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AHHOTALUA

B paboTe BBINONHEHO CpPaBHUTEIBHOE HUCCIEOBAaHHE TPEX BapHAHTOB
dacagHOW  MOACHMCTEMBI  HABECHOTO  BEHTWiIHMpyemoro  (acana,
OTJIMYAIOIIUXCS KOHCTPYKTUBHBIM UCTIOJHEHUEM U TUIIOM PUMEHSIEMBIX
OTNIOPHBIX KPOHIITEHHOB. MojenupoBanre # pacy€T HaNpsHKEHHO-
ne(OPMUPOBAHHOTO COCTOSIHUS BBIMOJIHEHBI B TPOrPAMMHOM KOMILIEKCE
StatUs mnpu OJWHAKOBBIX TpaHUYHBIX YCIOBUAX U TapameTpax
SKCIUTyaTaluu. B pacyérax yuyTeHbl OCHOBHBIE JIEHCTBYIOIIME HArpy3KH,
BKJIIOUasi COOCTBEHHBIM BEC DJIEMEHTOB IOJCHCTEMBI, BETPOBBIE
BO3JCHCTBUS M TOJONEAHBIE  HArpy3KH,  XapaKTepHble Ui
paccMaTpuBaEeMoro paiioHa CTpOMTENbCTBA. B xone wuccnenoBaHus
MPOBEIEH  aHAJIM3  pACIPENENICHHS  HANpsDKEHUW B DJIEMEHTax
MOJICUCTEMBI, OIpEAeNeHbl PEaKIMU B Yy3JaX KpeIUleHWs K Hecylen
KOHCTPYKIIUU 37aHUsI, a TAKXKE OICHEHBI BETUYMHBI IPOTHOOB U 00IIast
KECTKOCTh CHUCTEMBI. JIOTIOTHUTENHHO BBIMOIHEHO CpPaBHEHUE PaOOTHI
KOHCTPYKIIUW C TOYKH 3PEHUS] PABHOMEPHOCTU PACTIPEICIICHHS YCHIIHM,
YCTOHYHBOCTHU DIIEMEHTOB U 3(P(HEKTUBHOCTH PaOOTHI KPOHIITEHHOB MPH
nepegavye Harpy3ok Ha ocHoBaHue. 1o pe3ynpraraM pacué€THOro aHajiusa
YCTaHOBJIEH HambOosee palroHANbHBIN BapHaHT OMOPHOTO KPOHIITEWHA,
obecrieunBaronuii  TpeOyeMbIii  3amac  TPOYHOCTH,  CHUKCHHUE
KOHIIEHTpAIlUN HAMpPsKEHHU, ONTUMAaIbHOE paclpe/ie]ieHne Harpy3ok u
COOTBETCTBHE HOPMATHBHBIM  TpEOOBaHUSIM 10  JAepopMaiiusim.
[TonyuenHnble  pe3yapTaThl  MOTYT  OBITh  HCIHONB30BaHbI  MPH
MPOCKTUPOBAHUHU (PacaJHBIX TOJCHCTEM HABECHBIX BEHTUIIUPYEMBIX
dacamoB C IENbIO TOBBIMIEHUS WX HAAEKHOCTH, OJITOBEYHOCTH U
HKOHOMUYECKOH 3(PPEeKTUBHOCTH.
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Tyiiinaeme

byn skympicTa acmaiibl OKENACTUICTIH KacOeTTiH (QacaaThlK  iIIKi
JKYMECIHIH YII HYCKachlHa CalbICTBIPMANIBI 3€pPTTEY JKYPri3iiii, oiap
KOHCTPYKTHUBTIK OPBIHIATYHI MeH KOJIJIaHBLIATHIH TipeK
KpOHIITEHHAEpiHIH  Typli  OoifbiHima  epekmeneHeai.  Kepueyri-
nedopMaIusIIBIK KYHIII MOJICTIBACY JKoHEe ecentey StatUs GarmapiamMalnbik
KeleHinae Oipael mekapaiblK apTTap MEH NaijanaHy mnapamerpiepi
KargalblHIa OpbeIHAANAbl. EcenTeynepne imKi Xyde 3IIEMEHTTEpPiHIH
MEHIIKTI CaJIMarbl, el XYKTeMelepl >KOHE KapacThIPbUIBII OTHIPFaH
KYpBUIBIC aylaHblHA TOH MY3JaHy >KYKTEMelepi CHSKThI HETi3ri acep
eTyIIl OKYKTemenep eckepuiml. 3eprrey OapbIChlHAA IIIKI OKyie
AJIEMEHTTEPIHJIETT KEpPHEYJIEepAiH Tapaidybl TaJaHBIl, FHMAapPaTTHIH
KOTEPrill KOHCTPYKIMIapblHA OEKITy TOpamnTapbhlHIAFbl peakIlusiap
AHBIKTAJIbl, COH/Iali-aK 3JIEMEHTTEP/A1H MailbICy I1aMaiapbl MEH KYHEHIH
JKaNMbl KaTThUIBIFBI Oaranmanzipl. KockIMIna Typae KymTepiiH OipKenki
Tapalybl, SJEMEHTTEPAIH OPHBIKTBUIBIFBI JKOHE KPOHIITCHHIEPIiH
KYKTeMEH1 Herisre Oepy Ke3iHJeri JXYMbIC THIMIUII TYPFbICBIHAH
KOHCTPYKUUSJIAPAbIH KYMBICBIHA CAJBICTBIPMAJIbl TajAay KYPri3uil.
EcenTik Tanmay HOTHXKeCIHIE KaXeTTi OEpIKTIK KOpbIH KaMTamachl3
€TETiH, KEPHEYJIep IMIOFBIPIIAHYBIH a3aNUTaThIH, KYKTEMEIECPIiH OHTANIIBI
TapalyblH KaMTaMachl3 €TeTiH JkoHe JedopMmarusiiap OobIHINA
HOPMATHBTIK TaJlallTapFa COMKEC KEJIETIH TIPeK KPOHIITCHHIHIH €H THIM/I
HYCKAChl aHBIKTANIbl. AJBIHFAH HOTHXKENEp achaibl KeNJeTiIeTiH
KacOerTepaiH ¢acaaTelK 1IKI JKyHenepiH >kobaiay Ke3iHIe OJIapiblH
CEHIMJINITIH, Y3aK MEp3IMILTITIH JKOHE SKOHOMHKAIBIK THIMILUIITIH
apTTHIPY MaKCaThIHAA KOJIAHBUTYBI MYMKIH.

