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2IYHUT MOOENAT J'PYHMOB0T Mo6uLi, NoOYI08AHUT 36 OAHUMU THHCEHEPHO-2E0A02TUHUT JOCATO-
otcenn. Tlokazano nepesazu, BUKOPUCTNAHHA CMAGHIGPMHOT MOOEAT, AKT NOAAZAIOMD Y NPOCTOM
AHAATMUYHO20 ONUCY CEUCMIYHUT KOAUBAHD 3G 00NOMO2010 MOYHUL HOPMYA T MOSHIUOMY
8PATYBAHHT MOB3YHOCTE OePOPMAUIT | PEAGKCAUTT HANPYHCEHD.

Karouwost caosa: ceiicmivna Hebe3IeKa, peoJIOrivHI BJIACTHBOCTI I'PYHTOBOI TOBII, MIBUJIKICTH
CeMCMIYHUX XBUJIb, 3aracaiisl KOJIUBAHbD.

VY pasi 36iry 4acroTm MaKCUMAJbHUX CEHCMIYHMX BILIMBIB (YaCTOTH KOJIMBAHb T'DYHTIB)
3 BJIACHOIO 9aCTOTOI0 KOJIMBAHB OYJIMHKIB 1 CIIOPY/T BUHUKAIOTH PE30HAHCHI SIBUIIA, sIKi € OJTHIEI0
3 MOMUPEHNX TPUYUNH IXHBOTO PYWHYBaHHS, OCKIJTBKH 3 MOIBOIO PE3OHAHCHUX SIBUII PI3KO 3pOC-
TaIOTh HAIPYYKEHHST B KOHCTPYKITiAX cropy/. OcobmBo HEGE3METHNM € PE30HAHCHE TTOCUTEHHST
KOJIMBaHb B 00‘€KTaxX, IEHTP MACU SIKUX Bi/IJIAJICHUI BiJl TOYKU OIIOPH, IO XaPAKTEPHO JIJI BUCO-
THUX OyiBeIb, MOCTOBUX OITOP, I'PAIUPEHb, JUMOBUX TPYO TOIIO. YK mpaBuio, 00’ €KTh TaKoro
TUIY OJHOYACHO XapaKTePU3yIOThCs HU3bKUMHI 3HAUEHHSIMH 3aracaHHsI BJIACHUX KOJIMBAHbD.

[TopiBustHO TpuBaJi (KiJbKa JECATKIB CEKYHJ[) MAJOAMILIITY/IHI BILIMBE B YMOBaX Pe30HAH-
Cy MOXKYTb IIPU3BECTH JIO CePHO3HUX pyWHYyBaHb. [IpUKIIaI0M MOXKYTbH CJIYKHUTH PYWHYBaHHS
bararonoBepxoBux OymiBesib y neaTpi Mexiko mig gac 3emsterpycy 1985 p. 3 M = 8,1, xou
Ha, OKpPeMUX JIJITHKaX MicTa, po3tammoBanoro 3a 400 KM BiJ €IilleHTPY, CIIOCTEpIirajancs KOJIu-
BaHHA 3 MaKCUMAaJILHUM IIPUCKOPeHHsAM 175 CM/CQ, IO TEPEBUIIYBAJIO IIKOBI NPUCKOPEHHS,
3apeecTpPOBaHi B elileHTpaJbHii 30HI. Pe3oHaHcHe TToCUIeHHS ceficCMiYHIX KOJIMBAHb CIIOCTEPi-
rajiocst TIJIBKU Ha Tepiojiax, Oau3bkux g0 1= 2 ¢, 1mo IpusBesio JI0 BUOIPKOBOrO pyiHYBaHHS
15—25-ttoBepxoBux Oy/iBe/ib 3 OJU3BKUMU TIEPIOJAMU BJIACHUX KOJIMBAaHBL. Y MICTI 3aruHyJIO
~ 10 tucsu oci6 [1].

CrexkTpaabHnii CKJTa T 1 BeIMINHA CeHCMITHIK KOJTMBAHD BITHHOT TOBEPXHI Oy/TiBeTbHUX Maii-

