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1 PACYET PAMBI O/THOSTAKHOI O IIPOM3/IAHHUA
1.1 O6bwue nosnoxxeHust

Paznen «Cratnyueckuil pacyeT pambl OJJHOITAXKHOTO MPOMBIIIIEHHOTO
3/IaHUS» BKIIIOYAET B C€0Sl OMpE/IETIEHUE FeHEpalbHbIX Pa3MEPOB COOPYKeE-
HUA, cOOp Harpy30K Ha pamy U COOCTBEHHO CTaTHYECKHI pacdeT mpuoJIiu-
KEHHBIM METOJIOM Tipu nomotu IBM. [[ns pacyera HEOOXOAMMO MOATOTO-
BHUTb UCXOJHBIE JAHHBIE U PACCUNTATH YCUIIUS B DJIEMEHTAX PAMBL.

Ha nepBom atane onpenensiercs mar KojaoHH. st 31aHuid ¢ mposera-
MU Oosiee uiv paBHbIMU 30 M U BBICOTOM KOJIOHH Ooiiee 14 M mpu KpaHax
rpy3onoabemMHocTbio 0osee 500 kH, mar komonH npuHuMaercs B = 12 wm.
JIns 31aHUK ¢ MEHBIIMMM NIapaMETPAMM IIar KOJIOHH MPUHHUMAETcs 6 M. Y
TOPLOB 3[aHHsI KOJIOHHBI CMEIIAKTCS ¢ MOAYJIbHOU ceTkr Ha 500 MM mis
BO3MO>KHOCTH UCTIOJIb30BAHUS THIIOBBIX OrPAXKAAOIINX IUIUT U TTaHEIICH.

BeprtukanbHbie rabapuThl 3aBUCSAT OT TEXHOJIOTHYECKUX YCIOBUN MPO-
M3BOJCTBA U ONPEACIISIIOTCS PACCTOSTHUEM OT OTMETKH YHCTOIO IOJa 10 OT-
MeTkH roioBku penbea (OI'P) Hy 1 paccTosiHust OT TOJIOBKM penbca A0 HU3a
purens Hy. Pazmep H; onpenensiercs kax:

H, =(H,,+100)+ f (um).

OxkonuarenbHo pasmep H, npunumaror kpatHeiM 200 mM. Onpenensi-
eTCsl BBICOTA 1IeXa:

Pazmep Hp nmpunumaror kpatHeiM 1,2 M npu Beicote H; < 10,8 M u
kpatabiM 1,8 M npu H; > 10,8 M, npu 3Tom pazmep H, octaBisaior 6e3 uz-
MEHEHUM, a YBEIMYUBAIOT BBICOTY Hj.

BricoTa BepxHel 4acTy KOJIOHHBL:

BricoTa HUKHEN YaCTH KOJIOHHBI;

H,=H,— H _,+(800...1000) mm,

H

rae 800...1000 MM — 0OBIYHO MPUHUMAEMOE 3ariTyOJIeHUE OMOPHOU TITUTHI
0a3bl KOJIOHHBI HIKe otMeTkH £0,000.

Bricoty ¢gepmbl Hg npuHuUMaOT cTanmaapTHOW: 2,25 M NpHU mpoJieTe
MEHBIIIEM WIK paBHOM 24 M; mipu mpoJierax Oosiee 24 M BbICOTY (epMBbl
npuHuMarot 3,15 M. Beicoty donapsa Hyoy IPUHEMAIOT C y4€TOM BBICOTBI
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TUIOBBIX OKOHHBIX 010K0B (1250 wm 1750 mm) npu ux konudectBe 1 wim
2, BbICOTHI O0opTOBOM cTeHKH (600 MM) M BBICOTHI KapHU3HOro Oy0ka (300
MM). BeicoTa dhonaps:

H¢0H=H06+H6C+HK6 J

rae Hys, Hge, Hig — BBICOTA COOTBETCTBEHHO OKOHHOTO OJioKa, OOpTOBOMA
CTEHKH M KapHU3HOTO 0JIOKa.

Jlanee onpenensaroTcs TOPU3OHTANIbHBIE pa3Mephl paMsbl. [IpuBs3ka Ha-
PY’KHOW T'paHU KOJOHHBI K OCH KOJOHHBI & MOXET ObITh HyJeBOU, 250 mm
500 mMm. HyneBast npuBsi3ka MIPUHUMAETCS B 3/IaHUSIX 0€3 KPaHOB, a TAKXKE B
HEBBICOKHUX 3JJaHUSIX NpU B = 6 M U ¢ KpaHaMu Tpy30M0IbEMHOCTbIO MEHEE
300 xH.

[TpuBsizka 500 MM IpUHUMAETCA JI1 OTHOCUTEIBHO BBICOKMX 3IaHUN
¢ kpanamu rpy3onoabreMHocThio 1000 kH u Gosnee, a Takxke eciivi B BEpXHEn
YacTU KOJIOHHBI YCTpaumBaeTcs Mpoxoja. B ocTaldbHBIX Cilydasx IpHUBs3Ka
npuHuMaercs 250 M.

[TpuBsizky depM 8; K OCH KOJOHHBI BCerja mpuHUMaroT paBHoul 200
MM, TaKMM 0Opa30M, BBICOTA CEUCHMSI BEpXHEW 4acTU KOJIOHHBI h, MOXKeT
obITh 450 MM (a;+a = 200+250 = 450 mMm) wm 700 mMm (200+500=700 Mm),
HO He MeHee 1/12 ee BbicoThl H, (0T ycTyna 10 Hu3a hepmbi).

Jlnst kpaHoB pexkumMoB padoTel 7K u 8K B0JIb KpaHOBBIX MyTE€H yCT-
pauBaetcsi npoxoJ. IIpu rpy3zonoabeMHoctu kpana 6onee 800 kH mpoxon
mupuHoit 400 MM u BeicoTor 2000 MM ycTpanBaeTcs, Kak MpaBUio, B TEJE
BEpXHEH YaCTU KOJIOHHBI, IPU 3TOM BBICOTA CEYEHUA J0 HU3a (HepMbl MONTY-
gaercss 1000 mMm. [Ipu MeHbIIEN rpy30N0ABEMHOCTH MOCTOBOTO KpaHa Mpo-
XOJl YCTPAWBAKOT BHE TEJIA KOJOHHBI.

Ha cnenyromiem stamne mpoBoAUTCSA cOOp Harpy3ok Ha pamy. Ompeme-
JISIFOTCA MOCTOSIHHBIE, CHETOBAsi, KPAHOBBIE U BETPOBBIE HArPY3KH B COOT-
BETCTBUH C [3].

[Tocne cOopa Harpy30K MPOBOJAT CTATUYECKUIN pacyeT pambl IPUOJIH-
AKEHHBIM METOJIOM, B PE3YJIbTAT€ KOTOPOTO OMPEACIISIIOTCS YCUIUS B JIEBON
CTOMKE pambl. [lasee OnpenesitoTCsa pacueTHbIE COYETaHUs YCUIMM B ceue-
HUSIX JIEBOU CTOMKHU.

1.2 3agaHMe Ha KypCcoOBOM NMPOEKT
HMcxonnpie TaHHBIC:

Hlughp 3a0anua 1 544442331 3. Ilo npuitokeHNO 2 BHINTUCHIBA-
€M OCHOBHBIC MCXO/JHBIC TaHHBIEC.




1. Ha3znaueHue 3/1aHHS — Ky3HEUHBIH 11€X.

2. KpaHn MoOCTOBOW »3JeKTpUYecKHil Tpy3onoabeMHOCTBIO 1250/200
kH.

3. Pexum pabotsl kpana — 8K.

4. Tlponer 3nanus 30 M.

5. Otmetka ronoBku penbca (OI'P) Hy = 15 m.

6. Jmuna 3manus 120 m.

7. Mecto ctpoutenscTtBa — r.Open, cHeroBoil paiion III, BeTpoBoii

paiion II (kapter 1 u 3 npunoxenus XK CIIT 20.13330.2011 «Harpy31<1/1 151
BO3seicTBUA» [3]), pacueTHas cHeroBas Harpyska jjs r. Opra S =18
xH/M°, HopMaTHBHAs BeTpoBasi Harpyska st r. Opima W= 0,3 kH/m®.

8. Kuacc cranu moakpaHoBoi Oanku U KOoJoHHBI — C255.

9. Knacc cramu pepmbr — C255.

10.beron dbynnamenTa kiacca B15.

1.3 MPUMEP 5. KomnoHoBKa, c60p Harpysok Ha pamy, cTa-
TUYECKUN pacyeT paMbl

1.3.1 PasmelleHne KONOHH B NnaHe

st 3manuii ¢ nposneramu Oosee uian paBHbIMU 30 M U BBICOTOM KO-
JoHH Oosiee 14 M npu KpaHax rpy3onoabeMHOCThIO Oosiee 500 kH, mar xo-
JOHH npuHuMaerca B = 12 m. [{ns 31aHnil ¢ MEHBIIMMHA TTapaMETpaMHy 1ar
KOJIOHH IPUHUMAETCa 6 M. Y TOpLOB 3[4aHWs KOJIOHHBI CMEIIAKTCI C MO-
nyJbHOM ceTku Ha 500 MM 1J1s1 BOBMOYKHOCTH HCITOJIb30BaHUs TUIOBBIX OT-
PAKIAOIINX TUTAT U TTAHEIIEH.

Tak kak mposietr paBeHn 30 M, BeicoTa 3/1aHus O6osee 14 M, rpy30m01b-
€MHOCTh MOCTOBOTO KpaHa 0osee 500 kH, npuHumaem mar kosioHH B =12wm.

1.3.2 OnpeneneHne pasmMepoB pamMbl
a) BepmukanbHble pa3Mmepbl

KoMIIOHOBKY HauMHaeM C YCTAaHOBJICHUS OCHOBHBIX Pa3MEPOB PAMBI

(pucyHok 5.1).
BepTtukanpabie rabapuThl 3aBUCAT OT TEXHOJIOTHYECKUX YCIOBHM MPO-

HN3BOJACTBA U ONPCACIIAIOTCA PACCTOAHHUCM OT OTMCTKHU YHUCTOI'O I10J1a 10 OT-
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MeTkHU roioBku penbea (OI'P) Hy u paccTosiHust OT roJIOBKM penbea A0 HU3a
purend H,. Pazmep H, onpenensgercs kak:

H, =(H,, +100)+ f (1) =(4000+100)+300=4400 rmn,

rae Hy, — BepTukanbHbli pasmMep KpaHa 1o npuioxenuto 3; 100 mm — 6e30-
MACHBIN 3a30p MEXy KpaHOM U HU30M purens; f — nporud ¢pepmsl, npuHu-
maercs 200...400 MM B 3aBUCHMOCTH OT IIPOJIETA U MHTEHCUBHOCTU CHETO-
BOM HArpy3KHu.

OxkonuarenbHO pa3mep H, npunumarotr kpatHeiM 200 mM. Onpenensi-
€M BBICOTY 1IeXa:

Ho=H,+H, =15000+4400=19400 aum.
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PucyHok 1.1 — CtanpHast pama OJJHOITaXHOTO TPOMBIIIJICHHOTO
3JIaHUs



Pasmep Hy nmpunumarot xkpataeiM 1,2 M npu Beicote H; < 10,8 m un
kpatdaeiM 1,8 M nipu H; > 10,8 M, ipu 3Tom pazmep H, octaBisitor 0€3 u3-
MEHEHUM, a yBeanuuBaroT BbicOTy Hj;. OxoHuaTenbHO mpuHUMaeM Hy =
19800 MM, yTo kpatHO 1800 MM.

BricoTa BepxHel 4acTy KOJIOHHHBL:

H,=H, +(h; +h,)=4400+(1800+170)=6370 s,

riae hs m hp — BeIcOTa MOAKpaHOBOM OaNKK M KPaHOBOTO peiibca (10 MPHIIO-
KEHUIO 3).
BpicoTa HM>KHEN YaCTH KOJIOHHBI:

H,=H,— H _,+(800...1000) mm,

rae 800...1000 MM — 00OBIYHO MPUHUMAEMOE 3ariyOJ€HHE OMOPHOU IIIUTHI
0a3bl kKoJOHHBI HUXE oTMeTKH £0,000. [Tpu 3army0seHnnn 6a3bl KOJIOHHBI Ha
800 MM BBICOTa HUYKHEW YaCTH KOJIOHHBI COCTABJISIET:

H, =19800-6370+800=14230 auwm.

ITonHast BbIcOTa KOJIOHHBI:

H=H,6 + H, =14230+6370=20600 nm.

Bricoty depmbl Hg, npuHMMAIOT CTaHAApTHOW: 2,25 M IIpHU TPOJIETE
MEHBIIIEM WJIM paBHOM 24 M; Npu mpojerax Oonee 24 M BbICOTY (hepMbl
npuHuMaroT 3,15 M. Beicoty ¢epmsl ipu L = 30 m nmpuanmaem Hy, = 3,15 m.

Bricoty ponaps Hgpoy NIPMHEMAIOT C y4ETOM BBICOTBI THIIOBBIX OKOH-
HbIX 0710Kk0B (1250 mnu 1750 Mm) npu ux Koauyectse 1 uinum 2, BEICOTHI 00P-
ToBOM cTeHkH (600 MM) M BbICOTHI KapHU3HOTrO Os0ka (300 mm). Bricota
dbonHaps:

H pon=H y5+ H 5.+H,;=1750 + 600 + 300=2650 un,

rae Hys, Hge, Hig — BBICOTA COOTBETCTBEHHO OKOHHOTO OJi0Ka, OOPTOBOM
CTEHKH M KapHU3HOTO OJIOKa.
OO011as BeICOTA 3/1aHUS:

H,,=Hy+ H y+ H 4,,=19800 + 3150 + 2650 = 25600 um.

6) l'opu3oHmMarsnbHbIe pa3Mepbl

Kononny npuHMMaeM CTyneHYaTyr), CEUYEHHWE BEPXHEUM YacTH —
CIUIOIIHOE, HWXKHEW — CKBO3HOE. [IpuBsi3ka Hapy>KHOW I'paHW KOJIOHHBI K
OCH KOJIOHHBI & MOKeT ObITh HyJieBoi, 250 umm 500 mm. HyneBast npuBsizka
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NPUHUMAETCS B 3/IaHUSIX 0€3 KPAaHOB, a TAK)KE B HEBBICOKUX 37aHUSIX npu B
= 6 M ¥ ¢ KpaHamu rpy30noabeMHOCThI0 MeHee 300 kH.

IIpussizka 500 MM NpUHUMAETCS JJII OTHOCUTEIBHO BBICOKHX 3IaHUM
¢ kpanamu rpy3onobeMHocThio 1000 kH u Oonee, a Takke €ciiv B BepXHEH
YacTU KOJOHHBI YCTPAMBAETCAd MPOXOJA. B oCTaIbHBIX Ciyyasx IpUBA3Ka
npuHuMaercs 250 M.

[TpuBs3ky dhepM a; K OCH KOJOHHBI BCerja MpUHUMAKOT paBHou 200
MM, TaKMM 00pa3oM, BBICOTA CEUEHHUsI BEPXHEW YAaCTH KOJIOHHBI h, Moxer
obITh 450 MM (a;+a = 200+250 = 450 mm) i 700 mm (200+500=700 mm),
HO He meHee 1/12 ee BricoThl H; (0T yeTyna 10 Hu3a Gpepmbi).

s kpanoB pexxkumoB padotel 7K 1 8K BIosib KpaHOBBIX MyTEW YCT-
pauBaetcs npoxoJ. IIpu rpyzonoabemuoctu kpana oosnee 800 kH nmpoxon
mupuHor 400 MM u BeicoTor 2000 MM ycTpamBaeTcs, Kak MpaBUIIo, B TENE
BEPXHEH YaCTHU KOJIOHHBI, IPU 3TOM BBICOTA CEYEHUA J0 HU3a (epMbl MONTY-
gaercst 1000 mM (pucyHok 5.2,a). [Ipu MeHbIIe# rpy30M05eMHOCTH MOC-
TOBOT'O KpaHa MPOXO0/1 YCTPAUBaIOT BHE Tella KOJIOHHBI (PUCYHOK 5.2,0).

[Tpu kpane rpy3zonoabemHocThio 1250/200 kH ocoboro pexxuma pado-
Thl YCTPauBaeM IPOXOJ B TeJie BEpXHEH YacTH KOJIOHHBI (PUCYHOK 5.2,a),
MO3TOMY MPUBS3KY OCH K HapYXHOM I'paHU KOJOHHBI mpuHuUMaeMm a = 500
MM, a BBICOTY CEUEHHUS BEpXHEH 4acTH KOJIOHHBI npuHuMaeM h, = 1000 mm
(B mpenenax BbICOTHI hepMbl 700 MM mipu mipuBsizke a; = 200 MMm).

[IpoBepsieM ycnoBue:

h, =1000am > H_ /12 =6370/12 =531 mm,

ycloBHe BbITIONHsAETCs. Bennuuna |; oT oc mojkpaHoBOW BETBU HMIKHEH
4acCTU KOJIOHHBI JI0 OCH KOJIOHHBI paBHa (PUCYHOK 5.2,a):

|, =B, +(h,— a ) +75=400 + (1000 — 500 ) + 75=975 .,

rae B; = 400 MM — rOpu30OHTaNBHBINA pa3Mep KpaHa, MPUHUMAETCS 10 MPU-
J0KeHHUI0 3; 75 MM — 6€30macHbBIN 3a30p.

Ecim mpoxo BHE Tena KOJIOHHBI (pUCYHOK 5.2,0), To BeiawunHA |; or-
penensieTcs 1o cienyoien popmyse:

l,=B,+(h,—a)+75+450 mm.
[IpuHrMasi BO BHUMaHUE, YTO pa3Mephl KpaHa UMEOT MoAy b S00 mwm,

npuHrMaeM pasmep |y kpatapim 250 mm, Torma I, = 1000 mM. B aTom ciydae
BBICOTA CCUCHUS HIDKHEH YacTH KOJIOHHBI paBHa!

h, =l, +a=1000 + 500 = 1500 .
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PucyHok 1.2 — K omnpeneneHuio TOpU30HTAITBHBIX Pa3MEPOB PaMBI:
a — MpU YCTPOMCTBE MPOXO0/1a B TEJIE KOJIOHHBI; O — IMPU YCTPOUCTBE
POXO0/1a BHE T€Ja KOJIOHHBI

[IpoBepsieM ycioBHeE:
h, =1500mm>H, /15 =14230/ 15 = 949 mm,

ycioBue BbinosiHsercs. [Ipu pexxumax pabotsl MocToBOoro kpana 1K...6K
JOJKHO BBITONHATHCS ycioBue h, > H,./20.

1.3.3 PacyeTHaa cxema pambl

Purens pambl )KECTKO CONMPSKEH C KOJIOHHOM, a KOJIOHHA JKECTKO CO-
npsikeHa ¢ pyHaameHToM. [IpeaBapuTenbHO SKCUEHTPUCUTET MEXIY 1IEeH-
TPaMU TSKECTU CEYEHUU BEPXHEN U HUKHEW 4aCTEW KOJIOHHBI HA3HAYAEM:

h —h, 1500—1000
e = =
K
2 2
COOTHOIHGHH@ KCCTKOCTH pI/IreJIH n HI/I)KHGI‘/’I YaCTHU KOJIOHHBI Hpe,Z[Ba—

putenbHO Has3HaudaeM |/l = 4, a COOTHOIICHME KECTKOCTEH HIDKHEH u
BEpXHEH YacTel KOJIOHHBI IpeABapuTeaIbHo npuHuMaem l./1, = 5.

=250 mm.
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1.3.4 Harpy3kun Ha pamy

[TocTOosiHHBIE HAarpy3KH Ha PUrellb paMbl OOBIYHO NMPUHUMAIOT PABHO-
MEPHO pAacIpeAeNIeHHbBIMHA IO JJIMHE purens. BelnunHy HOPMAaTUBHOW W
PAcUYETHOIN HArpy3KH OMPEACISIOT C YUYETOM €€ (PAaKTUUECKOTOo Beca U COOT-
BETCTBYIOIIUX KO3(P(DUIIMEHTOB HAJEKHOCTH MO HArpy3Ke MPUHUMAKOT MO

[3].

a) [locmosiHHbIe Ha2py3KuU

[TocTosiHHBIE HArPY3KW HA PUTEIb PaMbl MOJICUUTHIBAEM B TaOJIMYHOU

dbopme (Tabauna 5.1).

Taobauya 1.1 — IlocTosiHHBIE HATPY3KHU HA PUTEIIh PaAMBI

Hopma- Koadpdu- | Pacuernas
CocTaBisroLIe TUBHAs LIMEHT Ha- Harpyska
Harpy3Ku Harpyska | gexsoctd | ¢ (xH/M)
q" (kH/M%) | 1o Harpys-
KC Yt
3amuTHBIA  cioM  (rpaBuid, 0.1 13 0,13
YTOIUICHHBIN B OUTYMeE)
PynonHbIi KOBEp 0,2 1,3 0,26
CTsDKKa IIEMEHTHO-TIeCYaHast
toJiuHou 20 MM, 0OBLEMHBIN 0,3 1,3 0,39
Bec 18 kH/M®
VTemmrenb )KeCTKUM MEeHO-
IUIACT TOMIMHOM 50 MM, 00B- 0,03 1,2 0,04
eMHBIN Bec 6 KH/M
[Taponzomsinuss (1 cimont py- 0,04 13 0,05
oepounia)
CranbHOM  mpodUIUpPOBaH- 0.1 1.05 0,11
HBIA HACTWJI 110 IPOTOHAM
CoOCTBEHHBIN BEC METAILIN-
YECKUX KOHCTPYKIIUM IIaTpa 0,3 1,05 0,32
(mo Tabaure 5.2)
HUTOI'O ITOCTOSHHBIE: 1,07 1,30
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Taobnuya 1.2 — Pacxoj cTanu Ha MMPOU3BOJCTBEHHBIC 3aHUS

KOHCTpYKIHS paMbI [IprMepHBIi Bec KOHCTPYKImii pamsl (kH/M®)
HPOMBIIIIEHHOTO IIPU TPY30MO0AbEMHOCTH KpaHa Q
3anuA Q = 1000 xH Q = 1250...2000 xkH
U MCHEE

[Iarep 0,30...0,45 0,30...0,45

KonouHusl 0,25...0,60 0,55...0,90

[TogkpaHnoBbie Oaj- 0,20...0,60 0,40...1,00

KH

Bcero: 0,80...1,50 1,40...2,50

JIuHeHas paBHOMEPHO pacIpeesieHHast Harpy3Ka Ha pUreib:
=0, - B-y,=13-12-095=14.82 xH | m.

qpnocm
OnopHasi peakius puress:

L 30

F —=1482.-—=2223 «xH.
2 2

nocm ~ qpnocm )

CoOcTBeHHBIN BEC BEpXHEM 4acTu KOJOHHBI cocTaBisieT 20% o01ero
BeCa KOJIOHHEI:

L
Gg:O12qK§B?/f .7n:

=O,2-O,63-%-12-1,05-0,95 =226 kH ,

2
riae J. = 0,63 kH/M” — Bec kooHHBI O TabmuIe 5.2.
Bec HmxHEN yacTu KOJIOHHBI cocTaBisieT 80% Beca KOJIOHHBI U PABEH:

L
G, =0,8-0|,<-§-B-7f In =

:O,8-O,63-%-12-1,05-0,95 =90,5 kH .

CuurtaeMm, 4TO Harpy3ka OT CTEHOBOTO OTPa)KJICHHUs IMepenaeTcs Ha
dbyHIaMEHTHBIE OAJIKH.

6) CHezoeast Hazpy3kKa
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PacueTHas cHeroBas Harpy3ka Ha KBaJIPAaTHBIM METP TOPU30HTAIBHON
TIOBEPXHOCTH HA YPOBHE 3€MJIH B COOTBETCTBHMHU ¢ [3] cocraBisieT Sy =1,8
kH/M? . IIpu pacuere paMbl MPUHUMAEM CHETOBYIO HATrPY3Ky PaBHOMEPHO
pacupeneeHHOW MO IMOBEPXHOCTU KpOBJIU. PaBHOMEpHO pacripenesieHHas
MIOrOHHAS HArpy3Ka Ha PUTEIb paMbl paBHa:

S=S84-B-y,=18-12:095=20,52 xH | m.

OnopHas peakius puresisi OT CHETOBOM HArpy3Ku:

F =, % 5.y :1,8-%-12-0,95:307,8 KH.

8) BGPMUKaﬂbele Hacpy3KU om MOCMoe8bIX KpaHoe8

B mponere 0AHOATa)KHOTO MPOMBIILIEHHOTO 3/1aHUsl padOTaloT, Kak
IPaBUJIO, HE MEHEE JABYX MOCTOBBIX KpaHOB. Harpy3ku OT MOCTOBBIX Kpa-
HOB SIBJISIFOTCS IMHAMUYECKHUMU Y MPU IBUXKEHUH KpaHa Ha KPAHOBBIN PEJIbC
MEePEIAt0TCS CUIIbI TPEX HAIIPABJICHUH.

Beprukanbnas F, 3aBUCHUT OT Beca KpaHa, Beca Ipy3a Ha KPIOKE U MO-
JIO)KEHUS TEJNEKKH Ha MOCTY. 3HAYCHHE ITOM HArpy3ku ONpPENEisercs Mo
JAHHBIM Ha MOCTOBBIE KpPaHbI [0 MPUWIOKEHUIO 3. BepTukanbHas Harpyska
HaIlpaBJIEHA MO OCH MOJKPAHOBOM BETBU HUKHEW 4aCTU KOJIOHHBI U PaACUET-
HO€ YCWJIM€ Ha KOJOHHY Doy ¥ Dpin y100HO omnpenensTh 1o JMHUU BIIUs-
HUS ONMOPHOW PEAKIMU MOJKPAHOBOM OalK¥ MpPU HEBBITOAHEHIIIEM pacro-
JIOKEHUU KPAHOB, KOrJla KpanHee KOJIECO OJTHOIO KpaHa pacriolaraeTcs Hall
ornopoi (KOJIOHHO#), a BTOPOM KpaH BIUIOTHYIO MOJAXOAUT K NEpBOMY (pH-
CYHOK 5.3).

ITo ropu3oHTAIBHBIM pa3MepaM KpaHa Mo IPUJIOKEHUIO 3 ONpeneNsieM
OpIMHATHI JINHUY BIIMSHUS OTIOPHOW PEAKIINHU Y TpH Y4 = 1.

y, =048; y, =055; y;, =093; y, =100;
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F, F F, F, F.F F Fy

- 1

1.8.D

bE

Y Y, Y;

.-

Y3y, Y, Yo

PucyHok 1.3 — Cxema yCTaHOBKHM MOCTOBBIX KPaHOB B HEBBITOTHEH-
iee MNoJIOXKEHUE P ONpeIeNIeHUH OnopHOM peakuuu D v nuHus
BIIMSAHMS OMOpPHOM peakuuu D

CymMmma opMHAT JIMHUU BIWSHUSA cocTaBiieT 2y; = 4,88. Onpenensiem
MaKCHUMaJIbHOE JaBJICHHUE KOJIEC KPAaHOB HA KOJIOHHY:

Dmax:(Vfl"//'Z(chp'Yi )+ 752G n6+yi5-0y-bp - B)-yy =
=(1,2-095-535-488+105-90+12-15-15-12)-095=2948,1 xH,

rae yu — KodUIMEeHT HaJAeKHOCTH IO KPaHOBOM Harpyske, paBHbIN 1,2
(m. 9.8 [3]); v — koapdunMeHT coueTanusi Harpy3o0kK, paBHbid 0,95 npu pe-
xuMmax padotsl 7K u 8K, u pasusiii 0,85 npu pexxumax padotst 1K...6K (1.
9.19 [3]); Fk o, — HOpMaTHBHOE BEPTUKAIBLHOE JABIEHUE KOJleca KpaHa IO
NPUIOKEHUIO 3; MPU pacyeTe pambl JOIMYCKAETCs MPUHUMATh KaK CpeIHee
3HaueHue Mexay Fii u Fyo!

o, = Fe1 -|2— Feo _ 520—;550 _ 535 xH
r7e Yj — opAuHaTa JUHUM BIUSHUS MO COOTBETCTBYIOIIMM KOJIECOM KpaHa;
Yf2 — KOO PUIIMEHT HAJASKHOCTU MO HArpy3Ke il COOCTBEHHOTO Beca Me-
TAJUIMYECKUX KOHCTPYKIU, paBHbii 1,05 (o tabmuue 7.1 [3]); Gy — HOp-
MAaTHBHBIM COOCTBEHHBIM BEC MOAKPAHOBON OaJKW, OMPENEseTcsS B COOT-
BETCTBUHM C Tabnwuiei 5.2 mo ¢popmyiie:

G" s =qn5-B-%:O,5-12-%:90 KH

14



Yf3 — KO3 PUIHUEHT HaASKHOCTU O HArpy3Ke I IMOJE3HOM Harpy3ku Ha
TOPMO3HOM ILI0IIaKe, paBeH 1,2 (mo tadmuie 8.2 [3]); 1 — moyie3Hass HOp-
MAaTUBHas HArpy3kKa Ha TOPMO3HOM IUIONIAJIKE, MPUHUMAETCA paBHOM 1,5
kH/m? (mo tabmuue 8.3 [3]); b, — mmpuHa TopMO3HON IIOMIAIKH, IIPESABA-
PUTEJIbHO MPUHUMAETCSI PABHOM BBICOTE CEUEHUS] HMXKHEW YacTH KOJOHHBI
h..

Ha apyroi#t psin KOJIOHH NEpeaeTcsl 3HAYMUTEJIbHO MEHbIIEE YCHUIIUE
Dumin oT naBienus Fy yin, KOTOpOE onpeaensiercs no ¢popmylie:

Q+Qy (1250 +1550)
—_chp =

0

kain_

—535=165 «kH,

riae Q — rpy30noabeMHOCTh KpaHa;, Q, — BeC KpaHa ¢ TEJIEKKOM 10 MPHUJIo-
AKEHUIO 3; Ng — YUCJI0 KOJIEC KpaHa Ha OJJHOM KPAaHOBOM MYTH IO MPUIIOXKeE-
HUIO 3.

MuHuMalbHOE TaBJICHHUE KOJIEC KpaHa Ha KOJIOHHY:

Dmin:(7f1'l//'Z(kain'Yi )+ 752G 6+ y¢3-0-bp-B)y, =
=(1,2-095-165-488+105-90+1,2-15-15-12)-095=9926 «H.

