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VK 624.01

OCHOBHI KOHIENTYAaJIbHi pillIeHHs1 CTaAiOHIB YKpaiHu 10
yemnionaty €sponu 3 ¢gyrooay €EBPO-2012

InmanoBcbkuid O.B., a1.1.1.

TOB «YxkpincranbkoH iM. B.M. IllumanoBcekoroy», Ykpaina

AHoTauifa. Po3rnaHyTO KOHUENnTyanbHi Ta KOHCTPYKTMBHI  pilleHHA  CTadioHiB
nobynoBaHUX Ta PEKOHCTpPyMoBaHMX B YKpaiHi Ao 4emnioHaTy €Bponu 3 dyTbony
«€Bp0-2012», a came, HCK “Onimninicekuin” y ™. Kuesi, “[oHbac-ApeHa” y M.
[oHeubky, OCK “Metanict” y M. XapkoBi, “ApeHa-JIbBiB” y M. JlbBOBi. Bia3HauyeHo
yyacTb YKpaiHCbKOro iHCTUTYTY CTaneBuMX KOHCTPyKUin iMeHi B.M. LUnmaHoBCbKOro y
NMPOEKTYBaHHi, CNOPYAXEHHI Ta HayKOBO-TEXHIYHOMY CynpoBoAi umx 06'ekTiB. OcobnmBy
yBary npuiifieHo MeTasieBUM KOHCTPYKUiIM Ta iXHbOMY BUrOTOBJ/IEHHIO. [TOKasaHo, §K
BUpiWyBanucs npobnemu, WO BUHUKANW NiA 4Yac CMNOPYAXEHHS Ta MOHTaxy
KOHCTPYKLUiN.

AHHOTaumus. PaccMOTpeHbl KOHUenTyasbHble U KOHCTPYKTMBHbIE pelleHus CTaAMOHOB
NMOCTPOEHHbIX W PEKOHCTPYMPOBAHHbIX B YKpauHe K yeMmnuoHaTy EBponbl no ¢yrtbona
"€Bpo-2012", a umeHHo, HCK "Onumnuiickmin" B r. Kuese, "[loHbacc-apeHa" B T.
JOoHeuke, OCK "Metannuct" B r. XapbkoBe, "ApeHa-JlbBoB" B I. JlbBoBe. OTMeueHO
yyacTme YKpaunHCKOro MHCTUTYTa CTasibHbIX KOHCTPYKUMI nMeHn B.M. LLlInMaHOBCKOro B
MPOEKTUPOBAHNMN, COOPYXEHUN N HAYYHO-TEXHUYECKOM COMPOBOXAEHUN 3TUX 06BEKTOB.
OcobeHHOe BHWMaHWe yAeneHo MEeTaS/IMYEeCKUM KOHCTPYKLUMSM U UX U3FrOTOBJIEHWUIO.
MNMokasaHo, Kak pa3pelwanncb NpobnemMbl, KOTOpble BO3HUKANIN BO BPEMS COOPYXEHUS U
MOHTaXa KOHCTPYKLNNA.

Abstract. The conceptual and structural solutions of stadiums built and reconstructed
in Ukraine for the European Football Championship - EURO 2012, notably - NSC
“Olympiyskiy” in Kiev, “Donbass-Arena” in Kharkov, “Arena-Lviv” in Lviv were
considered. The participation of V. Shimanovsky Ukrainian Institute of Steel
Construction in design, erection and scientific and technical maintenance of these
objects was discussed. The particular attention is paid to metal structures and their
manufacturing. The ways of solving problems which occurred in process of erection and
assemblage of structures are presented.

KnwuoBi cnoBa: €Bpo-2012, cnopTuMBHI cnopyawn, CTafioHW, MOKPUTTS TPUOYH,
KOHCTPYKUil MeTanesi, NpoOeKTyBaHHSA, BUrOTOBJIEHHS, MOHTaX.

VY 2007 poui YkpaiHa oTpuMaina HpaBO Ha MpOBeAEHHs (iHAIBLHOTO TYpHIpY
gemmionaty €Bporu 2012 poky 3 ¢yTOOIy, SKHH € MepImuM MDKHAPOIHUM
TYpPHIPOM TaKOTO BHCOKO paHry B YKpaiHi 3 yacy HaOyTTsS HEIO HEe3aJIe)KHOCTI.
Tomy B VYkpaini Oynum 3ammaHoBaHi W ycHmilIHO 3AilicHEHI poOOTH 3
PEKOHCTPYKIII Ta HOBOTO OyIiBHUIITBA OaraThOoX O0O0’€KTIB, Y TOMY YHCII
CIIOPTHBHHX, 1 B Tepmry 4epry - (yTOONBHUX CTaliOHIB JUIS TPOBEACHHS
¢inanpHOTO TypHIpY yemmnionaty €Bponu 2012 poky 3 pyTbomy.
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IIporpama migroroBkn YKpaiHM A0 MpoBeAeHHS (iHAIBHOTO TYpHIpY
gemmioHaty €Bporu 2012 poky 3 gyTboiy 3aTBeprkeHa ykazoMm I[Ipesnmenta
VYkpainu N 346/2007 Big 24.04.2007 p. “Tlpo 3axomu momo 3abe3rneycHHs
MiATOTOBKM Ta TPOBEACHHS B YKpaiHi (iHATBbHOTO TYpHIpY deMIioHaTy
€sponn 2012 poky 3 ¢yrbomy” 1 posnopsupkeHHsmu KaGinery MinicTpiB
Yikpaimm N 1295 Big 31.10.2007 p. “IIpo JepkaBHY MiIOBYy NpOTrpaMy
MiATOTOBKY Ta MPOBeACHH: B YKpaiHi (piHanbHOI yacTHHU yeMmioHaTy €Bpomnu
2012 poky 3 ¢yt6omy” i N 83 Big 16.01.2008 p. “IIpo mimaH neprioyeproBux
3aXOiB 13 IIATOTOBKM Ta TIPOBEACHHS B YKpaiHi (iHATbHOI YacTHHHU
yemmionaty €Bpornu 2012 poky 3 pyToomy”.

VY paMkax BHKOHaHHS L€l OporpaMu Oynd MOBHICTIO PEKOHCTpyHOBaHi
cramgionn HarlioHaBHOTO CHOPTUBHOTO KOMIUICKCY “‘ONiMIIACBEKUI” y M.
Kwueni tTa O61acHOTO0 CIOPTUBHOTO KOMILIEKCY “Metamict” y XapKoBi, a TaKOXK
3BeJieHI HOBI cTtamionu “Jlonbac-Apena” y m. Jlonenpky i “Apena-JIbBiB” y M.
JIpBoBi. IlpoekTm cramgioHiB BUKOHaHI 3rimHO 3 BUMoramu YECDA i
repen0avyaroTh MPOBEACHHS YBEPThGiHATHHUX, MBGIHATEHUX Ta (DIHATEHUX
MaT4iB HaHOLIBIIMX MDKHApPOAHUX TYPHIpiB. YCi CTagiOHM MarOTh HE JIHIIE
CydJacHEe apXiTeKTypPHO-KOMIIOHOBOYHE pPIlICHHS # OpraHidyHO BIHMCaHI B
HaBKOJIMIITHE TPUPOTHE 1 MICBKE CEpeloOBHINE, alleé TaKoX MaroTh
KOHCTPYKTHBHO pallioHallbHy (GOpMY 1 TEXHOJOTIYHE IJIaHyBaHHS, IO
3a0e3rneuye MiABHIICHY KOMQOpPTHICTH 1 Oe3meky BimBigyBauiB. Hukue
NPEACTaBICHO ONUC OCHOBHUX KOHLENTYaJbHHUX pillleHb, SKi OyJIH MPUHHATI
NPU PEKOHCTPYKIIIT Ta HOBOMY OYAiBHUIITBI 3a3HAYEHUX CTAJIIOHIB.

Cranion HCK “Ogimmniiiceknii” y m. Kuei. CtaioH BiIHOCUTBLCS 10 KIIaCy
“Emit”, po3paxoBaHuii Ha 69 THCSY IIIsIIa4iB, HOTO TUIOIIA CTAHOBUTH OJIM3BKO
60000 M>, a po3Mipi HaTypanbHOro rasoHy (yTOOIBHOrO MOJS IOPIBHIOKOTH:
mosxknHa — 104 M 1 mmpura — 72 M. KpiMm Toro 3aranpHa 1uroma 3a0yI0BH
cTaniony ckmamae 6ims 160000 M2, 30Ha TOCTHHHOCTI JIOpiBHIOE O3bpKk0 45000
M’, @ TEPHTOPIs YIOPSAKYBAHHS OXOILTIOE IUIONLY Y MeXKax MiBTopa KiTomerpa
HAaBKOJIO CTAJIiOHY.

PexoHcTpyKmist cTamioHy, OKpiM pPEKOHCTPYKLii HOro 4damm, BKIIOYAE
o0JIalITyBaHHS Ha MiClli LEHTpajbHOI TPUOYHHM YOTHpHUIOBepxoBoro VIP-
KOPITyCYy 3 Mpe3nuaeHTChKoI0, VIP Ta KopropaTUBHUMU JIO’KaMH, TBOPiBHEBUMH
cKaif-Ookcamu, Oapamu, pecTOpaHamMH, MIKC-30HOIO, JIOKEI  MpecH,
MPUMILIEHHSIMH JUIA Telle0aueHHs, OlepaTopiB, KOMEHTATOPIB Ta OXOPOHH,
IBOMa CTaIllOHAPHUMH 1 HEBEIWKUM IPOMDUKHHM sIpycOM Ha TpHOYHI,
po3asTanbHIME s GyTOONICTIB 1 apOiTpiB, a TakoX OE3MUYI0 I1HIIHX
TEXHIYHUX Ta JOMOMDKHUX mpuMilieHb. Ha cTamioHi BCTaHOBJICHAa HOBa
CHUCTEMa OCBITJICHHS, po3MillieHa 0e3MocepeaHbO il TTOKPUTTIM, a TAaKOX JIBa
cBiTIOmionHUX Tabmo. Pacajx CTaaiOHy BHUKOHAHUH 13 CKISHOI OOOJIOHKH, a
TpUOYHH HAKPHTi BEIMKONPOIBOTHOIO BHCSYOIO CBITIOMPO30POI0 MEMOpPaHHO-
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TKaHUHHOKO cucTteMow (puc. 1). V posramoBaniii mopsy i3 cramioHom 13-
roBepxoBii Oynismni “Onimmik Ctap” nependadeHo po3MimeHHs pi3HOMaHITHAX
(yHKIIOHATBHUX MPHUMIIIEHb, Y TOMY 4YHCII OQICHOTO, CHOPTUBHOIO Ta
MenifHOTO (Tpec-IeHTp) NpHU3HAYCHHS, a TaKOXK pO3TAllOBAHOTO Ha Jaxy
MallaHuuKa [ TBUHTOKpHIa (puc. 2).

9y

Puc. 1. 3araneauii Burisia cragiony HCK “Onimmnificbkuid” 3 miBHIYHOT (a) 1 3axigHOT
(0) cropin

99

Puc. 2. 3aranpauii Burisia cragiony HCK “Onimmificbkuii” 3 MPUIIETIION0 TEPUTOPIEIO

YIOPSAKYBaHHA

HaiiGinbin  BigmoBigaJibHUM 1 CKIagHUM  eneMeHToM  cragiony HCK
“OniMIiiCEKUR” € TOKPUTTS HaJ HOro TpuOyHaMHM 3 BUIBOTOM BiJ 65 10 69 M i
miomiero 48500 M2, SIKE€ HE JIMIIE BXOAWTH JO YHCJIAa HAHOUIBIIMX Yy CBITI
MOKPUTTIB HaJ CHOPTUBHUMHU apeHaMd, a W OJHOYACHO BJAAIO IOETHYE
apXiTeKTypHO-ECTeTHYHI 1 eKCIUTyaTaliiHi BiacTuBocTi [lpu mpoMy BinMiHHI

0COOITMBOCTI TTOKPUTTS TOJSITAIOTH Y TOMY, IO:
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— MeTaneBi OMOPHI KOJIOHW MOKPUTTS BHHECEHI 3a Yally CTamioHy 1 He
COMPAIOTBCS Ha MOro TpUOYHH, THM CaMUM HE Nepelaldd Ha HHUX
JIONaTKOBE HaBaHTaKEHHS (pHC. 3, a);

— IOKPUTTS Ma€ B IUIaHI BHJ OBaJbHOIO KUIbLA, SBISIE COOOIO
BEJIMKOTIPOJILOTHY BUCSYY JBOLIAPOBY paiaibHO-KIJBIIEBY CHUCTEMY 1
KOHCTPYKTHUBHO CKJIaJA€ThCS 3 BEPXHIX Ta HWKHIX paliajJbHUX BaHT
nmiamerpoM Bim 55 mo 85 MM, MiABICOK 1 BHYTPIIIHBOTO KOHTYPHOTO
KuThIL (pHC. 3, 0);

— B SKOCTI  OTOPOJKYBAIBbHOI  KOHCTPYKIT TOKPHUTTS  NPHUAHSTA
MeMOpaHHO-TKaHWHHA CHCTeMa, BUKOHAHA 3 CHHTETHYHOTO apMOBAaHOTO
CKJIOBOJIOKHOM IIOJIOTHA, JTAMiHOBaHOTO Te(JIOHOM i3 000X CTOpiH, SKe
Ma€ BUCOKY MIITHICTh, HETOPIOTICTH 1 MPO30picTh (puc. 3, B);

— MOBEPXHS TMOKPHUTTS MOXKE 3a3HABATH HEOOXITHUX 3MiH CBOET TeOMETpil B
3aJIeKHOCT] BiJl YMOB HAaBKOJHIIHBOTO CEpPEIOBHINA, MPHUUOMY MPOIEC
(hopMO3MiHU 3HIMCHIOETHCS TiJ KEPYBaHHSAM CIEIialbHO PO3pOOIEHOT
KOMIT'FOTEpHOI CHCTEMH, B Pe3yJbTaTi YOI'0 CTBOPIOIOTHCS YMOBH IS
skicHOi aepar(ii 1 30UIbIIEHHS TPUBAIOCTI MPUPOIHOTO OCBITICHHS
TpaB’STHOTO T'a30HY, KOHTPOJIO 32 TEMIIEPaTyPHO-BOJOTICHUM PEXUMOM
Ta YCYHEHHSI MOKJIMBOCTI BUHUKHEHHS ITAPHUKOBOTO €(PEKTY.

Puc. 3. Koucrpykuist nokpurtst HCK “Oumimmiiicbkuii”:
a — Hecy4uit kapkac; 0 — BAaHTOBa CUCTEMa; B — MEMOpPaHHO-TKaHHHHE MTOKPUTTS;
1 — BepxHI pajianbpHi BaHTH; 2 — HW)KHI palialibHi BaHTH; 3 — MiJBICKH;
4 — BHYTpILIIHE KOHTYPHE KiJbLe
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3araibHa KiIbKICTh KaHATIB BUCAYOI CHCTEMHU TOKPUTTS HApaxOBY€E ONU3BKO 3
THCSY, 1X Bara JOpiBHIOE 765 T, cymapHa moBxuHa csarae 40 kM, a miameTp
KaHATIB 3HAXOMUThCS y Mekax Bif 13 mo 115 mm. [lns 3’enHaHHS OKpeMuX
KaHATIB MK Cc000I0 mependaueHo Oumbine 1 THCSYI 3aTHCKadiB, a Ui iX
00’€lHaHHS B €IMHY KOHCTPYKIIIIO TOKPUTTS — OJNM3BKO 22 TUCSY JIUTUX
€JIEMEHTIB (KOHEKTOPIB) MIABUINCHOI TOYHOCTI BHTOTOBIICHHS 1 MEXaHIdHOI
00po0Oku (puc. 4).

Benukonpois0THA BHCAYA JBONIAPOBA PAialibHO-KIIbI[EBA CHCTEMa TTOKPHUTTS
HaJ TpUOYHAMM CTaIiOHY IiABIIIIEHA IO BEPXHHOTO 30BHIITHHOTO OMOPHOTO
KOHTYPY, KU CIIUPAETHCS HA BICIMJCCIT METAJICBUX OTIOPHHUX KOJIOH, KOXKHA 3
SKMX Ma€ JOBKUHY Ot 50 MetpiB 1 Bary 01u3bko 50 ToH (puc. 5).

Puc. 4. Jlutunit eneMeHT (KOHEKTOP) AJIS CIIONyYCHHS BEPXHIX 1 HIDKHIX paiallbHIX
BAaHT 31 BHYTPIIIHIM KOHTYPHUM KiJIbIIEM

Bepxui pamianpHi BaHTH, MO MIATPUMYIOTh BHKOHAaHE 3 ITyYKa KaHATIB
nmiamerpom 90 MM BHYTpIIIHE KOHTYPHE KiJIbIIe BUCSYOI CHCTEMH TOKPHTTS,
MiBIIICH] JI0 PO3TAIIOBAHOIO HA KOJIOHAX Ha BUCOTI 0Ju3bk0o 40 M BEpXHBOIO
30BHIITHBOTO OTOPHOTO KOHTypa. HwkHI pamianbHi BaHTH, 3aKkpiljieHi Ha
BHYTpPIIIHBOMY KOHTYPHOMY KiJBIli 1 po3TamoBaHi Oe3mocepeaHho Hal
TpuOyHaMH, IiJBIIIEH] 10 HUKHBOT'O 30BHIIIHBOTO OIIOPHOTO KOHTYypa, KN
CIHMPAETHCS] HA KOJOHM HAa BHCOTI ONMHM3bKO 22 M. 30BHILIHI OMOpPHI KOHTYPH
BHKOHAHI 3 JIICTOBOTO MPOKATy i MAalOTh 3BapHHA KOPOOUYACTHH TOIEepETHII
nepepis i3 rabapuramu 800x1200 MM Tpu TOBIIHMHI CTIHOK Bijx 30 10 70 MM.

BignoBigHo [0 TNpHHAHATOI KOHCTPYKTHBHOI CXEMH TIOKPUTTS, KOJIOHH,
posramoBaHi 3 KpokoM Omm3pko 10,5 M, [mapHipHO CcHOUpAIOTbC Ha
3ai300€TOHHI KOHCTPYKIIT ranepei Juis MiAXOAY TJsiadiB, IO OIepi3ye
cTagioH. BepxHiil onopHMi KOHTYp MiABIMEHUH 10 BEPXiBOK KOJOH MIAPHIPHO
y TJIOLIMHI BAaHTOBHUX ()epM, a HIKHIH OTIOPHUH KOHTYD 3’ €IHAHHUHN 3 KOJIOHAMHU
xopctko. KomoHu, 31 3aTMCHEHMM Yy HHMX HIDKHIM OIOPHHUM KOHTYPOM,
YTBOPIOIOTH )KOPCTKY MPOCTOPOBY PaMHY CHCTEMY, sIKa, 00’ €IHAHA MOTIEPEAHBO
HaIpY>XCHOIO BHCSYOI0 CHCTEMOIO TIOKPHUTTS B €IUHE IIijie, 3ade3nedye
CTIHKICTh BCi€T KOHCTPYKITii.




36ipHux naykosux npayb
Yxpaincvroeo incmumymy cmanesux xoncmpyxyiu
imeni B.M. llumanoecvkozo. — Bunyck 10, 2012 p.

30BHIIIHI ONMOPHI KOHTYpU (SK BEpXHiH, Tak 1 HWXKHIA) € CTHCHYTUMH BiJ
po3mopy y BaHTax, 10 NEPEAETHCS HA HUX, IPUIOMY BEJIMYHHA 3yCHIIb CTUCKY
nocsirae 5000 T, a BHYTpPIIIHE KOHTYpHE KiJIblle — PO3TSATHYTUM, BEJIWYHHA
3yCWIb Yy SIKOMy CTaHOBUTh Oym3bko 5500 T. [lpu npomy BenuyuHa
MaKCUMaJIbHOTO 3yCHIIISI PO3TATY, SIKE€ 3[aTHE CHPUHHATH KijbLie, JAOPIBHIOE
13500 T.

MertaneBi OMOpHI KOJOHW, MO MiATPUMYIOTH BHCSYY CHUCTEMY MOKPHTTS,
3aBBHLIKH 3alPOCKTOBaHI JlaMaHoi KOH}irypaumii, mpuuoMy TOYKa HEPEIOMY
3HAXOMUTHCS Ha PiBHI HIDKHBOTO 30BHINIHBOTO OMOPHOTO KOHTYpY (puc. 5).
Bucora HMKHBOT JISTHKY KOJIOH NMPHUAHATA OJMM3BKO 22 M, a BEpXHbOI — 18 M,
o0  JO3BOJMJIO 3MEHLIMTH EJINCOMOAIOHICTE BEPXHBOIO  30BHILIHBOTO
ONIOPHOTO KOHTYPY 3 METOI 3MEHILICHHS 3TMHAIBHUX MOMEHTIB, IIO
BHHHUKAIOTH Y HHOMY ITiJI JII€10 30BHINTHIX HABAHTAXKCHb.

Puc. 5. TTonepeunuii epepi3 i KOHCTPYKTUBHA CXE€Ma BUCSYOTO MMOKPHUTTS HAJI
TpUOyHaMH CTaITi0OHY

Hap HwkHIMH pagialbHUMH BaHTaMH IOKPUTTS 3HAXOIUTHCSI MeMOpaHHO-
TKaHUHHA cucTeMa. CucTeMa 3allpoeKTOBaHa Yy BUIJISII TEHTOBOI KOHCTPYKIIT
31 MIMpeHTeIbHUMH WIiANOpaMy s HaJaHHS CeKIisM TIOBEPXHI MEBHOL
B3BHIICHOCTI, IO J03BOJISIE HE JIMIIE CTBOPUTHU ITONEPEIHE HANPYKEHHS IS
[Ipu mpoMy y meHTpax CeKid, /e BCTAaHOBJEHI MIMPEHTeNIbHI i ImipKH,
nepeadaueHo  BIAIITYBaHHS  KYMOJNBHHX  JIXTapiB i3  CBITJIONPO30pUM
MOKPUTTSIM 13 TONIiIKapOOHATHHUX JIUCTIB

Cranion “/londac-Apena” y m. [lonenbky. HoBwuii cTamion y M. JloHenbky
po3tamoBannii y mapky imeni Jlenmincekoro Komcomomy. CranmioH
pospaxoBannmii Ha 50 THCSY TIIAAAYIB, HOro MIOIA CKIagae 61H3bko 59300 M7,
a 3araibHa 1iomia 3a0ymxosu — 204000 M’ (puc. 6).
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Puc. 6. 3aransauii Burinsa cragiony “Jlonbac-Apena” 3 MpUIIETIIO0 TEPUTOPIED

Bubip KOHCTPYKTHBHOTO pIIIEHHS CTaJioHy OyB 3HAa4yHO YCKJIaJHCHUH
CKIaJHHMH TEOJIOTIYHMMHM yMOBaMM MaljaHuyuka OyIiBHULTBA, SIKHHA
BifHOCUTBCSL 10 Tepuropiit IV  rpymn, mo mnigpobmstorecs. Tomy
3aITi300€TOHHUN KapKac Ha/I3eMHOI YaCTHHH CTaII0HY BKIIIOYAE YOTHPHAIIATH
po3nineHux JedopMaliiHIMU NIBAMU CEKTOPIB TPUOYH IS TIsIaqiB — 110 TPU
CEKTOPH B MiBHIYHMX 1 MIBACHHUX 1 [0 YOTHPH B 3aX1THHUX 1 CX1THUX TPHOYHAaX.

l'onoBHMME HeCydYMMH KOHCTPYKIISIMH CTaIiOHy €, TO-TIepIe, MOHOJITHI
3aJ1i300€TOHHI (DYHIAMEHTH, IO CIMPAOTHhCS IMiJ MIBACHHUMH 1 YaCTHHOIO
CXiIHMX 1 3aximHuX TpUOYyH Ha maidi, MO-Ipyre, MOHOIITHI 3ai300€TOHHI
KOHCTPYKLIi KapKaca HaJ3eMHOI YaCTHHM TPUOYH, IO SKHUX KpIIUIATHCS 30ipHi
3aJ1i300€TOHHI KOHCTPYKIII TPHOX SAPYCIB Uit O€3MOCEPEIHBOrO PO3MIIICHHS
Micup A7 TAadiB i, MO-TpETe, MeTaleBi KOHCTPYKLIi MOKPHUTTS Haxg
TpuOyHaMH 3arajbHOI0 Macoro 0Ju3bKo 4,5 Tucsy ToH (puc. 7).

IIpocTOPOBA CHC-
TeMA MOKPHTTE

MLEcCENsE OXEEC] A ST
IMOKPHTTS HaA 3

oneornt onept }

Puc. 7. CxematuuHuii monepevyHuil nepepis cramaiony
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[MokputrTs 3arampHOIO TLIOMIEI0 Onu3bko 33400 M® Mae (hopMy OBAIILHOTO
KITTBIIA 1 IO HaXWJICHE y MIBACHHOMY HaIpsiMi ISl 301TBIIEHAS TPUBAIOCTI
MIPUPOAHOTO OCBITIICHHSI TpPaB’SIHOTO Ta3oHy. Y KpaWHIM 4YacTWHI TOKPHTTS
nepeadaueHa CBITIONPO30pa 30Ha 3 MOMKAPOOHATHHUX JTUCTIB TIomero 5300 M.

l'onoBHMMHU MeTaneBUMH KOHCTPYKLISMH HOKPHUTTSI € MPOCTOPOBI KOHCOJBHI
pamianmeHi depmu 3aBHOBXKKK Onm3pko 60 M (puc. 8), Ha SKi CHIHPAIOTHCS
CTPYKTYpHi OJ0KH y (opMi KiJBIIEBHX CEKTOPIB i3 TabapUTHUMHU pO3MipaMu B
mwrani 60x60 M 1 60x30 M (puc. 9). KoxkeH CTpyKTypHHMid OJIOK HOKPHTTS
CIMPAETHCS HA JIBI CyCiHI pajlianbHi (pepMu, Ha OJHIN 3 SIKUX OTIOPH IAPHIPHO
3aKpillieH] Y TPbOX B3a€MHO-TIEPICHAUKYJISIPHAX HampsMax, a Ha IHIOIH —
TIJIBKH y BEPTUKAILHOMY Hampsmi, 3a0e3leuyroun, TaKUM YHHOM, MOXKJIUBICTh
MEepPEeMIIeHHs] BY3JMiB y TUIOMIMHI HIDKHIX MOSICIB MPOCTOPOBHX DPaTialbHUX
dbepm 10 140 Mm.

Puc. 9. CtpykTypHuii 6JI0K OKPUTTSL:
a — 3araJbHUI BUTISLL; O — By3JI0Ba AeTans Tuiy “Mepo”
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imeni B.M. llumanoscvkozo. — Bunyck 10, 2012 p.

Cragion OCK “Merajict” y M. Xapkosi. Ctanion po3paxoBanuid Ha 38600
rIsAadiB, HOro MIoma cTaHoBUTh Oim3bKko 20000 M?, a PO3MIpH HATYPaIBHOTO
ra3oHy (yTOONBHOTO MOl JOPIBHIOIOTE: JoBXKHA — 105 M i mmpuHa — 68 M.
3aranbHa mwioma 3a6ygoen OCK “Meramict” cranoButs 61m36K0 85000 M.

PexoHcTpyKIlis cTamioHy, KpiM BIIAaCHE PEKOHCTPYKINI HOro dalli, BKJIIOYAE
BJIAINITYBAHHS 5-TIOBEPXOBOTO 06araToyHKITIOHAIEHOTO KOPITYCY, IIOKPUTTS HaL
TpuOyHamu, enekTpomiacTanuii motyxHicTio 500 kBT i 3HauyHOI KOMepuiitHOT
3oHu. KpiMm TOro, mepembadueHO TIOBHE OHOBJIEHHS IPHUCTAAIOHHOL
IHQPACTPYKTYpH IIITXOM CTBOPEHHS aBTOCTOSHOK TSI (GyTOONBHHX KOMAaHI,
aBTOCTOSIHKH Jiis o(imitinux oci6, VIP-imBimyBauiB, mpeactaBHukiBa 3MI Ta
BOOMIBaJIbHUKIB, @ TAaKOX LUIAXiB HE3aJEKHOTO Ta OE3MEYHOTO0 MPOXOody i
eBaKyamii TiasgadiB. J[as 1IbOTO TEpHTOpPiIS HABKOJO CTaIioOHy po30MTa Ha
BIJIOKPEMJICHI OJIMH BiJ OJHOIO CEKTOPH, KOXEH 13 SIKHX Ma€ CBOI BJacCHI
BUXoau 3 88 TypHikeTamu, 3 SIKMX 74 MOBHO3POCTOBHX, 12 cTanmapTHux (y
tomy uncihi 4 nns VIP-BigBigyBauis) i 2 mist inBamigie (puc. 10).

AL w S B

- ¥: i ¥ B ek s : 3 LI
C e ‘w“sw\%-f‘fm'_-' R
1 ! A . -

Puc. 10. 3aransai Bunu cragiony OCK “Meraict”
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Y  5-moBepxoBomy ©OararoyHKLIOHaJBbHOMY KOPIYCi BEpxHI HOBepx
BiIBEICHUIA I PO3MIIIECHHS TIISIAIBKIX JIOK Ta IHIMUX 3pydHOCTei mist VIP-
BiJ[BiJlyBadiB, y TOMY YHCIi 7 CKai-OOKCIB, a Ha IHIIMX MOBEPXax 3HAXOAATHCS
(yHKI[IOHANBHI Ta TEXHIYHI MPUMIIICHHS, HEOOXIiHI Ui HOPMaJIbHOI poOOTH
cTaniony, npec-eHtp Ha 300 ocid, mpuMileHHs s TeTe0adeHHs, OIepaTopiB,
KOMCHTATOpIiB 1 OXOpoHH, pecTtopaH Ha 360 wmicup, Oapw, odich Ta iH.
[pumimenus ¢yréonapHOI iHGpacTpyKTYpu (po3asranbHi mist (yTOOmicTiB i
apOiTpiB, TpeHyBaJIbHUIA 3aJ1, KiMHaTa feneraTiB YEDA yu ODY, nikyBanbHO-
BiTHOBJTIOBAJILHUM IIEHTP Ta 1H.) 3HAXOIATHCS HHUKYIE PIBHS 3EMIIL.

Ha cranmioni neMoHTOBaHa crapa cHCTEMa OCBITJICHHS, 10 Oa3zyBaiiacsi Ha
YOTHPBOX OKPEMO CTOSYMX IOMJIaX, 1 BCTAHOBJEHAa HOBAa, pO3TalllOBaHa
Oe3rmocepeIHR0 Ha 1 HaJ MOKPHUTTIM, sSKa 3a0e3leduye OCBITIICHICTh IO Ha
piBHi 2400 mokc (puc. 11, a, 6). Kpim Toro, Ha cTajioHi BCTaHOBIEHi JBa
CBITJIONIOAHUX TAOJIO 1 CBITJIOZIOJHA pEKJIaMHA JIiHis, PO3TAIlOBaHA Y3IIOBXK
repuMeTpa 1ol 3 0OKy MiBHIYHOI, CXifHOT Ta miBAeHHOI TpuOyH. Takox 10
ITIOKPHUTTS TiABiMIeHa cucTteMa “Spidercam”, mo mepecyBaeThCS HAI IOJIEM, 1
JI03BOJISIE OJICPKYBaTH 300pakeHHs y OyIb-sKii HoTo Todwi, K i3 piBHA 3eMJi,
TaK i 3 BUCOTH ‘“‘nTamuHoro noisoty”. Ilig TpuOyHamu ctamioHy nependadeHi
TIPUMIIIICHHS KOMEPIIiitHOTO Tpu3HaueHHs (puc. 11, B, T).

Puc. 11. Cucrema ocsitnenns craniony OCK “Merainict” (a, 6) i 0araTodyHKIIOHAIBHUIH
KOPIYC 13 MiATPUOYHHUMH IPUMIIIEHHSIMHA KOMEPIIIHHOTO MPU3HAYCHHS (B, T)
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Haii6inein BigmoBiganeHuM i ckiagHuM eneMmenToM cragiony OCK “Meramict”
€ TIOKPUTTS HaJ TPUOYHAMH, BIJIT SIKOTO Hocsrae 36 M, mroma — 24860 m* (y
TOMY YHCJi CBITJIONPO30pa 30HA B3JO0BXK BHYTPINIHHOTO IEPUMETpa IUIOIICIO
7765 M°), a 3aranbHa Maca MeTaleBUX KOHCTPYKIIiil — 3,5 THCsYi TOH, BUKOHAHE
13 3aCTOCYBaHHAM KOHCOJIbHO-(DEPMEHHOT KOHCTPYKTHBHOI CXEMH, IO BJAJIO
MOETHYE APXITEKTYPHO-ECTETHYHI Ta eKCIUTyaTaIliiiHi BJaCTHUBOCTI. BiaMiHHOTO
OCOOJIUBICTIO TIOKPUTTSI € Te, 10 BCi Horo 24 metaneBi V-mofiOHI OMOpHI
CTIfiKM HE CcIHparoThcs Ha TPUOYHH (1 THM caMUM He TepelaloTh Ha HUX
JIONAaTKOBE HaBaHTAXCHHS), a BUHECEHI 3a Yally CTagioHy. 3acTocoBaHE
pIIIeHHST JO3BOJWJIO HE TUTHKH TIOBHICTIO HAKPUTH BCI TISAAIbKi MicHs Ha
TpuOyHax CTaTioHy ax A0 iX MEpUIMX PSAIiB, aje i OJHOYACHO 30UIBIIUTH Ha
HUX KUIBKICTE MICIIb.

[oNOBHMM YMHHWUKOM, IO BHU3HAYHWB KOHCTPYKTHUBHE pIlICHHS TOKPHTTS
TpuOYH CTaJiOHy, BHSBWIIACS HE3[ATHICTD iICHYFOUMX KOHCTPYKLIH TpUOYH 10
CIPUUHATTS 3HAYHUX JOJATKOBHX HaBaHTaXeHb. ToMy HeCydi KOHCTPYKIIl
HOKPUTTS NPUHHATI y BHUIVIAI OKPEMO CTOSYOI CHCTEMH, HE ITOB’S3aHOI 3
ICHYIOYMMH KOHCTPYKILISIMU cTafiony (puc. 12, 13).
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Puc. 12. [IpuHnunoBa cxeMa HeCy4nx KOHCTPYKIIH TOKpUTTS TpuOyH cragiony OCK
“Meramict”
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Kapkac mokpuTTs BUpILIEHU y BUIVIAAI 3aMKHYTOTO OHOPHO-IIAKPOKBSIHOTO
KOHTYPY, IO CKIATAEThC 3 V-TIOMIOHUX OMOPHUX CTIHOK BHCOTOIO 22,3 M, sKi
CIHPAIOThCS Ha 3alli300eTOHHI (YHIAaMEHTH 3 KpPOKOM Big 16 mo 64 m i
HiIKPOKBSIHUX ()epM BHCOTOIO 6 M 13 BIIMITKOIO OCi BEpXHBOTO Tosica 24 M, sKi
3’€HYIOTh 1i cTiliku (puc. 13, 14). Y 20 M BiJ ONOPHO-IIAKPOKBSIHOTO KOHTYPY
pO3TaIIOBaHI 30BHIIIHI OTOPHI CTIHKHM TOMEPEYHUX paM, TaKoxk o0 ’€IHaHI B
3arajibHy CHCTEMYy KapKkacy. Y CBOIO 4Yepry A0 30BHIIIHIX OINOPHUX CTiHOK
Yyepe3 CUCTeMY PO3KOCIB Ti/IBilIeH] KPOKBsiHI (pepMu HaJ TPHOYHAM.

Jlo kpokBsHUX (hepM TOTNEpeUHUX paM Ha BiacTai 26,25 M Bix V-momiOHUX
OMOPHMX CTIMOK MiJBIIIECHI MiAKPOKBSIHI (QepMH BHCOTOK 6 M i3 BIIMITKOIO
BEPXHBOTO Mosica 32,25 M, 10 PO3AUISIOTH KPOKBsIHI ()epMHU Ha JIBI YACTHHHU —
OCHOBHY TIPOJHOTOM 26,25 M i KOHCOJIbHY BHIHOTOM 9,75 M. Kpok KpOKBSHUX
dbepm mpuiinatuii Bixm 8,0 10 9,0 M, a B okpeMux Micusax gocsrae 12,0 m.
OcHOBHa YacTMHa KPOKBSHUX (epM 3ampoekroBana BucoTtoro 3,0 M i3
MapaJeIbHUMU TIOSICAMH, YXIJI SSKUX CTaHOBHUTH 17,8 Bim QyTOOIBHOTO MO, 1
JoBxuHOIO nanem 4,375 M.
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Puc. 13. Ilonepeunnii mepepis cxigHoi Tpudyan craniony OCK “Meramict”:
1 — V-noznibna onopHa cTiiiKa; 2 — 30BHIITHSA OTIOPHA CTiHKa;
3 — ONOPHO-ITIAKPOKBSHUI KOHTYD; 4 — po3mipKa; 5 — cTiiika-Haa0ynoBa;
6 — poskoc; 7 — kpokBsiHa epMa; 8 — po3koc; 9 — miakpokBsiHa hepma
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VY mponborax MK ¢epmMamMH 3 KPOKOM ONH3BbKO § M BCTAHOBJICHA peryJisipHa
CHUCTEMa TPOTOHIB, Ha AKY YKIANA€ThCSI TMOKpPiBENbHE MOKPUTTI. KpiM Toro, 110
BEPXHIX T05ICaX KPOKBSHHUX 1 MIIKPOKBSIHUX ()epM BCTAHOBICHHH CYILILHHMA
B’SI3€BUI TUCK, SIKUH 3a0e3meuye TeOMEeTpUIHY HE3MIHHICTD 1 CTIHKICTh YChOTO
HOKPHUTTS Y LIJIOMY.

TaxkuM YMHOM, O CKJIaAy KOXKHOI IMomepedHoi pamu BXomath (puc. 13): V-
mo/i0Ha 1 30BHILIHA OMOPHI CTIHKK BUCOTOIO 22,3 M KOXHa, 1[0 CITUPAIOTHCS Ha
3a1i300eTOHHI  (hyHIaMEHTH;, OIOPHO-IIKPOKBSHUI KOHTYp; pO3IMipKa Ha
Mo3HAYIl 24 M MiXK OTOJIOBKOM 30BHIIITHEOT OITOPHOI CTIHKH i BEPXOM OITOPHO-
MiAKPOKBSIHOTO KOHTYPY; CTilika-HaI0y/0Ba, AKa CIIMPAEThCA Ha MO3HAULi 24 M
Ha ONOPHO-IIAKPOKBSHUKA KOHTYp 1 MIATPUMY€E CHCTEMY MiABICKH KPOKBSHOI
dbepmu Hanm TpuOyHaAMW Ha IMO3HAYI 39,5 M; po3Koc, MO 3’€NHYE OTOJIOBKH
30BHINIHBOI OMIOPHOT CTIMKK Ha TTo3HAYII 24 M 1 CTIHKU-HaA0yA0BH HA ITO3HAYIT
39,5 M; KpokBsiHa (pepma; PO3KOC, 10 3 €AHYE OTOJIOBOK CTIHKU-HA0Y0BU Ha
no3Hauli 39,5 M 1 BepxHiil Mosic KpOKBsHOI ¢epmMu Ha mo3Haumi 32,25 wM;
TPOCOBI PO3TSHKKH, MO 3’€IHYIOTH OTOJOBKH 30BHINTHBOI OIOPHOI CTIMKH 1
CTIMKH-HaI0yIOBH 3 OTMIOPHO-TIIKPOKBSIHUM KOHTYPOM.

+39,500 +38),
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Puc. 14. ®parmenT onopHO-TiAKPOKBIHOTO KOHTYpY cTaniony OCK “Meramict”

Yci KOHCTPYKTHBHI €JI€MEHTH TIOKPHUTTS MaKCHMalbHO YHidikoBaHi 3a
TUnopo3mipamu i Buaamu npodiniB. OCHOBHI Hecydi KOHCTPYKLIl HMOKPHTTS
BHKOHAaHI 3 TIpodiyiB TpyOdacToro mepepidy miamerpom Big 219 mo 720 MM i3
HIAPHIPHUM 3’ €JHAHHSIM, OTOPO/IXKYBaJIbHI — 3 OIMHKOBAHOTO MPOQLILOBAHOTO
JICTa, a CBITIONPO30pa 30Ha — 3 MOMIKapOOHATHHUX JHCTIB. [IpOroHN MOKpPHUTTS
NpUIHATI KOPOOUYaCTUM, CKIaJICHUMH 3 IBOX NMPOKAaTHHUX wiBesepiB. Jlo ckiaxy
MOKPHUTTSl BKJIIOUEHO TAaKOX 3HAYHY KUIBKICTH JIOIIOMIKHHX KOHCTPYKTHBHHX
€JIEMEHTIB, TNPHU3HAYCHUX I PO3MILIEHHS Ta OOCIYyroBYBaHHS Pi3HUX
IHKEHEPHUX MEPeX 1 MPHUCTPOiB, y TOMY YHUCIHI KINbIEBI IUIOMIAIKA JIs
00CITyTOBYBaHHS TOKPUTTS Ta PO3MIMICHHS CBITIOTEXHIYHOTO OOJagHAHHS,
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Yxpaincvroeo incmumymy cmanesux xoncmpyxyiu
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aynio-, Teie-, Bifleo-1 paAioTpaHCILIHHOI amapaTypH, a TakoX CTEHAU Ul
JIBOX CBITJIOIIOTHUX Tabio 3 GoKcaMu TSt iX 0O0cimyroByBaHHSA. KOHCTPYKTHBHI
CJIEMEHTH IMX IUIONIAJIOK NPUUHATI 31 CTAJCBMX BIIKPUTHX 1 3aMKHYTHX
npodinis.

Cragion “Apena-JIpBiB” y M. JIbBOBi. 3aranpHa mioma tepuropii Oyxis-
HUITBa CTaNioHy “ApeHa-JIpBiB” pa3oM i3 HaBKOJOCTaMiOHHOIO iH(]pacTpyk-
Typoio ckimafae 6mmsbko 248000 M, a moia 3a6y10BH CTaHOBUTH Oitst 46000
M>. Crafion po3paxoBaHuii Ha 33788 risjauiB, a Po3MipM HaTypaabHOTO
ra3ony (yTOOIBHOTO TIONA JTOPIBHIOIOTH: MOBXHHA — 111 M 1 mupuHa — 72 M

(puc. 15).

Puc. 15. 3oBHimHii (a) Ta BHyTpilHii (0) 3araibpHi BUIU cTaaioHy “Apena-JIbBi”

Y3noBx nepuMerpa GyTOOIBEHOTO MO 3 MiBIEHHO1, CXiTHOT i MIBHIYHOI CTOPIH
pO3TalIoBaHi ABOXSAPYCHI TPUOYHH, MiJ MEPIIMM SIPYCOM SIKUX PO3MILICHHUN
MAPKIHT, a i3 3aXiAHO1 CTOPOHHU — OJIUH SAPYC TPUOYH 1 I'ITUIIOBEPXOBAa OCHOBHA
OyZmiBis cTamioHy, B SIKIH 3HAXOIATHCS JIOKI Ta IHII 3py4HOCTi mns VIP-
BiZIBiyBauiB (y TOMy 4ucli ckaii-0okcu Ha 150 Micip), Tpec-IeHTp, IpuMi-
LIeHHS Ui npeActaBHUKIB 3MI, TenebadeHHs, omepaTropiB, KOMEHTATOPIB Ta
OXOpOHH, pecTopaHd, Kade, Oapu, odich, QyHKIIOHANBPHI Ta TEXHIYHI
MIPUMIILICHHS, HEOOXIIHI [T 3a0€3MeYeHHS HOPMaIbHOT pOOOTH CTaioOHy Ta iH.
[lix mniBHiYHUMU TpuUOyHaMH 3HAaXOJATbCA TpuMilleHHS  (QyTOOIBHOT
iHppacTpykTypH (po3aaranbhi ans ¢GyTOomicTiB i apOiTpiB, TpeHYBaJIbHUH 37,
kiMHaTta neneraTiB YEDA abo ODVY, nikyBanbHO-BITHOBIIOBAIHHINA HIEHTP Ta
iH.). Jlo MOKpUTTA y 30HI MIBJCHHUX 1 MIBHIYHUX TPHOYH MiJBilICH] aBa
cBiTnogiogHux Tabno. Ha TpubOynax nependaveni creniaibHi 30HU 1 TipTH 11
TJSIIa4iB 13 OOMEXeHUMH (i3HIHIMA MOKIIUBOCTSIMH.

[IpoexToM mependadeHo 3HAYHHMI PO3BUTOK HABKOJIOCTaIiOHHOI iH(]pacTpyk-
TYpH ILLIAXOM CTBOPEHHS ABTOCTOSHOK 3aralbHOI0 ruiomero 6000 m* s
¢yTbonpHUX KoMaH, odidiiiHux ocid, VIP-BiaBinyBauis, npeacraBuukis 3MI,
BOOJIBaJIbHHUKIB (Y TOMY YHCIi 3 0OMEXEeHHUMHU (DI3MUYHMMHU MOKIHMBOCTSMH) 1
00CIyroByIOUOro IepcoHaly, NUISIXiB HE3alIeKHOro Ta Oe3MIEeYHOro MpoXoay i
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eBaKkyallii IisgaviB, a TaKOX HHU3KH JOJATKOBHX 30H — TOTEIBHO-IIIOBOI,
BHCTaBKOBO{, 30BHIITHBOTO TPAHCIOPTY Ta TPUIOPOKHBOTO CEPBICY, KOMY-
HaJIbHOI Ta MapKOBOI.

Haii6inbIn BiNOBiIATBHAM 1 CKJIaTHUM €JI€MEHTOM CTajioHy “ApeHa-JIbBiB” €
NOKPUTTS Haj TPUOYHAMH, 3arajbHa IUIOMA SKOTO CTAHOBUTH Oist 29000 m’.
V310BXK TEpUMETpPy CTamiOHy BOHO Ma€ yXWJ OJNWU3BKO 5 TpaayciB y Oik
30BHIIIHBOTO KOHTYpPY 1 pO3TalloBaHE Ha pI3HUX IO3HAYKaX i3 IUIABHUM
3HIDKEHHSIM Y HamlpsSMKY HiBACHHUX 1 MiBIEHHO-3aX1THUX TPUOYH, IO JO3BOJISE
30UTBITUTH TPUBATICTH MPHUPOTHOTO OCBITICHHS TPaB’sSHOTO Ta30HY (PyTOOIB-
HOTO TONA. Y 30Hax MiBICHHUX, CXIJHUX 1 MiBHIYHUX TPUOYH TOKPUTTS
CIHMpaeThCsl Ha 3aMi300€TOHHI MiNOHM, a y 30HI 3aXigHUX TpUOYH — Ha
3aI11300€TOHHI KOJIOHU KapKacy OCHOBHOI OyiBii cTamiony. [Tokputts pazom i3
3aJ11300€TOHHUM KapKacoM Yallli CTa{IOHy PO3JiJieHe aHTHCEHCMIYHUMU IIIBAMH
Ha KOHCTPYKTHBHI OJIOKM, JOBXMHa SKMX He mepeBumye 50 M. B sgxocti
OCHOBHUX HECYYMX KOHCTPYKI[iM MOKPHUTTA TPUHHATI MeTajeBl KOHCTPYKIIil
tuny “Mepo”.

OCHOBHI pillleHHs] METaJIeBUX KOHCTPYKIiH MOKPUTTA MIpeACcTaBiIeHi Ha puc. 16.
[TokpuTTs po3mineHe Ha OOUHAAUATH KOHCTPYKTHBHUX OJIOKiB, KOXKEH i3 SKHX
BKJIFOYA€ TIPOTOHHU, CTPYKTYPHI KOHCTPYKIIii, KPOKBSHI (PePMH, OTOPHI CTIHKH
Ta omopHu. IIporoHm ciyryioTe I KpiIUIEHHS KOHCTPYKIINH TOKpiBII Ta
CTIHOBOTO OropoeHHs. CTpyKTYpHI KOHCTPYKUil MOKPUTTA i (acamiB MaloTh
OpPTOTOHAJIbHE PO3TALIYBaHHS IOSCIB 1 YTBOPIOIOTH MPSIMOKYTHI YapyHKH
po3mipamu 6mu3pko 3,3x3 Merpu. CTep)KHEBI €JIEMEHTH CTPYKTYpH 3a
JOTIOMOT0I0 HAaKOHEYHHMKIB OONTOBOTO THUIY KpIIUIATHCA [0 CIEIialbHUX
By3JI0BUX JeTaneil (puc. 17), mpudoMy OONTH y WX 3 €IHAHHSAX IMPUHHATI
kmacy 10.9 i3 KOHTpONBOBAaHMM 3yCHJUIAM HATATY BeNWYHHOIO a0 15% ix
HeCy4oi 31aTHOCTI.

CTpyKTYpHI KOHCTPYKILIiI HOKPHUTTSI CHUPAIOThCA Ha KPOKBSHI (hepMu 3MiHHOL
BHCOTH, pO3TamioBani 3 KpokoMm 10 meTpiB y nieHTpansaux i 11,25 rpagyca mo
paaiycax Kinm y KyToBHX cekropax (puc. 16, a). KpokssHi hepmu MaioTsh
KOHCOJII JIOBKHHOIO JI0 19 MeTpiB i CHHMpAIOThCS Ha 3alli300CTOHHI IMUIOHU
TpuOyH 13 BHKOPHCTAaHHSM BiIJaJiecHUX Ha 6 METPiB OJIWUH BiJ OJHOTO
CIIeITiagTbHO PO3pO0JICHIX OIMOp MBOX THITIB, IPHUOMY SKIIO HA OMOpH THITY |
(bepMu ciMpaloTHCs Yepe3 ONOPHI CTIHKH, TO Ha OMOPH TUIY 2 — Yepe3 OMOpHY
neranb (puc. 18). Onopu KpimisTbes A0 3aiMi300€TOHHMX MiJOHIB TpHOYH 3a
JIOTIOMOTOF0 aHKEPHHUX OOJNTIB 13 IMOJANBIION IiUTMBKOI OIOPHUX TILTHAT
TBepAiIounM po3urHoM «Pagel».
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Puc. 16. Cxema po3rainryBaHHsI KOHCTPYKTHBHHUX €JIEMEHTIB CTPYKTYPHOTO HOKPUTTS () i
TOTIEPEYHUI Tepepi3 cTamiony (3axig-cxin) (0)
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a

Puc. 17. By3noBa neranb amst 3’ €THaHHS CTEP’KHEBHX €JIEMEHTIB CTPYKTYpH (a) Ta
HaKOHEYHHK CTEP’KHEBOTO CTPYKTYPHOTO eneMeHTa (0)

BinmpaBHi Mapkuw TMOSCIiB i JTBOX OMOPHHUX PO3KOCIB QepM 00’ €THYIOThCS
(hnaHieBUMHU 3’€JHAHHSAMHU, a PeIITa PO3KOCIB — JMCTOBUMM HAKJIaIKaMHu 3a
JOTIOMOT0I0 BUCOKOMIIIHUX OonTiB kiacy 10.9 3 KOHTPOIBOBaHUM 3yCHILISIM
HATATY BEIMYMHOIO 85% 1X HeCy4oi 31aTHOCTI.

+37,510

+31,807

6013 lyrso

04

Puc. 18. Cxema KpoKBsHOI (epmu

CrepKHEBI €IEMEHTH CTPYKTYP, KPOKBSHHX (DepM 1 OMOPHUX CTIHOK MPUHHATI
3 Kpyraux TpyO, AeTani omop — i3 TOBCTOJIMCTOBOIO NPOKATY, a MPOTOHH — 3
JIBOTaBpiB 1 mBenepiB. MertaneBi KOHCTPYKIIil HOKPUTTS BUKOHAHI 31 cramneit
mapok S355J2H, S355J2+N, S355J2+N+Z25 i S355J2+AR, sxi maroTh
rapaHToBaHi MOKa3HUKH yIapHOI B 3KOCTI mpu Temneparypi minyc 20° C. Ilpu
bOMY BHUTpAaTa CTaJX Ha OCHOBHI HECy4i METaJOKOHCTPYKIIl HOKPHUTTS CKJIaja
63k 2700 T.
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Puc. 19. ApmyBaHHS Or0JIOBKIB 3aJ1i300€TOHHIX IIUJIOHIB i3 aHKEPHUMH
MIPUCTPOSIMH y 30HaX KPIIJICHHS KPOKBSIHUX (DepM MOKPUTTS

Ilo mporoHax MOKpPUTTS BJIAIITOBAaHA MOKPIBIA 31 CTAJEBOr0 MPOoQilbOBaHOTO
HACTHITY, Ha SIKUI MOKIIA/ICH] ITyMOIIOTIIMHAIOYI )KOPCTKI MiHEpaJloBaTHI IUIUTH,
TiIpOi30MsAIisl Ta MOKpiBelIbHI MPOQiNbOBaHI JUCTH 3 alIOMIHIEBOTO CILIaBY.
V300BXK  yChOro  BHYTDILIHBOTO  TNEPUMETPY MOKPUTTA  mepeadaueHa
CBITJIONPO30pa 30HA 3aBIIAPINKKA Bixm 9,5 mo 15,5 merpiB, BUKOHaHA 3i
CBITJIONPO30pOro MaTepiany (MakpoJIOHY), a Y3/I0BXK 30BHIIIHBOTO — JIOTKH IS
30upanHs artmochepHux onamiB. CTiHOBa Oropoka HaBiCHHUX (acaiB
nepeadadeHa i3 mpodiTbOBaHMX JIMCTIB 13 AIFOMiHIEBOTO CILIABY.

[IpoekTHi pilieHHs 3113006 TOHHKX IIOHIB TPUOYH 13 aHKEPHUMU IPUCTPOSIMH
y 30HaxX KpiJIeHHS KpoKBSHUX (epM HaBendeHi Ha puc. 19. Ilpu upomy
nepeadadeHo, M0 aHKepa LUX NPUCTPOiB niamerpoM Big 48 no 72 MM i
JOBXKMHOIO 10 6 M BHKOHYIOTBCA 31 cranmi C345 i momepeaHpo HaTITYIOTHCS
3ycwusiMH  BenmuuHOlO 80% 1x Hecywoi 3gaTHOCTI micist 0OETOHYBaHHS
OTO0JIOBKIB MiJIOHIB.

Haoitiuwna oo peoxonezii 15.08.2012 p.
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Assembly of the stand roofing steel structure for the football
stadium in Gdansk

'Jerzy Ziolko, Prof. Dr. hab, *Alojzy Lesniak

'University of Technology and Life Sciences in Bydgoszcz, Poland
Energomontaz, Poland

AHoTauifa. Po3rnafaeTbCca TEXHONOriS MOHTaXxy Hasicy Hag TpubyHaMu CTapioHy B
lFaaHcbky, nobypoBaHoro ana €sponercbkoro ¢yTtbéonbHOro 4yemnioHaty €spo-2012.
Cunyet, ¢opma Ta Kkonip ¢acaay CTadioHy Haragye ycCidyeHui wWwMaTok OyplTuHy.
MeTaniyHa KOHCTpPyKLUiss HaBicy Haa TpubyHaMu Mae KBasi-eninTuyHy ¢opmy 3
MakcuManbHuM AiametpoMm 220,0 M Ta MiHiManbHuUM giameTtpom 187,0 M, BucoTy 38,0 M,
depmun HaBicy pgocsaratoTb 48,0 M. KoHCTpyKUia Hasicy BaxuTb 7150,0 ToH. TpuBanicTtb
MOHTaXy cnopyau — 226 AHiB.

AHHOTaumuA. PaccMaTpuBaeTCs TEXHOIOINSA MOHTaxa HaBeca Hag TpubyHamu cTaavoHa
B [AaHcke, nocTpoeHHoro ans Esponerickoro ¢yrtb6onbHoro uyemnuoHata EBpo-2012.
Cunyat, ¢dopMa m uBeT dacaga CTagMoHa HaNMOMWHAET YCEYEHHbIN KyCOK siHTaps.
MeTannuyeckass KOHCTPYKUMS HaBeca Haa TpubyHamm uMeeT KBa3u-elUnTUYECKYHo
¢dopMy C MakcuManbHbIM gnameTpoM 220,0 M U MUHMManbHbIM AnameTpom 187,0 M,
BbicoTol 38,0 M, depMbl HaBeca gocturatoT 48,0 M. KoHcTpykums HaBeca Becut 7150, 0
TOH. ANUTENbHOCTb MOHTa)a COOpYXeHUs - 226 AHeW.

Abstract. The technology of stand roofing assembling for the stadium built in Gdansk
for the European Football Championship — EURO 2012 was discussed. The stadium has
a characteristic silhouette, its shape and colors of the fagcade resembling a cut block of
amber. The steel structure of the roofing over the stand of quasi elliptical form, with
the maximum diameter of 220,0 m and minimum diameter of 187,0 m, is 38,0 m
height, the roof girders having a reach of 48,0 m. The roofing structure weight is
7150,0 ton. It was assembled in 226 days.

Key words: stadium in Gdansk, roof girders, roof assembling.

Introduction. A consecutive European Football Championship tournament
took place in June and the beginning of July 2012. Poland and Ukraine were
entrusted by UEFA with organizing that event. Each of the hosts was obliged to
build four modern stadiums meeting UEFA’s standards. Warsaw, Gdansk,
Poznan and Wroctaw in Poland and Kiev, Kharkiv, Donetsk and Lviv in
Ukraine were the cities selected as the host venues.

The stadium in Gdansk was designed for about 41 000 spectators. It was
placed on a plot of 43 650 m” located between the Old Town and the
New Port districts. A German architectural practice RKW Rhode,
Kellermann, Wawrowsky GmbH from Diisseldorf won the competition
for the stadium design and made the architectural design and building
conception design. Building detail designs were worked out as follows:
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— object erection — Prof. Dr. hab. Eng. Michal Topolnicki, the Gdansk
University of Technology,

— concrete structures of foundations and stands - Autorska Pracownia
Konstrukcyjna ,,Wojdak™ Dr. Eng. Ryszard Wojdak, the design checked
by Prof. Dr. hab. Eng. Tadeusz Godycki-Cwirko,

— stand roofing steel structure - Konsultacyjne Biuro Projektow Zottowski -
Dr. hab. Eng. Krzysztof Zétowski, professor, the Gdansk University of
Technology.

— stand structure components, landscape architecture and coordination of
the whole design work — Eilers & Vogel from Hannover.

The construction work was performed by a Hydrobudowa Polska / Alpine
Polska Consortium.

The stand roofing steel structure was made and assembled by a consortium of:

— Energomontaz ,,Potudnie” S.A. from Katowice,

— PBG - Technologia from Wysogotowo near Poznan,
— Martifer Polska Sp. z o0.0. from Gliwice,

— OCEKON ENGINEERING from Kosice (Slovakia).

Eng. Tomasz Osubniak, MSc, was the stadium stand roofing construction
manager, while Eng. Tomasz Zyska, MSc, managed the final stage of the
construction work and dismantling of the supporting lattice beams and
mounting towers as well as lowering of the roof from the auxiliary structure.

General characteristics of the stadium roofing structure. Projective stadium
has a near-ellipse-shape (Fig. 1) with the longest axis measurement 220,0 m and
the shortest axis 187,0 m long. The stadium roofing is a welded steel structure
composed by 82 sickle-shaped carrying girders (Fig. 2) as well as bracings and
purlins. The carrying girders (distributed along the stand periphery with a
spacing of about 8,0 m) have the form of spatial frameworks of a trapezoidal
section.

Bars of the upper belt have the spacing changing from 1205 mm at the bearings
to 4280 mm in the girder axis curving zone, the spacing of the lower belt bars
varies from 405 mm to 1200 mm, respectively. The largest girder height (in the
curving zone) amounts to 5,8 m. S355J2 steel was used for the girders. For the
belts (the upper and the lower one) ¢ 355,6 pipes with wall thickness from 10
up to 16 mm were used —the pipes in the lower part of the girder have the
largest wall thickness. All cross braces are made of ¢219,1/8 pipes. The girders
are joined together at each truss joint of the upper belt with horizontal tubular
bars and cross braces of “X” type made of round bars (Fig. 3). Owing to those
bracings as well as a ¢ 500 x 20 mm linking ring, connecting together girder
ends inside the stadium, the roofing structure forms a rigid quasi shell with a
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hole in the middle. Therefore, it may be independent of the reinforced concrete
structure of the stand, resting only on it at 82 articulated joints on a carrying
ring integrated in the floor at a height of about 7,0 m above the ground level
(Fig. 4). Pivot bearing for the roofing steel girder has been achieved by welding
bottom ends of the belt (the upper and the lower one) to a horizontal ¢ 500 x
24 mm pipe and inserting the pipe in a cast steel bearing of the cradle type (Fig.
5). The pipe transferring reaction of the support to the bearing had the original
diameter of 508 mm and wall thickness of 28 mm, but was machined on the
outside in order to exactly fit the bearing. The pipe was filled next with
expansive concrete of B28 class and closed with circular covers welded on the
ends.

187000

220000

Fig. 1. Horizontal projection of the stadium
(the numbered boxes show the layout of

mounting towers supporting the roof Fig. 2. Roof carrying steel girder —
carrying structure during assembly, the diagram and cross section not to scale
black squares along the stadium contour (description - see the text)

show locations of the bearings of 82 roof
carrying girders — see Fig. 2)

The total mass of the stand roofing steel structure of the stadium in Gdansk
amounted to 7150,00 ton.
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Fig. 3. Bracing between neighboring girders: ring-shaped (horizontal) made of pipes,
cross braces made of circular bars

Fig. 4. Supporting of roof girders on Fig. 5. Cast steel support bearings for the

the reinforced concrete ring in the carrying girders and components of mounting
floor at a height of about 7,0 m towers (in the background) stored on the
above ground construction site

Assembly. Cutting of pipes for framework bars to be joined together at various
angles and chamfering of edges for welding in various positions were
performed at mechanical works in Kosice and partly also at works in Hungary
cooperating with them. The pipes prepared in such a way were transported to
the Martifer Metallic Constructions plant in Gliwice, where they were joined
together into units having dimensions suitable for road transport to Gdansk.
Prior to shipping a trial assembly on special frames was performed at the
Gliwice plant (Fig. 6), together with covering the units with a layer of anti-
corrosion primer and the first coat of paint. After having been checked the
girders were dismantled to be transported in parts to Gdansk on multi axle
trailers (Fig. 7).
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Fig. 6. Trial assembly of a three-dimensional roof girder at the plant in Gliwice
(photograph courtesy of the Investor)

Fig. 7. Transportation of roof girder parts from the plant to the construction site
(photograph courtesy of the Investor)

After having arrived at the construction site parts of the roof girders were stored
along assembly transoms, which were equipped with special tooling consisting
of posts with brackets, platforms and grips to facilitate assembling and welding
of the structures. In good weather welding was performed outside, while on
rainy days or in strong winds it was executed inside the special protective tents.
The tents, movable along tracks laid on both sides of the transoms, could be
shifted over those zones where welding was being done (Fig. 8). A protection
tent had the following dimensions: the spread of 13,0 m, height of 12,62 m,
length of up to 35,09 m, depending on the number of modules 2,92 m long. The
tent had a steel framework mounted on carriages, which allowed it to be moved
along the track. The side walls and the roof were made of non-flammable PVC
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coated polyester fabric stretched across the steel framework. The end walls,
made of the same material, were of folding type. These tents were also used for
protection of assembled units during repairs of the anti-corrosion paint coat
applied at the plant and damaged in the vicinity of welds made on site or
mechanically damaged during transportation.

Fig. 8. Assembling of roof girders on site on two parallel assembly transoms (movable
tents for protection of welding works on rainy or windy days can be seen in the
background)

The lower sections of roof girders (the so called “fagade” sections), bonded and
checked thoroughly for correctness of joining, were transported directly to the
reinforced concrete structure of the stand and mounted on the articulated
bearings (Fig.9). The respective roof girders had to be fastened to the
reinforced concrete crown beam on the stand top until the entire stand roofing
structure was assembled. That was done with the aid of segmented steel ring
made of successively mounted double-tee bars. Bars of the roof girder lower
belt were fastened to the ring using steel stirrup bolts (Fig. 10).

In order to set about assembling “roof” sections of the carrying girders it was
necessary to erect inside the stadium 22 mounting towers for supporting lattice
beams on which the end sections of the stand roofing carrying girders would be
put. For the layout of mounting towers see Figure 1. The towers had the form of
axially compressed steel framework pillars with square cross sections, each of
them having the base tied to the reinforced concrete structure of the stand
foundation and the head stabilized with four stays. Two of the stays were
anchored at the bottom to the reinforced concrete stand structure (Fig. 11),
while the remaining two were fastened to the ground anchors made under the
stadium pitch (Fig. 12).
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Fig. 9. The first assembled “fagade” Fig. 10. Bars of a roof girder lower belt
part of a roof girder (02.04.2010). The connected temporarily with stirrup bolts to
instant of temporary fastening of the the steel ring on the stadium stand reinforced
girder to the segmented steel ring on concrete crown beam
the reinforced concrete stand crown
beam

Fig. 11. Anchorage of mounting tower Fig. 12. Anchorage of mounting tower
stays to the reinforced concrete structure stays within the stadium pitch — a ground
of the stadium stand (stays of two anchor (note as for Fig. 11)
neighboring towers were fastened to one
anchor)

The “roof” sections of girders, bonded and checked thoroughly for correctness
of joining, were transported to the assembling crane on special self-propelled
multi axle platforms (Fig. 13). They were fitted there with scaffolds necessary
for safe work at heights, and accessories to facilitate joining to the previously
mounted “facade” sections of the girders.
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Fig. 13. A “roof” section of a roofing carrying girder (about 48 m long) transported on a
self-propelled multi axle platform from the paint shop tent to the mounting crane

A LIEBHERR 1350 crawler crane was used for mounting the girder ,,roof”
sections. The crane, with the boom and jib of 42 m length each, the working
radius of 34 m and the total mass of ballasts (main and auxiliary) amounting to
163,0 ton had a lifting capacity of 38,0 ton (Fig. 14). The mass of roof girder to
be mounted was equal to 31,0 ton. Mounting of the first roof girder is shown in
Figure 15.

Assembly joints of girder belt pipes had been designed as butt joints welded on
one side. To facilitate joining of the pipes guides made of four crossing metal
sheets were welded inside the pipes of the section to be assembled. Protruding
portions of the sheets narrowed toward the ends, thus forming truncated cones
which centered the pipes being joined (Fig. 16).

To make possible adjustment of the weld groove between the pipes to be joined
thrust pieces were welded near the edges of both pipes (Fig. 17). These pieces
were linked together with bolts provided with nuts below and above the thrust
plate. By turning the nuts one could adjust the pipe edge spacing so as to ensure
a thorough penetration of the weld made on site.
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Fig. 15. The first assembled “roof” section of a roof carrying girder(13.05.2010)
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Fig. 16. Ends of the upper belt bars of a girder “roof” section fitted with fixtures to
facilitate assembling

Fig. 17. Accessories for adjustment of the weld groove width of the girder upper belt
pipe joint

Each carrying girder, beginning from the second one with assembled “roof”
section, was linked to the preceding girder by means of circumferential bars.
The purpose was to make a rigid structure — compare Figures 18a and 18b.

Figure 19 shows tips of the first two assembled roof girders; the tips end with
segments of the linking ring. On completion of all girders assembly and
welding of the missing sections of this ring it became the main linking ring
playing the essential function in the roofing behavior.
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Fig. 18. Diagram showing a “roof” girder resting on the supporting lattice beams, the
girder immediately after assembling, two adjacent girders linked with circumferential
bars prior to the mounting of the next girder

e 1N\
7 i BN

Fig. 19. Tips of two adjacent girders resting on the supporting beam. Components of the
main linking ring measuring ¢ 500 x 20 mm can be seen on the girder tips

Figure 20 shows a further stage of the construction work — assembling of twelve
carrying girders.

Dismantling of the supporting beams and mounting towers was an essential and
technically difficult stage of the works. Dismantling was only possible after
having welded together and checked the whole main linking ring connecting all
the roof carrying girders. When that was done one had to set about
disconnecting the roof carrying structure from its temporary links to the
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reinforced concrete crown beam on the stand top. The roof carrying structure
had to become independent of the reinforced concrete structure. Cutting of the
stirrup bolts joining the steel girders with the reinforced concrete structure (see
Fig. 10) stirred up a lot of emotions, as that could not be done for all of 82
girders simultaneously. One was afraid that successive releasing of the girders
from those temporary joints could result in local unstressing of the steel
structure and hence its deformation. However, no such effect took place.

——

Fig. 20. Assembled 12 “roof” segments of the stand roofing carrying structure

Heads of the mounting towers, and specifically the middle parts of these heads,
could be shifted vertically within the range of several tens of centimeters with
use of appropriate hydraulic lifts. Such design of the heads made it possible to
dismantle the supporting beams and afterwards the mounting towers
themselves. The procedure adopted can be outlined as follows:

— two hydraulic lifts, controllable from a central station, were installed on
each tower,

— those lifts were used for lifting the whole steel roof by about 30,0 mm,

— backing pads and supports on which the beams rested were removed,

— the supporting beams were lowered by 650,0 mm using hydraulic lifts.
That was broken down into stages of about 200 mm each. The state of the
roof carrying structure was checked after each stage,

— geodesic measurements made on completion of the final stage showed
that the respective carrying girders settled at the ends by 260,0 mm to
370,0 mm. Those results differed from calculated ones by 5 + 12%. This
was acknowledged as acceptable, having in mind unavoidable differences
in manufacturing of the respective girders,
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— the difference of levels between the bent roof girders and the supporting
beam tops was in the range of 390,0 mm to 280,0 mm, which was a
distance sufficient for supporting beams dismantling.

Operations of lifting and lowering of the roof carrying structure was carried out
by a specialized Polish company SLING.

The mounting towers consisted of three segments bolted together, therefore they
could be dismantled by separating the segments after successively unbolting
them.

The completely assembled roof carrying structure is shown in Fig. 21; Fig. 22
shows Prof. A.V. Shimanovskij and Eng. I.B. Shumovskaya visiting the const-
ruction site.

Fig. 21. Completely assembled roof carrying steel structure of the stadium (31.08.2010
— photograph courtesy of the Investor)

Covering of the object with polycarbonate plates on aluminum purlins was done
by another contractor and will be the subject of another paper, written for this
conference by Dr. Eng. Dariusz Kowalski.

Assembling of the stand roofing steel structure of the stadium in Gdansk lasted
from April 2 to November 14, 2010. Despite the fact that most of the work was
done at substantial height, no serious accident occurred.

The stadium, commissioned on completion of all works, is shown in Fig. 23.
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Fig. 22. Professor Aleksandr V. Shimanovskij and Eng. Irina B. Shumovskaya visiting
the Gdansk stadium construction site. During the visit in Gdansk an agreement on
scientific cooperation with the Gdansk University of Technology was signed
(10.05.2011)

Fig. 23. The stadium in Gdansk after commissioning (19.07.2011 — photo by A.
Jemiotkowski)

Haoitiwna oo peoxonezii 21.08.2012 p.
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HapiiinicTh cTajieBUX Nig3¢eMHUX MaricTpajbHUX
TPYOONPOBO/iB NIPY PEMOHTHUX POOOTAX Ta CTALlIOHAPHUX
YMOBAX eKCILTyaTamii

iuyrin C.®., n.1.1., 3uma O.€.

[MonraBchkuii HalloHaNbHUI TexHIUHMN YHIBepcuTeT iMeHi FOpis Konnpartroka,
VYkpaiHa

AHoOTauifa. Y cTaTTi po3rfisiHyTO UYMHHMKK, WO BMAMBalTb Ha HaAiMHICTb cTanesBoi
KOHCTPYKLUIi MarictpanbHoro Tpybonposoay nNpu peMOHTHWX poboTax Ta CTauioOHapHUX
yMoBax ekcrniyaTauii. [fpoBeaeHo po3paxyHOK napaMeTpiB HanpyXeHo-AedOopMOBaHOro
CTaHy MaricTtpanbHOro TpybonpoBoay npyv MOHTaXHUX HaBaHTaXeEHHAX Mi4 4ac 3aMiHu
AinsiHku. [poaHanizoBaHO CUCTEMY [OMNYCKiB Mpwu  OyAiBHUUTBI  JiHIMHOT 4YacCTUHMU
MarictpanbHux TpybonpoBoAiB. PO3rnsaHyTO NUTaHHSA BMNAWBY AOMNYCKIB Ha HaAiMHICTb
MarictpanbHuUX Tpyb6onposoais.

AHHOTaumsa. B cTaTbe paccMOTpeHbl (aKTOpbl, KOTOpble BAUSAKT Ha HAAEXHOCTb
CTa/lbHOM KOHCTPYKUMM MaructpanbHoro Tpy6onpoBoAa Mpu PEMOHTHbIX paboTax u
CTaLMOHAPHbIX YCMOBMAX 3KCMyaTauuun. MNpoBeAeH pacyeT napaMeTpoB HamnpsiKeHHo-
AedOpPMUPOBAHHOMO COCTOSIHUS  MarucTpasbHoro Tpy6onpoBoga Mpyv  MOHTaXHbIX
Harpyskax BO BpeMs 3aMeHbl yyacTka. [poaHanMsMpoBaHO CUCTEMY [AOMYCKOB Mpu
CTPOUTENbLCTBE JIMHENHOM 4YacTW MarucTpasbHbiX TPyb6onpoBoAoB. PaccMoTpeH BOMpoc
B/IMSIHUS JOMYCKOB Ha HAAEXHOCTb MarncTpanbHbiX TPy60NpoBOAOB.

Abstract. Factors affecting the reliability of steel main pipeline in repair work and
stationary conditions were considered in the article.Calculations of the stress and strain
state of steel main pipeline to the assembly loads were conducted. Tolerance system in
the construction of the linear part of the main pipelines was analysed. Question of the
tolerances impact on the reliability of main pipelines was considered.

Kniouesble cnoBa: MarictpasnbHi Tpybonpoeoaun, yMOBM ekcnayaTtauii, HaainHICTb.

Po3BuTOK TPyOOIPOBIHOTO TPAHCIOPTY 3YMOBIIIOETHCS HOTO BaroMUMHU
mepeBaraMy HaJl iHIMAMHA BUAAMH TPAHCIIOPTY. 3pocTaroda poiah HadTH i razy B
HapOJHOMY TOCHOJIAPCTBI MPU3BOIUTE IO IIBUAKOTO 30LTBIICHHS MOTYKHOCTI
BaHTa)XXOMNOTOKIB, 110, B CBOI 4Yepry, MpU3BOIUTH JO HEOOXiTHOCTI
OyIiBHUIITBA MaricTpalbHUX TpyOompoBoaiB. Taki TpyOONMpPOBOIM MAaKOTh
po3raTy’)KeHy MEPeXy IO BCid TepuTopii YKpaiHu, BHACIIIOK TeorpadigHoro
pO3TalllyBaHHS, 1 MAIOTh CTPATEriyHE 3HAYCHHS.

30inbIIeHHs] TPAHCHIOPTYBaHHS MPOAYKTY 1O MaricTpallbHOMY TpPyOOIpPOBOIY
MoTpeOy€e BXKUTTSA TAKUX 3aXOJMiB, K 30UIBIIEHHS THUCKY, BUKOPHUCTAHHS TPYO
OuTBIIIOTO JiamMeTpa Ta KOPCTKHUX PEKUMIB MepekadyBaHHA. B cBoro depry, 1ie
MOCTIPYSUIO 3MiHI CTaTMYHOI POOOTH Mmig3eMHUX TpyOomnporomis. [lim miero
MO3/I0BXKHIX Ta MONEPEYHUX CHJI MariCTpaibHi TPyOONpOBOIM, MPOKIAACHI B
CIa0KMX TPYHTax, 3HAYHO 3MIHIOIOTH CBOE IMIEPBICHE pPO3TallyBaHHS,
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pe3yabTaTOM YOTo € IosiBa B Marepiaii TpyO HaIMipHUX 3THHAJIBHUX 3YCHIIb,
AK1 JOCUTh 4aCTO BUKJIMKAIOTh PYHHYBaHHs KOHCTPYKIII.

Icayroua HOpmatmBHa 6a3a (panmsHceki CHull) mms pospaxyHKy cTaneBHX
MaricTpajibHUX TPYOOIPOBOJIIB HEMOBHOIO MIPOI0 33JJ0OBOJIBHIE €KOHOMIYHHM
yMOBaM, SKi BUCYBalOTbCs [0 TAKOTO TUIYy HAaTO- Ta ra3onpoBofiB. B ocHOBY
HOPM IIPOEKTYBaHHS, IO € YMHHMMHU Ha TepUTopii YKpaiHu, NOKIazeHa
METO/MKa PO3PaxyHKy Ha MIIHICTh MaricTpajJbHUX TPYOOIPOBOIIB 32 METOJIOM
rpannyHux cra”iB. CyThb LBOT0 METOAY MOJNATaE B TOMY, IIO PO3IIIAJAETHCS
TaKUil HampyXeHWH CTaH, KOJM MOoJajbllla eKCIUlyaTalis TpyOonpoBoay
HemoxunBa. [lim wac po3paxyHKy TpyOONpoBOAy SK CHCTEMH 3BHYAHO B
AKOCTI pO3paxyHKOBOI HMOro Mojedl NpPUHMAEThCS CTpPHKEHb (Oaika)
TpyOuacToro mepepidy. OCHOBHHM HaBaHTAXCGHHAM Ha MaricTpaibHI
TpyOOIIPOBOAM € BHYTPIIIHIM THCK (THUCK MPOAYKTY, SIKHH NepeKadyroTh).
BHyTpimHil THCK y OWIiHAPHYHIN TpyOi BHKIMKAE 00’€MHUH HampyXeHUH
CTaH y Marepiasi CTiHOK, TOOTO TOSBY KUIBIIEBHX, paJialbHUX 1
MEPHUIIOHATFHUX (B HAMIPSMKY OCi TPyOH) HaIIPY>KEHb.

BaxknuBor CKJIaJOBOIO SIKOCTI MAriCTpalbHOTO TPYyOOINpPOBOAY € HOro
HafiHicTh. 3a0e3neueHHs HaMiHHOI Ta OE3BIIMOBHOI POOOTH BEIUKUX
TPAHCIIOPTHUX CHUCTEM, IO SKHX HaJIeKaTh MaricTpaibHi Ha(TOMPOBOIM, €
3aBIAaHHSAM CTPATEriuHOrO JAEpP)KaBHOTO 3HAYEHHS, TPU BHPIIICHHI SKOTO
3HaYHa POJIb BIJIBOJAUTHCA TUTAHHAM HOPMAaJbHOI  EKCIUTyaTallii Ta
KaIliTaJbHOTO PEMOHTY JIiHIHHOI YaCTUHU TPYOOIPOBOIB.

MarictpansHi TpyOOIpOBOAM, SK OCHOBHHI 3aci0 TpaHCHOPTYBaHHS rasy,
HapTH Ta pIi3HUX HAPTONPOAYKTIB Ha BEJHMKI BIACTaHi, BIAHOCATHCS [0
O0COONMBO BIAIOBIMaNbHUX IHXKEHEPHUX crHopyd. l[Ipobmema 3abe3neveHHs
BHCOKOi EKCIUIyaTamiiHOi HATIHHOCTI MaricTpadbHUX TpPyOOIPOBOMIIB Mae
Ba)XXJTUBE 3HAUCHHS, OCKUILKM 3HA4YHA X YaCTHHA EKCIUTyaTyeThCS MPOTATOM
TpuBaJioro d4acy. Ha BHyTpimHI 3ycwiis, mo IiloTe y TpyOompoBoi,
BIUTMBAIOTH, 30KpEMa, TEOMETPis MaricTpaibHOTO TPYOOIpOBOIY, YMOBH HOTO
MPOKIAJaHHs, TUIH TPYHTY, (aKTHYHWHA OIip cTali TpyOOHpoOBOAY, 3MiHA
BHYTPIIIHBOTO THCKY I€pEeKadyBaHO! piIWHHU, TeEpenajg TeMIepaTyp, OIip
IPYHTY OCHOBH IIiZi TPyOONIPOBOIOM, KOPO31HHHUI BIUIMB Ha METAJ TOLIO.

Jlo erarniB JKUTTEBOTO ITUKITY MariCTPaIbHUX TPYOOIIPOBOIB MOXHA BiTHECTH:
1) MoHTax i mpoxyiagaHHs; 2) poOOTy B HOpPMaJIBHOMY pexuMi; 3) mepioau
PEMOHTIB, IO BKIIOYAOTh TaKi BUAM pOOIT, SK 3aMiHa i30JIA1lii MaricTpaibHOTO
TpyOompoBOAY ab0 KamiTAIbHWA PEMOHT WOTO IUISTHKHA. Y CBOIO HYepry,
PEMOHTHI POOOTH MPOBOISATHCS IICHS 3YyMHUHKH MEpeKadyBaHHS MPOAYKTY a0o
0e3 MNPUNMHEHHS TPAaHCHOPTYBaHHS PEUYOBUHU IO  MAariCTPaIbHOMY
TpyOOTIpOBOY.
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Hampyxeno-nehopMoBanmii CTaH KOHCTPYKIIiHl MaricTpaibHUX TPyOOIIPOBO/IIB
ITiJT YaC BUKOHAHHS MOHTaXXHUX POOIT MiJ Yac KamiTaIbHOTO PEMOHTY 3HAYHO
BIZPI3HAETHCA BiJl eKCILTyaTaliifHOTO. PO3TATyBanbHI Hampy>KEHHS BiJ THCKY
piAMHY, KOTpa MepeKadyeTbes, BIICYTHI, HATOMICTh Ma€ Miclie 3TMH IUITHKA
TpyOONpOBOLYy, KOTPHIA CTBOPIOE HANIPY>KEHHS SIK PO3TATY, TaK 1 CTHCKY.

Pobotn 3 MOHTaXy MpPOBOIATHCSA HYepe3 3aKiHUEHHS TEPMIiHY eKCINTyaTarii
OKpeMHX eJIeMEHTIB KOHCTPYKUii TpyOompoBoay. HeBin’eMHOIO CKIIaZoBOIO
XapaKTePUCTUKOI CTaHy KOHCTPYKIi TiJ dYac Takux poOiT € 3HayHi
BEPTUKAILHI TEPEMIIICHHS TPyOOIpoBoay. BOHM BHKIMKaHI HEOOXiTHICTIO
3a0e3redYeHHs TeXHOIOTIYHOTO MPOIECY CTUKYBAIBHUX Ta 3BApIOBATIBLHUX POOIT
ICHYIOUHMX YacTHH i3 YaCTHUHAMH, 10 HAHOBO YKJIaJar0ThCSl.

Ha crorommimHii A¢HP B OCHOBHOMY pO3PaxOBYETHCS EKCIUTyaTaIliiHUH
Hanpy>keHO-1e(OPMOBaHNHN CTaH KOHCTPYKIii TpyOomposoxy [1, 2], mpu upomy
CTaHy KOHCTPYKLiI TpH HeCcTalllOHApHUX yMOBax POOOTH HE NPHUIUIIETHCS
JoCTaTHBOI yBaru. JlOCHipkeHHS OICHOTO HampyXeHO-Ie(OPMOBAHOTO CTaHy
3 METOI0 3a0e3MedcHHS IOMyCTHMHUX PIBHIB HampyXeHb Ta aedopmartii
CTaJIeBOi KOHCTPYKLIi MaricTpaibHOro TPYOONpPOBOAY MiJ Ai€l0 HEEKCIUTyaTa-
MWHUX HABAHTAXKEHD € BAXJIMBUM YMHHUKOM JUIS OLIHKY Ti HAIIHOCTI.

Y po0OTi po3TIAIaETHCS KaIliTATLHUN PEMOHT i3 BUOIPKOBOIO 3aMiHOIO TPyO Ha
OuIsHI - MarictpansHoro HadrompoBoxy III  kareropii Jlucumyancek —
Kpemenuyk. JloBxuHa OUISHKM, KOTpa MiAJSArae 3aMiHi, ckiagae 632 M Ta €
MiI3eMHOIO JIIHIHHOIO YacTHHOIO. 30BHIIIHIN AiaMeTp TpyOONpOBOAY CKialae
D, . =1020 Mv, TOBIIMHA CTiHKH TpyOompoBoxy — 0=9 mm. 3arnubieHHs

30BH
MaricTpajibHOro TpyOOIPOBOAY 10 BEPXY TPYOH MpPUHHITO He MeHIe 1 M, 110
00yMOBIIEHO BHMOTaMH [0 ONTHMAaJIbHOTO PEKUMY IEepeKadyBaHHSI Ta
BJIACTUBOCTCH pEUYOBHWH, IO TNepekauyrorbes. lllupnHa Tpanmei mo HU3Y
BU3HAueHa He MeHma 1,5D [3]. Hadromporix 3HaxoauThcss B 3a00JI0YCHIMH

30BH

MmicueBocTi. B 1poMy paiioHI TPOCTEXKYEThCS CE30HHE MiAHIMAHHA Ta
OIyCKaHHS PIBHA TPYHTOBHX BOJ| NPOTATOM YChOT'O POKY, IO CIPHYUHSIE
HETaTHBHUH BIUIMB Ha CaM MaricTpalbHUN HaQTOMPORBiA Ta Oe3mocepenHbo Ha
cTa" #oro i3osAmii. JIo KOMIUIEKTY MeXaHi3MiB, KOTPHHA 3aCTOCOBYBAaBCS i
Yac KamiTalbHOTO PEMOHTY 3 BUOIPKOBOIO 3aMiHOIO TPYO MIIUISHKA MaricT-
pabHOTO HA(PTOMPOBOMY, BXOMWIM TpH TpyOoykmamadi J[-355 cepemunoi
MOTYXHOCTi. MakCUMaTbHUN BaHTaX, SKHH MOXE MITHATH TPpyOOoyKiIamad
J-355 na BunboTi 1,22 M, ckiaagae 92 T, a Ha BUIbOTi 2,5 M — 47,8 T.

Jlns  3a0e3medyeHHs] TEXHOJIOTIYHMX YMOB CTHKYBaHHS 3aMiHEHOI UISTHKH
MaricTpaJibHOro TpyOONpoOBOAY i3 ICHYIOUOIO IUISHKOK HeoOXigHa BiTbHA
noBxuHa HadrompoBony a0 100 m. Lle oOymoBiIE€HO 3HAUHUMH PO3MipaMu
MIOTIEPEYHOT0 Tepepidy TpyOu Ta ii BmacHOr Baroro. OCKiNBKH, 32 YMOBaMHU
MOHTaXXY, B KpalHIl TOYIlI HOBOI YaCTHHH HAa(TOMPOBOIY HEOOXIITHO TOCATTH
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KyTa TIOBOPOTY, 110 HopiBHIOE (), Ta MiAHATH BiUIBHHUN KiHEUb TPYyOOIpPOBOIY
HaJl iCHYIOUOIO YacTHHOIO Ha 20 CM, BUKOPHCTOBYIOTH TPH TpyOOyKIazadi. I1x
BHKOPHCTOBYIOTh JUISI TOTO, 100 AOCSATTH MapajelbHOCTI HOBOI Ta iCHYIOHYOi
YaCTUH MaricTpajbHOrO0 TPYOONpPOBOAY Y BEPTUKANBHIM IUIONIMHI, TOOTO
KOHCOJIbHA YaCTHHA T JIi€I0 BIACHOT Baru BUKPUBIISIETHCS 1 CTa€ apaiebHO0
1o icHytodoro HadTompoBoAy. ToMy MOHTOKHHMH TEPEMINICHHSIMH OyIeMo
BBaXaTW MEPEMILIEHHsI HOBOI YaCTHHHU TPYOOIPOBOAY y MiClli CTHKYBaHHS Ha
1,2 m. I3 goBxkuau 100 M BiNBHOT OiNSHKE HapTOMPOBOAY BHACITINOK 3HAYHOL
MOBXKWHM IMJHATOI YaCTHHM Ta 3HAYHOI BJIACHOI Baru KOHCTPYKIIil
TpyOompoBoay Tpu TpyOoykiaanadi JI-355 migiiiMaroTh JIMIIE YaCTHHY IIJISTHKH,
JIOBXXHHA SIKO1 CKIagae 85 M.

3 ypaxyBaHHSIM yCiX BHWINEIEPEPAXOBAaHUX BUMOT OyJI0O BH3HAYCHO
ne(OPMOBaHY CXEMy MOHTQKHOTO IOJIOKEHHS HOBOI AUISHKA KOHCTPYKIIIT

TpyOompoBoay (puc. 1).

TY-1 TY-2 TY-3
=
2 ‘% ;& T!% =4
= ' e - e}
1 40Mm 20m J’— 18m ‘J’* 22M ,
I8 100m L

Puc. 1. Cxema MOHTaXHOTO ITOJIOKEHHS HOBO1 JIJISTHKH KOHCTPYKIIi{
MaricTpajabHOTro Ha)TOTIPOBOY:
1 — icHyrO4a yacTuHa; 2 — HOBA JIJISTHKA

3a CXeMOI0 TOJIOKEHHS MAUITHKH TpyOOmpoBOMy WiA dYac HWOTr0 MOHTaXKy
CKJIQJICHO PO3PaxyHKOBY Je()OpMOBaHy cxemy (pHc. 2).

F2 q=2,24xH/m

F1 F3
0 1 Az E ‘4 / 5

12=20m 13=18m 14=22m
1

L=85m

100m

Puc. 2. Po3paxyHkoBa cxema MaricTpaibHOro HapTOMPOBOAY i/ Yac PEMOHTY
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Bynu npuitHATI HACTYITHI IEPEIyMOBH PO3PaXyHKY:
— KYT MOBOPOTY Ha KiHIII KOHCOJILHOI JIJISTHKU TPyOONpOBOIY, KUl Oyie
3’€IHYBATHCh 13 ICHYIOYOI0 YaCTUHOIO (TO4Ka 5), piBHuii 0, @, =0;

— BEPTHUKAJIBbHE TTePEMIIICHHS KiHIISI KOHCONIBHOI TiUISTHKA TPyOOTIpoBOaY B
T. 5 cknamae 1,2 M, fi=1,2 m;

— YacTUHA JUISTHKA TPYOOIPOBOMY, SIKa CIIUPAETHCS HAa IPYHT OCHOBHU (Bif
T. 0 7o 1. 1), HopiBHIOE 15 M;
— KYT HOBOPOTY Ta NepeMileHns y T. 1 nopisrroroTs 0, ¢, =0, f, =0 M.

[epmi aBi mepeaymMOBHM MaTeMaTHYHO OyJM BpaxoBaHi MICIs IOCIiIOBHOTO
IHTeTpyBaHHS PiBHSHHS 3iTHYTOI O0Ci TpyOOTIpOBOIY.

PiBHsHHS 3irHYTO1 OCi OaJK¥ Ha TiIsSHIT 4 — 5:

2
B19 —p B R F(v—l) - Fv— )~ R -L-1). ()

PiBHsIHHS nIepeMillleHb Ha AUISHIN 4 — 5 y 3arajJbHOMY BUTJISI:

Pl x(4Re—gx +4Fx—12F} ~12F3L ) |
5T E 24

1 | (12FEL —4F,x—4Fx)—12M x*
& ( >4 ) +Cx+C,, |.

2
PiBHSHHS KyTa TOBOpPOTY Ha KIiHII KOHCOJNBHOI YAaCTHHU  OUISTHKH
MaricTpalibHOTO TpyOompoBoay (T. 5):

2 3 2 2
L RL 4L +F[L—1L+l ﬂ

STE| T2 6 2

2 2 2 2
F[L —21L+212]+F[L 21L+221J ML} 0.

3)

1
+

EI 2

ne L — 1oBXWHA OUISHKHM TPyOOIpOBOy, KOTPY MiAIAMAIOTh; /,— BIACTaHb MIXK
TOYKOI0 Ha TPyOOINpPOBOAI, IO TepIia BiIpUBAETHCS BiJ JHA TpaHIIel [0
nepmoro Tpyboyknanada; [, [, l, — Biacrani Mix TpyOoyknagasamu TVY-1,
TVY-2, TY-3 BIANOBIAHO; X1, =1, + 1,5 3L, =1, +1, +1,.

PiBHsIHHS TIepeMillleHb Ha KiHI[I KOHCOJbHOI YaCTUHU JIUISHKH MaricTpaibHOTO
TpyOompoBoay (T. 5):
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o L2(4RL—qL2+4FlL—12FIZI—12FzElzJ )
Is=gr 2% 4)

12F,31,~4F,L~4F,L)~12M,I?
_ 1 (12F2, —4RL 4L 121, +CL+Cyy =12 m,

EI 24
I? 2 )Y 1
1 C=-F L -F "2 -F55 Cy=| R+ FEB+F2E)

HaknageHHs Takux TOJaTKOBHUX YMOB BHKJIHMKAJIO HEOOXITHICTh BH3HAYCHHS
3HA4YeHb 3yCHJIb, SIKi CTBOPIOIOTHCS MEPIIMM Ta JPYTUM TPYOOyKIIajadaMu, siK
peakmiid. 1ls mepemymMoBa y3rouKy€eThCs 3 TEXHOJIOTIEID MOHTAXY: TEPITHi Ta
Ipyruil TpyOOyKIlajadi € CTamioHapHHMH, BOHHM 3a0e3NedyioTh BiJpUB Ta
YTpUMaHHs YacTUHH TPyOONpoBOLy y HEOOXIAHOMY MOJIOKEHHI.

[puiinsite 3ycwuiss y TpeThboMy TpyOOyKmajgauli NpUAHITE 3a TMOKa3aMH
IUHAMOMETpa Imix dYac ikcamii 9acTHHA TPYOONpPOBOAY y TEXHOJIOTIYHO
HEOOXI1THOMY TOJIOKEHHI.

3a mepeMilleHHSIMH Ha KiHIlI KOHCOJIbHOT YaCTWHU UISTHKH MAaricTpalibHOTO
TpyOompoBoay (4) moOymoBaHo Tpadik mepeMileHb OCi MaricTpaabHOTO
TpyOOIpOBOAY MPU MOHTaXHIH omnepanii (puc. 3).

VAT | T T | T

| | | | | | | |
0 10 20 30 40 50 60 0 80 [, M

Puc. 3. IlepemimieHHs Oci MaricTpabHOTO TPyOOIPOBOAY MPH MOHTAXHIN orepartii

MakcuMaJlbHAM 3THHATBHANA MOMEHT (puc. 4) BUHAKAE B TOYIl 1 — TOYIl BiI-
PHUBY MaricTpalibHOTO TpyOONpOBOAY BiJ JIHa TpaHuiei. BiH mopiBHIOE 3Ha-
gennr0 M =1510 kH-M. BianoeigHo mMakcMManbHI HanpyKEHHs, MO0 BHHH-

KaloTh y MariCTpaJlbHOMY TPyOOIIPOBO/Ii, CKJIa1al0Th . =M7max =279 MIla.
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AHaii3 0co0JIMBOCTEN KaIiTaILHOTO PEMOHTY MariCTpaJbHUX Ha(TOIPOBOJIIB
13 3aMiHOIO TPyO JO3BOJIUB C(HOPMYITIOBATH TaKi MEPEAYMOBH IS OI[IHIOBAHHS
HAJIHHOCTI KOHCTPYKIIi MaricTpajibHOTO HA(PTOMPOBOTY MiJ Yac PEMOHTHOL
CHUTYaIlii:

a) BUIIAJIKOBUMHU BEJIMYMHAMH, IIOB’SI3aHUMH 3 OCOOJIMBOCTSIMH KOHCTPYKII1
Ha(QTONPOBIMHOT CHCTEMH, BBa)KAIOTHCS: TOBIIMHA CTIHKH Tpyow, (Hi3uKo-
MeXaHiuHi BIaCTUBOCTI MaTepiany Tpyou;

0) IMOBIpHICHUMH TTapaMeTpaMH, SIKi 3yMOBIIEHI pEMOHTHUMHY TEXHOJIOTIYHHUMH
IIpolecaMy, € JOBXHMHA MOHT@)XHOI IUISHKH, 3yCHJUI Ha rakax TpyOoykia-
JadiB, B3aEMHE pO3TallyBaHHS TPyOOyKIajadiB, MPOCTOPOBA TeOMETPis
MaricTpanbHOTO TPyOOIpOBOY, BIACTUBOCTI IPYHTY OCHOBH;

B) BIIOMUMH € 3aKOHH PO3IOAUTY Ta CTOXaCTHYHI MapaMeTph pO3pPaxyHKOBHX
BUTIaIKOBUX BEITHMYUH.

M, kH-m 1000 0 . | ]

300 7

“1000 -

~1500 =

1 | | 1 1 | | | I, M
0 10 20 30 40 50 60 70 20

=2000

Puc. 4. Emtopa 3ruHaibHUX MOMEHTIB, 1110 BUHUKAIOTH Y HAQTOMPOBO/II
i 9ac MOHTaXXHO{ omeparii

Ille omamMM i3 HampsAMiB 3a0e3MeUeHHs] HaIIHHOCTI MaricTpalbHUX TPYyOOIpoBO-
IiB Tipy OyAIBHUITBI € BU3HAYEHHS TEOPETHYHHMH PO3pPaxXyHKaMHU Ta €KCIepH-
MEHTAJIBHUMHU JIOCIIDKCHHSMH JIONMYCTHMUX BIIIXWJICHb (JIOMYCKiB) Bij po3pa-
XYHKOBHX mapamerpiB. OIliHKa BEIWYMHU BIIXWICHb 3aJI€XKHUTh HE TIJIBKH BiJ
NOXUOKH Oy IiBENbHUX POOIT, a i BiJi MOXHOOK BUMipIOBaHb. [[isl BENUYMHH TIOXU-
00K MO’Ke TPHU3BECTU /A0 MPUUHATTA B EKCIUTyaTalilo Cropyn i3 (pakTHYHUMH
napameTpamMu, 10 MePEeBUIYIOTh JIOMYCK, a00 3a0pakyBaTu CIOpyAy 3 HapaMer-
pamu, SKi 330BOJBHAIOTH AomycK. Lle mpu3Bene 1o Toro, 1Mo y neprioMy BUMaI-
KOBI BiIOyIE€THCS 3HIDKCHHSI PO3PaXyHKOBOI HAIHHOCTI CIIOPYAH, Y IPYTOMY —
HEOOXiTHUMU OYIyTh OJATKOBI BUTPATH HA BUIPABICHHS TOMUIIOK.
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[Ipupoana rHydKicTs TpyO, siKa A03BOJISIE IM 3THHATHCA MiJ Ji€I0 BIACHOI Baru
y BepTUKAILHIHN TJIOMINHI, Ja€ MOXKIIMBICTh YKIAAaTH TPYOOIIPOBiI MapaieibHO
MOBEPXHI 3eMJIi, 110 3HAYHO MPUCKOPIOE OyniBenbHI podoTH. [Ipu OyaiBHAITBI
JOMYCKalOTh BIAXWJICHHS BiJ MiHIMaabHO AOIYyCTHMOTO pajiyca MPHPOIHOTO
abo mryunoro BuruHy a0 10 %. I3 3pocranHsM niamerpa 301IBIIYETHCS
TTO3MTOBKHS KOPCTKICTh TPYyOOIPOBOY, 1 3AATHICTh HOTO KOMIIOBATH peIhed
Pi3KO 3HIDKY€EThCA. 3 aHANI3Y 3B 53Ky MaKCUMaJIbHUX KyTiB HaXWJIy MiCLIEBOCTI,
Ha mepesioMax Npodiiro SAKoi MOXKIMBE MapajelbHe YKIaJaHHI TPyOOIpOBOAiB
0 36MHOI TIOBEpPXHi, BUAHO, IO TPYyOOIPOBOIHM YMOBHHUM IiaMETPOM IO
400 MM BKIIIOYHO MOXKYTh KOIIIOBaTH JOCHTh TEpeciueHuil penbed i3
YepryBaHHSAM MPOTHICKHUX YXHIiBY 3...5 °.

