
Anna
Печатная машинка
Для приобретения полной версии обращайтесь http://hnugh.b77.net.ua/contact-us/



IO POAEIIKI4I,I fuiexcanAp Cepreennu,

AoKTop rexHr4\recKr4x HayK, npoQeccop.

O6lacrn Ha) {Hbrx r,rHTepecoB:

uu@opvrarlu oHHbre rexHoJrorr4rr

npoeKTrlpoBaHprrr o6rercros crpor4TenbcrBa

E-mail: alex-gor@gor. kiev. ua

IIIMyKIIEP Baneprafi CeueHoBrrt,

AoKTop rexHr4qecKr,rx HayK, npo@eccop.

O6lacrr Haf{Hbrx t4 HTepecoB :

KOHCTpyKTI4BHbIe Cr4CTeMbr, MeTOAbr HX

pacqeTa r,r OIITI,IMId3AUJ'{VT

E-mail: V Shmukler@hotmail.com

B O HIAPEB fuiexcaHAp B"ua,qnunpoBrilt,

MarrrcTp.

O6lacrr Ha) {HbIX LIHTepecoB:

cr4cTeMbl aBToMaTH3I,IpOBaHHOTO pacqeTa

xoucrpyrqurZ

E-mail: alex bond@uafm

Anna
Печатная машинка
Для приобретения полной версии обращайтесь http://hnugh.b77.net.ua/contact-us/



A.C. I-OPOAEUIfl4U, B.C. IIIMyKJIEP, A.B. EOHAAPBB

T4HOOPMATII4OHHbTE TEXHOJTOI Vrr4

PACTIETA T4 IIPOEKTI,IPOBAHVIfl

crPolrrErbHbrx KOHC TPyK rryrtrr

PercoprenAoBaH o MnnucrepcrBoM o6pa-ronatrns' H

Hayr(H Yrcpanuu B Kaqec'rBe ytls6uoro noco6uc

Anr qyAeHToB BblcIrIHX y're6Hslx raseAcHlafr

Knen - XaprKoB
2003

Anna
Печатная машинка
Для приобретения полной версии обращайтесь http://hnugh.b77.net.ua/contact-us/



EE,K 38.2
r70

vnrc Zz+.0+teir324'06:721'01 I '1

p e u e H 3 e H r br : l#ffi;::.ffif;,*-l:::Jl;,::ffIl::lltJ?;
3acnyxeutlutil AecreJlb HayKH l'l TexHuKH VrpaHHst' naype

npeMuH YrpauHul n o6nacru HayKll vt TexHl'tKH' naype

HM. aKaAeMnrca /ununrca' A-P TexH- n"y*' npo$eccop A;O' Paccrcaroe

f pnQBb'|AaHH:J;:[fr ilr-:i-'ff :TlTJrX?rcuYrcpanHr'r'

r 70 
ropoaeq*.nnf;,i;Hl ";mru;uJ"" *o'renbHbrx KoHcrpvK-

uuil' Yqe6Hoe noco6ue'

ISBN 966-593'309-4 - ...^^-r.6rr'nurlr' TexHoJIolHtM pac-

KHxra npeAcraBnre'r co5ofi yue6Hoe i-::Liy""oe 
noco6re no nnQopuauHoHHblM rexH(

qer?HUjrur*:ffi x'#"lffiilillTi:^...1ff [r#l#;:"Trff :Hru?*"-l'prHb*HAo-
poxHblx Qaxynrr.eroB 

yHHBepc't*'", n"*"*'"poe' 'un"t'* 
cTporreflbH"'" npot*"poBaHHeM' HayqHblx pa-

6otrnros, npefloAa n,pean
B xsnre noc Mexatl

MeHeHHe .:ue PeueH .36uHll
KoHcrpyKuxil' a rar lBToMaTH3llpoBaHHblr 

rexHoJlor

AIIMble KOMMeHTapHll'

eco6oto:T"H^.-'iAosiAxoguilnoci6HrrxsirrQopuauiilttllx.rexuonoriilporpaxyHKyI

AJIIunpoKoroKorla'rrraqit:t"yo"{t:lliiaenuut'lx'rpaHcnoprHnxiAopoxutx
n, iuxenepin, safiH'T$x ovoi"*"""" npo", y"I."*"", *uv*onuig, suKlaAaqis i ac-

eueH'rie, ftoro racrocYBanHn

PMyerbct, i reoPiT KoHCTPYK-

u. BnrcnaAeHo nPHHunnH no-

iK'ryBaHHt ronctPYxuifi ' Oco-

6rrrga Ynara nPHAI

Y xnxlt HaBetreHa 3HatlHa rinurcicru-npuxl.

npn'u'ari'' otpopuneHo I ::ffirT;ilX"":"T:ilPA i noaasa v BHrtrAt e*pa

iHsoPvauiro nPo (lYttxutottYt

ueo6xinHi KOMeHTapr' ign of building structures'

rhis is a r ii<ling departments of universt-

This boo near and
ties, civil and str in struc-

The boo 
s and de-

nonlinear mecha

:l;X#"""' ffiffif,lT':;;J:structured
as a *aining ma 

@ A'c' I-oponeuxtlfi' 2003

ISBN 966-593-309-4 B'C' lUr"ryuep' 2003

A-B' Eon'uaPen' 2003'

trp

f.r

l.l
t-:
I ..

l.
l.

r
1

't

1

Anna
Печатная машинка
Для приобретения полной версии обращайтесь http://hnugh.b77.net.ua/contact-us/



Oenaeneuue

XH

D

oi
l!'

