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Beenenne

VY4eOHoil nmporpammoit kypca «Kene300eToHHbIE U KaMEHHBIE KOHCTPYKIIMM»
NOMUMO TEOPETUYECKUX 3aHATHI MPEayCMOTPEHO BBINOJIHEHHE CTYyJEHTaMU
YeThIpeX JIabOpaTOPHBIX padboOT ¢ OOIIMM 00bEMOM Y4eOHOTO BPEMEHHU — 8 4acoB.

OcHoBHasi 1edb Ja0OpaTOpHBIX pabOT B 0OIIEM IUIaHe — YIIyOJIeHHeE,
pacuIMpeHne U 3aKperieHUe 3HAHUMU, MOJTYYEHHBIX Ha TEOPETUUYECKUX 3aHSATHUSAX 10
JaHHOMY KYpCYy.

Kpome Toro, B mpoiiecce BBINOJHEHUS JIA0OPATOPHBIX pPAOOT CTYJEHTHI
MOJTy4aloT U OCBAUBAIOT:

- METO/IMKY TOJyYeHHUS! MPOYHOCTHBIX XapaKTEPUCTHK OETOHA W apMaTyphl IO
pe3ynbTaTaM MCHBITAaHUM O00pa3loB (pealbHBIX MCHBITAHUA WM  BbIJIAHHBIX
KOMIBIOTEPHON POrpaMMOit [ TaOOpaTOPHBIX PaObOT YCIOBHBIX 3HAUEHUH);

- IPEJICTABJICHUE O KOHCTPYKTUBHOM PEUICHUU PEAIbHBIX OIBITHBIX 00pa3lioB
(apMupoBaHue, omamyOOUHbIe pa3Mephbl U Ap.) WM WX BU3YAIbHBIX MPEICTaBICHUN
Ha nepcoHanbHbIX KoMmibtoTepax (I1K);

- CYIIECTBYIOIIYI0 TPUOOPHYIO0 0a3y, OCHACTKY U 000pY/I0BaHUE, HEOOXOIUMbBIC
JUIS IPOBEJICHUS UCTIBITAHUM OMBITHBIX 00pa310B B JIA0OPATOPHBIX YCIOBHUSX;

-HaBBIKH B OKCIIEPUMEHTAILHON TMPOBEPKE TEOPETUUYECKUX OCHOB PaOOTHI
KEJIe300€TOHHBIX KOHCTPYKIIMA TIOJ HArpy3Kol TIpH pPa3IUYHBIX CHJIOBBIX
BO3/ICHCTBUX U XapakTepa pa3pylIeHHs ONBITHBIX 00Pa31oB;

- METOJIMKY COTOCTaBJICHHSI OMBITHBIX MAapaMeTpoB, TMOJYYCHHBIX MPH
UCTIBITAHUU 00PAa3II0B, C UX TEOPETUUECKUMH 3HAUYCHUSIMHU.

B npouiecce BbIOTHEHMS J1a0OPATOPHBIX pabOT KAkl CTYIEHT AOKEH BECTH
PETUCTPAIMIO OMBITHBIX TapaMeTpPOB Ha BCEX JTalax HarpyXeHus o0pas3IoB B
MpOTOKONIaX (KypHajlax) AJi JIabOpaTOpHBIX paboT ¢ TrpaduyueckuM MOCTPOSHUEM
COOTBETCTBYIOIIIUX CXEM, TAOJHII, JUArPaAMM.

Kaxnmas pabota mdomKHAa 3aBepliaThCs 3aKIOYCHHEM O TPOBEACHHOM
UCIBITAHUU C aHAJM30M IOJYUYEHHBIX Pe3yJbTaTOB U cAauel CTYIEHTOM 3adyeTa IO

Kaxaoh J1abopaTtopHoi paboTe, TMpU  YCIOBUM  IOJOXKUTEIBHOM  OIIEHKH



CaMOCTOSITENIbHBIX OTBETOB CTYJEHTa Ha KOHTPOJIbHBIE BOMPOCHI MPENOJaBaTEINs,
IPOBOAMBILIETO J1a00paTOpHbIE PAOOTHI.

JIaGopaTopHblie pabOThI MOTYT ITPOBOAUTECS 110 OJHOMY U3 ABYX BApHAHTOB:

1) HcnpiTaHue peanabHBIX ONBITHBIX  00pa3lioOB, BBINOJHEHHBIX U3
)Kee300eToHa Ha CUIIOBOM 00OpY0BaHUU,

2) BuptyanbHble ucnbITaHUsl 0ajJOK C HMCIOJIB30BAHHMEM KOMITBIOTEPHBIX
IPOrPaMM.

JlanHHOoe  MeToaMyYecKoe Ioco0ue  Mpeijiaraercs  MCIHOJb30BaTh  Kak
BCIIOMOTaTeNbHbIM MaTepuan NpH 3aloJHEHUU MPOTOKOJIOB HCIBITAHUNA B pamKax
KaXaou snabopaTopHoil paboThl. ONMH IK3EMIUISP MOCOOUS Ha JBOMX CTYJEHTOB
BBIIACTCSL Tepel BBHITIOJHEHHEM J1a00paTOPHBIX pabOT W TOCIe WX OKOHYAHUS

CAACTCH ITPCIIOJAaBaATCIIHO.



JlabopaTtopHast pabGora Ne4
HcnbiTaHue NpeaBaApUTEILHO HANIPSKEHHOM KeJ1e300eTOHHO 0aJIKM Ha
u3rud ¢ paspyuieHueM M0 HOPMAJIbLHOMY CeYEeHHUI0

[Hemsto  nmabopaTopHOil ~ paboOTBHl  SBISETCS  M3YYCHHE  MPOYHOCTH,
TPEIMIMHOCTOMKOCTH W J1e(OpPMATUBHOCTH  NPEABAPUTEIHLHO  HAMPSHKEHHOTO
XKeJ1e300€TOHHOTO U3rndaeMoro 3J1EMEHTA.

[IpuBeneHHbIE B METOJUYECKOM YKa3aHUU BUJICOKAAPHI 3HAKOMST CTYACHTOB C
OTepalUsIMU, BHIMOIHAEMBIMH MPU MIPOBEACHUN HATYPHOT'O SKCIIEPUMEHTA.

JUis  HaTypHOTO OJKCIEPUMEHTa U3rOTaBIMBaeTcs oOpasen u3rudbaemMoro
IpeBapUTENbHO HANPSHXKEHHOTo 0aJ0YyHOro Ke1e300€TOHHOTO ieMeHTa. PacyeTHas
IIPU UCTBITAHUU CXeMa o0pa3lia — OJJHOIPOJIETHAs IIIAPHUPHO onepTas Oanka.