Cwitbl Dpax U Dpin IPHIIOKEHBI ¢ DKCIEHTPUCUTETOM OTHOCHUTEIBHO
IIEHTpPa TSHKECTU CEUCHHUS HIKHEH YacTh KOJIOHHBI, MOJTOMY HE TOJIBKO
CKHUMAIOT €€, HO U Mepeaal0oT MOMEHTHI:

M, . =D, . € =29481.075 = 22111 H - u;
£, =9926-075=7444 xH - m.

max

D

max —

M min — “min

I'Z1€ SKCHCHTPUCHUTET IIPUIJIOKCHUA CHII IPECABAPUTECIILHO IIPUHHUMACM.

ep=h,12=15/2=075 m.

2) Flopu3oHmManbHbIe Ha2py3Ku om MOCMOEbIX KpaHoe

['opu3oHTaIBHOE HOPMATUBHOE JIaBJICHUE KoJieca KpaHa Ty mepemaer-
Cs Ha MOMEPEUYHYIO paMy OT MEPEKOCOB KPaHa, TOPMOKEHUS TEIEKKHU U T.1.
HopmaTuBHas TOpu30OHTalIbHAS CHIIa ONpeAeseTcs o ¢popmyrie:

a) OISl KDAHO8 C 2UOKUM NOOBECOM 2DV3A.:
Q+G,, .

TkH :O ,05 ’
No

0) ¢ oHcecCmKuUM n0OBECOM 2DY3d.
15




Q+G
T, =01.-—-",
No
rae G, — BeC TEICKKH KpaHa.
[IpuHuMaem KpaH ¢ THOKUM MOJBECOM TIpy3a, TOrJa TOPU30HTAIHLHOE

HOPMATHBHOC YCHUJIMC HA OJHOM KOJICCC KpaHa paBHO!:

Q+G,, ~005. 1250 +430 21 k]
No 4

Tkn = 0,05 .

PacuérHoe ropu30HTAIBLHOE YCUIIME HA CTOMKY PAMBI:

T=yi1 P (T i) 7, =12-095-(21-4,88)-095=1110 «H.
Yeunue T MokeT ObITh HANPABJICHO KaK B MPOJET, TaK U U3 MPOJIETA.
d) Bempoeasi Hazpy3ka

JlaBienue BeTpa Ha BbicoTe 10 M OT MOBEPXHOCTH 3EMJIM HA OTKPBITON

MECTHOCTH Ha3bIBAETCA CKOPOCTHBIM HAIlOPOM M 3aBHCHUT OT pailOHa CTPOU-
TeNbCTBA. BeTpoBas Harpy3ka U3MEHsAETCs O BhICOTE (PUCYHOK 5.4).

| 1 | |
7
Wi W,
- =T
H
> -
= <
10,000 > :
om0 £3 E
- H-
- -
e H»-
- H-
- i
> >
W, w, >
2 > <
> :
’
Cc Ces Wi ks “’3 IKB

PucyHok 1.4 — Cxema puIOKeHHS BETPOBOW HArPY3KH K pame

PacueTnas BeTpoBas Harpy3ka Ha ormeTrke 10 M ompenensiercss 1o
dbopmye:
W=Wp-7¢ -Cei -K(Z¢ ) B-yp,

rae Wy — HOpPMaTUBHBIM CKOPOCTHOM HAmop BETpa, ONpeAessieMblil o Tal-

muue 5 [3]; yv¢ — KoappuueHT HaASKHOCTH MO Harpyske, paBeH 1,4; C —

a’poaMHaMudeckuil kodpduirent, paBubii 0,8 111 HABETPEHHON CTOPOHBI

3panus v 0,6 1S MOABETpEHHOM cTOopoHbI (110 npritokeHuro 4 [3]); k(ze) —
16



KOA(PUITMEHT, 3aBUCAIINN OT MECTHOCTH, B KOTOPOU CTPOUTCA 3/1aHUE, Ol-
penensercs mo Tadauie 6 [3].

st ynobcTBa pacuera (pakTUUECKYIO 3MIOPY BETPOBOM HArpy3KH 3a-
MEHSEM IPSIMOYTOJIbHOM SKBUBAJIECHTHOW, 3HAYEHUE KOTOPOUN ONPEAEIISIETCS
C HABETPEHHOU CTOPOHBI:

W, =W, -,
Y C 3aBETPEHHON CTOPOHHBI:
W, =W, -a,

rae Wi 1 W, — pacueTHble 3HaU4C€HUsl BETPOBOUM HArpy3Kd COOTBETCTBEHHO C
HABETPEHHOW M 3aBETPEHHOU CTOPOHBI; 0L — KO UIIMEHT, onpeIeasieMblid
o tabsauue 5.3.

Taoauya 1.3 — Koadduiment npuBeneHus pakTHUeCKOil BETPOBOM
Harpy3Ku K SKBUBAJIEHTHOU

Bricora Menee | 15 20 25 30 35
3maHus (M) 1501071
PaBHO
10 Mm
o 1,0 1,04 | 1,10 1,17 1,23 1,27

PacueTnas moronHast Harpy3ka Ha BeIcOTE 10 10 M C HaBETPEHHOU U
MOABETPEHHOM CTOPOHBI (PUCYHOK 5.4):

Wy =W 7§ " Ce 'k(ze)'B'yn -
=0,3-14-08-065-12-095=250 «H | wm;
Wy, =Wq -7t "Coz - K(Zg ) By, =
=03-14-06-065-12-095=187«xH [ m.
DKBHBaJEHTHAs HArpy3Ka ¢ HABETPEHHOM U IMOJABETPEHHON CTOPOHBI:
W19K6 =W1 '0[=2,5 '1,17 = 2,91 KH/M;
Wy, o =Wso -0 = 187-117=219 xH | m,
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rae o = 1,17 no tadbmune 5.3 nnsa H,, = 25,6 m.

Tak xak purenb pacyeTHON paMbl MPOXOIUT B YPOBHE HUKHEIO Tosica
dbepMbI, TO BETPOBYIO PaBHOMEPHO paCIpeIe/ICHHYIO Harpy3ky B YPOBHE
dbepmMbl 1 B ypoBHE (oHaAps 3aMEHSEM COCPEJOTOYCHHBIMU CHJIAaMU Ha
yYpOBHE HU3a PUTEIIS:

W, =wy,, -(Hy, +H,,,)=291-(315+265) =16 88 xH;
W2 =W23K8 '(Hd) +H(1)0H ) :2,19‘(3,15+2,65) = 12,70 KH

[TogcunteiBaeM KO3(P(UIIMEHT, YYUTHIBAIOUIUMN MPOCTPAHCTBEHHBIN
XapakTep padoThl Kapkaca MpHU JAEUCTBUU TOPU30HTAIBHON KpPaHOBOW Ha-
i

TPY3KH:
1 as
. _+—2 —
yi (N 2-) 4

2-4 (1 96°
= — | —+ 2 2 2 2 2 =01391
488 (11 2.(120°+96° +72° +48° +24°)

anp =

I7Ie 8; — PacCTOSHUE MEX]y CAMMETPUYHO PACHOJ0KEHHBIMU pamaMu (pu-
CYHOK 5.5); 8, — pacCTOSIHME MEKy BTOPBIMU OT Topiia pamamu; N — Koiu-
YECTBO paM; Yj — OPAMHATHI JIMHUM BIUsgHUSA D no pucynky 5.3; Ng — Koiu-
YECTBO KOJIEC KpaHa Ha OJJHOM KPaHOBOM ITyTH.

" i = & * i - B =) l B

—— T T ' S W S 1
T oaF48m

a=72 ™M
a,=96 M
a=120™m

PucyHok 1.5 — PaccTostHUS MEXITy CAMMETPUYIHBIMUA paMaMu
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Jliis BerumcacHus kodddummentor K onpeensem napamerp o
H, 637

_ 8

oy = =——-=
H 206

M Ha3zHadaeM npensaputensHo n =l; /1, = 0,2.
[ToaroroBuM faHHbIE ISl pacdeTa pambl. Bece mapameTpbl B MeTpax u

031

kH:

L =30 m — nponer 3nanus;

LD =120 M — gauHa 31aHU;

B = 12 M — miar KOJIOHH B ITONIEPEYHOM HANIPABIICHHH;

H = 20,6 M — BbIcOTa KOJIOHHHI,

HN = 14,23 M — BbIcOTa HUKHEH YaCTHU KOJIOHHDI;

HB = 6,37 M — BbIcOTa BEpXHEN YaCTU KOJIOHHBI;

EK =0,25 M — 3KCHEHTPHUCHUTET MEXK]Yy LUECHTPAMHU TKECTU CEUCHUM
BEPXHEU M HUKHEW YACTEW KOJIOHHBI,

QP = 14,82 xH/M — nuHeliHas pacuyeTHasi IOCTOSTHHAS Harpy3Ka Ha pHu-
rejib paMbl;

FQP = 222,3 xH — onopnas peakius puresns OT MOCTOSHHOW Harpy3-
KH;

GNK =90,50 kH — Bec HI>KHEN YaCTH KOJIOHHBI,

GBK = 22,60 kH — Bec BepxHei 4acTH KOJIOHHBI;

QS = 20,52 xH/m — nuHeiiHas pacueTHasl CHETroOBasl Harpy3ka Ha pu-
relib paMbl;

FQS =307,8 kH — onopHas peakuusi pureiist OT CHErOBOM Harpy3KHu;

D1 = 2948,1 kH — makcuMaiibHOE BEPTUKAILHOE NABJICHHUE KpaHa Ha
KOJIOHHY;

D2 =992,6 kH — MuHHManbHOE BEPTUKAIBHOE JABIICHUE KpaHa HA KO-
JIOHHY;

MMAX = 2211,0 kH'-M — MakcuManbHbIi MOMEHT OT BEPTUKAIBLHOTO
JABJICHUS KpaHa;

MMIN = 7444 xH'M — MUHUMaJIbHBII MOMEHT OT BE€PTHUKAIBHOTO
JABJICHUS KpaHa;

ALF = 0,39 — koa(pdutivent, yuduThIBaIOIUN NPOCTPAHCTBEHHBIN Xa-
pakTep paboThl KapKaca Mpu JIEUCTBUM TOPU3OHTAILHON KPaHOBOW HArpys-
KH;

T=111,0 kH — pacueTHO€ TOpU30HTAIILHOE ABJICHUE KPAHA;

QB1 =291 xkH/m — pacueTHas IUHEHAsT BETpOBasi Harpy3Kka ¢ HaBeT-
PEHHOM CTOPOHBI 3aHUS;
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QB2 = 2,19 kH/m — pacuerHas nuHeilHasi BETpoBasi Harpy3ka C 3aBeT-
PEHHOW CTOPOHBI 3/1aHUS;

WI1 = 16,88 kH — cocpenoroueHHas cuiia OT BETPOBOW HAarpy3Ku C Ha-
BETPEHHOU CTOPOHHBI;

W2 = 12,70 kH — cocpenoroueHHasi cuiia OT BETPOBOW HATPY3KH C 3a-
BETPEHHOU CTOPOHBI;

IR = 4 — cooTHOLIEHNE )KECTKOCTU PUTEIISI U HUKHEN YaCTH KOJIOHHBI,
(mpuaumaercs 2...4);

KAT =0,894; KB1 = -1,048; KC1 =-0,447; KP1 = 1,942 — xoadPpurnu-
€HTBI JUIsl TIOCTPOEHHUS S0P MOMEHTOB OT ITOBOPOTa BEPXHETO y3Ja PaMbl
Ha yroJj, paBHbIi 1 (kosioHka 1 npunoxenus 4);

KA2 = -4,337; KB2 = 1,942; KC2 = 0,024; KP2 = 6,279 — 10 *e, OT
TOPU30HTAIBHOTO CMENIEHUSI BEPXHETO y3j1a pambl Ha €IUHUILY (KOJIOHKa 2
npuioxkeHus 4);

KA3 = 0,343; KB3 = -0,154; KC3 = -0,689; KP3 = 1,499 — 10 *ke, oT
COCPENOTOYEHHOr0 MOMeHTa M = 1, IMPUI0KEHHOrO B YCTYII€ KOJIOHHBI
(konoHKa 3 npuiioxeHus 4);

KA4 =-0,107; KB4 = -0,106; KC4 = 0,107; KP4 = 0,689 — 10 *ke, oT
coCcpenoTOYeHHOM cuiibl T, MPUIOKEHHOW B YCTYIE KOJOHHBI (KOJIOHKa 4
npUIoKeHUs 4);

KAS5 =-0,105; KB5 = -0,057; KC5 = 0,036; KP5 = 0,460 — 1o *ke, OT
TOPU30HTAJILHOM JIMHEHHON Harpy3ku q=1 (KoJIOHKa 5 TpuiaoxeHus 4).

1.3.5 Cmamu4eckuli pac4em pambl. CocmaesieHue
pacyemHbix codyemaHul ycusnuu e sieeol
cmolike paMbl

CraTuUdeckuid pacyeT pambl MPoBOIUM B cpere «Excely. Ilporpamma
ONPEIECIICHUSI YCUIIMH B JIEBOM CTOMKE paMbl IPUBEICHA B MPUIOKEHNH 5. B
pe3yJIbTaTe pacuera ONPEAEIsieM YCUIUS B JIEBOW CTOMKE paMbl B CEUEHHUSIX
1-1...4-4 (pucyHok 5.6). Pe3ynbTaThl pacuera MONEPEUHON paMbl MPUBEC-
HbI B Tabmuiie 5.4.

IIpu cocTaBieHUM PaCYETHBIX COUYETAHUM YCUIIMKA TAKKE CIIEIYET BBI-
MNOJIHATH CIEAYyIOIINE MpaBuia. Henp3st B 0AHOM COYETaHUU OJTHOBPEMEHHO
NPUHUMATH KPAHOBYIO Harpy3Kky cieBa Dpax (3) u cripaBa Dyin (3*). Kpano-
Basi Harpys3Kka OT TOPMOXKEHUSA KPaHA Tpepa (4) ¥ Tenpasa (47) HE MOKET IpH-
HAMATBCS OTACIBHO OT Diayx (3) mimu Dy (3%). CremyeT Takke OTMETHUTb,
YTO FOPU3OHTAIbHAS KpaHOBasi Harpy3ka T MOXeT AeHCTBOBAaTh Kak B MPO-
JET 3[1aHusl, TaK U U3 MPOJIETa, IOATOMY IMPHU IMOJICUETE COUECTAHUN YCHUIIAM
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3Ty Harpy3ky (4 u 4*) MOXXHO MPUHKUMATh KaK CO 3HAKOM IUTIOC (+), TaK U CO
3HaKOM MHUHYC (—).
-N Tak kak Tenexka KpaHa MOXKET HaXOJIUTh-
| _L i] Csl WU CJIeBA, WM CIIpaBa, HEJIb3sl B OJTHOM CO-
4eTaHUU NPUMEHATD Dmax (3) ¢ Tenpasa (4%) n,
\{M

Y&l co0TBETCTBEHHO, Dpmin (3%) ¢ Tenesa (4). Taxke

MFTI HENb3d B OJHOM COYETAHHH OJHOBPEMEHHO

2 i iz NPUHUMATh BETPOBYIO HArpy3ky cieBa (5) u
L crpaBa (5%).

3T T3 CocraBinsieM TaOJUIly pacuETHBIX COUYETa-

HUW yCWIMI Ha JIEBYIO CTOMKY pambl (Tabiuua
10). BBuay TOro, 4ro ocoOble HArpy3Ku MpHU
pacuére paMbl OTCYTCTBYIOT, COCTaBJIIEM OC-
HOBHBIE coueTaHud Harpy3ok. [lo m. 6.4 [3] nns
4 4 OCHOBHBIX COUYETAaHWM HEOOXOJAMMO HCIIOIb30-
_L,,,,,,_L BaTh CIIEAYyIOIIME 3HA4YeHUs KOd(PGIUIIMEHTOB
COUETaHUsI Y KPAaTKOBPEMEHHBIX Harpy30K:

+HQEI5+Q

PucyHok 1.6 — JleBas

CTOIKa paMBbI C cede- i =105 ¥, =09;
HUSIMU Y 3HaKaM¥ yCH- Wig =Wiq =...=0/1,
JIAU rIe ¥;— Kod(pPUIMEeHT coueTaHus, COOTBETCT-

BYIOLIMI OCHOBHOM IO CTENEHH BIMSHUS KPATKOBPEMEHHOM HATPY3KE; i) —

KO3 PUIMEHT coueTaHus, COOTBETCTBYIOIIUIM BTOPOM MO CTENEHU BIMUSHUSA
KPaTKOBPEMEHHON HArpy3ke; W sWi4, ... — KO3DPUIMEHTHI cOUeTaHus AJis

OCTAJIbHBIX KPAaTKOBPEMEHHBIX HArpy30K.
Takum oOpaszom, npu AeHCTBUM TPEX M O0Jiee KPAaTKOBPEMEHHBIX Ha-
IPy30K HauOOoJbIIas MO 3HAYEHUIO MPUHUMAETCS ¢ KO3 UIIMEHTOM coYe-
tanus 1,0, a BTopast 1o 3HaUunMMOCTH ¢ Koddduimentom coueranus 0,9, oc-
TajgbHbIe ¢ Kod(pdumuentom coueranus 0,7. OOmas dhopmyna sl onpenae-
JICHUS pacu€THOTO COYETaHUSI HArPYy30K:
P =Py + Py -y + P -Vio + Pz Vg + P Wiz + oo Prn - Win s
[Ipu cocTaBieHUM PAaCUETHBIX COUYETAHUMN YCUINA HEKOTOpPhIEe KOMOU-
HaAllUU YCUJIMW HE MOTYT OBITh MOJIy4eHbl. B 3TOM ciydyae B Tabnuie 5.5 Ha-
MPOTUB HEBO3MOKHBIX KOMOUHAIIMI MPOCTABIISIIOTCS MPOYEPKH.
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2 PACYET CTYIIEHYATOH KOJIOHHbI

2.1 O6wue nonoxeHus nNo pac4demy cmyrneH4YambIx
KOJIOHH

2.1.1 Tunbl KONIOHH

B kapkacax OJHO3TaXHbIX MPOMBIIIJIEHHBIX 3JaHUN NPUMEHSIOTCS
KOJIOHHBI TPEX TUIOB: MOCTOSIHHOIO MO BBICOTE cedyeHUs (pUCYHOK 6.1,a) u
CTyneH4aTbie (pUCyHoK 6.1, 0, B).

[Ipu kpanax rpysonoabemHoctbio 0onee 300 kH nmpumensitorcs, kak
npaBUJIO, CTylieH4YaThle KOJIOHHBI. [lokpaHoBast Oajika B 3TOM CiIy4ae OIU-
paeTcd Ha YCTYIl HUKHErO y4acTKa KOJIOHHBI M Pacrojiaraercs mo ocu moj-
KpaHOBOW BETBU. B 34aHUsAX ¢ KpaHaMH B JIByX YPOBHSIX KOJOHHBI MOTYT
UMETh TPU YYACTKA C Pa3HBIMU CEUYECHUSIMU T10 BBICOTE.

2.1.2 PacyemHble OnuHbl cmyrneH4YambIX KOJIOHH
a) PacuyemHsbie OnuHbI KOJTOHHbI 8 11710CKOCMu pambl

OOBIYHO TIpU OMpPEJEICHUN PACUETHOU JJIMHBI KOJOHHBI BBOJST Pl
YOPOUIAIOMIMX TPEANOCHIIOK: PAacCMaTPUBAIOT KOJIOHHY KakK OTAEIbHO
CTOSIIIIUI CTEPKEHb C WUJICATM3UPOBAHHBIMU YCIOBUSIMU 3aKpEIUICHUS; 3a-
IpyXarT CUCTEMY CHJIaMH, IPUJIOKEHHBIMHU TOJIBKO B y371ax W T.A. Takoi
NOAXOJI BEAET B 3a11aC YCTOMYMUBOCTH.

PacuetHas jyiMHa y4acTKa KOJIOHHBI MOCTOSIHHOTO CE€YEHUs (PUCYHOK
6.2) B TUIOCKOCTH paMsl |y ompenenseTcs Kak:

|X=/1-|,

rae | — reoMerpuueckas jMHa ydacTKa KOJOHHBIL, £/ — KOY(PPHUIUEHT, 3aBU-
CSAIMU OT YCJIOBUHU 3aKPETJIEHUSI KOHIIOB KOJIOHHBL.

JI71g cTyrneH4aTon KOJOHHBI PACUETHBIC JUIMHBI ONMPEICIISIFOTCS pas-
JEBHO JJ1s1 HUXKHEH (pUCYHOK 6.2,B)

L =11y
Y BEPXHEU YaCTU KOJIOHHHBI:

|x2 :ﬂz‘lz-
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a)
PucyHok 2.1 — Turibl KOJIOHH OTHOATaKHBIX TIPOMBIIIICHHBIX 3IaHUN:
a — MMOCTOSIHHOT'O CEUEHMsI; O — CTyIleHYaTas CIUIOIIHOTO CEYEHUS; B — CTY-
MIEHYaTasi CO CKBO3HOW HUKHEW YaCThIO

-
1\-)1

y yoL
-5 J’F'

rB)

o~
Ll

et ii) e

o
PucyHok 2.2 — PacueTHasi cxema KOJIOHHHBI:

d — paMa C KCCTKUM COIIPAKCHUCM PUT'CIIL 1 KOJIOHHBI, 0 — pacucTHaA
CcXeMa KOJIOHHBI; B — JJIMHbI KOJIOHHBI B IINIOCKOCTHU PaMbI

ITocne ynpomeHni pyu BBIYMCICHUN MOJYYalOT 3HAYEHUE MapaMeT-

pOB:




F+F
F
Jlia onpeneneHusi pacueTHBIX JJIMH PACCMOTPUM YCJIOBUS 3aKpeIuie-

HUSI KOHIIOB KOJIOHH OJIHOATXKHOTO OJHOMPOJIETHOTO 3/1aHusl (PUCYHOK
6.2).

rae f =

751 cXeMBI C KECTKUM COIPSKEHUEM PUTENId C KOJIOHHOW — BEPXHUI
KOHEI] 3aKpeIUIeH OT moBopoTa (pUcyHOK 6.2,0). J[Jiss 0MHONPOJETHBIX pam
KO3(PUUUEHT f4 3aBUCUT OT JABYX MAPAMETPOB: COOTHOIIEHUS MOTOHHOM
YKECTKOCTH BEPXHEU U HUKHEN YaCTEU €OJIOHHHBI:

(U5 /1,)
(1. /1)
1 Ko3(ppunuenta ; .
3HaueHus: KOd(PPUUMEHTA L4 W METOAMKA OMPEACICHUS PacUeTHBIX

JUTUH TIPUBEAEHBI B IPWIOKEHUH 6 [1].
6) PacuyemHsbie OriUuHbI KOJTOHHbI U3 M/10CKOCMU pambl

Pacuetnas mimna BerHefI 9aCTHU KOJIOHHBI U3 IINIOCKOCTHU PpaMbI OIIPpC-
JCIISICTCA KaK.
Iy2 = H e h,

JJIs1 HWKHEHW 4acTU KOJOHHBI:

riae N — BeICOTa MOAKPAaHOBOM OaJIKH.
2.1.3 Pacyem cn/1owWHbIX KOJIOHH

BepxHss 4acTh CTyINEeHUYaTOM KOJIOHHBI BBITIOJHAETCS, KaK IPaBUIIO,
CIUIOIIHOTO JIBYTaBPOBOI'O CEUEHUSI CBApHAsl WJIM U3 MPOKATHOTO JBYTaBpaA.
Eciu B Tene KOJIOHHBI yCTpauBaeTCA MPOXOJA M eclu mapameTp me > 20,
ceYeHue HeoOXOAUMO TPOBEPUTH HA TPOUHOCTb:

n

N N M
An'Ry'yc Wxn°Cx'Ry'7/c

rae N u Cy — 1o tabmure E. 1 [1].

<1,
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[IpoBepKy YyCTOMYMBOCTH CIUIOLIHOM BHELEHTPEHHO CHKATOW KOJIOHHBI
B IJIOCKOCTH JICUCTBUSI MOMEHTA (B TJIOCKOCTH PaMbl) BBITIOJIHAIOT MO Pop-
MyJI€:

N
<1
Pe AR, 7.

rae Qe — Ko puuuent, onpenensempri no tadmuue /1.3 [1] B 3aBUcuMoOCTH
OT YCJIOBHOW T'MOKOCTH Y MPUBEACHHOTO OTHOCUTEIBHOTO SKCIEHTPUCUTETA
Met.

[Ipu omnpeneneHun megr MOMEHT My NPUHUMAETCS MaKCHMMalbHbIM Ha
y4aCTKe MOCTOSHHOIO ceyeHus. [loTeps yCTOMYMBOCTA BEPXHEN 4YacTH KO-
JIOHHBI TIPOUCXOAUT B YIPYrO-IJIACTUYECKON CTaauu padoThl MeTalla, Mo-
ATOMY B pacueT BBOAAT KO3(PPUUUEHT BAUSAHUS (POPMBI CEUEHHUS 1], KOTO-
phlit onpenensierca no tadiaune 1.2 [1].

[Tocne 3Toro mpoBOAST MPOBEPKY YCTOMUMBOCTH BEPXHEM 4acTU KO-
JIOHHBI U3 TIJIOCKOCTHU AEHCTBUS MOMEHTa MO opMyJie:

N <1

rae ¢y — KodpPuuueHT npoaoasHoro niruba no radmaue .1 [1], onpene-
JISIeMBIM B 3aBUCHMOCTH OT TMOKOCTH B IIJIOCKOCTH Y; C — KO3(PhUIIMEHT,
YUUTBHIBAIONIMNA BJIMSHUE HW3rMOaromero MoMeHTa My mpu U3ruOHO-
KPYTHIIbHOM (hopMe TTOTepr YCTONIUBOCTH.

Koadduinent ¢ onpenensercss B COOTBETCTBUU C ITyHKTOM 9.2.5 [1],
Py 3TOM 3a PacyETHBIH MOMEHT NMPUHUMAETCS MaKCHMaJbHbIi MOMEHT B
CpEIHEN TPETH €€ PACUECTHOM JJIMHBI KOJIOHHBI M3 IJIOCKOCTH. [lasiee B mpu-
HATOM CEUYCHHUHU MPOBEPSIOT MECTHYIO YCTOMUYUBOCTD JIEMEHTOB.

2.1.4 Pacyem cK8O3HbIX KOJIOHH

HuxHss 9acTh KOJIOHHBI BBINOJHAETCSA, KaK IPABUIO, CKBO3HOM W3
IIBYX BETBEM, COEAUHIEMBIX pacKocaMu. BETBU B pelIeT4aTon KOJIOHHE pa-
OOTalOT KaK IEHTPAJIBLHO CXKAThle CTEPKHU U MPOJI0JIbHBIC YCWIIHS B BETBAX
KOJIOHHBI OTMIPEACIISIOT 110 (hOpMYyJIaM:

- B IOAKPAHOBOM BETBU:

28



o.M 142820
* N-.p, 4378-3426

- B HAPY>KHOU BETBU:

rae N u M — pacueTHast po0IbHAsA CHIIA U U3TMOAIOIINI MOMEHT; Y1, Y2 —
pPacCTOSIHUE OT LIEHTPA TSXKECTU CEUEHUsI KOJIOHHBI JI0 LIEHTPOB TSKECTH CO-
OTBETCTBYIOIIMX BETBEW; hg = y; + y, — paccTossHHEe MEXIy LIEHTpaMu TshKe-
CTU BETBEU.

IIpu onpenenenun ycunun B BETBAX 3HaYeHWs M U N NpUHHUMAIOT B
KOMOWHAIIUAX, JAIOIUX HAauOOJbIIME 3HAYEHUS yCWIHi B BeTBAX. [IpoBe-
PSAIOT YCTOMYUBOCTH MOAKPAHOBOW BETBU (BETBb 1) B MIIOCKOCTH U U3 IJIOC-
KOCTH PaMBl.

AHAJIOTUYHO NPOBEPSIOT YCTOMYMBOCTh HAPYKHOW BETBH. Jlanee npo-
BEPSIOT YCTOMYMBOCTh KOJIOHHBI B INTIOCKOCTH JAEHCTBUS MOMEHTA KakK €/IH-
HOTO CTEPIKHSI.

DONEeMEHTbl PEHIETKH PACCUUTHIBAIOT HA (PAKTUUECKYIO MONEPEUHYIO
CUILy, IPUHATYIO U3 CTATUYECKOTO pacyera paMsl.

Pacyer y3J10B KOJIOHHBI CBOAUTCS K OIPENEIICHUIO Pa3sMEPOB y3JI0BBIX
JeTajel U MPOBEPKE MPOYHOCTU CBAPHBIX LIBOB U PACCMOTPEHBI B IIPUMEDE.

2.2 NNPUMEP 6. Pacuem cmyneH4amou KOJIOHHbI
00HO3Ma)kHO20 MPOMbIWITIeHHO20 30aHUusl

2.2.1 UcxoOHbIe OaHHbIe

['eomeTpuueckue pa3Mepbl pamMbl U pACUETHBIE YCUIIUS TPUHUMAEM 10
npumMepy 5. COOTHONIEHUE )KECTKOCTEN Ha3HAYAEM

o2 g
T

H
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Marepuall — ctalb kiacca C255, Ry = 24 kH/cm® IIPY TOJIIIUHE ITpOKaTa
2...20 MM, Ry = 23 xkH/em® Mpy TOJIIKUHE Tpokarta cBbime 20 10 40 MM
(tabinma B.5 [1]); Geron dynmamenta xiacca B15, Ry = 0,85 kH/em® [4].
Koadgdunment ycnoBust paboThl KOJTOHHBI paBeH Y .=1,05 (Tabmuma 1 [1]).

2.2.2 OnpedesnieHue pacyemHbix OJIUH KOJIOHHbI

OmnpenensiemM clenyome napameTpsh:

n:I_Z.I_]-:O’Z.%:OAS;
1L, 637
poNo_Fi+F, 3470045527 .
N, F, 5527

rae 1,/1:=0,2 — mpenBapuTeabHO NPHHMMACM COOTHOIICHHE >KECTKOCTH
BEpXHEW M HWKHEH 4acTel KOJOoHHBI, F1 1 F, — COOTBETCTBEHHO HaMOOJIb-
IMe 3HAYEHUs] HOpPMaJbHOW CWIbl B BepxHed (ceueHus 1-1 unu 2-2) u
HUXKHEN (ceueHust 3-3 unu 4-4) yacTax KOJOHHBI MO TabJIUIIE 5.5 U PUCYHKY

6.2.
BerancisieMm ko3 PuImenT o

g =2 [ 837 |5 _4ag
B, 1423\727

Koaddurmentsr pacueTHoit muHbI onpeaenseM mno tadmuie .4 [1 ]
IU1s1 KOJIOHHBI, BEPXHUU KOHEL] KOTOPOM 3aKPEIJIEH OT MOBOPOTA:

My 1,76
a; 0371

uy =176; p, = =474>30.

