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4
ITPEJIUCJIOBHE

KapkacHble 371aHHS TIPOMBILIJIEHHOTO H T'PAXIAHCKOro
HA3HAUYEHHS SABISIOTCA MACCOBbBIMH KOHCTPYKTHBHBLIMH CHCTEMaMH.
OHu  monyuydsM  pacnpocCTpaHeHse — Ojaronaps  LIHPOKHM
BO3MOXKHOCTSAM BapHauMi 00BLEMHO-IIJIAHUPOBOYHBIX PELIEHUH
BHYTPEHHEr0 MNPOCTPAHCTBA, a4 TaKxke 3a C4Yer MOJHOH
UHOYCTPUANIN3ALUUY  HM3FOTOBJIEHHUS M MOHTAXA KOHCTPYKLIHH,
mipdepeHHalMM  HECYHIUX H  OrpaXAalouIdX  3JIEMEHTOB IO
HA3HAYEHHUIO, YTO TO3BOJIIET ¢ HCHOJIb30BAHHEM  CHCTEMBI
yHuHKAMHY U THOH3aMUKM dPdEXTHBHO pacnpedesiiTh MATEPHAJIbI H
COKpaTHThL UX 00U pacxon,

OcoOEHHOCTLIO  KAPKACOB  MHOTOJTAXKHBIX  3HAHUH U3
coopHoro »xene3oberona sBaserca OOJbIIOE KOJHYECTBO Y3JIOBLIX
CONMPSOKEHHM, KOTOPHIE B COOTBETCTBHH C MNPUHATOM CHCTEMOH
pa3pe3kyd 3AaHHS HA JJIEMEHTHI, PACIoJIaraloTCd, KaK MpasBuio, B
HanOoJIee HanpOKEHHbIX 30HAX (8,22,24,28,34,35,39]. Ilpu 3TOoM mng
CTBIKOB  COODHBIX  3JIEMEHTOB  XapakTepHa  MOBbILIEHHAA
neOpMATUBHOCTL BCJIEOCTBHE OOMATHA OeTOHA MO KOHTAKTHBIM
MOBEPXHOCTAM M TPEIIMHOOOPA30BaHMS, IOAATIHBOCTH CBAPHBIX
COEOMHEHH apMaTyphl U 3aknazHbix aeraneiu {2,3,4,8,9,11,12,25,37].
Kpome Toro, B YWMIOBBIX CONPSIKEHHSX B OOJbHICH CTENEHH
npossisiercd (PU3UUECKass W KOHCTPYKTHBHAd HEIUMHEHHOCTs H HX
NOAATIHBOCTD MEHSETCA B 3aBHCHMOCTH OT HANPHKEHHO-
neopMUPOBAHHOIO COCTOAHUA [3,9,14,21,26]. IxcnepuMeHTANILHbBIC
HCCAENOBAHNS  TNOKA3ZBIBAKT, YTO MEepeMEeHHas MOAATIMBOCTD
CONps>KEeHWH  NPUBOAMT K  cyuiectBeHHomy (10 40%)
nepepacnpenenenuio ycunui [20,41].

B CymiecTByrOiuX METOAAaX pacuera noka He B NOJHOH MEPE
YYHUTHIBAETCA BAUSHHE MNOJATIMBOCTH  Y3JIOBBIX CONPSKEHUH HA
COBMECTHYIO paboTy HecyluMx ITOACHCTEM KApKaCHBIX 34aHHH -
MPOAOJBLHBIX H IMOMNEPEHHBIX PaM, JUCKOB MepeKpuiTHi H auadparm
XKECTKOCTU. B OCHOBHOM 3T0 OOBACHNETCHE HEZOCTATOYHOM
M3YYEHHOCTBIO MPOCTPAHCTBEHHOr0  B3aMMOOEHCTBHA  COOPHBIX
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IMEMEHTOB KaK B VYINPYrOHW, TaK M B TUIACTHYECKOH CTaausaXx
pabotei[1,7,23,32,33]. Tlosatomy, kax npasBuao, pacyerT XapKaCHbIX
30aHAHM TIPOU3BOIMTCS MO PACUETHHIM CXEMaM C LUAPHUPHBLIMHM HJIH
KECTKHUMH y3JIaAMH CONPSDKEHUH 2JIEMEHTOB, UTO HE BCETla aIEKBATHO
oTpaxaer paboTy KOHCTPYKUMH. IIpH COBpeMEHHBIX TIOBBIIHEHHbIX
TPeOOBAHUAX K OSKOHOMHYECKOH 3((PEKTHBHOCTH KOHCTPYKTHBHBIX
PEWIEHMH HCCIIENOBAaHUS NO NalbHEHIIEMY YTOYHEHUIO PaCUETHBIX
CXe€M npHOoOpeTarnT 0COOYIO aKTyaIbHOCTD.

bnaronaps MHTEHCUBHOMY pPA3BUTHI) BbIUHCIAUTEIbHOU
TEXHUKM M APOrPpaMMHOro odecrnedeHus, peanu3yrOmuX M CJICHHbIE
METOABl pacueTra (B OCHOBHOM, METOI KOHEYHBIX JIEMEHTOB), CTaJO
BO3MOXHBIM MOAECIUPOBATH CJIOXKHBI€ NPOLECCH B3aMMOAEHCTBHS U
NPOBOAMTL BHIYUCAEHUS IO NMPOCTPAHCTBEHHBIM PACUYETHBIM CXEMaM C
TpeOyeMoii TO4YHOCTRIO. OnHAKO, 9 aJeKBATHOrO OMMCAHUA
HANPSKEHHO-1eOPMHPOBAHHOIO COCTOAHHSA HEOOXOAMMO ONUPaTHCA
Ha oOmme dusnueckne 3aKOHOMEPHOCTH paboThl ConpsKeHHH
PasiHYHON KOHCTPYKLHUH, B KOTOPBIX A0 HACTOSALIEr0 BPEMEHH €u1e
OLLYLLAETCH HEAOCTATOK.

B pexoMeHzamusxX npemioKeHa METOOHKA  OLCHKHU
MOJATIMBOCTH CONPSIKEH Ui COOPHBIX XKeJie300eTOHHBIX
KOHCTPYKLIM#M, OCHOBAaHHAas HA  OOLIMPHBIX 3KCIEPUMEHTANbHBIX
HCCJIEOOBAHMSX PAIA aBTOPOB. JlaHBl pexOMEHAALUH 110 COCTAaBJICHUIO
PaCYETHBIX CXE€M KapKaCOB MHOTrO3TAXHBIX 3HJaHHH, B KOTOPBIX
MOOENUPYETCH  NMOAATIMBOCTb  CONPSDKEHWUM  CTEP)KHEBBIX U
NIOCKOCTHLIX 3jeMeHTOB 3xmanus. llpm 3TtOoM  yuuThiBaercs
(pu3uUecKas ¥ KOHCTPYKTHBHAN HEIMHEHHOCTh CONPSHKEHHH.

Bcnencreue  CIOXKHOCTH — HanpskeHHO-IehOpMUPOBAHHOIO
COCTOSIHHUA M OOJbLIOr0 KOMUYECTBA KOHCTPYKTUBHBIX (PAKTOPOB,
BAMAIOIINX  HA  NPOCTPAHCTBEHHYKO  paboOTy  CONpsKEHUH,

PCKOMEHOJAUHMHY MPUMEHHMbI K KOHKPETHBIM KOHCTPYKTUBHBIM
peumeHIM MacCOBOro NpuMEHESHHA.
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1.OBIITHE ITOJIOXEHHA

1.1. Hactosmmue pexkomMeHgauuy InNpHMEHHMbl IIPH pacyere
CBS3€BbIX, PaMHBLIX M KOMOMHHUPOBAHHBIX KAPKACOB MHOTIOATAXHBIX

3JaHUH C KOHCTPYKUMAMHU BEPTUKAJILHBIX 3JIEMEHTOB JXECTKOCTH B
BUZE CTaJIbHbLIX PeIueT4YaThIX CBS3€H, CIUIOLIHBIX M € NPOEMaMH
Xene300eTOHHbIX  aMaparM ¢ TEPpEMEHHBIMH IO  BLICOTE
XAPaAKTEPUCTHKAMU.,

1.2. Pekomenmanuu MOryT ObITb HCHOJIL30OBAHB!I TIPH pacuere
KApKacoOB, BOCNPHHMMAIOIIMX OCOObIE HArpy3KH H BO3ACHCTBHUS
(DeficTBUEe CEACMMYECKHX W KPAaTKOBPEMEHHBIX JHHAMHYECKHX
HArpy30K, NPOESKTUPOBAHKE 3AHUH HA NPOCANOUYHBIX OCHOBAHUAX).

1.3.B pexomenpaumsax M3jgaraercs MeTOH OnpeneseHus
NOAATIIMBOCTH CONPOKEHHH COOPHBIX XkKeIe3006TOHHBIX KOHCTPYKIIH
g (OPMHUPOBAHHS NJOCKUX H NPOCTPAHCTBEHHBIX PpPAaCYETHBIX
MOJENCH KapKacOB MHOIOJTAXKHBIX 3JaHMHA NPH pacyere METOHOM
KOHEUYHBIX JJIEMEHTOB, KOTOPBIH TAKOKE MOXKET ObITh MCIONB30BaH

pyU pacuyere KOHCTPYKUHUH APYrUMHU YHCIIEHHBIMH U aHATMTHYECKUMU
METOOAMH.

1.4.11on0 nomaTnuBOCTRLIO CTHIKA HNOHMMAETCS NOBBLILICHHASA
nePOPMATHBHOCTb COEAMHEHHA HA MAJIOM, MO OTHOINEHHIO K BBICOTE
CEUYCHUS, YYaCTKe  UIUHBI CTBIKA 1O  CPaBHEHHUID C
neOPMATHBHOCTBIO CThIKyeMbIX 3jeMeHTOB. [lo ¢u3muecko cyru
NOAATANBOCTL COSIMHEHUS PABHA CMELIEHUIO, BLI3BAHHOE €IUHHYHOH
CUJIOH — MPHU CKATHH-PACTIIKEHUH, CABUTE HIH NMOBOPOTE.

1.5. JdedbopmatuBHOCT, (B JajbHEHLIEM MNONATIHBOCTD)
CTBIKOB HECYLIMX D3JIEMEHTOB  KapkKaca - KOJOHH, PUrelied, MJMT
NePEKpLITH, 3MEMEHTOB AuadparM KecTkOCTH W (YHIAMEHTOB
MOXET OBITh BBLI3BAHA CHEAYIOIHMH (DAKTOPAMH: CHHYKEHHE
PaCYETHBIX CTBIKYEMBIX MJORIAAEH KOHCTPYKUMH mjig 0OecCreueHus
CoeMHEHHH apmarypbl, oOMaTHE OETOHA KOHCTPYKLUMH ¥ IUBA MO
KOHTAKTHBIM TNOBEPXHOCTAM M PA3BHUTHE, BCIEACTBUE ITOTO,

Heynpyrux gaedopMauuil,; NOHHXKEHHAs TPEIMHOCTOMKOCTD M
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CONPOTUBAAEMOCTh PA3BHTHIO TPELIMH OeTOHA WIBA, NONATIAHBOCTD
CBAPHBIX COCIMHEHUN apMaTyphl U 3aKJIAJIHPIX ACTANIEN H T.1.

1.6. Ilpu wu3MeHEHHH HANpPsHKEHHO-AeHOPMHPOBAHHOTO
COCTOAHMSA  Y3JIOBOTO  COMNPSDKEHHS  BCIEACTBUE  HPOABNEHUSA
Pu3nyeckoii ¥ KOHCTPYKTHBHONW HEJIMHEHHOCTH  NOJATIHBOCTD
CONPSKEHHSI U3MEHAETCS.

1.7.B  pacuerax = KOHCTPYKUHM  TpPH  ONIPENEICHHH
NOJIATIIMBOCTH PEKOMEHIYETCs MCIMOJIb30BaTh TaK Ha3bIBAEMBIU
KO3 PHIMEHT )KECTKOCTH CTHIKA, KOTOPbIH ONpPEesisieTCs KaK TAHMeHC
yIjla HAaKJIOHAa CeKylled K  KPUBOM HAa [OHarpaMMme ycCHIIHE -—
nepeMelIeHue 1A CTHIKA.

1.8.Cnenyer pa3nuuarbh JUHEHHYIO, YIVIOBYIO M CHBHMI'OBYIO
NOJATIUBOCTb, KOTOpbIE  3aBHCAT OT COOTBETCTBYIOLLHX
nebopmaunii. Jlunmeiinas nomatmmeocts (I/C,, 1/C,, 1/C)
oOycioBieHa nehopMalHAMH PACTIIKEHHA-CKATHSA H XapaKTepU3yercs
3aBUCUMOCTBIO «N - O Cosurosas nozammsocts (1/C)
oOycinoBneHa pedopMauMsaMH CABHMra npH ACHCTBUM NONEPEUHOM
CUIbl W XapaKkTepu3yeTcs 3aBHCHMOCTBIO «() - »».  Yrnosas
noparmuBocty (1/C,) obOycnornena nedopMaunusMu NnOBOPOTA MNPH
NEUCTBUH U3ruOaOIEro M KPYTALIEro MOMEHTA U XapakTepU3yeTCH
3aBUCUMOCTBIO «M - @». 3neck npunatst 0003Havenus: N, Qu M -
POAOJbHASA, MONEpPEeUYHas CHJIa U M3rgdaromui MOMEHT B CEYEHHMH
CTBIKa COOTBETCTBEHHO, & ¥ W (¢ - NMpOoAOSAbHas aedopManus, yroi
ciBura ¥ yroa mnosopora B ceuwenum croika, (,, C, uw (C, -
ko3bduLUMEeHTsl JMHEHHON, COBHroBOH M  YIJIOBOH JKECTKOCTH
(ycunus, BhI3bIBAIOLIME eOUHUUHBIE AedopMaliuu).



2. KOHCTPYKTHUBHBIE PEITEHHWA Y3JIOBBIX

COIMPSOKEHUMA  CBOPHBIX  XEJIE3OBETOHHBIX
KOHCTPYKLMM KAPKACHBIX 3JAHUA

2.1.00mue TpeboBaHus

2.1.1. Kapkac 3ganus noskeH padoTate MON HArpy3koH Kak
eauHas NpoCTPaHCTBEHHAas cucrema. B CBA3M C 3THM K CONPSIKEHUAM
COOpHBIX KeNe300ETOHHBIX KOHCTPYKUHH NPEABABJIAECTCS KOMILIEKC
TPeOOBaHUI:

-MPOYHOCTL CTHIKA OO/DKHA OBITb HE HHXKE CTBIKYEMBIX
MEMEHTOB IS  MCKIIOUYEHMS TNPEXKAEBPEMEHHOI0 Ppa3spyuICHHS
KOHCTPYKUHMH KAaK B CTaAMH MOHTAXa, TaKk ¥ NpH BO3AEHCTBHH
IKCINIYaTALMOHHBIX HATPY30K;

-KEeCTKOCTb  CTbIKa JAOJDKHA  ODecrieuuBaTs  fepenauy
PaCYETHBIX YCUJIHH COMPSOKEHHBIX 3JIEMEHTOB, HEU3MEHSIEMOCTh HX
B3aHMHOTO MOJIOKEHHSA, HOPMUPYEMbIE NMEPEMELUCHHUSA INEMEHTOB MO
Harpy3kOu 4 NMPOCTPAHCTBEHHYIO XKECTKOCTDh 3/IaHUS B LIEJIOM.

KpoMe TOro Crteikd J[JOMKHBI OBITh 1O  BO3MOXHOCTH
YHUBEPCAJILHBIMH, TEXHOJIOTHYHLIMH TIPH MOHTaXe, O00eCneuMBarh
NPaBUNILHOCTb COEMAMHEHHS JIEMEHTOB M PacloiararbCs B 30HAX C
MHHUMAaJIbHBIMHM YCHJIUAMH.

