12-M CEeMICMOMETPOB WIIM HHBIX
JAaTYUKOB M WX 3allUCH Ha MEPCOHAJbHBIA KOMIbIOTEep. W3MepuTenbHbIl KOMIUIEKC o00aaaer
BO3MOXHOCTSIMU HaOmroieHus Ha skpane nuctuies [1K 3a mporieccamu, mpoucxXoAsuiMi B peaTbHOM
MaciiTabe BpeMEHH U MO3BOJISIET COXPAHUTh JaHHbBIE Pe3yNbTaTOB U3MEpEeHUi B BUjae GailioB A
WX JajgpHeneldn o00paboTKy.

2. O0BeKT uccjie0BaHusa

Ha 0a3e u3MepuTelbHOrO KOMILIEKCa co3JaHa MHXEHEpHO-CeMCMOMETpUYeCKas CTaHITUS
naomonennit (MCCH), pacronokeHHass B TMOJBAIHHOM TOMEIICHUH 3/aHUS HWHCTUTYTA, TIE
MIPOUCXOJUT PETUCTpAllMs U 3alKCh KOJIeOaHW OCHOBAHHUS 3/aHUS BO BpEMS 3€MIICTPSICEHUMN
(puc.1). Habmrogenus 3a kosneOaHUSMU 3[aHUS TIPU 3eMIIETPACEHUSAX OCYIECTBIISIIOTCS C TOMOIIBIO
JIBYX TOUYEK HAOIOICHUI, OpPraHu30BaHHBIX B MOABAIILHOM noMerieHnn (Ne 1) u Ha yepaake 3AaHus
(Ne 2). B toukax HabmoneHuit Nel u Ne2 ycTaHOBIEHBI CEHCMOATYUKY IS PETUCTPAIUU 3aruceit
nepememienuii  (CM-3) u  yckopenuit (OCII-2M), KOTOpble pPErHMCTPUPYIOT MPOJOJIbHbIE,
MoTIepeyHbIe U BepTUKaIbHbIE KoJiebanus no HarnpasieHusM OX, OY, OZ 0THOCUTENBHO OCH 3aHUS
(puc.2, Tabmn.2).
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Ha xaxmoe wnampaBnmenue (X, Y, Z) HeoOXoaWMoO 3aaeHCTBOBATH IIO

Pucynok 1. - Pacniosioskennss UCCH B mogBaIbHOM moMeneHnH, Touka Nel

YeThlpe KaHaa.

Pacnipenenenrie u3mMepuTeNbHBIX KaHAIOB IO HAMPaBIICHUIM 31aHus npuBeneHsl B Taom. 1. Tlepen
IKCIUTyaTaruen 12-u KaHaIbHOW CHUCTEMBI HEOOXOAMMO OMPESTUTh KOIDPHUITMEHTH YCHICHUS B
Pa3IMyYHBIX KaHalax, 4TO CBS3aHO C pa3dpocoM MapaMeTpoB paguojieTaliel OJHOr0 HOMMHAjA,
MIPUMEHEHHBIX IpPU MOCTPOCHUHU KaHaoB. Kanamnel, ceficMOMETpbl KOTOPBIX OPUEHTHUPOBAHHBIC B
OJIHOM HaIpaBJIEHUH, TOJKHBI UMETh OJJMHAKOBBIE KO3()(PUIIMEHTHI YCUIICHHS BO BCEM aMIUIMTYIHO -
YaCTOTHOM JHara3oHe, 4YTO IMO3BOJMT ONPEACTUTh TOYHbIE 3HAUEHUS CMEIICHUNW U YCKOPEHUH B
M3MEpPUTENbHBIX TOUKAX.

Yepaax
(rouka Ne2)

X1

Ceiicmometpel CM-3
(nmepenmerieHne)

Ceitemomerprer OCIT-3

(VeKopeHue)

Moasan
(Touka Nal)

Pucynok 2. - PacnoJioxeHue ceiicMOMeTPOB B 31aHHH HHCTUTYTA.

Tabmuma 1.
Ne . Pacnonoxenue
CeiicmMomerp . Hamnpasnenue mnepeMenieHus
KaHaJa ceficMomeTpa
1 CM-3 TTonBan X-1 IIpomomsHOE
2 CM-3 [Toxsan Y-1 [Tonepeunoe
3 CM-3 TTonBan Z-1 Beprukansaoe
4 CM-3 Yepmak X-2 IIpomomsHOE
5 CM-3 Yepnak Y-2 [Tonepeunoe
6 CM-3 Yepnak Z-2 Bepruxansaoe
Hanpasnernue yckopeHus
7 OCII-3M TTonBan X-3 IIpomomsHOE
8 OCII-3M IMomBan Y-3 [Mormrepeunoe
9 OCII-3M [oxsan Z-3 BeprukanbsHoe
10 OCII-3M Yepnak X-4 IIpononsHOE
11 OCII-3M Yeppax Y-4 ITonepeunoe
12 OCII-3M Yeppax Z-4 BeprukansHoe
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3. IlocTanoBKa 3axa4n

Jnst onpeneneHus 3Ha4eHUH K03(pPUIIMEHTOB yCHICHHS M3MEPUTENBHBIX KaHAIOB coOpaHa
cXxeMa B COCTaBe 3BYKOBOro reHepatopa [3-102, nBeHaamaTd W3MEPUTENBHBIX KaHAJIOB H
KOMIIBIOTEpa C MpOrpaMMHBIM obOecrieueHueM (puc.3). Ha Bxoapl KaHaJIOB MOJABAJICS CHUTHAN C
reHepaTopa amuutynoil 30 MB u wacrotoii 25 I'm. He MmeHss BenMYMHBI BXOJHOI'O CHUTHAIA,
YCTaHaBJIMBAEM JIEJIMTEIU BXOJHOTO CUTHaja B KaXJIOM KaHaje B IOJIO)KEHHE C OJMHAKOBBIMU
nokazanusiMu kodhdunmentos 3aryxanus B: 1; 2; 5; 10; 20; 50; 100. Ha aucriee mpoTUB KaKI0TO
KaHaJla TIOSBISIETCS CpENHssS BENUYMHA aMIUIMTYAbl Acp B 1M(pPOBOM BHIE, pacCUUTaHHAsS
nporpaMmoit (puc.4) 3HaueHus aMILIUTY/l CUTHAJIOB B KaXJI0M KaHajle npuBeaeHbl B Tabm.2.

— 5-fi KaHaT

I'exepaTop
r3-102

H 6-# KaHaT

- 7-it kaHAT

PerucrpHpyomnee
VCTPOHCTBO

1-i# kaHaT

2-fi kaHa

Bl

3-H KaHAT

Bx.2

4-if kaHaT

Bx3

Bx4

Bx.5

Bx.6

Pucynok 3. - [IpoBepka 12-u KaHAJIBHOI0 PErMCTPUPYIOLIEr0 YCTPOICTBA 3BYKOBBIM FeHepaTopoM

Pucynok 4. - Curnan reneparopa ammunryaoii 30 MB u yacroroii 25 I'u, 00padoTanHblii perncrpupylomeii cuctemMoii 1
NMOKAa3aHHbINA Ha AucIee NpH =20 B KaXKI0M KaHale.

H 8- KaHaAT

= 9-if KaHaT

- 10-fi kaHa1

- 11-fikaHa1

L 12-fikaHa1

W 000k

Bx.7

Bx.8

Bx.Y

Bx.10

Bx.11
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Bx.12

Kanana
1

2
3
4

10
11

12



Tabimma 2.

[onoxxenne nenuresns BXOJHOTO CUI'HANA, 3
Kanan
(n) 1 2 5 10 20 50 100
Acp, B Acp, B Acp, B Acp, B Acp, B Acp, B Acp, B
1 2.28 1.45 0.72 0.43 0.23 0.11 0.06
2 2.34 1.98 0.98 0.59 0.17 0.15 0.11
3 2.26 1.64 0.81 0.49 0.25 0.12 0.07
4 2.30 1.21 0.59 0.35 0.16 0.14 0.12
5 2.27 1.21 0.59 0.36 0.26 0.15 0.13
5 2.23 1.21 0.60 0.35 0.19 0.09 0.05
7 2.26 1.40 0.69 0.42 0.24 0.11 0.05
8 2.17 1.23 0.60 0.36 0.27 0.21 0.19
9 2.14 1.32 0.65 0.40 0.29 0.23 0.20
10 2.27 1.21 0.59 0.36 0.21 0.15 0.13
11 2.23 1.21 0.60 0.35 0.26 0.09 0.05
12 2.26 1.40 0.69 0.42 0.28 0.11 0.05

Wcnonb3ys nannsle, npuBeaeHHble B Ta01.2, mpou3BoAUTCS KOPPEKTHUPOBKA KOID(HULIMEHTOB
YCUJICHHH W3MEPUTENbHBIX KaHaJoB. PaccMOTpuM Ha mpuMepe KOPPEKIHIO W3MEPHTEIbHBIX
KaHaJIOB, PACIIOJIOKEHHBIX B MOJIBaJie U Ha yepjake 3/1aHus npu kosdpdunuente 3aryxanus 3 = 20
(Tabm.2).

UToOBl BBIPOBHATH AMIUIATYJHBIC XapaKTEPUCTHKH B KaHAIAaX, HEOOXOJUMO TPUBECTH
YCHUJICHUS BCEX KaHAJIOB K €IMHOMY 3HAUEHUIO, HAIPUMED, K BEIMYMHE aMIUIUTY/ bl IEPBOrO KaHaa.

[Ipumep, ammuintyaa BToporo kaHana Acp2 = 0.17 B (BosbT), aMIIuTyAa nepBOro KaHamia
Acpl =0.23 B. [IpuBegem KOppEKIMIO BTOPOro KaHaja, T.€. IOJHUMEM YCUIIEHHE BO BTOPOM
KaHajie J0 BEITUYMHBI IepBoro kanana 0.23 B.

K2= Acpl / Acp2,

rae — Ko- ko3 duumuenT OTHOIIEHHA CpeHed aMIUTUTY/IbI IEPBOTO KaHalla K CPEHEN aMIUIUTY e
KOppEKTUPYeMOro (BToporo) kanana; Acpl - cpenHssi aMIUIMTya IEpBOTO KaHana;, Acp2 - cpeaHss
aMIUIUTYy1a KOPPEKTUPYEMOTO BTOPOTO KaHaa.
Jlns iepBoro kaHana koddduiueHt koppekiuu pasen Ki =0.23/0.23 = 1.
Jlns BTOpOro kaHana kosdduiuent koppekunu pased Kz =0.23/0.17 = 1.35.
JlJ1 KOppeKIHu yCUJIeHHsI BTOPOTO KaHaja B MporpaMMy BBOAUTCS KoddduuneHnt koppekuuu Ko =
1.35

Acp2 *K2=0.17*1.35=0.23,
TEM CaMbIM, BEIPABHUBAETCS YCUJICHHE BTOPOTO KaHaja /10 BEJIMYMHBI aMIUIUTY/IbI IEPBOTO KaHAA.

Tabmuma 3.
[Nono)xeHue nenuTens BXOJHOTO CUrHaa,
Kanan 1 2 5 10 20 50 100
(n)
Acp | Kn | Acp | Kn | Acp | Kn | Acp | Kn | Acp | Kn | Acp | Kn | Acp | Kn
1 228 | 1 145 1 072 1 043 1 |023] 1 011 ] 1 006 | 1
2 2341103198 137098136 (059137017 |135|0.15] 136|011 1.83
3 226 1099 1164|113 081113049 |114)025|092|0.12]109]0.07]117
4 230 1 121 1 059 1 035 1 |016[144(014] 1 012 1
5 22710991121 | 1 059| 1 |036|1.03|0.26|0.88]|015]1.07|0.13 | 1.08
6 22310971121 | 1 060]1.02]035| 1 |019]121|0.09]|0.64 | 0.05|0.42
7 226 | 1 140 | 1 069| 1 |042| 1 |024[09 |011] 1 005| 1
8 217 1096|123 |0.88 | 0.60 | 0.87 | 0.36 | 0.86 | 0.27 | 0.85 | 0.21 | 1.91 | 0.19 | 3.8
9 214 1095|132 |1.06 | 0.65| 0.94 | 040 | 0.95| 0.29 | 0.82 | 0.23 | 2.09 | 0.20 | 4.0
10 228 | 1 145 1 072 1 (043 1 |021|110]011] 1 006 | 1
11 234 11.03]198 137|098 |136|059)|137)0.26|088|015] 136|011 1.83
12 226 11.01]164 113081113049 )114)0.28|082|0.12]109]0.07]117

Jlns TpeTbero kaHana kodppuuuent koppekuuu pasen Kz =0.23/0.25 = 0.92. JIns yerBeproro
KaHana KodppuuueHt koppekuuu paBer K4 = 0.23/0.16 = 1.44, aHanoru4Ho MpoBOSTCS KOPPEKIIUH
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JUTSL OCTAJIBHBIX KaHaoB mpu f§ = 20.

Pe3ynbTaThl pOBEACHHBIX BBIYHCICHUN KO3(DPHUIIMEHTOB KOppeKuuid s 12 KaHaIoB MpU
BCEX TIOJIOKEHUSX JISTUTEIICH BXOJHOTO CcUTHAIA moMmeneHbl B Tabn. 3. BBenenue ko3 puireHToB
KOPPEKLUM BEIPABHUBAIOT aMILJIUTYIHbIE XapaKTEPUCTUKH YCUITUTENIEH, PUBOIS UX K OJJMUHAKOBOMY
YCHUJICHUIO BO BCeX KaHaax. J[Jist 3T0T0 B porpamMmy ObLH BHECEHBI KO (DULIMeHThI KoppeKuuu K,
BBIYUCIICHHBIE MTPU TIPOBEPKE KAHATIOB PETUCTPUPYIOIIETO YCTPOUCTBA.

VAT AYAYAYAYAVAYAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVI LEXCES
VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVANVIER L K

Pucynok 5. - AMILIMTYAa cMrHaJI0B B 12 kaHasax nocie koppexuuu (npu f =20).

[Tocne KOppeKIMH YCWIIEHMS KaHAJIOB, MOXHO NPUCTYNHUTh K TapupoOBKEe 12-M KaHAIBHOU
PETUCTPUPYIOLIECH CUCTEMBI.

Jlnst  BBISIBIIEHWS — aIeKBAaTHOCTH  3allUCH  CUTHajga  ceicMoMmeTpa  pa3paboTaHHOM
PETUCTPUPYIONICH CHUCTEMOW OBLT HWCHONB30BaH JKCIEPUMEHTANbHBIN BUOpocTeHn (puc.6),
UMUTHUPYIOMIHNM KosiebaHusi 00beKTa MpH 3eMIEeTpsICeHUsIX. V3MepuTenbHbI KOMIIJIEKC COCTOUT U3
12 ceticmonaTunkoB, 12-kananbHoii MCCH, koMmbroTEpa ¢ MporpaMMHBIM 00€CTICUCHUEM M KaHala
¢ TeHzoMerpudeckuM ycuiureneM «TOITA3» [5].

[Ipn TapupoBKke KaHAJOB PETUCTPUPYIOLIETO YCTPOIiCTBA MOJBIXKHAS IaTgopma
9KCIIEPUMEHTAIIBHOIO CTEHJa COBEpPUIACT JIBM)KEHHE B TOPU3OHTAIBHOM IUIOCKOCTH C 33JaHHOU
aMIUIUTYION M YaCTOTOM, UMUTUPYIOIIMX KOJeOaHusl 00BbEKTa MPU 3eMIICTPSCEHUSX.

Perucrpupyroiee ycTpoicTBO IPEeAHA3HAYEHO I PETUCTPALIMU AIEKTPUUYECKUX CUTHAIOB OT
12-u celicMOMETpPOB MM MHBIX TATYUKOB U UX 3alHUCU HA MEPCOHATBHBIN KOMITBIOTED.

Kaxnpiii kaHan perucTpupyromero ycTpoicTBa COCTOUT H3: - JIEIUTENS CTYIEHYaTOro
CHUKEHUS BEJIMYMHBI BXOJHOTO 3JIeKTpuyecKkoro curnana B 1; 2; 5; 10; 20; 50 u 100 pas.

- YCUJIUTEINS TSl YCUIJICHUS CIa0bIX AJIEKTPUUYECKUX CUTHAJIOB;

- anajoro-nmdpoBoro npeodpazoarens (ALLIl), mia mnpeoOpazoBaHMs aHAIOTOBOM
uH(popMalUY, MOCTyMAIIed ¢ CeCMOMETPUYECKOro JaaTuvka B LU(POBON KOJ A BBOJA B
KOMIIBIOTED.

TeHzoMeTpuyecKuii HM3MEpPUTENbHBIA KaHal COCTOUT U3 TEH30METPUYECKOTo JaTyHKa,
tenzoMerpuueckoro yeunutens « TOITA3-4-01» ¢ 6inokom nuranus «Al'AT» u ananoro-1ugppoBoro
npeoOpaszoBares.

KomMmmbroTep ¢ mporpaMMHBIM OOecTieueHHueM OOMIUN ISl PEerHCTPUPYIONMIET0 YCTPOMCTBA U
TEH30METPUUECKOr0 KaHaJja.
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4 PRV,
Pucynok 6. - Kaan6poska nsmeputebHbIX kaHajaoB UCC
4. Pe3yabTaTsl

[Tocne mpoBenenust TapupoBouHbix pabor, UCCH Obuia BBeneHa B SKCIUTyaTalMIO s
pEerucTpanuy B TOYKax HAOII0ACHUH KOJIeOaHMi 31aHMsI MHCTUTYTA MPU 3eMIICTPSICEHUSIX [6].

st UCCH co3nana mporpaMma perucTpaii 1 3aIucy CeHCMOTpaMM 3eMIIETPSICEHUH C
MOCJIETYIOLIUM COXpaHEHUEM B BUJE (PailyioB 1Mo KaxaoMy 3emiierpsicenuro. [Iporpamma
perucTpaluy 3amnucaia JaHHble CEHCMOMETPOB, ITPOU3O0IIeIIIero 3emiuerpsiceHus B Kurae
13.05.2020 rona ¢ marautyzaoi 4.3 B anmieHTpe, 3apeructpupoBannas MCCH ¢ cumnoit menee 1
Oana.

Taxxe co3gana mporpamma Uis NPOCMOTpa cCelcMOrpaMM, TMO3BOJISIONIAS PaCTITUBaTh
celicMorpaMmbl IIpM HMX MPOCMOTpe W aHamm3e. Ha puc.7 mpuBeneHa cericMorpaMma JaHHOTO
3eMJIETPSICEHHUS.

Ha nmannoO#l celicMorpaMMe NmpHBEAEHBI 3aMCU 6 KaHAJIOB, TPU KaHaja C CEHCMOMETpamH,
pacrnoiokeHHbIMU Ha udepaake (npu =10) u Tpu kaHana ¢ celicMOMETpaMH, PACIOJIOKECHHBIX B
noaBagbHOM ToMmerieHuu (mipu =50). Jlanaple KOA(hGUIMEHTH 3aTyxXaHWW [3 BBICTABJICHBI

MpeABAPUTENIBHO TS TI0100pa ONTUMANTBHBIX 3HaueHuH mpu skcruryataruun MCCH.
CM-3

NEPEMEWEHHE
N YEPfAK

npoaonbHoe
Ul= 0.14 B
Al1= 0.00 MM
nonepeyHoe
Uz2= 0.70 B
AZ2= 0.01 mm
BEpTHKanN .
U3= 0.48 B
A3= 0.01 mm
TPYHT
npoaonbHoe
U4= 0.79 B

S A4= 0.01 MM
MeHee 1 6anna

nonepeyHoe
pr—. US= 0.64 B

AS= 0.01 MM
MeHee 1 6anna

BEPTHKanN.
T U6= 0.48 B

Ab= 0.01 MM
meHee 1 6anna

Pucynok 7. - Celicmorpamma 3emJerpsicenusi, npousomenmiero B Kurae 13.05.2020 r.

Ha puc.8 mnpuBeaeHn ¢parmeHT ceiicMorpamMmel puc.7, pacTsHyTod 1o 12 cekyHn, dro
MO3BOJIMJIO TOACYMTATh MEpPHOJbl Kosiebanuil. MHTepBan Mexay MyHKTUPHBIMU BEPTUKAIbHBIMU
JIMHUSIMHU paBeH OJIHOM cekyHze [7].
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Pucynox 8. - @parmeHT celicMOrpaMMbl PUCYHKa 7 JIUTEJbHOCTHIO 12 ceKkyHA.

Ha puc.8 mpuBeneH ¢parmeHT ceiicMorpamMmel puc.7, pacTsHyTod 1o 12 cekyHn, dro
MO3BOJIMJIO TOJICUNTATh NEepuoabl KosiebaHuil. MHTepBas Mexay NyHKTHUPHBIMH BEPTHUKAJIbHBIMU
JIMHUSMH PaBEH OJIHOU cekyHne [7].

Hamnpuwmep:

B IIPOJIOJILHOM HAIIPaBJICHUHU 3/IaHUS MEpUOJI KojeOaHUl paBeH
Tupoo = 0.2 c;

B [TONIEPEYHOM HAIPABJIEHUU 3aHUS IEPHOJ] KOJIEOAHUN paBeH MPUMEPHO
Tuon =0.17 c;

B BEPTUKAJIbHOM HAIIPABJICHUN 3[JaHUs EpUO]| KojeOaHUi paBeH
Teepm = 0.17 c.

5. 3ak/oueHmne

1. Co3pmanne 12-u KaHaIbHOTO H3MEPUTEILHOIO KOMILJIEKCAa BBISIBUJIO  pa3IMYHe
KO3(pPUITMEHTOB yCHJICHUS B M3MEPUTEIBHBIX KaHajaX, 4TO CBSA3aHO C pa30pOCOM MapameTpoB
KOMIUJIEKTYIOIIUX  AJEKTPOHHBIX JeTayned. Jlias ycTpaHeHHMs JTaHHOTO HeJOocTaTka Obuia
OCYILIECTBJIEHA KOPPEKIMS KaHAJIOB MTyTEM BBOJa KOPPEKTUPYIOMINX KOA(D(UIIMEHTOB B IPOrpaMMy
KOMIIBIOTEPA, YTO MO3BOJIUIIO JOOUTHCS OJJUHAKOBOTO YCUIICHHUS BO BCEX KaHalax.

[Ipu co3gaHMKM MHOTOKaHAIBHBIX H3MEPUTEIBHBIX KOMILUIEKCOB, MPU HAJIHYUU Pa3TUYHBIX
K03 (UIIMEHTOB YCHICHUH B KaHAJIaX, MOYKHO HMCIOJIb30BAaTh JaHHBIA METOJI KOPPEKIIMU KaHAJIOB C
LEeJIbI0 TIOJTYYEeHHs OJJMHAKOBOTO YCUJICHUS BO BCEX KaHaJaXx.

2. Coznannas nporpamma aist UCCH, peructpupyer U 3anuchiBaeT JaHHbBIE, TOCTYMAIOIINUX OT
CEIICMOMETPOB, C OCTIEAYIOIINM COXpaHEeHHEM B BHJIE (ailJIOB MO KaKIOMY 3€MJIETPSICEHUIO.

[IporpaMmma pansi MpPOCMOTpa, TO3BOJSET pACTATUBAaTh celcMorpamMMmy IIpU  aHaIH3e
3eMJICTPSICEHUI, YTO TOBBIIIAET TOYHOCTh ONPEACTICHUS aMILTUTYAHO-YaCTOTHBIX XapaKTePUCTUK
KoJieOaHuil 31aHus 71 IPOBEACHUS JAIbHEHUIITUX PACUETOB Ha CEHCMOCTOMKOCTb.
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OILIEHKA CEMCMUYECKOI'O PUCKA JJIAA ®EPIAHCKOM OBJIACTH
Enropos ]]I.I/I.l, AKTaMoB B.Y.l, Asazos III.B.}, Temaesa P.B.!

YUnemumym ceiicmonoauu um.I' A. Masnanosa AH PY3, Tawkenm, Y36exucmar
E-mail: shuhrat.2016avazov@gmail.com

Annomayun. B mupoesoii npaxmuxe 00nvuioe 3HAYEHUE UMEIOM BONPOCHL OYEHKU HOmMePb OMm CUTbHBIX
3eMICMPSICeHUl U YMEHbUEeHUs. NOCIe0CmEUll 3eMlempsiceHull 6 obnacmu celicmuyeckol 6esonacHocmu. B yensix
3auumol HAceleHus. U Meppumopuil, pAacnolodlCeHHblX 8 CEeUCMOAKMUBHBIX PALlOHAX, 0coDoe GHUMAHUE YOensemcs
oyenke macumabo8 IHKOHOMUYECKUX NOMEPb Om 3eMACMPSCEeHUll, 8 YACMHOCMU, OYeHKe PA3IUYHbIX YPOGHell
celicMu4eckux puckos. B cmamve npedcmasiienvl oyenku celicmuueckozo pucka @epeanckoll obracmu, Ha OCHOGe
CYEHapHO20 3eMllempsicenust ¢ Ucnoabsosanuem npoepavmol «INTensity MAP v3.02» u «SeismicRiskAssessment 3». B
pesynomame ye2o ObLIU Onpedenetvbl NOCIeOCMEUs. NOBPEHCOCHUS CYUeCMBYIOUUX KOHCIMPYKINUBH bIX KAME2OPULL HCUTIBIX
30aHULl NPU CYEHAPHOM 3eMACMPACEHUU, d MAaKdice dIKoHoMuyeckue nomepu 6 15 paiionax u 4 eopodax @epeanckoii
obnacmu.

Kniouesvie cnosa: ceticmuueckuii UHMEHCUBHOCTNY, 3eMIleMpsiCeHUE, SPYHM, CeUCMUUECKUL PUCK, IKOHOMUYECKUL
yiyepo, ceonghopmayuontsie CUCmeMmbl.

1. Beenenue.

B MupoBoM maciitaGe BOpochkl IPOTHO3UPOBAHUS MOCIEICTBUN CHIIBHBIX 3€MJICTPACEHUN Ha
TEPPUTOPUU PETHOHOB W CHWXXEHUsS WX yliepOa sBISAIOTCS Hanbosiee 3HaumMbiMH. OOecrieueHue
CTaOWJIBHOTO pPa3BUTUSL TOCYIAApCTB, PACIOJIOKEHHBIX B CEMCMOONACHBIX 30HaX CBA3aHO C
SKOHOMHMYECKUM  YyIIepOOM, HAHECEHHOTO 3eMJIeTpsiceHueM. B uacTHocTH, mpoBeneHue
KOMITJIEKCHBIX MCCIIEOBAHUN C IIEeNbI0 OLIEHKH CEHCMUYECKOro pHCKa M MPOTrHO3a €ro Ha
OTIpEIeNIEHHBI TEepUuoJ JaeT BO3MOXHOCTh pa3paboTaTh MPEBEHTHUBHBIE MEPONPUATUS T10
CHIKEHUIO TOCTIEACTBUN CHITBHBIX 3eMJIeTpsiceHUI. B HacTosee Bpemst uMeeTcs MpUHIIUITHAIbHAS
BO3MOHOCTh JOJTOCPOYHON TMPOTHO3HOM OIICHKH TMOCIEACTBUN CHIIBHOTO 3emieTpsiceHus. B
YaCTHOCTH, BO3MOKEH MPOTHO3 CEMCMUYECKOM OMACHOCTH B OIMPEJIEIIEHHBIX TEPPUTOPUI U PEaKIuu
3JaHUNA M COOPY)KEHMH Ha CEMCMHUYECKHE BO3JCUCTBUS, U, CIIEIOBATEIBHO, MPOTHO3 COCTOSIHUSA
ypOaHU3UPOBAHHON TEPPUTOPHUM MOCHe 3emieTpsceHus. Ha ocHOBe Takoro mporHo3a, B CBOIO
ouepeslb, BO3MOKHA pa3paboTKa Mep IO CMSITYEHHIO MOCIEACTBUM 3€MIIETPSICEHMs, a TaKkKe
000CHOBAaHME IUTAHUPOBOYHBIX pPEIIEHUN NpPU OCBOEHUU HOBBIX CEHCMOOMACHBIX TEPPUTOPUH.
OrneHka U paliOHUPOBAHUE CEHMCMHYECKOTO pHCKAa TEPPUTOPHI 00JIaCTEel B 3TOM acleKTe BEChMa
aKTyalibHas 3ajaya.

[Ipu paccmoTpeHun celicMUUYecKoro pucka tepputopuu depranckoi obmactu Pecrybmuku
V30ekucrana yuTEéH MOJIOKHUTEIIBbHBIN OnBIT Y30ekuctana (Ismailov, V. A. et al 2023, Ismailov, V.
A. et al 2022, Yodgorov Sh.l. 2022, Ucmannos B.A. Ba 6omk. 2020, Mcmaunnos B.A. u ap. 2021), a
TaK)K€ CYIECTBYIOIINX MEPEIOBBIX METOJA0JIOT U OLICHKU U KapTUPOBAHUs, MPUMEHSIEMBIN B JPYTUX
crpanax, B yactHoctu ['epmannu (Wieland M. et al 2015), Uramuu, Poccun (Ocunos B.U. u p.
2015), Moagossl, Apmenun u ap. Heooxomumo ormetuts padoty Uransackux (Bragato, P. L. et al
2020, lbragimov R.S. et al 2022, Peresan A. et al 2023, Petrovic B. et al 2022, Poggi V. et al 2021),
Kuraiickux (Xin D. et al 2021), a raxxe Hemanckux (Bhochhibhoya S. and Maharjan, R. 2022)
CHELUATUCTOB KOTOPBIE 3aHUMAETCS CHUYKEHHUS PUCKA 3EMIIETPSICEHUI.

Tepputopuss ®@epranckoii obmactu PecryOnuKku pacrofioskeHa B CEHCMUYECKH aKTHBHBIX
30HaX U B MOJIHOM Mepe MOABEPKEeHa OLyTUMBIM ceicMUYecKUM Bo3zeicTBusiM. [1o ucropuyeckum
U MHCTPYMEHTAJIBbHBIM JIaHHBIM Ha TEPPUTOPUU pecnyOnuku 3adUKCHPOBAHBI 3EMIIETPSCEHUS,
BbI3bIBaBIINE COTpsiceHus ¢ 8 u 9 6amoB 1o mkane MSK-64. CrnenoBaTenbHO, Ui 3TUX TEPPUTOPHIA
BBICOKA BEPOSITHOCTh MOBTOPEHUS MOJAOOHBIX COOBITHI W B OydyiiemM. DTO CBHUAETEIbCTBYET O
BEPOSATHOCTH BO3HUKHOBEHUSI HKOHOMHUYECKHX, COIMANBbHBIX M HSKOJOTMYECKUX MOCIEACTBUMN
(HypmaroB Y.A. u FOcymmxanosa Y. A. 2023, HypmartoB Y.A. u 1p.2023)

2. MeTtoapl HccaeT0BaHHUS.

Jlnist pa3paboTKU KapThl CEHCMUUECKOTO prucka Tepputopun depranckoit obmactu Pecriyonuku
V306ekucTaH co37aHbl HECKOJIbKO 0a3za naHHbIX Ha ocHoBe I'MIC muatdopm, KOTOpbIE€ MO3BOJISIOT
CHCTEMaTH3UpOBaTh U OLIEHWBATh PErMOHANbHOE pacipeneneHre MH(popMaimii o ceiicMuieckoi
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OTaCHOCTH, KOJHMYECTBE 3/JaHUM M WX KOHCTPYKTHBHBIX THNAX, KO3((UIMEHTe celicMUYecKO
YSI3BUMOCTH 3[JaHUI U 3aCTPOCHHBIX TEPPUTOPHUH, KAJACTPOBOU CTOMMOCTH 3aHUH U T.JI.

