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Hacrosmme yka3zaHus SBIAIOTCS NPOJOJDKEHUEM METOAMYECKUX YKA3aHUU K
KypcoBOi#l paboTe 1o MeTaJUIMYeCKUM KOHCTpYKIusM. B mepBoit pabote paccMoTpeH
pacuer 3J1IeMEHTOB 0aJIOYHOM KJIETKH, a 3/1€Ch — PacueT CKBO3HOM KOJIOHHBI.

CcbulkM Ha TaONMLBI, JUTEPATYPHBbIE WCTOYHHKH, KOTOpPHIE IPHUBEIAECHBI B
«Pacuere KOHCTPYKIMI 0a0YHON KIETKU paboueil IUIOMIAAKU», B JTAHHBIX METOU-
YECKUX YKA3aHUAX JAIOTCA CO 3BE3J0YKOU.

1. TUNIBI CEYEHUI U MMOABOP CEYEHUSI
CTEPXXHSI CKBO3HOM KOJIOHHbBI

[Ipy oTHOCUTENBHO HEOOJBIINX YCHIMSIX I1€71ec000pa3HO MPOEKTUPOBATh KO-
JIOHHBI CKBO3HBIMU, COCTOSIIIUMU U3 2-X BETBEH C COCMHUTEILHONU PELIETKON B BUJIE
IUIAHOK.

Haubonee pacpocTpaHeHHbIC TUITHI CEUEHUN CKBO3HBIX KOJIOHH MIPUBECHBI B
Tab. 1.

[TonGop ceueHus CTEp>KHS KOJOHHBI MPOU3BOJIUTCS B TaKOW MOCIEAOBATEIb-
HOCTH:

e 3ajaBIIKCh 3HaUeHUEM Kod(ddunmenta npogonsHoro u3ruba ¢* (0,7...0,9),

ompenessieM TpeOdyeMyro oAb ceueHus o Gpopmyrie
N
o* R, 7,
rae N - mpoioapHas cuiia B KOJIOHHE;

AT = (1)

Yo - KO3 PHUIHEHT ycToBUS pabOTHI;
Ry - pacueTHOE CONPOTUBIIEHHE CTAIH IO NPEAETY TEKYUECTH.
e [lo coprameHTy Ha3HadaeTCss HOMEp IIBEIJICPOB WM JIBYTaBPOB, a 3aTEM
HIPOU3BOJIUTCS TMPOBEPKA YCTOMUMBOCTH OTHOCUTEILHO MaTepUabHOU U
cBOOOIHOM Ocell CeueHus.

PacyeT OTHOCUTENBLHO MAaTEPHUATIHLHONM OCH X

Omnpenensiercs rHOKOCTh

A=t @)

X -

X

rae | - reomerprueckas BbICOTa KOJIOHHBI;
L - KOO DUITUEHT pacyeTHOM JJIUHBI.
[To rubkocTH ycTaHaBIMBaeTCA 3HAYCHHE KOAIPPUIIMEHTA ¢, U OCYIIECTBISIET-
Csl IPOBEPKa YCTOWYMBOCTH 110 (popmyie

N



3nadenne kodhdummenta u B ¢popmyse (2) 3aBUCUT OT Criocoda 3aKpeIUICHUS
KOJIOHHBI. B KypcoBoii paboTe NMpHHATO MApHUPHOE ONMHUpAHWE TJIABHBIX OaJoOK Ha
KoJIOHHBI. Ecnn yHmaMeHTHBIE OONTHI MPUKPETUIAIOTCS K TUIMTE 0a3bl — 3TO Imap-
HupHoe 3akperuieHue (1=1). Jlns xectkoro 3akperuieHus (¢=0,7) Heo6XoauMo mpe-
JyCMaTpUBaTh KperuieHne (PyHIaMEHTHBIX OOJITOB K TpaBepcam.