OIJIABJIEHIdF'

fnana l. COBPEMEHHAfl XAPAKTEPI,ICTIIKA METOAA
KOIIETTHbIX SJTEMEHTOB (MK3) .........15

I . I . OcHosnbre nono)KeHur .. ......... 1 5

1.2. Bu6op KoopAuHarHbrx Qynxqrft .......... ............ ............. 18

1.3. HccreAoBaHHe KoHeqHbrx eJreMeHron (K3) ..............26

I.4. CpanHenwe pa3nr4qHbrx rrduoB KoHeqHbrx 3rreMeHToB .....-.....-37

1.5. Csggr MK3 c ApyruIMI4 MeroAaMIr crpor{Tenrsofi MexaHHKtr........... .-.......39

Irasa 2. IIPHMEHEHTIE MK3 AJIfl PEIIIEHWflSA/J'TI JIHHnfrffOfi
VIEXAIIIIKI{ AEOOPMI{PITEMOIO TBEPAOIO TEJIA ..........43

2.1. Cxeua peureHufl sap;av^. ......-.......43

2.2. CrepxneBbre clrcreMbr ............. .......-.......44

2.3'. fllacrnHqarbre cncreMhr (urocroe HanprxeHHoe cocrorHue)....... ...47

2.4. ToHxue wgrwdaeMbre rJrHThI .....51

2.5. O6onoqearHbre cr4creMb1............ .......59

2.6. KoHcrpyKrllrn Ha ynpyroM ocHoBaHnrd ........61

2.7. MaccunHbre KoHcrpyKrIHI,I (tpexuepHoe HarprxeHHoe cocrof,Hue) ........-73

2.8. .OcHoBHbre Borrpocbr €LnroprrrMlr3arrnu MKg .......76

2-9. CocraueHr{e KaHoHHqecKHx ypaBHeHrafi MK3 .........:... ................77

2.10. Peureuue cncreM ypaBHeHHil gHcoKHx rroprAKoB ..........80

2. I l. OupegeJreHl{e KoMroHeHroB Hanp.Dl(eHHo-AeQoprvrrpoBaHHoro

cocrof,Hns K3 ...83

2.12. Pearugaqnr pa3nHqHHX rpaHnrrHbrx ycnonufi ...............84

2-13. flpurvreHeHue cynepeneMeHToB Anfl pacqera cJrolKHbrx clrcreM ....87

Irasa 3. IIPI,TMEHEHHE MK3 ilJIfl PEIIIEHI,Ifl 3AAATI HEJIUHERHOR
MEXAHWKLT AEOOPMI,TPyEMOTO TBEPAOI O TEJIA ..........9 s

3.1. BapraaqnoHHrur nocraHoBKa34Aaqu. CxoguMocrb MK3 .............95

3.2. llocrpoeur4e HerrnHefinrrx pagperuarcqrx ypaBHeHrafi MK3 .....-100

3.3. Peruesue crncreM sennsefiHbrx ypaBHeHutrt......... .- 103

--
l{>
P.-

If-
YX
htl
Er-

x>
D
)t

)!

tL\
r-

ftr
iI-
to-
t|}

l|t
11)

/ct

SF

nd
E-
b-

Ed

Anna
Печатная машинка
Для приобретения полной версии обращайтесь http://hnugh.b77.net.ua/contact-us/



Oenaeneuue

3"4. Pacqer xeneao6eroHHblx KoHcrpyxUufi c yrleroM HelnHeilHbIX

cgoficrs Marepl,Iana........... -.--..--..:-- ------l2l

3.5. V.rer cneqnQuxu 4eQopMHpoBaHHt )KeJlego6etonHhlx KoHcrpyrqnfi,

. HaxoArutHxcfl B ycnoBBrflx cJloxHoro Ha[p{xeHHoro cocToflHns,............ 131

3.6. Hexoropbre acnercTbr [ocrpoeHrarl aAeKBarHhrx pacqerHblx cxeM

AJr.fl rrp.f,Mblx 3aAaq crponTelrrrofi MexarIHKH -... 14 I

fnana 4. COBPEMEHHbIE PACTIETHbIE H KOHCTPyHPyIOUIIE
CIICTEMbI ..... 189

4.1. Kparnnfi o6:op pacqerHblx rporpaMMHbIX KoMrneKcos..........................189

4 .2. C o npbr"te H H bI e Han paBn eHntr paspa6oTKu H oco6eH HocTI,I

QyHrqLroHHpoBaHHr rlpoeKT?tpyrctrulx cllcreM . 193

4.3. flporparr,rmsufr KoMtIrIeKc JII4PA .-.-...-...-.200

4.3-L JII,IP-BH3OP - e$:g{:Flafl, vHryr4TvrBHaf, cpeAa noJlb3oBa'rent ..........202

4.3.2. flpoqeccop....... .207

4.3 .3. JMP-APM - rpoercrrrpyroqat cl{creMa xenego6eroHHblx

KoHcrpyxqnfi -...-.:.---.. .--.215

4.3.4. JIHP-CTK - npoeKrrrpyrcqurfl cl,rcreMa crarlbnbrx KoHcrpylqrfi ...216

4.3.5. LI/IP-AOK - AoKyMeHrupyloqan cpeta -...-.-217

4.4. Ilporparnrusufi KoMtIJIeKc MOHOMAX -.-219

f'rana 5. MOAEIIIPOBAHIIE HAIIPfl)Iffi HIIO-

AE OO PMRPOBAHHOI O COCT OflIJ.llA
CTPOI4TEJIbHbIX Cr{CTEM.......... ..........--., -----229

5.1.6. I

5.1.7- :

518. 1

5.1.9.