Ilopsook evinonnenus pabomol:

1. OnpeneneHre MPOYHOCTHBIX XaPAKTEPUCTUK O€TOHA B MOMEHT OTITyCKa

PEeIBAPUTEILHOTO HAIIPSKEHMUS;

2. OnpeneneHre MPOYHOCTHBIX XApPAKTEPUCTUK OETOHA B  MOMEHT
WCIIbITAHUS,

3. OrnpeneneHue NPOYHOCTHBIX XapaKTEPUCTUK apMaTyphl;

4. ['eomeTpruueckue pa3mepbl M CXEMAa apMHUPOBAHUS MCIBITHIBAEMOU
OaJIKy;

5. OrnpeneneHue XxapakTepUCTUK TPUBEJIEHHOTO CEUCHUS;

6. OnpeneneHue NoTepb NPEABAPUTEITHLHOTO HANIPSIKCHUS,

7. Omnpenenenre TEOPETUIECKOTO MOMEHTA TPEIIMHOOOPa30BaHMSI,

8. OnpeneneHue TeOPETUYECKOrO pa3pyllaIIero MOMEHTA;

9. OnpeneneHue TEOPETHUYECKOTO TIepeMEIleHUsT Oallku B CEepeIUHE
IIPOJIETA;

10. Cxema 3arpykeHus OaJIKu;

11. HcnrpiTanue Oajku;

12. ConocTaBiieHHE TEOPETUUECKUX U SKCIIEPUMEHTAIIBHBIX 3HAUECHHIA.



Onpeoenenue npouHOCMHBIX XAPAKMEPUCMUK OeMOHA 8 MOMEHM OMNYcKa
npeosapumenbHo20 HaAnNPAIHCeHUs
[IpouHocTs OeToHa B MOMEHT OTIIyCKa MPEABAPUTEIHLHOTO HaNpPSKEHUS

apMaTypbl Ha3bIBACTCS IEPEJATOYHOM IPOYHOCTHIO OeroHa R, . HeoOxomumocTs

KOHTPOJISL 3HAUYEHUs [I€PEelaTOYHON MPOYHOCTH OETOHA BbI3BaHA JBYMs (PaKTOpaMHU:
oOecrnieyeHrne JOCTaTOYHOM MPOYHOCTH OETOHA JJIsl BOCIIPUATHUS UM YCUJIUS 00KaTHS,

IIEPEIAaBAEMOr0 Ha OETOH HANPATaeMOM apMaTypO M MCIIOJIb30BaHUEM 3HAYCHUS R,

JUTS pacdeTra MoTeph MPEABAPUTEIHHOTO HAPSHKEHUST apMaTyphI.

CornacHo TpeOOBaHUSM JCHCTBYIOIIMX HOPM BeJIMYMHA [EpPeIaTOYHOM
IPOYHOCTH GETOHA MODKHA ObITh He MeHee 15 MIla (15 H/mm®) u e menee 50%
IMPUHATOTO KJacca O€TOHA MO MPOYHOCTH Ha CIKATHE.

CpenHee 3HaueHUE TMEPEIATOYHOW MPOYHOCTU OMPEIENSIeTCS MO pe3yiabTaTam
UCTIBITAHUS 3-x OCeTOHHBIX KyOWYecKuX 0OpasloB, W3TOTOBICHHBIX IPH
OeTOHMPOBAaHUM OATKHA U XPAHUBIIUXCS B OJIMHAKOBBIX TEMIIEPATYPHO-BIaKHOCTHBIX

YCIOBUSIX C UCIBITHIBAEMON OAJIKOH.

CpedHee 3HaueHue nepedamoyHoil NPOYHoCMU BemoHa o pesybmamanm LCALIMAaHUA mpex
Kyboe:
_ R +ER . +EK 53 | +[266 |+[255
— o N Ty o - T - e
- 3 3

Onpedenexue nepedamouHod
fpouHocmiy BemoHa Mo UCLIMaHUAM
wybos ¢ pebpom 15 oM

R, = 288 Hmm2

Ry 1= 26,6  Ham2

R,,:=255  Hwm2

Puc 37. Onpedenenue npouHocmuvix xapakmepucmux 6emona



Onpedeﬂeuue PaAcCuUeémHblX xapaKkmepucmuk Oemona 6 MOMEHmM UCNLIMAHUSA

oanku

OI'IPE,EIEHEHHE pac4yYeTHbIX XapaKTepUuCTUK DeToOHa B MOMEHT UCNbLITaHUA

OnpedeneHue Kybukoeod NpoyHOCMU o ucnkiMaHusam Kybos ¢
pebpom 15 cm

R, = 42,2 Hum?2 R,= 36 Hmm2 R.= 40,9 Hmm2

CpedHee 3HayeHUe Kybukosol npoyHocmu
6emoHa no pesynemamam UchkimaHus Kyboa:

R w £ = 397  Hmm2

MMpusmenHas npouHocme Demora, omseevaiolian cpedHel Kybukosol NPOYHOCTIU:
R, =(0,77-0,00125R)R = (0,77 — 0,00125-[°7])-[*7 |= 28,6 Hmm2
lMpoyHocmes Bemora Npu ocesoM pacmsmxeHuUU, omeeyarLlyas cpedHell Kybukosol npoyHocmu:
R v T
L= e
‘ 45+R 4547

HauaneHsill Modynes ynpyaocmu 6emoHa, omseyarLul cpedHeld Kybukosol npoyHocmu:

5 _ 350008 _ 550007 ]
D e R e 397 |

Puc 38. Onpedenenue pacuemmuvix xapaxmepucmux bemona

= 234 Hum2

= 32736 Hmm2

Onpeodenenue npoOYHOCMHBIX XAPAKMEPUCMUK HANPAZAEMOU APMAMYPbL

B kauecTBe Hampsraemoil apMarypbl ONBITHOIO 0Opa3la HCHOJb30BaHa
crepkHeBass apmatypa knacc A800 mumamerpom 14 mMm. IIpoyHOCTHBIE
XapaKTEPUCTUKU HAMPATaeMOl apMaTyphl ONPEAENICHbI 10 PE3yJIbTaTaM HCIBITAHUS
3-x oOpasmoB apmatypsl kiaacca A800 d14 MM Ha pacTsHKeHHE C ONpeeICHHEM

YCJIOBHOT'O ITpCAciia TCKYUYCCTH.



