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KOHCTPYKTHUBHBIE PELIEHUA .
YHUKAJIbBHBIX 3JAHUU U COOPYKXEHUU

B. B. Jlenenes, A. Uxym

@I'BOY BIIO «Tambosckuii 20cyoapcmeeHublll mexHU4ecKutl
YHUsepcumempy, 2. Tambog

Peyenzenm 0-p mexu. nayx, npogeccop B. I1. Spyes

KurwoueBblie ciioBa u ¢gpas3pl: adpoaHAMHUUYECKUE XapaKTepH-
CTUKU; BBHICOTHOE 3JaHUE; KOMIBIOTEPHOEC MOJAEIUPOBAHUE; KOHCT-
PYKTHBHas CXeéMa pPaMHO-CBSI3€BOTO KapKaca; HECYIIHH 3JEMEHT;
SKCIIEPUMEHTAIbHBIC UCCICIOBAHUS.

AunHoTauus: JlaH aHanu3 KOHCTPYKTHBHBIX pEIICHUN YHU-
KaJbHBIX 3IaHUH U COOPY)KEHHM, MPUMEHSEMbIX B MUPOBOU Ipak-
THUKe. PaccMOTpeHbl Harpy3Kd U BO3JCUCTBHS Ha KOHCTPYKIUHU
u cBs3u. lIpuBeneHs! coBpeMeHHbBIE METOIbI pacieTa Ha MPOYHOCTH,
YCTOMYUBOCTH U KECTKOCTh. JlaHO OmucaHUE POJU U KOHCTPYKIUHU
muadparM. M3imokeHbl cioco0bl U pe3yIbTaThl SKCIIEPUMEHTAIBHBIX
WCCJICIOBAHUM, B TOM YHCJIE B adpoArnHaMudeckor Tpyoe. [lokazaHbl
JAHHBIE YHCIEHHOTO KOMITBIOTEPHOTO MOJEIUPOBAHMUs, CIIOCOOCT-
BYIOLIETO NMPENOTBPAILEHUIO IPOrPECCUPYIOIIET0 pa3pyLICHHUS.

BBenenne

BrIcoTHBIE 30aHUS UMEIOT CBOIO CIEUU(UKY, CYyIIECTBEHHO OTIMYAIOIIYIO
ux oT oObryHBIX [1]. [y TpOeKTHpOBaHMUS BEPTUKAIBLHONW HECYIIEW CHCTEMBI
pELIAONMMH Harpy3KaMH SIBIISIIOTCS: COOCTBEHHBIH BeC, NUHAMHYECKas Ha-
rpy3Ka u BeTep [2], KOTOpBIE COBMECTHO 00pa3yroT CHITy, NEPENaonyocs Ha
¢ynnament. Yem Onmke HampaBiICHHUE CHIIBI K TOPU30HTANBHOW IJIOCKOCTH,
TEeM TpyJHEE ee OTBOAUTH (puc. 1).

[Ipennaratorcst BapHaHTBl KOMIIOHOBKH CBSI3M C  HCIIOJIb30BAHUEM:
1) Tubkux 3meMeHTOB (KaHaTBl, TPOCHI); 2) MEXaHU3MOB, Onarogaps KOTOPBIM
MCKJIIOYAETCs] BO3MOXKHOCTD HOSIBJICHUS CKMUMAIOLINX YCUIMK B packocax Iua-
¢bparmer [3, 4].

Ilo nepéomy BapmaHTy 3I€MEHTBI CBS3M H3TOTABIMBAIOTCS W3 THOKHX
MaTepHaIoB — TPOCOB WJIM KaHATOB, MMEIOUINX Mallyl0 M3THOHYIO JKeCTKOCTb
U, CJIEJIOBATEbHO, HE3HAUNTENIbHYIO YCTOHUNBOCTD K CXKMMAIOIUM Harpy3Kam.
B pesynbTare 35eMeHThl JaHHOH CBsI3U He OyayT paboTaTh Ha C)KaTHE, Tak Kak
HE UMEIOT JOCTaTOYHOH KECTKOCTH U YCTOHYMBOCTH K OOECIIEYEHUIO CBOETO
HOJIOXKEHUsI B paBHOBecHH. [IpM BO3ZHMKHOBEHMU pACTSATUBAIOIINX YCHIIUH

JleneneB Bukrop BacuibeBrud — IOKTOp TEXHHYECKHX HayK, npodeccop kadenapol «KoHeT-
PYKLHH 371aHUI U COOpyKeHuit», e-mail: kzis@nnn.tstu.ru; Yxym AMHOT — Maructpant kadeapsl
«KoncTpykiuu 3naauit u coopyxenuit», TamoI' TY, r. TamOo0B.
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i S 5 b
q) 6) 8) 2)

Puc. 1. Kputuueckue Harpy3ku u gepopmManum:
a — CHJIBI CKaTusl; 6 — ONMPOKUABIBAIONIIE MOMEHTHI;
6 — M3rubaroIe MOMEHTBI; & — OIEPEUHBIE CHIIBI

U IEHCTBUH TOPU3OHTAIBHBIX HATPY30K JAHArOHAIBHBIE IIEMEHTHI CBA3H (KaHa-
ThI) OyIyT BKIIOYaThCcS B PaOOTY, YBEIHYHMBAs TEM CaMbIM H3THOHYIO JKECT-
KOCTb paMbl B LIEeJIOM (puc. 2).