Tyiiin ce3aep: XeNAeTiIeTiH KacOeTTep, CeHIMIUTIK, Y3aK MEp3iMILTiK,
a3aMaTThIK FUMapaTTap, Maiaiany Kykremenepi, pacaarsik xyiiemnep.
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Abstract
Received: March 2, 2026 This paper presents a comparative study of three variants of a
Under review: March 1, 2026 ventilated curtain wall fagade subsystem differing in structural

Accepted for publication: March 20, configuration and in the type of supporting brackets used.
2026 Modeling and stress—strain state analysis were carried out using
the StatUs software package under identical boundary conditions
and operational parameters. The calculations considered the main
acting loads, including the self-weight of subsystem elements,
wind loads, and ice loads characteristic of the construction region
under consideration. The study included an analysis of stress
distribution within subsystem elements, determination of
reactions at fastening nodes connected to the building’s load-
bearing structure, and evaluation of deflections and overall
system stiffness. Additionally, a comparison of structural
performance was performed in terms of load distribution
uniformity, element stability, and the efficiency of bracket
performance in transferring loads to the base structure. Based on
the results of the structural analysis, the most rational supporting
bracket option was identified, providing the required safety
margin, reduced stress concentrations, optimal load distribution,
and compliance with regulatory deformation requirements. The
obtained results can be applied in the design of ventilated fagade
subsystems to improve their reliability, durability, and economic
efficiency.

Keywords: ventilated facades, reliability, durability, civil
buildings, operational loads, fagade systems
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1. BBeaenue

CoBpEeMEHHOE CTPOUTEILCTBO BCE IIMPE HUCIIOIb3YET CUCTEMbI HABECHBIX BEHTUIIUPYEMBIX
dacanoB Oyaromaps ux dHeprodHPEeKTUBHOCTH, APXUTEKTYPHON BBIPA3UTEILHOCTH, BOZMOXHOCTH
PEKOHCTPYKIIUHU 37aHUI 0€3 3HAYUTEIHPHOIO BMEIIATEILCTBA B HECYIIME KOHCTPYKIIMH, a TaKKe
yI00CTBY M TEXHOJOTHYHOCTH MOHTaxa [1,2]. IIpuMeHeHne TaKuX CHCTEM ITO3BOJISCT YAYUIINUTh
TEIUIOTEXHUYECKUE XapaKTECPUCTUKH 3JIaHUH, TOBBICUTH JIOJTOBEYHOCTh  OTPAKIAIOIIUX
KOHCTPYKIIMHA M obOecrnieunTh A((HEKTUBHBIA OTBOJ BJIArd M3 CJOS YTEIUIUTENS, YTO OCOOCHHO
BKHO IMPH IKCIUTyaTallUM 3JJaHUH B YCIIOBHAX IIEPEMEHHOT0 KJIMMaTa.

Hané&xHocTh M JOJITOBEYHOCTh HABECHBIX (PacaJHBIX CHUCTEM BO MHOT'OM OIPEICISICTCS
MIPaBUJIBLHBIM T10,100POM 3JIEMEHTOB IOJICHCTEMbI, BOCIIPHHHUMAIOIIUX HArpy3KH OT OOJIMIIOBKH M
BHemHuX BosxaeicTBmii[3]. Iloacucrema obecreunBacT mepenadyy HArpy30K OT OOJHIIOBOYHBIX
MaHeJIeH Ha HEeCyIIue KOHCTPYKLIMH 3[IaHus, (OPMUPYET BEHTHIIAIIMOHHBINA 3a30p U ONpPEACIsAcT
MIPOCTPAHCTBEHHYIO JKECTKOCTh BCEH KOHCTPYKIMU. OMUOKA MPU MPOCKTUPOBAHUHM HIIH BBIOOpPE
AJIEMEHTOB IIOJICHCTEMbl MOTYT IIPUBECTH K IIOBBIIICHHBIM Je(opMarusM, BO3HUKHOBECHHIO
KOHLICHTpAUUi HaNpsHKEHUH, CHUKEHUIO SKCIUTYaTalMOHHOM HAJIEKHOCTH U YBEJIUYEHUIO 3aTpaT
Ha oOciyxuBanue (acana.

