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AHHoTanud. B G0mbIIMHCTBE COBPEMEHHBIX HCCIEIOBAHMI, KaK IPABUIIO, HE
YUUTBIBAETCS CIy4alHBI XapaKTep CEMCMHUYECKOro BO3JEHCTBHS, KOTOpPOE
SBISIETCA SPKO BBIPAXKEHHBIM HECTAllMOHAPHBIM CIy4YaiHBIM IIPOLIECCOM.
AJexkBaTHasl OIIEHKa CEHCMOCTOMKOCTH 3JaHUM M COOpYXEHHH BO3MOXHA
TOJBKO HAa OCHOBE METOMUK, ITO3BOJISIOMNX YIECTh OOJIBIIYI0 H3MEHINBOCTh
napamMeTpoB CEHCMMUYECKOTO BO3JeHCTBU. B craThe mpencraBieHa BeposT-
HOCTHAsi METOJMKA PacueTa MHOIO3TaXKHBIX KeNe300€TOHHBIX 3JaHuil, po-
eKTHPYEMBIX B CEHCMUYECKH palioHax ¢ y4eToM (U3MYECKOH, reoMeTpHue-
CKOH U KOHCTPYKTUBHOH HEIMHEHHOCTH, a TAKXKE B3aUMOJICHCTBUS COOPYKe-
HUSL ¢ HETMHEeHHO-1e(opMUpyeMbIM OCHOBaHUEM. Pa3paboTaHHas METOIMKA
H03BOJIIET 00eceYnTh TpeOyeMBbIi ypOBEHb CEIICMOCTOMKOCTH ATl IPOEKTU-
PYEMBIX 37aHMH Ha OCHOBE KpUTepusi HeoOpylieHus. B kauecTBe mpumepa
paccMaTpUBaeTCs PacueT MHOTO3TaXKHOI'O JKEJIE300€TOHHOrO 31aHus. Buem-
Hee celicMHYEeCKOoe BO3/ICHCTBIE pacCMaTpUBAETCs B BU/IE HECTALIMOHAPHOTO
CIIy4alfHOTO Ipoliecca, KOTOPbIH NOIy4eH MOCPEACTBOM YMHOXKEHHUS CTallM-
OHAPHOTO CIIy4aifHOTO TIIpolecca Ha IEeTePMHHHPOBAHHYIO OTHMOArOMIyIO
¢ynkiuio. s MOAeNIUpOBaHUs HENMHEHHOH pabOoThI xKeae300€TOHHBIX KOH-
CTPYKIHUH UCTIONB3YETCSI MOZIENh OeTOHA C (PyHKIHEH HAKOTIIICHNS TOBPEXIe-
HUH TIpM IUKIMYECKUX HArpyskaX, a TaKkkKe YUUTHIBAIOLIAsl Jerpajaluio
IIPOYHOCTH H ’KECTKOCTH MaTepHaa IIpU MHTEHCUBHOM 3eMJileTpsiceHun. Pac-
4eT NPOBOJMICS C HCIOJIb30BAHUEM SIBHBIX METOJIOB HHTETPUPOBAHUS ypaB-
HEHUIl ABMKEHMS HA BBIUMCIUTEIBHOM KIACTEPE C NPUMEHEHUEM TEXHOJIO-
I'MH NapajieNbHbIX BeruucieHuil. [IpeacraBnennas METoAMKa NO3BOMIAET HC-
CIIeIOBAaTh XapakKTep pa3pylIeHHs >KeIe300eTOHHBIX KOHCTPYKIWI IpH HH-
TEHCUBHBIX 3€MJIETPSCEHUSIX U BBIIBILITH 30HBI ¢ JE(UIUTOM HECyILeH cro-
cobHocTu. [IpemnaraemMplii BEpOSATHOCTHBIN MOAXOMA K MOJCIUPOBAHHIO CEH-
CMHMYECKOrO BO3AEUCTBHA KaK pea3allid HECTALMOHAPHOTO CIy4ailHOro
npolecca ¢ 3alaHHbIMHU IIapaMeTPaMH COBMECTHO C Y4€TOM HEIMHEHHOTO Jie-
(hopMupOBaHUS >KeJIe300€TOHHBIX KOHCTPYKIUH 31aHUS U OCHOBAHUS [103BO-
JISIET YIPABISTh YPOBHEM HAIEXKHOCTU M IPOEKTUPOBATH 31aHUS C 3a[aHHOM
00eceyeHHOCTBI0 CeHCMOCTOMKOCTH.
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Abstract. There are a large number of works on a comprehensive assessment
of the seismic resistance of buildings and structures. However, these studies,
as a rule, do not take into account the random nature of the seismic impact,
which is a pronounced non-stationary random process. An adequate assess-
ment of the seismic resistance of buildings and structures is possible only on
the basis of methods that allow taking into account the large variability of
seismic impact parameters. The article presents a probabilistic method for cal-
culating multi-storey reinforced concrete buildings designed in seismic re-
gions, taking into account the interaction of a building with a non-linearly de-
formable foundation. The developed technique makes it possible to provide
the required level of seismic resistance for the designed buildings based on
the non-collapse criterion. As an ex-ample, the calculation of a multi-storey
reinforced concrete building is considered. External seismic action is repre-
sented as a non-stationary random process. The external seismic action is con-
sidered as a non-stationary random process, which is obtained by multiplying
the stationary random process by a deterministic envelope function. The pa-
rameters necessary for constructing the envelope and the stationary random
process were obtained from the results of processing the available database of
intense earthquakes. The stationary random process was generated by the
shaping filter method. The impact parameters are based on the results of pro-
cessing the available database of intense earthquakes. When modeling rein-
forced concrete structures, a concrete model is used with the function of dam-
age accumulation under cyclic loads, as well as taking into ac-count the deg-
radation of the strength and stiffness of the material during an intense earth-
guake. Accounting for the interaction of the building with the soil base is im-
plemented using the SSI interface (Soil Structure Interaction). To prevent the
influence of waves reflected from the boundaries of a limited ground massif,
a PML layer (Perfectly Matched Layer) is used. The calculation was carried
out using explicit methods for integrating the equations of motion on a com-
puting cluster using parallel computing technology. The presented technique
makes it possible to investigate the nature of the destruction of reinforced con-
crete structures during intense earthquakes and to identify zones with a defi-
ciency in bearing capacity. The proposed probabilistic approach to modeling
seismic impact as an implementation of a non-stationary random process with
given parameters, together with taking into account the nonlinear deformation
of the reinforced concrete structures of the building and foundation, allows
you to control the level of reliability and design buildings with a given seismic
resistance.