2.1.2.CBsi3b  CTBIKYEMBIX  XKene300ETOHHBIX  3JIEMEHTOB
obecrneynBaercs  CAeOyIOWMMH  00pa3oM:  INA  BOCHpHUSTHA
PACTATUBAIOLIMX YCHJIMM  TPOU3BOAMTCH  CBapka  apMaTYpPHBIX
CTEP)KHEHN HIM 3aKJaIHbIX AeTajiel;, i BOCIPUATHS CKUMAKOIIMUX
YCHJIMM, B JONOJIHEHHE K CBAPHBLIM COEOAMHEHHSM, UIBbl MEXAY
3NIEMEHTAMH OMOHOJHYHUBAIOTCA, VIS Nepenadyd CABHIAIOIIMX YCHIUH

BRINOJHSAIOTCA CBapHble COEOMHEHMS H YCTPaMBaAlOTCs OETOHHLIE
IIMOHKH.
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2.2. BeprukanbHbie CThIKH KOJIOHH

2.2.1. DBepruxagbHbie CTBIKH KOJOHH MO PacyeTHO-
KOHCTPYKTHBHOMY INPH3HAKY OTHOCSAT K CTbikam, pabOTaIOIMM Ha
BHELIEHTPEHHOE C)XXATHE, KOTOPbIE PEKOMEHAYeTCs pa3MellaTh B
30HaX ¢ MUHMMAJILHBIMU H3rHOaIOIMME MOMEHTOMH. TpeboBaHus K
BEPTUKAJIbHBIM CTbIKAM 3aKIIOYANOTCH B O00€Cne4YeHuu  COOCHOH
nepenavu NPOAOJILHBIX YCHJIIUH U pacnpeneieHs
KOHUSHTPUPOBAHHBIX  CKUMAIOWIMX HANPAXKEHUU 110 CEUYEHHIO.
CTBIKH KOJIOHH MOTryT ObITh HIAPHHPHBIMH (KOHTAKTHBIMH), T.€.
BOCIIPHHUMAIOIHUMH TOJIbKO MNPOIOJIbHbIE M IMONEPEUHbIe CHIIbI HIIH
JKECTKMMH, pAaCCYATaHHBIMH, B JONOJHEHHE K CKa3aHHOMY, Ha
BOCnIpusTHe n3rndaromux MoMeHToB. IlpMep KOHCTPYKLUHMH CTHIKOB
1OKa3aH Ha puc.l.

2.2.2.1lonatnuBOCTb CTHIKOB KOJOHH MOXeT ObITh Bbi3BaHA
pAAOM MNPHYMH. KOHLEHTPALHEH COKHUMAIOUIMX HANPDHKEHHH H3-32
YMEHBIIEHHOH PACuYeTHOW IJIOINANHM U HEPOBHOCTBIO KOHTAKTHOM
[IOBEPXHOCTH CTBIKYEMBIX 3JIEMEHTOB, HAJIHUHEM pPACTBOPHbIX HIBOB
MEHblLlieii MPOYHOCTH, TMOBBIIIEHHOH NePOPMATHBHOCTBIO CBAPHLIX
COeMMHEHUH nponobHod apmarypel (puc.l,B). Ilpu pasmelreHun
CTHIKOB B 30H€ C MHMHUMAJLHBIMM H3rHOAIOIMMH MOMEHTAMH
PEKOMEHIOYETCH YUUTHIBATh TOJIBKO JIMHEHHYIO NOAATIIHBOCTD.

2.2.3. lomatnvMBOCTE CTHIKOB KOJOHH C pPOCTOM Harpys3k
[TOBBIIIACTCS 33 CUET PA3BUTUS HEYNPYTHX AedOopMalui B JEeMeHTaxX
coeqiHeHnsa. HHTeHCHBHOE noBbilieHHE NePOPMATHBHOCTH CThIKA
NposABJAETCS HA 23tanax ypoBHed Harpy3ku 0,6-0,8Nx (Np -
paspyuiaromas Harpyska).

JnuHa 30HB TNOBBILIEHHOH AedDOPMATHBHOCTH 3aBHCHT OT
KOHCTPYKLHM CTBIKA H ONPEAIAETCS, KAK NPABHJO, YYaCTKOM C
YMEHbIIECHHBIM MONEPEYHbIM CeYeHHEM (puc.l,s).
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2.3.Coupsmxenust COOPHOrO HEPEKPLITHA C KOIOHIOM

2.3.1. Conpspxenue nepexphitas ¢ KOJXOHHon (puc.2) fomxuao
obecreuunarh HEPCHATY BEPTHKAILEBIX B I'OPU30ONTANLHBIX HAIPY30K
OT  NEPEKPRHITHZ  HA  KOJOOHBI M, UpA  HEOOXOUMOCTH,
HPOCTPAHCTBEHHAYIO KECTKOCTh Kapxaca. B coupsnxenma 0anoimoro
HEPEKPHLITUSE. ¢ KOJNOHHOM  OCHOBHBIM  CILIKOM,  OUPEICHSONIHM
PACYCTHYIO CXEMY KApKaCa SBIUSETCH CTHIK PUIenst ¢ Konouson. Lipn
HAJHYAH BEPTUKAIBHRIX JICMEHTOR JCCTKOCTH CTHIK MEKKOIOHARIX
(CBS3EBRIX) IUIMT  HEPEKPHITUS ¢ KOMOHHOR OXAZBIBAGT MCHRLINCE
BIIMSIHEE HA CTATHUYECKYIO CXeMy paboThI xapkaca.

2?7\ 1t

ROC (e Prrein
Cuszcnas B Koironna
wmya

Puc.2. Conpsxenne XOMOHHLI ¢O COOPHRIM ICPEKPHITHEM

2.3.2. Creixg pureis ¢ KOJOHHOA UPUHATO  Pa3iaiarh
MAPHUPHKIC ~ JUIS CBIS3CBBIX KAPKACOR M OKCCTKUE - JUIS PAMBBIX
Kapxkacos. B OONBIMIMHCTBE KOHCTPYKTURHADK POIMEHMH  PAXEIh
ONEPACTCH HA YOIPOEHHHIE B KOMOUHAX KOpotxue xoucoma (puc. 3,4).

2.3.3. B cBu3eBBIX KAPKACAX CIBIC PArE ¢ KOXOBMHOK
PACCHMATHLIBACTCH  HA BOCHPUNSTMEC  BEPTHKANLHBIX HAUPY3IOK M
FOPUIOHTANBLHLIX HAVPYIOK, BOZHMKAIONEX B HEPUO)T MONTANI.

B coepumennu purenst ¢ KOJNOHHOA IPOM3BO/MICH CRAPKA
ONOPHBIX 3AKIAAHBIX JICTANCH OAM3Y M MPUBAPKA MOBEPRY CLaJhuhiX
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Puc. 3. KOucrpyxnmm COUPsOKCHIN Prreist ¢ KOMOHHOH B CBA3CBOM
KAPKACE: 4) €O CKPHTOM  KOHCONLIO ¥ BEPXHEH MOHTAKAON
COCUUNUTEILHON  1WWIACITMHOH, 0) €O  CKPBITOH HPIMOYIONBLHOH
KOUCOULIO;, HB)  CXCMA  PACUPCHENCHNsSt  YOHUNaH upu  JeHCTBEM
LOPASOTALION HAIPY3KT
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Puc. 4. PaMunii y3€ COUPSKECHHE PUIrest ¢ KOMONHOK @ a) ¢
OHHPANKEEM HA OTKPHITYIO KOHCONB, 0) ¢ ONMpPaAnBeM na CKPLhrryio
KOHCONL, B)  rpadux  3aRECUMOCTH  yria MO ATIEBOCTH
COLPSRKEHIS 0T HArKOAIONICI'0 MOMEN A
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WHACTHX Wi apMmarypusix  crepanen (puc.3,a). B Bepxuem
COCAMUCHUI, K4K UPABUIO, WCUORLIYIOTCH MAUKHE CTai| )y
obeoueenus BOCUpmrrag PUKCAPOBANHOTY W3rndAOIEI'0 MOMEHTA
GO o 10 - 20% or upoueraoro, 8 OCHOBHOM B UEPHO)L
MOXITAMNKA.

Bejmaana MOMEH14 HA OUOPE 3aBHCHT 01 Hanpasicaus
pencsms  narpysxu.  Ocobenno 0 uposmBIsercs upu
NE3AMOUOIMICHEILIX sax. 13 pacrsmyrbix smeMentax (INacTuHKax,
APMATYPULIX CLEPIKIGIX) UPH PACICTHLIX MAKCAMANLHBIX HAIPYy3Kax
HOUYCKAOTCH HAUPSOIKCHASE  COOTBETCTBYIONME UPSICHY TEKYUCCTH,
O UPHBOMET K BOIWMKHOBCHHC OCTATOMUBIX MedopManmil wu, B
HTOYE, K MOBLOMEHAO JEPOPMATHBIOCTA Y3 UPH 3HAKOUCPEM CHHBIX
BPCMENIBX DArPY3KAX 10 CPABHENIIO C NAYANLHBIM SHAMCHREM .

2.3.4. B y3nax COupsEKEenms parens ¢ XKOJOHHOM CBA3EBOTO
Kapxaca 0e3 MOmTaXuRX COCEICHIA Ho Bepxaei soue (puc.3,0)
MOCHE  CBAPKI  OUOPHLIX 3aKIQLIX  HETAMCH ¥ OMOHOJIAYHBIHIMS
MBEORB NAPY ¢ COUPOTHBICHMEM  CKATUIO-PACTIHKCHII) BO3HMKAES!T
COMPOTHBICHEC MOBOPOTY PHICIS  OTHOCHTEILUO  KOMOHILL, T.€.
PMCET MECTO TaCTHIN0E 3anCMICHIE KOJOHHLI B JHACKE MEPCKPHITA.

Jhust  COUPSORGIME PUC.3 3aMEMICHIE HOCHT OMHOCTOPOREMM
xapaeep. Lpu yeleman a3radaonero MoMeTa B Cropony upoxera
Y3 «PACKPLIBACTCH»  (PHC.3,B) M OHOPHLIE MOMEHTH  Malbl
HOCKOJLKY na warad padoraxor TONBK0 OUOPHLIC 3AKIANHLIC HCTAIM,
UPY  JCHCTBEE  BEIE0AI0mer0 MOMENTd B JAPYroM  HAUPABICHHA
HPOHCKO) Y ODXATAC IMBA OMOUOIMIABANKS W BO3MUKACT 1HAPA CHI
(puc.3,8). HOCKOILKY OUOpUBIC 3aKiananle  xeraxd  o0nanalon
HO)@MBOCILIO, & Oeron OMOHONAMUBAGAS, KAK HPABAIO, AMECT
DONEE NHIBKYIO BPOIHOCTEL YUCM 0CTOX COUPIUACMBIX KOHCTPYKIAH, TO
Y3 O0NaEer MOULIEH H3rHONOH KCCTKOCILI)  YCM  CEUCHHS
PULCIISL.

2.3.5.3 pamuorax coupsoxermsx (puc.4)  nepxuus apMarypa
YCTANABIMBAGCICH  HO  PACUYCLY  JUIS  BOCUDMSIIMS  CYMMAPHOro
A EOAOMEr0  MOMEITa  Or  PACUCTHLIX BEPTUKANBHBIX M
FOpE3OTANLILIX  narpy3ok. Cocumucnme MOy prreneM u
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KOJOHHON OCYIHECTRILCTCH CBAPKOM ONOPHBIX 3aKIA LK JIETANCH a
B BEPXHEH 30HC BRIIOMHACTCS UPHBAPKA  CLAALIGIX MIACTA
HAKNANOK MM aPMATYPHRIX CTCPKNCH K 3aKiayiabiM JICTAMM UM K
RBILYCKAM apMaTYPhl KOJOHH M PUYCHEH.

Jiss  0OILImMMNCIBa  KOUCTPYKIWMA  CIBIKOB BN
COUPOMABICHUNA  3aBHCUT OT NAUPARICHUS NHEHCTRUS H3rEOaOmero
MOMEHTA, LPO/IOILIIBIX B HOUSPEIHIBIX CHIL.

2.3.6. LHo/@anmBocrs  paMuoro  COUPIKCHMS  BLILIRACTCH
MOBBUNCHHOMR HeMOPMATHBHOCIBIO OMOPHLIX 3AKIALEX JICTANCH 1
CBAPHEBIX coenmuenuid  apMarypel.  Kpome 1oro, umopavisBocsh
COUPSOKCHMS.  MOMXKET OBrih  BRZBANA  PAIBHIVEM  HCYUPYIHX M
HAKOUICHHEM OCTATOMHEREX JCHOPMAII B HICMERTax COCABCHIN,
e OCOOCHHO UPOSBAKCYCH UPH parpy3akax, upessmaommx (0,3 -
0,4) Mp (xne My, -~ UpCHCIHHHLI MOMEHT O NCCYMSH CHocoOnocI
PAMBOUO Y3Na COUPSUKEHYE), KAK IO Hoxazano na puc. 4,n.

2.3 7.3 naupaspenay  BHOML  MPOICTOR LOAT  COUPSACHMC
DCPCKPBITEYE ¢ KOMOHHROH B OOMBIMMUCIBE CUYRAes XPUIEMACTCN
NMAPHAPHBIM.  Yacraauoe  3ameMicome  Kouonn B XEPCKPH T
UPOABULCTCH NO  JMIEE  PACUOIOKETHEYS  CRAZCRLIX  TIIAT-PACUOPOK,
MMCIONTEX  TIPOJIONBHLIC  CBAPURMIC coomuucums  (Prce.5,a) ¥ upu
YCPORCTRE UCPCKPHITAst M3 PCOPHCIHX 1T, UPUBRAPUBACMBIX 1O
ONMOPULIM  UXOIANKAM X 3aKNaymmm  crassm praes  (pac.s,0).
Mexamms3m BO3HMIHOBCHIAS COUPOTHBICHMSM UPH HOBOPOTC OHOPUOLO

CEHCIMS YT  OFHOCHICHBIO PBICHS W XONOHHRL  AUAOUHIEH
oumcannomy B 1.11.2.3.3-2.3.4 (puc.3,n).

2.4 Crp XOUONHEBL ¢ (DYHJIAMCHITOM

2.4.1. Padora Creika KOMOHH ¢ HYNyEMEenToM 3aBucuy Or

KOUCTPYKIEE DyiyaMenTa ~ CIDIOMIoR mim ¢cronduarhii, B cOOPNoOM
M MOXOIMTHOM MCHOIMENH K 0T JISDOPMaTHBRILIX CBORCTS I'PYHTa
OCHOBAHM .
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B MomOmaraeIx  mummTieix  QyoraMentax COUupSIKCHHE
CILIONTHOH KONOHHBI ¢ (DYBJIAMCHTOM PEKOMCHIYCICH UDHIAMALH B
BUJIE JKCCTKO1'0 3ANEMIICIMS B YPORUE Bepxa dymyamcural 35|

2.4.2. Pa0oTy COUpmKCHMI  KOMOMULL €O ¢rouduatnm
dhyRIAMEHTOM HEOOXOIMO paccMarpuBarh ¢ YICTOM
B3auMOEeRCraas pynyaventa ¢ IpyarroM. Lloy@ammanoctn B OCHOBHOM
BLIZHLIBACTCS ASPOPMATAAME PPYHTA TIO)T HO/ONMMBON (Pynj@amensa,

2.5.Crrixa COOPHBIX HACMCHTOR HCPCKPHITHS

2.3.1. Jlacxu nepexprimaid W3 COOPnmX mene300¢rOmmbix YT
- MHOrOUyCTOTHBIX, PCOPHCTHIX, CUIIONMIILIX M L0, YIOMKEHX U0
cOOpuBIM puressM 03 apMEPORANILIX HAOCTONOK, O0HLE) ICHBRLX
OeropnmpMm  mmBav (PUC.0) WM JWCKPCrUBIME  CRAPIHIMM
cogpauenmsmut  (PUc.7) B CBOCH NHOCKOCTH DOJQIIMBLL 32 CHCY
HOBBIKEIHOM  )iIehOpMAITHBIOCTH  COSMENCHMIA  Ua  OMopax M
MCKTLITHBIX IBOB.

2.5.2.8 cOOpunIx mCPCKPHITHAX HMCIOTCH CHOHYIONAC TR
CThIKOB:

-BEPTHKANBITRIC CIHIKE TOPIOB MY 9epe3 OCTonune nnl ¢
IJTETAMHY PO C OXOPHBIME KOMCTPYKITaMY (CM. pruc.d,a);

~HPONONBEBLIC CIHIKKR MEXIY MIMIaMa #  Kpamx uaar ¢o
creaamuy (CM. puc. 3,0 u 3,n);

S-POPUBOHTANBLHBIC CPLIXKE IWIHMT MO OUOPHLIM IO (KAM ¢
NOJYICPKABAIONIME  KouCTpyxrdamu  (Crenamu,  Oayxamm  wom
PUrEHsSMU PUC. 5,8 M 3,1).

2.5.3.  Conmectuas pabora MOOUOUYCTOTHRIX I
ohecneunnacres JAMOHOIMYMECNHBIME  IMBAME X CBAPHLIMMY

cocmuCeHusaMM (JUIs CBI3CRRIX M DNPACTEIX wm't). J s yreimaenast
criouienus  OCroHa  IMBOB ¢ KOHCIPYKIMsMM  Ha BX  OOKOBOM

DOBEPXHOCTH YCTPAUBAIOTCS YENYOUCHMS st 00pasonanust mMitOnoK
(puc.8).
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Puc.8. Tausr GOKOBOH MOBEPXHOCTH MYCTOTHRIX IUIHT OOPAZYIONHX
MOCHE  OMOHOMMMBAHMS  CHcryionmmue (POpMLL  MOKIUIMTHRIX
NIIOHOK. & ~ 3aMKHYTHIE XPYIUBIC, O - tPauCiiCRIyHBIC, OTKPHITLIC K
BEPXY;, B -~ CIJIONELIC HPONOALHKIE

2.5.4.13 pOMOIBLILIX MBAX PARATUOT IIOUKA TPEX THIOB!

