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2 Clarivate
Analytics

«Central Asian Academic Research Centery LLP is pleased to announce that “News of NAS
RK. Series of Geology and Technical sciences” scientific journal has been accepted for
indexing in the Emerging Sources Citation Index, a new edition of Web of Science. Content
in this index is under consideration by Clarivate Analytics to be accepted in the Science
Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities
Citation Index. The quality and depth of content Web of Science offers to researchers,
authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of Geology and Technical Sciences in the Emerging
Sources Citation Index demonstrates our dedication to providing the most relevant and
influential content of geology and engineering sciences to our community.

«Opmanvix Asus axademusnvik vinvimu opmanvizely KIIC «KP ¥FA Xabaprapoi.
Teonocus oicone MeEXHUKANLIK bLILIMOAD Cepusicbly 2bliviMu dcypranvinviy Web of
Science-miny scanananean nyckacet Emerging Sources Citation Index-me unoexcmenyee
Kabvli0aneanvin  xabapnaiovl. byn unoexcmeny oapwiceinoa Clarivate Analytics
KOMRaHuscul Jcypranovl odan api the Science Citation Index Expanded, the Social
Sciences Citation Index ocone the Arts & Humanities Citation Index-xe kabwviioay
Mmacenecin Kapacmuipyoa. Web of Science zepmmeywinep, asémopnap, 6acnawiviiap
MeH MeKemenepee KOHmeHm mepenoiei meH canacwin Ycvinaovl. KP YFA Xabapnapeo.
Teonocus scone mexunuxanvix eviavimoap cepuscol Emerging Sources Citation Index-xe
enyi 0i30iH KO2amOacmulK YWiH eH 63eKmi dcane 0edendi 2e0n02usi JHeaHe MexXHUKAIbIK
EbLIBLIMOAD OOULIHUWA KOHMEHMKe adanoblblmbi30bl 0i10Ipeoi.

TOO «llenmpanvro-a3uamckutl akadeMuuecKull HAy4Hulil yeHmpy coodwjaem, umo
nayunoii oicypuan “Useecmuss HAH PK. Cepusi ceonocuu u mexuuueckux Hayk» Obll
npunam oas unoexcuposanusi 6 Emerging Sources Citation Index, obnosnennou
sepcuu Web of Science. Cooepoicanue 6 3mom UHOEKCUPOBAHUU HAXOOUMCS 8 CMAOUU
paccmompenusi komnanueti Clarivate Analytics ons oanvhetiwezo npuHAMUS JICYPHANA
6 the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts &
Humanities Citation Index. Web of Science npednazaem kauecmso u enyouny Konmenma ot
uccredosamenetl, agmopos, uzoameneli u yupesicoenuil. Brmouenue Hzeecmus HAH PK.
Cepus ceonozuu u mexnuyeckux nayk ¢ Emerging Sources Citation Index oemoncmpupyem
HAWLy npuepIHCEeHHOCMb K Haubonee akmyaibHOMY U 6IUSMETIbHOMY KOHMEHMY NO 2e0N02UU
U MEXHUYECKUM HAYKAM OJisl Haue2o coobuecmsa.
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Abstract. This article presents a study on microseismic analysis and the
assessment of seismic properties in Bukhara. The research aims to determine the
city's geological structure and seismic wave propagation velocities across different
layers using microseismic methods. These methods provide essential data for
seismic hazard assessment and construction planning. The study analyzed H/V
ratios, microseismic spectra, and the dynamic properties of various soil layers by
measuring seismic wave velocities. Specialized instruments, such as the “Guralp”
seismometer, were used to record and analyze microseismic noise. To evaluate and
classify the seismic condition of Bukhara’s soil, the average shear wave velocity
at a depth of 30 meters (Vs30) was calculated. The reliability of the method was
confirmed through seismic surveys (MASW) conducted in the area. The Nakamura
method was employed to analyze seismograms, yielding effective results in detecting
seismic waves despite urban noise and challenging survey conditions. Microseismic
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measurements were conducted at 44 points, with 20-minute oscillations recorded
at each location. The processed data led to the creation of a Vs30 map of Bukhara,
a crucial tool for seismic hazard assessment and safe construction planning.
Ultimately, these microseismic studies provide valuable insights into Bukhara’s
seismic characteristics, contributing to risk reduction and the development of safer,
more sustainable construction practices.