OnpedeneHue conpomuenieHUn PAcCMAXeHU cmepxHesol apmMamypbi Asoo(duamemp 14 mm)
O,~ 786HMm2 &= TT1 Hhm2 O 3= 784 Hmm2

B kavecmee pacuemHo20 CONPOMUENeHUA apMamypsl pPacmAaXeHun NpuHuMaeM cpedHee
3HadeHue ycroeHozao npedena mekyyecmu:

_Ou 10,10, : o — 780.3 Hium2
3 L

i1 3

o
A

.29
0.2% g

Puc 39. Onpedenenue npounocmuvix xapaxmepucmux Hanpseaemou apmamypbl

I'eomempuueckue pazmepol u cxema apmMupo8aHus UCNbIMbIEAEMOU DANKU

HcnbiTeiBacmas Oajika MMEET MPSIMOYTOJIBHOE CEYEeHHE b-h=100-150mm, JJTHMHA
oanku 1300 MM, pacueTHbiit nposeT 6anku — 1170 mM. banka apmupyeTcsi OCHOBHOM
IIPOJOILHON HampsraeMol apMaTypoit — omHuM ctepxxkaeM A800 d14mm, B kpaitHUX
TPETSAX TMpoJieTa OAKM YCTAaHOBJICHBI MPOCTPAHCTBEHHBIC KapKachl C TMOMEPEUHOM
apMaTypoil, TpenHa3HAaYeHHOW Jig oOecleyeHuss MPOYHOCTH o0pasua Mo

HAaKJIOHHOMY CCYCHHUIO.

FeomeTpU4YecKue pasmepbl U CXeMa apMUPOBaHUA UCNLITbIBAEMO 6anku

i 2

di14 A8B00 (A_=154mMm’)
W it .yl
|

i

b=100 K1 1)| K1

7

=130 mm
=150 MM

h
h

1
Lo=1170 mm

L=1300 mm

A1

Puc 40. Cxema apmuposanus 6anku



Onpeoenenue xapaxmepucmuk npueeO0eHH020 cedenus oopazuya

HcxoHble TaHHbBIE UI pacyeTa:

eBricora ceuenus — h=150 mwM;

ePalouas BeicoTa ceuenus — hg=130 mmM;

elllupuna ceuenus — b=100 mm;

ePaccTrosiHMEe OT HMXKHEH T'pPaHU CEUYEHMS 1O LEHTpa TKECTH HaIpsAraeMou
apMarypsl — a=20 mmM;

el l01a1b MONEPEYHOrO CEUECHUS HAMIPATAEMOM apMaTyphl - A, =154 mm?;

eMonynb ynpyrocta 0eToHa (1o pe3ysbTaTaM OIbITA) - E, = 32736 H/mm? |

e Moy yIpyroCTH HAMPSATaeMOM apMaTyphl - E, =2-10° H/mm?;

ePaccTosiHre OT EHTpa TSHKECTH MPUBEACHHOTO CEUEHUS 10 PACTAHYTOW I'PaHU
- Yo=718Mm,

e[l01maab NPUBEACHHOTO CEUCHUS - A,y =15941mm?;

eMoMeHT HHEPIHUU MPHUBCACHHOIO CCUYCHHUA OTHOCHUTCIBbHO LCHTPA TAKCCTHU -

A..; =30861007 mm*.

ha
|..I

£,

Asp
‘T
G{.Sp = E—b —: 6.11

lnowads npueedeHHO20 CevYeHUR: b

A, =bhta, A, =0 |

ap

150 ‘-|-‘6.1‘I 3¢ = 15941 mm2

Cmamudeckull MoMeRm Nnowadu npusedeHH020 CeYeHUA OMHOCUMENLHO HUXKHed apanu;

bk’ [0 |
Smd :T+QSPA a ——I—‘B.H Hm Hzo ‘:

wdy = 1143819 mm2

PaccmoaHue om yeHmpa maxecmil npusedeHHo20 ceveHUs 6o HiKHed apaHu;

Y o Srrzd _

= =i 7. My

o
4 15941
rad

Puc 41. Onpedenenue xapaxmepucmuk npugeoenHo2o ceueHus




MomeHm UHE‘,DUUU npusedeHHo20 CeYeHUA OIMHOCUMENsEHO UeHIMpPa MmKecmil CeYeHUA:

bh’
Ired 12 bh(y __) +Of sp(Yo_ap)z_

m“ ‘100 ‘150 ‘.(“IS ‘_)2+|6.11 Hm ‘(

= 30803368 Mm4

Momerm conpoimusneHud I'.I'_DUSB@BHHOBD CeYeHUR OMHOCUMENbHO HIBKHeL eparu’

1.8 ‘_‘zo Dz:

I 30803368
T i =429016 MM3
yed Y 718

[ -
Ynpyzao-nnacmudeckull MOMeHM conpoimuaneHus OmHOCUMEeNbHO HIBKHed apaHu;

W, =175, =1,75-[4%016 |=750778 mm3

PaccmosHue om UeHmpa maxecmiu npusedeHHo20 cedeHus do AAposod modkL:

oW, [t || 750178 |
==

Puc 42. Onpedenenue xapakmepucmux npuseoeHH020 CeueHus.

F= — 0 i

Onpeoenenue nomepsb npedsapumebHo20 HANPAHCEHU APMAMYPbl
Benuuuna npenBapuUTENbHOTO HAMpsDKEHUS apMaTypbl TMPUHUMAETCS B

<o, <0.9R,

sn = Vsp =

npenenax 0.3R

o
Jns onbITHOrO o0pasua 6anku oy, =669 H/Mm*, YTO COCTABIAET — _ 669 _ 0.85,

780

sn

9TO COOTBETCTBYET TPEOOBAHUSIM HOPM.

Ilepevie nomepu (0o nepedauu ycunus obdxcamusi Ha OemoH)

[Torepu OT penakcanuu HAMPsHKEHUH apMaTypbl MPH SJICKTPOTEPMUUYECKOM
crocobe HATSKCHHS:

=0.030,, =0.03-669=20.1H/mm".

Ggp1 =
[Torepu oT TemmeparypHOro mnepemnaga, AeQopMailil CTalbHOH (QOpPMBI U
nedopMaIui aHKEPOB TPUHUMAIOTCS PAaBHBIMU HYJTIO.
Bmopuvie nomepu (nocne nepedauu ycunus ooxcamusi Ha 6emoH)
[Torepu ot ycagku 6eToHa:

AGspS =&€psh Es ’



£y s ~€OpMaNMA ycanku OeToHa, i kiiaccos OetoHa B35 u Huke (4Tto umeer
MECTO B HAIIIMX MCHBITAHUAX) &, =0.0002 ;

E, = 200000 H/mm?;

AG 455 =0.0002 - 200000 = 40 H / mm?.