Pacyer oTHOCHUTEILHO CBOOOMHON ocH Y

3agaBuich ruOkocThio BeTBU (A;=30...40), Haxoaum
A, = -2, (4)
rae Ay - THOKOCTb C€4EHUs KOJIOHHBI OTHOCUTEIBHO CBOOOIHOMU ocH Y
Aef - IPUBEACHHAS THOKOCTD (M3 YCIOBHUS PABHOYCTONYHUBOCTH At = A,);
A1— THOKOCTh OT/ACNTHFHOW BETBH HA yYACTKE MEXKY IUITAHKAMHU.
3Has rHOKOCTb Ay, onpenenseM TpeOyeMblil painyCc HHEPLIUU CEYEHUS

sTped __ /u ) I
Iy - ﬂ, ! (5)
y
a 3aTCM pPaCCTOSAHUC MCK/Y BECTBAMU

i Tped

b-rpe6 — y (6)
]
a,
re o — KO3QQPUIMEHT, 3HaYEHH] KOTOPOTrO IPHUBEIEHBI B Ta0I. 1.
Tabmura 1
[Tpubnu>keHHbIE 3HaYEHUST PAIUYCOB UHEPLIMH CEUCHUN
OTHOCUTEJILHO CBOOOJHOM OCH Y
THIBI CeYEeHU M
¥ Y
Koaddumment !
- - X _ I _ X
|
2y b 2y b
o 0,44 0,50

[Ipn Ha3HAYECHUU IIUPUHBI CEYCHUS D HAMO ClenTh, YTOOBI 3a30p MEXKITY MOJI-
KaMHM [IBEJUIEPOB WM JBYTaBpoB ObLT HE MeHee 100 MM (puc. 1).

YcraHoBuB pa3mep b, mpou3BoAAT MPOBEpKY YCTOHYNBOCTH KOJIOHHBI OTHOCH-
TEJIBHO OCH Y B CJIIELYIOIIEM HOPSIKE:




® OIpeesstoTCs 3HaueHus Jy, Iy, Ay HA3HAUCHHOTO CeUeHMUS;
® YCTaHABIMBAETCS PACCTOSTHHE MEXY IUIAHKaMHU M OMpeesieTcss THOKOCTh
BETBH (CM. puc. 1)

A =2, (7)

rae |, — paccrosiHue MeXTy IJITaHKaMHU B CBETY.
IIpu 3TOM HagO CIEAUTH 32 TEM, YTOOBI A3 < Ay;

¢ BbIUYUCICTCA NIPUBCICHHAA r'HOKOCTh CTCPIKHA

Ag =2+ 22, (8)

B 3aBHCUMOCTH OT KOTOpoii 1o Tabu. I11 HazHavaeTca ko3pPULIMEHT ¢,

® TIPOM3BOIUTCS MPOBEPKA YCTOWYMBOCTH OTHOCUTEILHO CBOOOTHOM OCH

N
—T <Ry 9
gpy . A y 7/ c ( )
| | -1
| | N
I | - b% vl
I | | I ~ (ceoboonas ocs)
| | S N
L ! — ~— 2
|/ I 2
3azop >100| 1 / | x%
&
A | S
1 : | . I ll g
Lo | = =
~ 4 0 b Z()
' I | A 7 S
1 1| . Bemeu
Ilnanku/ - s - \

I /] I

Puc. 1. KOHCTDYKTVIBHaFI CXeMa CKBO3HOro CTepXxHsA KOJIOHHbI Ha Ni1aHKax

2. PACYET IIVIAHOK

[IpenBapuTeIIbHO HA3HAYAKOTCS Pa3MEPhI TUIAHOK:
mmpuHa lg= (0,5...0,75)b u Tommuna ty = (1/10...1/25)l; (oO6brano t5 = 6...12 Mm).



YcnoBHas InonepeyHasd Cujia, Ipuxoadamasicsa Ha MMIaHKy OI[HOﬁ I'paHHU.

Q=1 7,15-106-(2330—'5]-'\I : (10)
2 y) Py

rae E — momynb ynpyroctu cramm, E=2,1-10* kH/cm?;

[lepepeswiBaromias cuia B ruiaHke (0003Ha4eHUs 10 puc. 1)

F:Qs'(|m+|s)’ (11)

b
a U3ruOaroLMil MOMEHT B IJIAHKE

(1 +1

MlZQS (m+ S)' (12)

2
3areM mpOU3BOJUTCS MPOBEPKA MPOYHOCTHU TUIAHKH 110 popMyIie
M
Wl < Ry Ve (13)

S

2
t, -

rae W, =

- MOMCHT COITPOTHUBJICHUA CCUCHUS IIJIAHKH,

rae t;— ToJIMHA IIaHKH.