Teopernueckue OCHOBBI OLIGHKM CEHCMHYECKOIO pUCKAa PacCMOTPEHbl  MHOTMMH
uccnenoBatensiMu. Ha ocHoBe ydera Bcex (pakTopoB (ceiicMuyeckas OIAaCHOCTh, YS3BUMOCTH
3aCTPOMKH, CEHCMUYECKUN PUCK) pa3paboTaHa METOIMKA OIIEHKU U ITPOTHO3a CEMCMUYECKOTO PUCKA.
CornacHO OOIIENPUHATON KOHIENIMH, CEMCMMUYECKHUH PHUCK OIpeAesseTcsl KakK CyNeprno3uius
CEICMHUYECKON OINAaCHOCTH W YSA3BUMOCTU PAa3JIMYHBIX 3JIEMEHTOB pUCKa (JIIOAM, HH)KEHEPHbIE
COOPY)KEHHUSI TPa)XJaHCKOIO U MPOMBIIIJICHHOIO HAa3HAUY€HUs, JIMHUM KU3HEeoOecneueHus, Ipyrue
COCTaBJISAIOLIME HHPPACTPYKTYPhl, IKOHOMHUYECKAss U KOMMeEpYecKasl IesTeJIbHOCTh U T. I.).
KoHuenmus oeHkn ceicMUYecKOro pucka COCTOUT U3 TpeX OJIOKOB 3aJ1au: HCTOYHUK, BO3/IEHCTBUE
U TIOCJEICTBUE, a KaX/ablil OJIOK - M3 psijia 3JEMEHTOB PUCKA, OLIEHKAa KOTOPbIX B COBOKYIHOCTHU
MO3BOJISICT PEaIbHO OIPEACIUTh BOSMOKHbBIN dKOHOMHUYecKui yiiepO ot 3emierpsicenus (Rebetsky
Yu. L. et al 2020).

ANroput™M aHanM3a CEHCMHUYECKOro pHUCKa Hcroib3yeT Bo3MoxkHocTH ['MC, mnocrnoiino
KOMOMHUPYSI JaHHBIE O IPOCTPAHCTBEHHOM paclpe/ieIeHUH CEeHCMUYECKON OMaCHOCTH, YA3BUMOCTHU
3aCTPOMKHM, a TaKKe LEHHOCTEW, T.e. KaJacTpPOBOM CTOMMOCTH 3/IaHUM IMOJBEPKEHHBIX PUCKY
MOBPEXKJCHUSI U TMOTEpb. AHAIU3 CEMCMMUYECKOH YSI3BUMOCTH IMPOBOAMUTCA C HCIOJb30BAHUEM
nporpaMmMmbl  «GESI Program», KkoTopass ocCHOBaHa Ha METOJUKE OIEHKH CEeHCMHYECKOro
noBpexxaeHus 3nanuil. Ilpu sTom cymectByromas 3acTpoiika Ha TeppUTOpUU 00JIacTu cobpaHa U
KJaccu(UIUpoBaHa MO0 KOHCTPYKTMBHBIM THIIaM 3JaHMU. BeineneHsl 3 Tumna 3aHuil: 3[0aHuf,
IIOCTPOCHHBIE C HCIIOJIIB30BAHMEM MECTHBIX TJMHHMCTBIX MAaTE€pHaJOB; KUPIHMYHBIE 3JaHUS U
XKene300eToHHbIe 3manus (puc.1.).

VYA3BUMOCTb 3/TaHUI1 — CBOMCTBO CTPOUTEIIBHOTO COOPYXKEHHUS, pearupyeT Ha CEHCMUYECKUE
BO3JICUCTBUA. OTO KIIOUEBas XapaKTePUCTUKAa HAJEKHOCTH M OE€30MaCHOCTH COOPYKEHU,
IIOCKOJIBKY pE€aJlbHbl€ IIOCJIEACTBUSA BO3ICHCTBUS HANPSMYyIO 3aBUCAT OT Hee. YIepOsl,
IIPUYHHSAEMBIE CTPOMUTEIBHBIM COOPYKECHHIM 3eMJIETPSICEHUSIMH, OTIMCBIBAIOTCS
(kBN (UIUPYIOTCS) CTEIIEHbIO KOHCTPYKTUBHBIX IIOBPEKICHUH.

09 +

08 ¢

07 +

06 +

05 +

Koyppusgtenm ceiicruecxoil yaseumocmae

Marcusmansnoe yexopesisie m/c?

-~ A THII Cpipent —=— B THII JKkeHHBIH KHPIHY —— B THI JlepeBIHHBIH
—+ CTHD BeTOH  —e— JI THII MeTaLTHIeCKHE

Pucynok 1. - ®yHKIUs yI3BUMOCTH VISl PA3JIHYHBIX TUIIOB 3/1aHUH IOCTPOEHHbIE € H3 MECTHBIX MATePHAJIOB («KUPINY-
CBIPEI», JOKEHHBII KHPITUY U JKeJIe300€TOH )

3. PesyabTarsl.

IIpn oueHke CceMCMMUYECKON YA3BUMOCTH KaKIOTO 3[JaHMsS HMCIOJIb30BaHbl KaJacTPOBbHIE
Matepuaisl ['ockomsemreoneskanactp PY3. AHanu3 KOHCTPYKTHBHBIX TUIIOB 3JaHUM Ha TEPPUTOPUN
00J1aCTH NMOKa3bIBAET, YTO OCHOBHYIO YaCTh COCTABIISIOT 3/1aHUS CO CTEHAMU M3 CHIPIIOBOTO KMpIHYa
(MecTHBIE MaTepuainsl)- 634376 wt. Kpome Toro, Ha TEppUTOPUN 00JaCTH pacCIPOCTPaHEHBI 31aHu,
IIOCTPOCHHBIE U3 I'yBaJIsKa, M1aXChl, KOTOPbIE TAKKE OTHECEHBI KaK ChIPLOBOW KUpNUY. 3JaHUS U3
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AOKEHOTO KUpHHya cocTaBIAOT 35608 mt. OyeHp HEMHOTO 37aHUM, MOCTPOEHHBIX XKene300eToHa
178 wir. 31aHwmid.

Jlyis BEIOOpA CIICHAPHOTO 3eMIICTPSICEHHS MCTIOb30BaHa mporpamma “INTensity MAP v3.0”.
[Mporpamma «INTensity MAP v3.02» (puc. 2), paspaborana cnenuaiucramua HWHCTUTYTa
ceticmosiorun AH PY3 B oGnactu onenku cericmudeckoi ormacHocty (Ne DGU 09237). OcHoBHOM
LEeNbI0 TPOTpaMMBbl SBJISETCA OIIEHKA ceiicMuyeckoro s@Qexra mNpu 3aJaHHBIX MapaMeTrpax
3eMJICTPSCCHUH [T CPEHBIX IPYHTOBBIX YCIIOBHH.

Kapra

: ©

=

——

~ Q

Pucynok 2. - Kapra u3oceiicT npu 3aJaHHBIX IapaMeTpax /s CLeHAPHOro 3eMJieTpsicennu no nporpamme “INTensity MAP
v3.0” i ®epranckoii odsactu (X=72.007, ¥=40.591, M=7, H=15 km)

Jlis BeIOOpa MecTa SMMILEHTpa CIEHAPHOTO 3eMJIETPSACEHHUs HCIOJIb30BAIM KapTy O0OIIero
CEHCMUYECKOTO pailOHUPOBAHUS U CEHCMOTEHHBIX 30H Tepputopun Pecnyonuku (Mcmaumnos B.A. u
ap.2023, Hoparumo P.C. m ngp. 2022). B dopmupoBaHum Mot CEHCMHYECKUX JIBHKCHHUU
MOBEPXHOCTH 3€MJIM Hapsily C OYaroBbIMH (akTopamu, MyTSIMH pPAclpOCTPaHEHHUs] BOJH B
MOTJIOMIAIONIEA M PACCEUBAIOIIEH T'€OJIOTUYECKON Cpelie BaXKHYK0 pOJb WIPAIOT JIOKAJIbHbBIC
TPYHTOBBIE YCIIOBUS, KOTOPBIE B PsAJIE CIIY4A€B ABJISUIMCh OCHOBHOM MPUYMHOM MOBPEXKACHUS 31aHUN
1 COOpYyKeHUH. Peakius peIxiioil rpyHTOBOM TOJIIN HA CEHCMUYECKHUE KOJICOAHMsI OTIPEIEISETCS KaK
(U3UKO-MEXaHUYECKUMU U CEHCMUYECKUMHU CBOMCTBAMHU T'PYHTA M T'€OMETPHEH IPYHTOBBIX CIOEB,
TaKk ¥ WHTEHCUBHOCThIO Bo3jaedcTBui. [lonyunTs pacnpeneneHue aOCOTIOTHBIX BEIHMYHH
celicMHUecKOi MHTEHCHBHOCTH OT CIICHAPHOTO COOBITHS (Ha TEPPUTOPUHU UCCIEAOBAHUI) CIEAYET
MyTEeM CJIOKEHHS 3HAUYEeHUN CeCMMUYECKON MHTEHCMBHOCTH OT CLIEHAPHOTO COOBITUS IJI CPETHUX
TPYHTOB, ITOJIyYEHHOU IyTEM PacueTOB MO 3aKOHY 3aTyXaHUs, U CJIOSl NPUPALIEHUN HHTEHCUBHOCTH
C YYETOM I'PYHTOBBIX YCIOBHH. JIJIs1 OEHKU CEMCMUYECKON MHTEHCUBHOCTH UCIIOJIb30BaJIU JaHHbIE
pacdyera M30CEHCTOB CLEHAPHOIO 3EMIIETPACEHUS M KaTeropus TIpyHTa, OIpENeNsieMble 10
CTpOUTENBbHBIM HOpMaM. [Ipu pacuerax celicMHUECKOro pUCKa MPUMEHSIIOTCS pa3iHyHbIe CIIOCOObI
BBIYMCJIEHUS U TOJIKOBAHUS, MO3BOJISIOIINE MOJYYNUTh OLIEHKH, KaK OTJEJIbHBIX 3JIEMEHTOB pHUCKa,
Tak 1 Habopa Pa3HbBIX AIIEMEHTOB, BEIPAKEHHBIX B IPOIEHTHOM OTHOIIEHUH OTEPh WM KaKUX-TH00
SKOHOMHUYECKHUX TePMUHAX. B 3HAUUTENIBHON CTENEHH 3TO ONPEAEIAETCS OJTHOTON U AETATIbHOCTHIO
UCXOJHOM MH(OPMALIUU O PA3IMYHBIX JIEMEHTaX PHUCKA.

B nanHo#i paboTe MbI aKIIEeHTUPYeM BHUMaHHE HA OJHOM, HO Ba)KHEHIIIEM 3JIEMEHTe pHCKa -
CpEeAHEN MOBPEXIAEMOCTH CTPOCHHMM B CIIy4ae 3aJaHHOTO0 CEMCMHUYECKOro BO3AchcTBHSA. IMEHHO
3TOT 3JEMEHT CEHCMHYECKOT0 PUCKAa BHOCUT MAaKCHUMAaJIbHBIM MPSIMOM BKJIAJl B SKOHOMUYECKUU
yiiep0 U SABJSETCS YTPO30H ISl 3I0POBbs WM KU3HU Jrojed. B cBs3u ¢ Tem, uto B Depranckom
001acTH PACHOJIOKEHbl CEeMCMOreHHble 30HbI C paszauyHoi MarHutynod (HypmaroB V.A. u
HOcynmkanosa Y.A. 2023, Atabekov, 1. U. et al 2021) u BeposITHOCTh BO3HUKHOBEHHS CHUJIBHBIX
3eMJIETPSACCHUI ¢ MHTEHCUBHOCTHIO 7, 8 1 9 OaytoB Benuka  (Artikov T. U. et al 2015, Artikov T.
U. et al 2016, Artikov T. U. et al 2018, Artikov T. U. et al 2018, Artikov T. U. et al 2020, Artikov T.
U. et al 2020, Artikov T. U. et al 2021, Ibragimova, T. et al 2021, Ibragimova, T. et al 2023), Hamu
paccuMTaH CeHCMHUYECKHUI PUCK B CiTyyae Bo3eicTBuUs 6, 7, 8 1 9 GabHBIX 3eMileTpsiceHui. Yiepo
MpH CEHCMUYECKUX BO3ACHCTBHSIX MOXHO OILIEHHWBATH MPSMBIM CIIOCOOOM, T.€. OIEHKa peaabHON
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CTOMMOCTHM 3aTpaT Ha BOCCTAHOBJIGHUS 3/1aHHS M Ha OCHOBAaHMM KayeCTBEHHBIX OLIEHOK
noBpexaaeMocTi. B nmanHOW pabote ymiepO, CBsI3aHHBIA C MOBPEXKJICHHEM 3/aHUA OICHEH B
3aBHCHUMOCTH OT 3aTpaT Ha pEMOHTHBIE pabOTEHI.

4. 3aKJII04YeHus.

JInsi onepaTHBHOW OICHKU IMOCIEJCTBUI CHJIBHBIX 3EMIICTPSICCHUS WIIM MPOTHO3UPOBAHUS
BO3MOXXHOTO  CEHCMHUYECKOrO pHCKa TMpPU CICHAPHOM 3EMIICTPSCEHUS Ha TEPPUTOPHH
CamapkaH/JCKOH 00JacTH HCIOJIB30BAIM HAaMH Pa3pabOTaHHYKH) KOMIIBIOTEpHAs Iporpamma
«SeismicRiskAssessment 3», kotopast ocHoBana Ha ' IC texnonoruu. [lanHas mporpamma siBisieTcst
normdeckuMm mnponopkenneM “INTensity MAP v3.0”. Ecou nporpamma “INTensity MAP v3.0”
MO3BOJISIET TIOCTPOUTh KapTy M30CEHCT MpW 3aJaHHBIX Mapamerpax 3emieTpsicenus. Ha ocHoBe
BBIJICTICHHBIX 30H «SeismicRiskAssessment 3» Mpou3BOAUTCS pacyeT MOCIECICTBUH 3EMIICTPSICCHUN
B OKOHOMHYECKUX MOKAa3aTeNsiX. DKOHOMUYECKUI YIIepO MpH 3TOM CIIEHAPHOM 3eMJICTPSICEHHH
cocraBisgeT 3893 mupa. cyMOB (pUCYHOK 3 U 4).
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Pucynok 4. - Kapra ceiicMuyeckoro pucka npu cueHapHoM 3emileTpsicennn ®@epranckoii 00JacTu.

Ota pabota ¢UHaHCHpOBAJACh 3a CUET I'PaHTOB AKajeMuu Hayk PecnyOnuku Y30ekucra
“Pa3paboTka Hay4HBIX OCHOB JUIsl OLICHKH Pa3IMYHbIX YPOBHEN CEHCMUYECKOr0 PUCKA U CHIKEHUS
IIOTEPH OT 3EMJIETPSCEHUN B CEICMUYECKH aKTUBHBIX pailoHax” U ATEHTCTBA [10 MHHOBALIMOHHOMY
pasButuio, #ALM202311142839 “Co3manue cuUMYISAIUOHHOM 1MdpoBOil Mojenu ropoaa
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TamkeHTa, TO3BOJAIOMICH i OLEHKH YPOBHS OSKOHOMHUYECKOTO yiiepda OT CHIBHBIX
3emuieTpsiceHuil” u #AL5822012294 “Pa3paboTka TEXHOJIOIMH MPOTHO3UPOBAHUS PUCKA CUIIBHBIX
3emiieTpsicenuid”, #AL5822012298 “Co3nark 31€KTpOHHYIO 0a3y JaHHBIX 10 CEHCMOJIOTMYECKUM
XapakTepUCTUKaM TpyHTa Ui 3aMeHbl Tabmumbl 1.1 B HOPMAaTUBHOM  JIOKYMEHTE.
Ceiicmonornueckas yactb KMK” CtpouTenbcTBo ceicMUYECKUX 30H .
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OIIEHKA CENCMHUYECKOM OITACHOCTH TEPPUTOPUU I'OPOJA TAIIIKEHTA
KAK OCHOBA PA3PABOTKH CUMYJBSIHUOHHOTI'O MOJAEJINPOBAHUA
HOCJIEACTBUU CHUJIBHBIX 3EMJIETPACEHHUU

Hcmanaos B.A.Y, U6parnmos P.C.., Earopos III.1.}, Hypmaros V.A.., Aktamos B.V.!
Hucmumym cevicmonoeuu um.I" A. Masnanosa, Tawkenm, Y30exucman
E-mail:vakhit. mbm@mail.ru

Annomayun. B muposom macwmabe ce2o0Hs 6onvuioe 3HaAUeHUue npuobpemaiom 8onpocsl NPOSHO3UPOBAHU
nomepsv 6 pesyibmame CUTLHBIX 3eMACMPACEHUll U CHUMdCeHUs ux nociedcmeuii. [lna obecneuenus ycmoudusoz2o
PA3BUMUsA CIPAH ¢ 8bICOKUM CEUICMUYECKUM PUCKOM OYEeHKA IKOHOMUYECKUX NOMeEPb 8 pe2UOHAX, NOCMPAOasuiux om
3emuempsaceHuti, 00IHCHA NPOBOOUMBCA 8 PAMKAX HAYYHO OOOCHOBAHHBIX peKoMeHOayull. B ceazu ¢ smum oyenxa
CelCMUYeCK020 PUCKA NYymeM KOMNIEKCHBIX UCCIe008AHUIL U CBOE8PEMEHHO20 NPOSHO3UPOBAHUA NO360IUNT NPUHAMD
Mepbl N0 CHUMCEHUIO NOCIeOCBUll 3eMaempsaceHull. B amoli cmamve paccmompenst 60RPOCHl OYeHKU CelicMU4ecKou
ONACHOCIU MEPPUMOPUL 20pO0A C YHemOM SPYHMOBbIX YCI08UL ONid PA3paboOmKu CUMYTAYUOHHO20 MOOTUPOBAHUS
nOCAEOCMBUIL CUTLHO20 CYEHAPHO2O 3 MACTNPSACEHU.

Kntouesvle cnoea: ceiicmuueckas OnacHocms, 3eMACMpACeHUe, MACHUMYOA 3eMACMPACEHUs, CelucMUIecKoe
8030elicmesue, 2pYHMOogble YCI08USA, CelCMUYECKUe 60IHbL, IKOHOMUYECKULL Yiyepd, 2eOHDOPpMAYUOHHbIE CUCTHEMDI.

1. BBenenmne.

Teppuropus ropoaa TalkeHTa HAXOAUTCS B 30HE MOBBIIIEHHOTO CEHCMHYECKOTO MOTEHIINANA,
€ PHUCK BO3HUKHOBEHHUs 3eMJeTpsiceHMi MarHutynod M<6,5 Beicokoe. Ilo ganHBIM
MHCTPYMEHTAIbHOM 0a3bl Ha TEPPUTOPUU TOPOa 3aPUKCUPOBAHBI CUIILHBIE 3eMIIeTpsiceHus B 1868,
1886, 1924 u 1966, 2008 rogoB ¢ MmarHuTy a0 oT 5,0 10 6.0 U ceficMu4eckol HHTEHCUBHOCTH 7, 8-9
6amnoB. Tawke B 1980 roay npousonuio 3emnerpscenre B HazapOeke cuitoit 8 6a1ioB ¢ MarHuTya0i
M = 5,3. Ilepuoauueckoe BO3HUKHOBEHHS! CHJIbHBIX 3€MJIETPACEHHM CBSI3aHbl C HAJU4YUEM B
npejenax ropoja peruoHanbHOro Kapikantayckoro pasjioma, KOTOPbIil UMeeT akTuBu3anuto [ 1-4].

[Ipobnema 3amIUTHl HAceJIeHHWs] W TEPPUTOPHUI, yMEHBbIIEHHE Yyiepda OT NPUPOIHBIX
KaTtacTpo(UUECKUX MPOIECCOB M, B YACTHOCTHU, OT 3€MJICTPSICEHUS SBIIACTCS OOIIEHAIIMOHATHHON
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I'ocynapcrBennoii 3anaueii. [locne mpuobperenus: HezaBucumocti Pecniyonuku ocoboe BHUMaHUE
yAENSETCS PEIIeHUI0 3Toi mpobiembl. B mensx pasutus cdepsl ceiicMonoruu, obecredeHue
CEMICMOCTOMKOCTH COOPYXEHHH M CEHCMHUYECKOW 0€301MacHOCTH Ha OCHOBE MHPOBBIX CTaHIAPTOB
[Ipesunentom PecnyOnuku Y36ekucran npunst [ToctanoBnenne ot 17.04.2024 rona NeVII-161 «O
Mepax II0 IOBBIIMICHUID CEUCMOCTOMKOCTH 3JaHUM M COOPYKEHMM M COBEPIICHCTBOBAHUIO
JEeSITEIbHOCTH 110 MOHUTOPUHTY CEHCMHYECKON OmacHOCTH». B 1aHHOM NMOCTOHOBJIEHHH 0cO0O€
BHUMAaHHE YJEJICHO COBEPIICHCTBOBAHMIO HAYYHBIX pa3paboTok B oOmactu obecriedeHus
celicMUYEeCKOr 0e30macHOCTH TeppuTOpun peciyonuku. CoriacHo 8 MyHKTa 1-TIPHIIOKEHHUS 3TOTO
MOCTaHOBJEHUS] THCTUTYTY CEliCMOJIOTHH U IPYTUM OpraHu3alusM MOCTaBiIeHO 3aja4da “Co3naHue
U (POBBIX CUMYIISIIIMOHHBIX MOJIEJEH, MO3BOJISIOLIUX OLIEHUTh YPOBEHB MOBPEXKACHHOCTH PETHOHOB
10/ BO3/ICUCTBUEM CHJIBHBIX 3E€MIIETPSICEHUN JUIS YIIPABJICHUS CHUKEHUEM CEMCMUYECKOM pUCKa B
CeiCMHMYECKU aKTHBHBIX 30Hax (Ha mpumepe ropona Tamkenrta)” [5-11].

Jis co3ganue UUEQPOBBIX CUMYJSIUOHHBIX MOJENCH TeppUTOpUl OCHOBOM SABISETCS
ceiicmoniornyeckre naHHble. CeiicMOJOrMueckue JaHHbIE BXOJAWUTH: CEHCMOTEKTOHMYECKas
oOcTaHOBKAa  paliOHa; OILIEHKa  CEHCMHYECKOW  OMacTHOCTH;  HMHXKEHEPHO-T€0JOrMuecKue
XapaKTEPUCTUKU TPYHTOB; celicMOpa3BeloYHble pabOThl; MHCTPYMEHTAIbHO-CEHCMOMETPUYECKHE
METO/Ibl Ha OCHOBE PETUCTPALIUY MUKPOCEUCM U JIpYTHeE.

2. MeToanka oeHKH ceicMUYeCKOH ONMacHOCTH.

[Ipu orneHke CEeHCMUYECKOW OIMACHOCTH HCHOJIB3YIOTCSI B OCHOBHOM JiBa TMOAXOJA:
JETEPMUHUCTCKUN U BEPOSATHOCTHBIM.

JleTepMUHUCTCKUH MOAX0Jl OCHOBAH HA y4eTe MaKCHMAJIbHOTO IMOTEHIIHAala CeHCMHYECKOTro
HMCTOYHHKA, OMPEIEIIEMOTO €ro T'e0JIOrO-TEKTOHUYECKUMHU OCOOCHHOCTsAMH. Kak mpaBuiio 3TOT
MTOJIXOJ] BBITIOJTHSETCS B JBYX CJIy4aeB BO3HUKHOBEHHS 3EMIICTPSACECHHS: 1) NMPU HAJWYMHM OdYara C
MaKCUMaJbHOM BO3MOKHOW MarHUTYAbl OT OCHOBHOW CEWCMOTE€HHOI 30HBI HA MHUHUMAaJIbHOM
PACCTOSTHUHU JI0 UCCIIETYEMOU TEPPUTOPHUH U 2) KOTJa, U3-3a PACCETHHOCTH 0YaroB 3eMJICTPSICEHUH,
(HhOHOBOM CEHUCMUYHOCTH HEMOCPEACTBEHHO TMOJ OOBEKTOM HWCCIEAOBAHUS TPUHUMACTCS Kak
OCHOBHOM CEHCMUYECKUIN NCTOYHUK. Takoi moaxo1, B TOCIEAHUE FOIbl, ITPU OLIEHKE CEMCMUYECKOTO
pHCKa MOJTyYrsI HOBOE Ha3bIBAaHUE «HEOJETEPMHUHUCTCKOEY» M «CIICHAPHOE 3eMIICTPSICEHUEY.

B nporiecce o1ieHKH celicMHUYeCKOM OTTAaCHOCTH OT CIIEHAPHOTO COOBITHSI MOYKHO BBIJICIIUTD PSIT
YCIIOBUH, B 3HAYUTCIBHOW CTENCHH BIUSIOMIUX KAaK Ha XapakTep MPOCTPAHCTBEHHOTO
pacmpeseneHus: ypoBHs CeHCMUYECKON OMAaCHOCTH, TaK U Ha ero (paKTUYEeCKHUe YHCICHHbIC 3HAUCHUS

[5-71:

1. [TapameTpsl celicMUYeCKOro COOBITUS, K KOTOPBIM OTHOCATCS: MarHUTYyja, riiyOuHa
ouara, KOOpJMHAThI SMUILIEHTPA U THIOLEHTPaIbHOE PACCTOSHUE.

2. 3aKoH 3aTyXaHHWsl CEHMCMHYECKOW MHTEHCUBHOCTU. Hampumep, aisa Y30ekucrana Ha

OCHOBE CTATHCTUYECKOIO aHalIM3a 3anMuceid CecMMYecKUX KoJIeOaHMH U MaKpOoCEHCMHYECKHX
naHHbIX T.Y.AptukoBeiM u P.C.MOGparuMoBbIM MOTYYCHBI SMIIMPUYECKUE YPABHEHUS 3aTyXaHUs
celicMHUeCKUX KOJIeOaHM KaKk MaKpOCeHCMUYECKHX 0asiax, Tak U MUKOBBIX YCKOPEHUSIX.

BeposATHOCTHBIIT ~ MOAXOJ ~ OLICHMBAET  BEPOSITHOCTb  BO3HUKHOBEHHMS  PacuyE€THOIO
CEHCMUYECKOrO0 BO3JCUCTBUS HA YYacCTKE OT pPa3IUYHBIX CEMCMUYECKUX HCTOYHUKOB. Ilpu
BEPOSITHOCTHOU OIIEHKE CEHCMUYECKOTO BO3JCHCTBHUS Ha COOPYXKEHHS U 3[aHUS YIUTHIBAIOTCS, B
OCHOBHOM, Tpu (pakTopa: cuja BO3IACHCTBHS, CIEKTPAIbHBIA COCTaB KOJI€OAHUN W BEPOSITHOCTH
MPEBBIIIEHUS] PACUETHBIX 3HAUYEHUM B TE€UEHUE 3aJaHHOTO mepuoja BpemeHu. lIpu oneHke cuibl
BO3JICUCTBUSL HCIOJB3YIOTCS TaKUE€ NapamMeTpbl, KAaK HWHTEHCUBHOCTb COTPSCEHUN 3EMHOU
MOBEPXHOCTU (B 3HAYCHHSIX YCKOPEHHH, CKOpOCTed WM CMEIICHH) W 3aKOH 3aTyXaHHs
celicCMHYeCKUX KOJIEOaHHH JIIsl JaHHOTO PEerroHa.

B QopmupoBaHum mois CEWCMHUYECKUX JBMIKEHHI Ha TOBEPXHOCTH 3EMJIM HapsAy C
O4YaroBbIMU  (paKTOpamu, OIPEACISIONIMMH MYyTh PACIPOCTPAHEHHS] CEHCMHUYECKUX BOJH B
MOTJIONIAIONIEH M pacCcerBarOUIell T€0JOTHYECKOM Ccpelle, BaXHYH pOJb HUIPalOT JIOKAJIbHBIE
TPYHTOBBIE YCIIOBUS, KOTOPBIE B PAJIE CIIYHAEB SBISUIMCh OCHOBHOM MPUYMHOM MOBPEXKACHUS 31aHHUI
U coopyeHUH. Peakiius pbIxiioii rpyHTOBOM TOMIIU HA ceiCMUYECKUE KOIeOaHuUs OTIPEIeNIIeTCs KaK
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(U3NKO-MEXaHUYECKUMU M CEHCMHMYECKMMH CBOWCTBAMH TPYHTAa M TE€OMETPUEH 3ajieraHus
TPYHTOBBIX CJIO€B, TaK U HHTEHCUBHOCTBIO BO3JCHCTBHM.

3. O6cy:k1eHne pe3yabTaToB.

Ceticmomexmonuyeckasi 00CMAHOBKA U OYEHKA CeuCMUYECKol ONACMHOCMU 20pood
Tawxenma. V3yuenune celicMuueckoil ornacHocTu TamikeHTa M CONPENENIbHBIX ¢ HUM oOnacTel 3a
JIBa TOCJEIHUX JCCATHUIICTHS MPOBOIMWINCH B paMKax HAIMOHAIBHBIX MPOTPAMM IO YMEHBIICHUIO
MOCJICICTBUI CHIIBHBIX 3EMJICTPSACCHHN M Psijia KPYIHBIX MEKIYHAPOIHBIX MPOeKToB. [2,3]. DTH
WCCTIEAOBAaHUSl OCYIIECTBISUIUCh HA OCHOBE PAa3UYHBIX METOJOJIOTHYECKHUX TOJXO0JIOB, C
HCIIOJIb30BAHUEM Pa3IMYHBIX CEHCMOJIOTHYECKUX TaHHBIX U CEHCMOTEKTOHUYECKOH OCHOBBI, Ha 0a3e
Pa3IMYHBIX TIPOTPAMMHBIX CPEJICTB, TO3BOJISIFOIIUX OMPEEIATh KOJMUYECTBEHHBIE XapaKTePUCTUKH
CEMCMHUYECKON OMAacHOCTH. Peann3anusi 3TUX MPOEKTOB MO3BOJIMIA C OJHOM CTOPOHBI, OLICHHUTh
MPEUMYIIECTBA U HEAOCTATKH MIPUMEHSBIITUXCS TIOJIXOIOB, C IPYTOM — HAMETHTH JaJIbHEUIITNE MTYyTH
WCCIEAOBAaHUN TI0  yAYYIICHWIO METOJOJIOTHM CO3JaHUs KapT OOMIero CelCMHUYECKOTO
paionupoBaHus B OyaymieM. Ha ocHOBe mpoBeIeHHBIX UCCIEA0OBAHUN MOXKHO CAENATh CIEAYIOIINE
BBIBOJIbI OTHOCUTEJIBHO CEMCMUUYECKOM onacHOCTH ropoja TamkenTta. ['opon TamkeHT pacnosioxkeH
HEMOCpeACTBEHHO B mpenenax I[Ickemcko-TamkeHTCKOW CEMCMOTeHHOM 30HBI, CEHCMHYECKUN
MOTEHIMAT KOTOPOW MO CEHCMOJIOTHYECKUM M CEMCMOTEKTOHMYECKUM JaHHBIM OIICHHUBAECTCA
3HaueHueM Mmax =6.5 - 7.0 (puc.1)
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Pucynok 1. - Ceiicmorennblie 30Hb1 IIpuTamikeHTCKOro paiioHa H SNULEHTPbI CHIbHBIX 3eMJIeTPSICeHU .