PamHo-cBs3eBast cuctemMa — cucTeMa, COCTOsIIas U3 paM (Kapkaca) U Bep-
TUKIBHBIX auaparM, CTCH WM siJiep JKECTKOCTH W BOCTIIPHHUMAIOINAS TOPHU-
30HTaJIbHBIE U BepPTHKaJIbHbIE Harpy3kd. Ilpu 3ToM naHHBIE HAarpy3ku pacmpe-
JENAI0TCA MEXITy pamamu (KapkacamMHu) W BEpTUKaIbHBIMU auadparmMamMu
(Mmu ApYyTUMU DIIEMEHTaMH) B 3aBUCUMOCTH OT COOTHOIIIEHHUS KECTKOCTEH ITHX
aneMeHToB. [nadparma — CIUTOIIHOW MM peleTyaTblid 3JIeMEHT MPOCTPaHCT-
BEHHOW KOHCTPYKITHH, CIOCOOCTBYIOIINN YBEITMICHHUIO €€ JKECTKOCTH.

a) 0)

Puc. 2. KomnonoBouHas («) u fepopMupoBaHHasA (0) cXeMbI:
1 — xaHatsl (TPOCH)
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Crnemyet OTMETUTH, YTO MIPHUMEHEHHUE 8710P020 BapuaHTa KOMIIOHOBKH CBSI-
3W MOXET OBITh ONPAaBIaHO TOJHKO B CIy4ae HEBO3MOXXHOCTU HCIIOJIb30BaHUS
MIEPBOTO BapHWaHTa WU IS 3MaHUN HEOONBIONW dTakHOCTH (9 — 12 sTaxei),
MOCKOJIbKY CIIOCOO MCKIIFOUCHUS CBSI3U, OCHOBAHHBIN HA MPUMEHCHUU MEXaHU3-
MOB, Oollee TPYJIOEMOK W CIIOKEH KaK NPH HM3TOTOBJICHHWH, TaK W B MpoIlecce
MoOHTaxa. Kpome Toro, oH UMeeT MEHBIIYIO JIOJTOBEYHOCTh BBUIY HCTUPAEMO-
CTH KOHTAKTHPYIOIIMX B IApHUPE CTAIBHBIX 3JEMEHTOB. TakuMm o0pa3om,
JUTSL BBICOTHBIX 3[IaHUI IIAPHUPHBINA y3€Jl BTOPOTO BapHaHTa HEOOXOAUMO TPO-
eKTHPOBATh M3 BBICOKONPOYHBIX W M3HOCOCTOWKHX CTaleld WM CIUIaBOB, YTO
YAOpOXkKaeT OOIIYI KOHCTPYKIHMIO auadparmbl. EMUHCTBEHHOE JOCTOMHCTBO
JAHHOTO PEeIIeHUs 3aKI0YaeTcsd B MPUMEHEHHH MPUBBIYHBIX MaTEpPHAIIOB, OJI-
HAKO, YYHUTHIBas 0OJiee BBICOKYIO CJIOXHOCTh MEXaHHU3MOB IIAPHUPOB CBSI3H,
TIEPBBIA BapWaHT I 3MaHUKA BhIE 12 3Takedt mpemcraBiseTcss Hanbomiee 3¢-
(extuBHBIM. Ha OCHOBaHMU BBINIECKA3aHHOTO MOXKHO BBIJCIIUTH OCHOBHBIC
JIOCTOMHCTBA AnadparMbel B KAHATHOM HCTIOTHEHHH:

— 3KOHOMHYHOCTh, JOCTUTAaEMYI0 MCIIOJIh30BAaHHEM BBICOKOIIPOYHBIX KaHa-
TOB;

— HE3HAYUTEIIbHYIO TPYIOEMKOCTh H ITPOCTOTY YCTAHOBKU;

— BO3MOXXHOCTh ONTHMAaJIFHOTO KOHCTPYHPOBAHUS qUadparMsl 1Mo BBICOTE,
JIOCTUTAaeMyI0 YMEHBIIICHHEM CCUYCHUN KAHATOB WJIM W3MEHCHUEM HX 4YHCIa
B 3aBHCHMOCTH OT Harpy3oK M BBICOTHI 3/IaHMS, TaK KaK M3BECTHO, YTO OMNTH-
MaJibHas KOH(QUTypanus aquapparmMbl Ta, KOTOpas UMeEeT OOJIBIITYI0 JKECTKOCTh
(6omee pasBuTa) y OCHOBAHUS 3/1aHNUS;