TpyOu He € CTPOTro MITIHAPUIHUMH, aJ[KE BIIXMIICHHS iX IO IiaMeTPy MOXYTh
oytu 1,5 % [2]. Le BigxuneHHs BinOyBaeThcs MPHOIM3HO OJHAKOBO SIK y OIK
3MEHIIEHHS JiameTpa, Tak 1 y Oik 30idplIeHHs. Y TepHIoMy BHIAIKY
rifpaBiaiuHui omip TpyOW 301IbIIYIOTH, @ B APYroMy — 3MEHIIYIOTb. Y Mil-
CYMKY TI0 BChOMY HA(TOIIPOBOTY B IIJIOMY TiIPaBIIIYHAN OIIip BUPIBHIOETHCS
MOXMOKK BUTOTOBIICHHA TPYO MPaKTHYHO HE BIUIMBAIOTH HA HBOTO.

Sk BimoMo, MIIHICTE Mi3eMHOT0 TPyOONpPOBOLY 3a0e3NnedyeThcsl IIITXOM
pO3paxyHKy Hampy>XeHb, II0 BHHHUKAIOTH Y HROMY B Tporieci OyaiBHUIITBA U
eKcIuTyaTamii, Ta MOPIBHAHHA IX 3 OMOPOM Marepiamy Tpyo. Y TpyOompoBomi
IIIOTh pajialibHi, MO3/I0BXKHI i KiNIbIeB]l HaNpy>KeHHs. PatianbHi HarpyXKeHHS B
TOHKOCTIHHMX TpPyOOIIPOBO/JaX BHUCOKOTO THCKY MarOTh TOPIBHSIHO Mai
3HAYEHHS 1 3BHYAIHO B PO3paxyHKaX HE BpaxoBYIOThcs. KiyblieBi HaMpyKeHHs
BU3HAYAIOTHCS 32 (POPMYIIOI0

Gy :% (3)

ne P — BHyTpilHIA THUCK y TpyOompoBoai; D, — BHYTPIIHIA JiameTp
TpyOOIIpOBOAY; O — TOBIIMHA CTIHKH TpyOompoBoay. Y Mmoo (opmyiy
pe3ybTATH FEOAC3UIHUX BUMIPIOBAaHb Ta iXHI MOXUOKH BXOJSTH HESIBHO, Yepe3
BEJIMYMHY P, X04Ya BOHH HECYTTE€BO BIUIMBAIOTh HA TOYHICTH PO3PAXYHKY

KUTBIICBUX HATIPYIKECHb.
CyMapHi 03/10BKHI HaNpy>KEeHHS y TPyOONpOBO/Ii TOPiBHIOIOTH:

(&) +C

GCKB = no3nu.p no3a. AT + Gno3)1.3r. ? (6)

ne o — TIO3JIOBXKHI HANpy’KEHHS BiJg BHYTPINIHBOTO THCKY; G

TO31. p nosg. AT

MTO3/TOBKHI HAPYKCHHSI, 110 BUHUKAIOTH Bij Mepemnaay TeMIieparyp; o

TO3/.3T. -
TTO3/TOBKHI HANpYy>KCHHsI, sSKi BUHUKAIOTh Bix BUTHHY HadrtompoBoxy. Ha
MTO370BXKHI HANPy>KeHHS BiJl BHYTPIIIHHOTO THCKY Mai)ke HE BIUIMBAE TOYHICTD
Ie0JIC3UIHUX BUMIPIB
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no3A. p

o =0,15P§B". ™

Hanpy>xenns B TpyOOnpoBoOi BiJ nepemnaay TeMieparyp

G = oEAT, (8)

nosa. AT

ae a=0,000012 — xoediuieHT HiHIHHONO PO3LIMPEHHS Martepiany Tpyou;
E=2,06-10°MIla— Moxmynb NpyXHOCTi Marepiany Tpyow; A7 — pospaxyH-
KOBUH TeMriepatypHuii nepena, °C.

[Ipu po3paxyHKy TeMIlepaTypHOTrO PEXUMY HA(PTONPOBOAY HECIPUSTINBUM
(dakTOpOoM € CcKIaJaHHs MMOXWOOK BHM3HAYEHHsS TEeMIepaTypu MPOAYKTY, IO
TPaHCIOPTY€ETbCA, Ta TEMIIEPaTyp IPYHTY SK AONATHHUX, TaK 1 Bill’€MHHX.
[Moxubka yKimagaHHsi MaricCTpaibHOTO HAPTONPOBOAY Y BEPTHKAIbHIN IUIOIIUHI
HE TIOBUHHA BHUKJIMKATH TOXMOKM B TEMIEpPaTypHOMY peXuMi Oinblie
AT =0,36°C. BigmoBimHo no HOpM [3], pO3paxyHKOBHH TeMIeparypHUN
nepemnaj A MiA3EMHUX MaricTpaibHUX TpyOOIpOBOIIB MPUIMaIOTh HE MEHIIIE

AT =+40°C.

3rirno 3 HopMmMamu [4] Temmeparypa TIPYHTY B 30HI TpOKIaZaHHI
TpyOompoBoaiB BuMiproeTbca Ha rubOuHi 0,8 1 1,6 M, a B IPOMDKHHX TOYKaxX
BU3HAUYAETHCS iHTeprosieto. Ha Tepuropii YkpaiHu pisHHLS eKCTpeMalbHUX
TeMIiepaTyp TpyHTy Ha mmbuai 0,8 Ta 1,6 M y cepenaboMy ctaHOBUTE 3 °C.
ToMy MOXEMO CKJIACTH BIANOBIAHY MPOIOPIIiI0, 3 AKOi BUBEAEMO HACTYIIHE:

0,8m _3°C A= 0,8 m-0,36°C
Ah AT’ 3°C
TakuM 4YMHOM, yCTaHOBJIEHA TOUHICTb, i3 AKOIO NOTPIOHO BUMIPIOBATH INIMOUHY

TpaHIei, SIKIO He MPOBOAUTHCS HIBEITIOBAHHSA 11 JHA, MO0 BUKIIOYUTH BIUINB
Ha pO3PaxyHKOBUH TeMIIepaTypHUN peXUM Ha(TOPOBOY.

=0,1 m.

J1ist OLiHKY BIJIMBY HaBeJICHWX BUILE YMHHHKIB OyJiM BUKOHaHI BapiaHTHi po3-
PaxyHKH MiJ3eMHOT0 MaricTpajJibHOro HaTONPOBOAY. 3BaXKat0Oul Ha CKJIAIHUN
XapakTep poOOTH MMA3eMHOrO TPyOONpoBOAY, B MaHIH poOOTI 3aCTOCOBAHO
nporpaMHuii  kKomiuieke «Pipemovement» [5], po3pobrnenuit B IHCTHTYTI
npobnem minHocti iMeHi I'.C. Ilucapenxka HAH VYkpainu Ta ampoboBano Ha
MPaKTUIlI TIPU  aHaJli3l HampyXeHO-AC(POPMOBAHOTO CTaHy KOHCTPYKITii
tpybonpoBoaiB JIK «Ykprpancraz» ta BAT «YkprpancHadray. [nmbuna
3aKiaiaHHs HaTOmpoBOLy 00YMOBIICHA BUMOTAMH J0 ONTUMAIBLHOTO PEKUMY
IepeKadyyBaHHS Ta BJIACTUBOCTEH MarepiaiiB, IO IEPEKadyIOThCS, a TaKOX
BIJIITOBITHO JTO BUMOT HOpM [4].

Ho yBaru Oyna B3sta AisiHKa TpyOompoBoay 3aBHoBxkH 133 M (puc. 5). dns
aHalli3y BIUIMBY JIOMYCKY YKIAIKH MiJ3EMHHUX MaricTpaJbHUX TPYOOITPOBOIIB,
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mo ckmamae Ah=0,1 M, Oyl0 BHKOHAHO pO3PAaXyHKH [UISI JAHOTO

TpyOOIIpoBOAYy Ta TPyOOIPOBOAY 31 3MINMIEHNMH Ha BEIMYUHY IOIMYCKY HOTO
XapaKTepHUMH TOYKaMHU.

lFeometpina cymiweHa

—— BuxigHa reomeTtpia = = 3miHeHa reomeTpia

Puc. 5. 'eomeTpis BUXiAHOT Ta 3MIHEHOT TIISTHOK TPYOOTIPOBOIY

PosrnsiHyTO BapianTM yKiIagaHHs TpPYOONpPOBOAY B CYIJIMHKax Ta IpiOHHX
ITiCKax, a TAKOXX TP BapiaHTH CHOJyYCHHS HAaBaHTa)XCHb HA TPYyOOINPOBIJ:

a) BJIACHA Bara TpyOOIIPOBOIY Ta Bara IpyHTY;
0) BimacHa Bara TpyOONpOBOAY 1 IPYHTY, a TaKOX BIUIMB BiJ Mepenany

temmeparyp y crinkax pyo AT =50°C;
B) HaBaHTAXXCHHsI CIIOJIy4eHHs 0), a Takox BHYTpimHii tuck P = 5,5 Mlla.

3a ponomoror [IK «Pipemovement» [2] npoBeneHO po3paxyHKH HampysKeHO-
ne(hOpMOBAHOTO CTAaHY MIISHKH ITA3€MHOTO MAariCTpaabHOTO TPYyOOIpOBOIY

niamerpom D, =1020 MM 1 TOBIIMHOIO CTIHKM 0 =9 MM i3 BUXiJIHOIO Ta

3MIHEHOIO TE€OMETpi€l0 Ul THIIB IPYHTY CYIJIMHOK Ta Hicku IpiOHi. 3a
pe3yiabTaTaMH  PO3PaxyHKY CKJIQJCHO TMOPIBHAIBHI Tpadikd HaIpyKeHb,
MTO370BXKHIX Ta MOMEPEYHNX CHJI BiJl Aii BIACHOI Baru TpyOOMpOBOAY Ta IPYHTY,
nepenany TeMIepaTyp Vy CTiHKax MaricTpajbHOTO TpyOompoBomy Ta
BHYTPIIIHBOIO THUCKY BiJ MPOIYKTY, IO TPAHCIOPTYETHCS, IJISl TUIIB IPYHTY
CYTIIMHOK Ta IMcKHU ApiOHi (puc. 6-8).

AHamiz onepxaHuxX rpadikiB TOKa3aB, IO XapakTep eMmIop HalpyXeHb
3aJIeKUTh Bl penbedy MICIIEBOCTI, FeOMEeTpii TpyOOIPOBOLY Ta TIIHOUHH HOTO
3aKjlalaHHs B TOBLIY IPYHTY. 3O0KpeMma, NpH IIOpPIBHSHHI HampyXeHb Yy
MiI36MHOMY MaricTpajibHOMY TPYOOIPOBO/I MOKHA CIIOCTEPITaTH TX 3pOCTaHHS
3 274 Mlla s BuxigHoi reometpii g0 359 MIla anst 3miHeHOi reomeTpii.
MakcuMallbHH TIPUPICT HANPYKEHb Y TPyOOIPOBOJI OULIBIIO MipOIo
BIJINIOBIJIa€ MaKCHUMAaJIbHOMY 3aBaHTAXKCHHIO TPYOONPOBOY B APIOHMX IMMicKaX.
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I3 rpadikiB HanpykeHb y TPyOOIPOBO/I 3 BUXIJHOIO Ta 3MIHEHOK T€OMETPI€I0
BHJTHO, IO HA JTOBXHHI XBHJII TPyOOTPOBOAY, IO CKIagae 58 M, y TodIli Horo
MaKCHMAaJIbHOTO 3arjiMOJICHHs Ha 1[Il JTOBXKHMHI, 1110 J0piBHIOE 0,75 M, BUHHKAE
HanpysxeHHs 359 MIla. V Toi e Jac Ha JOBXKHUHI XBHJIi, 1110 JOPIBHIOE 75 M, B
TOYIl MaKCUMAaJILHOI'O 3aryIMOIeHHs Ha wid gursHoi — 0,85 M BUHHMKAIOTH JEII0
MeHIi HampyxkeHHs — 321 MIla. OTxe, Ha BeIMYMHY HAIpPYKEHb TaKOXK
BIUINBA€E BiJHOIICHHS BUCOTH XBWJII TPYOOIIPOBOIY A0 TOBKUHM XBHUII.

Bume Oyno po3risHyTO —aHaimi3  HampyXeHo-Ie(opMOBaHOrO  CTaHy
TpyOOTIPOBOAY, YKIAACHOTO B TPAHIIICIO 3a3/1aJIeTinb BigoMoi reoMetpii. IpoTe,
HA TIPaKTHIl YacTO BHWHWKAE IHTAaHHS BHU3HAYCHHS BHYTPINIHIX 3yCHIb Yy
TpyOOmpoBoi, FEOMETPist OCHOBOT JiHIi AKOT0 3a1a€ThCsl HAOOPOM TUCKPETHHUX
TOYOK, BUMIPSHHX 13 JEAKOI0 MOXHOKOr0. Taki maHi MOXKYTh OyTH OTpHUMaHi,
HANpUKIaA, B pe3yJbTaTi NPOBENEHHS BHYTPIIIHBOTPYOHOI MiarHOCTHKH.
[Ipobnema onrcy HabOpy AMCKPETHUX TOUYOK HETEPEPBHOI MPOCTOPOBOT KPUBOT
3 METOI0 BHM3HAYEHHS ii MOXigHMX, NPUHAWMHI, APYroro MOpsAKY € JOCHUTh
aKTyaJdbHOIO I 0aratbox oOnacTei imKeHepii, HayKH, KOMIITOTEPHOTO
MOJICJTIOBaHHS.

Mna Entopa Curma cymiwena - Normal + dt=50°C + P=5,5 MMa
400

——— CYTNMHOK — =Nickn ApiGHI —— Cyrn1HOK BUXIAHWIA

400 3
—==-nicku ApibHi BUXigHI -==--TeomeTpia BUXigHa ——eomeTpia 3MmiHeHa

Puc. 6. Emtopu HanpyeHb y TpyOOIPOBOJIi 3 BUXiTHOIO Ta 3MIiHEHOIO T€OMETPI€I0
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6900

6700

6302

—Cyrnunok enxigruia  — — Ticku Apibr suxignii
6200 1 T T
CyrnvHoK = = Mickw api6Hi

6100

M

Enopa N cymiwena - Normal+At=50°+P=5,5MMa

140

Puc. 7 Emopu mo310BXHIX CHT y TPYOOIPOBO/II 3 BUXITHOIO Ta 3MIiHEHOIO TEOMETPI€I0

Eniopa Q cymiweHa
Normal+At=50°+P=5,5MMNa

KH -100

-200

-300

Cyraniiox | = = Micku gpi6ni

-600

M

——CyrnuHOK BUXiAHMIA — — MNicku Apibui sux aHi

140

Puc. 8. Entopu morepedHux cuil y TpyOOnpoBoii 3 BUXiJHOIO Ta 3MiHEHOIO TEOMETPIEI0

Hns po3s’sizky mocraBienoi 3azaui B IIK «Pipemovementy BriodeHuit
OKpeMHUH MOAyNb, SKHH 0a3yeTbcsi Ha Oe3iTepalliiHOMy YHCEIbHOMY
ITOPUTMI, SIKHH PO3IIIAAE KOKHY TOUKY TPYOOIPOBOAY SIK MOJIATIIMBY OIIODPY,
TPYHTY€TbCS Ha METOAI MOYATKOBUX IapaMeTpiB Ta BUKOPUCTOBYE TMOHATTS

48



36ipnux naykosux npayb
Ykpaincvroco incmumymy cmanesux KoHcmpyKkyii
imeni B.M. llumanoscvkozo. — Bunyck 10, 2012 p.

«KyTa HECYMICHOCTI» MiX JIBOMa €JIEMEHTaPHIUMH BUMIPSHUMH JUISHKAMH OCi
TpyOompoBoay. KpiM TOro, 3 BHKOpHUCTaHHSM METOIIB Teopii HMOBipHOCTEH
MPOBEICHUN aHaJi3, SKUH JO3BOJIAE OIIIHUTH MOXJIUBICTh TPOBEACHHS
BiZTHOBJICHHSI T€OMETpii TpyOOmnpoBoay 3a OTPUMaHUMH JaHUMH BUMIpIOBaHb 3
MOXMOKOI B3araji Ta BH3HAYWUTH HEOOXiJHY TOJATIUBICT OIMOpP IS
MIPOBEICHHS MPOIEAYPH BiTHOBICHHS.

Jnst BpaxyBaHHsI BIUIMBY CTOXAaCTHYHOCTI 30BHILIHIX YWHHMKIB Y TEXHIMI
IIUPOKO 3aCTOCOBYETHCS TEOPist HAIIHOCTI. BukopuctanHs Teopii HaaiitHOCTI €
JOTUTBHAM 3 OTJISAY Ha 3HAYHY KiIBKICTH 30BHINIHIX 1 BHYTPINTHIX YAHHUKIB,
4Kl BIUIMBAIOTh Ha HECYdy 3/IaTHICTh TPYOOIPOBOIB, 1[0 MOXKE MPHU3BECTH 10
aBapiifHO1 cHTyallil, OCKUIBKM IIi YMHHUKH € BUNAAKOBUMHU. Jlo momiOHuX
BHITAIKOBUX YMHHUKIB BiTHOCATH: (PaKTHIHUH OITip CTaji TPyOOIPOBOIY, 3MIHY
BHYTPIIIHBOTO THCKY IIepeKauyBaHOi pIiAWHHU, Tepemnan TemmepaTyp, OIip
IPYHTY OCHOBH IIiJ TPyOOIPOBOIOM, KOPO31HHHUI BIUIMB Ha METAaJ TOLLO.

Y pobori Oyna BHKOpHCTaHa yMoBa Oe€3BiIMOBHOI po0OOTHM y BHIVIAAI
Y =R—§=R‘,—c~5i20, ne Ry — BUIAJKOBa BEIMYMHA OMOpPY CTaji
TpyOOIpOBOY; O, — BHIAJKOBAa BEIMYHHA HAMPYXCHb BiJ 30BHILIHBOTO
HAaBaHTAXEHHS 1 BIUIMBIB 00 €MHOTO HaIpyKeHO-Ie()OPMOBAHOTO CTaHy
TpyOOTIPOBOY.

Po3paxyHKOBHMH BHITQKOBHMH BEIHMYWHAMH € OIip CTaji TpyOOmpoBOIY RV ,
BHYTPIIIHIA THCK y HamipHOMY MaricTpalbHOMY TPYOONpOBOII p , mepemnaj

TeMreparypu TpyoOomnpoBoay Af .3aKOHM PpO3MOIUTYy BHIAJAKOBHX BEIHMYHH
OIIOpy CTali, BHYTPIIIHBOTO THCKY, Nepenaay TeMIeparyp 3a JaHUMH 00poOKH
JiTEepaTypHUX JUKEPET MIPUHHATO HOPMAJIbHUMH.

Takum YuHOM, QYHKIIS pe3epBy MIIHOCTI JUIA CTaJeBUX MaricTpalbHUX
TpyOONPOBO/IB Ma€ BUTIISIL

Y(R,.p.AT)=R, -
~ 2 ~ ~ ~
npD npD -~ npD npD -
— || — | +(p——aFEAr) ——2 (u— —aEA?).
( 25 j s T Y. )

BinmoBigHo 1 XapakTepucTHKy Oe3lekd, sSka BU3HA4Ya€ OIHKY HaJiiHOCTI
TpyOOIIpOBOY, MOXKHA JIETKO TigpaxyBaTh 3a ¢opmyinow B=Y/Y, ne

Y = Y(Ry,p,At) — MaTeMaTUYHE OYiKyBaHHS, Y = \/Afﬁz + AP+ A (A —

CTaHAapT.
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Y Meromurii BH3HAYeHHS HAAIHHOCTI MiJ3EMHOTO CTAJIEBOTO MAaricTpallbHOTO
TpyOOTIIPOBOAY MPHITHATA YMOBAa MOXUIMBOCTI JIiHEapw3allii, ska morpedyBaina
TEOPETUYHOTO TMiATBEepKeHHS. JlIs 1boro OyJI0 BUKOHAHO TOPIBHAHHS
JiHeapu30BaHOi 1 (akTHYHOI 3ajeKHOCTEH pe3epBy HeCcydol 3IaTHOCTI.
lNmote3a MOXNMBOCTI JiHeapw3allii MOBHICTIO MiATBEPUKYETbCA. Tomy
OTpMMaHiI 3HAYCeHHS IMOBIPHOCTI BIOIMOBH po0OOTH TpyOOmpoBomy He
OTPeOYIOTh KOpEryBaHHS.

BucHoBku

VY pesynbTarti MpoOBENEHOI OIIHKKA HANpYKEHO-IeOPMOBAHOTO CTaHY IUISHKH
MaricTpaibHOTo HapTONPOBOAY MPHU MPOBEACHHI POOIT i3 3aMiHM HOTO YaCTUHH
BCTAHOBJICHO, IO MaKCHMaJIbHI HAIIPY>KCHHS Y TPYOOIPOBOAi BiJl MOHTOXKHHUX
HABaHTAXXEHb JIOCATAIOTH 3HaueHb 81 % Bijg MeX1 INIMHHOCTI CTaJl.

3Ba)karouu Ha 11, MOXHA JIIHTH BUCHOBKY, IO BIAXWJICHHS BiJl TEXHOJOTIYHOL
CXeMH MOHTaXy (3MEHIICHHS IOBXWHW MOHTQXHOI IiJISTHKH, 301BIICHHS
HaBaHTAKEHHS BiJl TpyOOyKiIaaadiB, 3MiHa X PO3TAIIyBaHHS) MOXKE TIPU3BECTH
JI0 TICPEBUIICHHS HAMPYXXCHHSIMH MEXI IUTMHHOCTI CTati Ry Ta BIUIMHYTH Ha

HaJIMHICTh KOHCTPYKIIil B IILJIOMY.

VY po6oTi po3rIIIHYTO BIUIMB Ha HANPY)KEHUH CTaH TpyOOIpOBOLYy TUILY IPYHTY
Ta BEJIMYMHHU JOMYCKy Ha IPOKJIAAaHHS TpyOompoBoxy. AHami3 OAEp)KaHUX
eMI0p HANpyXeHb y TPYOONpPOBOJI 3 BHXIIHOI Ta 3MIHEHOIO BiJJOMOIO
TEOMETpPI€I0 TMOKa3aB, IO IX XapakTep 3aJie)KuTh BiA penbedy MicLUeBOCTI,
reomerpii TpyOompoBoAy Ta TIMOMHU HOro 3akiagaHHS B TOBIIY TIPYHTY.
30kpeMa, TpH TOPIBHAHHI HaNpyXeHb VY MJ3eMHOMY MaricTpalbHOMY
TpyOOIpoBOAi A1 BHXiAHOI Ta 3MiHEHOI reoMeTpii Ha BEJIMYHHY JIOIMYCKY,
MOXHa crocTepiratd ix 3pocTaHHi B Mexax 24 %. Takox Ha BeIHYHHY
Halpy>XeHb BIJIMBAE BIJHOIICHHS BUCOTH XBWJII TPyOOIPOBOAY A0 ii JOBXKHHU.
3MiHa reoMmeTpii miA3eMHOro TPYOOMpPOBOAY Ha BEIHMYUHY JIOMYCKY MpH3BEa
JI0 TIEPepO3MOIily TTO3OBXKHIX CHII y Mexax 5 %, a monepednux cui a0 40 %.
MakcuMaJlbHAI TIPUPICT HANPYKEHb Y TPyOOIPOBOI OULIBIIOID MipOI0
BIJINOBi/Ia€ MAKCUMAJIbHOMY 3aBaHTKCHHIO TPYOONPOBOY B APIOHMX IMicKaX.

[lpoBenenwii aHami3 YWUHHUKIB (TeOMeTpis Ta JONYCKH  YyKJIAJaHHS
MaricTpalibHOTO TPyOOITPOBOIY, TUIH IPYHTIB, THCK y TPYOONpPOBOi, Tiepemna
TEMIIEpaTyp TOIIO), IO BIUIMBAIOTh HA CTaJieBl MiA3eMHI MaricTpajibHI
TpyOONPOBOAX, CBIAYUTH NPO MOXKIHMBICT MiABHILEHHS EKCIUTyaTaliiHOl
HaJIMHOCTI KOHCTPYKIIii.
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YIK 624.075:624.016

CTiiiKiCTh TOHKOCTIHHUX CTAJI€BHUX €JIeMEHTIB, MiAKPINJIeHNnX
JIErKHM M0JIiMep0eTOHOM

Cemxo O.B., n.1.1., Bocko6iiinuk O.I1., x.1.H., ABpamenko [O.0.

[TonraBchkuii HalllOHABHUHN TeXHIYHUH yHiBepcuTeT iMeHi FOpis Konnapartioka,
VYkpaina

AHoTauia. B poboTi npeacrtaBneHo pes3ynbTaT TEOPETUYHOro aHanisy Micuesoi
CTiIAKOCTi TOHKOCTIHHUX CTafieBUX €NeMeHTIB, MNiAKPiNJeHUX serknuMm noniMmepbeToHoM.
NMpoBeAeHO  MOPIBHSAHHSA  eKCNepuvMeHTasbHMX  pe3ynbTaTiB i3 pe3ynbTatamu
pO3paxyHKiB, BUKOHAHUX 3rifHO 3 TEOPIEI0 NPYXHOCTI Ta 3anNpoONOHOBAHOIO METOAUKOIO.

AHHOTauuAa. B paboTe npeacTaBneHbl pe3ynbTaThl TEOPETUYECKOrO aHanm3a MeCTHOM
YCTOMUYMBOCTU  TOHKOCTEHHbIX  CTajlbHbIX  3/1IEMEHTOB, MOAKPEMNJEHHbIX  JIErKUM
nonumepbetoHoM. [lpoBeAeHO CpaBHEHWE  3KCMEepUMEHTaslbHbIX  pe3ynbTaToB  C
pe3ynbTaTaMn pacyeToB, BbIMNOJIHEHHbIX B COOTBETCTBMM C TeOpuen ynpyroctu u
npeanoXeHHoONn MeToANKON.

Abstract. This publication contains results of theoretical analysis of local stability of
thin-walled steel elements reinforced light concrete. The results were compared with
results of calculations performed according by the theory of elasticity and the proposed
method.

KnrouoBi cnoBa: MicueBa CTiliKiCTb, nerkuii 6eToH, TOHKOCTIHHI CTaneBi KOHCTPYKLU;ii.

IMocTranoBKka mMpodJjieMH B 3arajibHOMY BHUIJIsiAL. [IpoTsAroM OCTaHHIX pOKiB
TOHKOCTIHHI CTaJ€Bi IJJACTUHKM W OOOJIOHKM € O00’€KTOM YHUCICHHUX 1
pi3HOMaHITHUX ociikeHb [2, 3]. Taki miacTHHKY i 000JIOHKH SIBISFOTH COOOK0
OCHOBHI HECY4i €JIeMEHTH BiJINOBIJAbHUX 1H)KEHEPHUX KOHCTPYKINH 1 CIIOpYI,
1110 3aCTOCOBYIOTHCS B Cy4acHOMY OyJIIBHHIITBI. B moeHaHHI 3 00MEXEHHSIMHU 3a
MTUTOMHOIO Baror i HEOOXiHICTIO 3a0€3MEUYCHHS JOCTaTHHOTO PiBHS HAIIHHOCTI,
CTaBIATHCS TMIiJBUINEHI BUMOTH JO BHKOPHUCTaHHS TaKWX KOHCTPYKIIIHHUX
MatepianmiB. HaiiOimemr TOBHO IMM BHMOTaM  BiAIOBITAIOTh KOMITO3WUTHI
Marepiav, NIMPOKI MOKJIMBOCTI BapilOBaHHS BHYTPILIIHBOI CTPYKTYPH SIKHX
Ha/Ial0Th ePEKTUBHUH THCTPYMEHT LIECHIPSIMOBAHOTO YIPABIIHHS TTapaMeTpaMu
KOMIIO3UTHUX TOHKOCTIHHMX CHCTEM 1 BIJIKpHBalOTh MNUIAX JO CTBOPEHHS
pallioHAJIbHUX JIETKUX KOHCTPYKIH, 110 HAMKpaIUM YHHOM BiJIIOBIAI0Th YCIM
OCOOJIMBOCTSIM PEXHMMY iX eKkciutyaraii [1, 5, 10].

BrpoBamkeHHsT KOMIO3WTHHX MAaTepialiB y TOHKOCTIHHI CTalleBi Hecydi
€JIeMEHTH KOHCTPYKITi 1 X ImHpoke BUKOPHUCTAHHS B PI3HOMAHITHHX Taly3sSX
cy4yacHoro OyAiBHUIITBA BHSIBHJIM HEOOXiJHICTh BpaxyBaHHs HOBHUX (DaKTOpiB i
MIOCTAaBWJIM MTPUHIIMIIOBO HOBI 3aBJaHHS SK JI0 KOMIIO3UTHHX MaTepiaiiB, Tak i
KOHCTPYKITi#i Ha X ocHOBi [11, 12].
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TOHKOCTIHHA TMJIACTHHKA YH OOOJIOHKA, I0 KOHTaKTy€ 3 11 TOBEPXHEIO
TOBCTOCTIHHOTO MAaCHBY, BHKOHAHOTO 3 1HIIIOTO MaTepially, € KOHCTPYKTUBHUMH
elleMeHTaMH y 0araThbOX MallMHaxX, amapartax i cmopynax. Came mig Take
BU3HAYCHHS MOXJIMBO BIJTHECTH CTasie3adi300€TOHHI KOHCTpYKii [8], Mo
CKJIAJIAl0ThCA 3 TOHKOCTIHHMX CTAlICBUX CJEMEHTIB, MIJKPIIUICHUX JIETKUM
MOJTIMEpOETOHOM, Ta 3apeKOMEHOyBaiM cebe sSK HamiliHI Ta EKOHOMIYHI,
MOCTIIHO PO3BHBAIOTHCS 1 MOTPEOYIOTH PI3HOOIYHOTO AOCTiIKEeHHS [6].

AHani3 ocTaHHiX AocaiIKeHb | my0aikaniii Ta BUAiJIeHHs] He PO3B’sI3aHUX
paHime 4YacTUH 3arajbHoi mpoOsemMu. Po3paxyHKy  Hampy>KeHO-
Jne(OPMOBAHOTO CTaHy, NPYKHOI CTIMKOCTI TOHKOCTIHHHMX OOOJIOHOK Ta
MPYKHOTO 1 B’SI3KONPY>KHOTO 3allOBHIOBAYa, 1[0 MICTUTHCS B HHX, MPUCBIYCHI
mparti [2, 3, 7]. Kpim Toro, 1i mUTaHHA B Til 49X iHINIHA Mipi PO3TIAAAIOTHCS B
HaBUYANBHIH JiTepaTypi Ta MOHOTpadisix MIOA0 ABUTYHIB HA TBEPAOMY IaIHBi
[4, 9]. Ilpu 1bOMy 3 BEeMUKOTO po3MairTs (opM OOOJIOHOK, 3alOBHIOBaua, X
MEXaHIYHUX BJIACTHBOCTEH, JIFOUMX HaBaHTa)XCHb BHUOWPAIOTHCS IapaMeTpH,
XapaKTEPHi IS TBEPIOTAMBHUX JBUTYHIB.

AHai3 OTpUMaHKMX Pe3yJbTaTiB MOKa3aB, 0 3a3HAYCHUH MiAXia 0 MicIeBOi
CTIMKOCTI CTaJeBHX EJNEMEHTIB KOHCTPYKIII Moxke OyTH 3acTOCOBaHWH IS
0e3ImocepeTHROT0 PO3PAXYHKY OyMiBEIbHUX KOHCTPYKIIHM, OCKUTEKH B3a€MOIS
00OJIOHOK 1 TPY>KHOTO MacHBY (OPMYIIOIOTHCS MAaTEMaTHYHO MO-PI3HOMY: Bij
Mozeni BiHknepa 1iist npy>KHOT OCHOBH, 10 TOCTAaHOBKH 3 ypaxyBaHHSIM Pi3HUII
CEpeIMHHOI TOBEPXHI OOOJIOHKM 1 MOBEPXHI KOHTAaKTy ii 3 CepeloBHUIIEM i
MOYaTKOBOT'O HAIPY KeHO-1e(hOpPMOBAaHOTO CTaHY.

TaxkuM 4MHOM, 3HaYHI TPYAHOILLI MPH BUPILLIEHHI TOCTABICHOT 3a/1a4i 3BOAUTHCS
JI0 CIJILHOTO 1HTETpYBaHHS PIiBHSAHBL Teopil OOOJIOHOK i TPUBHMIpHOI Teopii
MIPY>KHOCTI TIPY BUKOHAHHI ITEBHUX YMOB Ha TIOBEPXHI KOHTAKTY CEPEIOBHII Ta
YMOB 3aKpiIUIEHHS KpaiB.

MeTol0 JOCHIDKEHHST € pO3pOOJCHHS TEOPETHYHO OOIPYHTOBAHOTO Ta
eKCIIEPUMEHTAIEHO TIEPEBIPEHOTO AHANITHYHOTO amapary 3 pO3paxyHKy
MICIIEBOT CTIHKOCTI CTAJICBUX €JIEMEHTIB CTANe3ai300€TOHHUX KOHCTPYKIIIH.

Buxkiaa ocHoBHOro martepiany. Po3paxyHOK Takux KOHCTPYKIii Ha CTIHKICTb
MOBHHEH BECTUCS 3 YPaxyBaHHSAM pI3HUX BHJIB BUIIMHAHHS KOHCTPYKIIi B
mitoMy 1 11 okpeMux enmeMeHTiB. 71 aHami3zy MicIeBOi CTIHKOCTI CTalleBHX
CJIEMEHTIB  CTalle3ali300eTOHHMX  KOHCTPYKLiA Oynmu oOpani  cranesi
TOHKOCTIHHI ~KOHCTPYKTHBHI ~€IIEMEHTH 3 CYIJIBHHM 3allOBHIOBaYeM,
HaBaHTAKEHI CHMETPUYHO CEPEIUHHOT ITOBEPXHI.

Iepm 3a Bce, Tpeba po3pizHATH ABI (HOPMH BTpaTH CTIMKOCTI: 3arajbHy,
00yMOBJIIEHY, B OCHOBHOMY, BUKPUBJIEHHSIM CEPEANHHOI MTOBEPXHI KOHCTPYKIIi1
(puc. 1,a), i micreBy, IO MPOSBISAETHCA, TOJIOBHUM YHHOM, y BHUKPHBJICHHI
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30BHIIIHIX MapiB i MPOXOIUTH 0€3 BUTHHY IIACTUHKA a00 OOOJOHKH B LIJIOMY
(puc. 1,0).

a) 0)

Puc. 1. Kococumerpruna Ta cumeTpruHa (pOpMHU BTPATH CTIMKOCTI
CTaJIe3a11300€TOHHOTO KOHCTPYKTUBHOTO €IEMEHTa

3amoBHIOBAaY JIOCTI/KYBaHMX KOHCTPYKIii HEOOXiZHO pO3riIigaTH K TiJIO
TPHOX BUMIPIB. Y Takiif MOCTaHOBIlI OyB BUKOHAHUN PS/ TOCIIPKEHb CTIHKOCTI
[2,4,7,9].

JocnigkeHHs TaKUX KOHCTPYKIiHM Ha CTIHKIiCTh 3arajJbHOTO Ta MIiCIIEBOTO THITY
SIBIISIFOTH COOOFO JIBi CaMOCTiliHI 001acTi, B KOXKHIN 3 SKUX 3aCTOCOBYIOTH CBOI
npunymenHs. Jly’ke 4acTo HpsSMOKYTHA IUIACTHHA BIJrpa€e poiib CKIIAIOBOI
YaCTUHHU TOHKOCTIHHOTO CTPHXKHS 1 TPAaIfo€ MPHU I[bOMY Ha CTHUCK B OJHOMY
HanpsMKy. [IpakTW4Ha BaXTUBICTH TOCTIIKEHHS Takoi pOOOTH IUIACTHHHU
npu3Bena 10 HEOOXiTHOCTI CTBOPEHHS CIPOIICHOI IH)KEHEPHOI METOAMKH
pO3paxyHKy, sKa 3aCHOBaHAa Ha aHaji3i METOJIB BHUPIIICHHS OCHOBHOTO
PIBHSHHS HEUTpPaIbHOI pIBHOBAry.

Z,=—N)o, -2N, o

Xy

—Nﬁoayy. (1)

TpyaHoIi po3B’ 3Ky 33734 CTIMKOCTI MOB’si3aHi B OCHOBHOMY 13 33JI0OBOJICHHSM
YMOB Ha OOMEXYIOUHX KOHCTPYKIIO IMOBEPXHSIX 1 BUPIMIEHHSIM CKIQJIHAX
TPaHCIEHJACHTHHUX PiBHSIHD 1010 KPUTHYHUX HABAHTAXKCHb.

Bce ne mpu3BomuThH 0 BiAMOBM BiJl TPaAMLIHHUX PO3PaXyHKOBHUX CXeM 1
po3poOJieHHsT ~ YTOYHEHMX  MareMaTHYHHX  MoJelied  JeopMyBaHHS
TOHKOCTIHHUX CTaJCBHX CJICMEHTIB MiAKPIIUICHUX OeToHOM. OTXE, BUXOASIUH 3
MPUITYIICHHS PO JiHIHHUNA PO3NOALT MepeMilleHb 3a TOBIIMHOIO 3aIlI0BHIOBAYA,
MU OTPUMAITN PiBHSHHS CTIHKOCTI TOHKOCTIHHOI TUTACTHHKY Ha MPYXHIH OCHOBI
3 ypaxyBaHHSM 3allOBHIOBada IpPU B3a€MOJIi 3 IUIACTUHOIO YH OOOJIOHKOIO,
TOOTO O3 00JIiKy HOpMAITBHUX 1 JOTHYHHUX HAIPY>KEHb Y 3aIMIOBHIOBAYI.

Y mnOpakTUYHHX pO3paxyHKax IUIACTHH Ta OOOJIOHOK Ha TMPYXKHIH OCHOBI
Hal4acTilie 3yCTPIYaroThCS BHUMNAAKHA, KOJNM BimOyBaeTbes medopmaris
IUIACTUHU a00 OOOJIOHKH 3 MPY’KHOK OCHOBOIO Ta KOJIM B TaKid KOHCTPYKIIIT
3aIOBHIOBAYEM CIIPUIMAETHCS MOMITHA YaCTUHA TIO3/IOBXKHIX CHJI 1 MOMCHTIB.
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Mx,x+Mxy,y :T;’
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Ty:—Kz((py+(oy); ®)

¢y, ¢, — QyHKIil nonepedHoro 3cyBy; K, K, - OpCTKICHI mapaMeTpH, II0
XapaKTepU3YIOTh MONEePEYHi 3CYBH.

3 YpaxyBaHHAM 3a3HA4YCHOI'O Bi}lHOCHO MMPOrvHy IUIACTUHKKU O MOXIUBO
3almcaTu:

KK,L(0)-L (K
~V,(N o, +2N, o
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Tomy mnpu MicHeBiii BTpaTi CTIMKOCTI KOHCTPYKTHBHI €JIEMEHTH OyJH
MIPEJICTaBIICH] SIK TUTACTUHA Ha TPY>KHIN OCHOBI (pHC. 2).
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Puc. 2. [TouaTkoBwii HANPYKCHUH CTaH IUIACTUHU Ha TPYKHIi OCHOBI

BpaxoByroun HaHTIOMMPEHIIHMN BHUITAIOK pO30WBAaHHS TAKMX KOHCTPYKIIH Ha
IUIACTMHYACTI €JeMEHTH, OyB pO3TISHYTHH BHMAJOK IHApHIPHO o00mepTol
IUTACTUHKUA 10 KOHTYpY, IO CTUCHYTa B OJHOMY HAmpsMKY, TOJi I'paHHYHI
YMOBH HA0yBalOTh BUTIISTY:

©=0, M,=0, ¢, =0. (6)

VY upoMy BHUNAJAKY pillleHHS TU(PEPEHIIHHNX PIBHAHB (4) NIYKAEMO Y BHUIJISII
psniB Oyp’e:

. kmx . NT
X,=sin—, Y =sin—-. (7)
a b
[TimcraBnseMo 3aaHi TPaHUYHI YMOBH Ta BPaxOBY€EMO, II10:
km
0
N, =-N, o, =—,;
a
- 8)
N!=N! =0; B, =—.
y xy b

Tomi 3 cucTeM OTHOPIAHHMX anreOpaidHUX PiBHIHD, BPAXOBYIOUH JedopMallito
IUTACTUHKH 3 )KOPCTKO 3B’A3aHOIO 3 HEIO MPY>KHOI0 OCHOBOIO, aBTOpamu [4] OyB
OTpI/IMaHI/Iﬁ BHUpa3 JJis1 BUSHAYCHHS KPUTUYHOI'O HABAHTAXKCHHS:

a’ kn nm
NKP = kZTCZ |:F (7’7) + qzkn}' (9)
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Ane 3HaiineHe piBHAHHSA (9) He BpaxoOBy€ MIUPWUHY IUIACTHHKA b, IO
PO3TISIIA€ThCSA, @ TOMY Ja€ XHOHI pe3yNbTaTH KPUTHYHOTO HaBAaHTAXKEHHS, 10
MOJKe TIPU3BECTH JIO TPAriyHUX HACIIKIB.

[Ipu po3B’s13aHHI MOCTaBICHOI 3a1a4i HaMH OyB OTpUMaHMK YTOYHEHHUH BHpa3
(10) mns gaHUX TPAaHUYHUX YMOB, III0 BPaxOBY€E F€OMETPUYHI po3MipH, Qi3uKo-
MEXaHIYHI BIIACTUBOCTI CKJIAJOBUX Ta MIATBEPKEHUN EKCIIEpUMEHTaILHUMHU
JIOCHIKEHHSAMM:

a’b km nm
NKp:kZTCZ F 7’7 +qzkn > (10)

Fkrcnn_Kkn2 % nrczAiL) % A,,
TR ) TR, @Jr SUNOE (1)

kn

ac

1 2
3HaueHHs  ckiagoBux A, Agm), Asm) 3HAaXOJMTHCA 3a  HACTYHNHHMH

(hopMyiaMu, BpaxoOBYIOUM CYMiCHY ae(opMariifo TUIACTHHKH 3 MPYXKHOIO
OCHOBOIO!

A, = ocj + 2(2u] + v])aZBi + MZ]Bj;
AY = ol +(1-v,v, =2v,u, ) B + B (12)
Aij) = Af;) + (82 + sluz)ai + (a1 + &1, )Bj +€E,,

JIe, BPaXOBYIOYH 130TPOIIIIO0 TIACTHHKH:

G(1-v*)
W=—"p—" (13)
[Ipu meranpHOMY BUBYEHHI XapakTepy poOOTH TaKMX KOHCTPYKIIHA Ta BHpa3y
(10) Oyno BCTaHOBIEHO, IO MiHIMalbHE 3HA4YeHHs N 10 BiAHOIICHHIO [0
napameTpa XBHJIICYTBOPEHHS 71 pealtizyeThest ipu # = 1 (puc. 3).

Kpurnune HaBaHTaxkeHHA N, 3HAXOAUTHCS MIHIMI3alli€l0 MpPaBOi YaCTUHU
Bupa3y (10) mo BigHOMmEeHHIO M0 k= 1,2, 3...

N —mind 2] gk 2,
Kp—n&l)n sz[2 a ’b qzk] . (14)
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Ye

Puc. 3. [louaTkoBHit HANIPYXEHUH CTaH Ta XapaKTep XBWICYTBOPEHH MJIACTUHH Ha
NPYKHI OCHOBI 3 IIAPHIPHUM OOMMPAHHSM MO KOHTYDPY

BpaxoBytoun rinoresu Kupxroda-JIssa, toéro K, = K, =0, Bupaz (14)

MIpUiMe BUTIISAN:

Da’b
NKp = 2 mln[A + qzkl] > (15)
T (k)
, Ef
e a, b, t — r€OMETPUYH1 XaAPAKTCPUCTHUKHU ILIACTUHKHU, Dl = m
-V

OWTIHIPAYHA XKOPCTKICTh TUIACTUHKY; V Ta E - koedinieHT [lyaccona i Moaymib
npyxHocTi Matepiany miactunn; A, - koedilieHT, KUl BpaxoBye CyMicHy

nedopmaniro 1 3HaxomuThes 3a (12), BpaxoBylOUM 3aJaHi apaMeTpH

XBHJICYTBOPCHHS; ¢ — CKIQJ0Ba, [0 BPaXOBYE PEAKI[I0 MPYNKHOTO
3aIlIOBHKOBay4a.
g =26 \Jo? +p7 L8 (16)
+Xg2
ES .. . .
ne G, =m - MOJAYJb 3CyBY MNPYXHOI OCHOBM;, V Ta E - Koe]illieHT
+vVv

[Tyaccona i MoyIib IPYKHOCTI MaTepialy OCHOBH;
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f=(1=2v) sk *+y,y H +2(1-v )(1-2v, )(1-y,/v.);
fi=(1-v,)(sh2n*-2y_H);
fr=(3=4v)ch’n*+y .y H +(1-2v,)[3-4v,—-2(1-v,)y. /v |; (17)
g =sh*—yy H*+2(1-v )(1-2v ) (v. /v_+v_[v.-2);
g, =(1-v,)(sh2n*+2y H).
Y 20Bd,, - o’d, —Bzdy +2G Y thn* .
L= * Byido([3 -G, (2a[3dxy + oczdy +[32dx)y+thn* ’
d = B330L2 +2B 0B+ Bzzﬁz;
dx,v = Bl3(xz + (BIZ +B33)G'B +BZ3BZ; (18)

dy = B“oc2 +2B,0B+ BSSBZ;

d

4 3 2n2
op = A0l — 2a,,0°B+ (26112 + a33)a B"—2a,

3 4
o’ +a,B.

Posrnsimaroun i30TponHy MIacTUHKY 3 (i3MKO-MEXaHIYHUMH XapaKTepUCTHKa-

mu E, G, v, 0 KOPCTKO TOB’s3aHa 3 OCHOBOIO
MaTI/IMYTB BUTJISAO:

Et vEt

, KoHCTaHTH Bj; (i, j =1, 2, 3)

11 (1—\/2) 12 (1—\/2) 13
B, =B, B, =0 (19)
B, =Gt.
Koedinientn a;; (i, j = 1, 2, 3) Bu3HayaroThCA 3a:
a. = BzzBaa — 3223 _ 813323 _BIZB33 _ BIZBZ3 — BI3BZZ
11 B 12 B 13 B
a. = B3sBu _8123 _ BIZBI3 _BuBza
2 B 23 B (20)
4. = BnBzz _3122 ,
33 B
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e
B= BllezB33 +2BIZBI3BZ3 _3113223 _3223123 _B33B|22 . (21)

OCKibKH PO3MIIAAA€ThCA TUIACTUHKA, IO B3aEMOJIE 3 TMPYKHOI OCHOBOIO,
3HaueHHs Koe(illieHTa ¢,, SKWiA BpaxOBY€ HAsIBHICTh MPYXKHOI OCHOBH,
po3paxoByeThes 3a (16) mpu y.= v, n*= y.H, aie 3 ypaxyBaHHIM OOMEXCHHS
XBHJICY TBOPCHHSI:

kB> ko’ )1

HIHZ HZHI 'Y (22)
FRLaN

H H;

Takum 4yMHOM, 3a/1aya 3BOAMTHCS JIO ITEPAliHOTO yTOYHEHHs BHpasy (15),
TOOTO 3HIKEHHS HECYUOi 3/ITaTHOCTI 3aJICKHO BiJl ITApaMeTPiB XBUICYTBOPCHHS.
KpuTnuHe 3Ha4YEHHS KiTBKOCTI XBHIIb Y JAHOMY BHIIAJKYy OyJie 3HAXOJUTHUCH B
MeXax:

2 o \2 FA
n |E, kn n E, 2(1—VS)GS
SR == | 4| —— L

, 23
b\E a b’ E, D (23)

1 1

Jie HIDKHSI MeKa BiJIOBiae YhCIy k 32 YMOBH BiICyTHOCTI MPY>KHOI OCHOBH, a
BEpXHS — HAOJVDKCHOMY 3HAYEHHIO & TUIACTHHKH, IO TOB’s3aHAa 3 OCHOBOIO
HECKiHUY€HHOT TOBILUHH.

Hnst iHIOMX YMOB 3aKpilNICHHS PO3PaxyHOK BHMKOHYETHCS BiAMOBITHO MO0
3aJaHUX TPAHUYHUX YMOB CTaJICBOT IUIACTUHKH.

3 METOI0 BHSBJICHHS OCOOJHUBOCTEH ITOBEMIHKM KOMIIO3UTHHX KOHCTPYKITii
CTaJIeBHX €JIEMEHTIB MPU PI3HUX KPalOBHX YMOBaxX 3aKpilUIeHHs OCTaHHIX, a
TaKOX JUIsl OTPUMAaHHS JaHUX JJIS OLIHKH €(DEKTUBHOCTI MOENTHAHHS TOHKUX
CTAJICBUX IUIACTHH Ta TPYXHOI OCHOBH (JIETKOTO TIOJiMepOeToHy) Oyi1o
BUTOTOBJICHO 12 mocimigHux 3paskis (puc. 4).

Po3p’si3aHHs 3amadi  MICHEBOI CTIHKOCTI TOHKWX IIJIACTHH, MiAKPITUICHUX
MIPY>KHOI0 OCHOBOIO, JIO3BOJISIE OI[IHIOBATH BHECOK Pi3HHX BXiJHUX MapaMeTpiB
y OUIBII CKIAAHWX 3aBJAaHHAX. BIOMOBITHO pPO3B’SA30K 3amadi CTIHKOCTI
IUTACTHHHU, MO KOHTAKTYE 3 OCHOBOKO, Ja€ MOXJIHMBICTH POOHMTH OIIHKY B
MMUTAaHHSX TPYXKHOI CTIHKOCTI JIETKHUX CTane3alli3o0eTOHHUX KOHCTPYKITiH.
XapakTepHOIO OCOOJMBICTIO TaKUX KOHCTPYKIIH € Te, 0 MOAYJb MPY>KHOCTI
OeTOHy Ha KiJbKa MOPSAAKIB MEHIIMM HDK MOIYJh TPYXKHOCTI MaTepiany
TOHKUX CTaJCBUX EJEMEHTIB, Y TOH 4Yac SK OPCTKOCTI BiJIPi3HSIIOTHCS
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HEecyTTeBO. TOMY BaXXJIMBOIO € OLIHKA IiJIKPIMJIIOBAIILHOTO BIUIMBY NPYKHOTO
3aIoBHIOBaYa Ha XapaKTep BTPATH CTIHKOCTI TUTACTHHH.

Puc. 4. 3aranpHuii BUIIISA JOCTITHUX 3pa3KiB 10 BUNIPOOYBaHHS

TeopetnuHi MOOyA0BH pO3paxyHKOBUX MEPEAYMOB 3a3BHYail BUKOHYIOTBCS JUIS
imeamizoBaHUX MoJeNeld, TOMy TIpH TEepeBipIli 3ampONOHOBAHOI Teopii
PO3paxyHKy KPUTUYHOTO HABAHTAXCHHS 3 ypaxyBaHHSIM MiCIIEBOI CTIMKOCTI
HaMarajucs SKOMOTa OJIMKUe MiIIHTH JI0 TAKOTO iIealbHOTO 00’ €KTa. 30KpeMa,
IpU EKCIEPUMEHTax IIOJO0 BHUSBJICHHS HECTIHKOCTI AyXe BaXJIHMBY PpOJb
BiJlirpa€ TeOMETPHYHA JOCKOHAJICTh BUIPOOOBYBAHMX 3pa3KiB, MPO IO
HEOAHOPAa30BO roBOpHMIIocs Buile. He MeHI BaxiuBo OyJio 3a0e3neuuTn BHOIp
MPY>KHOTO Martepiaiy, sIKUi OM MaB eeKTHBHI XapaKTEpPUCTHKH MOEAHAHHA 31
CTaJIeBUMHU TOHKOCTIHHUMH TUIACTHHAMH.

Krnacudna Teopisi 000JIOHOK HEXTY€E peakilissMU MPYKHOI OCHOBH, 1[0 BUMAarae
BiIMOBHM BiJ TpaIWLiMHUX PO3PAXYHKOBHX CXEM 1 pO3pOOJICHHS YTOUYHEHHX
MaTeMaTHYHUX Mojeneil nedopMyBaHHS TOHKOCTIHHUX IIApyBAaTHUX CHUCTEM.
BpaxoByroun Bce BHIIE CKazaHe, JJIs MiITBEPIKEHHS PO3PaXyHKOBOT METOTUKU
IapyBaTHX 130TPOMHUX IIACTHH Ta 000JIOHOK, JUIs 1X anpoOarii Ta BU3HAYEHHS
MEX 3acTOCYBaHHS OyJIM EKCIEPHMMEHTAJbHO MOCIIIKEHI KOPOTKi craie-
3aJTi300€TOHHI €JIEMEHTH 3 PI3HUMH KPallOBIMH YMOBaMH CTAJIEBUX CKIIAJ0OBHUX.

3rifHO 3 TPOrpaMoI0 EKCIEPUMEHTY Uil TPEeThoi TIpymu 3pasKiB BiJHOCHI
nedopmanii Bcix BumpoOyBaHMX 3pa3KiB Ha MEXI IUIMHHOCTI cCTaneBoi
TUTACTUHKY MaiXe HE BLAPI3HAINCH 1 CKIANalu € = (80...135)><10'5 OJIMHUIIE.
3anumkosi aedopmanii 3pas3kiB gemio BiapizHsuinch. HaliMeHmumu BoHu Oyiu
JUTSL 3pa3KiB, BUKOHAHUX 0e3 OeTOHHOI CKJIam0Boi, 0au3bko 1 %. Jlns 3paskis i3
3aMOBHIOBAYEM 3aJIMINKOBI Jedopmariii cknamum 1,8...2,3 %. lle cBimuuth mpo
Te, M0 0o0paHi Il TEOPETHYHHUX IOCHTIIKEHb KOHCTPYKTHUBHI €JIEMEHTH He
MpamiI0Th Y IUIACTHIN, a pyWHYBaHHA BiAOYyBa€TbCcd BHACHIIOK BTpATH
MICIIEBOT CTIMKOCTI CTaleBUX CKJIQJOBUX. PyiiHYBaHHS CTaJeBHX TOHKOCTIHHHX
IUTACTHH BigOyBaJIOCS aHAJIOTIYHO MPHHHATHM NEPEIYyMOBaM XBHJICYTBOPEHHS

(puc. 5).

61



36ipHux naykosux npayb
Ykpaincvroco incmumymy cmanesux koncmpykyii
imeni B.M. llumanoecvkozo. — Bunyck 10, 2012 p.

Puc. 5. Xapakrep pyiiHyBaHHS 3pa3KiB i3 BUIbHIMH HEHaBaHTAKEHHIMH KPOMKaAMH

MoskHa CTBEpKYBaTH, IIO JOCATHEHHS! HaBaHTAXKCHHSIMU KPUTHYHHUX 3HAYCHB
PIBHOCHIILHO pPyWHYBAaHHIO KOHCTPYKIIii, Tak sIK HecTiiika (opma piBHOBaru
HemMuHy4Ye Oyae BTpaueHa, IO I[IOB’S3aHO 3 TNPAKTHYHO HEOOMEKEHUM
3pocTaHHsAM nedopmauiii 1 HanpyxkeHb. OcobnuBa HeOe3neka pyHHYBaHHS
BHACIIIOK BTPATH CTIHKOCTI TOJISATAE B TOMY, IO 3a3BUYail BOHA BiIOyBaETHCS
panToBoO i MpH HU3BKHX 3HAYEHHSX HANpPy>KeHb, KOJH MIIHICTh €JIEMEHTa IIe
JaJeKo He BUYEepIlaHa 3 OJTHOYACHUM BiJICTaBaHHSIM Bij OCTOHY.

Jlo MOMEeHTY HacCTaHHS KPUTHIHOTO CTaHy MPYXHI aedopmartii 3a BEITHIHHOIO
Iy’Ke HEe3HaYHI 1 3poCTaHHsI X BIIOYBAETHCS MaiKe HETIOMITHO JUIS OKa. AJe 3
MOMEHTY HAaCTaHHS KPUTHYHOTO CTaHy OO MOMEHTY PYyHHYBaHHS 3aJIHILIKOBi
nedopmarii HapoCTalOTh OyXKe IIBHIKO, 1 MPAaKTHYHO HEMae 4Yacy BXKUTH
3aXO0iB IO 3a00iraHHs HEMUHYYO01 BiZIMOBH.

VYci 3HaueHHS KpUTHYHHUX HAaBaHTaXeHb HaBEJCHI y TaONHIIi.

Tabmus
Hecyua 3nathicts, KH
3paszkun Jlerki cTaneBi TOHKOCTIHHI €IEMEHTH
cepii* ExcniepumenTanbHi 3a Teopiero 3a 3aIpONOHOBaHOIO
3HAYCHHSA MIPYKHOCTI TEOopiero
I10B 2,5 3,04 3,34
ITOIII 14,05 17,57 17,54
1103 43,50 42,96 37,52
TOHKOCTIHHI cTaeBi elNeMEeHTH, TiIKPIIUIeH] JETKHUM HOoIiMepOeTOHOM
I16B 29,50 - 28,23
ITBIII 41,50 - 52,34
1163 78,50 - 74,87
*3pasku 3 pi3HUMH YMOBAMH 3aKpilIeHHs HEHABAHTAKEHUX KPOMOK TOHKOCTIHHOT
mwiactuaky: [10B Ta I[1BB, ITOIII ta ITBIII, ITO3 Ta [1b3 — BinbHUit Kpaii, 11apHipHEe
0OIUpaHHsI, 3aTHCHEHHS BiMOBIIHO.
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TakvM YHHOM, SK 3a3HAYATIOCH BHIIE, HE3BAKAIOYM HA JOCHTh HE3HAYHWMA
MOMYJb TIPYKHOCTI MiTKPIIIIIOBAIEHOT OCHOBH (JIETKOTO IOIIMEpOETOHY),
Hecy4a 3JaTHICTh 3pa3KiB ICTOTHO 3pOCTAa€, MO0 CBIAYUTH PO JOIIIBHICTH
yJamTyBaHHs OETOHHOI CKJIAJIOBOI B JIETKUX CTaJICBHX TOHKOCTIHHUX
KOHCTPYKITISAX JUIS 3a1100iraHHs MiCIIeBil BTPATI CTIHKOCTI.

Pi3uutsg kpuTHIHOTO HaBaHTaKEHHS 11 3paskiB cepii IIOB Ta I1bB ckmana me
oinbie 8,9 %; mns 3paszkiB cepii [103 ta 163 Onm3bko 14 %, ockinbku B
TEOPETUYHOMY PO3paxyHKy He Oylu BpaxoBaHI He3Ha4yHi pedpa >KOPCTKOCTI
JUIST MOJICTIOBAHHS 3allleMJICHHS TO3J0BXKHIX CTOpiH. 3HAaYHA BiAMIHHICTH Y
KPUTUYHOMY HaBaHTakeHHsS st 3paskiB cepii ITOII Ta IIBII obymosieHa
TUM, II0 B EKCIEPUMEHTAIBHUX [OCTIDKEHHSIX JIOCHTh BaXKKO OTPHUMATH
IIeabHUIA IapHIp, OYEBHIHO, IO IS 3pa3KiB i3 OCTOHHOIO CKJIQJIO0BOIO IIC
BiJIXWJICHHSI BUSIBIISIETHCS MEHIITHM.

BucHoBku

VY pe3ynbTati TeOpETUIHO-EKCIIEPUMEHTANIBHUX JAOCIIIKEHb MicIIeBOi CTiliKOCTI
TOHKOCTIHHUX CTaJICBUX €JICMCHTIB, MiAKPIILICHUX JETKUM IOJiMep OCTOHOM,
OyJI0 BCTaHOBJICHO BIUIMB Pi3HUX T'PAHUYHUX YMOB IUIACTHHYACTOTO eJeMEHTa
KOHCTPYKLIT Ta TX BIUTMB Ha HECydy 3/aTHICTB, IO MOTPIOHO BPaxoByBaTH MpH
MIPOCKTYBaHHI.

JlitepaTypa

[1] Adpymsn, D3.J1. PexomeHganum no mpoeKTUPOBAHHUIO, U3TOTOBIECHUIO U
MOHT@XY KOHCTPYKIMH KapKaca MaJO3TaXHbIX 3JaHUH M MaHcaph M3
XOJIOIHOTHYTHIX CTallbHBIX OLMHKOBAaHHBIX NpoQuielH MpPOU3BOACTBA
00O koncrpykuwmii / 3.J1. Aiipymsia. — M.: bantlIpoduns, 2004.

[2] Asnnpees A.H. MHorocnoiiHble aHU30TPOIHBIE O0OJOYKH W TUIACTHHEI:
N3rub, ycroitumBocth, konebanus / A.H. Aunpees, 10.B. HemupoBckuit
- HoBocubupck: Hayka, 2001. - 288c.

[3] 3yOuanmnoB B.I'. OcCHOBBI TeOpHMHM YHpPYTrOCTH M IUIACTHYHOCTH /
B.T". 3y6ouannnoB - M.: Beicmas mkoma, 1990 - 368c.

[4] HWieramos M.A. Pacuer oGojiouek ¢ ynpyrum 3amnosnutenem / M. A. Uib-
ramoB, B.A. MBanos, b.B. I'yaun M.: U3a. «Haykay, 1987. — 133 c.

[S] Pexomenmauuu 1O MNPOEKTUPOBAHMUIO, H3TOTOBICHHUID U MOHTAXY
KOHCTPYKIIMH  Kapkaca MaJO3TaXHBIX 3JaHUM M MaHcapa U3
XOJIOAHOTHYTHIX CTalbHBIX OLMHKOBAaHHBIX Npoduiel NpOU3BOACTBA
000 «bant-IIpodpune». — M. : THUUIICK, 2006. — 69 c.

[6] Cemxo O.B. Jlerkmii OeToH i 3alOBHCHHS TOPOXKHWH CTAJICBHX
TOHKOCTIHHUX KoHCTpykmid / O.B. Cemko, .M. Jlazapes, }O.O.
ABpamenko // ByniBenbHi koHCTpykmii. HaykoBo-TexHiuHi mpobiemu
CyYacHOTO 3ali300eToHy: MikBiA. Hayk.-TexH. 30. — K.: JIIT HJIBIK,
2011. — Bum. 74 — C. 659-666.

63



36ipHux naykosux npayb
Ykpaincvroco incmumymy cmanesux koncmpykyii
imeni B.M. llumanoecvkozo. — Bunyck 10, 2012 p.

[7]

8]

9]
[10]

[11]

[12]

Caesunrep M.H. Pacuer nnactun co cioXHOW CHCTEMOH MOAKPETIICHUH /
Cnesunrep U.H., sos K.I'. / U3BecTns Boicmmx YdeOHBIX 3aBene-
Huil. CTpouTensecTBO 1 ApxuTekTypa. - 1981. - Ne 6. - C. 47 - 53.
Crpeneukuit H.H. Cranexene300eToHHbIE KOHCTPYKIMH B HAIlICH cTpaHe
/ H.H. Ctpenenxwuii // Metamumdeckne KOHCTpYKUuH: PaGoTbl MIKOJIBI
H.C. Crpenemnkoro. — M., 1995. — C. 126 - 132.

TumomeB C.A. YcrounBOCTh MoakperuieHHbIX obonoyek / C.A. Tumo-
meB. M.: Ctpoiuznart, 1974. — 256 c.

Clarke J.L. Structural Lightweight Aggregate Concrete. / Clarke J.L. —
Taylor & Francis E-Libory, 2005. — 128 pp.

Vogdt F. Conceptual and Structural Design of Building Made of
Lightweight and Infra-lightweight Concrete. / Vogdt F., Schlaich M.,
Hillemeir B. // Berlin, 2010. — 105 pp.

Yu W.-W. Cold-Formed Steel Design : third edition / Wei-Wen Yu. —
New York : John Wiley & Sons Inc., 2000. — 645 p.

Haoitiwna oo peoxonezii 03.07.2012 p.

64



36ipnux naykosux npayb
Ykpaincvroco incmumymy cmanesux KoHcmpyKkyii
imeni B.M. llumanoscvkozo. — Bunyck 10, 2012 p.

YK 624.071.34

YaockoHajleHHSI KOHCTPYKTUBHUX (hopM 0a10K
3 NpoVILOBAHOIO CTIHKOIO

iuyrin C.®D., x.1.1., Ynuyaina K.B., x.1.1.

[MonraBchkuii HallioHaNBHUI TexHIYHMN YHiBepcuTeT iMeHi FOpis KonnpaTtroka,
VYkpaina

AHOTauifA. 3anponoHOBaHi HOBI KOHCTPYKTMBHI dopMu cTanesBux nerkux 6anok i3
npoginboBaHOK CTIHKOK, MOKa3aHi mepeBarn AaHOro TUMY KOHCTPYKUiA Ta HaBeAeHi
pekoMeHaauii WwoA0 iX 3aCTOCyBaHHS.

AHHOTaums. MpeanoxeHbl HOBble KOHCTPYKTUBHbIE (pOPMbl CTanbHbIX NErkux 6anok c
NpodUINPOBaHHON CTEHKOW, MOKasaHbl MPeUMMyLLecTBa AaHHOMO TWMa KOHCTPYKLUWUA U
AaHbl peKOMeHAauMn Mo UX NPUMEHEHMIO.

Abstract. The article dwells on new constructional forms of steel easy beams with
corrugated webs. In-process presented dignities of this type of constructions and given
recommendations on their application.

KnrouoBi cnoBa: ctanesa nerka 6anka, npodinboBaHa CTiHKa, pewitka, npodinb.

IlocranoBka mpooaemu. 3 50-x pokiB XX CTONITTS Ha PUHKY OYIiBEITBHUX
KOHCTPYKIIM yCHINIHO KOHKYPYIOTh 13 TPaJUIiHHUMH TEXHOJIOTISIMHU JIeTKi
ctaneBi ToHKocTiHHI KoHCTpyKuii (JICTK), sixi 3 KOXHMM pOKOM HaOHparoTh
BCe OUTBITOI MOMYJISIPHOCTI 3aBISKH JIETKOCTi, €KOHOMIYHOCTI, TOBIOBIYHOCTI,
HaTIHHOCTI, JOCTATHIM TEIUIOI3OAIIAHNM SKOCTSM, BHCOKIM BOTHECTIHKOCTI
(mpy  BUKOPHCTaHHI MiHOMOJICTUPONY), MOJMIJIWBOCTI BHTOTOBJICHHS Ha
OyAiBeTbHOMY MaiIaHYUKY, NIBUIKOCTI CKIAJaHHS 33 PaAXyHOK 3aCTOCYBaHHS
0oNTIB, caMOHAPI3HWX TBHUHTIB, IIYPYITB, 3aKJICTTOK, TOYKOBOTO 3BapIOBAHHS.
Cdepa ix 3acTOCyBaHHS JOCUTH PI3HOMAaHITHA, 30KpeMa, II¢ ONTHMAaIbHHIMA
BapiaHT 151 OYJIBHHMITBA Ta PEKOHCTPYKIlI KPOKBSIHUX CHCTEM, MaHcapi,
TOPUIITHUX TIPOCTOPIB, aHTapiB, OTOPOKYBATHFHUX KOHCTPYKILiH. 3 TOSIBOIO B
VYkpaiHi TEXHOJOTIYHMX JIiHIH 13 BHUTOTOBICHHA OaJOK 3 TO(PPOBAHUMH
cTiHKamMu (Topo-0aoK) 3’sSBUIACH MOMJIUBICTh BHTOTOBJICHHST TOHKOCTIHHUX
KOHCTPYKIIiif TAaKOTO THITYy 6¢3 OCOOTUBHX CKIIQJTHOCTEH.

AHaji3 ocTaHHIX JociaigxkeHb i nyoOJikauniii, B SAKMX 3aM04YaTKOBAHO
BUpileHHs AaHoi npodaemMu. TeopeTnyHi Ta eKCIIiepUMEHTANIbHI JOCITI KCHHS
0aloK, MOsiICM SIKUX CKJIAAaloThesi 3 THYTHX C-yTBOpIOIOYMX MpodiniB
KOpoOYacToro mepepisy Ta CTIHKA 3 TMpodiIbOBAaHOTO JHCTa 3 HECYIHUMH
3’€IHAaHHAMH Ha TIONepeHBO-HANpy)eHux Oonrax, BukoHaB A.H. Kperunin,
SKUM  Big3HA4YMB e(EeKTHBHICTb Takoro KommnoHyBaHHS [2]. [loBemeHe
MIBHUINEHHS JKOPCTKOCTI CTIHKM 3a paxyHOK JOJATKOBUX CJIEMEHTIB V
KOHCTPYKIII CTaleBOi OajKh 3 YCTaHOBJICHHMH TOXWIMMH IUIAaHKaMH, IO
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IiJIBUIIYE CTIHKICTD CTIHKH 1 CIIPHSIE IMiIBUIIICHHIO HECYYO01 3JATHOCTI POQLIF0
MpH CKPY4YyBaHHI, yTBOPIOIOYM THM CaMHUM YMOBHO 3aMKHYTHH KOHTYD
noriepeyHoro mepepizy [11]. BimomMum aHamorom pemnntyacTux OaJKOBUX
KOHCTPYKIIi € cTajlieBa Oalika 3 yCTaHOBJICHOK JOJAaTKOBOI «CTiHKOKOY» Y
BHUIJIAI 3WI3aronojiOHOTO apMaTypHOTO CTpwkHA [12], mo cmpusie
MiJBUIICHHIO KPUTHYHWUX HAaBAHTAXXEHb TOHKOI CTIHKH Ta 3 JIOJaTKOBUM
CTPUKHEM, IPUBAPCHUM KOPOTKUMU TUITAHKAMU JIO CTIHKH.

Pesynprat OcCTaHHIX MJOCHIIKEHb, TIOB’S3aHMX 13 Oankamu, MO0 MarOTh
rodpoBaHy CTiHKY, HaBeAeHi B podorax I1.I. Eropora [1], C.B. Kyapssnesa [3],
M.B. Jlaznutoka [4], H.R. Kazemi [14], H. Pasternak [15] Ta iHmmx.

Hepo3p’sizaHo0 paHille 4YacTHHOK MpodieMHM € Te, IO 32 YMOBH
oMy JIApu3alii rodpo-0alok Ha CYJaCHOMY €Talli PO3BUTKY PHHKY METaJIEeBUX
KOHCTPYKIiH iCHY€ HEOOXIIHICTh MOIIYKY HOBUX KOHCTPYKTUBHHX PIIlICHB, SKi
0 3aJTOBOJILHIJIM BUMOTAaM CIOXKHBA4iB Ta BIJMOBIAAIN BCIM EKCIUTyaTaI[liTHUM
MMOKa3HWKaM TpW MiHIMalbHIA BaprocTi. B aepkaBHMX HOpMax BiJCyTHI
pEeKOMEHIAITIi o0 MPOSKTYBAaHHS Ta OIIHKH HECYdJOoi 3IaTHOCTI 0ajok came 3
Tparnenieno1ioHO CTIHKOK, TOMY JaHE JOCIHIHKCHHS € IOCUTh aKTyallbHUM.

3agaui pocaimkennsi. [OJOBHMMH 3ajjadaMM  HAIIOrO JOCHIDKEHHS €
pO3p0o0JICHHS HOBUX KOHCTPYKTUBHUX PIillleHb JIETKUX OaOK 13 TPOo(diIboBaHOIO
CTIHKOIO, SIKI MOXYThb 3a0€3MEYNUTH CYTTE€BY KOHKYPCHIIIO TpajHIliiHIM
pIIICHHSM OAJTKOBUX KOHCTPYKIIiH, JIOBECTH MEPEBAaru 3anpONOHOBAHUX 0aOK
Ta BU3HAYHTHU Cepy IX 3aCTOCYBaHHS.

Bukian ocHoBHoro marepiany. IlepeBaru rodpo-6ajiok y CBITOBil OyiBelb-
Hill TIPaKTHUIl JaBHO BiJOMi, 30KpeMa, 1€ 3HMKCHHS MAaTepiallOMiCTKOCTI 3a
pPaxyHOK BUKJIFOUCHHS pedep *KOPCTKOCTI Ta ro)pyBaHHS CTIHKH, 3MCHIICHHS
BHPOOHHMYOI MOTY>KHOCTi, BUTPAT Ha BUTOTOBIICHHS, MOHTaX Ta TPAaHCIIOPTY-
BaHHs. CyTT€BI IIepeBard TaKOro THITy KOHCTPYKIIH CIIOHYKAIOTh 710 PO3PO0JICH-
HS Ta yPi3HOMAaHITHEHHS CTaJIeBHX JIETKUX 0aJIoOK i3 IPOQiIbOBAaHOIO CTiHKOIO.

3anporoHoBaHa KOHCTPYKIlS CTaleBOi OalKkd 3 IMOTMEPEYHO MNPOQiTrOBAaHOIO
CTIHKOIO KOp00OYacToro nepepisy 3 HepiBHOMIpHUM KpokoMm rodpis (puc. 1) [5].
[IpodinsoBana crinka (2) 6anku Mae TpameneinansHy GopMy, i CKIagaeThes 3
noBioi (4) Ta kopotmioi (3) TOPU3OHTANBHUX TUISHOK MPOQiIEOBAaHOTO JIUCTA,
a Takox moxwioi minsHkH Todpu (5). ['odppm 3a3HaveHOi Oamkwm MarOTh
HEPIBHOMIPHI KPOKH, SKi MOXXHa pETyJIOBaTH, M0 € HEMOXIUBUM JUIsI
xBWIACTUX CTiHOK. CriHka Oanku sBhse co0OK JIBa XOJOJHOTHYTUX
podiTbOBaHMX JHCTA (2), IO 3aKPITUTIOIOTHCS 10 TOSICIB 1 pedep (6) o BChboMy
nepuMeTpy, abo B JaHOMY BHUMAJIKy 3 BHKOPHUCTaHHAM Jamened (8), 3a
JIOTIOMOTr 010 3BaproBanHs (7). B Topisix Oanku po3raiioBaHi onopHi pedpa (6), a
monwmi aBotaBpa (1) BukoHaHI 3 JHCTIB. Ilpwm 1BOMY Iif0 3THHAIBEHOTO
MOMEHTY CIIPHIMAIOTh TIOJIHIII, & TIONEPEYHY CHUITy — CTiIHKa OaJIKH.
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Puc. 1. banka 3 moaBiifHOIO PO iTHOBAHOIO CTIHKOIO TpaNeneigaasHOr0 00pUCy

IIpencrarnena moaudikoBaHa ¢hopMa 3ampoOITOHOBAHOI BHUINE OaTKW — CTaleBa
Oaka 3 TMOMEpPeYHO MPO(LILOBAHOI CTIHKOK KOpOOYaTOro mepepizy 3
HEpIBHOMIPHHM KPOKOM TO(PIB Ta TMEpPEpUBUACTHMHU IOSCHHUMH IIBaMU [6]

(puc. 2).
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Puc. 2. Cranepa 6anka 3 monepeqHo MpoiTbOBaHOO CTIHKOIO KOPOOIACTOrO TIepepizy

3 IEPCpUBYIACTUMHU NNOSICHUMU HIBAMHA

Jo cknamy Takoi Oaku BXOIUTH Tpanereinanpaa mpodiasoBaHa CTiHKa (2), sKa
NPUBApPIOEThCA 3 JBOX OOKiB mepepuBYacTo (6) TINBKH Ha TOPU3OHTAIBHUX
ninsHKax (3, 4) mapanensHo Mo310BXKHiH oci Oanku. CTiHKa OanKu CKIagaeThCs
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3 NBOX Mpo(iTbOBaHUX IJMCTIB, IO MPHUKPIILTIOITECA 10 pebep (5) Oesrme-
pepBHUM 3BapioOBaHHAM, a JO TMosciB (1) — 3a JOMOMOTOI0 TEpEepHUBUYACTHX
3BapHHX IIBIB, IO 1 BiApi3Hs€e ii BiJ MonepeaHboi, 3a0e3MeUy0Ur MMPH ILOMY
EKOHOMIIO HAalJIaBJICHOTO MeTaly MpH 3BapioBanHi. OcoOnuBicTIO pobOTH Oan-
KH € Te, IO Ha JTUISHKH TOQPiB HE MEepeAaroThCs MO3J0BXKHI nedopmMallii, 1o
3abe3mnedye OiLTBIT pIBHOMIpHE 3aBAaHTAKCHHS CTIHKHM OAlTKH BiJ MTOJIUIG. Buko-
pHUCTaHi HepepuBYACTi 3BapHi IIBH 3a0€3MeUyIOTh PIBHOMIPHHUN MEpepo3noin
3yCWIb y TOJNUIAX Ha CTIHKY OajKH, OCKUIBKH B CYIUIBHUX IIBAaX 3yCHILIS
IIBUIKO CHANal0Th IO MiHIMAIBHUX 0e3 aii B poOOTi OUTBINOI YaCTHHU CTiHKH.
B TakoMy BUmNanaKy nepepuBYacTi 3BapHi MIBH (IOBKUHA OKPEMHX JUISTHOK BiJ|
50 mo 150 MM, a BifCTaHb MiX AUITHKaMH, 3a3BU4aii, B 1,5-2,5 pa3za OunbIia
JIOBXWHY JUISHKH) JTAal0OTh JEIKYy CKOHOMII0 BUPOOHWYHMX BHUTpAT 1 3a0e3medy-
I0Th JOCTATHIO CTIHKICTh CTIHKH, IKa HE CIIPUIMaE 3yCHITb 3 TJIOIMHU OaIIKH.

3 METOI0 yJIOCKOHAJICHHS! KOHCTPYKTHBHUX (HDOPM JIerKux OaoK 3alpoIOHOBaHi
HOBI KOHCTPYKIi CTalieBUX OaloK 3 MOMepedHO Mpo(]iILOBAHOK CTIHKOO
KopoOuacToro mepepisy 3 mosicaMu i3 3BapHUX TaBpiB (puc. 3) [7] Ta 3 mosicamu
3 mpokatHux TaBpiB (puc.4) [8]. IlpodinboBana crinka (2) Oanku Mae
Tparenienoiony (hopMy, MO0 YTBOPIOEThCSA 3 moxmioi minsHKUA rodpu (7),
TOBINOI (4) Ta KOopoTmioi (3) TOPU3OHTAEHUX MUITHOK TPO(ITEOBAHOTO JIUCTA.
Crinka OalKd CKIAJa€Tbcs 3 JABOX MNpo(diabOBaHUX JHCTIB (2), 110
3aKPIILTIOIOTHCS TOYKOBUM 3BaproBaHHsM (6) 10 mosciB (1), siki CKIamaroThes 31
3BapHUX a00 MPOKATHUX TaBpiB MapanenbHO oci Ganku. CTiHKa 1O OMOPHHUX
pedep (5) TPUKPIIUTIOETHCSA 3a JOMOMOIOK CYIUIBHOTO 3BaproBaHHs (8). B
JAHOMY BHWITQJKy BHKOPHCTAaHI TOYKOBI 3BapHi IIBH JUIS MPUKPIILICHHS
TAaBPOBUX TIOSCIB Ta CTIHKH, IO NPU3BOAWTH MO JKBimamii CKIaIHOTO
HaIpy>XeHOTO CTaHy. [IpuKpituIeHHs TiISHOK CTiHKH, SKi HAONIMKEHI J0 Tmosica
TOYKOBUM 3BapIOBaHHSM, HAJA€ JCSKOI MiAIaTIUBOCTI CTIHIII B3JI0BXK OaJKu Ta
3a0e3redye >KOPCTKICTh OalKé B IIJIOMY, a TakOXX HEPYWHIBHE CHPUHHATTS
JIOKaJBHUX HaNpyXeHb y CTiHIl Oamku. CTiHKAa HE JOXOIWUTH IO TOJIHI i He
CIpUiiMae HOPMAaJbHUX 3yCWJIb, a TUIBKH TIONEepeuHy cwmwiy (JIOTHYHI
HanpyxeHHs1). HopmanbHi HampyKeHHS CHPHHMAIOThCS TIIBKH TaBPOBUMH
mosicaMu, SK B 1mealbHUX JBOTaBpax. Ha oOMOpHUX dYacTHHAX OanKu
3aCTOCOBYIOTHCS CKJIIQZIeHI 3BapHI TaBPOBI OMOpHI pebpa, sAKi 3a0e3MeuyroTh
CTiliKicTh. ['0IOBHOIO mepeBaroio Takux KOHCTPYKLIH € Te, 0 MOSCH 3 TaBpiB
CIPUHAMAIOTh JiI0 3TMHAIBHOTO MOMEHTY B Oaiii ¥ MpamoroTh Ha PO3TAT 1
CTHUCK SK IIcalbHUM IBOTaBp, a CTiHKA CHpUAMae TomepedHy cuiry. Ha
JUISTHKAX 3°€THAHHS CTIHKH 1 MOJIUIb Y BUIIIA/ TaBPiB HE BUHHKAE 30HAIBHHX
HOpPMaJIbHUX HAIPYy’>KEHb Y BEPXHIil Ta HWKHIH 4acTUHI cTiHKU. Kpim Toro, nmpu
YCTAaHOBJICHHI TaBpPOBUX OIOPHUX pebep 3a0e3ledyeTbes CTIiHKICTh Ta
YHEMOJIIMBIIIOE BHITydyBaHHs CTIHKM B 30HI omopHoro By3ma. CriHka
MPOKAaTHOTO TaBpa Ma€ 3HAYHY BHUCOTY, IO 3a0e3ledyye MilHICTh mosica i
BEPXHBbOI YACTUHH CTIHKM OaqKd 32 HOPMAJbHUMH HAmpyKCHHAMH. 3MiHa
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HOPMAJIEHUX HampyKeHb BioOpa)kaeTbcs TinmepOoiuHOI0 3anexHicTio [13],
sIKa Ma€ MaKCUMaJIbHI 3HAUEHHS Y BEpXHill YaCTHHI CTIHKH. HeBenuki ToKaabHi
HABaHTAKEHHsI HA BEPXHIH MOsic Oaky OLIBII PIBHOMIPHO PO3NOIUISIOTHCS Ha
CTIHKY OaNKu 3a paXyHOK TaBpOBOTO MOACA.
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Puc. 3. Cranepa 6anka 3 monepeqHo Mpo@iTbOBaHOO CTIHKOIO KOPOOIACTOrO
nepepizy 3 moscaMu 3i CKIIaJICHUX TaBpiB
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Puc. 4. Cranepa 6anka 3 monepeqHo MpoQiTbOBAaHOO CTiIHKOI KOPOOIaCTOTO
nepepizy 3 HosicaMy 3 MPOKaTHUX TaBpiB
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Puc. 5. Cranea 6anka 3 monepedHo mpo¢iTboBaHOIO CTIHKOIO KOPOOUACTOro Iepepizy
3 3aMIOBHEHHSM BHYTPIIIHBOTO IIPOCTOPY MK CTIHKAMHU IiHOIMOJIICTUPOIIOM:
a — BUXIJHa 3aroTOBKa; O — TOTOBHI1 BiJCIK

CraneBa 0Oajka 3 mnomnepeyHo NPOoQILOBAHOI CTIHKOI0 KOP0OOYATOro
nepepidy i3 3amoBHEHHAM BHYTPIIHBOTO0 MNPOCTOPY MiK CTiHKaMu
niHomogicTuposiom (puc. 5) [9]. [Hna 3abe3nedeHHss cymicHOI poOOTH
npodinboBaHuX JUCTIB (cTiHKK) (7) 1 MiABHUIIEHHS X CTIHKOCTI MPOCTip Mik
HUMH 3alOBHIOETHCS HiHOMOmicTuposioM (5), mosicu (1) Ta Hampasmstoui (4)
BHKOHAHI 3 TpyO KBaJpaTHOTO Tepepisy, sKi MPUKPIIUIEH] CYIIBHUM 3Bapro-
BaHHSIM, CTIHKa JIO HalpaBJII0YHX PUEAHYETHCS 3a JOIOMOI0K0 CAMOHAPI3HUX
rBUHTIB (2), omopHi pebpa (3) BHKOHaHi 3 JHCTiB. BuroroBnenHs Oanku
MOYMHAETHCS 31 3BaplOBaHHs BUXiAHOI 3arotoBkd. CTiHKa Oalku BUKOHYETHCS
CIIOYaTKy 31 BCTAHOBJICHHS Tpodimo 3 omHoro Ooky Oamkwm. Hamami Oanka
3HaXO/IUTHCS B TOPU3OHTAIEHOMY ITOJIOKCHHI, JIe HAHOCUTBCS TTIHOTIONiCTHPOI

70



36ipnux naykosux npayb
Ykpaincvroco incmumymy cmanesux KoHcmpyKkyii
imeni B.M. llumanoscvkozo. — Bunyck 10, 2012 p.

MOMIAPOBO 3 TOAANBIIMM yCTAHOBIICHHSM BEPXHIX MPOQiThOBaHUX IHUCTIB.
IIpukpirneHas npodiTbOBaHUX JIUCTIB BUKOHYETHCS CAMOHAPI3HAMH TBUHTAMHU
1 BCTAHOBJICHHSIM Yepe3 HAlpaBIISIO4Yi MOHTaXY, MO0 3alI00IrTH BUITYYyBaHHIO
CTIHKH, IIO J03BOJISIE 3aCTOCOBYBATH MPO(]iIbOBaHY CTIHKY MEHIIOI TOBIIMHH
(ouuHKOBaHI JNHMCTH), IO Maibke HEMOXIUBO TpW 3BaproBaHHi. Jluctm
3’€IHYIOTHCS MK COOOI0 BHAITYCK 1 3aKPITUTIOIOTHCS caMOpi3aMu. 3aCTOCYBaHHS
MOJICTUPOJIFHOTO 3alIOBHEHHS JaHOT KOHCTPYKIII MiABUILYE ii TEII03aXuCHI Ta
3BYKOI30JTFOBAIbHI XapaKTEPUCTHKH.

HoBoro dopmoro € 6anka 3 mormepedHo mpodiTr0BaHOI CTIHKOI KOpOOYacToro
nepepizy 3 MosicaMH i3 THYTUX IIBEJIEPiB (3aKpilUIeHHS Ha camopizax) (puc. 6).
Taka KOHCTPYKLisl MOSACIB J03BOJISIE 3aCTOCYBaTH TOHKI MpPOQilbOBaHI JHCTH
Bim 1 MM 1m0 2 MM (3BaproBaHHS TIPH IMBOMY € cKiamgHuM). [lo ckiamy maHol
KOHCTPYKIIT BiTHOCUTBCS NpodinboBaHa criHka (1), sika Mae Tparnenienoaiony
¢dopMmy 1 ckmagaeTbca 3 IBOX MPOQIIBOBAHUX JIMCTIB, IO 3aKPIIIIIOIOTHCS 10
nosiciB (2) y BHIIIAAI THYTHX a00 TPOKAaTHUX IIBeNepiB camopizamu (4).
IIpodini Mixk cob0I0 MOXHA CKPITIIIOBATH CaMOHApi3HUMH TBHHTaMH. OMOpHI
pebpa (5) aBIAIOTH COO0I0 3BapHi TaBpH, KOTP1 MPUKPIILTIOIOTHCA A0 MOSCIB 3a
JIOTIOMOTOr0  3BapioBaHHs (3), a mo crinku camopizamu (4). CriHka maHoOi
KOHCTPYKITii MOKe OyTH OJMHAPHOIO 1 MaTH XBHJISICTHI 0OpHC.
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Puc. 6. Crasea 6anka 3 monepedHo mpoQiTboBaHOK CTIHKOK KOPOOYACTOro mepepizy
3 MOSICAMHU 13 THYTHX IIBEJIEPIB

PosrnsHemMo  craneBi  0anku 3 MONEPEYHO MPOQIILOBAHOK  CTIHKOKO
KOpOoOYacToro mepepidy, pO3KpimieHi po3KicHow pemriTkor (puc.7) [10],
XPECTOBOIO PEIIITKOI0 (pHC. 7) Ta PENITKOI y BHMIIAI apOYHUX EJICMEHTIB
(puc. 8). 3azHaunmo, 110 HpodinboBaHa cTiHka (7) 0ajlok Ma€e Tpanerienoaiony
(hopMy Ta CKIamaEThes 3 IBOX MPOGiTbOBAHUX JIHCTIB, IO 3aKPIILTIOIOTHCS 10
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HampapIsiounx (4) y BUTISAL KBaJpaTHUX TPYO 3a JOITOMOTOI0 CaMOHApi3HUX
rBuHTIB (2). o mosciB (1), sxi ckmagaroThes 3 TpyO KBagpaTHOTO Iepepisy,
HaTpaBJISIOY] IPUKPITUIEH] 32 TOTIOMOTO0 CYIUTFHOTO 3BaproBaHHst (6). OnopHi
pebpa (8) BUKOHaHI 3 JHCTIB 3 ypaxyBaHHAM POOOTH Ha 3MUHAHHS Ta 3pi3aHHS.
Pemitka (3) npuenHyerbcs A0 NpoQinbOBaHUX JIMCTIB CaMOHAPi3HUMHU
rBuHTaMu  (2). Jns TpuKpilIieHHS OaJoK J0 MOXIIMBOI KOJIOHH MOXHA
BHKOHYBaTH OTBOPHU (5).
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Puc. 7. Cranepa 6anka 3 monepevHo npodisbOBaHOK CTIHKOI KOpoOYacToro mepepisy,
PO3KpiIuieHa PO3KICHOIO PEIIiTKO0:
a — BUXIJHA 3ar0OTOBKA; 0 — FOTOBHI1 BIJCIK

BuxinHi 3aroToBKHM JJIsI TAKOTO TUITY KOHCTPYKIIH BHKOHYIOTBCS Ha TOYATKY
BHUTOTOBJICHHs 0ayok. Po3ramntyBaHHs po3KiCHOI PENIITKH TOBUHHO BiIITOBITATH
JIOKaJHbHOMY HABaHTA)KEHHIO Ha BEPXHIiW mosic Oankd. SIKIIO BCTaHOBIIOETHCS
pO3KicCHA penriTka, MOXKHa HE BHKOPHCTOBYBaTH pedpa >KOPCTKOCTI IIif
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nokanbHe HaBaHTaxeHHA. llle onmHI€D OCOOMWBICTIO POOOTH JAaHOTO THITY
KOHCTPYKIIii € Te, IO EJIIEMEHTH PEeUIiTKH B TIOETHAHHI 3 MPOQiThOBAHOIO
CTIHKOIO 3a0e3MeuyIOTh OUTBIIY CTIHKICTh, HIXX OKPEMO PO3KOCH PEIITKH Ta
cTinka. Posrmspgarounm XxpecToBy pemntky (puc. 8), MOXXKHAa BiI3HAYUTH 11
repeBary 1100 JKOPCTKOCTI CTIHKHM Ta 3a0e3MeueHHs! CTIHKOCTI CTIHKH IO BCii
BHCOTI Oayiku. XpecToBa pelIiTKa Po3MOiIsAe Aif0 3THHAILHOTO MOMEHTY 3a
JOBXHHOIO TIPOTOHY Ta PO3KPIUIoe mpodinboBaHUN JHCT, 3a0e3nmeuyroun
CTINKICTb.
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Puc. 8. Cranepa 6anka 3 monepedHo mpoQiTboBaHOIO CTIHKOIO KOPOOUaCTOro Iepepisy,
PO3KpIIICHA XPECTOBOIO PEIIITKOO:
a — BUXIJHA 3ar0TOBKa; 0 — TOTOBHI BIJCIK

Pemritka i3 apouynmx eneMeHTIiB (pHUC. 9) CBOEO (GOPMOIO BIITBOPIOE EIIOPY
MOMEHTIB 1 CIIpUIIMa€e 4acTKOBO iX Jito. B 30Hax, HAOIMKEHUX JIO OIOp, apKH
MepeXpenlyoThCs 1 CIPUIMAIOTh JOJATKOBI 3yCHIUIA Y 30HI OXWIMX TIepepi3iB
Oanmku. B mporoni mepepi3 ABOTaBpOBOi Oaiku OJM3BKUN N0 «iJealbHOTO
JIBOTaBpay», IO € ONTUMAJIbHUM TIepepi3oM Uil CHPUHHATTS 3THHAIBHOTO
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MOMEHTY. 3 METOI0 OTPHMAaHHS MEHII METaJOMICTKMX KOHCTPYKLIM paio-
HaJIPHO 3aCTOCOBYBATH apOYHY PEIIITKY, sIKa MOXe OyTH SK IMOJABIHHOIO, TaK i
OJIMHOYHOIO.
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Puc. 9. Cranesa Gainka 3 nornepedHo npodibOBaHOK CTIHKOI KOPOOUYACTOro nepepizy
3 PELIITKOI Y BUIJISA/I apOYHHX EIIEMEHTIB!
a — BHXIiJIHA 3aTOTOBKA 3 TIOBIHUMH apOYHUMH €IIEMEHTAMU;
0 — rOTOBHIA Bi/ICIK 13 MOABIHHUMH apOYHUMH CIICMCHTAMH;
B — TOTOBHH BIJICIK 13 OIMHOYHUM apOYHHUM €JIEMEHTOM
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BucHoBxku

3anpornoHoOBaHi JIeTKi cTajeBi OaaKkd 3 TOMEPEYHO MPOdiT-OBAHOK CTIHKOIO
KOpOOYAacTOro mnepepizy HOBOI'O THITY, 3aCTOCYBAaHHS SKHX JIA€ 3MOTY CYTTEBO
3MCHITUTH MATEPIAIOMICTKICTh TMPH JOCTaTHIX IMOKAa3HUKAaX €(QEKTUBHOCTI.
Ipencrasneni jerki Oalkd MOXYTh 3aCTOCOBYBATHUCh Y KPOKBSHHX KOHCT-
PYKIIAX, OATKOBHX KITITKaX Ta iHIINX OAJKOBMX KOHCTPYKIISIX MPH 3BEIACHHI
KUTJIOBUX 1 TPOMaJICBKUX OYiBeNlb, MaHCAP/I, HAIOY/I0B, aHTapiB 1 MPUOYI0B.
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YK 624.01/.07+691

IinTBepaKeHHs BIANMOBITHOCTI KOHCTPYKIiii
YKpPaiHCHKHUX cTaioHiB 1 €Bpo-2012 Ha 3acagax
TeXHIYHOro peryjarBanHs B €C

'Aprtanos O.H., 'Tpunéepr MLJL, .11, *JIe6enqny L.M., k.11, *Xoabkin B.B.

1IIH HaykoBo-TeXHIYHUH IIEHTP OLIHKK BiAMOBIAHOCTI B OyaiBHUITBI «ByallenTp»,
VYkpaiHa
*TOB «YkpincranskoH iM. B.M. IllumasoBchkoroy, Yipaina

AHoOTaUifA. Y3arasbHeHO N'STUPIYHMA AOCBIA OLIHKWM MEeTaNOKOHCTPYKLUiM Ha 4OTMPbOX
YyHiKaneHMx 6yaoBax B paMKax CUCTEMM TexHIYHOro perynBaHHS B YKpaiHi 3
ypaxyBaHHAM €Bponencbkux niagxodis. HaBepeHo aaHi wono akpeauTauii byaleHTtpy,
horo po3pobok Ta iHWMX niacTaB AisSIbHOCTI K TpPeTbOi CTOPOHW, B T.4. LWOAO
OUiHIOBaHHA  BIiAMNOBIAHOCTI BMMOram TexHIiYHOro pernamMeHTy. AKLEHTOBaHO Ha
KoMbiHOBaHMX MoAensax cepTudikalii, aK npoueaypHii Hosauii. Po3rnaHyTo ocobnmBocTi
Ta 3arafbHi pUCKU Pi3HUX KOHCTPYKTUBHUX (DOPM, yrpynoBaHi enemMeHTu wWwoao Biabopy
3pas3kiB Ans BunpobyBaHb. [leknapoBaHO MPUHUMNKM 3MeHLWeHHa obcaris poboTtu
BMMNpobyBanbHMX nabopaTopili 3a yMOB AOTPUMaHHS 6e3neku. Po3rnsHyTo opraHisauinHi
Ta (PiHAHCOBI Hey3roAXXeHOCTi, Nnepenik i posb NPOEKTHMUX 1 anpobauinHMX AOKYMEHTIB
K BUXigHWUX. HaronoweHo Ha po3paxyHKOBMX MeToAaX OLIHKW BiANOBIAHOCTI, 30KpeMa
WoA0 yAapHOi B'A3KOCTI.

AHHOTauma. O606lieH NATUNETHUIA OMbIT OLEHKN METaN/IOKOHCTPYKLUMIN Ha u4eTbipeX
YHUVKanbHbIX CTPOMKax B paMKax CUCTEMbl TEXHMYECKOrO peryanmpoBaHus B YKpauHe C
yyeToM eBponenckmx noaxoaos. MNpuseaeHbl cBeaeHns o6 akkpeautauuu byalleHTtpa,
06 ero pa3paboTkax M APYrnx OCHOBaHUSAX AEATE/IbHOCTM B KayecTBe TPETbeN CTOPOHbI,
B T.4. OTHOCUTENbHO OLEHWBaAHWS COOTBETCTBMA TpeboBaHMAM TexXHUYecKoro
pernameHTa. CaenaH akUeHT Ha KOMOWMHMPOBAHHbLIX MoAenax cepTudukaumm, Kak
npoueaypHon HoBauun. PaccMOTpeHbl 0COBeHHOCTM K oblme uyepTbl pasNYHbIX
KOHCTPYKTMBHbIX (OPM, a TaKXe 3/IeMeHTbl, CrpynnupoBaHHble C UuUenbl oTbopa
o6pasuoB Ana UcnblTaHWi. [leknapupoBaHbl NPUHUMMALI YMEHbLUeHWne 06beMoB paboTbl
ncnelTaTenbHbiX nabopaTtopuit npu ycnosun cobnioaeHmnmn 6esonacHocTn. PaccMoTpeHsl
opraHuMsauMoHHble W  (dUHAHCOBble HeEyBS3KM, COCTaB W Ppofib  MPOEKTHbIX U
Npo6auMOHHbIX AOKYMEHTOB KakK MCXOAHbIX. OTMeYeHa BaXHOCTb pacyeTHbIX METOAO0B
OLIEHKW COOTBETCTBUS, B YAaCTHOCTM NO YAapHOM BA3KOCTU.

Abstract. Summarized of five years experience on assessment of metal structures at
four unique sites within the system of technical regulation in Ukraine with European
approaches. Cited data on the accreditation of «BudTsentr», on its drafts and other
foundations to work as a third party, including evaluating compliance with respect to
the Technical Regulations. Focused on the combined models of certification as a
procedural innovations. Considered the particular and common features of different
structural forms, as well as elements that are grouped in order to select samples for
testing. Declared the principles of reducing the work of testing laboratories, subject to
security. Mentioned the organizational and financial discrepancies, the list and role of
the design and approval documents as initial. Noted the importance of computational
methods for conformity assessment, in particular on the impact elasticity.