AxmusHnvie paznomsi. JIns OLEHKH CEHCMHUYECKOM OMAcCHOCTH TeppUTOpuu TI.TalkeHTH u
COMpEeAENbHBIX TEPPUTOPUN  HWHTEpPEC TMPEACTaBIsAOT Hauboliee  KpPYIMHBIE  CTPYKTYpO-
KOHTPOJIMPYIOIINE PA3JIOMBI, C KOTOPBHIMU CBSI3aHbl COBPEMEHHBIE W TPOILIBIE 3eMIIETPACEHUS,
OCTaBUBILIME B 3€MHOI MOBEPXHOCTU CIIENbl BHUJIE CEMCMOAMCIOKAUHUU. JTU aKTUBU3UPOBAHHBIC
TepLUUHCKUE PA3IOMbl HA MPOTSHKEHUM HOBEUIIETO dTama SBIAIOTCA HamOojee MOABMKHBIMU U
MPOHUI[AEMBIMU  Y4aCTKaMU 3€MHOM KOpPbl U XapaKTepU3YIOTCS HM3MEHUYMBOCTHIO MOJIEH
TEKTOHWYECKUX HANpPsOKEHUH BO BpeMEHU. AKTHBU3HWPOBAHHBIE pa3JiOMbI, BBISBICHHBIE TIO
TEOJIOTHYECKHM U Te0(U3MUECKUM U TeOMOPQOTIOTHUYECKUM TaHHBIM MpPECTaBIIEHbI, B30pocaMu,
HaJBUTaMH, B30pOCO-HAJBUTAMHU, B30pPOCO-CABUTaMHU, (IeKCypHO-pa3pbIBHBIMUA 30HaMU. OHH
OTIMYAIOTCSI MPOTSHKEHHOCTHIO, IUPUHON, TTyOMHOW MPOHUKHOBEHHS, MpocTUpaHueM, (hopmoit
MpOSIBIICHUS U T.A. PealbHyl0 yrpo3y Ha CTPOSAIIMXCS OOBEKTOB B T. TalllkeHTE M COMpeAeTbHBIX
TEPPUTOPUAX MPEJCTABISAIOT CIEAYIONIME Pa3JIOMbl 36MHOW KOPBl U CBSI3aHHBIE C HUMH OYaru
3emieTpsiceHui (puc.2).
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1-axTuBHBIE pa3iIoMbl; 2-HOMep pazioMa: (2-Akcy-Maiinanran-6oronanuHckuii; 3-Ilckemcknii; 4-kapxantayckuii4 5-
[MpuTamkenTckas QuekcypHo-pa3pbiBHas 30Ha; 6-10xHo-IIckemckuii; 7-Cropen AtnHckuit; 8-Cykokckuit; 9-
Yartkansckuii; 10-CeBepo-Anrpenckuit; 11-F0xno-Anrpenckuii; 15-Kym6ens-Koxana-Xagapkanckmii; 17
ApataHckui); SMULEHTPHI 3eMieTpsiceHuit: 3- ¢ M>5.0 u M>5.5; 5-¢c M>6.0.

Pucynok 2. - AkruBHBIE pasjiombl IIpaTalkeHTCKOr0 paiioHa M SMHIEHTPBI CHIBHBIX (¢ M> 5.0) 3emuerpsicennii mo [Hosbrii
KaraJjor, 1977].

Oyenka ceucmuueckol OnACHOCMuU 01 CPEOHUX 2pYHmMoevix ycaosuil. 110 yTBep IeHHOU B
2019 rony MuHHCTEpCTBOM CTpOMTENbCTBA PY3 Kapre 00Iero ceMcMHUYecKOro paoHUpPOBAHUS
tepputopun  Y36ekuctana  (OCP-2017), mnocTpoeHHON B  paMKax  BEpOSTHOCTHO-
JNETEPMUHUCTHUYECKOIO MOJIX0/a, CEHCMUYHOCTh ropojia TallkeHTa Ha rPyHTaX BTOPOIl KaTEropUu
10 CEHCMHMYECKMM CBOMCTBaM cocTaBisieT 1=8 Gamios mo mikaire MSK-64 [4-12].

Pe3ynbTaThl NpOBEAEHHOTO BEPOATHOCTHOTO aHAIN3a CEUCMUYECKOW OMACHOCTH TEPPUTOPHUHU
ropoja TamkeHTa cCBeICHBI B TAOIHIIHI 1-2 MpUBEIEHHBIE HUXKE.

Tab6muna. 1.
3HaueHUs] HHTEHCHBHOCTH CeliCMUYeCKUX BO3AeicTBHI (B 6a/i1ax MakpoceiicMudeckoii mkanbr MSK-64)
Ha rpyHTax || kaTeropum no celicMuyeckuM cBoiicTBaM A1 ropoaa TamkeHTa npu pa3InyHbIX BEPOATHOCTAX
P He npeBbIlIeHNsI YPOBHA celicMUYecKUX Bo3AeiicTBUIl B TeueHue S0 jeT

P 0.9 0.95 0.98 0.99
T, ronst 475 975 2475 4975
1, Gasue 8(7.67) 8 (8.08) 8 (8.48) 9(8.83)
Taobmuma. 2.
3HayeHHs] MAKCHUMAJIBHBIX YCKOpeHuii kostedanumii rpynta (PGA, g) ropoaa TamkeHTa JUIsl pa3jIM4HbIX
BeposiTHOcTeli P He nmpeBbIlIeHNs] YPOBHS ceficMuyeckux Bo3eiicTBuii B TeueHue S0 jet Ha rpynrax I, 11 u 111
KaTeropuH Io ceficMUYeCKHM CBOHCTBaM
Kareropust 3HaYeHNS] MAKCUMAJIbHBIX YCKOPCHHUHN 8max,
rpyHTa P=0,9 P=0,95 P=0,98 P=0,99
| kareropus 0.208 0.274 0.379 0.463
Il kateropust 0.262 0.350 0.466 0.579
Il xareropus 0.336 0.421 0.563 0.678

Jlisg pa3nu4HbIX BepoATHOCTEW P He MpeBBIICHHS YPOBHS CEHCMUYECKHX BO3JCUCTBUN B
TeueHrne 50 JeT MOMy4YeHBl CIEKTPHI PEAKIMH TPYHTOB Pa3IMYHBIX KAaTErOpHi MO CEHCMUYEeCKUM
CBOWCTBAM.

Oyenxa epynmoswix  ycroguti. Ha wuccnemyeMoM — TUIOIMIAAKKA  ObUIM  BBITIOJIHEHBI
celicMopasBeiouHble paboTel o Metogy MASW [1-6,7]. CeiicMopa3Be/ka, Omaromapst OOJIbIION
TIIyOMHHOCTH U BBICOKOH JIETAIbHOCTH UCCIIEIOBAHUM SBIISETCS BEAYIIIUM METOJIOM I'eo(pu3ndeckux
MCCIIeIOBAaHUIM 3eMHO KOpbI. [[71s1 OlleHKa TPYHTOBBIX YCIOBHM TeppUTOpHUH TalkeHTa MPOBEICHbI
ceiicmonorudeckre paboT B 728 Toukax. Ilpm 3TOM cCO37aHBI MHXKEHEPHO-CEMCMOIOTHYECKUE
MOJENTM TPYHTOBBIX YCIOBHM Al KaXIOW Touku. Mopenu umenn UHGOPMAIUIO O CKOPOCTH
pacnpocTpaHneHus: nomnepeyHsix BosH B 30 merpoBoit Tommu (Vs30), MIOTHOCTh TPYHTOB M UX
cpenHue 3HadeHus A7 30 M. TOJIIIH, MOIITHOCTh PA3IMYHBIX TPYHTOBBIX CIIOEB U COCTOSIHUE TPYHTOB.

271



Ha ocHoBanun 00paOOTaHHBIX JAHHBIX COCTABJIEHA KapTa CKOPOCTH MOMEPEYHBIX BOJH IS

30m Tommwm (Vs30) (puc.3) [9,10,11].
Onenky npupamieHuil ceiicmuueckoid ”HTeHCUBHOCTH 110 MCIK mpoBOJST IyTeM CpaBHEHHUS
3HAYECHUH CEHCMUYECKUX KECTKOCTEH N3ydaeMbIX U peepeHTHBIX TPYHTOB 1O (popMyIe:

Al =1671g(oN,/ pV;)

rae Alc.ok. — npupaiieHue 3a cu€T pas3sinyus CEeHCMUYECKOM )KECTKOCTU IPYHTOB HAa M3y4aeMOM
Y4acTKE U Y4acTKE CO CPEIHUMHU I'PYHTOBBIMH YCIOBUSIMH, poVo, piVi —ceiicMUUecKue KECTKOCTH
pedepeHTHON U M3y4aeMol TPYHTOBOW TOJIIIM 1O MOIMEPEYHbIM BoJHAM. 3HadeHue Vo, po, Vi, pi
OTIpeNeIsIIoTCs B BepxHed 30-TH METpOBO# TOJIIIE U BBIYUCISIOTCS 10 hopmysiam [8,9-13].

YcnosHbie 0603HaueHna
Vs30

| 1 =
250 300 350 400 450 500 550 600 650 700 750

Pucynok 3. - Kapra pacnpenenenus Vs30

Ha puc.4 npexacraBineHa kapra NOpHUpPALICHUE CEUCMUYECKON HMHTEHCHUBHOCTH, KOTOpas
MO3BOJISIET OILICHUBATh BIUSHUE TPYHTOBKX YCJIOBHI HA CEHICMUUYECKYIO OTIACHOCTb.
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Pucynok 4. - Kapra npupamenuii ceiicMuyeckoii HHTeHCUBHOCTH 10 MeTOAY celicMHYecKHX xKecTKocTeil r. Tamkenr.

272



YcnosHbie 06o3HaveHns
PGA,g

W m m

PucyHok 5. - Kapra celicMu4YecKoro MUKpoOpaiOHUPOBaHHs TePPUTOPUH ropoa TolKeHT 10 3HAYeHHAM THKOBOI0
yckopenus (PGA)

Jlisi CUMYJISIIMOHHOTO MOJICIMPOBAHUSI HE Majoe 3HAa4CHHWE WMEET IapaMeTphl IpoIecce
KOJIEOaHN T'PYHTOBBIX TOJI IMTPU CHECHAPHOM 3CEMIICTPACCHUU. HJ’IS[ OLCHKHU U3MCHCHHUH IMapaMETPOB
CeiCMUYECKUX KoJeOaHMid B MPOCTPAHCTBE NP 3aJIaHHBIX BEJIMUYMHAX CEHCMUYECKOTO YCKOPEHHS
METOJIOM KOHEYHBIX JIEMEHTOB PACCUNTAHA 3HAYCHHUE CEHCMHUECKOTO YCKOPEHHSI B KOXKIOH MOICIH
(728 mopeneit). Ha ocHOBaHMM 3THX JAaHHBIX COCTAaBIICHBI KapTa (puc.5).

4, 3ak/o4eHme.

Tepputopus r. TamkeHT npuypoueH k TamkeHTcko-IIckeMcKkol ceiicMOTeHHOM 30He, KOTopas
obycnosiena Ilckemckoii, Kapxanrtayckoit u IIpuTamkeHTCKOW (IeKCYpHO-pa3pbIBHON 30HOM.
CelicMHUYeCKHH IMOTEHIINAT 30HbI OlleHrBaeTcsd M<6.5 1 HHTEHCUBHOCTHIO |=8 OaiuI0B.

Ha tepputopun TamkeHTa BbIACICHB 4 WHXKEHEPHO-TEOJOTMYECKUX palOHA IO Te0JIOTO-
CTPYKTYpHOMY TpHU3HaKy W 18 HMHKEHEPHO-TEOJOTHYECKHX YYacTKOB MO THUINY HH)KEHEPHO-
reoJIornyeckoro paspesa Ao riyouns! 30 M. Kaxaomy HHXEHEPHO-T€0JIOTHYECKOMY YYacTKy JaHa
OIICHKA MPUPALIEHUS CEHCMUYECKON MHTEHCUBHOCTH.

Omnpenenenus ceHCMUYECKUX )KECTKOCTH TPYHTOBBIX TOMI Ha TIyOMHy 30M U B HEKOTOPBIX
MyHKTax U 0ojiee METpoB B 728 TOUYKaX, YCTAHOBJIECHUS COOTHOLIEHUH CHEKTPOB FOPHU30HTAIBHBIX
KoJIeOaHUH K BEPTUKAIBHBIM TPU pErucTpaliud MHKpocelicM B 728 Toukax. OO0OmIECHHBIC
pe3yNnbTaThl OLIEHKH TMOKAa3bIBAIOT WM3MEHEHHE MPUPAIECHUS CEHCMUYECKOW HHTEHCUBHOCTH B
npeaenax ot -0,22 no + 0,89 Gamnos.

Pa3paboTtana kapTa OIICHKH UW3MEHEHHUs TMapaMeTpPOB CEMCMHUYECKUX KoyieOaHWil Ha
tepputopuu r.TamkeHT o 3HaueHusM nukoBoro yckopenus (PGA). Ha uccnengyemoit Tepputopun
M0 3HAYEHHUSIM MaKCHUMAaJbHOTO YCKOpPEHHUsS KOJI€OaHWsI TPYHTOBBIX TOJII BBIIEICHBI CIIETYIOLIUE
npenenbHble 3HaueHus: 0,23g-0.55g, yTo sABiIsieTcs OCHOBOM JUIs Pa3paOOTKH CHUMYJISIIUMOHHOTO
MOJETUPOBAHUSI.

Ota paboTta ¢uHAHCHpOBANIAach 3a CUYET T'paHTOB AKaleMuu Hayk PecryOnumku Y30ekucrtan
“Pa3paboTka Hay4YHBIX OCHOB I OIIEHKU Pa3IMYHBIX YPOBHEH CEHCMUYECKOTO PUCKA U CHUKEHUS
MOTEPh OT 3EMJIETPSICEHUN B CEMICMUYECKH aKTUBHBIX pailoHax U ATEHTCTBA [0 MHHOBAIIMOHHOMY
pazButuro, #ALM202311142839 “Co3nanue CHUMYISIIIHOHHOM 1M(POBOKH MOJend Tropoda
TamkeHTa, NO3BOJSIONIEH Ui OLIEHKM YPOBHS SKOHOMHYECKOTo yiepda OT CHIJIBHBIX
3emierpsiceHuit” u #AL5822012294 “Pa3paboTka TEXHOJOTUM MPOTHO3MPOBAHUS PUCKA CHUIIBHBIX
3emierpsicennit”, #AL5822012298 “Co3naTh 371€KTpOHHYIO 0a3y JaHHBIX MO CEHCMOJIOIMYECKHM
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XapaKTepUCTUKaM I'pyHTa [yl 3aMeHbl Ta0auib! 1.1 B HopmaTtuBHOM JoKyMeHTe. CelicMosiornyeckas
gacth KMK” CtpouTenbcTBO CEMCMUYECKUX 30H .
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OIIEHKA CEHCMHUYECKOM OITACHOCTH B TOPOJE CAMAPKAH/IE
Konnpatses B.A.L, Kysbmuna E.H.2

YCamapranockuii 2ocyoapcmeennviii apxumexmypHo-cmpoumensuuiil yuusepcumem, Camaprano, Yzbexucman
2Tyavckuii 2ocydapemeennuiii yuusepcumem, Tyna, Poccus
E-mail: vkondratev1958@mail.ru

Annomayusn: Ilpugedenvl 0CHOBHbIE pe3VIbMAMbl UCCIEO08AHUL, UMEBUWIUX YEbI0 OYEHKY CelCMUYecKol
onacrocmu meppumopuu 2. Camapranoa, Ymo sigisiemcs nepebimM U3 OCHOGHLIX U HEOMbEMLEMbIM SMANOM KOMNJIEKCHbIX
Uccne008aHuUll NO OYeHKe U YNPAGIeHulo ceticMudeckum puckom. Ha ocrnoge oyenku poau cocmasisaiowux u enusoujux
Gaxmopos, GbINOTHEHHOU € UCNOTL30BAHUEM PE3YTIbMAMOE8 HECKOAbKUX ANbMEPHAMUBHBIX Memo008 (npupaujenus
celicMu4eckolu  OAUIbHOCIMY,  UHIICEHEPHO-2e002UYeCK020  PAUOHUPOBAHUS, De3YTbMAmo8 JIeKmpopa36e004HbIX
uccne008aHull, OYEHKU CeUCMUYecKol UHMEHCUBHOCIU NO Memoody CeUCMUYECKOU JHCeCMKOCMU, pe3yabmamos
UCCTe008aHUTL  CNIAOLIX 3eMAECMPSCEHUL], PACYEMHO20 MemOoOd CelCMUYecKo20 MUKPOPAUOHUPOBAHUS, OAHHBIX
obcnedosanuss  nocieocmeull  3emaempsicenutt) u  GIS-mexunonozutl, paspabomana 6eKMOPU306AHHAS  Kapma
celicMU4ecK020 MUKpOPAlOHUPOBAHUSL, KOMOPAsL UCHOIb308ANACH HA NOCAEOYIOUUX IMANAX UCCAEO0BAHUI.

Knwouegvle cnoea: semiempsicenusi, celicMuyeckds ONACHOCMb, UCMOPUYECKAs CEUCMUYHOCMb, MEKMOHUKA,
UHICEHePHAsL 2eono2usl, Mukpocelucmopationuposanue, GIS-mexnonoeuu.

1. BBenenune

W3 Bcex BUAOB 4Upe3BBIYANHBIX CUTYallMil IPUPOJHOTO XapakTepa, HauOOJbIIYyI0 OMACHOCTh
JUI HaceJIeHHUs U HApOJHOTO XO03siiicTBa Y30ekucTaHa NMpeAcTaBisiioT 3emiieTpscenus. CorjiacHo
CTATUCTUYECKUM JITAHHBIM, CEHCMUYECKHE COOBITHSI C MHTEHCUBHOCTBIO 5 - 6 0a/UI0B MPOUCXOAT Ha
TEPPUTOPUH HAIIEH PECITYOJIMKH B CPEHEM OJIMH Pa3 B TO/I.

[IpupoaHble M TEXHOTEHHBIE 3EMIIETPSICEHMSI, UPE3BbIUAHHO OMacHble caMu Mo cede, B
OTHOIIIEHUH BO3MOJKHBIX COIMAIBHBIX M YKOHOMHUYECKHUX MOTEPh, 3a4aCTYIO SBIISIOTCS MPUYUHOM,
MPOBOIUPYIOMIEH W PsAA JAPYrUX KaTacTpOPUUECKUX SBICHUN (HABOJHEHUS U 3aTOIUJICHUS
TEPPUTOPUMN, CENlM, OMOJI3HH, OOBaNbl, CHEXHBIC JIABUHBI M TIp.), JONOJHHUTEIBHO BBI3BIBAS
BO3HMKHOBEHHE, TaK HAa3bIBAEMbIX BTOPHUYHBIX MOPAXKAOIMUX (PAKTOPOB (TAaKUX KakK MOKaphbl,
BCTIBIIIIKK DIHACMHM, XUMHUECKOE W paTuallMOHHOE 3apakeHue Tepputopuii u mp.). [Ipu stom,
OTMEUYEHHbIE HETaTUBHBIE MOCJIEACTBUS MOTYT HaOIIOAAThCs NAleKo 3a MpejaesaMu TEpPUTOPUH,
HEIMOCPEACTBEHHO MOCTPAAABIIEH OT 3eMJIETPSCEHUS.

I'opon Camapkann u Camapkasackasi 001acTb B 3TOM OTHOUIEHUH HE SIBJISIETCS UCKITIOUEHUEM.
CornacHo kapTe 00IIero ceHCMUYECKOT0 paOHUPOBAHUS, CEHCMUYHOCTh TEPPUTOPUH, HA KOTOPOH
pacmoio’)KeH TOpoJ, oleHHBaeTcss B 8 OamioB. Ha Ttepputopum ropoga HMEIOTCS 30HBI C
HEONAronpusATHBIMU B CEHCMHYECKOM OTHOLIEHHH TPYHTOBBIMH YCIOBHSIMH (TIOBBIIIAIOIIUMU
ceiicmuueckuii 3PPeKT), y9acTKU ¢ HEOIAronpHUsITHBIM pebedoM, a TAKKe YIaCTKH, I'71€ BOSMOYKHbI
CEHCMUYECKHE MTOBPEKACHUS TPYHTOB U OINIOJI3HEBBIE SIBJICHUS. B 4acTHOCTH, Ha TEPPUTOPUH OJHOU
TaKUX 30H PacIoJIOKEHbI IPAKTUYECKH BCE APXUTEKTYPHbBIE MAMSATHUKH U YaCTh AIMUHUCTPATUBHBIX
3IaHUN TOPOJICKOTO M OO0JAacCTHOrO 3HaueHus. Pe3ynbTaThl MpeABapUTENBHO MPOBEAEHHOM
VMHBEHTapHU3aLUH 3JaHUI Ha TEPPUTOPUU FOPOJa. CBUAETENBCTBOBAIN O JOBOJBHO BBICOKOM CTETIEHH
UX CEHCMUYECKON yI3BUMOCTH (0COOEHHO B YACTHOM CEKTOPE, BO3BEAEHHBIX B PA3IMYHBIC TIEPUOIbI
VHJMBHUIYyaIbHBIMH 3aCTPOUIIIUKAMM).

Bcé€ 310 yka3pIBaeT Ha TO, YTO OMACHOCTb 3€MIIETPSACEHUM, a TAKKE BCEX COMYTCTBYIOIIMX UM
Ype3BbIYATHBIX CUTYyalU 1715 Topoaa CamapkaH/a sIBJISETCSA JOBOJIBHO BBICOKO.

l'opon Camapkann mnpeacTtaBiseT co0Oi JOBOJIBHO CIOXKHBIM OpraHus3M, C pa3BUTON
MHQPACTPYKTYpPOl U CHUCTEMaMH >KHM3HeoOecredeHHs. DTO BTOPOHM MO BEIMYMHE TOpPOJ HAaIIeH
PecriyOnuku, SIBISIOMIMICS KPYMHBIM HUCTOPUKO-KYABTYPHBIM M COBPEMEHHBIM MPOMBIIUICHHBIM,
HAay4yHbIM M 0Opa30BaTENbHBIM IIEHTPOM, HW3BECTHBIM BCEMY MHPY CBOMMHU YHUKAIbHBIMHU
apXUTEKTYPHBIMHU NaMATHUKAMU, IPUBJICKAIOUIMMHU €KEr0JIHO MHOKECTBO TYPUCTOB.

OTMedeHHOEe OMmpeAenuio HeOoOXOIUMOCTh TPOBEACHUS HCCIEAOBAHUN IO OLIEHKE U
YIPaBICHUIO CEUCMUYECKUM prckoM 1t . CamapkaH/a, ¢ pa3pab0TKON KOMIUIEKCa MPEBEHTUBHBIX
MEpPONPUIATUI M IJIAHOB YIPABJIEHUS PHUCKOM, HAIpPaBICHHBIX HAa MAaKCHMAaJIbHOE CHUKEHUE
BO3MOXHBIX YIIEPOOB TpPU 3eMIIETPACEHUAX Pa3NIUYHOW MHTEHCHUBHOCTU W TOBBIIICHHE CTETIEHU
MOJTrOTOBJIEHHOCTH rOpoJia B CIIydae TaKUX 3EMJIETPSICEHUI.
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O1eHKa 1 yIpaBJieHUEe CEHCMHUECKIM PUCKOM - 3TO MHOTOIIIaHOBast mpobiieMa. B ee perennn
JIOJIKHBI OBITH 33€HCTBOBAHBI CIICIIHATUCTHI MHOTHX OTPACIICH IeATEIPHOCTH : HAYyUYHbIC pA0OTHHUKH,
CHEIUATUCTHI B 00JIACTH TUIAHUPOBAHUS U YIIPABIICHHUS, COTPYIHUKH YIIPABICHUM IO YPE3BBIYANHBIM
CUTYaIUsIM U KOMMYHAIIBHBIX CITYkO0 U Jp.

B cBsi31 ¢ 3TUM, ¢ TOUYKH 3pEHUS H3Y4YEHUS TIEPEIOBOTO MUPOBOTO OTIBITA, 0COOBIA HAYIHBIH U
MPAKTUYECKUI UHTEPEC MPECTABISIOT UCCIICI0BAHUS, TPOBEAEHHBIE JIJIsl KPYITHBIX TOPOJIOB MUPAa,
BBITIOJTHEHHBIE C MEXIYHAPOIHBIM y4aCTUEM M MPHUBJICUCHHUEM IIHPOKOTO Kpyra CHEIHaIHNCTOB,
aKLEHT Ha KOTOpbIE U ObLI ClIeaH MPU MPOBEACHUN aHAIIUTUYECKOTO 0030pa.

[TepBbie onrcanus Takux padboOT B CIICLMATIBLHOM TUTEPATYpE TATUPYIOTCS HadyamoMm 70-X ro0B
MPOIILJIOTO CTOJIETHSA, KOTJa TaKWe WCCIEAOBaHMs CTaid MpoBoAWThCs crenuamuctamu CIIIA. B
YaCTHOCTH, OJJHOHM M3 MEPBBIX OCHOBOIOJATAIONINX Pa0OT B 3TON 00IAaCTH SBIISIETCS UCCIIEIOBAHHUE,
CBSI3aHHOE C OIICHKOW ceiicmmueckoro ymepba B Kamudopuun, BeimonneHHoe COBETOM 10
[puknagueiv Texuomnorusm (ATC) CIIA no 3akazy ®enepanbHoro AreHTcTBa 1o YpespblyailHbIM
Curyarnusm (FEMA) B mepuon 1982 - 1985 rr. [IpakTudecku Bce U3BECTHBIE MOCIEAYIONTNE pa0OThI
B 00JIaCTH OLEHKHU CEMCMMUYECKOro pHCKa MMEIOT CChUIKM Ha 3TO HccienoBaHue. C HEKOTOPBIMU
Mo u(pUKAIUsAMA, TPUHIMIBL HccienoBanuid, npemaoxkennsie ATC, wucnonp3oBalvMch TpH
BBITIOJTHEHUH OLIEHOK CEMCMUYECKOTO PUCKA B PA3IUYHBIX TOPOJIaX MHUPA.

OnHO# U3 MEepPBBIX KOMIUJIEKCHBIX pa0dOT MO OIEHKE CEMCMUYECKOTO PUCKA IS HACEIICHHBIX
TEPPUTOPUHA, TPOBEACHHBIX MPH IIMPOKOM YUACTHH MEKIYHAPOIHBIX CICIHAINCTOB, SBIISICTCS
MIPOEKT, peain30BaHHbIN 1 T. Kuto (DxBagop).

YHUKaIbHBIM SIBJISIETCSA OMBIT MCCIEIOBAHUM, peaTn30BaHHbIX B pamkax nHunuatuesl OOH
RADIUS mis 9 kpymHBIX TOPOI0B MUpa (BKIt04as TamkeHT), a o1HO#M 13 (yHIaMEHTAIbHBIX padoT
B paccMmaTrpuBaeMoil obnactu sBisieTcss paspaboranHas crneruanuctamu CIHIA Merogonorun
Onenku CeticMmuueckoro Ymepoa - «<HAZUSy.

OaHMM U3 COBPEMEHHBIX HCCIIEOBAaHUI B JAHHON 00JacTH SIBISETCS MPOEKT IO OLIEHKE
cericmuueckoro pucka s r. CramOyma (Typumst).

3acnykuBaeT 0coOOro BHHUMaHHE M ONST HMCCIEAOBAHUNH W Pa3pabOTOK, HAKOIUICHHBIM B
ctpanax CHI', - Poccuiickoit ®enepanuu, Kazaxcrane, Kupruzuu u Tamkukuctase.

Havano wuccnenoBanusiM mnpoOjeMbl OIICHKHM U YIPABICHUS CEUCMUYECKUM PHUCKOM B
V30ekuctane ObLIO TOJIOKEHO B XOJ€ BBIMOIHEHUS MEXIyHapOIHBIX MPOEKTOB MJs ropoja
Tamkenta. CBO€ nanpHellIee pa3BUTUE 3TU UCCIEIOBAHMS MOJYYMIIM B XOJE BBINOJHEHUS psijia
['ocynapcTBeHHBIX HaydHO-TeXHUUYeCKuX nporpamm npu punancupoBanun KKPHT nmpu Kabunere
MunuctpoB Pecnyonuku Y306ekucran HaumHas ¢ 2002 roga, B yactHocTH, 3.d.-1.10.2.4, THTII-
3.7.1.1, THTII-8.17, ®-1.2.2, 79-04, A-5060, 'HTII 28.5, THTII 16.3.7, T'HTII 3.7.1.13, 1-8-16,
I'HTII K-16-007. THTII A14-®A-D052 u gp.

Pe3ynbratel MpoBENEHHOTO AHAIMTUYECKOTO 0030pa CBUACTEILCTBYIOT O TOM UTO,
UCCIIeIOBaHUS, MOCBSAIICHHbIE MpolieMe olecneueHus celicMuuecKoil O0e30MacHOCTH, AaKTHBHO
BEIyTCS BO MHOTHX CTpaHaX MHpa YK€ He OJIHO JAECATUJIETHE, HO TOJBKO B MOCJIETHEE BpEMs OHU
MOJYYWIM HECKOJbKO HWHbIE NpUOpPUTEThl. OCHOBHOW HX LENbI0 CTajlla HE MPOCTO OLIEHKA
CEMCMHUYECKON OMAaCHOCTH, U HE IIPOCTO OLICHKA CEMCMUUYECKOH YSI3BUMOCTH 3/1aHUN U COOPYKEHUI
C IIeNIbI0 OOeCTeueHus] U TOBBIIICHHUS] UX CEMCMOCTOMKOCTH, 8 KOMIUIEKCHBIM MOJIXO/A K PEIICHHIO
3TOM MpoOIeMbI C pa3paboOTKOI BCEro CeKTpa BOMPOCOB, HANIPABIEHHBIX HA pa3padOTKy CTpaTEruu
CHIDKEHHUSI BO3MOYXHOTO COILMATbHO-dKOHOMUYECKOTO yilepba W TOCIEACTBUN BO3MOKHBIX
3eMIIETPSCEHUI, a TAKXKe IPYrUX MPOBOLUUPYEMBIX UMHU YPE3BbIUYANHBIX CUTYaIUH.

B oTHOImIEHNM pacCMOTPEHHOIO B JAHHOM CTAaThe ATama MCCIEIOBAHHUM, MMEIOIIETO LIEJIbIO
OLIEHKY CEHCMMUYECKOM omacHOCTH Ay Tepputopuu r. CaMapkaHza, B paMKax aHaJTUTHYECKOTO
o030pa ObLT TpoBeACH 0030p M aHAIW3 UMEIONICHCS CEHCMOJOTMYEeCKOW M HMHXKEHEPHO -
reojiornyeckod uHMopManuMu, B TOM 4YHCIe, MO MaTepuainam wuccieaoBanuii HWHctutyta
ceiicmostorun AH PVY3, Camapkanjackoro ¢unmnana DUK «O'ZGASHKLITI», a takxke apyrum
MCTOYHUKAM, OMyOJTMKOBAHHBIM B OTKPBITOM MEYATH.