JIAHYMKIB 3a/1e3KaTh BiJl (DIIBTPYBAJLHUX BJIACTUBOCTE OCA0BUX IIOPif (IPYHTOBOI TOBIIL).
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[TpuanHOIO MOTEHIIITHO HEOE3MeTHOr0 BUOIPKOBOTO MTOCUJIEHHS CEICMITHIX KOJIMBAaHb Ha Maii-
JIAHYIUKY € iHTepdEepeHIlisi CeICMITHUX XBUJIb, 6AraToOpPa30BO BIIOUTHX 1 3a/JJOMJIEHUX Yy MIapax.
AMIUTITYTHO-9ACTOTHUI CIIEKTP CEHCMIYHUX KOJIMBAHb Ha BIIBHIN MOBEpXHI I'PYHTOBOI TOBII
3aJIe’KUTh BiJl CIIEKTPAJIBLHOTO CKJIATY 1 KyTa MiIXOILy CEHCMIYHUX XBUJIb, TeOMeTpPil IpaHullb,
JHTOJIOTIYHOTO CKJIay, (hi3MKO-MEXaHITHUX 1 PEOJIOTTIHUX BJIACTUBOCTEH I'PyHTOBOI TOBIIi. Pea-
KITigd TPYHTOBOI TOBIMI Ha CEMCMIiUHI BILTUBU BU3HAYAECTHCA 11 TaCTOTHOIO XapaKTePUCTUKOIO.

IIpu ceiicmivrOMy MiKpOpaioHyBaHHI /IS MOJIEJIIOBAHHS I'PYHTOBOI TOBIII 3BUYANHO BUKO-
PHUCTOBYIOTHCH TOPHU30HTAJIBHO-TIIAPYBATI BEPTUKAJIBLHO-HEOTHOPIMHI MOJIeTl TiBIPOCTODY.
MoxkuBiCTh IXHBOI'O BUKOPHUCTAHHs 0a3ye€ThCd Ha BUMOTaX OY/IiBEIbHUX HOPMATHBHHUX JIOKY-
MEHTIB, M0 3a00POHAIOTL Oy/IyBATH BayK/JIMBI 00’€KTH Ha PO3JIOMax i KpyTHX cxuyax |2, came
BOHHM MOYKYTb CIPUYHHSITH HAWOIIBINI JIaTepabHi HeogHopiaHocTi rpynTosol Tosii. [lapysati
ceficMoreosIorivni MoJiesi Oy/LyI0OThCs 3a JaHUMEU T'eodi3UIHOr0 KapoTaxKy CBEPIJIOBUH 1 Jrabo-
paTOPHUX BUMIPIOBaHb (DI3UUHUX [IApAMETPIB IeoJIOriyHOro cepejoBuina [3).

B Tabu1. 1 naBeieHO IpUKIa/1] BEPTUKAIBLHO-HEOITHOPITHOT MO/IEJIi I'PYHTOBOI TOBIII 1111 Oy TiBeIb-

HuM Maitgaraukom B M. Ozieca [4]. Mogiesib xapakTepusyeTbest OTYKHICTIO TAPIB, JITOJOr T aHIM

Tabauys 1. Mogesb reosioriquoro cepesiopuina iy 6yaisesbHuM Maiianankom B M. Ojieca [4]

IBuakicTe ceiicmiuynux | JlekpemMeHTH TOIITMHAH-

Inrepsas rom- XBHJIb, M/C Hs CECMITHUX XBUJIb Tycruna

JliToJsioriunmii cKJjia oun TOPO/IN,
H, HosAoBAE MOTIEPETHOT HosAoBzE MIOTIEPETHOT r/eM’
HBOT HBOT

I pysToBo-pocmmmmit 0-1,0 260 210 1,5 1,5 1,5
map
Cyrommox saxit, 1,0—3,40 380 290 0,3 0,5 1,78
HAITIBTBEP/IUT
CYTIMHOK KU TeKy- g 4 ¢ 4 320 220 0,5 0,5 1,85
90l KOHCUCTEHTITIT
Cyrommox saxciuit, 8,30—12,20 450 380 0,3 0,3 1,88
HAITIBTBEPMH
Cyrommox cipmit Teky- 195 1 49 430 350 0,2 0,25 1,97
YOILTACTHIHUN
Cynmnok gepBono-Oypuit  14,30—23,6 550 380 0,1 0,15 191
Bamusik 23,6—36,0 2200 900 0,08 0,1 2,2
T'mura MeoTmaHa 36,0—48,0 1100 700 0,1 0,2 2,0
Lmana (N,) 5 npomap-—— ¢ g6 1300 800 0,08 0,12 2.0

KaMW BallHAKIB
Bammsku, ranna 96,0—-180,0 1600 1000 0,06 0,12 2,1
Kpeitmomomiomi mep-

JHAOTIO 180,0—871,0 1800 1200 0,06 0,06 2.2
reJii, Kpeiga
Hickosuxu, aprimiro- g7y 177 3000 1600 0,01 0,06 2.6
IHOJIOHI MIMHU
['pasitu, GloTurosi 1471,0 - 00 5000 3200 0,03 0,06 2,9

raeiicn
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CKJIQJIOM, TYCTHHOIO CEPEJIOBUINA, MBUIKOCTAMUI CEACMITHUX XBUJIb, JCKPEMEHTAMU ITOTJINHAH-
HsI TIO3/I0BXKHIX 1 MOTIEPEYHUX XBUJIb.

