2.1 Расчетная схема здания и виды нагрузок

                    Динамическая расчетная схема здания. Расчетные сейсмические нагрузки, виды сейсмических нагрузок. 
Горизонтальные и вертикальные сейсмические нагрузки, внутренние сейсмические усилия в конструктивных элементах зданий.

Особенности расчетных схем зданий и сооружений, взаимозависимость от архитектурно-планировочных и объемно-конструктивных решений зданий и сооружений.

[image: image1.png]Bp100p pacyeTHBIX CXEM 31aHHH H COOPY/REHHH. BpIOOp pacycTHLIX CXeM
3anmil 1 COOpyKeHHIl IPH pacueTe HX Ha CelCMHUECKHE BOZICHCTBHA ABIAETCH
OMMHMM W3 NPHHLMIHATHHBIX BOMPOCOR Pactiera Ha CeHCMOCTOMKOCTh. OT
PABHILHOTO BEIGOpA (KOHCTPYHPOBAHIS) PACUETHOI CXEMBI 3aBHCAT HAJIEKHOCTH
M TpOuHOCTh KOHCTPYKIMH. C TOMOIIBIO PAacyeTHON CXEMbl JOWKHBI GbITh
JIOCTATONHO OTPaKEHb! (PH3HUCCKHE CBOHCTBA PEATbHOrO OGBEKTA: €ro TONONOrHs,
Matepua, yciosns aedopmupoBanns u T PacueTHas cxema SBIACTCH 37ECh
TaKKe M JMHAMHYECKOH Monenbio. [losToMy Tomyuaemble ¢ ee TOMOIIBIO
JIMHAMHYECKHE XapaKTEPHCTHKH OOBEKTa PAacueTa JIOJUKHBI OTBEHATh HTOMY
OGBeKTY M MOTYT HCUO/B3OBATRCA U KOHTPONA TPABIIBHOCTH BEIGOpA
PACUETHOI CXeMbl. B HEOOXOAMMBIX CYdasx AMHAMHUCCKHE XapaKTCpHCTHKH
YTOUHSAIOTCA IKCTIEPHMEHTATLHO.

TocTpoeHHe ~ CTPOroii  AMHAMUUCCKO  PACHCTHON  CXeMbl  31aHuA -
upe3BBMAiiHO CNIOKHAA 3a1ada, TaK KaK 3/ech HeOOXOIMMO Y4HTHIBATh
Ccleyiomue (aKTOphI: HEYNPYIyI paGoTy KOHCTDYKIWMM, BASKOE 3aTyXaue,
PAacpoCTpaHEHHE HEYNPYHX BOJH B [PYHTC W 31aHHH, YIPYTOILIACTHUECKHE
CBOHCTBA IPYHTOB U MX 3aTyXaHHE, BOMOKHOCTb MEPECTPOHKH CTPYKTYph
pacueTHOl CXeMBI B Tpoliecee ceficMHHeCKOro Bo3eiicTRIs i T.ai. Kansiii 13
IepeunCIeHHbIX (BAKTOPOB ABIACTCA OTACIBHOI CIIOKHOI HayuHOH NPOGIEMO,
naneoii oT 3apepiicus. [103TOMy OJHOBPCMEHHBI yHeT BCeii COBOKYMHOCTH
TIePeUHCIICHHBIX (DAKTOPOB BPA/L /i BO3MOXKEH B 0003PHMOM Oy1ymmiem.

TaKuy 0Gpa3oM, B eabHOM MPOCKTHPOBAHHH MPOCKTHPOBIIIK B HACTOAICE
BpEMs  BBIHYAJICH BBOIHTH YNPOIAIOUIME THIOTe3bl, CTABAILMS PEATbHYIO
KOHCTPYKIIIO B 3aBEJOMO MCHEE OIarompHATHBIC YCIOBHA, TIO CPABHCHHIO C
JelicTBTE bHbIMI. OIHIM H3 TAKHX PIAIONIX YIPOIEHHl ABAACTCA BBE/ICHIE
FUNOTE3B 06 yNpyroii paGoTe KOHCTPYKIMii. DTO MPUBOJNT K PACUCTY 31aHNS HIIH
COOpY’KeHHS HA 3aBEJAOMO GOTbIING CeHCMHUECKHE HAPPY3KH, NEPEPacXOfy
MATEPHANIOB M, CHEIOBATENLHO, K YIOpOKaniio. TAKHM 0BPA3OM, yOpOKAHME
CTPOHTEIILCTBA - 9TO LEHA, KOTOPYIO Mbl IIATHM 33 HEOCTATOUHYIO H3YYCHHOCTh
npodIieM ceficMOCTONKOCTH.