— U3-32 UCKJIFOYCHHUS BO3MOXXHOCTH BOCIIPHSITHUS BEPTHUKAIBHBIX CKUMAO-
IUX YCUJIMHA MEXAY 3J€MEHTaMH CBS3M MCUe3aeT HeraTWBHBINA d(p(eKT «moaBu-
CaHUsD» CMEXKHBIX C auadparMoil KOJOHH M, KaK CJIeJCTBUE, paboTa puresneii cra-
HOBHUTCS TIPAKTUIECKN HE3aBUCHMOI OT Pa3HOCTH OCAIOK KOJIOHH U aradparmsr;

— IIPOCTOTY MOAOOpa CEYCHUH KaHATOB, 00ECICUNBAEMYIO MIPOCTOTOW pa-
OOTEHI CBSI3M KaK OOBITHON PACKOCHOU (hepMBI;

— OBICTPOTY YCTPOMCTBA CBS3H U €€ PEMOHTOIIPHUTOTHOCTE;

— HU3KKE (PMHAHCOBBIC 3aTPATHI IPH IKCIITyaTaI[IH 31aHUS.

Cnenmyer OTMETHTB, YTO NPEUIOKEHHOE KOHCTPYKTUBHOE PEIICHUE JHa-
(hparMbl JKECTKOCTH OCHOBAaHO Ha KOMIUIEKCHBIX HAyYHBIX HCCIIEIOBAHUIX
BIMSHHS TUaparM >KECTKOCTH Ha HANPSIKESHHO-Ie(HOPMUPYEMOE COCTOSHHE
(HAC) kapkaca 31aHHA U SBISIETCS UX MPUKIATHON peann3ainen.

AaponnHaanecmle XapPaKTCPUCTHUKHU 3TaHUA

C TOYKM 3peHHs a3pOJUHAMHKH BBICOTHBIC 3JIaHUS MPEICTABISIOT COOOU
TUTIUYHBIE TUIOXO 00TeKaeMble OOBEKTHI CPETHETO OTHOCUTEIHHOTO Y UTHHEHUS
H/D=3...6, tne H, D — BbICOTa U JJIMHA 3]IaHUSI COOTBETCTBEHHO. Ha pucyH-
Ke 3 CXEeMaTU4HO IPEACTABICHAa KapTHHA BETPOBOIO IOTOKAa OKOJO OJHOrO
U3 TaKUX COOPYKEHUMU, €TO CPEIHSASI CKOPOCTh ¥(Z) B MPU3EMHOM CJIOE, TOJIITH-
Ha KoToporo 6osiee 300 M, Bo3pacTaeT C BBICOTOM z HAll YPOBHEM TOJCTHIIAO-
el moBepxHocTH [5, 6]. TeueHne ¢ HaBETPEHHOW CTOPOHBI 3[JaHUS XapaKTepH-
3yeTcsl HaIMYUeM HUCXOJSAIINX MOTOKOB B HIDKHEH 4acTh dacana, y MOIBET-
PEHHOI CTOPOHBI MPOUCXOAUT CUIBHOEC MOHIKEHUE NaBiieHus. Bo3Hukaromue
BO3BPATHO-IIUPKYJIAIIMOHHBIE 30HBI ¥ TIOJABETPEHHON M OOKOBBIX CTOPOH 3IaHUS
SIBJISIIOTCSL IEPEMEHHBIMU BO BPEMEHH, YTO MPHUBOAUT K JOMOJHUTEIBHBIM JIH-
HaMUYeCKHM Harpys3kaM Ha OTpakJaroline KOHCTPYKIMH 31aHus |5, 7].
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Puc. 3. Cxema o0rexkanus BE€TPOBBLIM NNOTOKOM BBICOTHOI'O 3/1aHUSA

JlaBiieHMe Ha TIOBEPXHOCTH 3JaHMs BBIpakaeTcs B Oe3pa3sMEpHOM BUJIC
4epes3 adpoAuHaMuIecKuil KosGduument nasnenns C,

p-p
c,=L1o (1)
0,5pv;

IZie p — JaBJIE€HUE B TOUKE Ha MOBEPXHOCTH 31aHus, [la; p, — atMocdepHoe nas-
nenue, I1a; p — MWIOTHOCTb BO3MYXa, KI/M; Uy — XapakTepHast CKOPOCTh MOTOKA
«Ha 0ECKOHEYHOCTH» BHE O0JIACTH PacIpOCTPAHEHUSI BO3MYIICHUH, CBSI3aHHBIX
¢ oOTekaHueM 37aHus, M/c. B psje ciyuaeB B kKauecTBe XapaKTepHOU AJISl BCETO
31aHus OepeTcsi CKOPOCTh HEBO3MYLIEHHOT'O BETPOBOTO MOTOKA HA MaKCHMallb-
HOH BBICOTE 31aHMA.

