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AHorauist. Y cTaTTi po3risHyTO BITYH3HSAHUI i 3apyOisKHUI MOCBi/ 3aCTOCYBaHHS MeTaleBHX OaraTo-
IPaHHUX THYTHUX KOHIYHUX CTOSIKIB (TpyO) IPH CTBOPEHHI CIOpy/ GAIITOBOTO THILY, CIIPSIMOBAHUX Ha 3a-
GesneueHHst MOTPed KUTTEAIAMBHOCTI cyyacHuX Mict. IIpeacraBieHo aHaJTiTUYHUNA OTJISIA JIiTepaTypHUX
JUKEPeJ 3 METOI0 BU3HAYUTH TMPOOJIEMHI HANPSIMKHI JIJIS MOAQJBIION0 BUBYEHHsI HAIpPysKeHo-AedopMoBa-
Horo crany (H/IC) posriisiHyTHX KOHCTPYKTUBHUX eJIeMEeHTIB i ocobiuBocTeii ix poboTH Mmij HaBaHTa-
JKEHHSM. Y HMEepCHeKTUBI Pe3yJIbTaTH JIOCJI/KEeHb JI03BOJIATh YOCKOHAIUTHA KOHCTPYKTUBHY (OpMY /10-
CJIUKYBaHUX OaraTOTPaHHUX CHOPYH, YTOYHUTH METOAMKY IX PO3PAXyHKIB, a TAKOK METOIMKY BH3HAUYEH-
HS BITPOBOTO HaBaHTAKEHHS Ha HUX, KA BU3HAYa€ OCHOBHMII BHECOK y HaIpy’KeHO-Ae(OpPMOBaHNi CTaH.
Po3risiHyTO BiTYM3HSIHI MEPCIIEKTHBN BUTOTOBJIEHHSI | 3aCTOCYBAHHSI METAJIEBUX 0araTOrPaHHUX KOH-
CTPYKIii y cydacHomy GymiBHUIITBI. OroBopeHi 0cOOMMBOCTI iCHYIOYNX METOIMK PO3PaxyHKiB GaraTo-
TPaHHHUX CTOSIKiB. BuKOHAHO MOBEepXHEBUIT MOPIBHAIBHUN aHAMI3 Pe3yJIbTaTiB BU3HAUEHHS ITapaMeTpiB
H/IC, oTpuMmanmx 3a pO3TJISHYTUMH METOIUKAMHU.

Kmouori cioBa: Merasiesi GaratorpaHHi THYTI CTOSIKH, cdepa 3aCTOCYBaHHsI, HANPYKeHO-1e(OpMOBaHUii
CTaH, METOAMKA PO3PaxXyHKiB, MeTaseBi 000JOHKU, METO/ KiHIIEBUX €JIeMEHTIB, BUPOOHUIITBO
GaraTorpaHHUX CTOSIKIB, pallioHa/i3allisi KOHCTPYKTUBHUX ITapaMeTpPiB CTOSIKIB.
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AnHoranus. B cTaThe pacCMOTPEH OTE€UeCTBEHHBIN M 3apyOEKHBII OTBIT PUMEHEHNST METAIIMYECKIX MHO-
TOTPAHHBIX THYTHIX KOHUYECKUX cTOeK (Tpy6) MPH CO3MaHUM COOPY’KEHHUIl GalleHHOTO THIIA, HAIIPABJIEH-
HBIX Ha obecriedeHne moTpedbHOCTel KU3HEAeSI TETbHOCTH COBPEMEHHBIX TOPOA0B. [IpecTaBieH aHAINTH-
YecKUi 0630p JIMTEPATyPHBIX MCTOYHIKOB C IEJIBIO ONPENeTUTh MPOOJEMHbIE HATPABJICHUS [UIsT JaJbHEN-
Iero U3y4deHusl HanpsikeHHo-nedopmupoBanHoro coctosuust (H/IC) paccmaTpuBaeMbIX KOHCTPYKTHBHBIX
9JIEMEHTOB M 0COGEHHOCTEH MX PabOThI MO HArpy3Koil. B mepcrekTiBe pes3yibTaThl HCCAEIOBAHWIA MO3BO-
JIIT YCOBEPIIEHCTBOBATh KOHCTPYKTUBHYIO (hOPMY M3y4aeMbIX MHOTOTPAHHBIX COOPY’KEHWH, YTOUHUTH Me-
TOIMKY WX PacyeToB, a TaKyKe METOJUKY ONpe/ieleHNs BETPOBOIM HArpy3KW Ha HUX, KOTOpast OIpeessieT
OCHOBHOI BKJI3JI B HATIPSKEHHO-/1e(pOPMHUPOBAHHOE COCTOSTHUE. PaccMOTPEHBI OTeYeCTBEHHbIE TIEPCIIEKTUBBI
M3TOTOBJIEHUST U TIPUMEHEHWST METAJITYECKUX MHOTOTPAHHBIX KOHCTPYKITMH B COBPEMEHHOM CTPOUTEIBCTBE.
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OroBopeHbl 0COGEHHOCTU CYNIECTBYIONIUX METOJAUK PACUETa MHOIOIPAHHBIX CTOEK. BBINOJIHEH MOBEPXHO-
CTHBIN CPaBHUTEJIbHBIN aHAIN3 pe3yJbTaToB onpeseneHns mapamerpos H/IC, mosydeHHBIX IO paccMOT-
PEHHBIM MeTOAUKaM.

KioueBbie cioBa: MeTajummyeckue MHOTOTpaHHbI€ THYTbIC CTOI>'IKI/Iy 001aCTh IIpUMEHEHUA, HallPAKEHHO-
Z[e(l)OpMI/IpOBaHHOG COCTOAHME, METO/INKA pacyeTa, METAJLNINYECKUE O6O]IOLIKI/Iy METO[, KOHEYHBIX
9JIEMEHTOB, IPOU3BOJACTBO MHOTOTPAHHBIX CTOEK, PAllMOHA/IN3alNA KOHCTPYKTUBHDBIX ITapaMeTPOB CTOEK.
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Abstract. The article deals with national and the foreign experience of metal multifaceted bent conical
poles (tubes) at creation of tower structures directed to a providing of livelihood needs of modern cities.
The analytic review of the literature has been given in order to identify problem areas for further study of a
stress-strain state (SSS) of examined structural elements and features of their underload work. In the future,
the results of studies will improve the constructive form of multifaceted structures, to modify methods of
their calculation, and also the method for wind loads determining on them, which defines the main
contribution to the stress-strain state. It has been considered in detail the native prospects of a manufacturing
and using of metal multifaceted structures in modern construction. The features of the existing methods for
calculating of multifaceted poles have been found out. The superficial comparative analysis of the SSS
parameters definition, obtained by the discussed methods, has been carried out.

Keywords: metal multifaceted bent poles, area of application, stress-strain state, calculation method,
metal shell, finite element method, multifaceted poles’ manufacturing, rationalization of poles’ design
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Beenenue

B MupoBOIi TpaKTUKe ONIBIT TPUMEHEHUS OTIOP Ha
OCHOBE MeTaJINYECKUX MHOTOTPAHHBIX THYTHIX
croexk (MI'C) nacunrniBaeT okoio 40 jiet. OcHoB-
Hast 06J1aCTh UX TIPUMEHEHUS] — OTOPBI BO3YIII-
HbIX JHU asiekTporepenaun (BJI). Onopsl Ha
ocHoBe MI'C mmipoxo nemorb3yoTes B IEMSX BCeX
KJIACCOB HAIPSKEHUN B KauyecTBe IIPOMEXYTOY-
HBIX U aHKEPHBIX OIIOpP, IOPTAJIOB paclpejiesn-
TEJNBHBIX YCTPONCTB, CTOEK MO 3TEKTPOOOOPYI0-
BaHue IeKTpruYeckux rnojacraniuit. [Ilomumo aro-
ro, MI'C MoryT IpuMeHAThCS KaK Bbe3IHbIe 3Ha-
KU, OIIOPBI HAPY»KHOI'0 OCBELeHUs YJIUlL, peKkpea-
LIMOHHBIX U IIPOMBIIIIJIEHHBIX 30H, aBTOMaTrucTpa-
JIell, OCBETUTEJIbHbIE OIIOPbl CIIOPTUBHBIX COOPY-
JKEHUH, Kak TeJsie-, PIOBLIIIKY, KaK OII0Pbl KOH-
TAKTHOU CEeTU TOPOJICKOIO U KeJIe3HOJ0POKHOIO
TPaHCIOPTa ¥ T. 1. Beanko MHOTOOOpa3ne KOH-

CTPYKIIMI CTOEK, Y3JI0B KPEIJIEHUS] UX CEKINI U
METO/IOB 3aKperyienus B rpyHTe [3—8, 21, 40].

CrajibHble MHOTOTPAHHBIE CTOWKH ITPE/ICTABIIS-
10T 000l KOHUYecKre TPyObl KOPOOUATOrO MHO-
FOTPAHHOTO CEUEHUs], M3TOTABIMBAEMbIE N3THOOM
CTAJIBHOTO JIMCTA € MOCJEAYIONUM CBAPUBAHUEM
€TO 3aMBIKAIOIIETO CTHIKA HA pebpe Wiu Tpanu
(puc. 1). Beicora croiiku A gocturaet 80 M ¢ TOIIH-
Ho#t crenku 10 20 MM [3—-5]. lnameTp B Komute CTOT-
ku d Bapbupyercs B npeziesiax 2503 000 mm, ma-
MeTp BepXa croiikn d, — B npezenax 200-500 mm.
KoHCTpyKITTH Ha OCHOBE METAJTNYECKIX MHOTO-
TPaHHBIX THYTHIX CTOEK IIPUBEAEHBI Ha PHC. 2.

B Ykpaune, a takxke apyrux crpanax CHI muo-
TOTPaHHBIE CTONKH €€ He TOIYININ IHPOKOTO
pacnpoctpaHeHus1. He3HaunTeTbHBIH OITBIT TMEJICST
B CTPOUTEJBCTBE MHOTOTPAHHBIX OTOp ¢ (hraHIle-
BBIM COEITHEHNEM CEeKIIUH 1 OTTSLKKAMM /7T BO3-
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PucyHnox 1. O6uiast KOHCTPYKTHBHAsI
cxema MI'C: 1 — cekrus; 2 — CTBIK CeK-

Pucynox 2. KoHcTpyKItny Ha OCHOBe MeTaINYeCKNX MHOTOTPaH-
HBIX THYTBIX CTOEK: a), 6) GaurHun MOOUJIbHOW CBSI3U; B) aHKepHas

Ui, omopa BJI 420xB.

