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OorJiJ1 OCOBJIUBOCTEI BPAXYBAHHS HEJIIHIFII-IUOCTI
ITPH TPOEKTYBAHHI BYIBEJIbHUX KOHCTPYKIIIH Y IIK
«JITPA-CAIIP» TA «SCAD»

REVIEW OF NONLINEARITY FEATURES FOR DESIGNING
CONSTRUCTION IN SOFTWARE COMPLEXES "LIRA-SAPR"
AND "SCAD"

Binmrok M.B., maricrp OyaiBmmursa, Camuyk B.IL, k.T1.m, mon.,
(JIyupkuii HamioHaILHUiT TeXHIiYHAAH yHiBepcHTeT, M. JIVIIbK)

M. Vintsyuk, MSc in civil engineering, V. Samchuk, Ph.D. in
Engineering, Associate Professor, (Lutsk National Technical University)

HopmatuBHi moKyMeHTH, 10 JIIOTh Ha TepuTOpil YKpaiHwy,
PEKOMEHIYIOTh IIT  Yac PO3PaxyHKY 6y,[[iBeJ'IbHIfIX KOHCTPYKIIIH
BPAaxOBYBaTU HENIHIHHI XapakTepUCTHMKM MaTepiamiB. Y myOmikarii
BUKOHAHO O], METOJMIB 1 cIIocoOIB BPaxyBaHHT pizHOTO pojy
HeTHIHHOCTEH 117 yac po3paxyHKy koHcTpykiid B 11K «JIPA-CAIIP»
Ta «SCAD».

Normative documents, which are valid on the territory of Ukraine,
are recommended during the calculation of building structures to take
into account nonlinear characteristics of materials. The publication
reviews the methods of taking into account various nonlinearities during
the calculation of structures in the SC "LIRA-SAPR" and "SCAD".

Calculation of structures should be as accurate as possible to reflect
the actual operating conditions of the object and its stress-strain state.

The tasks of calculating bearing structures focused on refined
prediction of the peculiarities of the system's behavior at all stages of its
work, including the stages preceding the destruction, can often not be
solved by methods of linear construction mechanics. Deviations from
Hooke's law (physical non-linearity), the refusal to consider equilibrium
conditions in geometric terms of the undeformed state (geometric
nonlinearity), and the consideration of a possible change in the
calculation scheme in the process of deformation (constructive
nonlinearity) constitute the usual "set of nonlinearities".
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In order to analyze as accurately as possible, the work of the design
at all stages of its load, the calculation must be performed on the basis of
a calculation model, which must take into account the factors that have a
significant impact on the stress and deformed state of structures. In
forming the calculation model, as a rule, it is advisable to take into
account nonlinear effects: the geometric and physical nonlinearity of the
elements and the system as a whole, the effect of structural deformations
on the change in the values of the load on it, and so on.

Modern software systems make it possible to take into account
physical, geometric and constructive nonlinearities. This allows for a
more precise calculation of building structures in order to find the
possibility of saving materials and studying the actual operation of the
construction at the stages of its construction and operation.

KimouoBi  cmoBa:  HETMIHIHHICTR, HETMIHIMHME  PO3paxyHOK,
PO3paxyHOK Oy iBeNbHUX KOHCTPYKITii

Keywords: nonlinearity, nonlinear calculation, calculation of
building constructions

