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KpaTkoe pyKOBOJCTBO JIJISI TTOJIb30BATENA

1. Haznauenue

ITaker nmporpamm CTATHKA2009 mnpenHasHaueH aas pacd€ToB M INPOECKTHPOBAHUS DJIEMEHTOB
CTPOMUTENBHBIX KOHCTPYKIMIL. B cocTaB makeTra BOIUIM cleAyrolue MporpaMMbl: MporpaMMa BBOJA,
pacyéTHble MPOrpaMMmbl, MporpamMmMa JAOKYMEHTHPOBAHUS pe3yiabTaToB pacueta Viewer2009 u
nporpamma ynpasienus npoekramu ProjektManager2009.

IIporpamma BBOAA MO3BOJSET CO3[aBaTh M PACCUMUTHIBATH MO3UIMHU MpoeKTa. B pamkax JaHHOTO
IIake€Ta 11onq HO3PII.[PI€I>1 IIOHUMAECTCA Ha60p JaHHBIX JJIA OTACJIIBHOI'O pacqéTa CTPOUTCIIBHOT'O 3JICMCHTA.
Kax0i1 mo3uiiyi COOTBETCTBYET OJTHA pACUETHAS TporpaMma.

[Iporpamma Viewer2009 obecrieunBaeT MpOCMOTP JOKYMEHTOB C pe3yJbTaTaMU PACUETOB MO3UIIMM.
Ona umeeT QYHKIHUU MMPOCMOTPA U MEYaTH JTOKYMEHTOB, apXUBUPOBAHUS U TIEPECHUIKH AIICKTPOHHON
noutoi. [IpeaycMOTpeHbl BO3MOXXHOCTH BCTaBKM PUCYHKOB M TEKCTa, a TAKXKE IMPeoOpa3oBaHUs
nokymenta B ¢opmartsl rtf u pdf mns umcmonszoBanust B mporpammax Microsoft Word u Adobe
Acrobat.

[Iporpamma ProjektManager2009 npennaznadeHa st pa®oTel ¢ npoekTamu. OHa TO3BOJSET
OpraHM30BaTh XpPaHEHHE JOKYMEHTOB (TEKCTOB, UEPTEKEH, pacUeTHBIX IMO3HMIUI) MO TPOEKTaM M
o0ecrieunBaeT ynpaBieHue UMHU (yJaleHHe, KOMHPOBAaHUE, Me4aTh, pacdeT MO3MLUMN U Jp.), UMEET
(GYHKIIMM apXWBHPOBAaHUS M PAaOOTHI C 3JEKTPOHHOW MOYTOH, MOIACPKHUBAET pabOTy HECKOIBKHX
MOJIb30BaTENICH B IOKAJTBHOW CETH HAJ OJTHUM IPOEKTOM.

Jlnst ynoOGcTBa paboThI, BCE MPOTPAMMBI MMaKeTa CHAO0XEHBI TOJAPOOHBIMU TEKCTAMHU, MOJCKAa3KaMHu U
WJLTIOCTPAIHSIMH.

2. BBoja MCXOJHBIX JAHHBIX

JUia co3naHus HOBOM IMO3ULMU WIM OTKPBITUS CYIIECTBYIOUIEH MO3MLIMM HCIIOJIB3YETCS KOMaHJa
Hoswiii nunu Omxpoims u3 MeHto Patin - Ilozuyus. Ilpu co3nanny HOBOM MO3UIMK TpeOyeTcsl BbIOpaTh
pacu€tHyro mporpammy. McxomHeie maHHbIe Uil pacuéra 3amaroTcs B OkHe Bsod. OkHO B60o
COJIEP’KUT TOJIS 1)1 BBOJA NaHHBIX. [1ois BBOAA, CBSI3aHHBIE IO CMBICITY, TPYIIIUPYIOTCS B BOIIPOCHI, a
BOIIPOCHI — B pazjienbl. BO3MOXHBI cieayIolue TUIIbI T0JIEW BBOJA:

"  [I0JI€ BBOJA YUCEI

"  [I0JI€ BBOJA TEKCTa

"  [I0JI€ CO CIUCKOM (OTMEUYEHO TPEYTOJIbHUKOM, BEIOOP MPH MOMOIIY MBILIN WU KIaBHUII +, -)
*  poJe ¢ HabopoM Mepekioyarenel (0TMeUeHO 3HaKOM X)

IIpn BBOAE YMCIOBBIX NAHHBIX ABTOMATUYECKH IIPOBEPSAIOTCA YCIOBHUSA [OIMYCTUMOCTH, IPU HX
HapyIIECHUH IOSBIIACTCS MPELYIIPEKICHUE.

C nenblo cokpaieHus 00bEMa BBOJA, Ul HEKOTOPBIX MOJIEH IIPEAYCMOTPEHO M0JIyUYeHHE 3HAYCHUHN U3
CTaHJAPTHBIX 11a0JOHOB, aBTOMaTHUYECKHU MOSBISIOMUXCS IpU co3laHuy no3unuu. 11laGnonsl MoryT
CO3J1aBaThCsl MOJIb30BaTeseM. [l co3aHusl MM U3MEHEeHUs 1a0JI0HOB MCIIONIb3yeTcs KoManaa Daiin
— Iosuyus — Coxpanums xax wabnon. B mosBisiomeMcs: 1uaaore MOKHO BbIOpaTh (hOpMHUpPOBaHHE
HOBOTO I1a0JI0OHA WJIM U3MEHEHUE CYILECTBYIOLIETO.

JUId Mo3uIuu MOYKHO COCTaBUTb KOMMEHTApUH, BBIBOAMMBIE B Hayajle U B KOHIE BBIXOJHOTO
JNOKyMeHTa. BBOJ KOMMEHTapusl OCYLIECTBISAETCS IIyTEM JIBOMHOIO IIEIYKa JICBOW KHOIKOW MBIIIU B
noJsix BBoaa Kommenmapuu vnm Iosicuenue.
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Kpome Ttoro, mist odopmieHus M JONMOJHEHHUS AOKYMEHTAa MOYKHO MCIIOJIb30BaTh IIOCTaBJIEMbIE
BMmecte ¢ naketoM CTATHUKA2009 cepBrcHbIE IPOrpaMMBbI 17151 BCTaBKM TEKCTA, PUCYHKOB M APYTUX
HEOOXOUMBIX 3JIEMEHTOB.

[Ipu BBO/E AAaHHBIX MOXHO MPOU3BOJIBHO MEPEXOIUTH Ha Jt000€ mojie BBoAa. i mepexoaa MOKHO
UCTIONIB30BaTh MbIb WM KiaaBumm Enter, Tab, crpenxu. linst ObIcTporo mepexoma clemyer
ucnonb3oBatk knasumu PageUp, PageDown, Ctrl+Home, Ctrl+End.

[Tomumo okHa Bgoo, mpelyCMOTPEHbI CIIEIYIOIINE BCIIOMOTraTelIbHbIE OKHA!
= CoxnepxaHue
= TekcroBas moMoub
» ['paduyeckas moMmorb
* VkaszaHHs K NPOEKTY

BcenomorarenbHBIMM OKHAMH MOXHO YINpPaBJIATh C IHOMOINBIO KOMaHA M3 MeHI0 Buo. B okne
Coodeporcanue 0TOOpakaeTcsi CTPYKTypa IpoeKTa ¢ pasienamu BBoja. [Ipu momomm 3TOro OkHa
MOXKHO OBICTpO TepeiiTh Ha TpeOyemoe moje BBoaa. B okue Texcmosas nomows oToOpaxkaercs
ONHMCaHME TEKYILIEro BOIpoca (MapameTpsl, €AUHMIBI U3MEPEHUs, 00JIACTH JOMYCTUMBIX 3HAYCHMH,
CCBUIKM Ha HYHKTBI HOPM U 1p.). B okue [paguueckas nomowp 0TOOpaxkaroTcs MOSCHSIOMNE
PUCYHKM K TEKYyIIEMY BOIIPOCY, IPH 3TOM BBIAEISAETCS LBETOM IapaMETpP, COOTBETCTBYIOLIUI
TEKyIEMY IOJIO0 BBOJA.

[Ipy BBOZC HEKOTOPBIX YHCIOBBIX JAHHBIX MOYKHO HCIIOJIb30BaTh KOMAHIY BbiuucieHus W3 MEHIO
Bcmasumes nyis BBoma apudmeTHdecKoro BbIpakeHUs ((opMyiibl), MO KOTOPOMY BBIYHMCIISCTCS
BBOJMMOE 3HAY€HHE. JTO BBIpAXKEHHE OYJET COXPAaHEHO B PAcUETHOM MO3WIUH ISl BO3MOXXHOCTHU
MOCIICAYIOMIETO PEAAKTUPOBAHUS. B BBIXOJHOM JOKYMEHTE apu(PMETHYECKOE BBIPAKCHHE HE
oToOpaXkaeTcs.

[Ipn BBOAE HEKOTOPHIX YHMCIOBBIX JAHHBIX TAK)KE€ MOXKHO HCIIOJIb30BaTh KOMaHAy Kowmnouoexka w3
MeHI0 Bcmaeums I BBOAA apU(PMETHUECKOTO BBIPAXKECHHS U MOSICHSIONIETO TekcTa. Jlomyckaercs
BBOJI HECKOJIBKHUX BBIPDQXCHUU, TPU ITOM pACCUUTAHHBIE 3HAUEHUs OyIyT CyMMHpoBaThcs. B
BBIXOJHOM JIOKyMEHTE OyAyT OTOOpa)Ke€HbI MOSCHSIOIIUN TEKCT U apu(METUUYECKUE BBIPAKEHUS.
[IpenycmoTpeHa BO3MOXHOCTh MPUHUMATh HArpy3KH W3 pe3ylbTaTOB pacuera JIPYTuX MO3UIIH,
HampuMep, Mpu pacuere GyHIAaMEHTa MPUHATH OMOPHBIC PEAKIIUU U3 MO3UIIMU C PACUETOM KOJIOHHBI.
Kpome Toro, Harpy3ku MoryT ObITh PUHATHI U3 Pe3ybTaToB pacuera MicroFe2009, a Takke u3 6a3bl
CTaHIapTHBIX HArpy3ok. /s ux BBOJa B TEKyIllee MoJie BBOJA CIIy>)KUT KoMaHna [lepedamsb U3 MEHIO
Bcmasume.

3. PacuéT u nmeyarthb pe3yJabTaToB

CoxpaHeHre BBEJCHHBIX TAaHHBIX OCymIiecTBisieTcs: komanaon Coxpanums n3 MeHio @Datin. Pacuér
BBITIOJTHACTCS] TIPU MOMOIIU KOMaHAbl Pacuém u3 MeHio [Ipoexm. Pe3ynbTaThl pacuéra BBHIBOAATCS B
OokHO /loxymenm B (dopMe BbIXOAHOTO nokymMeHTa. Komanma [lewams u3 meHio @aiin MO3BOJSET
BBEIOpATh (OPMY BBIXOJTHOTO JJOKYMEHTA.

PesynbraTel pacyera mpoekTa (GOPMHPYIOTCS KaK €AWHBIA JOKYMEHT, KOTOPBIH MOXeET OBITh
HareyaTtaH WU OTIpaBieH MO 3JeKTpoHHOW mourte. [Ipu mewyatu enuHbId NOKyMEHT OyAEeT MMETh
CKBO3HYIO HyMepalHio CTpaHuL. Taxke MOKHO cO34aTh J1I000€ KOJMUYECTBO JOKYMEHTOB, YIIPABIISASA
COCTaBOM JOKyMEHTa (Hampumep, Uisl OTAEJIBHOTO THMA MO3ULIMH — CBOM JOKYMEHT) U€pe3 MEHIO
Ilpoexm - Jlokymenm. Ilaker CTaTHKa TO3BOJSET HamedaTaTb JOKYMEHT B KOMIAKTHOH Qopme
(2 nnu 4 cTpaHMLIBl JOKYMEHTA Ha OJHOM JIUCTE Oymarm).

CTATHUKA-2009. Onucanue npoepamm KpaTkoe pykoBOJCTBO [J1s1 MOJIB30BATENSA



13

4. Co31aHue POEKTOB M yIIPaBJIeHUE UMU

[Iporpamma Projektmanager2009 npennasnauena ajas paboThl C MPOEKTaMU, KOTOPbIE MPECTABISIOT
coboii rpymnel no3unuid. Kax el npoekt umeet pasaenst Mugo, Cmamuxka-COSTRUC, [Jokymenmeoi,
Pezynemamel, a Taxke paslenbl MPOEKTOB APYTHX PACUETHBIX M IpadUUYecKHX MpOorpaMMm MakeTa
Ing+2009. B pazmene Hwugo conepxutcs obmas mHDopmamms o npoekre. B pasgene Cmamuka-
COSTRUC xpansartcs pacuértHble nosuuuu. Pasgen /[Joxymenwmwur npenHa3HadeH s XpaHEHUS
COIyTCTBYIOIIUX JTOKyMEHTOB IpoekTa (qokyMmeHToB Microsoft Word, ueptexeit AutoCAD u np.), a B
pasnene Pezyrvmamul XpaHATCS pe3ynbTaThl pacdera. [IpoekT MoxeT ObITh co3JaH B JIIO00H marmke
¢ailnoBoii cucTeMbl, 3a UCKIIIOYEHHEM KOpHEBOTo KaTanora. [IpoekTsl MOTyT 00bEeIUHATHCS B TPYIIIIHL.
Co3znaBaTh IPOEKTHI U ITPYNIBI IPOEKTOB MOXXHO KOMaHaMH U3 MEHIO /Ipoexm.

[Ipu nomouu Projektmanager2009 Mo>xHO Takke CO374aBaTh, OTKPHIBATh U PACCUUTHIBATH MO3ULIUU.
Jlig 3Toro ucnonb3yroTcss KoMaHawsl U3 MeHwo [losuyus. Ilporpamma Projektmanager2009 naér
BO3MOKHOCTh TPOBECTH PAcy€T Cpa3y HECKONbKMX Mo3uuuil. [ljis 3TOro HeoOXoauMo B pasjene
Cmamuxa BBIIETUTH 3TH TO3ULUHU U 3aIyCTUTh UX Ha pacuéT ogHoM KoMaH10i. Projektmanager2009
uMeeT (QYHKIMIO apXUBUPOBAHUS, QYHKIHIO pabOTHI C AIEKTPOHHOW TOYTOH, MOAJEPKUBAET paboOTy
HECKOJIbKUX I10JIb30BaTENIEeH B JIOKAIBHOM CETH HaJ OJHUM IPOEKTOM.

[Ipn wuHCcTausiuu naketa CraTtMka co3paércs rpynna [lpoexkmel, copepxaias —TpyITy
IIpumepvr 2009 v rpynny /lpyaue, a Takxke npoekT Cmamuka 2009 ¢ npumMepaMy NO3ULMIA.
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[IporpamMmma mpemHazHaueHa Il pacuéra CHCTeMbl NMpsAMOYTronbHBIX MUT mo CHull 2.03.01-84*
“betoHHBle M Kene300eToHHble KOHCTpykuuu” [1], mub6o mo CII 52-101-03 “beronnsie u
KEJIe300€TOHHBIC KOHCTPYKITMU 03 MpeaBapUTeILHOr0 HampshkeHus apMmatypsl” [7], mu6o mo CHB
5.03.01-02 “betoHHbIe U kele300€TOHHBIE KOHCTPYKIUK [8]. BO3MOXKHO 3aaHue MPSMOYTOJIBHBIX
KOJIOHH M OTBepcTuid. Harpy3ku MOTyT OBITh KaK COCPEIOTOYCHHBIMHU, TaK U PaCIpPECIEHHBIMHU.
Cratuyeckuil pacu€T NMPOBOJUTCS METOJIOM KOHEYHBIX 3JIEMEHTOB. Pacu€THble coueTaHUs yCWINN
onpexaenstorcs cornacio CHull 2.01.07-85 “Harpy3ku u Bo3aerictBusa” [2]. Ilocne onpenenenus
TpeOyeMoll apMaTypbl OCYHIECTBIIICTCS KOHCTPYHpOBaHHE apMmarypbl. [ljis momoOpaHHONH apMaTyphl
MIPOBOJIUTCS PACUET MO TPEUTMHOCTONKOCTH | O Je(OPMALIHSIM.

1. PacuérHasn cxema

Pacuérnas cxema mpeacTaBisieT co0oil Habop MPSIMOYTONBHBIX TUIKT. Pacmonokenue TinT, KOJOHH |
OTBEpPCTHI MOXKHO 33JlaBaTh KaK B TNI00aIbHOU, TaK M B JIOKAIBHOU cucTeMe KoopauHat (puc. 1,2).
JlokanpHasi cuUCTEMa ONPENETSETCS HOMEPOM IUIMTHI M yKa3zaHueM e€ BepuuHbl. [IpuHATHIC
HAaUMEHOBAHMS BEPIIMH IUIUTHI cMOTpuTe Ha puc. 3. [Ipm 3amaHuu pacmoyiOKEHUs IUIUTHI WIH
OTBEpPCTHUS HEOOXOAMMO BBOJUTH KOOPAWHATHI JICBOW HIDKHEH BEPIIUHBI TUIMTHI WIH OTBepcTUs. B
CiIy4ae 3aJlaHus KOJIOHHBI HEOOXO0IMMO BBOJAUTH KOOPJAWHATHI €€ IIEHTpA.

Y
A
X
X
y
>
Yy
X
>
BrnobanpHoi cucTe Me KOOPIUHAT B nokanbpHOM cCTE Me KOOPAUHAT
Puc. 1.  TIpumep 3amanus pacrmonoKeHUs! TITUTHI
Y A
|
X X
Yy
>
y
X
>
BrnobanpHol cucTe Me KOOPIUHAT B nokanbHOM c UcTe ME KOOPIUHAT

Puc. 2.  Ilpumep 3agaHus pacrioj0KEHUSI KOJIOHHBI
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BepumHbl CropoHsl
JICBas BECPXHAA npaBast BEPXHAA BCPXHAA
4 3 3
Y JeBas | 4 2 npasas
1 2 1
JIEBasA HWKHAA TpaBasi HIDKHASA HIDKHAA

X

Puc.3.  Cucrema xoopaunaT. HauMeHoBaHUe U HyMepanys CTOPOH U BEPIIMH IUTUTHI

VcioBusl 3aKkperuieHust BBOJATCS JUIsl KaXKAOM CTOPOHBI IMMTHL. MOXHO 3amaBaTe CBOOOJHOE
OIMpaHue, 3aJIeNIKy, CBOOOIHBIN Kpal, ynpyroe 3amemieHue. YIpyroe 3aleMIeHUe TUIMThI 3a1aETCs
B IIPOLIEHTaX. B 3TOM citydae :kecTKOCTb OyA€eT paccunTaHa CIEIYIOLUM 00pa3oM:

3
c= _SERk [kHm/M],
[(100-k)
rae h - TOJIIIMHA TUIATEI [M]
k- CTEIEHb 3allleMJICHHS [%]
E - MOJyJIb YIIPYTOCTH MaTepuralia IInuThl [kH/m2]
I - pa3mep IJIUTHI B COOTBETCTBYIOIIEM HAMPABICHUU [M]

Ha orpe3kax conmpukocHOBeHUs TUIUT (puc.4) IO YMOTYAHUIO TPUHUMACTCS YCIOBHE 3aKperuieHus V
(puc.5). JanHoe ycioBue MOXET ObITh M3MEHEHO OTBETOM Ha BOmMpoc “V3MEHHWTH THUIl COCTMHEHHS
compHKacarmuxcs Mt . Eciu yka3blBaeTcsi, YTO COOTBETCTBYIOIIME IUIMTHI CBSI3aHbI U OMOpa
OTCYTCTBYET, TO IpuHUMaetcs yciaoue VI (puc.5). Ecnu ke yka3zbiBaeTcs, 4TO IUIUTHI HE CBS3aHbl, TO
Ha OTPE3KEe CONPUKOCHOBEHUS ISl KaXA0W U3 IUIAT COXPAHSIOTCS UCXOJHBIE YCIOBUS 3aKPETUICHHUS.

Puc.4.  Orpe3ku CONPUKOCHOBEHUS TUIUT
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I II 111 v \% VI
cBOOOHBI| cBOGOmHOE | ympyroe | 3aimenka KECTKOE KEcTKOE
Kpaﬁ onupaHue 3a1eMIIEHUE COCJUHCHUC COCIUHCHUC
IJIUT, OIIopa IIJINT
[Tnura 1I ITnuTa 2 | Tlnura 1 IHJ‘II/ITa 2
—_— r—— |
TI/IH —
O6o3HaueHue | | |‘ N Al ah
H 1 | [ | l
Ha pUCYHKaXx P 1) ) i) w
P L alb ,
Puc. 5. Bo3MOXHBIE yCIOBHS 3aKPEIICHUS TUIUT
VY4€T KOJIOHH B pacU€THOM CXeME BO3MOKEH IO OJHOM M3 CIAEAYIOMNUX MOJETIEH:
"  YyOpyroe OCHOBaHUE
= KECTKas TOUEUHAs OMOPA B EHTPE KOJIOHHBI
®  TOYEYHbIE MPYKUHBI B IEHTPE KOJIOHHBI
KécTtkocTr COOTBETCTBYIOIIUX MPYKUH MOTYT OBITH PACCUUTAHBI TIO POopMyIam:
E 3
YIPYroe OCHOBaHHE c, = — [kH/m’]
H
ELL
npy>KMHA B HAIIPaBJICHUU TPOrubda c, = —— [kH/™m]
H
3 3
ELI, EL’l
NPYXKUHBI B HANIPABICHHUSIX TOBOPOTOB €, = ——— C, = ———— [kHwm/pan],
4H 4H
rne H - BBICOTA KOJIOHHBI [M]
E - MOAYJIb YIPYTOCTU MaTepuaia KOJIOHHBI [KH/MZ]
Lol - pa3mepbl KOJIOHHBI [Mm]

B mporpamme MOXHO BBOIUTH CTEHHBIE NMPOEMBI. PacmosoikeHne CTEHHOro Mmpoéma ONpeeiseTcs
HOMEPOM IUIMThI, CTOPOHOHM, pacCTOosHUEM 10 mnpoéMa M ero umHOW (puc 6.). IlpunsaTsie
HAaUMEHOBAHMsI CTOPOH IIJIUTHI CMOTPHU Ha pUC 3. YUET CTEHHBIX NPOEMOB BO3MOXKEH [0 OJHOW M3
nByx mojeneil. IlepBas monxenb COOTBETCTBYET OTCYTCTBHIO OIOPBI Ha OTPE3KE CTOPOHBI ILJIUTHI.

BTOpaH MOACIb CTCHHOI'O npoéMa HC BJIMACT Ha YCJIOBHUA 3aKPCIJICHUS IIJIUTHI

U PE3YJIbTAThl

CTaTH4YCCKOI'O pvaéTa, HO JIs1 COOTBCTCTBYHOLICI'O OTPE3Ka CTOPOHBI INIWUTHI 6y,Z[YT OTACIBbHO

OIIPCACIICHBI U pacli€dyaTaHbl OIIOPHBIC PCAKIIUH.
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a /
T
—
/ /
a a
—
a /
—
CHU3Y crpaBa CBEpXYy cieBa

Puc. 6. 3amanue pacmnonoXeHHs CTEHHOTO IIpoéma

2. Harpy:xenmue

Harpysku nonpazaensitorcs coriaacHo [2] Ha MOCTOSHHBIC, JIIUTEIbHbBIC, KPATKOBPEMEHHBIE U 0COObIE.
Bo3smoxken BBox 1m0 20 Harpy3ok. IIpemycMoTpeHbl creayronue Harpy3ku: pPaBHOMEPHO
pacrpesielieHHble 10 IUJIOIIAA1, PaBHOMEPHO pACIpPEEiCHHbIE IO OTpe3KaM, COCPEIOTOUYCHHBIE
Harpy3Ku.

JU1s IOJIOCOBBIX M COCPEJOTOUEHHBIX HArpy30K 3afaéTcsl MPSIMOYTOJbHAs 00JIACTh MX MPHIIOKECHHUS.
Pacnionoxenue 3Toit 061acTu 3a1aéTcsl Tak XKe, KaK U pacloyoKeHUe IUINT U KOJIoHH (puc.2,3). BBox
OTPE3KOB C KpPacBOM HArpy3KOM M KpacBbIMH MOMEHTAaMH AHAJIOIMYEH BBOJY CTEHHBIX INPOEMOB
(puc.6). lns Bcex Harpy30K 3alat0TCsl UX HOPMATHBHbBIC 3HAUCHMSL.

3. Onpenenenue BHYTPEHHUX CHJIOBBIX (GaKTOpPOB

B mnporpamme pemaercs 3amada u3ruba CHCTEMBbl IUIUT METOAOM KOHEUHBIX 3JieMeHTOB. Ilpu
nocrpoennn KO-mozenu tonmuHa cTeH He yuuTbhiBaeTcs. Onopbl B HApaBlIEHUU Z NPUHUMAIOTCS
KECTKUMU. KOJIOHHBI U CTEHHBIE MPOEMBI YUNUTBIBAIOTCS B COOTBETCTBUM C BBIOPAHHBIMU MOJAEIISIMH.
[TonmocoBble M COCPEOTOUYEHHBIE HArpy3KH B 3aBUCUMOCTH OT pa3MepoB O0JACTH HPUIOKEHHUS
YUUTBIBAIOTCSL JTMOO Kak Y3JIOBbIE HArpy3KH, JMOO Kak paclpelesieHHbIE IO COOTBETCTBYIOIIMM
aneMmeHTaM. KpaeBas JInHeliHas HArpy3Ka 1 MOMEHTBI YUYHUTBHIBAKOTCS KaK y3JI0BbIC HATPY3KH.

3HaueHue MOJyJi YOPYTrOCTH MPU OTCYTCTBUM BBOJAA MpuHUMaercs no [1], Tabnuua 18. Beenenuem
CHEeNUalbHOTO KOd(pduIeHTa ydéra KpydeHHs] MOXHO MOJEIHPOBATH MITKHE M KECTKUE HA
Kpy4YeHHE TUIUTBL. JTOT Kod(pdummeHTt 3amaércs B amanazone {0..1}. Ecnu oH paBeH HyIIO, TO
nojlydyaeM ypaBHEHMs H3ruba ¢ y4yeToM KpydeHus. Eciu ke OH paBeH eIMHHUIlE, TO KpPydeHHE He
yuutbiBaercs (M, paBeH HYJIIO).

CeTka KOHEUHBIX 3JIEMEHTOB IeHepHupyeTcs aBToMarudecku. [Ipu momomm 3agaHusi XapaKTEpHOIO
pa3Mepa KOHEYHOTO JJIEMEHTAa MOXKHO YMpaBisATh TeHepanueil cetku. Ecnu momydaemast ceTka
KOHEYHBIX JJIEMEHTOB CYIIECTBEHHO HEPaBHOMEpPHA, WM BO3HHMKAET MHOTO «IUIOXHX» (Y3KHX)
3JIEMEHTOB, TO, U3MEHSS 3HAUE€HUE XapaKTEPHOIoO 11ara, MO>KHO JOOUThCS yiayulleHus ceTku. OqHako,
B OOJIBLIIMHCTBE CIIy4aeB, «IUIOXas» CETKa IOJIy4aeTCs H3-3a HEKOPPEKTHOW pacu€THOM CXeMbI
(HampuMep, eclii PacCTOSIHUS MEXKIY 33/JaBaeMbIMU SJIEMEHTAMU PACYETHOM CXEMBI CYIECTBEHHO
MEHBIIIE XapaKTEpHOro pa3Mepa 3JIEMEHTA).
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4. PacyéTHbIe COYCTAHUS YCHIHUHI

PacuérHble coueTaHus yCHIIMM ONpPENeNstOTCS aBTOMATHUYECKU COMIacHO [2] ¢ y4éTOM BBEJIECHHBIX
H0JIb30BaTeIeM K03 GHUINCHTOB HaIe)KHOCTH 10 Harpys3Ke.

Jl5st BpeMEHHBIX Harpy30K BO3MOKEH yUET X HeOJIaronpusTHOTO pacrpeaeeHus mo npoiéram. Ecim
Takol ydér TpeOyercsi, TO COOTBETCTBYIOIIAs BpEMEHHas Harpy3ka pa30MBaeTcsi Ha HarpysKH,
JICHCTBYIOIME HA KaXKIbIM MPOJIET, U HA KAXKIYI0 U3 HUX NpoBOAUTCA pacuér. IIpu mocnenyromem
yuéTe TaHHON BpEMEHHOH Harpy3Kd B COUYETAHUSX yCHJIMI BBIOMpaeTcss Hanbosee HeOIaronpusiTHas
KOMOUHAIMS HarpyXeHUH IpoJIETOB.

5. Onpenesienne TpedyeMoii NPOAOJbHON AapMATYyPbI

TpebGyemast mpofoipHas apMmaTypa ompefensercs B KakaoMm y3ne KD-ceTku anst BceX pacdETHBIX
couetannii ycuwnuid. [Ipu pacdere Ha OTHETbHOE COYETAHME YCHUIIUH YYUTHIBAIOTCS TPEOOBAHUS IO
BBIOOpY Kod(duimenta ycioBuii paboTel O6eToHa )5, cornacHo [l], Tabmuma 15, mo3umus 2 B
3aBUCHMOCTH OT COCTaBa JAHHOTO COUYETaHMs YCUIIMIA WM aHaJIOrH4HbIe TpeboBanus [7], [8].

Ycunus 1u1si pacdera BEpXHEH apMaTypbl HaJl OTIOPAMH OTPEICIISIOTCS ¢ yIETOM IIUPHHBI OIAPAHHS
T (puc.7). [IporpamMmma mo3BossieT TMO0 YUYUTHIBATh PACCUYUTAHHBIE MOMEHTHI HaJl KOJIOHHOM, JTHOO
NPUHUMATh WX paBHBIMH MaKCHUMAQJbHBIM MOMEHTaM TI0 TpaHUIE OTOHW KOJOHHBL. [laHHas
BO3MOYKHOCTH OCOOEHHO BaKHa Ipu MOACIIMPOBAHUHN KOJIOHH TOYCHYHBIMHA OIIOpaMHU.

Puc. 7.  Y4ér mmpuHBI ONMPaHUS PH ONPEAEICHIH MOMEHTOB

BuyTpeHHHEe ycuinus, MOMYYEHHBIE U3 CTATHYECKOI0 Pacy€Ta, BKIIIOYAIOT KPYTAIUNA MOMEHT M,,. B
Hopmax [1], [7], [8] He ykaspiBaeTca crmoco® ydé€Ta 3TOrO MOMEHTa, MOITOMY Y4Y€T M., Ipu
OIIpPEIEICHUH pacu€THBIX MOMEHTOB OCylIecTBIsAeTCA 1o [S]. Ha puc.8 nmokasan anroputm yuéra M,, B
ciyuae, korna M,>M, . B ciyuae, korga M,<M, y4€T KpyTALIEr0O MOMEHTA aHAJIIOTUYEH (X ¢)).

aa HET aa HET
Y Y Y Y
Mx H :MX+’ Mxy| Mx H :0 P Mx 8 :Mx" Mxy’ Mx 8 :Mx' Mx)2/ /lMy|
M, =M,+| M| M, =M+ My, /|M| M, o =M-| M| M, , =0
Huxusist apmarypa (M, , My, 1) Bepxusis apmarypa (Myq , M, o)

Puc. 8.  VYuér momenroB M,, (cnyqait M, > M,)
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6. Onpenesienne TpedyeMoil ONEPEYHON apMaTypbl

Tpebyemast nonepeyHast apMatypa onpezensercs B KaxaoM ysine KO-ceTku Ha ocHoBe pacuéra 1o
IIPOYHOCTH HAKJIIOHHBIX CEYEHUN Ha JEHUCTBHE IONEpedyHOM cwibl. Pacu€rHas monepedHas cuia B
Ka)/IOM y3JI€ BBIUUCIIAETCS CIIEYIOIUM 00pa3oM:

0=.0,"+0,

s y310B, HaXOASIIMXCS HA PACCTOSHUU 10 ONMKaliedl omopbl, MPEBBIMIAIONIEM @ Ay/Pp3, B
KauecTBE JUTMHBI MPOCKIIMH OTMACHOTO HAKJIOHHOTO CEYCHHUs OCpETCS pacCTOSHHE 0 OrbKanIiei
OTIOpBI, B KadecTBE ToOmepeyHorl cwmibl Oepércs 3HaueHue () B jgaHHOM Yy3ine. Jlist y3IioB,
PACIIOJIOKCHHBIX B6J'II/I3I/I OInop, OCYHICCTBIIACTCA TIOMCK OIIACHOTO HAKJIOHHOro CCYCHHUA U
COOTBCTCTBYIOIICTO 3HAUCHUA Q (HpI/IHI/IMaCTCH, YTO OIMAaCHOC HAKJIOHHOC CCUCHUC HAYMHACTCA Yy Kpasd
onopsl). J[ns HalimeHHbIX ¢ U O OCYIIECTBISETCS pacdy€T momepeuHoi apmatypsl corjacHo [1], (75)
unu [7], (6.66) mubo [8], (7.80).

IIpu pacuére momepeuHol apmaTypsl cornacHo [1], (84) ompemenstoTcst obnmactu, TAe OHa He
tpebyercs. CornacHo [1], (72) onpenensroTcs o0JacTH, Tie Hecymlas CIOCOOHOCTh MO HAKJIOHHOU
C)KaTo 1oJI0ce HEe MOXKET ObITh 0OecIeueHa.

[Tonepeunast apmarypa B y3/1ax, HaXOISAIIMXCS BHYTPU 00JACTU IUTUTHI HAJl KOJOHHOM, IPUHUMAETCS
paBHOM MaKCUMAaJIbHOM apMaType Mo IPpaHMIle 3TON 00JIacTH.

7. Pacyér Ha npoaaB/IMBaHue

Pacuér Ha mpopaBnuBaHHE MPOBOIUTCS Ul KOJOHH M 0OONacTeil MPHIOKEHHsS COCPEIOTOYEHHON
Harpy3Kd B COOTBETCTBUHU ¢ TpeOoBaHMsMH 1o [1], myHkT 3.42. Pacuér Ha mpomaBIMBaHHE MOXKET
IPOU3BOJAUTHCS 0€3 yuéTa WM ¢ y4€TOM MOMEHTOB M JKCLUEHTPUCHUTETOB TOYKU MPHUIIOKEHUS
IPO/IaBIMBAIOIEH CUJIBI.

Y4€T MOMEHTOB M AKCUEHTPUCUTETOB OCYILIECTBisieTcs corjacHo [4]. B atom ciydae pacuér Ha
HpOI[aBJ'II/IBaHI/IC HpOBOI[I/ITCH 110 YCJ'IOBHOMy BepTI/IKaJ'II)HOMy CCUYCHUIO, paCHOJIO)KCHHOMy BOprF
OTIOPHOM IUIOIIAJIKKM Ha paccTossHuU hy/2 oT He€. Pabouass BbICOTa CedeHHS /g OMpPEnemseTcs Kak
cpenHee apu(METHUECKOE COOTBETCTBYIOIIMX BEJIMYMH O HampasieHusM X u Y. [Ipu onpenenenun
MaKCUMAJIBHBIX yCI/IJ'II/Iﬁ B YCJ'IOBHOM BepTI/IKaJ'IBHOM CCUCHUU npennonaraeTcsl, qTo YCI/IJ'II/UI
pacnpe/ieNieHbl 1o JIMHEHHOMY 3akoHy. Ha ydJacTkax KOHTypa, KOTOPbIE COOTBETCTBYIOT CBOOOIHOMY
Kparo IUTUTHI, YCHIUS TIOJIAararoTcs paBHBIME HYItO (puc.9a). Pacyér Ha mpojaBivBaHUE MPOBOIUTCS
10 MAaKCUMAJIBHOMY YCWIHIO Ha KOHTYP€ YCIOBHOI'O BEPTUKAIBHOI'O CEYCHHUS.

B cnyuae pacuéra Ha mpojaBiuBaHue 0e3 y4€ra IKCICHTPHCUTETOB MPEIIOIAaraeTcs, 4TO YCHIIHS
PaBHOMEPHO pacTpeAClCHbI IO IEPUMETPY Uy, Uy, - CPEAHEE apu(PMETHUECKOEe BETUYHH TIEPUMETPOB
MaJIor0 ¥ OOJIBIIOTO OCHOBAHWN THPAMHJIbI MPOAABIUBaHMA. Malloe OCHOBaHHE COOTBETCTBYET
IUIOIAJKE JIEHCTBUS MPOAABIUBAIOIICH CHJIBI, OOJBIIOE OCHOBAHME PACIOJIOKEHO HA PAcCTOSIHUU /i
oT Hero (prc.90), 9TO COOTBETCTBYET yIIIy HaKJIOHa OOKOBBIX rpaHel, paBHOMY 45°.
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a) Pacuér ¢ yuéTOMD KCIIEHTPUCHTETOB 0) Pacuér Oe3 yuéra HKCLIEHTPHCUTETOB
(ycummst pacnpe AeIe HBLITHHE HHO 10 (ycwmst paBHOMEPHO pacTIpeACTICHEITIO
YCIIOBHOMY BEPTHUKAIHHOMY CEUCHHI0) MEePUMETPY Um)

Puc. 9. Pacmpenenenue ycunuii mpu pacuére Ha MPOJABINBaHIC

Cornacno [1], nyskt 3.42 npopasnuBaromias cuia /' NpUHUMAETCS paBHOW CHJle, NEHCTBYIOIIEH Ha
NUpaMHly TpPOJAABIMBAaHUSA, 3a BBIYETOM HArpy30K, NPUIOKEHHBIX K OOJbIIEMY OCHOBAaHHUIO
NUpPaMU/Ibl IPOJABIMBAHUS U CONPOTUBIISIIOIIUXCS MpoAaBauBanuio. [Ipu pacuére Ha mpoaaBIMBaHKE
KOJIOHH TAaKMMHU Harpy3kamH SBIISIIOTCS paclpenenéHHble No Iumre Harpys3ku. [lpm pacuére Ha
[poJaBiIMBaHue s oOjacTed MNPUIOKEHUS COCPEIOTOYEHHBIX CHJI TaKOM Harpys3koil sBisieTcs
peakuus ynpyroro OCHOBaHHUSI.

[Ipu mocTpoeHun KOHTypa MUPaMUbI MPOJABIMBAHUSA BO3MOKHBI [IBA BapUaHTa €ro IMOCTPOEHUS: B
BUJE MPSAMOYTOJbHUKA C YINIaMH WIM co ckpyrieHussMu (puc.10a). IlomydeHHBIM KOHTYp
KOPPEKTHpPYETCS B TOM Cllyyae, €clid €ro 4acTh OKa3bIBaeTCsl BHE CHCTEMbI ITUT. Bo3moxkeH yuer
OMM3KUX K NMUpaMuje MpOAABIUBaHMS CBOOOIHBIX KpaéB IUIMTHL. B 3TOM cilyyae yacTh KOHTYypa
3aMEeHsIeTCs JIMHUSAMH, NEPIEHIUKYIISIPHBIMU CBOOOJHOMY Kparo IUIUTHL. Takas 3aMeHa IpOU3BOIUTCS
TOTJa, KOI/a TMOJy4YeHHBIH KOHTYp (06e3 yu€ra cBOOOJHOrO Kpasi) OTBEYAaeT MEHbIIEeH Hecylei
crnocoOHocTH Ha mnpoasinuBanue (puc.100). Ilpu noctpoeHMu mnupaMuabl NPOJABIMBAHUSA HE
YUYUTBIBAIOTCSL PEKOMEHIAIuu [ 1], CBSA3aHHBIE CO CTECHEHHBIM MPOaBIUBAHUEM.

B pesynpraTe pacuéra Ha mpoAaBIMBaHUE omnpenensercs TpeOyemas momepeuyHas apmarypa. U3
pacueToB Ha MPOJABIMBAaHUE C OCHOBAHMUSMHM, PACIOJOKEHHBIMH Ha PACCTOSHUSX, OONBLIUX /iy,
orpezensercs: 001acTb, BHyTPU KOTOPOH TpeOyeTcs momnepevyHasi apMarypa.

a) BApHAHTBI IOCTPOCHIA OOJBIIETO 0) y4€T GIM3KO PaCTIONOKEHHOTO
OCHOBaHHSI TIMPaM HJIbI [POIABIIUB AHUS CBOGOTHOTO Kpast TUTHTBI

Puc. 10. Ilapamerpsl pacuéra Ha MpOJaBIMBaHUE

[Ipu pacuere Ha mpomaBnuBanue 1o [7], (6.2.46-52) unu [8], (7.4.3) M1 MOCTPOEHUS KOHTYPOB
MIPOIABIMBAHHS UCTIONB3YIOTCS aHAJIOTHYHBIE TIPABUIIA, H3JI0KEHHBIE B 3THX HOPMaX.
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8. KoncrpyupoBanue

KoHcTpynpoBanue HuKHEN M BepXHEl apMaTypbl OCYIIECTBISETCS OTAEIBHO IS KaKION TUTUTHI.

[Ipn KOHCTpyuMpOBaHHMM HMYKHEH apMaTyphl OINPENESETCS OCHOBHAs apMarypa (Ha BCIO IUIUTY) U
NPSIMOYTOJIBHBIE O0JIACTH C JOTOJIHUTEIBHON apmarypoi. OOIacTv ¢ JOMOTHUTEIBLHOW apMaTypou
OTBICKMBAIOTCSI W3 YCIOBUS MHHMMyMa CYMMapHOW apMaTrypbl. OTH 00lacTd, Kak IPaBHIIO,
OKa3bIBAIOTCSl B MECTax, Irne Tpedyemas apmaTypa CyLIECTBEHHO Ooiiplie €€ CpeIHMX 3HAYCHHUU I10
wimre. Yaie Bcero, [JOMOJHMUTENbHAs apMarypa Mojdy4yaercss B 0OJacTsaX, I/A€ NPUIOKEHBI
COCpPEIOTOUEHHBIE CHJIbl WM pEIIeHHE YIPYrod 3aJayu MMeeT OcoOeHHOCTH. JlomomHuTenbHas
apMaTrypa BBIYHUCISETCS ¢ yI€TOM €€ (DaKTHUECKOTO PaCIOIOKEHUS.

[Ipn KOHCTpyHpOBaHMM BEpPXHEW apMarypbl ONpPEAEAeTCs MPSAMOYTrojibHas 00JacTb MaKCHUMAaJbHOM
IUIONIA/IM, B KOTOPOW BEpXHSs apMaTypa He Tpebyercs. BHe 3Toro mpsiMoyrojbHUKa OCYIECTBIISIETCS
no100p apMaTyphl.

9. PacuyéT no TpemuHOCTOMKOCTH

Pacuét no TpenmHOCTONKOCTH IPOBOAUTCS I [T0100paHHOM apMaTypbl. Pacuér nmpoBoautces s 3-i
Kareropun TpeOoBaHMM K TpeumHocToiikoctu. llluprHa packpeITUS TPEIMH ONpenenseTcs Ui
HanpasiieHuld X 1 Y 10 OTAENbHOCTH. YUeT KPyTALIEro MOMEHTA IIPU pacyeTe 10 TPEIMHOCTONKOCTH
aHAJIOTMYEH YYeTy IpH pacuére no npoyHoctu (puc.8). Eciu ycnoBus o HMpuHE pacKpbITUS TPEILIUH
HE y0BJIETBOPSIOTCS, TO IOI0MpaeTCs apMaTypa, 00eceunBaroIas TPEIUHOCTONKOCTh CEYEHUS.

10. Pacuyért no nepopmanusim

Pacuér mo nedopmauusM npoBoaUTCA UIA MonoOpaHHONM apmarypel. HopmaruBHBIE coueTaHus
Harpys3oK, 151 KOTOPBIX OMpPENEsIOTCS IPOru0bl, BHIOMPAIOTCS U3 MHOXKECTBA BOBMOXKHBIX COUETAHUN
II0 pe3yJIbTaTaM CTATHYECKOr0 pacyéra.

Pacuér mo nedopmanusM mpoU3BOAUTCS METOJOM KOHEUHBIX AJIEMEHTOB ISl CUCTEMbI OPTOTPOITHBIX
winT. JKECTKOCTHM KOHEYHBIX JJIEMEHTOB (pas3jinyHble [0 pa3HbIM HampaBiieHusM u 1o KD)
onpenenstorcs B cootBerctBud [1], (155), (170), wm [7], (7.28), (7.29), nubo [8], (8.19), (8.29).

11. BbiBOj pe3yJbTaToB

BriBo pe3ynbTaToB pacyéra OCYIIECTBISAECTCS B TEKCTOBOM (TaOiaMyHOM) M B rpaduiyeckom Buzae. B
BBIXOJTHOM JOKYMEHTE MpPEIyCMOTPEHO Tpaduueckoe H300pakeHHE pacuETHOW CXEMBI, HArpy3okK,
ToJIeH ycwinid, TpedyemMoil 1 mogo0paHHOM apMaTypsl. Bo3aMOXHO ymnpaBieHre 00beMOM BBIBOJIUMOM
uHpOpMaLKH, BUIOM U (OPMATOM PHUCYHKOB.
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[Iporpamma mpenHa3HaueHa [JIsl MPOEKTHUPOBAHUS M pacy€ra MHOTOMPOJIETHOM OalKku COrJiacHO
CHull 2.03.01-84* “betoHHble u xene300eToHHbIe KOHCTpyKiuu’ [1], mubo mo CIT 52-101-03
“beroHHbIE M K€J1€300€TOHHBIE KOHCTPYKUUHU O€3 NMpeaBapUTENbHOIO HANpPsDKEHUs apMartypbsl’ [2],
mu6o mo CHB 5.03.01-02 “beronHbie u xene300eToHHBbIE KOHCTpyKmuu™ [5]. Bo3moxkHO 3amanue
IIaPHUPOB, BYTOB, KOHcoiel. [IpemycMorpen pacuér Oanku Kak 4acTH peOpucTod IumThl. Moryt
3a/1aBaThCsl pacupeieEHHbIE U COCPEJOTOUECHHBIE HATPY3KHU, a TAK)KE TEMIIepaTypHbIE BO3IECHCTBUS U
ocajaku onop. Pacu€THpie coueTanus ycuiui onpenenstorcs aromatuaecku coraacao CHull 2.01.07-
85 “Harpysku u Bo3geiictBus” [3], nmu6o CHbB 5.03.01-02 “beronnble u xene300€TOHHbBIE
KoHCTpyKIuu” [5]. Bo3amoxeH pacuer ¢ mepepacnpenenenueM ycwinid. [IpononsHas u monepedyHas
apMarypa ONpeAeNsitoTCsa Ha OCHOBE PacyeTOB IO MPEJEIbHBIM COCTOSHUSAM IEPBOM U BTOPOM Ipymil.
[Ipu KOHCTPYHMPOBAHUM HPOAOJILHOW apMaTyphl MOAOUPAIOTCS TUAMETPhl MPOJOIBHBIX CTEpKHEH M
OTIPENIeNISIOTCA MeCTa MX OOphIBa C y4€TOM JUIMH aHKEpOBKH. [IpM KOHCTpYHMpOBaHHH IMOTEPEYHON
apMatypbl OIpeIesieTcsl pacloI0KEHUE XOMYTOB.

1. PacuérHas cxema

PacuétHast cxema mpenacTaBisieT COO0OM MHOTOMPOJIETHYIO HEPa3pe3Hyl Oalky ¢ KOHCOJSMHU.
MaxkcuManbHOe KonuuecTBO MpojéToB paBHO 10. Ceuenune Oanku MOXKET ObITh MPSMOYTOJIbHBIM WM
TaBpOBBIM. BO3MOXHO Hanmuyue BYTOB W/UIM CKaYKOB Pa3MEpPOB CEUEHUS IO IIMPUHE U IO BHICOTE.
Jlisi KOHIIEBBIX ONOP MOXHO 3aJlaBaTh yHpyroe 3amiemieHue. B omopax cHuU3y W/HIU CBEPXY MOTYT
YUMUTHIBATHCSI IPUMBIKAIOIINE CTOWKH, MPEAYCMOTPEH BBOJ| BEPTUKAJIbHBIX IMPYXKUH B omopax. B
POJETAaX MOYKHO 337aBaTh LIAPHUPHI.

Ecnu Gasika siBiisieTcst 4acThi0 peOPUCTOM IUIMTHI, TO SKBUBAJICHTHAS IIMPUHA TIOJIKU PACCUYUTHIBACTCS
cornacHo nyHKty 3.16 [1] mnm 3.2.2.2.2.4 [2] vom 7.1.2.7 [5]. Moaynp ynpyroctu npUHUMAETCS
cornacHo Ttabnwuie 18 [1] umu paccuuteiBaetcst mo dopmyde (2.1-5) [2] B COOTBETCTBHM € 3aJJaHHBIM
KJIacCOM OETOHA IO MPOYHOCTH.

In 1 12 ) 13 In

Puc. 1.  Tlpumep pacu€rHOil cXeMbl

2. Harpy:xenue

PaznuuaroTcsi mOCTOSIHHBIC, JUINTENIbHBIE, KPAaTKOBPEMEHHBIE M OCOObIe Harpys3ku. Bo3moxeH yder
CIIEIYIOIIMX Harpy30K: pPaBHOMEPHO paclpeieNieHHbIX, OJIOYHBIX, TpanelMEeBHUHBIX, HAarpy30K Ha
IIEPEKPBITUE, COCPEAOTOYECHHBIX CHJI, COCPENOTOYECHHBIX MOMEHTOB, CKayka TEMIIEpaTypbl U
cMeleHus omnop. JlnuTenbHble M KPaTKOBPEMEHHBbIE HArpy3Kd MOTYT OOBEAMHATHCS B TPYIILY
HECOYETaeMbIX Harpy3ok (Harpy3kud HE MOTYT J€iCTBOBAaTh OJHOBpEMEHHO). BpemeHHas Harpyska
MOJKET 3a[1aBaThCsl KAK 3HAKOIIEpEMEHHas Harpys3ka. B oTom ciydae B pacu€re y4UTHIBAETCA 3aJaHHAs
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Harpy3ka W Harpys3ka MNpOTHBOIIOJIOKHOIO 3Haka. JlJii BpPEeMEHHBIX Harpy3oK, JEHCTBYIONIMX Ha
HECKOJIBKUX MPOJIETaX BO3MOXKEH yUeT HeOIaronpusTHOTO pacipeIeIeHUs Harpy3KH IO MPOJIeTaM.

pi
NN o mwmwp g
ETAS ST AT AT iSRRI
L L L
P R

Puc. 2.  Bwuasl Harpy3o0k

3. OnpeneseHue BHYyTPEHHUX CHJIOBBIX (PAKTOPOB

Yeunus onpenessroTcss METOAOM HAuYalbHBIX I[1APaMETPOB OTAEIBHO Ul KaXIOoW Harpysku. Jlius
BPEMEHHBIX HArpy30K OINpPEACIAI0TCS MaKCUMaJlbHble U MUHUMAJIbHBIE YCUJIUSA B KaXKJIOM CEYEHUU U
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OIMOPHBIE PEAKIMU C YYETOM HEOIaronpHUsITHOTO paCHpeAeICHHs HArpy3Kd IO Mposéram (ecia yder
HE00X0 UM ).

[Ipu oO6bIYHOM TUHEWHOM pacyéTe Hepa3pe3HbIX OaJOK HEe YUUTHIBACTCS IepepacipeesieHie yCUiIni
BCIIEJICTBHME HEymnpyrux aedopmaruii 0eToHa W apMaTypbl M oOpa3oBaHus TpemuH. [Iporpamma
IO3BOJISIET MPOM3BOAUTE NEpepacipeesieHue YCWINH BO BHYTPEHHUX OINOpax Hepa3pe3HbIX Oaok
COIJIACHO METOJy IpeNelbHOro paBHoBecus. Ilepepacrpenernenue MPOUCXOAUT MyTEM T0O0ABICHUS
TPEYrOJbHBIX DJIIOP MOMEHTOB C IIPUBICYEHHEM JBYX COCEIHHX C Omopod mnposé€ros. Ilpu
nepepacnpeesieHMH ONOPHbIM MOMEHT MOXKET ObITh YMEHbIIEH He 6osee yeM Ha 30%.

4. KoHcTpyupoBaHHe MPOJ0JbHOM apMaTypbl

[IporpamMma noaaepKuBaeT TpU pasinyHble (POPMbI KOHCTPYUPOBAHUSI apMaTyphbl:

— moxbop apMaTypsl 0e3 CTymeH4aToil packiaaku. B 3Tom ciydae miast Kaxaoro mpoJsieta U Juis
KaKIOW OMOpbI MPOBOAUTCS MOAOOp apMaTyphl B COOTBETCTBUM C MaKCHUMaJbHO TpeOyemoii
TUIOUIA/IbIO apMaTYPBHI;

— 1oabop apMaTtypsl C MONPOJIETHOM CTyNeHYaTON packiagkou. JJMMHBI apMaTypHBIX CTep)KHEH U
UX paCMOJIOKEHUE B IMPOJIETE W HaJ ONOPOH MOAOMpAarOTCs TakKUM 00pa3oM, YTOOBI IUIOIIAIb
apMaTypbl BO BCEX CEYEHMsSX Obula Kak MOXHO Ommke K TpeOyemoi mo pacuery. llpu
ONpENIeJICHNU JUIMH MPOAOJIBHBIX CTEp)KHEH YYMThIBaeTCs JUIMHA aHKepoBKU. CTyneHuaTas
packiiazika apMmaTypbl HaJ OINOpaMH WM B TPOJETax IMPOMCXOAUT He3aBUCUMO. Eciau B
pe3yibTaTe pacuera Ha omnopax TpeOyeTcs apMmarypa CKaTus, TO BMECTO Hoadopa apMmarypsl ¢
HOIIPOJIETHON CTYINEHYATON PAaCKIaJKON CleAyeT UCHOJIb30BaTh MOAO0P apMaTyphl CO CKBO3HOM
CTYIIEHYAaTOH pacKJIaJKOW, TaK Kak B 3TOM CIIlydyae HWKHAS apMmarypa IMepexXOoJuT TPaHMIIbI
IIPOJIETOB;

—  Toa00p apMaryphl CO CKBO3HOW CTYNEHYATOW PACKIAIKOW. AHAIOTHYECH MPEABLIYIIEMY C TOW
JIUIIb Pa3HULEH, YTO IPAaHULBI IPOJIETOB HE SBJSIOTCSA TOUYKaMU 0OpbIBa apMaTypPHBIX CTEPIKHEH.

B mectax oOpbIBa cTepkHEH U MPUOMOPHBIX 30HAX JUIMHA apMAaTypHBIX CTEpKHEH yBeIMYMBAeTCs Ha
BEJIMYUHY, O0ECHEeUMBAIONIYI0 MPOYHOCTh HA JEHCTBHE H3rMOAIOIIEr0 MOMEHTa I10 HAKJIOHHOU
TPELUHE.

[Tpu monGope MpoAOTBHBIX CTEPKHEH YUUTHIBAIOTCS BCE CTaHIapTHBIE nuaMeTpsl (6, 8, 10, 12, 14, 16,
18, 20, 22, 25, 28, 32, 36, 40). IlpenycMoTpeHa BO3MOXHOCTh 3a/laTh COOCTBEHHBIH CIHCOK
quamMeTpoB. [l Kaxaoro mposiera MOXKHO 3aJaThb OTAENIBHO Il BEPXHEH M HMIKHEH apMarypbl
MaKCUMaJIbHOE KOJIMYECTBO CTEPXKHEH, MUHUMAJIbHBIH W MaKCUMalbHBIN auameTpbl. [Ipu momgdope
apMaTypsl yuHTbiBatoTcsa TpeboBanus [1], [2] wim [3] mo MUHMMAJIbHBIM PACCTOSIHUAM MEXKIY
CTEPKHSAMHU.

5. KoncTpyupoBaHue nonepe4Hon apMaTrypbl

KoHcTpynpoBaHue nonepeyHoi apMaTyphl OCYIIECTBISETCS HA OCHOBE pacyeTa HaKJIOHHBIX CEYCHU,
I10 IIPEIEIbHOMY COCTOSIHUIO IIEPBOM I'PYIIIIBI HA IEHCTBUE MONEPEYHOM CUIIBI 10 HAKIIOHHOM TPEILUHE
U 110 TPEJIeTbHOMY COCTOSIHUIO BTOPOH T'PYTIIBI IO 00pa30BaHHUIO M PACKPBITUIO TPEIINH, HAKIIOHHBIX
K IpOJ10JIbHON ocH Ganku. OnpesenseTcs IIOmaab IoNepedHol apMaTypsl, TpedyemMas 10 yCIOBUAM
IIPOYHOCTU M TPEIIMHOCTOMKOCTH. Ilo 3amaHHBIM JaMaMeTpaM XOMYTOB, MAaKCUMalbHBIM U
MUHUMAaJIbHBIM PACCTOSIHUSIM MEKy HUMHU OJOMPAETCS paCOIOKEHUE U 11ar XOMYTOB.

6. Pacyersl no npeaebHBIM COCTOSHUSIM BTOPO# IPYNIIbI

[Tporpamma BBIMOJHSET pacyeThl MO0 0OPAa30BaHMIO W PACKPHITUIO HOPMAJBHBIX M HAKJIOHHBIX K OCH
0anKu TpemuH, a TaKXKe pacueT MPOrudoB, OOYCIOBICHHBIX AedopMalMsIMU HM3ruba U CIOBUTA.
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K tpemmHOCTOWKOCTH OanKd MOXKET OBITh NMPEABSIBICHO TpeOOBaHWE HeAOMyIIeHHs TpenuH (1-s
kareropus mo CHull 2.03.01-84*), nu6o TpeOoBaHUS 1O OTPAHHYEHUIO ITUPHUHBI PACKPBITHS TPEIUH.
B mocnennem cimyvae mormycTrMasi IUPUHA PACKPBITHS TPELIMH OTPAHUYMBAETCS MO0 TpeOOBaHHEM
cootBercTByronux CHull (3-s kareropust mo CHull 2.03.01-84*, coxpaHHOCTH apMaTypbl WU
npoHunaeMocth KoHcTpyKiuu 1o CIT 52-101-03), nu6o 3amaeTcs nmoyib30BaTeNeM.

IIpn KOHCTPYyMpOBaHMM IIPOAOJIBHOM apMarTypsl NPOUCXOAUT HaApAalMBAaHUE KOJIMYECTBA U JJIUH
CTEp>KHEH, MOKa IpebsBICHHbIE TPeOOBaHUS HE OyAyT yJOBIETBOPEHBI BO BCEX CEUEHUAX OaJKH, 3a
UCKJIIOYEHHEM y4aCTKOB HEMOCPEACTBEHHO HAJl ONIOPaMH, KOTOPhIE HE IPUHUMAIOTCA B pacueT. Eciu
3a0ano nepepacnpeoenienue YCuiuli, mo Hao ONOpaMu YCMAaHABIUBAEMC S YMEHbULEHHOE KOIUYECHE0
apmamypbul, nOIMOMY 8 2MOM Ciyuae mpebosanus no 0ZPAHUYEeHUI0 WUPUHBL PACKPLIMUSL MPEWUut 6
NPUONOPHBIX 30HAX YACMO He MO2YMm OblMb GbINOTHEHDI.

7. BbIBOJ pe3yabTaTOB

BbiBog cocTOMT W3 cleAyrolMX YacTeil: pacyeTHas cxXeMma, Harpys3Ku, pe3yJbTaThbl pacueTa
BHYTPEHHUX CHJIOBBIX (DaKTOPOB, pacdeTHbIE COUETAHUS YCWIMH, pe3yibTaTbl pacuera Tpedyemoii
apMaTypbl ¥ KOHCTPYHUPOBAaHUE apMaTypbl. BeiBo 110001 M3 3THUX IIECTH YacTell MOXKHO pa3peliarh
WIM OTMCHITh (DIakkaMu yIpaBJICHUS BBIBOIOM. [loOMHMO BBIBOJAa YHCIIOBBIX 3HAYCHUH,
MIPEeyCMOTPEH BBIBOJ IPAPUKH.

Pacuernag cxema:

I 1 = 2 = . =)

a B c b

I .00 } g.00 } &.00 {

[ I
bl ro4b1.704 Fl.7o4b1.704

H 5.70 H 5.0 - 5.70 H

o.z0 0.zn0 o.z0 o.z0

Fasmepn Tpon&r 1 ¥ bf hE b h I
[2] [2] [cm] [cm] [cm] [ecm] [crd]
1 &.00 O.o0 24 .0 s50.0 250000
4,15 24.0 50.0 250000
6.00 24.0 70.0 s 5000
2 S, 00 O.o0 224 .0 20.0 24 .0 TO.0 15583770
1.85 224.0 20.0 24.0 50.0 581026
7.15 224.0 20.0 24.0 50.0 581026
S, 00 224 .0 20.0 24 .0 TO.0 15583770
3 6.00 O.oo0 24.0 70.0 s 5000
1.85 24.0 50.0 250000
6. 00 24 .0 50.0 250000
Onopu Onopa t [ecwM] Omopa t [ecm]
A 3o.0 E 30.0
C 30.0 ] 30.0

3/1ech BBIBOASTCS OCHOBHBIC T€OMETPHUCCKHE ITApaMETPhl CUCTEMBI: Pa3Mephl BCEX MPOJIETOB U CTOCK,
XapaKTEPUCTUKUA CEUYCHHM BCEX IMPOJIETOB, T.€. mmpuHa “b” u BbicoTa “h” ceuenus, mumpuHa “bf” u
tommuHa “hf” mIuTel, myupuHa omop “t”.
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Harpy3sku:

HarpymerEne 2 NOCTOAHHHE HalpySEH

z4
15
1z
[
0
-6 :
-1z E_00 Fz.o00~ 7.00 } .00 |
N. Npomnér a = pn/P po/M
[r] [1] [RH M, BH, RHM]
PaEHOMEDH. 1 1-3 Z25.00
CocpemoT. 1 2 Z2.00 l125.00
BHYTpeHHHGCHHOBHB(baKTOpBE
Harpy®eHHEe 1 MoMeHTH Myop [rHM]
-119 .48 -117_ 4§
-108
-5l
-54
-z7
o H
7 I0_95 ; : ETCE]
54 : :
51
g7.02
HarpymeHHE 1 nonepedHdHe oHIH Qviap [RH]
g0.00
nz 54,91
ET]
z5.09
24
o
-za ~
. 25.09
e -5 91
' -g0.00
Harpyxenunse 1 Mpomaemr x max Mynop mwmin Mynop tmmax Qynop min Qyop
[2] [mHmM] [®mHmM] [®mH] [®mH]
1 o.oo0 o.o0 O.00 25.0%9 25.0%9
0.15 o 3.59 3.585 2z.84 2z.84
0.62 ho 12.55 12.5% 15.80 15.80
l.67 * Z20.598 20.58 O.00 O.00
5.18 ho -71.35 -71.35 -52.63 -52.63
5.85 o -10%.%0 -10%.%0 -6GZ .66 -6GZ .66
G.00 -119.47 -115.47 -64.91 -64.91
Z o.o0o0 -119.47 -115.47 S0.00 S0.00
0.15 o =-106.15 -106.1% 87.00 87.00

JIJ1s Ka)Xa0ro Harpy »KeHHsl BHIBOAATCSA XapaKTEPUCTUYECKUE MaKCUMAalbHbIE 1 MUHUMAJbHBIC YCUIIHS
B ceueHun Mynp u Qymp. Paznuume Mexay MakcUMaabHBIMU W MUHHMAIbHBIMH 3HAUYE€HUSMU
BO3HUKAET TOJIBKO JJISL IJIUTENBHBIX U KPATKOBPEMEHHBIX HArpy30K M CBS3aHO C OJNArompHsTHBIM U
HEOJAronpUsTHBIM pacIpe/ieJIeHUeM STUX Harpy3ok IO mpojeraMm. Pe3ynbTaTthl BBIBOASTCS Ha
IpaHUIaX MPOJIETOB, HAa cpe3e OMop (TOUKH MOMEYEHBI “0”’), Ha pacCTOSIHUM paboyeil BBICOTHI CEUEHUS
oT cpe3a omnop (Touku moMedeHbl “ho”) U B TOYKAX ¢ MAKCUMAJIBHBIMHU 3HAYCHHUSIMH BHYTPEHHHUX
CHJIOBBIX (PakTOpOB (TOYKM TOMEUYeHHBI “*”°). OOBEM BBIBOJIAa MOXKET OBITh YBEIWYECH IOJIH30BATEIEM
MyTeM 3aJIaHusl JOMOIHUTEIbHBIX TOUEK.

BpiBOI pacyeTHBIX COYETAaHMM YCWIMM aHAJIOIMYEH BBIBOAY pe3yJbTaTOB YIPYroro pacudera
BHYTPEHHUX CHUJIOBBIX (PAKTOPOB.
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PesynbraThl pacuera TpeOyeMoil apmMaTyphl.

SamMTHHA coowk Mponer as H as B az @ a2 H a B
[r1m1] [rm1] [Mm] [em] [ewm]
1 15 20 20 3.1 5.8
2 20 20 20 5.2 5.2
3 15 20 20 3.1 5.2
Ipongr 1 x max M min M Tpef.AzH Tpeb.Azs
[2] [mHM] [®mHmM] [cm2 ] [eM2 ]
O.o0 0.00 O.00 o.58 o.o0o0
0.15 o S.45 S.45 o.57 o.00
1.51 + 45 .95 45,595 3.11 o.o0o0
4,13 -101.74 -101.74 o.oo 7.06
4,17 -105.6%9 -105.65% o.00 7.31
5.85 o -364d.59 -364d.85 o.oo 1l .82
6. 00 -354.05 -354.05 O.o00 Z20.68
x <] ¢ Qo Qh Q Azw/a
[m] [cm] [cm] [rH] [rH] [RH] [cmZ 1]
O.o0 6.3
0.54 ho 35.3 35.3 410.7 1%5.6 42 .5
4,13 171.7 128.5 387.5 117.8 115.5 4.11
4,17 151.1 58.5 389 .2 g6d .0 6.7 4.11
5.21 ho 1%2.8 113.4 456.4 3l1.6 103.3 4.11
6.00 157.7

BrIBOISATCS TONIMIMHBI 3alIUTHBIX CIOEB “‘a3” CHU3Y, CBEpXY M COOKY M PacCTOSHHUSA IO IICHTPOB
TSOKECTH apMaTypHBIX CJIOeB. B Tabnuie pacuera MpoOJOJIBHON apMaTyphl BBIBOISATCS 3HAYCHUS
MaKCHMaJbHBIX MOMEHTOB W pacyeTHblEe 3HA4YEHMs IUIOIIAAM apmarypbl. B Talnume pacuera
HAKJIOHHBIX CEYEHHH BBIBOAATCS AJMHA NPOEKUUU HAKJIOHHOIO CEYECHUS
omacHoi TpewmuHbl ~c0”, NpeaeNbHOE 3HAUYEHUE YCWIMS CXaTHsl 110 HAKJIOHHOM I0J0CE MEXKIY
TpemuHaMu “Qcx”, OMepevyHoe yCHIINe, BOCIIPUHUMaeMoe 0eToHOM “Qb”, MakcUMallbHOE 3HAYCHHE

nmomnepevHoi cuibl “Q” U pacueTHOE 3HaYeHHE TpeOyeMoi apMaTyphl.

29 .9

c”, JJIMHA TPOEKIINH
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Ha rpadukax moxa3aHbl pacrpenesleHus pacyeTHBIX 3HAYCHUH TpeOyeMoil apMaTypbl U Pe3ysbTaThl
KOHCTpyupoBaHusi. OcHOBHas (0ojee CBeTas) 4acTh AMIOPbl TpeOyeMol apMaTypbl COOTBETCTBYET
pacdeTy 1o mpeAeIbHBIM COCTOSHHUAM IEpPBO TPYNIIbI, a OoJiee TEMHBIE JOOABKU — PE3yJIbTAaT pacueTa
10 00pa30BaHUIO U PACKPBITHIO TpeluH. CxeMbl apMUpPOBAaHUS CEYEHUH BBIBOAATCA NIl Hambouiee
Harpy »K€HHBIX CEYCHUH B IPOJIETAX M HAJl ONOpaMH, a TAK)KE B TOYKaX, 3a/IaHHBIX I10JIb30BaTeneM. B

KoHcTpyupoBanue apMaTypshl:

EoreTp. apmaTyps

Az [cmE]
M= 1 :170
A= [eM2 /1]
M= 1 :170

IIpomeT 2
M= 1 :25

IpogoneH. apM.

EOMV TH

10

IponoaeHaA apMATYpa

~

HomepeuHad apMaTypa

CXeMa ApMHMPOBRaHMA CEeYeHMA O

KOOpOMHEHATOH X

1]

w

=

Hummax

Gepamaax apmaTypa cf25
o agmamgga Zhlz, zhzs

Xowmyr OF
l L . ]
+0_20-4
MoHTa®Had apMaTypa HHERHAA n = 2 ds= 12 MM
MpoJXET THI RKOJ. d= pPAL Azl a b
hoopa [mM] [eMZ] [m] [1M]
1 H 2 1z 1 2.26 o.0oo0 l.0n
1 H 1 1z 1 s 0O.63 l.65
1 H 4 1z 1 =i -0.33 6.53
2 H 2 25 1 l12.08 -0.37 Sesiih
2 H 1 25 1 l6.95% AECE .20
3 H 1 1z 1 KR 3.28 2.18
E B 2 25 1 9.52 -3 .40 5.10
E B 1 25 1 14,73 Ha i
E E 2 25 1 24.54 -1.65 2.70
c E 2 25 1 9.52 -2.14 5.26
C E 2 25 1 $5 85 = Lo kR 3.01
InMEN OpHEEOIEHH ¢ VUETOM AHKEDOEBRM
MpoméT wKon., cpesz. da = Asw/ia a B
[mm] [ewm] [omMa /1] [m] [rm]
1 24 2 g 25 4.02 o.0oo0 L
2 24 2 g 10 1a.05 -0.25 Z2.40
2 15 2 g 25 4.02 LA g St
2 15 2 g 20 5.03 5.50 3.00
3 25 2 g 25 4.02 -0.10 6.10
THI apMaTyYDH d OIMHS KOJ. BEC
[MmM] M [rRH]
ETEpPRHERAA apMaTyDpa 25 60.45 2.29
CTEpRHEEAA apMaTypa 12 25.593 0.26
OMY TH i 104
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Tab/uIEe TMPOJOJIbHON apMaTypbl TNPUBEIEHO KOJIUYECTBO,
apMaTypHBIX CTepXHel. B Tabnuie monepevyHoil apMaTypbl NPUBEACHBI IUAMETP U Iar XOMYTOB, a
TaK)K€ HayaJlbHasg KOOPAMHATA U MPOTSHKEHHOCTh YYAaCTKOB € IMOCTOSIHHBIM IIAroM XOMYTOB. Taxxke
MPUBOJUTCS CBOJHAS TaOJIMIIA pacxo/a apMaTyphbl.

Pacuer no 06pazoBaHMIO U PACKPBITUIO TPEILIUH:

JTUAMETPBI,

JUTMHBI

N IIOJOXKCHUC

TpeEHMESC TOHESS TE KarTeropua TpefoBaHMH - 3 acrcl=0.40MM acrciZ=0.30MM
HopManeHEE TPDEUWMHE OfpascBaHMe [NpoOJONEMTENEHEE Heoporn.
Mpo- x M More M acrod acrocl
aeT [m] [RHM] [RHM] [RH*mM] [Mm] [p11]
n.w 0.00 -0.0 o.o o.o o.oo o.o0o0
1.85 o -100.5 1.5 -100.5 o.z27 o.z27
2.00 -117.5 1.5 -117.5 Q.32 0.32
1 O.00 -117.5 1.5 -117.5 0.32 0o.32
0.15 o© -100.7 1.5 -100.7 o.z27 o.z27
2.31 * 150.1 1.7 150.1 0O.1% 0o.1%
4.85 © -1%4.5 15.3 -1%4.5 o.z21 0o.21
5.00 -230.5 15.3 -230.5 0.25 0.25
2 o.oo -230.5 15.3 -230.5 o.25 0.25
HammIoHHEE TREWMMHH OfpazsoeaEMe [IPOONONEMTENLHEHE Henpono.
Mpo- x Q Oh Q acrod acrol
nemT [m] [mH] [mH] [mH] [mm] [M11]
n.¥w 0.00 -0.0 106.3
1.48h0 -87.0 212.5
2.00-- -117.5
1 0.o00-- 209.0
0.52ho 1&4.3 210.8
4.12cr -170.1 105.4 -170.1 0.30 0O.30
4.48h0 -201.8 210.8
5.00-- -246.5
2 0.00-- 2Z46.5
0.52h0 201.8 210.8
0.88ck 170.1 105.4 170.1 0.30 0.30
4.483h0 -164.3 210.8

B Ttabmunax mpuBeneHb 3HAUYEHUS BHYTPEHHUX CUJIOBBIX (DaKTOpPOB, BBIYMCIICHHBIC Ui pacyeTa

OPOAOKUTEIBHOTO M HEMPOJOJDKUTENBHOIO PACKPBITUS TPEILHH,

COOTBCTCTBYIOIINEC YCHUIINA,

HeoOXoauMBbIe 1Jisi 00pa30BaHusl TPEIIMH M pacyeTHasl IMIMPUHA WX PACKPBITHS B T€X CEUCHUSX, I/e
JEHCTBYIOININE YCUITUS TIPEBOCXOST 3HAUCHUS Hadaja TPEIIMHOOOPA30BaHMS.

Pacuer mporu6os:

MporuMBer [MM]
M =1 :115

-l4._0: -14._28
-3
D}
a
1g
27

Z8.04 £28.74

MpoaeT x M Maom. 100/« W

[] [rHmM] [rHmM] [1/m] [rMm]

o.RK o.oo0 =+ -0.0 -0.0 -0.00 -14.01

2.00 -80.0 -80.0 -0.82 -0.00

1 o.00 -80.0 -80.0 -0.82 o.00

2.33 * 150.1 150.1 O.5%55 28.04

5.00 -164.0 -164.0 -0.594 0O.00

2 O.00 -1&64.0 -1&64.0 -0.%94 o.00

2.87 * 150.1 150.1 O.5%55 28.74

5.00 -80.0 -80.0 -0.82 0o.00

np.® o.oo0 =+ -80.0 -80.0 -0.82 -0.00

2.00 -0.0 -0.0 -0.00 -14.2%8

Ha Fpa@HKC U B Ta6HHHe IIPUBCOCHBI pPACUYCTHBIC 3HAYCHUA HpOFH6OB, O6YCHOBH6HHHX

nepopmanmsmMu m3ruba u casura. Kpome Toro, B Tabiuile NpPUBEICHBI pAacUETHbIE 3HAYCHUS

MOMCHTOB U KpHBU3H.
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[Iporpamma npenHasHaueHa Uil MPOEKTUPOBAHUS M pacdyéra MHOTOMNPOJETHOH Oallku COIIACHO
CHull 2.03.01-84* “betoHHble u xene300eToHHbIe KOHCTpyKiuu’ [1], mubo mo CIT 52-101-03
“beroHHbIE M K€J1€300€TOHHBIE KOHCTPYKUUHU O€3 NMpeaBapUTENbHOIO HANpPsDKEHUs apMartypbsl’ [2],
mu6o CHB 5.03.01-02 “Beronnple u >xene300eToHHbIE KOHCTpYKIuu~ [5]. Bo3MoxHO 3amanHue
IIaPHUPOB, BYTOB, KOHcoiel. IIpemycMorpen pacuér Oanku Kak 4acTH peOpucTod IuThl. Moryt
3a/1aBaThCsl pacupeieEHHbIE U COCPEJOTOUECHHBIE HATPY3KHU, a TAK)KE TEMIIEpaTypHbIE BO3IECHUCTBUS U
ocanku onop. Jig BETPOBBIX HArpy30K 3aJal0TCs CTaTHYECKas U IyJbCAlMOHHBIE COCTAaBIAIOLINE, A
JUIS CEUCMHUYECKUX — HArpy3KH OT Pa3iUYHbIX (GOPM KOJIeOaHUH. YUUTHIBAIOTCS MPOJOIbHbIE YCHUIHS
U KpyTSIIME MOMEHTHI, KOTOpBIE 33Jal0TCS B BUAE BHYTPEHHHMX CHJIOBBIX (hakTopoB. PacuérHbie
coueTaHus ycwiui onpenenstorcss aBromaruuecku cornacHo CHull 2.01.07-85 “Harpys3ku u
BozaeiictBus” [3], nu6o CHB 5.03.01-02 “beronnbie u 3xene300eTOHHbIE KOHCTPYKIuu [5].
[IpononpHas ¥ momepeyHas apMmaTypa ONPEIENSIIOTCS Ha OCHOBE pacyeToB IO IpeleiabHBIM
COCTOSIHUSIM TIepBOM U BTOpoi rpymi. Ilpyu KoHCTpyupoBaHUU NpPOAOIBHON apMaTypbl NOJOUPAIOTCS
JMaMEeTpPbI MPOJIOJIbHBIX CTEPXKHEH M OINpeNeNsioTcs MecTa MX OOpbiBa ¢ YYETOM JUIMH aHKEPOBKH.
[Ipu KoHCTpYHpPOBaHUM MTONIEPEYHON apMATYPbI OIIPENEIAETCS PACIIOI0KEHUE XOMYTOB.

1. PacuérHasn cxema

PacuérHas cxema mpeacTaBiasieT COOOH MHOTOINPOJETHYIO Hepa3pe3Hylo OalKy ¢ KOHCOJISIMH.
MaxkcumanbHoe KoauuecTBoO IposiéToB paBHO 10. CeueHue Oanku MOKET OBITH MPSMOYTOJBHBIM WIIN
TaBpOBBIM. BO3MOKHO HanMuue BYTOB W/WIIM CKaYKOB Pa3MEPOB CEUYEHHS IO IIUPUHE U IO BBICOTE.
Jl1s KOHIIEBBIX OIOP MOXHO 3aJjaBaTh yHpyroe 3amiemieHue. B omopax cHuU3y W/HWiIu CBEpXy MOTYT
YUUTBIBATbCSl MPUMBIKAIOLINE CTOMKH, NPEAYCMOTPEH BBOJ BEPTUKAIBHBIX IPYXHUH B omnopax. B
IIPOJIETAX MOYKHO 337aBaTh IIAPHUPHI.

Ecnu Ganka siBisiercs 4acTbio peOpPUCTOM IIUTHI, TO SKBUBAJICHTHAS IIMPUHA MOJIKK PACCUUTHIBAETCS
cornacHO nyHkTy 3.16 [1] wim 3.2.2.2.2.4 [2] wim 7.1.2.7 [5]. Moaysp ynpyroctu NpUHUMAETCs
cornacHo Tabmuue 18 [1] mnm paccuntsiBaercs no gopmyie (2.1-5) [2] B cOOTBETCTBUMU € 3aJaHHBIM
KJIacCOM O€TOHa MO MPOYHOCTH.

I 11 12 ) 13 In

Puc. 1.  Tlpumep pacu€rHoil cXeMbl

2. Harpy:xenue

Pa3znuyaroTcst mOCTOSIHHBIE, TUTENbHBIC, KPATKOBPEMEHHBIE U 0COObIe HArpy3ku. KpaTkoBpeMeHHBIE
Harpy3ku MOJpa3AeNslOTCS Ha BETPOBBIE M MPOYME, NPU 3TOM JJIsi BETPOBBIX HArPYy30K BBOIATCS
CTaTMuYecKas ¢ MyJbCallMOHHBIE cocTaBistome. OcoOble Harpy3kd TOAPa3AeNsioTcs Ha
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ceficMuyeckue M TMpoyHe, INpU 3TOM s CEHMCMHUYECKMX Harpy3oK BBOJSTCS KOMIIOHEHTHI,
COOTBETCTBYIOLIIME pa3IMYHbBIM ¢dopMaM KosieOaHuil. Bo3MOXeH ydeT ClIeAylolmux Harpy3ok:
PaBHOMEpPHO  pACIpEAEICHHBIX, OJOYHBIX, TpPANECLUEBUIHBIX, HArpy30K Ha MEPEKPHITHUE,
COCPEJOTOYEHHBIX CHJI, COCPEIOTOYEHHBIX MOMEHTOB, CKauyka TEMIIepaTypbl U CMELIEHHs OIIOop.
[Tpononbubie cuibl (N) u KpyTsamue MOMeHTHl (MK) BBOJSATCS KaK BHYTPEHHUE CUJIOBBIE (DaKTOPHI
orpe3kamu (10 40) Tpaneuuid. /iMTenbHBIE M KPATKOBPEMEHHBIE HArpy3KH MOTYT OOBEIUHSITHCS B
IpyNIly HECOYETaeMbIX HArpy3ok (Harpy3kd He MOIYyT JAEHCTBOBAaTh OJHOBPEMEHHO). BpemeHHas
Harpy3ka MOXET 3aJ]aBaThCsl KaK 3HaKOIIEPEMEHHAsl Harpy3ka. B aTom ciydae B pacuére yunThIBaeTcs
3aJlaHHas Harpy3Ka M Harpy3ka IpOTHBOIIOJIOKHOTO 3HaKa. J[J11 BpeMEHHBIX Harpy3o0k, AeHCTBYIOLIUX
Ha HECKOJIbKUX MPOJieTaX BO3MOXKEH y4YeT HeOJIaronpusTHOTO pacipeieseHus] Harpy3Ku Mo MpoJieTaMm.
Kpome Toro, BO3MOKHO 33JJaHH€ TOTOBBIX KOMOMHALIUI HArpy30K.
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Puc.2.  Bwuner Harpy3ok

3. OnpeneseHue BHYyTPEHHUX CHJIOBBIX (PAKTOPOB

Yeunus - usrubarommii Moment (M) u nonepeyHast cuia (Q) - onpeaessitoTcss METOJOM HavaJbHbBIX
apaMeTpoB OTIENBbHO U1 KaXIOW Harpy3ku. Jlnsi BpEeMEHHBIX Harpys3ok OINpereNsioTcs
MaKCUMaJlbHble U MHHUMAaJIbHbIE YCHJIUS B KaXIOM CEUCHHU U OIOpHbIE pPEAKUUU C Y4ETOM
HEOJIaronpusATHOTO pacIpeesieH!s] Harpy3Ku 1o npojiéram (eciu ydeT Heoboxoaum). st BeTpoBoi
Harpy3kd B Ka)X/IOM CEYEHUU CYMMHPYIOTCA YCHWIMSA OT CTaTUYECKOH COCTaBIAIOIIEH M BEKTOPHOU
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CYMMBI ITyJIbCAIMOHHBIX. J[71s celficMIUUecKOl Harpy3KH yCHIINSI B KaXKIOM CCUCHHH TIOJTyJaroTcs Kak
BEKTOpHAsI CyMMa YCHJIMHA OT Pa3MUYHBIX (OPM KOJIeOaHHH.

4. Pacyer TpedyemMoi apMaTyphbl

IIpu pacuere TpeOyemoil MPOIOIBLHON apMaTypbl JUIsl KaKIOI0 CEYEHHs B KOOPAMHATHOM MIOCKOCTH
M, N cTpouTcs BBIIYKJIBIA MHOIOYTIOJBHUK, OXBAaThIBAIOIIUNA BCE BO3MOXKHBIC PACYETHBIE COYETAHUS
yewiuit (PCY), u a5 BEpIIMH 3TOr0 MHOTOYTOJIbHUKA ITPOBOASTCS pacyeThl TpeOyeMoi apMarTypbl 10
BbIOpaHHBIM HOpMaM. 3aTeéM aHaJOrMYHbIH MHOTOYIOJBHHMK CTPOUTCS B IpocTpaHctBe M, MK,
IIPOBOAMTCS IPOBEPKA MPOYHOCTH IPOCTPAHCTBEHHOI'O CEYEHMSI Ul CXEM C PACIIOJIOKEHUEM CIKATOU
30HBI Y C)KaTOr0 M PACTAHYTOTO OT M3ruda KpaeB CeUeHUs M IUIOUa[b TPeOyeMou MpO0JIbHOU
apMaTypbl YBEJIMUUBACTCS 0 HEOOXOIMMON BEIIMYUHBI.

ITpu pacuere TpeOyemoil monepeyHoil apMaTypsl Ui KaxI0ro Ce4eHus: B KOOPIAUHATHOM MIIOCKOCTH
Q, N cTpouTcst BBITYKJIbIi MHOTOYTOJIbHUK, OXBAaThIBAIOLIUI BCE BO3ZMOXKHBIE PACUETHBIE COUYETAHUS
yewnuii (PCY), u a5 BepIIMH 3TOr0 MHOTOYTOJIbHUKA MTPOBOSATCS pacyeTsl TpeOyeMol apMaTypbl o
BBIOpaHHBIM HOpMaM. 3aTeM aHAJOTWYHbI MHOTOYIOJBHHUK CTpPOMTCS B mpocTpaHcTBe Q, MK,
IIPOBOAMTCS TPOBEPKA IPOYHOCTU IPOCTPAHCTBEHHOI'O CEUYEHMS I CXEMbl C PACIOJNIOKEHHEM
C)KaToll 30HBI y OOKOBOM Kpasi ce4eHHs M IUIoIags TpeOyemMoW MOoNepeyHor apmarypbl
YBEJIMYMBAETCS 10 HEOOXOAUMOM BETHUUHBI.

5. KoHcTpyHpoBaHue NIPOX0JIbLHONA apMaTyphbI

[IporpamMma noaaepKuBaeT TpU pasinyHble (POPMbI KOHCTPYUPOBAHUSI apMaTypPhbl:

e moa00p apMaTypsl 0e3 CTyNeHYaTON pacKiIagkd. B 3ToM citydae [UIst KaXI0To MposieTa u IJis
KaKJIO OMOpbI MPOBOJIUTCS MOAOOP apMaTypbl B COOTBETCTBUU C MaKCHUMAallbHO TpeOyemoi
IUIONIA/IbIO apMaTYPBHI.

e 1O0I00p apMaTyphl C MOMPOJIETHOM CTYNEHUATON pACKIaaKoM. JIJTMHBI apMaTypHBIX CTEpKHEH
U UX PacHojOXeHHE B MPOJIETE U HAJ OMOPOil MoAOUpPatoTCs TaKuM 00pa3oM, YTOOBI TUIOIAIb
apMaTypbl BO BCEX CEYEHHUSAX ObUla Kak MOXXHO Ommke K TpeOyemoil mo pacuetry. [lpu
OIpENIe]ICHUU JUIMH TPOJIOJBHBIX CTEpXKHEW YUYMThIBaeTCsA AJMHA aHKepoBKU. CTyneHuaTas
packiiazka apMmarypbl HajJ OINOpPaMU MM B IPOJETax IMPOUCXOAUT He3aBucuMo. Ecnu B
pe3yibTaTe pacueTa Ha onopax Tpedyercs apMarypa CxKaTus, TO BMECTO OJ00pa apMaTyphl C
MIOTIPOJICTHOW CTYTNEHYATOH pACKIAIKOM CleQyeT WCIOJIb30BaTh IMOI00P apMarypel CO
CKBO3HOW CTYINEHYaTOW pPACKIaJKOH, TaKk KaK B 3TOM CIIydae HIDKHAS apMaTypa MepexoJuT
T'PaHMIIBI TPOJIETOB.

e 10100p apMaTyphl CO CKBO3HOU CTYNEHYATON PACKIAJAKON. AHATOTUYEH MPEAbIAYIIEMY C TOMH
JUIIb Pa3HUIICH, YTO TpaHHIBl TMPOJIETOB HE SBISIOTCS TOYKaMU OOpbIBA apMaTypHBIX
CTEPKHEU.

B MecTtax oOpbIBa CTep»HEN U NPUONOPHBIX 30HAX JUIMHA apMATypHBIX CTEp)KHEH yBEIMUMBAETCs Ha
BEIMYMHY, OOECIEUMBAIOIIYI0 IIPOYHOCTh Ha JEHCTBHE M3rMOAOLIEr0o MOMEHTAa [0 HaKJIOHHON
TPEILUHE.

ITpu moxbope MpOAONBHBIX CTEP)KHEH YUUTHIBAIOTCS BCE CTaHIapTHHIE nuameTpsl (6, 8, 10, 12, 14, 16,
18, 20, 22, 25, 28, 32, 36, 40). IlpexycMoTpeHa BO3MOXXHOCTh 3a/aTh COOCTBEHHBIA CIHCOK
nuameTpoB. [l KakIoro mposieTa MOXKHO 3a7aTh OTAENBHO ISl BEpXHEH M HIDKHEH apMaTypsl
MaKCHMalbHOE KOJIUYECTBO CTEp)KHEH, MUHUMAIBHBIM M MaKCUMalbHBIN auamerpsl. [Ipu mogbdope
apMatypbl y4duTbiBatoTcs TpeboBanus [1], [2] wmm [3] MO MUHUMANBHBIM PACCTOSIHHUSIM MEKIY
crepxkHusimu. [locne mombopa apMaTyphl, BO BCEX CEUEHHUSX IMPOBOIUTCS IMOBTOpPHAs MpPOBEpKa Ha
JeicTBUE KPYTSIIEro MOMEHTA 110 CXEME C PacIoIOKEHUEM CKaTol 30HbI Y OOKOBOM Kpasi CeueHHs U,
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npu  HEOOXOAMMOCTH, BBIBOJUTCS HMH(GOPMALUS O JIONMOJHHUTEIBFHON TPOAOJIBHON —apmarype,
pacroiokeHHON Y OOKOBBIX I'paHell OasIKu.

6. KoncrpyupoBaHue nomepe4Hoi apMatypbl

KoncTpyupoBanue nornepeyHor apMaTypbl OCYLIECTBIISIETCS HA OCHOBE pacuyeTa HAKJIOHHBIX CEUCHUM
TI0 TIPEJICIbHOMY COCTOSIHHIO MEPBOM IPYIIIbI HA JCHCTBUE MOTICPEYHON CUIIBI IO HAKJIOHHOW TPEIINHE
U 10 TPEJebHOMY COCTOSIHUIO BTOPOM I'PYyMIIbI IO 00pa30BaHMIO U PACKPBITUIO TPEIMH, HAKIOHHBIX
K TIPOJOBHOM ocu Oanku. Onpenensercs MIomaib MONMepeYHON apMaTyphl, TpeOyeMas 0 YCIOBHIM
NPOYHOCTH W TPEIIMHOCTOWKOCTH. [lo 3amaHHBIM JMaMeTpaM XOMYTOB, MAaKCUMAaJIbHBIM U
MHWHUMAJIBHBIM paCCTOAHUAM MCKAY HUMU Hon6npaeTc;1 PacCIioJIOKCHUC U ar XOMYTOB.

7. PacueTsl 0 npeAebHBIM COCTOSSHUSIM BTOPO# I'PyINIbI

[IporpamMma BBINIOJIHAET pacyeTbl MO 00pPa30BaHUIO M PACKPHITHIO HOPMAIbHBIX M HAKJIOHHBIX K OCH
Oanku TpellMH, a TakXKe pacyeT MPOrudoB, OOYCIOBIEHHBIX AedopMmanusMu HU3rubda W CIABUTA.
K TpemmnocroiikocTi Oanku MOXeT ObITh MPEABABICHO TpeOOBaHWE HeAomylieHus TpemuH (l-s
kareropusi o CHull 2.03.01-84%*), nu6o TpeboBaHuUs MO OrPaHUYCHHUIO ITUPUHBI PACKPHITHS TPEIUH.
B nocnennem ciydae qomyctumasi MIMPUHA PACKPBITUSL TPELIUH OTpaHUYUBAETCS MO0 TpeOoBaHUEM
coorBercTByromux CHull (3-s1 xateropuss mo CHull 2.03.01-84*, coxpaHHOCTb apMarypsl WIU
nporunaeMocth KOHCTpyKIuH 1mo CII 52-101-03), nu6o 3agaercst moap30BaTeIeM.

[Ipy KOHCTpPYHMpOBAaHHUU HPOAOJIBHOW apMarypbl MPOUCXOAMUT HapallMBaHUWE KOJIMYECTBA M JJIMH
CTEpIKHEH, MOKa MpeabsIBICHHbIC TPeOOBaHUS HE OYIyT YIOBIETBOPEHBI BO BCEX CEUCHUAX OaNKH, 3a
HCKIIFOYEHHEM YYaCTKOB HETIOCPEACTBEHHO HAJl OIOPAMU, KOTOPbIE HE TPUHUMAIOTCS B pacyer.

8. BbiBOA pe3yabTaToB

BeiBOox cOCTOMT M3 cleAyloIUMX 4YacTeil: pacyeTHas CXeMma, Harpys3Kd, pe3yJibTaTbl pacueTa
BHYTPEHHUX CHJIOBBIX (DAaKTOPOB, pacueTHBIC COUYETaHMs YCWIMH, pe3yibTaThl pacuera TpeOyemoi
apMaTypbl U KOHCTPYHPOBAHUE apMaTypbl. BeiBoa 10001 M3 3THUX IIECTH YacTed MOYKHO pa3pelarb
WIM OTMEHATh (prakkamMu yrmpaBiieHUs BbIBOJOM. IloMHMO BbIBOJAa YHCIIOBBIX 3HAYEHUH
MPEIYyCMOTPEH U BBIBOJI I'paKH.
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PacuetHas cxema:

P ] = " = ; g2}

a E c o

} E.00 } a.00 } &.00 |

[ J
bl ro4b1.704 Fl.7o4b1.704

H 5.70 H 5.0 - 5.70 H

0.z 020 0.z 0.z

Fasmepn Tpon&r 1 ¥ bf hE b h I
[m] [m] [em] [em] [em] [em] [emd]
1 &.00 O.o0 24 .0 s50.0 250000
4,15 24.0 50.0 250000
6.00 24.0 70.0 s 5000
2 S, 00 O.o0 224 .0 20.0 24 .0 TO.0 15583770
1.85 224.0 20.0 24.0 50.0 581026
7.15 224.0 20.0 24.0 50.0 581026
S, 00 224 .0 20.0 24 .0 TO.0 15583770
3 &.00 O.oo0 24 .0 TO.0 g5 8000
1.85 24 .0 s50.0 250000
6.00 24.0 50.0 250000
COnopu nopa £ [ewm] Onopa £ [em]
- 0.0 E i0.0
[ 30.0 D 30.0

31ech BBIBOAATCS OCHOBHBIE T€OMETPUUECKHUE MMapaMeTpbl CUCTEMBI: pa3Mephl BCEX MPOJIETOB U CTOEK,
XapaKTePUCTHKU CEYCHHI BCEX MPOJIETOB, T.e. mupHuHa “b” u BricoTa “h” ceuenus, mupuHa “bf” u
tonuuHa “hf” minTel, mmpuHa onop “t”.

Harpy3ku:

Harpyxerne 2 NoCTOAHHHE HAaDpPYSEM

zaq
13
1z
[
0 H
-E H
-1z £.00 Fz. 00+ 7.00 } .00 |
N. HOpomér a E] pnSP po/M
[] [] [eH /m, nH, nHMm]
FaEHOMEDH. 1 1-3 Z25.00
CocpemoT. 1 2 Z2.00 l125.00
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BHyTpeHHUe cunoBbie (paKTOPBHI:

Hanpy#eHHe 1 MOMEHTH Myop [rHmM]

-117 .48 -1l13.36
-10d

—E1l
-53
-7

27 0.9 : : 0.9
54 : :

&1
202

HarpyxeHHE 1 OmonepeuwHHe CHIH Qyvop [wrH]

q0.00
7z 54i91

£5.03

-Ed
-43

-E -E%_ 91

-Z5.09

-g0.00

Harpysenunse 1 Mpomaemr x max Mynop mwmin Mynop tmmax Qynop min Qyop
[2] [mHmM] [®mHmM] [®mH] [®mH]

1 O.o0 o.00 O.00 Z25.0% Z25.0%
0.15 o 3.55 3.5% 22.684 22.684

0.62 ho 12.5%9 12.5% 15.80 15.80

l1.67 % 20.598 20.598 O.00 O.00

5.18 ho -71.35 -71.35 -52.63 -52.63

5.85 o -10%.50 -10%.50 -GZ.66 -GZ.66

6. 00 -11%.47 -115%.47 -64.591 -64.591

2 O.oo0 -11%.47 -115.47 So.00 So.00
0.15 o -106.15% -106.15% 37.00 37.00

JU1g Ka)Xa0ro Harpy KeHusl BBIBOAATCSA XapaKTEPUCTUYECKUE MAaKCUMAaJIbHbIE 1 MUHUMAJIbHbBIE YCUIIHS
B ceueHun Mynp u Qymp. Paznuume Mexny MakCHUMaJbHbBIMH M MUHUMAJIbHBIMU 3HAuY€HHUSIMH
BO3HHMKAET TOJIKO Ul JUIMTENbHBIX U KPAaTKOBPEMEHHBIX Harpy30K U CBA3aHO C OJAronpusiTHBIM U
HEOJAaroNpUsITHBIM pacIpeieIeHUEM O3TUX Harpy3oK IO IpojeTraMm. Pe3ynabTarbl BBIBOASTCS Ha
rpaHMIaX MPOJIETOB, HAa Cpe3e OMop (TOYKU MOMEUEHHI “0”’), Ha PACCTOSTHUU paboYeii BHICOTHI CEYCHUS
0T cpe3a onop (Touku mnomeueHsl “ho”) M B TOUKAX C MAKCUMAJIbHBIMH 3HAUYEHUSIMH BHYTPEHHHX
CHJIOBBIX (paKTOPOB (TOYKH MOMEYEHHI “*””). OObEeM BBIBOJIa MOXKET OBITH YBEIMYEH ITOJIb30BaTEIIEM
MyTeM 3a/laHusl JOMOJHUTEIbHBIX TOUEK.

Ecmmn 3aJIaHbI IIPOAOJIBHBIC CHUJIbI /U KpyTAIIHUE MOMCHTBI, TO OHU BBIBOJATCA AaHAJIOTHYHO.

BpIBOI pacyeTHBIX COYETAaHMM YCWIMM AaHAJIOIMYEH BBIBOAY pPE3yJIbTaTOB YIPYroro pacuera
BHYTPEHHUX CHUJIOBBIX (PAKTOPOB.
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PesynbraThl pacuera TpeOyeMoil apmMaTyphl.

SRWMTHHA cHoH MpoméT az H az B az 6 a H a B
[rm1] [rrm1] [rm] [cm] [cm]
1 15 20 20 3.1 5.8
2 20 20 20 5.2 5.2
3 15 20 20 3.1 5.2
Ipongr 1 x max M min M Tpef.A=zH Tpeb.Azs
[2] [mHM] [mHM] [cmZ ] [eM2 ]
O.0o0 0.00 o.00 Oo.56 o.00
0.15 o S.45 S5.45 o.57 o.o0o0
1.51 + 45 .55 4% .59 3.11 o.00
4.13 -101.74 -101.74 o.00 7.06
4,17 -105.69 -1l05.65 o.00 7.31
5.85 o -364.89 -364.85% o.00 15.82
6.00 -354.05 -354.05 O.00 20.68
x <] ¢ Qo Qb 2 Azw/a
[m] [cm] [cm] [rH] [rH] [RH] [cmZ /1]
0.00 66 .3
0.54 ho 35.3 35.3 410.7 1%5.6 42 .5
4.13 171.7 128.5 357.5 117.8 115.5 4.11
4,17 151.1 358.5 355.2 cd.0 56.7 4.11
5.21 ho 192.5 113.4 456 .4 gl1.6 103 .3 4.11
6. 00 157.7

13 2

BreIBogsSITCS TONIIMHBI 3alIUTHBIX CJIOEB “a3” CHU3Y, CBEpXy M COOKYy M PACCTOSHHUS JI0 IIEHTPOB
TSOKECTH apMaTypHbIX cioeB. B Talnuie pacuera mpoJ0JIbHOM apMaTypbl BBIBOJSATCS 3HAUCHUS
MaKCHMaJbHBIX MOMEHTOB U pacyeTHble 3HAYCHMs IUIOIIAAu apMmarypbl. B Ttabnuime pacyera
HaKJIOHHBIX CEYEHHMM BBIBOAATCS JUIMHA NPOEKIMM HAKJIOHHOTO CEYeHHUs ¢, NJMHA MPOCKIUHU
onacHou TpeuHbl ~c0”, mpeaebHOE 3HAYCHHE YCHWIMS CKaTUA [0 HAKJIOHHOM MOJIOCE MEKIY
TpemuHamMu “Qcx’’, mornepevyHoe ycuiue, BOCIpUHUMaeMoe 6eToHoM “Qb”, MakcuMallbHOEe 3HaYCHHE

MoTepevyHoi cuiibl “Q” U pacyeTHOE 3HaYeHHe TpeOyeMol apMaTyphl.
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KoHcTpyupoBanue apMaTypshl:

kForeTp. apmarTyps
Az [em2 ] [IpomonbHEAaA apMaTypa
M= 1 :170

Az [eMe /M) lomepedrHad apMaTyha
M= 1 :170

10

IpomeT 2 cxXeMa ApMHMPOESHMA CEUEHMA ¢ KOODPIOMHATOH X = T.23

M= 1 :25
To
il
ie

K Balruas JuSIRL TATD Shss
Xowmyr OF
l L B ]
o204
MoHTaMHad apMaTypa HMHHAA n = =z das = 12 MM
IpoJoREH. &pM.
MpoOJET THII RKOJ. d= pAn A=l a 1
hoopa [rm] [eMZ] [m] [m]
1 H 2 12 1 2.26 o.on 21.00
1 H 1 1z 1 P 0.63 l.65
1 H 4 12 1 Fiweg g -0.33 6.53
2 H 2 25 1 12.08 -0.37 Dol
2 H 1 25 1 l6.9%9 Tawidln E.29
3 H 1 1z 1 B B 3.28 2.18
E B 2 25 1 S9.52 -3.40 5.10
E B 1 25 1 14.73 T p e
E E 2 25 1 24.54 -1l.65 2.70
c E 2 25 1 S.52 -2.14 5.28
C E 2 25 1 F 8BS =Lz 7 3.01
InNMHH OpHEEIEHH C VUETOM AHKEDOBRM
E0OMYVTH
MpoJdeéT KoIX. cpes. ds= = Asw/ia a 1
[rm] [ewm] [omM2 M) [m] [m]
1 24 2 a 25 4.02 o.on TR
2 24 2 1o lo.05 -0.25 Z2.40
2 15 2 g 25 4.02 R Sl
2 15 2 g 20 5.03 5.50 3.00
3 25 2 g 25 4.02 -0.10 6.10
THI aApMaTYpPH d OIMHA KOJ. BEC
[MM] M [rRH]
ETEpHHERAA aApMaTypa 25 60.45 2.29
CTeEpXHEEAA ApMaTypa 12 25.53 0.z26
OMY TH 8 104

Ha rpadwukax moka3aHbl pacrpenesieHHs pacyeTHBIX 3HAYCHUH TpeOyeMoil apMaTypbl U Pe3yJbTaThl
KoHCTpyupoBaHus. OcHoBHas (0oJjiee cBeTIast) 4acTh SIIOpPHl TpeOyeMoil apMaTypbl COOTBETCTBYET
pacdeTy 1o MpeAeIbHBIM COCTOSHHUAM IEPBO TPYNIIbI, a OoJiee TEMHBIE JOOABKU — PE3yJIbTAaT pacueTa
10 00pa30BaHUIO U PACKPBITHIO TpeluH. CxeMbl apMUpPOBAaHUS CEYEHHMH BBIBOAATCA ISl Hambouiee
Harpy >KEHHBIX CEYCHUH B IPOJIETAX M HAJl ONOpaMH, a TAK)KE B TOYKaX, 3a/IaHHBIX I10JIb30BaTeneM. B
Ta0NMIle TPOJONBHOW apMaTypbl TPHBEICHO KOJIMYECTBO, AMAMETPHI, JUIMHBI W IOJIOXKEHHE
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apMaTypHbIX cTepkHel. B Tabnuie momepedHoil apMaTypbl IpUBEIEHBI AUaMETp U IIar XOMYTOB, a
TaK)Ke€ HadaJlbHasi KOOpAMHATA U MPOTSKEHHOCTh YYAaCTKOB C MOCTOSIHHBIM IIaroM XOMyToOB. Takike
IIPUBOJUTCS CBOJHAS TaOJIMIla pacXxoaa apMaTyphl.

Pacuer o 06pazoBaHMIO U PACKPBITUIO TPEILIUH:

TpeEnMHCC TCHECS TR FKaTeropua TpefoBaHMH - 3 acrol=0.40MM acrcZ2=0.30MM
HopMamlbpHEE TPDEIMHEH Ofpasopadne [PDoOMONEHMTEIBHEE Heoporn.
Dpo- x M Mere M acrod acrocl
neT [m] [RHM] [RHM] [mH*mM] [mm] [p11]
nm.w 0O.00 -0.0 0.0 0.0 o.o00 o.o0o0
1.85 o -100.5 1&.8 -100.5 o.27 o.z27
2.00 -117.5 1l&.8 -117.5 Q.32 0.32
1 O.00 -117.5 1&.8 -117.5 0.32 0o.32
0.15 o© -100.7 1&.8 -1i00.7 o.27 o.z27
2.31 * 150.1 1&.7 150.1 0.1& 0o.1%
4.85 © -1%4.5 18.3 -194.5 0.21 0o.21
5.00 -230.5 158.3 -230.5 0.25 0.25
2 o.oo -230.5 18.3 -230.5 0.25 0.25
HawmnoHHEHE TpREWMHE OfpazsopadMe [PpOOONKMTENLHEE Henpono.
Mpo- x Q b o] acrod acrol
nemT [m] [mH] [RH] [RH] [Mm] [M11]
n.® 0.00 -0.0 106.3
1.48h0 -87.0 212.5
2.00-- -117.5
1 0.o00-- 209.0
0.52ho 1&4.3 210.5
4.12cr -170.1 105.4 -170.1 0.30 0O.30
4.48h0 -201.8 Z210.8
5.00-- -246.5
2 0.00-- 2Z46.5
0.52h0 201.8 Z210.8
0.88ck 170.1 105.4 i170.1 0.30 0.30
4.483h0 -164.3 210.5

B Ttabmunax mpuBeneHb 3HAUYEHUS BHYTPEHHUX CUJIOBBIX (DaKTOpPOB, BBIYMCIICHHBIE Ui pacyeTa
IIPOJIOJKATEIIBHOTO WM HENPOJIOJDKUTEIBHOTO PACKpPBITUS TPELIUH, COOTBETCTBYIOLIME YCHIIUA,
HeoO0XoAuMBble JUIsl 00pa30BaHMsl TPEIMH U pacyeTHas IIMPUHA MX PACKPBITUS B T€X CEYEHUSX, /e
JICMCTBYIOIME YCUIIUS TIPEBOCXOIAT 3HAYCHUS Hauaia TPEIMHOOOpa30BaHHUS.

Pacuer mporu6os:

Nporubu [ MM]
M = 1 :115

-14.0: -14.28
-9 : : :
]
]
1z
7
28.04 28 .74
MpomneT bl M Mrom. 100/ )
[m] [RHM] [RHM] [1/m] [mm]
I.R o.oo * -0.0 -0.0 -0.00 -14.01
2.00 -50.0 -50.0 -0.82 -0.00
1 o.o0o0 -80.0 -80.0 -0.82 o.o00
2.33 * 150.1 150.1 0.%5 28.04
5.00 -1&4.0 -1&4.0 -0.54 0.00
2 o.o0o0 -1&4.0 -1&4.0 -0.54 o.o00
2.867 * 150,01 150,01 0.55 28.74
5.00 -50.0 -50.0 -0.82 O.00
p. ® o.o0o0 * -50.0 -50.0 -0.82 -0.00
2.00 -0.0 -0.0 -0.00 -14.26
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Ha rpaduke w B Tabmuie TMNPUBENCHBI pPACUETHHIE 3HAYCHUS MIPOTHOOB, OOYCIOBICHHBIX
nepopmanmsmMu uiruba u caura. Kpome Toro, B Tabiaulle NpPUBEICHBI pAacUETHbIE 3HAYCHUS
MOMCHTOB M KPpHUBU3H.
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[Iporpamma mpenHa3HaveHa ISl pacuéTa MHOTOMPOJETHOW cTanbHOM Oanku cormacHo CHull 11-23-
81* “Cranpuble koHCTpykuuu” [1], 160 mo CII 53-102-2004 “O06uue npaBuia MPOSKTUPOBAHUS
CTaJIbHBIX KOHCTPYKIMI® [2]. BO3MOXKHO 3aaHMe IIapHUPOB, KOHCOJIEH, MPUMBIKAIOIIUX CTOEK U
yOopyrux omnop. MoryT 3amaBaTbCs pacHpeleNEHHBIE M COCPEIOTOYCHHBIE HArpy3Kd, a TaKKe
TEMIIEpaTypHbIE BO3IEHCTBUA U OCAaAKU oOmop. PacyérHele codeTaHMs YCUIMH OIPEACIAITCS
aBromarnuecku cormacHo CHull 2.01.07-85 “Harpy3sku wu BozgeiictBus” [3]. PeanuzoBanbl
IIPOKaTHBIE 1 HECUMMETPUYHBIE CBapHbIE CEUCHMs U3 IIBEJUIEPOB, ABYTaBPa U KOPOOA C BO3ZMOKHBIM
3aJlaHUEM JIONIOJHUTEIBHBIX MOSACHBIX JIMCTOB. PacueT mpou3BOAMTCS IO YNPYrod WIH YNpYro-
IUIaCTUYECKOM cxeme ¢ mepepacnpezeneHueM ycwiuid. IlpoBoxdrcs pacueTsl MNPOYHOCTH,
YCTOWYMBOCTU TUIOCKOM (opMbl u3ruba Oanku, YCTOMYMBOCTH CTEHKM C YCTAaHOBKOH, IpHU
HE00X0IUMOCTH, pedep kecTkocTh. [l 6amKu U3 MPOKAaTHOTO MPOMII pearTu30BaH pexXUM Moadoopa
MUHHMAaJIBHO HOMEpa MpOoQuIIs, yIOBICTBOPSIOMIETO YCIOBUSIM MPOYHOCTH. J[JIsi cBapHOTO AByTaBpa
BO3MO>KEH 10100p Pa3MEPOB CEUEHHUS C YCTONUMBOM WM C THOKOM CTEHKOM.

1. PacuérHas cxema

PacuétHast cxema mpencTaBisieT COO0OM MHOTOMPOJIETHYIO HEPa3pe3Hyl Oalky ¢ KOHCOJSMHU.
MakcumanbHO€ KOJUYecTBO Mposi€éToB paBHO 10. JIJisi KOHIIEBBIX OMOP MOXKHO 3aJaBaTh YNPYyToe
3amemiieHne. B omopax CHH3y W/HIM CBEpXy MOTYT YYHUTHIBATHCS MPHUMBIKAIONINE CTOMKH,
MPEyCMOTPEH BBOJI BEPTUKAJIBHBIX IPYXKHUH B OIopax. B nmponérax MoKHO 3aaBaTh LIAPHUPBL.

I 11 12 - 13 In

Puc. 1.  Ilpumep pacuéTrHoil cxembl

2. Harpy:xenmue

Pa3znnyaroTcsi MoOCTOsSIHHBIE, IIUTENbHBIE, KPATKOBPEMEHHBIE M 0COObIe Harpy3ku. Bo3MoxkeH yuer
CJIEAYIOUIMX Harpy3oK: paBHOMEPHO pacHpeleNeHHbIX, OJIOUHBIX, TpamneLUeBUAHBIX, Harpy3oKk Ha
[IEPEKPBITUE, COCPEAOTOYECHHBIX CHJI, COCPEAOTOYECHHBIX MOMEHTOB, CKayka TEMIIEpaTypbl U
cMemeHus omnop. JlnuTenbHbIe M KPaTKOBPEMEHHBIE HArpy3Kd MOTYT OOBEAMHATHCS B TPYIILY
HECOYETaeMbIX Harpy3o0K (Harpy3kud He MOTYT JelcTBOBaTh OJAHOBPEMEHHO). BpemeHHas Harpyska
MOXKET 3a/1aBaThCs KAK 3HAKOIIEPEMEHHas Harpy3ka. B oToMm ciydae B pacu€re y4UTBHIBACTCSA 3aJaHHas
Harpy3ka M Harpyska IPOTMBOIIOJIOKHOTO 3HaKa. /[ BpEMEHHBIX HArpys3okK, ACHCTBYIOIIMX Ha
HECKOJIBKUX MPOJIeTaX BO3MOXEH yueT HeOJIaronpusTHOIO pacipeaeseHus Harpy3KH 10 MposieTaMm.
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RNANERRE BRI 25 A
R s B T R R
2 2 2
I R

Puc. 2.  Bwuasl Harpy3ok

3. Onpenenenue BHYTPEHHUX CHJIOBBIX (aKTOPOB

Yeunust onpenensitoTcss METOJOM HayalbHBIX I[apaMeTpoB OTIENBbHO A KaKIoW Harpysku. [lns
BPEMEHHBIX HArpy30K OMpPENESIOTCS MaKCUMAIbHbIE 1 MUHUMAJBbHBIC YCHIINUSA B KKIOM CEUYCHUH U
OTIOPHBIE PeaKIHH ¢ y4€TOM HauOoliee HEOIArompHUATHOTO pACIpeNIeTCHHs] HArpy3KH MO MpoiéTaM
(ecmm  yyer HeoOxomum). Ilpum pacuere ¢ ydeToM IIIACTHYECKUX JAePOpMAIMA YUUTHIBACTCS
nepepacnpe/ielieHle OMOPHBIX U MPOJETHBIX MOMEHTOB corjacHo 1. 5.22 CHull 11-23-81*
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i 1. 9.2.5 CII 53-102-2004. [lanee, B coorBercTBUM ¢ npaBuiamu CHull 2.01.07-85 ctpowutcs
Tabauia HanboJiee OMAaCHBIX COYETaHUM HArpy30K, KOTOpasi UCIOJIb3yeTCs B AATbHEHIIINX pacyeTax.