[Torepu ot non3ydectu OeToHa:

0-8(Pb,cr “0L- GOy

€op * Vs * A
1+a-psp[1+Opysred]-(1+0.8-(pbycr)

red

AGSp(S = ’

®p o "KOOPOUIMEHT MOoN3ydYecTd O€TOHAa TMpPH HOPMAIBHOM  BIAKHOCTH

okpy»xatoien cpennl (40%-75%) nns kiacca 6erona B35 pasen 2.1;
E

a=—=6.11;
b

Gy~ HaNPsDKEHHE B OETOHE HA YPOBHE LEHTPA TSAKECTH HANIPATaeMOW apMaTyphl

OT yCuJIns 00xatus P, ¢ y4eTOM HEPBLIX IOTEPD;

P

P
@ "

@ 'eop Y .
I b

Gy
p
Ared red

Py = A, - (04 — Ao )=154(669 — 20.1)=99931H ;

iy - KOO HUIMEHT aPMUPOBAHUS 1y, = :S[r)] - 1035-)‘1150 e

€, - OKCLICHTPUCUTET YCUIIUA P, OTHOCHTEIBHO LEHTPA TSHKECTH MPUBEICHHOTO
CEUCHHUS €, =Yy, —a=71.8-20=518wm;

Y, - PACCTOSIHME MEXIY LIEHTPAMH TSKECTU CEYEHUs HAIpATraeMoOW apMarypsl U
NPUBEICHHOTO MOIEPEYHOrO CEYEHHUS, B JTAHHOM CITydae y, =e,, =51.8mm ;

Ay =15941mm?, |4 = 30803368 Mm*;

G = 99931 N 99931-51.8-51.8
" 15941 30803368

=6.27 +8.7=14.97 H/mm? |

[ToTepu oT mon3yvectu OeToHa:



08-2.1-6.11-15 154 B

1+ 6.11. 0.01(1+ 51.8-51.8 -15941) (1+08-21) 1+0.06(2.39)-(2.68)
30803368

=E=111.6H/MM2

Acspe =

[TonHbIE IOTEPMU:

AG 2 = AC ) + AC s + Ao e = 20.1+40+111.6 =171.7 H/mm®.

Ycunue npenBapuTeIbHOTO 00KaTHS C yYETOM BCEX MOTEPD:
P, = A, (04 — s, )=154 (669 ~171.7)= 76584 H

OnpeOeﬂeHue meopemuueckKozo momernma mpemuuooﬁp(woeaﬂu}z

Hcxomurie naHHbIe:
® DKCIICHTPUCUTET YCWIMS TPEABAPUTEILHOTO 00KaTHsI OTHOCHUTEIIBHO IIEHTpa

TSKECTU IIPUBEIEHHOIO CEYEHHs - e, =Y, —a, =71.8-20=51.8mm
e Ycuine npeaBapuTeNbHOIO 00KaTHsI C yY€TOM BCEX MOTEPb - P, = 76584 H ;
ePaccTossHME OT LIEHTpa TSHKECTH NPUBEIECHHOIO CEYEHMS JO SIAPOBOM TOUYKH -

r=47.1;
.pr}II‘O'HHaCTI/I‘-IeCKI/Iﬁ MOMCHT COIIPOTHUBJICHUA CCUCHHA OTHOCHUTCIIBHO

HIKHEW TpaHu - W, =750778 mm®;

e[IpouyHOCTh OETOHA HA PaCTSHKEHUE - Ry, =2.34 H/m/ 2.

\ L
}/o Cop
» Tp

Puc 43. Cxema pacnonoosicenus 10po6ou mouxu

MoMeHT ycumnus MpeABapUTENbHOTO 00XKaTHs OTHOCUTEIBHO OCH, MPOXOASILEH

Yyepes3 BEPXHIOK AIPOBYIO TOUKY:
M, =P, (e,, +1)=76584(51.8+47.1)=7574158 H - aun="7.574 kH m.

TeopeTuyeckuii MOMEHT 00pa30BaHUsI TPEIIUH:



M crccat = Rop “Wpy + M p = 2.34- 750778 + 7874158 = 9330078 H - 1 =9.33 kH - M .

Onpeoenenue meopemuuecko2o papyuiaouiezo MoMeHma

Hcxonublie TaHHBIE:

e[IpouHocTh OeTOHA HA CXKATHE - R, =28.6 H/mm?;
IIpOYHOCTH apMaTyphl HA PACTKEHUE- Ry, =780.3H/mm?;
eMonynb nedopmManiuu apMatypsl - E, =200000 H/mvm?;
ePabouas BbICOTa C€UEHHST OATKH - hy =130 MM ;

elllupuna ceuenust 6amKu - b=100 mm ;

¢ Ko>()(HULMEHT TOYHOCTH HATSKEHUS apPMaTypBbI - y,, =0.9;
e BenuurHa IpeIBApUTEIBHOIO HAMPSKEHU apMaTyphl - o, =669 H/mm?*;

e[lonHas BCJIIMYMHA IIOTEPb npeaABapUTCIbHOTO HaIpsizKCHUSA -

Acg, =171.7H/mm?;
BricoTa cxxatoli 30HbI CEUEHUS B CTaAUU pa3pylieHus 0e3 ydera koddduimenra

YsS:

Rsp ’ Asp _ 780.3-154

= =42.0MM .
R, -b 28.6-100

X =

OTtHOcHUTENbHAS BBICOTA CKATOM 30HBI:

g X 4204393,

h, 130
['pannuHOE (TIpeeIbHOe) 3HaU€HHE OTHOCUTEIIBHOM BBICOTHI CKATOM 30HBI:

X 08 .
Er :hi:T’
0 1+ s,el

Epult

€.~ OTHOCUTEJIbHAs Nedopmanusi B apMaType pacTSHYTOW 30HbBI, BbI3BaHHAs

s,el
BHEIIHEW HArpy3KOH, IPHU JOCTMIKECHHM B OTOW apMarype HaINpsKEHUsS PaBHOTO

pPacyeTHOMY COIPOTHUBIICHUIO:

RS +400_Gsp2 .
sel = E— '

S

€



rie oy, =(0y — Aoy, )-ve = (669 ~171.7)0.9=447.6 H/mu?;

. _7803+400-4476
sel = 200000

= 0.00366 ,

€pux - OTHOCUTEINbHASA e(OpMaLHsl CKATOr0 OETOHA IPU HANPSKEHUSIX, PAaBHBIX

R, , npuHuMaemas pasHoi 0.0035;

0.8 0.8 .
Sk = 14 0.00366 2.046 0.39L,
0.0035

£=0.323<&z =0.391, CICOOBATCIBbHO, CONPOTHUBIICHUEC apMaTypbl pPaACTSKCHUIO

clenyeT YMHOXKaTh Ha y,;

Vo3~ KOD(MOUIMEHT, YyYWUTHIBAIOIIMWNA TMOBBIIIEHUE COMPOTUBICHUE apMaTyphbl C

YCJIOBHBIM NPEJCIOM TCKYYCCTH PACTXKCHHUIO IIPH £ < & -

Y =125-0255 <11;

R

v =125-0252323 _1 u3.
0.391

BricoTta cxxaToii 30HBI CEYeHHsI B CTAIUH Pa3pyIICHUs C y4eToM Ko3dduimenrta

YSS:

Vss 'Ry - Ay 1,043-780.3-154
R, -b 28.6-100

X= =43.8MM.

TCOpCTI/I‘ICCKOC 3HAYCHUC PA3pymaromero MOMCHTA.