JYIIHBIX TNHUH Kiacca Hampspkernst 110-330 kB.
Ho Takas KOHCTPYKITWS He MMeJia IePCIIeKTHB TITH -
pokoro npuMeHeHus. Mckiouenue B 3TOM BOIIPO-
ce seasietcst Poccmiickass @enepanust, rae MI'C
NIMPOKO TPUMEHSIIOTCS YoKe B TeUeHUE MTOUTH Jie-
CSITH JIET.

Kputnyeckuit 0630p auTepaTypHBIX
HCTOYHHKOB

Ha cerogusnmanii 1eHb B MUpe HET eIUHOTO MHe-
HUS 110 TIOBOJIY TOTO, YTO M3 cebsi OMKHA TIpeI-
CTaBJISTH pacdyeTHast cxeMa KOHCTpyKIuit MI'C
KaKyTo U3 CyNIeCTBYIOINX METOIUK TPUMEHSTH K
uX pacuety. B aToM ciydae uHTEpec mpencTaBis-
€T He TOJIbKO caMa MHOTOTPaHHas CTOWKA, HO U ee
(dmannesas 6as3a, a IMEHHO UX COBMECTHAsS pabo-
Ta KaK eJIMHOM CTPOUTENHbHON KOHCTPYKITUH.
Eue B 70-x rogax mpomnuioro Beka B pabore
A. A. 3esuna [11], A. 1. Kypuocosa [11] ObL1a
npemyioskeHa Metouka pacuera MI'C kak crepik-
Hell KyCOYHO-TIOCTOSTHHOTO CeYeHs 110 1e(hOpMU-
poBaHHOI cxeme. /[aHHAas MeToaMKa peasn30Ba-
Ha B HODMaTHBHOM JOKyMeHTe «Pexomermarmmm
110 TPOEKTUPOBAHUIO CTATBHBIX KOHCTPYKIHH
oniop Bo3ayHbIx uHNN (BJI) anexTponepenaun
U OTKPBITHIX PaclpeneNuTeIbHBIX YCTPOHCTB
(OPY) noacrannmiit HanpsukerueM Boimie 1 kB (k
CHull 11-23-81")», koTOpast B Te4eHIe HECKOJIb-

KUX AECATUJIETUHN MUPOKO MPUMEHSIACh B TIPO-
extuposanuu MI'C (ocobenno amns omop BJI),
UMes TIPU 9TOM JIBA CYIIECTBEHHBIX HEIOCTATKA.
Bo-1iepBbix, oHa He /laeT BO3MOXKHOCTH OTIpeJie-
sisith rapamerpbl HIC croex B si060M HHTEpeCy-
IOIIEeM CEYEeHUH, a TOJBKO B YPOBHE 3aKJIATKU C
(ynnamenToM. Bo-BTOpBIX, HET BO3MOKHOCTHU TI0
pe3yJbTaTaM pacuyeToB MPOCAENUTh PaboTy CxKa-
ThIX U PACTAHYTBIX 30H CTOEK, YTO OCO6€HHO BaXx-
HO JIJISI C5KATO-MU30THYTHIX 3JIEMEHTOB.

Eciu pacemarpuBate MI'C kak mMeTammnde-
CKHe CKJIagyaThbie 060J09KY (CKIKH ), TO UX CTa-
TUYECKHE PACYETHI MOKHO BBITIOJHSITH COTJIACHO
6e3MOMEHTHON ¥ MOMEHTHOH TeopusiM. Pacuersr
o 6eamomentroil Teopuu (I. Diepc [12, 13],
I. Kpemep [14, 15], E. TpyGep [16], B. Termwaad
[17]) cBomATCS K penieHnio TPeXUJIeHHBIX ypaB-
HEHU METOa CUJI WJIK METOJA TepeMeleH .
Pacuets! ckiraiok mo MOMeHTHOU Teopuu (c yde-
TOM TIOTIEPEYHBIX MOMEHTOB ) BBITTOTHSIOTCS C TIO-
Mortbio ypaBHeHuin merozga cun (I1. JI. ITacrep-
Hak [ 18]) nam KaHOHUYEeCKUX YPaBHEHU I CMeTTaH-
Horo Metoza (B. 3. Bracos [19], 1. Utixaku [20],
. E. IIpokonosuu [21], 1. H. Cnesunrep [21],
M. B. IlItembepr [21]). OcHOBHOE MPOTHBOPEUIE
MPUMEHEHWST METO/I0OB PacyeToB CKIAZOK K KOH-
cTpyKImsM MeTasinaeckux MI'C cBomuTes K Tomy,
YTO HAUGOITBITIEE PACTIPOCTPAHEHNST B TIPAKTHKE CTPO-
UTEJHCTBA CKIAKY TIOMYUIIA B 5KETe300€TOHHDIX
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MPOCTPAHCTBEHHBIX KOHCTPYKIIUSIX U3 COEAUHEH-
HbIX MOHOJIUTHBIX TJIOCKUX ITUT (IIPOCTPAHCTBEH-
HBIE TIOKPBITHS, JIOTOUHbIE GYHKEPa, BOAOIPOBO/I-
HbIE JIOTKH U JIP.).

Teopust 6e3MOMEHTHBIX PACYETOB IJIAAKUX TOH-
KOCTEHHBIX 060JI1049€eK 13/10keHa B paborax B. B. To-
pesa [24], E. H. Jleccura [ 23], A. @. JIuneesoii [23].
YauTeIBas KpUuTepuil OnpeieSIeHN S TOHKOCTEHHBIX
obomouex (20 <7/t <200) u KOHCTPYKTUBHYIO
ocobenHocTh MT'C (113710M 000JIOUKH B CEUEHIH ),
MOKHO TOBOPHUTH O BO3MOKHOCTHU ITPUMEHEHUS
JAHHOM TEOPHUY PACYETOB JIJIsI CTOEK C PA3HBIM KO-
JINYECTBOM TpaHell BBUIY WX BU3YaJbHOTO CXO[I-
CTBA C KPYTJIBIM CEYEHIEM.

Bompocy pacuetoB (hJaHIIEBBIX COEIUHEHUH
Kak HanboJiee pacpoCTPaHEHHOTO BU/IA COEINHE-
HUS B KOHCTPYKIusax MI'C (kperieHue cToek ¢
(hyHIAMEHTOM U CEKIUI CTOEK MEKILY COOOM ) TI0-
cesmienst paboter Y. A. Buprepa [30], T b. Mocu-
aesnya [30, 32], C. T. Kosrana [32], O. B. Jlamyxka
[32], koTOpBIE paccMaTpuUBAIOT HEKOHTAKTHBIE
(hTaHIIBI C METOIMKOIT PACUETOB TIO TIEPEMEHHOIA TT0-
patauBocT. OCHOBHBIM HEIOCTAaTKOM TaKOI Me-
TOAUKHU €CTh HEBO3MOKHOCTD ydeTa 0COOEHHOCTEN
pabotrnl aannesoit 6asst MI'C Ha cTbike ¢ 6eTo-
HOM (byHAameHTa. Kpome Toro, iu1st pacueTos (aian-
11eBOI 6a3bl pACCMATPUBAETCSI BO3MOKHBIM ITPUME-
HEHHUE METOIUK, U3JI0KEHHBIX B «[Toco6uH 0 1po-
€KTUPOBAHNIO aHKEPHBIX OOJITOB JIJIs KPEILJIEHUST
CTPOMTEJIbHBIX KOHCTPYKIHi 1 000pynoBanus (K
CHull 2.09.03-85)» [33], a Taxxe B «Pekomenna-
IIUSIX 110 PACYETY, IPOEKTUPOBAHUIO, UBTOTOBJIEHUIO
¥ MOHT)KY (hJIAHIIEBBIX COEUHEHUI CTAIBHBIX
CTPOUTENBHBIX KOHCTPYKINi» [31] (omosHe e K
CHull 11-23-81%* 111-18-75 u 3.03.01-87).

3a pybeskoM B HACTOsIIIEEe BPeMsT U3yUEHUEM
neficTBUTENBHON PabOTH KOHCTPYKITHEt MI'C 11 11x
MPOEKTUPOBAHUEM 3aHUMAETCS PS BELYIIUX
Opra"mu3alii, Takux kak Sara-group u Mitas (‘Typ-
ust), Sumitomo Metal Industries (Anonus), Al-
Babtein Leblanc (Cayznosckast Apasust), Safe To-
wers (CIIIA), a Takske aMepUKaHCKIX MHKEHEPOB,
takux kak B. Lanier, D. Schnerch, S. Rizkalla,
R. Dreifues.

CpaBHITETBHBIIN AHATN3 Pe3YITATOB PACUETOB
mapamerpoB H/[C cToek u 6a3bl MO CYIIECTBY-
TOIIUM METOINKAM IOKa3aJT 3HAYNTeIbHOE UX Pac-
XOJK/IEHTIE, & CIETOBATETHHO, HEOOXOIUMOCTH IKC-
TIePUMEHTAIbHON TPOBEPKY Pe3yIBTaTOB U CO3/Ia-
HIe PalioOHAIBHON KOHEYHO-2/IeMEHTHOH MOZIeNH

JUUIST MCTIOJTb30BAHUST B TIPOTPAMMHO-BBIUMCJIH -
TEJTHHBIX KOMILJIEKCAX.