Key words: seismic, microseismic, seismogram, grunt, vibration, earthquake,
speed, wave

Acknowledgment, funding: This research work was developed within the
framework of the fundamental and practical projects awarded by the Academy
of Sciences of the Republic of Uzbekistan on the topics “Study of the subsidence
properties of dispersed soils in laboratory and field conditions and development
of its classification during strong earthquakes” and “Study of the characteristics
of seismic vibrations of the soil-structure system and development of methods
for reducing the impact of earthquakes” and practical project awarded by the
Ministry of Higher Education, Science and Innovation on the topic AL-8924073454
"Development and experimental testing of methods for reducing the seismic
intensity and seismic vibration parameters of the construction site by increasing the
seismic strength of the foundation soils" and #4L-8924073457 “Development of a
macroseismic database platform for assessing damage to buildings and structures
in epicentral zones during strong earthquakes”.

© B. Ucmanios, A. PaxmaroB, A. XycoMU/InHOB, J. Sinurapos,
K. Bo3opos, 2025.
O306ekcran Pecrryonukach! FeutbiM AkaneMusicblHBIH CercMOIOTHS HHCTUTYTHI,
TanikeHt, ©30eKkcTaH.
E-mail: ahrorhs1980@gmail.com

MUKPOCEHCMHUKAJBIK OJIIIEMJEP APKbLIbI TOIBIPAK
CEMICMUKAJIBIK KAFJAVBIH BAFAJIAY (BYXAPA KAJIACBIHBIH
MBICAJIBIHJIA)

Hcemanaos Baxutxam — KP FA CelicMonorust WHCTUTYTHIHBIH —T€OJOTUS—MHUHEPAIOTHS
FBUTBIMJIAPBIHBIH TOKTOPHI, TammkeHT, ©O30ekcTaH,

E-mail: vakhit.mbm@gmail.com, https://orcid.org/0000-0002—-7893-1556;

PaxmatoB Acuinbex — CelicMonorust FEUTBIMAAPB! HHCTUTYTHI, F'A, TamkeHnt, ©30ekcTaH,
E-ail:asilbekraxmatov3@gmail.com, https://Orcid ID: 0009-0003-3065-1824;

XycoMHAIUHOB AXPOpP — TeOJIOTHSI—MHHEPATIOTHS FRUIBIMIAPBIHBIH (Quiaocodus mokrops! (PhD),
CeiicMonorust FBUTBIMIAPB! HHCTHTYTHI, F'A, TamkeHnt, ©30ekcTaH,

E-mail: ahrorhs1980@gmail.com, https://orcid.org/0000-0001-6970-3482;

SnurapoB  DaBAOp — TEONOTHS—MHHEPANOTUS  FBUIBIMAAPBIHBIH ~ (QHIOCOGHS  TOKTOPHI
(PhD), Ceiicmonorus FeuIbIMIapel HHCTUTYTHL, FA, Tamkent, O30ekcTaH,

E-mail: eldoradigarov(@gmail.com, https://orcid.org/0000—0002—-2305-279X;

Bo3zopoB Konudex — CeiicMonorus FeUIbIMIapel HHCTUTYTHL, FA, TamkeHT, ©O30ekcTaH,