Buznauaroun 9acToTHI XapaKTepUCTUKYU I'PYHTOBUX KOMILIEKCIB, CJIIJ BpAXOBYBAaTH, IO Pi3Hi
mapu, 1edopMyIOUYNCh, BUSBJSIOTH Pi3HI peosiorivni BiacTuBOCTi. B pe3ynbrari KoJIMBaHHS
B MIEBHUX CMYyTaxX YacTOT MOCHUJIIOIOTHCS, a B IHINMNX — MOCJIabII0I0THCA. AMITIITYTHO-IacTOTHIH
CIIEKTP CelCMITHNX KOJMBaHb Ha BiJbHIN MOBEPXHI I'PYHTOBOI TOBIII 3aJI€XKUTH BiJl CIIEKTPAJIb-
HOTO CKJIAJy 1 KyTa MM IiHHsa XBUJIi, T€OMETPil I'PaHUIlb, JITOJOTITHOTO CKJIAY Ta PEOJOTITHUX
BJIACTUBOCTEN I'PYHTOBOI TOBIIII.

OcranHiM 9acoM HaOyJIM aKTYAJBHOCTI METOJU MMOOYI0BU YaCTOTHUX XapaKTEPUCTUK I'PYH-
TOBOI TOBIII I1i1 OY/IiBEIbHUMHI MaHIaHINKAMU MLJITXOM TEOPeTUIHuX po3paxyHkis. I1i meroman
€ MaJI03aTPATHUMU 1 IIIIPOKO BUKOPUCTOBYIOTHCS B KpaiHaX 31 CJIA0KOI0 UM HEBUCOKOIO CefcMit-
HICTIO, JI0 SKUX HAJIeXKUTh 1 YKpaina [4|. Halinomupenimumu cepeJi HUX € IPOCTI parioHasbHi
MOJIes: JIHITHO-TIpY KHA, HeJTIHIHHO-TIPYKHA, TPYKHOILIACTHIHA, B S3KOIPYKHA Ta, 1HIII.

[Tpu ainitinomy modearo6armi MOILYIb 3CYBY 1 KOeMIIEHT ONJIMHAHHS BBaYKAIOThCsI TTOCTifi-
HUMU JIJTsT KOXKHOTO Tapy Jiist BCiX piBHIB medopmartii. [lpu exsisasenmmomy Ainitinomy mode-
A106GHHT TIOBEJIIHKA KOYXKHOI'O Iapy OIUCYEThCS peoJioriaaoo mojestio Kembpina—DoiixTa.
ITro Momennb, 9K 1 peosoriuny Moeab MakcBesia, BiIHOCSITE IO HAUIIPOCTIMINX MOJesIel Teopil
B S3KOIPYKHOCTI — JIBOEJIEMEHTHUX 3TiJIHO 3 MPAKTUKOIO IpadivdHOro 300parKeHHsi ITPOCTUX
MojIesell, sike OyJIyI0Th 3 TPhOX OCHOBHUX €JIEMEHTIB — IPYKUHU, ITOPIIHS 1 IJIACTUYHOIO eJie-
menTa |5-8|. st momeni Kenbsina—®@oiixTa piBHSHHS 3B’S3Ky MiXK HaIpy»KeHHsSIMH 1 gedop-

MaI_LiHMI/I Ma€ BUIVIA

o(t)=pre(t)+nxde/Ot. (1)

Banexkwuicts (1) 3a ymosu BijicyTHOCTI ouaTkoBOT medopmartii € (0)=0 mMozkHA TOIATH y BUT-