B uactHoctu, B [6] mnpuBeneHbl pe3yiabTaThl HCCIEAOBAHUI SIULEHTPAIbHBIX 30H
3emuierpsiceHnii CaMapKkaHICKOTO paiioHa, BRIMOJHEHHbIE A.A.MullKeBrUEM.
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bosbIo LMK HCCIENOBAaHUM IO CEHCMHYECKOMY MHUKPOPAMOHHUPOBAHUIO TEPPUTOPUHU
VY36ekucrana 0su1 ipoBencH E.M. ByToBcKkoii, 0co0asi IIEHHOCTh KOTOPBIX 3aKJII0YAIach B OIEHKE
KOJIMYECTBEHHBIX MapaMETPOB CEHCMHUYECKOTO peXHMa 3amaJHoro Y30ekucraHa (B YaCTHOCTH,
BOCTOYHOM yacTu 3amajgHoro Y3oekucrana - ajs paitonoB Camapkania u ['uccapa).

Hctopuueckue cBeieHUs 00 OIIYTUMBIX U CUJIBHBIX 3eMJICTPSACEHHSIX 3araHoro Y30eKkucTana
ObuTH coOpanbl U Ki1accuduuuponansl U.b. SkosneBoit B MoHOrpadguu «CelicMUYHOCT 3anaiHoTOo
V30ekucrana» [7].

CelicMuuHOCTh TEppUTOPUH Y30ekucTaHa uccienoBaiacb M.W. MikpamoBbiM B [8], rae Takxke
coJiepkarcs cBeJeHUs o posiBieHuH B Camapkanzie cepuu Ypa-TIOOMHCKUX 3eMIIETPSICEHUH.

ITo cBenenusim, npuBeaEHHBIM B [9], I'aznuiickoe 3emierpsicenue B CamapkaHjie MposBUIOCh
C UHTEHCHUBHOCTBIO 6 - 7 OaljioB.

B [10] npuBenens! pe3ynbraTsl MHUKpoceiicMuueckoro obcnenosanus Mcdapa-barkentckoro
3eMJIETPSICEHUS Ha TEPPUTOPUM HEKOTOPBIX ropo]ioB, BKItouas Camapkanj, BblosiHeHHbIe C.M.
KacbiMOBBIM, T/1e TPUBOAATCS AAHHBIE O MPOSIBICHUH 3TOTO 3eMJIETPSICEHUS Ha TEPPUTOPUU TOPOA.

N3yueHnneM TekToHmdeckoro crtpoeHust CamapkaHJICKOM BHaguHbl 3aHUMaiuch A.Jl.
Apxanrensckuii [11], B.A. Hukomaes [12], C.H. KynunnukoB, A.C. Anenynr, A.I'. babdaes [13],
A.X. Yuctskos [14] u np.

Bormpockl pa3paboTku METOA0B OLIEHKM CEHCMUYECKOM aKTHBHOCTH, BKJIIOYas MOCTPOEHUE
KapT celicMHUYeCKON aKTUBHOCTU OoTpaxkeHbl B padorax 10.B. Pusnnuenxo, ['opbynosoit N.B. [15,
16] u A.W. 3axaposoii, 1.b. SAxoBneoii [17, 18] u ap.

Ilennas nunpopmanus o CTPyKTYpHO—TEOJOIMUECKUX XapaKTepUCTUKAX paiioHa Ipe/ICTaBIeHa
B pabotax H.II. Kocrenko [19] u O.K. Yenus [20].

OrneHKka MHKEHEPHO-TE€0JIOTHYECKUX M, B YaCTHOCTH, TUAPOr€0IOTMYECKUX YCIOBUN (B TOM
4Hclie, HUCCIEeyeMOro peruoHa), mpezacraBieHa B paborax IL.UM. byrosa, M.A.lllmuara, B.M.
Toncrynosa, A.U. lllepuenko, I'.®. Terroxuna, I'.A. MasnsuoBa, A.M. Cynrauxomkacsa [21 - 25]
u 1p.

PazpaGoTke METOAMKM M NpUHLIMIAM pPalOHMPOBAaHUS NOCBALIEHbI HccienoBaHus U.B.
[Tonosa [26], M.B. Uypunosa [27], ®.B. Kotnosa, I'.C. 3onoTtapeBa [28] u nip.

Ha ocHOBaHuMm mpoBeAEHHOro aHauu3a ObLUIO  YCTAaHOBJEHO, 4YTO MMerouleics
CEHCMOJIOTHYECKON W HWHXKEHEPHO-TE€0JIOTHYecKOi MH(popMaIuu, HEOOXOAUMOM I TPOBEICHUS
OLICHOK CEMCMHUYECKOTO PHUCKA, JOCTATOYHO M MPOBEAEHUS JTONOJHUTEIBHBIX CEHCMOJIOTHYECKUX U
MH)XEHEPHO-TE0JIOIrMYECKUX MCCIIEJOBAHUI He TpedyeTcs.

Haubousiee noxpobHas nHdopMaiys no pe3yabTaTaM HCCieI0BaHUM, KacarolluXcs Ie0JIoTuH,
TEKTOHHUKH, FeOMOP(OJIOrHH, THIPOr€0JIOTUU U CEHCMUYHOCTH paiioHa, puBeieHa B [29], riie Takke
OCBEIIAIOTCS  PE3YJIbTAaThl MCCIEAOBAHMM 10 HHXXCHEPHOM TEO0JIOTUH, IEKTPOpPa3BEAKE U
CeliCMOMETPHH, OIIPEIETICHbI CEHCMUUECKUE XapaKTEPUCTUKK I'PYHTOB, BbIJIEJIEHBI IIpeo0IIaaonue
NepUO/ bl KoleOaHUH.

Pe3toMupyst BOIIpoc aHaIUTUYECKOTro 0030pa MCCIEIOBAHUHN, CIeyeT OTMETUTh, YTO OLICHKA
IIOCJIEACTBUM CUJIBHBIX 3€MJIETPACEHUN B KPYIHBIX TOPOJax MUpa B IOCJIEIHUE IOJIbl IOKA3bIBAET,
YTO YHUCIIO )KEPTB CPEAM HACEIECHUsS M Pa3Mepbl MaTEPUAILHOIO yIepoa MOT'YT OBITh 3HAUUTENILHO
COKpAILIEHBI, €ClId 3a0J1aroBpeMEHHO MPOM3BOJIUTCSA OLEHKA CEHCMHUYECKOro pHCKa HAaCEICHHBIX
TEPPUTOPUIN, NOATOTABIMBAIOTCA M PEAIU3YIOTCS COOTBETCTBYIOIIME IUIAHBI  YIIPABJICHHUS
CEHCMUYECKUM PUCKOM.

OTMEYeHHBIN NEepeloBOM MHUPOBON ONBIT TNPOBEACHUS MCCIEAOBAHWN, IOCBSIIEHHBIX
npobsieMe OLIEHKM M YIPaBICHHUS CEHCMHUYECKHMM pPHCKOM, U OIBIT MMEIOIIErocs B Hallen
pecny0imKe, )KU3HEHHO BaXKHO U YPE3BBIYAMHO aKTyaJIbHO PaclpoOCTPaHUTh 1J1sl Hanboiee KPyIHbIX
ropozioB Y30ekucrana (B KauecTBe EpBOro 3Tarna), a 3aTeM (B MEepPCIeKTUBE) U ATl APYTUX TOPOIOB
U HAaCEJIEHHBIX TEPPUTOPHIA.

Ilenbto MccaenoBaHuil, OCHOBHBIE PE3YIbTaThl KOTOPHIX IPEJACTABIECHBI B JAHHOM CTaThe,
SBJIJIACH OLIEHKA CEHCMUYECKON ONTacHOCTU TeppuTopuu I. CamapkaHja, Kak IEPBOTO U3 OCHOBHBIX,
1 HEOTHEMJIEMOTO 3Talla KOMIUJIEKCHBIX MCCIIEOBAaHUM IO OLIEHKE U YIPaBJIECHHUIO CEMCMHUYECKUM
PHUCKOM.
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3amauaMy UCCIEOBAaHUS, KOTOPBIE MOTPEOOBANIOCH PEIIUTh JUIS AOCTHXKEHHUS MOCTaBICHHON
[EJH, SIBJISTFOTCS : COOp, M3y4eHUEe U KIACCHU(UKAIUS CBEIEHUN 00 MCTOPUYIECKON CEHCMUYHOCTH
TEPPUTOPUH, U3YUECHUE CEUCMOJIOTHUYECKIX U WHKEHEPHO-TEOJIOTHYECKUX YCIOBUM HA TEPPUTOPUHU
ropoJia U MpUJIETaIoNIe K HeMy TepPUTOPUH, JaHHBIX O MHKpOCEHCMOpaiioHnpoBaHuu, 00paboTKa
uHpopmanuy, BHIOOpP ¥ OMNpeAeNicHHEe NapaMeTPOB CICHAPHBIX 3EMJICTPSCEHUN, C OIEHKOH
pacrmpocTpanenus ceiicMuueckoro 3¢ dekTa, a Takxke pazpadoTka cooTBeTcTBYIOMUX GIS-npoekToB.

2. MartepuaJjibl, METOAbI U 00bEKT HCCJIeI0BAHUS.

KommnekcHas olieHKa CeMCMUYECKOTO PUCKA, BBIIIOJIHAIOMIASACS C LEIbI0 OLIEHKH BO3MOYKHBIX
MOCIIE/ICTBUI CHUJIBHBIX 3€MJIETPSICEHUH, BO3MOYKHOCTH 3a01aroBpEMEHHO TMOATOTOBHUTHCS K HUM U
CHU3UTh BO3MOXHbBIE MOTEPU HA CEMCMOAKTUBHBIX TEPPUTOPHUAX, COCTOUT U3 HECKOJIBKUX 3TAIlOB U
TpebyeT cObopa OONBIIOTO KOJIMYECTBA caMOW pa3HooOpasHoi mHopMaru. OOIIMe MPUHIUIIBI
BBITIOJIHEHUS MCCIIE0OBAHUM IO OLIEHKE U YIIPABICHUIO CECMUUECKUM PUCKOM MPUBEAEHBI B [2].

IlepBbIM 3TAaNOM HCCIEOBAHUMN SBJISIETCA OLIEHKA CEMCMHUYECKON OMACHOCTH UCCIETYEeMOU
TEPPUTOPHUH.

OneHka celicMMUecKON OMacHOCTU MOXKET ObITh JMOO0 JAeTepMUHUPOBAHHOM, OCHOBAaHHON Ha
Pa3BUTUM CIIEHAPHOTO 3EMJIETPSACEHHUs, KOTOpOE MPHHITO Haubojiee BEPOSITHBIM C Y4ETOM
MOBTOPSIEMOCTH COOBITHI pa3IMYHOrO Maciitada JUisi TaHHOTO PErvoHa, JIMOO ¢ onpeAeseHHbIM
IIOPOrOM BEPOATHOCTH NPEBBIIICHUS CEMCMHYECKUX XapaKTEPUCTHK, BBI3BAHHBIX DPa3IuYHBIMU
BO3MOXKHBIMU CelicMUYecKUMU coObITHsiMU. [locnme ompeneneHuss MCXOTHOW CEUCMHYECKOM
ONaCHOCTM B  PErMOHE, XapaKTEpU3YIOUICHCS  ONpPEAENEHHBIM YPOBHEM  CEMCMHUYECKUX
XapaKTepUCTUK Ha CKAJIbHBIX TPYHTaX OCHOBAaHUSA, HEOOXOJUMO YYeCTh BIHUSHUE TPYHTOBBIX
YCIIOBUHM MOBEPXHOCTHOTO CJIOSI, PACIIOJIOKEHHOIO HAa TBEPABIX MOPOAAX : MOIIHOCTH U CTPOCHMS
CJIOSI PBIXJBIX T'PYHTOB; YPOBHS TPYHTOBBIX BOJ; IUIOTHOCTH U CKOPOCTEH pPaCIpOCTPAHEHMS
CEHUCMUYECKUX BOJIH.

BTopbiM 3Tanom sBISIETCS MPOBEACHUE WHBEHTAPU3ALMM 3/IaHUH, COOPYXKEHHUM U CHCTEM
KU3HE0OeCNeUeHNs, PpACIOJIOKEHHbIX Ha  HUccleayeMoil  Tepputopuu. MHBeHTapu3anus
OCYILIECTBIISIETCSI B COOTBETCTBHM C Kiaccu(uKalMend 31aHuil U COOPYKEHUM, yUHTHIBAIOIICH
KOHCTPYKTUBHYIO CXEMy M Marepuajn, TroJ THOCTPOMKH, KayeCTBO CTPOUTEIbCTBA, YCIOBUS
sKCcIUTyaTaluu. B enunble KiaccuUKaIMOHHBIE TPYIIBI MOTYT OBITh OOBEAMHEHBI COOPYKEHUS,
MMEIOIUE OJIMHAKOBYIO CTENEHb YSI3BHUMOCTH K ceiicMuueckuM BoszaeWcTBusaM. s pa3zpaboTku
KapThbl PaCOJIOKEHHsI 0ObEKTOB HAa TEPPUTOPUH TOPOJIA, MOKHO HCHOJIB30BATh KapTorpaduieckue
MaTepHabl, CIyTHUKOBbIE H300paXkeHus: U TexHosoruu GPS-no3unimoHupoBaHus.

TperbuM 3TanoM SBISETCS BBINOJIHEHHE OICHKH ¢u3znyeckoro ymepba. Ha stoit craguu
HCCIEAOBaHUs, KapTa CEHCMHUYECKOM ONAaCHOCTH, YYUTHIBAKOIIAs TPYHTOBBIE YCIOBUSA Ha
HACEJICHHOH TEPPUTOPHH, COBMEUIACTCS C KAPTOU PACTIONOKEHHS PA3IMYHBIX 00BEKTOB. JlJIs OIIeHKU
BO3MOXHBIX IOTEPH JOJHKHBI OBITH OCTPOEHBI (UM MCIOJIB30BaHbl) 3aBUCUMOCTH MOBPEXKIAEMOCTH
(YA3BUMOCTH) 3[1aHUI ¥ COOPYKEHUHN OT BEJIMYMHBI XapaKTEPUCTUK CEHCMHUUYECKON OMacHOCTU. DTU
3aBUCHUMOCTH  (KpUBBIE  TIOBPEXKJAEMOCTH, BEpPOSTHOCTHBIE  MATPHUIBI  TOBPEXKIAEMOCTH)
paspabaTbiBatoTcs JIMOO Ha OCHOBAaHMM MHXEGHEPHOTO aHalW3a IOCIEACTBUI MpPOILIEAIINX
3emyieTpsiceHuit (0OBIYHO TaKO# aHaU3 MO3BOJIIET MOCTPOUTH 3aBUCUMOCTh YPOBHSI TIOBPEKICHUN
KOHCTPYKIIUH OT BEIMYMHBI CEMCMHUYECKON WHTEHCHBHOCTH), JHOO Ha OCHOBAaHWHU pacuera
CEHCMOCTOMKOCTH KOHCTPYKLMM 3JaHUN U COOPYKEHHUU IOJ NEHCTBUEM CEMCMMUYECKUX HArpy30K
(pacueT 1o CeKTpalbHbIM KPUBBIM, pacyeT Ha IeHCTBUE CEHCMUYECKUX YCKOPEHUH UIH CMELICHUH,
3aJJaHHBIX aKceJeporpaMMaMi MM celicMOrpaMMaMH U TIp. ).

YeTBepThIii 3TAIl — OLIEHKA BO3MOXHOTO YHCJIa PAHEHbIX, TOTUOLINX U OCTABIIMXCS O€3 KpoBa
mozeit. J{ns BeimosHeHs 3TOi paboThl HEOOXOIMMO COCTaBUTh KapThl PACHpeeIeHUs HaceIeHUs
[I0 3JaHUSAM Pa3JIMYHOIO HA3HAYEHUS B Pa3HOE BPEMs CYTOK, OLEHUTb KOJIMYECTBO JIOACH,
OKa3aBIIMXCA B 3/JaHUAX, IOJYYMBIIUX ITOBPEXKIEHUS Pa3JIMYHOIO YPOBHS TSDKECTH M 3aTEM
HCIOJIb30BaTh COOTHOLICHHUS, CBSI3bIBAIOILINE YUCIIO MOCTPAIABUIMX (C PAa3HOW CTETEHBIO TSXKECTH)
CO CTEIICHBIO MOBPEXKACHUM 30aHUN U COOPYKECHU .

IIsaThIid 3Tanm - OIEHKa SKOHOMHMYECKOro ymepba OT mpsMbIX moTepb. Ha sTom sTame
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OILICHUBAIOTCS TOTEPU B JCHEKHOM BBIPRKEHUH TOJBKO OT MPSMOTO IMOBPEXKACHHUS 3JaHUN U
COOPYKEHHUI.

Ha nociaenymomux 3Tamax :@ OLEHUBAIOTCA pa3Mepbl BO3MOXKHOTO MAaTEPHAIBHOTO U
COLIMAIBHOTO yIiepOa OT BTOPHYHBIX MOPaKAIOMUX (HaKTOPOB (MOKApPbI, 3aTOIUICHUS, XUMUIECKOE
U paIMOaKTHBHOE 3apaskeHHE TEPPUTOPHIL, SMUIEMHUH U TIP.); BBIIIOJIHSAIOTCS pacyeTbl HE0OX0AUMBIX
MaTepHALHBIX PECYpPCOB ISl CIIACEHUS JIIOJIEH M BOCCTAHOBJICHHS IMOBPEKICHHBIX 3MaHUHA |
COOPYXXEHHIA; OIEHUBACTCS MPOJOJDKUTEIBHOCTh aBAPHITHO-CIIACATENBHBIX PAa0OT M JIMKBHIAIMH
MOCIIE/ICTBUI 3EMJICTPSCEHHS, UCXOS U3 UMEIOIIUXCS PECYPCOB JIIOJIEH, TEXHUKH, CTPOUTEIBHBIX
MaTEepHAJIOB U TIP.; OLIEHUBAIOTCS BO3MOKHBIE SKOHOMHYECKHE TIOTEPU BCIEICTBHE MPEKPAICHHU S
paboTHI B3aMMO3aBHCHUMBIX MIPOMBIIIJICHHBIX TPEANPHUITHNA, 0TKa30B B (DYHKIIMOHUPOBAHUN CUCTEM
KHU3HEoOecreueHus;  pa3paldaThIBAIOTCSl  ONTHUMAJbHBIE M PE3EPBHBIE  CXEMBI  JIBUIKCHUS
CTEUATBHOTO TPAHCTIOPTA U CTPOUTEIBHOMN TEXHUKH B CIIy4ae MOBPEKACHUS OTIEIBHBIX JOPOKHBIX
COOPYKEHHUM U TIp.

Jlnist pemeHnst MOCTAaBICHHBIX 3a/1a4 MCIIOJIB3YIOTCS KaK CIIeUabHBIC, TaK M OOLIeHAyYHbIE
METO/IbI UCCIIeI0BaHUM, B 4acTHOCTH: MeTO 16 KCU (KOHKPETHOE COIMOJIOTUYECKOE UCCIIEIOBAHNUE),
a WMEHHO, JIOKYMEHTAJBHBI MeTO] (aHaJn3 IOKYMEHTOB), METOJIbI cOOpa, aHaiuu3a U OIEHKH
CBEIEHUI (PErUCTPHPOBAHNE EIUHUYHBIX COOBITUH - aHaIW3 JOKYMEHTOB, COOp MaHHBIX -
BbIOOpOYHas (ukcauusa, o0paboTka W aHanu3 UHGOPMalMU - KaTeropusalus, OIKCAHUE,
cucremarn3anus). Mcrnomp30Bauch U 00IIEHAYYHBIE METO/IBI, @ MMEHHO, OOIIEIIOTUIECKHE METOIbI
— aHaJlu3, CHHTE3 U aHAJIOTHUs, TEOPETUYECKIE METObl — THIIOTETUYECKHUI U KilacCUUKaIUS.

OObekTaMu MCCIeOBaHMS Ha dTare OLEHKU CEHCMHUYECKOM OMAcCHOCTH (KakK MEepBOM dTarle
KOMIIJIEKCHBIX HCCJIEIOBAaHUI IO OLIEHKE U YIPABICHUIO CEHCMUYECKHUM PHUCKOM) SBISIOTCS
CBEICHUS 00 HICTOPUUYECKOI CEHCMUYHOCTH TEPPUTOPUH FOPOJIa, CTPYKTYPHO-TeoMOP(HOIOTUYECKUX
XapaKTepPUCTUKAX PETMOHA, T€OJOTHUYECKUX U WHKEHEPHO-TEOJIOTMUECKUX MpoIleccax U SBICHUSX,
JUTOJIOTUYECKOM CTPOCHHMH, DJIEKTPOPA3BEIOYHBIX U CEMCMOpPa3BENOYHBIX HCCIEIOBAHUSIX,
MHCTPYMEHTAJIbHBIX UCCIEAOBAHUSIX CIIA0BIX 3eMIIETPSCEHUN, CECMUYECKOM MUKPOPaHOHUPOBAHH.

OO0beKkTaMy KOMIUIEKCHBIX UCCIIEIOBAHUM 110 OIIEHKE U YIIPABICHUIO CEHCMUYECKIM PUCKOM B
L[EJIOM, SIBJISIFOTCSI 3/1aHUSA, COOPY)KEHHUS U HaceJeHHe, KaK OOBEKTHl M COCTABJIAIOLINE JIEMEHTHI
pHUCKa Ha paccMaTpUBAEMOMN TEPPUTOPHHU.

3. IlocranoBKa 3aga4u.

Ha ocHoBe n3yueHus nepeoBoro MUPOBOTO OIbITA MPOBEIEHHs UCCIEIOBAaHUMN 110 OLIEHKE U
YIpaBIECHUIO CEHCMUYECKUM PUCKOM, a TAKKE UMEIOIErocs OT€YECTBEHHOT'O OIBITA, HAKOTIEHHOTO
B XOJIC BBIMOJHEHUS psijia MEXKIYHAPOAHBIX MPoekToB yis r. Tamkenra u psga I'HTII, aBTopom
(coBmectHo c¢ akagmemukomM AH PVY3 nar.H. mpodeccopom T.P. PammmoBeiM) pazpaboTanbl
Konnenmmuu obecnieduenust cericMudeckoir O6e3onacHocTH [2]. OtMeuenHble KoHmenmuu mpoiiu
MPAKTUYECKYI0  anpoOalrio, HEOAHOKPATHO TMPEACTaBISUINCh Ha psAAe  MEXKIyHApOIHBIX
KoH(epeHIHi B cTpaHax OJMKHETO U JaJIbHETo 3apy0exKbs, Te MOTYYHIIU 0J00pEHNE U TTOIEPKKY.

B cootBercTBUUM ¢ [2], paccMaTpuBaeMbIil MEpBBIA 3Tall KOMIUIEKCHBIX HCCIEAOBAHUN IO
OLICHKE U YIPABJICHUIO CEHCMHUYECKUM PHCKOM JOJDKEH BKIIOYATh CJEIYIOUIME paslelbl, C
napaiesbHoi pa3paboTkoil cooTBeTcTBYIOIUX GIS-poexToB (MeTomonorus ucnonszoBanus GIS
JUIS OLEHKU M YIPABICHHUS CEHCMHYECKUM pPHUCKOM IMpHUBEACHA B TMOATOTOBIEHHOW aBTOPOM
crenuanbHoi MoHorpaduu [5]) :

H3yuenue ucxo0Hou celicmonoudeckou ungopmauuu

» cOop n 0OpaboTka nHPOpMAUU 00 UCTOPUIECKON CEHCMUYHOCTH TEPPUTOPHH, CBEICHHN
00 TEKTOHMYECKUX YCIOBUSAX U CEHCMOJOIMYECKMX HCCIEeJI0BAaHUAX PETrHOHA U Ipuieraromiei
tepputopun. Pazpaborka GIS-kapT 0uaroBbeIX 30H peruoHa,

» cOop uH(pOpPMALMHK ¥ OLIEHKA MapaMeTPOB MPOHU3OIIEANINX U BOSMOXKHBIX 3eMJICTPSICEHHI
(criekTpoB KojeOaHMI B OJMIKHEH 30HE 3eMJICTPSICEHUHM, MapaMeTpoB 3aTyXaHHs CeHCMUYECKOM
SHEPTUH U COTPSCEHMH C PpacCTOSTHUEM, IE€PUOJOB TOBTOPEHHUS COTPSICEHUH pa3iIMyHON
MHTEHCUBHOCTH). Bb100p pacueTHbIX (8-9-0alIbHBIX) 3eMIIETPSICCHUIN 7Sl pa3pabOTKH CIICHAPHEB;

» paszpabotka GIS-kapT WHTEHCHBHOCTH JUIS Ka)XIOTO M3 PACUCTHBIX 3EMIICTPSICEHUH C
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y4eTOM 3aTyxaHus (KapThl U30CEHCT);

H3zyuenue Heo0X00UMOU UHIICCHEPHO-2€0102UYEeCKOl UHGOopManuuu

» cOop wuHpOpPMAIMM W W3YyYCHHE HWHKCHEPHO-TCOJIOTUYECKUX YCIOBUH HCCICIyeMOn
tepputopun. Pazpaborka GIS-kapT rpyHTOBBIX YCIOBHUH (C OTpa)kKCHHWEM JaHHBIX 00 YypOBHE
IPYHTOBBIX BOJI, MOIIIHOCTH CJIOE€B, N3MEHEHUU TPYHTOB MO TIIyOWHE, HATMYUU MaCCUBOB TaJICUHUKA
¥ 1Ip.);

» OIICHKAa BIIMSHUS TPYHTOBBIX YCIOBHH Ha cedicMuueckuii 3Pdext (ko3 UIeHThI
YCUJICHHUS, TIPOSIBJIICHUS IUHAMHYECKOW HEYCTOWYMBOCTH I'PYHTOB, 30H BO3MOYKHOTO Pa3KIKEHHS,
MPOCAIOK H IIp.);

Ouenka celicmMuuecko2o Ighgpexkma 014 pacuemuplx 6apUAHNO8 3eMACMPACCH UL

» pazpabotka GIS-kapT ceilicMU4ecKOTO MHUKpOpAaHOHMUpPOBaHHS (MHTCHCUBHOCTH B 0ajuiax)
UCCIIEyeMON TEPPUTOPHH C YIETOM I'PYHTOBBIX YCIIOBHIA,

» paspabotka GIS-xapr pacnpenenenus — cedicMuueckoro  dddekra  (MpOSBIICHUS
JTMHAMUYECKOH HEYCTOHYMBOCTH TPYHTOB, 30H BO3MOXXHOTO Pa3KMWKEHUS TPYHTOB, TPOCAIOK U TIP.);

OneHka CeHCMUYECKOW ONAacHOCTH JOJDKHAa oOecneduTh HHQOpMAU O HeW s
OTpEJIeIEHHOr0 MecTta WM Juis  Oosibiiod  oOnactu, 10O JE€TEPMUHUPOBAHHBIM, JHOO
BEPOSATHOCTHBIM CTOCOOOM. EciM HCIONB3yIOTCS JIETePMHHUPOBAHHBIE METOABI OILEHKH, TO
ceiicMUYecKasi OIMAacHOCTh BBIPAKAETCS YPOBHEM 3HAUCHHWH TapamMeTpoB, XapaKTePU3YIOIIUX
COTpSICEHUSI TPYHTa BO BpEMsl 3eMIIETPSICEHHSA. DTO MOTYT OBITh 3HAa4€HWsST MHTEHCHBHOCTH |
koJsiebanuit (mmo mkamam MMI, MSK, wimm ucnonb3yemoii B Y306ekucrane mkaine PCT V3 [4]), ypoBHs
MakcuManbHbIX yekopeHuit (PGA - Peak Ground Acceleration), MakcCUManbHBIX CKOPOCTEH TpyHTa
(PGV - Peak Ground Velocity), cekrpanbHbix yckopenuit (SA - Spectral Acceleration), crieKTpsbI
peakuuu u T.1. EciamM ke OLIEHKa OMacHOCTU BBIMOJHSETCS BEPOSTHOCTHBIMU METOJAaMH, TO
ceiicMuueckas OTIACHOCTb,
H - 3T0 BEpOSITHOCTH TOTO, YTO 3EMJIETPSICEHUE C OIPE/ICTICHHBIM YPOBHEM MapaMETPOB KoJieOaHUi
rpyaTa (uateHcuBHOCTH, PGA, PGV, SA) mpousoiiner B TeUeHHE OMPEACIECHHOTO IEpPHOaa B
oTpeeNieHHOM 00acTu :

H=F(PH).

Pe3ynbTaToM orieHKH ceiCMUYEeCKO OMTAaCHOCTH MOXKET ObITh YHCIICHHAs BETUYMHA TapaMeTpa
CeMCMHMYECKUX COTPSCEHHH, KapTa Wik KpuBast onacHocty (hazard curve).

[To pe3ynapTatam mHpeaBapUTEIbHO NPOBEAEHHONW WHBEHTApH3allMM 3[JaHUIl HA TEPPUTOPUHU
ropojla yCTaHOBJICHO, 4YTO TMOJaBJsonlee OOJBIIMHCTBO 3JaHUN CYIIECTBYIOIICH 3acTpOKu
OTHOCHUTCSI K THIIaM, JJIi KOTOPBIX YK€ IMPOBOJWIICS aHadU3 MOCIEACTBUN pPa3pyLIUTEIbHBIX
3emJIeTpsiceHUi. T.e. KpHUBbIe U MAaTPHUIIbI TOBPEXKIAEMOCTH 3TUX 3JaHUI MOT'YT OBITh TOCTPOEHBI KaK
3aBUCHUMOCTD CTEIIEHU UX MOBPEXKICHUS OT MHTEHCUBHOCTH CEIICMUYECKOTO BO3CHCTBHUS 10 IIKaJIe
PCT V3 [4]. TlosToMy, B KayecTBE XapaKTEPUCTHKH CEHMCMHYECKOW OMAcHOCTH OblIa BhIOpaHa
WHTEHCUBHOCTh CEMCMUYECKOTO BO3JEHCTBUS U C LIETbIO0 €€ KapTUPOBaHUs (1Sl UCIIOJIb30BAaHUS Ha
MOCJICAYIONIUX  JTalax BBINIOJHEHUS  HWCCIENOBAaHMIA) TIOCTAaBJICHA 3aJada  pa3pabOTKu
BEKTOPU30BAaHHON KapThl CEICMUUECKOTO PaliOHUPOBAHUS TEPPUTOPUH TOPOIA.

4. Pe3yabTaThl

Ilo pesynapraram npoBenE€HHOro 0030pa HCCIENOBaHWM, KacarollUXcs TIeojoro -
TEKTOHMYECKMX  YCJIOBMH  HCCIEeNyeMOM  TeppUTOpHH, €€  CTPYKTYPHO-TE€OJIOTHYECKUX
XapaKTepUCTUK, CEHCMHUYHOCTH M  HMHXCHEPHO-T€OJIOTMYECKUX  YCIOBUHM, coOpaHa H
KJaccu(pupoBaHa HeoOXoAUMasl UCXOAHask HH(OpMaIUs JUIS IPOBEJEHUS OIIEHOK CEHCMHUUECKOM
OIIaCHOCTH, B YACTHOCTHU:

1. ITpoBenEHHBIN aHaNNU3 JaHHBIX 00 UCTOPUYECKON CEHCMUYHOCTH TEPPUTOPUH TOKA3BIBACT,
YTO BCE CHJIBHEHIINE 3E€MJIETPSACEHUS NMPOMCXOIWIA Ha JIOBOJBHO 3HAYUTEIBHOM PAacCTOSHUU OT
ropojia, IpEeUMyIIECTBEHHO Ha I0ro-BOCTOKe OT I'. CamapkaH[a.

