[loKyMeHT noanucaH NpocToi 31eKTPOHHOM NOANUCHIO
Mibopmauns 0 e NVITHUC TEPCTBO HAYKHW U BBICHIET'O OBPA30BAHUS P®
®WO: banammp3oes Hasum JinopnHoBMY
[lomxHocTb: PexTop

[ara nogmucarws: 07.07.26BEBOY BO «IATECTAHCKHHM I'OCYJAPCTBEHHBIN

YHMKANbHbI NPOrPaMMHBIA KNHOY: TEXHI/I"IECKI/Iﬁ YHUBEPCUTET»
5cf0d6f89e80f49a334f6a4ba58e91f3326b9926

Kadeapa CK u I'TC
IOcynosB A.K., Kanuepa M.X.

YYEBHO-METOAUNYECKUE YKA3AHUA

K BBIIIOJIHEHUIO KypCOBOT'O MPOEKTa
0 IUCHUIIIMHE «MeTamIn4eckne KOHCTPYKIIUI)
(CruotHast cTyneH4arast crajibHas KOJIOHHA)

IUIsL CTYICHTOB HAIPaBJICHHS MOJITOTOBKH OaKaaBpoOB
08.03.01 - CrpoutenncTBO

Maxaukajga 2019



YK 624.011.78

Y4eOHO-METOIMYEeCKUE YKa3aHUsl K BBIMOJHEHUIO KypCOBOTO MPOEKTa IO
mucuuruinae  «MeTamumdeckie  KOHCTpykuum» — (CIDiomiHas — CTyneHdJaTas
CTallbHAsl KOJIOHHA) JUIS CTYJICHTOB HAlpaBIICHHs IOJITOTOBKM OaKalaBpOB
08.03.01 - CtpourensCTBoO.

Maxaukaina, II'TY, 2019 ., 40 c.

Y4yeOHO-MEeTOANYECKUE YKa3aHUsS COJAECPKAT OCHOBHBIC CBEJCHUS 10
MPOEKTUPOBAHUIO CTYNEHYAThIX KOJIOHH CIUIOIIHOTO ceuyeHus. [lpuBeneH
OAPOOHBIN TPUMEP pacd€Ta U KOHCTPYHUPOBAHUS KOJIOHHBI.

CocraBurenu: 1.T.H., ipod. FOcynos A.K.
accucteHnt Kamuera M. X.

PeniensenTsr: K.T.H., TOIIeHT Kadeapsl AJIUA,
MaxaukanuHckuid ¢unuan MAJIU,
Aro0oB I'.A.

ITpodeccop kabeapsr CM, TuCM
I.T.H., Mypra3zanues ['.M.

[Teuaraercs o MMOCTAHOBJIEHUIO Cogera Jlarectanckoro
rOCyJIapCTBEHHOTO TEXHUYECKOT0 YHUBEpcUuTeTaNe oT 2019.



COJEPKAHME
BBEZIEHUE. .. ..o 4
1. IPOEKTUPOBAHUE CTYTIEHYATBIX KOJIOHH B

[TPOM3BOACTBEHHDBIX 3JJAHMAX . ... 6

2. TIOJIBOP CEYEHU I HDKHEM YACTH KOJIOHHBI

CIUIOHIHOI'O CEUEHMSA. ... 20
2.1. [Ipumep mombopa CIIIONIHOTO HECUMMETPUIHOTO CEUCHHUS KOJIOHHH. . . ... 24
CHHCOK UCTIOIB30BAHHOM JTUTEPATYPBL. .. eeenteentennteenttenteeneenieeeneannenns 40



BBEJAEHHUE

Y4eObHO-MeTOAMUECKNE YKa3aHUsli OTHOCATCA K pazaeny «CTyreHuyaTble
KOJIOHHBD»  KypcoBoro  mpoekrta «CrampHOM  Kapcac  OJHO3TAXKHOTO
MIPOMBILJICHHOTO 30aHUsD 10 AUCUUILINHE « MEeTAINTNYEeCKUE KOHCTPYKIII).

CranpHble KOJOHHBI OJHOJTAXHBIX 3JaHU HMEIOT TOCTOSHHOE U
NIEPEMEHHOE CEYEHMS 0 BbICOTE. Kpome TOro, KOJOHHBI JIETAT Ha CIUIOUIHOTO,
CKBO3HOIO W CMEUIAaHHOIO THWIIOB CE€YeHHl. B cMemaHHOM THIle KOJOHH
HAJKpPaHOBas 4acThb MMEET CIUIOUIHOE ce4YeHHe (B BHJE OJHOTO mpoduis), a
MOJIKpaHOBAsi — CKBO3HOE (B BHJIE ABYX MPOQUIICH, COETUHEHHBIX PEIIETKOMN).

B 3nmanusx OeckpaHOBBIX U C KpaHaMH TIpy30moabeMHOCThI0 A0 200 xkH
BBICOTOM 70 8.4 M TPUMEHSIOT CTalbHble YHU(MUIHUPOBAHHBIE KOJOHHBI
MIOCTOSTHHOT'O CEUYEHUS U3 CBAPHBIX ABYTaBPOB C BbicOTOM cTeHKH 400 1 630 Mm.
B OeckpanoBbix 3maHusiXx BeicOTOM H = 9.6 — 18 M HCHONB3YIOT KOJIOHHBI
JIBYXBETBEBBIC.

B 3manmsx Beicoroit 10.8 — 18.0 M, 000pyIOBaHHBIX KpaHAMH
rpysonogbeMHocTeio a0 500 kH  wucnones3yroT  yHuUUUIHMPOBAaHHBIE
JIBYXBETBEBbIC KOJIOHHBI CTYIIEHYAaTOI0 OYEpPTaHMs, COCTOSLINE U3 ABYX YaCTEH:
MOJAKPaHOBOM (peIieTyaToi) U HaJKpaHOBOM (M3 CBAPHOIO JIBYTaBpPa).

JIns 3naHui, UMEIoIUX BhICOTY Oosee 18 M u 000pyIOBaHHBIX KpaHAMHU
rpy3onoabemMHocTeio 750 kH u Oosiee, cTajnbHble KOJOHHBI MPOEKTUPYIOT
WHIUBUYATBHO.

JIByXBeTBEBbIE€ KOJOHHBI IO TUIIAM CEYEHHUS BETBEH MPOEKTHPYIOT B TPEX
BapUaHTaX:

1. ITpu mmpune ceuenust 1o 400 MM — Hapy>KHasl U MMOJKPAHOBAsi BETBU U3
MPOKATHBIX IIBEJUIEPA U JIBYTaBpa, COOTBETCTBEHHO;

2. Ilpu mupune ceyenuss 400 — 600 MM — Hapy»Hasi BETBb U3 THYTOrO
HIBeJUIepa, MOJIKPaHOBAsl — U3 MPOKATHOTO ABYTaBpa;

3. Ilpu mmpune cedenus 6osee 600 MM — Hapy)KHas BETBb M3 THYTOTO
HIBEJUIEPA, OJKPAHOBas - U3 CBAPHOTO JABYTaBpA.

HankpaHoBasi 4acTh KOJIOHHBI IPOEKTUPYETCS W3 CBAPHOIO ABYTaBpa C
BbICOTOM cTeHKHU 400 MM B KpailHuX ¥ 710 MM — B CpeTHUX KOJIOHHAX.