Tak kak >3, npuHUMaeM L,=3.
BrruucisieM pacyeTHbie JIIMHBI BEDXHEW U HUKHEW YaCTEW KOJIOHHBI B
IJIOCKOCTH PAMBI:

|, =x-H, =176-1423 =2504 um;
., =4, -H,=30-637=1911 .
Pacuernas nmvHa 4acTen KOJIOHHBI U3 IUNIOCKOCTH PAMBL:
ly, =H, =14.23 m;
ly, =H,-h=637-18=457 nm,

rae h = 1,8 M — BrIcOTa MOAKPAHOBOM OalIKK M3 IIpuMepa 5.
30



2.3 [Nodbop ceyeHus1 eepxHel Yacmu KOJIOHHbI

2.3.1 [Ilpoeepka ycmoliiyusocmu eepxHeu 4Yacmu
KOJIOHHbI 8 MyI0CKOocmu pamMbl (Ms10CKOCMb X)

CeueHne MPUHUMAEM B BUJE CBap-
HOTO CTaJbHOTO JIByTaBpa BBICOTOM
h=1000 MM no npumepy 5 (pUCYHOK
6.3). Pacu€rHoe COINpPOTUBJICHUE CTalu
C255 npenBaputenbHO HazHadaeM Ry =
4 . 24 xH/em® st CUMMETPUYHOTO JBY-
tg hw= 964 t, =18 TaBpa MO MNPUOIMKEHHBIM (opMyaM

h=1000 | OmpeelseM paguyc HHEPLUH CEYECHUS:

I, =042-h=042-100=42 cm,
a TaKkXKe SPOBOE PACCTOSHUE:

oy =035-h=035-100 =35 cm.

AX

y
y_»

PucyHok 2.3 — Ceuenue
BerHeﬁ YYaCTU KOJIOHHBI

Brrunucnsem YCJIOBHYIO T'MOKOCTh B INIOCKOCTH X:

o R, - R, - .
Tam =i R, 7, b Ry 7. 1911 [24 105 _1eq
E i E 42 \ 20600

rae v.=1,05 — mo tabnuie 1 [1] 11 KOJIOHH OJJHOATAXXKHBIX ITPOU3BOACTBEH-
HBIX 3IaHUN C MOCTOBBIMHU KpaHaMH.

Pacuernble ycunus BbiOMpaeM 1o Tadsuie 5.5 (ais cedenus 1-1 unun
2-2) 1o KOMOMHAILINHU ‘M N

Takag koMOMHAIMS BO3HUKAET B Ce-

MCI.X" coome*

yeduu 1-1:
=-437 8 kH.

coomeé

M, =-14282 kH-m, N

Brruncisiem OTHOCUTENBHBIN SKCLIEHTPUCUTET:

e M 142820

X mMmax

mX: = = :9,32
py N-p, 4378-35

[Tpuanmaem nipeaBaputenbHo As/ Aw = 1 1 mo Tabmune 1.2 [1] onpe-
nensieM Kod(pPuueHT BIusHusS (POpMbI CEUEHUS:

n=14-002-1,=14-002-159 =137.

OTHOCHUTENBHBIN TPUBEAECHHBIA SKCIIEHTPUCUTET:
31




my =m, -5 =932-137 =1276,

u 1o Tabmuue .3 [1] ¢. = 0,108. TpeOyemas miomaas CEUCHUS:
4 = N 437 38

p — =1609 e’
@, - Ry -y 0108-24-105

Kommnonyewm ceuenne. [IpenapuresibHO Ha3HAYAEM TOJIIUHY TOJIKA tg
= 18 MM, TOTa BHICOTA CTEHKU:

h,=h—-2-t; =100-2-18=96 4 cm.

I[Ipumy > 1w Ar <2 u3 YCIJIOBHSI MECTHOM YCTOMYMBOCTH 1O TA0JIUILIE
22 [1] npenenbHOE 3HAYEHHWE TMOKOCTH CTEHKU PaBHO (MpeaABAPUTEIHHO
IPUHUMAEM C*Qy>e):
2
Aww=13+015-1, =13+0,15-159* = 168.

HpI/IpaBHI/IBaeM T'MOKOCTh CTEHKH K €€ MpcaAciIbHOMY 3HAUYCHHIO:
hw . Ry Ve
t E

= Zuw

w

¥ OTCIOJIa ONPEACIISIEM MUHUMAJIBHO JOMYCTUMYIO TOJIIIMHY CTEHKH U3 YC-
JIOBUA €€ MECTHOM YCTOMYMBOCTH:

R, - .
6 :_hw Ry 7. 968 [24.105 202 en.
Auw E 168 \ 20600

Tak Kak ceyeHHue ¢ TaKOM TOJICTOW CTEHKOW HEpalUOHAIbHO, IPUHU-
MaeM CTEHKY ToimuHou t, = 10 mm. B cBs3u ¢ tem, uro ty < t,;, 4acTb
CTCHKM TEpSECT YCTOMYHMBOCTh M B pAacyeT BBOAUM TOJBKO €€ YCTOMYHBYIO
yacThb. Beruucisgem no . 7.3.6 [ 1] HEyCTOMYMBYIO BBICOTY CTEHKH W UCKIIIO-
yaeM e€ U3 pacuera:

hd :tW. ZUW_ _ﬂ'w -1 ZUW_1,2_0,15'Z,X . L:
/IUW Ry.?/c

=1 [1,68 -~ (% = 1) -(168-12-015- 1,59)} |20 _ 4138 cm,

rjae ¢pakTudecKas THOKOCTh CTCHKH:
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_ R, - .
7o M [Ry7. 964 [24-105 33
t, E 1\ 20600

YcronuuBas Iiomaib CTCHKU:
Ay, =t,-(h,—hy)=1-(964-4138)=5502 cu”.
Onpenensem TpedyemMyto MIUPUHY mosica ipu ty = 1,8 cM:

b, = Anp ~ Aredy, _1609-8502 0,
P 2.1, 2-18

[IpuHMMaeM MIMPUHY MOSICHOTO JIUCTA B COOTBETCTBUE C COPTAMEHTOM
s =36 cM > by,
OnpenensieM TeOMETPUUECKUE XapaKTEPUCTUKU IPUHATOTO CEYECHHUS.

A=h,-t,+2-b; t; =1.964+2-.36-18=226 cm’;
YcTonuunBasi jiomaab CEUSHUS:

Aoy =A—(h, —Neq )-t, =226 —(96 4-4138)-1=17098 cn’;

h3 t3 b h, +t; ) .96 83
|X—tWhW+2'|: f f +bf ‘tf ( w fj :1 96,8 +

12 12 2 12

3 2
9. {1’81236 +36-18- (Wj } = 3871294 cn*.

43 b3 .t 13 3,
oDty o D1t 96417 5 36718 140048 et
Y12 12 12

21 :
W, =—*= 2-3871294 =T77426 cm®;
h 100
w
IOX = X = 7742,6 = 34,26 CM;
A 226
_ J
i =\/_X =\/M =4139 cwm;
A 226

J [
iy =.-2 = 140048 =787 cwm.
A 226

[IpoBepsieM yCTOMYMBOCTH B IJTIOCKOCTH X. Y CJIOBHASI THOKOCTD:
33



1, R,y .
7, he [Ryre 1011 [24-105 161
i, E 4139 \ 20600

OTHOCUTENIBHBIN SKCIICHTPUCUTET:

M 142820
N-p, 437.8-3426

m, = =952.

X

CooTHOIIEHNE IJIOMIAAN ITOJIKH K IUIOMIA N CTEHKU:

Ar 36-18
A, 1-964

orcrona no tabnuie .2 [1] n = 1,29. [IpuBeaeHHbI OTHOCUTENBHBIN JKC-
IEHTPUCUTET:

My =m, -5 =952-129=12.28.

ITo tabmuue .3 [1] @. = 0,110. IIpoBepsieM yCTOHYMBOCTh BepXHEU
YaCTU KOJIOHHBI:

N B 4378
9. Ay R, -y, 0110-17098-24-105
3amnac cocrtapisier 7,6%, uto 0au3Kko K 5%. DTOo yKa3bIBaeT Ha JI0CTa-
TOYHO paIlMOHAJILHOE CEUCHUE BEPXHEW YaCTH KOJIOHHBI.

Y 100HO cpaszy MpoBEpUTh MECTHYIO YCTOMYMBOCTH mosica. Onpenens-
€M YCIIOBHYIO PI/I6KOCTB cBeca Mosica:

y'7/c 175 124 - 105
20600

b, —t _
by = fz W:362 l_175.

OnpenensemM mpeAcnbHYIO YCIOBHYIO THOKOCTh CBEca IO0sica B COOT-
BETCTBUHM ¢ Tabmmrei 23 [1] mpu my=5:

Auf = Aurc—001-(15+07 Ax)-m, =
=0521-001-(15+07-161)-5=0,390,

=0924 <1.

rac CBCC I1oAcCa:

rae Aufc — TpeAesibHOE 3HAaYEHUE YCIOBHOW T'MOKOCTH CBeca mosica IICH-
TpaJbHO-CXKATOrO0 3JIeMeHTa 1o 11. 7.3.8. 1 7.3.9 u mo tabmuie 10 [1]:
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Aue =036+0,1-1,=036+01-161=0521.
B coorBerctBuM ¢ 1. 8.5.19 [1] ompenensiem 3HaYeHWE MpPEIEIIBHOU
ruoKocTH nosica npu My=20 (Kak 1Ji1 U3rudaeMbIX 3JIEMEHTOB):

Aut =017 +006-Auw=017+006-35=0,380,

[To uHTEpIIONAIIMY TPU Aut =0,390 npu M=5 u Aut =0,380 npu M,=20
u1st haKTUUYECKOIo 3HAYEHUsI My=9,52 omnpenenseM npenesibHy0 YCIOBHYIO

ruoKocTh nosica Ayt =0,387> 1 ¢+ =0,34. YcnoBue BBITOIHACTCS, TAKUM 00pa-
30M, MECTHasl yCTOMYUBOCTh T10sica OOCCIICUCHA.

2.3.2 llpoesepka ycmou4yusocmu eepxHeu 4acmu
KOJIOHHbI U3 NMNJIOCKOCMU pamMbl (M/1I0CKOCMb Y)

OmnpenensieM pacyeTHBIM M3THOAIONTUH MOMEHT B CpeaHEH TpEeTH pac-
YETHOM BBICOTHI KOJIOHHBI M3 TIJIOCKOCTH paMbl (PUCYHOK 6.4).

MakcuMalnbHBIE MOMEHT B BEpXHEH 4acTH KOJIOHHBI BO3HUKACT B Ce-
yeHuu 1-1 npu komOuHanuu ycwuit 1, 2(0,7), 3, - 4, 5(0,9): 3HaueHue mo-
MeHTa M, = -1428,2 xH-m (tabnuia 5.5). BerauciasieM MOMEHT B CEYECHUH
2-2 TIpy TOM XK€ KOMOWHAIMMU ycuiui (Tadnuua 5.4), mpu 3TOM TOPU30H-
TaJbHas KpaHOBas Harpy3ka MPUHUMAETCS TaKKe CO 3HAKOM MHHYC ( — ):

M, =-944-898+6893-2435+37,2=+2988 «H - m.

Onpenensem pazMepbl H = 5268 mm 1 H' = 1102 mm 1m0 srrope M u3
noa00us TPEeyroJbHUKOB. MOMEHT M’ ompenesnsiem Mo 3mwpe M Takxke u3

no00us TPEyroJbHUKOB:

M, 142872

M’ =-10152 «xH -m > é” = -7141 xH - m.

e /
Takum oOpa3oM, 3a pacdyeTHbIM npuHuMaeM MoMeHT M'. Onpezensiem
OTHOCHUTENBHBIN YKCIEHTPUCHUTET:

M’ . A 101520-226
m, = - —677
N-W, 4378.77426

B cootBerctBuu ¢ 1. 9.2.5 [ 1] ko3 puiueHT ¢ paBeH:
C = C5 ‘(2_0,2' mx)+clo ‘(0,2‘ mX _1)

IIpoBepsiem ycnoBue:
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PucyHok 2.4 — K onpeieneHII0 pacUeTHBIX YCHINK B BEpXHEH
YaCTU KOJIOHHBI MPU MPOBEPKE YCTOMUUBOCTHU U3 TIIIOCKOCTH
NEeNCTBUS MOMEHTa (M3rudaroIre MOMeHThI B KH M)

Onpenensiem kK03)PUIUEHT Cs:

Cs = P 1 =0,172,
1+a-m, 1+096-5

rie o Tabmume 21 [1] mpu A, < 3,14 xosdduuument p = 1, a kosddumueHT
0L PaBEH:

a=065+005-m,=065+005-5=0,.

OmnpenensieMm Ko3(PPUIIUEHT C1p:
1

Ci0 = ’

1+mx-¢y

Py
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rae ¢y = 0,829 no radbmuue .1 [1]; ¢p — mo n. 8.4.1 u no npunoxenuro K
[1] xak 151 6anku ¢ AByMs U OoJiee 3aKPEIICHUSIMU CHKaTOTO Tosica.

Jlnst onpeneneHus: ¢ p MPEABAPUTENIHHO ONPENeTIuM KOA(PPUIIMEHT o
no ¢hopmyine (176) [1]:

2
l; -t hy -t3

a=8. of f . 1+O’5h—03tw —
h-Dby by -t

192 05-(100-18)-12°3
:8-(457 13) J1+ ( ) — 0608,
100-36 32.18°

ITo Tabnuue 77 [1] onpenensem kKodPphUITUEHT :
w=225+007-a=225+0,07-0,608 = 2,29.

Koadduument ¢; onpenensiem no dpopmyne (K.3) [1]:

L, (h) E
¢1:Wo_yo 0 . =
IX Ief Ry'yc

_ g, 140048 100—1,8)2 20600
3871294 \ 457

24.105

Koadppunuent oy,
¢, =068+0,21-¢, =068+0,21-312 =134,

B cootBerctBue ¢ npunoxenueM XK [1] koadduimeHT @, HEe JOIKEH
ObITh OoJsiee 1, moaToMy npuHUMaeM @, = 1. Torna ko3 ULKEHT 1y paBEH:

Clo = 1 = 1 =0,108.

tem . P 1410252
P

Onpenensem Kod(PpGUITUEHT C:
c=0172-(2-0,2-6,77)+0,108-(0,2-6,77 —1)=0,149.
Y CTOMYMBOCTh BEPXHEU YACTU KOJIOHHBI U3 TIJIOCKOCTU PaMBI:

N ~ 437,8
0,149-0,829 - 226 - 241,05

=0622 < 1.

C¢yARy7/

c
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Y CTOMYMBOCTh BEPXHEHM YaCTH KOJOHHBI U3 MJIOCKOCTH paMbl oOecIie-
YeHa.

2.4 [NTo06op cevyeHuUs1 HUXHel Yacmu KOJIOHHbI

2.4.1 [Nod6op cevyeHusi semeell. [I[posepka eemeeli
U3 nJIocKocmu pambl

CeueHne HIXKHEW YaCTH KOJIOHHBI ITPUBEJICHO HA PUCYHKE 6.5.

VX X,

<l 44

| 4 4Zo=59 AX JByTasp 501112
S k]
r| Y
z| o
=

ot N—

y,=701,7

c=25,5|,

PucyHok 2.5 — Ceuenne HIOKHEH 9aCTH KOJIOHHBI

CedeHue HApyXHOM BETBH NMPUHHMAEM B BHJIE CBAPHOIO IIBEJUIEPA,
IIOJKPAHOBOM BETBU — U3 NMPOKATHOTI'O JIByTaBpa C NapauleIbHbIMU IPAHSIMU
nojok. HazHayaem npenBapuTENbHO PACCTOSIHUE OT LEHTPA TSIKECTH Ceue-
HUSI Hapy>KHOW BETBU JO HAPYKHOU I'pPaHU KOJIOHHBI Zg= 6 CM, TOT/1a pac-
CTOSIHUE MEXIY LICHTPAMHU TSKECTU BETBEU:

OpHCHTHpOBO‘IHO BBIYHUCIISICM ITOJIOKCHHUC LHCHTPA TAXKCCTH CCUCHUHA!
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M| +1728 4]

- |-1869,1 +|+ 1728 4
rae M; — MakCUMaJlbHbIM OTPULIATEIIbHBIA MOMEHT, JOTPYKAIOLIUK ITOJIKpa-
HOBYIO BETBb, B c€ueHUsX 3-3 uiu 4-4 no tabnue 5.5; M, — To ke, moJio-

KUTEJIbHBI MOMEHT, JIOTPYKAIOIIWA HAPYKHYIO BETBB 110 TaduIie 5.5.
BrruucisieM pacctosiHue yo:

Yo, =hy—y, =144 -6918 =7482 cm.

-144 =6918 cm,

[IpenBapurenbHO JUisl yI0OCTBa MPUHUMAEM, YTO MOJIKPAHOBAsi BETBb
— BETBb |, Hapy>kHast BETBb — BETBb 2. OnpenensieM ycuiaus B BETBAX KO-
JIOHHBI:

1) B NOJIKpaHOBO BETBHU:

M
+u _34700.7482 186910 _ 1000 .
144 144

Y2

N 6l — ‘ N 1 ‘ L
ho 0

2) B HAPYKHOU BETBU:

N, =|Ny|- 2+ M2| _g51q0.0948 172840 oqnq pr
h h 144 144

0 0

3necb M u Nj — MakCHUMaJbHbIE OTPULIATEIBHBIN U MOJIOKUTEIbHBIN
MOMEHTBI, JOTPYXAIOIINE, COOTBETCTBEHHO, MOAKPAHOBYID M HAPYKHYIO
BETBH, U COOTBETCTBYIOIINE UM HOPMAJIbHBIE CHJIBI O TabyumIe 5.5.

3amaeM @1 = ¢p = 0,75 u onpeaensieM TpeOyeMyro IIONAb MOAKPaAHO-
BOW M HAPYKHOU BETBEU:

N,y 31009
o1-R, 7. 075-24.1,05

N, 28909
@R, 7. 075-24-1,05

=164 1 CMZ,

=1530 e’

AmpZ =

ITo copramenTy AJisi TOAKPAHOBOM BETBH MPUHHUMAEM IIMPOKOMOJIOY-
HbI JBYTaBp C HapauielibHbIMU rpaHsamu nosnok S0II2; reomerpuueckue
XapaKTepI/ICTI/IKI/I BI)I6paHHOFO nByraspa: A = 176, 6 cM?, |y = 72530

4 1x=20,26 cm, ly = 7900 cm”, i,= 6,69 cM, h =489 mm.

Kommnonyem cequHe Hapy>1<H0H BETBU. TOJIIMHY CTEHKHA MTPUHUMAEM
PaBHOM TOJIIIMHE TOJIKM BEPXHEW YaCTU KOJIOHHHI ty, = 18 MM, BBICOTY CTEH-
kv ipuHuMaeM Ha 40...60 MM OoJbIIIe BBICOTHI JByTaBpa MOJAKPAHOBOM BET-
BU I HOPMAJIbHOM MPOBAapKH IIBA, KPETISIIIEro MOJIKU K cTeHke, hy, = 489 +
51 = 540 mm. TpeOyemas 1I0IIa b TTOJIKH:
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Ay, —hy -ty 1577-54.18
. _

_ _ 2

Haznauyaem nmosky u3 nucta be x t; = 22 x 1,6 = 35,2 cm” > A¢,,. Pas-

MEpbl CEUECHHUsI NMOKa3aHbl HAa pUCYHKE 6.5. OmpenensieM reomMeTpruyecKue
XapaKTEPUCTUKHU NPUHATOTO C€YEHUs HapykHOU BeTBH. [limomas:

A, =h, t,+2-b; t; =54.18+2.22-16 =1676 cm’.

=303 cu?.

Afmp =

CraTtuyeckuii MOMEHT OTHOCHTEIBHO OCH X1.

t b
le :hWtWEW_Fbe ‘tf £%+tWJ:541’8%+

+2.22.16 -(2—22+1,6j — 98862 cu’.

[TonoxxeHue HeHTpa TKECTH HAPYKHOU BETBU:

S
j = on 98882 oo

A, 1676

MowmeHT HHCPUHUU OTHOCUTCIIBHO OCH Y:

h3 t3.b t. ) £43
Iy:%JFZ‘[ f12f +by -ty ‘(%N—c——fj :1’8 >4 +

3 2
+2. 16 22+22-1,6-(%—2,55—E) ~ 63010 9 e’
12 2 2

MowmeHT HMHEPIHH OTHOCUTEIIBHO OCH Xp.

h, -t3 t, )’

te -b? b, 2
+2- B +b; -t; - 7+tw—z0 =
3 2
_4-18 +54-1,8-(5,9—Ej +
12 2

3 2
+2-{1’61222 +1,6-22-(2—22+1,8—5,9j }:8647,5 em*
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P&I[I/IYCI)I HMHCPIIMHU BCTBU:

I = Iﬁ _ [Be47s =718 cwm;
VA, V1676 ’
|
i, = y _ [630105 1939 cm.
A\ 1676

['eomeTpruuecKkre XxapakKTepUCTUKU CEUEHUS MOJKPAHOBOW BETBU MpHU-
BEJICHBI BHIIIIE.

OnpenenseM reOMETPUYECKUE XapaKTEPUCTUKU Bcero ceuenns. Cra-
TAUYECKAA MOMEHT BCErO CEUEHUSI OTHOCHUTEIIBHO OCH X1

Sy=A,-2y+A -h =1676-59+1766-150 = 274786 cm>.

OmnpenensieM pacCTOSIHHE y/ =2Zy+Y,:
I _ Syt _ 274786
AL +A, 1766+1676

OTCIOJIa pacCTOSAAHHUA OT HCHTpPA TAXKCCTH BETBEH A0 OCHTpPA TAXKCCTU
CEUYCHMS HM)KHEHM Y4aCcTU KOJOHHBI:

Yy, =y —2,=7983-59=7393 cu;
y,=h —y, -2, =150-7393-59=7017 cnm.
PaccTosnue MCXKAY HCHTPAMHU TAKCECTU BETBEU:
hy =h, —z, =150-59 =1441 cm.
YTounsem YCUIINA B BCTBAX!

73,93 N 186910

y =79,83 cm.

N,, =34700- =30774 xH;
1441 1441

N, =35190. 027 (172840 59159 hr
1441 1441

IIpoBepsieMm yCTOMYHUBOCTh BETBEW OTHOCUTENBHO OCH Y:
1) nonkpaHoBasi BETBb:

_ I R, - [24.
/1y1:-y1 y 7/c _ 1423 24 1,05 =2,46; (01:0’750,
Iy E 20,26 \ 20600

N4 B 3077 4
@ - AR, -y. 0750-1766-24-105
41
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2) Hapy>xHasi BETBb:
_ | R, [24 .
/1y2 _ .y2 y Ve _ 1423 |24 1,05 _ 2,57, , 20,729’
lyo E 19,39 V 20600

N,, B 29129
@, - A2 . Ry Ve 0,/29-1676-24-105

=0952<1.

Y CTOWUMBOCTh BETBEM M3 IIOCKOCTH paMbl oOecriedeHa. 3amac co-
cTapJisieT He 6onee 7,5%, 4To I0MyCTUMO.

IIpoBepsieM MECTHYIO YCTOMYMBOCTb CTEHKU HApPYKHOU BETBU B COOT-
BeTCTBUU ¢ 1. 7.3.2 u ¢ Tabmuneit 9 [1]. i meHTpasbHO ¢KaToro IBesuie-
pa (M = 0) npenenbHasg rHOKOCTh CTEHKHU MPHU YCIOBHOW T'MOKOCTH HApy K-

HOM BeTBH A ,2=2,57>1 paBHa o tadmuue 9 [1]:

Aw =10+02-1,2=10+02-257 =151 < 16.

dakTHyecKasi THOKOCTb CTEHKH:

_ R, - 9. .
.2 [Ryve (489-216) [24-105 oo,
t, | E 18 20600

[IpoBepsieM ycioBHeE:

ﬁ,uw = 1,51 > ﬂuw = 0,943
YcnoBue BwimosiHseTCA. TakuM oOpa3oMm, MeCTHas YCTOMYMBOCTH
CTEHKH Hapy»HOH BETBU oOecreueHa.
IIpoBepsieM MECTHYHO YCTOMYMBOCTB IOSICA HAPYKHOW BETBU B COOT-
BeTcTBUM ¢ Tabmurei 10 [1]. s HeokaMIEHHOTO Mosica IMBesiepa J0JK-
HO BBITIOJIHATHCS YCIOBUE:

_ b R, - .
/1f= ef. y 7/c:22. 24 1’0520,48<
t, E 16 \ 20600
<Aut =043+008-1,2=043+008-257 =064,

YcnoBue BBITIONHAETCS, TAKUM 00pa30oM, MECTHAsl YCTOMYUBOCTD MOSI-
ca Hapy>KHOM BETBU oOecreueHa.

2.4.2 lpoeepka eemeeul 8 Ny1I0OCKOCMuU pambl

N3 ycnoBus paBHOYCTOMYMBOCTH BETBEW OMPEACISEM MAKCHUMAJbHO
JIOITYCTUMBIE PACCTOSIHUAS MEXKY Y3JIaMH PEIIETKU:
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1) nnsa moaKpaHOBOM BETBU:

lys 1423
|y = Ayg gy, =——-iy 4, = ——-669 = 470 cu.
x1 yl "yos ixag y o — 20 26
2) niist Hapy>KHOM BETBU:
I
Ly = Ay iy = 2 iy, = 2423 718 2527 e
iyo 19,39

[IpuHMMaeM TPEyroJbHYIO PEUIETKY, YYUTHIBAs, YTO PalMOHAJIBbHBIN
yToJI HaKJIOHA PEIICTKH K OCH KOJOHHBI cocTaBisier 40°...60°. 'eomeTpuye-
CKas JUIMHA HW>KHEN YacTH KOJIOHHBI cocTaBisieT 14,23 m. [IpensapurensHo
Ha3HA4YaeM BBICOTY TPaBEPCHI y3J1a COMNPSKEHUSA BEPXHEN U HUKHEN YacTen
KOJIOHHBI h;p, = 800 MM, a Taxke 300 MM IpUHMMAaEM PacCTOSTHUE OT 00pe3a
dyHIaMEeHTa 10 CTONKHU penieTKH (pUCYHOK 2.6).

(=
- 7_..3
Il
/ =
—l‘:
O
o
\O
ol
Il
o
= s
o o
-t cr
| (a2}
pa o ot
a o ) |
o=
o
=
N’
o
PucyHok 2.6 —

K pacuery HnxHen
YaCTU KOJIOHHBI

Takum 00pa3oM, IJIMHA y4acTKa HYXKHEHN yac-
TH KOJIOHHBI, HA KOTOPOM YCTaHABIIMBAKOTCS PACKO-
Cbl, COCTaBJISIET:

h! =1423-08-03=1313 .
PaS,Z[eJ'II/IM 2TOT yqaCTOK Ha LOCJI0€ YUCJIIO IIa-
Heﬂeﬁ C TEM, IITO6I>I YPOJI HAKJIOHA paCKOCOB 6I>IJ'I

o030k k 45°. [Ipunumaem 5 maHesne, Torjaa ajiuHa
BETBEMU:

/
I|O=h 1313_263]1/1
5 5
VYron HakJIOHaA PacKOCOB K BETBSIM PaBEH O =
48,8°, a nauHa BeTBEH MEHBIIIE MAaKCHMAJILHO J1O-
IYCTUMBIX PACCTOSHUM MEXIY y3JIaMH peIIeTku |y
<470 cmu |, <527 cM, ciaenoBaTeabHO, YCTOMUH-
BOCTb BETBEU B MJIOCKOCTH X MOXHO HE MPOBEPSThH.

2.4.3 Pacyem pewemku HUXHeu Yyacmu
KOJIOHHbI

[lo Tabnuiie ycwiuii onpeneauM MakCUMallb-

HYIO MOMNEPEYHYIO CUJIy B HM)KHEW 4YacTH KOJIOHHBI (cedueHus 3-3 wim 4-4
Tabnuiel 5.4). MakcumanbHoe yeunus +Quax MpU KOMOWHAIIMKM yCHIHM 1,

2(0,9), 3, 4(+):
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+Qmax=-11,6+33,1+212,2+164,1=397,8 kH.
MaxkcumaiabHoe YCHIHS -Qmax TIPU KOMOMHAIMK yeuiaui 1, 3%, 4%*(-),
5(0,9):
-Qmax=-11,6-181,3-32,5-42,8=-268,7xH.
Ycumue cxartus B pacKocCe:
Qe 3978
© 2.sin488°  2-0752

HnuHa packoca:

2 2
d=\/h3+(%j :\/1502{%) =199 5 cm.

3agaemMcst THOKOCTRIO 4 = 3, orctona 1o tadmuie .1 [1] ¢ = 0,643 u
ornpenensieM TpeOyeMyro IIJIOIaIb packoca:

. - Ne 2645 _
" 9-R,-y, 0643-24-075

N = 2645 kH .

2
9 cm”,

rae v, = 0,75 — koappuuneHT ycnoBust padoThl OAUHOYHOTO YroJiKa, MpHUBa-
PEHHOT0 OJTHOM moJiko# 1o Tadmuie 1 [1].

[Ipynumaem paBHOMOJIOYHBIM yrojok 125x10, A = 24,33 cM?, Imin
= 2,47 cm. 'mOKoCTb:

Zd—'d Ry-7. 1995 24-075 _ a0, 0760
i VE 247\ 2000 T YT

IIpoBepsieMm yCTOMYHUBOCTH pacKoca:
N4 B 264 5
¢ AR, -y, 0762-2433-24-0,/5

=0,/93 < 1.

YcToMunBOCTh packoca odecreueHa.

2.4.4 [lposepka ycmoli4yueocmu KOJIOHHbI
8 NJI0CKOCMu pamMbl Kak eOUHO20 CMEePIKHS

OnpenensemM reoMeTpUIECKUE XapaKTEPUCTUKN CEUEHUS HIDKHEH Jac-
TH KOJIOHHBI (PUCYHOK 6.5):

A=A +A, =176 6 +1676 = 344,2 cm?;
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L=l +A 35 +1,0,+ A4 yi =86475+156,8-73,93% +
+79000+1766-7017° =1866803 cu*:

) l
I, = \/—X = \/M =7365 cm.