JIl JTHITHOTO 1HTerpaJbHOTO PIBHSIHHS
t

£()=(1 /) [o(r) e/ @)
0

®opmynn (1) i (2) BUKOPHCTOBYIOTHCS JIJisl BUBYEHHST JIBOX OCHOBHUIX $IBUIIL PEOJIOTTIHOTO Jie-
dopMyBaHHSI: pejlakcaliil HaIpy>KeHHs IPU IMOCTIiHIN 1edopMarliil i HOB3yYoCTi IIPU HOCTIHHO-
My HaIpyzkeHHi. 3rijgHo 3 hopmysiomw (2), mojenb Kenbpina—Poiixra onucye siBurie moB3yI0CTi
pY TOCTIfHOMY 3HAYEHHI HANPYKEHHS 3a (HOPMYIIOo (t):(JO/MK)(l—e_(t/Tret)), a(t%)= "
Y mouarkoBuit MoMmeHT jedopMaliid BiCyTHs 1 j1aji 3pocTae 3a eKCIIOHEHIAJIbHIM 3aKOHOM
n0 3HavenHs (0°/pk). Bemmanna Tet=—(NK/pK) € wacom 3anizHoBanust (perapaarnii) gedop-
marii. 3 dopmynun (1) BummBae, Mo npu noctifiHoMy 3HadeHHI gedopmarii HanpyKeHHs
He 3MiHIeThCs: o (t)=pke’+nk-0 1 pemakcaris Bijgcyrnsi. Orke, mouesnb Kenbpina—®oiix-
Ta HE OMHUCYE OJIHE 3 JIBOX OCHOBHHMX SIBUIIl PEOJIOTIYHOI ITOBEJIIHKHA — peJaKcallil Hapy»KeHb.
Ile mosicatoe, woMy peoJioriuny momens KenbBina—@PoiixTa Ha3MBAIOTH BUPOJIXKEHOIO 1, SIK IIpa-

BUJIO, BUKOPUCTOBYIOTD JIMIIIE JIJId IIPUKJIAJIB Y MIJIPYIHUKAX 3 B SI3KOIPYKHOCTI.
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HacrymHoro 3a IpocToTOI0 PEOJIOTITHOI0 MOJIE/LIIIO € TPUEJIEMEHTHA MO/IE/b, KOJIA JI0 JIBOX eJIe-
menTiB mogesni Kenpsina—®@oiixTa 101a10Th MOCTIIIOBHO IMIe OHY NPYXKUHY 3 IMapaMeTpoOM g
OTpuMyeTbCsi TaK 3BaHa CTAH/IAPTHA PEOJIOTIUHA MOJIEJIb, sIKa OIUCYE OOU/IBA SIBUIIA, — PEJIAK-
callifo Halpy»KeHHsI 1 moB3ydicTh jgedopmariil. CTaHmapTHA MOJETb YaCTO BHKOPHUCTOBYETHCS
B IIPUKJIAJHUX JIOCTIIZKEHHSIX. ¥ Iifi MO/l KOHCTUTYTUBHE PIBHSIHHS Ma€e BUJIs [5-§]

n(0o/0t)+o (t)=En(de/0t)+He (t), (3)
e E=pg — murreBnit Mmogynb npyxuocti; H=pspur /(px+ups)<E — TpUBaIHii MOJY/Ib DY K-

HocTi; n="ng/(LKk+ps) — Jac peaakcari.
Hudepenrianbae piBasiHHs (3) Mae JiBa eKBIBaJEHTHI 3aJlaHHSI Y BUIVIsJ IHTErpaJibHUX

piBHSIHB
(t) E-H |
o(t = _H (4o
5(t)—T+ T, o(r)e B g7, (4)
0
t
o(t)=Bx(t)~E-HL / e (e~ dr. (5)
0

Penakcanist omicyersest dopmyioro (5) o(t)=e°[H+(E—H) e~ (t/ ")], TOOTO HAIIPYZKCHHST Pe-

JIAKCYE BIJI 1TOYATKOBOrO 3HaveHHs1 Fe® 1o 3HadeHHst He®, sKe BiIIOBia€ TpuUBajoMy Iepiory

H

To6TO Jedopmaris 3pocrae (mos3e) Bix mowarkoBoro 3uadenHst ¢°/E no sunavenns o°/H, 1o

1 1 1
criocrepexkentsi. [loB3ydicTsb onucyerbes 3a dopmysiow (4) 5(t):00{—+<— — —)e En },

BI/INIOBiJa€ TPUBAJIOMY HacCy CIOCTEPEe’KEeHHSI.

Orxke, cTanapTHa MOJIEIb Y2Ke HE € BUPOJIZKEHOIO 1 OIJIBIIT IIOBHO OMHUCYE peoJioriune jiedop-
MyBamHs. [Ipn 1boMy BOHA 3aTHITIAETHCS MTPOCTOIO B aHATITUIHOMY 3a1aiH]. CaMe TOMY JTOTIiTh-
HO B 3arajibHill MOJIe/Il TIOIUPEHHs MOIEePEeYHOl XBIJI B I'PYHTaX 3aMiHUTH Moje b KerbBina—
QDoiixTa HA CTAHIAPTHY MOJED.