B nmuTepaTypHBIX HCTOUHUKAX HEOJTHOKPATHO
OTMEYATOTCSI OCHOBHBIE TIPEUMYIIECTBA MHOTO-
IPaHHBIX KOHCTPYKIINI B CPaBHEHWH C aHAJIOTa-
MU OETOHHOIO M METAJINYEeCKOIO PELIeTYaTOro
ucnosHeHus: (MCXOs U3 3apyOeKHOTO OMbBITA
CTPOUTEHCTBA U IKCILTyaTAluK KOHCTPYKIIUIA Ha
ocHoBe MI'C) Takme Kak aCTeTUYHOCTH, YMEHb-
MIeHHBIN 3EMJIEOTBO/L, aJalITUBHOCTD, TPAHCIIOP-
TabeJIbHOCTh, CKOPOCTh MOHTasKa, 6€30TKA3HOCTD,
JI0JITOBEYHOCTD, BAHIATIOYCTOMYUBOCTD, PEMOH-
TONPUTOHOCTD, TIOJHAST ABTOMATU3AIIHS TTPOU3-
BOJICTBA, a BCJIEACTBUE, SKOHOMUYecKast apdek-
TUBHOCTD. Ho, HApsiy ¢ IpenMyIiecTBaMu, KOH-
crpykiuu MI'C umeroT psn HeOCTAaTKOB: KOH-
CTPYKTUBHBIE HEJIOCTATKH, CBSI3aHHBIE ¢ Heathdek-
TUBHOCTBIO C€YCHUA 1N €ro HEeCOOTBETCTBUEM Be-
JINYMHAM JIeHCTBYIOIINX HATPY30K, KOTOPBIE IIPU-
BOJIAIT K CYIIIECTBEHHOMY IIepepacxoly MaTepua-
JIa ¥ OTCYTCTBUIO 00eCTiedeHUsT PABHOTIPOYHOCTH
KOHCTPYKI[MH BO BCEX HANPaBJeHUsIX (0COGEHHO
quist oriop BJI); MOHTa)kKHBIE HEJOCTATKU, BbIpa-
JK€HHbIE B CJIOJKHOCTU BBIIIOJIHEHN A TaKEJIaKHbIX
paboT 1 paboT 1Mo yCTaHOBKE KOHCTPYKIIUN CTO-
€K; 9KCILTyaTalluOHHbIE HEJIOCTATKY, CBSI3AHHbIE C
HaJIMYMEM 3aKPbIThIX, HEIIPOBETPUBAEMbBIX I1OJIO-
creil.

AHaJIM3 METOIUK OIpe/ieIeH s BETPOBON Ha-
TPY3KH, IPEJIOJKEHHBIX HODMATUBHDBIMU IOKYMEH-
Tamu YKpaunbl, Poccuu u EBporrbl, mokazan ux
OCHOBHOU HEJJOCTATOK, CBSI3aHHBII C OTCYTCTBHEM
3aBUCUMOCTHU a3pPOJIMHAMUYECKUX KO3 buiireH-
TOB OT BETPOBOT'0 a3UMYTa 3 U KPUTEPUSI CIIPABE]I-
JIMBOCTU a3POJMHAMUYECKUX K0I(DDUIMEHTOB
KPUTHYECKOTO Yncia PeitHosbzca Re, 0T Komie-
CTBAa IPaHeN CTOEK, a TAaKXKe OTCYTCTBHUE DITOP Be-
TPOBOTO JIaBJIEHUS, YTO B CBOIO OYePeNb HE AeT
MIOJTHOU KapTUHBI PACIIPE/IEIEH ST BETPOBOTO BO3-
neiicrus B cedernn MI'C. BaxkHo oT™MeTHTB ITpO-
THBOPEYNBOCTD OTEYECTBEHHBIX U 3aPyOeKHBIX
HOPMAaTHUBHBIX JOKYMEHTOB, KOTOpPasi COCTOUT B
PacXOsKIEHUN 3HAUCHIH KO GUIMEHTOB JIOGOBO-
TO COITPOTHBJICHUS AaHAIOTUYHBIX MHOTOTPAHHUKOB
1 KpUTHYECKOTO urciia PelitHomb/ca, TPY KOTOPOM
CIIPaBEJINBLI 3HAUYEHUS ITUX KO DUIneHTos.
ITosToMy HEOOXOAMMO MPOBEAEHNE IKCIIEPUMEH-
TaJIbHBIX UCCJEOBAaHUI BETPOBOTO BO3/IEHCTBUS
Ha koHcTpyKmu MI'C 1o onpesieennio koaddu-
IMEHTOB JIOKAJIBHOTO BETPOBOTO fapienus C, u
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n060Boro conporusienus C B 3aBUCUMOCTH OT
reoMeTPUYECKUX TTAPAMETPOB CTOEK U YTJIa BETPO-
BOM aTaku (BETPOBOTO a3uMyTa f3).

Boripoc asponunamMuyeckoil HEYCTOMUUBOCTU
TeJI BpallleHus, BCJEACTBIE BUXPEOOPA3OBAHUS B
MPOIIECCE OTPHIBA TOTPAHUYHOTO CJI0ST, KAK OJIHO U3
HanboJiee MHTEPECHBIX HATIPABICHUN B U3YYEeHUN
PaboThI BBICOTHBIX CTPOUTETbHBIX KOHCTPYKITHIL B
BETPOBOM TIOTOKE, & TAKKe OOTIEe BOTPOCHI, CBSI-
3aHHBIE C BETPOBBIMU BO3/IECTBUSIMHU HA COOPYIKe-
HUsI, KOTOPBIE BBITIOJHEHBI B BUJIE TEJT BPAIleHMS,
paccmotpenst B pabotax M. A. Bepesuna |34, 35],
JI. X. bmomunoii [36, 37], M. M. Berukosa [38],
E. B. Topoxosa [39-42], M. U. KazakeBuua [39,
43], M. @©. Kpacuosa [44], C. I. Ky3uemosa [40—42,
45—48],I. A. CaBumikoro [49], A. M. Jlyrosiosa [50],
E. Simiu [51], Robert H. Scanlan [51], J. D. Holmes
[54], T. Lawson [55], N. J. Cook [52], C. Dyrbye
[53] u sp. Bce paboThI BBINIENIEPEYNCTEHHBIX aB-
TOPOB HaIlPaBJICHBI HA M3yYE€HNE BETPOBOTO BJIH-
SHUS Ha IUJINHIPUYECKHe COOpPYysKeHUs. XOTs
MHOTOTPAaHHbBIE CTOWKN CBOUM KOHCTPYKTUBHBIM
UCIIOJTHEHUEM HAIOMUHAIOT IUAUHAP (0COOEHHO
MIPY KOJIMYECTBE TpaHeii 7> 12) u J0BOJILHO YacTO
B coBpeMeHHOM TpoekTupoBanny kK MI'C mpume-
HAIOT a9POAMHAMIYECKHIE XapaKTePUCTUKN KaK
TSI IAJINH7IPA, HEJIb3sT He PasyesIsiTh 9TH IBa THIIA
KOHCTPYKIUi. [ToaToMy HEOOXOAMMO U3yYEHHE
XapakTepa BeTPOBOTO BO3/IEHCTBIS HA MHOTOTPaH-
HbIe KOHCTPYKIIVH C TIeJIbIO OTHO3HAYHO OTBETUTD
Ha BOTIPOC, CBSI3AHHBIN € MX CXOCTBOM C ITUJINH-
JIPUYECKUMU KOHCTPYKITUSMI.

Ocoboe BHUMaHWE BOTIPOCY MPOBEIAEHMST Ha-
TYPHBIX UCIIBITAHUN KOHCTPYKLUI MeTasanye-
cknx MI'C yzneneHo HayYHBIMH COTPYAHUKAMHU
JloHbaccKoil HaIlMOHAJIBHON aKaJeMUH CTPOM-
TeJbCTBa U apxuTekTypbl — B. H. BacbuiesbiMm,
E. B. Topoxosbim; OAO «I[TPOMuK» (1. [lnemnpo-
neTpoBck, Ykpanna) — P. H. JKnanckum, B. U. Ko-
cruxoBbiM, C. 1. Heckunnim, O. B. Cemenko;
00O «Csassrexceppucs (T. Kue) — A. P. Ilyp-
Iesgazase, a Takxke KoMmannu Sumitomo Metal
Industries (Anonus) — Y. Nishida, M. Shioko.
AHann3 pe3yIbpTaToOB HATYPHBIX UCTIBITAHUH yKa-
3as Ha XapakTepHble 30HBI MI'C, 10 KOTOPBIM Be-
posITHEe BCETO TIPOM30IIET pa3pylIeHne CTOeK 1
KOTOpPBIe TPEOYIOT MOTIOMHUTENFHOTO TEOPETHYE-
CKOTO ¥ 9KCIIEPUMEHTAIBHOTO N3YIEHHSI.

IlepcnekTUBBI U3TOTOBJIECHUS Y IPUMEHEHUS
MIC

OueBUIHO, YTO MHOTOTPAHHBIE OTIOPHI KaK B Ha-
el crpaHe, Tak U 3a pyOesKOM IPEIIOUTUTEI -
HBI JIJIST UCTIOJB30BAHUS B TOPOJICKUX YCJIOBUSIX,
rae ocoboe BHUMaHUE YAEIAIOT 3CTETUYECKUM
CBOICTBAM CTPOUTEIBHBIX KOHCTPYKIIUH U CyTile-
CTBYIOT CEPbE3HBIE MTPOBJIEMBI € 36MJIEOTBOIOM, A
TaK€ B TOPHbIX U TPYAHOJAOCTYITHBIX paﬁOHaX.
Ho, HecMOTpst HA MHOXKECTBO MOJOKUTETHHBIX
KauecTB, KOHCTPYKIMHU Ha ocHoBe MI'C B Teuenne
nocsieianX 40 J1eT He TTOIYYNIIN ITUPOKOTO MPaK-
TUYECKOTO TTPUMEHEHNS Ha TEPPUTOPUN YKpam-
HBI. JTO CBSI3aHO B IEPBYIO OUEPED CO CJIOKHOIMI,
TPYLOEMKOI U JOPOTOCTOosALIel TeXHoJIoruel us-
rorosyierust (puc. 3), TpebyoIiell OT 3aBojia U3-
TOTOBUTEJSI COOTBETCTBYIOMNX MPOU3BOICTBEH-
HBIX MOII[HOCTEH, T. €. CIeIHATU3NPOBAHHOTO 000-
pynoBarus (puc. 3). 3a nocJjennee AeCATUIETHE
CTPOUTENHCTBO B YKpauHe (0COGeHHO a/IeKTpoce-
TEBOE) Bce yalle oOpaliaeT BHUMAaHUE Ha KOH-
crpykruu MI'C (kak 3aMeHa CyIIeCTBYIOIINX Ke-
J1e300€TOHHBIX U METAIIUYECKIX PENeTUaThIX
CTOEK Pa3JIMYHOTO HA3HAYEHWUS ) U BCe IMUPE CTa-
HOBUTCA O6JIaCTI) X mMpuMeHeHuAd.