Jlnst coenvHEHHsT BETBEW CKBO3HBIX KOJIOHH MPUMEHSAIOT PEIIETKU
pa3IMYHOTO  OYEpTaHUsA:  TPEYrojibHbIE,  PpPACKOCHbIE, KpPECTOBbIE U
NOJIyKpecToBble. PelleTky ycTpauBaioT JBYXIUIOCKOCTHOM, W3 MNPOKATHBIX
yroykoB. JlIss BOCHpUATHS JEUCTBYIOIIMX B TOPU3OHTAIBHOM IIJIOCKOCTH
MOMEHTOB pelIeTKa YyCuUiauBaercs auadparMamu, pacrojiOKEHHbIMU 4Yepes
YETBIPE PACKOCA MO BBICOTE.

Pemeryarass yacTh KOJOHHBI 3aBEPLIAETCS OJHOIUIOCKOCTHOM TpaBepcoil,
COCIIMHAIONIEN €€ BETBH C HAJKPAHOBOW YacThIO, KOTOpas BBIOJIHSETCS W3
CBapHOIO JIBYyTaBpa.

CruiouiHple KOJIOHHBI MPUMEHSIIOT NPH IEHTPAIbHOM CXKAaTUM WIH TPHU
MaJjbIX 3KCUEHTPUCUTETaX NPOJOJBHOM cuilbl. Yalle HCIOJIb3YyIOT KOJIOHHBI
CKBO3HOT'O CE€YeHHs, TpeOylolllue MEHBIIEro pacxoja MeTalia, XOTS OHU U
0oJee TPyAOEMKHU B U3TOTOBJICHUH.



B 3m1aHuAX ¢ KpaHaMH TSHKEJIOTO pekuMa pabOThI M MPU UX BYXBSIPYCHOM
pacmonioKeHUH, a TaKkKe TMpH  MpoJeTax, CO CTOPOHBI  KOTOPBIX
peIyCMAaTPUBAIOT PACHIMpPEHHUE IIeXa I[eJIeCO00pa3HO MPUMEHSTH pa3le/ibHbIC
KOJIOHHBI, TIO3BOJISIIOIIME YCHUJIMBATh IOJKPAaHOBYIO BETBb (HaImpuMmep,
IIPU YBEJIMYEHUN TPY30MOABEMHOCTH KpaHa), HE Hapylas KOHCTPYKIUH
TIOKPBITHSL.

B HImKHEH 4YacTH CTaJbHBIX KOJIOHH MPEIyCMaTpPUBAIOT CTajbHBbIE 0a3bl
(Oammmaxu) 1Sl yBEIMUEHUS TUIOIIAIU OMUPAHUS KOJIOHHBI U COMPSDKEHUS €€ C
dbynnamentom. KoHcTpykuus 6a3pl onpeaenseTcs TUMOM KOJIOHH (CIUIOIIHEIE,
CKBO3HBIE WU pa3JieibHbIC), BETUYMHON M XapaKTepOM Harpy3ku (LIEHTPaIbHO
Harpy>keHHasi, BHEIIEHTPEHHO HarpyXeHHas), a TakKKe CIOCOOOM OIMUpaHHs
KOJIOHH (IIIapHUPHOE, HKECTKOE).

ba3bl 11eHTpanbHO CKATHIX KOJIOHH PEKOMEHAYETCSl yCTpauBaTh U3 OJHOMN
TUTUTHI WM U3 TUTMTHI, YCUJICHHOM pedpamMu KeCTKOCTH.

Jlnst yBenMuYeHUs] MIMPUHBI CTEP>KHSI KOJOHHBI U YCUJICHUS IUTUTHI Oa3bl
YCTaHABJIMBAIOT IMOINEPEUYHbIE TPABEPChl U3 JIUCTOB. TpaBepchl BOCHPUHUMAIOT
Harpy3Ky OT CTEpHs KOJIOHHBI U IIEPEAAI0T €€ Ha OMOPHYIO IUIUTY.

ba3pl BHEIEHTPEHHO CKAThIX KOJIOHH TPU HEOOJBIIUX H3TrHOAIONINX
MOMEHTAaX JIeJal0T TAKUMH K€, KaK 1 0a3bl IEHTPAIbHO CXKATHIX KOJOHH.

[Tpu ManbIX paccTOSHUSAX MEXIY BETBSIMH U HEOOXOAUMOCTH yBEIUYCHUS
IUieya aHKepHBIX OOJITOB B CKBO3HBIX KOJOHHAX JOIMYCKAETCSl MPUMEHSTH
oOmyro 6azy Ha 00e BeTBU. B OOJBIIMHCTBE Ciy4yaeB JUisi BHELIEHTPEHHO
C)KaThIX CKBO3HBIX KOJIOHH yCTPamBaIOT pa3ieibHbIe 0a3bl (IO KaXKIYI0 BETBb
OTZIEJIbHYIO 0a3y 1o TUMY 0a3 IEHTPATIBHO CHKAThIX KOJIOHH.

CranpHbIE KOJIOHHBI OMUPAIOT Ha >KeIe300eTOHHbIE (PyHAAMEHTHI uepes
CIIOM IEMEHTHO-TIECUaHOM CTSDKKH. basbl KOJOHH KpemsiT K ¢yHIaMeHTam
aHKEPHBIMH O0JTaMH, 3aKJIabIBAEMBIMH B (PYH/IAMEHTHI TIPU UX U3TOTOBIICHUHU.

JUis 3amuThl OT KOPPO3UHU MOJIOJIBHYIO YacTh KOJIOHH BMecCTe ¢ 0a3oi
MOKPBIBAIOT cj10eM O0eToHa. CTEeHbI, KaK U B 5KeJIe300€TOHHOM KapKace, OIUparoT
Ha (QyHIaMEHTHBIC OAJIKH, YII0KEHHbBIE HA YCTYIBI (PYHIAMEHTOB.



1. IPOEKTUPOBAHUME CTYIIEHYATBHIX KOJIOHH B
ITPO3BOJCTBEHHBIX 3JAHUAX

B IMPOU3BOACTBCHHBIX 3JaHUAX ITPUMCHAIOTCA KOJTOHHBI 3-x BHUJIOB:
a) ITOCTOAHHOTI'O IIO BBICOTC CCUCHMA,
6) IMCPCMCHHOTI'O I1O BBICOTC CCUCHUA—CTYIICHYATHIC,

B) B BHUJC JBYX HE KECTKOTO CBS3aHHBIX MEKITy COOOH BETBEH — B BHJIE TaK
Ha3bIBAEMbIX OTACIbHO CTOSIIUX KOJIOHH.
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MocTOBOM KpaH onupaercs Ha KOHCOJIb.

Takue KOJIOHHBI MPOCTHI B U3TOTOBJIEHUH U TEXHOJOTUYHBI TP MOHTAXKE.
[Tpumensitorest npu Q = 15 + 20 TOHH, IPU JIETKUX MOCTOBBIX KpaHaXx.
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[TonkpaHoBasi BETBb HECET TOJBKO BEPTHUKAJIBHYIO Harpy3kKy OT MOCTOBOIO
KpaHa;

[ITaTpoBas ke — TOIBKO HArpy3Ky OT marpa (MOKPBITHS, BETPA ¥ TOPMO3HBIE
CHUJIBI OT KpaHa).

