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BBEJIEHUE

Bce necymme sineMeHThl MOKPHITHM MOXKHO pa3[eNuTh Ha JBa BHJA:
IUIOCKOCTHBIE W TpOCTpaHCTBeHHBIE. [lnockocTHbie KOHCTpyKuuu (depmsl,
Oanky)  XapakTepU3ylTCs  KBAaJApPaTUUYHOM  3aBUCHMOCTBbIO  BEJIMYMHBI
U3ru0aoIIero MOMEHTa OT MpoJieTa. B Takux KOHCTPYKUUSAX MPU YBEIMUYECHUU
nposiera B 2 paza u3rudaromuii MOMEHT BO3pacTaeT B 4 pasa.

[Ipenmy1iecTBO e MPOCTPAHCTBEHHBIX KOHCTPYKIIUN COCTOUT B TOM, UTO
B OOJNBIIMHCTBE O3TUX KOHCTPYKIMH JEHCTBYIOT TOJIBKO CKUMAOIINE WU
pacCTATUBAIOIINE YCHIIHSI, @ CPAaBHUTEILHO HEOOJBIINE M3THOAIONINe MOMEHTHI
BO3HUKAIOT TOJIbKO BOJIM3M omop (T.H. «kpaeBoil adpdekt). brarogaps stomy
POCTPAHCTBEHHBIE MOKPHITUSL HanboJee 3P(HEeKTUBHBI MPU OOJBIIMX MPOJIETaX
3JIaHUH.

JlpyruM TpenMyIIecTBOM MPOCTPAHCTBEHHBIX KOHCTPYKIUH SIBISETCS
MEHBIIIasi CTPOUTENbHAsE BBICOTA: HANpUMep Jid O000JOYeK U BUCSUYHUX
NOKpeITUA oHa coctaBisieT 1/90-1/120 ot mposera. st OGONBIIETIPOTETHBIX
dbepM CTPOUTENBHYIO BBICOTY PEKOMEHAYIOT Ha3zHaudaTh paBHOM 1/7-1/12 ot
IpOJIeTa, BCIEACTBUE YET0 3HAYUTENIbHO YBEJIMYHBACTCS CTPOUTENIbHON 00BbeM
3M1aHusl W CYUIECTBEHHO  BO3pacTalOT  3aTpaThl Ha  OTOIUIGHHE U
KOHJAMIIMOHUPOBAHUE.

[lepBble  IPOCTPAHCTBEHHbIE KOHCTPYKLMM  MPEACTABISIM  COOOM
MAacCUBHBIE Kymoja W CBOJBI, BO3BOAUMBIE M3 KamHS Wik kupnuda. C
pa3BUTHEM TPOMBINUIEHHOCTH B XIX BEke TMOSABUIUCH CTEPKHEBBIC
METAJIMYECKUE  MPOCTPAHCTBEHHBbIE  KOHCTPYKIIMM W OOOJIOUKH W3
xene3zoberona. B cepenune XIX Beka ObUT M300peTeH MPOBOJIOYHBIN TpOC,
KOTOPBIN CHayaia MCIOIb30BAJICS ISl TIOJBECHBIX MOCTOB, a B TOCIEAYIOLIEM
JUTSE OOJTBIIIETIPOJIETHBIX TTOKPBITHIA.

B nmanmpHelimeM — pa3BUTHE  MPOCTPAHCTBEHHBIX  KOHCTPYKIUU
OPOUCXOAMIIO  TI0  HECKOJIbKMM  HamlpaBleHUsAM:  pa3paboTKa  HOBBIX
reoMeTpudYecKux (HOpM MOKPHITHH, MPUMEHEHHE BBICOKOIIPOUYHBIX MAaTEpPUaJIOB,
UCIIOJIb30BAHUE HOBBIX TEXHOJIOTHI MPHU M3TOTOBJICHUU OTIEJIBbHBIX AJIEMEHTOB
Y BCETO MOKPBITHS B IEJIOM.

[IpocTpaHCcTBEHHbIE KOHCTPYKIMHM Pa3idyaloT MO CTaTHYECKOH padore,
r€OMETPUYECKUM ouepTaHUsIM CpEeIMHHOMN MOBEPXHOCTH, dbopme
NEPEeKPhIBAEMOr0  IUIaHA 3JaHUA WA  COOPYXKEHHUS, KOHCTPYKTUBHBIM
O0COOCHHOCTSIM, MaTepHaliaM U IPYTUM MpU3HAKAM.

B ocHoBy knaccuukanuy npoCcTpaHCTBEHHBIX KOHCTPYKLIUN MOJIOKEHBI
reoMeTpuyeckas (GopMa W TPUHIMINBI CTaTHYeCKoW pabotel (puc. 1).
OcobeHHOCTH TeoMeTprIecKoi (hOPMBI B 3HAUUTEIILHON MEpPEe OMPEESIOT THIT
KOHCTPYKLMHU U MPUHIUIIBI CTATHYECKON pabOTHI.
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Puc. 1. Knaccudukamnmst mpocTpaHCTBEHHBIX KOHCTPYKITH



1. BCITAPYIIEHHBIE ITOKPBITHUA

BcenapyienHble MOKPBITUS NPUHATO Pa3leisaTh Ha OOOJOYKU C €AMHOMN
VCXOJHOW MOBEPXHOCTHIO U COCTABHBIE MPOCTPAHCTBEHHBIE KOHCTPYKLIHH.

1.1. O6010YKH MOJIOKUTEITLHON IrayCCOBOM KPUBHU3HBI

K o0onoykaM MOJOXKUTEIBHOM TaycCOBOM KPUBHU3HBI OTHOCSTCS
000J10YKH, i1 KOTOPBIX 00a LEHTpa KPUBHU3HBI PACIOJIAralOTCi MO OJHY
CTOPOHY OT uX moBepxHocTU. Hambosee pacmpocTpaHeHHBIMU OOOJIOUKAMHU
TAKOrO THIIA SIBJSIOTCS OOOJOYKU C MPSMOYTOJbHBIM IUIAHOM U Kymoja ¢
KPUBOJMHEHHBIM TJIAHOM.

1.1.1. O605104KH C TPSIMOYTOJILHBIM TIAHOM

[ToBepxHOoCcTH 000J0YEK MOJOXKUTEIBHOM TaycCOBOM KpPUBHU3HBI Ha
OpsIMOYTOJIbHOM IIJJaHE HMMEIOT B CBOEH OCHOBE IMOBEPXHOCTH IEpeHOca
(onmunTUYecKud  mapaboyionj, KpyroBas TOBEPXHOCTh IMEPEHOCA) WM
MOBEPXHOCTH BpatieHus (cdepa, Top, JIITUTICOUT BpAIIIEHHU ).

st cOOpHBIX OOOJIOYEK THUIT TIOBEPXHOCTH OMPEAENseTCS CXEeMOU
pa3pe3Ku, BO3MOXKHOCTAMH YHU(DUKAITUN U YCIOBUSIMU U3TOTOBJICHUSI COOPHBIX
3JIEMEHTOB, a TaK)Ke YCIOBUSIMU BO3BeJeHHUs oOoyiouek. B 3aBucuMocTH OT
TEXHOJOTMM BO3BEJAEHUS O0O0OJOYKM TMOApA3JESAOTCS Ha CcOOpHbIE U
MOHOJIMTHEIE.

Jlnst  cOOpHBIX 000JIOUEK PEKOMEHIYETCS B KadyeCTBE CPEAUHHOMN
MOBEPXHOCTH TIPUHUMATh YacTh TOPOWJAIBHONH TIOBEPXHOCTH, WMEIOIIHMA
MOJIOKUTENbHYIO KPUBU3HY U TOPU3OHTAIBHYIO OCh BpamieHus. Tak
Ha3blBaeMasi MEPHIMOHATBHO-KOJIBLIEBASI CUCTEMA Pa3pe3Ku 000JI0UYEK HA IUTUTHI
OCYLIECTBJISIETCA CUCTEMOM pagualbHBIX CEKYIIMX IUIOCKOCTEH, MPOXOIAIIUX
yepe3 OCh  BpallleHUs, MW  CHUCTEMOM  BEPTUKAJIBHBIX  IJIOCKOCTEH,
NePHeHANKYIAPHbIX 3TOM ocu. Ilpu Takoil pa3pe3ke TOJOCHI MEXKIY
PABHOCTOSIIIMMH  PATUATbHBIMU CEKYIIMMH IUIOCKOCTSIMU BHYTPH OO0OJIOUKH
SBJIAIOTCS. PAaBHOBEJIIMKUMH, UTO TMO3BOJIIET COKpPaTUTh JI0 MHUHUMYyMa
TUTIOpa3Mepbl COOpHBIX TUIMT. i 000J0YeK ¢ KBaJApPaTHBIM IUIAHOM
peKkoMeHtyeTcs cepruieckasi HOBEPXHOCTb.

['abapuThl MIAT  ONpPENENSIOTCS  TPEOOBAaHUSIMU  SKOHOMHUYHOCTH,
yHU(PHUKAIIMU, TEXHOJIOTUU M3TOTOBJICHUA U MOHTaxa. [lo ¢opme moBepxHOCTH
IUTUTBl MOTYT OBITh TUIOCKHUMHU, MWJIMHIPUYCCKUMU WM JIBOSKOW KPHBU3HEI.
s 060704YeK PEKOMEHAYETCs] MPUMEHATh LMUINHIPUYECKHE IUTUTHI, TaK Kak



IUTTHI JTBOSIKOM KPWBW3HBI CJIOXHBI B HM3TOTOBJICHHWH, a IIJIOCKHE TPEOYIOT
TIOBBIIIICHHOT O pacxozna MaTepHrasoB.