BBEJIEHUE

B Hacrosmee Bpems Ipu pacdeTe 3[aHUM, POCKTUPYEMBIX B CEMCMUYECKUX PallOHAX, UMEET
MECTO TEH/ICHLIMS MTOCTOSHHOTO MOBBIILIEHUS YPOBHSI JeTAIN3allMA MOJIeNiel pH y4yete Gu3nuecKon,
Ir€OMETPUYECKON U KOHCTPYKTUBHOM HEJIMHEWHOCTeN. Hanpumep, py BBINIOJIHEHUN YUCIIEHHBIX pac-
YETOB MHOTOATAXHBIX KeJIe300€TOHHBIX KOHCTPYKIHMH HCHOIb3YIOTCA OOBEMHBIE KOHEUHBIE 3ile-
MEHTBI JUIsi O€TOHAa M HEMOCPEICTBEHHOE AapMHpPOBAHHWE B BHUJE CTEPKHEBBIX JIIEMEHTOB.
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[Tpu 5TOM B OONBIIMHCTBE CIIy4aeB UTHOPUPYETCS TOT (PakT, YTO CEHCMUUECKOE BO3/ICHCTBUE SBIS-
€TCA APKO BBIPAKEHHBIM CIIy4alHbIM InpoueccoM. [loydenne aeKBaTHbIX pPe3yIbTaTOB BO3MOMXKHO
TOJIBKO C Y4€TOM OOJBIION U3MEHYMBOCTH MApaMETPOB CECMUYECKOT0 Bo3aericTBuA. [Ipu sTom ma-
paMeTphI UCTIOIB3yEMBIX PACUETHBIX aKCEIECPOrpaMM JOJIKHBI OBITH TIOJTYYEHBI HA OCHOBE 00paboTKH
MMEIOIINXCA UHCTPYMEHTAIBHBIX 3alHCel akceneporpaMmm 3emierpscenuil. [lpu pacuerax Ha ceii-
CMHUYECKOE BO3ICHCTBUE MPUXOIUTCSA YUUTHIBATH B3aUMOICHCTBHE COOPYKEHUS C HETMHEWHO nedop-
MHUpPYEMBIM OCHOBaHHEM. Takke HE0OXOJUMO HCIIOJIb30BaTh COBPEMEHHBIE MOJICIH MAaTepHAalOB,
MO3BOJISIIOIINE YYECTh HEIMHEWHBIN XapakTep AeOpPMHUPOBAHMS MPU ITUKINYECKUX Harpyskax. Pe-
[ICHHUE 33J1a4¥ MMPOCKTHUPOBAHMS CEHCMOCTOMKHX KeJe300€TOHHBIX 3/IaHUi C YYeTOM BCEeX yKa3aH-
HBIX BBIIIE aCMEKTOB TpeOyeT pa3pabOTKH COOTBETCTBYIOIIMX KOMILJIEKCHBIX METOAMK pacyeTa Ha
3EMJIETPSACEHHUE.