OTnenpbHO  CTOSIIIME  KOJIOHHBI ~ NPUMEHSIIOTCS B YHUBEPCAIBbHBIX
MPOU3BOJICTBEHHBIX 37aHUsIX. OHM MO3BOJISIOT, HE Hapylas pabOThl B IIEJIOM
paMbl (yJaJduB TOPU3OHTAJIbHBIC TUIAHKU), TOMEHSTh MOJKPAaHOBYIO BETBh —
JPYroro CEYeHHsl, IPyTror BbICOTHI (IIPU PEKOHCTPYKIMHU 3AaHUN).
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CryneHyarbie KOJJOHHBI, OCHOBHOW THII KOJIOHH — CIIOCOOHBIN HecTu Q =

300+400 TOHH — rpy30M0IbEMHOCTh MOCTOBOI'O KpPaHa.
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[Iprmep HapyHOM CIIOIIHOW [IprmMepsbl CTyneHYaThIX KOJIOHH
CTYNIEHYaTON KOJIOHHBI CpPEAHUX PANIOB LIeXa
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CxkBo3Has

CrutonHasi KoJoHHa

KOJIOHHa

[

(AA A
2

Puc. 2
2-2

Puc. 1

6> S50cM

6< 50cm
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Bepxusig yacthb

Bepxnue dacTu KOJOHHBI OJIMHAKOBBI B 00OWMX BapWaHTaX — CIUIONTHBIC, B
BHJIC JIBYTaBPOBOT'O CedeHus, mpudeM npu b<50cMm — ceueHue nmpokaTHoe, Mpu
b>50cm — ceuenue coctaBHoe (puc.l) u (puc.2).

Pacuer BepxHell yacTu B 000MX BapHAaHTAX OJIMHAKOB: PACCUMTHIBAIOT Kak
BHEIICHTPEHHO-CKAThI CTEP’KEHb CIUIOLIHOIO CEUYCHMUS:

F p
c=——<y-R, (1)
Py - A
I'me ¢, —kK03(pOUIMEHT BHEIIGCHTPEHHOTO MPOI0IHHOTO n3ruba (TouHee
K02 (PUIMEHT, YIUTHIBAIONTUI BO3paCTaHUE HAIPSHKECHUN TPU BHEIICHTPEHHOM

COKATUH CTEPIKHS).

HuxHsAda 4acTh

OTnnuus B KOHCTPYKLUU:

1. B CrulomHbIX KOJOHHAX CEYEHHE UMEET BUJ IByTaBpa, OOBIYHO
HECUMMETPUYHO ceueHus (puc.3):

nodkparobas bemby
wampobas bemby /

N
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olo

)
0
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S \ -

\Dééuu npodonbHble

Puc.3
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2. B CKBO3HBIX KOJOHHAX BMECTO CILIONTHON CTEHKH — PacKochl (puc.4).

amaeparMma XeCtTKoCTM—
padsCTAeT HA Ccasunr
ner KpyueHdn KO/10HHbI

Puc.4

3. ns obOecrnieyeHs: MECTHOW YCTOMYMBOCTH B CIUIOIIHBIX KOJIOHHAX
YCTaHABJIMBAIOT pedpa KECTKOCTH, B CKBO3HBIX KOJIOHHAX — PACKOCHI,
cToiiku (puc.4), a Takxke auaprpamMMbl >KECTKOCTH sl OOeCreueHUs
COBMECTUMOCTH pPabOThl BETBEM MpPU KPYYEHUU CKBO3HOM KOJIOHHBI

(puc.4).

4. Ecnu BbICOTa CeueHUs HIDKHEH dacTh KoJOHHBI b<100cMm (puc.3 u 4), To
KOJIOHHY MPOCKTUPYIOT CILIONIHOTO ceueHus, eciu b>100cm — ckBO3HOTO.

Otnnuue B pacyere

HuxHI010 4acTh Kak LeJbIi CTEP’KEHb B 000MX BapUAHTAX PACCUMUTHIBAIOT 110
MOJIEJIM BHELIEHTPEHHO-CXKaToro crepxkHs (mo dopmyne 1). Ilpu stom

o = R
KO3QOUIUEHT ¢,  3aBUCUT OT YCJIOBHOM THOKOCTH ﬂ:/I-JE,

IMPUBCACHHOI'O OTHOCHUTCIIbHO OKCHCHTPHUCUTETA
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m=n-m m =

m A
Fw'
n—y4uThIBaeT BIMgHHE GOpMbl cedeHus, omnpenensercs no CHull

«CTtanpHble KOHCTPYKLIUWY - Tabmuna 73.

Ho n=1 nnsa moOblx KOHGUTYpaluid CEYeHUs, €CIM TOJIbKO KOJIOHHA

CKBO3Hasd, T.K. AJIA 3TOr0 Ciy4das BCTBU pa60Ta10T Ha PACTAKCHHUC WJIM Ha
CXXaTuce. I[J'I?I CIIIOIIHBIX K€ KOJIOHH

n=1; n=1; 1,1, 1,2; 1,3—3aBUCHUT OT BHUJ1a CCUCHUS.
/‘\‘[\/h ,/’_\[\42
' 'es
A A
A A
?N1 fNZ $N1 $N2
Puc.5

B citydae CKBO3HBIX KOJIOHH BETBb MEXKY IBYMs CMEXHBIMH y3J1aMH (pHC.5)
MOJKET MOTEPSITh YCTOMYUBOCTH MPOJOJIBHOTO U3rHoa.

Kaxxnyro BETBb IPOBEPSIOT HA YCTOMYUBOCTD OTHEIBHO:
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@, —3aBUCUT OT TMOKOCTU (BETBb MPEACTABISIECT COOOM LEHTPATBHO CXKATHIM

CTEpKEHB) A, = £;
rl

l o
@, —3aBUCUT OT T'HOKOCTH ﬂz =—, r.r, —paanyCbl HMHCPIHNU CCUYCHUU
r

BETBEM.
[TogpoOHOCTH pacueTa U KOHCTPYUPOBAHHUS KOJIOHH CMOTPUTE B MPUMEPAX
pacuera.

BapuaHTthbl V3J10B M CONPSAKEHUM.
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IToakpaHoOBbIE KOHCOJIH

d — IIPHU CIIOIIHBIX KOJIOHHAX; 0— IIpH PCUICTIATBIX KOJIOHHAX; B —

JIByCTeHYAaTass KOHCOJIb.
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Y3JIb1 cOnpsizKeHNsl BepXHeil U HUKHel YaCcTH KOJIOHH
a — CIUIOIIHBIX; O - pelmeTyaThix




Mpumepnl 3aBOOCKHUX CTBHIKOB
I — CTLIKH JICTOB

MOHTAZKHBLIE CTHIKiIl KOJOHH
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KOAGHTES FPE3SP0AATD

MAUTY cTRAraTe,
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Osume sa3sbl
BHEUEHTPDEeHHQ CXAaThX
KO/AQHH

g-Nerkow CrAQWHOM KOAOHHLI
C OLHOCTEHUOTOM TDOREDCOM; |
E-NErKOY DeWeTUdTOM KOAQH-
HH; B-ABYCTEHUOTAS 65030 C
OBLUMU TDOBEDCAMU]
r—ABYCTeHULOTOSA B6A30 C
PO34€/bHEMA TPOBEPCAOMU]
|-gHKeDHBe BOATH
C—-OHKEDHBEe MANTKW.

-

MAuTa cTParare
KAAGHe SOSMTARATE
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OnopHblie IMTHI 023 MpHU 0e3BbIBEPEYHOM METO/Ie MOHTAKA

1 — nnuta; 2 — nojyIMBKa; 3 — YCTAHOBOYHBIN OOJT IS PUXTOBKH TUTHTHI IO
KOJIOHHY; 4 — aHKepHBIC OOJITHI.
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2. MOJABOP CEYEHU S HUKHEM YACTHU KOJIOHHbBI
CITIOIIHOI'O CEHEHUA

[TonOop ceueHus BepxHEH YACTH CIUIOMIHBIX M CKBO3HBIX KOJIOHH
BBITIOJTHSETCST OJWHAKOBO. [l03TOMYy HWXE MBI TPUBOIUM MOAOOP CEUCHHUS
TOJIPKO HIDKHEHW 4acTd KOJOHHBI. OmnpeneneHue ceYeHUs] BEPXHEH 4acTH paHee
YK€ pacCMaTpUBAJIOCh MPU MTPOCKTUPOBAHUH CKBO3HBIX KOJIOHH.