Tabmuua 4




[image: image2.png]Tun 31aHHs1 WK COOPYKEHUS 3uauennus
K;

1. 31aHuA U COOPYKEHHS, B KOHCTPYKIHAX KOTOPBIX MOBPEKICHHS
W HeyTpyrie AeOPMALITH He 0Ty CKAIOTCS. 1
2. 37aHNs H COOPYKEHIA, B KOHCTPYKIIAX KOTOPBIX MOTYT GbiTh
JOMyIeH  ocTaTounbe  jedopMauuH W HOBpEAICHHA,
3aTPYAHAIONINE HOPMATbHYIO JKCILTYaTayluio, NIpH obecrnedeHHH
GesonacHocti  mojell M COXPAHHOCTH  OGOpYAOBAHHS,
BO3BOMMBIC:

M3 KE/C300CTOHHBIX  KDYIHONAHENBHBIX MM MOHOMMTHBIX
KOHCTPYKIUMit; 0,22
€O CTa/lbHBIM KapKACOM 063 BepTHKaIBHBIX Mappars win caaseii; 025
TO Ke, ¢ AAGPATMAMH HITH CRSAMIE 0,22
C Kele300eTOHHBIM KaPKACOM 063 BepTHKATBHBIX AuadparM win
CBA3CI; 0,35
T0 e, ¢ MadPArMaMH I CBA3SMH U3 KUPIHMHOI WIH KaMeHHOI
KIAJIKH. 0,35
3. 37aHHA 1 COOPYIKEHHS, B KOHCTPYKLIHSX KOTOPBIX MOTYT GhiTh
JIOTIIEHBI 3HAYHTEILHBIC OCTATOYHBIC AC(OPMALMH, TPSUIHHBI,
TIOBPEIK/ICHHS OT/ICIBHBIX SIEMEHTOB, HX CMCIICHHS, BPEMEHHO
NPHOCTAHABIMBAIONAE  HOPMANIBHYIO  SKCIUIYaTAUMIO  TIPH
obecrieuennn 6e30MacHOCTH oz 0,12

HecMOTps Ha MHOFOOGDA3HE PACUETHBIX CXeM H BO3MOKHOCTD KOMHOSHIH
mpi WX paspaGoTke, OHH momtaiorcs  KiaccuukammaM. Tlo  creneri
JWCKDETH3AUMM  PACUCTHBIC  CXEMBI  MOJPA3ICIAIOT  HA JHMCKPCTHBIC W
KOHTHHYATbHbIe (HeTpepbiBHbic). CMbICA STHX TEPMHHOB MOKHO YACHHTH H3
HpHMEpa MOJEIMPOBAHHA OBAAIONIEr0 MACCOli KOHCONBHOTO GPyCa, KOTOpbil
CoBepuacT  ropusoNTATbHbE KoneGamus  (puc. 4). Bosmokmk  Tawke
KOMOMHHPOBAHHbIE HIIH JIHCKPETHO-KOHTHHYAJIBHBIE PACUCTHBIE CXEMBI.

B 3aBHCHMOCTH OT KOJHYCCTBA HC3ABHCHMBIX KOOPIHMHAT, ONPCACIAIONINX
HOMOKEHHE TOUEK B IPOCTPAHCTBE, PACIETHBIE CXCMBI KIACCHOUIMPYIOT TAKKe Ha
onHOMeEpITbIC 1 MHOroMepHbIe. TT0CEYIONe PACCYKICHH OTHOCATCA

Tabnuua 5.




[image: image3.png]XapakTepucTHKA 31AHMil U coopy:KeHii

1. BLICOKHE COOpYKeHIIs HEGOIBILIIX Pa3MEpOB B ILIAHE (G,
MAuTLL, JIIMOBLIC TPYGbl, OTCILHO CTOAMUC WIAXT! AHGTOB H T.11)

3MaHuA €O CTOHKAMM B TEPBOM OJTake MPH COOTHOUICHHH

MOZATIMBOCTH BLIIICTEKAMIETO W NEPBOTO ITAK
6Gonee

2. KapKacHbIe 31aH1s, CTCHOBOE SAIIOIHCHHE KOTOPHIX HE OKA3HIBACT
BIHMAHHE Ha HX 1e(OPMATHBHOCTH

3. 3jamus M coopykemus, He yKasammbie B m0s. 1 — 2, Kpome
TUAPOTEXHIMCCKHX COOpYKeHHiT

., 0,25
paBHOM " 15

1,3

a) 6) @M,
M,
M,

Puc. 4. KonTnuyanbHas (a) n HCKpeTHas (5) pacueTHbIe CXeMbl
KOHCOITBHOTO GPyCa, HMEIOIIETo NOrOHHYI0 Macey m (31ech M — Beuumna Macc!,
COCPE/IOTOUEHHOIH B TOUKE)

TIPEHMYIIECTBEHHO K MOJICTMPOBAHHIO TIPOMBIIILICHHBIX M TPAKIAHCKHX 31aHHIH 1

HEKOTOPBIX  COOpY’KeHMA. JUis THX OGBEKTOB NPHMEHSIOT ILIOCKYIO it
TMPOCTPAHCTBEHHYIO PACHETHbIE CXEMBL.
Inockas  pacuemnas  cxema. TIpi  ONPEAENEHHH  TOPH3OHTAIBHEIX