HpO‘IHOCTB CBAPHBIX IMIBOB, IMPUKPCIUIAOINUX INIAHKY K BCTBAM, IIPOBCPACTCA

o popmyiie
Oui + Tt SRy Vs Ve (14)
M F B, K, I
THC O\ :VVV;, T :H’ Wwf :f6f’ A\/\rf :ﬂf 'kf 'Is’

rae Aws - TUIOIAIh CBAPHOTO IIIBA;
Wyt - MOMEHT CONPOTHUBIICHUS CBAPHOTO II1BA;
S+ - KO3PGUIIUEHT, 3aBUCAIINN OT CIoco0a CBapku (TP aBTOMATHYECKOU U TI0-
ayaBToMarudeckoit ceapke S =0,9...1,1; mpu pyunoii ceapke 5 =0,7);
Rwf - pacueTHOE CONMPOTHUBIICHHUE MO MeTauly 1iBa (cM. Tadn. I13);

Yt - KOa(ppurmeHT ycnoBuii pabOThI 1IBa, paBHBIH 1.

3. PACYET BA3bI KOJIOHHbBI

KoncTpykins 6a3bl KOJOHHBI, IIAPHUPHO 3aKpeTUIeHHOW K (pyHAaMeHTy, MpH-
BEJICHA Ha puC. 2.
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Puc. 2. KoHCTpyKLMsA 6a3bl KONMOHHDI

baza cocTouT n3 IMTHI U TpaBepc.
Tpebyemast miomiaas ONupaHus MWINTH Ha QyHIAMEHT
N !
Freo=——| (15)

P R

®

rne N’ - mpogonbHast cuiia B KOJIOHHE C YY€TOM €€ COOCTBEHHOW Macchl;
R, - pacueTHOe conmpoTuBieHHe OeToHa pyHaameHTa (Tabm. 113).

3Has FF;"”“ ¥ 3aJ1aBIIKCh OJJHAM M3 pa3MepoB (ynobHee B,), OIpeaesaoT Apy-

rOM pa3Mep IUIUTHI B TUIAHE
Tped

* B

p

L

Ilpn HasHaueHMu pasmepa B, cBeC ¢ PEKOMEHAYETCS NPHHUMATh PaBHBIM
100...150 MM, Tommuny Tpasepe t; = 8...12 Mm.

[Tony4yeHHbie pacyeToM pa3Mephbl OTIOPHOM IUIUTHI HEOOXOIAMMO YBS3aTh CO
CTaHJIaPTHBIMHU pa3MepaMH JIUCTOB WM UX yIOOHBIM PACKPOEM.

Tonmuua mMTH onpenenseTcs o Gopmyiie

—, (16)

rae M — MakCUMaIbHbIN W3rn0aronii MOMEHT, IEHCTBYIOIINNA Ha MOJIOCE MIMPUHOM
1 cM Ha y4yacTKax IJIMTHI, 0003HAUEHHBIX HA PUC. 2 IUPpPaMU B KPYKKaX;

Y. =1,2 nna craneit ¢ Ry <28,5 KH/CMZ, % =1 nJist OCTaNbHBIX CTaJIEeH.
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e VYwuactok 1. [Inura paboTaet kak KOHCONbHAs Oajka, T.e.

2
Oy -C
2
e VYuacrok 2. [TnuTa paboTaer Kak IJIaCTUHKA, OMUPAIOIAsCS HA 3 CTOPOHBI.

M L

(17)

MaxkcuMaiabHbIii MOMEHT Ha 3TOM y4acTke Oyner
2 2
M{}:ﬂz.qq).a’ (18)
rie KodphuuueHT £, npuHUMaeTcs o Taba. 2.