Kpim peostorigaoro xapakrepy jaedopMyBaHHs, iHITIM BaXKJIUBUM (DAKTOPOM y MOJIETIOBAHHI
IPYHTOBOI TOBIII € HEJTIHIMHICTP KOHCTUTYTUBHUX PIBHAHBb, dKa OIUCYE K 3MIHY aMILIITYIN
cefiCMITHNX KOJIMBaHb, TaK 1 3MiHY IX CHEKTPaJIbHOTO CKJIIATY.

HeniniitaicTs 3MiHIOE 3BUYHI CHIBBIIHOIIEHHS MiXK TapaMeTpaMU KOJWBAHbL PI3HUX KaTe-
ropiit rpyuty. TBepiKenns, sike MiCTUTHCH B YNHHUX HOPMATUBHUX JIOKYMEHTaX, IO aMILIITY-
JIU IIPUCKOPEHD i IPyHTIB I KaTeropil BaBiui nmxkdi, a g rpyuris 111 kaTeropii — nacTiiibku
K BUII BiJI TapaMeTpiB Ha cepeHix rpyarax (jus. tabsr. 6.5 [2]), crae HeBipHUM y pasi BUCOKOI
IHTEHCUBHOCTI CECMIYHUX BILJINBIB.

IIpu meainitinomy modenrosarmi BUKOpUCTOBYIOTH IM Mozesb, 3anpononosany Aiisernom [9]
i Mpy3som [10]. Ilst peosoriusa Mojiesb MICTUTH NPY2KHI Ta IUIACTHYHI ejeMeHTH. Bona, yepe3
HASIBHICTB IJIACTUYIHUX CKJIAJIOBUX, € BXKe HEJIHIHOIO 1 3aCTOCOBYETHCS It OOUUCIEHHST PeaK-

il rpyuTosoi Tosiii B Komir'torepuiil mporpami NERA (Non-linear Earthquake Site Response
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Analyses) [11]. Tammit nporpamunit kommieke DEEPSOIL [12| mis mojesroBanns HestiHiHOT
peaxTiili I'PyHTy Ha CeHCMivuHI BIUIMBA BUKOPUCTOBYE JIiHiiTHE MATPUIHE PIBHIHHA PYXY TaKOTO
BUTJISIITY:

[M}{a+[CHa+ [K{u}=P(?), (6)

ne [M] — marpung mac; [C] — marpuns nemudysanns; [K| — marpunsg xoperkocti; {4} — BekTop
npuckopenns; {4} — Bekrop mBuIKocTi; {u} — BekTop 3mimenns; P(t)=—[M{I}ii4(t) — BexTOp
HaBaHTayKeHHs; ({1} — oquHIIHMIT BEeKTOD, ig4(t) — BXiTHA aKceseporpama).

[Iporpamu ProShake, NERA i DEEPSOIL 3Buuaiino 3acTOCOBYIOTH JIJIsT PO3PAXyHKY 4acTO-
THAX XapaKTEePUCTUK I'PYHTOBOI TOBIMI i OYyAiBeIbHUMY JTiJISTHKAMIA.

3BaXkarun Ha OIKUCAaHy BUINE OOMEKEHICTh MO peosioriaaoro jaedopMmyBantst KenbBina—
@DoiixTa, TPOMOHYETHCS B MOAJBINNX PO3PaxyHKaX 3aMIHUTH 11 B aJropuTMax JIHIHHOIO MO-
JIeJTIOBaHHsI, €KBIBAJIEHTHOIO JIHIHOTO MOJIEJIIOBAHHST Ta HEJIHIHHOIO MOJIE/IIOBaHHsI (IIpOrpam
ProShake, NERA i DEEPSOIL) Ha crangapTHy PeoJIOriuHy MOJeIb.

JloaTKOBUM apryMeHTOM Ha, KOPUCTh TaKOl 3aMiHH € MOXKJIMBICTH OTPUMAHHSI MPOCTUX
AHAJIITUYIHUX BUPA3iB JJIsi BU3HAYEHHsI IIBUJIKOCTI Ta 3aTyXaHHs 3CYyBHOI (IOIEPEYHOT) XBHJII.
Ili Bupasu o/iep:KyOTh TAKUM IHHOM.