~ITIIOBKY 3aMKHyYThIC Kpyrumie (puc.8,a) paboraior na ¢pes u
o0ecricumnBayr COBMECTHYIO PabOTy 1WmMT UPHE  REPTIKANLHLIX U
FOPU3OUTANBLELIX HArPpy3Kax ji0 ¢1ayum paspymnenus. Muaoroxpatnoe
HPWIOKCIME  HCPABHOMOPHOM — REPTHKANLIOU  Harpys3ka (0
HOPMATHBHOIO 3HAYCHMS NPAKTHICCKH HC  CHEXACT  UPOIOCTH
MEMKIUATHBIX POJIOIBIBIX. INBOR,

-IMIOHKH OTKPHLITHIC K BCPXY B BEPLHKANLIOM XaUPaBICIHM
(upsvbre Wi rpancmenyune pac.8,0), Brmouarorces i padory 3a
CHCT CREDJICHHS PACTBOPA OMOROIIIABANUY ¢ OSTOHOM WKL B ero
oOxarusa. Taxoi wuy muoHOK oOcCueHUBAST COBMECTHYHO PabOLy
UIAT  UPA  TOPH3OHTAILHBIX  HAIPY3Kax XA JWCK  UECPEKPHITH.
CormMccTaas pabora wmT A0 CTA/ WM PA3PYINCHUS HPH RSP THKA I IHIX
HAIPY3KaxX O0CCHEUMBACTCH HOCHE YCIPOHCTRA NEMOHINO-UECIAn0M
Ha0ETONKY TONIMUHON ne Meuee 4cm;

~CIIOTITHRIE  HPOOILERIE muoncu  (prce.8,n) obeccuenmnaior
COBMECTHYK) padory it upE BEPTHXAMHULIX HAPY3KAX. Hpw
ROZHMKHOBCHEN TOPH3OHTANLHBIX C/BUratONMX yOmmya  HPOIHOCT)
cocrmenns 00ECICIUBACTCH TOMLKO 32 CHET Cnanicms  Oerona mmna
C IUTHTAMM.
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2.9.3. B3amMONCHCTBAC PINOBLIX MHOIONYCTOTHBIX IUIAT C
UOIQIEPKEBAONAMKT  KOHCTPYKasvoa  (pareim, Oankm ¥ necynme
Cremnl) P rOPR30NTALHLIX Harpy3kax obecueumBaercs cuamu
TPeHMst ¥ CHCIIEHHEM HOMCTHIAIOMEr0 PACTBOPHOrO CIOsS 110
OUOPRBIM 1oaKam (puc.9).

Topnensie ymbpl MEXNY WHMTaMEd ¥ UONACPIKUBAXONIHMU
KOUCTPYKEsiME — paboTaxor  TONBKO HA  CXAaTAE | CHBUD
UEPUESHEKYISPHO uponery (puc.9).
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Toprnieno#t non

- Puc.9. Cxema B3auMOMCHCTBAS MEOTOIYCTOTHOM HITATHL C PATEHEM
LS - KACATEHbULIC HAUPSOKEHES B TOPHEBOM INMBE UPHU CHBAIC

IOOAEHE BIOJ PALCIISE, TSC - - KACATENHHLIS HANPIHKESH A IO IUIOME@NKE
OUMEPANAS TUDATHY BA PArGD: NP CHBHALC M IOBOPOTE MIATHL

OTHOCUTCIHLHO PAre)s, Oy - - CHRUMAIONHES HANPSODKSHE B TOPHEBOM
e
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2.5.6.B3aumoneucreae peoOpucThIX wiMT ¢ pPEreHsiMuM |
OayxamMu pu rOPU3OHTAILHLIX HATPY3KAX 00eCueImBacICs CRAPILIMMA
COCJIMHEeHMIME  ONOPHLIX 3aKyameix peranei (puc.10). Conmecrnas

paboTa AT WPHE BEPTUKAIGHBIX HArpyskax odecuewmBaercs
NPONONBLHBLIME OSTOHNBIME IINBAMM, BHIKOHSEMBIME, KK IPARBI0, CO
HTOHKAMM.

Lopnenoi PebOpucras unuta
A # o | $A
Crnapia AWK
ACTAICH
El’m'm'u,' S b Q1 I Dmra

e

HCPCKPLITHS

T T T _,
= - i L - 3 T = 5 .'.‘1-'

Ak, WA ST e S 5 ‘:,,,
SR .‘ll . ':"I ;f fr‘- -5.4.-{

i = R
..-l...-..-r-i-r_l_- e

- o S e g
&= @i W - SR l._q__'h i 'ty B _"l‘F -p-i-r_q'l'-_'r.a-..- l-‘__ru.n.. L —-r
-l.-:-'.-:*r'u:-_:-'n-:a':-"_.-L:-'a‘:-.‘-uhl—_r_-‘-:-rl:‘ .-i-':ll- l-__ll‘l__'l-_r: y rl-: i ML
- i -
. =" ] T -, T P 1 Wt ik L Bt P
- 7k Y i ) Tl ML ] S e SoF
- o

e e e

Oy

S 5,

bheTonumi yon

Puc.10. Cxema s3aumopeicrBus peOpRCTOR tIHTh ¢ PUreIIeM: Tsyy-
KACATENHHBIE HAUPSKSHUSE B TOPHEBOM INBE UPH C/BANC LIDATH
o6 purens; Qz m Ny — yenims B CBApHOM COSJMMBEHAM XIATHL ¢
PUIENIeM; Oy — CHUMAIONHEE HAUPSOKCHHS B TOPIEBOM INRE
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2.6.Coenpurenny B CKBOZHLIX CBI3ERLIX MANECHEX

2.6. 1 1H0ckae  CKBOZHLIC  CBLICBLIC UAHCM  COCTOsT M3
KENE300STOHION MOOIOITEKNON paMbl, 00PA30BANHONR KONONIAMM I
PHICIIMU W MCTAMMMICCKAX CBA3CH 1PCYroNsnoro (UonypackoCubie)
POOA STy OULIoro (Hoprasanie) onepranast (puc.1l ).

PasMemaiorcss CBs3enLI¢ KOHCTPYKNHKM W3 YCIOBUHS
obecueacnmst  UPOCTPAHCTBERNON KECTKOCTH  3Jauus, ¢ y4erom
OVPATHACHM S YCHIAH O TeMUEPATYPHBIX Jedopmanait.

2.7.2. Dymp@aMeninl o) CBA3CHLIC LANey BLOIOMHSMIOTCH B
BUJE OTHEHLHO CTOsmux  Crou0uarnix GyuaMenon,  CLOIOIHOH
MENEIOOCTONUON Wehl Wi xene300eronnon pamu. Korcrpyxmuas
Qysy@MCra  3aBsrcay  Or  PasMepoB  COIKM  XKONOHH, BEIINH
JICHCIRYIONX BAIPY30K ¥ XAPAKTEPUCTHK L'DYITA.

2.1.3.  Coepeanenms  2CMerToB  cBu3enn  mexny  coboit
OCYIMECIBICICH ¢ UOMOMBIO  upusapku GACOHOK, Y10 CO3J@EeEr
FANEMUEMCe O Konam cnse3ck. Coepumpenmus CBs3cH ¢ KOUMONHAMMY
OCYMECTBINETICY B BUEC HPHRBAPKE  CBM3CH  uepes (daconxm X
FAKAMEBIM erasm Ha 00KOBLIX rpansx kouond (puc.12,a) wim
ACPE3  HACONKE, UPABAPCHHHIC B TABD K BOYIPEHHUM 3aKIA10BIM
LA,

Coeymucnas  cBs3CH ¢ Qyu@EmMenrTroM  4Yame  BCero
BLOCOMOSIOTCH EPes (PACONKA, UPHBAPEHHLHIE B TaBD K 3aKIANNLIM
yerays Gyngavenra (pac.12,0).

VKazamamIe  comuenus  o0Nauaror NHEDCANoOR ¥ yriuosou
HOJ@MBOCTLIO,  BCOIGHCIBAC  HOBBINCHEON  UCHOPMATHBHOCTH
FAKUAILIX JCTANCH UPH HEHCTBIR BOPMAILHLIX U NOUCPSYHbLIX CHII,
A3NAOAIONEX & TKKC KPYTHEIX MOMCHTOB B MX IIIOCKOCIH.



Puc.11. CxBo3Hbie CBA3€BbIE MNaHENH C TPEyroJbHOH (a) H
nopranpHoi (0) MeTanIHuecKOH peleTKou

6) Konouua

Puc. 12 KoHCTpyLKLUHA CONPSXKEHHH METALUIMYECKHX CBA3EH C
konOHHamH (a) U dyHaamMenToM (0)
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3. IIPAKTUYECKUU METO/I OLIEHKU
NOJATIIUBOCTHU COTIPSIKEHUH

3.1.BepruxanbHbie CTHIKH KONOHH

3.1.1. IlomartnuBOCTL BEPTMKAJNLHOTO  CThIKA  KOJIOHH
OnpeReyieTCs KaxKk CyMMa HNOHATIMBOCTEH HA Y4HacTKax CThIKA C
OAMHAKOBLIMH Ne(pOpMaTHBHBIMH XapaKTEPHCTHKAMH MO dopMyIie

oy W o
2
CZ 1=1 UEB:‘ (ABz' T aASz')
rae n u l; - KONM4eCcTBO M IJIMHA Y4YACTKOB CTHIKA C
OAMHAKOBBIMY JAe(POPMATHBHLIMH  CBOHCTBAMH MO [IHHE, U -
koabduuuenT ynpyro minacruueckux aedopmanuii berona; Epi ~
HAYQJIbHBLIN MOIYNEL YIPYroCTH OEeTOHa; Ap; u As; - nnomanb
OeTOHa ¥ NPONONLHOM apMaTyphi; o - ko3dduieHT npuseneHus,
paBHbII OTHOLIEHHIO MOAYJIEH YIIPYTrOCTH apMaTyphl 1 OeToHa.
XapaxTtep 3aBUCUMOCTH «N - O» U1 THIOBOIO BEPTHKAJIBHOT'O
CThika  MOka3aH Ha puc.13. Ilo panneiM [4,35] ycpenHeHHbIN

ko3 PUUHEHT TUHEMHON XXECTKOCTH CTHIKOB VISt KOJIOHH CEUCHHEM
40x40cM cocrapasier Cz=7x10°kH/m.

N ;
|
|

N R Y~~~ —————7 ™ %

%

0,8Ng -———2" | JE
;

:

|

;

5

K

Hegopmauuu cmsika, o
Puc.13. {lnarpamma cxkatsi BEpTHKAJIBHOTO CTHIKA KOJIOHH
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3.2.ConpsoxeHus puress ¢ KOJOHHOH

3.2.1.B obuieM ciyuae B CEHEHHH CTbIKA PUTeNf C KOJOHHOMH
AEICTBYIOT NPOAOJLHAA U rmonepeuHas (OTHOCUTENBHO PUreNisl) CUBI,
narudaomMd W Kpyramud momeHT (puc.l4). B paccmatpuBaeMmbix
KOHCTPYKIMAX CTBIKOB DHUTreNss ¢ KOJIOHHOM BEpPTHKAJIbHAs ONOPHAas
peakiys Nepenaerca Ha KOHCOJ b, MO3TOMY BJIHSHUE NMONEPEYHbIX CHII
Ha PaboTy CONpsKEHHS MOXHO HE YUUTHIBATD.

Q
ME » ) (&

Q
>

Puc.14.Cxema ycuanit, DeHCTBYIOLUUX B Y3JI€ CONPSKEHUS
purens ¢ KOJOHHOH

3.2.2.Pabora COMNPSIKEHH A pHres C KOJIOHHOM

paccMaTpuBAeTCAd IS ABYX COCTOSSHHM. II€pBOE€ — WWIBbBI HE
OMOHOJIMMEHBI, 4YTO COOTBETCTBYET CTaAu¥ MOHTaXKa MU
KOHCTPYKLMM TaK Ha3bIBAEMOro Cyxoro ctbika (puc.15,a); BTopoe -
HIBbl OMOHOJIHYEHB! ¥ OeToH 1Ba BKIIOUYaeTcs B pabory (puc.15,0,B).
3.2.3.B cThIKax, mo aHajIOrud ¢ CEUECHHSAMH XKene300eTOHHBIX

JIEMEHTOB, MOIYT BO3HHKATH TPH CTaIMH HANpAXKEHHO-
neOPMHUPOBAHHOIO COCTOSHUSA. NEepBas — YWIOBHO-YIPYyras, BTOpas —
YVIIPYrO-MJaCTHYECKAA W TPpeThS - MNpeaeibHas NO HecyleH

CIOCOOHOCTH.



0) DONNRNNAN

AL rrrryrerrsr

RO | N

-,

TV FFFFIEEF

A Ns

AN,

PLLEELL L LA

Tﬂﬂabﬂﬂﬁﬂﬂﬁi

C Ly

Puc.15.Cxema  u3MeHeHHs  Hanps>KeHHO-AePOPMHPOBAHHOIO
COCTOSHMS CONPSOIKEHUST pUresi ¢ KOJOHHOM pPaMHOro Kapkaca:
a) cragus MOHTaxa (Cyxoil CTBIK), 06) OMOHOJHYEHHBIN y3eJ IO
obpa3zoBaHus TPEIHH B PpacTAHYTOH 30HE, B) CTaOUA MOCHE
00pa3oBaHUA HOPMAJILHOH TPELUHMHbI B LIBE
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3.2.4 KputeprieM  npeneibHOr0O  COCTOSHUSL  Y3JI0BOroO
CONPSKEHUA KONMOHHLI C MEPEKPLITHEM PEKOMEHAVETCS NPUHUMATL
NOTMYCTUMBIH YTOJI MOBOPOTA OMOPHOrO CEUEHHS PHUTelisl WM NIHTHI
NEePEKPBITUS OTHOCUTEIBHO OCH KOJIOHHBI, KOTOPBIN ONPENeNnsaercs:

-IUIA TEPBOH TIPyHIbl NpeaebHbIX COCTOSHUM H3 YCJIOBHH
OOCTHXKEHHS (PU3MYecKoro HIH VYCIOBHOTO TNPEAeia TEKY4eCTH B
PaCTAHYTOH MM CKATOH AapMaType, BPEMEHHOIO CONPOTUBJICHUSA
CKATHIO O€TOHA I1UBA UM CTHIKYEMBIX KOHCTPYKLHHU, NPENEJIbBHOIO
COABUIa MJIM OTPBIBA 3aKJIAAHBIX Aetaneit (puc.16);

Puc. 16. Cxema x onpeaeNieHUIO NPeaesIbHOrO yrja MOBOPOTa pUrens
OTHOCHTEJbHO KOJIOHHbI. AS — TMpenesibHble VUIMHEHUs [10

pacTsaHyTO# apMmartype, Az — npenensHbie AedOpMALMH  CHABMIA
3aKJIaHBIX AeTaNIeH

-JUIS BTOPO# TpYINNbl IIpefieSibHbIX COCTOSHHH M3 YCJIIOBUH
npenejbHBIX OPOrHOOB W TrOPH3OHTANBHLIX NEPEMEINEHUH, TaK Xe
NPeneabHOr0 PACKPLITUS TPELIUH,
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3.2.5.KoadpuiineHT yraoBoM KECTKOCTH y3Jia COMPIKEHHS
puresis (MIHTHI NEPEKPHITHS) ¢ KOJOHHOH (, pPaBeH OTHOLUEHHIO
u3rndamomero MoOMeHtTa M B y3e K COOTBETCTBYIOLHEMY VYIJIy

AOBOPOTA @ ONOPHOIO CECUYCHUS PHUICIA OTHOCHUTECIBbHO OCH KOJIOHHbI
B y3JI€:
M
Cp = e (2)

3.26. Yron noBopoTa ONOPHOrO CEYEHHS  PHUrells,
IOKA3aHHOTO Ha pUC. 16 onpenenurcs

A, — A,
:——-—-—--—-—-—-———”, 3
1 7 (3)

rae A, = Z Ay, m A, =-) A, -mepeMenenus

B PAaCTAHYTOH M CXAaTOH 30HAX (NPUHHUMAIOTCS CO CBOHUMH

3HAKAMH);, Z,.; - DPACCTONHUE MEXAY JIMHHUAMH H3MEpPESHHS

epeMELICHUH.

3.2.7. 118 paccMaTpUBaeMbiX THIIOBBIX Y3J0B CONPAKEHHA
purens ¢ KOJOHHOH KOYDODUILHEHT YrJOBOH JXXECTKOCTH CThIKA
PEKOMEHYETCH ONPEAENATh 1O (POPMyIe

2
Co - ____._____.________._f”_o__________________

P n m 2 (4)
S Ky Sk,
i=1 Ci J=1 1j
| 1 .

rme — U —— ~- [PUPAINEHUS CMEICHHH OT EIMHHYHBIX
B, B:,}.