Tab6nua 2
KoaddurmenTsr B, ayis pacyera miIacTUHKH, OMUPAIOIIEHCS HA 3 CTOPOHBI

b,/ a 0,5 0,7 0,9 1,0 1,2 1,4 2,0 >2,0

yos 0,060 | 0,088 | 0,107 | 0,112 | 0,120 | 0,126 | 0,132 | 0,133

e VYwuacrtok 3. [Inuta paboTaer kak MIacTUHKA, ONMUparoniasics Ha 4 CTOPOHBI.
MakcumanbHBI MOMEHT OmpeiensieTcs o popmyie

3 2
M{}=ﬂ3-q¢-d , (19)
rjae [z — koddduiment, onpeaensieMbli o Taoi. 3;
d — MeHbI1as U3 CTOPOH y4acTKa mTh (a wim by).

TaOmuna 3
KoaddurmenTsr B a1 pacdera MiIacTUHKH, ONTUPAIOIICHCS Ha 4 CTOPOHBI

b,/ a 1,0 1,1 1,2 1,4 1,6 1,8 2,0 >2,0
o3 0,048 | 0,055 | 0,063 | 0,0/5 | 0,086 | 0,094 | 0,100 | 0,125

B dopmynax (17) — (19) q, — pacyeTHOE naBieHKe HA 1 CM IUTUTHI, paBHOE Ha-
NPSDKEHHIO B PyHAaMEHTe 1o INIUTOH (0yp)

TonmuHa WIMTHL, BeIUKCIeHHas 110 ¢opmysie (16), momkHa ObITh, KaK MpaBHU-
110, He Ooitee 40 MM.

Bricora tpasepcol (N;) ompenensercs JUIMHON CBapHBIX IIBOB, MPUKPEILISIO-
IIUX TPABEPCY K BETBSIM KOJIOHHBI
!
h, > N : (20)
4-B: -Ke Ry -Vt 7
KaTeT mBOB, MpUKPEIISIONIMX TPAaBEPChl M BETBH K IUIMTE, PACCUHUTHIBACTCS
o gopmyre




Nf
k. = (21)
f ﬂf'Rwr'wa‘%:'zlw

Y JIOJDKEH Ha3HAYaThCs C yUYETOM TEXHOJIOTHYECKHX TpeOoBanwmii (Tadm. 2.1 ).

TpaBepcy HEOOXOAMMO MPOBEPUTH HA M3rHO OT PEAKTHBHOTO JaBICHUS (yH-
nameHTa 1o gopmyiie
M

W SR (22)

t
rae M; — MakcUMabHbIA M3rHOAIOIU MOMEHT, OTNpEAe/IIeMbIi Kak JJIsl TBYXKOH-

COJIbHOM Oaniku (puc. 6);
t,-h’
W, = -—— — MOMEHT CONPOTHUBIICHUSI CEUEHUS TPABEPCHI.
6
[Tpu ompeneneHnn U3rnbaromero MoMeHTa M; MOrOHHAs Harpy3ka Ha TpaBep-
cy Oyner
BP
=0y -
v2

4. PACYET OI'OJIOBKA KOJIOHHBI

KOHCTpYKHI/I}I OT'0JIOBKA KOJIOHHBI ITOKAa3aHa Ha pHUC. 3.

N -1

- Omeepcmust 6 niume
‘ TP J N /\ Ons 6onmos Kkpennenus
yd | 2NA6HBIX DANOK
Tuma ~ || |
I | - , \ )
= ] . . 5
~ I | o ' E
g Il | ! |
S, ! | ' BRiau -
Q‘* "\ | T
< § | N . Al = ) . E
IS
= T -T —
=
R |© | |
S by
I | \Huagppaema d

Puc. 3. KOHCTpyKLMA OronioBKa KOJNIOHHbI

TommuHa TUIMTBI OTOJIOBKA Ha3HAdyaeTcs O3 pacdyera B IIpejaeiiax
t=20...25 mm.