00071049k 10 KOHTYPY OMHPAIOTCSA Ha Auadparmpl, KOTOPHIE BHIIOTHSIIOT
B BUJIE apoK, (hepM U 0ajioK, a TakKe KPUBOJMHEHHBIX OPYChEB, YIOKEHHBIX Ha
cteHbl. KoHTypHBIE OanKu MPUMEHSIOTCS B OTACIBHO CTOSIIMX 000JOYKaxX MPHU
4acTO pAacloJOXKEHHBIX 0 TEepUMETpy 3[aHus KOJOHHAX, a Takke
YCTaHABJIMBAIOTCS 110 HAPYKHBIM PsiIaM KOJIOHH MHOTOBOJHOBBIX O0OJIOYEK B
CIy4asix, KOTJla HE HaMedaeTCs pACIIUPEHUE KOopIyca B COOTBETCTBYIOIIEM
HarpaBjieHUU. B ocTalbHBIX ciaydasx (10 CpeaHuM psiaaM, B 1ehOpMaIlMOHHBIX
mBax) ycraHaBiuBaioTcs ¢epmbl U apku. [lpumenenue depm, kak Oonee
KECTKUX B BEPTUKAIBHOU TJIOCKOCTH JIEMEHTOB, UMEET MPEUMYIIECTBA MepPe]]
apKkaMH, TakK Kak oOecreuuBaeT Oosiee OJaronpusTHyr0 B CTaTHYECKOM
OTHOLIEHUHU paboTy 000JI0UEK HAa CMEXHBIX AHAPparMax.

1.1.2. Kynona Ha KpUBOJMHEWUHOM ILJIaHE

Kymona Ha KpuBOJIMHEHHOM TIUIaHE B OOJBIIMHCTBE CIy4aeB HMEIOT
chepudecKyro TOBEPXHOCTh, OCHOBAHUE TAKMX MOKPBITHH MPEACTABISAET COOOM
OKPY>KHOCTh WJIM MHOTOTPaHHUK, BIIMCAHHBIA B OKPY>KHOCTb.

KoHCcTpykTHBHas cxeMa Kymojia 3aBUCUT B TMEPBYHO oOdYepeab OT
Marepuasia, M3 KOTOPOrO M3rOTOBJIEHHI OCHOBHBIE HECYIIHME KOHCTPYKIIHUH
MTOKPBITHSI.

Kene300eToHHBIE KyMoJia B 3aBUCHUMOCTH OT CHoco0a BO3BEICHUS
JENsATCA Ha MOHOJUTHBbIE U COOpHbIE. MOHOJUTHBIE KYIOJa Yaile BCEro
M3TOTaBJIMBAIOTCS B BHUJIE MOJOTUX TJIaJKUX KyMoJioB-oOosouek. Takas ¢opma
HauOoJiee paloHalbHa ISl TAHHBIX KOHCTPYKIHWN, T.K. TIOYTH BCS 00OJIOYKa
paboTtaer 1Mo O€3MOMEHTHOM CXeM€ M B HEW BO3HHUKAIOT TOJBKO CHKHUMAIOIIUE
yewust. Mcxoass u3 3TOro, TONIMIMUHY OOOJOYKM PEKOMEHIYeTCs Ha3HayaTh
paBHo#t ot 1/600 mo 1/800 paamyca KpUBU3HBI, apMaTypy ClEIyeT TPUHUMATh
KOHCTPYKTUBHO. [Ipu Tonmuue koHCTpyKuuu 10 70MM €€ MOKHO apMUPOBAThH
OJMHOYHOM CETKOM M3 cTepkHer nuametrpoM 4-6mMm ¢ maroM 150-200mm. ITpu
OOJbIICH TONIIMHE PEKOMEHIyeTCsl YCTaHaBlIMBaTh JiBe ceTku [S5]. B 3one
OTIMPAaHMsI TOKPHITHS OyJeT BO3HUKATh W3THOAOIIMA MOMEHT, T03TOMY
TONIINHY OO0O0JIOUKM HEOOXOAMMO YBEIUYUTh APMHUPOBAHUE MOA0OpaTh IO
pacyery.

[IpeuMyIIecTBOM MOHOJIUTHBIX TJIAJIKMX KEJIe300€TOHHBIX 000JI0YEK
SIBJSICTCSI MJIBIN pacxo]l OETOHA W apMaTypbl, @ HEIOCTATKOM — OOJIBIIION CPOK
CTPOUTEIHLCTBA U BBICOKAS TPYAOEMKOCTh BO3BEJCHHUS U JIEMOHTaXa OMaTyOKH.
CTouMOCTh Tako OMasyOKH 3a4acTyl0 COIMOCTaBUMa CO CTOMMOCTBIO CaMoW
00010uku. {7151 HEOONBIINX KYIOJIOB 3TOT HEIOCTATOK B 3HAUUTEIHLHOUN CTETIEHU



MO>KHO YMEHBIIUThH C MOMOIIBIO OCTABIAEMON ONATyOKHU U3 TIEHOMOIUCTUPOIIA
WIM IIyTE€M MIPUMEHEHUs THEBMAaTUUYECKOM OnaTyOKH.

COopHbIe KyIoja COOMpAIOTCS, KaK MPaBUJI0, U3 peOpUCTHIX IUT. [Ipu
npoJieTax A0 25M KyMoJ COCTOUT U3 KPYNMHOPA3MEPHBIX HHJIUHIPUYECKUX TIITUT
OJIHOTO TumopazMepa. g KymojoB mpojeToM Oosiee 25M HUCHOJIB3YETCs
MEpUIMOHAJIBHO-KOJbLEBass paspe3ka. lIpum Takoi paspe3ke Kaxapll spyc
KYIIOJIa COCTOMT M3 IMAHEJIed OOHOro Tumopasmepa. JlnmHa Takux maHeneu
00BIYHO Ha3HauaeTcs He Oojiee 6M, mmpuHa — He Oonee 3M. Bricota pebep
coctaBisger 300MM, a UX apMUpPOBAaHHE MPOJOJIBLHON CTPEKHEBOUM apMaTypoii
(212-14Mm) npOAUKTOBAHO TPEOOBAHUSIMH MMPOYHOCTH MPHU TPAHCIIOPTUPOBKE U
MOHTa)ke naHeneil. JIoCTOMHCTBAMM TaKMX KYIOJOB SIBJISIFOTCS OTHOCUTEIBHO
HEOOJBIION CpPOK BO3BEIEHUS TMOKPHITMM M OTcyTrcTBHEe onanyOoku. K
HEJIOCTaTKaM TaKWX KOHCTPYKIMA MOXHO OTHECTH TOBBIIMICHHBIN pacxoj
OeToHa U apMaTyphl.

KOHCTpYKTUBHBIE CXE€MBI KYMNOJOB M3 METaljla M JIepeBa NpPaKTUUYECKU
UJEHTUYHBI T.K. 00a MaTepuasna Xopollo padoTaloT Ha CKAaTUE U PACTSHKEHUE, U
XapaKTEPU3YIOTCSI OTHOCUTEIBHO BBICOKOW MTPOYHOCTHIO.

PeOpucTo-KONblIeBbIe KYMOJia COCTOSIT M3 MOIIHBIX HECyIIuX peoep,
pacrojaraéMblX B MEPHIAMOHAIBHOM HAMNPABIEHUUW U KOJBLEBBIX 3aTSIHKEK.
['maBHBIM HEAOCTATKOM TaKUX KOHCTPYKIMW SIBISIETCS AUCOaIaHC MEXITY
IJIOTHOCTBIO PACIIOJIOKEHUSI HECYIIMX pedep W BEIMYMHONW MEPHUIMOHAIBHBIX
ycwinid. B Takux kymosax Hecylue peOpa daile pacrnojiararoTcsi B BEpUINHE
KyIoJia, TJ€ MEpPUIUOHAIbHBIC YCHJIMS MHUHHMAJIbHBI M HA00OPOT OKOJIO
OCHOBaHMS KyIoJia, TJI€ YCWIHMS BO3PACTAIOT, PACCTOSHUSA MEXKIy pedpamu
3HAYUTEIFHO YBEJIMYMBAIOTCA. Jpyroil HEIOCTATOK COCTOUT B HEOOXOJIMMOCTH
MMOCTAHOBKU MAaJIOHArPY>KEHHBIX JTHArOHAJIbHBIX CBA3€i. C 3TOW TOYKHU 3PEHHUS
OoJee palMOHAIbHOM sBIseTcs cxema DEnmuisl, B KOTOPOH AUaroHajJbHbIE CBS3H
OTCYTCTBYIOT.

JUIs MOJIOTMX KYMHOJIOB NOAXOASIIIUMH SBIISIOTCSA cxeMa YMBBUTA U CXeMa,
OCHOBaHHAasi Ha T€OMETPHUM MPaBHIILHON ceTu YeOrbleBa.

B cxeme HuBBHTa KyNoJI pa3lensieTCss BEPTUKAIbHBIMU IUIOCKOCTSIMU Ha
6-12 cekTOpOB U TOPU3OHTAIBHBIMH IIOCKOCTSIMU Ha 4-8 sapycoB. Kaxaplit sipyc
JNOTIOJIHUTENBHO pAa3leNsIeTCsl Ha TpeyrojbpHble sueiiku. [lo Takoi cxeme
MIOCTPOCHBI KPYIHEHIIINE cTadbHbIe KyToja B Mupe: B XbtocToHe (CIIIA, 1964r)
nuametpoM 196m u B HoBom Opneane (CILIA, 1975r) amamerpom 210.
Hecymue 5s1eMeHTBl JaHHBIX MOKPBITHI BBIMOJHEHbI M3 CTAbHBIX (epm
BBICOTOM 2,2-2,5M.