YCUINN COOTBETCTBEHHO B CXATOM M PACTAHYTOM 30HAX CEUCHUS
ctoika;, Ky, Ky - k03¢ duieHTsl, YUHTHIBAIOIINE BIHSHUE OCEBOIO
CKHMAKIOLIEro ycuausa (npd OTCYICTBMH  HPOAOJBLHOM  CHJBI
NPUHHUMAIOTCS PAaBHO#W emuMHuLE), Ny —pabouas BHICOTA CEYEHHUS CTHIKA
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(paccTosiHME OT IMHUS ONMUPAHUS PUTENIS WIH IJIHTHI NEPEKPLITUS HA
KOHCOJIb IO LIEHTPA TXKECTH PACTAHYTOH M/ CXKATOH apMaTypel).
3.2.8. KoappuiueHT yrnoBOH KECTKOCTH CONPIAKEHHS PUrens

C KOJIOHHOM CBA3eBOro kapkaca (puc.3,a ) 6e3 yuera cxkaroro 6eroua
113:T

2
ho
C, = —
1 ) 1 > (5)
BC BZK BZR
rae -—-1—-— —-1 U —-}——— CMEUIEHUSI OT EeMIHHUYHBIX VCHIUH
B, 5 By, Bp ’

COOTBETCTBEHHO BEPXHEH CTAJILHOH HAKJIAAKH, ONMOPHBIX 3aKJIAIHBIX
AeTajicdk KOHCOJM KOJIOHHbBI M pPHrensd, OnpeneiisieMbie no
pexoMmeHauusm [27] unu Ha OCHOBE 3KCIEPUMEHTAIbHBIX JAHHbBIX;

Ky, Ky: - x03p@dHUUMEHTHI, YUYHTBHIBAIOLINE BIHSHHE NPOAONLHOMN
CHJIBI

_ — . h e M
KNI :1+77: Km ﬁ1+77i“q“: N=—56 =— (BepxHHE 3HaAKH
e, e, N
NPHHUMAKOTCA NIPH COBNANEHUH YCHJIHH OT H3rudarouero MOMeEHTa U
NIPONOJILHOMN CHJIbI B HUXKHEH 30HE), € -~ SKCLHEHTPUCUTET NPOAOJbHON
CHJIbI OTHOCHTEJILHO JIMHUH ONMUPAHHS PHTeNs HA KOHCOJIb.
IIpu me¥ictBUM OOPATHOrO MOMEHTA HEOOXOAUMO YVYHTBIBATH
BO3MOYKHOCTh NOTEPH YCTORUMBOCTH BEPXHEH CBSI3H.
3.291Ipu pedcTBMM MOMEHTAa NPOTHBOMOAOXHOTO 3HAKA B
OMOHOJIMYEHHBIX TOPILEBHIX IIBAX IS Y3JIOBOrO CONPSOKEHUS pUTed
C KOJIOHHOM CBS3€BOro Kapkaca 0e3 BepxHed HaKjIaaKH, MOKAa3aHHOIO

Ha pHC.3,0 KkO>bdUIIHEHT YTIIOBOH )KECTKOCTH PaBEH:
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(C = h02
? 1 1 1 ) ©
K vg) P + K yp 5 B T B
BSh 7K 7R
EylAvw
rae B BSh — """"‘"‘“’“&""‘““““; d,Eg,&,v,® - TOMIMEA HIBA,

MOAYyMb YNPyroctu OeToHa urBa, OTHOCHTEbHAs BHICOTA CXKATOH
30461  OeToHa  mBa,  k03pPUUMEHT  YIPYro-ILJaCTHYECKHUX
nedopmanuii, K0O3QpIHUHEHT OJHOTHI 3MIOPLl  CKATOH 30HBI, Kyg,,
Knp? - 03D PULHEHTH, YUHTHIBAIOIUE BIUSHUE ITPONOJILHON CHITBI

] ]
leﬁ(l""?) E KNB2:(1+77) Z “&_:
1-2
m

'_—h..l-._—_._.

m

30ech M — KO3pPuLUMEHT, 3aBUCAIME OT (QOPMBI 3MIOPHI
HanpsOKeHU B OeroHe CKaTtoil 30HEBI (3 — ISl TPEYrONbHOM, 2 — mis
NPAMOYTONBHOMH ).

BbicoTa CXaTOH 30HLI ONpenensercs u3 yCioBUS PaBHOBECHS
CEUCHH .

3.29. KoadduuneHr yrinoBoH  KECTKOCTH  PaMHOIO
COTNIPSKEHHA B MOHTAXHOU CragmHu, T.e. 0e3 yuyera paborel OeToRa
IuBa Ha okatue (puc.15,a):

hy
Cof Ty 7 S
] 1 1 1
Ky + - + Ky ——+—
BSSt Ban BZK BBR
Ag ks

[ £()ax
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sgeck  f(x) u [, - QyHKuus pacnpeneneHuil NnpomoJbHLIX
nepopMauuii B pacTaHyroi apmartype (nmpuHuMaercs no ¢opme
3MIOpbl MOMEHTOB H2 ONTOPHOM Y4YACTKE) H JUTHHA YUYHTBIBAEMOH 30HBI
PacTSKEHUS BEPXHEH apMaTyphbl.
Ha yyacTtke ¢ OTKpBITOH pACTAHYTOH apMarypel CThIKA
AE; 1
I, B

KL an

NPOROIBHBIE NEPOPMALMH NOCTOSIHEBI, IT0ITOMY B, =

HePEMEILUCHHUS OT €OUHMYHBIX YCHIHUN PACTIHYTOM apMaTypbl B 30HE
aHKEePOBKH B OeTOHe, onpexnenseMbie 1o pekoMeHaauunsm [40].

3.2.10.Beipaxxenne musi koadduumeHTa yrioBoil XECTKOCTH
npu 0OpaTHOM MOMEHTE OyZleT UMETh BHI;

h2
Cp = (8)
1 1 1
Kyi o+ Ky, —+
B s B % B 7

B Boipaxxenusx (7 u 8) npu onpexesieHnu koddPpuuuenToB Ky
u Kyxo HeoOXOmuMO yuuTHIBATH MPABHJIO 3HAKOB, OMHCAHHOE IUIA
BbIpakeHus ().

3.2.11. KoadduiueHt yrijaoBOH XKECTKOCTH CONPIKEHUS
PaMHOTO Vy3jia ¢ y4yeroM paboTei OeTOHa 1IBA HAa CKATHE W

00pa3oBaHUs HOPMAaNbHBIX TPEI[HH B OETOHE HIBA PACTAHYTOM 30HBI
(puc.15,RB):
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rac

eyl gy g i, o oo diel o
Bgsy — oM. popmyary (6).

3.3.Conpspxernus B COOPHBIX QUCKAX MEPEKPLITHH

3.3.1.XKecTtkoCcTh OETOHHOIr0 MEXIUIMTHOrO MIBA HA WH3rud
NIPUHAMAETCS PABHOH HYIKO, TO €CTh LIOB pacCMaTpuBaercs Kak
HHIMAAPHYECKHH wwapHup. Oasako o©oKkumapomas mosB Cuia
NMPUKNAABIBACTCS He no ocH OokoBoi rpanu muHT (puc.17) wu
BO3HHKA€T BHEUEHTpeHHOe cxatue, llosroMy nmunusapuyeckuin

IIAPHUD CAEAYET PacnoiaraTs o OCH AeHCTBUS CHKUMAIOLIErO YCUIIHS
WX B YPOBHE COKATOM I'PaHU IJIATHI.

Puc. 17. IlponoabHbii MEKIUIHTHBIA 110B (8), cxema padoTh! npy
NOBOPOTE IUIMT BAOAB NPONOJbHOM ocu (O) u casure miuT (B)
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3.3.2. JKectkoCTh MEXKIJIMTHOIO IiBa HAa CABHI PaBHA
COOTBETCTBYIOILLIEMY YCHJIHIO, BbI3LIBAIOLIEMY ETMHHYHBIE

nepeMeleHH:
Ca =0, /d (10)
JIns ydacTka LuBa, TOJLIMHOMR I, BRICOTOH M, U AIMHONR BAONL
OCH TUTHTHI [;; MONY4YHM:
d=Qy v t (G Iy hy
Csh:Gﬁ‘ I_f!‘ hf/(v | t}t): (1 l)
rae v=1,2 - ko3bdbUIHEHT, YUHTHIBAIOUHI HEPABHOMEPHOCTD
KACATEIbHLIX HANPSOKEHUH [0 IUIOMAaM TNONEepedyHOTrO CEYECHHS

IJIEMEHTA.
BnusgHHe CABUIOBOH XECTKOCTH LIBA Ha COBMECTHYIO paboTy

UIMT CIeayeT VYHUTHIBATE npu 3HaueHusx (=300 xH/Mm, uro

CYLIECTBEHHO MEHBbLIE pPeaNbHOM XecTkocTtH. [l WBOB Mexnay
TUNOBLIMH MHOT'ONYCTOTHBIMH IUJIMTAMHA 3HAYCHHE CIIBUTOBOH

xecTkocTH Ha 1M mBa coctasnser; Co=3080 10" kH/m [38].
3.3.3.PactaruBaiomm e yCuaus B IJIOCKOCTH JTHCK3 NEPEXPHITHS
M3 MHOFONYCTOTHLIX IUTAT BOCIPUHUMAKOTCS B OOHOM HAIPaBJIEHHH

CBA3EBbIMH MEXKKOQJOHHBIMH TJIUTAMU, B APYTOM - PUTE€JISIMH.
JIuHellHas NOMATIMBOCTG CBSI3EBLIX IUIHT  ONpedessercs

COrnacHo cxeme puc.18 no popmyse;

I 00 A A -

—— = =| ———+ — 12
CX EredE'ed ‘EIE EZPZ‘Z E:Flvl ( )

3.3.4. XKecTKOCTh HA PACTIKEHHE 1O 30HE ONMHPAHUS CBA3EBOH
MHOTONYCTOTHOH MJIH CIUIOIIHOW  TUIMThl Ha purenb (Oanky)

ONPEeNEeTUTCS N0 3aBUCUMOCTH

_____E]F1 N N¢+ Ngp

L, A, ‘AS + A, (13)

BEF'I



. L ] L ac lmaﬂ
?

149
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rne Ng=A;-0; - ycunue B cBA3eBOH apmarype:

Ngp = Asup O f.- vycunue nna npeononeHus TPEHHSA MO

MJIOIHAZIKAM ONMUPAHUSA MJIUT HA NOAAEPKUBAIOIIHE KOHCTPYKUUH:

3nech Asyp M Osyp -IIIOLIAZb ONMPAHUS H OMOPHOE JABJIEHHE

[UIUTHI HA PUTreNb,  fp, - k03QIULHEHT TPEeHHS TUIMTE 00 ONMOPHYIO
Nl

KOHCTPYKIHUIO, A A — - nedpopManuu CBSI3EBOH
Ak

apMatypsl;, Az - nedpopManui 3AKJIAOHOM AETANH, ONpefensieMbie no

pexoMeHpanusm {27].

XKecTKOCTE TpeHMs TINYCTOTHOM TIIHMTBI PEKOMEHAYETCH
onpenensaTh npu aedopManMaX CHBMra PaBHBIX &g =100xI10”. Tlo
naHHbiM [4,14] 3HaueHHe NOHATIHMBOCTH TPEHUS MHOTONYCTOTHOH
[UTHTHI O purens usMensercd B npenenax 1/C,=(0,3+6)x10 M’ /icH.

3.3.5.B nepexkpriTusSX H3 peOpHUCTBIX IJIHT HNPH BO3IECHCTBUH
FOPH3OHTAILHON HArpy3kd Ha IMepeKphITHEe OMNOPHOE COENUHEHHE
BOCIIPHHUMAET CABMUrawoiee ycuiane, H3rud W KpydeHHe B CBOEH
mnockoctu  (puc.19). CymmapHbie nHHEHHBIE MNEPEMEILEHHS B
COMPsKEeHHH B 00IeM ciydae CKIaabIBaIOTCA U3 nedopmanuu OeToHa
ONIOPHOM KOHCTPYKUHH{Ag), 3aKNaAHBIX AeTajiel purend (Aw/) u pedpa
(Axp) MIMTEI COOTBETCTBEHHO M AedopMmauuit (Asy) coenMHEHHT MO
CBAPHOMY UIBY

Ayzi =Ap +Axyg +Ayxp +Agy (19

3.3.6.0noprHoe conpsxerue peOpPHCTOH NJHTHI C PHIEIEM
PEeKOMEHAYETCH NPEHCTAaBUTL B BHAE CTEP)KHSA, CEUYEHHE H JUIUHA
KOTOPOro ONpeaciseTcs U3 yCJIOBUS PABEHCTBA JTHHEHHBIX W YIJIOBBIX
neopmanuii,

KeCTKOCTh 3JIEMEHTA CBA3H MPH PACTHKEHNH - CKATHH B 3TOM
Clyuae 3anuiercy
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Ny

> 15
AXZ:' ( )

rae Ny — rOpH30OHTaNbHOE YCHJIME HA COEAMHEHHE BHOJb OCH

B, =

X.

llepememenus 3axkjaaHpIX faeTajiell  ONPENENANOTCS 11O
pexomengauuaM [27,40]. CorsacHO 3KCNEPUMEHTAJBHBIM JAaHHBIM
YKECTKOCTb THMOBLIX 3aKJIAOHBIX netajier Npd ACHCTBHY COBUTAIOLINX
CHJ, H3MeHserca B npenenax- (1 +12)x10°kH/m.

a)
Ilmta
Purens
0)
Purens - i T
f :’
' f
’ f
SNeMEHT | ,’ !
COCIMHEHU S - ;
pureisc mHTOR 200 f 020 T T e——o
, Itura

Puc. 19.@parmenT coeqnnenus peOpucToH IIMTH C purenem(a) ¢
pacueTHas cxeMa coequHeHus (0)
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3.3.7.1Ipu OMOHOJHYEHHBIX IIBAX XXECTKOCTb COMNPSKEHHUS

peOpa mauTel ¢ noakoH pureas (cm.puc.10) npu CxuUMarOmUX
OETOHHBIN IIIOB HANPSKEHHSIX COCTABHT:

E B A Bred

d p

By = + B x5 (16)

rne Ejp, Ap.q u az - MOAYIL YIIPYrOCTH OETOHA, ILIOLOAAL M
TOJIIMHA B3 3aMOHOJIMYHBAHHA COOTBETCTBEHHO.

IIpu nelcTBHH TrOPH30HTAILHOH CHABI, PACTIArHBaIOLIEH
OeTOHHBIN OB JKECTKOCTh COEAUHEHHSA ONPEHEHAtEeTCd IO
3aBUCHUMOCTH (13).

3.3.8. XKecTtkoCcTh COenUHEHNA NpH H3THOEe ONMOPHOH CBI3H B
CBOEH NAOCKOCTH ONPEeAeHuTCs W3 COOTHOLIGHHS NEHCTBYIOLIErO
usrudarouiero MomenTa (M;) U cyMMapHBIX YTJIOBbIX aedopMauii B
30He onupanusa (puc.19) no popmyne

M, M,
Cp=" =, (17)
P; PrTPp T Pgy

roe Mz - KpyTALMH MOMEHT, NEHCTBYIOIIMH B ILIOCKOCTH
EPEKPBITHA, B MECTE ONHUPAHUA UIUTHI HA PHUI€Jib B TOPU3OHTANIBHOU
[UIOCKOCTH NP MOBOPOTE MAMTHI OTHOCHTEIBHO PDHIEIS, (r U @p -
YIJIbl OBOPOTA 3aKJIANHBIX AeTajied purefiss U pedpa MIHTHL, @5y -
yroJ1 DOBOPOTa BCIEACTBHE AedopManuilt CBAPHOTrO IIBA.