OmHuM W3  KIIIOYEBBIX JJIEMEHTOB  (pacaJlHOW TOJCHCTEMBI SIBJISIOTCS  OTIOPHBIC
KPOHIITEHHBI, Yepe3 KOTOPBIC OCYIIECTRISICTCS Mepeada Harpy30K OT HAMPABJISIOMINUX POpUIIeii
U OONUIOBKM Ha HeCylyr creHy 3aaHus [4]. KpoHIuTeiiHBI BOCHPUHHUMAIOT [ACHCTBHE
MOCTOSTHHBIX ¥ BPEMEHHBIX HArpy3o0K, BKJIIOYass COOCTBEHHBIN BeC 3JeMEHTOB (pacaga, BETPOBBIC
BO3JICUCTBHUS, TEMIEeparypHble aedopManuv W rojoiaéansie Harpy3sku [5]. Ilpu s>TOM
KOHCTPYKTUBHOE MCIIOJTHEHHE KPOHINTEHHOB CYIIECTBEHHO BIIMSCT HA PACIpPEICIICHUE YCHIUH,
BEJIMYMHBI TPOruOOB HAMpPABIAOIINX Tpoduiei, a Takke Ha HArpy3Kd, BOCHPUHHUMAaEMbIC
y3J1aMU KpEIJICHUs K CTEHE.

HemnpaBunbpHbIl BBIOOp THIIA KPOHINTEHHA WM HEJAOCTATOYHAs OICHKAa €ro paboThl B
coctaBe ¢acagHON CHCTEMBbl MOXXET TMPUBECTH K YBEIWYCHHUIO HArpy30K Ha aHKEPhl, POCTY
nehopmaruii AJIeMEHTOB, BO3HUKHOBEHHUIO JIOKATBHBIX MOBPEKICHUN OOJTUIOBKH M CHI)KCHHIO
obmeit Hané&xHocTH (dacagHoil KoHcTpykumu [5]. B psme ciaydaeB 3TO NPUBOAMT K
HEOOXOUMOCTH YCUJICHHSI TTOJACUCTEMBI UJIM MPOBEICHUIO BHEIUIAHOBBIX PEMOHTHBIX paboT, 4ToO
YBEITUYMBACT IKCILTyaTaIllHOHHBIC 3aTPATHI.

B mpakTrueckoM MPOEKTHPOBAHUU YaCTO BO3HHUKAET HEOOXOJIMMOCTH BhIOOpa Hambosee
palMoOHATIBLHOTO THUMA KPOHIITEHHA TPHU COXPAHCHUH HEWU3MEHHBIX YCIOBUU OKCIUTyaTalluu
dacama, TeOMETPUYECKUX TapaMeTpOB CHUCTEMbl M THMNA OOJIUIOBKH. [Ipum 3TOM pasnnyHbIe
KOHCTPYKTUBHBIE PEIICHUS] KPOHIITEHHOB MOTYT JIEMOHCTPUPOBATH OTIMYAIONIYIOCS padoTy 1O/
NEHCTBHEM OJMHAKOBBIX HArpy30K, 4YTO TpeOyeT TMPOBEACHHUS pAcu€THOrO aHaiu3a M
COMOCTABIICHUS pe3yIbTaToB [3].

B cBsI3M ¢ 3TUM aHaIM3 BIUSHUSA KOHCTPYKTUBHBIX OCOOCHHOCTEH OIMOPHBIX KPOHIITCHHOB
Ha HaNpsOKEHHO-AeOPMHUPOBAHHOE COCTOSTHUE (DacalHOW TOJCHUCTEMBI SIBJISIETCS aKTyaJlbHOM
WHXEHEPHOM 3ajlaueil, HampaBJICHHOW Ha TIOBBINICHWE HAJAEKHOCTH W HKOHOMHUUYECKOU
3¢ (HEKTUBHOCTH MPOEKTHBIX PELICHUMH.

Lenpro qaHHOM PaOOTHI ABISETCS CPABHUTEIIBHBIA aHAIN3 PaOOTHI (hacaHOM MOACUCTEMBI
MIPU UCTIOJB30BAHUM PA3JTMYHBIX BAPUAHTOB OMOPHBIX KPOHIITEHHOB B OJMHAKOBBIX PACUETHBIX
YCIOBHSIX W OIpEACICHHEe  HaumboJiee  PAIMOHAIBLHOTO  KOHCTPYKTHBHOTO  PCIICHUS,
obecreunBaroiero TpedyeMblii ypoBEHb MPOYHOCTH U KECTKOCTH CHUCTEMBI MPU ONTHMATHLHOM
pacnpeeneHny Harpy3oK.