B cxeme, ocHOBaHHOW Ha TeoMeTpuUM MpaBWIbHOW ceTu YeOrblena,
HECYILHE 3JIEMEHTHl PABHOMEPHBI PacIIONararTCsl Ha MOBEPXHOCTH KymoJa. B
COOTBETCTBUM C JTOM CXEMOW TMOKPBITUE PAa3JENsieTcs] BEPTHUKAIbHBIMU
IUIOCKOCTSIMM  Ha 6 CexkTopoB. B KaXoomM CEKTope BCE 3IIEMEHTHI,
pacnoJyiararolgecss BAOJb TPaHUL CEKTOpa, HWMEIT OJMHAKOBYIO JUIMHY, a
MEHSIETCSI TOJBKO JIJIMHA 3JIEMEHTOB TAHTECHIMAJIBLHOIO HAMNpPABJICHUSA, T.O0. BCA



MOBEPXHOCTh KYIMOJa COCTOMT W3 pPaBHOOEIPEHHBIX TPEyrodbHUKOB. I[lpu
YBEJIMYEHUH paJuyca KpPUBH3HBI OSTH PaBHOOEIPEHHBIC TPEYrOJbHUKH
NpUOJIMKAIOTCA MO0 CBOUM OYEPTAHMSIM K paBHOCTOpOHHUM. [lo maHHOI cxeme
IIOCTPOEH KYIIOJ CIIOPTUBHO-KOHILIEPTHOTO Komiuiekca «Nagoa Dome» B
SAnonun. [Jmamerp kymona paBeH [88M, HeCymnii KapkKac BBIIIOJHEH W3
CTAJIbHBIX TPYO TuaMeTpoM 65¢M U JIMHOM 0KoJo 10M.

JIJisi TOMBbEMHCTHIX KYIOJIOB HamboJiee parmOHAIbHOW CXEMOM SIBISIETCS
cxema, o0pa3oBaHHas Ha OCHOBE MPABUIIBHBIX MHOTOTPAHHUKOB — J0JIEKa3Apa U
nkocasapa. I1o Takoii cxeme nmoCTpOEH BBICTABOYHBIN MTABUIIBOH AMEPUKAHCKON
AKCHO3UIIMM HAa MEXIYyHapoAaHOil BeicTaBke Expo 67 B Monpeane. uamerp
Kynoja 78M, BbicoTa - 50M. KoHCTpyKIHMs KymnoJia JBYXIOsICHAs!, BBITIOJIHEHA U3
CTaJIbHBIX TPYO, COEMHEHHBIX y31amMu ThUa Mepo.

CambIM  OONBIIUM PEOPUCTHIM KYMHOJOM U3 KJIEEHOW JpEeBECHHBI,
BO3BEJICHHBIM B HallEd CTpaHe, SABISETCA KyNoOJI KpPBITOTO pbIHKA B T.
Bonokonamcke quamerpoM 30 M [5]. Ero OCHOBHBIMU HECYIIUMH 3JIEMEHTaMU
SBJISIIOTCS KPUBOJIMHEHBIE MepUIHOHAIbHBIE pedpa ceuennem 130x670 MM u
KOJIbLEBbIE (MpsAMoNMHENHbIE) pebpa ceueHueM 130x300mm. Pacmop ot
MEpPUAMOHAIBHBIX  pedep  BOCHPUHUMAETCS  HIXKHHM  KeJIe300€TOHHBIM
ONOPHBIM  KOJIBLIOM, pAaCIlOJIOKEHHBIM  HMI)KE€ ypOBHA Iona. Beepxy
MEpUIMOHANIbHBIE peOpa NPUKPEIUISIIOTCS K CTAIbHOMY KOJIbLLY 1HaMeTpoM | M.

Cambimu OonbiiuMu B Poccum ceTdaThiMM J1€pEBSHHBIMU KYIOJIBHBIMU
HOKPBITUSIMU SIBJISIIOTCS BA TIOKPBITHSI, BO3BEIEHHbIE B POCTOBCKOI 001acTu 1o
npoekTaM, pa3paboTaHHBIM C ydyacTueM crenuanucroB PocroBckoro MCU
(upine PI'CY). IlepBoe KymoiapHOE MOKPBHITUE MPEIHA3HAUCHO JUIS 37aHus
IIPUPENBCOBOTO CKJIaaa, moctpoeHHoro B Kamenckom paiione B 1979 r. Kymon
aramMeTpoM 26 m siBisieTcsd dacThio 2880-rpanHuka u coctout u3 S00 maHenen.
Kaxxnas manens umeer oOpamiieHUE U3 IEPEBSIHHBIX OpyckoB ceueHnem S0x125
MM H TPOMEXKYTOUYHBIE pebpa MeHbiiero cedeHus. OOmMBKa maHeNneH
BBIIIOJIHEHA U3 BOJOCTOMKOM (haHepsl ToamuHoi 10 mMm. Bropoe nokpeitne —
3TO KYIOJIbHOE TMOKPBITHE (U3KYIBTYPHO-03JOPOBUTEIHFHOTO KOMILJIEKCA B
coBxo3e «Kpacublii cam» A3zoBckoro paiiona. KymonsHoe mnokpsiTue @OK
TUaMeTpoM 26 M 3alpOoeKTHPOBaHO B ¢opmMe mnoiaycdepsl ¢ MIOCKUM OMOPHBIM
KOHTYpoM. (OCHOBOW MPOCTPAHCTBEHHOW CXE€Mbl KymoJa sBisercs 1280-
rpaHHUK. CTEpKHEBYH0 KOHCTPYKLHIO KYIIOJBbHOTO TIOKPBITUS COCTAaBJISIOT
TPEYroJibHbIe KapKachl IMaHeNed, pedpa KOTOPbIX HM3TOTOBJIEHBI M3 IEIbHON
JIPEBECHUHBI.

JIBa cambIX OOJIBIINX KYIOJIa U3 KJIeeHOU peBecuHbl Bo3BeeHbI B CIIIA.
[Tepsrrit kymosn moctpoen B 1977 r. B 1. ®narcradd (mratr Apuzona) [3]. Ero
nuametp coctaBiseT 153 m npu BeicoTe 29,2 M. JInMHA CTOPOH TPEYTOJIBHBIX
sueek MeHsercs ot 5,9 m 1o 18,2 M u paBHa B cpeqneM 10 M. Bricota pedep
NOCTOsIHHAs - 68,6 cM, a mupHHa yBeJIW4YuBaeTcs - OT 22,2 cM (y BEpLIMHBI
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kynona) 1o 31,1 cm (y ocHoBanus). Bropoit kynon noctpoen B 1980 B ropoje
Takoma (mrat Bammarron) [3]. Iuamerp kymonaa 162 M, BeicoTa-48 M.

== ol
S =5 "

PHC.Z.KynonLHoe nokpeiTue craguona B r. Takoma (CILIA) nuamerpom 162 m

Hecymmii kapkac kymosa cocTouT u3 414 kieeHbIx 6aI0K BRICOTON
cedyeHus 76 cm, npu mupure ot 17 1o 22cm. [{nunHa 6anok gocturaet 15m. B
y3J1aX JIEPEBSIHHBIE JIEMEHTHI COCIMHSAIOTCS C TTIOMOIIBIO CTAJIbHBIX Y3JIOBBIX
neTajgen MecTUyrojbHOU (POpMBI.

1.2. O00104KH OTpHULIATEIBHON TayCCOBON KPUBU3HBI

OO0070YKHM OTPULIATENILHOM TayCcCOBOM KpUBHU3HBI HMEIOT JBOSIKYIO
KPUBHU3HY, HO B OTJIMYHE OT 0OOJIOYEK IMOJIOKHUTEIbHOW rayCcCOBON KPUBU3HBI,
IEHTPHI KPUBU3HBI Y HUX PACIOJIaraloTCs MO pa3HbIe CTOPOHBI OT MMOBEPXHOCTH.
B OonpmmHCTBE CilyyaeB MOBEPXHOCTh TAKMX O0OJOYEK CTPOUTCS HA OCHOBE
TUTIepOO0JIMUECKUX Mapaboonu1oB (TumnapoB). JJaHHbIE TOKPBITHS pabOTaIOT TIPU
PAaBHOMEPHOM Harpy3ke B OCHOBHOM IO O€3MOMEHTHOW CXEME M OTIMYAIOTCS
BBIPA3UTENbHBIM APXUTEKTYPHBIM BUJOM, IO3TOMY OHHM HPUMEHSIOTCS IS
MOKPBITUH 3IaHUN PA3TUYHOIO HA3HAYECHUS.

KenezobeToHHbIe 000JOUYKU TAKOTO THUIA MCHOJb30BaHbI JIJISl MOKPBITHIA
IPOMBITIUICHHBIX 31aHuii B YUepHoropcke, Abakane, u Kpacnosipcke. Pazmepsr
00oJ10ueK 6x18M.

JlepeBsiHHbIE TIOKPBITUSI JAAHHOTO THUMA TMPUMEHSIOT, KaK MpaBujo, C
NPSIMOJIMHEWHBIMUA ~ KOHTYPHBIMH ~ dJieMeHTaMu. Hanpumep, B DCTOHHH
MOCTPOEHO OKOJIO 20 IEepEeBSHHBIX TUIAPOB C pa3zMmepamu oT 6x6 go 18x18wm.
OO00JI0YKM M3rOTABIMBAIUCH U3 JBYX CJIOEB JOCOK TOJIIUHON 25MM,
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COEMHEHHBIX MEXIy c0o00¥ c momoIisio TBo3ael. B konme 70-x romoB XX
Beka B KummneBe Obuto moctpoeHo 11 oGosouek pazmepamu 6x6M. Kaxmas
000JI04Ka cocTosiIa M3 MATH COOpHBIX KieedhaHEpHBIX MaHEJIeH pa3MepoM B
mnane 1,2x6m. Kapkac mnaHenedl M3roTaBIMBAICS U3 JOCOK CEYEHHUEM
176x36MM, K KOTOPBIM MPUKIEUBAIACH (PaHepHAst OOMIMBKA TOMIUHON 10MM.