A 3442
['uOKOCTH KOJIOHHBI OTHOCUTEILHO OCH X:
_—
Ax =_Ll=@:34,o.
i, 7365

ITpuBeneHHasi TMHOKOCTh B COOTBETCTBUU C Ta0iuien 8 [1] niis KojoHH
C PEILETKOM:

A :Jﬁim.i:\/mpz +2908. %—369

1

rae ko3pdUIMEHT o TpuHUMaeTcs o Tadauue 8 [1] u paBeH:

d? 3
~10- 1995 — 2908,

b? -1, 144 1% -(263/2)

a=10-

Ay — TUIOIIaAL PACKOCOB B CEUCHHUH, paBHAs yABOCHHOMW IUIONIAIA OJHOTO
packoca:

Ay =2-Ap =2-2433=4866 cun’.
VYcnoBHas npuBeieHHAs THOKOCTD:

y Yo _ 24 105

Aef = Aef *

[IpoBepsieM yCTOMYMBOCTh KOJIOHHBI:
a) s KOMOWHAIIMM, JIOTPYKAIOMIEH MOAKPAHOBYIO BETBb. OTHOCHU-
TEJIbHBIN SKCLIECHTPUCUTET:

LA |-186910-344,2
171 23470]- 1866803

‘ max

‘N ‘ 3 70,17 =0,0.

coome

[To tabmuue 1.4 [1] ¢@. = 0,549; nmpoBepsieM YCTOHYHUBOCTb KOJOHHBI
KaK €IMHOTO CTEPXHS B IIJIOCKOCTH PaMBbl:

N - 3470
@ A-R, -y, 0529-3442.24-105
45
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0) 11 KOMOWHAIIMK YCUIUMN, IOTPYKAIOIIUX HAPYKHYIO BETBb.
_ ‘+ M max‘ A
N 1,
B ‘ 172840 ‘ 344 2
\— 35190 \ -1866803

m vy +2)=

(7393+5.9)=0723.

Orcroga @, = 0,541 1 yCTOMYMBOCTD CTEPIKHS:

N 35190

= =0,/49 < 1.
Qe -A-Ry -y, 0541.3442.24.105

Y CTOWUMBOCTh HUKHEW YaCTU KOJOHHBI KaK €IUHOTO CTEpP>KHS o0ec-
IICUCHa.

YCTOMYMBOCTh HUKHEM YAaCTU KOJIOHHBI KaK €IUHOTO CTEPKHS B
IUIOCKOCTH Y HE TPOBEPSIEM, TAK KAK YCTOUYMBOCTh KaKJ0M BETBU U3 IJIOC-
KOCTU paMbl 00ecTieueHa.

2.5 Pacyem y3na conpsi>keHUsi epxHeu U HUXXKHel
Yyacmeul KOJIOHHbI

VY3en conpsKEHUsT BEpXHEM W HMKHEW 4acTed KOJIOHHBI MOKa3aH Ha
pucyHke 2.7.

PacyeTHbie KOMOMHALIMK YCUJIUNA B CEUYCHMH HaJ YCTYIIOM KOJOHHBI
(cedeHue 2-2) npuHUMAaEM 1o Tadbauie 5.5:

1) mepBast KOMOMHALIMS YCUIIUA:

+M 0 =+8756 kH -m; N, =—2449 K ;
2) BTOpas KOMOMHAIMS YCUITUM:
—M ., =—-2501«H -m; N =-5527 kH.

max — coome

JlaBerue kpaHoB D,,, = 2948,1 kH.

[IpoYHOCTh MOHTAKHOT'O CTHIKOBOTO I11Ba (II0B 1) poBeEpsieM 1o HOP-
MaJIbHbIM HAIPSKCHUSM B KPAMHUX TOUYKaX CEYEHUS HAJIKPAHOBOW YaCTH
KOJIOHHBI. [[prHMMaeM NoJlyaBTOMaTUYECKYIO CBAPKY B CPEJE YTIEKUCIOTO
rasza, IMaMeTp MPOBOJIOKH 2 MM, MOJIOKEHHUE 1IBa — HIKHEE. [[nomaas mBa
paBHa IJIOIIAAN CEYEHUSI BEPXHEU YaCTH KOJIOHHBI.

[IpenycmaTpuBaeTcs: MpoBEIEHUE KOHTPOJIS IIBa C MPUMEHEHUEM (-
3U4ECKHUX METONO0B, Toraa no tabmuue 4 [1] Ryy,=R,. IIpounocTs niBa:
1) mo mepBOit KOMOWHAIINK YCUITHN:
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PucyHok 2.7 — V3en conpsikeHUs] BEpXHEW U HUKHEHN YacTeld KOJIOH-
HBI: @ — OOIIMil BUT; O — pacueTHas cXeMa TpaBepChl; B — BUJI CO CTOPO-
HBI TIOJIKPAHOBOU BETBU; T — CEYCHUE TPABEPCHI

a) Hapy>KHas MoJIKa:

N M
A'Rwy’Vc W'Rwy'Vc
244 9 87560

=0492 <1,

= +
226 -24-105 77426 -24-105
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0) BHYTpEHHSS TOJIKA:

N M [
ARy -7e W-Ryy 7|
_‘ 2449 87560 | _
122624105 77426 -24-105|

2) Mo BTOpOW KOMOUHAIIUU YCUITUIA:
a) BHYTPECHHSA MOJIKA:

-
ARy 7c W Ry -7
552,/ N 25010
226 -24-105 77426 -24-105
0) Hapy»>Hasl TIOJIKA:

N M|
ARy -7e W-Ryy 7|
5527 25010
226 -24-105 - (7426 -24-105

[Ipounocts miBa 1 obecnieyeHa.
ToNKUHY CTEHKH TPaBEPChl ONMPENEISEM U3 YCIOBHUS €€ CMATHUS MO

dbopmye:

0405 <1.

=0,225 < 1;

‘:0,03I< 1.

D, 29481

t > max

71, -R. 49.361

ef P

67 cwm,

r1e lef — pacyeTHas UIMHA TUTOMAAKN CMSTHS 10T OTIOPHBIMU pedpamMu 101
KpaHOBOW Oajku:

Ief :bf +2tnﬂ:45+22:49 CM,

bs= 45cM — mmpuHa Tosica MOJAKPAHOBOM OaIKy U3 mpumepa 7; t,; =2 cM —
Ha3HA4YaeM KOHCTPYKTHUBHO TOJIIMHY IJIACTUHEI 2 cM; Rp = 36,1 kH/cm® —
pacyeTHOE CONMPOTUBIICHUE CTAIU CMATHIO 1o Tabmumie B.7 [1].

[IpruHMMaeM OKOHYATENBHO TOJIIWHY CTEHKH TPaBEpPCHI MO COPTAMEH-
Ty tw = 2 cM. OnpenensieM JUIMHY IBa 2, KPEMSUIEro BHYTPEHHIOK MOJIKY
BEPXHEW YaCTH KOJIOHHBI K CTEHKE TpaBepchl. BricoTa TpaBepchl peaBapu-
TenbHO ObIa mpuHsATa 80 CM MpHU pacyeTe PermeTKy HIUKHEH 4acTH KOJIOH-
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Hbl. [IprMeHsieM MoayaBTOMAaTUYECKYIO CBAPKY B Cpe/ie YTIIEKHUCIIOTo rasa
npoBosiokoi CB-08I2C (tabmuma I'.1 [1]) nuamerpom 2 MM, MOJOXKEHUE
mBa HUxkHee. Karer mBa Ha3HauaeM MUHMMAJIbHBIM B COOTBETCTBUHU C
tabmuneit 38 [1] ks =5 mm. [To Tabaure 39 [1] onpenensieM K03PPHUITUCHTHI
nporaBiaeHuss mBa PBf= 0,9, B, = 1,05. PacuetHoe conpoTUBIeHHE YTIII0-
BOTO IIIBa:

a) o MEeTaJUTy IIBA:

B Ry =09-215=1935kH / cm?;
0) 1Mo MeTaJuly TpaHUIIbl CIIJIABJIICHUS:
B, -R,, =105-16 65 =17 A8kH | cu?,

2
rae Rys = 21,5 kH/cM™ — pacdueTHOEe COmpOTUBIICHHE METalla iBa Mo Tao-
mune 1.2 [1] g npoBosnioku CB-0812C; R,,; — pacueTHOE CONPOTUBIICHUE
MeTaJljia TPaHUIIbl CIIABICHUS:

R,, =045-R,, =045-37 =16 65 xH | cm?,

rne Ry, = 37 ku/em® — HOPMATUBHOE COMPOTUBJICHUE MO BPEMEHHOMY CO-
MPOTUBJICHUIO OCHOBHOTO MeTaylia 1o tadsumie B.5 [1].

Tak kak pacyeTHOE CONPOTHBIICHHUE METalIa IIIBa OOJIBIIIE PACYETHOTO
CONPOTHUBIICHUS] METAJlJIa TPAHUITLI CIUIABJICHUS, pacueT BEAEM I10 METasLTy
rpaHUIlbl CIUIaBieHUs. CKUMAOIIEee YCHUIIME BO BHYTPEHHEH MOJIKE BEPXHEH
YaCTU KOJIOHHBI MO 2 KOMOMHAIIUM YCUITHI:

N M 5527 25010
n =~ 1t = +
2 h 2 100

6

N

=526,5 «kH.

Tpebyemas nvHa MIBa MIPU KOJIWYECTBE IIBOB Ny, = 4.
N 5265

I = n = :1
n, KB, R, 7. 4-05-105.1665-105

w2 43 cwm.

IIpoBepsiem ycnoBue:
I, =143 cu<85-F; -k; =85-09-05=383 cm.
YcnoBue BBINONHAETCS. JlIMHA 11BA TAK)KE MEHBIIE BBICOTBI CTEHKH
TPaBEPCBHL.

IIpoBepsieM 110B 2 Ha MaKCHMAaJbHOE PACTATHBAIONICE YCHIME IIPH
+Miansommee 1 Neoors. mine 1 AKOH KOMOMHAIMEN B ceUeHHUU 2-2 SIBIISIETCA
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koMmOuHanus 1, 3, 4(+), 5(0,9). [To Tabnuue 5.4 ompenensieM ycuius AJis
ATOM KOMOMHAIIMHU:

+M,,, . =+8756 kH - m; N =-2449 kH.

coome ~—

Ycunume B mosce:

N
n N[ M _2449 87560 6307 i,
2 h 2 100

8

IIPU 3TOM 3HAK «MHUHYC)» YKa3bIBAET B IAHHOM CJIy4ae HA PACTSKECHUE IIBA.
JlnmHa miBa:

o N, - 6307 -
"> n, ki B, Ry 7, 4-05-105-1665-105
:17,2 cm< 85ﬁf 'kf :45,9 CM.

Pacdernas qnmHa mBa mpu 00eMX MpoBEepKax MEHBINE MPUHATON BHI-
COTBI CTEHKHU TpaBepchl hy, = 77 cM > |y, TO3TOMY OCTaBIISIEM BBICOTY Tpa-
Bepchl 80 cM. B cTeHke nByTaBpa MOJKPAHOBOM BETBU JIejaeM IPOpeE3b, B
KOTOPYIO 3aBOJUM CTEHKY TpaBepchl. sl pacuera mBa 3 cOCTaBIsieM KOM-
OMHAIMIO YCUJIMI B CEUEHUU 2-2, MPU KOTOPOU MOTydaeTcsi MaKCUMallbHas
OTIOpHAasl peakius TpaBepChl Kak OaJKW Ha JBYX omopax (pucyHok 6.7,0).
Orta koMOMHAIMs JODKHA BKIOUYaTh Dy, , @ MOMEHT JOJIKEH OBITh Hau-
OONBIIHMI OTPUIIATETHLHBIN (€CITU TaKOo€ BO3MOKHO) MM HAaUMEHBIIUHN T10-
noxurenbHbid. Ilo Tabmmme 5.4 Takas xomOunamusa 1, 2(0,9), 3, 4(-),
5*(0,7). PacueTHble ycunus sl JaHHOM KOMOWHAITUY:

M =+2146 kH -m; N =-3714 kH.

cooms

OnopHas peakiusi TpaBepChl:

IN|-h, M 3714-100 21460
= D, = — +

mL T o h Y Pwer T T g T 150

H H

+1-29481=29288 «H.

[IpuHrMaeM mmapaMeTpbl CBAPKHU TAKUE K€, KaK JJIsl IIBA 2, KaTeT IIBa
npuHumaeM 8 M. /[iinHa miBa 3:

Fm
lws = Al = 29288 =499 cu >
4K, B, R, 7. 4-08-105-1665- 105

>85-B; -k, =85-09-08 =612 cw.
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Pacuernass nnvHa 1mIBa TAaKKE MEHBIIE BBICOTHI CTEHKHW TPAaBEPCHI.
OKOHYATENBHO MPUHUMAEM KATET IIBA 3 PABHBIM 8 MM.

IIpoBepsieMm CTEHKY AByTaBpa MOJAKPAHOBOW BETBU HA CPE3 B MECTE
KperuieHus TpaBepchl (iuaus 1-1 Ha pucynke 6.7,B):

Fopy 2028 8

_ =0897 <1,
2-h,t, -Rg-y. 2-77-145-(058-24)-105

rae hy, = 77 ¢cM — BbICOTa CTEHKH TpaBepcChl; t,; = 1,45 cM — TonuHa cTeH-
ku aByTtaBpa S0LL2 nmoakpaHoOBOW BETBH.

[TpoyHOCTBH CTEHKHM JBYTaBpa Ha cpe3 oOecreyeHa.

ITpoBepsieM NMPOYHOCTH TPABEPChI KaK OAJIKU Ha ABYX ONOpax, Harpy-
xeHHoi ycwnusimu N u M. HazHnauaem pasmepsnl MOsSICOB TpaBepcChl (pUCY-
HOK 6.7,r) bsy = 32 cM, b, = 20 cM, TONIIMHY MOJOK Ha3zHadaeM t=3 cwm,
BBICTYNAIONIYI0 BBEPX YaCTh CTEHKH TPABEPCHl Ha3HA4aeM 15 c¢Mm u omnpene-
JIIEM TEOMETPUUYECKUE XAPAKTEPUCTUKH MPUHATOrO ceueHust. [Lnomans:

A=32-3+2.77+2-20-3=370 cu®.
CraTtnuecKkuii MOMEHT OTHOCUTEILHO OCHU X1
S.,=32-3.15+2.77-415+
+2-20-3-(77-15-15+3) = 14155 e’

Paccrosinue A0 OEHTPA TAKCCTHU CCUHCHUSIL.

y= 14155 =383 cm.
370
MoOMEHT HHEpIIMA OTHOCHUTEIHHO OCH X:

32.3° 2.77°

X

| +32-3-(383-15) +

2
+2-77-(777+3—38,3j +

3
+2'{20123 + 20-3-(80—15—1,5—38,3)2} = 284040 cm”.

MuHUMaIbHBIA MOMEHT CONPOTHUBJICHUA CCUCHUSA B NAHHOM CJIy4dac
COCTaBJIACT.

l, 284040

W.. = = =6812 .
" (h,,-») (80-383)
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MakcumanbHbIA U3rHOAIONINl MOMEHT MPU TOW XK€ KOMOMHALIMU, YTO
U pacuer mBa 3 (B 3amnac MpOYHOCTH):

M F,. -(h,—h)=29288-(15-1)=14644 xH - m.

mp = mpq
IIpo4HOCTB TpaBEPCHI:

M., 146440

_ ~0853<1.
WpinR, - 7.  6812-24-105

IIpounocTs TpaBepchl Ha U3rud obecrnedyeHa. MakcumaibHas mepepe-
3bIBAIOIIAs CHJIA MPU TOM K€ KOMOUHAIIUU YCUITUM:

N-h, M k-D,,.-
Qmax = W =
_3714-100 21460 12-29481-10
- 2.150 150

3nmeck koadduimenT K = 1,2 yuanTeiBaeT BO3MOXHYIO HEPAaBHOMEPHYIO Tie-
penauy ycuins Dy,. [IpoBepsieM NpOYHOCTb CTEHKH TPABEPCHI HA CPE3:

Qe 17496
h,t, R -y, 77-2-(058-24)-105

+
2.h, h 2

H

=17496 «H.

=0,/77 <1.

[Ipo4yHOCTH CTEHKH TPaBEPCHI HA Cpe3 obecreyeHa.

2.6 Pacyem 6a3bl KOJIOHHbI

Tak Kak BbICOTa CEUEHUS HHMXKHEM 4acTH KOJOHHBI mpesbimaer 1000
MM, 0a3y KOJIOHHBI YCTpauBaeM pasieiabHOro tuna (pucyHok 6.8). PaccmoT-
pUM KOMOUHAIIMU YCUJIUN, JOTPYKAIOUIUX MOJKPAHOBYIO BETBb, B CEUCHUU
4-4 o tabnuue 5.5:

1) —Myax = — 552,8 kH-M, —Ncoors= — 1248,7 xH;
2) —Nyax, —Mcoors — KOMOMHAIMS OTCYTCTBYET.
MakcrMalbHOE YCHIINE B BETBH:

—552
3393 —‘ 55280 =-1024 3 xH.
1441 1441

KomOuHaImu ycuauii, 1orpyKaromnux Hapy>KHYIO BETBb, B CCUCHHH 4-
4 110 TabmuIEe 5.5:

N,; =-12487 -
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1) Myae = +1728,4 kH-M, ~Nooors = —3519,0 kH:

2) —Nyax=—3580,5 kH, Moo = +1679,9 xH M.

Ycunus B BETBU IIPpHU OTHUX KOM6I/IHaHI/I5{X:

N,, = —3519,0-70’17 _ 172840 —29129 «kH,;
1441 1441

N,, =—3580,5- 017 _ 167990 =—-2909,2 kH .
1441 1441

[Tpunumaem a1t nanbHenmux pacuéroB Ny,,=2912,9 xkH.

2.6.1 ba3a nodkpaHoeolU eemeau

Haznauaem MUHUMAJIBHO JIOIYCTHUMYIO IIIMPUHY CBECOB ILIUTHI MO C1 =
c; = 40 MM, TommuHy TpaBepc no 14 mm. Torga MUHHMaNbHBIE pa3MeEpPbI

OHOpHOﬁ IJINTBI U3 YCJIOBUS PASMCHICHUS Ha HeM CTCPIKHA HO)IKpaHOBOﬁ
BCTBU:
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PucyHok 2.8 — ba3za ckB03HO# KOJIOHHBI

B, =by,+2-c;+2-t,,=300+2-40+2-14 =408 mm.
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ITpunumaem B, = 410 mm, L, =570 mMm; Torna ¢, =
MM. [ [;montaaes miIuTHI:

A=B,, L,

40,5 mMm, ¢, = 41

. =41.57 =2337 cn®.
Cpennee HanpspkeHUE B OETOHE MO OTIOPHOM TIIIUTOM:

N 9676
o, =—

A 2337
rae Ry — pacuetHoe conportuBieHue cxxatuto 6erona B15 [4]; & — koadhdu-
IIUCHT, 3aBUCAIINI OT COOTHOIICHUS IUIONAaAU o0pe3a ¢hyHIaMeHTa K I10-
iaJu OMOPHOU TUIMTHI 0a3bl, IpUHUMAaETCA B nipeaenax 1,2...1,5.

PazbuBaem mMTy Ha y4acTKH U ONpeeisieM U3ru0aroIire MOMEHTHI B
TUTHTE.
Yuacmok 1, onupaetcst Ha 4 kaHTa (CTOPOHBI). Pa3meprl yyacTka:

" -038<R,-£=085-12=102 kH / cm?,

b=h,, —2-t;, =489—2.15=1459 wu;
b, —t _
g=0e " twos 300-145 14275 .
2 2
OTHomieHue 00JbIlel CTOPOHBI YYACTKA K MEHBIIECH:
b_ 459 55500
a 14275

ITo Tabmune 6.1 onpenensem ko3 duiment o = 0,125.

Taoauya 2.1 — 3nauenus koddduimenta o

b/a 1,0 1,1 1,2 1,3 1,4 15
a 0,048 0,055 0,063 | 0,069 0,075 0,081
[Iponomkenue Tadauib 3.2.
b/a 1,6 1,7 1,8 19 2,0 >2.0
a 0,086 0,091 0,094 0,098 | 0,100 0,125
N3rubaromumiit MOMEHT Ha ydacTke 1:
M,=a-o,-a* =0125-0,38-14,275* =967 kH -cmu/ cm.

Yuacmok 2, onupaercs Ha 3 kaHTa. Pazmepsbl yuacTka:
b=c, =405 mm, a =300 rum.

CooTHOIIIEHUE 3aKPETICHHOW CTOPOHBI K CBOOOTHOM:

55



9 = 40—’5 =0,135<0p5.
a 300

B cootBercTBUU ¢ Tabnuieit 6.2 pyu OTHOIIEHUU 3aKPEIJICHHON CTO-
POHBI K cBOOOIHOM MeHee 0,5 yd4acTOK pacCUMTHIBACTCSI KAK KOHCOJIbHBIMN.

Taénuya 2.2 — 3navenus koddduimenta 3

alb <0,5 0,5 0,6 0,7 0,8 0,9
B Kaxk 0,060 | 0,074 | 0,088 | 0,097 0,107
KOHCOJIb
[Tponomxkenue Tabnuilpt 3.3
alb 1,0 1,2 1,4 2,0 >2,0
B 0,112 0,120 0,126 0,132 0,133

HN3rubarommii MOMEHT:
o, -b*  038-405°
2

Yuacmok 3, xonconpup. Beuter koHconn 4,1 cM, H3ru0aronmm Mo-
MCHT:

M, = =312 xkH -cm/ cm.

b2 .4 1%
M3:0b 20’38 4.1 =319 xH -cm/ cm.
2 2
Tpebyemast TOIIMHA OMOPHOM IIJIUTHI:

tm=\/6'MW=\/6'9’67 =152 cu< 4 cm.
R, 7. \24-105

2.6.2 basza Hapy)xHOU eemeu

[lmuTy mpoekTUpyeM TakKuM 00pa3oM, YTOOBI €€ LIEHTP TSHKECTH COB-
najaig C UEHTPOM TSKECTH CEUEeHMs] HapykKHOW BeTBU. CBechl HazHayaeM
MUHHUMAaJIbHO JOMYCTUMBIMU 110 40 MM, TOJIIIMHY TPaBEpC MPUHUMAEM IO
14 mMm. PaccTosiHuE OT LIEHTpA TAXKECTH IUIATHI JI0 €€ MpaBoro Kpas (pucy-
HOK 6.8):

Bl’l]l

= (b; +tw—zo)+tm+c2 =

=(220+18 -59)+14 +40 = 233 mm.
Otcrona pa3mep d paBeH:
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B
d="2_¢)—t —7z,=233—40-14-59 =120 .
2 p

Pa3Mepbl OOPHOM IIJIUTHI:
L.,=hy,+2-c+2-c; =489+2-255+2-40 =620 mm,
B,, =233-2 =466 mm,
rae ¢ = 25,5 MM — BBICTYIAIOIIAS 3a MOJIKY YaCTh CTEHKU CEUYCHUS HapyX-
HOM BETBU (pUCYHOK 6.5).

[Tpunumaem L; = 620 mm, B, = 470 MM, Tor1a CBEC MIIUTHI ¢’ na yya-
CTKE 3 paBeH:

¢/ =c,+c=40+255=655 2,
a cBec ¢, = 42 mwm. [Inomans NInTHL:
A=B,, -L, =47-62=2914 cu®.
Cpennee HanpspkeHUE B OETOHE MO TUTUTOM:

N
oy = Ne2 2929 400 g e 085.12=102kH [ eni®.
A 2914

Omnpenensiem u3ru0are MOMEHTHI B TIJTUTE.
Yuacmok 1, onupaercs Ha 4 kaHTa. Pazmepsl yuacTka:

b=h, —2-t, =489—2-16 =457 mm, a=b; =220 .

COOTHOIIIEHHUE CTOPOH:
g = % =207 > 2.
ITo Tabmune 6.1 koaddurument o = 0,125. M3rubdaroinii MOMEHT:
M,=a-o,-a* =0125-100-22% =605 xH -cm/ cm.
Yuacmok 2, onupaercs Ha 4 kaHnTa. Pazmepsl yuacTka:
b=457 wmm, a =120 mm.
COOTHOIIIEHHE CTOPOH:

E:ﬂ:?),81>2.
a 120

[To Tabmuie 6.1 ko dunuent a = 0,125. N3rudaroniuit MOMEHT:

M, =a-cy-a® =0125-100-120% =180 xH -cu/ cm.
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Yuacmok 3, oneptoiil Ha 3 kaHTa. Pa3mepsl yuactka:

b=c’ =655 um, a=d+t, +b; =120+18+ 220 = 358 aum.

COOTHOIIEHHE CTOPOH:

b 655
—=—-=0,18<05.
a 358
B cootBercTBUU ¢ Tabauiei 6.2 pacCUMThIBAEM JAaHHBIA YYaCTOK Kak
KOHCOJIbHBIN. M3rubarommii MOMEHT Ha y4acTKe:

1006 ,55°

M, =215 xH -cm /! cm.

Yuacmok 4 xoHCcONbLHBIN, BEIJIET KOHCOIH 4,2 cM, M3rudarommi Mo-
MECHT:

- 100-4.2°

M, =882 kH -cm ! cm.

TpeOyemas TOJIUHA TUTUTHI:

. =\/fs-MW =\/6-60,5 _38en.
R, -7 24105

Tak kak TodmmMHA TIUTHI TpeBbimaeT 20 MM, YTOYHSEM pacueTHOE
2
conpotuBieHue cramm (tadbauua B.5 [1]), Ry = 23 kH/em®. YTounsem tox-
IIUHY OITOPHOM IUIUTHI:

t :\/6'MW =\/6'60’5 =388 cu.
R, 7. \23-105

[IpruHMMaeM OKOHYATEIBHO TOJIIWHY OMOPHBIX IUIMT MOAKPAHOBOU U
Hapy>KHOM BETBEU OJIMHAKOBOU MO 40 MM.

Onpenensem BbICOTY TPABEPCHI U3 YCIOBHS MPOYHOCTH CBAPHOIO I1IBA,
KPEMSIIEro TPABEPCY K CTEPKHIO KOJIOHHBI. Pacuer Bexpem sl Hapy»KHOU
BETBU, Tak Kak Ny > Ny;. [[apameTpsl cBapku MpUHUMAEM TaKHE K€, Kak
IIPU pACUETE y3JIa CONPSHKEHUS] BEPXHEN M HUKHEW 4acTel KOJIOHHBI. 3ajia-
emcs katerom mBa 10 mMm, Toraa B¢ = 0,8, 3, = 1,0. PacueTHbie conpoTusie-
HUS 11IBA:

Bi Ry =08-215=172 kH [ cm? >
>f,-R,, =10-1665=16 65 xH / cm?,
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TaKUM 00pa3oM, pacyeT BEIeM [0 METAJLUTy TPAHULbl CIUIABJICHUA.
TpeOyemas ivHa 1B MIPU UX KOJIUYECTBE 4:

N
l,, = 62 = 29129 =417 cm<
n, KB, Ry 7. 4-1-1.1665-105

<85-B; k; =85-08-1=68 cu.

YcnoBue BoinonHsAETCA. BhicoTa TpaBepchl 10KHA OBITh HE MEHEE:!
hyp >y +1em=417+1=427 cm.

[IpuHrMaeM BBICOTY TpaBepChl B 00enX BETBAX hrp = 45 cMm.
PaccuuteiBaemM moB 2, Kpersmuil TpaBepcsl K ornopHou mmre. Cym-
MapHas pacquHaﬂ JUJIMHA 111BA PaBHA:

=2.(62-1)+4-(655-1)=1442 cm.

W2 -
TpeOyembIii KaTeT 1IBa
N, - 29129
|, S, Ry 7. 1442.1.1665-105

ITpunumaem kateT miBa 2 paBHbIM 12 mM. Ilo Tabmune 38 [1] MuHuU-
MaJIbHBIM KaTeT mBa 6 MM. OcTaBjisieM KaTeT 1mBa 12 M.

kf:

=116 cwm.

2.6.3 Pacyem aHKepHbIx (hyHOameHmMHbIXx) 60/1moe

Jls omipenienieHus] pacTITUBAIONIMX YCUIIMM B aHKEPHBIX O0JTax pac-
cMatpuBaeM KoMOWMHAIUU YCHIHH —Npin, Moo B ceueHuU 4-4. B 3amac
MPOYHOCTH IMPUHUMAEM MOMEHT M HOPMaJIbHYIO CHJIIy B ceueHuu 4-4 ¢ mo-
HIKarmuM kKodddurmearom k=0,8. Takrne KOMOMHAIINKA B COOTBETCTBHE C
TabauIeH 5.5:

a) st moaKpaHoBOM BETBU —Npin = —284,3 kH, Moo =1529,9 kH-M;

0) nis Hapy»)HOM BETBH —Npin = —284,3 kH, -M_ ooz = -351,4 kH-M.

COOTBCTCTBYIOHII/IG YCUJIUS B BETBSX:

N, =Ny, M -2843 4000 1652990 ciag .
h0 hy 1441 1441

N62=E +‘M‘:_284’3-70,17+@:+382,2 kH .
hy hy 1441 1441
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PacTsiruBaroiiiyie ycuiinsi BO3SHUKAIOT B 00EUX BETBSX, PACUET BEAEM 10
MaKCHUMalbHOMY pactarupatomemy ycuinuto Ny =+513,5 kH.

[To tabmuma I'.7 [1] mpuHumaeM ¢QyHIaMEHTHbIE OONTHI W3 CTAJIH
Ct3cn2, pacy€THOE CONMPOTUBIICHUE OONTOB PACTSIKEHUIO MPEABAPUTEIHHO
npuauMaeM Ry, = 18 kH/cm?.

Pacyér Ha mpOYHOCTH aHKEpPHBIX 00ATOB Beaém mo [S]. I[Ipunumaem
OonTel ¢ oTrrOOM, rayomHa 3anenku 250=25-36=900 mm. TpeOyemas 1i0-
maap 06osra mo [S]:

_ky-N,  135-5135
"P4.R, 4.18
riae Ko=1,35 — mo npunokenuro 2 [5] npu ACHCTBUM THHAMHYCCKUX HaArpy-
30K.

=963 cu’?,

TpeGyrotcst 6otsl muamerpoM d = 42 MM, Apy= 11,2 cM?, 9T0 GoIBIIE
Tpedyemon miomaau. [Ipu neiicTBUM qUHAMUYECKUX HArpy30K MPOBEpSEM
OOJTHI HA BBIHOCIMBOCTH IO (popMyJIe:

4 18-y-u-N,y 18-04-16-5135
" 4-a-Ry, 4.1.18

=821 em? < A,=112 em®,
rae ¥=0,4 — mo Tabaune 1 npunoxenus 2 [5]; u=1,6 — no tabnuie 2 npu-
noxxeHus 2 [5]; a=1 no tabnuie 1 npunoxenus 3 [S] npu KOJIMYECTBE ITUK-
JIOB 3arpYyKEHUS TUMHAMAYECKOM HArpy3Kkou N=3- 10°.

dakTrueckas miomaas 0oyra 00JbIIe TPEOYeMOW U3 YCIOBUS BBIHOC-
JIMBOCTH.