[l pasmenienus mpousBozictBa MI'C na neii-
CTBYIOIIIEM TIPEATIPUATUN 110 U3TOTOBJEHUIO ME-
tasokoHCTpyKIuit (3MK) He0OX0MMO MMEThH
[5, 6]:

— cBOOOIHBIE TIPOU3BOICTBEHHBIE TLIOTIAIH JIJIst
pasMenieHnsi OCHOBHOTO TEXHOJIOTUYECKOTO
obopymoBanust, opsizika 1 200—1 500 m?;

— aBTOMATHYECKYIO0 YCTAHOBKY IIJIa3MEHHOU (Ta-
301JIA3MEHHON ) PE3KH JIMCTOBOTO METaJLIa C pa-
6oueii 1I0MmAABI0 croa packpos 400—500 m?;

— npecc ycensmeMm 1 600-2 000 TonH, ¢ AnHOM
rmb6a 16—20 m;

— YCTAHOBKY JIJISi aBTOMATUYECKON WJTU TTOJTyaB-
TOMATUYECKOW CBAapKH;

— TO/ITOTOBJIEHHBIX CIETHATUCTOB /TSI PabOThI
Ha 9TOM 000PYIOBAHIH;

— OTIBIT TI0 M3TOTOBJECHWIO U MOHTAXXy HECTaH-
MapTHOTO 06OPYMOBAHILT;

— BCIIOMOTATeJIbHBIN CTAHOYHBIH TTapK;

— 1ex (y4acToK) JJIsi aHTHKOPPO3HOHHOM oOpa-
GOTKH (XOJIOTHOTO WJTH TOPSTIETO ITITHKOBAHIS )
CTOEK, TPaBepPC, JIECTHUI] ¥ IPOUYNX KOHCTPYK-
U.
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IMOoAroTOBKa
MaTepuaJioB

:

IJIa3MEeHHbIH
packpoit

:

rubka
CeKIuit

:

cBapkKa
CeKIuii

:

ropsiuee
IIMHKOBaHHE

:

KOMILJIEKTalUs
U OTTpy3Ka

6)

Pucynok 3. [IpousBozctso MHOororpanubix THyThiX croek Ha [TAO «A3MK»: a) Texnosornyeckasi Ierodka npons-
BogcTBa MI'C; 6) aBTOMaTHYECKAs YCTAHOBKA MJIA3MEHHOTO PACKPOS; B) JIMCTOrMOOYHBIN aBTOMATUYECKUI TIpece
(ITAO «A3MK>»); 1) yuacTok ToAroToBKHU KOHCTpYyKInit MI'C k copTHpoBKe 1 CKJIQNPOBAHUIO.

Taxum 06pasoM, I OCBOECHUST POU3BOACTBA
koHcTpykiuit MT'C Ha ogtom 3MK HeoOX0auMBb!
WHBECTUIMY JIJISt TPUOOPETEHN S BBINIEYKa3aHHO-
ro o6opyaoBaHus B pasmepe 6—7 MitH eBpo [ 5, 6].

Ha nanmsiit MomenT Ha Beeli tepputopunt CHT
JUIUAPYIONINE TTO3UITUN TI0 TIpou3BoacTBy MI'C
sananmaer 3AO /loMoef0BCKUI 3aBOJ METAJIJIN-
yeckux KoHCTpYKINit «METAKO» (MockoBckast
00tacTh, Poccust), KOTOPBIN ABJSIETCS HE TOJBKO
KPYTTHEHTIINM TTOCTaBIIUKOM JaHHBIX KOHCTPYK-
muii B Poccun n GamskaiiimeM 3apybesbe, HO U
SIBJISIETCS €IMHCTBEHHON Ha TAHHBII MOMEHT aJlb-
TEPHATUBON 3aBOJIaM JATHLHETO 3aPyOeKbsI.

B 2011 roxy ma ITAO «ABzeeBcKuii 3aBOjI Me-
TaJINIecKX KoHCTpykiuiy (A3MK) zamyren

B 9KCILIYaTaINIO CIIEINATU3NPOBAHHBIN YIACTOK
1o mpou3BoicTBY KoHCcTpyKmi MI'C (puc. 3).
Takum o6pasoM, B GuimsKaliliell epcIeKTuBe Ho-
MEHKJIaTypa MHOTOTPAHHBIX THYThIX CTOCK MOXKET
OBITh OYEHb IIMPOKOM, T. €. TO MOTYT OBITh HE
TOJIBKO CTOMKY 11071 oniopbl BJI, HO 1 mopTasst moz-
CTaHIUI{, CTOWKHY ITOJ] 9JIEKTPHYECKOe 060PyHI0oBa-
HUe MOACTaHIIUH, CTOHKN TesepOHHOU U TeJe-
rpagHOIi CBSI3U, CTOWKH BETPOBBIX TEHEPATOPOB U
MHOTOE€ JIpyToe.

[Tomumo ASMK B Ykpante B TaHHBIIT MOMEHT
(bYHKITMOHUPYIOT elie 2 MpeAnpUusITHs — TPOn3-
BoauTesu koHCTpyKIuit MI'C. 910 OO0 «EBpo-
bopmar CTalbKOHCTPYKIIUS»> T. 3alOPOKbBE U
000 «Metanuzaitn» T. [TaBrorpax (uemnporer-
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POBCKas 001.), U3rOTaBJINBAIOIME OCBETUTELHbIE
ottopsi 1 oniopet BJI 6-110 kB. B kauectBe ocHoB-
HBIX JOCTOMHCTB IIPOU3BOICTBEHHBIX MOIITHOCTEN
I[TAO «<A3MK» MOKHO BBIIEJIUTD:

— 6oJiee MUPOKKIT CIEKTP W3TOTABJIUBAEMBIX
KOHCTPYKIIUIA;

— HaJIn4re HOBEWIIero 000py10BaHusI, TO3BOJISI-
IONIET0 Pe3KO MOBBICUTH CKOPOCTH TIpoIlecca
U3TOTOBJIEHUS] W MIPOU3BOAUTEIBHOCTD [0
700—-1 000 T/™mec.

Ha ceropHsianii ieHb B YKpanHe BeayTcs pabo-
ThI PSIZIOM TIPOEKTHBIX, HAYYHBIX OPTraHU3AIUH C
nesbto npoaBuskeHus MI'C Ha yKpanHCKUU PbI-
HOK, X HE TOJIbKO, KaK BBICOKOTEXHOJIOTHYECKOTO
MPOAYKTA, TTO3BOJISIIONIETO BO MHOTUX CJIydYasix
pelaTh paHee HepellaeMble 3a1a4H B 00JIACTH 3JIEK-
TPOCETEBOTO CTPOUTEILCTBA W JIPYTUX OTPACIISIX
HapozHoro xo3siicrsa [3—8]. HauboJiee pasBuThiM
U [IEPCIIEKTUBHBIM TIPEATTPUSITHEM B 3TOM HAIIPAB-
snenun sBasiercst OAO «ITPOMuK», (r. [lnenpo-
METPOBCK), COTPYAHUKU KOTOPOIl 32 TIOCJIEHIE
TOJIbI CIIPOEKTUPOBAJIHU, UCIBITAJIH, TOCTPOUIU U
PEKOHCTPYUPOBAJIU HE OJHY COTHIO KUJIOMETPOB
BJI ¢ mpumenenunem onop Ha ocioBe MI'C. Taxxke
HEJIb35T He OTMETUTh JOCTYKEHMS B 00JTaCTH 3JIEK-
TPOCETEBOTO CTPOUTEIBCTBA 0OBEKTOB HA OCHOBE
MTC rakux opranmsanuii kaxk HTI[O HIOK
«YKPIOHEPTO» (1. Kues) u OAO «Uucturyt
«IJHeproceTbnpoekT> (T. Kues, XapbkoB), KOTO-
phie, HaunHas ete ¢ 80-X TOM0B MPOTILIIOTO CToJIe-
THS, BHOCST OTPOMHBIN BKJIAJ] B CO3/laHUE KOH-
cTpykmuit Ha ocaoBe MI'C.

Muor OBapHaHTHas paliMOHaJIn3alua
KOHCTPYKTHUBHbBIX IapaME€TPOB METAVIMYECKUX
MHOTOI'paHHbIX CTOEK

Baskuyio poJib B COBpPEMEHHOM CYIIECTBYIOIIEM
MIPOEKTUPOBAHNY KOHCTPYKITUI Ha ocHOBe MT'C
UTPAeT TaK HA3bIBAEMAsi MHOTOBAPUAHTHAS OTI-
TUMU3aIus [ 3], mnpuMeHsieMast 7151 OTIpe/ie/IeH s
OTITUMAJIBHOTO PAcxXo/ia MaTepuaja Ha U3r0OTOB-
JieHrWe CTOWKU u ee pyHIaMeHTa. B Tabiuie
IIpeaCcTaBJIEHBI XapaKTEPUCTUKU ONTHUMU3AITUN
CTAJIbHBIX MHOTOTPAHHBIX OIOP, pa3paboTaHHbIE
kommaamreii OAO «I[ITPOMuK» (r. /Inenpomnet-
POBCK).

Kasxiplii BApUaHT pacCYnTHIBAETCS 10 TIEPBO-
MY 1 BTOPOMY IIpEAEJIbHBIM COCTOAHUAM, IPUIEM
TOJIIIIUHA CTEHKHN KaKA0H CeKIIUM JI0JIKHA OTIpe-
JIeJIATHCS He TOJIBKO TI0 YCJIOBUSM poyHocTH (1-€
IIpefieIbHOe COCTOSTHUE), HO ¥ 110 BETIYNHE MaK-
CUMAJIBHOTO OTKJIOHEHUS BepXa ONopbkl (2-e mpe-
nesabHoe coctosinue). Ilocte paccmoTpenns Beex
BAPUAHTOB BBIOWPAETCST KOHCTPYKITHS COeMMHe-
HUii cekii ((hJ1aHIeBOE NN TEIECKOTTUIECKOE),
a Takke KOHCTPYKINS (DyHIaMeHTa.