HauOounpie noBpexaeHus: ropoy HaHecau YpaTioOuHckoe, Kapartarckoe, boiicyHckoe n
VYpryrckoe 3emnerpsceHus. OTMEUEHHBIE BBIIIE 3EMIIETPSACEHUS, MO UMEIOIIMMCS Ha JaHHBIN
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MOMEHT JIaHHBIM, SIBJISIOTCS Han0oJIee CUIIbHBIMU JUIsl TEPPUTOPUM TOPOJIA.

OTU 3eMJIETPACEHUs, C COOTBETCTBYIOIIMMHU HMX XapaKTEPUCTUKAMH, MPUHATHI B KaueCTBE
BAPUAHTOB CLIEHAPHBIX 3EMJIETPSCEHUN.

W3 4eThIpéXx OTMEUYCHHBIX BapUaHTOB, HanOoJee HEOIAronpUsATHBIM BapUaHTOM CLIEHAPHOTO
3eMJICTPSICEHUsT SBJSIETCS  YpaTioOMHCKoe 3emuieTpsiceHne. Ha ocHoBe anamm3a 3amucei
ceiicmorpaMMm [29], a Takke BO3MOXXHBIX CHJIbHBIX 3€MJIETPSICEHUI JaHHOW TEpPPUTOPUU C
marautynoid M= 6,5 (K= 16 - 17), 6bu10 yCTaHOBIIEHO, UTO MPEOOIIAAAIONINMH IIEPHOAaMU (PyHKIUN
odara JUIsl SMUIEHTpaIbHOU 30HBI sBisieTcss T = 0,4; 0,6 cex. DTUM mepuogaM COOTBETCTBYIOT
MaKCUMaJbHbIC aMIUIUTY/bI CieKTpa Koiebanuit A = 5 u 7 mm. [loTeHIIMAIBHBIM U3 BO3MOXKHBIX
04aroB OyAyIIMX 3eMJIETPSICEHUH OTpe/IeieHa o4aroBas 30Ha 1moj; Ypa-Trobe ¢ rimyounoit 10 - 15 km.
W3 BO3MOXHBIX YIJIOB MaJAeHUs YNpPYrux BoOJH st Tepputopun Camapkanpaa [29], npunsara
BenmunHa o = 85

2. B pesynbraTte H3y4eHHUS CTPYKTYPHO-T€OMOP(OJOTHYECKUX XapaKTEPUCTUK pEruoHa
YCTaHOBJIEHO, YTO CEBEPO-BOCTOYHBIA OJIOK, I/le pacrnojoxeHa 4YacTe ropojga Camapkanpa,
MPUIOJHAT OTHOCUTENBHO FOr0-3alaHoro 0J0Ka U MMEeT HaKJIOH B IOro-3arajHoM HarpaBlIeHHUH.
Pa3pbiBHBIE HapyllIeHUs, OKpYKaoIie OJIOKM aKTHBU3UPOBAHbI B HOBEHIIIEM JTarle.

3. B pe3ynbTaTe 0030pa nccaeaoBaHui, KaCAIOIINXCA U3YICHHS Te0JIOTMIECKUX U HH)KEHEPHO -
re0JIOTHYECKUX IMPOLECCOB M SIBIIEHUN YCTaHOBIIEHO, YTO Ha TeppuTopuu r. CamapkaHaa MMeeT
IIUPOKOE Pa3BUTHE BHIBETPUBAHUE, IPO3Hs, OBparooodpasoBanue u cyddosus.

4. Ha tepputopuun 1. CamapkaHja HauOOJbIIEe PacIpPOCTPAHCHHE HMMEIOT YETBEPTUYHBIC
OTJIOKEHUS1, KOTOPBIE ITPEICTABICHBI COXCKUM, TAILIKEHTCKUM, TOJIOJTHOCTEIICKUM U ChIpJapbUHCKUM
KOMIUIEKCaMU. B TUTOIOrMYE€CKOM OTHOIIEHUY OHU MPEJICTABIICHBI CYTJIMHKaMU, IECKaMU, IPECBOM,
IPABUEM U TAIEYHUKOM.

5. Ilo maHHBIM 3JEKTPOPA3BEIOYHBIX UCCIEIOBAHMI COOPAHBI U KIIACCU(DUITUPOBAHBI CBEACHUS
0 I'€0JIOTUYECKOM CTPOEHUU IIOBEPXHOCTHBIX IPYHTOB, X IPOCTUPAHUH U 3AJIETAHUU HAa TEPPUTOPUN
ropoja B npenaenax 30 METpOBOM TOJIIIIH.

6. Ilo naHHBIM celicMOpa3BEIOYHBIX HCCIIEIOBAHUN TEPPUTOPUHM TOpoJa OBLIM H3yUYEHBI
yIOpyrue XapakTepUCTUKU TPYHTOB, KaK MO IUIOIIaAH, Tak U 1o riyoune (1o 30 m). M3yuena kapta
MIPUPAILECHHS CECMUYECKON MHTEHCUBHOCTH JUIsl TEPPUTOPUU TOPOJIa, KOTOpas SBJISAETCS OCHOBOM
KapThbl CEICMUYECKOTO MUKPOPAHOHUPOBAHUS.

7. Ilo TaHHBIM MHCTPYMEHTAJIBHBIX UCCIIEJOBAHUIN CIIA0bIX 3eMJIETPSICEHUIN YCTaHOBJIEHO, YTO
B CIIEKTpax CMEILIECHUNA BBIACIECHBI [Ba SIPKO BBIPAXEHHBIX OSKcTpeMyMa. llepBelii u3 Hux
Habmogaercs ipu T = 0,4 cek, Bropoit — ipu T = 0,8 cex. HanbompIiee koam4ecTBo KoJIeOaHUN OT
3eMJIETPSCEHUM MPUXOIUTCA HA 3TU NEPUOJIBI.

8. IloBbIlIeHHOE 3HAaUYEHUE PUPALLEHUSI HHTEHCUBHOCTH (OKOJIO «+1» Gaiia) xapakTepHo s
TEPPUTOPUN AHTPOIOTEHHBIX OTJIOKEHHUH, a TAKKEe TEPPUTOPUH, € B COCTABE JIECCOBBIX MOPOL
Pa3BUTHI JINH3000pa3HbIe BKIIOUEHUS JPECBHI.

9. Hzydena kapra-cxema CEHMCMHUYECKOTO MHKpopaloHupoBaHus r. CamapkaHia B €ro
NIEPCIIEKTUBHBIX T'PAaHUIlAX, COTJIACHO KOTOPOU Ha TEPPUTOPUH FOPOAA BbIICIEHBI 7-MHU, 8-MU U 9TH
OaJsIbHBIE 30HBl. YYAaCTKU C CEMCMUYHOCTBIO 9 OaIoB pacloJioKEHbl B OCHOBHOM Ha TEPPUTOPUU
«CTaporo ropoja» u 3aHuMaroT okoisio 20% o01el TeppuTOpUH ropoaa.

10. IIpoBenena oOpabOTKa OTMEUEHHOW CEWCMOIIOTMYECKON W HMHKEHEPHO-TE€O0JIOrHUeCcKOi
uHpopmanuu ¢ ucnoibs3zoBanueM GIS C-TexHOIOTHH.

B wactHOCTH, pazpaborana GIS-ocHOBa uccneayeMoi TeppUTOpUH, IPOBEIeHa UICHTU(DUKALIUSA
IpaHUIl TEPPUTOPUHU ropoja W pazpaboTaHa cepus KapT IO OLIEHKE CEHCMUYECKOH OMacHOCTH
TEPPUTOPHUU TIO CIEAYIOIIUM TEMaM :
aZIMMHHUCTPaTUBHBIE TPAHULIBI TOPOJIA;

PEKH, KaHabI;

BOJIOEMBI;

YJIUILBI TOPOJIA;

PacroJIOKEHUE AMULIEHTPOB UCTOPUUECKHUX 3EMIIETPACEHNUI;
KapTa CIJIa)KE€HHOM CEeCMUYHOCTH PErHOHa;
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»  KapTa pacrpelelieHHs TPYHTOB Ha TEPPUTOPUU FOPOJIa;
»  KapTa ypOBHS I'PYHTOBBIX BOJ;
»  KapTa MHKpoceiicMopailoHupoBaHus Teppuropuu ropoaa (Puc. 1).

JUia TpoBeneHUs OLIEHOK CEHCMHYECKOW OIIACHOCTH HCCIIENIyeMON TEeppUTOpUU (M Ha
MOCIIEAYIONUX JTalax BBIMOJIHEHUS UCCIIEA0BAaHUN) UCTIONIB30BATIOCH MIPOTPaMMHOE OOecriedeHne
GIS ArcView, paspaborannoe ESRI (Environmental System Research Institute, USA), kotopoe
ObUIO TIEpEeaHO MCIOJHUTENSIM B XOJE BBIIOJHEHUS MEXIYHAPOJHOTO MPOEKTa I Tropoja
TamkeHra.

&2 ArcView GIS 3.2a

Parin Penaxktupoeate Bun Tema [padguka OkHo Cnpaeka
& [EE] ) ]
O b [o[e [z 7 [l nom i sccren] Macuras 11127525

€ WuBeumapuzauus 3gawui

1 Pexu, xanans:

«1 Bodoemu:
=D

«1 Caymuuxoeas cuemxa

W — TeppiropucceiicmmnocTeo 9 Bannoe]

__ Teppirropita  ceficuisosTuio 8 5annos]

— Teppirmopu ¢ celicumuocTsio 7-6annoaf

1 ~1

MpuGALKaET K aKCTEHTY Boex Tem

55!‘11!‘3'“ SI&xa |J|ﬂAchiew GIS 3.2a |5 Adobe PhotoDelux... I 3 Oﬁanp—D:\]:(anMe...l Window

| | 3R o B o

Pucynok 1. - [Ipouenypa co3naHusi BeKTOPU30BAHHOI TeMbI 10 PACTPOBOMY H300pPa:KeHHMIO CIIYTHUKOBOM ChbEéMKHU
TEPPUTOPUH IOPoJa U KapTa MHKPOcelcCHOpaiioHupOBaHMUsI.

5. AHaJau3 pe3yJbTaTOB

[Tonydyennsle pe3ynbrarsl corjacyrorcss ¢ nonoxkeHusmu KMK [1], cormacHO KOTOphIM,
celicMUYHOCTh TeppuTopuu r. CamMapkaHnma oleHHBaeTcs B 7, 8§ m 9 OaioB, C OXKHJIaeMbIM
WHTEPBAJIOM MOBTOPSAEMOCTH 3€MJIETPSICEHUN OTMEYEHHOM MHTEHCUBHOCTH, COOTBETCTBEHHO, 150,
500 u 1000 ner.

JIOCTOBEpPHOCTh MPOBENEHHOM OIGHKM CEHCMUYECKOM OMAacHOCTH (BKIOYas KapTy
CEHCMHUYECKOTO0 MHUKPOPAHMOHHUPOBAHUS HCCICAYEMOW TEPPUTOPHH) oOecredeHa KOMIUICKCHOM
OIICHKOW pOJIM COCTABIIAIOIIMX M BIMSIOMUX (HDAaKTOPOB, OICHEHHBIX HAa OCHOBE HCIIOJIb30BaHUS
pe3yJIbTaTOB HECKOJBKHUX aJbTEPHATUBHBIX METOJOB (OLICHKH MPUPALIECHUS CEHCMUYECKOM
0aUIbHOCTH, HWHXKEHEPHO-TEOJIOTMUECKOTO PAMOHUPOBAHUS, PE3YJIbTAaTOB JIIEKTPOPA3BEIOYHBIX
HCCIEAOBaHUM, OLEHKU CEHCMHUYECKOW MHTEHCUBHOCTH IO METOJY CEHCMUYECKOW >KECTKOCTH,
pEe3yNbTaTOB HCCIENOBAHUI CIa0BbIX 3E€MIIETPSICEHUN, pacuyeTHOr0 MeEToJla CEeHCMUYECKOro
MUKPOPAHOHUPOBAHUS, TAHHBIX 00CIIETOBAHMS MOCIEACTBHUI 3eMIIETPSICEHUH).

6. Oo6cyxaenne

HOJ'IyLIeHHBIC PE3YyIbTAThL HCCIeI0BaHUM 1o OILICHKC celicMuYecKoi OImaCHOCTH
HCIIOJIb30BAJIUCh HA MOCIICAYIOMIUX ITAalldX KOMIIJICKCHBIX HCCIIeNOBaHUH MO OIIEHKE U YIIPABJICHUIO
CEMCMHUYECKUM PUCKOM IJIA T CaMapKaHz[a.

PG3YJ'ILT3TLI HpOBeI[éHHLIX HCCJICI[OBaHI/Iﬁ obecnieyaT BO3MOXKHOCTH AOJITOCPOYHOr0 M
ONICPATUBHOI'O INIAHUPOBAHUA HCﬁCTBHﬁ, CHIDKAIOIIUX CEHCMMUYSCKUM PHUCK HAa TCPPUTOPUN T'OPOAA.
Onn MOTYT OBITh MCIIOJIB30BaHBI KaK IIpU pCIICHUHN TCKYIIHUX BOIIPOCOB YIIPABJIICHUA U SKCILITyaTallun
TropoACKOTo XO3$II\/'ICTBa, TaK U IIpHU paspa60TKe TCHCPAJILHBIX IIJIAHOB PAa3BUTHUA TOpOJa OpraHaMu
YIIPpABJICHHUA U IJIAHUPOBAHUA, CHIIOBBIMU CTPYKTYpaMH, SKCITYaTAIMOHHBIMU WU KaJaCTPOBLIMU
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ciyxx6amu u ip. 1, kpoMe ToT0, pazpaboTaHHbBIE B OTHOIIEHUH celicMudeckoro pucka GIS-mpoekTsr,
BIIOJIHE MOTYT IOCIY)KMTh OCHOBOH Ul pa3paOOTKU COOTBETCTBYIOUIUX MPOEKTOB U AJS JIPYTHUX
BUJIOB YPE3BbIYAMHBIX CUTYAIMI MPUPOJHOTO U TEXHOTEHHOI'O XapaKTepa.

HaxomnneHHbIH yHUKaIbHBIN MPAKTHYECKUH OTBIT IPOBEACHUS MCCIEIOBAHUI U pa3paboToK,
HaNpaBJICHHBIH Ha pelmeHrue MpoOJeMbl OLEHKHM M YIPAaBJICHUS CEWCMUYECKUM DPHUCKOM,
0a3upyromuiics Ha MepejoBOM MHPOBOM OIBITE, KU3HEHHO BAXXHO W UYPE3BbIYAHO aKTyallbHO
pacpoCTpaHUTh Jisi HanOoJIee KPYIHBIX TOPOI0B ¥Y30ekucTaHa (B Ka4eCcTBE IMEPBOTO JTara), a 3aTeM
(B mEpCIEKTUBE) U IS APYTUX TOPOJIOB U HACEIEHHBIX TEPPUTOPUIL.

7. 3akjaueHue

B cootBercTBMM C 1enbl0 W 33JadyaMd MCCIEIOBAaHMN Ha JAaHHOM JTale MpOBEIEH
aHATTUTHYECKH 0030p, 00paboTka W KiIaccHpUKAIMS CEHCMOJOTHYECKOW W HWHXKEHEpPHO-
reoJiorudyeckoii uHpopmanuu (CBEAEHUH 00 HMCTOPUYECKONW CEHUCMUYHOCTH, TPOSBICHUU
ceiicMuueckoro 3pdexra oT 3eMIETPACEHUN Ha TEPPUTOPUH TOPOJa, UX XapaKTEPUCTUKAX, aHAIHU3
UCCIIEIOBAaHUN MO0 TEKTOHUKE, TIeOMOP(OJOrUH, THUIPOTEOJOrMM M CEMCMHMYHOCTH paloHa,
Marepuanbl MCCIECIOBAHUW [0 WHKEHEPHOM TE0JIOTHH, OJJIEKTPOpPa3BEAKE U CEHMCMOMETPHUH
TEPPUTOPUU TOPOJAA, CBEACHUHM O CEMCMHMUYECKHUX XapaKTePUCTHKaX TPYHTOB, MpeoOialaroniux
nepuoaax UX KojeOaHUi; JaHHBIC O CEHCMHYECKOM MHUKPOPAHOHUPOBAHUHU TEPPUTOPHUH TOpoja B
€ro NepCIeKTUBHBIX IPaHUIIAX/

VYcTaHOBIIEHO, UYTO BCE CHJIBHEHIINE 3E€MJIETPSACEHUS TMPOUCXOJWUIM Ha  JIOBOJIBHO
3HAYUTENIBHOM pAacCTOSIHUM OT Topoja. HaumbGomnbmme mOBpexAeHHUS TOpPOay HaHECIu
VYparobunckoe, Kapararckoe, boiicyHckoe u VYpryrckoe 3eMIeTpsACEHHUs, KOTOpbIE MOTYT
paccMaTpuBaThCsi B KauyeCTBE BAapHUAaHTOB CIIEHApHBIX 3emuieTpsiceHuil. Hambosbinee 3HaueHue
MHTEHCUBHOCTH, IIPOSIBUBILEECS HAa TEPPUTOPHUM TOpOJa IPU OTMEUYEHHBIX 3EMJICTPSICEHUSIX,
coctaBuwio 8 OamioB. 13 4 oTMEUYeHHBIX BapHaHTOB, Hauboyiee HEOIArONMPHUSITHBIM BapUAHTOM
CLICHAPHOTO 3eMJIETPSICEHUS SBJISIETCS Y paTIOOMHCKOE 3eMJIETPSACEHUE, Ul KOTOPOrO YCTaHOBJIEHA
ouaroBas 30Ha, IMpeoOiajgaromiye Mepuoasl (GYHKIMH ovara s OSIHULEHTPATbHOM 30HBI,
MaKCHUMaJIbHbIE aMIUIUTY/IbI CIIEKTpa KojeOaHu, r1yOruHa THIIOIEHTPa U BO3MOKHBIHN yroJl najieHus
YOPYIUX BOJIH JUIsl TEPPUTOPUN TOPOJIA.

[IpoBenena 00pabOTKa OTMEUYEHHOW CEHCMOJIOTMUECKOM MW HMHKEHEPHO-TEOJOTHUECKON
nHpopmanuu ¢ ucnosibzoBanueM GIS-texnonoruit (mporpammubiii maker ArcView GIS 3.2a).
PazpaGoTana cepust KapT IO CIEQYIOIIMM TEMaM: PAcIOJIOKEHHE SMMIEHTPOB HCTOPHUYECKHX
3eMIIETPSACEHHM; KapTa CEMCMUYHOCTH PETMOHA; aJMUHUCTPATUBHBIE TIPAHMUIIBI TOPOJA; PEKH,
KaHaJIbl; BOJIOEMBI; YIIMIIbL, KapTa paclpeaesieHusl TPYHTOB U YPOBHS I'PYHTOBBIX BOJ HA TEPPUTOPUHU
ropojia; KapTa MUKpoceiicMopaiionupoBanus ero reppuropuu (Puc. 1)

8. Baaronapaocru

ABTOp BbIpaXaeT MCKPEHHIOI 0JIaroJapHOCTh COTPYJHHKAM U PYKOBOJCTBY OOJIACTHOTO U
TOPOACKOr0 XOKMMHATOB, oOmactHoro YUC, cmyx0 kagacTpa, yHOpaBiIeHHMS MaXalJIMHCKUMHU
koMureramu TI. CamapkaHja, NPOSBUBLIMM 3aWHTEPECOBAHHOCTH B IPOBEACHHHM OTMEUYEHHBIX
UCCIIeIOBAaHUI B 11€JI0M, OKa3aBIIUM UX MOAJEPAKKY, B TOM YHCIe B cOOpe HEOOXOAMMOI UCXOHOM
uHpopmanuy, a Takxke akageMuky AH PY3 n.1.1. npodeccopy Typcyn6ato Pammnosuuy Pammnosy,
101 OOIIMM HayYHBIM PYKOBOJCTBOM KOTOPOTO MPOBOJMIINCH JaHHBIE UCCIIEJOBAHUS.
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K OIIEHKE CEUCMHUYECKOMW OITACHOCTH I''.TAIIKEHTA
Hypmatos Y.A.L, Cagsixos FO.M. !, FOcynmkanosa V.A. 1

lHhtcmumym ceticmonozuu umenu 1. A. Masnsanosa, Tawxenm, Y30exucman
E-mail: ulfat.nurmatov@mail.ru

Annomayun. Cmamos nOCésueHa u3y4eHuro CelucCMomeKmorHu4eckol oocmanosku 2. Tawkenma u npuie2arouux
meppumopuii. Paccmompenvt 6onpocet ghopmuposanus u pazeumusi 2e00UHAMUYECKUX CMPYKMYP 6 HOGeuuleM u
COBPEMEHHOM — dmane, OCHOBHLIX PA3IOMOS8, KOMOpble OMBEMCMEEHHbL 30  COBPEMEHHYI0  CEeUCMUYHOCHb
Tpumawkenmckozo paiiona. Ilpueodames ungpopmayuu 0 co8peMeHHbIX 6ePMUKAILHBIX OBUNCCHUSX 3eMHOU KOPbL, O
JIUHEUHBIX UCMOYHUKAX 3eMACMPACEHUT U 00 UCMOPUYECKUX 3eMIeMPCEHUSIX, GO3HUKUIUX KAK 8 Npeoeiax 20pood, makKk
U npune2arwux meppumopusx, Komopbie npeocmasisiiu PEaibHyl0 Yepo3y 20pood.

Kniouesvie cnosa: Celicmuueckas onacHoCcmv, aKMUGHBLL PA3IOM, CEUCMO2EHHAs 30HA, MEKMOHUYeCcKue
CMPYKMYypol, SRUYEHMP 3eMICMPACEHUSL, COBPEMEHHbIE OBUNCEHUSL.

1. BBenenune

dopMHUpPOBaHKUE OCHOBHBIX CTPYKTYP, OMPEAETSAIONINE COBPEMEHHBIN reoMop]osoruyeckuii
o6muk IlpuramkeHTcKOro paiioHa, Kyzaa BXOOUTh T. TallKeHT W MIpUIIEramliue TEPPUTOPHH,
NPUXOAUTCA HA HOBEUIIMH ATall TeOJAMHAMUYECKOro pa3BuTusA. COBPEMEHHYIO CTPYKTYpY
MIPEJICTaBIISIET CEBEPO-BOCTOYHAS CHCTEMa IIOJIOKUTEIBHBIX U OTPULIATENIBHBIX 3JIEMEHTOB
Pa3IMYHOrO MOPS/IKA, pa3TpaHUYEHHBIX JPEBHMMHU pa3ioOMaMH, aKTUBU3UPOBAHHBIMH B HEOTEH-
YeTBEPTUYHBIA ATall T'€OJOTHYECKOr0 pa3BUTHUA. SepHYI0 YacTh MOAHATUN 0Opa3yroT MOPOIbI
KOHCOJNIMAUpOBaHHOTO  (yHnameHTa. OHHM TMOCTENEHHO TOTPYXKAlOTCAd TOJA  ME3030MCKO-
KallHO30MCKHUX OTJOKEHUWA B IOro-3alaJHOM HampaBjieHHH. Pa3jiombl, B OCHOBHOM CEBEpPO-
BOCTOYHOW OpHEHTAIlMH, pa3IUYyaroTCsl HCTOpUEH TEKTOHMYECKOro pa3BUTHUS, TIyOHMHOM

MMPOHUKHOBEHMS U 0coOeHHOCTsIMHU nedopmupoBanus [M6parumo P.H., Hypmaro V.A. u ap.
2002].

A
T £Z,
| Hypadhwon

i

Lo~

1 3
[ 2[=]4
1-rpaHUITEl TOAHATHI U IPOTHOO0B; 2-TOKAIBHBIC aHTUKIMHAIBHEIE CKIAIKA; 3-0CH CHHKIIMHABHBIX CTPYKTYp; 4-
BBIXOJIBI IOMe3030icKoro ¢pyHaamenTa. A, b, B — merantuximnamm Tsap-11lansg-Kapxanrayckas, YaTkaabckas,
Kypamunckasi, Moronrayckast. Tamkentcko-I"onogaocrencknii nporu6: | — SIlarn6aszapckas cuakmunaans; -
[MaxTuHckas cuaknmmHanb; [1I-Mup3augynsckas cuaknmnHans. denpecnn: |V-Bepxue-Uupunkckas; V-Anrpenckas; V-
MupsapaBatckas; VIl-bamamckas; X1X-/xaycymxymckoe mogastue; XX-Aarutonsckoe mopasatue; XXI-Kenecckas
cuaknmHab; XXII-bepkebamckas cuakmHanb; XXI1-Caperarauckas cuakmmHanp, XXIV-MexHaTKamckuid Ba,
XXV-ITucramurayckoe mogastue; XXV I-Maiicko-mmonTopankoe mogHsITHE.

PucyHOK 1. - @parMeHT cxeMbl TEKTOHHYeCKOro paiionnpoBanus Tamkentcko-T'ooanocTenckoro nporuéa u
conpeaeabHbIX TeppuTopuii [mo Tans-Bupckuii, 1982].

OmHMM U3 KpYNHBIX CTPYKTYpPHBIX KOMIUIEKCOB IlpuTamkeHTCKOro paiioHa sBIsSETCS
TamkenTcko-I'onogHOCTENCKAs OJUIOLEH AHTPOIIOTEHOBAs BIAJMHA, KOTOpas HMEET CIIOKHOE
TEKTOHUYECKOE CTPOCHHUE B IIpeAieaax KOTOpou pacronoxeH I. TamkeHT. 1o nanasivm O.A.PppkKoBa,
P.H.MOparumoBa, A.A.}OpseBa [1961], Bnaguna pacnosiaraercsi B 30HE COUJICHEHHSI IBYX KPYITHBIX
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CTPYKTYPHBIX KOMILIEKCOB My Typanckol murou u Yarkano-KypaMuHCKOM rOpHON CUCTEMOM.
[lepexon B CTOPOHY IIJIUTHI TOCTETIEHHBIM U NIMEET aCCUMETPUYHOE CTpoeHHe. OCh €€ MPOCTUpaHuUs
C CEBEPO-BOCTOKA HA Oro-3amnaj U B paiioHe 1'0JI04HOM cTeny NOBOPAYMUBAECTCS HA CEBEPO-3aIal v
cimuBaetcs ¢ CeipaapuHCKoi BaguHoi. ['myObuna 3aneranus (GyHaaMeHTa 3/1€Ch 10 re0(PpU3nIeCKIM
nanaeiM gocturaetr 3000 m. Ilo moBepxHOcTHM (yHIaMEHTa BbIAETSIETCS OOJIBIIOE KOJHMYECTBO
CTPYKTYp 00Jiee BBICOKOTO MOpsAKa, KOTOPbIE OCIOKHEHBI pa3pbIBHBIMHU HapylieHusMu. [loutu Bce
MIOJIOKUTEIBHBIE U OTPHULIATENILHBIC AIEMEHTHI TAJIC030HCKOT0 PyHIaMEHTa OTPA3UIINCh B CTPYKTYpe
nokpoa. Cpeau HHUX BblIesitoTcss nogHsATHs llpuramkentckux uwyneil, CelpaapbuHCKas,
Anruronsckas, Jbxkaycymckas u  Maiicko-IlonTopankas rpynnel noaHsatud, Kenecckuit u
UYupunkcko-I'onoanocrenckuit mporudsl (Pucynok.1). OHu B cBOI0O odepenb TakkKe OCIOKHEHBI
MI0JIOKUTEIbHBIMU M OTPULIATEIbHBIMU 3JIEMEHTAMHU 00JI€€ HU3IIETO NOPsAKa, KOTOPbIE OTPAXKAIOTCS
B 0CaJKax Me3030f-KailHa30s B BHJE€ HWHTECHCHUBHO pa3BHUBAIOIICHCS AHTUKIMHAIBHBIX U
CUHKJIMHAJIbHBIX cKJIaZoK. Hanboee kpymnHble 30HbI CKIa10K HAXOIATCS Ha MPo10JKeHNH YaTkano-
KypamMuHCKuX MEraHTUKIMHAIEH U MPOTATMBAIOTCS K I0ro-3amnany dyepe3 Maiicko-IIponropankyro,
[IckeHnTCKO-byKMHCKYIO rpynmy DOAHATHH. Mexay HUMH — pacnoJiararorcss  UMpymKCKo-
lNononnocrenckuii, Huxneanrpenckuit u Mupzapabatckuii nporu6el. CocraB maneo30McKoro
(dbyHIaMeHTa 10 CTPYKTYpHO-(hauaibHbIM yepTaM cxoaHbl ¢ KypamuHo-®depranckuM cpeiuHHBIM
MaccuBoM. B crpoeHun penbeda naneo3oickoro (yHIamMeHTa MOXHO OTMETHUThH CIIETYIOILIUe
O0COOCHHOCTH. bBOJILIIMHCTBO MOJHATHUH U NPOTMOOB YAcTO TIEPECeUeHbl  Pa3phIBHBIMU
HapYIICHUAMHU, CMEIIEHUS NX HCYUCIIAIOTCS COTHAMHU METPOB. [[prMeuaTenbHo, 4TO ¢ yoaleHUuEM OT
Yarkano-KypaMHHCKHX TOPHBIX COOPYKEHHUH 3TU CTPYKTYPbl UMEIOT CYOIIMPOTHOE IPOCTHPAHUE, a
OmKe K ropam — CeBepo-BOCTOYHOE. TakuM 00pa3oM Bce MOJIOKUTENIBbHBIE M OTPHULIATEIIbHBIC
AJIEMEHTHI MAJIE030MCKOT0 (PyHIaMEHTa OTPAXKAIOTCSI B COBPEMEHHOM cTpyKType [IpuTamkeHTckoro
paitona (Pucynok. 1) [M6parumos, 1978].

2. Pe3yabTarhl CeiicCMOTEKTOHMYECKOT0 AaHAJIN3A

HeotexTonuxka. [Ilonmopayko-Coipoapunckas — anmukiunaivias  3oua  (PucyHOK.2)
npecTaBisier co0oil HarboJiee KPYIMHYIO 10 pa3Mepy UM aMIUTUTYZAE MOJOKUTEIbHYIO CTPYKTYDY,
SIBJISIFOLLYROCS] HEIOCPEICTBEHHBIM ITPO0JKeHHEM KapkaHTayCKoro aHTUKJIIMHAJIBHOTO MTOJAHATHUS C
MOIPY’KEHHEM IIAPHUPA B CTOPOHY BNAAMHBI. OHA OTUETIMBO BBIPMCYHOKOBBIBAETCS M 10 KPOBIIE
MaJICOTCHOBBIX OTI0XKeHUH. CTpoeHHEe 30Hbl aCHMMETPUYHOE, €€ CeBEpO-BOCTOUHBIN CKIIOH OoJjiee
KPYTOM, 4eM FOKHBIN.