1.3. Hunuaapuyeckue 000JI0UKH U CBOIBI

[ToBepXHOCTh MWIMHAPUUECKUX 000JI0YEK oOpaszyercsl MyTeM IMepeHoca
npsiMOil 00pa3yromieil Mo KPUBOJIMHEHHOW HAaNpaBIsONICH, MOCIEIHAS Yallle
BCErO SBIISIETCS OKPY)KHOCTbIO. PaccTosiHMe MeXIy OnopamMH  BJOJb
oOpa3yrolieil MPUHATO Ha3biBaTh mnposietoM |, momepek oOpasyromei l, —
JUTMHOM BOJIHBI WJIM LIUPUHON OOOJIOUKH.

Hunuaapudeckue 0O0OJOUKM MOAPA3ACITSAIOTCS Ha JBa BHUAA: JJIMHHbBIC
obomouku mipu l1/1;>1 u xopotkue, mpu li/I;<1. OcHOoBHBEIM MaTepmanmoM yis
U3TOTOBJICHUS TAKUX MOKPBITUI SIBIsIETCS Kene300eToH uiu aepeBo. COopHbIe
KeJIe300€TOHHBIE 000JOUKH M3TOTaBIMBAIOTCS U3 PEOPUCTHIX ILIUT, OOPTOBBIX
3JIEMEHTOB U auadparmM. MOHOJIUTHBIE O0OJIOUKH MPOEKTUPYIOTCA TIAAKUMU
tommuuaon  50-80mMm. Jlnms 1munmHApPUYECKUX OO0O0JIOYEK CTpeny Moabema
peKOMeHIyeTCsl HazHavaTh paBHoi (1/6-1/8) l,, a BeIcOTYy OOpTOBOrO 3JIEMEHTA
He meHee 1/15 .

JlepeBsiHHbIE LWIMHAPUYECKHE OO0OJIOUKU CJIEAYET IMPOEKTUPOBATh C
UCIIOJIb30BAaHUEM KIIEEHOM JpeBecuHbl. /nadparmpl peKOMEH1yeTCs BBITIOJIHATD
M3 KJIEEHBIX APOK CO CTAJIbHOM 3aTSKKOW. BbICOTa ceueHust apKu IMPUHUMACTCS
paBuoit  1,/60, a mmpuna ceuenuss 1/3-1/4 BbicOTBI. BOPTOBBIEC 3IIEMEHTHI
OOBIYHO MPOCKTUPYIOT U3 KIIeeHBIX Oanok BbicoToi 1/12-1/15l1. JlepeBsHHBIC
apKu ycTaHaBiuBaroTcs ¢ marom 1,5-6,0m. Hactun o0onouku npu mare apok
MeHee 3,0M MOJKET BBITIOJHATHCS OJMHAPHBIM, TIPHU OOJIBIIIEM IIIare — JBONHBIM
NIEPEKPECTHBIM.

CBobl O CBOEMY OYEpTaHHUIO OJIM3KM K apKam, OJHAKO B OTJIWYHE OT
NOCJIEIHUX MMEIOT Pa3BUTOE IMONEPEYHOE CEYEHHE: BOJIHUCTOE, CKJIAA4aToe,
OouapHoe, 3aMKHyTOe. Pacrop, BO3HUKAOIIUKA B CBOJAX, BOCIPUHUMAETCS
CTaJIbHOM 3aTsDKKOM WK niepeaeTcs uepe3 KOHTp(hopchl Ha (yHAAMEHTHI.

CBO/IbI M3rOTABIMBAIOTCA U3 JKeJIe300€TOHA, apMOIIEeMEHTa WK JiepeBa. B
cilydae KeJae300€ToHa WM apMolleMeHTa HanboJiee palMOHAIbHBIM BapUaHTOM
ABJIAE€TCS  COOpPHBIM  BapuaHT €  pa3pe3kod  CBOJa  IJIOCKOCTSIMHU
NEepPHeHANKYJIAPHBIMU OCH cBoja. Ecnum mmpuHa cBoja Oosbiie 3M, TO
NOBEPXHOCTh ~ CBOAA  JIONOJIHUTEIBHO  pa3pe3aeTcsi  BEPTUKAIbHBIMU
IJIOCKOCTSAMM, MapaJiyIeIbHBIMU OCU CBOJIA.

Crpeny nmoabeMa CBOJIa PEKOMEHAYETCS Ha3HauaTh B mpejenax ot 1/2 mo
1/12 nponeta. C HOMOIILIO0 CBOJIOB MOKHO TIEPEKPBIBATH MPposieThl 40 100M.
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2. CTPYKTYPHBIE IIUIMTBI

CTpyKTypHBIE IUIMTHI (CTPYKTYpbl) HM3rOTABJIMBAIOTCI B OCHOBHOM M3
CTaJIM, U3BECTHBI OTAEJIbHbIE KOHCTPYKIMU U3 J€PEBA U ApMOLIEMEHTA.

CTpyKTypHBIE IJIUTHI MOKHO pa3JIeIUTh Ha JIBa OCHOBHBIX TuIa. [IepBbIil
TUI — 3TO IUIUTHI, COOMpaeMble U3 MEPEKPECTHBIX IUIOCKUX (GepM, IBYX WU
TpEX HaIlpaBJIE€HUH, YCTAaHABIMBAEMbIX BEPTUKAIBHO. OTHIPaBOYHBIMU MapKaMu
TaKUX MOKPBITUI OyayT Tuiockue dhepmbl. BTopoit TUTT — 3TO MIIUTHI, COCTOSIITUE
U3 TPEYTOJIbHBIX WM YEThIPEXYTrOJbHbIX upamui. OTIpaBOYHBIMH MAapKaMH B
TOM ciiydae OyayT Ju0O0 OTAENIbHBIE CTEPKHU JIMOO CTEPKHEBbIE MUPAMUIBI U
crepkHu. Mcnonb3oBaHue MupamMuj] MO3BOJISIET MOJYYUTh Pa3IUYHbIE MOSICHBIE
CETKH: C KBAJPATHBIMHU, TPEYTOJbHBIMU U IIECTUYTOJbHBIMU STYEHKAMHU.

CrpykTypHble TUIHTBI HanOoJsiee 3p(HEKTUBHBI IPU COOTHOLIEHUU CTOPOH
1o 1:1,5. IIpu GosbllieM COOTHOIIEHUN OHU MPUOJIMKAIOTCS IO CBOEH paboTe K
0aJoyHOM cxeme B HallpaBJICHUHU MEHbUIEro npoiieta. OnupaHue CTPYKTYPHBIX
KOHCTPYKUMH MOXET OBITh pa3iu4HbIM: KOHTYPHBIM (IO MEpPUMETPY),
BHYTPUKOHTYPHBIM C KOHCOJIIMHM, CMEIIAHHBIM, MPOU3BOJBHBIM. Ilpu
BHYTPUKOHTYPHBIM ONHMPAHUM HU3THOAIOUIMI MOMEHT B MPOJETE€ YMEHbIIAETCS
32 CYeT HAJONOPHBIX u3rubaromux MoMeHTOB. llpu  paBHOMepHO
pacrnpeeIeHHON Harpy3ke HamOoJjee paldOHAJIbHBIM SIBJISIETCSI OTHOIIECHHE
KOHCOJM K mposietry paBHoe 0,25. Hanbonee OTBETCTBEHHBIMU U TPYJOEMKUMU
YacTSAMU CTPYKTYP SIBJIAIOTCS y3Jbl, KOTOPbIE MOAPA3AEIAIOTCS HA 3 OCHOBHBIE
TPYIIIIHIL.

1-as rpynna — Bce COEIUHEHUST OCYLIECTBISAIOTCS Ha OOJITaX.

2-asi TpyMIa — BCE MOHTaXXHbIE COCIMHEHUS BBIMOJHIIOTCS Ha Oonrax, a
Ha 3aBOJE JJI1 M3TOTOBJICHHS JJIEMEHTOB NpPHUMEHSETCS cBapka (y3ibl THUIA
«Mepo» u «MApxN»).

3-1 rpymnna — BCE COEAMHEHUs OCYLIECTBIIIOTCS C TOMOLIBIO CBAPKHU.

HauGounbiiee pacmpocTpaHeHue B Hallle CTpaHe MOJYYUIIM TpyOdaThie
CTPYKTYpbl M3 KOPOTKOPa3MEPHBIX 3JJIEMEHTOB cHUCTEMBbl «KucioBoACK» cC
y3namu Ttuna «MApxW», sBisiomuecs pasHOBUIHOCTBIO Y3JIOB CHCTEMBI
«Mepo». Takue MNOKpBITUS H3rOTaBIMBAINCH CEPUNHO C HCIOJIb30BaHUEM
KpPYTJbIX OECHIOBHBIX TpyO MO yHUGUUHMPOBAHHOMY copTameHTy. Pa3zmepsi
nokpbiTil B miaHe 30x30 u 36x36m, BbicoTa — 2,12M. JlaHHBIE TOKPBITUS
PEKOMEHIyeTCsl IPUMEHSTH B 3/IaHUSX MABMJIBOHHOI'O TUIIA U B OJJHOIPOJIETHBIX
IIPOMBITIUICHHBIX 3aHUSAX 0€3 CBETOA3PAIMOHHBIX (hOHAPEH.
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3. BUCAYME ITOKPBITUA

B BUCSYMX MOKPBITHIX MPOBUCAOIINE HECYILIUE 3JIEMEHTHI BAHTHI WU
MeMOpaHbl paboOTalOT B OCHOBHOM Ha pacTsbkeHue. Llennblie pacTsaruparomiye
YCWIHSI IEPEAI0TCS] HA BHEIIHUI OMTOPHBINA KOHTYP, B KOTOPOM BO3HHUKAIOT
COKMMAIOLIUE YCHIIUS.