Muca =Ry 'b-X(ho —XJ=28.6-1OO-43.8-[130—438):13541471H MM
, > :

Onpedenenue meopemuuecKko2o nepemeuienus (npo2uda) onbimnozo 0opasua

6 cepedune npoema



OnpegeneHne TeopeTUYECKOro nepemMelleHns cepeuHbl nponeTa

- Q_#

.
Al

.o
Modyne ynpyaocmu Gemowna E = 32736 Huw? 2 Asp E‘EDJL!\
Pacuemueill nponem banku I & 0=1 170 M

IMomenm uHepUUL NMpUeedeHHO20 CEYEHUR Ire = 30803368 i

Teopemuueckuii MOMeHm oBpas0eaHus mpetjuH A’fcrc.cal'z 9330978  H-mm -

Kpueuszna npodoneHoil ocu, obycrnoeneHHads nepeMeleHueM om eHewHeld HazpysKu,
omeeyvarouiel YpoeHi0 3a2pyKeHus, NPU KOmopoM omcymcemeym mpewuHsl, m.e. 0 8M

Y, = 19330978
L 0.8M o et _ 0.3 _ 0.00000871

cre,cal

= 1/nana
085,17, , 0,85 -|32?35 H 30803368 ‘
Teopemuyeckoe nepeMeleHue om eHelwHel Hazpy3Ku:
23 &l 2 23 2
f;m‘ I “ = == .|o00000871 ‘ 1170 ‘ =1 260 =

Py - —

Puc 44. Onpeoenenue meopemuueckoz2o nepemeujers cepeoutvl nporema

Onpeoenenue Hazpy30K, COOMEEMCMEYIOUUX M EOPEMUYECKOMY MOMEHMY
mMpewiuHo00pa30eanus u meopemuiecKomy papyuarouiemy MomeHmy

Hcxonublie TaHHBIE:

e TeopeTHYeCKMt MOMEHT 00pa30BaHUs TPELIUH - M ., = 9330978 H - mm ;

e TeopeTnieckoe 3HAYCHHE Pa3pyIIAOIIero MOMEHTA - M, ., =13541471H - mm

ul,ca

eBec 3arpy304HbIX YCTPOUCTB - P =200H ;

e CoOCTBEHHBIM TOTOHHBIM BeC Oajaku Ha 1 M:

g=b-h-y-1000=100-150-0.000025-1000 =0.375H/mm™.

Harpy3ka, COOTBETCTBYIOIIAS TEOPETHYECKOMY MOMEHTY
TPELIMHOOOPa30BaHUS:
3M . . .
E _Mercca 30k, 0.5P — 3-39330978 3-0.375-1170 0.5.200 -

el T, 8 1170 8
— 23926 — 165 — 100 = 23661 H

Harpy3ska, COOTBETCTBYIOIIAS TEOPETUIECKOMY Pa3pyIIAIOIIeMy MOMEHTY:



My 30L, 3.13541471 3-0.375-1170
ulcal =, -0.5P = -
* L, 8 1170 8
= 34722 —165-100 = 34457 H

F -0.5-200=

Cxema 3azpyxcenun 6anku

Hcnpitanue 6aiku IpOU3BOAUTCS JIMOO C MOMOIIBIO THAPABIMYECKOTO Mpecca,
100 C MOMOIIBIO THAPABIMYECKOT0 JOMKpaTa C HACOCHOM CTaHIIUEH.

Harpy3ka Ha Oasiky nepepaeTcsi yepe3 pachpeiesuTeIbHyI0 TpaBepcy B JBYX
TOYKAX, PACIOJIOKEHHBIX B TPETAX MpoJjeTa. BennunHa nmpukiaasiBaeMoil Harpy3Ku
KOHTPOJIUPYETCA M0 MOKA3aHUSIM CHIIOU3MEPUTETIS.

OnbITHBIN 00pa3er] OCHAIASTCS MTPUOOPaAMU: MHIUKATOPAMH YaCOBOTO THIIA TSI
onpeneneHus: ocaaku onop: M-1 u -2 u nporubda 6anku B cepeaune mposuera — U-3;
TeH3zomeTpaMu T-1, yCTaHOBJICHHBIM B cepe/iuHe OalIku Ha BepXHEW C)KaToM I'paHu U
T-2 — Ha HWKHEH TpaHu OaJKM N7 3aMepa JaeopMainuii CKATOTO U PACTIHYTOTO

OeToHa.

Cxema 3arpyxeHus 6anku v pasmelleHns Ha Hell M3MepUTenbHbIX NpuGopos

l ZF - Harpyaxa ot npecca

“'e T T Ve

I | il

E 2 _2:.#’1-3

Lo/3=390 mm Lo/3=390 mm L Lo/3=390 mm

PACHETHAA CXEMA BAJTKIN

M-uHauKkaTopsl Yacosoro TMna l F l F Topumscree TeHioMeTDe

g

Puc 45. Cxema 3azpyorcenus o6anxu

HenocpeactBenHo mnepea uCHbITaHUEM OOKOBBIE TpaHM OalKU MOKPBIBAIOT

MEJIOBOM MOOENKOM, YTOOKI JIydllle KOHTPOJUPOBATh MOSIBICHUE U PA3BUTUE TPELIUH.



Harpy3ka na 0anky TpHUKIaabpIBaeTCS CTYMECHSIMH, COCTABJISIONIUMU MPUMEPHO
10% ot oxumaeMoil Harpy3ku TpenmHooOpa3zoBanusa. [locnme kaxmaoW cCTyneHu
3arpyXeHusl JaeTcs BBIACp)KKa B TedeHne 5-10 MuHYT, BO BpeMs KOTOPOM
CHUMAIOTCS TIOKa3aHHUsl MPUOOPOB, OCYIIECTBISETCS BU3YAIbHBIM OCMOTP OalKku U

(UKCUPYIOTCS TPEIIMHBI HA OOKOBBIX TPaHIX OaJIKH.

Hcneimanue 6anxku

Ha wucneiTeiBaembiii  oOpaszen;  Oankd MOMHMO  OCHOBHOM — Harpyskw,
nepeIaBaeMou TUAPABIMYECKIM TIPECCOM MU JIOMKPATOM, T00aBJISETCS Harpy3Ka OT
BECa 3arpy304YHBbIX YCTPOMCTB (TpaBepca M OMOPHBIC 3JIEMEHTBHI TPABEPChI) U OT
cOOCTBEHHOTO Beca OAJKH.

eBec 3arpy304HbIX YCTPOMCTB - P=200H ;
e CoOCTBEHHBIN BeC OaaKu - G=b-h-y-1=100-150-0.000025-1300 = 487.5H,

¢ CoOCTBEHHBIY TTIOTOHHBIN BEC OATTKH:
g=b-h-y-1000=100-150-0.000025-1000=375 H / »=0.375H/mm .

Ha nauanbHOM 3Tare 3arpyxeHusi 0anka paboraer 0e3 TpelIMH B PacTAHYTOM
30HE.