4. PacyeT Ha IPOYHOCTH

Pacuer Ha MpOYHOCTH MO yIPYroi cXxeme OCYIIECTBISETCS B COOTBEeTCTBUHM C mil. 5.12-5.14* CHull II-
23-81* ummm 9.2.1-9.2.2 CII 53-102-2004. Ilpu yuere miacTuyeckux aedopmanuii pacyer Ha
MIPOYHOCTD pou3BoaUTCs cornacHo 1. 5.18% CHull 11-23-81* unu . 9.2.3 CIT 53-102-2004.

S. Pacyer ycTo4uBOCTH IJIOCKOH opMbl H3ruda 0aaKu

Pacyer Ha ycCTOMYMBOCTH HE MPOM3BOJIUTCS IMPU TEpeaaye HArpy3Kd 4Yepe3 CIUIOIIHOW KECTKUU
HACTHJI, HETIPEPHIBHO OMUPAOIIMICS Ha CXKAThIA MOsIiC OaJlKM U HAJEKHO C HUM CBsi3aHHBIN. Bo Bcex
OCTAJIbHBIX CITydyasiX MPOU3BOAUTCS MPOBEPKA yCTOMUYMBOCTH INIOCKOHM (hopMBbl U3ruda O6aaKu coriaacHo
. 5.15 CHull II-23-81* numu 9.4.1 CII 53-102-2004. Ilpu sToM K03(h(GUIMEHT YCTOMYMBOCTH MPHU
u3rube ¢, ompenensieTcss pacueTHbIM IMYyTEM C Y4Y€TOM KOHKPETHBIX YCIIOBUH Harpy>KeHus Oaiku
(PCVY, PCH, nonosxeHust Harpy3Ku), KOHKPETHOTO MPOGUIS U YCIOBHMA 3aKpEIICHUsI OT CMEILICHUS B
IOTIEPEYHOM HalNpaBieHUU. B 4YacTHOM ciyyae [BYTaBPOBOIO CEUEHUS M MPOCTEHIIMX THUIIOB
Harpy>XeHus pe3yibpTaThl pacdera coBmagawoT ¢ m. 2 [lpunoxenus 7* CHull I-23-81* wunm
. M.4-M.6 Ilpunoxenust M CII 53-102-2004.

6. Pacuyer ycTOIYNMBOCTH CTEHKH 0AJIKHN

Jns Oanku M3 CBapHOro MpOQHIsA MpPH YCIOBHOM TMOKOCTH CT€HKH A, > 3,2 mpoBOAUTCA pacyer

YCTOWYMBOCTU CTEHKHU coriacHo mm. 7.2*-7.6*,7.9 CHull 11-23-81* unu 9.5.2-9.5.8 CII 53-102-2004.
[Ipu BEIOOpPE aBTOMATHYECKON YCTAaHOBKH peOep KECTKOCTH, MPOrpaMMa YCTAaHABIMBAET HX B
cootrBercTBUU ¢ noyioxkenusmu 1. 7.10 CHull I1-23-81* unu 9.5.9 CIT 53-102-2004, HO Tak, 4TOOBI
BBITIOJTHSUTMCH YKa3aHHBIE BBIIIE YCIOBHS YCTOWYMBOCTH CTEHOK B OTCEKaX.

7. BbiBOI pe3yJibTATOB

BpiBOg cocTOMT M3 CIEQYIOUIMX 4YacTEeW: pacueTHas CXEMa, Harpy3kW, pe3yJbTaTbl pacuera
BHYTPEHHUX CHJIOBBIX (DaKTOpOB, pAacCUYETHBIE COYETAHHS YCHJIMHA, XapaKTePHCTUKUA CEUYCHHS,
pe3yJbTaThl pacyera MPOYHOCTH, pe3yJbTaThl pacdeTa yCTOMYMBOCTH Oalku U €€ CTeHKH. BriBox
M000# M3 3TUX BOCBMHU YacTell MOXKHO pa3peliaTrbh WIM OTMEHATh (PiakKKaMH yIpaBJICHUS BBIBOJIOM.
[ToMrMO BBIBOJIAa YMCIIOBBIX 3HAYCHUH TIPEAYCMOTPEH M BBIBOJI TPAPHKH.
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Pacuernag cxema:

100%
: Z.00—4
'[; E0%
k o ; "
i 1 = z : 3 =
A B Lc o
—z. 00— 5.00 4 &.00 4.00 4
503
Onmopw Onopa t [cHm] Onopa t [cHm]
A 30.0 B 30.0
C 30.0 D 30.0
SameMIeHME npas. = 50 % le = 4.00 M
CToOMREM Onopa h [m] E [%] I [cmd]
B BEEpX 3.00 100.0 10000
C HHS 3.00 50.0 10000

311ech BBIBOAATCS OCHOBHBIE T€OMETPUUECKUE MapaMeTPbl CUCTEMBI: pa3Mephl BCEX MPOJIETOB U CTOEK,
LIMpPYHA 010D “t”, pacloyioKeHUE HIapHUPOB, 3alllEMIIEHNE KPailHUX OTI0p.

Harpy3sku:

Harpyxerne 2 NoCTOAHHHE HAaDpPYSEM

24
1s
1

-6

Lon } 6.

-1z £.00 z.00+ 7 oo {
N. HOpomér a E] pnSP po/M
[m] [rm] [mH/ M, rH, RHm]
FaEHOMEDH. 1 1-3 Z25.00
CocpemomT. 1 2 Z.00 125.00
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BuyTpeHnHue cuinoBblie (pakTophbl:

Harpy®eHHEe 1

-1l0a
-&1
-5
-&n

MoMeHTH Myop

[rHM]

-119_4&

-112.46

z z0.98
sa

g1l

Harpy®eHHEe 1

TE
a&
4

£5.03

NOTEPEUHHE CHIH QVID

qo.00

g2x.02

[rH]

4191

E0Q.35

-Ed
-43
-7z

-6%. 91

-g0.00

-Z5.09

Hanpy#weHHe 1

MpoJeT X max Mynop mwin Mynop max Q¥Oop min Qyop
[] [mHmM] [mHM] [mH] [mH]

1 o.o0o0 o.o00 o.oo 25.0%9 25.0%9
0.15 o 3.59 3.55 Z22.84 Z22.84

0.&82 ho 12.55 12.5% 15.80 15.80

l1.67 * 20.98 20.58 o.oo o.oo

5.1% ho -71.35 -71.35 -5Z.63 -5Z.63

5.85 o -10%.90 -10%.5%0 -BZ .66 -BZ .66

6.00 -119.47 -115.47 -64.91 -64.91

2 o.oo0 -119.47 -115.47 So.00 So.00
0.15 o -106.15 -106.19 g7.00 g7.00

JI1st KaXKI0ro HArpy»KeHUs! BBIBOJATCS XapaKTEPUCTUUECKUE MAaKCUMAJIbHbIE U MUHUMAJIbHBIE YCUITUS
B ceueHun Mynp u Qymp. Paznuume MexIy MakCUMalbHBIMM M MUHHUMAJIbHBIMU 3HAYCHHUSIMHU
BO3HUKAET TOJIBKO JJIS JJIUTENbHBIX U KPATKOBPEMEHHBIX HAarpy30K M CBSA3aHO C ONArompusTHBIM U
HEOJIarONPUATHBIM PACIpeeICHUEM 3TUX Harpy3o0K MO IMpojeTaMm. Pe3ynbTaTbl BBIBOASTCS Ha
rpaHMIlaX MPOJIETOB, HAa Cpe3e OMop (TOYKU MOMEUEHHI “0”’), Ha PACCTOSTHUU paboYeii BHICOTHI CEYCHUS
OT cpe3a omnop (Touku momedeHnl “ho”) U B TOUKAX ¢ MAKCUMAJIbHBIMH 3HAYCHHUSIMH BHYTPEHHHUX
CWJIOBBIX (PaKTOpPOB (TOYKM MOMEHYEHHI “*”). O0beM BBIBOJA MOXKET OBITh YBEIHWYEH MOJIh30BATEIIEM
MyTEM 3aJ]aHus JOTIOJTHUTEIHHBIX TOUCK.

BbiBog pacueTHbIX COYETAaHMM YCWUJIIMK AaHAJOTMYEH BBIBOJY peE3yJIbTATOB YIPYIroro pacyera
BHYTPEHHUX CUIIOBBIX (pakTopoB. /st 6anok 2-ro kinacca (I0MmyCKarTCs OrpaHUYCHHBIE TNIACTHYECKIE
nedopmarun) BeiBoasTess PCY 110 1 mociie mepepactipe/iesieHns TPOJIETHBIX U OMIOPHBIX MOMEHTOB.
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Ceuenuie OalKu U €ro XapaKTEPUCTHKU:

CeyeHHE

B o5 R

Ipoduxae
M= 1

CedeHHKHE
M =1

BEepXxHMHA

Husx®HMI

DapaMe TPH

300x8e0x12.0

4
E:

WEEeNIETD

b
\80

CEApHOH

MaTepuan Balrmx

T
1
)
|
—
_
NI F
= £
\120
| %
Banru
4
T Z0
]
[ar]
i |
zz0 W
BHCOTS h I00mMu TOAm.CTEHRHK
nmoac wHp.nonrd bl = 80mm TOMJm . I0OAKH
wHp . .oIMTH blp= I00mMm TOJm . IAKTH
nmoac wHp.nonrw b = li0mm TOMJm . I0OAKH
PARCCTOAHHME MEXRILY WNEBENIcpaMHi
CEYMEHNMA nnomamnk L = 90.1cM2 MOM.HMHEpPUOMH
CT.MOMEHT Sx = 528 .cM3 MOM.HMHEpPpUOMH
CE.HEpYH. It = 34.9cHM4 CERT.MOMEHT
MOM.CONOD . W = 943 .cM3 MOM.CODp.CH
craage C345
Mo .¥yopyr. E = Z06.7TIIA MOOD.COBMIDA
conp.Hsr. Ry = 315.MIA conp.COBHDY

Ew
t£1
t1
£z

Ix
Iy
T
e

E.Omm
= 1Z2.01m
p= 3. 0mMM
= 1Z2.01m
= 100.0mm
=1.413edcmd
= 7094 . cmd
=5.82Z0ebcmb
= 022 .1cm3
= 7T9.2ZT0a
= 1833 .MIOa
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BoiBoauTcs M300pa’keHUE OCHOBHOTO MPOGMIS M, €CIM CeuyeHUE OaJKh COCTOMT U3 HECKOIbKUX
JJIEMEHTOB, TO - H300pa)K€HUE COCTaBHOrO cedeHws. [lJis pacueTHOro ceyeHHs! BBIBOISTCS BCE
FEOMETPUUYECKHE XaPaKTEPUCTUKH, HEOOXOIUMBIE /I pacyeTa MPOYHOCTU U yCTOMUMBOCTH, a TaK¥Ke
XapaKTepUCTUKU MaTepuaia Oanku.

PGSyHBTaTBI pacdycTa IpO4YHOCTH OaKu:

PeSsyNETATH pacueTa fanrM l-ro mmacca no CIO 53-102-2004, gawmsa c=0.090
KEpuruuecroe PCYF N marp rosdh. TpOME TH
1 1 1.00 mlzaz
PacuyeT Ha ONPOYUHOCTE MAaRC. MOMEHT M = 29ZrHM B onope B mpm PCF N 1
yonoeMe [35) M/ (W*Ry*gamma c) = 1.12 FCIOBHE HE BBHRIONHEHO!
HanpaxeHwna HOpManeHHe Sigma x [MIOal]
M =1 :140
z40 : Z09.867 : z05.11 :
160 : : :
80 : : : ?/2,-13«5\\\
. ; : :
—an : —47. 174
-1&0
-Z40
-216.46 -301.00
Ma®kRC.NOOOEp.CcHIa Q = 313 rH E onope B nmpuw PCY¥ N 1
yoaomoeEMe [36) 0*3/ (I*tw*Rs*gamma_c) = 0.59 FCOIOOEME BHIODNHEHO
HanopaxeHnwna racaTenrHHe tau_xy [MIOa]
M = 1 :140
12z - é
: 91:73
T €1.28 7E. 5L
" [ | |
0 ”
-44d i ‘ ‘ ﬁﬁ“ﬂJ
-28 g |
-l3z G E
MAaKRC.3EEBEMEBEAIEHTH. HalDpAxXeHHA B onope B nmpwm PC¥ N 1
sigma x= 273MIOa sigma_y= OMIOa tau_ xy= -78MIa
vyonmoeme [(38) sigma_see/ (Ry*gamma_c)= 0.84 FCOIOOEME BHIODNHEHO
HanopaxeHnua SEEMEBEANEeHTHHEe =Sigma_2re [Mla]
M = 1 :140
237.58 ZZE.98

Zz5
lt0
75

u]
-75
-150

Hns Ganku 1-ro kjacca (TOJBKO ympyras padoTa Ce4eHHs) BBIBOIATCS rpaduueckue M300paKeHus
pacmpenienieHuii 1Mo JuiMHe Oallku MaKCHMaJbHBIX HOPMAaJIbHBIX, KacaTelIbHBIX M HKBHUBAJICHTHBIX
HaIpsDKEHUH, a Tak)Ke Pe3yiIbTaThl pacyeTa MpoYHocTH 1o dhopmydam (28), (29), (33) CHull 11-23-81*
uin (35), (36), (38) CIT 53-102-2004. Ecnu He 3amaHa yCcTaHOBKA pebep KECTKOCTH, TO MPOBEPsIETCS
TaKKe MPOYHOCTh CTEHOK OaJKW B TOYKAX NPWIOKEHHUS COCPEIOTOYCHHBIX CHJI M B OIOPHBIX
ceyenusix nmo ¢opmymnam (31) CHull I1-23-81* wmm (40) CIT 53-102-2004. Ecnu nmomyckaroTcs
iactTuueckue nedopmanuu (6anka 2-ro Kiacca), TO NpPOBEpKa MPOYHOCTH TPOUZBOAMTCSA IO
dopmynam (39), (41) CHull 11-23-81* umm (44), (48) CII 53-102-2004. YuacTku Oanku, Ha KOTOPHIX
HapYIIAIOTCS COOTBETCTBYIOIIHNE YCIOBUS IPOYHOCTH, OTOOpakatoTCsl Ha TpaduKax KPACHBIM IIBETOM.

CTATHUKA-2009. Onucanue npoepamm 320 — CranipHas Oanka



56

Pe3ynprarhl pacuera yCTOWYMBOCTH OQJIKH:

FoTOHMUMEOCTE BDaIRHM

Hanbonee

rosdbdur.

¥yoIoBEMe [BZ)

f#opMa DOTEepHM YCTOHMUMEBOCTH

OIIacHOE

p=si

[yenoeHHE

PC¥ N 1 Mawrc.MoMeHT M
Z2.84 momdb.y¥oTOHU.
= Z.3Z¥CHNOBHE HE BHIOONHEHO!

M/ {fi b*We*Ry*gamma_c)

20 MHMIH ]

fi b =

137rHu

0.

4 4

M = 1 :140
40
Z0
]
-z0
-40
Pefpa HecTROCTH Ipo Roop.wromn.war PCF M Q F gamma
neT [m] [em] [wHM] [®H] [kH /1]
1 o.oo 9 30 2 T3.6 35.%8 474.,5 0.31
2 2.4580 3 536 1 -16.3 -88.3 o.0 0.33
2 4.18 2 41 1 -110.¢6 -119.2 0.0 O0.83
£ o.o00 10 536 1 -102 .6 112 .89 -821.4 0.63
z S.e0 1 40 z -84.4 -113.4 0.0 0.53
4 o.o0n0 6 536 £ -80.7 88 .4 -707.6 0.49
4 3.36 2 3z 2 -15.9 -67 .4 0.0 o0.20
4 4.00 1 u] 4 -0.2 -1.3 o.0 o.00

s nambonee omacHoro PCY BBIBOAMTCS pe3yibTaT MPOBEPKH YCTOWYMBOCTH IUIOCKOH (HOPMBI
m3ruba no dopmyne (34) CHull I1-23-81* wm (62) CII 53-102-2004, a taxxe dopma morepu
YCTOMYMBOCTU JJI1 yrja 3aKpy4UBaHUsA
MOJIb30BaTEIeM IONEPEUHbIX pedep KECTKOCTH BBIBOISATCS PE3yJIbTAaThl MPOBEPKU YCTOHYHMBOCTU
CTEHKM B OTceKax Mexay peOpamu. [Ipy Hanuumy HECKOJBKHUX I10OCIEA0BATEIbHBIX OTCEKOB C

CCUCHUA.

OJJMHAKOBBIM HIAaromM IpoBEpKa BbIBOJUTCA AJISI HAUMCHEC yCTOﬁ‘IHBOFO U3 HUX.

I[J'IH YCTaHOBJICHHBIX HpOFpaMMOﬁ 50048
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[IporpamMmma mnpegHa3HaueHa JUIsi MPOSKTHPOBAHUS CTATHUYECKH HEOMPEISTMMON JKele300€TOHHOU
KoJIOHHBI o0m1ero Buaa cormacao CHull 2.03.01-84* [1], CIT 52-101-2003 [2] u CHB 5.03.01-02 [3],
[4], [5]- IlpenycmoTpensl aBa MeToia pacuera KojoHHBL [lo mepBomMy meTomy ycwius B KOJOHHE
OIpeeNsaoTcs N0 HeaehOPMUPOBAHHON CXEMe MpHU MOMOIIU CIoco0a YCIOBHBIX KPUTHUECKUX CHIL.
[To BTOpOMY METONy YCHIHS OIpPENEISOTCS Mo Ne(OpPMHUPOBAHHONW CXEME C Y4ETOM HEYNPYTuX
CBOMCTB OE€TOHA W apMaTypPHOW CTaJIM, a TAKXXE C YUYETOM HECOBEPIICHCTB KOJIOHHBI U JehopManuii
nomydectu O0eroHa. Pacuer cormacHo [1] mpoBoauTCs TONMBKO MO TepBOoMy MeToay. [lo HaiiieHHBIM
YCUIIMSAM  pacCuuThIBaeTCs TpeOyemasl IJIOM@aAb MPOJIOJIBHON apMaTypel W HPOU3BOAUTCS
KOHCTPYUPOBAaHUE apMaTypbl C YyYeTOM TpPEOOBaHMWN IO TOJIIUHE 3aIIMTHOTO CJIOS OeToHa.
OcymectBisieTcs: rpaduyecKuid BBIBOJ CEYCHHH € TOJOOpaHHBIMH apMaTypPHBIMH CTEP)KHIMHU.
[IpenycmoTtpeH pacuet mporuOoB KOJIOHHBI C TOJOOPAHHON apMaTypoil [IIs HOPMATUBHBIX HATPY30K.

1. PacuyerHas cxema

PacueTHast cxemMa KOJIOHHBI MpPEICTABISET COOOH IMOCTENOBATEIBHOCTh CTEPIKHEBBIX AIIEMEHTOB
(uacteit) mpousBoabHOTO ceueHus (puc.l). PazoueHne KOJIOHHBI HA YACTH HEOOXOIMMO MPHU HAJTUYUU
pa3NUYHBIX CEUEHWH, a Takke s Moadopa apMaTyphl Pa3IMYHOW IUIOMAAN WIH PAa3IAYHBIX
JUAMETPOB HA Pa3IMYHBIX YacCTSIX KOJOHHBI. YacTh HyMEpyIOTCS B HANpaBICHUH CHU3Y BBEPX.
Bo3mokno 3amanme no S50 wuacteit. IIpu pacuyere KOJIOHHBI NPUMEHSETCS TJI00alibHAs CHUCTEMa
KOOpJUHAT X)Zz, Ha4allo KOTOPO COBIAJAET C IIEHTPOM TsKECTU HUKHETO CeYeHUs KOMOHHBI. OCh X

HaIrpaBJICHAa CHHU3Y BBCPX. Ha K&)K,Z[Ofl YaCTW KOJIOHHBI BBOJUTCA JIOKAJbHas CUCTEMA KOOPAHWHAT,
BCPTHKAJIbHAA OCb KOTOpOﬁ COBHNAJAeT C JUHUECH LHCHTPOB TAKCCTU ceueHui ,Z[aHHOP'I qacTu, a
TOPU3OHTAJIIBHBIC OCH IMapaJlJICJIbHBI OCAM ), Z. Y4YuThIBa€TCSI CMEIICHHUE BepTHKaHLHOf/'I OCH 4acCTu

KOJIOHHBI IO OTHOIICHHUIO K OCH HH)KepaCHOHO)KCHHOﬁ yactu. ['maBHbBIE HCHTPAJIBbHBIC OCHU ceueHUM
MOTYT OBITH HE mapajjiCjibHbI OCIM ), Z (HaanMep, puU HECUMMCTPUYIHBIX Ce‘IeHI/IHX).

Yactn

4

Puc. 1. PacyeTHas cxema

[Ipennonaraercsi, 4TO pe3yJabTUPYIOIIAsl BEPTHUKAIbHAs CHJIA BOCIPUHUMAETCS B HWXKHEH OIOpE.
VYcnoBus ynpyroro Wi abCONIOTHO >KECTKOTO 3aKpEeIUIeHHs MOTYT 3a/1aBaThbCsi B IPOM3BOJIBHBIX
toukax. OHU (QOPMYIHUPYIOTCS JUISI TOPU3OHTAJIBHOTO IMEPEMELICHUsT M TOBOPOTA CEUEHHSI BOKPYT
TOPU30HTAILHON OCH. BO3MOKEH BBIOOP YaCTHBIX PAaCUETHBIX CXEM, JJISi KOTOPBIX HE TpeOyeTcs SIBHO
3ajaBaTh ycloBUsl 3akperieHus. Ha puc.6 nmanel Gopmyinbsl [Uis ompeaeneHus Kod(pQUIUEHTOB
KECTKOCTU YIPYI'MX CBsI3€d KOJOHHBI C IPHUCOEAMHEHHBIMM K HEW 3JE€MEHTaMM KOHCTPYKIUH.
Bo3MoskeH ydYeT MmojaTIMBOCTH OCHOBAHHWS MPHU MOMOMIM KO3(PPHUIIMEHTOB JKECTKOCTH 3aKPETICHHUs
HUOKHETO Kpas KOJIOHHbl OTHOCHUTEIbHO NOBOpPOTOB. KoadduumeHTsl KecTkocTH MNpUOIHKEHHO
OIIpEIENIAIOTCS 10 pa3MepaM (PyHIaMEHTHOM TUIUTHI M MOAYJIIO JeOopMallii OCHOBAHUSI.
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2. Ceuenus

Ha pa3nudHBIX YacTsAX KOJOHHBI MOTYT 3a/1aBaThCs Pa3IMIHBIC CEYCHUS, OTIMYAOIIUECS 1Mo (hopme
win 1o apmatype. CeueHre MOKET 3a/1aBaThCs KaK CTaHJApPTHOE ceUYeHUe (MPSIMOYTOIbHOE, KPYTOBOE
WJIM KOJIBIIEBOE CEUYCHHE) WIIH KaK MPOU3BOJIBHOE TOJUTOHAIBHOE ceueHue (puc.2).

AZ

Puc. 2. Ceuenns

Jlis IpsIMOYTOJIBHOTO CEeYeHHsI BO3MOXKHBI CIEeIyloIlue cXeMmbl apMupoBaHus A (puc.3): cxema ¢
pPaBHBIMH IUIOIIAJSAMH apMaTypbl BOiM3M BepmnH ceueHuss (A = 0), cxema ¢ paBHOMEPHBIM
pacrpeie’eHueM oA apMaTypbl BI0JIb KOHTypa ceueHus (A = 1), cxema ¢ paBHBIMHU IUIOIIASIMU
apMaTypsl BOJM3M BepXHEW M HIDKHEH CTOpOH cedeHus (A = 2), cxema C PaBHbIMH IUIOLIAASIMU
apMatypbl BOJIU3M JIEBOW U MpaBoil cTopoH ceueHus (A = 3). [inst KpyroBOTO U KOJBIIEBOTO CEUCHMIA
paccMaTpUBAETCs CXeMa apMHUPOBAHUS C PAaBHOMEPHBIM PACIPEeIEHUEM IUIOINAAN apMaTypsl BIOJIb
KOHTYpa CEUEHUsl.

3aaHue MPOU3BOJBHOIO IMOJUIOHAIBHOIO CEUEHUS OCYILIECTBIISIETCS IIYTEM BBOJA KOOPJAMHAT €ro
BepivH. Bo3moxken BBox 0 50 BepuinH. BriGop KOOpAMHATHBIX OCEil 1€KapTOBOW CHCTEMBI MOXKET
OBbITh MPOU3BOJIBHBIM. BeplInHbl 3a1ar0Tcsa B MOCIEJ0BATEIBHOCTH, KOTOPas COOTBETCTBYET 00X0ay
MOJIMTOHA TI0 KOHTYPY B OINpENeJIeHHOM HarpaBiieHUH. [Ipu 3TOM mosnuroHaibHas o0JacTh TOJKHA
0CTaBaThCs M0 OJIHY CTOPOHY (Hampumep, cjaeBa) OT HampasiieHus: ooxona. [Ipu Hanmuyuu BHYTPEHHUX
IOJIOCTEH B cedeHun TpeOyercss MPOU3BECTH pa3pesbl, MO3BOJIAIOLIME 000MTH IpaHUYHBIE KOHTYpPBI
(BHEIIHUI ¥ BHYTPEHHHE) TaK, 9TOOBI 00JIACTh OCTABAJIACh TI0 OJIHY CTOPOHY OT HAIpaBJICHHUS 00X0/a.
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Puc. 3. Cxembl apMHpPOBaHUS NPAMOYTOJIBHOIO CEUEHUS

JUis MONMMroHANBbHOTO CEYEHHs BO3MOXHBI CIEAYIOLIUE CXEMbl apMHUPOBAHMS: CX€Ma C PaBHBIMU
IUIOMIA/IIMUA apMaTypbl BOJIM3U BEPIIMH BHEIIHETO KOHTypa ceueHus (A = 0), cxemMa ¢ paBHOMEPHBIM
pacripeieiecHueM TUIOMIAIN apMaTyphbl BIIOJIb BHEIIHErO0 KOHTypa cedeHust (A = 1), mpousBoJibHas
cxema apmupoBanus. st cxem A = 0 u A = 1 HeoOXoAUMBbIE I pacueTa KOOPAMHATHI apMaTypbl
ompeaensoTcs apromatuuecku. [Ipu A = 0 HCKIIIOYAIOTCS U3 PACCMOTPEHHUS BXOJAIINE YIIBI (T.€.
yribl, Oonbmue 180 rpam). Kpome Toro, mpoBepsieTcsi BO3MOXKHOCTh KOPPEKTHOTO pPa3MEIIECHUs
apMaTypHBIX CTEP>KHEH MpU HATUYUH OJM3KUX BEPILIUH.

[Tpu BBIOOpE TTPOM3BOIBLHON CXEMBI apMHUPOBAHUS TpeOyeTCs 3a/1aTh OTPE3KU (apMaTypHBIE CIIOH), Ha
KOTOpBIX pa3Mmerniaercss apmatypa. Bo3moxken BBoa m0 50 apmarypsbix cioeB. Ciaou MOTYT UMETh
IIPOM3BOJIPHYIO JJIMHY M opueHTauuio. llpennonaraercs, yTo Mmiomagb apMarypbl pPaBHOMEPHO
pacnpeneneHa mno ciuow. Ecim anmHa cnos paBHa HYJIO, TO TaKOW CIIOM  COOTBETCTBYET
«COCPEIOTOYEHHON» IUIOAAN apMaTypbl. ApMaTypHbIE CJIOM IOJAPA3JeNAOTCs Ha CIOH C
BapbUPYEMON IUIOMIAIbIO M CJIOW C TMTOCTOSTHHOM TIJIOMIAbI0 (HEM3MEHIEMON TIpH pacdeTe TpedyeMon
apMaTypbl). 1 KaXJI0ro apMaTypHOTO CJIOSI ¢ BapbUPYEeMOM IUIOIIAAbIO ONpEAEIseTCs ero 10 OT
oO1elt riom@aan apMaTypsl (IIpy 3TOM CIIOM € MOCTOSIHHOM IUIOIIA/IbI0 HE YUUThIBatOTCs ). Jlomst ciost
pPAacCUMTBIBACTCS 110 3aJaHHBIM OTHOCUTENIBHBIM IUIOMAAM Kak k;, = A, (A, + A, +...), tae i=12,...;

A,,4,,... — OTHOCUTENbHBIE IIJIOIIAU apMAaTyPHBIX CJIOEB C BappbUpyeMOil momaaeto. Ilnomans i-ro
rae A,

s tot

cios ompenensercs no popmyne A, =k, - A — ofmas miomaas apMatypsl (6e3 yuera

s, tot 2

nocTostHHOM miomaau). [Ipu momomm pacuera OTHICKMBAETCA OOIIas IUIOMIAAL apMaTypbl A a

s,tot >

3areM 1o Ko3((PUIUEHTaM k; BBIUNCIAIOTCS IUIOAAN apMaTYPHBIX CIOEB A, .
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3. Harpy3ku

Bo3MOKHEI CJICAYIOIHMEC HArpy3ku: COCPCAOTOUCHHLIC BCPTHUKAJIBHBIC W TOPU3OHTAJIBHBIC CHIIBI,
COCPCAOTOYCHHBIC MOMCHTBI, PACHPCACICHHBIC TOPHU30HTAJIIBHBIC W BCPTHUKAJIBHBIC HAIPY3KH,
CMCHICHUSA W IOBOPOTHI KCECTKUX OIIOP. Bo3MoxkeH aBTOMaTHYECKHUM yueT COOCTBEHHOTO Beca
KOJOHHEL. IloIOXXUTENbHBIC HalpaBJICHHWA HArpy3oK IIOKa3aHbl Ha pI/IC4 ITonoxureapHBIC
HallpaBJICHUA CMCIHCHHP’I KCCTKHUX OIIOp COBINAAAKOT C HAIIPABJICHUAMHU KOOPAWUHATHBIX oceH.
IlonoxutenbHEIE HalpaBJICHHUA TIMOBOPOTOB JKCCTKHUX OIOp COBIAAAOT C TMOJOXUTCIbHBIMU
HaIlpaBJICHUAMHU MOMCHTOB.

dy qz

dQys qdz

qu y qzm Z

Puc. 4. TlonoxxuTenbHble HAMPABIEHUS HATPY30K

[Ipu pacyere mo [1] unu [2] kaaccudukanus ¥ KOMOMHUPOBAHUE HArpy30K MPUHUMAIOTCS COTJIACHO
CHulIl 2.01.07-85 «Harpy3ku u Bo3aeiicTBusi» [6]. Harpysku mnoapa3aenstoTcss Ha MOCTOSHHBIE,
JUTUTENIbHBIE, KPAaTKOBpEMEHHbIE W ocoObie. KomOMHMpOBaHHME Harpy30K NPEICTaBIAeT COOOM
IeHepaLUI0 MHOKECTBA BO3MOXKHBIX KOMOMHAIMH Harpy3ok ¢ y4eToM Ko3((UIMEHTOB HaJEKHOCTU
10 HAarpysKe y , ¥ KO3OUUMEHTOB, CBA3AHHBIX C OHOBPEMEHHBIM YYETOM JIBYX U 00JIe€ BPEMEHHbIX

Harpy3ok. [Ipu Hammumu OcoOBIX HArpy3o0K Hapsiay C OCHOBHBIMH KOMOWHAIIMSIMH TE€HEPUPYIOTCS
Takke ocobple koMOmHanuu. [Ipu yuere aedopmanuii moazydecTd OeToHA IS KaXKJAOW pacdyeTHOU
KOMOHMHAIINY ONpPEIEsIeTCS COOTBETCTBYIONIAS KOMOMHAIIMS ITUTENHHO AEUCTBYIONINX HOPMAaTHBHBIX
HarpysokK. HpI/I OTOM TIIOCTOSAHHBIC W IJIWUTCIBHBIC HArpy3Kd BXOAAT C IIOJHBIM 3HAYCHHUCM, a
KPAaTKOBPEMEHHBIE HATPY3KH YUUTBIBAIOTCS C KOA(QPHUIIMEHTOM JIIUTENBHOM yacTh K, .

IIpu pacuere mo [3] kmaccuduramuss ¥ KOMOWMHHPOBAHHE HATPY30K MPHHUMAIOTCS COTJIACHO
[Ipunoxxenuro A. Harpy3ku nopa3fenstorcs Ha MOCTOSHHBIE, IEpEMEHHbIE U 0COObIE, 2 KOMOUHAINH
Harpy3ok - Ha ocHOBHbIE (A.4) u ocoOble (A.5). UactHble ko3dduienTs! O6e30macHOCTH ¥, s

HAarpy3ok npuHumarorcs mno Ttabmuue A.2. KomMOuHanuoHHbIE KOA(PQUUUEHTHI W, W/, ,Y¥, U

MEPEeMEHHBIX HAarpy30K MNpuHUMaroTcs mno Ttabmuue A.l. IlpegycMoTpeH BBOJ HECTaHIAPTHBIX
3HA4YeHUH ). ,¥,,¥,,W, A OTAEIbHBIX Harpy3ok. KomOnHNpOBaHNE HArpy30K MpeACTaBIIseT coOoi

TCHEepaIUI0 MHOXKECTBA OCHOBHBIX M OCOOBIX KOMOWHAIIMI HArpy30K C Y4ETOM OJarompusTHOTO |
HeOmaronpusTHOrO 3¢ @deKTa OT HArpy3oK, a Tak)Ke€ BO3MOXKHOCTH JIOMHHUPOBAHUS KaKIOW W3
NMepeMeHHbIX Harpy3ok. Ilpu yuere nedopmanuii mon3yuecTd O€TOHA AN KaXJIOM pacueTHOM
KOMOMHAIMK onpenensercs mo (A.8) cOOTBETCTBYIOMIAs MPAKTHYECKH MOCTOSHHAS KOMOWHAIWS
Harpy3oK.
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Bo3MoxeH BBOI HeCOYeTaeMbIX HArpy3oK. Takue Harpy3Ku BKJIIOYAIOTCS B TPYIIy HECOYETAEMBIX
Harpy3ok. B KOMOMHAIMIO MOXKET BOWTH TOJBKO OFHA Harpy3ka W3 Kaxaou rpymnmsl. Hymepanms
TPyl HAYMHAECTCS C €IMHMIBL ['pyNmbl MOIyT IPUMEHATHCA, B YACTHOCTH, IIPH Y4E€TE€ BETPOBBIX
Harpy3ok (IIpd pacCMOTPEHHUH AEHCTBHSI BETpa M0 PAa3IMYHBIM HANPABIECHUSIM) U KPAHOBBIX HArPy30K
(Ipu paccMOTPEHUH Pa3IMYHBIX MOJIOKEHUH KpaHa). Bo3Mo)keH BBOJI 3HAKOIEPEMEHHBIX Harpy3ok. B
ITOM CIIydae B pacdeTe y4YUTHIBACTCS KakK 3aJaHHAs HArpy3Ka, TaKk M Harpy3ka IPOTHUBOIIOJIOXKHOTO
3HAaKa.

Jlnis cokpalteHus BBIYMCICHUH U 00beMa BBIXOAHOTO IOKYMEHTa MpelyCMOTPEHBI 1Ba METO/Ia BbIOOpa
KOMOWHAIMI Harpy3ok, /i KOTOPBIX TPOBOAMTCA pacueT. Ilpm pacyere KOJOHHBI IO
Hee(hOPMUPOBAHHON CXEME€ BBIOMPAIOTCS TaKMe KOMOWHAIIWH, JJII KOTOPBIX M3THOAIOIINe MOMEHTHI
(MM SKCLIEHTPUCHUTETHI) MPUHUMAIOT HauOoibiuue 3HadyeHus. Ilpu pacuere mo pedopmupoBaHHOM
CXeMe IMpeayCMOTpPEeHbl JBa MeTojaa BbIOOpa KoMOuHanumii Harpy3ok. Ilo mepBomy wmetomy
BBIOMPAIOTCSI TaKWE KOMOWHAIIMH HArpy30K, JUIsl KOTOPHIX TpeOyeMast IuIolaib apMaTypbl IPUHUMACT
HauOoJIpIlIee 3HAYEHUE B OJHOM M3 CeueHHMH KosIoHHBI. [Ipu 3ToM Tpebyemas miomaab apMaTypbl
orpenensercss 0e3 ydera HIKHEH TpaHHIbl KO3 QHUIHEHTa apMUPOBAHHS 110 YCHIIUSAM, HalJICHHBIM
IPU TIOMOIIU JIMHEHHOTO pacueTa Mo AeGOpMHUPOBAHHOW CXEME C yUYETOM HECOBEPIICHCTB KOJIOHHBI,
HO Oe3 yuera moyzydyectd OeroHa. HeoOxomumble aisi pacuera apMmaTypbl pacCTOSHHUS OT TpaHel
CeueHMs /0 IEHTPOB TKECTU IUIOUIAJCH apMaTypbl ONPEAEISIOTCA IO 3aJaHHBIM HauOOJIBIIUM
nraMeTpaM ctepkHed. [1o Bropomy MeToay BBIOMpPAIOTCSl TAaKUE KOMOWMHAIIMU HArpy30K, JJIsi KOTOPBIX
YCUJIMSI MJIM TPOTHOBl MPUHUMAIOT HAWOOJbIINE IOJIOKUTENIbHBIE 3HAUYEHUs (max-3HaYeHUs) WU
HauOOJIBIINE TTI0 MOJTYJIIO OTpULIATEeNbHBIE 3HaUeHU (min-3HayeHus). Ecnu npu BeiOOpe KoMOMHaIMi
Harpy3oK I0 MepBOMY METOy TpeOyeMmas IUIOMmaab apMaTyphbl OKa3bIBACTCS PAaBHOW HYJIIIO IS BCEX
KOMOWHAIIMI HArpy30K, TO aBTOMATUYECKH OCYIIECTBIISICTCS BHIOOP KOMOUHAIIHIA TT0O BTOPOMY METOILY.

Bo3MokeH BBOJI T'OTOBBIX pPAaCUYETHBIX KOMOHMHALMiI Harpys3ok. 3ajaBaeMasl Kak BHJ Harpy3Kd
pacueTHas KOMOMHaLusl A00aBiseTcs K MHOXECTBY CIE€HEPHUPOBAHHBIX OCHOBHBIX KOMOWHAIUI
Harpy3ok. B wacTHOCTH, BO3MOXEH BBOJ JIUIIIb TOTOBBIX KOMOMHanuil Harpy3ok. Ilpu pacuere s
TOTOBBIX KOMOMHAIMKA HE MPOM3BOIUTCS yuyeT Aeopmanuii monzydecTd. | 0ToBble KOMOMHAIIUU HE
CTaBSTCS B pacueT MPOTruOOB KOJIOHHKI C MOJ0OpaHHOMN apMaTypoil.

4. Pacuer no HexepopmMupoBaHHOM cxeme

Pacuer ycunmii OCHOBBIBA€TCS HA MOJICIH JTMHEWHOTO Ne(OPMHUPOBAaHUSI OETOHA U BBHIMOJIHACTCS Oe3
yudeTa apMaTypbl. B kax10if KOOpAMHATHON TJIOCKOCTH BIMSHUE MPOrnda Ha BEIMYUHY W3THOAIOIIETo
MOMEHTA YYHUTBIBACTCS IyTeM YMHOKEHHUS HAIEHHOTO MOMEHTa M Ha MOBBIIIAIONINH KOA(PPUITHESHT
n. Takoit moaxon HazwiBaeTcs B [7] (ctp.106) cmocobom kputmueckux cuia. Kosaddunuent 7

BBIYHCIIICTCS 110 (hopMmyJie:

L
- N
N

cr

77:

rae N - mpoponbHas cuia, N . - KpUTHUECKas CHJIa, KOTopas ompenensiercs corjacHo [1],m.3.24,

cr

[2],m.6.2.16, [3],1.7.1.3.14. ®opmyna 15t KPUTUYECKON CUIIBI MOKET OBITh 3allCaHa B BUJC:
2
n°D

cr 2
10

N

rae D - KeCTKOCTb KOJIOHHBI, [, - pacuerHas anuHa. Ilpu ompenenenun D no ¢dopmymnam,

MPUBEJCHHBIM B HOpPMax, MPHOIMKCHHO YYHTHIBAIOTCS HEYNPYrHe CBOHCTBa OETOHA, HAIWYHE
TPEUIMH M TOJ3y4ecTh OCTOHA MPH JUTUTEILHOM JICHCTBUM HArpy3ku. PacdeTHas [uiMHA MPUHUMACTCS
coriacHo pekoMmeHaanusm HopM ([1],m.3.25, [2],1m1.6.2.18, [3],1m.7.1.3.8).
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CormacHo [1] &KecTKOCTh BRIYHUCIISIETCS IO (hopmyIie:

4 EI 0
p=04Els (OML oy B
7o ¢, 0.1+9,

3necwy E,,E - Mmogynu ynpyroctu 6etoHa u ctanu; /,,/ - MOMEHTbl HHEpLUU OETOHHOIO CEYEHUs U
IUIOILAAM CEYEHUsI apMaTypbl OTHOCUTENIBHO LIEHTPAJIbHOM OCU CeYeHUsl, O, = e,/ h - OTHOCUTEIbHBIN
9KCLEHTPUCUTET NPOJOIbHOMN CUIIbI (/1 - BBICOTA CEYEHHUs B INIOCKOCTH u3ruba), ¢, =1+ f-M, /M, -
napameTp, YYUTHIBAIONIMKA JIUTEIbHOE JehcTBUE Harpy3ku (S =const). CormacHo [3] *KECTKOCTb

BBIUMCIICTCS aHATOTMYHBIM 00pa3oMm. B [2] popmyra amst skecTKOCTH UMeeT BU:

0.15E,1
D=—"""0"b L 07EI
9,(03+36,)
9KCI_[6HTpI/ICI/ITeT €, ONpeACIIICTCA OTHOCUTCIIBHO LCHTPA TAXKCECTU IPUBCACHHOIO CCUYCHUSA (HpI/I

HECUMMETPUYHOM apMHUPOBAHUU IEHTPHl TSHKECTH OETOHHOTO W TMPHUBEACHHOTO CEYCHHUH He
coBnajator). Ilpu onpenenenun e, yuyuTbIBaeTCa Cly4aiHbll skcueHTpucurer e, ([1]m.1.21,

[2],1.4.2.6, [3],01.7.1.2.11). Cornacuo [1] u [2] npu pacuere CTaTUYECKH OINPEACIUMON KOJOHHBI

M N
SKCHCHTPUCUTET €, IPUHUMACTCA PaBHLBIM W—i_ea’ a Ipu pacyeTe CTATUYCCKHU HCONPCACIUMOU
M M M
KOJIOHHBI — PABHBIM ——, CCJIIN —— >e  ,Hu paBHBIM € , €CIIU —— < e . CormacHo [3] OKCHOCHTPUCUTET
N s N a?’ a?’ N a

M
e, Bcerjaa NIPpUHUMAaeTCs paBHbIM N +e,.

Mowmentsl M, M, BBIYHCISIOTCS OTHOCUTEIBHO OCH TSXKECTH Haubolsee pacTsHyTOH (WM HaMeHee
CKaToi) apMaTypbl o ycunuaM N,M OT MONHOW Harpy3ku W mo ycwmusm N,,M, oT JUINTEIbHO
JeHcTByrolel 4dactu Harpysku. IIpm pacuere N,,M, cormacHo [1] u [2] B pacyer craBsATCA

MOCTOSTHHBIE U JUIMTEJIbHBIE HArpy3KH, BXOJAIIME B pacCMAaTPUBAEMYI0 KOMOHMHAILIMIO, a TakKke
JJIUTCIIBHBIC YaCTU KPATKOBPEMCHHBIX HAIPY30K, BbBIYHUCIACMBIC 110 3adHHBIM IIpU BBOJAC
ko3 duuuentam K, . Cornacho [3] N,,M, paccuuTbiBatoTCA OT MOCTOSHHBIX Harpy3ok. B pacuere

JUIs TOTOBOM KOMOMHAIIMK HAarpy3oK npuHumaercs, uto N, =0,M, =0.

N3rubHas sxecTkocTh D Kak BEIMYMHA, 3aBUCAINAs OT 3HAYCHUI MOMEHTa M depe3 mapamerTpsl ¢, U
e, B 00IIeM CiTydae U3MEHSETCS 110 BBICOTE KOJIOHHBL. Tak kak D BBIYHCISIETCS C yUE€TOM apMaTyphbl,

pa3MEILIEHHOW B CEYEHHM, TO 3HAYEHHSI PACUETHOrO MOMEHTa 77M TakKe 3aBHCAT OT IUIOLIAJH

apMatypsl. [loaTomy TpeOyemas apmaTypa MOKET ObITh pacCUMTaHA TOJILKO NP MMOMOIIM UTEpaLMi.
Ha Ttexkymem wurTepanMoHHOM Iiare Juisi HAWACHHOM IUIOAAM apMaTypbl  BBIYMCISIOTCS
KOO QUIMEHTBI 77, U 77., 3aTE€M ONPEAEIAIOTCS PACUETHBIE MOMEHTBI 77, M |, v 717.M _, neficTByromme

B IUIOCKOCTSIX Z W Y , a 3aTeM BbluMcisieTcss TpeOyemas Iuioniaib apMaTypsl. Jlajgee BbIMOIHSIETCS

clenyromas wurepamnus. VTepalMoHHBI NpoIlecC OKAHYMBACTCS TOTAQ, KOTJAa OTHOCHTEIHHOE
MpUpaIIeHUE TJI0IAIN apMaTyphl ctaHoBuTcs MeHee 0,1%.

[Ipu pacdere KOJIOHHBI coryacHo [1] TpeOyemas apmaTypa OnpenesnseTcs B COOTBETCTBUM C 11.3.28%*.
PacuetHoe compoTuBieHHe O€TOHA MpPU CHKATUM MPUHUMAETCS ¢ KOA((UIHUEHTOM YCIOBUN pabOTHI
0eToHa }p, KOTOPBIH OMpEneNseTcs] Kak MpPOHW3BEIECHUE OTIENBHBIX KO03()PHUIMEHTOB J); COTIACHO

tabnume 15. Tlpu stomM KOADPUITMEHT )p), 3aBUCSIIMA OT JJIMTEILHOCTH JIEWCTBHSI HArpy3KH,
OTIpeNeNsIeTCs ISl KaXK10i KOMOMHAIIMY HArpy30K 10 OTAEIBHOCTH. PesynpTupyrommii Koapduient

yCIIOBUH paboThI ¢ yueToM ko3 duirenra y,, He MoxeT ObITh MeHee 0,45.
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[Ipu pacdere kosoHHBI corytacHo [2] u [3] Tpebyemast apMartypa onpeaesieTcss Ha OCHOBE HETMHEHHON
nepopmanmonnoin moxenu ([2],m.6.2.21; [3],m.7.1.1.2). IIpu pacuere mo [2] mpeaycMOTpeH BbIOOp
pacueTHOM AMarpaMMBbl COCTOSIHUS CKaToro Oerona. PacueT Tpebyemoit apMaTypsl 1o [3] mpoBOIUTCS
py napaboInYecKU-TMHEHHON AUarpaMMe COCTOSIHUS CKaToro OeToHa, MpUMEHSIEMOH B ciIydae, ecliu
YCHUJIUS ONIPEIEIISIOTCS IMyTEM JIMHEHHO-ynpyroro pacuera (6e3 yyeTa HEyNnpyrux CBOWCTB OETOHA U
apMaTypHOH CTajn).

[IpenenbHble yCUIUS BRIPpAXAIOTCS Yyepe3 NeUCTBYIOIIME yCHIUs o popmynam:

Nu:}/u.N’Myu:}/u.My’Mzu:yu.M

z

IIpouHocTh ceuenus obecneyena mpu y, = 1. Omubku npu pacuere TpeOyeMoi apMaTypbl BEIBOASTCS

Torja, korga onu npesbimatoT 1%. Ilossnenue undopmanuu o0 omuOKkax BO3MOKHO, B YACTHOCTH,
npu pacuere TpeOyemMol apMaTypsl B IPOU3BOJIBHOM IIOJMIOHAJIBHOM CEUEHHM, €CJIM CXeMa
apMHUpOBaHMSI 33/1aHa HEKOPPEKTHO.

[IpeqycMoTpeH aBTOMATHYECKUA YyYE€T HIDKHEW TrpaHulpl Kod(duiuenta apmupoBanus. Ecmu
TpeOyemas IUIONab apMaTypbl OKa3bIBAETCS MEHBIIE IUIONIAJd MHHMMAIBLHOTO apMHUPOBAHHS, TO

pacuer momeHroB 7, M ,n M _, ounpexeneHue npepenbHelx ycwmud N,,M M, a Takxke

KOHCTPYHPOBAaHUE apMaTypbl MPOU3BOAATCS MO IUIOMAANM MHHHMAIBLHOTO apMUpOBaHHs. HinkHss
rpaHuna Kod(pQUIMEeHTa apMUPOBAHHS NPUHUMACTCS B 3aBUCUMOCTH OT HAWOOJBIIEr0 3HAYCHUS
rUOKOCTH KOJNOHHBI A, =max(4,,4.) cormacho [1],m.5.16, [2],n.8.3.4, [3],m.11.2.2. I'nbkocth

mq

KOJIOHHBI B KaX10 KOOPJMHATHOM INIOCKOCTH BbIUUcIsieTcs o popmyne A =1,,/A4, /I, .

Bo3mokHa mpoBepka HecyIied CIoCOOHOCTH KOJIOHHBI TIPH 3aJlaHHOW apMarype. s mpoBenaeHus
MPOBEPKHU HAJ0 BBECTH CEUEHUE KOJOHHBI KaK MPOU3BOJIBHOE MOJUTOHAIBHOE C MPOU3BOJIBHOM
CXeMOM apMHpOBaHMs. 3aT€M BBECTH apMaTypHBIE CIOU M WX IUIOLIAJH, yKa3aB, YTO OHU SIBIISIOTCS
MMOCTOSITHHBIMH. B 3TOM ciydae MpOW3BOAUTCS JUHEHHBIN pacueT yCcuiaui mo HeaehOopMHpOBaHHON
CXEMe, M OMNpPEACIISIIOTCS PAaCYETHbIE MOMEHTHI 77M B KaXJ0il KOOPAWHATHOW TUIOCKOCTH, a 3aT€M

MpoBEpseTCsl Hecyllas CrnocoOHOCTh cedeHus. Ecnam 3amaHHas IUIOMA[b apMaTypbl MEHBIIE
TpeOyeMoid, TO BBIBOJIUTCS coolmieHne «PacdeT TpedyemMoil apMaTypbl HEBO3ZMOXKEH ! ».

J1J1 KOJTIOHHBI IPSIMOYTOJIBHOTO CEYEHUSI MPEYCMOTPEH pacueT Mo MPOYHOCTH HAKIOHHBIX CEUEHUN C
y4eTOM JEHCTBUS TMPOJOJNBHOW CWibl. [loroHHas TUIOMIA[b TOMEPEYHOW apMaTypbl  Ag,/s,,
paccuuthiBaeTcst cornacHo [1],mm.3.31%*, 3.32, [2],n.6.2.34, [3],mm.7.2.1.1, 7.2.1.2, 7.2.1.5, 7.2.2.7 -
7.2.2.10. Kpome TOro, mpoBOIMUTCS NPOBEPKA MPOYHOCTH HA ACHCTBUE TMOMEPEYHON CHIIBI 10
HAKJIOHHOHM TOJIOCe MEXIy HAKIOHHBIMH TpemuHaMmu. Eciu yciaoBHe MPOYHOCTH MO HAKIOHHOU
TI0JIOCE HE YIIOBIIETBOPSETCS, TO BBIBOJUTCS COOTBETCTBYIOIEe coodmienue. [Ipu pacuere mo [1] u [3]
IUIONIa/lb apMaTyphl, HalJIeHHas W3 YCJOBHUS MPOYHOCTU IO HAKJIOHHOM TpEIIUMHE, MOXET OBITh
yBEJIMYEHA JUIsI TOTO, YTOOBI BBIMOJHSAJIOCH YCIOBHE MPOYHOCTU MO HAKIOHHOW Tojoce. YCIoBHE
MIPOYHOCTH TPU KOCOM M3THbOe mpuHUMaeTcs cornacHo [9], 1.3.39 B Buze:

2
S 2 IO B
Qb,y + st,y Qb,z + st,z

2

S. Pacuyer no nepopMmupoOBaHHOM cXeMe

[IpenycMoTpeHsl ABa BUAA pacyeTa YCWIMN: JUHEWHBIA pacyeT W HEJIMHEHHBbIN pacdeT. JIMHEHHbIN
pacdeT OCHOBaH Ha MOJIETH JIMHEHHOTO AeopMUpoBaHUs OETOHA U MPOBOAUTCS O€3 yuera apMaTyphl.
B sTom cnyyae kpuBu3Ha (YIJI0BOH KOA(PQPHUIMEHT 3MMI0pbl AedopMannii) B Kax 10 MIOCKOCTH U3rubda
BeIpaxkaercst mo Qopmyne x =M /(El),. Cucrema ypaBHEHUIl NPOAOJIBHO-TIONEPEYHOTO H3ruda

SIBJIAETCS TUHEWHOM.
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B HemuHelHOM pacuere KpUBHM3HBI K, M K, ONPEIEISIOTCS Yepe3 yCHIMsA Ha OCHOBE AMarpamm

coctosiHus (AepopmMupoBaHus) cxkaroro OeToHa u apMartypHoil ctanu. [Ipu pacuere cormacHo [2]
MIPUMEHSIETCS UarpaMMa COCTOSIHUSI O€TOHa, BRIOpaHHAsl TIPU BBOJIE, a MPHU pacuere corjacHo [3] -
KpUBOJIMHEWHAs auarpamma. l3-3a HeIMHEWHOro XapakTepa 3aBUCUMOCTH KpPHBH3H OT YCHJIUHU
CHUCTeMa ypaBHEHUH NPOAOIBHO-TIONEPEUHOr0 u3ruba sBisiercs HenuHelHoil. [IpousBonnas
KPUBU3HBI IO W3TUOAIONIEMY MOMEHTY MOXET paccMaTpuBaThbCsi Kak BeJIMYMHA, OOpaTHas K
JIOKaJTbHOW M3TUOHOM >KECTKOCTH KOJOHHBI. [Ipy HaMW4uM TPEIIuH KECTKOCTh KOJIOHHBI B HECKOJBKO
pa3 MeHbIlIe )KECTKOCTH, BBIYMCIECHHOW B MPEINONOKEHUU YIPYroi paboThl OeTOHA W apMaTypHOM
crany. HenuHelHsblii pacyeT IpOBOAUTCSA IPU MOMOIUM MeToAa urepauuil. MrepanmoHHbIi npolecc
OKaHYMBACTCS TOT/Aa, KOTJa OTHOCUTEIbHBIE NPHUPAIIEHUS MOMEHTOB, IPOTHOOB M IUIOMIATH
apmaTypbl cTaHOBATCS MeHee 1%. Jliss KOHTpOJIsI TOYHOCTH PE3YyJIbTATOB HEIMHEHHOTO pacuera
YCWINN BBIBOJUTCS MTEpAIMOHHAs OIMOKAa. B HenMHEWHOM pacyeTe KpPUBHU3HBI OMPEACISIOTCS B
MPENOIO0KEHUN HENPOJOJDKUTEIBHOIO JEUCTBUS Harpy3ok. lIpu HpoaoKUTETbHOM JEHCTBUU
HArpy30K BO3HUKAIOT Aedopmanuu noji3yuectd 6etoHa. VX BiusHUE ydUTHIBaeTCs MyTEM BBEICHUS
COOTBETCTBYIOIIUX HAYaTbHBIX MPOTHOOB.

[IpenycMoTpeH BbIBOJ Harpy30K Ha ONOpPbI (OHM MPOTHBOIIOJIOXKHBI 110 3HAKY PEAKLUSAM OMOp). DTH
JTaHHbIE MOTYT MCIOJIb30BaThCS MPU pacuere MPUCOEAMHEHHBIX K KOJIOHHE 3JIEMEHTOB KOHCTPYKIIMH
(B wactHocTH, mIpu pacuere (yHmameHTa). [lyis KOHTpONS pPe3yibTaTOB HPEAYCMOTpPEHa MpOBEpKa
paBHOBECHUS] KOJIOHHBI B JIe()OPMHPOBAHHOM COCTOSIHUM (T.€. C yYETOM PAaCCUMTAHHBIX MPOTHUOOB),
HaxOJSIIEHCs MO AeUCTBHEM KOMOWHAIIMY HAarPy30K U PEaKIUil CBSI3EH.

Pacuer TpeOyemoii apmaTyphl NpPOBOAWTCS Ha OCHOBE HEIWHEHHON aedOopMallMOHHON MOAETH
([2],m.6.2.21, [3],n.7.1.1.2). TIpu pacuere mo [2] HpeAyCMOTpPEH BBIOOp pacyeTHOM AuarpamMmbl
cocTosiHMsI cxkaroro OeroHa. Ilpu pacyere apmarypsl corjiacHO [3] MO yCHUIUSIM, TOJYYEHHBIM B
JUHEHHON 3amade, I CXKATOTO OCETOHA MPUMEHSIETCS TapaboIMYeCKU-THMHEHHAsS auarpaMma.
[penenbhble ycumst onpenessores kak R(aAf, /., [, /7, ). Ilpu pacyere apMaTyphl 110 yCHIHAM,

IIOJIyYEHHBIM B HEJIMHEHHOM 3a7a4de, IPUMEHAETCS KpUBOIMHENHAs auarpamMma. lIpenensHble yeunus
onpenensiorest Kak R(f z, fx)/7p-10€ fop =M s for =111, vp =1.35.

[IpenenbHble ycunus BeIpa)karoTcs uepe3 AeUCTBYIONINE YCHINA M0 popMyiam:

Nu:}/u.N’Myu:}/u.My’Mzuzyu'M

z

ITpouHocTs ceuenus obecnedeHa npu y, = 1. Omumbku npu pacyere TpedyeMoi apMaTypbl BIBOIATCS

TOT/1a, KOrJaa oHU mpeBbimarT 1%. [losBaenne nHpopmanuu 00 omMOKax BO3MOXHO, B YaCTHOCTH,
npu pacuete TpeOyeMol apMaTypbl B IPOU3BOJIBHOM TIOJMITOHAIBHOM CCUCHHH, €CJIH CXeMa
apMHUPOBaHUSI 3a/1aHa HEKOPPEKTHO.

[IpenycmMoTpeH aBTOMATHYECKUA YyYE€T HIDKHEW TpaHuIpl Kod(duimenta apmupoBaHus. Ecmu
TpeOyemas IIOIAadb apMaTypbl B HEKOTOPOM CEYEHMH KOJIOHHBI OKAa3bIBA€TCSl MEHBILE ILUIOLMIAIN
MHMHHMAaJIbHOTO apMHPOBAaHUs, TO ILIOILAAb apMaTypbl B 3TOM CEYEHHMU YBEJIMYUBAETCS A0 ILIOLIAIU
MHMHHMMAJIBHOTO apMupoBaHus. HwxHsas rpanHuna koddduimeHTa apMHpOBaHMsS NPHHHMAeTCs B
3aBHCHMOCTH OT HAauOONIBIIEro 3HayeHus TUOKOCTH KONOHHBI A, =max(4,,4,) cormacHo

m

[2],m.8.3.4, [3],m.11.2.2. TuOKOCTh KOJOHHBI B KXKIOW KOOPAMHATHOM IJIOCKOCTH BBIUUCISIETCS IO
bopmyne A=1[,4/A4,/1,, B KOTOpoii pacueTHas AIMHA [, ompeleyseTcs A ciaydas NPUIOKECHUS

BEPTUKAJILHON CHJIBI HAa BEpXHEM Kparo KOJIOHHBI. PacueTHas JuimHa [, mpeicTaBiseTcs Kak
l,=x[E,I,/(n.N)]"?, tne 7. — KO>(pQUIMEHT KPUTHYECKOH HArpy3Kd, DPaBHBIH OTHONICHHIO
MIPOAOJIBHOM CHIIBI MIPHU JOCTHXKEHUH KPUTUYECKOTO COCTOSIHUA K JICMCTBYIOIIEH MPOIOIbHOM cuie N.
KoadummenT 7. oTbICKMBaeTCS IMyTeM pEIICHHS 3a1add 00 yNpyrod yCTOMYMBOCTH KOJIOHHBI ITPH
3aJJaHHBIX YCIOBUSX 3akperieHus. Koadduimment 7. sBIsSeTCs CHCTEMHON XapaKTEPUCTHKON
KOJIOHHBI.
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Bo3moxken pacuer TpeOyemoil apMaTypbl CO CTyNeHYAaThIM pacmupeneieHueM. [Ipu stom TpeOyemas
apMarypa ompeaemnseTcs g KaxJI0H 4acTH KOJOHHBI HE3aBUCMMO OT HOMepa cedeHus. TpeOyemas
TUIOIA/Ib apMATypPhI B O0IIEM clTydae OKa3bIBACTCS PA3IMIHON HA y4acTKax KOJOHHBI C OJTMHAKOBBIM
HOMepoM ceueHusl. Bo3MOXKHO yKka3aTh 4acTH KOJIOHHBI C OJWHAKOBOM IUIoLIaabio apMmaTypsl. [lpu
CTYIIEHYaTOM paCHpeleICHHd apMaTyphbl, KaK MPaBHIIO, YMEHbBIIAETCS OOImui 00beM apMaryphl B
KOJIOHHE.

Bo3mokHa mpoBepka HecyIiel CroCOOHOCTH KOJIOHHBI MPH 3aJlaHHOW apMmarype. s mpoBeaeHus
MPOBEPKM HAJI0 BBECTU CEUEHHUS KOJOHHBI KaK IPOW3BOJIBHBIE MOJUTOHAJBHBIE C MPOU3BOJIBHOU
CXeMOM apMHpOBaHMs. 3aT€M BBECTH apMaTypHbIE CJIOU M UX IUIOLIAJU, YKa3aB, YTO OHM SIBIISFOTCS
MOCTOSIHHBIMH. B 3TOM ciyuae MpOM3BOIUTCS HETWHEWHBIH pacdeT YCWIWW 1Mo JAehOpMHUpPOBAHHOU
cXeMe W U1 HaWJACHHBIX YCWJIMH TpOBEpsieTCsl Hecyllas CrocoOHOCTh ceueHuid. Ecnu 3amaHHbIC
IJIONIAIM apMaTypbl MEHBIIIE TPEOYEMBIX, TO BBHIBOAUTCS coobieHue «Pacuer Tpedyemoit apMatypbl
HEBO3MOXKEH!».

,21.]'151 KOJIOHHBI IPAMOYTOJIBHOT'O CCUCHUA NMPCAYCMOTPEH pacdCT IO IMPOYHOCTHU HAKIOHHBIX CEUYCHMI C

y4eTOM JCHCTBHSI TPOJOJIbHOW Cuibl. [loroHHas TUIOMIA[b TOMEPEYHOW apMaTypbl  Ag,/s,,
paccuuThiBaeTcs cornacHo [2],m.6.2.34, [3],nn.7.2.1.1, 7.2.1.2, 7.2.1.5, 7.2.2.7 - 7.2.2.10. Kpome ToOT0,
MPOBOJIUTCS TIPOBEPKA MPOYHOCTH Ha JEHCTBUE MOMEPEYHON CUJIBI MO HAKJIOHHOM IOJO0CE MEXIY
HAKJIOHHBIMU TpelrHaMu. Eciau ycrnoBue MpoYyHOCTH MO HAKJIOHHOW MOJIOCE HE YAOBIETBOPSETCS, TO
BBIBOJIUTCSI COOTBETCTBYIOIIee coobuienue. [Ipu pacdere mo [3] muiomans apMaTypsl, HalJeHHAs U3
YCIJIOBHS TPOYHOCTH IO HAKJIOHHOW TPEIIUHE, MOKET OBITh YBEJIMUYEHA JIJISI TOTO, YTOOBI BBITOHSIIOCH
yCIIOBHE MPOYHOCTH MO HAKJIOHHOM Moyioce. YCIOBHE MPOYHOCTH MPH KOCOM H3THOE MPUHUMAETCS
coryiacHo [9], n.3.39 B Buje:

2

2
Qy + Qz S 1
Qb,y + st,y Qb,z + st,z

6. KoncrpyupoBanue

KoHcTpyupoBanve npOJOJIBHOW apMarypsl B CEYEHUSAX KOJOHHBI TPOU3BOAUTCA C y4ETOM
HOPMATUBHBIX TPEOOBaHU IO 3alUTHOMY CJIOI0 OETOHA, 32 UCKIIOUEHHEM CIy4das MOJUTOHAIBLHOIO
CEUEHUs] C TNPOU3BOJILHOM cxeMmol apmupoBaHus. s ydera 3THX TpeOOBaHHMM pacueT KOJOHHBI
MMPOBOAUTCA ABaXKIBI. H606XOI[I/IMI)I€ AJi1 pacdyeTa pPacCTOsAHHA OT LECHTPOB TAXKCCTHU HJ'IOHIa)IGI\/JI
apMaTypbl 10 KOHTypa CEYEHHs IEpBOHAYAIBHO ONPEAEISAITCS IO 3aJaHHOMY HauOOJIbLIEMY
JUaMeTpy CTEpKHEW C y4eTOM AuaMeTpa XOMyTa M 3aJaHHbIX MUHUMAJbHBIX TOJIIUH 3alUTHOIO
ciosi 0eToHa JJIs IPOJIOJIbHOM U monepeyHoi apMatypsl. [lo pesynapTaTam nepBoro pacyera KOJIOHHBI
IIPOU3BOJIUTCS. KOHCTPYHUPOBAHUE apMaTyphl, U KOPPEKTUPYIOTCS PACCTOSHUS OT LEHTPOB TSXKECTU
IUIOIaIed apMaTypbl O KOHTypa CEYEHMs. 3aTéM IPOBOJUTCSA IOBTOPHBIM pacyeT KOJIOHHBI U
KOHCTPYMPOBAaHHE apMarypbl. PacCTOSIHMS OT LEHTPOB TSKECTH IUIOIIANEW apMarTyphl 0 KOHTypa
CeueHUs, sl KOTOPhIX MPH IOBTOPHOM pacueTe olpejesieHa Tpedyemas apMaTypa, yKa3bIBalOTCs B
BBIXOJIHOM JIOKYMEHTE IPOrpaMMBbl.

[Tpu monbope apMaTypHBIX CTEPKHEW MPUMEHSETCS CICAYIOUINA 00Iui psg AnaMeTpoB (B MM): 6, 8,
10, 12, 14, 16, 18, 20, 22, 25, 28, 32, 36, 40. ApmaTypHbIEe CTEP>KHH Pa3MEIIAIOTCS B CEYCHUU C
Y4E€TOM HOMUHAJIBHOW TOJIIUHBI 3AIIUTHOTO CJIOsI OETOHA M HOMHHAJIBHOI'O DPACCTOSHUS B CBETY
MEXIy cTepkHsAMH. [Ipu ompeneneHud HOMUHAIBHOW TOJIIMHBI 3alUTHOTO CJIos OeToHa
YUMUTBHIBAIOTCS 3aJJaHHblE MUHHMAaJIbHbIE TOJIIUHBI 3alIUTHOIO CJI0s OETOHa JJs MPOAOIbHOM M
NIOTIEPEYHON apMaTyphl, JUaMeTp MOAOOpaHHBIX CTEep)kKHEH M auameTp xomyTa. [Ipu 3ToM TOMIIMHA
3aIIUTHOTO CJIOSi O€TOHA IJisi XOMYyTa MpUHUMAETCs KpaTHo 5 MMm. B cedenum co cxemont
apmupoBaHusi A = 0 B KaXJOM yINy MOXET pa3MeIlaTbCs OJMH apMaTypHBIM cTep)keHb wiu (npu
HeoOxonumocTH) Oonee (3 mmm 5 apmarypHbIx ctepxkHei). Ilpu pacuere TpeOyemoil apmaTypbl
IPUMEHSETCS PACCTOSTHUE OT KOHTYpa CEYEHUs 10 00ILEro HEHTpa TSHKECTH IPYIIbl CTEPKHEH.
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[Ipu momgbope apmMaTypHBIX CTEP)KHEH YUYWTBHIBAIOTCS 3aJaHHbIE MUHMMAJIBHBIA M MaKCHUMAaJIbHBIN
ANaMCTPbI CTCp)KHGfI, MaKCHUMAaJIbHOEC KOJIUYECCTBO CTep)I(Heﬁ B CCUCHUH, MUHHUMAJIIBHOC PACCTOSIHHUC B
CBETY MEXIY CTEpKHAMU. OTH MapaMmeTpbl IO3BOJSIIOT YNpaBiIsATh MoadopoMm apmartypsl. Ilo
pe3yJibTaTaM KOHCTPYMPOBAHMSI OCYILIECTBIsIeTCS IpaduuecKuil BBIBOJ CEUEHUN C MOA0O0paHHBIMU
apMaTypHBIMU CTEPIKHIMU.

7. YdeT HeCOBEpPIIEHCTB

[Ipu pacyere mo neOPMHUPOBAHHON CXEME JUIS yUeTa BIUSHUS TaKUX HECOBEPIICHCTB KOJIOHHBI, KaK
HEMpPSIMOJIMHEHHOCTh M HEBEPTUKAIBLHOCTh, MPEAYCMOTPEHO 3a/laHue HadadbHBIX NPOrHOOB IO
(dhopMaM MOTEpH YCTOWYMBOCTH WJIM 3aJaHHE OTKIOHEHHWW OCH KOJOHHBI OT BepTUKalu. BeiOop B
KadecTBe (POPMBI HECOBEPIICHCTBA KOJIOHHBI (DOPMBI MOTEPH YCTOHYMBOCTU OOBSICHSAETCS BBICOKOMH
CTCMECHBbIO BIUSHUS OTOM (GopMbl Tpu OONBIIMX BEPTHKAIBbHBIX Harpys3kax. Jms kaxmoii
KOOPJIMHATHOM IJIOCKOCTH (popMa MOTEPH YCTOMYMBOCTH ONpEAEISeTCS B paMKax TEOPHH yNPYTron
YCTOWYMBOCTH JUIsl 33JaHHOTO paclpeielieHusl BEpTUKaIbHbIX Harpy3ok. [lo ymonuanuto Hanbosbliee
3HaYeHWE HAYaJbHOTO TNporuda B KaXAOH TIUIOCKOCTH NPUHUMAETCS pPaBHBIM CIIy4alHOMY
skcuentpucurery e, ([2],m.4.2.6, [3],n.7.1.2.11). Bo3MmoxxeH BBOJ HaWOOJBIIETO 3HAYCHUS

a
HayvaJgbHOTO mporuda. Beibop Hanbosee HEOIArONPUATHON OPUEHTAIIMH HAaYaIbHOTO Mporuda (BrIOOp
3HaKa HanOOJIBIIETO 3HAYCHHST) OCYIIECTBISIETCS IS KaKJ0W KOMOWHAIIMY HArpy30K 1O OTAECTBHOCTH.
Ecnu 3amaercs 3HayeHHWE HAYaIBHOTO MPOTrMOa B KOHKPETHOH TOYKE, TO 3HAK 3aJaHHOTO 3HAYCHHUS
YUUTBIBACTCS.

OTKJI0HEHHE OCH KOJOHHBI OT BEPTUKAJIU MPEACTABISIET COOOH MOBOPOT OCH BOKPYT HMKHEW TOUKH.
[To yMo4aHuio yrojl OTKJIOHEHHUS B KaXJI0W KOOPJIMHATHOHN IUIOCKOCTH MPUHUMAETCS paBHbIM 1/600.
BosmoxeHn BBOj yria oTkioHeHHs. Bribop Hambosee HEOIArompusSTHOTO HAIMPABICHUS OTKIOHEHHS
OT BepTUKaIU (B HANpaBJIEHUU KOOPAMHATHON OCH MM B IPOTHUBOIOJOKHOM HalpaBJICHUM)
OCYUIECTBIISIETCS AJIsl KaXKA0H KOMOMHALIMU HArpy30K 10 OTJEIbHOCTH.

Bo3moxen BBOJ HaYaJIbHBIX HpOFI/I6OB HpOI/ISBOJIBHOﬁ (1)0pr1. B »sTom cjIydyac II0 3aJaHHbIM
3HA4YCHUAM HA4YaJIBbHOT'O HpOFI/IGa CTPOUTCA TJIaJKasA UHTCPIOJJIALIMOHHAA CHJIaI‘;IH-(i)YHKLII/DI.

8. Yuer nedpopmanmii moszyuectu

Hedopmaruu mon3ydecTd OE€TOHA PAaCCUMTHIBAIOTCS B paMKaxX JMHEHHOW TEOPHH IMOJ3ydecTH [5].
Pacuer cormacHo [2] mpoBoauTCS JUIsI KOMOMHALMU JJIUTEIBHO JCWCTBYIOIIMX HOPMATHBHBIX
Harpy3oK Ipu ko3(uipeHTe non3y4ecTu ¢, . , COOTBETCTBYIOIUM KiIaccy O€TOHa IO MPOYHOCTH U

3a/IaHHON BIIQXXHOCTH BO3JAyXa OKpYy»Karome cpeapl. CHauana MpPOBOIUTCS JIMHEHHBIA pacdeT Mo
negopMHpoBaHHONW cxeme ¢ MoxayineMm aedopmamuu Oerona E, =E, /(1+¢, ), OTBeYaromuM
MPOJOIKUTETLHOMY JIEUCTBUIO HArpy30K, a 3aTe€M MPOBOJUTCS aHAJOTHUYHBIN pacdeT ¢ HaYalbHBIM
MojyieM ynpyroctu E,. B 3Tux pacuerax yduTbIBarOTCS apMaTypa U HECOBEPIIEHCTBA KOJIOHHBI IO
dopMamM TOTEpH YCTOMUYMBOCTH, pAcCCUUTAaHHBIM Uil Moxyis naedopmaumuu FE, . IlporuGsr,
BBI3BaHHbIC TIOJ3Y4YeCThbI0 OETOHA, OIMPENENAIOTCS KaK Pa3sHOCTh NMPOTHOOB, TMOITYYEHHBIX B JBYX

yKa3zaHHbIX pacuerax: w, = W(Ep ) — w(Ep). Ilporubsl w, y4uThIBaIOTCS B OCHOBHOM pacyeTe
KOJIOHHBI KaK HaydajbHble MPOTHOBI. AHAJIOTMYHO MpoBoIUTCS pacyer coriacHo [3]. Ilpu stom B
pacder cTaBATCA MPAKTUYECKHM IMIOCTOSIHHbIE KoMOuHanuu Harpy3ok. IlpenenbHoe 3HaueHue
ko3¢ dunuenta nonzydectu P(o,#,) onpexnensercs cornacHo [3], [Ipunoxenue b.
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9. Y4eT BTOPOCTENEHHbIX KOJIOHH

[Tox BTOpOCTENEHHBIMU KOJIOHHAMU MOHUMAIOTCS IIAPHUPHO OMEPThIe KOJOHHBI, BOCIIPUHUMAIOIINE
BEPTUKAJIBHYIO HAarpy3Ky, HO HE COIPOTHBIIIOLIMECS TOPU3OHTAIBHOM Harpyske. JlomonHUTENbHAs
Harpy3ka Ha OCHOBHYIO KOJIOHHY, OOYCIIOBJIEHHAasi Harpy»XeHHEeM [PUCOCIWHEHHBIX K He
BTOPOCTETICHHBIX KOJIOHH, MPOMOPIHOHATbHA MPOTU0y OCHOBHOM KOJIOHHBI (pHcC.5). OHa MOXKET OBITh
y4TeHa IIyTEeM BBEJCHUS IIPYKUHBI OTPULIATEIILHOMN KECTKOCTH. JJONIOJIHUTENIbHAs HATPY3Ka IEHCTBYET
B HaIpaBJIeHWU Mporubda OCHOBHOM KoOJIOHHBI. [Ipu 3amanum BepTUKANbHOM Harpy3ku P HeoOXxomumo
YUUTHIBaTh KOA()PHUIMEHT HAICKHOCTH IO HArPy3Ke.

F

r_‘_";.|

Puc. 5. Yuer BropocTenneHHOIN KOJOHHbI

10.Pacuyer nporutos

Pacuet mporu0oB KOJIOHHBI OTHOCUTCS K pacyeraM IO MpeAeIbHbIM COCTOSIHUSM BTOpO# rpymnmsl. OH
NPOBOAMUTCA TIOCIE KOHCTPYHMpOBAHHSI apMaTypbl. lIporuObl ompenenstoTcss Mpu  MOMOINU
HEJTMHEWHOTO pacyeTa mo 1e(opMUpOBaHHOM cXeMe, B KOTOPOM YUYHTHIBAIOTCSI HaYaIbHbIE MPOTHOBI 1
poru0kl, BRI3BAaHHBIC MOJI3Yy4YeCThi0 OeTOoHA. PaboTa pacTsHyToro 6eroHa He yuyuThIBaeTcs. B pacuer
CTaBSTCS TUIOIIAU CEUCHUN MOJOOPAHHBIX apMATyPHBIX CTEPKHEH M KOOPAWHATHI IIEHTPOB CEUCHUN
COIJIaCHO pPAacHOJIOKEHUI0 apMaTypHBIX CTEp)KHEH Ha pHUCYHKaX, BBIBOJAMMBIX B paszfelne
«KoHCcTpynpoBaHue» BBIXOAHOTO JOKyMEHTa Tmporpammbl. Pacder mo [2] mnpoBogutcs st
KOMOHMHAIINI HOPMATUBHBIX HArpy30K, a pacueT mo [3] — Ams MpakTUYeCKH MOCTOSHHBIX KOMOMHAIIHIA
Harpy3ok. Eciu pacueT KOJOHHBI IO MPOYHOCTU MPOBOAMUTCA C BHIOOPOM KOMOHMHAIMN Harpy3okK, TO
JUIsL pacuera MporuOoOB TakXKe MPOU3BOAUTCS BbIOOp KomOuHauui. [Ipu 3TOM mpuMeHsieTcsi BTOpoit

MeToJ1 BbIOOpa KoMmOuHanui. B TabianuHol 1 rpadguyeckoii popmMax BHIBOAATCS MOJIHBIE IPOTUOBI Wy,
W, BKIIHOYAIOIIHE IPOTUOBI Wy, W0, KOTOPBIE XapaKTEPU3YIOT HECOBEPIIECHCTBA KOJIOHHBI, U POTUObI
Wy, Wz, KOTOPBIE 00YCIIOBJIEHBI ONI3YYECTBIO OETOHA.
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Puc. 6. KoadduureHTs! )KeCTKOCTH YIPYTHX CBsI3ei

CTATHUKA-2009. Onucanue npoepamm 406 — MHorosipycHast KOJIOHHa OOIIETO BHU/IA



72

Jluteparypa

1. CHulI 2.03.01-84*. beToHHBIE U XKelle300eTOHHBIE KOHCTPYKIIUHU / 'occTpoit
CCCP. — M.: HUTII T'occtpost CCCP, 1989. — 80 c.

2. CII 52-101-2003. betoHHBIE U KeNe300€TOHHBIC KOHCTPYKIIUU 0€3
npeaBapuTesbHoro Hanpspkenus apmatypsl / I'YIT « HUMKby, ®TVYIT LI —
M., 2004.

3. CHBb 5.03.01-02. betoHHble 1 xene300€TOHHBIE KOHCTPYKIUH / MUHHCTEPCTBO
ApPXHUTEKTYPhI ¥ CTpouTENbCcTBa Pecryomuku benapycb. — Munck, 2003. — 139 c.

4. beronHsle U xene306eronHble KoHCTpyKuuu (M3menenune Nel CHB 5.03.01-02)/
MuHHICTEpCTBO apXUTEKTYpPBI U cTpoutenbcTBa Pecybnnku benapych. —
Mumnck, 2004.

5. beronnsie u xene3o0eronnbie KOHCTpYKIuH (M3menenune Ne3 CHB 5.03.-01-
02)/ MuHHCTEpPCTBO apXUTEKTYPHI U cTpouTenbeTBa Pecriybnuku benapycs. —
Mumnck, 2006.

6. CHull 2.01.07-85. Harpy3ku u Bo3aetictBus / ['occtpoit CCCP. — M.: LIUTII
I'occtpos CCCP, 1987. -36 c.

7. Pacuet xene300eTOHHBIX KOHCTPYKIHH 1O MPOYHOCTH, TPEIIUHOCTOUKOCTH U
nedopmarusam /A.C.3anecos,d.H.Koapim,JI.JI.JIemprm, 1. K. Hukuta.— M.
Crpoiinznat, 1988.-320 c.

8. PexoMeHnpaanuu 1o y4ery Mmoj3y4ecTH U ycaaku O€TOHa MpH pacueTe OETOHHbBIX
u xene300eronnbix KoHeTpykuuit / HUMXbB INocerpost CCCP. —
M.:Crpoituzaar,1988. — 120 c.

9. Tlocobue mo MPOEKTUPOBAHUIO OETOHHBIX U >K€I1€300€TOHHBIX KOHCTPYKIIUN U3
TSDKETIBIX U JICTKUX 0€TOHOB 0€3 IPeIBapUTEILHOTO HAIIPSIKEHUS apMaTyphI (K
CHullI 2.03.01-84)/LITHNUnpom3nanuii 'occrpost CCCP, HUMXKB I'occrpos
CCCP. — M.: IUTII I'occtpost CCCP, 1989. — 192 c.
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[Iporpamma npeaHazHaueHa ISl pacdéTa Mo OrHECTOUKOCTH OJTHOSIPYCHOM Kene300€TOHHON KOJIOHHBI
cormacio CTO HUMXGE [1] u Eurocode 2 [2], [3]. Ycunus B KOJOHHE ONMPEACISIOTCS MPH MTOMOIIN
JMHEWHOTO WM HeJIMHEHHOTo pacyera 1o AegopMupoBaHHOi cxeme. TemmnepaTypHoOe 1moJie B CEUeHUH
KOJIOHHBI TpU OTHEBOM BO3ICHCTBUU ONpPEAEIsAeTCA IyTEM pEIHICHUs 3aJadyd HeCTalMOHapHOU
TETUIONIPOBOJAHOCTA € YYE€TOM 3aBHUCHMOCTH TEIUIOPHU3UYECKHUX XapaKTePHUCTUK OeToHa OT
temneparypsbl. [lpenenbHble ycuins BBIYUCISAIOTCS HA OCHOBE JUarpamm Ae(pOpMHUpPOBAaHUS CKATOTO
O6eroHa u apmMarypbl. HopmaTuBHBIE CONPOTHUBIEHUS MaTEpUaJOB MPU HOPMAIbHOW TeMIeparype
npuHuMarotes coriacHo CIT 52-101-2003 [4]. IIpenycmoTpeHa BO3MOXKHOCTD 3aaHHUsI MAaTEPUAJIOB C
HEHOPMMPOBAHHOMW ITPOYHOCTBIO.

1. PacuerHas cxema

PacueTHast cxeMa KOJOHHBI MpEACTaBIseT CO00Il CTEpKHEBOW SJIEMEHT, WMEIOLIUN YNpyrue WiH
abCONIIOTHO JKECTKME 3aKpeIUIeHHS Ha OJHOM WM OOOMX KpasX. YCIOBUS 3aKperuIeHUs
bopMyIUpyIOTCS Ul TOPU30HTAIBLHOTO MEPEMEILIEHUSI U TIOBOPOTa CEYEHHsI BOKPYT TOPU30HTAIbHOU
ocu. IIpu pacuere KOJIOHHBI IPUMEHAETCA CUCTEMAa KOOPIMHAT XYz, HayaJl0 KOTOPOW COBHAAACT C
LIEHTPOM TSDKECTH HIDKHETO ceueHMs KoJIOHHBI. OCh X HarpaBiieHa CHU3y BBepX. IIpennonaraercs, 4yto
BEPTUKAJIBHASI CUJIA BOCIIPUHUMAETCS B HHJKHEW OIOpe.

2. Ceuenue

PaCCManI/IBaIOTCH KOJIOHHBI MPAMOYI'OJIBHOT'O, KpPYIJIOrO, YTOJKOBOIO U TaBpOBOI'O CEUCHUM.
HpI/IMeHHIOTCH HCHTPAJIbHBIC OCU KOOpAUHAT ), Z OETOHHOI'O CEYESHHS.

JUis mpsAMOYTOJIbHOTO CEYEeHHs MPEeIyCMOTPEHbl CIEAYIOLIUME CXeMbl apMUpOBaHusA: 1) apmarypa
pacrojaraercsi B yriaax cedeHus, 2) apMarypa pacrojaraercs BJOJIb KOHTypa cedeHus, 3) apmarypa
pacrosnaraercsi Ipou3BOJIBHBIM 00pazoM. [Ipu mepBoi cxeme apMUpPOBaHHS B KaKIOM YTy CEUCHHS
pacroyiaraercsi OJuH cTep>keHb. 1Ipy BTopoii cxeMe apMHUpOBaHUS CTEPKHU PACIIONIararoTCs B yIilax u
BJI0JIb CTOPOH C€4eHHMs. B 3TOM ciryuae 3a7aroTcs yncia NpOMEKyTOYHBIX CTEP)KHEN, PACIIOI0KEHHBIX
BJIOJIb CTOPOH ceueHHs. [laMeTphl YIIIOBBIX M POMEXYTOUHBIX CTEP)KHEH MOTYT OBITh Pa3TUYHBIMU.
[Ipu TpeThel cxeme apMUPOBaHMS 3a1at0TCS PAIBI CTEP KHEN. [[71s1 KaXkI0T0 psAsla CTEpKHEN 3a0at0TCs
KOOpAMHAThl Hauyajla M KOHIIA OTpe3Ka, Ha KOTOPOM pa3MEIIATCs apMaTypHble cTepxHH. Jlid
y1o0cTBa BBO/IA, B KAUECTBE OCEH KOOPIMHAT MPUHUMAIOTCSI OCH, HATIPABJICHHBIC 110 HIDKHEH U JIEBOM
CTOpPOHAM CEYEHUsI. 3a1al0TCSl YUCIIO CTEPIKHEN B PALY U IUAMETP CTEPIKHEH.

B kpyriom cedeHMHM apMaTypHbIE CTEpKHU PABHOMEPHO paCIpENessioTCS BJIOJIb OKPYKHOCTH.
IIpenycMoTpeHsl ABa BapuaHTa pa3MELIEHUS CTEP)KHEW B 3aBHCHUMOCTH OT PAacCIOJIOKEHHUS NEPBOIO
CTEpXHS Ha OCH y WM Ha ocH z . [Ipeanonaraercs, 4To 4MCIO CTEP>)KHEN HE MEHBILE 6.

JUIs  yroJlKOBOrOo CEYeHHs MpeayCMOTPEHbl CJEIyIOIIME CXEMbl apMHpoBaHusA: 1) apmarypa
pacrnojiaraercs B yrjlax CeueHus, 2) apMarypa pacrojaraercs BI0Jb KOHTypa Ce4eHHus, 3) apmaTypa
pacrnosaraeTcsi IpOU3BOJIBHBIM 00pa3OM.

Jl71s TaBpOBOTO CEUEHUS apMaTypa 3a/1aeTcsl IyTeM BBOJAA PSAAOB CTEP>KHEH.

3. Harpy3ku

Pacuer mo orHecToMKOCTH MPOBOIUTCS A HanOosiee HEOIAronpUsATHOTO COYETaHUS HOPMATHBHBIX
MOCTOSIHHBIX U JAJUTENbHbIX Harpy3ok cormacHo CHull 2.01.07-85* «Harpy3ku u Bo3npelctBus». B
TOM Cllydae, KOTJla HeJb3sl YCTAaHOBUTh 3HAYCHHE HOPMATHBHOM HArpys3KH, CIELyeT NPUHUMATh €€
paBHOM 0,7 OT pacueTHON Harpy3KH.
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[lonoxurenpHble HANpaBICHUS HArpy30K IOKazaHbl Ha puc.l. llonmokuTenbHblE HalpaBlIeHHS
CMEILIEHUN JKECTKUX OIOp COBIAAAIOT C HAIPaBICHUAMM KOOPAMHATHBIX ocel. [lonoxxurenbHble
HaIIpaBJICHUS TIOBOPOTOB KECTKUX OIOP COBMANAIOT C MOJOKUTEIBHBIMU HAIIPaBICHUSIMHA MOMEHTOB.

\% \%
Hy H,
M, M,
qy qz
X X
y VA

Puc. 1. [TonmoxutenpHbIE HATIPaBICHUS HATPY30K

4. Pacuer

OTHECTOHMKOCTh KOJIOHHBI XapaKTepU3yeTCs IMEPHUOJOM BpEMEHH OT Hadaia Iokapa 10 MOMEHTa
noTepu Hecyuel crnocooHocTu. [IpenenpHble yCHIIUs BBIPAXKAIOTCS Yepe3 JEHCTBYIOIINE YCHIIHS TI0
dbopmynam:

Nu:}/u.N’Myu:}/u.My’Mzu:yu.M

z

Hecymas crnocoOHOCTh McuUepnbIBaeTCs, Korjaa mnpenaensHele ycunus N,,M M _, B ogHOM u3

yu?

CEUYCHHMIT KOJIOHHBI CTAHOBSITCSl PABHBIMH pacyeTHbIM ycumusim N, M M .

Ha mepBom 3Tame mpoBOAMTCS JTUHEHHBIN pacyeT YCUJIWK B KOJOHHE 1O Je(opMUpPOBaHHOW cxeme
Ipu HOpMaJIbHOM TeMrieparype. Eciu nporu® KoJIOHHBI B INIOCKOCTU OCH V' WJIM OCH Z CTECHEH WU
HEBO3MOJKEH, TO IJisi COOTBETCTBYIOIICH TIJIOCKOCTH pacdeT MPOBOAUTCS MO HeAaehOpMHPOBAHHON
cxeme. YCUIIHs B KOJIOHHE ONPEJIENSIOTCS PH KECTKOCTHBIX XapakTepucThKax D, D, NpUBEIEHHOrO

CCUCHUS, BBIYHUCJICHHBIX B IIPCATIONIONKCHHUU YIIPYIroro I[e(l)OpMI/IpOBaHI/IH OeToHa U apMaTyps.l. B
CJIyda€ YTOJKOBOTO CCUCHUA [JOIOJHUTCIIBHO HUCIOJIBb3YCTCA KOB(b(I)I/ILII/ICHT KECTKOCTH Dyz,

COOTBETCTBYIOIIMH [EHTPOOEIKHOMY MOMEHTY MHEpLUH ceueHus [ .. JKeCTKOCTHbIE XapaKTEPUCTHKH

ONpEACINAIOTCS OTHOCUTEIbHO LEHTPAJbHBIX OCEH TNPUBEAEHHOIO CEUYEHMs, IapajiebHbIX
HEHTPaJIbHBIM OCSIM OETOHHOTO ceueHHUs. B HEKOTOpBIX CiIydasX apMUpPOBaHUS LEHTPHI TSHKECTU
MPUBEJEHHOTO CEUEHUsI U OETOHHOTO CEYECHHS HE COBManaroT. [Ipu JuHEHHOM pacyeTe yCWUIIUN 3TO
00CTOSITENTLCTBO HE YUNUTHIBACTCA.

3areM MPOU3BOIUTCS BBIOOP COYETAHHM YCHIIUHN, A1 KOTOPBIX MPOBOJUTCS pacyeT M0 OTHECTONKOCTH.
B o6miem ciyyae BHIOOp coueTaHUN yCHUIIMIA TPOU3BOIUTCS C YU€TOM 3HAKOB MOMEHTOB. BriOuparorcs
TaKUe€ COUETAHUS YCUJIUH, JJISI KOTOPBIX JTUOO MOJOKUTEIbHBIN, MO0 OTPUIIATEILHBIN U3rHOaIoIni
MOMeHT M, wiu M. npuHMMaeT HauboJbliee abCOMOTHOE 3HAYEHHE. B cityyae NpsMOYroNBHOTO
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CEYEHHUsI CO CTaHAAPTHOM CXEMOM apMHpPOBAaHMs NPHU BCECTOPOHHEM HAarpeBe, a TAaKKe B Ciydae
KPYTJIOTO CEYEeHHUsI, BBIOOP COUCTAaHUN YCUIIMNA IPOU3BOIUTCA O€3 yueTa 3HAKOB MOMEHTOB.

Ha BTOpOM 3Tame pacyera i KaX10T0 BBIOPaHHOT'O COYETAHUS YCUIIMIA B TEKYIIUH MOMEHT BPEMEHH
onpenensercss Kod(Q(QUIMEHT 3amaca MPOYHOCTH ), M CTPOUTCS 3aBHCHUMOCTb HAMMEHBILErO

koa¢dunmenTa 3anaca ot BpemeHu. [Ipenen orHecTORKOCTH ompeenseTcsl 10 MOMEHTY BPEMEHHU, ITPU
KoTopom y, =1.

Ecnu s tpeOyemoro npezena orHecToikoctd y, > 1, To MPOBOIUTCS CIEAYIOUIMHA 3Tal pacyera, Ha

KOTOPOM YCHJIMA B KOJIOHHE OIPENEISAIOTCS HAa OCHOBE HEJIMHEWHBIX 3aBUCUMOCTEH KPHBHU3H OT
U3rH0alOMUX MOMEHTOB. OTH 3aBHCHUMOCTH OINPEACISIOTCA [0 JuarpaMmamM J1eGpOpMHUpPOBaHUS
c)KaTtoro OETOHA M apMaTypHOW CTaid. 3aTeM BHIOMpAIOTCS HauboJee OMacHbIe COYETaHUs YCWINH, U
JUISl HUX TIPOBOJAMTCS IPOBEPKA OTHECTOUKOCTH.

4.1 OmnpenesieHne TEMIIEPATYPHOIO 1OJIA

Jlig onpeneneHus npeena OrHECTOMKOCTH HEOOX0JUMO pacCYUTaTh TEMIIEPATYPHOE T0JI€ B CEUEHUU
KOJIOHHBl OT OTrHEBOro Bo3jaeWcTBUA. TemneparypHoe mnoine 7(y,z,t) oOmNpenensercs Ha OCHOBE

yYPaBHEHUsI HECTALIUOHAPHOW TEILIOIPOBOJHOCTH:

o, ,or, o, ,,0T oT

A+ (A ) =ep

oy oy 0Oz Oz ot
3necb A - KOXPQOUIMEHT TEIUIONPOBOMAHOCTH, ¢ - yJAeTbHAs TEIUIOEMKOCTh, L - IUIOTHOCTB
Marepuana. [Ipu pacuere Temneparypsl B CEYEHUU KOJIOHHBI HE YUUTHIBAECTCS BIUSHUE apMATYPBhI.
OrHeBoe BO3JEHCTBHE XapaKTEPU3YETCS 3aBUCUMOCTBIO TEMIEPaTyphl Cpeabl OT BPEMEHH,
oTcuutThiBaemMoro ot Havaia noxapa. CormacHo ['OCT 30247.0-94 «KoHCTpyKuHUH CTPOUTEIBHBIE.
Metonsl UCHBITAHUN Ha OrHecTokocTh. OOmmMe TpeOoBaHUSI» TPU CTAHIAPTHOM TMOXKape
MPUHUMAETCS CIEAYIONIAs 3aBUCUMOCTb TEMITEPaTyphl CPEIIbl OT BPEMEHHU:

T, =20+3451g(8¢+1)

rzae ¢ - Bpems B MuH. I'paduk 3aBucumoctu 7 (¢) mpeacTaBieH Ha puc.2.

To [rpan]
500
Go0
400
200
) . . T T T T £ [rMmMH]
1] 10 20 30 40 &0 &0

Puc.2. 3aBUCHIMOCTD TeMIIEpaTyphl CPEIBl OT BpEMEHH
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oT
TeMnepaTypHa;I 3ala4a peHIacTCd KOHCYHOPA3HOCTHBIM MCTOAOM. HpOI/IBBOILHaH a— 3aMCHACTCA

Pa3HOCTHBIM OTHOLLEHUEM:
T(yazat—"_At)_T(y’Zat)
At
rae At - mar no BpeMeHH. Pacuer TeMnepaTrypHOro Ioss B CEYEHUH NPOU3BOIUTCS ISl JUCKPETHBIX
MOMEHTOB BpeMeHHU. lllar mo BpemMeHM MOKET NPUHUMATHCS PaBHBIM 3MUH, OMHUH, 12MUH WM

3a/1aBaThCsl IPYTUM 3Ha4deHUEM B mipezenax oT ImuH 1o 30MmuH. B 00mmem ciaydae npu yBeIWYEHUU
11ara yMeHbIIaeTcsl 00beM BBIYMCIICHHH, OTHAKO CHUYKAETCS TOYHOCTD Pe3yJibTaTa.

[IpousBogHble 1O KOOpAMHATAM TaKXKE 3aMEHSIOTCA Pa3HOCTHBIMM OTHoweHusMH. [locie
ONPEACIICHUSI TEMIIEpaTypbl HA KOHEYHOPA3HOCTHOM CETKE TeMIleparypa B IPOU3BOJIBHOM TOYKE
CEYEHUS ONPEIEIAETCS UHTEPIOISALUEH.

4.2 OmnpenesieHne npeeIbHbIX YCHIHA

HpeIleHI)HBIe ycuius npu OI'HEBOM BO3IL€I710TBHI/I OIIPCACIIAOTCA Ha OCHOBC AuarpamMm
neGOopMHPOBaHUS C:KATOrO OeTOHa W apMmarypbl. [Ipu 3TOM y4dHWTHIBaeTCs 3aBUCUMOCTh TUArpaMM OT
Temneparypbl. HopmaTuBHBIE CONpPOTHBIEHHS CXAaTOro OETOHa W apMaTypbl IMPH HOPMaJbHOU
temmneparype npurumaiorcs coriacHo CIT 52-101-2003 [3]. TIpexycMoTpeHa BO3MOXKHOCTh 3aJIaHUS
MaTepUAIIOB ¢ HCHOPMHUPOBAHHON MPOYHOCTBIO.

4.3 HenauHelHbIH pacyeT yCHJINH

B HenuHE#HOM pacuyere KpUBHM3HBI K, M K, ONPCACISIOTCS Yepe3 yCHIMs Ha OCHOBE AMarpamm

neopMupoBaHUs CKaToro OeToHa U apMmaTypHOoll cranu. M3-3a HelnMHEHHOro Xapaktepa
3aBUCHMOCTEH KPHUBH3H OT YCHJIUH cHCTEMa ypaBHEHUH MPOJOJIBHO-TIONEPEUHOr0 M3ruda sBisieTcs
HenuHeiHoH. [Ipon3BoaHass KpUBU3HBI MO HM3rHOArOlIeMy MOMEHTY MOXET pacCMaTpUBAThCS Kak
BEJIMYMHA, OOpaTHas K JIOKAJIbHOW M3rHOHOM KECTKOCTH KOJIOHHBI. HelmnHeWHbIH pacueT IpOBOIUTCS
IIpY IOMOILLM MeToAa urepaunid. tepalinoHHbINA MPOIIECC OKAHYMBAETCS TOT1A, KOI/1a OTHOCUTEIIbHbBIE
NpUpALICHHs] MOMEHTOB M IMPOrHMOOB CTAHOBATCS MalbIMH. {751 KOHTPOJS TOYHOCTH PE3yJIbTAaTOB
HEJIMHEWHOTO pacyeTa yCHJINN BBIBOJUTCS UTEpAllMOHHAs OIINOKA.
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[IporpamMa mnpenHa3zHayeHa I8 MPOEKTHUPOBAHUSA CTATHYECKH HEONPEACIUMON OJHOSPYCHOU
XKene300eTOHHOW KOJIOHHBI IIPOU3BOJIBHOIO CeYeHHUs corylacHo cieayromum Hopmam: CHull 2.03.01-
84* [1], CII 52-101-2003 [2], CHB 5.03.01-02 [3], [4]. Ycwins B KOJOHHE OIPEACISIOTCS TpU
MOMOIIM JTUHEHHOIo pacuera 1o HeaeOpMUPOBAHHOM cCXeMe, a BIMSHHE Mporuda y4UThIBAETCS IO
METOJly YCIOBHBIX KPUTHUECKUX CHI. PaccumThiBaeTcst TpeOyemasi TUIOIa b MPOJ0JILHON apMaTyphl U
MIPOM3BOJUTCS KOHCTPYHPOBAHUE apMaTypbl ¢ YYETOM TpPEOOBAHHUU MO TONIIMHE 3aIIUTHOTO CJOA
6erona. OcymiecTBisieTcs: rpadUUecKil BIBOJ CEYEHUS C M0100paHHBIMU apMaTypPHBIMU CTEPKHSIMHU.

1. PacuerHas cxema

PacueTHast cxema KOJIOHHBI MPEACTABISET COOOM CTEP)KHEBOW HJIEMEHT NPOU3BOJIBHOTO CEUYCHHMS,
UMEIOUINI ynpyrue uiau aOCOJIIOTHO JKECTKHE 3aKpEeIUIEHHMs] Ha OJHOM WM O0OMX KpasX. Y CIIOBUS
3aKperuieHust (popMyJIUpyIOTCS Ul TOPU30HTAIBHOIO MEPEMELICHHUsT U TOBOPOTa CEYEHMS BOKPYT
rOpU30HTANBHON ocu. [Ipu pacuere KOJIOHHBI IPUMEHSAETCS CUCTEMA KOOPAUHAT XYz, HA4aJI0 KOTOPOU
COBIMAJIAET C LIEHTPOM TSKECTU HUKHETO ceueHus! KoJIOHHbI. OCh X HallpaBjieHa CHU3Y BBEpX. | J1aBHbIE
LEHTpaJIbHBIE OCH CEYEHMs MOT'YT ObITh HE MapajuleibHbl OCSIM Y,z (HalpuMmep, IpU HECUMMETPUYHOM
ceueHun). [Ipeanonaraercs, 4To pe3yabTUPYIOIIAsl BEPTUKAIbHAS CHUJa BOCIPUHMMAETCS B HIKHEH
orope. Bo3MOXeH ydYeT NOJATIMBOCTH OCHOBAHUS IPH TOMOMIM KOI(P(OHUIMEHTOB >KECTKOCTH
3aKpeIUICHUs] HIDKHEro Kpasi KOJIOHHbI OTHOCUTENbHO MOoBOpoTOB. Ko3dduuumentsr xectkoctu
NPUOJIMKEHHO ONpEAeTsIoTCS Mo pasMepaM (PyHAAMEHTHOH TIJIMTBI U MOAYJIO JedopMaiuu
OCHOBaHUSL.

2. Ceuenue

CedeHne MOXKET 3a/1aBaThCsl KaK CTaHJIAPTHOE ceueHHue (MPSAMOYIOJIbHOE, KPYroBOE WM KOJIbLIEBOE
CEYEHHE) WIN KaK MPOU3BOJILHOE NOJUTOHAIbHOE cedeHue (puc.l). Jns npsAMOyrosbHOro cedyeHust
BO3MOXXHBI CIIEAYIOIIME CXEMbl apMUpoBaHUs A (puc.2): cxema ¢ PaBHBIMHU IUIOIIAJSIMU apMaTyphl
BOIM3M BepiuH ceueHus (A = 0), cxema ¢ paBHOMEPHBIM pacrpeeseHUEM IIOIIaIH apMaTyphl BJIOJIb
KOHTypa ceueHust (A = 1), cxema ¢ paBHBIMH IUIOLIAIMU apMaTypbl BOJIM3M BEpPXHEH M HUKHEH
CTOpOH ceueHus (A = 2), cxema C paBHBIMH IUIOMIAISIMU apMaTyphl BOJM3H JIEBOW U MPaBOH CTOPOH
ceueHus (A = 3). Jlnsg KpyroBoro u KOJBLIEBOTO CEUEHUN pacCMaTPUBAETCS CXEMa apMHPOBAHHS C
PaBHOMEPHBIM pacCIIpeIeIEHUEM IUIOIIAN apMaTyphl BIOIb KOHTYpa CEYEHUSI.

3ajiaHue MPOU3BOJIBHOTO IMOJIMTOHAJIBHOIO CEUEHHUsl OCYILECTBISIETCS IMYyTEM BBOJA KOOPAMHAT €ro
BepmuH. Bo3mosken BBoa 10 50 BepmnH. BriOOp KOOpAMHATHBIX OCEH JAEKAPTOBOM CHUCTEMBI MOXKET
OBbITh MPOU3BOJIBHBIM. BepUIMHbI 3a7ai0TCA B MOCIE0BATEIBHOCTH, KOTOPas COOTBETCTBYET 00XOay
MIOJIMTOHA 10 KOHTYpPY B ONPEICIIEHHOM HampasieHuu. [Ipu 3ToMm nosuroHansbHas 00JacTh JOJDKHA
0CTaBaThCs M0 OJIHY CTOPOHY (Hampumep, cjieBa) OT HampasiieHus: 0o6xona. [Ipu Hanmuuuu BHYTPEHHUX
MOJIOCTEH B CeueHUM TpeOyeTcsl MPOU3BECTH pa3pesbl, MO3BOJISAIONINE O00MTH TpaHUYHBIE KOHTYPHI
(BHEUIHMI ¥ BHYTPEHHHE) TaK, YTOOBI 00JaCTh OCTAaBAIACh 110 OJJHY CTOPOHY OT HarpaBJIeHHs 00X0/1a.

J1s MONAMroHaNbHOTO CEYEHUS BO3MOXKHBI CIEAYIOIIME CXEMbl apMHpPOBAHHS: CXEMa C pPaBHBIMHU
IUIOMIA/IIMU apMaTypbl BOJIM3U BEpPIINH BHEUIHET0 KOHTypa ceueHus (A = 0), cxemMa ¢ paBHOMEPHBIM
pacripesielieHueM IUIOIAaAd apMaTypbl BJOJb BHEIIHET0 KOHTypa cedeHus (A = 1), mpousBosibHas
cxema apmupoBanus. st cxem A = 0 u A = 1 HeoOXoAuMBbIE I pacueTa KOOPJAMHATHI apMaTypbl
onpeaensoTcs apromatuuecku. [Ipu A = (0 HCKIIIOYAIOTCA U3 PACCMOTPEHHUS BXOJIALIUE YIIIbI (T.C.
yriasl, O6onbmue 180 rpan). Kpome Toro, mpoBepsieTcs BO3MOXKHOCTb KOPPEKTHOTO pPa3MELICHHS
apMaTypHBIX CTEPKHEN MpU HATUYUHU OJM3KUX BEPILUH.
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Puc. 1. Ceuenus

[Tpu BBIOOpE IPOM3BOJIBHON CXEMBI apMHPOBAaHUS TPeOyeTCs 3a/1aTh OTPE3KU (apMaTypHBIE CJIOH), Ha
KOTOpBIX pa3Mmerniaercs apmarypa. Bo3smoxen BBoa 1m0 50 apmaTypHbIx cioeB. CiIou MOTYT HUMETh
MPOU3BOJBLHYIO JUIMHY W oOpueHTaruio. [Ipenmonaraercs, 4To TJIOMIAAL apMaTypbl PaBHOMEPHO
pacnpeneiieHa 1o cliow. Ecim JauMHa Ciios paBHa HYJIO, TO TAaKOM CJIOHM COOTBETCTBYET
«COCPEIOTOYCHHOM» TUIOMIAd apMaTypbl. ApMaTypHbIC CIIOM MOJPA3JACISIOTCS Ha CIOU C
BapbUPYEMON TIIOMIABI0 U CIION C MOCTOSHHOM TUIOMIAIBI0 (He U3MEHSIEMOM MpHu pacuere Tpedyemoi
apMatypsl). sl KaXXJI0r0 apMaTypHOTO CJIOSI ¢ BapbUPYEMOM TUIOIIAABIO ONPEAETSeTCs ero 10 OT
oO1Iel MIonamM apMaTypsl (IIPH 3TOM CIIOH C TIOCTOSIHHOM IIJIONIAIbI0 HE YUYUTBIBatOTCs). Joist cios
pacCUUTHIBACTCS 10 33JJaHHBIM OTHOCUTEIILHBIM IUIOMIAISAM Kak k; = A;/ (A; + A>+ ...), tne i =1, 2,...;
Ay, Aj,... — OTHOCUTENBHBIC TIJIOMIAIM APMATYPHBIX CJIOEB C BapbupyeMou Iuiomaasio. [lnomans i-ro

cios omnpenensercss no popmyne Ay = ki - Agor, THE A 1r — 00IIAA IUIOIAAL apMaTyphl (0e3 ydera
MOCTOSTHHOW Tutomaau). [lpu momomu pacuera OTHICKMBAETCS OOIIas IJIOIMIANb apMaTypbl Ay, a
3aTeM 1o Kod(ppuimeHTaM k; BRIYUCISIFOTCS TIJIOMIAIN apMaTYPHBIX CIIOEB Aj;.
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Puc. 2. Cxembl apMUpPOBaHUS TPSIMOYTOIBHOTO CEUCHUS

3. Harpy3ku

Bo3MOKHEI CICAYIOIHMC HArpy3ku: COCPCAOTOUCHHLIC BCPTHUKAJIBHBIC W TOPU30OHTAJIBHBIC CHIIBI,
COCPCAOTOYCHHBIC MOMCHTBI, PACHPCACICHHBIC TOPHU30HTAJIbHBIC W BCPTHUKAJIBHBIC HAIpy3KH,
CMCHICHUA W HOBOPOTHI KCCTKUX OIIOP. Bo3MoxxeH aBTOMaTHYECKHM yueT COOCTBEHHOr0 Beca
KOJOHHEL. IloIOXUTEIbHBIC HaIllpaBJICHHUA HArpy3oK IIOKa3aHbl Ha pI/IC3 IlonoxuTeabHEIC
HaIpaBJICHUA CMeHIeHI/Iﬁ KCCTKHUX OIIOp COBIAAar0OT C HallpaBICHUAMH KOOPAWMHATHBIX oceil.
IlonoxuteabHbIS HallpaBJICHHUA IOBOPOTOB JKECTKUX OIIOp COBIAAAKOT C TOJOXKUTCIbHBIMU
HaIpaBJICHUAMHU MOMCHTOB. COCpCI[OTO‘-IeHHBIe U pacnpCACICHHBIC HArPy3KHW MOTYT IpUIaratbCsa B
IIPOMU3BOJIBHBIX TOYKaX KOJIOHHBI.

[Ipu pacuere mo [1] u [2] kmaccudukanus ¥ KOMOMHUPOBAHUE HATPYy30K MPUHUMAIOTCS COTJIACHO
CHulII 2.01.07-85 «Harpy3ku u Bo3aeiictBusi» [5]. Harpy3ku mnoapas3aenstoTcsi Ha HNOCTOSHHbIE,
JUTUTENIbHBIE, KpPaTKOBpEMEHHbIe U o0coObie. KoMOuWHMpOBaHWE HArpy30K TpEACTaBiseT CcOOOU
reHepaluio MHOXKECTBA BO3MOKHBIX KOMOMHAIIMI HArpy30K ¢ yuyeToM KO3()pQHUIMEHTOB HAJEKHOCTH
110 HAarpysKe y , ¥ KO3((HUINEHTOB, CBI3aHHBIX C OJIHOBPEMEHHBIM YYETOM JIBYX U 00JICe BPEMEHHbIX

Harpy3ok. [Ipym Hamuuum 0COOBIX HAarpy30K Hapsay C OCHOBHBIMH KOMOHMHAILMSIMH T€HEPHPYIOTCS
TaK)Xe 0coOble KOMOMHAINH.