Bce 60nThl 10OJKHBI OBITH 3aTAHYTHI Ha BEJTUYUHY MPEABAPUTEIHLHON
3aTskku F, KoTopast mpuHUMaeTcs Al JuHaMudeckux Harpy3ok 1,1P, roe P
— pacyeTHasi Harpy3Ka, JeHCTBYIOIIas Ha OOJITHI:

F=11-N, =11-5135=5649 «xH.

Cnpuraronryro cuity Q, ACHCTBYIONIYIO B TIJIOCKOCTH H3THOAIOIIETO
MOMEHTA, JJIi CKBO3HBIX CTaJbHBIX KOJIOHH, UMEIOIINX Pa3JIeIbHbIE OMOP-
HBIE TUIMTHI MOJ] BETBU KOJIOHHBI, JOMYCKAETCsl BOCIPUHUMATh CHUJION Tpe-
HUS O] CKATOW BETBHIO KOJIOHHBI, YIOBJICTBOPSIOIIECH YCIOBUIO:

Qmax< - N
rae Qmax=397,8 kH — MakcuMainbHas nornepevyHas cusia, onpeaenéHHas mpu
pacuéTe peméTKu HUKHEH 4YacTH KOJOHHBI MPU KOMOMHAIMU ycuiun 1,
2(0,9), 3,4(+); =0,25 — koaddunmenT Tperus mo npuioxeruro 2 [5]; N, —
MaKCUMAaJIbHOE YCUJIME B BETBU | WM BETBU 2 MPU KOMOWHAIIUU YCHIIUM,
pu KOTopou onpeaensercs Qmax:
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Meoors=11382,7 kH'M, Noors=-3580,5 xH.
IIpu 5TOM KOMOWHAUMM JIOTPYKAECTCS HApPYKHAsi BETBb U YCHIIME B
BETBU 2:

N,, =—3580,5- 017 138210 =-27030«H.
1441 1441

IIpoBepsiem ycnoBue:
Quax=3978xH < f-N,, =0,25-27030 =6758 xH.

YcnoBue BBINOJIHAETCS, CIEAOBATEIBHO NONEPEYHAs CUJla BOCIIPUHMU-
MaeTCsA CUJIaMH TPEHHUSI IIPU 3aTSKKE AHKEPHBIX OOJITOB.
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3 PACYET IIOJKPAHOBOV KOHCTPYKI[HUH

3.1 O6wue NosoxeHuUst N0 KOHCMPYUPOB8aHUKO
u pacdemy rnooOKpaHOE8bIX KOHCMPYKUUU

[TogkpaHoBble Oanku, paboTas B COCTaBE Kapkaca, BOCIPUHHMAIOT
BO3JICHCTBUS OT PA3IMYHOTO MOJABEMHO-TPAHCIOPTHOTO OOOPYIOBAHMS.
OCHOBHBIM BUJIOM TaKOT'0 000PYIOBAHUS SBJISIFOTCSI MOCTOBBIE KPaHBI.

[Ipu npoeKTUPOBAHUM MOJKPAHOBBIX OAJIOK B MEPBYIO OYEpEnb HEOO-
XOJIMMO YYWTHIBATH 3KCIUTyaTallMOHHBbIE TPEOOBaHUS W 3KOHOMHUYECKHE
(dakTopbl. Pacuer nmogkpaHoBOW OaJKh COCTOUT U3 OMPEACICHUS PACUETHBIX
Harpy30K Ha OaJIKy, pacyeTHBIX YCUJIMN, KOMIOHOBKH CE€UEHUS MOJIKPAHO-
BOM M TOPMO3HOI Oanku, MPOBEPKH HAINPSKEHUN U )KECTKOCTU Oasiku. Peo-
pa )KECTKOCTH PACCTABIISIIOTCS B COOTBETCTBUM C [ 1], mpoBepsaeTca MecTHas
YCTOMYHUBOCTh 3JEMEHTOB, @ TAaKXE€ PACCUUTHIBAIOTCS IMOSCHBIC IIBBI U
OTIOpHAas YacTh OAJIKH.

3.1.1 Xapakmepucmuka nooKkpaHO8bIX KOHCMPYKUUU

[TonkpaHOBBIE KOHCTPYKITUU TIOJI MOCTOBBIE OMOPHBIE KPaHBI COCTOST
U3 MOJKPAHOBBIX Oamok uiu (pepM, BOCIIPUHUMAIONINX BEPTUKAILHYIO Ha-
Ipy3Ky; TOPMO3HBIX Oanok (hepMm), BOCIPUHUMAIONIUX TOPHU30HTAIHHYIO
HArpy3Ky; y3J0B KpEIUICHHS TOAKPAHOBBIX KOHCTPYKIUM, TMEepelaroinx
KpaHOBbIE BO3/ICHCTBUSI HA KOJIOHHBI;, a TAK)KE€ KPAHOBBIX PEIBCOB C AJIEMEH-
TaMU UX KPEIUICHUS U YIIOPOB (pUCyHOK 7.1).

OCHOBHOHM THIT HECYIIUX 3JIEMEHTOB MOJKPAHOBBIX KOHCTPYKIIUHA —
MOJIKPAHOBBIE OaJIKH, KOTOPBIC UMEIOT Pa3IMUHYI0 KOHCTPYKTHUBHYIO (op-
My. HambOosnee yacTo MPUMEHSIOTCS CIUIONIHBIE Pa3pe3HbIe MOJKPAHOBHIC
Oasiku (pucyHoOK 7.2,a).

[Ipu kpanax HebonbIoN rpy3onoabeMHoctu (Q < 300 kH) u Gonbimx
miarax KOJOHH LieJiecooOpa3Hbl pelieTyarbie MOJKPaHOBBIE OAIKU C JKECT-
KM BEPXHUM I05ICOM (PUCYHOK 7.2,0), OJHAKO TaKue KOHCTPYKIMU Ooiiee
TPYJOEMKH B U3TOTOBJICHUU M MOHTa)Xe, a TaK’K€ MEHEEe JI0JTOBEUHBI MPU
KpaHaX 0COOBIX PEKUMOB PaOOTHI.
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Topmo3snas daska Oxaiimisronmii
¢ peOpamu kecTkocTn  WIBEILICD

T!omgpanonas CasizeBast BcnoMorarensHas
gy epma thepma
a) 0)

PucyHok 3.1 — Crioniable IoIKpaHOBBIE OaTKu:

a — 10 KpailHUM psiiaM; O — [0 CPEAHUM psiiamM

il B)
o

PucyHok 3.2 — Tunbl moOAKpaHOBBIX 0aJIOK:
a — CIUTONIHBIC OaNKkK; O — pelieTyarbie OANIKH C KECTKUM BEPXHUM

MOSICOM; B — MTOJAKPAHOBO-TIOJICTPONMIIbHBIE (DEPMBI

[Ipu Gonpmiux mposierax (mar koJoHH 24 u 60jee METPOB) M KpaHax
OOJIBIION TPY30MOIEEMHOCTU TTPUMEHSIOTCS TIOJIKPAHOBO-TIO/ICTPONHIIbHBIC
dbepmbl, 00beANHSIOMKE B ce0e MOJAKPAHOBYIO OajaKy W MOJCTPONUIBHYIO
bepmy (pucynok 7.2,8). OmgHako Takue (pepmbl CI0KHBI B M3TOTOBIICHUHU U
MOHTAaXe.
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3.1.2 Hazpy3ku Ha nodkpaHoeble b6asiku

Harpy3ku oT kpaHa nepeaaroTcsi Ha IOJKPaHOBYIO OaJIKy yepes Koseca
(kaTkM) KpaHa. B 3aBUCHMOCTH OT rpy30MOJBEMHOCTH KpaHa, ¢ KaXKIOh
CTOPOHBI MOCTa MOTYT ObITh 2, 4 unu 8 kaTkoB. [logkpaHoBbIe Oanku pac-
CUMTHIBAIOTCS, KaK MPAaBUJIO, HA HAarpy3Kd OT JABYX COJIMIKEHHBIX KPaHOB
HauOOJIbIIIEH IPY30MOIbEMHOCTH C TEJIEKKAMU, TPUOIMKEHHBIMU K OJJHOMY
U3 PAJIOB KOJIOHH, TO €CTh B TOM IOJIOKEHUHU, TPU KOTOPOM Ha MOJAKPaHO-
BYIO0 OQJIKy JEMCTBYIOT HauOOJIbIINE BEPTUKAIbHBIE CUIIbl. OTHOBPEMEHHO
K OaJike MPUKIAIBIBAIOTCA MAKCUMAJIbHbIE TOPU30HTAIbHBIE YCUITHS.

PacyeTHble 3HaU€HUS BEPTUKAJIBHBIX U TOPU3OHTAIBHBIX CHUJI OIpeEie-
JSIOTCS IO (hopMyJTIaM:

FK:k'yf'W°FKH'7/n; TK:k'J/f'W'TKH.yn’

rae k =1,2 — koadpurerTsl AMHAMUYHOCTH [3]; V¢ — KO3 DUITUESHT HaTEK-
HOCTH I10 Harpy3Ke JijIsi KpaHOBOM Harpys3k, npuaumaercs yi= 1,2 [3]; F* —
MaKCUMaJibHOE BEPTHUKAJIbHOE HOPMATUBHOE JAaBJIEHUE KoJieca KpaHa (MpH-
HUMAETCSl MO MPUWIOKEHUIO 3); Y — KO3 UIIMEHT COUETaHUs] Harpys3ok,
paBHbIi 0,85 npu pexxumax padotsl kpaHa 1K...6K u paBssiit 0,95 nipu pe-
xkuMax pa6otsl kpaHa 7K u 8K [3]; 7/ — ropuszoHTalIbHAs HOpMaTHBHAs Ha-
rpy3Ka Ha KoJiece KpaHa, KOTopas OIpeaesaeTcs CAeAYIOIMMNM 00pa3oMm:

— JIIs1 KpaHOB € THOKOM MOJIBECOM I'py3a:

Q+G
T =005-——";
Ng
— U1 KPAHOB C KECTKUM IIOJIBECOM Tpy3a:
H H
T!=01-F/,
rae Q u G,, — COOTBETCTBEHHO I'PY30IOBEMHOCTh KpaHa U BEC TEIEHKKH; Ng
— KOJIMYECCTBO KATKOB KpaHa Ha OJHOM peJ'II)COBOM HYTI/I.

[TpoBepKy JKECTKOCTH MOJKPAHOBBIX 0AJOK BBIMOJHSIOT Ha Harpy3Ky
OT OJIHOTO KpaHa ¢ KO3(PUIMEeHTOM HaASKHOCTH 1O Harpyske yi = 1,0 u
0e3 yuera ko3 puiieHTa JMHAMAYHOCTH.

CoOCTBEHHBIN BEC MOAKPAHOBBIX KOHCTPYKIIMN U BPEMEHHYIO HArpy3-
Ky Ha TOPMO3HOM Oajke OMyCKaeTCsl YIYUThIBATh YMHOKEHHUEM PaCUETHBIX
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YCUJIMK OT BEPTUKAJIBHON KpaHOBOM HArpy3kud Ha KO3(PQUIMEHT o, paB-
HBIN: 17151 6ajmok mpojerom 6 m— 1,03; 12 m—1,05; 18 m — 1,08.

3.1.3 KoHCcCmpyKmueHbIe peweHUs1 CrIOWHbIX
NnoOKpPaHOB8bIX KOHCMPYKUUU

Tunel ceyeHUi NOJAKPAHOBBIX OAJIOK 3aBUCAT OT HArpy3Ku, IpoJieTa U
pexrmMa paboThl KpaHoB (pucyHok 7.3). Ilpu nponerax 6 M U KpaHax Ipy30-
noabeMHOCThIO 10 50 KkH 00bIdHOTrO peskuMa paboThl MPUMEHSIIOT, KaK Mpa-
BUJIO, MPOKATHBIC ABYTABPbI, YCUJICHHBIE JIJI1 BOCOPUSATHUS TOPU30HTAIBHBIX
CHJI JINCTOM WJIA YTOJIKAMHU.

Y A——

a) 0) —a B)

PucyHok 3.3 — Tumbl ceueHui MoJKpaHOBBIX OAJIOK: a — IPOKATHBIN
JBYTaBp C YCWJICHHBIM BEPXHUM MOSICOM; O — COCTaBHOM JIBYTaBp C TOPMO3-
HBIM JINICTOM M OKaMJISIFOIIMM IIBEJJIEPOM: B — COCTABHOM JIBYTaBp C THY-

ThIM TOPMO3HBIM JINCTOM

Jl71s1 60IBIIUX MPOJIETOB U KPAHOB IPy30M0IbeMHOCThIO Oosiee S0 kH
MPUMEHSIOT CBapHbIC JBYTABPOBBIC OAJKH C TOPU3OHTAIILHOW TOPMO3HOM
KOHCTpyKUHeH. [IpuMeHeHnne 6anok Ha BRICOKOMPOYHBIX 00JITaX MOXKHO pe-
KOMEHJIOBAaTh MPU 3aMEHE OCIA0JICHHBIX 3aKJIENOK U YCUJICHUHU KJIEMaHbIX
OaJIoK B ICUCTBYIOIIUX I[€Xax.

[Tpu mposerax 6osee 6 M JjIsi BOCIIPUSATHS TOPU3OHTAIBHBIX CUJT YCT-
pauBaIOT CIEUAIbHBIC TOPMO3HBIE KOHCTPYKIIUU — TOPMO3HBIE OAJIKU UM
dbepmbl. DepMbl YIKOHOMUYHEE MO PACXO]ly CTaIM, HO 3HAYUTEIHLHO OoJiee
TPYIOEMKH, TO3TOMY OOBIYHO IPUMEHSIOT TOPMO3HBIE OAJIKK CO CTEHKOM U3
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puduieHoro naucrta TOAMMHON 6...8 MM. [IpuMEHSIOTCA TakKe TOPMO3HBIE
OaJIKU W3 THYTOTO JIUCTA. JINCTBI TOPMO3HBIX OAJIOK IPUBAPUBAIOT K MOsICaM
CILJIOIIHBIM IIIBOM C MOJBAPKOM C HWKHEN CTOPOHBI. [[Jis1 obecrieueHus Mme-
CTHOW YCTOMYMBOCTHU U IPEAOTBPAICHUS CIIyYalHBIX MPOrMOOB TOPMO3HbBIE
JIMCTHI CHU3Y YKPEIUISIIOT PeOpamMu >KECTKOCTH M3 JUCTOB ceueHUueM 65%6
MM, [ar pedep npuHaumaeres 1,5...2 m.

3.2 Pacyem nodkpaHo8bIx 6asok

Pacyer moakpaHOBBIX OAJIOK BO MHOTOM aHAJOTHYEH pacuery oObIu-
HbIX Oayiok. OHaKo MOABMIKHAs Harpys3ka, BbI3bIBarOIIasi OOJbIINE MECT-
HbIE HANpSOKEHUS 1M0JT KaTKaMU KpaHa, BO3JICMCTBUE HE TOJIbKO BEPTUKAIIb-
HBIX, HO U TOPU3OHTAJIBHBIX CHUJI, JUHAMHUYHOCTh HAarpy3ku U MHOTOKpAT-
HOCTb €€ MPUJIOKEHUS MPUBOIAT K Py OCOOCHHOCTEH pacuera MoJaKpaHo-
BBIX OQJIOK.

3.2.1 PacyemHblie ycunusi Ha NoOKpaHoeyro 6asky

HanOonbime u3rudaromiye MOMEHTHI W IEepepe3bIBalOIUME CUIIbI B
MOJKPAHOBBIX OajKkaxX HAaXOAAT OT JIBYX COJIMIKEHHBIX KPaHOB HauOOJbILIEH
Ipy30MOABEMHOCTH. [[ns1 omnpeneneHus HaWOOJBIIET0 M3rUOAOIIEr0 MO-
MEHTa OJWH U3 KPAaHOB YCTAHABIIMBAKOT KPAMHUM KaTKOM B CEPEIHUHY MPO-

jgeta OalkW, a BTOPOM KpaH pacroiaraloT BIUIOTHYHO K HeMy (PHCYHOK
7.4,a).

ITo nMHUM BIMSHHUS MOMEHTOB, IIOCTPOCHHOM ISl CEPEIMHBI MPOJIETA,
OMPENIETSAIOT OPIMHATHI Yi U HAXOAAT MaKCUMaJIbHBIM N3rHOaroniuii MOMEHT
My OT BepTHKaJIbHOM ¥ My OT TOpPU30HTAILHON HATPY3KH 110 (OpMyJIaM:

My=a-(F.-yi+F -y, +...+ F - y;);

My =T Yy +T, Yo+t Ty ¥i)
rae o — KO3 HUIMEHT, YYUTHIBAIOMHNN COOCTBEHHBIH BEC ITOIKPAHOBBIX
KOHCTPYKIIMKA U BPEMEHHOM HArpy3Kyu Ha TOPMO3HOM IUIOWIAAKE; F,,T, — OI-

pEACISIIOTCS 10 BBIIETIPUBEICHHBIM (DOopMyiaMm; yi, Vo, ..., Yi, — OPJAUHATEHI
JIVHUY BJIUSHUS MOMEHTOB.
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[ (B)

PucyHok 3.4 — Cxembl pacCTaHOBKH MOCTOBBIX KPaHOB:

a — TIPY OTIPEICIICHUN PACUETHOTO U3THOAIOIIEr0 MOMEHTa; O — IIpH
OTIPEJICIICHUN PACUETHON MePEPE3bIBAIOIIECH CHIIBI; B — MPU ONPE/ICTICHUH
nporuda oanku

PacnionoxeHne kpaHOB U1 ONPEACICHUS MAaKCUMAJIBHBIX TEepepe3bl-
BAIOIIUX CWUJI MOKa3aHO Ha pUCyHKe 7.4,0, MOCJe 4Yero CTPOUTCSA JIMHUS
BJIMSTHUSL OMOPHOM PEAKIHUM, WU ONPEACISIOTCS MaKCHUMAaJbHBIE MEpPEpe3bl-
Batomue cuibl Qy u Qy 1o dhopmynam:

Q=a-(F -y, +F Y, +...+ Fo-yi);
Q =(Tc -y +T Yo +...4T, - Y;),
rA€ Y1, Y2, ---» Yi, — OPJAWHATHI JUHUU BIUSHUS ONIOPHON PEAKIUU.

[Ipu onpeneneHuu mporuOOB OAIOK B MPOJIETE OCTABISAIOT OAUH KpaH
U pacIiojiaraloT ero KpailHui KaToK B CepearHe mpoJjieta (pUCcyHoK 7.4,B).
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3.2.2 [To06op ceyeHusi banku

[TogkpaHoBast 0anka MPUHUMAETCSI CHMMETPUYHOTO JIBYTaBpPOBOTO Ce-
YEHUs1 ¢ TOPMO3HOW KOHCTPYKILIMEN B BUAE JUCTa U3 pUPICHON cTanu t = 6
MM U mBesiepoM Ne 36 (mpu HaTMYUU MPOMEKYTOYHOM CTOMKHU (paxBepka u
KPEIUIEHUSI K HEW TOPMO3HOM KOHCTPYKLHH, a TaKKe IpU mare pam 6 m
MOXHO NpUHATH mBesiep Ne 16 wim Nel8). Ceuenne nogkpaHoBOW KOHCT-
PYKLMH [IOKA3aHO HA PUCYHKeE 7.5.

N3 ycnoBus o01ieid IpOYHOCTU OMPEAENSIIOT TPeOyeMblil MOMEHT CO-
MPOTUBJICHUS 110 (hOopMYyIIE:
_ M X :8
Xmp — !
Ry

riae B — koahPUIUEHT, yYUTHIBAIOIIUNA BIUSHAE TOPU30HTAIBLHON HArpy3KH,
onpenensiercsd no Gpopmyiie:

M, -h
H
f=1+2.—L "
M x T
h — BBICOTA HO,Z[KpaHOBOﬁ 62U'IKI/I, I[MpuHUMacMada U3 pasaciia KOMIIOHOBKH
paMbl ITPOM3AaHHA, hT — HIHUPHUHA TOpMO3H0ﬁ IUIOMAAKH, ITPUHUMACTCA paB-
HOU BBICOTE C€YEHUS HUKHEN YaCTH KOJIOHHEI hH

-4

[Isennep Ne36

h

PucyHok 3.5 — Ceuenune noIKpaHOBON KOHCTPYKITHH
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[Ipu onpeaeneHn MUHUMAaIbHON BBICOTHI OAJIKM HEOOXOAUMO YUUTHI-
BaTh, YTO JKECTKOCTh MOJKPAHOBBIX 0aJIOK MPOBEPSAETCS HA HATPY3Ky OT OJ-
Horo Kpana. [1o pucyHnky 7.4,B COOTBETCTBUU C (POPMYJIOH OIpeensieM Mo-
MEHT M,,, OCTaBJIsAsl OJUH KPaH, KpAaHHUN KAaTOK KOTOPOTO PACIIOJIOKEH B Ce-
peauHe mpojeTa, Npu 3TOM KO3(PQPUUIHUEHT HAJIEKHOCTU MO Harpys3ke Mpu-
HuUMaeM y; = 1,0. MuHuManbHas BbICOTa OaIKU U3 YCIOBUS KECTKOCTH:

5-Ry -l | \ M
Ninin = ' '
24-p-E \ f M

u X

H

2
rie | — mponet 6anku; E = 20600 kH/cm” — Mmoxynb ynpyroctu cramu; f, / | —
MaKCHUMAaJIbHO JIOMYCTUMBIA OTHOCHUTENBHBIN MPOTHO KOHCTPYKITUH, PABHBIH

IUTsl TIOJIKPAHOBBIX OalioK: mpu pexkume padotsl kpana 1K...6K — 1/400, 7K
—1/500, 8K — 1/600.

3agarorcsd ToiamuHoi moaku ty = 20...30 MM, mocie 4ero HaxoasT BbI-
COTY CTEHKH 110 (hopMyIie:

hW - h - 2 . tf .
TonmuHy CTEHKH MOI0MParOT U3 ABYX YCIOBHM:

@) U3 yCl108usi NPOYHOCMU CMEHKU HA CPe3:

R
h, R’

rie Ry — pacueTHOe CONPOTUBIIEHUE CTalid Ha cpe3; hy, — BBICOTa CTEHKH;

=15

w

0) U3 ycnosusi MeCmHOU YCMoUu4U8oCmu CIMeHKU:

hw Ry

t, =W .
Y 55 V E

ToNnmuHy CTEHKM NPUHUMAKOT IO COPTaMEHTy. Pa3mepbl MOsSCHBIX
JIMCTOB OMPEAEISAIOT 0 popMyam:

|Xm _M, |W:M1 Afm :2'(‘Jxmp_‘]W).
? 2 12 ? h, +t; )
2

[To TpeGyemoil mioniaau B COOTBETCTBUU C COPTAMEHTOM MOAOUPAIOT
pa3Mepbl MOSCHBIX JIMCTOB MOJAKpaHOBOM Oanku bs u tr. [IpoBepsitoT ycToii-
YUBOCTH CXKATOTO Tosica 1o Ghopmyre:
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b
4 _05- E
t, R,

[To momyyeHHBIM TaHHBIM KOMIIOHYIOT CE€YEHHUE MMOJKPAHOBOU M TOP-
MO3HOU OaJIKH.

3.2.3 [lposepka npoYHOCMU MPUHSIMO20 CeYeHUs

Haxogurcst HEeHTp TSKECTH CEYEHHSI M ONPEACISIIOTCS T€OMETpUYE-
CKHE XapaKTEPUCTUKU MPUHATOIO CEYEHHUS OTHOCUTEIBHO oced X U Y.
[IpoBepsitoT HOpMaJIBHBIE HANIPSIKEHUS B BepxHEM Tosice. [I[poyHoCTh cTen-
KA HE IPOBEPSAIOT, €CIM €€ TOJIIMHA MPUHATA OOJIbLIE ONPEICICHHON W3
YCIIOBUSI MTPOYHOCTU. JKECTKOCTh OaJKU TaKXKe HE MPOBEPSAETCS, €CIU MpU-
HATas BBICOTA OOJNBINE Npmin. [IpOBEpSIIOTCS MPOYHOCTH CTEHKH OAJKH OT
JNEUCTBUS MECTHBIX HaIPSHKEHUU O] KATKOM KpaHa.

PaccraBisitoTcsi IBYCTOpOHHUE pelOpa >KECTKOCTH U3 YCJIOBHUSA, YTO
pPacCTOSIHUE MEXIy HUMH HE JOJDKHO MpeBbaTh 2h,, 1 mpoBepseTcs Mect-
Has YCTOMYMBOCTH CTEHKH. Jlajiee MpOBOAUTCS MPOBEpPKA MOSICHBIX LIBOB U
pacCUUTHIBAETCS ONOPHAs YacTh OaJIKH.

3.3 MMPUMEP 7. Pacyem nodkpaHoeoU b6asnkKu
3.3.1 UcxoOHbIe OaHHbIe

TpeOyeTca paccuuTaTh MOAKPAHOBYIO OayKy mpojieTroM 12 M mox 2
KpaHa rpy3onoabemMHocThio 1250/200 kH. Pexum paboter — 8K. Ilposer
3nanusa — 30 M. Matepuan — cranp kinacca C255. PacyeTHoe CONpOTUBIICHUE
cranu: Ry = 24 xH/cm® (pu Tommuse mpoxara t or 10 xo 20 mm), Ry = 23
xH/cM® (pu Tonmmuse mpokara t cbime 20 10 40 MM); COOTBETCTBYIOLIIE
COMPOTUBJICHUS CIIBUTY:

R, =058-R, =058-24=1392 kH | cm”,
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R, =058-R, =058-23=1334 xH | cm”.

3HaueHue ko3 duimenTa yciaoBus padOThl MOJKPAHOBBIX 0alOK B CO-
otBeTcTBUU ¢ Tabmuueit 1 [1] y. =1 u B nanpHeleM npu Hanucanuu Gop-
MYJI OITyCKaeTCHl.

3.3.2 OnpedesieHue Ha2py30K Ha MNOOKPaHOBYIo
KOHCMPYKU U

[Io cnpaBoYHBIM JaHHBIM Ha KpaHbl (MPUIIOKEHUE 3), HAMOOJbLIEEe

BEpPTUKAIBHOC JaBJieHHe Ha KaTku (komeca) kpana F); = 520 kH u FJ =
550 xH; Bec tenexku G, = 430 kH, Tun kpanosoro pensca KP-120.

Jlnst kpaHoB pexkuma padoTsl 8K ¢ rHOKMM MOABECOM Ipy3a Mornepey-
HOE TOPU30HTAIBHOE YCUJIME HA KATKE, BBI3BIBAEMOE TOPMOKECHUEM TEIICK-
KU, TIPY pacyeTe MOJIKPAHOBBIX 0aJOK:

Q+G,, _005. 1250 + 430 21 k]
No 4

T" =005

B cootBerctBuM ¢ m. 9.5 [3] npu kpaHax pexumoB padbotel 7K n 8K
HEOOXOMMO YUUTHIBATh TOPU3OHTAIBHYIO HATPY3KY, BBI3BIBAEMYIO TIEPEKO-
CaMU MOCTOBBIX KPaHOB U HEMApaAJJICIbHOCTBIO KPaHOBBIX myTel. bokoBas
CUJIa paBHa:

Ty =02-F) =0,2-520 =104 xH;
T/, =02-F% =0,2-550 =110 xH;
PacueTHble ycunuvs Ha KaTKe KpaHa:

a) BEpTUKAJIbHbIE HATPY3KHU:
Fo=K-y:w-Fi-y,=12-12-095-520-095 =6758 «H;
Fo=K-y; w-F5-7,=12-12-095-550-095=7148 «xH.

0) ropu30HTaAIbHAS HATPY3Ka:

— OT TOPMOKCHHUSA TCIICIKKHU:

T. =Ky, w-T' y, =12-12-095-21.095 =273 xH;
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— OOKOBasi cujla OT IIEPEKOCa MOCTOBBIX KPAHOB U HEMAPAJUIEIbHOCTH
KPAaHOBBIX ITyTEMU:

To=K-y¢w-Th -y =12-12-095-104-095 =1352 xH;
T, =Ky w Ty, =12-12-095-110-095 =1430 «xH.

Tak kak OOKOBasl cuJia 3HAYUTEIBHO OOJIbIIIE FOPU3OHTAIBHON CHIIBI
OT TOPMOKEHUS TEIEKKHU, B paCUET IPUHUMAEM OOKOBYIO CHITY.

OnpenensieM pacyeTHbIE YCUIIMS Ha MOAKPAHOBYIO OaJIKy. Y CTaHABIIH-

BAacM KpaHbl B HEBBITOJIHEHIIIEE MOJIOKEeHUE (PUCYHOK 7.6). PacuéTHbiil Mo-
MEHT OT BEPTUKAJIbHOM HArPYy3KU:

My=a-[Fq- (i +y,+y5)+Fo(yvs+y,)] =
105-[675,8-(1025+1,425+0,300)] +
+714,8-(3000+2600)] =61544 H - m,

o — KOd(PUIIMEHT, YIYUTHIBAIOITUN COOCTBEHHBIN BEC MOJKPAHOBOW KOHCT-

PYKIIMM U BPEMEHHON HArpy3Kd Ha TOPMO3HYIO ILIOMIAKy, paBeH 1,05 npu
nposiete 0anku 12 m.

E.,=714,8 kH F,=6758xH E,=714,8 xH

F,=675,8 F
l Ty I
p ” O~ O——O0O o—o—“
|
Ll 1/2=6 000 1L
=12 000
2050 _1‘800\11‘7 3150 8001r 4600 ‘!‘ 600
J1.B.
S
w
S 4 ) S
T S & %
o2 IIN S
> f‘|’|7 I
T
v
O

PucyHok 3.6 — K onpezelieHrio pacueTHBIX U3TH-
OaronMX MOMEHTOB B IMOJKPAHOBOM Oajke
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PacueTHbIii MOMEHT OT TOPU30HTAIBHOW HATPY3KHU:
My =Tq - (m+y2+y5)+T2 (ys+y4)=
=135,2-(1025+1,425+0,300) +
+1430-(3000+2600)=11726 xH - m,
371€Ch OPAMHATHI Yi HPUHUMAIOTCS 110 JUHUU BIIUSTHUS MOMEHTOB.

Jlnst ompeneneHrss MaKCUMaJIbHBIX TIOTIEPEUHBIX CHJI YCTaHABJIMBAEM
KpaHbl B HEBBITOAHEMIIIEE MOJIOKEHUE (PUCYHOK 7.7).