5.1.10.

5.1.1 | .

5.l.ll.
5. r.13.

5-:. trprr.
5.2.1 . I

5 ?-2. .

5i. trprr
5-3.1. 1

5.3-:. l

5.1-3. I

5J-{- 1

5-3_5- l

5-3-6- t

5-i.7- t

5i.t.
-<.{- trprr

5.4.1-

5-1

oo
5.r5.1. [pnnrep ]{b l. Ihocrat paMa. CosAaHHe pacqerHofi cxeMbl.;........ .........229

5.1.1. 3anycx rporpaMMbr....... --....--...-234

5 .I .2. CosAaHIae Hosofi 3aAaqu .-235

5.1.3. flocrpoeHne reoMerpuqecrofi cxeMbl paMbl............ ............238

5.1.4- Bsr6op KoMrroHeHToB pacrrerHofi cxeuu H ee KoppeKTI,IpoBKa ......243
' 5.1.4.1. I{4eurnt[uxaq]Is erleMeHroB pacqerHofi cxeubl....................243

5.1 .4.2. Oneparprlr KoppeKrHpoBKH ...--- .-244

5.1.4.2.1. Vaanenl{e JrI{IITHI,IX KoMIroHeHToB .'........- --.-----246

5.1.4-2.2. [o6anneHue eJIeMeHroB...-....... .--249

5.1.5. Vnarcosrca cxeMbl .....--.. -.---249

5-6.

cF

tlprr
c(}cr(}t

5.5.1-

trPrr
5_6_1.

flp..
5-7_ I _

trprr

I lbITb pa3HbIMI4, I,IMeeTCt
i J-laeTCt [pOI43BO IIbHafl,.

; l;rlrSarotuux MoMeHToB pr

Anna
Печатная машинка
Для приобретения полной версии обращайтесь http://hnugh.b77.net.ua/contact-us/



__- 12 I

L
__ l3l

--.141

IE

--. 189

--.._ l89

--_-. 193

_...200

-....202

-....207

---__2t5

7.--2t6

----.2t7
_...?t9

-_.-229

--...229

_--234
.....23s

.__..238

.-...243

.....243

.-..-244

--.-246
.-...249

.....249

Oenaaneuue

5.1.6. Bnsyann3arlr{fl.MoAenrt ......25I
5.1.7 - 3aAaHue cBr3efi H rtrapHnpoB ....... ............255

5.1.8. HasHa.reHlre rrrapHapoB .259
5.1.9. 3aAarrue )KecrKocrHhrx xapaKTepracrr{K oneMeHToB......... ..262

5.1.10. I-no6alrsue, MecrHble H noKuIJIbHhre cncreMbr r(oopAr{Har.........272

5.l.1l.3aaanue BHerrr{rrxcrarrrqecKr{x HaFpy3oK........... ......:....276

5.1.12. W$opMarlr4r o KoMrroaeHrzx MoAenH .....289

5.1.13. En6nnoreKa KoHeqHbrx eJreMeHroB IIK JI1IPA.......... ......293
5.2. Ilpnrrep J\b f . BuronHerrrre pacrrera

5.2.L. HoprvranrHufi xoA petueloius,3aAaqn .;........... .........297

5.2.2. AnaprafiHoe 3aBeprueHHe pacrrera............. ...........-.302
5.3. Ilpnruep J\b l. AHarng n AoKyMeHrr,rpoBaHlte ........306

5.3.1. Pa6oqee oKHo. flpocnaorp H auaJruspe3yJrbraroB pacqera............306

5.3.2. Bcnmlsarculee MeHro cucreMbl JII4P-BH3OP .............313

5.3.3. fpaQravecKoe oro6paxeHl4e MoAeJrr{ r4 pe3ynbraroB pacr{era........314

5.3.4- fpaQuuecrcufi AoKyMeHrarop ......3 19

5.3.5. I4mepaKrr{BHbre ra6nnqbr........ .....326
5.3.6. CocraereHr4e orr{era ...........33 I
5.3.7 . Crau4aprHbre BbrxoAHne ra6nriqhr ..........332

5.3.8. flogcsutreJrbHa{ 3arrrrcKa K pacqery...r........ ..........334

5.4. Ilpnrvrep J\{b 2. Mnsnun3ar\r4n Beca 6zurrcn...

5.4.l.,IlocneAoBareJrbHocrb Aeftctnnfi npu BbrnoJrHeHHH pacrrera ..........345

5.4.l.l. [[Iar l. Coslar.uedalnKrl rlocrofltrHoro ceqeHu.fl,

cocroflrrlefi uz 12 roseqHbrx oJreMeHron (1-n6anxa) . ....... . .345

5.4.1.2. [lar 2. Coslauue 6anKrl H3 l2 roHe.rHbrx oJreMeHToB

c pa3nuqHbrMl4 flonepeqHhlMn cer{eHurrvrn (3-r 6anrca) .........384

5. 5. [Ipnmep J\lt 3. I,lccneAoBaHl4e HarpflxeHHo-AeQopnarapoBaHHono

cocroflHtrr, Bvrcnqeft creubr .......... ...403

5 . 5 . 1 . floc.ueAoBareJlbHocrb Aeitcrsufi npu BbrrronH elntan pacrrera . . . . .. . . . .406
5.6. Ilpnrvrep I{b 4. Ycuneurre roHKocreHHofi KoHcrpyKrlrdrr....... .......506