B nmpyrux cnywasx, mHanpumep B [8, 9], moapasymeBaercsi, uto 0= v(H),
TO €cTh OepeTcs CKOPOCTh HACTHUIIAIOLIETO0 BETPOBOIO IIOTOKA HA YPOBHE z = H,
IJie Z — PacCTOSIHUE OT TMOBEPXHOCTH 3eMJIH IJIsl TOUKK (acajia, B KOTOPOW OIl-
penensercst nasnenue p (1). Caenyer moa4epkHyTh, YTO caMo Mo cede Yucio-
BOE 3HAUYEHHE adPOANHAMHYECKOro Kod(pduuuenra napnenus C, 0e3 ykazaHus
crioco0a omnpeAeneHusl vy He TO3BOJISIET CYAUTh O JICHCTBUTEIHLHOM BETPOBOM
Bo3zaelictBuu. Ilpu ompeneneHun v, Bcerna yKa3blBalOTCA JOIOJIHUTENIbHBIC
ycnoBusi. VI3MeHeHne CKOpOCTH BETpa IO BHICOTE B MIPU3EMHOM IOIPaHUYHOM
CJI0€ O3HAYaeT, YTO HaOerarmolIuii BETPOBOW IMOTOK HW3HAYAIBHO SBIISETCS
3aBUXPEHHBIM, [IOATOMY AaX€ B MPOCTEHIEM MPUOIMKEHUH, TPUMEHSISI ypaB-
HeHue bepryinu

1
p +Ep02 = const, 2)
HGO6XOI[I/IMO YUUTBIBaTb, YTO IpaBasd 4YacCTb ABJIACTCA KOHCTAaHTOM TOJILKO

BJIOJIb JIMHUM TIOTOKA, a HE BO BCeM mpocTpaHcTBe. [IpencTtaBumM KoHCTaHTY [7]
B BHUJIE

1 5 1 5
+—p0° = py+—p0y, 3
p > p Po > P 3)
ToTIa TIpeodpa3oBanue BeIpaxeHus (1) ¢ ucmonp3oBanreM (3) 3ammireM
0,5p (vg —o? ) 0 2
C,=————=1-]—|. “4)
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MeTop1, HCIIONB3yEMBIE IJISl PAcueTOB HATPY30K MPH MPOEKTHPOBAHHH
3/1aHUl, MO’KHO pa30UTh HA TPU OCHOBHBIX KJlacca:

— IpUOIMKEHHBIE NHKEHEPHBIE PacUeThI;

— DKCIIEPUMEHTAIBHOE MOJICITUPOBAHHUE;

— YHCJICHHOE MOJETHUPOBAHHE.

Kaxapiii 13 MeTo10B 00JIaflaeT Kak MpeuMyIecTBaMH, TaK M HEJAOCTaTKa-
MH, TI03TOMY I€JIeCO00pa3HO HCIIOIB30BaTh UX COYETaHNUE.

Teopernyeckoe 060cHOBaHHE HHKEHEPHBIX METOUK

[TpubnmKkeHHbIe WHXEHEPHBIE METOJMKH 0a3UPYIOTCSl HA M3BECTHBIX JaH-
HBIX O XapaKTEPUCTHKAX MPU3EMHOT0 MOIPAHUYHOTO CJIOs, a TAKXKE Ha Pa3ind-
HBIX OKCTIEPUMEHTAIIbHBIX U TECOPETUYCCKUX CBEICHHUIX O CBOMCTBAX OOTEKAHHUS
TeJ BO3AYUIHBIM TOTOKOM, BBIP@XCHHBIX B BHJE TaOIHIl KOA(P(HHUIMEHTOB.
JIyist IpakTHYeCKOro MPUMEHEHHs TAKUX METOJIUK K BBICOTHBIM 3JIaHUSM Tpe-
OYIOTCsI JIOTIOJIHUTEJIbHBIC HCCIIECOBAHMSI TI0 ONPE/ACICHUIO MapaMeTpOB, yUu-
TBIBAIOIINX CHEIU(UKY KOHKPETHOTO OOBEKTA.