CeliCMIUHCCKIX HArpy30K, ACHCTBYIONIX Ha KOPOTKHE 3AHNS IWIH B NPOJOTHHOM
HANPAB/ICHHH Ha NPOTSUKEHHBIE 31AHMS, NPHMEHHMA IUIOCKAs PACUETHAH CXeMa.
CxeMa Npe/ICTaBIsCT COGOI KOHCOMbHBII KCCTKO HAN YNPYTO 3aieiantbiii B
IPYHT CTEpKeHb C HAHW3AHHBIMH HA HETO H PACHIONIOKEHHBIMH B YPOBHSX YTaxeil
Maccami. DTH MACChl DaBHBI MAccaM  3IAHHS, COOMPAEMBIM C ODHEMOB,
OrpAHHUEHHBIX CHH3Y W CBEXY DACIONIOKEHHBIMH HA YPOBHE CEPEIMH BhICOT
FOPH3ONTATLHBIMH IIOCKOCTAMH, A COOKY - KOHTYPOM 3.

TT0aT/NBOCTH KOHCOMLHOTO CTEPKHS PaBHA TOPH3OHTAILHOM MOJATIMBOCTH
3MaHHA B COOTBETCTBYIOMEM Hanpaicnui. [IOIATAHBOCTH CTEPKHA B YPOBHAX
JTakell OMpeNendloTCs KaK Ul TUIOCKOTO CIeMa BEPTHKAIBHBIX HECYIIHX
SNIEMEHTOB, MAPAIENbHBIX HANPABICHHIO JCHCTBHA CeficMuyeckoil Harpyskn n
COCIMHEHHBIX MY COBOH FOPH3OHTATBHBIMI AGCOMOTHO KECTKHMH CBA3AMI





[image: image4.png](puic. 5). MaTpiily NOaTIMBOCTE/i CleNa OMPEMICAIOT Kak OBPATHYIO K CyMMe
MATPHIL KECTKOCTEH, COCTARTAIONIX CILEI IOCKIX HECYIIUTX YIEMEHTOR.
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Puic. 5. CxeMa pacTioNOKeHIA HECYIILIX KOHCTPYKIHik
PaMHO-CBSI3EBOrO Kapkaca (a), IUIOCKHIi CLIeT BEPTHKATBHBIX HECYLHX
1eMEHTOB 1Ipi pacuete 31ats b Hanpassieni S (6) H JHaMieckas
KOHCOAbHAR PACUCTHAA CXeMa 37aHHA (B)

B OCHOBY TaKolf pAacueTHOHl CXeMbl MONOWEHBl MPEANOCHLIKA O
HEAeOPMUPYCMOCTH IHCKOB TGPKPHITH{ (TIGPCKPHITIIA CHITAIOT a0COOTHO
KECTKUMH B HX ILIOCKOCTH, B CBA3H C YoM HEPCMCLICHHA BCEX TOUCK B YPOBHE
OJIHOTO Taa B HATABTCHNN JCHCTBI CeHCMIMCCKOl HArPY3KH OMMHAKOBH) 1
HPEIOCHUIKA 05 OTCYTCTBHM NIPH CECMUUECKOM BOICHCTBHI 0BOPOTA 31aHHs
OTHOCHTCBHO €O BepTHKATBHOH OCH. PacieT ¢ MOMOIIBIO  KOHCOTBHOI
PACUCTHOI CXeMBI NIPH WHCHe CTCMeHeii CBOGOAbI, PABHOM 1-3, MOWET GbiTh
BhMOANCH "BpYsHyI0”, @ MpH GOTBIICM SHCIE CTEMHCHi CBOGOMBI - TOTBKO ©
nomousio IBM.

Ipocmpancmeennas pacuemnuas cxewa & aude nepexpecmozo natopa. Tpi
ONPCACICHNI  TOPU3OHTATBHbIX  CRHCMINECKIX HATPY3OK, ACHCTBYIOWIX B
[ONIEPEUHOM HANIABIICHHH Ha MPOTUKEHHbIC 31AHNS, YAKE Helb3s NpeHeGperarh
Ae(GOPMATHBHOCTSIO TGPCKPHITH B X TJOCKOCTH W KpyWeHHeM 3IaniA
OTHOCHTENIBHO  BEpTHKANBHOH — OCH. B 5TOM  ciyuae  HCNOmb3yioT
NIPOCTPAHCTBEHKYIO JHCKPCTHYIO PACHCTHYIO CXGMY B BUAC TIGPCKPECTHOTO
1HaGopa BCPTHKAILHLIX (NONEPEUHBIC pAMBI, AHAQPArMBI, A1PA KCCTKOCTH) M
TOPH3OHTATBHEIX  (TICPEKPBITHA) ICMCHTOB  (pic. 6). B yanax  HaGopa
COCPEJIOTONCHEI HHCPUHOHHbIC TADAMCTPH - MACCH HIH MACCHl 1t MOMGHTHI HX
nepun. TTepekpecTHB HaGOP COBEPUIACT KOMCGARNA W3 TLIOCKOCTH HaGOpa.

JIMHAMHUECKHE  XAPAKTEPHCTHKH ONPEAENSIOT METOIOM  IepeMellieHtii,
NPHBOZAIIIM K S(PhEKTHBHOMY  KOMIIAKTHOMY aIropHTMY pacticTa.