E-mail: j.bozorov1968@gmail.com, https://orcid.org/0009-0008-5676-0144

132



ISSN 2224-5278 5.2025

AnHoraums. byn makanaga Byxapanarbl MUKpPOCEHCMUKAJIBIK Taunay >KOHE
ceiCMUKaJIBIK KacueTTepai Oarasay OoifpiHIIa 3epTTey OepinreH. 3eprrey
MHUKPOCEHCMUKANBIK ~SAiCTEpAl KOJAaHA OTBHIPBIN, KaJaHbIH TI'EOJOTHUSUIIBIK
KYpPBUIBIMBIH JKOHE OpTYpii Kabarrap OOHBIHIIA CEHCMMKAJIBIK TOJKBIHAAPIBIH
Tapajy >KbULAAMIBIFbIH aHBIKTayFa OarbITTanFaH. bynm omicTep ceHCMMKaJIBIK
KayinTi Oaranay »oHe KYPBUIBICTBI KOCTIapiay YIIiH MaHBI3IbI JepeKTep Oepei.
3eprrey OapbIChIHAA CEHCMUKANBIK TOJKBIHAAPABIH SKbUIIAMJIBIFBIH  ©JIIICY
apkpuTel H/V KaThIHACHI, MUKPOCCHCMUKAIBIK CHEKTPIIED JKOHE 9PTYPIIi TOMBIPaK
KabaTTapbIHBIH AMHAMHUKAJIBIK KACUETTEPI TalJaH (bl. MUKPOCEHCMHKAIIBIK LITY/IbI
TipKey XoHE Tanjay YUl «l'ypanbi» celicMOMeTpi CHSKTBI apHaibl Kypajzap
nainanansuiel. byxapa TombIparbIHBIH CEHCMUKAIBIK KaFgalblH Oaranay »oHE
KikTey yiiH 30 MeTp TepeHIIKTET1 BIFBICY TOJKBIHIAPBIHBIH OpTAaIla KbII1aMIbIF bl
(Vs30) ecenrenmi. OmICTIH CEHIMIUIIT aygaHAa >KYpPri3uUireH CeHCMHKAIbIK
Oapnaynap (MACX) apkpuiel pactangsl. Hakamypa omici ceificMorpammanapabl
Tajnay YIIiH KOJAAHBUIIBI, KalajblK IIy MEH KYpAETl 3epTTey KaraaiiapblHa
KapaMacTaH CEHCMMKAJBIK TOJKBIHAAPIABl AaHBIKTAayla THIMII HOTHXKeEJep
Oepni. MukpoceiicMukaiblk enmeynep 44 Hykreae >kyprisinmi, op xepae 20
MUHYTTBHIK TepOemicTep Tipkenai. OHIENTeH AepeKTep CEeHCMHUKAIBIK KayiITi
Oaranay XOHE KYPBUIBICTHI KayilCi3 >Kocmapiay[blH MaHbBI3Abl Kypajbl OOJBII
TabbutaTbiH byxapansiH Vs30 kapracbiH skacayra okenni. Cailbln xenrenzae, Oy
MHUKpOCEHCMUKANBIK 3epTTeyiep byxapaHblH CEHCMHKAJIBIK cUIarTamaiapbl
Typajibl KYHIBI TYCIHIKTEp Oepefli, ToyeKemi a3aiTyra jkKoHEe Kayilci3, TYpaKThI
KYPBUIBIC TOXIPUOECIH TaMBITyFa BIKIAT €TeIi.