KnwouoBi cnoBa: akpeauToBaHi opraHu Ta nabopaTtopii, BUNpobyBaHHA MNOKa3HWUKIB
6e3nekun, NpoCTOpPOBi METANOKOHCTPYKLUIi, cepTudikauisi, TEXHIYHUIA pernameHT.
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Ipotsirom 2007-2011 pp. nepxkaBuum mignpuemctsoM HTL OB «byallentp»
HaJaHO YHIKaJIbHI 3a CKJIAIHICTIO, 00CATOM 1 TTOBYAJIEHUM JOCBIIOM TOCIYTH 3
ceprudikamii meraneBux koHCTpykmid (M/K) mokpurTiB 1 QacamiB Ha
cragionax y wicrax Jlonenpky, Xapkosi, KueBi Ta JIpBoBi (Tabm. 1).
Aynutopamu, ekcnepramu Ta iHmuMH (axiBusmu «byalleHTpy», ik TpeTboi
CTOPOHH, PEaTi30BaHO MPOICAYPH OIIHKK Ta MiATBEPIKEHHS BiIIOBITHOCTI
BurotoBieHux M/K mpoekTHill JoKyMeHTauii, Hacamiiepesn kpecieHHsM KM i
KM/I, po3pobneHuM, ampo0OOBaHMM 1 MPHUHATAM JO0 BUPOOHHIITBA Y
BCTaHOBJICHOMY NOpPAAKY. llepeBipsiin TakoX HpsMi BHMOTH HOPMAaTHBHHX
nokymenTiB (HJI), 30kpeMa OyniBeIbHUX HOPM 1 CTaHIAPTIB.

Tabmuws 1
Cragion I'pynu koHCTPYKTHBHUX eeMeHTiB M/K Kpaina-
BHPOOHUK

1 «/lonbac-Apenay |1 3axiaqHi OI0KH Ta 1eTai aHKEPHOTO THIY 1 mepeBaxkHo | TypeudanHa
(«ITaxTap») CTHUCHYTI II'SITH Himewqunna
JloHenbk 2 OnopHi By3H-IIapHIpH

3 IIpocTopoBi KOHCOIBHI (hepMHu 3i CTPYKHIME 3aMKHYTOTO

Ta JBOTaBPOBOTO Tepepizy

4 CtpyKTypHi IIMTH 3 TpyOUacTuX cTprkHiB THITY « MERO»

5 TlokpiBenbHi i hacagHi CHCTEMH OTOPOKYBATBHUX

KOHCTPYKITiit
2 «Meraiict» 1 OnopHi eneMeHTH Kapkaca (KOJIOHH, CTIHKHU Ta TSATH) VYkpaina
XapkiB 2 I1inkpoKxBsiHi Ta KPOKBsHI (hepMu, B's131

3 BanTH, OCi, MPOTOHHU MOKPIBIi, TIOIAKH, CXOTH

Ta OrOPOJUKCHHS, Ta0JI0
3 HCK 1 3akmaaHi aerani, OMOPHI YaCTHHH KOJIOH Vkpaina
«Omimmiticekuit» |2 Kononu Ta puremni (po3mipHUX KiJlelb) KOpoO4acToro Benmka
Kuis nepepizy Bpuranis

3 BanToBi panianeHi pepmu, IeHTpaIbHE KiIbIIE, Himeuunna

(acamHi KaHaTH Icmanis

4 TokpiBenbHe 3armoBHEHHS (TMiABICHI JTiXTapi Ta TKAHUHA) Tainaun

5 be3poskicHi Gpepmu dacajaHi Ta CHCTEM OCBITIICHHS,

6 Cxo, IUIOMIAIKK Ta OTOPOXKi T 00CITyTrOBYBaHHS

Ta pO3KpiuIeHHs Talbno
4 «Apena-JIpBiB» |1 OmopHi By3/1H1 Ta eIeMEHTH KOHCOIBHUX (hepM Himeuunna
JIbBiB 31 CTPHXKHAMHE KPYTIIOTO TPyOUYacToro mepepisy CLIA, Kuraid,

2 CrpykrypHi koHcTpyKLil THITy «MEROY i «Novum» Uexis

HTIL[ OB «byxllentp» aie six opran i3 ceprudikauii (OC). Horo akpeantosano
3TiJHO 3 €BPONCHCHKUMHM MpaBwiaMu HallioHaJbHUM areHCTBOM 3 aKpeIUTaIlil
VYxpainu (HAAY), mo Hagae oMy MOXIIMBICTD PALIOBATH B Pi3HUX CHCTEMax
MiATBEPIKCHHS BiIITOBITHOCTI, BKJIFOYAIOYH BiacHy. HaiOinmpmmii gocBim Ha-
konmueHo byxallenTpom y nepxkasniit cucremi YkpCEITPO Ha mincrasi mepio-
JUYHO MOHOBIIOBAHHUX CBIJIONTB MPO NMPU3HAUEHHS Ta YIIOBHOBAKEHHS (B CEHCI
JACTY 3411:2004 [1]). Ix HemomaBHO MOMOBXKEHO 32 0E3CTPOKOBUMHE CBIIOII-
TBaMH MiHEKOHOMPO3BUTKY YKIaiHu 0e3 0OMEKEeHb MO0 CXeM cepTHdiKaril
MPOAYKIIii, BKIIOYAIOUX OLIHKY (CepTH(DIKALiI0) CUCTEM YIPaBIiHHS.
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VY 3B’sa3Ky 3 peOpMyBaHHSAM CHCTEMU TEXHIYHOTO PETyJIOBaHHS YKpaiHU B
€BPOIIEHCHKOMY HAIIPSIMKY, PO3MIOYaTHM, 30KpeMa, 3aKOHaMH [2, 3], HaPUKIiHIII
2006 p. mocranoBoto KaOminy [4] Oyso BrpoBapkeHO TeXHIYHHMN perjiaMeHT
OyaiBenbHUX BHpOOiB, OyniBens i cropyn (Hamani — TP), B skoMy BpaxoBaHO
npuHIMIOB] monoxkenHs dupexktuBu Paam €Bpomm 89/106/€EC [5], Taki sk
OCHOBHI BUMOTH J0 OyHmiBEIbHUX CIIOPYZ, MPOIEAYPH OIHKH BiIITOBiTHOCTI
BUPOOIB TOWIO.

Y 2007-2010 pp. 3 meroro BnpoBamkeHHS TP po3pobieHO TpH KOMIUIEKTH
HarmioHapbHNX HJI [6-8], 3amiHeHO perJaMeHTHUMH TEXHIYHUMH yMOBaMH
(PTY) OGinpmiicte TocTiB 13 po3ainy 28 Ilepemiky mpomykimii, mo miassrae
000B’s13Kk0BiH cepTudikauii B Ykpaini (Hanani — [lepenik), 1 npu3HayeHO HU3KY
oprasiB 3 oriHk# BiamosigHocTi (OOB) Bumoram TP, mo cipusiiio mpakTHIHIH
JUSUIBHOCTI B I[ifl HOBI CHUCTEMI MiJTBEP/UKCHHS BiIMOBIIHOCTI, MOYWHAIOYH 3

2011 p.

Crmparodnch Ha CBill JOCBiJ, 3M00yTHI 3aBISKH MPOIO3UIIH MO0 KOHIIETIIil
TEXHIYHOTO PETYJIOBaHHS B OyIiBENbHINM Taly3i YKpaiHM Ha €BPONEHCHKHX
3acajgax, WIATOTOBKM TpoekTy TexHiuHoro pernamenty [9] B pepakiiii,
MaKCHMaJIbHO HAOJMIKEHIN 10 mpoToTHily [5], y4acTi B po3podkax [6—8]1 PTYV,
bynllentp, B pamkax sk YkpCEIIPO, tak i TP, micis 2006 p. BIpoBamKye
€BPOMNEHCHKI MIIX0H 3TiIHO 3 JyXOM 1 OYKBOIO JOKYMEHTIB [4, 5].

Tak, moao o0'ektie €BPO-2012 (muB. Tabn. 1) 3rimao 3 TP Bu3Havamum sk
HaJIeXKHI OCHOBHI BUMOTH Oe3reku [6], 30kpemMa MI0/I0 MEXaHIYHOTO OIopy Ta
CTIiKOCTI, OE3MEKU EKCIUTyaTallil MPOTAroM PO3PaxyHKOBOTO TEPMIHY CIIyKOU
cnopya. l'oTyroum pilneHHsS 3a 3asBKaMH Ta 3aBAaHHS BHIIPOOYBAILHUM
naboparopism (BJI), oOupanm Tpynmun KOHCTPYKTHBHUX EJIEMEHTIB, SKi
BiIIrparoTh BaXKJIMBY POJIb Y BUKOHAHHI 3a3HAYCHUX OCHOBHHX BHMOT, CYTTEBI
XapaKTepUCTUKN BUPOOIB TS NIepeBipKH (PaKTHUHHUX (BUKOHABYKX ) MOKA3HUKIB

KpiM TOTO, TONMOBHI KOHCTPYKIIii TIOKPHUTTIB Haj TPpHUOYHAMH, HANPHUKIIA]] CTaJeBl
(hepMmu, TIepeBIpsUTA MOHAWMMEHIIIe 3a MyHKTaMu HJI, 1m0 BU3HAYEHO PO3IUSIOM
28 Ilepemniky (3 ypaxyBaHH:sIM 3aMian ckacoBanux HJI Ha akryanbni PTY).

BnpoBamkeHi 3aranbHi NpUHLOMNH, pekoMeHnoBaHi €C, a came: 3MeH-
LICHHS BUTpaT Ha BUOPOOYBaHHS, MOLIMPEHHS ICHYIOYUX pe3yJbTaTiB —
muB. JICTY-H b A.1.1-90 (EC Guidance Paper M), a Takox BuOip HaiMEHII
OOTSDKIMBUX TMPOLEAYP OLIHKM Ta MiATBEPHKEHHs BiINOBIIHOCTI, CYMICHUX 13
Oesnexoro cropyn [4, 5] 3a yMOB 3acTOCYBaHHS IEPEBAXHO HEPYWHIBHUX
METO/IB JTOCITIKEHD 1 HEJOIYIIICHHS BEPXO0JIa3HIUX POOIT.

st KOHKpETHHX 00'€KTIB B 3aJIKHOCTI BiJi 0OpaHUX 3aMOBHUKOM OpraHizaIiiit
1 TANPUEMCTB SK Yy4YacHHWKIB OyNiBHHITBA (TMPOEKTYBalbHUKIB, BUTOTOB-
JIOBadiB, MOHTAXHHKIB TOIIO), apXiTEKTypHO-KOHCTPYKTUBHHUX PiIlleHb,
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BCTaHOBJICHUX TEPMiHIB i 1HIIMX 0OCTaBUH — BU3HAYAIUCH JI0 IEPEBIPKU TPYITU
KOHCTPYKTHUBHUX eJleMeHTiB (rmepeBakHo M/K), mepemik moKa3HUKIB 1 MOKIIHBI
cxem (Mozedni) ceprudikaiiii, i3 3aydeHHsM akpenuToBaHux BJI.

Cranion «lllaxTtap» — «/loH6ac-ApeHa». MeTanoKOHCTPYKIlii HOBOTO CTaJlio-
Hy 3alpOEKTOBaHO, BHIOTOBJICHO Ta 3MOHTOBAaHO iHO3eMHHMMH (ipmamu,
reamiapsaauk — «kENKA», Typeuunna. OmopHi eleMeHTH, KOHCONBHI (QepmHu,
MOKpiBeNbHi 1 acagHi CHCTEMH OTOPOIKYBaJIbHUX KOHCTPYKLIH BHTOTOBJICHO
Ha 3aBoii «Ywumramr», Typeuuwna. 3HayHHN BHECOK 3po0yieHO (ipMOrO
«MERO-TSK», HimeuunHa, ska Hajmajga IIOJ0 TMPOCTOPOBOI TIpaTdacToi
cucremu « MERO» OCHOBOTIONOXHUN JOKYMEHT «3arajJbHUN JOMYCK OyiBelb-
HOro Harmagy pAo ekciotyatadin» (Himeupkuit  iHCTHTYT — OyAiBenbHOT
TEXHOJIOTi]), a TaKoX MpocmekT «3asBka Ha mgomyck B Pocii». OOuaBa moKy-
MEHTH € JeTaTbHUMH TEeXHIYHUMH YMOBaMH, sKi peanizoBano «MERO-TSK» y
MPOEKTYBaHHI, BHUTOTOBJIEHHI Ta INE(p-MOHTAXi CTPYKTYpPHOTO TOKPUTTS
CTaJliOHY.

[Ipoext excrepryBaB «YKpaiHCBKUN IHCTHTYT CTaJeBHX KOHCTPYKIIiH iMeHi
B.M. lllumanoBchKOTO» (Hamami — YKpPIHCTAIBLKOH).

BpaxoByloun MOCHIZOBHICTH 1 TEPMIHM MOCTayaHHA PI3HUMU BHPOOHUKAMU
eJIeMEHTIB Ha MOHTaX, bynlleHTpoMm Oyno BHIiIEHO TPymH KOHCTPYKTHBHUX
eneMeHTiB 1.1-1.5 (muB. Tadm. 1).

Puc. 3. By3ous koHCONBHOT (hepMu Puc. 4. Byzon ctpykrypu «Mepo»
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Byno mnepeBipeno mnokasHuku ckimagaux M/K, Bmepiie 3amponoHOBaHO Ta
3aCTOCOBAaHO KOMOIHOBaHI MOJEN cepTHdikaiii, SKi JO3BOJUIN MPAIfOBATH B
PEXUMI peallbHOTO Yacy W OXOMUTH BeCch OOCIT MPOAYKIil KoxHOI Tpymu. Lle
3aJJOBOJILHIJIO 3asBHUKA Ha cepTU(IKALil0 Ta HE CyNepedmwio MpaBUiiaM
YxpCEIIPO. Takox nerani3oBaHO 3aBIaHHS BUIPOOYBIBHUM Ja00paTopisiMm
(BJI). OcHoBHi Bunpo6OyBanus BukoHan (axismi BJI JJotHABA, M. MaxkiiBka.

OpuuM 13 BaxmBHX acrnekTiB B3aemonii OC i3 3asBHUKaMH, BUPOOHHKAMH,
ekcriepramu, npamiBHukamu BJI Tomio € omeparuBHUN OOMiH iH(OpMAIIi€r,
00cAaTy K01 Ha IOMY 00'€KTI Bpa)KaroTh. 3TiAHO 3 iH(QOpMAITIE0, PO3MIIIICHOO
Ha caiiTi «JloHOac-ApeHa», 3a Bech mepion OyniBHHUITBA (MIPHOIU3HO 3 POKH)
Oyno ButpaueHo 10 T mamepy Ha KpeclieHHs, CkiajieHo Ounst 20 THC. aKkTiB Ha
npuxoBaHi pobotu. Cminm 3azHaunTH, mo bynllenTp, skuii Hamae mepeBary
Oe3manepoBiii TeXHOJOrIT PoOIT 13 MIATBEPIKECHHS BiIINOBIIHOCTI, MPHUIMaB
oiuiliHi AOKYMEHTH, KpECICHHs, MPOTOKOJIM BHUMNPOOYBaHb, IHII BUXiIHI
marepianu Big pipm «kENKA» i «kMERO-TSK» B enexktpoHHOMY (hopmari.

[Hmmi, 6IM3BKHIA O TIOTIEPEIHBOTO, ACTIEKT — 3arajbHa KOMITIOTepHU3allis Ipo-
1eciB MPOEKTyBaHHs (PO3paxyHKH, KOHCTPYIOBaHH:) Ta BUrorosnenus M/K, siky
JIEMOHCTPYBAJH 3rafaHi ¢ipMu mig 4ac oOCTe)KEHHs ayIUTOPaMU Ta eKcIiepTa-
Mu OC. [yt amexkBaTHOTO OMpaIfoBaHHS KpeciaeHb, HamaHux pipmoro «kENKA»
Ha TICBHOMY eTari poOiT, 3’sSBHJIach HEOOXIJHICTh y TIOKpallaHHI TEXHIYHUX
XapaKTEePUCTHK i KOMI'IOTEPHUX KOMIUIEKCIB y JIoKanbHii Mepexi OC.

3a pe3ympTaTamMyd PO3MIIALY TEXHOJOTii pO3pOOJICHHS Ta BUTOTOBJICHHS
cTpyKTypHHUX cucteM y ¢dipmi « MERO-TSK» 3po0iieHO MO3UTHBHUI BUCHOBOK
0710 CTa0LIBHOCTI MTOKa3HUKIB MIITHOCTI iX enemeHTiB. lle 3a0e3neuyroTs, 1o-
nepie, aBTOMATH30BaHI e€TanmW BU3HAYCHHS HAaBaHTaXeHb, 1X KOMOIHAIiH,
CTaTUYHOTO PO3paxyHKy Ta IPU3HAYEHHS Iepepi3y CTPIKHIB 1 MapaMmeTpiB
KyJIbOBUX BY3JIOBUX €JIEMEHTIB (TepIINii KOMI'IOTEPHU KOMIUIEKC), epeBipKa
KOMIIOHYBaHHSI KOYKHOT'O IPOCTOPOBOTO BY3J1a CTPYKTYPH 3 YpaxyBaHHSM KYTiB
MIPUMUKAHHS 1 pealbHUX TabapuTiB OKIHIIIBOK CTPMKHIB (IPYTHH KOMITIOTEp-
HUI KomIuiekc). [lo-apyre, 3 OCTaHHBOTO KOMIUIEKCY HAJICHIIAETHCS KOMaHIa
OesmocepeHbO Ha JiHIIO, IO KOMIUIGKTYE CTPHXKHI 3 Bigpi3KiB TpyO i
MPUBAPEHNX KOHYCHHUX OKIHIIIBOK 3 BHCYyBHUMH Oontamu. [lo-Tpete, 3HauHy
KUIBKICTh TaKWX CTPHKHIB BHIIPOOOBYIOTH Ha PO3TAT PO3PAXyYHKOBUM
3YCHIUISIM, HAITPHUKJIA]] TIPH JIA3ePHOMY 3BapIOBaHHI — KOXKECH.

Cragion «MertajicT». PekoHCTpYyKIisl MOKPUTTS, a (aKTUYHO 3aMiHA HaBICY
HajJ TpUOyHAaMH CTamioHy, BUKOHyBajacs Maibke 0e3 3YNMHHKH HOTOo EKCII-
nyarairii. [IpoekTyBaHHs, BUTOTOBJICHHS Ta MOHTak M/K 311l iCHUIN BUKITFOUHO
XapKiBChbKi MeTanoOyaiBHUKH, TeHImApsSAHUK — TOB «CTambKOHCTPYKIis».
[IpoexT Oyno excriepToBaHO (PaxiBISIMHU IHCTUTYTY « Y KpPIiHCTATBKOH», M. KHiB.
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3BakarouM Ha CTHCII CTPOKM OyAiBHUITBA OyJIO YrpyNnoOBaHO Ta PO3IIISAHYTO
numre Tpu rpym M/K, a came 2.1-2.3 (quB. Tabm. 1).

Puc. 6. Cekuii ¢pepm. OKIHIIBKH CTPUKHS i MOHTaX

3a TakuMm posnoniioM Oyno BiiOpaHO 3pa3ku, OpraHi30BaHO IMEPEBIPKH 3a
yuacti akpeguroBanoro HAAY 1 «BumpoOyBanbauil 1eHTp OyAiBEIbHHUX
KOHCTpyKIii», M. Kuis. lpoxykiito imeHTH(IKOBAaHO 32 TEXHIYHOIO crierudi-
Kariero craini Ta jokymenTaniero KM/l B 06cs3i 6mm3bko 3400 T.

HCK «Ouimnificbkuii». I1in yac pekoHCTpYKIil CTaaioHy OJHUM i3 TOJIOBHHX
3aBJaHb OyJIO0 CTBOpPEHHS HaBicy Haj TpUOyHaMH SIK MOKPHUTTSA pagiajbHO-
KiNbIEBOI  CTPYKTYpM 3  BIiCIMJECATH CErMEHTiB. MOro yTBOPIOIOTH
nepudepiianii kapkac M/K i3 cTpmkHIB KOpoOYacToro mepepizy Ta TpocoBa
cucTeMa i3 MeMOpaHHO-TEHTOBUM 3alloBHEHHsIM. Kapkac ckiazneHo i3 KoloH i3
JIaMaHOIO0 BICCIO, OPIEHTOBAaHWX KyTOM HAa30HI BiJl apeHW, Ta pHUTETIB,
PO3TalIOBaHUX IO KUTBISAX HWKHBOTO Ta BEPXHBOTO spyciB. JI0 OCTaHHBOTO
3aKpiIICHO BEPXHi MOSICH BaHTOBUX (hepM, NOEAHAHUX LEHTPAIbHUM KiIbLEM
i3 JecsITM KaHaTiB 3aKpUTOTO THITy AiamMeTrpoM 115 mMm. TkanwnHa mMOKpiBIi
CIHPAEThCSI HAa  HIDKHI  MOSCH  BaHTOBHX ¢epM 1  crabimizoBaHa
(OpMOYTBOPIOBUTEHIUMHU IIIOJI0 BOJOBIABEICHHS E€JIEMEHTAMH 3 KYyIOJIbHUMHU
JmiXTapsMH Ha IINPEHTeIbHUX MiAgBicax. Y HIDKHIN spyc Kapkaca BOYyZOBaHO
(hacasHi BAHTOBO-CTPIXKHBOBI ()ParMeHTH 31 CKICHHSIM.
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['eHnpoeKTyBaJIbHUKOM BHCTyNMIa HiMelbka apxitektypHa ¢ipma GMP, 3a
IOopydeHHsIM sKoi pobounit mpoext M/K Bukonama ¢ipma SBP, takox i3
Himeuunnu. OOumBi 1i ¢GipMH  TiAPSIUIUCS Ha aBTOPCHKUH HArisg 1
CYIIPOBOKEHHSI poOiT. 3 yKpaiHCHKOi CTOPOHHU ajantepoM OyJio apXiTeKTypHe
oropo Opia Ceprorina, B excneptusi nmpoekty M/K Opamm ywacts ¢axisui
VYkpincranskoHy. TeHmep Ha peamizamito MpoekTy Burpana ¢ipma «3aBoj
Maticrep-IIpodi VYkpaina», M. [IHINpOMETPOBCHK, sika BUIOTOBWJIA OCHOBHI
€JIEMEHTH Kapkacy Ta iHmi cTpmwxHboBi M/K. ¥V BuUpOoOHMUTBI BaHTOBUX i
TEHTOBHX €JIeMEHTIB TpOBiAHY ponb Bimirpamn ¢ipmu «BRIDON» i
«HIGHTEX», HiMmeuunHa.

ByallenTp, BuXoasyn 3 TEXHIYHUX 1 OpraHizaliiHMX YMHHUKIB, OPi€HTYyBaB
CBO{ MOCITYTH IIOJI0 TPYI KOHCTPYKTUBHUX elleMeHTIB 3.1-3.6 (nuB. Tabm. 1).

-

Puc. 8. CtukoBani xononu (FC + RC). By3on npumukanns purens LCR

[Ipn mpomy, BpaxoBYIOUHM JOCBif 3BEACHHS MomepenHix o00'ekTiB €Bpo-2012,
PO3paxoByBaJIM HA OIlEpaTHBHE, BIIKPUTE Ta KOHCTPYKTHBHE CITIBPOOITHUIITBO
3 BUPOOHHMKAMH{, MPOCKTYBAIGHHKAMH Ta IHIIUMH 3aiHTEPECOBAHUMHU
CTOPOHAMHU.
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HiiicHo, cepen dotnpbox posrisHyTux cramioHiB HCK «Omnimaiiicekuit» Mae
HaWOUTBII MOJEPHY CXeMy Ta pi3HOMaHITHHHA 3a (opmamu kKomruiekt M/K.
Bonu ¢yHKIiOHaNBHI Ta apXiTEeKTypHO BUPa3Hi, ajie HAUCKIIAHINI B peaizamii
Ta ampoOarii. He octanHIO poib Bifirpa€e Ckiaj BUKOHABINB poOiT. Skmio Ha
JOHEeIbKOMY 00'ekTi 1e Oynu nuile iHo3eMHi (ipMH, XapKiBCbKOMY — TiUJIbKH
YKpalHChKi, TO Ha KHiBCbKOMY — Ti ¥ iHmi. Ll obcraBnHa BUKJIMKaNa TEBHI
OpTraHi3aliifHO-TICUXO0JIOT1YHI TPYAHOL.

YyacHukn poOiT, SK Tepma CTOpPOHA, Malld 3aJ0BOJBHUTH BUMOTH
KOPHUCTYBadiB, K Apyroi croponn. daxoBa cepTudikaiis TPEeThOI CTOPOHOIO
301JIbIIY€E BICBHEHICTh YCIX CTOPIH 111010 BUKOHAHHS OCHOBHUX BUMOT O€3MEKH
3a TexHiYHMM periiaMmeHTOM OyaiBebHUX BUPOOIB, OYIiBENb 1 CIIOPY., IO €
BaYKJIMBOIO 0OCTAaBUHOIO /ISl TPUMaHHS 00'€KTIB B €KCIUTyaTaIliro, 0COOIMBO B
pa3i BUKOpPHUCTaHHS OIO/KETHUX KOIIITIB.

OxpiM mokazaHux Ha puc. 7—11 KOHCTPYKIii, 3HA4YHY yBary MNPHIIICHO
MepeBipIli BaXKIUBUX EJIEMEHTIB ¢acaay Ta CHUCTEMH OCBITICHHS, 30KpeMa
IDIOCKUX 1 TMpOCTOpoBUX Oe3po3kicamx (depm (Bipenmens) Ta iHmHX
KOMITOHEHTIB.

Uepes meBHI opraHizamiiiHi HEY3ro/KEHHs, a TAKOX TEPMIHOBICTh POOIT i Opak
KOINTIiB T103a YBAarol 3aJUIIMINCA JAcsIKi O0O0'€KTH Ta acHeKTH OIHKH
BiJITIOBIIHOCTI, HANPUKJIA]] KapKac Ta0Jio, MPOTUTPHOKOBA 31aTHICTh TKaHWHU
MOKPIiBII TOWIO. 3ayBa)KMMO, IO YaCTHHY JOKYMEHTalii Ta 3pasku i
BUIPOOYBaHb JIOBEJIOCS YEKAaTH HAJATO JIOBrO, TOMY IO HEOOXIJHICTh Yy HUX,
TEPMIHU Ta BapTiCTh He OyIU mepedavyeHi KOHTPAKTaMH 3 TiAPSTHUKAMH.

Puc. 9. Banrosi pepmu Ta Kinbite. Burisin mokpisii, Jixrapi
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Puc. 11. Topeup cermenTa MmemOpanu. Kapkac migBicHOTO JlixTaps

3i cBoro 6oky, bynllentp OyB 3alikaBiieHU# y CBO€YACHIH peatizallii mporeayp
ceprudikaiiii, o cayrypaio 0 He TIIBKHU iX e()eKTUBHOCTI, aJie i MiHIMi3yBaJio
pobotu Ha Oyamaiinanumky Ta 30imbmIIIO Oe3neky daxiBuie OC i BJL
Haii6inemmi o6carm BunpoOyBanp BukoHanmo BI[ «HBIL Hagiitrictey HTYY
«KI1l», akpeauroBannx HAAY.

Cramion «Apena-JIbBiB». Ha mouarkoBux eramax OyIiBHUIITBA HOBOTO
CTa/liOHy HOTO METaJOKOHCTPYKIli Oyno 3asBieHO Ha cepTudikamio (hipMoro
«MERO-TSK», HimeuunHa, sika 100pe 3apeKoMeHyBana cebe Npu 3BEICHHI
craniony «Jlonbac-Apena». Ilporo pa3y ¢ipmoro Oyio 3alpONOHOBAHO TAKOX
mpoctopoBi (cTpyktypHi) M/K mokputrts Ta dacamy tumy «MERO». Ane
KOHCOJIbHI (hepMH, Ha BIOMIHY BIiJ JOHEIBKUX HPOCTOPOBUX, SKi OyI0
pO3paxoBaHO Ha CYTTEBO HECHMETPWYHI (KPYTWJIbHI) HaBaHTaKEHHS,
BKJIIOUAIOYM OCIJaHHS ONOp Ha TEPEHAX i3 IIAXTHUMH IPOXOAKaMH, — IJIf
JIpBOBa TIPOEKTYBAJH TUIOCKUMHU. Binpi3HsBCS ¥ crmocid crimpaHHs CTPYKTYp Ha
KOHCOJIbHI (epMu. SIKIO B MepHIoMy BHIIQJIKYy pPEali30BaHO 3BHYHI BY3IH
0JI0KiB, TO B APYroMy — A0 MOsCiB (pepM mpuBaproBaiyd NaTpyOKH 3 pi3sio mixg
CTaHJAPTHI OKIHIIIBKU cTprkHIB «K MEROY.
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Take pimieHHS OO0 ONMUPAHHS €, HA HAII MOIJISAA, HEBIPHUM, 0O MPUIYCTHMI
BIIXWJICHHS pO3MIpiB, 30KpeMa KyTOBHX, Y By3Jax CTPYKTyp 3a3BHuaii mpuTa-
MaHHI MalMHOOYIyBaHHIO, a JUIs (pepM — 3HAYHO OLIBII, 10 € TPATUIIHHIM
s M/K. EneMeHTH CTPYKTYp 1 KOHCOJNBHHX (€pM BUTOTOBIISUIM Ha JIBOX
pi3Hux 3aBogax HiMmewuuunw, 110, He3Ba)KalOUM Ha KOMII'IOTEPU3ALIiI0 IPOLECIB
BUPOOHUITBA, OYJI0 OHUM 13 YNHHUKIB YHCICHHUX YCKJIaHEHb Ha MOHTAXI.

Ha npukinnesux eranax OyIiBHHITBA, Yepe3 (iHAHCOBI TPYAHOILI, CTPYKTYpHi
KOHCTPYKLii Ta KOHCOJBbHI (epMH BUTOTOBISLIM iHIII (ipmMu — «Novum
Structures», CIIA, i «TESASING», Yecbka PecmyOiika, a 3asBHHKOM Ha
ceprudikamito Buctymmno TOB «AJIBTKOMKUIBEY]l». Ilpu mpomy
BUSIBUIIOCH, IIO 4Yepe3 HEJOCKOHAJICTh KOHTPAKTiB OyJNW BiACYTHI KpecieHHs
KM/, po3pobneni monepeaHiMHA 3aBOAAMH.

[Ilo6 30epertv mNPOCTEKYBAHICTh 1 MIABUIIUTH BiJNOBINAJIBHICTE BCIX
BupoOHUKIB ogHOTHITHUX M/K, BynllenTpom Oyiio 3anpornoHoBaHo (hikcyBaTH
(bakTHYHMI CTaH y BUKOHABYMX KPECIICHHSX.

PosrisiHyTo TpynM KOHCTPYKTHBHUX eneMeHTiB 4.1, 4.2 (nuB. Tabm. 1).

[lizcymMoByr0UM 3ayBa)XMMO,II0 PI3HOMaHITHI KOHCTPYKTHBHI ()OPMHU YOTHPBOX
CTaJiOHIB MarOTh NEBHI 3aranbHi pucu. Lle, Hacamnepen, HasBHICTh pafiabHUX
KOHCOJIBHUX ()epM, CTPMKHBOBHX UM BaHTOBHX, INO€JIHAHUX Y KUIBLEBOMY
HampsIMKy y  TPOCTOpoBi  cuctemu  (Onmokwm). Jlns HUX  cKiIajgamu
0araToeleMEHTHI PO3PaxXyHKOBI CXEMH, 3a SKAMH OOYHCIIOBAIH 30KpeMa
HECHMETPUYHI HABAaHTAKEHHS 3 ACCATKAMU MOKIMBUX KOMOIHAIIH.

3ajexHo BiJ| Coco0y Ta JO3BOJICHOTO (apXITEKTYpHO-TIAHyBaTbHUMU PillICHHS-
MH) TUIeYa CIUpaHHs pepMu MatoTh a00 TIOTYKHI aHKepHi onopu (oHelbK, puc.
2, JIbBiB, puc. 12), abo neBenuki (Xapkis, puc. 5), abo aHKepH 30BCIM BiJCyTHI
(KuiB). B ycix Bumaakax mapHipHi (32 po3paXyHKOBOIO CXEMOI0) BY3JIH OTIOPHUX
CTPHXKHIB, PO3TATHYTUX UM CTHCHYTHX, peali3yBajH 3a JOTIOMOTOI0 Marepi-
ATBHUX OCEH, IUB. puC. 2, 5 (moxwna Tsra), 7 (ONOpHUH BY30II KOJIOHH), 12.

Puc. 12. Koncrpykuii KoHCONBHUX (pepM. AHKEpHI Ta CTHCHYTI ONIOpH, MIApHIpHI BY3JIH
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dnaHii U CTUKIB CTPHKHIB (hepMu

Puc. 14. CtpykrypHi cTprkHi THITy «Novumy. 3pa3Ku Micis TeCTy Ha yJIapHy B'S3KIiCTh

Mporinni ¢axisui Bynllentpy, obi3HaHi sk y OymiBenbHIH crhpasi, Tak 1 B
Impoleaypax TEXHIYHOTO PpETyNIOBAaHHSA, iNCHTU(IKYyBaJl KOHKPETHI 00'€KTH
OTIPALIIOBAaHHS Cepell PO3MNITHYTUX TPy KOHCTPYKTUBHHUX €JIEMEHTIB, 0OMpan
3pasku Uil BUMPOOYBaHb 3a MOKa3HUKaMH Oe3IeKd, OepydH 3a OCHOBY MPOEKT
(xpecennst KM i KM/, cneuiansHi TexHiuni ymoBu) i HJl Ykpainu. B pasi
noTpeOM OLIHIOBaJIM BHMOTM €BPOICHCHKMX CTAaHAAPTiB, MNEPEeBaXXHO Ha
IMiJCTaBl HaJaHUX 3aKOPIOHHUMH (ipMaMu anpobaniiHux mqokyMmeHTiB. Cepen
OCTaHHIX:

— ceptudikatu Ha cuctemy ympasiniHHs sikicTio (CYSl), cBimourBa TpeThoi
CTOpOHM (HaIiOHANBHI Ta €BpoOIeWchki) Ta/abo gekmapamii  mpo
BIJINIOBIIHICT, HA BIIACHY NPOAYKIIiI0, HAa BUXIIHI Marepiamu Ta
HarmiBpaOpUKaTH, KPIMWIbHI BUPOOH TOIIIO;

— 3aBOJICHKI MMACTIOPTH, B T.4. TeCT-cepTU(IKaTH (MPOTOKONHU, PE3yIbTATH
BUIIPOOYBaHb TOIIO), SIKi MalOTh CYNPOBOJKYBAaTH MOCTAaBKH, TaK CaMo
SIK cepTU(IKaTH MOXOIKEHHS, TaKyBaJIbHI JIUCTH TOILO;

— eKCIIepTHI BUCHOBKH, 30KpeMa €Bponeiichki TexHiuHi yxBajeHHa (ETA);

— aKTW TpUHAMaHHS TeHITAPSIIHUKOM MPOAYKIIii BiJl OCHOBHUX BHPOOHHKIB
i 1X cyOmiapsAHUKIB.
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Haii6inemn  pgoknmagaumu  Oynmu  pesyneratu  anpoOarii M/K  HesanexxHUME
opraHaM¥ Ta IIEePIIIO0 CTOPOHOI0 B 0c00i iIHO3EMHUX BUPOOHUKIB, SKi 3a3BHUYAM
NEeKIApyIOTh  MMOKa3HUKW  Oe3MeKH Ta HeCyTh 3a HUX  IUIKOBUTY
BiNOBiAaNbHICTh. Hampuknan, kokHa BiAJIMTa AETalb Ui BAHTOBOI CUCTEMH
HCK «Onimniiicekuit» nepesipsuiacst yabTpa3ByKOBUM 1 MarHiTHUM METOAAMH,
y T.4. 31 mTamMmyBa"asaM Peectpom Jlmoiina.

3arajyibHOIO TIPOOJIEMOO JIISL BCiX CTaJiOHIB OyJIO JOAATKOBE BHU3HAYCHHS Ta
OIliHKa Pe3yJbTaTiB BUIIPOOYBaHb 3aCTOCOBAHOI CTalli Ha YJapHY B'S3KICTh 3a
temriepatypu Miayc 40 °C. Jledaki iHO3eMHI TIOCTAYaJIbHUKH CIIOYaTKY
oOMexyBaiucs mokasHHMKamMu mpu Minyc 20 °C, Ha mo 3BepTaja yBary
excrepTusa YKpincTaiabkony [10].

s Tema oTpuMaiia HeCHOIiBaHEe TPOAOBXKEHHA i3 HAOYTTAM YHHHOCTI
JBH B.2.6-163 [11]. ¥ 1iux HOpMax BCTaHOBJICHO MEPEBIPKY JIMIIIE MO0 MIHYC
20 °C. Ane nocBiveHi (¢axiBLi 3amepedyoTh TaKy HOBAIIO, MPOMOHYIOUH IS
KIIMaTHYHUX YMOB YKpaiHM OifbII XOPCTKY NEpeBipKy, HampHKIag 3a
temrrepaTypu miayc 30 °C.

ABTOpH JTOCTIKeHb [12] 3aneBHSIOTH Y MOXIUBOCTI BU3HAYCHHS YHCEIBHUM
METOJIOM IIOKa3HUKIB YJapHOI B'S3KOCTI TpuU 3anaHiii Temmeparypi 0e3
JIOJTATKOBUX BUMpoOyBaHb. bynlleHTp 3amikaBneHWl y BHpPOBaKEHHI
PO3paxyHKOBOrO METOIY IiATBEP/DKCHHS BIAIOBIIHOCTI, 30KpeMa 3riJHO 3
JCTY-H b A.1.2-6 [13] Ta eBpONCHCHKUMH ITiJIX0/IaMHU.
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YK 624.97.0

Oco0eHHOCTH pacyeTa U MPOEKTHPOBAHUS
MeTAJJIOKOHCTPYKIMI ra30Xo/a AJisl ’ejie300eTOHHOM
AbIMOBOM TPYObI H =250 m

I'y6anos B.B., x.1.1., Kopcyn B.U., a1.1.1., Kanmbikos 10.10., .1.1.

JonOacckasi HaloHaJIbHAS aKaJeMHsi CTPOUTEIBCTBA U ApXUTEKTYPbI, YKpanHa

AHHOTauusa. B cratbe paccmaTpuBaloTCsd MeToAbl pacyeTa W NPOeKTUpOBaHUS
MEeTaN/IM4YecKoro rasooTBOASALEro CTBOMA AN MNOBbIWEHUS Hecylwen cnocobHocTu m
yNyyleHnss ra3oaMHaMUUYeCcKMUX XapaKTepUCTUK ene3obeToHHOW AbIMOBOM Tpybbl
H = 250 M. lna pacyeToB MO MPOCTPAaHCTBEHHOW CXeMe MnpuBedeHa MeToauMKa pacyeTa
YCUINM  OT TEXHOMOrMYyecKMX BO3AEWCTBMIA C Yy4yeTOM MoAaT/IMBOCTM  OMOPHbIX
3akpenneHuii. OnpegeneHbl Havbonee HaMpsHXKeHHbIE 3/IEMEHTbl — TFOPU30HTasbHbIE
Kofbla W CTOMKM NpoemMoB. [NpMBOAATCA KOHCTPYKTUBHbIE peLleHMs ra300TBOASILLErO
CTBOJS1IA, MOJIyYEHHblE HA OCHOBAHWM Yy4yeTa TEeXHOJIOrMYeCcKUX napaMeTpoB paboThbl
Tpy6bl 1 METOAOB 06CNYXUBaHUS.

AHoOTauifa. Y cTaTTi pO3rnsHYTO METOoAM PO3paxyHKy Ta MNpOeKTyBaHHS MeTasieBoro
rasosigsigHoro ctoBbypa Ans NiABULLEHHS HECYy4Ooi 34aTHOCTI Ta MOKpalleHHs rasoau-
HaMiYHUX XapaKTepucTuk 3anizobetoHHoro ammaps H = 250 M. [na po3paxyHkKiB 3a
NPOCTOPOBOIO CXEMOK HaBeAeHa MeTOAMKAa PO3paxyHKY 3YCWb Bif, TEXHOMOMYHMX
BMAMBIB 3 ypaxyBaHHSM MigAaTAUBOCTI OMOPHUX 3akpinieHb. BuaHauveHi Hanbinbuw
Hanpy)XeHi eneMeHTM — TOPU3OHTaNbHi Kinbus | cTilki npopisiB. HaBeaeHo
KOHCTPYKTMBHI PpilleHHs ra3osigsBigHoro crosbypa, oTpuMaHi Ha niacTaBi ypaxyBaHHS
TEXHONOMYHUX NapameTpiB poboTn Tpybu Ta MeToAiB 06CNyroByBaHHS.

Abstract. The methods of design and detailing are outlined in the paper for the steel
liner structure to be used for increasing load capacity and improvement of
thermofluodynamic parameters of concrete chimney 250 m high. The technique is
given for three dimensional numeric calculations of internal forces due to technological
actions accounting for flexibility of bearing joints. The most loaded structural elements
are obtained to be horizontal ribs and columns near openings. The structural details of
the liner are given to take into account technological characteristics of chimney and
maintenance methods.

KnioueBble csioBa: xene3o06eToHHble  AbIMOBbIE pr6b|, METANINOKOHCTPYKUUKN
rasoxoja, rasogMHaMn4yeckne XapakTepuctnku.

CTpouTENnsCTBO 3MaHUN M COOPYKCHHM OOJBITUHCTBA MPEIIPHUATHI THKETOH
MIPOMBITIICHHOCTH, JCHCTBYIOMIMX B HACTOSIIEE BpeMs Ha TEPPUTOPHH CTpaH
CHI', ocymectBisiioch B koHile 60-x — Hauane 80-x ronoB XX Beka. K Hauamy
BTOpOTO necaTmieTrss XX| Beka CpoKH 3KCIUTyaTallid HanOojee OTBETCTBEH-
HBIX W CIIOKHBIX HH)XCHEPHBIX COOPY)KCHHHA MPOMBINUICHHBIX PEIPUSTHI
MPEBBIMIAIOT HOPMATUBHBIE CPOKH TIPOBEJCHUS TMEPBBIX  KalMUTATbHBIX
PEMOHTOB M 3a4acTyl0 MPHOIIKAIOTCS K WX IMPEleNbHBIM CpoKaMm ciryxkO0b1. K
HanboJiee  OTBETCTBEHHBIM  IPOMBINUICHHBIM  COOPY)KCHHSIM  OTHOCSITCS
COOPYKEHHUsI OAIICHHOTO THIIA — JILIMOBBIC TPYOBI, BBITSDKHBIC OAlllHH, Tpagup-
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HU, paboTa OCHOBHBIX HECYNIMX KOHCTPYKIUH KOTOPBIX XapaKTepU3yeTcs
CIIO)KHBIMH ~ TEMIIEPATypHO-CHJIIOBBIMH ~ BO3JEHCTBHSIMH W BIUSHHEM
arpecCUBHBIX TEXHOJOTHMYECKHX CpEJ B MEPHOJ dKCIUTyaTanuu. HanexHas u
0e30TKa3Has pabdoTa OTMEUCHHOT'O Kilacca COOpPYKEHHH 00yCIOBIMBAET HEmpe-
PBIBHOCTh OCYIIECTBIISIEMBIX TEXHOJOTHUYECKUX IPOIECCOB U OecrepeOoiHy o
paboty mnpeampusTHii B 1enoM. OOHAKO TPUTOAHOCTH IS HOPMAaIbHOMN
SKCIUTyaTallui OONBIIMHCTBA COOPY)KEHHH OallleHHOTO0 THNAa K HaCTOSIIEMY
BPEMEHH OKa3bIBaeTCSl 3HAYUTEIHHO CHIDKEHHOW BCIEICTBHE OOpa3oBaHUS U
pPa3BUTHS PA3NUYHBIX THIIOB TOBPESKICHWHA B WX OCHOBHBIX CTPOHTEIHHBIX
KOHCTPYKITHSIX.

AHanu3 pe3yiabTaTOB HATYpHBIX oOciemoBaHmii Oosnee yeM 150 OareHHBIX
COOPYKCHUU pa3nuuHbIX KiaccoB [10] mokaspiBaeT, 4ro Hamboyiee pacipocT-
PAaHEHHBIMM THUIIAMU IOBPEXJICHUNH KOHCTPYKLHN SIBJISIFOTCSI ITOBPEXJICHUS,
00yCIIOBJICHHBIC JITUTEIBHBIM TIEPUOJIOM DKCIUTyaTallud COOpYXKEHUil 0e3
CBOECBPEMEHHOTO BBITIONHEHHS PEMOHTHBIX paboT, a TaKkke HapyIICHUSIMH
PeXKMMOB BBIBOJIa W3 OJKCIUIyaTalliM M pa3orpeBa Ha JTamax OuYepemHBIX U
BHEIUTAHOBBIX OCTaHOBOB. Upe3MepHOe pa3BUTHE OTACIbHBIX THUIIOB TOBPEKIC-
HUl 00yCIIOBIHMBAaeT BO3HHKHOBEHUE aBapUWHBIX CHTYallWid, BIIEKYIIHX 3a
co00H OCTAaHOBKY OKCIUIyaTallid COOpYXeHHWH. [l ABIMOBBIX TpyO H
BBEITSDKHBIX OaIlleH aBapuUitHOE COCTOSHUE HECYITUX KOHCTPYKIHHA U (PyTepoBOK
BJICYET 3a COOOW BPEMEHHOE WM IOCTOSHHOE MPEKpallleHUE SKCILTyaTalluu
MTOJKITIOYCHHBIX TETUIOArperaToB M B OOJBINIMHCTBE CIy4YacB TPHUBOJUT K
SHAYUTCIIbHBIM MAaTCPpHUAJILHBIM IMOTEPSAM.

O PEeKTHBHOCTh TEXHUYECKUX PEIICHUH, MPHUHUMAEMBIX I OOCCIICYCHHS
HOPMAJIbHOW OKCIUTyaTallid JbIMOBBIX TPyO ¥ BBITSXKHBIX OallieH, B
OOJIBIIMHCTBE CIYYacB XapaKTEPU3yeTCs CII0OKHOCThIO PEIIaeMbIX HHKEHEPHBIX
3aaad, TeXHH‘IeCKOfI YHI/IKaJ'II)HOCTLIO caMux I/IH)KeHepHBIX pemeHI/H‘/i, a TaKXKE
CKATBIMH CPOKaMH pa3pabOTKH MPOSKTHOH JOKYMEHTAIlMd W BBITIOJHEHHUS
PEMOHTHO-BOCCTAHOBHUTEIBHBIX Pa0OT. MIMEIOLIUIICS OMBIT MPOUICHUST pecypca
[6, 7, 8, 9] HampaBiieH, B OCHOBHOM, Ha PEMOHT W YCHJIEHHE HECYIIHX
KOHCTPYKIHI 0€3 CYIIECTBEHHOTO M3MEHEHUS TEXHOJIOIMYECKUX MapaMeTpOB,
MO3TOMY aKTYalbHBIM BOMPOCOM SIBISETCS pa3paboTKa KOHCTPYKTHBHBIX
METOJIOB MOBBIIICHUS IPOU3BOAUTEIBHOCTH COOPY)KEHHUH TNPU BBITOJHCHHH
PEKOHCTPYKITHH.

Lenpro nmanHOW paboTHl sBIsETCS pa3paboTKa KOHCTPYKTHBHBIX PEIISHHH,
METOJIOB pacdyeTra W NMPOEKTHPOBAHUS METAJUTOKOHCTPYKIWH Ta300TBOJSIIETO
CTBOJIa B HM)KHEH YacTH JKEI€300€TOHHBIX JABIMOBBIX pr6 JJIA CHHIKXCHUA
COTPOTHUBJICHHUS Ta300TBOJSAINCIO TpPaKTa W YCWICHUS (PYTEPOBKU JLIMOBOWM
TpyOBI BBICOTOM H = 250 M TETUIORIEKTPOCTAHITHH.
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HemvoBas Tpyda H = 250 M skcmmyatupyetcs ¢ 1974 r. u o0cinyXuBaeT 4eThipe
TEIIOBBIX JHeprodmoka Ne 6...Ne 9 wmomHOCTEIO 10 230 MBT  Ka)IbIi.
TemnepaTypHBIil peKUM SKCIUTyaTallud COOPYXKEHHsSI OO0YCIIOBIIEH PEKUMaMH
paboThl TOAKIIOYCHHBIX HSHEProOJIOKOB; MO JaHHBIM HATYPHBIX 3aMEpOB
TeMIlepaTypa OTBOJAMMBIX ra30B B 3aBUCHMOCTH OT HArpy3Kd Ha SHEProOJIOKU
coctaBisier 135...160 °C. /IlnameTp yCThs CTBOJIa ABIMOBOM TPYOBI COCTaBIAET
d, = 8,0 M, HapYXHBI1 AWaMeTp y OCHOBaHUs cTBoja — D, =221 M. CTBOI
IBIMOBOW  TpyOBI  BBITIOJTHEH KOHWYECKOW (OpPMBI W3  MOHOJHMTHOTO
)Kene300eToHa, YKIOH 00pa3yroIiei Mo BEICOTE CTBOJIA — repeMeHHkIH: oT 0,08
Ha HIKHHX ydacTkax 1o 0,015 Ha BepxXHHMX ydwacTKax; TOJIIMHA CTEHOK
KeNe300eTOHHOM 000JI0YKH COCTaBISET COOTBETCTBEHHO OT 800 MM 10 200 MM.
®yTepoBKa U3 KHCIOTOYMOPHOTO KUPIIMYA Ha AHa0a30BON 3aMa3Ke BHITIOJTHEHA
Ha BCIO BBICOTY CTBOJIa OTJCIBHBIMU 3BEHBSIMU BbIcOTOH 12,5...20,0 M. 1o Bceit
BBICOTE CTBOJIa MEXIYy (YTEpPOBKOW H KeJIe300eTOHHOW Hecylled 000I0UYKOil
BBIMIOJIHEH BO3AYIIHBI BEHTWIHMpYeMbld 3a30p mupuHod 120 mm. Bpeska
0o0BeIMHEHHBIX Ta30X0J0B B CTBOJ JBIMOBOW TpPyOBI TpEIyCMOTpeHa Ha
JUaMeTpalbHO TPOTHBOIOJIOXKHBIX YYacTKax B ypoBHE OTM. +5,500 m. [lns
MOBBIIIICHUS OOIMIMX adpPOJUHAMHYECKUX TapaMeTpOB JLIMOBOW TpyOBl B
ypoBHE OTM. 74,400 M MIPOEKTHBIMU PENIEHUIMH PEAYCMOTPEHO YCTPOUCTBO
KOHCTPYKLUI HAKJIOHHBIX NEPEKPBITUA U Pa3JIEeIUTEIBbHON CTEHKU C YPOBHEM
Bepxa Ha oT™. +17,600 m.

3a Bech IEpUON OKCIUTyaTallud OCHOBHBIC CTPOHUTEIbHBIE KOHCTPYKLIUHU
IOBIMOBOM  TpyObl TOJUICKANH TEPUOAMYCCKHM HAPYXKHBIM OCMOTpaM |
BHYTPEHHUM OOCTIEIOBaHUSIM, Ha OCHOBAaHHMM KOTOPBIX  BBHIMOJHSUIUCE
pPa3NUYHOM  CIOXKHOCTH paboThl 1O TEKyLIeMy pPEMOHTYy Haubomee
MOBPEKACHHBIX KOHCTpyKUuil. Ha ocHOBaHMH pe3ynbTaToB OuYEPEIHOTO
KOMIUIEKCHOTO OOCJIC/IOBaHHs, BBIIOJHEHHOTO B CEHTsIOpe-okTsope 2009 r.,
ObUIO yCTAHOBJIEHO, YTO BCJEICTBHE HApYLICHWH TEMIIEPaTypHOIO pexXrMa,
JOIYILIEHHOTO B IEPHOJ IJIAHOBOH OCTAaHOBKU COOPY’KCHHMS, KJIaJlKa HIDKHETO
spyca (YTEpOBKH CTBOJIA, pAacHONOKEHHOTO B ypoBHe oOTM. +4,400 ...
+21,900 M, monmyunna psj TOBPEXKICHUH B BHAE BEPTUKAIBHBIX TPELIUH U
YIpOXKaIOMKX OOpYIIEHHEM 3aBHCAHHUN €€ OTAEIbHBIX YUaCTKOB. AHAJIN3 CXEM
PAcIIONIOKEeHUST TOBPEXKICHUH, a TAaKKE CKOPOCTH CHIDKEHHSI TEeMIIEpaTypbl
MoKa3ajl, 4TO TOBPEXICHUS B (yTepoBKEe BO3HHMKAIM W HAKaIUIMBAINCH B
Ipoliecce BCEro MpeIIIecTBOBABIIEIO Meproa SKCITyaTalud AIMOBON TPyObI
BCJIEICTBHE 3HAKOIEPEMEHHBIX W PA3IMYHbIX 110 BHYTPCHHEMY IEPHUMETPY
CTBOJIa TEMIIEPATYPHBIX JedopMaruii Kiaaku (yTepoBKH Ha Tarmax OCTaHOBOY
U TOBTOPHBIX Pa3orpeBOB COOPYKeHHs. ABapuiiHas cuTyalus ¢ (QpyTepoBKOI
BO3HMKJIA BCJICACTBHE OBICTPOrO OXJIAKICHUS ydacTka (YTEpOBKH B 30HE
nmpoemMa JBIMOBOW TpyObl TpH TUIAHOBOM BBIBOJIC JBIMOBOH TpyOBI W3
9KCIUTyaTalluid. TeXHUYECKOoe COCTOSHHE (YTEPOBKH HA YKa3aHHOM Y4YacTKe
CTBOJIa KBANU(UIMPOBATOCH KaK MPeaaBapHiHOE.
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[epen criermanucramu JJoHHACA BianenpiiaMu coopy KeHusI ObLIa IMOCTaBIIe-
Ha 3a7ada pa3paboTaTh KOMIUIEKC KOHCTPYKTHBHBIX M OpPTaHH3AI[MOHHBIX
MEpOTIPUATUH, HAMpaBICHHBIX Ha oOecreueHre Oe30MacHON dKCILTyaTaliu
COOpPYKEHHUS Ha mepuoj, cocrasistommii 20 et u 6onee. [Ipu 3ToM ogHUM U3
YCIIOBUI peanu3aliyl TEXHUYECKHX PEIICHUH SBISIOCH TpeOoBaHHE, Kacaro-
mieecst MPOAOKUTENIEHOCTH BBIITOJIHEHUSI BCETO KOMIUIEKCA PEMOHTHBIX MEpO-
NpUATUH, KOTOpass He JOo/bKHa Obuia mpeBwlmiath 35...40 nHeil. Benenctsue
YCTaHOBJICHHBIX JKECTKUX CPOKOB BBITIOJIHEHUS! PEMOHTHO-BOCCTAaHOBUTEIBHBIX
MEPONPUATHH JTEMOHTaX aBapUUHOTO spyca (QYTEpPOBKHA C TMOCIEAYIONIHM
YCTPOHUCTBOM HOBOW KIIAJKM W3 BO3MOXKHBIX BapHUaHTOB OOeCIeYCHUS
0e30MacHOi 3JKCIUTyaTallil COOpPYXKEHHUst ObUl HCKIoueH. HopmaruBHas
MIPOAOIDKUTENIEHOCTD padoT Il IEpeKIaAKu (pyTepOBKH aBapHitHOTO sipyca 1o
pe3yabpTaTaM MpeaBapuTEIbHBIX MOACUYETOB cocTaBmia 105 cyTok, a CTOMMOCTh
CTPOUTEIHLHO-MOHTAXKHBIX Pa0OT MpEeBhINIaia 3,5 MIIH. TPH.

bazoBeM BapmaHTOM st pa3paboTKH pabodyero MpoeKkTa Ha PEKOHCTPYKIIHEO
COOPY’KCHHUS OBII MPUHAT BapHaHT, IPEICTABICHHBIN Ha pucC. 1, KOTOPHIH Tmpe-
JlyCMaTpUBall yCTPONUCTBO METAJUIOKOHCTPYKIUI BHYTPEHHET'O Fra300TBOISIIIETO
CTBOJIa C COXPaHEHUEM TOBPEXKJSCHHOTO spyca (pyTEepOBKH, a TaKkKe METalIo-
KOHCTPYKIIMH ee BPEeMEHHOTO KperuleHus. B xome mpopaboTKu MpHHIAIIHN-
AIbHBIX KOHCTPYKTHUBHBIX PEIICHUH TIa300TBOJSAIIETO CTBOJA IPEAyCMaTpu-
BaJIOCh 00ECIICUCHUE €TO JABYX OCHOBHBIX TEXHOJOTMYCCKUX (DYHKIIHIA: UCKITIO-
YeHHE KOHTaKTa OTBOJIUMBIX OT TEIUIOATrPEeraToB IBIMOBHIX Ta30B C IOBEPX-
HOCTBIO TOBPEXKJCHHOTO sipyca (YTEPOBKH, a Takxke OOecCleYeHHue paBHO-
BECHOTO COCTOSIHHS ()yTEPOBKH MyTEeM €€ NepeoNupaHus Ha HECYIIUe KOHCT-
PYKIMH Ta300TBOMSIIETO CTBOJIA B CIy4ae pPa3BUTHUA CYHIECTBYIOIIMX TIIOB-
PEXIEHUN KIagKh. YCTPOUCTBO KOHCTPYKIIMH BHYTPEHHETO Ta300TBOJSIIETO
CTBOJIA B CIIOXKHBIIUXCSl YCIIOBHSAX OKCIUTyaTallid JBIMOBOW TPYOBI Kpome
MpeoTBpaIIeH!s] OOpYIICHHUS TOBPEKIACHHBIX YYacTKOB (DyTEPOBKH TaKXkKe
o0ecrieunBaeT COXPAaHHOCTh KOHCTPYKIMH HAKIIOHHBIX IEPEKPBITHA OT
pa3pyn1eH1/n‘/'I, BbI3BAHHBIX IIAJICHHUEM CJIIC3HUKOBBIX JJIEMCHTOB q)YTepOBKI/I, a
TaKKe CEKIM YYyTYHHOTO KOJIIaKa BHYTPh JILIMOBOI TPYOBI.

Ji1a Ha3HAaYeHHsI OCHOBHBIX T'€OMETPHUYECKUX ITapamMeTpoB U (OPMBI BHYTpPEH-
HEl MOBEPXHOCTH Ta300TBOSIIEIO CTBOJA OBLIM BBITIOJHEHBI CIICHAITBHBIC
ra3o/JMHaMHUYECKUE pacueThl, LIEJIbI0 KOTOPBIX SABISAIOCH ONpEAESCHHE OITH-
MaJbHOH T€OMETPUHM BXOJHOTO KaHama. Kpurepuem onTUMalbHOCTH SBISIIOCH
MECTHOE COTMpPOTHBJIICHHE Ha BXOAe B TpyOy. PacueTsl, BHITIOJHEHHBIE Ha
ocHoBaHuM [1], moka3zanu, uto Haubonee 3pPEeKTUBHBIM BapUAHTOM SIBIISETCS
KOHCTPYKTHBHOE pElleHNE, BKIIIOYaroIlee HaKJIOHHBIE TaHAYChI IO/ YoM 45°,
maddy3op BeicoToit 3,0 M Ha BEepXHEM YYaCTKE Ta300TBOSAIIETO CTBOJIA,
pa3fgenuTeNbHyI0 CTEHKY TOJ yTaoM 25,7°, 3aKpyriieHHe KPBIIIH MOIBOASAIIETO
razoxoza paauycom 3,0 M. B 3ToM ciayyae MeCTHOE CONIPOTHBIICHUE CHIXKAETCS
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ot 7,44 MM BOJ. CT. (Ha4aNbHBIA MPOEKT) 10 6,2 MM BOJ. CT., 9TO MPUBOJUT K
JOCTATOYHOMY YBEIHYEHHUIO TSATH W TOBBIMIEHUIO I(PQPEKTUBHOCTH PaOOTHI
MTOAKITIOYCHHBIX TETIOArperaToB.

2

+28 060

2248 uaundpuaeckasn

sacme (L)

217 360

=

la3gxpd N1
i) |

i

LI TR

| I .|
]
~
2,
5

+8600

|
1

]
L

|20 " 0 |

a )

Puc. 1. KoHcTpykTHBHAs cxema ydacTKa BHYTPEHHETO Ta300TBOSIIETO CTBOJIA!
a — BUJI CO CTOPOHBI TIaBHOTO Koprmyca TIC;
0 — pa3pe3 ropu30HTAIBHOMN IOCKOCTHIO B YPOBHE OTM. 18,6 M

B cocraB y4yacTka BHYTpEHHETro Tra30xojla B jKeJIe300eTOHHOH JILIMOBOHM TpyOe
Ne6 H = 250wm Bxoaut umnuHapudeckas dvacte (L[Y), mpumbikaromue
razoxonsl (I'l, ['2), manaycer (I11, I12), a Taxke pazgenurensHas crenka (P1).
HunmuHapudeckas wacTh MPEACTABICHAa OCHOBHBIM Yy4YacTKOM B  (opme
HenpaBuibHOTO 12-rpanHuka (ot ot™. +5.570, 1o oM. 24.860 M) u ydacTka-
muddysopa (ot otm. +24.860, mo orm. 27.560 wm). Ilammycer (I11, I12) u
pasmenuTenbHas creHka (P1) pacmonoxeHsl BHY TP MHITHHAPUISCKON YacTH.

[Ipu nMpoeKTHPOBaHUM OJJHUM M3 OCHOBHBIX (PaKTOPOB OBLI y4eT TpeOOBaHHH K
o0ciyxuBaHuI0 coopyxenus [2, 4, 5]. C 3Toii nenbko:

1. B0 TpUHATO pa3zfeieHue HECYIIMX M OrpakJaroIluX KOHCTPYKIHH, T.e.
IUIL BO3MOKHOCTH 3aMEHbI BHYTPEHHEH OOIIMBKM OHa HE YYWUTHIBANaCh B
pacuere U MPUKPEIUIIIach K peleTyaTol 4acTH NPEPHIBUCTHIMU HIIBAMHU.

2. Jna ynoOcTBa OCMOTpa BCEX HECYIIMX KOHCTPYKUUH OOIIMBKA He
JOBOJWIIACH IO IEPEKPHITUS BIOJIb HAKJIOHHBIX AaHIYCOB.
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3. Compsokennss mangyco (I11, I12), pasmenurensHOl creHkun (Pl) m
MpUMBIKaroNuX ra3oxom0B (I'1, ['2) ¢ mumHIAPIIeCKOH 9acThI0 00eCTIeunBalIo
CBOOOJIHBIC TeMIIEpaTypHbIe JehopMallMd BO BCEX TPEX H3MEPCHHUSAX, UYTO
MO3BOJISICT BBITIOJIHITH HE3aBUCUMOE TEXHUYECKOE OOCTY)KUBAHHE Pa3INIHBIX
KOHCTPYKTUBHBIX DJIEMCHTOB.

4. Jlns moctyma BHYTPH CTBOJA W OYHCTKH TAHAYCOB OBUIA BBITIOJHEHBI
CIlelUaIbHBIC 3aKPHIBAIOIINECS MPOECMBL.

5. Tlpu pacyere TONIMHBI OOIIUBKH YYHUTHIBAJICS H3HOC KOHCTPYKIMHA U
CTOMMOCTHBIE TTOKa3aTEeIM PEMOHTA U 00CTy)KHBaHHS Ha OCHOBE METOIUKH [3].

OnopHBIMU KOHCTPYKIUAMH A5 HuimMHapuyeckoi yactu (L{Y), manaycos (I11,
[12) wu pasgenurenshoil cteHku (P1) sBusioTcst Ganku CyIIECTBYIOLIMX
HaKJIOHHBIX IEepeKphITuii. B Xone KOHCTpyHMpOBAaHUS OIHOPHBIX Y3JIOB
ITHHIPUIECKON YacTh OblUIa MPeayCMOTPEHa BO3MOXKHOCTh HMX YaCTHYHBIX
MepeMeLIeHNH B TOPU30HTAIBHON MIOCKOCTH.

Humuaapryeckas gacte (I{U) mpemycmarpuBanack B BUAE HECYIIETO Kapkaca
W3 TOPWU3OHTAIBHBIX PACIIOPOK BEPTHKAIBHBIX IIOSICOB, BBITIONHEHHBIX W3
CBapHBIX M MPOKATHBIX MpoduieH ABYTaBPOBOH (hOPMBI U W3 IIBEIUICPOB,
VM3HYTPU OOIIUTOrO CTAaJbHBIMU JUCTaMU TONIIMHON 8§ MMm. [Ipudem crambHas
oOmmBKa Kapkaca MpUHIMAaIach CheMHOH, He y4acTByIomel B paboTe kapkaca
muIMHApUdeckod vacth. OOIIas yCTOWYMBOCTh KOHCTPYKIIMM Kapkaca
o0OecrnieunBagach CHUCTEMOW BEPTHKAIBHBIX CBs3ed. PasjenuTenvHas CTEHKA
(P1), pacnionoxeHHast BIIOJIb CYIIECTBYIONIUX T'a30X0/I0B, MIPEJICTABISIET COOOM
BEPTUKATBHYI0 CHCTEMY JIBYTaBPOBBIX O0ajoK, 3alllUTHIX C JABYX CTOPOH
CTAIbHBIM JIUCTOM TOJIIMHOW & MM. V3Bl CONPSIKEHUS pPa3eiUTeIbHON
CTEHKHM C KOHCTPYKIMSIMH KapKaca [HJIMHIPUYECKON 4YacTH BBIMOJHEHBI
MTO/IATJINBBIMH, 00ECIEYNBAOIINMHI HE3aBHCHMOE Ne()OPMUPOBAHHE CTEHKH U
Kapkaca munuHapudeckod yactu. Haxmonnsie manaycel (I11, 112) HakmoHeHBI
nosl yrioMm 45° u sBiAroTCS 0aTOYHBIMU KIIETKAMH C HACTHJIOM M3 CTalbHBIX
JIUCTOB TOJIMHUHON 12 MM, ommparomuecs Ha CHUCTEMY CTOEK W3 TPyOUdaThIX
3JIEMEHTOB, a TaKXe Ha TOPU3OHTAIBHBIE pebpa Kapkaca ¥ CHEIHaIbHBIC
OMOpHBIC OaJKH, MPEIyCMOTPECHHBIC B COCTaBE IWIMHAPUYCCKONW YaCTH.
IIpumbikatomue razoxoxbl (['1, ['2) ObuTH BBITONHEHBI B BUAE CUCTEMBI
MOTIEPEYHBIX paM, OOBEIMHCHHBIX B OTACIBHO CTOSIIHE KOpoOa, OOIMHNTHIC
U3HYTPH CTANBHBIMU JIUCTAMHU TONIIUHON 8 MM. OTIOPHBIMH KOHCTPYKIIHSIMHU
MPUMBIKAIONINX Ta30X0J0B BHICTYNATM KOHCTPYKIHU >Kelne300€TOHHOM
000JI0OYKH, a TakKe CYIECTBYIONMEe KOHCTPYKIMW JHHINA HAJA3EMHBIX
ra3oxoJioB AbIMOBOH TpyObl. CoONpsypKeHHE KOHCTPYKIUH MPUMBIKAOIINAX
razoxoj1oB (I'1, ['2) ¢ KOHCTPYKIMSIMHU CYIIECTBYIOUTUX MOABOIAIINX Ia30X0/I0B
BBITIOJTHEHO TE€PMETHYHBIM, HCKITIOYAIOIINM ITOICOCH HAPYKHOTO BO3ayxa. Jist
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00CITyXKMBaHUS METAJUIOKOHCTPYKIIMHA Ta300TBOJSAIIETO CTBOJIA B JHHINAX
MIPUMBIKAOIITIX Ta30X0/I0B MPETyCMOTPEHBI Ja3bl.

st 00111ei OlleHKH HaIpsHKEHHO-Ie(OPMUPOBAHHOTO COCTOSTHUSI KOHCTPYKIIUH
LWIMHAPUYECKOM YacTH Ta300TBOJAILIET0 CTBOJA, a TaKKe Ha3HAYCHUs
pa3MepoB OCHOBHBIX KOHCTPYKTHBHBIX 3JIEMEHTOB €€ KapKaca, pa3AeIuTeIbHON
CTEHKH M NaHIyCOB OblIa IpPOM3BEIEHA CEpHUsl CHEIHANBHBIX CTaTUYECKUX
pacueroB. Ilpu 3TOM NpHHSATHIE KOHCTPYKTHBHBIE pEIICHHS IO B3aMMHOM
YBSI3KE OTAETBHBIX KOHCTPYKTHBHBIX YacTeld TIa300TBOJSILETO CTBOJIA
MIO3BOJISUIN COCTABIATH ()ParMEHTHPOBAHHBIE PACUETHBIC MOJEIN U BBIIOJIHATD
HE3aBUCHUMBIE pacyeTbl JUId IUIMHAPUYECKOW YacTH, MPUMBIKAIOIINX
ra30xo/l0B U IIaHJyCOB.

AHanu3 HanpsLKEHHO-1e(hOPMUPOBAHHOIO COCTOSIHUSI OCHOBHBIX KOHCTPYKTHUB-
HBIX DJIEMEHTOB Ta300TBOISIIETO CTBOJIA BBITIONHSIICSA Ha MepcoHaIbHOH DBM
C HKCIIOJNIb30BAaHUEM MeToAa KOHEUHBIX 3neMeHTOB (MKD), peamuzoBaHHOM B
nporpaMMHoM Komiuiekce «Lira Windows» Bepcuu 9.4. IloBepounsie pacyeTsl
HECyIIell  CIIOCOOHOCTM  CEYeHUl  CTEep)KHEBBIX  OJJEMEHTOB  METaJulo-
KOHCTPYKIUI BBINOIHSUIUCH C UcTonb30BaHueM Moayis «JIup-CTK», a Takxe
MHUKpONporpamMm [yl nepcoHansHoM OBM Ha Gaze mpunoxenuss MS Exel,
COCTaBJICHHBIX COTJIACHO TPEOOBaHUSAM HOPM.

Pacuetnas Mozens MUIMHAPUYECKOW 4YacTH (puc. 2) ra300TBOMSAIIETO CTBOJA
MPUHATA B BUJE MPOCTPAHCTBECHHONH CXEMBbI, B Ka4eCTBE OCHOBHBIX COCTaB-
JISTOMIMX KOTOPOH HCIIONB30BaHbI CTEPKHEBbIE KOHEYHBIE 3JeMeHTHI (Thm KO-
10) mns pemieHus MPOCTPAHCTBEHHBIX THUIOB 3amad MKD. ['eomerpuueckue
XapaKTePUCTUKU CEUCHUH JJIsl HA3HAUEHHsSI KECTKOCTEH 3JIEMEHTOB PacueTHON
Monenrn MKD mpuHUMAaNuCh Ha OCHOBAaHUH BHIMIOJHEHHBIX IPEIBAPUTEIHHBIX
OIIEHOK WX HANpsHKEHHOTO COCTOSIHHS C FWCIIOJIb30BaHUEM WH)KEHEPHBIX
pacYeTHBIX METOAUK. OJIEMEHTbl BHYTPCHHEW OOIIMBKH IMJIMHAPHYICCKON
YacTH B COCTaBE€ pAacUeTHOW MOJIENHM BBHIY TPHHITHIX KOHCTPYKTHBHBIX
pelIeHuil X KperuieHus] K TOPH30HTAIBHBIM W BEPTHKAIBHBIM pedpaM Kapkaca
B COCTaB pacueTHOW MoOJenyd BKIIOYEHBI He OblTu. PacueTsl mertaso-
KOHCTPYKITUI HAKJIOHHBIX [aHYCOB BBHITIOJHEHBI KaK I 3JICMEHTOB OOBIYHOM
0aOYHON KIETKH.

B cocTaB Harpy30k 1 BO3€MCTBUIA BXOIUIIH:

a) COOCTBEHHBI BEC METAUNIOKOHCTPYKIMH, B TOM UYHCJIE BEC JIUCTOB
BHYTPCHHEH OOIINBKH;
0) TeMITepaTypHBIC BO3ICHCTBHSI OTBOAMMBIX T'a30B:
— paBHOMEpPHBIA HarpeB (IKCIDIyaTamus BCEX YHEProOJOKOoB, paboTa ABYX
MPUMBIKAIOITUX TA30X0I0B);
— HEPaBHOMEPHBIM HarpeB (dKCIUTyaTallMs 4YacTH 3HEPro0JOKOB, pabora
OJIHOT'O MPUMBIKAIOIIETO Ta30X0/1a);
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B) YaCTUYHOE ONHMPAHKE TOBPEXKACHHBIX YUYAaCTKOB ()yTEPOBKH Ha KOHCTPYKILIUH
LIIMHIPUYIECKON 4acTH, A Coydas HapyLIEHUS] UX PABHOBECHOI'O COCTOSHHS
B XO7I€ IKCIUTyaTall1 COOPYKEHHS.

Puc. 2. Pacuetnass MKD-Moens IITHHIPAYECKON YaCTH Ia300TBOAIIETO CTBOJIA

AHanmu3 BO3MOXXHBIX CXEM 3arpyKEHUH pacueTHON MOJIENH, COCTABICHHOW Ha
OCHOBAaHMM  MPEABAPUTEIBHO  TMPHUHATHIX  KOHCTPYKTHBHBIX  pEHICHUI
[WIAHAPUYIECKOW YacTH, CBHJETEIHCTBOBAJ, YTO TOPH3OHTANBHEIE KOJIbIIA
SBIISIFOTCS. OCHOBHBIMH  HECYITUMH KOHCTPYKIMSIMH, BOCIPHHHMAIOITUMHI
TEMIEPATypHBI HAarpeB, a TaKXKe Harpy3kd OT BO3MOXKHOTO OOpYIICHUS
(hyTtepoBku. Hanbornee HampsyKEHHBIMH DIIEMEHTAMH SIBISTICH TAK)KE CTOWMKH,
OKAMMIIAIONINE TPOEMBI U BPE3KH METAJUIOKOHCTPYKIMHA TMPUMBIKAIOIIIX
razoxoqoB (I'l, I'2). Beuay ykazaHHbIX 0cOOCHHOCTEH PabOTBI KOHCTPYKITUH
ra300TBOJISAIIETO CTBOJA COMNPSDKEHUE OTHCIBHBIX JJIEMEHTOB B COCTaBe
TOPU3OHTAJBHBIX pedep Kak B XOJ€ COCTaBICHHWE MOJEIH, Tak W IpH
KOHCTPYHPOBAHUHU Y3JI0B TPEIyCMATPUBAIIOCH JKECTKUM JUISI OOECIICUCHIUS
PpaboThI KOHCTPYKIIHI TOPU3OHTANBHEIX pedep Mo Hepa3pe3Hoil cxeme.

B xome KOHCTpYMpOBaHHS OIOPHBIX Y3JIOB LWJIMHIPUYECKOH YacTH W IpU
COCTaBJICHHU PAacUETHON MOJENH IpeyCMaTpUBAIOCh 3aKpeTIeHHe B TOPU30H-
TaJIbHOM MJIIOCKOCTH OIIOPHBIX Y3JIOB CTOCK, OKaI\/’IMJISIIOIHI/IX OIWH U3 ITPOCMOB,
IpU YCIOBHO-TIOJATIMBOM CONPSDKEHHH OCTAIBHBIX CTOCK C KOHCTPYKLMSIMHU
HAKJIOHHBIX MEPEKPBITHI I y4eTa TeMIlepaTypHbIX AedopMaruii ra300TBOIs-
mrero crBona. C menpro obecriedeHus] NeOPMUPOBAHUST OMOPHBIX YYaCTKOB
BEPTUKAIBHBIX CTOCK, OTPAaHMYEHHOTO BCJIEJCTBHE TPEHHUS ONOP O TOBEPXHOCTH
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CYIIECTBYIOIIMX HAKJIIOHHBIX MEPEKPHITHIH, B PACYCTHOW MOJIEIN OBLIH HCIOJb-
30BaHBI CIEIUATbHBIC KOHEUHBIC 37eMeHTH (Tumm K3-51), momemmpyromtue
yIOpYTHe CBS3H B TOPWU3OHTAIBHOW IIOCKOCTH. BenmuumHbl Ko3QQHIIMEHTOB
YKECTKOCTHU YIPYTUX CBA3EH YCIOBHO OBUIA MPUHSTHI TUHEHHO-3aBUCIIIUMU OT
MEPEMEIICHUN OTMOPHBIX Y3JI0B U OMPEACISINCh [T KaXXI0T0 OMOPHOTO y37a C
HCITOJIb30BaHUEM yCpPETHEHHOTO KOX(h(HUIMEHTa TPEHUS CTaIH O OCTOHHYIO
HOBEPXHOCTS k,,, = 0,35 U3 COOTHOIIEHUS:

R =Fixky, | A, (D

riae F; — 3HaueHue NMpOAOJbHOW CUJIBI B CTOMKE, JJIi KOTOPOW ompenensercs
KO3 GUIIUEHT KECTKOCTH, OT COOCTBEHHOTO Beca METAJUIOKOHCTPYKIMU; A; —
3HAQUYCHHUS BO3MOXHBIX TEPEMEUICHUN OMOPHBIX Y3J0B B TOPU30HTAIBHOMN
IDIOCKOCTH B TPEANOJOXEHHH CBOOOTHOTO  1ehOpMHUPOBAaHUS  OMOP
HHHHHI{pH‘IGCKOﬁ 4acCTH, BBIABJIICHHBIC Ha IPECABAPUTCIILHOM 3Tale pac4y€TOB Ha
JICHCTBHE PAaBHOMEPHOI'O HArPEeBa KOHCTPYKIUU B TIPEIIOI0KCHHHA CBOOOTHBIX
TIepeMeNIeHHI y3JI0B TI0 TOPU30HTAIIH.

[Ipu aTOM MO pe3ynpTaTaM MpeaBaAPUTENBHBIX OIEHOK MEPEeMEIIeHNH OMOPHBIX
Y3JI0B U MPOJAOJNBHBIX CHII, ACUCTBYIOIIUX B «HE3AIIEMJICHHBIX» CTOMKaX IU-
JTUHAPUYECKON 4acTh, ObUTA BBISIBIIEHBI Y3JIbI, JUIA KOTOPBIX XapaKTEpPHO Hapy-
[IeHUe TPEHHS TIOKOS W HEeOOXOIMM YYeT BIHAHUS WX YaCTUYHON TOaTIIH-
BOCTH HA HANPSDKEHHOE COCTOSIHUE KOHCTPYKITHI Ta300TBOISINETO CTBOJIA. 3HA-
YeHHs KOA(P(PUITUCHTOB KECTKOCTH IS PA3IMYHBIX OTIOPHBIX y3JI0B MPUHUMA-
JIUCh TIEPEMEHHBIMH B 3aBUCHMOCTH OT MX YJAIEHHOCTH OT OIIOP 3aIl[EMIICHHBIX
CTOEK M BEJIMYWH BO3MOXKHBIX TIEPEMEIICHUN A; B TOPU30HTAIBHON TIIOCKOCTH.

TemnepaTypHble BO3IEHCTBUS HAa MIIUHIPUIECKYIO 000JIOUKY YUUTHIBAIUCH C
rcrnonb30BaHueM nporpammuoi mponeaypsl [IK «Lira Windowsy» mis 3aganmst
Harpy3oK IIyTeM MOZEIMPOBAaHHS PaBHOMEPHOIO HAarpeBa CTEP)KHEBBIX
aneMeHToB 10 Temmeparypbl 180°C, COOTBETCTBYIOIIEH MaKCHMaJIbHBIM
TEMIIEPATYPHBIM PEKUMaM 3KCILTyaTalluH COOPYKEHHS.

Harpyska oT BO3MOXHOTO ONMUpaHHS MOBPEXKICHHBIX YYacTKOB (pyTepoBKH Ha
KOHCTPYKIIUH HHHHHZ{pH‘IeCKOﬁ 000JI0YKH IMpUKJIaJAbIBaJIaCh K y4aCTKaM Iopu-
30HTAJIBHOTO pedpa pacueTHON MOJIeNH, PAaCIONIOKESHHOTO B ypPOBHE Bepxa
MOBPEXKJCHHOTO (PYTEPOBOUHOrO sipyca. 3HAUCHHs HArpy30K Ha METalIo-
KOHCTPYKIIUH [WJIHHAPUYECKOW YacTH OT pa3pylIleHUd (yTepoBKH ompeje-
JSUTACH TIyTEeM I0JIcYeTa COOCTBEHHOTO Beca CIIOCOOHBIX K OOPYIICHUIO 00Be-
MOB €€ KJIaJK{d M YYUTHIBAINCh B PACUCTHOW MOJENH B BHJE BEPTHKAILHOMN
(v = 65,8 kH/Mm) u ropuzonTanbsHOl (g = 22,7 kH/M) cocTaBnsrommx paBHOMEp-
HO pacrpe/ieicHHOW Harpy3Ku Ha pacCMaTpuBacMoe TOPH30HTAIBHOE Pedpo.
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Jns  aHanmu3a  HaNPsDKEHHO-IE(POPMUPOBAHHOTO  COCTOSHHS — KOHCTPYKIIUH
MAIHHAPUYIECKON JacTu razooTBoasmero crBona B [1IK «Lira Windowsy ObLu
MMPUHATHI CIICAYIONIUC THUIIBI 3anyx€eHHI7[:

— LC 1 — coOcTBeHHBIN BeC METANIOKOHCTPYKITUH ¢ YYETOM Beca OOIIMBKH
1 OMOPHBIX peaklnii KOHCTPYKLINH HAKJIOHHBIX MTAHAYCOB;

— LC 2 — paBHOMEpHBINl HarpeB IWJIMHAPUYECKOH YacTH, COOTBETCTBYIO-
IUHA  [POEKTHOMY PEXKUMY OSKCIUIyaTallid BCEX MOJKIIOYEHHBIX

TETJI0arperaTos;
—LC3, LC4 —narpeB 4acTu METATIOKOHCTPYKIUH, COOTBETCTBYIOIINN
PeOKUMY  OKCIUTyaTallid  TEIUIOAarperatoB,  MOAKIIOYEHHBIX K

MPaBOMY/JIEBOMY Ta30X0AY;

— LC 5 — onupanue oOpyLICHHBIX SpycoB (YTEpOBKM IO BCEl UIMHE
Harpy>kKeHHOT'0 TOPH30HTAILHOTO pedpa;

— LC 6, LC 7 — ontmpanune oOpyIICHHBIX SAPYCOB (GyTEPOBKH Ha OTICITHHBIC
YYacTKH Harpy>kKeHHOTO TOPH30HTAILHOTO pedpa.

CyMMapHble pAacueTHBIC YCHIUS IJs1 KOHCTPYKUMH LUIUHAPUYECKOH YacTH
IIOACYUTHIBAIMCh HA OCHOBAaHUU CIIEIUAIBHO COCTABICHHBIX pPac4YeTHBIX
koMOuHanuii Harpykenuid (rpynn Harpyxenuil). Koaddumumentsr coueranmii
JUISL pa3NuYHbIX KOMOWHAIMK HArpyXeHUi, UCIOIb3yeMbIe MPH ONpPEACICHUN
PacUETHBIX YCHUJIMH B 3JIEMEHTAX UWIMHAPUYECKOM 4YacTd, MpPEeACTaBICHbI B
tabmuue 1.

Tabmuma 1

Ko3dpunuenTsl coueTanuii Harpy:kenmii 1 ananuza HAC
HUJIMHIAPUYECKOI YacTH

No PCH Koadpunmentsr PCH st HarpyxeHuii
LC1 LC2 LC3 LC4 LCS LC6 LC7
LG 1 1,0 1,0 - - 1,0 - -
LG2 1,0 1,0 - - - 1,0 -
LG3 1,0 1,0 - - - - 1,0
LG4 1,0 - 1,0 - 1,0 - -
LG5 1,0 - 1,0 - - 1,0 -
LG 6 1,0 - 1,0 - - - 1,0
LG7 1,0 - - 1,0 1,0 - -
LG8 1,0 - - 1,0 - 1,0 -
LG9 1,0 - - 1,0 - - 1,0

3HaueHus PaCUYCTHBIX yCI/IJII/Iﬁ B Haubolee HarpyXCHHBIX CCUYCHHAX OCHOBHBIX
KOHCTPYKTHBHBIX 3JIEMEHTOB IMJIMHIPUYECKOW YacTH MpPEICTaBICHBl B Tald-
auue 2, HyMepanus HauOoJjiee HarpyKEHHBIX 3JE€MEHTOB Pacue€THONH MOAEIH —
Ha puc.3. Ha OCHOBaHWHU OIpENENEeHHbIX YCHUJIMH OB BBINOJHEH pacyer
CEUEHUH 3JIEMEHTOB CTBOJIA U Y3JIOB COEIMHEHHS 3JIEMEHTOB.
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Tabmuma 2
PacueTHble ycHiusi B HanGojiee HATPYKEHHBIX KOHCTPYKIUSX MUJIAHIPUIECKOM
qacTu
Tun ) C OOTBSTCTEYHILNE SHAYEHHA
KOHETP. KpuTepun Homep Honep
an+Ta PCH Mo/ | Mk s | My, o | Mz e | Qy eH | Oz ¢H | SMSMEHTA [sarpywesns
N (max +) 824.6 0.2 3.4 321 36.6 8.3 510 137
N (max-} -474.6 0.2 1.1 1023 0.9 -0.7 547 146
3 Mk (max+)| -206.3 0.8 26.2 -80.2 -56.0 3.0 642 1386
E Mk (max-y| -126.4 4.6 .1 281 3.3 -8.7 423 146
% My (max +) 237 02 37.5 3.3 282 -19.6 545 126
3 My (max-}| -208.9 0.8 737 2.3 292 -19.6 642 137
B |Mz(max+)| -g24 0.0 0.2 1926 473 -2.2 508 147
§ Mz (max-} 173.9 04 21.9 -200.2 129.7 28 548 135
z Qy(max +)| 1739 04 -26.0 49 131.5 26 545 135
= Qyimax-}| 1735 0.1 20.0 1.8 | 1257 24 547 135
Oz (max+)| 1543 0.4 £0.0 -21.6 -33.8 96.0 587 136
Qz(max-}| 154.3 0.4 50.0 276 -33.8 90.5 586 136
N (max <) 784.6 0.0 0.0 0.0 0.0 0.0 4 126
N (max -} -1485.2 0.0 0.0 0.0 0.0 0.0 2 148
Mk (max+}| -117.3 0.0 0.0 0.0 0.0 0.0 274 148
£ |Mkimax-) | -13765 0.0 0.0 0.0 0.0 0.0 4 137
E Wy (max +} 398.7 0.0 0.3 0.0 0.0 -0.2 ooy 137
w My (max-) 55.0 0.0 0.3 0.0 0.0 -0.2 2 137
£ [Mzimaxs)| -14852 0.0 0.0 0.0 0.0 0.0 8 146
g Mz (max -} 6508.1 0.0 0.0 0.0 0.0 0.0 2 127
C  |Qy(max+) | -1376.5 0.0 0.0 0.0 0.0 0.0 4 137
Qv (max-} 716 0.0 4 0.0 0.0 0.1 127
Qz (max +} 55.0 0.0 0.3 0.0 0.0 0.2 2 137
0z (max - 388.8 0.0 0.3 0.0 0.0 -0.2 1005 148
N (max <) 5(4.9 0.3 27 -99 24 -15 553 138
N (max -} -7 0.3 15.3 -10.9 11.8 18.5 558 148
Z Mk (max+}| 237 0.2 2.1 -19.3 283 -19.58 548 128
% Mk (max-} | 457 0.4 37 -443 553 27.1 558 145
z Iy (max +§ -45.7 0.4 67.4 2.7 -62.1 271 560 145
‘2 My (max-h | 1823 0.0 58.4 87 52,1 27.1 553 146
= [Mzimaxsi]| 1077 02 -16.2 148 95 5.1 547 147
é Mz (max -} 184.7 01 -18.7 -228.3 1471 0.4 554 147
g |Qumaxs+)| 1847 0.1 203 4.0 148.9 0.4 553 147
S |Ov(max-p | 1847 0.1 -19.0 -1.1 A45.6 0.4 556 147
Oz (max +} 4.7 0.3 447 0.4 36.0 29.4 557 135
Oz (max-) | 487.2 0.2 147 -425 430 26.3 554 137
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Puc. 3. Hymepauus HanGosee Harpy>KeHHBIX 3JIEMEHTOB B pacueTHOo MKD-monenn
LWJIMHAPUYECKOH 9aCTH ra300TBOISAIIETO CTBOJIA

BriBoabl

1. H3MeHeHHME TEXHOJOTHMUYECKUX TPEOOBAaHWH U HM3HOC IKEJIE300CTOHHBIX
IBIMOBBIX TpyO TpeOyHOT TMPUMEHEHHS HOBBIX METOJIOB ITOBBIMICHUS
MIPOU3BOAUTEHHOCTH U TIPOIICHHS CPOKA CITYKOBI.

2. Ucnonp30BaHuE BHYTPEHHETO METALTMYECKOTO CTBOJIA MO3BOJISET YCUIUTH
BHYTPEHHIOIO YacTh KeJIe300€TOHHBIX TPYO W YIy4IIUTh Ta30JAHHAMUYECKHE
XapaKTePUCTUKH Ta300TBOJISIIETO TPAKTA.

3. Ilpu pacueTe ¥ TPOCKTUPOBAHUH TaKUX COOPYKEHHH HEOOXOIUMO
YYUTHIBATh OCOOCHHOCTH TEXHOJIOTMYECKUX BO3JICHCTBUM, TPOIECCHI H3HOCA U
o0cCITyXFBaHHE B TIPOIlECcCe IKCILTyaTallHH.
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Roof over PGE Arena in Gdansk. Review of structure
and monitoring system

Zottowski K., Romaszkiewicz T., M.Sc. Eng.
Technical University of Gdansk, Poland

AHOTaUiA. Y cTaTTi BUKNaAeHi 3aranbHi KOHCTPYKTUBHI pilleHHS CTaneBoi KOHCTPYKLi,
CNpOeKToBaHOi Ansa HoBoro ¢yTtbosbHOro cragioHy ans €Bpo-2012 B [AaHCbKY.
OCHOBHa KOHCTPYKLisS 3BeAeHa Ha IiCHYl4YOMYy 3MiHeHOMy dyHAaMeHTi. QPacag i
MOKPUTTA CKnagatTbcd 3 82 cTaneBux TpybuyacTMx eneMeHTiB, WO CTaHOBUTb
rpaHAiosHy cnopyay 3 nonikapboHaTHUM MokpuTTaM. OnucaHi TPyAHOLWi, WO BUHUKIN
nig 4ac il cknagaHHS Ta MOHTaXy, a Takox po3pobfieHa i BNpoBaAXeHa creuiajibHa
rnpoueaypa 3 MOHITOPUHTY.

AHHOTaumA. B faHHOWM cTaTbe M310XeHbl 06LIne KOHCTPYKTMBHbIE PELUEHUS CTalbHOM
KOHCTPYKLMM, CNPOEKTUPOBAHHOM ANns HOBOro dyTb6osbHOro ctaanoHa aAns EBpo-2012 B
lpaHcke. OCHOBHasi KOHCTPYKUMS BO3BEeAEHA Ha CyLeCTBYHOLWEM WU3MEHEHHOM
dyHaameHTe. dacaa n NOKpbITUE COCTOAT M3 82 CTaNbHbIX TPybyaTbIX 3/IEMEHTOB, YTO
npeacrasnser coboi rpaHAMO3HOE COOpyXeHWe C MNOoANKapObOoHaTHbIM MNOKPbITUEM.
MN3n0XeHbl TPYAHOCTM, BO3HUKLLME NpU ero cbopke M MOHTaxe, a Takxe pa3paboTaHHas
1 BHeApeHHas crneuuanbHas npoueaypa no MOHUTOPUHTY.

Abstract. This paper presents general structural assumptions of the steel construction
designed for a new football stadium to be built for UEFA Championship 2012 in the city
of Gdansk. The superstructure is founded directly on the modified abutment. The
facade and the roof are collected from 82 steel girders made of tube profiles. All this
creates a grandiose building covered by polycarbonate cladding. There are described
major difficulties which arised during fabrication and erection and the special
monitoring system which was designed and implemented.

Key words: Stadium, UEFA EURO 2012, steel roof, monitoring.

Introduction. The stadium which was built for UEFA EURO 2012 in Gdansk
is the biggest sport arena in the city. Its architecture refers symbolically to a
piece of amber over seashore. As a result of a building process a complex
structure composed of steel and concrete was built. According to UEFA
standards, the stadium was planned to hold nearly 41000 people. The whole
infrastructure of the arena is placed on a specially prepared area of 43 650 m”.

The most spectacular part of the stadium is a steel roof and facade structure. Its
characteristic shape and transparent cladding in tones of yellow shows the
architect’s vision mentioned before — a lump of amber.
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The design team is listed below:

— Architect — RKW Rhode Kellermann, Wawrowsky GmbH from
Diisseldorf.

— Structures — Bollinger&Grohmann — steel structure conception works in
preliminary stages.

— Structures — APK Wojdak Consulting Engineers — concrete structures
final design.

— Structures — KBP Zéttowski Consulting Engineers — steel structures
conception works and final design.

— Structures — Eilers & Vogel — secondary concrete structures and small
architecture.

— Structures — prof. Tadeusz Godycki-Cwirko — consultation and
verification.

— Structures — Gdansk University of Technology — laboratory tests and

expert works.

Fig. 1. PGE Arena. Photo taken 22.8.2010 (www.bieg2012.pl) and after the opening
(www.euro.gdansk.pl)
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Steel roof construction. The main structure of the roof is composed of 82 steel,
sickle shape space truss girders connected by a circumferential structure [1, 2,
3]. Typical girder is made of tube profiles and stands on a 7 m high concrete
ring. The steel roof (Fig. 2) is statically and structurally independent of the
concrete part. The height of the structure is about 38 meters, measured from
bearing to the roofing surface. The length of the cantilever over the tribune is
about 48 meters, measured from bearing to the edge of the roof (centre ring).

38 [m]
42 [m]

Fig. 2. Roof structure. Static model (SOFiSTiK) and photo made 18.08.2010

Main girders. The main radial girders (Fig. 3) are placed around the stadium at
the distance of circa 8 meters. The framework of a single girder is made of
welded steel tube profiles. The top and bottom chords are tubes of 355,6 mm in
diameter and varying thickness. They are connected by horizontal tubes: top —
¢ 219.1 mm, bottom — ¢ 355.6 mm. Diagonal members of the truss are tubes of
219.1 mm in diameter and thickness of § mm.
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Fig. 3. Geometry of three main parts of a single girder

The girders are connected to each other by several horizontal rings made of
circumferential tubes. Additional X bracings made of tension rods in the system
X are implemented in every field between each girder. Thanks to the stiffening
system, the roof works as an quasi-dome with the hole in the centre. The total
weight of the roof is circa 71500 kN [2].

Stiffening. The stiffening system consists of horizontal rings and X bracings.
The horizontal rings are placed in every outer structural node of the girders
above the height of 6 meters, measured from the bearing. The rings are made of
tube profiles ¢ 219.1 mm except for the interior board, which consists of the
tubes of 508 mm in diameter and thickness of 8 mm. The X bracing works as
only tensioned. 52 mm diameter rods are equipped with fork connectors and
locking nuts. The rods and horizontal ring elements are connected with girders
by gusset plates (fig. 4).

In the middle of the girder, over tribunes there is a cross truss stiffening which
connects the top and the bottom chords to each other. It is situated near a
technical platform suspended to the construction.

Fig. 4. Connection of stiffening to girder — design and realization
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Roof cladding and peripherals. The cladding of the roof, designed as a
membrane made of polycarbonate, is supported by a special aluminium sub
construction. (Fig. 5) The roof is equipped with inspection platforms, rainwater
drainage system, snow fences, lighting installation, four media screens, sound
system and other equipment.

Fig. 5. Aluminium sub construction and laboratory test of aluminium roof profile

Statical analysis of the roof. For the purpose of the project laboratory tests
were made in an aerodynamic tunnel [4]. The main task was to define wind
action to the real shape of the construction. As a result, pressure distribution at
eight different wind directions was obtained. Other loads were defined
according to the Polish code. The whole numerical model was made in
SOFiSTiK FEM environment.

It consists of: 13120 — nodes, 24518 - beam elements, 2624 - cable elements,
5904 - membrane elements.

The membrane with a low stiffness is described on a grid of beam elements as
cladding. It does not cooperate with the main structure, it is only used to
transfer area loads to the beam structure.

In computation a superposition rule was used to define boundary forces in the
elements. The extreme configuration of loads reached after linear steps was
taken as a global load to geometrically nonlinear analysis. The main purpose of
such an approach was to assess the influence of switch off effect in tension rods
bracings to the main structure (Fig. 6).

Due to the uniqueness of the structure there were made several detailed
numerical models of key elements of the structure (Fig. 7).
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Fig. 7. CAD visualization, shell nad bricks FEM model:
a — typical node; b — connection of bracing

Roof assembly. The roof elements were prefabricated as flat members in a
workshop and assembled on site to space parts. The erection of the roof was
divided into 6 phases:

1.

SAINANE ol

Installation of temporary supports.

Installation of a facade girder part.

Installation of a roof girder part.

Installation of circumference tubes and bracings.
Exemption from temporary support.

Installation of sheathing and peripherals.
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The whole process of mounting the roof was analysed by numerical FEM
models (Fig. 8). The process was monitored by surveyors and four girders
which had active strain gages. These results were compared to those obtained
from numerical analysis (Fig. 9).

An extreme deflection was measured on the girder 79 with value of 440 mm.
The value obtained from numerical analysis was 417 mm. The biggest
difference of 12,4 % was on the girder 50. An average difference was calculated
as 4,92 %.

Fig. 8. Installation of facade and roof parts of girder — photos and phases in numerical
environment
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Fig. 9. Comparison of numerical and measured results

Selected problems of designing and erecting the roof. From the very
beginning there was a discussion with the architect regarding several aesthetic
aspects negative from the engineering point of view. The constructor convinced
the architect to make the tube members straight between the nodes of the truss
girders, but the whole geometry of the girder had to stay as in the architect’s
vision. This created big difficulties in detail design and fabrication of the steel
sections. Despite all available quality procedures there were mistakes, which

had to be solved:

1. shape distortion of the horizontal tube in the supporting node as a result

of welding (detail shown on Fig. 14),
2. geometric deviations in gusset plates,
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3. accuracy problems in the lengths of the tube members accrued while
fitting the facade and the roof part of the girder,

4. problems with quality of filled concrete in the horizontal tube
(supporting node).

The shape distortion of the horizontal tubes in the supporting nodes forced
change in tolerance of the cast bearing parts. The already manufactured elements
had to be ground. More significant were the geometric deviations in the position
of the gusset plates in the few first girders (Fig. 10). They caused imperfections
in the connection of the circumference tubes and bracings to the node, which
exceeded the allowed values. The contractor in consultation with the designer
and investor managed to repair the positioning of the plates basing on prof.
Edmund Tasak’s method [5]. The method involved: partial incision of the
plates, thermal straightening and welding. An important element of the process
was a nonlinear analysis of a detail with a plate deformed by straightening [6].
For this purpose several shell MES models, including various degree of
geometric imperfection, were made. One of them is shown in figure 11.

Fig. 10. Visualisation of an improper placing of plates

Fig. 11. Visualisation of the analysed node with a deformed plate
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Plastification

Fig. 12. Visualisation of the node with marked places where steel exceeds the yield
strength

The numerical analysis revealed strength reserves of steel in the deformed node,
which allowed to accept the procedure of repairing. After revealing the
imperfection in the few first girders, it was eliminated in the next ones.