TypOyieHTHas HeCTallMOHAPHAS MPUPOJIa BETPOBOI'0 MIOTOKA, a TAKIKE BO3-
HUKAIOIIMEe B MPOILEcce OOTEKaHUs COOPYKEHHs MEPUOJUYCCKUE BUXPEBBIC
CTPYKTYPHI MPHUBOJAT K TOMY, YTO 3HAYCHUS a3pPOJMHAMHYECKOrO Kod(duIu-
€HTa JIaBJICHMsI TAK)K€ MEHSIOTCS BO BpeMeHH. [103TOMy BHEILIHEe NaBlICHHE
Ha MOBEPXHOCTH (acajioB U MOKPHITHHA XapaKTepH3yeTcs CPEeJHHM 3HAYCHUEM
U MyJIbCAI[MOHHOW cOoCTaBisitolel. Duznueckas mpupoJia MyJIbCalliid TaBICHUS
OTIpeJieNsieTCs IByMsl OCHOBHBIMHU (pakTopamu. Bo-nepguix, HaIMYMEM B HACTH-
JIAIOIIEM BETPOBOM IOTOKE €CTECTBEHHBIX TYPOYJICHTHBIX KOJICOAHHI CKOPOCT-
HOTO Hamopa (IyJIbCaIliy IEPBOTO POJIA); 80-8MOpbIX, 00pAa30BaHUEM U HECTa-
[IMOHAPHBIM CPBIBOM BHXpeH Mpu o0Tekanuu (acagos 31anHus (MyIbCaluu BTO-
poro pona).

B cymiecTByrOIMX CTPOUTENBHBIX HOPMaX IPH OMPEICIICHUU a3poJuHa-
MHUYECKUX XapaKTEPUCTUK MPUMEHSETCS TaK Ha3bIBAEMbIN KBa3HCTAIIMOHAPHBIH
nonxo. M3meHeHne naBieHus (110 OTHOIICHUIO K aTMOC(HEPHOMY) B TOUKE I10-
BEPXHOCTH (acajia 3JaHus 3aIHChIBACTCS KaK

p()=0,5C ,p0(1)*, Q)

rae Cpy — HEKOTOPBIA KBa3HCTAlMOHAPHBIA KOO(QQUIMEHT JaBICHUS IIPH IO-
CTOSTHHO#M CKOpPOCTH, COOTBETCTBYIOIIEH CpeHEMY 3HAUCHHIO 0(t); ¢ — TeMIie-

paTypa noBEepXHOCTH Bo3ayxa, °C.
PacknanpiBast ©(f) Ha CPEeJHIOIO U IIYJIBCAIIMOHHYIO COCTABIISIOIINE, MOJY-
yaeM

p(6)=0,5C,op[T+0' ()] =0, 5cp0p[z72 +200(1) + 0/ (1) }

') = v (1) + 03 (1),

rae o)(t) u v5(f) — NepBUYHBIC U BTOPUYHBIC MMYJIbCALIMOHHBIE COCTABIISIONINEG

(6)

COOTBETCTBEHHO.

[To cBoeit mpupo/e nepBUYHBIE MyILCAINH, TPUCYIINE HaberaromeMy BeT-
pOBOMY TIOTOKY, SIBIISIFOTCSI OJTHOM U3 €ro XapaKTepUCTUK. BO3HUKHOBEHHE BTO-
PUYHBIX ITyJbCAIlM CBA3AHO C HECTAIMOHAPHBIM OOTEKaHWEM CTPOUTEIBHOTO
COOPY’KEHHUS U TEMH BO3MYILICHUSMHU, KOTOPBHIE BHOCST B MOTOK BBHICTYHAIOUINE
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OCTPOYTOJIGHBIC TPAHU CTPOUTENBHOrO 00bekTa. OTCIo/Ia cpeliHee M0 BPeMEHH
3HAYCHHUE JIABJICHUSI

_ _ 11 1.2
p=0,5Cp0p[02+05], Gl = ng[v(z)—v]dt , 7)

Ize G, — CpelHee KBaJpaTHUeCKoe OTKIOHEHHE; I — MPOJOIKUTENBHOCTD II0-
SIBJIEHUS CKOPOCTEH BeTpa v.

Jna manoit TypOyJeHTHOM WMHTEHCHBHOCTH 3HA4Y€HHE IMCIIEPCHH Majio
10 CPAaBHEHUIO C KBaPaTOM CPEIHETO.

Torna 3nayeHne KBazucTalMoHapHOro Kod(unuenta nasnenus Cy, npu-
OJIM3UTEIIBEHO PABHO CPETHEMY 3HAUEHHUIO KOd(DPHUIMECHTA TaBICHUS:

p=0,5C,p0°. ®)

IIyTreM BBRIYMTAHUS W3 00EUX YacTeH BBIpaXEHUS (6) COOTHOIICHUS TSI CPEIl-
HEW COCTaBJSIONICH BETPOBOrO JamicHHs (8) MPHUXOAUM K BBIPAKCHHIO
JUTSL TIYJIbCAIMH JaBIICHUS

p(t) = O,SCpop[250'(t) 4 v'(t)z]. 9)