Tyiiin ce3mep: ceiicMuka, MEUKpOCEHCMHEKa, ceiicMorpamMma, TOMBIpaK, Iipid,
XKep CUIKIHICI, KBUIIAMIBIK, TOJIKBIH
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AnHotamusi. B craree mnpencrarieHa uHpOpMAIMsl 0 MHUKPOCEHCMUYECKHIX
HCCICNOBAHUAX U OIICHKE CEHCMUYECKHX CBOMCTB TpyHTOB ropona byxapsl.
OTU UCCIENOBAaHUS HAMpaBICHBI HA OIPEACICHUE TEOIOTMYECKON CTPYKTYpPHI
TEPPUTOPUH U XAPAKTEPUCTUK CEHCMUYCCKUX BOJH B PA3IIUYHBIX CIOSIX TPYHTA C
KCIIOJIb30BAHUEM MUKPOCEHCMUYECKUX METOJ0B. [ [puMeHEHHDBIN METO] TO3BOJISET
MOJIyYUTh JIAHHBIC O CEHCMUYECKOM OMTACHOCTH B TOPOJCKOM cpejie, He0OX0uMbIe
JUIST TIPOGKTUPOBAaHUS M CTPOUTENbCTBA. B Xome paboThl ObUIM  U3yuYeHBI
JTUHAMHUYECKUE CBOMCTBA PA3JINYHBIX CJIOEB IPYHTOB HA OCHOBE COOTHOIEHUH H/V,
MUKPOCEHCMHUUECKUX CIEKTPOB U CKOPOCTEH PACIPOCTPAHEHHS CEUCMHUYECKUX
BonH. IIpeAcTaBneHbl aHaIU3  MHKPOCEHMCMHUYECKHX  TIOMEX, OIHUCAaHHE
MPUMEHSIEMOT0 000pyI0BaHus (B 4aCTHOCTH, ceiicMoMeTpa “Guralp”) n monpoOHsie
CBEJICHUS O Pe3yJibTarax M3MEPEHHIA, HEOOXOMUMBIX JIJISl ONPE/ICIICHUS U OI[CHKU
CEHCMUYECKOT0 COCTOSIHUSI TPYHTOB ropojickoi Teppuropun. B Byxape paccuntans
CpelHUE 3HAYCHHUS CKOPOCTH TMOIMEPEUHON BOJHBI, PaCHpPOCTpaHSIONICHCS
Ha miyoune a0 30 merpoB (Vs30), Ui OLIGHKH CEHCMUYECKOTO COCTOSHHS U
KJIaCCU(UKAIMKU TPpyHTOB. Hal&KHOCTh METO/a MOATBEPKAACTCS Pe3yJIbTaraMu
MOJIEBBIX celicMopa3BeouHbIX uccienoBanuii (MASW). [IpeninoxkeHHbIN MOIXO0T
oka3a A3PPEKTUBHOCTh MPHU PEIICHUU MTPOOJIEM, BO3HUKAIOIIKMX MTPH MTPOBEACHUN
reoJIOr0-reo(pU3NIECKUX padOT B YCIIOBUSX TOPOJCKUX CEHCMUYECKUX IOMEX
U CIOXKHBIX HHXEHEPHO-Teonornueckux ycnoBuil. Ilpu anamuze celicMorpamMm
WCIOB30BaJICST MeToJ] Hakamypbl, 00€CICUMBIINI IONyUYEHUE OCTOBEPHBIX
pe3yJabTaToOB IMPHU PETUCTpAIlUU CEHCMUYECKUX BOJNH. MUKpocelicMUYecKre
M3MEpeHHs OBbUTM BBITIONHEHbI B 44 TOYKaX, MPH 3TOM B KaXIOH TOUKe
peructpupoBanuch 20-MuHyTHBIE KoNieOaHus. Ha ocHoBe 00paboOTaHHBIX
JMaHHBIX cocTaBieHa kapTa Vs30 ropoma byxapsl, KoTopas UrpaeT BaXHYIO POJb
B OIICHKE CEWICMUYECKOM OMAaCHOCTH TEPPUTOPUU U TIPEIOCTABISICT HEOOXOAUMYHO
nH(popMaIHIO Uit 00ecrieueHus] 0S30MaCHOCTH U YCTOHYMBOCTH CTPOUTEIIBHBIX
00bekToB. [IpoBeI€HHBIE HCCIIENOBAHMS CITIOCOOCTBYIOT YIITYOJIEHHOMY U3yUCHUIO
ceficMrUeCKUX 0COOCHHOCTEH rOPOCKOH TEPPUTOPHH, CHIIKSHHEO TOTCHIIUATBHOM
CEeHCMUYECKOM OMACHOCTH U MOBLIIICHUIO HANEKHOCTH MPOCKTHBIX PEIICHUM.

KiioueBble cJioBa: celicMUKa, MHKpPOCEHCMHKA, celcMOrpaMMma, TPYHT,
BHUOpAIs, 3eMIICTPSICEHHUE, CKOPOCTh, BOJIHA

Introduction. The microseismic measurement method is used to study the

soil of Bukhara city. It is known that in urban areas, due to the dense location
of buildings, the continuous movement of vehicles and several other factors, it
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is difficult to determine the velosity of waves propagation in soil. Since a small
area is enough for measurements, the microseismic method provides convenience
for working in the city. It is known that the geological formation of the area is an
important factor, and the damage caused by earthquakes is greatly influenced by the
local site conditions (Seed and Idriss, 1969). In addition, it depends on the dynamic
properties of the soil and the depth of the sediment layer during an earthquake and
the speed of its seismic wave transmission. Increased seismicity in sedimentary
layers can be estimated using the microtremor measurement technique introduced
by Kanai et al., 1954. Number of studies showed that the results of microtremor
analysis are reliable (Field et al., 1993; Fieldand, 1990, Jacob, 1993). According
to them, the source effect can be removed by dividing the horizontal component
of the microtremor spectrum into the vertical component. This technique is an
inexpensive and efficient method to estimate the fundamental resonance frequency
of widespread sediments using the Horizontal to Vertical (H/V) spectral ratio
determined from a single station. In his paper, (Nakamura, 1989) explains the use
of this technique and provides a detailed explanation of the future assumptions.