Pacyet MHOrodTa)XHBIX 7K€JIE300€TOHHBIX 3JaHUH Ha HMHTEHCUBHEBIE CEHCMUYECKHE BO3AECHCTBUS
M0 KPUTEpHUI0 HeoOpyIIeHus: Hauboinee 3(h(GEeKTHBHO MPOU3BOAUTH C HCTIOIH30BAHUEM SIBHBIX METO-
JIOB TIPSIMOTO MHTETPUPOBAHUS ypaBHEHUH ABWXKeHUsA. [Ipu pemeHnn JOKHBI B TIOJTHON MeEpe HC-
M0JIb30BAThCSl BO3MOXXHOCTH METOIOB MapalIe/IbHBIX/paCpeICICHHBIX BhIYUCIeHui [1—4].

Llenpro gaHHOM PabOTHI ABJISIETCS pa3pabOTKa KOMIUIEKCHON BEPOSTHOCTHOM (B 4acTH MOJIEIIHU-
POBaHMSI PaCYETHOTO CEHCMUYECKOTO BO3ACHCTBHS) METOJAUKH OLIEHKH CEMCMOCTOMKOCTH, TTO3BOIIS-
IOIIIEeH MPOEKTUPOBATH JKEJIE300E€TOHHBIC 3aHUS U COOPYKEHUS C 3aJJaHHBIM YPOBHEM HAJC)KHOCTH.
Wznoxxenue pazpaboTaHHONW METOIUKU MPOU3BOAUTCS HA MPUMEPE PacyeTa MHOTOITAKHOTO KEJIE30-
OETOHHOTO 31aHMs. B yCIOBHUSAX TTOCTOSHHOTO YBEITMYEHUS CJIOKHOCTH apXUTEKTYPHBIX M HHKEHEP-
HBIX PEIICHUN W B YCJIOBHUAX, KOTJIa CeiCMUYECKash aKTHBHOCTh CTaHOBUTCS Bce Oosiee 3HAUMMOMN
YIpO30# JIJIsi MHOTUX PETHOHOB, HEOOXO0IUMOCTD B 00JI€€ TOYHOM U aJIEKBATHOM MOJICITHPOBAHUH T10-
BEJICHUS 3[IaHUI U COOPYKEHHI MO BO3ACHCTBUEM CEICMUYECKUX HArPy30K CTAHOBUTCS Bce Oolee
Ba)KHOM 3a/1auci.