5.6.1. flocneAoBarenbHocrb Aeftctenfi npn BbrrroJrnerrnvr pacrrera ......,...512

5.7. Ilpumep llb 5. Panaa rpaxAaHcKoro 3AaHr{r .....586

5.7.1. llocneAoBareJrbHocrbAeficteufinpu BbrrroJrHenvru pacqera..........589

5.8. Ilpnrrep ll! 6. Paua flpoMbrrrJreHHoro sAaHHfl

Anna
Печатная машинка
Для приобретения полной версии обращайтесь http://hnugh.b77.net.ua/contact-us/



Oanaeneuue

5.g. 1. flocneAosardgHocrb Aeficrsnfi npn BEInoJIH eilr4trpacqera ... " " "'692

5 .8.2. Pacqer H KoHclPyIfpoBaHIde ceqeHlrfi xelsso6etoHnux

gJreMeHToB B crrcrervre JIHP-APM """""'!""""r""? """"""796
5.8.3. KoucrpyrpoBaHlre CeqeHIIfr CtalsrrbD( eJIeMeHTOB B CItCTeMe

ryP-CTK """"""' """""817

Ilpu.rroxenne I """851

Ilpnnoxeune 2 --,.-.-................ "i-"--rr""""""' """"'859

Cnncorc nnreparypbl """"""'

--- -- -.1! lU Ll r-, \.

'sorHer r,,(rde xrqHHeYee

ldu ro nutrxH,(rp 4oHlroztrrrouderHr UuHehBHr Bla*aIIlrrhtqs H r,rulrxHr{rp 4oHnuVue
L exro c E o sdewo H ge de H ew uultyro udelH vt yuY BHehu H te sYed u e nrr,rredr o d11

Forcr

ch4
l.l. (

r.2. !

1.3. I
1.4. (

1.5. I

Cbel

2.t. I

2-2. I
23- |

2-4-'
2.5- :

2-6- !

L7- |

2t- t

29- 1

zlo-l
Lll-(
LIA
Lt3-!

cf.l

3.t-
3-L
33-
3-4-

35-

Anna
Печатная машинка
Для приобретения полной версии обращайтесь http://hnugh.b77.net.ua/contact-us/



692

796

817

85r

859

881

Contents

CONTENTS

ForeworA.........-,;........... ......... I I

Chapter 1. MODERN DESCRIPTION OF FEM..... ........... t 5
l.l. Generalnotes ............. ..............15
I.2. Selection of component functions ..........1g
1.3. Research on finite elements (FE)...
I.4. Comparison of various FE types ...........37
l-5. Relationship between {EM and other methods of building mechanics......39

chapter 2. APPLICATTON oF FEM To pROBLEMS oF LTNEAR
MECHANICS FOR DEFORMED SOLID .......43

2.1. Method of solutiori.........
2.2. Bar systems........ .-..-.....44
2.3. Plate systems (plane stress) .....47
2.4. Thin slabs in bending...... .:............ .......51
2.5. Shell systems. ........59
2.6. Stnrctures on elastic foundation......... .....61
2.7. Massive structures (three-dimensional stress)............._........ ..,.....73
2-8. Algorithmization of FEM.............. .......-76
2.9. Canonical equations of FEM ...77
2.l0.Systems of high-degree equations ....... ......g0
2J.l.Components of stress-deformation state of FE ...:............g3
2.l2.Different boundary conditions......... ,.......g4
2-l3.super-elements foranalysisofcomplexstructures........... .............g7

ChAPtCT 3. APPLICATION OF FEM TO PROBLEMS OF NONLINEAR
MECTIANICS FOR DEFORMED SOLID... ....g5

3- 1. various problem definitions. convergence of FEM .........95
3.2. Nonlinear equations of FEM ...100
3 .3 . Systems of nonlinear equations ............ I 03
3-4- Analysis of reinforced concrete structures with account of nonlinear

parameters of material .............. ..-.......121
3.5- Specific deforrnations of reinforced concrete structures subjected

to combined stress.... ....131

Anna
Печатная машинка
Для приобретения полной версии обращайтесь http://hnugh.b77.net.ua/contact-us/



Contents

52-

5-3.

5.4.

5.5. D

5

5.6. D

5

s.7. I
5

s.8. r
5

5

5

Appct

APpc,

Refer

j.6. creation of adequate design models for direct problems of building

mechanics ..-. """""" l4l

4.3.

Chapter 5.

5.1.

5.1.1 1.

5.1 .r2.
5.1.13.

Anna
Печатная машинка
Для приобретения полной версии обращайтесь http://hnugh.b77.net.ua/contact-us/



I
.....-..141

..-.....189

_-..... 189
l
D

.--....: l93

.-......200

.---....202

.---....2o7

r-.-.--.2 I 5

-----.-.2t6

--.--...ztt

--..-..2t9

--.--...?E
.-.-:....229

.--....234
:------.235

_-.-..-238

---:.--243
_--.-.-243

-------244
_----.-246

-_.-.--249
_._--.249

--.----251
---.--..255

_--.--..259

_.---..262

---.....272

--.-....276

----....289

--.-:..293

Contents

5.2. Example 1. Performing analysis ...........297

5.2.1. Ordiirary solution

5.2.2. Abnormal end of the program ..\...........'

5.3. Example l. Analysis'and documentation.. .-..,...306

5.3.1. Workin5area. Evaluating and interpreting analysis resu1tS............306

5.3-2. Pull-down menus of LIRA software ........313

5.3.3. Graphical representation of the model and analysis results..........."314

s.3.4. DOCUMENTER......... ...3r9

5.3.5. Interactive tab1es........... ............. ..326

5.3.6. Report ....:.................D.i. ...331

5.3.7 . Standard tables.... ..............-.......... ............332 
'