TokasaHHas pacueTHas CXeMa B BHIC [ICPEKPECTHOrO HAGOpA ¢ OCHOBHON
CHCTEMOiT METONa TlepeMelIeHHii TIO3BOTAET YHECTh OHOBPEMEHHO: TepeMeHHbIit




[image: image5.png]ar BePTHKAIBbHBIX 31EMEHTOB NPOH3BOJILHON KOHCTPYKIHMH 10 JUIHHE 3JaHHA;
KECTKOCTH  MX  MPH  KPYYCHHH  OTHOCHTE/BHO — BEPTHKAIBHBIX  OCEil;
1ehOpMATHBHOCTh JIHCKOB TICPEKpHITHIi B MX TIOCKOCTH (IePeKpHITHS 31eCh
MOFYT GBITh PACCMOTPEHBI KaK CIBMIOMSIHOHBIE GAIKH HIM KaK DANKU-CTEHKM);
TIePEMEHHYIO JKECTKOCTb TIEPEKPBITHI 10 JUIMHE M BbICOTE (TepeMeHHas
JKECTKOCTh NEPEKPLITHii MOKET ObiTh BHISEAHA HAIHUMEM OOMBUINX MPOEMOB,
BLIDE30B MM HX TepEMEHHON IWIMPHHOH [0 JUIMHE W3 apXHTEKTYPHO-
IUIAHHPOBOYHBIX COOBPAKEHHH); HEPABHOMEPHOE PACTIPE/ICNICHHE MACC 10 JUTHHE
1 BHICOTE 3712, PACCMOTPCHHAA TIGPEKPECTHAs CXEMA 10 CPABHEHHIO € TIOCKOI
ABIseTCA Goiee OOIIei, TaK KaK MOCHE/IHsAS eCTh YaCTHBIH CIydail epeKpecTHOM.

Putc. 6. CxeMa MHOTOITAXHOTO 31aHHA (a) H €r0 MHAMHYCCKAA PACUCTHaA

CXeMa B BiAC NepeKpecTHOro Hatopa(s):
1, 1’ — NIepeKPBITHE H MOZICHPYIOUIIi €TO TOPH3OHTATbHBI HeMCHT; 2, 2’ —
Aaparya ACCTROCTH 1 MOCTHPYIONIH| e¢ BEpTHKATHHBLH H1eMeHT; 3, 3°
HONepeuHas PaMa i MOJSIHPYIOLLHii e¢ BepTHKAIBHbII 21eMeHT; 4 —
COCPE/IOTOHCHIBIC B Y31aX MEPCKPECTHONO HA00PA HHEPLHORMHIC aaMCTPI

PacucT 31annii ¢ HCTIONK30BAHHCM NICPEKPCCTHON CXCMBI Ha TOPH3ONTATBHBIC
ceficMIteCKHE BOYICHICTBHA MOKET ObITh BHINOIHEH TOTHKO C NPHBICUCHHEM
DBM. Jlns Toro paspaGoTdmkamm anroputva pacuera B.B. ackmmbiv 1 B.H.
(COGOEBbIM COCTABTEHA CepHA aNpPOGHPOBAHHBIX MPOrPAMM JUIA ONpEIENeHI
TOPH3OHTATBHLIX  CCHCMHYECKHX HATPY3OK 1O  METOMWKE, HCTOMb3ylomeit
OCLIILIONPAMMBI 3eMICTPACEHIIE, 1 C HCTIOTB30BAHHEM CTIKTPATBHOM METOHKH
HOPM.

Kpumepuu eviGopa pacuemmuvix cxen. Bompoc BHGOPa pacteTHBIX cXeM
pellaeTcs B GONBIIMHCTEE CTy4aeB Ha OCHOBE ONMITA pACYETA SAAHMIL Wi
coopykennil. OfHaKo B CIOKHBIX CIy4asX WIH B Ciydac pa3paboTKu
OPUIMHAJBHEIX DACHETHBIX CXEM BONPOC MX ANPOGALMH MOKET GBITh pelieH
METOZIOM HAaTypPHOTO OKCTIEPHMEHTA HA MOACIAX HIM PEATbHBIX 37aHHAX C