[TosicHuM MeTOMKY MOoA0Opa CIUIONIHOTO HECHMMMETPUYHOTO CEYEHUS
KOJIOHHBI.

PaccMoTpum 11Ba BapuaHTa 3arpy>K€HHsl KOJOHHBI: C TOJOXKUTEIbHBIM U
OTpUILIATeIbHBIM MOMeHTaMHu (puc. 1). IlpubmmkeHo OyaemM cUuTaTh, YTO
BBICOTA CTEHKH U PACCTOSHUE MEXIY IIEHTPAMH TSHKECTH TOJIOK PaBHBI BHICOTE
CCUCHHS KOJIOHHBI

he: =h=h,
[TorpemHocTh Npu TaKOM JOMYIICHUH HEe Benuka: <5 % .

Jns  monmbopa ycwimii, JEWCTBYIOIIMX HA KOJOHHY, HE00X0IUMO
paccMOTpeTh CXEMY JOTPY>KEHHUsSI BETBEH CIutomHON KoyioHHBI (puc.3). Ilocie
OMpEeNIeNICHUs] YCUIUHN, NEUCTBYIONIMX HAa KOJOHHY B XapaKTEPHBIX CEUCHUSX,
pacyeT PeKOMEHIyeTCs BECTH B CIIEIYIOLIECH MOCIE0BATEIbHOCTHU

BBOJISITCSL O€3pa3MepHbIE apaMeTphl:

KO3 ULIMEHT aCUMMETPUHN kK = 2L;
Y2

1 ACT

COOTHOIIICHHE TUTONIA/IeH B CEYCHUU p = A
WIS
A.; — TUIOMAh CEYCHHS CTCHKH KOJIOHHHI |
A — o0m1ast Tionaab CeYeHUs KOJIOHHHI |
V1, Y2 — PpAacCTOSHUS MEXIYy LIEHTPAMU TSKECTU BCETO CEUCHUS

KOJIOHHBI U IICHTPaMH TSDKECTH BeTBel (puc.l).

B kononnax oObryHo mapametp p = 0.25 + 0.6. TpeOyemoe 3HaueHHE « K »
MOXHO OIpEACIUTh M3 YCIOBHUS PABEHCTBA HAWOOJBIIMX HAMPSHKEHUN B
KpalHUX To4ykax ceueHus ( puc.l ), T. e.
61 =02
rae
01=N;/A+Miey /| - nHauboiblece HANPSKCHUE IPU
1-it xomOuHarmm ycunui, T.e. ippy My, Ny ;

20



A,
— ]
/Acr
0,4 |
i b Y1
[
Yy Y1 7
Ocb ueHmMpa maxecmu
Ock ueHmpa maxecmu b cedeHus nodkparobou bembu
CEYeHuR HOPUXHOU Bembu Qcb uenmpa maxecmu beezo
CEYEHUA HUXHEU YA CMmU KOAQHHLI
(A, — NAouWags CceueHus

NnogaKpPaHoOBOWM BEeTBUM

<< A, — MoOLAO4L CeueHUnsd

LaTPOBOWM BEeTBW.

B.= MAGLLGAE CEeUBHWE

a

\_CTeHKU KO/IOHHbI.

Puc.l. K noagsopy ceyeHumsa
HEeCVMMEe TPUUHOM KO/TOHHbI

T.C. IIpH M2 ) N2 .

31ech
X.

Ha stom stane npennonaraercs (puc.l), 4to

Y2 z?z

0,=Ny/A+M;yey, /| - 10 ke npu 2-ii KOMOUHAIIUU YCUITHIA,

| - MOMEHT HHCPIHHNH BCCTO CCUCHUA KOJTOHHBI OTHOCUTCIIBHO OCH X —

Jﬁz;l’
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['eoMeTpUYECKUE XapaKTEPUCTUKH CEUECHHSI BRIPAKAIOTCS Yepes3
napameTpel A, K, p:

A, =p-4, k="1;

Yo
k 1
=—h; k=—"—h;
N 1+k 1+k

rae  h - BeicoTa crenku (puc. 1) .
Pasinyc MHEPIUU CEUCHUS:

S npoBbie paccTOAHMS:

i2 i2
pxl_;l:ﬂl h; pxz_yxzzﬂz h;
e Ko3hGUITUEeHTHI
1 p-Q@Q+k), _ k p-(A+k),
’81_1+k k ' ﬁ1_1+k 6

Ecnn npuBeneHHbI OTHOCUTEIBHBIA 3KCLEHTPUCUTET m®=7-m<20, TO

MPOYHOCTh KOJIOHHBI 3aBeOMO oOecrneunBaeTcs. J{O0CTaTOYHO BBIMOJHUTH
pacyeT TOJIbKO Ha MECTHYIO U OOIIYI0 YCTOWYMBOCTb KOJIOHHHI.

Tpebyemyro mnomans A,, HAXOJUM U3 KOMOMHAIIMK YCHIIMK C HAUOOJIBIINM
1o a0COJIFOTHOMY 3HAYEHUI0 MOMEHTOM. MIMeeM 1Be KoMOMHAIWNU

Amplz N1/¢6H1'R.7/’
AmpZ 2 N2/¢6‘H2.R-7/’

rne Qpm - KOIQPUIMEHT CHUKEHUS PACUETHOIO COIMPOTHUBICHUS MPU
BHEILICHTPEHHOM C)KaTHH, Koraa aenctpyer napa ycunui N; u My (puc.l1).

Gsn2 - TO K€ caMoe, Koraa aecTByer napa ycunuiik N, u M, . Ot
K02 (PUITMEHTHI 3aBUCAT OT YCIOBHOM TMOKOCTH HIKHEW YaCTH KOJIOHHBI

A=A, -RIE=(l /i) JRIE

Y TIPUBEACHHBIX IKCIIEHTPUCUTETOB
0 0
My, =n7-My, My, =7n-M,,.
[Ipu onpenenenuu koddpduiuenra gy,
My =M /N; - pyy
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OTHOCHUTEIBHBINA BKCHCHTPI/ICI/ITCT;
_ —32 1\ — IVE
pxl _lelA_Ix /yl - Ix/A yl -
AAPOBOE PACCTOSHKUE, COOTBETCTBYIONIEE TOUKE 61 (pHC. 1), IpU JOrpyKEHHUU
HOJKPAaHOBOM BETBU KOJOHHLI yermumsmu M;  u  Ni. [Ipu nepBonauaibHOM

noa00pe CeueHUst MOKHO MPUHSTH ;1 R V-
3nmech : Iy - onpeneneH Gpopmysion (1) ;

A, Iy - cooTBeTCcTBEHHO OOIIas MIOMAAb U MOMEHT MHEPIIMH BCETO
CEYEHHMs] KOJOHHBI OTHOCHTENBHO ocM X - X  (puc. 1). Ilpu onpenenenun
kodhuimeHTa Qg ;!

m, =M,/N,-p,,
OTHOCUTEJIbHBIA SKCLICHTPUCHUTET;
Py :WXZ/A:if/VZ: Ix/'A‘in -
SAJIPOBOE PACCTOSTHUE, COOTBETCTBYIOIIEE TOUKE G, (puc. 1), mpu AOTpyKeHUU
Hapy>KHON (IIaTpOBOil) BETBU KOJIOHHBI YCHIIUSMH M, u N, . Illpn

NEPBOHAYAILHOM NOI00PE CEYEHUSI MOKHO MPUHATE  V, = V5.
B stux ¢popmymnax

1N - K03pULKEHT BIUsHUS (POPMBI CEUEHNUS;

R - pacueTHOE CONPOTHUBIIEHUE CTAJIH;

Y - KO3 GUIUEHT YCIOBUMA PaOOTHI.