3.1. BaHTOBBIE NOKPBITHUS

BaHTOBBIE TIOKPBITHUSI COCTOSIT M3 TPEX OCHOBHBIX JJIEMEHTOB: HECYIIHX
PaACTSHYTHIX BAHT, TUTUT OTPAXKJICHUS U OMOPHOTO KOHTYPa, BOCTIPUHUMAFOIIIETO
yCHJIHSI OT BaHT.

OTnuuuTensHOM OCOOCHHOCTHIO BAHTOBBIX TOKPBITHHN SBISETCS WX
CPaBHUTEIBHO BBICOKAss AehOPMATUBHOCTh, BBI3BAaHHAS T€OMETPUYECKOM
HU3MEHSIEMOCThIO TUOKMX HHUTEH W3-3a Majoi M3ruOHON >KeCTKOCTH. OCHOBHOM
3aauedt, KOTOPYH NPUXOAMTCS peliaTh MPU MPOCKTUPOBAHUM BAHTOBBIX
MOKPBITHH, SBIIICTCS YMEHBIIIEHUE UX 1e(DOPMaTUBHOCTH.

YMeHbIUTh Ae(OPMATHBHOCTD JTAHHBIX MOKPHITHH MOYKHO C ITOMOIIBIO
CTaOMJIM3UPYIOMIEH CHUCTEMBl BaHT, MPHUTPY30M TIOKPHITHSA, YBEIHYCHHEM
U3TMOHOM KECTKOCTU BAHT U JPYTUMU CIIOCOOAMHU.

BaHTOBBIC TOKPBITHSI MPUHATO KJIACCU(DUITMPOBATH HA MIECTh TPYIIIT:

1) BaHTOBBIC CETKH;

2) CUCTEMBI U3 BaHT U 0aJoK;

3) BuUCsUKE 000JI0YKH;

4) cHUCTEMBI U3 KECTKUX BAHT;

5) BaHTOBBIC (hePMBI,

6) KOMOMHUPOBAHHBIC MOKPHITHS.

[To cmocoOy mepemauu yCWJIMil ¢ BaHT Ha OMOPHI BAHTOBBIE MOKPBITHS
MOJIPA3NICTAIOTCS] HA TOKPHITHS C 3aMKHYTBIM M Pa30MKHYTBIM OIIOPHBIMH
KOHTypam#. Bo BTOpoM ciydae s 37aHUNA  MOTPEOyeTCs 3HAYUTEITHHO
OOJBIIas TUTOIIAAb IS Pa3MEIIESHUS OTTSDKEK, KOTOPBIE aHKEPYIOTCS B TPYHTE.

BanToBple ceTkm B OOJNBIIMHCTBE CIIy4aeB MWMEIOT IMOBEPXHOCTH
runepOonrdeckux mapabosonnoB. B HampaBieHWn OOJBIIETO  TPOJIETa
pacmoJiaraloTcs HECYyIIde BaHTHI, CTPEJIKH IMPOBUCA KOTOPBIX MPUHUMAIOTCS
paBubiMu  1/15-1/20  mpomera. B mepneHAMKYJISIpPHOM  HalpaBIICHUU
YCTaHABJIMBAIOTCS MPEABAPUTEIHHO HAMPSHKEHHBIE CTAOMIM3UPYIOIINE BAHTHI C
npoBrcoM paBHbIM 1/30-1/40 nponera. [lnomaan cedeHuss CTaOMIM3HPYIOIIUX
BaHT Ha3HA4alOT B 2-4 pa3a MEHbIIIE MIIONIA/I1 HecyllnX. B MecTax nepeceueHus
BAaHTBl COCJUHSIOTCS C TIOMOIIBIO CHEIHAIbHBIX CXKHUMOB, 371€Ch K€
NPUKPEIUISIIOTCS JIETKHWE TUTMTHI MOKpPbITUSA. [IpojieT BaHTOBBIX CETOK MOMXKET
nocturath 100M.
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Cucrempl u3 BaHT U O0ajlOK NPUMEHAIOTCS [UId LWIMHIPUYECKUX
noBepxHocTel. B Takux MOKpBITUAX  OaJKM  BBIIOJHSIOT — (YHKIHIO
CTaOUIM3UPYIOIUX IEMEHTOB. CTpENKH MPOBHCAa HECYIIMX BaHT HA3HAYAIOTCS
or 1/10 go 1/30 mpoinera, BbicoTy Oanok — by ot 1/20 mo 1/40 mponera. Jlns
OPSIMOYTOJIBHBIX IIJIAHOB MpOJIET OalloK NpUHHMMaloT He Oonee 30Mm, s
KPUBOJIMHEHHBIX TJIAHOB — He Oosiee 48M.

Bucsiune 060709KkH B MHOTHX CIy4asX IPOEKTUPYIOT Ha KPYTJIOM ILIaHE.
Crabunu3anus TOKPBITUS  JOCTUTaeTcs 3a CcueT COOCTBEHHOro Beca
KEJIe300€TOHHBIX IIUT MOKPBITHS, YKIaJblBaéMbIX Ha BaHTbl. LIIBBI Mexmy
IUIUTaMU  3aMOHOJIMYMBAIOTCS, IOCJE YEro BBIIOJHIETCS MPEIBAPUTEIBHOE
HaTsDKEHUE Hecyluux BaHT. CTpenky IpoBUCAa HECYIIMX BaHT Ha3HAYarOT
paBHoit 1/10-1/25 mposera, Tommuuy miut — 1/600-1/800 mpoiera. IIposeTs
BUCSYMX 000JI04€K MOTYT AoCcTUTaTh 100M.

B cucremax u3 JKECTKMX BaHT NPUMEHSIOTCS BaHThI, O0JaaroIIKe
U3rMOHOM JKECTKOCThIO: MPOKATHBIE MPOPUIN WK penieTdarbie ¢pepmbl. Takue
BaHTHl OJJHOBPEMEHHO BBINOJIHSIIOT HECYLIYIO U CTAOMIM3UPYIOUIYI0 (DYHKIUU.
OTHollleHHEe CTpesoK MpoBUca BaHT K mporety 1/10-1/25. Beicoty xecTkux
BaHT PEKOMEHAYIOT Ha3HavyaTh paBHOU 1/80-1/150 mposnera. IIponeT nokpeITHii
C )KECTKMMHU BaHTaMU MOKeT Jocturath 105m. Hanbosee u3BeCTHBIM 3/1aHUEM C
JTAHHBIM TIOKPBITHEM SBJISICTCS IJIaBaTENbHBIN OacceiH Ha mpocrekTte Mupa B
Mockage [1].

BantoBeie  ¢epmbl  ObIBalOT  TpeX  BHUJIOB:  JBOSIKOBBIITYKJIbIE,
JIBOSIKOBOTHYTBIE M C TIEPEXJIECTOM IMOSICOB. B IBOSKOBBIMYKIBIX (epmax
CTOMKM pabOTalOT Ha CXKAaTue, B JBOSIKOBOTHYTHIX (pOpMax 3JI€MEHTHI PELIETKH
paboraroT Ha pacTsbkeHue. CTpenkd MNpoBUCAa HECYIIMX BAaHT Ha3HAYalOT
paBHbIME 1/15-1/25 mponeTa, cTpenku BeIrn6a cradmmusupyronmx Bant — 1/30-
1/40 mposiera. CedyeHne CTaOMIM3YIOIIKUX BAHT NPUHUMAIOT B 3-5 pa3 MeHblIe
CEYECHMS] HECYIIMX. 3JaHus C JaHHbIMH MOKPBITUSMH MOTYT JIOCTUIaTh
3HAYUTENbHBIX MpoJeToB, HampuMmep JBoper cnopTta «lOOuneitnsiity B CaHKT-
[lerepOypre, mepeKpbITHIA pailaJbHBIMU BAHTOBBIMU (DEpMaMH UMEET TUAMETP
160mM [5].

B KOMOMHUPOBAaHHBIX  TOKPBITUSX  HCIOJIB3YIOTCA  pa3IM4HbIE
KOHCTPYKLIMU: BaHThI, ()epMbl, OAJIKU, CTPYKTYPHBIE IIJIUTHI.
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3.2. MeMOpansl

MemOpaHHble KOHCTPYKIMU COCTOST W3 MPOBUCHIMX METATHUECKUX
JHUCTOB, 3aKPEIUICHHBIX MO KOHTYpY. B MeMOpaHHBIX MOKPBITUSAX COBMEIICHBI
nBe (QYHKIUU: HECYyIasi U orpaxjaromasi. MemOpaHbl MOKHO pa3eliuTh Ha JBE
OCHOBHBIE TpYIIbl: MeMOpaHHbIE CIUIOIIHBIE OOOJOYKM U JICHTOYHbBIE
ITOKPBITHS.