Bricota nuadparmsl onpeaensercs IJIMHON CBapHBIX IIBOB, MPUKPETUISIOINX
anadparmy K BETBsIM (CM. puc. 3)

N
h = : (23)
4-B¢Ki Ry Vs Ve
TOHHII/IHa I[I/Ia(bparMBI Ha3HA4YaCTCA U3 YCIIOBUA €C pa6OTBI Ha CMATHUC
t- N (24)
bh ) Rp ) yc

rae R, — pacueTHOe CONpPOTHBICHHE IPOKATa CMATHUIO TOPLEBOH ITOBEPXHOCTH
(tabm. I11).

HasnauuB BeICOTY W TONMIMUHY auadparMbl, HEOOXOIUMO MPOBEPUTH €€ TPOU-
HOCTh Ha cpe3 o hopmyre
N
SN <R, 7. (25)
4-h -t
IIpumep. TpebyeTcs 3anpoeKTUPOBATH CKBO3HYIO KOJIOHHY M3 IIBEJJIEPOB MO
OanouHyr0 KJIETKy paboueit momaaku (puc. 4). Marepuan kojgoHHBI — ctainb C345,
marepuan gpynnamenra — 6eron B12 (R, = 0,75 kH/cM?), Quax= 1066 xH.

a
: p'=15 kH/ea? 11.000 %
EEEEREEEEEEEEEERERER |
Hacmun, 10 am —— !
_ 11 ] 1
6.”., ‘;6 I ." I N=2132 kH
6.0., 40 JL
2.6., h=174 m
<
o
=)
[
0.000
f 0500
A=18000 A=18000

Puc. 4. KoHCTpyKTMBHaA cxema nnoiyaakuy (a) U pacyeTHasi cxema KOJIOHHbI (6)

10



OmnpenenseM reoMeTpHUecKyio BbICOTY (| ) KOJOHHBI
I=1100cMm—10cm—16cmM—40cm—174 cm + 50 cm =~ 918 cwm.
[TpomonbHas cuna (N) paBHa CyMMe OMOPHBIX pEaKIUil OT JBYX TJIaBHBIX Oa-
JIOK, OTMPAIOIINXCS HA KOJIOHHY:
N =2-Qmax=2- 1066 xH = 2132 xH.

1. [Toabop cedyeHus CTepKHI KOJOHHBI

3amaemcs ¢* = 0,85, Torma
AT _ 2132xH
0,85-3%kbl/cm f-

punnmaem 2 [ 40, st kotopsix 4 =2- 61,5=123 cM?, iy =15,7 cuM (tabu. I12).

=79.,6 oM.

e Pacuem omHoCUmMenbHO MAMePUAIbHOU OCU
Breruuciasiem ruOKocTh
_918cm
* 157cm
N3 tabn. 111 mo muTepnomsiuu HaxoauMm @, = 0,777 u mpoBepsieM yCJIOBHUE

58.

(3):
2132xH
O =
0,777-1281 °

31,5%H/cm 2 —22 3xkH/cm 2

=22,3 xH/em® < R,=31,5 kH/cM®.

Henonanpspkerue coctaBut -:100% =29% > 5%.

31,5%H/cm 2
Tak kak UMeeM 3HAYUTEIIBPHOC HEIOHANPSIKCHHUE, MPUHUMAeM MCHBIIIEE ceue-
uue u3 2[ 30, mis koroporo 4 = 2 - 40,5 = 81 CM2; k=12 cm; A, = 91280M =76,5;
CM
¢, =0,632.
o= 2320 _ 416 xH/es? > R=3L5 ke,
0,632 -8M

YCTOMYMBOCTh HE OOeCIieueHa.

OxoHyaTenbHO Ha3HauaeM ceueHue us 2 [ 40.
e Pacuem omuocumenvro c60600HOU OCU

3amaemcst 4,=40, Torma A, =+/58° —40° = 42.

918 cm

Pannyc uuepumn i, = =219cwm.

[TpubnnkeHHOE paccTOSTHUE MEXAY LIBEIepaMu

11



preG _ 21,9 cM
0,44
HpI/IHI/IMaCM b=44,5 cM. Paccrosinue MCXKOY HApPYXHBIMH TI'pPaHAMH CTCHOK

=49 8cm.

HIBEJIJIEPOB OYyJET
bi=b+2-2p=445cm+ 2- 2,75 cm = 50 cm.