The next problem appeared while fitting the connecting roof part of the girder to
the facade part. It was hard for the contractor to connect the two parts precisely
in the four points keeping the whole girder in the correct position. In the few
first girders, the gap between the two parts of one tube was too big (Fig. 13).
Tightening was very easy by regulation of the free end of the girder but in this
case it was absolutely forbidden, because of the additional internal stress in the
range of 200 MPa. In that case the contractor had to cut off about 700 mm of the
tube and insert a new fitted piece. After that the positioning procedures were
upgraded and the problem was solved.

Fig. 13. The connection process of the girder roof part with the facade part

An expected problem occurred with the support node filled with concrete
(Fig. 14). The support detail was designed as a hinge in the erection stages. The
final shape was created by a steel designer to fulfil aesthetic aspects. The main
element of the seating part designed as welded was finally manufactured as cast
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steel (decision of the contractor). The horizontal tube was filled with concrete to
increase its bearing capacity. The inspection of this concrete showed that its
parameters do not correspond to the design assumptions (B-28 instead of B-50).
The replacement of the concrete filling was difficult due to the already erected
structure and timetable. Therefore, there was decided to analyze the carrying
capacitate of the support node with actual quality of concrete. For this purpose,
a laboratory test was done on the model in scale 1:1 at Gdansk University of
Technology. The support piece was filled with concrete ~B28 (Fig. 16). The
laboratory test was designed on the base of numeric FEM model shown in
figure 15.

e =

Fig. 15. FEA model of the support and stress concentration
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Fig. 16. Laboratory tests of a real scale model

The maximum normal force in the vertical tube of the support node was
estimated as 2500 kN. During the tests a load of ~5000 kN was reached (the
limit of the hydraulic press) without a serious symptom of overloading. This
could happen thanks to the change of the seating part of the bearing form,
welded to the cast (contact area increased radically). On the base of the
laboratory test the existing concrete filling was accepted.

Safety of the roof structure. The roof and the facade of approximately 45000
m’® is open to environmental influences and as a big and unique structure it
naturally generates several questions about safety. Our European experience of
the last decades shows that the most serious (except for an earthquake) is snow
load. PGE Arena is a huge surface open to snow load (approximately 27000
m®). Huge surface and very sensitive cladding (polycarbonate) create big
problems in the case of snow removal from the roof, which is then distorted (in
Poland it often happens with flat roofs, even they are built according to the
actual snow code — 1.2 kN/m? for PGE Arena).

To avoid panic and to help to administrate the stadium in decision regarding
snow load a monitoring system of the structure was designed and implemented
[7]. The system consists of 256 strain gages (16 girders x 4 tubes x 4 gages),
16 displacement sensors, 16 accelerometers, 16 wind sensors and 4 cameras.
The gages and the displacement sensor are placed on the girder, as shown in
figure 17.
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Fig. 17. Monitoring system — localization of sensors

Monitoring is used to diagnose the structure in real time and react to its failures.
The installed sensors enable to assess stresses in the tubes and the interior ring
deflection. Expert system powered by genetic processor can estimates snow
load on the roof, on the base of finite monitored data. For the snow load
prediction the roof is divided into 16 fields. Each field has monitored girder in
the middle (Fig. 18). Single field consists of 11x5 subfields, where the snow is
being considered. The whole genetic process is divided into small iteration
steps, such an approach involves interaction between neighbouring girders. The
effectiveness of the system was verified on several numerical tests (Fig. 19, 20).
In the last step the numeric model of the structure is used to predict stress level
in every structural member under developed snow load.
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Fig. 18. Section example
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Fig. 20. Estimated snow by evolutionary algorithm for given reference load

Unfortunately, the last winter didn’t allow to do a full test of the expert system.
The biggest measured snow cover in northern Poland had maximum thickness
of approximately 25 cm. Analysis of the monitoring data showed that the
biggest deflection of a girder (67 mm) took place on 5+6 February (Fig. 21),
which is consistent with meteorological measurement of snowfall.
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Fig. 21. Measured deflection of girder nr 47 on 5+6 February 2012

The measured deflection was caused by temperature and snow load. After
compensation of thermal effects, the remaining displacement was
approximately 20 [mm]. the results of calculations made by the expert system
are shown on figure 22. It means that a snow cover lying on the roof had locally
a thickness of 10+15 [cm]. This evaluation is approximate because of accuracy
of implemented procedure.
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Fig. 22. Distribution of snow estimated by the system on 5+6 February 2012
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Conclusions

PGE Arena in Gdansk is successfully opened to service thanks to continuous
cooperation between the client, the contractor and the designer. Consideration
of the constructing stages, imperfections and other unintentional failures was
necessary for the estimation of real safety. Monitoring of the structure under
environmental loads lifts safety and helps administration in the maintaining
procedures.
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EdexTuBHICTH 32CTOCYBAHHS METOAY MOLIYKY FapMOHII AJ1s1
PO3B'AI3yBaHHA 3224 ONTUMI3alii MeTaJeBUX KOHCTPYKIii

MMenemxo I./., I'oroas M.B., IBaneiiko B.M.

Hamionanshmii yHiBepcureT «JIbBiBChbKa MOIITEXHIKA», YKpaiHa

AHOTaUiA. Y CTaTTi onMcaHo anroputM onTuMisauii 6yaiBenbHUX KOHCTPYKUiN MeToAoM
MowyKy rapMoHii. Po3rnsiHyTo o0cobnmBoCTi peanisauii UbOro ™meTtoay B nporpami
OptCAD. [ocniaxeHo edeKTUBHICTb afirOpUTMy Ha TUMNOBUX (DYHKLIAX ANS TECTyBaHHS
anropuTMiB ONTUMI3auii Ta Ha 3agadi oNTUMI3aLUii MeTaneBoi CTPUXHEBOT KOHCTPYKLUii.

AHHOTauuA. B craTbe onucaH anroputM OMNTUMMU3ALMWU CTPOUTENbHBLIX KOHCTPYKLMUMN
MeToAOM MoucKa rapMoHWW. PaccMOTpeHbl 0CO6EHHOCTM peanu3aumm 3TOro Mertoda B
nporpamHe OptCAD. UccnepoBaHa 3dhPEeKTUBHOCTb anropnuTMa Ha TUMUYHBIX PYHKLMAX
ANs TeCTMpOBaHWA  anropyTtMOB  OMTMMM3auuMM W Ha 3ajadve  onTUMMU3auum
MEeTaIJINYECKON CTEPXKHEBOW KOHCTPYKLMN.

Abstract. The paper describes harmony search algorithm for structural optimization
for and displaying features of this method in the program OptCAD. The efficiency of the
harmony search algorithm is numerically investigated using benchmarks functions and
Steel Structures optimization problem.

KniouoBi cnoBa: MeTtoaAM oOnNTuMisauii, MeToa MOWyKy FapMOHii, onTuManbHe
NPOEKTYBaHHS, MeTaneBi KOHCTPYKLU,Il.

IMocTanoBka mpodaemMu. MeTaneBi KOHCTPYKIIIT ITUPOKO 3aCTOCOBYIOTBCS JIJISI
OyAiBHUITBA Pi3HUX THMIB OyAWHKIB Ta crmopyd. OnNTHManbHE MPOEKTYBaHHS
JI03BOJISIE MOKPAIIUTH IXHI TEXHIKO-€KOHOMIYHI MOKa3HUKHU. JJsi po3mupenHHs
chepu 3acTOCYBaHHS METOMIB ONTHUMI3alii y TIPAKTHIlI TPOCKTYBAHHSI
METajeBUX KOHCTPYKIIH HEOOXiHO po3po0JsiTH W 3acCTOCOBYBAaTH HOBI
eeKTHBHI METOIM pO3B’A3yBaHHA 3a7ad ONTUMI3alii 3 HENEepepBHUMH Ta
JUCKPETHUMH 3MiHHUMH.

AHani3 ocTaHHIX HocaigKeHb. 3a7ada ONTHMI3allii METANEBUX CTPIIKHEBHX
KOHCTPYKIil Mae MeBHI OCOOJIHMBOCTi, A0 SKHX MOXKHa BigHECTH MOTpely
BpPaxOBYBAaTU AUCKPETHICTh COPTAMEHTIB METAJIONPOKATy Ta BIUIMB TOMOJOTi{
Ha TIOKa3HUKH e(EKTHBHOCTI ONTUMAILHUX KOHCTpYKUil [7, 8]. EdekruBHIM
METOOM Ui PpO3B’SI3aHHS 3a/Jad ONTHUMi3alii MeTaJeBHX CTPHIKHEBUX
KOHCTPYKLIH 13 IUCKPETHUMH 3MIHHUMH IIPOCKTYBAaHHSI € TI'CHETUYHUI
anmroput™m [4], po3pobnenmit 'y 1954 pomi. lleit anropuT™M yCIIIIHO
BUKOPUCTOBYeThbcst B mporpami OptCAD s onrtumizamii  MeTaneBHX
CTPHIKHEBUX KOHCTPYKIIH [4].
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I3 yacy MosiBM T€HETUYHOTO ANTOPUTMY PO3POOJICHO HOBI METOAM ONMTHMI3aIlil,
cepen HUX MeToA momryky rapmoHii (Harmony Search), po3poonenunii 3oHT By
HximoMm (Zong Woo Geem) y 2001 poi [2]. Leit anroputm Moxe epeKTHBHO
PO3B’A3yBaTH 3a7adi ONTHMI3allil 3 IMCKpeTHUMH 3MiHHMMH. Moro nepesaramu
B MOPIBHSIHI 3 TCHETHYHUM aJITOPUTMOM € T€, 1110 HOBHI PO3B’SI30K POPMYEThCS
31 3HAYCHb 3MIHHHX, SKi TPEICTABIAIOTH yCi ICHYIOYi PO3B’SI3KM B TIaM’SITi
MeToxy. TakoX Leil MeTox po3risgae KOXHY 3MIHHY HE3aJIe)KHO OJHA Bif
OJTHOI Ta HE BHUKOPUCTOBYE OIHAPHUX MPEICTABICHbL IS 3HAUCHb 3MIHHUX
npoekTyBaHHsA [2]. [Ipukiaaanm BHKOPHUCTAHHS METOMYy IIOIIYKY TapMOHIl It
PO3B’sI3aHHS 3a7]ay ONTUMI3allii OKpEMHX METaJIeBHX KOHCTPYKIIIH OMUCAHO B
[1], mpoTe maHi mpo peanizalil0o OBOTO AITOPUTMY B CHeENialdi30BaHUX
TporpaMax sl ONTUMI3AIli] METAIEBUX CTPHKHEBUX KOHCTPYKIIiH BiACYTHI.

MeTol0 JaHOI CTaTTi € ONUCaTH AJITOPUTM METOAY IMOIIYKYy TapMOHIi, 10
peamizoBanuii y mporpami OptCAD, omiHUTH €QEeKTHBHICTH 3aCTOCYBaHHS
IBOTO METOMY IS TOIIYKYy MIHIMYyMy TECTOBHX (YHKIIIH Ta ITiITBEPIUTH
MOXIIMBICTh 3aCTOCYBAaHHS [UII NPOEKTYBAaHHS METANEBUX CTPIDKHEBUX
KOHCTPYKUIH Ha MPHUKJIaAl 3a1a4i onTuMizamii pepMu HOKpHUTTS (i3KyIbTypHO-
03JI0POBUYOTO KOMILIEKCY B M. JIbBOBI.

Buxiaan ocuoBHoro matepianay. [loctanoBka 3amadi omrmmizarlii. 3agady
ONTHMI3allii MOXKHA 3aITUCATH Y BUTJISIIL:

f(X) = min, (1)
MIPU HACTYITHUX OOMEKEHHSIX:

v, (X)=0 (i=Lw),1a ¢,(X)<0 j=w+lp, (2)
ne S X) - (dbyHKIIS MeTH; X ={X1,X2,...,X,,}T— BEKTOp 3MIHHHUX MPOEKTYBaH-

HS; Wi()? ) — dyHkmii oOMexeHb-pIBHOCTEH; ¢j()#( ) — ¢yHkmii oOMexeHb-

HEpIBHOCTEH; n — 3arajgbHa KUIBKICTh 3MIHHUX TPOCKTYBAHHS; W — KUTBKICTh
00MEKEeHb-PIBHOCTEH; p — 3arajibHa KUTbKICTh 0OMEKEHb.

BexTop po3B’s3Ky 3amadi oNTHMI3alii MeTaneBuX KOHCTPYKIIH MOXe MiCTUTH
TUCKpeTHI Ta HerepepBHi 3MinHI npoektyBanHs (311). Henmepepsra 311 moxe
npuiiMaTH Oyb-sIKE 3HAUCHHS B 33JJaHUX MEKaX 3TiTHO 3 (OPMYIIO0

i max . 1 4
X™M<X, <X, i=Lt, 3)
ne X; — smauenns i-i 3IT; X;™", X;™ — HmKHA Ta BEpPXHsS MeKa 3HAUCHHS
nenepepsHoi 3I1; # — kinbkicTh HenepepBHUX 311

JuckperHa 3MiHHA MOXKE [IPUIMAaTH Oyab-sKe 3HAYSHHs 31 CKIHYeHHO1, Hamepe]
3aJ]aHOT MHOKHUHU ii IOTyCTUMUX 3HAYEHb:
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1 2 k .
X, e{d A7, A A i=ln—t, k=1m, (4)
ne X; — 3”auenns i-i 3II; A" — snauenns muckpernoi 31, sike BigmoBimae
IHACKCY k Y MHOXUHI 3HaYCHb; M, — 3araJibHa KiJIbKICTh JIOMYCTUMHUX 3HAYCHb
s -1 311

AJITOPUTM MeTOAY NOIIYKY TapMmoHii. MeTom TOIIyKy TapMOHIl iMiTye
IMIPOBI3aIii0 JHKa30BUX MY3HMKAHTIB, SIKI HaMararoThCs MigiOpath MOTpPiOHI
HOTH JUTA MTOKpAIIEHHsI 3BYYaHHS! My3UKH, TOOTO HIYKAIOTh Kpally rapMoOHi0. Y
[IOMY METOMlI MY3WKaHTH BiIrparOTh POJh 3MIHHUX IPOEKTYBAHHS B 3aadi
ornrumizamii. KoeH My3HKaHT Tpa€ OJHY HOTY, IO BIiJIOBiJae TEBHOMY
3HAYEHHIO 3MiHHOI MpoekTyBaHHsA. CyKyIHICTh HOT, SIKi 3irpajid BCi My3HKaHTH,
Ha3UBaIOTh T'ApMOHi€I0 a00 BEKTOPOM pO3B’s3KY (puc. 1,a).

ITouarok

Kpoxk 1

Ininianisauis napamerpin

o N o N com N Kpoxk 2

Come N s 4 | DopMyBaHHS MOYATKOBOIO MACHBY |

N L :
. . Kpox 3 ]

ITpobHue crBopenHs rapMoHii |

Kpok 4 "/

| OHOBIICHHSI MacHBY rapMOHiit |

3yNnuHKa Nporpamu

Puc. 1. MeTox monryky rapMoHii:
a — aHaJIOTis 3 IMITPOBI3aIli€I0 My3UKaHTIB; O — 3arajgpHa OJIOK-cXxeMa

apmonii 30epiraroTe y mam’siTi — MacuBi rapmoHiit (Harmony memory), sikuit
Mae CKiHYeHHUH po3Mmip. My3ukaHTH, pa3 3a pa3oM, MPOOYIOTh HEPEBEPILINTH
icHy!o4l rapmoHii, il bOro BoHM (HOPMYIOTH HOBi rapmodii. fkmo HoBa
TapMOHIsl € Kpalla 3a HaWripmly icHylody, To ii 3amuCylOTh y Ham'sTh, a
HAWTIpIIy — BUAASIOTh. TakuM YHHOM, y MaM’ATi 3aJIMIIAI0THCS JIUIIE Kpari
rapMoHii.

3araioM alropuTM METOIy TOIIYKYy TapMOHIii MOYKHA TOTUIMTH Ha 5 KpOKiB
(puc. 1,0) [2].

Kpox 1. Iniyianizayis nouamxosux napamempie. Ha 1npomMy Kpori moTpiOHO
BBECTH IIapaMeTpH, 10 HEOOXiHi 1l OYaTKy poOOTH ajIropuTMYy.
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[Tapamerpw, siKi BilITOBiAAatOTH 32 CTBOPEHHS HOBOI TapMOHIT:

— ImoBipHiCTF BHOOpPY 3Ha4eHHS 3MIHHUX TIPOEKTYBaHHS 3 MAaCHBY
rapmonit (HMCR — Harmony Memory Consideration Rate). 3nadenns
pOrO Tapamerpa Moke Oytu B Mexax Big O go 1, 3a3Buuail ioro
npuiiMaroTh y Mexax Bif 0,7 1o 0,99.

— IMOBIpHICTh KOpWTYBaHHS 3HaueHHS 3MiHHOI mpoektyBanHsi (PAR —
Pitch Adjusting Rate). 3nauenHs 1boro mapamerpa Moxe OyTH B MexKax
Bix 0 10 1, 3a3Buuaii iioro npuiimaroTh y Mexkax Bix 0,1 10 0,5.

[Mapamertp, sikuii BU3Ha4Ya€e 00’ €M MaM'sITi AITOPUTMY:

— Po3mip macuBy rapmoniii (HMS — Harmony Memory Size). Lle wmine
YHUCIIo, SIke MOXke OyTH B Mexax Bif 1 go 100.

— Kpwurepii 3ynuHKN aaroputmy:

— MakcumaneHa kinekicts immposizaniii (NOI — Number Of Improvisa-
tion). Lleit mapaMeTp € OTHUM i3 KPUTEPIiB 3yMTUHKN AITOPUTMY .

— MakcumanbpHa KUTBKICTh HeycmimHaux itepamiid (NNSI). YcmimHoro
BBa)XKAIOTh TaKy iTEpallito, IPH SKil HOBa rapMOHIsl Ma€ Kpallle 3HaYeHHSI
(hyHKIIIT IPUCTOCOBAHOCTI ((X), HiX HAaWTipIIa B MACUBI TAPMOHIH.

3HadeHHS (YHKII TPUCTOCOBAHOCTI 3aJeXUTh BiX QYHKImII MeTH Ta
XapaKkTePUCTUK MOPYIICHUX OOMEkeHb. loro Mo)kHa BU3HAUYaTH, HANPUKIA],
SIK 100YyTOK 3HaueHHs QyHKUii MeTn Ta koedimieHTa C 3rigHO 3 GOPMYIIO0

QJ(X):f(X)‘C, Czk'cla c1>1> (5)
Jie k — KUIBKICTh MOPYIIEHUX 00MEXKEHb; ¢; — Hallepe.l 3aaHnii KOCQIIliEHT.

Takoxx Ha mbOMY Kpor, 3rizHo 3 ¢dopmynamu (3) ta (4), Tpeba 3amatu
MHOXUHH JOMYCTUMHUX 3HAYCHb Xt (Selection List) mis muckpeTHUX 3MiHHUX
MPOCKTYBaHHS Ta TPaHMIII JOMYCTHMHUX 3HAUCHb JUIsT HETICPEPBHUX.

Kpok 2. @opmysanns nouamxkosoeo macugy eapmonii. Macus rapmosniii (Har-
mony Memory, HM) nipencTaBiisie maM'sTb METOy Ta CKJIAJAE€ThCS 3 BEKTOPIB
PO3B’ 3Ky 33a4i ONTUMI3allii, a Horo po3mip 3a1aroTh mapamerpom HMS.

|:X11, Xé, ey Xrll] _>(p(j("l)best
HMZ[XE, X . X e(XY)
[ HMS HMS HMS Y HMS \worst > (6)
Xl ’Xz :'-;Xn ]_>(p(X )
T T
XSL XSL XSL
1 2 n
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ne @(X) — 3HauenHs GyHKUil npucTocoBaHocTi [4]; ¢(X)™,@(X)"" — Haiikpa-
1Ie Ta HaWTipIIe 3HaueHHs (PYHKIIIi IPUCTOCOBAHOCTI BiJIIOBIIHO.

3HavueHHS 3MIHHUX JJs KOXKHOI TapMOHII Ha IIbOMY KpOIll TEHEpYIOTbh
BHITAIKOBUM YWHOM (puc. 2). I'apMOHii B MacuBi COpPTYIOTh 3a 3HAYCHHSIM

dynkuii nmpucrocoBanocti  @(x) ' <@(x)'<@(x)"'. OnHakoBi 3a 3HAUECHHAM
(yHKIIi IPUCTOCOBAHOCTI B MacHBi TApMOHIH HE JOMYCKalOThCS.

Kpoxk 1

Hi

i<HMS

Tak

BunankoBo Bubupaemo 311 3 MHOKHUHHM JOMYCTUMHUX 3HAYEHD Ta
(popmyeMo rapMoHito:
X=[X), X/, X, ]

Tak

X e HM

Hi

Bu3HayaeMo NMpUCTOCOBAHICTh FrapMOHIT
X=[X) X X T —eB)!

Jloaemo rapMoHito B MacuB rapMoHiit HM i=i+1
o(x) " <p(x)'< px) " !

é Kpok 3

Puc. 2. briok-cxema anropurmy (GopMyBaHHS MaCHBY FapMOHIN

Kpo/rcT.?. IIpo6re cmeopenns eapmonii. Jlnst HoBoi rapmonii X =[X," X, ...,
X,"]" moCImimoBHO TEHEPYIOTh 3HAYEHHS BCIX 3MIHHHMX IIPOEKTYBAaHHS Y
MOCJTIIOBHOCTI, TIOKa3aHiii Ha puc. 3.

Crepilly TeHEPYIOTh BUIAJIKOBE 3HAUCHHS 77, K€ PIBHOMIPHO PO3IMOJiJICHE B
inrepBaini Big 0 g0 1. Slkmo rn > HMCR , To 3HaueHHs1 3MiHHOI BHOMPAIOTh
BUMAAKOBO. B iHmomy pasi, skimo rn < HMCR, to 3HaueHHs i-1 3MiHHOT
BUOMPAIOTh 3 MacuBy TapMoniii HM. JIns KOXHOTO 3HAYEHHsI 3MiHHOi, IO
BHOpaHe TAKMM YHWHOM, FCHEPYIOTh HOBE BHIMAJKOBE 3HAUCHHS rnl, SKe TaKOX
piBHOMIpHO po3nojineHe B inTepBaii Big 0 1o 1. Skmio rnl1 <PAR, TO 3Ha4YCHHS,
oOpaHe 3 MacWBY TapMOHiH, IO Ma€ IHACKC k, 3MIHIOIOTH Ha CYCIJTHE i3
MHOXHHHU JIOMyCTUMHUX 3Ha4YeHb. CycCiJiHE 3HAYCHHS BH3HAYAIOTH 3TiHO 3
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dhopmyoro (7) A AUCKpETHUX 3MiHHUX Ta GopmyIoro (8) Ui HelepepBHUX.
3HaK «+t» abo «-» y dopmynax (7) Ta (8) BuOHpaAIOTh BHUITATKOBHM YHHOM 3
iMoBipHicTiO 0,5.

th — A'kiNI; (7)

X"=X"xrn-s, ®)

ne A;* — k- 3HaYeHHS B MHOXHMHI ONYCTHMUX 3HAYCHD i-1 TUCKPETHOT 3MiHHOI
MIPOEKTyBaHHs; NI — MPUPICT iHIEKCY, KWK 3a3BWUail JOpiBHIOE 1; s; — 3Ha-
YeHHS! IHTEpBaJly MK 3HAUCHHSMH JJIsl HENepepBHOI 3MIHHOI MPOEKTYBaHHS,
SIKi BU3HAYAIOTH 32 (hopMyJIoto (9).

Hi i=it+1 i=i+1 Hi

Kpok 3 /(\ Kpok 3

i<n

Tax l

ax j:int(rAn*l()); Jj=int(Ran*10); | Tax Tax
W [0<j<m] [0<j<m] w

Hi X=X ) X/ = XSL(j ) o
k= int(rn*10); [0<kSHMS] k= int(rm*10); [0<k<HMS]
Xi"h = H/\//( i, k) )(ln}l: HM([, /()

| X = mM-cs2em) | | X0 = HMg+5,4mm) |
l

I — — —
,ﬁ A
X =Xtk) Kpox 4 ()

H Kpox 4
a) 0)

Puc. 3. briok-cxema anroputMy reHeparii 3MiHHUX IPOSKTYBaHHS:
a — TUCKPETHHUX; O — HEMepepBHUX

Kpok 4. Onosnenna macugy eapmoniil. SIkmo 3HadeHHS (QYHKINT MPUCTOCOBa-
Hocti (x)"™ st mpo6Hoi rapmomii X " , 0 CTBOpPEHa Ha Kpolli 3, MeHIIe 3a
3HauYeHHs (DyHKIIII MPUCTOCOBAHOCTI JJIsi HAWripmiol B MacuBi rapMmoHiii HM,
10670 Q(x)"" < Q(x)"”*, TO HAliripIIy rapPMOHiI0 BHIAISIOTH, 2 HOBY 3aIUCYIOTh
y macuB HM. Ilo3uriss mpoOHOI rapMoOHii B MacHWBI TapMOHIH 3aJEKHTHh BifT
3Ha4YeHHs ii QyHKUil mpuctocoBaHocTi. SIKIIO 3Ha4YeHHs (QYHKIII TpUCTOCO-
BaHOCTI Ju1s1 TpoOHOT rapMoHii Oinblie Hixk 3HaYeHHS (PYHKIIT TPUCTOCOBAHOCTI
TapMOHIf y MacWBi, TO MAacHWB TapMOHIH 3alWIIalOTh Oe3 3MiH, a TpPoOHY
TapMOHIIO BHIAJISIOTh.
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Kpox 5. Ilepesipka kpumepito 3ynunxu areopummy. Kpoku 3 ta 4 moBTOpIO-
IOTBHCSI 10 BAKOHAHHS OJTHOTO 13 KPUTEPiiB 3yNIUHKH aIrOPUTIMY.

OcobnuBicTh peanizamii MeToy nomyky rapmosii B nmporpami OptCAD. Ipu
peamizanii MeToay nomryKy rapmonii B nporpami OptCAD ans HenepepBHUX i
JUCKPETHUX 3MIHHUX MPOEKTYBaHHA MOTPIOHO 3amucaTv CKiHYEHHI MHOKWHHU
JOMYCTUMHX JUCKPETHNX 3HAYCHB.

s nenepepsnoi 311 110 MHOXKUHY (HOpMy€eMO B TakoMmy mopsiaky. Crodatky
pO3AUTUMO TIPOMDKOK ii 3HAaYeHb Ha CKIHYEHHY KIiJBKICTh IHTEpBaIiB m;.
IaTepBar MK CycimHIMH 3HAYCHHSIMH i-i HEMEepepBHOI 3MIHHOI B Takii
MHOHHI JIOPIBHIOE:
max min
s, = u 9)

m;

1
3rinno 3 ¢opmynoro (8) mpu ¢opMyBaHHI HOBOI TapMOHIi 3HAUYCHHS
. . . h .
HelepepBHOI 3MIiHHOI MpoeKTyBaHHs X" Moxe He 30iratucs 3 s;. ToMy npu
0SBl TAKUX 3HAYEHb X 3AMHCYIOTh Y KiHEIb MHOKUHU X I.SL. OTxe, MHOKUHH

JOMYCTUMHX 3HAYCHB JJIs1 HETIEPEPBHUX 3MIHHUX MOXYTh 3MIHIOBATHUCSI IiJ] Yac
BUKOHaHHs anroputMy. Ha nepiuiii iTepauii Taka MHOXXHHA Ma€ BUIIIAL;

X5 ={X, eR:X, =X +k-s,}, k=Lm, (10)

ne X; — 3HadYeHHsA 3MIHHOI NPOCKTYBaHHS; k — IHOEKC 3HAYCHHS 3MIiHHOI
NPOCKTYBaHHSI.

. . .y . SL . .
Jlist BCIX HacTynmHUX iTepauii (mpu j#1) MHOKHMHY X 3MIHIOEMO 3TiIHO 3

hopmymamu:

SL SL .
X =x“UB; (11)

i,j+1
O, AKIIO X,"heX[SL

B, - , (12)
(X", axmo X" e X

L . ..
e X**;; — MHOXHMHA JIOMyCTHMEX 3HaueHp Juist HenepeprHoi 31T Ha Kporti ;.

s ouckpemnoi 311, 3rigHo 3 popmynoro (4), MHOXHHA X I.SL Ma€ BUTIISIII

X ={4l 4245 A k=1m, (13)

e A,-k — 3HavyeHHs nuckpernoli 3I1, mo BignoBinae iHACGKCY k& y MHOXHHI
JIOITYCTUMHUX 3HaU€Hb; M — 3arajbHa KUIbKiCTh 3Ha4eHb s i-1 311
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TectyBanHss wmeToay mnomyky rapmonii. [ns TtectyBaHHs peamizaiii B
nporpami  OptCAD MeTomy TIONIyKy TapMOHii TPOBEACHO  YHCIIOBI
CKCTIIEPUMEHTH 3 BH3HAYCHHS MIHIMyMy OYHKIIH, SIKi € TUIOBUMH JUIS
nepeBipku MeToAiB ontumizanii [3]. IlepeBipeHO MOMIIMBICTH 3aCTOCYBaHHS
METO/Ty IIOIIYKYy TapMOHII ISl ONTHMIi3allii CTPIKHEBOI METaIeBOT KOHCTPYKIIIi.

Minimizamis TectoBux ¢ynkmii. [Ipn TecTyBaHHI aaTOPUTMY BHUKOPHCTAHO
YHIMOJANBHI Ta MYJBTUMOJANBHI (YHKLIi 3 Pi3HOI0 KUIBKICTIO 3MiHHUX [3].
Hns koxkHoi ¢yHKuUii moTpiOHO Oysio po3B’si3aTh 3agady HOIIYKY MIHIMyMY
(dhyHKIi1, BpaxoByroun oOMEXEHHS 3HAa4eHb 3MIHHHX NpoekTtyBaHH:. [lepemik
(dyHKIIIH, TXHI 0OMEKEHHS Ta TOUKH ITI00aIbHOIO MiHIMyMy HaBEICHO B Ta0miI 1.

Tab6mums 1
@yHKLil 1719 TeCTYBaHHSA MeTO1Yy MOIIYKY FapMoHii
No Hasga IHTepBan DVHKLS I'n06. mini- Touxa
" | dynkmii [3] P yHiH MyM MiHIMyMY
I | DeJong 1 | X, e[-5.12;5.12] Fx) =% 0 IETO’;
i=1 -
. _ 2 X;=0,
2| APHE |X, e[-5.125.12] FX)=>(-x]) 0 i
i=1 B
X, e[-65.536; L4 o X;=0
RHE : X)= x; hi
3 65.536] S ;; ! 0 i=1.n
X €[-2.048; | X;=0,
X)=) [100 -2 +(1-x,)* P
4 | Rosenbrock | 0 1) zlj[ G —x)+0-x)] 0 o
5 | Rastrigin | X, €[-5.12;5.12] | f(X)= 10n+znl[xi2 —lOcos(ani):I 0 l_i1=0},1
i=1 —1..
. 1 n n X, _:0
X, e [-600; X)=——Yxi- Ly+1 i
6 | Griewangk | X; €[-600; 600] | /(X) 2000 % x; HCOS(\EH 0 i—1n
FO=[14(x, +x, +1)7
<(19—14x, +3x} —14x, +
Goldstein- X,=0
X, e[-2;2 2y1- _ 2, 1
7 Price c€[-2:2] +6x,x, +3x,)]-[30 + (2x, —3x,) 3 Xo=1
-(18-32x, +12x] +48x, —36x,x, +
+27x2)]
4
X,
g | Six-hump x €[-3;3] fX)=(4-2.1x +§‘)x12 + o3y | X:1=00898
camel back x, €[-2;2] s ’ X,=0,7126
+ X, X, + (=4 +4x5)x;
1+ cos(12+/x* + xJ -
9 | Drop wave | X; €[-5.12,5.12] | f(X) = - COS(2 xz ) -1 %1 0,
0.5(x; +x;)+2 1=1.n

[TpumiTKa. n — KiTbKiCTh 3MiHHUX MPOEKTYBAHHSI; X; — 3HAYCHHs /-1 3MiHHOT IPOEKTYBaHHsL.
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3agaui 3 GaraToBUMipHMM (QyHKLisIMH po3B’si3yBaimu npu n = 2 tan = 10. Y
BCIX 3aauax OyJI0 MPUHHITO OJUHAKOBI MTapaMeTPH METOMY IOITYKY TapMOHII:
HMS =30; HMCR = 0,95; PAR = 0,7; NI = 50000; NNSI = 2000.

Pesynbpratu momyky MiHiMyMy TecTOBUX (YHKLIH 3BefeHi B TabnuLi 2, y sKid
JUTSE KOOKHOT (DYHKITIT BKa3aHO 3HANICHI TOYKH MIHIMYMY Ta CEPEIHIO KiIbKICTh
iTeparlii, mo 3HagOOHIHCS IS TOIMTYKY HAMKPAIIoro 3HAUYCHHS.

Tabuuws 2
Pe3yjbTaTh VISl TECTYBAHHSI METOAY NMOIIYKY IrapMOHii
KinbKkicTs 3MIHHHX POEKTYBAHHS
Ne n=2 n=10
dyskii | 3HalineHa Touka Cepenns 3HaiiieHa ToYKa Cepennas
MiHIMyMY KIUTBKICTB iTepamii MiHIMYMY KIUTBKICTB iTepamii
1 X:=0,X=0 1940 X;=0,i=l.n 9240
2 X:=0,X=0 2100 X;=0,i=l.n 12260
3 Xi=0,X=0 6400 X;=0,i=l.n 9080
4 X1=0,X,=0 24800 X;=0,i=l.n 49676
5 X:=0,X=0 1680 X;=0,i=l.n 7240
6 X:=0,X=0 3420 X;=0,i=l.n 16140
7 X:=0,X=0 1900 — —
8 X;=-0,0898 -
X,=0,7126 1280 -
9 X:=0,X=0 2280 — —

OCKiIBKM METO[| MOLIYKY FapMOHii € CTOXaCTUYHUM, TO JUIS OLIHKH CEPeAHbOT
KUTBKOCTI iTepariid, mo OyJau MOTpiOHI I 3HaXOIKCHHSI PO3B’SI3KY, KOXKHY
3ajady onTuMizalii 0yio po3s’s3aHo 50 pasiB. Yci pe3ynbTaTH eKCIIePUMEHTIB
Oynu ycmimHUMH, TOOTO 3HaiAeHi 3HaueHHA (YHKUIIT METH JOPiBHIOBAJIH
TEOPETHYHOMY 3HAUEHHIO MiHIMyMy (yHKIiT a0 OynmM ONMM3BKUMHU IO HBOTO
(3 moxubKoto He Oinbine Hixk 0.0001).

Po3p’si3anHA 3agaui onTHMi3anii CTPHIKHEBOI MeTaleBol KOHCTpyKii. /[ns
TECTYBaHHS METOJy MOIIYKY TrapMOHii pO3B’si3aJI 3a7ady MOUIYKY MiHIMyMy
Macu (epMu TOKPUTTS (i3KyIbTYpHO-03710poBYOr0 Komruiekcy (POK) y
M. JIbBOBI (puc. 4). Pe3ynbraTi MOPIBHSUIM 3 Pe3yJIbTaTaMd ONMTUMI3AMIl i€l
(depMu rpagieHTHUM METO/OM, a TaKOX i3 MOKa3HUKaMU (EepMH B iCHYIOUOMY
TIPOEKTI.

B icnytouomy npoexmi pepMa € HECUMETPUYHOIO BIJIHOCHO CEPEJMHU MTPOTOHY:
Li=12,4™m, L,=11,2 m. Kinni ¢epMu mapHipHO 3aKpimjieHO Ha omopax, a i3
wionMHu hepMy po3kpimieHo B’s3sMH. Bucora gepmu Ha omopax CTaHOBHTH
0,55 m ta 0,75 M, a mocepenuHi porony — 2,33 M. Po3aMipu nmaHenei HaBeIeHi B
tabmuui 3. Ha By31u BepXHbOro noscy ¢epmu Iit0Th 30cepeikeHi cuii P; Bij
BJIACHOT MacH (hepMH, TOKPUTTS, OOJaHAHHS Ta CHITY.
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Hns 3py4HOCTI TpaHCIIOPTYBAaHHA Ta MOHTaxy ¢epMH CKIajaloTbhes 13
JOTHPHOX BiAmpaBHUX eneMeHTIiB @-1..D-4. Y KOXHOMY BiAIpaBHOMY
eneMeHT] (hepMH BUKOPHCTAHO TPU THIIH JKOPCTKOCTI 3 TAPHUX PIBHOMOIMYHUX
KYTHKIB, OKPEMO JJIsl PO3KOCIB Ta CTOSIKIB (Ro,), BepXHbOTO (Vp,) Ta HUKHBOTO
(Np,) mosciB. Marepian kytukiB — cTtaas C235  (R,,= 235 Mlla,
E,=206010 MITa, y= 78,5 kH/m). Ilnomy momepedHnx mepepisiB CTPHKHIB
OyJI0 MPUUHATO HAWMEHIIOIO, TOITYCTUMOIO 3T1THO 3 PO3PaXyHKOM.

-1 -2 -3 $-4
r Y Y B 1-1

Ps Ps P11 P12
re Pr l = P3P s 9
o P PP N AT me pur
! NN vy dv; g
It 7 NS { IBNEN Y y eIV
T NN ! i ! l ! Y [ [ | )7l

1, a2 , a3 p4, a5, ab , a7 v a8 L a9 , al0 , a1 , a2 , al3 ,a14 , al5 , al6 al#
7+ T A A A * 4 T # 7+ 7 T 4

550

=750

4
L1=12400 L2=11200
L=23600

Hon1

Hon2:

Puc. 4. Cxema dpepmu @OK y M. JIbBOBI:
1 — movaTkoBHiA BapiaHT pepmu; 2 — dpepMa IicsI ONTUMI3aIli] METOIOM HOUTYKY
rapMoHii

Memoo nowyxy eapmonii. 111006 IepeBipUTH MOKIIMBICTH 3aCTOCYBAaHHS METOY
MOLIYKY TapMOHii JAJs ONTHUMI3alii CTPUIKHEBUX METaleBUX KOHCTPYKLiH
poO3B’s13aHO 3ajady omTuMizamii ¢epmu (HazBemo ii 3amayero 1). YV miid 3amaui
HeOOXiHO 3HaWTH HaliMeHITy Macy (epMH, BpaxoBYIOUHM OOMEXEHHS Ha
MIIHICTh, CTIWKICTh Ta THYYKICTH 3TiAHO 3 [5]. 3MIHHUMHU JUISI ONITHUMI3Aril
NPUAHATO PO3MipH MaHeneu (ds..aq, d1;..d17), BUCOTY depmu (f) Ta mepepizu
KyTUKiB. BepXHIO Ta HIKHIO MEXY 3HAueHb 3MIHHUX a; Ta f NPUHHATO 3
ypaxyBaHHSAM KOHCTPYKTHBHUX BUMOT 3TiHO 3 (hOpMyJiaMu:

0,5M<a <3,0wm; (14)
1LOM<f<3,0m. (15)

Po3mipyn KyTHKIB JUIS KOKHOTO THIY JKOPCTKOCTI OynH TpejcTaBliieHi
JUCKPETHUMH 3MiHHMMH MPOEKTYBaHHA. MHOXHMHA JOMYCTHMUX 3HAYCHb IS
Takol 3MIHHOI CKJIajanacs 3 HOMEPIB PSIKIB y TaOIUIli COPTaAMEHTY KyTHKIB.
Homepu psaakis BiamoBimanu kytukam Big L 50x3 go L 100x10. Bysmosi
HaBaHTAXXEHHS BU3HAYAIN 32 (hopMyJIaMH:

B =0,5qa,, K3 =0,5qa,,, P, =0,59(a; , +a,), j=2,17, (16)

IIe ¢ — PIBHOMIPHO pO3IOAiICHe HaBaHTAXCHHSI HA MOKPHUTTI (¢ = 5,5 xkH/m);
a;— po3Mip naHeni.
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3agauy | po3B’s3aiM METOJOM MOLIYKY rapMoHii 3 napamerpamu: HMS = 80;
HMCR = 0,95; PAR = 0,3; NI = 300000; NNSI = 20000. Pe3ynbratu po3s’s3Ky
3agadi 1 auB. B Tabumni 3. Y MOpIBHAHHI 3 ICHYIOYHUM MPOEKTOM Maca GepMu
3MmeHmmiacs Ha 7,75 %.

Pesynprar po3B’sa3ky 3amadi 1 meromoM momryky rapmonii (HS) nopiBasim 3
pe3yabTaTOM ONTUMI3aIii (hepMHu, OTPUMAHUM i3 BUKOPHUCTAHHSIM T'PaTi€HTHOTO
meroay (GM), skuii Takox peanizoBano y nporpami OptCAD [4].

I'padienmnuii memoo 3aCTOCOBYIOTH JUIsl pPO3B’SI3yBaHHS 3a/lady ONTHMi3allii 3
HENEepPEepBHUMHU 3MIHHUMHU NPOEKTYBaHHs. MeToa yCHIIIHO BUKOPUCTOBY€ETHCS
JUISL ONITUMAJTIBHOTO TPOEKTYBaHHs CTPHKHEBUX METalleBHX KOHCTPYKIH [4].
JMCKpETHICTh COPTaMEHTy MpPU LBOMY BPaxoOBYIOTh y TaKiil MOCIiZOBHOCTI:
criepury (hOPMYJITIOIOTh Ta PO3B’S3YIOTh 3a7ady ONTHMI3aIii 3 HEMepepBHUMH
3MIHHAMHU TMPOEKTYyBaHHS [6], a MOTIM BHUKOHYIOTH JHUCKPETHU3AIlI0 3MIHHUX,
HANPUKIAI, 3TIHO 3 [9].

Ta6mums 3
Pe3yabTaTn ontumiszamii
JInCcKpeTHi 3MiHHI TPOEKTYBaHHS HenepepBHi 3MiHHI IPOEKTYBaHHS
3HaueHHs 3HaueHHs
Mo3- : [o3- :
Haue- |[TouaTkoBe Howmep sanadl | Haye- Howmep sanadl |
wns | L bt (Meron onTuMi3arii) HHs [louatkoBe| (MeTon onTHUMi3aii)
o 1 (HS) 2,3 (GM) 1 (HS) 2,3 (GM)
VP1 L 63x5 L 63x4 L 56x4 a2 1,20 1,23 1,39
VP2 | L63x5 L 70x5 L 70x5 a3 1,20 1,36 0,94
VP3 | L63x5 L 63x5 L 70x5 a4 1,45 0,50 0,50
VP4 | L 63x5 L 56x4 L 56x4 as 1,45 0,85 0,92
NP1 L 50x5 L 50x3 L 50x3 ab 1,50 1,72 1,87
NP2 | L50x5 L 56x4 L 56x4 al 1,50 1,90 1,91
NP3 | L50x5 L 50x4 L 50x4 al 1,50 2,04 2,04
NP4 | L50x5 L 50x3 L 50x3 a9 1,50 2,28 2,28
Rol L 50x3 L 50x3 L 50x3 all 1,50 1,74 2,13
Ro2 | L50x3 L 50x3 L 50x3 al2 1,50 1,68 1,98
Ro3 L 50x3 L 50x3 L 50x3 all 1,60 1,55 0,93
Ro4 | L50x3 L 50x3 L 50x3 al4 1,60 1,10 0,50
als 1,20 1,28 1,24
al6 1,20 1,24 1,48
f 2,33 2,34 2,34
Howmep 3amaui (MeTon ontiMizarii) 3navenHs QyHKii MetH f{x) (Maca), T %
IMouaTkoBHi (iICHYFOYHH) HPOEKT: 0,67788 100
3azmaua 1 (HS): 0,62474 92.25
3anaua 2, 3 (GM): 0,62958 92.96
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Cdhopmymroemo 3amady ontumizanii ¢gepmMu 3 HENEpepBHUMH 3MIHHUMH
MIPOCKTYBaHHS JJIs PO3B’I3aHHS TPATIEHTHUM METOAOM (Ha3BEMO i 3a7a4ero 2).
HenepepBHUMH 3MiHHMMH B 3a/1a4i 2 € Ti % apameTpu a; Ta f, o i y 3agadi 1,
a TaKoX mapameTpu b,..b, Ta t..t4 — NIMPUHA i TOBIIMHA KYTHKIB JUII KOXKHOTO
TUIYy JKOPCTKOCTi. BepxHS Ta HWXKHS Mexa 3HaueHb 3MIHHUX b, Tat,
BIJIMTOBIIal0Th TPAHMYHUAM PO3MipaM KyTHKIB y 3amadi 1:

50 mm £ b, <100 mm; 17
3mMm <z, <1 MM (18)
VY 3amadi 2 epeBipsUTH Ti K HOPMATUBHI 0OMEXKEHHS, 0 1 y 3amadi 1.

3HadyeHHs] 3MIHHUX NpPOEKTyBaHHS b, Ta ¢, 10 OTPHUMaHi B pe3yibTaTi
pO3B’s3Ky 3amadi 2, NpUOMM3HO 30iraroThCs 3 po3MipamMu mpodimiB  y
COpTaMeHTI, 1 Il 3HAYECHHS MOXHa BUKOPHUCTATH IS MAOOPY KYTHKIB i3
COPTaMEeHTYy.

[Ticns po3B’s13aHHs 334241 2 BUKOHATU TUCKPETH3AII0 MOMIEPEYHUX MepepisiB —
32 OTPUMAHUMH 3HAYCHHSIMH 3MIiHHUX b, Ta {, BUOpATN HAWMEHIII, JOITYyCTHUMI
3a HOPMATHBHUMH OOMEXEHHAMH, MPOoQiii 3 COPTaMEHTY 1 BUKOPUCTAIH iX y

bepmi.

{06 3MeHmmTH Macy (hepMu 3a paXyHOK BUKOPHCTAHHS pe3epBiB MIIIHOCTI, SKi
MOTJIM 3°SIBUTHCSA TICIS JUCKPETH3allii po3B’sI3Ky 3amadi 2, J0JaTKOBO
chopMyITIOBaIH 3a/1a4y ONTUMI3alii 3, Mo BiAPI3HIAETHCS Bif 3aAa4i 2 TUM, 110
B 3a1a4i 3 3MiHHI NMPOEKTyBaHHS b, Ta ¢, BIJICYTHI, a PO3MIpH MOIEPEUYHUX
Tepepi3iB  CTPWXKHIB € (PiKCOBaHMMH. Pe3ynpTaT MOCTIAOBHOTO pO3B’SI3KY
3amau 2 Ta 3 HaBexeHuil y tabmuii 3. Maca depmu 3menHmunacs Ha 7,04 % y
MOPIBHSIHHI 3 Macol B iCHYIOUOMY MpoekTi, mpu domy BoHa € Ha 0,71 %
OiMBIIOI0 32 Macy, OTPUMaHy METOJIOM TOIIyKy TrapMoHii. Sk Oaummo,
pe3yabTaTH ONTHUMI3AIlil PI3HUMH METOJAMH 30ITraroThCs, 110 MOXKE CBITUUTH
PO IOCTOBIPHICTB pe3yIbTaTy, OTPUMAHOTO METOOM IMOIIYKY TapMOHIi.

BucHoBkn

Merona momryky rapMoHii peamizoBano B mporpami OptCAD, mo npu3zHaueHa
JUIsL pO3B’sI3yBaHHS 33]1a4u ONTHMI3allil CTPIKHEBHX METANICBMX KOHCTPYKIIii, 32
HUM YCIIIIHO pO3B’si3aHi 3a7adi MiHIMI3allii TECTOBMX YHIMOJAIbHHX Ta
MyJIbTUMOJANRHUX (QyHKIIH. [liM MeTomoM BHKOHAHO ONTHUMI3aIMiio (epMu
nokputtss ®OK y M. JIpBoBi. PesynpraTn onrumizamii gepmu, mo orpumani
METOJIOM TIOIIYKY TapMOHII Ta TpaJiEHTHUM METOJIOM, OJHM3bKi 3a 3HAYCHHSIM
(hyHKIiT MeTH (Macoro), M0 CBIMYUTH PO MOXKJIMBICTH 3aCTOCYBAaHHS METOIY
TIOTITYKY TapMOHII JUTS pO3B’sI3aHHS 3a7a4 ONTHUMI3allii MeTaJleBUX KOHCTPYKITi
i3 JUCKPETHUMH Ta HETIEPEPBHUMU 3MIHHUMHU ITPOCKTYBaHHSI.
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VY noganemomMy HEOOXiAHO AOCHIAUTH €PEKTUBHICTh METOLY MOIIYKY rapMOHil
MPH  PO3B’sI3aHHI 3a7ad  ONTHUMI3AIil TOIOJIOTIT METalleBUX CTPIKHEBUX
KOHCTPYKITiH.
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YK 624.014

HexoTopbie 0c00eHHOCTH POEKTUPOBAHMSA, AAANTALMHU
U TeXHUYECKOI'0 CONPOBOXK/IEHUS MPU BO3BEACHUHU
MeTALIMYEeCKHUX KOHCTPYKIMI MOKPBLITHS HAJ TPHOYHAMU
CcTaguOHA «ApeHa-/IbBOB)»

XoabkuH B.B.

00O «Ykpuncranskon uM. B.H.IllumaHoBckoro», Ykpanna

AHHOTauMsA. W3/0XeHbl OCHOBHble KOHLUENTyasbHble pelleHus CcTaguMoHa «ApeHa-
JlbBOoB». [pvBEAEHO OMUCaHWE OCHOBHbLIX KOHCTPYKTUBHbIX pPELUEHUI HeCcyLmx
MeTaNJIOKOHCTPYKLUMI NOKPbITUS Hag TpubyHaMu cTaamoHa, pacCMOTPeHbl 0CO6EHHOCTU
ajanTaumu paboyei JOKYMEHTaUUM U pacyeToB NpuU ero NpoekTUpPoBaHWM, a Takxe npu
MOHTaXe MeTaNIoOKOHCTPYKUMIA YKPYNHUTENbHbIMU 610KaMu.

AHoTauifa. BuknageHi OCHOBHiI KOHUeNTyasbHi pilleHHs CcTaaioHy <«ApeHa-J1bBiB».
HaBeaeHO OMUC OCHOBHUX KOHCTPYKTUMBHUX Ppill€Hb HEeCy4YuMx MeTasloKOHCTPYKLin
nOKpUTTA Haa TpubyHaMmu CcTagioHy, po3rnsaHyTo ocobnmBocTi aganTtauii pobouyoi
OOKYMeHTaUii i po3paxyHKiB Npu MNPOEKTYBaHHI, @ TaKOX MpPUW MOHTaXi MeTarOKOHCT-
PYKUIi YKPYNHEHMMKU BloKaMu.

Abstract. Here committed the basic conceptual technical solutions of the Stadium
«ApeHa-JIbBoB». It describes main solutions of the load-bearing steel structure design
of the roof covering above grandstands, adaptation singularities of working
documentation and calculations in its design and features of assembling metalware
with the use of enlarged units.

KnwoueBble cnoBa: CTagMoH, MNOKPbITUE Haa TpubyHamu CTaAMoHa, CTPYKTYpHble
KOHCTPYKUMMW, M3rOTOBSIEHNE, MOHTAX, pacyeT, aspoanMHaMMUECcKNe UCCNeaoBaHus.

KonuentyanbHbie pemenusi. ClaHHBIN B SKCIUTyaTanuto B okTsiope 2011 roga
cTajuoH «ApeHa-JIbBOB» — OJIMH M3 YETHIPEX CTAaJUOHOB YKpauHbl, Ha
KOTOPBIX MMPOBOAMIINCH MaT4YH (pUHATBHOTO TypHHpa YemnuoHaTa EBporer 2012
no Qyrooiy. DTOT CTaAWOH OTBEYAET BCEM HEOOXOIUMBIM KPUTEPUSM H
TpeboBanusM YEDA 1 OUDA x cTagroHaM TSl POBEACHISI MEXKTyHAPOTHBIX
TYpHHPOB U UYEMITHOHATOB 1O (yTOONy BBICHIEro panra (puc. 1). OmHuM H3
[JIaBHBIX TPeOOBaHUI K CTalMOHAM, TIe MPOBOJSATCS TaKUE TYPHHUPHI, SBISACTCS
TaKk Ha3blBaeMoe «IpaBmiio TpEXx S». CorjaacHO STOMYy MpPaBHIY BO BpeMs
npoBeacHusT (GyTOONBHBIX MaTded Ha CTATUOHE HEOOXOAMMO HA BBICOKOM
ypoBHEe oOecneunTh — cepBUC (servsce) + HaaéxkHOCTh (stcursty) +
6e3omacHocTh (sfety). EBponeiickas ¢hyrOonpHas acconuariys Ha3Baia CTaJuoOH
«Apena-JIbBoB» cambiM KoM(pOpTaOEIbHBIM CpEeOu TEX, Ha IOJIAX KOTOPHBIX
6bun ipoBezieHs! MaTayu EBPO-2012. O6ecrieunTs TpH «S» MPOSKTHPOBIIUKAM
YCIIEIIHO YIAJIOCh, Pa3MECTUB MEXAY IMEPBBIM M BTOPBIM SpycamH TpUOYH
BHEITHIOIO MPOMEHAIy, KOTOpas SBIAETCS MPOTYJIOYHONH 30HOW, CIYXKHT IS
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pacmnojoxeHuss TOProBbIX (acTPyOoB M Mara3uHOB, a TakKe IMO3BOJISET
9BaKyHUpPOBaTh BCEX 3PHUTENEH M3 Yalllk CTAIMOHA BCETO 32 BOCEMb MHUHYT.

C m060ro kKoM(GOpPTHOrO MecTa JUlisl 3pUTENsd, a UX HacuuThiBaeTrcs 34915,
obecriedeH yaoOHBIH 0030p Bcex 30H (hyTOOIBHOTO MO 6Jarogapsi TOMy, 4TO
3TOT CTaIMOH MPOEKTUPOBAJICS Kak YnucTo (hyTOompHEIHA. [Ltomans ero 3actpoi-
KM cocTaBiasieT okono 46000 M. Pasmepsl TpaBsHOro ra3oHa (yTGOIBHOTO
moyist: juimHa — 108 M, mwmpuHa — 68 M. OOmas IUIONIAJh TEPPUTOPUH C
pasMeléHHOM Ha Hell MHQpAcTpyKTypoil cocraBuser okonmo 248000 m’.
IlokpeiTHE HakphIBa€T BCE MecTa MJia 3purenie. s HopmanbHOro pocrta
TpaBbl HA €CTCCTBECHHOM TI'a30HC (1)YT6OJ]I>HOFO I1OJIgd 4aCThb KPOBJIM BBIIIOJIHCHA
CBETONPOHUIIAEMOM, @ CaMO TOKPHITHE UMEET MOHMKCHUE B HAIIPABIICHUH 0TO-
3amagHbIX TPUOYH U TPOJJICHWS BPEMEHH €ro €CTECTBEHHOTO OCBEIIEHHS.
ITonus ra3oHa OCyIIECTBISAETCS TOJABKO JOKIEBOM BOJIOM.

Puc. 1. O6mue Bums! cTamuona « ApeHa-JIbBoB»:
a — 1o mpoekty komnaauu «Alpine Bau GmbH» (Buz ¢ ceepa);
0 — 1Mo yTBEpKIEHHOMY MIPOEKTY (BHJ C CEBEpO-3araza)

«ApeHa-JIbBOB» OAMH M3 CaMbIX 3KOJIOTHYECKH OJIaronpusATHBIX CTaIUOHOB
mupa. OH pacroioXKeH B 30HE rOpoja, TAe HET MPOMBIIUIEHHBIX PEIIPUITHI.
CoopykeHne cTaJuoHa BKJIIOYAET YEThIpe J3Ta)ka, MNEpBBIH U3 KOTOPBIX
NpelHa3Ha4eH JUIsl pa3MElIeHHd TMapKWHTa, a Ha JApYTUX pa3MeIleHb
JIBYXbSPYCHBIC TPUOYHBI, JIOKH W Jpyrue ynodctsa st VIP-mocerureneit (B
TOM 4HCIie CKaii-0okchl Ha 150 MecT), pecc-IeHTp | TIp.

[TpoekToM mpeaycMOTPEHO 3HAYUTENBEHOE Pa3BUTHE MPUCTAANOHHON MHDpPACT-
PYKTYpBI IIyTeM CO3JaHHsSI aBTOCTOSHOK oOuiel miomanbio 6000 M* s
(GyTOONBHBIX KOMaH], ohUIMaNbHEIX Jul, VIP-noceTurenelt, npeacraBuTenei
CMU, 6onenbmkoB (B T.4. ¢ OrPaHUYCHHBIMH (PU3NUYECKUMH BO3MOKHOC-
TSIMA), TTyTel HE3aBUCUMOTO M 0€30I1aCHOTO MPOXO0/a M BAKYaIlNH 3pUTEIICH.

3aka3z4nkoM paboT 10 CTPOUTENBCTBY CTaHOHA BhICTynmIa JIbBOBCKast ropoc-
Kasi aAMMHHCTpauus B June ['ocynapcTBeHHOro npeanpusaTus «upexius mo
cTpoutenscTBy 00bekTOB K EBPO-2012». Ha pa3HbIX 3Tamax €ro cTpouTelb-
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CTBa B Ka4yeCcTBE IeHNOJPSATYMKA BHICTYNAIM aBCTPHIiCKas KommaHus «Alpine
Bau GmbH», OO0 «A3oBunTeke» 1 OO0 «ATBTKOMKHEBCTPOI», TCHIIPOCK-
TUPOBIIMKA — aBcTpuiickas kommanus «Albert Wimmer ZT GmbH», OO0
«I'unpomes», OO0 «Apnukay u OO0 «YkpauzaiHrpym». IlpoexTupoBaHue
METAINIMYECKAX KOHCTPYKIIMKA TOKPBITHS CTaJMOHA Ha pa3HBIX JTarax
CTPOUTENHCTBA BHITIONHSIN — aBCTpHiicKass komraHus «Albert Wimmer ZT
GmbH», OO0 «'unpomes», OO0 «Ykpuncraibkon uMm. B.H.IlIlumanoBckoro»
n Hemenkas komnaaus «KMERO-TSK International GmbH».

ITocne oxoHYATENbHOW KOPPEKTUPOBKH apXUTEKTYPHO-CTPOUTEIHHOM YacTu
mpoekTa B anpene 2010 roga OO0 «Yxpuncranskon uM. B.H. IllnmanoBckoro»
MPUHSIO OKOHYATENBbHYIO0 OPMY MOKPBITHS, pa3padoTajo HOBOE KOHCTPYKTHB-
HOE€ pelleHne KOHCOJIBHBIX MPOCTPAHCTBEHHBIX ()epM C Y3JaMH MX KpETUIeHUS
(puc. 2,0) ¥ BBLAAJO HArpy3KH C HEOOXOJVMBIMH CEUCHHSMH aHKEPOB JUIS
MIPOCKTUPOBAHUS KeNe300eTOHHBIX MHIOHOB. [IpH 3TOM OBLIO MperycMOTpPEHO,
YTO aHKEphl 3TUX YCTPOMCTB AMAMETPOM OT 48 n0 72 MM U AnuHOU 10 6 M
BBEIIONHSIOTCA W3 cramun C345 u mpeaBapuTeNbHO HAIMPATAIOTCS  YCHIIMSIME
BennuuHoU 80 % ux Hecyled CrocoOHOCTH Iociie OSTOHUPOBAHMS OTOJIOBKOB
mwioHoB. B coorBerctBuu ¢ [1] OBUT MPUHAT KOA(PPUIMEHT HAlIEKHOCTU 10
OTBETCTBEHHOCTHU JUI1 HECYLIUX KOHCTPYKIMH MOKpPHITHA Y, = 1,25. 3HaueHus
KIIUMATUYECKUX BO3JIEHCTBUI YCTAHOBJICHBI HMCXOJS M3 CPOKa DKCILTyaTaI[lH
craguona T, = 50 ;eT, a BEIMYMHA CEMCMUYHOCTH IUIOMIAJKH CTPOUTENBCTBA
cocraBuiia 6 6ayuioB 1o 1mkane MSK-64. Ha ocHOBe 3THX JaHHBIX OBbLIH 3amlpo-
€KTUPOBAHBI M BO3BEICHBI MOHOJIMTHBIE JKEJIE300€TOHHBIC TIHIIOHKI (pHC. 3).

KoncrpykTnpHoe pemenue. O1HuMH U3 Hauboiee OTBETCTBEHHBIX KOHCTPYK-
Ui cTaguoHa «ApeHa-JIbBOB» SBISIOTCS HECYIUE METANTUYECKUE KOHCTPYK-
LUK TOKPBITUS Haja ero TpuOyHamu. CBOH BKJIQJ B CO3[JaHUE ATOTO YHUKAIIb-
HOTO IOKPBITHS BJIOXKWJIM BCE KOMIIAHWU M OPraHU3allMU, KOTOPbIE HA Pa3HBIX
JTamax ydYacTBOBAJIM B €ro mpoektupoBaHuu. dopmooOpa3oBaHmEe 3TOrO
TOKPBITHS (hacazoB H KPOBIM OBIIeH MmIomaaso okono 29000 M Gbuto paspa-
0otano xomnanueil «Albert Wimmer ZT GmbH». Ilo nepumerpy craguona
OHO MMEET YKIJIOH OKOJIO 5° B CTOPOHY BHEITHETO KOHTYpa M PAcIHOI0KEHO Ha
pasHbIX OTMETKax C IUIABHBIM IIOHIDKEHHEM B CTOPOHY IOXKHBIX M IOTO-
3amaJiHeIX TpUOYH. B 30HaX I0XKHBIX, BOCTOYHBIX W CEBEPHBIX TPHUOYH
MOKPBITHE OMUPAETCSI Ha )KeJIe300€TOHHBIE TUJIOHBI, a B 30HE 3aMaHbIX TPHOYH
— Ha ’KeJe300eTOHHBIE KOJIOHHBI KapKaca OCHOBHOI'O 3JaHMs CTaJMOHA.
IToxpeiTHE BMecTe C ene300€TOHHBIM KapKacoM 4Yalllk CTaJHuOHAa pa3fieIeHo
AQHTUCEHCMUYECKUMH MIBaMU Ha 10 KOHCTPYKTHUBHBIX OJIOKOB, UTMHA KOTOPBIX
He npesbimaer 50 M. B kauecTBe OCHOBHBIX HECYIIMX KOHCTPYKLUMI MOKPBITHS
Ha TIEPBOM 3Talle €ro MPOEKTUPOBAHUS OBbLIM MPHUHATHI KOHCOJBbHBIE (PEPMBI C
BBUIETOM KOHCOJIEH 710 52 M (puc. 2,a), KOTOpbIe ObUTH OOBEIMHEHBI CBA3SIMUA H
MPOTrOHAMH B €ANHYIO CUCTEMY.
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[To mporoHam MOKPHITHSI YCTPOEHA KPOBIIS M3 CTAIBHOTO MPOQUINPOBAHHOTO
HACTHJIa, HAa KOTOPBIA YJIOXKEHBI IIyMOIOTJIONIAIONINE >KECTKHE MIHEPAIOo-
BaTHBIC TUINTHI, TUAPOU3OJSIUS U KPOBEJIbHBIC MPOQUIMPOBAHHBIC JIUCTHI U3
AJTIOMUHUEBOTO CIUIaBa. Bioib Bcero BHYTPEHHETO MepUMETpa MOKPHITHS Mpe-
JIyCMOTpEHA CBETOINPO3payuHas 30Ha MHUPUHOU OT 9,5 1o 15,5 M, BbINOIHEHHAs
W3 CBETOMPO3PAYHOTO MaTepHalia MaKpOJIOHa, a BIOJIh BHEITHETO — JIOTKHU IS
cbopa armocdepHbix ocankoB. CTEHOBOE Orpa)kIeHHE HaBECHBIX (acagoB
MPEeTyCMOTPEHO W3 TMepGOPUPOBAHHBIX KACCETHBIX MPOQHICH W3 altOMUHU-
€BOT0 CIUIaBa.

Puc. 2. Cxembl KOHCOJIbHO# (hepMBbl:
a — 1o npoekty kommanuu «Alpine Bau GmbH»; 6 — 1o yTBep>kKJIeHHOMY IPOEKTY
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Puc. 3. ApMupOBaHHUE OTOJIOBKOB KeJIe300CTOHHBIX MHIOHOB C aHKEPHBIMH
YCTPOWCTBAMHU B 30HAX KPEIUICHUS] KOHCOJIBHBIX (hepM MOKPBITUS

B nrone 2010 roma 3axka3unkoM OBUTO IPUHSATO PEIICHHE O pa3paboTke padouei
JOKYMEHTAIlMd ¥ W3TOTOBJICHUH METAJUIMYECKUX KOHCTPYKLMH MOKPBITUS CTa-
muoHa «Apena-JIsBoB» Hemenkoi xommanmei « MERO-TSK International GmbH».
DkcrepTH3a U ajanTtaius 3ToH padoyeil JOKyMEHTalMKu K TPeOOBaHUSIM yKpa-
nHCKMX HOpM Obuta mopydeHa OOO «Ykpuncranskon uMm. B.H. IllumanoBc-
KOT0». 3aKa3uMKOM B TEXHHYECKOM 3aJaHUM Ha pa3paboTKy 3Toil paboueii
JOKYMEHTAIlUKM OBUIO OTOBOPEHO, YTO TreoMeTpuieckas (opMma IMOKPHITUS H
pasaesieHue ero aHTHCEHCMHYECKUMH IIBaMH Ha OT/AEIbHbIE KOHCTPYKTHBHbBIE
OJIOKM TTOJDKHBI COOTBETCTBOBATH paHee pa3paboTaHHOMY Hpoekty. IIpu 3tom
pAcIONIOKEHHUE Y3JI0OB KPEIUIEHUS! BHOBb IPOEKTHUPYEMBIX METaIMUECKUX
KOHCTPYKITUHM MOKPBITHA K KeJIe300€TOHHBIM KOHCTPYKIMSM M MX KPEIUIeHHE K
AQHKEpHBIM yCTPOMCTBAM JOJDKHBI OBITh HIICHTUYHBI paHee pa3paOOTaHHBIM
000 «YxpuracranpkoH uM. B.H. [llumaHOBCKOTOY.

KoMmmoHoBka MeTamudecKkux KOHCTPYKIUi mokpbitust pupmel « MERO-TSK
International GmbH» npencrapnena Ha puc. 4. IlokpeITHe pa3aeneHo Ha OAHH-
Ha/ALUATh KOHCTPYKTHBHBIX OJIOKOB, KaXIIblii U3 KOTOPBIX BKJIIOYAET MPOTOHBI,
CTPYKTYpPHBIE KOHCTPYKLIUH, CTPOIMIIbHbBIE ()ePMBI, OIIOPHBIE CTOWKU U OMOPBHI.
[Iporons! ciyxat A KpelwleHHs KOHCTPYKIMH KPOBIM U CTEHOBOTO OTpaK-
nenusi. CTpyKTypHbIE KOHCTPYKLMH MOKPBITHA U (acagoB UMEIOT OPTOTrOHAIIb-
HOE€ PAacCIOJIOKEHHE IOACOB U 00pa3yroT NPSMOYTOJbHbIE SYEHKH pa3MepaMu
0k0J10 3,3x3 M. CTepKHEBBIE AIEMEHTHI CTPYKTYPHI C TOMOIIBI0O HAKOHEYHHUKOB
0OJITOBOTO THIIA KPEMSATCS K CIEIUABHBIM Y3JIOBBIM JeTaisM (puc. 5), mpuyem
OONTBI B 3TUX COCIAWHEHHSX NpHHATH Kiacca 10.9 ¢ KOHTpOIUpyeMbIM
YCHUJIMEM HaTSDKEHUS BEIMYMHOM 10 15 % ux Hecymie cnocoOHOCTH.
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CTpyKTypHbIE KOHCTPYKLUMH HOKPBITHS ONHMPAIOTCS HA CTPOIWIBHBIE (DEpMBI
[EPEMEHHOM BBICOTHI, PACIIONOXKEHHbIE ¢ maroM 10 M B neHTpanbHex u 11,25°
B YIJIOBBIX CEKTOpax IO paguycaM OKpykHocTed (puc. 6). CTponmibHbIe
(bepMBl IMEIOT KOHCOMU JUIMHON 70 19 M M omuparoTcs Ha kKeJae300eTOHHBIC
OWIOHBl TPUOYH C HCIONB30BaHMEM OTCTOSIIMX Ha 6 M Apyr OT Apyra
CIELUAIBHO Pa3paOdOTaHHBIX ONOP ABYX TUIIOB, IPUYEM €CIIM Ha ONOPHI THMA |
(epMBI OMUpAIOTCS Yepe3 OMOpHBIE CTOWKM, TO Ha OMOpPHI THMa 2 — uepes
OMOpHYI0 feTaib. OHopbl KpemsaTcsl K KeJIe300€TOHHBIM MUJIOHAM TPUOYH C
IIOMOIIIBI0 AHKEPHBIX OOJTOB C MOCHEAYIOUIEH IOAJMBKONW ONOPHBIX IUIUT
TBepaeronmM coctaBoM «Pagel».

OTnpaBovHBIE MapKH MOSCOB U JBYX OMOPHBIX PACKOCOB (hepM 0O0BEAUHSIIOTCS
(naHIEeBBIMY COEJUHEHUSIMHU, & OCTAJIbHBIE PACKOCHI — JIMCTOBBIMH HaK/IaIKaMH
P TIOMOIIM BBICOKONPOYHBIX O0nTOB Kiacca 10.9 ¢ KOHTpOIMpyeMbIM
YCHJIMEM HATSDKEHUS BEJTMUMHOM 85 % MX Hecyliel crmocoOHOCTH.

Crep:KHEBBIE BJIEMEHTBl CTPYKTYPBI, CTPONWIBHBIX (pepM M OHOPHBIX CTOEK
HOPUHATHL U3 KPYMJIBIX TPYO, JeTanu OIop M3 TOJCTOJIMCTOBOIO IPOKaTa, a
NPOroHbl W3 JABYTAaBPOB U IIBEUIEPOB. MeTamnnuyeckue KOHCTPYKIMH
MIOKPBITHSL BBIMIOJIHEHBI U3 cTaned Mapok S355J2H, S355J2+N, S355J2+N+Z25
u S355J2+AR, uMeNMUX rapaHTUPOBAHHBIE TOKAa3aTeIW YJIapHON BA3KOCTU
npu temmneparype muHyc 20 °C. Ilpm 3ToM pacxoj CcTaJld Ha OCHOBHBIE
HECylIue METAITIOKOHCTPYKIUK MOKPBITUS cocTaBUI okoio 2700 T.

[lo psmy mpUYMH YacTh METAUIOKOHCTPYKIMH TOKPBITHS KOHCTPYKTHBHOTO
6moka Ne 8 (B ocax S03...S07) u Bce KOHCTPYKLMU KOHCTPYKTHUBHOIO OJiOKa
Ne 10 (B ocsx NO5...N07/1) o6mum 06séMoM B 200 T OBUTM M3TOTOBICHBI U
rocTaBJeHbl Ha 00beKT KoMmnanueit «Novum Structures LLCy.

OkcmepTH3a W agantanus padoueil gokymeHrtammu. Ha ocHoBe
npenoctaBiaeHHo kommanueit « MERO-TSK International GmbH» paboueit
nmokyMmeHTaru B ooseMe 530 gyeprexeit popmata A0 u 11 TOMOB pe3yIbTaToOB
pacucToB 6I:IJ'II/I COCTAaBJICHBI PACYCTHBIC CXEMbl METAJNIMYCCKUX KOHCprKIII/Iﬁ
MOKPBITHI HaJ TpUOYHaMH, a TakXKe ONpeiesieHbl JCWCTBYIONINE HArpy3KH H
BO3JICHCTBUS B COOTBETCTBHH ¢ TpeboBauusmu [2, 3]. JyOnupyromme pacdaérsl
BBIIIOJIHEHBI B IIporpaMMe «JIupa» ¢ yderoM IIOCTOSHHBIX U BPEMEHHBIX
HArpy30K, BIUSHUS TEMIIEPATyphl B CEHCMUYHOCTH TUIOIIAIKUA CTPOUTEIHCTBA C
MIPOBEPKON HeCylIeld CIOCOOHOCTH BCEX METAINTMYECKUX KOHCTPYKTHBHBIX
OJICMCHTOB TIIOKPBITHA W AHKCPHBIX YCTpOﬁCTB JKEIE300€TOHHBIX MHJIOHOB
TpuOyH. Takke NpOBEACHA SKCIEpTHU3a pabodvell JTOKYMEHTAI[MH METaslld-
YECKUX KOHCTPYKIMH TIOKPBITUS C aHATU30M KOHCTPYKTHBHBIX DPEUICHHHA Ha
COOTBETCTBHE UX TPEOOBAHUSIM YKPAMHCKUX HOPM.
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Puc. 4. Cxema pacroioxeHusl KOHCTPYKTUBHBIX 3JIEMEHTOB CTPYKTYPHOTO TIOKPBITUS
¢upmsr «kMERO-TSK International GmbH» (a) n monepeuHsIii pa3pe3 cragnoHa
(3aman-BocTok) (0)
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a

Puc. 5. Y3noBas getaib A1l COSIMHCHUS CTEPIKHEBBIX 3JICMEHTOB CTPYKTYPHI (a)
Y HAKOHEYHHK CTEP>KHEBOTO CTPYKTYPHOTO 3iieMeHTa (0)

37510

Puc. 6. Cxema cTponuibHON GepMbl

[Ipu mnpoBemeHHMHM OSKCHEpTH3Bl pabovel JAOKYMEHTAUUMH METAIMYECKHX
KOHCTPYKLHMI HOKPBITUS OBUI AaH psAl PEKOMEHIALMH B 4YacTHU YCTPaHEHUs
BBISIBJICHHBIX HECOOTBETCTBHUI TPEOOBAHMAM YKPAaUHCKUX HOPM B 252 ueprexax
Y TIPeIOCTABJICHUS TIPOTOKOJIOB MPOBEICHHS UCTIBITAHWI TIPUMEHEHHBIX CTaJlel
Ha yJapHylO BsI3KOCTh npu Temriepatype MuHyc 40 °C Ha oOpasmax Tumna
«aprm». B pesynbrare Ha OCHOBE JAaHHBIX PEKOMEHAALMH KOMIAHMS
«MERO-TSK International GmbH» ckoppekTupoBana 4depTeku, BHECTa P
YTOUYHEHHU | JOTIONIHEHHUI B pacyeThl U MPeJoCTaBuiIa TpeOyeMble IPOTOKOIBI
UCTIBITAHUM CTaned, COTJacHO KOTOPBIX IIOKa3aTeNd YIapHOH BS3KOCTH B
UCIIBITAHHBIX oOpasmax mpu Temmeparype MuHyc 40 °C  COOTBETCTBYIOT
TpeOOBaHUIM YKPAUHCKUX HOPM.
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dyonupyromue pacuyerbl. CornacHo [4] cTpouTeabHble KOHCTPYKLMH BO3BO-
JUMBIX CTaJUOHOB IOAJIEXKAT 00s3aTE€IbHOMY Hay4YHO-TEXHUUECKOMY COIPOBO-
xaeHuo. [ToaToMy 3aka3unkoM ObUIO TPUHATO PEIICHHE O BBIMOJHEHHU ITOM
padoter AI1 «Jonenxuit IIpoMcTpoHUUIIPOEKT», KOTOPBIA pa3paboTall mpor-
pamMMy HayYHO-TEXHHYECKOTO CONPOBOXKICHUS MPOESKTUPOBAHUS M CTPOUTENb-
cTBa cTtamuoHa «ApeHa-JIpBoB». B coorBercTBum ¢ 3Toi mporpammoit OO0
«YxpunctanskoH uM. B.H. lllumMaHnoBCKOTr0» OBIIIM BBITIOIHEHBI AyOIUPYOIIUE
MIPOBEPOYHBIE pacyeTbl HECYIIMX METAJUIOKOHCTPYKUMH MOKPBITHS, LEIbIO KO-
TOPBIX SIBJISUIOCH UCCIICIOBAHNE KOHCTPYKTHBHON CXEMBbI IOKPBITHS U IPOBEPKA
CEYEHHUI BCEX €ro 3JeMEHTOB Ha MPOYHOCTh M YCTOMYMBOCTH MpH AeHCTBUM
pacyeTHBIX codyeTaHuil ycunuid. PacdyeTHas MoJenp MeTaJUIMUECKUX KOHCTPYK-
WA TIOKPHITHS ObUTa COpPMHpPOBaHA HA OCHOBE pPa3pa0dOTaHHOW KOMIAHHEH
«MERO-TSK International GmbH» ero mpocTpaHCTBEHHON MOJEIH, KOTOpas
HE TOJBKO TOYHO OTPAKAeT INPOCTPAHCTBEHHYIO KOHCTPYKTHUBHYIO CXEMY
MOKPBITHS, HO ¥ BKJIIOYAET BCE €r0 OCHOBHBIE HECYIINE JIEMEHTHI (puc. 7).
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Puc. 7. PacueTHble MOJEIN METAIIMYECKUX KOHCTPYKUMH NOKPBITHS CTaAHUOHA
«ApeHna-JIbBOB» (2) U ero KOHCTPYKTHUBHBIX OJIOKOB HaJl FO)KHBIMU (0)
1 I0TO-BOCTOYHBIMH (B) TpHOyHAMH
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[Ipu BBITIONTHEHUH AYOIUPYIONIMX PACUETOB IMOKPHITUS 0CO00€ BHUMaHKE OBLIO
yIEIIeHO COOPY HArpy30K M OMPEICIICHUIO UX pACUCTHBIX coueTaHui. [1pu aTom
OBLJIO WCCIICIOBAHO pACIPEACIICHHE BETPOBOTO IABJICHHUS IO IMOBEPXHOCTH
MOKPBITHSI B CBS3M C €r0 HETPUBHAIBHON TeoMeTpudeckod (opmoi, uro
BBI3BAJIO HEOOXOIMMOCTh TPOBEACHUS HE TOJBKO YHUCIEHHBIX a’pOJWHAMHU-
YECKHUX HCCIICIOBAaHUN MOJCIH CTaaNOHA, HO W WCIBITAHUHA €ro (U3HIECKOMH
Moenu B Maciirabe 1:350 B aspoauHamuieckoii Tpyoe.

AHanu3 pe3yJbTaTOB MCCICAOBAHMK IOKa3aJl, YTO MOJIYYECHHBIC 3HAUYCHUS
BETPOBOTO [aBJICHHUSI HAa IOKPHITHE C YYETOM 3allOJIHCHHS IPOEMOB MEXIY
MOKPBITHEM M TpUOYHaMH M HaBECHBIX (HacalioB OKa3aJUCh 3HAYUTEIHHO
MEHBIINMH, YeM PeKOMEeHIyeMblIe [2] a1t ToA0OHBIX COOPYKEHUI 1 PUHATHIX
kommaanen «MERO-TSK International GmbH» mnpu BBITIONHEHWH pacdeTOB
(puc. 8). C ydeTroMm mociegHero Bce AyOIUPYIOIIME pacdeThl MOKPBITUS ObUIH
BBIIIOJIHCHBI HPHU 3HAYCHUAX BCTPOBOI'0 JAaBJICHUSA, YCTAHOBJICHHBLIX IIO
pe3yibTaTaM MNPOBEICHHBIX a’3pOAMHAMMYECKHX MCCICAOBAHUA  MOJETH
CTaJHOHA.
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Puc. 8. Dmropsl aspoauHamudeckux KodpduiueHToB C,,, TOKPHITUS
ctagnoHa «ApeHa-JIbBOBY, onpejienieHHbIe o0 pekoMeHaanusM [2] (a)
U pe3ysibTaTaM a’dpoJIMHaMHYECKUX UccienoBanui (0)
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[IpoBepka mOINEPEYHBIX CEYEHHUH 3JIEMEHTOB METAJUIMYECKUX KOHCTPYKLHUI
MOKPBITUSL TI0Ka3aja, 4TO OHM OTBEYAIOT YCTAHOBJICHHBIM YKPaMHCKUMH
HOpMaMH TPeOOBAHUSM 110 IPOYHOCTH U YCTOWYHBOCTH, @ BEIMYUHBI TIPOTHOOB
U TEepeMEIICHU HaXomATCsl B JOMYCTUMBIX MpeAenax. Takxke CleayeT
OTMETHTh, YTO PpACUETHbIE COYETaHUS YCHIMA BO BCEX JJIEMEHTaX
METAJUTNYECKUX KOHCTPYKLUI KOHCTPYKTHBHBIX OJIOKOB ITOKPBITHS MO JTaHHBIM
000 «VYxpunctanpkon uMm. B.H. [llumManoBckoro» oxazaanch MEHBLUIUMHU Ha
20-30 % mo cpaBHenuto ¢ pacueramu Kommanun «MERO-TSK International
GmbH». D10 00BscHsICTCS 3aBBIIIcHHEM B pacuérax kommananun « MERO-TSK
International GmbH» 3HaveHWI JEHCTBYIOMMX CHETOBBIX M  BETPOBBIX
Harpy3ok. Jliast cHeroBoil Harpy3kd B OTHX pacu€rax He ObUT ydTeH
pekoMeHmoBaHHEI [5] kodddumumenr p=0,8 I TOKPHITHHA € MaJbIMU
VKIIOHAMH, YTO BbI3Ba0 yBenmueHue Ha 10-15 % pacueTHBIX coueTaHUi
ycuuid. 3HAUeHUsI BETPOBOrO JIABJICHUS HA MOKPHITUE BO BPEMsI BBITIOJIHEHHUS
pacueroB komnanueit «MERO-TSK International GmbH» Obun npuHATH 1O
TpeboBaHUAM [2], Tak Kak Ha TO BpeMs a’dpOIUHAMHUYCCKUE HWCCICIOBAHMS Ha
MOJIENIIX CTaguoHa emE He ObUIM MPOBEACHBL. OJTO TaKKe IpPHBEIO K
YBEJIIMUEHHIO pacUeTHBIX coueTaHui ycunuil eme Ha 10—-15 %.

Oco0eHHOCTH  W3rOTOBJIEHMA M  MOHTaXXKa  MeTa/UIOKOHCTPYKIHWH.
MeTammoKOHCTPYKIIUKM TOKPBITUSL CTaJnoHa «ApeHa-JIbBOB» OBUIM H3rOTOB-
nensl komnanuer «MERO-TSK International GmbHy». Cepruduxarer Ha
MOCTaBJICHHbIE METAJUIOKOHCTPYKIIMU CBUIICTEIbCTBYIOT, YTO OHH M3TOTOBJICHEI
W3 CTajel, ykKa3aHHBIX B paboueil nokymenrtamuu. Kpome Toro, o0pasmbl
MPUMEHEHHBIX CTaled JHMCTOBOTO TNpoKara, TpyO ToONIIMHON Oosee 5 MM,
Y3JIOBBIX jAeTaneil u 6onros kiacca 10.9 ucnbiTaHbl HA yIAPHYIO BI3KOCTh MPH
temneparype muHyc 40 °C. Bce crepkHH, B KOTOPBIX COEIUHEHUS KPYTIIBIX
TpyO C KOHLEBBIMH KOHYCaMH BBINIOJHSUIUCH HA JIA3€PHOW CBapKe, IOCIE HUX
W3TOTOBJICHUS TPOLUINA HWCIBITAHUS HA YCHJIMS PACTSKCHHSA, PaBHBIE HECYIIEH
CIOCOOHOCTH MX OONTOBBIX KPEIUICHUH.

MoHTax MeTalNIOKOHCTPYKIMA NokpeITus BbIonHEH OO0 «3aBon «Mactep-
[Ipodu Vkpawmna», med-montax — kommanuedr «MERO-TSK International
GmbH», a aBTOpckuMii Hag30p NPH MOHTa)xe 3THX KOHCTpykuuid — OOO
«YxpunctanpkoH uM. B.H. [llumanosckoroy. IIpu npoexkTHpoBaHUH MOKPHITHS
oco0oe BHMMaHHE ObUIO OOpALICHO HAa TEXHOJOIMYHOCTh H3TOTOBJICHUS HU
o0ecrieueHrue BO3MOKHOCTH MOHTa)a HECYIIMX METaJTMYECKHX KOHCTPYKIUI
MOKPBITUSL YKPYITHEHHBIMH OJIOKAMH C IEJbI0 YNPOLICHHS W YCKOPEHHUS
CTPOUTENBHBIX Pa0OT.

MoHTa)XHBIE MapKu MCTAJUIMYECKUX KOHCTp}/KHI/Iﬁ TMOKPLITHUA MPCABAPUTCIIBHO
YKPYIHSJIUCh Ha YpPOBHE 3EeMJIM B MOHTaxHble OJokd. st 3Toro Obutn
3aMPOCKTUPOBAHBI U U3TOTOBIICHBI CIICIUABLHBIC YKPYITHUTEIbHbBIC CTCHABI (X
obmuit 00béM cocraBun 77 T). Ilocnemyromuii MOHTaX 3THX OJOKOB OBLIT
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OCyILIECTBICH B COOTBeTCTBUU C pazpadotanHelM OOO «YKpHUHCTAIBKOH
M. B.H. [llnMaHOBCKOTO» MPOEKTOM MPOU3BOJICTBA PAOOT C HCITOIB30BAaHHUEM
CIICHIUAJIBHO CIIPOCKTHUPOBAHHBIX W HU3TOTOBJICHHBIX BPEMCHHBIX OIIOP (I/IX
o0mmmit 06BEM coctaBmi 250 1). Cxema pa30OMBKU METAJUIMYECKUX KOHCTPYKIUHA
MTOKPBITUS HA MOHTa)XKHBIE OJIOKM IpEJCTaBJICHA Ha pHC. 9, a UX yKpyIHEHHE Ha
CTeHJIaX B MOHTaXHbIE OJ0KH — Ha puc. 10.

Puc. 9. Cxema pa30MBKH METAJUIMUECKUX KOHCTPYKIMH MTOKPBITHS
Ha MOHTa)XHbIE OJIOKH

Puc. 10. YxpynHeHHe MeTaJUIMYECKUX KOHCTPYKIIMHA MOKPBITHS HAa CTEHAAX
B MOHTa)KHBIE OJIOKH
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VYcraHoBKa MOHTaXXHBIX OJIOKOB BecoM 110 116 T B MPOEKTHOE MOJIOKEHHE OblIa
OCYyIIECTBJICHa YHUKaIbHBIM KpaHoM Liebherr LR 1600/2 rpy3omoaseMHOCTBIO
600 T (puc. 11). IIpu >TOM MOHTa)KHBbIC OJOKHM MOKPBITHS 3aKPEIUIUIUCH Ha
CTallMOHAPHBIX ONOpPaX W OAHOBPEMEHHO (DUKCHUPOBAINCh Ha BPEMEHHBIX
OII0pax, MO3BOJISIIOIINX PEryIUPOBATh T€OMETPUIO0 MOHTAaKHBIX OJIOKOB B BEp-
TUKAJIBHOW ¥ TOPU3OHTAIBHOM IJIOCKOCTSIX IIPHU UX OOBEJUHEHUH CTEP)KHEBBI-
MU 3JIeMEHTaM{ B €AMHBIA KOHCTPYKTHBHBIM ONOK. J[s 3TOro Ha BpEeMEHHBIX
oropax Obula pa3MellleHa MOHTaXHasi OCHACTKA, BKJIIOYAOLIAsl CIICHMabHbIC
JIOMKpaTHBIE YCTPONCTBA U APyTHe MOHTaXXHBIE MpHcIiocoOenus (puc. 12).

Puc. 11. YcraHOBKa MOHTa)KHOTO Puc. 12. BpemeHHbIe omOpsI 11 COOPKH
6J10Ka B TPOEKTHOE TTOJIOKECHHUE MOHTaKHBIX OJIOKOB OKPBITHS HAJl BOCTOYHBIMHU
TprOYHaMH B €ANHBIN KOHCTPYKTUBHBIN OJIOK

MoHTax BceX KOHCTPYKTHBHBIX OJIOKOB TOKPBHITHS OBUT 3aBEpIIEH B OKTSIOpe
2011 rona (puc. 13). IIpu 3ToM ObIIO cMOHTHpPOBaHO Oosee 60 THICSIY OTHpAa-
BOUYHBIX MapOK KOHCTPYKTHBHBIX BJIEMEHTOB, Ul Yero motpedoBaioch Ooiee
110 TBICSIY BBICOKONPOYHBIX OONTOB AaMeTpoM OT 12 1o 64 Mm.

Puc. 13. OOwmuii BuA B epro]; MOHTaKa KOHCTPYKIUH MOKPBITHS
cTaguoHa «ApeHa-JIbBOB»
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B 3akirodenue creayeT OTMETHTD, YTO ONIEPATHBHOE PEILIeHHE Pa3padoTIYMKaMu
pabouelt TOKyMEHTAIliH, W3TOTOBUTEIIMH W  MOHTaXHUKAMH MHOTHX
BO3ZHHKAIONIUX TIPH CTPOUTEIHCTBE TEXHUYECKUX BOIPOCOB ITO3BOJIMIO B
CXKaTble CPOKM CMOHTHPOBATh 3TO YHUKAIBHOE TOKPBHITUE HAJ[ TPUOYHAMHU
craguoHna «ApeHa-JIbBoB».

Jlutepartypa

1]

2]

3]

[4]

(5]

HepxaBHi OyzniBenbHi HOpMU Ykpainu. Cucrtema 3a0e3nedeHHs Haiii-
HOCTI Ta Oe3rneku OyaiBeNbHUX 00’€KTIB. 3araibHi MPUHIUINU 3abe3re-
YeHHS HANIHHOCTI Ta KOHCTPYKTHUBHOI Oe3mekd OymiBenb, CIOPYI,
OyniBenbHUX KOHCTpPYyKHiM Ta ocHoB. JIBH B.1.2-14-2008. — K.
Minperion0yn Ykpainu, 2009. — 37 c.

JepxaBHi OyniBenmbHI HOpMH YKpainn. Cuctema 3a0e3ledueHHs Hail-
HOCTI Ta Oe3neku OyaiBenbHMX 00’€kTiB. HaBaHTa)keHHs 1 BIUIMBH.
Hopmu mpoextyBanus. IBH B.1.2-2:2006. — K.: Minbyn Ykpainu, 2006.
- 58c.

JepxaBHi OyniBenbHI HOpMH YKpainu. 3aXWCT Bijg HeOE3MEUHUX T€0JI0-
TIYHUX TPOIECIB, MIKIIJIUBUX EKCIUTyaTalllfHUX BIUIUBIB, BIJI TOMXEXKI.
ByniBHunTBO B CelicMiuHuX paiioHax Ykpainu. Hopmu npoextyBaHHS.
JBbH B.1.1-12:2006. — K.: Minbyxa Ykpainu, 2006. — 84 c.

Hepxapni OyniBensHi HOpMHU YKpainu. Cuctema 3a0e3leueHHsT HaiN-
HocTi Ta Oe3neku OyniBenbHUX 00’€kTiB. HaykoBO-TeXHIUHMI CympoOBia
OyniBenpHuxX 00’extiB. JJBH B.1.2-5:2007. — K.: Minperio0yn Ykpainu,
2007. - 14 c.

European norms. Actions on structures. Part 1-3: General actions. Snow
loads. EN 1991-1-3:2003. — Brusseles: CEN, 2003. — 56 p.
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YK 539.3

Binsinue KpUBU3HBI BEPTHKAJILHON CTEHKH NUJIAHIPHYIECKOT0
pe3epByapa Ha HaNpsiKeHHO-1e(OPMUPOBAHHOE COCTOSTHHE
orpaxaamwuieii KOHCTPYKINU

'Heixanosekuii B.K., 1.1.1., *Tanax C.M., k.1.1., 'Kopayn A.H.

'000 «Ykpuncranskon um. B.H. IllumasoBckoroy, Ykpanna
’HaruoHaIbHbIH ABHAMOHHbII YHUBEPCUTET, YKpauHa

AHHOTaumA. PaccMaTpuBaeTCcs HOBas YCOBEPLUEHCTBOBAHHAs KOHCTPYKTMBHas cxema
BEPTUKANbHOIrO LMAMHAPUYECKOrO pesepByapa 60blioi BMectuMoctt — 300 Thic. M° B
obbeme npu skcnnayataumu. MNpeanoxeH cnocob ycoseplleHCTBOBAHWUS KOHCTPYKLMK 3@
CUET BBeAEHWS KPWBU3HbI BEPTUKANbHOW CTEHKW pe3epByapa. M3noxeH cneumanbHbif
aNropuMTM NPOYHOCTHOrO pacyeta CUIbHOHENTMHENHOW MEXaHNYECKON CUCTEMBI.

AHoOTauifa. Po3rnapaerbcs HOBa BAOCKOHANEHa KOHCTPYKTUBHA CXeMa BEepTUKasbHOro
LUMAIHAPUYHOrO pesepByapa Benukoi MictkocTi — 300 Tuc. M3 B 06’eMi Npu ekcnnayaTauii.
3anponoHoBaHMn crnoci6 BAOCKOHANEHHS KOHCTPYKLii 38 paxyHOK BBeAEHHS KPUBWU3HU
BEPTMKaNbHOI CTiHKM pe3epByapa. BuknageHuin cneuianbHWiA anropuTtM pPO3paxyHKY
MiLHOCTiI CMJIbHOHENIHINHOI MEXaHi4YHOT CUCTEMMN.

Abstract. Considered new improved structural scheme of a vertical cylindrical tank of
large capacity - 300 thousand m?® in volume during the operation. Proposed a method of
design improving by introducing a curvature of the vertical wall of the tank. Contained a
special algorithm for strength calculation of strongly nonlinear mechanical system.

KnioueBble cnoBa: UWIMHAPUYECKUIA pe3epByap, HenuHeilHoe aedopMuUpoBaHue,
crneumnanbHbi anropuTM, BapyMauMoHHbIE METOAbI, YMpyro-niactuyeckue aedopmauuu,
Teopus NAacTMYeCcKoro TeyeHus.

Benenue. [yl MIMHAPUYECKUX PE3EPBYApOB TMOBBIIICHHOH BMECTUMOCTH TIPU
OONBIIMX JMAMETPax U 3HAYMTENHHOW BBICOTE BEPTUKAIBHOW CTEHKH, KOTZa 3Jje-
MEHTBI KOHCTPYKIIMH TOJIBEPralOTCs 3HAYUTEIBHOMY THAPOCTATHYECKOMY JlaBie-
HHIO ¥ TIPOJIONIEHOMY HM3THOY OT BEPTHKAIBHBIX PEAaKIMH MOKPHITHS, B MeCTax
JIOKJTbHBIX U3MEHEHUI KPUBU3HBI 000JIOYKH BO3HUKAIOT OOJIBIINE KOHIICHTPAIIUH
HanpspKeHUH. B Taknux ycoBUsIX TOKabHOE CTIIaKMBAaHHE CKAYKOOOpa3HBIX Iepe-
XOJIOB KPUBH3HBI OOOJIOYEYHBIX 3JIEMEHTOB MOKET JaTh 3HAYUTEILHOE yMEHBIIIE-
HUE JIOKAJIbHBIX M3TMOHBIX HampshkeHuid [6]. Dta mpolsieMa cBsi3aHa C Onpesese-
HHEM ONTHMAJIbHON HAaYalbHOW (POPMBI U CTPYKTYPbl KOMOMHHPOBAHHOW 000JIO-
YeYHOH KOHCTPYKIMH, KOTOpas JOCTaTOYHO YCIEHIHO ObLIa OmpeserneHa s
paccCMOTPEHHOW KOHCTPYKITMH B [1], Ipu 3TOM OOBEMBI pe3epByapoB ObBLUIA B
npezenax 100-250 tuc. M. [t 06ecIIeueH s MAKCHMANBHO GOIbIIEi BMECTHMOC-
TH pesepByapa, 10 300 THC. M, HeOOXOIMO PACCMOTPETh JOTIONHUTEIBHBIE MEpbI
MO0 YITyYIIEHHIO (OPMBI U CTPYKTYpBI pacCMaTpHBAEMOH KOHCTPYKIIMH pPE3epBY-
apa, a TaKKe OIpPENIeNTUTh CIIEIUATBHBINA AITOPHTM TIPOYHOCTHOTO pacyieTa.
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IMocranoBka 3agaum. J[uckpeTHass KOHEYHORJIEMEHTHAs MOZEb KOHCTPYKLUH
pe3epByapa B IIPOM3BOJIbHBIM MOMEHT BPEMEHHU B IPUPAILEHUAX IOCTPOEHA Ha
OCHOBE TIEPBOTO BBIPAKEHUS MPUHIINIIA BUPTyaJIbHOU padoThI [1,3]

_[(6’+(;(e’p)--?)--6?d1/+jpi7~SﬁdV—jﬁ-SﬁdV—jq-SﬁdS —0, (1)
v v S

v

~(e,p) .
rnie C — TEH30p YHOPYrocTeil B 3alpeeibHOM COCTOSHUM C YYETOM
4

Pa3BUTHSA YIPYTO-IUIACTHUECKHUX JIeOpMaInii.

Hns BapuanuonHoil 3amaun (1) mapamMeTpoM BO3MYILIEHHST MOXET CIIY>KUTh
napameTp BpeMeHu {. byaeM cuuTaTh, YTO PEHICHUE 3aaYH 3aBHCUT TOIBKO OT
HEKOTOPOro 0e3pa3MepHOro napamerpa ¢, IpuveM Mpu HEKOTOPOM KOHKPETHOM

3HAYCHWH MapaMeTpa, HapuMep TpH ¢ = |, monydeno otobpaxenne F(u'), a
npu ¢ = 0 — orobpaxenue F(u°), KOTOpOE UMEET U3BECTHOE PEIICHHE BEKTOPA
nepemenienuii {#°}, To ecth BMeCTO oqHOr0 oToOpaxenus F(u°) BBOAMTCS
CEMEMCTBO OTOOpaKEHUIA /1.

PaccMOTpUM HENMHEHHOE ypaBHEHHE

h(u,t)=0; te[0,1], )

MOJTydYeHHOE B pe3yJbTaTe AMCKPETH3alMi BapHanuoHHOTO ypaBHeHHS (1).
JomycTuM, 4TO OHO UMEET peleHne ¥ = u(t), HempepHIBHO 3aBUCsIIEE OT f. B
TAaKOM ciydae, B pe3yjbTaTe pemieHus (2) HOoIyduM HeNpephIBHYIO KPHUBYIO

v o *
peuieHuii ¢ HauanoM B Touke {u°} u koHuoM B {u }={u(t=1)}. Takum
00pa3oM, IOJIYYUM HEIIPEPHIBHOE OTOOPAKCHIE

h(u(t),t)=0, Vte[0,1]. 3)
B pemenun (3) npemmaraercs:

O=t,<t,<t,<..t_, <t =1. “)
OKOHYATEIIEHO UMEEM:

h(u,t)=0, i=12,..,n. &)

Jna  xoHeuHoMepHOro (N-MEpHOrO) TMOANPOCTpPaHCTBA (B  E€BKIMIAOBOM
npoctpascTe & ) D, MOPOXKTAEMOro Ga3HCHBIMU (DYHKIHSIMH KOMITIOHEHTHBIX
anmpokcumanuii O 4(P), metoxg HproToHa MOKHO MPEACTABUTH OTOOPAKEHUEM:

F:Mcd" 5o,

YTO COOTBCTCTBYCT
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fi(u)

F(u)e® = F(u)=1 ; (6)
1, (u)

W =it~ P R, %)

rae F(u) — marpuna SIko6u ortobpasxenns F; F(u) — cucTeMa HeNMHEHHBIX
ypaBHeHUi B HessBHOM BHne F(u) = 0.

