BecTHuk MICY ¢ ISSN 1997-0935 (Print) ISSN 2304-6600 (Online) * Tom 18. Beinyck 11, 2023
Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 18. Issue 11, 2023

NMPOEKTUWPOBAHWE N KOHCTPYMNPOBAHWE

CTPOUTENBbHBIX CUWCTEM. CTPOUTEINbHAHA

MEXAHWKA. OCHOBAHWA N ®YHOAMEHTHI,
MOA3EMHBIE COOPYXEHWNA

HAYUHASI CTATBSI / RESEARCH PAPER
VJIK 69.04
DOI: 10.22227/1997-0935.2023.11.1704-1712

HccaenoBanue BJAMSAHUSA 3TA/KHOCTH Ke1e300eTOHHBIX KAPKACOB
HA Ierpaialiuio COOCTBEHHBIX YaCTOT M XapaKTep pa3pylieHus
NPHU 3eMJIeTPSICEHUN

Ouger Bapranosuu MkpTbiueB, Poman Asnexkcanaposuy 3aiiueB
Hayuonanvnoiil uccneoosamenvexuti Mockogckutl 20Cy0apcmeenHulil CmpoumenbHblil
yrusepcumem (HUY MI'CY); . Mockea, Poccust

AHHOTALUNA

BeepgeHue. Llenb uccrnenoBaHusi — u3ydeHue BIUSIHUSE Aerpagalny YacTOTHLIX NMapaMeTPOB XENe300eTOHHbIX 30aHuiA npu
[OeCTBUAN CeNCMUYECKO Harpy3Kku 1 OLieHKa XxapakTepa paspyLUEeHVs B 3aBUCUMOCTY OT STaXHOCTY 30aHUs! C MOMOLLbHO YMCTEH-
HbIX 9KCNEPUMEHTOB B nNporpammHoM komnnekce LS-DYNA. [ns nonyyeHnsi CobCTBEHHbIX YaCTOT 1 (DOPM B OMNpeAENEHHbIE MO-
MEHTbI BpEMEHM B 3a4a4e, peLLaeMoit SIBHOM CXEMOW MHTErPUPOBaHUSI, ULLIETCS PELLEHWE C UCTONb30BaHUEM HESIBHON CXEMbI.
Matepwmanbi u meToAbl. PacCMOTPEHbI MATH COOPYXXEHWI Pa3HOM 3TAXKHOCTU. B pacyeTHbIX cxemax 30aHuii UCnorb3yeTcs Hemno-
CpencTBEHHOE apMUPOBaHME HECYLLMX arieMeHTOoB. [1ns mogenupoBaHus 6eToHa NpyMeHsieTcst Mogerb Matepuana Continuous
Surface Cap Model (CSCM). faHHbIi MaTepuan no3BosseT yunTbiBaTb HaKOMNMeHe nospexaeHuni. MogenvposaHue apmary-
Pbl OCYLLIECTBISETCS C MOMOLLbIO MAaearnbHo yrnpyronnactuyeckon modenu MpaHatns. Apmatypa MofenvpoBanach CTEPXHSIMU
1 Bblna HeNMocCpeACTBEHHO NOrpyeHa B 6eToH. [11s1 9Toro ncnonb3oBarnach narpaHkeBo-ainepoBa cBsidb. PacyeT nponssoamncst
Ha >XEeCTKOM OCHOBaHWN C y4EeTOM (PU3NYECKOMN, FEOMETPUYECKON M KOHCTPYKTUBHOW HenmHelHocTen. CelicMmnyeckoe BO3aeN-
CTBUWE 33aBarioch B BUAE ABYXKOMMOHEHTHbIX akcernieporpaMM, HOpMMPOBaHHbIX Ha 8 6annos no wkane MSK-64.
Pesynbrathbl. [TonyyeHb! KpyBblE M3MEHEHWS U Aerpadaumm cCOBCTBEHHbIX YacTOT AN KApKacoB pa3HOM 3TaXKHOCTU, a Tak-
)Ke KpMBblE HaKOMMEHUsI MOBPEXAEHWS ANs BCEro kapkaca.