[To mMepe yBenmuueHuss HArpy3kKd B CpEIHEW YacTH Oajakd, B 30HE YHUCTOTO
u3ruba, HAYMHAIOT MOSBIATHCS TPEHIMHBI, HOPMaJbHbIE K MPOAOJIBLHON OCH OAaJIKH.
OTu TpemuHbl OOPUCOBBIBAIOT TYIIBIO C OTMETKOW HOMEpa, COOTBETCTBYIOILIETO
aTamy 3arpyxeHus. Temepp Oanka paboTaeT C TpelmMHAMU U, CIEIOBATEIIbHO, B
CEYEHUH C TpEIIMHAMM BO3HUKAET CTajusi 2 HaNpsHKEHHO Je(hOpMUPOBAHHOIO
COCTOSTHUSI.

[Ipu nanpHelIeM yBEIMYEHUH HArPY3KH MOSBIISIOTCS HOBbIE TpEIIMHbL. J[mrHa
U IIMpUHA TPEIIWH, NOSBUBILUXCS paHee, yBeauuuBaeTcs. O4eBUIHO, YTO XapaKTep
TPEIMIMHOOOPA30BaHMUSA U PA3BUTUE TPEIIMH HUYEM HE OTIIMYACTCS OT TOTO, YTO MBI
HaOro1anu B 0asike ¢ 0ObIYHBIM apMupoBaHueM. OHAKO, BHICOKOIIPOYHAs apMaTypa
kiacc A800 He umeer pusmueckoro mnpenaeia Tekydect. [103Tomy Xopoiro BUAUMBIX

30H TEKY4ECTH, KaK 3TO HabJt0gaJI0Ch B JlabopaTopHoi padoTe Nel, He HaOmr0maeTcs.



bonbme pedopmanmu Ganku Npu JOCTHXKEHUH apMaTypoil HampsLKEHUH,
ONMU3KUX K YCJIOBHOMY IMpEJeNy TEKy4eCTH, NMPUBOAAT K JIOCTHXKEHUIO OETOHOM
C)KaTOM 30HBI TMpelena MPOYHOCTH Ha CXaTtue U ero pasapodnenuro. [lpu
JOCTHKEHUH PACTAHYTOM apMaTypodl YCJIOBHOIO Ipejesia TeKydecTH, B HamboJee
HaNpsHKEHHOM CEYEHUH C TPEIIMHOM, CleAyeT 0KUaTh BOZHUKHOBEHHUS 3-U cTaguu
— CTaJMU Pa3pyLICHHUS.

[Tpu ucnbrTannu Oanku ObUIH 3a()MKCUPOBAHBL: HArpy3Ka 00pa30BaHUs TPEILH,

co3/1aBaeMas PeccoM 2F, .., =43840H, mporud O6anku B cepe/iMHe NPOJIETa C y4eTOM

(1 -1)+ (1 -2)

ocagku omop  f,, =(7-3)- =1.2mM, paspyliamoImias — Harpyska,

co3ziaBaeMas Ipeccom 2F, . =70140H .

HUcnbiTanne Sankun

Harpyska oGpasoBaHnA TPeLWMH: Zch exp=43 840H

Faspyi.uawu.naﬂ Harpyska: ZFHEJ exp=m 140 H ‘?F =67.3 kH Pazpylamowan Harpyska

EEN NEm A AN W
i 11, Bl Ai

] R

.
1
Lo

1 OTHOCUTENBHLIE HAMNPAKEHNA
i50 | _ Aechopma LM
43 g s IWerd, cal F. =0.00227
105 < o . 'I; e 7 7]
90 ' 0
75 N LA
ﬁ 3 SV SN V— T — IIRURIS SHTIT Uy TR, w—— '_-‘: ,-'
4.5 &
3 D - . - . . /]
15 | 1
0 o 3 4 5 5] T T
y : = 5 N
—— -HEATpATLHAR OCk Ll sl

Puc 46. Hcenvimanue 6anku



Puc 47. Onvimuoii obpazey 6 npoyecce ucnvblmanus

Conocmasnenue meopemuidecKux u IKCnepumenmailbHblxX 3HAUEeHUIL
Onpedeﬂeﬂue ONnblMHO20 MOMeEHmMA mpeu;uH006pa306aHuﬂ U CpaBHeHue eco C
meopemudecKkum

Teopernyeckuii MOMEHT TPEIIUHOOOPA30BAHUS: M . ., = 9330978 H - mm .

cre,cal

OmnbITHas Harpy3Ka, OTBEYAIOIIAss MOMEHTY TPEITMHOOOPA30BaAHNS

43840

cre.exp

F =21920H.

OnBITHBIN MOMEHT TPEIIMHOOOPA30BAHMUS:

1170 0.375-1170% _
8

M

cre,exp :( cre,exp

L, . qLy’
Forcon + o.5p)? +70=(21920+05-200)
= 8587800 + 64167 = 8651967H - My
BenuunHa OTKJIOHEHUS:

M -M -
cre,cal CreexXP 100% = 9330978 8651967 100% =7.28 % .

9330978

crc,cal
Cpasnernue onvimuo2o npocuba o6aiku 6 cepedure npoaema ¢ meopemudeckum
SHA4YeHUuem

Teopernyeckoe 3HaueHUE Iporuda: f, =1.269 mm.

DKCneprUMEHTAIbHOE 3HAUEHUE MTporuoda: f,, =1.2mm.

exp

BennunHa OTKIOHEHUS:



f —f _
_al e 100% = M.mo% =544%.
f 1.269

cal

OnpedeﬂeHue OnsvlnHo2o paspyuiarouieco mMomeHma U CpasHeHue e2co C
meopemu4ecKuUM 3Ha4YeHuem

Teopernyeckuii pa3pylarOmUi MOMEHT: M, ., =13541471H - mm.

Harpy3ska, cooTBeTCTBYIOIIAs pa3pylIaloieMy MOMEHTY, 3a(puKkcupoBaHHas 1O

IKaJIe CHJIOU3MCPUTEIL ITPpeCCa U1K AOMKpaTa:

70140

ul,exp =

F =35070H.

OnbITHBIN pa3pylIAOMAA MOMEHT:

Lo ql—02
My exo = (Fut oy + O.SP)? tg T (35070 +0.5 - 200)

1170 , 0.375 -1170%
3 8
=13716300 + 64167 =13780467H - mm

BennuuHa OTKJIOHEHUA .

M M

13541471-13780467

deal T uo® 1009% = :100% = —1.76 % .
ol cal 13541471
Bormpocs! 11t MOATOTOBKH K 3amuTe JadopaTopHoit padoTer Ned
1. KaxoBbI 1ienb 1 3a1aum CTaBATCA B TAaHHOM JIabopaTtopHOii paboTte?
2. KakoBa KOHCTpYKIMS UCIIBITBIBAEMON OanKu?
3. Kak ocymecTBisieTcss HaTSKCHHE apMaTypbl M Kak KOHTPOJIUPYETCS

BCJIMYMHA NPCABAPUTCIIBHOTI'O HAITPAKCHUA apMaTprI?
4. B kakwmx nmpeaciax Ha3HA4dacTCsa  BCIIMYKMHA  IIPCABAPHUTCIILHOI'O

HanpsHKEHUST apMaTyphl?