Hanpumep mas 3akiagHbIX OeTajied, NOKa3aHHBIX Ha puc.20
BeJIMYMHA KOddduimeHTa yriroBoi KeCTKOCTH Ha HA4YalbHOH CTaauH
usmensiercs B npememax  C,=(2,5-6)x10°kHm. Tlpu nosBieHun
Heynpyrux nedopMmanuii KoddduIMeHT yriIoBOH KeCTKOCTH CHHU3HIICS

Oonee ueM B /B3 pa3a W Auana3oH usMeHeHus cocrasun C,=(1,1-
2) x10°kHm.
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a) AHKEPHbIE CTCPKHH
[InactHra 4 AT 1=200

*N E-é
TN aOEOEEO;SOTESE
%‘X\\\V\%\% N

72

i &k‘ BeTOH___

0)
QxH vV~ 71— R
60
- 50
g 40 e 1&/3"’[” -
& 1 - casur, 63 HOpPMANLHON CHITL
30 — casur npu Q = 2N,
3 - caBHr npd Q = N; 5
—— W - casur upu Q = 0,5N; ’
20 | S - casur upr Q = 0,25N;
g . riae N - wopmali-Has ciia
10 14 -
O 4 _
0 05 1 15 2 25

lNepemeileHA 3aKnaHON NeTar,Mv

Puc.20. Cxema UCHbITaHUA 3aKIaZHOM Aetanm {a) M ONBITHBIE
33aBUCUMOCTH CMELIEHHS 3aKJAOHLIX JeTajJled OT CHABHUTralolileH
cuibl (0) maHHBIM uchbiTaHui [11]
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3.3.9. Bricota u mmupuHa ceueHus cBs3 X U Y 1npw

buKCcHpOBaHHON miHHe L onpenensercs u3 yCJIOBHA paBEHCTBA
JIMHEHHBIX ¥ YTIOBEIX AeGopManuii U3 CUCTEMBl YPaBHEHUH

XYy’
E——=2C,L
XY E,A,
b= =Cuat =
3.3.10.Pazmepnl CeUYEeH U CTEPKHEBOTO 3JIEMEHTA,

BOCIIPHHUMAKOIIUX pPACTSOKEHHE WM  CXaTHe, 11 CTBIKOB 0e3
OMOHOJMYKMBAHHUA IIBOB MEXKAY TOPUOM pebOpa u rpebnem purens,
onpenensTcs no GopMynam

C,,L

(19)

3.3.11. lns  crepxKHeH, BOCHPHHMMAIOLIHX CXKHMIIOLOUE
YCHJIUA U IOBOPOT NIPH OMOHOJHYEHHBIX TOPLUEBRIX [IBAX ITapaMeTpbl
CeYeHUd ONpenensioTcs U3 CHCTeMbl ypaBHeHud (20) ¢ yuerom
H3MEHeHUus  koa(duuueHTa  YrjIOBOM  KECTKOCTH 33  CYeT
BOSHHKAIOMIEI0  CONMPOTHBIIEHHS  TMOBOPOTY TOPLEBOro  IIBA.
Ilpunumas, YT0 UEHTP TMNOBOPOTA HA ONOpe CMEIaercs
HE3HAUNTENBLHO KO3P(ULUMEHT  YIIOBOM  JKECTKOCTH  IIpH
OMOHOJIMYEHHBIX LIBAX ONPEASIUTCS MO PopmyJie

C,,b;
C,=C,+ "‘j , 20)

rae br - mmpuHa pedpa mIMTHI.
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Pasmepnr ceuyeHus cBsa3u ¢ yderoM Boipakennit (19) u (20)
onpenensTcs no popmynam

Y = C,,L+EzA;

(21)

3.3.12.B coemuHeHUsX pEeOPHCTBIX IJIUT Mexny coboi ¢
NOMOWBIO NPHUBAPKU HAKIANOK K 3aKjafAHbIM Aetaisam (puc. 21,a)
BO3HHKAIOT NPOAOIBHOE (110 OTHOILIEHHIO K NPOJIETY NJIUTHI) YCUINE U
uarnbaromuit MomenT. (CMmeinenne mIHMT B CBOEH  INIOCKOCTH
OTHOCHUTENIbHO ApYyr Apyra Oymer CkiaabiBaThCs u3 aedopMaiimii
CABHI'A 3aKJIA/ITHON AETAJIU B €€ NOBOPOTa

AZSV = A2P+¢zsvbz: (22)

roe Azp - CMeleHus 3aKJIaJHON AETaiy BIOJIb KPOMOK MJIHTHI,

(zsy -yroJl TIOBOPOTA 3aKNAAHOH pAeranu;, bz - paccTosHHE MEXAOY
3aKJIAAHBIMH JETAJISAM IJTUAT.

IlogcraBisia  3Ha4YE€HHsT  COCTABJIMIOUIMX  NEpeMelIeHUMH
NOJIYYHM BHIPDRXXEHHE I B3AUMHOI'O CMEIIEHHUS ILUIHUT B BHJIE

A — Q __..L.._+ ...2.2_.
ZSV CZP anz > (23)

rae ( - CABMTAKOIEe YCUNIHE MEXAY IUTHTAMH, [IPpUXOASIeecs
Ha OJHYy 3akiamHyro aerains, Czp, C,z - KO3GDURHEHTH THHEHHON U
YIJIOBOH JKECTKOCTH 3aKJIAJHOHU ZieTalu
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i Tl T gl W ol W e WP i

0)

Puc.21 ®dparmeHT coequHeHHs IUTUT MO NPOHOARHOMY HIBY C
NIOMOIUBIO NPUBAPKU HAKNAAOK K 33KJIAHbIM AeTaiaM (3) U
pacueTHas cxeMa coearHeHus (0)
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3.3.13. H3rubHas >KeCTKOCTH CBA3EBBIX JJIEMEHTOB MEXIY

JHTAMH  ONPENEJIMTCH COMJIACHO CXEME€ CTEPXKHS C  YIPyro
NMOJATIUBLIMM 3aLEMIICHHAMH 110 QOpMye

b3
JZX' E - _.._-_.___.___...___._Z.____.______.__’
1 bZ (24)
12 — L
CZP quZ

rae £ — Moaynb ynpyrocTy CTajbHOH HAKJIAAKH.

3.4.IlogaTnuBOCTh COMPSKEHHH B CBA3EBHIX NAHEISIX.

3.4.1.TlopaTnuBOCTE COMpSKEHUN METAJUIMYECKHX CBA3EH C©
JKENe300€TOHHON KOJIOHHOH NpH ONpenejieHHH OCEBOH MEeCTKOCTH
CBA3U PEKOMEHAYETCS YUHTLIBATL IO 3aBHCUMOCTH

E-F.C,-I

E F=——
w  E-F+C,-I’ (25)

rae Cz -  ko3dpPuuuenT JTUMHEHHON KECTKOCTH KpeIlJieHHs
EMEHTA pEIIETKH K >Kene306eTOHHOH paMe€ MNpu OTPHIBAIOHIEM
yeunuu, L, FFu |l - cooTBeTICTBREHHO MOAYNBL YIPYroCTH, MJIOWAlb
CEYCHHUS H UIHHA METAUIMYECKON CBA3H.

3.4.2.7KecTKOCTh CONpPsKEeHUs NOAKOCAa K (PYHAAMEHTY HIIH K
KOJNOHHE Yepe3 3aKNauHyid JHeTajib 33aBUCHT OT VYria HaKIOHA
OTPBIBAIOLIEI0 YCHIHS W KOHCTPYKUMH 33aKjiamHod pnerand (CM.
puc.12,6). dna nopraneHbix cCBs3eil kodDDHLHUEHT KECTKOCTH

COCTaBUJI B CpeOHeM C“-=1,42>(106KPI/M, VIS TPEYrOALHOH CBS3U -
C=1,9%10°«H/m.
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3.4.3.)KecTKOCTp 3allieMJIEHHS TPH YINOBBIX Hedhopmammsx
i CBs3ell ¢ OOKOBBIMH HakJaAkaMH (CM.pHuc.12,a) CylnecTBeHHO
BbILII€ H3rnOHOM >KECTKOCTH CBA3€H MJIi CETKH KOJNOHH 6M u Oonee.
Ha OCHOBaHHHU 3TOr0 B PACUECTHON CXE€ME CBA3EBOH MAHEIH VY3JIbi
CONPSDKEHHS  META/UIMYECKOHM  pelieTKH ¢ Keae300eTOHHbIMU
KOJJOHHAMH pPEKOMEHIAYeTCs NPUHUMATh XKECTKO 3aleMJICHHBIMH OT
NOBOPOTA.

KoadduumeHT yrioBo#t KECTKOCTH, COTJIACHO OIMBITHLIM
NAaHHBIM B YCJIOBHO-YNpyro# cramuu AehOopMHUPOBAHHSA H3IMEHSJICSI B
npeaenax C=(0,05+0,36)xI 06ﬂu@a0, B VYAPYIrO MNNACTUYECKOH -
C=(0,05-+0,08) x10°xHm/pao.
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4. DOPMUPOBAHUE PACUETHBIX MOIEJEN
HECYILUEU CUCTEMB] KAPKACA 3[TAHUSA

4.1.001uuKe nojJoXeHns

4.1.1.1IpOCTPaHCTBEHHYIO HECYLIYK) CHCTEMYy  Kapkaca
PEKOMEHAYETCS pa3feiiaTh Ha IUIOCKHE HeCylyde NOACHCTEMBI —
NMPONOJbHBIE H TONEpeYHbie paMbl, AMadparMbl XXEeCTKOCTU. B JHCKH
nepexpuiTHil (puc.22,a).

4.1.2Ilo cnoco0y BOCOPHUATHUA TOPH3OHTAIBHLIX HArpy30K
KapKachl  KJIACCHPUIHPYHOTCS Ha paMHble, CBA3€BhIE W
koMOuHupoBanubie. [IpocTpaHCTBEHHAS XKECTKOCTh PAMHOIQ KapKaca
(puc.22,6) ofOecneumBaercd JKeCTKUMH  (paMHbIMH)  y3J1aMHU
CONPAXKECHHA KOJOHH {CTOEK) M NEPEKphITHH. B cBA3eBOM Kkapkace
(pic.22,B) conpsHKeHHs KOJIOHH H HEPEKPBITUH NPHHAMAETCH
[IAPHUPHLIM 4 JIPOCTPAHCTBEHHAs KECTKOCTh O0ecneunBaeTc
BEPTHKAJILHBIMH YCTOSMH — CBA3EBbHIMH NaHENaMH, AuadparmMamMu H
SIIPAMH  KECTKOCTH. B KOMOMHMPOBAHHBIX KapKacax B OOHOM
HANPABJCHHH XECTKOCTE 00eCIeYUBAETC BEPTHKANBHBIMH YCTOSIMH,
B IPYIOM — JKECTKHM COCAMHEHHEM KOJIOHH C PUTEJIIMHU, T.€. UMeeT
MECTO, KaK paMHble, TdK M IMIAPHUPHbIE CONPAKEHHSA KOJOHH C

CPEKPBITHIMHU.
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Puc.22. Cxema mnpocTtpaHcrBensHoro kapkaca (a) w

nonepeyHble pacuyeTHbie CXeMbl Ajs paMHoro (6) u cmaszeBoro (B)

KapKacos
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4.2. MeTons! yuera NOAaTAUBOCTH Y3JIOBBIX COMPAKCHMI

421. Pacuer ynpyrux CTaTH4YECKH HEONPEOCIUMBIX
KOHCTPYKLUH NOPOH3BOAUTCH JHOO METOAOM CuJl JH0O METOAOM
nepeMemieHHn. s KOHCTPYyKUMM ¢  MaJOM  CTATHYECKOM
HEOMPEeaeaAuMOCTRIO PEKOMEHAYETCH K UCIMONB30BAHUIO METO CHIL
Meroa nepeMeeHnii UMEeT NPENMYILECTBA IPH B PEHISHUIX CHCTEM
¢ OONBIION CTATHUYECKOH HEONPeAeMMOCTRIO HO C€ MAJIBIM
KOJHYECTBOM Y3JIOBBIX TOUEK.

4.2.2. B merone cun B oOmieM ciydae y4eT NONATIMBOCTH
V3JI0B NPOU3BOOUTCH NYyTEM CYMMHPOBAHUS IEPEMEIICHUM,
BBI3BAHHBIX  JAedOpMaLiMsIMH  CTEPXKHEHA H  MOJATIMBOCTBIO
COEIMHEHH . Ilpu bOpMHpPOBAHHE  OCHOBHOH  CHCTEMBI
OTOPACBHIBAIOTCA  JHMINHHE CBA3H B MNOJATIMBBIX  y371aX,
OrpaHy4YMBaIONINEe JIMHEHWHbIE MWK yraoBele aedpopManuH, B
3aBUCUMOCTH OT HCKOMOT'O NapaMmeTpa.

B cucremMe KaHOHUYECKHMX YPABHEHHMHM MNepeMelleHds B
OTOPOLIEHHBIX CBA3SX HE OOHYJIAIOTCH & INPUHUMAKTCA PaBHBIMU
NPOU3BEACHHIO NOAATIMBOCTH 3aleMJICHHUS Ha ONIOPHYIO PEaK1nio|4 ).
Hna  npocTediied CTaTU4YeCKH HEONMpPEAENMMON KOHCTPYKLUH,
MOKA3aHHON Ha PHC.23. CuCTeMa KAHOHHYECKMX YPABHEHHH ¢ YUETOM

NMOJATIMBOCTH ONOP MPH NOBOPOTE OYIAET HMETh BH!



—

Puc.23. PacuetHas cxeMa CTEpXHSA C JXXECTKO 3alHEMJICHHbLIMH
KOHLIaMH () U pacuyeTHas CXeMa CTEP>KHA ¢ YIIPYro-nmoaTJAUBbIMU

NpH NOBOPOTE onopamu (6)

[ 1
X1511 +X2612 + Ap :_Xl

X104y +X,6, +A,, = -4X,

. @2]

rae 05,012 1 O - NepeMeleHus] OT EAUHHYHBIX YCHIIHI;

X1 4 X 2 - peakiiuM B OTOPOIIEHHBIX CBA3AX C YHETOM IMOAATIUBOCTH

CONPSIKEHUH, PABHbIE:



X, =M, =2M, 2%““1 ;
W, -1
X, =M, =2M, QW;"IH,
aw -w, -1
371eCh
gl |
AJB:_—%@H? 1=1+ 'ld’
W =1+ : o
— —— ] = - .
’ 0 3ET

4.2.3.Pacdyer KOHCTPYKUHH ¢ NMOJATNHMBBLIMH Y3IaMH METONOM
nepeMeieHH NPOU3BOAUTC TAKMM Ke 00pa3oM, Kak M € KECTKHM
MM WapHUpHBIMHU y3naMi, 110aaTnuBOCTE y3/10B ¥ ONOP YYHUTHIBAETCA
NPU BBHIMMCJICHHH OMOPHBIX PEAKIMM HAJNOMKEHHBIX CBA3CH, KOTOPHIE
MOXHO OINpenenuTh, Hanpumep, M3 CHCTEMBl YpaBHEeHHH (25).
Tabmuupl ¢ GOpMyNIAMH TIO BBIYHCIICHHIO PEAKUOME B HAJOKEHHBIX
CBSI3SIX OT E€AUHHUYHBIX JIMHEHHBIX MM YIrJOBBIX NEPEMELICHUH
YIIPYTro NOAATIMBLIX ONOP nNpencrasieHs B padorte {4].

424 ]lna y4era nOAATAMBOCTH COMPSXEHHH B pPacHETHOH
cxeMe MKD peanpHble 1IBbI MEXKAY COODHBIMH KOHCTPYKLHSMH
CAeayeT NPEACTABASATh B BHJAE MOAATAHBBIX K.3., TCOMETPHUYECKHE H
XECTKOCTHbIE HapaMeTpsl KOTOPBIX MaKCHMAJbHO  OTBEYAIOT
XapAKTEPUCTHKAM DPeajIhHbBIX IHBOB HOPH PA3IMUHbIX CTaAMiaX

BO3BEAEHHS M HArPYKEHHs HeCcylleH cucTeMs! 3aanus (puc.22).
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B xadecTBe TaKHX 3NEMEHTOB MOXHO HCNOJb30BATh TUIOBLIE
CTEP)KHEBbIE H IUIOCKHE K.3.,, @ TaKXe CHeLHANIbHbIE 3JIEMEHTHI,
AMEIOLLHECS B IPUMEHIEMON NPUKIAAHOR HNPOrpamMmme.

4.2.5. T'eomerpuueckue pa3Mepsl K.3. CONMPAKECHUH CIEAYET, IO
BO3MOXHOCTH, HA3HA4YaTh PAaBHBIMH pa3MepaM peaibHBIX IIBOB, a
MEXaHMUYECKHE XapaKTepPUCTHKHU 3a71aBaTh TAKUM 00pa3omM, 4ToOBI HX
YIJIOBBIE W JIMHEHHBIC MEPEeMELICHHs OT COOTBETCTBYIOLHUX
eAHHHYHBIX HArpy30K ObLIH PAaBHBI MOAATIHBOCTAM PeaJibHbIX LIBOB.

4.2.6.J1n9 CTBIKOB KOJIOHH MeEXIy Co0OM IUIHHA 3JIEMEHTOBR
MOXKET OBITH NPHHITA PABHOW KOHCTPYKTHBHOH IJIHHE CONPSKEHUI
| =1,. IIoCKONBKY K.3. CONps>kKeHHI 00bIYHO OONEe NOJATIMBLI, YEM
NMPUMBIKAIOLUIHE JJIEMEHTHI, 3AeCh M Aajiee, MJIS HArIagHOCTH, OHH
u300pakeHrpl B BHAE NPYyxuH (puc.24,a).