MeMOpaHHble  CIUIONIHBIE  OOOJOYKM B  OOJIBIIMHCTBE  CIy4YacB
M3TOTABIIMBAIOTCS U3 OTIEIbHBIX CTaJIbHBIX MOJIOTHUIL, KOTOPBIE COEIUHSIOTCA
MEeXAy co0O0i mpu MOHTaxe myTeM cBapku. CTaOwiu3aius TakKuX MOKPBITHMA
OCYULIECTBJISIETCS C MMOMOILBIO CTANBHBIX ()epPM WM TIONOJHUTEILHOTO IPUTPY3a.
[Io maHHOW cXeMe MOCTPOEHO IMOKPBITUE KPBITOTO CTaauoHa «OIMMIUNACKUIN
Ha mpocnekte Mupa B Mockse [1]. dopMa mokpeITus OM3Ka K DIUIUICY C
pasmepoM B ocsix 224x183m. O0004YKa MOKPHITUS BBINOJHEHA U3 CTAILHOIO
mucta  tonmmHOW  SmM.  Crabwmmsupyroomue  (pepMbl  BbICOTOH  2,5M
pacroiaratorcs o paguycy ¢ marom 10m no HapyKHOMY KOHTYpY.

JIleHTOYHBIE MOKPBITUA COCTOST U3 OTHEIbHBIX, HE COCIAMHEHHBIX IPYI C
IPYroM JeHT. JIEHTBI MOTYT IEPEIIETAThCA WIIA PACIIONAraTbCs B 1Ba CJIOA.

4. MAT'KHNE OBOJIOYKHA

Msrkue 000J109KH, 3TO 000JI0YKH, H3rOTAaBIMBAEMbIC U3 OYE€Hbh TOHKHUX (B
OCHOBHOM CHHTETHYECKHX) MaTEPHUAJIOB, KOTOPbIE CHOCOOHBI BOCHPUHHUMATH
TOJIBKO  pacTATUBAIOIIME ycwiud. Msrkue 00OJOYKH  IMOABEPraroTCs
NpPEABAPUTEILHOMY HATSDKEHHUIO, MOTOMY B HHUX BCET/la BO3HUKAKOT TOJIBKO
pacTsaruBaromye HanpspkeHus. HaTskeHue 000JI04eK OCYIIEeCTBISACTCS ABYMS
crnoco0aMy MHEBMAaTUYECKUM M MEXaHHUYECKUM, MO3TOMY COOTBETCTBYIOIIHE
000J10YKH Ha3bIBAIOTCS MHEBMATUYECKHMMH W TEHTOBBIMH. [IHeBMaTtuueckue
000710YKM B CBOIO OYepenb TMOIPA3JCISIIOTCS HAa BO3AYXOOMOPHBIE W
BO3/IyXOHECOMBIE.

Bo3nyxoonophuble  O0OJOYKM  3aKpeIuisiloTCS ~ Ha  3eMile |
TEPMETU3UPYIOTCSA 1O TMEPUMETPY, BCIEICTBHUE YEro B MPOCTPAHCTBE MEXKIY
3emiiell U1 000JIOUKOM cO3/1aeTcsi M30BITOYHOE JAaBJICHHWE W OHU MPHOOPETaIoT
3amanHyl0 Qopmy. Yamie Bcero Takoi (OpMOH SBISETCS 4acThb cepbl WU
4acTh IWJIMHJPA, COMPsDKEHHAs ¢ IByMs dacTsamu chep. B mocnemnee Bpems
NOJIYYHJIA PACTIPOCTPAHEHHE OOOJOYKH, YCUJICHHBIE KaHAaTaMU WIIM CETSIMHU.
Takoe MOKpbITHE MCHOJB30BaHO i cTaguoHa «CHIIBEpOM» MOCTPOEHHOM B
r.ITontnak (mrar Mwuunran, CIIA). Pasmep craanona 220x168m, miomniaab
36960M%[5]. OG0n0UKa U3rOTOBIEHA U3 MUPPHILIA (CTEKIOTKAHb IIOKPHITas
tepsmoHoMm). CBepxy OOOJIOYKM pacHoJiaratOTCs KaHAThl YCWJICHHS JTHAMETPOM
7,6MM.
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B BO31yXOHECOMBIX KOHCTPYKIIUSIX HECyIlass CIOCOOHOCTh 000JI0YeK
obecrieynuBaeTCcsl 3a CUET CO3/JaHUs H30BITOYHOTO JABJICHHS B OTJEIbHBIX
3aMKHYTBIX 3JIEeMEHTax. Takue 3JIEeMEHTHl BBINOJHSAIOTCS B BHAE OTIECIbHBIX
CTEP>KHEU WJIN MAHEJIEH.

[THeBMaTHUECKHE CTEP)KHU OBIBAIOT MPSMOJUHEUHBIMH (MCIIOJIB3YHOTCS
KaKk OalKy WM CTOWKH) W KPUBOJWHEHWHBIMHU (MCTOJB3YIOTCS Kak apKu).
[THeBMaTHUECKHE TTAHEN W3TOTaBIUBAIOTCS U3 JBYX MOJIOTHUIL, COCAMHEHHBIX
JUHEWHBIMH WU TOYCYHBIMHU CBS3IMH. M3 Takux maHeneit 0OBIYHO BO3BOJATCS
CBO/IbI WJIM KYyIIOJIA.

B TEHTOBBIX TOKPBHITUSX HATSDKEHHE OOOJIOYKH  OCYIIECTBIISETCS
MEXaHMYECKHUM CIIOCOOOM. DTO JOCTUTACTCS IPUTATHBAHUEM OIOPHBIX WIIH
MPOMEKYTOUHBIX Y3JIOB BBEPX WJIM BHM3, UCKPUBJICHUEM >KECTKOTO OIOPHOTO
KOHTYpa U APYTUMHU NMPUEMaMHU.

[IpaBiibHO 3aMpPOEKTUPOBAHHOE TEHTOBOE IMOKPHITUE JOJDKHO HMETh
KECTKYyr0 (GopMy U pPaBHOMEPHOE pachpeiesieHUEe MpeIBapUTEIILHOTO
HAaTSDKEHUST TI0  BCEM  MOBEPXHOCTU  000yI0ukHu. KEecTKOCTh  (pepMmbl
obecrnieynBaeTcss B 000JI0YKaxX OTPUIIATEILHON IayCCOBOM KPUBU3HBI, & PaBHBIC
HaMpsDKeHUST BO3HUKAIOT B 000JIOUKE, €CJIM €€ IIOBEPXHOCTh SIBJISIETCS
MHUHHUMAJIBHOM, T.€. UMEIOIIEH CPEIHIOI0 KPUBHU3HY, PABHYIO HYJIIO.

C moOMOIIBI TEHTOBBIX 000JIOYEK MOYKHO IE€PEKpHIBATh IUIOMIATHA OT
JECATKOB M? IO JECATKOB 2a. HamGOIbIIMM TEHTOBBIM MOKPBITHEM SBJISETCS
MOKPBITHE MEXKIyHapoaHoro a’pomopra B CaymoBckoir ApaBum OOIICH
Iomaabpo 422a.

5. [IPUMEP PACYHETA CETYHATOI'O AEPEBAHHOI'O KVYIIOJIA

PaccuutaTh W  3alpoOEKTUPOBATh HECYLIME 3JIEMEHTBl CETYATOIO
JEPEBSHHOTO KYIOJa BBICTABOYHOI'O MaBUIbOHA. JluameTp Kymnoisia 27M, BeICOTA
4,7m. Paiton ctpoutenbcrsa r.Ilensa. ['eomerpus kymnosa o6pa3oBaHa Ha OCHOBE
npaBuibHOM cetn YUebnimena (puc. 3). Uucio pazdueHus rpaHuilbl CEKTopa Ha
paBHbIE 4acTH paBHO 4. ['eoMeTpHUYECKHE MapamMeTpbl KyIloja ONpPEIeSEHBI C
noMoIIkio mporpammsl «Pologcupol».

Hecymune pebpa ¥ mpoOroHsl KyIojia M3rOTaBIMBAIOTCS W3 JIPEBECHHbI
COCHBI 2 copTa BiaxHOCTbIO He Oonee 20%. CoeauneHue pebep B y3iax
OCYLIECTBJISIETCS C MOMOUIBIO CTAJIBHBIX Y3JIOBBIX JAeTaneld. Orpaxaaromas
YacTh MOKPBITHSI COCTOUT K3 IPOTOHOB, MO KOTOPBIM CBEPXY YyCTpaWBaeTCs
KOHTpOOpelIeTka W CIUIOMIHOM Jomarbld Hactuid. CHH3y K MOpOroHam
npukperusitorcss auctsl L{CII, Ha KoTOopble yKIaabIBa€TCS YTEIUIMTENb U3
MUHEPAJIOBATHBIX IUIUT. YCTOMYMBOCTH IJIOCKOM (opMbl JedhopMUpOBaHUS
Hecymux pedbep obecnieunBaercs nporonamu u gucramu L[CIT.
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Hecywue pebpa

6 2
10 f 3
3 1" 8 4
15 14 12 9 5
v X
1—1
_ !
v Fo——— A
(8
6 \%—' X,=3,139 Llenmp cpepo
1 ¥ X ¥:=1,812 0
7,=4,396

Puc.3. K pacuery snemeHTOB KymnoJa:
a) TUIaH HECYIIero Kapkaca;
0) cxema 2JIEMEHTOB KyI10J1a BOJIU3H BEPIIHHBI
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5.1. KoMnoHoBKa KOHCTPYKIIUH TOKPBITHUS.
OnpeneneHne reOMETPUIECKUX NapaMeTPOB KOHCTPYKIIUI

[Ipn ocecuMMETpUYHOW CHEroBOM Harpy3ke Ha Kymoj HauOoJbIIas
BeJIMYMHA ee OyAeT MAeicTBOBaTh B BeplIMHE Kymoia. Mcxoas u3 artoro,
BBITMIOJIHUM pacyeT KOHCTPYKIIMM, PacOJI0KEHHBIX B TPEYTOJIbHOM siueiike 1-2-6
(puc.3). KonudecTBO MPOrOHOB B KaXIOW sYCHKE Ha3HAYaeM TaKUM 00pas3om,
4yTOOBI IIar WX Haxoawscs B mpexaenax oT 1 mo 1,5M. [Ing nHamero mpumepa
Ha3Ha4aeM J1Ba IPOrOHa.