[IpeneGperas nucnepcueit v'(t)2 U B3SIB CpejiHEe, MOITyYaeM BbIpaKeHHe, CBS-

3BIBAIOINCE CPEAHEE KBAAPATHICCKOE OTKIIOHCHHE NABJICHHUSI CO CPEIHUM KBall-
pPaTHYECKUM OTKIIOHEHHUEM CKOPOCTH

p'=C,p00" (10)
Ecmu ucnonp3oBars 0603nauenuss CHull [§], To ¢ yuerom Toro, uto
wy = 0,610 =0,5p070; W, =wek(2)C, =0,5p0°C,,,

IZie Wy — pacueTHOE 3HaUYCHHE BETPOBOIO JABJICHUS; W,, — PACUETHOE 3HAYCHUE
CpeIHEN COCTaBIAIOLIEN BETPOBOM HArpy3KH; U, YHCIEHHO PaBHO CKOPOCTH
BeTpa, M/c, Ha ypoBHe 10 M HaJ MOBEPXHOCTHIO 3eMJIM JUISI MECTHOCTH THIA A,
cooTBeTcTBYyIOIIe 10-MUHYTHOMY WHTEpBaly OCpPEAHEHHS W IPEBBIIIAEMOM
B cpeaHeM pa3 B 50 ner (eciaM TEXHHYECKHMMH YCJIOBUSIMH, YTBEPKIAECHHBIMU
B YCTaQHOBJIEHHOM IIOpPSIKE, HE PErVIAMEHTHUPOBAHBI JPYTUE NEPHOIbI MOBTO-
psieMocTH ckopocteld Berpa) [8]; £ — koadduIueHT, YIUTHIBAIOIINN H3MEHEHUE
BETPOBOTO JaBJICHUS O BhICOTE, BhpaxkeHue (10) MoxxHO peoOpa3oBaTh

A o, CpTT
p'=C,p00 :”fzwm?, (11)

rae 0'/v =1 ecTb He YTO MHOE, KAK ONPEIETECHUE HHTEHCUBHOCTH TypOyJIEHT-

HBIX IyJbcauuii BeTpoBoro mnoroka. CoornHomenue (11) aHasoruuHo BbIpa-
JKEHUIO JUISI MTyJIbCAllMOHHOM COCTaBIISIONIEH BETPOBOM Harpy3ku 1o [8]:

Wy = w,5(2). (12)

rJe Wp — PaCUYETHOE 3HAYEHME IYJILCAMOHHOM COCTABJIAIOIICH BETPOBOM Ha-
rpy3ky; {(z) — k03O UIMEHT, YIUTHIBAIOIINN U3MEHEHNE MYJIbCAIIUI JTaBICHUS
BeTpa OTHOCHUTEIHHO BBICOTHI z, TPEICTABICHHBIA B [8]: B TabmuyHOM BHIC
JUTSL TPEX OCHOBHBIX THIIOB IIEPOXOBATOCTH IMOICTHIIAONIEH TOBEPXHOCTH.
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Du3nyecKkoe MoIeJIMPOBAHUE B A3POAHHAMMYECKOH TpyOe

Qusuueckoe Mooeruposanue 03Ha4aeT, 4To UCIOIb3yeTCsl a3poAMHaAMHUYe-
CKasi YCTaHOBKa, OCHAIIEHHas cpencTBamMy (HOPMHUPOBAHUS 3a/1aBAEMBIX MPO-
(el BO3IYIHOTO MOTOKA U TapaMeTPOB €ro TypOyJIEHTHOCTH, a TaKXke Cpel-
CTBaMH H3MEPEHMs CPETHUX M IMyJbCAIIHOHHBIX COCTABISIONIMX JABJICHUS IO
BCEH MOBEPXHOCTU HcclienyeMoro oobekra. llpm 3ToM cam OOBEKT U OKpy-
JKAIOIINe ero COCEeTHUE COOPYXKEHHS BOCIIPOU3BOATCS HAa MOJEINSX B MacIlTa-
Oe, IOIyCKaloIeM UX pa3MelleHue B paboueil 4acTH adpoInHAMUYECKON Tpy-
061, To ecth OT 1 :500 mo 1:100. [Ipn MomenupoBaHUK HEOOXOJUMO BBIIOJ-
HUTb Psifl yCIOBUI: F€OMETpUYECKOe I0J00He; MoAo0Hue CTPYKTYphI IOTOKa
B ad3pOJMHAMHUYECKONW TpyOe 3a/laHHBIM BETPOBBIM PEXHMMaM; MOJAETHUPOBAHHE
CUTYalMOHHOTO IIaHa B o0nactu paguyca » 10 3H. OHaKko MojJHoe a3poanHa-
MHUYECKOE MO0J00ME HENOCTH)KMMO, B YaCTHOCTH HEBO3MOXKHO O0ECHEeUUTh
HaTypHble yncna PeiiHonbaca