IIpn HaxOXIeHWUW pEIICHHUs i-TO ypaBHEHHs 3amadm (5) Oepercs KOHEYHOE
YHUCII0 uTepaluii m npoiecca (7) B COOTBETCTBUHU C PEKYPPEHTHOM (HopMyIioi

u =yt W) Rt L), k=0,1,2,..,m—1

1,0 0 i+1,0 i,mi .
u'=u; ut =u"; i=0,1,2,...,n—1,

®)

rae A'(u™*,t)”" marpuna SlkoGu oTo6paxenus h.

Marpuny SAxo6u cucrema OOJBIIOro MOPSIIKA IPU YUCICHHON peaan3alnu, Kak
[IPaBUJIO, HE BBIYMCIIOT, a BMECTO 3TOr0 IPEAIaraercsl pelarb CHCTEMY
JTUHEHHBIX (JMHEapu30BaHHBIX) ypaBHeHHH. [Ipn 3TOM pekypcuBHyto Gopmymy
(8) mis merona HetoToHa MOXKHO 3amucarh B BUIE:

h,(ui’k,ti)ui’k+l — hl(ui,k,ti)ui,k _ h(ui’k,ti). (9)

g orpaHnueHus yncia uTepanyii kK Ha i-M 1are npoJI0/DKEHHUs Mo mapamMeTpy
BO3MYIIIEHUS { BBOJUTCS HOPMA TSl OLEHKU MOTPEITHOCTH Ha k-i UTEpaIvu 10
HeioTOHY — CKalsipHOE MPOM3BEICHHE «BEKTOpA HEBA3KM» — MPaBOil 4acTu
ypaBueHU (9):

(?i”‘,?i”‘) <e, (10)
rac

F) = ' )u = h(u™ 1)}, (11)
€ — 3aJJaHHasg BCJIMYHMHA MaJIOCTHU HOpMI)I BeKTOpa HCBA3KU CUCTCMBI

HEJIMHENHBIX YPABHEHUH.

CyIiecTBEeHHOE COKpAITICHHE Ynciia UTepalliii BEIYHCIUTEIRHOTO mporiecca (9)
10 HbIOTOHy JOCTUTACTCAA C HUCIOJB30BAHUEM TCOPCMbI KaHTOpOBI/I'-Ia (6]
moaudukanuu merona Herotona [3]. CoriacHO TeopeMe, B BHIYHUCIHUTEIHHOM
nporecce (9) BMecTo Marpuibl SIKOOM UCMONB3yeTCsl MaTpUlla OTOOpaKeHHS
h(u,?) Ha HaYaTHLHOM UTEpaITUH KaXXIO0To I-T0 Iara MpoI0JDKEHUS 110 TTapaMeTpy
BO3MYIIICHUS f, & UMCHHO:
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hl(ui,O’ti)ui,kH _ h(ui,k’ti) — ri,k ) (12)

0 . 3
rne marpuna A'(u"",f) ocraercs MOCTOAHHOW JUIs BCEX WTEPalUil 110

HeroToHy i-TO 11ara mpoaokKeHus 1Mo napameTpy ¢. TepauMoHHBIN mpolecce
(12) Hocut Ha3Banue merona Hetotona-Kantoposuua [1, 2, 3].

OcHoBHasg  4yacTh. PaccmarpmBaemas  KOHCTPYKIHSI ~ BEPTHKAJIBLHOTO
MWIMHAPUYIECKOT0 pe3epByapa HUMEET CIOXHYI0 (GopMy u KoH(DHUTrypalmio,
omucanHyio B [1]. Omucanue reoMeTpuM OTPaHHYHMBAIOLUIMX ITOBEPXHOCTEH
000JIOYKH OCYIIECTBIAECTCS Ha OCHOBAHWM aHAJUTHUYECKUX METOJOB C
WCTIONB30BaHNEM Ha0opa KaHOHMYECKHMX YpaBHEHWH cdepbl, TOpOBOI
MMOBEPXHOCTH M IUIMTHI, IPEACTaBIEHHBIX B INI00AIBHON cHCcTeMe KoopAuHAaT. B
[1] ms onvicanumst 00IIIeH TEOMETPUYECKON MO KOHCTPYKIIMH TpeAiaraeTcs
II9Th OTHENbHBIX KaHOHMYECKHUX ITOBEPXHOCTEH: cdepuueckas ITUH3A —
¢parment F1 (mokpeiTHe); BepxHHH ueTBepTh TOp — (¢parmeHt F2
(Tpy0OOETOHHBIH KOHTYD); UWIMHIpHUYECKas MOBEPXHOCTh — (parmeHT F3;
HIDKHAN 4YeTBepTh Top-pparmeHT F4 (3meMeHT TOHKOH OO0OJIOYKH); KpyTias
wmra — ¢parmeHT FS (muuine pesepByapa). B paccmarpuBaeMoM BapuaHTe
pesepByapa 06beMoM 300 THC. M’ TEOMETPHYECKAs MOJIETh OTINYAETCS TOIBKO
¢parmenTom F3 — BMecTo mHMIMHIpa MOAENUpPYETCS (QpParMeHT Topa,
OTIMPAIOIIETOCS Ha YTy C YIIIOM 20, 1 PaAnyCOM KPHUBH3HBI

i+ LYE 2r,f
R, = 42f . I'=H-r-1, (13)
rae f— cTpena G0KOBOTro Mporuda B IEHTPE BEPTUKAIBHOW CTEHKH pe3epByapa;
7, — paanyC BEpPXHEro 4YeTBEepThTOpa; /' — BBICOTA BEPTHKAIBHOW CTEHKH
pesepByapa.

IlonoBuHHBIH yTON CTBOpa TOPOBOM IyrW OOKOBOW CTEHKH pe3epByapa
ompeaensiercs mo Gopmyie
l!
o=arctg—— . (14)
2(Ry;—f-n)

CerouHasi 00J1IaCTh KOHEYHODJIEMEHTHON MOJICJIN PacCMaTPUBAEMOT0 BapHaHTa
KOHCTPYKIIMH pe3epByapa UMeEeT cieayrontue pasmepsl — M1xM2xM3, M1 =2,
M2 =46, M3 =50. Yucio y37I0B K> MOJEIIH COCTAaBIISIET
NUX = M1xM2xM3 = 2x46x50 =4600, a uucio ypaBHEHUH cCHUCTEMBI
paspemaronux ypaBHeHuH cocraBiser: K = 3xNUX=3x4600= 13800 06e3
ydeTa HakJIaJblBaeMbIX CBS3EH C y4eTOM I'paHMYHBIX ycioBui. Paspemaromas
cUCcTeMa HEeMHEHHBIX ypaBHEHHUIl OOJBLIOro Mopsika peuaercss ¢ MOMOIIbBIO
METO/a IPOAOJDKECHUS MO MapaMeTpy BO3MYILICHHS f, NMPEACTABIECHO (GOpMy-
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namu (2)—(12). Ilpu uucneHHOW peanu3alii PEUIeHHs] CUCTEMbl HEJMHEHHBIX
ypaBHEHU 10 mapameTpy Bo3MyleHust ¢= 150 maroB, Ha KaXIOM IIare f
peuaeTcsi CUCTEMa HEJIMHEHWHBIX YPABHEHUI OTHOCUTENIBHO IPUPALLIEHUN
nepemenieHnid mo merony Heprorona-KanrtopoBuya mnu metoma Heiotona (c
y4eTOM Pa3BUTHS IIACTUYECKUX AeopMaIinii).

KoMOvHanmmy BHEITHUX BO3IACHCTBUN NMPHUHATHI M0 aHANOTHH ¢ [1]. BemomaHen
CpaBHI/ITCJ'H)HI:Jﬁ aHAaJIM3 PE3YyJIbTAaTOB YMCJICHHOI'O pacucTa IO NMEPEMCUHICHUAM
W BHYTPEHHHM YCHJIHMSIM OCHOBHBIX OJJIEMCHTOB Kapkaca, B KOTOPBIX
HaOJIF0IaeTCs KOHIICHTPAIIUS BHYTPEHHHUX YCHITHH.

Pe3y.HLTaTLI peuicHu o NEPEMEIICHUAM U BHYTPECHHUM YCUJIMAM B OCHOBHOM

paauaibHOM CEUEHUU B IJIOCKOCTU 0Z'Z* ms Tpex (GopMm BepTHUKAITBLHOU
CTEHKHA CBEICHBI B TaOmuIel 1-3 Mo mepeMemeHusM W B TaOmuiyy 4 1o
I/ISFI/I63IOHII/IM MOMCHTaM H IIPOAOJbHBIM CHJIaM. CpaBHI/ITeJIBHHﬁ aHaJIn3
[OKa3ajl, YT0 KOMOMHUPOBaHHAS MEXaHUYECKAasi CUCTEMAa UMEET CYIIECTBEHHYIO
THOKOCTh, O YeM CBHJIETEIILCTBYIOT SITIOPHI IIEPEMEIICHHI, TPECTaBICHHBIX HA
puc. 1, a TakKe pemiaromiee BIUSHHUE MPOAOIBHOTO HM3THOAa HAa JIIEMEHT
BEpTUKAILHON CTEHKHM pe3epByapa. Tak MaKCHMaJbHOE BEPTUKAIBHOE

»

IEpEMEILEHNE KOJIbLIAa MOKPBITHS pe3epByapa jpocturaer u, =-107,89 cm, a

MaKCUMaJIbHBIH OOKOBOWH TpPOTHO B CpEAHEM CEYCHHWH IO BBICOTE CTEHKH

5

pesepByapa paseH U, =14,075 cm (cM. Tabu. 3). BayTpennue ycunus B pedpax-

CTOMKax IWJIMHIPHYECKOTO pe3epByapa Ipu HadalbHOH (opMe, Koraa crpeia

ObokxoBoro mpormba paBHa f=10,0 cMm (B mpemenax IIEpEeMEIICHHH OT

MaKCHUMaJbHBIX HArpy30K s BEpTUKAILHOW (OPMBI CTEHKH pe3epByapa)

paBHa BeTWMYMHAM, KOTOpble ObuM modydeHsl B [1]. Ilpm HauanpHOU

KPUBOJIMHEHHOM (popMe CTEHKH pe3epByapa IpH BO3ICHCTBUH MaKCHMAaJIbHBIX

KPUTUYECKUX HArpy30K BHYTPEHHUE YCHIIHS CYLICCTBEHHO YBEIUYUBAIOTCS

MPONOPLHOHAIBEHO BEIWYHHE HAYaJIbHOTO MPOBUCA, TAK:

— mpu f=1,0 M nzrubaromiue MOMEHTH U MaKCHUMaJbHbIE MPOJOJIbHBIE CHIIBI
22 22

paBusl M5, .=-477,35 T1cM, N,y =-2168,34 Tc, BHyTIpeHHHE yCHIUSA

VBEIMYHMBAIOTCSA TI0 CPaBHEHWIO C  BEPTHKAIBHOM  cTeHKOH (f=0)

COOTBETCTBEHHO Ha 6,6 % 1 6,7 %,

— npu f=2,0 M uzrubaromiue MOMEHTH U MaKCHUMaJbHbIE MPOJOIbHBIE CHIIBI
22 22

paBubl M= —527,82 T1cM, N,= —2396,58 TC, BHYTpEHHHE YCHIHUS

YBEJIMYMBAIOTCS O  CPaBHEHUIO C  BEPTUKAIbHOHM  creHKOM  (f=0)

cooTBeTcTBeHHO Ha 17,8 % u 17,9 %.
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Tab6mumna 1

Ilepemenienus B AMaMeTPAJIBLHOM cedeHUM pe3epByapa npu f= 0,1 m

(uuauHaApHuYecKkas popma)

N rouku| N uy , uy Nrouku| N uy ul
S, y3na oM oM S, y31a oM oM
1 1 -101,432 | 1,115 17 33 -1,893 -1,034
2 3 -101,336 | 1,105 18 35 -1,503 -0,646
3 5 -101,480 | 1,115 19 37 -1,346 -0,113
4 7 -101,406 | 1,226 20 39 -1,252 3,477
5 9 -99,858 1,460 21 41 -1,133 6,941
6 11 -97,496 1,860 22 43 -0,980 9,797
7 13 -93,950 2,207 23 45 -0,784 11,438
8 15 -89,447 2,501 24 47 -0,617 11,544
9 17 -83,388 2,689 25 49 -0,461 10,573
10 19 -74,840 2,712 26 51 -0,330 8,771
11 21 -64,052 2,522 27 53 -0,230 6,549
12 23 -47,788 1,867 28 55 -0,244 4,674
13 25 -27,939 0,766 29 57 -0,153 4,204
14 27 -12,071 -0,415 30 59 0 3,912
15 29 -2,923 -1,148 31 61 0 3,830
16 31 -2,419 -1,180 32 63 0 3,840

Tab6muma 2

Ilepememenns B ITnaMeTpaabHOM Ce4eHHH pedepByapa npu f=1,0 m
(ToponajbHasi IOBEPXHOCTD)

N Té):KH N y3na ulw , CM u,zv , CM N Té):KH N y3na u;; , CM ufv , CM
1 1 -104,069 1,062 17 33 -4,343 -1,155
2 3 -103,973 1,052 18 35 -3,936 | -0,817
3 5 -104,115 1,062 19 37 -3,710 | -0,332
4 7 -104,035 1,172 20 39 -2,974 3,635
5 9 -102,474 1,405 21 41 -2,393 7,521
6 11 -100,107 1,802 22 43 -1,998 | 10,706
7 13 -96,566 2,147 23 45 -1,736 | 12,471
8 15 -92,077 2,440 24 47 -1,545 12,488
9 17 -86,034 2,624 25 49 -1,298 | 11,265
10 19 -77,513 2,647 26 51 -0,959 9,125
11 21 -66,739 2,456 27 53 -0,526 6,592
12 23 -50,500 1,800 28 55 -0,226 4,559
13 25 -30,646 0,697 29 57 -0,155 4,175
14 27 -14,718 -0,491 30 59 0 3,883
15 29 -5,403 -1,244 31 61 0 3,788
16 31 -4,854 -1,279 32 63 0 3,798
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Tabmuma 3

IlepemenieHust B AMaMeTPaIbHOM CeYeHHMH pe3epByapa npu f= 2,0 m
(TopouaaJLHAS MIOBEPXHOCTh)

N Tg;ﬂm N y3na u}; , CM ufv/ , CM N Tg:KH N ysna u}; ,CM | uy ,cM
1 1 -107,886 0,975 17 33 -7,930 -1,333
2 3 -107,789 0,965 18 35 -7,509 -1,050
3 5 -107,928 0,975 19 37 -7,218 -0,624
4 7 -107,838 1,084 20 39 -5,573 3,809
5 9 -106,258 1,314 21 41 -4,322 8,303
6 11 -103,880 1,707 22 43 -3,572 12,039
7 13 -100,343 2,048 23 45 -3,210 14,075
8 15 -95,876 2,337 24 47 -2,968 13,981
9 17 -89,853 2,519 25 49 -2,556 12,349
10 19 -81,373 2,540 26 51 -1,870 9,658
11 21 -70,623 2,347 27 53 -0,920 6,645
12 23 -54,436 1,691 28 55 -0,197 4,388
13 25 -34,593 0,584 29 57 -0,160 4,096
14 27 -18,592 -0,613 30 59 0 3,801
15 29 -9,039 -1,394 31 61 0 3,690
16 31 -8,425 -1,435 32 63 0 3,970

Ta6mumua 4

Hsrudaromme MOMEHTBI H IIPOAOJIbHBIE CHJIbI (MAKCHMAJIbHbIE) B pedpax-cToidKax

pe3epByapa B ceuennu wi. OZ 'z¥ npu f=1,0 M (TopouaaabHasI IOBEPXHOCTD)

N C.K. TToroHHBIE YCHITHS OGiiue yerius B CEUCHUH

Is 3 N c.k. | Nyzna K3- Ve N2 MZ b N2

Is2 MO/I. N N> NN N>
KI*CM/CM Kr/cMm "M T

19 2245 -0,25851-10° | -1522,6 -26,32 -155,0
20 2247 0,40282-10° | -1134,0 41,01 -115,44

25 21 2249 1,218:10° -263,22 124,0 -26,80
22 2251 2,043-10° 795,53 207,98 80,98
23 2253 2,3749-10° 1304,6 241,76 132,81
24 2255 1,8181-10° 1775,3 185,08 180,73
25 2257 1,0533-10° -54,263 107,22 0,06
26 2259 -0,22859-10° | -4501,8 -23,27 -458,28
27 2261 -2,421-10° -12608,0 -246,46 -1283,49

25 28 2263 -3,6574:10° -17754 -372,32 -1807,36
29 2265 -4,6891-10° | -21300,0 -477,35 -2168,34
30 2267 -3,6591-10° | -11808,0 -372,50 -1202,05
31 2269 -0,81175-10° | -2395,0 -82,64 -243,87
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4 1516

e

101,43 M

M4b M 22

34 5 7

6,03 M

104,07 cM|—
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-
w
+a

Uy

107,89 v

6)

Puc. 1. Dnrops! nepemenieHui:
1 — pu cTpesre OOKOBOTO NMPOBHCa BEpTUKANBbHON cTeHKH [ = 0,1 M;
2 —npu crpene f= 1,0 M; 3 — pu crpene f=2,0 M
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[lo »TMM naHHBIM MOXHO CHENaTh BBIBOJ, YTO WCIIOIB30BAHUE [[BOSKO
KPHUBOJMHEHHOM TIOBEPXHOCTH 000JIOUEYHOW CUCTEMBI 110 BBICOTE ITMIIHMHIPA HE
JlaeT MEXaHU4IeCcKoro 3¢ (eKra B YCIOBUIX 3HAUUTEIIBHBIX COKUMAIOIIUX YCHITHI
(peakmuii), KOTOpBIE MEpPENAIOTCS OT BHEIIHETO0 KOHTYpa IMOKPHITUS Ha
UWIMHIPUYECKYI) CTeHKY pe3epByapa. Jliusd HeWTpanmu3anuu  BIMSHHS
MPOJOIBHOTO U3rM0a OT CKUMAIOIINX HATPY30K MOKPHITHS MTPH UCIIOIB30BaHUH
KPUBOJIMHEHHBIX BEPTHKAILHBIX CTCHOK HEOOXOAUMO OJHOBPEMECHHO BBOJUTH B
KapKac BEpPTHKAIbHBICE KOJOHHBI B OKPYXKHOM HANpaBICHHH II0 CXEME,
MpeJICTaBICHHON Ha puc. 2.

BrympenHue KoAOHHB!

Puc. 2. PacyeTHas cxema U JUCKpETHAs MOJIETb KOHCTPYKITMH pe3epByapa

UwciieHHbIE HCCIIEOBAaHUS TI0 HAIPSIKEHHO-Ie()OPMUPOBAHHOMY COCTOSTHUIO
IIpY BBEJICHUM BHYTPEHHMX KOJIOH (C Yy4eTOM IIONEpEeYHbIX CBs3eH C
COOTBETCTBYIOIIUMH PEOPaMHU-CTOMKAMH) IOKa3bIBAIOT, YTO MEXaHHYECKHUH
3G GEKT OT HCIONB30BaHUS OOOJIOYKH JBOSKON KPUBHU3HBI MO CPAaBHEHUIO C
UWIMHIPHYECKUMH  MOBEPXHOCTSIMH, KOTAa MEMOpaHHBIE  HaNpsDKEHUS
YMEHBIIAIOTCS B JIBa pa3a [6], HOIHOCTHIO MOATBEPKIAETCS.

Pe3ynpraTel 4YHCIEHHBIX pacyeTOB IO MEPEMEIIEHHSIM PaccMaTpHUBaEMOro
pesepByapa ¢ y4eTOM yCTPOWCTBA BHYTPCHHHX KOJIOH, HA KOTOPBIE OIHPAETCS
BHEIIHUH yNpyTro-MoAaTIMBBIA KOHTYP MOKPBITHS, CBEACHBI B TAOIUILY 5.

[To Tabnume 5 MOXHO clenaTh BBIBOJBI, YTO MAaKCHMAIIbHBIE TIEPEMEIICHUS B
LEHTpPEe TIOKPBITHA TP CTpelie HavaJbHOro OOKOBOro TmpoBuca f=2.0
YMEHBIIWINACH 10 u;= —101,46 cm, 1.e. Ha 6,3 %, a B LEHTpE BEPTUKAILHOU
CTEHKH OOKOBOW MPOTHO YMEHBITHIICS IO u,z\,'= 4,643 cm (mia cpaBHEHHS
cM. puc. 3).
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Tab6muma 5

Ilepemenienus B paauajbHOM ceuyeHMH pe3epByapa npu f~=1,0 m u /=2,0 M npu
YCTpoOiicTBe BHYTPEHHHX KOJIOHH pe3epByapa

N ToukH f=L0mM f=2,0m
c.k. S2 Nyana ul oM u,em ul e ul oM
N N » N » N

1 1 -100,352 1,553 -101,463 1,707
2 3 -100,255 1,5432 -101,366 1,698
3 5 -100,401 1,553 -101,508 1,707
4 7 -100,327 1,663 -101,437 1,817
5 9 -98,746 1,90 -99,841 2,050
6 11 -96,29 2,293 -97,357 2,445
7 13 -92,579 2,636 -93,600 2,785
8 15 -87,843 2,920 -88,810 3,066
9 17 -81,432 3,091 -82,300 3,232
10 19 -72,420 3,090 -73,186 3,220
11 21 -60,920 2,850 -61,470 2,970
12 23 -43,776 2,120 -44,130 2,219
13 25 -22,430 0,832 -22,198 0,934
14 27 -6,448 -0,323 -6,032 -0,305
15 29 0,055 -0,742 0,13 -0,691
16 31 0 -0,728 0 -0,672
17 33 -0,335 -0,77 -0,355 -0,716
18 35 -0,48 -0,867 -0,536 -0,819
19 37 -0,586 -1,025 -0,678 -0,983
20 39 -0,884 -1,192 -1,205 -1,718
21 41 -0,875 0,435 -1,155 -0,618
22 43 -0,758 3,080 -0,903 1,851
23 45 -0,659 5,688 -0,756 4,643
24 47 -0,606 7,100 -0,751 6,365
25 49 -0,544 7,597 -0,756 7,203
26 51 -0,426 7,198 -0,653 7,109
27 53 -0,236 6,171 -0,364 6,321
28 55 -0,094 5,150 -0,0765 5,450
29 57 -0,064 4,945 -0,0607 5,312
30 59 0 4,799 0 5,174
31 61 0 4,757 0 5,127
32 63 0 4,766 0 5,134

HpI/I HaJIMYWKU KOJIOHH Ha6moz[aeTc;1 PE3KOC YMCHBIICHUC MAaKCHUMAJIBHBIX
HM3THOHBIX MOMEHTOB U IpoAOJIbHBIX CHUJI B CPECAHEM B IBA pasa.
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BriBoabI

1. JlomomHUTENbHAS ONTHMHU3ANMSA (GOPMBI OOKOBOH BEPTHUKAILHOW CTECHKH
pe3epByapa mpu ONTHUMajibHOM OO0KOBOM mpoBuce f=2,0 M U 000CO0ICHHOM
BBEJCHUM BEPTHUKAIBHBIX KOJOHH JJIsi ONUpaHus TpyOOOETOHHOro KOHTYpa
obecnieunia pe3koe CHW)KCHHWE KOHIICGHTPAllMU HANpPsSHKeHWH B MecTax
3aKpyIJIEHUH pe3epByapa.

2. Ilpyn nCcnoNb30BaHMM KPUBOJIMHEWHON MO BBICOTE BEPTHKANBHON CTEHKU
ITHHIPUIECKOTO pe3epByapa 00s3aTeNbHO BKJIIOUYEHHE B KOHCTPYKIHIO
BHYTPEHHHX ONOPHBIX KOJOHH C TOCJIEXYIOIIMM PAacdyeTOM Ha yCTOMYMBOCTB
P MaKCHMAJIbHBIX YCHIHMSIX. MaKCHMaJbHBIE YCWJINS OIPEAEISIOTCS IMpH
YHCJIEHHOM PacyeTe B HAJIO)KEHHBIX BEPTUKAJIBHBIX CBA3SX.
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YK 624, 691

Supporting structure and roof diaphragm of the Warsaw
National Stadium

Leszek Miara, Przemystaw Ziemczyk

National Sports Centre, Poland

AHoTauisa. Kopotka iHdopMauis npo ocobnvMBOCTi 3BeAEHHS HauiOHanbHOro CTaAioHy
(Bapwaa). MpuBeaeHi ocHOBHI byaiBenbHi 06'eMn, AaHuii onuc Buay, poboTu i npouecy
BMPOOHMUTBA | 3BeAEHHS OCHOBHMX HECHUX KOHCTPYKUin. Takox, JAaHuh onuc
LleHTpanbHOI onopu, WO niABiWeHOi Haa UEeHTPOM Mofs i Hece yBeCb PyxXMBWUIA Aax.
Ocobnuea yBara npugineHa BUpOOHULUTBY i A4OCTaBLi eleMeHTiB, a Tak caMO nepesipkam
@HTMKOPO3iMHOI0 3aXMCTYy i KOHTPOJIIO 3BeAEHHA KOHCTPYKLI.

AHHOTaumua. KpaTtkas wuHdbopMauus 06 0CO6eHHOCTSIX BO3BEAEHWUSI HaLMOHaNbHOro
ctagmoHa (BapwaBa). MNpuBeaeHbl OCHOBHble CTpouTeNnbHble 06BbEMLI, AaHO OMNucaHue
Buaa, paboTbl M npouecca MPOM3BOACTBA W BO3BEAEHUS OCHOBHBLIX HECYLLMX
KOHCTPYKUMI. Takxe, AaHO ONMMCaHWe LLeHTpanbHOM ONopbl, NOABELEHHOW HaA LLEHTPOM
Nonsi U HecyLlel BCo MOABUXHYI Kpbiwy. Ocoboe BHMMaHWe yaeneHo Npou3BOACTBY U
[lOCTaBKe 3/1IEMEHTOB, @ TaK Xe MpOBepKaM aHTUKOPPO3UWHON 3awuTbl U KOHTPOSO
BO3BEAEHMUS KOHCTPYKLMIA.

Abstract. The brief information about the Warsaw National Stadium erection
peculiarities. There are given the total structural volumes of the erection process, the
description of the shape, work and the manufacturing and erection processes of the
main bearing structures. Also the description of the central mast is given, which is
suspended over the center of the playground and supporting the whole movable roof.
Special attention is applied to manufacturing and delivery of elements and to the
inspection of antycorrosion protection and structure erection.

Key words: Warsaw National Stadium, central mast, cables.

General information. The latest construction solutions and materials were
applied at the realisation of Warsaw National Stadium. The cubage of the whole
stadium exceeds 1,1 million m® and the lengths of its main axis are 314 m and
279 m. According to UEFA standards it attains the fourth highest class.

The State Treasury represented by the Ministry of Sport and Tourism is the
owner of the Stadium. The National Centre of Sport Ltd appointed by this
ministry was responsible for stadium construction. The individual erection
technology of stadium elements was employed. During the whole process of
construction the safety and quality of work were treated as priority factors.

The stadium is located in the basin of the former Tenth Anniversary Stadium
(see drg. 1), on the plot limited on the south by Poniatowski avenue, on the east
by Zieleniecka street, on the north by the railway line (with “Stadion” stop
situated in the vicinity of the Stadium), on the west by Wybrzeze Szczecinskie
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street. The mentioned streets are two-lane streets (in each direction). Near the
Stadium the underground station will be finished in 2014 year.

Fig. 1. The Tenth Anniversary Stadium (birds view)

The decision of Stadium construction was undertaken in April 2007. The
preliminary design was approved in February 2008. In June 2008 the design
with all documents necessary for obtaining building permit were submitted to
the Warsaw Governor and the building permit was issued on the July 22, 2008.

Fig. 2. The new National Stadium in Warsaw

The first stage of the National Stadium construction, the piling for foundation
was started in October 2008. It was carried out by Pol-Aqua SA. 7 000
prefabricated piles were performed, ca 6 700 gravel and concrete piles and 900
large diameter piles. The piling was finished in March 2009.

In May 2009 the second stage of work was started (after contract awarding) in
May 2009. It comprised concrete works, foundations and concreting of the first
three storeys of the stadium construction.
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In January 2010 the first element of the compressed ring was delivered to
Warsaw enabling to start the erection of the steel structure. The consortium:
Alpine Bau Deutschland AG, Alpine Bau GmbH, Alpine Construction Polska
Sp. z o. o., Hydrobudowa Polska SA, PBG SA was appointed as general
contractors of the second construction stage.. This Consortium entrusted the
specialised works including delivery and erection of steel structure to Cimolai
SPA which organized another consortium: Cimolai SPA, Mostostal Zabrze
Holding SA, Hightex GmbA. In this consortium Mostostal Zabrze was
responsible for the erection of the total stadium steel structure, the cable roof
and for the delivery and erection of the glass roof and the facade. The basic data
concerning the steel structure, fagade and the roof of the stadium:

— compressed ring diam. 1820 mm, wall thickness g = 80 mm, 72 segments
each 12,6 m long, the total length of the ring 907 m;

— columns supporting the compressed ring diam. 1016 mm, wall thickness
g=30-"70 mm, 29 — 34 m high;

— angle struts diam. 1016 mm,;

— fasade tie diam. 508 mm, wall thickness g =25 — 45 mm,;

— weight of main steel structure 12 000 t;

— weight of auxiliary steel structure with the mast (needle shaped) 2 400 t
(must with equipment 190 t);

— weight of steel cables with connectors 1 700 t;

— total length of the cables 37 000 m;

— outer aluminium fagade ca 22 000 m’;

— surface of fixed roof over the tribune ca 50 000 m?;

— surface of outer roof ca 6 000 m>;

— surface of closed roof ca 10 000 m?;

— surface of glass roof ca 4 000 m?.

Top view and cross section see Fig. 3.

The contractors were obliged to present the suitable production capacity to
manufacture steel structure, cables and diaphragm. The updating of the
information submitted by the contractors could not exceed five years. The
working documentation was delivered by the orderer, the National Centre of
Sport. The contractor prepared the workshop documentation with necessary
calculation, technical specification of delivered elements and materials, quality
material certificates and results of material tests. The important part of the
delivered documentation was design of method statement.

Static diagram — load distribution. Different arrangements in the form of the
so called spoke wheel are creating one complicated structure. In section the
inner roof over the play ground is easy to recognize as spoke wheel with one
band and one central hub. The band consists of two stretched rings of the outer

159



36ipHux naykosux npayb
Ykpaincvroco incmumymy cmanesux koncmpykyii
imeni B.M. llumanoecvkozo. — Bunyck 10, 2012 p.

structure. The mast (needle shaped) acts as a central hub. In horizontal
projection the four bundles of lower radial cables supporting the mast settle
down as the diagonal of the play ground. The conception of spoke wheel in the
outer part structure was realized by means of two compressed rings and two
stretched rings connected by crossing radial cables. The upper compressed ring
was replaced by the facade tie of the carrying cable which by intermediation of
the inclined angle strut rest on the lower compressed ring. The whole radial
force originating from lower and upper radial carrying cables was transmitted to
the compressed ring and as horizontal component of radial force to the
foundation. Between two stretched rings there were inserted compressed struts
which together with 10 m long cantilevers compose the support of the glass roof
and simultaneously compose the roof inner edge. In this way the span of roof
structure attains 91 m.
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Fig. 3. Top view and cross section

The snow load causes increase of force in upper radial cables and
simultaneously decrease of prestressed force in lower radial cables. In case of
load caused by wind suction the principle is opposite. Both types of loads exert
influence as well on vertical as on horizontal support reactions.

Workshop design — establishing of geometry. In the construction system there
is no possibility to correct geometrical deviations of cables or steel items.
Structure prestressing is based exclusively on workshop geometry of
manufactured items and corresponding tolerances.
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The length of cables was determined taking into consideration the influence of
cone slide and so called cable creeping. In case of big diameter cables
additionally had to be taken into account the tension by the first loading. Due to
limited possibilities of pulling equipment the cables could not be subjected to
preliminary stretching with total work load. In the frame of tests there was
determined the summary total value of cable plastic elongation by reaching the
primary work load which was subtracted during marking and cutting the cables.
The whole series of tests due to lack of time were carried out simultaneously at
Trento University, in FMPA Stuttgart and in DMT Bochum'.

Often determination of steel structure workshop geometry was reduced to
preliminary elongation of compressed ring and columns and to preliminary
shortening of stretched items in order to get the demanded geometry after
imposing the full load on erected items. But in this case the geometry according
to workshop design had to take into account the influence of restraining. The
columns (a) and the inclined angle struts (b) together with fagade ties (c)
compose a triangle. This elements are shown on Fig. 4.

s ¢
Fig. 4. Triangle of the main pipe elements

In the final position the facade ties are stretched and two remaining items are
compressed. The facade tie is connected with adherent column and angle strut
by welded joint executed on site (bolted or pin joints were impossible to execute
on account of large stretching forces). Before applying load on the structure
those joints are forcing moments appearance in triangle corners, which can be
totally eliminated only by the repeated opening. The lower triangle corners were
released from moments in the process of welding by previously placing in the

' FMPA - Material Priifungsanstalt — Universitit Stuttgart, DMT — Bochum —
Zerstorungsfreie und Zerstérende Seilpriifstelle.
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triangle the connecting beam — the facade upper angle strut. The upper corners
will be released from moments after full loading.

The supports were initially horizontally appropriately shifted according to
rigidity of particular foundations and horizontal supporting forces in order to
equalize shifting under the influence of full load.

Steel structure. Items of steel structure anchoring cable system (column bases,
columns, compressed ring, angle struts, facade ties) were manufactured by
Cimolay company in Italy. Particular problems created fabrication of
compressed ring pipe: bending and welding (wall thickness 80 mm) produced of
steel S460. Frontal sheets for pipe items were prepared with thickness
allowance and were machined before welding in the zone of welded joint to
smooth the sheet roughness and to equalize the thickness tolerances. After
welding of frontal sheets to pipe elements, but still before machining, the pipe
segment were precisely positioned with application of Laser Track device in
order to get accurate position and correct connection angle. These segments
were supported in order to eliminate deflection or deviation at the ends under
their proper weight. As complementation to precise measurement of single
items in workshop, 5 sequent segments each time were initially assembled
together on supports regulated hydraulically by servo-motors in order to
equalize deflection originating from proper weight.

Hanging items of structure were manufactured in Poland by Mostostal Zabrze
(struts of stretched rings, glass roof and diaphragm arches) and by Zaklady im.
Cegielskiego in Poznan (needle shaped mast).

The central point of the inner roof is the central mast (needle shaped),
suspended over the center of the play ground and supporting the whole movable
roof. From this mast bundles of roof cables radiates and this mast support
diaphragm garage in which the roof diaphragm is stored in closed position. The
lifting devices with hoisting cable winches permit to lower video screens nearly
to play ground level. Automatic interlocking system with hydraulically actuated
pins is fastening screens on the mast. To prevent destruction of inner roof
carrying items in case of fire all video-screens were equipped with automatic
anti fire devices.To assure transport to service platform by videoscreen there is
the manlift from level of playground to platform. Simple-hanging lift is
integrated with video-screens supporting structure in order to enable access to
the mast during conservation works. Starting from the design and finishing on
execution the whole mast structure dead weight (together with diaphragm
garage and video-screens - total weight 190 t) should be incessantly controlled
to avoid surmounting of permissible forces in the cables supporting the inner
roof.
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On the upper tip of the mast carrying structure is situated the central knot where
on the possibly smallest surface 60 radial cables are fastened. (Fig. 5 and 6). To
diminish the knot diameter the anchored cables were split into two layers.
Before starting knot manufacturing the trial model was executed to determine
welding technology and feasibility of execution of welded joints with difficult
access. Part of knot horizontal sheets unnecessary from the static point of view
was removed in order to reduce the weight. As a result an interesting geometry
was received, optically resembling to rosette which will be visible by opened
diaphragm garage.

HOFIOFEN D

Fig. 5. Central knot, for 60 radial cables Fig. 6. Central knot seen downwards
forten (rosette)

From each of the four corners of the main roof 3 cables lead to the mast lower
knot (drg. No 18). In corner knots of the stretched ring these cables are in
horizontal position, however at connections with the mast they change the
position to vertical. Due to this fact each cable has a different angle connection
and the easiest method of obtaining such position was to apply a casting.

The casting of lower knot weighing 18 t is the heaviest connector of the cable
system. Together with connectors of the stretched rings and cable clamps they
were manufactured in Cividale SPA foundry in Italy. Castings, see drg. 7, with
complicated geometry were modeled and spatially analysed by applying
program Nastran.

Organisation of inspection and supervision. To guarantee the high quality of
stadium roof steel structure and its conformity with technical specification the
method of control and supervision was worked out. Inspection process was
carried out according to construction stages.

The technical specification was elaborated by sbp designers and it composes
part of the working documentation. It concerns the delivery, erection
anticorrosion protection of steel structure, roofing, complementary works,
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organisation of inner work taking—over, programme of production and
expedition.

Fig. 7. Cast steel footing — the heaviest connector of the cable system — weight 18 t

Manufacturing and delivery of elements. The sequence of particular elements
manufacturing of was coordinated with the erection demands. This coordination
was indispensable to maintain the erection continuity and to conform demands
imposed by static conditions, relating to all stages of erection works.
Insufficient surface of storing area and necessity of maintaining roads mobility
on the building site necessitated to respect strictly delivery sequence. It should
be noted that on the building site there were carried out simultaneously several
different types of works: earth works, reinforced concrete works, erection of
steel structures. The weight of prefabricated steel structure main items attained
60 t, its length 30 m and its width 15 m.

For erection works even 60 cranes with capacity up to 600 t were simultane-
ously used. The works were carried out round the clock, seven days a week.

By acceptance of materials the following procedure had to be verified:

— conformity of delivery with sequence, time schedule and its
completeness;

— eventuality of transport damage (deformation, defect of anticorrosion
coating);

— documents of delivery;

— notification of eventual remarks to the manufacturer and assurance of
proper unloading and storing on right places.

Before starting the erection process the following procedure had to be noted:

— checking of foundations or supporting structure — this facts had to be
certified in due reports with enclosed survey statements;

— construction site and access roads handing over taking into account
subsoil load capacity and pressure exercised in the process of structure
prefabrication and in erection process;
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— informing the teams working in the vicinity about dangerous conditions
connected with erection activity, possibility of its exclusion or reduction.

Method statement design. Before starting the erection or prefabrication works
the contractor was obliged to submit the method statement design accepted by the
construction designer and by the supervision of National Centre of Sport. The
structure stability had to be checked in different stages of erection as well as the
strength of heavily loaded elements to assure the safe conditions of work
(scaffoldings, safety devices, ect.). From the beginning of production process
through all its stages up to erection, adjustment, intermediate and final acceptance
of works there were checked all conditions determined by the designer in
technical specification.

The required accuracy of manufacturing and erection of steel structure required
all elements to be erected under geodesy surveing, by contractor and designer
participation. Erection deviations were analysed taking into consideration
tolerances determined in design and standards and later according to designer’s
directions were corrected or accepted in relation to supposed conditions. In
fabrication plant the main structure elements were subject to trial assembly and
after satisfactory result of the test were subject to finishing (Fig. 8). Dimensions
and complicated shape of these elements disabled to correct them on the
building site. In Cimolai SPA plant all 72 pieces of the compressed ring were
subject to trial assembly: pipes diam. 1 800 mm, g = 80 mm (wall thickness),
12,5 m long, weight ca 50 t, with different angle of flange to connect ring
segments. The accuracy obtained by applying technology and manufacturing
conditions resulted in achieving the tolerance plus minus 2 mm on the total
length of the compressed ring ca 900 m long.

Fig. 8. Trial assembly of the compression ring
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Inspection of anticorrosion protection and structure erection. An important
factor of inspection was anticorrosion protection of steel structure and cables.
Because in reception documents delivered by the manufacturers included
protocols of execution of anticorrosion protection coating (surface preparation,
weather conditions during painting process, reference surfaces, measurement of
coat thickness), checking on the site was limited only to transport damages,
protection of welded erection connections, coating defects due to impact or
friction. Efforts were undertaken to eliminate direct contact of carbon steel
structure with stainless steel structure. Clamping items fastening different
elements against damaging anticorrosion coating had do be equipped with
different spacers protecting structure and cables.

Erection correctness of steel structure fragments and assemblies was currently
checked. The inspection enclosed:

— completeness and correctness of bolt connections;

— completeness and correctness of welded connections;

— compatibility of element’s geometry and location with design and
calculation model.

Foundation settlement was initially measured in two weeks intervals, later in
one month intervals and finally every three month. The results were compared
with previous measurement. In 2011 when construction load increased the
uniform settlement of 2 mm per year was observed. The geodesy measurement
of foundation settlement are carried on all the time.

Safety of work was analysed and controlled during the whole erection process.
It referred to erection technology, risky and hazardous activity. In particular the
subject of control contained:

— permission of work for workers employed 1 m above the ground level
certified by special medical examination;

— good quality of utilised scaffolding and equipment to prevent accidents

— validity of material and element certificates;

— proper qualification of workers engaged to assembly protecting devices;

— schooling of workers in such a way as to enable them to understand the
necessity of applying safety devices;

— cooperation of “alpinists” (erectors working with alpinist equipment)
with other erectors;

— marking of dangerous zones and precluding access of persons not
engaged in erection activity.

Above mentioned activity was constantly supervised by management and
industrial safety services.
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General technical specification of execution and acceptance of construction
works. Specification was worked out by designers of elevation wall steel
structure and steel cable roof structure: JSK Architekci, GMP and sbp. It
contained detailed description of stadium structure cover. This solution is
described by spb authors in this copy “Inzynieria I Budownictwo”.

Erection of steel structure. As the first step of Steel structure erection was
erection of steel columns supporting the compressed ring. These columns were
temporarily fastened to concrete construction. The temporal support was carried
out in such a way that columns were initially outside deflected what enabled
erection of compressed ring elements, manufactured with suitable initial
elongation (see workshop geometry). By closing the ring the supports of nearby
items were set in a way assuring in early morning hours the gap ca 50 mm wide
— exactly so to enable inserting of missing element of the compressed ring.
After centering the item and inserting the bolts the gap 50 mm wide disappears
due to ring items elongation caused by temperature increase.

Fig. 9. The closing ring Fig. 10. The gap by closing ring

Having closed the compressed ring it was possible to start the erection of
already earlier prepared and connected angle struts and fagade ties.

Their weight caused serious outer deflects of the ring. By leaving some of the
temporary supports the overload of ring items was eliminated. Simultaneously
the support configuration had to be incessantly checked to enable free thermal
deformation of the ring. It excluded temporary overload of supports and
reinforced concrete structure.

Previously prepared items, connected angle struts and facade ties were fastened
to compressed ring by pins and welded on the site to column bases. During this
operation the control points fixed on top of the each facade tie were
continuously monitored with respect to ambient temperature and position of
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compressed ring. The correct geometry necessary for the execution of welded
joints was set by applying hydraulic equipment, which by pushing the facade
ties upstairs caused the turn of the whole assembled item round the pin and in
this way enabled adjustment of its position.

(=)
o
O
=~
@
(=]
—
o™
(=]

i

Fig. 11. erection of the angle strut and facade tie

Both the method statement design of cable structure and its execution in
December 2009 when the temperature reached — 20 °C demanded from the
designers and the contractors the highest professional standards.

The whole proper weight of the inner roof rest on four corner knots of the lower
stretched ring. After lifting up of the mast the cables which directly did not
carry its weight were loaded only in the final faze of the stretching process. To
maintain the suitable balance of radial forces on the compressed ring during
cable system erection, proper technology of prestressing had to be worked out
which in result of application the cables different stretching speed in particular
axis assured equalization of forces transmitted from the inner roof.

The initial geometry resulted from the starting position of upper central knots
(needle shaped mast) on the one hand and from the limited flexibility of
stretched ring thick cables on the other hand. To enable the assembly of cables
near the ground level and taking into account the play ground plate load
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capacity it was decided to set the mast initially at the bottom of the underground
garage. Execution of suitable hole in play ground plate enabled the immersion
of the mast with upper central ring on a depth permitting setting cables of lower
stretched ring partially from the lower tribune level. The geometry of cable
configuration was set in such a way that cables of stretched ring arranged ca 1,5
over tribune steps simultaneously complied with their geometry. In case of
upper ring cables scaffoldings 5 m high were indispensable. Stretched rings
struts were inserted in gaps between scaffoldings. Due to this fact during the
faze of structure lifting up no horizontal cable shifting was possible. The
accuracy of cables geometrical arrangement on the site played an important role
and had to be strictly observed. Owing to such solution it was possible to lift up
the cable system from the scaffolding nearly vertically. Repeating changes in
load carrying by cable system during stretching process resulted that some of
the cables temporarily were visibly hanging down.

Fig. 12. Preparation of the cable roof to Fig. 13. Big Lift
Big Lift

The stabilization of needle shaped mast by radial cables of the inner roof nearly
devoid of forces. Prestressed forces which value resulted out of design appeared
in them and in the upper stretched ring only after nearing to final position at the
end of stretching process.

To assure the necessary state of safety during diaphragm erection the
calculations were carried out taking into consideration the suitable erection
fazes of roof covering. In connection with this analysis there were made tests in
the aerodynamic tunnel considering the erection critical stages. The erection
process was determined in a way eliminating in possibly highest degree the
wind load on diaphragm free edge which reduced risk of diaphragm destruction
during erection. Moreover it was revealed that snow load on the roof diaphragm
partially covered may cause high tension in wind braces.
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To enable obtaining proper form of stadium roof spatial steel structure and of
aluminium net outer elevation it was indispensable to respect strictly conditions
and prescriptions imposed by the designer and to adhere dimensions in
conformity with permissible deviations. One must note that taking into account
the shape of the structure not all deviations were determined in standards. Due
to this fact some problems had to be solved by the designer.

In the first stage of erection many items had to be initially shifted in relation to
theoretical axis. Only after imposing the load by erected items they could take
the proper position. As an example it is possible to mention the columns
supporting the compressed ring. In the first stage of erection those columns
were initially set up as radially shifted outside. By manufacturing and erection
the ambient temperature was taken into consideration causing element
elongation. By structure regulation as fiducial temperature +8  C was assumed.

The regulation of main or closing items (lateral bracing, compressed ring, ring
supporting columns) was carried on in designer’s presence, who analysed
deviations confirmed by geodesic measurement and their conformity with
calculation model. Measurement protocols were enclosed to acceptance
documents after works finish.

Structure geodesic measurement undertaken were during the erection activity
and observation of foundation settlement under the columns and formed the
complete real image of the object and its location.

Manufacturing of steel cables cooperating with steel structure and supporting
stadium roof diaphragm was a different problem.

Steel cables designed by sbp in the frame of the working design were
manufactured by Redaelli Tensotec Engineering in Gardone Val Trampe in
Italy.

Cables diameters varied from 17 mm to 150 mm depending on localisation and
loads. The thickest cables are carrying radial roof cables (diam. 140 mm),
cables supporting the mast (diam. 145 mm), cables supporting lateral bracing
(diam. 100 mm) and compressed ring cables (diam. 125 mm). for cables
manufacturing there were used round wire and zed shaped wires. All cables
used for stadium construction were certified by Research Institute of Roads and
Bridges in Poland.

The important problem was the anticorrosion protection of cables to guarantee
the effective safeguard during the whole life service. Round wires were
galvanized according to DIN 2078 standard and zed shaped wires were coated
with galftan in hot-dip process (galftan composition: zinc-aluminium-composite
metal). Quality control of cables enclosed dimensions, tension and zinc coating
adhesion.
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By cutting the cables on suitable length segments the contractor took into
consideration the elongation determined on the base of test results and
temperature influence. The exact length of cables, points of anchorage were
calculated after achieving examination results. On the base of delivered points
system lengths of cables were calculated, determined location of fixing points
on cable’s ends and only having finished these action the decision of cutting the
cables was undertaken. This activity was very important because later there is
no possibility to change the final length of cable with endings. The tolerance of
total cable length attains 0,01 % and permissible deviation of clamp fixing is 2
mm. Length deviation of 10 m long cable can not exceed 2 mm (0, 02 %)

Steel GS18 was applied for production of cable seats, anchorage and connectors.
Seat systems for cable connectors must be approved by independent institution.

Stadium roof and central mast (needle shaped). Parameters describing
materials of roof diaphragms are specified in the table below.

Table 1
Information concerning materials for roof diaphragms
Parameter Fixed roof Closed roof
Type of fabric (CI})I;;SEf;lbre coated by teflon Polyester coated by PVC
Saint Gobain USA fabric Fabric produced in Ferrari
Manufacturer produced in France, in France, diaphragm
diaphragm produced in produced by KFM in
Thailand Edersleben near Leipzig
Trade name Scherfil 11 Precontraint 1302
ir;i);g;‘it;;n ITB — 11.03.2010 French institute and ITB
) e 21.12.2010
incombustibility

Incombustible, non

Classification of fire Incombustible, non ignitable, | . . .
ignitable, non flaming

resistance non flaming droplet droplet
Range of work 230 +70°C 2304+70°C
temperature

Specific weight 1150 g/m’ 1950 g/m’
Light permeability 12=14% 8 %

Noise damping 15 dB

The main roof — over tribunes, all around the whole stadium. Its surface attains
50 000 m . The roof diaphragm was produced of fabric glass fibre coated by
PTFE. Is incombustible, non ignitable and non flaming droplet fabric. It
consists of 72 fields stretched on arch construction supported by 72 carrying
cables. Drainage is carried out by cavity on roof surface in radius axis (cables in
these axis are inclined by ca 10°). Water is evacuated through pipes situated
near the compressed ring.
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Fig. 15. The main roof — glass fibre cated by PTFE

The outer roof — from the compressed ring to outer aluminium facade. The
same material was used as for the fixed roof. The roof surface attains 6 000 m*>
and is 6,75 m wide. The diaphragm is stretched on the structure in the same way
as the fixed roof.

The glass roof — on the border between tribunes and the sport ground is ca 10,8
m wide with the surface of ca 6 000 m? Double layer adhesive glass VSG was
used as roof material. Each layer is 8 mm thick. The roof is inclined in
direction of gutters placed at roof outer edge to enable the drainage.

The inner roof — rectractable roof: closed covering the sport ground and
opened (hidden in the shelter). Roof surface ca 10 000 m* The material used for
its production is PVC.

172



36ipHux Haykogux npays
Yxpaincvroeo incmumymy cmanesux xoncmpyxyiu
imeni B.M. llumanoscvkozo. — Bunyck 10, 2012 p.

The roof is suspended by means of slide carriages on 60 cables diam. 60 mm
and diam. 55 mm. The drainage is achieved due to slope of radial suspension of
diaphragm on cables (inclined by 12°).

The roof is shut and opened by means of driving system consisted of 15 slide
carriages and 1 driving carriage fixed on all 60 cables. Driving carriages are
travelling together with the rope pulled by system of rollers. The rope is coiled
on hoisting winch of the driving unit.
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Fig. 17. Inner roof opened

Because length of cables are different in different axes and the roof diaphragm
should be uniformly unfold the speed of driving carriages and consequently the
speed of coiling cables on drums has to be synchronised. This is one of the
function of the computer program operating roof shutting and opening.
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Safety reasons and factors influencing durability of diaphragm coating forbid
(according to manufacturer’s instruction) the following activity:

— roof spreading in temperature below 0° C: taking into consideration
practical reasons as limiting temperature should be taken as +5 °C;

— roof spreading when wind speed exceeds 7 m/s, the roof is stable if it is
fixed after spreading, during the process of spreading it is sensitive to
wind activity;

— opening and shutting of roof during rainfall.

The computer program operating roof shutting and opening does not permit to
start this activity in dangerous conditions. Information concerning temperature,
rainfall, wind velocity are transmitted from weather station situated on the roof.
It is advisable to get information about weather forecast one hour before
beginning of roof shutting or opening.

An important element of roof covering structure is the mast (needle shaped). Its
lower end is situated ca 30 m above turf level and upper end ca 100 m above
turf level. The main part of the mast (needle shaped) is the stem (pipe like) Its
shape is adjusted to its function.

The lower part to which the cables are connected (4 bundles, 3 cables in each
bundle, diam. 145 mm) is the footing supporting the whole mast. The footing is
manufactured as cast steel item (Fig. 7 and 18). Due to its importance it was
checked by three independent research institutes.

Fig. 18. Cast steel forting supporting the central spire
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The lower part of the cone stem mast with diameter from 1 070 mm to 1600 mm.
in its upper part it changes its shape to cylindrical with wall thickness 30 mm. In
the middle of the mast the ring is situated (see drg. No 5 and 6 ) to which cables
of roof middle part (60 cables diam. 55 mm and diam. 60 mm) are fixed.

The garage is situated on the mast where roof can be stored. This garage is
vertically displaced on mast guides. In the lower part of the mast the supporting
structure of four large screens (6x9 m) is situated.

Facade. The fagade consists of red-silver alternately arranged panels
manufactured of cut drawn anodized alunminium sheets fastened to steel truss
placed just behind these sheets. The truss from one side is connected by
articulated joint with main fagade tie from the second side suspended to upper
panel. This untypical chain brings to an end on the height of the one before the
last panel where forces by means of hangers are transmitted to fagade tie. The
whole system creates flexible, light structure permitting to assure the
transparency condition.

The structure supporting facade is connected in an interesting way with the
diaphragm small roof covering cascade stairs and promenade.

Fig. 19. Erection of the facade elements

For quick-acting connection of panels produced of cut-drawn anodized alum
inium sheets is used the specially designed clamp. As material for this clamp
was applied anodized aluminium sheet. This fastening detail had to fulfill
production tolerances demands foreseen for drawn sheets.

In fagade and panel calculation had to be taken into consideration panel meshes
caused by icing what seriously influenced the value of wind load.
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Conclusions

The stadium construction proved that the responsibility for the total designing
process containing not only the full working design but for erection calculation,
checking of workshop documentation, author’s, investors and contractor’s
supervision during production and erection faze is the key factor contributing to
final success of such enterprises.

The inner movable roof with only one cables layer adapted to winter conditions,
glass bracket roof fastened to the flexible inner edge of cable roof and inspiring
span of the main roof is the milestone in designing and construction of light
prestressed structure of roof cover. One can say that the National stadium in
Warsaw is an important contribution to modern stadium architecture.

(Some parts of the article are based, with authorization of the authors, on the
article by K. Goppert, L. Haspel).

Haoitiwna oo peoxonezii 22.08.2012 p.
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The National football stadium in Warsaw

Adam Reichhart, Dr hab. inz.
Rzeszow University of Technology, Poland

AHoOTauifa. Y paaHin poboTi npeactaBneHi HOBi TeHAEHUii pO3BUTKY Y MPOEKTYBaHHI
cnopTmBHUX crnopya. OCHOBHa yBara nMpUAINSETbCA MpPOeKTyBaHHIO MembpaH, skKi
niaTPUMYIOTbCA TpocamMu Ta MaloTb QopMmy, nogibHy [0 BenocuneaHoro Koneca.
MpuHUWN BenocuneaHoro Koneca NPUAHSATUI Ta 3aCTOCOBAHWI ANA KOHCTPYKUIT HaBsicy
HauioHanbHOro cragioHy y Bapwasi. HapatloTbcs Ta [AEMOHCTPYIOTbCA Yy BUrAsAAi
KpeCneHb OCHOBHiI KOHLUenuii BWUKOPUCTAHUX KOHCTPYKTUBHUX pilleHb, CTBOPEHUX
NpoeKTyBasbHMKaMW. Takox y poboTy BKIOYEHO A0AATKOBI eckisn Ta doTorpadii, y
TOMY YMCNi TaKi, WO AEMOHCTPYIOTb MOHTa)X BUOpaHMUX eNeMeHTiB KOHCTPYKLUii.

AHHOTauma. B paHHoOW pa6oTe npeacTaBfieHbl HOBble TEHAEHUUW pasBUTUS B
NPOEKTUPOBAHUN  CMOPTUBHbLIX  COOPYXeHWW. OCHOBHOE BHUMaHWe yaensieTcs
NpoeKTUPOBaHW MeM6paH, KOTopble MOAAEPXMBAKTCA TpoCaMu W UMelT dopmMy,
noao6Hyto BefnocuneaHoMy Kosiecy. [pUHUMN BENOCUMMNEAHOro Kosleca MpUHST U
NpUMEHeH AN KOHCTPyKUMM HaBeca HauuwoHanbHOro cTagvoHa B Bapuwase.
MpefocTaBnsOTCS M AEMOHCTPUPYIOTCS B BUAE YepTeXell OCHOBHble KOHLenuuu
MCMNOb30BaHHbIX KOHCTPYKTUBHbIX PELUeHWU, CO34aHHbIX MPOEKTUPOBLUMKAMU. Takxke B
paboTy BKJIOYEHblI AOMOJIHUTENbHbIE 3CKWM3bl WM doTorpadun, B TOM 4uCie Takue,
KOTOpble AEMOHCTPUPYIOT MOHTaX BblIGPAHHbIX 3/IEMEHTOB KOHCTPYKLUW.

Abstract. This article presents new development tendencies in the design of sports
facilities. The main focus has been put on design of cable supported membranes
shaped according to bicycle wheel principle. This principle has been adopted and
applied in stuctural design of the National Stadium's roof in Warsaw. The core concepts
of the solutions applied there are presented and illustrated with drawings and
descriptions made by the designers. Additional sketches and photographs, including
those presenting the assembly of selected elements of the structure are also included.

Key words: membrane, structure, type bracing, covering.

The technical and technological progress and development of new and
improvement of existing methods of structure analysis are necessary conditions
for development of forms and methods of shaping, construction and delivery of
facilities.

Sports facilities are covered by particularly intensive development. Construction
of new stadiums and thorough rebuilding of existing ones applies, most of all, to
countries, which are hosts to Olympic games, world or continent cups. Such
behaviour became a rule as early as at the end of the previous century.
Application of this rule is imposed upon by international, organisations and
main organisers of the events, who impose increasing standards upon the
facility contractors. Among various facilities, demand for football stadiums is
dominant. As far as football stadium designs are concerned, initially there was a
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trend to build stadiums with covered stands on the entire circumference. In the
90s of the 20™ century, they started to build closed facilities with opened roofs
or sliding walls as multi-functional facilities [1]. The first such type of the
facility is Civic Arena erected in Pittsburgh (USA) in 1961. Another facility
was erected as late as after nearly 30 years and it was Sky Dome (presently
referred to as Roger Center) in Toronto (Canada) in1989. four years later the
Japanese erected a multi-functional hall with a football pitch and opened roof.
Next, the Dutch erected two football halls with horizontally sliding parts of the
roof, which cover the football pitch: Amsterdam Arena in 1996 and Gerledome
in Arnhem with an extendable reinforced concrete plate with a football pitch in
1998.

In the next years, the Japanese and Germans erected a lot of opened facilities.
Mobile parts of roofs are usually covered with a light membrane made of coated
fabrics of high strength and flexibility and suitable for use in most weather
conditions. Japanese solutions are dominated by opening by way of sliding or
rotating of appropriate segments of the enclosure. However, suspended covers
with a centrally foldable mobile part of the roof into a suspended container, a
so-called “garage” are most often used in Germany. A team of designers,
namely schlaich bergermann und partner (sbp), specialised in designing of
numerous varieties of the solution and designed the structure of cover of the
stadium with an opened roof in Warsaw and numerous stadiums worldwide.
However, the dominant trend is still to design stadiums without roofs above
football pitches, but with canopied stands on the entire circumference, as is the
case of stadiums in Ukraine and Poland.

The structures of German solution are often based upon a principle of a bicycle
wheel. This principle has been known and applied for a long time. Zbigniew
Makowski in [2] presented several facilities of the type, including the cover of a
large pavilion of the USA found in the World Exhibition in Brussels in w 1958

(Fig. 1).

However, it was only with the possibility of use of membrane covers made of
contemporary fabrics that qualities of covers improved and they could be used
for covering of, among others, the above-mentioned stands and halls. One of the
first and larger contemporary applications of the above-mentioned principle for
the purposes of covering of stands on the entire circumference of the athletic
stadium is Mercedes Benz Arena located in Stuttgart and designed by schlaich
bergermann und partner (sbp) in1993, (Fig. 2). An outline of structure used in
this stadium is presented in Fig. 3.
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Fig. 2. Cover of the stadium stands in Stuttgart:
a) general view (Google: Stuttgart stadium), b) support structure with a bottom ring,
c) extendable line internal ring (Fig. 3b, ¢ — photo: A. Reichhart)
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Fig. 3. A diagram of a single system of suspension strings balanced with external and
internal rings

General description of the National Football Stadium in Warsaw. The
National Football Stadium may hold approx. 58 thousand fans, it consists of a
football pitch surrounded by stands on the entire circumference. The height of
stands changes gently on the entire circumference — the highest stands are found
in the middle of the pitch, the lowest stands are located at the corners and a little
higher stands may be found behind the goals. This solution causes the upper
edge of the stands slightly wave, which is repeated at the compressed ring of the
main bearing structure of the stadium enclosure. The space under the stands has
been used for various purposes (Fig. 4, table).

i TUNEL
2§

Fig. 4. A section of the facility and its use [4] - ©Konsorcjum Projektowe Stadionu
Narodowego in Warsaw (J.S.K. Architekei Sp. z o.0. /grup International architects and
engineers/ schlaich, bergermann und partner (sbp)
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Table 1
Use of the space under the stands of the National Football Stadium

Level -4 and -3 | Two-level car park for approx. 2000 vehicles, located under the

football pitch

Level -3 Main entrances into the stadium from the Vistula River, a chapel, VIP
reception desk and technical rooms

Level -2 The football pitch with natural heated and hydrated grass. Entrances

with direct access to the football pitch. Cloakrooms for football
players, a zone for warm-up for players. A press centre and car par for

VIPs.

Level -1 A sports café, shop and fan club as well as restaurants and rooms for
media

Level 0 The main promenade with shops, toilets, usable spaces and catering
points suitable for the disabled. There is also a business club and
restaurants.

Level 1 Office rooms, conference rooms, VIP lounges, including a lounge for

the president and corporations. The command centre for security
guards in the stadium. Rooms for commentators and media and

restaurants
Level 2 Fitness club and conference spaces with a view of the nearby park.
There are also VIP lounges, cafes and offices.
Level 3 The upper promenade with catering points, toilets and first aid points
Level 4 The highest part of the stands with a restaurant with the area of

1300m’, at then height of 40m above the surrounding area, with a
view of the Vistula and Old Town.

The structure of the stadium enclosure and fragments of its assembly. The
whole of the stands constitutes an oval closed building. Together with the
football pitch and stairs it is covered with an oval enclosure, which is not
structurally connected with the building and includes a structure supporting a
permanent roof above the stands and, with the aid of the roof, supporting a
foldable roof above the football pitch. It was assumed that the cover would be
designed in accordance with the bicycle wheel principle. The line structure of
the permanent roof consists of 72 radial string girders, each of which is made of
an upper bearing line and bottom tensioning line as connected by hangers and
tightened by internal rings.

The stands are surrounded by an open-work white and red fagcade wall (fig.5).

It was assumed that the cover would be designed in accordance with the bicycle
wheel principle. The line structure of the permanent roof consists of 72 radial
string girders, each of which is made of an upper bearing line and bottom
tensioning line as connected by hangers and tightened by internal rings.
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Fig. 5. A view of the National Football Stadium in Warsaw

In the initial phase of the design it was assumed that enclosure of the stands
would be made similar to a closed wicker basket. This concept allows for
erection of a lighter structure, but it requires different structural solutions. In
order to achieve similarity to a basket, they decided no to use an upper
compressed ring. This made it necessary to convey force extending each bearing
string to a lower compressed ring as well as the pole and foundations supporting
the ring. The force was conveyed via a compressed brace based upon a junction
connecting the ring with the pole and extended stay of the fagade. Each brace
has to be stabilised with a pair of stays connecting its summit with adjacent
junctions of the compressed ring. The stay is imitated by a wicker straw and
makes it possible to fasten elements of the fagade (Fig. 6). The described
modification did not change the essence of the support structure of the cover,
although forces within the structure are directed to other ways.

Fig. 6. A brace with stay ready for a bolt connection and bottom of the stay ready for
welding; assembly of fagade panels, stays stiffened by connections with poles
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The basic steel bearing structure consists of a compressed ring ate the level of
tensioning strings based upon 72 poles as well as the already mentioned braces
and stays. The system of the above-mentioned poles has only four pairs of fields
between the poles with X type bracing. They were placed in the corners of the
football pitch in order to eliminate undesired effects of wind load (Fig. 7).

Zasrzal : e
Ciggna stabilizujace
X Zasrzd
AT Y

Pierscien sciskany

QOdciag elewacyny
Sup

Oczep pali Stesenie shpow

Fig. 7. The main bearing system of the suspension string structure of the roofs [4] —
schlaich, bergermann und partner (sbp); the first field before bracing and the field
braced in the facility

Use of an opened roof covering the pitch required further modifications of the
basic structure of cover of the stands as compared to the structure of an open
cover as in Stuttgart (Fig. 2). In the vertical axis of symmetry of the entire roof a
suspended mast with an icicle was inserted in order to enable fastening of
bearing lines of the foldable roof (Fig. 8).

In order to tie the roof lines above the pitch with the permanent roof lines as
well as suspend the mast, they doubled the internal extendable ring and put is
closer to the mast. The obtained two extendable rings were envisaged for
balancing of forces in the permanent roof strings and the lower ring was to be
used for suspension of the mast and the upper ring — for fastening of 60 bearing
lines of the foldable roof. Line girders located on the opposite sides of the mast
are mutually balanced (Fig. 9 and 11).
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Fig. 8. The mast is composed of three parts: the bottom part with holders for suspension
with the use of 12 lines, the medium part with two rings in the top part for anchoring of
60 lines of the foldable roof and; the entire structure before suspending
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Fig. 9. An outline of line structure of a single girder of the permanent stadium roof
cooperating with the foldable roof at the level of lines, which suspend the mast

The distance between the lower and upper internal line ring is maintained by
spreaders (fig.10).

Fig. 10. Connection of lines of the permanent and foldable roof and tensioning of the
lines, two rings with spreaders and three lines for suspension of the mast

The mutual stability of both rings is ensured by X type bracing, with two
bracings on longer sides and one bracing on shorter sides.

The internal roof was assumed as a roof in a tent form with a centrally
suspended icicle mast and its view resembling that of a rectangle. The
rectangular shape was given by connecting four girders of the permanent roof in
four points above the pitch corners. In these points, four sets of three lines for
mast suspension were fastened (Fig. 11).
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Fig. 11. A view of a complete rod and line system of the stadium enclosure structure
and presentation of all strings suspended under the bearing structure, with exception of
the internal roof; visible accumulation of strings in corners suspending the mast [4] —
schlaich, bergermann und partner (sbp)

At the level of the extendable upper ring, bearing bracket elements of the glass
roofs were fastened to the spreaders. The roof enables laying of the bottom edge
of the membrane, which covers the pitch and pouring of water down the glass
roof into a circumferential gutter. The bearing structure of the foldable roof is
composed of 60 radial lines fastened in the upper part of the mast to two rings
located at the distance of half a meter vertically from each other and to the
upper extendable ring above the glass roof in the distance enabling extension of
the suspended membrane to the bearing line (Fig. 12).

Fig. 12. Assembly of the glass roof brackets; above the glass roof there are visible lines
of the foldable roof and anchoring elements; under the lower ring there is a visible
connection of bearing strings with the strings, which suspend the mast

Anchoring of the foldable roof lines to the mast at two levels causes that waving
of the fabric adjacent to the mast gradually disappears to disappear completely
on the glass roof. During unfolding and folding, the membrane is fastened to the
lines and moved appropriately with the use of sliding trolleys. The roof is
unfolded and folded automatically and lasts approx. 18 minutes. The “garage” is
closed at the top and lowered or raised as needed (Fig. 13).
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Fig. 13. A view of a partly covered permanent roof and mast with an icicle and rod
structure of the garage; below telebims during construction and upon completion of
construction with a closed foldable roof

The membrane of the foldable roof is made of polyester fabric in PVC coating
with appropriate parameters. The foldable structure of the roof is made of a
flexible fabric, which is creased when folded as a result of moving of the fabric
along the tensioned radial lines. Due to hardening of PVC, it is prohibited to
fold or unfold the roof at minus temperatures. The permanent roof was made of
a glass fabric in PTFE coating . To the bottom tensioning line they fastened arcs
with a stay giving the necessary curvature to the membrane coat of the
permanent roof spread on the arcs. Both membrane roofs are connected via a
glass bracket roof, which creates a transparent glass ring (Fig. 14).

Fig. 14. Suspended arcs with stays tensioning the fabric and folding of the fabric — staff
is visible

Regardless of the mentioned benefits, splitting of the extendable ring makes it
possible to create circumferential communications with four accesses and to
distribute the installation. Water from the roof unfolded above the pitch pours
down the glass roof, into the circumferential gutter and along the roof
pavements into external drain pipes and container located inside the building
(Fig. 15).
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Fig. 15. One of the suspended bridges leading to the circumferential pavement with
water gutters; permanent roof drainage in the vicinity of the main junction of the
compressed ring with the pole and tensioning string

The facade is made of drawn and cut aluminium sheet in the form of open-work
panels fastened with staggered joints to the pipe lattice. The wavy line of facade
panels reach a little above the facility roof. The facade stay taking over wind
load is connected with a stiff main pole (Fig. 16).

Fig. 16. Cascade stairs between the bearing structure and stands; wind-proof fixing of
the stay, which supports the facade

188



36ipnux naykosux npayb
Ykpaincvroco incmumymy cmanesux KoHcmpyKkyii
imeni B.M. llumanoscvkozo. — Bunyck 10, 2012 p.

Literature

[11 Kazuo Ishii: ,Structural design of retractable roof structures” WIT Press
2000.

[2] Makowski Zygmunt: Steel Space Structures MICHAEL JOSEPH London
1965.

[31 Goppert Knut, Haspel Lorenz, Winkler Andrzej: National Stadium in
Warsaw General Description of the Structure, Zeszyty Naukowe
Politechniki Rzeszowskiej, Budownictwo i Inzynieria Srodowiska z.58
(1/11), Rzeszow 2011.

[4] Reichhart Adam, Goppert Knut, Haspel Lorenz, Winkler Andrzej:
Przekrycie i obudowa pitkarskiego Stadionu Narodowego w Warszawie.
LInzynieria i Budownictwo”, nr 6/2012.

Haoitiwna 0o peokonezii 9.08.2012 p.

189



36ipHux naykosux npayb
Ykpaincvroco incmumymy cmanesux koncmpykyii
imeni B.M. llumanoecvkozo. — Bunyck 10, 2012 p.

YIK 624.074.5

PabGora MeTa/LiM4YeCcKoil CTEHOBOW KOHCTPYKIIUM €
NMPUMEHEHHEeM CTPYKTYPHOI0 MOAYJIsI

CusinoB A.N., x.1.1.

BuHHUIKMI HAIIMOHAIBHBINA TEXHUUYECKHH YHUBEPCUTET, YKpanHa

AHHOTaumAa. B pamkax peanusaumMmM  MHHOBALMOHHOIO MpOEKTa BO3BeAeHWs
MHOTrOMYHKLMOHANbHOrO TOProBOr0 KOMMJeKCa UEeHTPasbHOW rOpOACKOW 3acTpOoMnKu
npeanoXeHo TMpUMeHeHWe KPyMHOPa3MEpHOro CTPYKTYPHOro MoAaynss B CocCTaBe
NPOCTPaHCTBEHHOW MeTann4yeckomn CTEHOBOM KOHCTPYKUWK. CoBpeMeHHbIMU
NporpaMMHbIMU CPeACTBaMU CO34aHa CTEpXHEBasi KOMMbOTEPHAsh MoAeNb W BbIMOMHEH
pacyeT perynsipHo/ KOHEYHO-3/IEMEHTHOW cucTeMbl. MccnepoBaHbl  MOSydeHHble
napameTpbl HanpsXeHHO-AedOPMUPOBAHHOIO COCTOSIHUSI U BbIsIBAIEHbI ONAaCHbIE Y4acTKu
MOAYNbHOW CTPYKTYpbl C MO3ULWMW aKTUBHOW 3arpy>KEHHOCTU OMOPHbIX 3/1EMEHTOB U
MECTHOr0 OTK/IOHEHUS CPeAMHHbIX Y3/10B.

AHoTauis. Y pamkax peanisauii iHHOBauUiMHOro npoekTy 3BeAeHHs 6araTtodyHK-
LiOHANbHOro TOProBOro KOMMJIEKCY LEeHTpanbHOi Micbkoi 3abyaoBu 3anpornoHoOBaHO
3aCTOCYyBaHHA BENKOPO3MIPHOro CTPYKTYPHOro MOAYNS Yy CKaadi npocTopoBoi
MeTaneBoi CTiHOBOiI  KOHCTpykuii. Cy4acHuMuM nporpaMHuMm 3acobamu  CTBOPEHO
CTPUXXHEBY KOMM'OTEPHY MoAeNb | BMKOHAHO PO3PaxyHOK PerynsipHoi CKiHYEeHHO-
e/leMeHTHOI cucTeMn. [ocnigXXeHo OTpMMaHi napaMeTpu HanpyXeHo-aedhopMOoBaHOro
CTaHy i BuMABNEHO Hebe3neyHi AINAHKW MOAYNbHOI CTPYKTYpU 3 NO3uUii aKTUBHOI
3aBaHTaXeHOCTi ONMOPHUX E/IEMEHTIB | MiCLLEBOro BiAXUNEHHS CepeanHHUX BY3JiB.

Abstract. Within the framework of realization of innovative project of erection of
multifunction trade complex of central town building application of the large size
structural module is offered in composition a spatial metal wall construction. Modern
programmatic facilities are create a framework computer model and the calculation of
the regular certainly-element system is executed. The got parameters of the tensely-
deformed state are investigational and the dangerous areas of modular construction
are educed from position of active work-load of supporting elements and local
rejection of middle knots.

KnioueBble C/noBa: MeTaN/IMYeCKMe MPOCTPAHCTBEHHbIE CTEPXHEBbLIE KOHCTPYKUWM,
CTEHOBOE OrpaxzaeHune, CTPYKTYpHbIA MOAY/b, KOMMbIOTEPHOE MOAEMPOBAHMNE, pacyerT,
napameTpbl Hanps>XeHHO-AehOPMUPOBAHHOIO COCTOSIHUS.

Beenenue. IloctanoBka 3agaun. MeTtannuueckue MOAYJIbHbIE KOHCTPYKLUHU
MMEIOT IHPOKOE TMPUMEHEHHE B cdepe COBPEMEHHOTO CTpPOWTeNbCTBa. U3
OJIOKOB TIOJTHOM 3aBOJICKOM TOTOBHOCTH TPOCKTHPYIOTCSI W BO3BOAATCS
KpYIHOpa3MepHble MHOTO(QYHKIHOHAJIbHBIE KOMIUIEKCHI, OTIMYAIOIINECS
BBICOKOH HECyIIel CIIOCOOHOCThIO, SKOHOMUYHOCTBIO, 3PEIHITHOCTBIO U
YHHKaJbHOCTBIO KOHCTPYKTHBHBIX pelleHuid. 3roTtoBieHne 00BEMHBIX
MOJyJIEl BEAETCA C NPUMEHEHHEM COBPEMEHHOM TEXHUKM M HOBEUIIMX
TEXHOJIOTUM, YTO TMO3BOJAET B KPOTUAWIIME CPOKH IMOJYUYUTh TOTOBYIO
HNPOAYKLUHIO JIOCTATOYHO BBICOKOIO HHAYCTPUAIBHOIO KaudecTBa. Yacro
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UCTIOJIb3yeMasi CTEP)KHEBasi CTPYKTypa SIBISIETCS YAOOHOW sl CO3/IaHUS MO-
IyJIeld cO 3HAYMTEITHLHOW HOMEHKJIATYPOH TeoMeTpHUecKuX (opM M pasMepos,
CITIOCOOCTBYIOINX MPOCKTHPOBAHUIO PA3HOOOPa3HBIX U BOCTPEOOBAHHBIX
CTPOUTENBHBIX KOHCTPYKUUH. IIperMyINEeCTBEHHO CTEp)KHEBBIE MOAYIHU
MPUMEHSIOTCS. B KAauyeCTBE HECYIIMX JJIEMEHTOB KapKacoB 3lIaHUM W
COOPYXKEHHU pasNTUIHOr0 HazHadeHHs. OIHAKO CPaBHHUTEIHHO Majl0 BHUMAHHS
YACIACTCA MOAYJIAM, KOTOPBIC ITOCIIC O6’beI[I/IHeHI/I}1 B CUCTCMY HUIPAKOT POJIb
OTPaXIAOIINX KOHCTPYKIWH. Pa3paOoTku OTNENBHBIX aBTOPOB IMPHUBICKAIOT
CBOEH OPUTHHAIBHOCTHIO, HO TPEOYIOT TITyOOKOTO M BCECTOPOHHETO M3yUeHHS.
HOSTOMy U3 UMCIOHIUXCA, U BMECTC C TEM HCPCAJIM30BAHHBLIX npeanomeﬂmﬁ
HY>KHO BBIOpaTh TakHe, KOTOpble OyIyT OTBEYAaTh OTMEUEHHOMY TPEOOBAHHIO U
0 pe3yibTaTaM MPOBEACHHBIX HCCIIEIOBAHUN MOTYT OBITh YCIIEIITHO BHEIPEHBI
B ITPaKTUKY CTPOUTEIHCTRA.

AHaJu3 MOCJIeNHUX PadoT. B nanHol paboTe 3a0CTPEHO BHUMAHUE HA YIIOMSI-
HYTOM paHee [1] CTpyKTypHOM MOJyJie, KOTOPBIA pa3paboTaH OTeYeCTBEHHBIM
n300perareseM M CPaBHHUTEIHLHO HETABHO 3alllMINEH MAaTEHTOM YKpawHHI [2].
Monynp mpormien anpoOanuio MpU  MPOEKTHPOBAHMU IPOCTPAHCTBEHHOM
KOHCTPYKITUHU Ha JKEJIe3HOJOPOKHBIX MyTAX [3], HCCIeoBaH B CUCTEME MTOKPHI-
THSl aBTO3aNpPaBOYHOW CTaHIWHU [4], IpOBEpeH B pacueTax MPUMEHHUTEIHFHO K
IpYTuM OOBEKTaM.

BoiesieHne HepelleHHBIX paHee BONPOCOB W OKHMIaeMble pe3yJbTaThl. B
HacTosIee BpeMsl anpoOMpPOBAHHBIA MOXYJb OKas3aJcsi MPUEMIIEMBIM B
Ka4C€CTBC y4UaCTKa CTCHOBOI'O OrpaXKICHUSA MHOI‘O(l)YHKHI/IOHaJIBHOI“O TOProBoro
KOMIIJIEKCA COBPEMEHHOM TOPOACKOM 3acTpoiiku. Tak, 3aka3uuk, aHanu3Upys
TEHACHLUUN IPUMEHEHUS HECTaHJApPTHHIX pEIIEHHH B OTEYECTBEHHOM U
3apyOe)KHON TPAKTHKE, BCEPhE3 3aMHTEPECOBAJIICS OPUTHHAIBHON CTPYKTYpOH
CTEPKHEBOT'O MOAYJISI M U3BSIBUJI )KEJIIAHUE PACIIPOCTPAHUTE €0 Ha PErYJISIPHYIO
CTEHOBYIO cuUCTeMY. B Xome m3yueHHs MpeIoKEHHOH IeOMETpUH Orpakia-
IoLIel KOHCTPYKLMH BO3HUKIIM BOIIPOCHI, CBSI3aHHBIE C 0COOEHHOCTSIMH PabOTBHI,
pacxomoM MaTepualioB W BO3MOXKHOCTBIO COIPOTHBIISITECA JIEHCTBYIOIIUM
Harpy3kaMm. OKuAaaoch, 4TO UX PelIeHUE TTO3BOJIUT HONYYUTh HHPOPMAIHIO O
3HAYUMOCTH M TIpeleNax MCIONb30BAHUS Takoro MOAYJS B Pa3lIMYHBIX
CTCHOBBIX CUCTEMAX.

Henanr pabotbl. [IpuMeHHTENTFHO K pa3MepaM pPEalbHOTO MPOEKTa MPUHSATO
pellleHue M3yYnuTh 3aKOHOMEPHOCTH Pa0OThl OTpaKIarolield KOHCTPYKIUHU C
WCTIONb30BaHMEM CTEP’KHEBOTO MOIyJS ©Oe3 JWaroHalbHOTO JJIeMEHTa W3
MIJIOCKOCTH FpaHe.

KoncrpykrnBHoe pemenne. Haubonpimas Tpoekuuss TIeOMeTpUYeCKOH
¢Gurypsl ydactka, OTBEICHHOIO Ha MCCIEAyeMblii OJIOK, MpeACTaBIeHa
OpSIMOYTOJIBHUKOM ¢ pasMepaMu HxL=20x30 m. Sueiiku (Moaynn) oOpa3oBaHbl
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MIPOJIOIBHBIMU M TIONEPEYHBIMU CTEPXKHSAMHU, CTOHKaMU M packocamu. J[mmHa
JIMaroHaJIbHOTO 3JIEMEHTa B IUIOCKOCTH TpaHel paBHa 5,1 m. Pazmep momyneit
hxl=5x5 M, TommmHa =1 M, yroll HakKJOHA PAacKOCOB K MOSCaM B TPaHIX
11,31° (puc. 1). Brnok Brmowan 129 crepxueit, 62 y3ma, B ToM uucie 32
onopHbIX. CTEHOBOE Orpa)iJIeHHWEe IIAapHUPHO KPEMmWwIoch K paMaM Kapkaca
3nanus. Cucrema mpennoiyiaraja NpPUMEHEHHE TpyOuaThlXx mpoduieit ¢
MaKCHMaJIbHBIM pa3MepoM nomnepeyHoro ceueHust 80x80x4 mm.

I=5m

Sk
PN

Puc. 1. 'eomeTpryeckas cxema MOAYJISI

Omnpenesienne pacyeTHBIX Harpy3ok. KoHCTpykiusi CcTeHOBOTO OIOKa,
cocTosinjas U3 MOAYJIEH TMOJHON 3aBOJCKON TOTOBHOCTH, MpeJHA3HAY€Ha s
BBIMIOJIHGHUSL Orpakiaroux ¢yHkimid. [1o3ToMy pacueTHBIMH Harpy3Kamu
CITy’KHJTU COOCTBEHHBII BEC M CTaTUYeCKas COCTaBIISIONIAs JaBlIeHUs BeTpa. Ha
OCHOBAHMM MCXOAHBIX JAHHBIX O pea3allMMi NPOEKTa U HbIHE IEHCTBYIOLIUX
HOPM BBIOpaH paiiOH C TaKOW XapaKTepUCTUYECKOW Harpy3kod Wy, KoTopas
OTBEYaJla MECTHOCTH CO CPEITHUM 3HAUCHHUEM BETPOBOrO JABIICHUA B YKpauHE
[5]. Halimennas mo HOpMaMm pacripeaesieHHas Harpy3ka

W = Yfm w,C

C YyYeTOM CpOKa CIY>KOBI 3mMaHus W 3HaueHWH Kodddurmenta C;, U3MEHECHHS
JABJICHUST BETpa [0 BBICOTEC IMEPEBEACHA B COCPEIOTOYCHHBIC CHIIBI,
MPWIOKEHHbIE B y37aX. [lepeBoj OCYIIECTBICH OOBIYHBIM CHOCOOOM
MOCPEJICTBOM YMHOXCHHS HOPMHUPOBAHHOM HArpy3Kd Ha BBIYHCICHHBIC
Ipy30BbIE TUIOMIA]H:

Fous= Wm,SAl :Wm,Sh(l/z); Foi0= Wini041 :Wm,loh(l/z);

le,zo = Wm,ZOAl = Wm,zo Z(h/2); le,lS = (le,lo + le,zo)/z;
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sz,s = Wm,S A4,= Wm,s L h; sz,lo = Wm,lo A,= Wm,lo L h;
Fuos =(Wmr0tWi20)/2)Ar =Wy a5 Lh.

Octeknenue urpajio poJib HpPICOQZ[I/IHeHHOﬁ MAcCChbl, MMO2TOMY €ro HeCyllas
CITOCOOHOCTh HE Y4YUThIBAJIACh.

KomnbiotepHoe MopeanpoBanue W pacyer. CTepKHEBas KOHCTPYKLHA, B
OCHOBY KOTOPOW TIOJIO)KEH TIPEJIOKEHHBIH MOJYJb, NpPEICTaBlIeHa JUIS
HCCJICNOBAaHUS B BHIE IIOCTPOCHHON TMPOTpaMMHBIMH CpeiacTBaMu [6—8]
KOMIIBIOTEPHON Mojenu. MMest pasmepbl MOIyJsl, ONpPENEICHbl KOOPIHMHATHI
y3II0B  MPOCTpPaHCTBEHHON  sueiiku. CoenuHeHHWEe WX DdDJIEMEHTaMH U
rmocieAyioniee  KONMMPOBaHWE B TOPU3OHTAIFHOM M BEPTHKAIBHOM
HampaBlEHUSAX TO3BOJIMJIO TOJNYYUTh 33aJaHHYIO CHCTEMY CTEHOBOTO
orpaxaenus (puc. 2).

2 - BETPOBas Harpy xa

25| 25| 25| 25| 25|
G 6,
: iy 2y 2y 2y ) s
5 b
Ty . . . . . Ty
L .9 g L 20.4|
35 G R g, g, . 33
6| 6| 6| 6 46|
p p p g p
Zy 33 a3 33 33 33

Puc. 2. Cxema cTepkHEBOTO OJIOKa

Kperutenne KoHCTpyKmIMHM K paMaM Kapkaca 3[aHUS OCYIIECTBISIIOCH C
MOMOIIIBIO CBSI3€H, UYTO OOECTeYNBAIO €€ TeOMETPHUYECKYI0 HEHM3MEHSIEMOCTb.
IIpyueM HanoXeHHBIE CBSI3U 3alpeliaid OTISNBHO B3SThIE JIMHEHHBIE
MepeMeIIeHNs y3JI0B.
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IIpenBaputenbpHas JKECTKOCTh JJIEMEHTAM HA3HAYanach MMyTeM 3aJaHUs
rmapaMeTpoB TpyOUaThIX poduiIeii ¢ aBTOMAaTHYESCKIM pacdeTOM COOCTBEHHOTO
Beca. Harpyska ot Berpa, ykazaHHasi paHee, IPUKIaJIbIBAIACH COCPEIOTOYECHHO
B y3Jax.

COSZ[aHHaSI KOMIIBIOTCPpHASA MOZACJIb CTCHOBOI'O OTpaXACHHA pacCUUTaHaA
MCTOJOM KOHCYHBIX 3JICMCHTOB.

B pesynbraTe BBIMOJHEHHBIX BBIYHCICHHNA C(HOPMUPOBAHBI CXEMBI PaOOTHI
KOHCTPYKIUHU C LIBETOBBIMU OTTEHKAMH U COOTBETCTBYIOIIMMHM AHArpaMMmaMu,
KOTOpBIE HAIJIITHO OTPa3WiIM MapaMeTphl HaNpsSKEHHO-Ie()OpMHUPOBAHHOTO
COCTOSIHMS CTpPYKTypHOTo Omnoka. K ToMy ke mapajienbHO CO3AaHHAs
KOMITBIOTEPHBIMHU CPEICTBAMH Pa3BepHYTasl YUCI0Bass MHPOPMAHsi KOMIAKTHO
CTPYKTYpHUpOBaHa U NPEJCTaBlIeHa B TAOIWYHBIX JaHHBIX.

[MoyuyeHHbIe YCHIIHS B CTEPXKHSIX M 331aHHBINA MaTepUal MO3BOJIMIN OCYIIECTBUTh
1 BU3YaJIM3UPOBaTh HEOOXOIMMBIN OI00P TEOMETPUUECKUX XapaKTEPUCTHK TPyO
Ka)KJIOMY DJIEMEHTY.

Pe3yabTaTrhl pacuera. AHanu3 pe3yJbTaTOB MPOMU3BEIAEH HAa OCHOBAHHUHU
BBISIBJICHHBIX CHJIOBBIX (DAKTOPOB U mapamMeTpoB JichOPMUPOBAHHUSL.

Veunus B aneMeHTax OIpeACJICHbBl B TOPU30HTAJIBHOM, BCPTUKAJIBHOM U
HAKJIOHHOM HaIlIpaBJICHUAX.

BenuurHa ¥ 3HaK CHJIOBOIO (pakTOpa COOTBETCTBEHHO YKa3bIBAIM HA CTCICHb
3arpyKCHHOCTH W XapakTep paloThl 3JeMEHTOB. B yacTHOCTM HamOOJBIICH
BEIMYMHOW XapaKTEePU30BaINCh BHYTPEHHHUE ITPOOIbHBIE CHIIBI KOHCTPYKITUH.

HedopmupoBanne cucTeMbl, 3aKpeIUIEHHOH MO KOHTYpPY, (HKCHPOBAIOCH B
JUHEHHOM FOPU30HTAJIbHOM HAIIPABICHUHU.

brnaromapsi HarmsgHOCTH CXeM, IMIONyYEHHBIX B I[BETOBOM HCIIOJIHEHUH,
OTIpe/IeTICHBI OTIACHBIE YYACTKH UCCIIEYEMOU CTPYKTYPHI.

AOCOIIOTHBIIT MakCHMyM TPOJIOJIBHBIX CHJI (YCHJIMi) BBISIBIIEH B OIOPHOM
pacTSHYTOM pacKoce BepXHeil 30HbI CTEHOBOT'O OrpakACHUs, TIe HaOI0aaIoch
peanbHO OLIYyTUMOE AaBieHue BeTpa. Ha ToM ke ypoBHE IO BBICOTE, HO YK€
CME)XHbIE OMOPHBIE PACKOCHI B CHITY X YSI3BUMOTO PACIOJIOXKEHHS B IJIOCKOCTH
rpaHeil OKa3zajanch MaKCUMaJIbHO CXaTbIMH. OcTajbHBIE YYaCTKH CTEP)KHEBOM
CHCTEMBl OTJIMYAIUCh CPAaBHHUTEJBHO MEHBIIEH CHIIOBOM 3arpyKEHHOCTBIO.
Bmecte ¢ TemM B cpemuHHON 30HEe Ha SUYCHKY HIDKe 3a(UKCHUPOBAaHBI
BEPTUKANBHBIC JIEMEHTHI C JOCTATOYHO OONBIIMMH YCHIIMSMH PACTSDKEHHS M
COKaTHsL.

BenuunHbl MaKCHMAaJbHBIX IPOJOJBHBIX CHJI B JJIEMEHTaX CTEHOBOIO
OTpaXKICHHUsI IO PAa3HBIM HAMpaBJICHUAM B MPOCTPAHCTBE IPEACTABICHBI B
Tabmuue 1.
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Tab6mumna 1
MaxkcaMajibHbIe POOJIbHBIE CHJIBI B 3JIEMEHTAX CTEHOBOTO OIrPaKIeHHS
B 3aBHCHMOCTH OT HANPABJICHUI PACIOJIOKEHHS NX B MPOCTPAHCTBE

MakcuManbsHbIe TTPOAOIBHBIE CHIIBI B lIeMeHTax, KH
Hanpasnenue
PacroI0XKCHHA OINOPHBIX CepeaMHHOM 30HbI
3JIEMEHTOB
pacTsDKeHHe cKaTue pacTsDKeHUe cKaTue
IponomnsHOE X +43,40 -31,43 +15,80 -21,81
VA +44,73 -48,96 +45,29 -41,13
[Tonepeunoe
Y +0,00 -0,00 +0,05 -12,94
X +38,14 -50,00 +15,80 -9,45
Haxsonnoe
VA +78,54 -72,65 +25,72 -28,48

[MpuBenecHnas Bbimie  WHPOpMAIMS  CBUJIETEIBCTBYET O  HaWOONbIEH
3arpy’>XC€HHOCTHU TOJIBKO HEKOTOPBLIX OIOPHBIX 3JIEMCHTOB MW HE BBI3BIBACT
COMHEHHH B paboTe KOHCTpyKUMH. K TOMy ke cienyeT OTMETHTDH elle OIHY
0COOCHHOCTD, 3aKJIOYAIONIYIOCS B TOM, YTO TOPHU30HTANBHAS MPOTSHKEHHOCTh
Oioka oOecreymia Ha KaXKIOM YPOBHE IO BBICOTE OTHCIHHBIM psSAaM B
CPEIMHHON 30HE PABHOMEPHOE PaCHpPE/ICIICHUE YCUIMA MEXKIY JJICMCHTAMU B
MPOIOJILHOM HAITPABJICHUH.

Onnako chopMupoBaHHAS TPOTPAMMHBIMH CPEICTBAMH HH(pOpManus o paboTe
OJICMCHTOB HC€ IIO3BOJIMJIA OLCHUTHL CTCHCHL YASBUMOCTU TCX YYACTKOB
CHCTEMbI, KOTOpbIE HambOoJiee OTAANCHHBI OT Omnop. VIMEHHO OHH SIBJSUTUCH
YpEe3BBIYAHO OMACHBIMU C MO3UIUU MPOCTPAHCTBEHHOM KECTKOCTH CTEHOBOTO
OTpakJIeHHs ¥ MOTJIU TOBJIeYb 32 COOON HEeXeIaTeIbHOEe HCKPUBICHHE (OPMBI
KOHCTPYKIIUH. BHpO‘-IeM, NEpEMCUICHN A, MOJYYCHHBIC HACTOAIIUM PACUCTOM,
HE BBISIBIUIH MPOOJIEM B U3MEHEHUH TEOMETPHH PACCMATPUBAEMOMN CTPYKTYPhI U
B IIeJIOM OKa3aJUCh JOCTATOYHO TPHEMJIEMbI JJIsi HOPMAIbHOH paboThI
CUCTEMBI. YYacTKH C 3aMETHO BBIABUHYTBIMU y3JIaMU ONPCACIICHBI B IIpEAciIax
CPEAMHHON 30HBI WM HAMTIAHO MPEACTABICHBI Ie(OPMUPOBAHHON CXEMOM.
Haubonbimue mepememieHus  y3J0B, BBbI3BaHHBIC  JICHCTBUEM  BETpa,
3aUKCUPOBaHbl B JIMHEHHOM TOPHU30HTAJIBHOM HampaBlieHHH. [Ipruem
MaKCHMaJbHOE OTKIIOHCHHE OT BEPTHUKAIM MOJYYWJ [EHTPaIbHBIA y3en Ha
MEPEeCeUCHUN TNIAaBHBIX ocell cuMMmerpur. OcTanbHbIe MEPEMENCHHS Y3JI0B He
OKa3aJIi JIOJDKHOTO BIIMSAHUS Ha Je(OPMHUPOBAHHOE COCTOSIHUE KOHCTPYKIIUU.

B Tabmuiy 2 BHeEceHBl BEIMYMHBI MaKCHMAIbHBIX MEPEMELICHUH Y3II0B
CTEHOBOTO OIPaXICHMUS.
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Tabmuma 2
MakcuMaJjibHbIe TiepeMelIeHusl Y3JI0B CTEHOBOI0 OrpasKIeHUsl
B 3aBHCHMOCTH OT HATIPABJICHUH PACIIOJIOKEHHUS HX B MPOCTPAHCTBE

HamnpaBnenne nepemenieHus MakcuManbHbIe IepeMelIeHH s Y3JI0B, MM
y3I710B KOHTYPHBIX CPEeIMHHOM 30HBI
X 0,62* 0,00%* 0,90
Topu3oHTaTBHOE Ux 3,40% 0,77+ -1,45
Y 0,00* 0,00%* 19,15
Uy -0,18%* -0,04** -0,06
BeprukansHoe 4 0,00 0,69** 1,02
vz 0,97* 2,31** 1,32
IMpumedanne. *; ** — kKOHTypHBIE OONBIIAst U MEHBIIAS] CTOPOHBI

3HaK «MHHYC» TIepe]] HEKOTOPHIMH HaWOONBIIMMH 3HAYCHHUSIMH YTIIOBBIX
MepeMEILICHUI BbI3BaH MOJIHBIM HAJOKEHUEM JIMHEHHBIX CBA3EH Ha OJHY MHapy
OTNIOPHBIX y3JIOB, PACIOJIOKEHHBIX HA PACCTOSHUU 1 M, YTO MPHUBEIO K
HECYILIECTBEHHOMY IOBOPOTY PAacCMAaTpUBAEMON KOHCTPYKUMU OTHOCHUTEIBHO
oceit X u Y, HO, BMECTE ¢ TeM, 00€CIeunsIo TEOMETPHICCKYI0 HEU3MEHIEMOCTh
CHCTEME.

Jpyrue ocoOCHHOCTH, BBISBICHHBIE B Pe3yJbTaTe aHAIM3a IMONYYCHHBIX CXEM
neGopMUPOBaHHS, HOCWIA MaTOMH()OPMATHBHBIH XapakTep W HE ITO3BOJIIIH
chopMyUpoOBaTh KAKKX-JIM00 3aKOHOMEPHOCTEH.

BriBoabI

B pamkax peaqpHOro IpoeKTa HcclieoBaHa paboTa METAIIMIECKOW CTEHOBOM
KOHCTPYKIIMM C TPUMEHEHHEM CTPYKTypHOTO MOIyJs 0€3 JIHuaroHaJbHOTO
3JIEMEHTAa U3 TIOCKOCTH rpaHeil.

Ha ocHOBaHHMHM JaHHBIX O pa3Mepax M JCHCTBYIOIIMX Harpy3Kax BbITOJHEHO
KOMITBIOTEPHOE MOJETUPOBAHNE M OCYIIECTBIEH pacyeT KPYITHOPa3MEPHOTO
0110Ka.

ITpousBeneH MOAPOOHBII aHANNM3 MPEICTABICHHBIX I[BETOBBIX CXEM CHIIOBBIX
(bakTOpoB W MapaMeTpoB JehOPMHUPOBAHHS MPOCTPAHCTBEHHOW CTEPKHEBOM
MOJIEIH.

PCSYJH)TaTI:I pacyeTa nNo3BOJIWJIN BbISIBUTH OITACHBIC 30HBI CTCHOBOT'O OI'paKICHUA
C IIO3WIHUH aKTUBHOH 3arpy>K€HHOCTH OIIOPHBIX JJIEMEHTOB H MECTHOI'O
OTKJIOHCHHUA CPCIUHHBIX Y3JIOB.

Ha neiictBus BeTpoBOro JaBieHHs CHIBHO OTPEarvpoBalld BEpXHUE HAKIOHHbBIE
3JIEMEHTHI, B KOTOPBIX 3a()MKCHPOBaHbl MaKCUMAaJIbHbIE YCHJIMS PACTSLKEHHS U
ckaTusl. MeHee 3arpyKeHHOHM OKa3allaCh CpPEIMHHAs 30Ha, OJHAKO B OTHEIBHBIX
€e BEPTUKAJbHBIX JJIEMEHTAaX BBLIBICHBI JOCTATOYHO OOJBIINE BHYTPEHHHUE
CHJIOBBIE (DAKTOPBIL.
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Wnast cutyanus nmposiBUIIach B apaMmeTpax Ae(opMUpoBaHus KOHCTpYKIMU. M3
PacCMOTPEHHBIX YYaCTKOB CTEP’KHEBON MoJenu Haubojee ONacHoe JIMHEHHOe
BBIJIBDKEHHE TTOJTyYHIIa 30HA PACIIONIOKECHUSI CPESAMHHBIX Y370B. IMEHHO OHM
BCJICJICTBUE JIABJICHHUSI BETpa OUIYTHMO IEPEMECTHIMCh B TOPH30HTAJIBHOM
HanpasiieHud. [Ipuyem Oonblie BceX OT BEPTUKAIM OTKIOHHJIICS LEHTPaJIbHbIHN
y3€J1 CTEHOBOT'O OTPaKACHUS.
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YK 624.014:614.8:351

MeToauka npeaoTBpalieHus MPOrPecCHPYIONIEro pa3pyuieHust
CTAJbHBIX KOHCTPYKLMA HA OCHOBE KpUTEPHEB TEXHOT€HHOM
0e3omacHoOCTH

T'aiinaenko A.C.