[TonTopauko-CelpaapyHCKasi aHTUKJIMHAJIBHAS 30HA PACMOJaraeTcsi Ha MPUIOIHATOM KpbLIe
[IputamenTckoil hiaexcypHO-pa3pbIBHOM 30HbI, KOTOPAsk B CBOIO OUEPE/b CIYKHUT I0KHOM IpaHullei,
oTaessoen ee ot Yupuukcko-I'onogHocrenckoil cunknnHanu. Ha ceBepe rpannunts ¢ Kenecckoit
CUHKJIMHAJILHOM 30HON. 30Ha COCTOMUT U3 KYJIMCOOOpPa3HO PACIOI0KEHHBIX JIOKAIbHBIX CKIAI0K
HEOJIMHAKOBOT'O CTPOCHHUS U B I[EJIOM KYIOJIOBUJHOU (POPMBI C OCIOKHEHUSIMU B BUJIE JIOKAJIBHBIX
OpaxuantukiauHanei. [Ipoctupaercs B OCHOBHOM € CEBEPO-BOCTOKA HA FOro-3amall.

Haubonee kpymHas aHTUKIMHANbHas CckiIagka — Kapayatay ¢ BBIXOAOM B €€ sipe
Majaeo30McKUX nopo. s Hee XapakTepHO HajJMuKe B FOKHOM KpbUIE HAJBUTIa, M0 KOTOPOMY HE
TOJIBKO CpPE€3aHbl MEJIOBbIE U HEOTEHOBbIE TOJIIIM, HO U HAPYIIEHBI Teppachl p.YUpUMK BILUIOTH 10
rOJIOAHOCTETICKOM, MECTAMH 3aTPOHYTHI 1axke Moo ibie HaHOChL. [1o manusiM H.I1.BacunbkoBckoro
u ap. [1940], ammnuTyna nepemenieHus: B KaitHO30MCKux oTioxeHussx gocturaer 1000 m.
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BocmouHo [UC
cucmema  Typ

VYyacTku: 1-UHTECUBHO TIOJHUMAIOIINECS C MUOLIEHA; 2- C MO3JHET0 JOIIEHCTOIeHa; 3- ¢ paHHETO HeoruiecTonena; 4-
CO CPEJHET0 HEOIUICHCTOIICHA; S-C TIO3THET'0 HEOIUICHCTOIeHa; 6- S0ILUIECTOIICHOBBIC IPOrHOAHIH, BOBJICUCHHBIC B
MOJHATHS B pAaHHEM HEOIUICHCTOIIeHE; 7- paHee U CpeiHEe HEeOIICHCTOIICHOBbBIC MPOrHOaHUi; 8- rOIOIEHOBhIC
poru0anuy; 9- MeHee aKTUBHBIC pa3iioMbr; 10- HanOoIee aKTUBHBIC Pa3IOMBI; 1 1- dIekcypHO pa3phIBHAS 30HA.
Pucynok.2. Kapra HoBeilMx TeKTOHU4YeCKHX ABUsKeHU [IpuTamkenTckoro paiiona [Axmex:xaHoB u ap., 1971].

xecmano - AnaucKUT T

Kpynneiimas cuHKIMHaIBHAS 30Ha — UMpUYUKCKO-I'0JIOJHOCTENICKAs MpEeACTaBiseT COOOM
JOBOJIBHO CJIO’KHOE TEKTOHMYECKoe oOpa3oBaHue. B ee mpenenax maneo30ickre NOPObI 3a1eraioT
Ha royouHe He MmeHee 2,5 kM. CeBepo-BOCTOYHAs 4yacTh 3aMKHYTa, a Ha IOro-3amaje BHaJWHA
CIUBaeTCsl ¢ AHrpeHCKON 1 Mup3apaBaTCKOM CUHKIMHAJISIMU U PacKpbhIBaeTcsl B CTOpoHy ['osoiHOM
crenu. [TouTu Bcst miomiaap NOKpPhITa YETBEPTUUHBIMU 00pa3zoBaHUsAMU MOIIHOCTHIO 200-500 M. B
HaumOoJee OMYIIEHHOW 4YacTH, Oro-ocTouHee TalllkeHTa, MOUIHOCTh KaWHO30MCKUX MoJace
MpeBBIIAET 2 KM. XapakTepHas 0COOEHHOCTh 30HbI — HEIIPEPhIBHOE MPOTrHbaHye B TeYeHHE Me303051-
KaifH03051, 0COOEHHO B OJIUTOLIEH-aHTPOIIOT€HOBOE BPEMsI, ITOJIHOTA CTPATUTpaPUUECKUX pa3pe30B U
ci1aboe MPOSIBICHUE CKIaT4aThIX JBUKCHHM.

Takum oOpazom, [lpuramkeHTckass QEeKCypHO-pa3pbiBHAsE 30HA SBIETCS HamOojee
TEeKTOHMYECKH AaKTHUBHOW CTPYKTypod TamkeHTCkoro-I'osogHOCTENCKO BHAIUHBI, C KOTOPOi
CBSA3aHbl JIHILEHTPbl CHIBHBIX 3€MJIETPSCEHUM, BO3HUKIIME B TI.TalllkeHTEe M NpUIIEraronIuX
TEPPUTOPUSX.

B npenenax r.TamkeHTa 0cag04HbIi Me30-KallHO30MCKHI Y€XO0J1 ropoja BKIIOYAET OT FOPCKUX
JI0 YETBEPTUYHBIX OTJIOKEHHI. BepxHemenoBple M NMajieOreHOBBIE OTJIOKEHHUS PacHpOCTPAHEHBI
MTOBCEMECTHO, JINTOJIOTUYECKH U [0 MOIIHOCTSIM BBIJAEpKaHbl. MeTaMop(pu3M NaneoreHOBBIX TOPO/T
oueHb caaldblid. MOIHOCTE MajeoreHa BappupyeT B mnpeaenax 75-145m. Ha Mopckux OoTioKeHHsIX
najeoreHa 3ajeraroT, KpPacHOLIBETHbIE BHU3Y M OYpOLIBETHbIE BBEPXY, HEOI€HOBBIE MOJACCHI
(koHrJIOMEpaThl, Mepreiad, W TuUncel). Jlamee crneayloT ueTBEPTHUYHBIE OTIOXKEHUs, ciaabo
YILIOTHEHHBIE, MECTaMU 3arHIICOBAHHBIE, KaMEHUCThIE. MOITHOCTh TIopoa B mporubax g0 60-70m.
CpenHedyeTBepTUYHBIC OTIIOKEHUS (TAIKEHTCKUN KOMIUIEKC) MPe/ICTaBJICHbI JIECCOBOM (popmainneii.
Jlecchl crnararoT Bce BBICOKHE Teppacchl pek W Bojopaszensl. Jleccamu ciiokeHa OoJjblIas yacTb
Tamkenta. MomHocts JeccoB pocturaetr 50 M (roro-3amag ropojga). Ilo3gHeueTBepTUUYHBIE
OTJIOKEHUSI (TOJIOHOCTETICKHI KOMIUIEKC) BJIOXKEHBbI B TalIKeTCKUil KoMIUiekc. B ocHoBaHumu
3aJIeTar0T FAJICUHUKH U IIECKHU, BEPXHSA YaCTh CJI0KEHA CYTIIMHKAMU U cyrnecsiMu. MOIHOCTh TOpoJ
komiuiekca 20-30m. CoBpeMeHHbIE OTIOXKEHUS (ChIPIAPbUHCKUI KOMILIEKC) IPEACTaBIECHbI JIECCAMU
(Bomopaszenbl) W TaleyHUKaMu (B peUHbIX [oiuHax). MomrHocte He Oonee 20M. JluneitHo
BBITAHYTBIE B IOr0-3aliaJHOM HAaNpaBlI€HUU CTPYKTypbl KapkaHTay, B 3amaJHOil 4acTu ropoja,
orpanudeHsl riayookoit Kemecckoil nempeccueit (cyOMepuanOHaNBHOrO MpocTupanus). JlaHHas
Jenpeccusi OrpaHUYMBaeT ¢ 3amaaa noaHsTtus Ywurartaiickoe, Tamkentckoe u UYupuukckoe,
nepemexaroniecs boscyiickum u TamkeHTckMM mporu6amu. Bee cTpyKTypbl ceBepo-BOCTOUHON
opueHrauu. Haubosnee ceficMoonacHoi cTpyKTypoii B pernoHe siBisiercs cuctema Kapxkanrayckoro
u IlpuramikenTckoit haecypHo-pa3pbiBHOM 30HEI (DPP3), ¢ KOTOPBIMU CBSI3aHBI MPAKTUYECKH BCE
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cuipHBIe 3emieTpsceHus. B paifone cen.KubOpaii ®P3 mpossinsercs B Buie ydyacTka
OpEeKYMPOBAHHBIX HEOTEHOBBIX aJIeBPOIUTOB, B paiione B/IHX V30ekucrana, B ckBaxkunax | u Il
BCKpBITa KPOBJIS MaJIEOr€Ha C Pa3HUIIEH aOCOJIIOTHBIX OTMETOK B 65 M, KOTJIa PACCTOSIHUE MEXIY
ckBaxkuHamMu 200M. D10 BO3MOXHO JuIIb mpH ¢yHkunoHupoBanuu PP3. 3a uyeproil ropona
MPOUCXOAUT  3aTyXaHUE BBIIICHA3BaHBIX JIMHEMHBIX CKJIQJ0K CEBEPO-BOCTOUYHON OpPHEHTALUU.
[IpoucxoauT noabem naneo3oiickoro gyHaameHTa u B paiione r.fIHrutons oH Ha 600-700 M BhIwIE,
geMm B r. Tamkenrte. Taxke HaOIIOIaeTCSI HHATCHCUBHBIHN MOAbeM (DyHIaMEHTa K CEBEPY OT TOpo/Ia.

I'onouenoBbie (mocjennue 12 ThIc.JIeT HMCTOPHUH 3eMJIM) TEKTOHHYECKHE IBUKCHHS
cOBpeMeHHOro peabeda. B pesynbTare uccieaoBaHNs HOBEUIINX U TOJIOLIEHOBBIX TEKTOHUYECKUX
JBKEHUM OBLIN ClIeaHbl ciaeaytone BeiBoIbI [Jlanre, 1971]:

- yHacleJOBaHHBIH OT paHHUX OJTAllOB HEOTEKTOTeHe3a OOMIMil XapakTep pa3BUTHUSA
TEKTOHUYECKUX CTPYKTYp OCaJ04YHOIO 4eXja COXpaHseTcs W B Hacrosiuiee Bpems. HaOmromaercs
npeo0iagaHiue CeBEpO-BOCTOYHOIO HAIpPABJIEHUS CKIAJOK OCAJ0YHOTO YeXJia, OCIOKHSIOMIMMICS
Pa3BUTHEM HAJOXKEHHBIX CTPYKTYpP IIMPOTHOTO M CYOIIMPOTHOTO MPOCTUpaAHUs. (CeBepo-3amaaHas
4acTh TOPOJIa);

- JIMHEWHBIE CKJIQJKU TPEJCTABICHBI JIOKAIbHBIMH Kyjauca OOpa3HbBIMU TOJHATHSAMHU H
pa3ESIOMUMH UX TTOJIOTUMHU TEKTOHUYECKUMHU CE/UIOBUHAMMU;

- pa3pbIBHBIC HapyIIeHUs OOYCIIOBIICHBI HAIPSKEHUSMH, BO3HUKAIOIIUMH B TOJIIIE
0CaJIOYHOr0 Yexja B mpouecce (GOpMHpPOBaHMS €r0 MPEUMYIIECTBEHHO CKJIaa4aTOW CTPYKTYpHI.
Kynuca oOpa3Hoe pacmnosiokeHHe JOKaNbHBIX TOAHITHHA, OrpaHUYMBAIOUINX TEKTOHUYECKUE
CeNJIOBUHBI, MOKHO paccMaTpuBaTh Kak MPU3HAK JIEBBIX CIBUIOB IO MPUYPOUEHHBIM K ITHUM
CeIJIOBUHAM pazjioMaM CyOMepHIMOHAIBHOTO HAaNpaBJICHHUS;

- nedopMaIy 0CaI0YHOTO YeXJia B COBPEMEHHOM pelibede MPeICTaBIII0OT COO0H OTpaKeHHE
TEKTOHUYECKHUX IMPOLIECCOB, MPOTEKAIONINX B TOJMIIE Majeo3oiickoro pynnamenta. Passutue 3tux
MIPOLIECCOB UMEET HENPEPHIBHO-IIPEPHIBUCTHIN XapaKTep;

- YHAYJSALMS [APHUPOB JIMHEHHBIX CTPYKTYP — TEKTOHUYECKHUX CEJVIOBHH, COOTBETCTBYIOLIUX
neperudaM oceil CKJIa0OK OCaJ0YHOTO YexJla paccMaTpuBaIOTCA Kak Haubosiee BEpOsITHbIC
CEHCMOOTIaCHBIE 30HBI.

ERe
5 My ;
===s5 oY |
.....-...,‘7 —— Z___]
1-muHUY paBHBIX aMILIATY/ AeOpMAIii CPeHETUICHCTOICHOBOI aKKYMYJSITUBHON PaBHUHBI, M; 2-y4aCTKH
TOJIOLEHOBBIX OTHOCHUTENBHBIX MOJHATHIH; 3-yJacTKH OTHOCHUTEIBHBIX TOJIOLCHOBBIX OITYCKaHWi; 4-30HBI BEPOSTHBIX
JW3BIOHKTHBHBIX HAPYIICHUH; 5-CpejHe M MO3IHEIIEHCTOLCHOBBIE «TEKTOHHIECKH OCTa0JICHHBIE 30HBD; 6-
IIpeToNaracéMble HalpaBJICHHs IIEHCTOLEH-TOIOLEHOBBIX 30H TPEIUHOBATOCTH; 7 -TMHUM PaBHBIX aMILIUTY]
OTHOCHTEITFHBIX, MM. (TI0 TAHHBIM HUBEIMPOBAHMSA); 8-TUIEHCTOCEHCTOBAs 00acTh TaIIKeHTCKOTO 3EMIICTPSCCHIUS
1966 r.; 9-y4acTKi BO3MOXKHBIX celicMonposBieHui; 10-CkIoH mo3axemeiicToneHoBoi nonunsl Yupunka; 11-rpanuna
ropoza.
Pucynok.3. CxemaTnyeckasi KapTa MOJIOAbIX TeKTOHUYeCKHUX JedopMmannii Tepputopun r.Tamkenra [Jlanre,1971].

VAN

CoBpeMeHHbIe BepTHKAJbHbIE TEKTOHHYeCKHe ABM:KeHHus. VccnenoBanue ocodbeHHOCTEH
BEPTUKAIbHBIX JIBJKEHUH 3EMHOM TIOBEPXHOCTHM NpoBelAeHHbIE B 1962-1965 rr., T.e. 10
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BO3HUKHOBEHHs TalllKeHCKOro 3emiieTpsceHus u 1966 r. mocie 3eMIeTpsceHus IMoKa3alu
MIOJIOKUTENBHBIE JIBIDKEHUS PErepoB HAOIIONEHUN N0 BCel TeppUTOpUHU ropoaa. HTEeHCHBHOCTD
JBKEHUM B IIEHTPAJILHOM U CEBEPO-BOCTOYHON YaCTH ropoja aoxoamio 10 +20-30 mm. 3HaueHus
JBIKEHUM CEBEpHOM W 3amajHoi yacTsx umenu 3HadeHus +10 mm. [Kopemikos,1973, 1974]. Tlo
naHubeIM JI. ATamxoxaeBa u coaBTopoB [1999] makcuManbHOE 3HaYEHUE JBUKEHUNW OTMEUEHBI B
CeBEpPO-BOCTOYHON YACTH Topoja M JIoXomwio j0 +3 MM. Ha 10)KHOM dYacTH TMOJIOKHTEIbHAs
M30JIMHUS UMEET CeBepo-3anaHoe npoctupanue. ConpenenbHbie TEPPUTOPUHN C CEBEpa | C 3amaza
MI0JIBEPKEHBI OITyCKaHUIO.

Ha puc.4 npusenena kapra CB/I3K no u3zmepenusim BbimosiHeHHBIX B 1992-1993 (I umxin) u
2000-2002 (II muxor) romax [14]. M3onvmHaum qBYKEHMA IPOBEIeHBI uepe3 | MM/To1 M JOTIOTHSIFOIIEH
UX PACKpAaCKOM: 3€JICHON — 30Ha OIyCKaHUs, KOPHYHEBOW — 30HA MOAHATHUS. MOXXHO BHIETH, YTO BCA
TEPPUTOPHUS TOPOIa BO3ABIMACTCS. 31€Ch U30JIMHUN UMEIOT, B OCHOBHOM, ITMPOTHBIE TIPOCTUPAHUSI.

<

TawkeHr

Pucynok 4. - Kapra coBpeMeHHbIX BepTHKAJILHbBIX IBUKEHHIi 3¢eMHOIl KOPbI HAa TeppuTOpHu I. TankeHTa U ero
oxpectHocreii B 1992-1993 (I uux) u 2000-2002 (IT uuka) rogax. [14].

AKTHBHbBIE Pa3jioMbl. /(711 OLIECHKH CEHCMUYECKON OMAaCHOCTU TEPPUTOpUHU T.TalllKeHTH U
COMpEAENbHBIX TEPPUTOPUN  HHTEpPEeC MPEACTaBIsAOT Hauboliee  KpPYMNHBIE  CTPYKTYpO-
KOHTPOJIMPYIOIINE PA3JIOMBbI, C KOTOPBHIMU CBSI3aHbl COBPEMEHHBIE W MPOILIBIE 3eMIIETPACEHUS,
OCTaBHBILKE B 3€MHOM MOBEPXHOCTU CIIeJIbl BBUIE CEHCMOAUCIOKAIMI. DTH aKTUBU3UPOBAHHBIC
TepLUUHCKHUE PA3JOMbl Ha MPOTSHKEHUM HOBEUIIEro dSTama SBIAIOTCA HamOojee MOJABUKHBIMU U
MPOHUIAEMBIMH  Y4aCTKaAMH 3€MHOM KOPBI ¥ XapaKTEepHU3yIOTCS H3MEHYUBOCTBIO IMOJEH
TEKTOHUYECKUX HANpPsUKEHUH BO BpeMEHH. AKTHBU3UPOBAHHBIE pPa3jOMBbl, BBISBICHHBIE IIO
re0JOrMYeCKUM U Ie0(pU3UYECKMM U reoMOp(OJOrHUECKUM JaHHBIM IpPECTaBJIeHbI, B30pocaMu,
HaJIBUraMH, B30pOCO-HaJBUIaMH, B30pOCO-CABUTaMH, (IJIEKCYpHO-Pa3pbIBHBIMH 30HaMHU. OHH
OTJINYAIOTCS] MPOTSHKEHHOCTHIO, IIMPUHON, TIYOMHOW MPOHUKHOBEHUS, MpocTUpaHueM, (Hopmoit
MpOSIBIIEHUS U T.A. PealbHyl0 yrpo3y Ha CTposIuxcs 0ObeKTOB B T. TalllkeHTe U COMpeaenbHbIX
TEPPUTOPHUAX TPEACTABIAIOT CIEAYIOIINAE PA3JIOMBl 36MHOM KOpPBI M CBS3aHHBIE C HUMH OYaru
3emuetpsicenuii (Pucynox.5).

Kapxanraycknii pasiom (4) npencraBieH KpyTbIM HAJBUIOM U IIPOCIEKHUBAECTCS BIOJb
I'PaHUIIBI OJTHOUMEHHOTO XpeOTa, KOTOpPbIM oTAenseT ero oT Yupuyukckoi BnaauHbl. B paiione c.
XyMcaHa OH MepeceKaeT 30Hy YTaMCKUX pa3jOMOB CEBEpO-3amasHOro npocrupanus. [lo Hemy Ha
npaBoM Oepery p. Uupuuk najieo3oicKue MOpObl HAJABMHYTHI HAa OTJIOKEHUS Me30-KaiHa30Msl.
BeprukanbHas cocTapisiomas npesbimaeT 3000 M, HajeHne NoBepXHOCTH cMecuTens oT 40 go 70°.
Ha mMecTHOCTH OH NMPOXOJIUT B CEBEPO-BOCTOYHOM HANpPABIECHUM YEPE3 cella XaHAalbIK, XyMCaH,
ceBepHee boryctana u panee mo npaBomy Oepery p. Ilckom. Ha yuactke monmusl p. Yupuuk 1o
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nanHbIM M.I1.BacunbkoBckoro [1941] pe3zaer mectamu Teppachl YETBEPTHUUHBIX OTJIOXKEHUM, U
aMIuIMTy1a cMelleHus gocruraer nopsaka 1000 M. B roro-3anagnom Hanpasnenun Kapxanrayckuit
Pa3IoM NOTrpy’KaeTcsi B ME30301CKO-KaliHO30MCKUE OTIIOKEHHUS B BUAE (JIEKCYPHO-Pa3pbIBHOM 30HBI.
C KaprkaHTayCcKHM pa3jioMOM CBsI3aHO BO3HUKHOBeHUE bypumyminnckoro 1959 r. u TaBakcaiickoro
1977 r. 3emiuieTpsiCEeHU .

1-akTHBHBIE pa3/IOMBI; 2-HOMep pasioMma: (2-Axkcy-Maiinanran-boronanunckuii; 3-IIckemckuil; 4-Kapxkanrayckuii4 5-
[MpuramkenTckas QuekcypHo-pas3pbiBHas 30Ha; 6-10xHo-IIckemcknii; 7-Cropen-Atunckuii; 8-Cykokckuit; 9-
Yartkansckuii; 10-CeBepo-Anrpenckuit; 11-FOxno-Anrpenckuil; 15-Kymbens-Kokann-Xaiinapkanckuii; 17
Apanianckuii); SMUIEHTPHI 3eMIeTpsiceHuit: 3- ¢ M>5.0 u M>5.5; 5-c M>6.0.

Pucynok 5. - AkTuBHBIe pa3jioMbl IIpuTamkeHTCKOro paiioHa u 3NMIEHTPbI CHIbHBIX (¢ M> 5.0) 3emuerpsicenuii no [9].

IIpuramkeHTckass @uaekcypHo-pa3pbiBHass 30Ha (5) ycraHoBieHa O.A.PbDKKOBBIM,
P.H.U6parumoeiM, A.A.YOpeiBuM [1961] B pesynprare aHaau3a MOIIHOCTH HEOTCH-
AHTPOTIOTEHOBBIX OTJIOXKEHUM M 1O OTAEJICHHBIM pa3pbiBaM Ha MOBEpXHOCTH. JlaHHBbIE OypeHUs U
re0JIOTMYECKON ChEMKH MOKAa3aJv, YTO MO OTAEIbHBIM y4aCTKAaM 30HbBI HA MPOTSKEHUN HOBEUILIETO
JTana TeKTOHHUYECKOTO Pa3BUTHUS MPOMCXOJUIN WHTEHCHBHBIC, MU depeHIIpOBaHHbIE JABUKEHUS
oospmux ammuaty (o 2000-2500 M), 3aduKkcupoBaHHBIE OTIOKEHUSIMH KaWHO30MCKUX MOJIACC Ha
OJIHOM KpBLJIE 30HBI M Pa3MbIBOM Ha APYrOM. YCTaHOBJIEHBI TAKXE CMEIICHUE MNaJeOr€HOBBIX
OTJIO)KEHUH C pa3Huileil B 65 M B paiioHe caHatopuu «Cemamko» MO JaHHBIM CKBaXUH,
npoOypeHHbIX Ha pacctostHun 200 M apyT OT Apyra.

B npenenax r.TamikeHTa reooro-reoGu3nuecKiMy UCCIETOBAHUSME BBIJEICH Psii Pa3ioMOB
SBIIAIOIINECS COCTaBHOM uyacThio I[lpurTamikeHTckoi QuekcypHo-pa3pbiBHONW 30HBL K ux umcmy
oTHocsaTCcs TamkeHTcKo-AnManbikckuii, Kapakamprmckuid, Yupuwkckuii, YwHaOamckuii u ap.
pazioOMBI.

3ona HypexkaTunckux pa3iaoMoB (7,8) cOCTOUT U3, Cepuu NapalieIbHBIX JTU3bIOHKTUBHBIX
HapyweHuil. Han6onee kpynueie u3 Hux CropeHb-ATuHCkHM U Cykokckuid. I1o HUM ycTaHOBIIEHBI
CMEILIEHUsI TOJIbKO 3a 4yeTBepTudyHOe BpeMms 110 800-1100 m. Mectamu OTAEIBHBIMU pa3jioMaMu
pa3opBaHa JaXke TOJIOAHOCTEINCKAash MOBEPXHOCTh BBIPABHUBAHMS. AMIUIUTYAa 3TUX IOJBHKEH
nocturaer 50-60 M. DT pasnoMbl orpaHuumMBarOT ¢ ceBepa [lapkenT-HypekatuHckuii rpabeH,
BBINIOJTHEHHBIM ME30301CKO-KaHO30MCKUMHU TMopojaMu. Ha (oro-zamagHoOM TNOTPYXEHUU OHHU
MIPOCTEKUBAIOTCS T€0O(PU3NIECKIMH METOIaMU.

CuiibHbIe 3eMileTpsiCeHMsl. AKTUBU3MPOBAaHHbIE pa3ioMbl [IpuTamkeHTKOro paiioHa,
BBISIBIICHHBIE IO TEOJIOTUYECKUM M Te0U3NYECKUM U TeOoMOP(OJIOTUYECKUM  JaHHBIM
Mpe/ICTaBJICHHbIE, B30pOcaMu, HaJBUTaMH, B30pOCO-HAIBUTaMu, B30OpPOCO-CABUTAaMH U (DIEeKCypHO-
Pa3pbIBHBIMU 30HAMU B COBOKYITHOCTH ITPUHSTHI 32 T€OJIOTHUECKYI0 OCHOBY BCEX CEMICMOTEHHBIX 30H
teppuropuu. I'. TamkeHT NpuypoUYeH K LIEHTPaIbHOM 4acTH BbLACIeHHON TamkeHTcko-IIckemckon
ceiicMOreHHOM 30HBI. ['€00rn4ecKy0 OCHOBY CeiicMOTeHHOM 30HbI TpeacTaBisioT [Ickemckuit (3),
KapsxanTtayckuit (4) pasnomsl u Ilpurtamkentckas (iaexcypHo-paspbiBHas 30Ha (5, PucyHok.5).
NHcTpymeHTallbHBIE JaHHBIE, TaK € HCTOPUYECKUE U MaIeOCEHCMOIUCIOKAIIMU TOKa3bIBAIOT
BBICOKYIO CEHICMHYECKYIO0 aKTUBHOCTB JIaHHOM ceficMOreHHOM 30Hbl. B ee mpenenax 3a npoeamn
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TIePHO,T BO3HUKIHN 4 3emuieTpsicenus ¢ M>6.0, 4 ¢ M>5.0 u 6onee 5 ¢ M>4.5 (Pucynok.6)[ Moparumon
u np., 2005]. Obpamaer BHIMaHUE, YTO U3 YEThIpEX 3emiieTpsceHuii ¢ M>6.0 Tpu BO3HUKaIH B
ommkaimmx k TamkeHTy paitonax. brimkaiiinee n3 HuUX BO3HUKIO B 1868 1. 4 deBpans ¢ M=6.0 Ha
paccrossHuu 35-40 KM OT HBIHEIIHEW IpaHMIIbI TOpPOJa, a cieayrollee 4 ampeins TOro e roja Ha
paccrosHuu 4-6 r.Tamkenta ¢ M=6.0. Mcxons u3 udnciaa BO3HUKHOBEHHUS ITHX 3€MIIETPSICEHUI
HEJIb3s1 UICKIIFOYHTD, YTO 10 BCEH BEPOSITHOCTH, pedb UAET 00 OTHOM 3eMIIeTpsiceHUH. B 3TOM ke roy
17 anpenis 3aperucTpupoBaHo eIie o4Ho 3emieTpsacenne ¢ M=5.5. Cyzs nmo BpeMeH! BOSHUKHOBEHUS
U MPOCTPAHCTBEHHOTO MOJIOKEHHUS (HA PAacCTOSHHM OKOJIO 20 KM OT BTOPOTO 3€MJIETPSICEHUS C
M=6.0) 3T0 3eMJIETPSICEHHUE, 110 BCCH BEPOSTHOCTH, SIBISICTCS A TEPIIOKOM BTOPOTO 3eMJICTPSICCHHUS.

+ 4 E==ITT 2 .3 é,‘
xns 6 &7 @ 8
I o
1-mmomtay CTPOUTENBCTBA; 2-CEHCMOT€HHBIE 30HBI, B Ipeienax KOTOPBIX MOT'YT BOHHKATh 3eMieTpsiceHust ¢ M<7.5,
M<6.5, M>5.0 [M6parumoB u ap., 2002]; 3-snuieHTpsl 3emiaerpsacernit ¢ M>4.5, M>5.0 u M>6.0; 4-
NaJe0CeHCMOICIIOKAIIMU M UX TIOPSIIKOBBIN HOMED; S-HoMep ceficMoreHHOM 30HbI ( X-Canganamickas, Xl-
Amnrpenckasd, XlI-Tamxenrcko-Ilckemckast, XIl1-Hypexatunckas, XIY-JIsarapckas, XY-Yram-Kapxanrayckas); 6-

AKTUBHBIE Pa3JIOMBI; 7-TIOPSAKOBBIN HOMEP pasziioMa; §-3MHUIICHTPHI HCTOPUIECKHUX 3EMIICTPSCCHU.
Pucynok.6. - Ceiicmorennblie 30Hb1 IIpuTanmikeHTCKOro paiioHa 1 3NULEHTPbI CHIIBHBIX 3eMJIeTPSICEHUA.

Crnenyromiee CHIIBHOE 36MJIETPSICEHUE BO3HUKIIO B 1868 1. ¢ M=6.5. DnmueHTp 3eMIIeTpsCEHUS
HaxoJIMJICS Ha PacCTOSIHUM 25 KM K CceBepo-BOCTOKY OT I.TamkeHta B 30He KapxkanTtayckoro
paznoma. Cnenyromiee 3emiuerpsiceHre B r.Tamkente Bo3Hukino 7.06 1924 r. ¢ M=4.8. Cuna
3emiieTpsiceHus B TalllkeHTe OomyIianach WHTEHCUBHOCTBIO 6-7 OamnoB. [lociemyromine mnepuo bl
aKTUBHU3aUMU o4arosBoii oOmactu r.Tamkenra wuHaOmomaicas B 1966 . BO3HUKHOBEHHEM
Tamkentckoro 3emuerpsicenus ¢ M=5.3 u B 1980 r. HazapOekckoro 3zemuerpsicenus ¢ M=5.3.
[Tocnennsis aktuBu3anus TamkeHTCKOW 09aroBoi 001acTu 3apeructpupobana B 2 aBrycra 2008 1. ¢
K=12.6, T.e. c M=5.2. X0Ts cuiia 3eMJIETPSICEHUS OLICHUBAETCS MMOYTH COM3MepuMas ¢ TallIKeHTCKUM
1966 r. 3 deKkT OT Hee He OIYIIANICA He TaK CUIIBHO, KaK B TMIPEABIYIINX CIydasX. ITO MOXKET ObITh
CBSI3aH C TEM, YTO CHUJIA MOCJIEIHETr0 3eMIIETPSICEHHSI, MOKET ObITh, HEMHOKKO 3aBblllieHa.  Kpome
3apErUCTPUPOBAHHBIX CUIIbHBIX 3€MJIETPSICEHNH, BO3HUKILIUX B Iipeaenax [IpuramkenTckoro paiiona
BBIABJICH PsiI CEHCMOAMCIOKAUMNA SBJSAIOIIMECS TOCIEICTBUEM BO3HHMKIIMX B JPEBHOCTHU
cuibHeHmux 3emuerpsceHuil. bmmxkaiimas w3z Hux IlaneoceiicmocTpyktypa «KapaOy3yk'
OTMEUYEHO B paiioHe AHTPEHCKOU ceiicMoreHHOM 30HHbI (nucnokanus Ne6 Ha Pucynok.6) [ Xomxkaes,
1985]. IManeoceiicMocTpyKTypa nmpuypoueHa K 30He KymMOenbCcKkoro pasjioMa U BBITSHYTa B CEBEPO-
3armagHOM HampaBlieHUuH OT pyd. TaBakcail 10 pyd. Kapaby3yk 6omee yem Ha 8,5 kM. MakcuManbHbIe
aMIUTUTYbl BEPTUKAIBHBIX MEPEeMENICHU JOCTHraloT 15M, ropU30HTaNbHBIE 3aQUKCHPOBAHBI B
BepxoBbsix p. KapaOysyk. Cuna 3emierpsiceHusi, KOTOopas BbI3Baja TaKyl TUCIOKAILHIO, ObLia
olieHeHa paBHbIM M=7.2. Paccrosinus oT nuciokanuu o r.TamkenTta okono 80 kM. B cioyuae
BO3HUKHOBEHHUSI 3€MJICTPSICEHUSI B CEICMOTE€HHOM 30HE TaKOW CUJIbI U3-3a 3aTyXaHUs CECMUYECKON
WHTEHCUBHOCTHU C paccTostHueM 3¢ ¢ekT B r. TaikenTe He OyaeT nmpeBbIaeT 8 6aos.