F =714.8 kH F,=6758kH  F _=714,8 kH
Ay

r—f—  pe——

g l ,
i

[=12 000
3150 4800, 4600 JPSOOJP 2650

JI.B. Q
~ 00
H
Oﬁ N' ~ o0
T < ° o S
>..:’ ” Iol Or O
> o 1 i
o~
= Sy

PucyHok 3.7 — K omnpeienieHII0 pacyeTHBIX MOTICPESTHBIX CHIT

B IMOJIKPAaHOBOM Oajke

PacuerHble 3HaUue€HUS BEPTUKAIBHOW U TOPU3OHTAIBHOU IMONEPEUYHBIX
CHIL:

Qu=a-[Fo - (y+ys+ys)+Fq - (ya+y3)]=
=105-[714,8-(1,000+0,288 +0,221) +
+6758-(0,738+0671)] =21324 «H;

Q=T (Y1+Ys+V¥5)+Ter (Y2 +Y3)=
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~1430-(1000+0,288 +0,221) +
+135.2-(0738+0,671)] =406 3 «H,
31C€Ch OpI[I/IHaTI)I yi HpI/IHI/IMaIOTCH 110 JUHHUUM BIINUSHUA HOHCpC‘-IHBIX CUII.

3.3.3 Nod6op cevyeHusi banku

[IpyHrMaeM TOAKPAHOBYIO OallKy CHMMETPUYHOTO CEUYEHHUS C TOp-
MO3HOM KOHCTPYKILIUEW B BUJIE JIUCTA U3 PUGDICHON CTalu TOJIIMHOMN t; = 6
MM U okaimJsromero mseiiepa Ne 36. 3HaueHue kosddunmenta B onpe-
nensieM 1o gopmyiie:

M, -h .
potez. My, 11726180

= 1457,
M, -h, 6154415

rae h = 1,80 M — BbIcOTa MOJAKPAHOBOM OaiKu, MPUHUMAETCS U3 pasjena
KOMITOHOBKM TIorniepedyHor pamsl (pumep 5); h, = 1500 MM — mmpuna top-
MO3HOM TUJIOIIA/IKHU, IPEABAPUTEIHLHO MPUHUMAETCA PABHOM BBICOTE CEUEHUS
HUYKHEW 4acTu KOJIOHHHI h,, (mpumep 6).

OmnpenensieM TpeOyeMblidi MOMEHT CONPOTUBIICHUSI OAJIKU:
W - M. B 615440-1457

omp = = 38987 cu’.
R, 7. 23-1

3HaueHue ko3 duiieHTa ycaoBus pabOThI MOJKPAHOBBIX 0aJOK B CO-
oTBeTCcTBUHU ¢ Tadnuueut 1 [1] y. =1 u B manpHeiieM npu HamucaHuu ¢Gop-
MYJI OITyCKAeTCsl.

MuHUMAaILHAA BBICOTAa 6aJ'IKI/I H3 yCJIIOBHA ,Z[OCTaTOI{HOfI KCECCTKOCTH.
h-—S.RyJ- 1| M,

™24 8E | f, | M,

u X

~5.23-1200 .[600]- 32279
24 -1457 - 20600 6154 4
riae M, — MOMEHT OT 3arpykeHust 0ainku ogHuM kpanow; [l / f,] — Benmnunna,

oOpaTHasi OTHOCUTEIBLHOMY MPEAEILHOMY MPOTrHOy OAJIKH, JJIS pexuMa pa-
6otel 8K coctaBmser 600 o Tabmuiie E. 1 mpunoxenus E [3].

=60,3 cm,

3naueHne M, ompenenseM HOPMATHBHBIM 3HAYCHUSAM F 10 JIMHUHU
BIIMSIHUST MOMEHTOB, OCTaBJISIS OJMH KpaH, KpallHUM KaTOK KOTOPOTO PacIo-
JIO’KEH B cepelinHe MpoJjeTa (pUCYHOK 7.8):
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E.=714,8 kH F.=675,8 kH

P, —_—rh—,

' g

O—OO-“O—‘

‘[‘;l 112=6 000 J"T'L

1=12000
2050 _LSOOJF 3150 80(){ 4600 1 1600

= S
[ V]
—

=0,300 ; .

3,000
=2.600
Y;

Y,

)

PucyHok 3.8 — K onpeeneHuio pacueTHOro MoMeHTa M,

B MOJKPAHOBOM Oajke

M, =a-[F5-(yi+y:)+Fi-val-7n =
=105-[550-(30+26)+520-0,30]-0,95 = 3227 9 xH - m.

Kommnonyem ceuenue Oanku. IIpuHuMaeM OKOHYATENIbHO BBICOTY Oaj-
ki h = 1860 MM > hpi,. IIpenBapuTenbHo 3agaeMcs TOJIIMHON MOSCOB t; =
40 MM U ornpenensieM BhICOTY CTEHKHU:

h, =h—2-t, =1880—2-40 = 1800 uu .

ToNIMHY CTEHKU OIPENEIISIEM U3 IBYX YCIOBUN:

@) U3 yCl1o8us cpe3a CMeHKuU:

t, >15- Q =1,5-ﬂ= 33 cu;
R, 1801334
6) u3 ycnoeus MecmHol yCmouyuéoCmi:
h R
> W y 180 | 23 =109 cm.

t > . =
“755 \VE 55 \20600

[IpuHrMaeM Mo copTaMeHTy TOJIIUHY CTeHKH t,, = 14 mMm. Onpenensi-
€M pa3Mephl NOSICHBIX JIMCTOB:
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_ Wamp - h _ 38987 -188

Xmp 2

| — 3664778 cu*:

_hy-t, 180°.14
Y12

_(Lowp = 1w) _ (3664778 ~650400) _ ——

2 2
2. N 2(184'}
2 2

rae hy =h—t; =188 -4 =184 cm — paccTossHUE MEXIY LIEHTPAMH TsxKe-

| = 680400 cu*:

fmp

CTHU ITOSACHBIX JIUCTOB.

TpeOyemast mmpuHa nosica:

A
b = tf””’ = 17f’l=44,5 .
f

[IpuHrMaem mupuHy nosica b= 45 cM 1Mo cCOpTaMEHTY Ha HIMPOKOIO-
JIOCHYIO YHUBEPCAJIbHYIO JIMCTOBYIO cTaiib. [imomaas nosca:

A; =b¢ -ty =45-4=180 cn® > A¢,,,.

TopMo3HOM TUCT TpUHKUMAaeM U3 pUICHON cTamu t;= 6 MM, IPU 3TOM
IIMpUHA TOpMO3HOTO JucTa |y (prcyHok 7.9) mpu Haxnécre HAa BEPXHUU ITO-
sc OaJKu U Ha MOJKY mBesuiepa no 40 Mmm paBHa:

by
e =h, —tg by, ——+2:40 aui =

we

=1500—18—110—%+80=1227 MM,

rae tr = 18 MM — ToNIMHA mosica CEYEHUsI BEpXHEN YaCTH KOJIOHHBI U3 MPU-
mepa 6; by, = 110 MM — mmmpuna noaku msesiepa Ne36.

3.3.4 [lpoeepka npo4YHOCMU CeYeHUsl

OnpenensieM T€OMETPUUECKUE XAPAKTEPUCTUKU TMPUHSITOTO CEUCHUS
(pUCYHOK 7.9) OTHOCHUTENIBHO OCH X:
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_14-180° . 188 — 4

12

3
2.45 4

2
+2.4.45.( j = 3727920 cm*;

2.3, 2-3727920
" h 188

— 396587 cm®.

|.b
(e}
t=6

Gy

|

~J

O

L

n

1800
h=1880

—
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=

h,;
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.-3‘
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hﬂz 1500

PucyHok 3.9 — Cedenne moiKpaHOBOW KOHCTPYKIIHN

(MpoXx0J1 B BEpXHEH YaCTH KOJIOHHBI HE MTOKAa3aH)

OmnpenensieM TeOMETPUUYECKUE XapAKTEPUCTUKU TOPMO3HOM OalKu OT-
HOCUTENBHO OcH ). B cocTtaB TOpMO3HOU Oaku BXOISAT BEPXHUH MOSAC MO-
KpaHOBOW OajKy, TOPMO3HOM JIMUCT M OKaWMJIAIONINH miBesuiep. Paccrosnue
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OT OCH IMOJIKPAHOBOM OaJIKM JI0 IIEHTPA TSHKECTHU CEUYCHHUS TOPMO3HOM OaIKu
(OT OCH Y1 JI0 OCH V):

Si et Xo H AL X
A I -t + A, + A
1227-06 -(425—4+ 122’7j+53,4-(150—1,8—2,68)

_ 2 — 4446 cn,
1227 -06+534+45-4

rae Syl — CTATUYECKUH MOMEHT CEYCHMSI OTHOCUTEIBHO OCH Yi.

XO=

MoMeHT uHEpLUU:

b,> -t A
Iy: +bf'tf’X0 ‘|‘t t

+tt ’It (X2 _X0)2 +

3
1y g + Ay (¥ = X0 )° =4512 4 1 45.4.40067 +

3
06-1227 +06-1227-(79,85 - 4446 )* +513 +

+534- (145,34 — 44 /46 )* = 1116643 cu*,
rac X; — pacCTosAHHUC OT OCH Y1 O HCHTPA TAKECTHU TOPMO3HOI'O JIMCTA:

b
X, O g 288 1220 gg65
2 2 2 2

X1 — PaCCTOAHUEC OT OCH Y1 A0 LCHTPA TAKCCTU OKaIL/'IMJ'IHIOH_IeFO BCJIICpA:
X, =h, —t, —z, =150 18268 = 14552 cu,

Zy =2,68 cM — pacCTOsSIHHE OT Kpas CTEHKH A0 LEHTPA TSKECTH IIBEILIEpa
Ne36.

MOMEHT CONpPOTUBJICHUSI TOPMO3HOM OAJIIKM OTHOCUTEIIBHO TOUKH A

|
w,=—L = LLIOOES 166769 cn®.

b, 45
T 4446+
ey ) (we)

IIpoBepsieM MPOYHOCTH MOJIKPAHOBON OAIKH:
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M, M, 615440 117260
i _

= + =0,980 <1.
W,-R, W, -R, 396587-23 16676923

3amac ONpOYHOCTH COCTaBISIET 2%, YTO CBHUJAETEIBCTBYET O pPaLUO-
HaJIbHO MOJI00paHHOM CEYEHUHU.

[Ipo4HOCTh CTEHKM Ha ACHCTBHUE KacaTEelbHBIX HAINPSKEHHI oOecrie-
YeHa, TaK KaK NPUHATas TOJNIIMHA CTEHKH OOJIbIlIEe OMPENEIEHHON U3 YCIO-
BUs cpe3a. [IporuObl Oanky MpoBepsATh HE CIENYET, TaK KaK MPUHATAs BbI-
corta 0ajiku 0oJibiIe hyn.

F,=714,8 kH

Kl / OnpenensieM MECTHbIE HANPSKCHUS
(pucynok 7.10) mom kaTKOM KpaHa B CO-

OTBETCTBUM C M. 8.2.2 [1]:

N
p

ve-Fe 17-7148
tylg  14-502

=173 kH | cm?,

Oloc =

PucyHok 3.10 — Mecrt-
HBIC HAIIPAKCHUA B CTCHKC
OaKH

rae v¢ =1,7 mo m. 9.9 [3] niug kpaHoB pe-
*Krma pabotel 8K mpu rubKkoM IMojBece
rpy3a; leg — pacderHas mymHA pacmpese-
JICHUS MECTHBIX HaIPS>KEHUI:

|
Iy —co3 1L =325.522032 505
t, 14

rae lyy — cyMMapHbIE MOMEHT HHEPIIMM KPAaHOBOT'O PeIbca U BEPXHETO IMOs-
ca OaJIKH:

3
45-4 = 51632 cu’:

|, =492323+

4
rae 4923,23 cM® — MOMEHT uHepuuu KpanoBoro penbca KP-120; ¢=3,25 —
KO3 PUIIMEHT MOAATIMBOCTH COMPSDKEHUS TMOsSCa U CTCHKU JJIA CBapPHBIX
Oanoxk.

IToBepsieM TPOYHOCTH CTEHKH OAJIKKM Ha JEWCTBHE MECTHBIX HampsikKe-
HUM;
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F .
Fiohe | LOTIA8 g5 g
ty -l -R, 14-50,2-23

[TpoYHOCTH CTEHKH OT JIEUCTBUSI MECTHBIX HAMPSHKEHUM o0ecredeHa.

w

3.3.5 lMpoeepka MecmHoOU ycmoUlivyueocmu camoz20
rnosica u cmeHkKu

Ilposepka mecmuou ycmouuugocmu cxncamozo noaca oanku. 11po-
BEPSIEM MECTHYIO YCTOMYHUBOCTH MOsica B cooTBeTcTBUU C 1. 8.5.18 [1]. Jdusa
IBYTaBPOBBIX CEUEHUN C HEOKaMMIJIEHHBIM MOsicoM st Oanok 1-ro kiacca
(mpu pabote B ynpyrou craauu) (pakruueckas rmOKOCTb CBeca Mosica Co-

CTaBJIACT:
by Ry 218 [ 23
tc VE 4 \20600

b, —t _
by = fz W=4521’4=21,8 cn.

IIpenenbHOE 3HaUeHHE THOKOCTH cBeca mosica 1o m. 8.5.19 [1] cocras-

JISACT.
_ R _
Aui =05 |- =05 /ﬁ —05>4¢ =018,
o 22 55

I7l€ G, — HAaMOOJbIIee CKUMAIOIIEE HANIPSIKEHUE B MOsAce 0anku (B TOUKE A):
o - M, M y 615440 117260

+
< W, W, 396587 166769

YcnoBue BeinosHseTcs. TakuM o0pa3oM, MECTHasE YCTOMYHUBOCTh MOSI-
ca obecriedeHa.

Ilposepka mecmmuoit ycmounyueocmu cmenku oanku. OnpenensieMm
YCIOBHYIO THOKOCTb CTEHKHU

R
_h, [Ry _180 / 13525
t, VE 2060

CJIeIoBaTeNIbHO, HE0OX0AMMa MPOBEPKA CTEHKU Ha YCTOMYHMBOCTh. TaK Kak
Aw = 4,3>2,2 (npu HATUYUM TOJABUXKHOW HArpy3KH Ha MOsACE) HeoOXoanuMa
MOCTaHOBKA IMOIEpPeYHbIX pedep xecTkocTH. [Ipu A, >3,2 paccTosiHuE MEX-

80

rae bes — cBec mosica:

255 KH | cn?.




1y OCHOBHBIMM IOIEPEUYHBIMH peOpaMu HE JOHKHO mpeBbimarh 2N, (a
opu Ay, < 3,2 — He Ooiee 2,5hy,).

Hasznauaewm paccrosnue Mexay pedopamu xectkoctu 2000 MM, 4To
menbie 2h,, = 2:1800 = 3600 mm. Omnpezensem ceueHue pedep KECTKOCTH
no 1. 8.5.9 [1]: mupuna mapHoro peodpa:

h, 1800

b, > —+25 ymm=——+25=85 mwm.
30

[Tpuarmaem b, = 85 mM; TommmHa pedpa:

R
t >2.b, -J%:z-eaj%:s,aa o,

npuHuMaem t, = 6 mm.

JI71st MpoOBEpPKHM MECTHOM YCTOMYMBOCTH CTEHKHM Oajikh BBIJECISEM JBa
pacyeTHBIX OTCEKa — MEPBbIM Y OMOpPHI, IJe HAUOOJbIIINE KacaTeIbHbIE Ha-
NpSDKEHUS, U BTOPOU B cepelinHe MpoJi€Ta Oaliku, rae HauOoJIbIIue HOP-
MalibHble HampsbkeHus (puc. 7.11,a). Tak kak miauHa orceka a = 2,0 m
IpeBBIIaeT ero BeIcOTy Ny = 1,8 M, TO HaNpsKEHHE MPOBEPSIEM B ceue-
HUSX, PAcCIIOJIOKEHHBIX Ha pacctosiaud h,,/2=0,9 M oT Kpas oTceka.

Brruncisiem pacCTOsSHUS OT OIOPHI 10 paCYETHOTO OTCEKA X1 U Xo!

x; =2000-900=1100 sruwm;
x, =6000—-900 = 5100 mwm.

Ilposepaem mecmuyro ycmouuugocmo CMeHKU OAiIKu nepeozo om
onopwsl omceka. PacnonokeHue KaTKOB KPAHOB MPUHATO MO METOJHKE,
pazpabotannoit uacturyroM [HHUUIIpoekTcTanbkoHcT-pykuust um. H.IL.
MenbsHrkoBa. KpaliHee KOneco OJHOr0 KpaHa yCTAHABJIMBAEM B CEUECHUE,
I7ie MPOBEPSIETCA MECTHAs YCTOMYMBOCTh CTeHKHU (x; = 1,1 M), a BTOpOH
KpaH yCTaHaBJIMBAaeM K IepBOoMy BIUIOTHYIO (puc. 7.11,0). Omnpenensem
OTOPHBIE PEAKIUU OAJIKU:

ZMA =0; F,;-03+F,;-(03+08)+F,, -(03+08+315)+
+Fk2 '(013+018+3115+018)+ Fkl‘(O,3+O,8+3,15+0,8+4,6)+
+F,-(03+08+315+46+08)-R;-12=0.

Orcrona R = 1757,4 kH. Onopnas peakiust R, onpenensiercst u3 yc-
JIOBUSI:

dY=0; 4-Fy+2-F,-Rz;—R, =0.

Otcroma R = 2453,4 xH. OnpenensieM n3rn0arommne MOMEHTHI:
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6 ceuenuu x1 = 1,1 m:
M; =R, X —F,-08=24534-11-7148-08 =21629 kH - m;

6 cewenuu 1-1, x1.1. = 0,2 m:

8 cevenuu 2-2, Xp.p = 2,0 m:
Mjy y =Rp-Xpp = Feq (X2 =03)=Fg (X2 —11) =

= 24534.20-7148-(20-03)-7148-(20-11) =
=3048,3 xH - m.

CpenHue 3Ha4YEHUS M3rMOAIOIIEro MOMEHTA W IMOINEPEYHOM CUJIbI Ha
paccTosiHuu x; = 1,1 M oT onopsl A ¢ yuérom ko3pdunuenrta o= 1,05, yuu-
THIBAIOIIETO COOCTBEHHBIN BEC MOJIKPAHOBON KOHCTPYKITUHU, COCTABIISIET:

M =0[-(M1+M1_1+M2_2)/3=
—105-(21629+4907 +30483)/3=19957 KkH - u;
Q, =105-(R, —F )=105-(24534-7148) = 18255 1.
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h,/2=900
| I —
ooy SR
ORI S R SRR
IR RN NRS AN
NN ARNN NN IN a)
Il 2 Ll
xi=1100
| x=5100
a=2000 | a=2000 | a=2000 | a=2000 | a=2000 | a=2000
Fie=714.8 kH Fi;7=675.8 kH Fi=714,8 kH
(A —_—— r
" ]
L | 6)
| Jsoo] 1550
300 1800 3150 [800] 4600 1800 1550 |
X1=| 100
* R=2453,4 kH R=1757,4 m*
Fiy=675,8 kH Fi=714,8 xH Fi;7=675,8 kH
e, e,
i—i $ \*‘)—(t '
T ﬁ B)
- 4300 800 3150 J_soo]F 2950 7
x>=5100
+ Ra=1534,2 xH RE=1247,0 KH+

Pucynok 3.11 — K pacuéry MecTHON yCTOMYMBOCTU
CTEHKH TMOJKPAHOBOM OaKU

OnpenenseM HOpMaJIbHbIE, KACATEIbHBIE U MECTHBIC HAIPSIAKECHUS B
CTEHKE OMOPHOTO0 OTCeKa npu X; = 1,1 m:
HopMabHble (B yPOBHE BEPXHEN KPOMKHU CTEHKH):
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M h, 199570-180

o=— =482 xH | cu’:
W h 396587188
KacamejibHble HAIPSKCHUS:
T = Qs = 18255 =724 xH | cn®:
t,-h, 14-180

Mecmubie HaPSKEHUS TIOJT KOJIECOM MOCTOBOI‘O KpaHa OBLIM Ompe-
JICIICHBbI PAHEE U COCTABJISIOT Gloc = 17,3 kH/cm?.

OnpenenseM KPUTHYCCKHE HANPSKEHUS JJI CTCHKH OIMOPHOrO OT-
ceka npu oTHomeHuun p = alhy, = 2000/1800 = 1,11, a Takxke nmpu Kod¢-
(duIeHTe 3ameMICHUS CTCHKH

3
LN zz.ﬁ.(if:mﬁ
h, \t, 180 \14 o

rae B =2 — 15 He MPUBAPEHHBIX pebcoB 1o Tadbmuue 13 [1].

ITpu & = 11,66 u 0,8<p=1,11<1,33 nmo n. 8.5.5,0 NpoOBEPKY CTEHKHU
MPOBOJUM JABAXK/IbL:

1 Bapuant. [Ipunumaem a,=0,5a. B cooTBeTcTBUM ¢ 1. 8.5.3 [1] kpu-
TUYECKUE HOPMAIbHble HAPSKEHUS BhIYucisieM mo gopmyie (81) [1]:

Cer-Ry  3513-23

_ _ 2
O = R 432 =437 kH | em”,
Aw
rae Cor = 35,13 — o Tabmuie 12 | — THOKOCTb CTEHKH:

/y 180/
2060

Kacamenvnvie kxputuueckue HanpsKEHUS omnpenensieM mo Ggopmy-
ae (83) [1]:

R
Ter :10,3-[14—@)—;:
“ s
=1o,3-(1+ 0’762)13’324 =1201 «H | em?,
1112) 43

Mecmnule kputndeckue Hanpspxerus mo ¢popmyste (80) [1]:
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R, 23
Glocer =C1Cp-—2 =2505-1685- > =525 kH | m?,

432
Aw

rae ¢, = 25,05, c,= 1,685 — mo tabmuiiam cootBeTcTBeHHO 14 1 15 [1] npm
a1/h,=0,5a/h,=100/180=0,56 u ipu

|
=104 2104°02 _( 29
h, 180

B cootBerctBuM C . 8.5.3 [1] MecTHast yCTOMYUBOCTH MPOBEPSETCS IO

dbopmye:
2 2
9 4 o +(L) ly.<1.
O¢r Oloccr Ter

HOJICTaBJ'ISIeM COOTBCTCTBYIOIIHNC 3HAUCHUA H&Hpﬁ)KGHPIﬁI

2 2
4’824—17’3 + r24 /1=0,746 < 1.
437 525 1201

Takum 06pa30M, MCCTHast YCTOﬁqHBOCTB CTCHKH B OITIOPHOM OTCCKEC 110

| BapuanTy pacuéra obecneuena.

2 BapuanT. OmnpenensieM MECTHbIE HaIPsSHKEHUA TNMpU (PAKTUYECKHUX
pa3mepax orceka a/ h,=200/180=1,11. ITo tabmmmam 14 u 15 [1] onpenerns-
eM ko3(ppurumentsl c;= 10,68 u ¢,=2,06. IIpu 31X 3HaUYECHUSIX KOIPPUIIHEH-

TOB.

R, 23
Glocer =C1 2 — =1068-206 -~ = 27,36 xH | n°.

43°
Aw
HopMaiibHble KpUTUYECKUE HATIPSKECHHUS:
Cer 'Ry 425.23
cr y
=2 "2 = 5287 kH | em?,

_ 43

Aw
rae c=42,5 — mo Tabmuue 16 [1].

KacaTenbHble KpUTHYECKHE HANPSKEHUS OCTaBJIIeM 0€3 M3MEHEHUS.

ITIpoBepsieMm MECTHYO yCToﬁqHBOCTb CTEHKU:

2
482 173 +7,24 /1=0942 <1.
5287 ' 2736 1201
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Takum 00pa3om, MECTHAsI YCTOMYMBOCTh CTEHKH B OIIOPHOM OTCEKE IO
2 BapuaHTy pacu€ra odecneueHa.

Ilposepsaem mecmuyio ycmoiuueocms CmeHKU 0anKu cpeonezo omce-
ka. KpaliHee KoJecO OJJHOTO KpaHa YCTaHAaBIMBAEM B CEUECHUE, TAE MPOBeE-
psAETCsl MECTHask YCTOMYMBOCTh CTEHKHU (Xp= 5,1 M), a BTOpO#l KpaH ycra-
HABJIMBAE€M K NEpBOMY BILIOTHYIO (puc. 7.11,B). Onpenensem onopHsIe pe-
aKIMu OAJIKU

dM,;=0; Fy-43+F,-(43+08)+F,-(43+08+3]15)+
+F,-(43+08+315+08)-R;-12=0.

Orcrona R = 1534,2 kH. Onophnas peakiusa R, onpenensiercst u3 yc-
JIOBUSL:

DY =0; 2-F,+2-F;—Rz;—R, =0.
Orcrona Ry = 1247,0 xH. OnpenensieM n3rudarommne MOMEHTHI:
6 ceueHuu x, = 5,1 m:
My;=Rp-X;—F,-(x;-43)=
=15342-51-7148-(51-4,3)=72526 «xH - u;

6 ceuenuu 3-3, x3.3. = 4,2 .m:

8 ceuenuu 4-4, x4.4= 6,0 m:
My 4 =Rp X4y —Fo (X4 =43)—Fp (X4 —43-08) =

~15342.60-7148-(60-43)-7148-(60-43-08) =

=7346,1 kH - m.
Cpennue 3Ha4YeHHUs] M3rHOAOIIer0 MOMEHTa M TOMEPEeYHOM CHJIbl Ha
paccTOsTHUU X=5,7 M OT onopsl A ¢ yuérom kodpdunuenta a; = 1,05, yuu-
THIBAIOILIETO COOCTBEHHBIN BEC MOJKPAHOBOM KOHCTPYKIIUU, COCTABJISIET:

=105-(72526 +64436 +7346,7 )/ 3=73650 kH - m;
Q, =105-(Ra—Fz) =
—105-(1534,2—714.8) = 860 4 KH.

OnpenenseM HOpMaJIbHbIE, KACATEIbHBIE U MECTHBIC HAIPSIAKECHUS B
CTEHKE OMOPHOT0 OTCEKA MpHu X; = 5,1 m:
HopMablble (B yPOBHE BEPXHEN KPOMKHU CTEHKH):

86



~ M h, 736500180

o= = 1778 xH | cm?
W h 396587188
Kacame/ibHble HANIPSHKECHUS:
T = Qs = 8604 =341 kH | cm?;
t,-h, 14-180

Mecmubie HaPSKEHUS TIOJT KOJIECOM MOCTOBOI‘O KpaHa OBLIM Ompe-
JICIICHBI PAHEE U COCTABJISIIOT Gloc = 17,3 kH/cm?.

OnpenenseM KPUTHYCCKUE HANPSDIKCHHUS JJII CTEHKH OIOPHOrO OT-
ceka npu oTHomeHuun p = alhy, = 2000/1800 = 1,11, a Takxke nmpu Kod¢-
(duIeHTe 3ameMICHUS CTCHKH

3
LN zz.ﬁ.(if:mﬁ
h, \t, 180 \14 o

rae B =2 — 15 He MPUBAPEHHBIX pebcoB 1o Tadbmuue 13 [1].

ITpu & = 11,66 u 0,8<p=1,11<1,33 no 0. 8.5.5,0 MpOBEPKY CTEHKHU
MPOBOJUM JABAXK/IbL:

1 Bapuant. [Ipunumaem a,=0,5a. B cooTBeTcTBUM ¢ 1. 8.5.3 [1] kpu-
TUYECKUE HOPMAIbHble HAPSKEHUS BhIYucisieM mo gopmyie (81) [1]:

Cer-Ry  3513-23

_ _ 2
O = R 432 =437 kH | em”,
Aw
rae Cor = 35,13 — o Tabmuie 12 | — THOKOCTb CTEHKH:

/ y _ 180 /
2060

Kacamenvnvie kxputuueckue HanpsKEHUS omnpenensieM mo Ggopmy-
ae (83) [1]:

103(1%]&

“ s

:103-6L+072]-13%f:4291 kH | en®;
111°) 43

Mecmnule kputndeckue Hanpspxerus mo ¢popmyste (80) [1]:
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R, 23
Glocer =C1Cp-—2 =2505-1685- > =525 kH | m?,

432
Aw

rae ¢, = 25,05, c,= 1,685 — mo Ttabmuiiam cooTtBeTcTBeHHO 14 1 15 [1] mpm
a1/h,=0,5a/h,=100/180=0,56 u ipu

|
=104 2104°02 _( 29
h, 180

B cootBerctBuM C . 8.5.3 [1] MecTHast yCTOMYUBOCTH MPOBEPSETCS IO

dbopmye:
2 2
9 4 o +(L) ly.<1.
O¢r Oloccr Ter

HOJICTaBJ'ISIeM COOTBCTCTBYIOIIHNC 3HAUCHUA H&Hpﬁ)KGHPIﬁI

2 2
17’78+17’3 + ﬂ /1=0,789 <1.
437 525 1201
Takum 06pa30M, MCECTHaAsA YCTOfIQHBOCTB CTCHKH B CPCIAHCM OTCCKEC II0

| BapuanTy pacuéra obecneuena.

2 BapuanT. OmnpenensieM MECTHbIE HaIPsSHKEHUA TNMpU (PAKTUYECKHUX
pa3mepax orceka a/ h,=200/180=1,11. ITo tabmmmam 14 u 15 [1] onpenerns-
eM kod(ppurmentsl c;= 10,68 u ¢,=2,06. IIpu 31X 3HaUEeHUIX KOIPPUIIEH-

TOB

R, 23
Glocer =C1 2 — =1068-206 -~ = 27,36 xH | n°.

43°
Aw
HopMaiibHble KpUTUYECKUE HATIPSKECHHUS:
Cer 'Ry 425.23
cr y
=2 "2 = 5287 kH | em?,

_ 43

Aw
rae c=42,5 — mo Tabmuue 16 [1].

KacaTenbHble KpUTHYECKHE HANPSKEHUS OCTaBJIIeM 0€3 M3MEHEHUS.

ITIpoBepsieMm MECTHYO yCToﬁqHBOCTb CTEHKU:

2
17,78 173y (8ALY 4 10151
52,87 27 37 1201
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Takum oOpa3om, MeCTHasi yCTOMUYMBOCTh CTEHKH B CPEIHEM OTCEKE IO
2 BapuaHTy pacu€ra He odecneuena. Y BEIUUMBAEM TOJIIUHY CTCHKH JI0 15
MM. [ToBTOpsEM pacu€r no 2 BapuaHTy.