4.2.7. Jns CTBIKOB puresnen ¢ kojoHHaMH (puc.24,0), a Taxxke
KeNne300eTOHHBIX 3JIEMEHTOB COOpHBIX AuadparM, 4ToOB COXPAHUTD
FeOMETPHIO CHCTEMBI HEOOXOOMMO BBOJUTH XKECTKHE DJIEMEHTHI
(BcTaBkH) AnMHOM, paBHOM

[.=b/2.

Jvina 30HBI CTBIKA, MM EIOLIas MOBLILICHHYIO
HePOPMATHBHOCTb, MOXKET OBITh PA3HOH B 3aBHCUMOCTH OT €ro
KOHCTPYKTHMBHOro pewmenusi. Kak 1nokazanm pacuyeTtsl, [IJIHMHA
KOHEYHOTr0 3JIEMEHTAa, MOJAEIMPYIOLIEr0 NONATIMBbLIM CTBHIK, HE

RoJoxHA ObiTe Oosiee 1/6H, rne H — BhICOTA CeueHUS pHIens.



0) E_ﬂOHHEIG INBEI “ Puremn
N '
: ié h
_ ‘ CBapHbie COCUHCHUS
 TIO ILTOTIEAY ONMpaHUs

I lit bc/z bo/z
> €

Puc. 24. Pacuernas CX€eMa CONpsoKeHMH  COOPHBIX
Keae300€TOHHBIX 371eMeHTOB g pacueta mo MKD: a) CTbikuU
KOJIOHHBI, 0) COmnpsixkeHue purens ¢ KOJOHHON



51

4.2.8. XapakTEepUCTHKH MNONATIUBOCTH K.3. B Y3JIOBLIX

CONPSKEHUAX PEKOMEHOYETCS TPUHAMATH U3 YCJIOBUS
1 1
B ; (26)
C@fe Cy

/14

rae C 4 1 C - x02ddUIeHTH )KECTKOCTH I 3aMEHSIOLIEro
KOHEYHOrO JIEMEHTA U IIBA (CONPsSKEHUS PULeNs ¢ KOJOHHOH).

4.2.8.YuuTteiBas, 4TO CABHUIOBbi€ AE(POPMALNH B CTEPIKHEBBIX
3IEMEHTaX BOooOOHIe, a OCOOEHHO Ha KOPOTKHUX Yy4dacTKax MIB4,
MPAKTUYECKH HE BJUAIOT Ha MNEPEMELICHHS KOHCTPYKUUHM npH
Ha3HA4YCHHH OePOpMALIMOHHBIX XapaKTEPUCTHK K.3. IUBOB OCTATOYHO
3alaHiE TPEX HE3aBHCHMBIX BEJMUYHH. JTO XapaKTEepPUCTHKHU
NOJATAUBOCTU IIBA MPH NECHMCTBUU MOMEHTOB B JIBYX ILUIOCKOCTAX H
IpH NEUCTBHY HOPMAJABLHOW CHIILL.

4.2.9.Ecnu B kauecTBE K.3. IUBOB UCNOJIL3YIOTCA ClIelHaIbHbIE
CTEP>KHEBLIE 3JIEMEHTHI, TO MX aePOopMauMOHHBIE XAPAKTEPHCTHKHU
33JIA10TCA, 4ame BCEro, HENoOCPeNCTBEHHO, KaK BEIUYUHBI,
XapaKTePUIYIOIUME  NEPEMELIEHHS OT  C€AUHHUYHOr0  YCHIIHA
(I0ODaTnuBOCTE) MAM YCHAHS OT EOMHHYHOTO IepPEMELIEHH
(xkectkocts). Ilpu nNpUMEHEHHH CTAHAAPTHBIX CTEPXKHEBBIX K.J., HX
CJlegyeT NpuHUMAThL NPAMOYTOJBHOrO cedyeHus. B 3TOM ciny4yae npu
3ANAHWH HNCXOJHBIX [HAHHBIX HMCHOJIB3VIOTCS TPH HE3aBHCHMBIX
Mapamerpa: BoicoTa (1) ¥ mupuHa (b) ceuenus ¥ MOYAb YNPYrocTd

(£), koTOpBIX ZOCTATOYHO AJI ONMMCAHUSA TPEOYEMBIX XapaKTEPHCTHK
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IUBOB. YKa3aHHbIE MapaMeTpbl MOXHO ONPEAETUTh HMCHOJB3YH
HM3BECTHhIE 3aBHCUMOCTH BBIPAKEHHS OCEBOH M U3rHOHOH KECTKOCTH

I8 NOPIMOYTOABHOIO CEeYEeHHNA uepe3 JHMHEUBYK) M YIJIOBYIO

nHoAaTTHBOCTL COOTBECTCTBCHHO B BHIE
r L, v 12, 1 121
C, Ebh’ C, Ebh*’ C, Eb’h D

oy

rne 1/C; 1/ Cam, 1/ Car - NOAATIMBOCTH CTHIKOB TIPH

NEHCTBHM HA HUX, COOTBETCTBEHHO, HOPMAJIbHOH CHIIBI, H3rudaroiero

MOMEHTa B mjockoctd ocu x” wm "y [,,b w h — TonmuHa mBa U

pasMepbl CEHEHHs KOHEUHOr 0 JieMenTa Broas oceit "x" u "y”
Torna uckOMBIE XapaKTEePHCTHKH CEHYEHUS ONMPEHNENATCas no

dbopMysTam




YucneHHble 3HAYEHUN OTUX BEJHYHMH IS KAOKOOrO TUMA
CONPAXKEHUA cleayeT MPUHUMATb HA OCHOBAHHH JKCIIEPHMEH TAJbHBIX
NAHHBIX WM 110 BBIPAXKECHHUAM IJ1.2 pacCMaTpuBas KaXIObIH y3€J Kak
COBOKYITHOCTb OTHEJIbHbIX 3JeMEHTOB. llpu 3ToM pexomeHnayercs
NPUHHUMATE HEKOTOPbIE€ YNPOLUCHUS, OCHOBAaHHBIE HA AaHAH3E
BO3MOIKHOTO HaNpPsXXKeHHO-Ne(MOPMUPOBAHHOTO COCTOSHHUS KaXIoi
Tpynibsl OQHOTUNHBIX Y3J0B W €ro BAHMAHUA Ha padoTy Hecyuieil
CHCTEMBI.

42.10 k1 conpsxxeHul pureaed ¢ KOJOHHAMH OCHOBHOE
BIUAHHE HA PaOOTY HECYLIEH CHCTEMbl KAPKACHOTO 3/1aHUS OKa3bIBAET
NOJATIMBOCTL VY3JIOB MNpPH [ACHCTBHH H3rMOaOUHX MOMEHTOB B
MIOCKOCTH pambl. JledOpPMATHUBHOCTD K€ TAKUX Y3JIOB ITPHU AECHCTBHH
Ha HHX MOMEHTOB M3 IUIOCKOCTH BAHAET Ha padOTy IJIOCKMX paM B
Menblueii crenedd. CooTBeTcTBEHHO BhIpaxkeHus (28) moryr ObITh
YOpOLiEeHs!. 1TOraa npu HaIW4YUU DKCIEPUMEHTAJNBbHBIX NAaHHBIX MO
BEIMYHUHAM COOTBETCTBYIOLMX  MNOAATIMBOCTEH ’KECTKOCTD
COCMUHEHMH MOXeT OBITh oOonpencneHa  Kak JJId  CIUIOLIHOrO

Xene300eTOHHOIO CEYEHHN ¢ NPHBEAEHHBIM 3HAYEHHEM MOIYJIA
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YIPYTOCTH. IJTO MO3BOJIMT NPH ONHCAHWUH K.3. CONPSDKEHHH C
MOMOLUBIO CTAHAAPTHBIX IJIEMEHTOB MPUHHMATL HX CEUEHHUS TAKHMH
XK€, KaKk B pHIresiax, a NPUBEIOECHHbIE 3HAUYCHHS MOOYJIEH yunpyrocTtd
Ha3Ha4aTh, HCXOMASA U3 3HAYECHUH NMOLNATIHBOCTH PEaibHBLIX IIBOB NPH

HX U3rHOe B COOTBETCTBYIOIIEH MIOCKOCTH N0 (hopmyIie

1 > (29)

rae / — MOMEHT MHEePLUHH NIPUHATOrO CeYeHus K.3. 1IBa.

4.2.11.B y3noBbiX cONpsxKeHUsIX COOPHBIX Keje300eTORHbIX
3JIEMEHTOB, B KOTOPHIX HauOOJbLICE BIMSHHE HA HANPAKEHHO-
nedhOpMUPOBAHHOE COCTOSIHME OKa3biBaeT RedOpPMATHBHOCThL IIPH
COBHT'€ H PACTKEHMH-COKATHH B IUIOCKOCTH, a4 CONPOTHBICHHE
KQXKJOro CONpAXKEeHNS MOMEHTY B 3TOH IMJIOCKOCTH M H3 ILNIOCKOCTH
MPaKTHYECKH OJM3KO K HymO, CONpsSKEHHE PEKOMEHIAYETCS
MOJEJIMPOBATE CTEPXKHEM, JKECTKO 3alleMJIEHHBIM OJHMM KOHLOM C
[HAPHUPOM HA APYromM. B CTaHHAPTHBIX ODPOrpaMMHBIX KOMILIEKCAX
NPEeAYCMOTPEHbI CHEHUAJIbHBIE K.J., NO3BOJIAIOUIAE HE3aBHCHMO
33/1aBaTh XKECTKOCTHLIE XaPAKTEPUCTUKH NPH PACTSIKEHUU-CIKATHH U

CIIBUIE.
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4.3.MHOrosTa)kHel€ paMbl KapKaca

4.3.1.1l1ockasg pacueTHas cXxeMa MHOTO3TAXHBIX CBS3EBBIX
KAPKACOB  IIPEACTaBIAET  KOMOMHUPOBAHHYX)  KOHCTPYKIHIO,
COCTOSLIYIO M3 PAMHOM 4YaCTH U CBSA3E€BOro J3JieMEeHTa - nuadparmsbl
keCcTKOCTH (puc.22,8). B pacuerHoil cxeme y3i1bl CONPSKEHHA PUTeJieH
M IJIUT € KOJOHHAMH NPH PACUETEC HA BEPTUKAIBHYK) HArpy3Ky BO
MHOTHX KOHCTPYKTHUBHBIX PEIICHUIX PEKOMEHAYETCS NPHHUMATD
mapHupHsiMU.  Ilpy  AeHCTBHH TOPHM3OHTAIBHOM HArpy3KH, B
pe3yJibTaT€ KOHCTPYKTHBHBIX (PaKkTOpPOB, ONMCAHHBLIX B pasaene 2,
BO3HHMKAET YACTHYHOE 3aLIEMJICHHE KOTOPOE OrpaHUYMBAET NOBOPOT
KOJJOHH OTHOCHTEJIEHO 3JIEMEHTOB COOPHOTrO IMEPEKPhITHA B
NPOAOIBHOM 5} NONEPEYHOM HaANPaBJICHHUAX. [Hosasnaenue
CONPOTHUBJIEHHS B3aHMHOMY MOBOPOTY JJEMEHTOB B  y3Jax
CONPSKEHHU A MOBBIIIAET KECTKOCTh NPOAOJILHBIX U MMOMEPEUHBIX PaM,
TEM CaMbIM Pa3rpyKas CBA3U U AuapparMel JKECTKOCTH.

YyeT YaCTHYHOrO 3alEMJIEHHUS MOXHO TIPOH3BOAUTH
BBEACHHEM HONOJHUTENBHBIX H3ri0alomuUX MOMEHTOB B INAPHUPHbBIEC
Y3JIbl CONPSIKEHMS PUreis ¢ KOJOHHOH, KaK 3TO MOKA3aHO HA puc.25,a,
MO0 BBEJEHHMEM B Y3€J JJIEMEHTA C MEHBbINEH XXECTKOCTBIO TO
CPaBHEHHIO C JKECTKOCThIO purens{puc. 25,0).

4.3.2. XapakTepUCTHKON 4YAaCTHYHOTO 3alleMJIEHUS HNPHHATA

BEIMYMHA nOJATJIMBOCTH conpsokeHHs (oOpatHas  BE/NIM4YMHA



a) 0)

MM MMMM MM,
m

=
m
R
MJ ly v fu
mmmm’ -

m—
h.

&

/

Puc.25 PacuyeTHpble CXEeMBI paM CBA3€BOr0 KapKaca ¢ y4eTOM YACTHYHOIO 33IEMJICHHS KOJIOHH B
NEePEKPLITHH: & - BBEIACHHE [JONOJHHUTENbHBIX ONOPHBIX MOMEHTOB B IHAPHUPHBIE Y3JIbI
CONpSKEHU pUrens C KOJIOHHOH, O - BBeJeHHE B pACUETHYIO CXEeMY YuaCTKa purens ¢
HOHMWKEHHOM KECTKOCTBEO
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ko3 duLMeHTa yriaoBoii xkecTkocTH). M3MeHeHNnsa nogaTauBoCTy y3na
CONPSXKEHHUSA PUTeIA C KOJOHHOH CBSA3€BOr0 Kapkaca BCJICACTBHE
NpPOABICHUS HEJIMHEHHOCTH HE3HAYHTENbHA H B TPAKTHYECKHX
pacyeTax MOXHO MNPUHUMATL KOIPPHIUMEHT YIIIOBOH >KECTKOCTH
CONPSKEHNS MOCTOSHHBIM .

4.3.3. Ycunus B 3JIEMEHTaAX PaMHBIX KapPKAaCOB CYLUECTBEHHO
H3MEHSIOTCA 33 CUYEeT HW3MEHEHHS COOTHOUIEHHUS JKECTKOCTEH
IEMEHTOB pamMbl B MPOLECCEe HArpyXeHHs (3KCIUIyaTauuu).
KecTKOCTE pPaMHOTO CONPSXKEHUS B MPOUECCE YBEIAUYCHUS
¥3rHdaoIEero MOMEHTa CHM)KAETCst 33 CYET NPOABJICHHS HEYNPYIrux
nepopMaliuil B pacTIHYTOH apMaType, B OeTOHE H 3aKJIaTHbIX AeTaJIX
CXKATOM 30HBI ONOpHOro ceveHus (cm.n. 2). B ¢BA3M ¢ 3TUM nipH
pacyeTe HA BEPTUKAIBHBIC HArPY3KH CIEAYET YYUTHIBATE IEPEMEHHYIO
MOAATIIMBOCTD CONPSIKEHUS PUTENA C KOJIOHHOHU.

4.3.4.OcHOBHas 4YacTh YCHWJMH B PaMHOM CONPSXECHUH
BO3HHKAET OT BEPTUKAJIBHBIX HArpy30K ¥ B PACTAHYTOH apMaType
AOCIYCKAIOTCH HANPIXKEHHUsI, COOTBETCTBYIOLIHE NMpPENEy TeKY4YeCTH.
Bcenencreue a3toro IPOUCXOOUT HaKOIMJIEHUE OCTATOYHBIX
AeQopManuii ¥ NPH JEHCTBHH 3HAKOMEPEMEHHBIX MOPH30HTAJIbHBIX
Harpyskax wumeer Mecto Oonpuias aedOpMATUBHOCTD CONPSKEHHS
PUrenst ¢ KOJOHHOM 110 CPaBHEHUIO C JXKECTKHM 3aiemiaeHueMm. Ha
OCHOBaHMM JITOrO IPH pacyeTe HA TOPHU3OHTAJILHBIE HArpys3KH

NOAATAUBOCTL, Y3JIOBBIX CONPSKEHUH MNEPEKPHITHS C KOJOHHOH
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CACAYET ONpeaACsiTh N0 MAKCUMAJIBHBIM YCHJIMSAM OT BEPTHKAJNBHBIX

HarpysoK.

4.4.Y4yeT HeIMHEUHOCTH NeDOPMUPOBAHUS CTEPIKHEBEIX

JNICMEHTOB

4.4.1 OU3NYECKYIO HEJIMHEHHOCTD nepoOpMHUpPOBAHU S
CTEPIXKHEBBIX JJIEMEHTOB B YIIPYTHX METOLAX PAaCUETa PEKOMEHIAYETCA
MPOU3BOAUTH HA OCHOBE UTEPALHNHU C OOHOBPEMEHHBIM H3IMEHEHUEM
reOMETPUH CEYEHHS 33 CUeT TPEeUMHOOOpa30BaAHMA H CHHIKEHHS
Moayas aedopmauuid OeToHa W apMaTypsl B COOTBETCTBHH C HX
auarpaMmamMu 1edopMHUPOBAHUS, BKIIOYAs HUCXOOAIIHME YUACTKH.

4.4.2 KOHCTPYKTHBHYIO HEJIMHEHHOCTE Oe(pOPMUPOBAHUS
Y3JOBbIX COTIPAXKEHHUH PEKOMEHOYETCS VYUYUTEIBATh YCTAHOBKOH
OAHOCTOPOHHHUX CBA3€H UM NMYTEM BBEACHHSA PA3AAUYHOU KECTKOCTH
CO€NMHEHHH B 3aBHCHMOCTH OT HANpPaBJIeHHS 1eDOPMUPOBAHUS.