[IpennosxeHHast B JAHHOM HCCIIEIOBAHUN METOIMKA MPECTABIIAET COOON KOMITJIEKCHBIN MOIXO,
KOTOPBIN YUNTHIBAET HENMHEHHYIO IeQOopMaIllii0 OCHOBAaHUS, JETATHPHOEC MOJACIUPOBAHNE OETOHA U
apMaTyphbl, HAKOIUJIEHUE MOBPEXACHUM MTPU LUKINYECKUX Harpy3Kax, HICIOJIb30BaHIE CUHTE3UPOBAH-
HBIX aKCeJIepOrpaMM 3eMJIETPSICEHUI C YaCTOTHO-BPEMEHHBIMH XapaKTEPUCTUKAMU, TIOTyYCHHBIMU
Ha OCHOBE 00pa0OTKH MHOXKECTBAa HHCTPYMEHTAIBHBIX aKCcelIeporpaMM, YTO OOBIYHO UTHOPHUPYETCS
WJIM YIIPOILAETCS B CTAHAAPTHBIX MOJIX0AaX.

METO/I

PaccMoTpuM MSATHAITAKHOE KEIE300€TOHHOE 3[aHKe, PACTIONIOKEHHOE Ha HETTMHEWHO-1eopMu-
pyeMOM IPYHTOBOM OCHOBaHUH (puc. 1).

Hecymue snemenTsI 31aHust (KOJOHHBI, pUTENTH U TUTMTHI IEPEKPBITHS) 33]JaHbl 00bEMHBIMH KO-
HEYHBIMH JIEMEHTAMH, a apMaTypa — CTEPKHEBBIMU KOHEYHBIMH dJIEMEHTAMH.

OcHOBHBIE XapaKTEPUCTUKU KOHCTPYKIIUU: pa3Mep 31aHus B miane 26,0 x 13,2 M, BpIcOTa dTaxka
3,3 M. Tommuua pyrmamenTHOU TIATH — 30 cM, cederne 6amok — 40 x 40 cm, cedeHue KOJIOHH —
40 x 40 cM, TonmmHA MIUTH TOKPBITHS — 20 cM. beToH knacca B25 3amaBancs npu moMoIuy Helu-
HeitHo# Momenu 6etona Continuous Surface Cap Model (CSCM) [5-9].

Jis paccMaTpuBaeMoro 3aHus yYUTHIBANIOCH (hakThudeckoe apmupoBanue (puc. 2). [IpononbHas
apMarypa kiacca A400, nonepeunas — A240, nuarpamMmma paboThl MaTepHalla apMaTypbl IPUHITA
UJCabHO YIPYyToIiacTu4Ieckor (quarpamma [Ipannaris) ¢ orpaHMYeHHEM IIACTHYECKUX JedopMa-
1uii. O6beMHbIE AJIEMEHThI OETOHA CBSA3BIBAIKNCH CO CTPEKHEBBIMU 3JIEMEHTAMU apMaTyphl C IOMO-
1160 METOAUKY JlarpanxeBo-OilliepoBOro B3aUMOACHCTBHSI.
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Puc. 1. PacueTHas cxema
Figure 1. Calculation scheme

Puc. 2. ApmaTypHBIi Kapkac
Figure 2. Reinforcement frame
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OCHOBHbIE XapaKTEPUCTUKU IPYHTA IPUHUMAIUCH B COOTBETCTBUE ¢ MOJieabi0 Mopa-Kynona co
CIIEyIONIMMHE TTapaMeTpaMu: TIOTHOCTH p = 2,710 r/em®, Mmomyns nedopmanmn E = 12 MIla, xo3d-
¢unment Ilyaccona v = 0,25, ynensHoe cueruienue Co = 0,039 Mlla, yrosn BHyTpEeHHET0 TPEHUS @ =
24°.

B uccnenoBanum ucnonb3oBanack Metoauka SSI. Jlns MonenrpoBaHus HEOTPAKAIOUIUX IPaHUIL
IPYHTOBOI'O OCHOBaHMs ipumensuics PML-cioii [8].