CymiecTByoimue MeTOANKH pacyeTa
KOHCTPYKIUii MeTajumyeckux MI'C

W3 KpUTU9IECKOTO 0030pa TUTEPATYPHBIX UCTOU-
HUKOB SICHO, YTO B COBPEMEHHOM ITPOEKTHPOBAHN T
CTAJIBHBIX MHOTOTPAHHBIX CTOEK CYIIECTBYET 4 Ha-
ubosiee TOMYJISIPHBIX METOAUKK UX pacuera [11,
23-26, 29], umetormue Apyr OTHOCUTEIBHO IpyTa

Ta6Jmua. XapaKTepI/ICTI/IKI/I ONITUMU3AlNN CTAaJIbHbIX MHOTOTPAaHHBIX CTOEK

XapakTepHCTHKH
ONTHMHU3AIIH

YuceHHbIC 3HAYCHHS XapaKTCPUCTUK ONITUMU3AIIUN

KonuuectBo rpaneii B cToiike

6,8,10,12,16, 18

KonnuecTBo ceknuii B CTOMKE 4,5,6,7,8
JlnmiHa cekiuu, M 3-12
TonmuHa TUCTOBOM CTadX B CEKIUIX, MM 4,5,6,7,8,10,11,12,14, 16, 18, 20
KoHycHOCTB CTOWKH, MM/M 14-32
110 40 M 250-1 500/200-400
Pasmep KoMIist, MM (HI3/BepX) 40-50m 1 200-1700/400
1o BHEOTG M 50-60 m 1 500-2 000/400-500
’ 60-70 m 1 800-2 800/500
70-80 m 1 800-3 000/500
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CyIIleCTBEHHbIe TPOTUBOPeYNs, HOcsIIe QyHaa-
MEHTaJIbHBIN XapakTep. CBsi3aHbl OHU B MEPBYIO
o4epesib ¢ 0OCOOEHHOCTAMM TIPE/ICTABICHNUST KOH-
crpykiuii MI'C pacyeTHbIX cxeMaX — CTEpPKCHb
n 000JI04Ka.

[Ipu ucnonpzoBanum metonuku A [11] pacuer
BeJleTcs 110 1e(hOPMUPOBAHHON CXeMe U CTEPIKEHD
paccMaTpUBAETCS KyCOUHO-TTOCTOSTHHOTO CeUeHUS,
COCTOSIIUI U3 N y4acTKOB. Bce BHelmHME HATPY3-
xu PO, NO, M® npuBe/ieHbI K [PAHUIIAM YIaCTKOB
(y3nam).

Ha puc. 4 npencrasyien mpuMep pacieTHON
CXeMBbI CTAJIbHOTO MHOTOTPAHHOTO TISTUCEKITNOH-
HOTO CTEP:KHS, YIPYTO-3alIeMJIEHHOTO B OCHOBA-
Huu (pacyeTHast cxeMa CBOOOIHO CTOSIIIEN OII0-
pBbI).

Pacuet BBITIOJTHSIETCS METO/IOM <ITPOTOHKH> B
Tpu atama. Ha mepBbIxX ABYX aTamax mocie0Ba-
TEJILHO [IJIS1 Y3I0B i= 1, 2, ... , 1 onIpefieisioTcs u3-
rubaonue MoMeHTsl —M® u +M® B ceyeHuax
HUKe U BBIIIIE y3J1a { U YTJIBI IOBOPOTA ¢, CEUeHU N
i o popmyaam (1)—(3):

M, =aM"  -bp  —c; (1)
M[.+:M[._—M(i); (2)
N©
MO
/TIN

/

Lo )
@i:(pi—1+E(M i+ M, )+A(/7n‘. 3
B dopmysax (1)—(3):
a = ﬂ; 4)
ai
b = N ()
ai
ai
ryp2
o =1+ 20 )
6E]

i

r7ie [, — I7MHa i-TO yJacTKa, PACTOI0KEHHOTO M-
Ny y3namu i-1 u i;
Q', N'. — nonepedynasi © HOpMaJbHas CUJIbl Ha
i-M yJacTKe, OIpe/ieIeHHbIE 1T0 HerepopMupo-
BaHHOM CXeMe;
I, — MOMENT MHEPINY i-TO y9acTKa,
Af,, — TpUpanIeHe CTPEIKN HauaJibHOTO MC-
KPHUBJICHNS CTOWKH Ha i-M yIaCcTKe, OIIpeIesis-
emoe 110 (8);

|

(n) @

PﬂcyHOK 4. Yprro-sameMneHHaﬂ B OCHOBaHMM MHOI'OTpaHHasA cToiika KYyCOYHO-IIOCTOSTHHOT'O C€YE€HU s (cxeMa Ha-

IPY30K U BHYTPEHHUX YCHJIHUIL).
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A@, — npupaienue yria HoBOpoTa HauyaabHO-
IO UICKPUBJIEHNU S Ha i-M yYacTKe, OlIpeiesisieMoe

110 (9);

N, =55 e

l; ! si LT
200 750

Agp, = —L{cos”—é—cos@} €))
750 / T
rae ;=1 + ...+ [ —paccrosmnue ot ysa 0 10 y3na i,
npu sToM &=0.
st cTepsxkHEl CKBO3HOTO CeYeHUS MOMEHT MHEP-
IIUU 1-TO y4aCTKa [, IPUHUMAETCSI PABHBIM PacyeT-
HOMY MOMEHTY [, KOTOpBIil onpejensgercs 1o
bopmye (10):
lZ 2
1, =4 ﬂﬂ_ltjef’ (10)
rje A, — TLIOIA/Ib CEYEHNS i-TO y9aCcTKa CTEPIKHS;

B — xoabdunuent, pasubiii 1,0 mpu cBapHbBIX

u 1,2 npu GOJITOBBIX COEANHEHUSIX;

4 — KoahpuimreHT pacueTHON JJIUHBI CTEPK-

HS;

A~ TIPUBEJIeHHAs THOKOCTD CTEPIKHSL.
Yennus Q, N, B popmynax (5)—(7) npuHumMaior-
cs1 ¢ yueToM 3HaKOB. [1oJI0KuTEIbHbIE HATTPABIIE-
HUA BHYTPEHHUX YCUJIUH 718 i-T0 ydacTKa [10Ka-
3aHBI Ha PUC. D.

ITo dopmymnam (1)—(3) ompenessiior uarnba-
IOI[I€ MOMEHTBI ¥ YTJIbI IOBOPOTA CEYEHMUIT B y3JIe
i Yepes COOTBETCTBYIOINE BEJTNYNHBI B y3ie i-1.
JLiist Toro 4TOOBI HAYaTh PacyeT, HeOOXOAUMO Ha
TIePBBIX /IBYX ATAMaX 33/1aThCsI 3HAUeHUsIMU M * O
Py M ) Poyr (HIOKHUIE HHIIEKC B CKOOKaxX 060-
3HAYaeT HOMEP 3Tala pacyera). ITU BEJTUUNHbBI
MPUHUMAIOTCST CJIELYIONIMI:

- M+<0)1’ M*(O)2 — IIPOM3BOJIbHBIC, ITPUYEM
+ + .
M ) * M 5
Doy =M"on-@; (11)
Doy =M 029, (12)

e - KO3 UITMEHT MOAATIUBOCTHU 3aI€JTKHA B
OCHOBAaHWM, PaBHBIN YTy MTOBOPOTA OT €/H-
HUYHOTO MOMEHTA, Pal.

Pesynsratom pacyera Ha IepBbIX IBYX 9Talax sIB-

JITIOTCS 3HAYEHUST MOMEHTOB M*(“)1 u M*(n)2 JUTST

y3J1a 11, COOTBETCTBYIOIINE 33/[AHHBIM MTapaMeTPOM

B HYJIEBOM Y3JI€.

)
M

(r)
1

Pucynoxk 5. IlonoxuTenbHble HAMPABIEHUS BHYTPEH-
HUX YCUJIUH i-TO y4acTKa CTEPKHA.

Daxkruyeckue 3HaYeHUs TTAPAMETPOB B HyJIe-
BOM y3JIe OTIPEIEJISIIOTCS TI0 Ceayioleit (opmy-
Jge (13):

Mo (M "o —M " 0)2)
M o + M 2

M =M on+ .(13)
Wcnomnbays sHadenuss M°, 1 ¢, Ha TpeTbeM 5Ta-
e pacueta 1o opmyaam (1)—(3) onpenemnsitorcs
(bakTHUecKme N3ruHaroNe MOMEHTDI 1 YTJIbI TO-
BOpOTa 10 1e(hOPMUPOBAHHOM CXEME.
[Ipupamenue mporn6os Af, u f, y3nos omnpe-
nessiercs o opmyaam (14), (15):

2

I, N _
Afi:(le,.+Aﬁ+a(2M oM7), (14)

fi= L+ (15)

WN3anoxennas Bblllle METOJMKA OCHOBAHA Ha
KyCOUHO-JIMHEHHO aIlllPOKCHUMAIIUU SITIOPBI MO-
MEHTOB B lehOpMUPOBAHHOM cocTosiiuu. Eciu
YHCJI0 TAKUX YYACTKOB HE MEHee IISITH, TO TaKasi
ANTPOKCUMATIIUS] TPAKTUYECKH [TPUBOJIUT K TIpe-
HeOPEKMMO MAJION TIOTPETITHOCTH.