4.4.3 1lpu pacuere pam METOOOM KOHEUYHBIX JIEMEHTOB yYyeT
HeJIMHEHHOCTH AedOpPMHPOBAHHSA LeNeco00pa3HO NPOH3BOIHUTHL C

MOMOLUBIO MEPEMEHHOr0 MOAYAS YIOPYIrOCTH HOPH HOCTOSHHOH

reoOMeTpUH CEedYeHHM Ha OCHOBe auarpammaMm M ——" Tlpu Takom

I,

MOJAXOZAE MOIYNb YNPYrocTH NpUOOpeTaeT KOMITJIEKCHBIH CMBIC.

XapaxkTep HU3MECHEHHS TNPUBEACHHOrO MOAYJIA YIPYrOoCTH JOJDKEH
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OCHOBBIBATHCSL  HA  peaJIbHBIX  CBOMCTBAX  MAaTEPHAJIOB H
KOHCTPYKTHBHBIX OCOOEHHOCTIX 3JIEMEHTA WJTH COTIPSIKSHHUS.

444 Ina vyuera wu3MeHeHus Ko3dduuueHTa YIJIOBOH
HECTKOCTH COIPSIKEHHS PHrefid ¢ KOJIOHHOH MOXHO ¢ JOCTaTOYHOH
TOYHOCTEIO MOKHO NPUHATH €r0 JIMHEHHYIO 3aBHCUMOCTL OT YIrIOBOU

neopMaLHer B BUAE:

Ccp = C¢90 “_Z_;( @0 +C¢JR)’ (30)

rne Ca - HayanpHbiH K03QPHUMEHT KEeCTKOCTH CTHIKA, C 4

M @r - KO3pPPHUHEHT IXKECTKOCTM CTHIKA M Yroj MOBOPOTa
COENMHEHHA B CTAAHH NPEAESHLHOH 110 HECYLeH CTOCOOHOCTH.

4.4.5. Tounoe onpenenexue H3rHOHOM XKECTKOCTH CTEPKHEBBIX
KENEe300ETOHHBIX  JJIEMEHTOB OCHOBAHO HA  pacHpeneNeHHH
NMPOJOJILHLIX nedopMalHii JJIEMEHTA 10 THITOTE3€ ILUIOCKHX CEYeHHI
H OIIpeAeICHNH HANIPSUKEHNH € HCNOJIL30BAHUEM ANTH POKCUMH PYIOLIHX
auarpamMm apmatypel 1 OeroHa. B xene3oberonHoOM H3rHbGaeMoMm
3IEMEHTE HEPAaBHOMEPHOCTb AedopMauuid BHONL 2JIEMEHTa IIpH
H3ru0e yuutbiBaercs KodpPuueHTaMu s B ¥z COOTBETCTBEHHO IJIs

apMarypsl u OeToHa.
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4.5.]Iuck nepexpeiTud H3 COOPHBIX I3IEMEHTOB

4.5.1 Pacyernpie cxeMbl COOpPHBIX OaNIOYHBIX IUCKOR
NEepeKPuITUN I PAcYETa Ha rOPU3OHTAJIbHBIE HATPY3KH, PpArMeHTs
KOTOPOrO IMOKa3aHbl Ha Puc.6,7, 3aBHCAT B OCHOBHOM OT TaKHX
(paKTOpPOB, KaK THUN NJHKTHI IEPEKPHITHS, KOHCTPYKIHH MPOAONBHBIX
IIBOB M ycioBu# onupanus [15,16,17,19,29-31]

4.5.2. Konuentpaumus nedopmMauuif NnNpOMCXOAUT B 30HAX
CONpsKEHHH COOPHBIX KOHCTPYKIHI, HA OCHOBAHHH 3TOF0 PACUETHYIO
MOJENL S4YeHKH NEePEKPLITHS PEKOMEHAYETCS NPEACTABIATh B BHIE
(puc.26) mnockoctHbIX (1) ©m  crepxHeBbiX (2) 3IEMEHTOB,
coeauHeHHBIX nRedopmupyembiMu CeBa3sMH  (3). VYuer paboTthr
NEePEeKPHITUS M3 CBOEH  IUIOCKOCTH  OPOM3BOAUTCS  OyTEM
UCMOJIB30OBAHUA B PAaCUYETHOM MOJENH TIACTHH M CBA3€H Kak
IPOCTPAHCTBEHHBIX IJIEMEHTOB.

4.5.3.TInocxocrtusie aemenTs! (1) MonenupyoT paboTy niuTh
B TOPH30HTANBHOM IIOCKOCTH H B PAacYETHON MOMEIH
NPEACTABNAOTCA KOHEYHBIMH DJJIEMEHTAMH THIIA «TUIMTA» HIH
«00om0uKa». XKecTKOCTh NNACTUHEI B CBOE#H INIOCKOCTH MO CPABHEHHUIO
C JK€CTKOCTBIO CBS3€H BO MHOrO pa3 Boiiie. OCHOBHbLIMY NapaMeTpamu
IS 3NMEMEHTOB (1) ABIAKOTCS reoOMEeTpus B MJIaHE W HA3HAYEHHME

NPUBEACHHON TOJIHHBI jis yuera paboTel MIACTHHBI HAa M3rud H

Kpy4eHue.
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Puc.26. PacuerHas wmonens sdelikd  nepekpbiTus (@) H CXEeMBl €€
bopmMupOBaHHS B CBOEH TIIJIOCKOCTH NpH OTCYTCTBHM (0) ¥ Hanuuuu (B)
3aMOJIHEHHS TIPOAOJIbHBIX IHBOB
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4.5.4. )KeCTKOCTHbIC XAPaKTEPUCTUKH CBs3eil (3) 3aBHUCAT OT
HanpasjeHus aePOpMHPOBAHUS, KOTOpPOE MOYKHO YCTaHOBHThL HA
OCHOBE aHa/u3a KHHEMATHYECKOM CXEeMbl NepeMEmEeRHH COOPHBIX
NeMeHTOB Aucka. B obmeM crnydae wMoryr ObITh ABE rpaHHYHbIE
CXeMbl. nepBad cxema (puc.26,0) BO3HUKAET NPH OTCYTCTBUH
3aMOJIHEHUST TNPOMAOJBHBIX IHBOB, TOTAd TOPU3OHTANBHBIC HATrPY3KH
NPUBOAAT K HE3aBHCUMOMY NaPaJUIeIbHOMY MOBOPOTY H CMELISHHUIO
ILIMT, BTOpas cxema (puc.26,B) - NpH MOJHOM OMOHOJHMYHBAHHH LUIBOB
M AJYeHKa TEpEeKphITHA WA O0ObeJHHEHHBIE IUBOM  IUIHTHI
nepeMelialoTed KaKk  eauHas miaacTuHa.  PexkoMenpaumu K
ONpENESHACHMIO NOJATIHBOCTH CBsA3ell NaHbl B rjiaBe 2.

4.5.5.B cocTaBe nucka MmepexphuiTHS TEeMINEepaTypHoro Onoka
3NaHUS YCJIOBHA pa0bOThl AYEHKH MepekphITHA OyAyT 3aBUCETh OT
Pa3sMEpPOB CETKHM KOJIOHH M PACNIONIOXKEHUS €€ B IJIaHe 30aHusl. dueiika
KpalHero psaga KOJOHH, SYeWKa CpeaHero psaaa, sueHka
IIPHMBIKAIOUIAA HENOCPEACTBEHHO K JHadparMe >>XECTKOCTH HIIH
JIECTHHYHOHN LIaXTe. JTO B CBOIO OuUE€peAb ONpPEeNesaer KOJHYECTBO
HAJIOXKEHHBIX CBA3EH MEXKAY SYEHKAMU.

4.5.6.IIpy ucrnonb30BaHHH B Ka4ECTBE PACUYETHBIX MOJieneH
COOPHBIX AUCKOB MEPEKPHITHH CIJIOINHBIX OJAHOPOAHBIX MIACTUH, y4€ET
NMOAATIMBOCTH CONPS>KEHHH  PEKOMEHAYETCA  HNPOHU3BOAUTH
NOHMXEHMEM MOMAYJA VYOPYrOCTH Marepuaja mnepeKphiTUi Ha

BeM4YUHY KO3pPrunenta Kg, KOTOPBIN ONIpEeAeNAeTCs NO BHIPAKEHHIO
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_Jg
Kp = £, (31)
P
rie Jfc #u fp - nporubdel mepekpeiTUS B TOPH30HTAIBHOM

MIOCKOCTH MO MOJeJH KaK CIIIOWHOM NJACTHHBI U 1O NMJIACTUHYATO-

CTEPKHEBOM MOJEJIHM COOTBETCTBEHHO.
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5.IIPUMEPBI PACYETA

B BacrosgmeMm paznesie npuBeneHbl NPUMEPhLI ONPEAEEHHS
NOJATAMBOCTH CTHIKOB TMIIOBBIX X€JIe300€TOHHBIX KOHCTDPYKI[HH
4aCTO BCTPEUAIOUIMXCH B IIPAKTHKE NPOEKTUPOBAHMA. JlaHbI npuMepsI
pacyeTa NAOCKON MonepeyHoi paMbl CBA3EBOrO KapKaca u (pparMeHTa
AUCKA TMEPEKPHITHA U3 MHOCOMYCTOTHBIX I[UIMHT HA [OCHCTBUE
eAMHMYHBIX FOPU3OHTAJIBHBIX  Harpysok. XapaKTePUCTUKH
NOJATIUBOCTH 3AKJAAHBIX AETAJICH NPHHATHI I10 IKCIIEPUMEHTANbHBIM
navupiMm HUMDKD u OAQ ITHHUUIIpomsganuy.

Ipamep 1.0npeneniTsb JIMHEHHYIO NOAATIANBOCTD
BEPTUKAILHOIO CThIKAa KOJIOHH, HOKa3aHHOro Ha puc. 27. UcxonHsie
NaHHbIE. CeéyeHHe KONMOHH 40x40cm; OeroH TsKenbit xjnacca B20 c
HaYaJIbHEIM MonayjieMm pAebopmauuii £=24000MIla, npononvHas

apMmatypa H3 cranu xjacca Alll 4028 — As=24,63cm’,
Es=200000MI1a; xko3pdunuent v=043.

Koadduuuent nprBeaeHus paBeH

E. 200000
o =— =

=833,
E, 24000

[TopaTnuBOCTH CTHIKA PABHA
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1 2x15
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C, 0,45x2400x(40x40-4x10x10+8,33x24,63)
e Z = 253x10° %
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Puc. 27. IlpuMep BEPTHKANBHOIO CTHIKA KOJIOHHBI

Hpumep 2. Onpenennts KOIPOUIHEHT YriIOBOH KECTKOCTH
y3na conpsKeHHs pHresis ¢ KOJOHHOM CBS3eBOro KapKaca ¢ BEpXHEH
HakagkoH, NOka3aHHOro Ha puc.3,a. Ucxonueie ganHbie: miowans
CeueHus Haxnanku Av=6cm’; MOOyJb ynpyroctd kEx=2,1 x1 0° kH/cam’,

i LY q
KECTKOCTh OMOPHOM 3aKNanHOM gneranu npu capure Gz=2,5x10
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kH/cM, pabouast BeicOTa ceuenus cteika hp=27cm. IlpomonsHoe
YCHJIME B pUresie OT TOPH30HTAJILHOMU BETPOBOU HArpys3ku N=23kH.
[IpenenvHpili  M3rudarOMiH MOMEHT, BOCIHPHHHMAaeMblii

CCUCHHECM CTbhiKA
M =ARh =6x21x27=340XHcm

Koagpdunment yrioBoii )KeCTKOCTH CONPAKEHH

Com T 015x10kH
o= T 12 1 M

+ —
6x21x10" 25x10’

KosQpuiiueHT YIrJIOBOH KECTKOCTH HEOMOHOJHYESHHOro

COMPSIKEHUs NMPH AeHCTBHH 00OpATHOTO MOMEHTA ONPEACSIIHM C YUETOM

NPONOJIBbHOIO H3rnba BepxHeil miacTiHs. IIpy ruOKOCTH ILIaCTHHDI

zzf _2x12x173
h 0,6

KO3 IUITHEHT YIIIOBOH JKECTKOCTH CONPIKEHUS

=692,

C =~ 2T 014x107kHe
o= 2 1 "

08x6x21x10° 25x10°

Bnusaue npoaoJIbHONH CUIIBI HA XXECTKOCTh CONPAKEeHUs
OIPEnesIMM B NPEANONIOKEHHH, YTO CUJIA JEeHCTBYET B YPOBHE

ONOPHOH 3aKnanHou aeranu (e=0). Torna
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3402 27
=——=1479cm Ky =1, K,,=1-——=08L

KoadduuueHT yrinoBo# >KXECTKOCTH CONPIXKEHHS C y4eTOM

POAOJIbHOH CHIIbI

27°

12 +0,81x 1

6x2,1x10° 1,2x10°

Cy= =O,18><107KHCM_

Ipamep 3. Onpenenuts K03PPUIHESHT YIIAOBOH KECTKOCTH
OMOHOJIMMEHHOTO Y3JIa CONPIAKEHHS PHUresis ¢ KOJOHHOMN CBS3€BOr0O
kapkaca Oe3 BepxHeH HaKJIaJAKH, NMOKa3aHHOro Ha puc.3,0, npwu
nercTBHH 00paTHOro MoMmenTa. Mcxonuele naHHbie. paboyvas BeICOTA,
IDHPHHA U TOJIUMHA CeUESHUS CThIKA Ng=30cm, b=30cMm, d=2cm; OeTOH
mBa kaacca B12,5 ¢ moaynem ynpyroct Eg=21 00xH/cM’, sxecTKOCTS
ONOPHOI 3aKnagHoi nerany npu caeure Gz=2,5x10° kH/cm.

[IpuruMas smoOpy cxaToro 0ETOHA INBA TPEYroJabHOH GOpMBI

BbICOTA CXKATOM 30HBLI ONMPENENUTbCA HAa OCHOBE IHNOTE3bI ILUIOCKHUX

CEYSHHH 110 BBIPAKEHHIO
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G,d
viv . b

N 2G ,dh,
VE 2 b

G,d\
vE b
( 2500 x 2 )2 2 x 2500 x 2% 30

+
0,45 x 2100 x 30 0,45 x 2100 x 30

~ 2500 x 2
0.45x 2100 x 30

KoadduumeHT yrnopoit :KeCTKOCTH CONPAKEHMS

o

= 3. 1lcm.

30°
Co=— 2 1

- + —
0,45x2100x31x30x0,5 2,5x10°

=0,2x10"kHcwm.

IIpamep 4. Onpenemute K03bPHIUEHT YIrIOBOH KECTKOCTH
PaMHOTO COMPSOKEHHS PHIeJIS C KOJIOHHOM, MOKAa3aHHOTO HA puC.4,0 B
HAa4aJIbHOM CTAZMM M TIPH AEHCTBHH pacuHeTHbIX Harpy3ok. Ilponer

puresnss NPpHHUMAeTCs paBHbIM OM. BepxHsas pacrsadHyTas apmarypa

BhimosHeHa M3 3036 AlllL Monayns yrnpyroctd apMarypel
Es=2,1x10°MI1a, As=3 0,54cMm’. CoenuHeHHE OCYLIECTBIEHO CBAPKOil

ONMOpPHOW 3aKkjafHON AETANH, BaHHOM CBAPKOH BBIMYCKOB BEpPXHEH
apMaTypbi U NMPUBAPKHA AONOJHMUTEIbHBIX COSAUHUTENBHBIX ILIACTUH

no OOKaM KOHCONMM H3 JucrosoM ctanu ceuenmeM 100x10MM.
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W ecTKOCTb ONMOPHON 3aKNAAHOH HETAIM NPH CABHre NPHHHMAEM

paBHoﬁ Gz=2 x10° kH/cM.

PaccMOTpUM MOHTOXXHYIO CTAAMIO IpH OTCYTCTBHHM Oerona
OMOHOJMYHBAHUA. B cootBercTBHM C puc. 4,6 B cxaToii 30HE npH
BEPTHKAJIBLHBIX HArpy3kax CONPOTHBJIEHHE OKa3biBa€T CBapHOE
COEHHEHHE 110 OMOPHOM 3aKJAAHOHN ACTANH H HAKJAAKH U3 JJUCTOBOH

CTaJIH, PaBHbBIE
Np =A0G,;, Ny, =A,B;g,

4
e B, A E, 1_(_)_x2__><2_,1><_lq _1ax10° XL K’H

L, 3 M

BripaxkeHue mist u3rudaomero MOMEHTa B OITIOPHOM CEUEHH U

OTHOCHUTEILHO LIEHTPA TSHKECTH PACTAHYTOU apMATYPhl ONPEACAUTHCH

10 BBIPAKEHHUIO
M=G,-A+-Z,+By-A,-Z,,.

[IpuBenennoe 3HaueHHe IUIEYA BHYTPEHHEH mNapsl CHJI

ONpeneauM U3 YCIOBHS

G 23y 110 XL 4 14x10° x46
X X -+ X ¢
M ZZR2 74R2 46 1,

N
l

!