MoaenupoBaHue pacyeTHOM aKceJeporpaMmmbl

PacuetHoe ceficMuueckoe BO3JCHCTBHE 33/1aBAJIOCHh B BUJIC TPEXKOMIIOHEHTHOW CHHTE3UPOBaH-
HOW aKceleporpaMMbl, BCE KOMIIOHEHTHI KOTOPOH HOPMHUPOBAINCH Ha MaKCHMalbHOE yCKOpPEHUE
4 m/c?,

Axceneporpamma paccMaTpUBaiIach B BUJI€ HECTAIIMOHAPHOTO CIIy4aifHOTO Tpoliecca, Uit KOTo-
poro ObLIO TOoTy4eHo ceMericTBO peanu3anuii [10-13]. Kaxknas koMImoHeHTa aKceaeporpaMMbl IIpei-
CTaBJISIETCS B BUJIE Ipou3BeieHus orubatoieii A(t) Ha peann3aiuio CTalMOHAPHOTO CIY4YaiiHOTO IIPO-
recca Y(t), mosydeHHy0 ¢ MOMOIIBI0 MeTo1a (YOPMHPYIOIIEro GpUIbTpa:

a(t)=A(t)-y(t). )

Ha puc. 3 noka3anbl 3 KOMIIOHEHTBI IIOJYYEHHON IO MpEAJaraéMoil METOAMKE MCXOJIHOM pac-
YETHOW aKceJeporpaMMbl 3eMIICTPSCEHHUS.

YCKopeHHe,wc2
[}

4 1 | i | I 1 |
0 2 4 G i 1a 12 14
Bpema, c
KommnonenTa X
_4 Y Y

Yekopewne, mic?
=]

Bpema, c

Yekopenue, mic?
o

Bpema, c
KomnonenTa Z

Puc. 3. PacuerHas akceneporpamma
Figure 3. Computational accelerogram
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MopenupoBaHue cOBMeCTHOI padOThI COOPYKEHHS C OCHOBaHHEM
Soil Structure Interaction (SSI)

PaccMoTpuMm paboTy COOpPY)KEHHSI ¢ OCHOBAaHHEM C UCIOJIh30BAHHEM METO/a, OCHOBAHHOTO Ha
SSl-untepoeiice (puc. 4).

_pt
/ b
Pl I'T1
I A
EQ \
Ey' \
Scattered wave Scattered wave
a b

Puc. 4. B3aumopelicTBIe TPyHTa C OCHOBaHHEM
Figure 4. Soil-base interaction

OO1ee ypaBHEHHE METO/Ia MOYKHO 3alucaTh CleAyonmM oopazom [12]:
m m,, 0 ||u| [k K, 0 ||u

SS S SS

My, My, +Mg My - Ub + kbs kbb+kﬁ kfe U | =

O mef mee ue O kef kee ue
(2
0 0
_ ] 0
= mg |U; +| kg Uy,
mef kef
raec:
t t t o
{US ) Ub ) Uf ) Ue} 06pa3yeT 1moJie abCOMIOTHBIX NEPEMEICHNU IJIsI CUCTEMBI OCHOBaHUSA C CO-
OPYXKECHHUEM.

N3 ypaBHeHus (18) BUIUM, YTO HEU3BECTHBIMH SABJISIOTCS 1MOJIE aOCOMIOTHBIX MTepEMEIICHUHN IS
coopyeHus U;, U, 1 106aBOYHOE MoJIe HepeMelleHuit s rpyHTal, .

Takum 00pa3oM B JJaHHOM METOJIE CEUCMHUYECKOE BO3JIEHCTBHME 3aJ1a€TCS B BHJE aKCeIepo-
IPpaMMbI U COOTBETCTBYIOIICH €l CeHCMOTpaMMBbl, TIOJTYYESHHBIX JIJIs1 CBOOOTHOM MMOBEPXHOCTH 3EMIIH.

Jlyist yaeta HadanbHOU AedopMaIiiy OCHOBaHUS TI0]] COOCTBEHHBIM BECOM IE€pPE OCHOBHBIM M-
HaMHUYECKHM PacuyeTOM MPOBOIUTCS CTATUYECKUN pacyer.