Briuucisiem xapakTepucTUKU Ha3HAYEHHOTO cedueHust (cM. puc. 1):

2 2
Jy = Z-Pyl +(gj -Al} = 2-{642@\44 +(44’§CM) -61,5CM2:I = 62176 cm®;

4
i = [OZOM oM 4, =M _y0g: A, =408 + 407 = 57;
123 cm 225 cm

»,=0,783.
[IpoBepsiem ycnoBue (9)
2132xH
o= >
0,783-1284
31,5%H/cm ? 22 ]xH/cm 2
31,5%H/cMm 2

[TockonbKy HeJOHANpPsHKEHHEe HAMHOTO MpeBbImaeT 5%, U3MEHUM pPacCTOsSHHE
Mexy mBeiepamu. [puaumaem b=27.5 cm, npu 3ToM OyaeT odecriedeH 3a30p Me-

=221 xH/cm? < 31,5 kH/cm?.

-100% =30% > 5%.

Henonanpsxenue cocrapisier

XKy Tioikamu, paBHbIi 100 M.
Briunciisiem XxapakTepuCTUKU:

2 4
J, =2-| 642cm’ +(27’5°Mj B15em? |=24538cn i, = [22220M 1490y
2 123cm

A = 918cm _ 651: A =+/651% +40% =76 4; »,=0,633.
14,1cm
IIpoBepsiem ycnosue (9)
2132xH

o= >=27,4 kH/cm? < 315 kH/cMm?,
0,633-1231

31,5%H/cm 2 —27 4xH/em ?
31,5%H/cm 2
OxoHYATEIHPHO HA3HAYaeM PACCTOSIHHE MEXKIY OCSMH IIBEIIepoB D=27,5 cm,

torma b1=275cm + 2- 2,75 cm = 33 cMm.

-100% =13%.

HCI[OHaHpH)KCHI/IC COCTaBJIACT

2. PacueT miaHok

Hasnauaem mumpuHy niaHok

12



Is=0,75b=20 cwm,
TOJIIIIUHY TUTAHOK
ts=(1/20)ls;=1cm
U PACCTOSIHUE MEXKy ITAHKAMH B CBETY
In=A1-1;1 =40 - 3,23 cm = 129 cm.
VYcnoBHas nonepeynas cuia no gopmysie (10)

o (AT

kH/cm 0633 31,5

Buaytpennue ycunus B manke o ¢gopmyinam (11) u (12)
Fo 20kH - (1290M + ZOCM) 20xH - (1290M + ZOCM)
27,5cMm 2

MomeHT COIIPOTHUBJICHUS CCUHCHUSA TIJIAHKH

lem- (20 em)?

=1490 xH- cm.

=108 kH; M, =

W, = =66,7 oM

[TpoBepum npouHOCTH MIaHKu 1o hopmye (13)

o= 1490K—H§M =22 3kH/cm? < 31,5 kH/cm?.
66,7 cm

[IpoBeprUM MPOYHOCTH CBAPHBIX IIBOB, MPUKPEILISIONINX TUIAHKY K BETBSIM, I10
dopmyite (14). Bagaemcs kateToM mBoB K =8 MM = 0,8 cM, cBapka moJryaBTOMaTH4e-
ckast, £ =0,9. Iins cranmu C345 Ry = 21 xH/cm® (ta6o. T12* u [13*). Beruucisiem xa-
PaKTEPUCTHKH IBA:

— 48 oM.

0,9- 2. 2
A\Nf =0,9-@G8 20cm 144, CMZ; Wwf _ @4 6QCM )

OmnpenernseM HaNpsKEHUA B ILLIBE:

1490xH -cm 2 2
Oy = 57— =31 kH/em® > Ry = 21 kH/em”, ipounocTs He obecreye-
48cm
Ha.
Haznawaem mmpuny miasku ls =30 cm u kateT mBa Ki =8 mm, Torma
£ _ 20xH - (129cm +30cm) _1156 xH: M, = 20<H- (129cm +30eM) 4 pon 1o o
27,5¢cm 2
09-@8 3 i
ANf 20,9'&,18 30cm 236 CM2; Wwf = Q:,ﬁ 6QCM ) =108 CM3.
1590xH -
Oy = < SCM =14,7 xH/eM’; 7, =%:5,4 kH/cm’.
108cm 21,6em

13



2\2 2\2 2 2
\/(14,Z(H/CM ) +6 4xH/cm ) 457 xH/cm® <21 xH/cM®, npoyHocTh cBap-

HBIX mB@\y.[z oOecrieueHa.