BbiBoAbl. AHanNn3 nony4YeHHbIX pe3ynsTaToB NOKa3biBAET, YTO MPU 3eMIETPSICEHNM MHTEHCUBHOCTLIO 8 6annoB MMeeT me-
cTo cywecTBeHHoe (A0 30 %) cHukKeHUe 4YacToT cOBCTBEHHbIX konebaHWi pacCMOTPEHHbIX kapkacoB. HambonbLuee konu-
YeCTBO MOBPEXOEHWUN BO3HUKAET Ha CTaguu akTUBHOWM hasbl cermcMuyeckoro Bo3faencTBusi. C yBenuyeHnem aTaxHOCTU
WHTEHCMBHOCTb Aerpagaumm cobCTBEHHbIX YacTOT pacTeT, CKOPOCTb HAKOMIEHUSI U 0ObeM NOBPEXAEHUA BO3paCTatoT.
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ABSTRACT

Introduction. The objectives of this work are to study the influence of degradation of the frequency parameters of reinforced
concrete buildings under the action of seismic loading and to evaluate the nature of destruction depending on the number
of storeys of the building itself, using numerical experiments in the LS-DYNA software package. To obtain natural frequencies
and forms at certain times in a problem solved by an explicit integration scheme, solutions are sought using an implicit
scheme.
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McereaoBaHme BAMSIHUS STAXHOCTU KEAE300ETOHHbIX KapKacoB Ha AerpajaLmto COOCTBEHHbIX
uacToT U xapaKTep Pas3pyLLEHUs Mpu 3eMAETPACEHUU

C. 17041712

Materials and methods. Five structures of different storeys are considered. The design schemes of the buildings use direct
reinforcement of load-bearing elements. The Continuous Surface Cap Model (CSCM) is used to model the concrete. This
material allows the accumulation of damage to be taken into account. The ideal elastic-plastic Prandtl model is used to
model reinforcement. The reinforcement was modelled with rods and was directly immersed in concrete. To implement this,
the Euler-Lagrange equation was used. The calculation was carried out on a rigid base, taking into account physical,
geometric and structural non-linearities. The seismic impact was specified in the form of 2-component accelerograms
normalized to 8 points on the MSK-64 scale.

Results. Various results of the study were obtained. Curves of change and degradation of natural frequencies for frames
of different number of storeys are obtained. Damage accumulation curves for the entire framework were also obtained.
Conclusions. The analysis of the obtained results shows that during an earthquake with an intensity of 8 points, there
is a significant (up to 30 %) reduction of frequencies of natural oscillations of the considered frames. The greatest amount
of damage occurs at the stage of active phase of seismic impact. With the increase in the number of storeys, the intensity
of degradation of natural frequencies increases, the rate of accumulation and the amount of damage increase.

KEYWORDS: degradation of properties, accumulation of damages, reduction of natural frequencies, nature of destruction,
reinforced concrete, seismic impact, direct dynamic method, reinforced concrete frame, seismic resistance
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BBEJIEHUE

C cepenunbl XX B. B Halllell cTpaHe HAYalI0Ch
CTPOMTENIECTBO BBICOTHBIX IOMOB, B CBSI3H C 3THM I10-
SBIISIIIOCH OOJIBIIOE KOJUYECTBO HCCIIEJOBAHMMN, I10-
CBANIECHHBIX M3yYCHHWIO BHOPALMOHHBIX ITPOIECCOB
B 37aHMIX. B mocnenHee BpeMs aKTUBHO Pa3BHBAIOT-
Csl pa3JInYHble TMHAMUYECKHE METOAbI 00CIIeI0BaHUS
3MaHUN U COOPYKEHUH, KOTOPHIE OMPEACNSIOT cOo0-
CTBEHHBIE YACTOTHI, TIOMOTAIOIIHUE OLEHUTHh COCTOS-
HUE 3/1aHUS UM KOHCTPYKIMH, OOHAPYKUTh A€(EKTHI
B HECYIIHUX KOHCTpyKUusAX [1]. DTu meTomsl moctpoe-
HBI Ha HAaTYPHBIX AKCIIEPUMEHTAJIBHBIX HCCIIECJOBAHH-
AX, B TOM 4HCJE C IPUMEHEHHUEM KOHEUHBIX JJIEMEH-
toB (K3) nporpammusix komriekcos (I1K) [2].

OCHOBHBIM MHCTPYMEHTOM 3THX HCCIJIEIOBAHUI
CIYXUT MOJAANBHBIN aHanmu3. B pesynsrare pacueToB
JIOJDKHBI OBITH MTOJYYEHBI COOCTBEHHBIE (DOPMBI U Ha-
CTOTBI, 000OIIIEHHBIE MACCHI U JIEKPEMEHTHI COOCTBEH-
HBIX TOHOB KOJIeOaHNH, KOTOPBIE SBIISIOTCS] HCXOHBIMU
JTAHHBIMU TP PEIICHUH IIUPOKOTO KpyTa 3a1ad AWHa-
MUKHU MEXAaHUYECKUX CHCTEM.