CeiicmorenHble 30HbI. [IpuBeneHHBIE BbIIE Pa3IOMbl 3eMHOM KOpbl IlpuTamkeHTCKOro
palioHa NPUHATHI B KAYECTBE JIMHEUHBIX HCTOYHUKOB CEICMUYHOCTHU-CEICMOTeHHbIX 30H. Mcxons u3
MIPUBEJICHHBIX BBIIIE Pe3yabTaToB I.TallIKeHT pacrojiokeH B mpenenax TamkeHTcko-Ilckemckoi
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CEIICMOreHHOM 30HBI, I'/1€ BO3MOKHBI BOSHUKHOBEHHE 3eMJIETpsAceHUI ¢ M<6.5 u ¢ ”HTEHCUBHOCTBIO
|=8 Gamos.

Ha ceiicMuyeckyro omacHocTh T.TamkeHTa MOTYT KpOMe COOCTBEHHBIX 3EeMIICTPSICCHHI
3HAYMMOE BIUSHUE MOTYT OKa3aTh COOBITHS, BO3HUKIIHNE B APYrux dacTsax TamkeHTcko-IIckemckoit
CEICMOre€HHON 30HBI, a TAK)KE CHIIbHBIE 3€MIIETPSCEHUs, BO3HUKILIME B IpE/AeiIax CONPEAEIbHBIX
celicMOreHHbnIXx 30HaxX. B mpenmenax TamkeHTcko-IICKEMCKONW CEHCMOTEHHOW 30HBI, KpOME
BBIIIENIEPEUHUCICHHBIX, IPOUCXOINIIM €Ille TPU CUIIbHbIE 3eMieTpsiceHus. Jto Ilckemckoe 1937 r. ¢
M=6.4, bpuumymmackoe 1959 ¢ M=5.7 u TaBakcaiickoe ¢ M=5.1. M3-3a G0JIBIIOTO pacCTOSHUS
OT SIULEHTPOB 3TUX 3emiieTpscenuit no r.Tamkenra cericMuueckuit 3PPexT OoT HUX B TOpOje
OLIyIIAJIaCh C THTEHCUBHOCTBIO MEHbIIIE § 0alIOB.

Kpome 3emiierpsceHuid, BO3HMKAIOUIMX B CaMOM 30H€, Ha TI.TalIKeHT MOTYT BIIUSTH
3eMmJIeTpsiceHus, Bo3HuKmMe B  HypekarnHckoil — ceHCMOreHHOW 30HE, 0OYCIOBICHHOMN
Hypekatunckoit cucremoit paznomoB. [lo ceiicMuyeckomMy MOTEHIMATY 3Ta 30HA, MO KOMIUIEKCY
reoJIoOr0-TeKTOHMYECKUX JIaHHBIX, OTHECEHA K KaTErOpUU 30H, IJIe MOTYT BO3HUKATh 3€MJIETPSICEHUS
¢ M<6,5[U6parumos u mp., 2002].

3. 3akiuyeHune

Takum obpazom Ilpuramkentckas ¢uekcypHo-pa3pbiBHas 30Ha U Kapikantayckuil pasziom
SBIIAIOTCST HauboJiee TEKTOHMYECKU aKTUBHBIMHM CTPYKTypamu TanikeHTCKoro-I'onoaHocTenckoit
BIAJMHBI, B IpEJEIax KOTOPOU pacnoyiokeH I. TalmkeHT. OMUIEHTPhI BCEX CUITbHBIX 3€MJIETPSICEHH,
BO3HUKIIME B I.'TallkeHTe W MNPUJIETalOlIUX TEPPUTOPHUSIX MPUYPOUEHBI K 30HAM ITHX Pa3jIOMOB.
Tamkentcko-IIckeMckas ceiicMOreHHasi 30Ha, OOYCJIOBIIEHHAs! BBIIIEOTMEUEHHBIMU Pa3IOMaMH,
SIBJISIETCSI OCHOBHBIM JIMHEWHBIM UCTOYHUKOM CEMCMHYHOCTH JAaHHOU Tepputopuu. CercMUYECKHil
MMOTEHITMAJ CECMOTEHHOM 30HBI paBHsIETCS M<6.5, ”HTEHCUBHOCTH |1=8 OaioB.
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MEXAHU3MbI XUMHWYECKNX U3SMEHEHUN COAEPKAHUS MMOA3EMHBIX BO/
Pacynio A.B.Y, Carraposa H.A.!, Xacanosa I'.W.!

lHHcmumym cevicmonozuu, Tawxenm, Y30ekucman
E-mail: gulhayo.xasanova.89@mail.ru. n.sattorova406@gmail.com

Annomauyusn. Bvioenenvt meopuu, 060CHO8bI8aIOWUE NPUPOOJY AHOMATLHBIX USMEHEHUL XUMUYECK020, 243068020 U
UB0MONHO20 COCMABA NOO3EMHBIX 600, HAOMOOAEMbIX 6 pe3yIbmame npoyecca NOO2OMOGKU 3eMACMPACeHUll, U
UBMEHEeHUll cocmasa MNOO03eMHbIX 600 TAWKEHMCKO20 apmesuaHcko20 0OacCeliHd, CEA3aHHbIX C  CeuCMUYeCKUMU
npoyeccamu.

Knroueewie cnosa: nodszemmule 600bl, XUMUUECKUL, 2A308bll COCMAG, U30MONbL, NPUPOOAd AHOMATILHBIX USMEHEHUL],
Tawxkenmckul apme3uancKutl 6acceiit, AHOMAaIbHbLe USMEHEHUSL.

1. BBenenune

3eMIIeTpsSICeHUsT — OTO CTUXWUMHbIE O€NCTBUS, HAHOCAIIME OOJIBIIOW MOpaibHBIA U
MaTepuaiIbHbIN yIIepOd ueIoBeYeCTBY M HKOHOMHUKE. [loaToMy Bompoc yriyOyiieHus 3HAaHUW O
MpoIieccax, BBI3BIBAIOIINX 3EMIJICTPSCEHHS, MTPOBEACHUE UCCIIEA0BAaHUN OCOOCHHOCTEN MPU3HAKOB
CUJIbHBIX 3EMJICTPSICEHUN SIBJISIETCS BAXKHOW M aKTyaJbHOM 3aJadeil, cTosiled mnepen Haykou. B
MOCJICHUE TOJbI Tpo0iieMa IPOTHO3a 3EMJICTPSICCHUHN SBIISIETCS OJHOM W3 BaXXHBIX 3a]ad
WCCTIeI0OBATENe, MPU STOM OCHOBHOE BHUMAHUWE YNEJSETCS M3YUYECHUIO TPOSIBICHHUS JETEKTOPOB
3eMJICTPSCEHUM B PA3NIMUHBIX THIPOTEOXMMHUYECKUX TOJsIX. VIHEpTHBhIe M paJuOaKTUBHBIC
AJIEMEHTHI, TaKWe KaK TelNWid W pajoH, OBLIM BIEpPBBbIC HACHTH(HUIIMPOBAHBI KAaK WHIUKATOPBI
3eMJIETPSACEHHS BO BPEMsI TAILIKEHTCKOIO 3eMieTpscenus 1966 rona.

UccnenoBanus, mpoBeieHHbIC B TalIKEHTCKOM apTe3WaHCKOM OacceiiHe, MOKa3aih, YTO
W3MCHCHUS XHUMHUYECKOTO, Ta30BOr0 M M30TOIMHOTO COCTaBa MOJ3EMHBIX BOJ IO M TIOCIIE
TAIIKEHTCKOTO 3EMJICTPACCHUS BBISIBUIM TUIPOTCOXMMHYECKUE M PAJIUOTHUIPOTrEOJIOrHYECKUE
aHOMAJTHH.

I'myounst ckBaxkun «MBK», «Hazap6ek», «Tekctumby, «Da3zumoB», «Axman SccaBuiin,
MpUHAUISKANUX TalmKeHTCKOMY apTe3naHckomy Oacceiny, coctaBistor 600m, 1400mM, 2300mM,
1942M. DTH MeNnoBBIE CJIOM B OCHOBHOM COCTOSIT U3 TAKUX MHHEPAJIOB, KaK W3BECTHSIK, MECYaHUK U
KOHTJIOMepar.

Cpennue 3HaueHusi kuciopona M Eh B moa3eHBIX BOJaX COCTaBISIIOT COOTBETCTBEHHO: O2
18,118%, 16,753%, 14,945%, 18,2%, Eh 231,7mMB, 223,64mB, 230,9vB, 54,07mMB. Cpennue
3HAYeHHs TEMIIEpaTyp B OSTOH CKBaXHHe cocTapisioT 53,3, 49,97, 36,21, 18,63, 50,56° C
COOTBETCTBEHHO (Tadm. 1).

2. MartepuaJjibl 1 METOABI

Kak otmeuan H.X. XurapoB (1974), TepmoauHaMUyecKasi CUTyallUsl OMpPEACISeT Mepexo]
MHOTHX XUMHYECKHX 3JEMEHTOB U MHUKPOAJIEMEHTOB B TPYHTOBBIE BOJbI, UX PACTBOPHUMOCTH
YBEJIMYUBAETCS C TOBBIMICHHEM TeMmreparypbl. QDu3andecku CKOpocTh auddy3un HOHOB
YBEJIMYMBAETCS B PE3yJbTaTe MOBBIILICHUS TeMIepaTypbl. BiusHue TemmepaTypbl Ha MOJA3EMHBIX
BOJIbI UIMEET JBOSKHUN 3((EKT: BO-TIEPBBIX, YBEIUUUBAETCS €€ PACTBOPUMOCTD M BBIXOJ HEKOTOPBIX
3JIEMEHTOB B BOJHBII pacTBOp, BO-BTOpbIX, MHOTHE U3 HUX (He, Ar, CO2, Hg, Oz u np.) nepeBoast
KUAKYI0 (ha3y u3 BogHOU B razoByio [10].
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Tabmuma 1
Cpennue 3Ha4eHHs JIUTOJOIHYECKOI0 COCTaBa, TeMIepaTypsl, kuciaopoaa u, Eh apresuanckoro
Oacceiina TamkenTa.

Haspanue Bospacr .HI/ITS)J'IOI‘I/I‘IGCKI/I Temnepary Cpennue Cpennue
i cocTaB 3HAYCHUS 3HAYCHUS 0-,
HCTOYHUKOB BOJIHBIX pa BOABI o
BOBI Hopo BOJIOHOCHBIX Tpn T 0€ COJICpIKAHUS conepkanus Eh 0,
TI0pOJI 02, 9% MB
Apresunanckuii O6acceitn TamkenTta
WBK TpelyHUCTHIE 53,31 18,118 231,7
Hazap0Oexk K W3BECTHSKH, 49,97 16 753 223,64
TekcTHITb 2 MecuaHuKH, 36,21 14 945 230,9 2,276
dazunos KOHIJIOMEpAaThl 18.63 18,2 54.07 -18,2

B pesynbrare HabmoaeHMH, poBeneHHBIX Ha ckBaxknHax «MBK», «Hazapoek», «Do3uinoBy,
pacrhojio’)keHHbIX B TallIKeHTCKOM  apTe3WaHcKoM OacceifHe, YCTaHOBJIEHO, 4TO IHepen
3eMJIETPSICEHUSIMU TIPOU30ILIEN Psii U3BMEHEHUH B Ta30BOM M XUMHUYECKOM COCTaBE MOJI3€MHBIX BOJI
[7].

B ckBaxunax 11 centsaops 2021 r. Bennunna M = 4,4 (Kazaxcran, R=32 kwm, logR=2,66) ot
3eMJIETpSICEHUs TMepBblil Mo mokaszarensM kucioponaa, pH um Eh usmenenuss naOmromaemsblii. B
YaCTHOCTH, Nepen 3emieTpsiceHueM B ckBaxuHax HaszapbGex u ®o3minoB 4 naHs Ha3zaj Haval
CHUXAThCs Kuciaopos, a B ckBaxknne MBK 3 nus Hazanx conmepikaHue KUCIOPO/ia B CKBAKHHE TAKKE
BEpPHYJIOCH K (POHOBOMY ypoBHIO (puc.1-3).KonnyecTBo HOHOB BOJOPO/1a HA4ajI0 yBETUUUBATHCS 3a
4 nHS 10 3eMJIETPSCEHHUs, TOCTUIIIO MAaKCUMAJIBHOTO 3HaueHus 9 ceHTA0ps, KOHIIEHTpalys Havasa
CHMXKAThCA 3a JI€Hb JO 3eMJIeTpsiceHus, 3emieTpsceHue mnpouszonuio 11 centsops. Ilocne
3eMJIETPSICEHUs KOHIIEHTpalus cHikaiach 10 17 ceHtaOpst (puc.4.5.6), rae yBenIudeHHE HOHOB
BOJIOPOJa IPUBOJIUT K YBEIMYEHHUIO KUCIOTHOCTH U CHIKEHHUIO pH.

Hasap6ek cks 0,06% M=4
R=32km
logR = 2,66
25 KasaxctaH
20
. WWW’W
10
5
03.05.2021 03.06.2021 03.07.2021  03.08.2021  03.09.2021 03.10.2021  03.11.2021 03.12.2021

Pucynok 1. -I'padgux u3meHenus kuciaoponaa B ckpazkune «Hazapoex»
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Pucynok 2. - I'pa¢guk u3mMenenusi kucjiopoaa B ckpaxune «<MBK»
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®o3unos. ckB 0, 06% M=4

25 P=32km
logR = 2,66

20

15

10

0
10.05.2021 10.06.2021  10.07.2021 10.08.2021 10.09.2021  10.10.2021 10.11.2021  10.12.2021

Pucynox 3. -I'padgux u3MeHeHHs1 KHCI0PoAa B CKBazKuHe «Da3uiioBy»

UBK cks pH M=4
8.4 P=32Kkm
logR =2,66
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Pucynok 4. - I'pa¢uk n3menenust pH B ckBaxune « ABK»

Hasap6ek ckB pH M=4
8.5 P=32 km
logR = 2,66
8 KasaxcraH
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7
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Pucynok 5. - I'padux uamenenusi pH B ckBa:kune Hazapoex
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®o3unos cks pH M=4
3 P=32 km
. logR = 2,66
W
7
6.5
6
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5
4.5
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Pucynox 6. - I'pa¢guk nu3menenus nokasaress pH B ckpaxune «®o3u108».

MHorosieTHUE HUCCIeI0OBaHUS KOHIEHTPAllMd HOHOB BOJIOPOJa B apTe3UaHCKOM Oacceline
TamkeHTa NO3BOJMIIN ONPEIETUTh pe3Koe u3MeHeHne pH B mepruo1 ceiicMUYeCKON aKTUBU3ALIMI
Ha 3ToM yuyacTke. CHuxkenne pH Ob1710 00HapyXeHO 0 BCEH TEpPUTOPUHU 32 HECKOJIBKO JTHEH, a
MHOTrJa U 3a 1-2 mecsna o 3emiuerpscenust. [locne 3emierpscenus 3HaueHusi pH nocreneHHo
YBEJIMYUBAIOTCS ¥ BO3BPAILAIOTCA K UCXOAHOMY 3HaueHuto yepe3 8-11 mecsues [7].

[Io pe3ynbraTaM MHOTHX UCCIIEOBaHHM, HEOOBIINE 3EMIIETPSICEHUS HEOOIbIION
MarHUTY/Ibl, He3aMEeTHBIC Ha 3eMJIe, BBI3BIBAIOT XUMHUUYECKHE U3MEHEHHSI. MUKpOcelcMUUYecKne
SIBJICHUS TPUBOAAT K 3HAYUTEIBHOMY CHWXKEHHIO pH B MNOA3eMHBIX BOJ M HAapyLICHHUSIM
XUMUYECKUX CBSI3€d B TOPHBIX Mopojax [6,12]. OH BcTymaeT B peakiuio ¢ OKPY>KaroIIel BOI0M
1 00pa3yeT KUcjble CTOUHBIE BOJbl. XOTS MarHUTYAa 3eMJIETPSICEHUsI HEBEJIMKa, BEIPaOOTaHHOM
MEXaHUYECKOM DSHEPruM JOCTaTOYHO, YTOOBI pa3opBaTh XHUMHYECKHE CBS3U. YeM BbIlIe
MarHuTyaa 3eMJIEeTpsCeHUsi, TeM OoJibllle KOJMYECTBO PA30pPBAHHBIX KOBAJIECHTHBIX CBs3€il B
CUJIMKATaX U BbIIIE KUCIOTHOCTh TPYHTOBBIX BOJI. I3MEHEHUs KUCTIOTHOCTHU JI0CTATOYHO BEJIUKH,
9YTOOBl PACTBOPUTH MUHEpPAIbl B TOPHBIX MOPOJAX U BHICBOOOAUTH 3aXBAUYCHHBIE AIIEMEHTHI,
TaKue Kak METAJLJIbl, YTO MO3BOJISIET UM NEPEMEIATHCS M0 MOBEPXHOCTH 3eMiH. HekoTopsle n3
3TUX DJJIEMEHTOB, TaKW€ KaK KaJbLMUW M MarHuii, WUrparT BaXKHYIO pOJb B CBSA3BIBAHUHU
YTJIEKUCIIOTo ra3a B atMocdepe U, TakuM 00pa3oM, MOTYT BIUAThH Ha INI00ATBHYIO TEMIIEPATYPY.
[ToBbIlIeHNE KUCIOTHOCTH MPUBOIUT K PACTBOPEHUIO MUHEPAJIOB KAPOOHATOB KaJbIU U MarHUs
W3MeHeHns KUCIOTHOCTH MPOUCXOAT TOJIBKO B PE3YyIbTAaTE PACTPECKUBAHUS MOPOJI HA OCHOBE
KpEMHEe3eMa, TAaKNX KaK IT'PaHUT.

XHWMHUYECKH AaKTUBHBIE MOJIEKYJbl KHCIOPOJa M BOJOPOJA BBIJIEISAIOTCS M3 CUIMKATHBIX
MHHEpAJIOB BCIJIEJICTBHE OTKPBITHS HOBBIX IOBEPXHOCTEW mepen 3emiieTpsceHusMH. [loponsl,
ClIaralpIife MAaHTHIO 3€MJIM, B OCHOBHOM COCTOSIT M3 CHJIMKATOB — Pa3JIMYHBIX COEIUHEHUM CO
CTPYKTYpO# KpeMHHs U Kuciopoaa. OObIYHbIE CUIIMKATHI B MAHTHH BKJIIOYAIOT OJHMBHH, IpaHAT H
MUPOKCEH. [[pyriMu OCHOBHBIMHM MOPOJAMH MAaHTHH SIBJIIFOTCS OKCUJ MarHus. J{pyrue snemMeHTs
MaHTHUH BKJIFOYAIOT JKEJI€30, AIFOMUHUN, KaJdblUW, HATPUNA U Kaiaui. TeMnepaTypa MaHTUU CUIIBHO
Bapeupyet: oT 1000° C (1832°F) BOmm3u rpanuisl ¢ Mantueit 1o 3700° C (6692°F) B6mu3u rpaHulisl
¢ sapoM. B MaHTHU TemmepaTypa M AaBlieHHE OOBIYHO BO3pacTarT ¢ riayouHoi. [lox meficTBuem
BBICOKOM TE€MIIEpaTyphbl U BHICOKOTO JIaBJICHUSI CUJIMKAThl MAHTUU MEHSIIOT CBOIO KPUCTANINYECKYIO
CTPYKTYpY. bpua-rumannToBslil cunukat cocrasisaer 97% mantuu [13].

MuHepanbHble TOBEPXHOCTH TEHEPUPYIOT aKTUBHPOBAaHHBIC (OPMBI KHUCIOpOAA IyTEM
pacierneH s BOAbl. DKCIEPUMEHTAIBHO YCTAHOBIIEHO, YTO ATOT MPOIIECC MPUBOIUT K 00pa30BaAHUIO
AKTUBUPOBAHHOTO KHUCIOPOJa HA TPAHUIE MHUHEpAI-BOJa, KOTOPHIH Takke 3a0UpaeT KUCIOPOJ U3
MHHEpaJoB [4].

CornacHo 1-My 3aKOHY TepPMOJWHAMUKH, B IPUPOJIE OJIMH BHJI SHEPTUU MEPEXOJUT B APYroM
BHUJI SHEPIMH B SKBUBAJICHTHOM KOJIMYECTBE, TO €CTh MEXAaHHWYECKas CHJIA, BO3HUKAIONIAs MpU
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JBYDKEHUH TUIACTHH, MOXKET JIETKO pa3opBaTh MpOuHbIe KoBajeHTHBIE cBsizu Si-O B [Si04]4-
TeTpa’daApsl [dHeprus aucconmanuu: 793,2 + 16,4 k[ MoJib-1] CUITMKaTHBIX MUHEPATIOB MPUBOIUT K
00pa30BaHUIO TMOBEPXHOCTHO-CBS3aHHBIX pamukanoB (SBR) ¢ HecrmapeHHBIM 3JIEKTPOHOM B
KpUCTANINYEeCKON o00osouke, Takux kak E'-mentp (=Sie), kucnopomueiii pagukan (=SiOe) u
nepokcupaukai (=SiOe) [1]

3. Ipouecc odpa3oBaHus KNUCI0poOaa

BnoBb 00pa3zoBaBirecs: MOBEPXHOCTU COJEPKAT TPU Pa3HbBIX IIeHTpa: 1eHTp E', okcuneHnTp u
MIEPOKCHIICHTP, 3TH IICHTPHI OYCHHh AKTUBHBI M BCTYIAIOT B OINPEICIICHHBIC PEAKIINN C TPYHTOBBIMU
BOJIaMHU.

=Si-00-Si=—=Si0 O ++=Si* [9]
=Si0 ¢ +H » O—SiOH+HO 2+ [10]
2HO 2+—H 20 > +0 > [11]

Ha ocHoBe 3HaHuii 0 TOBEPXHOCTHOM PEAKIIMOHHOW CIOCOOHOCTH KBaplia U €ro MOBEACHUHN
MIPU B3aUMOJICHCTBUU C BOJION OB TIPOBENIEHBI UCCIEAOBAHUS C UCIIOJIH30BAHUEM MEPTBOU BOJIbI
(H2 O, 97%) ¢ meuensM m3otonom O B kagecTBe MHAMKATOpA IS OTCIEKMBAHHUSA MCTOYHHKA
aKTHBHPOBAHHOTO KHCIOPOJa (B TIPHPOIHOM abpasHBHOM KBaple, copepxkamiem O (~0,2%) OH,
H2O02 u Oz 00pa3yroTcss OJHOBPEMEHHO B PEaKIMAX MEXIy BOJOW W HOBOOOpPa30BAHHBIMHU
noBepxHocTssMu. Pagukan H, otaenuBmuiics ot nenrpa E' 00bemunsiercs ¢ oopaszosanuem Ho [3, 4,
5].

=Si +H 20— Si-OH+H [12]
2H —H 2[13]

B pesynbrate 3TOoro mpouecca 3Hadenre pH MHHEpalbHBIX BOJ CHMKAETCS, a OKpYXKaroIast
cpega ctaHoBUTCA Kuciod. [ u3Mepenuss m3otonHoro cocraBa OH wucnosb3oBajicss MeTon
6en30itHoit kucnoTsl (BA) U IPOBOMIACH PEaKIUs ¢ BOJOH, coaeprkameii m3oton O, PesynpTarsr,
MOJIyYeHHbIe OCH30MHOKHCIOTHBIM METOJIOM, MOKa3alH, YTO KOJMYECTBO IM-TUIPOKCHOCH30MHBIX
KHUCJIOT C U30TOIMHBIM COAECPKAaHUEM OBy O MoIy4eHo B cooTHomeHuu 137 u 139. OTcrona MOKHO
3aKITIOYNTB, UTO OEH30MHAs KUCI0Ta, 6oratas O 8 Gpima 661 ONMydeHa, ecriu GBI AKTHBHPOBAHHBIIA
KHCJIOPOT BBIICIISIICS TOJIBKO M3 BOJIBI. Y IMBUTEIIBHO , HO Tuapokcoben3zon, n-CeH4COOH (180H),
oOpa3yroIuiics Mpu OKUCIEHUN OEH30MHOM KUCIOTH HOBOOOpa3zoBanHbiM OH mociie qucconuanuu
H, O2 B peaxmusx cocTapister numb ~27%, n1-Cg Ho COOH ( *® OH) cocrasun (~73%). Bsicokoe
conepxanne O B Hy O, 00bscHAETCS YpaBHEHUAMH 6 U 7, TJIe aTOMBI KHCIopoa B =SiO ydacTByOT
B oOpazoBanuu Hz O, ecTh 1o KpaifHe#t Mepe OJIMH aTOM KUCJIOpOaa, KOTOPhIH mepexoauT oT =Si00
Kk HO», Eciii muccormanus cBsizu B =Si—0—O npoucxoaut no cBsizu O—O, TO TOIBKO OJUH KHCIIOPOT
B HO2 mpoucxoaut u3 =Si-O-O u oxumaercs, 4To coaepkaHue O npoaykte Ho Oz coctaBuT ~
50%. JeiictButensHo, Bhicokoe coaepxkanue O B Hy Oz (>50%) ykasblBaeT Ha TO, 4TO aTOMbI
kucnopoaa B =Si0O kak nepexoaat B H2 Oz Tak 1 00pa3yroTcs B pe3ylbTaTe AUCCOIMAINY CBA3H Si—
O B HO 2 =Si-O-O mnoxkassiBaer. O Hz-3a osicTporo nobasienust oboramenHoro O OH Ceg Hs
COOH B pactBop (ypaBuenue 14) Hz Oz oOpasyercst 3a cuer komOunanmu OH (ypaBHenue 12),
oOpaszoBanHoro u3 = Llentpsr SiO Oynyt

OH+C¢ Hs COOH—pCs Hs OHCOOH [14]
H

O—H
0

=5i-0-0++ H H o =8-0-0 —=8i-0-H+H-0-Or[;g)

[Ipenmonaraempie MyTH MEpPEHOCA KUCIOpOJa MPH OKUCIEHUH nepokcupanaukana (= Si O0).
Atom H Bo/bI coeTuHSETCS ¢ KOHIIEBBIM KUCIOPOIOM MOBEPXHOCTHOTO Nepokcupaaukana (= Si00),
a aroM O Boabl coeaunsiercst ¢ atomoM Si = Si OO, nostoMy nepokcukuciopoaHas mapa (0O-0)
npeacraBisier coOoi coxpansercss u obpasyercas HO: (mepruapoxcuibHblil panukan). Kpachble
OYyKBBI 0003HAYAIOT KAMEHHUCTBIN KUCIOPO] U3 CHIIUKATOB.

297



VYBenudenue KHCJIOpOJa TaKKC MMPUBOAUT K YCUIICHUTIO OKUCIIUTCIIbHO-BOCCTAHOBUTCIIBHOT'O
mpolecca, a Takke HabIroaarTest anoManuu rmokasarens Eh (puc. 7, 8, 9).

Hasap6ek ckB Eh mv M=4

400 P=32Kkm
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Pucynok 7. Usmenenne koandectsa Eh B ckBaxnne «Haszap6ex»
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Pucynok 8. U3menenue kouyectsa Eh B ckBaxune «MBK»
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Pucynok 9. U3menenune koauyectsa Eh B ckBaxune «Pa3njiony.
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4, 3ak/oueHne

[To pe3ynbratam Hamux HaOJIIOIEHUM HAOIIOIAETCS PsIi K3BMEHEHUM B COCTaBE MOI36MHBIX BOJ]
IIpY F€0IMHaMUYECKHUX MIPOLIECCaX, B YACTHOCTH, COJEpKAHUE KUCIOPOJa CHayala yMEHbIIAETCs 3a
CUYET CMBIKAHUS CTApbIX IOBEPXHOCTEH, a 3aTeM YBEIMYMBACTCS 3a CUET PACKPBITUS HOBBIX
MOBEPXHOCTEM, UYTO NPHUBOJAUT K HU3MEHSETCS OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIM MOTEHLIUAI
nokaszatens Eh, yBennueHne MOHOB BOJIOpOJa TMOBBIMIAET KUCIOTHOCTh TPYHTOBBIX BOJ, T.e. pH
[I0Ka3aTeJs Majgaer.

YBenuueHne KHUCIOTHOCTH TPYHTOBBIX BOJ BBI3BIBAET PACTBOPCHUE TAKUX MHUHEPAJIOB, KaK
KapOOHATHI KAJBIHMSI U MarHUA. Y BEJIMUEHHUE COJIEPKaHUS YTIIEKUCIIOTO ra3a B BO/Ie HaO01aeTcs 3a
CUET BbIICJICHUS YIJIEKHUCIIOTO ra3a u3 KapOOHATOB.
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K BOITPOCY HEOBXOJUMOCTH CEUCMHAYECKOT' O MUKPOPAMOHUPOBAHMUSI
B I'OPOJACKHUX TEPPUTOPUAX (HA IPUMEPE I'OPOJA I'YJIMCTAH)

sinurapos 3.M., Xycomuaaunos A.C.., Uciamon X.A.l, Mancypos A.®.!
YUnemumym ceticmonozuu um. I'A.Masnanosa AH PY3, Tawxenm, Y3bexucman
E-mail: ahrorhs1980@gmail.com

Annomayusn: B cmamve npusodumcs  pe3ynrbmamvl  NPOGEOEHHbIX  pabom 0Nl CElUCMUHEecKo20
Muxpopationupoganuu meppumopuu ecopooa Kapwu. Ceticmuyeckuti UHMEHCUBHOCMb OYEHUHbl He MOJbKO 8
MAKPOCECMUYECKUX OANNAX U 6 NUKOBLIX YCKopeHusax epyuma. OyeHeHo GIUAHUA SPYHMOBbIX YCI06UL HA NaApamempbl
celicMu4eckol UHMEHCUBHOCIU HA OCHOBE CeliCMOPA36E00YHbIX, A MAKHCE UHNHCEHEPHO-2e002UeCKUMU MEemOooamu ¢
UCNONIb308AHUEM CElICMOZPYHIMO8bIX Modenell. [{nsa pewenus 3a0ay CMP eopooa Kapwiu ceticmopaszgedounsie pabomul
npogoounacy 6 34 moukax mno ecei meppumopuu 2opoda. Ha ocHnose 0600wenue noneUEHHBIX UHICCHEPHO -
celicMON02UYeCcKUX Pe3yIbmamo8 COCMAGIeHbl Kapmbl CEUCMUYECK020 MUKPOPALIOHUPOSAHUA TMePPUMOpUL 20podd 8
08YX NoKazamesix.