ITAO «ABpaeeBCcKuil KOKCOXUMUYECKUH 3aBO/I», YKpanHa

AHoTauis. CucrtematmsoBaHi AaHi eKoNoriYHMX AOCHiAXeHb AN BU3HAYeHHs axepen
arpecusHoi Aii Ha 6yaiBenbHi KOHCTpyKUii 6yaiBensb i cnopya B YMOBaX KOKCOXiMIYHOrO
BMpobHMUTBaA. BcTaHoBnEHiI KpuTepii nporpecytoyoro pyrHyBaHHS MeTallOKOHCTPYKLin
nig BMNJAMBOM KOPO3iMHWMX BMNAWBIB. 3anpornoHOBaHa CTPYKTypa YMpaBfiHHA CUCTEMOKO
TeXHIYHOro o6CcNyroByBaHHS i PEMOHTY OCHOBHWX BMPOO6HMUMX (DOHAIB 3a NOKa3HMKaMM
CTIMKOCTi KOHCTPYKTMBHUX (POpM. PO3rAsHYTI TexXHiyHi piweHHs, wo 3abe3neuvyoTb
nigBULLIEHHS LOBrOBIYHOCTIi OCHOBHUX METaNOKOHCTPYKLUIl i piBHS TEXHOreHHOI 6e3nekmn
BUPO6HMUMX 06'ekTiB. O6rpyHTOBaHMn METOAMYHWI Niaxia Ana 3anobiraHHa Hebesneui
Nporpecytyoro pymHyBaHHs 6a30BUX KOHCTPYKLIN 3a BCTaHOBNEHUMU KpUTeEpisMun
eHepreTUYHOro noTeHuiany BMpobHMUMX 06'ekTiB.

AHHOTaumsa. CucrteMaTU3MpoBaHbl [aHHble 3KONOMMYEeCKUX WcCcredoBaHui  ans
onpeaeneHnss UCTOYHMKOB arpecCMBHOrO BO3AEWCTBUS Ha CTPOUTENIbHble KOHCTPYKLUMU
34aHUA W COOPYXEHUI B YC/IOBUSIX KOKCOXMMUYECKOro MpPOU3BOACTBA. YCTaHOBJEHbI
KPUTEPUM MPOrpeccupylowero paspylleHnss MeTanIOKOHCTPYKUWI MNoA  BAUSIHUEM
KOPPO3WOHHbIX  BO3A4eWcTBMn. [peanoxeHa CTPyKTypa ynpaBieHuUss  CUCTEMOM
TEXHUYECKOro 06CNyXUBaHWS M PEMOHTa OCHOBHbIX MPOW3BOACTBEHHbLIX (DOHAOB MO
rnokasaTensiM CTOMKOCTU KOHCTPYKTUBHbIX (hOPM. PaccMOTpeHbl TEXHUYECKUE peLueHus,
obecrneumBaloLlme MOBbILEHWE [AOSTOBEYHOCTU OCHOBHbIX METANIOKOHCTPYKUMIA 1
YPOBHSI TE€XHOreHHOWM 6e30MacHOCTM  MPOU3BOACTBEHHbLIX 06bekTOoB. O60CHOBaH
MeTOoAMYEeCKUI  noaxod ANs  NpeAoTBpalleHWss  OMacHOCTM  mporpeccupytowero
pa3pyleHunsi 6a30BblX KOHCTPYKUWA MO YCTaHOBMEHHbIM KPUTEPUSIM SHEpPreTM4ecKkoro
noTeHuUmana npon3BoACTBEHHbIX 06bEKTOB.

Abstract. The systematic data of the ecological investigations are systematized for
determination of the sources of the corrosion attacks for building structures and
constructions in the coking-chemical industry. The criteria of metal structure
progressive failure under corrosion attack are specified. The structure of controlling
the system of the maintenance and repair of the main production facilities according to
the resistance indices of structures is proposed. The technical solutions providing the
prolongation of the main steel structures durability and the level of the man-caused
safety of the industrial facilities are analyzed. The methodological approach for
prevention of the progressive failure of the basic structures risk by the specified
criterion of the power budget of the industrial facilities is justified.

KniwoueBble cnoBa: CTajibHble KOHCTPYKUMW, KPUTEPUWU paspyLUEHUs, TexHUYeckKoe
obcnyxuBaHue.
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BBenenue. Ilokazatenu HameKHOCTH U 0OE30MACHOCTH KOHCTPYKIMHA H
COOPYKEHHH 3aBHCAT OT PEKUMA IKCIUTyaTallliy MPOU3BOACTBEHHBIX 0OBEKTOB.
IIposiBieHNST TEXHOTCHHBIX (PAKTOPOB, BBI3HIBAIONINE MOBPEKICHUS U OTKA3HI
KOHCTPYKTUBHBIX JJIEMEHTOB, XapaKTepU3yKOTCA THUIIOM Marepuajia u
Ha3HAYCHUEM KOHCTPYKIUH, 00bEMHO-IJIAHUPOBOYHBIMH DPEUICHUSIMHU, BHIOM
WCTIONB3yEMON JHEPTWH, HAINPsSHKEHHO-Ie(OPMUPOBAHHBIM COCTOSHHEM |
rnapaMeTpaMHy 3KCIUTyaTallMOHHBIX BO3JAEHCTBUIM.

[lopsiok BBIIOTHEHHS aHAlM3a M OICHKH PHCKOB OOBEKTOB IOBBINICHHOMN
OTIAaCHOCTH OIpEeNeIieH 3aKOHOIATEIILCTBOM YKpawHbI, a Takke HOPMATHBHO-
Meroandeckumu  ykaszanusmu [1,2]. C  mo3ummii  9HEPTOIHTPOMUHHOMN
KOHIIEIIIUU OMACHOCTH [3] pa3nuyaroTcs TPU UCTOYHHUKA BO3JCHCTBUIA:

— JICHCTBHE DHEPrUM OKPY)KAIOIIeH Cpe/bl, BKIOYAsS YCIOBCUCCKHIA
(dakrop;

— BHYTPEHHHE UCTOYHHMKH SHEPIHH, CBI3aHHBIC C TEXHOJOTHYECKHMHU IIPO-
[IECCaMM PEXKMMA IKCILTyaTallui ¥ pad0TON OTICIBHBIX KOHCTPYKTUBHBIX
3JIEMEHTOB;

— MOTEHIMAJIbHAS DHEPI'Hs, HAKOILICHHAsI IPU U3TOTOBJICHUU U BO3BEACHUU
00BEKTA.

B marepmanax MHOTOYHCICHHBIX HCClenoBaHui [4 - 8] mpeacTaBieHbl 0000-
HICHHBIE MOJEIIM MEXaHU3Ma CHIDKEHHSI HEeCYIel CIIOCOOHOCTH U pa3pyIIeHUs
B 3aBUCHMOCTH OT Pa3JIMYHBIX COUETAHUI HATPY30K M BO3ACHCTBHI.

Henbio nanHoil padoThl SIBJAsIETCS: Pa3paboTaTh METOAVMKY TPEIOTBPAIICHHS
MIPOTrPECCUPYIOIETO Pa3pyIICHUS CTAIbHBIX KOHCTPYKIMM B YCIIOBUSIX KOKCOXH-
MUYECKUX MPEINPUATHI HA OCHOBE KPUTEPUEB TEXHOT'CHHOM O€30MaCHOCTH.

KokcoxnMudgeckoe  TPOW3BOJICTBO  XapaKTEpPH3YeTCS  BeCbMa  BBICOKOM
arpe€CCUBHOCTBIO aTMOC(i)epBI mpearnpuATus, TCpMUICCKUMU BOSI[CFICTBI/IHMPI Ha
pabourie OpraHbl MallUH W KOHCTPYKIIUH, a0pa3MBHOCTHE) KOKCOBOH ITBUIH,
aaresvell K TMOBEPXHOCTH ammaparypbl, KOHAEHcaTa, cMol, (ycoB W T. T
Komrmuiekc mpou3BOJICTBEHHBIX BO3ACHCTBUM BBI3BIBAET IPOTPECCUPYIOIIEE
paspyleHue, BBIXOJI M3 CTPOS METAUIOKOHCTPYKIMA ¥ 000pYAOBaHHMS,
SBISETCS TMPUYMHOW BHE3AIHBIX aBapui, YBEIMYMBACT TEXHOTECHHYIO
OITaCHOCTDH MTPOM3BO/ICTBA, HAHOCHT yIIepO OKPYIKAIOIeH cpelle 1 TPUBOANT K
S3HaAYUTCIIBHBIM OKOHOMHWYCCKUM ITOTCPSAM.

AHAaJIHU3 PHCKOB KOPPO3MOHHOIO pa3pylleHHs] KOHCTPYKIHUHA U coopy-
skeHUil. OOBEKTOM HCCIENOBaHUSl SBISIOTCS  CTajbHbIE KOHCTPYKLUH
OCHOBHOTO TPOU3BOJICTBA KOKCOXUMHUYECKOTO HPEANPHUATHS: TPAHCIIOPTEPHBIE
rajeped, MOCTBl KOKCOBOTO Tra3a, OMNOpBl MEXKIEXOBBIX KOMMYHHMKAaIMi |
OOCITy>KMBAIOIIME IUIOIAAKA KOKCOBBIX ©OaTapeil Kak IOTEHIHaJIbHbIE
HCTOYHUKYU TEXHOTE€HHOH OMMaCHOCTH paccMaTpUBaeMoro Ipou3BoacTBa [9].
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CraTtucTUyYecKUid aHajau3 JAaHHBIX KOPPO3HMOHHOTO COCTOSIHUS NPOU3BEIEH IO
MaTepuayaM o0CIIeIOBaHWH, BRITIOJHEHHBIX B mepuon ¢ 1972 - 2004 r.r. I1IKb
«Koxkcoxummpoekt» Ha 289 obbekTax (puc.l).

35 15

20
219

O Tpaucnoprepusie raneper B MocTsl KOKCOBOTO rasa
0O Onopsr MIIK O IMrommaaku

Puc. 1. KonnyecTBeHHBII cOCTaB KOHCTPYKLIUI U COOPYKEHIH KOKCOXUMHYECKIX
TPEANPUSATHIA TI0 JaHHBIM 00CIICIOBAHUIA

Kareropum TeXHHYECKOTO COCTOSHHUS TPAHCIOPTEPHBIX Tajepell KOKCOXHMH-
YeCKUX MPEANpUATUI 10 MpHU3HAKaM KOPPO3MOHHOTO pa3pyLIeHMs Ipe/CTaB-
JIEHBI Ha pHuC. 2.

OmpeneneHue TPHEMIIEMBIX YPOBHEH PHCKOB BKIIIOYAET MCIOJB30BAHHE
METOJIUKU aBapUHHOW JUATHOCTUKH JIJIsi OOBEKTOB MOBBIIIICHHOW OMACHOCTH.

YKv3HEeHHBII [UKIT TF000W aBapuy Ha MPOMBIILICHHOM MPEAIPUSITAN BKIFOYACT
dTanbl WHALMWUPOBAHUS, PA3BUTHUS, BBIXOAA 3a MpPENENbl aBapuUHOTO OIIOKa,
JIOKATM3aIUN U JINKBUIAITNH TTOCIICICTBHM.

Oman unuyuuposanue asapuy. ABapUM TPOUCXOJIAT TNPH BO3HUKHOBEHHUU
BIIOJIHE  OTpeZeNieHHBIX (HEe TPOW3BOJBHBIX) ycioBuil. Ilpomcxomut
HaKOIUIEHHE MPHYMH, TaKUX KaK MPOSBICHHE KOHCTPYKTHBHBIX HEIOpaOOTOK,
TEXHOJIOTHYECKHX Ie(EeKTOB, OMIMOOK MepcoHaia B MPOLEcce IKCIUTyaTaluu 1
T.IL., IO T€X TOP, MTOKa Mepa 3TO COBOKYIMHOCTH HE JOCTHUTHET ONPEACICHHOTO
rmopora.

Oman pazeumus asapuu. OCOOEHHOCTb aBapuii — NEMHOW XapakTep HX
MPOTEKaHUs, KOTJa pa3pyLIUTENbHOE MACHCTBUE WHUIUHPYIOMIETO COOBITHS
MHOTOKPAaTHO  yCWJIMBAETCS  BCIEICTBHE  BOBJICYEHUS B  IPOLECC
DHEPTrOHACHIIIEHHBIX OOBEKTOB KOKCOXHMHUYECKONH TEXHOJOTHH. JTO IIECTTHOHN
MPOIIECC Pa3PYIIUTEIBHOTO BEICBOOOXKICHHUS COOCTBEHHOTO TEXHOJIOTHYECKOTO
SHepro3amnaca.
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Oman  pacnpocmpanenue asapuu. XapaKTEpU3yeTCs BBICBOOOXKICHUEM
BEILECTB, JHEPIUH, CHUJIbHBIM BO3JCHCTBMEM Ha IIEPCOHAT U OKPYXKAIOLLYIO
Cpeoy pa3JIMYHBIX OMAacCHBIX (PAKTOPOB, MPHUCYHIMX JAHHOMY  THITY
Npou3BOACTBAa. B pesynprare 3Tama pacnpocTpaHEHHs MOCIEACTBUS aBapUU
JOCTHUrar0T MaKCUMaJIbHBIX Pa3MEpPOB COLMAIBHO-3KOHOMHUYECKOT0 yiiepoa.

Eommecreo EoseTpy R

ﬁaa‘ﬂ ) IHO H ABapHHOR
AH M IE H [a OTOC QCOUHOE
pa CITDI:I'IC:'ED HOE

CpoK 3KCNNyaTauwi, roabl

Puc. 2. TexHHYeCKOE COCTOSIHUE TPAHCIIOPTEPHBIX Taepeil KOKCOXUMHUECKUX
MIpEANPUATHI

Oman jauxeuoayusi nNOcieoCmeull aeapuyu BKIIOYACT TEPHOT C
MOMEHTA JIOKAJIU3aluMKd 10 MOJHOM JIMKBUAAIIMM aBapuUl U €€ IOCJIEACTBUU.
ABapus  CcUMTAeTCs 3aKOHUYMBIIEHCS B TOT MOMEHT, KOTZIa IPEKPaTHIIOCHh
BIIUSHAE OMAaCHBIX (aKTOPOB, XapaKTepHBIX JJIS JIaHHOW CHTyaIluw,
MPEIOTBPAIICHBl YCJIOBHS, BBI3BIBAIOIINE YTPO3BI I KU3HU M 3I0POBbS
JIIOAEHN.

PacyerHasi omeHka cpoka cJay:k0bl IpH NpOrpeccMpyounieM pa3pylleHUH
KOHCTpYKHui. OCHOBHBIMU 3a7jayaMU JUArHOCTUKHM aBapUHHOTO COCTOSIHMSA
CTaJIbHBIX KOHCTPYKLHUU SBIISIOTCSL:

— OmpeJeNicHHe  3aBUCHMOCTH  KOPPO3MOHHOTO  W3HOCA  OCHOBHBIX
3JIEMEHTOB KOHCTPYKIIUH MIPU TPOTPECCUPYIOIIEM Pa3pyIICHHUH;

— OIleHKa W3MEHEHUs HECyIIeH CITOCOOHOCTH KOHCTPYKIHMH (0OBEKTa) BO
BPEMCHH;

— KOHTPOJIb TIAPaMETPOB HANPSHKEHHO-1e()OPMHUPOBAHHOTO COCTOSIHUS JUISI
pa3paboTKK Mep M0 OO0eCleYeHHI0 PabOTOCIOCOOHOCTH C yYeTOM
YCTaHOBJICHHOTO CPOKa CITy>KObI 00BEKTa.

201



36ipHux naykosux npayb
Ykpaincvroco incmumymy cmanesux koncmpykyii
imeni B.M. llumanoecvkozo. — Bunyck 10, 2012 p.

Cpok 3KcITyaTalii KOKCOBBIX OaTtapei coctaBiser 40 IeT, 4To onpenensier
BPEMCHHON WHTEpBAJ OJKCINTyaTalik Oe3aBapWiHONW pabOTBI OCHOBHBIX
METAJUTIOKOHCTPY KLU KOKCOXMMHUYECKOTO MNPEANPUATHA. O6paboTka
CTaTUCTUYECKONH MH(OpPMAIMM O TEXHUYSCKOM COCTOSSHUM OCHOBHBIX
METAITIOKOHCTPYKIIUI KOKCOXUMHUYECKHX MPEIIPUATHI MPOBEICHA HA OCHOBE
nakera npukiaagaex mporpamm STATISTICA.

TpaHcnopTepHble Tranepe yrienoArOTOBUTENBHBIX M KOKCOBBIX LEXOB OBLIH
pasfeneHsl Ha JBE KaTerOpUH IO CTENEHH BIUSHUS arpecCUBHOW CpEabl
(cpenHe- ¥ CHIBHOAIPECCUBHAS) B 3aBUCUMOCTH OT MCTOYHUKOB SHEpPreTHUeC-
KOTO ¥ XMMHYECKOTO BO3JICHCTBHUS: KOKCOBOH Oarapeu, TYUIMJIBHOW OaliHu,
YCTaHOBKHU CyXOT'0O TYILLEHUS KOKCA U Jp.

Craructryeckas oOpabOTKa JaHHBIX HMHTCHCHBHOCTH KOPPO3MOHHOTO M3HOCA
BBINIOJIHEHA IS OCHOBHBIX 3JIEMEHTOB TPAHCIOPTEPHBIX Tajiepeidl C y4eToM
SHEPTETHYECKUX U XMUMUYECKHUX BO3JEHCTBUAX OOBEKTOB KOKCOXHMMUYECKOTO
mpousBozcTBa (puc. 3 — 6 ).

[Tonmy4yeHHBIE 3aBUCMOCTH XapaKTEPU3YIOT IPOLECC KOPPO3MOHHOTO pa3pyliie-
HUS B 3aBUCUMOCTH OT KOHCTPYKTHBHBIX, TEXHOJIOTUYECKUX M IKCILTyaTalluOH-
HBIX (PAKTOPOB M CpPOKa CIyX OBl 3JeMEHTOB KOHCTpyKuui. llomydeHHble
JaHHBIE II0 CTENEHM KOPPO3MOHHOI'O M3HOCA IO3BOJISIOT ONPEAEIUTH IEPHO-
JMYHOCTH U KOJIMYECTBO PEMOHTHBIX BOCCTAHOBJICHHUH JIEMEHTOB KOHCTPYKIIUH
Ha OCHOBE OLIGHKH PUCKOB METOJHMKH aBapHHHOW AMAarHOCTUKH HPOM3BOACT-
BEHHBIX OOBEKTOB.
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CPOK 3KCIUTYATAlHH, oAkl
1. KokcoBb 11ex 4 - GMH30CTh K HCTOYHHKY IPeCCHEHOTO BO2AGHCTRHS
2. VI'J'IEHOZIFDTOBHTE‘J']LI-H:[[:‘{ uex G- YAAIEHHOCTE OT HCTOMHHKA aIPeéCcCHEHOTIO BOSZ[eﬁCTBH}l

Puc. 3. CpaBHHTENBbHAS XapaKTEPUCTHKA KOPPOSHOHHOTO pa3pyleHus pepM BepXHETo
nosica TPaHCIIOPTEPHBIX rajnepen
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Puc. 4. CpaBHnTENBbHAS XapaKTEPUCTHKA HIDKHETO IosAca (hepM TPaHCIIOPTEPHBIX
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Puc. 5. CpaBHHTETBHAS XapaKTEPUCTHKA KOPPO3ZHUOHHOTO pa3pyILICHUs OaJOK MOKPHITHS
TPaHCIIOPTEPHBIX Tajepen
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Puc. 6. CpaBHHTENbHAS XapaKTEPUCTHKA KOPPO3ZHOHHOTO pa3pyLICHUs OaloK
HEePEKPBITUS TPAHCIIOPTEPHBIX ranepeit

Pazpaborannas ctpaterust ynpasieHusi TOuP ocHOBHBIX METaINTIOKOHCTPYKLIUH
YUHTBIBAET HAJEKHOCTh KOHCTPYKIMH M KOMIIIEKCA TEXHUKO-3KOHOMHUYECKUX
rmokazareneil mpousBoacTBa. OOOCHOBaH BBHIOOpP KPHUTEPHUEB ONTHMAIBHOCTH
MIEPUOANYHOCTH BOCCTAHOBIICHHUS.

B o6mem Buje miaHupyeMble IEPUOTMIHOCTH PEMOHTOB JIJIS JIIOOOTO MOMEHTA
«OKU3HW» KOHCTPYKIIMU U €€ DIIEMEeHTa oTpeaessercs mo Gpopmye:

T=M() - kS(v), (1)

rae M(z) u S(t) — COOTBETCTBEHHO MaTeMaTHYECKOe OXKHJaHUE U CpeJHe-
KBa/IpaTUYECKOE OTKJIOHEHHE NEPHOIUYHOCTEH PEeMOHTOB; k — Ko duumeHt
BPEMEHHOTO YIPEXKICHUS, TapaHTUPYIOUIMHA BOCCTAHOBJIEHHE C Y4YETOM
TEXHOTECHHOM 0€30MacHOCTH OOBEKTA.

KoaddunueHnt BpeMeHHOTO ymnpexaeHus k 3aBUCHT OT YPOBHS TEXHOTCHHOM
OTMMACHOCTH  OOBEKTa, OTBETCTBEHHOCTH OOBEKTa  (KOHCTPYKIIMH) W
arpecCUBHOCTH PEXXMMa 3KCIUTyaTaluu oObekra. J[ist oreHku ko3 duiiueHTa
BPEMEHHOTO YIIPEXKACHUS HCIONB3YIOTCA auarpamma (puc. 7) ¢ 3aJaHHBIMH
rapaMeTpaMu:

— OTBETCTBEHHOCTH 00BEKTa — TIPUHUMAETCI B COOTBETCTBHU C
HOPMATHBHOHN JOKyMeHTanued (s 3HaYeHHWH yriia HakjIOHA o = 30° —
MIOHW)KECHHBIN YPOBEHb OTBETCTBEHHOCTH, ¢ = 45° - HOPMAJIBHBIN, ¢ =
60" — TOBBIMICHHBII);

204



36ipnux naykosux npayb
Ykpaincvroco incmumymy cmanesux KoHcmpyKkyii
imeni B.M. llumanoscvkozo. — Bunyck 10, 2012 p.

—arpeccuBHocTH cpensl (y = 0 — HearpeccuBHas; y = 0,1 —
cmaboarpeccuBHas; » = 0,2 cpemnHearpeccuBHas; y = 03 -
CHJILHOATPECCHBHAN);

— YPOBHS TEXHOTECHHOH ommacHocTH o0nekTa, U = [0 ... 4000].
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Puc. 7. Homorpamma st onipeziesieHusi koaduiimeHTa BpeMEHHOT0 yIIPeXISHUs
MEPHOANIHOCTH PEMOHTHOTO BOCCTAHOBIICHHSA

Hcnons3oBanue HOMOTPaMMBbl I03BOJISIET MOJIy4YUTh pacyeTHYO
XapakTepUCTUKy KO3((UIMEHTa BPEMEHHOTO YIPEKACHUS ISl TUIAHUPOBAHUS
PEMOHTHBIX ~ pabOT ¢  Y4YeTOM YpOBHS  TEXHOI'C€HHOW  OINACHOCTH,
OTBETCTBEHHOCTH OOBEKTA I10 HA3HAUYECHUIO U BIMSHUS KOPPO3UOHHON CPEeabl.

BriBoabI

PaccMoTpeHbsl 0COOCHHOCTH MPOTPECCHPYIOIMIETO Pa3pyIICHUS CTAbHBIX
KOHCTPYKIIMH 3JIaHUM M COOPYKEHHM KOKCOXMMHUYECKUX Npeanpustuii. B
pe3ynbTaTe CHCTEMHOTO aHajM3a TEXHOTCHHBIX (PaKTOPOB CHOPMYIHPOBAHBI
OCHOBHBIC€ 3Tallbl METOAUKHW AHArHOCTUKHN aBapHﬁHOFO COCTOsSAHHUA O6’beKTOB
TIOBBIIIICHHOW OMACHOCTH, BKJIFOYAIONINE OIEHKY Ko3(dduimeHTa BpeMeHHOro
YOPEXAECHUS W  ONpENeNeHHe CpPOKOB  PEMOHTHOTO  BOCCTAHOBIICHUS
KOHCTPYKLUI.
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BrusiBrieHB! CTaTUCTHYECKHE 3aKOHOMEPHOCTH KOPPO3HOHHOTO H3HOCA, 4TO
[O3BOJISIET yCTAaHABIMBATH IIPUEMJIEMBIE YPOBHU PHCKOB Ha OCHOBE aHalu3a
KPUTHYHOCTH OTKAa30B C YYETOM pacyeTa MoKaszaTeneld TeXHOT€HHOW OMacHOCTH
00BEKTOB B KOPPO3UOHHBIX Cpelax.
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Y1K624.074.2 (624.014.27)

ABTOMaTH3allisl pO3pPaxXyHKIB NOKPHUTTIB 3i cTaJleBUX
reoJe3N4HUX KynoJis

Binuk A.C., x.T.H., XMeJbHUubKHUii C.B.

KuiBchkuii HallioHAIBHUHN YHIBEpCUTET OyIIBHUIITBA 1 apXiTEKTypH, YKpaina

AHoOTaUiA. Y cTaTtTi po3rnaaatoTbcs npobneMu i anroputM aBToMaTmM3auii Ta po3paxyHKy
NOKPUTTIB i3 reofesnyHux Kynonis. Ha npuknagi kynona agiametpom 30 M nokasaHi
eTanu po3paxyHKy Ta BUCHOBKM MOPIBHAHHA po3buBaHHA 3@ KpUTEpieEM Macu Ans
onTMManbHOro BM6opy BMXiAHOT reomeTpii.

AHHOTauua. B cTaTbe paccMaTpuBaloTCs MpobreMbl M anropuTM aBToMaTM3auuu U
pacyeTa MOKPbLITUIN U3 reoaesmyeckux Kynosnos. Ha npumepe kynona avametrpom 30 M
noka3saHbl 3Tanbl pacyeTa W BbIBOAbI MO CPaBHEHWUIO pa3buBKM MO KPUTEPUIO Macchl Ans
OnNTMMasnbHOro BbibOpa NCXOAHOM reoMeTpun.

Abstract. In articleis presented problems and algorithm of automation calculations
coverage from steel geodesic domes. On the example of the dome with a diameter of
30 m shows the stages of calculation and comparison of findings split by the criterion
weight for optimal choice of the initial geometry.

Knwo4uoBi cnoBa: reofesnyHuii KyrnoJs, crtasesBi NPOCTOPOBi KOHCTPYKLUii, 6e3MoOMeHTHa
Teopisi, BU6ip oNnTUManbHUX pilleHb.

INocranoBka mpodiaemu. CydacHuil cTaH METaJO0yAIBHULTBA HPOCTOPOBUX
CTPMKHEBHUX KOHCTPYKIIil XapaKTepH3y€eThCS BIAXOA0M BiJ TUIIOBHUX pPillIeHb HA
KOpUCTh iHAuBiAyanpHuX. CTpHKHEBI KYyNOJIbHI KOHCTPYKLIi 3HaXoIsTh
IIMPOKE 3aCTOCYBaHHS Yy  CHOPYAax CHOPTUBHOIO, PO3Ba)aJbHOTO,
TOPTOBEJILHOTO NIPU3HAYECHHS.

Konctpykitii MOKpPUTTIB 13 CITYACTHX KYyIOJiB, OO0 SKHX BiTHOCSITHCS
re0JIe3NYHi, MAalTh CYTTEBI MepeBard IMepel IHIIMMH IPOCTOPOBUMHU
MOKpUTTAMU. [lo 1TuX mepeBar MOXHA BiTHECTH:

— TOKpAIeHy iHCOJIAINIO Ta aepallifo KyHnoJbHOT CIIOPY/IH;

— TEXHOJIOTIYHICTh MOHTaXy, OIHOTHIIHICTH Ta JETKICTh €JEMEHTIB, IO
MOHTYIOThCS;

— €KOHOMIYHY (hopMy Ta BUPA3HUN apXiTEeKTYPHHUH BUTIISL;

— KOHCTPYKTHBHY CXeMy, B sKiii HeMae BHYTPIIIHIX HECydYMX CTiH, IO Ja€
3MOTY BUIBHOTO IJIaHyBaHHSI.

B VkpaiHi, He3Bakaw4yM Ha IIMPOKE BUKOPUCTAHHSA CITYACTHX KYIOJIB,
re0/Ie3WYHI Ky MaloTh 0OMEKeHe 3aCToCyBaHHs. YaCcTKOBO Iie 1MOB’SI3aHO 31
CKJIQJIHICTIO (DOPMOYTBOPEHHSI T'€OKYIIOJIB Ta BiJCYTHICTIO pPErjiaMEHTOBAaHOL
METOMKH 1X PO3PAXYHKY, IO € AKTYyaTHHOIO MPOOIEMOIO.
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[Ipy npoekTyBaHHI Te€OJE3MYHOrO KyIlojla HacamIlepel MOCTaloTh MUTAHHS
BHUXIIHAX JaHUX 1 KOHCTPYKTHBHOI CXEMH, a caMe TeOMETPUYHHX MapaMeTpiB
KOHCTPYKIIi Ta ii eneMeHTIB (KUIBKICTh CTPUXKHIB, IX PO3MIpH, KUIBKICTh THITIB
CTPHIKHIB, KUIBKICTh Ta THIM BY3JiB). Bk rio0anbHOIO Ta HEBHPILIEHOIO
POOJIEMOIO € PO3PaxXyHOK I'€OKYIIOIIB, OCKIIBKH OKpPiM 3MIHHOI T€OMETpii CITif
BpaxoBYBaTH OCOOJHMBOCTI Ta MOJJIMBI BapiaHTH HaBaHTa)XEHHS Ha KOHCT-
PYKUi0. Y3aralbHEHHST METONIB PO3PaxyHKy Ta aBTOMAaTH3alii JO3BOJIIOTH
NEepeiTH 1O ONTUMAaJbHOTO NPOEKTYBAHHS TEOJE3UYHUX KYIONIiB i3 METOIO
BHOOpY TeoMeTpii, sika O 3a0e3meunsia HaWOUIBII €KOHOMIYHE BUPINICHHS 3
ypaxyBaHHSM KOHCTPYKTUBHHMX BUMOT Ta €CTETUYHOTO CIPUHHATTSI.

Puc. 1. VIP-marpo Ha Maiinani Hezane:xHoCTi y pan-30HI M. Kuepa mij yac
MIPOBECHHS YeMITioHaty «E€Bpo-2012» — reoe3nyHuil Kynoun 3 po30uBaHHIM 6V

Orasix ocraHHix aociaimxkenb. [Ipobnemoro knacudikanii, moOyzoBu Ta
BH3HAYEHHS TEOMETPUYHHX XapakTepucTuk 3aiimamucs P.b. @ymep [22],
k. 1. Kiminaron [21], X. Kennep [20], JI. Kan [19.

IHmi migxomm g0 moOynoBu Ta Kiacudikaiii KymnojdiB  3anpOrOHOBaHI
M.C. Tynonesum [15], [I'.H.IlaBmoBum [11], A.A.XypasnboBum [6].
BinprricTs pansHCHKUX TOBITHUKIB 13 MeTaJeBUX KOHCTPYKIIiH MTOCHIIAIOTHCS Ha
IIUX aBTOpiB,Hanpukiam [12].

JocmimpkeHHss Ta METOAM PO3PaxyHKY CiTHacTUX KyIOJIiB OMHUCaHi B poOoTax
A.A. XKypasnwsora [6], M.E. Jlimaumskoro [7], B.B. I'opesa [8], €.1. benens [9],
A.I'. Tpymosa [14]. Po3rnsgaroTecst ABa OCHOBHHX METOIM PO3PAXYHKY: 3a
0E3MOMEHTHOIO TEOPI€r0, IO HAMOLIBII MOBHO MOsICHeHUW y [8] Ta Oa3yerbes
Ha PO3paxyHKOBO-TeOpeTH4Hiil wacTuHi [13], Ta KOMIT'IOTEpHUI PO3paxyHOK
KyToJia SIK JIUCKPETHOI CTPHXKHEBOI CHCTEMH HAa OCHOBI METOIy CKiHUCHHHUX
€JIEMEHTiB. MeToAu KOHCTPYIOBAaHHA Ta TMPHUKIAAW HEOOXiHUX BY3IiB
npuBeneHi y [8, 9, 10, 12].
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IMocTanoBka 3ama4i. Y 3B’S3Ky 3 BHUINEHABEJACHUM, 3 SIBUJIACh HEOOXIAHICTD Y
3arajpHI METONHUIII PO3PAaXyHKY T'E€OKYIOJIB 3 ypaxyBaHHSIM HOBHX HOPM Ta
pO3poOIEHHI CHCTEMH aBTOMAaTH3allli pO3paxyHKY AAHOTO THUITy KOHCTPYKIIH 3
MOXIIMBICTIO BHOOpY ONTHMAJIBHOTO BapiaHTa BUpilieHHS. JOCATTH LbOTO
MOXIIUBO PO3POOJICHHSAM HACKPI3HOTO aJIrOPUTMY, 3a IOTMIOMOTOI0 SKOTO INPH
BBCJICHHI ITOYATKOBHX ITApaMETPiB MOXKHA OTPUMATH IEpepi3d EIEMEHTIB Ta
Macy TeO[e3MYHOr0 KyIlojia 3 ypaxyBaHHSM KOHCTPYKTUBHHX Bumor. Ilpu
pOMY 33j7a4a (POPMYETHCS y TIPOCTOPI CTaHIB: 00paTH HAHKpalry KOHCTPYKIIitO
3 MOKJIMBUX IIPU 33/laHUX Hallepes MapameTpax, IPUPOAHUX IS 3aBIAHHS Ha
npoeKTyBaHHs. Taka 3a/1aua CTaBUThCS BIIEpIIIE.

Sk 00’€KT IOCTiKEeHHS! 00paHo HamiBCEpUIHI CTPIKHEB] KYNOJIH 3 TPUKYT-
HUMH 4YapyHKaM# miameTpom Bim 20 M mo 50 M, 1m0 yTBOpPEHI 3 BHXITHOI
¢irypu — ikocaenpa. [Ipu 11bOMY BHKOPHCTOBYETHCS METOA 1, IO BiIHOCHUTHCS
no l-ro xmacy pos3ouBanns [21]. PosrnsinaroThess HAWMOIIMPEHINIT YacTOTH
po3OuBanHs B iHTepBami {2, 3, 4, 5, 6} ang xymomB giamerpoM jgo 50 wm.
ABTOMAaTH3aIis po3paxyHKiB IPOBOAUTECS Y cepenoBumti MS Excel.

Buknaag ocHOBHOro Martepiajy AoCHiI:KeHHA. ['€0Ae3UYHMI KyIOJI YTBOPIO-
€ThCS 3 TPAaBUIBHUX OaraTOKyTHUKIB (TIATOHOBI Tijla) a0 HaMiBIPABUILHUX
(tima Apximena). Cepen mpaBWIBbHHX (iryp Kpamli XapakTEpPUCTHKH Mae
iKocaenp, o cKaaaeThes 3 20 TPUKYTHUX TPaHEeH, SKi B MOAAJIBIIOMY Ha eTarll
o0y I0BU T€0IE3UUHOI ChepH IUIATHCS HA MEHIIII TPUKYTHUKH.

Jiis BU3HaUEHOTO JiaMeTpa HamBCPEpUIHOTO KyIoJa HOTro TOIOJIOTIS i BUCOTa
TAKO’K BHM3HAUCHI Ta CKJIJal0Th NPUONM3HO TMOJOBHHY JiamMerpa Ul
HamiBch)epUYHOTO KyIOja B 3aJIC)KHOCTI B/l THUITy PO3OHBAaHHS.

Binroni y3arambHEHO 3MIHHOK TIpU ONTHMI3amii TeOMeTpii KOHCTPYKIH
HamiBCEPUIHUX TEOKYIIOJIB MPH 33aIaHOMY JMiaMeTpi € 4acToTa pO30WBaHHS
BUXIJJHOT TpaHi iKocaenpa, a BUOIp ONTUMAalbHOI TeOMETpil 3BOJMTHCS [0
BHOOPY ONTUMAIILHOI YaCTOTH PO30MBaHHSL.

3a knacudikamiero k. JI. Kiminrtoma [21] icHye &aBa OCHOBHI KJlacH
po3ouBanus — [ 111 (puc. 1).

Knac I:

— BUKOPHCTOBYETHCS sl IPaBUIIBHUX 0araToOKyTHHKIB, 3a3BHYail ikocaeapa,
— YacToTa po30uBaHHs MOXe OyTH MapHOIO a00 HEMapHOIO.

KinbkicTb eneMeHTIB y reofe3nuHiit cdepi:

— BepuuH V= 10n*+2;
— rpaneit F'=20n?
— pebep E = 30n?, ae n - 9acToTa pOo30MBAHHSI.
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Knac II:

— BHUKOPHCTOBYETHCS JUIsl HAIIBIPABUIILHUX 0araToOKyTHUKIB,;
— 9acToTa po30MBaHHS MOXe OyTH TUTBKH MTapHOIO.

KinpkicTs eneMenTiB y reoqe3ndHit cepi:

— BepuuH V =nt2;
— rpaneit F'=2n;
— pebep E = 3n, ne n = 15n%/2.
Knac | Kaac |l

2V LV 8V

Puc. 2. YacToTa po30uBaHHs BUXiTHOI rpaHi ikocaeapa

Koxxen knac mae 3 metoau noOynoBu. BpaxoByloun Bci mepeBard Ta HEJOTIKU
pi3HMX MeroniB, oOpano wmetox | Kiacy po3OuBaHHs I, sAkuli €
HaWUTIOIIMPEHIITUM Y CBITOBOMY JOCBI/II.

Merton nonsirae y ToMy, 10 CTOPOHU TPUKYTHOI IpaHi ikocaenpa po30HBalOTHCS
Ha piBHi yacTuHu AC = CD = DB (puc. 2), mpoTHIIEKHI CTOPOHH 3'€THYIOTHCS
JHISIMH, TTapajIeTbHAMH 10 CTOPIH TPUKYTHUKA. TaKuM YUHOM yTBOPIOIOTHCS
TPUKYTHUKHA MEHIIUX PO3MIpiB, a iX BEPUIMHU MPOEKTYIOThcA Ha cdepy, 110
olMcaHa HaBKOJO ikocaezapa, ne Touka O — ueHTp cdepu. OTpuMaHi BifpizKu
AF, FG, GB — cTpwkHi reoKyroia — He TOPiBHIOIOTh OJUH OJTHOMY.

A A

F Modin pedpa ikocaedpa: AC=CO=0B
> CmepxHi 2eokynona: AF=GB#FG

\ 3 ’ YMobBHo onucaHa chepa

Buxidue pedpo ikocaedpa

B 0 B
Puc. 3. Merton 1 xnacy I moOynoBu reokyrosia Ha OCHOBI ikocaesipa

[MuTanHsiM TeoMeTpii TeoKymoysia € BHU3HAYCHHS XapaKTePUCTHK HOTO
ckianoBux. Jlns moOymOBH MPOCTOPOBOI CTPHIKHEBOI KOHCTPYKINii, SKOIO €
ICOJC3UYHUN KYII0JI, HEOOXiZHO 3HATH JOBXHHH CTPHXKHIB, IX KIJIBKICTb,
KUIBKICTh BY3JIiB Ta iX THUIM. 3a3HaucHa CUCTEMa XapaKTCPU3YEThCS THM, IO
CTPWXKHI MalOTh HEOJHAKOBY JOBXHUHY 1 JJIsi KO)KHOTO pO30OMBaHHS iCHY€ CBOSA
pi3Ha KUTBKICTh THMIB JOBXKHH CTPMKHIB. [IWTaHHS 1X KUTBKOCTI 1 THMIB
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posrasmaerses Tomom [leBicoM muis pizHUX yacToT po3ouBaHHs [17]. KinbkicTs
CTPYDKHIB Y KYTIOJIi:

. S5n
— JUIs MapHOi YacTOTH po3buBanHs: k =151 + > ;

— /7151 HeNapHOi YaCTOTH PO30HBaHHS:
— KymoJ, 1o CKJIajae TPOXH MeHute miscdepu: k =151 —5n ;
— KyToJI, 1o CKJIajae TpoxH Oinbine mischepu: k =151 +10n .

Jlis BU3HAYCHHS JIOBXXUH CTOPIH BHKOPHUCTOBYIOTH T.3. «XOPA-(hakTOpM»
(puc. 3).

AC=CB=r-sin%

Sxmo paniyc kymona r = 1, Toai

Xopa-paxkrop — 3HaueHHS NOBXUHU AB mpu
OJJMHHUYHOMY pajiyci.

Puc. 4. TTonaTTs Ta hopMyIu 3HAXODKEHHS XOpA-(haKTopa

I'eokymnon mMae 3akOHOMIPHOCTI y CBOiH (opMi, IO MOB’sI3aHI 3 MPaBUIHHICTIO
BUXigHOI (irypm — ikocaempa, TOMY 3HAYCHHS KYTiB O BHU3HAYAIOTHCS 3
BUKOPHUCTAHHSIM IEOMETPHUYHHUX 3aJICKHOCTEH Ta chepruuHOl reoMeTpii.

JIOBXKWHM CTPUIXKHIB, SIK BIJICTAHb MK JIBOMA TOYKAMU, MOKHA 3HAWTH 3HAIOYU
JIEKapTOBI KOOpAWHATH By3iiB. Llelt mporiec € TpyaOMiCTKUM, HANIPUKIAL, IS
HamiBCEPUYHOro KyIoja 3 4acTOTOW po30uBaHHS 4V HEOOXIiAHO 3HANTH
KoopAuHaTU 162 TOYOK, TOJI SK sl yacTtotu 6V — Bxke 362 By3niB. Meron
3HAXOJKCHHS KOOpPAMHAT onrcaHuii y podoti Toma Jlesica [17].

Taxkum 9MHOM, MarOYX HEOOX1IHI XOpA-(haKTOPH, MOKHA 3HANUTH JOBKHHH BCiX
CTPUXXHIB, TIOMHOXUBIIM XOpI-(QakTop Ha pajiyc Kyroja, Mo HEeoOXiIHO
3aMpOeKTYBaTH.

ABTOMAaTH3aIlis PO3PAXYHKY TOTPEOYE AITOPUTMY, 32 SKUM MOXKHA BH3HAYHTH
3yCcHILIS 1 migioparu mepepi3 3a yMOB HeCydol 37aTHOCTI KOHCTPYKIIii, Mar4u
JIVIIE BUXIAHI JaHI.

CityacTi Kymosinm 3a3BHYail pO3PaxoBYIOTh Ha MILHICTE MpH MNPYNKHUX
nedopmarisx i3 MOJaBIION MEPEBIPKOI0 CTIMKOCTI KOHCTpyKmii. Hextyroun
Mepepo3NOiIOM 3yCHIb B €JIeMEHTaX KOHCTPYKIii, KOTpi MOXXYTh BHHHKATH
BHACIIJIOK HEAPYXKHIiX aedopmariiii, Ta BUKOPUCTOBYIOUH JaHi, OTpUMaHi 3
MPY>KHOTO PO3PaxXyHKy, MOXKHA MimiOpaTH Iepepi3 CIEMEHTIB 1 IMepeBipUTH
MIIIHICTD 1 CTIHKICTh KOHCTPYKITii.
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Bimowmi 1Ba OCHOBHUX HiIXOIU 10 PO3PAaXYHKY CITUACTHX KYTIOJIB:

1. CiTyacTuif KyIOJ pO3TIANAIOTh K CYLUIBHY BiCECHMETPHUYHY OOOJIOHKY,
OCKUIbKM BIH TOIOHMN 1O CyIIbHOT 00o0joHKM. Ha OCHOBI 1BOro ciT4acTy
KOHCTPYKIIIIO 3aMiHIOIOTh CYIIIBHOI 00OJIOHKOI, BUKOHYIOTh PO3PaxXyHOK 3a
0E3MOMEHTHOIO TEOPI€IO 1 MOTIM 3IIHCHIOIOTh IepeXi/ 10 3yCUilb y TUCKPETHIN
cuctemi. IIpn IbOMY BH3HAYAIOTh KOPCTKICHI BIIACTUBOCTI €KBIBaJICHTHOI
000JIOHKH, 110 Ma€ TaKy * MILHICTb HA PO3TAT, 3THH Ta KPy4YeHH:, 11O 1 3a/1aHa
citdacta cucrema. I[lepemileHHS TOYOK CYIILHOI OOOJOHKM CHIiBIAJae 3
TepeMiteHHsIMH ii By3umiB. [lepexin Bij oTpuMaHUX HANpyXeHb Y CYIUIBHIN
00OJIOHIII JI0 3YCHJIb Y CTPHIKHEBIM CITYACTI CHUCTEMi 0a3yeThCs Ha yMOBax
CTaTUYHOI PiBHOBAry.

2. CityacTwii KymoJ PO3TJISAAIOTh SK JHCKPETHY CTPKHEBY CHCTEMY 1
PO3paxoBYIOTh BIJIOMHMH METOJaMH OyiBEIbHOI MEXaHIKH IPOCTOPOBHX
cTpiwkHeBHX cHucreM. lLle#i miaxim peanizyerbes 3a npomomororo EOM 3
BUKOPHCTaHHSM TPOTpPaM CTATHYHOTO PO3PAXYHKY MPOCTOPOBUX CHCTEM, IO
0a3yI0ThCS HAa METOIi CKIHUCHHHX €JIEMEHTIB, TakuX sk Lira, Scad ta iH.[8].

Be3smoMeHTa Teopist po3riisiae BiCECUMETPUYHI | HECUMETPUYHI HaBaHTAKEHHS,
TOJIi SIK Ha KYTIOJ JIiF0Th HaBaHTa)KEHHS TPHhOX THIIIB: Bi/l BIACHOI Baru, CHIroBe
y 3UMOBHH TIepio Jacy Ta BiTpoBe.Y IbOMY METOi NMPHUHAMAETHCS CIIPOIIEHE
ypaxyBaHHSI HABAHTAXXCHHS, SIKE MPUBOIUTHCS J0 TAKOIO, IO Ji€ MOBHICTIO Ha
KOHCTPYKIIIO.

OCKiJIbKM KYIIONIM € TOJIOBHHMMH HECYYHMH €JIEMEHTaMH, BOHH HaJEXaTh 3a
MpU3HAUYEHHSIM J0 KOHCTPyKLid Kareropii A. Kiac HacmigkiB KymouiB
3aJIeKUTh Bil MPU3HAUCHHS Ta 1HIIUX YMHHHUKIB, IJIsI KyHodiB AiameTpoM 20 M
... 50 M, OI0 BUKOPUCTOBYIOTHCS ISl CIIOPYA CIIOPTUBHOI'O Ta aHAJOTIYHOTO
MIpU3HAYCHHS, KJIac HACHiIKiB, SK mpaBuio, npuiiMaetbes CC2 [3]. Tobro
KoeQIIiEHT HAAINHOCTI 3a BIIMOBIAAIBHICTIO, SIKUH BHKOPHUCTOBYETHCS B
YCTaJICHUX PO3PaXyHKOBUX CHUTYaIlisX, 3TiAHO 3 [4] cTaHOBHUTH Y, = 1,1 mist
TIePIIOi TPYIH TPAaHUYHUX CTaHIiB Ta Y, = 0,95 - mis apyroi rpynmu rpaHUYIHAX
CTaHiB. BBakaeTbCsi 110 CTPMIKHEBI CITUACTI KyMOJH, SKi PO3MJISIAIOTHCS,
MPaLIoIOTh TUTbKK y nipysxHil cranii (I xkmac HAC).

be3aMomenTHa Teopis gae 3MOTy OTPUMATH PO3MOAUICHI 3yCHIIIS HA OIWHHIIIO
JOBXHHHU y OyIb-sKiit Touni Kymona y ¢opmi kinbuesoro (7)) i MEpUIiaIbHOTO
(T,) 3ycunb. @opMynu Ui 3HaXOPKEHHS IUX 3YCHIIb BPaxOBYIOTb KYTH Y
BEePTHKAIBHIN IUIONIMHI, a MOACKYIU 1 y TOPH3OHTANBHIN, 1 4Yepe3 Te, IIO0
Harepeax HEBiOMO, B sKil came TO4Ili, TOOTO, MpPH SKUX KyTaX BHUHHKAE
HaiOnplie 3yCWIUIs, aHAIITHYHUHM MigXiJ] BHUSBISETBCS TPYAOMICTKOO
3ajayero, TOAl SIK aBTOMAaTH3alis BU3HAYEHHSA 3yCWJb y KYIOJi BiJl KOXHOTO
HaBaHTA)XEHHS Ta PO3PaxXyHKOBOTO CIIOJIYYEHHS 3yCHJb A€ 3MOTY BpaxyBaTH
BCI MOYKJIMBI BUIIAJIKU 1 BA3HAYUTH MaKCUMAJIbHI 3y CHILIIS.
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Jlns reokymnona, y SKOMY CTPUXKHI PO3TaIllOBaHi 0€3 4iTKOro HampaBJICHHS 3a
HaIMpPsIMKOM KIUTBIIEBUX 1 MEPUIIAIbHUX 3YCHIb, Ha BIAMIHY BiJ ciT4acToro
KyIIoJ1a, 3aIpOIIOHOBAHO BPAaXOBYBAaTH F€OMETPUYHY CyMY IIHX BEKTOPIB:

T=\T?+T7 .

Ha manomMy erarri JOCTiKEHb MPUITYCKAETHCS, IO HAWOIIbIIe HaBAaHTAXCHHS
MOJXKE JISITH Ha CTPYDKEHb HAWTOBIIOI MOBXUHU. TakuM YUHOM, MAarO49ul BigOMi
JIOBXKMHU CTOPIiH, 10 BHU3HAYCHI 3 I'eOMETpii Kymnoja, pPo3paxyHKOBUM Oyjie
HAalIOBIIMK CTPWXKEHb, IO Ma€ pPi3Hy HOBXKWHY JUIA PIi3HOI YacTOTH
pO30MBaHHS.

Po3paxyHkoBe 3ycuiuisi B peOpi BU3HAYAETHCS 13 MPUIYIICHHS, 10 CTPUKHI, SKI
MPUMHUKAIOTh JI0 HHOTO IiJ] KyTOM, He OEpyTh y4acTh Y CIPUUHATTI 3yCHIIb, TOAI

N=1I, T,

Ha otpumane 3ycuiis 3anporoHOBaHO PO3paxoBYBaTH CTPUKEHb, TPUHMaIOUH,
110 3YCHJUIS BUKJIMKA€E CTUCK Y CTPHIKHI.

Y HaBeIeHOMY aJTOPUTMI aBTOMAaTH30BAHOTO PO3paxyHKYy HEOOXimHa IIIoma
nepepizy CTpWKHS TOBHHHA 3aJ0BOJIBHATH YCIM BiJOMHM MEpeBipKaM, II0
NepeTBOPEHi B YMOBH Mig00py HEOOXiAHOT IITONLi:

1. Cmiuxicme okpemozo cmpuoichs (3arajdbHa TIepeBipka 3a ICHYIOUHMMH
HopMami [4]):

A= max ,
Ryyc(p

A€ Npma — HalOutbme 3ycwminid; R, — pO3paxyHKOBMH OmIp cTami; Y. —
KoeilieHT yMOB pOOOTH eleMeHTa; @ — KoeillieHT 03JOBXKHBOTO 3TUHY.

2. 3acanvna cmilkicme y 6epMUKANbHIL NIOWUHI 3d MOMEHMOM iHepyii
cmpuoichs [8]:

/> NRa
0,5£, | 1R
0,5E

ne T _ xijgblieBe 3ycHilis; R — pajiiyc Kynonia; a — JOBXKHHA, 3 K0T 30MpaeThCst
3ycwuist; E — MOIyJb IPY>KHOCTI CTaIi.

3. 3acanvua cmilikicms Kynona 3a KpUmMuyHUMU HANPYICEHHAMU CYYIILHOZO
ananoza [8]:
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1 2
6, R |3 1—() 3il
3
A ,

2i3E

JI€ Omax — HAWOUIBIIE HAmNpyXXEHHs; R — pajaiyc Kymnoja; i — paaiyc iHepiii
CTPUXHSI; [ — TOBXKUHA CTPYKHS, E — MOJTYJIb TIPY>KHOCTI CTaJI.

4. Bacanvna cmitikicme Kynoia Ha ochogi ikocaedpa [6]:
A > Nmaxk
- b
SE\/I —0,4(5 +\E)cos2 v
1€ N nax — HAUOLIBIIE 3yCUIIIS; k — YUCIIO BY3JIIB IPOCTOPOBOI PEIIITKU KYyIIOJa;

Vv — KyT TpYU OCHOBI MiXK peOpamu TpaHi I’ sITUTPAHHOI MmipaMinu; £ — MOIyJb
MPY>KHOCTI CTaTi.

5. Micyesa cmitixicmb Kynoaa 3a KpUMuyHoI CUILO0I0 HA N SMUSPAHHY Ripamioy,
10 3HAXOAMUTHCS Y MaKiBIIi Kyroa [6]:

s Nmax9(1 +5sin36° sin(y)) ’
40+/3Esin36° sinycos’y

1€ Nmax — HAUOUTBIIE 3yCHIUISA; Y — KyT HAXWITy TpaHel I’ ATUTPaHHOI TipaMiu
JI0 BepTHKaIi; £ — MOIYJIb MPY>KHOCTI CTaJIi.

Ocrtatoyna HeoOXiJHa IUIOIIA MEepepi3y CTPYOKHS MPUHMAEThCS SIK HaiOinbIIe
3HAYCHHS 3 OTPUMAHUX BHIIE KPUTEPIiB i 0OMPAETHCS MOTIM 32 COPTAMEHTOM
I'OCT 8732-78 «TpyOnl TOpsSYcKaTaHbIC», SKAW HAWOUTBII IJOCTYIMHHH Ha
yKpaiHcbkoMy pHHKY. OCHOBHI pO3MipH Tepepi3iB iHIIUX €JIEMEHTIB Ha JAHOMY
eTam JOCHi/DKEHb TNPUHHATI, BUXOJSYM 3 yMOBU OJIHAKOBOCTI 3iCTAaBHUX
€JIeMEHTIB KOHCTPYKIIi, TOOTO 3 TaKUM K€ TIEepepi3oM, SK CTPIKCHb
HaNOIBIIOL IOBKUHU.

BpaxoByroun Bci mpumymeHHs Ta HaOMMKEHHS OE3MOMEHTHOI Teopii, BOHa
nmotpebye TepeBipKH OUMbII TOYHUMH MeToAaMu. ToMy Oynu TpoBeieHi
TOPIBHSIBHI JOCTIDKEHHS 1 TepeBipka 3HA4YeHb 3YCHJIb, OTPUMaHUX 3a
MPONIOHOBAaHMM METOJOM, i3 3YCHIUISIMU, OTPHMAaHHUMU METOAOM CKiHYEHHHX
€JIEMEHTIB Y PO3paxyHKOBOMY KoMrmiekci Lira 9.6.

Y mporpaMi B pexxuMi CTBOPEHHS pO3PaXyHKOBOI CXEMH € MOXKIIUBICTh BHOOPY
CTBOpEHHsSI reojie3nyHoro kymona. OOpaHo Ti mapaMeTpH, sKi OyiH
BHUKOPHUCTaHi B aJITOPUTMI, a came:
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— ¢irypa, Ha 0a3i sKoi OyayeThes reocdepa — ikocaenp;

—vacTuHa cdepun — cdepa (BUOAJCHHSA 3alBUX BY3MiB Uil yTBOPEHHS
niBchepn);

— KJ1ac po30uBaHHs — Kiac [;

— paniyc chepu — IS TpHUKIAAY OOpaHO pajaiyc, SKHi TMOpaXxOBaHUH 3a
aJTOPUTMOM, 110 3aMPOTIOHOBAHUH y MaHii poOoTi;

— YacToTa po30MBaHHI — 00MpaeMo Bix 2v 10 6v.

Jiist mepeBipky MaKCUMAIIbHUX 3yCHIIb Y CTPHIKHSIX Ta CTIHKOCTI KyToja 3aJ1aHo
HaBaHTAXKEHHSI 3 PO3PaxyHKY i3 BpaxyBaHHAM YCiX 0cOoONMBOCTEH 3a AIFOUUMH
HOpMaTHBaMH.

Ha cdepy nitoTh HaBaHTaXKCHHS:

— IIOCTIHiHE;
— CHITOBE;
— BITpOBE (PO3KIATAETHCS HA CHMETPHYHE 1 KOCOCUMETPUYHE).

PesynbTatn TMOpIBHSIHB PO3paxyHKy METOJIOM CKiHYEHHHX €JIEMEHTIB 13
JTAHUMH, OTPUMaHUMU 32 O€3MOMEHTHOO TEOPIEr0, MOKa3yI0Th, 10 HAWO1IbIIe
3yCHIUIS B KYyTIONi Bifipi3HAEThCA HEe Oinmbine Hix Ha 20 %, 1m0 3a10BUTBHO IS
MPAaKTHKH 1H)KEHEPHUX po3paxyHKiB [16]. Takoxx Oyja mpoBeieHa NepeBipka
MPOTHHIB TPH TMPHUKIANAHHI O TOTO X CaMOTO KYIOJia EKCIUTyaTaliiHuX
pO3paxyHKOBUX HaBaHTa)KeHb. BuW3HaueHO, IO HAWOIIBIIMA TIPOTHH HE
MEepEeBHIye€ TPAHUYHUX 3HAYEHb 32 YMHHUMH HOpMaMu [5]. Takum 4YuHOM,
BUPILIAJILHUM ISl TEOKYTIONIB MPHU 0OpaHuX 0OMEXEHHX € KPUTEpili MilTHOCTI
1 cTiliKOCTI, a HE TepOpPMaTUBHOCTI.

AJNTOpUTM aBTOMAaTH3allil PO3paxyHKY TEOJIE3UYHUX KYTONIB CKIAJAEThC 3
HACTYIHUX €TaIliB:

1. BamaHHS BUXITHUX IapaMeTpiB: T€OMETPUYHUX (Aiamerp Kymnona D, BUCOTA,
JacToTa po30WBaHHS); HaBaHTa)XKEHHs (CHIroBe S,, BiTpoBe W, THII BiTpOBOI
MICIIEBOCTI, KJac BIANOBIIATBHOCTI, TEPMiH eKCIUTyaraiii); (Qi3uYHuX
napameTpiB (MIIHICTb CTalli, MOILYJb MPYKHOCTIi, COPTAMEHT).

2. BusnauenHs reomerpii:mis koxHOi 3 5 wacror (2V, 3V, 4V, 5V, 6})
BU3HAYAIOTHCS XapaKTEPUCTUKU: CTPUIKHIB (KIJIBKICTh TUTIOPO3MIpIB 1 JIOBKHUHA
CTPMKHS JIAHOTO THUIIOPO3MIpPY [y, KIJIBKICTH CTPHKHIB y KYIOJi j, KUIbKICTb
CTPIXHIB JaHOTO THUIOPO3MIpPY #, MaKCUMalbHa TOBXXKWHA CTPYIKHS); BY3JIB
(KiTBKICTh PI3HHUX THUIIIB BY3IIB k, KUTBKICTh BY3JIiB TAHOTO THITY 7).

3. BuzHaueHHsI HaBaHTa)KEeHb: BIACHOI Baru (rpaHUYHE PO3PaxXyHKOBE 1 EKCILTY-
aTarliifHe); CHIrOBOTO HaBaHTaXXCHHS (IPaHUYHE PO3PaXyHKOBE i eKCILTyaTalliii-
HE); BITPOBOTO HaBaHTAKCHHS (TpaHUIHE PO3paXxyHKOBE 1 eKCIUTyaTaIliiftHe).
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4. BusHaueHHs 3yCHJIb: 3YCHJUIA HA OJUHHUII0 JOBKUHH (KITbIEBE 1 MEPHIi-
aNbHE); PO3PaxXyHKOBE CITONYYCHHS 3yCHIIb (HAHOUIbIIE 3yCHILIS KUTbIEBE i
MepuiadbHe, TEOMETPHYHA CyMa BEKTOPIB), 3yCHUIUIS y HAMIOBIIOMY €IEMEHTI.

5. Mix6ip mepepizy: 3a yMOBaMH CTIMKOCTiI (CTIMKICTh OKPEMOTO CTPHIKHS,
CTIMKICTh Y BEpTHKANBHIN IJIOUIMHI 32 MOMEHTOM I1HEpIlil CTPUXKHS, CTIHKICTh
3a KPUTHYHUMH HaANpPYXXEHHSAMHU, 3arajilbHa CTIAKICTh KyToja Ha OCHOBI
ikocaezpa, 3arajgbHa KiIbKICTh KyIHoJia (3a KpUTUYHOIO CHJIOI0 Ha I’ ATUTPaHHY
mipaMminy, 10 3HaXOIWTHCA Y MAaKiBII KyIoja)), BU3HAYEHHS HAWOIIBIIOTO
3HAYCHHS HEOOXiTHOT IO Iepepi3y, Mmadip mepepizy 3a COpTaMEHTOM.

6. Bubip onTuManbHOi anbTepHATUBH Ha 3aKIIOYHOMY €Talli BiIOYBAEThCS 3a
BUPILITYBaJTbHUM IIPABUIIOM:

r:VT*="argminM("mil(V),mi2(V),m¢3(V),m¢4(V),m¢5(V),m¢6(V)),
Jie m — Maca Kymnodia, V' — dacrora po3ouBanns, V' = {2, 3,4, 5, 6}.

OtpumaHa 1ibOBa (QYHKIIS Macu Kyroja € aJrOPUTMIYHOIO, JUCKPETHOIO Ta
YacTKOBO cenapadenbHo. HaouHicTh JAMCKPETHOrO MOUIYKY 4YacTOTH po30u-
BaHH3, 1110 3a0e3Meuye MiHIMaIbHY Macy KymoJjia, HaBeJeHa Ha puc. 5, 6, 7.

17 Macakynona T)
e L &
& 15236 13817 15,851 16,237
15
14
13
4 12,679
12
11
10
2 3 4 5 6
JgacToTa p036PIBKH

Puc. 5. Peanizamis JHCKPETHOTO MOIIYKY ONTUMAJIFHOTO PIMICHHS Y AOCIHIIKYBaHINA
obmacTi y pasi 3aJIeKHOCTI MacH CTPIDKHIB BiJl YaCTOTH PO30MBAHHS
mpu giametpi kynona D = 30
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140 MaMeTp nipodhimo (MM)
120 A
100
80 75
63,5
50 ® 3
o 63,5
40
20
0
2! 3 4 5 6
4acToTa po30HBKH

Puc. 6. [ligiOpanuii giamMmeTp TPyOUACTHX SIEMEHTIB JJIs PI3HUX BapiaHTIB 4aCTOTH
po36uBaHHs npu Tiametpi Kynoia D =30 m

1o EOBXKHHA CTepIIs (M)
¢ 9,271
8
6 5,186
© 4,874
a 3,924
3,249
2
0
2 3 4 5 6
gacToTa PO3GHBKH

Puc. 7. JloBxuHa HafIOBIIMX €JIEMEHTIB JUIsl PI3HUX BAapiaHTIB YaCTOTH PO30OMBaHHS
npu niamerpi Kynoia D =30 m

BucHoBKH

I3 HaBemeHWX PHUCYHKIB BHIHO, IO JiaMeTp Ta Maca CTPIKHIB T'COME3MIHUX
KYTIOJiB HEJIHIHHO 3aJe)aTh BiJl 4yacToTH po3OuBanHs. Lle moB’s3aHo 3 TuM,
IO MpU 301IbIICHHI YaCTOTH PO30MBaHHS JIOBXKWHA CJICMCHTIB 3MEHIIYETHCS,
3MEHITYETHCS W 3HAUCHHS IUIONI Tepepidy CTPIKHIB, aje pa3oM i3 THM IpH
30UIBIIEHH] YaCTOTH 30UIBIIYETHCS KITBKICTh €JIEMEHTIB. ICTOTHHMI BILIHMB
TaKOX CITPABIISE IUCKPETHICTh COPTAMEHTY, Ha SIKOMY 3I1MCHIOETHCS TIOMIYK.

ANTOPUTM peari3oBaHO y BHUIUIAI NMPOTPaMH IMiJTPUMKH TPUHHATTS DillleHb,
IO [J03BOJISIE OOpaTH ONTHMAJbHY YacTOTy pO30MBaHHS TEOKyIoJia IIpH
3aJJaHOMY JliaMeTpi Ta 1HIIUX IMapaMeTpax 3a KpUTepieM MiHIMAIbHOI MacH IIe
Ha TIepeANPOCKTHIN cTaii a00 Ha cTafil MpoBeIeHHs TEHIEPIB.
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TeMaTHKO TOAATBIINX JOCTIMKEHbh € YTOYHCHHS PO3PAXyHKOBUX CXEM,
BH3HAUYCHHS MEXK IIEpEX0Ay MDK HHMH Ta PO3KPUTTS HEBHU3HAYCHOCTI,
OB’ S13aHOT 13 TOJJATKOBUMH TapaMeTpaMH Te0JJe3UYHIX KYIOJiB, PO3POOICHHS
e()eKTUBHUX BY3JIIB Ta OIliHKA ONTHMAJIBHOTO KYIOJia 3 YMOBH BUKOPUCTAHHS
PO3IINPEHNX TEXHIKO-€KOHOMIYHHX TTOKa3HUKIB.
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YAK 721.011.12; 699.841

OobecneyeHnne celicMOCTOMKOCTH HAICTPAUBAEMbIX 31aHUI

Mopo3sora E.B.

Ha].[I/IOHaJ'ILHaﬂ aKaJcMud NpUpOAOOXPAHHOTO U KYPOPTHOT'O CTPOUTCIILCTBA, YKpaI/IHa

AHHOTauusA. B xoae pPeKOHCTPYKLUMW TUMOBbLIX XWMbIX 3AaHui Heobxoammo obecne-
yeHne UX CencMocTorkocTu. B paboTe BbiNONHEHA OLEHKA CEACMOCTOMKOCTM TUMOBOIO
NATUITAXHOro 34aHMa C HaacTponkon. MNpepnaraeTca obecrneymBaTb CENCMOCTOMKOCTb
PEKOHCTPYMPYEMOr0O 34aHMUS METOAOM YCTaHOBKM pe3MHOMEeTa/sIMYeckux ornop B MecTe
onuMpaHus HaACTPOMKM Ha CYLLECTBYIOLLEE 3[aHMeE.

AHoTauinA. MMig yac peKoHCTPYKLUii TUMOBUX XUTNOBUX ByAMHKIB HEOBXiAHO 3abe3neunTun
iX cencMoCTilKiCcTb. Y poboTi BMKOHaHa oOLiHKa CeNCMOCTIMKOCTI TMMOBOI N'ATunoBep-
x0BOi 6yaiBni 3 Haabyaosot. MponoHyeTbCa 3abe3nedyBaTn ceCMOCTilKicTb 6yaiBni,
L0 PEKOHCTPYHETLCA, METOAOM YCTAHOB/IEHHS MYMOMETaneBUX OMOp Yy Micui CrnpaHHs
HaabyaoBu Ha iCHytouy byaisnto.

Abstract. The security of the seismic resistance of typical residential buildings during
their reconstruction is necessary. In the article an evaluation of the seismic resistance
of a typical five-storey building with a the superstructure is represented. The author
proposes to provide the seismic resistance of the reconstructed building by installing
rubber-metallic supports at the points of bearing of the superstructure on the existing
building.

KnroueBble crnoBa: CeicMOCTOMKOCTb, PEe3VHOMETAN/IMYeCcKUe OMnopbl, MHEPUMOHHbIe
cunbl.

BBenenue. IloctanoBka mpoOnembl. Pemenme mpobieM celicMHYECKOH
0€30I1aCHOCTHU SBJISIETCSA OJHOM M3 BAXXHEWIIMX 3a7a4 COLUAIILHO-3KOHOMUYEC-
KOTO Pa3BUTHS CEHCMOAKTUBHBIX PeTHOHOB. Kaxknmas ceficMuueckass KaracTpo-
(da xapakTepuszyeTcss CBOMMH NPHUPOJHBIMH TIapaMeTpaMH, COIHAIBHO-
SKOHOMUYECKHUMH U HKOJOTUYECKHMHM ITOCIEACTBUAMU. YPOBEHb KaTacTpOQbI
3aBHCHT OT MHOTHX (PAaKTOPOB, INIABHBIMHU M3 KOTOPBIX SBISIOTCS: MapaMeTphl
MPOU3OIIEIIETO 3eMJIETPSICEHUS; CTENIEHh CECMOCTOMKOCTH 3/TaHUM; BO3MOXK-
HOCTb BOSHUKHOBCHUS BTOPHUYHBIX OIMACHBLIX S(Pq)eKTOB; TOTOBHOCTB rocyaapcCt-
BEHHBIX OPTaHOB K HE3aME/TUTEIBHBIM CIIAacaTeIbHBIM U BOCCTAHOBUTEIIBHBIM
pabortam. rHOpHpOBaTh CEMCMUYECKYIO OMACHOCTh MPH PACCMOTPEHUU Tepc-
MIEKTUB CONMATHHO-3KOHOMHYECKOTO Pa3BUTHS TOCYAapCTBA HEJOITY CTHMO.

B cBasu ¢ BBegenmem c¢ 01.02.07 JAbH B.1.1-12:2006 «CtpoutenscTBO B
ceiicMuueckux paiioHax YKpauHbDy [4] BO3pocia akTyadbHOCTh IOBBILICHUS
CEHCMOCTOMKOCTH 3J]aHUI U COOPYXKEHUH MPU WX PEKOHCTPYKIMU. Bo-mepBbIX,
BO MHOTMX paifoHax MOBBIIIEHAa pacyeTHas celicMUYecKasi MHTEHCUBHOCTh Ha 1
Oann (uHorna, Ha 2 Oaina, HampuMep, s T. Kepun u mpuierarommx K HeMy
TEpPUTOPHIi), BO-BTOPHIX, HOBBIMIEHB! TPeOOBaHHUSA K pacueTy Kak MpH OIpexe-
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JICHUW CEHCMHUYECKHX HArpy30K, TaK W TIPH OIEHKE HEeCyIIeld CIIOCOOHOCTH
KOHCTPYKITHH. 3HAYUTENBHYIO YacTh JKWIOTO (oHma YKpaWHBI COCTABIIIOT 5-
STaXHBIE JIOMa TIEPBBEIX MAaCCOBBIX CEpHH, KOTOPHIE TPOCKTHPOBAINCH U
CTPOWJIMCH 0€3 ydeTa aHTHCEHCMHYECKUX MEPOIPHUATHIA, JINOO 10 3aHMKECHHBIM
TpeOoBaHUAM K celicMocToikocTH. OCHOBHas Macca STHX 3JIaHWA HMeeT
JIOCTaTOYHBIA 3allac MPOYHOCTH Ha BO3JCHCTBHE OOBIYHBIX HATPY30K, IIPH
MPAKTUYECKU TTOTHOM MOPaJIbHOM H3HOCE. B X0/1€ peKOHCTPYKIMHU TaKUX 3aHUI
BO3MOXXHO TIPUMEHEHHE HAJICTPOEK, OMHPAIOIINXCS Ha HECYIHe KOHCTPYKIHH
3/IaHus, IPH YCIOBHU 00CCTICUCHHSI CEHCMOCTOMKOCTH TTOCIIEe PEKOHCTPYKIIHH.

OnarM 13 Hanbosee MEePCIEeKTUBHBIX METOJIOB 00eCIIeUeHUs 3aJaHHON CercMO-
CTOMKOCTH 3JIaHMS SBJISICTCS UCTIOJIb30BaHKUEe pe3nHOMeTaum4eckux omnop (PMO)
Uit ero cericMom3oyiui. PMO — ympyTuii 3JIeMEHT, COCTOSAIINN M3 CJIOEB
IMOJIMMEPHOI0 Mar€puajla U METallia, BBITTOJIHEHHBIN JKECTKUM B BepTHKaHBHOﬁ
IUIOCKOCTH ¥ 00JIaJaroIuil Majiol JKECTKOCTBIO B TOPU30HTAIBHOW IIOCKOCTH.
OCHOBHBIMH TIPOM3BOJIUTENSIMH TaKUX ONOP HA CETOMHSIIHUA JIEHb SBISIOTCS
Kuraii, ®panmmsa, Hoas 3emanmmsa. Cpok ciay»KOBI OMOPHI, JICKIAPUPYEMBIN
(bupMaMU-TIPOU3BOUTEISIMH, TOCTUTACT TPUOIM3UTENBHO S0 JIeT.

[lepBoHayampHO TakWe OMOPHl HANUIM IIHPOKOE TMPUMEHEHHUE IpHU
KOHCTPYUPOBAHUM CEHUCMOCTOMKMX OIOP MOCTOB, & 3aTéM C HEKOTOpOu
JOpabOTKOM CTalnM MPUMEHATHCS U JUIS CelcMOM3oJsaiu 3aaHui. OOBIYHO
PMO wucnons3yroTcs Ijig CEHCMOM3OSLMKA BHOBH BO3BOJUMBIX 3IaHUN U
YCTaHABIHMBAIOT MEXAYy HECYIIMMH KOHCTPYKIMSIMHU 3[aHUs U (QyHIAMEHTOM.
3nanus Ha PMO mody4yuinum IIHPOKOE pachpocTpaHeHHe 3a pPyOekoM: B
SAnonun, Aurnuu, @panmuu, CIIA, HoBoii 3enanauu.

AHanu3 mnocJeIHUX AOCTH:KeHUl u mnyOamkaumil. 3BecTHBI NpUMEpPHI
npuMeHeHnss PMO 1mipu pekoHCTpYKITHH 31aHui. B padore [2] omumcan coco0
MOBBIMICHUS CEUCMOCTOMKOCTH PEKOHCTPYHPYEMOTO 3/IaHUS, SIBIISIOIICTOCS
00BEKTOM HE3aBEpIICHHOTO CTPOUTEIhCTBA. HeoOXomuMOCTh TOBBIICHUS
CEeMCMOCTOMKOCTH CBSI3aHa C U3MEHEHUEM PaCYETHOM CEeHCMUYHOCTHU IUTOIIAAKU
CTPOUTENHCTBA 32 BpPEMs MPHUOCTAHOBKH CTPOUTEIHCTBA W HECOOTBETCTBHEM
MPOSKTHBIX PEIIeHUI TpeboBaHUsM ceficMocToiikocTH. ObecnieueHne Heo0Xo0-
JTIUMOT'O YPOBHS CEHCMOCTOWKOCTH PEKOHCTPYHPYEMOTO 3IMaHUS TIOCTUTAETCS 32
CUYeT psAAa KOHCTPYKTHBHBIX MEpONPHUSATHHA, OAHUM W3 KOTOPBIX SBISETCA
ycTaHoBKa ceficmounsonupyronux PMO ¢dupmer «Shantou Vibro Tech Industrial
and Development Co Ltd. (VIBRO)» B ypoBHE mo/iBaia u OT/AEJICHHUS HAI3EM-
HBIX KOHCTPYKIMIA OT TOA3EMHBIX TOPU30HTAIFHBIM aHTHCEHCMUYECKIM IITBOM.
AHaOTUYHBIA METOJl TaKKe OBLI HCIIONB30BaH MPH PEKOHCTPYKIuUHU [ ocy-
JApCTBEHHOTO KOHIEpTHOro 3ana B TI. I'posHoM [7]. IlpoBenenue mnepednc-
JIEHHBIX MEPOIPHUATAN MO3BOJWIO CHU3UTHh HArpy3KW HA Ha3eMHBIE KOHCTPYK-
un B 1,5-3 pasza, TeM caMbIM YMEHBIIHB 00beM paboT MO YCUIICHUIO Ha3eMHBIX
KOHCTPYKLIUA.
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[Ipu pexoHCTpYKIHMH CyImeCTBYOmEero 3xanus lLleHTpanpHOro O0aHKa B
r. Upkytcke [1] Takxke Obumm mpumenersl PMO atoit ke dupmel. llenpio
PEKOHCTPYKITMH  SBJISETCSI  OOECIeueHWe CEHCMOCTOMKOCTH 3MaHusl U
MepeIIaHupOBKa TOMEIICHHUI ¢ HAJCTpoikoi 1-2 staxken. HeoOxomumebrit
YPOBEHb CEHCMOCTOMKOCTH OOECIeUnBaETCsl 3a CYET YCTAaHOBKH CeicMo-
M30JIMPYIONINX PE3NHOMETAITMYECKUX OMOp O] BCEMH CT€HAMH, CTOJI0OAMH U
KOJIOHHAMH B YPOBHE IIOKOJIBHOTO 3Ta)ka, YTO OO0CCIICYMBACT CHIKCHHE
CEHCMMYHOCTH HAJ3eMHOW dYacTH 31aHus Ha 1-2 0auia mo CpaBHEHHIO C
CEHCMUYHOCTBIO IUIOIIAJIKU CTPOUTEIBCTBA.

HeoOxoammo  OTMETHUTH, YTO YCTPOWCTBO CHCTEMBI CEUCMOU3OISITIU
PEKOHCTPYUPYEMBIX 3IaHUN B OMUCAHHBIX BBINIE KOHCTPYKTUBHBIX PEIICHUAX
TpedyeT Oobmoro KoamaectBO PMO M OTHOCHTCS K CIOKHBIM paboTam, 94To
3HAUUTEIHFHO YCIOXHAET KOHCTPYKIIMIO PEKOHCTPYHPYEMOro 3HaHusS U
MOBBIIIAET TPYJOEMKOCTh U CTOMMOCTD PEKOHCTPYKIIUH.

B HauuonanbHOU akageMuu NPUPOJOOXPAHHOTO U KypOPTHOTO CTPOUTENHCTBA
3alaTEHTOBAHO KOHCTPYKTHUBHOE PELICHUE CEHCMOCTOMKOrO pEeKOHCTPYHPYEMO-
ro 3gaHus [6], cOracHO KOTOPOMY CEHCMOU3OIHUPYIONINE Pe3MHOMETAIHYEC-
KM€ OIOPbI YCTAHABIMBAIOTCS B MECTE OMUPAHUA CTOEK KapKaca HaJICTPOUKH Ha
HECYII[Ue CTeHBI CYIIECTBYIOMIETO 31aHus. Takium 00pa3oM, peKOHCTPYyHpyeMoe
3laHHE COAEP)KUT OTpPaHUYEHHOE KOJIWYECTBO celicMomnzonupytommx PMO,
KOTOpbIE MPOCTO YCTAHABIMBAIOTCS M JIETKO MOTYT OBITh 3aMEHEHBI B XOJE
SKCILTyaTalHH.

B pa6ore [5], onmyOarMKoBaHHOW aBTOPOM, BBIMIOJTHEHA OIEHKA CEHCMOCTOHKOC-
TH JKWJIOTO 3JaHUS JI0 U TOCJIE PEKOHCTPYKIUU. B pe3yibrare mpoBeneHHBIX
UCCIICTOBAHUIT MOXHO CJIeNaTh CICAYIOIINE BBIBOJABI: 3HAYMTEIBHBIN 3amac
MPOYHOCTH MaTepHaia HECYIIUX KOHCTPYKIHHA THIIOBBIX JKUJIBIX 3JaHUH €O
CTCHaMM M3 KPYHNHBIX 6JIOKOB IIUJIBHOI'O M3BECTHsIKA Ha HeﬁCTBI/Ie OCHOBHBIX
COYETaHWM HArpy30K CO3/1aeT BO3MOXHOCTb HAJICTPOWKH TaKUX 3IaHHU, ¢
ONMpaHUEeM KapKaca HaJICTPOWKM Ha HECYIIHE CTEHbI PEKOHCTPYHUPYEMOTO
3manus. llome3nas miomaaer 31aHus MoXKeT ObITh yBenmdena Ha 40-60% (6e3
ydera Je(eKTOB HECYIIMX KOHCTPYKIIUM M HECYIICH CIIOCOOHOCTH OCHOBAHUS);
HQJCTPOWKA  37aHUS  TaKUM  CIIOCOOOM  CHIDKAeT  CEeHCMOCTOMKOCTh
pEKOHCTpyHpyeMoro  3maHmsi; A(P(EKTUBHBIM  CIIOCOOOM  TIOBBITIICHHUS
CEHCMOCTOWKOCTH  3[aHWH, PEKOHCTPYHPYEMBIX METOJIOM  HAJCTPOUKH,
SIBIISICTCS] YCTAHOBKA PE3UHOMETAILTHUECKUX CEHCMOU3OIUPYONIUX OTOP.

Ilenmsto maHHOW pabOTHI SBISETCSA oOmpenencHue Hanboiiee 3h(HEeKTHUBHOTO
crnocoba ycranoBkd PMO B 37aHHAX, PEKOHCTPYHPYEMBIX METOJIOM
HAJICTPOUKH.
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OcHoBHast 4acTtb. OOBEKTOM HCCICIOBAaHHUS JAaHHOW pabOTHl SBISAETCA
CTaHIApTHAs CEeKIUS IISITHATAKHOTO JKWIOTO 3IaHUA C TPOJOJbHBIMH
HECYUIMMH CTEHAMHU U3 KPYMHBIX OJIOKOB aJJbMHHCKOTO KaMHS U NMEPEKPHITHIMHU
13 MHOTOMYCTOTHBIX >K€l1e300€TOHHBIX IUUT. ['abapuTHBIE pa3sMepbl B OCAX
3nanus B miaHe 12x16,4 M. Beicora stakeid 3 m. HancTpolika BblnosiHEHa ¢
TpeMsl OIKCIUTyaTUPYEeMBIMH KIJIBIMH 3TaXaM{, YTO TIO3BOJHUT YBEIHYUTH
MoJIe3HYI0 IUIomans 31aHus Ha 60%. KoHCTpykTHBHAsI cxeMa HaJACTPONKH—
paMHbIii  MmeTtammmueckuil kapkac. Komonmner 1 60II1. Ilar xonoHH B
MIPOIOTFHOM HarpaBjieHud 3 M, 3,8 M, 3,6 M U B ITONIEPEIHOM HaTPaBIICHUN OM.
Purens 1 45b1. IlepexpbiTHe — KOMOMHHpPOBaHHAs IUIMTAa W3 MOHOJMTHOTO
KeNe300€TOHa U CTAIBHOTO MPOQUIMPOBAHHOTO HACTHJIA TONLIMHOW 167 MM.
HccnenoBanne  HampsHKEHHO-A€(OPMHUPOBAHHOTO — COCTOSIHHSL ~ OCHOBHBIX
HECYIIUX KOHCTPYKLMM M OLIEHKa CEHCMOCTOMKOCTH 3/IaHHs BBINOJIHAIACH
METOJIOM YHCIIEHHOTO SKCIIEPUMEHTa C IPUMEHEHHEM MpPOTrpaMMHOTO KOMII-
nekca «JIupa-Windowsy, Bepcust 9.6 [3, 8]. PacueTnas monens mpencrasieHa
Ha puc. l,a. [ms BO3MOXKHOCTH aHaaW3a HANPSHKEHHO-IEHOPMHPOBAHHOTO
COCTOSIHMSI OCHOBHBIX HECYIIMX KOHCTPYKIMH M OLIEHKH CEHCMOCTOMKOCTH U3
MIPOCTPAHCTBEHHON pacueTHOW Monaeiay ObUT BbIAENeH (parMeHT ¢ Haubolee
Harpy>X€HHBIM Y3KHUM IIPOCTeHKOM (puc. 1,0).

a 0

Puc. 1. PacueTHble cXeMbI pEKOHCTPYHUPYEMOTO 3/1aHUS:
a - IPOCTPAHCTBEHHAS pacueTHasi MOJIENb; O - HCCIIeyeMbIil (PparMeHT

B pabote mpezcTaBiieHbl Pe3yNbTaThl UCCIEAOBAHMS MO OMPEACICHUI0 Hanbo-
nee 3¢ dekTuBHOTO crocoba ycranoBku PMO. CormacHo Bapuanty 1 cucrema
CEMCMOM3OISIIUN B PEKOHCTPYHUPYEMOM 3JIaHWU TNPUHSTA B BHJIE YCTPOUCTBa
PE3UHOMETAIITHUECKHX OMOp CO CBHHIIOBBIM CEPICYHUKOM KHTAHCKON (GUPMBI
«Shantou Vibro Tech Industrial and Development Co Ltd. (VIBRO)» mox
HEeCyIIMMH CTeHaMH B ypoBHe (hyHmameHTa. Beero ycranaBnmBaetcs 48 omop
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tuna GZY 400 V5SA. Kaxngas onopa paccuntana Ha Harpy3ky 400 xH. Bce
OIIOpPHI KBAJpaTHbIEC B IIJJaHE U HMEIOT OJMHAKOBBIE pasMmephl: 420x420 MM u
BbICOTY 162,5 MM. Cxema pacronoKeHns CECMON30INPYIOLINX ONOp B IUIAHE
npuBeneHa Ha puc. 2,a. Jng ycranoBkm PMO moxg HecymmMMH CTEHAMHU
PEKOHCTPYHPYEMOTr0 3JIaHHs MpPEIyCMaTPUBAETCS YCTPOMCTBO HEMpPEpPHIBHOTO
XKeNe300€TOHHOT0 TOPU30HTAIBHOIO AHTHCEHCMHYECKOTO IMOsCa TOJILMHON
200 mMMm. PMO wmopenupoBamuchk ¢ momomipio K355 co criemyrormmmu
XapaKTepUCTUKAMH: BEPTHUKANbHAs JKecTKocTh Rz = 1890 kH/mM; ropuson-
TajJbHAS KECTKOCTh Rx = Ry = 1,66 kH/mMMm, mymHa — 162,5 MM,
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Puc. 2. Cxema ycranoBku PMO: a - Bapuant 1; 6 — BapuaHT 2
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CornacHo BapuaHTy 2 CHUCTEMa CEHCMOU3OSIUU B PEKOHCTPYUPYEMOM 3AaHUU
IpUHATA B BUAC YCTPOMCTBA PE3MHOMETAIMYECKUX OINOP CO CBUHLOBBIM
CepJcUHUKOM KuTaickoit ¢upmbl «Shantou Vibro Tech Industrial and
Development Co Ltd. (VIBRO)» B MecTe onmpaHus CTOEK Kapkaca HaJCTPOHKH
Ha HECYIHME CTEHbl PEKOHCTpyUpyemoro 3aaHusa. Bcero ycranaBnmuaercsa 18
omop turma GZY 200 V5A. Kaxmas omopa paccuntana Ha Harpysky 200 xH.
Bce omops! kBagpaTHEIE B IDIaHE M UMEIOT OAMHAKOBBIE pa3Mephl: 240x240 mm
u BeICOTY 115,5 mMm. Cxema pacroioXeHHUS CEHMCMOW3OIUPYIONIUX OIOp B
IUIaHe MmpuBezeHa Ha puc. 2,0. s ycranoBku PMO noa kapkacoMm HaACTpOHKH
BJIOJIb HECYIIUX CTEH PEKOHCTPYUPYEMOIO 3JaHUs IpelyCcMaTpUBAETCs
YCTPOMCTBO HEMPEPBIBHOTO JKENE300€TOHHOIO TOPHU3OHTAIBFHOTO aHTHCEHC-
Muyeckoro mosica tonuuHoi 200 mm. PMO monenupoBaiuch ¢ MOMOIIBIO
K355 co cremywomuMu XapaKTepUCTUKAMU: BEpPTUKAIbHAs KECTKOCTh
Rz =504 xH/MM; ropusoHTanbpHas kecTkocTh Rx = Ry = 0,69 xkH/mM, mmuHa —
115,5 mm.

OueHka CEeHCMOCTOMKOCTH 3[aHusd C HaACTPOMKOM JUIsl MpEeAsiOKEHHBIX
crmoco0oB ycraHoBkn PMO BBIMONHSUTACH HA OCHOBE aHAN3a MUHAMHUYCCKUX
XapaKTePUCTUK U  HANPSIKCHHO-Ie()OPMUPOBAHHOTO COCTOSIHHS —HECYIIMX
KOHCTPYKIMHM 3maHus. Ha puc. 3 mpencTaBiieHbl MEpPHOIbl COOCTBEHHBIX
Kosie0aHuit 34aHus 110 TiepBoi hopme. Kak BUIHO U3 AHarpaMMEbl, BHITOTHEHHE
HanACTpOHkH ® ycTraHOBKa PMO 3HAaYMTENBHO YBEIHYHWBAIOT TEPHOI
COOCTBEHHBIX ~ KOJEOaHUN pPEKOHCTPYHPYEMOTO 3JaHHs, 4YTO BEACT K
YBEIMYSHHUIO aMILTUTY/IBI KOJIEOAHWH U CHUKEHHUIO CTIOCOOHOCTH K 3aTyXaHUIO,
9TO MOKET OBITh OMACHBIM IS HECYIIMX KOHCTPYKIIHH PEKOHCTPYHPYEMOTO
3aHHUS.

2.5
§ 2
g" 1.5
=
§ 1 0.726
0.5 0‘102 [[mmmllﬂﬂl
0 - T T 1
3nanue 3nanue ¢ PMO Bapuant PMO BapuaHT
HaJXCTPOMKOMH 1 2

Puc. 3. [lepronsr coOCTBEeHHBIX KOJIeOaHMIA IO TIEpBOH hopMme

Ha puc. 4 mpencraBieHbl aMIUTATY A6 IEPEMEIIICHUH B YPOBHE TIEPEKPBITHI IS
pacdeTHOl ceficMuaHOCTH 8 0amtoB. HeoOX0MmMo OTMETHTE, YTO HAACTPOIKA,
BBITIOJIHSISI POJIb TACHUTENS KOJICOAHUMN, CHIDKAET TIEPEMEICHUST PEKOHCTPYHUPY-
€MOT0 3/1aHHUs, MAaKCUMAJIbHEIE TTepeMellleHNs HaOII0Ia0TCs B YPOBHE BEPXHUX
stake HancTpoiiku. [lpumenerrne PMO mpuBOAUT K 3HAYUTEITHPHOMY YBEIH-
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YEHUIO TEPEMEIICHU B MeCTe YCTaHOBKH MOCIEOHHMX BCJICACTBHU HX MaJoi
KECTKOCTH B TOPU30HTAJIILHOM HalpaBieHuH. B ciaydae BapuanTa 1 ycTaHOBKH
PMO abcomoTHBIE U OTHOCHTEIBHBIC TEPEMEIICHUS 3aHUS W HAJICTPOUKHU
yBenuuuBatoTes B 10 pa3. B cinyuae Bapuanrta 2 ycraHoBku PMO abconmoTHbIe
U OTHOCHTENbHBIE NEPEeMELICHUS! KOHLEHTPHPYIOTCS B YPOBHE HAACTPOMKH,
YBEJINYUBAsICh MEHEE, YeM B 2 pasa.
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Puc. 4. AMmunTyp1 KoneOaHU peKOHCTPYHPYEMOTO 3IaHUs

Ha puc. 5 mpencraBieHbl MHEPIIMOHHBIE CUJIBI B YPOBHE MEPEKPLITUH s
pacuetHoOi ceiicMuuHocTH 8 OamioB. Ilpumenenne PMO mnpuBogur K
CHIDKEHHUIO HMHEPIOHHBIX CHUJI B YPOBHE NEPEKPBITUI PEKOHCTPYHPYEMOIO
3aHUS M HaJCTPOMKHU B cioydae 1 BapmaHTa ycTaHOBKHM Ha 25 %, a B ciaydae 2
BapmuaHTa yctaHOBKH Ha 80 %.

Ha puc. 6 mpexacraBieHsl HOpMaibHBIE HANpsDKEHHS B HapyKHOM Hecyliel
CTEHE pEKOHCTpyupyemoro 3paHud. Ilpm ceilcMuueckoM BO3IecTBHM
HMHTEHCUBHOCTBIO § 0aioB Hanbosiee ONacHble PacTATMBAIOIINE HANPsDKEHUS B
ucclielyeMOM (parMeHTe CTeHbI BO3HUKAIOT B MECTE OIMpPAaHUS HAJCTPOUKH Ha
3llaHHE W TMPEBBIIIAIOT PACUETHOE CONPOTUBICHHUE PACTSDKEHHUIO KIAIKU U3
KpymHBIX OnokoB. B cimywae ycranoku PMO B uccnenyemom (parmeHTe
pacTsruBarole HalpspkeHus He Bo3HUKaroT. [Ipu Bapuante 1 ycranoBku PMO
HaOJIroaeTcs 3HaYUTENIbHAS KOHIEHTPALUS COKUMAIOIUX HANPSHKEHUH B MecTe
onupanus creHbl Ha PMO u B MecTe onmpaHus HaACTpOWKH Ha 3paHue. Ilpu
BapuanTe 2 ycraHoBKH PMO HampspkeHHST B CTEHE PACIpPENeISIIOTCS Oojee
pPaBHOMEPHO, KOHIEHTpAIMs CKUMAIOUINX HANpPsDKEHUH, HE MPEeBBIIIAOIINX
pacyeTHOE CONMPOTHBIICHHE CXKATUIO KJIaJKU M3 KPYIMHBIX OJIOKOB, HaOmogaeTcs
TOJIKO B MECTE ONUPAHUS HAJACTPOMKHU Ha 3/1aHUE.
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Puc. 5. nepuuoHHBIE CUIIBI B YPOBHE NEPEKPBITUH 31aHUS U HAICTPOUKH.
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Puc. 6. HopmanbHble HanpsbKeHUS B HAPY>KHOM HecyIllel cTeHe
PEKOHCTPYHUPYEMOTO 31aHUS

BrIBOIBI

B pesynbraTte mpoBeneHHBIX WCCIENOBAaHMA MOXXHO CHElaTh BBIBOJ, YTO
3()(PEeKTHBHEIM  CIOCOOOM  TIOBBIMIICHHS ~ CEHCMOCTOWKOCTH  3MIaHWH,
PEKOHCTPYUPYEMBIX METOJI0M HaJICTPOMKH, SIBJISIETCSA YCTaHOBKa
PE3NHOMETAINIMYECKAX ~CEHCMOM3OIUPYIONIMX OIMOp B MECT€ ONHpPaHUSL
HAJCTpONKH Ha 3maHue. Takoil crmoco0 MO3BOJIIET M3MCHUTH JHHAMHYCCKUC
XapaKTCPUCTUKU PEKOHCTPYHUPYEMOT'O 30aHNA, YMCHBIINTEL MHCPIHUOHHBIC CUJIBI
B YPOBHE TNEPEKPBITUH, CHU3UTh KOHICHTPAIMIO HANPSIKCHUH B HECYIIUX
CTeHax W, KpOME JTOTro SBIIAETCSA Oojiee MPOCTHIM U MEHee TPYIOEMKHM IO
CPaBHEHUIO C U3BECTHBIMH paHee CIIocoOaMu.

227



36ipHux naykosux npayb
Ykpaincvroco incmumymy cmanesux koncmpykyii
imeni B.M. llumanoecvkozo. — Bunyck 10, 2012 p.

JlutepaTtypa

1]

2]

3]

[4]
[5]

[6]

[7]

8]

Aizentepr S.M., CmupnuoB B.U., berakos C.U., Cyteipun 10.A. Dddexk-
TUBHBIE CHUCTEMBI celcMousoiisiuu. MccienoBanue NPOEKTUPOBAHUE,
cTpoutenscTBo. //  CelicMOCTOWKOE CTPOHMTENbCTBO. bezomacHOCTb
coopyxeHuil. 2002 r., Nel — OI'VIT « BHUMHTIIU» — C. 31-37.

Axome P.T., Cyteipun 10.A., Baiinypor A.B. TexHomorus ceiicmo-
yCHJICHHS OOBEKTOB HE3aBEPIICHHOTO CTPOMTENbCTBA (HA MpUMeEpe
pecriyOnukn Anraif). / CelicMocToiikoe cTpouTenscTBo. besonmacHocTh
coopyxernuit. 2006 r, Ne3 - ®I'YIT «BHUMHTIIN» — C. 37-41.

borosuc B.E., I'emzepckuii 10./1., I'epaitmoBuu 1O.J1., Kymenko A.H.,
Mapuenko /[I.B., Measenko /[I.B., CnoGomasn S.E., Turox B.IL
JINPA 9.4. IIpumepsl pacdeTa U IPOSKTHPOBAHUA. Y4eOHOE TTocoOHe. —
K.: «®akr». —2008. — 208 c.

JABH B.1.1-12:2006 CTpouTenbCcTBO B CEUCMUYECKUX paiioHax YKpauHblL.
Hopwmst npoextuposanust. — K.: I'Tl «YkpapxOyanngpopm», 2006 — 84 c.
MopozoBa E.B., OBuapenko B.H. [IpuMeHeHHe pe3MHOMETATHYSCKUX
OIOp NPU PEKOHCTPYKIIMH METOAOM HajicTpoliku. // COOpPHUK HAay4HBIX
TpyZ0B «CTPOUTENHLCTBO M TEXHOT€HHAs 0€301MacHOCThY. — Bhimyck 35. —
Cumdpepomons: HATIKC, 2011 — C. 132-140.

[Tatent Ha kKopucHy mozens Ne 56415 or 10.01.2011 MIIK (2011.01)
«CelicmocrTiiika OyniBms, sika pekoHcTpyroeTbes» E04H 9/02. Apropu:
Axepmados I'.A. Mopo3zosa O.B.

CvmupHoB B.M., Axbues P.T., Uybakor M.XK. CeiicMoycuieHue
rOCYJapCTBEHHOTO KOHIIEPTHOro 3ana B T. I'pozHoM. // CelicMocTolikoe
cTpouTensCcTBO. besomacHocTh coopyxkeHud. 2009, Ne 3 — OI'VII
«BHUUHTIIN» — C. 55-62.

Crpenen-Crpeneuxuit  E.b., borosuc B.E., T'enmzepckuit HO.J.,
I'epaiimoBnu  10.JI., Mapuenko J.B., Turtok B.II. JIMPA 94.
PykoBoactBo momb3oBarens. OcHOBBL. YdeOHOe mocobme. Tmof
penakiueit Akanemuka PAACH, moxT. TexH. Hayk, nmpod. I'opoaernkoro
A.C. - K.: «®akr». —2008. — 164 c.

Haoitiuna 0o peoxonezii 03.07.2012 p.

228



36ipnux naykosux npayb
Ykpaincvroco incmumymy cmanesux KoHcmpyKkyii
imeni B.M. llumanoscvkozo. — Bunyck 10, 2012 p.

YIK 624.011

3’eqHaHHS HA MOXWJIO BKJIEEHUX CTAJTEBUX CTPUKHAX
Y KOHCTPYKUIfIX i3 KJIe€HOI IepeBUHU

Kaimenko B.3., x.T.H.

KuiBchkuii HallioHAIBHUHN YHIBEpCUTET OyIIBHUIITBA 1 apXiTEKTypH, YKpaina

AHoTauia. Lle 3’egHaHHS 3HAYHOO MipOK A03BONSE NMPAKTUYHO BMpiwyBaTu npobnemy
3’'€lHaHb BENIMKOPO3MIPHUX MAaCUBHMX €NEMEHTIB Y KOHCTPYKLIAX i3 K/I€EHOT AepeBUHM 3
AOTPMMaHHSM npuHumMny 36anaHCcoBaHOI MiLHOCTI BCiX YaCTUH KOHCTPYKLUii. [locsiraeTbcs
ue 3aBAsSiKM Mepexoay 3'€AHaHHsA, AK TexXHIYHOi CUCTeMW, Ha MikpopiBeHb 6ynoBM
AepeBuHN 3 eDeKTUBHUM BUKOPUCTAHHSAM MMUOMHHMX pecypciB MiLHOCTI MaTepiany.