[Ipu pacuere mo [3] kimaccudpukanms U KOMOMHHPOBAHHE HArpy30K NPUHHUMAIOTCS COTJIACHO
[Tpunoxenuto A. Harpy3ku noapasenstorcsi Ha IOCTOSHHbBIE, IEPEMEHHBIE U 0cO0bIe, a KOMOUHAINH
Harpy3ok - Ha ocHOBHbIE (A.4) u ocoOble (A.5). HacTHble KOXPPUUHUEHTH OE€30IACHOCTH ), MM

HAarpy3ok mnpuHuMarorcs mo Ttabmuune A.2. KomOuHanumoHHBIE KOA(QQUIUEHTHI VY, W/, ,Y¥, U

MEpPEeMEHHBIX HArpy3ok mpuHHMaioTcss mo Ttabmuie A.l. IlpemycMoTpeH BBOJ HECTaHAAPTHBIX
3Ha4eHUH 7.,y ,,V¥,,¥, VA OTAEIbHBIX Harpy30Kk. KoMOMHMpOBaHUE HArpy30K MpeacTaBiseT coOon

reHepalui0 MHOKECTBA OCHOBHBIX M OCOOBIX KOMOWHAIMN HArpy30K C y4eTOM OJaronpusTHOTO U
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HeOnaronpusaTHoro 3d@exra OT HArpy3okK, a Takke BO3MOXKHOCTH JIOMHUHHMPOBAHHS KaxJOW U3
MEPEMEHHBIX Harpy30K.
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Puc. 3. IlonoxurenabHble HaNPaBICHUS HArPY30K

Bo3MmoxeH BBOI HecoueTaeMbIX Harpy3ok. Takue Harpy3Ku BKJIIOYArOTCSl B IPYMIy HECOUYETAEMBIX
Harpy3ok. B KOMOMHALMIO MOXKET BOWTH TOJBKO OHA Harpy3ka W3 KaxaoW rpymnmsl. Hymeparms
TPyl HAa4MHAETCA C €AMHULBL. ['pyNIbel MOTYyT NPUMEHATBHCS, B YAaCTHOCTH, IIPU y4YETE BETPOBBIX
Harpy3ok (IIpd pacCMOTPEHHUH AEUCTBHs BETpa M0 PAa3IMYHbIM HANpPaBJICHUSIM) U KPAHOBBIX HArpy30K
(Ipu pacCMOTpPEHUH Pa3IMYHBIX MOJI0KEHUH KpaHa). Bo3MokeH BBOJ 3HAKONIEPEMEHHBIX HAarpy3o0k. B
9TOM CJIy4ae B pacyeTe YYUTHIBACTCS KaK 3aJaHHas Harpy3ka, TaKk M Harpy3ka IPOTHBOIIOJIOKHOTO
3HaKa.

Jlnist coKpaleHusl BRIYUCICHUH U 00beMa BBIXOJHOTO JOKYMEHTa MpOrpaMMbl IpeayCMOTPEH BbIOOp
KOMOUWHAIMI Harpy3oK, sl KOTOPBIX MPOBOIUTCS pacueT. [Ipu momomm cTaTH4ecKoro pacyera s
BCEX BO3MOXKHBIX KOMOMHAlIMA Harpy3ok BbBIOMpArOTCSl TakWe KOMOWHAIMHM, M KOTOPBIX
M3ru0arone MOMEHTHI (WM SKCLEHTPUCUTETHI) IPUHUMAIOT HAauOOJIbIINE 3HAYCHHUSI.

Bo3MokeH BBOJ TOTOBBIX pAacUYeTHBIX KOMOMHAIMM Harpy3ok. 3ajaBaeMasi Kak BHJI Harpy3Kd
pacueTHas KOMOMHanusi 100aBi€TCS K MHOXECTBY CI€HEPUPOBAHHBIX OCHOBHBIX KOMOWHAIUI
Harpy3ok. B uacTHocTH, BO3MOKEH BBOJL JIUIIb FOTOBBIX KOMOUHAIMH HArpy3oK.

4. Pacuer

PacueT KOJOHHBI BKIIIOYAET pacyeT yCWIMH U pacyeT MpOJOJIbHOM apMaTrypbl, TpeOyemou Jyis
obecrieueHnss HECyIIel CIOCOOHOCTH HOPMalbHBIX cedeHHui. [Ipm pacyere ycwiamii y4uTHIBaeTCS
BIMSHUE BEPTUKAJbHBIX HArpy30K Ha U3ru0 KonoHHbL [lpupamenus wu3rubarmux MOMEHTOB,
00yCIIOBJICHHBIE JCWCTBHEM BEPTUKAIBHBIX HArpy30K, 3aBHUCAT OT mnporunOoB. Ecim B oxHOM U3
KOOPJMHATHBIX IUIOCKOCTEM MpOorud KOJIOHHBI CTECHEH WM HEBO3MOXEH (Hampumep, H3-3a
MPUMBIKaHUS CTEHbI), TO PacueT B ATOW IUIOCKOCTH MPOBOAMUTCS 0e3 yueTa BIUsSHUS mporuda. Pacuer
YCHJIMI OCHOBBIBAeTCS Ha MOJEIHM JIMHEHHOro aedopMupoBaHHss OETOHA W BBHIMOJHAETCS IO
Hene(hOpMUPOBAHHONW cXeme 0e3 ydera apMmaryphl. B Kakmoil KOOPAMHATHOW TUIOCKOCTU BIIUSTHUE
nporuda Ha BEIMYUHY U3THOAIONIEr0 MOMEHTA YUUTHIBACTCS ITyTEM YMHOXKEHHS HaliIEHHOTO MOMEHTA
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M na moBemmaromuii ko3dpduument 7. Takoir momxox HaspBaercs B [6] (cTp.106) cmocobom
Kkputnuecknx cwit. Koapduuuent 7 Beraucnsercs no Gopmyse

L
- N
N

cr

77:

rae N - mpoponpHas cuna, N - KpUTHYECKas CWIA, KOTOopas ompeneinsercs coriacHo [1],m.3.24,

cr

[2],m.6.2.16, [3],1m.7.1.3.14. ®opmyia 1151 KpUTHIECKOM CHIIBI MOYKET OBITh 3aIliCaHa B BUJIC
2
n°D

cr 2
ly

N

rae D - )KeCTKOCTh KOJIOHHBI, [, - pacueTHas AjIMHA KoJoHHBL [Ipu onpenenenun D no dpopmynam,

IIPUBEJCHHBIM B HOpMax, NPUOJIMKEHHO YYMTBHIBAIOTCA HEyIpyrue CcBOicTBa OeToHa, Halndue
TPEUIMH M TOJ3y4ecTb OETOHA NpHU JUIMTENbHOM JAeicTBUM Harpy3ku. CoryacHo [1] jkecTKocTh
BBIYHCIISIETCS 10 (hopmyIie

64 E, I, 0.11

— +0.D)+E [
72'2[ o, (0.1+5e ) =

D=

3necs E,,E - Moaynu ynpyroctu 6etoHa u crany; /,,/ - MOMEHTbI HHEPLUHN OCTOHHOIO CEUEHUS U
IUIOLIA/I CEYEHUSI apMaTypbl OTHOCUTEIBHO LIEHTPAIbHOM OCH cedeHusl, o, = e, /i - OTHOCUTEIbHBIN
9KCLIEHTPUCUTET MPOIOIbHOM CHIIBI (/1 - BBICOTA CEUEHUs B IUIOCKOCTH U3ruba), ¢, =1+ f-M, /M, -
napameTp, YYUTHIBAIONIMKA ATUTENbHOE NeicTBUE Harpy3ku ([ =const). CormacHo [3] *KECTKOCTb

BBIYUCIISIETCS] aHATIOTHIHBIM 00pa3om. B [2] dhopmyna aJis )KeCTKOCTH UMEET BH/T

0.15E,1
D=—"""0"0 L07EI
0,(03+5,)

OKCLUEHTPUCUTET e, OIpPENENseTCs] OTHOCUTEIbHO LIEHTPA TAKECTU IPUBEACHHOIO cedeHus (mpu

HECUMMETPUYHOM AapMUPOBAHHUU LEHTPbl TSKECTH OETOHHOIO U MPUBEACHHOIO CEYCHHM He
coBnajatrot). Ilpu onpenenenun e, yuyuTbIBaeTCa Cly4aiHbll sSkcueHtpucurer e, ([1]m.1.21,

[2],m.4.2.6, [3],0.7.1.2.11). Cormacuo [1] u [2] mpu pacyeTe CTAaTHYECKH OIMPEASTMMON KOJIOHHBI

a NpU pacyeTe CTATHYECKU HEONpPEeAeTUMON

a?d

OKCHCHTPUCUTET € MPUHUMACTCSA PAaBHBIM W+e
M M M

KOJIOHHBI — PaBHBIM —, €CJIM — > e, , U PaBHBIM e, , eciu — < e, . CornacHo [3] 3KCLIEHTPUCUTET
N’ N Y “ N

M
e, Bcerja IPMHUMAETCs PaBHBIM N +e,.

MowmenTsl M, M, BBIYUCISAIOTCS OTHOCHUTEIIBHO OCH TSKECTH HanOoJiee pacTAHYTOW (MM HauMeHee
CKaToM) apMmarypsl Mo ycuiausM N,M OT NOJHOW Harpy3ku W no ycwiusm N,,M, OT AJUTEIbHO
neicTByomend 4actu Harpysku. Ilpm pacuere N,,M, cormacHo [1] m [2] B pacyer craBsTCcA

IIOCTOSIHHBIE W JJIUTEIbHbIE HArpy3KH, BXOASIIME B pPacCMaTpUBAEMyH0 KOMOHMHALIMIO, a TakKkKe
JUINTENIbHBIE YacTU KPaTKOBPEMEHHBIX HArpy3oK, BBIYMCISEMble IO 3aJaHHBIM IIpU  BBOJE
ko3¢ ¢punuentam K,. CornacHo [3] N,, M, paccuuThIBalOTCsS OT IIOCTOSHHBIX Harpy3ok. B pacuere

JUIs TOTOBOM KOMOMHAILUMK HArpy30k npuHumMaercs, uto N, =0,M, =0.

N3rubnas xxecTKOCTh D Kak BEIMUYUHA, 3aBHCALIAs OT 3HAUCHUN MOMEHTa M uepe3 mapameTpsl ¢, U

e, B 00IIEM Cllyuae U3MEHSETCs 110 BBICOTE KOJIOHHBL Tak kak D BBIYHCISIETCS C yUE€TOM apMaTypbl,

CTATHUKA-2009. Onucanue npoepamm 410 — OnHOsApYCHAs KOJIOHHA O0IIEeTo BUIa



85

pPa3MEIICHHOW B CEYEHHH, TO 3HAYEHUS PacYeTHOr0 MOMEHTa 7M Takke 3aBUCAT OT IUIOLIAJH
apMatypsl. [loaTromy TpeOyemas apMaTypa MOKET OBITh pacCCUMTaHA TOJIBKO NP IMOMOIIM UTEPALUi.
Ha TexkymeM wWTepanMOHHOM Inare Ui HaWJCHHOW IUIONIAJAM  apMaTypbl  BBIYHCISIOTCS
KOO QULUMEHTBI 77, U 77, 3aT€M ONPEACIAIOTCS paCUCTHbIC MOMEHTBI 77, M | v 17.M _, nefictByroruue

B IUIOCKOCTSX Z W Y, a 3aTeM BblUMCIsIeTcs TpeOyeMmas IUIOIaas apMaTypsl. Jlajnee BbIMOIHIETCS
cienyromas urepanus. MTepanMoHHBIM NpolecC OKAHYMBAETCS TOTAA, KOTAa OTHOCHUTEIbHOE
[pUpAaILEeHNE IUIOIAANA apMaTypbl ctaHoBUTCS MeHee 0,1%.

PacuetHas pgnuHa [/, B KaXAOM KOOPIMHATHOM IIOCKOCTH ompexenserca 1o (opmyne

l,=x[E,I,/(n.N)]"?, tne 7. — KO>(pQUIMEHT KPUTHIECKOH HArpy3KH, paBHBIA OTHOLICHHIO

MIPOJOJIBHON CHIIBI IIPU JAOCTHKEHUU KPUTUYECKOIO COCTOSIHUS K ACHCTBYIOLIEH IPOJOJBHON CHIIE.
KoadduumeHT 7. oThICKMBaeTCsl MyTeM pEmICHHs 33Ja4l 00 yNpyrod yCTOMYMBOCTH KOJOHHBI MIPH
3aJaHHbIX KpPAaeBBIX YCIOBHUAX M 3aJaHHBIX BEePTHKaNbHBIX cuiax. Koadpdumment 7. sBusercs
CUCTEMHOHN XapaKTepUCTUKOW KOJOHHBI. [IpM AeicTBUM pacnpelneseHHOW BEPTUKAIBHOW HAarpy3Ku
WIM TIPH JEUCTBUM COCPEAOTOUECHHON BEPTUKAIBHON HArpy3KH B IPOMEKYTOYHBIX CEYEHUSAX KOJIOHHBI
pacdeTHas JUIMHA SIBJSICTCS IIEPEMEHHOM BENMYMHOW. B mporpaMmMe npeaycMoTpeHa BO3MOKHOCTh
BBOJa /,. PacueTHas anMHa MOXXET NPUHUMAThCS COINIACHO pekoMeHpauusM HopMm ([1],m.3.25,

[2],1.6.2.18, [3],1.7.1.3.8).

IIpu pacuere konoHHBI cornacHo [1] TpeGyemas apMaTypa omnpeaessieTcs B COOTBETCTBUU C 11.3.28%*.
PacuetrHoe compoTuBiIeHHE O€TOHA TIPH CXKATUU MPUHUMAETCA ¢ KOA((DHUIIMEHTOM YCIOBHH paboThI
0eToHa }p, KOTOPBIH OMpenenseTcss Kak MpOW3BEIEHUE OTAENbHBIX KO3(PHUIMEHTOB }j; COTrJACHO
tabmuue 15. Ilpu sToM KOA(DOUIMEHT }py, 3aBUCIIIUN OT UIMTENBHOCTH JACUCTBHUS HArpy3KH,
oTpeneNnsIeTcs A Kax 10l KoOMOMHAIMY HAarpy30K 10 OTAEIbHOCTH. PesynbTupyronuii kospduient
yCJIOBHH paboThI ¢ yueToM KoddduimeHTa y,, He MoxkeT ObITh MeHee 0,45.

[Ipu pacuere kosmoHHBI coryacHo [2] u [3] Tpebyemast apMartypa onpeaessieTcs Ha OCHOBE HETMHEUHON
nedopmarmornHo moxenu ([2],m.6.2.21; [3],1m.7.1.1.2). Ilpu pacuere mo [2] mpeaycMOTpeH BBIOOD
pacyeTHOM TuarpaMMbl COCTOSIHUS CkaToro OeToHa. Pacuer TpeGyemoii apmarypsl 1o [3] mpoBoauTcs
IIpH MapaboTMYSCKHU-THHCHHON TUarpaMMe COCTOSTHUS CKaToro OeTOHa, TPUMEHIIEMON B CITydae, eCiu
YCUJIMSL OTNIPENIENSIIOTCS MyTeM JIMHEIHO-ynpyroro pacuera (0e3 ydeTa HEyHnpyrux CBOMCTB OeTOHa U
apMaTypHOH cTaim).

Hpel[eHLHBIC YCHUJIUSA BBIPAKAOTCA 4€PE3 ,Z[CI>'ICTBYIOH_[I/IC ycuius 1o (bopMleaM

Nu :7u 'N’Myu :7u'My’Mzu:7/u M

z

IIpouHocTh cedeHus obecneyena mpu y, = 1. Omubku npu pacyere TpeOyeMoi apMaTypbl BEIBOASTCS

Torja, korga oHu npesblatoT 1%. IlogBnenue unpopmanuu o0 omubOKax BO3MOKHO, B YACTHOCTH,
npu pacuere TpeOyeMoll apMaTypbl B IIPOM3BOJIBHOM IIOJIMIOHAJIBHOM CEUYEHHMH, €CIIM CXeMa
apMUPOBaHUs 3a/laHa HEKOPPEKTHO.

[IpenycMoTpeH aBTOMATHUECKMH ydeT HWKHEW TrpaHuibl Koddduuumenra apmupoBanus. Ecnm
TpeOyemas IUIoL[ab apMaTypbl OKa3bIBA€TCS MEHBLIE IUIOUIAJAM MUHHMAJIBHOTO apMHpPOBAHUS, TO
pacuer MomeHtoB 7 M ,n M, onpepeneHue mnpepenbHeix ycwimd N,,M M, a TaKkKke

yu
KOHCTPYHUPOBAaHHE apMaTypbl MPOU3BOIATCS IO IUIOMAJd MHHHMAJIbHOTO apMUpoBaHus. HyokHss
rpaHuna kod(hduireHTa apMHPOBAHHS TPHHUMACTCS B 3aBUCHMOCTH OT HAWOOJBIIETO 3HAYCHHUS
rubkoctH Konouuel A, =max(4, ,4.) cormacwo [l1]m.5.16, [2],n.8.3.4, [3],m.11.2.2. T'nbkocTh

m
KOJIOHHBI B Ka)XJJOI KOOPIUHATHOM IUIOCKOCTU BbIUuciseTcs 1no ¢popmyne A =1[,/4, /1, , B KoTopoi
pacdeTHas JUIMHA [, ompenenseTcs A CiIydasl MPHUI0KEHUs BEPTUKAIBHON CHIIBI HAa BEPXHEM KpParo

KOJIOHHHBI.
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Bo3mokHa mpoBepka HecyIied CIoCOOHOCTH KOJIOHHBI TIPH 3aJlaHHOW apMmarype. s mpoBeneHus
OPOBCPKU HAJO0 BBCCTHU CCYCHHUC KOJIOHHBI KaK MPOU3BOJIBHOC IIOJIMI'OHAJIBHOC C HpOHBBOHLHOﬁ
cxeMou apMHUpOBaHHA. 3aTeM BBECTH apMaTypHBIC CJIOM M HMX IUIOIIAJAHW, YKas3aB, YTO OHHU SBJIAIOTCA
MOCTOSIHHBIMH. B 3TOM citydae mpowW3BOAWTCS JUHEHHBIN pacueT yCWiIMi 1o HeaehOopMHpPOBaHHON
CXEeMe, U OMPEIENIIOTCS pacyeTHbIE MOMEHTHI M B KaXJI0il KOOPAMHATHOM TMIIOCKOCTH, a 3aTeM

MpoBepsieTCsl Hecylias CcrnocoOHOocTh ceueHus. Ecnu 3amaHHas miomaib apMaTtypbl MEHbBIIE
TpeOyeMoi, TO BEIBOIUTCS coobiienue «Pacuet TpeOyemoii apMatypbl HEBO3MOXKEH !».

JIJ1s1 KOJIOHHBI IIPSIMOYTOJIBHOT'O CEYEHUS MPEAYCMOTPEH PacyeT 10 IPOYHOCTH HAKIOHHBIX CEYEHUH C

Y4ETOM JEHCTBUS TIPOJOJIBHOM CHibl. [loroHHas TuIOmaAbR TOMEPEYHOM apMaTypbl  Ag,/Sy,
paccuuthiBaeTcsi cornacHo [1],mm.3.31%, 3.32, [2],1m.6.2.34, [3],nn.7.2.1.1, 7.2.1.2, 7.2.1.5, 7.2.2.7 -
7.2.2.10. Kpome TOro, mpoBOIUTCS NPOBEpPKA MPOYHOCTH HA JACHCTBUE TMOMEPEYHOM CHIIBI 10
HaKJIOHHOW TMOJIOCE MEXIy HAKJIOHHBIMH TpeuiuHamu. Eciau ycloBHEe NPOYHOCTH MO HAKIOHHOM
TI0JIOCE HE YOBIIETBOPSIETCS, TO BBIBOJUTCSI COOTBETCTBYIOMIEE coobmienue. [Tpu pacuere mo [1] u [3]
IUIOIIA/Ib apMaTyphl, HalJeHHAas W3 YCJOBHS MPOYHOCTH IO HAKJIOHHOM TpeluHe, MOXET OBITh
yBEJIMYEHA ISl TOTO, YTOOBI BBIMOJHSAJIOCH YCIOBHE MPOYHOCTH IO HAKIOHHOW Tojoce. YCIOBHE
NPOYHOCTH MPU KOCOM HU3THOe MpuHUMaeTcs cornacHo [7], m.3.39 B Buze

2 2

Qy + Qz
Qb,y + st,y Qb,z + st,z

<1

S. KoncrpyupoBanue

KoHcTpynpoBaHne npomonbHONM apMaTypbl B KOJOHHE IIPOU3BOJUTCS C yYE€TOM HOPMATHBHBIX
TpeOOBaHUI MO 3alUTHOMY CJIOI0 O€TOHA, 32 MCKJIIOUYECHHEM Cllydasi MOJIMTOHAJIBHOTO CEYEHUs ¢
IIPOU3BOJIBHONW cXeMoil apmupoBaHus. s ydera 3TUX TpeOOBaHUI pacueT KOJOHHBI IPOBOAMUTCA
nBaxapl. HeoOxomumble Ui pacyeTra pacCTOSHUS OT LIEHTPOB TSDKECTH IUIOLIAJEd apMmaTypbl 10
KOHTYpa CEUEHUs! IEPBOHAYAIILHO ONPENENAI0TCS MO 3aJaHHOMY HauOOJIbIIEMY TUAMETPY CTEpKHEN ¢
y4eTOM JMaMeTpa XOMYyTa M 3a/JlaHHbIX MHHHMMAJBHBIX TOJIIMH 3alIUTHOTO CJosi OeToHa JUIs
IIPOJIOJIBHONW M TomepedHor apmartypsl. Ilo pesynpraraMm mnepBoro pacdera KOJOHHBI NMPOU3BOIUTCS
KOHCTPYUPOBAaHUE apMaTypbl, U KOPPEKTHPYIOTCS PACCTOSHUSA OT LEHTPOB TDKECTH IUIOLIANEH
apMaTyphbl 10 KOHTypa CE€4€HHUs. 3aTeM MPOBOIUTCS OBTOPHBIN pacueT KOJIOHHBI U KOHCTPYUPOBAHUE
apmatypsl. PacCTOsIHMS OT LIEHTPOB TSKECTH IIOMIAAEH apMaTyphl 10 KOHTYyPa CEUYEHHUs], 111 KOTOPBIX
IIpY TIOBTOPHOM pacyeTe ompezeseHa Tpedyemasl apMarypa, YKa3blBalOTCS B BBIXOJHOM JOKYMEHTE
IIPOTrPaMMBI.

[Tpu moxbope apMaTypHBIX CTEPKHEW MPUMEHSETCs CIICAYIONIMNA 0OLHiA psia AuaMeTpoB (B MM): 6, 8,
10, 12, 14, 16, 18, 20, 22, 25, 28, 32, 36, 40. ApmaTypHble CTEPKHU Pa3MEMIAlOTCs B CEUCHUH C
Y4€TOM HOMHUHAJIBHOW TONIIMHBI 3aIlUTHOIO CJ0s OETOHa W HOMHHAJIBHOIO PACCTOSHUS B CBETY
MEXIy cTepkHsAMH. [Ipu omnpeneneHud HOMUHAIBHOW TOJIIMHBI 3alUTHOTO CJIOs OeToHa
YUHUTHIBAIOTCS 3aJaHHblE MUHUMAJIbHbIE TOJIIUHBI 3alIUTHOTO CJ0s OeToHa s TMPOAOIBHONM U
MOTIEpEYHON apMaTyphl, TUaMETp MOJOOPaHHBIX CTepkKHEeW U auametp xomyTa. [Ipu 3TOM TommmHa
3alIUTHOTO CJ0si OeToHa A XOMyTa IpHHHUMAaeTcs KpaTHo 5 MM. B ceuenumn co cxemoii
apmupoBaHus A = 0 B KaXJ0M YIJIe MOXKET Pa3MeIlaTbCs OJIMH apMaTypHBIM cTep:KeHb WM (Ipu
HeoOxoqumoctu) Oonee (3 wnm 5 apmaTypHbIx crepxkHeit). Ilpu pacuere TpeOyemoil apmaTypsl
NPUMEHSETCS PACCTOSHUE OT KOHTYpa CEUYEHHs 10 0OIIEero HEeHTpa TSXKECTH TPYIIIbI CTeP KHEH.

[Tpr mondope apMaTypHBIX CTEp)KHEH YUYWTBHIBAIOTCS 3aJaHHBIE MUHUMAIBHBIA W MaKCHMAaTbHBIN
JIMAMETPBI CTEPIKHEN, MAKCUMAIbHOE KOJIUYECTBO CTEPKHEW B CEUCHUH, MUHUMAJIBHOE PACCTOSIHUE B
CBETY MEXOY CTEpKHSMU. OTH TMapaMeTpbl MO3BOJSIIOT YMPaBIATh MmofdbopoM apmarypsl. [lo
pe3ysibTaTaM KOHCTPYHPOBAHUS OCYIIECTBISICTCS TpaUUEeCKHil BBIBOJ CEUEHUS C IMOJ0O0PAHHBIMHU
apMaTypHBIMU CTEPKHSIMHU.
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[Iporpamma mnpenHa3zHauyeHa [JI MPOEKTHUPOBAHUSA CTATHYECKH HEONPENETIUMON OJHOSPYCHOU
XKene300eTOHHOW KOJIOHHBI IPOU3BOJIBHOTO CEYEHMs corylacHO cieaytomuM Hopmam: CHull 2.03.01-
84* [1], CIT 52-101-2003 [2], CHb 5.03.01-02 [3], [4]. IIporpamma opuUEHTHpPOBaHA Ha pacyeT
KOJIOHHBI C yY€TOM CEMCMHYECKHX BO3JICUCTBHH W MyJjbcaluid BeTpa. PaccumThiBaeTcs TpeOyemas
IUIOIAAb MPOAOJIBHOM apMaTypsl M TPOU3BOAMUTCS KOHCTPYHPOBAHHE apMaTypbl C Yy4YeTOM
TpeOOBaHUH MO TOJIIWHE 3aLIUTHOTO ciIosi OeToHa. OcymiecTBiseTcs: rpaguUecKuii BEIBOA CEUYEHUS C
N0JJOOpPaHHBIMU apPMATYPHBIMU CTEPIKHSIMHU.

1. PacuerHas cxema

PacueTHast cxema KOJIOHHBI MPEACTABISET COOO CTEP)KHEBOW HJIEMEHT INPOU3BOJIBHOTO CEUCHHMS,
UMCIOIIMI yIpyTrue Wil a0CONIOTHO JKECTKHE 3aKpEIUICHHUs] Ha OJHOM MM 00O0MX Kpasx. YCIIOBHUS
3aKperuieHust (popMyJIUpYIOTCS Ui TOPU30HTAIBHOIO MEPEMELICHHsI U IOBOPOTa CEYEHMS BOKPYT
rOpU30HTANBHON ocu. [Ipu pacuere KOJIOHHBI IPUMEHAETCA CUCTEMA KOOPAUHAT X)z, HA4aJI0 KOTOPOU
COBMAJIAa€T C LIEHTPOM TSKECTHU HUIKHETO ceueHUs KOJIOHHBI. OCh X HaIpaBlieHa CHU3Y BBEPX.

2. Ceuenue

CeueHne MOXXET 3a/1aBaThCsl KaK CTaHIApPTHOE ceueHHue (MpSAMOYTOJIbHOE, KPyroBOE WM KOJbIIEBOE
CEUYEHHE) WIN KaK IPOM3BOJIbHOE NOJUTOHANbHOE cedeHue (puc.l). Jns npsMOyrosbHOro cedyeHus
BO3MOJKHBI CIIEAYIOIIHE CXEMbl apMUpoBaHUsA A (pucC.2): cXeMa C paBHBIMH IUIOMIAJAMHU apMaTyphl
BOJIM3K BepuInH cedeHus (A = (), cxeMa ¢ paBHOMEPHBIM paclipe/ielIeHUeM IIJI0LIA 11 apMaTypbl BJIOJIb
KOHTypa cedeHus (A = 1), cxema ¢ paBHBIMM IUIOUIAJIMU apMaTypbl BOJIU3M BEpXHEW M HMKHEH
CTOpOH cedeHust (A = 2), cxema ¢ paBHBIMU IUIOMIAJIIMUA apMaTypbl BOJIM3H JIEBOM U MPaBOW CTOPOH
ceueHus (A = 3). [Ing kpyroBoro um KoJbIIEBOI'O CEYEHHUH pacCMAaTPUBAETCS CXEMa apMUpPOBaHMS C
pPaBHOMEPHBIM paclpeelIEHUEM IUIOIIAIN apMaTypbl BI0JIb KOHTYpa CEUYEHUSI.

3ajaHue MPOU3BOJIBHOIO IMOJUIOHAIBHOIO CEUEHHUS OCYILIECTBIISIETCS IYTEM BBOJA KOOPJIMHAT €ro
BepiivH. Bo3MoxkeH BBo 10 50 BepuinH. BeiOop KOOpAMHATHBIX OCEl MOXKET ObITh MPOU3BOJBHBIM.
Bepuunsl 3a7at0Tcs B OCieA0BaTENbHOCTH, KOTOPasi COOTBETCTBYET 00XO0/1y MOJUIOHA IO KOHTYpPY B
OIlpe/ieIcHHOM HampasieHud. [Ipu 3ToM mnonuronanpHas 00JacTh JOKHA OCTaBaThCA 110 OJHY
CTOPOHY (HaImpumep, cjieBa) OT HarpaBieHus 06xoaa. [Ipy HanuuuKU BHYTPEHHUX MOJIOCTEN B CEUEHUN
TpeOyeTcss TPOU3BECTH pa3pe3bl, MO3BOJAIOIIME OOOHTH TIpaHUYHBbIE KOHTYpBl (BHEUIHUH H
BHYTpPEHHHUE) TaK, YTOOBI 00JIACTh OCTaBaach IO OJIHY CTOPOHY OT HalpaBJeHUs 00X0/a.

JUis MONMrOHANBHOTO CEYEHHs BO3MOXHBI CIEAYIOLIUE CXEMbl apMHUPOBAHMS: CXE€Ma C PaBHBIMH
IUIOINASIMM apMaTypbl BOJIM3M BEPLIMH BHEIIHET0 KOHTypa ceueHus (A = 0), cxema ¢ paBHOMEPHBIM
pacrpesieleHueM IUIoLad apMaTypbl BJOJb BHEIIHEro KOHTypa ceueHus (A = 1), mpousBoibHas
cxema apmupoBanus. [lng cxem A = 0 u A = 1 HeoOXoauMble JUIsl pacdeTa KOOPAWHATBI apMaTyphl
onpenensrores apTomatnuecku. [Ipu A = 0 uckiIrO4aroTCAd U3 PacCMOTPEHUsS BXOJsALIME YIIIbI (T.€.
yriabl, Oonbmue 180 rpan). Kpome Toro, mpoBepsieTcs BO3MOXKHOCTb KOPPEKTHOTO pPa3MELICHHS
apMaTYPHBIX CTepKHEH MPU HAJTMYUH OJU3KUX BEPIIHH.
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Puc. 1. Ceuenns

[Ipu BBIOOpE MPOM3BOILHON CXEMBI apMUPOBAHUs TPeOyEeTCs 3a7aTh OTPE3KU (apMaTypHBIE CJIOHN), Ha
KOTOpBIX pa3Mmerniaercs apmarypa. Bo3smoxen BBoa no 50 apmaTypHbIx cioeB. CiIou MOTYT HUMETh
NPOU3BOJIBHYIO JUIMHY W opueHTanuto. [Ipeamonaraercs, 4To IUIOMIAAh apMaTypbl PaBHOMEPHO
pacnpeneiieHa 1o cliow. Ecim anuMHa ciiosg paBHa HYJO, TO TAaKOM CJOM COOTBETCTBYET
«COCPEIOTOYCHHON) IUIOMAAN apMaTyphl. ApMaTypHbIE CJIOM TMOJPa3AeNsioTcs Ha CJIOU ¢
BapbUPyEMOU TUIOIIAJIBIO U CIIOH C MTOCTOSIHHOW TUIOMIA B0 (He M3MEHSIEMOM TpU pacdere Tpedyemoii
apmatypsbl). {15 KaX70r0 apMaTypHOTO CJIOS ¢ BapbUPYEMOM TUIOIIAABIO OMPEIEISETCS €ro M0 OT
oOmieil riomanyu apMaTypsl (Ipy STOM CJIOU € TIOCTOSIHHOM IJIOIAAbI0 He y4uThiBatoTcs). Jlomns cios
PACCYUTBIBACTCS 1O 3aJJaHHBIM OTHOCUTEIBHBIM TUIOMIAISIM Kak k; = A;/ (A; + Ax+ ...),taei=1,2,...;
Aj, Az,... — OTHOCUTENBHBIE TUIOIIAIA aPMATYPHBIX CJIOEB C BapbUpyeMoil miomaapto. [nomanp i-ro
cios omnpenensercss no popmyne Ay = ki - Agor, THE Aj 100 — 00IIAA IUIOIAAL apMaTyphl (0€3 ydera
MOCTOSTHHOW TUIomaau). [Ipu momMomm pacdera OTBHICKMBAETCsA OOIIas TUIOMIAAb apMaTypbl Ag i, a
3aTteM 1o ko3 duirenTam k; BBIYUCIAIOTCS MJIOMIAAN apMATYPHBIX CII0EB As;.
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Puc. 2. Cxembl apMUpPOBaHUS TPSIMOYTOIBHOTO CEUCHUS

3. Harpy3ku

Bo3MOKHEI CICAYIOIHMC HArpy3ku: COCPCAOTOUCHHLIC BCPTHUKAJIBHBIC W TOPU30OHTAJIBHBIC CHIIBI,
COCPCAOTOYCHHBIC MOMCHTBI, PACHPCACICHHBIC TOPHU30HTAJIbHBIC W BCPTHUKAJIBHBIC HAIpy3KH,
CMCHICHUA W HOBOPOTHI KCCTKUX OIIOP. Bo3MoxxeH aBTOMaTHYECKHM yueT COOCTBEHHOr0 Beca
KOJOHHEL. IloIOXUTEIbHBIC HaIllpaBJICHHUA HArpy3oK IIOKa3aHbl Ha pI/IC3 IlonoxuTeabHEIC
HaIpaBJICHUA CMeHIeHI/Iﬁ KCCTKHUX OIIOp COBIAAar0OT C HallpaBICHUAMH KOOPAWMHATHBIX oceil.
IlonoxurenabHbIe HaIllpaBJICHHUA IOBOPOTOB JKECTKUX OIIOp COBINAAAKOT C TIOJOXKUTCIbHBIMU
HaIrpaBJICHUAMHU MOMCHTOB. COCpGI[OTOquHBIC U pacnpCACICHHBIC HArpy3KHW MOTYT IpUIaratbCsa B
IIPOM3BOJIBHBIX TOYKaX KOJIOHHBI.

IIpu pacuere mo [1] u [2] xkmaccudukanus ¥ KOMOMHUPOBAHHE HArPy30K MPUHUMAIOTCS COTJIACHO
CHullI 2.01.07-85 «Harpy3ku u Bo3aeictBus» [5]. KomOuHupoBaHue Harpy3ok mpeacTaBisieT coOoin
TeHEPAIMI0 MHOYKECTBA BO3MOXHBIX KOMOHWHAIIMI HAarpy30K ¢ y4eToM K03(h(dUIIMEHTOB HAACKHOCTHU
110 HArpy3Ke ¥ , ¥ KOI()(PUIHMEHTOB, CBSI3aHHBIX C OJJHOBPEMEHHBIM YUETOM JIBYX U 00JI€€ BPEMEHHbIX

Harpy3oxK.

IIpu pacuere mo [3] kimaccupukamvs U KOMOMHHUPOBAHHE HArpy30K NPUHUMAIOTCS COTJIACHO
[Tpunoxenuto A. YacTHble KOA(pOUIMEHTHl O€30IMACHOCTH ¥, U1 HAarpy30K NPUHUMAIOTCS I10
tabmue  A.2. KoMmOuHanuonHele KOGQHUUUEHTBI W ,,W,,\/, IS TEPEeMEHHBIX Harpy3oK
npuHuMaroTes no tabnuue A.l. IlpenycMoTpeH BBOA HECTaHAAPTHBIX 3HAYEHUH ). ,W,,W,,W¥, Wi

OTJICNBHBIX Harpy3ok. KoMOWHHpOBaHWE HArpy30K IPEACTaBIsSET COOOW TeHEpaIlui0 MHOXKECTBa
KOMOWHAIIUKA HArpy30K ¢ Y4eTOM OJarompusTHOTO W HeOsaronmpusTHOro 3ddQexra oT HArpysok, a
TaK)Ke BO3MOKHOCTH JJOMHUHUPOBAHUSI KXKIOW U3 IEPEMEHHBIX HArpy30K.
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Puc. 3. ITonoxxuTtenbHblE HAPABICHUS HATPY30K

Bo3MmokeH BBOJ HECOUETaeMbIX HArpy3oK. Takue Harpy3Ku BKIIIOYAKOTCS B IPYIIy HECOYETAEMBIX
Harpy3ok. B koMOWHanui MOXKET BOWTH TOJBKO OJHA Harpy3ka W3 Kaxaou rpynmbl. Hymepanus
TPyl HAYMHACTCS C €AMHMIBL. ['pyNmbl MOTYT IPUMEHSATHCS, B YAaCTHOCTH, IIPU Y4YETE BETPOBBIX
Harpy3ok (Mpu pacCMOTPEHUU ICHCTBUS BETpa IO PA3IMYHBIM HampaBiieHUusM). Bo3MoxkeH BBOJ
3HaKOIICPEMCHHBIX HArpy3o0K. B sTom ClIydyac€ B paCyeTC YUYHUTBHIBACTCA KaK 3aJlaHHasd HAarpyska, Tak U
Harpys3Ka MpOTHUBOIIOJIOKHOIO 3HaKa.

Bo3MokeH BBOA TOTOBBIX pacyeTHBIX KOMOMHAIMI Harpy3ok. 3ajaBaeMasi Kak BHJI Harpy3Kd
pacueTHas KOMOWHanusi 100aBiSe€TCS K MHOXECTBY CIEHEPUPOBAHHBIX OCHOBHBIX KOMOWHAIUil
Harpy3ok. B uacTHOCTH, BO3MOX€EH BBOJI JIMIIb TOTOBBIX KOMOMHAIMI HAarpys30K.

[Ipu 3apannn Harpy>eHus KOJIOHHBI OT ACUCTBUS BeTpa CHavalla BBOJSATCS HAarpy3Ku, 00YCIOBICHHBIE
CpeIHEN COCTAaBIIAIOLIECH BETPOBOrO JABJICHUS, 4 3aTEM — HArpy3KH, COOTBETCTBYIOLINE PA3JIOKEHUIO
MyJIbCALIMOHHOM cocTaBstoLIel Mo popmam KosaeOaHUN KOHCTPYKLIHUU U ONPENIEICHHbIE TPU ITOMOIIU
JUHAMHYECKOI0 pacyeTa.

4. Pacuer

PacueT KOJOHHBI BKIIIOYAET pacyeT yCWIMH U pacyeT MpOJOJIbHOM apMarypbl, TpeOyemou uis
o0ecrieueHHs Hecylleld CIOCOOHOCTH HOPMAJIbHBIX CEYEHHH.

Ha nmepBoMm 3Tamne pacdera onpenensoTcs pacupeAeIeHUs] yCHIHK B KOJIOHHE OT OT/IENIBHBIX Harpy3o0K.
3areM U3 MHOXeCTBa KOMOMHAIIMI HAarpy30K BBIOMPAIOTCS TaKHe KOMOMHALIWH, /Uil KOTOPBIX YCHIIUS
WIN SKCIEHTPUCHUTETHl NMPHUHUMAIOT HAMOOJbIINE 3HAYCHMSA. B BBIXOJHOM JOKYMEHTE IPOTPAMMBI
NPUBOJATCS PE3yNIbTaThl pacdyera JUIsi TOW W3 BBIOPAaHHBIX KOMOHWHAIMIA HAarpy3okK, Ui KOTOpPOH
Tpedyemast IIoa b apMaTypbl IPUHAUMAET HauOoJIbIIee 3HAYCHHUE.

Ycunusa B ceUeHUIX KOJIOHHHI, O6yCJIOBJ'IeHHBIC myJibCallusiMu BE€TpPaA, BBIYUCIIAIOTCA 1O (bopMyne BUaa:
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rae N, - ycwinsi, COOTBETCTBYIOIINE i -if popme KoneOaHui KOHCTPYKIMHU, 71 — YHCIO YYHTHIBAEMBIX
(opm Kosebannii. Beraucientoe 3nadyenne N, NPUHUMACTCS C TEM 3HAKOM (+,— ), KOTOPbIA MMeeT
HanOoJblIIee 10 MOAYJIO 3HaueHue N, . BeTpoBoe HarpykeHue MpeaCcTaBIsAeTCs B BUAEC COBOKYITHOCTH
JIByX HArPY»KEHUH, JUIs OJHOTO U3 KOTOPBIX yCUJIUS IPUHUMAIOTCS paBHbiMH N + N, a 17ist Apyroro

—paBupivu N — N, rae N — yCuilie OT CPEAHEH COCTABIISIOLICH BETPOBOIO AABICHHUS.

Ycunus OT CEeHCMHYECKOro BO3JEHCTBUSI COTJIACHO [6] BBIUMCISIFOTCS aHAJIOTHMYHBIM 00pazoM IO
Harpy3kam, COOTBETCTBYIOIUM ¢opMaM Kosiebanwit. CelicMUYecKass Harpy3ka BCerJa MPUHUMACTCS
3HAKOIEPEMEHHOM.

[Ipu ompenesneHun pacyeTHBIX M3TUOAIOLIMX MOMEHTOB YUMTBIBAaeTCs BiMsHHE nporuOoB. Eciou B
OJTHOW M3 KOOPJMHATHBIX IIOCKOCTEH MPOru0 KOJOHHBI CTECHEH MJIM HEBO3MOXEH (HarpuMmep, u3-3a
MPUMBIKaHUS CTEHBI), TO pacyeT B 3TON MIIOCKOCTH MPOBOJIUTCS O€3 ydeTa BIUsSHUS nporuoa.

B xaxmoil KoOpIMHATHOW IJIOCKOCTU BIIMSHUE MPOruda Ha BEIMYMHY H3rHOAIONIEro MOMEHTa
YUUTBIBAETCSl MyTeM YMHOXKEHUS HaiJleHHOro MoMeHTa M Ha mnoBblmaromui ko3dduuuent 7,
KOTOPBIN BBIYUCISIETCS IO hopMyIIe

b
N
N

cr

77:

rae N - npononbHas cuia, N . - KpUTHYECKas CUJia, KOTopas ompeaensieTca coryiacHo [1],m.3.24,

cr

[2],m.6.2.16, [3],m.7.1.3.14. ®opmyna 7151 KpUTHYECKON CHUIIBI MOKET OBITh 3allCaHa B BUJIC:
2
7°D

cr 2
IO

rae D - ’KeCTKOCTh KOJIOHHBI, ZO - paCuyC€THas JJIMHAa KOJIOHHEI. HpI/I OIIpECaACICHUN D 1mo (I)OpMYJ'IaM,

NPUBEJCHHBIM B HOpMax, NPHOJIMKEHHO YYUTBHIBAIOTCS HEYNpYyrue CBOWCTBA OETOHA, Haluuue
TPEUIMH M MOJ3y4ecThb OETOHA MpHU JUIMTENbHOM JAeicTBHM Harpysku. CorsacHo [1] skecTKocTh
BbIUHUCIIAETCS 110 (hopMmyiie

64 E, I, 0.11

—_— +0.DH)+E]
7[2[ v (0.1+5e )+ E]

D=

3nece E,,E_ - Momynu ynpyrocta 0eToHa u cranu; /,,/ - MOMEHTBHI HHEPIIMU OETOHHOTO CEYEHUsS U
IUTONIAIY CEYEHUS] apMaTypbl OTHOCHTENIBHO LIEHTPAIBHOM OCH ceueHus, &, =e,/h - OTHOCUTEIbHBIN
9KCIIEHTPUCUTET NPOAOJILHOM CHIIBI (/1 - BBICOTA CEYECHUS B IUNIOCKOCTH m3ruoda), ¢, =1+ f3-M, /M,
- TapaMeTp, YYUTHIBAIOMIUN JUIUTENbHOE AeicTBHE Harpy3ku ( S = const). CornacHo [3] KeCTKOCTh

BBIYHUCIISIETCS] aHAIOTUYHBIM 00pa3oM. B [2] hopMyna [11st )KECTKOCTH UMEET BUJ:

0.15E,1
D=——"-20_10.7E I,
9,(03+4+9,)
OKCLUEHTPUCUTET e, OIpPENENseTCs] OTHOCUTEIbHO LIEHTPA TSKECTU IPUBEACHHOIO cedeHus (mpu

HECUMMETPUYHOM AapMUPOBAHHUU LEHTPbl TSKECTH OETOHHOrO U MPUBEACHHOIO CEYCHHM He
coBnanatror). Ilpu onpenenenun e, yuyuTbIBaeTCa ClydaiHbll skcueHTpucurer e, ([1]m.1.21,

[2],m.4.2.6, [3],0.7.1.2.11). Cornacuo [1] u [2] npu pacyeTe CTAaTHUYECKU OIMPEACTUMON KOJIOHHBI

M N
SKCHCHTPUCUTET €, IPHUHUMACTCA PaBHLBIM W+ea, a Ipu pacyeTe CTATUYCCKH HCONPCACIUMOU
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M M M
KOJIOHHBI — PaBHBIM NE eciu N > e, , 1 pPaBHBIM €, €CIIU N <e, . CornacHo [3] 3KCLIEHTPUCUTET

€, BCCriaa NIpUHUMAaCTCs paBHbIM W + e,.

Mowmentsl M, M, BBIUHCISIOTCS OTHOCUTEIBHO OCH TSKECTU Haubolsee pacTsIHYTOH (MM HaMeHee
C)kaTol) apMaTypsl o ycunusaM N,M OT MONHOW Harpy3ku W mo ycwusm N,,M, oT JNINTEIbHO
JeHcTByoIel 4Jactu Harpysku. IIpm pacuere N,,M, cormacHo [1] u [2] B pacyer craBsATCA
IIOCTOSIHHBIE W JJIUTEIbHbIE HArpy3KH, BXOASIIME B pPAacCMaTpPUBAEMyI0 KOMOHMHALIMIO, a TaKke

JJIUTCIIBHBIC YaCTU KPATKOBPEMCHHBIX HAIPY30K, BbIYHUCIACMBIC 110 3adHHBIM IIpU BBOJAC
ko3 duuuentam K, . Cornacho [3] N,,M, paccuuTbiBaoTCA OT MOCTOSHHBIX Harpy3ok. B pacuere

JUIs TOTOBOM KOMOMHAIMK Harpy3ok npuHumaercs, uto N, =0,M, =0.

N3rubHas sxecTkocTh D Kak BEIMYMHA, 3aBUCAINAs OT 3HAYCHUI MOMEHTa M depe3 mapamerTpsl ¢, U
e, B 00IIeM CiTydae U3MEHSETCS 110 BBICOTE KOJIOHHBL. Tak kak D BBIYHCISIETCS C yUETOM apMaTypél,
Pa3MEIICHHOW B CEYEHUH, TO 3HAYCHHUS PaCYETHOrO MOMEHTa 7 Takke 3aBUCAT OT IUIOLIANU
apMatypsl. [loaTomy TpeOyemas apMaTypa MOKET ObITh pacCUMTAaHA TOJILKO MPHU IMOMOIIM UTEpaLMi.

Ha Ttexkymem wuTepanMoOHHOM Iiare Juisi HAWACHHOM IUIOAAM apMaTypbl  BBIYMCISIOTCS
KOO QUIMEHTBI 77, U 7., 3aTE€M ONPEAEIAIOTCS PACUETHBIE MOMEHTBI 77, M | v 717.M _, neficTByromue

B IUIOCKOCTSIX Z W Y, a 3aTeM BBIYMCISIETCs TpeOyeMas IUIomaas apMaTtypsl. Jlanee BBIOTHIETCS
clenyromas wurepamus. VTepalMoHHBIM NpoIecC OKAHYMBAETCS TOTAA, KOTJAa OTHOCHUTEIHHOE
pUpaIleHUe IJI0MAA1 apMaTypsl ctanoBuTcs meHee 0,1%.

[Ipu pacuere KOJIOHHBI coryacHo [1] TpeOyemas apmaTypa OnpenesnseTcss B COOTBETCTBUM C 11.3.28%*.
PacuetHoe comporuBieHHe O€TOHA MpPU CHKATUM MPUHUMAETCS ¢ KOA((UIHMEHTOM YCIOBUN pabOTHI

0eToHa }p, KOTOPBIH OMMpENeNseTcsl Kak MpPOHW3BEIECHUE OTIENBHBIX KO03()PHUIMEHTOB J); COTIACHO
tabnume 15. Tlpu »ToM KOADPUITMEHT )p), 3aBUCSIIMA OT JIUTEILHOCTH JIEWCTBHSI HArpy3KH,
OTpeneNseTcs Al KaX10i KOMOMHAIIMY HArpy30K 10 OTAEIBHOCTH. PesynpTupyrommii koapduiment
yCIIOBUH paboThI ¢ yueToM ko3 uimenra y,, He MoxeT ObITh MeHee 0,45.

[Ipu pacdere kosoHHBI coryiacHo [2] u [3] Tpebyemas apMarypa onpeaensieTcss Ha OCHOBE HEJIMHEWHON
nedopmarmonnoit moxaenu ([2],m.6.2.21; [3],m.7.1.1.2). Ilpu pacuere mo [2] mpeaycMOTpeH BbIOOp
pacyeTHOM AuarpaMMbl COCTOSIHUS cxkaTtoro 6etona. Pacuer tpedyemMoil apmatypsl o [3] npoBoauTcs
pH napadboIMyecKu-ITMHEHHON TuarpaMMe COCTOSTHUS C)KaToro 0eToHa, MPUMEHSIeMOH B Cilydae, eciu
YCUIIUSL ONPEIENSIOTCS MyTeM JMHEHHO-YIIpyroro pacyera (0e3 ydera HEyNpyrux CBOMCTB OeTOHA U
apMaTypHOU cTaiin).

[IpenenpHBIC YCHITUS BRIPAKAOTCS Yepe3 ACUCTBYIONINE YCWIHS 1O popMyiamMm

Nu:}/u.N’Myu:}/u.My’Mzu:yu.M

z

IIpouHocCTh ceuenus obecnieyeHa npu y, > 1.

[IpenqycMoTpeH aBTOMATHYECKHII ydYeT HW)KHEH TpaHuIbl Kod(hduiumenta apmupoBaHus. Ecmm
Tpedyemas IUIOIa[b apMaTypbl OKa3bIBAE€TCS MEHbILE IJIONIAd MUHMMAJIbHOIO apMHUPOBAHUS, TO

pacuer momeHroB 7, M ,n. M _, oupexeneHne npepenbHeix ycwnmud N, M M, a Takke

KOHCTPYUPOBAaHUE apMaTypbl MPOU3BOJATCS IO TUIOIIATH MUHUMAIBHOTO apMHpOBaHUS. HrbkHSS
rpaHuna Kod(pQUIMEeHTa apMUPOBaHHS NPUHUMACTCS B 3aBUCUMOCTH OT HAWOOJBIIECTO 3HAYCHUS
rMOKOCTH KONOHHBI A, =max(4,,4.) cormacwo [1],m.5.16, 2],n.8.3.4, [3],m.11.2.2. I'mbkocth

m

KOJIOHHBI B KaXK10M KOOPAMHATHOM IIIOCKOCTH BRIYMCIAETCS 10 hopmyne A=/ ./4, /1, .
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Bo3mokHa mpoBepka HecyIied CIoCOOHOCTH KOJIOHHBI TIPH 3aJlaHHOW apMmarype. s mpoBeneHus
OPOBCPKU HAJO0 BBCCTHU CCYCHHUC KOJIOHHBI KaK MPOU3BOJIBHOC IIOJIMI'OHAJIBHOC C HpOHBBOHLHOﬁ
cXeMou apMHUpOBaHMA. 3aTeM BBECTH apMaTypHBIC CJIIOM M HMX IUIOIIAJAHW, YKas3aB, YTO OHHU SBJIAIOTCA
MOCTOSIHHBIMH. B 3TOM citydae mpowW3BOAWTCS JUHEHHBIN pacueT yCWiIMi 1o HeaehOopMHpPOBaHHON
CXEeMe, U OMPEIENIIOTCS pacyeTHbIE MOMEHTHI M B KaXJI0il KOOPAMHATHOM TMIIOCKOCTH, a 3aTeM

MpoBepsieTCsl Hecylias CcrnocoOHOocTh ceueHus. Ecnu 3amaHHas miomaib apMaTtypbl MEHbBIIE
TpeOyeMoi, TO BEIBOIUTCS coobiienue «Pacuet TpeOyemoii apMatypbl HEBO3MOXKEH !».

JIJ1s1 KOJIOHHBI IIPSIMOYTOJIBHOT'O CEYEHUS MPEAYCMOTPEH PacyeT 10 IPOYHOCTH HAKIOHHBIX CEYEHUH C

Y4ETOM JIEHCTBUS TIPOJOJNIBHOM CHibl. [loroHHas TuIOmaAbR TOMEPEYHOM apMaTypbl  Ag,/Sy,
paccuuthiBaeTcsi cornacHo [1],mm.3.31%, 3.32, [2],1m.6.2.34, [3],nn.7.2.1.1, 7.2.1.2, 7.2.1.5, 7.2.2.7 -
7.2.2.10. Kpome TOro, mpoBOIUTCS NPOBEpPKA MPOYHOCTH HA JACHCTBUE TMOMEPEYHOM CHIIBI 10
HaKJIOHHOW TMOJIOCE MEXIy HAKJIOHHBIMH TpeuiuHamu. Eciau ycloBHEe NPOYHOCTH MO HAKIOHHOM
TI0JIOCE HE YOBIIETBOPSIETCS, TO BBIBOJUTCSI COOTBETCTBYIOMIEE coobmienue. [Tpu pacuere mo [1] u [3]
IUIOIIA/Ib apMaTyphl, HalJeHHAas W3 YCJOBHS MPOYHOCTH IO HAKJIOHHOM TpeluHe, MOXET OBITh
yBEJIMYEHA ISl TOTO, YTOOBI BBIMOJHSAJIOCH YCIOBHE MPOYHOCTH IO HAKIOHHOW Tojoce. YCIOBHE
NPOYHOCTH MPU KOCOM HU3THOe MpuHUMaeTcs cornacHo [7], m.3.39 B Buze

2

2
9 + 0. <1
Qb,y + st,y Qb,z + st,z

S. KoncrpyupoBanue

KoHcTpynpoBaHne npomonbHONM apMaTypbl B KOJOHHE IIPOU3BOJUTCS C yYE€TOM HOPMATHBHBIX
TpeOOBaHUI MO 3alUTHOMY CIJIOI0 O€TOHA, 32 UCKJIIOUECHHEM Cllydasl MOJIMTOHAJIBHOTO CEYEHUs ¢
IIPOM3BOJIBLHONW cXeMoil apmupoBaHus. s ydera 3TUX TpeOOBaHUI pacueT KOJOHHBI IPOBOAMTCS
nBaxapl. HeoOxomumble Ui pacyeTra pacCTOSHUS OT LIEHTPOB TSDKECTH IUIOLAJEd apMaTypbl 10
KOHTYpa CEUEHUs IEPBOHAYAIILHO ONPENENAIOTCS MO 3aJaHHOMY HAauOOJIbIIEMY UAMETPy CTEpKHEN ¢
y4eTOM JMaMeTpa XOMYTa M 3a/JlaHHbIX MHHHMMAJBHBIX TOJIIMH 3aIlIUTHOTO CJOsi OEeToHa JUIs
IIPOJIOJIBHOW M TTomepedHor apmartypsl. [lo pesynpraram nepBoro pacdera KOJOHHBI MPOU3BOJUTCS
KOHCTPYUPOBAaHUE AapMaTypbl U KOPPEKTUPYIOTCA PACCTOSHUS OT LEHTPOB TSKECTH IIOMAAEH
apMaTtypbl 10 KOHTypa CE€4eHHUs. 3aTeM MPOBOIUTCS OBTOPHBIN pacueT KOJIOHHBI U KOHCTPYHUPOBAHUE
apmaTyphbl. PacCTOsIHMS OT LIEHTPOB TSKECTH IIOMIAEH apMaTyphl 10 KOHTYypa CEUYEHHUs], 111 KOTOPBIX
IIpY TIOBTOPHOM pacyeTe olpezeseHa Tpedyemasl apMarypa, yKa3blBalOTCS B BBIXOJHOM JOKYMEHTE
IIPOTrPaMMBI.

[Tpu moxbope apMaTypHBIX CTEPKHEW MPUMEHSETCS CICAYIOUINHA 0O psif AuaMeTpoB (B MM): 6, 8,
10, 12, 14, 16, 18, 20, 22, 25, 28, 32, 36, 40. ApmaTypHble CTEPKHU Pa3MEMIAlOTCs B CEUCHUU C
Y4€TOM HOMHUHAJIBHOW TOJIIMHBI 3aIIUTHOIO CJI0s OETOHAa W HOMHHAJIBHOTO PACCTOSHHUS B CBETY
MeXIy cTepkHsAMH. [Ipu ompeneneHud HOMUHAIBHOW TOJIIMHBI 3alUTHOTO CJIOS OeToHa
YUUTBHIBAIOTCS 3aJaHHbIE MHHHMMAJbHBIE TOJIIMHBI 3alIUTHOrO Cjosi OeToHa [Isi MPOJOJIbHON H
MOTIEPEYHON apMaTypbl, JTUaMeTp MOAOOPAaHHBIX CTepKHEW M Auamerp xomyTa. Ilpu 3ToM TommmHa
3alIUTHOTO CJ0si OeTOHa M XOMyTa IpHHHUMAaeTcs KpaTHoM 5 MM. B ceuenumn co cxemoif
apmupoBaHusi A = 0 B KaXJIOM yIJIy MOXET pa3MellaTbcs OJWH apMaTypHBIM cTep:keHb WiH (Ipu
HeoOxoqumoctu) Oonee (3 wnm 5 apmaTypHbix crepxkHeit). Ilpu pacuere TpeOyemoil apmaTypsl
NPUMEHSETCS PACCTOSHUE OT KOHTYpa CEUYEHHs J10 0OIIEero HEeHTpa TSXKECTU TPYIIIbI CTeP KHEH.

[Tpu mondope apMaTypHBIX CTEP)KHEH YUYUTHIBAIOTCS 3aJaHHBIC MUHUMAIBHBIA W MaKCHMAbHBIN
JIMAMETPBI CTEPIKHEN, MAKCUMAIbHOE KOJIUYECTBO CTEPKHEW B CEUCHUH, MUHUMAJIBHOE PACCTOSIHUE B
CBETY MEXOY CTEpKHSMU. OTH TMapaMeTpbl MO3BOJSIIOT YMPaBIsATh mofadbopoM apmartypsl. [lo
pe3ysbTaTaM KOHCTPYHPOBAHUS OCYIICCTBISIETCS TpaUUECKHil BBIBOJ CEUEHHUS C IMOA0OPAHHBIMU
apMaTypHBIMU CTEPKHSIMHU.
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[IporpamMmma mnpenHasHadyeHa Ui pacdyéTa TpeOyeMoW NpOAOJBHON apMaTypsl M JUIsl MPOBEPKHU
HECyIIel CIIOCOOHOCTH CEUCHHS C MMEIOIICHCS apMaTypoid, a TakxKe JUIsi KOHCTPYHPOBAHHS apMaTyphl
B ceueHHH corjacHo ciemyrommm Hopmam: CHull 2.03.01-84* [1], CII 52-101-2003 [2], CHb
5.03.01-02 [3], [4], [5]. Tlo pe3ynbTaTaM KOHCTPYHPOBAHHUS OCYIIECTBISAECTCS TpaduuecKuil BBIBOJ
CEUYCHHUS C TMOJOOpaHHBIMH apPMATyPHBIMHU CTEpKHSAMHU. [IpeaycMOTpeHO MOCTPOCHHE AHarpaMm
Hecymield crnocoOHocTH ceueHHs. Bo3MoskeH 1oadop apMarypel B KOJOHHE C Y4E€TOM IPOTHOOB.
Homyckaercs 3aanre 0€TOHA W/WIIM apMaTypHOM CTalld C HCHOPMHUPOBAHHON POYHOCTBIO.

1. Ceuenune

CeucHus noApa3aAC/IAIrOTCA Ha CTAHAAPTHBIC U MPOU3BOJILHBIC. K CTaHAAPTHBIM CCUHCHUAM OTHOCATCA
IpAMOYTOJIbHOC CCUCHUC, TAaBPOBOC MJIM JABYTABpPOBOC CCUCHUC, KPYIOBOC WJIM KOJIBIIECBOC CCUCHUC

(puc.1).

L by L

z 1 1
4 -~ AZ
e | @ ia : a7
hfy !
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M |
- | P : g b
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Puc. 1. CranaapTHble ceueHus

Jlnisi mpsSIMOYTOJILHOTO CEUYEHHsI BO3MOXKHBI CJICIYIOIIME CXEMbl apMHpoBaHus A (puc.2): cxema ¢
pPaBHBIMHM IUIOIIAJSAMH apMaTypbl BOiM3M BepmnH ceueHuss (A = 0), cxema ¢ paBHOMEPHBIM
pacrpeesieHueM IOl apMaTyphl BIOJIb KOHTypa cedeHus (A = 1), cxeMbl ¢ paBHbIMH (A =2) U C
paznmyebiME (A = 3) TuIomaAsIMH apMaTypbl BOJW3W BEpXHEW M HWXKHEH CTOpOH cedeHus. [lis
TaBpPOBOT'O U JIBYTaBPOBOTO CEUEHUI paccMaTpuBaeTcsi cxema apmupoBanus A = 3. Jlnisg KpyroBoro u
KOJIBIICBOTO CEYCHHH pPAacCMaTPHBACTCS CXEMa apMHPOBAHHUS C PABHOMEPHBIM pacIpelieiICHHEM
IUTOIIAM apMaTypbl BIIOJb KOHTypa ceueHHs. [ cedeHuss co cxemoil apmupoBaHusi A = 3
MPeIyCMOTPEHBl JIBa BUAA paclpeaeNeHus OOIel IJIom@aan apMaTypbl MO apMaTypPHBIM CIIOSIM:
CcBOOOJTHOE pacIipe/iesieHue U 3aaHHoe pacnpeneneHue. [Ipuy cBoOOIHOM pacmpeneseHnn apMaTyphl
IUTOINAAN apMaTYPHBIX CJIIOCB HE CBSI3aHbl HUKAKHM YCJIOBUEM M OIPEIENISIOTCS HE3aBHCHMO JPYT OT
npyra. [lpu 3agaHHOM pacnpeneieHn apMaTypbl Uil KaKIOT0 apMaTypHOTO CJIOS OTIPEACIIeTCs ero
JOJsL OT OO0ImeH ruiomany apMaTtypbl. Jlomst ClIosi pacCYMTHIBACTCS MO 3aJaHHBIM OTHOCHUTEIbHBIM
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TJIoMmaasIM Kak k; = A; / (4, + Ag), tne i = n, 6; A,, As — OTHOCUTEIIbHBIE TJIOMIAH HUKHETO U BEPXHETO
apMaTypHbIX ciioeB. [lmomanp i-ro ciost onpenensiercs mo Gopmyine Ag = ki + A o, TAE Ag tor — OOIIAS
momaas apmMatypsel. [Ipu momomm pacdyeTa OTHICKUBAETCS OOIIas TUIOMAAL apMaTyphl As o, @ 3aTEM
1o ko3 dunreHTam k; BEIYUCISIOTCS TUIOIIAAN apMaTyPHBIX CJIOEB Ag;.

IIpu nonbope apmaTypbl B KOJIOHHE C Y4Y€TOM IPOrHOOB MpPerlyCMOTPEHO TOJBKO 3aJaHHOE
pacripeiesieHue o01Ie MIoImaal apMaTyphl IO CIOSIM.

h h
©  °lTa Ta
a a a a
L L L L
1 5 1 1 b
A=0 A=1
agﬁ AT
T A Ta
h h
iagv ASH iaHAv
l L l L
7 b 7 7 b 71
A=2 A=3

Puc. 2. Cxembl apMUpPOBaHUSI IPSIMOYTOIBHOTO CEYEHHS

3aaHe MPOU3BOJILHOTO IOJIMTOHAIBLHOTO CEYCHHUsS OCYIIECTBIISETCS MyTeM BBOJA KOOPJHMHAT €To
BepmuH (puc.3). Bo3moxken BBog n10 50 BepiuH. BEIOOp KOOpAWHATHBIX OCEH JEKapTOBOW CHCTEMBI
MOKECT 6BITB IIPON3BOJIbHBIM. BeleI/IHLI 3a4a0TCA B HOCICAOBATCIIBHOCTHU, KOTOpAasd COOTBCTCTBYCT
00X0/1y TIOJIMTOHA MO0 KOHTYpPY B OINpE/IelIeHHOM HampasieHud. [Ipu 3TomM monmuronanbHas 001acTh
JIOJDKHA OCTaBaThCs MO OJHY CTOPOHY (HampuMmep, clieBa) OT HampaeieHus oOxona. [lpm Hammdmm
BHYTPEHHUX MOJOCTEN B CEYECHUH TPEOYeTCsl MPOU3BECTH Pa3pe3bl, MO3BOJSIONINE O00UTH TPaHUYHBIC
KOHTYpHI (BHEIIHUH W BHYTPEHHHE) Tak, 4YTOObI 00JacTh oOcTaBajach IO OJIHY CTOPOHY OT
HanpaBiieHus: 00xoja. [IpeycMoTpeH aBTOMAaTHIECKUI YUET MOJIOCTH MPSAMOYTOIBHON (hOPMEL.

sl MOJAMroHANBbHOTO CEYEHHUS BO3MOXKHBI CIEAYIOIIME CXEMbl apMHpPOBAHHS: CXeMa C PaBHBIMHU
TUIOMIAIIMHA apMaTypbl BOJIM3U BEPIIMH BHEUTHETO KOHTypa ceueHus (A = (), cxema ¢ paBHOMEPHBIM
pacripeieieHueM ITUTOMAAN apMaTyphbl BIIOJIb BHEIIHEr0 KOHTypa cedeHusi (A = 1), mpousBobHas
cxema apmupoBanus. s cxem A = 0 u A = 1 HeoOXoauMbIe IJIs pacyeTa KOOPJIUHATHI apMaTypbl
ompeaenstoTrcs apromatuuecku. [lpu A = 0 HUCKIIOYAIOTCS U3 PACCMOTPEHHUS BXOJSAIINE YIIbI (T.€.
yribl, Oonbie 180 tpam). Kpome Toro, mpoBepsieTcss BO3MOXHOCTh KOPPEKTHOTO pa3MEIICHUS
apMaTypHBIX CTEp>KHEH MpU HAITUYUH OJIU3KUX BEPILIUH.
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Puc. 3. IIpou3BoabHOE MOJMTOHAIBHOE CEUEHUE

[Tpu BBIOOpE IPOM3BOIBLHON CXEMBI apMHUPOBAHUS TPeOyeTCs 3aaTh OTPE3KU (apMaTypHBIE CIOH), Ha
KOTOpBIX pa3melaercs apmarypa. Boszmoxken BBox a0 50 apmarypHbix ciioeB. Cion MOTYT UMETh
MIPOU3BOJIBHYIO JUIMHY M OpHeHTanuo. l[Ipenmonaraercs, 4yTo IUIOIIAJL apMaTypbl PaBHOMEPHO
pacnopeneiieHa Mo cliow. EciM [nuMHa Ciios paBHa HYJO, TO TAaKOM CJIOM COOTBETCTBYET
«COCPEOTOYCHHOW» TUIOMIAJN apMaTypbl. ApMaTypHbIE CIIOM TIO/IPA3JENSIOTCS Ha CJIOH C
BapbUPYyEMOH IIJIONIA/IBIO U CJIOU C MMOCTOSIHHOM IUIONIAIb0 (HE M3MEHsIeMOH MpH pacueTe Tpedyemoin
apMatypsl). [IpenycMoTpeHs! 1Ba BUAA pacrlpeieieHus IOl apMaTyphl IO apMaTypHBIM CJIO0SIM C
BapbUPyEMOH TIOIA/bI0: CBOOOJHOE paclpeeeHUe U 3alaHHOE Paclpe/ieeHue.

[Tpu cBOOOIHOM pacmpeleleHHH apMaTyphl IJIOMAAM PA3IUYHBIX apMaTypHBIX CIIOEB MOTYT OBITh
OJIMHAKOBBIMU WM Pa3IMYHBIMU. ApMaTypHbIE CJIOW C OJUHAKOBOM IUIOIIAJBI0 OOpa3yloT OJHY
rpynny. I'pymnma MoxeT cocTosTh U3 oaHoro ciosi. Hymepauus rpynn HauuHaetcst ¢ eAuHuLbl. Eciu
JUIS HEKOTOPOTO apMaTypHOI'O CJIOSl TpyIa He yKa3aHa, TO aBTOMAaTUYECKU OOpasyercs OTIeNIbHas
rpynmna, cocrosiuiasi U3 oJHOro 3roro cios. [lmomaau apmaTypel, COOTBETCTBYIOIIHME Pa3IMYHBIM
rpynmnam, He CBSI3aHbl HUKAKUM YCIIOBHEM U ONPEEINIAIOTCS HE3aBUCUMO APYT OT JIpyra.

[Ipu 3amaHHOM pacmpene’eHud apMaTypbl UIS KakIOTO0 apMaTypHOTO CIIOS C BapbUpyeMOU
TUIOUIA/IBIO OTMPEENsIeTCS ero A0y OT oOIIel miom@aan apMarypsl (IPH 3TOM CJIOU C MOCTOSHHOM
TIOMIA/IbI0 HE YUUTHIBAIOTCS). JIOJS CIOS pacCYMTHIBACTCS 110 3aIaHHBIM OTHOCUTEIIBHBIM TUIOIAISIM
Kak k;=A;/ (A; + A+ ...),tnei=1,2,...; A;, As,...— OTHOCUTENbHBIC IIOMIAAN ApMATYPHBIX CIOEB C
Bapbupyemoi miomankto. [lnomane i-ro cinos onpenensercst o popmyie Ay = ki - As o, TIE As tor —
oOmas momaas apMarypsl (6€3 yuera mocTossHHOM Tuiomaan). [Ipu moMoru pacyera OTHICKUBACTCS
00111as1 II0IIaib apMaTyPhl As 0, @ 3aTEM MO KOIDPHUITUEHTAM k; BBIYUCIISIOTCS TUIOIIAIA apMaTyPHBIX
clioeB Aj;.

IIpu monbope apmaTypbl B KOJIOHHE C Y4Y€TOM IPOTHOOB MPeIyCMOTPEHO TOJBKO 33JaHHOE
pacnpenesneHue o01el MIonaau apMaTypsl 110 CJI05M C BapbUPYEMOil III0IIA/bIO.

IIpn paccMOTpeHMHM IPOU3BOJIBHOIO CEYEHMS INPUMEHSIIOTCS JBE CHCTEMBbl KOOpIMHAT. B onHOMN
CUCTEME KOOpJAMHAT 3aJaloTcs BEpIIMHBI M apMarypHble ciou. Jlpyras cucreMa KOOpAMHAT
OPUMEHSETCS 1)1 3aJIJaHUS Y CUIIHI.
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2. Yceuausa

[Ipu pacuere cTaHAAPTHOTO CEYEHUS YCHUIIUS 33Jal0TCSI OTHOCHTENBHO TJIABHBIX IIEHTPATbHBIX OCEH
¥,z. B ciyyae npou3BOJIBHOIO CEUEHUS YCUIIMS 3aJJal0TCSl TMOO OTHOCUTENBHO INIaBHBIX LEHTPATbHBIX
oceil cedeHus y,,z,, MO0 OTHOCUTEIBHO LEHTPAIbHBIX OCEH y,zZ, KOTOpble MapajljieibHbl

KOOp/JMHATHBIM OCSIM, BBHIOPaHHBIM IIPU BBOJIE BEPLIMH M apMaTypHbIX ciioeB. [IpuHHMMaeTcs, uTto
IpojioJibHas cuia N MOJIOKUTENbHA MpU ckaTuu. HampaBieHuss BEKTOPOB M3rMOAIONIMX MOMEHTOB
M ,,M, mokaszanbl Ha puc.l u 3. Ilpu NEHCTBHH IONOXHUTENBHOIO MOMEHTa M, CKaTas 30Ha

BO3HUKAET B BEPXHEH YACTH CEUECHUS, a MPHU JCHCTBUU MOJIOKUTEIBHOIO MOMEHTa M, cxartasl 30Ha
BO3HHUKAET B JIEBOU YaCTHU CEUECHUS.

[Ipenmonaraetcs, 4TO yCHIUS COOTBETCTBYIOT PAaCUETHHIM KOMOWHAIUSM Harpy3ok, 0Opa3oBaHHBIM
cornacHo CHulI 2.01.07-85 «Harpy3ku u Bo3aeicTBus» [6] (mpu pacuere no [1] u [2]) unum cornacHo
[3], [Tpunoxxenue A.

3. Pacuer

Paznuuarorcst Ba BUAa pacyera: pacdeT IUIOIAAW apMaTypbl, TpeOyeMOo# MO yCIOBHIO MPOYHOCTH
CEYEHHUs, M IPOBEpKAa HECYILIeH CIOCOOHOCTH CEYEHHUs C 3aJaHHOM Iyowmaabio apmaTtypsl. llpu
pacuete TpeOyeMoil apMaTypbl B 3aBUCUMOCTH OT IPUHATON CXEMbl apMHUPOBaHUS JIMOO HEU3BECTHA
TOJIbKO OOIIasi IJIOMIAb apMaTyphl Ay NPU 33JaHHOM PACHpEACTICHUN apMaTyphl 1O CII0SM, JINOO
HEHW3BECTHBI IJIOIAIH apMATYPHBIX CIIOEB Ay TIPH YCIOBUH CBOOOIHOTO pacIpeie]ICHUH apMaTyphl 110
ciosiM. B mocnenHem ciyuae miomiagy apMaTypHBIX CJIOEB OTHICKMBAKOTCS Ha OCHOBE TpeOOBaHUS
MUHHMYyMa OOIIEH MI0IIa 1 apMaTyphl.

[Ipu mpoBepke Hecylel CIOCOOHOCTH CceueHHsl omnpezensercs Kod(pQUIHMEHT HaASKHOCTH IO
YCUIIUSIM 7Yy, YE€PE3 KOTOPBIH NpeebHble YCHINA BbIpaxkatoTcs 1no gopmynam N, = y,-N, My, = y,-M,,
M., = y,-M.. IIpouHOCTb ceueHus obecredena mpu j, > 1.

[Ipu momommm mporpaMmbl MOTYT pemiatbes cienyroommue 3amadu: (1) ompenencHue TpeOyemoit
IUTOIIAM apMaTypbl M KOHCTPYHMPOBAaHHE apMaTypbl C Y4YeTOM HOPMAaTHBHBIX TpeOOBaHHWM MO
TOJIIIMHE 3aIIUTHOTO CJIosl OeToHa, (2) omnpezesneHne TpeOyeMol IUIONIaid apMaTypbl TIPH 3aJaHHBIX
PaCCTOSIHUSAX OT KOHTYpPa CEYCHHUs JI0 IIEHTPOB TSHKECTH IUIOMIaiel apMaTypsl, (3) mpoBepka Hecymien
CIIOCOOHOCTH CEUEHHsT W KOHCTPYHMPOBAaHHE apMmarypbl, (4) TOCTpOEHHE AMarpaMM HECyIIeH
CIocoOHOCTH cedeHwus, (5) moadop apMaTyphl B KOJIOHHE C y9€TOM MPOTHOOB.

[Ipu pemenun 3anauu (1) mpuUMeHsIeTCS] UTEPAIMOHHBIM aarOpUTM, MO3BOJIAIOMIMNA TOYHO YYECThb
pacroyio’)keHre MoJoOpaHHBIX apMaTypHBIX cTepkHeill. Ha TekyiieM WTepalMOHHOM IIare pacyer
TpeOyeMoil apMaTypsl TPOBOJMTCS Ha OCHOBE pE3yJbTATOB KOHCTPYHPOBAHMS apMaTypbl Ha
npeasiaymeM mare. [Ipu KOHCTpyHpOBaHMU apMaTypsl ¢ YU4ETOM 3aJaHHBIX 3HAYEHUH MUHHUMAJIBHON
TOJIIMHBI 3AIIUTHOIO cJosg OeTOHa JJs MPOAOJBHOM M IONEpeyHOW apMmaTypbl W JHUaMETPOB
NOJOOPaHHBIX apMaTypHBIX CTEP)KHEH OmpeaessieTcs HOMUHAJIbHAS TOJIIMHA 3allUTHOTO CJIOS
OeToHa. 3aTeM ONpENEeNsAIOTCA PACCTOSHUS OT KOHTypa CEYEHHUs 10 LEHTPOB TSKECTH ILIoUanei
apMaTypbl, KOTOpBIE HA CIIEIYIOLIEM UTEPAIMIOHHOM IlIare CTaBsTCs B pacyeT TpeOyeMol apMaTyphl.

Cornacho [1] pacueT mo MPOYHOCTH BHIMONHAETCS B cooTBeTcTBUM ¢ 1.3.28*. Ilpm sTtom pacuer
AJIEMEHTOB C BBICOKOMIPOUYHOI apmaTypoil kimaccoB A-IV, A-V, A-VI, A-VII ornuuaercst oT pacuera
aeMeHTOB ¢ apmarypoir kiaccoB A-I, A-II, A-III, ASO0C tem, uyto Hapsay ¢ dopmymoit (67)
npumensierca Gopmyna (68). Kpome Toro, cormacHo myHkTy 3.13* mpu pacuere 31E€MEHTOB C
BBICOKOIIPOYHOW apMaTypoil pacueTHOE COMPOTHUBIIEHUE apMaTypbl R, yMHOKaeTcs Ha KO3(pPUIHEHT
yCIIOBUH paboTHI J46 > 1, KOTOPBIH onpenensiercs o Gopmyine (27).

CornacHo [2] pacyeT Mo MpOYHOCTH MPOBOAUTCS HA OCHOBE HENMHEHHOM NedopMallnoHHONW MOJETH B
cootBeTcTBUU C 11.6.2.21. [IpemycMoTpeH BbIOOp pacueTHON JUarpaMMbl COCTOSIHUS CKaToro OeToHa.
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CormacHo [3] pacuer 1Mo MPOYHOCTH MPOBOJIUTCS HA OCHOBE HEMHEHHOM Je(OpMaIlMOHHON MO B
coorBercTBUM ¢ 1.7.1.1.2. TlpemycMoTpeH BBIOOP OIHOW M3 JBYX PACUETHBIX TUArpaMM COCTOSHUS
cxaroro OertoHa. [lapabonnyecku-nuHeiiHast uarpaMma MPUMEHSETCS B TOM Cliydyae, KOT/Ia YCHIIUS
OIlpeNleNIeHbl IIyTeM JIMHEHHO-ynpyroro pacdera. llpenenbHble yCHIMs ONPEAEISAIOTCS KAk
R(aAf 4 1y [ 7,) - KpuBomuHeliHas quarpamMmma MPUMEHSCTCS IPU HEIMHEHHBIX pacyeTax yCHIui,

B KOTOPBIX YYHUTHIBAIOTCS HEYIPyrue CBOMCTBa OeToHa W apMmaTypHOM ctanmu. [IpenenbHbie ycunus
onpenenstorest Kak R(f z, fx)/7p-10€ fop =M s fir =111, yp =1.35.

[Tpu monGope apMaTypsl B KOJIOHHE BIUSHHE MPOTHOa YIUTHIBACTCS MyTEM YMHOXKCHHUS U3THOAIOIIETO
MomeHTa M Ha noBsimatomuii koddourment 7. Koaddunuent 7 Beraucnsercs mo Gpopmyne:

rae N - npoponbHas cuina, N, - KpUTHYECKas cuja, KOTopas ompeneisercs coriacHo [1],m.3.24,

cr

[2],m.6.2.16, [3],11.7.1.3.14. ®opmyna Ui KPUTUIECKOW CUITBI MOXKET OBITH 3alKcaHa B BUJIE:
2
T°D

1,

NC}"
rae D - XKeCTKOCTb KOJIOHHBI, /, - pacdeTHas JAI1HA KOJIOHHBL. CornacHo [1] )kecTKoCTh BBIYHCISAETCA
o gopmyne
64 E, I, 0.11

— +0.D)+E [
72'2[ o, (0.1+5e ) =

D=

3necs E,,E - Moaynu ynpyroctu 6etoHa u crany; /,,/ - MOMEHTbI HHEPLUHN OCTOHHOIO CEUEHUS U
IUIOLIA/I CEYEHUS apMaTypbl OTHOCUTEIBHO LIEHTPAIbHOIN OCH cedeHusl, &, = e, /i - OTHOCUTEIbHBIN
9KCLIEHTPUCUTET MPOIOIbHOM CHIIBI (/1 - BBICOTA CEYEHUs B IUIOCKOCTH U3ruba), ¢, =1+ f-M, /M, -
napameTp, YYUTHIBAIOUIMKA ATUTENbHOE NeicTBUE Harpy3ku ([ =const). CormacHo [3] *KECTKOCTb

BBIYUCIISIETCS] aHATIOTHYHBIM 00pa3oM. B [2] dopmyna asist sKECTKOCTH UMEeT BU/L;

ASE, T
D:M”LOJESIS
®,(03+0,)

OKCLUEHTPUCUTET e, OIpPENENseTCs] OTHOCUTEIbHO LIEHTPA TSXKECTU IPUBEACHHOIO cedeHus (mpu

HECUMMETPUYHOM AapMUPOBAHUU LEHTPbl TSKECTH OETOHHOrO U MPUBEACHHOIO CEYEHHM He
coBnajator). Ilpu onpenenenun e, yuyuTbIBaeTCa ClydaiHblii skcueHTpucurer e, ([1]m.1.21,

[2],m.4.2.6, [3],0.7.1.2.11). Cormacuo [1] u [2] mpu pacyeTe CTATHYECKH OMPEASITUMON KOJIOHHBI

a NpU pacyeTe CTATHYECKU HEONpPEeAeTUMON

a?d

SKCHCHTPUCUTCT € MNPUHHUMACTCSA PAaBHBIM W+€
M M M

KOJIOHHBI — PaBHbIM —, €CJIM — > e, , U PaBHBIM e, , eciu — < e, . CornacHo [3] 3KCLIEHTPUCUTET
N ’ N a?’ a?’ N a

€, BCCriaa NpuHUMacTCs paBHbIM W +e,.

MowmenTsl M, M, BBIYUCISAIOTCS OTHOCHUTEIIBHO OCH TSDKECTH HanOoJiee pacTAHyTOW (MM HauMeHee
CKaToM) apMarypsl Mo ycuiausM N,M OT NOJHOW Harpy3ku W no ycwiusm N,,M, OT AJUTEIbHO

JIEUCTBYIOILIEH YaCTH HArPy3KH.
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Tak Kak KECTKOCTb [ BBIUMCIAETCS C y4€TOM apMaTypbl B CEYEHHMH, TO PAaCUETHBIM MOMEHT nM

TaKXKe 3aBUCUT OT IJouianu apmarypel. [loaromy TpeOyemas apmaTypa MOXeT OBbITh paccuuMTaHa
TOJBKO MpH ToMolIM wurepanuid. Ha Tekyiiem uWTepallMOHHOM IIare il HAWJAEHHOW IUIONIAau
apMarypbl BBIYUCISIIOTCS KOOGQUIMEHTBL 77, U 77, , 3aTEM ONPEACIAIOTCS PACYETHBIC MOMEHTBI 77, M

u 1, M _, neficTByromue B INIOCKOCTAX Z U Y , a 3aTeM BbIUMCIsIeTCs Tpedyemast IUI0IaAb apMaTyphl.

Jlanee BbIMONHSAETCS cienyomas urepanus. MrepannoHHbI npolecc OKaHYMBAETCsl TOTAa, KOTAa
OTHOCHUTEJIbHOE NIPUPALIEHHE IO apMaTypbl cTaHoBUTCs MeHee 0,1%.

4. KoHncrpyupoBaHue

[Ipu moaGope apMaTypHBIX CTEPKHEH MPUMEHSIETCS CICIYIONUN OOIIHI psiag AUaMeTpoB (B MM): 6, 8,
10, 12, 14, 16, 18, 20, 22, 25, 28, 32, 36, 40. [1o kmaccam apMaTypHOU CTalld MOTYT BBIOMpPAThCA
CTEP>KHH CIIEIYIONIUX TUAMETPOB:

[1]: mig A-1 d=6—40; qna A-II d=10—40; s A-III d =10 —40; nna A-IV d =10 —32; nusa A-
V d=10-32; ma A-VI d=10-40; nig A-VII d=10-28; naa AS00C d=10-40;

[2]: nst A240 d =6 —40; nua A300 d =6 —40; ma A400 d =6 —40; nua AS00 d =10 — 40; s
B500 d=3-12;

[3]: mna S240 d = 6 —40; n1s S400 d = 6 —40; w1 S500 d = 6 —40.

ApMaTypHbIE CTEPKHH Pa3MEIIAIOTCS B CEYEHWH C YYETOM HOMHHAJIBHOM TOJIIMHBI 3aIIUTHOTO CJIOS
0eTOHa ¥ HOMUHAJIBHOTO PAcCTOSIHUA B CBETY MEXAY CTep)KHsAMU. lIpu omnpeneneHu HOMHUHAIbHON
TOJILIUHBI 3AIMTHOTO CJIOS OETOHA YUYWTHIBAIOTCS 3a/laHHbIE MUHUMAJIbHBIE TOJIIMHBI 3aLUTHOIO
cyosi 6eToHa /171 IPOA0IbHOM U MONEPEYHOM apMaTyphl, AMaMETpP MOAOOPAHHBIX CTEPXKHEN U TUaMETp
xomyTa. [Ipy 3TOM TOJIIMHA 3aLUTHOTO €105 OETOHA AJIsl XOMYyTa IPUHUMAETCS KPaTHOM 5 MM.

[Ipy KOHCTPYMpPOBAaHMM YUWTBHIBAIOTCS 3aJaHHbIE MHUHUMAJIbHBIA M MAaKCHUMAJIbHBIM JUAMETPHI
CTEpXKHEH, MaKCUMaJbHOE KOJIMYECTBO CTEPHKHEH, MHHMMAJIBHOE PpACCTOSHUE B CBETY MEXKIY
CTEPXKHSIMHU. DTU MapaMeTpsl MO3BOJSIOT YHPABIATH MOA00POM apMaTypbl. MUHUMAIbHBIA TUAMETP
CTep)KHEH MOXKET He MpPHUHAIEKaTh YKa3aHHOMY psJIy JAMAMETpOB JJsi BBIOPaHHOTO Kjacca
apmatrypHo#l cranu. s cxem apmupoBanus A = 0, 1, 2 orpaHuuMBaeTCs KOJIWYECTBO CTEPKHEHN B
CEUCHHH, a 111 CXEMbl ApMUPOBaHUA A = 3 — KOJIMYECTBO CTEPKHEN B OJTHOM PSALTY.

B ceuenun co cxemoil apmupoBanust A = 0 B KaKJIOM YUy MOKET pa3MeIaThCcsl OAUH apMaTypHBIN
cTepkeHb wiH (mpu HeoOxoaummocTH) Oonee (3 wumu 5 apmaTypHbIX cTepxHeil). [Ipu pacuere
TpeOyeMol apMaTypbl IPUMEHSETCS PACCTOSIHUE OT KOHTypa CEYEHHS A0 OOINero IEeHTpa TIKECTH
TPYNIbI CTEPIKHEM.

B cedenun co cxemoil apmupoBaHusi A = 3 Ha MeCTe€ KaXXJI0ro apMaTypHOTO CJOs CTEPKHH MOTYT
pasMeniatbcst B JBa psaga. CTep)kHM BTOPOro pslla YCTaHABIMBAIOTCS HA TAaKOM PAacCTOSHUU OT
CTepXKHEI MepBoro psja, KOTOpoe paBHO HauOOJNbLIEMY U3 3HAUEHUN JHaMeTpa CTepXHeH mepBoro
psia U MUHUMAJIBHOTO PACCTOSHUSI B CBETY MEXIy cTepkHsMU. [Ipu pacuere TpeGyemoi apMaTypbl
MIPUMEHSIETCS PACCTOSHUE OT KOHTYpa CEYEHUs /10 IMHUU TSHKECTH 000MX PSZIOB CTEPIKHEH.

Jns TaBpoBOro (ABYTaBpPOBOrO) ceueHHs] TpeOyeTcs yKa3aTh OJHY M3 JIBYX BO3MOXKHOCTEH
pa3MeINIeHHs apMaTyphl B TIOJIKE. ApMaTypHBIE CTEPKHH MOTYT pa3MeniaThCsl Ha BCE MIMPUHE TOTKH.
DTOT BapuaHT MpeIHa3HAa4YeH s pacuera Oallku TaBpOBOTO (IBYTaBpPOBOTo) ceueHus. Jlpyras
BO3MOXXHOCTh TO3BOJIIET TMPHU MOJ0OpE CTEP)KHEH YUYUTHIBATH JIONIO apMaTypbl B CBecax IOJIKH,
KoTopast MoxeT 3agaBatbes oT 0% 10 100%. Ilpu sToM cTepkHM pa3MeImIarTcs B Mpeaeaax oTpesKa,
JUIMHA KOTOPOT'O COCTaBISET MOJIOBUHY IIMPUHBI MOJKH. JTOT BapHAHT MpeJHA3HAYEH JIA pacyeTa
0amKku TPSAMOYTOJIBHOTO CEYCHHS] COBMECTHO C IUTUTOW TEPEKpPHITHS. ApMaTypHBIE CTEp>KHU
pa3MeNIaroTCs B MOJIKE B OJHH PAJl, a B peOpe CeUeHHs CTEP>KHU MOTYT pa3MeIlaThCsl B IBa pAJia.

3ajaya KOHCTPYUpPOBaHUS apMaTypbl B IPOM3BOJIBHOM IIOJUIOHAJIBHOM CEUEHUH C IPOU3BOJIBHOU
CXEMOM apMHUPOBaHUS HE MMEET €JUHCTBEHHOI'O DPEIICHMs, MO3TOMY IPEIyCMOTPEHBI JBa METOAA
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KOHCTPYUPOBAHUs: MOI00p CTEpKHEM OJMHAKOBOIO AMAMETpa U MOA00p MUHUMAJIBHOTO KOJIWYECTBa
CTEPIKHEU.

[To pe3ynbraTaM KOHCTPYHPOBAHUS OCYIIECTBISETCS IrpaduuecKuil BBIBOJ CEYCHHS C MOA00PaHHBIMHU
apMaTypHbIMH CTEpXHSAMHU. B mporpamMMe npeaycMOTpeH KOHTPOJIb KOPPEKTHOCTH pPa3MEIIeHUs
apMaTypHBIX CTEp:KHEW Ui ceueHWH pasnuyHbiX GopMm. Ecnu KOppekTHOe pasMelleHHe CTEepiKHEH
HEBO3MOXKHO, TO BBIJIaeTCs MIPEIyNpeKIaroniee cCoo0IeHue.

B pexume «IlomHbli BEIBOI» MPOBOJUTCS AONOJHUTENIbHAS TPOBEPKA HECYIEH CIIOCOOHOCTH CEYEHMSI
C MOAOOpaHHBIMH apMaTypHBIMHU CTEpKHSAMU. [Ipu mpoBepke KaKAbli CTEP)KEHb YUYUTBIBAETCS IO
OTAEIBHOCTH, IIPY 3TOM B PACUeT CTABATCA IUIOLIAJAb €ro IOIEPEYHOro CEYEHUs U KOOPAHMHATHI
LEHTpa TsKeCTU. J[JI1 BCEX pacyeTHBIX COYETAHMM YCHIIMN BBIYUCIIIOTCA IPEAENbHBIC YCUIUA Ny,
M,,, M., n x03pdHULUEHT ), > 1, IO KOTOPOMY MOXKHO CyAUTh O KauecTBe moj0opa apmarypsl. Uem
ONMKe %, K €IMHUIIE, TEM JIy4lle pe3ybTaT KOHCTPYUPOBAHMSL.
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[IporpamMmma mnpegHa3HaueHa JyIsl pacueTa MOMEPEYHON apMmaTyphl, TpeOyemon uisi oOecredeHus
MIPOYHOCTHU IO HAKIIOHHBIM U ITPOCTPAHCTBCHHBIM CCUYCHHAM, a4 TAKIKC I KOHCTPYUPOBAHHUA XOMYTOB
cornacHo ciuenyromum Hopmam: CHull 2.03.01-84* [1], CII 52-101-2003 [2], CHb 5.03.01-02 [3]. ITo
pe3yibTataM KOHCTPYUpPOBAaHUS BBIBOJUTCS U300pa)keHHE MPHUOMOPHON YacTU »JJIEMEHTa C
MOI00paHHBIMU XOMYTaMH.

1. PacyeTHasi cxeMa U HATPY3KH

PaccmarpuBaeTcss npuomopHasi 4YacTh IKEJIE300€TOHHOIO 3JIEMEHTa IOCTOSIHHOIO IONEPEYHOro
ceyeHus. B xauecTBe KOOpAMHATHI MPOU3BOJIBHOIO MOMEPEYHOTO CEYEHUs] MPUMEHSIETCS PACCTOSIHUE
x ot onopsl. [IpegycMoTpeHsl 1Ba BUAa pacyeTa: pacyeT Ha U3ru0 U pacdyeT Ha KpyueHHE C U3ruooM.
[Ipu pacuyere Ha M3rHO YYHUTHIBACTCS ICHCTBHE TMONEPEYHON CHIIBI U OOECIEYMBACTCS MPOYHOCTH
3JIEeMEHTa 10 HaKJIIOHHBIM ceueHusiM. [Ipu pacuere Ha KpydeHHE C U3TMOOM YUMTHIBAETCS JEiCTBHE
KPYTSIIEro MOMEHTa, M3TrMOAIoIIero MOMEHTa, IMOMEePEeYHONW CHUJIBI U 00ecreyrBaeTCsl MPOYHOCTH
3JIEMEHTA 10 POCTPAHCTBEHHBIM CEUEHUSIM.

Pacuetsl npoBoOasSTCS 1S 3l€MEHTa MPSIMOYTOJILHOTO MONEPEYHOr0 CEUEHUs IMUPUHONW b U BBICOTOM
h . Ilpu pacuere Ha u3ru6 o [1] u [3] momyckaercs 3aaHue TaBPOBOTO (JIBYyTaBPOBOTO) CEUCHUS IS
ydeTa C)KaTol MOJIKU MpU ONpeieNieHuH Hecylle crmocoOHOCTH OeToHa CKAaTOM 30HBI.

Jlns ydera OOpBIBOB CTEp)KHEM NpOJOJIBHON apMaTyphl NMPerlycCMOTPEHO pa30ueHue MNpPUONOPHON
YaCTH 3JIEMEHTA Ha YYacCTKHU C Pa3jIMYHOM MPOAOJBHOM apMmaTypoi. s Kaaoro ydacTka 3aJar0Tcs
PacCTOSAHUA OT CTOPOH CEYECHMsI IEMEHTa O LEHTPOB TSHKECTH IUIOMIANEH IPONOJIBHOM apMaTypsl.
Ilpu pacyere Ha KpydeHHe ¢ U3rMOOM JOIMOJHUTEIBHO 3aJal0TCA IUIOINAJAM  apMaTyphl,
pacIoNio)KeHHOW Yy BEpXHEW, HWKHEW M OOKOBOW CTOpOH cedeHus. [lnmomians OOKOBOHM apmarypsl
ompenensercs Kak CyMma IUIOIaAed KpalHUX CTEepKHEW BEPXHEW M HWKHEH apMarypsl.
[Ipennonaraercs, 4To riomaa 60KOBOM apMaTypsl y J€BOM U IIPABOH CTOPOH CEUYEHUS OAMHAKOBBI.

ITpu pacuere Ha u3rub 3agaroTcs U3rudaromuil MoMeHT M| ¥ nomnepeuHas cuina Q,, neiicTByonye B

CEYEHHMH OJJIEMEHTa HaJ TIpaHblo omnopbl. I[IpenycMoTpeH BBOJ PpaBHOMEPHO paCHpeneIeHHOU
MONEPEYHON HArpy3KH MHTEHCUBHOCTU ¢ M COCPEJOTOUYEHHBIX MOMEPEUHBIX CUIl (), NEUCTBYIOUINX Ha
BEpXHEU IpaHu daeMeHTa. [Ipeanonaraercs, 4ro Harpy3ku g W () HalpaBJICHBI BEPTHKAIbHO BHM3.

M3rubarommii MOMEHT | MONEPEeYHasi CUjia B MPOU3BOJIBLHOM IOMEPEYHOM CEYCHUU OMPEACIISIOTCS 10
YCWINSM B OIIOPHOM CEYEHHUH U 3aJJaHHBIM Harpy3kaM Ha OCHOBE ypaBHeHUUl paBHoBecus. [Ipu sTom
BEJIMUMHA MOMEHTa M NpHHUMAeTCs OTpHLaTenbHOH. Ecnu 3ajgaHHas uIMHAa MPUONOPHON yacTu

3JIeMEHTa Oounbllle 3HaueHus Xx,, npu kotopoM O(x,)=0 wumum @ u3MeHseT 3HaK, TO pacyer

IMPOBOAUTCA TOJIBKO IS X <x 0-

ITpu pacueTte Ha KpyueHHE C MU3TMOOM JONOIHUTEIBHO 3aJa0TCSA KPYTSLMA MOMEHT 7, B OIOPHOM

CEYCHUH, PAaBHOMEPHO PACIpPENEIICHHBIN KPYTAIINNA MOMEHT MHTEHCUBHOCTH ! M COCPEIOTOYCHHBIE
kpyTsmue MoMeHTsl I' . Eciu 3aiaHHas AaMHA NPUOMOPHON YAacTH 3JIEMEHTA OOJIbIlIe 3HAUCHUS X,

npu kotopoM 7I'(x,) =0 unu 7 u3MeHsIET 3HaK, TO pacueT IPOBOAUTCS TONBKO UL X < X .

[Ipu pacuere mo [l] m [2] ycunus B ONOPHOM CEUYEHMM M HArpy3kKd B IMPOJIETE JIOJKHBI
COOTBETCTBOBATH PACUETHOW KOMOMHAIIMM HArpy30K, 0Opa30BaHHOM COrjacHo [4], a mpu pacuere 1o
[3] - cornacho [3], [Ipunoxenue A.

2. Pacuer Ha U3ruod

Pacuet snemenTa o npoyHocTH npoBoauTcs cornacHo [1],mm.3.31%*, 3.32, [2],1m1.6.2.34, [3],0m.7.2.1.1,
7.2.1.2,72.1.5,7.2.2.7-7.2.2.10.
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IIpu pacuere mo [1] u [3] paccmaTpuBaeTCss MHOKECTBO HAKJIIOHHBIX CEUEHMM, MPOXOAAIIUX Yepe3
JIMHUIO TpPaHHUIIbI COKaTOM 30HBI PACUCTHOr'0 MOMNCPCUHOI0 CCUCHUA W JIMHUIO TMCPCCCUCHUA T'paHU
OMOpbl M HAJONOPHOIO IOIEPEYHOro Ce4YeHHs 3jeMeHTa. HakioHHOe cedeHHe XapaKTepHu3yercs
JUIMHOM TPOEKIMU ¢ Ha MPOAOJIBHYIO OCh 3JieMeHTa (¢ = x ). Jias KaXaoro HakJIOHHOTO CEYEHUs
OTBICKMBAETCS JUIMHA IMPOCKUHUHM €, ONACHOW HAKIOHHOW TpeluHbl. OHa ONpenenseTcss U3 yClIoBUs

MHUHHUMYMa Hecymeﬁ CIIOCOOHOCTH OETOHA C)KAaTOM 30HBI U nonepequﬁ apMaryphl, nepeceKa}omeﬁ
HAKJIOHHYIO TpCIIHUHY, T.C. OHLPCACIICTCA KaK TaKOC 3HAYCHHUE C,, IIPH KOTOPOM JOCTHUIACTCsI

MHHUMYM BbIpaxenus Q,(c,)+ 0, (c,). IIpu 3ToM yuuThIBatOTCS CIEIYIOLINE OTPAaHUYEHUS: ¢, < C,
cy<2h, u ¢, 2h, pu c = h, (h, - pabouas BbicOTa nomnepeyHoro ceueHus). [IpouHocTs rmemeHTa
[0 HAKJIOHHOMY cedeHuro obecneunBaercss npu yciaosuu QO <min{Q,(c,)+0, (c,)}, tne O -
MOTNepeYHasl Cuja B HOPMAJIbHOM CEUYEHUH, HAXOJSIIEMCS Ha pacCTOsHUM ¢ OT omophsl ([5],m.3.31).
IIpu >TOM yuuTBIBaeTCcA orpanudeHue Q, = Qb’min. [Toronnas mniomaab MONEPEYHOM apMaTypbl
A, /s, BbUHMCISETCA 10 HAWJEHHOMY 3Ha4eHHIO ¢, U3 BbIpaxkeHud Q  (c,)=4,, ¢y,

qxw = st ' Asw /Sw HpH YCHOBI/H/I qsw 2 qsw,min .

[Ipu pacuere mo [2] ycuiusi, BOCHpUHUMAaeMble OETOHOM CXKaTOW 30HBI M TOMEPEYHON apMaTypou,
paccMaTpuBarOTCs Kak (YHKIUM AJIMHBl HNPOEKLUUH C, HAKJIOHHOIO CEUYEHUs, MPOXOJSAILEro MO

HakIoHHOM  Tpemmne: O, =0,(c,),0,, =0,,(c,). Ilpup >3TOM BBOJATCA  OrpaHMYCHUSA
Opmin <O €Oy ax - ApryMent Qynkumn Q, (c,) OrpaHMYMBAETCS HEPABEHCTBaMU hy <c, < 2h,.

[IpoyHocTh  dMeMeHTa MO  HAKJIOHHOMY  CEUCHHMIO  OOCSCIeYMBaeTCsS  NPH  YCJIOBHH
O <min{Q, (c,)+0,,(c,)}. Iloronnas romanp nonepeyHon apmarypel A, /s, ompenensercs w3

BBIPAXKCHUU st (CO) = q‘vw ’ CO ’ qsw = st ’ Asw /Sw .

Bepxuuii mpegen nns mara XOMyTOB S ONpeseNseTcss U3 YCIOBUS, COIVIACHO KOTOPOMY

w,max
IornepeyHad Cujia MEXAY XOMYTaMHM AOJDKHA IMOJTHOCTBKO BOCIIPHHHUMATLCS 6GTOHOM CHKAaTOU 30HBI
([5],.3.29, [2],11.6.2.34).

Hapsiny ¢ npoBepkoil IIPOYHOCTH IO HAKIOHHOW TPEIIMHE MPOBOAUTCS IPOBEPKA IPOYHOCTH I10
HAKJIOHHOM T10JI0C€ MEXy HAKIOHHBIMU TPELIMHAMM Ha OCHOBE ycioust O <Q ., rae O . paBHO
npaBoi yacTtu ycaoBus (72) npu pacyete 1o [ 1], umu ycnosus (6.65) npu pacyere 1o [2], win ycaoBus
(7.89) npu pacuere mo [3]. Eciu 5T0 ycnoBue HE BBINOJHAETCS, TO BBIBOJUTCS COOTBETCTBYIOIIEE
coobuienue. [Ipu pacuere no [1] u [3] muomanp apmatypbl, HaWJeHHAs U3 YCJIOBUS NMPOYHOCTH IO

HaKJIOHHOM TPCIOUHE, MOXKCT OBITh YBCIWYCHa C LCJIIBIO YAOBJICTBOPCHHA YCIOBUA IPOYHOCTHU II0
HaAKJIOHHOM IT0JIOCE.

ITpousBoautcst TaONUYHBIA BBIBOJX TpeOyeMoW MOTOHHOW IuIOLmIagu apMaTypbl A /s, , BEPXHETO

npeacia s At IIara XOMYTOB M IJIMHBI IIPOCKOHH C,, OITaCHOH HAKJIOHHOH TPCIIHHBI.

w,max
[Ipenycmotpen BbIBOA Trpaduka pacmpeencHus TpeOyeMol MOTOHHOW IUIOMa[d apMarypsl Ha
IIPHONIOPHOM 4acTu 3ieMeHTa. 1IockonbKy Ipy pacdere IO MPOYHOCTH apMaTypa y4YUTBIBAECTCA HA
JUINHE ¢, TO U1 Ka)KI0r0 PacyeTHOrO CEYEHHs C KOOPAMHATOM X IPOU3BOAMTCS KOPPEKTUPOBKA

pacnpezeneHus IJIOIIAANM apMaTypbl Ha OTpPE3Ke [x —c,,X] MO YCIOBHUIO, COIJIACHO KOTOPOMY

TUTOIIAJh aPMATYPhI HA 3TOM OTPE3Ke JI0JDKHA OBITh HE MEHBIIE, YEM B TOUKE X .
IIpenycmotpen BeiBOA TpadukoB M (x),0(x),0,(x),0,, (x),0,(x)+ 0, (x). C uensto BU3yanabHOU
OpoBEpKH ycioBus mpouHoctH (O <O, +Q, Ha pucynke c¢ rpapukom Q,(x)+Q, (x)

JOTIOJTHUTEIBHO n300paxaetcs rpaduk Q(x) .
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3. Pacyer Ha Kpy4YeHHe C U3rHOOM

Pacuer snemeHTa mo mpouHOCTH TMpoBoAUTCs cornacHo [1],nm.3.36 - 3.38, [2],0m.6.2.36 — 6.2.42,
[3],mm.7.3.1.1 - 7.3.1.5. IIpu pacuere paccMaTpuBaeTCs MHOXKECTBO IONEPEUHBIX CEYEHHUM, B KOTOPBIX
JeMCTBYIOT H3rubaronnii MoMeHT M , monepeuHas cuia QO u kpyTsamuil MmomeHT 7 . [IpenycMoTpeHsl

JIBa BUJA pacyeTa: pacyeT MO0 MPOYHOCTU IPOCTPAHCTBEHHBIX CEUEHMH MU pacyeT MO MPOYHOCTH
AJIEMEHTa MEX]Ty MPOCTPAHCTBEHHBIMU CEUCHUSMHU.

[Ipu pacyeTe MO0 NPOYHOCTU NPOCTPAHCTBEHHBIX CEUEHUN PACCMATPUBAKOTCS TPU CXEMbI PA3pPyIICHUS.
DTHU CXEMBbI OTIMYAIOTCA PACIIOJNIOKEHUEM CXKATOM 30HBI MPOCTPAHCTBEHHOTO ceueHus. B mepBoit
CXeMe cKaTasl 30Ha pacrojaraeTcsl y TpaHu 3JIeMeHTa, cKaTol oT u3ruba. Bo BTopoit cxeme cxkaras
30Ha pacroyiaraeTcst y OOKOBO# rpaHu sjeMeHTa. B TpeTheil cxeme ckaTas 30HA pacrojiaraercs y
TPaHM JIEMEHTA, PACTSIHYTOU OT U3ruda.

Jlst Bcex cxeM paspylieHHs yCIOBHE IPOYHOCTH MTPOCTPAHCTBEHHBIX CEYCHUN MOXKET OBITh 3aIMCaHO
B BUJIE:

T <a,/c, +a,  c,
3neck i - HoMep cxeMbl (1=1,2,3), ¢, - AAMHA NPOEKLUH CKATOM CTOPOHBI MPOCTPAHCTBEHHOI'O
CEUEHMs Ha MPOJOJbHYIO OCh JJIEMEHTA, d,, - BEIUYMHA, 3aBUCAIIAsA OT IUIomanu A ; NpoaoabHON
apMaTypbl, PaCIOJIO0KEHHOM Y PaCTAHYTOM I'PaHU, a,, - BEIMYUHA, 3aBUCAILIAs OT MOTOHHOW IJIOLIAI1
A, /s, TONEepeYHOM apMaTypbl, pacloa0KeHHOH y pacTsHyToil rpanu, 1, =15, =T, T, =T + Qb/2.
IIpaBast yacTh yciOBUS NPOYHOCTH IpeAcTaBisieT co0oi (pyHkuuo or c,. [IpenenbHblil KpyTsLuii
MOMeHT 7|, paBeH MUHMMAJIbHOMY 3HaueHHI0 3Tod (pyHkuuu. IIpu oThICKaHUM AIMHBI IPOEKUUH C,,
JUIsL KOTOPOM TOCTUraeTCsl MUHUMYM, YUUTBIBAIOTCS CIIEIYIOIINE OTPaHUYEHUS:

¢, <2h, +b,

b, /(2h, +b,)

3neck b,,h, - pa3mMepbl IPOSKIUH MPOCTPAHCTBEHHOTO CEYEHHS Ha INIOCKOCTb, EPIEHIUKYISPHYIO K
ocu aneMeHTa. s nepBoil u tperweii cxem b, =b, h, = h, s BTopoii cxemsl b, =h, h, =b.
CoOTHOIICHHE MEKIY TUIOIMAASIMUA TPOIOJILHOW U TIONEPEYHON apMaTyphl, KOTOPbIC YUYUTBHIBAIOTCS B

pacyere Mo NMPOYHOCTH, ONPENEISIETCS I KaXAOW CXEMbl pPa3spyILlEHUs IPHU MOMOILH CIIEIYIOIIEro
napameTpa:
_ stAswi b

Pi _—Rs A o

CornacHo [1] 3HaueHue ¢, JOHKHO OBITh HE MEHBILE, YEM

0.5
1 + M /(2§0wiMui)

gpwi,min =

U He OOoJIbIIIEe, YEM
Primax =150 =M /M ;)
B stux popmynax nis BTopoil cxemsl ciaraemoe, coaepikaiiee M , monaraeTcsl paBHbIM HYJIIO, a JUIs
TpPEThEN CXEMbI 3HaK niepea M u3MeHseTcs Ha OOpaTHBII.
ITpenenbHblil n3rndarommii MomeHT M, onpexnensercs mo popmyne M, =R A (hy, —0.5x,), e x;

- BBICOTA CXKAaTOM 30HBI, BbIpaxaomascs no ¢opmyne x, =(R A, —R_A,)/(R,b,). Ecmm
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BBIYMCIICHHOE 3HAYEHHE X, MEHbIIE 2a,, TO Mojaraercs X, =2a;.3xeck A!, - miomans apmMaTypsl B

CXKATOM 30HE, @, - PACCTOSHUE OT I'PaHy CEYEHHS JI0 IICHTPA TSHKECTH C)KaTOH apMaTyphl.
Ilpu @, <@, ... B pacyeTe yuuTbIBACTCA IUIOIIAb IPOAOIBHOMN apMaTypsl, paBHast A, -, /@, . .

Tpebyemast o pacuery nornepeyHasl apMarypa A0bKHA ObITh pa3MellleHa Ha JITHHE
b.

l
c..=—"""7"7"-°C.
™ 2h+b,
CornacHo [2] pacyeT 1o IPOYHOCTH MPOCTPAHCTBEHHBIX CEUEHUU IMPH JEUCTBUU TOJBKO KPYTSILErO

mMoMeHTa ' IMPOBOAUTCA aHAJIOTHYHO Ha OCHOBC YCJIOBHA

T<T,
3nech i - HoOMep cxembl paspyuienus (i =1,2,3). [lpunnumaercs, uro ¢, . =05 u @, . =1.5.

[Ipu coBmMecTHOM JACHCTBUU KpyTAIIEro MoMmMeHTa 71 ¥ wu3rubaromiero MomeHta M ycioBue
MPOYHOCTH NpH i =1 TpencTaBiseTcs B BUJIE:

T<T,J1-(M/M,)

[IpenenbHsblii n3rubaromuii MomeHT M, onpenensercs coraacHo [2],1.6.2.10 no ¢popmyie (6.14).

[Ipu coBMeCTHOM AEUCTBUU KPYTSIIET0O MOMEHTa 7 W MONEepeyHO cuiibl () yCIOBHE MIPOYHOCTHU IIPU
i =2 NpeAcTaBIsAETCS B BUIC

T<T,(1-0/0,)
ITpenenbHas nonepednas cuna Q, onpezensercs cornacHo [2],m.6.2.34 B cooTBeTcTBUM C (HOPMYJIOH
(6.70).
PacueT o npo4yHOCTH NPOCTPAaHCTBEHHBIX CEYEHUM cornacHo [3] aHamoruyeH pacuery mo [1].

Cornacho [1] u [3] mpexycmotpena 3amena npu 7' < 0.50b pacdera o NpOYHOCTH /ISl BTOPOM cXeMbl

paspymieHud Ha pacdeT IO HNPOYHOCTH HAKJIOHHBIX CEeUYEeHUU npu pacquHoﬁ HOHCpC‘IHOﬁ CHUJIC
0+3T/b.

Hapsiny ¢ pacuerom 1o nmpoyHOCTH MPOCTPAHCTBEHHBIX CEYEHUH MPOBOJUTCS pacyeT MO MPOYHOCTH
3JIEMEHTa MEXJy NPOCTPAaHCTBEHHbIMU ceueHusMH. Eciu ycnoBue mpounoctd Buga 7 <7 1pu
pacyere mo [1] u [3] unu ycnosue npounoctd Buga 7' <7 (1-Q/Q, . ) 10pu pacuere no [2] He
BBITIOJIHAETCS, TO BBHIBOJUTCS COOTBETCTBYHoIIEE coobienue. 3aecy T, =0.1R,b*h 1pu pacueTe 1o
[11,[21u T,, =0.1af,,b°h npu pacuere no [3], npuuem b=min{b,h}, Q..  =0.3R,bh,. CornacHo

[1],m.3.37 pacueTHOE conpoTuBieHue R, s OeToHa kiacca Bbie B30 mpunumaeTcs kak ais OeToHa

max

knacca B30. Cornacho [3],1.7.3.1.4 pacueTHoe conpoTuBienue f,, ais 6eToHa kiacca Beiae C25/30

npUHUMaeTcs Kak A 6erona kinacca C25/30. Koapduuuent o npunumaercs cornacHo [3],m.6.1.5.4.
Pacuer 1o mnpoyHOCTH NPOCTPAHCTBEHHBIX CEUEHUH MPOBOAUTCS IPU 3aJaHHBIX IUIOIIAJAX
IPOAOJIBHOM apmarypel. Ecinu 3anaHHas NpojojibHas apMarypa sBISETCS HEAOCTaTOYHOM JJIs

o0ecreyeHns IPOYHOCTH, TO BBIBOJATCA TpeOyeMmble IUIOLaan MPOJOJIbHON apMaTypbl, HaillleHHbIE
COBMECTHO C TpeOyeMoii IUIOIAAbI0 TONEPEeUHON apMaTyphl.