2. MaTepuajabl H METOABI

Pacuér Hecymeld cmocoOHOCTH 3JIeMEHTOB (DacagHON TIOJCUCTEMBl BBITIOJHEH ISt
OJIMHAKOBBIX  YCJIIOBMHM O3KCIUTyaTalluk C LEJIbI0 KOPPEKTHOTO CpPaBHEGHHMS BapHAHTOB
KOHCTPYKTHUBHBIX perieHuil. Bo Bcex paccMaTpHBaeMbIX BapHaHTaX COXPAHSIIMCH HEM3MEHHBIMU
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napaMeTpbl 3/1aHUs, HAarpy3KH U OCHOBHBIE 3JIEMEHTHI IMOJICHCTEMbI; M3MEHSJICS TOJIBKO THII
OIIOPHOT'O KPOHIITEWHA.

B pacuére npuHATHI claeayrone napameTpsl:
YPOBEHBb OTBETCTBEHHOCTH 3/1aHus - KC-2;
BETpOBOi paiioH II, Tunm MmectHocTH B;

BBICOTA IIPUMEHEHUS CUCTEMBI - 20 M;
TOJIOJIETHBIN paiioH - |1,

MaTepuan oonunoBku - HPL-nanenw;

BEC OOJIMIIOBKM - 15 Kr/m?;

BepTuKaiIbHbIN npodmis - KC-I1 201 (40x60x1,8);
mar npoduieit - 0,6 M;

JuinHa ipoduits - 3 m;

BBUIET cucTeMEI - 0,2 M;

Hecyumil kponmreiH - KC-K 105;

pacuéTHoe ycuiine aHKepa Ha BbIPhIB - 6 KH.

Pacuér Hecymelr cmocoOHOCTH 3JIEMEHTOB (hacagHON IOJCUCTEMBI BBITIOJIHEH C
MCIOJIb30BaHUEM IMPOTrPaMMHOro komruiekca StatUs Ha ocHOBaHUM TMOJIOKEHUN COMPOTUBICHUS
MaTepHaJIOB U JEHCTBYIOMUX HOPMATUBHBIX JOKYMEHTOB.

B pacuére yuuThIBaIuCh CIEAYIONIUE BUIbI HATPY30K:

— COOCTBCHHBIH BEC JICMEHTOB MOACUCTEMBI U O0JIUIIOBKH;
— BETPOBBIC HATrPYy3KH;

— TOJIOJIENHAS HATpy3Ka.

PacuéTHas moroHHas Harpy3ka OT COOCTBEHHOIO Beca OOJIMLOBKM M BEPTHUKAIbHOIO
npoduiIs ONpeeNaIach BEIPaXKEHUEM:

Pz=Po'Vf'lx+Pp'yf' (1)

rae F,- Bec 00nmunoBky, - mar npoguiei, P,- Bec mpoduis.
PacuétHoe naBiieHHe BeTpa ONpenessiiaioch M0 3aBUCUMOCTH:

W:WO'k'C'Yp'Ym'yf'lx» (2)
IJIe Wo- HOPMaTHBHOE BETPOBOE JaBlICHHE, K- KO (GHUIIMEHT BHICOTHI M THITA MECTHOCTH, C-

a’POAMHAMUYECKUN KOAPPUIIUECHT.
["ononénHas Harpy3ka NpUHUMAJIACh 110 BEIPAXKECHUIO!

i=b-k-p-p-g-vrly )

rac b- TOJIIIMHA CTCHKU rononéna, P- IUNIOTHOCTH JIbJiA.
HpOIIOHLHLIC YCUJIMA B HAIIPABJIAIOMIUX OMPCACIISIIIMCE KaK:

Nz =P, z " lz» (4)
rae l,- qmiHa ygacTka mpoguiist, BOCIPHHAMAIOIIETO HATPY3KY.
W3zrubarorye MOMEHTBI B 3JIEMEHTAaX TMOJACHCTEMBI OMPEAESUINCH 10 PAcYETHOM CXeMe

OanKku:

M=k-w-1? ()
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rae k- kodhdumeHT pacu€THOM cXeMbl, [- IiHA MPOoNETa.
[TpoBepka MPOYHOCTHU BBITOJIHSUIIACH TI0 HOPMAJIBHBIM HAIPSKEHHSIM:

o=y (6)

Irac W - MOMEHT COIIPOTHUBJICHHA CCUCHMUA.
[IporuGs1 HanpaBIAIOMUX TPOQHUIIEH POBEPSUTUCH 110 YCIOBUIO:

f = fron (7)
Harpy3KH Ha aHKCPHBIC KPCIJICHUA OMMPCACIIAINCH C y‘IéTOM OKCHCHTPUCUTCTA MMPUITTOKCHUSA
HarpyskKu:
N z (8)

aHK b . TL'

r7ie b -1ie4yo aHkepa, n - YUCJIO aHKEPOB.
Bo Bcex pacu€THBIX BapUaHTaX COXPAHSUIUCH OJIMHAKOBBIE UCXOHBIE MTAPAMETPhI CUCTEMBI,
a U3MEHSUICS TOJIBKO THUIT OTIOPHOTO KPOHIIITEHHA.