3uas mapametpl A, My, M, (popmynsl 2, 3, 3a), MO NPUIOKEHHIO 8

onpenensieM Gy 1 U Gy 2. Ilocie dero BeluucisieM TpeOyeMyro TUIOIAb
cedeHus (cM. BeIpakeHus 1.0).

[lamee Ha3HayaeM C Y4YE€TOM MECTHOM YCTOMYHMBOCTH TOJIIMHY CTEHKU U
oTpeseNsieM TUIOIIAIH MOJIoK (puc. 1):

A =AIL+K) - A 2,
A =A-A —A.

KoMIOHOBKa IOJIOK OCYILECTBIAETCS TAK XK€, KaK U JJIsI CUMMETPUYHOIO
CEUYEeHMs] KOJIOHHBL. B 3akiroyeHue BBINOIHSAETCS MPOBEPKA MOJA0OPAHHOIO
CEUYEHU U €r0 KOPPEKTUPOBKA.
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2.1. Ilpumep noadopa CILJIOHIHOIO
HECHMMETPUYHOI'0 CeYeHHS KOJOHHBI

Kak yxe ObulO OTMEUEHO, MOJOOpP BEPXHEH 4YaCTU KOJOHHBI 3/1€CH MBI
IPUBOJUTH HE OyJeM, T. K. OH BBIMOJHSACTCS OJUHAKOBO JUISl CIUIOIIHBIX H
CKBO3HBIX KOJIOHH. TakoM pacder pacCMaTpHUBaJCs paHee.

[To n3m0’XKeHHOW BBILLIE METOAMKE HalJIeM TpeOyeMoe cedeHNEe HUKHEN YacTh
CIUIOIIHOW KOJIOHHBI. JlJI1 3TOro ompenenuM JEHCTBYIOIIME B XapaKTEPHBIX
CEUEHUSAX KOJIOHHBI ycuius. [IpaBuia BBINOJHEHUS] COYETAHUNA HArpy30K ObUIH
U3JI0KEHBI IIPU pacyeTe CKBO3HBIX KOJIOHH. 1lo3TOMY 37€Ch mpenmnonaraeM Juis
IIPOCTOTBI, YTO COYETAHUS HArPy30K YK€ BBIIIOJHEHBI U OIPEICIICHBl YCUINS
(cm. puc. 2).

ceuenue |11-111

OCHOBHBIE COUETAHUA.

M =-53 kH'm M, =+268xkH'M
Neoor = - 260 xH Neoor = - 1080 kH
1;2;5 1,2;3,4

OcoOble COUETaHUS:

M =-49,9 kH-m M, =+2525kH M
Neoor = - 260 kH Neoor = - 902 kH
1:2:5 1:3:4:5

ceuenue V-1V

OCHOBHBIE COYETAHUS :

M,=-226,1 kH-Mm M =-51,1 kH'Mm
Neoor = - 207,8 xH Neoor = -947 xH
1;2:3:455 1;3;4;5
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OcoOble coueTanus:

M,=+237 kH'm

NCOOT -

Puc. 2

L. iy

- 305 kH

1:2:5

*

3deck bembs
dozpuxaemca
MOME&HMOM

M =-1kHwMm

Neoor = - 1029 kH

1:3:4

YenobHaa cxema 3Hakob

/u32u6amu.|,ux MOoMeHMab.

0)

3decs bembs
dazpyxanemca
MOMEHMOM

K onpenenennro ycuinii , IeUCTBYIOIIMX HA KOJOHHY.

cxeMa dedcmbus

/ BHYMPEHHUX cun

e Iv_____ M-/

-1080
_____ Me N IO
+268
/T—%?
N
g IV
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YenobHaa cxemMa 3Hakab cxema dedecmbuq

/u32u6ammux MaOMeHMab. / BHUMPEHHUX cun

\ adecw bembe
\ dozpyxaemca
\ MAMEHMON

3decs bembe \
dozpyxaemca
e -305

MOMEHMAM Y
\
v IV M*/—b\+237 IV

M=237

Puc.3. CxeMbl 40rpyxeHuMa uacTeurt KO/OHHbI:
AroPbl MOMEHTOBR MOCTRPOeHbl
MO PACTAHNTBIM BO/IOKHAM KO/OHH,

[Io npuBEIEHHBIM BBIIIE COUYETAHUSAM HArpy30K ITOCTPOUM YCIOBHYIO CXEMY
NEHCTBUSL BHYTPEHHUX YCHUJIUN W BBIYEPTUM SIIOPHl M3rHOAIOIUX MOMEHTOB
(puc. 3). D10 crenaer HarJdsAAHBIM HalM nosicHeHus. [TockonbKy B mpezaenax
HIDKHEW 4aCTU KOJIOHHBI CTEPKEHb €€ BBINOJHACTCS ITOCTOSHHOIO IO BBICOTE
CeUeHUEM (C LENbI0 CHUXEHHS TEXHOJOTMYECKHX 3aTpaT Ha H3TOTOBJICHUE
KOJIOHHBI), TO W3 JBYX Map YCWUJIUH, AOTPY>KAIOIIMX MOAKPAHOBYIO BETBb,
BbIOEpeM HauxyAuryto. 13 puc.3 crnenyer, 4TO NOJKPAHOBYIO BETBb JOTPYKAET
JIBE Mapbl yCUIUM:

M =947 kH-Mm — B ceueHuu 1V —I1V
N =151,1 kH
M =260 kH'm — B ceueHuu |1 — Il
N=53kH.

3necy 3Haku ycwuimii M u N | mokazaHHble Ha puC. 3, OMYULIEHHI,
MIOCKOJIbKY OHHM YK€ y4YTEHBbl IpH WX BbIOOpe . M3 3Tux AByX map ycwinin
PaCcUETHOM SBIISIETCA
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M; =947 xH'™m ;
N,=51,1 kH.
DOTol mapoil ycWIui JOrpy’kKaeTcsl MOJKpPaHOBas BETBb. 371€Ch HMHJCKCHI MPHU
YCUJIUSIX COOTBETCTBYIOT CUCTEME MHACKCOB, MPUHATOM Ha pucC. 1.
AHAJIOTUYHO pacCyXaasi, U3 PHUC. 3 MOXKHO TOJIYIHTh
M, =268 kH'™m ;
N, = 1080 kH.
DToM napoit yCwIni 1orpyKaeTcsl HapyKHas (I1aTpoBasi) BETBb .
Janee nepeliaeM K onpeieIeHUIO TIJI0MAId CCUCHHUS .
3agaauMcs rmapaMeTpamu.
k=0,7; p=04; h=100cm
u 1o popmysam (1) u ( 1.a) BeIuKCTUM :
k=40cm/60cm=0,7; yi=40cm ; vy, =60 cM ;
0.7 0.4 =95,88 cu;
4,77 6

P = 229,82 cu; P.» =153,2 cwm;