In the last two decades, the H/V method has become widely used. Soil impact
assessment, wave amplification assessment, liquefaction vulnerability assessment,
depth estimation for various purposes such as sedimentation and microzonation
studies in different geographic and geological regions of the world, a lot of works
(Field and Jacob, 1993 a; Bour et al., 1998; Ibs- von Secht and Wollenberg, 1999;
Delgado et al., 2000; Hasancebi and Ulusoy, 2006) have been done by scientists.

) Bukhara city region

AN

Figure 1. Schematic map for the location of instrumental research points of Bukhara city
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Research materials and methods. "Guralp" seismometer was used to measure
microseismic waves in ground vibrations of the city. This seismometer is a digital
three-component seismometer that simultaneously records azimuthal and vertical
components of ground dynamics (Ibragimov A.Kh et al., 2016).

In order to analyze the soil condition in the city, measurement work was carried
out at a total of 44 points. During seismometric field recording, the seismometer
is directed to the north and brought to a horizontal position. Each measurement is
required to last 30 minutes. Using a seismometer, 3 components (X, y, z) of seismic
vibrations are recorded.

The obtained seismograms demonstrate the vibration of the ground. For the
interpretation of the seismograms, the Nakamura method is used. The explanation
of the nature of the wave by the H/V ratio, which is accepted as a basis by most
researchers, is expressed as follows:

- microseismic noise mainly consists of surface waves (therefore, the vertical
component corresponds mainly to the Rayleigh wave);

- The ellipse H/V ratio of the Rayleigh waves varies with the frequency (f)
corresponding to a certain depth of research.

The Nakamura method is based on the spectrum of H/V ratios of the horizontal
and vertical components of microseismic vibrations, which represent the analogue
of the amplitude-frequency characteristic for the entire thickness of the geological
formation (Garcia-Jerez A et al., 2016; Bignardi S et al., 2016).

s
Frequency (Hz) Frequency (Hz)

1 — measurement point 2 — measurement point

=
Frequency (Hz) =

ey

3 — measurement point 4 — measurement point

(=)

e

5 — measurement point 6 — measurement point
Figure 2. HVSR spectrum of some measurement points taken in the area
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Instrumental studies carried out in Bukhara city are very necessary to evaluate
the strength and seismic resistance of the soil. During the study of the foundations
of the buildings and structures under construction, the compression and shear wave
velocities which are calculated as seismic parameters of the layers lying to a certain
depth, are determined using HVSR spectra. Shear wave velocity (Vs30) is mainly
used in the analysis of loose (water-absorbing) soils. Because shear waves velocity
is considerably small in a saturated soils. Therefore, it is necessary to determine
the velocity of shear waves mainly up to the lifting part in soils (30-50 m).
During the assessment of ground seismic conditions (Vs30) through microseismic
measurements, following data are obtained for the city of Bukhara.

When processing microseismic measurement data using the "Dinver" program,

ground seismic parameters are employed (Fig. 2).
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During seismogram processing, various disturbing waves (seismic noise) are
removed. This helps to separate the characteristic vibration’s wave parameters (f0,
AO0). Here: H/V is the ratio of the horizontal and vertical soil vibrations, f0 is
ground resonance frequency (Aaqib et al., 2021).