[image: image6.png]TIONTYYEHHEM COOTBETCTBYIOIMX JHHAMHYECKHX XapaKTePHCTHK 00BeKTa Mo
meroay MUKC. B 5ToM ciytae B XapakTepHbiX TOUKAX 10 BHICOTE 3TaHHs H 110
JUHHE TIepeKpLITHii ycTanapBaioT BHOporpade BITHK. Tlpiuem crapst mx
TaK, uTOOb OblTa BOIMOKHOCTh (HKCHPOBATH KOCOAHMA B HANPABICHHAX
NPONOTBHBIX M TIONEpeuHbIX oceii. 3aTeM BO30YKIAIOT KONCOAHNSA 3AHHSA, UTO
OCYLIECTBIIAETCH  PASHBIMM  CHOCOOAMH: OODBIBOM TAPHPOBAHHOTO  KOJBLIA,
CeiiCMOB3PHIBHBIMI  BOCHCTRIAMH I NpH TIOMOLIH  PACTIONIORSHHON  Ha
NepekphITHI BHGPOMALIHHEL. [I0yUeHHbIC OCHILIONPAMMEI KoeOanHii 31aHus
06paGATHIBAIOT, DTH IMHAMHYCCKAC XapakTCPHCTHKH OOBCKTA CPABHHBAIOT C
HONYUCHHBIMH  TeOPETHUECKH M, TAKHM OOPAsoM, pELAlOT  BONPOC O
TIPHEMICMOCTH HITH HEOGXOHMOli KOPPEKTHPOBKE PACHCTHOI CXEMBbI.
Onpenesienue NMOAATIAMBOCTEl KOHCTPYKUMiL. [lodamiusocmp npocmuix
cucmex. JIA ONCACTCHHA HMMAMHMCCKHX XapaKTSPHCTHK - HACTOT 1 opM
COBCTREHHbIX KoJeGaHHil - HEOBXOMMMO 3HATh MOJATIHBOCTH KOHCTPYKIMH B
cootReTCTRYIOMEeM  Hanpasieinn. TIof NOZATAHBOCTBIO B JGHHOM  Clysac
TI0/IPa3yMeBalOT NepeMelieHns OT/IeNbHBIX XapaKTePHBIX TOYEK KOHCTPYKUHI OT
cunbt P = 1, IPHJIOKEHHOI B 5TOM WAH APYTHX TAKHX JKE XapakTepHBIX TOUKAX
(0OBIYHO B TOUKAX, I/Ie COCPENOTOUEHb! HHEPLIMOHHBIE TAPAMETPbI COOPYIKEHHS).
Ecim cucTeMa npesicTaisier coboii OCIHMIIATOp, T.¢. MMEET OHY CTEMeHb
CBOGOAL, TO MOAATIMBOCTS ce GyieT BhipakeHa Betmumnoii oy (puc. 7 a), B
cydae ABYX H Gozee cTeneneii cBOGOIBI - MATPUIICH CMHHYHEIX MIOaTIHBOCTCI.
Hanpimep, JUs CHCTEMBI C IBYMst CTRHCHAMH CBOGOIB! (CM. puC. 7 6) M T,
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Puc. 7. Onpezienienue MOATAMBOCTEHi CHCTEM ¢ OHO (a) 1 ABYMA (6)
cTeneHsMH cBOGO/bI:
P — cmHHHAs CHITa; G — IGPRMEIIICHIE TOUKH, PACTIONIOACHHON B YPOBHE i
OT C/MHHHHOI CHIILI, IPUIOKEHHOI B ypoBHE k

EMHIUNbIE NOATHBOCTH NPOCTHIX CHCTEM MOTYT ObiTh B GONBUIMHCTES
CllydacB ONpe/IeNeHbl BPYYHYIO C HCTIONB30BAHHEM PA3THYHOTO CMPABOYHOrO
annapata (popmyst, TaGHIL 1 T.1L.).

Modammusocmu  cioxcnsix cucme. TIOZATIMBOCTH CHOAHBIX CHCTEM —
HATPHMCP, MHOTOSTAKHBIX MHOFONPOJICTHBIX PaM MPH yuere feopmautii




[image: image7.png]u3ruba, CABHIa M PACTSKEHHS-CIKATHS B JIEMEHTAX, MHOTOITAXKHBIX CIUIOUIHBIX C
npoeMaMi JMa(pars, PasTHUHLX KOMOHHHDOBAHHBIX KOHCTDYKIMil (pambi ¢
ANONHEHHAMH, PAMOAHAGPATMEL) H T. .- B GOBIIHHCTBE MOTYT OBITh OTYNCHbI
s ¢ npusseeniem IBM. [IpH 5TOM N0/Ib30BATENb HECET OTBETCTBEHHOCT 32
PABOMEPHOCTH HCTIONB30BAHNA TOM WM HHOI NPOTPAMMbI pacueTa H yuer Tex
WIH HHLIX (AKTOPOB (M3IHG, CABHT, CHATHE-PACTAKEHHE, KpyUeHHe, (Bu3niecKas
WM TeOMETpHYECKAs HCIMHEHHOCTh M T.L) B eMEHTaX  OTASTbHOI
KOHCTPYKIUHH, 37aHHs1 HITH COOPYIKEHHS.

TIpn pacueTe Gosiee MM MCHEE TIPOTAKEHHBIX BHILICTICPCHCICHHBIX CHCTEM
HeOOXOIMMO He YIyCKaTh M3 BUIy TOT (akT, uto ceficMuueckas Harpyska HMeeT
MHCPIMOHHOC TIPOMCXOYKICHHC 1 e¢ WHTCHCHBHOCTh SIBIACTCA OTOOPWKCHHCM
MHEPLHOHHO-KECTKOCTHOI TONONOTHH cHCTembl. Hanpiwmep, npn onpeseneHun
CHMHIHBIX  TOIATIHROCTEH  MHOTONPOJICTHON  paMbi ¢ ehOpMHPYEMBIMIT
PHIEIAIMH TIPH PACTSIKEHHH-CHKATHH C/IHHHUHYIO COCPENOTOUCHHYIO CHUTY CIeayeT
"pa3MashIBATL" TIO AMHC pHIEfci, a caMy CIMHHSHYIO NOMATIHBOCTH APYca
onpeeNaTh Kak cpeiHeapH)MeTHIECKOe CMELIeHHIT y3/I0B Ha TOPH30HTAIH.