MocranoBka mnpodaemn. Po3paxyHoK KOHCTPYKINH TTOBHHEH
SKOMOTa JIOCTOBIPHIIIE BifoOpaxkaTd AIHCHI yMOBH poboTh o0'ekTa Ta
Horo HarpyxeHo-fieopMopanuit ctan. SIKIo 3ajiaua po3s sa3yeThes B
THIMHIE [OCTAHOBIN, TOMI IIPHHAMAETHCA JIHIMHA 3aleKHICTh MiXK
CHITaMU, 10 JiIOTH HAa KOHCTPYKINIO, 1 TIepeMilleHHsIMH i TO4oK, a B
OCHOB1 (PI3MYHUX PIBHSHDL, SK TIPABHIO, NEKUTHh Y3aralbHeHWH 3aKOH
I'yka. Hacmipapi Tie wacTo He BifmoBiAae miticHocTi. Hampukman, 6eToH,
XapaKTepU3yeThC HEMIHIMHOI 3ajI€KHICTIO MK HAIPYKeHHIMH Ta
JedopMarfisMy, HaBiTLb IIPH HEBEIMKUX HABAHTAXKCHHSIX. Taka
HEeTHIMHICTE Ha3WBAeThCA QizvuHOK. [IpH 3HAUHWX TepeMileHHsTX
CTEMEHTIR  KOHCTPYKINH  HeoOXiJTHO  BPaxOBYBATH  TCOMETPUUHY
HemiHiMHICTE. OcobmuBe MicIle 3aiiMae KOHCTPYKTHUBHA HEMIHIHHICTD,
OB SI3aHa 31 3MIHOKIO PO3PaxXYHKOBOI CXeMH KOHCTPYKIII B IIpoIleci
HABAHTAYKCHHSL.

3apylaHHs PO3PaXyHKY HECYYHX KOHCTPYKITH, OpieHTOBaHI Ha
YTOUHEHEe TPOTHO3YBAHHS 0OCOOTHUBOCTEl TIOBEIHKHM CHCTEMH Ha YCiX
etarmaXx 1 poGOTH, BKIIOYAIOUM Ti, IO TEpeayIOTh pPyHHYBaHHIO,
HafJacTIiIe He MOXKYTh OYTH BHPIIICHI METOJaMH TiHIHHOT Oy AIBeIbHOI
MexXaHIKW. BigxwiaeHHs Bij 3zakoHy [yka (dizuduHa HEMIHIWHICTE),
BIIMOBa BIJ PO3TIAAY VMOB PIBHOBATM B TEOMETPHUYHUX TEpPMIHAX
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HesepopMOBaHOTO CTaHY (TeOMETPHYHA HeTMHIMHICTE), BPaxyBaHHS
MOSKITHBOI 3MIHH PO3PAXYHKOBOI cXeMH B Tiporieci jJedopMyBaHHS
(KOHCTPYKTUBHA HEMHIHICTh) — CKIaJaloTh 3BUUabmmit  «Habip
HelHIHHoCTel.

3 MeTOI0 AKOMOTa TOUHIIIOre aHali3y PoOOTH KOHCTPYKIN Ha yeix
eTarnax il HaBaHTaKESHHS, PO3PaXyHOK HeoOX1THO BUKOHYBATH Ha OCHOBI
PO3PaxXYHKOBOT MOJIENI, SIKa TIOBMHHA BPaxXoBYBATH YHHHUKH, TIT0 MAIOTh
ICTOTHUIT BIUTUB Ha HalpyXkeHWit 1 JeQopMOBaHUIH cTaH KOHCTPYKITii.
[Ipp  QopMmyBaHHI pPOZPaxyHKOBOI MOJET, fAK IIPABIIIO, JOLUILHO
BpaxyBaTH HEMiHIHHI e(ekTw: TeoMeTpuuHyY Ta Gi3UuHy HeTiHIHHICTH
SIeMEHTIB 1 CHCTEeMH B TIUIOMY, BIUIMB JiehopMallifi KOHCTPYKI[H Ha
3MIHY 3HAYeHb /IIOUAX Ha Hel HaBaHTaKeHb, TOTIIO.

AHagi3  ocTaHHIX  JOCTiKeHb.  JlI  pPO3paxyHKy — Ta
KOHCTPYIOBaHHS OY JIBENBHUX KOHCTPYKINH ITIAPOKO BUKOPUCTOBYIOTHCS
MIPOTPaMHI KOMIUTIEKCH, cepel SKUX 0coOIUBOT yBaru 3aciyrorytots 11K
«JIIPA-CATIP» Ta «SCAD».