[TpousBoanTCS TAOMUYHBIN BBIBOJ TpeOyeMOll MOTOHHOM IJIOMIAAN MONEpeYHoi apmatypsl A, /s, U
JUIUHBL €, OTpe3Ka, Ha KOTOPOM JIO0JDKHA OBbITh pa3MelleHa IonepedHas apMmarypa (c,, =maxc,,,,

i=123). B tabnune BbIBOAATCA 3HadeHHs oTHowenus 1 /7,, rae 7, mnpaBas 4acTb YCIIOBUS

IPOYHOCTH, BBIYMCICHHBIE IJIs1 TpeX cXeM paspyuieHus. lIpodyHocTh 31emeHTa oOecnedeHa mpu

CTATHUKA-2009. Onucanue npoepamm 436 — Ilogbop monepeuHoit apMaTypsl



114

T/T, <1.0.Ilpu 3ameHe pacyeTa 0 BTOPOH CXeMe pa3pyLIeHUs Ha pacyeT 10 NPOYHOCTH HAKIOHHBIX
CEUEHHUI COOTBETCTBYIOIEE 3HaueHHe OTcyTcTBYeT. llpomyck 3Hauenuss 7' /7, 1uisl TpeTbedl cXeMbl

03HAYaeT, YTO MPHU TaHHOM M3TH0AIONIEM MOMEHTE pa3pyIlIeHUE M0 TPEThel cXeMe HEBO3MOKHO.

[Ipenycmotpen BbIBOA Tpaduka pacrnpeseleHuss TpeOyeMoil MOTOHHOW IUIONIAM TOMEPEeuHOM
apMaTypbl Ha MPUOMOPHOI yacTu 3nemMeHTa. [lockonbKy mpu pacuere mo IpPOYHOCTH IS i -l CXEMBI
paspylleHusl MOoIepeyHass apMarypa Y4YUTBhIBA€TCA Ha JJIMHE C TO JUIsl KaXXJIOrO pacdyeTHOIo

swi 2
CEYEHUs] C KOOPAMHATOW X MPOU3BOAUTCS KOPPEKTHPOBKA PACHpPEACIICHUs IUIOMAIN NONEePEeYHOMN
apMatypsl Ha otpeske [x—0.5¢,,,x+0.5¢,] mo ycioBHi0, COINIaCHO KOTOPOMY ILIOIIAJb

sw

NIOTIEPEYHOM apMaTypbl Ha 3TOM OTPE3Ke JOJDKHA OBITh HE MEHBIIIE, YEM B TOUKE X .

[Ipemycmotpen BeiBox rpaduxoB M (x), O(x),T(x).

4. KoncrpyupoBanue

IIpy KOHCTpPyHMpOBaHHMU XOMYTOB IIPUMEHSIOTCS CIEAYIOIIME JaHHBIE: JUAMETP XOMYTOB,
MaKCHUMAJIbHBIN IlIar XOMYTOB, IPUpAIIEHUE 1l1ara XOMYTOB, a TAKKE€ PacCTOSHUE OT IPAHU OIOPHI 110
ocu mepBoro xomyta. llpum pacuere Ha W3rMO JOMONHUTENIBHO 3aJA€TCS YHUCIO BETBEH XomyTa
(KOJTMYECTBO MOIEPEYHBIX CTEPKHENH B HOPMAJIbHOM CEYCHUN).

[Tox6op XOMyTOB 3aKIIOYAETCS B ONPEICICHHUH IIara XOMYTOB M JUTHH YYaCTKOB, HA KOTOPBIX XOMYThI
YCTaHABJIMBAIOTCS C MMOCTOSHHBIM I1arom. Illar XoMyTOB Ha IMEPBOM OT OIOPHI YYACTKE OMPEACIACTCS
[0 HanOOJbIIEMY 3HAUEHHIO TpeOyeMOl MOrOHHOMU MoMmaau apMarypsl (A, /s,) [lar xomyTOB

max *
OrpaHUYMBACTCA 3aJdHHBIM IIPHU BBOAC MAKCUMAJIbHBIM 3HAUYCHUCM IIIara. HpI/I pacyeTe Ha A3ru6 mar
XOMYTOB HOOIIOJHHUTCJIBHO OrpaHUYMBACTCA PACUYCTHBIM BCPXHUM IPCIACIOM § Ha BTOpOM OT

w,max °
OTIOPBI YYaCTKE IIar XOMYTOB MOXET OBITh MPHUHAT TEM K€ WJIHM, €CIIM 3TO BO3MOYKHO, YBEIHYCH HA
3alaHHOe TMpupaieHue mara. /s onpeneneHus 4ucia XOMyTOB TpeOyeTcsi 3ajaThb PacCTOSHHUE OT
TPaHU OMOPHI 10 OCH MIEPBOTO XOMYTa. DTO PACCTOSTHUE MOKET OBITh 33J]aHO PaBHBIM TOJOBHHE IIara
WIM TIOJHOMY IIIary XOMYTOB. MHOe cMeleHwe OJDKHO 3aJaBaThCsl BBOJOM COOTBETCTBYIOIIETO
MOJIOXKUTEIHPHOTO MJIM OTPUIIATEIBLHOTO 3HaYeHus. [Ipu 3a1aHuu OTPHUIIATEIIBHOTO CMEIICHUS TTePBhIi
XOMYT YCTaHABIMBAETCA B HAJOMOPHOW YacTU »dieMeHTa. AOCONIOTHAas BENWYMHA 33JaHHOTO
CMEINICHUS IPUHUMAaeTcs He Oonbiei, ueM //2.

[Ipu 3amanum npupamieHys mara XOMyTOB MOKET ObITh BBEJICHO KaK MOJIOXKUTENIbHOE, TaK U HYJIEBOE
WIM OTpUlLlaTelbHOE 3HAaUYeHHe. B ciydae BBOJa OTPHUIATEIHLHOTO 3HAYEHUS KOHCTPYHPOBAHHE
MPOU3BOIUTCS 0€3 M3MEHeHWs Imara XOoMyToB. llpu BBOJE HYJEBOr0 3HAYECHHUS ABTOMATHYECKH
orpezessaeTcsl Takoe MpUpalieHue 1ara, Ipu KOTOPOM 00Illee YHCIO XOMYTOB SIBJISIETCS MUHUMAJIbHO
BO3MO>KHBIM.

IIo pe3yjibTaTaM KOHCTPYHUPOBAHUS BBIBOAHUTCSHA I/I306pa)i(eHI/Ie MNPUOIIOPHOI0 YYAaCTKa 3JICMCHTA C
HOI[06paHHbIMI/I XOMYTaMHU.
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[IporpamMma mnpenHa3HaueHa AJisg pacué€ra MO OOpa30BAaHUIO U PACKPHITHIO TPELIUH, HOPMAJbHBIX K
MPOJOJILHOM OCH DJIEMEHTA, MPHU MPSIMOM WIM KOCOM H3ru0e coryiacHo cienyromuM Hopmam: CHull
2.03.01-84* [1], CIT 52-101-2003 [2], CHB 5.03.01-02 [3], [4]. [IpomonbHas apmarypa 1ud0 3amaeTcs,
a0 moadupaercs Mo yCWIHAM OT pacueTHBIX Harpy3ok. [IpemycMoTpeHO ompeneneHne apMaTyphl,
TpeOyeMou AJis OTpaHHYEHUS IIIUPUHBI PACKPBITHS TPEIIHH.

1. Ceuenune

CeueHus noapa3AessoTCs Ha CTaHAApPTHbIE U MPOU3BOJIbHbIE. K CTaHIApTHBIM CEYEHUSM OTHOCATCS
IPSIMOYTOJIbHOE CEYEHME, TAaBPOBOE HJIM JIBYTaBPOBOE CEUEHHE, KPYIrOBOE MJIM KOJbIIEBOE CEUCHHE
(puc.1). Pacuer cornacho [1] MOkeT NpOBOAUTHCS I MPSIMOYTOJIBHOTO U TaBPOBOTO (ABYTaBPOBOTO)
ce4yeHui, a pacyeT corniacHo [2] u [3] — amst Bcex ceueHui.
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Puc. 1. CrangapTHBIC ceUeHUs

JUia mpsIMOYTOJIBHOTO CEYEHHUsI BO3MOJXKHBI CJEAYIOLIME CXeMbl apMUpoBaHus A (puc.2): cxema c
pPaBHBIMU TUIOMIAJSIMU apMaTypbl BOMM3M BepmuH cedeHuss (A = (), cxema ¢ pPaBHOMEPHBIM
pacnpeneeHneM IUIonia il apMaTypsl BIOJIb KOHTypa ceueHus (A = 1), cxemsl ¢ paBHbBIMH (A =2) u C
pazmuyabME (A = 3) TUIOmAsIMH apMaTypbl BOJIW3M BEpXHEW M HWKHEW CTOpPOH cedeHus. J[ns
TaBPOBOT'O U JABYTAaBPOBOI'O CEUEHUN pacCMaTpUBaEeTCs cxema apMupoBaHus A = 3. JlJis KpyroBoro u
KOJIBLIEBOTO CEYEHHH pPaccMaTpUBAacTCs CXEMa apMHpOBaHHUS C PaBHOMEPHBIM pacIpelelICHUEM
IUIOUIA/IA apMAaTypbl BAOJIb KOHTYPA CEUEHHUSI.

3amaHre MPOW3BOJIBHOTO IMOJUTOHATBLHOTO CEUCHUS OCYIIECTBIISETCS MyTeM BBOJA KOOPJIWHAT €T0
BepuH (puc.3). Bo3moxken BBoa 1o S0 BepruH. BiOOp KOOpAMHATHBIX OCEH JIEKAPTOBOW CHCTEMBI
MOKET OBITh MPOM3BOJILHBIM. BepiIuHbl 3aJal0TCs B MOCIEAOBATEIBHOCTH, KOTOPas COOTBETCTBYET
00X0y MOJIMTOHA MO KOHTYpPY B OMpEIeICHHOM HampapiieHud. [Ipu 3TOM monmroHanpHash 00JIacTh
JOJIKHA OCTaBaThCS MO OAHY CTOpPOHY (Hampumep, cjiaeBa) OT HampaBieHHs oOxona. IIpu Hanmuuum
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BHYTPEHHHUX MOJIOCTEH B CEYEHUU TpeOyeTCsl MPOU3BECTU Pa3pe3bl, O3BOJISAIONIME 000MTH IpaHUYHBIE
KOHTYpbl (BHEUIHMA M BHYTPEHHHE) TakK, 4ToObl 00JacTh OCTaBajaCh IO OJHY CTOPOHY OT
HarpasieHus: 00xona. [IpexycMoTpeH aBTOMaTHYECKHiA yUET MOJIOCTH MPSMOYTOJILHON (DOPMBI.

h h
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Puc. 2. Cxembl apMUpOBaHUS NPAMOYTOJIBHOTO CEUCHUS

IIpu BBOAE apMaTyphl B IPOM3BOJILHOM CEUEHUHU TpedyeTcs 3aJaTh OTPE3KH (apMaTypHbIE CIIOM), Ha
KOTOpBIX pasMmermiaercsa apmarypa. Bo3moxen BBox 1o 50 apmaTypHbIX ciioeB. Ciaou MOTYT MMETH
MIPOM3BOJIbHYIO JUIMHY M opueHTanuio. IIpenmonaraercd, 4To miIomags apMmarypbl pPaBHOMEPHO
pacmpeneneHa 1o cioro. Eciau amuHa cinos paBHA HYJIO, TO TaKOM CJIOH COOTBETCTBYET
«COCPEIOTOYEHHOM IUIOIIAau apMarypsl. Eciyu He npeycMaTpuBaeTCsi KOHCTPYUPOBAaHUE apMaTypbl
IPU TTOMOIIM TMPOTPaMMBI, TO JJISi KaXJOTO apMaTypHOTO ciiost TpeOyeTcs JOMOJHHUTEIBHO 3a7aTh
JMaMeTp apMaTypPHBIX CTEpP KHEH.

2. Yeniausa

[IpononpHas cuiia U M3rubarNIe MOMEHTHI 33/1al0TCS OTHOCHUTEIIBHO TJIaBHBIX IEHTPAIBHBIX OCEH
v,z OeroHHoOro ceuyeHus. [IpuHUMaeTcs, 4yTo npoAoipHas cwia N MOJIOKUTENbHA TIpH Ckatud. [lpu
JNCHCTBUM IOJIOKUTENBHOIO MOMEHTa M, cxKaras 30Ha BO3HUKAET B BEPXHEH YaCTU CEYCHHMs, a IIPU
JICUCTBUU TOJIOKUTEIIBHOTO MOMEHTa M. c)Karas 30Ha BO3HUKAET B JIEBOM 4dacTh ceuyeHus. [lpu
pacyeTe IO TPEIIMHOCTOMKOCTH cormacHo [1] w [2] ycuinus COOTBETCTBYIOT KOMOWHAITUSM
HOPMaTUBHBIX Harpy3ok () = 1), oOpasosanmbiM cormacio CHull 2.01.07-85 «Harpysku wu
BO3EUCTBUS» [S], a mpu pacuere coriaacHo [3] yCHIMS COOTBETCTBYIOT MPAKTHUUYECKU MOCTOSHHBIM
KOMOWHAIMsIM Harpy3ok (= = 1), oopasoBanHbsiM coriacHo [Ipunoxennto A. Ilpu pacuere mo [1] u
[2] Hapsiay ¢ ycunmusMH OT TOJTHOM HArpy3KH 3aJaloTCsl YCHINS OT JUTUTEIBHO JIEUCTBYIOIICH YacTh
Harpys3kH.
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Puc. 3. IIpou3BoabHOE MOJMTOHAIBHOE CEUEHUE

3. Pacuer

Pacuer mo oOpa3oBaHMIO M PACKPBITHIO TPELIWH, HOPMAaJbHBIX K MPOJOJIBHOW OCH DJIEMEHTAa,
BBITIONHSETCS cornacHo [1],mm.4.5, 4.14, [2],0n.7.2.11, 7.2.12, [3],nm.8.2.1.7 — 8.2.1.10. Usrubarormiue
MOMEHTBl TpU 00pa30BaHUU TPEUIUH OIPENEISIOTCS IO MPEAEIbHOMY COCTOSHHIO PACTSAHYTOIO
oetona. [Ipu 3TOM y4eT mpo10IbHOM CHITBI N BO3MOYKEH OJHUM M3 ABYX crioco0oB. Eciu mpogonbHas
cujia U U3rudaroye MOMEHTHI BO3HUKAIOT OT JEHCTBUS pa3HbIX MCTOUHUKOB HArpy30K, TO CIEIYyeT
MOJIOKUTh N =const, a €cliu OHM BO3HUKAIOT OT JCHCTBUS OJHOIO HCTOYHUKA HArpy30K H
BO3pACTalOT OJHOBPEMEHHO, TO CIEAYET MONOKUTh €, =M /N =const u e, =M_/ N = const .

Pacuer cormacuo [1] mpoBoguTcs mipu nomonm GopMyr, npuBeAcHHBIX B [1] u [6]. IIpemycmoTpen
BBIBOJI IIPOMEXKYTOUHBIX PE3yJIbTaTOB pacyeTa, IpU 3TOM MHPUMEHSIOTCS 0003HAYEHMsSI, TPUHATHIE B
HOpMax.

Pacuet cormacHo [2] mpoBoaUTCs HA OCHOBE HeNMWHEHHOU nedopmannoHHoN monenu. M3rubaroriue
MOMEHThl M u M npu 00pa30BaHUM TPEIIUH, a TAKXKE HAMPSKEHUSI B PACTIHYTOM apMarype

y.ere zcre
nocie o0pa3oBaHUs TPEWIMH Oy U Oy e, BXxomsdmue B (opmynsl (7.13) u (7.22), BeIYMCIAIOTCS HA
OCHOBE JHMarpaMM COCTOSHHS O€TOHAa M apMaTypHOW CTaJld TPHU IOMOIIM YHUCICHHOTO METOja.
[IpemycmoTpeH BBIOOp pacdeTHOM auarpaMmbl COCTOSIHHSI OSTOHa B CXKAaTOM M PACTIHYTOM 30HAX
ceuenuss. Cormacmo mmn.5.1.22, 5.1.24 npuMmeHsIOTCS AWarpamMMbl ¢ Ae(QOpMalMOHHBIMU
XapaKTePUCTHUKAMH, COOTBETCTBYIOIIMMH HEMPOJIOJDKUTEILHOMY JEHCTBHIO Harpys3kd. [lmomanb

CEUeHUS PacTAHYTOro O0eToHa Ap, W TUIOIIAh CEYCHUS PACTSHYTOW apMaTyphl Ag, 4yepe3 KOTOPBIE 10
dbopmyne (7.21) BeuucHseTcs 0a30Boe paccTOSHUE [g MEXIy TpPEIIUHAMH, OIPEICISIOTCS
HEIOCPEACTBEHHO Iepes] O00pa30BaHMEM TpPELIMH. 3HAu€HUE Ap; ONPENeNseTcs NP CIEAYIOLINX
OTPAaHUYCHUSX Ha BBICOTY PACTAHYTOH 30HBL h; > 2a, h; < h/2, tae a — paccTosiHEE OT Hamboiee
pacTHYTOM apMaTypsl 10 OJMKailliel rpaHu Ce4eHHs], 1 — CyMMa BBICOT PACTSIHYTOM U CKAaTOM 30H
CEYEHHUs, OmIpenesieMblx aHanorudHo [l], crp.37, 4ept.8. 3HaueHue A ompenensercs Kak CyMMa
wiomanei A apMaTypHBIX CJIOEB C YY4ETOM CpPEIHMX IO Clol0 JedopMaluid pacTsDKEHUS & 10
bopmyse A, = ZAsi (&1 €,,),T0€ €,,, —Aehopmanus Hanbosee pacTIHYTON apMaTypbl.
i

Pacuet cormacuo [3] mpoBoauTCs HA OCHOBE HeNMWHEHHOW nedopmannoHHoN moaenu. M3rubarormiue
MOMeHTsl M M _ . 1pu o0pa3oBaHUM TpelluH, JepopManus pacTSHyTOM apMmaTypbl &,

y,cr?

HaNPSDKCHUS B PACTSHYTOH apMarype 1mociie 00pa30BaHMs TPEIIUH Oy U Oy, BBIYUCISIOTCS Ha OCHOBE
JIarpaMM COCTOSIHUSL OETOHA M apMaTypHOW CTaJId IPU MOMOIIM YHCICHHOro Metona. Ilpeaycmorpen
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BbIOOp OZHOM W3 JBYX PacyeTHBIX JHAarpaMM COCTOsIHMsI ckaroro 6eroHa. [lapabonnuecku-nnHeiHas
auarpamMma IpPUMEHSIETCS B TOM Cllydae, KOIZa YCHJIUS OIpEAENeHbl IIyTEM JMHEMHO-YIIPYroro
pacuera. KpuBonuHelHas quarpamma IMpUMEHSETCs IIPU HEJIMHENMHBIX pacyeTax YCHIIUN, B KOTOPBIX
YYUTBIBAIOTCA HEYNPYTHE CBOWCTBAa Oe€TOHa W apMarypHoi craimu. Mowmentst M M.,

yser?

OIIpesIeNsIeTCsl U3 YCIOBUS AOCTHKEHHsI Ha HauOoJiee pacTsHyTON I'paHM CEYEHUs HaNpsDKeHus f,

tm *

[Ipu 3TOM cocTosiHUE PacTAHYTOro O€TOHA OMHMCHIBACTCS JIMHEHHOW THUarpaMMoOu, COOTBETCTBYIOMIEH
MOJIyJII0 yHpyroctu £, . DQhexTuBHas MIOMAah PACTAHYTOH 30HbI A off ONPENEIIAETCS IPU BBICOTE

h..; =2.5a, KoTopas OrpaHMYMBacTCs yCnoBusMuh,, <h, /2 wu h, ., <h/2, rne h, - BbICOTA

PacTsHYTOH 30HBI HEMOCPEICTBEHHO IMepes 00pa30BaHUEM TPEILIUH, /I — CyMMa BBICOT pacTSHYTON U
CKaToM 30H CeYCHHUSI.

[Ipu pacuere mo oOpa3zoBaHMIO TpewUMH corjacHo [2] u [3] mpeaycMoTpeH BbIBOA jAedopMaiuii u
HaNpsDKCHUH, a TakKe TOJOXKEHHUS HEHTPaTbHOW JIMHUW HEMOCPEJCTBEHHO Iepes oOpa3oBaHHEM
TPELIVH.

B cnyuae, korma mmMpuHa PpacKpbITHs TPEIIMH MPEBBINACT MNPEAEIbHO JOIMyCTUMOE 3HAYCHHE,
porpamMma IMo3BOJIIET PacCcUUTaTh TpeOyemylro IUIomaas apMaTypsl. [Ipu 3ToM miomans apMaTypsl
YBEJIMUMBAETCS /10 TOrO 3HAYEHMsI, IPU KOTOPOM YAOBJIETBOPSIOTCS YCIOBHS MO TPEIIMHOCTOMKOCTH.
OnHOBpPEMEHHO C YBEIMYEHHMEM IUIOIAAM apMaTypbl MOXKET IPOBOJUTBHCS KOHCTPYMPOBAHUE
apMaTypbl B CEYCHHUU.

4. KoHncrpyupoBaHue

B mporpamme npemycmMoTpeHa BO3MOXKHOCTh 1T0I00pa apMaTypPHBIX CTEP)KHEH 10 3aJlaHHOM IIJIOIaIn
MPOJONBLHOM apMaTypel. B pacuer mo TpemMHOCTOMKOCTH CTaBATCSA IUIOMIAAM W JUAMETPHI
MoAOOpaHHBIX CTEP>KHEW W YUYUTHIBACTCS MX pa3MelleHue B cedeHuu. [Ipu mogbope apMarypHBIX
CTEP)KHEHW MPUMEHSETCS CISAYIONINI o0muii psa nuamMeTpoB (B mMm): 6, 8, 10, 12, 14, 16, 18, 20, 22,
25, 28, 32, 36, 40. Ilo xmaccam apmaTypHOW CTalld MOTYT BBIOMPATbCS CTEP>KHU CIETYIOIINX
JTMaMETPOB:

[1]: mng A-1 d=6—40; qa A-II d=10—40; s A-III d =10 —40; nna A-IV d =10 —32; nusa A-
V d=10-32; qus A-VI d=10-40; ms A-VII d=10—28; nua A500C d=10-40;

[2]: mns A240 d =6 —40; nna A300 d =6 —40; na A400 d =6 —40; g AS00 d =10 — 40; nus
B500 d=3-12;

[3]: g S240 d =6 —40; g S400 d = 6 —40; g S500 d = 6 —40.

ApMaTypHbI€ CTEpKHH Pa3MEIIaloTCsl B CEYEHUH C YU€TOM HOMHUHAJIBHOM TOJIIIMHBI 3aIIUTHOTO CIIOS
0eToHa U HOMHMHAJILHOTO PACCTOSIHUS B CBETY MEXIY cTepxkHAMHU. [Ipu onpeneneHMM HOMUHAIBHOU
TOJIIIMHBI 3AIIUTHOTO CJIOSI OETOHA YYHUTHIBAIOTCS 3aJaHHble MUHHMAJbHbBIC TOJIIWHBI 3AIIUTHOTO
cy10s1 OeToHa /1715 IPOAOIbHON U MOMEPEYHON apMaTyphl, AMAMETP MOAOOPAHHBIX CTEPYKHEN U TUaMETP
xomyTa. [Ipu 3TOM TOMIIMHA 3aIIUTHOTO CJI0sl O€TOHA JJIsl XOMYTa MPUHUMAETCS] KPaTHOM 5 MM.

[Ipy KOHCTPYMpPOBaHMM YYMTHIBAIOTCS 3aJaHHbIE MHHHUMAJIbHBIH M MaKCUMAaJIbHBIH JHAMETphl
CTEpXKHEHN, MaKCUMaJbHOE KOJIMYECTBO CTEPHKHEH, MHHMMAIBHOE PpACCTOSHUE B CBETY MEXKIY
CTEP>KHAMU. DTH MapaMeTpbl NO3BOJISIOT YIPABIATh NOAOOPOM apMmarypbl. MUHUMAIBHBIN AUaMETP
CTep)KHEH MOXKET He IMpPHUHAJIEKATh YKAa3aHHOMY psJIy JAMAaMETpoB JJisi BbIOpaHHOIO Kjacca
apmatrypHo#l cranu. s cxem apmupoBanHus A = 0, 1, 2 orpaHnuMBaeTcs KOJINYECTBO CTEPKHEN B
CEUEHHH, a JUIsl CXEMbI apMUPOBAHUSA A = 3 — KOJIMYECTBO CTEP>KHEN B OZHOM psfy.

B ceuenun co cxemoit apmupoBanus A = 0 B K&KIOM YUy MOYKET pa3MEIIaThbCs OJUH apMaTypHbIN
cTepkeHb wiu (mpu HeoOxomumocTH) Oonee (3 wnm 5 apmatypHbeix crepxkHeit). [Ipu pacuere
TpeOyeMoii apMaTypbl PUMEHSIETCS PACCTOSHUE OT KOHTYypa CEYeHHUs JI0 OOILIero LEeHTpa TIKECTH
IPYIIIBI CTEP/KHEN.
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B ceuenuu co cxemoit apmupoBaHusi A = 3 Ha MeCTe KaXXJ0ro apMaTypHOTO CJIOS CTEPKHH MOTYT
pasMeniatbcst B 1Ba paga. CTepKHM BTOPOrO psjia YCTaHABIMBAIOTCS HA TAaKOM PAacCTOSHUU OT
CTEpIKHEH MEepBOro psiia, KOTOPOE PaBHO HAMOOJBIIEMY W3 3HAYCHHU JUaMETpa CTEPXKHEH MepBOro
psiga ¥ MHUHHUMAJbHOTO pPAacCTOSHUSL B CBETY MEXAy cCTepkHsAMU. llpu pacuere mnpumensiercs
paccTosiHUE OT KOHTYpa CeUeHUs JI0 JIMHUU TSHKECTH 000X PSIIOB CTEPKHEH.

Jlns  TaBpoBOTrO (ZIByTaBpOBOTO) ceyeHHs TpeOyeTcsi yKa3aTh OJHY U3 JBYX BO3MOXKHOCTEH
pa3MelIeHus apMaTyphl B TIOJIKE. ApMaTypHbIE CTEPKHU MOTYT pa3MelaThCsl Ha BCEil MIUPUHE MOJIKH.
Jpyras BO3MOXHOCTb IO3BOJII€T NpHU MOAOOpPE CTEp)KHEH y4MTBIBATH JONIO apMaTypbl B CBecax
IIOJIKH, KoTopass MoxeT 3aaaBarbes oT 0% no 100%. Ilpu aTom cTepkHM pa3MelaloTcs B MpeAenax
OTpe3Ka, JJMHA KOTOPOTO COCTABJISIET TIOJOBMHY IIMPHUHBI TOJKH. ApMaTypHblE CTEp’KHU
pa3MeILaroTCs B [IOJIKE B OJUH Psijl, @ B peOpe CeueHus CTeP’KHU MOTYT pa3MellaThes B 1Ba psija.

IIo pe3yjibTaTaM KOHCTPYUPOBAHUA OCYHICCTBIIACTCA rpa(bnqecm/lﬁ BBIBOJ CCUCHHUA C HO,I[O6paHHLIMI/I
apMaTypHBIMHU CTCPIKHAMMU.
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[Iporpamma npenHa3HayeHa JuIsd pacyéra Ha MPOAABIMBAHKE IUIUTHI, BOCTIPHHUMAIONIEH HArPy3KH OT
KOJIOHH NPSIMOYI'OJIBHOTO WJIM KPYIOBOI'O CE€UeHus, coriacHo cieayromum Hopmam: CHull 2.03.01-
84* [1], CIT 52-101-2003 [2], CHB 5.03.01-02 [3]. IIpeaycMoTpeH y4YeT BIHMSHHUS CBOOOTHBIX KpacB
wmTel. Ecau mpodyHOCTh TUMTHI 0Oe3 MOIepedHON apMaTypbl He oOecriedeHa, TO IPOU3BOIUTCS
KOHCTPYHUPOBAaHHE apMaTypbl WIM KamuTeau KojoHHBL. [Ipu pacuere mo [2] B ciaydae KOJOHHBI
NPSIMOYTOJIBHOTO CEYEHHsI pAacCMaTPHUBAIOTCS JBa BHUJA PACIIOJIOKEHHS apMaTypbl: paBHOMEpPHOE U
KpectooOpasHoe. [lo pe3ynbTaraM KOHCTPYHPOBAHUS BHIBOJUTCS KapTHHA Pa3MENICHHUS XOMYTOB HITH
CEUEHHE y3/1a C KalHUTeNbIO.

1. PacyeTHas cxeMa U HArpy3Ka

PaccmarpuBaercs xkene300€TOHHas! IUIUTA TOJIIIMHON /1, ONMparoIascs Ha KOJIOHHY NMPsIMOYTOJIHOTO
WM KPYToBOro ceueHus. B m1ockocTH minThl BBOAUTCA JI€KapTOBa CUCTEMA KOOPAMHAT X,V , HAYAJIO
KOTOpPOM HaXOAUTCS B LICHTPE C€YEHUs KOJIOHHBI. KOJIIOHHBI OApa3IeNstoTCs Ha CpEAHKE, KpacBble U
yriaoBble. B cilydyae cpenHell KOJIOHHBI BIMSIHHME CBOOOJHBIX (HE3aKPEIJIEHHBIX) KpaeB IUIMTHI HE
yuuThiBaeTcs. B ciywyae KpaeBoil KOJOHHBI YUYUTHIBACTCA BIUSHME CBOOOJHOTO Kpas IUIUTHI,
HapajjieIbHOTO OCH X WJIM OCH ) . B cilyyae yriioBol KOJOHHBI YUUTHIBA€TCS BIMSHUE CBOOOJHBIX

KpacB IJIMTHI, TapaJUICIIbHBIX OCAM X U ).

Harpy3ka Ha Ty, AeWCTByoIlas B Npejeiax CEeueHHsl KOJOHHBI, XapaKTepH3yeTcsl 3HaueHHEeM
pe3yibTUpyromen cuibl F . HepaBHOMEPHOCTh pacnpeAesieHus: Harpy3KH 10 IPy30BOM IUIOMIAAN H,
CJIeZIOBATENIbHO, HEPABHOMEPHOCTh PAaCIpe/IeICHUsl HAPSKEHUH B PACYETHOM IOIEPEUYHOM CEYEHUU
IJTUTHI NIPU IPOJABIMBAHMM B pacuere 1o [1] He yuuThiBaeTcs. B pacuere mo [2] mperycMOTpeHO
3a7aHie U3rudarOIMX MOMEHTOB M , M, OTHOCHTENBHO OC€i X,y COOTBETCTBEHHO. COriacHo

[2],6.2.46 npu pacyere Ha NMPOJABIMBAHUE CIEAYET YUUTHIBATh TOJIBKO MOJOBUHBI COCPETOTOUEHHBIX
MOMEHTOB, AeHCTBylomuX Ha tumTy. [Ipm pacuere mo [3] HepaBHOMEPHOCTH paclpeaeieHHUs
HaNpsOKEHUH B PAaCYETHOM TONEPEYHOM CEUYEHUH IUIUTHI YUUTHIBACTCS IMyTEM YBEIMUYEHHS PacueTHOU
MIPOIaBIMBAIOIIEH CHIIBI B 3aBUCHIMOCTH OT PACIIOJIOKEHHS KOJIOHHBI OTHOCUTEIHHO KPAeB TUIHTHI.

Ecnu pacuer Ha mpojaBiIvBaHUe MPOBOIUTCS JUTS (PYHIAMEHTHOH TUTUTHI, TO TIPOIABIMBAIOIIAS CHJIa
YMEHBIIIAETCS HA BEJMUMHY PE3YyIbTHUPYIOIICH CUIIbl PEaKTUBHOTO JaBIICHUS TPyHTa, TEHCTBYIOIIETO B
npenenax pacuerHou oomactu. CornacHo [1] u [2] pacueTHON 007aCThIO SBIISIETCS HUXKHEE (OOJIbIIIee)
OCHOBaHWE THPaMHUJIBLI TPOJABIMBAHMS, PACIOJIOKEHHOC HA YPOBHE PACTSHYTOW IPOIOJILHOM
apmatypel. [lo [3] B KkadecTBe pacueTHOM 00JacTM NPUHUMAETCS O00JacTh, OTPAaHUYCHHAS
KPUTHYECKHM KOHTYPOM.

2. Pacuer mo CHulI 2.03.01-84*

Pacuer mimThel Ha TmpojaBIMBaHME MPOBOAUTCS coryacHo [1],m.3.42. YcinoBue MPOYHOCTH IUTHTHI,
apMUPOBAaHHOM XOMYyTaMH B Mpejieax pacueTHON 00JIaCTH, UMEET BUJIL:

F<F, +08-F,

3necy F, =aR,u, h,, F, = ZRSWASW , R, =175MIla, a - xo3(d¢unmeHT, 3aBUCAIUI OT BHUAA
1

0eToHa, R,, - pacueTHOE CONPOTUBIIEHHE OETOHA IPU PACTSHKEHUU (€ yueToM K03 (UIEeHTa YCI0BUI
paboTsl OeToHa J,), u, - CpeaHee 3HAYCHHE MEPUMETPOB OCHOBAHMI MUPAMHIIBI MPOJABIMBAHUS,

hy =(hy, +hy,)/2 - cpennss paboyas BbICOTA CEYECHMS IUIMTHI, A, - IUIOUIA]b CEYCHHS OJHOTO

Sw

XOMYTa, 7 - YUCIIO XOMYTOB, PacIoJI0KEHHBIX B IIpeJieslaX PacueTHOH 00JIacTH.
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[IpounocTs muTHl 063 momepedyHoil apMaTypsl nposepsiercs npu F, =0. Eciau npodHocTs He
obecreueHa, To OIPEeIIeTCs YUCIO XOMYTOB 7, , TpeOyeMOoe [T BBIIIOJIHEHHS! YCIIOBHSI IPOYHOCTH U
JOTIOJIHATENBHOTO ycnoBus £, > 0.5-F, . Ecin npogasnuBaromas Harpyska F >2F, | To IpOYHOCTb

IUTUTHI HENb3s 00ecnevyuTh MyTeM YCTAHOBKHU MOIEpeuHoi apmarypbl. B 3ToM ciyyae HEoOXoaumo
YBEJIMYUTH TOJIIIUHY TUTUTHIL.

3. Pacuer o CII 52-101-2003

PacueT miauThl Ha poAaBIMBAaHKE POBOAUTCS coryiacHo [2],1m.6.2.46 — 6.2.52. YcnoBue Npo4yHOCTH
TUTUTHI, APMUPOBAHHON XOMYTaMH B TIpeJiesiaX PaCueTHON 00IacTH, UMEET BUL

F M M
+ u + 2 <1
Fb,ult + st,ult be,ult + Msw,x,ult Mby,ult + Msw,y,ult
3)16(:]) Fb,ult = Rbt “u- hO s st,ult = 08 ! qsw u, be,ult = Rbt ’ Wx ’ hO H Msw,x,ult = 08 ’ qsw ’ Wx s
M. =R. W -h.. M -08-0 W _Ro -4, R
byult — “Vbt ¥y 0° sw,yult = Y qsw yo 95w = > bt " pacy€THOC COMPOTHUBJIICHUC

S w

Oerona npu pacTsukeHuH (€ y4eTom Kodbduumenta ycnosuii pabotel 6eTona y, ), hy =(hy, +h,,)/2

- cpeaHsisi paboyasi BRICOTA CEUEHUS TUIUTHI, U - IEPUMETP PACUETHOTO KOHTYpPa, PacloI0KEHHOTO Ha
paccTossHUM A, /2 OT KOJIOHHBI, R - pacuyeTHOE CONPOTHUBIICHHUE IONEPEYHON apMaTypsbl, s, - IIar
XOMYTOB BJOJIb PACYETHOIO KOHTYypa, A, - CyMMapHas ILIOIaab CEYEHUI XOMYTOB, PACIIOI0KEHHBIX
no o0e CTOPOHBI OT PacUETHOrO0 KOHTypa Ha pPAcCTOSIHUU He Oosiee /,/2 B mpeaenax MOJIOCHI
HMIMPUHON S, BAOJIb PACUETHOIO KOHTypa (Kak NpaBuio, A omnpeiensercs A AByX XOMYTOB);
w., Wy - MOMEHTBI COMIPOTUBIICHUS PACYETHOTO KOHTYPa, COOTBETCTBYIOIINE U3rHOAIOIITUM MOMEHTAM
M M , ¥ MMCIOIIME PasMEPHOCTb KBaJpara €IMHHILbI UTHHBL. [Ipu pacnonokeHun NONepeyHOn
=W,,. llpu
KpeCcTOOOpa3HOM pACIIONIOKEHUH TONEPEYHOM apMaTypbl MEPUMETP U MOMEHTHI COIMPOTUBIICHHS
apMaTypsbl ONpeeNsaoTcs Mo (GpakTudeckuM uymHaM L, u L YYaCTKOB PaCIIOJI0KEHUS apMaTyphbl

X SW,y

apMaTypbl, pPABHOMEPHOM I10 paCY€THOMY KOHTYPY, IpUHUMaeTcs, uto W, =W, u W,

SW,X SW,y

10 paCY€THOMY KOHTYpY.

[Ipounocts TumMATHI 0€3 TMOMEpeYHOM apmarypel TmpoBepsercs npu F, . =0, M

sw,ult = 0 b
M

=0. Ecii mpouHOCTh HE OOECIIeUeHa, TO B Cllydyae PaBHOMEPHOTO PACIOJIOKECHHUS apMaTypbl

sw,x,ult
sw,y,ult
OHpe,Z[eJBIeTCﬂ IIOT'OHHAas I1UI0Iaab HOHepe‘{HOﬁ apMaTprI Asw /Sw’ Tpe6yeMa$[ JJIA BBIITOJIHCHUA

YCIIOBUA IMMPOYHOCTU U OOIOJHHUTCIBHOI'O YyCJIOBUA F

sw,ull

, 20.25-F, . Tlpu 5TOM 3HameHaTeNnn Tpex
2M 2M

YIIOBJIETBOPEHHE YCJIOBUS MPOYHOCTH IUIMTHI IMpPHU YKa3aHHBIX OrPAaHUYEHUSX HEBO3MOXKHO, TO
HEOO0XOAUMO YBEIIMYHUTH TONIUHY TUUTHL. COTrJIacHO YKa3aHusM 6.2.46 yuyuThIBaeTCS OrpaHUYCHUE:

M My F
+ <
M +M F,  +F

+ M by ult sw,y,ult b,ult sw,ult

IpoOeil B yCIIOBUM IPOYHOCTH OrPAaHUYMBAIOTCS 3HaYeHUAMU 2F) Ecnu

ult bx,ult > by,ult *

M

bx ult sw,x,ult

[Ipn kpecTooOpa3sHOM pacMONOKEHUH apMaTypbl CpPeld BCEBO3MOXKHBIX BAapUAHTOB pa3MEIICHUS
XOMYTOB, JJIsi KOTOPBIX BBINOJIHAETCS YCJIOBHE IPOBEPKH, OTHICKMBAETCS BAPUAHT C HAUMEHBIINM
quciaoM XOoMyToB. llpu mnpoBeaeHMM NpoOBEepKM JUIMHBI L n L IIPUHUMAIOTCSI PaBHBIMU

SW,X sw,y
pPaCCTOSHUSAM MEXYy OCAMH KpallHUX XOMYTOB corjlacHO [2],puc.6.12. MOMEHTBI COMpPOTUBICHUS
apmMatrypel W, _u W _  OOpeaessitoTcsi OTHOCUTEIBHO [EHTPAIbHBIX OCEH pacueTHOro KoHTypa. [Ipu

SW,X SW,y
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MIPOBEPKE MPOYHOCTH TUTHTHI 32 TPAHUIICH PACIIOIOKEHHS IMONICPEYHON apMaTyphbl PACYSTHBIA KOHTYP
MIPUHUMAETCS COoryiacHo [2],puc.6.12.

[Ipu paccMoTpeHUM KpaeBOM WM YIJIOBOM KOJIOHHBI MPETyCMOTPEHAa BO3MOXHOCTh MPOBEPKH IO
MpeieIbHOMY HaNpsKEHHUIO COTJIACHO YCIIOBHUIO:

made

Rbt + 0.8 RSWASM/

s, h,

w

rac max|r| - HauOoJIbIlIee a0COIIOTHOE 3HAYCHHUE HAMpsOKCHUA 7 B paCYCTHOM IMONICPCYHOM CCUCHHUU

MTEL. JlaHHOE yCJIOBHME TOJydaeTcs MyTeM NpeoOpa3oBaHUs MCXOMHOTO YCIOBHS TPOBEPKH C
UCIIOJIb30BaHUEM BBIPXKEHUHN NJISl MPEeAENbHBIX yermnid. OrpaHiueHue BKJIa/la MOMEHTOB IIPUHUMAET
BU/I;

max|z'| <27,

F . .
Ie 7, =—— - HalpsHKeHHe OT JAeHCTBUs cwibl F . HampsbkeHue 7 omnpenensercss U3 ypaBHEHHH
0

paBHOBeCHs B IPEANOJOXKECHUU JIMHEHHOro pacnpenencHus. IIpm 3toM cuna F aBTOMaTU4YeCKH
IIPUHUMAETCS TOJIOKUTEIIBHOM IIPU pacyeTe IUIUThI MEPEKPBITUS M OTPULATEIIBHOM IIpU pacyeTe
(dyHnameHTHON muThl. [lomoxuTenbHblEe HalpaBiIeHUsS MOMEHTOB NPUHHUMAIOTCS B COOTBETCTBUM C
[IPAaBUJIOM IIPABOI'0 BUHTA!

Huxe MMPUBCACHBI IIPUMCPBI PACTIPCACIICHUA HAIPSAXKCHUA 7 BAOJIb PACUCTHOI'O KOHTYpa B ClIydac
YFJIOBOP'I KOJIOHHBI HPAMOYTOJBHOIO MW KpPYIOBOro CCYCHMUA. Ocu Xy,Yy SBIEIIOTCS TJIaBHBIMHU

HCHTpAaJIbHBIMU OCAMU paCYCTHOI'O KOHTYpaA.

|H_ﬁd_—ﬂ_—_y_ﬂ_——ﬂ_lj
v A

X0
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o

4. Pacuer mo CHB 5.03.01-02

Pacuer miuthl Ha npoAaBiaMBaHue NpoBoAUTCS coryacHo [3],7.4.3.1 - 7.4.3.12 ¢ yuetom [4]. YcnoBue
MPOYHOCTH IUIMTHI, APMUPOBAHHON XOMYTaMU, UMEET BU/T

de = VRd,Sy
p-F
Vsa =
u
_ sw ywd
de,sy = de,c + » AJIA TIEPBOro ICpUMETpa
_ Asw ’ fywa’ ’ d
de,sy = de,c + T JJI TIOCJICAYIOIUX MIEPUMETPOB
w

Vag. =0.15-k-(100p,1,1)3 -d 20.5- £, -d

3nece f - koddduIMEHT, ydUTHIBAIOMIMKA AelcTBUE u3ruOaronmmx MomeHToB (1< B <1.5), u -

TIEPUMETP KPHUBOJIMHEWHOTO PacueTHOro Kourtypa, d =(d,+d,)/2 - cpennss pabouas BbICOTA
CEYEHUs IUIUTHI, S, - IIar XOMYTOB (PAcCTOSHUE MEXIY PAaCUCTHBIMU KOHTYpamu), A - cyMMapHas
IUIOIIA/b CEYCHUH XOMYTOB, Pa3MEILICHHBIX IO pacyeTHOMY KOHTYpY; k=1++/20/d <2 ([d]=cm),
P =+Pr Py, £0.02 - cpennee 3Hauenne KO>bGHUUMEHTA NPOAOIBLHOTO apMUPOBaHMs, [, -

c

IIPU PaCTSHKEHUH, [, - HOPMATUBHOE CONPOTHUBIIEHUE OETOHA MPH PACTSKEHUH, y, - KodpduuueHt

S

——J, - PpacueTHOE COIpPOTHBIICHHE IOINEPEUHON apMaTypsbl

N

(7,=08), f,- HOpDMATMBHOE CONPOTHBIEHHE IIONEPEYHON apmarypbl, y, - KOd(puuueHt

HOPMAaTHBHOE CONPOTHUBICHUE OETOHA MpH CXATuH, f, , = - pacyeTHOE CONPOTUBIICHUE OETOHA

OesomacHoctu s 6erowa, f,, =

Oe3onacHOCTH JUIs apmatypsl. [Ipu onpeneneHny pacueTHOrO CONPOTHBIICHUS TONEPEYHON apMaTyphl
k03(¢dunueHT ycinoBuil paboTel ¥, He yuuThlBaeTca. Ilmomans apmaTypel A4, JOJIKHA

sSwW
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A,
YIIOBJIETBOPSATH YCIIOBHIO ¢20.16@, rne  f,, .- TNPOYHOCTh OETOHA NpPU PACTSHKEHUH,

s, u fyk

YCTaHOBJICHHASI ISl IPOSKTUPOBAHUS KOHCTPYKIIHIA.

JUis BHEUIHEro KOHTYypa, YJAJIEHHOTO OT IOCJEIHEro pacyeTHOro KOHTypa Ha paccrosiHue 1.5d ,
IIPOBEPSIETCS CIEAYIOIIEE YCIOBUE IPOUYHOCTHU:

Vea £0.75v,, .,

[lepumeTp pacdyeTHOro KOHTYpa OMNpPEAENSeTCS B 3aBUCUMOCTH OT OTHOLIEHUS & =a/b Oombuiei
CTOPOHBI CEYECHHs KOJOHHBI a=max(c ,c,) K MeHbWEH cropoHe b=min(c,,c,), a TaKke B

3aBUCUMOCTH OT MNEPUMETPA CEeYeHMsl KONOHHBI u, =2(c, +c¢ ). Ecmn a <2 (r.e. ceuenue He

ABJIICTCS. CWJIBHO BBITSHYTBIM) U u, <11d, TO pacdeTHbIi KOHTYp NPUHUMAETCA 3aMKHYTbIM U
COCTOSIIIMM M3 OTPE3KOB, NAapajlICNIbHBIX CTOPOHAaM a W b, W AYr OKPYXHOCTEH C LEHTPOM B
BEpLIMHAX CeueHMsl KOJOHHBL. Ecmm o <2 u u, >1ld, 1O 1muomanb NPUIOKEHHs HArpy3KU He

sBisgeTcs Manoil u cormacHo 7.4.3.3 pacuer Ha mpoaaBnuBaHue He TpeOyercsa. [lpm o >2
YUUTBHIBACTCSI KOHLIEHTPAILMs HaNpsHKEHUI B pacu€THOM IONEPEYHOM CEYEHHUH TUIMTHI BOJU3U BEPIIMH
CEUYCHUSA KOJIOHHBI, TOATOMY pACUYETHBI KOHTYp TNPUHUMAETCS HE3aMKHYTHIM, a JJUHBI
IPSIMOJIMHEHHBIX OTPE3KOB, MapaJUIEIbHBIX CTOPOHAM @ U b , IPUHUMAIOTCS PaBHBIMM a, /2 u b, /2,
rie a, =min(a,2b,5.6d —b,), b, =min(b,2.8d) (cm. 7.4.3.4). Cnenyer OTMETUTb, 4YTO IpHU
OTIpE/ICIICHUU PE3yJbTUPYIONICH IaBICHHUS TPYHTA, ICHCTBYIOIIETO HAa (PYHIAMEHTHYIO IUIUTY,
YMEHbIIIEHNE PacyeTHON 001aCTH HE MPOU3BOAUTCA.

Ecnu ne Bemonnsercs ycnosue (7.161) unu (7.162), TO IpOYHOCTH IUIUTHI HENMb3s1 00ECTIEUUTh MyTEM
YCTaHOBKH MOTNEPEYHON apMaTypbl. B 3TOM ciiyuae HEOOXOAMMO YBEIUYUTh TOJIIUHY TUIUTHL.

S. KoncrpyupoBanue apMaTypbl

[Ipn KOHCTPYHpPOBaHHM MONEPEYHONW apMaTypbl YUYUTHIBAIOTCS KOHCTPYKTHBHbIE TPeOOBaHHS HOPM,
OTHOCSILUECA K IIAary XOMYTOB S, , PACCTOSHHIO MEX1y KOJOHHOM U ONMMkaillMMu K Hel XOMyTaMHy,

pa3mepy 30Hbl apMUPOBAHMSL.

B ciyuae koJOHHBI NPSMOYTOJIBHOTO CEUEHUs NpHU pacdere o [1] paccMarpuBaeTcsi paBHOMEPHOE
pacrnioioxxenue apmarypel. IIpu pacuere mo [2] paccMarpuBaeTcs Kak paBHOMEpPHOE, TaK H
KpecTooOpa3Hoe paclosiokeHue apmarypbl. Ilpn paBHOMEpHOM pacHoJOXKEHHH apMaTypbl IIaru
XOMYTOB BJIOJIb PAacdyeTHOIO KOHTYypa M MEPHEHAMKYISPHO K HEMY HPUHUMAIOTCS OJUHAKOBBIMH.
XOMyTBl pa3MelIaloTcs IO BCEe 30HE mpoaaBiuBaHuA. [Ipu KpecTooOpa3sHOM pPaCHOIOKEHUU
apMaTypbl [Iard XOMYTOB pa3iM4YHbl. XOMYThl Pa3MEIIaloTCsl COCPEJOTOYEHHO Y OCel CeueHus
KOJIOHHBI.

B cinyyae xpyrioil KOJOHHBI XOMYTbI YCTaHABJIMBAIOTCS 110 HAINPABICHUAM, MEPIECHIUKYISIPHBIM K
pacyeTHOMY KOHTYDY.

Cornacho [1],5.29 mar XoMyTOB JOJKEH yI0BIETBOPATH CAEAYIOIIUM YCIOBUSIM:
s,<h/3, s,<20cm

Pa3mep 30HBI apMHUpOBaHUS 10JKEH ObITh HE MeHblIe 1.5/ (/4 - TONIIKMHA IUIUTHI).

CornacHo [2] mar XoMyTOB JIOJIKEH yJIOBJIETBOPSTH CIEIYIOLIUM YCIOBHSIM:

s,<hy/3, s,<30cm
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PaccTosiHne Mexy KOJIOHHOM U OunKalIIMMU K HE XOMYTaMH JI0JIKHO ObITh HE MeHbIlE /1, /3 U He
Oonbiie A, /2. Pa3Mmep 30HBI apMHUPOBaHUS OJKEH ObITh He MeHblle 1.5k, (h, - cpeansas pabouas
BBICOTA CCUCHUS TLIUTHI).

B cootBerctBum ¢ [1],3.42 u [2],6.2.48 npou3BOAUTCS AOMOJIHUTENBHBIA pAacyeT Ha MPOAABIMBAHUE
JUTSI 30HBI IUTUTHI, HAXOASIIEHCS 3a TpeeiaMu 00JacTi apMUPOBAHUSL.

IIpu pacuere cornacHO [3] KOIMYECTBO PACYETHBIX KOHTYpoB M miar XxomyToB (s, <0.75d)

MOIOMPAIOTCS TI0 YCIOBUIO MHHUMYMa OOIIETO YMCIIa XOMYTOB. XOMYTHI Pa3MELIal0TCS PAaBHOMEPHO
BJI0JIb PACUETHBIX KOHTYPOB.

o pe3ynbpTaraM KOHCTPYHPOBAHUS apMaTypbl BBIBOJUTCS KAPTHHA Pa3MELIEHHUS XOMYTOB.

Hixe MPUBCACHLI MPUMEPBI PABHOMCPHOI'O U erCTOO6pa3HOFO pasMeiicHud XOMYTOB B ClIydac
erIOBOf/'I KOJIOHHBI IIPAMOYTOJIBHOI'O CCUCHUA.

10

10k

| 108 i

CTATHUKA-2009. Onucanue npoepamm 440 — PacueTt Ha IpO1aBIMBAHUE



132

110

poy L

+—
-—

110

6. KoncrpyupoBanue kanurejan

Ecnmu mo pacdery miauThl Ha POAaBIMBAHHUE TPeOyeTCs MOMepedHasl apMaTypa, To JJisi 00ecTiedeHus
IIPOYHOCTH HEApMHUPOBAHHOH IUIUTHI HEOOXOJUMO YCTPOMCTBO KaluTeau KoJOHHBL IIporpamma
OTBICKMBA€T KalWTeJb MHMHHUMAJIBHOTO oO0beMa cpenu KamuTened 3amaHHoro Buga. llpum
KOHCTPYHMPOBAaHUM KallUTEIHU MIPELYyCMOTPEHO OKpyriieHHe (10 1cM miu 5cM) BBICOTHI KalluTenu /i, u

HIMPHUHBI cBecoB Kanurtenu /, . [lluprHa cBecoB NpUHUMAETCS OJMHAKOBOM IO HAIIPABICHUAM OCEH X
u y: L, =(0b,-c)/2=(,-c,)/2. 3necb c,,c, - pasMepbl CeyeHUs KONOHHBI, b ,b - mmMpuHa

KalluTCJIN IO HAITPAaBJICHUAM oceil x u V.

[Ipu pacuere mo [1] u [2] mpexycMOTpeHbl clenyronme Tpu Buga kanutenu: (1) kanurens B Gopme
npu3Mbl, (2) xanutenb B (opme mupamuibl, (3) kanutens JomaHoro odepTanus. Kamutens (3)
IPEJCTaBIsIET COOOM TeNo, COCTaBIEHHOE W3 JIByX YCEYEHHbIX mnupamun. IIpenmyiiectBo sToi
KallUTeIN OTYETIMBO MPOSBIAETCS, KaK MPaBHIIO, IPU BEICOKOM YPOBHE MPOJABIMBAIOLIEH HATPY3KH.
B nmporpamMe mnpenycMOTpeH aBTOMAaTHUECKUI Mepexoa K KOHCTPYMPOBAHUIO Kamutenu (2), eciu
HaliieHHasd kanuTenb (3) mMano oriauyaercs oT Kanutenu (2). IIpoBepka MpOYHOCTH NpU HATUYHUU
kanutenu (1) wnm (2) npousBoaUTCS JJIs ABYX IUIOINAAEH MPUIIOKEHUS HAarpy3Kd, a IpU HAJTUYUU
kanutenu (3) — 1S TpeX TIoMIaACH.

[Ipu pacuere mo [3] mpeayCMOTPEHO KOHCTPYHMpPOBAHHE KAamUTEIH B (OopMe MPHU3MBI U KAIUTEIH B
dopme nupamuasl. Ilpu [, <1.5h, mnpoBepka NPOYHOCTH MPOU3BOAUTCS JUIsl OJAHOTO PACUETHOIO
KOHTYypa, Haxojsuierocss Ha paccrossHud [/, +1.5d ot rpaneil xonouusl. Ilpu [, >1.5h, nposepka

MPOYHOCTH MPOM3BOJUTCS JJIS ABYX PACUETHBIX KOHTYPOB, YIAJIEHHBIX OT KOJOHHBI Ha PACCTOSHHS
1.5(h, +d) n [, +1.5d. Ilo pe3ynpraTaM KOHCTPYMPOBaHMs KalUTEIU KOJOHHBI BBIBOAUTCS

M300pakeHNE CEYCHUS y3Jia B IUIOCKOCTH OCH X .
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445 — PacyeT HA MECTHOE CKATHE
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[IporpamMma mnpemHa3HaueHa IS pacdyéra Ha MECTHOE CKaTHe (CMSTHE) COTIJIACHO CJICIYFOIIHM
nopmam: CHulI 2.03.01-84* [1], CII 52-101-2003 [2], CHb 5.03.01-02 [3] u [4]. [IpenycMoTpeH y4eT
BIIUSTHUSL KpaeB djeMeHTa. Eciu mpodHOCTh 37ieMeHTa 0e3 KOCBEHHOW apMaTyphbl HE oOecriedeHa, TO
MIPOU3BOJIUTCS TIOJOOP CETOK KOCBEHHOW apMaTyphl M HX pa3MeIlecHUE.

1. Pacuer mo CHullI 2.03.01-84*

Pacuet Ha MecTHOE cxkaTue nmpoBoauTcs coriacHo [1], 3.39 — 3.41. YcnoBue npodyHoCcTH 3neMeHTa 6e3
KOCBEHHOU apMaTypbl UMEET BUI:

ni

Nb
3nece N, =yR,,.c.c, - NPENENbHOE 3HAYCHHE CKMMAIOLICH CUIbI MPU OTCYTCTBMH KOCBEHHOH
apMarypsl, ¥ - KOOQpOUUHMEHT yyeTa HEPABHOMEPHOCTH PACIPEAEIICHHS. MECTHOM HAIPY3KH; C,,C, -
pasMephl TPY30BOH ILUIOIAAU 1O HAaNpaBIEHUAM X,V ; R, . =a@,R,, a - koopduuuent, papubii 1
s OeroHa Kiacca Hwke B25 wu paBuwii 13.5R,, /R, nna OeroHa kmacca B25 u Beime,
@, =3 A/ cc, £2.5, ap,>1; R,,R, - pacueTHble CONPOTUBIEHUs OETOHA NPU CHKATHM K

pacTspkeHHH (€ ydeToM KoddduimenTa ycnoBuil paboTel 7, ), A,., - pacueTHas MJIOMIAAb CMSATHSL.

LleHTpBI TSUKECTH IPY30BOM IUIOMWAAN ¢ ¢, M PACYCTHOM momamm A,,., cosnagator. Ecim rpysosas

loc

IUIOIIA/(b PACIONIOKEHA BIIANIM OT KpaeB dlIeMeHTa, T0 A,., =(c, +2¢ )(c, +2c¢,). Ecnu paccrosnue

a OT CTOPOHBl ¢, J0 Kpas, MapauleJbHOTO 3TOM  CTOpOHE, MEHbIIe ¢ TO

x x?

Ay =(c, +2¢ )¢, +2a,). Tlpu a,<c, u a,<c, pacueTHas I[UOWAAb  paBHA
Aper =(c,+2a )(c,+2a,). llpu a, =0 u a,=0 rpy3oBas W pacucTHas IUIOLIAAN PABHBI, T.C.

AlocZ = cxcy :

Ycnosue IMPOYHOCTHU JICMCHTA U3 TAKEIIOTO 0eToHa ¢ KOCBEHHOH apMaTypoﬁ HUMCCT BUA:

N4

Nbs

3mece Ny =@,R.c.c +ou R @A, - TpenenbHoe 3HAYCHHE CKUMAIOLICH CHIIBI NMPH HATHIHH

locl

KOCBEHHOW apmarypsl, R, - pacueTHOe CONPOTHBICHHE apMaTypbl cetok, ¢ =1/(0.23+Y),

Y=pu R (R, +10), u =(nl +n,l ) A/l Is - xospduuuent kocBeHHOro apmuposaunus; [,/ -

JUTMHBI CTEP)KHCH, MapajuIe/ibHbIX HAMpaBICHUSIM X,y 7,0, - 4YACIa CTEPXKHEH, A - IIIowajib
[A;, A

Tpy30Baid miomanab 3a BBIYETOM TOM ee JaCTH, KOTOpas HAXOAWUTCH 3a MPEACIaMH TUIOAaAn CETKU, Aef

CEUeHMUs] OJHOIO CTEpXKHsS, § - LIAr CETOK KOCBEHHOH apmartypel, ¢ =4.5-3.54

loc1 loc1

- Iiomaab CETKHU 3a BBIYETOM TOU ee qaCTH, KOTOpasA HaxXOAUTCA 3a IpeaciiaMu pvaeTHOﬁ IJiomaan
AlocZ .

Ilnomane ceTku A, onpejensercs KaK IUIOMaib BHYTPH KOHTYpa, 00pa30BaHHOIO OCSIMH KpaiHHX

cTepxHeil cetkn. OOnacTh, B Mpeaenax KOTOPOM pacrojaraercsi ceTka, CTPOUTCS TaK JKe, Kak U
pacuetHas oOmacte. [Ipm pacroyiokeHUHM Tpy30BOM IUIOMAAM BAATM OT KpaeB JJEMEHTa CeTKa
pacrionaraertcsi B Tpezenax pacdeTHoW oOnactu. [lpm Hammymm OIM3KOPACIIONOKEHHOTO Kpast
pacueTHasi 00JIACTh MEHbIIE TUIOMIAN CETKH. YacTh IUIOmau CETKH, HAXOMASAIIAasCcsS BHE PAcUCTHOM
00acTH, He YYUTBIBACTCS TIPU ONPEACIICHUH TPEICIIEHOTO 3HAYCHHS CKUMATIOIICH CHITBI.
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Ha puc.1 rpy3oBast miomaae comnajact ¢ ceueHueM anemenra. B atom cinyqae 4, =c.c,, 4, =4,

x“yo

npuiem A, < 4,,,. Ilnomans 4, MeHblIe TPy30BOH IIIOWAAXM ¢ .c, HA Ty €€ 4acTh, KOTOpas

locl

HaxXOJUTCA 3a PCACTIaMU IJIOIa i CCTKU Axy .

Ha puc.2 rpysoBas miomans HaxOAWTCs B yriy anemeHta. B ostom cmywae 4,,,=c.c,, 4,<A4,,
npudeM A, > A,.,. [lnomans A4, MeHbIIe Ipy30BOM IIIOMAIM ¢, C, HA Ty €€ 4YacTh, KOTOpas
HaXOJUTCs 3a mpejenamu ruiomanm cetku. [lnomans A, MeHblle miomamm ceTku A, Ha Ty ee

4acThb, KOTOpask HAXOAUTCS 3a MpeAeIaMH pacdeTHoH obnactu 4, , .

Ha puc.3 rpy3oBas miomaap HaX0QUTCA Ha HEOONBIIOM yJajleHuH oT kpaes. Ilpu stom 4., > c.c,,
A, < A4,

5,xy 2

A, =c.c,. lmomane A, MCHbIIC IUIOMAAN CETKH A Ha Ty €€ YacTb, KOTOpas

HaXOJUTCH 3a MpeJielaMu pacueTHOM obsnactu 4, , .

Ha puc.4 rpy3oBas Imiomajgs HaXOAUTCS BAAIU OT KpaeB djleMeHTa. B atom ciywae 4, ., >c.c
Ae/ =4

y’

=cC.C

A, ~ 4, (npuaem 4, He bonee 4,,,), 4,., =c.c,.

Xy

Puc.1

Puc.2
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Puc.3

Puc.4

2. Pacuer mo CII 52-101-2003

PacyeT Ha MecTHOE c:xkaThe MPOBOAUTCA COTJIacHO [2], 6.2.43 — 6.2.45. YcnoBrUe NPOYHOCTH 3JIEMEHTA
0e3 KOCBEHHOU apMaTypbl HIMEET BU/I;

N

—<1

Nb

3nece N, =yR,,.c.c, - UpENENbHOE 3HAYCHHE CHKUMAIOLICH CHIIBI NPU OTCYTCTBUHM KOCBEHHOM

apMartypbl, ¥ - KOOGQHUIMEHT yueTa HEPABHOMEPHOCTU PACTIPE/ICICHUs MECTHOM HArPY3KH; C,,C, -

pasMepbl Tpy30BOH IUIOIIA/M MO HANpaBieHusM X,y; R, =@,R,, ¢, =084, . /cc <2.5,
npuuem ¢, =21, R, - pacdyeTHOe CONPOTHUBICHHE OETOHA MpHU CXaTuU (C ydyeToM KoddduuueHra

ycioBuil pabotel y,), 4 - pacdeTHas wiIoWEAAb cMATUA. LIEHTpBI TSHKECTH Tpy30BOM IUIOLIAIU

b,max

c.c, W pacueTHOM Twiomanu A coBmaaaroT. Eciu rpy3oBas IUIomaab pacroyiokeHa BAAIH OT

b, max

KpaeB aJeMeHTa, To0 A =(c,+2c )(c, +2c ). Ecnu paccrossHuE a, OT CTOPOHBI €, JO Kpad,

b,max

HapauIeNbHOrO ATOH CTOpPOHE, MEHbIIE ¢, , TO A =(c,+2¢,)c,+2a,). llpn a, <c, ma, <c,

b, max
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pacyeTHas IJI0maab paBHa A =(c,+2a,)(c,+2a,). llpu a, =0 u a, =0 rpy3oBas u pacyeTHast

b,max

IUIOLIAAU PaBHBL, T.€. A4 =c.c,.

b,max

Ycnosue IMPOYHOCTHU 3JIECMCHTA U3 TAKEIIOTO 0eToHa ¢ KOCBEHHOH apMaTypoﬁ HUMCCT BUA:

N

Nbs
3nece N,, =N, +N_ - npeneiabHOe 3HAYCHUE CKUMAIOIIEH CUIIBI IPY HAJIMYMHU KOCBEHHON apMaTyphl,
N, - npejenbHOE 3HAYCHNUE CHIIBI IPU OTCYTCTBUM KOCBCHHOM apmatypsl, N, =2wo R 4. A .
R, - pacyeTHoe COIIPOTHUBIICHHUE apMaTypbl CETOK, Py = Al Apsocer ! Apioc >

M=l +nl)A /1 s - KOODOUIMEHT KOCBEHHOrO apMUpOBaHus; [/ ,/, - JUIMHBI CTEPKHEH,
[apajuIeIbHBIX HANPABICHUAM X,); 7,,A, - YACIA CTEPKHEH, A, - IJIOW@[b CEYCHUs OJIHOTO
CTEPXKHS, § - Iar CETOK KOCBEHHOM apMartypsbl, A,,,. - TPy30Bas IUIOIIA b 32 BEIYETOM TOU €€ YacTy,
KOTOpasi HaXOIUTCS 3a MpPEIeNaMH IUIOMIAAH CeTKH, A, . - TUIOLIaJb CETKH 3a BBIYCTOM TOH ce

4acTH, KOTOpasi HaXOJIUTCA 3a MpeJieJlaMy pacueTHOM Tuiomaan A

h,max *
IIpu mpoBepke yclI0BUs IPOYHOCTH y4HUThIBaeTcs orpannuenue N, <2N,.Ilpu N >2N, npo4HOCTb
3JIEMEHTa HEBO3MOXKHO 00ECIICUUTH MPH MOMOIIHM KOCBEHHOTO apMHPOBAHUSI.

Hekortopsie ciayuan pacnosiokeHus Tpy30BOM IUIOMIAAM OTHOCHTEIIBHO KpaeB »JJIEMEHTa U
PacoJIOKEHUsI CETKU OTHOCUTEIBHO I'Py30BOM IJIOLIaAN PACCMOTPEHHI B pasede 1.

3. Pacuer mo CHB 5.03.01-02

Pacuer Ha MecTHOoe cxkartue mpoBoautcsi coriacHo [3], 7.4.1. YcinoBue mpoyHOCTH 3jieMeHTa 0e3
KOCBEHHOW apMaTypbl UMEET BU/I:

N

—<1

Nb
3nece N, =@, f.C.C, - TPENCIBHOC 3HAYCHHC CXKMMAIOLICH CHIBI MPH OTCYTCTBHH KOCBEHHOM
apMarypsl, &,- KO3(pGUIHMEHT yueTa HEPABHOMEPHOCTH PAaCIpPEENICHUs MECTHON HArpys3Ku; ¢,,C,

pazMepsl Ipy30BOif TUIOIA T 1o HaIpaBICHUAM X,V Sod =0 s
_ fctd .
o, —1+kukff—(1/ A, lee, =) <35 fo45fua - DACUETHBIE CONPOTHBIEHHUS OETOHA MPH CKATUM H
cd

pactTspkeHnH, A, - pacdyeTHas IUIOW@nb cMATHA. LIEHTpBI TsDKeCTH Tpy30BOW IUIOMAMM €, C, H
pacueTHOd muomanu A, coBnagarwoT. Ecnu rpys3oBas IUIOIIAAb PACHONOKEHA BIAIM OT KpaeB
snementa, 10 A, =(c,+2¢ )(c,+2¢c.). Ecmm paccrossHue @, OT CTOpPOHBI ¢, JO Kpas,
TapaJuIeNbHOTO 3TOW CTOpOHE, MeHble ¢ , T0 A, =(c, +2¢ )(c, +2a,). llpu a ,<c, u a,6<c,
pacuerHas mowans paHa A, =(c, +2a,)(c,+2a,). llpu a, =0 u a, =0 rpy3oBas u pacuerHas

IUTOLIA/M PaBHBL, T.e. 4, =¢,C, .
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VYcnoBue mpoYHOCTH 3JIEMEHTA U3 TSHKEIIOTO OETOHA ¢ KOCBEHHOM apMaTypoi UMEET BHI:

N4

Nbs
3necs N, =N, + N, - IpelelbHOe 3HaYeHNE CKUMAIOIIEH CUIIbI IPU HAJIMYUU KOCBEHHOM apMaTyphl,
N, - mpezenbHOE 3HAYEHME CUJIBI NIPU OTCYTCTBHHM KOCBEHHOW apMatypbl, N =, 000, [ 40P Aeo >
fyaxy - DACUETHOE CONPOTHBIEHME apMarypel cetok, ¢, =1/(0.23+Y¥), Y=p f, o, +10),
Py =l +nl)A /Il s - KOOOPUIHMEHT KOCBEHHOTO apmupoBanus; [ ./, - JUIMHBI CTEPIKHEH,
napauie/bHbIX HANpPaBICHUSM X,V N ,n, - YACIA CTCPKHEH, A, - IUIOW@Ab CEYCHUs OJHOIO

CTEpXKHs, § - IIAr CETOK KOCBEHHOH apMmatypbl, @, =4.5-3.54,,/A4,,, A, - Tpy30Bas IUIOIAAb 32

eff
BBEIYETOM TOH ee JaCTH, KOTOpasd HaAXOAUTCA 3a MPCACIaMU TIOIaAn CCTKHU, Aeﬁ - IJiomaab CETKU 34

BBIUETOM TOH €€ 4acTH, KOTOpas HaXOAUTCs 3a MIpeesIaMy pacueTHOH miomanu A, .

IIpu mpoBepke yclI0BUs IPOYHOCTH y4HUThIBaeTcs orpanudenue N, <2N,.Ilpu N >2N, npo4HOCTb

3JIEMEHTa HEBO3MOXKHO 00€CIICUUTh IIpUu NMMOMOIHU KOCBCHHOI'O apMHUPOBAaHUs.

Hekortopele ciiyyan pacnoyio)KeHHsT Tpy30BOM IUJIOLIAAM OTHOCUTEIBHO KpaeB »JJIEMEHTa W
PacIoJIOKEHUs CETKU OTHOCUTENILHO I'PY30BOil IO pacCCMOTPEHBI B paszene 1.

4. KoncTrpynpoBaHnue apMaTypbl

[TapameTpamu, TpUMEHSIEMBIMH TIPU  MOJOOPE CETOK KOCBEHHOW apMaTypbl, SIBISIOTCS CIIEAYIOIIHNE
napaMerTpbl: JuaMeTp apMaTypel d , MHUHMMajbHas TOJIIMHA 3alUTHOrO cJosi OeToHa a

s min %
MHUHHUMAJIBHOC U MAKCUMAJIBHOC 3HAUCHUS IIIara CTCp)KHCI\/JI CCTKHN S0 , MUHUMAJIbHOC€ U MaKCUMaJIbHOC
3HA4YCHUs IIIara CE€TOK S, I"J'IY6I/IHa 30HBI apMI/IpOBaHI/ISI hs . H_Iar SO HpI/IHI/IMaeTCH OIWHAKOBBIM IIO

HaIlpaBJICHUAM X, ) .

3HayeHue @, NpPUMEHSEeTCS NpPU pa3MEIEeHUH CETOK BOJM3M KpaeB, a TaKKe IPH OINpe/eleHUn
MIOJIOKEHMSI CETOK IO TOJIIMHE ieMeHTa /. ['yOuHa 30HBI apMUpPOBaHMs /i, ONpEeNseTcsl Kak

paccTosIHUE OT HArpyKEHHOM IMOBEPXHOCTH JJIEMEHTA /10 TPAaHUYHOM IUIOCKOCTH KpallHEH CETKH.
Kpaiinsis ceTka pacmonaraercs Tak, 4TOObI paCCTOSIHHE OT HEHArpYy>KEHHOW MOBEPXHOCTH 3JIEMEHTa JI0
CTep>)KHEH CeTKH ObUIO HE MeHee a, , M He MeHee d . HanMeHblnee 4UCIIO CETOK KOCBEHHOMN

apMaTypbl IPUHUMAETCS] PABHBIM JIBYM.

CornacHo [2], 8.3.16 mo rimyOuHe ceTKM pacrosiaratoT Ju0o B Mpefesax YABOCHHOI'O OOJbILIEro
pasmepa rpy30Boii mioman max(2c,,2¢,), mbo B mpezenax TOMMKMHbL deMenTa. [Ipu pacuere o

[1] u [3] rnmyOuHA 30HBI apMHUPOBAHUS MOXET MPUHUMATHCA COTJIACHO [2] WIIM OMNpeAemnsiThCs IO
3aJaHHOMY 3HA4EHUIO /1 .

IIpu mombope CeToOK KOCBEHHOW apMarypbl B KadecTBE KpUTEpUS HpUMEHSeTcs KOd((UIMEHT
KOCBEHHOTO apmMupoBanus 4, (B 0603Hadenusx [1]). OTBICKMBAIOTCS Takue NapamMeTpbl KOCBEHHOH
apMartypbl, [PH KOTOPBIX O0ECTEYMBAETCS MPOYHOCTH DIEMEHTA M (4, TNPUHUMACT HAMMEHbIIEE

3HAa4YCHUC.
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450 — PacyeT 110 OrTHECTOUKOCTH
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[Iporpamma mpenHa3HaueHa i pacu€Ta MO OTHECTOWKOCTH JJIEMEHTOB JKeJIe300€TOHHBIX
koHcTpykuuid cormacHo CTO HUWMXKDB [1] u Eurocode 2 [2]. TemmeparypHoe mojie B CEYCHHH
3JIEMEHTa TpU OTHEBOM BO3JEHCTBUM ONpENENsieTCs MyTeM pELIEeHUs 3aJauyd HeCTalMOHAPHOU
TEIUIONPOBOAHOCTH C YYETOM 3aBUCUMOCTU TEIJIOPU3UYECKUX XapaKTEpUCTUK OeToHa OT
temreparypsl. [IpenenpHble yCHIIUS BBIYUCIAIOTCS HAa OCHOBE quarpamm JaedOpMUPOBAHUS CKATOTO
OeroHa u apmaTypbl. HopMaTHBHBIE CONPOTHBICHHS MaTEpUAIIOB TPU HOPMAJIBHON TeMIlepaType
npuaumatrorcsi corsiacHo CIT 52-101-2003 [3]. TIpenycmoTpeHa BO3MOKHOCTD 3aJJaHUSI MAaTEPUAJIOB C
HEHOPMHUPOBAHHOU ITPOYHOCTEIO.

1. Ceuenusn

PaccmaTrpuBaroTcsi CTEp)KHEBBIE 3JIEMEHTHI NMPSAMOYTOJBHOTO, KPYIJIOTO, YTOJKOBOI'O W TaBPOBOIO
CEUEHHUH, a Takke IUIUTHI. [IpuMeHsI0TCs LIeHTpalbHbIE OCU KOOPAUHAT Y,z OeTOHHOro ceueHus. s

MPSIMOYTOJIBHOTO  CEYCHHUSI TPEAYCMOTPEHBI CIEAYIOIIMEe CXEMbl apMuUpoBaHus: 1) apmarypa
pacronaraeTcsi B yriax ce4eHus, 2) apMaTypa pacroyiaraeTcs BAOJIb KOHTypa cedeHHs, 3) apMmarypa
pacmorjaraeTcsi BIOJIb BEpPXHEH W HIDKHEW CTOpPOH cedeHHs, 4) apmarypa pacroyiaraercs
IIPOU3BOJIBHBIM 00pa3zoM.

Jns mepBoi cXeMbl apMHUPOBAHMS NPENYCMOTPEHBI JBa BapuaHTa 3aJaHus apmarypsl. [lepBbiit
BAapUaHT IIpeAHA3HAYEH Ul Ciy4as, KOrJa B KaXKI0M yIIly CEYEHUs pacIoyiaraeTcs OAUH CTEpKEeHb. B
3TOM Cllyyae 3aJaeTcsl AUaMeTp CTepKHEeW W TOJIIMHA 3aIIUTHOTO ciosi 6eroHa. Bropoil BapuaHT
IIPEeIHA3HAYeH Ul ClIy4as, KOTJa B KaKIOM YIUIy CEYEHMs PacIlonaraeTcs rpymnmna crep:kHei. B sTom
cilydae 3ajaeTcs o0mas iomags apMaTypbl U pacCTOSTHUE J10 LIEHTpa TSHKECTH TPYIIIbI CTEPKHEH OT
OMKaNIINX CTOPOH CEUSHHS.

[Tpu BTOpOI cXeMe apMUPOBaHUS CTEP’KHU PACIONaralTcs B YIilax U BJIOJIb CTOPOH cedeHus. B aTom
cllyyae 3aJaloTcsi 4Yucia IPOMEXKYTOUHBIX CTEP)KHEH, pacloyIOKEHHBIX BJOJIb CTOPOH CEYEHUS.
JlaMeTpbl yTI0BBIX U IPOMEXKYTOYHBIX CTEP>KHEH MOTYT OBITh pa3IMUHBIMU.

IIpu TpeTbel cxeme apMUPOBAHUSA Ul KAKIOTO psla apMaTypHBIX CTEpXKHEH 3aJaroTCs: TUaMeTp
KpalHUX CTEpXKHEH, JuaMeTp IPOMEKYTOUHBIX CTEPKHEW, YHCIO IPOMEKYTOUHBIX CTEPIKHEH,
TOJIIMHA 3aIUTHOTO CJI0s OETOHA.

Ecnu QaxTrueckoe pasmelieHHe apMaTypHBIX CTEpXKHEW OTIMYaeTcs OT BbIIIEYKa3aHHBIX CXEM
apMHpOBaHUS, TO apMaTypa CUYUTAETCS MPOU3BOJILHO PACIIONOKEHHON U 33JaeTcs MyTeM BBOJA PSI0B
cTepkHen. /st kaxK10ro psAga CTepKHEH 3a1ar0Tcs KOOpAUHATHI Havajaa U KOHLA OTPE3Ka, Ha KOTOPOM
pa3MelaoTcs apMaTypHble cTep>kHu. [ y1o0cTBa BBOa B KauyecTBE Oceil KOOPIAUHAT IPUHUMAIOTCS
OCH, HampaBJeHHbIE 110 HWKHEH U JIEBOIl CTOpOHAM CEYEHHA. 3aJar0TCsl YUCIO CTEp)KHEH B psijay U
JMaMETP CTEPIKHEN.

B kpyriom cedeHMM apMaTypHBIE CTEPKHU PaBHOMEPHO PpaCIpENESIOTCS BJIOJIb OKPY>KHOCTH.
[IpenycMOTpeHbl /1Ba BapuaHTa pa3MELICHUsS CTEP)KHEW B 3aBHCHUMOCTH OT PAacCIOJIOKEHHUS NEPBOIO
CTEpXHS Ha OCH ¥ WU Ha ocH z . [Ipeanonaraercs, 4To 4MCI0 CTEP>)KHENW HE MEHbILE 6.

B miure apmaTypa paBHOMEpPHO pacHpenessiercs BAOJIb BEPXHEM U HUXKHEW CTOpoH. i1 KaxkzIoro
psiia apMaTypHBIX CTEpP)KHEH 3a/1al0TCs TMaMeTp U IIar CTEP)KHEH, TONIIMHA 3alIUTHOTO CJI0si OeTOoHa.

Jnst  yroakoBOTO CEYEHHUsS MPETyCMOTPEHBI CIEAYIONIMEe CXEeMbl apMupoBaHus: 1) apmarypa
pacrnojiaraercs B yrjlax ceueHusi, 2) apMarypa pacrojiaraercsi BIoJIb KOHTypa cedeHus, 3) apmaTypa
pacrojaraercsi IpOU3BOJIBHBIM 00Pa30M.

Jl1s TaBpOBOTO CEYEHMs apMaTypa 3a/1aeTcs IyTeM BBOJA PSAJOB CTEPIKHEH.
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2. Yceuausa

Pacuer mo OrHecTOWKOCTH TPOBOAMTCA AJS YCHWIMKA OT HamOosee HEONarompHsITHBIX COYETaHHMA
HOPMAaTUBHBIX IMOCTOSIHHBIX M JIJIUTENbHbIX Harpy3ok cornacHo CHull 2.01.07-85* «Harpysku u
BozaerctBusy. Cornmacho CTO HUMXDB B ToM ciyyae, kKorga HeIb3sl YCTAHOBUTH 3HAUYEHUE
HOPMAaTUBHOM HAarpy3KH, clieyeT NpUMHUMaTh €€ paBHOM 0,7 OT pacueTHOW Harpy3KHu.

[IpononbHas cuna N TPUHUMAETCA TMOJIOKUTENIBHOW Tpu ckaTuu. [losoxkuTenbHbIE HaNpaBICHUS
u3rubaommx MomentoB M ,M_ mokasauel Ha puc.l. Wsrubaroumii MomenT M, sBisercs

MOJIO)KUTENBHBIM, €CJIM TPU €ro JCWCTBUU CXKaTash 30Ha BO3HUKAET B BEPXHEW YACTH CEUYCHUS.
Wzrubarommii MOMEHT M, sBiSeTCS NOJOXHUTEIbHBIM, €CIM TpPU €ro ACWCTBUM CKaTas 30HA

BO3HHUKAET B JICBOM YaCTH CEUCHHUS. HpI/I PpacCuCTe IMINTHI 3aJa0TCA IIOTOHHBIC YCHUIIHUA.

M= =

My

Puc.1. ITonoxxurenpHble HANPaBICHUS U3rHOAIONIMX MOMEHTOB

3. Pacuyer mo orHecToiMKoOCTH

OTrHecTOMKOCTh 3JIEMEHTa XapaKTepHU3yeTcsl IepHoJIOM BpeMEHHU (B MUHYTax) OT Hayaja Ioxapa J0
MOMEHTa BO3HHMKHOBEHMs MPENEIbHOTO COCTOSHUS D3JEMEHTa, KOTOpBIM Ha3bIBAETCS IPEAETIOM
OrHecTOMKOCTH. [l HeCcylIMX 3J€MEHTOB NpeAeIbHBIM COCTOSHUEM IO OTHECTOMKOCTH SIBJISETCS
noteps HecyIei cnocoOHocTH. [IpeaenbHoe coCTOsIHUE HACTYMAeT TOTaa, KOT/a MpeiebHbIe YCHUIINs
CTAaHOBSITCS PAaBHBIMHU pacyeTHBIM yCHIUSAM. B mporpamme cTpouTcss 3aBUCHMOCTh KO3((UIMEHTa
3amaca MpOYHOCTH y, OT BpeMeHH. IIpenen oruecToikocTu onpeaensercs 10 MOMEHTY BPEMEHHU, IIPU

KoTopoMm y, =1.

OKCIIEpUMEHTAIIbHO YCTaHOBJIEHO, 4YTO pa3pylICHUE JKeJIe300€TOHHOIO 3JIEMEHTa IIPU OrHEBOM
BO3JICHCTBUU INPOUCXOAUT AHAJOTMYHO DPa3pyLICHUIO IIPU HOpPMalbHOU Temmeparype. Ilpenenbhsie
YCHJIUSI TIPU OTHEBOM BO3JICHCTBUU OIPENENAIOTCS HAa OCHOBE JAMarpamMm Jae(opMUPOBaHHS CXKATOTO
OeToHa W apMaTypsl IpU TeX XKe MPEANOJOKEHUSIX, YTO W IPU HOPMAIBHOW TemIeparype.
OCHOBHBIMU  TIPEINONOKECHUSAMH  SBIIOTCA — Cleayromue: jaedGopManuy  paclpeiessiioTes 10
JMHEIHOMY 3aKOHY, HANpsDKEHHs] B pacTSHyTOM OeToHe mpeHeOpexumo Maibl. [Ipu onpenenenumn
IpENeabHBIX YCWIMH IIPH OTHEBOM BO3JIEHCTBUM YYMTBHIBACTCS 3aBHCHUMOCTb IPOYHOCTHBIX H
ne(pOpMalMOHHBIX XapaKTEPUCTUK MATEPHAJIOB OT TEMIIEPATyPhI.

Pacuersl mo ornecroiikoctu cormacio CTO HUMXDB u Eurocode 2 He MMEIOT NMpUHIMIHAIBHBIX
pa3nuYMii, HO UMEIOT PA3JINYMA B 3aBUCUMOCTSX OT TEMIIEpaTypbl TEMI0(YU3NIECKUX, IPOUHOCTHBIX U
ne(pOpPMaLMOHHBIX XapaKTEepUCTUK OETOHAa M apMaTypbl. Tarkke pa3IMYHbIMU SBISIOTCS AMArpaMMbI
nedhopMUPOBAHUS MATEPUATIOB.
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3.1 OnmnpenesieHne TEMIEPATYPHOIO MOJISA

Jlia onpeneneHus mpenena OrHECTOMKOCTH HEOOXOJUMO pacCYUTATh TEMIIEPaTypPHOE MOJI€ B CEYCHHUU
JJIeMEeHTa OT OTHEBOro Bo3zeicTBus. TemneparypHoe mone 71(y,z,t) ompenensieTcss Ha OCHOBE

YpaBHEHUsI HECTAIIMOHAPHOHN TEIUIONPOBOTHOCTH:
o ,or, o, ,0T oT
LS+ L0 =ep S
oy oy 0z Oz ot

3necb A - KOO(QPUIMEHT TEIIONMPOBOJHOCTU, ¢ - YJelbHas TEMIOEMKOCTh, 0 - IUIOTHOCTH
Matepuana. [Ipu pacuere TeMneparypbl B CEUEHUU 3JIEMEHTA HE YUUTHIBACTCS BIUSHUE apMaTyphbl.

Cornacio CTO HUMXKB ko>hduument TermtonpoBoanoctd 6etona B [Br/(M°C)] onpenensercs mo
cienyromum Gopmynam:

JU1s OETOHA Ha CUJIMKATHOM 3aIlOJIHUTENIE
A=12-0.00035T
11 6€TOHA Ha KapOOHATHOM 3aIloJIHUTeNe

A=1.14-0.00055T

VneneHas TermoeMkocTh 6etoHa B [JIx/(kr’C)] Ha CHIMKATHOM WM KapOOHATHOM 3aIlONHUTENE
OTpeneNsieTcs Mo popmyie:

c=710+0.83T

Cornacao Eurocode 2 k03 GuImeHT TeronpoBoHOCTH 6€TOHA onpenesieTcs o Gopmyle:
A=1.36-0.136(T/100) +0.0057(T /100)*

VY nenpHast TEMII0OEMKOCTb CyXOro OeToHa onpeaessiercs no popmysam:

c =900 npu 20°C<T<100°C

c =900+ (T -100) npu 100°C < T <200°C
¢=1000+ (T —200)/2 npu 200°C < T <400°C
c=1100 npu 400°C < T <1200°C

Cornacno Eurocode 2 3aBUCHUMOCTD y€IbHOM TEINIOEMKOCTH OT TeMIIEPaTyphbl C YYETOM BIIaKHOCTH

OETOHA XapaKTepH3yeTcs THKOBBIM 3HadenueM mpu 115°C, paBabM 1470 1 2020 npH BIaKHOCTH
1.5% u 3% cootBeTcTBeHHO. IITIOTHOCTH OETOHA 3aBUCUT OT TEMIIEpaTyphl CIEAYIOMIUM 00pazoM:

£=p, mpu 20°C<T<115°C

p=p,(1-0.02(T -115)/85) mpu 115°C < T <200°C

P =p,(0.98-0.03(T —200)/200) npu 200°C < T <400°C

0 =p,(0.95-0.07(T —400)/800) npu 400°C <T <1200°C
3nech p, - MIOTHOCTL GeToHa Tpu Temnepatype 20°C .

OrHeBoe BO3JEUCTBHE XapaKTEPU3YeTCSd 3aBUCUMOCTBIO TEMIEpaTyphl Cpeabl OT BPEMEHH,
oTcuuThiBaemMoro ot Hayaina noxapa. CormacHo ['OCT 30247.0-94 «KoHCTpyKUHUH CTPOUTEIBHBIE.
Metonsl ucHbITaHUM Ha OrHecroiikoctb. OOmme TpeOoBaHUS» MPU CTAHAAPTHOM TMOXKape
NPUHUMACTCA CICAYIOIIas 3aBUCUMOCTb TEMIICPATYPhI CPCAbl OT BPCMCHMU:

T, =20+ 3451g(8¢ +1)

rae ¢ - BpeMs B MHH.

CTATHUKA-2009. Onucanue npoepamm 450 — Pacdet mo OrHeCTOMKOCTH



146

I'padux 3aBucumoctu 7, () npencraBiieH Ha puc.2.

To [rpan]
g00
a00
400
200
I} T T T T T T T [MHH]
o 14 20 30 40 a0 a0

Puc.2. 3aBucuMOCTb TeMIIEpaTypsl Cpeabl OT BpEMEHU

B nporpamme npenycMoTpeHa BO3MOXKHOCTb pacyeTa I APYrod 3aBUCUMOCTH TEMIIEPATYpPhl Cpebl
oT BpeMeHU. B 3ToM cityuae TpeOyercst BBECTH 3Ha4eHUsl 7, B MOMEHTBI BPEMEHHU f, IIPU yCIOBUU:

IIpn pemieHun TeMIepaTypHOM 3aJadyd Ha HArpeBacMbIX CTOPOHAX CEUEHUs CTaBUTCSA YCIOBUE
PaBCHCTBA TCILUIOBOT'O IMOTOKA OT KOHTYpa BFJ'Iy6I) CCUCHUSA U TCILUIOBOTI'O ITOTOKA K KOHTYPY CECUCHHA OT
cpenpl. TerioBoi MOTOK K KOHTYPY C€YEHUS OT cpefbl paBeH (cM.[4],6.4 u [5],3.1):

0=0.+0,
0.=a.(T,-T)
Q. =5.67¢[(0.01T, +2.73)* —(0.017 +2.73)"]

3neck (). - KOHBEKTUBHBIM TEIUIOBOM MOTOK, (J, - JyYHCTBIA TEIUIOBOM IOTOK, I, - TeMIeparypa

cpensl, 7' - TeMIiepaTypa Ha KOHType ceueHus. TerioBoil MOTOK OT KOHTypa BIiIyOb C€UEHHUs PaBeH:

oT
9
© on

rae Z—T - IPOU3BO/IHAS IO BHYTPEHHEW HOpMasu K KOHTYpy ceuenus. [Ipu pacuere no CTO HUMXDb
n

npunumaercst @, =29B1/(M> °C), £=0.56, a npu pacuere no Eurocode 2 - a, =25Bt/(m* °C),
e=0.8. Ha HEHarpeBaeMbIX CTOpPOHaX CTaBUTCS aAHAJIOTUYHOE yCIIOBHUE npu
a,=1.YT-20B1/(M* °C), £€=0.63 u a, =4B1/(M* "C), £=0.8 npu pacuere no CTO HUVXKDE u

Eurocode 2 cooTBeTCTBEHHO.

oT
TeMnepaTypHa;I 3ala4a peuIacTCd KOHCYHOPA3ZHOCTHBIM MCTOAOM. HpOH?»BOI[HaSI a— 3aMCHACTCA
t

Pa3HOCTHBIM OTHOIICHUCM:
T(yazat + At) B T(y,Z,t)
At

rae At - mar no BpeMEHH.
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Pacuer TemneparypHOro mosisi B C€4€HUM NMPOU3BOAMUTCA AJI AUCKPETHBIX MOMEHTOB BpemeHHu. Illar
110 BPEMEHH MOXET NPUHUMATHCS paBHbIM 3MMH, OMUH, |2MUH WM 3a/1aBaThCsl IPYTUM 3HAaUYEHUEM B
npenenax ot ImuH a0 30muH. B o0mem ciydae npu yBEJIMYEHHM LIara yMEHbIIAETCS 00beM
BBIUUCIICHUH, OTHAKO CHIKAETCS TOUHOCTh pe3yJIbTara.

[Tpon3Bo/HBIE MO KOOpAMHATAM TaK)Ke 3aMEHSIOTCS PA3HOCTHBIMM OTHomleHusiMu. [locne
OINpE/ENICHUs] TEMIIEpaTypbl Ha KOHEYHOPA3HOCTHOM CETKE TemIepaTypa B IPOU3BOJIBHOW TOYKE
CeUeHHUs ompejensercs HHTeprnoisiuued. B kadectBe mpumepa Ha puc.3 NpUBEIEHBI HU30TEPMBI,
IIOJlyYE€HHBIE TIpU TPEXCTOPOHHEM HAarpeBe KBaJpaTHOIO CEUEHUS U BCECTOPOHHEM HarpeBe

3 W}J
|
| :

100

Z00

W\

Puc.3. M3otepmsl

a0O0

3.2 Onpenesnenue npeaeabHbIX yCHJINMI

[IpenenbHble ycwinsg TpU OTHEBOM  BO3JACHCTBUU  OMNPEACNSIOTCS HA OCHOBE JHUarpamm
nehopMUpPOBaHUS CxKATOro OeToHa U apMatyphbl. [Ipy 3TOM yuuThIBae€TCS 3aBUCUMOCThH AUAarpaMM OT
Temneparypbl. HopMmaTuBHBIE COMPOTUBICHHS CXKATOro OETOHA M apMaTyphl MPH HOPMAaIbHOM
temmneparype npuHumaiorcs corinacHo CIT 52-101-2003 [3]. TIpexycMoTpeHa BO3MOXKHOCTh 3aJIaHUS
MaTepHUaIoB C HECHOPMHUPOBAHHOM MPOYHOCTHIO.

Ha puc.4 mpuBeseHsl auarpaMmbl ae(OpPMHpOBAHHS CKaToro GeroHa mpu Temmeparype 20°C u
500°C, noctpoeHHble 0 naHHbiIM CTO HUMXB. Ilo ocu opauHAT OTKIAABIBAETCA HAINpPSKEHUE
o [MIla], mo ocu abcuucc — aedopmamus &[%,] (1%,=0.1%=0.001). Ha puc.5 npuBeacHbI
JMarpaMMbl, TOCTPOEHHBIE 0 JaHHBIM Eurocode 2.
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15 i

10

(2)

10 |

]

o 5 10 15
(b)

Puc.4. [lnarpamma st cskatoro Getona cormacuo CTO HAVIKE npu 20 °C (a) u 500°C (b)

15 i

10
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11.1
10
5
[h] T . }
0 5 10 15
(b)

Puc.5. Jlnarpamma st cxatoro Getona corsacio Burocode 2 pu 20 °C (a) u 500° C (b)
Huarpammbl  nehopmupoBanus cxatoro Oerona cormacio CTO HUMXKB xapaktepusyrorcs
HOPMAaTHBHBIM 3HAUYE€HHEM COIPOTUBIICHHs OETOHA MPH MOBBLILIEHHOW TemmepaTtype R, , 3HaUEHHEM
nedpopmauuu &,,, OpU KOTOPOH JOCTUraercst HampsbkeHue KR, , ¥ 3HAYEHUEM IpeeNbHOU
nedopmanuu &,,.
B T1abn.1 npuBeneHsl qaHHBIC IS TOCTPOCHUS AuarpaMm aedopmupoBanus cxaroro 6erona mo CTO

HUMXB. Yepe3 R,, 0003Ha4aeTCsi HOPMAaTUBHOE CONPOTHUBIICHUE CKATOr0 OETOHA IPU HOPMAaIbHOU

R
Temneparype. 3Hauennms —2 gamei B CTO HUMKB mo Ttemmeparyps: 800°C, a 3HaueHus
bn

nedopmaruii — 10 Temmepatypst 500°C.

Tabnuna 1
T R, R, & &y
['C] R R [%,] [%,]
(CHIIUKaTHBIN (xapOoHATHBII
3aTOJTHUTEJIh) 3aT0JTHUTEJIh)

20 1.00 1.00 1.5 3.5
100 1.00 1.00 1.9 4.4
200 0.98 1.00 2.6 6.1
300 0.95 0.95 3.8 8.8
400 0.85 0.90 4.9 11.4
500 0.80 0.85 6.8 15.8
600 0.60 0.65
700 0.20 0.30
800 0.10 0.15
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Juarpammsl nedhopMupoBanms cxkatoro 6etona cornmacHo Eurocode 2 ctposites o dhopmyie:

340,9

gcl,H |:2 + (%)3 :|
cl,@

3necw f,, - conpoTuBiaeHne 6eTOHa Npu Temneparype 6, &, , - npeaenbHas nepopmanus. B Tabn.2

O =

MIPUBEJCHBI JaHHbIE JJIs1 MOCTPOSHHs aAuarpamm jaedopmupoBanus cxaroro Oerona mo Eurocode 2.
Yepes f,, oOo3HauaeTcsi XapaKTEPUCTUYECKOE 3HAYEHHE COMPOTHBICHUS CXKAaToro OETOHa IpH

HopMalibHOU Temneparype. [Ipu pacuere f,, nmpuHUMaeTcs paBHbIM R, .

Tabmamma 2
T fc,g fcﬁ €0
[°C] Ja Ja (9]
(TpaHUTHBII (M3BECTHSIKOBBIT
3aMOJHUTENb) 3ar0JIHUTEh)

20 1.00 1.00 2.5
100 1.00 1.00 4.0
200 0.95 0.97 5.5
300 0.85 0.91 7.0
400 0.75 0.85 10.0
500 0.60 0.74 15.0
600 0.45 0.60 25.0
700 0.30 0.43 25.0
800 0.15 0.27 25.0
900 0.08 0.15 25.0

1000 0.04 0.06 25.0
1100 0.01 0.02 25.0

Ha puc.6 npuBeneHbl auarpaMMbl aeopMUpoBaHus apMatyphl npu Temmepatype 20°C u 500°C,
noctpoeHnble 1o gaHHeIM CTO HUMIKB. Ha puc.7 npuBeneHsl guarpammbl, OCTPOCHHBIE IO
naagbiM Eurocode 2.
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500

400 '

300 '

Z00 '

100 i

300

200 :

100

o 10 20 30 a0 50
(b)

Puc.6. Jluarpamma s apmatypst cortacto CTO HUVDKB mpu 20°C (a) 1 500°C (b)

S00

400 '

300 '

£00 '

100 i
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39'.2"0
300
200
100
A] . . x . t
A] 10 Z0 30 40 50

(b)

Puc.7. Jlnarpamma s apmatypet coracio Eurocode 2 mpn 20°C (a) 1 500°C (b)

ITo ocu opauHAT OTKIagbiBaetcs Hampsbkenue o [MIla], mo ocu abeuuice — nedopmarus & [ %, ]
(1%,=0.1%=0.001). duarpammbl  nepopmupoBanusi apmarypel cormacHo CTO HUUWXB

XapaKTCPU3YIOTCAd HOPMATHBHBIM 3HAYCHHUCM  COIIPOTUBJICHUA apMaTyphbl IIpU MOBBIIIICHHOU
Temneparype R, , 3HAU€HHMEM MOAYJA yHOpyroctu E , ¥ 3HaA4€HUEM NpeAeibHOM AedopManuu &, .

snt 2

Jedopmarusi, mpu KOTOPOH TOCTUTAETCS 3HAUCHUE R, BRIYUCISIETCS TI0 (popmyite:

snt 2

R

snt

gSO E

st

B Tabn.3 mpuBeneHsl JaHHbIE AJIS MOCTPOEHUS Auarpamm Jedopmuposanust apmarypsl no CTO
HUMXB nna xmaccoB A240, A300, A400, AS500. Yepes R, oOo3HauaeTcs HOPMAaTHBHOE

COIPOTUBIICHUE apMaTypbl IPU HOPMAJILHOU TEMIIEpaType.

Tabmuma 3

T Ry E,

[°C] R,, E,
20 1.00 1.00
200 1.00 0.92
300 1.00 0.90
400 0.85 0.85
500 0.60 0.80
600 0.37 0.77
700 0.22 0.72
800 0.10 0.65

[penenbHas geopManus apMaTypbl £, TpMHMMaetcss pasHoi 259, mpu 20°C<T <200°C u
pasHoit 509, npu T >500°C . Tlpu 200°C < T < 500°C npenensHas aehpopmaius & , onpeaensercs
WHTEPHIOJIALIUEH.

Huarpammsl gedopMupoBanust apMatypsl corsiacHo Eurocode 2 ctposTes no cinenyromuM Gpopmynam:
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o=¢kE, npu 0<e<e¢ ,

o= —c+(bla)a’—(¢,,—¢€)]" npu &, ,<e<¢
—Jspo 5,0 p sp,0 — ¢ — “sp,0

o=fy0 npu &, <¢< Ego

3HaquHf{ a,b,c BBIYUCIIAKOTCA COTJIACHO CHeI[yIOH_H/IM (I)OpMyJIaM:
2 _
a = (85)1,0 _8sp,6)(85y,9 - gspﬂ +C/Es,6)

b* =c(e £,0)E o +C°

_ (ﬂy,& _ﬂp,ﬁ)z
(8sy,67 - gspﬁ )ES,H - 2(f:s'y,€ - f:s'pﬁ)

3HaueHus Aeopmany MPUHUMAIOTCS CIEAYIOIUMU:

.0

gsp,@ = .fsp,H /Esﬂ
gsy,H = 20 %0
gst,& = 50 %o

B Tabn.4 npuBeneHsl AaHHBIE AN IMOCTPOEHUS JuarpamMMm Je(QOpMHUPOBAaHUS TroOpsYEKaTaHOU
apMarypsl o Eurocode 2. Yepes f,, 0003Ha4aeTcs XapakTepUCTUYECKOE 3HAYEHUE CONPOTUBICHHUS

apMarypsl py HOpManbHOH Temneparype. [Ipu pacuere f, npunumaercs paBHbiM R, .

Tabmuma 4
T Joo Sa =
[°C] S S 28

20 1.00 1.00 1.00
100 1.00 1.00 1.00
200 1.00 0.81 0.90
300 1.00 0.61 0.80
400 1.00 0.42 0.70
500 0.78 0.36 0.60
600 0.47 0.18 0.31
700 0.23 0.07 0.13
800 0.11 0.05 0.09
900 0.06 0.04 0.07
1000 0.04 0.02 0.04
1100 0.02 0.01 0.02

IIpenenpHble ycwinsd NIPUHUMAIOTCS NPONOPLHUOHANBHBIMU pacyeTHbIM ycwmsaMm: N, =y N,
M, =yM,, M,=yM.,. IIpodHoCcTb ceyeHHs OOeCreUeHa, eCau KOIGQUUMEHT y, HE MEHbIIE

enuaubl. [Ipennonaraercs, 4to nedopMalvid B CEUYECHUHM DPACIPEACTSIOTCS IO JIMHEWHOMY 3aKOHY
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e(y,z)=&,+K,y+K,z, TAe K, K, - KpuBu3Hbl. IIpenenbHble ycuins ONpENENAIOTCS Ha OCHOBE

CIIEAYIOUIMX YPaBHEHUI:

o,dA+ |c.dA=y N
J- b J- s Vi

A4, Aq

[o,2d4+ [o,zda=y,M,
A4, Aq

J-O'bydA + J.O'SydA =—y M.
A4, Aq

3necs o, = f,[£(y,z)] - HanpspbkeHUE B cxaToM OeToHe, o, = f.[&(),z)] - HaNpsbKEHUE B apMaType,

A, - cxaras 30Ha ceueHus, 4, - IIoLWanb apMaTypsbl.

Jlnist onpesiesieHns: HUHTETPajioB M0 A, MPOU3BOJUTCS pa30MEHHUE CHKaTOW 30HbI HA MaJlble 3JIEMEHTHI, B
mpenenax KOTOPBIX HaMpsDKEHHWE CUYUTAeTcs MOCTOSHHBIM. OmpeneneHrne HWHTErpajioB CBOJUTCS K
BBIYHCIICHUIO KOHEUHBIX CYMM.

Pacnpenenenue nedopmannii B mpeaeabHOM COCTOSHUM &, (V,Z) OTBICKHBAETCS M3 YCIOBHSA, YTOOBI
nedopmanuu cxaToro 6eToHa He MPEBOCXOIWIN HMPEAETbHOrO 3HAa4eHus &,, npu pacuere mo CTO
HHUWXDB u ¢, , npu pacuere no Eurocode 2. Jlepopmanuy apMaTyphbl OrpaHHYMBAIOTCS 3HAYEHHEM
&g,, cormacio CTO HUMXB u ¢, cormacHo Eurocode 2. Jlns KaXXq0ro MONOKEHHUS HEHTPaIbHOM

JVHUAU OJHO3HA4YHO ONpeJeNseTcs pachpenenenue nedopmanuii B NpeAeIbHOM COCTOSHUM. B
pe3yiabpTaTe PEeLICHUs] CUCTEMBI TPEX HEJIMHEMHBIX YPAaBHEHUH ONPEIEISAETCS MOJI0KEHUE HEUTPAIbHOU
ouHUM ¥ Kol dunmeHT 3amaca mpowyHocTH y,. Ha puc.8 mpuBemeH mnpumep 3aBHCHMOCTH

ko3 unmenTa y, OT BPEMEHM NPH CTAaHAAPTHOM NOXape. B mporpaMme mpeaycMOTpeH BBIBOX

pe3yJIbTaTOB pacyera NpeAeTbHBIX YCHIMH IS MOMEHTAa BPEMEHH, NPAKTUYECKH PABHOM TMpEAey
OTHECTOMKOCTH 31eMeHTa. [IoMrMo nmpeaenbHbIX YCUIINI BBIBOSTCS MaKCHUMaJIbHbIE 1 MUHUMAJIbHBIE
(B anrebpanueckoM cMmbIciie) Aedopmanui OETOHa U apMaTyphl, a TaKKe KpUBU3HBL B cirydae, korna
HEeHTpasbHas JIMHUS TIepeceKaeT CeUueHUe dJIEMEHTa, BEIBOJUTCS M300pakeHUe CEYCHHs, Ha KOTOPOM
MIOKa3bIBAETCS CKaTast 30HA.

0O T T T . t [HMHMH]
o 10 20 30

Puc.8. [Ipumep 3aBucuMocTH KO3 PuULEHTa ¥, OT BpEMEHU
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[Tporpamma npenHa3HadeHa 1i1s mogdopa pa3MepoB 0a3bl CTAIbHON KOJOHHBI IByTaBPOBOTO CEUCHHUS
corniacHo CHulI 11-23-81* [1] wim CII 53-102-2004 [2]. [IpenycMoTpeHa npoBepKa MPOYHOCTH Oa3bl
3aJaHHBIX pa3MepoB. s ompeneneHuss M3rHOAOIINX MOMEHTOB B OIOPHOW TUTUTE MPUMEHSETCS
METO/1 KOHEUHBIX JIEMEHTOB.

1. Koncrpykuus

[IpenycmoTpeH pacueT anst ABYX BUIOB 0a3 KOJIOHH: i 0a3 0e3 TpaBepc u i 06a3 ¢ TpaBepcamu.
[Tpu pacueTe MpUMEHSETCS CHCTEMa KOOPIWHAT C HA4YaJIOM B CPEIHEH TOYKE CTCHKH JBYTaBPOBOTO
ceueHMsI KOJOHHBI. OCh y TIPHHUMAETCS MapauIeIbHONW TUIOCKOCTH TIOJIKH, @ OCh Z - MapajuIeIbHON

mnockoctd creHkd. Ilpu pacuere 6asbl Ge3 TpaBepC wWwHMpUHA b, ONOPHOW IUIMTBI MO OCH Y

oJlaraeTcsl paBHOM LIMpPUHE ABYTaBpa. TpaBepchl yCTaHABIMBAIOTCS MMAPAJUIEIBHO OCH ) .

[IpenycMoTpeHo 11Ba BUAA CONPSDKEHHMs KOJIOHHBI ¢ (YHIAMEHTOM: IIapHUpHOE M xecTkoe. Ilpu
[IAPHUPHOM COTIPSDKEHUM Tepeiada MOMEHTa Ha (YHJAaMEHT OrpaHHMYeHa NpelebHbIM MOMEHTOM
ornopa (pyHIaMeHTa, KOTOPBI CYIIECTBEHHO 3aBUCHUT OT BEJIMYMHBI BEPTHKAIBLHOW Harpy3ku. llpm
KECTKOM COIIPSDKEHHUH YCTaHABIIMBAIOTCS AHKEPBI, KOTOPBIE MO3BOJIAIOT IE€pefaBaTh 3HAYUTEIbHBIC
MOMEHTBI M MPEMATCTBYIOT MOBOPOTY OMOPHOM TumThl. [ 6a3wl Oe3 TpaBepc aHKepHbIE OOJNTHI
YCTaHABIMBAIOTCS B TIpe/eNax OMOPHOH IUIMTHI, a A 0as3bl ¢ TpaBepcaMu — 3a €€ IpeaelaMH.
JlonmyckaeTcsi yCTaHOBKa OJHOTO WJIM ABYX aHKEPHBIX OOJITOB ¢ OAHOM cTopoHbl 6a3bl. [y 6a3bl 6e3
TPaBepC pAacCTOSHUE a_ [0 OCU AHKEPHOro OoJITa IO HANpPaBICHUIO z OTCUUTBHIBAETCS OT Kpas
OINOPHOM IJIMTHI BHYTpPb IJIUTHI, a Ul 0a3bl ¢ TpaBepcaMu — HapyKy. [Ipu ycTaHOBKE BYX aHKEPHBIX
00TOB C OHON CTOPOHBI 6a3bl 331A€TCs PACCTOAHUE ¢, 10 OCH AHKEPHOro (OoNTa MO HANpPaBJICHUIO

¥, KOTOPO€ OTCUUTBIBAETCS JIMOO OT Kpasi OTMOPHOM IUTUTHI, TMOO OT IpaHu TpaBepchl. [Ipu mpoBepke

OpOYHOCTH 0a3bl 3aJaHHBIX PAa3MEpPOB PACCTOSHHUS JO OCH aHKepHOro OonTa 3ajaioTcs B
MIJUIUMETPAX, a P IoAOOpe — B ANAMETPax aHKEpHOro 0oJTa.

2. Harpy3sku

B kawectBe Harpy3ok paccmarpuBatorcs ycwius N, M M _,0Q ,0., NEACTBYIOIKE B OMOPHOM

CeueHUH KOJOHHBI. J{71s1 6a3bl ¢ TpaBepcamu cielyeT 3aJaBaTh yCHJIUS B CEUEHUH KOJOHHBI Ha YPOBHE
BBICOTHI TpaBepchl. [Ipu mpsiMoM u3rube B IIIOCKOCTH HaWOOJBIICH >KECTKOCTH CEYEHMS KOJOHHBI
3aJIaI0TCSI MOMEHT M | OTHOCHTEJIBHO OCH ) W MolepeyHas ciwia (), 1Mo OCH z, a IPU KOCOM H3rHbe

mMomeHtsl M M. wu monepeunsie cunbl O ,0.. Ilpu I€iCTBHE MONOXHUTENBHOrO MoMeHTa M

HaunOospIIee ckaThe (PyHIaMEeHTa BOSHHKAET Ha Kparo IUIUTHI, AJisi KoToporo z >0, a mpu neicTBun
HOJOXKUTEIIBHOTO MOMeHTa M HauOombllee ckaTve (QyHJaMEHTa BO3HUKAET HA Kparo IUIUTHI, JUIs
kortoporo y>0. Ilomepeunbie cuibl O ,0. yYUTHIBAIOTCS TOJILKO TPU ONPENEIEHUH TPEOYEMBIX

KaTCTOB CBAPHLIX IBOB COCAUMHCHUS TOPLA KOJIOHHBI, TPABCPC U OHOpHOfI IIJINTBI.

3. Pacuer 0a3bl1

Pacuer 0a3bl KOJOHHBI BKJIIOYAET pacyeT oTnopa (QyHAAMEHTa, OIpelesieHHe HauOOIbIIEro
M3ru0aroero MOMEHTa B OINOPHOM IUIMTE, MPOBEPKY IPOYHOCTH ONOPHOM IUIUTHI, IMPOBEPKY
MIPOYHOCTH AaHKEPHBIX OOJITOB, OMpe/eieHnEe TPeOyeMbIX KaTeTOB CBApPHBIX IIBOB COCIUHEHHUS TOPIA
KOJIOHHBI, TPaBepC M OMOPHOH IUTUTHI, NMPOBEPKY IMPOYHOCTH TpPaBEPC, OIMpeNeieHHue TpedyemMoro
KaTeTa CBapHBIX IIBOB COEAMHEHUS KOJOHHBI M TPaBepcC.