5.3.8. Explanatory notes to the analysis......:......

5.4.Examp|e2.Minimizingthebeamweight..............r
5.4.L Sequence of operations during analysis

5.4. I .1 . Step I . Create constant-secti'on beam that contains

12 finite elements (1" beam) -........... ...-......345

5.4.1.2. Step 2. Crcate beam that contains l2 finite elements

with different cross-sections (3'd bealn) ........... ........384

5.5. Example 3. Investigating stress-deformation state of the wall ....403

5.5.1. Sequence of operations during analysis

5.6: Exarnple 4. Strengthening the thin-walted structure ..,...506

5.6. l. Sequence of operations during analysis .......;..... ...512

5.7. Example 5. Frame of civil'structure ...-"\.,...., ....586

5.7.L Sequince of operations during analysis ................,i...... ......589

5.8. Example 6. Frame of industrial strucfure ..........689

5.8.l.. Sequence of operations during analysis ...........-.. ...692

5.8.2..A.nalysis and design of reinforced concrete structurgs in design

rystem LIR-ARM ............. ....a...-,..............,. -,.......--796

5.8.3. ,A,nalysis and desigr of steel structures in design system LIR-STC..8l7

Appendix Ll ........... ... ......,......851

Appendix 2....... ...:...............859

References..................... ........881

Anna
Печатная машинка
Для приобретения полной версии обращайтесь http://hnugh.b77.net.ua/contact-us/



Ycnoeuate odosuaqeHuf,

I

crPot

cftx
Cf,BK

cT|| t
GryI
Ef,IX:

Ef,f, I
a

rm6l
IrcCT

a

CNPF

.qCrU

EPI
a

rcpE
I

rGcn

a

,tEr
E€

YCJIOBHbIE OE O3HAtIE,H.IIflz
i'

A - Anq$epenquanrnuft oneparop sa3aqil;

u - Ber<..rop nepeMelqeHrrfi;

/ - nerctop BHeIuHIrx HarpY3oK;

B - naarprqa oneparurfi AHQQepeHIII{poBaHnfr;

? - t"tpIltta ynpyrocrn;

O - o6lactr paccMarprmaeuofi 3aAaqu;

I(u) - dynrcur,ronarl uonnofi rlorenrll{zulurofi sHeprldn

fI - noteHlluzlnbnafl eHeprur 4eQopMaql{u;

W - pa6ora BHeIuHlrx crrJl;
i

cr- Belcrop Hanprxerrnfi;

6.- BeKTOp Aeoopnraqnfi:

e - Berffop KoopAl,Iriarnnx QYurunft;
q - Bermop creneHefi cso6oAu:

K - rrratpnqa xecrKocrll scefi cEcteMu;

P - eelctop BHeIrIHeft uarpysKn B y3no(;

O'*o6Jlacrb r KoHerrHofo sJIeMeFfa;

Kr- MaTpI{qa xecrKocrrr r KoHe{HOFO gJIeMeHTa

H 1 - 
oHepreTr{ErecKoe HpOcTpaHCTBo 3aAaqH.

CHCTEMbI;
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Kaxuu o6parou Berqu KoHcrp)Mpyrorcr uMeHHo
TaKItMtI, KaKr{e oHI,I ecrB? tlro xe HMeHHo BKJTaAII-
Baer B cBoe E3AeJIue ero co3Aarelr, uto6bl 3acra_
BI{Tb eno nporf3BoAHTb AOJTXHOe gcTeTnqecKoe Bne-
sarJrenne? Koporrc.lft orasr 6yAer, HaBepHoe, Ta-
KHM: cnoft co6crsennrrE xapaKTep H cBou co6cr-
BeHrrhre Bryrpenrrrre qenirocrr.r.

llxeftrrrc 3. l'opgoH

nPEAr{CJTOBHE

ConpeueHHble aH$opMaquoHHbre rexHoJr orvrr pacqera r,r [poeKTnpoBaHr,rt
crponTeJrbHblx o6letctoB, ocHoBaHHbIe Ha 6hlcrpo pa3BgBaroqrxcfl TexHHqe-
cKI{x [naTQopMax r onepaquoHHhrx cpeAutx KoMnbK)TepoB, rro3BoJrr]or LTHTeH-

CHBHO COBepUeHCTBOBaTb paCqeTHEIe CXeMhI, n0Bhrrtrilr ypoBeHb nx aAer(BaTHO-

cTLr u creneHb KoppelffHocTrr co3AaBaenaofi r\doAeJrfi. B Hacrorulee BpeM.f,'npo-
qe[ypa MoAenl{poBaEvlfl., KaK rlpaBvrJro) peaflr{3yercr Ha ocHoBe MeroAa KoHeq-
Hbrx sJreMeHTon (MK3), noenoJltrouleno. orpa3[Tb H frecrb rpg [poeKTrrrpoBa-
HHn raKrce cneqnQr4r{ecKne MoMeHThr KaK:

t oco6enHocrla coBMecruoro aeQopnanpoBaHrlfl gJreMeHToB cJroxHbrx
rou6nHl{poBaHHbrx cncreM, cocro.f,[Iux Hg crepx(Hefi, rrracrug, o6oloqeK,
MaccHBHEIX TeJI, BaHT I,I TaK AaJIee;

o oco6eHHocrH noBeAeHut noA Harpysrofi KoHcrpyrqnfi co cnoxHofi
crpyKTypofi (asueHrrHBocrb MexaHl{Ko-r€oMerpr,rqecKux xapaKTepncrr,rK B npe-
Aenax 3JIeMeHTa, HEUlHqrIe BbIpe3oB, r'IoJlocrefi, pe6ep xecrKocrH, ToqeqHEIx H