Anagizyroun B’ SI3KOIPY>KHI XBUJIl, BayKJIMBO MATH BiIIIOBiIHE XBUJILOBE PIBHSIHHS. ByIb-sika
rapMOHIYHA XBUJIsI 3MIIEHHsI, JIe BiIOYBAIOTbCS KOJUBAHHS 3 YACTOTOIO W, MAE BUTJISIT

u(z, t)=Ae WOy (g t)=AeT ), E=kptikg=k—iy, (7)

nie A — mocriiina ammutityga; k — aificHe (KOMILIEKCHE) XBUIbOBE 4uciI0; | — KoedinieHT 3ara-
caHHs. By/nb-gKnit OJHOBUMIPDHUIT PyX OIMHUCYETHCS PIBHAHHIM

pd*u/0t*=00 |Ox. (8)

[Mpamuit  migxia 71 oTpuMaHHS PIBHAHHA PYXy IJIOCKOI IOMEPEYHOI TapMOHITHOL
B’SI3KOIIPY?KHOI XBUJII 3MIIEHHSI MOJISITA€ B IiJICTAHOBI 3aKOHY (3) y piBHsiHHSA (8). Y pe3yib-
Tari oTpuMaeMo piBHAHHSA ndo/Ot+o= uona2u/ 0r0t +p10o0u/Ox (npu mo3HaveHHAX po=1FE,
too=H ). Binnosigxe piBHsIHHS Yepe3 3MIIEHHS € TAKUM:

p(82u/8t2)+np (63u/8t3) =pon (83u/8x23t) +Moo(32u/8:r2). 9)

BayBaxKuMo, 10 Ile ByKe He HANWIpPOCTillie XBUJIbOBE PIBHAHHS, SKUM OIMCYEThCs TIPYZKHA
XBHJIsT — BOHO MICTUTD J[BA WICHH TPETHOTO TOPSIIKY.

3 (9) npu nosuauensi (v°)?=(po/p) MAEMO DIBHSIHHS JIsl 3HAXOIKEHHS HEBIIOMIIX IIAPAMET-
PiB B’A3KONPY>KHOI XBUJI k, ~ 4Uepe3 BiJoMi nmapamerpu

[(1}0)2w2+ Loo (72—1472) - 2,u0nw'yk] —1 [n (v°) %W ponw (2 k2)+2ﬂw7k} ={. (10)

3 piBHOCTI yABHOI WacTMHM HyJeBi 3HAXOIMMO 3HadeHHs KoedillieHTa 3aracamHs ~ depes
XBUJILOBE YHUCJIO k abo depe3 MIBUJIKICTH XBUJII v

WZ(Mw/uonv){l i\/ 1 (oo / tom)? (1= (1/m0) [(v)* / (v)?]) } (11)
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Orxke, B cTaHIAPTHIN MOJe/l 3aracalHs BUBHATAETHCS KOEIIIEHTOM peJlaKcallil, oIaTKo-
BOIO TIBUJIKICTIO i BiTHOIIIEHHAM MUTTEBOIO MOJIYJIS JIO TPUBAJIOTNO MOJTYJIS.

BaracanHst 00EpHEHO TPOIIOPITIOHAIBHE YacToTi. KpiM Toro, Besmmaunny koedillieHTa 3aracan-
He Y BU3HAYAE JIOOYTOK IMIBUIKOCTI XBUJII HA Yac peslaKkcallil i 9uM MeHIui meif 1o00yToK, Tum
Oinbire 3aracaHHsi. TakuM YUHOM, 3aracaHHs B’si3KOIPY2KHOI XBUJI B OKPEMO B3ATOMY IIapi
I'PYHTY € PI3HUM JJIs PI3HUX YaCTOT, IO HE Y3TOJKYETHCH 13 3arajJbHONPUHHATUM ITPUITYIIEH-
HIM TIPO HOT0 TOCTilHe 3HAYWEHHS B OKPEMO B3dATOMY ITapi I'PYHTY.

3a yMOBU PIBHOCTI JH#ICHOI YaCTUHU HYJIEBI OTPUMYyeMO (DOPMYJIY Jijisi BU3HATEHHS IIBU]I-
KOCTi 4epes KOoeiIlieHT 3aracaHHs -y

— 100/ 10w) 1(0)" 42070 + (oo 0)—| (v)?  (°)? ] = 0. (12)

IIpu nigcranosui B (12) Bupasy (11) orpumyemo piBHsHHs
-(1/ ("w)z)(uoo/uo)z{l = \/ 1+ (o/o)? () [1 = ((©)° / (0°)?) } +
112 {1 Lt o/se? (02 (1= (@07 /@)7)) }—wo/uoo>(<v>2 J@)?)=0,

sdKe Ma€ aHaJITUIHUN PO3B’I30K

2 (0/poo)? — 1

1+
2 2 2 2 1
MO/MOO) (nW) (,UO/,Uoo) (nw) [1 + (nw)Q(MO/Hoo)Q}

©) /)= {1=

((ofoc)? ~ 1)
[0/ o) )] {1+ i) + ((hofuase)® = 1)}

Ho/poo)?