H

+B, 2><105>< 1,4><105
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KoadppruueHT XKECTKOCTH CTHIKA B HAYAIBHOH CTaAMH MPH

pacdeTHOH cBODOHON IMHE pacTAHYTOH apMaTypsl J;s=17cm paBer

4177 ,
C =— > =47x]
© ="17%09 ) 1 - 1 4,7x10" kHen
6108x10° 2x10° 14x10°

Koapduumnent yrinoBoi )XeCTKOCTH CTHIKA B CTaAUH OMHM3KOH K
IpeneJibHOH ONpeaesuM NO BeJMYHHE yrja NOBOPOTA OMOPHOro
CeUYEHHUsd COOTBETCTBYIOIIEro AONYCTUMOMY NMPOTHOY KOHCTPYKLHH
NpH pPaBHOMEPHO pacnpeneneHHoOH Harpyske. Ilpm f=I1/200 yron

[IOBOPOTa ONOPHOro ceyeHus cocrasut ¢p=0,016.

Hecymas cnmocoOHOCTH Yy3JIOBOTO  CONPSKEHHS  PaBHA
M = AR Z, ;= 30,54 x36,5x 41,69 = 46472,26xHcm.

KoadduuuerT yrnoBodi KECTKOCTH, COOTBETCTBYIOLIN

NPEeAeJIbHOMY ITOBOPOTY ONIOPHOT'O CEYEHHS COCTABHT

4647226
C o =-—A-{I—-=-——6-—-—-—-—-2’ = 2.9x10"kHcem.
0, 0,016

HedopMaTUBHOCTb PAMHOTO y3Ja 06ecrneunBaeTcs B OCHOBHOM
PacTAHYTOH apMarTrypoil, MNOCKOJBKY CyMMapHbie Aaedpopmannu
3aKaaHbIX [eTajlel B PaCCMATPUBACMOH KOHCTPYKUHH y3ja, Kak
MOKA3bIBAIOT 3KCcnepumeHnTsl npoeeneHnnie B ITHWHIIpom3ganui,

HEeBEJIUKK. llpH OMOHONMUYMBAHMH LIBOB XKECTKOCTh CHXKATOH 30HBI
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yREMMUATC & WX YYer HE CYINCCTBEHHO CKAXETCH HA CHIDKCHWW
xoa(pdurmenTa yrioBon XeCTKOCTH.

Hpumep S.Oupexeims Ha CKONBKO YBEHAYATCH UPOIETHLIS
moMentTsl B Oaike ¢ wnoypammsmMm 3amemuenneMm (cm.puc.23) uo
CPABHEHKIO ¢ OANKON € MECTKO 3amemMucHanMu oropamu. Mexonmusie
JAHHLIC, PAres  upoyueToM  |=6m u3 Oerona xiacca B30,
13,},:--:3250#H/CM2 . MOMEHT MHEPUMK ceuerms puareis J—29465 2, Tom®,
ITpuaamaem X03(pQuumentrl yriuoBoH XeCcTkocTa w3 upamepa 4
Card, 7510 kHem w Cag-2,9x10 kHem .

Boraucisem napaMerpss st CHCTEMbl ypaBreani (25)

600 |
3x3250x 2946527 J’(‘HC.M
W =W, =1+-——--=1106
2 X 4,7
Hsrnbaromuii MoMenT Ha onope
, | 2x1106—1
Mg, =2M,, e = (0,62M,.

4x1.106%1106—1

Coornomene MOMEHTOB COCTaBNT

ql
M ..., 12
M%Uf R l” > = 1,07 .
SUP 0 62 q

g



72

Taxum 00pa3zoM CHUMXEHME OTOPHLIX MOMEHTOR B VIPYroM
cragmm cocrasiger Bcero 7%. Ilpm womwmxenmn xoaddpuimenta
YIIOBOUH XKECTKOCTH CTHKOB  n0 3pavecHus Car2 9x! 0'xlHem  n
M3rHOHOM KECTKOCTH 32 cHeT O00pa30BaHUf M PACKPHITHS TPEIMH
CHIOKCHHE OOPHOr0 MOMEHTAa MoXeT nocturark 34%.

Mpamep 6. Onpeaeimrs, Xax  M3MEHATCH  POrudObI
TPEXITAMHOMN JBYX DPONCTHOH pamsr (PrcC.28,a) OT 1OPHM3OHTAILHOM
HArPY3IKHA UPH YIETE BOZHUKHOBCHUS OJIHOCTOPOHHEI'O MOAALIMBOIO
AMEMICHMS B y3JaX COUPSKEHMs pureds ¢ KoJOHHON. Benmwvany

kOd(pdunmenTa  yruopoOH  ECTKOCTM  NPUHHMACM  PaBHbBIM

Cw0,2x10 "k H/cm. Mlexoymnie napnmie; KoMouus: ceuennreM 40x40 u3

Geroma xiacca B20 (Fa=2700cH/cMm’) apmupopauamic 4022
AN As=15,2cM”); paresn THIOBRIE BRICOTOMN 45cM u3 Gerona xnacca
BZ5(E};~3000KH/CM?), APMUPOBAHHLIC HPEHHAUPIKCHHOR apMATYPOM
42520 ATV (Es=19000xH/cm”). V3NOBHIE CONPSIKERIst BRIOIHEHbL TO
puc.3,a.

Pacuer paMnl DpOou3BO/MM METONOM KOHEUHBIX MJIEMEHTOR ¢
HCUOh30BAHMEM IporpaMmmBoro xommnexca Jlupa Windows. Yuer
HPOXOSBLHOU  APMATYPhl B CCUCHHUIX AJEMEHTOB  UPOM3IBOMM

M3MEHEHMEM MOAYIIS YyUPyrocta 6eTorna ¢ noMOoubI0 K03ddunucnra

2

]
YO
K Ji ]
J By
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a) 6)

1V PP,

02 04 08 08 1
Mpornbul pasty, Fiman/Fi

1 -1
4022 Alll

Puc.28. Pacuersass cxema pamm (a), rpadux unporubos o

ropusonramsHoi parpyskm (0) ¥ nouepeunnie CEUCHMS SIEMEHTOB

pamer ()
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€ Jreqi 1 Jpi — MOMEHTHBI HMHEPUMH CEYEHHM C YYCTOM
IPOAOJIGHOIO APMHUPOBABUS U TOJBKO IS OETOHHOI'O CEYEeHMSI.

OnpenensieM reoMeTPHYECKHE XAPAKTEPHCTHKH CEUCHMH
aneMeHTOB pamel (puc.2.ILB):

KOJIOHHBI.

A =40x40+- 2009, 152 =170%r¢;

2700

4
J :% =2133333cem’;

J. . =2133338+7,03x2x7,6x17 =2442147cM’;

1
K, 244047,
213338

PUTEJIIS:

A, =30x30+53,5%22 =1867cm”;

A,ogn = 1867 + 7,03 % (12,56 + 4,02) = 1983cm™;

Sy =30x23x (22 +11,5)+53,5% 22 x11 =36062cm’;
S oan = 36062 +7,03x (12,56 x 4,5 + 4,02 x 42) =

= 37645,9cm’;

36062 o 376459
1867 7% Vyrear T T 903

Yor = = 18,9cm;
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3
= 30 T 245
+23,5%22x(19,3-11)" =298104cm*;
J o =227812.5+30x 45x (22,5-18,9) + 208523 +
+235%22x (18,9~ 11)° +7,03 x 4,02 x (43 —18,9)” +
+7,03%12,56 x (18,9 - 4,5)° =333150cm*;

333150
K= ’
298104

3
+30%x45%(22,5-19,3) + 235%22° |

12

=1117.

Monynua ynpyro¢Ti KOJIOHHBI B PUIEIIS COCTABAT

E, . =2700x114=3078/cr’;

]

E_.=3000x1117=335kH /.

¥

1ToCckONIBKY 3a7a4a CTOUT B OIIPECIICHHNA CTEIICHH BIHSHUAA
JACTHYHOI'O 3alEMIIEHUSI HA MPOTHOEl paMbl PACUYCT NPOU3BOAUM HA
CAUHHUYHbIC FOPU3OHTANLHEIE HAIPY3KHL.

Pa3z0uBky paMbpl HA KOHEYHBIE JICMCHTBI IPOU3BOJUM
caenyroummm o0pazoM: NIMHA JJIEMEHTOB PUrelsl IIPUHUMACTCSH
pPaBHOM BBICOTE T.€ [R=45CM; JUIMBY IEMEHTA, MOJICIIUPYIOLIETO

IIOAATINBOE 3aIECMIICHUE IIPUHUMACM PABHBIM
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L =0, 1h: =4, 5¢cm; jmaBa KXOHESYHLIX AJIEMEHTOB KOJOHHBI COOTBETCIBYET
BHICOTE ITaXKA. Hpueepeunp MOMYIL  YOPYIOCTH JJIEMEHTA

COUPSOKEHUN ONpPeASTIuThcs 10 popmyie (29)

_ 45%02x10
o = ,.._:,fp?__ ><10’ = 30l Al

Pegyimrarsl pacdera NpPENCTaBICHLI B BHWIE rpaduxa va
puc.28,0, rne ymmma (1) coorsercreyer npormbaM upHm  BCCX
MAPHUPHBIX COMPSOKSHUAX PHICIS ¢ KOJOHHOK ¥ jimHus (2) nporudam
OPH YICTE YACTHYHOI0 OITHOCTOPOHHCIO 3ACMIECHU S KOJOH B V3JIAX
conpsoxenust. Crmxesme uporn0oOB  OT rOPH3OHTAILHOH Harpy3Ky
cocrasuio  70%.JIpn  drom  m3rmbaionmue MOMEHTHI B YPOBHE
FANCMJICHEN KOJOBH B (DYIIaMCHTAX. CHUBHIKCEH B JIBA Pa3a.

Hpumep 7. Ouenurs xKecrkocts dparMenra HePCKPhITHS U3
THUOBRIX MHOrOUYCTOTHRIX IUIMT B CBOSH 1JIOCKOCTH XPH JEHCTBUM
FOPU3OHTANLHON RATPYIKH. DparMenT HePeKPHITHSL, TOKAZANHLIM HA
puc.29,a, COCTOUT N3 JRYX AHECK O HATH IJIMT B XKax(Ou. Paccrosnme
MEXAY KOXOHBaMu  cocrasiger Om.  Ihoarsm  onuparores  ua
xKene300eTonmnnie purenn. STucixu 0OheMHEHEB! CBA3CBON apMaTypon
D18 Al uo xpaitamm wmaram pacuopkam. Lnursl BeInOIHEHH M3
Oerona xnacca B20, xapaxrepuctuxu parencii s3sTel 13 upumepa O.
Pacver  npou3BOigM  MOTONMOM  KOHEUHLIX  JJEMEHTOB  ©

MCIIOJIb30BAHMEM IPOrpaMMBOro xkomuexca Jiupa Wimdows.
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Puc. 29, ®parment COOPHOro NEPEXPLITHSE K3 MEOTOIYCTOTHBIX IUTAT
(a), pacuernas MoOmeNL UEPEKPHITHE UPH OTCYTCTBHM O€ToHa

OMOHOMBanus B 1BAX (0) ¥ HPU OMOHONMIUBAHIE MPOAOIBHLLX
IBORB (B)
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HeoOxomuamo paccmorpers Jise cxeMmbl padoThl dparmMenra
nepexpuiTus: 063 yJera HPOOIHHBIX MEXNJIMTHLIX JUBOB 7T.€. Ha
CTAJIH MOHTAXKA U € YICTOM OMOHOIAYHBAVMS LIBOB.

HpuauMaem, aro puareimm pparMesra DEPEexprITAsS 0O KpasM
ONHAPAIOTCH HA HE CMEUIACMBIE B FOPU3OHTANBHOR MIOCKOCTH OUOPLI.
LopuzonTansuas CHauuanas HaIPy3Ka NeHCIBYEST 10 JHHNHE CPE/HEr
parens (puc.29,6).

Pacuernas Moneis hparMenTa HSpeKpHTHS I MOHTANKHOM
CTa UM MOKA3AHA Ha Puc.29,0 Ha KOTOPOH INACTHHBL MOJEIAPYIOT
COOpHBIE NMIUTRI UEPEKPHITHS, CTEPIKHEBLIC IMCMENThl - PHIEIIM,
MOAATINBRIEC CBA3K  B3aHMOMCHCTBHE MEN)Y UIATAME ¥ PUMLEISIMMU.
B3aumMOaecTBIEM MEXNY YLUIEMTAME BJIOML UPOJONBHBIX IMBOB HA
Crapmad MOHTaXa u3-3a Manocta upeneOperaem. Jiis roro, 4robml
HCKINOMMTL  CABRMI  IUIAT  BJIONL HAUPABICHES PUICICH BBOJMM
NOTOHE CCIHELIE  JArOHANBHLIM SIEMCHT COC/MBSIOIMM Ty M
parex: B Topne  kaxyon el (pue.29,0). Kecrkocrr
JOUQHATCHRIRIX CTCPIKUEH 3aBC/IOMO BasnagaeM O00Jmruoi. Vaxkum
00pa3OM  UOAATIHBHIC CBS3E  PadOTADT UPAKTHIECKH TONLKO HA

PACTIKCTHE-CIKATUC.

Jmany HoNaTHEBRIX CBA3CH HPHIMMASM pasaou 17cM.
LIorosnas vo@anmBOCTh MO OMOPHLIM INIOMA/KaM 32 CHET CHJI

TPEHMST W CICIDICHHS UpHEMMaeM 1o jaoosiv  [2]  pasaon

1/Cr~5,56x10“cm’/xcH. BaaumoneHcraue no OUOPHLIM TIOMANKAM
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MOJICTHUPYEM B BHIE 2X crepxHen (apmarypa xiacca Alll) mromane

CEUCHUS! KOTOPBIX € YUYE€TOM MUPUHL! BTl 1,0M paspa

I (At S T VYR ]

2><20000><5 56><]0 2

Ifo mmrram pacnopkam ¢ yY€TOM  B3aEMOJCHCTBMS 110
ONMOPHLIM MIJIOLAXKAM B PACYCTHON MOMAEHM UPHHMMACM JMaMeTp
CTEPIKHEH 2,2CM. XaPAKTCPHCTIKH HUEMEHTOB MOACIH HPEHCTABICHDLI

B Ta0imne 1.

Tabmana 1

e e = gk o ey £ T | - =

Ne | Haumenoman | (DopMa

EEC OTET N F B ey o il BT neyt— - —frr—- bl " kel W g

~ BricoTa ] Hlupuna, ] Mony.ub

/i | me seMenTa | ceuenms | (mam.), M yIIp. :
CM | | x10°
SRS AU SO b xHew
| 2 | 3 4 5 6
1. | Ilmra Ipsim- 13 2,7
2. | Parenn HHK 45 33,5 3,0
3. | Jhaaronaneaa Tasp 20 20 20
1 CBA3L HA Kpanpar
4. | onopax 2,2 20
5. | Ceasenas Kpyr 1,2 20
| apMmapa Kpyr
6. | CBa3p no 22 37.5 2.1 |
| | OIOPHBIM 1psim- ,
7. | nnonaxam HUK 13 2,1
Topnesou ,
INOB IIPU LHipsmv- |'
CKATHH HUK |
IIpopoinnsii |
L. | HIOB B | S -
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Pesynnratel pacueTa npecTaBicHnl B 1admune 2, rue nanml
3HAYCHMS TEPESMEINCHUM CPEaHeroy puresss M yCuwims B HauOdoNee

PACTSHYTON CBA3ECBOR apMarype.

Tabnana 2
No Maxcuamaibpabie | MaxcuMaibHbIe
/1 XapaxrepucTuxa nepeMenenns, yCUIs B
PACHCTHON CM CBH3CBOH
o momem 4| apmatype, kH
| 2 3 4
1 et rm e R e By
OMOBOJIAICHEL | 0.4 4.8
| 2. | OMoBomaacHns TOJLKO 4.4 3.5
TOPIERLIE TR
3. | OMoposmacunt  TONLKO 1.8 2.5
UPOAOIBLHBIC IBHL |
A | Beenmer omomoymaenet | L1 2,01

PesyanTarsl pacuera NOXA3KIBAKT, 90 B MONTAKHOH CTauM
JMCK  epexkpmtas  00Najaer cynmecrBeHHON IehopMaTuBBOCTLED.
HauOoupmee sagspme A3 KECTKOCTS JIHCKA OKA3hIBACT COCTOSHAC
HPONOIMRHBIX.  MBOB, lipy BX  KAYCCTBEHHOM  OMOBQJAIEBAME

FOPA3OHTAILELIC HEPEMEICHMA MOI'Y'T CHUMXATHCA B D Pas,
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