Pacuer Ha IPOYHOCTD CJIEIYET BBIIOJIHSITD B CO-
OTBETCTBUM € TpeboBaHusAMU |1, 2] Kak M3rnbOaeMbIx
HJIEMEHTOB WJIN 3JIEMEHTOB, MOJIBEPKEHHDIX JI€ii-
CTBUIO OCEBOH CHJTBI C I3THOOM, COOTBETCTBEHHO YCH-
JIVST JIJIST IAHHOTO pacyeTa OIpPe/esIsiIoTCs [0 METO-
JIMKE, OIIMCAHHOM BbIIIe (711 CTOEK OTHOCTOEYHBIX



68 U. M. lapanica, A. B. Tanacoeno, 3. A. Jlosunckuii, C. B. lapanica

cBOGOIHOCTOATIMX OM0p). B 3aBUCHMOCTH OT KO-
JIAYECTBA rPaHell CTONKN HeOOXONMO TIPOCTIEKH-
BaTh HANPSKEHHO-/Ie(hOPMUPOBAHHOE COCTOSHUE
B XapaKTEPHBIX TOYKAX CEUYEeHUS KOHCTPYKIIUM —
TOYKAX C MAaKCUMAJIbHBIMA HOPMAJIbHBIMU U Ka-
caTeJbHBIMU HANIPSKEHUSMU, HEUTPAJIbHBIE TOY-
ku (puc. 6).

Kpowme atoro, c:xkaTo-u3rinbaemMbie 31eMEHTHI 113
CTQJIBHOTO MHOTOTPAHHOTO TIPOMUJISI CIELyeT IPO-
BEPSITh HAa yCTOHUMBOCTS [1, 2] Kak B IJIOCKOCTH,
TaK M W3 TUIOCKOCTHU AEHCTBYST M3THOAIONUX MO-
MEHTOB, KPOME CTOEK OHOCTOEYHBIX CBOOOMHO-
CTOSIIUX OIIOP, KOTOPblEe PAaCCUUTHIBAIOTCA 110 Jie-
GopMUpPOBaHHOU cXeMe, ¥ Ha YCTOMYMBOCTD IPO-
BepSIOTCS TOJILKO U3 IIJIOCKOCTU e CTBUS MOMEH-
TOB.

[Ipu pacuere MeCTHOI yCTONYMBOCTH CTEHKU
HEOOXONMO BBITIOTTHUTD JIBE TIPOBEPKM:

— KaK CTEHKH JIEMEHTa KOPOOYATOTO CedeHuUsT

nmpum=0[1, 2];
— KaK 3aMKHYTOU IUJIUHAPUIECKON 000JI0UKH
[1,2].

Mertonuka b [23] moapasymeBaeT pacuer mpo-
CTPAHCTBEHHBIX 000I04Y€eK (K KAKOBBIM OyZIEM OT-
HOCHUTDH CTaJIbHbI€ MHOTOTPDaHHbBIE CTOfIKI/I) 10
JIBYM IPyIITIaM TIPe/leJIbHBIX COCTOSTHUH (110 Hecy-

a)

6)

1€l ClIOCOOHOCTH U JKECTKOCTU COOTBETCTBEHHO).

B ocHOBY cOBpeMeHHBIX T€OpUIl pacueTa yipy-
IUX TOHKOCTEHHBIX 060JI0YEK TTOJNOKEHBI CJE/y-
IONI1e OCHOBHBIE TUTIOTE3bI.

1-5 2unomesa. O60J104Ka UCIIBITBIBAET IBYXOC-
HOE HAIIPSKEHHOE COCTOsTHUE (JlaBJieHue IPYT Ha
JIpyTa MapajjejbHbIX CPEJIMHHON TTOBEPXHOCTHU
CJTI0€B TOHKOCTEHHOU 060JIOUKH TIPEHEOPEKUMO
Majo).

2-5 zunomesa. Marepuai 060JI0YKH U30TPOIT-
HBIU U cIexyer 3akoHy lyxka.

3-5 eunomesa. I1psAMOTMHENHBIHN 3JIEMEHT, TTEP-
TIeHINKYJISIPHBIN CepeIMHHON TTOBEPXHOCTHU 10
nedbopMaliu, ocTaeTcs IPsIMOJIMHEWHBIM U TIep-
MEHNKYSPHBIM J1e(hOPMUPOBAHHON CePETMHHON
MMOBEPXHOCTHU U HE U3MEHSIET CBOEH JAJTUHBI (THTIO-
Te3a MPSIMBIX HOpPMaJsiell uiu rumnore3a Kupxro-
a—Jlasa).

Ha ocHOBaHUM 3TUX TUIIOTE3 CO3/IaHBI /[BE
TPYNIBI TeOpUil 000JI0UYeK: JUHEHHBIE TEOPHH,
ypaBHEHUS KOTOPBIX CO/iep:KaT aHaJIN3 MaJIbIX
riepeMenieHni; U HeJIMHeHble TeOPUHU, TOCTPOEH-
HbIE C YYETOM KOHEUHBIX TIepeMeleHU .

PacueT nmpocTpaHCTBEHHOTO COOPYKEHUS B
BHjIe 000TOUYKHU BEJETCS TI0 TIPOYHOCTH, TI0 YCTOM-
YUBOCTH U IO BBIHOCJIUBOCTH.

n=10 n=12

PﬂcyHOK 6. Ceuenne ajemMeHTa U3 THYTOroO MHOI'OI'pPaHHOI'O HpOCbI/IJISIZ a) obosHayeHne IIapaMeTpoB CeYeHus n ycu-

Jnit; 6) XapakTepHble YrioBble Touku 1-5.
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N3 ucrounuka [23] nesaeM BbIBOJ| O IIPUHAJI-
JIEKHOCTHU CTAJIbHBIX MHOTOTPAHHBIX CTOEK K TOH-
KOCTEHHBIM 0060/104KaM (B 3aBUCUMOCTHU OT OTHO-
eHust paaryca 060J0uKK ¥ K ee Tosuae §). 06
JTOM CBUJIETEbCTBYET BBITIOJTHEHUE CJIETYIOIErO
ycanosus (16):

2os§<2oo. (16)

OcHoBHOII Teopuell pacyeTa GOJbIIMHCTBA
TOHKUX 000JI0Y€EK SIBJIsIETCST GE3MOMEHTHASI T€O-
pus, T. . OTIPEeNSTIONMMI BHYTPEHHUMU YCUJIIN -
SIMH B 000JI0YKe SIBIISIOTCSI HOPMAJIbHBIE CHJIBI N,
u N, n kacatembnble cuabl S (puc 7). Wsruba-
IOInMH, prTHH_[I/IMI/I MOMEHTaMH, a TaKXe I10IIe-
PEYHBIMU CUJIAMU TPEHEOPETAIOT BBULY MAJIOCTH
UX BJIUSHUS Ha HECYIIYIO CITOCOGHOCTH 060104-
KH.

OCHOBH]JIMI/I HaIIPpAKEHUAMM, BOSHUKAIOIIUMU
B T€JIe TOHKOCTEHHOU 060J0YKY TIPU OE3MOMEHT-
HOM COCTOSTHUY, SIBJISTIOTCS] KOJIBLIEBBIE M MEPH/IH-
OHaJsIbHbIE HATIPsKeHNs. ONPeNENIOTCs OHN Pas-
JeJILHO OT KaKJI0r0 U3 1eHCTBYIOINX BHYTPEHHUX
yeummit (17)—(19):

_Nl

Gl - 5 ) (17)
_N2 .

o= (18)

Pucynok 7. CucreMa KOOPAWHAT U YCUJIMSI B CEUEHUSIX
TOHKOCTEHHOI 060J09KU (B 6€3MOMEHTHOM COCTOSI-
HUM).

S
n=3, (19)

r/ie 0, — MepUIUOHAJIbHbIC HAIIPSIKEHUSI OT yCU-
g N
N, — BHyTpeHHee ycuue B 000/10UKe, 1efiCTBY -
Iol1iee B0JIb 00pa3yIoliel;
0, — KOJIbIIeBble HATIPKeHus OT yeumns N,;
N, — BHyTpeHHee ycume B 000/109Ke, IeHCTBY -
I0IIlee B KOJILIIEBOM HallPaBJICHUY;
T, — HAIIPSIKEHWS CPE3a, KacaTe IbHbIe CePeIrH-
HOIi IOBEPXHOCTU 0O0JIOUKH;
S — KacaTeJIbHbIE BHYTPEHHHE YCUJIHS B 000-
JIOUKE;
S — TOJIIMHA 000JIOYKN.
Yenms B TOHKOCTEHHBIX 000/I04Kax B OE3MOMEH-
THOM cocTosHuu N, N, n S orpeniesiIoTCs Clety-
fonmmu pusndecknmu ypasHerusiMu (20)—(22):

E6

]\]1 :1—2(6'1 +,u€2); (20)
—u
EoS

Nl=1—2(€2+ﬂ€1); (21)
—u
S=Gsy, (22)

T7I€ & U &, — OTHOCUTEJIbHDIEC Y/JIITHEHNS CePeIH-
HOIl TIOBEPXHOCTHW B HAIMPABJECHUSAX & U f
(puc. 9);
¥ — OTHOCUTEJIBHBIHN C/[BUT CEPeIMHHON TIOBEPX-
HOCTH;

G — MOZLyJTh C/IBUTA;

4 — xoaddunuent [lyaccona.

[To meTonuke B [15] pacueT MHOTOrPaHHBIX CTAJIb-

HBIX CTOEK, TAaKyKe KaK U B PACCMOTPEHHBIX BBIIIIE

METO/IMKAX, BBITTIOTHSIETCS KaK POCTPAHCTBEHHBIX

JIUCTOBBIX KOHCTPYKIIHIA (TOHKOCTEHHBIX 060JI0-

4ek) 110 6E3MOMEHTHOI TeOPUH, XOTSI MHOTHE CO-

BpEMEHHbBIE MTPOEKTUPOBIIUKH MPEACTABISIOT

CTaJIbHble MHOTOIPaHHble CTOMKH TP pacueTe Kak

CTEepP KEHb.

06071090 HA3BIBAIOT CIUIONTHYIO KOHCTPYK-
1110 (MJIM 3JIEMEHT), /IBe OrPaHUYMBAIOIINE KPU-
BOJIMHEHHbIE [I0BEPXHOCTH, KOTOPBIX OTCTOAT Ha
MaJloe PaccTosiHuEe, BO MHOI'O pa3 MeHbllee, YeM
npoune pasMepbl. BooGpakaeMyio MOBEPXHOCTD,
PaBHOOTCTOSIIIYIO OT 0OGENX OTPAHNYN BAIOTIHX MO~
BEPXHOCTEH, Ha3bIBAIOT CEPEANHHOM T0BEPXHOCTBIO.
TeomeTpryecKoe HaMMeHOBAHKE OOOJIOYKH 0OYCITOB-
smuBaeTcs (popMoil ee cepeqTHHON MOBEPXHOCTHU
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(I[.HF{ CTaJIbHbIX MHOTOTPAaHHBIX CTOEK aKTYyaJIbHbI-
MU (popMaMu ABIAIOTCS MUIMHAPUYECKAS U KO-
HMN4YeCKasd B 3aBUCUMOCTHN OT Ha3HAYECHUA CTOEK)
(puc. 8).