Pacuer ormopa ¢yHIamMeHTa NPOBOJUTCS HAa OCHOBE TPEXJIMHEHHOW JuarpaMMsbl J1e()OpMHpPOBAHUS
ckaroro 6eroHa, npezacrasieHHol B [3]. [Ipeanonaraercs, 4To onopHas IUIMTa MOBOPAYMBAETCS Kak
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&KecTkoe 1enoe. JlaHHOe MpearnoNoKeHNe ONpaBJaHO CYIIECTBEHHBIM pa3iuyueM Je(opMallMOHHbBIX
CBOWCTB CTanM JUIsl ONOPHOM mMiIUTHI M OeToHa ans ¢yHaamenTa. [IpuMeHeHue HenuHEHHON
IrarpaMMBbl 1e()OPMHUPOBAHUS CKATOTO OETOHA TTO3BOJIIET KOPPEKTHO OMPEACTHTh, MPH JEHCTBHU
MOMEHTHOM Harpysku, paclpejeseHue otnopa (GyHIaMeHTa Mo IUI0IMA 1 ONOPHON IIUTHI U IIOBOPOT
OTOPHON TIHUTHI. [IpH )KECTKOM CONPSKEHUH KOJOHHBI ¢ (PyHIaMEHTOM, OJJHOBPEMEHHO C OTIOPOM
(dyHIaMeHTa OIpENeNsIOTCS yCWIHS B aHKepHBIX Oontax. Ilpm 3TOM mpuMmeHsieTcs Auarpamma
yHIPYTromIacTU4eCKOro 1e(opMUPOBAHUS CTAU ISl aHKEPHBIX 001TOB. CTENeHb 3aTSHKKM aHKEPHBIX
00JITOB HE y4UTHIBAaeTCs. B BBIXOJHOM JOKyMEHTE MpOrpaMMbl B Tpaduueckoil ¢popme MpUBOAATCS
pacnpeleNneHns peakTUBHOIO JAaBICHHUS O, IO KpasM ONOpHOW IuTel. [Ipy AelcTBMM MOMEHTOB

MOXXET BO3HUKAaTh OTPHIB OMOPHOW IIUTHI OT (yHIaMeHTa. B 30HE OTpbIBa PEaKTUBHOE JABJICHHE
orcyTcTByeT. IIpemycMOTpeH BBIBOJ pPABHOACHCTBYIOIIEH /N, PEAKTUBHOIO [aBJIECHUA O, U

SKCLEHTPUCUTETOB € ,e. PaBHOACHCTBYWOIEH N, 10 HanpasieHusM y,z (¢ yderoM 3Haka). [Ipu

NEUCTBMM MOMEHTHOM Harpy3Kd BBIBOJUTCS 3HAYEHHE yTIia IIOBOPOTa OMNOPHOM IUIMTHI BOKPYD
HEUTPaAJIbHOU JIMHUU.

PacueT HanbosbIIero M3rubaromero MOMEHTa B OIMIOPHOH IJTUTE MOXKET MPOBOUTHLCS OJHUM U3 JIBYX
METOJIOB: YIPOIICHHBIM METOJIOM U METOJIOM KOHEUHBIX 3JIEMEHTOB. Y IPOIICHHBIH METOJ] N3JIaracTcs
B METOJIMKAaX MO MPOCKTHPOBAHHIO 0a3 KOJNOHH (Hampumep, B [4]) W 3axirodaercs B pa30OMEeHUU
OTIOPHOM TUIUTHI HAa OTJEIBHBIC MPSMOYTOIBHBIC TTUTHI, ONEPTHIC WM 3aIEMJICHHBIC TT0 HEKOTOPHIM
cropoHaM. Hanbombimmii n3rubarommii MOMEHT B KaXKJI0W M3 TUIMT OTPEEISIETCS Ha OCHOBE TOTOBBIX
pemieHnid 3aa4 00 M3rMOe MPSIMOYTOJIBHBIX TUIACTUH, HAXOMSIIUXCS TOJ JCWCTBHEM pPaBHOMEPHO
pacrpeieIeHHOW TIOTepeYHO Harpy3kd. BenmnumHa Harpy3kd TMpU pacyeTe OTIACIbHBIX TUIAT
MPUHUMAETCSI PaBHOW HauOoOJbIIEMYy OTHOPY (yHIaMEHTa B mpenenax rmimt. st paccMaTpruBaeMbIxX
KOHCTPYKIUK 0a3bl UCMIONB3YIOTCS PEUICHUs ISl TUITMTHI, ONIEPTOM IO JABYM CTOPOHAM U 3aIlEMJICHHOMN
10 OJHOM CTOPOHE, IJISl IUIUTHI, 3alIEMJICHHOW MO TpeM CTOpPOHaM, IS IUIMTHI, 3allleMJICHHOW I10
YETBIPEM CTOPOHAM, U JUISI KOHCOJIBHOM TUIUTHI.

Meton koHeuHbIX 3neMeHTOB (MKD) mo3Bosser nonyuuts 6osee TOUHbINA pe3yibTat. [lpu momoru
MKD omnopnas miMra pacCUMTHIBAETCSl KaK IUIMTA, ONepTasl 10 CPEIHUM JIMHUSAM CEUEHHUH IOJIOK U
CTEHKHU JBYTaBpa U IO CPEeIHUM JMHHUSIM CEUYeHUU TpaBepc. B kauecTBe Harpy3ku paccMaTpuBaeTcs
peakTHBHOE JaBiieHuEe (yHAaMEHTa, KOTOpoe, B OOIIeM cilydae, CYIIECTBEHHO HEPaBHOMEPHO
pacmipenenieHo o romianu wMTel. [Ipu pacdere Oa3zpl 6e3 TpaBepc C aHKepaMH YUYUTHIBACTCS
Harpy>keHHe OTOPHOH IIUTHI COCPEOTOUCHHBIMHI Harpy3KaMH OT aHKEPHBIX OOJITOB.

VcaoBue MMPOYHOCTH OHOpHOﬁ IIJIMTBI UMCCT BHU /],

O x| R,y. <1

oM
p— max
rae o, = —t2 , M
pacdyeTHOe COINPOTUBIICHUE CTAIH ISl ONOPHOM IUIUTBI, ¥, - KOA(PQUIUEHT yc10BUl pabOThI OOPHON

max

- HAauOOJNBIIUI U3ruOaroUii MOMEHT B IUIMTE, ! - TOJIIHWHA IUIUTHL, Ryo -

IUTATHI, TPUHUMaeMbIii cornacHo [1], Tabn. 6* wmum [2], Tabn. 1. Cormacuo [2] (Ilpumeuanue 3 k
Ta0m1.1) K03 UIMEHT y, IS OMOPHOU IUTUTHI YUYHUTHIBAETCS COBMECTHO C KOI(PGHUUIUEHTOM y, Ul

KOJIOHHHBI.

VYcnoBre NpoYHOCTH aHKEPHBIX OOJITOB UMEET BU

Namax /Nua Sl
rne N, . - HaunOonbllee ycuiaue B aHKepHbIX Oonrax, N, = A, R, - mpenenbHOe yCUIUE B
aHKepHOM Oounte, A,, - IUIOIIagb CEYEHHUs aHKEpHOro Oonra (mo pe3pbde), R,, - pacueTHoe

COTMPOTUBJICHWE CTald HJisi aHKEpHBIX OontoB. PacdyeTHoe compoTtuBiaeHue cranu BCm3xknl2,
NPUMEHSEMON ISl aHKepHBIX OonToB, coryiacHo [1], Tabn. 60* He 3aBHCHT OT auamerpa OojiTa, a
coryiacHo [2], Tabxa. I'.7 pacyeTHOe CONPOTUBICHUE IPUHUMAETCS B 3aBUCUMOCTH OT JHaMeTpa 0oiTa.
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B nporpamme npeaycMoTpeHO 3aiaHue Apyro Mapku ctaid. [Ipu onpeneneHnn ycuinuii B aHKEPHBIX
0oJTaxX MPUMEHSETCS auarpaMma yIpyroljlacTHYeCKOro AeOpMUPOBAHHS CTAlld C MpeleIbHBIM
HaIpPsOKEHUEM R, .

TpeOyemble KaTeTbl CBapHBIX IIBOB COEAMHEHHUS TOPIA KOJOHHBI, TPAaBEPC U OMOPHOM IUTUTHI
ONPENENAIOTCS U3 YCIOBUN TPOYHOCTH MO METAJLTY 1IBA U 110 METAJUTYy T'PAHULIbI CIUIABJICHHUS:

rf/R <1

wf =
7./R, <1
=0.45R, -

pacueTHOE COIPOTHUBIICHHUE YIJIOBBIX IIBOB CPE3y MO METAJIIy I'PaHMLIbI CIIJIaBlIeHus, R - BDEMEHHOE

wz

rge R, - pacyeTHOEe CONPOTHBIEHHE YIJIOBBIX IIBOB CPE3y MO Merauly miBa, R

conpotusiieHue ctanu. Craib A KOJOHHBI M CTaidb g 0a3bl MOTyT ObITh paznuuHbiMu. llpu
MPOBEPKE MPOYHOCTH MO METAJUTYy T'PAHUIIbl CIUIABJICHHS ILIBOB COEJAMHEHHUS KOJIOHHBI U OMOPHOMN
IUINTBI, @ TaKXe LIBOB COECJUHEHUS KOJIOHHBI U TPaBEPC MCIIOJIB3YyEeTCS MEHbILIEE 3HaueHue R, .

Hanpsokenust 7, u 7, Bhrumcisiores no opmyaam suaa ([1], 11.5 u [2], 15.1.19):

T= [T +75

TAe 7y, - HampsDKeHUe oT pencteust ycwnud N, M M _; 7, - HalIpsDKCHHE OT ACHCTBHUS MOMCPEIHOM

cuiel O, win Q. . YKa3aHHbIE HANPSIKEHHUS ONPEEIAIOTCS 110 hopMyiam
Tyy =N/A+M z/1,+M_ y/1,
7o, =0, 14,
Ty, = O./A4,
3nece A,1,,1, - muomaak ¥ MOMCHTBI HHEPLMH PACYCTHOTO CEYEHHMs CBApHbBIX 1BOB, A, U A, -
IUIOIIA/ld CEYEHUH CBApHBIX INBOB, KOTOpbIE BOCHPUHMMAIOT monepeuHyo cuny @O, u Q.

COOTBCTCTBCHHO, ),z - KOOPAWHATBHI TOYKH, B KOTOpOﬁ BBIYUCIIACTCA HAIPSKCHUC T . PacueTHnie

TOJILMHBI CBAPHBIX IIBOB IPUHUMAIOTCS PaBHBIMH [k , TIpY NPOBEPKe 10 MeTaiy wea u Sk, npu
TIPOBEPKE [0 METAILTY TPAHUIIBI CIUIABJICHHUS. 31eCh K, - KATET CBAPHOIO 1Ba. B mporpamme mpuHATHI

koo urmenter B, =0.7 u B, =1.

IIpu pacyere 6a3bl ¢ TpaBepcamu U aHKkepamu yeuwiaus N, M .M _, 10 KOTOPBIM POU3BOJUTCS pacuer

HaANpPsOKEHUH B CBapHBIX HIBaX, ONMPEACISAIOTCS C yUYEeTOM JEHCTBUS aHKepOB o hopmMyiam

N=N,+> N,

aiZai

M,=M,+> N
Mz :MZO +2Naiyai

rie Ny,M ,,M_, - 3amaHHBIC YCUIHS B PAaCUYCTHOM CEYCHHH KOJNOHHBI, N, W V,,Zz, - YCUIHC B
aHKEPHOM 0OJTe U KOOPJUHATHI €r0 OCH.
Karers! yrioBbIX 1BOB &, NPUHAMAIOTCS HE MEHEe yKasaHHbIX B [1], Tabn.38* nim [2], Tabn.35 u He

Oonee 1.2¢ .,

MOMCYAKOTCA KATCThI, KOTOPLIC MPUHUMAKOTCA PABHBIMHW HAMMCHBIICMY HIIN HaHGOHBHleMy 3HAa4YCHUIO

rac tmin - HAMMCHbIIIAd U3 TOJIIUH CBAPUBACMBIX 3JICMCHTOB. B BBIXOJHOM OOKYMCHTC
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COIVIACHO HOPMAaTUBHBIM YyKazaHusM. Eciu HaumOousibliee 3Hau€HUE KaTeTa OKa3bIBAETCSl MEHbILE
3Ha4YeHHUs1, TpeOyeMOro 1o pacueTy, TO YCIOBUE IPOYHOCTH HE YAOBIECTBOPSETCS.

[IpenycmMoTpeHa BO3MOXKHOCTb yud€Ta YKa3aHUs HOpPM, COIVIACHO KOTOPOMY pacu€THBbIE JUIMHBI
HENPEPBbIBHBIX YYACTKOB CBapHbIX IIBOB JOJDKHBI NMPUHMMAaThCs Ha 10 MM MEHBIIMMH, 4YeM HX
(bakTHuecKue JUIMHBI.

[Tpu pacuere 6a3bl ¢ TpaBepcaMu NPEAYyCMOTPEH HEYUYET NMPUBAPKU TOPIIA KOJIOHHBI K OMIOPHOH IIUTE.
Toraa yuuThIBaIOTCS TOJIBKO CBapHBIE LIBbI COEAMHEHUS TPABEPC U OIIOPHOM IJIUTHI.

TpaBepchbl paccMaTpUBAOTCS KaK OJHONPOJIETHbIE Oalku ¢ KoHcossaMu. [IpuHumaercs, uto TpaBepca
orepTa B TOYKaxX NMPHUBApKU K MOJKaM CTEpXkHs KOJOHHBL. Harpyska Ha TpaBepcy ompezensercs Mo
HaNpsDKEHUsIM, JACWCTBYIOIIUM B IIBaX MPUBAPKU TPaBepChl K ONOpHOH rumuTe. B o0mem ciaydae Ha
KaXX/IOM U3 TPeX Y4acTKOB TPaBEPCHI JACHCTBYET HArpy3Ka, pacrpeiesieHHas 1o JUHEHHOMY 3aKoHy. B
BBIXOJIHOM JIOKYMEHTE€ IPOrpaMMBbl BBIBOJUTCS SMIOpAa HArPy3KH M 3HAYEHMA ¢,,q,,45-94-9s>s

Harpy3Ky Ha KOHILIAX y4acTKoB. [Ipy HaiMumm aHKEpOB TpaBepChl BOCHPUHUMAIOT COCPEIOTOUYECHHBIE
BepTHUKAIbHbIE CHIIBI (), 00yCIOBICHHBIE UX AelcTBUEeM. [l KaxKI0M U3 ABYX TpaBepc OmpeesieTcs
HauOONBIIUKA M3rUOAIOIIMM MOMEHT, a 3aTeéM HW3 JBYX IIOJYy4YEHHBIX 3HayeHUIl BbIOMpaercs
HauOosbIIee 3HaueHue M, 1 IPOBOJUTCS MPOBEPKA MPOUYHOCTHU. Y CJIOBUE MPOYHOCTH UMEET BUJI:

max

Oma /R, <1

max .

> t,,h, - TOJIIMHA U BBICOTA TPABEPCHL.

TIe O, =
th

ot

TpeOyemblit KaTeT CBapHBIX ILIBOB COSAMHEHUS KOJIOHHBI M TpaBepc ONpeaessieTcs o Hanboiblei u3
CUJI, IEUCTBYIOIIMX Ha OIOPBI TPAaBEPC, IIPU YCIOBUAX IIPOYHOCTHU:

T, /R, <1
7,/R,, <1
i < :
IIpu 5TOM y4HTBIBAETCSA HOPMATHBHOE OTPAHMYEHHUE PACUETHOH JTMHBI cBapHOTO WiBa [, <858k, .

Crnenyer OTMETUTBh, 4TO paznuuue HOpM [1] u [2] mposBiseTcs B 3HAYCHUAX KOAPPHUIMEHTA YCIOBUI
paboThI OMOPHOM IUIUTHI, PACYETHOTO COIIPOTUBIICHUS CTAIN AJIl aHKEPHBIX 0OJTOB U MUHUMAJIBHOTO
KaTeTa CBapHOI'0 YIJIOBOTO IIBA.

4. Ilogdop pazmepoB 6a3bl

Pasmepbl omopHOi#i TuTEl b ,b. BapbHpYIOTCS B paMKax 3aJaHHBIX [PEACIBHBIX pPa3MEpoB
b b

zmax *
BBIOMpAeTCs mapa, IS KOTOpOl KpuTepuil moadopa (MEpUMETp WIM TUIOMIAAb IUTMTHI) MIPUHUMAET
HauMEHbIIIee 3HAYCHUE.

W3 Beex map b,,b,, Juisi KOTOPBIX BBINOJHSCTCS YCIOBHE NPOYHOCTH OMOPHOM IUIATHI,

ymax

Beicota TpaBepchl /i, OrpaHUYMBAcTCS MPENEIBHON BBICOTOH /i IIpuHuMaeTcs HauMEHbILIEE W3

tmax *

3HAQUEeHUH /,, A KOTOPHIX BBIIOJNHSAIOTCS YCIOBUS IIPOYHOCTH TPAaBEPChl U CBapHBIX IIBOB

COCAMHCHUS KOJIOHHBI U TPABCPCHI.

Huamerp d aHKEpHBIX 0OJITOB BapbUpyeTcs oT d_. 10 d_ . Bo3moxeH moxbop pa3MepoB 0asbl pu

min max *

(UKCUPOBAaHHOM JMaMeTpe aHKePHBIX 00nTOB (ipu d, . =d . ).
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[Iporpamma npenHa3zHaueHa JUisl IO00pa CEYEHUH M3rHOaeMbIX U BHELIGHTPEHHO CHKAThIX CTalbHBIX
anemeHToB cornacHo CHull II-23-81%* [1] mmm CIT 53-102-2004 [2]. IlpemycmoTpeHa mHpoBepka
3aJJaHHOTO CEYCHHUSI.

1. Buabl ceuenunit

PaccmarpuBaroTcs NMpoKaTHbIE M CBapHbIE CEUYEHUS CTalbHBIX 3JeMeHTOB. CeueHHe H3rudaeMoro
aneMeHTa (0alKku) MOXKET MOAOHPATHCS M3 CIEAYIOIMIMX COPTAMEHTOB: ABYTaBp OaJOYHBIM, JABYyTaBp
HIMPOKOIIOJIOYHBIN, IByTaBp KOJOHHBIM, ABYTaBp OOBIYHBIA. {751 BHELIEGHTPEHHO C)KATOTO 3JEMEHTA
(KOJIOHHBI), IOMUMO YKAa3aHHBIX, IPU [0J00pPE MPUMEHSIOTCSA CIEAYIOIIUE COPTAaMEHThI: HMPOQUIIb
3aMkHyTBIH KBagpaTHbli (Mo ['OCT 12336-66), npodwmip 3aMkHYThIH mpsiMoyroibHbiil (mo 'OCT
12336-66), TpyOa 6ecmioBHas ropsiaekatanast (mo [OCT 8732-78%*), tpy6a anexrpocBapHas (mo 'OCT
10704-91).

[TpenycMoTper moabop CBapHOro JBYTAaBPOBOTO ceuyeHHs. JIJii KOJOHHBI JONOJIHUTENBHO MOXKET
noa0upaTbcs CBapHOE CEYEHHE W3 JBYX OJMHAKOBBIX IPOKATHBIX WJIM CBapHBIX JIByTaBPOB,
00pa3oBaHHOE MyTEM X COCAMHEHHUS JHCTOM B INIOCKOCTH MEHBLIEH KECTKOCTH JBYTaBpA.

2. IoabOop cevyenus

ITon0Oop npou3BOAUTCS 1O 3aJaHHBIM PACUETHBIM COUETaHUAM ycunuid. [Ipu npsimom usrude 3anarorcs
usrubaromuii Moment M u nonepeunas cuna Q.. Jlns KOJOHHBI JOTIONHHUTENBHO 3aa€TCs

npojosibHas cuia N, KOTopas MpHUHATA MOJOXKHUTENbHOM mpu cxatuu. Ilpu paccmorpeHnn Oamku
n3rudarommui MoMmeHT M , JOJDKCH 33/1aBaThCsl C YUCTOM 3HaKa. [Ipu 3TOM MOMeHT M , cuMTaeTcs

MOJIOKUTENbHBIM, €CJIM MPHU €ro AEHCTBUU C)KaTas 30Ha BO3HHMKAET B BepxHeW uvactu ceueHus. [lpu
KOCOM H3ru0€ JIOMOJHUTENILHO 33Jal0TCsl M3rHOaromuii MOMeHT M u momepeuHas Ccuiia 0,.

Wunekcel B 0003HAYCHUSAX YCWIIMH COOTBETCTBYIOT O0O3HAUYEHHUSM TJaBHBIX oceid cedeHus. Ocb,
napajuiesibHasi INIOCKOCTH CTEHKH, 0003Ha4yaeTcst yepe3 z, a OCh, MapaijiesibHas MI0CKOCTH MOJKH, -
yepe3 ). UHaekc u3rubaroniero MOMEHTa YKa3blBaeT Ha OCh, OTHOCHTEIHHO KOTOPOW OIpeeseH
MOMEHT. MHAEeKC MonepevyHor CUibl COOTBETCTBYET OCH, B INIOCKOCTH KOTOPOU AeHcTBYyeT cuia. [Ipu
paccMOTpeHHH OaTKy BO3MOXKHO 3aJjaHHe JIOKAIbHOW HArpy3ku £, IpUIIOKEHHOW K BEpXHEMY MOSCY
6anku. Harpyska c moyio>KuTeIbHbIM 3HAKOM HalpaBiieHa CBEpXY BHH3 U SBJSIETCS CKUMAIOIICH.

[Toxbop mpokaTHOro TPOGUIS MPOU3BOIUTCS IyTEM IOCIEAOBATEIHLHOW BBIOOPKH TpOdUICH U3
3aJJaHHOTO COpPTaMEHTa W MPOBEPKH MUX HECYIEeH CcrocoOHOCTH. Eciu mpu BBOJE MCXOIHBIX JaHHBIX
yKa3aH KOHKPETHBIH HOMEep Mpoduiisi, TO BHIOOPKAa HAYMHAETCS C YKa3aHHOTO HOMepa. B mpoTuBHOM
cirydae, BRIOOpKA HAaUWHAETCS C IIEPBOIO HOMEPA COPTAMEHTA.

[Ipu nmonbGope cBapHOro JABYTaBPOBOI'O CEUYCHMS BapbUPYIOTCS BBICOTA /4 W IIMpUHA b CeueHHs,
TOJIIMHA CTEHKHU /,, ¥ TOJNIIMHA TOJKH . TONIMHBI IPMHUMAKOTCS U3 CIIEAYIOIIETO Psi/ia 3HAYECHHUH:
4,5,6,7,8,9,10, 11, 12, 14, 16, 18, 20, 22, 25, 28, 30, 32, 36, 40 (BeiOopka u3z [OCT 19903-74%).
[Ipu 5TOM cTaBsTcs orpanuyenus ¢, <t <n-t,. Kooppuument n, paBHblii HaUOOIbIIEMY 3HAYCHUIO

OTHOIICHHUS TOJIIIUHBI ITOJKH K TOJNIINHE CTEHKH, 331aeTCsI IIPH BBOJIE B Ipezieiax ot 1 1o 4. Beicora n
IIMPUHA CEUYEHHUs OTPAHMYUBAIOTCSA 3aJaHHBIMH MHHHMAIBHBIMA M MaKCHMalbHBIMH 3HAYCHHSIMU:
how Sh<h byiw <b<Db,. . Ilpu 3TOM paccMaTpuBaroTCsi cedeHMs, Uil KOTOpelx b<h. Ilpu
nozx0ope BCE CEeUeHus, YAOBICTBOPSIONINE yKa3aHHBIM OIPAHUYEHUSAM, PACCMATPUBAIOTCS B MOPSIKE
yBEJIMUECHHS MX Iuomanu. V3 momydeHHOro psja cedeHHil BBIOMpaeTcs TO IEpBOE CEUYCHHE, JUIs
KOTOPOTO BBITIOJHAIOTCSA BCE HMPEIyCMOTPEHHbIE poBepku. [Ipy HemonHOM monbope TONMIIMHEL ¢, H

max

tf 3a4ar0TCsA MPOMU3BOJIBHBIMHA 3HAYCHUAMU, HAXOJAIMUMHACA B IIpEaciax OT 4mMm a0 40mM.
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ITonGop cBapHOro cedyeHus: KOJIOHHbI, 00pa30BaHHOTO U3 JABYX INPOKATHBIX JBYTABPOB, 3aKJIIOYAETCS B
nogdope MpOKAaTHOro JBYTaBpa M3 3aJaHHOTO COpTaMeHTa M MNoa0ope pa3MepoB JIUCTA,
COCJIMHAIOLIET0  JABYTaBphl. Bo3MoxkeH BbIOOp mpoguis U3  COPTAMEHTOB  KOJIOHHBIX,
LIMPOKOIIOJOYHBIX M OalOUHBIX ABYTaBPOB. TOJIIMHA COEJUHUTENIBHOIO JIUCTA ¢, NPUHUMAETCS U3

BBIIICYKA3aHHOrO psaa 3HadeHuid. lllupumna nucra b, npuHUMaeTcs HE MEHbLIEH, 4YeM CyMMa
YABOCHHOW WIMPUHBI CBECa TIOJKM M DPACCTOSHUS MEKIy moikamu da,. Paccrosnue a,
OTPaHUYUBACTCS 3a]AHHBIMI MUHUMAIILHBIM M MAKCUMAJIbHBIM 3HaueHusmu: a, . <a,<a, . . Ilpu

HCIIOJTHOM Ho,u6ope TOJIIIMHA l‘J 3a4acTCd MPOU3BOJIbHBIM 3HAYCHUCM, HAXOAIIUMCA B IIpcAciax OT

4mm 10 40Mm.

[Toxbop cBapHOTO ceueHUs KOJOHHBI, OOpPAa30BAaHHOTO W3 JBYX CBApHBIX JBYTaBPOB, COCTOUT B
moa00pe CBApHOTO JBYTaBpa U MOJAOOPE Pa3MepPOB COCAMHHUTEIBHOTO JIUCTA, KOTOPHIE TPOU3BOASATCS
AHAJIOTUYHO OMKMCAaHHOMY BBIIIE. JIOMOIHUTEIBHO CTABATCS CIEAYIOIIME OTpaHuYeHus: {, <t <n-f .
B BBIXOTHOM TOKYMEHTE MPOTPAMMBI BEIBOJSATCS CIEAYIONINE XapaKTEPUCTUKHU CEUCHUS:

A - mnomans, [, v I, - MOMEHTBI MHEPLIMA OTHOCHUTEJIBHO OCEH ) H Zz, Wy u W, - MOMEHTBI
CONPOTHUBIIEHUS OTHOCUTEIBHO OCel y U z, Sy - CTATHYECKHHI MOMEHT IIOJIOBHUHEI CEUYECHHS

OTHOCHUTENIBHO OCU V', I, - MOMEHT UHEPLIUU NIPU CBOOOIHOM KPYUEHHH.

3. Pacuer 0aJaku

[IpenycMoTpeHs! 1Ba BUa pacdeTa Ha MPOYHOCTh: pacueT B Mpejeiax ynpyrux aedopmanuii u pacyer
C YYeTOM pa3BUTHUs IuIacTUyeckux nedopmanmii. [Ipu ynpyrom pacuere yciaoBHsl MPOYHOCTH UMEIOT
BU/I.

o) <1

Ry,

r<1

Ry,

3neck o - HOpPMaNbHOC HANpPSDKCHHE, 7 - KacaTeJbHOC HamnpsbkeHue; R ,R - pacdyeTHble

CONPOTHUBIIEHHUS CTalmH, y, - KO3(UIMEHT yciaoBuil pabOTHI, KOTOPBI NPUHUMAETCS COTJIACHO
tabnuie 6* u3 [1] wiu Tadmuue 1 u3 [2].

[Ipu HanmMuMK JOKAIBLHOM HAarpy3KH MPOU3BOAUTCS MPOBEPKA MPOYHOCTH CTEHKH OaJIKH 10 YCIOBHIO:

Oloc <1
Ry
F
rue o, = l,=by+2t, - nnuHa pacnpeneneHus HArpysku, b, - mupuHa o0macTu
w'ef

MIPUJIOKEHHUS JTOKAJIbHOM Harpy3KH.
[Ipo4HOCTH CTEHKH OaTKu TIPOBEPSETCS MO MPUBEICHHOMY HANPSHKEHUIO COTJIACHO YCIOBHIO!
o

v <L
1.I5R 7,
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2
rie o, = \/O'x ~0,0.+0. +37. - UpUBEJEHHOE HANPSKEHHE, O, - HOPMAILHOE HATPSIKEHHUE,

napaJijICJIbHOC OCH Oanku x , O, - HOPMAJIbHOC HAIPsSXKCHUEC, IIAPAJUICIIBHOC OCH Z U PABHOC O, T

Xz

- KacaTeJbHOE HAMPSIKEHUE.
[Mnactuueckuit pacuet cornacHo [1],1m.5.25* npoBoguTcs mo ycnoBuio
M M
— : <1
cWRy. cWRy.

npu orpanmueHusx 7, <09R , ecnu M, =0, u 7, <0.5R, 7, <0.5R, ecniu M, # 0. Cpennue

KacaTeJbHbIe HAPSXKEHUS ONpeAesAoTes o popmyaam

r =% A, =t hy, b, =h=2t,

z ww?
w

T, :&, A, =t,b
24, '
Koadduumentsl ¢, u c,, KOTOpbIE XapaKTEPU3YIOT CONPOTHBICHUE U3rMOy MIaCTHQUIMPOBAHHOTO
CedeHUs, MPUHUMAKTC 10 Tabmune 66 wu3 [1]. Ilpu M. =0 wn 7, >0.5R  xoopduuuent c,
3amenstercss Ha Koo duument 1.056c,, xoropeli He nowKeH npesbuuath ¢, . Koodpduumenr S
1-(z./R)
1-0.7(z./R,)*

BBIYHCIISICTCS 110 opMmyie: [ = \/

[Mnactuyeckuii pacyet cornacHo [2],1m.10.1.1 mpoBoauTCs MO yCIOBUIO
M M

Yy z

+ <1
cyﬂWyRyj/c czﬂWzRyyc

npu orpaHudeHusx 7, <09R ., ecnmu M, =0, u 7, <09R, 7 <05R, ecrm M_#0. Ilpu

7. > 0.5R, xoapdunuent f Beraucisercs mno popmye:

s 020 (= '
a, +0.25\ R,

rne o, =A,/ A, .Ilpu 7. <0.5R  kod3dpdurueHt [ npuHUMAETCS paBHBIM 1.
f f w z s

[Ipu ynpyrom pacuere mpoBOAUTCS MPOBEPKAa YCTOWYUBOCTH TUIOCKON (opmbl m3ruda 6anku. [loreps
YCTOMUMBOCTU MPOUCXOIUT MO H3THOHO-KpYTUIbHON ¢opme. IlpoBepka mpu mnpsiMoM u3rude
npoBoauTcs cornacHo [1],1m.5.15 unu [2],1.9.4.1 no ycnosuto:

M
Y <1
¢beRy7/c
HpI/I KOCOM I/I3FI/I6C HpI/IMeHHeTCﬂ YCJ'IOBI/ICZ
M
y + Mz < 1

oW.Ry. WRy,
Koadpduuuent ¢, onpenensercs no [1],npun.7* wim [2],nmpun.M.

IIpn 1wractmueckom pacuere corimacHo [1],0.5.20 wim [2],1.9.4.6 mis oOecnedeHus oOIIeH
b 2
YCTOWYMBOCTH Oaikh HEOOXOAMMO IMOO HEMpephIBHOE 3aKperyieHue CKaToro Tmosica, Ju0o
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MPEPHIBUCTOE 3aKPEIUICHWE C IIaroM, OrPaHWYCHHBIM HOPMATHUBHBIM 3HAUYEHHEM COTJIACHO
[1],rabmuua 8* wu [2],Tabmuma 10.

[IpoBepku yCTOWYMBOCTH CTEHKH U MOJIOK MPOBOJATCS cornacHo [1],mm.7.1, 7.2, 7.4, 7.6*, 7.22%*, 7.24
i [2],mm.9.5.2, 9.5.3, 9.5.4, 9.5.5, 9.5.14, 9.5.15. YcnoBus NPOBEPKH YCTOMYMBOCTH CTECHKHU
MPUBOJSATCS K BUILY:

3necy A, =(h,/t,)\|R,/E - ycioBHas ruOKOCTb CTEHKH, h, - pacueTHas BbICOTAa CTCHKH, f, -

TOJIIMHA CTEHKH, A, - NPE/eibHAs yCIOBHAs THOKOCTh CTCHKU. PacueTHas BbICOTA CTEHKH /1, paBHA

PACCTOSIHUIO MEKAY HadajlaMu BHYTPEHHUX 3aKPYIJIEHUH JJIs MPOKATHOTO MPOQUIIS U paBHA MOJHON
BBICOTE€ CTEHKH Juis cBapHoro mnpodwid. Ilpu mombope cedeHus ompenensercss mar MONepedyHbIX
pebep, HpU KOTOPOM BBINOJHAETCS YCJIOBUE IPOBEPKM YCTOHYMBOCTU CTEHKH. llpum 3TOM
yuuThIBatoTcs TpedoBanus [1],m.7.10 unu [2],1.9.5.9.

VYciioBre NpOBEPKU YCTOMUYMBOCTH MOJIKM UMEET aHAJIOTUYHbBINA BUJ

<1

i&l‘\pl

3nece A, =(b, /t;){R,/E - ycnoBHas THOKOCTb MOJKH, b, - pacueTHas IIMPUHA CBECA MOJIKH, [, -

TOJIIMHA [OJIKH, A, - IPEAEIbHAs YCIOBHAs TMOKOCTh MONKU. PacyeTHas mmMpuHa cBeca HOJKu b,

paBHA PaCCTOSHHUIO OT HaYaja BHYTPEHHETO 3aKPYTJICHUS IO Kpas MOJIKH JJIs IPOKATHOTO PO U
paBHa PaCcCTOSIHUIO OT TPaHU CTEHKH JI0 Kpas MOJIKU JUIsl CBAPHOTO MPOQUIISL.

[IpenycMoTpeHa mpoBepka *KECTKOCTH CEYEHHUs IyTeM pacueTa Imporuda OJHONPOJETHOM Oalku OT
HOPMATUBHBIX HATPy30K (y, =1). BO3MOKHbI pa3siuyHble BAPUAHTBI KPAeBbIX YCIOBUA. B Kauectse

Harpy30K MOTYT 3aJaBaTbCsl COCPEIOTOYEHHBIC CHJIbI M PAaBHOMEPHO paCIpEeICHHbIC HArpy3KH C
MPOU3BOJILHOM JUIMHOM pacnipeAesieHus. Y CIOBUE MPOBEPKU UMEET BU/I:

f<1

u

3necy f - HamOospmMi nporu® Oanku, f, - MpeaeabHOEe 3HaYCHHE Iporuda, OmpenessieMoe depes

HOpMy nporu6a n u anuHy nponera / no gopmyne f, =1/n.

Jlyis cBapHBIX 0aNOK OMpeeNsieTcs KaTeT MOsICHBIX MBOB 1o [1], Ta6n.37* unu [2], Ta6m1.40 ¢ yueTtom
MHUHHMAJIBHO U MaKCUMaJIBHO JTOMYCTUMBIX KaT€TOB yTIIOBBIX MIBOB coriacHo [1],12.8 umu [2],15.1.7.

B mporpamme peanu3zoBaHa MeToauKa moadopa ceueHus: Oanku, uznoxeHHas B [2],IIpunoxenue JI.
B Meronmuke mpemamonaraercs, 4TO YCTOMYMBOCTh Oanku obOecrieueHa BHIIOJHEHHEM TpeOOoBaHUI
[2],mm1.9.4.4 — 9.4.6. Tlo dopmynam, npuseneHHsiM B [lpunoxenun JI, ompenensrorcss pasmepsl
ceueHUs U 3(PPeKTUBHOE 3HAUEHHE PACUETHOTO COIMPOTUBIEHUS cTaiu. Pe3ynbprarel moabopa 1o
[Tpunosxxenuto JI BBIBOASTCS ISl CPAaBHEHUS C pe3yIbTaTaMu 0100pa MO aITOPUTMY MTPOTPaMMBEI.

4. Pacuer KOJOHHBI

[IpemycMoTpeHs! 1Ba BUa pacdeTa Ha MPOYHOCTh: pacueT B Mpe/eiax ynpyrux aedopmanuii u pacyer
c yueToM mactuyeckux nepopmauuid. [Ipu pacuere B mpenenax ynpyrux aedopmanuid ycioBUs
IIPOYHOCTH UMEIOT BUJL:
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3,[[60]':» O - HOPMAJIbHOC HAIIPAKCHHUE, 7 - KaACATCIIbHOC HAIIPAKCHUC, Ry,RS - PacCUCTHLIC

CONPOTUBIIEHUS CTalnH, ), - KO3(UIMEHT yciaoBUi pabOTHI, KOTOPHI NPUHUMAETCS COIJIACHO

tabnuue 6* u3 [1] unu Tabaume 1 u3 [2].

Pacuer ¢ yderom miactudeckux aedopmauuii mpoBogutcs coriacHo [1],m.5.25% wmm [2],m.10.1.1,
€CJIM BBIIIOJHEHBI CIIETYIOIUE YCIOBUS:

r<0.5R,
N/(4R,)>0.1

3nece N - mpoponbHas cuina, A - IUloHmiaab IMONEPEYHOro cedyeHusd. Eciam g HekoToporo
Pac4eTHOIO COYETaHWs YCHUJIMHM YKAa3aHHBIC YCIIOBUS HE BBINOJHSIOTCSA, TO UIsL 3TOTO COYETaHUS
MIPOBOJIUTCS pacyeT B Mpeeiax ynpyrux aedopmaruii.

PacueT Ha yCTOWYMBOCTH KOJIOHHBI JJISi YHCTO U3THOHON (OPMBI MOTEPU YCTOWIMBOCTU MPOBOIUTCS
cornacHo [1],mm.5.3, 5.27* wmm [2],mm.8.1.3, 10.2.2 nns oGeux miockoctedt ¥ u Z . [Ipegycmorpena
OTMEHa pacuera AJis MJIOCKOCTH, B KOTOPOW MPOrud KOJIOHHBI CTECHEH WM HEBO3MOKEH. Pacuer Ha
yCTOHUnBOCTL P M = (0 MPOBOAUTCS IO YCIOBUIO:

N

PAR,y,
anpu M #0 -0 yClIOBHIO:

N4

PAR,y,
Koadduument ¢ mpomonsHOro m3ruda Beraucisiercs mo ¢popmynam (8)-(10) u3 [1] mimm o gpopmye
(8) u3 [2]. Koadduuuent ¢, onpenensercsa Ha ocHoBe Tabmuubl 74 u3 [1] niu Tabmuns! XK.3 u3 [2]

TIPY IIOMOLIY JIMHEUHOU UHTEepromsiuun. Kodshpduunentsr ¢ u ¢, 3aBucar ot rudkoctu A =1, /i, rae

i=+1/A -paanyc UHEpPIIUU CEUCHUSI.

J1Jis KOJIOHHBI IByTaBPOBOT'O CEUCHUS U CeUeHUs, 00pa30BaHHOTO U3 JIBYX JABYTABPOB, MPEIyCMOTPEH
pacder Ha YCTOWYUBOCTDH JIJISI U3TUOHO-KPYTUIHLHONW (POPMBI MOTEPH yCTOWYMBOCTH coTiacHo [1],mm.
5.30, 5.34 ywnu [2],0m.10.2.4, 10.2.9. Pacuer He mpoBOAUTCS B ciayyae, KOTJa M3rMOArOIIMi MOMEHT
M |, paBeH HyIO, a TaKKe B Clly4ae, KOI/a POrud KOJOHHBI B INIOCKOCTH ¥ HEBO3MOXKEH. Y CIIOBHS

IPOBEPKHU UMCIOT BUJ:
N
cp. ARy,
N
¢eyzARy7/c

_ 3 4
3neck @, - K0OO)GUIMEHT IPOJOIBHOTO U3rMOa OTHOCUTENBHO OCH Z, @, =@, (0.6\/2 +0.44c ) npu
pacuere mo [l] wmu ¢, =ce.y mupu pacuere mo [2], ¢, - 3Havyenue Kodpduuuenra @, ,

COOTBETCTBYIOIIEE M3rHOYy OTHOCUTENHbHO ocH z. Ecnm m3rubaromuii MoMeHT M _, neicTByIOmUi B
IJIOCKOCTH Y , paBEH HYJI0, TO IPUMEHSETCS MEPBOE YCIOBUE, MHAYE TPUMEHSIETCS BTOPOE YCIOBHUE.
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Jlns AByTaBpOBBIX MPO(HIICH MPOBOAATCS MPOBEPKH YCTOMYMBOCTH CTEHKH W TIOJIOK COTJIACHO
[1],mm.7.14%, 7.16*, 7.23* wmm [2],mm.8.3.2, 8.3.7, 10.4.2, 10.4.3, 10.4.7. YCTOWYMBOCTh CTCHKHU
MPOBEPSETCS 110 YCIOBHIO:

NS

<1

N

uw
3nech A, =(h,/t,)\JR,/E - ycinoBHas rMOKOCTb CTCHKH, /i, - pacueTHas BBICOTA CTCHKH, I, -

TOJIIMHA CTEHKH, A, - IPEEIbHAs YCIOBHAs THOKOCTh CTEHKHU. PacyeTHas BbICOTA CTEHKH /1, paBHA

PAcCTOSIHUIO MEX/y HayaJlaMHd BHYTPEHHUX 3aKpYTJICHHUH U1 IPOKAaTHOrO Mpo(uis U paBHA MOJIHON
BBICOTE CTEHKH JUIsl CBAPHOTO MPO(UIISL.

YcaoBue IMPOBEPKHU YCTOI\/‘I"II/IBOCTI/I MIOJIKM UMEET aHAJIOTUYHBIN BU/I;

=
<

— <1
uf

N

3nec A, = (b, /t;)\|R,/E - ycnoBHas ruOKOCTb HOJKH, b,, - pacyeTHas MIMPUHA CBeca MOJKH, ¢, -

TOJIIIKMHA I10JIKH, ﬂ’uf - OpeaciibHasd yCJIOBHasA ruOKOCTh MOJIKH. PacueTHas rpHruHa CBCCa IMOJIKU bef

paBHa PacCTOSHUIO OT Hayalla BHYyTPEHHETO 3aKPYTJCHUS 10 Kpas MOJIKH JJIs IPOKATHOTO MPOpuiIs U
paBHA PacCTOSIHUIO OT I'PaHU CTEHKH J10 Kpasi IOJIKH I CBAPHOTO MPOQUIIS.

[Ipu mpoBepke yCTOMYMBOCTH CTEHOK ABYTAaBPOB, BXOJSIIHMX B COCTaB CBAPHOIO CEUEHUS U3 JBYX
JIByTaBPOB, pacyeTHas BbICOTA CTCHKH h, NPUHUMACTCS PABHOM DPACCTOAHMIO MEXIY HA4aIoM

BHYTPEHHETO 3aKPYIJIEHUS M TPAHbIO COEIMHUTEIBHOTO JHCTA, €CIU HCIOJIb3YIOTCS IMPOKATHBIE
JBYTaBpbI, U1 PaBHA PACCTOSIHUIO MEXAY T'PAHbIO MOJKHU M TPAHBIO COEAUMHUTEIBHOTO JIUCTA, €CIH
UCTIONB3YIOTCSl CBAPHBIE IBYTABPBI.

Jnst ceyeHus w3 JBYX JIBYTaBpOB JIOTOJHUTEIBHO MPOBOJUTCA TNPOBEPKA YCTOMUMBOCTHU
COCIMHUTENILHOTO JIMcTa. JlaHHas MpOBEpKa B OCHOBHOM aHAJIOTUYHA MPOBEPKE YCTOMUYMBOCTH CTEHKH
KOJIOHHBI ~ JIByTaBPOBOrO CeuyeHus. PacyerHas BbICOTA /1, NPUHUMACTCS PABHOM IIMPHHE
COEIMHUTENILHOr O JIucTa b, .
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[Iporpamma mpenHazHayeHa [UIsl OMNPENENICHUS PACYETHBIX [UIMH MPOU3BOJBHO 3aKpPEIICHHbBIX
CTAJIbHBIX M KEeTE300€TOHHBIX KOJIOHH MEPEMEHHOTO CEUYCHHMsI, a TaKXkKe AJIs ONpENeICHHs YCUIU B
KOJIOHHE Ha OCHOBE J1e()OPMUPOBAHHOMN CXEMBI.

1. PacuerHas cxema

PacuetnHass cxema mnpencTaBisieT CcOOOH MOCIENOBATENBHOCTh CTEP)KHEBBIX 3JIEMEHTOB (YacTel
KOJIOHHBI) pa3inuyHoi skecTtkocTd (puc.l). YacTu HymepyroTcs B HalpaBlICHUM CHU3Y BBEpX.
Bo3moxno 3amanue 1o 50 gacreit. [1pu pacyeTe npuMeHseTcsi KOOpAUMHATHAS OCh X, HA4aJ0 KOTOPOH
COBIIAJIa€T C LIEHTPOM TSKECTH HUKHETO CeUeHUs KOJIOHHBI. OCh X HaIpaBlIeHA CHU3Y BBEPX.

[Ipu craTnueckoM pacuere Ha KaKJIO0W 4acTH KOJIOHHBI BBOJUTCS JIOKAJIbHAS OChb KOOPAMHAT, KOTOpas
COBIIAJIAET C JJUHUEHN UEHTPOB TSHKECTU CEUCHUM JAHHOW 4acTh. BO3MOXKEH yUYeT CMEIIEHUsI OCH YaCTH
KOJIOHHBI 110 OTHOIIIEHUIO K OCH HUKEPACTOJOKEHHON YACTHU.

[Ipennonaraercsi, 4To pe3ynbTUpYIOIIAs NPOAOJbHAs CHUJa BOCHPUHHMMAETCS B HIKHEH Omope.
VYcioBust ynpyroro uid a®COJIOTHO ECTKOTO 3aKpeIUICHHs MOTYT 3a/1aBaThCsl B IPOM3BOJIBHBIX
toukax. OHU HOPMYIHPYIOTCS IS TPOruda KOJIOHHKI B MTOBOpoTa ceueHus. Ha prc.3 nausr hopMyiisr
Ui onpezeneHust K03 GUIUEHTOB KECTKOCTH YIPYTUX CBA3eH KOJOHHBI ¢ MPUCOEANHEHHBIMHU K HEH
3IIEMEHTaMU KOHCTpyKuuHu (cM.[2], Tabnuua 24). Bo3aMokeH yd4eT BTOPOCTENECHHBIX IIAPHUPHO
OIIEPTHIX KOJIOHH IyTEM BBEACHUS MIPY>KUHBI OTPULIATEIILHOM KECTKOCTH (pHcC.4).

Yactn

4

Puc. 1. PacyeTHas cxema

2. Harpy3sku

IIpenycMOTpeHO 3aaHUE COCPEJOTOUYECHHBIX U PABHOMEPHO PAaCIpeCIIEHHBIX MPOAOJIbHBIX cuil. IIpu
CTaTUYECKOM pacyeTe KOJOHHBI JOINOJHUTEIBHO MOTYT 3aJaBaTbCi COCPEAOTOYCHHBIE U
pacIpeeiIeHHbIE TIONEPEYHbIE CUIIBI U COCPELOTOUYCHHBIE MOMEHTHL. Takke IPeayCMOTPEHO 3a/1aHKE
CMEILCHAN U TOBOPOTOB XKECTKUX ONOp. [10710KUTENBHBIE HANIPaBICHNs HATPY30K ITOKAa3aHbl HA PUC.2.
[TonoxurenpHOE HAIpaBIECHUE CMEIICHUS JKECTKOW OIOpbl COBIAAACT C  IOJOKUTEIBHBIM
HaIlpaBJICHUEM IIOIIEpeYHONM CcuiIbl. lloJIoKUTENbHOE HallpaBiIeHHE II0BOPOTA JKECTKOW OIOpPbI
COBIIAJIAET C MOJIOXKUTEIbHBIM HAIIPABJICHNEM MOMEHTA.
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Puc. 2. ITonoxxuTenbHblE HAPABICHUS HATPY30K

3. Pacuer

Pacuernas niunHa (cm.[1]) onpenensercs mo dhopmyie

l,=r |—

ef 77N
3necy EI — u3ruOHast )KeCTKOCTh, N — mpogosibHast cuna, 77 =N, / N — KO3QPUIUEHT KPUTHIECKON
Harpy3KH, PaBHBI OTHOIICHHWIO MPOJOJBHOW CHIIBI MPU JOCTHKCHHH KPUTHYECKOTO COCTOSHHSA K
JIEHCTBYIOILIEH MTPOJIOJIBHOM CHJIE.
Koapduuuent 7 oTbicKMBaeTCs B paMKax TEOPHUM YIPYrol YyCTOMUMBOCTH [Jsl 3aJaHHOIO

pacnupeeieHust MPOIOJIBHBIX HArpy30K. DTOT KOA((UIIMEHT SBIISETCS CUCTEMHOW XapaKTEPUCTUKON
KOJIOHHBI. [Ipn mepeMeHHOM M3rnOHOM KECTKOCTH WIIH MPU NTEPEMEHHOMN MTPOJIOJIBHON CHJIe pacyeTHAs
JUIMHA TAKXKE SBIJISIETCS EPEMEHHON BEJIMUUHOM.

[Ipu cratnyeckoMm pacuere KOJIOHHBI PEIIaeTcs 3ajadya O MpOoJI0JIbHO-IIONEPEYHOM HU3rHOe Ha OCHOBE
CJIeIYIOIIEH TUHEHHON CUCTEMBI OOBIKHOBEHHBIX JU((PepeHIIMATbHBIX YPaBHEHUIN:

dw
E_(D
dp M
dx EI
X p-Ne+o,)
dP
E_q
3necb w — mporu® OT HArpy3ok, ¢ - Yroil THOBOpOTa ceueHus, M — u3ruOarImMii MOMEHT,
P=0+N(p+¢,), QO — nomnepeunas cuna, N — MNOpoAoibHas CWIA, ¢ — HHTEHCHUBHOCTb

pacIpeaeneHHOH ONepeYHoi Harpy3Kku, w, — HadalbHBIN Iporud, ¢, =dw, /dx .
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[Ipn pacyere mo AepoOpMUPOBAHHON CXeMe€ MPEIyCMOTPEH YYeT BIMSHUS TAaKUX HECOBEPIICHCTB
KOJIOHHBI, KaK HENPSAMOJIMHEHHOCTh U HEBEPTUKAJIBHOCTH, MYTEM 3a/JaHUsl HA4aJbHOI'O MpPOruda mo
dopme moTepu YyCTOHYMBOCTH WIJIM 3aJaHHUS OTKJIIOHEHHS OCH KOJIOHHBI OT BEepTHKaIU. BriOop B
KayecTBe (pOpMbI HECOBEPILEHCTBA KOJIOHHBI (DOPMBI MOTEPH YCTOMYUBOCTU OOBACHSAETCS BBICOKOU
CTETIEHBIO BIMAHUSA 3TOH (OPMBI IpU OONBLIMX MPOAOJIBHBIX Harpy3kax. OTKIOHEHHE OCH KOJOHHBI
OT BEPTUKAIM IMPEACTaBIseT CcOOOM MOBOPOT OCH BOKPYI HM)XHEW Touku. Bpibop Haubonee
HEOJIaronpusITHOTO HaIpaBjeHus (BHIOOp 3HAKA) HAYAJLHOTO MPOTHOA MM OTKJIOHEHUSI OCH KOJIOHHBI
OT BEPTUKAJIH OCYIIECTBIISIETCS aBTOMaTHUYECKH.

— - = ——-anf
3
= C=3+E+*]/1
*H —

s ==
E*A L ‘
B < = ——favf
| 1 | C=E*A /1

HI_—-—"_Z;] = ‘[iﬁ C=3*E*1/1
= ] 2

H—-——E = (m C=4+*E+1/1
i |
|

Puc. 3. KoadpuipeHTHI ®KECTKOCTH yIIPYTuX CBsI3el

S
)

Puc. 4. Yuer BTopocTenieHHOIN KOJIOHHbBI
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[IporpamMmma mpegHa3zHaueHa sl MPOBEPKH MU MOAOOpa TMOMEPEYHOTO CEYCHHS CTAIBHOW CILIOIIHON
kojouHbl cormacHo CHull 11-23-81%* [1] mmu CIT 53-102-2004 [2]. Bo3moxeH 1moadop MpoOKaTHOTO
WIH CBapHOTO ceueHus. [IpemrycMoTpeH pacder mporuOoB KOJIOHHBI Il KOMOMHAIIMNA HOPMATHUBHBIX
Harpy3oxK.

1. PacuerHas cxema

PacuerHast cxemMa KOJOHHBI MPEJCTAaBIsAET COOON CTEP)KHEBOW 3JIEMEHT MOCTOSIHHOTO ceueHus. [lpu
pacyeTre KOJOHHBI IPUMEHSIETCS CUCTEMa KOOPAUHAT X)Z, HA4aJo KOTOPOWM COBHIAAAET C LEHTPOM
TSOKECTH HUKHETO CEUEHHs KOJIOHHBI, OCh Z JIEKHUT B INIOCKOCTH HAaUOOJIbLIEH KECTKOCTH KOJIOHHBI,
OChb X HarpaBlieHa CHU3Y BBepX (puc.l).

>\

Puc. 1. Pacuernas cxema

[Ipennonaraercsi, 4To pe3ysbTUPYIOLIAs BEPTUKAJIbHAs CHJIA BOCIHPUHMMAETCS B HMKHEH OIOpE.
VYcioBust ynpyroro wid aOCONIOTHO KECTKOTO 3aKPEIUICHHS MOTYT 3a/1aBaThCsl B IPOM3BOJIBHBIX
Toukax. OHM popMyIupyrOTCs Ui Iporuda KOJOHHBI M IOBOPOTA CEYEHMS BOKPYI FOPU30HTAIbHON
ocu. Bo3MoxeH BbIOOp YaCTHBIX PACUETHBIX CXEM, JUIsl KOTOPBIX HE TpeOyeTCs SBHO 3a/1aBaTh YCIOBUS
3aKpeIUICHUsL.

Ha puc.2 nansl Gpopmyibl ans onpeneneHus KOdQQGHUIUEHTOB KECTKOCTH YNPYTUX CBA3€H KOJOHHBI
(cm.[4], Tabnuna 24). Bo3MOXeH yueT BTOPOCTETIEHHBIX IIAPHUPHO ONEPTHIX KOJOHH IMyTEM BBEACHUS
MIPY>KUHBI OTPULATENIBHOM KEeCTKOCTH (pHc.3).

2. Harpy3sku

Bo3MmoxHBI ciienyromue Harpy3ku: COCPEIOTOYECHHBIE BEPTHKAJIbHBIE W TOPU30HTAIbHBIE CHIIBL,
COCpPEOTOUEHHBIE MOMEHTBI, pPaCIpPEJCIICHHbIE TOPU30HTAIbHBIE U BEPTUKAJIbHBIE HArpy3KH,
CMEIIEHHS U TOBOPOTHI KeCTKUX orop. [lonoxuTenpHble HalpaBIeHUs! Harpy30K MOKa3aHbl HAa puc.4.
[lonoxurenpHple HampaBlI€HUS CMEIICHUM JKECTKUX ONOp COBMAJAIOT C  HaIpaBICHUSMHU
KOOpAUHATHbIX ocell. IlonoXuTenpHble HalpaBieHHUs IIOBOPOTOB JKECTKHUX OIOp COBHAJAIOT C
MI0JIO)KUTEIbHBIMU HAIPaBJIEHUSIMU MOMEHTOB.
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Puc. 2. KoadpuupeHThI )KECTKOCTH YIPYTruX CBsi3er
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Puc. 3. Yder BTOpOCTETIEHHOH KOJOHHBI

Cornacho CHull 2.01.07-85 «Harpy3ku wu Bo3gelicTBus» [3] Harpy3ku MNOAPA3AEISAIOTCS Ha
MIOCTOSIHHBIE, JUIUTEIbHbIE, KPaTKOBPEMEHHbIE U 0cOOble. KOMOMHMpOBaHUE HArpy30K MpPECTaBISET
cOoOOH TreHepalil MHOXKECTBAa BO3MOYKHBIX KOMOMHAIMI Harpy3ok ¢ ydeTtoM Ko3(dduuueHToB
HAJEKHOCTH 110 HArpyske y, U KOd(D(HUIMEHTOB, CBI3aHHBIX C OJHOBPEMEHHBIM YYETOM JBYX H

Oosiee BpeMEHHBIX HArpy3ok. IIpu Haamuum ocoObIX HArpy30K Hapsiay ¢ OCHOBHBIMH KOMOWHALIMSMU
TEHEPHUPYIOTCS TaKKe 0COObIe KOMOWHAIINH.
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Puc. 4. IlonoxutenbHble HANPaBICHUS HATPY30K

Bo3MoskeH BBOJ HecoueTaeMbIX Harpy3ok. Takue Harpys3kKu BKJIIOYAKOTCS B IPYyIIy HECOYETaeMbIX
Harpy3ok. B koMOMHaIuio MOXET BOWTH TOJBKO OJHA Harpys3ka M3 Kaxaoi rpynmnsl. Hymeparums
Ipynn HAa4MHAETCSA C €IMHULBL. ['pynmel MOTYT NMPUMEHATHCS, B YAaCTHOCTH, MPU y4Y€TE BETPOBBIX
Harpys3ok (IpH pacCMOTPEHUH ACHCTBUS BETpa M0 Pa3IMYHBIM HAIpaBJIECHUSIM) U KPAaHOBBIX Harpy3oK
(Ipu pacCMOTPEHUU PA3IMUHBIX MOJ0KEHUN KpaHa). Bo3MoxeH BBOJ| 3HAKONEPEMEHHBIX Harpy3ok. B
3TOM ClIy4ae B pacueTe yUMTHIBAETCS KaK 3aJaHHAas Harpy3ka, TaKk M Harpy3ka IPOTUBONOJIOXKHOTO
3HaKa.

Bo3MokeH BBOJ T'OTOBBIX pAacyeTHBIX KOMOMHAIMII Harpy3ok. 3azaBaeMas Kak BHJl Harpy3ku
pacueTHas KOMOMHauuWsi 100aBIsIeTCS K MHOXECTBY CIE€HEPHPOBAHHBIX OCHOBHBIX KOMOWHAIMA
Harpy3ok. B yactHOCcTH, BO3MOKEH BBOJ JIUIIb TOTOBBIX KOMOMHALIUN Harpy30K.

3. Ceuenune

Bo3MoxHO 3a7jaHKe ClleAyIONMX NMPOKATHBIX Mpoduiel: apyTaBp KojgoHHbIH (1o CTO ACUM 20-93
wm 'OCT 26020-83), neytaBp mupoxkomnonounsii (mo CTO ACUM 20-93 umu 'OCT 26020-83),
neyTtaBp Oanounsli (mo CTO ACUM 20-93 wiu 'OCT 26020-83), nyTtaBp oObrusbsiii (o 'OCT
8239-89), mnpoduns 3amkHyThI kBagpatHelii (mo T'OCT 12336-66), npodwmib 3aMKHYTHIH
npssmoyronbHbiid (mo 'OCT 12336-66), TpyOa OecmioBHas ropstuekatanas (mo 'OCT 8732-78%),
TpyOa snexrpocBapHas (mo OCT 10704-91).

Bo3MoxHO 3amaHue CIAEAYIOIMX CBAapHBIX CEUCHUH: JIBYTaBPOBOE CEUYCHHE, CEUCHHE W3 JIBYX
MPOKATHBIX JIBYTaBPOB, CEUCHHE M3 JBYX CBApHbIX JABYTaBpOB. CeueHHs] BTOPOTO U TPEThEro BHJIA
00pa3yroTcs U3 IBYX OJWHAKOBBIX JBYTABPOB IyTEM WX COCIWHEHMUS JIUCTOM B IIJIOCKOCTH MEHBIICH
JKECTKOCTH JIByTaBpa.

[IpenycmoTpeHs! ABa BUAA pacueTa: MpoBepKa 3aJaHHOro npoduis u noadop Tpedyemoro mpodurs.
[Ton6op mpokatHOro MpoduiIsi MPOU3BOAMTCS ABTOMATHUECKH, IyTeM IOCIIEAOBATENbHON BHIOOPKH
npoduiael M3 3alaHHOTO COpPTaMEHTa M TMPOBEPKHM HMX Hecyled cmocoOHoctn. Ecim mpu BBOJIE
WCXOJHBIX JAHHBIX YKa3aH KOHKPETHBIH HOMep Mpoduisi, TO BHIOOPKAa HAUYMHAETCS C YKa3aHHOTO
HOMepa. B mpoTuBHOM ciydae, BRIOOpKa HAYMHAETCS ¢ IEPBOTO HOMEpa COpPTaMEHTa.
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IIpu noxbope cBapHOrO ABYTaBPOBOIO CEUYEHMs BapbUPYIOTCS BBICOTAa /4 W LIMpUHA b CeuyeHHH,
TOJIIMHA CTEHKHU f,, ¥ TOJIIMHA TOJIOK . TONIMHBI IPUHUMAIOTCS W3 CIIEAYIONIETO PAa 3HAYECHHIA:

4,5,6,7,8,9,10, 11, 12, 14, 16, 18, 20, 22, 25, 28, 30, 32, 36, 40 (Bei60opka u3 'OCT 19903-74%).
IIpu 5TOM CTaBATCA OrpaHMyeHMs ¢, <t S 2-t,. BpicoTa M mMpHHA CEYEHHMsS OIPAHUYMBAIOTCSA

3aJJaHHBIMM MMHUMQJIBHBIMH U MaKCUMaJbHbIMU 3HadeHusmu: h . <h<h_ ., b . <b<b . Ilpu

3TOM PacCMaTPHUBAIOTCS CEUEHUs, sl KOTOphIX b < /i . [Ipu moabope Bce ceueHwusl, y10BIECTBOPSIONINE
yKa3aHHBIM OTPaHUYEHHSM, COPTHPYIOTCS B IOPAKE YBEIUUCHHS UX IUIOManan. 3 momydenHoro psga
CeueHUil BHIOMpAETCs TO MEpPBOE CEYEHME, JUIsI KOTOPOIrO BBIMOJHSIOTCS BCE NPEAyCMOTPEHHBIE
IPOBEPKH MO MPOYHOCTU M yCTOWYMBOCTH. [Ipu HEmomHOM 1moaGOpe TONUMHBL f, W {, 3a[AH0TCS

MPOU3BOJIbHBIMHU 3HAYEHUAMH, HAXOSIIMMUCS B Tipeaenax ot 4mm 10 40mm.

[TonOop cBapHoTro ceyeHus, 00pa30BaHHOIO U3 JIBYX MPOKATHBIX JIBYTaBPOB, 3aKJIIOYAEeTCs B OA00pe
MIPOKAaTHOTO JBYTaBpa M3 3aJaHHOTO COpTAaMEHTa W MOoA00pe pa3MEepoB JIUCTA, COEIUHSIOIIETO
IBYTaBpbl. Bo3MokeH BbIOOp Mpoduis U3 COPTAMEHTOB KOJOHHBIX, ITUPOKONOJOUYHBIX U OalOYHBIX
JABYTAaBpOB. TOJIIMHA COEAUHUTEIBHOIO JIMCTA f, MPUHUMAETCA U3 BBILICYKA3aHHOTO PAa 3HAYCHUM.

Hlupuna nucra b, npuHUMAaeTcs HE MEHbIICH, 4eM cyMMa y/JBOCHHOH HIMPUHBI CBeca IOJIKM U
paccTosHUs. MEKIy MOIKaMH a,. PacCTosiHHe a, OrpaHM4YMBACTCS 3a[JaHHBIMU MHHUMAJbHBIM H
MaKCUMallbHbIM 3HAYCHUAMU: d, .. <da, <a, . . llpu HenoiHoM noabope TONIMHA ¢, 3aJaeTcs
MIPOU3BOJIBLHBIM 3HAYEHUEM, HAXOIUMCS B npeenax oT 4Mm 10 40mm.

[TonGop cBapHOrO cedeHus, OOPAa30BAHHOTO M3 JBYX CBAapHBIX JBYTaBPOB, COCTOMT B Moa0Ope
CBAapHOTO [BYTaBpa M TOAOOpPE pPa3MEPOB COCTUHHUTEIBHOTO JIMCTA, KOTOPHIE IPOM3BOIITCS
aHAJIOTHYHO ONHCAHHOMY BbIIIIE. JOTIOJTHUTEIBHO CTABITCS CIEAYIOLINE OTpaHUYeHU: ¢, <t <2-f .

4. Pacyer Ha IPOYHOCTH U YCTOMYUBOCTH

Pacuer ycunuii B KOJIOHHE NPOBOAMUTCS IO HEASPOPMHPOBAHHOM cxeme. YCWIIMS B CTaTUYECKU
HEOIPEeIeIMMON KOJIOHHE TPU HAJIMYUHM YNPYTUX 3aKPEIUICHHH 3aBUCAT OT COOTHOIICHUS MEXKIY
M3THOHOM KECTKOCTHIO KOJIOHHBI M Kod(dduruenTamMm >kecTkocTh 3akperuieHnid. [lostomy B
yYKa3aHHOM clly4yae, MpH mnojadope tpedyeMoro mpouiis pacyeT yCHIUM MPOU3BOAMUTCS IS KaXKJOro
IIPOBEPSAEMOTO MPOPUIISL.

[Ipu onpeneneHUH pacyeTHBIX YCWIMH OT KOMOHWHAIMI HArpy30K MpPHUMEHSETCS TPUHIINI
CYNEpPIO3ULMHU: 110 YCHUIUAM OT OTHAEIbHBIX HArpy30K BBIYMCIAIOTCSA YCWIHS OT PacyeTHBIX
KoMOMHaIMii Harpy3ok. /[ nmpoBepok MpOYHOCTH M YCTOWYMBOCTH KOJIOHHBI NMPOU3BOAUTCSI BBIOOP
pacueTHbIX KOMOMHALIMI HAarpy30K Mo HauOOJBIINM 3HAYEHUSIM HPOJOJBHON cuibl N , U3rudaromumx

MOMEHTOB M y,M _, cymMMapHoro mMomentra M =. M yz +M?

z 9

norepeursix cunt 0,0, a TakKe

9KCLUEHTPUCUTETOB e = M , /N, e, = M_/N, e =M /N . Ilpu 3ToM nopropsouuecs KOMOUHaLUN

UCKJIIOYaloTCsl. BrIOOp pacueTHbIX KOMOMHAIMM MPOU3ZBOAMTCS AJIS KaXJIOTO U3 YYaCTKOB KOJIOHHHBI,
Ha KOTOPBIE OHA JIEIUTCS TOYKAMHU 3aKPEIUICHUM UM TOYKAMU INPUIIOKEHMs HArpy3ok. [lins kaxuon
BBIOpaHHOW KOMOWHAIIMM HArpy30K pemaeTcs 3aaada o0 yCTOMYMBOCTH C)Karoro crepxkHs. [lpm
MIOMOIIM YUCIEHHOTO METO/a ompeaesercs: Ko3(pGpUIUueHT KpUTHYEeCKO Harpy3Ku, KOTOPBINA CITyKHT
JUISL BBIYUCIICHUS] PACYETHBIX JUIMH B IJNIOCKOCTAX Y U Z .

[IpemycMoTpeHsl 1Ba BUa pacyeTa Ha MPOYHOCTh: PacueT B Mpeeiax ynpyrux aedopmanuii u pacyer
C ydeToM IacThyeckux nedopmauuid. [Ipu pacuere B mpenenax ynpyrux aedopmanuid ycioBUs
IIPOYHOCTU UMEIOT BUJ:

o

Ryy.
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T
Ry,

<1

3neck o - HOpPMalbHOC HANPSDKCHWE, 7 - KacarelbHOC HampsbkeHue, R ,R - pacyeTHble
CONPOTUBIIEHUS CTalmd, ), - KO3(UIMEHT yciaoBUil pabOTHI, KOTOPHI NPUHUMAETCS COIJIACHO
tabnuue 6* u3 [1] unu Tabaume 1 u3 [2].

Pacuer ¢ yderom mmactuyeckux aedopmanuii mpoBoautcs coryacHo [1],m.5.25% wm [2],m.10.1.1,
€CJIM BBITIOJTHEHBI CJICTYFOIIHNE YCIIOBUS:

7<0.5R,
N/(AR,)>0.1

3nech A - 1UIOLIA[b MONEPEYHOro ceueHus. Eciu 11 HEKOTOPOIro pacye€THOrO0 COYETAHMS YCHIIMM
YKa3aHHbIE YCJIOBHUSl HE BBINOJHSIOTCS, TO ISl 3TOrO COYETAHMs MPOBOAMTCS pacyeT B IMpeaenax

yOpyTUX JAedopManui.

Pacuer Ha yCTOHYMBOCTD KOJIOHHBI JIJISl YACTO U3THOHON (DOPMBI MOTEPHU yCTOMUMBOCTH TPOBOIUTCS
cornacHo [1],mm.5.3, 5.27* wnu [2],0m.8.1.3, 10.2.2 ana oGeux miockocteit ¥ u Z . IlpenycmoTrpena
OTMEHa pacueTa JUIsl IJIOCKOCTH, B KOTOPOI MpOrud KOJOHHBI CTECHEH MM HEBO3MOXKeH. Pacuer Ha
YCTOMYMUBOCTB IpU M =0 IIPOBOIUTCSA 10 YCIOBHUIO:

N
PAR y,

2

anpu M #0 - 110 yCIOBHUIO:
N4
¢€AR)’7/C
Koaddumment ¢ npomonbHoro msruba Beraucisercs mo ¢opmynam (8)-(10) uz [1] umu mo dhopmyne
(8) m3 [2]. Koaddumment ¢, onpenensercs Ha ocHoBe Tabmumbl 74 u3 [1] nim Tabmums! XK.3 u3 [2]
TIPY [IOMOIIH JIMHEWHOH uHTepnomsinud. Kosdduuumentsr ¢ u ¢, 3asucsar or rudkoctu A =1, /i, rue
i=~1/A - paguyc uHepuuu cedenus. PacueTHas mmuHa / o A KaXJ0M MJIOCKOCTH ONPEAeIIsIeTCs

o gopmyre:

3nece EI — u3ruOHas KECTKOCTh B paccMaTpuBaeMoi Iulockoctd, 77, =N, /N — koadduiuent

KPUTHUUECKON HArpy3Kd, paBHbI OTHOILEHUIO NPOAOJIBHOW CHJIBI MPH JOCTUKEHUH KPUTHYECKOIO
COCTOSIHMSA K JieHcTBYIOIIEeH mpononabHoi cune. KoadduiueHnt 7, oTeickuBaeTcs Ui pacrpeneaeHus

MIPOJOJILHOM CHITBI, COOTBETCTBYIOIIETO paccMaTpUBAaeMOl pacyeTHOW KOMOMHAIMMU Harpy3ok. [Ipu
IIEPEMEHHOM MPOAOJIBHOM CHUJIE pacyeTHasl JJIMHA TaKXKe SBISIETCA MEPEMEHHOW BENWYMHOM. [lns
KaXJ0r0 paCYeTHOI'O0 COYETAHMS YCUIINN IPUHUMAETCA pacueTHas JUIMHA, BBIYMCICHHAS 110 YKa3aHHOU
(hopMyIie B COOTBETCTBYIOIICH TOUKE.

JU1st KOJIOHHBI IByTaBPOBOT'O CEUEHUs U C€UYEHUs, 00pa30BaHHOIO U3 JABYX JBYTaBPOB, IPEIYCMOTPEH
pacueT Ha YCTOHYMBOCTD JUISI M3TMOHO-KPYTHIBHON (DOPMBI MOTEPH YCTOHYMBOCTH coriacHo [1],mm.
5.30, 5.34 wm [2],nm.10.2.4, 10.2.9. PacyeT He mMpoBOAWTCS B CiIy4yae, KOT/ia U3THOAOMUA MOMEHT
M |, paBeH HyImO, a TaKKe B Clly4ae, KOr/a NPOrud KOJOHHbI B INIOCKOCTH ¥ HEBO3MOXKCH. Y CIIOBHS

[IPOBEPKU UMEIOT BUJ:
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3nech @, - KOOOPUIMEHT MPOJOILHOTO U3rHOa OTHOCHTENBHO OCH Z, @, =@, (0.6\/2 +0.44c ) npu
pacuere no [l] wm ¢, =ce.y npu pacuere no [2], ¢, - 3HaueHwe Kodpduuuenra ¢,

COOTBETCTBYIOIIEE U3rHOY OTHOCUTENBbHO ocu z. Ecnu msrubaromuii MoMeHT M _, nelcTByromui B
IUIOCKOCTH Y , paBeH HyJIIO0, TO IPUMEHSAETCS IEPBOE YCIOBHE, NHAYE IPUMEHSETCS BTOPOE YCIOBHE.

Jlns nByTaBpOBBIX Mpoduieil MPOBOASTCS MPOBEPKH YCTOMUMBOCTH CTEHKHM M TOJOK COTJIACHO
[1],mm.7.14%, 7.16*, 7.23* wmm [2],mn.8.3.2, 8.3.7, 10.4.2, 10.4.3, 10.4.7. YCTOHYMBOCTh CTCHKH
MIPOBEPSIETCS 10 YCIOBHIO:

73

=<1

N

uw

3nech A, =(h,/t,)\R,/E - ycnoBHas ruOKOCTb CTEHKH, h,, - pacueTHas BbICOTA CTEHKH, [, -

TOJIIIIKMHA CTCHKU, A

uw

- IpeaciibHas yCJIOBHAA rHOKOCTb CTEHKHU. PacueTHas BbICOTAa CTEHKHU hef paBHa

PAcCTOSIHUIO MEXy HauajaMu BHYTPEHHUX 3aKpYTJIEHHUM NpU pacueTe MPOKAaTHOro Npopuiis U paBHA
MIOJTHOM BBICOTE CTEHKH JJIs1 CBAPHOTO MPOQUIIS.

Ycnosue IIPOBEPKU YCTOI‘/'I‘II/IBOCTI/I ITOJIKM UMEET aHAJIOTHYHBIN BUA:

I‘\M

— <1
uf

N

3necb A, =(b, /t;)\/R,/E - ycnoBHas rubKOCTb NONKH, b,, - pacyeTHas MIMPUHA CBECA MOJKH, ¢, -

TOJIIMHA [OJIKH, A, - IPEAEIbHAs YCIOBHAs TMOKOCTh MONKU. PacyeTHas mmMpuHa cBeca HOJKu b,

paBHA PaCCTOSHUIO OT HaYaja BHYTPEHHETO 3aKPYTJICHUS IO Kpas MOJIKH JJIs IPOKATHOTO PO U
paBHa PaCcCTOSIHUIO OT TPaHU CTEHKH JI0 Kpas MOJIKU JUIsl CBAPHOTO MPOQUIISL.

IIpn npoBepke yCTOMYMBOCTH CTEHOK JBYTAaBPOB, BXOISIIMX B COCTaB CBApPHOIO CEYEHHUS U3 JIBYX
JIBYTaBPOB, PAaCy€THAas BBICOTA CTEHKU /1, TNPUHUMAETCA PABHOW PACCTOSHMIO MEKIY HAYaIoM

BHYTPEHHEI0 3aKpYyIJ€HHsT U TPaHbIO COEIMHUTENBHOIO JIMCTA, €CIM HCHOJIb3YIOTCS MPOKATHBIE
JIBYTaBpbl, 1 PaBHA PACCTOSHHUIO MEXKIY I'PAHBIO IMOJKA U I'PAHBIO COECIMHUTEIBHOTO JIMCTA, €CIIU
UCIIOJIb3YIOTCSl CBAPHBIE IBYTaBPBHI.

Jnst  ceyeHuss w3 JBYX JBYTaBpOB JOMNOJHUTEIBHO MPOBOJUTCA THPOBEPKA YCTOMUYMBOCTHU
COEIMHUTENILHOTO JIicTa. J[aHHas MpoBepKa B OCHOBHOM aHAJOTMYHA MIPOBEPKE YCTOWYMBOCTU CTEHKU
KOJIOHHBI ~JIByTaBPOBOrO ceuyeHus. PacyerHas BbICOTA /1, NPUHMMAETCS PABHOM IIUPHUHE

COCAUMHUTCIIBHOI'O JIUCTA bﬂ .

5. Pacuer nporutos

Pacuer mnporuGoB KOJOHHBI HPOBOAUTCA TMocie moxdopa Tpedyemoro cedenus. [IporuOer B
IWIOCKOCTAX ¥ ¥ Z ONpPEIENsIOTCs JUlsi OCHOBHBIX KOMOMHALMK HOPMATUBHBIX HATPY30K (7, =1).

OcoOble U 3anaHHbIE (FOTOBbIE) KOMOMHAIMU HArpy30K INpH pacuere MPOruOOB HE YUUTHIBAIOTCS.
[IpenxycMoTpensl ABa BUjaa pacueTa MpOruOoB: pacyeT Mo AeGOopMHUpPOBAHHOW CXEMe U pacueT IO
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HenedopmupoBaHHoi cxeme. [Iporud paccuuThiBaeTCsl TOMBKO MO HEASHOPMUPOBAHHON CXEME B TOU
IIJIOCKOCTH, 11 KOTOPOM HE IIPOBOJUTCS PacyeT Ha yCTOMYUBOCTb.

B tabnuunoii popme BBIBOAATCS HauOObIIME MPOrHOBI B MI0CKOCTAX ¥ U Z . [IpenycMoTpeH BBIBOX
rpa¢uKoB MPOTUOOB Il T€X KOMOWHAIIMN HArPY30K, JIJIs1 KOTOPBIX IMOJIYyYeHbI HAUOOJBIITNE TIPOTHOBI.
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[Iporpamma mnpenHazHadyeHa ISl KOHCTPYUPOBAHMSI CTaJIbHOM CKBO3HOM JBYXBETBEBOM KOJIOHHBI
cornacHo CHull II-23-81* [1] nimu CIT 53-102-2004 [2]. [Iporpamma npou3BOIUT MOAOOP CEUEHUS
BETBEH KOJIOHHBI U COEIMHUTENIbHBIX 2JIEMEHTOB. B nmporpamme npoBoasTCs CleIyrolue MpoBepku: 1)
MPOBEpKa MPOYHOCTH KOJIOHHBI 110 HAMPSDKEHUSAM, 2) TPOBEpPKa YCTOWYMBOCTH KOJIOHHBI, 3) MpOBEpKa
IIPOYHOCTH MOSICHBIX IIBOB BETBEH, 4) MPOBEPKA YCTOMUMBOCTH BETBEH, 5) MPOBEPKA YCTOMUMBOCTH
CTEHOK U TOJIOK BETBEH, 6) MpoBepKa MPOYHOCTH IUIAHOK MO HANPSDKEHUSIM, 7) MpOBEpKa MPOYHOCTU
CBAapHOTO COEAMHEHUS IUIAHOK C TIOJIKAMHU BETBEH, 8) MpoBEepKa yCTOWYHNBOCTH PACKOCOB, 9) IpoBEpKa
MPOYHOCTH CBApPHOTO COCIMHEHHUS PACKOCOB C IMOJIKAMH BETBEH WM ¢ y370BBIMU (aconkamu, 10)
MPOBEpPKA MPOYHOCTH CBAPHOTO COCMHEHUS (PaCOHOK C TIOJKaMH BETBEH.

Hapsiny ¢ mogbopom KOHCTPYKIIMH MPEeayCMOTpPEeHa MPOBEpKa MPOYHOCTU M YCTOWYMBOCTU 3aJaHHOU
KOHCTPYKLHHU CKBO3HOM KOJIOHHBI.

1. PacyerHas cxema

PacuerHast cxema KOJOHHBI HpEACTaBIseT cOOOM CTEpKEHb MOCTOSHHOTO ceueHus. [lpu pacuere
KOJIOHHBI IIPUMEHSETCS CHCTEMa KOOPAMHAT Xz, HA4aJ0 KOTOPOM COBHAAAET C LIEHTPOM TSIKECTH

HW)KHETO CEUSHHsI KOJIOHHBI, OCh X HaIpaBJIeHa CHU3Y BBEPX, @ OCH ),Z - COOTBETCTBEHHO CBOOOIHAS
W MatepuagbHas OCHU CKBO3HOroO ceueHus (puc.l). Ilmockoctu ocedt y,z 0003HAYAIOTCS 3arjaBHBIMU
OykBamu Y, Z .

>\

Puc. 1. PacyeTHas cxema

[Ipennonaraercsi, 4To pe3ysbTUPYIOLIAs BEPTUKAJIbHAs CHJIA BOCIHPUHMMAETCS B HMKHEH OIOpeE.
VYcioBust ynpyroro wiu aOCOJIOTHO KECTKOTO 3aKpeIUICHHs MOTYT 3a/aBaThCsl B IPOM3BOJIBHBIX
Toukax. OHM popMyIupyIOTCs Ui poruda KOJOHHBI M TOBOPOTA CEYEHUS BOKPYI FOPU30HTAIbHON
ocu. Bo3mMoxeH BbIOOp YaCTHBIX PACUETHBIX CXEM, JUIsl KOTOPBIX HE TpeOyeTCs SBHO 3a/1aBaTh YCIOBUS
3aKpeIUICHUsL.

Ha puc.2 nansl Gpopmyibl ans onpeneneHuss KodQQGUIUEHTOB KECTKOCTH YNPYTUX CBA3€H KOJOHHBI
(cm.[4], Tabnuna 24). Bo3MOXeH yueT BTOPOCTETICHHBIX IIAPHUPHO ONEPTHIX KOJOHH IMYTEM BBEACHUS
MIPY>KUHBI OTPULATENIBHOM )KECTKOCTH (pHcC.3).
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Puc. 2. KoadpuupeHThI ®KECTKOCTH YIPYTruX CBsi3er
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Puc. 3. Yuer BropocTenneHHOI KOJIOHHbI

2. Harpy3sku

PaccmarpuBaroTcs crieyronine Harpy3Ku: COCpeoTOUEHHbIE BEPTUKAIbHbIE U TOPU30HTAIbHBIE CHIIBI,
COCpPEIOTOYEHHBIE MOMEHTBI, paclpeelieHHbIE TOPU3OHTANbHBIE W BEpPTHKAJIbHBIE HArpy3KH,
CMEUIEHUSI U TTOBOPOTHI KECTKUX orop. [TonoxuTenbHble HAPABICHUS] HArpy30K MOKa3aHbl Ha puc.4.
[lonoxxurenbHble HAMpPABIEHUS CMEHICHMM JKECTKUX OIOp COBHAJAIOT C  HAaMpaBICHUSIMHU
KOOpAMHATHBIX oOceil. llomokurenbHble HaNpaBiIEHUsT IMOBOPOTOB JKECTKMX OIOP COBMHAJAIOT C
MOJIOKUTETHHBIMHU HAPABJICHUSIMU MOMEHTOB.
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Puc. 4. IlonoxutenbHble HANPaBICHUS HATPY30K

Cornacio CHull 2.01.07-85 [3] Harpy3ku moOApa3JensiOTCd Ha MOCTOSHHbBIC, JJIUTEIbHBIC,
KpaTKOBpeMeHHble H ocoOble. KomOMHHMpOBaHHE Harpy3oK NpeAcTaBisieT co0oil TeHepaluio
MHOKECTBa BO3MOKHBIX KOMOWHAIIMN HArPYy30K C y4eTOM KOA(D(PHUIIMEHTOB HAJEKHOCTH O HATPy3Ke
7, ¥ K0O()QUIMEHTOB, CBA3aHHBIX C OJHOBPEMEHHBIM Y4YETOM JBYX M 0OJI€€ BPEMEHHBIX HArPY30K.

[Tpn HaMMYUU OCOOBIX HATPY30K HAPSAIY C OCHOBHBIMH KOMOWHAIIMSIMH TEHEPUPYIOTCS TaK)Ke 0COObIC
KOMOUHAIIUY.

Bo3MmokeH BBOJ HECOUETAaeMbIX HArpy3oK. Takue Harpy3Ku BKIIIOYAKOTCS B I'PYIILY HECOYETAEMBIX
Harpy3ok. B koMOuHanuo MOXXET BOWTH TOJIBKO OJHA Harpy3ka W3 Kaxmou rpymmbsl. Hymeparus
Ipynn HAYMHAETCSA C €IWHUIBL. [pynmbel MOTYT MPUMEHSITHCS, B YACTHOCTH, MPH y4YeTe BETPOBBIX
Harpy3o0kK (IIpy1 pacCMOTPEHUHU JIEHCTBUS BETPA 110 Pa3IMYHbIM HAIPABIICHUSM) U KPAHOBBIX HArpy30K
(Ipu paccMOTPEHUH Pa3IUYHBIX MMOJIOKEHUH KpaHa). Bo3MokeH BBOJ 3HaKOMEpEeMEHHBIX Harpy3ok. B
3TOM CJIy4yae B pacyeTe YUYUTHIBACTCS KakK 3aJaHHas Harpy3ka, TaKk M Harpy3ka MPOTHUBOIOIOKHOTO
3HaKa.

Bo3moxeH BBOJ TOTOBBIX pacueTHBIX KOMOMHAUMN Harpys3ok. 3ajaBaeMasl Kak BHJ Harpy3Kd
pacueTHas KOMOMHaLusl 100aBISE€TCS K MHOMXECTBY CrEHEPUPOBAHHBIX OCHOBHBIX KOMOWHAIMi
Harpy3ok. B uacTHOCTH, BO3MOEH BBOJI JIMIIH TOTOBBIX KOMOMHAINI HATPY30K.

3. CeueHue KOJOHHBI

PaccmarpuBatoTcst cienyromue BUAbl CKBO3HOIO CEYEHHs KOJOHHBI (puc.5): 1) ceueHue u3 BYX
IIBEJUIEPOB MOJIKAMU BHYTpb, 2) CEUEHHE U3 JIByX IIBEJICPOB IMIOJKaMHU HapyxXy, 3) CEYeHHE U3 JBYX
nByTaBpoB. CeueHus BeTBEH MOTYT ObITh IPOKATHBIMH WJIM CBAPHBIMH.
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Puc. 5. Ceuenust CKBO3HON KOJIOHHBI

[IpemycMOTpeHs! cienyromue MpoKaTHbIe MPOQHIIN: MBEIIIEPHI C MapaUICIbHBIMK TPAHSIMH MOJIOK U
BEJUIEPbl ¢ HAKJIOHHBIMM TpaHsMu 1ojok nmo ['OCT 8240-89, nByTaBpbl KOJOHHBIE, JIBYTaBpPbI
IIMPOKOMNOJI0YHbIe U AByTaBpbl Oanounsle mo CTO ACUM 20-93 umu 'OCT 26020-83. ITogbGop
NPOKATHOTO TPOQHIIS MPOU3BOIUTCS IyTEM MOCIEIOBATEIBHON BBIOOPKH Mpoduiei U3 3a1aHHOTO
COpTaMEeHTa, KOMIIOHOBKHM CKBO3HOI'O CE€YEHHs U3 BbIOpaHHBIX Mpoduield U MpOBEIEHUs BCEX
IIPEyCMOTPEHHBIX IPOBEPOK IPOYHOCTH U YCTOWYUBOCTH.

[Ipu moadope cBapHOrO CEYCHHUS BETBH BapbHPYIOTCS BBICOTA /4 W IMUPHHA b CEYCHMS, TOJIIIMHA
CTEHKH /,, W TOJIIMHA TIONOK #,. TOJNIIMHBI IPHHAMAIOTCS U3 CIEAYIOLIETO Psiia 3HAYCHHMIA: 4,5,6,7,
8,9,10, 11, 12, 14, 16, 18, 20, 22, 25, 28, 30, 32, 36, 40 (BeiOopka u3 'OCT 19903-74*). [1pu sTOM
CTaBATCA OrpaHuyeHus f, <f,<2-f . BpicOTa M WIMPUHA CEYEHHA BETBU OrPAHUYUBAIOTCS
byw <b<b,. . llpu

9TOM pPacCMATPUBAIOTCS CEUCHHS, NI KOTophiXx b </ . Ecnm HeoOxomumo 3adUKCUPOBATh OJUH W3
pasmMepoB, TO CleAyeT IPUHATbD MUHUMAJIbHBII W  MAaKCHUMAaJbHBIM  pa3sMepbl pPaBHBIMU
(GukcupoBaHHOMY  pa3mepy, Hampumep, h . =h__=h. Ilpu mnoagbope Bce cedeHus,

3aJJaHHBIMH MUHHMAJIbHBIMH M MaKCHUMAaJbHBIMU 3HaueHHsAMU: h . <h<h

max

YIOBJIETBOPSIOLINE YKAa3aHHBIM OIPaHUYCHUSIM, COPTUPYIOTCS B MOPSAKE YBEIMUEHUS UX TUIOMIATU U
MOCIIEZIOBATEIbHO CTaBSATCS B pacueT. B mporpamme mnpemaycMoTpeHa BO3MOXKHOCTH MOA00pa CEYCHUS
TIPY 33/1aHHBIX 3HAYCHUSX 1, W 1.

B o6mem crmydae B KadecTBe MapamMeTpa KOMIIOHOBKM CKBO3HOTO CEUYCHHSI pPacCMaTpHBACTCS
paccTosiHie MEXJy MOJIKaMHu BETBCH a, =h,—2b (h, - BbICOTa CKBO3HOIO Ce4eHHs). 3HAYCHUE a
OTPAaHMYHMBAETCS 32aHHBIMM MUHUMAIbHBIM U MAaKCUMAIbHBIM 3HAYECHUAMU: a4, . <da, <a,. . . B

nporpaMMe NnpexycMOTpeHa BO3MOXKHOCTb MOA00pa CKBO3HOIO CceueHHs Ipu (PUKCHUPOBAHHON BBICOTE
h, wni npu GUKCHPOBAHHOM DACCTOSHUU 4, MEXAY OCSIMU BeTBed. B oToM ciiyyae 3Havyenue a,

MOKET OBITH OrpaHU4€HO 3aJaHHBIM MUHHUMAJIbHBIM 3HAYCHUECM af > a/ min *
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4. CoeqMHUTEJIBbHBIE DJI€eMEHTBI

st BuoB 1 1 3 CKBO3HOTO CeUeHHsI KOJOHHBI COSAMHUTENILHBIMU dJIEMEHTaMH (pHc.6) MOTYT OBITh
WIN TUTAaHKHU, UK PACKOCHI, JJIS BUJIA 2 — TOJIBKO IUIAHKH.

T — — -

I I N2

Puc. 6. CoequHUTENBHBIE DIIEMEHTEI

ITpu noxbope MiIaHOK BapbUPYIOTCS TONIIMHA ¢, ¥ BBICOTA /A, IUIaHOK. TOJNIMHA {, NPUHUMAETCS U3
cieayroliero psiaa 3Hauenuit: 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 16, 18, 20, 22, 25, 28, 30, 32, 36, 40
(Bb100pka u3 'OCT 19903-74%*). Beicota /4, orpaHn4MBaeTCs 3aJaHHBIM MaKCHMAJIbHBIM 3HAUYEHHEM:

h<h _ . B mporpaMmMe mpeaycMOTpeHa BO3MOXKHOCTh TOJ00pa TUIAHOK NPU 3aJaHHOM 3HAYCHUU

n,max

t .

n

IIpexycMoTpeHs! 1Ba BapuaHTa 10100pa paccTosiHusA [, Mexkay ocsaMu IuiaHok. I1o nepsomy BapuaHTy

IUTAHKU Pa3MEIIAloTCs PaBHOMEPHO Ha y4YacTKe 3aJlaHHOW JUIMHBI /, MEHbBIIEH WM PAaBHOU IJIMHE
KoJIOHHB! /, . [lepeMeHHBIMU IIpU IOJ00pE SABJISIOTCS BBICOTA IUIAHOK /1, W YMCIIO IUIAHOK # Ha OJXHOM

IpaHy KOJIOHHBL. 3HaueHue A, mnpuHUMaeTcs KpaTtHeIM 10Mm. PaccrosHue [/, ompenensercs 1o
¢opmyne [, =(I—h,)/n. Ilo BTOpOMYy BapuaHTy MEPEMEHHBIMU IpPU MOAOOPE SABISAIOTCS BBICOTA
IUIAHOK /1, W pacCTOSIHME MEXIy OCAMH IUIAHOK /,. 3HaueHwe A, NpUHMMaeTcs KpaTHbIM S0MM, a
3HayeHue [/, — kpaTHbiM 10MM. B 00oux ciydasx 3HaueHue /, MOKET ObITb OrPaHUYEHO 3aJaHHBIM

MaKCUMaJIbHbIM 3HaueHueMm: /[, </

b,max *

Packocel momOuparores U3 coprameHTa paBHOMONOYHBIX yrojkoB 1mo ['OCT 8509-93. Ilpu stom He
paccMaTpuBatOTCsl YTOJIKK C TOJIIMHON TOJIKA £, , MEHBLICH 4MM, 1 C IIMPHHOI NOJIKK b, , GonbLueit

100mmMm. IIpenmonaraeTcsi, 4TO pacKOChl YCTaHABIMBAIOTCA OOYHIKOM BBepxX. IIpu KoHCTpyupoBaHUU
COEIMHUTENIbHOM PELIETKN U3 PACKOCOB YUMTHIBAETCS TpeOOBaHHE LIEHTPOBKH PACKOCOB Ha OCh BETBU
(Touka mepeceueHUs OCEH JBYX CMEKHBIX PAcKOCOB JOJDKHA JIeKaTh HAa OCH BETBH), a TaKkKe
YUUTBIBAETCSI HEOOXOIMMBIN 3a30p MEXIy CBApPHBIMH IIBAMHU CMEXHBIX pacKocoB. B xauecTBe 3a30pa
paccMaTpHUBaeTCsl pacCTOSIHUE d, MEXKAY ABYMsS TOPU30HTAISIMH, OJHA U3 KOTOPBIX IPOXOIUT uepes3

KpailHIOI0 TOUYKY LIBAa Ha IEpe MEepBOro (CBepXy) packoca, a Apyras — 4yepe3 KpalHIO TOYKY IlIBA Ha
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o0yIIKe BTOPOro packoca. YKa3aHHble TpEOOBaHMs NPUBOAAT K OIPAaHMUYEHHIO JOITYCTUMOW JJIMHBI
packocoB /. IloaToMy B pexuMe NPOBEPKH 3a/[aHHON KOHCTPYKLMM 3HA4YeHue [, He 3ajxaercs, a

OTIpeIeNIIeTCs] BHYTPU MPOTrpaMMBL. 3a30p BBIUUCIIACTCS 10 (popmyiie:

a, =W a; +1;14-1)cosa—(b, +k, +k,)sina

IJI€ @ - YroJl MEKIY OCBIO BETBH M OChIO packoca (yroi HakiioHa packocos paseH 90 - « ), k .k, -

Jfo>
KaTeThl IIBOB Ha OOYIIIKE M Ha TIepe packoca. Yol & OINpeelisieTcs Kak:
a,

w/a§+l}f/4

ITonOop paccrostHus [, MeXIy Yy37daMU PACKOCHOW PELIETKU IMPOBOJUTCS AHAJIOTMYHO MHOA0O0pY

o = arcsin

paccTosiHuA MEXIy OcsiMM TulaHok. [lo mepBoMy BapHaHTy MOJ0Opa PAacCTOSHUE MEXKAY Y3JIaMH
peweTku onpexensercs no ¢popmyne /, =//n (n - uucino naneneu pemerkn). Ilo BropoMy BapuaHTy

noxdopa 3HadeHue /, npuHMMaeTcs KpaTHbIM 10MM. B oboux ciydasx 3HaueHue [, MoOeT ObITh

OTPaHUYEHO 33JJaHHBIM MAaKCUMaJIbHbIM 3HaueHueMm: /[, </

b,max *

[Ipn y3kux mojikax BETBEW NMPUMEHSIOTCS Y3JI0Bble (PACOHKH, KOTOpbIE MPUBAPUBAIOTCA K MOJIKAM
BETBEH BHAXJIECTKY IBYyMs YIJIOBBIMM IIBaMH. TonmuHa (DacCOHOK !4 HPUHMMAETCd HE MEHee

TOJILMHBL NOJIKK packocoB f,. llupuna b, u BbICOTA /g (HACOHOK MOAOMPAIOTCS MO YCIOBHIO

MIPOYHOCTH CBApPHOTO COEAMHEHHsI packocoB ¢ ¢aconkamu. I[Ipm moxbope mmpuHbl (PacoHOK
YUUTBIBACTCS, YTO pa3Mep HAaXJIECTKH JOJDKEH OBITh HE MEHee 5 TOJNIIMH Hauboiee TOHKOTO W3
CBapMBAEMBIX dJIEMEHTOB. KaTeT mBoB (hacoHoK k , ; MOAOMPAETCS MO YCTIOBUIO IPOYHOCTH CBAPHOTO

COCAUHCHUA d)aCOHOK C IIOJIKAMH BETBEU C Y4€TOM MHUHHUMAJIBHO M MAKCUMAJIIbHO JOMYCTHMBIX
KaTeTOB YIJIOBBIX MIBOB corjiacHo [1],12.8 wmm [2],15.1.7. [lonoxxenue (acoHOK ompenensieTcs: mo
pacCTOSHUIO a4 OT Kpast (acoHKM 10 HApyXKHOHM IpaHM ILIBeJJIepa WIM JIO OCU JBYyTaBpa M IO
PACCTOSIHUIO OT BEPXHEr0 Kpasi (PACOHKH JI0 y3J1a PELIETKH d .

5. Pacyer KOJOHHBI

Pacyer KOJOHHBI BKJIIOYAET ONpEACICHHE YCWIMH OT 3aJaHHBIX HAarpy3oK, BBIOOpP pacyeTHBIX
KOMOWHAIMIA yCHUJIMIA U TIPOBECHHE IPOBEPOK MPOYHOCTH U yCTOMYMBOCTH.

5.1 Onpeaesenune ycuaui

Omnpenenenue yCuInid B KOJIOHHE OT 3aJJaHHBIX HATPY30K MPOBOJUTCS 1O Hele(popMUpPOBAHHON CXEME.
Tak kKaKk npyu HAIMYKMKU YOPYTUX 3aKPEIUICHUN YCUIIUS B CTATUYECKH HEONPEACIUMON KOJOHHE 3aBUCST
OT COOTHOIIEHUS] MEXIY U3TMOHOM >KECTKOCTHIO KOJIOHHBI M KECTKOCTBIO 3aKPEIJICHUI, TO B 3TOM
clly4ae Mpu Moadope KOHCTPYKIIMHU KOJIOHHBI OTpEeNIeHne YCUIMKA OT HArpy30K MPOU3BOIUTCS s
KaXXJ0M KOHKPETHOW KOHCTPYKIIUH.

[Ipu ompeneneHuu pacyeTHBIX YCWIMM OT KOMOMHAIMI HArpy30K TMPUMEHSETCS MPHUHIIMII
CYIIEPIIO3ULIMU: [0 YCWIHSAM OT OTAEIbHBIX HArpy30K BBIUHCIAKTCA YCWIMS OT PacyYETHBIX
KOMOWHaMii Harpy3ok. Jlisg TpoBepoOK MPOYHOCTH M YCTOMYMBOCTH CKBO3HOM KOJOHHBI
MIPOU3BOJIUTCS BHIOOP pacUYETHHIX KOMOHMHAIMI HArpy30K MO HauOOJIBIIUM 3HAYEHUSM MPOJOJIBHOM

cunbl N, usrubarommx mMomentos M M., cymmapHoro momenra M =M f +M? , HomepedHbIX
cun Q,,0., a TaKkKe OKCUEHTpUCHTETOB e, =M /N, e, =M, IN, e =M /N. Ilpu stom

MOBTOpAIONINECS KOMOMHALIMK HCKIIIOYaloTcsi. BbIOOp pacueTHbIX KOMOMHALMN MPOU3BOAUTCS IS
KaXJIOTO M3 YYaCTKOB KOJIOHHBI, Ha KOTOpPBIE OHA JEIUTCA TOYKAMH 3aKpEIUICHUH W TOYKaMU
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MPUJIOKEHUS HArpy3okK. [IpoBepkr yCTOWYHMBOCTH BETBEH MPOBOMISTCS ISl PACUCTHBIX KOMOWHAIIUM,
KOTOpbI€ BbIOpaHBI [0 HAaUOOJBIIUM 3HAUCHUSM HPOJOJIBHOM cuiabl N, B BETBU U U3rHOAOLIETO

MoMeHTa M, B IIJIOCKOCTH CTEHKH.

5.2 OmnpeaesieHue pac4eTHbIX AJIUH
Pacuernasa qinna lef ompezensercs no Gopmyie:

EI
N

lef:”

3necy EI — u3rubHas kectkocTh, 77, =N, /N — KO3QQUIMEHT KPUTUYECKON Harpy3KH, paBHBIN

OTHOILICHMIO TPOJOJIBHOM CHJIBI NPU JOCTHKEHMM KPUTHUECKOTO COCTOSHHMS K JEeHCTBYROIIEH
npononbHoil cune. Kosdduunent 7, OTbICKUBAaeTCs Al paclpeleleHuss HpPOJOAbHOM CHIIBL,

COOTBETCTBYIOILIETO paccMaTpUBaeMOil pacueTHOM KoMmOuHauuu Harpy3ok. Ilpu nepemeHHOM
MIPOJOJIBHOM CWJIE pacyeTHas [JIMHA TaKXKe SBISETCA IEPEMEHHOM BeIWYMHOW. /[l kaxxaoro
PacyeTHOIO COYETaHWsl YCHIMM NPHHAMAETCS pacueTHass MJIMHA, BBIYMCICHHAs 10 YKa3aHHOHN
bopmyiie B cooTBeTCTBYIOLIEH Touke. KoadduuueHt 77, omnpenensercss YUCICHHBIM METOIOM.

['uOKOCTH KOJIOHHBI oTpeesieTcs o Gpopmyiie:

A=l /i

rae i =+/1/ A - paguyc UHEPIHUU CEUCHHUS.

5.3 IIpoBepka NPOYHOCTH M YCTOMYMBOCTH KOJIOHHbI

Pacuer Ha MPOYHOCTH MPOBOAMUTCS B Hpeienax ynpyrux aedopmaruii. YciaoBus NpOYHOCTH HUMEIOT
BUL:

3,[[6()]':» O - HOPMAJIbHOC HAIIPAKCHHUE, 7 - KaACATCIIbHOC HAIIPSAKCHUC, Ry,RS - PpacCUCTHLIC

CONPOTUBIIEHUS CTalmH, ), - KO3(UIMEHT yciaoBUi pabOTHI, KOTOPHII HNPUHUMAETCS COIJIACHO

tabmuue 6* u3 [1] wim tabnuue 1 u3 [2]. Hanbonpinee HOpManbHOE HANPSKEHUE BBIYUCISETCS 11O
hopmye:

N N
=t

z

HaunGonblee kacaresbHOE HANPsDKEHUE PaBHO 7, =max(7,,7,), T1€ 7, - KacaTeJIbHOE HANPSKEHHE

B CPpCAHCM CCUCHUM CTCHKH, 7, - KACATCIIbHOC HAIIPSXKCHUEC B CCUCHUH CBCCaA II0JIKH.

JInst cBapHBIX CEUYEHUI BETBEW KOJIOHHBI MPOBOJIUTCS MPOBEPKA MPOYHOCTU MOSICHBIX IIBOB. B cityyae
LIBEJUIEPHOIO CEUEHHUs BETBEM paccMaTPHUBAIOTCS OJHOCTOPOHHHUE YIJIOBBIE IIBBI, a B Ciyyae
ABYTaBPOBOI'0 CCUCHUSA — OAHOCTOPOHHUC WJIM ABYCTOPOHHHEC YIJIOBBIC IIIBLI. CI[BI/IFaIOHIaSI CuJjia B B
CBapHOM COEJMHEHUU I0sica CO CTeHKOW T =t 7 ompenensercs no Gopmyie:

CTATHUKA-2009. Onucanue npoepamm 470 - CkBO3Hasi KOJIOHHA



195

0,
T= |?_ZA_/ZJ' JTA/‘Y/'

y z
3nece A, =bt, - mIowanb CeYCHUs MOSICA, Y ,Z, - KOOPAMHATHI LIEHTPA TSHKECTH CEYEHHs MOSICA.

[Ipy 0THOCTOPOHHUX YIJIOBBIX LIBax CWia I BOCHPHHMMAETCS OJHUM IIBOM, a IIPU JBYCTOPOHHUX -
ABYMs LIBAMH.

Pacuer Ha yCTOWYMBOCTH KOJIOHHBI B IUIOCKOCTAX Y,Z IPOBOAMTCS COTJIACHO
[1],5.3,5.6,5.27* wim [2],8.2.2, 10.2.2, 10.3.2. YcinoBre yCTOHYUBOCTH HMEET BU]T

npu M =0 (dbopmyna (7) [1] umm (7) [2]):

N

PAR 7,
mpu M #0 (popmyna (51) [1] unu (94) [2]):

N <1

PARY.
Koaddumment ¢ npomgonbHoro nzruda Beraucisercs mno ¢opmynam (8)-(10) uz [1] umu mo dhopmyne
(8) u3 [2] B 3aBMCHMOCTH OT YCJIOBHOI I'MOKOCTH A =A,/R,/E . llpn npoBepke yCTONYUBOCTH B
IUIOCKOCTU Z (T.€. OTHOCHUTEIILHO CBOOOHOW OCH ) ) KOI(PPHUIIMEHT ¢ BBIYUCISCTCS O YKa3aHHBIM
dopMyam ¢ 3aMeHOil yCIOBHOM rHOKOCTH A Ha YCIOBHYIO IPHBEICHHYIO THOKOCTD /Tef. CoracHo
[1] npuBenennas rubkocts A, onpenensercs no popmynam (14), (17), (20), npuseseHHbIM B TabnuLe
7 u3 [1], cormacuo [2] — o dhopmymnam (12), (15), npuBenernsiM B Tabmuie 7 u3 [2].

Koa¢pumnuent ¢, onpenensercs npu NpoBepKe yCTONIMBOCTHU B IIIOCKOCTSIX Z U Y COOTBETCTBEHHO

Ha ocHOBe Tabmwm 75 w 74 w3 [1] wmm tabmun X4 w XK.3 w3 [2] npu momomu JIMHEHHOW
uHTepnoasuuu. Ilpu npoBepke ycTOMUMBOCTHM B IJIOCKOCTH Z KO3((UIMEHT ¢, 3aBUCUT OT
N N - M, Aa
YCJIOBHOW TIPMBEACHHON THOKOCTH A, W OT OTHOCHTEJBHOTO IKCLEHTPUCHTETA Ml = - e
y

MIPUHUMAETCS PABHBIM PACCTOSHUIO OT OCH )’ JI0 OCHU BETBHU, HO HE MEHEE PACCTOSHUS JJO OCHU CTEHKH

(a

BeTBH). [Ipu mpoBepke YCTOHUMBOCTH B IUIOCKOCTH Y KO3((UIMEHT @, 3aBUCUT OT YCIOBHOH

- M. A
rMOKOCTH A M OT NPUBEIECHHOTO OTHOCUTENBHOIO OKCUEHTPUCHTETA M, =1) M =1] NZ W
z

Koaddurment Bnusaust hGopmbl ceueHus 77 TpuHUMAETCs corsiacHo Tadur.73 [1] wm 1adn.)K.2 [2] s

THUIIA CEYEHUS J.

Hapsiny ¢ mpoBepkoil yCTOWYMBOCTH MPOBOAUTCS MPOBEPKA OrpaHHUYCHHSI THOKOCTH KOJIOHHBI, TIPU
3TOM TpelenbHas THOKOCTh ompeaensiercss cormacHo [1],1a61.19* wmu [2],1a6:1.30 mo dopmyre
A, =180—60c , rie o npuHUMAETCS paBHBIM JIEBOI YacTH YCIOBHS yCTOMUMBOCTH, HO He MeHee 0.5.

B nporpamme npenycMoTpeHa BO3MOXHOCTb 3aJJaHUs] HHOI'O 3HaYEHUS MPeAesIbHON THOKOCTH.

5.4 TlpoBepka ycTOWYMBOCTH BeTBeil

[Ipu pacuere BeTBEl KOJOHHBI NPUMEHSIOTCA TiaBHble ocu 1 u 2 ceuenuss BerBU. Ocph 1
MepHEeHUKYIISIPHA, a OCh 2 MapajuielibHa IIIOCKOCTH CTEeHKH. [Ipenmnonaraercs, 4To Ha y4acTKe MEXKIY
IJIJAHKAaMH WM Y3JIaMH COCIMHUTEIILHON PEIIETKH BETBbh MCIIBITBIBACT CKATHE M M3TUO B IUIOCKOCTH
cterku. [IpomonbHas cuna B Haubollee C)KaTOM BETBU M M3TUOAIONIMI MOMEHT BBIYUCISIOTCS IO
bopMmytam:
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N,,:%Jﬂj—y‘
b
w, =M
)

[IpoBepka ycCTOMYMBOCTHM BETBEH KOJIOHHBI B IUIOCKOCTH Z MHpoBOAUTCS cornacHo [1],5.3 wnwm
[2],8.1.1 mo ycmoButo ycroituuoctu (hopmyna (7) [1] umm (7) [2])

N
<
4 AbRy}/c
Koaddpuument npononbHoro usruba ¢ onpexensieress mo rubkoctu A, =1, , /i, (i, =41,/ 4, -
paauyc UHEPUMH OTHOCUTENBHO TIIABHOM ocu 2). PacueTHas JuiHa BETBU [, NPUHUMAETCS PABHOU

pPAcCTOSHUIO MEXJy IUIAaHKaMHM [, —h, WaAM PaBHOW pPACCTOSHUIO [, MEXAY Y3JIaMU pEIIETKH.

n
CoruacHo [1] rubkocts A, orpannunBaercs 3HaueHueM 40, ecay IPUMEHSIOTCS [UIAHKU, U 3HAU€HUEM
80, ecnu pumensitotest peretku. CornacHo [2] ycnosnas rubkocts 4, =4, /R /E orpanuuusaercs

3HaueHueMm 1.4, ecnu NPUMEHSIOTCA IUIAHKW, U 3HAYCHHEM 2.7, €ClIM MPUMEHSIOTCS pelieTku. B
MporpaMMe MpeycCMOTPeHa BOZMOKHOCTD 3aJaHMsI HHOTO 3HAYCHHUSI IPEACTbHOM THOKOCTH.

IIpu M, #0 mpoBoauTcs HMpOBEpPKa YCTOHUMBOCTH IUIOCKOH (OpMBI mM3ruba BETBEH B MIOCKOCTH,
napauienbHol mockocty Y . YcnoBue ycroitunBoctu coriacHo [1],5.30 unu [2],10.2.4 umeeT BUA
(bopmymna (56) [1] umum (96) [2]):

L <1

co, AbRy7 c
Koaddunument ¢ onpenensercs cormacHo [1],5.31 unm [2],10.2.5 B 3aBUCUMOCTH OT OTHOCHUTEIHHOTO

M, A
SKcueHTpucuTeTa m=—2>-—L Tlpu m>10:
b 2

1
c=——"7"—
l+me, /¢,
B aToMm ciyuae yciioBue ycToMunBOCTH TipeoOpasyercs K Buay (dhopmyna (46) [4]):
N, + M, <1
¢2AbRy)/c ¢bVI/1Ry76

Kosddumment ¢, onpenensercs no [1],npun.7* wiu [2],npun.M nipu pacuetnoi mmuue /,, , .

5.5 IIpoBepka ycTOWYHMBOCTH CTEHOK U MOJIOK BeTBel

PacueTr Ha ycTONYMBOCTH CTEHOK U TOJIOK BETBEH KOJOHHBI MpOBOAUTCA cornacHo [1],7.14%*; 7.16%,
7.17*, 7.22*, 7.23* wm [2],8.3.1, 8.3.2, 8.3.6, 8.3.7, 10.4.1, 10.4.2, 10.4.3, 10.4.7. YCcTOHYMBOCTh
CTEHKH MPOBEPSETCS 0 YCIOBUIO:

A, <1

N

uw

3necy A, =(h,/t,)\JR,/E - ycinoBHas rMOKOCTb CTCHKH, /i, - pacueTHas BbICOTA CTCHKH, f, -

TOJIIMWHA CTCHKH, A - npeaciibHas yCJIOBHAsA THOKOCTh CTCHKH. PacueTHast BEICOTA CTEHKU /1 of paBHa

uw
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PAcCTOSIHUIO MEX]y HauajaMi BHYTPEHHUX 3aKpYyTJICHHUM MpU pacdyeTe MPOKAaTHOro MpoQuiis U paBHA
TMIOJIHOM BBICOTE CTEHKHU MIPU PacueTe CBAPHOTO MPOQUIIS.