['eoMeTpuueckne XapaKTEpUCTUKNA CEYEHHUS:
3

h.3 b -t h-t, )’
IX:tW W +2. f f +2.bf.tf- f =
12 12 2

188 -4

15-180°
=—+
12

.45.43

2
2 +2.4.45.( j = 3776520 cu*;

W _ 21 _2-3776520

“h 188
KoaddurmenT 3amemMneHus: CTEHKU:

3
s_p.00 [t =2.£.(ij3:948
h, |t 180 \15 o

I'mOKOCTb CTEHKMU:

_ R
7 _h Ry 180 [ 23 01
t, VE 15 V20600

Hopmanvuvle nanpsikeHus (B ypoBHE BEpXHEH KPOMKHU CTEHKH):

= 401757 cm®.

s M hy 736500180 oo o,
W h 401757188
KacameibHble HAIIPSIKCHUA !
T = Qs = 8604 =318 xH | cm?®;
t,-h, 15-180
MeCmHble HAIIPAKCHUA:
F .
oo = e JLTA8  eoy i ren?,
t, l; 15-4907

rae v =1,7 mo n. 9.9 [3] ana kpaHoB pexuma padbotsl 8K mpu ruOkom mno-
Bece rpy3a; legs — pacuerHas ayMHa pactpeIeIcHUs] MECTHBIX HalpsKCHUH:

I
ls =C-3 ELE 3,25-3 51632 =49 07 cwm;
t, \ 15

rae Iy — cyMMapHBIii MOMEHT MHEPIIMHA KPAHOBOI'O pelibca U BEPXHETO MOs-
ca OaJIKu:
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45.43

|+, = 492323+ =51632 cu”;

ITo tabmumam 14 u 15 [1] onpenensiem ko3¢ duiuentsl c;= 10,68 u
c,=2,05. [Ipu 5TUX 3HaUeHUAX KOIPPUIIMEHTOB

23

Tor? — 3132 xkH | Mm?.

R
Clocer =C1+C - —5 =1068-2,05-
Aw
HOpMaJIBHBIe KPUTHYCCKHUC HAIIPAKCHU A
o = Ccr 'Ry _42,523
e 4012
Aw
KacarennHbIE KPUTHUYICCKHUC HAIIPAKCHUA:

@j R,

=6078 xH | cv?.

lu2 2

Tor = 10,3-(1+
Aw

=1382 xH | cm.

210’3.(“ 076 j.13,34

111% ) 401°
IIpoBepsieM MECTHYIO YCTOMYUBOCTh CTEHKH:
2 2
(17 20 16 ’Slj + (—3’19 j /1=0848 < 1.
6078 3132 13,82

Takum oOpa3om, MecTHasi YCTOMYHUBOCTh CTEHKH B CPETHEM OTCEKE 10
2 BapuaHTy pacuéra odecneuena.

3.3.6 Pac4ém Ha npo4YHOCMb CMeHKU b6asiku

[To . 8.3 [1] mpu pacu€re Ha MPOYHOCTh CTEHOK OallOK MpPH KpaHax
pexuMoB padboTsl 7K 1 8K 10JKHO OBITH BBITIOJIHEHO YCJIOBHE:

B 2 2 2
R_ \/(GX + Gloc,x) o (Gx + Oloc x ) Oloc,y + 0 locy T 3(z-xy + z'Ioc,xy) <1
y

IIpoBepky npoBoaum B cedueHun X3=1,1 M U x,=5,1 M 10 pHUCYHKY
7.11. Ycunmms B ceuenusx: Mq1=2162,9 xkH-Mm, Q=1825,5 xH; M,=7252,6
kH-Mm, Q,=860,4 xH.

A) Ilposepxa npounocmu cmenku 8 ceyenuu x1=1,1 m.

OnpenenseM HaNPSKEHUS
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M, h, 216290180

Oy = = =515 kH | cu®:
W h 401757-188
Ty = S _ 16255 =676 xH /cm®;
t,-h, 15-180
y¢1-F 17.
Oroey = LT 1290 _ggon g e,
s -1, 4907-15
31ECh
I
Il =C-3 % = 3,25-3/5116:'2 =4907 cm;
w y
Clocx =0:25070, =0,25-1524 =381 xH | cm®;
oy - Mty 2787315 o0 o2
I 73109
rac.

I\/It =7t Vi1 Fn 'e+0v75Qt 'hr =
=1,2-17-550-(0,2-012)+075-406,3-0,17 =7873 xH - u;
I, =1, +b; -t? /3=635091+45-4%/3=7310,9 cm*,

3nech Q=406,3 kH — pacu€rHas ropu3oHTalbHasl Harpy3ka, BbI3bIBaE€MKas
MEPEKOCAaMH MOCTOBBIX KPAaHOB W HEMApalIeIbHOCTHIO KPAHOBOTO IIYTH,
onpeneneHa B pasaene 7.3.2; l; =6350,91 cM’ — MOMeHT VHEPLUU PU KPY-
YeHUH KpaHoBOTo peiibca KP-120; e=0,2b — 3KCIEHTPUCUTET TPUIIOKEHUS
Harpy3ku, b=120 MM — muprHa KPaHOBOTO pejibCca.

Tloc,xy :O’3O-|oc,y 201315,24 = 4,57 KH/CMZ;
7ty =0250; ,=025-323=081 «H / cm®.

IToncraBisieMm 3HadYeHUST HANPSHKEHUN B DOPMYITY:

%\/(5,15 +381)° —(515+3,81)-15,24 +1524° +3(676 + 457) =

=0,896 < 1.
Koadpduuuent P=0,87 mpunumaercs s paspe3nbix Oanok. [Ipou-
HOCTBb CTEHKH B CEYEHHUHU X1 0OecIIeueHa.

b) Ilposepka npounocmu cmenku 6 ceuenuu x,=3,1 m.
VYeunus B ceuenun: M,=7252,6 kH-m, Q,=860,4 xH.
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Hanpsixenus:

M, h, 725260-180

Oy = = =17,28 xH | cm?;
W h 401757-188
Txy = Ql = 860’4 = 3,19 KH/CMZ;
t,-h, 15-180
: -F 17 -
Uloc,y=7f Ye1' P 12-17 550=15,24 CH | eni?.
les -ty 4907-15
34€Ch
|
ls = C-3/% = 3,25-3/—5116:'2 =4907 cm;
W Y
Oloc x :O'ZSGIoc,y =0,25-1524 =381 xH | cn®;
oy = 2M, -t _ 2-1873-15 ~323 xH | en,
| 73109
rac:

Mt :]/f 'yfl'Fn e+0,75Qt 'hr -
=1,2-17-550-(0,2-012)+075-406,3-0,17 =7873 xH - u;
I, =1, +b; -t} /3=635091+45-4%/3=73109 cm*;,

3nech Q=406,3 kH — pacuéTHas ropu3oHTaIbHAsL Harpy3Ka, BbI3bIBacMast
NEPEKOCaMH MOCTOBBIX KPAHOB M HEMAPAJUIEIIbHOCTHIO KPAHOBOTO ITYTH,
onpeneneHa B pazaene 7.3.2; 1;=6350,91 cM’ — MOMEHT VHEPLUHU IIPU KPY-
yeHUH KpaHoBoro penbca KP-120; e=0,2b — skcrieHTprcHTET IPHITOKEHUS
Harpy3ku, b=120 MM — mUprHa TOOMIBEI KPAHOBOTO peJibCa.

Tioosy = 030150y =03-15624 =457 «H | cm?;
Ty XY :Oazsaf,y 20,253,2320,81 KH/CMZ.

IToxcraBisieMm 3HadYeHUS HANPsHKEHUN B DOPMYITY:

% J(17,28+381)° - (17.28+381)- 1524 +1524 +3(319 + 457) =

=0875<1
[IpoYHOCTh CTEHKH B CEUEHHUH X, OOECIieyeHa.
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3.3.7 Pac4em nosicHbIx coeOQuUHeHUl (ceapHbIX wWeos)

[Ipn monepeyHoM u3rude mosca COCTABHOM OalKuh CTPEMSTCS CIBH-
HYTBhCSI OTHOCUTEIBHO CTEHKHU (PUCYHOK 2.9).

PucyHok 7.12 — K pacueTy TOSICHBIX CBapHBIX IIIBOB

Cuna cnBura T onpeaensgercs o ¢popmyie:

~ Qmax-Sf1 21324-16560
l, 3776520

e Sf]_ — CTaTU4YECKUU MOMEHT OJIHOI'O IT1Os1Ca:
h, ot
Sy =b | 24" =45-4-(@+fj = 16560 cn®;
2 2 2 2
|X—MOMCHT HHCPIHNHU CCUCHUA:

h3 bget? h—t \’
|X:M+2. L1 42.b, -t L)
12 12 2

15-180°
= +
12

Yeunue T BocnpuHUMaeTcs cBapHbIMU I1BaMu. HazHauaem mapamert-

pbl CBapKU: CBapKa aBToMaruyeckas mnoj ¢gurocom mapku AH-348-A, cBa-
pounas mpoBoJsioka mapku CB-08A (tabmuma I'.1 [1]), pacuetHoe cormpo-
THBJICHHE MeTauia uBa Ry = 18,0 kH/cm” (tabmuua I'.2 [1]), Merama rpa-
uunpe!l criasinenusa R, = 0,45-R,, = 0,45-37 = 16,65 kH/cm? (Run = 37
kH/cm? npuHuMaeTcs 1o tabmmie B.5 [1] ansa cramm C255 TommuHOMN
20...40 MM), nMaMeTp CBapOYHOM MPOBOJOKH 5 MM, MOJIOKEHUE IIBA — B
noaouky (tabmmia 39 [1]). HasnauaeM mpeaBapHUTEIbHO KaTET IITBa MUHU-
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MaibHBIM Kf = 5 MM (Tabmuma 38 [1]). ITo Tadmuue 39 [1] onpenensem ko-
3 PULMEHTHI TPOTUIABICHHUS 1I1BA:

p: =11, B, =1]15.

OmnpenernseM pacueTHOE CONPOTUBIICHUE IIBA:
P: Ry =11-18=198>

> B, R, =1665-115=191 xH / cu®.

Takum 00pa3oM, pacyeTr BeleM IO METAJULy TPaHULbl CIUIABJICHUS.
Omnpenensiem TpeOyeMblid KaTET MIBA:

T 935
n,-l, (B, R,) 2-1-191

K = 0,24 cwm,
rjae Ny = 2 — KOJIMYECTBO MOSICHBIX CBAPHBIX IITBOB.

B cootBercTBUU ¢ TpeOoBaHusMHu Tabmuibl 38 [1] ocTaBisem Kater
mBa Ks min = 6 MM > K¢ = 2.4 MM.

7.3.8 KoHcmpyupoesaHue u pacyem OornopHoOU Yacmu
6anku

[IpuHrMaeM KOHCTPYKIMIO OMOPHOW YAaCTH IJIABHOM OalK MO PUCYH-
Ky 2.10.

PucyHok 3.10 — OnopHast yacTh TJIAaBHOW OaKu

OmnpenensieM pa3Mepbl CEYEHUs OMOPHOTO pedpa U3 YCIOBUSI CMSITHUS
ero Topua. Tpebyemas momaap pedpa:

= Qmax = 21324 =591 cum?
rmp R 361 ’ ,

p
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rae R, = 36,1 kH/cm? — no Tabumne B.7 [1] npn Hamuuuu npuroHku. [Ipu-
HUMaceM IIMPHHY OIOPHOI0 pedpa paBHOM mupuHe mosica b, = by = 45 cm.
Otcrona Tpedyemas ToJuHa pedpa:
_Armp 591
I 45

[Ipuanmaem no copramenty t, = 1,4 cm. [IpoBepsiem ycioBue:

Ry, 23
tl’ >3'br E,1,6 cem < 3-45 m:4,52CM.

YcnoBue He BbinonHsercs. [Ipunumaem tonmuny pedbpa 50 mm. On-
peaensieM HaNpsKEHUE CMSTHUSA:

Quax 21324
b, -t,-R, 45.5-36,1

t =131 cm.

=0,26 < 1.

p

[Ipounocts pebpa Ha cMmatue obecmneueHa. OmnpenensieM THOKOCTbH
pebpa otHocuTenbHO ocu Z (pucyHok 2.10). B padoty pebpa BKirodaeTcs
94aCTh CTEHKHU OQJKH JTMHOM

b, =065-t,, - /RE ~065-15- ‘/%6300 =292 cnm.
y

Brrunucnsem IreOMCTPUYCCKUC XAPAKTCPUCTHUKH 3aINITPUXOBAHHOI'O CC-
YeHHUSI OTHOCUTEIHLHO OCH Z.

Py =Dy, ty +by 1, =45-5+292-15=2688 cu’;

t,-bS b -t 5.45° 292.153
z — + = +
12 12 12

i, = = :\/37977 =1189 cm.
A, 2688

YcnoBHas ruOKOCTb pedpa OTHOCUTENBHO OcH Z:

_ h. |R /
7, = M, y:180. 23 _12,
t, E 5 20600
BceTynaroriyro 94acTh a BIYHUCISIEM 110 (hopMyIIe:

a<lb-t, =15-5=75 cm.

OkoHyaTenbHO puHUMaeM a = 3,0 cM.

| = 37977 cu’;
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[TpoBepsieM MECTHYIO YyCTOMYMBOCTH OMOPHOIO pedpa. YciaoBHas ruod-
KOCTb

b Ry 2175 [ 23
t; V E 5 V20600

Af = =0145,

rae bes — cBec mosica:

bef -

b, —t, 45-15
2

IIpenenbHOE 3HaUeHUE TMOKOCTU cBeca mosica nmo tadmuie 10 [1] co-
CTaBJIISCT:

=21.75¢cm.

Aut =036 +010-1,=036+010-12=048 > =0.145.

YcnoBue BeinosiHsgercs. TakuM o0pa3oM, MECTHAsA YCTOMYMBOCTD MOSI-
ca o0ecrieyeHa.
[IpoBepsieM yCTOMYMBOCTH OMOPHOM YacTH OaqKu OTHOCUTEIBLHO OCU

Z. TIpu rubkoctn A, =12 mo tabmune .1 [1] ¢, = 0,927 u HanpsKEHUS:

Quax 21324
o, A -R, 0927-268823

=0372<1

OO6m1as ycTOWYUBOCTH ONMIOPHOTO pedpa odecreyeHa.

B cootBerctBue ¢ m. 8.5.17 [1] npoBepsieM CBapHOW OB, KPEHSIIHIA
OMOpHOE pedpO K HIKHEMY MOSICY OalkH, KOTOPBIM JOJIKEH BBIJACPKAThH
onopHyto peakuuto. [Ipu mupune onopHoro pedpa 24 cM onopHasi peaxuus
BOCIIPUHUMAETCS JABYMs IIBamMu JUIMHOW 1o 11,4 cM mo BepXy HUIKHETO
nosica ¥ OJHUM IIIBOM JIJIMHON 24 CM IO HUXHEW MOBEPXHOCTH HUKHETO
nosica. PacuérHast 1yiMHa 3TUX IIBOB:

l, =2-(114-1)+(24-1)=43.8 cm.

Hasznauaem nmapameTpsl CBapKu: CBapKa IMOJTyaBTOMAaTHYECKasi B Cpefie
YIJIEKUCIIOTO Trasza, cBapoyHas mpoBojioka Mapku CB-0812C (tabauna 1.2
[1]), pacueTHOe compoTuBIeHHe MeTama uBa Ry = 21,5 kH/em® (taGmuna
I'.3 [1]), meTanna rpanuns! criaBienus Ry, = 0,45-R,, = 0,45-37 = 16,65
kH/cm? (Run =37 kH/cm? npuHuMaeTcs no tabmuie B.5 [1] ansa cramm C255),
JIMaMETpP CBAPOYHOM MPOBOJIOKH 2 MM, MOJIOKEHHE IIBa — HUxkHee. Ha3Ha-
yaeM npeaBapureabHo kateT mBa Ki = 20 mm. ITo tabauie 39 [1] onpenensi-
eM K03 (DHUITMEHTHI MPOILJIaBICHUS 1I1Ba:

p: =07; p,=10.
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PacuetHble COIIPOTHUBJICHU A
B Ry =07-215=1505>
>, R, =1665-10=16 65 xH / cm*.

Pacuer Beniem no metasty mBa. [IpoBepsemM mpoyHOCTH I11BA:

Qrax 21324
,-k;-3,-R,, 855-2-07-215

=0,83<1,

rIe
ly, =(b =1)+2-((b, —t,)/2-1)=

=(45-1)+2-((45-15)/2-1)=855 cm.
[IpodHOCTH IBOB OOECIIEUEHA.
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A IPOEKTHPOBAHHE CTPOITHJILHOH ®EPMbBI
4.1 O6bwue nosoxxeHusi

B KypcoBOM NpOEKTE pacCUUTHIBAIOTCS ()EpMbI U3 IBYX THUIIOB MPOKa-
Ta!

- U3 TIAPHBIX YTOJIKOB;

- C MOACAMU U3 TaBPOB U PEUIETKON M3 MapHBIX YTOJIKOB.

["abaputsl GpepMm U poHapel, a TakkKe MOCTOSHHbIE HATPY3KU OT KPOB-
JIA TIPUHUMAIOTCS U3 IlpuMepa .

Pacuer depm cBomguTcs K cOOpy Harpy3oK, CTaTHYECKOrO pacuera,
noadopa CeUeHUH IIEMEHTOB U pacyera y3JIoB.

4.1.1 C60p Hacpy30K Ha ¢hepmy

Cxema pacuetHolt (hepmbl iposierom 30 M nprBeeHa Ha pucyHke 8.1.

Hyon =2650

H,=3150

b 8xd.= 8x3000 = 24000 -
d,=2800 Skt il il i O d,=2800

[ =29600

PucyHok 4.1 — PacuetHas ¢pepma MPOMBIIIIICHHOTO 31aHUS

CxeMbl CTpONUWIBbHBIX (PEpM pazIMUHBIX MPOJETOB ¢ 0003HAYCHUEM
naHesnel mpuBeneHbl Ha pucyHke 8.2. Pacuer pepm Beaercs Ha cocpenoTo-
YEHHBIC HATPY3KH, IPUIIOKEHHBIE B Y3JIbI.
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. b ¢ d e f & h k
RE 314 /\6|7/\9[10/\12
N 5 8 11\JY
o
P 1=21 000
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&l |l 34 6|7 910 12
o 2 5 1N\v
. p
| 1=24 000
- b ¢ d e f & h k [ m
IRE 314 /N6 [7 /\ 90 /\12[13/\15
sak b 7 ) 5 8 11 14 \ |V
o -
P 1227000
- b ¢ d e f g h k [ m
w111 3|4 6|7 910/\u2l13/\I5
T3/ 2 5 8 1 14 \ |V
o~
P 1230000
- b ¢ d e f & h k [ m r S
SIRE 34 /N6l 7/\ 9l10/\u2[13/\15[16/\18] 18
*1®/ 2 5 8 1 14 17 \|V
i -
P 1=33 000
gD c d e f & h k /I m r s
2l 1 3|4 6|7 910/ \12/13/\I5|16/\I8]
T 2 5 8 11 14 17
K =]
P 1=36 000
b ¢ d e f g€ h k [/ m r S t u
1 3| 4 6|7 9l10/\12[13/\15[16/ \18[19 21
A/ 2 5 8 11 14 17 20
1 =42 000 p

PucyHok 4.2 — Cxembl CTpONMIIBHBIX (pepM ¢ 0003HaUYCHUEM

HaHeIeH
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4.1.2 NocmosiHHbIe Ha2py3KuU

CocTaB KpOBJIM U COOTBETCTBYIOIIME HArPY3KH BHIOMPAIOTCS MpUMepa
5. Bec doHaps, B oTIMYME OT pacyeTa pambl, YYUTHIBAETCS B MeCTax (DaKTH-
YecKoro ero onupanus Ha ¢epMmy (pucyHok 8.3,0) WM TIpUHUMAETCS
0,04...0,06 kH/M°. Bec OOpPTOBOM CTEHKH, KAPHU3HOTO OJIOKAa U OKOHHOTO
osioka mpunumaercs 0,15...0,25 kH/m.

PaBHOMEpHO pacnpesielicHHas MOTOHHAs Harpy3ka Ha ¢epMy OT TMo-
KPBITUSI 1 COOCTBEHHOTO Beca epMbl onpeiensiercs o hopmyiie:

q :(qpacq_q(j)mt Vi ) B'7n1
II€ Opacy — CyMMapHasi IIOCTOSTHHAS HArPy3Ka U3 TaOJIUIIbl COOpa Harpys3oK B
pasnene pacyer pamsel; (gpon — BeC QoHaps; y¢ = 1,05 — xooddunment Ha-

JEKHOCTHU TI0 HArpy3Ke, i METaNIMYeCKUX KOHCTPYKIui; v, = 0,95 — xo-
3O PUIMEHT YYUTHIBAIOIINNA CTETIEHb OTBETCTBEHHOCTH 3aHUS.

[Tocne aToro coduparoTcsi COCpPEOTOUEHHBIE CUIIbI B Y3JIbl CTPOIUIIb-
HOM (pepMbl B COOTBETCTBHHU C T'PY30BOH IUIOIIA/BIO Y374, MPUHUMAS BO
BHUMAaHHE JOMOJHUTEILHYIO 3MOPY OT Beca poHaps, KOTOPHIN ONpeenseT-
cA:

q(j)OH :qnd)"”'j/f ) B7/n
4.1.3 CHez2o0eas1 Ha2py3Ka

PacyeTHas MOroHHas CHEroBas HarpysKa onpejensercs 1o Gopmyie:
S:Sg K 'B'yn’

III€ Sy — pacyeTHas CHEroBas Harpyska 1o [3]; pj — ko3 duuueHT nepexona
OT Be€Ca CHErOBOr0 MOKPOBA HA TOPU3OHTAIBHOM MOBEPXHOCTU K CHETOBOU
Harpy3ke C y4e€TOM €ro HEpaBHOMEPHOIO pacIHpeleiIeHUs Ha KpPOBJIE IO
npunoxkenuto I' [3]; B — mar dgepm.
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EEEE e

b=8800 |, a=12000 | b=8800
1 =29600 a)

[TocTosnnas Harpyska
Mo 0,6 kH/m

BASARARAR DL It
TR TIETITRIXRXER1RRE;

L Ll ’
| BapHaHT CHErOBOHM HArPY3KH

u= 140,1(a/b) u=08 u = 1+0,1(a/b)

PV YV VNV YV F Y Vv IT VYV ¥ ¥

2 BAPUAHT CHErOBOI HAIPY3KH

uxl+0ﬂa%ﬂ u;l+0ﬂamn
u=l,0 p=10
HH

B)

LW\WNNJ

PucyHok 4.3 — PacuetHas cxema (hepMbl (a), CXEMBI
MPUIIOKECHUS

MOCTOSTHHOM (0) ¥ CHETOBOM (B) HArpy30K
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s 3nanuii ¢ poHapeM HOpMBI [3] paccMaTpuBaroT 2 BapuaHTa pac-
peeieHUs] CHETOBOM HAarpy3ku (pUCYHOK 8.3,B) CO 3HaYCHUSIMH KO3(Pdu-
UEeHTOB L. CoCpenoTOYEHHBIE CUIIBI OMPEACISAIOTCS aHAJIOTUYHO COCPEO-
TOYEHHBIM CHJIaM IIPU MTOCTOSIHHOM Harpys3Ke.

4.1.4 Haepy3ka om paMHbIX MOMEHMOoe

Tax kak epma compsiraercsi ¢ KOJIOHHOM )KECTKO, B OTIOPHOM CEUEHHUH
(dbepMbl BOBHUKAET MOMEHT, KOTOPBIM COOTBETCTBYET MOMEHTY B BEpXHEM
CEYEHUM KOJIOHHBI (pucyHOK 8.3,a). [lo Tabmuie 5.5 coderaHuil ycuiaui B
ceyeHuu 1-1 BeiOMpaeM cieayromme KOMOMHALIMY YCUITUNA:

1 Komounayus.

M MmaX’ anl =MCOOI7’I6‘;

nesl —
2 KomoOuHauu.

M M M M

CH

np2 choome_MCH'

nee?2 — Mmax —

4.1.5 Haepy3ka om pacrnopa pambl

Tak xak, B BEepXHEM CEUEHHUH KOJIOHHBI BO3HUKAIOT TEPEPE3bIBAIOIINE
CWJIBI, TO B HIDKHEM T0sice (pepMbl BOZHUKHYT MPOAOJIbHBIC YCUIIHUS, Ha3bI-
BaeMble pacnopoM (pucyHok 8.3, a). [lo tabnuue ycunuit (tabiauna 5.4) BbI-
OuparoTcs CAeAyrone KOMOUHAIINY:

1 komounayua. Qpey 1, Qup | — IPU TOM KE COYETAHUM, YTO U IEpBas
KOMOMHAIIUS OT ONMOPHBIX MOMEHTOB;

2 kombunayua: Qe 2, Qup 2 — IPU TOM K€ COYETAaHUM, YTO U BTOpas
KOMOMHAIIUS OT OIMIOPHBIX MOMEHTOB;

4.1.6 Cmamuy4eckuu pacyem hepmMbi

Omnpenenenre ycuiauid B 3jeMeHTax (pepMbl TPOBOAUTCS JIFOOBIM Me-
TOJIOM CTPOUTEIILHOW MeXaHUuKHU. Bcero Heo0Xxo1MMo MPOBECTH pacueThl Ha
CJIEAYIOIIME BUJIBI HATPY30K:

1)  Ha nocTosiHHYIO Harpy3Ky.
2)  Ha nepBblii BApHaHT CHETOBOM HArpy3KH.
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3) Ha BTopoii BapuaHT CHETOBOW HAIrpy3KH.
4)  Ha onopHblii MOMEHT M, = 1.
5) Ha onopsslit MoMeHT M, = 1.

4.1.7 CocmaesieHue pacyemHbix codemaHuli ycunuu

ITo pe3ynbraTaM CTaTHYECKOTO pacuera (epMbl Ha pa3IM4HbIC Ha-
IPY3KH, COCTABIISIFOTCS PACUETHBIE COUYETAHUSI YCUIIMM B KAXJIOM CTEPIKHE
dbepMmbl. [Ipu 3TOM NPUHIUIIBI COCTABICHUSI PACUETHBIX COUETAaHUM YCUIIUM
TAKUE K€, KAK IIPU COCTABJIEHUU PACUYETHBIX COYECTAHUM IPU PACUETE PAMBI.

4.1.8 KoHcmpykmueHblIl pacyem 35ieMeHmoe ¢hepMsbi

KOHCTpYKTHBHBIN pacdyeT CBOJAUTCS K ONPEACICHUIO CEUCHUMN JIEMEH-
TOB (pepmbl. OnpeiensAtOTCS pacyeTHBIE JJIMHBI CTEP>KHEN B IJIOCKOCTH U U3
MJIOCKOCTH (DepMBbI, KOTOPHIE PaBHBI:

a) B IJIOCKOCTH (DEpMBI: JJIs TTOSICOB U OTIOPHOTO CHKATOTO PACKOCA Ly
= 1, m1a oCTaNnbHBIX CXKATHIX CTepkHEH L, = 0,8. JI7s pacTsIHYThIX CTEpK-
Hew Ly = 1.

0) K3 WIocKoCTU (hepMBI: JJI MOSCOB pacyeTHas JIJMHA paBHA JTUHE
y4acTKa MEX1y TOUKaMH 3aKPEIUICHUS MOSCOB OT CMEIICHUS U3 TJIOCKOCTH;
IS DJIEMEHTOB PELIETKH Ly = 1.

[IpenBaputenbHO 3a7at0TCsl THOKOCTBIO CKATOTO CTEPKHS U ONpejie-
JSOT TpeOyeMyIo MII0IIaaAb o popmyie:

N
(Dx'Ry'yc

mp

rae Y. — koddduimeHt yciaoBus paboTel, paBHbii 0,95 myig mosicoB, omnop-
HBIX PACKOCOB M PACTSHYTHIX 2JIEMEHTOB PEIICTKH U paBHbINA 0,8 mis cxa-
TBHIX 3JIEMEHTOB PEIIETKH.

[To TpeGyemoii miomaau BEIOMpaeTcs Mo COPTAMEHTY Kalnuop npodu-
71, onpenensierca pakTudeckas THOKOCTh, MO THOKOCTH HAXOJIUTCS KO3(]-
(GULIMEHT TPOJIOBLHOTO M3TH0a, MOCIe Yero CTeP>KEeHb MPOBEPSIETCS HA yC-
TOMYMBOCTH B IJIOCKOCTH (PEPMBI:
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<1;
@ ARy -7
U3 TJIOCKOCTU (PEPMBI:
N
<1
@, ARy -7
JI71st pacTSIHYTBIX CTEPKHEN ompenensercsa Tpedyemas miomaib:
N
mp o .
Ry Ve

MOCJIE YETo TaKXe MoAOHUpaeTcss HoMep Mpo@uiisi U MPOBEPAETCS MPOUYHOCTD
CTEP>KHSL:

N

— <1
A~Ry~)/C

[Ipy 5TOM HEOOXOAMMO YUYHUTHIBaTh, YTO (HaKTHUYECKas THOKOCTH
CTEP>KHS HE JOJDKHA IPEBBIMIATh MPEACIbHO JOMYCTUMYIO, KOTOpas oIpe-
nensiercst mo Tadsuie 32 [1] mo hopmynam:

OJIs1 COICAMO20 NOSCA, ONOPHBIX CHCAMBIX PACKOCA U CIMOUKIU:
A, =180-60-«;
OJI51 NPOYUX CHCAMBIX DJICMEHMOB PEULCMKU!
A, =210-60- ¢,
rjae o — KodQPUIHMEHT, onpeaesieMbl o Gopmyire:
N
o= ,
Prmin - A Ry Ve

3]1€Ch QPmyin — MUHUMAJIbHOE 3Ha4YeHHE KoA(PUIMeHTa MpoaoJpHOr0 U3ruda
U3 Ox H @y,

0JIs1 pACMAHYMbBIX NOACO8 hepMm, HE TOABEPKEHHBIX HEMOCPEICTBEH-
HOMY BO3JICHCTBHIO TUHAMUUYECKUX Harpy3ok A, =400 (mo tadmuue 33 [1].

Tonmuuy ¢GacoHOK MPUHHUMAEM B 3aBUCHUMOCTH OT MaKCHUMaJbHOTO
yCUJIHS B 3JIEeMEHTax (DepMbl B COOTBETCTBUU C TaOmuiet 8.1.
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Taonuua 4.1 — PekomeH1yeMbl€ TONIIUHBI (DACOHOK (pepm

MakcuManabHOE o 150 Or160 | Or260 10 | OT 410
YCWINE B CTEPIKHAX 1m0 250 400 10 600
peuetku (kH)
Tonumuua (daconku 6 8 10 12
(MMm)

[Tponomkenue Tadauibl 8.1
MakcuMaiibHOE Or 610 o | OT 1010 | Ot 1410 Bonee
YCWINE B CTEPIKHIX 1000 mo 1400 | mo 1800 1800
pemetku (kH)
Tonmuua QacoHku 14 16 18 20
(MMm)

4.1.9 Pacyem y3508 hepmbi

Pacuer y3710B (epMbl CBOAUTCA K ONPEACICHUIO JUIMHBI CBapHBIX
IIBOB, KPEISIUX CTEPKHU PELIETKU K I0sICaM, K pPacueTy OMOPHOIO y3ia U
YKPYIHUTEIBHOTO CThIKA U MPUBOJUTCS B IPUMEpPE pacuera Pepmsl.