AHHOTaumsa. OT0 coeAVHEHWE B 3HaYMTENIbHON Mepe MO3BOJISIET MPaKTUYECKU pelnTb
npobneMy coeauMHeHUs1 KPyrnHOpa3MepHbIX MAacCCUMBHbIX 3/IEMEHTOB B KOHCTPYKUMSIX W3
K/leeHoW ApeBeCWHbl Npu cobnoaeHnn npuHumMna cbanaHcMpoBaHHOM MPOYHOCTM BCEX
yacTten KOHCTpykuuu. [octuraetcss 370 6narogapsi nepexofy COeAWHEHMUs, Kak
TEXHUYECKON CUCTEMbI, Ha MUKPOYPOBEHb CTPOEHUA ApeBECUHbl C 3PPEKTUBHBLIM
MCMoNb30BaHWEM FNyBMHHbBIX pecypCcoB NPOYHOCTM MaTepuana.

Abstract. This connection allows solving practically the problem of connecting large-
scale bulk items in the construction of glued timber, ensuring a balanced strength of all
parts of the structure. It is achieved thanks to a shift of compounds as a technical
system to micro-level structure of timber with the effective use of resources underlying
strength of the material.

KnrouoBi cnoBa: 3’€HaHHS, NOXWUI0 BKJIEEHI CTPUXKHI.

XapakTepuCTHKA HOBOTO BUAY 3 €IHAHHA. Y BEIUKOINPOTOHOBUX KOHCTPYK-
misx 3 kieeHoi gepesunu (KKJI), sik TexHIYHUX cucTeMax, 3’€THAaHHS BHKOHY-
I0Th BaXJIMBY CHUCTEMOYTBOprotouy (yHkmifo sk malC. Y 3ragaHux KOHCT-
PYKIisSX 3’sBujacs mpoOsema 3a0e3rneucHHs] MIHOCTI (HaailHOCTI) 3’€IHaHb
OKpPEeMHUX €JIEMEHTIB Yy By3JaX i B ONOPHHX YaCcTUHAX KOHCTPYKIIiH, Takoxk
cBoepiganx minTC (macucrem).

Hocein 3actocyBanus KKJ[ 3acBiguuB, IO OMHIEIO 3 IPUYWH IXHBOI BiIMOBH
BUSIBUIIMCSI BY3JIOBi 3°€[HaHHs: HANpHUKIad, 3yO4acTHl MMN Ha KIE Y
KapHU3HUX BY3JlaX MPSMONIHIHHUX paM; aHKepPHE KPIIUICHHS KOJIOH 10 (QyHIa-
MEHTIB 13 BHKOPHCTAaHHSIM JACpPEB’SHUX HAKIaJA0K Ha KJICI0; YKPYITHIOBAIBHI
BY3JIM €IIEMEHTIB 13 3aCTOCYBAaHHSM TPAIHULIHHIX MEXaHIYHUX 3’€IHAHb TOIIO.
@axiBii copmynoBany mpaBuia HOBOI KoHuenuii nmpoekryBanns KK [1],
CKJIAJIOBOIO SKOi CTaB TpPHHITMN 30ajaHcoBaHOi MitHOCTI okpemux malC
cxinagnoi TC. YcninHe BUpilIeHHS MPUHIUITY 30aJIaHCOBAHOT MIIIHOCTI YaCTHH
KOHCTPYKIi# cTao MpakKTUYHO MOXJIMBUM i3 BrpoBamkeHHsM y KK/ 3’enHanb
Ha MOXWJIO BKJICEHUX CTPUXKHAX, SKi OTPUMAIM HA3By — 3’€THAHHS CHCTEMH
IIHUUCK [2]. Ha puc. 1 i puc. 2 mokasaHi NMpUKIAAW 3’ €IHAHb y PI3HHUX
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cnopyzax. Lli 3’emHanHs excnepuMeHTanbHO pochimkeni y LHHUUCK
M. B.A. Kydyepenko 1 mani pexkomeHmamii 3 iX po3paxyHKy. Ha 3aminy
3ralaHiX BHWINE 3’€IHAHb 3alpPOIOHOBAHI Taki: KapHW3HHUH By3osn pam — [
KpiIVIeHHA KOJIOHU 110 GyHAaMEHTY — A; YKpyIHeHHs1 Oanku — b; ykpynmHeHHs
BaHT — /| (muB. puc. 1).

@ D e 2¢.
b e s

[

Puc. 1. 3’eqnanHs Ha TOXHUIIO BKIICEHUX CTPYDKHAX:
a — 3aroTOBKa i CXeMa PO3MIITIOBAHHS; O — KOHCOJIbHA 0ajKa; B — CXeMH paM;
I — KOHCTPYKIIIT 3 KPUBOJIHIHHHUX €JIEMEHTIB; A — )KOPCTKE KPITUICHHS KOJIOHH 710
¢ynnamenty; b — ykpynHioBasHHN By3011; B — By30:1 00nMpaHHs puUresst Ha KOJIOHY;
I' — xapHU3HMI By301 pamu; [ — cTuk BaHTH; E — onopHa yacTiHa 6aiKu

a 0

Puc. 2. IIpocTopora pama (a) Ta xKopcTKuii By30:1 pamu (0)
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HoBum y konnenuii mpoekryBanHs KK/ € KOHCTpyKTHBHE MiJICHJICHHS Ha
MIISHKAX peanizamii CKIagHOTO HANpyXXEHOTO CTaHy Marepiany, HalpuKiai;
OTIOPHUX YACTHUH MpsAMOMiHidHUX Oanok (puc. 1,E); cepeanpoi 3a MOBXHUHOIO
KPUBOJIHIHHUX OalloK 30HM, J€ AIF0Th MaKCUMalbHI pajialibHi HampyKeHHS
pO3TSTY BIIONIEPEK BOJOKOH AEpeBUHM (puC. 3,a); KapHU3HUX BY3IIB THYTO-
KJIICEHUX paM, JI¢ BUHUKAIOTh 3HAYHI 332 BEJIMYMHOIO PamialibHI HAIpPyKCHHS
CTHCKY BIONEPEK BOJOKOH JepeBuHH (puc. 3,0). [Ipy BenMKHX MporoHax pam
3’SIBUJIMCH MPOTIO3MIIii HAaBITh BJIAIITYBaHHS BaHT HATATYBaHHS (puc. 3,B).

a

Puc. 3. KoHCTpyKTHBHE MiICHICHHS KPUBOJIIHIMHNX 0aok (a) i THYTOKJIeeHUX paM (0)

3’ennanns 3 mo3uuii ¢isocodii Texnikm. Y dinocodii TEXHIKH CHCTEMOIO
NpUIHATO HAa3MBAaTH MHOXKHHY B3a€MOIIOB’SI3aHMX €JIEMEHTIB, 3aBASKU SIKUM
BOHA CIPOMOYKHAa BUKOHYBaTH KOpHCHI (yHKIIi 3a cBOIM NpU3HAYCHHSM.
Enementn, mo cranoBiuate cucremy (TC), Ha3uBalOTBhCS IMiICUCTEMaMHU
(miaTC). Bonwn, y cBOIO Wepry, € cucreMaMu JUIsl CBOIX IMiJCHCTEM 1 T.1I., TOOTO
ckinangaroTbest iepapxiuni piBHi minTC. Hampuknan, Byzonm A Ha puc. 1 sk
camocTiitHa cucreMa (a BoHa € mATC y CKIamHIH CHCTEMI — pPaMHOMY
MOTEPEUHUKY CIHOPYIH) CKJIAMAEThCA 3 TaKUX MIJICUCTEM: IMOXHJII CTPUXKHI,
KJICEHUH MPOLIApOK MK CTPUIKHSAMH 1 ISPEBUHOIO B OTBOPAX; 3BapHI IIBU MiXk
CTPYXXHIMH 1 aHKEPHUMH JINCTAMH; CaMi aHKEPHI JIUCTH; TIOTIEPEYHi CTPHIKHI.

Hepenmnukwmii exckypc y dinocodito TEXHIKH 3pOOJIGHO 3 METOI0 3TajaTv
00’€KTUBHI ~ 3aKOHM  PO3BUTKY TexHiyHMX cucteM (3PTC), sxum
MiAMOPSIIKOBYIOThCS B cBoilt eBomomii sik TC, tak 1 migTC pi3HOTO
iepapxiggoro piBHA. 3 mosmmii 3PTC [3] 3’emHaHHS Ha TOXWUIO BKICEHUX
CTPHXKHSIX MOXHA BBaXKATH EBOJIOIIMHO-NPOTPECUBHUM TIOPIiBHSHO 13
3’€JHAHHSM Ha CTPWKHSX, BKICEHUX Y3JIOBXK YU TOMEPEK BOJIOKOH JIEPEBUHH,
SKi HaBEIEHI B HOpMaX MPOEKTYBaHHS JiepeB’ THUX KOHCTpYyKiiid. Came B TOMY,
0 CTPMXHI B HOBOMY THIIl 3’€HAHHS BCTAHOBJICHI MiJi KYTOM 0 BOJIOKOH
JISPEBUHU, TIOJISITa€ HOTO «PEBOJIOIINHHICTE», OCKUILKH B I[bOMY BiJOMBA€THCS
onun i3 3PTC: 3akon mepexonmy TC nHa MikpopiBeHb. Di3uuyHa cyTb HOTO
MOJIATa€e y BCE OiIBIIOMY BHKOPHUCTaHHI PE3epBiB MIITHOCTI TITMOMHHHUX PiBHIB
OyzoBu MaTepiany, B JaHOMY BHIAAKy — JEpeBHHU. 3TinHO 3 [4], pesepBu
MIITHOCTI JIEPEeBHHM CIIiJ| IIyKaTh Ha piBHI ii MikpoOymoBu. Po3rmsHemo 1e
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TBEp/DKCHHS HA TPUKIAAi ONTHMAJIBHOTO KyTa HAXWIy CTPWKHIB y
BIIMTOBITHOCTI 3 MIKpOOYTOBOIO IEPEBUHU COCHH. Lle Mmorisi Ha eBOOIIIHICTE
3’e¢aHaHHA 3 no3umii dimocodii TexHikM. 3 iHIMIOro OOKY, JEMOHCTpaIlis
nepexony miaTC (KJIeeHOTO NPOINAPKYy MK CTPHKHSIMU 1 JCPEBUHOK) Ha
MOJIEKYJIAPHUIA PiBEHb 13 BUKOPHCTAaHHAM anre3iiiHuX cwi. B omHil 3i cBOiX
craTeil [5] aBTOp HABaXXKWBCS OXapaKTEpU3YBATH IIi OOCTaBWHU, SK O3HAKH
HanotexHosorii B KK/I.

®dizu4yHa cyTh 3’€qHaAHHs. BUBUECHHSA OMOpY NEPEBUHU MOBUHHO BECTUCH HA
piBHI 1i MikpoOymoBu. Pe3epBu 1i MIITHOCTI CIIiT ITyKaTH Ha OCHOBI aHAI3y
MEXaHIYHUX BIIACTHBOCTEH MIKpO- 1 cyOMIKpocTpykTypH. Take TBepKeHHS
MicTHTBCS B migpy4dHUKY [6]. [Ipodecop IBanos O.M. BBaxaB [7], 110 AepeBHHA
€ CKJIaJHOI IIPOCTOPOBOIO0 CHUCTEMOIO, OCHOBY SIKOi CKJIaJalOTh KPHCTaNIdHI
rpaTH IETIOJIO3M 1 aMop(HI PEUOBHMHH, SIKI BHIITPAIOTh pPONIb B’sI3€H Mik
rpatamMu. Take ysBIEHHs Mpo JEpeBUHY MicTUTbcs B [8], A€ CTpPYyKTypHi
eIeMEHTH OYJOBH JEpPeBHHH — MiKpodiOpwin 3aMiHeHI eKBiBaJICHTHUM
CTPYDKHEM 1 OTpHMaHa IPOCTOPOBA CHCTEMA, IO IMITY€ CTIHKY KIITHHH COCHH.
B nocnimxenHi [8] BuBuanacs MIIHICTh ACPEBUHU ITiJ] €O PI3HUX CHOTYYCHb
JOTHYHUX 1 HOPMaJbHUX HANpyXeHb Yy MPOCTOPOBIH PO3paxyHKOBii
CTPYDKHEBIH CHCTEMI, SKa 3aMIiHIOE CTIHKH KIIITHH PaHHBOI IEpeBUHU. B pidHIX
miapax paHHsi nepeBuHa 3aiimae 70—75 % iXHBOT TOBIIMHH, a PEINTY — Ii3HA
JIepeBHHA, SIKA 3HAYHO MIlHIIIA, TOPIBHSHO 3 IEPEBUHOI0 PaHHBOIO. J{71s1 Oinbin
KOPEKTHOT'O MPEICTABIECHHS CTIHOK KIITHH PO3PaxyHKOBOIO CTPHUKHEBOIO
CHCTEMOIO BOHA NIOBUHHA CKIIQJATHCS 3 IBOX €KBIBaJCHTHHX CTPWKHIB, OJTHUM
3 SIKMX IMITY€ThCSI paHHsI I€pEBHHA, a IHIIUM — Mi3Hs AepeBruHa. Tak 3pobieHo
aBTOPOM Y JOCIHIPKEHHI ONTHMAJIBHOIO KyTa HaxXwily CTPHIKHIB 0 BOJOKOH
nepeBUHU. [ ysBJIEHHS PO3paxyHKOBHX €KBIBaJIEHTHHX CTPUKHEBUX CHCTEM
CIIijl 3raiaTi OyJJOBY JEPEBHHU COCHH Ha PiBHI ii CyOMiKpOCTPYKTYPH.

CTiHKM KITHH® COCHM CKJIQJAIOTHCA 3 MEPBUHHOI TOHKOI OOOJOHKH i 3HAYHO
TOBCTILIIOI BTOPUHHOI 00010HKN. OCTaHHsI CKIIAJAa€Thest 3 TPOX wapis S, S,,

S,, mpu npomy mapu S, i S, IdyXke TOHKI i MIiCTATh TyXe MajJo JepeBHOI
peuoBunn — Gibpwr. Cepenniit map S, craHoBUTH 10 85 % TOBIIMHM BCi€l
CTIHKM KJIITHH 1 FOJIOBHUM YMHOM BH3HAua€ MilHicTh aepeBuHu. Came map S,

CTIHKH KJIITHHH 3aMiHUBCS CTEP>KHBOBOIO CHCTEMOTO.

? TepMiH «KITiTMHA» U BU3HAYEHHS CTPYKTYPHOTO €IEMEHTA OYIOBH POCITHHH
Bnepiie OyB 3amporoHoBaHuid P. ['ykoMmM, KOJNM BiH YIOCKOHAIIOBAB BJACHY
KOHCTPYKIIil0 MiKpOCKOTIa.
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BuxopucraBmu naHi 3 [9] CTOCOBHO KyTiB HAXWITy CHIipalbHHUX MiKpodiOpni y
BTOPMHHHX Iapax KITHH PaHHBOI 1 T3HBOI JEPEBUHU COCHH, BiIITOBITHO
v, =29,2° 1 v, =17,3°, aBTOp OTpUMaB €KBIBaJICHTHI CTPUKHEBI CHCTEMHU,

HaBeJleH1 Ha puc. 4.

P+.$f 52/‘ %=29,2° P +5, s ﬂn=f23°

" Sy 5,

a a
a g
N? NE NE ,.
/( ol ol M N L4 ﬂﬂ
°3 = « &
= A
’?ﬂ Vo ] ’" Id 9,, R
- ' NE e AL A N
No( a o a a o
b 2

Puc. 4. EkBiBaNleHTHI CTPHXKHI 1 pO3PaxyHKOBI CXEMH CTPHIKHEBHX CHCTEM:
a, B — HaIPsIMOK MiKpo]iOpmI B €KBIBaJIEHTHUX CTPHIKHSX,
SIKi IMITYIOTH BiJIOBiTHO paHHIO i ITi3HIO JCPCBUHY;
0, T — pO3paxXyHKOBI CXeMHU CTPIKHEBUX CHCTEM BiAIOBIIHO
PaHHBOI 1 Mi3HKOI JIEPEBUHH COCHU

oo . max __ P n

HamnpsiMok cymapHOro MakCHMalbHOTO pyiiHiBHOTO 3ycwmist N, =N, + N/

3HAXOJUTHCS Yy Jiana3oHi, sIKMi OOMEKCHHUH HaNpsIMKaMH CKJIQJOBHX 3yCHIIb
P . n o o
N, i N, ,106t0 17,3°<01,,, <29,2°.

o

onm

sina,,, =(0,3...0,25)sin17,3°...(0,7...0,75)sin29,2°. (1)

BBaxkaroum paHHIO i Mi3HIO JEPEBUHY PiBHOKOPCTKUMH, HAIIPIMOK CYMapHOTO
sycuiist N, ;n “* MOKHA 3HAWTH K T€OMETPUYHE PIBHOJIIIOYE HATIPAMKIB CKJIa10-

N P i N” . . . ‘y
BHUX o a 1 o » KUIBKICHO BH3HAYMBIIM 1X IPONOPHIMHO IUIOIHMHAM

onm
paHHbOi 1 mMi3HBOI AepeBMHM B piunux mapax: N, =(0,7...0,75)NI™ i
N!=(0,3...0,25)N™. Tomi a,,, =26,05...25,51° i MoXHa upHiiHATH
a,,, =26°.

Po3paxyHnok 3’e¢aqHanns. Ha puc. 5 HaBeneHi ekcriepUMEHTANIBHI pPe3yibTaTH

,[[OCHi,Z[)KCHI) MiIIHOCTi 3’€I[HaHI: Ha TOXHJIO BKJICEHUX OO HAIMPIMKY BOJIOKOH
ACPCBUHU CTPUIKHAIAX.
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Puc. 5. 3anexHicTh HaNpy>Ke€Hb pYHHYBaHHSA G, BiJ KyTa HaXUJly CTEPHKHS:

a —3pa3ok 3a [8]; 6 —3pa3ok 3a [10]; 1, 2 — ekciepuMeHTaIbHI 3aJICKHOCTI;
3 —3a CHull

V nocmimpxennsx [8] ta [10] MakcuManbHI HAmpyKeHHS G, 3HAXOIATHCS B
Mmexkax Kyra o =20...40°. AOGcomoTHOoro MakcumMmymy o, 3a [10] gocsrarore
npu o =26° (ekcliepuMeHTalIbHa TOUKa IIOKa3aHa KPYKESUKOM).

KpuBa 5 anpokcuMoBaHa piBHSHHAM

6, =3,5+4,2sinacosa+3,6cosa. )
SKImo 3aMiHUTH MEXI MIIHOCTi, OTpUMaHi 3 eKclepuMeHTty, npu o =0° i
a=90° mHa pospaxyHkoBi omopu R _=21MIla nmpu oa=0° i
R

npu o =0° pylHyBaHHS BiZOYBa€TbCs Bifl CKOJIOBAHHS B3JOBX BOJOKOH, a
npu o =90° — Big po3TATy MOMEPEK BOJIOKOH, MOKHA OTPUMATH 3aJICKHICTh
PO3paxyHKOBOIO OINOPY KIEEHOI AepeBUHM R, B 3’€[IHaHHAX 13 IOXHUIIO

00 =0,35MIla mnst xneenoi pepesunu mpu o =90°, T00TO BBaXKaTH, WO

BKJIICEHUMH CTPHXKHAMHA

R, =0,35+3,5sinacosa+1,8cosa. 3)
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PiBusiHHS (3) 3amporOHOBAaHO aBTOPOM Uil BU3HAYCHHS PO3PaxyHKOBOT
Hecy4oi 3IaTHOCTI BKJICEHOTO il KyTOM 1O BOJIOKOH JICPEBUHH CTPIIKHS 3
apMaTypHOI cTayli Ha BUCMHKYBaHHS B 3’€JJHaHHSIX €IEMEHTIB KOHCTPYKIIH i3
KJIEEHOI AepEBUHHU (3a THIIAMH, TIOKa3aHUMH Ha puc. 1)

T =R, n(d+0,005)l,(MH), “4)

ne d — HOMIHANBHUH JiaMeTp CTPHKHS, M; [ — JTOBXKUHA CTPUIKHS, M.

Jlitepatypa

1]

2]

3]

[4]
[5]

[6]
(7]
8]

9]

[10]

Kimmvenko B.3. IIpoektupoBanue COBPEMEHHBIX KOHCTPYKITMH W3 Kilee-
HOW JpeBEeCHHBI HA TPUHIMIAX HOBOH koHmemniuy / B.3. Kinumenko, A. .
Haituyk, B.B. ®ypcos, [I.B. Muxaitnoscskuil. — K.: Crans, 2010. 24 c.
Typxosckuii C.b. Ob600menne pe3yiabTaTOB HCCICAOBAHUN M OIBITa
MPUMEHEHUS] COOPHBIX KIICCHBIX JIEPEBSHHBIX KOHCTPYKIMH CHCTEMBI
[MHUHNCKa / C.b. TypkoBckutii // JlepeBooOpabaTtbiBaroniasi MpOMBIIILIECH-
HOCTh, 2008. — Ne 3. — C. 12-16.

Kimimenko B.3. ByniBenpHa OioHika. 3aKOHH PO3BUTKY TEXHIYHHMX CHC-
teM. byniBenbHi koHcTpyKii / B.3. Kiimenko // K.: Crans, 2010. —297 c.
Bonpmako B.B. PasBuTne KOHCTpyKIuii W3 nepeBa W IumactMmacc /
B.B. bonbmakos // 3B, By30B. cTp-BO B apxuTekTypa, Ne 10. — 1987.
Kmumenko B.3. Hanortexnosoruu B kieeHoil npesecune / B.3. Knum-
menko, B.K. Bepreukuii // CTpourenbHble MaTepHanbl W HU3ASTUS. —
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Bynanos B.O., I'anmoes M.M. u ap. — M.: Crpoituzaat. — 1986. — 542 c.
WBanor A.M. Ilon3ydects apeBecwHbl. ABTOped. TUC. ... OKT. TEXH.
Hayk. — Boporex. 1957.

Ocsenckuit  b.A. CkanplBaHue ¥ pacKajblBaHWE B JEPEBAHHBIX
koHCTpykIusax / B.A. Oceenckuii // B CO0.: Uccnen. Ilpounoctu u
neOpMATHBHOCTH JIIEMEHTOB KOHCTPYKIIMA W3 APEBECHHBI, CTPOWT.
¢danepsl u creknoractuka Al-4C. — MUCH um. B.B. KyiiOblesa,
Ne 169. —M.: 1978. — C. 3-65.

BaxxenoB B.A. K Bompocy 0 JHMHHUSX CKOJIbKEHUS BO BTOPUYHOM CIIOE
KJIeTOUHBIX obOoyiouek / B.A. baxenoB // Tpynwsl mHcTuTyTa jeca AH
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Typkosckuit C.b., Caanun B.B. MccnenoBanne MOHTaXHBIX Y3JIOBBIX
COCTMHECHUH KIIECHBIX NepeBsSHHBIX KoHCTpykiui / C.b. TypkoBCkui,
B.B. Casnun // B xH.. Hecymue nepeBsHHbIE KOHCTPYKIMH. — M.:
IMHUHNCK nMm. Kyuepenko. — 1981. — C. 92-105.

Haoitiwna oo peoxonezii 05.12.2011 p.
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YIK 624.015.5

Pacuer CTCPKHEBBIX 3JICMCHTOB C YYC€TOM PEryjinpoBaHus
OCTATOYHOI'0 HANIPAKECHHOI'0 COCTOSAHUS HA YaCTHU NJINHBI

'Tomonnos A.M., n.1.1., “Banamosa O.C., 3Clcpeﬁuols C.1.

'000 «Yxpuncranbkod uM. B.H. lllumanosckoro», YkpauHa,
* lonbacckuii TOCyIapCTBEHHBII TeXHUUECKUIT YHHBEPCHTET, YKpauHa,
3JTyrancKuii HALMOHANBHBII arpapHblil yHUBEpCHTET, YKpanHa

AHHOTaumsa. PaspaboTaHa MeToaMKa pacyeTa CTEpPXKHEBbIX 3/IEMEHTOB, Y KOTOPbIX Ha
YaCTW ANVHbI BbIMNO/IHEHO PeryaMpoBaHWe OCTaTOYHOro HarmpsiXEHHOro0 COCTOSIHUS.
MpeanoxeHa WHXeHepHas MeToAMKa pacdeTa TakuxX 3fieMeHToB. [lokasaHa
LenecoobpasHoOCTb perysnpoBaHusl OCTAaTOUYHOrO HarpsiXEHHOrO COCTOSIHUSI Ha 4acTu
[ANVHbBI OKATbIX CTaNbHbIX 3/IEMEHTOB.

AHOTauUis. Po3po6feHO0 METOAMKY pPO3PaxyHKy CTPUXHEBUX EfIEMEHTIB, Yy SKUX Ha
YaCTUHI [JOBXMHM BMKOHAHO PEry/l0OBaHHS  3a/IMILIKOBOrO  HAMpYXEHOro CTaHy.
3anponoHoBaHO iHXEHEepPHY METOAMKY po3paxyHKy Takux efemeHTiB. [lokasaHo
OOUINBbHICTL PErynioBaHHA 3a/IMLLIKOBOrO HArpy>XeHOro CTaHy Ha YacTUHi [0BXMWHMU
CTUCNNX CTaNeBUX ENEMEHTIB.

Abstract. The method of calculation of the cored elements at which to pieces lengths
are executed adjusting of the remaining tense state is Worked out. Engineering
methodology of calculation of such elements is offered. Expediency of adjusting of the
residual stress state to pieces of length of the compressed steel elements is shown.

KnioueBble cnoBa: CTEPXHEBON 3/IEMEHT, JXXECTKOCTb, HEeCyllas Crnoco6HOCTb,
OCTaTOYHOE HanpsXXeHHOe COCTOSHUE.

Beenenue. [loctanoBka npodJiembl. [Ipu medhopMupoBaHUN CKATBIX, CKATO-
HU30THYTBIX H A3ru0aeMbIX JJIEMEHTOB BCJICACTBUE pa3BUTUA INIACTHYCCKUX
nedopManuii  TPOUCXOMUT TMAJACHUE JKECTKOCTM CEUCHWH B Hambomee
Harpy>kK€HHOW 4acTH, YTO MPUBOANT K YBEIHMUEHHUIO IPOTHOOB. DTO XapaKTepHO
KakK aJjid CTaJIbHBIX 3JICMCHTOB, TaK U JIJIs )I(eHESOGGTOHHI)IX (B )I(eﬂe306€TOHHBIX
JJIEMEHTaX KpPOME pa3BUTHUS IUIACTHUYCCKUX JaedopManuil MNpPOUCXOIUT U
pasBuTHe TpemuH). PerymupoBaHWe OCTaTOYHOTO HAIPSKEHHOTO COCTOSHUS
(OHC) Ha yacTH JUIMHBI CTANBHBIX DJIEMEHTOB (HanOoJee HATPY KCHHON) ITyTeM
HAIUTABKH CBAapHBIX I[IBOB WM TIPOTPEBAa KPOMOK IIO3BOJISIET BBIMOJIHUTH
yCUIIEHHEe KOHCTPYKIHMNA. OTO JOCTHTaeTcss 3a CYeT OTAaJCHHS MOMEHTa
o0pa3zoBaHHs INIACTHYECKUX medopmarmii Ha KpoMkax TosicoB [1], dro
OPUBOJUT K CHW)KCHHIO TPOTMOOB JIIEMEHTOB U YBEIMUCHHIO HECYIIEH
CIIOCOOHOCTH.

Mertonuku pacdera, PEKOMEHAOBaHHbIE NEHCTBYIOLIMMH HOPMAaTUBHBIMU
JOKYMEHTaMH, He Bcerja JaloT BO3MOXHOCTh TPAaBMIIBHO  OLIEHUTH
HanpspbkeHHo-nepopmupoBanHoe cocrosiune (HAC) wu  peanbHbiii  3amac
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HEeCyllel CITOCOOHOCTH KOHCTPYKITUHU WITH COOPY>KEHUS B IIEJIOM, TTOCKOJIBKY B
WX OCHOBY TIOJIOXKEHBI TIPEANOCHUIKM 00 ympyroi pabore wmarepuana.
[onmoxenue ycyryOiseTcs eiie U TeM, YTO PacieThl BEAYTCS B OOJIBIIMHCTBE
CIIy4aeB C MPHMEHEHUEM Heae(opMHUpPOBaHHBIX cxeM [2, 3]. DTo B mOJHOM
Mepe OTHOCHUTCS U K CTAIbHBIM KOHCTPYKIIHSIM, OCOOCHHO TE€M, UYTO HAXOSITCS B
AKCIUTyaTalllH | TTOABEPIIINCH KOPPO3SHOHHOMY M aOpa3uBHOMY m3HOCY [1, 4].

AHanu3 NOCJAeAHMX MJOCTHKEHMIT M nyOaukanuid. AHamu3 TMOCICIHUX
JIOCTHKCHUH W MyOJIMKanui mokasbiBaet [1, 4, 5], 4To HamiaBka BaJUKOB IO
BCEH MJIMHE JJIEMEHTa IBYTAaBPOBOTO MPOGMIA CHOCOOCTBYET MOBBIIICHUIO
yCTOMUMBOCTH 3a cueT perynupoBanmsi OHC. Bmecre ¢ TeM 04eBHUIHO, YTO HET
HeoOxoaumocTH perynupoat OHC 1o Bceit ainuHe — J0CTaTO4HO 3TO CAeIaTh
Ha TOW YacTH JJIMHBI 3JIEMEHTA, T/Ie NEeHCTBYIOT MakCUMalbHbIe ycunus. [lms
KOJIOHH C IIApHUPaMU Ha KOHIIAX PETYIUPOBAHHUE MOXKET OBITh BBITIOJIHEHO B
CpelHeW 4YacTH MJIWHBI, Ui 3alEMJICHHBIX KOJIOHH PETyJIHPOBAHUE MOXKET
OBITH BEITIOJHEHO Ha ydYacTKaxX y 3aieiku. llpu 3Tom skenarenbHO YUHTHIBATH
MOBeIEHNE KaK IMorepedHoro, Tak u npoaonsHoro HAC mocne peryiampoBanus
OHC na yactu niuHBL. B cBOlO ouepenb HKCIEPUMEHTAIBHO JOKa3aHa
BO3MOJKHOCTPH TIOBBIIIEHHUSI YCTOWYMBOCTH AIIEMEHTOB TaBPOBOTO (M3 TApHBIX
YTOJIKOB) CEUCHUS ITOCIIe HAIJIAaBKH BAJIMKOB HA YacTH ITHHEI [1].

Leabp padoTbl — pa3paboTka METOJMKH pacyera CTalbHBIX JJIEMEHTOB IOCIIE
PETyIUPOBAHHUS OCTATOYHOTO HANPSKEHHOTO COCTOSHHS Ha YaCTH JTHHEL.

OcHoBHast YacTh. Pacyer Ha yCTOWYHMBOCTBH CXKATO-U3TUO0AEMBIX DJIEMEH-
TOB MOCTOSIHHOTO CCUYCHHUS B IJIOCKOCTH JACHCTBUS MOMEHTA, COBMAAAIONICH
C MJIOCKOCTBIO CUMMETpPHH, BEITIONHsAETCS 10 dopmyne (1.6.5) JIBH B.2.6-
163:2010 [6]

N <1 1
0, ARy, M

3nech K0O3GGUIUEHT @, VIS CIUIOIIHOCTEHYATHIX 3JIEMEHTOB ONpPEeIsIeTCs 110
tabmune K.3 Tlpunoxenus K JBH B.2.6-163:2010 [5] B 3aBUCHMOCTH OT

YCIOBHOM THOKOCTH A W TPHBEIEHHOTO OTHOCHTEIBHOTO 3KCIECHTPUCHTETA
m, =nm (m=eA/W, — OTHOCHTENbHBIH YKCLEHTPHCHUTET; ¢ — SKCLECHTPH-

CHUTET; A — MJOIIa/b CeUeHUs; W, — MOMEHT CONPOTUBIICHUS CCUCHHS [T HaH-
Oomee cxxaroro BosokHa). [Ipu arom Baustane OHC He yunThIBaeTCS.

st uzyuenuss BaustHUSL Heynpyrux cBodcTB ctanmd U OHC Ha yCcTOWYUBOCTH
CKAThIX CTaJbHBIX 3JIEMEHTOB OBLI NMPOBEAEH MaTEeMAaTHYECKHI AKCIEPUMEHT.
Pacyersl ObLIM BBITONIHEHBI C WCIOIB30BAHWEM pa3pabOTaHHBIX aNTOPHUTMOB
[1]. BbulM BBIMONHEHBI PacUeThl CXKATHIX AJIEMEHTOB Pa3jIMUYHBIX THOKOCTEH
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(20<A<120) ¢ pa3smTUUHBIMU SKCHCHTPHUCUTETAMHU TPHIOKCHUS HArpPy3KH
(0,272<m<2,72). PacueTHble CONPOTHBJICHUS CTalei W3MCHSINCh B
npeaenax ot 205 Mlla no 410 Mlla. MunumanbHOEe 3HAUCHHE BEIMYMUHBI
HAYaIbHOTO SKCLUEHTPUCUTETA MPUIOKEHHS HAarpy3KH ObUIO MPHHATO PaBHBIM
1 cm. Ero BennumHa 00yCIOBIE€HAa MOHTa)XHBIM JOILyCKOM B COOTBETCTBHUU C
JABH B.2.6-163:2010 [6]. dnst snemenToB npunuManocb OHC Tpex TUMoB:

— OH B ceueHun OTCyTCTBYIOT;

— ¢ OCH na kpomKax nosicoB, 00YCIOBICHHBIMH CBapKOH MOSCHBIX IIBOB;

—c OPH nHa kxpomKax mHosICOB, OOYCJIOBICHHBIMH HAarjIaBKOH XOJOCTBIX
BAJIMKOB MJIM IPOTPEBOM KPOMOK.

Bcero Oputo mpocumrtano Ooyee 1000 momenelt smeMeHTOB. B pesymbraTte
aHanu3a IOJNYYCHHBIX JIAHHBIX OBUIO YCTaHOBJICHO ClEAyIoliee (C Y4eToM
JaHHBIX [1]):

—prmusHe OH Ha moBeneHWE SIIEMEHTOB TOJ] HArpy3KOW st BCEro
iana3oHa HM3MEHEHWsS IPOYHOCTHBIX CBOWCTB MaTepHalia XapaKTe-
pu3yeTcs MOX0XUMHU 3aBUCHUMOCTAME: 30HBI OPH, pacmonoxeHHbie Ha
KpOMKaX IOSCOB, CIIOCOOCTBYIOT yBenudeHuto, a 3061 OPH B paiione
MOSICHBIX ~ IIIBOB  CIIOCOOCTBYIOT  CHIDKEHHIO BEIUYMH  HecyIel
CIIOCOOHOCTH;

— Hau0oJee CyIIECTBCHHBIC PACXOXKICHUS B BEIMYMHAX HECYIICH CIIOCO0-
HOCTH JUIsl COKATBIX CBapHBIX 3JCMCHTOB C TOSCHBIMH IBaMU U 0e3
MOSICHBIX IIBOB HAOIIOAAIOTCS B AUana3oHe BemyrH ruokoct ot 60 10 100;

— i snemeHToB ¢ 30oHaMu OPH Ha KpoMmkax mMOSICOB pacXoXICHUS
HAYMHAIOTCS C BEJIMYUH THOKOCTH, TIpeBBImaromux 40;

— ObUTa TIOATBEPXKICHA HEOOXOMMMOCTh YyUeTa YIPYTOIIaCTHUECKHX
CBOICTB CTaJlM IpH pacyeTax »3JIEMEHTOB Ha YCTOHYMBOCTH. Jns
JIBYyTaBPOBBIX 3JIEMEHTOB, JC(POPMUPYIOIIUXCS B IJIOCKOCTH MEHBIIICH
JKECTKOCTH, OTHOIICHHWE HECYIIeH CIIOCOOHOCTH, OIPEACICHHON s
CXKAThIX 3JIEMEHTOB C YYE€TOM Pa3BUTHUS IUIACTHUYCCKUX JeopMariuid, K
AQHAJIOTUYHON  BENUYMHE, OMNPEACICHHON 03 ydera  pa3BUTHUS
racTuieckux  aedopmaruii  («ympyras»  Hecymias — CHocOOHOCTB)
poxoawio mo 1,736 (s R, = 205 MIla, A =20 u m=2,72). Jdus

9JIEMEHTOB, JAC(OPMHUPYIOMIUXCS B TUIOCKOCTH OOJBLICH IKECTKOCTH,
TaKOE COOTHOIICHUE BEIMYMH HECYIIEH CIIOCOOHOCTH HE IMPEBBINIAIIO
1,054. TlogoOHOE OOCTOSATENHECTBO MOXHO OOBSCHHTH CYIIECTBEHHBIM
pa3BHTHEM IUIACTUYECKUX JedopMmainuii B moscax M, COOTBETCTBEHHO,
CYILECTBEHHBIM POCTOM HECYIIEH CIOCOOHOCTH MpH eGOPMUPOBAHUH B
IVIOCKOCTH ~ MEHBIIEH JKECTKOCTH ¥  OTHOCHUTEIBHO  HEOOJBLINM
Pa3BUTHEM IUIACTUYECKHUX Jedopmaluii B CTCHKE MpU J1eOpMUPOBAHUI
B IUIOCKOCTHU OOJIBIIEH KECTKOCTH.
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Benmuunnbl k03 dunmenta ¢,/ MOXHO ONpEICIUTh TI0 METOAMKE [5].

BenuunHy ko3 QuiMeHTa MPoJOIbHOTO U3rnba MpPEesIoKEHO OMPENeNIATh IO
hopmyme

(pe = (Ppl = O’ 94(pelypl' (2)

B atoit dhopmye:

¢, = fl(E,m,X) = bﬁy +c; (3)
b, = (0,0109%7 — 0,0896X + 0,0232)m” + (-0,06081° +
+0,436) — 0,108)m + (0,09522.% — 0,639 + 0,146); @)
¢, = (—0,0691° +0,09674 + 0,0635)m” + (0,308} —

— 0,409 — 0,364)m + ( — 0,378X% + 0,456A + 0,785); )
Y= fz(ﬁ,m,i) = bzﬁy +c,; (6)
b, = (—0,3201" + 0,456 — 0,07)m" +(1,1381° —

—1,672% + 0,248)m + (- 0,1961.” + 0,2881 — 0,039); @
¢, =(0,153%> = 0,105% — 0,102)m” + (-0,464) + ©

+0,207A + 0,558)m + (0,1261> — 0,227A +1,062).
B MPUBCACHHBIX BBIIIC (1)YHKLII/I$IX MNPUHATBI CJICAYROIHC 0003HaYEHN:
R=R /410 - OTHOCHUTEJIBHOE  pacyeTHOE  CONPOTUBJIEHUE  CTAIU

(205<R <410); A=XA/100 - oOTHOCHTeNBHAas TIWOKOCTh  BIEMEHTA

(20<A <120m ). Koapdumment 0,94 momyuen nocie oOpabOTKU pe3ybTaTOB
MaTeMaTHYECKOTO SKCIIEPUMEHTA.

Bmusiane OHC mpemioskeHO y4WTBIBATh IIyTEM BBEACHHS JOIONHUTEILHOTO
xodpdumenta B frs » YMCICHHOE 3HAYEHHE KOTOPOTO MOKHO ONPEJCIHUTD 10

hopmyite
()
Gstr(com)
Bf,rs = 1 + Rf s (9)
U ¥
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rae ngmm) - OCTATOYHBIC PACTATHUBAIOMIUC (C)KI/IMaIOHII/Ie) HaIIpsKECHUSA Ha

kpomkax mnosicoB (OPH mpunumatotcst co 3HakoM «mtoc», OCH — co 3Hakom

«MuHyc»). Benmunasl OH MOXXHO ompenenuTh MO0 METOAMKE, M3JI0KEHHOW B
MoHorpadwuu [1].

Bce BolmenpuBeneHHble  (GOpMyJIbl MPUMEHUMBI IJISl YCIOBHS TTOCTOSHCTBA
OHC Ha Bcell nnuHe snementa. Hammume perymupoBanuss OHC Ha wactu
JUTHHBI MOYKET OBITh YYTEHO BBEICHHEM IOMOIHHUTEIBHOT0 Koddduimenrta 3, .
Benununny storo koaddunuenta mis uHTepBaga rudkoctedtr 60<A <100 wu
30ubl HamaBku I, (0<H, <H) ¢ mocraTo4HO# s MPaKTHYECKHUX Iereit
TOYHOCTBIO MOKHO OIPEAETIHUTH 110 GopMyie

B rs2_B rs
RIS (10)

BH = Bf,rs,l +
Torma Hecyllyl CIIOCOOHOCTh CKAaThIX 3JEMEHTOB C HAIJIaBKOM Ha 4YacTH
JUTMHBI MOKHO OIICHHTH 110 (hopMyJie:

N
o, =—ASVJ3HR§- (11)

pl

B ¢opmynax (10) u (11): B, — Benmuuuna kodpdunuenta f, ., onpenenen-
Has o dopmyie (9), ¢ yuerom Hammamst OCH (11 cBapHBIX 3JIEMEHTOB) HITH
WX OTCYTCTBHS; B, , - BenmuuuHa kodpdunuenta f, ., onpenenennas mo ¢op-

myde (9), ¢ yaerom Hanmaus OPH Ha kpoMkax moscoB (TIociie peryIupoBaHus).
JList IPOKATHBIX JIEMEHTOB YCJIOBHO cynTaeTcs, uro B, =1.

BriBoabI

[Ipennoxena MeToIMKa pacyeTa yCTOMYMBOCTH CKAThIX CTAJIbHBIX 3JIEMEHTOB C
y4eTOM YHpYroIIaCTHYECKMX CBOMCTB MaTtepuanoB u Hamuuusa OHC.
PaccmatpuBaercs Bo3mMoxkHOCTh peryauposanusi OHC Ha 9acT JUIHHBIL.

Meroauka pacyeTa pacHpOCTpaHSIETCS HAa CXKaThle CTEP>KHEBBIE CTallbHBIC
aneMeHTHl. [loka3aHa BO3MOXXHOCTh YBEIMUYEHHS HECYIIeH CIIOCOOHOCTH
CKaThIX CTAJIFHBIX DJIEMEHTOB 3a cueT perynupoBanus OHC Ha wacTw [IHHBI,
YTO MOATBEPKIACTCS TaHHBIMU IKCIIEPUMEHTAILHBIX UCCIICTOBAHMMN.

240



36ipnux naykosux npayb
Ykpaincvroco incmumymy cmanesux KoHcmpyKkyii
imeni B.M. llumanoscvkozo. — Bunyck 10, 2012 p.

JIureparypa

1]
2]

3]

[4]
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lNonognoB A.M. PerynupoBaHHe OCTaTOYHBIX HANpPSDKEHUH B CBApPHBIX
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YK 69.059.2

HanpsizkeHHO-1e()OpMHPOBAHHOE COCTOSTHHE
cTaJIeKeJ1e300eTOHHBIX 010K NPH PA3JIMYHbIX HATPY/KEHUAX

T'onoanos K.A., Kongpatiok E.B.

Jonbacckuii rocyJapcTBEHHBIH TEXHUYECKUH YHUBEPCUTET, Y KpanHa

AHHOTauma. VamMeHeHne PyHKUMOHANBLHOMO Ha3HAYeHUsA 34aHUI U COOPYXEHWUIN YacTo
COMPOBOXAAETCS WM3MEHEHWEM KOHCTPYKTUBHOM cxeMbl. Kak npaBwuio, 3neMeHTamu
3aMeHbl MNepeKkpbITUIA  ABNAKTCS  CTanexene3obeToHHble 6anku. PaccMmaTpuaeTcs
pabota cranexenesobeToHHbIX H6anoK MpM MOBTOPHbLIX U 3HAKOMEPEMEHHbIX pexmnmax
Harpy>xeHus.

AHoTauisa. 3MiHa dyHKUiOHaNbHOrO npu3HayeHHs OyAWHKIB | cnopya 4acTo
CYNpPOBOAXYETLCA 3MIHOK KOHCTPYKTUBHOI CXeMu. AK npasBuio, efieMeHTaMu 3aMiHu
nepekpuTTiB € cTanesanizobetoHHi 6anku. Posrnsaaetbca poboTa cTanesanizobeToHHMX
6an0oK Npu NOBTOPHMX i 3HAKO3MIHHUX PEeXUMaX HaBaHTAXEHHS.

Abstract. The change of functional assignment of buildings and structures is
accompanied frequently by change of the constructive circuit. As a rule, elements of
overlapping replacement are reinforced steel-concrete beams. The work of steel-
concrete beams is under repeat and sign variable modes of loading considered.

KnioueBble cnoBa: cranexene3obeToHHble 6anku, 3HAKOMEpPEeMEHHbI  pexum
Harpy>eHusi, KpaTKOBpPEMEHHOe W AnuTeNnbHOoe [AeWCTBUME Harpy3ku, Hecyluas
CMOCOBHOCTb, KECTKOCTb CEYEHUN.

BBenenue. IloctanoBka mpodiembl. Cranexene300eTOHHbIE OaNKH HaXOISAT
IUPOKOE TPUMEHEHHE B CTPOUTEIHCTBE KAaK KOHCTPYKIIMH TIEPEKPHITHH H
NOKpHITUH. OHU C OJIMHAKOBBIM yCIEXOM MOTYT HCHOJB30BaThCA KaK B HOBOM
CTPOUTEIHCTBE, TAK U B BUJIC DIIEMEHTOB yCHJICHWS MJIM 3aMEHBI M3HOIICHHBIX
KoHCTpyKIuH. IllmpokoMy BHEApPEHHIO TakKe CIOCOOCTBYET XOpoImas code-
TaeMOCTh COOPHBIX U MOHOJUTHBIX KOHCTPYKIIHI, B 9YaCTHOCTH, CTAbHBIX — C
TSDKEIBIM U JIETKUM OETOHOM.

Bo3zBenenne cranexene300€TOHHBIX MEPEKPHITHA M MMOKPBITHHA YCKOPSIET CPOKH
CTpPOHWTEIbCTBA W  PEMOHTA. OKCIUTyaTallds MEePeKpPBITUH  BO3MOXKHA
MPaKTUUECKH Cpa3y IMOCe MOHTaXa CTalIbHBIX 0ajloK M Hayajla CXBaThIBaHUSI
YIJIO)KEHHOW OETOHHON CMECH.

Meroauku pacdeTa CTajiekKelIe300€TOHHBIX KOHCTPYKINK wm3nmokeHbl B JIBH
B.2.3-14:2006 [1] u ABH B. 2.6-160:2010 [2]. BmecTte ¢ Tem, BOIpPOCHI,
CBSI3aHHBIE C PAcUeTOM KOHCTPYKIHMH TPW 3HAKOIIEPEMEHHBIX HArPYKECHUSX,
OCTAIOTCS OTKPBITHIMH Y TIOZIEXKAT JabHEHIIIEMY H3YUICHHUIO.
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AHanu3 nocjegHux aoctuxennid m nyoaumkammii. B I'Tl «THUUCK» Ha
MPOTSDKEHUH TIOCIEAHAX TpeX JECATKOB JIET TPOBOJIMINCH KOMIUIEKCHBIE
uccienoBaHusi paboTel OeToHa W Kene300eToHa. bBpum  MccnenoBaHbI
JUarpaMMbl  OETOHa TP OJHOPOJHOM M HEOJHOPOJHOM HATrpPyKEHUH,
YCTaHOBJIIGHO BIHMSHHE Ha TapaMeTpbl JuarpaMMbl CXKaTthsg OeToHa W
HanpspkeHHOo-nedopmupoBanHoe coctosame (mamee — HJIC) xene300eTOHHBIX
KOHCTPYKIUHN KpPaTKOBPEMEHHBIX MaJIOIKJIOBBIX MOBTOPHBIX u
3HAKONEPEMEHHBIX PEXUMOB HarpykeHus [3—7].

ITo pesynpTaTaMm mcciaemoOBaHUN pa3pabOTaHBI METOIBI pacueTa KOHCTPYKITHH,
OCHOBaHHbBIC Ha KCIIOJIb30BAHUHU PEabHBIX MPOYHOCTHBIX M Je(hOpMaTHBHBIX
XapaKTePUCTUK MarepuaioB. Pa3paboTaHHBIE METOABI pacyera JaroT
BO3MOXHOCTh YYECTh BJIMSIHUE U3MECHECHMS XKECTKOCTH CEYEHHM IMpH pacuerax
OTAEJIbHBIX KOHCTPYKIUHI, 3JaHUN U COOPY>KEHUH B LIEJIOM.

B neiicTBytommx HopMatuBHBIX JokymenTax (JABH B.2.3-14:2006 [1] JbH B.
2.6-160:2010 [2] u JJBH B.2.6-98:2009 [8]) npuBeaeHb METOUKN pacdyera Ha
OTMEUEHHBIE BbIIIE BUABI HarpykeHus. OTCYTCTBYIOT METOABI pacuera craje-
KeNe300€TOHHBIX KOHCTPYKIHHA MPH Pa3NWYHbIX BUAAX (KPaTKOBPEMEHHOE MU
JUINTENIbHOE) M peXuMax (OZHOKpaTHOE, IOBTOPHBIC, 3HAKOIEPEMEHHBIE)
Harpy>kKeHHui (fanee — py pa3INuHbIX BUIAX U PEXUMaX Harpy KEHUH).

Lenpto paboThl siBNsieTcss pa3pabOTKa TPaKTHYECKHX METOJIOB pacyeTa
CTaJIeXKENIe300€TOHHBIX OaJIOK KaK JJIEMEHTOB TMEPEKPBITHIA MPU Pa3INIHBIX
BUJIaX U PEXKUMax Harpy KECHUS.

OcnoBHast yacTh. /{11 onvicanusi CBOKCTB xene3o0eToHa npuHsTa Monens ['T1
«"HHUUCK» [3-7] u Bech aHaNMTHUYECKHI ammapaT CTPOUTCS Ha HCIOJb30-
BaHUM (DU3UKO-MEXaHMUECKUX XapaKTEPUCTHK O€TOHa, ONpeneNsieMbIX IpH
CTaHIAPTHBIX M crenuanbHbIX [5] ucnbitanusax. [lomHyro nuarpaMmy CoxaTHs
0eToHa MOYKHO 3aMEHUTH TpanelueuaaabHon (1o cyTH, nuarpammoit [lpanars,
HO TIO3BOJISAIOLIECH yYUTHIBaTh pabOTy OE€TOHA Ha HHUCIAAAIONIEH BETBH), BBOAS
NoIpaBouHbIl KO3 duureHT o K R, (puc. 1). Takoil moaxon MOXKeT OBITH

UCIIOJIb30BAH U MPH pacdeTax KOHCTPYKIHN C ydeToM (akTopa BpEMEHH.

Baucumoctr O = f(€,) moryrt GwITh npesacTapieHs B Buze [9, 10]:

a=(0,95-0,00173R,)(2y, - ¥2)"; (1)
k=R, /R; )
yaZSI/Sm; Ogyasgb,u/gm’ (3)
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rne R, R, - COOTBETCTBEHHO CONPOTUBIEHUS GETOHOB CKATUIO Kiacca B50 u
xene3zo00eTonHoro 3eMenta (MIla) B 3aBUCHMOCTH OT THIA 33Ja4uH (pacyer 1o
npenenbHbM coctosiHusM [ w11 rpynmel); €, - medhopmaunu GetoHa mpu
MaKCHMAaJIbHOM 3HaYeHUH O .
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Puc. 1. Pacuernas (1) u ycmoBHO-TOUHAs (2) AUarpaMMbl « G — € » O0eToHa

Hepopmanuu €, m €,, B 3aBUCUMOCTH OT THMIA 3aJla4M M Kjacca OeTOHa 110

OPOYHOCTHU MOTYT OBITH OIPEACIJICHDI 110 CICAYIOINUM (pOpMyJ'IaMZ

— IIpU pacyeTax Mo NpeeNbHBIM COCTOSIHUSM | rpymisl

g, =(325-4R )10, 4)

€,, =(440—8,33R,)107, 5)
— IIpU pacuerax Mo IpeaeabHbIM COCTOSIHUAM 11 rpyniel

g, =(370-4,5R,)107; (6)

€,, = (490—7R,)107. (7

KpuBusHbI TpW [IMTETHPHOM JEHCTBMM HArpy3KH MOXHO ONPEIeNUTh,
WCTIONB3ysl TPUBEACHHYIO BbIlle MeToauky ompenencHuss HJIC ceuenuit
M3rU0aeMbIX JJIEMEHTOB TPH KPATKOBPEMEHHOM JEHCTBUH HATPY3KH, BBOIS

elle OJIMH MONpPaBOYHbIi Kooaduuuent o, k R,. Torna HanpsoKkeHUs B OETOHE

TIPH UTUTETHFHOM JIEHCTBUH HATPy3KH:

Gy, = QLOR,, (8)

rae O, — MonpaBOYHBIN KO3((UIMEHT, yUUTHIBAIOIINK yBeIHnYeHne aedopma-

TUBHOCTH O€TOHA MpPHU JJIUTEIFHOM HArpy>KeHUH W HECOOTBETCTBHE CHIIOBOH U
neGopMaOHHOHM 3MI0p HANpsDKEHU B OeToHe M3rndaeMoro >kene300eToH-
HOTO 3JIEMEHTA.
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3Has (UBUKO-MEXaHUYECKHE XapaKTePUCTHKH MeTaa O0allok, OeToHa H
apmatypbl, MokHO ompenenutb 1 HJIC pacueTHOTO cedeHus cTalexene30-
OeTOHHOW Oallkh Ha BCEX CTamusAX HarpyxeHus. llomydeHHBIE B pesynbrare
TaKOTO pacyeTa 3aBUCHMOCTH «MOMEHT—KPHBH3HA» (« M — K ») U Ha UX OCHOBE
3aBUCHMOCTH «KPHBH3HA—MOJYJIb YIIPYTOCTH» B JAIbHEHIIEM MOKHO HCIOIb-
30BaTh Kak IPH pacueTax OTMENbHBIX KOHCTPYKIMH MEPEeKPHITHHA, TaK U MPH
pacyerax 3[JaHUN ¢ TIPUMEHEHHEM BBIYMCIUTENBHBIX KOoMIUIekcoB MKD Tuma
JINPA umm SCAD. Takue pacueTsl BBIIOIHSIOTCS, MOCIEAOBATENBHO YTOUHSISA
nedopMaTHBHBIE XapaKTEPUCTHKH OeToHa (MOIYJh YIPYTOCTH) CTaeKeIe30-
OCTOHHBIX JJIEMEHTOB H, TIPH HEOOXOJWMOCTH, >KECTKOCTH JJIEMEHTOB,
MOJETUPYIOINX OCHOBaHHE. B 3TOM cilyyac MOXKHO TOBOPHUTH O pacueTe
CHCTEMEBI «cTanexene3o0eTonHas Oanmka—aedopMupyeMoe OCHOBaHHE» (Hajee
— CUCTEMA).

PazBepHyTas MeToAMKa MOCTPOCHUS IUarpaMmbl « M —K» cranexeneso-
OCTOHHBIX 0AJOK MPH PA3IMYHBIX BUAX U PEKHMAX HArPyKECHHU MPHUBECHA B
paborax [9, 10].

Pacuer HJIC cuctembl 3axitoyaeTcsi B IOCJIEIOBATEIBHOM OMNPEEICHUU
YCUJIMHA B 3JIEMEHTAaX CHUCTEMBI U YTOUHEHHS XECTKOCTHBIX XapaKTEPHCTHK B
3aBUCHUMOCTH OT ACHUCTBYIOIIMX YCUIMHA. 3aBUCUMOCTH MEXIy II€PEMEIICHUAMU
TOYEK OCH OaJlKM W KpUBU3HAMHU CEYCHHWH B JTHUX TOYKAaX BBIPAKAIOTCS
ypaBHeHusmHu [11]:

i-1

r . < . .
.=y, +0oL +W[(3z —4), + 6 (i— K, +x,]+(8,-8,); (9)

Jj=2
L i—1
¢, =¢,+ (K1+2ZK’+K1')> (10)
2 J
n =
re y,— COBMECTHOE MEPEMEIICHNE i-i TOUKH OCH OAlIKH H i-if OMOPbI, KOTOPOE
OMpeaACIACTCA KaK pa3HOCTh IOJIHOI'O MEPEMEILCHUSA yKa3aHHOﬁ TOYKHU GaHKI/I u

BBIHYKJICHHOT'O MEPEeMEIICHHs OTophl O, (ay1s Toyek Oanku B mponere 8, =0);

K, — KpHBH3HA i-T0 cedeHus Oanku; ¢, — yrom moBopora i-ro cedeHus Oayku;
1 — KOJIMYECTBO YYACTKOB, Ha KOTOpBIe pa3bura mimHa Oanku L (Tpu BEIOOpE
YHCJIa YYACTKOB CIIENYET YYUTHIBATH, YTO TOYHOCTH ITOBBIIACTCSA IIpU 1 —> O,

st mpakTUUecKuXx 1enei 10CTaTouHo, ey 11 = L/ , TJie h — BBICOTa OAJIKN);

B cBs3u ¢ HeompeneneHHOCThIO BXomsnmx B ¢opmyisl (9) u (10) BenmuuH
JKECTKOCTEH CeueHWid W Omop 3ajada penraercsi UTePalMOHHBIM IyTEM 10
CIIEIyIOLIEMY alTOPUTMY .
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1. 3agaroTcsi UWCXOAHBIMHM JaHHBIMH: TIapaMeTpaMW CEUYCHHS, CXEMOW
MIPIJIOKEHUS HATPY3KH, XapaKTePUCTUKAMHU MaTEpPHaJIOB U T.II.

2. OmpenensroT 3aBUCHMOCTH «MOMEHT—KPHBH3HA» Il CEUCHUH U
JKECTKOCTHBIC XapaKTEPUCTUKU orop. Ha mepBoM sTame 3amalorcs ynpyruamu
KECTKOCTHBIMHU XapaKTEPUCTUKAMU CCUCHHUU U OTIOP.

3. @opMHpPYIOT M permaroT cuctemy ypaBHeHui (9) u (10).

4, Ilo pe3yjabTaTaM  BBIINOJHCHHBIX  paCyY€TOB  YTOYHAIOT  BCJIMYUHBL
HeﬁCTBYIOHlHX yCI/IJ'II/Iﬁ 1 JKECTKOCTHBIC XapaKTCPUCTUKHU CeUCHUU 1 Or11op.

5. Pacuer mo m.m. 3...4 TmpomoIDKAIOT O TEX IMOp, MOKa IS IBYX CMEKHBIX
WTEepallMii pacuera paclpelelieHue MKECTKOCTE MW BEIWYUH KPUBU3HBI
OTIPEEISTCS C TOCTATOYHOM JUIsl MPAKTUYECKUX IEIe TOYHOCTHIO.

6. Ilpm wammumm wHPOpManmMK O AePOPMHPOBAHWK  KOHCTPYKITUH,
HaxOoIAIMIEHCSs B OKCIUIyaTallud, IOCIEIOBATEIIbHO YTOYHSS >KECTKOCTHEIC
XapaKTEPUCTUKH OIMOpP, JOOMBAIOTCS COOTBETCTBUS PEANbHON KOHCTPYKIUU U
Monenn. OUEHUBAIOT COCTOSSHHE KOHCTPYKIMH, ITONy9eHHOE IO pe3ysibTaTam
pacuera. I[lpy HamWumM OAaHHBIX O TMPOTHO3€ PAa3BUTHUSA OCAJOK OCHOBAHUS
BBITIOJTHSIIOT PACYET HA MIPOTHO3HBIE BO3ICUCTBHUSL.

7. Pacuetsl mo m.o. 3...6 MpOU3BOAAT 10 TEX MOP, MOKA HE BHIIOJHUTCS XOTS
OBl OMH W3 KPUTEPHEB HCUYEpIIaHWs Hecymed crocoOHocTH. Ha ocHoBaHmm
BBITIOJTHEHHBIX PACUETOB [IETAIOT BBIBOJABI O TEXHHYECKOM COCTOSHUU |
BEJIMYHHE OCTaTOYHOTO  pecypca  OSKCIUIyaTUPyeMOHl  KOHCTPYKIIUH,
HEO0OXOJMMOCTH YCHIICHUS MIIN 3aMEHBI.

OO1miee penieHHEe CIIPaBEAIHBO MPH JIFOOBIX COUETAHUSX IONIEPEUHON HATrPy3KH
U YCJIOBHSIX Ha KOHTaKTe U KOHIax OaJKH.

OnpenenuTs yCHIUS B CTaJeKENe300€TOHHBIX 0alKkaX MOXHO C IIOMOIIBIO
BBIYUCIUTEIRHBIX KoMImiekcoB MKD (JIMPA, SCAD wu np.). B atoM cioydae
dbopmupyercss pacuerHas cxema MKD, B KoTOpoit crampHBIE OaTKH
monenupytores KO Tuma KD-10 (yHHBepcadbHBIM NPOCTpaHCTBEHHBIH
CTEP)KHEBOW KOHEYHBIA DJIEMEHT), JKeNe300€TOHHBIC 3JeMeHTH — KDO-41
(TpAMOYTOJBHBIN KOHEYHBIN 3JeMeHT 000510ukn), onopel — K3-51 (amemeHT,
MOJIETMPYIOIMIHNIN CBSI3b KOHEUHOM KECTKOCTH).

Pacyer KOHCTpYyKIMH ¢ y4eTOM H3MEHEHHs >KECTKOCTH CTallekelle300eToOHa
BBITIOJTHSAETCS CIEAYIOMNIM 00pa3oM.

1. ®opmupyeTca pacueTHasl CXeMa CUCTEMBl U3 KOHEUHBIX 3JIEMEHTOB THIIA
K3-10, K3-41 u K35-51. Ha nepBoM 3Tame pacuera MpUHUMAIOTCA YIPYTue
XapaKTePUCTUKU OETOHA U apMaTypBhl.
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2. BBMUCISIOTCS 3aBUCHMOCTH «MOMEHT—KPWUBH3HA» JUIS JKEJIE300€TOHHBIX
CeUeHUM KOHEYHBIX 7AyeMeHTOB KO-41 muuThl 0pu  TOJIOKUTEILHOM U
OTpULAaTCIILHOM I/I3FI/I6aIOHII/IX MOMCHTAax.

3. BrimonHsAETCS pacdyeT CUCTEMBI IIPU YIPYTHX XapaKTEPUCTHKAX 3JIEMEHTOB.
Onpenenstorcst yCUIUS U IEPEMELICHHUS B 3JIEMEHTaX CUCTEMBI.

4. B 3aBHCHMOCTH OT YypoOBHA nelctBytomux ycmwmmid B KD-41 ¢
UCTIOJIb30BAHUEM JHarpaMMbl «MOMEHT—KPHUBU3HA» YTOYHSIETCS >KECTKOCTb
(TpuBEEHHBIN MOYJIb YIIPYTOCTH OETOHA) 3IIEMEHTOB 10 (hopMyJie

E, =—1, (11)

rae K - KpMBH3HA CEYEHHMs, COOTBETCTBYIOMIAs JEUCTBYIONIEMY H3IHOAIOIIEMY
Momenty (M v M ) w3 nuarpaMMbl «MOMEHT-KpUBH3Ha»; M — m3ruba-

IOIUA MOMEHT B LEHTpe KoHeyHoro nsinementa KO-41 (COOTBETCTBEHHO

M v M )); I, - npuBeaeHHBIH MOMEGHT HHEPLIMH CCUCHHSL.

5. VTOYHSIOTCS MOIYJU YIPYTOCTHM B HCXOAHBIX JaHHBIX M BBIIOIHIETCS
nepepacyeT CUCTeEMbl. MOy M YIIPYTOCTH NPU 3HAKOIIEPEMEHHOM HarpyXeHUU
onpeenstoTes mo meroauke [9, 10].

6. Pacuer mo mm. 3...5 mpogoimKaeTcs 10 TeX IOp, MOKa He OyJeT BBITOIHEHO
YCJIOBHE CXOJITUMOCTH.

YuporieHHass cxeMa pelICHHs 33aJa4d  MOXeT ObITh ToJyueHa IpH
WCTIOJb30BAHUM PACUETHOTO TaBPOBOTO CTalleXKele300€TOHHOTO —CeueHHUs.
Pacuernas cxema cucteMbl GopMUPYETCS U3 KOHESTHBIX 3JIeMeHTOB Thtia K3-10
u KD-51. Pacuer BEIOTHSACTCS IO CICAYIONMICH CXEME.

1. ®opmupyeTcs pacueTHasi CXeMa CUCTEMbl U3 KOHEUHBIX AJIeMEeHTOB Tumna KO-
10 m KD-51. Ha mepBoM Jrame pacdyera NPHHUMAIOTCS VIPYTHE
XapaKTepUCTUKU OETOHA U apMaTyphbl.

2. OHpCI[eJ'IHIOTCSI 3aBUCUMOCTU «MOMCHT—KPHUBH3HA» IJIA ceuenuir KO npu
MOJIOXXUTCIBHOM U OTPHULATCIIBHOM I/ISI‘I/I63.}OII_II/IX MOMCHTax.

3. BrImomHSAETCS pacdeT CUCTEMBI IIPH YIPYTHX XapaKTepUCTHKAX SJIEMEHTOB.
OrnpeaenstoTcst yCUIHs U MIEPEMEIICHUS B DJIEMEHTAX CHCTEMEI.

4. B 3aBucumoctd OT ypoBHA AedcTBytommx ycmwmmid B K3-10 ¢
HCIIOJNIb30BAaHUEM JHarpaMMbl «MOMEHT—KPHBH3Ha» (IIpH HEOOXOAWMOCTH H
xecTkocTd KO-51 Mo cOOTBETCTBYIONIUM METOJMKAM) YTOUHSETCS YKECTKOCTh
(mpuBenEHHBIH MOIYJb YIIPYrocTy 6€TOHa) 3IeMEeHTOB 1o dopmyne (11).
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5. YTOYHSIIOTCA MOJYJIH YIPYTOCTH B MCXOJHBIX JAHHBIX W BBITIOIHSACTCS
nepepacyeT CUCTEMBI.

6. Pacuer no nm. 3...5 mpomoipkaeTcs A0 TeX Mop, MOKa He OyIeT BBITIOJIHEHO
yCIOBHE CXOAUMOCTH.

Kak BugHO, pacuet ¢ ucnonszoBannem BK MKD tpebyeT Tpymoemkoit py4aHoit
KOPPEKTHPOBKM HCXOJHBIX MAAHHBIX, HO II03BOJISIET MOJYYHUTh PE3YyJbTaT C
JIOCTaTOYHOM AJI MPaKTUYECKUX Iesiel TOYHOCThIO. [IpumeHeHne pacueTHOM
cXeMbl ¢ ucnoib3oBanueM KO-41 mo3BoMT OLICHUTH BIUSIHUE CBECOB ITOJIOK Ha
nehopMUpPOBaHNE BCEH CHCTEMBI.

BriBoabI

1. Pa3paboran pacuerHbiii meroxa ompenencaus HJIC HOpMallbHBIX CEeYCHMI
CTanexene300eTOHHBIX 0aOK MPH Pa3IMYHBIX BUJAX M PeKUMAaxX HarpyKeHUH.
Hcnonp3yembie a1t pa3padOTKH METOJa pPacyeTHBIC MPEAIOCHUIKH TMPOIILIN
IIUPOKYIO anpoOaIi0 ¥ HCIOJL3YIOTCS TPU PEIICHHH aHAJIOTMYHBIX 3a/1a4
TEOPHUH JKeIe300eToHa.

2. TlpemnoxeH METOJ pacueTa CHCTEMbI «CTalleKeIe300eToHHas OaaKka—
OCHOBAaHHE» TIPH PA3IMYHBIX BHAAX M PEKHUMAX HATPYKCHUS C YIETOM
HEJTMHEHHBIX CBOWCTB jKee300eToHa W OCHOBaHWs. JIisi pelieHus 3a1a4u
HCITIONb3YIOTCS W3BECTHBIC YPaBHEHHs METOJa Ha4ajlbHBIX [apaMeTpPOB.
Crenudpuka nehOpMUPOBAHHUS CTANICKEIC300CTOHHBIX OaJIOK YYHMTHIBACTCS
MyTeM TMPUMEHEHUS COOTBETCTBYIONIMX 3aBHCUMOCTEH «MOMEHT—KPHBH3HA
MPU KOPPEKTHPOBKE JKECTKOCTEH CEYCHHIA.

3. PaccMoTpeHna BO3MOXKHOCTE puMeHeHuss MKD i peleHus: mocTaBIeHHOMN
3a/1a4d. YTOYHEHHUE >KECTKOCTEH 3JIEMEHTOB MPOU3BOJUTCS IMYyTEM MOCTPOCHUS
3aBUCUMOCTEH «MOMEHT-KPUBHU3HA» W YTOUHEHHS MPUBEACHHOIO MOAYJISI
ympyroctn Mmarepuana KD mocne kaxkmoi wreparuu pacdera. [IpumeHeHue
MKD mo3BoIUT y4eCTh BIUSHHAC U3rH0a MOJIOK Ha MOBEJACHUE BCEH CUCTEMBI U
MIOJTyYUTh PE3YJIBTAT C TPEOYyEeMOil TOYHOCTBIO.
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VIK 624.014:620.193

Hay4Ho-TexHU4YecKOe CONPOBOKIEHUE NIPH OlLlEHKE pecypca u
PEKOHCTPYKIIMU CTPOUTEJIBHBIX 00HEKTOB

'Mockanenko B.1., .11, ’Kopoaés B.IL., 1.1.1., *Tuéanenko A.H., k.T.u.,
’Cemorun FO.B., k.1.1.

'000 dupma «[TpomGyapeMoHTY, YkpanHa
2000 «Yxpuncranpkod mM.B.H.IlImmanosckoro», JorllTh, Ykpanna
‘TBY3 «IIpra3zoBckuil rocyJapCTBEHHBIM TEXHUUECKUN YHUBEPCUTETY, Y KpauHa

AHoTauis. MpeacraBneHe TeopeTuUyHe O6rpyHTYBaHHS | NMpakTUYHWIA Aocsia pobiT 3
ynpaBniHHS TexHonoriyHow 6e3nekold npu peanisauii nporpam nepeo3bpoeHHs i
cTpaTeriyHoro po3BUTKY NiANPUEMCTB. [ns opraHisauii TexHiYyHoro obcnyroByBaHHS i
PEMOHTHO-BIAHOBIOBANbHUX PO6IT 3a (aKTUYHUM CTaHOM BUKOPUCTAHWUIN eKCnepTHUM
MOKAa3HMK MpPOMYCKHOI CMPOMOXHOCTI peryntoBaHHS pecypcy KOHCTPYKLUiA. BupiweHa
3aflaya OUuiHKWM KoediuieHTa 3BOPOTHOrO 3B'A3KY MPU HeraTMBHMX 30BHILIHIX BRJMBaXx
Ans 3abe3neyeHHs NiCNApeMOHTHOI Hecy4oi 34aTHOCTI KOHCTPYKUI 6yaiBenb i cnopya.
[MokasaHi nepeBarn KOHCTPYKTUBHUX i TEXHOMOMYHUX pilleHb MPU PEMOHTHOMY MOCU-
NIEeHHI | 3aXWUCTi KOHCTPYKLIA 3a AOMOMOro pynoHHMX (OTOMOMIMEPHMX BOJIOKOHHO-
apMoBaHUX MaTepianis. MNopiBHANbHWMIA aHani3 eeKTUBHOCTI 3aCTOCYBaHHA MOMIMEPHUX
KOMMO3UTHUX MaTepianiB BWKOHaHWIA 3@ HacnigkamMy BM3HAYEHHs KoediuieHTa
rOTOBHOCTI KOHCTPYKTMBHUX €NeMeHTIB 3 ypaxyBaHHSIM piBHS KOPO3ifHOI Hebe3dneku
byaiBenbHMx 06'ekTiB.

AHHOTauma. lNpeacraBneHo TeopeTuyeckoe 060CHOBaHWE M MPaKTUYECKUIiA onbIT paboT
Nno ynpasfeHUI0 TEXHONOrm4yeckon 6e3omacHOCTbI0 NMpU peanusauun nporpamMm nepeso-
OpYXeHUs W CTpaTermyeckoro passBuUTUS NPeanpuaTUin. Jns opraHusaumm TEXHUYECKOro
06Ccny>X1BaHUA U PEMOHTHO-BOCCTAHOBUTENbHbLIX PpaboT no (aKTUYEeCKOMY COCTOSHUIO
MCMNOJIb30BaH 3KCMEePTHbIN NokKa3aTesb NPOMYCKHON CnOCOBHOCTU perynmpoBaHuns pecypca
KOHCTpPYKUM. PeweHa 3ajaya oueHkn koadduumeHTa obpaTHON CBA3M NpU HEraTUBHbIX
BHELWHNX BO34eNCTBMAX AN obecneyeHss MOCNEPEMOHTHOW Hecylen CnocobHOCTU
KOHCTPYKUMWA 34aHUA M COOpPYXeHui. [oKasaHbl MpenMyLLecTBa KOHCTPYKTUBHbBIX U
TEXHONOMMYECKUX pelleHuid MNpu  PEMOHTHOM YCUIEHUM W 3almuTe KOHCTPYKUWUA C
MOMOLLbIO PYNOHHbIX POTOMOSIMMEPHBIX BO/IOKOHHO-apMUPOBaHHbIX MaTtepunanos. CpaBHM-
TeNbHbI aHanu3 3PPeKTUBHOCTN NPUMEHEHUS MOSIMMEPHbIX KOMMO3UTHbLIX MaTepuanos
BbIMOJIHEH MO pe3ynbTaTaM onpegeneHus koadduumeHTa roTOBHOCTU KOHCTPYKTUBHbIX
3/1EMEHTOB C YYETOM YPOBHS KOPPO3MOHHOW OMAacHOCTW CTPOUTENbHbLIX 06bEKTOB.

Abstract. The theoretical justification and skills in the management of the
technological safety in the course of enterprises reequipment and strategic
development of the enterprises is presented. For organization of the maintenance of
the repair and the repair-and-renewal operations by the actual state, the expert index
of carrying capacity of the still structure control was used. The problem of estimation of
the feedback factor in course of the negative external actions for provision of the after-
repair carrying capacity of structures and constructions are solved. The advantages of
the structural and technological decisions in course of the structure repair
strengthening and protecting with a help of the roll photopolymer fiber-armored
materials are shown. The comparison analysis of the efficiency of the polymeric
composition material use is carried out according to the result of the determination of
the structural member preparedness taking into account the level of corrosions
aggressiveness.
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KnioueBble cnoBa: Hecylas CNocobHOCTb KOHCTPYKUMW, aHanui 3PPeKTUBHOCTH,
K03 DULMEHT rOTOBHOCTM.

BBenenue. MeToapl ydera TPOW3BOJACTBEHHBIX 3aTpar, 00ECMEYNBAIONINX
HOpPMATHUBHBIC MTOKA3aTENN KaueCTBA U JOJITOBEYHOCTH CTPOUTEIHHBIX METaJIO-
KOHCTPYKLUH, B 3HAUUTEIBHOM CTENEHH 3aBUCAT OT OTPACICBOM MpUHAM-
JIEKHOCTH TIPEIIPHUATHI, METOJIOB OpraHU3aIMHA MPOU3BOICTBA, 0COOEHHOCTEH
TEXHOJIOTHYECKHUX TIPOIECCOB U APYTHX YCIOBHUH. TEeXHHUKO-3KOHOMUYECCKHE
MOKa3aTelId PEMOHTHO-BOCCTAHOBUTEIIBHBIX PabOT CTPOUTENLHBIX OOBEKTOB
OTIPEAETISAIOTCS CHEIU(PUUIESCKUMH YCIOBUSAME OpPTaHW3alliM, YTPAaBICHUS H
MaTepUATbHO-TEXHHUUECKOTO o0ecreueHus: paboT NmpU HOBOM CTPOHUTEIILCTBE,
TEXHUYECKOM SKCIUTyaTallid M PEKOHCTPYKIMU MPOU3BOJCTBEHHBIX MPEANpHU-
SITUH.

30aHUS W COOPYKCHHS, KaKk KOHEYHas NPOMYKIHS CTPOHTEIBHOTO MPOM3-
BOJACTBA, COCTABJIAIOT 3HAYUTCIIBHYIO YaCTb OCHOBHBIX q)OHI[OB " paCcCHUTAHbI
Ha JUTMTENIBHYIO SKCIDTyaTanuio. [IoTpeOHOCTH HOBOTO CTPOHUTENBCTBA, @ TAKKE
PEKOHCTPYKILHS, TEXHHYECKOE IIEPEBOOPYKEHHE M MOAEPHHU3ALUS HEHCTBY-
IOLINX TPOMBIIIJICHHBIX HPEANpPUATHI TpeOyloT NMpuMEHEeHHS OOOCHOBAaHHBIX
Mep oOecreyeHnus: HOPMATHUBHBIX CPOKOB CIY>KObI KOHCTPYKUHH, OLEHKH
OCTaTOYHOTO pecypca U YIpaBICHUS SKCILTYaTallHOHHBIM CPOKOM HX HaJIS)KHOM
1 06e301acHOM 3KCIUTyaTalny.

B Jonenkoit o6macth oOpa3oBaHa MOIMHAS TEXHOC(Epa, BKIFOUYAIOIIAS
00BEKTBI HMHMPACTPYKTYpPHl W TpOU3BOjACTBeHHBIC (oHABL. [lo OCHOBHBIM
(hakTOpaM TEXHOTEHHOW HArpy3KH PErHOHa MMEET MECTO IMPEBBINICHHE B 5-15
pa3 AHAJOTHYHBIX IOKa3aTejled BeLyIIHUX IPOMBIIIJIEHHO Pa3BUTBIX CTPaH.
OCHOBBI  0€30MAaCHOCTH TMPHUPOJHO-TEXHOTCHHOW CcQephl 0a3upyrTCcs Ha
TEOPUHU TEXHOTEHHBIX M MPUPOIHBIX KaTacTpod, MPaBOBOM M IKOHOMHYECKOM
yHpaBJICHUN pUuckKamu, Hay4YHBIX IIpyuHOMIax, METOAaxX JUAarHOCTHKU,
MOHUTOPUHTA U UHKEHEPHOU 3alUTHI.

Heab paGoTbl cBsizaHa ¢ aHaMM30M S(PQGEKTUBHOCTH KOHCTPYKTUBHUX H
TEXHOJIOTHYECKUX PEIICHUM, HANPaBICHHBIX Ha MOBBIIICHHE MTOCIEPEMOHTHON
Hecylled crmocoOHOCTH KOHCTPYKIMH M COOpPYKEHHH, NPH TNPOU3BOICTBE
PEMOHTHO-BOCCTAHOBHUTENBHBIX PAa0OT Ha MOTCHUHUAIBHO OMACHBIX OOBEKTaX,
TpeOYIOIIMX  BBIIOJIHEHWS  KOMIUIEKCa  3afad  Hay4HO-TEXHHYECKOTO
conpoBoxkaeHus [1, 2].

[IpencraBieHHble MaTepUanbl OTPaXaloT OMBIT B3auMoJeicTBUs JloHOacckoro
meHTpa Texuonorundeckon 6ezomacHoctrn OO0 «YkpurcTamskoH uM. B.H. lu-
manoBckoro» 1 OO0 ¢upma «IIpoMOyApEeMOHT» TIPU PEIICHUN MPAKTUICSCKUX
3a/la4 IPOAJIEHUSI pecypca KOHCTPYKUMH M COOPYKEHHH MpPOM3BOJICTBEHHBIX
00bexToB [IpAO «/loHenkcranp»-MeTauryprudeckuii 3asoay [3, 4]. Paspabot-
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KM HalpaBJIeHbl Ha BHeApeHHe (PQPEKTUBHBIX METOJIOB YIPABJICHUS TEXHOJO-
THYECKOil 0e30MacHOCThI0 B YCIOBUSAX MOJEPHU3ALNN TMPOU3BOACTBEHHOTO
noteHiana Jlonbacca, KOHIICHTpAIUIO (PUHAHCOBBIX, MaTEPHUATHLHO-TEXHIYECC-
KHX PECYpCOB U HAYYHO-TEXHUYECKOTO MOTEHIMANA JJIs1 OLECHKUA U MPOJICHUS
pecypca 00bEeKTOB MH(MPACTPYKTYPHl U OCHOBHBIX (DOHIIOB, CTHMYJIHUPOBAaHUE
MHHOBAIM{, HAIIPABIIEHHBIX Ha pa3pabOTKy HOBBIX MaTEpHAIIOB W MPUMEHEHUS
pecypcocOeperaromnx TeXHOIOTHHA.

MeToanka ynpasiieHHsI TEXHOJIOTHYeCKOil 0€30MACHOCTHI0 MOTEHIHMAIBHO
ONacHbIX 00beKTOB. OpraHu3alysi BEPTHKAIBHO HHTEIPUPOBAHHON CHCTEMBI
YIPABIICHHUS HAJIGKHOCTHIO 1 0E30MACHOCTHEO IKCILTyaTallMK KOHCTPYKIIMIA 30aHuUii 1
COOPYIKEHHIA, TIPSy TIPSIKICHAEC BOSHUKHOBCHHS aBapHil Y Upe3BbIYaHHBIX CHTYAIIUI
TEXHOTCHHOTO XapaKTepa HalpaBICHbl Ha BBIIOJIHEHHE TPEOOBAHHMI TEXHHYECKOrO
perynuposanust upexrissl CoBera EC Ne89/106/EEC.

Jns XapakTepHCTUKM METOAOB YIPABJICHHS TEXHOJIOTHYECKOM Oe30macHOCTHI0
COIOCTAaBUM O0JACTh NMPUMEHEHUsI TpeOOBaHMN TEXHOTCHHOW W MPOMBILIIIEHHON
Oe3omacHocT. TexHOreHHass 0€30MacHOCTh yCTaHABIMBAET CTEIIEHb 3alLUILEH-
HOCTH 4YE€JIOBEKa, OOBEKTOB M OKPYXAaIOLIel cpellbl OT CO3JaHHBIX U (YHKIIHU-
OHUPYIOIIUX CIIOKHBIX TEXHUYECKUX CUCTEM I'Pa’KAAHCKOTO U MIPOMBIIIJICHHOTO
Ha3HAYCHMUS.

Cdepa mpoMbIlIICHHONH 0€30MACHOCTH OIPEAESIsIeT CTEHCHb 3allUIICHHOCTH
YEJIOBEKA OT OMACHBIX MMPOU3BOJICTBEHHBIX (DAKTOPOB.

TexHomnormyeckast 0e30MMaCHOCTh XapaKTEPH3YET CTETICHb 3alUIIICHHOCTH YeIIOBEKa,
o0rmrecTBa, OOBEKTOB M OKPYXKAIOIIEH Cpedbl OT yrpo3, CBA3aHHBIX C HEOOOCHO-
BaHHBIM CO34aHUEM WM HECO3AaHUEM TCEXHHUYCCKHMX CHCTEM, TCEXHOJIOIMYCCKUX
MIPOLIECCOB M MaTepHAIIOB, OOECIICUMBAIOIINX YCTOWYMBOE Pa3BUTUE B OCHOBHBIX
OTpacisIX SKOHOMHKH. TexHoJjormueckass 06e30MacHOCTh MPEACTABISIET BAXKHYIO
CTPYKTYPHYIO COCTABISIIOIIYIO O€30MacCHOCTH TPENNPUSTHS, XapaKTepU3yro-
Oyl CHUCTeMy Mep I TOANEpKaHUs paboTOCNMOCOOHOCTH, TTOBBIICHUS
SKCIUTyaTal[MOHHBIX CBOWCTB KOHCTPYKIIMW 37aHUM, COOPYXKEHUA U HHXKe-
HEPHBIX CeTeﬁ, KOTOPBIC MMOJHOCTBIO WUJIN B 3HAYUTEILHON CTETICHN ucyepnaiun
CBOW HOPMAaTUBHBIN pecypc. Takue 0ObEKThl pACCMATPUBAIOTCS KaK UCTOYHUKH
MMOTEHIIHAIBHON OMAacHOCTH TpPH MOJAEPHHU3AINK (TEXHHMYECKOM IIepeOCHa-
[IeHUH), PEKOHCTPYKIWU W TPOUIEHWH CPOKa WX OKCIUTyaTallud. AHaNW3
OTEYECTBCHHBIX HOPMATHUBHBIX JOKYMEHTOB, €BPONCHCKUX M MEKIYHAPOIHBIX
CTaHIIAPTOB TOJTBEPXKAAET, 4YTO oOecredeHre Oe30MacHOCTH W PEMOHTO-
MIPUTOTHOCTA KOHCTPYKLIMH CBS3aHBI C YIpaBIEHHEM Ha TPHUHIIHAIAX
BceoOmero ynpasienus kagectBoM (TQM).

VYnpaBieHue NPOEKTHOM M TEXHOJOTHYECKOM [TOKYMEHTAlUMEW, a TakKe
KOHTPOJb KadecTBa TMIPU HW3TOTOBJIEHWH U  MOHTAXE KOHCTPYKIIHMH,
MIPOU3BOJCTBE PEMOHTHO-BOCCTAHOBUTEIHHBIX PA0OT BBIMOIHSIECTCS TJIABHBIM
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o0pa3oM Ha MeETOAMYECKOH ocHOBe cTanaapToB cepuu ISO 9001:2000, uro
HO3BOJIAET UCIIOJIB30BaTh MIPOLECCHBIN MMOIX0A K 00ECIICUeHHIO HAIEKHOCTU U
0e30MmacHOCTH KOHCTPYKIMK U coopyskeHui (puc. 1).

"/CS\‘ Bxog Y Q Beixog X
/ \\_/’\ | L MpouasoacTeo
[ 7] MapameTpsl
\ . TEXHUYECKOTO
y l Pl COCTOSHUA X (0F

( |
/L—\I:I DOHBBOHCTBO/JD | anaaneHnel ‘ Whdpopmauma

M I —

Puc. 1. Cxema mporeccHOro moIxoAa U CTpyKTypHO-OpraHI3anOHHAs MOJEh
MaTepuansHoii (Q), nabopmannonHoii (/) u ynpasieHueckoit () CoOCTaBISIONIX
MOHHUTOPHUHTa KOPPO3IHOHHOTO COCTOSHUS CTPOUTEIBHBIX 00BEKTOB

CraOunbHOCTE W HEMPEPBIBHOCTh MPOHM3BOIACTBEHHBIX IPOLECCOB  MPH
HETaTUBHBIX BO3JACHCTBUSAX OOECIEUNUBACTCS YCIOBHUSMH TEXHOJIOTUYECKOM
0e30macHOCTH, KOTOPbIE MOT'YT OBITh NIPEJCTABIICHBI B BUJE!

i:lU i
6]
U

rae U; — 3aTparhbl Ha MOAJEepKaHUE i-T0 KOHCTPYKTUBHOTO 3JIEMEHTa BBHIOOPKHU
(N) B paboTOCIIOCOOHOM COCTOSHUH, OOCCIEUYHMBAIONINE TPEOOBAHUS
TEXHOJIOTMYECKUX TPOIIECCOB 3/IaHUN U COOPYXKEHUH, TpH/TOA; Sy; — MOTEpH,
BbI3BaHHbIC (U3NYECKHMM HW3HOCOM, TpPH/TON; S.; — TOTepU B pe3ylibTaTe
MOpaJIbHOTO CTapeHus, TpH/ron; I,; — IOKa3aTelb PEMOHTOIPUTOIHOCTH,
ONPENENAIOMNNA  TPOMEXKYTOK BpeMeHH (TOox), Uil  BOCCTaHOBIICHHS
paboTOCIMOCOOHOCTH TPH MHHUMATBHBIX 3aTparax j-r0 KOHCTPYKTHBHOTO
aJeMeHTa BBIOOpPKH (M), CTeTleHh KPUTHYHOCTH AC(PEKTOB W IOBPEKICHUH
KOTOPOTO BBIIIE MPEACILHOIO YPOBHS TOBPEKIAEMOCTH.

PazpaboTraHHbIii MeTOAMYECKHH TOJXOJ MpPEAyCMaTPUBAET OCHOBHBIE OSTAIlbl
OIIEHKH YPOBHSA pHCKa IO TEXHOJOTHYEeCKOW Oe3omacHocTth (R;, Oamm) s
KOHCTPYKLUH 3JaHUI 1 COOPYKEHUI:

— BBIOOp peXHMMa KOHTPOJIS TapaMETPOB KOHCTPYKLHMH MO pe3yJbTaram
OLEHKU MOBPEXIAEMOCTH WU JIOMYCTUMBIM HHTEPBAJIIBHBIM 3HAYEHUSAM
PEMOHTOIIPUTOIHOCTH;

— KOJIMYECTBEHHYIO OLIEHKY II0Ka3aTellsl PEeMOHTONpUrogHoctd 71, Ha
OCHOBAaHMM pacueTa CTaJIbHBIX KOHCTPYKIMH Ha KOPPO3HOHHYIO
CTOMKOCTB U JIOJITOBEYHOCTD;
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— aHaJM3 YPOBHS YS3BHMOCTH CTaJIbHBIX KOHCTPYKIHMH B 3aBUCUMOCTH OT
CTEIECHU KPUTUYHOCTHU (KaTeropuu) 1e(EeKTOB U MOBPEKICHHUH;

— OIlCHMBaHHE yrpo3 (KaTeropud TEXHUYECKOTO COCTOSIHUS) —IpH
9KCIUTyaTallud 10 (PAKTHIECKOMY COCTOSIHMIO JUIS YCTQHOBJICHHBIX
3HAYCHUI PEMOHTONPHUTOJHOCTH CTATbHBIX KOHCTPYKIINH;

— BOCCTAaHOBIICHHE OJKCIUTyaTallAOHHBIX CBOWCTB, NpOJUIGHHE pecypca
CTaJbHBIX KOHCTPYKIMH ¥ MOHW)KEHHE YPOBHS PUCKA MPH pealn3aluu
Mep nporpamMm  obecniedenusi HagexkHoctH  (IIOH)  oObexToB
MOBBIIICHHON OIACHOCTH.

B cootBeTcTBUM C Tpe6OBaHI/I$IMI/I METOJUKHN MNPCACIIBHBIX COCTOSTHUM OLICHU-
BaeTCsl TPOITYCKHAs CHOCOOHOCTh PETYJIUPOBAaHUS pecypca, ONpeAemsIonias
JOITyCTHMOE W3MEHEHHE IMPOEKTHOTO 3HAUeHHUS OTHOIICHHS pe3epBa Haexk-
HOCTH [IJIs BOCCTAHOBJIEHHS pPabOTOCIIOCOOHOTO COCTOSHHSI 3a CYET KOHCT-
PYKTUBHO-TEXHOJIOTUYECKUX OTPaHMUCHHI 1 METOZOB o0ecrieueHus TpeOyeMoi
MTOCIIEPEMOHTHON HECYIIEeH CITOCOOHOCTH.

JlaHHbIE KOHTPOJSI TEXHUYECKOTO COCTOSIHUSI OOBEKTOB (MTapaMeTpPhl «BBIXO1a»
CHCTEMBI) TIO3BOJISIIOT MPOM3BECTH aHAM3 TPEeOOBaHUH TEXHOJIOTUUECKON
0e30macHOCTH (IapaMeTpsl «BX0Ja») I 000CHOBAaHUS PErilaMeHTa PEMOHTHO-
BOCCTaHOBUTENHHBIX PAa0OT C Y4ETOM TIOKa3aTeledl pEeMOHTONPUTOIHOCTH M
MOCJIEPEMOHTHOW HECYIed CIOCOOHOCTH. 3aJaHue KPUTEPHEB TNPENENbHBIX
COCTOSIHMI TIPH MPOAJICHWH Pecypca MO pe3yibTaTaM OLEHKH (PaKTH4ecKOro
COCTOSTHHS BBITIOJTHSACTCS C ITOMOIIBI0 KodddumueHTa 00paTHOM CBS3M peknuMa
SKCIUTyaTallid KOHCTPYKIUH () HA OCHOBaHWHU 3aBUCUMOCTH

N=0/(T-vy), (2)

rae N — HauOoJblliee pacyeTHOE YCHINE B KOHCTPYKTHUBHOM dj1eMenTe, KH; @ —
npenensHoe ycunue, KH, KoTOopoe MOXKET BOCHPHUHATH DIEMEHT C
XapaKTEpUCTUKOM NOBpexaaeMoCTH O@p; I' — oTHOIIEHNE pe3epBa HAaECKHOCTH.

Ucnonb3oBanue koddduimenta oOpaTHON CBSI3M pekHMa dKCIuTyatanud (V)
o0ecrieunBaeT peaju3alfi0 aHAIUTHYECKOTO TOAXO0Aa K  YIPaBJICHUIO
TEXHOJIOTHYECKON 0e30macHOCThIO, (hOPMHPOBAHUIO TPOTPaMM OOECTICUCHUS
HQJIGKHOCTH Ha OCHOBE pEIICHUS 3a/lad aHajin3a BO3MOXHBIX TPUYHWH,
nocnencteuil otkazoB (FMEA) u ouenku kputmuHoctu otkazoB (FMECA).
[Ipu 5TOM KpHUTEpHUEM TEXHOJIOTHYECKOH 0€30MaCHOCTH KOHCTPYKIUH SBISCTCS

xapakTepuctuka (M), Ompefensiomas  MPOMYCKHYI0O  CIIOCOOHOCTh
peryaupoBaHus pecypea
n= 1T - y). 3)
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Ilpy HakomneHun mnoBpexiaeHuid @y kodpduuueHT obGpaTtHOH cBA3u (V)
XapaKTepu3yeT CHWKCHUE OKCIUTyaTallMOHHBIX  TI0Ka3aTeledl  CTaabHBIX
KOHCTPYKITUI MIPH YCTAaHOBIEHHOM IPOEKTHOM 3HAUYEHUH OTHOIICHUS pe3epBa
HagexxHoctd (I'). Boamymaromme BO3MEHCTBUS HETaTWBHBIX BHEITHUX
¢daktopoB  A(L,G,S,T,R) u BHYTpEeHHHUX MapamMeTpoB A(f) BBI3BIBAIOT
KOPPO3HUOHHOE pa3pyIIeHHE W MOSBICHUE NMPU3HAKOB MPEACITbHBIX COCTOSHHMA
KOHCTpyKImii.  IlpomyckHas  cmocoOHOCTE — PEryImUpOBaHHUS  pecypca
XapakTepu3yeT JOMyCTUMOE H3MEHEHHE MPOCKTHOTO 3HAYCHHUS OTHOIICHUS
pe3epa Hangexunoctu (I') 111 BocCTaHOBIIEHUST PabOTOCTIOCOOHOTO COCTOSHUS U
MPOJICHUS pecypca 3a CUeT KOHCTPYKTHBHO-TEXHOJOTHUECKUX OTPaHUYCHUN U
MeTOJI0B oOecrieueHus: TpeOyeMoi IMOCIepeMOHTHON HECyIIeH CIIOCOOHOCTH.
KoHeuHORneMEHTHOE ~ MOJENMPOBaHUWE  HANPsDKEHHO-IEe(POPMHUPOBAHHOTO
COCTOSIHUS CTAJIBHBIX KOHCTPYKITMH JJI OLICHKH ITOKazaTeleh pecypca (Y, 1)
BBIIIOJTHEHO C HCIIOJIb30BaHHEM HMHTETPUPOBAHHOTO PACUETHOTO KOMILIEKCa
SCAD.

CTpyKTypa MpOEKTHBIX M TEXHOJOTHYECKHX peIIeHnH 1o 00ecredeHunto
Ha/Ie’)KHOCTH 0OBEKTOB MOBHIIIEHHOW OMAaCHOCTH MPEJCTaB/IeHa Ha pHC. 2.

YnpaBneHue
KOHCTPYKTUBHO-TEXHUYECKUMU U
3KCMIyaTauMOHHbLIMU OrPaHUYEHUAMU

3akntoyeHre 0 TEXHUHECKOM COCTOSHUU
o6bekToB (3TCO)

Tpe6oBaHus Kk pexumy TexHuueckas aKcnnyarauus MNporpamma o6ecneveHuns
3KCnAyaTauum v nokasaTensim KOHCTPYKLUiA No HaAeXKHOCTU KOHCTPYKLMM
TeXHWYecKoi 6e3onacHoOCTH (haKTU4ECKOMY COCTOSIHUIO 3[4aHUIN N COOPYXKEHMWIA

MpoeKTHO-TexHU4YecKasn MaTepuanbHbie pecypcbl
AOKYyMeHTauus ANA BbINONMHEHUA
Ha ycuneHue u pekoHcTpykuumio (MTAH) CTpPOUTENbHO-MOHTaXHbIX pa6or (CMP)

Puc. 2. Opranu3anoHHO-TEXHUIECKUE MEPBI TI0 00ECIIEUCHHIO TEXHOIOTHUYECKOM
0€30IacCHOCTH

IIponsnenne pecypca 00beKTOB NMOBBIIMIEHHON OMAaCHOCTH. Peuienue
3ada4u OLUCHKH OCTATOYHOI'0 peCypcCa IJIaBHBIM o6pa30M OMpeACIACTCA MOKa-
3aTCIIIMU  PEMOHTONPUTIOJHOCTH, XapaKTCPU3YIOIIUMHU HpI/ICHOCO6J'IeHHOCTB
KOHCTPYKITUH K MPEAYNPEKIACHAIO, OOHAPYKEHUIO U YCTPAHCHUIO Te(PEKTOB U
HOBpe)KHCHI/Iﬁ IMyTEM HNPOBEACHUA TECXHUYCCKOI'O O6CHy)KI/IBaHI/IH U pCMOHTOB.
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AHanu3 00eCleuyeHHOCTH TEXHMYECKOro OOCIyKMBaHUsI W pPEMOHTa Ha
HNPEINPHUITUAAK CO3AaeT YCIOBHS JUIs pa3pabOTKH MHporpamMM oOecreueHHsI
HagexHoctd  ([IOH), Bxmovaromux  (GOpMUPOBaHHWE U MPUBJICUCHHUE
TpeOyeMBIX pEecypcoB NpHU OOCITYKMBAaHHU CTPOHUTENBHBIX OOBEKTOB II0
(haKTHUECKOMY COCTOSIHUIO.

PaccMoTpuM OCHOBHBIC 3Tambl pabOT MPH MPOJICHUH HOPMATHBHOTO CpOKa
CyObl Ha TIPUMEPE CTAIbHBIX KOHCTPYKIMI PYJHOTO Meperpyxareis
rpy3onoabeMHOCThIo 30 T mponeToM 76,2 M.

Pynno-rpeiidepusiii kpan (PI'K-2) skcrumyatupyercsa ¢ 1954 r. B Tshxenom
pexxume paboT. KpaH-mieperpykaTteib yCTaHOBJICH Ha PYIHOM JBOpE J0-
MenHoro 1exa [IpAO «/loHeukcTanby — MeTAILTYyprudecKuii 3aBoy (puc. 3, 4).