HerpephrBHbrx onop rr r.A.); t

o oco6eHnocrl,t, cBfl3aHHEIe c KoHcrpyrqnefi y3JroB, Kar( rrpaBnJro, xapaK-
TepI'I3yeMhIx pa3nfiqHoft no4atlHBocrrlo npu pa3nnrrHhrx Br,rAax eosAeftcrnufi;

o oco6eHHocrH, cBfl3aHHhle c BI{AoM Hafpyx(e1utrt: cTarr,IqecKoe, Ar{HaMIt-
qecKoe, TeMnepaTypHoe r,r r.A.;

. oco6eHHocrlr, cBt3aHHhIe c yrreroM [poqecca Bo3BeAeHrdr, KotAa Ha or-
AeJIbHbIx gTanax cTpouTeJIbcTBa MOXeT CyIqecTBeHHO MeHrTbcfl KoHctpyKrnB-.
Ear cxeMa coopyx(eHr{r;
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o oco6eHuocrrr, cBr3aHHbIe c peonoruqecKrrMrlt cgofictsaMu MorepuZlno

[racrntrHocrb, [on3yqebtr, pen aKcargufl, ycaAKa, a raKxe rperrlnnoo6pasoBa-

HHe, o6ycaanJrH Baloqne "npucnoco6lteMocrb" KoHcrpyrcqnfi ;

o oco6ensocrn )rqera, npu Heo6xoAnuocru, perynnpoBaHu.f, HanprxeH-

no-4eQopMl,rpoBaHHhrM cocrof,HneM orAerrbnbrx KoHcrpyrffr,rBoB tr c?rcreMbr B

rleJroM;

o oco6ensocrn gKcnJlyarallun axropuTMoB orrrnMiulbHoro npoeKTr.rpoBa-

HHA.

K uepequcneHHoMy cnegyer llpprcoBoKynl{Tb orHocnTeJrbHyro npocrory
opraHn3auHu o6uena rnnQopnaaryvrefi c npoeKTr,rpyrcuurMn cr,lcreMaMu, qro rB-

JIfeTCt CJIeACTBITeM KaHOHITT|HOCTE IIpeACTaBneHI,Ifl AaHHEIX B MeTOAe KOHer{-

HbIx gJIeMeHTon. Teu He MeHee, r4 9To oco6enno BeDKHo noMHurb LrHxeHepaM H

HCCneAOBaTentM-npr4KnaAHI{K€lM, MeTOA KOHeqHbrX 9JTeMeHTOB flB[fleTgfl I''HC-

JIeHHIIM, To ecrb upn6nuxeHHbrM MeroAoM MareMaru.recrcnfi Susr,lrcra. Crcagan-

Hoe npeAonpeAe nfler ueo6xo4nMocrb 3nanwt He roJrbKo efo ocHoBHbrx noJro-

xeHHfi ra $opvarlbHbrx npolleAyp, Ho Lr raKprx npu6yroB, KaK cxoAr,rMocrb pe-

IIreHHt, yctofi u r,rBocrb, oIIeHKa rorlnocrl4.

B cnssll c 3TIIM, aBTopbI coqltra ueo6xoAl4MbrM B nepBblx rpex n;raBzu( rtpn-

BecrI,I ocHoBbI MK3, npeAcraBI,IB gTor Marepvtar, c o4Hofi cropoHbr, B Aocra-
ToqHo crpofoM BLIAe (rcpatxo nprlBoAtrct reoper[qecKre ocHosH MKg, AoKa-

3areJlbcrBa ero cxoAuMocrkr, B ToM rrHcJIe H AnA HernHefiHblx 3aAalr), c ,4pyrofi,

6onuunHcrBo reoperuqecKr{x rloJlo}Keurafi cna64urr Qrlsl.luecrcofi cyrb}o Lr

lrpollnnrocTpHpoBarb KoHKperrHhrMI4 qHcneHHbIMLr npHMepal0,.dld, T.e. ocHoBHbre

TeopeTl4rrecK[4e rroJroxeHHfl.r43Ito)KI4Tb c "HH)KeuepHofi" To.IKId 3peHlgln..{,aHHUe

pa3Aenbl MoryT 6nrrr [oJre3HbrMrr KaK HaqI{HzuorrIHM Anfl o3HaKoM rreuilfl c

MK3, TaK 14 cnequaJrucraM, 3aHflTbIM paspa6otxofi co6cteeHHbrx nporpaMrra. B

cBt3I,I c qeM, Ann Har46oree pacnpocrpaHeHnhlx KoHeqHbrx gJreMeHToB npr{Bo-

IflTCfl, MaTpHrIbr X(eCTKOCTT{ B AIJAJfl4TVIqeCKOM BnAe.