Ommey X QYHKIIOHATHHUX MOKJIMBOCTEH MPHUCBIUEHO UHMAIO
poliT, 3okpeMa [1], [2] Ta [3]. IlpoTe akTvambHHUMH 3aTMIIAIOTHCS
IMTAHHY IIOB 43aHl 3 OIVILIOM Ta adall3oM METOMIB HEMHIMHOTO
PO3PaxXyYHKY, SKI J03BONSAIOTH TPOBOJIMTH YTOYHEHE TIPOEKTYBAHHS
Oy IIBEITBHUX KOHCTPYKINH, SKe, ¥ CBOIO YePry, TIPUBEE /10 eKOHOMHOTO
BUKOPHCTAHHA OV IIBeTLHUX MaTePialiB.

MeToro OOCTITAKeHHSI € aHaIi3 METOMIB IPOEKTYBaHHS, SIKI
JIO3BONSIOTE  TPOBOJUTH  YTOUHEHHE  pO3paXyHOK Oy JiBETBHHUX
KOHCTPYKI[IT 3 METOIO TIOMYKY MOKIHBOCTI €KOHOMII MarepiamiB 1
JOCTTAKEHHS peanbHoI poGOTH KOHCTPYKINI Ha eTamax ii 3BefleHHS Ta
eKCInTyaTalTii.

Buknag ocHoBHoOro Marepialy Joclril:KeHHs.. BpaxysaHHI
HenmiHifHOT pobotr 3amizobetony B 11K «JIIPA-CAIIP» npencrarneHmit
MeToioM «lHKeHepHa HemHifHIcTsY. 1eit MeTo 103BoIIsle BUSHAUUTH
peamhHI JKOPCTKICHI XapaKTEpPUCTHKU TIOTIEPEUHOro Tepepisy, dIKi
MOKYTh OYTH 3aHKEHUMHU Y 3B'SI3KY 3 TOSBOI TPINIUH, INIACTHIHUMHA
nedopMarlisiMia OeToHY i apMaTypH.

Y IIK «JIPA-CATIP» mrs BupireHHs Qi3MUHO Ta TEOMETPUIHO
HeTHIMHAX, a TakoX 3aJad 3 KOHCTPYKTUBHOIO HEMHIMHICTIO 1
MOTIEPETHHOTO HATPYKEHHST TPU3HAYESHWH HeMHIHHUN Tpotiecop. Y
GI3MYHO HOTIHIMHMX 3aJavax BIACYTHA JIHIMHA 3aICKHICTE MIK
Hampy’keHHAMH ~ Ta  jedopmariismu.  Matepian — KOHCTPYKIINi
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i IOPSIIKOBYETHCS  HEMHIMHOMY 3aKoHY JedopmyBaHHS. BupirmeHHS
TaKMX 3aBJIaHb IPOBOIUTHCSI KPOKOBIM METOIOM.

Y TeoMeTpUTHO HeMHIMHUX 3afavax BIACYTHM TiHiltHa 3amekHICTh
MiE JehopMalliaMu Ta IIepeMINleHHIMH. BHpileHHS X 3aBJaHb
IIPOBOJIUTECS TAKOXK KPOKOBUM METOJOM, IIPHYOMY KPOK BHOMPAETHCS
ABTOMATHYHO. Y 3ajayaX 3 KOHCTPYKTHBHOKO HENIHIHHICTIO Mae MicIie
3MIHA PO3PAXYHKOROI CXeMH T Hac AepopMyBaHHSA KOHCTPYKINi. Tak,
HAIIPUKTAN, Y KOHTaKTHHX 3ajiavaX MpH JOCSTHEHHI JIESKOIO TOUKOIO
KOHCTPYKIII IIEBHOI BEIMYMHM IIEPEMINICHHS], BHHUKAE KOHTAKT L€l
TOUKHA 3 omoporo. [Ipu BupimenHi 3agay KOHCprKTI/IBHOI HeHIHHOCTI,
a TakoX Y 3aja4ax 3 OJHOCTOPOHHIMH 3B'S3KaMH 1 TaKUMH, SK1
BPaxOBYIOTh HAasIBHICTh TePTS, 3aCTOCOBYETHCS KPOKOBO-ITepallifHui
MeroJl. llpu BUpimieHHI 3a/iay, K1 MOJEMIOITH IIPYKHO-IUIACTHYHY
poOoTy MaTepialy, LI0 OIMMCYeThed Jiarpamoro IIpaHATig, Takox
3aCTOCOBY€EThCS KPOKOBO-ITEPAITIHHIIT METO T,