Lenp HacTOALIEN CTATbU — HM3Y4YEHUE BIMSAHUS
JIeTpaJlaliii YacTOTHBIX MTapaMeTPOB JKeIe300eTOHHBIX
30aHUM IpU IEHCTBUM CEICMUYECKOM HAarpy3KHu U OLEH-
Ka XapakTepa pa3pyLICHUs B 3aBUCUMOCTH OT TAXHO-
CTH 3[1aHHs C TTOMOIIBIO YHCIEHHBIX KCIIEPUMEHTOB.

MATEPHAJIBI U METO/JbI

B mpouiecce npoBeneHus JaHHOTO UCCIEA0BAHUS
Hcnob30oBaics KoHeuno-3memenTHeii [IK LS-DYNA,
B KOTOpOM peaHI/BOBaHI)I HCHHHeﬁHbIe JUHAMHUYCCKUC
METOJIBI.

Junst pemieHus HEIMHEWHBIX JUHAMHYECKHUX 3a-
Jlad 1eJIeco00pa3HO MPUMEHSATh METOIbI, OCHOBAHHBIC
Ha SIBHOM CXeM€ MHTErpUPOBAHUsl YPABHEHUM JBUXKE-
HUSI CUCTEMBI. SIBHBIE METOJbI MCIHOJIB3YIOT PEKYyp-
PEHTHBIE COOTHOILEHNUS, BBIPAKAIOLIUE NIEPEMEILIEHUS,

CKOPOCTH M yCKOPEHUsI Ha IaHHOM IlIare 4epe3 uX 3Ha-
yeHus Ha npeasaymux marax. B ITK LS-DYNA wuc-
TIOJTE3YETCSI OJJMH M3 SIBHBIX METOJIOB MHTETPUPOBAHMUS,
a UMEHHO METOJ LIEHTpPaJbHBIX pa3zHocTeil. B saTom
ciayuyae MPUMEHSETCs BhIpAaXKEHHE C 3ara3/bIBaHuEM
o BpeMeHu [3]:

Mii, +Cu, + Ku, = f°. (1)

B LS-DYNA! pa3zpaborana MeTOAMKa pacueTa
Ha celiCMHYECKHE BO3ICHCTBUS SBHBIMH METOJIAMHU
C TIEPHOINUECKUM BBIUUCICHUEM COOCTBEHHBIX 3HaUE-
HUI HESIBHBIMU METOJIaMH B ONIPE/IEICHHBIE MOMEHTHI
BpeMeHH. Takol 1Moaxo/ AaeT BO3MOXKHOCTH OLEHHUTH
TEXHUYIECKOE COCTOSIHUE 3/1aHNH U AETPAJALUIO YACTOT-
HBIX NTapaMeTPOB B MPOLECCE 3eMIICTPSACEHHUS.

B pacuerHoil cxeme 37aHMI MCHOJIB3YETCS He-
MOCPEICTBEHHOE apMUPOBAHUE HECYIINX AIEMEHTOB.
B LS-DYNA peanuszoBana GpyHKIHs', KOTOpast MO3BO-
JSIET YYUTHIBATh HEIOCPEACTBEHHOE apMUpPOBaHue Oe-
TOHA apMaTypoH ¢ MOMOIIBI0 0OBEMHBIX (1T OeTOHA)
U cTepKHeBBIX (A7 apMaTypsl) KO [4].

Juis MmogenupoBaHus OETOHA MCIIOJIB3YETCS MO-
nerb Continuous Surface Cap Model (CSCM)?, mpume-
Hsiemast it 00beMHBIX K3. Mozens OeToHa npencras-
JsieT co00i cap-MOJIETb, T.€. C INIAJKHUM HETIPEPHIBHBIM
COTPSKEHNEM MEX/1y MOBEPXHOCTBIO Pa3pylICHUs
U YIPOUYHSIOUIMM «KoJmadkoMy». Obmas ¢popma mno-
BEPXHOCTH TEKY4€ECTHU B IPOCTPAHCTBE INIABHBIX HAIPsI-
JKeHHH TToKa3aHa Ha puc. 1. /lanHas Monens Marepuana
BepU(UIMPOBAHA BO MHOTHX HccliefoBaHusX [4—8]
U MCIIONIB30Ballach B paborax [9—16].