S. C xakoil 1enblo0 Co3AaeTcsl MPEABAPUTEILHOE HANPSIKEHUE B apMaTrype
oanku?
6. KakoBa cxema 3arpyxeHust 0ajgku Npu UCHBITAHUHU, U KaKUM MPUOOPOM

U3MEpAIIach MPUKJIaAbIBacMasi Harpy3Ka?



7. Kakumu mnpubopamu wusmepsiin  nedopmanuio OeTOHA CXKaTOW U
pacTSIHYyTOM 30HBI?

8. Kakumu npubGopamu omnpeaensics Mporud Oajaku IMOJ HArpy3koul, B
KaKMX MECTaX yCTaHaBIMBAIUCh 3TH MPUOOPHI?

Q. B xakoM Mecte 0anku cienyeT 0KUIaTh MOSIBJICHUE TPEUIMHBI B OeTOHE?

10. Kak mo rpadukam nedgopmaruu 6eToHa M MPOTrHOOB OAIKU OMPEACIIUTh

Harpy3Ky, Ipu KOTOPOU MOSABJISIIOTCS IEPBBIE TPEIIUHBI?

11. Kakue motepu npenBapuTeIbHOTO HANPSIKEHUS MPOSBIISIOTCS B JaHHOM
HCIIBITAaHUH?

12. Bnusier nmu npeaBapuTeabHOE HANPSKEHUE HAa IPOYHOCTh KOHCTPYKIUNA?

13. Kak onpenenuts TEOPETUUECKYIO HAPY3Ky MpU 00pa30BaHUM TPEIIUH B

oetone O6aku?
14. Uto Takoe mepenaTovyHass MPOYHOCTh OETOHA, KaK OHAa Ha3HA4yaeTcs,

3a4€M HY>KHO KOHTPOJUPOBATH 3Ty IPOYHOCTH?

15. Jly1s 4yero cpaBHUBAIOT 3HaUEHUS & U ER?

16.  Yro Takoe nmpuBenECHHAs IUIONIA/(b MONEPEUHOTO CEYEHUS OAJIKH?

17. [Touemy B mpegHANpPsHKEHHBIX KOHCTPYKIMSX HE MPUMEHSIOT «MSITKHUE)
cranu?

18. OrpaHuuyuBaeTcs JIM U KaK BEJIMYMHA HANPSXKEHUS B OETOHE OT YCHIIMS
obxarus?

19. UeM OOBACHSIOTCS OTKJIOHCHHS (PAKTHUYECKUX M TEOPETHYECKUX

3HaYCHU MOMEHTOB TPEIIMHOOOPA30BaHUA, Pa3pyILIAIONIMX MOMEHTOB, BEJIMYUHBI

nporu0OoB?
20. Kak MO>XHO TTOBBICUTB TPEHTUHOCTONKOCTh U3rH0aeMoro /0 sinemeHTa?
21, YeMm oTiIMYaOTCA CTaAuM padOThl OOBIYHBIX W MpeIHAINpPsKEHHBIX

&KeNe300€TOHHBIX 3JIEMEHTOB?
22, Yo Takoe N3rudHas KECTKOCTb %k/0 d1emMeHTa’?
23. Kak 00bACHUTD (U3NYECKYIO0 CYIIHOCTh MPOSIBISIOMIUXCS IOTEPh

MPEABAPUTEIILHOTO HAMIPSKEHUS apMaTyphi?



[IpoToxosn BeInoaHEHUS Jab0paTopHOi padoThl Nod
Hcnvimanus npedsapumenbHo HANPA#CeHHOU JHcele300emoHHOl 6aNKu Ha u3euo

¢ paspyuieHuem no HOpMaibHOMY CE4eHUIO

Onpeodenenue pacuemuvix XapaKkmepucmuk 0OemoHa 6 MOMEHm OMmnycKa
npeosapumenbHo HAnPAICEHHOU apMamypol

Cpennee 3HayeHHWE TEpPEIATOYHOW  TMPOYHOCTH OEToHa MO pe3yJbTaraM
UCIIBITaHUS TPeX KyOOB

_ Rbpl + Rbpz + Rbpa

bp 3 = H/mm?

Onpedenenue pacuemuplx XapaKmepucmux 6emona 6 MOMeHm UCHbIMAHUs
Cpennee 3HaueHHE KyOMKOBOW MPOYHOCTH OETOHA MO pe3yjIbTaTaM HCIBITAHUS
Ky0OB

R1+R2+R3_
3

R = H/vmm?

[TpusmeHHast NpoYHOCTh OETOHA, OTBEUAIOLIas CpeAHEN KyOMKOBOW MPOYHOCTH
R, =(0,77 —0,00125R)R = H/mm?
[IpouHocTh GeTOHA MPHU OCEBOM PACTSXKEHUH, OTBEUAIOIIas CpeHel KyOUKOBOM
IIPOYHOCTH
5R

45+R

Rbt

HauanpHblli MOIyJIb yNpPYyrocTd OETOHA, OTBEYAIOIIMM CpPEIHEH KyOHMKOBOM
MIPOYHOCTH

_ 55000R

= — H/Mm?
27+R

b

Onpeoenenue pacuemuvix XapaKkmepucmux apmamypbl
B kauecTBe pacyeTHOro COMPOTUBIIECHUS apMaTypbl PACTSKEHUIO NMPUHUMAEM

CpelHee 3HaueHHE YCIOBHOIO Mpejiena TeKYYeCTH

R — Gul +Gu2 +Gu3

2
- 3 = H/mMm

Onpeoenenue xapakmepucmuk nPUeOCHHO20 CeYeHUA:



sp

ES
a = =
Eb

[1nomaas NpUBEIGHHOTO CEUCHUS:

Arg =bh+a Ay = e

CratudecKuii MOMECHT mIomaan IMPUBCACHHOTO CCUHCHHUA OTHOCHTCIIBHO

PacTAHYTOU rpaHu

bh? 2
red =7+aSpASpap = MM

S

Paccrostnue oT nieHTpa TAKECTH NMPUBEACHHOTO CEYEHHUs 10 PACTAHYTON TPaHU

S
Y, =" = MM
A

red

MomeHT HHCPpUOWH TIPUBCACHHOIO CCYCHUA OTHOCHUTCIBHO ILCHTpPA TIAXKCCTHU
CCUCHUA

bh? h)?
| =+bh(Y0—2j rag,A, (Y, —a, f = MM

red 12

MomeHT COMMPOTHUBJICHUSA ITPUBCACHHOT'O CCYCHHUA OTHOCUTCIIBHO HWKHEH I'paHA

[
Wy = red _ MM
Y
0

Yrpyro-njaacTUH4eCcKuii MOMEHT COITPOTUBIIEHUSI OTHOCUTEIIBHO HUKHEW T'PaHMU:

3
Wpl :1.75 'Wred = MM
Paccrossaue ot LHCHTpPA TAKCCTHU IIPUBEACHHOI'O CCYCHUA 10 ﬂﬂpOBOﬁ TOYKHU

_o Wy _
A

r

MM
red

Onpeoenenue nomepv npedsapumenbH0O20 HANPAHCEHUA
BenuuunHa npeaBapuTenbHOTO HAPSKEHUS apMaTyphbl

o, <09R, . o, = H/vm?

sp —
Ilepgvie nomepu
[Torepu OT penakcany HaNpsKEHUN

Ao, =0.03c, = H/m/ 2



Ao,
Ycuinue npeaBapuTeEIbHOTO 00aTus ¢ Y4E€TOM IIOTEPh P

P=A, [0y -Acy)=___H

Hanpsikenue B 6eTOHE Ha ypPOBHE LIEHTPA TSHKECTH apMaTyphl Ao

P -Y,—a,)
&y = P, L (o p) Ys _ H /2
Ared I

red
Bmopuwie nomepu
[ToTepu ot ycagku 6eToHa

_ _ 2
A65p5 =8&ysh " ES =_ H /MM

[ToTepu oT nonzyyectu OeTOHA

0.8 ‘oo
AG 6 = Por P = H/mm?

€, YA
1+a-psp(1+‘)pysmjj-(1+0.8-(pbvcr)

red

Ilonnwvie nomepu
2
AGSP(Z) = A(SSP(l) + A(55p5 + Acspe = H/mm

Ycunue mpenBapuTeNbHOTO 00KaTHS C yY€TOM BCEX MOTEPD

P, = A '(Gsp —AG g2 )Z— H

Onpedeﬂeuue meopemuiecKo2co momenma mpemunooﬁpaweanuﬂ

OKCUEHTPUCUTET YCWIIHS MPEABAPUTEIHLHOTO 00XKATHS OTHOCHTEIBHO IIEHTpa
TAKCCTU MTPUBCACHHOTO CCUCHUA

€p =Yo — @, = MM

MomeHT yYCuig NMpCaBapuTCIIbHOTO 00kaTHs OTHOCHTEIHLHO ocH, HpOXOIIHHleﬁ

4yepe3 BEPXHIOKO SIPOBYIO TOUKY

M, =P, (e, +r)= H - MM
TeopeTnueckuii MOMEHT 00pa30BaHUs TPEIINH

crc,ca

Onpeoenenue meopemuuecko2o papyuianuiezo MOMeHma

FpaHI/I‘{HOC 3HAYE€HHUE OTHOCUTEIILHON BBICOTHI CKATOM 30HBI



¥s3

X 0.8

§ - _R = =
R ho 1+ gs,el
Ebult
R, +400- 0,
gs el — =
) ES
&t = 0.0035

BricoTa cxxaToii 30HBI CEYEHUS B CTaIMU pa3pyllieHus 0e3 yueta kordduireHTa

X=—= MM

Koadhdumment yciaosuit paboTsl J1s1 BBICOKOIIPOYHON apMaTyphbl

Y =125-025-° —

R

BrIcoTa C:xaTol 30HBI B CTAMU Pa3PyLICHUS C y4eToM Kod(uimenra /'s?

:YSS'Rsp'A

X P
R, -

= MM

Teoperndeckoe 3HaUCHHE Pa3pPyMIAIONIETO MOMEHTA

Mul,caI:Rb‘b'X'(hO_;j: H'MM

Onpedeﬂeuue meopemuiuecKoco nepemeuienusl  OnblmHO20 06])(131{61 6

cepeoune npoiema

KpuBuszna npomonbHOW ocu, OOyCIOBJIEHHas MEPEMEIICHHEM OT BHEIIHEH

Harpy3KkH, OTBEYAIOIIEW YPOBHIO 3arpyKEHUs1, IPU KOTOPON OTCYTCTBYIOT TPELIMHBI,

T.C

0.8M,,
12 0.8M crc,cal _ 1/ MM

r 085E, 1., —
23 1. Lg = MM

@~ 916 r



Haczpyska na 6anky npu ucnetmanuu

Bec 3arpy304HbIX YCTPOWCTB: P=______H
Co6CcTBEHHBIH MoronHslii Bec 6anky: 4=0000025-1-b-h=___  H/um
Harpyska, COOTBETCTBYIOIIAS TECOPETHICCKOMY MOMECHTY
TPEIMIMHOOOPa30BaAHUS:
3M 3gL
Fcrc wl = crc,cal _ g 0 —05P = H
' L, 8 —

Harpy3ska, cooTBEeTCTBYIOIIAs TEOPETUUECKOMY Pa3pyIlIaloIeMy MOMEHTY:

3M ul,cal _ 39'—0
I-0

F

ul,cal =

-05P= H

Henvimanue oanku

M
(Hm) A
15
13,5
12
10,5

Haepyzka obpasobaqus mpewuH — Kn
Pospywarowan Hazpyska — K

()
Conocmaenenue meopemuuecKux U IKCnepumenmaibHblx 3HAYeHUl

OmnpeneneHre ONBITHOTO MOMEHTa TPEUIMHOOOpPA30BaHUS U CPAaBHEHHUE €ro C

TCOPECTUUCCKUM 3HAUCHHUEM

I:CI’C ex - @@ H
Harpy3ska, oTBeuaromiass MOMEHTY TPELIMHOOOpa30BaHUsI =~ ¢

OnBITHBIA MOMEHT TPELIMHOOOPA30BaAHUS

L gl3
Mcrc,exp = (Fcrc,exp + OSP)?O + ?0 -

BennuuHa OTKJIIOHEHUSA

(M

-M
crc,cal cre,exp ) 100% _ %

crc,cal



OmnpeneneHre ONBITHOTO pa3pylIAlONIET0 MOMEHTA U CPaBHEHUE €ro C

TCOPECTUICCKUM 3HAYCHHUCM

. Ful exp - —, H
Harpy3ska, oTBeuaronias pazpyumaromemMy MOMEHTY: U@

OnbITHBIN pa3pyHIalONIUii MOMEHT:

H-MmMm

L gl_2
Mul,exp = (FU|,€Xp + OSP)?O + ?0 -

Bennunna orkinonenus B %:

M

ul,cal —

crec,exp 100% — %

ul,cal

CpaBHCHI/Ie OIIBITHOI'O IICPEMCUICHUA CCPCAUHBLI IIPOJICTa C TCOPCTHUUCCKUM
3HAa4YCHHUECM

cfe=__ MM
OKCnepUMEHTAIBHOE IEPEMELIICHHE: &P

Bennunnaa OTKIOHEHMUS:

cal — fexp
f—-lOO% = %

cal

daxynbTeT, Kypc, IIpenonasarens

rpynmna

CrtyneHTbl IMoamnuce

JlaTta