Hemiuiiinmii mporiecop peami3ye KiTbKa METOIB IS BUPIITIEHHS
HeTHIMHUX 32744 Pi3HUX THITIB:

— KpOKOBHHM MeToj (puc. 1), SK IPABUIO, 3aCTOCOBYETHCH IS
BHPIIICHHS 3aBIaHb Qi3MIHOI 1 FeOMETPHUHOI HETIHIAHOCTI.

P = HABAHTAXKCHHA

P- samage | 00 A4 AT T AT A T A ;:n?ﬂ 77777 -+

noxubka

U - roune
-
l_,] -nepeMinesn

.

U - Habuixene,
BUINORIIAE
MONEPEHBOMY KPOKY

Puc. 1. Kpokopuit metoq

— weTton ciummx (Meton biprepa, puc. 2), #K TpaBuIo,
3aCTOCOBYETHCS AN BUPIMIEHHS (Pi3UTHO HETIHIMHMX 3a7ad ¥ PEeXKUMI
«IHKeHepHA HeJIHIHHICTEY.
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P - anasanciin

A
P-
. ——
waaHe
noxubxa
» -
[
U = TOMHe
e . -
L = HADLKERE, L = [LEPEAILCHHA

BLANOBLAE
MONEPEAHBOMY KPOKY

Puc. 2. MeTo ciuHUX
— iTepariitaMii MeTon (cmpolneHuit MeTon HproToHa, pue. 3.)
3aCTOCOBYETHCS A BUPIMIEHHSA 3aBJaHbh KOHCTPYKTUBHOI HEMIHIHHOCTI
(0JTHOCTOPOHHI 3B'A3KY ) 1 IDYHTOBHX MAcHBIB.

P - napanraxenis

P - saaane /”__

Pm

noxuxa

/ U - roue
y pa— L - - -
Um - nabnHaene,
U @ U -nepestiments
BLANOBLIAC
HONEPEAHLOMY KPOKY

Puc. 3. Itepamiiiauit MeTO

PosrmstHemo  anroputmu crBopeHHst B IIK «JIIPA-CAIIP»
PO3paxyHKOBUX MOJIENel 3 BpaXyBaHHAM PI3HIX BUIB HEMHIHHOCTI.

Dizuuna neniniiinicme.

1. CTBOpEHHA PO3PAXyYHKOBOT CXEMHU.

1.1. 3agaHHd BXiJHMX JaHHX (TEOMETPIid, TpaHH4YHI VMOBH,
HABAHTAKECHHSI, XapaKTEPUCTHKH KOPCTKOCT ).

1.2, 3agaHHd CKIHUSHHWX €IEMEHTIB, K1 BPaXOBYIOTh (I3UUHY
HEIHIHHIC Th.
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1.3. 3agaHHg 3aKOHIB HETMiHIHHOTO MedopMyBaHHS OCHOBHOTO Ta
apMyIobuoro MaTepiamiB, 3aKOH TIOB3YUOCTL, 3aJaHHS IlapaMeTpiB
apMaTYPHHX BKIIOYCH.