Tlodammueocms  nepekpecmmbix  naGopos. Kax yie ynoMunanoch panee,
3a1auy COBCTBEHHBIX KONeOaHMii NIePeKPECTHBIX HAGOPOB 1EIECO0BPA3HO PellIaTh
MeToloM nepememennii. Ha y3isi mepekpecthoro HaGopa B 9TOM ciyuae
HAKTABIBAIOT THGO TOMBKO HHEHHBIE, 10 JHHeEliHbIC H3 IIOCKOCTH HaGopa i
YIJIOBbIE B IUIOCKOCTH MEPEKpBITHii CBA3M (pHC. 8), N0 HANPABIEHHIO KOTOPBIX
BLISHIBAIOT €MHUYHbIE UHEIHOE M YII0BOE CMelleHHs, pasHbie v = 1 u ¢ = |
CoOTBeTCTREHHO. MaTpilly JKeCTKOCTeii COCTARIIOT W3 peakinii B CBA3X,
BBI3BAHHBIX [10CHE0BATENLHEIMH €IMHUUHBIMH CMEICHHAMH BCEX HAJIOKEHHBIX
Ha nepekpecTibiii HAGop CRA3eii. DTa MATPHIA ABIACTCA MATPHIICH JKeCTROCTE
HPOCTPAHCTBEHHON  CHCTEMBI, OHA CHMMETDUUHA ~OTHOCHTEIBHO — FIABHOI
JWATOHAITH, KBA3HHATOHATbHA, 00MANACT GA0MHOI CTPYKTYPOI, T.c. CROficTRAMI,
H03BOISIOLIHMH JIETKO ABTOMATH3HPOBATS € COCTABIEHHE Ha DBM.

Jlpyroif BakHOi OCOBEHHOCTIO MEPEKPECTHOTO HABOpa, CBAZAHHON ¢
HCTOL30BAHHEM  METOZIA TIepeMellIeHH], ABIACTCA ero “pacraiaemocts” Ha
OT/ACTBHEIC CTAHAPTHBIC, HMCIONIME FOTOBIC PEUICHHS HICMEHTHL.

JUIi CXeM COOpYKEHHil, TOKA3AHHBIX Ha DHC. 8, TAKMMH CTAHIAPTHBIMH
SICMEHTAMHU ABIAIOTCA MHOFOITAKHBIC BEPTHKATBHBIC (DaMbi, Ma(parmbl i T.11.)
1eMEHTBI H MHOTOTPOJIETHbIE TOPH3OHTAIbHEIE HEpa3spesHbie OATKH (cM. puC. §,
a) WAH Te JKe BEPTHKAIBHBIE OJIEMEHTHl H OJHONDOJIETHBIE CTATHYECKH
HeonpesienuMBIe Gatki (cm. pHc. 8, T).





[image: image8.png]Puc. 8. PacueTHbIE CXeMb B BHJIC IEPEKPECTHBIX HABOPOB (a, B) 1 HacTH, Ha
KOTOpBIE OHH PACTIAZAIOTCA TIPH HAOXKEHHH CBA3Ei
MeTojia nepemettiennii (6, r)

JU1s BCeX MEPCUHCIICHHBIX YICMCHTOB HMEIOTCA WA MOFYT GbITh MOAYNCHB!
PeAKLIM TpH COMHMMHBIX CMEINCHISX cBsisell. Taki 0GpasoM, Matpiua
HKECTKOCTEll  NPOCTPAHCTBEHHOH  CHCTEMBI  TIOJY9aETCS  CyMMHPOBAHHEM B
HATIOKCHHBIX HA HAGOP CBAIX PCAKIIHIT OT CMCIICHHIT YIEMCHTOB.




[image: image9.png]3aMeTHM, YTO B PeICHHAX OT/ENbHBIX CTAHJAPTHBIX JIEMEHTOB MOTYT GbITH
ONIHOBDCMEHHO  YUTCHE BCE KOHCTPYKTHBHBIC H (HHUCCKHE OCOBCHHOCTH
PACCUMTHIBACMOrO Ha CeHCMOCTONKOCTL 00beKTa. [IpHUeM AlIrOpHTM BKIIOUAET B
cebst M mocneayiomee BhICTCHHE eOPMUPOBAHHOTO COCTOSHUS OTIACTBHBIX
CTAHJIAPTHBIX TUIOCKMX JIEMEHTOB - KOHCOJNBHBIX BEPTHKATBHBIX H GaJOuHBIX
[OPH3OHTAMIBHBIX - Ul JANbHEHIIEro OMPEACTCHHS B  HHX HANPIKEHHO-
Je(hopMupOBaHHOT  cocToAHNA.  HanpskeHHO-1edOpMHPOBaHHOE  COCTOAHHE
OT/IEABLHBIX IIOCKHX HEMEHTOB (Pan, AMahpars, NepeKpLITHiL) ONpeenIeTcs BHe
PACCMaTPHBACMOTO AJTOPHTMA N0 CHCLHATHHBIM NPOTPAMMAM B CKOJIb YTOIHO
CI03KHOI H CTPOTOf TIOCTAHOBKE.