B rpetrefi DraBe, rpr lr3noxeHnn aJIropHTMoB pacqera KoHcrpyrqnfi,
y^rnrblBarolr1nx nerusefiHocru p{L3HErx BI,rAoB, o6cyx4arorcr Borrpocbr HcnoJrb-

3oBaHHt MK3 An.r petuenr4fl, 34Aarr perynupoBaHl{t Hanp.DKeHHo-AeQoprraupo-

BaHHrIM cocrof,HueM u orrruMu3arlur4 napaMerpoB crpoHTeJrbHbIX ctrcreM. Sror
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pa3Aen, rlo HaIrIeMy MHeHpIIo, 6y.4et noJIe3HbrM HH)KeHepaM npa pezrnn3agrar

IIpflMbIX IIpOeKTIIbIX 3aAAq, A TaK)Ke HCCneAOBaTeJrrM, 3aHr.TbrM pauHonaJrvt3a-
qHeft KoHctpyKTnBHbIX pe[reHnfi. Marepnan rrepBbrx Tpex rJlaB Moxer 6rns
TaKx(e ucrIoJIb3oBaH npI,I cocraBJreHlru KypcoBoro nsroxdHr.rs MK3.

tlernepreu rnaBa fiocBtlrleHa onucaHHro KaqecrBeHHbrx oco6enuocrefi
rIpoeKTI'Ipyru|I{HX cHcreM, SyHxrluoHupyrcu1HX Ha ocr{oBe rrporpaMMHbrx

cpeAcrB, pezulH3ytoulux MK3. B cesgu c qeM, npHBoAHTcr xapaKTepgcr1Ka
urr{poKo H3BecrHoro IrporpaMMHono KoMrrlreKca JII.y'PA, K co3AaH14ro KoToporo
aB'ropbl HMetor lrprMoe orHoIrIeHI{e. Y.rnrrrsaq onpeAeneHHyro yHprBepcuurb-

HocTb rIpeAcTaBJreHHt unQopu aIIHH B sToM KoMrlneKce, Mo)r(Ho KoHcTaTrdpo-

Barb, qro o3HaKoMJIeHHe c grofi rnasoff o6ecneuur, B rcarcofi-ro Mepe, Bo3-

Mo)KHocrs pa6orr,I c nto6rttra ApyfHM nporpavMHbrM cpeAcrBoM aHaJroruquofi
cMrrcrosofi Ha[paBneHHocrr{. cne4yer raKxe orMerHTb, r{To STOT piBAen
Mo)Ksr paccMarpl{Barbct KaK narrr{AapHoe l,r3JroxeHue HHcrpyKrlua rro pa$ore
c fIK JU4P A. flpane.rleusrtfi Marepla€u, KpoMe roro, rrpeAcraBJrrer HHTepec

Ant cnelll4anHcroB, 3aHq'rbIX co3AaHI,IeM H SKcnJlyaraUHefi cucreM aB'roMarg-
3I4poBaHHoI'o upoeKTLtpoBaHI4t o6rerron crpolrreJlbcrBa, TaK KaK coAepxgT
un$oplaauno o c't'pyKType u SyurcqltoHupoB aHnvr npur(naAHoro nporpaMMHo-
uu$oprvrallnoHHoro o6ecrleqeHufl, 3aAaK)Irleno npgHrlgrrgarrbHo HoByro rexHo-
nofrrlo cTpor4'reJrbHofo rrpoeKTHpoBaHHf .

OcHonofi KHHTII aBTopbI ctI[TaK)T rurryro rnaBy. Ee o6reu 3aHHMaeT

6onuuyro qac'rb. 3Aecr, Ha lrrecru rlpeAcraBl4TenbHbrx flpr{Mepax npocJrexHBa-

rcTct Bce gTalrsr raHQopMaqnoHHbIX TexHonoraft pacqeT'a KoHcrpyxqrafi, BKJrro-
qafolll,ae aHarvr: npl4 HtlbIX KoHcrpyrcrHBHbIX petu eunit, cocraBneHge aAeKBar-
HbIX pacqeTHblx cxeM, KOHeTIHO3JIeMeHTHOe MO,4enHpoBaHI{e, peann3allH}O BhI-
tlHcreHl4fi, acnonb3ytottlyro ITK JIHPA, Rn3yurv3aqulo ra o6cyxAeHne pe3ynb-
TATOB.

llp" 3ToM, B IIpHMepax paccMorpeHbr AocraroqHo cnoxHbre rou6uHnpo-
BaHHbIe crrcreMbl, co[porHBJreHne Koropbrx BHe[rHl.lM Ro3Aei4crgugrvt orJlr{qa-
erct selHseiiHblM xapaKTepoM. llo4o6uafl cr4Tya\Hfl o6yclonrdJra Heo6xoAra-
Mocrb nocrpoeHut crlellnanbHbrx HTeparIHoHHbrx iuropHTMoB, no4po6Hoe onu-
caHr4e Koropblx rIpHBeAeHo B HIaBe, c co[poBoxAeHgeM Heo6xo4nMhrMrlr KoM-
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MeHTapufl\trv,. PaccuorpeHHbre 3aAaqn rBJrtrorc.f, [oBoAoM He roJIbKo Anfl Ae-

TaJrbHoro H3)rqeHwfl npauan pa6orbl c fIK JItrJPA, Ho H AJII nocraHoBoK r pe-

urenrnft ApyrHX r{e MeHee cJlox(Hux npo6[eM.

[auuufi pa3Aen Moxer 6urn rroJre3eH KaK oTIbITHbIM cfieqnzulucraM, 3aHfl-

TbIM COBepneHC'TBOBaHLIeM pacqeTHhlx cxeM, TaK H CIIeqUa[UCTaM, OCBapIBaK)-

rrIHM fIK JII,{PA, flocneAHee yrBepxAeHne ocHoBaHo Ha rorra Qaxre, qro B HH-

crpyKTr,rBHbrx MarepuaJrax fIK JIITIPA orcyrcrByrcr no4po6nLle yKa3aHHt rlo

pa6ore Ha KoMnbrorepe, BKrroqarcrur{e orlHcaHlte ncefr TexHo.florvlr kt nocileAo-

BareJrbHo orpaxalouue sranbr QopvtttpoBaHut MoAeJIH, peureHl,Ifl, 3al.aqr, aHa-

Jrr{3a pe3ynbraroB. flosroruy 3Ta qacrb, B orlpeAeneusofi crerleHu, AorIoJIHter

r{HcrpyKrlnro tIK JII4PA. B ro xe BpeMr oHa Moxer rellb B ocHoBy H3nox(eHnfl

rrypca IIK JII,'IPA n eucruux yue6nrtx 3aBeAeHH.nx.