2. MojemoBaidg HeTHIHHUX HapagTaxedb, Y TaOIuIl
MOJECIIOBAHHA HENMIHIMHUX HABaHTakeHb HEOOXIIHO BKa3aTH
KUTBKICTh KpPOKIB, KOedillieHTH 10 HaBaHTaXkeHb, chopMyBaTH
TIOCTITORHICTD 3aBaHTAKEHHA, 3a1aTH Bik GETOHY.

3. Pozpaxynok. Ha KoXHOMY Kporli 14 eNeMeHTIiB
OOUMCIIIOITHCS 3YCWILIL, UL BY 31IIB — IIepeMIEHHS. BpaxoByeThes
1H(OPMATTIS PO CTaH MaTepiaTy B eIeMeHTaX KOHCTPYKITi. Takoxk
Bm3HauatoThess HJIC  xoHeTpykiii 3  BpaXyBaHHSM — BIDTHBY
TIOB3YUOCTI B 3aJlaHHI MOMEHT Yacy.

4. Ananis.

T'eomempuuna neninifinicniv.

1. CTBOpEHHS PO3PaXyHKOBOI CXCMH.

1.1. 3aganfas BXIgTHMX JaHUX (T€OMETpIA, TpaHUYIHI YMOBH,
HAaBaHTaKECHHS, XapaKTEPHUCTHKH KOPCTKOCT1 ).

1.2. 3agaHHAd  CKIHUEHHHMX  €JI€MEHTIB, fIKi  BPaxXoBVIOTh
TFeOMETPHUHY HETIHIAHICTE.

2. MoaenoBalHd HEMHIMHNX HaBaHTa)KeHb. 3allOBHEHHS TaOIIHIT
MO/ICIIFOBAHHS HENIHIHHUX HaBaHTaKCHb, BHUOIP METOJY PO3PaxXyHKY:
HEPIIMA THII — TIPOCTHIT KPOKOBUH, JIPYTUH — aBTOMATUYHUEN BuGip
KPOKY.

3. Poszpaxynok. Ha KoKHOMY KPOTTi A7 eJIeMEHTIB 0OUMCITIOIOTHCS
3YCHILISL, TS BY3ITIB — TIEPEMITTICHHS.

4. Awnamis.

Kouncmpyrkmuena Henintiinicme.

1. CTBOpEHHS pO3paxyHKOBOL CXEMH

1.1. 3agaHHa BXigHWX JaHUX (T€OMETpis, TPaHUYHI YMOBH,
HABAHTAKCHHS, XapaK TCPUCTHKH KOPCTKOCT).

1.2, 3agaHHga  CcKIHUEHHMX  eNeMeHTIB, fAKi  BpaXoBYIOThb
KOHCTPVKTHBHY HEJIIHIMHICTb.

2. MogemoBalHid — HEMHIMHKMX — HaBaHTaxkedb., Y TaOnMild
MOJETOBAHHS HEIIHIMHNX HaBaHTaKeHE HeOOXIHC BKa3aTH KUIBKICTH
KPOKIB, KOC(DIIIEHTH [0 HaBaHTaXeHb, CPOpPMyBaTH TIOCITIIOBHICTh
3aBaHTaKeHHS, 3a/IaTH BiK OCTOHY.

3. PospaxyHok. VY mporeci po3paxyHKY Ha KOXKHIM ireparii
IEHEPYEThCSI HOBA PO3PaxyHKOBa CXEMa, sKa BPaxOBYE BUKIKOUEHI
3B'I3KM  HA JadHidl  iTeparii. Po3paxyHoK 3aKiHUYETBCH, KOTH
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pO3paxyHKOBA cXeMa Ha # eTalll BiIIOB1Iae pO3PaxyHKOBIH cxeMi Ha #-]
eTartl.