! Livermore Software Technology Corporation (LSTC),
LS-DYNA. Keyword user’s manual, R11. 2018. Vol. L.

% Evaluation of LS-DYNA Concrete. Material Model 159. US
Department of Transportation. Federal Highway Administration.
McLean. Publication No. FHWA-HRT-05-063. 2007. 190 p.
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Puc 1. O6mas ¢popma MoBEpXHOCTH TEKy4eCTH MoJen 6eTo-
Ha B IPOCTPAHCTBE IVIaBHBIX HANPSDKEHUH

Fig. 1. General shape of the flow surface of the concrete
model in the main stress space

[pemnoxena hopmysta st HyHKIHH TOBPEKICHHUS:

o! =(1-d)o?, @)
r1e d — CKaJSPHBIN TapamMeTp MOBPEKICHHUS, KOTOPBII
mpeoOpasyeT TeH30p HAIPsHKEHHUS 0e3 TOBPEKICHHS, 000-
3HAYEHHBIM G'7, B TEH30p HANPSIKEHUS C ITOBPEKICHUEM,
0b6o03HaueHHBIH 6°. [Tapamerp ypoHa d BapsUpyeTCst OT HyJst
(6e3 moBpesxaeHnit) 1o 1 (MoTHOE MOBPEXKICHHE).

J1s MomenupoBaHUS apMaTypsl MPUMEHSIETCS
UJeaNbHO YIpyroIutacTudeckas Moxenb llpanarns
C HadaIbHBIM MOIyJIeM yrpyroctd £ = 2,1 - 10° MIla,
IPEJIEN TEKYYECTH IIPUHAT PaBHBIM G, = 245 MIla, mpe-
JlebHBIE TUTACTHIECKUE IeOopMaIiu €, = 0,1.

OOBeKTaMH HCCIEJOBAHUS SBISIOTCA OJHO-
MPOJICTHBIC 3[JaHUS Pa3HOW ATAXHOCTH (OT OIHOTO
IO TATH 3Taxeil) paMHON KOHCTPYKTHBHOH CXEMBI.
Ha puc. 2 mpuBeneHa pacdueTHasi cxema THIIOBOTO 3Ta-

3 Murray Y.D. Users Manual for LS-DYNA Concrete Material
Model 159. McLean. Report No. FHWA-HRT-05-062. Fed-
eral Highway Administration, 2007. 77 p.

Komnonent X/ Component X

a b
Puc. 2. PacueTHas cxema THUIIOBOTO 3Taxa: @ — OCTOH; b —
apMmarypa
Fig. 2. Design scheme of a typical storey: a — concrete; b —
reinforcement

a b

Puc. 3. PacueTHas cxema MATUITAXKHOTO 3IaHUS: d — OETOH;
b — apmartypa

Fig. 3. Design scheme of a five-storey building: a — concrete;
b — reinforcement

’Ka, Ha pHC. 3 — cXema MATHITaXHOTO 31aHus. ['aba-
PHUTHBIE pa3Mephl THITOBOTO ATaXKa B IUIAHE COCTABIISIOT
6 x 6 x 3,3 (h) m. IlepexpbITrsi — OaOYHBIE MOHOIHUT-
HBIC Jkene300eToHHbIe. TommuHa Ut 20 M, purenn
1 KOJIOHHBI ceuenreM 40 x 40 cm.

Vekopenue, m/cex? / Acceleration, m/sec’

Bpewms ¢, cex / Time 7, sec

Puc. 4. Axceneporpammsl (KOMIIOHEHTH! X 1 ), HOpMHpPOBaHHBIE Ha 8 OaJIOB

Fig. 4. Accelerograms (components X and Y), normalized by § points
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Puc. 4. Axceneporpammsl (KOMIIOHEHTH! X 1 Y), HOpMUpOBaHHBIE Ha 8 0a/IOB (OKOHYAHHE)

Fig. 4. Accelerograms (components X and Y), normalized by 8 points (ending)

IIponomnpHas apmarypa pureseii u KoimoHH d = 28 MM,
ToTniepevHas apMaTypa B KOJIOHHaX H pureisax d = 10 mm.
[IpomonsHas apmarypa wiuTsl d = 10 MM, moniepeyHas
apmarypa wmTsl d = 10 Mm.

beron coorBeTcTByeT Kitaccy* B45 ¢ mpexenom
IPOYHOCTH Ha cxarue f, =43 Mlla [17].