KOHCprKHI/H/I Ha OCHOBE€ CTaJIbHbIX MHOTIO-
TPaHHBIX CTOEK MOKHO OTHECTU K TOHKOCTEHHBIM
oboJjioukaM BparteHust (oOpasyeMbie IyTeM Bpa-
MEeHU ST TPOU3BOJIBLHON TIJIOCKON KPUBOW BOKPYT
ocu z-z) (puc. 9). Ita XapakTepucThKa orpeje-
JIIETCsI OTHOIIIEHNEM pajauyca 06004Kd R K ee
TOJIIUHE £, T. €. R/t >20,4TO CBUJETEILCTBYET U3
Teopur 000J109€K 0 GESMOMEHTHOM JIBYOCHOM Ha-
MPSIKEHHOM COCTOSIHUM. B yacTHOM ciydae Ha
000JI0UKH BpAIleHUsT, HAXOSIIUECS TOJT € CTBU-
€M 0CECUMMETPUYHO HATPY3KH B GE3MOMEHTHOM
HATPSDKEHHOM COCTOSIHUU, AEUCTBYIOT TOJBKO
HOPpMaJ/IbHbIE€ MEPUNOHAJJIbHDBIE Y KOJIBIIEBbBIE YCU -
IS

Be3aMoMeHTHOE HATIPSIZKEHHOE COCTOSTHUE 000-
JIoueK oTmchiBaeTcs ypasHenueM Jlammaca (23),
MOJIy4aE€MbIM U3 PACCMOTPEHUST PaBHOBeCHsI Oec-
KOHEYHO MaJIoi IJIOIAJKU, BbIIEJICHHON AByMs
TOPU3OHTAJIbHBIMU U IBYM:A MEPUANOHAJTbHBIMU
tockocTsimu (puc. 9):

NN peo, (23)
Rl RZ
rne N, u N, — COOTBETCTBEHHO, MEPUMOHAIBHOE
1 KOJThIIEBOE YCUJIHS,
p — HOpMaJIbHASl OCTaBJISIIONIAsT BHEITHEH Ha-
TPY3KH HA 3JIEMEHTAPHON TITOMIA/IKE.
PaccmaTpuBasi paBHOBeCHE BepXHeil dactu 060-
JIOUKHU, OTCEIECHHOHN TOPU30HTATBHON TJIOCKOCTBIO,
MEePIEHIUKYJISPHON OCH CUMMETPHH Z-Z, TI0JTyJa-

R p

PucyHok 8. CxeMa KOHHYECKOU OOOJIOUKH.

10T 3aBCHMOCTb JIJIs OTIPE/IeJIEHUSA MEPHUINOHAb-
Horo yeuma N, (24)—(25):

prr’ =27rN, cos f3, (24)
nJjm
N, = pTR2 . (25)

Koubiesoe ycume N, MOKHO HafiTH 13 ypaB-
venus Jlamraca (23) ¢ ucnoJsib30BaHMEM PaBeH-
ctBa (26):

R
- N,2-y. 26
Ny =N@2-25) (26)

1

Jlyist otipeiesieHusT MEPUANOHATBHBIX M KOJTb-
[EBBIX YCUJIUN B 060I0YKaX KOHKPETHOTO THIIA
JIOCTATOYHO TMOZICTaBUTH B paBeHcTBa (30)—(32)
paznycebl KpuBU3HBL. COOTBETCTBYIOIINE HAIPSI-
JKEHUST IPU TOJIIIUHE 000JI0UKH ¢ OYIAyT OIpesie-
JaaThes o popmyaam (27)—(30):

— I MUJINHIPpUYecKoil obosmouku (R =,

R,=r):

N, pr
o =—t= 27
Y2 27

N, pr

O, =—===—"
ot ot (28)
— LIS KOHIY€CKOiT 060/104KH (R, =0, R, =—— ):
cos 3

N, pr

o =—=—.

't 2tcospB’ (29)

Pucynoxk 9. K onpenenennio ycunuii B 000J04Ke Bpa-
IHIeHns.
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_N, __pr
7= t tcosf’ (30)
J11s1 MICTOBBIX KOHCTPYKIIMIA B BUie 000I04€EK
BpallleHU s, HaXOAAINUXCA O/ ICHCTBUEM OCECUM-
MEeTPUYHON Harpy3Ku, yCJI0BUE TPOYHOCTHU OTIpe-

nensiercs Boipaxkenuem (31) [1, 2, 11, 23, 24]:

Meronuxa I' [25, 26, 29], ocHoBanHast Ha Me-
Tozie KoHeuHbIx asieMenToB (MKO) 1 peanusoBan-
Hasd B IIPOTPAMMHO-BbIUMCJIMTEJIbHBIX KOMIIJIEKCAX
(SCAD, Lira), Ha ceroJHsiuuii eHb HauboJiee
NIMPOKO PAacIpPOCTPaHEHA B MPOEKTHUPOBAHUU
CTAJIbHBIX MHOTOTPaHHBIX CTOEK JHO6OFO Ha3Ha4e-
Husg. OcHOBaHA OHA HA CO3JIAHUU KOHEYHO-3JIe-
MEHTHBIX PACYETHBIX CXEM B COBPEMEHHBIX ITPO-
TPaMMHO-BbIYNCJIUTEIbHBIX KOMIIJIEKCAaX C ITOCJIE-
JIYIOIITUM WX aHAJTM30M ¥ OTIpe/leIeHUeM YN CIIeH-
HBIX 3HAaYeHUH HeoOxoauMbIX nmapamerpos H/C
(ycunnii, HanpsKeHWH, iepeMelieHnii) Ipu 1o-
MOININ BU3YaJIU3allMU Pe3yJbTATOB pacdyeTa Ha
akpane D BM. B kauecTBe 0CHOBHOTO JIOCTOMHCTBA
[[aHHOfI METOAUKU CJaeNYET OTMETUTH BO3MOK-
HOCTH HCCeloBaHus (pacdyera) KOHCTPYKITUHN B
MIPOU3BOJIHHOM CE€UYEHUHU, YE€TO HE TIO3BOJISAIOT CY-
NIECTBYIONIHE aHATUTUIECKIE METOIUKH.

OI[HOfI M3 U3BECTHDBIX, HO MAJIO ITPUMEHAEMBIX
METO/IVK JIJIST OTIPe/ie/ICHUS TIepeMeTeHUil CTOeK
(6as10K) TIepeMEeHHOM KeCTKOCTU (K TAKOBBIM MbI
OTHECeM CTaJibHble MHOTOTPAHHBIE CTOMKM ), SIBJISI-
€TCsT METOJTKA HEMEIIKOTO YYEHOTO B 06JIACTH CO-
npotuBienus: matepuanoB Otro Mopa [27, 28],
OCHOBaHHAS HAa YU CJICHHOM METO/Ie KOHEUHBIX 3JIe-
MEHTOB. /[aHHAS METOIMKA TTIO3BOJISIET OTIPEIEJIUTD
nporub cBoOOAHOTO KOHIA cTOMKU (6anku) 6e3
ydera cOOCTBEHHOTO Beca ee MaTepuasa (mepeme-
neHue BepXa KOHCOJIbHOM CTOHKH f), mpeacTas-
JIEHHOW B BU/IE CILIOIIHOTO CTEPIKHS, JKECTKO 3a-
nieMJieHHOTO B ocHOBauwWH (puc. 10).

MoMeHT WHepIy B TEKyIeM CeUYeHIH CTOM-
KU OTpefiesisieTcs o cooTHomenuo (puc. 10) us
BbIpaskenuii (32—33):

Ji=dy .=y (32)
l z
B dopmyaie (32):
J.=kz+J,; (33)
Pty (34)

ITporu6 cBo6OHOTO KOHI[Aa KOHCOJIBHOM CTOM-
KU IIePeMEeHHOM JKeCTKOCTH A, OlIpe/ie/isieTcs Bbl-
paxenueMm (35):

1 2 ! 2
Ang.Pidzzi'[ z dZ:£ [Lzz—iz.fo-k—
o EJ. E{kz+J, 2k k

-
2
+‘2°3-ln(kz+.]0)}—

Er [ K = 2hJ e+ (35)

+2J, In(kh+J,)—J oIn(J,) |

rae P — pacuerHast HarpysKa Ha CTOHKY;
E — Moy yripyroctu MmaTepuasia CTOMKH;
[ — BBICOTA CTOMKY;
J, — MOMEHT UHEPIMHU KPAHEro CeYeHns CTOk-
KH.

CpaBHUTENbHBII aHATN3 Pe3YJIbTaTOB pacyeTa
H/IC croiikn

CpaBHUTEBHBIN aHATI3 Pe3yJIbTaToB pacdeTra Mo
BBITIIENIEPEYHNCACHHBIM MeTOIUKAM BBITTOJIHEH Ha
TIpuMepe CTaJbHOM BOCBMUTPAHHOUN CTOHKH OCBe-
TUTETHHON OTIOPBI ¢ PACYETHBIM M3TUOAIOTM MO-
MEHTOM B ypoBHe 3azesiku croiikn M, =130 xkH-m.
B kauectse onpezensiembrx napamerpon HJIC pu-
HIMaeM IIpUBe/IeHHBIe HANPSUKEHNs B MIPHOIOP-
HOU 30He KoHCTpyKUuu o, , MIla u nepemenienus

np?