HNaeaJbHO Morjaanaoum cJIoi
Perfectly Matched Layer (PML)

B o0miem citydae st KOppEKTHOTO y4eTa B3aUMOJICHCTBHSI COOPY)KEHHUSI C OCHOBAaHHEM CIICAYET
paccMarpuBaTh JOCTATOYHO OOJIBIION MaCCHB TPYHTOBOTO OCHOBaHUsI. C IENIbI0 COKpAILCHHS pa3Me-
pPOB TPYHTOBOT'O MacCHBa MOYKHO HCIIOJIb30BaTh HEOTPAXKAIONIUE TPAHUIBI WM TOTJIONMIAOIINN
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BOJIHBI ci10H. [Ipumenenune metona SS| mMo3BoJIseT OPraHU30BaTh HEOTPAXKAIOIIUE TPAHULIBI MITH TIO-
rnomaromuii cioit (PML) Ha GOKOBBIX U HMPKHUX ITOBEPXHOCTSIX paCCMaTPUBAEMOI0 OIPaHUYEHHOT O
rpyHTOBOIrO MaccuBa (puc. 5, b) [12].

PML

Puc. 5. Cxema moaenu:
a — 0e3 PML-cnos; b — ¢ PML-ciioem
Figure 5. Model diagram:
a— without PML layer; b — with PML layer

PE3YJIBTATBI U OBCYXJIEHUE

Ha puc. 68 nmokazansl n3omnodis 3¢ HEeKTUBHBIX M1acTudeckux nedopmanuid. Ha puc. 9, 10 u3006-
pakeHa AepOopMUPOBaHHAS CXeMa C TIOBPEXKICHUSIMHU COOPYKCHHS B Pa3IMYHBIC MOMEHTHI BPEMEHHU.

Effective Plastic Strain
9.990e-01
8.991e-01 :I
7.991e-01 _
6.992e-01 _
5.993e-01 _
4.993e-01 _|
3.994e-01 _|
2.995e-01 _
1.995e-01
9.960e-02:|
-3.329e-04

Puc. 6. Vzonons 3¢ dekTrBHBIX IIIacTHUECKUX JedopMainii B MOMEHT BpemeHu t = 4 ¢
Figure 6. Isofields of effective plastic strain attimet=4s

KOMMBIOTEPHOE MOAENNPOBAHWE B CTPOUTESILCTBE 63



Mkrtychev O.V., Reshetov A.A. Reinforced Concrete Structures. 2024; 1(5):57-67

Effective Plastic Strain
9.990e-01
8.991e-01
7.991e-01 _|
6.992e-01 _
5.993e-01 _
4.993e-01 _|
3.994e-01 _|
2.994e-01 _|
1.995e-01
9.957e-02 :I
-3.715e-04

Puc. 7. Uzonons 3¢ ¢GeKTHBHBIX TUTACTHYECKUX AedopMalimii B MOMEHT BpeMeHu t = 4,7 ¢
Figure 7. Deformed scheme with damage to the structure attime t=4.7 s

Puc. 8. Xapakrep paspyuieHuii (yBelMueHHbINA (parMeHT)
Figure 8. Deformed scheme with damage to the structure (enlarged fragment)

Ha puc. 9 nokazans! Hanpsbkenuss @on Muszeca i1 apmaTypHOro kapkaca. Takke BUACH XapaKTep
pa3pylLIeHHUs apMaTypHOTro KapKaca.
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Effective Stress (v-m)
3.672e+02
3.305e+02 ]
2.938e+02 _|
2.570e+02 _
2.203e+02 _
1.836e+02 _
1.469e+02 _
1.102e+02 _
7.347e+01
3.675e+01 :I
3.483e-02

Puc. 9. Uzonons nanpsoxennit @orn Museca
Figure 9. Von Mises stress field for the reinforcement framework

Ha puc. 10 noka3zansl n3onosns 3pQeKTUBHBIX MIIACTUYECKHUX JedopMalnii B TPyHTOBOM OCHOBA-
HUH.