Pacuer BBIMONHANCA HAa )KECTKOM OCHOBaHUU
C y4eToM (pU3NYECKON, TECOMETPUIECKON M KOHCTPYK-
THUBHON HenuHeHHocTell. CelicMuueckoe BO3aeH-
CTBHUE 33/1aBaJIOCh B BUJC JBYXKOMIIOHECHTHBIX aKce-
JeporpaMM, HOPMHUPOBAHHEIX Ha § 0OaljIoB MO IIKaie
MSK-64 [18-20]. Akceneporpamma mpeacTaBieHa
Ha puc. 4.

PE3YJIBTATHI HCCIEJOBAHHUA

Ha puc. 5-8 moxa3zans! pe3yasraTsl pacuera B I1K
LS-DYNA. Ha puc. 7 npencrasieH rpaduk neppoi ua-

4 CI1 63.13330.2018. BetoHHbIE 1 5KeNe300e TORHBIE KOHCTPYK-
1. OCHOBHBIE MOJIOXKEHHSI.

LS-DYNA keyword deck by LS-PrePost o Prastic suain
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Puc. 5. ®opmbl cOOCTBEHHBIX KOJCOAHUH MATHITAKHOTO 3/1a-
HUS: @ — 1-51; b — 2-51; ¢ — 3-51 (COOTBETCTBYIOIIHE YaCTOTHI:
1,28; 1,62; 2,13 I'm)

Fig. 5. Forms of natural oscillations of a five-storey building:
a—1; b— 2; ¢ — 3 (corresponding frequencies: 1.28; 1.62;
2.13 Hz)

CTOTBI Ka)K/10T0 37aHus (HOpM COOCTBEHHBIX KOJIEOaHHI
B 3aJlaHHbIC MOMEHTBI BPEMEHH, KOTOPBIE OIpeJIesi-
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Puc. 6. HakoruieHre oBpexIeHUI B pa3Hble MOMEHTHI BpeMeHu (@ — 5 ¢; b — 6,5 ¢; ¢ — 11,3 ¢) 171 mATH3TaXXHOTO 3aHUs

(1 Ha mKanxe COOTBETCTBYET MOJIHOMY HCUEPIIAHUIO HECYIIEH CITIOCOOHOCTH JIEMEHTA)

Fig. 6. Damage accumulation at different points in time (a — 5's; b— 6.5 s; c — 11.3 s) for a five-storey building (1 on the scale

corresponds to complete exhaustion of the bearing capacity of the element)
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Puc. 7. I'padyiku n3MeHEeHUs! IEPBON 4acTOTHI COOCTBEHHBIX KoebaHui (@), Ierpajalu MepBoil 4acTOThl COOCTBEHHBIX KO-
nebannii (b) 1 HAKOIUICHUSI TTOBPEXACHUH KOHCTpYKIHH (c), %, B mponecce §-0aTbHOTO 3eMIIETPSICEHHSI B 3aBUCHMOCTH
OT STAKHOCTH: === — OJHOITAKHOE 3aHHE; === — JIByXITAKHOE 3/[aHHE; === — TPEXITAKHOE 3/IaHNE; — YeThI-
PEXATaXKHOE 31aHUC; === — [ITUITAKHOE 31aHUC

Fig. 7. Graphs change of the first frequency of natural oscillations (@), degradation of the first frequency of natural oscillations (b)
and accumulation of structural damage (c), %, in the process of an 8-magnitude earthquake, depending on the number of storeys:
—@= — one story building; === — two storey building; === — three-storey building; — four-storey building; el

— five-storey building
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Y-nepememenne kpoimy / Roof V-displacement
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OnHOATaXKHOE 37]aHHe
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JIByXaTaxHoO€ 31aHNe
Two storey building
TpexaTaxkHOE 31aHe
Three-storey building
YeTbIpexaTakHOE 3/1aHUE
Four-storey building

A [IsaTusTakHOE 3MaHNE
Five-storey building
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Puc. 8. I'paduk nepemernieHus Bepxa KaXI0ro 37aHus 1o Y B mporecce 8-0aTbHOTO 3eMIICTPSICCHNUS

Fig. 8. Graph of Y displacement of the roof of each building during the 8-magnitude earthquake

JIUCh B TPOIIECCE U MOCIIC 3eMIICTPSICCHUS; IPUBEICHA
JIeTpaialysi IepBOi COOCTBEHHON YaCTOTHI ISl KaXKI0-
TO MCCIICTyEeMOTO 3IaHusl.