Ycaopue IIpU MPOBEPKEC YCTOﬁQHBOCTH MMOJIKM UMEEeT aHAJIOTUYHBIN BUI;

<1

S\M‘\M

3nece A, =(b, /t;)\/R,/E - ycnoBHas r"OKOCTb NONKH, b,, - pacyeTHas NIMPUHA CBECA MONKH, ¢, -

TOJIIIXMHA ITOJIKH A, -1 CACJIbHAasA yCJIOBHAas TH6KOCTB nmoaku. PacueTHas mMpHUHA cBeca MOJIKU b -
’ uf ef

paBHa PACCTOSHUIO OT Hadajga BHYTPEHHEIO 3aKpyIJIEHUs 10 Kpas IOJKU IPH pacdeTe MPOKATHOTO
npo¢uis U paBHAa PaCCTOSIHUIO OT I'PaHU CTEHKH JI0 Kpasi MOJIKU IIPU pacyeTe CBApHOTO IPOQHIIS.

Cornacno [1],7.21* nwmn [2],8.3.3, 10.4.4 B citydae, ecii ycaOBHast THOKOCTb CTEHKU A, NIPEBBINIAET

3HaueHue 2.3, TpeOyeTcsl YKpeIisaTh CTEHKH TONepedHbIMH pebpamu xectkoctd. [Ipum sTom
JOIYCKAeTCsl yCTaHABJIMBATh pedpa JKECTKOCTH TOJNBKO B y3JaX KpPEIUICHUS COCIUHUTEIBHBIX
3JeMeHTOB. B mporpamme mpenycMOTpeHa BO3MOXHOCTh OIPAaHUYEHHS YCIOBHOM T'MOKOCTH CTEHKH
3HayeHueM 2.3.

5.6 Pacuer miaHoOK

Pacyer mimaHOK BKIIIOYAaeT MPOBEPKY MPOYHOCTH IUIAHOK IO HANPSKEHUSM U MPOBEPKY MPOYHOCTU
CBapHOIO0 COCIMHEHMS IUIAHOK C TMOJIKaMu BeTBeil. I[IpoBepku NpPOBOIATCS sl PACUETHBIX
KOMOMHAIHM, KOTOpble BHIOpAaHBI IO HAUOOJIBIIMM 3HAYCHHUAM MPOAOJIBHOM cuibl N U MONepeyHon
cunsl Q..

PacuerHass nomepevHas Cuia B KOJOHHE NpUHUMAeTcs paBHod O =max(Q,,,

0., rme Q_/ic

yCJIOBHas TIOTIEpeYHas cuja, ompenenseMas cormacHo [1],5.8% wmm [2],8.2.7 u npurumaemas
IIOCTOSIHHOM 110 BCEW UIMHE KOJIOHHBIL. [lomepednas cuiia, NpuUxondIlascs Ha IUIAHKU OAHOW I'PaHU,
paBHa O =(Q/2. Cpe3blBaromasi cuia U M3rHOAIOMNI MOMEHT B IIJIAHKE BBIYHCIISIIOTCS COTJIACHO

[1],5.9 unu [2],8.2.8 mo hopmynam:

F — QS Zb
s a ,
M — Qs lb
* 2

HauOosnbiie 3HaueHWss HOPMAaJIbHOTO M KacaTEIbHOTO HANPSIKCHUH B IUIAHKE BBIYUCISIOTCS IO
dbopmyam:
oM

S

thy

O =

VYcaoBus IMPOYHOCTHU IJIAHOK UMCIOT BU:
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HanpsikeHus B cBapHOM IIBE OIPeNEsOTCs Mo GopMyiaMm:

JE2+36M2 /1
Tf =
' Brk,l,
JE2+36M2 /12
’Z’ =
: ﬂzk ‘lw

e k, - KareT cBapHOro mBa, /,, = A, —10 MM - pacyeTHas JUIMHA [Ba. Y CJIOBUS NPOYHOCTH CBAPHOTO
COCAUHCHU IIJIAaHOK C ITOJIKaMHUu BeTBeﬁ HUMCIOT BU:
T
S <«
wayc

5.7 Pacuer packocoB

Pacuer packocoB BKJIIOYAET MPOBEPKY YCTOMUMBOCTU PACKOCOB U MPOBEPKY MPOYHOCTH CBAPHOTO
COEIMHEHUS] PAcCKOCOB C MOJKaMu BeTBeil. [IpoBepku mHpoBOASTCS A pacuyeTHhIX KOMOWHAIMMA,
KOTOpbIE BHIOpaHbI 10 HAUOOJIBIIUM 3HAYCHHUSIM IIPOAOJIbHOM CHilbl N ¥ IonepeuHon cuitel Q. .

Qz)7 rac Q_/ic
yCIIOBHas TNoOIEpeyHas cwuia, ompenensemas coriacHo [1],5.8% wumm [2],8.2.7 u npunHumaemas

IOCTOSIHHOM 10 BCEM JUIMHE KOJOHHBI. [lonepeunas cuia, BOCIpUHUMaeMasi OJJHUM PacKOCOM, paBHA
0, =0/2. llpononbHas cuiia B packOCax BHIYUCISETCS 110 popmyJie:

PacuerHas nomepeyHas cuia B KOJIOHHE TNpUHHMAaercs paBHod O =max(Q,,

N,=—"—+Ncos’ a—=
sin A

rae A, - Wwiow@ab ceueHus packoca. Bropoe cnaraemoe B BBIDaKEHHMU N, yYUTHIBACT COKPALICHHE
JUTMHBI BETBH Ha y4acTKe AJIMHOW /, /2. YcioBHe YCTOHUMBOCTH packocoB umeer B[ (popmyna (7)
[1] o (7) [2]):
N
Pp AR, 7o

PacuerHast 1ymHa packocoB npunumaercs pasuoi 0.9/, ([, - mnuxa packocos). Kosdduument
YCTIOBHI PabOThI PACKOCOB y,, YYHMTHIBAET OJHOCTOPOHHEE NMPHMKPEIUIEHUE PACKOCA M3 OJUHOYHOTO
yroJika.

Packocbl MPUKPEIUISIOTCS K IOJIKAM BETBEH WM K y3J0BBIM (pacOHKaM JBYMs IIBaMHU. Y CHIIMA,
BOCIIPHHUMAEMbIE IIIBOM Ha OOYIIKE M IIBOM Ha MIEPE pacKoca, OMPENENIOTCs IO hopMyIam:

b,—z,
N, =N, ==
P
0
anpr_p
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Irac z - TOAHU T H JKHOHU HU IIOJKHK A0 HOCHT TAXKCCTHN YCHU A K . K B
€ 0p acCToO € O a (6} a 0. O 1€ a €C ceyue ackoca. Ka

peKUMe 1Mo100pa KOHCTPYKIMH, TaK U B PeKUME IPOBEPKH 33/IaHHO KOHCTPYKIIMHU KaTEThl IIBOB HA
o0ywiKe k, u Ha mepe k, ONPENENSIOTCS BHYTPH NpOrpammbl. Ecian packochl NpUKPEIUIAIOTCS

HCIMOCPECACTBCHHO K ITOJIKAaM BeTBCﬁ, TO paCYCTHBIC AJIMHBI IIBOB HA 06YHIKG M Ha MNEpe BBIYUCIAIOTCA
o ¢popmMyam:

[ —a,/sina cos
__P S (
=2 T (o 4k )2 10mm
" 2 T sing
lp—af/sin(x coso
Yy =—————— —(hp—zop+k/h)—, —10Mm
2 sin

Eciu packochkl TPUKPEILIAIOTCS K (pacoHKaM, TO pacyeTHBIC IIHHBI IIBOB ONPENEISIOTCS C YIETOM
pasMepoB q)aCOHOK. VYcnoBus MMPOYHOCTHU CBAPHOT'O COCAUHCHHUA UMCIOT BHU/:
T,
P <
wayc
TZO S 1
RVVZ}/C

T
Jn <1

wa 7 c -
Tzn S 1
R,.7.

Cuna, neiicTByromiast Ha (JaCOHKY, SIBJISIETCS T€OMETPHUYECKON CYMMOM CHII, IEHCTBYIOLIMX CO CTOPOHBI
PacTSIHYyTOTO U CO CTOPOHBI CKAaTOr0 PacKOCOB. DTa CHJIa MapajiebHa OCH BETBU U UMEET BEIMUUHY
2N ,cosa. DacoHKM TNPUBAPHMBAIOTCS K TOJKAaM BETBEH ABYMs IIBaMH, MOITOMY OJHMH MIOB

BOCIpUHMMaeT cuiy F =N, cosa . Pacdyersas miuHa wBa paBHa [, =/hg - 10mMM, mpuuem
[, <85Bk,.
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«Cranbubie koHCTpYKIUNY) /LITHUUCK um. Kydepenko ['occtposs CCCP. — M.
HUTTII IN'occtpost CCCP, 1989. — 148 c.
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[Iporpamma mpenHasHayeHa [UIsi TPOCKTHUPOBAHHUS IUIMTHOrO (yHAAMEHTa Ha €CTECTBEHHOM
ocHoBanuu corinacHo CHull 2.03.01-84* “beronnsle u xxene300eToHHbIe KOHCTpYyKimu™~ [1] , mubo mo
CIT 52-101-03 “beroHHBIE M >XK€I€300€TOHHBIE KOHCTPYKIMH 0€3 IMpeIBapUTEIBHOTO HANPSHKEHUS
apmatypsr” [5], mu6o mo CHbB 5.03.01-02 “beronnsie u xxene3o0eTonnbie KOHCTpYyKimu™ [6] 1 CHull
2.02.01-83%*, “OcHoBanus 31aHui U coopyskeHuit” [2]. OCHOBaHUE MPEICTABISAETCS B BUJE CIOUCTOTO
JUHEWHO ae(OpMUPYEMOTO MONYNPOCTPAHCTBA. [IpM BBIYMCICHWH OCATKW TPHUMEHSETCS METOJ
MOCJTIOMHOTO CyYMMHpOBaHUs, Wu3N0keHHbIA B [2], Ilpunoxkenwe 2. 3amada O COBMECTHOM
ne(OpMHUPOBAHUHU IUIMTHL W OCHOBAHMS PEIIAETCS UTEPAIMOHHBIM MeToaoM. Pacuér ycwinii B
(GyHIaMEHTHOM IIJIUTE MPOBOJUTCS HA OCHOBE JIMHEHHOM MOCTAHOBKH MPHU MTOMOIIN METOJa KOHEUHBIX
anemeHTOoB. Ompenenstorcs TpeOyeMble IUIOMIAAA TPOJOJIBHOW M TONEPEYHOW apMaTyphl.
OcymiecTBisieTcsi KOHCTPYMPOBAaHUE MPOJIOJIbHON apmatypsl. [IpexycmoTpeH pacuér GpyHaaMeHTHOMH
IUTUTBHI 110 TPEUTUHOCTOMKOCTH.

1. PacuérHasn cxema

Cucrema KoOpaMHAT, IPUMEHsIEMasl IIPU pacyeTe, oKa3aHa Ha puc.l. @yHnaMeHTHas IIUTa B IUIaHE
MOJKET UMETh (POpMY HPSIMOYTOJIbHUKA WU (PUTYPBI, TOTYYECHHOH W3 MPSAMOYTOJIbHUKA TPU ITOMOIIN
KPAaeBbIX MPSIMOYIOJIbHBIX BBIPE30B.

AY AY

v><

X
>

Puc. 1.  Cucrema koopauHaT

Bo3moskHo 3alaHUC BHYTPCHHUX HpOéMOB B 1umTe. Pacnonokenne npoéMa OIIpCACIACTCA
KOOpArWHaTaMH1 BCPHIMHEI €T0 JICBOTO HUKHET'O YTIJIa.

OcHoBaHME MPENCTABISETCS B BHJIE HECKOJIBKMX TOPU3OHTAJIbHBIX CIIOEB, KaXKIblH W3 KOTOPBIX
XapakTepusyercs TOJLMMHOM M Monyiem aedopmanuu. Ciiom HyMepyrTCs B HalpaBI€HUU OT
noJoUIBHl (PyHIAMeHTa B I1yOb ocHOBaHUs. Bo3moxkno 3ananue 1o 20 cioeB. CymmapHasi TOJNIIMHA
cioeB He noibkHa npesblmate 200M. Ilpeamosaraercs, 4To HMXKE IOCIEIHETO 3aJaHHOTO CJOs
HaXOJUTCS aOCOIIOTHO KECTKUM I'PYHT.

2. Harpy3ku

Bo3MmoxHBI creAyronue Harpy3Kd: BEpPTUKAIbHBIE COCPEAOTOUEHHBIC CHJIbI, BEPTHUKAJIBHBIC
MOJIOCOBBIE HArpy3kH (Harpy3KH, pachpelle]iCHHBIE IO OTpe3KaM), BEPTHKAIbHBIE PaBHOMEPHO
pacmpeneNieHHble Harpy3Kd. 3aJaHHble COCPEIOTOYEHHBbIE CHJIbl ABTOMATHYECKU 3aMEHSIFOTCS
COOTBETCTBYIOIIUMH pacIpe/leIiEHHBIMU Harpy3kaMu, JCHCTBYIOIIMMU B 00JacTAX € IEHTPOM B
TOYKAX TMPUIOKCHHSI COCPEAOTOUYCHHBIX CHJ. JTa BO3MOXKHOCTH TIO3BOJIIET TOYHEE MOJICIIUPOBATH
nepenady Harpy3ok OT KoJOHH. Pa3mepbl oOmactell pacmpeneneHuss Mpu 3TOM JOJDKHBI PaBHATHCA
pa3Mepam kosioHH. [TomocoBeie Harpy3ku 00padaTHIBAIOTCS aHAIOTHYHBIM 00pa3oM. Eciu momocoBkie
HArpy3KH MepearoTcs OT CTEH, TO pa3Mephl 00IacTell pacrpeeieHus TOJDKHBI PaBHATHCS pa3zMepaM
CTEH.

Harpy3ku mnoapazpensatorcss corimacHo CHull 2.01.07-85 “Harpy3ku u Bo3geiictBus” [3] Ha
MOCTOSIHHBIC, JUTUTENIbHbIEC, KPAaTKOBpeMEHHbIe W ocoOble. Bosmoxken BBon mo0 20 Harpysok. I[lpum
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pacdere NPOM3BOAWTCS T€HEPAIMsi MHOXKECTBA BO3MOKHBIX KOMOMHALIMM Harpy3ok ¢ Y4eToM
KO3 PHUIMEHTOB HAJAECKHOCTH 1O HArpy3ke v Ko3((UIIMEHTOB, CBA3aHHBIX C OJJHOBPEMEHHBIM Y4E€TOM
IBYX W Ooyiee BpPEeMEHHBIX Harpy3ok. Ilpm Hammumm OCOOBIX HArpy30K Hapsay C OCHOBHBIMHU
KOMOWHAIMSIMU TEHEPUPYIOTCS TAaK)Ke 0COObIE KOMOMHAITHH.

Bo3moxeH BBOJ HecOueTaeMbIX BPEMEHHBIX (IAJIUTENBHBIX M KPATKOBPEMEHHBIX) Harpy3ok. Takue
Harpy3Kd BKJIIOYAIOTCSl B TPYIITy HECOUETAEMBIX HArpy3oK. B KOMOMHAIMIO MOXET BOWTH TOJIBKO
OJIHa HArpy3ka M3 KaxJaou rpynmnel. Hymepanus rpynn HaumHaeTrcss ¢ eAuHMIBL ['pymnmbsl Moryt
IIPUMEHSTBCS, B YaCTHOCTH, Ul HArpy30K, KOTOPbIE OTHOCSTCS K JJIMTEIbHBIM Harpyskam, €CiH
OepyTcs ¢ MOHMKEHHBIM HOPMATHUBHBIM 3HAYEHUEM, HJIM OTHOCSTCS K KPAaTKOBPEMEHHBIM Harpy3Kam,
ecyii OepyTcsl ¢ MOJHBIM HOPMATHUBHBIM 3HAUEHHUEM.

Bo3moxeH BBOJ 3HaKOMEPEMEHHBIX BPEMEHHBIX (IJIMTEIbHBIX, KPAaTKOBPEMEHHBIX U OCOOBIX)
Harpy3ok. B sTom ciiyyae B pacuere y4MTHIBA€TCS Kak 3aJlaHHas Harpy3ka, TaKk M Harpyska
MIPOTUBOIOJIOKHOTO 3HAKA.

3. Pacuer ycuiuii, 0caJiKu ¥ 1aBJICHUS

[Ipu pacuere ycwiuii B IUIMTEe, OCaaKU (PYHIAMEHTa W PEaKTUBHOIO JABJCHUS TPyHTa pellaercs
3aJa4a 0 COBMECTHOM Ae(popMUpOBaHUM (YHIAMEHTa M OCHOBaHUs. Perienue cTpouTcs mpu MoMOIIU
UTEpaAIMOHHOTO MeToa. Ha TekyiiemM UTepaiMoHHOM IIare 1o HaiJIeHHOMY JIaBJICHUIO OTIPEACISIeTCS
ocazka OCHOBaHMA. [Ipu BBIUMCIEHMM OCAJAKH HPUMEHSETCS METOJl MOCIOWHOT0 CYyMMHUpPOBAaHMS,
u3noxeHuelt B [2], Ilpunoxxkenue 2. 3areM MO JABICHUIO U HAWJIEHHOM OCAJIKE PACCUMUTHIBACTCS
pacnpenenenue kodpduimenta nocrenu. [lanee pemaercs 3amava o0 n3rude GpyHnaMmeHTa Ha yIpyrom
OCHOBAHHU C IMEPEMEHHBIM KOX(P(PHUIMEHTOM IOCTENH, U OTHICKUBAIOTCS YCWIHsA B (yHIAMEHTE U
porud, a 3aTeM PacCUUTHIBACTCS COOTBETCTBYIOIIEE paclpeiesieHne peaKTUBHOTO JIaBJICHUS TPYHTA.
[Ipr 5TOM BO3MOKHBI OTPBIB OTHAEIBHBIX YYAaCTKOB (PyHAaMEHTa OT OCHOBAHUS HE YUUTHIBACTCH.
Jlanee BBIOJHSETCS CIEAYIOIUI UTepallMOHHBIN mar. MTepalinoHHbIN npoliecc OKaHYMBAeTCs TOTAA,
KOTI'Jla OTHOCUTENIBHOE NPUPALLEHUE OCAJKU CTAaHOBUTCS MeHee 1%.

3amaga 00 u3rude GpyHAAMEHTHOM TUTMTHI PEIIAeTCs METOIOM KOHEUHBIX JIeMEeHTOB. CeTka KOHEYHBIX
3JIEMEHTOB T€HEpUPYETCsl aBTOMAaTU4eCcKU. [Ipy momoiy BBOJa HOMUHAJIBHOTO pa3Mepa KOHEYHBIX
3JIEMEHTOB MOHO IMOJY4YaTh CETKH PA3NUYHON IycTOThl. COCpPEIOTOUEHHBIE U MOJOCOBBIE HATPY3KU
YYUTBIBAIOTCS B 3aBUCUMOCTH OT Pa3MepOB 00JIaCTH MPUIIOKEHHUS MO0 KaK y3J0BbIE HATPY3KH, TUOO
KaK pacnpeieJICHHbIE 10 COOTBETCTBYIOIIMM KOHEYHBIM 3JIEMEHTaM.

4. Pacuer npoao0JibHOI apMaTypbl

Tpebyemast mpooIbHAsE apMaTypa OonpeAessieTcs B KaXI0M y3j1e KOHEUHOIIEMEHTHOM CeTKHU ISl BCceX
pacy€THBIX COYETaHMW yCwiIMi. JUJIg KaXJoro W3 HalpaBlI€HUW X H ) pacueT apmarypsl

BBINOJHsIETCs cornacHo [1], myHkr 3.28%*, nu6o mm. 6.2.21-6.2.25 [5]. Koadhdunuent ycnoBuit paboTsl
0eToHa Y, MPUHUMAETCS KaK MPOU3BEICHHE OTACNIBbHBIX KO (UIIMEHTOB Yp; coryacHo [1], Tabmuma 15.
[Ipu 3TOoM KO3(PPULUEHT V), 3aBUCIIIUN OT AJTUTEIBHOCTH ACUCTBUS HATPY3KH, OMpPEeNseTcs IJis
KQKIOr0 COUYCTaHHS YCWIHH 10 OTIEIBHOCTH. Pe3ynbTupyronwii Kodh(UIMEHT yCIOBUN pabOTHI ¢
yueToM ko3 durmenra y,, He MoxeT ObITh MeHee 0,45.

[Ipu ompeneneHny pacyeTHBIX MOMEHTOB JUISl HANIPABIEHHH X W VY HEOOXOAMMO Y4YeCTb KPYTSIIHA
MoMeHT M., B [1] u [5] He yka3biBaeTcs croco0 yu€ra 3TOro MOMEHTa, IIO3TOMY B Iporpamme
peanusoBaHbl ykazanua u3 Espokona [4]. Ha puc.2 npencrasnen airoput™ yuéra M,, npu M,>M, .
®opmysl ipu M, <M, NOITy4atOTCs IIyTEM 3aMEHBI X €.
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na HET na HET
Y \4 Y Y
2
qu :Mx+| Mxy‘ qu :0 2 Mxe = x“ Mxy‘ Mxe :Mx‘ Mxy /‘My‘
M, =M+ M| M, =M+ My, /1M, M, s =M,-| M| M, =0
Jia HrKHEH apMaTyphl Jlnst BepxHel apMaTyphl

Puc. 2. Omnpenenenne MOMEHTOB JJis pacdeTa NPOAOILHOM apMaTyphl npu M, > M,

5. Pacyer monepe4yHoi apMaTypsbl

TpebGyemast momepeuyHasi apmarypa OIpeaesseTcsl B KaKIOM Y3Jieé KOHEYHORJIIEMEHTHOM CEeTKH U3
pacuéra o MpOYHOCTH HAKJIOHHBIX CEUEHUM Ha JAEHCTBHE MOMepeuHol cuiibl coriacHo [1], mm. 3.29,
3.30, 3.31%*, 3.32, nu6o mm. 6.2.34 [5]. B kauecTBe pacueTHOro 3HAYCHUS IMONEPEYHOU CHIIBI B Y3IIe
MPUHUMAETCS HauOOJbIlIee 3HAUEHHWE TI0 BCEM HOPMAIbHBIM CEUEHUSM IUIUTHI, pPaBHOE

0=.0,"+0,".

[To ycnoswuro (84) [1] mubo 6.66 [5] onpenensiroTcst 001acTH TUIUTHI, B KOTOPBIX TIONIEPEYHAs apMaTypa
He TpeOyeTcs, a mo yciouto (72) [1] mubo 6.65 [5] - obnactu, B KOTOPBIX HECyllas COCOOHOCTh He
MOJXET OBITh O0ecIeUeHa.

6. Pacyér Ha npoaaB/IMBaHue

Pacuér Ha mnpopaBnuBaHHME MPOBOAMUTCS JUIsI OOJACTEH TNPUIOKEHHS] COCPEJOTOUYECHHBIX CHI B
COOTBETCTBUM ¢ TpeboBaHusiMu [1], myHKT 3.42, mubo nm. 6.2.46-6.2.51 [5]. IIponaBnuBaromias cuia
IIPUHUMAECTCA PAaBHOM pacUETHOM Cuie, ACUCTBYIOLIEH Ha NHUPAMUIYy IIPOJABIMBAHMSA, 32 BBIYETOM
oTropa rpyHta. B kadectBe palouell BBICOTBI CeueHUS! /iy MPUHUMAETCSI CpelHee 3HAuYeHHEe IO
HampaBieHussM x u y. [Ipm mocTpoeHUM mnHUpamMuAbl NPOAABIMBAHUS YUYUTHIBAIOTCS ONHM3KHE
CBOOOJHBIE Kpasi IUIUTHL. B 3TOM ciydae yacTb KOHTYypa 3aMEHSIETCSl TMHUAMU, MEePIEeHANKYIISIPHBIMU
K CBOOOJHOMY Kparo IUIUTHL. Takas 3aMeHa NPOM3BOAUTCA TOTJa, KOTJa MOJYYEHHBIH KOHTYP
OoTBEe4YaeT MeHbIleH Hecymiell crnocoOHocTH Ha mnpojaBiuBaHue (puc.3). Ha ydacTkax KOHTYypa,
KOTOpPbIE COOTBETCTBYIOT CBOOOTHOMY KpParo IJIUTHI, yCUJIHS MOJAraloTCsl paBHBIMU HYJIIO.

[To pesynpraTam pacuéra Ha HpPOJABIMBAHUE OIpEAENseTcsl 00JIacTh, BHYTPU KOTOpPOW Tpedyercs
NorepevHas apMaTypa, U BEIBOJUTCS MaKCUMalbHas IJIOTHOCTh Paclpe/esIeHns: apMaTyphbl B cM2/M2.

Puc.3.  Yuér Gnm3ko pacnoiokeHHOro CBOOOIHOTO Kpast IUTUTHI
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7. KoHcTpyHpOBaHUE NMPOX0JbLHONA apMaTyphbI

[Ipu KOHCTpYyMpOBAaHMHM BEpXHEW M HMXKHEW NMPOJOJIbHON apMaTypbl moaOMpaeTcss AUaMeTp M Iiar
apMaTypHBIX CTEPKHEHN B Ka)XK/10M HAIPABICHUU X U ).

[Tpu moxbope apMaTypHBIX CTEPKHEW MPUMEHSIETCS! CIICAYIOMIMNA OO psif AuaMeTpoB (B MM): 6, 8,
10, 12, 14, 16, 18, 20, 22, 25, 28, 32, 36, 40. [lo kiaccaM apMaTypHOW CTaJld MOTYT BbIOMpAThCS
CTEep>KHU cienyommx quamerpoB: it A-1 d = 6 — 40; gna A-II d = 10 — 40; s A-III d = 10 — 40;
st A-IV d =10 — 32; g A500C d =10 — 40.

8. Pacuér no TpemuHOCTOMKOCTH

Pacuer no TpemmHOCTONKOCTH NPOBOIUTCS Ui (YHJAMEHTHON IUTUTHI ¢ MOJO0OPaHHON MPOIOJIBHON
apMaTtypoil 1o 3-il kaTeropuu TpeOOBaHHMH K TPEIIMHOCTOMKOCTH (JIOMyCKAaeTCs OTPaHUYCHHOE IO
IIMPUHE HENPOJOKUTEIBHOE agre] U MPOJOIDKUTENBHOE Acrcy PACKpPBITHE TpeluH). OH BKIHOYAET
pacyeT 1o 00pa3oBaHUIO TPEUTUH U (P HEOOXOIUMOCTH) pacyeT MO PACKPHITHIO TpemuH. Pacuer mo
TPEIMHOCTOMKOCTH IPOBOAMUTCA AJI HANpaBICHUM X W Y MO OTAEIbHOCTH. lIpm 3TOM KpyTAmmii
MOMEHT YUYUTBIBAETCS TaK )K€, KaK MMPH pacyére 1o MPOYHOCTU. Ecau ycaoBUs 1O MIMPUHE PaCKPBITUS
TPEUIMH HE YJIOBJIETBOPSIOTCS, TO MOAOMpaeTcss apMmaTypa, oOecHeuuBarolias TPELMHOCTONKOCTh
CCUCHHS.

[Ipu pacyere Mo TPEHIMHOCTOMKOCTH HCIOIB3YIOTCS MOMEHTHI OT COYETaHUN HOPMATHBHBIX (yf=1)
MIOCTOSIHHBIX, JJIUTEIBHBIX M KPATKOBPEMEHHBIX HArpy30K U MOMEHTBI OT JJIUTENBHO JEHCTBYIOIINX
Harpys3oK.
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[IporpaMmma mnpenHasHayeHa JUIsi TMOBEPOYHOTO pacu€ra >KEJIe300€TOHHOW CBaW 10 HeCyIen
CHOCOOHOCTH TPYHTa OCHOBAaHUS M MO MPOYHOCTH Marepuana cBau cornacHo CHull 2.02.03-85
“Cpaitnple  ¢pyHmamentsr” [1] mmm CIT 50-102-2003 “TIpoekTupoBaHHE W YCTPOMCTBO CBaHBIX
dbynnamentoB” [6] u CHull 2.03.01-84* “beronnsie u xene3o0eToHHble KOHCTpYKuun™~ [2] miu CIT
52-101-03. “beToHHBIE M >KeJI€300€TOHHBIE KOHCTPYKIMH O€3 MpeABaAPUTEIBHOTO HAINPSHKEHUS
apmatypel” [7]. Bo3moxkeH pacu€r kak Ha BEPTHKAJIbHYIO CHIIy, TAK U Ha COBMECTHOE JICHCTBHUE
BEPTUKAIbHOW W TOPU3OHTAJIBHOW CHJI M MOMEHTa, MPU 1TOM pPACUETHBIE COYETAHUSI HArpy30K
onpenensitores cornmacHo CHull 2.01.07-85 “Harpy3ku u Bo3aeicteus’ [3].

1. I'pyHTOBBIE YyCI0BUA

B kavectBe mH(pOpMAIIH 110 TPYHTOBBIM YCIOBUSAM HEOOXOIUMO 33/1aTh TOJIIIUHBI CJIOEB TPYHTA U UX
XapakTepucTuku.  JlomyckaroTcs — CleQyrouMe  TIPyHThI:  MbUIEBATO-TJIMHUCTBIE,  IECYAHbIE,
KpyIMHOOOJIOMOYHBIE, OMOTEHHBIC M CKallbHBIC. [ pYHTHI 3a/1al0TCS OT YPOBHS MPUPOAHOTO perbeda.
Bo3moxkeH yd4€T IUIAaHUPOBKH TEPPUTOPUU CPE3KOH WM TOJCHINKOW. JleopManMoHHBIE W
MPOYHOCTHBIC XAPaKTEPUCTHUKU TPYHTOB MOTYT OBbITh JHOO 3aJaHbl HEMOCPEACTBEHHO, IHOO0
ABTOMATUYECKU IPUHUMAIOTCSA COrJACHO HOPMATHUBHBIM JOKYMEHTAaM, IPU 3TOM XapaKTEPUCTUKHU
KPYIHOOOJIOMOYHOI'O TPYHTa ONPEAEIIAIOTCS [0 CBOMCTBAM €T0 3aII0JIHUTEIS.

2. CBas

PaccmarpuBaroTcs 3a0uBHbIe, HaOUBHBIE M OypoBble cBau. Buj cBau 1o yciioBHio B3aMMOJAEHCTBHS €
IPYHTOM (CBasi-CTOIKa, BUCSYasi CBasi) ONpeeNnsieTcss aBToMaTndecku. JlomyckaroTes CBau CIUIOIIHOTO
KBAJIpaTHOTO CEYEHUs, KBAJPATHOIO CEYEHUs C KPYIJIOW IOJOCThIO, CIUIOLIHBIE KPYIJIbIE, MOJIbIE
KpYTIJIble U CBau-000JIOUYKH.

3. Harpy:xenmune

Harpy3ku noapasaenstorces coriiacHo [3] Ha MOCTOSIHHBIE, JITUTEIIBHBIC, KPATKOBPEMEHHBIC B OCOOBIE.
Coueranust Harpy3ok miga pacu€roB no [ wum Il rpynmam mnpeneiabHbIX COCTOSIHUWA CTPOSTCS
aBTOMaTU4YeCKU. BO3MOXKHO 3aJaHKe KaK Harpy30K, TaK U TOTOBBIX PACUETHBIX COUETAHHI HArPy30K.

Jlnist ceficMMYecKOro BO3JEHCTBUSL OJDKHBI 33/1aBaThCsl HATPY3KH, KOTOPBIE COOTBETCTBYIOT (popMam
kosiebanuii. [IpuHrMaeTcs, yTo ceiicMuyecKasi Harpy3Kka sBIsieTcs 3HaKonepeMeHHOH. [Ipu Hammunm
celicMUYEeCcKOro BO3AECHUCTBUS B PaCYETHOM COYETAHMM HArpy30K M3rHOAOLIMi MOMEHT, IPOI0JIbHAS
cuiia 1 OOKOBOE JJaBJIEHUE HA TPYHT BBIYUCIIIOTCS coryiacHo [4] mo popmyie:

rae N; - ycuius, BbI3bIBa€Mble Harpy3kamH, KOTOpPbIE€ COOTBETCTBYIOT i-i ¢opme KoneGaHui
KOHCTPYKIIMH, 1 — YACJIO YUYUThIBAEMbIX (popM KosebaHuid. BeruncienHoe 3HaueHne N npuHUMaeTcs ¢
TEM 3HAKOM (+ WJIH -), KOTOPBI UMeeT HanOoJIbIIIee 0 MOYJIIO 3HaUeHHE V.

[TonoxxutenbHble HaNpaBICHUs HArpy3oK Moka3aHbl Ha puc.l. Ecinu Harpy3ku He 3amarorcs, TO
IPOU3BOANTCS PACUET TOJIBKO HECYIIEH CIIOCOOHOCTH CBaW HA BEPTUKAIBHYIO CHITY.
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Puc. 1.PacderHast cxema s pacué€ra cBal Ha COBMECTHOE JIEHCTBHE BEPTHKAIBHON H

FOpH3OHTaJ'IBHOﬁ CHJI U MOMCHTA

4. PacyéTt mo HecyuieH CrioCOOHOCTH I'PYHTA OCHOBAHUA CBAaU HA
BEPTUKAJIBHYIO CHITY

Pacuér no Hecymielf cocCOOHOCTH TpyHTa OCHOBaHMs CBal Ha BEPTUKAJIBHYIO CHIIy MPOU3BOIUTCS
cornacHo [1], pasnmensr 3, 4. Pacuér mpoBoAMTCS Ha BAABIUBAIOIIYI0 M NPU HEOOXOJUMOCTH Ha
BbIIEPIUBaIOILYI0 HAarpy3Ky. /s couetanuil Harpy30K, B KOTOpblE BXOJUT celicMMYecKas Harpyska,
yuutbiBaetcs [1], pazmen 11. Ilpu 3ToM 111 BBIYMCIEHHS PAcYETHOM IIyOMHBI, A0 KOTOPOHl He
YUUTBIBAETCSI COTPOTUBIICHUE IPyHTa Ha OOKOBOI MOBEPXHOCTH CBaM, MCIIONIB3YETCs YCPEIHEHHBIN B

npezenax riryouHsl [ koaddumuent nponopuroHaabHOCcTH K (cM.[5]).

Ecnu B mpepenax AMMHBI MOTPYKEHHOM YacTH CBAW 3aJIeral0T HAIUIACTOBAHHS OMOTCHHOTO TPyHTa
(topda) TommuHO OGonee 30 cM, WM TUIAHUPOBKA TEPPUTOPHUU OCYIIECTBISCTCS TIOJICHIKON, TO
YUUTBIBAIOTCSl OTPULIATETIbHBIE CUJIBI TPEHHs IpyHTa Ha OOKOBOIl MOBEPXHOCTH cBau corjacHo [1],
yHKT 4.12.

5. Pacyér Ha coBMeCTHOE JeiCTBHE BEPTUKAJIBHOM M TOPU3OHTAJIBHOM
CHJI M MOMEHTA

Pacuér Ha coBMecTHOE JeiicTBHE BEPTHUKAIBHOW M FOPU30HTAIILHONW CHJI U MOMEHTa MPOBOJIUTCS NpU
pacuére mo I m mo Il rpynmam mnpenenbHbIX COCTOSIHMM coryiacHo [1], mpunoxenue 1. I'pyHT,
OKpY’KalOLIMHA CBalo, paccMaTpUBaeTcs Kak JMHEHHo-AedopMupyemas cpena, Xapakrepusyemas
KyCOYHO-JIMHEHHBIM 10 ri1yOuHe ko3 dunuentom nocrenu (puc.l). O6pazoBaHHe MIACTUYECKUX 30H
B TIpyHTe He jomyckaercs (omgHocTtamuiiHbiii pacuér). [lpm pacuére mo I rpymme npenenbHBIX
COCTOSIHHM TIPOBEPSAETCS YCTOWYMBOCTH TPYHTA, OKPY’KAOIIET0 CBat0 (OOKOBOE JaBlieHWE HA TPYHT).
[Ipu pacuére no Il rpynmne npeaenpHpIX COCTOSIHUM ONPEENAIOTCS TOPU30HTAIBHOE NIEPEMEILIEHNE U
yroja IIOBOpPOTa TIOJIOBbI CBaW. /Jlnsg KBajgpaTHOW cBau IIPOBOJUTCA TaKXKe PAcd€r 1Mo
TPEUIMHOCTOMKOCTH.

[Ipu pacu€re Mo MPOYHOCTH Marepuajga CBau YYUTHIBAETCS KOI(POUIIMEHT yCIOBHHM pabOThl OeToHa
b2, 3ABUCAIIUN OT JIUTCILHOCTH HArpy3ku. Bo3MokeH y4éT BIHSIHHS MPOruda corjacHo [2], MyHKT
3.24. B stoM ciyuyae pacu€rHas JyIMHa cBau omnpenensercss cornacHo [1], mynkrt 3.7. Ilpu stom
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Ko3ppuureHT aedopManu o B CIydyae HAIUIACTOBAHUS HECKOJIBKMX I'PYHTOB OINpenessieTcsl yepes
yCpeIHEHHBIN B Mpeenax rryOuHsl /; ko GuIueHT npornopimonanbioctu K (eM.[5]).

6. BbiBOJ pe3yabTaToB

BrIBoa pe3ynbTaToB pacyéra OCYIIECTBIISIETCS B TEKCTOBOM M B rpaduyeckoM Buzae. B BbIXogHOM
JOKyMEHTE NPEeAyCMOTPEHO rpaduyeckoe H300paKeHHE TIPYHTOBBIX YCIIOBHMH, CEYEHHUs CBaH,
pacueTHOro CONPOTUBJICHUS Ha OOKOBOM IOBEPXHOCTH CBaM, HM3THOAIOIIEro MOMEHTa, OOKOBOTO
JIaBIICHUS HA TPYHT | T.JI. BO3MOXHO yrpaBieHne 00beMOM BBIBOIUMON HH(POPMAITUH.
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[Iporpamma mpenHasHavyeHa JUIS MPOSKTHPOBAHMS CBAHHOTO (pyHIAMEHTa C IUIMTHBIM POCTBEPKOM
cormacHo CII 50-102-2003 [1] noum CHull 2.02.03-85 [2]. IIpenycMOTpeHbl CIEAyOLUE pacyeThl:
MpOBEpKa MPOYHOCTH TPYHTA OCHOBAHHUS CBai, MpPOBEpKa IOMYCTUMOCTH [ABJICHUS Ha TPYHT
OOKOBBIMU TIOBEPXHOCTSIMH CBaif, MpOBEpPKa MPOYHOCTH MaTepHajia CBai, MpOBEpKa JOMYCTHMOCTH
TOPU30HTAJILHOTO TIEpEMEIIEHHsI W YIJIla [OBOpPOTa TOJIOBBI CBaM, pacyeT MO OOpa3oBaHHUIO U
PaCKpBITHIO TPEILINH, HOPMAIILHBIX K OCH CBaH, pacyeT Ha MpOIaBIMBaHNAE POCTBEPKaA O€3 MONepevHOM
apMaTyphl, OIpEJIeNeHHe OCaJAKW M KpeHa yciloBHOro ¢ynaamenra. Ilpexycmorpen yder
0C0OEHHOCTEH MPOEKTUPOBAHUS CBAITHOTO (PyHIAMEHTAa B IIPOCAI0YHOM TPYHTE.

1. ®dynaamenr

[Ipu pacuere QyHAaMeHTa C POCTBEPKOM MPSMOYTONIbHOW (opMbl B ImiaHe (puc.l) mpumensiercs
cucTeMa KOOpJIMHAT C HAyajloM B JIEBOM HIKHEM YIJy MpPSIMOYIOJbHMKAa M OCSIMH  X,),

HaNpaBJICHHBIMU BIOIb ero cropoH [,/ (/. =1m). 3aganue mmaHa pocTBepKa IPOM3BOJIBHOM
MOJIMTOHANBHOU  (popMBbI  (pHC.2) OCYyIIECTBISETCS IyTeM BBOJA KOOpAWUHAT €ro 7 BEpIINH
(3<n<50). Ilpu 5TOM BBIOOpP KOOPJAMHATHBIX OCEH X,V MOXET ObITh MPOU3BOJILHBIM. BepiinHb

3aal0TCsA B IIOCJICHOBATCIIBHOCTHU, KOTOpass COOTBCTCTBYCT O6XOI[y IOJIM'OHAa 110 KOHTYPY B
OIMPCACIICHHOM HAIIpaBJICHUH.

v
>

Puc.1. PocTBepk npsiMoyrosibHOM (hOpPMBI

[Ipennonaraercs, 4To Bce cBau (pyHIaMeHTa oAuMHAKOBHL. [Ipu 3amanuy cBail yKas3pIBaeTCs THI CBal
0 XapakTepy paboThl B TpyHTEe (BUCSYHME CBau WM CBauW-CTOMKM) M BHUJ CBail MO CHOCOOY
3aryOneHuss B TPYHT (3a0uBHBIC, HaOMBHBIE WM OypoBbIe CBau). 3a0MBHBIE CBal MOTYT HMETh
CJIEIyIOIIME TIONEepPEYHble CEYEeHMs: CIUIOLUIHOE KBaJpaTHOE, KBaJApaTHOE C KPYTJOW MOJOCTHIO,
CIUIOIIHOE KpYIJIOe, Kpyrioe rosioe. B mporpamme paccMmarpuBaroTcsi HaOWBHBIE CBau CILIOLIHOTO
KpYyIJIOTO ce4yeHusl, ykazaHubie B [1], 6.4a,06 wiu B [2], 2.4a,06 u OypoBbI€ CBau KPYTJIOTO CIUIOIIHOTO
WJIU TIOJIOTO CeYeHUs, yKa3aHHble B [1], 6.5a,0 wiu B [2], 2.5a,0.

Jlia Bucsunx cBail 3ajaercs riyOuHa norpyskeHust / (/>3 M) HUKHEro KOHIIa CBail, OTCUNThIBAEMast
OT YPOBHSI NOJOHIBBI pocTBepka. ['nmyOmHa morpykeHus 3aOMBHBIX CBall JOJDKHA MPUHUMATbCS C
yueroM TpeOoBanuil [1], 8.15 mnm [2], 7.10, a rmyOuHa morpykeHus OypoOBBIX CBail — ¢ y4eTom
TpeboBanuit [1], 7.2.7 umu [2], 4.7. Ilpu pacuere mpeamosaraeTcsi, YTO TOJIIMHA CJIOS TPYHTA,
IIPUHATOIO 32 OCHOBAaHWE IIOJ HW)KHHE KOHIBI CBal, SIBISAETCS IOCTATOYHOM MJIsi NPUMEHHUMOCTH
(dhopMyI1, IO KOTOPHIM OIIPENENSIETCS] COMPOTUBIICHNE TPYHTA 1O/ HIPKHUMHU KOHIIaMH CcBail. [ ryOuna
MOTpY)XKeHUs [ HIKHEro KOHI[a CBal-CTOEK, KoTopass TpeOyeTcs Tpu pacuerax cBail Ha
BBIICPTMBAIOIINE M TOPU30HTAIBHBIE CHIIBI, ONPEAEIAETCS KaK CyMMa TOJILIMH 3aJaHHBIX CJIOEB
IpyHTA.
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Puc.2. PocTBepk nmonuronanbHoi GopMer (n = 6)

[Tpu HAMMYMK TIPOCATOYHOTO TPYHTA MPEAIOIaraeTcs, YTO CBAM MPOPE3AI0T BCE CIIOM MPOCATOYHOTO

IpyHTa U 3ariyOJIsilOTCS B HEMPOCAJ0YHBIA TPYHT, ISl KOTOPOTO BBIMONHAIOTCS TpeboBanus [1], 9.3
i [2], 8.4.

Bo3MOXHO 3a7jaHu€ IAPHUPHOTO WIIM KECTKOTO COIPSIKEHUS CBall ¢ pOCTBEpKOM. Bui conpsbkeHus
YUYUTBIBAETCS MPU pacyeTe CBall Ha JEHCTBUE TOPU3OHTANbHBIX CWIL. lIpu mapHUpHOM conpsKeHUU
HEHYJIEBBIMU SBJISIFOTCSI KaK TOPU30HTAJILHOE MEPEMEILEHUE, TAK U yToJ TOBOPOTa i TOJIOBBI CBaH, a

MIPH KECTKOM COTPSKEHUU OTJIMYHO OT HYJISI TOJBKO TOPU30HTAIBLHOE MIEPEMEIIICHUE 1 TOJIOBBI CBAM.
Hapsiny ¢ ompenenenuneM HecyImied CIOCOOHOCTH CBaid NpPH JEHCTBUHM BEPTUKAIBHBIX HArPy30K,

pacuerom, coriacHo [l], moxmpasn.7.2 wmm [2], pa3n4, NpeIycCMOTPEHO 3aJaHHME HeCyIen
crocoOHOCTH F, TpH CXXHMMAloIeil Harpyske W Hecyled crmocoOHocTd F, TpH BbIIEprUBaroIIei

Harpy3ke, KOTOpbI€ OIpe/AeIeHbl 110 pe3yJbTaTaM IOJIEBBIX MCCIeN0oBaHUM coriacHo [1], monpaszn.7.3
umu [2], pa3n.5. Jlns cBail, onmuparmuxcs HIKHUM KOHIIOM Ha TJIMHHCTBIA TPYHT C TIOKa3arejieM
tekydectd [/, > 0.6, Hecylrylo CHOCOOHOCTb CIEQyeT ONpEeAENATh MO pe3yibTaTaM CTaTUYECKUX

UCHBITaHUU cBail. B rpyHTOBBIX ycnoBuax Il Tvma 1o npocago4yHOCTH 3Ha4YeHUE [, Ompenesercs 1o

pe3yJibTaTaM CTaTMYECKUX MCIBITAaHUM CBail ¢ JIOKAJbHBIM 3aMayMBAHHUEM KaK Pa3sHOCTb MEXITY
HEeCyIIel CIOCOOHOCTBhIO CBaW JIJTMHOW [ Ha BIABIWBAIONIYIO HATPy3Ky M HECYIIEH CIOCOOHOCTHIO
CBaM JUIMHOW /1, Ha BBIACPTUBAIONIYIO HArpy3ky (4, — mryOmHa, HA KOTOPOW Ipocajka IpyHTa OT
COOCTBEHHOI0 BECa paBHA 5 CM).

[Ipu pacuere pyHngameHTa ¢ NpsIMOYTrOJIbHBIM POCTBEPKOM BO3MOKHBI CIEAYIONINE BUIbI Pa3MEIICHUS
cBaii: (1) paBHOMEpHOE BIOJIb OCel X U ), (2) paBHOMEPHOE BJIOJIh OCH X M HEPAaBHOMEPHOE BJIOJb
ocH y, (3) HepaBHOMEpPHOE BIOJIb OCH X M PaBHOMEPHOE BAOJIb OCH ), (4) HepaBHOMepHoe. IIpu

pasmemiennu (1) paccmarpuBaroTcs psiibl CBald, LIEHTPbl CEYEHMH KOTOPBIX JIeKaT Ha JIMHUSAX,
HnapajulesIbHBIX OcAM X M . KoOopaMHAThl LIEHTPOB CEUEHUM CBail ONpENENAIOTCS IO 3aJaHHBIM

YHCIaM 71,7, CBail B COOTBETCTBYIONIMX DsIaX U PACCTOSHUSAM @ ,d, OT LEHTPOB KpaiHWX CBai

pAoB 10 OMMKaMIIMX CTOPOH IIaHAa POCTBEPKA, MEPHEHIUKYJISAPHBIX JUHUAM psaaoB (puc.3). [lpu
pa3meleHnt (2) paccMaTpUBAOTCS PsJIbl CBald, IMHUU KOTOPBIX MapajiesbHbl OcH X . Pacrionoxenue
JIMHUH PSJIOB ONPEJIENSeTCs 10 PACCTOSIHUIO d, [0 JIMHUH TIEPBOTO psijia M PACCTOSHUAM d, MEXIY

JUHUSMHA CMEXHBIX DPsIIOB. AHAJIOTMYHO paccmaTrpuBaeTcs pasmemenue (3). [lpu pasmemenun (4)
KaX/Ibli psifl cBail onpeaenseTcs MyTeM 3aJlaHusi KOOpJUHAT X,, y, LIEHTpa CeYeHus NepBoil cBau psaaa
U KOOpJIUHAT X,,y, LEHTpa CEUYEHHUs MOCIEAHEN CBaM psjia, a TaKKe 3aJjaHus Yucia 1 CBail B psmy.
IIpu n =1 wucnonb3ylOTCs TOJIBKO 3HAueHus x,,y,. llpu pacuere ¢yHIamMeHTa € POCTBEPKOM
MPOU3BOJILHOW TOJUTOHAJIBHON (OpPMBI B IUIAHE CBaW pPa3MEMIAIOTCS pAgamMu aHaiorndHo (4). B
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mporpaMMme KOHTPOJHMPYETCS pa3MelleHHe CBail B Mpenenax IUIaHa POCTBEpPKAa W IPOBEPSIETCS
TpeGOBaHNE HOPM IO MUHMMAJIBHO JIOIyCTUMOMY PACCTOSHHIO MEX/1y OCSIMH CBai.

ay

B B E &
.0 EH.@0 @

ay

Puc.3. Pasmerienne cBaii

I'myObuna 3anokeHus ¢QyHIamMeHTa o, OTCUMTBHIBACTCS OT YPOBHSA IPUPOAHOTO penbeda U
YYUTBHIBACTCSI TPHU OMNPEACICHUN PACUCTHOTO COMPOTHUBICHUS R TIOJ HIKHMM KOHIIOM CBaWl H
pacueTHOro CONpOTHBIIEHUS f Ha OOKOBOM NoBepxHOCTU cBau. Kpome Toro, d, yduThIBaeTcs Ipu

ONpE/IC/ICHAN HATIPSDKEHHST O, OT COOCTBEHHOIO BECa IPYHTA.

2. I'pynr

I'pyHT, pacnonoxeHHbId TMOJ TOJOIIBOM pPOCTBEPKA, MOMXKET COCTOATh M3  HECKOJBKHX
TOPU3OHTAJIBHBIX CJIOEB C Pa3IMYHBIMU (PU3UKO-MEXAHUYECKMMHU XapakTepuctukamu (puc.4). Ciou
HYMEpYyIOTCSl B HamlpaBJIEeHUH OT MOJOIIBHI pOCTBEpKa BIiyOb ocHOBaHusA. Bo3amoxkHo 3amanue 10 20
cinoes. [Ipeanonaraercsi, 4To NmociaeAHUM 3aJaHHBIA CIOW MOACTHUIACTCS CKajdbHBIM IpyHTOM. llpn
OTCYTCTBHM CKaJILHOTO TPYHTa CyMMAapHasi TOJIIIMHA CJIOEB JOKHA IPEBBIIIATH CKUMAEMYIO TOJILY.

J1g Ka)KZIoro Cllosl TPyHTA 3a4aeTCd YACIBHBIM BEC Y, TBEPIABbIX YaCTHIl U YICIBHBIM BEC ) IPyHTa

npupoaHoil BnaxkHoctu. [lig mecuaHoro rpyHTa 3agaercs kod¢g¢uuueHt nopuctoctd e. s
[JIMHUCTOTO TIpyHTa 3ajgatorcs (B %) mpupogHas BIAXHOCTE W, BIaXKHOCT Ha TpaHUIE
packaTeiBaHus WV, M BIQKHOCTB HA PaHULE TeKy4decTn W .
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CxeMa DPeclolMUelRoDo PaSpE=SS8

1 - 0
o - 2
T
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i N
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M
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- 16
- Bomoymap
- 18
T - 20
z [w]

Puc.4. Ilpumep 3anaHus rpyHra

Koaddumnment nopucroctu rpyHTa onpeaensiercs mo gopmye:

e=Lea+

y 100
yﬂeHBHBIﬁ BCC I'PyHTAa B BOAOHACBIIICHHOM COCTOSIHHUU OIIPCACIIACTCA 11O (I)OpMyJIe:
_rstey,
ysat - l+e

YIIGJIBHI)If/'I BEC I'PyYHTa B BOAOHOCHOM CJIOC€ C YYC€TOM B3BCHIMBAIOIICTO HeﬁCTBHﬂ BOJABI OITPCACIIACTCA
o ¢opmye:

Vs =V
Vb l+e

CreneHpb BOJIOHACHILLIEHUS I'PYHTA onpeenseTcs no Gopmyie:
Wy,
" 100e y,,
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BnaxHOCTB TpyHTa NPH MOJHOM BOJOHACKHIIEHUH paBHa (ipu S, =1):

_ Y
Wcat - looe _
Vs
Yucno miIacTUYHOCTH INIMHUCTOTO IPyHTa BBOAUTCS (POPMYIIOi:
1, =W, W,
Ilokazarennb TCKYUYCCTH I'NIMHUCTOI'O I'PYHTA BhIPAXKACTCA 11O (bopMlee:
wW-w
] _ )4
Ywo—w
L p

[Ipu ydere nmpocagouyHOTO TPYHTA MPUMEHSETCS MOKa3aTelb TEKy4eCTU MPU BOJOHACKHIIICHUU TPYHTA,
onpenensieMblit cornacHo [1], (9.1) wm [2], (31) mo dpopmymam:

0.9ey, /y. -w,
]Lsat =
w,—w,
w, =W, /100
w, =W, /100

[Tokazatens Tekydectu [, , TPUMEHSETCS TAaKKe NpU ydyeTe mpuMedanus 8§ k tabm.7.1 [1] mnsa

Lsat

[JIMHUCTBIX TPYHTOB, MMEIOLIUX CTENEHb BIAXKHOCTH B IIPUPOAHOM cocTostHuH S, < 0.8.
B npuBenieHHBIX opMyniax ¥, - yAeIbHBIN Bec Boabl (7, =10 kH/M?).

JUis KaXJoro cios TpyHTa 3aJaloTCsl YAENbHOE CIEIJIEHHE ¢ U Yroj BHYTPEHHEro TPEHUS ¢ .
3HaueHUs] ¢ U @ JJs TPyHTA, 3aJIETAIOIIET0 HUKE YPOBHS MOJ3EMHBIX BOJ, HO BBILIE BOAOYIOpPA,
JOJKHBI 3371aBaThCs 1711 BOJIOHACHIIIICHHOTO COCTOSTHHUSL.

Jlnist clioeB TpyHTa, PACHOIOKEHHBIX HI)KE YPOBHS IMOJOLIBBI yclIoBHOTO GyHaamenTa ([1],7.4.2 nnn
[2],6.1) TpebyeTcs 3amate Monaynb nedopmanuu E . 3HaueHune E A TPyHTA, 3aJI€TAIOIIETO HUXKE
YPOBHSI TOJ3€MHBIX BOJ, HO BBIIIE BOAOYNOpPA, IOJKHO 3a4aBaTbCs Uil BOJOHACHIIIEHHOIO
coctosHus. Moaynb aedopMmaldu TIpyHTa TNPUMEHSETCS IpH OINpEleIeHUH OCaJKM U KpeHa
dyHIameHTa.

[Ipn HanMuMM MPOCATOUHOTO IPyHTA YUUTHIBAIOTCS OCOOEHHOCTH pacyera cBaiHOro (yHJaMeHTa B
MIPOCAI0YHOM TpyHTe cornacHo [l], pasmen 9 umm [2], pazgen 8. Ilpu BBOAE HaHHBIX CHaydala
3aal0TCd  OJIMH WJIM HECKOJBKO CJIOEB IPOCAJOYHOIO TIpyHTa, a 3aTeM 3aJaloTcsi CIIOU
HENpocaJioyHoro rpyHra. Pacder cpaiiHoro ¢yHaaMeHTa MpPOM3BOAMUTCA NPU YCIOBHHM 3aMauyMBaHUs
MPOCaZOYHOrO0 TPyHTa CBEpXYy 1O IMOJIHOTO BOJOHAchilleHus. PacueTHoe comportuBieHue f Ha
OOKOBOI TTOBEPXHOCTH CBaW MPHU pacuyeTe CBaM Ha BEPTUKAIBHYIO HArpy3ky W KkodhduimeHT
IPONOPUMOHANIBLHOCTY K B BBIpRXKEHUHU Uil KOI(PQHUIMEHTa IOCTeNd IpH pacdyere cBau Ha
TOPU3OHTAJIbHYIO HAarpy3Ky OINpPEAENSIIOTCS MpHU MOoKa3zaTesie TEKy4eCTH TPYHTAa B BOJIOHACHIILIEHHOM

coctossHuu [, . YIeIbHOE CLEIUIEHUE ¢ U yroJl BHYTPEHHETO TPEHUsl @ AJIs NIPOCaJ04YHOro IpyHTa

JOJIXKHBI 3a1aBaThbCs JJIsI BOAOHACBIINICHHOI'O COCTOAHUS.

Tun rpyHTOBBIX YCIIOBHM IO MPOCAaJOYHOCTH OMNPENCIACTCA B 3aBUCUMOCTH OT BEJIMYUHBI ITPOCATKU
0T COOCTBEHHOrO Beca IpyHTa. B rpyHTOBBIX ycioBusix I Tuma mpocajgka OT COOCTBEHHOTO Beca
IPYHTa OTCYTCTBYET WM HE ImpeBblaeT 5 cM. B rpyHroBbix ycnmoBusx Il Tuma mpocanka ot
COOCTBEHHOI0 Beca IpyHTa npeBbimaer 5 cM. [Ipu onpeneneHun Tvna rpyHTOBBIX YCIOBUH pacueToM
UCIOJIB3YIOTCSA 3aBUCHUMOCTH OTHOCHUTENBHOM NPOCAJOYHOCTH &, OT JABICHHUA p JUIA 3aJaHHBIX

CJIOEB TPOCAJTOYHOrO TPyHTa (PHUC.5), TMOJYUYCHHBIC TNPHU MCIBITAHUSIX IPOCATOYHBIX TPYHTOB B
KOMIIpecCUOHHOM mpubope coriacHo [8]. Ha ocHoBe rpadmkoB OTHOCHUTENBHON MPOCATOUYHOCTH
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BBIYMCIISIETCS IPOCaJKa IpyHTa Ha YPOBHE MOJOLIBI pocTBepKa. Eciu mpocajka He MpeBbIlaeT 5 cMm,
TO T'PYHTOBBLIC YCJIOBUS OTHOCATCA K I TUITY W paCcydCT CBaW MNPOBOAUTCA AHAJIOTHUYHO paCUCTy IJId
HCIIPOCAAOYHOTO I'PYHTA, HO C IMPUMCHCHUCM ¢)H3HKO-M€X3HH‘I€CKHX XapaKTCPUCTUK ITPOCAAOYHOI0
rPYHTa B BOJOHACBIIMIEHHOM COCTOSIHMU. B rpyHTOBBIX ycioBusx Il Tuma yuutbiBaeTcs JEMCTBHE Ha
CBAaI0 HETaTHBHBIX CWJI TPEHHUS, BOZHUKAIOIIMUX IPU MPOCATKE OKOJIOCBAHOrO rpyHTa. Cuilbl TpEeHUs
YUHUTHIBAIOTCS 10 TIIyOUHBI /,, HA KOTOPOW Ipocajka rpyHTa paBHa 5 cM. CyMmapHas HeraTHBHas

cuiia TpeHus rpyHTa P, yuutbiBaercs ¢ Ko3ddunueHTom yciouil pabotsl y,, < 0.8 mpu mpoBepke

IIPOYHOCTH IPYHTA OCHOBAHUS CBAW M YYHUTHIBACTCS C IOJIHBIM 3HAYEHUEM IIPU MPOBEPKE MPOYHOCTH
MaTepHuajia cBail pu BepTHKAIbHOW Harpyske. CompoTuBieHne f TpyHTa Ha OOKOBOW MOBEPXHOCTH

BUCSIUEH CBaM yUUTBIBAETCS OT MIIyOUHBI /1, 10 IITyOMHBI IOIPYKEHUSI HUDKHETO KOHLIA cBau [ .

PpaduMr IEBEMOMMoOOSTH 2,4 = £ (p)
.13 -._F'_,_H"-'-'_F'_'-F
e
.09 T
06 T
03 _,_,-'-'_'_FFF.F‘_.
o 50 100 150 200 250 300

Puc.5. Ilpumep 3aBUCUMOCTH OTHOCUTEIBHON MTPOCAAOYHOCTH OT JaBJICHUS

CyMMapHast HeraTUBHasl Cujla TPeHUsI P, MOXKET ONpeneNaThCs pacueToOM WM MPUHUMATbhCS PaBHON
HauOONBIIEMY MPEIECTbHOMY CONPOTHUBICHHIO CBAaW [UIMHOW A, TIOJyYCHHOMY IIPH HCIBITAHUIX
BplIepruBatomeil Harpyskoi cormacHo ['OCT 5686-78*. Ilpu ompenenenun P, pacueTom
npumensroTest popmyier [1],9.10 nmm [2],8.11:

hsl
P = uz z-ihi
0

T, =G0, IgQ, + ¢, IpH Z <6 M

3nech u - HNEPUMETP CEUYEHUs CBaH, @,,C, - 3HAUEHMs yIja BHYTPEHHErO TPEHUs] U YJIEIbHOIO
CIIETUIEHHs], OCPEIHEHHBIE 10 Ty6une A, . [Ipu Z=0M 7, IpUHAMAETCS MOCTOSHHBIM M PaBHBIM T,
Ha TiyOuHe 6M.

3. Harpy3ku

Bo3MoxHBI criemyrone Harpy3ku Ha (yHIAMEHT: COCPEJOTOYEHHBIE HArpy3Kd M Harpys3KH,
pacnpeneneHssle 1o orpe3kaMm. CocpeloTOYEHHAsl Harpy3ka COCTOMT W3 BEPTHKAIbHOM CHIbl N,
TOPH3OHTANBHBIX cun H ,H , u momeHtoB M ,M  , KOTOpBIC IPUIOKEHBI B TOYKE X,) HA BEPXHCH

s
IIOBEPXHOCTH POCTBEPKA. BepTukaibHas cuila IOJIOKUTENIbHA, €CJIM OHA JEUCTBYET CBEPXY BHU3.
lopu3oHTanbHAs CUIa TIOJMOXKUTENBHA, €CIM OHA JICHCTBYET B IIOJIOKHTEIHLHOM HANPaBICHUH
COOTBETCTBYIOIIEH KOOPIUHATHOW OCH. [loMIOKWTEeNbHBIE HANpaBICHUS MOMEHTOB COBIAJAIOT C
HamnpaBJICHUAMU MOMCHTOB T'OPHU30OHTAJIBHBIX CHUJI OTHOCHUTCIBHO ocent KOOpAUHAT B IIJIOCKOCTU
nojJoumBel  pocTBepka (puc.6). Harpyska, pacnpeneneHHas Ha orpe3ke  [(x;,),),(x,,1,)],
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XapaKTepU3yeTcsi MOTOHHBIMH 3HAYCHUSMH BEPTUKAIBHON CHIIBI 71, TOPH3OHTAIbHBIX CHI h /i, W

MOMEHTOB m1,,m,, . B IporpaMme KOHTPOJIMPYETCs 3a/laHie HAarpy30K B IIpe/iesiax IiiaHa pOCTBEPKa.

¥

My

Puc.6. [TonoxurensHble HANIPaBIEHUS MOMEHTOB

Knaccudukanus u KOMOMHUpOBaHME HArpy3ok mpuHHMawTcs cormacHo [3].  Harpysku
MOJIPA3ACISIOTC Ha TOCTOSIHHBIC, JUIMTENIbHBIC, KpaTKOBpeMEHHble M ocoOble. KomOuHupoBaHue
Harpys3oK IpeAcTaBisieT coO0H reHepalio MHOKECTBA BO3MOKHBIX KOMOMHALIMN HAarpy30K ¢ y4eToM
KOO QHUIMEHTOB HA/IC)KHOCTH 110 HArpyske », M KOd(POHUUMEHTOB, CBA3AHHBIX C OJHOBPEMEHHBIM

ydeToM JIByX U Ooyiee BpeMEHHBIX HArpy3ok. [Ipu Hamuuuu 0cOOBIX HArpy30K, HAPSTY C OCHOBHBIMH
KOMOUHAIMSIMU T€HEPUPYIOTCS TAaK)Ke 0COObIE KOMOUHAIIUH.

Bo3moxxeH BBOJ HecoueTaeMbIX HAarpy3ok. Takue Harpy3Ku BKIIFOYAKOTCS B TPYIIy HECOYETAEMBIX
Harpy3ok. B KOMOMHaIuI0O MOKET BOWTH TOJBKO OJHA Harpys3ka u3 Kaxaoi rpymnmnsl. Hymepauwms
Ipynn Ha4uMHAETCsA C €IMHULBL. ['pynnbel MOTYT NPUMEHSTHCS, B YACTHOCTH, IIPU YUYETE BETPOBBIX
Harpy30k (Mpu pacCMOTPEHUU IEUCTBUS BETPA M0 Pa3INYHbIM HAPABICHUSIM).

Bo3moxeH BBOJ 3HAaKONEPEMEHHBIX Harpy3ok. B aTom ciyuae B pacuere yuuThIBaeTCsS Kak 3aJaHHAs
Harpy3ka, Tak ¥ Harpy3ka INpOTHBOIIOJIOKHOIO 3HaKa.

IIpoBepKH 10 IepBO¥i TPYIIIE NPEIEIbHBIX COCTOSHUN IPOBOSITCS [T PaCYETHBIX (7, > 1) OCHOBHBIX
M 0COOBIX KOMOWHALMIl Harpy3ok, a MPOBEPKH IO BTOPO Ipynme — Juis HOpMATHBHBIX (), =1)
OCHOBHBIX KOMOUHAIHUH.

ITpexycmoTpen yueT coOCTBEHHOTO Beca pOCTBEpKa B KOMOMHANNHU HAarpy3okK. IIpu 3ToM B pacyeTHBIX
KOMOMHAIMSIX COOCTBEHHBIM BEC pOCTBEpKA MPUHUMACTCS C 331aHHBIM KOA(P(PHUIIMEHTOM HAJAEKHOCTH.
CoOcTBEHHBII BeC CBaM yUUTHIBAETCS TOJIBKO IPU MPOBEPKE MPOYHOCTH IPyHTA OCHOBaHMSA cBaid. [Ipu
JCUCTBUM CXKUMAIOIIEH Harpy3KH Ha CBal0 TNPHMEHSETCS 3aJaHHBI KOI(MOHUINEHT HaJeKHOCTH
7y >1, aIpu I€iiCTBIM BBIICPTUBAIOIIEH HATPY3KU IpHHUMAETCs ¥, =1.

4. Pacuer cBail 1 X OCHOBAHUM

[Ipm pacuere cBail U MX OCHOBAHMM II0 MPEACIBHBIM COCTOSHHSM II€PBOM TI'PYMNIBI MPOBOASATCS
CIIEYIOIIME IPOBEPKH: INPOBEPKA IPOYHOCTH TPYHTAa OCHOBAaHUS CBAal IIpU JACUCTBHM Ha CBaH
BEPTUKAIBbHBIX CHJI (CXKMMAIOLINX M BbIIEPTrUBAIOIINX ), IPOBEPKA JIOMYCTUMOCTHU JIAaBJICHUS HA IPYHT
OOKOBBIMH MOBEPXHOCTSIMHU CBail IPU JAEMCTBUM HA CBaW MOPU3OHTAJIBHBIX CHJI, IPOBEPKA MPOYHOCTH
MaTepuasga CBall IPHU JEHCTBUM HA CBal BEPTUKAIBHBIX M TOPU3OHTaIbHBIX CwiI. IIpu pacuere mo
IPEIEIbHBIM  COCTOSIHUSAM BTOPOM TIpyNIbl MPOBOJATCA CIEAYIOIIME IPOBEPKH: IPOBEpKA
JIOIYCTUMOCTH TOPHU30HTAJIIBHOIO TEPEMEIIECHHUsT M yIJla IIOBOPOTAa TOJIOBBI CBaul IIPU JACHCTBUU
TOPU30HTAIBHBIX  CWJI, IIPOBEPKAa  TPEIIMHOCTOMKOCTH MpU  ACUCTBUM  BEPTUKAIBHBIX U
TOPU3OHTAIIBHBIX CHIL

VYcnoBus MpoBEpPOK NPEACTABIISAIOTCS B BUJIE:
Viv <1
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3nech V' - paccunTaHHOE 3HAYEHUE CHIJIOBOTO WM AedopMalioHHOro (akropa, V, - ero npeaeabHoe
3HayeHue. OtHomeHue V /V, paccmarpuBaeTcs Kak KpUTEpUH IpU IOMCKE Hauboyiee ONacHbIX
KOMOWHAIIMI Harpy30K.

[Ipu ompeneneHny BepTUKAIBHBIX HArPYy30K HA CBAW YUYHUTHIBAIOTCS MOMEHTBHI TOPU3OHTAIBHBIX CHII
OTHOCUTENILHO OCEHl KOOpJMHAT, JEeXKAIlllUX B IUIOCKOCTH MOAOLIBHI pocTBepka. [Ipeamnonaraercs, uro
POCTBEPK SIBJIIETCS aOCOJIOTHO >KECTKMM M 4YTO Pa3Mepbl IMOMEPEYHOIro CEYEeHHsI CBall Malybl IO
CPaBHEHHIO C pa3MepaMH IUIaHA POCTBEPKA. YKa3aHHbIC MPEAMNOJI0KEHUS COIIacyrTcsl C
nonymenusmu [1], 7.1.12 wnu [2], 3.11.

['opu3oHTanpHBIE HArPY3KH HA CBAM ONPEACISIIOTCS B IPEAIIOIOKEHUN PABHOMEPHOIO PACIPEIEICHUS
MEXJy BCEMH CBasMU TOPU3OHTAIIbHBIX HArpy30K, JAEUCTBYIOHIMX Ha ¢yHIameHT. HanpsbkeHHo-
ne(GOpMHUPOBAHHOE COCTOSIHUE CBall MU MX OCHOBAaHUH ONpenessieTcs IMyTeM YHCICHHOTO pPEeLICHHUs
3aa4d CTaTHKH JUJIsl CTEPXKHS B YIPYTroOM Cpele ¢ KyCOYHO-THHEHHBIM KOX(P(PHUIIMEHTOM ITOCTEINH.
KpaeBble ycnoBusi B BEpXHEM CEUEHUU CTEPKHS COOTBETCTBYIOT 3aJJAHHOMY BHUJY COIPSIKEHUS CBau C
poctBepkoM. [Ipu paccMOTpEeHUH BHCSUUX CBail HMKHHIA Kpall CTEp KHsI MPUHUMAETCS CBOOOIHBIM, a
MpU PACCMOTPEHHUHM CBAW-CTOEK HIKHUW Kpall MPUHUMAETCS 3aKPEIUIEHHBIM OTHOCHTEIBHO
TOPU30HTAJIBHOTO MEpEMELIECHUs. Y CJIOBUS HA HIXKHEM KPar0 MOTYT UMETh 3HAUEHHE TOJIBKO B CIIydae
KOPOTKHUX CBaM.

B nmporpamme mnpeaycMOTPEHO COINOCTaBIEHHE pE3yJbTaTOB YWUCIECHHOIO PEIICHUS 3aJaud C
pe3yapTaTaMu, TOJy4eHHBIMU TT0 Gopmynam [1], mpun.Jl wam [2], mpun.l, KoTopble MPUMEHUMBI B
clly4ae OJHOPOIHOTO rpyHTa. [Ipr HEOAHOPOJHOM TPYHTE COMOCTaBUTENBHBIE pacyeThl Mo popMyiaM
MPOBOASATCS JUIsl TPUBEACHHOTO KOAPPUIIMEHTA MPOMOPHUOHATBHOCTH K, BBIUUCISIEMOrO TIO
dbopmyne (M.5) uz [1], npu. .

Koadduuuent 7,, npuMeHsieMblil B yCIOBUM IPOBEPKHU JOIMYCTUMOCTH JaBJIEHUS HA IPYHT OOKOBBIMU
MTOBEPXHOCTAMHM CBait Beraucisiercs mo popmyinam [ 1], mpwr. [, (1.17) wmm [2], mpuin.1, (35):

M, +M,
n,=————— 1pHu M3rH0Oe CBaM B INIOCKOCTU OCU X
M, +M
ye vt
Xc + Xt
772)/ =————— IlIpu M3ru0e CBaM B INIOCKOCTH OCH y

CAM_+M

xt

3necs M, u M, - MOMEHTBI OT IIOCTOSIHHBIX U BPEMEHHBIX HArpy30K, BXOJAIIUX B PACCMATPUBACMYIO

KoMOuHanuioo. Harpy3ku yduThIBalOTCS € KOX(PQPHUIMEHTAMH HAJEKHOCTH U Kod(puuueHTamu
couetaHuil coriacHo [3], 1.12. MoMeHTHI onpenenstoTcss OTHOCUTENBHO OCEHl KOOpAUHAT, KOTOphIE
JeaT B IUIOCKOCTH HIKHUX KOHIOB cBail. Hauwamo oceil coBMemaercsi ¢ IEHTPOM TSDKECTH IUIaHA
cBail. B cimyuae, korga MomeHTsl M, U M, UMEIOT pa3Hble 3HAKU, IpUHUMAaeTcs 77, =1/7 .

[IpoBepka mnpoyHOCTH Marepuana cBail mnpoBoauTcs corjnacHo [4] wmm [S5]. B mporpamme
MPEeIyCMOTPEH MOAOOp MPOJOJIBHONM apMaTypsl B CBasX IO TpeOyeMOd IUIOMAAM apMaTyphl,
oTIpeIeIIEMO pacuyeToOM MO MPOYHOCTH JJIsi BCEX KOMOMHAIMK Harpy3ok. PaccrosiHue oT KOHTypa
CCUYEHHs CBaM N0 LICHTPOB apMaTypHBIX CTEP)KHEH IEPBOHAYAIBHO OIPEAEISAETCS IO 3aJaHHOMY
MaKCUMAaJIbHOMY JMaMETpy CTEp)KHEH M TONIIMHE 3aluTHOro ciiosi Oerona. Ilocie BwluMcIeHUs
TpeOyeMoi Mo M apMaTypsl U IOA00pa CTEPIKHEH YTOUHSAETCA PacCTOSIHUE JI0 LIEHTPOB CTEPKHEN
U pacyeT noBTopsieTcs. B ciydae cBaif KBapaTHOro ce4eHus MepBOHAYAIBLHO MOJ00p NPOBOIUTCS IS
CXEMBbl apPMHPOBAHHUS C YETHIPbMS CTEPXKHIMM, PACIIOJIOKEHHBIMU BOJIM3M YIJoOB cedyeHus. Ecmu
YeThIpeX CTep’KHEH MaKCHUMaJbHOTO AMaMeTpa HEJO0CTaTOYHO, TO MPOBOAMUTCS MOAOOP sl CXEMBI
apMUPOBAHUS C IOTIOJIHUTENbHBIMU CTEPXKHSAMU, PACIOJI0KEHHBIMU BOJIM3H CEPEIUH CTOPOH CEYEHHUSI.
B ciydae kpyriisIx cBaid 4MCIIO CTEP)KHEH MpH MoI00pe apMaTypbl IPUHUMAETCS HE MeHee 6.

[IpenycmMoTpeHO omnpeneneHue AIMHbl AHKEPOBKH CTEPKHEH B ciIyyae, €Clid B TOJIOBE CBau TpeOyeTcs
npojonpHas apMatypa. IIpu 3Tom Tpebyemasi miomags apMaTyphl PacCUUTHIBAETCS HE TOJIBKO MPH
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noxdope apMaTyphbl, HO ¥ IIpH 3afaHuM apMaTypbl. OJIHAKO B MOCJEAHEM Cllyyae JUIMHA aHKEPOBKH
BBIBOJIUTCS, €CNTU TpedyeMas IUIONIa/b apMaTypbl HE MPEBBIMIACT IUIOMIATN 3aJaHHON apMaTyphbl.
JIiiHa aHKEPOBKH B OOIIEM CITydae BBIBOJAUTCS IS PACTSIHYTBIX M JUUISI COKATBIX CTEPIKHCH.

Pacuer mo oOpazoBaHHIO U PACKPBITUIO TPEIINH, HOPMAJIBHBIX K OCH CBaH, MIPOBOJIUTCS COTacHO [4],
7.2.11,7.2.12 nnn [5], 4.5, 4.14. B cayuae cBail KBaApaTHOTO CEYEHUS C MOJIOCTBIO WIIA CBAll KPYIJIOrO
CEYEHHUs pacueT Mo [5] He NMPOBOAUTCS, TAaK KaK JJsl 3TUX CEYEHUH OTCYTCTBYIOT HOPMaTHBHbBIE
yKa3aHHs 10 pacueTy. Pacuer mo TpemrMHOCTONKOCTH TaK)Ke HE MPOBOAUTCS, €CJIM HE BBIMOIHAIOTCS
MIPOBEPKH MIPOYHOCTU MaTepHasa cBai.

5. Pacuer pocTrBepka

Pacuet Ha mponaBiMBaHKe pOCTBEpKa O€3 MONEPEYHON apMaTyphl IPOBOJUTCS coTiacHo [4], 6.2.46 —
6.2.52. Tlo pacnojoXeHUI0 OTHOCHUTEIIBHO KpaeB POCTBEpPKA CBaW MOAPA3ICISAIOTCA HA CPEIHUE,
KpaeBble U yrioBble. B cinyuae cpemHeil cBau BIMsSIHHME KpaeB pPOCTBEpKA HE yduThIBaeTcs. B ciydae
KpaeBOW CBaWl YYUTHIBAETCS BIHMSHHME OJHOTO OJIMKAWIIEro Kpas, a B Cly4ae YIJIOBOM CBau
YUUTBHIBACTCSl BIUSHUE JBYX ONMKaMIIMX CMEXKHBIX KpaeB. B mporpamme mpou3BOIUTCS BBIOOD
KPaeBBIX U YTIIOBBIX CBaH, JIJIsl KOTOPBIX MMPOBOJIUTCS pacyeT Ha MpoaaBIuBaHue (puc.7).

Puc.7. [Ipumep pacueTHOro KOHTypa

Ecnu pacctosiHue OT OocHM HEKOTOpPOW BHIOpaHHOI cBaM 7O ocel OnmkaWmMxX K Hell cBail MeHbIle
hy+d, tne h, - cpenHsisi pabodasi BEICOTA CEUEHHS POCTBEpPKA, d - pa3Mep IMONEPEeYHOrO CEUEHUS

CBail, TO JIJIs1 3TOM CBAaW pacyeT Ha MPOJIABIMBAHUE HE TPOBOAUTCA.
VYcnoBue mpoyHOCTH pOCTBEpKaA 0€3 MmonepeyHon apmaTypbl umeeT Buf [4], (6.105):
F N M, N M,
F;J,ult MbX,ult MbY,ult

<1

3necy F - mpojaBiMBAIOLIAs CUIA, paBHAas CXKMMAOLIEH Harpyske Ha cBawo; F, =R, -u-h, -

npeaciibHadg Cuia, X,Y - TJIaBHBIC HCHTPAJIBHBIC OCHU PACUCTHOI'O KOHTYpaA, PACIIOJIOKCHHOI'O Ha

ult
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paccrossuun  h,/2 or cBam; M ,,M, - MOMeHTHl cuibl F  orHocuTenbHO ocell X,V
My =Ry Wy-hy u M, =R, -W,-hy - TpenenbHble MOMEHTHI, R, - pacyeTHOe
COIPOTUBIIEHHE OETOHA MPH PACTSHKEHUH (C yueToM KoddduirenTa yciaoBuil paboTsl 6eToHa y, ); u -
HEpUMETp pacueTHOro KoHtypa; W,,W, - MOMEHTbl CONPOTUBJICHUS PACUYETHOIO KOHTYypa
OTHOCHUTEIBHO ocer X,Y .

JlanHoe ycnoBue npeoOpa3yeTcs K BUILy:

I,
R hS

bt
3aech 7 - KacaTelbHOE HalpsHKEHHWE B pacdyeTHOM TmomepeuyHoMm ceuenun ([4], 6.2.46),
pacmnpeeneHHoe 1Mo JuHeiHOMY 3akoHy (puc.8). U3 ykazanwmii [4], 6.2.46 crnemyer, 4To MpoBepKa

F
JOJDKHA TTPOU3BOAUTHCS C YUETOM OTPaHUYCHUS |r| <2r,,rA€ 7, = 7 )
u
0

Puc.8. TIpumMep SmiopsI HATIPSHKEHAS

6. Pacyer ocaaku U KpeHa pyHAaMeHTa

Pacuet ocaaxu npoBoauTcs Ay QyHAAMEHTA C BUCSYUMH CBAsIMH U C MPSIMOYTOJIBHBIM POCTBEPKOM
Opy PaBHOMEPHOM pa3MEIIEHUH CBall BAOJb OJHONM WM O00EUX CTOPOH IUIaHa pOCTBepka. B
coorBercTBUM ¢ [1], 7.4.2 wnu [2], 6.1 ocaaka ompezaenseTcs Kak JUid yCIOBHOTO (yHAaMeHTa Ha
€CTEeCTBEHHOM OCHOBaHHUM corjiacHo [6]. Ocajka BBIUUCISETCS METOI0OM MOCIOWHOTO CyMMHUPOBAHUS
([6], mpun.2, m.1). ITpu aTOM TIpOBEPSETCS, YTO CpeaHEES NAaBJICHHUE TI0J MOAOMBOM yHAaAMEHTa p HE

MIPEBBIIIAET PACUETHOTO COMPOTHBIICHUS TPYHTa OCHOBaHHs R, KOTOpOe omperesnseTcs no Gopmyse
(7) [6].

CornacHo [7] HWXHAA TpaHUIA CXKUMAeMOHl TONIIM TNPUHUMAeTCsl Ha INIyOWHEe, Ha KOTOPOH
JIOTIOJTHATENBHOC HanpsbkeHne o, paBHo 10 klTa.

[Ipy HamUYuKM MPOCATOYHOTO TPYHTA pa3Mephbl YCIOBHOTO (yHIAMEHTa M €ro COOCTBEHHBIH Bec
ompenenstoress ¢ yderoM ykazanuit [1],9.14 wmm [2],8.15. B rpyHToBbIX ycnoBusx II Ttuma mo
MPOCaJOYHOCTH K COOCTBEHHOMY BECY YCIOBHOro (yHAaMeHTa NpuOaBisieTcsl HEraTWBHAsl Cuia
TPEHHUSI, BOZHUKAIOIIAS MTPH MMPOCAIKE TPyHTA M0 MEPUMETPY KyCTa CBal.
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Kpen ycnoBuoro ¢ynmamenrta ompexaensercs mo dopmyie (10) [6], mpun.2. IIpu sTom cpenanue B
mpenenax CoKUMaeMOW TONIM 3HadeHus wMonyns aeopmarmu u  kodddunumenra Ilyaccona
onpeaenstores o Gopmynam (11) u (12) [6], mpwr.2.
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516 - CpaiiHblii yHIAMEHT C JICHTOYHBIM
POCTBEPKOM
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[Tporpamma mpeaHazHaueHa Ui TPOSKTHPOBAHUS CBAHOTO (DyHIAMEHTA C JICHTOYHBIM POCTBEPKOM
cornmacHo CII 50-102-2003 [1] nou CHull 2.02.03-85 [2]. IIpenycMOTpeHbl CIEAyOIUe pacyeThl:
NpoOBEpKa MPOYHOCTH TPYHTAa OCHOBAaHUS CBaid, MPOBEpPKa JONMYCTUMOCTH [aBJICHUS Ha TPYHT
OOKOBBIMH TIOBEPXHOCTSIMH CBaii, MpOBEpKa MPOYHOCTH MaTepHajia CBail, MpOBEpKa IOIYCTHMOCTH
TOPU30HTAJIBHOTO TIEpEMEIIEHUsI W YIJIa TOBOpPOTa TOJIOBBI CBaM, pPacyeT IO OOpa3oBaHHIO U
PACKpBITHIO TpEIIMH, HOPMAJBHBIX K OCH CBaW, pacueT pOCTBEpPKA MO TPOYHOCTH H
TPEIIMHOCTONKOCTH, OTpeNeIeHHe OCaaKd W KpeHa ycloBHOro (gyHmamenta. [IpemycmoTrpeH yuer
0COOEHHOCTEH MPOEKTUPOBAHMS CBAHOTO ()yHJAMEHTA B IIPOCAI0YHOM I'PYHTE.

1. dynaameHnr

PaccmarpuBaetcst cBaiiHbI (yHIAMEHT C JIGHTOYHBIM POCTBEPKOM MPSIMOYTOJBHOTO IMOMEPEYHOTO
ceuenus. [Ipenmonaraercs, 4To Bce cBau (hyHIAAMEHTa OJMHAKOBEIL. [lpu 3aaHuu cBail yKa3bIBaeTCs
TUI CBail MO XapakTepy paboThl B TpyHTE (BUCSAYUE CBaW WM CBAU-CTOMKH) M BHUJ CBail MO CIOCOOY
3arnyOyieHuss B TPYyHT (3a0uBHBIC, HAOWBHBIE WM OypoBBIE CBau). 3a0MBHBIC CBal MOTYT HMETh
CIICTYIOIME TIOTIEPEYHbIC CEUYCHMsSI: CIUIONTHOE KBAJIpaTHOE, KBAJAPAaTHOE C KPYTJOW TOJOCTHIO,
CIUIONIIHOE KpyTjoe, Kpyrioe moioe. B mporpamme paccMarpuBaroTCsi HaOMBHBIE CBaW CIUIOITHOTO
KpYyTJIOro cedeHwus, ykazanueie B [1], 6.4a,6 wnu B [2], 2.4a,06 u OypoBble cBau KPYyTJOro CIUIONTHOTO
WJIU TIOJIOTO CeYeHMs, yka3zaHHble B [1], 6.5a,06 unu B [2], 2.5a,0.

Jlns BUCAYMX cBail 3a1aeTcs riryOuHa norpyskeHust / (/>3 M) HUKHEro KOHIa CBail, OTCUMThIBaeMast
OT ypOBHSl NOJOLIBBI pocTBepka. ['yOuHa morpyxeHus 3a0MBHBIX CBail JOJKHA NPUHUMATHCS C
yuetoM TpeOoBanuit [1], 8.15 mumm [2], 7.10, a rmyOuHa morpyxeHus OypoBBIX CBail — ¢ y4eToM
TpeboBanuit [1], 7.2.7 wmm [2], 4.7. Ilpu pacyere mpexamonaraeTcsi, 4To TOJIIWHA CJOS TPYHTA,
MPUHITOTO 32 OCHOBAaHWE MOJI HI)KHHE KOHIbl CBal, SIBJISETCS JTOCTATOYHOM NJsi NPUMEHHUMOCTH
¢dbopMyJ1, IO KOTOPBIM OIPEENIAETCs] CONPOTUBIICHUE IPyHTa MO HIKHUMHU KOHIIaMU cBail. [ myOuna
NOTPY>KEHUs1 [ HIKHEro KOHIa CBal-CTOEK, KoTopasi TpeOyeTcs IpuW pacyerax CcBall Ha
BBIICPIMBAIOIIMNE M TOPU3OHTAJBHBIE CHIIBI, ONpPEAENsAeTCS KaKk cyMMa TOJIIIMH 3aJaHHBIX CJIOEB
IpyHTA.

[Ipn HamuuuM MpOCagOYHOro IPyHTA MPEAINONATaeTCs], YTO CBAaU MPOPE3a0T BCE CIOU MPOCATOYHOTO
IpyHTa U 3ariayOJisilOTCS B HEMPOCAJ0UHBIA I'PYHT, JUIsl KOTOPOTO BBINONIHAIOTCS TpeboBanus [1], 9.3
w [2], 8.4.

Bo3MmoxxHO 3amanue n psAnoB cBail B nMpoaoiabrHOM HampasieHuu (n =1,2,3). [Ipu n >1 cBau moryr
pa3MenaTbCsl PSIIOBBIM WM IIAXMAaTHBIM MOpAAKoM (puc.l) (BUA pa3MelleHUsl CBail yUUTHIBAETCS
TOJIBKO TIPM pacyeTe pPOCTBEPKAa KaK MHOTOIpOJIeTHON Oanku). PacmomokeHwe cBail B psay
XapaktepusyeTcs marom cBail s . [Ipu n >1 mnonoxeHue psaoB ONpPENeNIeTcs MO0 PACCTOSHUIO a OT
IpaHd POCTBEpKa J0 Ocei KpaiiHux cBail. B mporpamme mnpoBepsiercss TpeOoBaHME HOPM IO
MUHUMAaJIbHO JOIYCTUMOMY PacCTOSIHUIO MEX/1y OCSIMHU CBai.

a

[] B 0 O
[] H - E []
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Puc.1. Pasmemenue cBaii

IIpu pacyere ¢QyHgamMeHTa ¢ OJHUM pSAOM CBail TPEANONaraeTcs, 4TO COMPSIKEHHE CBail ¢
POCTBEPKOM  SIBJISIETCS  KECTKUM. [IpM 93TOM YyUYMTHIBAE€TCS HArpy>XeHUE CBall MOMEHTOM,
JEUCTBYIOLIMM B MONEPEYHOM HANPABJICHUH OTHOCUTENBLHO OCU pocTBepka. [Ipu n >1 BO3MOXKHO Kak
KECTKOE, TaK M ILIAPHUPHOE CONpsDKeHUEe. Bull conmpspkeHMs yUWUTHIBaeTCS MpPU pacyeTe CBall Ha
JNEUCTBUE TOPU3OHTANBHBIX CHI. [lpu IIapHUPHOM CONPSHKEHUM HEHYJEBBIMU SIBIISIOTCS Kak
TOPU30HTAJILHOE IMEpPEeMEIEHUEe u, TaK W Yroj IOBOpPOTa ¥ TOJOBBI CBau, a IPHU KECTKOM
COTIPSIKEHUH OTJIMYHO OT HYJIS TOJILKO TOPU30HTAJIbHOE NEPEMEIIEHUE 1 TOJIOBBI CBAU.

Hapsiny c ompeneneHuem Hecymied CmOCOOHOCTH CBail TPH JEUCTBHU BEPTUKAIBHBIX HArpy30K
pacuerom cornacHo [1], moapasn.7.2 wiu [2], pa3a.4, npeaycMOTpeHO 3aaHue Hecylei CiocOOHOCTH
F, npm cxumaroomeil Harpy3ke M Hecylled crnocoOHocTu F), TpH BbLIEPrUBAIOIIEH Harpyske,
KOTOpBIE OMpPEACNICHBI MO pe3yJibTaTaM TOJIEBBIX HCCIeAoBaHUM coryacHo [1], moapasn.7.3 wm [2],
pa3n.S. st cBail, OMUparONIMXCsl HMKHUM KOHIIOM Ha TJIMHUCTBIM TPYHT C MOKAa3aTeJIeM TEKy4YeCTH
1, > 0.6, Hecyllyl0 CHOCOOHOCTb CIEIYeT ONpENeNATh MO PEe3yJbTaTaM CTATUYECKUX HCHBITAHUIL

cBaii. B TPYHTOBBIX YCJIOBHUAX II Tuma mo MpoCcagovYHOCTHU 3HAYCHUC F q OHPEACLIICTCS 110 pE3yJibTaTaM

CTAaTMYECKUX WCIBITAHUNA CBail C JIOKAJIbHBIM 3aMauyMBaHUEM KaK pa3HOCTh MEXAy Hecylen
CIOCOOHOCTBIO CBaM UTMHOW / Ha BIABJIMBAIOIIYIO HATPY3Ky M HECYIICH CITIOCOOHOCTHIO CBAM JITTHHOMN
h, Ha BBIIEPIHBAIONIYIO HAarpy3Ky (/, — riayOuHa, Ha KOTOPOH Ipocajka IpyHTa OT COOCTBEHHOTO

BECa paBHa 5 cM).
I'myObuna 3anoxkeHus ¢QyHmamMeHTa o, OTCUMTBHIBACTCS OT YPOBHSA IPUPOAHOrO penbeda U

YUUTBIBACTCA IIpHU ONPCACICHUNU PACYCTHOTO COINPOTUBJICHHUA R 104 HWXHHUM KOHIOM CBau U
pacueTHOro CONpOTHBIIEHUS f Ha OOKOBOM NoBepXxHOCTU cBau. Kpome Toro, d, yduThIBaeTcs Ipu

OMPCACIICHUU HAIIPAKCHUA O-zg OT COOCTBCHHOI'O Beca rpyHTa.

2. I'pynr

I'pyHT, pacnoysio’)keHHBI TIOA MOAOIIBOM POCTBEPKA, MOXKET COCTOATh U3  HECKOJbKHX
TOPU30HTANIBHBIX CJIOEB C PAa3IMYHBIMU (PU3MKO-MEXaHUYECKHUMH XapakTepuctukamu (puc.2). Crou
HYMEpPYIOTCSl B HaIlpaBJIECHUH OT IOJIOLIBBI POCTBEPKa BIIIyOb ocHOBaHUsA. Bo3moxHO 3amanue 10 20
cnoeB. [Ipeanosaraercs, 4TO MOCAEIHUN 3aJaHHBIA CJIOW MOACTUIAETCS CKaJlbHBIM TrpyHTOM. [Ipmn
OTCYTCTBHMH CKaJIbHOI'O TPyHTa CyMMAapHas TOJILIHWHA CJI0€B JOKHA MPEBBIIIATH CKUMAEMYIO TOJIIILY .

JUIs KaX/10ro ciiosl TpyHTa 3aJaeTcs yAEIbHbIN BeC ¥, TBEPIbIX YAaCTHIl U yAEIbHBIM BeC y TIpyHTa

NPUPOJHOM BIAXHOCTU. [l mecuaHoro rpyHTa 3amaerca Koddduuument mnopucroctu e. s
[JIMHUCTOTO TpyHTa 3ajgatorcs (B %) mnpupogHas BIAXHOCTh W, BIaXKHOCT Ha TpaHUIE
packaTeiBaHus ¥/, W BIaXXHOCTb HAa TPaHULC TeKydecTd W .
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Puc.2. Ilpumep 3amanus rpyHTa

KoadduumenT nopuctoctu rpyHTa onpenensercs mno Gpopmye:

w
e=Ts 1+ 21
4 100
VY nenbHbIN Bec TPYHTa B BOJAOHACHIIIIEHHOM COCTOSIHUH OnpeiensieTcs mo Gopmyie:
7/5 + ej/w
ysat =
l+e

YIIGJILHI)II;'I BEC I'PyYHTa B BOAOHOCHOM CJIOC C YYCTOM B3BCHIMBAIOIICTO HeﬁCTBHH BOJABI OITPCACIIACTCA
o ¢opmye:

_ Vs T Tw
Vsb l+e

CTeHeHL BOOJOHACHIIIICHUA Fp}IHTa OI'[pCIIeJISIeTCSI I10 (1)0pMYJ'Iei
Wy,
" 100e y,,
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BnaxHOCTB TpyHTa NPH MOJHOM BOJOHACKHIIEHUH paBHa (ipu S, =1):

_ Vi
W, =100e—-
Vs
Uwncno mIacTHYHOCTH TIIMHUCTOTO TPYHTa BBOJUTCS (POPMYIION:
L,=w, -W,
[Tokasaresh TEKy4eCTH NIMHUCTOTO TPYHTA BhIpakaeTcs 1o popmysie:
W-w
I _ P
wo—w
L p

[Ipu yuere mpocagouyHOTO TPYHTA MPUMEHSETCS MMOKa3aTelh TEKy4eCTU MPU BOJOHACKHIIICHUU TPYHTA,
onpenensieMbrit cornacHo [1], (9.1) wm [2], (31) mo dopmymam:

_09ey, /y,—w,

Lsat —

w,—w,
w, =W, /100
w, =W, /100

[lokazaTtens Tekydectu [, , TpPUMEHAETCS TaKKE NpU ydyeTe mpumedanus 8§ k tabm.7.1 [1] mnsa

Lsat

[JIMHUCTBIX TPYHTOB, MMEIOIIUX CTEIIEHb BJIAYKHOCTH B IIPUPOAHOM cocTostHuH S, < 0.8.
B npuBeieHHBIX (hopMyIiax ¥, - yAeIbHbIN Bec Boabl (7, =10 kH/M?).

JUis KaXJIoro cios TpyHTa 3aJaloTCsl YAENbHOE CIEIUIEHWE ¢ U Yroj BHYTPEHHEro TPEeHUS ¢ .
3HaueHUs] ¢ U @ JJs TPyHTA, 3aJETAIOIIET0 HUXKE YPOBHS MOJ3EMHBIX BOJ, HO BBILIE BOAOYIOpPA,
JOJKHBI 3371aBaThCs 1711 BOJIOHACHIIIIEHHOTO COCTOSTHHUSI.

Jlnst cimoeB rpyHTa, pacIoyIOKEHHBIX HIDKE YPOBHS MOJOMIBEI ycioBHOTO (hyHmamenTa ([1],7.4.2 win
[2],6.1) Tpebyetcs 3amath Moayab aedopmauuu E. 3HaueHue E AN TpyHTA, 3aJI€TalOIIEro HUXKe
YPOBHSI TOJ3EMHBIX BOJ, HO BBIIIE BOAOYNOpa, IODKHO 33JaBaThCs Ui BOJOHACHIIIEHHOTO
cocTtosgHus. Moayns JegopMmalnuu IpyHTa INPUMEHSAETCS IIPU OINpPEJeJIEHUH OCaJKh U KpeHa
¢dbyHIameHra.

[Ipu HamMuUMU MPOCAZOUHOrO TPYHTA YUUTHIBAIOTCS OCOOEHHOCTH pacyera cBaiiHOro (yHJaMeHTa B
IpOCaZoyHOM IpyHTe coriacHo [l], pazgen 9 wnm [2], pasnen 8. Ilpum BBOJE AAaHHBIX CHauana
3a7al0TCSI OAMH WM HECKOJBKO CIIOEB TPOCAJOYHOTO TpyHTa, a 3aTeM 3aJaloTcsi CIIOU
HEMpocaJ0oYHOro rpyHra. Pacuer cBaifHoro ¢gyHnameHTa mpoM3BOJUTCA NPU YCIOBHUM 3aMadyMBaHUS
IPOCAJIOYHOIO TPYHTa CBEPXY JIO0 MOJHOIO BOJOHACHIIIEHUsA. PacueTHoe comporTuBieHue f Ha

OOKOBOM TOBEPXHOCTH CBaW TIPU pacyeTe CBaW Ha BEPTHKAIBHYIO HArpy3ky W KodhdHIHeHT
MPOMOPIMOHATLHOCTY K B BBIpOXKECHMH 11 KOd(PQHUIIMEHTa TIMOCTeNd TMpPH pacdeTe CBaW Ha
TOPU30HTAJIBHYIO HArpy3Ky ONPENENAIOTCS [PU [OKa3aTesle TEKY4YECTH I'PYHTA B BOJOHACBIIICHHOM

coctosHuu [, . YIelbHOE CLUEIUIEHUE ¢ W yroJl BHYTPEHHETo TPEHUsl @ AJs NPOCaJ04YHOro IpyHTa

JOJDKHEI 3a1aBaThCS U1 BOJOHACKIIIIEHHOI0 COCTOSHUSL.

Tun rpyHTOBBIX YCIIOBHM IO MPOCAJOYHOCTH ONPENCIIACTCA B 3aBUCUMOCTH OT BEJIMYUHBI ITPOCATKU
0T COOCTBEHHOrO Beca IpyHTa. B rpyHTOBBIX ycinoBusix I Tuma mpocagka OT cOOCTBEHHOTO Beca
IPYHTa OTCYTCTBYET WM HE ImpeBblaeT 5 cM. B rpyHroBbix ycnmoBusx Il Tuma mpocanka ot
COOCTBEHHOI'0 Beca IpyHTa npeBbimaer 5 cM. [Ipu onpeneneHun TMna rpyHTOBBIX YCIOBUH pacueToM
UCIOJIB3YIOTCA 3aBUCHUMOCTH OTHOCHUTENBHOM NPOCAJZOYHOCTH &, OT JABICHUA p JUId 3aJaHHBIX

CJIOEB TIPOCAJTOYHOrO TpyHTa (puC.3), TMOJYUYCHHBIC TNPHU MCIBITAHUSIX IPOCATOYHBIX TPYHTOB B
KOMIIpeCCUOHHOM mpubope coriacHo [8]. Ha ocHoOBe rpadmkoB OTHOCHUTENHHON MPOCATOUYHOCTH
BBIUUCIIICTCS TIPOCajIKa TPYHTa Ha YPOBHE MOJIOMIBBI pOocTBepKa. Ecim mpocajika He MpeBBIIaeT 5 cMm,
TO TPYHTOBBIC YCIIOBUSI OTHOCSTCS K | TUIy M pacyeT cBau MPOBOJUTCS AHATOTUYHO PACUETY JIs
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HENpOCaJOYHOI0 I'PyHTa, HO ¢ MPUMEHEHHEM (PU3MKO-MEXaHMUYECKUX XapaKTEPUCTHK IPOCATIOYHOIO
IPYHTa B BOJOHACBHIIICHHOM COCTOSHMU. B rpyHTOBBIX ycnoBusx Il Tuma yduTeiBaeTcsa NEUCTBUE Ha
CBAal0 HETaTHBHBIX CHJI TPEHHUsS, BOZHUKAIOIIUX IPU MPOCATKE OKOJIOCBAHOrO rpyHTa. Cuilbl TpeHUs
YUUTBIBAIOTCS 10 INIyOUHBI A, HA KOTOPOH Ipocajka rpyHTa paBHa 5 cM. CymMmapHas HeraTHBHAs

CWJla TpeHUs rpyHTa P, yuuTbiBaeTcst ¢ Ko GUIMEeHTOM ycioBuid padotsl y, < 0.8 npu mposepke

IIPOYHOCTH TPYHTA OCHOBAHMS CBAil U YUUTHIBAECTCS C MOJIHBIM 3HAYECHUEM IPU NPOBEPKE MPOYHOCTH
MmaTepuaia cBail pu BepTHKaIbHOW Harpyske. ConpoTuBieHne f IpyHTa Ha OOKOBOW IMOBEPXHOCTHU

BUCSIYEH CBaM yUUTBIBAETCS OT INIyOUHBI /1, 110 TITyOUHBI IOTPYKEHHUs HIXKHETro KOHLA cBau [ .

NMpadHr 3aBHMOMMOSOSTH 2,4 = £ (p)
Jd2 J_’,,_.-f”"
o~
.08 e
.06 e
.03 _,—:-'—'_FH-F-'JF-
s —— p [rla)
0 S0 100 150 200 280 300

Puc.3. HpHMep 3aBUCHUMOCTH OTHOCUTEIIHBHOU MMpOCaJOYHOCTH OT JaBJICHUSA

CymMapHas HeraTuBHasi CHUJIa TPEHUS P, MOKET ONpEeAeIATbCA PACYETOM WM NIPUHUMATBHCS PaBHOM
HauOOoNbUIEMY MPEJECIbHOMY CONPOTUBICHUIO CBau [UIMHOM A, TOJyYEHHOMY IPH HCIBITAHUIX
BelICpruBatomieii Harpyskoit cormacio I'OCT 5686-78*. Ilpu omnpenenenun P, pacueTom
npumenstoTest popmyisl [1],9.10 nm [2],8.11:

hsl
P = ”Z (5
0

T, =GO, IgQ, + ¢, IpH Z <OM

31ech u - NEpUMETpP CEYeHHs CBaW, ¢,,C; - 3HAUYEHUs yIja BHYTPEHHErO TPEHHS U YAEIbHOTO
CIIETUIEHHs], OCPEHEHHBIE 10 Tiy6une A, . [Tpu Z=0M 7, IpUHAMAETCS MOCTOSHHBIM M PaBHBIM T,

Ha rIyOuHe 6M.

3. Harpy3sku

Pacnpenenennas Harpys3ka Ha (DyHIAMEHT XapaKTepU3yeTCs NONOHHBIMU 3HAUYEHUSIMH BEPTHKAJIbHON
cuinbl N, TOpU30OHTIBHOU cwibl [ 1 mMoMmeHta M . Ilpeamnonaraercs, 4To BEpTUKaJIbHAS Harpyska
N TpuIIo’KEeHa IO OCH JIEHTBL. ['opu3oHTanbHas cuiia [/ HanpasicHa NEPICHANKYIISPHO K OCH JICHTHI.
Mowment M onpenensercs OTHOCUTEIBHO OCH JICHTBI. BepTuKanbpHas Cuila IOJIOXKHUTEIbHA, €CIU OHA
neicTByeT cBepXy BHU3. [lonoxkurenbHoe HanpaBieHUe MOMEHTa (puc.4) COBNAJAET ¢ HAIIPABICHUEM
MOMEHTA FOPU30HTAILHONU CUJIBI OTHOCUTEIBLHO OCH B INIOCKOCTHU IOJOIIBHI POCTBEPKA.

L.

bl

Puc.4. TlonoxxutensHOE HaNpaBlieHHE MOMEHTA
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Kimaccupukanmmss w  KOMOWMHHMpOBAHHME HArpy3oK NpwHHMaioTcs coriacHo [3].  Harpysku
noApasAC/IAOTCA Ha IOCTOSAHHBIC, MIIWTCIBHBIC, KPATKOBPCMCHHBIC U OCO6LIC. KOM6I/IHI/Ip0BaHI/IC
HArpy30K IMPEJICTaBISAET COOON TeHEePAIMI0 MHOKECTBA BO3MOYKHBIX KOMOWHAIIMNA HArpy30K ¢ Y4ETOM
KOO (HUIMEHTOB HANEKHOCTH 110 HArpy3Ke ), W KOIDQHUIMEHTOB, CBA3AHHBIX C OJHOBPEMEHHBIM

y4eToM JIByX M OoJiee BpeMEHHbIX Harpy3ok. [Ipu Hammuuu ocoOBIX HArpy30K HapsiAy ¢ OCHOBHBIMH
KOMOMHAIMSIMU T€HEPUPYIOTCSI TAK)KE 0COObIe KOMOMHAIINY.

Bo3MoOkeH BBOJ HECOUETAEMbIX HArpy3oK. Takue Harpy3Ku BKIJIIOYAKOTCS B I'PYIILY HECOYETAEMBIX
Harpy3ok. B xkomMOuHanuio MOXET BOWTH TOJNBKO OJHA Harpy3ka M3 Kaxiaou rpymnmnsl. Hymepauus
IpyII HAa4MHAETCSA C €IUHULBL. ['pynmbel MOTYyT NPUMEHATBHCS, B YAaCTHOCTH, IIPU Y4YETE BETPOBBIX
Harpy3o0K (Ipu pacCMOTPEHUU IEUCTBUS BETPA 110 Pa3IMYHbIM HAlPaBICHUAIM).

Bo3MoxeH BBOJ 3HAKOIIEPEMEHHBIX Harpys3ok. B aTom ciyuyae B pacdere yunThIBaeTCs KaK 3aJaHHAS
Harpy3ka, Tak ¥ Harpy3ka IpOTHBOIIOJIOKHOIO 3HaKa.

[TpoBepku 1o mepBoii rpymnme npeAeabHbIX COCTOSHUN MPOBOAATCS A paCYETHBIX (¥ > 1) OCHOBHBIX
U 0COOBIX KOMOWHAIIMN HArpy30K, a MPOBEPKH IO BTOPOW Tpymime — IJis HOPMATHUBHBIX (¥ ;= 1)
OCHOBHBIX KOMOMHAIHIA.

[IpenycMoTpeH yuyeT cOOCTBEHHOTO Beca poCcTBEpKa B KOMOMHAIMU HArpy3ok. [Ipu 3ToM B pacueTHbIX
KOMOMHAIMSIX COOCTBEHHBIN BEC POCTBEPKA MPUHUMAETCS C 3aJJaHHBIM KOA()PHUITMEHTOM HAJICKHOCTH.
CoOcTBeHHBIH Bec cBau yUUTBIBAETCS TOJIBKO IPU MPOBEPKE MPOYHOCTU IPyHTA OCHOBaHMA cBaidl. [Ipu
NeMCTBUU CXKUMAIOIEH Harpy3Kd Ha CBal0 IMPHUMEHSETCS 3aJaHHbIH KOA((UIMEHT Ha/leKHOCTU
7, >1, anpu NeHCTBUM BBIICPIUBAOIICH HATPY3KH MPUHUMACTCs y, = 1.

4. Pacuer cBail 1 X OCHOBAHUM

[Ipm pacuere cBail U MX OCHOBAHMM II0 MPEACIBHBIM COCTOSHHSM II€PBOM TI'PYMIBI MPOBOASATCS
CIIEyIOIIME IPOBEPKH: IPOBEPKA IPOYHOCTH TIPYHTAa OCHOBAaHUS CBall IIpU JAECUCTBUM Ha CBau
BEPTUKAJIBHBIX CHJI (CKUMAIOIIUX U BBIIEPTUBAIOIINX ), TIPOBEPKA JOMYCTUMOCTH AABICHHUS HA TPYHT
OOKOBBIMH IIOBEPXHOCTSIMU CBail MpH AEUCTBUU HA CBaW TOPU30HTAIBHBIX CUJI I MOMEHTOB, ITPOBEPKA
IIPOYHOCTH MaTepuajla CBail NpH IEHCTBUU HA CBAal BEPTUKAJIBHBIX CHJI, TOPU3OHTAIbHBIX CUI U
MOMEHTOB. [Ipu pacyere 1o IpenesbHBIM COCTOSHUSM BTOPOM IPYIIIBI IIPOBOIATCS CIEAYIOLIUE
IIPOBEPKU: MPOBEPKA AOIYCTUMOCTH TOPU30HTAIBHOIO MEPEMEILECHHS U YIJIa IIOBOPOTA I'OJIOBBI CBau
P ACUCTBMM TOPHU3OHTAIBHBIX CHWJI M MOMEHTOB, IIPOBEpPKAa TPEIIMHOCTOWKOCTH IIPH ACHCTBUH
BEPTUKAJIBHBIX CUJI, TOPU30HTAIIBHBIX CHII U MOMEHTOB.

YcnoBus IMPOBEPOK IMPEACTABIIAOTCA B BUJIC:
ViV, <1

3necy V' - paccunTaHHOE 3HaYCHUE CHIIOBOTO WIIH Je(OpMannoHHOrO (hakTopa, V, - ero mpenenbHoe

u

3HaueHue. OtHomeHue V /V, paccmarpuBaeTcs Kak KpPUTEpUH INPHU TOMCKE HanOosiee OMacHBIX
KOMOWHAIIMIA Harpy30K.

[Ipu omnpeneneHny BepTUKAIBHBIX HATPY30K HA CBAM YYMTHIBAIOTCS MOMEHTBI TOPU30HTAIBHBIX CHII
OTHOCHUTEJILHO OCH, JIeXalllel B IJIOCKOCTU MOAOUIBBI pocTBepka. [Ipennonaraercsi, 4To pocTBEpK
SIBJISIETCS A0COJIIOTHO KECTKUM B TONEPEUYHOM HampaBjieHHH. B cioyuyae ¢pyHIaMeHTa ¢ HECKOIbKUMU
pAllaMHd CBail MpEANojaraercsi, YTo pa3Mepbl MOMNEPEYHOr0 CEYEHUs CBail Majbl MO CPaBHEHHUIO C
HIMPUHOM TONEPEeYHOro CEYEHHs PpOCTBEPKA. YKa3aHHbIE TMPEANONIOKEHHUSI COINIACYIOTCS ¢
nonyuenusami [1], 7.1.12 wnn [2], 3.11.

['opuzoHTanbHBIE HATPY3KH HA CBaK OMPEEISIOTCS B MPEIIOJIOKEHUN PABHOMEPHOTO paclpeeieHUs
MEXIy BCEMH CBasMU TOPU3OHTAIBHBIX HArpy30K, ACUCTBYIOMMX Ha ¢yHIaMmeHT. HampspkeHHo-
ne(OpMUPOBAHHOE COCTOSIHME CBall U UX OCHOBAaHUN OIpPEAENSeTCS MyTEeM YHUCIEHHOTO pEIICHUS
3a/la4il CTaTUKHU IS CTEPKHS B YIPYrod cpefe C KyCOUHO-TMHEHHBIM KOd()(PHUIIMEHTOM MOCTENH.
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Kpaesbie ycnoBHs B BEpXHEM CEUEHUH CTEPXKHS COOTBETCTBYIOT 3aJJaHHOMY BHJy COIPSDKCHHUS CBAH C
poctBepkoM. [Ipu paccMOTpeHHH BUCSYUX CBail HUXKHUH Kpall CTEPKHS MPUHUMAETCS CBOOOJHBIM, a
DM PAaCCMOTPEHMM CBal-CTOEK HIDKHUM Kpal IPUHAMACTCS 3aKPEIUICHHbIM OTHOCHUTEIIBHO
TOPU30HTAIIBHOTO IIEPEMELICHMs. Y CJIOBHS HA HMJKHEM KpPar0 MOT'YT UMETh 3HaYEHHUE TOJIBKO B CIIydae
KOPOTKHUX CBaM.