Effective Plastic Strain
3.884e-03
3.463e-03 ]
3.041e-03 _|
2.619e-03 _
2.198¢-03 _
1.776e-03 _
1.355e-03 _
9.330e-04 _
5.114e-04
8.974e-05
-3.319e-04 _|

Puc. 10. 3omnomist 3¢ PeKTUBHBIX MITACTHISCKUX AehOopMaliii OCHOBAHUS B MOMEHT BpemeHH t = 4 ¢
Figure 10. Isofields of effective plastic soil deformations at timet=4s

3AKVIFOYEHUE

Pa3paboTrana koMIieKCHast BEpOATHOCTHASI METO/IMKA OIIEHKH CEHCMOCTOMKOCTH, TTO3BOJISIOIIIAS
MMPOCKTUPOBATH )KGJIG306CTOHHBIG 34aHud C 3alaHHBIM YPOBHEM HAJICKHOCTU NPHU HUCIOJIL30BAHHUN
Kputepus HeoOpymenus. [IpemioxkenHas METOUKa paccMaTpUBaeTCsl Ha IPUMEpE pacuera MHOTO-
ATAXKHOTO JKEJIe300€TOHHOTO 3/IaHUSI.

AHanu3 pe3ynbTaToB [MOKa3bIBAET, YTO MOAEIMPOBAHNE U TIOJTYyYEHUE TOCTOBEPHBIX PE3YIbTaTOB
34 IPpUCMJICMOC BpCMs MPU paCUYCTC MHOT'O3JICMCHTHBIX )I(GHGE}OG@TOHHLIX SHaHHfI BO3MOJXHO IIpH UC-
MOJIb30BaHUU BBICOKOTIPOM3BOAUTEILHBIX CUCTEM U paclipelieleHHbIX BblunciaeHui. [lpu 3Tom cko-
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POCTh pacyuera CyIIeCTBEHHO 3aBHCUT OT CIIOCc00a AEKOMITO3UIIMY 3a/1a4Hl U PeaTu3aliu MporpaMm-
HOT'O KOJ]a pacueTHOT0 KOMIUICKCA, KOTOPBIA JODKEH MOICpKUBaTh d(h(DEeKTHBHOE pacmapaiieii-
BaHHE.

Pe3ynbrathl ucciieqoBaHus OKA3ad, YTO JJIs MHOTO3TaXKHOTO JKeJIe300€TOHHOTO 3/1aHHS UMEET
MeCTO TpaHchopmanusi CeHCMUYECKOTO BO3JICHCTBUS, 33JaHHOTO Ha CBOOOHOM MOBEPXHOCTH, UTO
TaK)K€ MOXKET OBITh YUTEHO C TIOMOIIBIO0 MIPEAJIaracMoro MoaX0/a K pacyeTy jKele300€TOHHBIX 3/1a-
HUW HA UHTEHCUBHbBIE CEHCMUUYECKHUE BO3ACHCTBUA.

[IpenyiaraemMblii MOAXO K MOJACIUPOBAHUIO CEHCMUYECKOTO BO3JICHCTBUSI MOXKET OBITh MCTIOJb-
30BaH JI1 TeHEPUPOBaHUS HauOoee HEOIArOMPHUITHOTO BO3CHCTBUS Il pacCMaTPUBAEMOM TUHA-
MHYECKON CUCTEMBI «COOPYKEHUE — OCHOBAHUE).

TakuMm 06pazom, mpeICTaBICHHBIN MOIX0/ K IPOSKTUPOBAHUIO JKeJIe300€TOHHBIX 3[JaHUI U CO-
OpY’KEHUH B CEHCMUYECKHX pailOHaX MO3BOJSIET YUYECTh CIIYYallHOCTh CEMCMUYECKOTO BO3AEHCTBUS,
CYILIECTBEHHO HENIMHEHHBIN XapakTep Ae(GopMUpOBaHUSI KOHCTPYKIIHIA, KOPPEKTHOE B3aUMOICHCTBUE
COOPY>KEHHSI C OCHOBAHHEM TIPH 3EMJICTPSICEHHUH, YTO MO3BOJISIET 00ECIeYuTh TpeOyeMblil YpOBEHb
CEHCMOCTOMKOCTH U HA/IKHOCTU MPOSKTUPYEMBIX KEJIe300€ TOHHBIX 3aHU.
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