AHanm3 pe3ylbTaToB MOKA3hIBACT, UTO MIPH 3eMIIC-
TPSICCHUN HHTCHCUBHOCTHIO § 0aJIIOB IMEET MECTO CY-
mectBeHHOe (10 30 %) CHMKEHHEe YacTOT COOCTBEHHBIX
konebanuii (puc. 7). Taxxe 3HaYUTETHHOE BIUSHUE
Ha JIeTpajaIifio COOCTBEHHBIX YaCTOT OKAa3bIBACT KOJIH-
4yecTBO dTaxke. [Iponcxomut paspyiieHue 6eToHa B 0c-
HOBAaHWH KOJIOHH U B y3J1aX COIIPAXKCHHA KOJIOHH C pU-
reasivu (puc. 6). B ocHOBaHMM KOJIOHH HaOJrOqaeTCs
POCT HAKOTUICHUS MOBPEKICHUN U OTKA3 MPOIOJIbHOM
apmatypsl. Ha puc. 7 nmokasan rpaduk pocra KoInde-
CTBa OTKA3aBIIUX AJICMCHTOB B IIPOIICHTAX BO BPEMCHH.
Ha puc. 8 npencraBneHbl rpa Ky IepeMeIIeHIs Bepxa
3JaHUN.

AHanm3 pe3ynbTaToB MOKA3bIBACT, YTO MPH WHTCH-
CHBHOM 3eMJICTPSCEHUH B HECYIINX AIICMEHTAX 3aHUS
BO3HHUKAIOT CYIIECTBEHHBIC MOBPEKICHUS, KOTOPHIE
MOTYT OBITh OIEHEHBI C TIOMOIIBIO MMPOBEICHUS JHC-
JICHHBIX WJIN HaTYPHBIX HCCJ’[eJlOBaHHﬁ. C YBECIIMYCHUEM
9TaAXXKHOCTHU MHTCHCUBHOCTD JA€rpaganun CO6CTBGHHI)IX
4acTOT PAaCTET, CKOPOCTh HAKOIUICHUS U 00BhEM IMTOBPEK-
JICHUH BO3pPaCTaloT.

3AKJTIOYEHHUE U OBCYXIAEHHUE

[Ipu 3eMieTpsiceHNN WHTCHCHBHOCTHIO 8 OaIOB
Habmromaercs cymiectsennoe (10 30 %) cHmkenne 4ya-
CTOT COOCTBEHHBIX KoJieOaHMH (erpaayst AnHaMuye-
CKHX MapaMeTPOB), YTO OOYCIIaBIUBACTCS 3HAYUTEIb-
HBIMH TIOBPEKACHUSIMH HECYIITHX 3JIEMEHTOB.

CHIKEHHUE MEePBBIX TPEX YACTOT COOCTBEHHBIX KO-
Je0aHU TPOUCXOTUT PABHOMEPHO.

HawnGomnpIiiee KoIM4YeCTBO MOBPEKACHUN BO3HU-
KaeT Ha CTaJAuu aKTUBHOHU (a3bl CEICMUYIECKOTO BO3-
JIENCTBUA.

s pacCMOTPEHHBIX KOHCTPYKTHUBHBIX CUCTEM
ypcio otkazaBmux KO cocrasiser 10,3 %.

C yBeJ’[I/I'-IeHI/IeM ITAXKHOCTHU OTMECUACTCA yBeHI/I‘-Ie-
HUE TOPU3OHTAIBHBIX MEPEMEIICHUI B MpoIecce 3eM-
JETPSICCHHUS.

PaspaboraHHas B IpEACTaBICHHONW pabOTe METO-
JIMKA TIO3BOJISICT MCCIICIOBATh BIUSHUC JIOKAJBHBIX T10-
BPEOKACHUI HECYIIMX KOHCTPYKIUH Ha TUHAMHYCCKIE
XapaKTePUCTHKH B MIPOIIECCe 3eMIICTPSICEHHUS C YUETOM
HEMOCPEICTBCHHOTO aPMUPOBAHUsI OCTOHA apMATyPHBIMU
CTEP)KHSIMH M MOXKET OBITh HCIOJIF30BaHA MPH IIPOBEIIC-
HHUH HAyYHBIX FCCIICIOBAHUH, PACIETOB U MPOEKTHPOBA-
HUN Hecyumx )KeJ'I6306eTOHHBIX 3JICMCHTOB 3}IaHHﬁ U CO-
OpY>KEHUI B HEJTMHEHON TMHAMUYECKOM ITOCTaHOBKE.
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