Velocity and density values are obtained with the help of graphs representing
the characteristic oscillation of the soil (Fig. 5). Changes in seismic wave velocities
(VS, VP) and density of the medium with depth may indicate that the soil is not
homogeneous. However, considering that the composition of the soil consists of
sedimentary deposits, this does not mean that the density and acoustic stiffness of
the soil have the same value. As a result, (VS, VP) also changes with increasing
depth (Aaqib et al., 2022; Ismailov et al., 2023).
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Figure 4. Graph of depth variation of shear and pressure wave velocities as well as bulk density
for one measurement point.
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Speed change

Figure 5. Distribution of shear and pressure wave velocities with depth (separated by seismicity)

Results and discussion. The thickness of Quaternary sedimentary layers reached
the maximum value in the northeastern part of Bukhara city. Our instrumental
studies also confirm this by the means of the defference in the values of the vibration
amplitudes of the H/V spectra. To the southwest of the city, gravel-sandstone layers
are close to the surface. It is known that gravel-sand fragments in rocks belong
to the 2nd category according to the seismic properties of soils. Seismic wave
velocities are observed at small values in the propagation fields of these soils. In
addition, in the Central part of the city, i.e. in the Old city part, bedding soils is most
common, in some places the thickness of bedding soils reaches 20 m. Because, the
bedding soils belong to the category of seismically weak soils. It can be seen here
that the fluctuations of the amplitude H/V spectra of the soils have large values.
Data obtained from microseismic measurements are processed, and a 2D depth-
dispersed velocities model of pressure and shear waves was created (Aktamov et
al., 2025; Ismailov et al., 2025; Yusupov et al., 2021).
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In 2D models, distribution of compressional and shear velocities at depth was
divided into three seismic layers. Average speeds of soils can be determined through
this model. From the determined average velocities, it will be possible to estimate

the seismic condition of the soil (Aaqib et al., 2020) (Table 1).

Table 1 — Calculated values of compressional and shear wave velocities at depth

Ne | H,(m) Vpl(M/C) V,, (m/c) | Hy(m) sz(M/c) V,(m/c) | H,(m) VPS(M/C) V. (m/c)
1| 24 320 155 -14,5 460 265 -100 1560 683
2| 84 470 280 -18 741 400 -94 1866 836
31 26 370 165 -16,2 676 385 33,6 1015 590
41 -6 316 185 -18,5 625 355 -44.8 150 565
51 -83 280 162 9 676 355 27 911 525
6| -1,6 300 155 -16,3 695 380 -30,1 800 480
71 5 305 165 -10 192 252 -69 810 362
8| -74 246 150 | -10.4 780 365 -83 832 507
91 -76 270 160 9 597 357 -78 1032 504
10| .5 400 210 21,8 770 462 -100 1836 820
1] -18 452 232 -16,6 693 392 -50 1305 802
12| 3 470 237 -12 700 401 -35 1350 820
13| 7 410 210 26,6 | 1060 524 -100 1590 682
14| 33 470 217 -14,9 1010 520 -44.8 1556 761
15| -4 304 152 9 402 230 71 895 396
16 -3 410 160 -11 495 222 -94.5 915 520
17 -12 370 175 25 800 480 -100 2400 1275
18| 25 280 150 -13.2 482 280 -100 1700 637
19| 4 452 213 24 1247 700 -100 2650 1025

20 -5,7 320 180 8,5 450 200 -87 995 485

21| 57 270 150 9,7 510 320 -83 81,5 500

22| 75 560 325 27 1090 640 -100 1815 1030

23| 3 370 180 | -13.3 490 290 -84 1580 750

241 36 370 175 -15.,8 505 275 -29 900 550

25| -5 320 150 -13 620 250 -100 950 455

26| 52 425 212 | -10,3 610 340 -100 1500 860

271 2 465 160 | -10,3 435 222 -19.2 770 456

28| 44 285 150 | -155 620 305 -84 1440 700

29| 3 380 150 | -16,5 570 285 -63 640 380

300 1.8 370 155 -20 730 410 -100 2150 1200
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31| -6 400 180 -14 450 250 -100 1135 580
321 3 370 205 -9 430 250 25 933 460
33| 35 470 215 -142 605 385 25 1100 690
34| 97 350 180 -13 480 250 -76 760 420
35| -3 380 160 | -12,6 450 210 -92 950 480
36| .55 350 215 -12,3 600 330 -30 725 430
37| 53 450 230 -19 590 360 -100 2500 1000
38| 23 335 150 | -13.3 580 350 -30 1040 540
391 -4 310 175 -18 520 340 -30 1050 515
40| 2 300 160 -8,4 360 210 -30 960 360
41| 54 405 250 -8 630 320 30 1100 560
42| 5.7 260 155 -11 720 335 -70 890 480
43| 3 380 215 -15 515 325 -30 1270 600
41 23 390 200 -16 675 320 37 1150 575
45| 25 295 155 | -12,5 500 256 -76 1285 700