Re=PYL. (13)

i)

rae L — xapakTepHbII JUHEHHBIA pa3sMep COOPYXKEHUS, M; LI — AMHAMUYECKas
BA3KOCTH BO3ayxa, Ilac (mpu Temmeparype 20 °C p=1,8-10" Ila-c). Ynucio
PefiHonbaca siBisieTcss KpUTEpUEM MOAOOWS a3pOIMHAMUYECKUX IIPOLIECCOB.
B n11000M ucHBITAaHUM MOJIENN 3/IaHUS B a’pOJMHAMHUYECKON TpyOe umcio Re
OyzeT Ha J1Ba HOPSIIKA MEHbLIE, YeM B HATYPHBIX YCIOBHSX, IIOCKOJIbKY JIMHEH-
HBIE pa3Mepbl MOJIEIM Ha JIBa MOPSIKA MEHbIIE JMHEHHBIX PasMepoB 3/IaHUS.
[TosTOMy NpPUHHUMAIOT pa3IM4HbIE T'MIIOTE3bl 00 ABTOMOAEIBHOCTH IO YHCITY
Peitrnonbaca, o xpaitHeit mepe, HaunHast ¢ Re = 106 u BoI1IIE.

Ha pucynke 4 nokasaH npumMep 3KCIIEpUMEHTAIBHOTO ONPEAETICHUS B a3po-
muHamudecko Tpy6e HMM mexanmku MI'Y asponmHamMHuecKHUX XapakTepu-
CTUK MakeTa BbICOTHOTO 3xanus (H = 188 m). CTpyiiku IbIMa BU3YaTU3UPYIOT
KapTUHY OOTEKaHWsS; MAaTYMKH JABJICHHS, PacrlojiokeHHbIE B 120 mpeHakKHBIX
TOYKax Ha (acanax, MO3BOJIOT ONPENENsATh paclpelesieHHe a’poIuHaMuye-
ckoro ko3(ddummenta C,; MECTUKOMIIOHEHTHBIE AJIEKTPOMEXAHUYECKUE BECHI
U3MEPSIOT Pe3yJbTHPYIOLUIME CHIBI U MOMEHTBl CyMMapHOTO BETPOBOI'O BO3-
JEWCTBUS HA COOPY)KEHHE IIPU Pa3IMyHbIX a3UMyTax BeTpa. B manHom ciyuae
HIOJTy4eHHblE 3HaueHus Kodpduumenta nasneHuss C, B 3aBUCHUMOCTH OT Ha-
MpaBJIEHUS BETpa W3MEHAIOTCI B OCHOBHOM oT +1 mo —1,5. Ilpm stom
Ha Qacagax B OKPECTHOCTH OCTPBIX BBICTYNOB Cpe/HEe 3HAUCHHE YKa3aHHOTO
ko3 dunmenta Mmoxer gocrturath C,=—2,5 u HuxKe (cM. puc. 4, 0), a B HEKO-
TOpPBIX TOYKax kposiau C,=—3,0.

Ha pucynke 4, 6 mpuBeIeHBI pe3yJbTaThl BECOBBIX HCIBITAHMH MakeTa
3aHHA 110 ONPEAETICHUIO JTOOOBOTO COMpOTHBIEeHUs. M3MepeHa nHTerpanbHas
cwia conporusieHus C, B 3aBUCUMOCTH OT YIJIa aTaKd U UHTEHCUBHOCTH TYp-
OyneHTHOCTH HabOerarouero MoToka. Y CTaHOBJICHO, YTO HHTEHCHUBHOCTD TypOy-
JICHTHBIX MYJIbCALlUi OKa3bIBaeT ciaaboe BIMSHHE HA cpelHee M0 BPeMEHHW HH-
TerpajbHOe 3HAYCHUE CUITBI IOOOBOTO COMPOTHUBIICHUSI.

Ha pucynke 5 mpowsuiocTpupoBaH MpUMEp TPEXMEPHOTO pacyeTa MIHO-
BEHHOTO paclipelesieHHsl AaBieHus 1o (acazam 34aHUs, NPEACTaBIICHBI pe-
3yJIbTaThl KOMIIBIOTEPHOTO MOJIEIMPOBAHNS BETPOBBIX BO3IEHCTBHUII Ha BBICOT-
HOE 3JlaHHe, KOTOpbIe MO3BOJISIOT BBIIEIUTH Ha ¢acaje 30HbI C HAHMOOIBLINM
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BETPOBBIM BO3JCHCTBUEM Ha OTrpa)KAArOIIMEe KOHCTPYKIMH. MIHOBEHHBIE 3Ha-
gyenust C, 3HauuTeNbHO mpeBocxonar 3HaueHus CHull [8], uro ykaswiBaer
Ha CYIIECTBEHHOCTH YUeTa BTOPUUHBIX MYJIbCAITUH.