B paGotre BbIONIHEHO CpaBHEHHE TPEX BapuaHTOB (acaAHOW  MOACHCTEMBI,
OTJIMYAIOIIUXCS THUIIOM TPUMEHSEMOTO OMOPHOTO KpoHIITeWHa. OcTajabHbIE IMapaMeTphl
KOHCTPYKIIMH, BKIFOYas THI BEPTUKAIBHBIX HAMPABISIONUX, Iar npoduiei, BbUIET CHCTEMBI,
TUAN HECYIIMX KPOHIITEHMHOB M YCIOBUS SKCIUIyaTalluM, BO BCEX BapHaHTaX COXPaHSIINCH
HEU3MEHHBIMHU.

AHkep

KpoHwTenH

Hanpasaaouwue npopuan

Obanyoeka

Pucynoxk 1. KoncTpykTHBHas cxema HaBeCHOU (pacagHON CUCTEMBI C YKa3aHUEM
OCHOBHBIX JIEMEHTOB KPEIJIEHUS [MaTepuall aBTopa]

PaccMmoTpeHsI ciieyroniye BapuaHThl IOJICHCTEMBI:

Bapuanrl.
IMomcucrema ¢ mnpumeHeHuem omnopHoro kponmrteitHa KC-K 105 (Standard 180 L+),
3aKpeIUIieMOro K Hecylled KOHCTPYKIMM 3[JaHHs TOpd  TIOMOINM  OJHOTO  aHKepa.
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Pucynok 2. Cxema kpemienus ¢dacagnoro kpoumreina(180 L+), k Hecymieit crene u
HaIpaBJICHUS JICHCTBYIONIMX HArPY30K, UCTIOIb3yEMbIC TIPU BBIIIOJHEHUN PAacUY€TOB [MaTepral

aBTOpA|

Bapwuanr 2.

[Toacucrema ¢ mpumeneHueM omopHoro kpowmureiina KC-K 115 (Standard 180 M),

3aKpeIIsIeMOro € WCIOJIb30BAHUEM [BYX aHKEpOB, 4YTO oOecreuuBaeT 0ojiee paBHOMEPHOE
pacripe/ielieHiue Harpy30K B y3Jie KPEIJICHHUSI.

Pucynok 3. Cxema kperienust pacaanoro kpoumreina(180 L), k Hecyrei cteHe u
HAIPaBIIEHUS ACHCTBYIOIINX HATPY30K, UCIIOJIb3yeMbI€ MTPH BBIITOJIHEHUH PacyETOB [MaTepua
aBTOpA|

Bapwuanr 3.

[Moncucrema ¢ mpumenenuem omnoproro kponmreiina KC-K 135 (Standard 180 L), npu
KOTOPOM U3MEHsEeTCs pacdéTHas cxeMa padoThl Mpoduis M TepepactpepessstoTCs YCHIUS B
DJIEMEHTAaX CUCTEMBI.
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Pucynok 4. Cxema kpemtenus ¢acagnoro kpoumreiaa (180 M), k HecyIeit crene u
HaIpaBJICHUS JICHCTBYIONIMX HAPY30K, UCTIOIb3yEeMbIC TIPU BBIOJHEHUH PAcYETOB [MaTepral
aBTOpA|

Pacuérnr JJIA KaXA0ro BapuMaHTa BbIIIOJHCHBI IIPpWM  OJMHAKOBBIX  HArpyskax H
IreOMETPUYECKUX IapaMeTpax CUCTEMbI, YTO IO3BOJISIET OLEHUTh BIMSHME KOHCTPYKTHUBHBIX
0COOEHHOCTEH OMOPHBIX KPOHIITEHHOB Ha paboTy (acaaHOl MOACUCTEMEI.

3. Pe3yabTaTsl

[To pesynpTaTam pacu€ToB [UIsl KaXIOro BapuaHTa (acagHOW MOJACUCTEMbI OBbLIU
MOJIy4YeHbl 3HAUEHUs HAaNpsHKEHUH B dBJIEMEHTaX HampapisoluX HOpoduied, ycwinid B
KPOHUITEHHAX, HArPy30K Ha aHKEPHbIE KPETJICHNS M BETMYUHBI IPOTUOOB JIEMEHTOB CUCTEMBI.

Pacu€rbl BHINOMHAINCH AJI1 OAMHAKOBBIX AapaMeTPOB 3aHUSI M HArPy30K, YTO MO3BOJIUIIO
BBINOJIHUTh KOPPEKTHOE CPaBHEHHE BApHMAHTOB PabOThl MOJCHCTEMBbl MPHU W3MEHEHHM THUIA
OIIOPHOTO KPOHIITEWHA.

Jlna BapuanTa 1 pacd€r mokasa BBIIIOJIHEHUE YCIOBUI IPOYHOCTH U KECTKOCTH ISl BCEX
AIIEMEHTOB TMojacucTeMbl. HampsbkeHus B HampaBisIOIIMX NPOQMIAX M KPOHIUTEHHAX He
IIPEBBIIAIOT AONYCTUMBIE 3HAYEHMS], @ HATPY3KH HA aHKEPHBIE KPEIUICHUSI HaXOIATCs B IIpeeax
PacU€THBIX CONPOTUBIIEHUI.