I

Puc. 3. O6muii Bug PT'K-2 Puc. 4. Koppo3noHHbIi H3HOC
KOHCTPYKIMH

OKCIUTyaTallMOHHBIC HArPy3KU OOYCIIOBJICHBI 0COOCHHOCTHIO TEXHOJIOTHYECKO-
ro mpolecca pPyAHOTO [BOpa, TJIe MPOUCXOIUT pasrpy3ka, COPTUPOBKA IIO
MapKaM ¥ XpaHEHUS IIUXTHI, PeTHA3HauYeHHON s mofadu B JOMHBI Ne 1 u
Ne 2 momeHHOTO 1Iexa. DKCIUTyaTalns METAJUIOKOHCTPYKIMHA KpaHa OCYIIIECTB-
JIAETCSI B YCJOBMSIX 3HAYUTEIBHBIX JMHAMUYECCKHX BO3JCHCTBHI, MpPEBBIIIA-
IOIUX pPacdYeTHhIE M3-32 HEOOXOJMMOCTH COPTHPOBKHA H TOTPY3Ke-pasrpy3Ke
CJIe)KaBIIMXCSI, MOJIBEPTAONIMXCS 3aMep3aHHI0, CKIAJAUPYEMbIX W IepeMelna-
€MBIX YTJIEH U IHXTHI.

B KOHCTPYKTHMBHOM OTHOLICHWH CTajibHas KJETIAHHAs pelieTdaTtas KOHCTPYK-
uus PI'K-2 nmeer nponet 76,2 M ¥ KOHCOJIH — CO CTOPOHBI MIAPHUPHOM OITOPHI
21,85 M, co CTOpOHBI >XecTKoW omopsl 34,5 M. UuCIIEHHBIE HCCIICOBaHUS
HanpsHKEHHO-1e()OPMUPOBAHHOTO COCTOSHHS HECYIIUX KOHCTPYKLMI YUUTHIBA-
7 crennuKy pacdera KOHCTPYKIHUN MOCTOBBIX IeperpyKareineil.
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[Ipu mocraHoBKe 3a1a4uM MPOICHUS! PECypca PacCMOTPEHBI apaMeTphl IPy30I10-
JbEMHOCTH, MHTEHCUBHOCTH 3KCIUTyaTaluH (IeHCTBYIOIIAs MPOU3BOAUTEILHOCTD,
(hakTHUECKHE CKOPOCTH MOJLEMA IPY3a, IEPEIBIKECHHS TENIKKH M MOCTa KpaHa) U
PEMOHTOIIPUTOTHOCTH. B KauecTBe pacyeTHOI cxeMbl MPUHSTA IPOCTPAHCTBEHHAS
cxema Mocta ¢ [1-00pa3HbIM ceueHHEM B peleT4aToM UCTIOTHEHHUH.

Yeunusa B 35IeMEHTax OINpPENEsUINCh METOAOM IPOCTPAHCTBEHHBIX KOHEYHBIX
9JIEMEHTOB C MCIIONB30BaHMUEM BhIUUCIUTENbHOr0 Komiekca «SCAD Officey.
BrIsBIEHBI 37IEMEHTHI, HANPSDKEHUS B KOTOPBIX IPEBBINIAIOT IPEAEIBHBIE C
Y4E€TOM JEHCTBUTENBHBIX PEKUMOB HArpy>KEHUS U TEXHHMYECKOTO COCTOSHUS.
IIo maHHBIM MOHUTOpPHUHIA TEXHUYECKOTO COCTOSIHMS yCTaHOBJIEHO, 4TO nipu 111
KaTeropud TEXHUUYECKOTO COCTOSHHS, BBICOKOM YpPOBHE YSI3BUMOCTH Ui
rpynmnsl  oTBeTCTBeHHOCTH (R2), ypoBeHb pHCKa CTalbHBIX KOHCTPYKITHI
neperpykarens M0 TEXHOJIOTHMYECKOW Oe30MacHOCTH COCTaBiseT 8 OaioB B
COOTBETCTBHH C TPEOOBAHUSIMU TAOJIUIIBI.

Tabnuna
YpoBHU PUCKOB 110 TEXHOJIOTH4YeCKOH 0e30nacHOCTH (R;) B 3aBUCMMOCTH OT Ipynnn
OTBETCTBEHHOCTH,YPOBHSI YTP0O3 H YSI3BUMOCTH KOHCTPYKIMIA M COOpPYKeHMii

Y poBeHb yrpo3sl (KaTeropHs TEXHHYECKOTO
COCTOSITHUSI)

prl’ll’[I)I OTBCTCTBCHHOCTH I10

TeXBONOMHYCCKON GesonacrocTH | TSI (I) | Huskui (11) | cpeanuii (11I) | Boicokwii (IV)

OneHKa ysA3BUMOCTH KOHCTPYKIMI

H|{C|B|H|C|B|H|C|B|H|C| B

OOBeKTHI ¢ PyHKIUIME 00CITy-
JKUBAHUS HEIPOU3BOJACTBEHHOrO | 1 213121314 3 4151415 6
HazHaueHus (RS)

OOBeKTHI ¢ QYHKIUSIMU 00CITy-
JKMBAHUS MPOU3BOJACTBeHHOro | 2 | 3 | 3 [ 3 [ 4 | 5| 4 516|516 7
HazHaueHus (R4)

BcnomorarensHbie 00bekThI (R3)| 3 314145 ]6]| 5 6 | 71617 8

OCHOBHBIE O0OBEKTEI, IOITyCKa-
IOIINE PEMOHT U TEXHHYECKOe
o0ciyxuBaHHe 0€3 TeXHOJIO-
TMYECKON OCTaHOBKH (R2)

OcHOBHBIE 00BEKTHI, IS
KOTOPBIX PEMOHT M TEXHUYECKOE
oOciry>KuBaHUe BeIonHsAeTcsimpu| 5 | 5 | 6 | S | 6 | 7| 7 8|18 (8|9 10

TEXHOJIOTHIECKOH OCTaHOBKE
(R
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[IpuunHamMu HEYyIOBIETBOPUTEIBHOTO 3KCIUTYaTAlMOHHOTO COCTOSIHUSI KOHCT-
PYKIMI MOTYT OBITh HM3Kasl TEXHOJIOTHYECKAs AUCIUTUIMHA TIPH U3TOTOBICHUHN
M MOHT@)X€ KOHCTPYKIIUH, HapyIIeHUE TPEOOBAHUI MPOEKTHON ITOKYMEHTAI[HH
Y TEXHOJIOTMYECKUX PErJIaMEHTOB. ABapHilHas CUTYyallus, CBsI3aHHAsI C JC(eKT-
TaMd MOHTQ)XXHUX COCIUHEHHWH CTANBHBIX KOHCTPYKIMN ()epM MOCTa, MMOKa-
3aHas Ha puc. 5. B cooTBeTcTBUU C pa3paOOTaHHBIMH MPOEKTHHMHU M TEXHO-
JIOTHYECKMMHU PEIICHUSIMU TPOU3BEJCHBI PabOThI MO 3aMEHE U YCHIICHUIO
MMOBPEXICHHBIX KOHCTPYKIUH, BOCCTaHOBJEHAa Pa0OTOCIOCOOHOCTH pajHalib-
HOTO CTYCTHTETIS.

a)

Puc. 5. KoncTpykuuu npoaéTHOro0 cOOpyKEeHUs! paHalbHOIO CIyCTHTEIS:
a) OOwmii Buza coopyxenust; 0) [loBpexaeHus 2IEMEHTOB CTAITBHBIX GepM

ITpouemypa nmpoBeaeHuss pEMOHTHO-BOCCTAHOBUTEIBHBIX PAOOT NPH MPOUICHHN
pecypca 00BEKTOB MOBBIIIIEHHOI OMACHOCTH, KaK MPaBHJIO, BKIIOYAET TpeOoBa-
HUS 00ecTeYeHUs] TEXHOIOTUIECKOM, MPOM3BOJCTBEHHON U TEXHOTCHHOMU omac-
HOCTH. CIIO’)KHOCTB IMPOEKTHBIX M TEXHOJOTHIECKUX TpeOOBaHM 00yCaBIuBa-
eT IPIMEHEHNE HOBBIX MAaTepHaJIOB U TEXHOJIOTHIL.

B03MOXHOCTh BOCCTAHOBJIEHHUS TEPMETHYHOCTH TPOHHHUKA TPyOOIpoBoIa Oblia
obecrieueHa 0e3 MPUMEHEHHUSI CBAPOYHBIX Pa0dOT M MPEKpaIleHHs MOJaud KOK-
COBOT'O Ta3a 3a CYeT MPUMEHCHHUS YIPOUHSIOIIETO MOIUICTEPOBOTO BOJIOKOHHO-
apMUPOBAHHOTO IIacTHKA (puc. 6, 7).
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Puc.6. TToBpexneHHBII y9acTOK TPOHHHUKA Puc. 7. TpoliHUK KOKCOBOTO rasza
KokcoBoro ra3a [TAO «ScunoBckmii II0CJIE PEMOHTHOI'O BOCCTAHOBJIEHUS
KOKCOXHM3aBOI»

JaHHbld ~ MaTepuall  YyCHENIHO  HUCHOJb3YeTCcsl  JJIs  XUMHYECKOM U
MIPOTUBOKOPPO3UOHHON 3aIUThl TPYOOIPOBOJOB, €MKOCTEH JUIsl XpaHCHHS
arpecCUBHBIX CpE€ll U MHUUIEBBIX IMPOAYKTOB, BOJOCTOKOB M BEHTWISLMOHHBIX
KOMMYHUKAaIU [5].

BriBoabI

C yueroM (paKTOpOB HEONPENIEICHHOCTH U PHUCKA, BHICOKOTO YPOBHS (PU3MUECKOTO
n3HOCA METOJIOJIOTHSI ~ PEMOHTHO-BOCCTAQHOBHTENIBHBIX ~ PabOT  OOBEKTOB
MOBBIIICHHON OMAacHOCTH BKIIIOYAET HAYYHO-TEXHUYECKOE COMPOBOXIICHHE HA
OCHOBE TpeOOBaHMII OOECIIeUeHHUs] TEXHOJIOTHMYECKOW Oe30MacHOCTH. YKa3aHHOE
00CTOATENBCTBO HMMEET TIEPBOCTENICHHOE 3HAYCHHWE U MpeXylpekIcHUs
ABAPUMHBIX CHUTyalluid W OOOCHOBAaHWSI MEPONPHATHA 10 YCWICHHIO U
PEKOHCTPYKIMH MPU MOJAECPHU3ALIMN U TEXHUYECKOM MEPEOCHAICHNH. MOHUTOPUHT
TEXHUYECKOTO COCTOSIHMSI KOHCTPYKIMH M COOPY)KCHHH BKIIFOYAeT PacYETHYIO
OLICHKY OCTaTOYHOTO pecypca, peryJMpOBaHHE ITOCIEPEMOHTHON —HecyIen
criocobHoCTH ¢ yueToM monoxeHnit Hopm JIBH B.1.2-5:2007 u JIBH B.1.2-9-2008
U CHOCOOCTBYET MOBBIIICHUIO d(P(PEKTUBHOCTH (HHAHCOBBIX U MaTE€PUAIbHBIX
3aTpar.

IIporeccHplit moaxoa K OOECHEUEeHWIO0 TEXHOJIOTMYECKOW O0e30MmacHOCTH
OpeArnoiaraeT nepexoa OT PacyeTHBIX MOKa3aTenel MacCUBHOM HAIEeKHOCTH K
pa3paboTke mporpaMM YOpaBICHUS PHCKaMHU Ul TNPEXyNpeKACHUs WIn
HEWTpalM3alliil  TOCIEeACTBUHA  OTKa3oB. TakuMm  oOpa3oM,  MOXKHO
KOHCTAaTHPOBaTh, YTO OOECleYeHUe HAICKHOCTH U 0E30MacHOCTH OOBEKTOB
BO3MOXHO TOJIBKO Ha MPUHLMUIAX BceoOIIero ynpanienus kayectBoMm (TQM).
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JlutepaTtypa
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2]

[3]

[4]

[5]

JABH B.1.2-5:2007 Cucrema 3a0e3IleueHHS HaIIHHOCTI Ta Oe€3MeKu
OyxaiBenbHUX 00’ekTiB. HaykoBO-TexHIYHHI CymnpoBiJ OyIiBeIbHHX
00’ekTiB. — MiHperion Ykpainu. — 16 c.

JBH B.1.2-9-2008 Cuctema 3a0e3ledeHHs HamIMHOCTI Ta Oe3meKu
OyniBembHUX 00’ €KkTiB. OCHOBHI BUMOTH 110 OyaiBeNb Ta criopyad. besmeka
ekcrutyarauii. — Minperion Ykpainu. — 21 c.

[umanoBebkuit O.B. KoHnenTyanbHi OCHOBH CHCTEMH TEXHIYHOTO
PETYIIIOBaHHS HAMIMHOCTI W Oe3medHOCTI OYyIiBENbHUX KOHCTPYKIIiH /
IumanoBebkuit O.B., Koposasos B.II. // [Ipomuciose OymiBHHLTBO Ta
imkeHepHi criopyau, 2008. — Ne 1. — C. 4-9.

[lInmanoBckuit A.B. TexHuyeckass NUarHOCTHKa WU MNPEAYNPEKICHUE
aBapUIHBIX CHUTyallMd KOHCTPYKIMH 3JaHU W  COOpYXKCHUH /
Iumanosckuit A.B., T'opnees B.H., Koponée B.II., Ornoons A.U.,
Pyxosuu U.P., ®unaros 10.B. — K.: 3a-Bo «Crans», 2008. — 463 c.
PexoMenmanun 1O TpUMEHEHWIO  (HOTOMOJUMEPHBIX  BOJOKOHHO-
apmupoBaHHbIX ~ MarepuanoB  «Texnollmacr» mpu  peMOHTHO-
BOCCTAaHOBHUTENBHBIX pa0oTaX M 3alUTe OT KOPPO3WH JUCTOBBIX
MetammokoHcTpykumuii. — KueB: YxkpHUUIIpoekTcTalbKOHCTPYKIUS
uM. B.H. Ilumanosckoro, 2006. — 48 c.

Haoitiwna oo peoxonezii 21.08.2012 p.
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YK 624.014:620.193

OneHka COOTBEeTCTBHSA KayecTBa HpOTHBOKOppO:iI/IOHHOﬁ
3alIUTHhI TpeﬁDBaHHHM HAJACKHOCTH CTAJBHBIX KOHCprKHI/Iﬁ

'Kopoaés B.IL., 1.1.n., ’Amesnuna A.JO., “I'pexos H.C.

'000 «YxpunctanbkoH uM.B.H.Illumanosckoroy», JoullTh, Ykpauna
I'BY3 «IIpHa30BCcKHii roCy1apCTBEHHBbII TEXHUUECKHH YHHBEPCHTET», YKpanHa

AHoTauifa. [loka3aHa HeobXiAHICTb OLIHKW MOKAa3HMKIB HAAIMHOCTI 3@ rpaHU4YHUMMU
CTaHaMM 3 ypaxyBaHHSIM BWMOI KOPO3ilMHOI CTIMKOCTi, AOBrOBIYHOCTI i peMOHTO-
npuaaTHoOCTI. BcTaHOBMeHi po3paxyHKOBi XapaKTEpPUCTUKWM CTaneBMX KOHCTPYKUIM i ix
3aXMCHUX MOKPUTTIB NpU 3aaHnX Moaensx ekcnnyatauii 6yaisens i cnopya. Po3pobneHi
pernameHTHi npouenypu po3paxyHKOBO-eKCNepUMEeHTaNbHOro NiaTBEPAXEHHS BiAMOBiA-
HOCTi AIKOCTi 3aXMCHMUX MOKPUTTIB BCTAHOBNIEHOMY PiBHIO KOPO3ilMHOi Hebe3neku. Po3pa-
XYHKOBi XapaKTepUCTUKN CTaneBUX KOHCTPYKLIA i iX 3aXMCHUX MNOKPWUTTIB BCTAHOB-
NIOITbCS 3@ HacnigKaMyM MPUCKOPEHUX KOpOo3iltHMX BUNpobyBaHb. BuMorn o kateropii
BiANOBIAANBLHOCTI MPOTMKOPO3iMHOIO 3aXMCTy 33a4al0TbCA 3 YpaXyBaHHSM TUNOBOI Moaeni
ekcnnyaTauii. Bubip TMnosoi Mmogeni ekcnnyaTauii 3anexuTb Bi4 CTyneHs arpecuBHOCTI
Aif, KOHCTPYKTUBHOI MPUCTOCOBAHOCTI i TEXHOMOrYHOI pauioHanbHOCTI 3acobiB 3axucTy,
MPUNHATOI CUCTEMM TEXHIYHOIrO 06CNYroBYBaHHS | PEMOHTY.

AHHOTauma. MNokaszaHa HeObXOAMMOCTb OLEHKM MOoKasaTene HaAeXHOCTU No neaenb-
HbIM COCTOSIHMAM C y4deToM TpeboBaHWI KOPPO3MOHHOW CTOMKOCTW, AOSIFOBEYHOCTU U
PEMOHTOMNPUIrOAHOCTUN. YCTaHOB/EHbI pacyeTHble XapaKTepPUCTUKWM CTaslbHbIX KOHCTPYK-
UMA U UX 3alUMTHbIX MOKPbLITUIA MpU 3aAaHHbIX MOAENAX 3SKCrjyaTauuu 3haHuin u
CoopyXeHui. PaspaboTaHbl perfnaMeHTHble npoueaypbl pacYeTHO-3KCNepUMeHTarbHOro
NOATBEPXAEHWUSI COOTBETCTBUSA KayecTBa 3alUMUTHbIX MOKPbITUI YCTaHOBIEHHOMY YPOBHIO
KOPPO3MOHHOW OMacHOCTU. PacuyeTHble XapaKTepUCTUKWU CTalbHbIX KOHCTPYKLUMIA M UX
3alUMTHbIX MOKPbITUI YCTaHaBAMBAKOTCA MO pe3yfbTaTaM YCKOPEHHbIX KOPPO3UMOHHbIX
ncnbiTaHuii. TpeboBaHMa K KaTeropun OTBETCTBEHHOCTM NMPOTUBOKOPPO3VMOHHON 3alUUThI
3ajaloTCcs C  yyeToM TWUMOBOW Moaenu 3KkcnayaTtauuu. Bbibop Tunosolk Mozenu
3KCMnyaTauMmM 3aBUCUT OT CTeMNeHW arpeccMBHOCTM BO3AENCTBUW, KOHCTPYKTUBHOM
NpPUCNocob/IEHHOCTU N TEXHONIOTMYECKOW paLMOHaNbHOCTU CPEeACTB 3alUMThbl, MPUHATOM
CUCTEMbl TEXHWUYECKOro 06CNYXUBaHUS U PEMOHTa.

Abstract. Necessity of the reliability indices estimation according to the limiting states
taking into account the requirements of corrosion resistance, durability and
maintainability is shown. Design characteristics of the steel structures and their
protective coatings are specified at the specified models of building and construction
use. Regulation procedures of the design-experimental demonstration of protective
coating quality compliance with the specified level of corrosion risk are developed.
Design characteristics of the steel structures and their protective coatings are specified
by the results of the accelerated corrosion tests. Requirements to the category of the
corrosion protection responsibility are set taking into account the standard model of
use. The choice of the standard model of use depends on environment corrosiveness
degree, structural fitness and technological rationality of the protective means, and the
adopted system of maintenance and repair.

KnioueBble cnoBa: nokasaTenuM HaAeXHOCTWU, CTallbHble KOHCTPYKUWKW, TexHu4yeckoe
obcnyxuBaHue.
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Beenenne. TIpoMBINUICHHBIC MNPEANPUATHS, WHXEHEPHbIC KOMMYHHKAIIUH,
00BEKTHI JKHIUIIHO-KOMMYHAIBHOIO XO354HCTBA U TPAHCIIOPTHON MH(PACTPYK-
TYpbl BKJIFOYAIOT COOPYXKEHHs, KOHCTPYKI[MHM, MAIlMHbBI M 00OpYIOBaHUE,
KOTOpBIE TPU yXYAUICHUU SKCIUTyaTallMOHHBIX CBOMCTB MOT'YT TEPEXOJHTH B
KaTeropuio 0ObEKTOB MOBKINICHHON OmacHOCTH. Kak mpaBmiio, 3To CTAaHOBUTCS
PEeaTbHOCTBIO TIPU 3HAYUTEILHOM YPOBHE M3HOCA, OTCYTCTBHHM PEriaMEHTHBIX
CPOKOB OOHOBJICHHSI OCHOBHBIX (POHIOB, CJIOXKHOM 3KOHOMHYECKOM M (hYUHAH-
COBOM COCTOSIHUU OOJIBIIMHCTBA CYOBEKTOB XO3SHCTBEHHOU JesTenbHOCTH. B
[OCICAHEEe BpeMs K IEPEYUCICHHBIM IMPUYMHAM JI00aBHJIHCH MPOOIIEMbI
HU3KOIO0 KayecTBa IOATOTOBKHM CICIHMAIUCTOB, YCTAapeBIIas HOPMAaTHBHO-
TEeXHUYeCcKas 0a3a, KOTOpbIE TPUBEIM K CHI)KCHUIO HCIOJHUTEILCKOM
TUCIHAIUIMHBL U 3(PPEKTHBHOCTH TEXHUYECKOTO OOCIYKMBaHUS OOBEKTOB,
IKCIUIYaTHPYIOIIUXCS B arPECCUBHBIX CPEax.

Bonpoc «O cocrosHMM 3amMTBl MeTALIOGOHAA YKpPaWHBI OT KOPPO3UH»
paccMmaTpuBasIcs Ha 3acelaHMM MeXBETOMCTBEHHON KOMHCCHH IO BOIIpOCaM
Hay4YHO-TEXHOJIOTHYecKol Oe3omacHocTH npu CoBeTe HaMOHAIBLHOW Oe3orac-
HOCTH M 000poHBI YkpauHbl 13 okrsaOps 2009 r. B Pemenun komuccuu
YKa3aHO Ha KPUTHYECKOE COCTOSHHE OCHOBHBIX MPOM3BOJCTBEHHBIX (DOHIIOB 110
YPOBHIO KOPPO3HOHHOH 3aIllMIIEHHOCTH, KOTOPOE IMOBBIIIAET PUCK BO3HUKHO-
BEHUS YPE3BBIUANHBIX CHUTyallMid TEXHOTEHHOTO XapakTepa M TPEICTaBISIET B
COOTBETCTBHU CO cTaTheil 7 3akoHa YxkpauHsl «[Ipo ocHOBM HalioHaNBbHOI
Oe3nexkn YKpaiHuW» yrpo3y HalHMOHalIbHOW 0€30MacHOCTH B 3KOHOMHYECKOW M
sKoyormueckoi cgepax. Ha ocHoBe aHanm3a JEHCTBYIONIMX HOPMATHUBHO-
TEXHUYECKUX U OpPTraHU3allMOHHO-I)KOHOMHUYECKUX MEXaHU3MOB PETYIHUPOBAHUS
B cdepe 3aluThl METAUIOB OT KOPPO3MU YCTaHOBIIEHO, YTO CYIIECTBYIOILIHUE
[OOXOABl HE COOTBETCTBYIOT TpeOoBaHMSAM oOecredeHus: 0e30HacHOCTH
MIPOAYKINH, U3T0XKeHHBIM B JlupextuBe EBpomneiickoro mapimamenta u Coseta
2001/95/EC ot 3 nexabps 2001 r. B kauecTBe nepBoouepeaHbIx Mep Peniennem
KOMHCCHUHM Hpeajaraercs paszpaborarb 3akOHONPoeKT «OO0  OCHOBHBIX
MPUHIMIIAX TOCYJapCTBEHHOM MOJMTHKU B cdepe 3aluThl MeTauiopoHaa OT
KOppO3UM» M TOCYIAapCTBEHHYIO LIEJIEBYI0O JKOHOMHUYECKYIO TpPOTpPaMMy
pecypcocOepeskeHHss M 3allUTBl  OT KOPpPO3MM B  0a30BBIX  OTpacisx
MIPOMBIIIEHHOCTH Y KPauHbl.

KomrutekcHbIi 1 MHOTO(AaKTOPHBII MPOIECC KOPPO3UU H 3aIUTHl MAaTEPUAJIOB
Olpe/ieJicH HOpMAaTUBHOW 0a30if, KOTOpas BKJIIOYAeT CBHINIE 125 cTaHAapTOB
«EnuHOW cHCTeMBI 3amUTBl OT KOPPO3HMH W CTapeHHS». | eXHHYECKOe
OTIPEJICIICHIE KOPPO3UH SBIISIETCS JOCTATOYHO MIUPOKUM M KIACCU(DHUIIUPYET €
KaK B3aMMOJICHICTBUE MaTepuaia ¢ OKpyxaromiei cperod. Ha dynmamen-
TaJTBHOM YPOBHE IMpo0iieMa KOPPO3UH CBs3aHa C M3yYeHHEM 3aKOHOMEPHOCTEH
MeXaHOSHeKTpOXHMH‘{eCKOﬁ KHMHETUKN KOPPO3MOHHBIX IMPOLECCOB U MEXAaHU3-
MOB NPOTHUBOKOPPO3UOHHON 3alUThl. MaTepHaloBeTUECKUE aCTEKThl OCHOB-
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HBIX TEHACHIMH pPa3paboTKH KOPPO3HMOHHOCTOMKHMX MAaTepualoB, CPEICTB H
METO/OB IPOTHBOKOPPO3HOHHOM 3aILUTHl COCTABIAIOT OOILEHMHKCHEPHBIH
YPOBEHB JJISi MPEOJOJIEHUSI OTPOMHOTO CIIEKTpa SIBICHUH, COMPOBOKIAIOIINX
JIerpalalliOHHbIE TIPOLIECCHl HM3JAENUNH W KOHCTPYKIMH BO BCEX OTpacisix
3KOHOMUKH. Clie1oBaTeNbHO, KOPPO3UOHHBIE OBPEXKICHUS YXYIIIAIOT SKCILTY-
aTaLMOHHBIE CBOMCTBA, CHMXAIOT HECYLIYI0 CIIOCOOHOCTh KOHCTPYKTHUBHBIX
3JIEeMEHTOB, YTO BEAET K JOMOJHUTEIbHBIM 3aTpaTaM Ha BOCCTAaHOBJIIECHHE
paboToCcTIOCOOHOCTH CTPOUTENBHBIX OOBEKTOB B MPOLIECCE IKCILTYaTaLUH.

Y4uuThIBas TSKEINbIE TOCIEACTBUS 0€30CHCTBHS MOCIEIHUX IBYX AECATHIIETUI
B 00JIaCTH TEXHHYECKOTO PEryJMpOBaHUs IIPOOJIEMbl KOPPO3UHU, pa3paboTka
OCHOB TOCYJAapCTBEHHON IIOJUTHUKA W HOBOW KOHLENIUU TOCYIapCTBEHHOU
MIPOrpaMMBl  3alUTBl OT KOPPO3MH JOJDKHBI ONUPAThCA Ha TMPUHIMIIGI
CTPATETMYECKOT0 aHTUKPU3UCHOTO ynpasieHus. [Ipu TakoMm noaxone NOHITHE
KOPPO3HMOHHOW OIACHOCTH BKIIIOYACT OIPENEICHHOE COCTOSIHUE WM CUTYALUIO
(yrposy), mpu KOTODPBIX YBEIMYMBAECTCS BEPOATHOCTH HACTYIUICHHUS yiiepOa B
CBSA3M C TEM, UYTO JaHHOE KOPPO3MOHHOE COCTOSIHHE WM OTKIOHEHHE OT
HOPMAJIBHOM 3KCIUTyaTalluM SBJSIOTCS MOTEHLIMAIbHON NPUYMHOM (Yrpo3oil)
HACTYIJICHUS! ONIACHOCTH MJIM TOT'O, YTO MOXKET MOBJIUATH HA pa3mep yuiepoa.

Ieab0 cTaThu sIBJsieTcss 00OCHOBAaHME METOAUKH IPOILECCHOTO IMOAXOAa K
o0eCIeueHnI0  KadecTBa MPOTHBOKOPPO3MOHHOM  3aIUTHI  CTPOMTEIBHBIX
METAUTOKOHCTPYKITHH 110 KPUTEPHSIM KOPPO3UOHHOM OMACHOCTH CTPOUTEIBHBIX
00BEKTOB.

TpeOoBaHusi K KayecTBY NPOTHBOKOPPO3MOHHOW 3ammThl. s obecrme-
YeHUH HaJIe)KHOCTH W JIOJTOBEYHOCTH CTPOUTEIBHBIX OOBEKTOB B YCIJIOBHUSX
arpeccUBHBIX cpel] He0OXOANMO MPUBJICYCHUE AOMOIHUTEIBHBIX MaTePHaIbHO-
TEXHHYECKUX pecypcoB. BpIOOp cTpaTernu npenynpekAeHUs] U KOHTPOJIS
KOPpPO3MM Ha OCHOBE COBPEMEHHBIX TEXHOJIOTMM MPOTUBOKOPPO3UOHHOMN
3alMTHl onpeaensercss 3pGEeKTUBHOCTHIO YIPABICHUs M CHIXKEHHUS 3aTpaTr Ha
BCEX CTaJUAX KU3HEHHOTO IIUKIIA KOHCTPYKUMi. [Ipy oTcyTCTBHNM LieneHampas-
JIEHHOTO TOAXO0Na K BBIOOPY CpPEICTB M METOJOB 3aIIUTHl HEOOOCHOBAHHBIE
KOHCTPYKTHBHBIE U TEXHOJOTMUECKUE PEIIEHUS] BBI3BIBAIOT MPEXKIEBPEMEHHOE
paspyLIeHHe M POCT SKCIUTyaTAllMOHHBIX 3aTpaT Ha BOCCTAHOBIEHHE PabOTO-
CIIOCOOHOCTH HWJIM TOJIHYIO 3aMEHY NPOOJIEMHBIX KOHCTPYKIMOHHBIX 3JE€MEH-
ToB. Cpeny mpuuuH, 000CTPSIOMUX NPOOIeMy 3alUTB OT KOPPO3UU, CIEAYET
BBIICTUTh HEJOCTATOYHBIE MEpBl 10 CHIDKEHUIO CTENEHH arpecCHBHOCTH
BO3JEMCTBHN, HHU3KYyH0 KOPPO3HOHHYIO CTOMKOCTb CTPOUTENBHBIX CTalei,
HEJOCTAaTOYHYIO OCHAIIEHHOCTh COBPEMEHHBIMH CPEICTBAMH M METOIaMH
MIPOTUBOKOPPO3UOHHOM 3alUTHI.
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B cooTBeTcTBMHM ¢ yCTaHOBIIEHHOW HOMEHKJIATYpOH IIOKa3aTeneil KadecTBa
CTaJbHBIX KOHCTPYKIMH [l] yCTaHOBJIEHBI CIEAYIONIUE XapaKTePUCTUKU
JOJITOBEYHOCTH:

— KOpPpO3UOHHAsi CcTOWKOCTh (K, MM/roji wiu Oaul) WK CTCIeHb
2
arpecCUBHOCTH Cpeabl (A4, T/MTON);
— CpOK ci1yO0b! 3amuTHOTO MoKpeITHs (T, rox).

HeiictByronie HopMaTuBBl [2, 3] He comepkar TpeOOBaHWN TIO OIICHKE
Ka4decTBa M HAAEKHOCTH MPOTHBOKOPPO3MOHHOW 3amuThl. ClieAyeT OTMETHUTH,
yro B CHulle 2.03.11-85 0OTCyTCTBYIOT KOJHMYECTBEHHbIE XapaKTEPUCTHKHU
CTETEHN arpecCUBHOCTH BO3AECHCTBUMN, a PEKOMEHAYEMBbIE T'PYMIIbl 3alUTHBIX
MOKPBITHHA [2, Tabm. 29] mpexncraBieHbl 0e3 TpeOOBaHHWA K CPOKaM CIyX OB
CHUCTEMBI IPOTHBOKOPPO3MOHHON 3amuThl KOHCTpYKIuiA. Ha ocHOBe aHanmza
MOJIOKEHHH [2, 3] MOXKHO 3aKITIOUYUTh, UTO ACUCTBYIOIINE HOPMBI HE TIO3BOJIIOT
YCTAHOBUTH TPEOOBaHMs K 3KCIUTyaTallMOHHBIM IIapaMeTpaM IpH pa3padoTke
TEXHUYECKUX pEIeHNH WM paboynx dYepTeked MPOTUBOKOPPO3NOHHOM
3ammTel. TakuM 00pa3oM, HE BBINOJHSIOTCS YCIOBHA TEXHUYECKOTO
pEeryIupOBaHus HAAECKHOCTH U KOHCTPYKTUBHON 0€30II1aCHOCTH B COOTBETCTBHHU
c Hopmamu JICTVY b B.2.6-75:2008 [4] u IBH B.1.2-14-2009 [5].

Jyis pa3pabOTKU TEXHUYECKMX PEIICHWH M pabouymMx YepTekeld Ha MPOTUBO-
KOPPO3UOHHYIO 3aluTy [6] mpemnaraercs WMCIONB30BaTh OOOCHOBAaHHBIA B
pabotax [7-9] kputepuil KOPPO3UOHHON omacHOCTH. [Ipy BBEACHHH OCHOBHOTO
TpeOOBaHMA K MPOESKTHPOBAHUIO — 3a/IaHUS] YPOBHSA KOPPO3HUOHHON OIMTACHOCTH —
YCTaHAaBIUBAKOTCA XapaKTEPUCTUKU IIEPBUYHOM M BTOPUYHOM 3alIUTBI OT
KOpPPO3UH, KOTOphIE IO3BOJISIIOT MOATBEPKIATh COOTBETCTBHE IOKaszaTenei
KadyeCcTBa U HAACKHOCTH KOHCTPYKI_H/Iﬁ 1 UX 3aIIUTHBIX HOKpI)ITI/Iﬁ B TCUCHHC
BCEI0 )KM3HEHHOTO IMKJIa 00BEKTA.

TpeboBaHus MO HAJEKHOCTH KOHCTPYKIM B KOPPO3HUOHHBIX CpelaX, BKIIO-
gaeMble B TexHHUYecKoe 3aanne (T3), ompenensoT Ha CTaauu TEXHUKO-3KOHO-
MHYECKOr0 000CHOBAHHS MPOEKTA MyTEM BBIITOJIHEHHUS CISAYIONIMX padoT:

— aHajM3a TpeOOBaHMU 3aKa3yMKa, Ha3HAYECHUS, YCIOBHH 3KCILTyaTalUH
KOHCTPYKUMH (IPOEKTHUX aHAIOTOB), OTPAaHUYCHUH 110 KOHCTPYKTUBHBIM
pEIIeHUsIM, MaTepuallaM M TEXHOJOTHAM 3aIlHThl, dKCIUIyaTalMOHHBIM
3aTparam;

— OTpabdOTKU M COIJIACOBaHMSA C 3aKa3uMKOM CTENEHH arpecCUBHOCTH
BIIUSIHUSA CPENBL, IIOKA3aTeNe KauecTBa MEP 3aIUThl OT KOPPO3UU;

— BBIOOpa MeToJa KOHTPOJsSI KauecTBa, CHCTEMBI TEXHHYECKOrO 00Ciy-
JKUBaHUsI M PEMOHTOB C YYETOM YPOBHS KOPPO3HOHHOM OIACHOCTH
KOHCTPYKIIU.
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[IpenmymiecTBoM BbIOOpa CHCTEMBI IPOTHBOKOPPO3MOHHOM 3aIIUTHl KOHCTPYK-
LU 110 KPUTEPUIO KOPPO3MOHHOM ONACHOCTH SIBIAETCS perijaMeHTaunus Mep
KOHCTPYKTHBHOW MPHUCIIOCOOIEHHOCTH M TEXHOJOTHYECKOH PparMOHaTbHOCTH
Ha CTaJu¥ IPOSKTHUPOBAHUS ISl BBIOOpa ONTUMAIBHOTO peuieHus (puc. 1).

Lenesasa TEXHOMOT M eCKad GyHKIILA KOHC TP YK IFH

_ ] Taparierpel ] Harpyam [ | BoigeficiEna apeccHEHpIX cpen,
HOHCTPYHMEHOH () Opkib1
Pacuerimie | | Hopuanstse || PacuerHbe | || Hopmatuetniell
CTpmTens:Han Hexamra
. h.hrq:_m::m o N KoHe omio- || Teopma Ha,n'e:m?cm
HOHCTRALRS, Sl CTATHYECHKAA CHEMA HOHCTERALES
NOKPLITIA
| | Teopsta HETANNMIECIHE
] KoHC PO HHO - | T
CopraMesT HERBMUEC K CHeHa MatepManmeEeIeHIe
M:l],&l‘lllp&:'l?ﬂl;lx TeopAa KOPPOo#HH H 5allMTLI
| CHTyaLpu HETAMOEB
e, Vi Il PacuerHsi e Hoaen Kuteprensa
P —, HOPPO; HOHHB K
INEHEHT OB BhIMKC IFENLHAA TEXHISA
Cunosbe gaktopel | —— Cunoeble o || —— MOmy NbHbIE Pa #HEpb]
. HOMMDHOBO WL E
PaHeEps]
Konctpymposatse YHIHCAIMA 3N E4EHT 08|
1 M HDHCTPYHUSA
Mpomd®
Hanpa:setssm
| |l rpynira NpesenbHbLe
Npoepa COCTOAHIA
| Eyna Npesenk HeIx
Tposepia COCTOA HHK
H #ieteHme L |
yenoessi Her Da Her Ia TexH ECHan
TPHUCIIOCODNEHHOCTE
| | TexHDROMECKEA
Hineretme l PaLPOHANLHOCTE
VYCNOBWA Cratm ecrt FHEHEMYHDC T
0DOCHOBAHHDE Koaddwipenr 1 [0y 0 BEMHOC TE
PEIIEHME HAQERHOC TH Ep- |I
BMYHOM TM ¢
ETODHMHOM ¥ || YpoBEHE
JAUMTLI OT KOPPO sHOHHDIA
[- KOPPOis OMACHICTH
Pesepr
HANEHHOCTH i ONTH4am Hoe
Hex Da | |

Puc. 1. Cxema 060CHOBaHHS ONITUMAIEHON CHCTEMBI IIPOTHBOKOPPO3UOHHOH 3aIIUTHI
KOHCTPYKLUN
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KopposnonHast onacHOCTh OIpedeNnsieT COCTOSHHE WM CUTyaluio (yrposy),
IIPY KOTOPBIX YBEIMYMBAETCSI BEPOATHOCTH YOBITKOB, BBI3BAaHHBIX KOppO3ueil
WY OTKJIOHEHUSIMU OT HOPMAJIBHOM 3KCIUTyaTallud KOHCTPYKLMM CTPOUTENb-
HBIX OOBEKTOB. YPOBEHb KOPPO3HOHHOW OMACHOCTH YCTaHABIMBAETCS IO
KBaJM(UKALMOHHBIM TpPU3HAKAM TPYNN KOHCTPYKUUH B 3aBHCHUMOCTH OT
CTEIICHH arpecCUBHOCTH BO3ACHCTBHH M KO3((HUINEHTa TOTOBHOCTH CPEICTB
NIEPBUYHOU U BTOPUYHOM 3aLIUTHI OT KOPPO3UHU.

KauecTBO Mep 3amMTBl OT KOPPO3MM TPEACTABISIET COBOKYIHOCTH CBOMCTB
MEPBUYHOM W BTOPUYHOW 3alIUTHI, OOECIeYHBAIOMNX (YHKIIHOHAIBHOE
Ha3HA4YEHWE M HAJIe)KHOCTb KOHCTPYKITHH.

KoHcTpyKTHBHBIE pellieHHs MEepBUYHON 3aIlMThl MOBBIMLAIOT KOPPO3HOHHYIO
CTOHKOCTh M COIIPOTHBICHHE BHYTPEHHMM (hakTOpaM KOppo3uH (MECTHOH,
IIATTUHIOBOM, KOHTAKTHOMW, IIENEBOM KOPPO3UHU, KOPPO3HMOHHOMY PACTPECKU-
BaHMIO, KOPPO3MOHHOM yCTaJOCTH M T.I.) 3a CYET PalMOHAIBHOIO BbIOOpA
CTaJIM, KOHLIEHTPALlUU MaTepuaia B CEUEeHHIX, BEIOOpa reoMeTpHYeCcKOi POpMBI
KOHCTPYKIUH.

BropuuHnas 3ammrta ycTaHaBiIMBaeT MPOEKTHBIE PEIIEHHUs, 0OeCHeuUBarOIIUe
JIONTOBEYHOCTh KOHCTPYKIWIA 3a cueT OOOCHOBaHUS MaTepHajoB, CPEJICTB U
METOJIOB TIPOTHBOKOPPO3MOHHOW 3allUThl, TEXHOJOTHI TEXHHUYECKOTO O00CIIy-
JKUBAHUS U PEMOHTA.

KoHcTpykTHBHAS TPUCHIOCOOIEHHOCTh ONpeAeisieT CHOCOOHOCTh MPOTHBOKOP-
PO3MOHHOM 3amUTHl O0ECleUYnTh MPOYHOCTHBIE M (PyHKIHMOHAJIBHBIE TPeOO-
BaHUS C YYETOM CpOKa CIy’KOBl KOHCTPYKIMH. TexHolormdeckas pamno-
HQJIBHOCTh BKIJIIOYAET COBOKYIHOCTh CBOWCTB, XapaKTepU3YIOIIMX COOT-
BETCTBUEC IIPOCKTHBIX PpEIIEHUH M TEXHOJIOIMYHOCTH IIPH H3TOTOBJICHUH,
BO3BE/ICHUH U IKCILTyaTaliH.

Koaddumnmert roToBHOCTH MPOTUBOKOPPO3NOHHOMN 3aIlUTHI SABISETCS KOMII-
JIEKCHBIM I10KA3aTEJIEM PEMOHTOIPUTOJHOCTH, XapaKTEPU3YIOLUM [1apaMeTpbl
KOHCTPYKTHUBHBIX H TEXHOJIIOTHYECKUX MEp NEPBUYHON U BTOPHYHOM 3aIUTEI.

KoaddunmeHTsl Haqe:KHOCTH TPOTUBOKOPPO3UOHHOM 3aIUTHI (Y, Jin) YCTa-
HABJIMBAIOT BO3MOXKHbIC OTKJIOHCHHSI TIPOYHOCTHBIX, Je(hOPMAIMOHHBIX, JKCII-
JIyaTallUOHHBIX XapPaKTCPUCTUK KOHCTPYKTUBHBIX 3JICMCHTOB, ONPCACICHHLIC
JUTS. TUTIOBOW MOJIETH 3KCIUTyaTallii KOHCTPYKIUI U 33JaHHOTO CPOKa CITyXKObI
CTPOUTETHHOTO 0OBEKTA.

[lonTBepxneHre COOTBETCTBHS KadecTBa MeEp  3aIIUTHl  BBIOJTHSAETCS
PETUCTPALIMOHHBIM WM  PacyeTHO-U3MEPUTENbHBIM METOJaMH  COTJIACHO
yKa3zaHUAM B pabouux yepTexax (crnenuduranui) Ha MTPOTHBOKOPPO3HOHHYIO
3alIUTY.
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OuneHka arpecCHBHOCTM KOPPO3MOHHBIX Bo3jelcTBuil. Paccmorpum
TpeOOBaHMs IEHCTBYIOIMX HOPM M OOOCHOBaHMS KPUTEPHUs KOPPO3MOHHOMH
OITACHOCTH IO Pe3yJbTaTaM KOJWYECTBEHHOW OIICHKH CTEIEHH arpecCHBHOCTH
BO3JICHCTBUMN.

s cHIDKEeHHSI KOPPO3UOHHOM OMMaCHOCTH BOMPOCHI 3aIIUTHI TOJKHBI PELIaThCS
myTeM omnpexneneHus d()()EeKTUBHBIX MEp Ha CTaJAWX MPOEKTUPOBAHUS U IOCTa-
BOK METAJJIOKOHCTPYKITUN TIOJHOW 3aBOJCKOW TOTOBHOCTHU i OOCCIICUCHUS
KOHTPOJIMPYEMOTO KaueCTBa 3allUTHBIX OKPBITHI.

ITokazaTenu KOpPpO3WOHHOM CTOMKOCTM M JOJTOBEUYHOCTH KOHCTPYKLUH
JIOJDKHBI  COOTBETCTBOBATh CTENEHU AarpecCUBHOCTHM BO3JIEUCTBUUA pexUMa
JKCIUTyaTallud 3JaHUN U COOpyXeHUW. [ moATBEepkKAEHUS COOTBETCTBUSA
3aIIUTHBIX TIOKPHITHI YCTAHOBJICHHBIM CPOKaM TEXHUICCKOTO OOCITYKMBAHHS U
PEMOHTOB HMCIOJIb3YIOTCS TaHHBIE HE3aBUCUMOW KOMIUJIEKCHOM 3KOJIOTHYECKOU
9KCIEPTHU3bI MPOMBIILICHHBIX TPEATPUITHH.

Huns  JloHenkoro peruoHa mpo0iieMa KOPPO3HU CBSI3aHA C  €KETOAHBIMHU
NMpAMBIMM 3aTpaTamu nopsanka 6,6—7,2 mupa. rpH, u3 kotopbix 1,3—1,4 miupa.
TPH COCTaBIISIOT IMOTEPH, BEI3BAHHBIC OTCYTCTBHEM PErIIAMEHTHBIX TPEOOBaHUI
K OLICHKE KOPPO3MOHHON OMACHOCTH U MPABUJIBHOMY HCIOJIB30BaHUIO CPEACTB
W METOJOB 3aIllUTHl OT KOPPO3WH. 3HAYNMOCTH MPOONEMBI JUIS YCIOBHMA
Jonbacca cBsf3aHa C 0COOBIM BHUMaHHMEM, KOTOpPO€ Ha TPOTSHKEHUH
JUIMTEILHOTO ~ MEpUOoAa  YJIEsIeTCsl  PEIICHUI0  BOIPOCOB  TOBBIMICHUS
JIOJITOBEYHOCTH OCHOBHBIX (POH[IOB B peruone [10—14].

B kauecTBe mpuMepa BBINOJHUM OLEHKY CTEIEHH arpeCCUBHOCTH BO3JAEHCTBUIMA
JUIT KOHCTPYKIM B YCIOBHSIX MPOMBIIIICHHOW aTMocdepsl T. JloHenka moj
HaBecoM (kareropus 2). [To tpeboBanusm CHull 2.03.11-85* [7] TexHuueckue
peIIeHus 3alUTHBIX TOKPHITHH 3a1al0TCs Ta0Nl. 29 B 3aBHCHMOCTH OT YCIOBHUH
JKCIUTyaTaly (KaTeropuy pa3MelleHus) KOHCTpyKuuil. B cooTBeTcTBUHU C
I'OCT 9.039 koppo3HOHHAsi arpecCUBHOCTH aTMOC(Ephl XapaKTepH3yeTCs
YBIOKHEHHEM MTOBEPXHOCTH MaTEPHANIOB (Jajiee — YBIAKHEHHE ITOBEPXHOCTH)
Y 3arps3HEHNEM BO3/IyXa KOPPO3HOHHO-aKTUBHBIMU areHTaMH.

[IponomKUTeNnbHOCTh  OOIIEro  YBIAXKHEHWS IOBEPXHOCTH  KOHCTPYKIUI
(Toow = 3175 4/T) ycTaHoBIEHA 1O JAHHBIM MPOJOJKUTEIBHOCTH YBIIAXKHEHHS
HOBEPXHOCTH (ha30BOM IIIEHKOH BJIATH (Tgas = 2520 4/T) ¥ IPOJOIKHTETBHOCTH
YBJIQ)KHEHHS TTOBEPXHOCTH aJCOPOLMOHHON TMJICHKOH BIaru (T, = 1080 u/r),
OPUHATHIM [0 KJIMMaTHYeCKOH 30He T. JloHenka.

Brinajnenne KOppo3MOHHO-aKTHBHBIX ar¢HTOB JIJISl IPOMBIIUICHHON aTMocdepbl
o TpeboBarusM [[OCT 15150 (cm. Tab1m.3.8) cocraBmser:

— nByokuch cepbl SO, ot 20 10 250 Mr M~ cyT
— xyopusl: MeHee 0,3 Mr M~ cyT .
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Coriracio 'OCT 9.039 (ta6m. 10) muddepeHIUpoBaHHBIM THIT aTMOCHEPHI
nmeer obo3HayeHue «20». B Tabmune la ycraHoBIIeHBI 3HaUeHHS (AKTOPOB
KOPPO3UOHHOW arpecCUBHOCTH JJIsl TPOMBIIIIIEHHON aTMocdepbl TUIa «20%:

— aByokwuck cepsl SO,: 0T 60 10 110 Mr M~ ¢yt (0603nauenue I13);
— xyopuzsl: Meree 0,3 Mr M~ cyT ' (0603HaueHue C).

B cootBercTtBuu ¢ nmanHbiMu Tabmunbl 1 mpuinoxkenus 16 (OCT 9.039)
CTCIECHb KOPPO3WOHHOM arpecCMBHOCTH MMEET 00O03HAauYeHHE «4» JJii KOHCT-
PYKIIMI KaTeropuu pa3MenieHus «2» npu tune atMochepsl «20» yMEpPeHHOTO
kmumata (COCT 15150-69).

CreneHb KOPPO3UOHHOW arpecCMBHOCTU «4» XapaKTepu3yeT HHTEpBajbHbIC
3HAYCHMs KOPPO3HOHHBIX T0Teph (4,) oT 500 10 700 T M rox™ (mpunoxkeHue
10, Tabn. 2 TOCT 9.039), 94TO COOTBETCTBYET CpEIHEArpECCUBHBIM BO3JEHCT-
BHSIM Ha YIVIEPOAHCTHIC W HU3KOJICTHPOBaHHBIC cTanw 1mo TpeboBanusm CHull
2.03.11-85* (tabm. 29) wmmm xareropuu koppozun C5-1 (oueHb BBICOKAS
npoMelnuieHHas) no crangapty EN ISO 12944.

Knaccudukanonsable TpU3HAKH CTENEHH arpeCCUBHOCTH BO3ICHCTBUM IS
OTIpe/ieTIeHHs YPOBHS KOPPO3MOHHOW OIMACHOCTH TIpEeACTaBIeHbl B TaOH-
max 1, 2.

ITo TpeGoBanmsam tabm. 29 CHull 2.03.11-85* mox HaBecoMm mpu HalUuuU
MaJOpacTBOPUMBIX COJIEH W TBUTH IJI CpeIHearpecCHBHON cpensl (moTeps
Maccel A, s HuU3Koyriaepomuctor cramm ot 400 go 1200 rM'zroz['l)
HEOOXOAMMO  HCIIONB30BAaTh  CHCTeMbl mokpbitws Ila, Illa-3  (80)™.
Pekomenmyembie CHull 2.03.11-85* cucreMbl 3allUTHBIX  MTOKPBITHIHA
MIPEICTaBICHbI B IpUiIOXKeHn: 15 mist rpynn matepuanoB nokpertug 11, 111 (tun
CBSI3YIOILIETO — MOJMypeTaHoBbIe, dMoKcuaHble U nap.). CHull 2.03.11-85* ne
COICP)KUT CBEACHUH MO CpOKaM CHyXObl 3allMTHBIX TOKpBITHHA. B
pexomenaaruax [15] monroBeunocts (7, rom) cucreM mokpeitus Ila, Illa-3
(80)™ onpenenena 3HaueHusIMHU 3 — 4 roza.
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Tab6mumna 1

Crenenu arpeCuBHOCTH BO3/eiicTBUI Cpeabl TP OLEHKE KOpp03I/l0HHOﬁ
OMACHOCTH CTPOUTECJIBHOIO 00beKTa

Obosnasene XapaKTepuCTh- | ()5 uerme O6o3HaueHne
CTETICHU IToxazaTens qecKoe N
N CTETICHU KaTeropui
arpecCUBHOCTH | KOPPO3UOHHOM 3HAYEHNE
MIPH OIIEHKE croiikoct, K, | KOppo3MOHHBIX ArpecCuBHOCTH KOpposuH
Ko;)poanom{oﬁ MM/FOI[’ ’ HOTeph CTANH no CHull no SO 12944-2
-85% 2
OIIACHOCTHU C 235, A, I/M° 2.03.11-85 An, /M
C1 ouenb Hu3Kas
Al 10 0,01 10 80 Bl =10
HearpeccruBHast HearpeccuBHas C2 Hu3kas
10 ... 80
C2 Hu3Kkas
A2 B2 80 ... 200
cnaboarpeccusd | 0,01 ... 0,05 80 ... 400 crnaboarpeccuB
as Has C3 Hu3Kas
200 ... 400
A3 C4 BrICOKast
HU3KO0arpeccuB 0,05 ... 0,08 400 ... 650 400 .. 650
Has
C5-1 ouenb
BBICOKasI
B3 (mpoMbIIIIeHHAS)
BLICOK/C?;peCCH 0,08 ... 0,20 650 ... 1500,0 cpenHearpec- 650 ... 1500
T ’ C5-M ouenn
BHas CHUBHas
BBICOKAst
(Mopckast)
650 ... 1500
A5
OYEHb BBICOKO- 0,20 ... 0,50 1500 ... 3900,0 -
arpeccUBHas
A6 B4 cunpnO-
CHIIbHOATrpec- caaie 0,50 csaire 3900,0 -
arpeccuBHas
CUBHAs
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Tabmuma 2
KnaccuguxanuoHHble NPU3HAKH YPOBHSI KOPPO3HOHHOM ONACHOCTH
KOHCTPYKIMii, 31aHHii U coopy:keHmii'

Crenenp HHTepBanbHbIe OLEHKH KO3 (HUIMEHTa TOTOBHOCTH MTPOTUBOKOPPO3HOHHOMN
arpecCUBHOCTH 3amuThl, K,
BOSHCHCIBIIL | <k, <01 | 0,1<K,<0,3 | 0,3<K,<0,5 | 0,5<K,<0,7 | 0,7<K, <10
K, Mmm/ron g g g g g
CrnaboarpeccuBHas, KI N % % «
0,01<K<0,05
HwuskoarpeccuBHas, " % %
0,05<K<0,08 Kit K
Bricokoarpeccus- % %
Has, 008<K<0,20 Kill KiI KI
OueHb BBICOKO-
arpeccuBHas, KIV KIIT KII KI *
0,20<K<0,50
CubHOArpeccuB-
was, K>0,50 KV KIv KIII KII KI

Dpumeuanne. 3Hak * 0603HAYACT, UTO JUIsl YCTAHOBICHHBIX MHTEPBATLHBIX 3HAUCHHI
npu3HaKoB (K, K, ) ypoBeHb KOPPO3HOHHON ONAaCHOCTH HE HOPMHPYETCSL.

BriBoabI

AHau3 HOPMATHBHBIX TPeOOBAaHUU MO OOSCIICYCHHUIO KauyeCcTBa W HAIC)KHOCTH
CTATBHBIX KOHCTPYKIMA W WX 3AIIUTHBIX MOKPBITHHA ITO3BOJIII MPEITIOKHUTH
MPOLECCHBIN MOAX0/, CBA3aHHBIN C OLEHKON ypOBHS KOPPO3WOHHOM OMAaCHOCTU
CTPOUTENBHBIX OOBEKTOB. J[JIsl OIEHKH CTEIEHU arpecCUBHOCTU BO3JEHCTBHIA
YCTaHOBJICHBI KJIACCH(DUKAITMOHHBIC MTPU3HAKN KOPPO3HOHHBIX BO3JICHCTBHM, C
y4ueToM TpeOoBaHMU K KareropusMm koppos3uu mo ISO 12944-2. O60ocHOBaHEI
mapamMeTpbl TEPBUYHOM U BTOPHUYHOM 3alMUTHl CTaJbHBIX KOHCTPYKLHUH,
TI03BOJIAIOIINE perjaMeHTUPOBATh TpeOOBaHMS KOHCTPYKTHBHOMU
MPUCIIOCOOJIGHHOCTH ¥ TEXHOJOTHYECKOH pAIlMOHAJIBHOCTH ISl  BBIOOpa
ONTUMAJIbHBIX PELICHUN MPOTUBOKOPPO3MOHHOU 3amuThl. OLEHKY KadecTBa
Mep 3alllUuThl OT KOPPO3UHU IpedsiaraeTcsl BBIMOJHITh PETUCTPALIMOHHBIM U
pacueTHO-U3MEPUTENBHBIM METOJIaMH, 00ecreynBaroIMU KOHTPOJIb
MoKa3aTreJield HaJIe)KHOCTH Ha BCEX CTaAUAX JKMU3HEHHOTO IIUKJIa KOHCTPYKITUH.

JlutepaTtypa

[1] TOCT 4.253-80 CranbHble KOHCTpYKIIMU. HoMeHKIIaTypa nokaszareneil. —
Been. c 01.01.81. -4 c.

[2] CHull 2.03.11-85 3amura cTpOUTENBHBIX KOHCTPYKUMH OT KOppo3uH /
T'occTpoit CCCP. — M.: HUTII I'occtpost CCCP, 1986. — 48 c.

[3] CHull 3.04.03-85. 3ammra CTpOUTENBHBIX KOHCTPYKINN M COOPYKEHHH
ot xoppo3un / I'ocerpoit CCCP. M.: HUTII TI'occrpost CCCP, 1989. —
32c.

270



36ipnux naykosux npayb
Ykpaincvroco incmumymy cmanesux KoHcmpyKkyii
imeni B.M. llumanoscvkozo. — Bunyck 10, 2012 p.

[4]

(5]

[6]

(71

8]

191

[10]

[11]

[12]

[13]

[14]

[15]

ACTY b B.2.6-75:2008 Koncrpykuii Oyauskis i ciopyn. Koncrpykuii
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bynees L.II. HopmaTuBHe-mipaBoBe 3a0€3MEYEHHS TEXHIYHOTO CTaHy
OyniBenbHUX 00’€KTiB 3a piBHEM KoposiiiHoi Hebesneku / bynees LII.,
KonoBanos O.®., Koponso B.II. // Ilpomucnose OyamiBHUUTBO Ta
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Honbac-Pecypc 2011. fAxicth i 6e3reka y OyaiBaunTsi / Te3u gormosineit
koHdepenuii. — K.: Bua-Bo «Cramb». — 116 c.

JlonroBe4HOCTh CTaJbHBIX KOHCTPYKIMH B YCIOBHSX PEKOHCTPYKLMHU /
E.B. TI'opoxos, B.II. Koponés, f. bpynka u ap. — M.: Ctpoiiuzaart, 1994.
—488 c.

PexoMenmanuy Mo MPOEKTUPOBAHUIO 3AILUTHl OT KOPPO3UU CTPOHTEIIb-
HBIX MeTammieckux KoHcTpykmui / [THWUHWnpoekTcTaabKOHCTPYKITHS
uM. MenbHukoBa. — M., 1988. — C. 166.

Haoitiwna oo peoxkonezii 22.08.2012 p.
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YVIK 624.076.2

TexHu4Yeckoe peryJiMpoBaHHe HAEKHOCTH U 6€30TMaCHOCTH
IKCILTYATAIIMH OCHOBHBIX (DOHI0B NpPeaNPHATHS
META/LUIyPru4ecKoro KOMILIeKca NP KOPPO3HOHHOM U3HOCE

I'mbanenko A.H., x.T.1.

IIpnazoBckuii rocy 1apCTBEHHbIN TEXHUYECUH YHUBEPCUTET, Y KpauHa

AHHOTauusA. BbinonHeHbl  UCCNefoOBaHMs,  HanpaBfieHHble  Ha  onpejeneHue
nokasartenen HaAeXHOCTM KOHCTPYKUWI 34aHMA W TexHonormyeckoro obopynosaHus
npeanpusaTua MNpAT «[oHeukcTanb». Llenbto paboTbl cTana paspaboTka TeopeTUyeckmnx
NpeAnocbIsIOK ONpeaeneHns OCTaTOYHOro pecypca OCHOBHbIX (DOHAOB B KOPPO3MOHHO-
arpeccuMBHbIX cpefax AN BHEAPEHWUS pacyeToB Ha KOPPO3MOHHYK CTOMKOCTb W
[OITOBEYHOCTb B COOTBETCTBMW C TpeboBaHMSAMU METOAMKU npefefibHbIX COCTOSHWUMA.
PaspaboTaHHble OpraHu3auUMOHHO-MeToANYEeCKNe [AOKYMEeHTbl OnpeaensitoT Mnopsaok
BbIMNOSIHEHNS MOHWTOPWUHIra TEXHUMYECKOro COCTosHMS Ana obecneveHns 6e30TkasHOMN
paboTbl TEXHOOrMYEeCcKoro o6opyaoBaHNs U CTPOUTENBbHbLIX METaNNIOKOHCTPYKLNIA.

AHoTauifa. BMKOHaHI AOCNiAXEHHSA, CNPSMOBaHI Ha BM3HAYeHHS NMOKa3HWKIB HaAiMHOCTI
KOHCTPYKLUiA  6ydiBenb Ta TexHonoriyHoro obnagHaHHsa  nianpuvemctBa  [pAT
«[loHeubKCTanb». MeToo poboTN € po3pobNeHHS TEOpPEeTUYHUX NepefyMOB BU3HAYEHHS
3a/IMLWKOBOr0 Pecypcy OCHOBHWMX (POHAIB Y KOPO3ilHO-arpecMBHUX cepepoBuliax Ans
BNPOBaAXEHHS PO3paxyHKiB Ha KOPO3ilHYy CTiMKiCTb i AOBroBiYHICTb BIANOBIAHO A0
BUMOI METOAMKM IPaHWMYHMX CTaHiB. Po3pobneHi opraHisauiinHo-MeToAMYHI AOKYMEHTH,
O BM3HA4alTb NOPAAOK BUKOHAHHS MOHITOPUHIY TEXHIYHOro CTaHy Ans 3abesneyeHHs
6e3BiAMOBHOI po60TK TeXHONOrFYHOro obnaaHaHHA Ta OyAiBeNbHUX METaNOKOHCTPYKLIN.

Abstract. The done researches intended for determine the reliability of buildings
structures and technological equipment of enterprises PrJSC "Donetskstal". The aim
was to develop theoretical precondition assumptions determine the residual life of
assets in a corrosive environment for the implementation of the calculations on the
corrosion resistance and durability in accordance with the method of limiting states.
Organizational and procedural documents were developed to define the order of the
technical condition monitoring to ensure reliable operation of process equipment and
metal construction.

KnioueBble CJ/IOBa: arpeccuBHOCTb BO3AEWCTBUIA, TexHosornyeckass 6e30MacHoOCTb,
KOPPO3MOHHbIN M3HOC, NMPOTUBOKOPPO3NOHHAS 3alunTa, TEXHMYECKas aKCnyaTaums.

OO0ecrieucHre TEXHOJOTHISCKOW O€30MMacHOCTH TPEIIPUATHH MeTaLTypridec-
KOTO KOMIUIEKCA — OTO CHCTEMa Mep, HalpaBleHHBIX Ha TOJIep KaHue
paboTOCIIOCOOHOCTH, TOBBIIIEHHE IKCILTYaTAIlMOHHOW HaJIS)KHOCTH TEXHOJIOTH-
YeCKOro 00OpYJOBaHMs, KOHCTPYKIMH 3[MaHUHA W COOPYKEHHH, HHKEHEPHBIX
cereii  (OOBEKTOB). AHalIW3 OTCUECTBEHHBIX HOPMATHBHBIX JIOKYMEHTOB,
EBPOIEHCKUX U MEXKIYHAPOIHBIX CTAHIAPTOB MOATBEPHKAACT, YTO OOCCIICUCHUE
0€30MacHOCTH ¥ PEMOHTOIIPUTOAHOCTH OOBEKTOB CBS3aHO C Pa3BUTHEM IOJXO-
JIOB K YIPaBIICHUIO HAJIEXKHOCThIO U KauecTBoM Ha ocHose [SO 9001.
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Peanuzanus npoueccHOro moaxona K ynpaBJIeHHIO TEXHOJIOTHYECKoN Oe3omac-
HOCTBIO Ha OOBbEKTHOM YpPOBHE II03BOJISIET Pa3padoTaTh U BHEAPUTH CTAHAAPTEHI
OPEANPHUATHI (TEXHUYECKHUE PErjiaMeHThl), KOTOpbIE O00ECIEUHMBAIOT OILCHKY
PHUCKOB TIpU TPOJUIEHUU pecypca, ¢ YUeTOM YPOBHEH YSA3BHUMOCTH U YTpPO3,
PEMOHTONPHUTOJHOCTH COOPYKEHUH M TEXHOJIOTUYECKOro 0OOpyNOBaHUS NPHU
00CITy>)KUBaHHUU 110 (PaKTHUECKOMY COCTOSHHMIO. B Hay4yHO-METOI0I0TH4ecKoM
000CHOBAHUM IPOLECCHOTO MOAXOAa K TEXHUYECKOMY DeryJHpOBaHUIO 0e30-
NacHOCTH W TOJAEPKAHUIO PadOTOCHOCOOHOCTH, MOBBIIMICHUIO 3KCIUTyaTalH-
OHHBIX CBOMCTB OOBEKTOB 3aJI0KEH MPUHIMI YIIPABICHUS IPOEKTHBIM CPOKOM
cirykObl Ha BCEX ATamax >KU3HEHHOro Iukjia 00bekToB. C ydeToM (axTopoB
HEONpPEAEJICHHOCTH W PHUCKA, BBICOKOTO YPOBHS (PU3MUYECKOTO H3HOCA
yIpaBlieHUE NPOU3BOACTBEHHBIMH (OHIAMU IO (HAKTUUECKOMY COCTOSHHIO
H03BOJIET IOIYYUTh KOJUUECTBEHHBIE II0KA3aTeIU TEXHOJIOTHYEeCKOH Oe3omac-
HOCTH AJISl IPEAYTIPEXKICHHUS aBapUIHBIX CUTYalii 1 000CHOBaHUIO MEPONPH-
ATUH 10 PEKOHCTPYKLUH, MOACPHU3ALMHI U TEXHUIECKOMY IEPEOCHALLCHUIO.

Koppo3nonHslii u3HOC mpensTcTByeT 3(h(HEeKTUBHOMY HCIIOIB30BAHUIO OCHOB-
HBIX (DOHIIOB, AKCILTyaTalusi CTPOUTEIBHBIX METANIOKOHCTPYKIUHA U TEXHOJO-
THYECKOTr0 000pyI0BaHUS KOTOPBIX MIPOMCXOAMT B CPellaX C BHICOKOH CTEIICHBIO
arpeCCUBHOCTH BO3IEHCTBUI, a CHIKEHHE HAJE)KHOCTH U JOITOBEYHOCTH H3-3a
KOPpPO3UM — OJIHA M3 TJIABHBIX IPUYMH BO3HUKHOBEHHUS NPEIAaBAPUNHBIX U
ABAPUIHBIX COCTOSHUN KOHCTPYKTUBHBIX 3JIEMEHTOB U COOPYKEHUH B LIEJIOM.

Cr0xHOCTB O0ecIieueH s HaJeKHOM MPOTHBOKOPPO3NOHHON 3aIIUTHI 3aKII0Ya-
€TCs B HEIOCTAaTOYHOM COIVIACOBAHWU IIOJIOXKEHUH JEHCTBYIOIIMX HOPM U
TpeOOBaHM CTaHJAPTOB, KOTOpPHIE PETIAMEHTUPYIOT oOecreueHHe MoKas3are-
Jed HaIeXHOCTH, KOPPO3UHHON CTOHMKOCTH M JOJArOBEYHOCTH. B Hopmax
OTCYTCTBYIOT YETKHE KPUTEPHHM, CBSI3aHHbIE C OOOCHOBAaHHEM CPOKa CIIyXOBI
KOHCTPYKIIMH M WX 3aIIMTHBIX MOKPBITHHA MPW BIUSHUHN arpecCHBHBIX Cpex, a
NPOCKTHPOBaHUE OOBEKTOB BO MHOTHX CIIy4asiX OCYLIECTBISETCS IPU OTCYTCT-
Bun TpeboBanwmii [1, 2]. [lppuynHAMU HU3KOW TOJITOBEYHOCTH IIPOTHBOKOPPO-
3MOHHOW 3aIIMUTHI ABISETCS HEcoOMrofeHne TpeOOBaHMM MOJTOTOBKH MOBEPX-
HOCTU MO/ OKpallMBaHWE, HApyIIEHWE TEXHOJOIMH HAHECEHHsS 3alUTHBIX
HNOKPBITHH, TNPUMEHEHHE JIAKOKPACOUHBIX MAaTEepHaloB HHU3KOTO KadyecTBa,
HECOOTBETCTBUE NPHUHATHIX KOHCTPYKTOPCKO-TEXHOJOIMYECKUX PELICHUH mep-
BUYHOM M BTOPUYHOM 3aIIUTHI U YCIOBUH SKCIUTyaTanuu [3].

[Ipobnema HOPMATUBHO-TEXHHYECKOTO OOECHEUEHHs 3aIUTBl OT KOPPO3UHU
obocTpsieTcs B npouecce (GyHKIMOHUPOBAHUS IPOU3BOACTBEHHBIX MOIIHOCTEH
MIPH OTKJIOHEHHWH OT PEKMMa HOPMAJIbHOW SKCILUTyaTalluyd METAUIOKOHCTPYKITHIA
U TEXHOJOTMYECKUX MOIyJiell rinaBHOro Kopmyca (puc. 1) oboraTHTenbHOM
habpuku «Csito-BapBapunckas» [IpAO «/loHenkcTanby — MeTaITy prudaecKit
3aBo» (O®). DTO BBI3BAIO HEOOXOJUMOCTH BPEMEHHOTO OTPAHHYCHHS
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TEXHOJIOTHYECKOTO  Mpolecca IMPOU3BOJACTBA U  MOCIY)XWIO HPUYUHON
MIPOBEICHUSI CCIIEIOBAHNS JCHCTBUTENBHOTO COCTOSHUS COOPYKEHUS [4].

VYcroBHsl IKCIUTyaTallid OCHOBHBIX (POHMIOB TNPEINPHUSITHS XapaKTEPH3YIOTCS
HaJIMYUEM BPEJHBIX arpeCCUBHBIX MPOMBIILICHHBIX BHIOPOCOB W TOBBIIICHHOM
BJIAKHOCTBIO [5]:

— (a30BOC YBIAXKHEHUEC HECYIIUX M OTPaXKIAIONIMX KOHCTPYKIIMH KapKkaca
3aHUSl U TEXHOJIOIMYECKOro 00OpY/0BaHUs (PE3yJIbTaT KalMLISIPHOM,
a7ICOpPOIMOHHOM ¥ XMMHYECKOW KOHACHCAIUN BOJIbI IPH OTHOCUTEIBHON
BIIQXXHOCTH Bo3ayxa 10 100 %);

— JUINTENBHOE YBIAXHEHWE HECYIIUX W OrPaXIAIONINX KOHCTPYKIUN
KapKaca 37JaHUsS U TEXHOJOTHIECKOTO 000pyI0oBaHHS (NP KPUTHUECKOH
BEITMYMHE OTHOCUTEIHLHOH BIaXKHOCTH 96...98 %);

— mannune npumeceir SO,, H,S, NH;, HCL u TBepapIX 4acTHIl MBUICBBIX
BBICJICHUI  (SIBISIONIMXCS ~ KOHIICHTPATOpPAaMU  YBIAXKHCHHS  H
arpecCHBHBIX BBIICTICHH), BO3HHUKAIOIIUX IPH (PYHKINOHUPOBAHUU
MIPOU3BOICTBEHHOTO 000PYI0BaHUSI.

Puc. 1. O6mmuit Bun nponsBoacTBeHHON TuTomanku OO
(B meHTpe — TIABHBII KOPITYC)

Heo6xo1uMocTh BOCCTaHOBIIEHHS IPOTUBOKOPPO3HMOHHOM 3aIlIUTHI B YCIOBUAX
JEeUCTBYIOLIEro MPOU3BOCTBA ANl IPOAJICHUS. OCTATOUHOI'O PECypca KOHCTPYK-
LUH U COOpYKEHUM NpeanpusATHs MPH HAJIWYMM SKCIUTyaTallMOHHBIX CpEX C
pPa3NUYHBIM COCTAaBOM M CTENEHBIO arpecCMBHOCTH BO3JIEHCTBUH Tpelyer
COBEpIICHCTBOBAHUSI HOPMATUBHO-METOIUYECKON 0a3bl MO 3allUTEe OT KOPPO-
3UM 3/1aHUH, COOPYKEHUH M HMH)KEHEpHBIX ceTell. Bo3HMKaeT HE0OXOAUMOCTD
NPUHATHS OPTaHU3ALUOHHBIX MEpP OTHOCUTEIBHO YUETa KOPPO3HOHHBIX H3HOCA
B COOTBETCTBMM C HOPMAaTHUBHO-NIPAaBOBBIMU aKTaMHM I10 0OCJIEIOBaHHUIO,
MaCIOPTH3AINK, 0€30MaCHON M HaJIe)KHOW JIKCILTyaTalud MPOU3BOJICTBEHHBIX
31aHUI U COOPYKEHHH.
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CrpouTenbHble METAUIOKOHCTPYKIIMM W TEXHOJIOTHMYECKOoe 00O0pyIoBaHUE
JIOJDKHBI OBITH 3alPOCKTHPOBAHBI TakMM 0Opa3oM, 4TOOBI 00JagaTh IOCTa-
TOYHON HA/IC)KHOCTBHIO TPH BO3BEICHUH M BO BPEMs JKCIUIyaTallid C y4eTOM
XapakTepa W WHTEHCHBHOCTH KOPPO3HOHHBIX BO3AeHCTBUIl [6]. OCHOBHBIM
CBOMCTBOM, ONPEEIISIONUM HaJIe)KHOCTh OOBEKTOB B IIEJIOM, SIBIISIETCS] 0€30T-
Ka3HOCTh MX PabOTHI — CIIOCOOHOCTH COXPAHSTh 3aJlaHHBIE DKCILTyaTallMOHHbIE
KayecTBa B TEUEHHE ONpEACJICHHOI0 Cpoka ciykObl. HezamumieHnas craib B
aTMOC(EpHBIX YCIOBHAX KIMMATHYECKUX BO3JEHCTBHI M BPEIHBIX TEXHOJIOTH-
YecKuX (PaKTOpPOB IMOABEPraercss KOPPOSHOHHOMY DPa3pyIIEHHIO, YTO TpedyeT
Pa3paboTKH JIOTIOTHUTENBHBIX MEp 3allIUTHI OT KOPPO3HH.

s npeaynpexacHus KOPPO3HOHHOIO pPa3pylICHHsI CTAIbHBIX KOHCTPYKIIUH
BBIOOp Mep TO MPOTHBOKOPPO3WOHHOHM 3aIllUTe MPOU3BOAMTCA C YYETOM
CTCTICHU arpeCCHUBHOCTH CpEIbl KCIUTyaTallid O0BEKTa, YPOBHS €ro OTBET-
CTBEHHOCTH, YTO TPEeOYyEeT ONpeIeTCHHs CTPYKTYPBI II0Ka3aTejei HaJe)KHOCTU B
3aBUCHMOCTH OT BHIOOpa CpPEJCTB, METOJOB NMEPBUYHONW W BTOPUYHOHN 3alllUTHI
[1, 2, 6]. B cooTBEeTCTBUN ¢ HOPMATHBHBIMHU TOJIOKCHHUAMU [7] s obecrie-
YEeHUS JIOITOBEYHOCTH KOHCTPYKIUH HEOOXOJAUMO YUUTHIBATh KOHCTPYKTUBHBIC
OCOOCHHOCTH, YCJOBUS OKpYKAalOIIeW Cpelbl, THII CUCTEMBI IPOTUBO-
KOPPO3HMOHHOTO TIOKPBHITHS W TIPEATOaraeMple CPOKH CIY>KOBI TPOTHUBO-
KOPPO3HOHHOHW 3amuThl. D(PQPEKTUBHOE BBIMOIHCHUE JTHUX MEPOMPHUATHI
BO3MOXKHO TOJIBKO IO JIOCTHXKEHHM CIICIUAIBHON JIOTOBOPEHHOCTH MEXKY
3aMHTEPECOBAHHBIMU  CTOPOHAMH, YYaCTBYIOIIMMH B  IPOEKTUPOBaHUH,
BO3BEJICHHUH, IKCIUTyaTallii, TEXHUYECKOM O0CTyKUBAaHHH OOBEKTOB.

VYcnoBus oOecriedeHUs] JOJITOBEYHOCTH TIPH  BBIOOpE CHCTEM MPOTHBO-
KOPPO3MOHHOW 3alUThl OMpPEICNCHbl HOPMaMH, KOTOpBIE YCTAHABIUBAIOT
NPU3HAKK KIacCU(PUKALUN KOPPO3MOHHBIX BO3IEHCTBUH, CHCTEM 3alUTHBIX
MOKPBITHIA, TPEOOBaHMS TI0 KOHTPOJIO Ka4eCTBa NPU HAHECEHHH MOKPHITHH U B
MpoIecce TEXHUIECKOTro o0CyuBanus [8].

C aroit nienpio Ha OD pa3paboTaHbl M BHEAPCHBI CTAaHAAPT MPESATIPUATHS U TEX-
HUYECKUH PErJaMeHT MO KOHTPOJIO Ka4ecTBa MPOTHBOKOPPO3MOHHOM 3aIINTHI
3IaHUM, COOPYKEHUM U HMHKEHEPHBIX CETEH, B KOTOPBIX PErIaMEHTUPOBAHBI
OpraHMU3aIMOHHBIE MEPOIPHUATHS TI0 00ECTICYCHHIO TEXHUYECKOTO PEryIHpoBa-
HUS HaJIS)KHOCTH U 0€30MaCHOCTH IKCIUTyaTaI[il OCHOBHBIX (DOHJIOB.

TexHomorn4eckuii peraaMeHT onpeaesseT NOPsI0K BHIIOIHEHNS MOHUTOPHUHTA
KOHTPOJISI KOPPO3HMOHHOT'O COCTOSIHMS, CPEACTB U METOAOB MIPOTHUBOKOPPO3NOH-
HOH 3aIIUTHI CTPOUTEIBHBIX KOHCTPYKIUI U TEXHOJIOTUIECKOro 000py10BaHus,
TEXHUYECKOTO COCTOSIHHS Ui oOecTieueHus] 0€30TKa3HOW pabOThl COOPY KEHUS
[9]. B 3amaun MOHMTOpPHHIAa BXOJUT pa3paboTKa peleHHH MO 00ecTeYeHUI0
COXPaHHOCTH M HAJIEKHOCTH JKCIUIyaTallMd CYIIECTBYIOIUMX 3IaHUH H
COOPYXEHUM, HEJOMYIIEHUI0 HETaTUBHBIX W3MEHEHUM CCyXKaroleh Cpeabl,
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MPEeIyNpPEXKISHUI0 U YCTPAHEHHUIO AC(PEKTOB, OCYIIECTBIEHHE KOHTPOIBHBIX
MEpOTPHUATHH 32 BHIITOJIHEHHUEM MIPUHSTHIX PEIICHHH.

Pa3zpaborannsiii crangapt npeanpustua [10] ycranaBiamBaeT HMOpSAOK, MPUH-
LUIIBI, METO/IbI, OPraHU3alMI0 KOHTPOJIS M YNPaBJIECHUS CUCTEMON TEXHOJIOTH-
YecKol 0e30MacHOCTH WM HaIlpaBlieH Ha oOecrieueHue HOPMallbHOW JKCILTyaTa-
MM CTPOUTENIbHBIX KOHCTPYKIMH 37JaHUW U COOPYXEHUH MpeanpusiTus,
COJIEP’KUT OIMCAHHE MPOLETYpPhl MEHEIKMEHTa 3KCIUTyaTalluOHHOTO COCTOS-
HUSL OCHOBHBIX (DOHIOB C YUETOM:

— TEXHOJIOTUYECKHX 0COOEHHOCTEH MPEeATPUATHS,

— HOPMAaTHBHO-TEXHUYECKOH 0a3bl W TpeOOBaHMI, NPEIBABISIEMBIX K
paboTaM TO HaA30py, COAEPKAHWIO W PEMOHTY CTPOHTEIHHBIX
KOHCTPYKLUI;

— MeTo10B oOecrnieueHust 3QGEKTUBHOTO PYHKIIMOHUPOBAHHUS TIPOLIECCOB U
WX KOHTPOJIS,

— TpeOOBaHUI TEXHOJIOTUYECKOW 0€30MacHOCTH TIPU  OAKCIUTyaTaluu
OCHOBHBIX IPOMU3BOJICTBEHHBIX (DOHIOB MO (PaKTHIECKOMY COCTOSTHHIO;
— yOpaBleHWS OCHOBHBIMH JAaHHBIMH [0  [apaMeTpaM  pexnMma
9KCIUTyaTalluyd KOHCTPYKIIHH, IIPOLIECCOB TEXHUIECKOTO O0CITYKUBAHHS U

OpraHM3alvy PEMOHTHBIX PadoT.

OcyiecTBiIeHHE MEPONIPUATUI IO 00ECIICUEHHIO COXPAHHOCTH OCHOBHBIX (POH-
JIOB BBINOJIHACTCS MYTEM OPraHM3allil COOTBETCTBYIOLIETO HAaA30pa M KOHT-
pOJI MX COCTOSIHUSA, CBOEBPEMEHHOTO M KAUECTBEHHOT'O IIPOBEICHUS PEMOHTA, a
TaKXe NpeA0TBPAILCHUS BOSHUKHOBEHHUS aBapUMHBIX CUTYaLHi (puc. 2).

B cooTtBercTBHM ¢ pa3paOOTaHHON METOMWKOW TEXHHUYECKOTO ayIHuTa KOppo-
3MOHHOTO M TEXHWYECKOTO COCTOSIHHS KOHCTPYKIIHH, TE€XHOJOTHYECKOTro 0060-
PYIOBaHMsI BBIIOJIHEH KOMIUIEKC paboT MO ONpEAeIeHUI0 IMoKa3aTelel J0nro-
BEYHOCTH OOBEKTOB JUIS BBISBICHHS OCTATOYHOTO pecypca Mo (aKTHIeCKOMY
COCTOSIHHMIO, ONPEENIEHUS] IPUTOJHOCTH (MM HETPUTOAHOCTH) K JTalNbHEUIIeH
skcIutyaTauu. KoMIieke MeponpusTHii BKIIFOYAET MPOIEAYPY OLEHKH TpeOo-
BaHUH TEXHOJOTHYECKOW OE30MAaCHOCTH I10 IMapamMeTpaM PeriaMeHTUPOBAHHBIX
THUTIOBBIX MOJIEJeH JSKCIUTyaTallid W OOECTIeYMBAET NPHUHATHE PEIIeHWH ISt
CHMKCHUA OHpeHeHeHHOﬁ CTCIICHU pPUCKa WM OIACHOCTH BO3HHMKHOBCHUA
ABApUIHOW CHUTyallUd CIEAYIOIIUX COOPYXKEHHA H  TEXHOJIOTHYECKOTO
obopymoBanus: KoHBeliepHOU Tasieper Ne 2 u Ne 4; panuaabHBIX CTYCTHUTENCH;
oynkepo CIIO Ne 1; rmaBHOTO KOpITyca M TEXHOJIOTHYECKUX MOIYJICH.

B ycraHOBNIEHHBIX XapaKTepHBIX 30HAX JKCILTyaTallMM TJIaBHOTO Kopmyca Od
ONpEJENICHbl OCHOBHBIE HECOBEPIICHCTBA U MX KOJMYECTBEHHOE Pa3BUTHE

(puc. 3).
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Puc. 3. Pa3ButHe ne(eKTOB 1 TOBPEXKICHUI MO JaHHBIM MOHHUTOPHHTA TEXHUYECKOTO
cocTostHus (B % OT 0011ero yncia 1e)eKToB B XapaKTEPHbBIX 30HaX KOHCTPYKTHBHBIX,
00BEMHO-TIIIAHUPOBOYHBIX, TEXHOJIOTHUECKUX XapaKTEPUCTHK COOPYIKECHHS)

BrinonHeHHbIe HATYpHBIE U TAOOpaTOPHBIEC UCCIIEIOBAHUS HAIIPaBJICHBI HA 000-
CHOBaHHME BPEMEHHBIX HHTEPBAJIOB JIJIsl ONIPE/ICICHHUS MTOKa3aTeNieil HaIeKHOCTH
B MPOLECCE M3YUYCHMS SKCILIYaTAl[MOHHOTO COCTOSHHUS KOHCTPYKIUN 3MaHUs U
TEXHOJIOTUYECKOTr0 000pyoBaHMs. Pe3ylbraToM HCCICIOBAaHUM  sSBUJIACh
pa3paboTka TEOPETHUYECKUX MPEINOChIIIOK OMPEIeNiCHHsS OCTATOYHOTO pecypca
00bEeKTa B KOPPO3MOHHO-arpECCHUBHBIX Cpelax Jlsl BHEAPCHUS PAcdyeTOB Ha
KOPPO3HUOHHYI CTOMKOCTh M JIOJITOBEYHOCTh B COOTBETCTBUU C TPCOOBAHHUSIMHU
METOJIMKU TPEACIbHBIX COCTOSIHMN, a TaKXKe pa3pa0d0TKa MEpONPHUITHI IO
obecrieueHHI0 PabOTOCTIOCOOHOTO COCTOSTHHSI 0OBEKTA.
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JlokyMeHTHpOBaHHas TPOLEAYypa KOHTPOIs KOPPO3MOHHOTO  COCTOSHUS,
CPEACTB U METOIOB IIPOTHBOKOPPO3NOHHOH 3aIUThl CTPOUTEIBHBIX KOHCTPYK-
U U TEXHOJIOTHYECKOTO O0OPYJOBaHHS YCTaHABIMBAET OCHOBHBIE TpeOOBa-
HUS K BBIOOPY 3aIIMTHBIX MOKPBITHI, BBHIMOIHEHUIO MPOTHBOKOPPO3MOHHOMN
3alIMTBl U METOAAaM KOHTPOJISI KauecTBa B YCJIOBHMSX HepepaboTku M obora-
LICHUS YIS

PernameHT BKJIIOYaeT KOHTPOJb KauecTBa 3alIUTHBIX MaTEpUAIOB W padoT 1o
MIPOTUBOKOPPO3NOHHON 3alUTE C YYETOM 3KCILTYyaTallul CTPOUTEIBHBIX KOHCT-
PYKUMH W TEXHOJOIMYECKOro o0OpyIOBaHMS IO (PAKTUYECKOMY COCTOSHHUIO;
yCTaHABIMBACT MUHUMAIBLHO HEOOXOIUMbIE TPeOOBaHUS B 0OJIACTH MPOTHBO-
KOPPO3MOHHOW 3allUTHl M CTAaBUT LENBI0 COXPaHEHHE OCHOBHBIX (POHIOB
MPENPHUATHS, OXPaHa OKPY’KalOIIeH cpenibl, )U3HU WIN 3J0POBbs PAOOTHUKOB.
B cooTBercTBUM C 3TanaMM MEHEKMEHTA II0Ka3aTelIed KadecTBa IPOTHUBO-
KOPPO3UOHHOM 3alIUThl HA OCHOBE pPacCYETHO-3KCIEPUMEHTAIBHON OLIEHKU
MOKa3aTeyied KOPPO3MOHHOM CTOMKOCTH, JOJITOBEYHOCTH, PEMOHTOIPHUIOJ-
HOCTH TIPU 33aJaHHOM CPOKE CIY>KObl KOHCTPYKLHUI BBIIOJNHSAETCS BHIOOP M
000CHOBaHHE CPEACTB NEPBUYHON 1 BTOPUUHOMN 3AIIUTHI.

PesynpTaTtel KOHTpOJIS MOKa3aTeled KadecTBa HCIIONB3YIOTCA IS (OpMHPO-
BaHUs CleUU(PUKALUN MAaTEPUAIOB IO KOPPO3MOHHON CTOMKOCTH, OJTOBEY-
HOCTH M PEMOHTONPUTOAHOCTH W CIOCOOOB BeneHUS paboOT MO MOATrOTOBKE
MOBEPXHOCTH M HAHECEHWIO NOKpHITUH. IlomyueHHBIE SKCIEpUMEHTAIbHbIE
JaHHBIE TI0O KOPPO3UOHHON CTOMKOCTH U JIOJITOBEUHOCTH SIBIISIIOTCS OCHOBAHUEM
Ui BHIOOpAa TPOEKTHBIX pemieHHd ©  (HOPMHUPOBAHUS  CHEIUPHUKAIIH
MEPBUYHOM W BTOPUYHOW 3alUThl U CHOCOOOB BBIMOJHEHHUS pabOT IO
MOJTrOTOBKE M HAHECEHHIO MPOTHBOKOPPO3HMOHHBIX MaTepuaios [8].

OcymecTBiieHHe MOHUTOPHHTA TEXHHYECKOTO COCTOSHHS COOPYXCHHU MpH
KOPPO3UOHHOM Pa3pyIICHUH U CUCTEMATH3aluu (DaKTOPOB peKUMa IKCILIyarTa-
LMY TI03BOJIIOT OIPENIEUTh TOPSIIOK MOATBEPKIICHUS COOTBETCTBYSI KauecTBa
MIPOTHBOKOPPO3MOHHON 3allMTHl 33JaHHBIM TPEOOBaHUSAM MO KOPPO3WOHHOM
CTOWKOCTH U JIOJTOBEYHOCTH.

Peanuzanueld mosjokeHUH pa3paOOTaHHBIX HOPMATHBHO-IKCILTYaTallMOHHBIX
JIOKYMEHTOB IIPH BBITIOJHEHHH OPTaHH3aIIMOHHO-TEXHOJIOTHIECKUX MEpOIPHS-
TUM SBIISIETCS CO3/IaHUE CHEIMAIU3UPOBAHHON aHAIUTUYECKON CHCTEMBI,
MO3BOJIAIONIEH ONTHMU3UPOBATH MPOTPaMMy (MHAHCHPOBAHHA M3 OOIIUX 3aT-
paT ¥ MpOU3BOJUTH OLIEHKY MX 3((EKTUBHOCTH, CBS3aHHBIX C 00ecredeHUuEM
TEXHOJIOTHIECKON O€30IMaCHOCTH | 3aIUTHl OT KOPPO3HH OCHOBHBIX (DOHIIOB U
00BEKTOB HHPPACTPYKTYPHI UCXOJISl M3 CIEAYIONINX MTOJIOKCHUN:
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— HOPMAaTUBHOI'O PEryJUpOBaHUs OIPEACIICHUs OCTATOYHOIO pecypca U
o0ecredyeHus MPOEKTHOTO CPOKa SKCILTyaTalluH;

— YCTaHOBJICHHSI OTBETCTBEHHOCTH COOCTBEHHHMKOB 3a COOJIIO/ICHHE
TpeOOBaHMH  HOPMAaTHBHO-IKCIUIyaTallMOHHOW  JOKYMEHTallMH  II0
MOICPKAHUIO COOTBETCTBYIOLIETO TEXHUYECKOTO COCTOSIHUSA
COOpYKECHHI;

— BHCApPCHUA MCTOHOJIOTMHU CHUCTEMbI OLICHKHW HAJICKHOCTHU COOpy)KCHHfI,
pa3paboTKM HOBBIX COBPEMEHHBIX HOPMAaTHBHO-NIPABOBBIX  AKTOB,
CTaHAAapTOB, TEXHUYCCKUX PETIIAMCHTOB.
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JABH B.2.6-163:2010 «CraneBi koHCTpyKIlii. HopmMu mpoekTyBaHHS,
BHUTOTOBJIEHHS 1 MOHTaXY».

JACTY 2156-93 «besneunicth mpoMucioBux mianpuemctsy. — K.:
Hepxcrangapt Ykpainn,1994. —31c.

EN ISO 12944:98 «Jlaku u Kpacku — 3aliuTa OT KOPPO3UH CTaIbHBIX
KOHCTPYKLUI CUCTEMAaMHU 3aIlUTHBIX IOKPBITHID.

JlokyMeHTHpOBaHHasI NpOLUEAypa KOHTPOJSI KOPPO3HOHHOTO COCTOSHHMSA,
CPEACTB M METOJOB IPOTHMBOKOPPO3HMOHHOH 3allUThl CTPOMTENBHBIX
KOHCTPYKIIMM ¥ TexHojorudeckoro obopyaoBanuss OD «CssTo-
Bappapunckaa» [IpAO «JloHenkcTane» — MeTalmtypruueckuii 3asoa» TP
Ne 19-11/23425.

[10] CTII 101C-6.3-05-2007. Cranmapra mupegnpusatus O® «Cssro-

Bapsapunckaa» [IpAO «/loHenkcrans» — MeTalTypruyecKkuil 3aBop 1o
oOecrieueHUI0 0€30MacHOM AKCIUTyaTalMd KOHCTPYKUMM 34aHuil U
COOPY>KCHHH 00BEKTOB METAJLUTYPrU4E€CKOro KOMIIJIEKCa.

Haoittuna oo peokonezii 17.07.2012 p.
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BUMOI'H IO O®OPMJIEHHSI CTATEX

VY 30ipHUKY TyONIKYIOThCS HE OINMyOJIKOBaHI paHillle Ta HE MPU3HAYCHI IS
OJIHOYACHOI IyOJIiKaIlii B IHIIMX BUJAHHSIX CTATTI, III0 MICTATh HOBI Pe3yJIbTaTH
TEOPETHYHUX Ta EKCIIEPUMEHTAIBHUX JOCHTIKEHb B 00J1aCTi PO3BUTKY METO/IIB
PO3paxyHKy i TIPOEKTyBaHHA KOHCTPYKIiH, OymiBeNs i cropyn, po3poOiieHHs
pauioHaJbHUX THITB KOHCTPYKIiH, €KCIepHUMEHTaIbHO-TEOPETUYHUX AOCIi-
XKEHb poOOTH eNeMEHTIB 1 3’€IHaHb, YJOCKOHAJICHHS MaTepialliB, TEXHOJIOTiH
BHTOTOBJICHHS 1 MOHTaXy, PEMOHTY 1 PEKOHCTPYKIII OymiBelb 1 CIOpPYI;
MIPOIO3HMIIIT 1100 PO3BUTKY 1 BIOCKOHAJICHHS HOPMATHBHOI 0a3u B Iil raiysi
OyIIBHUIITBA TOIIO.

HaykoBi cTaTTi MOBHHHI MICTHTH: OIHC MPOOJIEMH Y 3aralbHOMY BUTIIAII Ta il
3B'SI30K 13 BaXJIMBUMH HAyKOBUMHM MPOTrPaMaMHy YU MPAKTHYHUMHU 3aBIaHHIMM,
KOPOTKHMH aHalli3 OCTaHHIX AOCHiKeHb 1 MyOmikailiid, B SIKMX 3alo4aTKOBaHO
BUDILICHHS JaHOi mpoOieMH 1 Ha SKi TOCHIAETBCS aBTOP; BHIUICHHS
HEBHUpPINICHUX TMHUTaHb abo TpoOileM, KOTPHUM TPHUCBIIYETHCS CTaTTS;
(dopMmyitoBaHHs 1iyiel craTTi (TIOCTAaHOBKA 3aBJaHHS), BUKJIAJ OCHOBHOIO
MaTepiaiay JOCTIKEHHs 3 OOIPYHTYBaHHSIM OTPHUMAaHUX HayKOBUX Pe3yJIbTATiB;
BHCHOBKHM 3 IFOTO JOCHIDKEHHA 1 MEPCIeKTUBH MOJANBIINX TOCTi/HKEHb 3a
JTAHUM HAIPSIMKOM.

CraTTi MOMAIOTHCA YKPAiHCHKOIO, POCIMCHKOIO a00 aHIIIHCHKOI MOBaMH,
PO3IpYKOBaHI B JBOX €K3EMIULIpaxX, OJUH 13 SKUX MMOBUHEH OyTH MiANHUCaHUN
yciMa aBTOpaMH CTaTTi, a TakOX B EJEKTPOHHIH (opmi, HaACHIAIOTHCS
3BHYaiHOI a00 eNeKTpOHHOKW momTor. OOcsAr craTTi, SK NpaBUiIo, HE
MOBUHEH IEPEBUIILyBaTh 7 cTOpPiHOK opmatoM A4 (210297 MM), BKITIOUAIOYH
PUCYHKH, TabJiHIli Ta MEpeniK BHKOpHUCTaHOi JiTeparypu. CTaTTiO HEOOXigHO
CYIIPOBO/DKYBATH  KOPOTKOIO  aHOTALli€l0, HAAPYyKOBAaHOIO  YKPaiHCHKOIO,
POCIHCBKOIO Ta aHTJiHCHKOI0O MoBamu. Jlo cTaTTi TOTpiOHO momaTw st
KOJKHOTO 13 CIIBaBTOPIB aBTOPCBHKY JOBINKY, B SKii BKa3aTH Mpi3BUILE, iM’sI Ta
mo OaTbKOBI, HAYKOBHH CTymiHb, BUEHE 3BaHHs], Micle i aapecy OCHOBHOI
pobotH, mocaay Ta KOHTaKTHHH TenedoH.

CratTs HaOupaeThes B penakropi Microsoft Word, mpudt Times New Roman,
po3mip 11 mT., MDKpSOKOBHH iHTEpBaJll — OAWHAPHHUHA. Y JIIBOMY BEPXHBOMY
KyTKy cTopiHku 3a3zHauaetscsi YJIK. [lpizBumia, iHimiaawm aBTOpiB Ta Ha3Ba
CTaTTi BUPIBHIOIOTHCS IO IEHTPY, APYKYIOTbCA HANIBXKHpHUM mpudrom. I3
HOBOTO a03ally MOJAETHCS TEKCT CTATTi 3 BUPIBHIOBAHHSM IO HIMPHHI.

Tabmuui mabuparorbes mpudrom Times New Roman, posmipom 10 a6o 9 mt.
Po3mip Tabnuiii He moBUHEH OyTH OinbIre 12 cM 1Mo mupHHI.
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®opmynu B TekcTi HabupatoThes B peaakropi Word Microsoft Equation abo y
nporpami MathType mpudrom Times New Roman, po3mipom 11 mT., TekcT Ta
3MiHHA (POPMYIIH — KYPCHBOM.

Kpecnennsi, pucyHkH, (OTO3HIMKH BCTaBISIOTBCSI B TEKCT Ta JOJATKOBO
MOJIAIOTHCSL OKpeMUMH (aiiinamu 3 po3mupeHsasaM .tif, .gif abo .jpg 3a pozmipom
o mmpuHi 10—15 cm (300 TodoK/ mroiim).

[lepenik BukopucTanoi Jitepatypu opopmisierscs Binnosigno go ACTY T'OCT
7.1-2006 1 HaBOIMTHCS HANPUKIHIN cTaTTi 3a andapitom. Hampuknan, mis
KHATH — TIpi3BHINE W iHIIIaJd aBTOpa, Ha3Ba KHWTH, MiCIleé BUIaHHSI i
BUJABHUIITBO, pIK BHIAHHA, TOM (MiIKPECIWTH), KIIBKICTH CTOpiHOK. He
JIO3BOJISIETHCSL POOUTH MOCHIIAHHS HA HEOIMyOIiKoBaHi1 poOOTH.

Koxna crarts migmsrae perieH3yBaHHIO. Y BHIIAIKy MOBEPHEHHS CTAaTTI Ha
JTOOTIPAITIOBAHHS TATOIO0 HAIXOKEHHS BBAXKAETHCA JlaTa OJICPKAHHS PEIAKITIEIO
OCTaTOYHOTO BapiaHta Tekcry. Ilicis poompalfoBaHHS CTaTTs 3HOBY
PO3TISAAAETHCS PEAKOIIETIENO.

JloTpyMaHHs 3a3HAYEHHX BHMOI J03BOJIMTH CKOPOTUTH TEPMIiH ONpalFOBAHHS
Ta MATOTOBKH JI0 JPYKY MaTepiamiB, 10 HaIIWNUIKM A0 PEeNaKmiiHOI KoJeril
30ipHHKA.

Po3paxoeyemo na cnienpauio.
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