4. AHamiz.

IIK «SCAD» Takoxk J03BOJIIE pO3paxoByBaTH HETIHIMHI CHCTEMH.

leomerpuuHO HelmiHilMHA podoTa IPY:KHOI CHCTEMH IIOB'I3aHa 3
HeoOXIIHICTI0O BpaxoBYBAaTH 3MIHHM TEOMETpii CHCTeMH TIpH i
fdedopmMartii mig Aiel0 HaBaHTaKeHb. |IpH 1hoMy MOKYTH PO3TTAAAATHCS
TEOMETPHYHI CTIOTBOPEHHS pi3HOI BemmumaM, ame B 11K «SCAD»
HepeAdavacTbCsl MOKIUBICTE OOIIIKY TUIBKH, TAK 3BAHOTO, «HAOIIMKCHHS
Kapmana», xomm TiepeadavdaeThcs, IO KBajgpaTH KYTIB IOBOPOTY
SIeMEHTIB PO3ITIHYTOI PO3PaXyHKOBOI CXEMH € BelHUMHAMH TOTO K
TOPAIKY MEHITIOCTL, 1110 1 BITHOCHI TIOJOBKEHHS B MaTepiali, 4Kl y CBOIO
Yepry BBAKAIOTHCS MaIUMH B TIOPIBHAHHI 3 OJUHHIIEIO | 3].

PosrisigaeTbed  B3aeMOJIS MK - IIPOTHHAMH Ta  I103jI0BKHIMH
3YCHIUISIME  (SIBUIT[E  TIO3JOBKHBOTO BUTHHY Yy CTPHKHAX) KOJM,
HATIPUKIIA], /U THYYKO! TITACTHHM TOBIMHOIO /2 3aMICTh IHMHIAHOTO
PIBHIHHS:

D
“VIgin = E’ (1)
h h
BHKOPHCTOBYIOTHCS PIBHSHHS:
Duryz,, — 224 e 8% e ., 0% e g
h? Viw= dy2  Bxt * dxT Ay zﬁ‘xﬂ}' E‘xﬂ}'+ R’ 2)

- 2 - -
224, — Fw)"_dw .a‘_“']
Ve =F |:(E'x|5'_:;) fx?  ay2|

BIIHOCHO (DYHKIIi IIPOTHHIB ¢ (x, y) 1 (YHKIL Hampy:xkeHb ¢ (x, ¥),
yepes AKY BU3HAYAIOTHCS MEMOPAHHI 3y CHILIA SIK:

9% 9% 2%

o P F,, — i — :
ToaytY  ax? Y axady
Y (1)1 (2) BEUKOPHCTAHO TO3HAYEHHS AH(EpeHITIaIbHOTO oIepaTopa
R
Vi= —+—
dx*  dy¥
7€ ¢ — BeTUYMHA HABAHTAKCHHS.

Hemimiitai pospaxyaxu B 1IK «SCAD», Tak sax 1 B IIK «JIIPA-
CAIIP», BHUKOHVIOTECA 3 BHUKOPHUCTAHHSM KpPOKOBOTO MeETOJY B
TEKLTHLKOX HOTO MOIH(IKAITIIX:

— IIPOCTHI KPOKOBHH METOJ,

— KPOKOBHIT METOJT 3 YTOUHEHHIMIT,
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— KPOKOBO-ITEpATlifHUIL.

PeamizoBana MOKIMBICTL JOCHKSHHT 1CTOPIi  HETIHIHHOTO
3aBAaHTAKEHHS Y BUTTISIIL 3aJaHHA ITOCTITOBHOCTI OKPEMUX iX BapiaHTiB.
Y HpoMY BHIQJKY [OYATOK 3acTOCYBAHHS HOBOI'O  HENIHIMHOTO
3aBaHTaXCHHS BIMIOBiZac 3aKiHYCHHIO IIOIEPEIHBOr0, ToOTO HOBE
3aBAHTAKEHHSI — TIPOJOBKEHHS MMOTEPEHROTO. 30KpeMa, MOKITHBE
BUKOPUCTAHHS  paHillie  3MOJICTHOBAHOTO — 3aBaHTAKEHHSA, aie 3
BiI’ EMHOK BETHUHMHOIO KoediIlieHTa, IO J03BOJISE JOCTIIUTH ITORHMIT
uuKkl "HaBaHTa:keHHA-po3BaHTaxkeHHT'. Llell ImmpuifoM Aae MOMKIHBICTE
OIIHUTH TOYHICTh PO3PAXYHKY CTOCOBHO pO36IKHOCTEH MOUaTKOBOTO Ta
KIHIIEBOTO CTAHY CHCTEMH.