Koaddumment 77,, npuMeHsieMblii B YCIOBHH TPOBEPKH JOIYCTHMOCTH JIaBJICHHS HA TPYHT OOKOBBIMHU
MTOBEPXHOCTAMHM CBall Bbraucisercs mo hopmynam [ 1], mpwr. [, (.17) wmm [2], mpuin.1, (35)

M +M,

CAM_+ M,

2

3nece M, u M, - MOMEHTBI OT IIOCTOSTHHBIX U BPEMEHHBIX HAarpy30K, BXOJAIINX B PACCMATPUBAEMYIO

koMmOuHanmio. Harpy3ku yuuteiBaoTCsS ¢ Kod(huIMeHTaMH HAASKHOCTH H  KoddduimeHTamu
coueranuii cornacHo [3], 1.12. MoMeHTbI onpeenstoTcsi OTHOCUTENBHO OCH, JIEKAIEH B MJIOCKOCTH
HW)KHUX KOHIIOB CcBail. B ciyuae, korma Momentel M, m M, MMEIOT pasHbIE 3HAKM NPUHUMAETCS

n=1/n.

[IpoBepka mpoyHOCTH MaTepuaiga cBail mpoBoauTcs cornacHo [4] wmm [5]. B mporpamme
MPEeIyCMOTPEH MOAOOp MPOJIOJIBHONM apMaTypsl B CBasX IO TpeOyeMOH IUIOIAAM apMaTyphl,
OIpeeIieMOIl pacueToM I0 MPOYHOCTU AJI BCeX KOMOMHaIMi Harpy3ok. PaccrosiHue oT KOHTypa
CCUYCHHs CBAaM JI0 LICHTPOB apMaTypHBIX CTEP)KHEH IIE€PBOHAYAJIBHO OIPEAECIAETCS IO 3aJaHHOMY
MaKCUMAaJIbHOMY JHMaMETpPy CTEp)KHEH M TONIIMHE 3aluTHOTrO ciiosi OeroHa. Ilocie BwruMcIeHHs
TpeOyeMoii IIona M apMaTypsl U MOI00pa CTEPIKHEH YTOUHSETCS PACCTOSHHE JI0 IIEHTPOB CTEPKHEH
U pacyer noBTopsieTcs. B ciydae cBail KBaJpaTHOro ce4eHus MepBOHAYAIBLHO 000 NPOBOIUTCS IS
CXEMBbl apMHPOBAHHUS C YETHIPbMS CTEPXKHIMM, PACIIOJIIOKEHHBIMU BOJIM3M yIJoB cedyeHus. Ecmu
YeThIpEX CTEep’KHEH MaKCHUMaJIbHOTO AMaMeTpa HEAOCTAaTOYHO, TO MPOBOAUTCS MOAOO0P IJi CXEMBI
apMUPOBaHMSI C IOTIOJIHUTEIbHBIMU CTEPXKHAMH, PACIOJI0KEHHBIMU BOJIM3H CEPEIUH CTOPOH CEYEHHUS.
B citydae kpyriibIx cBaid 4KMCIIO CTEP)KHEH MpH MoI00pe apMaTypbl IPUHUMAETCS HE MeHee 6.

[IpenycmoTpeHO omnpeneieHne AMTUHBI AHKEPOBKH CTEPKHEH B cIydae, €ClId B TOJIOBE CBau TpeOyeTcs
npojoikHas apMatypa. [Ipu aTom Tpebyemasi miIomaas apMaTyphl PacCUUTHIBACTCS HE TOJBKO MPH
noxbope apMatypbl, HO U MpH 33JaHuu apMaTypbl. OHAKO B MOCJIEIHEM cilyyae, IJIMHA aHKEPOBKH
BBIBOJIUTCS, €clii TpeOyemas IJIolaJb apMaTypbl HE MPEBBINIAET IUIOMIAIW 3aJaHHOW apMaTyphl.
JliiHA aHKEPOBKH B OOIIIEM CITydae BBIBOAUTCS JUIS PACTSIHYTBIX M JIUISI COKATBIX CTCPIKHEH.

Pacuer mo o0pa3oBaHHUIO W PACKPBITUIO TPEIIUH, HOPMAIBHBIX K MPOJOILHOW OCH CBaH, MIPOBOIAUTCS
cornacHo [4], 7.2.11, 7.2.12 unm [5], 4.5, 4.14. B ciayuae cBaii KBaJpaTHOTO CEUYCHHSI C TTOJIOCTHIO MITH
CBail KPyIJIOTO CEYCHHs pacueT Mo [5] He MPOBOAUTCS, TaK KakK Uil 3TUX CEYCHHH OTCYTCTBYIOT
HOPMATUBHBIC YKa3aHUs 10 pacueTy. Pacder mo TpemmHOCTOWKOCTH TaKKe HE MPOBOIUTCS, €CITH HE
BBITIOJTHSIOTCS IPOBEPKHU MPOYHOCTH MaTepHalia CBau.

5. Pacuer pocTrBepka

PoctBepk paccmarpuBaeTcsi Kak MHOTONPOJIETHAs Oajika ¢ OIMOpaMu KOHEYHOH mupuHBL. B ciydae
(dyHIaMEeHTa ¢ OJHUM pPSJOM CBall WJIM C HECKOJIBKUMHU pAJaMHM U PAJOBOM IOPSAIKE pa3MEIICHUs
paccTosiHUE MEXJy LEHTpPaMM ONOp NPUHUMAETCs paBHBIM Iiary cBail B psny. [lpu maxmarHom
MOPSIAKE PA3MELIEHUS 3TO PACCTOSTHUE IPUHUMAETCSI PaBHBIM IIOJIOBUHE 11ara cBai.

Pacuerbl mo MpOYHOCTH M MO TPEIMIMHOCTOMKOCTH POCTBEpKA MPOBOASTCS corjacHo [4] unu [5]. B
nporpaMMe MpeayCMOTPEH MOA00p BEpXHEH M HIKHEH MPOJOJBHOM apMaTyphl B POCTBEPKE IO
TpeOyeMbIM IUIOLIAIAM apMaTypbl A B U A H, ONpelensieMbIM PacdyeToM II0 MPOYHOCTH Ul BCEX
KOMOMHAIMIA Harpy3oK. PaccTosHusS aB W aH OT KOHTypa TOIEPEYHOTO CEUSHHUS POCTBEpKA [0

LIEHTPOB CTEP>KHEM BEPXHEHM M HIKHEW apMarypsl IEPBOHAYAIBHO OIPEIEIAIOTCS IO 3aJaHHBIM
MaKCUMaJIbHBIM JIMAMETpaM CTEpP)KHEW M TONIIMHAM 3alluTHOro ciosi 6eroHa. Ilocne BbuncieHus
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TpeOyeMBbIX IUIOIIAZeH apMaTypbl M IOJ0Opa CTEp)KHEH YTOYHSIOTCS PACCTOSIHUSA 10 LEHTPOB
CTEp’KHEM BEpXHEW U HWXKHEM apMarypsl, U pacuer mosropsercd. IIpoBepka mpoYyHOCTH pOCTBEPKA
IIPOBOJIUTCS I10 YCIIOBUSIM:

M, /M, <1
M, /M, <1

pu+ —
3nece M o>

NpeeIbHbIE MOMEHTHI IPH PACTSIHYTOW HUKHEW U BEPXHEH apMaType.

M ,, - wsrubaroiye MOMCHTHI Ha Kpar OIOpBI U B cepeauHe mponera, M, M, -

pu+?2

6. Pacyer ocaaku U KpeHa pyHAaMeHTa

Pacuet ocaaku mpoBoautcs Mg PpyHIaMeHTa ¢ BUCAYMME cBasiMu. B cootBetcTBum ¢ [1], 7.4.2 wnu
[2], 6.1 ocanka onpenensieTcst Kak sl yCJIOBHOTO (yHIaMEHTa Ha €CTECTBEHHOM OCHOBAaHUH COTJIACHO
[6]. Ocangka BbIUMCISETCS METOAOM IOCIOMHOrO cymmupoBanus ([6], mpwi.2, n.l). Ilpu 3tom
MIPOBEPSIETCSl YCJIOBHE, YTO CpEIHEEe JAaBJIEHHWE O] TMOJOLIBOM (QyHIaMEHTa p HE IMPEBBILIACT
pPacYeTHOTO COMPOTUBJICHHSI TPYHTa OCHOBaHUS R , KoTopoe onpenensiercs mo Gopmyie (7) [6].

CornacHo [7] HWXHAA TpaHUIA CXKUMAEMOHl TONIIM TNPUHUMAETCs Ha TIIIyOWHEe, Ha KOTOPOM
JIOTIOTHATENBHOC HanpshkeHne o, paBHo 10 klTa.

[Ipu HanMuUKM MPOCaTOYHOTO TPYHTA MIMPHHA YCIOBHOTO (DyHAMEHTA U €r0 MOrOHHBIH COOCTBEHHBIN
BEC OMNpeAeNAoTcs ¢ ydetoM ykazanui [1],9.14 wmm [2],8.15. B rpynToBbIX ycnoBusx Il Tuma mo
MPOCaOYHOCTH K COOCTBEHHOMY BECY YCIOBHOrO (yHAaMeHTa NpuOaBisieTcss HEraThBHAs CUia
TpPEHUs1, BOZHUKAIOIAs [IPU IPOCAJKE TPYHTA.

Kpen ycnoBHoro ¢ynnamenta onpeaensercsa no gopmyine (10) ([6], mpun.2). Ilpu 3ToM cpennue B
mpenenax CKHMaeMOH TOJIM 3HadeHus Monyns aepopmammm u  kodddummenra Ilyaccona
onpenenstorcs mo popmynam (11) u (12) [6], mpuin.2.
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[Iporpamma npeaHa3HaueHa Ui MPOSKTHUPOBAHUS JICHTOYHOTO ()yHJAaMEHTa MOJI KOJOHHBI COTJIACHO
cienyroumm Hopmam: CHull 2.03.01-84* [1], CIT 52-101-2003 [2], CHb 5.03.01-02 [3]. Ocanxa
¢dynmamenta omnpenensiercss cornacHo CHull 2.02.01-83* [4]. PeakTuBHOE MJaBJICHWE TpYyHTA
PacCUUTHIBAETCSI C YUETOM COBMECTHOTO JeopMHUpoBaHUs (pyHIaMEHTa U OCHOBAHUA. Y UHUTHIBAETCS
BO3MOXXHOCTh OTpbIBa dYacTeil (QyHaameHTa oT ocHoBaHus. Ompenensercs Tpebyemas IIIOMAAb
apMaTypbl Y TPOU3BOJUTCS KOHCTPYMpPOBAaHHME apMmarypel B cedeHuu. I[lo pesynpratam
KOHCTPYUPOBAHUSI OCYIIECTBISETCS rpa@UuecKuil BBIBOJI CEUEHUN C MOJOOPAHHBIMH apMaTypHBIMU
crepxkusaMu. [IpoBoauTes pacyeT GyHIaMEHTa MO TPEHIMHOCTOWKOCTH. [IpemycMoTpeH HelnnHeHHBIH
pacder ocaaku (PyHIAMEHTa C YIETOM HEYIPYTUX CBOMCTB jKeIe300eTOHA W HATMYHS TPEIITHIH.

1. PacuerHas cxema

PacuetHast cxema QyHIameHTa MpeacTaBiIsieT COOOW MOCIEAOBATEIbHOCTh OaJOYHBIX DIIEMEHTOB
(dacreit) mpsSIMOYTOJILHOTO HJIM TABPOBOT'O CEYCHHUS C MOJKOM 1m0 HU3Y (puc.l). Bo3MokeH BBOJ MOJIKH
NepeMEeHHOU ToMmuHbL. Ha pa3nudHbIX 4acTsax (GpyHIaAMEHTa MOTYT 3aaBaThCsl PA3IMYHBIC CCUCHMSI.
Pazbuenue ¢pyHnaMeHnTa Ha 4acTH HEOOXOAUMO, €CITU ceueHue (yHIaMeHTa CTYNeHYATO U3MEHSETCS
no jumHe ¢yHnamenta. [Ipu mocTosHHOM ceueHUHM pa30OueHue (pyHIaMEHTa Ha YacTH IO3BOJISICT
MIPOBECTH HE3aBHCHUMBII TIOJJO0P apMaTyphl Ha OTICIIBHBIX YacTsaX GpyHaamenTa. Yactu HyMepyroTcs B
HaNpaBJIEHUU OT JIEBOro Kpas pyHIamMeHTa K mpaBomy Kparo. Bo3moxxno 3amanue 1o 20 yacteit. [lpu
pacdere TPUMEHSETCS KOOPJAMHATHAS OCh X C HAdajJoM B KpailHEM JIeBOM ce4YeHHH (yHIaMEHTa.
[TomoxeHne KOJOHHBI OMNPEACISIETCS KOOPAWHATOW IIEHTpa CEYCHHS KOJIOHHBI X,. Pa30ueHue

(dyHIamMeHTa Ha YacTH JIOJDKHO TPOM3BOJIUTHCS TaK, YTOOBI KOJIOHHBI PAcCHoJiaraliiCh B Tpejaesiax
OJTHOH YacTH.

Puc. 1. Ceuenus

OcHOBaHHE MOXET COCTOATh W3 HECKOJbKMX TOPU3OHTAIBHBIX CIIOEB, KaXKIBIM M3 KOTOPBIX
XapaKTepU3yeTcsl TONIIMHON /; M MoayieMm nedopMmaruu E;. Clou HyMepyrTcs B HANpaBICHUH OT
MoAoIBH (PyHIaMeHTa BIrIIyOb OCHOBaHHWsA. Bo3MoxHo 3amanue m0 20 cioeB. HwxHss rpaHuna
IIOCJICAHECIO N3 3aJaHHBIX CJIOCB HOOJIXKHA COBIIAAaTh UJIN C rpaHHueﬁ C)KI/IMaCMOI\/JI TOJIIIKX OCHOBAHUAI,
UJIn C rpaHHueﬁ CKaHBHOﬁ HOpOI[I)I. HpI/I BBO/JIC CYMMapHail TOJIIIIMHA CJIOEB HC ITOJI)KHA HpeBI)IHIaTI)
200 m.

3amagya O COBMECTHOM JAeopMHpOBaHUHM (PyHIAMEHTAa U OCHOBAHHUA OTHOCUTCS K KIAccy
MPOCTPAHCTBCHHBIX KOHTAKTHBIX 3a/1a4. HpI/I €C pCUICHUHU IMMPCAIoJgaracTcsa, 4To nNepeMEICHUC TOUCK
MOJOMIBEI yHAAMEHTa ¥ PEaKTHUBHOE JIaBJICHHE TPYHTA MOCTOSIHHBI 10 IHpUHE (PpyHIamMeHTa b (uinu
by). YuuThIBa€TCA, YTO HA y4aCTKax OTPhIBA (DyHIAMEHTA OT OCHOBAHHS PEAKTUBHOE JABJIEHUE PABHO
HYJIF0. YBEJIMUYEHHE >KECTKOCTH YYacTKOB (yHIAMEHTa HEMOCPEACTBEHHO IO KOJOHHAMHU B
nporpaMmMe HC YUUTBIBACTCA. Brnusiaue HOBBIIEHHON >XKECTKOCTU IIOAKOJIOHHBIX YYA4CTKOB MOXKCT
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OBITh OLIGHEHO INpPH IOMOILM pacueTa, B KOTOPOM (pyHJaMeHT pa30uBaeTcsd Ha 4acTH, U CEUYEHUs
MOJIKOJIOHHBIX YacTel (hyHIaMeHTa IPUHUMAIOTCS C YBEIIMYCHHOM BBICOTOM.

2. Harpy3ku

Harpyska, nepenaBaeMas OT KaKI0M KOJOHHBI Ha (yHJAMEHT, 33a7a€TCsl B BUJIE COCPEIOTOYEHHON
BEPTUKAJIBHOI CHIIBI MU COCPEOTOUEHHOr0 MoMeHTa (puc.2). IIpeanonaraercs, 4To cocpeoTOUEHHAS
CuiIa IPHUJIOKEHa B LIEHTPEe cedueHMs KoloHHbL. IIpu pacdere, 3alaHHBIE CHJIA U MOMEHT 3aMEHAIOTCA
CTaTUYECKH OSKBHUBAJIICHTHBIMU pPACIpEJCICHHBIMA HAarpy3kamu, JAeHCTBYIOIIMMU Ha Yy4YacTKe
[x, —h,/2,x,+h, /2], tne h, - BbICOTA CEYEHHA KOJIOHHBI. BO3MOXEH y4YeT pPaBHOMEPHO

pacnpeACJICHHbIX BECPTUKAJIBHBIX HAI'PY30K, HeﬁCTBYIOIHHX 1o Bcel JJIHNHC (I)YHI[aMeHTa HJIn 110 €ro
HaCTH.

Puc. 2. ITonoxxuTenbHble HAPaBICHUS HATPY30K

[Ipu pacuere mo [1] u [2] xkmaccudukanuss ¥ KOMOMHUPOBAHUE HATPY30K MPUHUMAIOTCS COTJIACHO
CHulII 2.01.07-85 «Harpy3ku u BozaeiictBusi» [5]. Harpy3ku mnoapas3iensioTcsi Ha IOCTOSIHHBIE,
JUTUTEIbHBIC, KPAaTKOBpEMEHHBIE W ocoObie. KoMmMOWHHMpOBaHWE HArpy30K TNPEICTABISICT COOOM
reHepaluio MHOXKECTBA BO3MOKHBIX KOMOMHAIMI HArpy30K ¢ y4yeToM Ko3()pQHUIMEHTOB HAJEKHOCTH
110 HAarpyske y , ¥ KO3()QHUIMEHTOB, CBI3aHHBIX ¢ OAHOBPEMEHHBIM YYETOM JIBYX U O0Jiee BpEMEHHbIX

Harpy3ok. [Ipy Hamumumm 0coObIX HArpys3oK, Hapsly C OCHOBHBIMH KOMOWHALMSMHU T'€HEPHPYIOTCS
TaKXe 0COObIE KOMOMHAIINH.

IIpu pacuere mo [3] knaccupukamus W KOMOWHHPOBAHWE HArpPy30K TMPUHUMAIOTCS COTJIACHO
[Tpunoxenuto A. Harpysku moapa3saeisitoTcsl Ha MOCTOSHHbIC, IEPeMEHHbIE U 0cOo0bIe, a KOMOWHAIIMN
Harpy3ok - Ha ocHoBHBIE (A.4) u ocoOble (A.S5). YactHble kod(dduimenTsr O6e3omacHOCTH . Ui

Harpy3ok npuHumarorcs no tabmuue A.2. KomOuHanuoHHblE KOA(QQUUUEHTHl W, W/,,Y, Ul

NEePEMEHHBIX HArpy3ok mpuHuMaroTcss no Ttabmuue A.l. IlpemycMoTpeH BBOJ HECTaHAAPTHBIX
3Ha4eHU! 7.,y ,,¥,,¥, U OTAEIbHBIX Harpy30Kk. KoMOMHMpOBaHUE HArpy30K MpeacTaBiIseT co0ou

reHepalyi0 MHOXKECTBA OCHOBHBIX M OCOOBIX KOMOMHAIMII Harpy3oK C y4eTOM OJIaronpusiTHOTO U
HeOnaronpusaTHoro 3¢pdexkra OT HArpy3ok, a TakKke BO3MOXKHOCTU JOMHHHMPOBAHHS KaxJAO0H U3
MEPEMEHHBIX Harpy3o0K.

Bo3MmokeH BBOJ HECOUETAaeMbIX HArpy3oK. Takue Harpy3Ku BKIJIIOYAKOTCS B I'PYIILY HECOYETAEMBIX
Harpy3ok. B koMOuHaIMi0 MOXXET BOWTH TOJIBKO OJHA HArpy3ka M3 Kaxmou rpymmbsl. Hymeparus
IpyIII HAYMHACTCS C €IAMHULBL ['pyNIbl MOIYyT INPUMEHSTHCSA, B YACTHOCTH, IIPU y4eTE€ BETPOBBIX
Harpy3ok (IIpy pacCMOTPEHUU JIEHCTBUS BETPA M0 Pa3IMYHbIM HAIPABJICHUSM) U KPAHOBBIX HATrPYy30K
(TIpu pacCMOTPEHHUH PA3IMYHBIX MTOJIOKEHUN KpaHa).

Bo3MoxeH BBOJ 3HAKONIEPEMEHHBIX Harpys3ok. B aTom ciyuae B pacdere yunuThIBacTCsA KaK 3aJaHHAs
Harpy3ka, Tak ¥ Harpy3ka IpOTHBOIIOJIOKHOIO 3HaKa.

st cokparenyst BBIYMCIEHUH PeayCMOTPEH BBIOOP Cpeu BCEX BO3MOYKHBIX KOMOMHALIMM HArpy30K
TaKuX KOMOMHALMM, /Ui KOTOPBIX YCHWIMS, OCaJlKa M JaBJI€HHE NMPUHUMAIOT HauOOJIbIINE 3HAYCHUS
IIPU PELICHUU YIPOLIEHHOW 3aJadyd, B KOTOPOM pPaccCMaTpPUBAETCS BHHKIEPOBCKOE OCHOBAaHUE C
MOCTOSTHHBIM KO3(D(QHIIMEHTOM TIIOCTEIHM, M HE YYHUTBHIBACTCS OTPBHIB (yHIAMEHTa OT OCHOBAHWSL.
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Crnenyer OTMETUTh, YTO YMCICHHBIE PE3yJIbTaThl YIPOLICHHOM 3aJaull OTJIMYAIOTCA OT Pe3yJbTaToB,
HOJYYEHHBIX C YYETOM NEPEMEHHOCTH KOA(PPHUIMEHTA TOCTENH M OTPbIBa ()yHIAMEHTa OT OCHOBAHMS.
[Tpu 3amanny paBHOMEPHO pacIpeleIeHHBIX Harpy30K BBIOOP KOMOMHAIMI HE IPOM3BOIUTCS, TaK KaK
BO3MOXEH IIPOIYCK CYLECTBEHHBIX KOMOMHAIMIA.

Bo3MokeH BBOJ| TI'OTOBBIX pAacCUYEeTHBIX KOMOMHALMl Harpy3ok. 3azaBaeMass Kak BHJl Harpy3Kd
pacueTHas KOMOMHauMsi 100aBIsIeTCS K MHOXECTBY CIE€HEPHPOBAHHBIX OCHOBHBIX KOMOMHAIMA
Harpy3ok. B dYacTHocTH, BO3MOXXEH BBOJ JIMIIb TOTOBBIX KOMOMHaNMi Harpy3ok. I'oToBble
KOMOMHAIMH CTaBATCS TOJIBKO B PACYET MO MPOYHOCTH.

3. Pacuer ycuiauii, ocajKku M 1aBJIeHHUS

[Tpu pacuere ycunuii B pyHaaMeHTe, ocagku GyHIaMEHTa M PEaKTUBHOTO JaBIICHHS IPyHTa PeIaeTcs
3aJa4a 0 COBMECTHOM Ae(OopMUPOBaHUM (PYHIAMEHTAa U OCHOBaHUs. Perienue cTpouTcs npu MoMoIu
Merona urepauuil. Ha Tekymem HTepallMOHHOM WHIare IO HalJEHHOMY JAABJICHUIO BBIUUCIISETCS
ocajika ocHOBaHUs. [Ipu ATOM NPUMEHSAETCS NHTErPAIIBHOE MPEACTABICHUE CKMMAIOIINX HAIIPSKECHUN

0:(X,y,z) B TpyHTE uyepe3 JaBlieHHE MO 00JacTH KOHTAKTa Ha TpaHUIIe MOTYMPOCTPAHCTBA M METOJ]
MOCJIOWHOTO CYMMHUPOBaHHMs, W3JIOKEHHBIM B [4], [lpunoxkenue 2, corjacHO KOTOpPOMY OcCajka

0
BbIUucIsieTcs mo gopmyne w(x) = f ZI%Z ,rne f=038.

Lok i

3areM MO JaBJICHUIO U HalIEHHON OCaJKe pacCUMTBIBACTCS pacrpeneneHue kodpduiuenTa nocTenn
no juimHe Qynnamenta. [lanee pemaercs 3amauya o0 u3rude (yHIaMeHTa Ha YHIPYyroM OCHOBAHUU C
NEepEeMEHHBIM KOA((GUIIMEHTOM TMOCTENN, M OTBHICKUBAIOTCS BHYTPEHHHE ycwius B (pyHmameHTe U
nporud, a 3aTeM pacCUUTHIBAETCS COOTBETCTBYIOIIEE paclpe/ieieHue PeakTUBHOIO JIaBJIECHUS TPYHTA.
Ecnu BO3HHKaeT OTpPBIB OTJAENBbHBIX Y4YacTKOB (yHJaMEHTa OT OCHOBaHHS, TO HAa 3THUX Yy4yacTKax
PEaKTHBHOE JIaBJICHHE TOJIAraeTcsi paBHBIM HYJIO (MPH HAJMYWU OTphIBa (yHIAMEHTa 3a7a4a HOCHUT
HEJIMHeHHbI xapakTtep). [lanee BbINONHSETCS CHEAYIOIIMNA HMTEpalMOHHBIM mmar. MTepaluoHHbINR
IPOIeCC OKAaHYUBAETCS TOT/IA, KOTIa OTHOCHTENbHBIE MTPUPAIEHUs M3TN0AI0IIEro MOMEHTA U Mporuda
dbyHnamenTa craHoBsTcst MeHee 1%.

[Ipu pemennn 3amaun 00 m3rube ¢GyHAAMEHTa MPEAIOoIaraeTcs, 4YTo OCTOH W apMaTypHas CTajb
neGopMHUpYIOTCS MO JUHEHHOMY 3akoHy. PacueT (yHaameHTa mnpousBoauTcs ABakAbl. llmomians
TpeOyeMoil apmarypbl, BBIYHCICHHAs IIpH TIEPBOM pacuere (yHIAMEHTa, YYHUTHIBACTCS MPH
OIIpeNIeTICHNH W3TMOHOM JKEeCTKOCTH (yHAaMEeHTa BO BTOPOM pacdere. B BBIXOJHOM JOKyMeHTe
IpoTrpaMMbl U3rHOHAas! )KECTKOCTh OETOHHOTO ceueHus (6e3 yueTta apmarypbl) uMeeT obo3HaueHue Dy,

a )KECTKOCTh MPUBEJIEHHOTO ceYeHUs - Djg. OTMETUM, YTO NTPU HECUMMETPUUHOM apMUPOBAHUU LEHTP
TSOKECTH TPUBEJCHHOTO CEYEHHUS HE COBIANaeT C LEHTPOM TsDKECTH OETOHHOro ceyeHus. B
paccMaTpuBaeMol 3ajadye yBENUYEHUE W3THOHOW JKeCTKOCTH (PyHAaMEHTa TpU yYeTe apMarypsl
MIPUBOAUT K YBEJIMYEHUIO M3rMOaoNero MoMeHTa. Pe3ynpTarsl pacyera BBIBOAATCS B TaOIMYHON U
rpapuueckoii ¢opmax. Cnemyer y4YUTHIBaTh, YTO MNPH MOJOKHUTEIHHOM H3rHOAIONIEM MOMEHTE
pacTsHyTa BEpXHsSS 4YacTb CEYEHUsS, a IIPU OTPULATEIBHOM — HWXKHsA. l1Ipu moctpoeHun 3mropsl
3HAa4YeHUs1 U3rHOaroIero MOMEHTa OTKJIAIbIBAIOTCSA CO CTOPOHBI PaCTAHYTOH 30HBI U, CIIE€OBATEIBHO,
BEpXHASA YacTh OIIOPbl COOTBETCTBYET IIOJOKUTEIBHOMY MOMEHTY, a HWXKHAA 4YacTb —
OTPULIATEILHOMY MOMEHTY.

4. PacyeT ¥ KOHCTPYMPOBaHHE NPOA0JIbHONH apMATYyPhI

[Inomany mpomonbHOM apMaTyphl PacCUUTBHIBAIOTCSA M3 YCJIOBHS MPOYHOCTH HOPMAJIBHBIX CEUEHUI.
[Ipu >TOM mNOAKOJOHHBIE YYacTKW (YyHIAMEHTA HE pPACCMATPUBAIOTCS, TaK KakK HampspKeHHOE
COCTOSIHME Ha 3TUX yYacTKaX CYIIECTBEHHO OTJIMYAETCS OT M3TMOHOr0 HAINPSHKEHHOI'O COCTOSIHUSA, U
IIPOYHOCTH 00ecreunBaeTcs Ipu 0osiee HU3KOM apMUPOBAHUM, YEM Ha COCETHUX YUacTKaX.
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[Ipu pacuere ¢ynmamenta cormacHo [1] TpeOyemass apmaTypa OMpeeisieTcss B COOTBETCTBHH C
n.3.28*. PacueTrHoe conmpoTuBieHHE OETOHA MpPU CXKATHU NMPUHUMAETCS C KO3(pPULIHMEHTOM yCIoBHUI

paboTel GeTOHA J,, KOTOPBIM ompeneisieTcss Kak IpPOU3BEIEHUE OTIENbHBIX KO3 UIIUEHTOB )p;

cornacHo Tabmutie 15. [1pu 3ToM K0 PUIUEHT 72, 3aBUCSIIHN OT JJIUTEILHOCTH ACHUCTBHUS HATPY3KH,
OIpeeTsieTCs sl KaKA0H KOMOWHAIMY HAarpy30K IO OTIENBHOCTH. Pe3ynprupytomuii ko dunuent
yCIIOBHUHA pabOTHI C y4eTOM KOd(pPUIMEHTaA )52 HE MOKeT ObITh MeHee 0,45.

[Ipu pacuere dynmamenrta cormacHo [2] u [3] TpeOyemas apmaTypa OIpeaensieTcsi Ha OCHOBE
HenuHeWHoN nedopmanuonHo Moxaenu ([2],m.6.2.21, [3],m.7.1.1.2). Ilpu pacuere mno [2]
MPEeIyCMOTPEH BBIOOP PACUYETHOW JAMArpaMMbl COCTOSIHHS CKaToro OeTtoHa. Pacuer TpeOyemoi
apMaTypsl 0 [3] MpOBOANTCS NMPH NapabOINUECKU-IMHEHHOM TuarpaMMe COCTOSIHUS CKaToro OeToHa,
MIPUMEHSEMOH B Cllydae, €ClM YCHIIUS OINPENeNAloTCs MyTeM JIMHEHHO-ynpyroro pacuera (6e3 yuera
HEYNPYTUX CBOMCTB ’KeJ1€300€TOHA U HAaJINYUS TPELLIUH).

HeoOxonumble mig pacueTa paccTOSHUS OT LIEHTPOB TSDKECTH IUIOHIa/ied apMaTyphl 10 TpaHeit
CEUeHUs NEPBOHAYAIBHO OIPENENAIOTCA 10 3aJaHHOMY HauOOJbIIEMY TUaMETPY CTEp)KHEH ¢ yueToM
3alaHHOM  TOJILMHBI 3alUTHOro cioss OeroHa. Ilo pesynpTaram pacuera MPOU3BOAUTCS
KOHCTPYHUPOBAaHUE apMaTypbl, U KOPPEKTHPYIOTCS PACCTOSHUS OT LEHTPOB TXKECTH IUIOLIaaen
apMarypsl 10 I'paHel CeUYeHus. 3aTeM IIPOBOAUTCS TOBTOPHBIA pacuyeT U KOHCTPYUPOBAaHUE apMaTyphl.
PaccrostHust OT HEHTPOB TSKECTH IUIOIIAJAEH apMarypbl 1O TpaHeW cedeHus, Uisi KOTOPBIX IpH
MOBTOPHOM pacueTe olpeneieHa TpeOyemash MNpoAOibHAas apMaTypa, YKa3blBalOTCS B BBIXOJHOM
JIOKYMEHTE IIPOrPaMMBI.

[Tpy HaMUUMU TOJIKM TPOM3BOIUTCA MOAO0OpP apMaTypbl momnepedHoro HampasieHus. [Ipu oObraHOM
pAacIlOJIOKEHNN apMaTypbl TOJIIMHA 3alIUTHOIO CJIOSA JUISl HWKHEW MPOAOJIBHOM apMarypsl
OIPENEIAETCA U3 YCIOBHS INIOTHOIO €€ PACIOJIOKEHUS HaJl apMaTypoU MOINEPEeYHOro HaIpaBIICHUS.
IIpn MHOM pacIOJIOKEHUU apMaTypsl 3aJa0TCSA IO OTACIBHOCTH TOJIIUHBI 3AIUUTHOIO CJOS JUISA
HYDKHEN ITPOJIOJIBHOW apMaTyphl U I apMaTypbl ONIEPEYHOT0 HAIIPABJICHMUS.

[Tpu mogGope apMaTypHBIX CTEPIKHEH MPUMEHSETCS CJICTYIONTUN OOIIHK psia AuaMeTpoB (B MM): 6, 8,
10, 12, 14, 16, 18, 20, 22, 25, 28, 32, 36, 40. ApmaTypHbIe CTEp>KHU Pa3MEILAIOTCS B CEYEHUU C
YYETOM TOJIIUHBI 3aIIUTHOTO CJI0S OETOHA M HOMUHAIBHOTO PACCTOSTHUS B CBETY MEXKITy CTCPIKHIMH.

[Ipu mondope apMaTypHBIX CTEp>KHEH YUMTBHIBAIOTCS 3aJaHHbIE MUHUMAJbHBIA W MaKCUMaJbHBIN
JUAMETPbl CTEP)KHEH, MAaKCHUMAJIbHOE KOJIMYECTBO CTEp)KHEH B OJHOM psly, MHUHUMAaJIbHOE
paccTosiHue B CBETY MEXIy CTepkHAMHU. [Ipu mondope cTep)kHEl B TaBPOBOM CEUCHHUH yUUTHIBACTCS
3amannas 10ms (ot 0% 10 100%) mpoaoasHO# apMaTypsl B CBECaX MOJIKHA. DTH MapaMETPhl MO3BOJISIFOT
yHOpaBisTh Hog00opoM apmartypsl. [lo pe3yiabTataMm KOHCTPYHMPOBAHHUS OCYIIECTBIIAETCS rpaduyeckuii
BBIBOJ] CEYCHHUH C MOI0OPAaHHBIMU apMaTyPHBIMH CTEPKHIMHU.

5. Pacyer M KOHCTPYHPOBaHHE apMATYPHhI B CBeCax MOJKH

PaccmarpuBaercsi Harpy>KeHHE CBeca IOJIKH PaBHOMEPHO paclpeleiecHHBIM JIaBJICHHEM TpyHTa. B
Ka4yecTBE PACUETHOTO CEYCHHUsS MPUHUMACTCS CEUCHHE IIUPUHOW 1M B IUIOCKOCTH TpaHu pedpa.
Pacuetnsiii m3rubatomuii momeHT [KHM/M] 1 pacdetHas nonepeunas cuia [kKH/M| ompenenstores 1mo
dbopmynam:

M= 2E
2
0= pc

rne ¢ - CBeC NMOJKHW, p - HambOousbliee 1Mo JuMHE (yHmameHTa naBienue rpyHTta. [Ipm momdope

apMaTtypbl YUYUTBIBAIOTCA MUHHUMAIBGHBEIM U MaKCHUMAaIbHBIN AUaMCTPhI CTep)KHCI\/'I, MHHHMAJIbBHOC U
MaKCUMaJIbHOC 3HA4YCHHC 1Iara CTGp)KHGfI, a TakKK€ MHHHMAJIbHOC 3HAYCHUC KOE)(l)(i)I/IHI/IeHTa
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apMHUpOBaHUsI, KOTOPBIA OIpenesseTcss KaKk OTHOIICHHE IUIOIaau apMmarypbl K 3¢ddekTuBHON
TUIOIAIM CEYCHHUSI, PABHOU MPOU3BEICHUIO IMPUHBI cedeHus (1M) Ha pabodyIo BHICOTY CEUCHHS.

Pacuer Ha feiicTBUE MONEPEUHOM CHITBI TPOBOIUTCS [0 YCIOBHIO 00eCIIeueHus] HeCyeil crnocoOHOCTH
pacyeTHOro ce4eHus: 6e3 XOMyTOB.

6. Pacyer 1 KOHCTPYHpPOBaHHE MONEPEYHOH apMaTypPbl

[Toronnass momage mONEpPEeYHON apMatypbl Ag,/S, PACCUUTHIBACTCS M3 YCIOBHSI TMPOYHOCTH
HAKJIOHHBIX CEYEHUI Ha JACHUCTBUE MOMEPEUYHONM CUJIbI 10 HAKJIIOHHOW TpenuHe. Pacuer npou3BoauTcs
cornmacHo [1],mm.3.31%, 3.32, [2],0.6.2.34, [3],nn.7.2.1.1, 7.2.1.2, 7.2.1.5, 7.2.2.7 - 7.2.2.10. Kpome
TOTO, MPOBOJUTCA NPOBEPKA MPOYHOCTH Ha JCHCTBHE MONEPEYHOM CHIIBI [0 HAKJIOHHOHM MoJyoce
MEXIy HAKJIOHHBIMU TpelMHamMu. Eciu ycloBHE€ TMPOYHOCTH 10 HAKJIOHHOW TI0J0CE HE
YAOBIJIETBOPSIETCS, TO BBIBOJUTCSI COOTBETCTBYMOIIEE coobmenue. [Ipu pacyere mo [1] u [3] mmomans
apMaTypbl, HalJeHHAs] U3 YCIOBUS MPOYHOCTH MO HAKJIOHHOM TpEIIUHEe, MOXKET OBbITh YBEIUYEeHA IS
TOTO, YTOOBI BBITIOHSIOCH YCJIOBHE MPOYHOCTH IO HAKJIOHHOM TOJIOCE.

PacueT mo mpoyHOCTH HAKJIOHHBIX CEYEHHI MPOBOAMUTCS KaK JUisl OaJIKU, ONUparonIeiicss Ha KOJOHHBI.
Ecnu no pacuery TpebyeTcsl monepedHas apMarypa, TO IPOU3BOIUTCS TAOJWYHBIM BBIBOJ 3HAYEHUH
TpeOyeMoil MOTOHHOW IUIOIIAAM apMaTypbl W BEPXHEro IMpenesia s Inara XOMYTOB, a TaKke
BBIBOUTCS TpauK pacnpeneneHus TpeOyemMol MOTOHHOW IUIOHIa[Md apMmarypbl IO BCEW IMHE
¢dbyHnnamenTa. Bepxuuii npegen Ui mara XoMyTOB pacCUUTBIBAETCS U3 YCIOBUS, COINIACHO KOTOPOMY
roTrepeyHast Cuiia MeX,y XOMyTaMH JOJDKHA TOJTHOCTBIO BOCTIPUHUMATHCSI OETOHOM C)KaTOH 30HHBI.

[Ipu nmoaOope XOMyTOB NMPUMEHSIOTCS CIEAYIOIINE JaHHbIE: AUAMETP XOMYTa, YUCIO BETBEH XOMyTa
(KOJMYECTBO TONEPEYHBbIX CTEP)KHEH B HOPMAJIbHOM CEYEHHMH), MAKCHUMAJbHBIM IIar XOMYTOB,
IIPUpAIICHUE IIara XOMYTOB, a TaKXe PAcCTOSHHWE OT I'PAHHU KOJOHHBI 10 OCH IIEPBOIO XOMYyTa.
[TonGop XOMyTOB 3aKJIFOUAETCS B OIPENEICHHUH 1l1ara XOMyTOB U JJIMH y4acTKOB (yHIaMEeHTa BOJIN3U
KOJIOHH, Ha KOTOPBIX XOMYThI YCTaHaBJIMBAIOTCS ¢ MOCTOSHHBIM mmarom. Illar xomyToB Ha iepBoM OT
KOJIOHHBI y4YacTKe OIpeJesIgeTcsl MO HauOOJIblIeMy 3HAYCHHIO TpeOyeMON IOTrOHHOM IUIolaan
apMaTyphl. IIar XOMYTOB OI'paHU4YMBACTCA 3aJaHHbBIM MAKCHUMAJIbHBIM 3HAUYCHHUEM HW PACUYCTHBIM
BEPXHHUM IpesieroM. Ha BTOpoM OT KOJIOHHBI y4aCTKe IIar XOMYTOB MOXKET ObITh MPUHAT TEM K€ WJIH,
€CJIM 3TO BO3MOXKHO, YBEJIMUEH HA 3a/laHHOE IIpUpalleHue mara. s ompeneseHus ducia XoMyTOB
TpeOyeTrcsl 3a7aTh PacCTOSIHWE OT IPaHU KOJIOHHBI 10 OCH IEPBOTO XOMYTa. DTO PACCTOSHUE MOXKET
ObITh 33/J1aHO PaBHBIM IIOJIOBMHE IIara WIM IOJHOMY WIary XoMyToB. Hoe cmelieHHe MOJIKHO
3aJaBaThCcd BBOJIOM COOTBETCTBYIOLIETO MOJOXHUTEIbHOTO 3HadeHus. [lo pesynbpratam mnoadopa
XOMYTOB BBIBOJUTCS TpaUK pacnpeieieHus IOrOHHOM IUION[aJM apMaTypbl Ha ydacTKax,
NPUMBIKAIOIUX K KoJIoHHaM. [Ipu rpaduueckoM BBIBOJE JUIMHA YYacTKOB YBEJIMYMBAETCS Ha
IIOJIOBUHY Iara.

7. Pacyer nmo TpeIIUHOCTOMKOCTH

Pacuer mo 00pa3oBaHUIO W PACKPBITUIO TPEIIWH, HOPMAIBHBIX K TPOAOIBHONW OCH (yHIAMEHTA,
MPOBOJIUTCS TIOCJIE€ KOHCTPYHPOBAaHMs apMarypbl. PacdeT BoimonHseTcs cornacHo [1],mm.4.5, 4.14,
[2],om.7.2.11, 7.2.12, [3],0m.8.2.1.7 — 8.2.1.10. Ilpu ompeneneHuu H3TUOAIONIMX MOMEHTOB IPHU
MTOMOIIY pacyeTa yCHIIUN YIUTHIBACTCS TIOJJOOpaHHAS apMaTypa.

Pacuer mo [1] u [2] mpoBoAUTCS M1 M3THOAIOIUX MOMEHTOB OT KOMOWHAIIM HOPMATUBHBIX Harpy30K

(7 = 1). Ilpu pacuere ¢ BHIOOPOM KOMOMHALMIK BBIOMPAIOTCS TakWe KOMOWHALMHM, JUIS KOTOPBIX
M3ru0aronMii MOMEHT M OT NOCTOSIHHBIX, JUIMTENIbHBIX M KPATKOBPEMEHHBIX HAarpy30K U W3rHOAroINi

MOMEHT M) OT IJTUTENHHO JCUCTBYIOIIMX HATrPy30K JTOCTUTAIOT HAaWOOJBIIUX IO MOJIYJIIO 3HAUYCHUM.
MowmenTel M u M; onpeAensitoTcst Ipu MOMOIIU OTAEJIBHBIX PACUETOB YCHUIIUM.
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Pacuer cormacuo [1] BeImomHSETCSs 1O 3- KaTeropum TPeOOBaHWM K TPEHIMHOCTOWKOCTU
(momyckaeTrcss OrpaHUYCHHOE I10 IIMPUHE HEMPOIODKUTEIBHOC depe; W TPOJOIDKUTECIBHOC ere2
pacKpbITHE TPEIINH) Ha OCHOBE (GOopMYJI, MPUBEACHHBIX B [1] 1 [6].

Pacuer cormacHo [2] MpOBOAWTCS C HCIOJIB30BAaHMEM HEIHMHEWHOW ae(hOopMariOHHONW MOJEIH.
MowmeHT M., npu 00pa30BaHUM TPEILUH, a TAKXKe HaNpsSHKEHUS Oy U O oo, BXOJAIINE B (HOPMYJIBI
(7.13) u (7.22), BBIYHCIAIOTCS HAa OCHOBE JUArpaMM COCTOSIHUS O€TOHAa W apMaTypHOW CTalld MpH
MOMOIIM YHCIIEHHOTO MeTona. [lmomanpr ceueHusi pacTaHyToro OeroHa Ap, U TUIONIAAbL CEUYCHUS
pacTsIHyTOH apmartypsl A, depe3 KoTopbie 1o dopmysie (7.21) Beruucisiercss 6a30Boe paccTosiHUE I
MEXIy TpEIIUHAMH, OMPEICISIOTCS MO0 MOMEHTY M,,. HETMOCPEICTBEHHO Tiepell 0o0pa3oBaHUEM
TpelnH. 3HaueHUE A, ONPEENIIeTCs IPU CIEAYIONINX OTPAHUYEHUSIX Ha BBICOTY PACTSIHYTOU 30HBI: /1,
> 2a, hy £ h/2, tne a — pacCTOsHHE OT IEHTpa THKECTH IUIOMAAN PACTSIHYTOW apMaTyphbl 10
OnmKalIIeld TpaHu CEeUSHHMSL.

Pacuer mo TpemmHOCTONKOCTH corjacHO [3] TPOBOAWUTCA JUIsl M3THOAIOIIMX MOMEHTOB OT
MPAKTUYECKH TIOCTOSHHBIX KOMOMHamwii Harpy3ok (= = 1) ¢ HCHONh30BaHHEM HEIMHEHHOM
nedopManiuoHHoit Moxaenu. MomeHT M., mpu 00pa3oBaHUHM TPEIIUH, AedopMaIus pacTsIHYTOU
apMaTypel &, HANPSHKCHUS B PACTAHYTOW apMaType Iocie OOpa3oBaHHsl TPCIIMH Oy U Oy
BBIUUCIIAIOTCA Ha OCHOBEC Hapa60HquCKH-HHHeﬁHOﬁ AuarpaMmbl COCTOSAHHA CXKATOTO 6eTOHa u
JMarpaMMbl apMaTypHOW CTajdu MPU MOMOIINM YHUCIEHHOro merona. MoMeHT M., ompenensieTcs u3
YCIIOBHSI JOCTMDKEHHUSI Ha PAcCTSIHYTOM TIpaHu cedeHusl HampsbkeHus f,, . [lpu 3TOoM cocTosiHue

pacTAHyTOTO OCTOHA OMUCHIBACTCS JTUHEHHON AMarpaMMOM, COOTBETCTBYIOIICH MOJYIIO yHPYTOCTH
E.,, OddexTrBHas MIOmAnb PACTIHYTOR 30HbBI A, off ONPENETAETCS IIPU BBICOTE /¢, off = 2.5a, KOTOpas

OTpaHMYMBACTCS ycnoBuamuh, . <h /2 wu h,,, <h/2, tme h, - BHICOTA PACTIHYTOH 30HBI

HETOCPEICTBEHHO Tepe]] 00pa30BaHUEM TPEIIHH.

8. HequHelHbI pacyeT 0caiKu

[Ipu HEeMMHEHHOM pacueTe OCaJKU YYHUTHIBAIOTCS HEITMHEWHBIC CBOWCTBA JKEIIE300€TOHA M HAINYHE
tpeumH. [Ipu m3rube dyHnamenra pacrpeneneHue NpoaoibHON AeopManuu MO BHICOTE CEYCHHUS
OTIpeNeNsieTCsl KPUBU3HOM, BEIMYMHA KOTOPOM 3aBUCHT OT HM3rmbaromero mMomeHta. Ilpu pacuere
cornacHo [1] kpuBu3Ha BbIyMciseTcs no ¢opmynam (155), (160) u (170). Ilpu 3TOM yuuThIBaeTCs
JUTNTENILHOCTh JIEHCTBHS HArpy3KH, BIMSIONIAS HAa BENIWYMHY JAedopmanuii momsydectu. [Ipu pacuere
coryacHo [2],7.3.16 kpuBU3HA OIpeneNsIeTcs Ha OCHOBE HEJIMHEWHOW NedopMannoHHoi Moaenu. [lpu
9TOM NPUMEHSIOTCS JuarpaMMbl  J1e(OpPMHUpPOBAHMUSA CXATOrO M pacTAHyToro OeToHa mpHU
HETPOJIOIHKUTEIILHOM U TIPOIOJDKUTEIHLHOM JICHCTBUM HArpy3KH. 3HAUYSHHs U3THOA0IEr0 MOMEHTA OT
JUTMTENTLHO JICMCTBYIOIINX HArpPy30K ONPENENSFOTCS MPU TIOMOIIU OTAEIHHOTO HETMHEWHOTO pacyera
JUI TTUTENBHO JIEHCTBYIOIIMX Harpy3ok. HenmuHelHslil pacuer ycuwnuil B yHIaMeHTe HMPOBOJUTCS
IpY TIOMOIIY METOoJ1a uTepauuii. UTepallmoHHBINA IpoIecc OKAaHYMBAETCS TOT1a, KOT1a OTHOCUTEIbHBIE
MpUpalIeHHs] U3TUOaIoIero MOMEHTA U Mporuda ctaHoBsTCs MeHee 1%.

Ha yuacTkax ¢ TpemmHaMu B pacTSHYTOM 30HE JKECTKOCTh (DyHIaMEHTa 3HAUUTEIbHO HUXKE, YeM Ha
ydacTkax 0e3 TpeuuH. Pactipenenenre ocaaku mo JUIHHE pyHIaMeHTa, MOTyYeHHOE MTPH HeTMHEHHOM
pacuere, MOXXET CYILIECTBEHHO OTJIMYAaThCsl OT pacHpelelieHHus OCaJKd, HaWIeHHOro 0e3 yueTa
HEYTPYTUX CBOMCTB jKeNIe300€TOHa U HATHUHUs TPELIUH.
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[IporpamMma mpenHa3HaueHa A IPOEKTUPOBAHUS KEJIE300€TOHHOTO JIGHTOYHOTO (yHIAMEHTa IO
CTeHy coryiacHo cienytommm Hopmam: CHull 2.03.01-84* [1], CIT 52-101-2003 [2], CHB 5.03.01-02
[3]. TIpemycmorpeH mondop ceueHus ¢GyHIAMEHTa, YIOBICTBOPSIONIIECTO YCIOBUSM MPOYHOCTH,
YKECTKOCTH, TPEIIMHOCTOMKOCTH, a TAaK)KE€ OTpaHUYEHUSM Ocajku W KpeHa corjacHo CHulI 2.02.01-
83* [5] mmu CII 50-101-2004 [6].

1. dynaamenr

Bo3MoxHBI  crienyronipe  BUABI ceUeHHMH (YHIAMEHTAa: MPSAMOYTOJbHOE, TpareluueBUIHOE,
cryneHuatoe. [Ipu pacuere paccMaTpuBaeTCs HarpykeHue KOHCOJIM (YHIAaMEHTa pEaKTHUBHBIM
JaBJIEHUEM TpyHTa, NCHCTBYIOIIMM IO mozomiBe ¢GyHaaMeHTa. KoHConb BbIgeNseTcs: MpOa0JIbHBIM
ceyeHHeM (QyHIaMEHTa B IUJIOCKOCTM TpaHM CTEHbl. PeakTMBHOE [aBJI€HHME TIpyHTa OCHOBaHUS
OIpeJIeNIIeTCsl B MPEANOJIOKEHUH JTMHEHHOro paclpesielieHusl AaBJIeHHs M0 IMOJA0IIBe (yHIaMeHTa.
JlaHHO€ TPEAINONIOKEHUE ONPABIAHO, €CIIM OTHOIICHHE BBUIETAa KOHCOJM K BBICOTE (DyHIAMEHTa He
MIPEeBOCXOAUT 3HaueHus 2. [Ipu nelCTBUU TONBKO BEPTHKAIbHOM HArpy3KH PEaKTUBHOE IaBJICHUE
IIOCTOSIHHO IO IIMPHHE MOJOIIBHI, & IPX HAJIMYUU MOMEHTHOW HArpPy3KU OHO SBJISIETCS IEPEMEHHBIM.
[Tpu 3TOM BO3MOKEH OTPBIB Kpasi (pyHIaMEeHTa OT OCHOBaHUS. B 30He OTphIBa peakTUBHOE J1aBJICHUE
TpyHTa OTCYTCTBYeT. B 3TOM ciydae misi 6e30TpbIBHON paboThl (hyHIamMeHTa TpeOyeTcs YBEINYHTh
mMpuHy nojouiBsl. [Ipu moabope ceueHuss MOryT OBITh 3aJaHbl MUHUMAJbHBIE pa3Mepbl CEUCHHS.
[Ipupanienue pazMepoB ce4eHHsI IPOU3BOIUTCS C 3a1aHHBIM 1LIarOM.

2. I'pynr

['pyHT, pacmonoXeHHBIH TOJ TOMOIIBOM  (yHIAMEHTa, MOXET COCTOSITh W3 HECKOJIBKHX
TOPU30HTANIBHBIX CJIOEB C Pa3NUYHBIMU  (DU3HKO-MEXaHHMUYECKUMH XapakTepuctukamu. Crou
HYMEPYIOTCSI B HAIllpaBJIEHUH OT MOJOIIBHI (pyHAaMeHTa B IIyOb OCHOBaHMs. Bo3MOXKHO 3amaHue 10
20 cnoes. [Ipeanosnaraercs, 4To MOCIHEAHUN 3aJaHHBIN CJIOW MOJICTUIIAETCS CKAIbHBIM IpyHTOM. [Ipun
OTCYTCTBHMHM CKaJIbHOIO TPyHTa CyMMAapHas TOJILIHWHA CJI0€B JOHKHA MPEBBIIIATH CKUMAEMYIO TOJIIILY .

[Ipu HanmMyuM MOJ3EMHBIX BOJ 33Ja€TCsl HOMEP CJIOsl TPYHTA, KPOBJIL KOTOPOTO HAXOAUTCS HA YPOBHE
noa3eMHbIX Boa. [Ipu HaiMumMu BOJOYMOpa 3alaeTCsi HOMEP CJIOS TIIMHUCTOrO TPYyHTa, B KOTOPOM
MPAKTUYECKH OTCYTCTBYET (PUIBTPALIMS MTOA3EMHBIX BOJI.

JUnst KaXJ0ro cjosi TpyHTa 3a7aeTcsl YIEIbHbIM BEC y, TBEPABbIX YaCTHILI, yAENbHBIA BeC ) TIpyHTa
MPUPOJHON BIAXKHOCTH, KOA(PQOUIMEHT MOPUCTOCTH €, YACIbHOE CIEIUICHHWE ¢, YToJ BHYTPEHHETO
TpeHus ¢, MOAyIb nedopmauuu E . Jisl IIMHUCTOrO TPyHTA JOMOJIHUTENBHO 3a/1aeTcsl MOKa3aTellb
TeKyudecTH [, . 3HaueHus c, ¢, E A rpyHTa, 3aJerarollero HUKe ypoBHs MOA3EMHBIX BOJ, HO BBIIIE
BOJIOYTIOpa, JOJIKHBI 3aJ1aBAaTHCS JIs1 BOJOHACBHIIIEHHOT'O COCTOSTHUSI.

VY nenpHBIN Bec TPyHTa B BOJOHOCHOM CJIO€ C YYETOM B3BEIIMBAIOIICTO JIEHCTBHS BOJBI OTIPEICTAETCS

aBTOMATUYECKH 0 opMmyIie y,, = Vs =¥y (7, - yaenvHbIN Bec Boapl, ¥, =10 kH/MY).

l+e

3. Harpy3ku

Harpy3ku, mnepenaBaemble OT CTeHbl Ha (yHZaMEHT, 3aJaloTcsi B BHJE pacHpelesCHHBIX
BepTukanbHbIX cuil N [KH/M] u pacnpenenenusix momentoB M [kHwm/m].

ITpu pacuere mo [1] u [2] xmaccudukanus ¥ KOMOMHUPOBAHWE HArPy30K MPHHUMAIOTCS COTJIACHO
CHull 2.01.07-85 «Harpy3ku u BozneictBusi» [4]. Harpyskn noapasnensitoTcss Ha IIOCTOSHHBIE,
JUIMTENbHbIE, KpPaTKOBpEMEHHble U ocoOble. KomMOumHMpoBaHHME Harpy3oK MpeaCTaBIsieT CcoOOon
TeHEpalri0 MHOXKECTBA BO3MOXKHBIX KOMOWHAIMI HAarpy30K ¢ y4eToM Ko3()(UIIMEHTOB HaJIe)KHOCTH
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II0 Harpy3ke y , ¥ KOO(Q(HUIMEHTOB, CBA3AHHBIX C OJJHOBPEMEHHBIM yIETOM JIBYX M 0OJIee BPEMEHHBIX

Harpy3ok. [Ipu Hamumumu 0coObIX HArpy3oK, Hapsily C OCHOBHBIMH KOMOWHAIUSMHU TCHEPHPYIOTCS
TaKXe 0Cco0ble KOMOMHALIVH.

IIpu pacuere mo [3] kmaccudukamuss ¥ KOMOWMHHPOBAHHE HArpy30K NPHHUMAIOTCS COTJIACHO
[Tpunoxenuto A. Harpy3ku noapa3saesnstorcst Ha IOCTOSIHHbIE, IEpEMEHHbIE U 0cOoOble, a KOMOMHALUN
Harpy3ok - Ha ocHOBHbIE (A.4) u ocoOble (A.5). HactHble KOA(pPUIUEHTH 0€30IaCHOCTH ), UIs

Harpy3ok npuHumarorcs mno Ttabmuue A.2. KomMOumHanuoHHbIE KOX(QQUUUEHTHI W, W/, ,Y, U

NEepPEMEHHbIX Harpy3ok mpuHuMaroTcss no Ttabmuue A.l. IlpemycMoTpeH BBOJ HECTaHAAPTHBIX
3HAUYeHUH J,.,¥,,¥,,W, i OTJEIbHbIX Harpy3ok. KomOuHMpOoBaHNE HArpy30K MpEACTaBIsAET cOOOM

TeHEpalMi0 MHOXKECTBA OCHOBHBIX M OCOOBIX KOMOHMHALMH HArpy30K C y4eTOM OJaromnpusTHOTO U
HeOnmaronpusaTHoro 3¢@exkra OoT Harpys3ok, a TaKKe BO3MOXHOCTH JIOMUHUPOBaHMS KaKIOH U3
IIEPEMEHHBIX Harpy30K.

[IpenycMoTpeH yder cOOCTBEHHOro Beca (yHIAMEHTa Kak IMOCTOSHHOM Harpy3ku. Ilpm mondope
CeueHMsI BETMUMHA STOW Harpy3KH BapbHPYETCs BMECTE C pa3MepaMH CEYCHHUSI.

4. Pacyer 1o Npo4YHOCTH

Pacuer Ha neifcTBue M3rubaroimero MOMEHTa MPOBOJUTCS B PAacueTHOM MPOJOJBHOM CEUEHHM IOJ
rpaHbio CTeHbl, UMeomeM mupuHy | M. Ilo u3rubarommM MOMeHTaM OT KOMOMHAIIMM pacyeTHBIX
Harpy3oK orpezensercss Tpedyemasi IUIomaab apMaTypsl nonepedroro HampasieHus. Cormacho [1]
TpedyemMasi apmaTypa ONpenessieTcss B COOTBETCTBUM ¢ 11.3.28*. PacueTHoe compoTuBiIeHHE OETOHA
IOpU CKaTMM NpUHUMaeTcs ¢ Ko3dduuueHTom ycinoBuil paboThl Oe€TOHA J,, KOTOPBIN omnpexaensercs
KaK MPOM3BEACHUE OTICIBHBIX KOA(PPHUIHUEHTOB }p; corsacHo Tabnuue 15. [Ipu stom xo3ddunment
Jb2, 3ABHCALIMA OT JUIMTENILHOCTH ICHCTBUS HArpy3KH, OIpENeNsercs Ui KaKIOW KOMOHMHAITH
Harpy3ok no oraensHocTu. [Ipu pacuere cormacuo [2] u [3] TpeOyemasi apMarypa onpeaensercs Ha
OCHOBE HenmHeWHol aedopmanmonnoir monenu ([2],m.6.2.21, [3],m.7.1.1.2). Tlpu pacuere mo [2]
MIPUMEHSETCS TPEXJIMHEHHass auarpaMma COCTOSIHHUS cC)Katoro OeroHa, a mpu pacuere mo [3] -
napaboiuyecKu-IMHeHas nuarpamMma. [Ipu moxbope apMaTypbl YUYMTHIBAIOTCS MUHHMMAJbHBIN U
MaKCUMAaJIbHBI THAMETPhl CTEpXKHEW, MUHUMAJIbHOE U MaKCHMaJbHOE 3HAYEHHE IIara CTepXKHEH, a
TaKKe MHMHHUMAJbHOE 3HaueHHe Kod(p(UIMEeHTa apMHUpPOBaHUS, KOTOPBIM OIpenensercs Kak
OTHOILIEHHE IUIOIIAIN apMaTypbl K 3PPEKTUBHOMN IUIONIAAN CEUEHUS, PABHOU MIPOU3BEACHUIO ITUPUHBI
ceuenus (1 M) Ha paboYyIO BBICOTY CEUCHHS.

Pacuer Ha neiicTBHE TONIEPEYHON CHITBI IPOBOAUTCS 110 YCIOBHIO 00ECIIEUEeHHUST HECYIIEH CITOCOOHOCTH
pPacyeTHOro cedeHus: 6€3 XOMYTOB.

[Tpu paccmoTpeHnH pyHIAMEHTA CTYNIEHUYATOTO CEUYEHUS IPOU3BOISATCS TONOTHUTENbHBIE PACUETHI 10
MIPOYHOCTU KOHCOJIM HUXKHEN cTyneHu. [Ipu 3ToM B KayecTBE pacueTHOIO CEYEHUsl pacCMaTpUBAETCS
MPOJOJIBHOE ceueHne (pyHaaMeHTa o O0KOBOM rpaHblO BEpXHEH CTyIeHH.

5. Pacuer no TpemiMHOCTOMKOCTH

Pacuer mo oOpa3oBaHHIO U IIMPUHE PACKPBITHS TPELIUH BbIONHSAETCS cormacHo [1],mm.4.5, 4.14,
[2],mm.7.2.11, 7.2.12, [3],mm.8.2.1.7 — 8.2.1.10. Pacuer mo [1] u [2] npoBoAUTCS AJIT U3TUOAFOIIUX
MOMEHTOB OT KOMOMHAIMli HOPMAaTUBHBIX Harpy3ok (jr = 1). Pacuer cormacHo [2] mpoBoauTcs ¢
UCIOJIb30BAHUEM HEJNMHEHHON nedopMannoHHOM Mojenu. Pacyer mo TpemmHOCTOMKOCTH COIJIaCHO
[3] npoBoauTCA AN M3TMOAIOIIMX MOMEHTOB OT IPAKTUYECKU MOCTOSHHBIX KOMOHMHALMN Harpy3ok
(» = 1) ¢ ucnonp3oBaHuEeM HeJIMHEHHOU aedopmarmonHol Moaenu. [IpexycMOoTpeHo yBelndeHue
IUIOINAJM apMaTypbl, €CIU IIMPUHA PACKPbITHUA TPELIMH INPEBBIIAET MPEAEiIbHO JO0IMYCTUMOE
3HAUYEHHUE.
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6. Pacuyer ocaakm u KpeHa

Pacuer ocaakum ocHOBaHMs mpoBOAUTCA corjacHo [5], mpun.2, n.l wumm [6], 5.5.31 meromom
nocioiHoro cymmupoBanus. Kpen ¢ynnamenra omnpenensercs mo ¢gopmyine (10) [S], mpur.2 wimm no
dbopmyne (5.22) [6]. Ilpu sTomM cpenHue B mpeneiaax CKUMACMOW TONIIA 3HAYCHHUS MOIYJIS
nedopmaruu 1 kodduimenta [lyaccona onpenenstores no dopmynam (11) u (12) [5], npun.2 unm
o popmynam (5.23) u (5.24) [6].
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[IporpamMma mpeaHa3zHaueHa ISl MPOEKTUPOBAHUS OTHENIBHOTO (DyHAAMEHTa IOJ KeIe300€TOHHYIO
kosouny cornacHo CIT 52-101-03 [1] i CHull 2.03.01-84* [2] unmu CHB 5.03.01-02 [6] “BetonHbIe
u xkene300eTonnbie KoHeTpykuw™ [2] m CHull 2.02.01-83* “OcHoBanus 31aHuii U coopykenuii” [3].
[IpenycmMoTpeHo JBa THMA CONPSKEHUS! KOJIOHHBI ¢ (DyHIaMEHTOM: MOHOJIUTHOE U 3a/1€JIKa KOJIOHHBI B
CTaKaH.

1. PacuyerHas cxema

Pacuer ¢ynmamenrta cocrout u3 AByx yacteid. CHavasa OnpeaesisiioTesl pa3Mephl IMOIOIIBEI HCXOIS U3
pacueToB OCHOBaHMs MO jAeopManusM U Hecylled CHOCOOHOCTH, a 3aTéM pacCUMTHIBAOTCS
reoOMEeTpUUECKUE MTapaMeTphbl U apMatypa QpyHIaMeHTa.

1.1 XapakTepHCTHKH OCHOBAHHUSA

XapaKkTepuCTUKN OCHOBAHUS 3a0at0TCA 1O cinoAM. Kaxkaplid cioi 3aaeTcsi KOOPAUHATONW €r0 BepXHEn
TPaHUIIbl, OTCUUTHIBAEMOW OT MOJOMIBHI (yHAaMeHTa. OTpullaTeNbHAas KOOpAWHATA 3aJaeT CIIOH,
JeXKAIMKA BbIIIE TOJOLIBBI, MOCIEAHUNA BBEACHHBIA CIIOW CYUTACTCS PACIPOCTPAHSIOIMUMCS 10
OCCKOHEYHOCTH.

DL

L
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N7 /I % z<0
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Puc. 1. Cxema 3amaHust xapaKTepUCTHK OCHOBaHMS

JIis Ka)kIoro ciosi IOJDKHBI ObITh 3a/1aHbl: YIENbHBINA BEC, MOIAYJb AedopMaliu, yroil BHYTPEHHETO
TPCHUA U YACIBHOC CHCIIJICHUC. PacueTtHoe COIIPOTUBJICHUC T'PYHTA OJIA KaXIOTr0 CJIOS MOKCT 6I)ITB
100 3a7aHO HEMOCPEACTBEHHO, JIMOO BBIYMCICHO B mporpamme 1o mi. 2.41, 2.47 [3]. B mocienaem
clly4ae He0OXOJMMO JIOTIOJHUTENIBHO 3a/1aTh TUI IPyHTa B KaXJ0M ciioe. JlomycKaloTes clieayoine
TUIIBI TPYHTOB: NbIJICBATO-TTIMHUCTLIC, ICCUAHBIC, prnHOO6HOMO‘-IHBIC U CKAJIbHBIC.

1.2 XapakTepucTHKH (pyHIaMeHTa

HcxonHbIMHM JaHHBIMM Ul pacueTa (pyHIaMeHTa SBISIOTCS €ro reOMeTpUYECKUE XapaKTEPUCTUKU U
KJacchl OETOHa M CTald MPOJOJbHOM M TONEpeYHOll apMaTypbl. 3aJaHHbIE TE€OMETPUYECKHE
XapaKTePUCTUKU — Pa3MEpPbl MOJOLIBBI, TOJIIMHA IUIMTHI, pa3Mepbl CTYNEHEK U MOJKOJIOHHUKA —
paccMaTpUBaOTCSl KaK MHMHUMAJIbHBIE, €CIM 3aJaHbl COOTBETCTBYIOLIME MPUPALLCHHUS WIH Kak
HEU3MEHSIEMBbIE NPU HYJIEBBIX IPUPAILIECHUSX.
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2. Harpy3ku

BeprukansHas cuna N, ropusoHTanbHble cuibl Qx, Qy u MomeHTel MX, My mnepenaroTcss Ha
(yHIAMEHT B LIEHTPE CEYCHHs KOJIOHHBI Ha YPOBHE BepxHeEro odpesa ¢yHaamenta. [lomoxxutenbHbie
HaIpaBJICHUs CHJI U BEKTOPOB MOMEHTOB COOTBETCTBYIOT HAIPABJIEHUSIM OCE KOOPANHAT.

NMy

Qx

Puc. 2. Cxema npuiioKeHus: Harpy30k

[Ipu pacuere o CIT 52-101-03 [1] umu CHull 2.03.01-84* [2] Harpy3ku moapasaeisitoTCsl COrIacHO
CHuII 2.01.07-85 “Harpy3ku u Bo3aeicTBus” [4] Ha MOCTOSIHHBIE, JUIUTEIbHBIE, KPATKOBPEMEHHBIC U
ocoOrIe, a mpu pacuere o CHbB 5.03.01-02 [6] — cornacHo [Ipunoxkenuto A. Coderanust Harpy30K Jist
BCEX pacu€ToB CTPOSITCS aBTOMATHYECKU. BO3MOXKHO 3aJlaHMe KaK Harpy3oK, TaK M TOTOBBIX
pPacYETHBIX COUYETAHUI HArpy30K.

Jns celicMUYeCKOTro BO3JCHUCTBUSA M JUHAMHYECKOW COCTABJISIONIEH BETPOBOM HArpy3KH JOJKHBI
3a/1aBaThCsl HArPy3KU, KOTOPbIE COOTBETCTBYIOT popmam Konedanuil. [IpuHIMaeTcs, 4To 3TU HArpy3Ku
SBJISIOTCS 3HAKONEpEeMEHHbIMU. 1Ipy Hanuuuyu Takux BO3ACHCTBUN B PACYETHOM COYETAHUM yCHIIMU
MOMEHTHI ¥ CHJIBI BRIYHUCIISIOTCS coriacHo [5] mo dhopmyie:

rae N; - ycuius, BbI3bIBa€MblE Harpy3kamH, KOTOpPbIE€ COOTBETCTBYIOT i-H ¢opme KoneGaHui
KOHCTPYKIIMHU, 1 — YACJIO YUYUTBIBAEMbIX (popM KosnebaHuid. BeruncienHoe 3HaueHne N npuHUMaeTcs ¢

TEM 3HAKOM (+ WJIH -), KOTOPBI UMeeT HauOoJIbIIee 0 MOIYJII0 3HaUeHHE ;.

3. Pacuer ocHOBaHuUs, BLIOOP pa3MepoB MOJOMIBHI (PyHIaAMEHTA

PacueT ocHOBaHUS 1O HECYIIEH CIOCOOHOCTH MPOBOTUTCS JJISE BCEX BO3ZMOXKHBIX OCHOBHBIX U OCOOBIX
codyeranuii Harpy3ok. CHavaja MpOM3BOJIUTCS PacdeT OCHOBAHMS IO HECYIIEH CIOCOOHOCTH MO IIII.
2.58 — 2.62 [3] c pa3MepaMu TOJIONIBHI, 3aJaHHBIMH TOJIb30BaTeeM. [Ipu HamTu4IuKM 1Mo TOMOIIBOM
(dyHIaMEeHTa HECKOJBKMX CJIOEB HECKAJIbHBIX TPYHTOB YIOJ BHYTPEHHErO TPEHHUS U YAEIbHOE
CIICTIJICHUE OCPEIHAIOTCS MO OOepThIBAIONIEH MOBEPXHOCTEH CKOJBXKEHUS, a YACIbHBIA BEC — IO
00beMy BHYTpH Hee (puc. 3).
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Puc. 3. O6macTs ocpefHEHUS XapaKTEPUCTHK TPYHTa

Ecnu 3amanbl nmpupaiieHus pa3MepoB MOAONIBE U HE BbIMoiaHeHO ycnosue (11) [3], To mporpamma
YBEJIMUYMBAET IUIOMIA/Ib MOJIOMIBHI, IOKA HECYIasi CHOCOOHOCTh OCHOBAHMSI HE CTAHET IOCTATOYHOM.

Jlanee mporpaMma MpoBOJIUT pacueT OCHOBaHUSA MO JedopManusM sl BCEX BO3MOKHBIX OCHOBHBIX
coyeranuil Harpy3ok. [Ipu aToM Ha epBoM 3Tane nposepstoTcs TpedboBanus mi. 2.41, 2.47 — 2.49 [3]
W, €CJIM JJIsi KaKoro-HUOyIb COYETaHHsl HAarpy3o0K CpeIHee JaBJICHHE IOJ MOJOIIBOW IPEBBIIIACT
pacueTHOe COMPOTUBIIEHUE TPYHTA, IpOrpaMma yBeJIMYMBAET Pa3MephI MOIOMIBLI PyHIaMeHTa. 3aTeM
MIPOU3BOUTCS pacueT aedopMmaiuii ocHoBaHus 1Mo Gopmyrnam u Tabmunam npuioxkenus 2 [3]. [pu
3TOM, BBIOOpP PAaCYETHOM CXEMBI IPOM3BOIUTCS B COOTBETCTBUH ¢ 1. 2.40 [3], a riryOuHa cxxMMaeMoi
TOJIIIM TPH HKCIOJIb30BAHUU CXEMBbI JMHEHHO-1e(pOpMUpPYyEeMOro MOJYNPOCTPAHCTBA MPUHUMAETCS
paBHOU 6b (b — MeHBIIMIA pa3Mep MOJIOIIBHI), HO HE MEHEe BEJIMYMHBI, BBIYUCICHHOW MO M. 6
npwitokenus 2 [3]. [Ipu npeBbIieHun TOMyCTUMOW OCAIKH W/WIH KpeHa (pyHIaMeHTa TPOU3BOIUTCS
TOIIIarOBOE YBEJIMYEHHUE Pa3MEPOB MOJIOIIBHI.

4. Bbi0op pa3MepoB pyHIaAMEHTA U pacdyeT apMaTypbl

Tonumua mmTel QyHAaMEHTa onpeneNseTcs U3 pacuera Ha MpoAaBIMBaHHE TaKUM 00pa3oM, YTOObI
tpeboBanus 1. 3.42 [2] wam 3.2.6.2 [1] wnm 7.4.3 [6] ynoBrneTBopsuMCh 0€3 yCTaHOBKH IMOTIEPEYHON
apMaTypbl, HO HE MEHbIIE 3a/laHHOTO T0JIb30BaTENIEM 3HaueHus. Pa3mMepsl NMOJIKOJOHHUKA, 3a/laHHbIE
MOJIb30BATCJICM, MOT'YT OBITE YBCIIMYCHBI, €CJIU 3TO Tpe6yeTCSI JJIIsL obecnieueHus MMPOYHOCTHU CG‘-IGHHfI,
HaKJIOHHBIX K IUJIOCKOCTH TUIMTHI, W 3aJaHbl COOTBETCTBYIOIIHUE MPUPAIICHUS pPa3MEepoB. 3aTeM C
LENbI0 YMEHbIIEHHs] O0beMa IUIMTA JENUTCS Ha JIBEé WIM TPU CTYNEHbKH, pa3Mepbl KOTOPBIX
PACCUUTBIBAOTCA UCXO U3 Tpe60BaHHﬁ MNPOYHOCTHU Ha MPOJaBIMBAHUC U obecreyeHnst MMPOYHOCTHU
HAKJIOHHBIX C€YeHUI 0€3 yCTaHOBKH MOMIEPEYHON apMaTyphbl.

TpeOyeMass apmaTypa TUIMTHI ONpEAeNseTCs MCXonas U3 pacderoB ee mo [1] mam [2] wim [6] kak
M3rubaemMoro 3JIEeMEeHTa MO MpeAeIbHbIM COCTOSHUSM MEPBOW U BTOpOi rpymnm. PacueTsl mpoBoasTcs
paszenbHO Ha M3THO B TUIOCKOCTSIX XZ M YZ IS BCEX BO3MOXKHBIX OCHOBHBIX M OCOOBIX COYETaHUHN
ycunuid. [Ipu 3TOM peakTHBHOE JAaBJICHUE IPYyHTA Ha IMOJOIIBY OMPEACISIETCA C YYETOM BO3MOMKHOTO
€e OTpbIBa OT OCHOBaHMS M 0e3 ydeTra Beca IUIMTHI U TpyHTa HaJa Heil. Pacuer mpoBoautcs ans
HECKOJBKMX CEYEHHUH: B IIEHTPE IUIUTHI W MO TpaHsAM CTymeHeK. [l paccuuTaHHBIX 3HAYCHHI
TpeOyeMol 1O YCJIOBHSIM TMPOYHOCTH apMaTyphbl TMOJOMPAETCS IUaMeTp M IIar pPacroJIOKEHUs
apMaTypHBIX CTEPKHEM.

Pacuer momepedyHoil apMaTyphl CTakaHa MPOBOIUTCS B MPEINOI0KEHUU JTUHEHHOTO pacIpeieIeHs
KOHTaKTHOTO JIaBJICHUSI 110 JUTMHE 3aCJIAHHON YacCTH KOJIOHHHI (puc. 4).
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KonoHHa

Puc. 4. Pacuer monepedHoii apMaTyphl CTakaHa

Jlnametp U pacroioKeHHE XOMYTOB TMOJOUPAIOTCS TaK, YTOOBI B MPEACTHHOM COCTOSIHHHM YCHJIUS B
HUX Ry, ypaBHOBemMBanM [aBJICHHE KOJOHHBI HAa CTEHKHM CTakaHa. PacyeT mpoBOAWTCS Ha BCe
BO3MOXXHBIE OCHOBHBIC U OCOOBIE COUCTAHUS yCHUIIUH.

[IpogonpHas apmMarypa cTakaHa pacCUMTHIBACTCS JUISI IBYX CEUEHUI: KOpOOUATOro ceueHHs Ha YPOBHE
JHA CTaKaHa W IMPSIMOYTOJIBHOTO CEYEHHsI B MECTE€ COEIMHEHHUs IOAKOJIOHHHKA C IUIMTOM. Pacuersl
MPOBOAATCS ISl BCEX BO3MOXKHBIX OCHOBHBIX M OCOOBIX COYETAaHUH YCUIUN C CHUMMETPHUYHBIM
apMHUPOBAHHEM CTaKaHa B KaXIOW TUIOCKOCTH M3ruba. JIJis MakCUMaabHBIX PACCUMTAHHBIX 3HAYCHHIA
TpeOyemMoii apMaTypbl NOJOUPAIOTCS AUAMETP U LIATU PACTIONOKEHHS apMaTYPHBIX CTEPKHEH.

KocBennast apmaTypa nmoJakojI0HHHKA paccuuThiBaeTcs 1o 1. 3.41 [2] wim 3.2.5.3 [1] wim 7.4.1 [6] nns
BCEX BO3MOYKHBIX OCHOBHBIX M OCOOBIX coueTaHul ycumuid. /i MakcuMalbHOTO 3HAYCHUS TpeOyeMoii
apMaTypbl IOJOMPAIOTCS TTAPAMETPhI APMATYPHBIX CETOK (JIMaMETp | IIar), a TAKKe KOJIMYECTBO CETOK
1 PaCCTOSIHUE MEX1y HUMHU.

[Ipy HEKOTOpBIX COYETAHUSX HArPYy30K B IUIUTE MOTYT BO3HHMKATh W3TUOAIONINE MOMEHTHI
MPOTUBOIMOJIOKHOTO 3HAaKa, T.€. PACTITUBAIOLIME BEpXHUE BOJOKHA. B »TOM ciyyae mpou3BOauTCs
MPOBEPKA HECYIIEH CIIOCOOHOCTH OETOHHOTO CEUEHHUs IUIUTHI 1Mo 1. 3.8 [2] u, mpu HEAOCTaTOYHOU
MPOYHOCTH OETOHHOTO CEUEHHUS, IPOU3BOIUTCS pacueT U MoA00p apMaTypbl BEpXHEH YaCcTH TUIUTHI.

S. BbIBOJ pe3yabTaTOB

5.1 MHcxoaHble JaHHBIE

BBIBOI[FITCS[ 3aJaHHBIC IIOJIB30BAaTCICM Ha4aJIbHBIC pa3Mephbl (I)YH,Z[aMCHTa, HarpyskKu u
XapPaKTCPUCTHKU I'PYHTOB OCHOBAHUA.
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AsHEeE OAA p&CSE T

Panaspu O ant pardspe o X & oo ¥ mwcoTaf tiyinea hide
[ ow] [ o] [ =]
AAHTE 100 .0 i00.0 0.0
=[-F-§ E-B-l-F 4 F8 >0 .0 20 _0 170.0
P . 40 .0 40 .0 an. 0
BucaTa @yibladelirTa oF Aomcmas FO00.0 =1
HErpyweE N Harpysna M L] Hy G ar
e mM) [wMew] (mHew) [=M) (M)
1 OoaocTomHEERN fooo.o0 o.o o .0 o.0 a.o
2 AAKTEHkLH&6A gopo.o to.o 10 .10 13 .0a a.@
] NHaTap CETET. 0.0 2.0 i _ i g .0 o.o
T T T | roo.o £.0 0.0 0.0 .o
z 15.0 o.o T . i d .0 a.0
El it.Q o.o 2.0 2.0 Q.o
4 CoaNceE=, | 1ag.0a e0.0 £4) . KX H.0 0.0
) 0.0 io.o T . D 3.0 15.0
1] ag.o to.o 5.0 E.Q 7.0
Fpy T HOPMETHEENS PHEMSWEA MAFSEETERNITHE 0o 06008
LT ] ] E Fi &4 Re IL
[wm] [ =N 0] ] [REOa] [rpag] [ml=m]
Epyau.obfn. -2.00 I0.00 40.00 I8.00 IF.Q0 DB.30
M e i bt .80 17T.80 0. 00 ED.GDO =i . 00 o.50
OEgaE W .50 ZID.00 To.00 T3 .00 19 . 00 O.&DQO

5.2 PacuyeTrHble coueTaHUsI yCUJIMIA

PacueTsl B mporpamme npoBOAATCA I BCEX BO3MOXKHBIX COYETAaHMN yCWINH, HO B paszgene “PCY”
BBIBOZSITCS CHUJIOBBIE (DaKTOPBl U KOA(PGUIIMEHTHI TOJBKO IS T€X PACYETHBIX COUYETAHUH YCHIIHM,
KOTOPbIE 0Ka3aJIMCh CYLECTBEHHBIMU JIJIs1 KAKOTO-JIM0O U3 pacyeTOB, IPOBEAECHHBIX IPOrPaMMOM.

PC¥ pacteTHES COoOUMETaSHKA WO MMM no CHuII £.01.07-825.
FoMAIMA M MOMEHTH nnA onmacHHX PCY Ha ewmcore H o7 DOJOWMEH dVHIaMSHTS .
oy THIT ma b o M My ou Qv
P mo=id [#H] [mH*m] [mH*mMm] [#H] [#H]
{5 TP . Rp . 1 4097 . & 14 .0 16 .68 12 .4 o.o
z TP . O z 4000.0 10.0 10.0 13.0 o.o
2 OCHOE. 3 4z00.0 i0.0 i0.0 12.0 o.0
4 OCHOE. 4 1276, 5 15.8 12 .4 1.4 o.o0
E ocofas =) FE86.32 7E5.8 9.8 12.2 4.3
Haubones ooacHHe Har-— KosddHMUMEHTH pacYeTHHH COMeTAHME JFoHMIME
COUMeTaHMA yFCOMIMH P 1 zZ ] 43 5 & 7 =2
i 1.00 1.00 1.10 1.10 0.929
Z 0.3k 1.00 1.00 0.3& o.20
3 o.=20 o.=20 o.oo 1.6 o._oo
4 o.oo o.oo o.oo o.oo 1.00

5.3 Pe3yabTaThl pacuera (pyHaaMeHTa

B sTom pasaciic B TaOJIUYHOMI (I)OpMC U B BUJC 3CKH3a NMPUBOIAATCA BBIYUCJICHHBIC Ha PA3JIMYHBIX
9Tallax pacucTa pa3Mephbl INIUThI U ITOJKOJIOHHUKA.

Pe=yNETATH pacH=eTa NEOMESTpPHUSCKKHE HapaKRTepHOTHE dyHEISMeHTS .

OEmeRT pazMeps no X M oo T EMCOTa h
[ ] [ma] [om]
nnuTa 1 270.0 270.0 0.0
noMTa le2.0 le2.0 1z.0
nouTa 3 124 .0 124 .0 1z .0
nouTa 4 z70.0 20.0 o._o
NOOEOIOHEHE 0.0 20 .0 146 .0
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Crxema dyHIaMeHTS

M =1 23

CxHeMma dyHIaMeHTS

M =1 22

5.4 Pacuer ocHOBaHMSA
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[TpuBoasTCS pe3ynbTaThl pacyeTa OCHOBAHUS 10 JieopMaIHsIM U HECYIeH CriocOOHOCTH
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Pacuer oCcHOBSHEMA oo CHMII 2 .02 _01-23%*
Pacuem oo CxeMa IHHeHHO OedopMHPYSMODo OONyOpOoOCTpaHCTES.
DedopMaliHaM Hamhonpwas ocagra gocTHDaseTod opix PCY N o4
CpenHese ODaBlIeHHMEe IOI OOLOWEODH p=640_3 mnlla
Epaserpoe ODaBIeHHMEe EBIOIE OCH T py=6d46_3 mnla
Epaserpoe ODaBIeHHMEe BOOIE OCH H pH=645_7 mnla
IaEneHne E YWIOOOECH TOMES pHY=651.1 mla
PacHyeTHOS CONpOTHEIASHME DphyHTa no .41 R=E5E37 .4 mnlla
CompoTHEASEHKSE DRpYVHETAa o yueToMm .47 E=g44 .9 wnla
Doanra VHOSMeSHTa =4 .4 oM = =zu=l1l0.0 =31
HauBomslHA RpeH OocTHDasTCcR ODpH PCF N 4,
Epen dyHODaMeHTa i=0.0001 = din=0.00E0
Pacuar oo HeCoyIeH Hamxfomese ONacHNM OO0 ¥WCOTOHMHEOCSTH HAENAsTeAR PCY N OB
coocoBHoOSTH Marc. rayiHMHA NOESpPXHOSTH CROMBESHMA zm=Z .94 M

CHNIa OpemNeldEHODD CONPOTHEASHMA DpyHETa Nu=L£5cdd nlla

5.5 Pacuer xkes1e300eTOHHOT0 hyHIaMeHTa

B sTOM paznene npuBoasATCs pe3yibTaThl pacyeTa ININThl (yHIAMEHTa Ha IPOJABIMBAHUE, PACUETOB
IPOJI0JILHOM, MONEPEYHOM U KOCBEHHOM apMaTyphl, a TAKXKe MPOBEPKH HIMPUHBI PACKPBITHUS TPELIMH.

hponaBnHBaHHe_l PacugeT Ha DpoDaBElMBaHMe no CHHI S5E-01-03 .
Taxenmix Hevmox. Knace opoumocTH ELS .
Muoxrma PCF L L Ak Wk Wk r
[»e] [»e] [aZ] [23] [23]
1 1 3977 3 .0ZZ z.051 3.43F o.000 oO.20
z 1 z.z08 Z2.243 4_E554 Z.496 Z.304 0O.95
3 1 1.698 1.673 5E_E91 3.008 Z.93&5 0.94
Pacqem SPMaTy PR oo CHHII 52-01-03, = HOEOONEZOEBESHHMEM TpeXIMHE HEOIHX
OHaD P SMME cocTOAHEMAE HerToHa.
LpMaTypa IIMTH Enacce apMaTypHOM cTanxmx: AS00
HHXHAA apMaTypa
[a1a5 5 Eoopm. PCYF Mu=r h A= d n
Py TR [2] [mH*m] [m] [cmZ] [rama]
H 1.86 1 T71.0 5.8 11.1
pid 0.84 1 1101.2 Lz .8 439 .4
pid 0.o00 1 Z8te.z2 T2.8 o5.4 zE ZE
T 1.39 1 228.7 Z3.3 5.8
T 0.87 1 Se3z.0 Eo.3 45.1
T 0.00 1 Z700.0 77,3 932 .3 zE ZE
HMEXHME OPYTHRM COPHEHTHPOESHE Oo oow K.
EepxXHAR apHaTyLa M OpOESPRaS OIMTH Ha OeHcTEHe odparTHODo HOoOMSHTS .
N0 § 2 =Y PC¥F Mu=r Pht*Tpl Az n =} =
QOch [z=H*x] [rH*M] [omE] [papr] [mm]
1 T E) 238.44 25.05 26 .53 ZZ 14 z00
1 X E) 419, 02 22.31 22.41 ZZ 14 z00
Z T E) 238.44 433 .42
Z X E) 419, 02 239,16 1le.72 1t 1z 200
2 T E) 238.44 292 EE
2 i i 415 .02 2e5.78 11.22 11l 1z 400
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NonepeuHEan
SPMATYpPaE CTaRaHS

KoceEeHHaA apMaTypa

MpoogoXbBHaA apMaTypa

pemusocrosinoc s

Dnura

Knacce apMaTypHOR cTanm: A3I00

(1= 5 2 PC¥ =] A=/ = = d n
(=329 [eH/ ] [oME Sfu] [ 2] [ 2]
X 4.z 2 22c6.9 124.5 40 le 4
X o.Z 2 Z2784.1 1z3.5 EOQ le 4
X 12.2 2 z0s2 .8 oE5.9 EOQ le 4
X 12.2 2 1241.5 G6Z .4 100 le 4
X ze8.2 2 101.0 4.7 100 le 4
X 2.2 2 1542 . &5 T1.8 EOQ le 4
X 43 .2 2 ZZc4d .8 10&5.3 EOQ le 4
X 4.2 2 z228e.0 128.9 40 le 4
X EZ .2 2 282 .0 1e5.7 40 le 4
i Ee.2 2 22c6.9 124.5 40 le 4
KoopOoMHaTa Z DPHHMMETCA o7 ESpMHEDNC HRPaA CTaRaHa

NMOOEOIOHHMES _
HamfJomnmee onacmzoe PCF N 1. 2 CceTHRM o warom 100w

CernM M=

NpYTHOE

NOOEOIIOHHMES -

HauHJomnee

omacHoe PCYF M1

Knace apMaTypHOR cTanm: A3I00

ODHaMmeTpoM 10MM, o waromM 100mkmM .

Knace apMaTypHOR cTanm: ASO0

AdHaMeTp OpyTROE 1d4pm.

28 mpyTROE o mwaroM oo ocld X 100Mmk, oo oo T 100mMM.

IpegenwHEO

NIPHHHMaEe TCA

ey

=2

OOy CTHMES A WHPHHES PaCEPEHTHA TP e HME
YOIOEBHMA oHecneueHMA COHPaSHHEOCTH

SPMaTy PH acrol=0_40mMmM acrcZz=0_30mMM
IDes Eoopm. PCF Mu=rZ Mu=rl Moro acrcz acrol
[»x] Z 1 [emH*mM] [cmZ] [mH*m] [rama] [rama]

H 1.86 z 1 4z . & T71.0 165.3 o.oo o.oo

X 0.84 Z 1 5.z 1101.9 E47 .4 o.0¢ 0O.14

X 0.o00 Z 1 le9g.6 z8E5e6.2 11z7.8 0O.14 O.z9

T 1.39 Z 1 126.4 228.7 151.4 0.0k o.11

T 0.87 Z 1 Ltz & Se3z.0 EES.T o.04 o.1l:z

T 0.00 Z 1 15¢6.0 z700.0 1102.0 o.1lz O.27
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[Iporpamma mnpenHazHaueHa s TNPOCKTHPOBAHUS IMMOJIA  CTOJNOYATHIX  (YHAAMEHTOB IO
xene300eTonnbie KooHHBI cornacHo CIT 52-101-03 [1] wim CHull 2.03.01-84* [2] wiu CHbB
5.03.01-02 [6] “beronnsie u xene3oberonnbie kKoHCTpyKIwK~ [2] u CHull 2.02.01-83* “OcHoBanus
3mannii U coopyxkenuit” [3]. IlpemycMoTpeHO N1Ba THMa COMPSDKEHHUS KOJOHHBI € (DyHIAaMEHTOM:
MOHOJIUTHOE M 3aJIeJIKa KOJIOHHBI B CTAaKaH.

1. PacuyerHas cxema

[Mon rpymnmoit QyHAaMEHTOB B MporpaMMme TOApa3yMeBarOTcsd (yHIZaMEHTHI 07 HEKOTOpOe
KOJIMYECTBO KOJIOHH, PAaBHOMEPHO PACIIOJIOKEHHBIX B IpeleiaX MPOU3BOJIBHO OPUEHTUPOBAHHOIO
IpSAMOYTOJIbHUKA Ha IuIomanke. IIpsAMoyrosbHHMKM 3a1al0TCs KOOPAMHATAMH  JIMAarOHAJIBHO
PacroJIOKEHHBIX BEPIIMH M YIJIOM OpPHEHTaluu, MOXHO 3anath a0 100 rpynn. B 3aBucumoctu ot
BBEJICHHBIX MapaMETpPOB, IpyIMINa MOXET IMpPeJICTaBIATh COOOH (QYyHAAMEHTHI, pPACIHOJI0XKEHHBIE B
npenenax NpsMOYToJIbHUKA, BJOJb JIMHUU WIM BOOOIIE OJUHOYHBIM (yHIaMeHT. Pa3mepsl u cxema
apMUPOBaHU Y BceX (PyHIaMEHTOB OJHOM IPYTITBl OJJUHAKOBbIE, KAK HCXOHBIE, TAK U MOyUYeHHBIE B
pe3yabTare pacueta. Pacuer pynaamenTa coctouT u3 IByX yacteid. CHavaga onpenenstoTcs pa3Mepsl
MOJIOIIBBI, MCXOJSl U3 PAacYeTOB OCHOBaHMS MO jAedopmMarusM W Hecymieil crnocoOHOCTH, a 3aTeM
PacCUUTHIBAIOTCS TEOMETPUIECKUE TTapaMeTphl i apMaTypa QyHIaMeHTa.

1.1 XapakTepHCTMKHU OCHOBAHMS

XapakTEepUCTUKA OCHOBAHUS 3aJaroTcs Mo ciosM. CHavana JUisl KaKJI0ro CJI0sl, BBISIBJIEHHOTO B XOJE
WH)KEHEPHO-T€OJIOTUYECKUX H3BICKAaHWH Ha IUIOIIAAKE, BBOIUTCS €ro HACHTU(UKAUOHHOE HMS U
MEXAHUYECKUE XAPAKTEPUCTHUKH, IyCTOE I0JIE MMEHHU 3aBEpIIAacT BBOJ. B kadecTBe MeXaHMYECKHX
XapaKTepUCTHK BBOJAATCA: YAEIbHBI BeC, MOIYJb JeQOpMaluu, Yrojl BHYTPEHHETO TPEHUS H
yIelIbHOE CleIuleHHe. PacdeTHoe CONpOTHBIIEHHE TPYHTa Ul KaXJIOTO CJIOS MOXET ObITh 1100
3aJ]aHO HENOCPEJCTBEHHO, TMOO0 BBIYMCICHO B rporpamme no . 2.41, 2.47 [3]. B nocieanem ciydae
HE00X0AMMO JONOJHUTENBHO 33JaTh THII TPyHTa B KaKJoM cioe. JlomyckaroTes cieayromue TUIIBI
TPYHTOB: TTBUIEBATO-TIIMHUCTHIE, IIECYAHBIE, KPYITHOOOJIOMOYHBIE M CKaJIbHBIE.

DL
- |
K S KK

FL 7 —
N7 / % z=0
WL

Z=()

Puc. 1. Cxema 3aaHus XapakTepUCTUK OCHOBAHHUS

3arem, UId KaXJ0H CKBaXMHBI 3aJal0TCA €€ KOOPAWHATHI M PACIOJOKEHHME IUIACTOB O]l HUMH.
Kaxnplii 1mumact 3agaeTcss KOOPAMHATOM €ro BEpXHEW TIpaHUIlbl, OTCUMTHIBAEMON OT IOOLIBBI
(yHIaMeHTa U CCBUIKOM Ha paHee BBEACHHBINM THI TpyHTa. Kpome Toro, 3aat0Tcsi OTMETKH YPOBHEH
IPYHTOBBIX BOJ M BOAOYIOpHOro ciios. OTpunarenbHas KOOpAUHATA 3a/1aeT CJIOH, JIeXKallui BbIIIE
IIOOIIBBI, IICTHIE I10JI1 KOOPAMHAT CKBAYKUHBI 3aBEPIIAIOT BBOI.
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1.2 Xapakrepuctuku gyHaamMeHTa

HcxomuapiMu TaHHBIMU JUTSE pacdeTa (pyHIaMEHTa SIBISIOTCS €r0 TEeOMETPUUYECKUE XapaKTEPUCTUKH H
KJIacChl OETOHA M CTaju MPOJOJIBHOM M MONEpPEeyHOU apMmaTypbl. ['eomeTpuueckue XapakTepUCTUKU
3a[1al0TCA 7Sl KaKIOM TPYMIbl JM00 HEMOCPEACTBEHHBIM BBOJIOM 3HAYEHHM, JINOO CCHUIKOM Ha paHee
BBE/ICHHBIC JUIsl IPYTOW TPYIIIbl. 3aJaHHbIE T€OMETPUUECKUE XAPAKTEPUCTUKUA — Pa3Mephl MOJOIIBbI,
TOJILIMHA TJIUTHI, pa3Mephl CTYNEHEK U MOJKOJIOHHUKA — PACCMAaTPUBAIOTCS KaK MUHUMAJbHbIE, €CIIN
3a/1aHbl COOTBETCTBYIOIIUE MPUPALIEHUS UM KaK HEU3MEHSIEMbIE [TPU HYJIEBBIX MPUPALICHUSX.

2. Harpy3ku

Harpy3ku 111 kaXaoi rpynmsl 3aal0TCd B KpalHUX YIJIOBBIX KOJIOHHaX. /[ OCTalnbHBIX KOJOHH
Harpy3kd BBIUHCIISIIOTCS B IMPOTrpaMMe HHTEPIIOJIMPOBAHMEM IO ABYM (B cllydyae pacIoyIOKEHUS
KOJIOHH BJIOJIb JIMHUU) WU YEThIPEM TOUKaM.

My22 Mx22

_|_

My12
Mx12

My21
Yol Mx21

My11
Mx11

Puc. 2. Cxema 3amaHus Harpy30K B TPyIIIIE

Beprukansnast cuna N, ropusoHTanmbHble cwibl Qx, Qy u MomeHThl MX, My mnepemaroTcsi Ha
(yHIaMEHT B LIEHTpPE CEUeHUs! KOJIOHHBI Ha YpOBHE BepxHero oOpe3a ¢ynnamenTa. [lonoxurenbHbie
HANPABJIEHUS CUJI U BEKTOPOB MOMEHTOB COOTBETCTBYIOT HAPABJIECHUAM OCEN KOOPAUHAT.

NMy

Qx
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Puc. 3. Cxema npuiox)eHus: Harpy30Kk

IIpu pacuere nmo CII 52-101-03 [1] unu CHull 2.03.01-84* [2] Harpy3ku noapasaesistoTcs COrJIacHO
CHuII 2.01.07-85 “Harpy3ku u Bo3aeiicTBus” [4] Ha MOCTOSIHHBIE, JUIMTENbHbBIE, KPATKOBPEMEHHBIE U
ocoOrIe, a mpu pacuere o CHbB 5.03.01-02 [6] — cornacHo [Ipunoxkenuro A. Coderanust Harpy30K Jist
BCEX Pacy€TOB CTPOSATCS aBTOMAaTHUECKU. BO3MOXKHO 3a1aHue KaK Harpy30K OT KaXJ10r0 BO3ICHCTBYSI,
TaK ¥ TOTOBBIX PACYETHBIX COUECTAHUMN HArpPy30K.

3. Pacuer ocHOBaHus1, BLIOOP pa3MepoB NOA0IBHI GyHAAMEHTA

Pacuer ocHOBaHHMS 110 HECyIIEH CIIOCOOHOCTH MPOBOAMTCS JJISi BCEX BO3BMOXKHBIX OCHOBHBIX M OCOOBIX
COUYETaHWM HArpy3oK u g Kaxnaoro ¢ynaamenrta. CHayana MpoOW3BOAUTCS pacdyeT OCHOBAHUS IO
Hecymel crocoOHocTu 1o min. 2.58 — 2.62 [3] ¢ pa3MepaMu MOJONIBBI, 33JaHHBIMH IT0JI30BATEIIEM.
[lpy Hamm4Mu TOJ TMOAOIMIBOM (yHIaMEHTa HECKOJIBKUX CJIOEB HECKAJIbHBIX TPYHTOB, YTOJ
BHYTPEHHErO TPEHUS M YJAENbHOE CIEIIEHHE OCPEIHSIOTCS MO 00epThIBAIOIIEH MOBEPXHOCTEH
CKOJIBKEHHUS, a YJIeTbHBIN BEC — 110 00beMy BHYTpHU Hee (puc. 3).

Puc. 4. O6macTs ocpefHEHUS XapaKTEPUCTHK TPYyHTa

Ecnu 3aganbl mpupaiiieHust pa3MepoB MOJOIIBEI U HE BbIMojiHEeHO ycioBue (11) [3], To mporpamma
YBEJIMUYMBAET IJIOLIAAb MOJIOIIBbI, [TOKA HECyllas ClOCOOHOCTh OCHOBAaHHUSI HE CTAHET JIOCTATOYHOM.
JloCTUTHYTHII pa3Mep MOAOMIBBI MPUHUMAETCS, KaK UCXOHBIN I OCTANbHBIX ()yH/IaMEHTOB IPYIIIHI.

Jlanee mporpamMma MIpPOBOJMT pacyeT aedopMalii OCHOBAHHUS ISl BCEX BO3MOXHBIX OCHOBHBIX
COYETaHWH HArpy30K M TOJA KaXKABIM (yHIamMeHTOM. llpu 3TOM Ha mepBOM 3Tare MPOBEPSIOTCS
tpeboBanus nmn. 2.41, 2.47 — 2.49 [3] u, ecnu Juid Kakoro-HUOy/Ib cOYETaHHUs HArpy30K CpeaHee
JaBJIEHUE TOJI MOJOLIBOM MPEBBIIIAET PACUETHOE CONPOTUBIIEHUE TPYHTA, IPOrpaMMa yBEJINYUBAECT
pasMepsbl MoIomBH (hyHIaMeHTa. 3aTeM MPOU3BOANUTCS pacueT nedopMarmii OCHOBaHHUS 1O (GopMyIIam
u TtabmuuaMm mnpuioxeHus 2 [3]. Pacuer mpoBoauTcs Mo cxeMme JHWHEHHO AePOopMHUpPYEMOTo
MOJYTIPOCTPAHCTBA C YYETOM BIHUSHHUA COCEAHUX (PyHIaMEHTOB METOJOM YTJOBBIX Touek. [lpu
MIPEBBIIIEHUH JOMYCTUMON OCaJKH W/WIM KpeHa (pyHIaMeHTa MPOU3BOIUTCS MOIIAroBOe YBEIHMYCHHE
pa3MepoB MOAOIIBHI (PyHIaMEHTOB B T€X IPYIINAX, I71€ 3TU BEJIUYUHBI IPEBBIIICHBI.

4. Bbi0op pa3MepoB pyHIaAMEHTA U pacdyeT apMaTypPbl

TonmuHa mauTel GyHIaMEHTa ONpeAeseTcs U3 pacueTa Ha MPOJABIMBAHUE TaKUM 00pa3oM, YTOOBI
tpeboBanus 1. 3.42 [2] wam 3.2.6.2 [1] wim 7.4.3 [6] yAOBIETBOPSIIUCH O€3 YCTAHOBKU MOMEPEUHON
apMaTypbl, HO HE MEHbIIIE 3aJaHHOTO MOJIb30BaTeIeM 3HaueHus. Pa3Mepsl MOJKOJIOHHUKA, 3aJaHHbIC
MOJIb30BATCJICM, MOT'YT 6BITL YBCIIMYCHBI, €CJIU 3TO Tpe6yeTcs1 JJIA O6CCH€‘-I€HI/I$I MMPOYHOCTHU CG‘-IGHHfI,
HAKJIOHHBIX K TUIOCKOCTH IUIMTHI, W 3aJaHbl COOTBETCTBYIOUIWE IPHPAIICHHUS pa3MepoB. 3aTeM ¢
LeNbI0 yMEHbIIEHUST 00beMa, IUIMTa JENUTCS Ha JBE WIM TPU CTYNEHbKH, pa3Mepbl KOTOPBIX
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PacCUUTHIBAIOTCS MCXOMs U3 TpeOOBaHUI MPOYHOCTH Ha MPOJABIMBAHUE U 00ECIEUEHUS] TPOYHOCTH
HAKJIOHHBIX CEYCHHI 0€3 YCTaHOBKHU MOTEPEYHON apMaTyphl.

TpebGyemast apMarypa TIUTHI OMpeAenseTcs UCXoAs u3 pacuetoB ee mo [1] wam [2] umm [6] kak
M3rubaeMoro 3JIeMeHTa IO MpeAebHbIM COCTOSHUSAM NEpBON U BTOpoi rpymnm. PacueTsl mpoBoasTcs
pa3eNibHO Ha U3TM0 B MIOCKOCTAX XZ U YZ Al BCEX BO3MOXHBIX OCHOBHBIX M OCOOBIX COUYETaHHM
ycunuil. [Ipu 3ToM peakTUBHOE JaBJI€HUE T'PYyHTA HA MOJOIIBY OMPEAENSETCS C YYETOM BO3MOKHOIO
ee OTpbIBa OT OCHOBaHMS M 0e3 ydera Beca IUIMTHI U TpyHTa HaJx Heil. Pacuer mpoBoautcs ans
HECKOJIbKMX CEYEHUH: B IIEHTPE IUIUThI U O TpaHsAM CTymneHeK. s paccuuTaHHBIX 3HAYEHUI
TpeOyeMoll TO YCIOBHSIM MPOYHOCTH apMaTyphl TOMOUPAETCS IUAMETp W IHar PaCIOIOKCHHUS
apMaTypHBIX CTEP>KHEH.

Pacuer momepeuyHoil apmMaTypbl cTakaHa MPOBOAMTCS B MPEATONOKCHUH JTUHEHHOTO paclpeaeeHus
KOHTaKTHOTO JIaBJICHUSI 110 JUIMHE 3a€JIAaHHON YacTH KOJIOHHHI (puc. 4).

M

G, O,

g

FY Y Y Y ¥Y¥YY

KonoHHAa

Puc. 4. Pacyer monepeyHoi apMaTyphl cTakaHa

JlnameTp U pacnoiokeHHEe XOMYTOB MOJOUPAIOTCS TaK, YTOOBI B MpPeNeIbHOM COCTOSIHUM YCHUJIUS B
HUX Ry, ypaBHOBelIMBanu [aBlieHHE KOJOHHBI HA CTEHKM CTakaHa. PacyeT mpoBoauUTCS Ha BCe
BO3MOYKHBIE OCHOBHBIE U 0OCOOBIE COUCTAHUS YCHIIUN.

IIpononbHas apMaTypa cTakaHa pacCUUTHIBACTCA Ul JBYX CEUCHMI: KOPOOUATOro CEUCHMs HAa YPOBHE
JIHa CTaKaHa U IMPSIMOYTOJbHOI'O CEYEHMs] B MECTE COEJAMHEHMsI MOJKOJIOHHHMKA ¢ MIuToi. Pacuers
MPOBOJATCS Ui BCEX BO3MOXHBIX OCHOBHBIX M OCOOBIX COYETAHMH YCWJIMH C CHMMETPHUYHBIM
apMUPOBAaHUEM CTaKaHa B Ka)KJOW IUIOCKOCTH M3ruda. J[jns MakCUMallbHBIX PACCUMTAHHBIX 3HAYEHUN
TpeOyeMoii apMaTypsl HOAOUPAIOTCS AUAMETP U LIaru pacroioKeHUs: apMaTypPHBIX CTEp KHEH.

KocBennast apmaTypa noJakoja0oHHHKA paccuuTbiBaetcs no m. 3.41 [2] wiu 3.2.5.3 [1] wnu 7.4.1 [6] nns
BCEX BO3MOXKHBIX OCHOBHBIX U OCOOBIX coueTaHuM ycminid. [[js1 MakcuMallbHOTO 3HAYeHUS TpeOyeMoi
apMaTypbl IOJOUPAIOTCS MApaMETPhl APMATYPHBIX CETOK (AMaMEeTp U 1Iar), a TAK)Ke KOJIMYECTBO CETOK
U PACCTOSHUE MEKy HUMH.

[Ipy HEKOTOPBIX COYETAHUSX HATPY30K B IUIMTE MOTYT BO3HHKATh W3THOAIONINE MOMEHTBI
MIPOTUBOMOJIOKHOIO 3HaKa, T.€. PACTATHBAIOLIME BEpPXHUE BOJIOKHA. B 3TOM ciywyae mpousBoAuTCs
MPOBEpKa HECyIel CmoCcOOHOCTH OETOHHOTO CeYeHHs IUUTHI Mo M. 3.8 [2] u, mpu HEeJO0CTaTOYHOI
MPOYHOCTU OETOHHOTO CEUYCHHUS, IPOU3BOIUTCS pacueT U MoA00p apMaTypbl BEpXHEH 4acTH TUIUTHI.
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S. BbIBOJ pe3ybTaTOB

5.1 MHMcxoauble JaHHBIE

BriBoMTCS 3aTaHHBIN TTOJIE30BaTEIEM IJIaH PYHIAMEHTA:

JaHHEHE IIA pacuUeTa
Mnasw byEIameHTa

M = 1 :245
1k 3 ] z
CP(ED_]_
re. 3
rp. 1l
1 5 7 9
1 & 4
oK. 3
KonoHHH: ODONOXKEHHE e I X v YOOI e e X v ¥Iroqa
M HYMepalUM:A ROMN.DPI. [m] [M] rpom.mom.Tpom. [m] [mMm] rpm.
1 1 1.0 1.0 0.0 2 1 14.0 14.0 o.a
3 1 1.0 14.0 o.0o 4 1 14.0 1.0 o.o
3 1 1.0 7.5 o.0o 3 1 7.5 1.0 o.o
7 1 7.5 7.5 0.0 a 1 7.5 14.0 o.a
a 1 14.0 7.5 0.0
10 2 -8.0 -8.0 45.0 11 2 -8.0 1.0 45.0
1z 2 -1Z.5 -3.5 45.0 113 2 -3.5 -3.5 45.0
14 3 -8.0 7.5 o.o0 15 3 -8.0 14.0 o.a
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BriBoauTcs Tabnuia XapakTEpUCTUK FPYHTOB U PACTIONOKEHHE IJIACTOB B KaXKIOW U3 CKBAYKUH:

TpyHET HOpPMATHEHHE SHAUWEHHA XAPARTEPHCTHE [PYHTOE.
N T T q E fi c/Re R
[RH/u3] [MOall[rpanl] [rlla] [rlla]
1 cmodil 18.00 40.00 Z25.00 o.ao 400.0
2 oo 20.00 30.00 30.00 o.ao so00.0
3 cHo3 19.00 40.00 Z25.00 5.0 600.0
Coopyxenue I mRmacca v,=-1.20
CHREaGXMHH . KOOPOMHATH CEEAXMH M PACHONOXEeHME CHOEER

1 x=4.00mn y=14.00m WL=10.00m WP=30.00mnm
z[m] 0o.00 5.00 9.00
Mrypu 1 2 3

2 x=-89.00mn y=-9.00m WL=10.00m WP=30.00mn
z[m] 0o.00 4.00 8.00

3 x=14.00m y=-9.00mM WL=10.00m WP=30.00mn
z[m] 0.00 4.00 9.00
Mrypu 1 2 3

BriBogsaTCs Har PY3KHU B OCHOBAHUHU YTJIOBBIX KOJIOHH KaXxa0it TpyHIibl:

Harpys®mu n m ) Mx My Qx Qv
Harp. KONOHHH [kH] [mH*m] [mH*mM] [mH] [rH]
1l HocToAHHEAaA ve=1.00

1 1000.0 10.0 7.0 -10.0 -8.0

Z 1000.0 -10.0 -7.0 10.0 g.0

3 1000.0 -10.0 4.0 -10.0 g.0

4 1000.0 6.0 -10.0 10.0 -8.0

10 g00.0 -6.0 -4.0 -5.0 -5.0

11 1200.0 g.0 4.0 3.0 3.0

12 g00.0 10.0 o.0o -&6.0 5.0

13 1200.0 -0.0 Z.0 6.0 -5.0

14 1000.0 5.0 o.0o -2.0 -5.0

15 1000.0 -5.0 o.0o -Z.0 5.0

2 ImuTencHaA ve=1.20

1 1o000.0 12.0 5.0 -20.0 -5.0
2 Soo.o -12.0 -Z2.0 20.0 9.0
3 oo0o0.0 -Z.0 2.0 -Z0.0 2.0
4 1o000.0 2.0 -5.0 20.0 -4.0
10 To00.0 -3.0 3.0 -9.0 5.0
11 a00.0 3.0 0.0 4.0 -Z.0
12 a00.0 2.0 0.0 -4.0 -Z.0
13 TO00.0 -Z.0 3.0 0.0 3.0
14 600.0 -2.0 2.0 -4.0 -2.0
15 c£00.0 4.0 2.0 4.0 -Z.0

5.2 Pac4yeTHble COUYETAHUS YCHJINI

PacueTsl B mporpamme mpoBOASTCA JJIsl BCEX BO3MOKHBIX COYETAaHUN yCWIWH, HO B pazgene “PCY”
BBIBOJIITCS CHIJIOBBIC (DAaKTOPHI M KOA(PQHUIMEHTH TOJBKO U TEX PACUETHBIX COYCTAaHWH YCHIIHH,
KOTOPBIE OKA3AJINCh CYIIECTBEHHBIMU JUI KAaKOTO-JINOO U3 PACUYeTOB, IPOBEICHHBIX MPOrPAMMOH.
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KozsddbuunmesTH Har - Fosddmumenrun PCF Har - KozsddbuunuwensTa PCYF

CYLec TEEHHHX PCYF PrE. 1 2 3 4 pPYHE. 1 2 3 4
1 1.00 1.00 2 1.00 1.30

Cymec TEEHHENE PCY m m m 1) Mx My Qx Qo

rosd.dyHID. [®H] [mHm] [mHM] [rRH] [mH]

1 1 1 Z000.0 22.0 12.0 -30.0 -13.0

2 1 11 z00o.ao 11.0 4.0 o.0a 3.0

3 1 14 le00.0 3.0 Z.0 -6.0 -7.0

4 2 2 1o0o00.0 -10.0 -7.0 10.0 8.0

3 2 1z g00.0 10.0 o.0o -6.0 3.0

3 2 14 l0o00.0 5.0 o.a -Z2.0 -3.0

7 2 1 1000.0 10.0 7.0 -10.0 -8.0

a 2 1a aoo.o -6.0 -4.0 -5.0 -5.0

=] 2 15 1780.0 0.2 2.6 3.2 2.4

10 2 1 2300.0 Z5.6 13.5 -36.0 -14.5

11 1 b z000.0 15.0 -1.5 0.0 -12Z.5

1z 1 3 1900.0 -1Z.0 6.0 -30.0 l6.0

5.3 Pacuer ocHOBaHMSA

g dyHnamenTa, y KOTOPOro MO pacyeTy MoJIyuuIach MaKCUMallbHas 0Ca/ika, BBIBOJSTCS pacueTHOE
COMPOTUBIICHUE OCHOBAHUS U PE3YJbTAThl pacyeTa OCaIAKU. AHAJIOTMYHO BBIBOJSTCS PE3yJIbTaThl
Hecyuiel cnocoOHOCTH OCHOBaHUSA A (yHIAMEHTa, Y KOTOPOTO peain30BaIOCh Hanbosee OrnacHoe
COOTHOIIEHUE HATPY3KH U HECYyIlleld CHOCOOHOCTH IPyHTA.