[IIar mporoHos

_xy 3,139 105
—3 "3 N
[Tponer HaubombIero nporona (nmporona B-C)
4y, 4x1812

L, 3 3 =242 M
VYTroJ1 HaKJI0HA TPEYToJIbHOM siYeiiku 1-2-6 K TOPU3OHTY
Z1—Z
a= arctg( ! 2) = 5,53°
X2

JlnuHa Hecytiero pedpa 1-2
L=y —x)%+ (O, —y1)? + (2, — 21)?
= /(3,139 — 0)2 + (1,812 — 0)2+(4,396 — 4,700)2 = 3,637 M
VYron HakII0HA Hecyero pedpa
Z1 — Zy - (4,700 — 4,396
I ) = arcsm( 3637
Pannyc onrcannoii cdepsl

. Risq +H* 13,5 +4,7°
 2H  2x4,7

p = arcsin( ) = 4,79°

=21,7mM
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5.2. Pacuet nporoHos
5.2.1. OnpeneneHue Harpy30K Ha MPOTOH

[TocTostHHY!O HArpy3Ky OT Beca TMOKDBITHS OIpEAeNisieM B TaOIUIHOU
dbopme

Hopwmar. Pacuern.

DJIeMEHT MOKPBITHS Harpyska Vi Harpyska
klla klla
Kposins 0,10 11 0,11
JlomaTelii HACTUI U3 HITYHT. T0COK 0,13 11 0,14
KonTtpoOpemerka 0,02 11 0,02
[Tporousr 0,02 1,1 0,02
Vremrenb 0,09 1,2 0,11
LCII 0,13 1,1 0,14

Hroro gn=0,49 g=0,54

Koad¢unuenTt nepexoga oT Beca CHErOBOro IMOKPOBA 36MJIM K CHETOBOM

Harpy3ke Ha KyIoJ paBeH
U, = Cos1l,5a = Cos1,5 X 5,53° = 0,99

Koadduiment, xapakrepu3upyromuii BO3MOKHOM CHOC CHEra ¢ KyroJja

IO/ IEWCTBUEM BETPA, PABEH
c, = 0,85

PacueTHoe 3HaueHuMe Beca CHETOBOM Harpy3kd Ha Kylod Ipu

CUMMETPUYHON HarpysKe
S1 = S4¢eu; = 1,8 X 0,85 % 0,99 = 1,51 klla
HopMatuBHOE 3HaueHUE Beca CHETOBOW HArpy3Kku
Sin =075, =0,7x 1,51 = 1,06 klla
IToronHas pacueTHas Harpy3ka, AeMCTBYIOIAsl Ha IPOTrOH

S 1,05
= g —— XS=054——+1,51%x1,05=2,13kH
q gCosa’-l_S1 5=0 C055,53°+ ’ 05 = 2,13 kH/u

Iloronnas HopMaTMBHAs HAarpy3Ka, JEUCTBYIOLIAs HA IPOIOH

S 1,05
= gn—— XS =049———+1,06 x 1,05 = 1,63 kH
Gn = Gn poq T Sin X S = 049 s + 1,06 X 1,05 = 1,63 wH/m

5.2.2. KOHCTpYKTHUBHBIHN pacyeT MporoHa

[Iporon paccuuThiBaeM Kak Oanky, pabOTarollyl0 Ha KOCOM u3ruo,
YUUTBIBas MOJATIMBOCTH CBSI3€H, COSAMHSAIONIUX MPOTOH ¢ KOHTPOOPEIIETKON U
LICII (puc.4).
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Puc. 4. PacuetHas cxema (a) u monepeuHoe ceueHue (0) mporoHa

HopwmasnbHas u ckaTHast COCTaBIISAIOIINE PACUETHONW HATPY3KHU
q, = qCosa = 2,13C0s5,53° = 2,12 kH/m
dy = qSina = 2,135in5,53° = 0,21 kH/m
HopmanbHast 1 ckaTHasi COCTaBIISIFOIIME HOPMATUBHOW HArpy3KH
xn = qnCosa = 1,63C0s5,53° = 1,62 kH/m
dyn = qnSina = 1,635in5,53° = 0,16 kH/m
MakcuMalibHbI€ U3rH0aIoIINe MOMEHTHI, IEUCTBYIOIINE B 2-X TUIOCKOCTSIX
q %2 2,12x 2,422

M, 3 3 = 1,55 kHm
qyl2 0,21 x 2,427
M, = 3 = 3 = 0,15 kHmMm

Hasnauaem mmpuny nporona by,,=7,5 cMm
OpHEeHTHPOBOYHAS BHICOTA CEYCHHUS IIPOTOHA

h, = oM _ 6 x 1550 =97,7x1073m = 97,7
" = bRy  0075x13x106 M= LN

Hasnauaem ceuenne nporoHa by,xh,,=7,5x11cm (xpatao 0,5¢cm)
MOMEHTHI COITPOTUBIICHHS IIPOTOHA B 2-X TUIOCKOCTSIX
~ buphiy _75x117

— 3

. 62 c 2—151CM
h.,b 11x 7,5

W, == =——"—=103 e’

[TpoBepka MpoYHOCTH NPOTOHA
M, M, 1550 150

+-—2 = +
W, W, 151 ' 103
MoMEHTBI HWHEPpUOMH IIPpOroHa B 2-X IIOCKOCTSIX

= 11,7 MIla < R, = 13 MIla

21



_ byphly _ 7,5x 117

_ _ 4
I, 123 = 12 3 832 cm
hobd,  11X7,5
np~np ) 4
— — = 387
YT T2 12 M
[Tporu6s! mporona B 2-X MIOCKOCTSIX
_5al* _ 5x1620x242*
fe = 38451, = 384 x 1010 x 832 x 108 . 0084 M =84 mm

_ 5qy,l*  5x160x242*
fy = 384Fl, 384 x 1010 x 387 x 1078
CymmapHbIil mporu6

= 0,0018 m = 1,8 MM

l 2420
f=fx?+fy?= 8,42+1,82=8,6MM<200= 200 = 12,1 MM

XKecTtkocTh mporona obecneyeHa.

5.3. Pacuer Hecymero pedpa
5.3.1. Onpenenenne Harpy30K U CTATHUECKHUI pacyeT

B kauecTBe pacueTHOW CXeMbl HeCyIIero pedpa Kymnoja MNpUHUMAaeM
0aJKy ¢ yIpyruM 3amiemicHueM orop (puc. 5).

[Iponet Hecymiero pedpa 1-2

l, = LCosp = 3,637C054,79° = 3,62 m
MakcumanbHasi BEIMYUHA IPY30BOM MOJIOCKI HECYIIETO pedpa
B, = 2y,C0s530° = 2 X 1,812 X C0os30° = 3,14 m

MaxkcumanpHas BEIMYMHA NOTOHHOW PACYETHON HATPY3KHU JCUCTBYIOLIEH

Ha pedpo

B, 1
p
= (g=—2-+5,B, + b h —>
1 (g Cosf 518y + bphypry Cosp Vu

3,14
= (0,54W,790 +151x%x3,14+0,1%x0,3%X5

x 1,1 1=6,61kH/M

Cos4,79°)
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0,45,

Puc. 5. Pacuetnas cxema peOpa Kymosna

[TpononpHBIC YCHIIHS NEHCTBYIOMME HA peOpo B y3iIax b, a u B cepenuHe

IpoJjera
\/—glz(g +S5) £3,622(0,54 +1,51)
=27 = 2 = 46,4 kH
6Sinf 6 x Sin4,79°
ql,Sinp 6,61 X 3,62 X Sin4,79°
No =Ny +——— =464+ > = 48,4 xH
N, + N, 484+ 46,4
(=== z = 47,4 xH

OnopHbie peakiu
ql, 6,61X% 3,62

Ra = > = 7,98 kH
ql, 6,61 3,62
Ry =" = - = 3,99 kH

OnopHble U3rudarole MOMEHTHI 03 ydeTa yIpyroro 3aieMiaeHus
0 qlé 6,61 x 3,622

T 20 = 4,33 kHm
ql?2 6,61 x 3,622
0 p
s — 289 kH
b= 30 30 /07 KM

[IpenBapurensHo Ha3HayaeM cedenue pedpa byxh, pasHoe 100x200mMm 1

IuameTp y3i10Boil neranu D=219mm.
MOMEHT CONpOTHUBIICHUS CEUCHUS
2 2
_ bph; _ 10 x 20
P 6 6
23

= 667 cm3




Hampsixkenuss cxatuss B Topuax peOep, BbI3BaHHbIE JCHCTBUEM
IPOJIOJIBHON CUJIbI M U3TUOAIOIIUX MOMEHTOB

g& = N = 18400 = 2.42 MIla
© " byh, 100x200
ob = N, _ 46400 _ 232 MIla
© " byh, 100x200
ga—Ma_4330_ oM
“T W, 667
ob = M—g = —2890 = 4,33 MIla
"W T 667

p
be3pasmepHbie MmapaMeTpbl, BIHSIONIME HA HANPSKEHHOE COCTOSHUE

pebep kymona

. ol B 2,42 _ 027
A "~ 0%+0, 649+242
b acb B 2,32 035
A - 0%+0, 433+232
L _3637_181
"= T 200 "