3. Pacuer 6a3bl KOJOHHBI

CoOcTBeHHas Macca KOJIOHHBI OyAeT
G =2 Quemen - 1 -1,2=2-0,483 xkH/™m - 9,18 m - 1,2 = 10,6 kH,
THE Jgemen — Macca 1 m.m. msesiepa Ne40;
1,2 — k03P puIHeHT, yYUTHIBAIOIINUN MacCy IUIAHOK, OTOJIOBKA U 0a3bl.
[TonHas poaoJibHAs cuila B KOJIOHHE Ha ypoBHE oOpe3a dhyHaIaMeHTa
N’=N+ G =2132 xH + 10,6 kH = 2142,6 xH.

e Pacuem naumeol.
TpeOyemyro TuIomaah TIATH B TUTaHE ompeaesisseM mo dopmyse (15)
Fmes _ 2142 ,6H
P 0,7%H/cm 2
3agaemcst ¢ = 10 cm; tt = 1 cm, Torma pasmep mimthl B=62 cM, a pa3mep
2907

— 2857 cMm>.

L’;M = 52 =47 cwm. [Ipunnmaem L, =50 cm, Torna b,=8,5 cm (puc. 5).
Hanpspxkenue B 6eTone yHaamMmenTa Oyaer
o, = N° _ _2142.6d =0,7 xH/ca’.

"B .L  62cM-50cM

p p

Bemev cmepoicusa = WEETERTTERRETRETANY ¥

: : N N ¢
konoumnel uzl 40 |- S
18 =
3 2L I
S ol
Il
PENEP W
()
=\
| S
b,=85 b,=330 b,=85 QJ
L,=500

Puc. 5. K onpegeneHuto paamepoB nnuTbl B NnaHe
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OnpenenuM M3rudarpIMe MOMEHTbl Ha YYacTKax IUIUTHI MO QopMysam
(17)—(29).

w07 kH/cm® -(1OCM)2 lem
2

M 2/ = 0,060 - 0,7xH/cm? - (40cm)” -1em = 67,2 kH-cm;

M ) = 0,048 0,7xH/cm? - (33cm ) - 1om = 36,6 kH-cm.

[To makcuMasibHOMY MOMEHTY M=67,2 kH-cM ompenensemM TONIIMHY TUIATHI

M =35 kH-cMm;

no gopmyse (16)

-67,2xH -
t, > 6-67,2x ZCM=3,7 CM,
30kH/cm” -1
npunHuMaeM t, =40 mm (Tabm. [14%).
Hzeubarowuii Mmomenm Ha 6MOPOM YUACMKE MONCHO YMEHbUUUMb nymeM No-

CMAHOBKU OONOJIHUMEIbHBIX p€5€p HcecmkKkocmu.

e Pacuem mpasepcwi
Bricoty TpaBepchl omnpeaenum 1o dopmyiie (20), 3amaBIIMCh KATETOM CBap-
HBIX IIBOB Ki =8 MM
h> 2142 ,&H
4-0,9M821xH/em 11 -

=35,4 cMm,

npuauMaem h; =400 mm.

PacueTHbIif KaTeT MIBOB, MPUKPEIUIIONIMX TPABEPChl M BETBHU K ILTUTE, OIpe-

nensieM 1o gopmyne (21) (Z |, =214 cm, cm. puc. 5)
= 2142 ,6&H

" 09-2H/em 1-1-214cm

=0,93 cm,

HazHauaeM k; = 8 M (Tabur. 2.1)).
[IpoBepuM TpaBepcy Ha u3rud no dopmyie (22). [loronHas Harpyska Ha Tpa-
BEpCyY

0. =0y -%: 0,7xH/cm? - 62cm

=217 xH/cm.