HOCKOJ’IBK}/ OIIPCACIICHUC pvaeTHOﬁ JJINHBI KOJIOHHBI 00BACHSIIOCH HE pa3

i, =100-

IIPU MPOEKTUPOBAHUU CKBO3HBIX KOJIOHH , 3/IECh MbI IIPUBOJIUM PACUETHYIO
JUTMHY HYDKHEH YacTH KOJIOHHBI B OKOHYaTeIbHOM Buje : |, =950 cm .
ITo popmyne (2) BeIYHCIAEM YCIOBHYIO THOKOCTD
215
1/2,06-10*
31ech pacyeTHOE CONMPOTUBIICHNE CTATM M €€ MOYJIb YIIPYTOCTH CIACAYIOIINE:
R=215 kH/cM’;
E =2,06 - 10* kH/cMm>.
[Ipu gorpyxeHun MOKPaHOBOH BeTBU MMeeM 1o ¢opmyie (3) :

2. =(950/95,88) -

My =My /Ny —py =5110/ (947 - 229,82 )=0,02 .
[To mpunoxenuto 10 onpenensiem kKo3(pPULKUEHT, YUIUTHIBAIOIIUI BIUSIHHUE
bopMBI CEeUCHUS:
n=n5-[1-03-(5-m,)-0.15],

rne

ns =@9-01-m,)-0,02-(6-m,)- 4, =(19-01-0,02)-0,02-(6—0,02)-0,3~19;
7n=19-[1-03-(5-0,02)-0.15]~15 .
[IpuBeAEHHBIN OTHOCUTEIBHBINA SKCIIEHTPUCUTET
mS =7-m, =15-0,02=0,03.
[To mpunoxenntro 8 Haxoaum kKodpduuueHT ¢y~ 1,0 .
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ITo dopmyne (1. 6) BeruncisieM TpeOyemMast MIoaIb:
Ampl >N,/ ,-R-y=947/(1-215)=44,0 cm’
[Ipu norpyxeHuH HapyKHOW BETBU MeeM 110 ¢popmyre  (3.a) !
m., =M,I/N,-p,, =26800/(1080-153.2) ~0.15
[anee onpenensieM napaMeTpsl:
ns=@19-01-m,)-002-(6-m,,)-4, =(@9-01-015)-0,02-(6-0,15)-0,3~19
7=19-[1-0,3-(5-0,15)-0.15] ~1,5
m,, =7-m,, =15-015=0,225

[To npunoxxenuto 8 HaxoauM KOIPPUIUEHT ¢y, =0,97. Tlo hopmyne

BBIYHCIIIEM IIOIIA]b
A ., =1080/(0,97 - 21,5) = 51,8 cM.

OOpaimaeM BHUMaHHWE YHTATENsl HA TO , YTO B cllydae JAeUCTBUSA
JNOTPYKAIOWIEW MNOJKPAHOBYKO BETBb IIAPBl YCUJIMHI M, 17§ N,, 1o
npusiokeHuto 10 ObUIO ompezAesneHo TOYHOE 3HaueHue kodpdunueHta 1. B
cllydae ke Jorpy Karolei HapyKHYyIo (IIaTpoByr0) BeTBb mapel M, u N, 110
npunoxkeHuto 10 xoapduiment 1 onpenensercs npuodamxkeHHo. Ilockoabky
B OTOM cClIydae Touyka aOCOJIOTHOTO SKCIEHTPHUCHUTETA e = My, I N,
OKa3bIBa€TCd Ha MPOTHUBOIOJOXKHOM CTOpOHE ceyeHus (CM. PHUCYHKH
npuwioxeHuss 10). OgHako 3TO0 HE MPUBOAMT K CYIIECTBEHHBbIM olMOKaMm. B
OOJBIIMHCTBE K€ CIIy4aeB IMpU NPOECKTUPOBAHUU CTYNEHYATHIX KOJOHH
MIPOU3BOJICTBEHHBIX 3JIaHUM OIpPEACINAIONIe oKa3bIiBaeTcs mapa ycwimii M u
N; , KoTopas HOOrpyXkaeT TMOAKPaHOBYIO BeTBb. st »TOrO BapuaHTa
koddduimenT m no npuinoxkenuto 10 ompenensieTcs TOUHO.

Komnonoeka ceuenusn

W3 ycioBusi MECTHOM YCTOMYMBOCTH OTHOIICHHE BBICOTBI CTEHKH N, K ee
tommuHe t., omnpenensercs Tak:
h, I/t <-/EIR= \/20600/21,5 =310
[Tockomeky he, =100 cm, TO
t.. >100/31=3,2 cm.
Takum 06pa3zom, MbI MPUXOUM K BBIBOY : €CJIM HE MPUMEHSTH MPOOIBEHOTO

pebpa xxecTkocTH (puc. 4) , TO CTCHKA KOJIOHHBI JOJDKHA UMETh Pa3Mephl

100 cm - 3,2 cm = 320 cM>.
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[Tpu stom BbicoTa cTeHKH N = 100 ¢cM  — JOUKTyeTcs YCIOBUSMU
KOMIIOHOBKH KOJIOHHBI. JTa BEJMYMHA HA3HAYaeTCs Ha CTaguU OIPEICICHUS
NPUBS3KA OCU peibca K pa3OouBoUHOM ocu 3naHusa. Kak 3To nenaercsi, Mbl
MOKA3aJy IMpPU KOMIIOHOBKE IMOIMEPEYHON paMbl MPOU3BOJCTBEHHOIO 3/IaHHUS.
Hpyron pasmep creHku t, = 3,2 CM JOMKTyeTCs YCIOBHEM €€ MECTHOM
ycToiyuBOCTH . IIpH 9TOM ILIOIIAMb CEYEHHs CTeHKH cocTaBiseT 320 cm’. ITo
oueHb OompIrast BenuunHa. OHA HaMHOTO OOJbIIe TpeOyeMoll IO BCETOo
CEYEHMs KOJIOHHBI @ A,y = 51,8 cM>,

B Takux ciywasx Jydiie OTKa3aTbCsi OT 0Oe3peOepHOro BapuaHTa M
MPOEKTUPOBATH KOJIOHHY C YCTPOMCTBOM IMPOJIOIBHOTO pedpa >KeCTKOCTU (pHuC.
4). DTo TMO3BOJIAET TOJIIMHY CTEHKH PE3KO YMEHBIIUTh. MecTHas ke
YCTOMYMBOCTh OO0ECIEUUBACTCA MPOJOJIBHBIM pPEOpOM; TpU 3TOM paboTOi
caMoro pedpa Ha BOCIPHUSATHE MPOAOJIbHON CUIIbI OOBIYHO TPEHEOPETAIOT .

C y4eToM HM3J105KEHHOTO BbILIE TPUHUMAEM TOJILIUHY CTEHKH t.; = 0,8 cM ( puc.
4 ). OObIYHO

he: / te; = 80 + 20. B pacueTHyI0 MIOIIaas CEYCHHs KOJIOHHBI BKJIIOYAaeM 1B
KpalHUX y4acTKa CTeHKH ( puc. 6) MIUPUHOM 110

085-t, --/E/R=085-08-./20600/215 =21 cm.

Jlns obecrieueHHsT yCTOMYMBOCTH KOJIOHHBI M3 IJIOCKOCTH JEWCTBUS MOMEHTA
IIVPHHY TOJIKN puHnMaeM He menee (1/20 = 1/30) -1, (I, - pacuernas niauHa
U3 TUTOCKOCTH paMbl HIDKHEH YacTH KOJIOHHBI).