AHami3z  HampyXeHO-IeQOpPMOBAHOTO  CTaHY  KOHCTPYKINI 3
ypaxyBaHHIM HeTIHIHHUX e()eKTIB BUKOHYETHCS B 11X BUITAIKAX, KOIH B
PO3PaXYHKOBIH cXeMi 3aJaH0 MPHHANMEI OJHH HETIHIAHUN eTeMeHT. Y
SKOCTI TaKUX €JIEMEHTIB MOXYTh OYyTH TIPH3HAYEHI CTEPXKHI Pi3HOTO
BUTTISAY, TPH- 1 UOTHPUKYTHI €NEMEHTH OOOJIOHOK, IS SKUX
mepeaGaveHo BpaXyBaHHS TeOMETPUIHOI HeTIHIMHOCTI, a TakoX OHO-
Ta JIBOBY3JIOBI €IEMEHTH, IO MOJEIOIOTE OJHOCTOPOHHI 3B'I3KH Ta
BAHTOBI eleMeHTH. JlomyckacThed KOMOIHYBAaHHS B OJHINA 3amadql
TIHIHHAX Ta HSTIHIHHAX CKIHUCHHHX eJICMEHTIR.

BucHoBkn. CydacHi TIporpaMHi KOMIDIEKCH JIAlOTh MOMKITHBICTH
BpaxyeaTi (Ppi3HIHY, TEOMETPUYHY Ta KOHCTPYKTHRHY HeNiHIMHOCTIL Lle
JIO3BOISIE  IPOBOJUTH  YTOUHEHHMH — pO3paxyHOK Oy iBEIbHHUX
KOHCTPYKI[ifi 3 METOI0 TIOMIYKY MOKIHBOCTI €KOHOMIl MarepiamiB i
JOCTKEHHST peadhbHoi poOOTH KOHCTPYKINI Ha eTamax ii 3Be/leHHs Ta
eKCIUTyaTartii.

Ha gaxwmit moment v 1IK «JIMPA CAIIP» ta «SCAD» peamnizoBaHo
BpaxyBaHHA TAKHX BHAIB HETiHIMHOCTEH gk (i3ptiHa, reoMETpPHYHA Ta
KOHCTPYKTHRHA.

1. Topoaeuxkuii  A.C. Bonpockl  pacuera  KOHCTPYKIMH B
VIPYTOTUIACTHUECKOW CcTafuM ¢ yuetoM npumenenus DIIBM // DI[BM B
CTPOUTEILHONW MeXaHHKe. TpyJbl TEpPBOTO BCECOIOZHOTO COBEHIAHHUS 110
npumMeHeHuo JIIBM B cTpoutensHoi Mexanuke (T. Jlenuarpag, 1963r.) — JL.-
M.: UWspmaTtenscTBO JHTEpaTypbl MO CTpPOHTENsCTRY, 1966. — C. 352-57.
2. Topogenkuit A.C. K pacueTy TOHKOCTCHHBIX KeJe300e TOHHBIX KOHCTPYKITMH
B Heympyro#t cragum // Céopuuk Tpyno HHUMCK «CrpouTensHeie
koHeTpyKIum». K. byaigensrauk, 1965.- Ne3. — C.21-27. 3. TlepenemyTep A.B.,
Cmaekep B.I. PacuetHble Momenu coopy:KeHHH H BO3MOXHOCTh WX AHAJM3A. -
M.: IMK IIpec, 2007. - 600 c., u.
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