1+ (13)

Takum “IUHOM, MIBUIKICTD BI3KONPY2KHOI XBUJII B OKPEMO B3ATOMY IIapi I'PYHTY € Pi3HOIO
JJIsl PI3HUX YacTOT, IO He Y3TOIKYETHCH 13 3araJbHONPUIHATIM IPUITYIIEHHIM PO 11 TOCTii-
He 3HAUEHHS B OKPEMO B3dITOMY IIapi IPYHTY.

Haitrpocrimuii criocib BpaxyBaHHs HeJIiHITHOCTI 1epOpMyBaHHSA B CTAHIAPTHIH MOJIEJI [TOJIsirae
y BBeJIEHHI Tak 3BaHOI reoMeTpHIHOI HestiHiitHOCTI. Koy jedopmariii Bxke He MOXKHA BBaXKATH Ma-
JmME, To Tensop Jedopmartiit I'pina e mesiniitnnm i mae suriss €i5=(1/2) (U p+Uk i +Um,iUm k)
[13]. B ognoBuMipHOMY BHIAJKY BiH € TaKHM:

e=(0u/0z)+(1/2)(du/dx)>. (14)

[Migcrasmsitoun dhopmyrny (14) y piBasiHHS (3), oTpEMyeMO BxKe HediHiiiHe nudepeniiaibae
piBHSHHS

no (t)+0(t)= oo (Ou/0x)+ pon (82u/8w8t) +(1/2) poo (0u)82)? + pon (Ou/dx) (82u/8m8t).
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AKImo 11e PiBHAHHS IIICTABUTU B PIBHIHHS PYXY, TO OJCPXKYEMO aHAJIOI XBUJILOBOIO PIBHAHHS

p(0%u/0t?) +np (8°u/0t*) — oo (0%u )/ 0x*) — pon (0°u /2 0t) =
= oo (Ou/0x) (82u/8x2) + pon (82u/3m2)(82u/8m8t)+,u,0n (Ou/0x) (83u/8m28t). (15)

Tyt 31aiBa MicTdaThcd JIHIAHI M0/IaHKKA, sKi BiJIOBIIAOTL JiHIfHIE MOmesi, cupaBa 3amucaHi
TPU KBaJIPATUYIHO HeiHilHI 1omanku. Tomy piBusuus (15) mosibHe 10 KIACHIHUX HETIHIAHIX
PiBHSIHB, $IKi y BUIIQJIKY XBUJIb PO3B’3yI0Th 3BUYAiiHO (B HeJHIHIN omruil, HetiHIiHIA akyc-
Turi romo [13]) MeTomoM moc/iOBHUX HAOJUKEHb a00 METOJIOM MOBIJIBHO 3MIHHUX aMILITY/I
(merostom Ban nep Iloss).

Bacrocyemo 110 piBHsiHHs (15) MeTos nocsigoBanx HabkeHb. [lepiuy HAGIMKEHHSIM BBa-
JKA€ThCs JIHIHHAN PO3B‘sI30K y BuIIs Ll xBuii (8)

uM(z,t)=Aeke—w1) (16)

3 BIZIOMIMI 3HAUEHHAMH XBUJIBOBOIO 4HciIa k, KoedillieHTa 3aracanHs +, 9aCTOTH W Ta JIOBiIb-
HIOM 3HAYCHHSAM aMIiTyan A.

OcobJuBiCTh METO/LY TOCJIIIOBHUX HADJINYKEHD TOJIATAE B TOMY, 10 KOXKHE HACTYITHE HAOJIM-
JKEHHsI 3HAXOUThCs 3 JIHINHOIO HEOIHOPIITHOIO PIBHAHHS, JI€ IIpaBa JacTUHA PIBHAHHS BUPa-
XOBYEThCS 1epe3 nonepeane Habymkenns. ToMmy Japyre HaOJMKEHHsT 3HAXOIATH SIK PO3B’ 30K
PIBHSIHHS, B IKOMY IIpaBa YacTUHA BUPAXOBYETHCs Uepe3 Iepiiie HAOINKEHHS:

p(82u(2) /8t2)+np (83u(2) /8t3) —,uoo(82u(2) /8372) — omn (83u(2) /awzﬁt) =
:uoo(au(l)/aw) (azu(l)/8w2) + pon (((‘32u(1)/8x2) (82u(1)/8x3t)+
1 (0 /9z)(B*uM) /9228t)). (17)