Cxema Mpodomnue cuaw Movennu Iposubu
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Pucynoxk 5. PacueTHast cxema 1 3MIOPBI YCHIIM, MOMEHTOB U TTPOTHO0B Tipoduutst st 1
BapuaHTa [MaTepuai aBTopa]
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Bo BTOpoMm BapuaHTe Takke 0OecreuyuBaeTCsl BBHIMOJHEHHE YCIOBUN MPOYHOCTH BCEX
areMeHTOB cucteMbl. [Ipu »TOM Habmomaercs Gosiee paBHOMEPHOE pacIpeiesieHue Harpys3ok
MEXJy DJJIEMEHTaMH TIOJICUCTEMBbI, 4YTO CBHUJICTENBCTBYET O Oojee 3¢dekTuBHON padoTe
KOHCTPYKITUH.

[ xoma lfpadosskne cum Mampanu Nporods
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PucyHnok 6. PacuetHas cxema 1 SIIOPBI YCHUIIHI, MOMEHTOB U TIPOTHOOB TIPOQUITST TS 2
BapuaHTa [MaTepual aBTopa|

B Ttperpem BapuaHTe pacué€T 10Ka3aj IPEBIIIEHUE JOIYCTUMBIX HAIPSKEHUN B OJHOM U3
OTOPHBIX KPOHIITEHHOB HECMOTPS Ha TO, YTO HANPaBIISAOLINE TPODUIN U KPETJIeHUs! padoTaloT B
JIOMYCTUMBIX Mpefenax. IOTO yKa3blBaeT Ha HEBO3MOXKHOCTb NPUMEHEHHUS JaHHON cXeMbl 0e3
WU3MEHEHUSI KOHCTPYKTUBHBIX ITAPaMETPOB.

Cxema Mpodonsmur tuau Heserarw fipoaudu
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PucyHnok 7. PacueTHas cxema U SMIOPHI YCHUIIHA, MOMEHTOB U TIPOTUOOB MpoQuis st 3
BapuaHTa [MaTepua aBTopa)

OcHoBHbBIE pacu€THBIE pe3yNbTaThl AJIi pacCMaTPUBAEMbIX BapUAHTOB IPUBEJIEHBI B
CBOJHOM Ta0IHIle pacUETHBIX MOHTAXHBIX CXEM.

Ta6auua 1. CpaBHUTENIbHBIE pe3yabTaThl pacuéra (acagHON MOACUCTEMBI Ul pa3IMYHBIX
BapHUaHTOB ONOPHBIX KPOHIUTEHHOB
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Bricora, M
(tmar mpod BertpoBas | Hanpspkenus, Beipeisaouiee BHHOH}EGHHG
s, M) OneMeHT warpyska | MTTa ycuiue ankepa, | [Iporu6, cm YCITOBHIA
(BLICT, M) kH MIPOYHOCTH
1) 3 m getspexnponerHas 6anka KC-I1 201 (L 40x60x1,8) 'St 180 L+[2] 4St 180 L+[1c]
0,2/0,65+0,65+0,65+0,65|0,2.
KC-IT 201 (L 105,7<120 0,11<0,43

20 40x60x1,8) Brmonasrores
(0,6) KC-K 105 | I B 100,5 <120 0,74<6 | 0,002<0,27 JUIS BCEX
0,2) (Standard 180 JJIEMEHTOB

L+)
1) 3 m getsipexnponernas 6anka KC-I1 201 (L 40x60x1,8) 'St 180 L+[2] 4St 180 L[2]
0,2]0,65+0,65+0,65+0,65|0,2.
KC-IT 201 (L 105,7<120 0,11<0,43
40x60x1,8)

20 KC-K 105 69,4 <120 0,81 <6 | 0,002<0,27 Brimoaasorcst
(0,6) (Standard 180 [ IIB JUTSL BCEX
(0,2) L+) 3JIEMEHTOB

KC-K 135 112,1 <120 0,42<6
(Standard 180 L)
1) 3 M marunponernas 6anka KC-IT 201 (L 40x60x1,8) 'St 180 L+[2] 5St 180 M
0,2|0,52+0,52+0,52+0,52+0,52|0,2.
KC-IT 201 (L 68,8 <120 0,04<0,35
40x60x1,8)

20 KC-K 105 63,8 <120 0,79<6 | 0,002<0,27 He BrImonusaroTes
(0,6) (Standard 180 | II B JUISL:
0,2) L+) Kpownmireiina

KC-K 115 159,3>120 0,67<6
(Standard 180 M)
160
c 140
%‘ 120 ——doryer
2 100
i Bapuast 1 BapmanTt 2 Bapuant 3

Pucynoxk 8. CpaBHeHUE HANIPSKEHHU B OMOPHBIX KPOHIITEHHAX JIJIsl pacCMaTPUBAEMBbIX
BAPHUAHTOB IMOJCUCTEMBI [ MaTEpHa aBTOpa]

4. Obcy:xnenue

[To pesynbraram pacu€TOB BBIIOJIHEHO CpaBHEHHE pa0OTHI (acaJHON MOJACUCTEMBI MpU
MIPUMEHEHUHN PA3JTUYHBIX TUIIOB OMOPHBIX KPOHIITENHOB B OJITMHAKOBBIX YCJIOBUSX KCILTyaTallvH.
[TpoBenéHHBIM aHANM3 TMO3BOJSET OLEHUTh BIMSHHE KOHCTPYKTHBHBIX OCOOEHHOCTEH Yy3Ia
KpeIJIEHHsI Ha HaNpsHKEHHO-IE(POPMUPOBAHHOE COCTOSTHUE DSJIEMEHTOB CHCTEMBI U BBIIBUTH
3aKOHOMEPHOCTH MEPEPACTPEACIICHUS YCUIITUI.