0 -
1k
I
_3 1 1 1
0 90 180 270  Asumyr, rpajg
0)
Cx

0,8 L 1 1
0 90 180 270  Asumyr, rpag

6)
Puc. 4. DxcnepuMeHTAIBHOE ONpe/iesieHne
a3POAMHAMHYECKHX XaPaKTEPHUCTHK MaKeTa BHICOTHOIO 3aHHsI:

a — IBIMOBAst BU3YaIM3alis 00TeKaHus 3/1auus; 6 — Cp B 3aBUCHMOCTH OT HATIPABJIEHUS!
BETPOBOTO MMOTOKA, TI0 pe3ybTaTaM APCHAXHBIX n3MepeHuid B Touke 11-11 na puc. 4, a;
6 — AIPOANHAMUYECKHH KO (UIMEHT JIOOOBOTO CONPOTHBIICHUS 110 Pe3yJIbTaTaM BECOBBIX
HCIIBITAaHUH TIPU HHTEHCUBHOCTHU TYpOyaentHocTH 0,2 % (kpuBas), 2 % (3HauKH)
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Puc. 5. Pe3ybTaThl YMCIEHHOr0 MOeTUPOBAHUS
TPeXMepPHOro 00TeKaHus 31aHus (MOTOK BeTpa cJieBa HAMPABO)

a — MI'HOBEHHOE€ pacripeicjieHue Cp Ha NNOBEPXHOCTU ¢)aca;[03;

6 — MT'HOBEHHbIC HarpaBJICHUS IIOTOKOB BOJIH3H 31aHuA

BOMPOCLI COBPEMEHHOW HAYKW U TIPAKTUKA.
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3akiouenmne

AHaIU3 HECYIIUX CHCTEM BBICOTHBIX 3/IaHHI, MOCTPOCHHBIX IO BCEMY MU-
Py, ITOKa3bIBAET, YTO UX KOHCTPYKTHBHOEC U KOMIIOHOBOYHOE PEIICHHS 3aBUCHT,
TJTaBHBIM 00pa3oM, OT BBICOTHI 00BekTa. OmHAKO CYIIECTBEHHOE BIHUSHHUE
Ha BBIOOP KOHCTPYKTHBHOHN CXEMBI OKa3bIBAIOT U TaKue (PaKTOPhI, KaK CEHCMHU-
YyecKasi aKTUBHOCTh paliOHa CTPOUTENILCTBA, HHKCHEPHO-TCOJOTUICCKHUE YCIIO-
BUSI, aTMOC(EpHBIE U B MEPBYIO OYepellb BETPOBbIC BO3JICHCTBUS, apXUTEKTYP-
HO-TUTAHWPOBOYHBIC TPeOOBaHUs. B KaXJIOM KOHKPETHOM Cly4ae HHXKEHEP
MPUHAMAET TEXHUYECKOE PEIICHUE B COOTBETCTBUU C TPEOOBAHUSMU, YCTAHOB-
JICHHBIMU MEXJYHAPOTHBIMKM MM HAIMOHANBHBIMU CTaHIApTaMH, HOPMaMU
MPOCKTUPOBAHUS WM JPYTUMU PYKOBOASIIMMHU JOKYMEHTAMHU, C YY€TOM COO-
CTBEHHOTO OIbITa U HHTYUIINH. DU3NYECKOe U KOMIIBIOTEPHOE MOJICITHUPOBAHHSI
OCHOBaHBI Ha PsJe MPEAMOIOKEHNUI OOIIEro xapakrepa, 3 HOPMATUBHBIX J10-
KyMEHTOB TpeOyeTcs JIMIb HHPOPMAIIHS O 33JaBacMbIX XapaKTEPUCTUKAX HC-
XOJTHOTO BETPOBOTO IOTOKA. [IpuW OMNpelneneHud BETPOBBIX HArpy30K
Ha BBICOTHBIC 3J[aHMS 1IEJIECOO00Pa3HO coueTaTh 00a METO0Ja, MOCKOJIbKY OHH
JOIIOJIHAKOT L[pyr ;[pyra U ITO3BOJIAKOT BHOCHUTH HeOGXO}Z[I/IMLIe YTO'-IHGHI/IH HpI/I
OTIpe/ICTICHUH HATPYy30K Ha (acalibl 31aHUM.
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Design Solutions of Unique Buildings and Structures
V. V. Ledenev, A. Chhom
Tambov State Technical University, Tambov

Key words and phrases: aerodynamic characteristics; computer
modeling; constructive scheme braced frame; bearing element; experimental
studies; high-rise buildings; high-rise structures; walling.

Abstract: The paper describes a new design solution of diaphragm
stiffness for a multistory building, including a high-rise building, which
eliminates the possibility of its combined action with the frame of the
building on the vertical loads. This is achieved by the design of elements of
shear wall coupling and current methods of determining wind effects on
building enclosure, which include engineering calculations by reference
data, experimental tests in the wind tunnel, numerical computer simulation.
The features and examples of each of these methods are discussed.
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