P
KoaddumuenTst Ky, yauTsiBaromye BIUSHIE MTPOAOIBHON CHIIBI HAXOUM
1o rpadukam, mokazaHHeIM Ha puc.2.8 [3].
K% =1,04 K2 =1,05
KoaddummenTst K¢, yauThIBaromue moaaTinBOCTh 3aIEMICHUS] HAXO UM
no popmysne 2.14 [3] mpu me=5,4
1 1
K& =K}P = 5 = 2=0,73
1+ WC 1+ 57
Onopuble U3rudaronie MOMEHTHI C YYETOM JIEHCTBUS MPOIOIBHOM CHIIBI

¥ YIIPYTOTr0 3alleMJICHHS OIIOp OIpeaeiisieM 0 METOINKE, U3JI0KEHHOM B [3].
M, = MgK,‘\}KCa = —4,33x%x 1,04 X 0,73 = —3,29 kHm
M, = MSK,’@K? = —-2,89x%x1,05%0,73 =—-2,22 kHm
MakcuManbHBIH IpoNeTHBIN n3runbaromuii MomeHT B ceuennu x=0,45l, ot
JIEBOW OIIOPBI

qly
M,=M,—-—045(M, — M,) + — =
l a (a b) 9\/§

6,61 X 3,622
= —3,29 — 0,45(—3,29 + 2,22) +

93

MaxkcuManbHBIA M3TUOAIONINI MOMEHT B CEYCHHH C (B 30HE KOHTAKTa
y3JI0BOM JieTajiu u pedpa)

= 2,75 kHm
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D (l,—-D/2) D? l, —D/2\ D?
MC—Ma+R ——ql—X?—q 1—T E

a
2
3794798 0,219 661 (3,62 —0,219/2) y 0,2192
- ’ 2 ’ 3,62 8

3,62 — 0,219/2\ 0,2192
3,62 ) 12

p

— 6,61 (1 — = —2,46 kHm

5.3.2. KoHCTpYKTHUBHBIN pacdeT Hecylero pedpa

Pacuer mnpoyHOCTM HeCylIero JAEepeBsIHHOTO pedpa MNpPOU3BOAUM B
COOTBETCTBUH C yKazaHusIMH 11.6.17 [ 7].
Pacuernas qimna pedpa
lo = uoL = 0,65 X% 3,64 =237Mm
rae (o=0,65 — mpu 06oux 3ameMIeHHbIX KOHIIaX pedpa.

['nGkocTh pedpa B MIOCKOCTH U3ruda
ly 237

= 0.289h, ~ 0289x20 ‘0
Koaddunment npononbHoro uzrubda
3000 3000 _ 178
YETE T

Kosddumuent,  yuuTpiBaronmmii ~ JOMOJHUTEIBHBI ~ MOMEHT  OT
MPOJIOJIBLHOM CHUJIBI

N, 47400
=1-

- —-1-
@Rb,h, 1,78 x 13 X 60 x 200

W3rubaromumii MOMEHT ¢ y4ETOM JEHCTBUS MPOIOIbHOMN CHIIBI
My =27 _ 331
=== , K M
b= & 7083

=0,83<1

[IpoBepka npoyHOCTH
N, Mp 47400 3310

bph, i W, 60 x 200 200

[IpounocTs pebpa B nposeTe odecrnedeHa.

B 30He mpuMbIKaHUS JIEpEeBSHHOTO pedpa K CTaJbHOM Y3JI0BOM JeTaiu
nevicteyror M. =2,46kHm u N,=48,4xH. Panee mnpoBeneHHbIC HCCIIETOBAHUS
MOKa3aJld, 4YTO BCJEACTBUE OOMSTHS IPEBECUHBI U AedOpMallMK HAreIbHOTO
COEMHEHHUS 30HA MEpeayu CHOKUMAIOIINX HAMpPSKEHUM CYIIECTBEHHO MEHbIIIE
tTeopetudeckoro 3HaueHus [3]. [Ipu B=0,26 npumem mo puc.2.6a [3] BeicoTy
SMIOPBI CKUMAIOIIMX HampsokeHuid paBHod 0,50, (puc. 6). Bynem cumrats (B
3amac pacyera), YTO pAacTATMBAIOIIEEe YCWIME B HareJlbHOM COEAMHEHUU
JEHUCTBYET MO BEpXHEH rpaHu HECylero peopa.

= 12,2 MIla < R, = 13 MIla

25



- N, e —— Himi| imi| il
I I I
[ [ | |
| | [ | | |
| | | | | |
\,uo oUou
™ . - Ng | Iglq
i Pea 0o i
2 oo
/t; | I | ||
L | | | | Ll
O, ™ ini Wi I
YanobBaa gemanb
(mpyba 219x8)
] / Linunbka @L?/\CGMopesb/ 10x80
L 10 & O B |—x ls
~ I
: »> © D |— | &

|/

=

|80

/0

/0

Puc. 6. KoncTpykuus u pacyeTHasi cxema y3Jia KymnoJia

BricoTa amropsl C)KUMAaIOIUX HANPSKEHUI
x = 0,5h, = 0,5Xx 200 = 100 mm
PaccTrostnue oT BepxHel rpaHu pedpa 10 paBHOICUCTBYIOIIECH YCUITUI B

CKaTOM 30HE

z=h,—

YcnoBus paBHOBECHS y3J1a
{Na+NH—Nﬂp =0
MC - NHZ = 0

0,50 x 200

26
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PaBHOZEHCTBYIOIIIEE YCUITUM B CHKATOU 30HE
N,=N +MC 484+—2‘46 63,1 kH
= _— = , = ,1 K
AP R 0,167
MaxkcuManbHOE CKUMAIOIIEE HANIPSIKEHUE CMSTHS

—ZNAp—2X63100—126MH < R., =13 MII
% = Thx T 100x100 0 AS few T 4

PacrtsaruBaroniee ycusiaue B HareJIbHOM COEIMHEHUU
Ny = Ny, — N, = 63,1 — 48,4 = 14,7 kH
JIist KpemjieHusi CTaJbHBIX IUIACTHUH TOJIIMHONM 4MM K JIepEBSIHHBIM
pebpaM wucroib3yeM crajibHble camopesbl 10x80 ¢ ImecTUrpaHHOM TOJOBKOM
DINS571 (rnyxapwu).
PacuetHas Hecymiasi ciocOOHOCTh OJTHOTO camope3a U3 YCIOBHS CMSTHUS
JPeBECUHBI pedpa
T =0,35¢d =0,35x7,6x1=2,66xkH
PacueTrHas Hecy1asi ciocOOHOCTh OJHOTO CaMOPE3a U3 YCIOBHS U3rnda
camopesa

T =25d>=25x1%2=25kH
KonnuectBo camopesoB

Ny 147
"= T s Y

Ha3znauaem Nn=6 u pasmemaem camopesbl B 2 psaa. PaccrosHue mexny
OCSIMH CaMOpPE30B BIOJb BOJIOKOH MpuHUMaeM S1=7/d=70MM, momnepek BOJOKOH
S,)=36mMm>3,5d=35MMm, OT ocu camope3a A0 KPOMKH IONEpEK BOJOKOH —
S3=32mMm>30=30MMm.

[Inomanb monepeyHoro ce4eHus MMUIbKY Kiacca 4.6

A = Ny 14700
"R, 175

HaznauaeMm mnmunibky ¢12MM miiomaasio An=843Mm?

Kpome npoBepku IpOYHOCTH OTAENbHBIX JIEMEHTOB KYIOJa HE00X0IUMO
BBINIOJIHATh TPOBEPKY MECTHOM YCTOMYMBOCTH Kymnoja. MecTHas mnoreps
YCTOMYMBOCTU KYyIoOJia TPOUCXOJIUT B BHUJE MNPOUICIKMBAHUSA OJHOTO (Kak
OpaBUJIO, BEpPXHEro) ysna K IHeHTpy cdeprl. Kputuueckyio Harpysky
ofpeessieM 10 METOIUKE, U3JI0KEHHOH B [3].

Kputnueckast Harpy3ka [uisi CeTY4aTOro Kymoja C IIApHUPHBIM
COTIPsDKEHHEM pedep U y3JI0BOW Harpy3Koi

2 2
P, = —E;b,h,Sin3f = —=3900 x 100 x 200 x Sin34,79° = 52400H
3T \/§ I¥p'*p ﬂ \/§
= 52,4 xH

rae £,=300 Rc=300x%13=3900 MIla — motysb yOpyrocTH APEBECUHBI IPU
pacueTrax Ha yCTOMYHUBOCTb.
Kputnueckass Harpy3ka s JEpEBSHHOIO CETY4ATOro0 KyIoja IIpH
BHEY3JIOBOW Harpy3ke

2

= 84 MM

27



P = Py Koy Koo KpuKpuKen = 52,4 X 1,8 X 0,75 X 0,76 X 0,70 X 0,9 =
= 33,9 kH

rie  Kiy~=1,8 (B cooTBeTrcTBUHM ¢ Tpadukom Ha puc.4.6 [3]);
Ko6=0,75 (B cooTBeTcTBHU C TpadukoM Ha puc.4.8 [3]);
K4»=0,76 (B cooTBeTcTBUU € Tpadukom Ha puc.4.5 [3]);
K::=0,70 (B cootrBeTcTBUU C Tpadukom Ha puc.4.7 [3]);
K::=0,9 (nst Bnaxknoctu 20%).

VY3n0Bas Harpy3kKa, JIeMCTBYOIIAsl HA BEPXHUM y3€l KyroJa

V3 V3
P=—-(g+S)If =~ (054 +151)3,62” = 233 kH < P, = 33,9 H

YcToiunBOCTh KyToJia o0ecrieueHa.
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