PacueT Oo CxeMsa NHHeHHO IDIedopMHMpPYEMOTrOo NDONYOpPOCTpPRHCTESR.
DedopMaIHAM HamBonerwaa ocalka ODOCTHIDaeTCcA opx PCY W 1.
TnyBMHEA CHEMMAeMOIN TOIIH He=9., 32 M
CpegHee ODaBJIEeHMEe OO NOOOWMEODIH p=388.5 rla
Kpaepoe nDaBlneHMe BIOOJE OCH ¥ py=42Z.4 rla
KEpaepoe nDaBleHMe BOIOJAE OCH X px=415.0 rla
JaenleHEMe B ¥INOBOH TOUKRE pxy=448.8 wria
PacudeTHOE CONPOTHENEHHE PpyHTA E=400.0 wrla
OQcanka byYyHIaMeHTA 2=1.9 cM < =zu=5.0 CM
HamBomnewMi KpeH JoCTHIaeTcA Opx PCY W1d,
Kpern dyHIaMeHTa i=0.0005 < iu=0.0050
HauBonermaa HepaEHOMEpPpHOCTE ocagjo® nmpu PCY W11,
HexIy GFHOARMeHTaMH W 3 H m 1z
HepaBHOMEpPHOCTE OCAIOR i=0.0003 < iu=0.0010
FPacueT OO0 HECYWER HaMBomeese omDacHHM OO0 ¥COTOHMUMBOCTHM ABIAeTCcA PCF N10O.
coocoBHOCTH Marc. ruoyfBHMHa HOBEpPpXHOCTHM CRONBHREHHA zm=3 .58 M
OcpeDHeHHHE OO0 OBTacTH CHROJBXEHMA NAapaMeTphH TpPpyYHTa
gamma=18.0 rH/m3 ti=30.0 rpaxm. c=0.0 nlla
CHIS8 NPENENEBHOID CONPOTHMENEHHMA [pyHTa Nu=99338 ®H

5.4 Pe3yabTaThl pacuyera (PyHAAMEHTA

Jlia xaxaoi rpynmnsl B TaOIU4YHON (opMe U B BUJI€ 3CKH3a MPUBOJISATCS BHIYMCICHHBIE HA PA3IIMYHBIX
JTanax pacueTa pa3Mephl IUTUTHI U MOJAKOJIOHHHUKA.

PeSyAETATH pacHMeETa FeEOMETPHUSCHHMY XapaRTESPHOTHE $YHISMEHTSE.

OB meRT pasMeps no X M mo T EHCOTa h
[em] [ ] [ o]
onnuTa 1 Z70 .0 z70.0 0.0
nnMTa £ le8.0 1es.0 l1z.0
nouTa 3 124.0 1z4.0 12.0
nauTa 4 Z270.0 0.0 o.0
NOoRO IO HEME So.0 S0.0 14¢.0
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CxHeMma dyHIaMeHTS Bng cBoRy
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5.5 Pacuer kes1e300eTOHHOTO GyHAaMEHTA

B sTOM paznene mpuBOASTCS pe3yIbTaThl pacyeTa IUMTH (yHIaMEHTa Ha MPOJABIMBAaHUE, PACUETOB
IIPOAOJIBHOM, ONEPEYHON U KOCBEHHON apMaTyphbl, a TaKXkKe MPOBEPKU IIUPHUHBI PACKPBITUS TPELIUH.
Pacuetsl npuBOAATCS 1S KaXKJ0U TpyIbl yHIAMEHTOB OTJIENIBHO.
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hponaBnHBaHne_ Pacuer mHa nopogaeXMEaaMe o CHwMII EE-01-03 .
Tazenwi HervmoxH. EKmacc npowtHocoT EL1S.
Mmnuma PCY Lx Ly Al M= kT r
[] [] [HE] [:3] [2x3]
1 1 2.977 2.0z2E Z.0E51 2.432 o.000 0,30
z 1 Z.Z0g Z.Z43 4.E584 2.496 2.3204 0.55
3 1 1.6958 1.673 5.z2591 3.008 Z.9385 0.54
Pacqem SPMaTY PE oo CHwmII 5Ez-01-03, = HOEOONBZOEBSHHEM TpeXIMHE HEOHX
OHAD P SMME cocToAEMA HeToHa.
LpMaTypa OIHTH Knacc apMaTypHoOH cTanm: AS00
HHMXHAA apMaTypa
(1= 5 Koopm. PCF Mu=r h A= d n
P Tmea [»x] [emH*mM] [ cmx] [mZ] [rama]
H 1.86 1 71.0 z&.8 11.1
X o.24 1 1101.%5 EZ.& 42 .4
X o.00 1 2856 .2 Ta.8 25.4 zE ZE
T 1.322 1 2327 23.32 2E5.8
T o.27 1 SE3.0 ED.2 45.1
T 0.00 1 2700.0 TT.32 22.3 zE ZE
HrmxHEHME OpyTHRHM OPHEHTHPOESHE Do ocM H.
EepxHAAR apMaTypa M NpoOESpPKEaS IIMTH Ha medcTEe ofdpaTHoro MOMEHTS .
Maxrma PCIF Mu=r Bt *pl A= n =1 =
[a1a5 5 [mH*m] [emH*mM] [mZ] [rapx] [rama]
1 T 4 238 .44 25 .05 Z6.53 Ze 14 z00
1 H 4 413 _ 0z 23 .31 23 .41 Ze 14 z00
z T 4 238 .44 433 .42
z H 4 413 _ 0z 339 .16 16._72 15 12 =200
3 T 4 238 .44 B3I .EE
3 H 4 413 0z 36E5.78 11_E2% 11 1z 400
IonepeuHaR Knacc apMaTypHOH cmamx: AZIOOD
SpMAaTYDa CTaARaHS
(o3 z PC¥ h=] Laf= = d n
[omx] [mH/ 2] [z Fm] [rama] [pama]
H 4 _ZF 3 966,89 124 .5 40 16 4
H 8.z 3 784 .1 129 .5 50 16 4
H 13 .2 3 06z .8 25,9 50 16 4
H 18.2 3 1341 .5 B2 .4 100 16 4
H 8.2 3 101.0 4.7 100 16 4
H 28.2 3 1543 .5 T1.8 50 16 4
H 43 .2 3 ZEe4d .8 105 .3 50 16 4
H 48 .2 3 z986.0 132.9 40 16 4
H EE.EZ 3 2563 .0 165.7 40 16 4
i 56,2 2 2966.9 124.5 40 1le 4
KoopoMHaTa Z ODPHHHMMETOR oT ESPHHEDD KPaA CTaRaHa

KoceeHHaRs apMaTypa NOORONOHHMES . Kilace apMaTypHoH cTaxm: A3I00

HamufJomnmee onacmzoe PCY N 1. Z CeTHRM o mwaros 100MmM.
Cermnd H= Opy TROE ODHaMmeTpoM 10, o maromM 100
IpoOQONEHAA apMaTypa NOOREONOHHMES . Kilace apMaTypHoOH craxm: AS00
Haunfdon=e onacHose PCF N1 . AxaMmerp OpyTROE 14,
28 mpyTROE o mwarcoMm oo ockx X 100ma, oo ocH T 100w
hpemnﬂocmoﬁmocmh MpegeXbHO OOy CTHMaA WHPHHS PECEPHTHA TP e HME
NPpHEHMMSE TCA M= WCEINOEBMA cHecneueHEMA COHPaSHHEOCTH
SPMaTy PH acrcl=0_40mMM acrcZz=0_30mMM
InmuTa
IDes Eoopm. PCF Mu=rz Mu=rl Mcoreo acrcz acrol
[»] =4 1 [xH*M] [cmz] [eH*m] [ 2] [ 2]
X l1.8¢ Z 1 4z .8 T1.0 165.3 o.00 o.00
H 0.84 z 1 E52.F 1101.%9 547 4 o.08 o.14
H o.oo z 1 1698 .6 28E56.Z 1127 .8 o.14 o.z9
T 1.39 z 1 1926.4 238.7 151 .4 o.0ks o.11
T o.87 z 1 EEE . & SE3 .0 g3 .7 o.04 o.1z
T o0.o00 z 1 1566 .0 2z700.0 1105.0 o._1z2 a_z7
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[IporpaMma paccUMTHIBa€T W TMPOEKTHPYET KENe300€TOHHYIO MOIMOPHYI0 CTEHKY YTOJKOBOIO
npouis ¢ KOHCONSAMH M 6€3 KOHCOJICH ISl CJIOMCTOTO TPYHTA, HAKIIOHHOM MECTHOCTH 32 MOANOPHON
CTEHKOM M NPOU3BOJIBHOIO YPOBHSI T'PYHTOBBIX BOJ. B KadecTBe Harpys3ku JOMYyCKaeTcs BBOJ
PAaBHOMEPHO paCIpEAEIICHHbIX Ha OTPE3KE M COCPENOTOUYECHHBIX HATPY30K HA MOBEPXHOCTh, HATPY30K
oT (yHIaMEHTOB M HArpy30K, MPHIOKEHHbIX K Bepxy creHku (V, H, M). Pacuer ycroiiumBoctu
NOJIO’KEHUs1 CTEeHKU mpousBoauTcst Ha ocHoBanuu CHulIl 2.02.01-83* u CHull 2.09.03-85. Pacuer
Tpedyemoii apmaTyphbl ocymectBisiercs: corsiacho CHull 2.03.01-84* “beroHHbIC U jKe1e300€TOHHBIC
KoHCcTpykuuu”, ymb6o mo CII 52-101-03 “BeronHble M >Kelne300€TOHHBIE KOHCTPYKIMH 0e3
MPEeIBAPUTEIILHOTO  HampspkeHus apMmatyper’, ymb6o 1o CHB 5.03.01-02 “beronHble W
KeIe300€TOHHBIE KOHCTPYKITUN .

1. PacuerHas cxema

[lonnmopHy!0 CTEHKY MOXHO pacCUdThIBaTh C KOHCOSIMM M Oe3 HuX. KoHcomu MOryT HUMeTh
pPa3JIMYHYyIO0 BBICOTY CTEHKM Ha CPe3€ M Ha CTBIKE CO CTEHKOW. MOJKHO 3aJaTh HAKJIOH IIOJOLIBBI
NOJNOPHOH cTeHKH 3. BepTukanbHble rpaHU CTEHKH TaK)Ke€ MOTYT ObITh HAaKJIOHHBIMHU KakK C JIMLEBON
CTOPOHBI O, TAK U € ThIIbHOU 0. [IoBEPXHOCTH 3a MOANOPHON CTEHKOW MOYKET MMETh IIPOU3BOJIbHBIN
HaKJIOH. MOXHO mpeaycMoTpeTh 10 10 ci10eB IpyHTa ¢ pa3iMuHbIMH XapaKTePUCTHKaMHU. Y POBEHb
TPYHTOBBIX BOJ I10 pa3HbIE CTOPOHBI CTEHKH MOKHO 337aTh Pa3JIN4HbIM.
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Pucynok 1: PacueTtnas cxema
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2. Harpy3ku

Bce nHarpy3ku oTHOCATCS K (parMeHTy CTEHbI IIUPUHON 1 M.
MaxkcuManbHOE CyMMapHO€E KOJIMYECTBO HArpy30K OJHOTO THIIA BO BCEX HAIPY>KEHUAX — 5.
MoskHO 3a1aBaTh Harpy3KH CIEAYIOLUX TUIIOB:
" PaBHOMEPHO paclpeiesieHHbIE Harpy3KHU Ha IOBEPXHOCTH C JIMLEBOU U THUILHOM CTOPOHBI;
* OJO4YHbIC HArpy3KU HA IOBEPXHOCTH C JIUIIEBOM U ThIIbHOH CTOPOHBI,
"  COCPEJOTOYCHHbIE HAarpy3KU Ha MOBEPXHOCTH C JIUIIEBOM U ThIIbHON CTOPOHBI,
" Harpy3ku oT (yHJaMEHTa;

" Harpysku, IpHUJI0KCHHBIC K BerHefI 4aCTu CTCHKU.

1 a(E’3J |
[ 1
I‘ a(p2) _JI

a

(P1)
DII0YHbIE HATPYSKH r—t—“-l
agl) S(gl) |
| -1
COCpPeNoTOYEHHEIE HATPYIKH
P1 P2 P3

g
I! -_'_.'.' .-.v.v,. B

aTa e

papHOMEpHAs HAIPy3Ka

A (f1)y

Harpyska oT QyHOaMeHTa
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Pucynok 2: Harpy3ku

3. Pacyer nqaBJjieHHsI TPYHTA

Cunraercs, 4TO Ha NOJIOPHYIO CTEHKY CO CTOPOHBI 3aCBHIIKU JECHCTBYET aKTUBHOE JIaBJICHUE IPYHTA,
BEJIMYMHA KOTOPOTO PACCUUTHIBAECTCS UCXOMs U3 TEOPUH MPEAEIIBHOrO paBHOBecHs KyioHa.
[TockosbKy B mporpamMme IOIyCKAIOTCS HEIUIOCKUE MOBEPXHOCTU 3aCBINIKH, IPSIMOE MCIOIb30BaHUE
COOTHOLUEHUH [5] ans pacuera JaBieHUs TPYHTa HEBO3MOXKHO. B mporpamMme npuMeHSIOTCs Jpyrue
METO/IbI, IPUBOJALINE B YACTHOM CIIy4ae IJIOCKOM IOBEPXHOCTH 3aCBIIKH K TEM XK€ Pe3ysbTaTaM.
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3.1 Meroa Kyaibmana

Pacuer naBnenus rpyHra mnpoucxomuT mno Mmerony Kynemana [6, ri. 2]. Hcnomesyercs meton
KynbmaHa ¢ miockoi MOBEpXHOCThIO CKOJIbXEHUSA. /{711 MHOTOCTIOMHBIX TPYHTOB, MPU UCIIOJIb30BAHUHU
o011ell OBEPXHOCTH CKOJIBKEHHSI Ul MCKOMOTO ONPEACNSIONIEro AABJICHHUs I'PYHTa, NPUMEHSETCS
NpUOIMKEHHOE PELIeHHE, COo/IeprKaliee HEOOXOAUMYIO ISl IPAKTUYECKHX 11eJe TOYHOCTh OOBIYHBIX
CTAaTUYECKUX pacyeToB TrpyHTa. JIJIg KaXkAoro ciios IMyTeM BapHallMd YIJIOB IOBEPXHOCTEH
CKOJIB)KEHUSI BBIUUCIIETCS CHUJla JIaBJIEHUS TPyHTa B IIEHTpe U Mo KpasMm obnactu. IIpu Bapuanum
YIJIOB MOBEPXHOCTEH CKOJBXEHMS HCCIEAYIOTCS BCE NPUHYIUTEIBHBIE MOBEPXHOCTU CKOJIBXECHMS,
BO3HHUKAIOIINE OT HAarpy30K (Ha4yaJabHON M KOHEYHOH TOYEK MPUIIOKEHUs Harpy3ok). biarogaps uemy,
MEXAY JaHHBIMM IPUHYJIUTEIBHBIMM  IIOBEPXHOCTSIMM  CKOJBKEHHS IOJIy4alOTCS  y4acTKH
HENpPEpBIBHBIX AHIOp cuibl JAaBieHus rpyHta no Kynemany. Ilocienyromiee cymMmupoBaHHE CHIT
JIABJICHUS] HAa y4acTKax I03BOJIAET TOYHO PACCUUTATh OIpPENEIsIollee 3HaueHHe OOLIEero IaBieHUs
TpyHTA.

Omiopa Cuil TaBJICHUS TPYHTA B 00JIACTH KAXKJOTO CIIOSI XapaKTepu3yeTcs: Tpemst 3HaueHussMu. [Tyrem
i QepeHIIMPOBaHUST MBI TOJIyd9aeM B TpeleNax Ciios JIMHEHHYIO SIopy JAaBieHus TpyHTa. [lpm
HEOOXOAMMOCTH MOJMY4YUTh Oosiee MOJAPOOHYIO OSHIOPY JaBJIEHHs TPYHTa, MOXKHO pas3ieiauTh
paccMaTpuBaeMbIil CJI0M HAa HECKOJIBKO APYTHX, UMEIOIUX OJAMHAKOBBIE XapaKTEPUCTUKU IPyHTA.

3.2 JlaBieHHe I'PYHTA 1/l IPOBEPKH YCTOMYHUBOCTH

[Ipyu HayM4YMM y MOANOPHOM CTEHKU 3aHEW KOHCOJIM CO CTOPOHBI 3aCBIIIKA BO3HHKAET KIMHOBUAHAS
IpU3Ma CKOJIBKEHHsI C BEpPIIMHON y cpe3a KoHcouu ([5], m. 2.16). Bapbupys yrisl HakjoHa MEpBOM U
BTOPOIl TIOBEPXHOCTEH CKOJIKEHUS, MOXKHO OINpEAEIUTh HaumOOJee ONacHble HMX 3HAUEHUs U
pe3yJIbTUPYIOLIEE AKTUBHOE JABJICHUE I'PYHTA.

3.3 /laBieHHe I'PYHTA AJI51 KOHCTPYKTHBHOI'O Pac4yeTa CTEHbI

st onpeneneHus M3rUOArOIUX MOMEHTOB B CTEHKE M pacdera TpeOyeMoil apMaTypbl HEOOXOIUMO
3HaTh JABJICHUE I'PYHTa HAa BEPTUKAIbHYIO MOBEPXHOCTh CTEHKH. OHO ompezenseTcsd Kak aKTUBHOE
JaBJICHUE TPYHTa HAa HAKIOHHYK CTEHKY no Meroay KyibpMaHa ¢ IUIOCKUMH IOBEPXHOCTSIMHU
CKOJIbXKECHUS.

4. IIpoBepka yCTONYHUBOCTH YIJI0BOM MOAMOPHON CTEHKH

HporpaMMa BBIITOJIHACT CJICAYIOIINC ITPOBEPKU YCTOﬁqHBOCTH CTCHKHU:

— TIPOBEPKA IKCHEHTPUCUTETA pABHOOeUCmEyowetli TIPUIOKEHHBIX K CTEHKE CHJI; B 3aBUCUMOCTH OT
3aJIaHHOTO T0JIb30BATEIEM 3HAUCHUS OHA JIOJDKHA HAXOIUThCS He fanee 1/3 umu 1/6 oT cepenuHsbl
MOJIOIIBBI;

— TIpOBEpPKa CTEHKHM Ha ONPOKHUIBIBAHME TIYTeM CpPaBHEHUS OMPOKHUIBIBAIOIIETO MOMEHTA
OTHOCHUTEJIbHO HIYKHEH YTJIOBOM TOUKH MepeHeN KOHCOU C YASPKUBAIOLUIUM MOMEHTOM;

— TIPOBEpPKa HeCyIIei crmocoOHOCTH ocHOBaHUs cTeHKH 110 1. 2.21 CHull 2.09.03-85 u nm. 2.57-2.62
CHulI 2.02.01-83%;

— TPOBEpKa YCTOMYMBOCTH IOJIOKEHHSI CTEHKH TPOTUB casura 1o 1. 2.19 CHull 2.09.03-85;

— TIPOBEpPKa YCTOMYMBOCTH MacCHMBa TPyHTa CO CTEHKOM Ha TIyOWMHHBIA CHBHUT  TO
KPYTJIOUMIMHAPUYECKON TIOBEPXHOCTH CKOJIbXKEHMSI 110 npuioxenuto 8 CHull 2.02.02-85.

HpI/I HEBBIIIOJHEHUH OJIHOH U3 MEPCUUCIICHHBIX IPOBCPOK, BCC pa3MCPELI, JIs1 KOTOPLIX IMOJIb30BATCICM
3alaHbl IIpUpalICHUA, ITOMAroBO YBEJIMYUBAOTCA 1O JOCTHUKCHUS IMMOJIOKHUTECIBHOI'O pE3yJibTaTa.
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5. Pacyer npo4HOCTH Ke1e300eTOHHON KOHCTPYKIMHU CTEHKH

Hcxons u3 neHCTBYIOMMUX HAa CTEHKY YCHJIMMN: aKTUBHOTO JABJICHUS TPYHTA M JABJICHUS OTIIOPA CO
CTOPOHBI OCHOBAHHUSI Ha TIOJONIBY CTCHKH, B MPOTPaMME PACCUUTHIBAIOTCS BHYTPCHHHE CHIIOBBIC
(dakTophl (M3rHOAOIIME MOMEHTHI, ITPOJOJIbHBIC W TONEPEUHbIE CHIIBI) B PAAC CEUYCHHM MO BBICOTE
CTEHKH M B MECTax CThIKa KOHcoJiel co ctenkoil. Jlanee, cormacHo CII 52-101-03 v CHull 2.03.01-
84* ym CHB 5.03.01-02, BerYucisiFOTCS 3HaYCHUS TPEOYyEeMO# MPOI0IBHON U MOTIEPEYHON apMaTyphI.
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[IporpamMmma npenHa3HadyeHa 11 onpeaeseHus AedopManuii OCHOBaHUS (OCaIKU, TIPOCATKN), a TAaKKe
i moaoopa pasmepos nojomsel pyHnamenta corsnacHo CHull 2.02.01-83* [1] i CIT 50-101-2004
[2]. PacueTrHass cxema OCHOBaHHWs TPH pacueTe OCaAKU coryiacHo [l] mpuHMMaercs Jmbo B BUIE
JIMHEHHO-1e(POPMHUPYEMOTO TIOJIYIIPOCTPAHCTBA, JIMOO B BHUJIEC JMHEHHO-Ie(POPMUPYEMOTO CIIOA.
PacueTHO# cxemoii OCHOBaHUS COTIACHO [2] ABJISETCS THMHEHHO-Ie(hopMHUpyeMOe MOIyTPOCTPAHCTBO.
[IpemycMoTpeH ydeT BIHMSHHS MOJI3EMHBIX BOJI. Hapsay ¢ HOpMAaTHBHBIM pacdeToM OCAJKH, KOTOPBIHA
MPOBOAMUTCS B MPEANOIOKEHUH JUHEHHOrO pachlpe/esieHusl AaBJIeHUs Ha TPYHT, IPEIyCMOTPEH
QIbTEPHATHBHBIN pacyeT B TMPENNOJOKEHUU JIMHEHHOTO pacIpeesieHus] IepeMeIIeHuil ToYeK
TTOJIOIIBBI.

1. ®dynaamenr

PaccmarpuBaercss yHAaMeHT, MOAOIIBA KOTOPOro MMeeT (opMy MPsIMOYTOJbHHKA CO CTOPOHAMHU
[,,l, Bnomb ocedt x,y. OcH X,y HANpPABIAIOTCS MO OCAM CUMMETPHH MPSAMOYToibHUKA. DyHIaMeHT

i i b= >
paccMaTpuBaeTCsl Kak JIEHTOYHbIH (yHIameHT wmpuHod b=/ mpu [ >10/ . I'nmyOuna 3anoxeHus

¢dbyHAaMeHTa OT YpPOBHS IUIAHUPOBKU paBHa d , @ OT MOBEPXHOCTH MPHUPOAHOTO penseda - d, . Ilpu

OMpPCACIICHUU PACYCTHOT'O COIIPOTUBJICHHA I'PYHTA YYHUTBIBACTCA HAJIMIUC ITOABAJIA.

2. I'pynr

I'pyHT, pacronoXeHHbI T1MOA TOMOWIBOM  (yHIAMEHTa, MOXET COCTOSTh U3 HECKOJIbKUX
TOPU3OHTAJIBHBIX CJIOEB C Pa3IMYHBIMU (PU3UKO-MEXaHWYECKMMHU XapakTepuctukamu (puc.l). Ciou
HYMEpYIOTCSl B HAIIPaBJIEHUH OT MOJOIIBBI (hyHAaMeHTa BIiyOb ocHOBaHMs. Bo3morkHo 3axanue 10 20
CJIOEB.

[Ipu pacuere ocaakyd NPEANOIAracTcs, 4TO MOCICAHUNM 3aJaHHBIA CJIOW MOJICTHIIAETCS CKaJIbHBIM
rpyHTOM. IIpy OTCYTCTBMH CKajJpbHOrO TpyHTa CyMMapHas TOJIIIMHA CJIOEB JOJDKHA MPEBBIMIATh
CKUMAEMYIO TOJIILY.

[Ipu HanmMuuM NMOA3EMHBIX BOJ 33Ja€TCsl HOMEP CJI0sl TPYHTa, KPOBJIL KOTOPOTO HAXOAUTCS Ha YPOBHE
noA3eMHbIX BoJ. Ilpu Hainuuu BojOyNoOpa 3aAaeTcs HOMEP CJIOSI TJIMHUCTOIO I'PyHTa, B KOTOPOM
MPAKTUYECKH OTCYTCTBYET (PMIbTpALUs MOJ3EMHBIX BOJ. Y IEIbHBIA BEC IPYHTA, 3aJIETalOIIEro HUXE
YPOBHS TOJ3EMHBIX BOJ, HO BBIIIE BOJOYIIOpPA, PUHUMAETCS C YYETOM B3BEIIMBAIOIIErO ACHCTBUSA
Bozbl. [Ipy Hanuuum BOAOyHoOpa y4HTBHIBAe€TCS AABJIEHUE BOJbl HA KPOBIIO BOJOYIOpPHOTo ciosd. Ha
SMIOpE HANPSDHKEHUSI OT COOCTBEHHOTO Beca IPyHTa Ha yPOBHE KPOBIIM BOJOYIIOPHOTO CJIOSI BOSHUKAET
CKaYoK.

IIpu pacuere ocagku 3amaercst YIACHIbHBIA BEC ¥, TBEPIbIX YaCTHIl IPYHTa, YICIbHBIA BEC y TIPyHTa

MPUPOIHON BIAKHOCTH, KOIPQPUIIMEHT MOPUCTOCTH €, yIeIbHOE CICIUICHUE ¢, YroJl BHYTPEHHETO
TpeHusi @, MOAyYJb nedopmanuu E . [l TIMHUCTOTO TPYHTA JOTIOJTHUTEIBHO 3a/1aeTCsl MOKa3aTellb
TeKydectd [, . 3HaYeHUs ¢, ¢, E 1S TpyHTa, 3aJ1eraloliero HIKe YPOBHS ITOI3EMHBIX BOJI, HO BBIIIE
BOJIOYTIOpa, MOJDKHBI 3a7aBaThCsl U BOJOHACHIIICHHOTO COCTOSIHUS. YIEJbHBIH BeC TpPyHTa B
BOJIOHOCHOM CJIO€ C YYETOM B3BEIIMBAIOIIETO ICHCTBUS BOIBI OIPEACISICTCS aBTOMATUYECKH II0
hopmye:

_ Vs 7 Tw
Vsb l+e

rae y,, - yaedabHbli Bec Boasl (7, = 10 kH/M).
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CxemMa MeclolNMUSCROD o raspesa
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Puc.1. TIpumep 3ananus rpyHra

IIpu pacuere mpocanku 3aJaeTcsl OJUH WIM HECKOJIBKO CIOEB MPOCATOYHOTO I'PYHTA, 3aJIE€Tarollero
HIDKE YpOBHS HOJOMIBBI (pyHIameHTa. J[asl KaXAOro ciosl 3aJaeTcst yAEIbHBIH BeC y, TBEPABIX
4acTHLl, K03((ULUEHT HOPUCTOCTH €, 3aBUCUMOCTb OTHOCUTENILHOI MPOCAJIOUYHOCTH &, OT JaBJICHUS
p (puc.2), moiydeHHas MpPH HCHBITAHUSIX MPOCAJOYHOIO TPyHTa B KOMIIPECCHOHHOM Ipubope

cornacHo [3]. Pacder mpocaaku TpOW3BOIUTCS TPH YCIOBHM 3aMadyMBAHHS TPOCATOYHOTO TPYHTA
CBEpXY JO MOJIHOTO BOJOHACHIIICHUS. Y IeIbHBIN BeC IpyHTA BBILIE YPOBHS MOJOIIBHI 33aJaeTCs AJs
BOJIOHACBILIEHHOTO COCTOSIHMS. Y ICIbHBIM BEC TI'PYHTa HUKE YPOBHS IIOJOLIBBI OIPEHEISCTCS
ABTOMATHUYECKH 110 hopMmyJie:

Vs ey,

yé‘(lt: 1+e

3. Harpy3ka

IIpu pacuere ocaaku 3a1ar0TCa BepTUKaIbHas cuina N U MOMeHTBl M, M OTHOCHUTENIBHO OCEH X,V ,

a TpW pacueTe MPOCAJKH 3aJaeTcs TOJbKO BepTUKaimbHas cuima N . [lpm pacdere JEHTOYHOTO
(dbyHIaMeHTa 3a/1al0TCs TIOTOHHBIE HArPy3KH.
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Puc.2. TIpumep 3aBUCHMOCTH OTHOCHTEIHHOH IMPOCATOTHOCTH OT IABJICHUS

4. Pacuert ocaaku

Pacuer BkIOWaeT MpoBEpKy AOIMYCTUMOCTH JAaBJIEHUS HAa TPYHT OcHOBaHMs. IIpenmonaraercs, 4ro
JaBJICHUE pacrpeneisercs Mo nojomBe (QyHIaMEHTa MO JHMHEWHOMY 3akoHy. llpu Hamuyuu
MOMEHTHOH Harpy3Kv BO3MOKEH OTpbIB Kpas (pyHIamMeHTa OT OCHOBaHMs. B 30He oTpbIBa naBieHHE
PaBHO HYJIIO. Y CJIOBHS IPOBEPKH B 00ILIEM ClIydyae UMEIOT BUJI:

p/R<1
Prnaxx / 12R <1
Pronaxy ! 12R <1
P /1.5R <1

3neck p - cpeaHee JaBieHHe, p,. . - HauOOIbIIEC JABIECHHE MO OCH X, p.. . - HauboiblIee
JaBJICHUE TI0 OCU y, p,. - HauOOJbIlIEe JaBJICHUE B YIJIOBOM TOUKE, R - pacdeTHOE COIPOTUBIICHHE
IpyHTAa.

PacuetHoe comporuBienue rpyHTa R Bwruucisgercs mo gopmyie (7) [1] wim mo dopmyne (5.5) [2].
[IpemycMOTpeHO TOBBIIEHHE 3HAUEHHUs R COTJIaCHO HOPMATHUBHBIM yKazaHUsM. [IpemycmoTpeHo
3aJJaHHE PACYCTHOTO COMPOTUBIICHUE TPYHTA COTJIACHO TaOJIMIaM NpriiokeHus 3 [ 1] nim npuioxeHus

A [2].
Pacuernast cxema ocHOBaHUWsI corjacHO [l] mpuHMMaercs JuOO B BHJE JTUHEHHO-AEPOPMHUPYEMOTO
HOJTyIPOCTPAaHCTBA C YCIOBHBIM OrpaHMYEHUEM IIIyOMHBI CxXMMaeMmoil tommuu [, nmubo B BuAe

JIUHEeHHOo-aeopMupyemMoro cios ToamuHod /4 (H < H,), eciy BBIIOIHAETCS OIHO M3 CIEAYIOIINX
YCIJIOBHIA:
a) B IIpezieNnax CKUMaeMoM Toiuy [, 3aneraer cioil rpyHTa ¢ MoayieM aedopmanun £, >100MlIla

Y TOJILIMHOM /1, , yJOBIETBOPSIIOLIEH YCIOBHIO:

hl ZI_Ic(1_3\/E2/E1)

rae E, - moaynb aedopmMariuy rpyHTa, MOACTUIIAIOLIETO CIOM IpyHTa ¢ MOAyIeM aAedopmarun £, ;

0) mmpuHa ¢ynaamenta b>10M u Monyns Aedopmanuu TPyHTOB ocHoBanusi E >10Mlla (B
npejenax ckKMMaeMon Tonmu H ).

Tonmmna ciost H B cilydae «a» MPUHUMAETCS 1O KPOBJIM MaIOC)KUMAEMOT0 TPYHTa, a B CiIydae «0»
BbIYMCIIIETCS cornacHo [ 1], mpuin.2, n.8.

CTATHUKA-2009. Onucanue npoepamm 550 — Pacuer ocHOBaHUI



283

PacueTrHolt cxemoii OCHOBaHUS COTIIACHO [2] siBasieTCs TMHEHHO-1e(popMUpyeMoe MoIyIpoCTPAHCTBO.

Pacuer ocaakum ocHoBaHuMs mnpoBoguTcs corjacHo [1], mpmn.2, n.l wmm [2], 5.5.31 meromom
nocioiHoro cymmupoBanus. Kpen ¢ynnamenra onpenensercs no ¢gopmyine (10) [1], mpun.2 wnu no
¢dopmyne (5.22) [2]. Ilpu sTOM cpeaHuMe B NpeAenax CKUMAeMOH ToumM [/, 3HaYeHHs MOy

nedopmarmu E n xosddumuenta Iyaccona v ompenenstorcs mo dopmymnam (11) u (12) [1], mpur.2
i o popmynam (5.23) u (5.24) [2].

HwxHsAg rpaHuna cKMMaeMOW TOJIM NPUHUMAETCs Ha NIyOuHe /., Ajii KOTOPOW BBIIOJHSETCS
yciosue o, =ko

g ¢» D€ O, — HalPsDKEHUE OT HArpy3KH MpPH pacyere mo [2] ui JOMOIHUTENIbHOE
HaNpsUKeHWe npu pacdere 10 [1], o, — HanpskeHue oT coOCTBEHHOro Beca rpynra. Cormnacho [2]

3HaYeHWEe k TPUHHUMAETCS B 3aBUCHUMOCTH OT IIMPHUHBI b MONOWIBHI (hyHIaMeHTa B mpeaenax ot 0.2
no 0.5. CornacHo [1] 3HaueHue k& mnpuHMMaeTcs He3aBUCUMO OT IMpuHBl b paBHbM 0.2. Ecnu
HaWJeHHAs HIDKHSS TPaHUIla JISKHUT B CJIOe TPyHTa ¢ MoayJieM nedopmanuu £ < 5SMIlla, To 3HaueHNE
H , npuHUMaeTcsl paBHbIM MUHUMAaJIbHOMY U3 3HAUE€HUH, COOTBETCTBYIOIIUX HOAOIIBE 3TOrO CIOS HIIH

Fle6I/IHe, TAC BBIIOJHACTCA YCJIIOBUC Uzp =0.102g. B nporpamMme MnpeayCMOTpCHa BO3MOKHOCTH

3a/laHusl 3HAYEHUS k , KOTOpask MOXKET OBITh KCIIOJIb30BaHA JUIS BKJIIOYEHHS B CKUMAEMYIO TOJIIY
cinoss ¢ moayinem naedopmammu E <S5Mlla B ToM ciywyae, Korga 3TOT CJIOH HAXOIUTCS HIDKE
HalJIeHHOH rpaHuusl z = H .

B nporpamme npegycMoTpeHa BO3MOKHOCTb ONpPEEICHUS HIKHEH TpaHUIlbl COKMMAEMOM TOJIIU IO
YCJIOBHIO PABEHCTBA HANPsDKEHUS OT HArpy3Kd 3aIaHHOMY 3HAQUEHHIO. JTa BO3MOXKHOCTh MOKET
UCTIOJIB30BaThCS MPH ONPEACTICHHH OCAJKU CBaiHOTO (pyHIaMeHTa Kak yCIOBHOTO (yHIaMeHTa Ha
€CTECTBEHHOM OCHOBaHWU. B 3TOoM ciyuae corsacHo [4] HWXKHSA TpaHUIA CKUMAEMOMN TOJIIH
NPMHUMACTCs Ha [ITyOMHE, Ha KOTOPOM JAOTONHUTENbHOE Hanpsbkenue o, pasHo 10 klla.

Hapsiny ¢ HOpMaTuBHBIM pacdyeToM, KOTOPBI MPOBOAMTCS B MNPEANOI0KEHUH JUHEHHOTO
pacripeieyieHusi JaBJieHUsT Ha TPYHT, NPEIyCMOTPEH albTEPHATUBHBIM pacyeT B MPEANOJI0KECHUU
JMHEMHOro pachpeesieHus MepeMeIIeHU TOYeK MOJIOMIBbI. JTO MPEIINOJIOKEHNUE CIIPaBeJIMBO IS
a0COIIOTHO KeCTKOro (pyHIaMeHTa.

3ajaua 3aKII0YAETCA B OTHICKAHMM TaKOIrO PacpeiesieHUs JABJICHHS, IPU KOTOPOM MEPEMEIICHUS
TOYEK ITOIOIIBBI OIMMCHIBAIOTCS (DYHKITUCH:

w(x,y)=ax+by+c
OOnacTh TOAONIBBI pa30MBAaETCs Ha Majble MPSIMOYTOJbHBIE 3JIEMEHTBI, B TpEAeiaX KOTOPBIX
JaBI€HHE p, TPHUHUMACTCS TIIOCTOSHHBIM. PemieHne CTpoWTCs TPH IOMOIIM  CIEIYIOIIETO
UTEPAIIMOHHOTO Ipoliecca. Ha mepBoMm mmiare qaBjieHue p, TPUHUMACTCS PAaBHBIM CPEIHEMY TaBICHHIO

o [2] unu pomonHUTENbHOMY naBieHuto (mpu b <10wm) no [1]. Ha cnenytomiem miare no JaBieHHUSIM
p; METOJOM IIOCIOWHOIO CYMMHPOBAaHUSI C YYETOM BKJIAJOB BCEX DJIEMEHTOB BBIYHMCISIOTCS

NepeMeIleHusl s, ToYeK NmoaowBsl. [Ipy 3TOM HampspkeHHsl B TPYHTE BBIUMCISAIOTCS IPU MOMOIIU
dopmyn (5.3), (5.4) u3 [5]. 3areM BbIUUCIAIOTCS 3HaueHUs: Kodd¢uiueHrta otnopa k, = p,/s,. s
TOJIyYCHHOTO pacmpesenenus k;, W i 3a1aHHOM Harpyskd N,M .M BBIMUCISIOTCSA MapameTphl
a,b,c. Ilo nepememiennto w, =ax, + by, +c¢ n x03pdULKUEHTY k, ONPENENAIOTCS HOBbIE 3HAUEHUS
p; =k,w,. UTepauus okaHUMBaeTCsl TOrZAa, KOrja OTHOCUTEIbHBIE MPUPALICHUS MapaMeTpoB a,b,c

cranoBsTca MeHbIle 0.5%. Pacnipesnenenue naBiaeHus Ha TpyHT UMeeT HeJIMHEHHbIN xapakTep (puc.3).
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p o [mla]

300
200
100

®* [m]

Puc.3. HpHMep pacnpeacieHusa JaBJICHUA IO MTOIOIIBOM a0COTIOTHO KECTKOTO (I)YH]IaMeHTa

[Ipu anpTepHATHBHOM pacueTe cpelHss ocajaka (mapamerp c), Kak MpaBHIIO, MOJIY4YaeTcss MEHBIIE,
4YeM MpH HOpMAaTUBHOM pacdere. OQHAKO KpeHbI (mapameTpsl a,b) MOryT OBITH OOJbIIE, YeM MpH
HOPMAaTHBHOM pacueTe. AJbTEPHATUBHBIA pPacyeT IO3BOJSET KOPPEKTHO YYECTh HATUYHUE 30HbI
OTpbIBa (hyHIAMEHTa OT OCHOBAHHUS MPHU OOJBIIION MOMEHTHOM Harpyske (puc.4).

P [rl=a]

600
400
£00

¥ [M]

Puc.4. Ilpumep pacnpeneneHus AaBIeHUS IO/ OJOIIBOM aOCOMIOTHO XKECTKOro (hyHaaMeHTa
IPY HAJIMYUY 30HBI OTPHIBA (DYHIAMEHTA OT OCHOBAHUS

5. Pacuer npocaaku

Pacuer MMpoCagKu I'pyHTa OCHOBAHUWA IMIPOU3BOAUTCA IMMPU YCIIOBUH 3aMadBaHUA IPOCAA0OYHOIO I'pyHTA
CBEpXY 10 TOJHOTO BOJIOHACKIMICHUs coryiacHo [1], mpui.2, mm.12-16 umu [2], pa3n.6.1. Ilpocanka
BBIYUCIISETCS 110 (popmyiie:

Ssl = zgsl,ihiksl,i
i

Ia€ &, - OTHOCUTEIbHAs IPOCAJ0YHOCTh i-r0 CJIOs IpyHTa TommuHoW /. Kooddumment £k,

OTIPEJICIIACTCS CIIEAYIOIIMM 00pa3oM:
ky,=1mpu b=12m,
ky;=0.5+1.5(p-p,.)/ p, ipu b<3m

31ecy p - cpenHee JaBleHUE MO MOAOLIBOH QyHIaMeHTa, p,, - HauaJlbHOE [IPOCAJOYHOE JABICHHUE
rpyara i-ro cnos, p,=100klla, b=min(/,/;) - pacuetHas wmmpuHa QyHnamenra. s

MPOMEXYTOYHBIX 3HAYCHUI b MpPUMEHSETCS HHTepnosius. [Ipu pacyere mpocagku OT COOCTBEHHOTO
Beca IpyHTa K03 UIUEHT k , ONpeaenseTcs ciaelyonmM 00pa3oM:

k,=1npu H,<15m
k, =125 npu H,>20m

3)160]5 HS[ - IpocagovHasd TOJIA. Z[J'IH MMPOMEKYTOYHBIX 3HaYCHUH HS[ MPUMCHACTCA MHTCPIIOJIALIUA.
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3a HavaJlbHOE IpocagovIHOC MaBJICHUC p , NPUHHUMACTCSA MNaBJICHUEC, IIPU KOTOPOM OTHOCHUTCIbHAA

IIpocafoyHoCTh &, paBHa 0.01.

Tun rpyHTOBBIX YCIIOBHM IO MPOCAaJOYHOCTU OMNPENCIACTCA B 3aBUCUMOCTH OT BEJIMYUHBI ITPOCATKU
OT COOCTBEHHOrO Beca IpyHTa. B rpyHTOBBIX ycnoBusix I Tuma mpocajgka OoT cOOCTBEHHOTO Beca
IPYHTa OTCYTCTBYET WM HE InpeBblliaeT ScM. B rpyHToBbIX ycnoBusx II Tuma mpocagka or
COOCTBEHHOI'0 BeCa IPyHTA MIPEBBIIIAET SCM.

B rpynroBeiX ycioBusix Il Tuma pasnmuaroT BEPXHIO 30HY MpPOCaiaKu h U HIWKHIOKO 30HY

sl,p

pocajgku / B KOTOPBIX MPOCaJika paBHa S, , U S, , COOTBETCTBEHHO. B rpyHTOBBIX ycnoBusx |

sl,g °

sl,p sl.g

tuna npunumaercad h, , =0 u s, =0. IIpocagka rpyHTa s, Ha ypoBHE MOJOLIBBI (yHIaMEHTa

sl,g sl,g

BBIUUCJIIETCS] HA OCHOBE I'pa)MKOB OTHOCUTEIBHOM MPOCATOYHOCTH (pHC.5).

6. IlonOop pasmepoB pyHIamMeHTa

IIpu moxOope pa3mepoB NOJOUIBBI (PyHAAMEHTa MOTYT OBITh 3aJaHbl MUHHMAJbHBIE pPa3MeEphI
NOJOUIBBl M IIAr HpUpalieHus pa3smepoB. JlaBieHWe p Ha TIPyHT OCHOBAHMS OIpeneisiercs B
MPEANOIOKEHUN JTMHEHHOrO paclpenesieHus AaBieHust no nojomse ¢yHaamenrta. Ilpu nelictBun
TOJIbKO BEPTUKAJIBHON HAarpy3Kd JaBJIEHUE p IIOCTOSHHO, a MPU HAIMYMM MOMEHTHOH Harpy3Kud OHO
ABJsieTcsl mepeMeHHbIM. I[Ipemycmorpen ywer ycmosus p.. /p,.. >0.25. IlpegycmoTrpen moundop
pa3MepoB MOJOMIBHI 03 ydera TpeOoBaHMs 0€30TPhIBHON paboThl pyHIAaMeHTa. Pa3mep 30HBI OTphIBa
OrpaHUYMBaeTCs Mo ycioButo e=M /N <[/4. Tlpumep pacmpenencHusl IABICHUS MOJ KpasMu
(¢yHIamMeHTa Mnpu JeHCTBUM MOMEHTOB B JIBYX IUIOCKOCTSIX C 00pa30BaHMEM 30HBI OTPbIBA NMPUBEAEH

Ha puc.6. [ns mogoOpaHHBIX pa3MepoB MOAOUIBEI (YHIAMEHTAa BBIBOASTCS PE3yIbTaThl BCEX
HEO0OXOMMBIX TTPOBEPOK.

OTHOCHMTESNEHAaA NPpoCadcdHOSCSTE S4 [Mpoccanokra =g

0 0.02 0 6.0 12.0

[cr]

o=
z [m] z [m]

Puc.5. Ilpumep pacnpe/eneHns OTHOCUTEIbHOM MPOCAJI0YHOCTH T10 TITyOHHE
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Puc.6. [lpumep pacnpeneneHus naBieHus M0 KpasMu GyHIaMeHTa
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[Iporpamma mnpeaHa3sHaueHa Ui MPOEKTHUPOBAHUS W pacuéra NIMYHTOBOW CTEHKU CBOOOIHO
3allleMJICHHOW WJIM 3aJI€JIAHHOW B TPYHTE C BOBMOYKHOCTBIO YCTAHOBKH aHKEPOB.

B kauyecTBe Harpy3ok, Kpome JaBJICHUS TPyHTa MOTYT OBITh 3a/JaHbl Pa3MYHbIE HArpy3Kd Ha
MOBEPXHOCTh TPyHTa U Ha caMy CTEHKY. PaccuuThiBaeTcsi riiyOMHa 3a/eJIKU CTEHKU B TpYHTE, a
napaMeTpbl aHKEpOB MOTYT OBITh 3a/laHbl I0Jb30BATENEM, JMOO paccuuTaHbl mporpammoi. CteHka
MOJKET OBITh KaK CIUIONTHOW (KeJle300€TOHHOW WM HAOpaHHOW W3 IIMYHTOBBIX MPOQUIIei), TaK U ¢
HECYIIMMH DJJIEMEHTaMH B BHUJE CBaii (7KeIe300€TOHHBIX WM CTAJIBbHBIX). B jkeme300eTOHHBIX
3JIEMEHTax paccuuThiBaeTcs TpeOyemas apmarypa corijacHo CHull 2.03.01-84* “beronnsie u
xKene3o00eTonHbie  KOHCTpyKuuu” [1], mubo mo CII 52-101-03 “BeronHble M XKelne300€TOHHBIC
KOHCTPYKIIMM 0€3 MpeaBapuTeIbHOr0 HanpspkeHus apmarypel” [2], nmu6o mo CHB 5.03.01-02
“beToHHBIE U KeJIe300€TOHHbIE KOHCTPYKIMHK [3] ¥ moaduparoTcs AMaMeTp M IIar pacroyIoKEeHUs
MIPYTKOB.

1. PacuerHas cxema

[IporpaMma paccuMThIBA€T M TMPOEKTHUPYET IIMYHTOBYIO CTEHKY C MaKCHMyM S5 aHKepamMH H
YCIIOBUSIMU CBOOOIHOTO ONMUPAHHUS UM TIOJTHOTO 3alleMJICHUs] CTEHKHU B rpyHTe. Penbed moBepxHocTH
TPYHTa MOXHO OIPEIEIUTh MPU MoMOIId MakcuMyM 10 Touek. Yron HakjioHa MOBEPXHOCTH T'PYHTA
MOKeT BapbupoBatbcs OT -90° 1o +90°. MoxHO 3a/1aTh OTKOC y OCHOBAaHMSI CTEHKH B KOTJIOBAHE.
['pyHT MOXeT ObITh 3aJlaH TOPU3OHTAIBHBIMHU CIIOSIMU (Bo3MOkeH yueT Ao 10 crmoeB). OHu MoryT
pacroyiaratbCsi TPOU3BOJIBHO TIO BbicoTe. Ha BbICOTE 3aJaHHOTO YPOBHS TPYHTOBBIX BOJ
MIPOM3BOJUTCS ABTOMAaTUYECKOE JEJIEHHE COOTBETCTBYIOLIMX cjoeB. [IporpamMma paccMmarpuBaeT
CHUCTEMY JI0 MaKCHUMAJIbHOW TIyOMHBI, KOTOpas MO YMOIYaHHIO COCTaBIsieT TMyOWHY KOTJIOBaHa,
yMHOXEeHHYI0 Ha 2.5. Ilomp30Barenib MOXKET CaMOCTOSITENIbHO YBEJIWYUTH JaHHYI obsacte. Ciou,
pacmojoKeHHble TIyOxe, 00pe3aloTcs, WIM HUXKHSS TpaHHIla TMOCIEAHEr0 CJOos YAJUHSIETCS [0
JAHHOM TIpeIeIbHON TITyOUHBI.

Cucrema ¥ BXOJHBIC IaHHBIE UMEIOT MMPUHIIUITUAIIEHO CJICTYIONTY0 OPUCHTAIIHIO:
— CJIeBa OT CTCHKH PACTIONOKEH KOTIIOBaH,

— CIIpaBa OT CTCHKH PACIIOJIOKCHA ITOBEPXHOCTH HpHMBIKaIOHICﬁ MCCTHOCTH.

2. Harpy:xenmue

B kauectBe Harpysku 3amaercs pacuetHoe couetanue ycuiuid (PCY) Ha rpyHT u creHky. [Ipu stom
MOJKHO 33/]aBaTh:

*  (JIOKOBBIE (PaBHOMEPHO pacIpeieiIeHHbIC HA YYaCTKe) Harpy3KH Ha MOBEPXHOCThH CIpaBa OT
CTEHKH;

" JIGHTOYHBIE HAarpy3KH Ha MOBEPXHOCTH CIIpaBa OT CTCHKHU;

* cocpenoroyeHHble Harpy3ku (H, V, M), mpuinoxeHHbIE K BEpXHEH YacTH CTCHKH;

" Harpy3kd oT ¢pyHIaMeHTa (3ariryOJIeHHbIe OJIOKOBBIE HATPY3KH);

" JIONIOJHUTENBHBIE IPOU3BOJIEHBIC pacIIpe/Ie/ICHHbIC HATPY3KH Ha CTCHKY .

CTATHUKA-2009. Onucanue npoepamm 570 — llImyHTOBAasA CTEHKA



290

,Z[aBJ'IeHI/Ie TpyHTa Ha CTCHKY MOXKCT OBITh 3a1aHO KaK aKTHMBHOC OAaBJICHUC B IIPCACIIBHOM COCTOSHHH,
NI KaK JaBJICHUC ITIOKOA, 0o MPOMECIKYTOYHOC 3HAUCHUC.

3. Pacuer naBJjieHHsI TPYHTA

3.1 Onmnpenesenue naBJjeHus rpyHTa no meroay Kyiomana

3.1.1 QOobuwue nonoxcenusn no ucnov3osanuto memooa Kynomana

Pacuer naBneHus TpyHTa HNPOUCXOAMT MO TaK HA3pIBAEMOMY pacimiupeHHomy Mmetony Kynbmana.
Ucnonwizyercs Meron KynbmaHa ¢ IUIOCKOW MOBEPXHOCTBIO CKOMBXEHHsS. J[Ji1 MHOTrOCIOMHBIX
TPYHTOB TPU HCIOJB30BAHUM OOIIEH MOBEPXHOCTH CKOJBKEHUS I MCKOMOIO ONpPENEISIIOIIEro
JaBJICHUS TPYHTAa TMPUMEHSETCS NPUOMIDKEHHOE pelleHHne, cojepikaliee HeoOXOIUMYI0 JUIs
MPAKTUYECKUX IEeH TOYHOCTh OOBIYHBIX CTATUYECKUX PacueToB rpyHTa. HeoOXOoAuMMO y4YWTHIBATH
IPAHMIIBI IPUMEHEHUSI METOJA C TUIOCKOW MOBEPXHOCTBIO CKOJIBKEHMS JUISl pacdeTa COMPOTUBIICHUS
rpyHTa. /[ LIIYHTOBBIX CTEHOK OHM COCTABJIAIOT: MPHU OTPULATEIBHOM YTJIE TPEHUS O CTEHKY -
2/3*@=<6 <0, @<35° Hu B <0° mpu TOJOXKHUTEIBHOM yTJ€ TPEHUS O CTCHKY +@>5p>0° CIeayeT
WCIOJIb30BaTh UCKITIOYUTENHHO 3 >0°.

IIpy MATKHX CBSI3HBIX CIIOSIX BCETZa CIIeyeT yCTaHaBIuBaTh § =0.

3.1.2 Pacuem Oagnenusn cpynma

[Tporpamma, BapbUpysl yroJ IOBEPXHOCTH CKOJIBKEHUS, ONPEACISACT I KaXKI0T0 CIIOsl TpyHTa o0Iiee
JIaBJICHUE TPYHTA B LIEHTPE 00JIaCTH M HA TPaHUIAX. DTHU 3HAYCHHSI COJEPKAT YaCTH OT COOCTBEHHOI'O
Beca rpyHTa (BKIIIOYasl CICIUICHHE) U OT BHEIIHUX HAarpy3oK. B BbIBOZIE, IOMHUMO COOTBETCTBYIOIIECTO
yrijla HaKJIOHAa IMOBEPXHOCTU CKOJILXKCHHUA, OTH YaCTU NPCACTABJIICHLBI OTACIIBHO. I[.HH COIIPOTUBJICHUA
IPYHTa pPACCUMTAHHbBIC 3HAYCHUsS OOIIEr0 MAaBJICHUS TIPYHTA YXKE JAEIATCS Ha COOTBETCTBYIOILIHMI
kod(puimeHT 6e30MacHOCTH.

[Ipu BappupoBaHUM YTIJIOB OBEPXHOCTU CKOJIBKEHMS UCCIIENYIOTCS BCE BBIHYKJIEHHBIE TTOBEPXHOCTH
CKOJIbKCHHS, BOZHHUKAIOIINE OT YIJIOB penbed)a MECTHOCTH W TMOJIOCOBBIX HArpy30K (HayallbHBIE U
KOHEYHbIE TOYKU Harpy3ok). Takum oOpa3oM, Mbl MOJIy4YaeM HENpEpbIBHbIE YaCTHUHbIE (PparMeHTHI
JUHUM JaBieHus TpyHTa KynbmaHa, KOTOpble MOXHO HCIIOJIb30BaTh Janee. JlaHHBIA IOIXOL
MO3BOJIAET HAJEKHO BBIYUCIUTH ONPENENAIONIee 3Hau€HUE OOIIero JaBieHHsl TpyHTa. Takum
o0pa3oM, pacmpeziefieHHe OOLIero NaBjieHUs IPyHTa XapaKTepu3yeTcs B KakJoW o0jacTu Tpems
3HayeHusAMU. [lytem nuddepeHpoBanns Mbl IOTy4YaeM SMIOPY NaBJICHUs TpyHTa. BHyTpu Kaxmoi
o0TacTu CJosl JaHHAs SI0pa SABIsSeTcs JuHelHoW. Ecim HeoOXoauMo moilydyuTh Ooliee MmoapoOHYIO
SMIOPY [ABJICHMSI TPYHTA, TO 3TO MOYKHO CHENaTh IIyT€M [JEJIECHHs TOJIIM Ha HECKOJIBKO CIIOEB,
UMEIOLIUX UIEHTUYHBIE XapaKTEPUCTUKHU TPYHTA.
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4. Pacuer ycuwiuii B CeUeHUSIX CTEHKHU

4.1 Meroasbl pacuera

B ocHoBe pacuera ycwinii B ceueHUAX JexkaT MeToasl Skoou u bitoma. JIo BooOpaxkaemoil Ormopsl B
TPYHTE Ha CTEHKY JIEWCTBYET pe3yJIbTUPYIOLIEE IaBICHUE IPyHTa. B cilyyae «IoJHOro 3amieMiieHusd
CTCGHKM B TPYHTE BO3HMKAET OINOpHAs peakuus TpyHTa - SKkBUBaleHTHas cuia C. UtoObl 3ta
sKkBHUBaJIeHTHas cuiia C BO3HUKJIIA, CTEHY CleAyeT NPOIJIUTh 3a MPEEsIbl BOOOpaKaeMOM OIOpBHI.

[ns pacuera ycumnauii B CEUEHHMAX MCIOJB3YETCS METOJ HaydalbHBIX MapaMeTpoB. BenuduHsl
BHYTPEHHUX CHUJIOBBIX (PaKTOPOB BBIBOJSATCS HA TPAaHUIAX CIIOEB, B TOYKAX KPEIJICHHUS aHKEPOB, B
BOOOpaKaeMOU OMOpe W Ha BBICOTE MPOYUX M3MEHEHHWH SIIOPHI JABJIICHUS TPYHTA. J[OMOTHHUTEIHHO
BBIBOJISITCS MAKCUMAJIbHBIEC 3HAYCHMSL.

4.2 OmnpenesieHne NMOJ0KeHUs1 BOOOPakaeMoil 0NOpPbI

[TonoxxeHne BoOOpakaeMoii OTMIOPHI CBSI3aHO C ONPECTICHHBIMHI KPAeBBIMHU YCIOBUSIMH B HEH: «ITOJTHOE
3aleMJIeHHe» WM «CBOOOJHOE omupaHue». TeopeTuuecku Tpedyemas JJMHA CTEHKU OIpeesieTcs
TaK, YTOOBI BBIMIOJIHSAJIOCH MPUHATOE YCIOBHUE ONMUpaHus. B HEKOTOPBIX ciydasx AJisg 5TOro TpeOyroTcs
WTEpaInu, BHITIOJIHAEMbIE TPOTPaMMOil.

4.3 OmnpeneieHue JONOJHUTEIbHON ITyOUHBI 3a1eJIKH

[TonyuyeHHass B pe3yibTaTe pacyera peakius BooOpaxkaemol omopsl C mpenacTaBiseTr coOod B
NEHCTBUTENBHOCTU CHIy, PAaclpeAesieHHYI0 M0 MOBEPXHOCTU CTEHKH. YTOObI OHAa BO3HUKJIA, CTEHKY
ClIelyeT MPOJUINTh 3a Mpeeibl BOOOpaxkaeMoi OMoOphbl, TO €CTh UMEIoLeecs] B 00J1aCTH 3allEeMIICHUS
COIIPOTHBIIEHUE TPYHTA JIOJDKHO MMeETh BennuuHy cuibl C. IIporpamma ompezenser conpoTHBIECHHE
rpyHTa crnpaBa OT cTeHbl no Merony Kymnbmana. M3 pacnpeneneHuss U BEJIWYMHBI CONPOTHBIICHUS
IpyHTa, KCIOJIb30BAHHOTO C KO3(PPUIIMEHTOM O€30MacHOCTH, W MOJYyUYEHHOW M3 pacyeTra yCWIUd B
ceueHMsIX BeaMuuHbl cuiibl C paccUMThIBAE€TCS JOMOJHUTENIbHAS TTyOMHA 3a/esku. [laHHbI moaxon
cooTBeTCTBYET opmyre JlakHepa.

4.4 Brpluucjenue Tpedyemoil JJIMHBI NPOdust

JIist KaXIOoro TN ONMHpAHHs ONpEIeseTCS W BBIBOAMTCS TpeOyemas ummHa npoduis. [Ipu stom
OT/ICJIbHBIC YACTH PACTIPEICIISIOTCS CIICAYIOIUM 00pa3oM:

Tpeb6. L=H +u+x+dx

rae:  H: BEPXHS YaCTh CTEHBI JI0 KOTJIOBaHA
u OT /IHa KOTJIOBaHa /10 HYJIEBOM TOUKU HArpy3Ku
X: OT HyJIEBOM TOUKH Harpy3KH 0 BOOOpakxaeMoi Omopsl
dx: JIOTIOJTHUTENbHAS TTyOuHA 33 1CJIKH

CTATHUKA-2009. Onucanue npoepamm 570 — llImyHTOBAasA CTEHKA



292

S. IIpoeKkTHpOBaHME HECYLIUX 3JIEMEHTOB CTEHKU

5.1 Hecyumue 3jieMeHTbI CTEHKH U3 CTAJIH

B kadecTBe CTaNbHBIX HECYIIUMX 3JEMEHTOB CTEHKH MOTYT OBITH BBIOpaHBI JMOO CTaJbHBIC CBaH,
pAacIIONIOKEHHbIE HA HEKOTOPOM PACCTOSTHUM JAPYT OT JIpyra, 1M00 CTEHKa MOXKET OBbITh BBINOJIHEHA U3
CIIETIJICHHBIX MEXAy c000i crenuanbHbIX IIMYHTOBBIX Npoduieii. B mepBom cityuae mis cBaif MoryT
ObITh Hcnonb3oBaHbl AByTaBpel o 'OCT 8239-89, 'OCT 26020-83, CTO ACUM 20-93 unu TpyOs!
no ['OCT 8732-78*, TOCT 10704-91. MoryT Tak>xe ObITh BbIOpaHbI IPOGHUIN APYTUX THUIIOB U MapOK
U3 MIOCTaBIIEMO 0a3bl Mpoduiiei, InO0 XapaKTepUCTUKH MPO(UIISI MOTYT OBITH 33J[aHbl B IPOTPaMMe
oTIenbHO. B KadecTBe HMIMyHTOBBIX Npoduiieii B mporpamme npeaycmorpenst npodumm IT-1, TIK-1
-T'OCT 4781-85 n mnynts! Jlapcena JI-4, JI-5, JI-7, JI-5Y - TV 14-102-147-93.

[IpoBepka MPOYHOCTH NPOU3BOAUTCS HA JOCTHIKEHHE HOPMAJIbHBIMHU, KacaTeIbHBIMU WJIU
SKBUBAJICHTHBIMU HAIPSHKEHUSAMH COOTBETCTBYIOIIETO PACUYETHOTO COMPOTHUBJICHUS 110 TPEIeTy
TEKy4eCTH.

5.2 Hecyumue 3jieMeHTbI CTEHKH U3 JKeJ1e300eTOHA

B xauecTBe Xene300€TOHHBIX HECYIIMX JIIEMEHTOB MOTYT OBITH BBIOpAHBI MPSIMOYTOJBHBIE WIIH
KBaJ[paTHbIE CBaH, JIMOO CIUIOIIHAsA CTeHKA. /i »kes1e300€TOHHBIX 3J€MEHTOB IPOM3BOIUTCS PacyeT
apMaTypbl ¢ yuyetoM TpeboBaHuil TpeumuHocToiikoctu nmo CHull 2.03.01-84%*, CHull 52-01-03 wunu
CHBb 5.03.01-02. [lns paccuuTaHHOM apmarypbl BBINOJHSIETCS MOAOOp JuMaMeTpa U 1iara
PacIoIoKEHUs IPYTKOB.

6. lonmoaHuTeIbHBIE pacyeThbl M MPOBEPKH

JIONOITHUTENBHO INPOBOAMTCS pacyeT JIMHBI aHKEPHOM TAIW, €CIUM OHA HE 3aJaHa U IpPOBEpKa
YCTOMUMBOCTH 3aaHKEPEHHOIN YacTW IpyHTa HA TIYOMHHBIM CABWT IMPH MOCTYNATEILHOM JBHKCHUU
IpyHTa U cTeHKH. Kpome Toro, mpoBoAauTcs NpoOBEpKa yCTOMYMBOCTH CTCHKHM M MACCHBA I'PyHTa Ha
CIBUT 110 KPYIVIOUUIUHAPUYECKON TOBEPXHOCTU CKOJIbKEHUS.

7. TlosicHUTE/IbHBbIE YePTEeKU

I[JISI HarjsigHoro I/I306pa)K€HI/I$I HCXOJHBIX MAaHHBIX M PE3YJILTATOB pacycTa, IporpamMma BbIBOAUT
YCTBIPC MMOSICHUTCIIbHBIX YCPTECIKA.

Hpe,I[y'CMOTpCHa BO3MOXXHOCTB OTKIOUYCHUA OJHOI'O MJIM BCEX qepTexceI?I.

7.1 UYeprex pacueTHOH CXeMbI

N3o0paxkaeTcst 3a1aHHasi TOBEPXHOCTh TPYHTA, IMOJOIIBA KOTJIOBAaHA C OTKOCOM (€CIIM MMEETCs), BCe
HEOOXOJIMMBIE JUIsl pacyeTa CIIOM TPYHTA, YPOBEHb IPYHTOBBIX BOJ|, @ TAKXKE IMOJIOKEHHE M HAKJIOH
aHKEPOB.

7.2 Yeprex HATPY30K

N300paskarorcs 3alaHHbIe HATPY3KH.
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7.3 UYeprex naBJieHHsI TPYHTA

N3o0paxkaeTcsi macCHMBHAs W aKTHBHAs COCTaBISIONIME JaBJICHUS TpyHTa. Ha ueprexxe BUIHBI H
OTHIeNbHbIE 4YacTW JaBiieHWs TpyHTa (eagh, eaph, eawh wu epgh), W3 KOTOpPBIX COCTOUT
pe3yIbTHPYIOLICE AaBIICHHE.

7.4 Yeprex yCHINH B CCYCHUH

Jia kaxxooro Tuma 3aJeNIKM CTEHKH B TpyHTe H300pakaercs Hporud w, SMIOpbl MOMEHTOB H
MOTIEPEYHBIX CHUII.
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[IporpamMmma mpenHa3Ha4YeHa IS TPOBEPKH yCTOMUMBOCTH CTeHKH Oanmku coriacHo CHwull I1-23-81%*
[1] wm CII 53-102-2004 [2]. PaccmartpuBaercsi NpPOM3BOJIBHOE pPacCHpElEIEHUE HOPMAIbHBIX
HANpsHKEHUH 10 BBICOTE CTEHKH, KOTOPOE BO3HMKAET MPH PacyeTe HECUMMETPHUYHOTO CEUCHHS WU
MIpU y4eTe ACHCTBUS MPOIOIBHON PACTATUBAIOIICH WM COKUMAIOIIEH CUJTBI.

1. PacuerHas cxema

Pacuetnast cxema npencraBiser co0oil MPSIMOYTOJbHYIO TUIACTUHY TOJILUHON f, COOTBETCTBYIOUIYIO
OTCEKY CTeHKH OalKu, KOTOPBIM OrpaHHuYEH MOMEpPeUyHbIMH peOpamMu KECTKOCTU. J[M1Ha MiacTuHbl a
paBHA PacCTOSHUIO MEXKIY peOpaMu >KeCTKOCTH, IMPHHA TUIACTUHBI paBHA pabodeil BBICOTE CTCHKHU
h, . YuuTbIBaeTCs ynpyroe 3allleMICHHE CTCHKH B rosicax. Ha BepTHKaibHBIX IpaHAL@X OTCEKa

NPUHUMAIOTCS yCIIOBUS IIIADHUPHOTO OMTUPAHUSI.
B obmiem cnydae B miacTuHe ACHCTBYIOT HOPMalbHOE HANPsDKEHUE O , HAIPaBJICHHOE 110 OcH Oakuy,
KacaTelbHOE HANPSKEHUE 7 W HANPSIKEHUE O, BHI3BAHHOE JICHCTBUEM JIOKATBHON CHKMMAIOUIEH
Harpy3KH, IPHI0KEHHON K OJJHOMY M3 MM0sCOB Oaiku. HanpspkeHuss o, M 7 ONPEersIFoTCs COTJIACHO
[1],m.7.2* wmm [2],11.9.5.2 o hopmymnam:

, M
x Iy
0

th

rae M ,Q - pacueTHbIe 3HAYCHHS U3THOAIOIIET0 MOMEHTA M TIOTIEPEYHON CUJIBI, CPEAHHE B Mpeeiax
oTceka Oanku, / - MOMEHT MHEPIMHM CEYCHHS, ) - PACCTOSTHUE OT HEHUTPAJIbHOW OCH 0 pacueTHOM
TpaHUIbl CTEHKH, A - TONHAs BhICOTAa cTeHKU. CrKuMaroliee HopMaabHOE HaNpsHKEHUE PUHUMACTCS
NOJIOXKUTEIBHBIM. PacnpeneneHne no BHICOTE CTEHKH HANPSKEHHUs O ONpPENeNsIeTcs IMyTeM 3aJaHust

HauOOIbIIEro CXKXuMaromiero o W HauOOJIBIIETO pacTAruBaromero o HaHpH}KeHHﬁ,

X ,CHCUM X, pacm

BBIYUCJICHHBIX Y PACYCTHBIX I'PAHUL] CTCHKHU. PaCTHFI/IBaIOH_Iee HAIIPAKCHUEC 3a4aCTCA OTPULATCIIbHBIM
3HAYCHUCM. HaHpH)KCHI/Ie Uy OT JIOKaJIbHOM pacquHoﬁ Harpys3kKu F OIPCACIIICTCA COIJIaCHO

[1],m.5.13 wnwm [2],11.9.2.2 o hopmyire:

O, =0, = _F
y — Yloc —
f,

rac lef - IJIMHA PaclpCACICHUA JIOKaJIbHOM Harpys3KH.

2. Pacuer mo CHull 11-23-81*

I[Ipu wu3runbe OankM CHMMETPUYHOTO cedeHus 0Oe3 yueTa MPOAOIBHOM CHIbI, HauOoIbIIee
pacTIruBarollee HamnpsHKeHHe ClelyeT 3a/laTh YWCICHHO PAaBHBIM HaWOOJBIIEMY CKHUMAIOLIEMY
HANpPSDKEHUIO, T.€. O =—0 B ostom cnywae, cormacuo [1],nm.7.4*, 7.6* mnpoBepka

Xx,pacm X, corcum *

YCTOWYMBOCTH TIPOBOAUTCS TI0 hopmyram (74) u (79), IMEIOIINUM CIICTYFOIIHA BH/T;

2 2
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2 2

o o T
-+ loc +| — < yc
O-cr O-loc,cr z-cr
3I[eCB Ucr n O-loc,cr - KpI/ITI/IquKI/Ie HOpMaHBHBIC HaprDKeHI/Iﬂ, Tcr - KpI/ITI/IquKoe KaCaTCJIbHOC

HaIpsKCHUE, O = O

X,corcum 7/0

- KO3 QUIMEHT yCIOBUN PabOTHI, KOTOPHI MPUHUMAETCS COTJIACHO

tabmuue 6* us [1]. IlpuBenennsie GopMysbl IPUMEHUMBI IIPU yCIOBHOM TMOKOCTH CTE€HKH A, <6.
[lepBas 3 npuBeICHHBIX (HOPMYII IPUMEHSIETCS, €CIIM HET JIOKAIbHOW Harpy3KW WM €CITH JIOKaIbHAs
Harpy3Ka MpUJIoKeHa K PaCTSIHYTOMY TOSCY.

Kpuruueckoe HanpsKeHUe 7, BBIUUCISETCS 110 (opMyIe:

=103 1+ 270 | &

1) 2y

2

Kputuyeckoe HanpsskeHue o, npu o, =0 Bbruuciaserca no Gopmyie:

_C,R,
cr . T2
A

w

o

— h, |[R, — d |R
3nece A, =< ?y s Ay = - ?y , d =min(a,h, ), ¢ - OTHOLICHHE OOJIBIIEH CTOPOHBI IIACTHHBI
/ . .

K MEHbUIEH, R, ,R, - pacueTHple CONMPOTUBIECHHA CTand, E - MOJyIb yNPYroCTH CTajH.

Koappunuent ¢, omnpenensercs mo tabmuue 21 u3 [1] B 3aBucumocTH 0T Ko3(duuUeHTa
3

bt

o= ﬁh— —— | , YIUTBIBAIOIIETO CTEIIEHb YIPYTOro 3allleMJICHUsI CTEHKH B TIosicax 6anku. B hopmymy

o t

JUlsh 6 TIOJCTABIAIOTCA WHMPHHA b, U TOJNIIMHA {, CKATOro 1nosica. [Ipu HENPEPHIBHOM 3aKPETUIEHHH

CKAaToOro Imosica MPUHUMAETCS O =00, B MPOTUBHOM cCilydae KO3(PPHUIMEHT O BbIUMCISIETCS MpU

£ =0.8.1lpu a < hef nMeeT MecTo GhopMyia ,Te ;= i,T
ef

a Cie [ Oloe .
IIpu o0, #0 u npu ycmoBuax —>0.8 u %>(%) k03(p(HUIMEHT ¢, B NPHUBEICHHOU
ef lim

dopMmynie Ui KPUTUYECKOIO HANpPSKEHUs O, 3aMeHsercss Ha KOd3(QQHULUUEHT c,, KOTOPBIH

o,
npuHUMaeTcs mo tabnuue 25 u3 [1] B 3aBucumoctu ot a/ hef u o . [IpenenvHoe 3HaUEHUE (ﬂj
o
lim

npUHUMAeETCs 1o Tabmuie 24 u3 [1] B 3aBucumocta ot a/h, u 5 .
Kpurnueckoe HanpsHkeHUE o, ONpPEAEIACTCS Ho popMyIe:

_ ClRy

O-loc,cr - =2

a

a |R
3nech A, = 'R ,EV , ¢, - K03 dHUIKEHT, KOTOPbIH MpuHIUMaeTcs 1o Tadnune 23 u3 [1] B 3aBucuMocTu

or a/h, u 6. Crneyer OTMETHTh, YTO NPH [EHCTBUM JIOKAJIbHOM HArPY3KH HA PACTSHYTHIA MOSC B

dhopmyny mist koadduimenTa o MOACTABISIIOTCS pa3Mephbl pacTSIHYTOTO Tosica.
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a G loc G loc
HpI/I YCIIOBUAX —>08 n—> — KPUTHYCCKOC HAIIPAKCHUC Uloc or pacCUUThIBACTCA 110
o o '
ef lim

,HeﬁCTBHTCHBHLIM pasMepaM OTCCKa. O,I[HaKO Ipu ONpeACICHUN ﬂ“a 3HAa4YCHUC a OOJIZKHO OBITH HE

a O- a U "
60.]1]9].].[6 2h . Ecnmu mpu — > 0.8 BEBINOJHSAETCS HEPABEHCTBO iﬁ —oc. TO IIPHU BBIYUCIICHHUU
ef )
O (@2 :
ef lim

A, v onpeneneHuu ¢, no Tabnuie 23 3HaueHue a 3ameHsercs Ha 0.5a .

>0 BO3HHMKAET MpHU 00Jee pa3BUTOM CXKATOM IOSICE WM TMPHU ydeTe NeHCTBUS

X,CHCUM

Cyyait ‘O‘

X, pacm

PaCTATUBAIOIICH TTPOIOJIBHON CHITBL. B 3TOM citydae pacdeT mpoBoautces coriacHo [1],1m.7.9 ¢ yuetom
CIIENYIONIMX U3MEHEHUH: a) IPH ONPE/IECICHUU O, 3HAYEHUE /i, 3aMEHSETCs Ha 3HaueHue 24, , rie

- o o o a
hc - pacCTOAHNUC OT HCUTPAJIBbHOU OCHU OO PaCUCTHOU (C)KaTOH) I'paHUIlbI CTCHKH, 6) npu _—> 08
ef
O-loc
IPpOBOAATCA 066 MIPOBCPKU HC3aBUCUMO OT OTHOHICHUA —— (B BBIXOJHOM JOKYMCHTC IPOI'paMMbI
O
NOPUBOAUTCA pC3yJIbTaT pemalomeﬁ HpOBepKH).

Cnyvait |0

X, pacm

<o BO3HUKAeT mpu OoJjiee pa3BUTOM PACTAHYTOM IOSicE WIM TIpU ydeTe

X,CHCUM
NeMCTBUS CKUMAOLIEH NMpOaoJIbHONW cuibl. B 3TOM citydae pacueT BO3MOXKEH TOJBKO MPHU yCIOBUU
0,. = 0. IIpoBepka npoBoaurcs coryacHo [1],11.7.9 Ha ocHOBE (OPMyYIIBI I MPENEILHOIO 3HAUEHUS

h,
OTHOIICHHST —- , KOTOPOE OIpeneNsieTcs o hopmyste (90), IMeroreil U
t

I, -
I | =435 (2a-DE

t ), oc(2—a++a’ +45%)

p=14Qa - 1)1. IIpu atom 1< <2. B nporpamme ycinosue
o

3neck a =(o -0 ) o

X ,CocUM x,pacm X,Cocum 9

IIPOBEPKU NPEJICTABIIACTCS B BUIE

2,
=<1
X/MW
T hc/' R,v
rne A, =|— .
t E
u
Cay4ail (0, ,uon| <Oy coeun B Ope 70 B [1] He paccmarpuBaercs. [1ooToMy mpoBepka yCTOWYHBOCTH B

sToM ciy4yae mpoBogutTcs 1o meroauke DIN 18800 [3], Bxitouaroimield MPOBEPKU MPHU ACHUCTBUU
HANPSDKEHUH O, , 0, U T TI0 OTJAEIBHOCTHU U TIPH X COBMECTHOM [ICHCTBUH.

Ecou Ipu BBOJEC HanOOJIBLIIETr0 PaCTATrUBarOICr0 HAIIPSXKCHUA O 3a1aHO IIOJIOXKUTCIIBHOC

X, pacm
3HaUYE€HHE, TO TAKOE HANPSHKEHUE CUMTAETCS CKMMAIOLIMM U MPOBEPKA YCTOWYMBOCTU MPOBOAUTCS IO
meroguke DIN 18800 [3], Tak kak B [1] oTCyTCTByeT MeTOAMKA pacyeTra Jyisl ciaydas MOJHOCTBIO
cKaTol cTeHku Oanku (rmpu o <1).
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3. Pacuer mo CII 53-102-2004

MeTtouka npoBepKH [2] NpUHIMIUANIBHO HE OTINYAaeTca OT MEeTOIUKH [1]. 31ech MpuBOASTCS TONBKO
OTJIMYUTEIbHBIE OCOOEHHOCTH pacuera. B ciydae o =—0 coriacHo [2],m.9.5.3 mpoBepka

X,pacm X,Coicum

yCTOMUMBOCTH MpOoBOAUTCS 1O Gopmysie (73), UMeroLel cieayomuil BU:

2 2
1 o o T
— | — | | —] <1
7/ c O-cr Gloc,cr Ter

Koapduuuent ycnosuii padbotsl y, npuHuMmaercsa no tabmune 1 us [2]. Kpurndyeckoe HanpskeHHe

O joecr OTIPENETISAETCS TIO (OPMYJIE

_C6R,

O =
loc,cr 2
A

w

3nech ¢, - Ko3hduIMeHT, KOTOpbIil mpruHUMaeTcs 1o tabiuue 13 u3 [2] B 3aBucumoctH ot a/h, W

_ ef o
p=1.04 (I, - AnvHa pacrlpeneneHus HANPSOHKCHUs O, ), €, - KOIQPUIMEHT, KOTOpbIH
ef
npuHUMaeTcs 1o tabnuue 14 u3 [2] B 3aBucumoctu ot a/h, u 6.

a .

IIpu 0,.#0 u —>0.8 HOpOBEpPKYy BBINOIHAIOT ABaXAbl. [Ipy IEepBOM NpPOBEpKE KPUTHUECKOE
o

HalpsuKeHUe O, PACCUNUTBIBACTCS MO KO3(D(UIMEHTaM ¢, U C,, IPH ONPENEIEHUH KOTOPBIX JAJIHHA

a
OTCEKa a 3aMEHSIOTCS Ha 3HayeHue a,, paBHoe 0.5¢ npu —<1.33 wu pasuoe 0.67h, npu
o

a
—>1.33. Bropas npoBepka IpoBOIUTCS i (akTHUecKoro 3HadeHus a . [Ipu sTom ko3¢ uiment

o
¢, npuHuUMaercs 1o tabuuue 15 u3 [2]. B BBIXOJHOM AOKyMEHTE IPOrpaMMbl IPUBOJUTCS pE3yJIbTaT

peliarnen mpoBepKH.

B cinyuae |o

x,pacm

>0 oy DAcUET cormacHo [2],11.9.5.6 npoBoautrcs ananorudHo. Ilpu onpenenenun

o, 3HaueHue h, 3aMeHseTcs Ha 3HavyeHue 2h,. Kpurtuueckoe HanmpsuikeHUE O, ONPENETAETCS MO

cr

(haKTUYECKHUM pazMepaM OTCeKa.

B cayuae |o

Xx,pacm

<O, .rowy, PACUET BO3MOXKEH TOJBKO IIpH ycioBuu o, = 0. IIpoBepka mpoBoauTcs

cormacHo [2],1m.9.5.7 o popmyne (78), uMmerorie BU

0.5
0 (o gy o +ap? )<

0(‘1‘ 7/ c

o T
p— —_ cr
3nech @ =(0, s — O paem ) O s cncun > ,B—O_——. Ilpu ompenenennn o, Kko3pUUMEHT C,,

X ,CHCUM cr

npuHUMaeTcs o tabnuie 16 B 3aBucuMocTH oT « . [Ipuatom 1< < 2.

Cnyyait o

X, pacm

<o u o, #0 B [2] He paccMaTpuBaetcs. [loaToMy mpoBepka ycToiiunBoCTH B

X,CHCUM

3TOM citydae npoBoauTcs no meroguke DIN 18800 [3].

Econ npu BBOJC HauOOIBIIETO PaCTATHUBAOUICTO HAIIPSIKCHUA O 3aJaHO ITOJIOKHUTCIIbHOC

X, pacm

3HAYCHHUC, TO TAKOC HAIPSKCHUC CUUTACTCA CXKUMAIOIIUM U IIPOBCPKaA yCTOI‘/’I‘II/IBOCTI/I IMPOBOAUTCH 110
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metoauke DIN 18800 [3], Tak kak B [2] OTCYTCTByeT METOAMKA pacyeTa sl Claydas MOJTHOCTHIO
ckatoi creHku Oanku (rmpu o <1).
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[Iporpamma mnpenHazHauyeHa MJIi HPOEKTHPOBAHUS IIOJHOCTBIO CBAapHOIO, JKECTKOrO Ha H3ruo
coeaunenus: purens u croiiku cornacHo CHull 11-23-81* “Cranbublie koHcTpykumu” [1]. Tlpodunn
pUTreNst U CTOMKHU BBIOMPAIOTCS U3 COPTAMEHTA ropsiaekataHHbIX AByTaBpoB 1o CTO ACUM 20-93 nnn
no ['OCT 26020-83. Ilo pe3ynapTaTamM MPOEKTUPOBAHUSA BBIBOJUTCS YEPTEXK COCIAUHEHUS U
cneruguKaIus.

1. Koncrpyknus

[TporpamMma crienuanu3upoBaHa JJis MPOSKTHPOBaHUS [ -00pa3HBIX y3JI0B paM C TOPU30HTAIBHBIM HITH
HaKJIOHHBIM puresieM (yroa HakioHa 0 < o < 45°) m T-o00pa3ubix y3moB pam. KoHcTpykius ysna
OTIpeIeNIIeTCs CIeAYIOIUMHI XapakTepucTukamu: tunoM y3na (I'-y3en wim T-y3en), pacnonokeHuem
purensi OTHOCUTEIBHO CTOMKM (pUTellb JIEKUT Ha CTOMKE WJIM pUTellb IPUCTBIKOBAaH K CTOWKE) U
JOTIOTHUTEBHO 1715 [-y31a 0/THOM M3 TpeX BO3MOKHBIX (opM HcronHeHus. [IperycMoTpeHo 3aanme
OJTHOCTOPOHHETO WJIM JIBYCTOPOHHETO ByTa. BO3MOKHBI 1B (hOPMBI MCIIOTHEHUS ByTa. DTH (POPMBI
OTJIIMYAIOTCS TEM, YTO TOJIKA PO C ByTOM JOXOAMT WIHM HET 70 Apyroro npodwuis. [Ipu momomm
yKa3aHHBIX XapaKTEPUCTHK MOTYT 3aJ1aBaThCs Pa3JIMYHbIC KOHCTPYKIMH y311a (puc. ).

| A A
He
i <
Y A
Y w
-/—
A Y )

Puc. 1.  Tlpumepsl KOHCTPYKIIUH y3I1a

2. Harpy:xenmue

B kxauecTBe Harpy3ok Ha y3eJ 3aJlal0TCsl pacUETHbIE 3HAYEHUsl YCUJIUH, ONpEJECICHHbIE B UI€ATIbHOM
y3JI€ PaCYETHOM CXEMBbI pambl, KOTOPBI COBNAJAET C TOUKOM nepeceyeHrss K ocel pUresis U CTOMKH.
[TonoxxurenpHbIC HANIPaBICHUS MPOJAOJIBLHON CHIBI NV, M3rndaromero MoMmeHTa M 1 monepeyHol CUIIbI
0 noka3zansl Ha puc.2. UHaekcel B 0003HAYCHUSX YCUIUH UMEIOT CIEAYIOUINI CMBICH: P — PUreib, C —
CTOWKa, B — CBEpPXy, H — CHHU3Y, J — CJeBa, I — cnpaa. [IpeaycMoTpeH BBOJ BEPTHUKAILHOU M
TOPH30HTAIIBHOW Y3IIOBBIX CHII V 1 H, a Takxe paBHOMEPHO PACHpPE/ICIICHHBIX HArPy30K ¢, U ¢, Ha

pUrenb U CTOMKY.
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Puc.2.  IlonoxuTenpHble HAIPABICHUS HATPYy30K

JU11 KOHTPOJIS BBEJICHHBIX HArpy30K B IIpOrpamMMe MpegyCMOTpEHa IMpOBEpKa HECyIlel ClIoCOOHOCTH
ceyeHul puress v cTolku. [IpoBepka npoBoAUTCS B CAEAYIOMIMX CEUCHUSX y3Jia: B ceueHusix 1-1 u 2-
2 Ha puc.3a, B ceueHusx 2-2 u 3-3 na puc.3b, 3c, 3d. Ecnu npoBepka He BBINOIHAETCS, TO BBIBOJUTCS
HeoOxoaumasi nHpopManus ¥ mporpamMma 3asepiaer padory. [lpu Hammuuu ByTa 0€3 MPOIOIIKEHUS
HOJIKU JOMOJHUTENBHO NPOBepseTCsl Hecyllas cnocoOHOCTh MoJKK ByTa. Haubonbliee HampspkeHUe B
HOJIKE BYyTa PaccuuThIBaerTcs 1no ¢opmyne o,,. =0, /cosa, , Il1e o, — HauOoJblllee HANPSKEHUE B

HOJIKE IPOQUIIs, &, — yroJjl HaKJIOHA MOJIKH BYTa.

3. IlpoekTUpoBaHMe

[IpoektupoBanue npoBoautcs cormacHo [1], mm. 11.2%, 11.3*, 11.5%, 12.8. Bo3moxHO 3a71aHue Kak
HOPMHUPOBAHHOW CTajd, TaK W HEHOPMHUPOBAHHOW, IS KOTOPOW TpeOyercs 3amaTh pacdyeTHOE
COMPOTHBJICHHE MO MpPeJeNy TEKY4eCTH R, a TaKKe pacueTHbIC CONPOTUBIICHHS YIJIOBBIX IIBOB IO

MeTajuly mBa R, ¥ 10 MeTajly TpaHuipl ciuiaBienus R . CBapHble COCAMHEHHUs C YIIIOBBIMH
mBamu (cM.i.11.2%) paccuuteiBatorcs ¢ kodpouummentamu B, =0,7; B =1; y, =1; r,.=1.
KateTbl yrinoBeIX WIBOB k, NPUHUMAIOTCS HE MEHee yKasaHHbIX B Tabn.38% [1]. B kauectse

JI0IyCKaeMOI0 HalpsKEHUs B CBApPHOM IIBE M PACUETHON TOJILUHBI CBApPHOIO ILIBAa IIPUHHUMAETCA
R,y.ma=pk,, ecmm B,R, <P.R_,uwm R _y wua=pk, em R >pP.R,_ (cM nl1l-

2*). Tlpyu mpoeKTUPOBAHUU JeTaliel y3na (pedpa KECTKOCTH, HECYIICH HAaKIIAIKH, JINCTA YCHUIICHHS
CTEHKH y3J1a) IpUMEeHsieTcs caeayrommii pan tonmma: 10, 12, 14, 16, 18, 20, 22, 25, 28, 30, 32, 36, 40
mM. Ecni mpu BBOJIe 3a71aeTCsi MUHUMAITbHAS TOJIIIUHA JETAH, TO OHA J00aBiseTcs B 3TOT psia. Ecim
JUTSL 33JJAaHHOHM TOJIIITMHBI HE 00ECTIeYUBASTCS HECYIIAasi CIIOCOOHOCTh JISTAJIH, TO TIOI0OMPACTCS OHO U3
MOCJEAYIOIINUX 3HAYEHUM YKA3aHHOTrO psifa TOMMMH. [Ipy mpoeKTUpOoBaHUM B HAJJIEXKaIIUX CIy4dasix
MPUMEHSAETCSI OKPYIJICHHE pa3MepoB 0 SMM. B BBIXOAHOM [OKYMEHTE MpPOrpaMMbl MPUHSTA
cienytromas popMa BBIBOJIA Pe3yJIbTaTOB ITPOBEPKHU:
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o/lo]<1

I/l o - IeUCTBYIOIIEE HANIPSDKEHUE, [0 ] - momyckaemoe HanpsKeHUe.

ol

d)

Puc.3. Ceuenus yzna

3.1 IlpoBepka CTEeHKH y3Ja

[Ipu mpoBepke Hecymieil cOCOOHOCTH CTEHKH y371a MPUHUMAETCS, YTO WM3THUOAIOLINE MOMEHTHI U
IIPOOJIbHBIE CHUJIbl BOCIPUHHMMAIOTCS TOJBKO IOJKaMH, a IMOMNEPEYHbIE CUJIBI — TOJIBKO CTECHKaMH.
[IpoBepka MpPOBOAMTCSA C MCIOJIB30BAHMEM CTEPKHEBOM MOJIENM Yy37a, KOTOpas CTPOMTCS IyTeM
3aMeHBI MOJIOK Mpo¢uiel U pedep KECTKOCTH CTEPKHSAMU C IIapHUpaMH Ha KoHIax. [Ipennonaraercs,
YTO CTEHKa y37a (IpU OTCYTCTBMM ByTa CTE€HKA y3Jla - 3TO 00JacTb CTEHKHM OJHOIO M3 Npoduiei,
3aKJIIOYEHHAs: MKy MOJKaMHU U peOpaMiu) Harpy’keHa Ha Ka)JIOM M3 KpaeB KacaTeJIbHbIMH CHUJIAMHU
T, tne i=6,H,71,n. UHOEKCBl 6,H,1,n CHyXKaT A yKa3aHUS KPaeB: BEPXHEr0, HUIKHETO, JIEBOTO,

npaBoro. BHyTpeHHHE CWIBI U MOMEHTBI B KpAaeBbIX CEUYEHHUAX Yy3sa (puc.3) BBIUUCISIIOTCS IO
3HAUYEHUSIM CHJI M MOMEHTOB, 33JaHHBIX B LIEHTpe K, M 3HAUYCHHUIO PACIpPEACIICHHONW Harpy3Ku
CJIeIYIOIIMM 00pa3zoMm:
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N=N,
M=M,+Q,x—qx"/2
O=0r—qx

31ech X — KOOpJMHATA COOTBETCTBYIOLIETO KPA€BOIO CEUEHHMS.
[Ipn nmpoexkTupoBaHUU y371a C HAKIOHHBIM PUTENIEM HCIOJB3YIOTCS 3HAUEHUS TOPU30HTAIBHON CHUJIBI
N, u BeprukaibHOM cuibl (), B BepTUKaIbHOM ceueHuu (cedeHue 1-1 Ha puc.3c, 3d), xoTopsle
OTIPENIENIAIOTCS TI0 CIIEAYIOIMUM (hopMyJIam:

N, =Ncosa+Qsina

0, =Qcosa—Nsina
Cunbl B MOJNKax MM UX HOPMalbHblE KOMIIOHEHTHI (MIPH HAKJIOHHOM IOJIKE) HPU OIMHAKOBBIX

PacCTOSIHUSAX OT OCH POt A0 cepenuH moiok (ceuenus 1-1 u 2-2 na puc.3a, ceuenus 2-2 u 3-3 Ha
puc.3b, ceuenns 1-1 u 2-2 Ha puc.3c, ceuenus 2-2 u 3-3 Ha puc.3d) onpenensroTcs Mo CIETYIOUIM

bopmynam:
N,=N/2+|M|/h,
N,=N/2—|M|/h,

3nece N,, N,- cuibl B pacTSHYTOM U CXKaTOW IMOJKaX COOTBETCTBEHHO, /i, - PAacCTOSIHUE MEKIY
cepeauHamu nonok. Jus cedenus 1-1 Ha puc3c cuma N 3amenserca Ha N, . Ilpu HepaBHBIX
paccTosHUAX OT OcH npodwmis 10 cepeauH mnosok (cedeHue 1-1 Ha puc.3b, 3d) npumenstorcs
ciefyromue (GopMyIIbL:

N, = (Nhy+| M /b,

Np =(Nh,=| M [)/ h;

3necs h,,h, - paccTosHHS OT OCH MNPOGHUIS OO0 CEPEeIUHbl PACTIHYTOW M CXKAaTOM IOJIKU
cooTBeTcTBEHHO. Jli1st ceuenus 1-1 Ha puc.3d cuna N 3amensercsi Ha N, .

JUis HaKJIOHHOW TONKM JAEHCTBYIOIas B HeW cuia ompenensercs kak N, =N, /cosf unu

N,, =N, /cosf,rne [ -yroaHakioHa HoJKu ( f=a umn f=a,, ).

Kaxnast u3 y3n0BeIX cun V' u H 3aMeHsieTcst AByMS CUJIaMU, TIPUJIOKEHHBIMH B COOTBETCTBYIOIINX
y37ax cTepkHeBoil mojenu. CymMMma 3THX CHJI paBHA Y3JIOBOHM cuiie, a CyMMa MOMEHTOB ATHX CHII
OTHOCHTEJILHO LIEHTpa y371a K paBHa HYJIIO.

W3 ypaBHEHHI paBHOBECHs CTEP>KHEBOM MOJEIM M CTEHKH y3JIa OTBICKMBAOTCS CHJIbI, JEHCTBYIOLINE
Ha KOHLIAX CTEp)KHEH, U KacaTelbHble CHIIbI 7,, NEHCTBYIOLIME HA KPAaEBbIX CTOPOHAX CTEHKHU Y3IIa.

3aTeM BBIYHCISIOTCS yeJbHbIC KacarenbHble cunbl ¢, =T, /1., rae I, - 1iuHa CTOPOHBI, i = 6,H,1,1.
1 1

[Ipu 3TOM npexnonaraercs, YTo KacaTelbHbIe HANPSKEHUsI PABHOMEPHO paclpesiesieHbl IO CTOPOHAM

CTCHKHM y3na. JJaHHOe MpeAroioKeHNe ONpPaBAbIBACTCS TEM OOCTOSITEIbCTBOM, YTO MPH JTOCTUIKECHUU

IJIACTHYECKOTO COCTOSIHUS IPOUCXO/IUT BhIpaBHUBAHUE HanpspkeHuid. [lo popmyne 7, =max(t,/s),
i

max

I7I€ § - TOJIIMHA CTEHKHU, ONPEAENsAIoTCS HauOOJIbLINE KacaTesIbHbIE HaNpsKEHUS B CTEHKE y3Ja.
BapuaHTbl CTEpKHEBOM MOJEIH, OTBEUYAIOIIME PA3IMYHBIM KOHCTPYKLHAM Y37a, IPEICTABICHbl Ha
puc.4. Ilpm Hanuuum ByTa pacueT KacaTeIbHbIX CHWJI U COOTBETCTBYIOUIMX WM HamlpsKeHUI
NPOBOJUTCS JUIsl ABYX 4YacTedl cTeHku y31a A u B. B ciaydyae ByTa ¢ HpPOJOIDKEHHEM IOJIKU
TpeyTroJibHasi 00JacTh, 3aKIIOUYEHHAS MEXAY MOJKaMHu Npoduiis U ByTa, HE YUUTHIBACTCS, TaK KaK ee
BKJIAJl HE3HAYUTEIICH.
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Puc. 4.  PacuéTtHble Momein

Ecnu mnpouyHocTh cTeHKH Yy37a He obecreueHa, T.. KacaTelIbHble HANpsHKEHUs] MPEBBINIAI0T
JIONyCKaeMoe 3Hauye€HUe, TO BBIBOJAUTCS COOTBETCTBYIOIIEe cooOmeHne. B stom cinyuyae s
KOHCTPYKIIMU 0€3 ByTa MPOEKTUPYETCS OJHOCTOPOHHEE WM JBYCTOPOHHEE YCUJICHHE CTEHKH y37a B
BH/IE JIUCTA TPEeOYEMO TONIIUHBL, U ONPEAEISIOTCs TpeOyeMble KaTeThl CBAPHBIX IBOB. BO3MOXKHOCTD
00pa3oBaHMs CBApHBIX IIBOB B OOJACTH TaiTead MPOQUIIS YKA3bIBAETCS MPU BBOJAE MOJIOKUTEIHHBIM
OTBETOM Ha COOTBETCTBYIOIIUII Bompoc. [Ipu oTpuniareabHOM OTBETE, JTUCT YCUIICHUS MOAOUPAETCS C
y4eTOM YCIOBHS, 4YTOOBI CBapHbBIE IIBBI HAXOMWINCh BHe oOjactu ranrenu. [lpu pacuere
MIPUHUMAETCS, YTO KacaTellbHbIe HAMPSKEHHSI PABHOMEPHO PacHpe/IeNIeHbI 10 OOIIeH TONIINHE CTEHKH
n jgucra ycuieHud. KacarenbHble HalpsDKEHHS B JINCTE YCWJIEHUS M HANPSDKEHUS B CBapHOM IIIBE
paccuuThIBaOTCS Mo hopMmyriaM BHA:

T
T=—-
I(s+1)
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It
" la(s +1)

3)16()]5 t - TOJIIIIUHA JIUCTA YCUJICHUS, a - paCdCTHAad TOJIIIUHA CBAPHOI'O IIBA.

B mporpamMmme mnpu BBIBOJIE KAaTETOB CBapHBIX IIBOB JIUCTA YCWJICHUS CTCHKH TMPUMCHSIOTCS
cnenyromme obo3nadenus: kfit — kateT mBa coemuHeHUs ¢ MOJIKoH, kfc — kareT mBa coeMHEHUS CO
cTeHKoH, kfB — karet BepxHero miBa, kfim — kaTeT JieBoro miBa.

3.2 IIpoexkTHpoBaHue pedep KeCTKOCTH

[IpoekTrpoBaHue MOMEPEYHBIX pedep JKECTKOCTH OCYIISCTBIISICTCS Ha OCHOBE pacueTra 1Mo HeCyIIeH
crocoOHOCTH. B mporpamme mpoeKTHpYOTCs MmapHble pedpa, yCTaHaBIMBaeMbie MO 00€ CTOPOHBI
crenku npodwiss. Cunsl F, AelcTBYIONINE Ha peOpa, OMpeAeNstoTcs W3 ypaBHEHUN paBHOBECHUS
CTEPHEBOW MOJICIIH y3JIa.

Bo3MoxHBI IByCTOpOHHEE U TPEXCTOpOHHEE NMpucoeanHeHus pedpa. Eciu BbicoTa pebpa /1, MeHbIle
paccTosiHuA MeX1y monkamu h, =h—2t (h - BbIcoTa nmpodwisd, ¢ - TOJIIMHA MOJOK), TO pedpo

MPUCOENHSETCS 110 IByM CTOPOHAM, HHA4e — 110 TPeM CTOpoHaM. BricoTa peGpa MoxeT ObITh paBHON
Yah,, 2h, ,¥ih, , h, n onpenenserca n3 pacdyera. Ha puc.5a, 5b npencrasneno Harpyxenue pedpa

IIpU ABYCTOPOHHEM U TPEXCTOPOHHEM IIPUCOCANHCHUH.

br

br F;

/Fz—

hr Fi -F3 hr (=€,)
)

c# Fs
N A

Fy

a) A b Fi

Puc. 5. Harpyxenne pedpa

[TpunuMmaeTcs, 9To Ha HIDKHEH cTOpOoHE pedpa HOpMaJIbHbIE HAMIPSDKEHHSI pacpeesieHbl PABHOMEPHO
(pesyabTupyromas £, ), a Ha JI€BOI CTOpOoHE pedpa IpU IBYCTOPOHHEM HMPUCOEANHEHUU HOPMAJIbHBIE

HaNpsDKEHUs pacipe/eieHbl 10 JIMHEHHOMY 3akoHy (pe3ynbpThpyromas £, ). Cuia Ha HUKHEH cTopoHe
OJTHOTO pedpa BBIYUCIISIETCS (B CiTydae y3i1a 0e3 yCUJICHUSI CTEHKH) 110 hopMyJie:

F
F=——(b, —c
! 2b, + s( # )
3neck b, - mmpuHa pedpa, s - TOJIIIMHA CTCHKH, ¢ - pa3Mep ckoca pedpa. [lineun pe3ynsTUpyomumx

OTIpeNIeNIAI0TCS IO hopMyIaMm:
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s yCJI0BUS PABHOBCCHUA CICAYCT, YTO

- IpHU ABYCTOPOHHEM NPUCOCIUHCHUN

e
F,=F —
)
- HpI/I TpeXCTOpOHHeM HpI/ICOCHHHeHI/II/I
e
_ 1
F=(F-F)%

2

[Ipu TpexCTOpOHHEM MPHCOEINHEHUH IMPHUHUMAETCS, YTO Ha JIEBOW CTOPOHE pedpa HOpMalIbHBIC
HanpsHKeHHs HE BO3HUKAIOT.

TpeOyemast TommuHa pebpa ¢, NOIydaeTcs W3 MPOBEPKU IMPOUYHOCTH pedpa MO HPUBEICHHOMY
HanpskeHnio o, =vVo’ +37° (0,7 - HOpMalbHOE M KacaTelbHOE HampsskeHus). Ha HumxHeit
CTOpoHe pedpa MPHUBEICHHOE HANIPSHKEHHUE OTIPEIeNsieTCs TI0 popMyIie:
F? +3F;
O-v,l = b
tr(by —c)
[IpuBeneHHOE HaNpsKEHHE Ha JIEBOW CTOPOHE pedpa pacCUMTHIBAETCS CIEAYIOLIMM 00pa3oM:
- IIpU IBYCTOPOHHEM NPHCOEIMHEHUHU TI0 hopMyJie
3F? +4F;
O ,=——
v,2
tp(hy —c)
- IIPY TPEXCTOPOHHEM MPUCOEANHEHUH 110 (hopMyIIe
V3R -F, |
o-v,2 =
tp(hg —2c)

[IpuBeneHHOE HANpsDKEHUE Ha BEpPXHEH CTOpoHEe pedpa MpH TPEXCTOPOHHEM IPHCOSINHEHHU

orpeensercs no Gopmyie:
VF{ +3F;
O-v,S =T
tx(bg —0)

IIpoBepka MPOYHOCTH CBAPHBIX IIBOB IPOBOIUTCS 110 MPHBEACHHOMY HAIPIKCHHIO O, =40, + T,
(o,,7, - HOpPMaJIbHOE M KacaTeIbHOC HANpsHKEHHS B CEUCHUHM CBApHOTO IIBA) IPU ITOMOIIH
CIIEYIOIIHUX (POPMYIT:

- IPY IByCTOPOHHEM TPHCOCTHHEHHH

/F12+F22

O =
"2 (by —€)a
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O-w v2
7 2(hy—c)a
- IPU TPEXCTOPOHHEM MPUCOETUHEHUU
Fv12 +F22
UW W
7 2(bg—c0)a
F, - F.
o - F-F
7 2(hy, —2c)a

B+ F

o =
3 2(b, —c)a

[Ipn HanMuMU ycUJIEHMsI CTEHKHU Y3J1a 4acTh CWJIbl /' BOCIPUHUMAETCS JUCTOM ycuieHus. OTMeTHM,
YTO MIPOEKTUPOBAHHUE pedep HE MPOBOJUTCSA, €CIIM CUla ' MOXKET OBITh BOCIIPHHSTA TOJIBKO CTCHKOM
(BO3MO>KHO COBMECTHO C JINCTOM YCHJICHUS).

B nporpamme npu BbIBOJiE KaTETOB CBapHBIX IIBOB peOep MPUMEHSIOTCS CIEAYIOIe 0003HAYCHHUS:
kfrn — xarer mBa Mexay peOpoMm u monkoil cneBa, kfiim — karer mBa Mexmy peOpoM W TOIKOU
crpaBa, kfliB — karer mBa Mexmay peOpoM M MONKON cBepxy, kfilH — karer mBa Mexay pedpoM u
MOJIKOM cHU3Y, kfc — kaTeT mBa Mex 1y peOpoM U CTEHKOH.

3.3 IIpoexkTupoBaHMe Hecyllel HAKIAIKH

Koncrpykuusa I'-y3na MoxkeT copepkaThb HECYUIYI0 HAKIaJIKy, paOOTaoIlylo, Kak MpaBHIO, Ha
pactsbkeHue. Haxmanka nepemaer Ha CTEHKY y3jga CWIy, JOEHCTBYIOIIYX0 B mojke. Haknanka
MIPUBAPHUBAETCS K TOPIy OJHOTO W3 Mpoduiiell (CTOWKM WM PUTeNsi) M K IOJIKE APYTroro MpoQuis
(purenst WM CTOMKK CoOTBETCTBeHHO). CHia B Hakiazake (B ceuennu 1-1 Ha puc.3) ompenensercs mo
bopmye:
_= M+ N h,

h, cosa

F

rae h, - paccCTosiHHE OT OCH Mpo(uiIst A0 cepeluHbl cxkartoil noaku. [Ipu 3Tom mpennonaraercs, 4yTo
Fcosa— N, >20. Hakimagka TakKe MOXET HarpyXarbCs COCTABJIAIOIIECH y3JI0BOM CHIBL. B 3TOM
cilydae ykas3aHHas cuia F o0o3HaudaeTrcs kak F, (uiam F), a cuiia OT y3J0BOH Harpys3ku — Kak F,
(wmm F). Inpekcel n,H,71,6 COOTBETCTBYIOT YKA3aHHUIO IMOJIOKEHMS: CIIpaBa, CHU3Y, CIEBA, CBEPXY.

CaapHble BBl COCJMHEHUS] CO CTEHKOM PACCUUTBIBAIOTCS B NPEANONOKEHUH, YTO KacaTelbHas CHiIa
I.=F,+F, (mm T,=F,+F,) BOCUDUHUMAETCA TOJbKO 3THMH CBAapHbIMH HIBaMH. IIpu 3TOM

cormacHo [l], m.12.8 yuuThIBaeTCS OrpaHMYEHHE DPACUETHOW JUIMHBI CBApHOIO IIBA 3HAYECHUEM
858k ;. DTO OrpaHMYEHUE YUHUTHIBACTCS TAKKE ISl (IAHTOBBIX CBAPHBIX LIBOB, KOTOPHIMH HAKIIA/IKa

MIPUCOSIMHSICTCS K MOJIKE IPYTOTO MPOQIIS.

B mporpamme, mnpu BbIBOJE KaTETOB CBapHBIX IIIBOB HAKIAJIKH, NPUMEHSIOTCS CJEIYIOLIne
ob0o3HaueHus: kfc — kaTeT mBa MeXy HakJIagKoil u cTeHKoM, kfll — kaTeT mBa MeXIy HaKIaIKOW U
THOJIKOM.

[ToMMMO KOHCTPYKLIMH y3Jia ¢ HECYLIEH HAKIIAJIKOM MpPEeayCMOTPEHA KOHCTPYKLHS, B KOTOPOH pOJb
Hecylleld HakiIaAku wurpaer mnosnka. CBapHble IIBbl COEIWHEHUS TOJKU CO CTEHKOW Yy37a
MIPOEKTUPYIOTCSL B ATOM ClIy4ae TaK e, KaK JJIs KOHCTPYKLUMHU C Hecyllel Hakinaakoil. B Tperbeit
(hopMe MCTIOITHEHUS y371a CHJIa B MOJIKE TIepelaeTcsl Ha CTEHKY y3Jla uyepe3 CTHIKOBOW CBApHOM IIOB U
TOPLEBYIO IUIMTY. B BBIXOJHOM JOKYMEHTE IMPUBOAATCA Pa3Mephbl ILNIMThI U KaTeT CBAapHOIO IIBA
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COCJIMHEHUS TUIUTHI CO CTEHKOH y3na. Hapsimy ¢ pasMepaMu IUTUTHI YKa3bIBACTCS CMEIICHUE ILTUATHI
OTHOCHUTEIILHO BHEIIIHETO Kpasi MOJIKU, KOTOpoe 0003HAYaeTCs Yyepe3 Wi (WK UB).

3.4 IlpuBapka npoduis

Bo Bcex KOHCTpyKLHMAX y371a OAMH M3 Npoduiied (pureiab WIM CTOMKa) MO TOPLY NPUBAapHUBAETCS K
HOJIKE IPYTroro npoduist (CTOWKK I PUTENsi COOTBETCTBEHHO). HopMmasnbHble HAallpsDKEHUS B CEYCHUN
CBAapHBIX IIBOB OIPEAEIAIOTCS Yepe3 HOPMAIBHYIO CHITy N, M M3rHOaromuii MOMEHT M cleayIomum

obpa3om:
N, (28, =1,)—-M(S, —z4)
2
S, —Al,

o,(2)=

3nech z — KOOpAWHATa B IUIOCKOCTH HM3ruba, A - TUIomajh CEYCHHUS CBAPHBIX IIBOB, S}, ul -
CTaTHYECKH MOMEHT M MOMEHT HWHEPIIMU CCYCHHUS CBAapHBIX IIIBOB OTHOCHUTENBHO ocu V. Ecim
S, =0 (T.e. ceyeHne CBapHbIX MBOB CUMMETPHUYHO OTHOCHTEIBHO OCH ) ), TO (OpMyIIa IPUHUMAET
BUI.

N, M

n

A 1

y

o,(2)=

[Ipn onpeneneHMn TreOMETPUYECKUMX XAapaKTEPUCTUK CEUYECHMs] CBapHBIX IIBOB IPUMEHSIOTCS
pacyeTHBIE TOJILLUHBI CBAPHBIX IIBOB.

KacarensHbIe HAIPSKCHUS OTIPCACIIAOTCA YCPE3 IMOIICPCUYHYHO CUITY Qn HJIN KaCaTCIIbHYIO CUITY T no

¢dhopmye Bua:

__lo,]
w
AC
rac Ac — Ijiomaab CCUYCHHA IIBOB CTCHKH. HpeﬂnonaraeTca, 4YTO KacCaTCJIbHBIC HAIIPAKCHUA

PAaBHOMEPHO pacCHpCACIICHbI M0 JJIMHEC CBAPHBIX MIBOB CTCHKHU. HpOBepKa MMPOYHOCTHU CBAPHBIX IIIBOB
_ [ 2 2
OpOBOAUTCA 110 HNPHUBCACHHOMY HANPAKCHUIO O'W’v =40, + T, HpeILy'CMOTpeHO BBIYUCJIICHUC

HOPMAJIbHBIX, KaCaTCJIbHBIX W NPHUBCACHHBIX HaHpH)KeHI/Iﬁ BO BCCX XApPAKTCPHBIX TOYKAX CCUHCHHA
CBApHBIX LIBOB.

Ha puc.6 n3zo0paxkeHbl cBapHble IIBbI BepXHEW (MU JIEBOM) MOJKU Ui PAa3IMYHBIX KOHCTPYKIMH
y3Ia.
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