.
Jo Ja
/
N

/ p

J: s
N

=
N1

Pucynok 10. Croiika nepeMeHHOI KeCTKOCTH IJIsI OIl-
peziesieHust Iporuba ee cBOOOIHOTO KOHIA 1O (hopmyJie
O. Mopa.
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BepxXHUii Touku croiiku f, mm (puc. 11). Ha
puc. 12—13 npuBenenst rpaduku cpaBHEHUS pe-
3yJsibTatoB pacdera napamerpos HJ/IC 1o cymie-
CTBYIOIIUM AHAIUTUYECKUM U KOMIBIOTEPHBIM
METO/IUKAM.

T oK IIPIOKEHILT HAT Py3KI
H OTPefIeTEHTTST TIePEMETIIEHTT MM

} N

2

[
|b4
220

h=7.0Mm

‘ 5l

]
i

1 1

' R

30Ha oITpeleNneHILd Hallp sDKeHIIT
Tnp, I\/II_Ia

()
S
(=]

Pucynox 11. Cxema craiabHOIl BOCbMUTPAHHOI OCBe-
THUTEJIHHON OTOPHI.

BriBo b1

1.

AXTYyasbHOCTb KOHCTPYKIIUI HA OCHOBE METaJI-
JIMYECKUX MHOTOIPAHHBIX CTOEK B KauecTBe
00BEKTOB TOPOJICKOI UHPPACTPYKTYPHI 3a-
KJII0YAETCs B IEPBYIO OY€pe/lb B 3CTETUYHOCTH
1 HU3KOM 3emiieoTBo/ie mog MI'C.
WsroroBiieHre yike He SIBJSIETCST MPOOJIEMHBIM
BOITPOCOM ITPY CO3/IAHNN KOHCTPYKIIUIA HA OCHO-
Be MI'C BBUIY TOSIBJIEHNST COBPEMEHHBIX OTEUe-
CTBEHHBIX TIPOU3BOICTBEHHBIX MOIITHOCTEM.
Paznuiia sHauennii pe3yisTaToB pacueTa napa-
MeTpoB H/IC cToliku 1o mpeaioKeHHBIM Me-
TOJIUKAM COCTABJISIET:

Ao, =7-13% (o, —> MeTonuka [25, 26, 29],
o, —> MeTonuka [24]);

Af, #12-21% ( f,,. — Meronuka [25, 26, 29],
Sin — MeTonMKa [27, 28]).

Yucnennsie meTonuku [23, 24] paccmarpuBa-
10T KOHCTPYKIIUM B BUJI€ CTEPXKHS U PACCUH-
THIBAIOTCS 110 71e(hOPMUPOBAHHOM CXEME.,
Tosnbko aBe us yernipex meronuk [11, 25, 26,
29] yuntsiBatoT nipu onpeaenernnn HJ/IC xo-
JINYECTBO TpaHell CTOMKM, YTO CYL[ECTBEHHO
BJIMSET Ha 3HAYEHUS HAPSUKEHWH U Tiepeme-
HIeHUH.

Il BoIOOpa HarboJiee MOAXOASIIE MeTO -
KU pacyera CTOeK HeoOXOMMa 9KCIIEPUMEH-
TaJIbHAS MTPOBEPKA PE3yJIBTATOB YU CJIEHHBIX
WCCIIEIOBAHWH TI0 TIPEIJIOKEHHBIM METOTUKAM.

@ SCAD m Lira 0 CHulN o lNopes m Jleccur

3 G“p, Mna

1e Hanp

Pucynox 12. [IpuBezienHble HANPsKEHUST B TIPUOIIOPHOI 30He CTOMKH (OT pacyeTHOW HArpy3KH Np) o, , Mlla.

np’
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@ SCAD m Lira 0 CHuM 0O Mopes m O. Mop \

300+
2 250
g
2 200
2
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2 150
o
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o
]

0,

Pucynoxk 13. Ilepemerniennst Bepxa cToHKN (OT pacueTHOH Harpy3Kd Np) f, MM,
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Tapamska Irop MuxaiiioBu4 — KaHAuAaT TEXHIYHUX HAyK, AOIEHT Kadeapu MeTaleBUX KOHCTPYKIii J[on6Gachkoi
HalfioHaIbHOI akajaemii OyaiBHUIITBA i apXiTekTypu. HaykoBi iHTepecu: BUBYEHHS [iiiCHOT POOOTH METaleBUX Ipat-
yacTHX, 6araTOrpaHHUX JIMCTOBUX i TPYGOOETOHHUX OIOP MOBITPSIHUX JIHIN eekTporepenaBatnst. CTBOPEHHs HO-
BUX KOHCTPYKTUBHMX piltenb onop IIJI i3 3acrocyBanHsAM IporpecMBHUX TEXHOJOTI 1 MaTepiasiB.
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Tanacorino AuroH BologumMupoBuy — KaHAUIAT TEXHIYHUX HAYK, MOUEHT Kadeapu MeTaTeBUX KOHCTPYKIiit JloH-
6achKol HalliOHANBHOI aKaeMii OyAiBHUITBA i apxiTekTypu. HaykoBi iHTepecu: exciuryaraiiiina HaailiHicTh Ta orI-
TUMaJibHE TIPOeKTYBAaHHS KOHCTPYKIIM TOBITPSIHUX JIiHIHN eJeKTporepeaadi i aHTeHHUX OTIOp; BUBYEHHS il CHOI
po6OTU MeTaJeBUX IPATYACTUX KOHCTPYKIIiM GAlITOBOrO THUILY.

Jlo3uncoknit Exyapa OsnekcaHapoBHy — KaHAWAAT TEXHIYHUX HAYK, JIOLEHT; 3aBiflyBay Kadenpy apXiTeKTypH TIpo-
MUCJIOBUX i 1uBinbHUX Gyniens [JoHOacbKoi HalioHANBHOI akagemii OyaiBHUITBA 1 apxitekTypu. Haykosi intepe-
CH: PO3BUTOK METOAVMKH OLIHKM BiTPOBOIO BILIMBY Ha OYyIiBJIi, CHOPYAYU Ta X KOMILIEKCHU, YIOCKOHATIEHHS METOIUK
MOJIEJIIOBAHHSI HATYPHUX | MOZIEJIbHUX BUIIPOOYBaHb Oy/iBesb Ta CIOPY HA BITPOBE HABAHTAKEHHS.

Tapanka Codisa BirtaniiBua — marictpanT Kadeapu meraseBux KOHCTPYKILi JloH6achKoi HalliOHAJIBHOI akazeMil
GymiBHUIITBA i apxiTekTypu. HaykoBi iHTepecy: BUBUEHHS AifiCHOI POOOTH i MOIIYK PAIliOHATBHIX KOHCTPYKTHUBHUX
pitrerb Tpy60OETOHHUX KOHCTPYKINN 3 BUKOPUCTAHHIM TIPOTPECHBHUX MaTepiajib.

Tapanxka Urops MuxaiinoBuy — KaHIUAAT TEXHUYECKUX HAYK, [OIEHT Kadeapbl MeTANINYeCKNX KOHCTPYKIIUI
Jlonbacckoil HAIMOHATBHON aKaJleMU¥ CTPOUTENbCTBA M apXUTEKTYPhl. HaydHble MHTEpECH: U3ydeHe AeiHCTBY-
TeJIbHOI PabOThl METAINYECKUX PEIIEeTYATHIX, MHOTOTPAHHBIX JIMCTOBBIX M TPYOOOGETOHHBIX OIMOP BO3AYIIHBIX JIU-
HIH asekTponepenaun. Co3maHne HOBBIX KOHCTPYKTHBHBIX pemnieHuil onop BJI ¢ mpuMmenenmem mporpeccnBHBIX
TEXHOJIOTHI W MaTEePHAIOB.

Tanacorio AHTOH BiaguMupoBHY — KaHIWAT TEXHUIECKIX HAYK, OIEHT KadeIpbl METALINIECKIX KOHCTPYKINIT
JoHbacckoil HAIMOHAIBHON aKa[eMHUN CTPOUTEIbCTBA U aPXUTEKTYpbl. HayuHble MHTEPECHL: 9KCILIyaTaA[OHHAS
HaJIe’KHOCTD U ONTHMAJIbHOE IPOEKTHPOBAHNE KOHCTPYKITHIL BO3LYIIHBIX JIMHUN 3JIeKTPOIepeladll M aHTEHHBIX OTIOp,
n3ydyeHne JIeHCTBUTENBHOI PabOThl METAIINIECKNX PEIIeTYaThIX KOHCTPYKIMH OAllleHHOTO THIIA.

Jlo3unckwuii Iayapa AnekcaHAPOBHY — KaHIWAAT TEXHUYECKUX HaYK, IOIEHT; 3aBeyIoNnuii Kadeapoil apxXuTeKTy-
PbI TIPOMBIIIIEHHBIX U MPAKIAHCKUX 37aHUi [JOHOACCKOl HAIlMOHAJIBHON aKaeMUU CTPOUTEILCTBA U apXUTEKTY-
pbl. HayuHble HHTEpECH!: Pa3BUTHE METOAUKH OIIEHKHM BETPOBBIX BO3JEHUCTBUII HA 3/IaHUS, COOPYKEHUS U UX KOM-
TIJIEKCBI, COBEPIIEHCTBOBAHNE METOJMK MOJIEJTMPOBAHUST HATYPHBIX U MOJIEJIbHBIX MCIIBITAHUN 3/@HWIT U COOPYKe-
HIW Ha BETPOBOE JlaBJIEHNE.

Tapamxa Codus ButambeBna — MaructpadT Kabeapbl METATIMIECKUX KOHCTPYKIMH JIoHOacCKO# HAMOHATBHOMN
aKaJIEeMUH CTPOUTETBCTBA U apXUTEKTYpbl. Haydnble MHTEpeChl: N3yvYeHne AeiiCTBUTENLHON PaboThl U TIOUCK PaIio-
HAJIBHBIX KOHCTPYKTHUBHBIX pelieHuit TpyOOOeTOHHBIX KOHCTPYKITUH € MCMOIb30BAaHNEM MPOTPECCUBHBIX MaTepha-
JIOB.
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ings Department, Donbas National Academy of Civil Engineering and Architecture. Scientific interests: develop-
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modelling of full-scale and modelling tests of wind loads on buildings and structures.

Garanzha Sofiia — master student; Metal Structures Department, Donbas National Academy of Civil Engineering
and Architecture. Scientific interests: a studying of a real work of pipe-concrete structures using advanced materials.
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