N3 ycnoBust MECTHOM YCTOMYUBOCTH MTOJIKH UMEEM:

6./t <(036+01-1)--/E/R =(0,36+0,1-03)-/20,6-10* / 21,5 =12,09

e
6,=(6,-1t,)/2, —cm. puc.6.
[IpuanMaem
6, =16 cwm; t =10 cm; A =1-16=16 com’:
6,/t, =(16-08)/2-1=7,62<12,09.
Tak kak

6, =16 cm <(1/20)-1, = (1/20)-480 =24 cm,

TO JUIsi 00eCreYeHUs] MECTHON YCTOMYMBOCTHU TOJKU M3 IUIOCKOCTU JEUCTBUS
MOMEHTAa - W3 IUIOCKOCTH PaMbl CJIEIOBATEIBbHO MPEAYCMOTPETH IONEPEUHbBIE
pebpa xectkoctu ¢ marom (2,5 = 3) m no BeicoTe. OAHAKO, YIUTHIBATh, UYTO
HUKHSIS YaCTh KOJIOHHBI HEBBICOKasA, pedpo (morepedyroe) ycrpoum ¢ 1900 mm —
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cM. puc. 7. [Ins obecrieueHrs yCTOMYMBOCTHUI® CTEHKU YCTpauBaeM MpPOA0JIbLHOE

pebpo KECTKOCTH C ABYX CTOPOH CTEHKH (puc. 7).

[TogkpaHoByro BeTBb Ha3HayaeM B Buje aBytaBpa 30 bl ¢ mimomaasio

2
norepevHoro ceuenus: 41,5 cm”.

NonepeyHsl e pedpa 13061

Fxecmkocmu i =1
I I
I g ]
AT :
[ [ Y
o ) X |\\\ y
> s 4
ST L | fr~ MpodonsHeie pedpa
Kl xecmkocmu
700 300
500 500
T 1000 1
A A
L Npodonersie pepa_ _
/I/ _ =" xecmkocmu
I30B
~3ubl
Nonepeuroe -
PeEPOo ~{
N~
s 4
qPF
000
Puc.4. CeueHue CcrnAQLHOM KO/1OHHbI
)1
o 7
——T—t
02
Az\ X
o
[ :
0 —l-—) q
] \‘ ]
02
——| —
x O'
% %

Punuc.S5. CxeMa K BblUNC/ASHUMIO MOMEeHTAa
MHEPLUM CeUeHUA Cr/IOLHOM KO/OHHSbI
OTHOCUTE/IbHO OCU X—X



['eomeTpuyeckre XapakKTEPUCTUKU CEUECHHSI
[TosHas mutomaae ceyeHus

A,=16-1,0+96,1-0,8+415 = 134,38 cm?.
Pacuernas muomanps ¢ y4eTOM TOJIBKO YCTOWYMBOW YaCTH CTEHKH:
A=161,0+2-0,85-T .z2-31+41,5=94,8 cM”.
3n1ech : t.=0,8cm
N3 puc.l u puc.6 onpenenuM KOOpANHATY LIEHTPA TSKECTHU MOJIYYEHHOIO

CCUCHHUA .

(16+1,0+0,8-100-50+41,5-101)

= =66 CcM.
Y2 (16-1+0,8-100+41,5)

Torma
v1=100 — 66 = 34(cm).
Taxum o0pa3om, Mbl OIIPEIEIUIIN HOBOE MOJIOKEHUE LIEHTPA TAKECTH CEUCHUS
(HMKHEN YacTH KOJIOHHBI):
v, & 34 cM; V., & 66 CM;
v, % 34+7=41(cm); Vo, &y, =66 M.
MoOMEHT MHEepLHUH CEYEHUSI OTHOCUTENBHO OCU X-X HAXOJUM 10 CIeAYIOUIEH
dopmyne (puc.5)
L=l o1 + G) ‘ler Ve F G) Ter t Ve Hlog gz tAg T Vo2 +AL 1 V2.
31ecs:
I51-01 = 390 cM* — MOMEHT MHEpPIHH BYTABPOBOTO CEUCHHUs OTHOCHTEIIHHO
cobeTBenHoi ocn 01 — 0 (puc.5) — onpeiensieM 10 COPTaMEHTY, KOTOPHIiA

IIPUBEJEH B TPETHEM pa3/Ieiie KHUTH;
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|
|
|
|
T, =1lcm | /LBI
| AAAAAILIIIIISS,
|
"z
Z |
o P = |
o5 7 =
] +]
(= —'_&_ % I
=T |
5 ' |
| |
| | |
| | - Z | Z
1085t JE/R | | 0854 E/R
L 100cm :
[

tr =0.8CM; 0.895t,«VE/R=
By =16CM, 0.85-0.8420600/21.5="

=7,6CM;
%“ lem; 0.85 0.8+ 31.0¢CM.

Puc.6. K pacueTy YCTOMUMBOM
HAQCTWUM CTEeHKU

(L0
12

Ic:Z—c:E = 16 '

- MOMEHT UHEPIHUH NosAca (JIMCTa) OTHOCUTEIBHO

coOCTBEHHOM OCH 0, — 05 (puc.5)

A, =16 cm?, A;=41,5 cM? - COOTBETCTBEHHO MOIIA M JICBOIT 1 TIPABOil

BETBEH KOJIOHHBI (puUcC.5)
Brruucinsiem:
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[,=390 + (1) 0,8 663 16~ + 16:66%+41,5-342=180391 ant;

L. =~

y ¥, 6320~ 6728 o’
rae

1=6320 cM* — MOMEHT HHepLHH IBYTaBPa OTHOCHUTEIBHO
ocu Y-y (ompenensieM 1o COPTaMEHTY).

MoMeHT ConpOTUBICHHS MPU U3TUOE, COOTBETCTBYIOIIUN TOUKe T4 (pHC.5)

| 130391
W, === ~ 4200 cm?®
vi (34+7)

(V1 V2 —cm. puc.l).
MOMEHT CONPOTHUBIICHUS MPU U3rHOE, COOTBETCTBYIONINI TOUKE 0> (pHC.S)

I 180391
Wo=—= ~ 3608 cm°.

¥o 1)

S npoBbie pacCTOAHUS:

=30 cM,

Pz = =228 2268 cwm.

PaIII/IYCBI HHCPINH:

. I 180391
i, = |F= |[—/———=36,6 cMm,
Ap 134.38
. I, 6728
i, = |+= =7,0cM .
X A, 134.38

Ilposepka ycmoituueocmu Hudicnell yacmu KoJIOHHbI
6 NMjaocKocmu Oeiicmeus MoMeHma

IIpu nevictBuu napsl yewauii M, u N, | morpy»arorieii marpoByro BETBb.

BreraucisieM ruOKoCcTh

iy 366
— R
Ae=h; - [7=08;

19, =984 cm — pacueTHast JJIMHA HUKHEH 4aCTH KOJIOHHBI B INIOCKOCTH PAMBbI
(MeTonuka onpenenenns 1°, 1%, Gblna M3M0%kKeHa IPH pacueTe CKBO3HOM

KOJIOHHBI)
Brruuciisiem cnenyronye napameTpsl :
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= Mxo 26800 0,9 — mo dopmye (3.a),

My (Ny-pgs)  (1080:26.8)

Ap
=16+ 22=0,6=0,5.

A 96.1

3HadeHue kodpduiuenta » onpenensieM no npuioxenuo 10.