4.2 NMPUMEP 8. Pacyem cmponurnbHoU chepMbi

ITogoOpaTh cedeHHe IIEMEHTOB CTalbHOM (pepmbl mpojerom 30 M.
Harpysku u renepanbHbie pa3Mepsl epMbl PUHSTHI IO TIpuMepy 5. Mare-
puan — crajiab Kiacca C255 Ry =24 xH/cm® (Opu TONIIMHE MpOKaTa OT 2 10
20 mm), Ry = 23 xH/cM? (pu Tommuse mpokarta cebimre 20 10 40 mm). Ipo-
buaum BceX CTEp)KHEM — MapHbIE PABHOIOJOYHBIC YTOJIKW, (PACOHKU U3
CTaJIbHOTO JIUCTA. YKPYIMHUTEIbHBIN CTHIK HAa BHICOKOIIPOYHBIX OOJITAX.

4.2.1 C60p Ha2py30K Ha ¢hepmy
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a) [locmosiHHbIe Ha2py3Ku

CocTtaB 1 3HaUeHHE HArpPy30K Ha epmy MpUHUMAETCS 1Mo Tadswmie 5.1
2
npumepa 5. IIpunnmaem Bec ponaps (g = 0,05 kH/M", TOorna Bec nNoKpeITUs
0e3 yueTa Harpy3ku oT (hoHaps:

Quop = (G =Qg "7 ) 7 =
=(13-005-105)-095 =119 xH / m*°.
IToronHas Harpy3ka OT IOKPBITUSA:

0 =0, B=119-12=1428 kH | u;

Harpyska ot (epMbl:
U = (Quampa=Agpon ) V¢ "B 70 =
=(03-005)-105-12-095=30 xH / wm;

Harpy3ka ot (oHapsi:

qq’?OH =qd)OH.?/f B}/n =005-105-12-0,95=06 xH / m,

1€ Quarpa = 0,3 kH/M° — COOCTBEHHBIE BEC KOHCTPYKIIMH I1aTpa Mo TadiauIe
5.2.

Bua smropbl NOCTOSHHOW HArpy3Ku MpuBeleH Ha pucyHke 8.3,0. Hop-
MAaTHMBHYIO Harpy3ky OT Beca OOPTOBOM CTEHKH, KapHU3HOIO 3JIEMEHTa U
ocTekjeHusa npuHumaeM 2 kKH/M, pacueTHas moronHas Harpyska ot 0oprto-
BBIX AJIEMEHTOB:

q63 :qga'j/f °7/n :2'1;1'0,95:2,09 KH/M

OmnpenensieM cocpeoTOUEHHbIE CHIIbI Fj B y31max ¢epMbl B COOTBETCT-
BHU C PUCYHKOM &.4.
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2800, 8 x 3000 = 24000 | 2800

b=28800 | a= 12000 | b=28800
[ =29600

PucyHok 4.4 — Cxema NpWIOKEHUS COCPEI0TOUCHHBIX

CHUJI B Y3J1bl (hepMBbI

F1:F11:q'%:14,28'2—2,8:20 KH,

d, +d, =1428-2’8+3

F, =F=0Q- =414 xH;
F3 :F9 :q-d2 :14,283:42,8 KH;

d
F,=Fg=q-d, +q53'B+qu0H'72:

:14,28-3+2,09-12+0,6-g=68,8 KH ;

:14,28-(3+—)+0,6-(3+§):67 kH ;

F; =0, -d, =(03-005)-105-095-12-3=9 xH .

6) CHezoeast Hazpy3ka
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B cootBercTBUM ¢ HOpMaMu [3] B 3aaHUAX ¢ (hOHApeM HEOOXOIUMO
paccuuThiBaTh (hepMy Ha 2 BapHaHTa CHETOBOW Harpy3ku (pUCYHOK 8.3,B).
PacueTHast moronHas CHeroBasi Harpy3Ka:

S=S54 Vo B =18-095-12- 1, =2052 - 1 kH [ m.

Omnpenensiem KO3OPUIUEHTHI ;:

12
=10; 4, =08; p, =1+01-[ £ ]=1+01- =114;

1=1+05-] 2 |=1+ os(lzj 372,
b 265

rae by = Hyon, HO HE Gotee b.

2
Tak kak mocTostHHAsI Harpy3ka Ha pepMy Jnoer < 1,5 KkH/M®, B cooTBeT-
cTBUU ¢ nipuioxkenuem I, . I'.3 [3], npuaumaem pz = 3,72,

VY3510BBIE HATPY3KH MO IEPBOMY BAPUAHTY CHETOBOM HArPy3KHU:

FL=Fy =51, d2 =2052-114- 2—28—3271<H

d, d
Fo=Fp=s-u,- (21+ sz—

=2052-114- (228 :23) 678 kH;

Fy =Fy=5-4,-d, =2052-114-3=70,2 xH;
d

d,
Fo=Fg=5-p,- 7+S o=

= 20,52-(1,14-g+0,8-gj =59/ kH;

Fe=F =s-pu, - (dz dzzj 20,52-0,8-(3+gj:73,91<H;

VY3710BBIE€ HATPY3KH 110 BTOPOMY BAPUAHTY CHETOBOM HATPY3KHU:

FL=Fy=su d? 2052-1- 2—28—2871<H

108



2 2
(—2 35)+s U -(d—z—ossjz
2 2 7
=2052-1- ( +0 35j+2o 52.372- @—0,35):125,7 KH

Fy=Fy =5 32 =2052:372. 2_1145141

8) OrnnopHbie MOMeHMbI

N3 tabnuiel 5.5 mpuMepa 5 MakCHUMaIbHbIA W3THOAOIIUMA MOMEHT B
ceueHUM | —1 M = M = -1428,2 kH:Mm npu komOunamuu 1,2(0,7), 3,
4(-), 5(0,9). Insa To¥ >xe KOMOWHAIIMM OIpEICIsIcM MOMEHT Ha IIPaBOM
CTOMKE, IPU 3TOM OYEBHJIHO, YTO HArpy3Ky 3 cielyeT 3aMEeHHUTh Ha 3*, Ha-
rpy3Ky 4 — Ha Harpy3ky 4* v MOMEHSTh 3HaK, a Harpy3Ky 5 — Ha 5*. U3ru-
Oaromuii MOMEHT npu koMOuHaru 1, 2(0,7), 3*, 4*(+), 5* Oyner paBeH:

M,,=-1680-2328-0,/+180+950+301,2-09 =+531 kH - m.

TakuM 00pa3oM, U3ruOaAIINEe MOMEHTHI 0 I KOMOUHAWUA YCUUIL PABHBI:
M —1428,2 kH -m; M, ,; =+33,1 kH - m;

nesl —

[TogcunThiBaeM M3ruOAIOIINE MOMEHTHI 110 2 KOMOUHAUUU YCUNUIL, B
KOTOPOU OTCYTCTBYIOT YCHJIMSL OT CHETOBOW HArpy3KHU:

M, o=M,, —~M, =-14282—(-232,8-07)=-12652 xH - u;

M, =M, —M, =+531—-(-232,8-07)=+216 1 kH - m.

Cxema TpUIIOKEHUSI OMOPHBIX MOMEHTOB TPEICTABICHA HAa PUCYHKE

8.5,a.
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MHC‘B: '1428.2 KH'[“ an: +53,1 KH M

C .

-
Hjep=-303,1 kH Hpp=+12,3 kH
—_ o = \n en
sa o = 2% N o
o o 5 ) ki +

PucyHok 4.5 — Cxema npHII0KEHHS OITOPHBIX MOMEHTOB H
pacropa (a), 31mopa HOpMaIbHBIX CHJI B HUXKHEM T10SICE

dbepMbl OT pacriopa (0)
2) Hazpy3ka om pacnopa pambl

Harpyska ot pacrnopa pambl IpUHUMAETCA MO TEM K€ KOMOWHAIMSM,
YTO U ONIOPHBIE MOMEHTHI:

1 KkombuHauua ycuiuu:
Q.1 =H,..=+116+164-0/-1825-912-593-0,9 =-303,1 x/;
Qup1=H,,=+116+164-07+338+149-66,1-09=+123 xH.

2 KOMOUHAUUSL VCUTIULL:
QJZ€62 - Qﬂeel _QCH - _30311_(+16 14 0’7 ) = _31416 KH:
anz = anl -Q,, =+123-(+164-0/7) =+08 «xH.

Cxema npuiioKeHUsT pacniopa MpUBEACHA HA PUCYHKE &.5,a, pacnpee-
JICHUE pacriopa B HUKHEM Mosice (pepMbl MPUBEACHO Ha pUCYHKE &.5,0.

4.2.2 OnpedesieHue ycusnul 8 cmep)KHsIX ¢hepMbl
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Yeunus onpenensitorcs JAt00bIM M3BECTHBIM METOJIOM CTPOUTEIHHOMN
MEXaHUKH. Pe3ynbTaThl CTaTUYECKOTO pacyeTa (epMbl MPUBEICHBI B TA0JIH-
nax 8.2...8.6, HoMepanus CTEPKHEW NPUHATA 110 PUCYHKY 8.6.

b c d e f g h k [ m
] 3|4 6| 7 9 (10 12|13 15
2 5 8 11 14 \ |V

p

PucyHok 4.6 — Pacdernas depma mposierom 30 m

a

C HOMEpAIMEN TTaHeIen

4.2.3 OnpedeneHue pacyemHbIx ycunuu
8 CMepPXKHSX (hbepMbl

Ornpenenenne pacyeTHbIX YCWIMI MPOBOJAUTCA B TaONM4YHOU (popme.
PesynbraThl pacueTa npuBeeHbI B TaOHIE 8.7.

Taobnuya 4.2 — Ycunus B anemenTax gpepmsl (kH) o moctossHHOU

Harpy3Ku

Bepxuuit nosic | HwxHuit osic Croiiku Packocel

NoeNe | Vewmme| NeNe | Vewnme| NeNe | Vewnme| NeNe | Vewsme

crep- crep- cTep- CTEPHKHS
KHS KHS KHS
b-1 0 p-2 | +2140| a-1 -20,0 1-2 -310,1

c-3 -388,5 p-5 | +522,2| 3-4 -42.8 2-3 | +252,9

d-4 | -388,5 p-8 | +594,6 | 6-7 -67,0 4-5 -193,8

e-6 -590,3 | p-11 | +522,2| 9-10 | -67,0 5-6 +98,8

f-7 | -500,3 | p-14 | +214,0| 12-13 | -42,8 | 78 | -6,2
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g-9 | -990,3 v-15 | -20,0 8-9 -6,2

h-10 | -590,3 10-11 | +98,8
k-12 | -388,5 11-12 | -193,8
I-13 | -388,5 13-14 | +252,9
m-15 0 14-15 | -310,1

Tabauua 4.3 — Ycunus B anemenTax ¢pepmsl (kH) ot cHeroBoit

Harpy3ku 1o |l BapuaHty

Bepxuuit nosic | HwuxHuMi nosic Croiiku Packocel
NeNe | Vemme| NeNe | Vewmmme| NeNe | Vemmme| NeNe | Vewnume
crep- cTep- cTep- CTEpKHSA
KHS KHS KHS
b-1 0 p-2 | +258,8 | a-1 -32,7 1-2 -375,1
c-3 -453,1 p-5 | +580,4 | 3-4 -70,2 2-3 | +281,5
d-4 -453,1 p-8 | +650,8 | 6-7 -73,9 4-5 -184,5
e-6 -650,8 | p-11 | +580,4 | 9-10 -73,9 5-6 | +102,1
f-7 -650,8 | p-14 | +258,8 | 12-13 | -70,2 /-8 0
g-9 -650,8 v-15 -32,7 8-9 0
h-10 | -650,8 10-11 | +102,1
k-12 | -453,1 11-12 | -184,5
I-13 | -453,1 13-14 | +281,5
m-15 0 14-15 | -375,1
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Taonuua 4.4 — Ycunus B asiementax pepmsl (kH) oT cHeroBoi

Harpy3ku IO 2 BapUaHTy

Bepxuuii nosic | HuxkHUi nosic Croiiku Packocsl
NeNe | Veumue| NeNe | Vemmme| NeNe | Vemmme| NeNe | Vewmnwme
cTep- cep- cTep- CTEPKHS
HKHSI KHS HKHS
b-1 0 p-2 | +285,6| a-1 -28,7 1-2 -414,0
c-3 -514,5 p-5 | +623,7| 3-4 -125,7 2-3 | +331,8
d-4 -514,5 p-8 | +623,7| 6-7 0 4-5 -158,1
e-6 -623,7 | p-11 | +623,7| 9-10 0 5-6 0
f-7 -623,7 | p-14 | +285,6| 12-13 | -125,7 /-8 0
g-9 -623,7 v-15 -28,7 8-9 0
h-10 | -623,7 10-11 0
k-12 | -514,5 11-12 | -158,1
[-13 | -514,5 13-14 | +331,8
m-15 0 14-15 | -414,0

Taobauya 4.5 — Ycunus B anemenTax ¢pepmsel (kH) ot Harpysku M,;=1

Bepxuuit nosic | HuxnHuii nosic Croiiku Packocel
NeNe | Veumue| NeNe | Vewmmme| NeNe | Vewmmme| NeNe | Vewmue
cTep- crep- cTep- CTEPHKHS

HKHS KHS HKHS

b-1 -0,328 p-2 | +0,295| a-1 0 1-2 | 40,048
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c-3 -0,262 | p-5 | +0,229| 3-4 0 2-3 -0,048
d-4 -0,262 | p-8 | +0,164 | 6-7 0 4-5 | +0,048
e-6 -0,197 | p-11 | +0,098 | 9-10 0 5-6 -0,048
f-7 -0,197 | p-14 | +0,033 | 12-13 0 7-8 | +0,048
g-9 -0,131 v-15 0 8-9 -0,048
h-10 | -0,131 10-11 | +0,048
k-12 | -0,066 11-12 | -0,048
I-13 | -0,066 13-14 | +0,048
m-15 0 14-15 | -0,048

Taonuya 4.6 — Ycunus B onementax ¢epmsl (kH) ot narpysku My,= 1

Bepxuuit nosic | HuxnHuii nosic Croiiku Packocel

NeNe | Veumme| NeNe | Vewmmme| NeNe | Vewumue| NeNe | Vewmnme

cTep- crep- cTep- CTEPHKHS

HKHS SKHS HKHS
b-1 0 p-2 | +0,033| a-1 0 1-2 -0,048
c-3 -0,066 p-5 | +0,098| 34 0 2-3 | +0,048
d-4 -0,066 p-8 | +0,164 | 6-7 0 4-5 -0,048
e-6 -0,131 | p-11 | +0,229 | 9-10 0 5-6 | +0,048
f-7 -0,131 | p-14 | +0,295 | 12-13 0 7-8 -0,048
g-9 -0,197 v-15 0 8-9 | +0,048
h-10 | -0,197 10-11 | -0,048
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k-12 | -0,262 11-12 | +0,048
1-13 -0,262 13-14 | -0,048
m-15 | -0,328 14-15 | +0,048

4.2.4 KoHcmpykmueHblIi pacdem hepMbl

[TonOop cedenuit 3neMeHTOB (epMbl MPOBOAUTCSA B TaOJIMUYHOU (op-
Me, pe3yJibTaThl pacyera npuBeneHbl B Tadiuie 8.8. TonmuHy (acoHOK
npuHuMaeM 16 MM 1o MakcuMmanbHOMY ycrinio +1245,4 kH B cooTBeTcT-
BUU ¢ TaOmen 8.1.
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4.2.5 Pacyem ceapHbIX wWeoe KpernsieHus
cmepXkHel pewemku

HasnauaeM nmapaMeTpsl CBapKu: CBapKa MOJIyaBTOMAaTHYECKasi B Cpeie
YTJIEKUCIIOTO Tra3za, cBapouHasi mpoBosioka Mapku CB-0812C (tabmuma 1.2
[1]), pacueTHOE conpoTUBIeHUE MeTaiUia mBa Rys = 21,5 kH/cM? (Tabiuua
I'.3 [1]), meTama rpanuns! crutaBiesus Ry, = 0,45-R,, = 0,45-37 = 16,65
kH/cm? (Run =37 kH/cm? npuHumMaetcs no tadsmie B.5 [1] niusa cranu C255),
IaMeTp CBapOYHON MPOBOJIOKU 2 MM, MOJOXKEHUE IBa — HikHee. Ha3Ha-
JaeM TIpeaBapuTensHo kKareT mBa Ki = 6 mm. [lo Tabmume 39 [1] onpenens-
eM KO3 PUIMEHTHI TPOIIABJICHUS 1IBA:

B; =09; B, =105.
Pacuernbie COIIPOTHUBJICHUA:
B: Ry =09-215=1935>
>, -R,, =1665-105=17 48 xH | cm®.

Pacuer BeneM 1o Metajuly rpaHullbl crjiaBieHus. JUiMHy mBa onpene-
asieM 1o popmyiie:

N
I, = :
2 kf P z° sz
Crnenyer y4ecTb, UTO U3 KOHCTPYKTUBHBIX COOOPAXKEHUI HanOOIbIIHIA
KaTeT 11IBa M0 Mepy yrojika cieayeT NPUHUMATh Ha 2 MM MEHbIIIE TOJIIIUHbI

MOJIKKM yrojika. B paBHONOJOYHBIX YroJIKax Ha IIOB OOYIIKa MPUXOIUTCS
70%, a Ha moB 1niepa 30% ycuiins B CTEPIKHE, TO €CTh:

N, =0/-N; N, =03-N.
J1J1s1 OOpHOro packoca NPUHUMAETCSL:
N,; =0/5-N; N, =025-N.

Pacuer mBoB npuBeieH B Tabsuiie 8.9.
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Taéauya 4.9 — PacyeT cBapHBIX IIBOB CTPONUILHON (hepMBbI

NoNo | Vcu- | Ceuenue | IlloB o oOymiky [IToB o nepy
crep- | ™€ | crepikns N Ke L, N, Ke l,
KHS N

(xH) (xH) | (cMm) | (em) | (xH) | (cm) (cm)
1-2 |724,1| 140x9 |5431| 0,8 | 19,4 | 1810 0,7 | 22,2
2-3 |584,7| 1007 1 4003| 0,8 | 14,6 | 1754 | 05 | 23,4
3-4 |168,5| 7>*7 |1180| 08 | 42 | 506 | 05 | 68
4-5 |394,1| 14009 | 9759| 08| 98 |1182| 05 | 157
5-6 |241,4| 1007 1 1690| 08 | 6,0 | 724 | 05 | 9,7
6-7 |140,9| 7>*7 | 986 | 08 | 35 | 423 | 05 | 56
7-8 |77,3| 100x7 1 541 | 08| 19 | 232 | 05 | 3.1

dakTUUECKyl0 UIMHY IIBa HEOOXOJUMO MPHUHATH Ha 1 cM Oosblie
pacueTHO. MUHUMAaIbHYIO (PaKTUUYECKYIO JUIMHY IIBA NMIPUHATH HE MEHEE 5
CM.

4.6 Pacyem ykpynHumersibHO20 cmbika ¢hepMbl

VYKpYyIHUTENbHBIA CTHIK KOHCTPYHPYEM Ha BBICOKOIIPOUHBIX 00JTaxX U
pacrioniaraem B cepeauHe mposieta pepmbl (pucyHok 8.7). Takum oOpazom,
dbepmMa COCTOUT U3 ABYX OTHPABOYHBIX 3JIEMEHTOB JTMHOM mo 14,8 M. KoH-
CTPYKLIMS CThIKA MTOKAa3aHa Ha pUCyHKe 8.7. [[1s KaxX1oro mnosca NpuHUMaeM
CTaJIbHbIE HAKJAJKH clieayromux pasmepoB: | Hakimaaka 600x320%10 MM u
4 naknaaku 600x120x10 mwm.

OnpenensemM HECYIIYIO CIIOCOOHOCTh OHOTO 00JTa Ha OJHY MOBEPX-
HOCTb TPCHHS:

Ry Apy -1 7546 -353-058

7h 112

=1379 «kH,
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rae Ry, = 0,7-Rpyn = 75,46 kH/em? — pacuyeTHOE CONPOTHUBIICHUE PaCTsIKe-
HUIO BBICOKOIIPOYHOIro 00jaTa; Ap, = 3,53 cM® — TUIOIIAIbL 6oMTa HETTO; W =
0,58 — mo Tabnuie 42 [1] npu apodecTpyitHOM 00pabOTKE IBYX MOBEPXHO-
ctelt 6e3 koHcepBanuy; vy = 1,12 — no tadmure 42 [1] npu cTaTudeckoi Ha-

Tpy3Ke TUTS pa3HOCTH JTUAMETPOB ooJra U OTBEPCTHS
0 = 3MM.
=1
NB.II.
e
<.
Nmaxe

R e e e e T

PucyHok 4.7 — YKpyITHUTENbHBIN CTBIK (epMBbI

Ha BBICOKOITPOYHBIX OonTax

MaxkcumanbHOe yerinue Npax = +1245,4 kH Bo3HUKaeT B HUYKHEM MOSI-
ce. HeoOxoaumoe KomnuecTBO OOJITOB MPH ABYX IUIOCKOCTSX TPCHHS:

_ Npay _ 12454
k-Qy 2-1379

riae K=2 — Kkomm4ecTBO IOBEPXHOCTEH TPEHHUS.

=452 6oima,

[Ipuaumaem 6 6onTOB. B BepxHEM Mosice CTHIK BBITIOJIHAETCS aHAIO-
TUYHO.
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4.7 Pac4yem y3na npumMbIKaHUsl nosicoe ghepmbi
K KOJIOHHE

MakcuManbHOE yCUJIME B OIOPHOM MaHENW BEPXHEro mosica Gpepmsl

coctaBisieT N = +499,6 kH (tabnuua 8.7). Cxema y3na npuBeieHa Ha pU-
CyHKe 8.8.

1(,—'200
1llos 2 T IE
N=+499,6 kH ol O|—s
......... ! 8 ik (Tl
Tt — F |
bd);l_—360

y

PucyHok 4.8 — Y3en npuMbIKaHUs BEPXHETO TMOS-
ca ¢pepMbI K KOJIOHHE

Jlns xperuienus: (aHiia K KOJOHHE NMPUHUMAaeM OOJIThl HOPpMaTbHOM
To4HOCTH Kiacca 6.6 aumamerpom 30 wmwm. PacuerHoe compoTHBIEHUE
0onTOB Ha pacTsokeHue mo Taomuie S8* [1] cocraBiser Ry = 25 kH/cm?,
mIomaas cedeHus 00aTa HEeTTO Mo Tabmwmie 62* [1] cocraBuser Ay, = 5,60
cM’. Hecyrmast ciocoGHOCT OHOTO 60JITa Ha PACTKCHHE:

N, =Ry - A, =25-56=1400 xH.
HCO6XOZ[HMO€ KOJINUECTBO 0OJITOB B COCOANHCHHUMN.

SN _4366
N, 1400

=312 mir.

[IpuHumaem 4 6onTa U pa3MeniaeM UX CUMMETPUYHO OTHOCUTEIBHO
LEHTPA TSXKECTH CEUCHHS DJIEMEHTa BEpPXHEro mosica. PaccrosHue Mexmy
OTBEPCTHUSIMH O] OOJITHI IPUHUMAEM B COOTBETCTBUU ¢ Tabuei 39 [1].
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PaccuuteiBaem moB 1, kpemsmuii daanen k ¢daconke. [Ipunumaem
napaMeTpbl CBApKU TaKUE K€, KaK MPHU pacuere y3JI0B KPEIUICHUS 3JIEMEH-
TOB PEIIETKU K MosgcaM. Pacuer BegeM mo MeTajuly TpaHUIlbl CIUIABJICHHUS.
®dnaHel KpenuTes AByMs IBaMU, MPU 3TOM TpedyeMasl jIMHa 1IBa:

N 499 6
I = = =179 cm.
2-k:-p,-R,, 2-08-105-16,65

dakTHyecKas JJIMHA IIBa JOJDKHA OBITH OOJibIle TpeOyemoil Ha 1 cM.
KOHCTpYKTUBHO U3 YCIIOBUA pa3MelIeHUs OOJITOB U CTEPHKHS BEPXHETO MOsi-
ca Ha (pacOHKE Ha3HadaeM BbICOTY (iaHna hy, =42 cm.

PaccuntbiBaem 1I0B 2, Kpensiuuii HIOKHUM 1osgc K (aconke. Bricora
OT BepxHeW rpanu yroyka 160x10 1o neHTtpa TskecTn ceueHus Zp = 4,3¢M.
BricoTa yronka h = 16 cm. Ycuinue B mBe, kpersiieM (acoHKY K OOYIIKY
yToJKa:

N . =N- = 4996 - = 3653 kH.
16

Ycunue B mBe 1o nepy:
N,=N-N_;=4996-3653=1343 xH .

TpeOyemast jyiiHa IBYX IIBOB MO OOYIIKY M IO IMEpy MpU KaTreTrax
mBoB K¢= 8 MM 110 iepy 1 0OyIIKY:

\wos = Nog = 3653 =131 cu;
2-ki-p,-R,, 2-08-105-1665
N
L 1343 4.8 cm.

I = = =
" 2-k¢-p,-R,, 2-08-105-1665

[IpuHumaem (pakTUYECKyIO JUIMHY IIBa 15 ¢M OJMHAKOBOM MO OOYIIKY
U TIepY YTOJKOB.

[upuny (raniia npuHUMaeM paBHOM HIMPUHE MOJIKU CEYCHUS BEPX-
Hell 4acTu KOJOHHBI Dt = Dby, = 36 cMm. PaccTosiHue Mexay Ooiaramu B ropu-
30HTAJBHON IUIOCKOCTH HazHadaeM ;=20 cMm. Ms3rumbaromuii MOMEHT BO
dbnanue:

= 2498 kH - cm.

N-l, 499620
Mdm: 4 =

TpeOyemast TonmiuHa (aHma:
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6-M 6.
tqbﬂ = P _ 6 - 2498 =394 cm.
hqbﬂ . Ry 42 - 23

ITpunrMaeM TomuuHy GuaHna mo copraMmenry ty, = 40 mm.
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S5 IIPOEKTHPOBAHHUE I'OPHU30HTA/IBHBIX H BEPTHKAJIBHBIX
CBA3EH ITPOMBIIIIJIEHHOIO 3JAHUA

CBs31 B NPOMBIILJICHHOM 3/IaHUU HEOOXOJUMBI JJIsi 00eCTIeYeHHUs He-
U3MEHSAEMOCTH MPOCTPAHCTBEHHOW CHUCTEMBI KapKaca M YCTOMUYMBOCTU €TO
CXAaThIX DJIEMEHTOB, BOCIPUATHS M Iepeadyn Ha (QyHIaMEHThI HEKOTOPBIX
Harpy3ok (BETPOBBIX, TOPU3OHTAIBHBIX OT KPAHOB), 00E€CTICYEHUSI COBMECT-
HOM pabOThI MOMEPEUHBIX paM MPU MECTHBIX Harpy3kax, a TakKe CO3JaHUs
AKECTKOCTH Kapkaca, HeoOXOAMMOHN njisi oOecredyeHus: HOpMallbHOM 3KC-
ITyaTaluu.

CBsi3u MOPA3ACISAIOTCS Ha CBSI3M MEXY KOJIOHHAMHU U CBSI3U MEXKIY
(dbepmamu (CBSI3M 1IATPA).

5.1 Ces3u Mex0y KosloHHamu

CBsi3u HEOOXOIMMO CTaBUTh B KaXJIOM TeMmIiiepaTypHoMm Ojoke. Ilpu
HEOOJIBIION JJIMHE 37aHus (TeMIepaTypHOTro OJIOKa) CTaBUTCS BEPTHUKAIb-
Hasl CBSI3b B OJIHOM TaHEIM B YPOBHE HUKHEH YacTU KOJOHHBI, & B YPOBHE
BEPXHEH 4acTH KOJOHHBI CBS3U CTaBSTCS B OCHOBHOM CBSI3€BOM OJIOKE U B
Osokax mo topuam 3aaHus (pucyHok 9.1). Cesizu no depmam u ¢GoHapro
BBITIOJTHSIOTCS] aHAJIOTMYHO CBSI35IM 10 BEpXHEH 4acTH KOJIOHH.

Donapk

PucyHok 5.1 — Cxema pacroiaoKeHus BEpTUKATBHBIX CBSI3CH
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5.2 l'opu3oHmMarnbHbIe c85s13U MO NMOKPbLIMUIO

rOpI/ISOHTaHBHBIe CBA3H pacClojararoTcsa B INNIOCKOCTAX HHWKHCIO U

BEPXHET0 MOSICOB (pepM, a Tak:Ke B YPOBHE BepxHeEro mnosica ponaps (pucy-
HOK 9.2).

AN

K2

0)

a)
PucyHok 5.2 — I'opu30oHTaIIbHBIE CBS3H 110 BEPXHEMY ()

U HUKHEMY mosicaM (0) ¢epm u 1o BepxHemy mnosicy dhoHaps (B)

JInst 3aKperuieHus TIUT U TPOTOHOB OT MPOAOJIBHBIX CMEIIEHHUN YCT-
pavBaIOTCA TOPU3OHTAIbHBIC CBSI3U MO BEPXHUM TosicaM (epM (PUCYHOK
9.2,a), KOTOpHIE 11e7IeCO00Pa3HO pacmojiarath Mo Topiam 3aaHusd. B 3manusx
C MOCTOBBIMU KpaHaMu HEOOXOAMMO OOECIEeUUTh TOPU3OHTAIBHYIO >KECT-
KOCTh KapKaca Kak Momnepek, Tak v BAoJb 3aaHus. [loatomy B ogHOMpOIIET-
HBIX 3aHUAX 00ibIoN BeICOTH (H>18M), B 3MaHKSIX ¢ MOCTOBBIMHU KpaHa-
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MU Tpy3onoabeMHocTbio 0osiee 100 kH, a ¢ kpanamu pexumoB padotel 7K
u 8K mpu 5r000i1 rpy30noaBEMHOCTH O0s3aTelibHA CUCTEMA CBSI3€H IO
HIKHEMY nosicy depm (pucyHok 9.2,0). Kpome Toro, mexny pepmamu yc-
TQHABJIMBAIOTCS BEPTUKAJIBHBIE CBSI3M B OCHOBHOM CBSI3€BOM OJIOKE U B 0J10-
Kax mo TopuaMm (pUcyHOK 9.1). AHAJIOTUYHO BBINOJHSIOTCS BEPTUKAJIbHBIC
CBsi3M MO (poHapro (pucyHok 9.1 u 9.2,B).
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