Onpedeaenue wacmom u oy coscmeennuix Konedanui. Ecau kaxyio-
TGO MEXANUECKYIO CUCTIEMY GHISECHIN U3 COCMOAINIIA PABHOSECtU, Mo o1a Gydem
cosepuams ce0Bo0NbIE 2apMOHUECK e KONEBAHUS, 6 NPOYECCe KOMOPHIX HA
cucmeny Oeiicmeyiom cuTs UHEpYIU U YPAHOSCUUSAIOUE UX CUTBL YRPY20CIlL,
Hacme snepeun KoaeGanuit pacxodyemes na npeodonenue Heynpyeozo
conpomuanenus (euympennezo mpens) ¢ Mamepuae, nosmosy
paccuampusaevie KoneGanus AGIAIOMEA 3AMYXAIOUUMIL.

OTK/IOHEHI OTAETLHBIX TOYEK CHCTEMBI B OJMH H TOT e MOMEHT BPEMEHH
pasmunBl, MakcHMabibe OTKIOHEHHS OT MOJOKEHHS PaBHOBECHS (B TOT
MOMEHT BPeMeHH NOTCHUMATHHAA SHEPIHA H COOTBETCTBYIOUME eif CHITbI
VODYrOCTH  MAKCHMATBHBI) — HASHIBAIOTCA  AMIUITYZavu  koncOanuii, a
COOTHOWICHHS MEXKTY aMIUTHTYIAMH TOYCK, B KOTOPBIX COCPEAOTOHEHBI Macchl
CHCTEMbI, HA3HIBAIOTCH (hOPMAMH CBOGOHBIX KOJIEOAHMi,

Kask1as TOUKa COOpyEHNA COBEpIACT MOMHEN LMK KoeOaHMii 3 OMH 1
TOT Ke MPOMEKYTOK BPEMEHH, KOTOBIii HASHIBACTCH MEPHOJOM CBOGOHBIX
koneGammii.  Tlepnosi 1 QopMbl  CBOGOAHBIX  KoneGammii  ABAAIOTCSH
JMHAMUUECKIMH XapAKTEPHCTHKAMH MEXAHHUCCKOH CHCTeMbl, OHH 3aBUCAT OT
JKCCTKOCTH CHCTEMbI 1 HMHCPIMOHHBIX TIapaMCTPOR 1 MOFYT OBITh Hailebi
METOIOM CHUI HJIH METOJIOM IepeMEIIICHH.

Onpedenenue wacmom u opy vemodom cur. Cuctema  ypaBHeHuit
COBCTBEHHbIX KONEOAHMI B MTOJie Il B MAaTPHUHO-BEKTOHOI (opve nveer
crietyiouii Bt (€€ HA3BIBAIOT TAKKE CHCTEMOii BEKOBBIX YPABHEHHiT):

llam-2Ell z=0,

1€ A - MATPHLA OJATIHBOCTEH CHCTEMBI; M - IHArOHANBHAS MATPHIA Macc; AE -
/IMATOHATBHAS MATPUIA COGCTBEHHBIX 3HaueHHH Matpuist AM. 3necs 4 = 1 / o
4aCTOTa COBCTREHHBIX KoneGanHii cHeTeMbl; £ - eMHIHHas MATPHIA; Z - BEKTOP
CMelleH il cicTeMbl. HeTpuBHAIbHOE pellieHe CHCTeMbI 0JIHOPO/IHBIX YPaBHEHHIT
COGCTBEHHBIX KOTIeGANMIi MOMYHaioT, MPHPABHHBAS ONPEACTHTENb, COCTABICHHbI
13 KOO HIMETOB CHCTEMBI YPaBHEHii METO1a CIL, K HyJTiO:

lam-2El =0.





[image: image10.png]Martpuua AM - ee HA3BIBAIOT TaKKe JMHAMHUECKOH MATpHIEH KBaapaTHa,

HECHMMETPHUHA OTHOCHTE/IBHO IJIaBHOI JMaronanu. Pewias B OTHOWCHHH ee
HACTHWHYIO W MOJHYIO NPOGIEMY COGCTBEHHBIX 3HANCHHIH 1t BEKTOPOB, HAXOIAT
4aCTOTEL @, 1 (JOPMBI Z; CBOGOAHBIX KoneGanii. Ha MpaKTiike HeCHMMETpiuiyio
matpuuy AM ans yaoGersa paborsi ¢ meii na DBM (3koHOMHS naMsTH)
CHMMETPU3YIOT ¢ mOMOWBIO  mpeoSpasopamiii  nogoGms.  Moryuemmas
CHMMETPUUHAS MATPHLA HMEET Te e COOCTBEHHbIC 3HAUCHIIS, UTO H Y HCXOHOI,
a BEKTOPBI OTINYAIOTCS HA NPEOGpasoBaiie MoxoGHs. TlonyeHibie CoGCTRERIbIE
BEKTOPbI B3AHMHO OPTOTOHATBHI, T.€. BHIIONHAIOTCS pasencta X7 Z = 0, X7, Z,
=1