I[Ipu ‘:—“ = 0,5 HaxoguM:

ns =(1,75-0,1-0,9) — 0,02:(5-0,9)-0,8 = 1,6;
n=1,6[1-0,3-(5-0,9)-0,15] = 1,3.
[IpuBeeHHBIN OTHOCUTEIBHBIN SKCIEHTPUCUTET
m,,o =1 Mm,»=1,3-0,9=1.2;

COOTBETCTBYIONMI KOdpduuuent @, = 0,545 — no npunoxennio 8.

Tenepp 1o BTOpomMy YCJIOBI/IIO dbopmyb (1.0) BeaucseM :
- 2289  _ 90,6 KH x <215 KH /

O 0.545-96.1) cM?

Henonanpsaxenue:

(21,5-20.6)
[ ] -100% = 4% < 5%

21,5
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B cnyyae wsenmonampsbkeHuss > 5% WM mepeHanpsHKEHHUs, HEOOXOIUMO
IPOBOJIUTE KOPPEKTUPOBKY CEYEHHUS U MOBTOPHYIO IPOBEPKY YCTONYMBOCTH.
AHAJIOTUYHO TIPOBEPAETCS YCTOWYMBOCTH HYDKHEW YacTH KOJIOHHBI W IIPH
neiicteun mapel yeumnmii My w N | morpy»karoineii moakpaHoByro BETBb . B aTom
cilydae
M, =947 xH-m; N, =51 kH;
P.1=30 cm; 2. =0,8; m,; — 1o popmyine (3) .
Yurareno peKOMEHYEeM, MOJIb3YsICh H3JI0KEHHBIM BBIIIIE aJITOPUTMOM,
BBITIOJIHUTB 3Ty TIPOBEPKY CAMOCTOSTEBHO.

Ilposepka na ycmoiiuugocms HudcHell Yacmu KoJ10HHbL
U3 NJ1OCKOCIMU 0eliCM U MOMEHMA
OcymiecTBisieTcss sl ONpelesmoniell mapbl ycuiuid. B paccMmarpuBaeMom
PUMEPE B POJIM TAKOU Maphl BHICTYNAIOT

M, =268kH-m; N,=1080xH.
FI/I6KOCTB B HIYKHEU YaCTU KOJIOHHBI U3 TNTIOCKOCTH paMBbl

A, = I— — = 69; ¢ = 0,73 — 110 IpUINOKEHUIO 7;

Py _ 420
Iy 7.0

I':'}, = 480 cM — pacdeTHas JJHHA HUKHeH 4acTH KOJOHHBL

Tak Kak 3HaYE€HWE MOMEHTA MEHSETCS MO JJIMHE KOJOHHBI, TO ISl ONpPEAEICHUS
OTHOCUTEIBHOTO  JKCUEHTPUCUTETa IM., HAlIeM MNPUOJMKEHHOE 3HauyeHUe

MOMeHTa (puc.8),T.e

M, = (et o G980 - gq g py,

3nech: My=-80 KH - moment B ceuenun IV—IV, cooTBeTCTBYIONIMI COYETAHUIO

Harpy3ok (1,2,3,4). Ompenenenre Tounoro 3Hadenuss M,  aus pasnmuubbix
BAPUAHTOB KOJOHH M YCIIOBUM KPEIJIEHUS UX KOHIIOB CM. B TPEThEM pasielie, Mpu
xotopoM Obu1 onpenenen M, = 268 KH» M.

OTHOCUTENBHBINA SKCIIEHTPUCUTET:

Mg -A, 940013433
(NyW,)  (1080-2608)

B

|::1+u'mxz:] )

m, = 0,32

[Ipu m,, <5 xo>dpduument c= B Oonee obiiem citydyae npu

m,, > b,

Onpenenenue kodpduimenta “c” cm. B CHull «CranbHble KOHCTPYKITUNY,
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I'ubkocTh

A, =69< A =314 |20 =g

[Ipy BBIOJIHEHUM YCIOBUS A, << A,  TOJb3yeMCS €IUHUYHBIM CTOJIOLOM;

napameTpbl, HEOOXOIMMBbIE JIJIsi BBIYMCIICHUS KOd(PPuImeHTa «C», onpeaeisieM 1o
npuioxeHuto 11(unum no Tabnuue 10 CHull «CranbHble KOHCTPYKIIMU» B TPETHEM
paszene KHUTH):
p=1,0;
0=0,65+0,05- m,, = 0,65+ 0,05-0,32= 0,67
Teneps BorumciaseM KO3(GOUIHMEHT «C», YUUTHIBAIOIIUH Biansaue momenTa M,

IPU U3rMOHO — KPYTUIIbHOM (popMe MOTEpU YCTOMUNBOCTH:

_ B _ 1 _
¢= {1+c(-m32] T (1+0.67-32) 0.82
[Tockonbky
her o811 _ _|E _
. os =120>3,8 \j;— 116

B PpaCUYCTHOC CCUCHHC BKIIOYAIOTCA TOJIBKO YCTOﬁqHBaH 9aCTb CTCHKH. HpI/I

br 238. E=116
ter R

B PAaCYCTHOC CCUCHUC BKIIIOYACTCA ITOJIHAA TJIOMa/lb CCUCHU S HM)KHEH KOJIOHHBI.

Brruncnsiem HanpskeHue :
N
{C"iPy-A]'
YCIIOBUE YCTOMYHUBOCTH U3 TIJIOCKOCTH JCUCTBHUSI MOMEHTA;

0)0%1
1080

G =
(p,82.0,72-94,8)

=19,03%H/_ , <215%H/
v = 1- k03 duLreHT ycioBuid padoThI (10 npuiIoKeHuto 13).

Ecnu He BBINONHIETCS YCIOBHE YCTOMYMBOCTH, TO KOJOHHBI 3aKPEIUISIOT
pacnopkamu , KOTOpble 00€CTeurnBaOT X YCTOMYMBOCTh U3 TJIIOCKOCTH JI€HCTBUS
MOMEHTA — U3 TJIOCKOCTH pambl (CM.puc 9 ).

[IpoBepky mpounoctu ceuenuss |V-IV Ha Bocmpusitue moONepeyHON CHIIbI
PEKOMEHyEM YMTATEI0 BBINOJHUTH CAMOCTOSATENBHO. OnpeneneHnue BEeTUYUHbI
MOTIEPEYHON CUJIBI B YETBEPTOM CEYEHUHM OBLJIO  JaHO MpH MPOEKTUPOBAHUU
CKBO3HBIX KOJIOHH.
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4800

2400

v v

It

M4 =—30

Prc.e K onpegencHMO POCUSTHOMO
MOMEeHTa Mx
[IpoBepky ceuyeHHMsT Ha BOCIPHUATHS IMOMNEPEYHOM CHUJIbI CMOTPUTE pPACUET
KOHCTPYHPOBAHUE TJIaBHOU OaJIKW B MPOEKTe «bajouHas miIomaaKay.
Pacniopku nmoutu B 2 pa3a yMEHbBIIAIOT PaCYETHYIO JUIMHY HUYKHEN YaCTH KOJIOHHBI
(U3 TJIOCKOCTHM pambl), U TEM CaMbIM OpUMEpHO B 4 pa3a yBEIUYUBAIOT
KPUTHYECKYIO CHITY.
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Pnuc.9. CxemMa pacrnoioxeHusa
PACMOPOK MeXANY KO/TOHHAMU,

Pacriopky moutu B 2 PA3A YMEHLLAIT PACUeTHYIo
AIMHY HUXHEM UACTU KOANOHHBI (M3 MAOCCKOCTU
PAMbI), TeM CaMbiM MPUMePHO B 4 PAa3a
YBEe/MIMUMBAIT KPUTUUECKIID CUAY
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