B BapuanTte | HampspkeHHsI B BEPTUKAIBHOM MPOGUIE M KPOHIITEHHAX HE MPEBBIMIAIOT
JMOIYCTUMbIC 3HAUEHHWs, a HArpy3KH Ha aHKEPHBbIC KPEIUICHUS W MPOTHUOBI HAIPABIISIFOIINX
HaxoJATCs B TIpe/iesiax HOPMAaTUBHBIX TPEOOBAHHM. DTO CBUACTEIBCTBYET O KOPPEKTHOM paboTe
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CHUCTEMBI IIPH 33JaHHOM pacy€THOM cxeme. OJTHAaKO clIeayeT OTMETUTh, YTO IIPU JAaHHOM BapHAaHTE
HAOJII0JIAETCSI MEHEE PaBHOMEPHOE PACHpPENEICHUE YCUIMM MEXIy 3JIEMEHTAaMH, 4YTO MOXKET
MIPUBOJUTH K JIOKAJbHOMY YBEJIMUYEHUIO HAMPSHKEHUH B OTAEIBHBIX y3JIaX MPU HEOIAronpHusITHBIX
COUYETaHUSIX HArpy30K.

Bo BTOpoMm BapuaHTe Takke OOECHEeUHMBAETCS BBINOJHEHUE YCIOBHM TMPOYHOCTH U
KECTKOCTU JUIsl BCEX 3JIEMEHTOB mojacucreMsl. [Ipu aToM Oosee paBHOMEpHOE pacrpeneieHue
HArpy30K MEXIy OJJIEMEHTaMU CHUCTEMbl YKa3blBaeT Ha IIOBBIIIEHHE OOIIEH YCTOWYUBOCTH
KOHCTPYKLIMM K 1epepactpeneiacHuto  ycwinid. CHUXEHHME JIOKAJIbHBIX  KOHLIEHTpalMi
HANPSDKEHUN CIOCOOCTBYET YBEJIWYEHHUIO JOJITOBEYHOCTH Y3JI0B KPEIJICHUS U CHUKEHUIO pUCKa
HAKOIUICHUSI TTOBPEXKJICHUN NP JUTUTENBHONU AKcIUTyataniuu. TakuM oOpa3oM, JaHHBIA BapUaHT
MOKHO paccMaTpuBaTh Kak HauOojiee palUOHANBHBIM C TOYKM 3pEHUS KOHCTPYKTHBHOMU
3¢ (HEKTUBHOCTH M HAJIEKHOCTH.

B BapuanTe 3 pacy€r mokasal NpPEBBILIEHUE IONYCTHUMBIX HANPSKEHUH B OJHOM U3
OTIOPHBIX KPOHIITEHHOB. (OCHOBHOW NPUYMHON SBISETCS W3MEHEHHUE PACUETHOM CXEMBI,
OPUBOJAIIEE K YBEIMYCHHIO UW3rHOAIOIIEr0 MOMEHTa B KPOHIITEHHE. DTO CBA3aHO C
YMEHbILIEHUEM OJIATIIMBOCTHU y3J1a KPEIICHUS U NIepepacipe/IeIEeHNEM YCHINN ¢ HaIIPaBJIAIOIINX
npodumneil Ha KpoHIITEeHH. B pe3ynbTaTe BO3HUKAET KOHIICHTPAIUS HAIPSDKEHUH, TPEBBIIIAOIIAs
JOMyCTUMBIE 3HAYEHHS, YTO YKaszbiBaeT Ha HEI(D(EKTHBHOCTH JAHHOTO KOHCTPYKTHBHOTO
pemeHus. HecMOTpst Ha TO, YTO OCTalbHBIE AJIEMEHTHI CHUCTEMBbl PaOOTAIOT B JOMYCTHMBIX
npejenax, Halu4ue XoTs Obl OJTHOTO 3JIEMEHTA, HE YIOBJIETBOPSIOIIEIO YCIOBUSAM MPOYHOCTH,
JIeNaeT BCIO MOACUCTEMY HEHAIEKHOM.