Knioueevie cnosa: I'pynmogule yciosus, ucxooOHas CEUCMUYHOCHb, NPUPAUEHUe CeCMUYHOU UHMEHCUBHOCMU,
MAKPOCENUCMUYecKast WKald, NUKOBoe YCKopeHue.

1. BBenenue

3emiieTpsiCeHUsI TpUHAJIeKAT K BETUYAWIIMM KaTacTpodaMm, MPOUCXOISIINM Ha 3€MHOM
mape. 3eMJIeTpsCeHUs] KaK CTUXUIMHbBIE O€JCTBUSI MPEACTABISIOT COO0M MCKIIIOUUTENBHO CIOXKHbBIE,
ciabou3ydeHHbIE [0 CBOMM TIOCIEICTBUSM SIBJICHHS. [J1aBHas OMacHOCTb 3eMJIETPSICEHUU-
paspylieHue 34aHUi U COOPYXKEHHH, BIeKyllee 3a co0oil uernoBedeckue xkepTBbl. bonee 75%
TEPPUTOPUU Y30EKUCTaHA HAXOAATCA B CEMCMHUYECKMX OMACHBIX 30HaxX. Mcxonms w3 3Toro, 3a
nocieaaue Toael Ilpesumentom PecnyOonmukm Y36ekuctan m KabuHerom MUHHCTpOB Haleu
PecniyOnuku pazpaboTaH KOMILIEKC Mep, HAPaBJICHHBIX HA YMEHBIICHHE HEraTUBHBIX MOCIEICTBUN
CWJIBHBIX 3eMIIETPSICEHUI U 0OecredeHne ceCMUIecKol 0e30MacHOCTH HaceleHUs! peciyOnnKu 1
00BEKTOB MPOMBILIUICHHOTO M TPa)KJAHCKOTO CTpouTenbcTBa. Pa3paboTka kapT ceilcMHuecKkoro
MukpopaiionupoBanust (CMP) roponoB BeImosiHsIeTCS B pamkax Ykasza [Ipesuaenta PecnyOnuku
V36ekuctan ot 30 mas 2022 roga YII-144 «O mepax 1o maapHEHIIEMY COBEPIICHCTBOBAHHUIO
cUCTEeMbI o0ecrieueHus ceicMuyeckoi 6e3omnacHoct PecyOnuku Y30eKucTan» M MOCTaHOBICHUS
[Ipesunenta PecnyOnuku Y36ekucran ot 16 mas 2023 roqa [I1-158 «O monmomHUTENBHBIX MEpax Mo
JalbHEHIIIEeMy COBEPIICHCTBOBAHUIO CHUCTEMBI OOECTeueHusi celcMUYeckoil 6e30macHOCTH
HaceneHus u tepputopun Pecniyonuku Y36ekuctan» (Ilpunoxenue 1, ITynkr 7).

OneHka celcMUYECKON OMAacCHOCTH OOBIYHO CBOJUTHCS K BBIYUCICHUIO MAaKCHMAalbHO
BO3MOXHBIX CEHCMUYECKHX BO3ACHCTBUIA, KOTOPbIE HEOOXOIMMO YUYUTHIBATH MPHU CTPOUTEIHCTBE B
ceiicMuueckux paioHax. CeilcMuyeckas ONAcCHOCTb OTPAXKAETCA HA KapTax CEHCMUYECKOTo
palloHMpOBaHMs TOW WM MHOM Tepputopuu [1-14]. B Hameill crpane B 3aBUCMMOCTH OT 3ajad U
HE0OX0IMMOM JeTaNbHOCTH KapTUPOBAHUS CEHCMUYECKON OMAcHOCTH pacCMaTpPUBAETCsl TPU THIIA.
1) O6mee ceiicmuueckoe parionupoBanusi (OCP)- mist Bceil Tepputopuu ctpansl: 2) JlerambHoe
ceiicmuueckoro paionupoBanust (ACP)-as orpaHundeHHBIX TUIOIIA/IeH U OTJIENbHBIX PETHOHOB: 3)
Ceiicmuyeckoe MukpopaiionupoBanue (CMP)-mist ropo1oB, HaCEIEHHBIX MyHKTOB U CTPOUTEIBHBIX
miomaaok. B cocraB ceilicMuueckoe MHUKPOPAHOHMPOBAHME BXOJUT KOMIUIEKC METOJIOB
MO3BOJIAIOIINMA ONPEAEIUTh CEHICMUYHOCTD U3y4aeMOM TIOLIAJKU C YUETOM JIOKAJbHBIX IPYHTOBBIX
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YCJIOBHI MO JTAHHBIM WHXEHEPHO-TEOJIOTHUECKUX M3bICKaHWi. V3BecTHO, 4To OaJIbHOCTH paiioHa
ompenenseMas M0 KapTaM CEMCMHUYECKOTO PalOHUPOBAHUS, SIBISECTCS BEIWYUHOM, YCIOBHOW VIS
KOHKPETHOIO paiiOHa, M HE peulaeT IOJHOCTBIO BOIPOCA O PACYETHOM CEUCMHYECKOU
MHTEHCUBHOCTH, B OCOOEHHOCTH, KOTI/1a IPOEKTUPYIOTCS U BO3BOJAATCS KPYIHBIE U OTBETCTBEHHbBIE
COOpPYXKEHHs. DTO OOBACHAETCS OCPEIHEHHOCTBIO I'PYHTOBBIX YCIOBUM U IIO3TOMY, B Cllydae
HEOOXOIMMOCTH OHM TNOJJIEKaT YTOUHEHUI0. B Hacrosmiee Bpemsi  celicMHYECKUM
MHKPOPaOHUPOBAHUEM TOJIB3YIOTCA HE TOJIBKO Ul HA3HAYCHUS aHTUCEUCMUYECKUX MEPOIIPUATUI
IIPU IPOEKTHPOBAHNUU COOPYKEHUH, HO M IIPH BHIOOpE MECTa MOCTPONKH, JUISI UCKITFOUEHUS HEPEIIKO
HE OIIPABIAHHBIX JKOHOMHYECKUX PACXOI0B.

CelicMuyeckoe MHUKpPOPaOHMPOBAHHME BBINOJHAETCA C II€JIbI0O KOJIMYECTBEHHOW OILIEHKH
BIIMSIHUSL MECTHBIX MH)KEHEPHO-T€O0JIOTHYECKUX YCIOBHM (COCTAaB M CBOMCTBA I'PYHTOB, IOJIOKEHUE
TPYHTOBBIX BOJ, OCOOEHHOCTH penbeda, HAIMYME CEHCMOAKTHBHBIX pa3JIOMOB H Jp.) Ha
CEHCMHYHOCTh C YKa3aHMEM M3MEHEHUs MHTeHCUBHOCTH B Oayutax nmo 'OCT 34511-2018, a Taxxke
MHXEHEPHBIX MapaMeTpax, TAKUX KaKk MMKOBOE YCKOPEHHS KOJieOaHus, CIEKTP aMIUIUTY]l U PEaKIHH,
JUINTENbHOCTH Kosiebanus. [lo ceroqusmnero qus pazpadotaHHsie Hamu kapTel CMP cocrassuinch
TOJIBKO B OJIHMX IapamMeTpax CeMCMUYEeCKOro M3MepeHHe, TO eCTh B Oamnax. B Hacrosmee Bpems
KapThl CEIICMUYECKOr0 MUKPOpPaliOHUPOBaHUS JieflaeTcs Ha 2 Bua (B MakpocelcMUYecKHuX Oaiax u
MHXEHEPHBIX NOKa3aTelAX).

2. MartepuaJibl, MeTOAbI U 00bEKT UCCJIEI0BAHUSA

B nactosimee Bpems, ¢ pazsuteM mertoaukun CMP mpemnaraercss oCcymecTBiIsTh Ha HOBOU
Hay4HO-METOJMYECKON OCHOBE C HCIOJb30BAHMEM MapaMETPOB CEUCMMYECKUX BO3JEHCTBUU M
TPYHTOBOM TOJIIM, HENPEPHIBHO PACHPEACICHHBIX B MPOCTPAHCTBE. YTOYHEHHUE MCXOIHOU
CEHCMUYHOCTH TEPPUTOPUHN SIBISIETCS HEOTHEMJIEMOM YacThl0 paldOT 10 CEHCMHYECKOMY
MUKPOPaHOHUPOBAHHUIO. Ono OCHOBAHO Ha KOMILJIEKCHBIX CEHCMOJIOTMYECKUX,
CEMCMOTEKTOHUYECKHX U T€0JIOr0-Te0(hU3MUECKUX UCCIIEJOBAaHUX, HAIIPaBICHHbIX Ha ONpeie/ieHue
WHTEHCUBHOCTH CEHCMHUYECKHX BO3ICHCTBUNA HA TEPPUTOPHM, I KOTOPBIX OCYHIECTBISAETCS
CEHCMUYECKOE€ MUKpPOPAaOHHUpPOBaHUE. BBIIM MOCTPOEHBI KapThl 3MULEHTPOB MHCTPYMEHTAJIBHO-
3apETUCTPUPOBAHHBIX 3E€MIICTPSICEHUM, €€ aHalIW3 Ha IpPEeAMET NMPUYPOUYEHHOCTH SIHLEHTPOB K
OCHOBHBIM TEKTOHMYECKUM HAPYLIECHUSAM, OIPEACIAIOIINM CEHCMUYHOCTh HA HCCIEAYEMOM
o0ObexTe. BrlmeneHO Ha OCHOBE CEHCMOTEKTOHHYECKHMX W CEUCMOJIOTMYECKUX METOMIOB
CEMCMOTEHHBIX 30H, OKa3bIBAIOIINX 3HAYUMBIN ceficMuueckuit 3¢ (heKT Ha CTPOUTENBHYIO TUIOMIA/IKY.
PacueTsl BHIOTHSIKNCH, C YIETOM MTapaMeTPOB MOBTOPsieMOCTH 3emiieTpsicenuit (A0, v) 1 BeIUYUHBI
CEHMCMUYECKOro NoTeHIMaia Mmax, Nepuo0B MOBTOPEHUS COTPSCEHUM C 3a/JaHHBIMU 3HAYEHUSIMU
MMUKOBBIX YCKOPEHHUI U BBIJIEJICHUE HA UX OCHOBE 30H HE MPEBbILICHUS B TeueHHe 5S0-TH JIeT BEJINUYUH
MAaKCUMaJIbHBIX YCKOpeHuH ¢ BepoaTHOCThI0 P=0.9; P=0.95, P=0.98 u P=0.99.

Jlns omnpeneneHuss KaTeropud W COCTaBa TIPYHTOBBIX YCJIOBUM IPOBEACHBI IOJIEBBIE
WHXEHEPHO-TEOJIOTHYEeCKHe, Teo(u3nueckue  TOJIEeBblE  HUCCIEOBAaHUS HAa  TEPPUTOPHUH
pacnpoCTpaHEHHs] PA3NUYHBIX JIMTOJOTMYECKUMX THUMIOB TIpyHTOB. llpn 3TOM wucnonb3oBaHbI
COBPEMEHHBIN IM(PPOBOI TpexkoMmoHeHTHbIN ceiicMmomerp CMG-6TD mnpousBoactBo Guralp
(BenmukoOpuranue) ¢ 4aCTOTHON XapaKTepUCTUKOM — paBHOMepHas B juano3oHe 0,03-50 I,
ceiicmopasBenounas cranius «MAE X610-S» (mpomwsBojactBo MWramus) ¢ mpuMEHEHHEM
TOPU30HTAIBHBIX U BEPTHKAIBHBIX CEHCMONPUEMHUKOB, YacToTol 4,5 ['. OOpaboTka U pacueTsl
JAHHBIX MIPOBEJICHBI C MCIOIb30BaHHEM MPOrpaMMHBIX cpencTs: «Reflexwy, «Rayfract», «PcLaby»
(Uranus).

JInsi OLEHKM IpUpALLEHUs CEHCMUYECKOM MHTEHCUBHOCTH IUIOLIAJKU HMCHOJB30BaH METOJ
Hakamypei [ 15], 601ee n3BecTHOTO, KaK METO]] OTHOIICHU CTIEKTPOB FTOPHU30HTAIEHOM KOMIIOHEHTHI
3anmucu K BeptukaibHOW (the Horizontal to Vertical Spectrum Ratio - HVSR) u wmetons
CEeUCMUYECKHX KECTKOCTEN U MHKEHEPHO-T€0JIOTMUECKUX aHAJIOTUH.
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3. AHaJM3bI U pe3yJbTaThl

OOmwexT uccnenoBanus ssisiercs r. ['ynmucton. ['opoa ['ynucToH pacrosiokeH B EHTPATbHOM
gactu Y30ekucrana. [lo cBoeMy CTpyKTypHOMY IOJIOKEHHIO JaHHAsi TEPPUTOPUS OTHOCHUTCA K
obmactu nepexona ot Tsub-1llansckoro smumiaTdopmeHHoro oporena k TypaHckoil miatdopme.
CelicMUYHOCTh TEPPUTOPUM HANPSAMYIO CBSI3aHA C TEKTOHUKOM JaHHOIO PErMOHA U MPOSBIIAETCS B
OCHOBHOM B TpeJiesiaX KPYIHBIX pa3IOMOB 3€MHOM KOpBI, aKTUBU3MPOBAHHBIX Ha COBPEMEHHOM
JTane TeoJIOTUYECKOro pa3BuTus. OONACTH JUHAMUYECKOTO BIMSHHS OSTHX Pa3JIOMHBIX 30H
BbIIeIIeHBI. [16-17] B ceficMOreHepupyIOIIIe 30HbI.

NHxeHepHO-Te0JIOTNYECKUE JaHHbIE O3BOJIAIOT KJIACCU(PUIUPOBATH IPYHTHI C TOUKH 3PEHUS
ceiicmuueckoro 3¢ dekra, MposBIIEMOT0O B paccMaTpuBaeMoM paiioHe. HxKeHepHO-TeoiornuecKas
XapaKTepUCTHKa MOPOJ Ha OCHOBAaHUM 3JaHUM M COOPYKEHUN HCCIENyEeMOW TEPPUTOPUU CIIyXKaT
clIeyIolre OTJI0XKeHus yeTBepTuuHoro nepuoja: Kapnadckoro (Qllkr), lHopkyaykckoro (QIIsh),
Cyxkaittuackoro (QllIsk), Amymapeuackoro (QIVad) xkomruiekcoB, a Takke COBpPEMEHHBIE
anTponoreHHsle  (antQIV).  UerBepruuHble  oTiOXeHHs  mpexacraBieHbl:  KapHaOckuii-
nposoBuanbHbiMy,  [lopkyaykckuil-npontoBuanbHbiMi,  CyKaWTHHCKUN-a/UIIOBHAIIBHBIMU U
AJTIOBUATIBHO-TIPOJIIOBUATIbHBIMU, AMynapbUHCKUN -aJNTIOBUAJIbHBIMH, aHTPOTIOT€HHbIE
00pa30BaHUs- HACBIITHBIMU TPYHTaMHU, a TAK)K€ TIIMHUCTBIMU OCaJIKaMU UPPUTALIMOHHBIX KaHAJIOB.

NH)XeHepHO-Te00rn4ecKkux paioHoB B r.l'ynucrane asa. IlepBbiii palloH B Ie0JIOTMYECKOM
CTPOEHUM MPUHUMAIOT Yy4yacTHE YETBEPTHUYHBIE aJUIIOBHAIbHO-TIPOIIOBUATIBHBIE OTJIOXKEHUS
royiogHOCTernckoro komruiekca (ap Q3gl). B muTomornueckom OTHOIIIEHWH HA pa3BEIaHHYIO TITyOUHY
oT 12,0 M 10 30,0M y4acTOK CIIOkKEH TOJIIEH ITMHUCTBIX TPYHTOB, IIPEICTABICHHBIX JECCOBUIHBIMU
CyIecsiMU KOPHUYHEBOTO I[BETa, OT BJIAXHBIX /0 BOJIOHACHIIMIEHHBIX, OT MSATKO IJIACTHYHOM [0
TeKy4eil KOHCUCTEeHIIMU. C TOBEPXHOCTH 3€MJIM 3aJIETAIOT HACBIITHBIE TPYHTHI MOITHOCTHIO OT 0,3 M
no 2 M. HaceimHble TpPyHTBI pPa3sHOPOJHBIE IO COCTaBYy, IUIOTHOCTH CIOXEHHS M (DU3HKO-
MEXaHUYECKUM CBOWMCTBAM M B KaU€CTBE OCHOBaHHI (pyHIaMEHTOB HE MOTYT OBITh UCIOJIb30BaHbI.
B 3TOM palioHe ecTh MHKEHEPHO-Te€0JI0THYECKUE MOAPaiioOHbl, 0 Ha3BaHueM I-1. DToT noapaiion
UMEET HWHXEHEPHO-TeOJIOTHYECKHEe YyJacTKH, MepBblid ydacTok [-1 - Cymecu, B OCHOBHOM,
BOJIOHACBIIIIEHHBIEC, TEKy4yue, clabble, KOTOpble C TIyOMHOW 3aMelIaloTcsl CYIJIMHKaMH Ooiiee
IUIOTHBIMHM, TITyOMHA 3aJIeraHus ypOBHS MOJ3EMHBIX BOJI Ha pacyeTHbIH MakcuMyM 10 1,0 M. Bropoii
yuactok II-1 - Cymecu ninacTu4HbIe U TEKy4YHue, ciialdble, ¢ TITyOMHOM 3aMematoTcst 60J1ee TUIOTHBIMHU
CYTNIMHUCTBIMH TPYHTaMH, TIyOWHA 3alleraHusi YPOBHS MOA3EMHBIX BOJI HA PACYETHBIH MaKCUMyM
1,0-2,0 M, MmecTamu 10 2,7 M.

Brtopoii paiion TeppuTOpHM KIaJA0HUII - HCKIIOYAIOTCS U3 3aCTPOUKH.

Bce cymecTByromniue MeToIbl CEHCMHUUECKOTO MUKPOPaHOHUPOBAHUS UMEIOT OOIIYI0O OCHOBY:
U3 aHaju3a WHKEHEPHO-TEOJIOTUYECKUX U CEMCMOJIOTMYECKHX JaHHBIX H3y4yaeMoM IUIoniaau
HEO0OXO0IMMO BBIJICTIUTh TaK HAa3bIBAEMBIN «3TANOHHBIN IpyHT». CelicMuuYecKass HHTEHCUBHOCTD | u
III xareropuid TpPyHTOB OIlICHWBAaeTCsS yBenudyeHueM wuian yMmeHblieHueM (Il kareropum)
oTHocuTenbHO KO II kareropum. IlpupamieHune celicMHYECKON HMHTEHCHMBHOCTHM OJHOTO TpyHTa
OTHOCHUTEJIBHO JIpYrOr0 C IIOMOLIBIO (DU3MYECKOM XapaKTePUCTUKU TIPYHTA OCYIIECTBIEHO
C.B. MenBeneBbiM.

B uH)XEHEepHO-T€OJIOTrHYeCKHX U THUIPOTEOJOTMUECKUX HCIEIOBAHMIX B HACTOAIIEE BpEMs
MOJNYYMIH  pa3BUTHE Teo(u3UYecKue HU3BICKaHWS METOJOM MHOTOKaHaJIbHOTO  aHaIu3a
noBepxHOCTHBIX BOJH (MASW). CeiicmopasBeiounble paboThl IPOBOMIACH B 34 TOUKAX.

ITo BceM TOukam ObUIM paccuuTaHbl 3HaueHUs Vs3o. COrjaacHO MOJMYyYEHHBIM pe3yibTaTam,
CKOPOCTH V30 7Sl BCEHl MIIOMIAKy JiexkaT B nuana3zone 246-330 m/c (puc. 1).
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Pucynok 1. - Kapra pacnpenenenus Vo

B nactosimee Bpems B mpaktuke CMP ucions3yroTest CKOPOCTH MOTIEPEUHBIX BOJIH, 3HAUYCHUS
KOTOPBIX HE 3aBUCAT OT OOBOAHEHHOCTH. [10 JTaHHBIM O CKOPOCTSIX PacTIpOCTPAHEHHSI CEHCMUYECKHUX
(TormepeyHbIX BOJIH) BOJIH, MTOJTYYEHHBIM CEHCMOPa3BeI0YHOM UCCIIeI0BAHU O MIIOTHOCTSIX TPYHTOB
paccunTtansl npupaineHus oamtbHocTH Al o dpopmyre [18-20]:

Al = Klg 2o 1)
Vipi

I'ne K- xoaddunnent nponopurnoHanbHOCTU. [IprueM HHCTPYKIUS pEKOMEHIYET IPUHUMATh
K paBnabm 1,67.

[Ipu pacuerax mpupaiieHus ”HTEHCUBHOCTH ceiicMudeckux Bo3aecTBuid mo MCXK B pacuer
MPUHUMAJIACh TPYHTOBAs ToJa MOIIHOCTHIO 30 M. [Ipupaiienus ceicMru4ecKoii MTHTEHCUBHOCTH 110
MCXK onpenensiiich Ha OCHOBAaHMM 3HAYE€HHMM CKOpPOCTEM V30, MOJYYEHHBIX PE3YJIbTATAMH
celicMopasBeku MmetoioM MASW ¢ yueToM napameTpoB BEIOPaHHOTO 3TAJIOHOTO IrpyHTa (puc.2.).z

Pucynok 2. - Kapra npupaieHuii ceiicMuyecKkoil HHTEHCHBHOCTH 10 METO/Y ceiicMUYecKHX xKecTKocTeii r. ['ynucran

[IpoBeneHo onpeneneHne CEMCMUUECKUX KECTKOCTEH TPYHTOBBIX TOJII Ha TiyouHy 30 M, a B
HEKOTOphIX TyHKTax U Oonee 30 merpoB, B 34 Toukax. OOOOIIEHHBIE pE3yIbTaThl OILCHKH
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II0Ka3bIBAIOT U3MEHEHHE TIPUPAILIEHUS CEHCMUYECKOM MHTEHCUBHOCTH B Iipenenax oT +0,24 no +0,48
0aos.

s pacuera BO3ACHCTBHI HA CBOOOJHYIO IOBEPXHOCTh HEOOXOJMMO 3a1aTh HCXOJHOE
KosiebaHue, COBMECTUMOE C IIEJIEBBIM CIIEKTPOM PEaKIMU Ha CKalbHOE OocCHOBaHHE. CleayromuM
LIaroM SIBJISIETCSI IOCTPOEHHUE CEHCMOre0JIOTNYECKMX MOJIEIEN IPYHTOBOM TOJIIIH MIIOLIAAKH.

B tabnuue 1 npuBeneHbl 3HaYeHUs] MAaKCUMAaJIbHBIX YCKOpeHUH konebanuil rpynra (PGA, g)
g BepoatHocte P=0.9, P=0.95, P=0.98 u P=0.99 He mnpeBbllieHHUs YPOBHS CEHCMHYECKUX
BozieiicTBull B TeueHue 50 net Ha rpyHrax I, II u Il xateropuu o celicMuyecKkum CBOMCTBAM.

Tabmuua 1 - 3HaueHust MaKCUMAIIBHBIX YCKOpeHui konebanuii rpynrta (PGA, g) s
Pa3IMYHbIX BEPOSITHOCTEN HE MPEBBILIEHNS YPOBHS CelicMHUECKUX Bo3eicTBUi B TeueHue S0 et

Ha rpyHTax |, Il u 11l kareropuu no cericmuyeckum cBoiictam. [19,20.]
Tabnuna 1.
Kareropust 3Ha4YeHUsT MAKCUMAIIbHBIX YCKOPEHUH amax, J
rpyHTa P=0,9 P=0,95 P=0,98 P=0,99
| xkaTeropus 0,082 0,111 0,160 0,208
Il xareropust 0,103 0,139 0,200 0,257
Il xaTeropus 0,130 0,177 0,254 0,327

OO6oO1eHHass CcelcMOTeoIorHYecKass MOJENIb JJIs TPOBEJCHHUS] PAaCcYeTOB Ha OCHOBAHUH
MHXEHEPHO-TEOJIOTUYECKUX U ceiicMopa3BeouHbIX JaHHBIX (mpoduin MASW) Obutr mocTpoeHbI
100 moaenu rpyHTOBOM TONUIM. [ ydeTa HEONPEAEIEHHOCTEW TPYHTOBBIX MOJIEIEH U BXOJHBIX
aKkceyieporpaMM Hcrojb3oBajicsi Meton Monte-Kapno, peanu3zoBaHHbId B mporpamme Strata. B
KauyecTBE BXOJHBIX aKCelleporpaMM HCI0JIb30BaH Habop u3 6 mryk. Kaxmas akceneporpamma
MIPOITyCcKaJlach Yepe3 TPYHTOBYIO TOJILY. Y MHOKasi Ha KOJIMUYECTBO [1apaMeTpOB IPYHTOBOM MOJIETH,
noxydaem obmree yucio 180 BeTBeil B pacuerax mporpamMmel Strata. PacuéTHpie MeTOBI TO3BOJISIOT
ONPENENUTh AaMIUIUTYJHO-YAaCTOTHbIE XapaKTEPUCTHKU CIOMCTOH TPYHTOBOM  TOJIIHM U,
COOTBETCTBEHHO, W3MEHEHHBIC CJIIOUCTOM CpEIoW XapaKTePUCTUKH KoJieOaHWN Ha CBOOOJHOMN
MOBEPXHOCTH IJIOIIAIKH WJIM BO BHYTPEHHUX TOYKAaX CPEJIbl.

Jlis mpoBeleHUS pacuyeToB MO 3TOMY METOAy HEOoOXOOUMO ONPENeNIUTh HCXOJHOE
CEHCMHUYECKOE BO3ACHCTBHUE, 3aJaHHOE AaKCEIepOorpaMMOld M CIHEKTPOM pPEaKIMu, W IMOCTPOUTH
ceiicMoreosiornyeckiue MOJENu TPYHTOBOM ToimiM. B KkauecTBe BXOJHBIX aKceleporpamm
HCIIOJIb30BaHbl CHHTE3UPOBAHHBIE aKceIorpaMMElI (puc. 3).

Input  Plots |

Accel. Time Series | Response Spectrum | Fourier Amp. Spectrum |
027

n,ri
0,1
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,0’1 3

" t W‘ 0

Pucynok 3. - CHHTe3MpOBaHHasi aKceIeporpaMma uisi Tepputopuu r. I'yaucrana

AxceneporpamMmma ObUIM HOpMA@JIW30BaHa M MpHUBEAEHA K 3HAYCHHUIO YCKOpEHMUS,
COOTBETCTBYIOLIET0 YCKOPEHUIO I'PYHTOB MEPBBIA KaTEropuu, paclpOCTPAHEHHBIX HA TEPPUTOPUU
ropoaa Kapuu riryonnax 100 M, KOTOpble IpeACTaBICHbI MJIOTHBIMU KOHIJIOMEpaTaMi HEOT'€HOBOT'O
Bo3pacta. Ha ocHOBaHuM nopo6HOro nojaxoaa paspadotansl 100 celicMOreosorn4eckux Mojienet,
UX pacIoOJIOKEHUE B IUIAHE IPHUBEIECHO Ha KapTe TOYEK PACIOJIOKEHHS CEHCMOIeOJIOTHYECKUX
Mojenel. 31ech HEOOXOIUMO OTMETUTh, YTO MpPH pa3pabOTKe CeHCMOreosoruvyeckux Mojenen
HCIIOJIb30BAaHbl PE3YNbTAThl CEHCMOpA3BENKH, T.€. M3MEHEHUs Vszo B mpocTpaHcTBe. Kapta
CeliCMUYECKOr0 MUKPOpPaHOHUPOBaHMs Obla MOCTPOEHA HA OCHOBAHMM MEAMAHHBIH, MOJy4eHHBIX
Ha MOBEPXHOCTH 3eMJI 110 ITporpamme Strata (puc.4).

Takum o00pa3oM, JUIsI MPOCKTHUPOBAHMS BBICOTHBIX 3JaHUN JUHAMMYECKMMM METOIaMHU
pa3paboTaHa KapTa CeHCMHYECKOTO MHMKpopailoHHMpoBaHMs TeppuTopuu T.Kapmmu no 3HadeHusM
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nukoBoro yckopenuss (PGA). Ha wuccnenyemoill TeppuUTOpHM IO 3HAUYEHUSM MaKCHUMAaJbHOIO
YCKOpEHHUs KoJieOaHus TPYHTOBBIX TOJIII BBIJICJIEHBI CIIEAYIONIE MpeaebHble 3HaueHus: ot 0,18g u
no 0,34g. VHTEHCHMBHOCTH COTpPSICEHHM Ha HCCIEAYyeMOM IUIOMIAM YYE€TOM pPE3yJbTaTOB

CEeUCMUYECKOro MUKpopaioHupoBaHus. VcxoaHble BO3AEUCTBUS Ha IUIOIMIAJIKY Ha ypoBHEe 7,19
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Pucynok 4. - Kapra celicMu4eckoro MEKpopaioHMpOBaHUsI TePPUTOpHH ropoaa Kapimm no 3HayeHUsiM NMKOBOI0 YCKOPEeHHUsl
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YcnoBHble 0603Ha4YeHus
Mo makpoceicMuyeckon wkane
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@ 30Ha cencmmnyeckon
MHTEHcuBHOCTM 8 Bannos

Pucynok 5. - Kapra ceiicMu4ecKoii HHTeHCHBHOCTH (B MaKpOCeiicMHYeCKHX 0aJ11ax)

B cocraBneHHON KapTe CEMCMUYECKOTO MUKPOPalOHMPOBaHUS TeppUTOpUM ropoja Kapmu B

Mmacmitabe 1:25 000 BeieneHb! TOJIbKO 8-Mu OannbHas 30Ha (puc.S).
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4, 3ak/oueHne

Takum o6pazom, ropos Kapiim oTHOCHTCS K CpeHEl KaTeropuu Mo CIOKHOCTH MHXKEHEPHO-
reoJIOTHYECKUX YCJIOBUN. B 0obmacTu uccienoBaHuil TPyHThl OTHOCSITCSL K TPEThEH KaTeropuu Io
CECMHUYECKHM CBOMCTBaM. B pamkax CEMCMHYECKOI0 MUKPOPAWOHUPOBAHUS TEPPUTOPUU TOpoOJia
I'ynucrana mnpoBeneHBl uccienoBaHusi(celicMopa3sBenka) Ha 34 reodusmueckux TOouykax. B
pe3ynbTaTe OBUIM pacCUMTaHbl 3HaUCHUS Vs B KaxaoW reodusmdeckoi touke. Ha ocHoBanum
MOJYYCHHBIX  pE3yJbTAaTOB  OBUIM  pAacCUMTAHbl  3HAYCHHUS  MPUPAIICHHUS  CEUCMHUYECKOU
uHTeHcuBHOCTH. 3HadeHuss Al B mpemenax ot + 0,23 mo + 0,64. OOmas celicMuueckas
MHTEHCUBHOCTh COCTaBMJIa § OAJJIOB 3a CUET TOr0, UTO UCXO/IHAsA CEHCMUYHOCTh ropoa ['ynucrana
cocrtasmia 7,19 Ganna.
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