In the city of Bukhara, mostly alluvial deposits are widespread, and these
deposits can be divided into several parts, which are unevenly distributed over the
city. Depending on the orientation of the ancient river beds from the southwest to
the northeast, the flow directions are observed at several depths (Fig. 6-a,b).
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Figure 6a. A plot of the distribution of shear wave velocity by depth

The uneven distribution of wave speeds on the territory varies depending on the
classification of alluvial and delluvial deposits, which belong to ancient river beds.
Shear wave velocity (Vs), in the north-eastern and central as well as eastern parts of
the region, mainly corresponds to second-class soils in terms of seismic (300-400
m/s) properties (Fig. 6b) (Lontsi et al., 2016; Pastén et al., 2016)
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Figure 6b. A plot of the distribution of shear wave velocity by depth

The results of research conducted by geologists also confirm the opinion that
the city of Bukhara is located in an ancient riverbed. Seismic observations are
represented by large values (400-500 m/s) of shear wave velocity at small depths
in the northern part of the city. Because, the northern part of the city of Bukhara
increases towards the megasynclinal with a sharp change in the sediment cover with
sorted alluvial rocks at small depths, while in the western part this depth increases
and a sharp increase in seismic wave velocities (700-800 m/s) observed (Fig. 7ab).
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Figure 7a. A plot of the distribution of shear wave velocity by depth
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Figure 7b. A plot of the distribution of shear wave velocity by depth

In the layers located at depth (up to 100 meters), the increase in wave velocities
changes in four directions in the submeridional direction. This change is closely
related to the change of the ancient river bed. In this regard, it is essential to rely
on a number of factors to restore geological conditions. These are: paying attention
to the change of soil category in the construction of engineering structures on soil,
the deformation state of parts filled with loose rocks during earthquakes in ancient
river valleys, the construction of separate accelerograms for the foundation part of
buildings and structures in accordance with the prevalence of second-class soil in
the northern parts is important.

Analysis of microseismic vibrations in the city of Bukhara was carried out by
observing changes in the seismic properties of soils in different parts of the city at
different depths.

The first engineering-geological layer consists of bed soils represented by a
sandy layer. They are 0.6 to 9 m thick in the central part of the studied area. It can
also be seen in the 3D models that, the first seismic layers’ Vs and Vp velocities
have small values in the range of 0-8.4 m. In the old city part of the research area,
the thickness of the bed soil layer has decreased to 2-5 m, while this in the vicinity
of the old city at around 0-2 m. The upper 1.2-2.0 m, less than 3.0 m part contains
new soils formed as a result of disposal of household and construction waste
(Amendment Nel to KMK 2.02.01-98).

The second layer is represented by a thin layer of fine-grained sand and clay
with loess-like sand and light brown, yellow, dark gray soils with lenses. They lie
directly, mainly under the bed soil or at a depth of 0-6.5 m from the surface, with a
thickness of 1 mto 11 m.

The third engineering-geological layer is represented by clays of the Quaternary
period, which are found in the form of lenses and layers below the level of
groundwater.

The fourth engineering-geological layer is represented by sands. This layer is
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spread over the entire area. Loose sands are found in the upper horizon, and dense
sands are found at the border of the fifth layer (gravel-loess) at the base of the layer.

Engineering-geological data and microseismic data are compared. In this, the
lithological composition of the layers and the wave permeability of the layers are
considered.

Conclusion: The use of this research method as a cost-effective and convenient
method for engineering works will give effective results for the economy of the
country. In order to confirm the reliability of the method, it almost corresponded
to the values obtained in the results of the seismic exploration works (MASW)
measured in the area. Conducting geological-geophysical research in cities causes
some difficulties due to various seismic noises and unfavorable conditions of several
places. Analysis in the above-mentioned optimal options gives effective results for
conducting measurement work in short and convenient conditions. The results are
successfully completed in order to study the ground seismic conditions for the
entire part of Bukhara city. Soil seismic conditions are characterized by uneven
distribution of second and third class soils in the city. The central and northern parts
of the city, as well as the southern and north-western parts, are represented by soils
with high seismicity in terms of strength.
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