CpaBHUTENbHBIN aHAIU3 IOKAa3bIBa€T, YTO M3MEHEHHE THUIIA OIOPHOT0 KpPOHUITEHHA
CYILIECTBEHHO BJIMSET HA KECTKOCTh y3Jla KPEIUICHHUS] U XapaKTep B3aMMOJEHUCTBHS AJIEMEHTOB
CHCTEMBI. YBEJIWYCHHE KECTKOCTH COEJAMHEHUS NMPUBOAUT K POCTY HM3THOAIOIINX MOMEHTOB B
OTJICNIbHBIX 3JIEMEHTaxX, TOrJa Kak Ooyiee TMOKHME CXEeMbl CIOCOOCTBYIOT MepepacrlpeielieHUI0
YCUJIMI U CHUKEHUIO JIOKAJIbHBIX HanpspkeHui. Takum o0pa3oM, py MPOEKTUPOBaHUU (pacagHbIX
CHUCTEM HEOOXOJAMMO YYHUTHIBaTh HE TOJIBKO MPOYHOCTHBIE XapaKTEPUCTHKU OTIEIbHBIX
AJIEMEHTOB, HO M UX COBMECTHYIO padOTy B COCTaBE CUCTEMBI.

JloToNMHUTENBHO CJEeAyeT YYHUTHIBATh, YTO TNPU pealbHON OSKCrulyatauuu (acagHbie
CUCTEMBI TIOJIBEPraloTCs BO3JEHCTBUIO IEPEMEHHBIX HAarpy3oK (BETPOBBIX, TEMIEPATYPHBIX), YTO
MOKeT ycunuBaTh HG(deKT mepepacrpeneieHuss HampsokeHuil. B 3Tom KkoHTekcte Oonee
PaBHOMEpPHOE pacHpeeleHue yCHINH, HaOI0JaeMoe BO BTOPOM BapUaHTE, SIBJISETCS Ba)KHBIM
(bakTOpOM MOBBIICHUS HAAEKHOCTH U JOJITOBEYHOCTH KOHCTPYKIIHH.

TakuMm o0pazom, pe3yiabTaThbl UCCIEIOBAHUS MOATBEPKIAIOT, YTO BHIOOP THIA OMOPHOIO
KPOHILITE{HA OKa3bIBAET CYIIECTBEHHOE BIHUSHHUE Ha HAMPsDKEHHO-Ie(OpPMHUPOBAHHOE COCTOSHUE
dacagnoit moxacucrembl. Haubonee 5>PdeKTUBHBIM SBISETCA BapHaHT, OOECIEYMBAIOIINIA
PaBHOMEpPHOE  pacIpelelieHHe Harpy30K M MUHUMHU3ALUIO JIOKAJIbHBIX  KOHLIEHTpalui
HaANPSDKEHUH, UTO COOTBETCTBYET BTOPOMY paccMaTpUBA€MOMY BApHAHTY.

5. 3ak/04eHue

B pabGore BHINOJIHEHO CcpaBHEHHE TPEX BapUAHTOB (acagHOW  MOJCUCTEMBI,
OTJIMYAIOMINXCSI TUTIOM TPHUMEHSEMOTO OIOPHOTO KPOHIITEHHA, MPH OJWHAKOBBIX PaCUETHBIX
YCIOBHAX AKCIUTyaTaly. Pacd€rel BBHIIOJIHEHBI C MCIOJIB30BAaHMEM IMPOrPAaMMHOTO KOMILJIEKCa
StatUs ¢ yu€ToM COBMECTHOrO JEWCTBHUS COOCTBEHHOIO Beca KOHCTPYKIUH, BETPOBBIX U
rOJIONETHBIX HArPy30K.

AHanm3 pe3yapbTaToB MOKa3all, YTO M3MEHEHHE THTIA ONTOPHOTO KPOHIITEHHA CYIIECTBEHHO
BIMSET Ha paclpelesieHHe Harpy3ok B DJIEMEHTaX MOJICUCTEMBI U paboTy Y3JIOB KpEIJICHHS.
VYcraHoBieHo, 4TO BapuaHThl | W 2 o0ecredyuBarOT BBINOJHEHHE TPeOOBaHWM MPOYHOCTH U
KECTKOCTH KOHCTPYKIIMH, TOTJa KaKk B BapuaHTe 3 HAOMIONAETCs MPEBBIINICHHE JOMYCTUMBIX
HaIpsHKEHUH B KPOHIITEIHHE, YTO JIeNIaeT JaHHOE perieHue HepaboToCTOoCOOHBIM 0€3 M3MEHEHHMS
KOHCTPYKTHUBHBIX ITaPAMETPOB CHCTEMBI.
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Haubonee pannoHanbHBIM pelIeHHeM MpU 3aJaHHBIX YCIOBHSX IKCIUTyaTallMH SBISETCS
BapuaHT 2, oOecreynBaroImuii 0ojiee paBHOMEPHOE paclpelieieHue HAarpy3oK M JAOCTaTOYHBIN
3anac MPOYHOCTH EMEHTOB IMOJICUCTEMBI IIPU COXPAHEHUHN KOHCTPYKTUBHOU IMPOCTOTHI.

[Tony4yeHHble pe3yabTaThl MOATBEPXKIAIOT HEOOXOIUMOCTh PACUYETHOTO CPaBHEHUS
BapHaHTOB (acagHbIX TOJCUCTEM Ha JTane NPOEKTUPOBAaHUA [UIsi BbhIOOpa Haumbosee
3¢ (hHEeKTUBHBIX U OE30MACHBIX KOHCTPYKTUBHBIX PEIICHUH.

KongaukT unrepecoB. KoppecnoHaeHT aBTOp 3asBISIET, YTO KOH(INKTAa HHTEPECOB HET.
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