Tarcnv o6pasovr, Hacroflrrlar pa6ora HocIiIT KoMtlreKc.nuft xapaloep lt Mo-

xer paccMarpuBarbcr KaK yqe6noe u cilpaBorrHoe uoco6ne Ant nHxeHepoB H

cryAeHToe. HayqHbre pa6orHuKn,3anflTble 3arpoHyrblMu e Hefr npo6nerraaMrr, vI

pa:pa6orquKu coorBercrByrouero np[KnaAHoro flporpaMMl{oro o6ecneqeHuq

TaKx(e vafi.ayr 3Aecb gnq ce6s, rro HaIueMy MHeHHIo, [one3Hylo r,rHQopnaal{Hto.

B sarnrcqeH[e aBTopbr Bbrpa]Karor 6laroAapHocrb 3a rIoHraMaH]Ie, Tepna-

MOCTb I4 TBOprteCKOe OTHOIIIeHI,Ie peqeH3eHTaM KHHI.I'I: AeftCrnI'ITerIbHOMy qneHy

PoccrEfrcxofr ATaAeMHH crpouTeJrbHbrx HayK H apxnrelffypbl, AoKTopy rexHH-

qecKux HayK, npoQeccopy HrEKoJraK) I4naHoeuvy KapueHKo v 3acny)KeHHoMy

Ae{Tenrc Hayr(H H TexHrrxu Yrpar,rHbl, naypeary focy.rlapcrBeHHofi nper',rrEpr Yr-
par{Hbr n o6lacrr{ HayKH ta rexHr4lrla, naypeaay npeMHH HAHy HM. aKaAeMHKa

.{uHullxa, AoK'ropy rexHr{rrecKux HayK, npoQeccopy AneKcaHApy OneroBut{y

PaccrcagoBy.
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l-naea 1. CoepemeHHafl xapaKmepucmuKa memoda KoHeqHbtx gneMeHmoa

f"rra na l. coBPEMEHHA-fl xAPAIffEPr.rcrrrKA METOAA
KOHEIIHbIX SJIEMEHTOB

1. I - OcsoBnbre rroJro2reHnfl

MeroA KoHeq HbIX 3leMeHToB MK3 f25,3 4,62,63,64,66,68] paccMarpr{Ba-
ercfl HH)KO n Qoprnre nepeMeuleuufr, T.e. An.fl cJryqaeB, Kot'Aa HcKoMofi paspe-
uraroqefi Qynxqelefi clyxl4T repeMerrleHr{e. ?'ro Bbr3BaHo reM, qro sH6op pac-
qersofr cxeMbl gnr MK3 n nepeMelqenlrrx Jrerr(o noAA aercr anropr,rrMu3arlnil,

.i
a rlpaKTl{qecKoe ucr[oJlb3oBaHue MKD HeMbIcJrHMo 6es npraMeHeHr{r coBpeMeH-

Hbrx KoMnbroTepoB.

Kpaijnue 3afta'ur MexaHHKH B oleparopHoM BuAe 3arrlrcbrBarorcfl TaK:

Au=-(Bu\r,DBu - f . (t.l)
Ceoficrna AI{$$epeHIII,ralbHoro onepaTop a A Nu 3aAaq MexaHraKu (uolo-

)I(I4Te[bHzrt onpeAeJreHHocrb, caMoconptxeHHoctr) no3BoJrmor ocyqecrBgTb
Bapl{aqHoHHyrc IrocraHoBKy gTl,rx 3aAaq, T.e. 3aMeHHTb saAaLry peureHr{r AH$-
QepeuuHzulbHhlx ypaBHeH'In (l .l ) gaaaqeir Haxox(A elvrr MlrHrrMyrr,ra QyHrcrIHo-
HAJIA

IrI(")=; 
J 
(Au,u\dQ-

-e
Fl,.

[rudo:; Ituulr DBu - [naao -c) f)
(1 2)

(1.3)
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3ro 3HarIHT, r{To 3Haqeunfl u AocraBflgrorrlne Mr{Hr{MyM QyHrqnoHiury
(I.2), B To x(e BpeMt flBJl{}orcfl r .perueHneM crrcrervrrr (I.I). BaprEaqnoHHar flo-
cTaHoBKA 3AAaq.I.I AMeeT OrlpeAeneHHhre npeHMyrrlecrBa, KoTopbre BhrTeKaloT u3
ToI-o, rrro IIoptAoK AuQQepeHIIHuuIbHoro oreparopa noHlu(aercr n 2 paza. Or-
crcAa co3A€lrorct ycnoBu,s 6oree ylo6noro SopMynr,rpo BaHHfl r-paHlrrrHrrx ycno-
ewit, cMtrqeHHbIX rpe6onawwit K KoopAuHarHbrna {yHrcqusM n 6onee npocroro
[peAcraBJlenrrt pa3HocrHhlx Bblpaxenuit. llcnonueys o6osuaqeHHr MexaHHKH

QyurcqrloHaJr (1.2) MoxHo npeAcraBurb B Br,tAe

I (u) -fI -W Ifr"aa -

o

Ir
= ; Je' odC) -

o(,
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