Onpedenenue uacmom u hopx yemodox nepexiengenuii. YMAOKas JIEMERTSI
YpaBHeHHil COGCTBEHHBIX KoNeGamnii MeTofa Cmi ciesa Ha bemnumuy A7 u
BLITOINAS COOTBETCTRYIOUIE NPEOGPA3OBANILA, TOYHACM YPABHCHIS CBOGOHbIX
KoreGaii B MeTole NepeMeteritii. VX MaTpH1HO-BeKTOPHas (pOpMa HMeeT Bix

[IR-Mall z=0,

rae R = A", 2 = &, . TipnpaBuBas onpeiieuTe b CHCTEMbI YpaBHEHHT B MeTOC
nepeMeleHHii K HYIIIO, II0JyYaeM YACTOTHOE YpaBHEHH e

|R-Mz| = 0.

37cCh AMHAMHUCCKAR MATPHUA ABIACTCH TAIKS HECCHMCTPHUNOF, H B
OTHOWICHHH €e CTIPaBe/UTHBO BCE CKA3aHHOE PaHee B pazjiesie MeTo/a CHIL.

Memoowi onpedexenus uacmom u ghopa- cobemeenivix koneGanuii. Jiis
CHCTEMBI ¢ OIHOI CTeNeHbiO CBOGOMSI NeEPHOA COGCTBEHHBIX KoneGamitii
onpesenseres no dopmyse

T=22VM, 8,

e M; - macea, onpenensercs no dopmyne M, = 0 / g. 3nech g - yckopete
€BOGOHOrO MazeHits; O — BEC COOPYKEHs, COCPEAOTONEHHBII B TOUKE.
JUIS CHCTEMB C JBYMA CTEMEHAMH CBOGOIb MEHOIbI  CBOGOMHBIX
KoseGanii, KaK N0KA3aHo Bbilue, HaxoasT u3 ypasenns | AM - A E| =0.
Topcrasnsis suauenns AM u 2 E' B 1annoe ypasHemie, monydaem

(5uM; - 4i) 812 M;
My (6nM: - 2i)

PackphiBas JTOT ONPEACTHTCb, MOMYSacM TIOMHOM HCTREPTOi CTEICHI
otHoCHTEBHO @ :

1/a' -C/afi+B=0.
TpeoGpasys moceaHHi, noayum
@), =(C+VC~2B)/B,
e C=8M; + Moy B =2M My (8 82-512).





[image: image11.png]Tocsie Ope/ieeniis BEMHUMHb @; OACTABIEM €€ JHAUCHHE B HCXOHYIO
CHCTEMY OJHOPO/IHBIX YPaBHEHHit.

Pelutenie 9Toii CHCTEMBI ypaBHeHiii MOKET GiTh HaiZieHO C TOUHOCTHIO 10
TIOCTOSAHHOTO MHOXKHTEIA /Ul KaXk/IOH M3 YacToT @; U ;. Ilonaras Z; = I, u3
nepsoro ypashenus Haxounm Z, = (5,M; @ — 1) / 8:M, @ . lepuon
coBCTBeHHbIX KoneGaii Haxomn u3 dopmynst T = 27/ o,

AHAIOMHUHbIE PACCY/AIEHHsS JUIA CHCTEMBI C TPEMsi CTENIEHSIMH CBOGO/BI
HPHBOAST K MOMMHOMY LIECTOIl CTENIEHH OTHOCHTENBHO @ , KOTOPBIii petmaeTcst
M3BECTHBIMH CTIOCOGaMH "BPYHHYIO".

C yBemmueHHeM WHCIA CTeNeHel CBOGOZBI, B CBS3H C TEXHHUECKHMI
TPYHOCTAMH BbIMHCIICHI, MEPEXOIAT Ha CIIENMATBHEIE, OPUEHTHOBAHHbE Ha
ncnionssopatie IBM, Metos! Helinoii anreGpe. HanGoliee NOCTEIMM 13 HIX
ABAAIOTCS MeTon SAKOGH, MOKA3ATENLHO-CTENICHHOM B KOMGHHALMM ¢ METOZOM
HMCUYEPNIBIBAHKA M JP. DTOT BOIPOC ABJIACTCA OJHHM H3 NPOOJIEMHBIX BONPOCOB
JMHAMUKH M MMEST CBOM CrieHMHuecKue 0coGeHHOCTH (KPATHOCTE HacToT,
OBYCIIOBIEHHOCTS MATPHLL, YCTOMUHBOCTb PELICHIS, CXOMMMOCTb, TOYHOCTD it
T.IL), KOTOPHIC B JANHOl PAGOTE He PACCMATPHBAIOTCS.




5. Темы для РЕФЕРАТОВ!
6. Решения генеральных планов, архитектурно-планировочных и 

объемно-конструктивных решений для сейсмически опасных

районов.