Piusinus (17) mae y mpasiii wacTuHi TpU JOJAHKU, BOHO JiHiliHe HeoiHOpimHe. OCKiIbKY
PO3B’I3KHU IIYKAIOTHCS Y BUIVISI XBUJIb, TO KJIACUIHUI JIJIsT BCIX PO3IiTiB (Di3uKu pe3y/ibTar
y pamkax mepmux apox mabmmxens u(x,t)=u)(z,t)+u®(z,t) noxsrae B Tomy, mo apyre
HaOJIMZKEHHsT JIa€ JIPYT'y TapMOHIKY TapMOHIYHOI XBUJI MepIioro Hab mkeHHs. ToMy po3B’si30K
(18) Gyae stByIsiTH COGOIO BXKE HE IIEPBUHHY XBUJIIO 3 TAPMOHIYHUM [IPOMdIIeM, a XBUJIIO 3 TI€K XK
“acTOTOM0 1 JIehOpMOBaAHUM MTPOMIIEM 3 TEHIEHIHE 10 TePeXoly XBUI Ha MOJBIHY 1acTOTy

12 (110)” (10)” = 4 (1100)? ] — 2410110010

_ . 2 12 A2~ 2ilka—wt) (18)
16 (p100)” — (10)” (nw)

u(z,t)=Ae~ko—wt) | g

Omxke, HesiHiliHa B’s3konpyzkHa xBuis (18) € Takoro, MO aMIUITy/a IepHiol TapMOHIKH
€ JIOBUJILHOIO, & aMILTITY/Ia JIPYTOol TApMOHIKHN MIPAMO TPOIIOPIIHO 3aJIEYKUTh BiJT BiJicTaHi, AKYy
IIPOMIIIIA XBIJIS, TA BiJl KB3/IPATIB XBUJILOBOTO YUCJIA I aMILTITYIu Ttepirol rapMoHiku. Kpim Toro,
sl aMILITY/Aa e CKJIAJHIM IMHOM 3aJIEKUTh BiJl apaMeTpiB peoJiorivHoro jiedopMyBaHHS.

Orpumani popMysIn BiIKPpUBAIOTh MOXKJIMBICTH O0YUNC/IEHHST TApaMEeTPIiB 3CyBHOI XBUJI Y BU-
maIKy 11 MOMMUpEHHs y mapax I'PYHTOBOI TOBIMI 3 ypaxXyBaHHIM HEJIHIHHOCTI B’A3KOIPYZKHOTO
nedopMyBaHHs.
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Peosoruueckue MoageJin I‘pyHTOBOﬁ TOJIIIIM JdJIA ceiicMHUYecKoro

MHKpOpaﬁOHHpOBaHHH CTPpOUTEJIbHBIX IIJIOIIAJA0K

Pacemompenny ocoberrocmu npumenenus 08Yx 6430661 PEOA0LUNECKUT MOJEAET 2€0002UMECKOT
cpedo. — Keavsuna—Potizma u cmandapmmot —0aa pacwema xoaeobanull 6 cetcmMo-2€0002UN%eCKUT
MOOCAAT 2PYHMOBOT, MOAULY, TOCTPOEHHBLT N0 OGHHBIM UHIHCEHEPHO-2E0A0LUMECKUT USBICKAHUIL.
Hokazans, NPeuMYWecmsea UCnOAb306aHUA CMAHIGPMHOT MOJEAU, KOMOPBIE COCTMOAM 6 NPo-
Cmome GHAAUMUYECKO20 ONUCAHUA CETCMUMECKUT GOAH € NOMOULBIO MOYHVT Popmys U bosee
NOAHOM YHeme NOA3YHeCU 0ePoPMAUUT U PEATKCAUUL HANDAACEHUT.

Katoueswie cao8a: ceiicMuieckasi OlacHOCTh, PEOJIOrMIeCKe CBONCTBA IPYHTOBOM TOJIIIHI, CKO-
POCTH celicMuYecKIX BOJIH, 3aTyXaHue KO.He6aHI/IIU/I.
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Rheological models of soil strata for the seismic microzoning
of building sites

The features of applications of two basic rheological models of a geological environment —
Kelvin—Voigt and standard — are considered for the analysis of vibrations in seismic-geological
models of soil strata constructed according to the engineering-geotechnical surveys. An advantage
of using the standard models that consists in the simple analytical description of seismic waves
with the use of exvact formulas and a fuller allowance for the creep and the stress relaxation
is demonstrated.

Keywords: seismic hazard, rheological properties of soil strata, seismic wave velocity, attenuation
of vibrations.
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