Pacuernas cxema TpaBepchl M 3MIOpa W3TMOAIONIUX MOMEHTOB ITOKa3aHa Ha
puc. 6.

15



M,
{ :/ M
M;,2 My,
Puc. 6. PacueTHasa cxema TpaBepcChbl
2 2
M, = G, -b; _217xH/cm (8,5¢cm) _784 xHoom:
‘ 2 2
2 2
M., = 0 8bl _ 2L7KH/C;/I (33cm) — 2954 kH-cn:

M; = M, — My = 2954 xH-cm — 784 kH-cm = 2170 xkH-cm.

MomeHT COIMPOTHUBJICHUA CCUCHUA TPABCPChI

W t -h? _ 1<:M~(4OCM)2

t = 266,7 cm’.
6
Hanpsoxenune
o= M, = 2170xH .CsM =8,1 kH/cm? < 33,5 kH/cM?,
W, 266,7cm

T.€. IPOYHOCTH OOECIeYeHa.

4. Pacuer orosioBka (puc. 3)

Bricoty nuadparmel onpenenum no ¢opmyie (23), 3a7aBIIUCh KATETOM CBap-
HBIX IIIBOB 8 MM:
h > 2132xH
"7 4.09®821xkH/em 13- -

npuarMaeM hy, =400 mm.

=35,3 cM,

Tonmmuny nuadparmel onpeaenum no popmye (24):
3 2132xH
31,4m 17 5xH/em *1

=39 cMm,

h

Ha3Ha4daeM t, = 40 mm.

16



3neck by=b;—2-t,= 33 cm — 2:0,8 cm = 31,4 cm; t,=8 mm 1o Tabdn. [12; R=17,5xH/cm?
mo Tabm. 111,
[IpoBepuM npouyHOCTH AuadparmMel Ha cpe3 1o dhopmyiie (25)
3-213RH

T= =10,0 kH/cm? < R=17,5 kH/cM?,
4.46M 4cm

MPOYHOCTH OOECIIEUCHA.
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ITPMJIOKEHHMA

Taomuma 11

KoaddummeHTs! ¢ mpoaoapHOTO H3rnda NEHTPATBHO-CKATHIX JJIEMEHTOB [5*]

I'noxocrs A

Kosdpuumenrsl ¢ 111 3J1eMeHTOB U3 cTaIH ¢ Ry, kH/cm’

20 24 28 32 36
30 939 931 924 917 911
40 906 894 883 873 863
50 869 852 836 822 809
60 827 805 785 766 749
70 782 754 124 687 654
80 734 686 641 602 566
90 665 612 565 522 483
100 599 542 493 448 408
110 537 478 427 381 338
120 479 419 366 321 287

[Tpumeuanue. 3nauenus kodpduiueHToB @ B Tabi. 1 ypenuuens B 1000 pa3
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Pacuernbie conpotuBiieHnst 6eToHa GyHIAMEHTA CKATHIO

Taomuma 13

Kunacc 0eToHa no npoyHoCTH B7,5 B10 B12 B15
P
acyeTHOe COHpOTZI/IBJ'IeHI/Ie 0.45 0,60 0.75 0.85
Ry, kH/cm
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PACYET HEHTPAJIBHO-CXXATBIX CKBO3HbLIX KOJIOHH
5 METOANYECKUE YKA3AHUA
K KYPCOBOU PAGLOTE I10 METAJUIMYECKUM KOHCTPYKIIMAM

Cocrasurenu ITY THJIMH
Burtanuit MuxaiinoBud
KAIIBIPUH
Huxkomnai Bukroposuu

Penakrop I'.B. Kazpmuna

[Toanmucano B nevyatb . ®opmar 60x84 1/16. bymara odceTHas.
Puzorpadus. I1eu. 1. 1,9. Tupax 150 k3. 3aka3 Ne
N3paTenscTBO JIMMENKOTro rocy1apCTBEHHOTO TEXHUYECKOTO YHUBEPCUTETA
[Tomurpaduueckoe noapasnenenue Mznarensctra JIN'TY
398600 JIuneuk, yi. MockoBckas, 30.



