IITY
SNaloA

MMHUCTEPCTBO HAVKHU U BBICILIEI'O OBPA30BAHUS POCCUMCKOM ®EJIEPALTN

OEJEPAJIBHOE I'OCYJAPCTBEHHOE BIO/J’KETHOE
OBPA3OBATEJ/IBHOE YYPEXJEHUE BBICHIET'O OBPA3OBAHMSI
«1OHCKOU TOCYJAPCTBEHHbIM TEXHUYECKUU YHUBEPCUTET»
ArrTy)

JlaGopaTopHbie padoThI

IHo nucouninne « KoHCTPpYKIIMU U3 1epeBa U MJIaACTMACC»

r. PoctoB-na-/lony



JlabopaTopHbIil NPAKTUKYM

Llenu 1abopamophwvix pabom:

— Oonee rayOoOKO€ TIOHWMMAaHWE CTYJIEHTAMH JCHCTBUTEIBLHOW pabOTHI
KOHCTPYKUHM;
— YMEHHE OLEHUTh UX POYHOCTh U Je(HOPMATUBHOCTH;
— MOJIyYEHHE HABBIKOB SKCIIEPUMEHTAIIbHBIX UCCIIEOBAHUM.
CocraB j1abopaTopHbIX padoT

1. HpoeeOeHue pacueniose  no onpedeﬂeHwo meopemu4ecKux eeiuvdun

pacuemHou U pazpyuiarowen Ha2py3ok, oedopmavuuil u m.o.

OnpeneneHne TEOPETUYECKUX BEIMYMH HECYIIEH CHOCOOHOCTH U
nedopmaruii 00pa3oB, MOICKAIIMX UCHBITAHUIO, POU3BOIUTCS MO (HOopMyIaM
COTPOTHUBIICHUSI MAaTEPHAJIOB, CTPOUTEIHLHON MEXaHUKH, TEOPHH YIPYTOCTH C
yuetom CII 64.13330.2017 «JlepeBIHHBIE KOHCTPYKIIUM.

2. Hszmepenue 0606131406 6 Hamype C uejvlo 071D€0€JZ€HU}Z ceomempudecKux

Xapakmepucmuk.

['eomeTpuyeckue pa3Mepbl O0O0pAa3IOB  OMPEACISIOTCS HW3MEPUTEIHHBIM
MHCTPYMEHTOM C TOUYHOCTBIO, 3aJIaHHOM B 1abopaTopHO padore.

3. Ucnvimanue moodenel  Ha  UCNbIMAamelbHblX cmeHdax, cneyudibHblx

YCMAaHo6KAX.

JUis usmepeHus QakTudeckux aedopManuil UCIONb3YHOTCS TEH30METPHI,
TEH30JaTYUKW, HMHIMKATOpPBl H  mporubomepsl. Harpyxenuss  o0pa3ios
IPOU3BOJMUTCS CTYNEHAMH (MOPLUMSIMH OT IOJIHOM HCHBITATEIbHON HArpy3KH).
[Tocne KaxIOM CTYNEHH IPWIOKEHUS HArpy3KM CHHMMAKOTCA OTCYETHI II0
npudopam, KOTOPBIE 3aHOCSITCSI B COOTBETCTBYIOIIHE KYPHAJIbl UCTIBITAHUI.

4. O6DCZ6OWZKCZ pe3yibnmanioes UCNBIMAHUU.

[Tocne oOKOHYAHMSI HMCIHBITAHUN NPOU3BOAUTCS O00paOOTKAa MOJYyUYEHHBIX
pE3yIbTaTOB: OmNpeje/ieHne (paKTUUECKUX HampspDKeHud U aedopmanmii. Jlemaror
BBIBOJI, B KOTOPOM, CPaBHUBAsl TEOPETUYECKUE U DKCIEPUMEHTAIbHBIC 3HAYCHUS,
JalOT OLEHKY JeWCTBUTEIBHON pabOThI KOHCTPYKIIHIA.

B 3akmtouennu odopmiisieTcst OTYET O IPOJIeIaHHON JabopaTopHOil padoTe.



JlaGopaTtopHnas padora Nel
«Omnpenesieane MOIyJIsl CABUTA MEHONJIACTA

Llenv pabomul: onpeAeneHne dKCIEPUMEHTAIBHBIM ITyTEM MOJYJISI CIIBHUIa

MOJIUCTUPOJIILHOTO TIEHOIIACTA.

OO0sacTh TNpPUMEHEHUS] KOHCTPYKLUMH C HCIIOJNb30BAHMEM IUIACTMACC!
TPEXCJIONHBIE Orpakaaronire naHenu Tuna «CIHABHY», TPEXCIONHbIE OaToYHbIe
KOHCTPYKLMH, apOYHbIE KOHCTPYKLIMH, COCTOSAIIUE U3 TOHKOJIHUCTOBBIX OOILIMBOK U
3aIOJHUTEII.

Matepuan OOWIMBOK: CTajlb, ATIOMHHHMA, MOJUI(PUPHBINA CTEKIOIUIACTHUK,
danepa, nmoaukapOOHaT.

Marepuan 3anonuurens: [TV, IIC, «Punop» nenHonoimu3onuanypar.

IIpu wm3rube TPEXCIOMHBIX KOHCTPYKUMH  OOIIMBKM  HCIHBITHIBAIOT

nedopMaIui pacTsKCHHSI-CKATHSI, 3aMIOTHATEh — Ae(pOpMAIH CIBUTA.
1.1. OcHOBHBIE pacyeTHbIE MOJI0KEHUS

B cooTBeTcTBUM C 3aKOHOM FYKa JJIA 4YUCTOro caBura HMECT MCECTO

3aBUCUMOCTD:

T
T=y:'G - G= (1)

%
rine G — MOJIyJIb C/IBUTA;

T — KacaTeJbHas HalpsHKEHUS,

Y — yToJI cIBUTa, T.€. HCKakeHue npsimoro yriia ABC (puc. 1).

Monynem casura (Moaynb ynpyroctu Il ponma, Momaysb ympyrocta mpu
CIABUTE) — Ha3bIBaeTCsA (QuU3MUecKas BEIUYMHA, XapPaKTEPU3YIOIIas YIPYyTHe
CBOMCTBa MaTepHalioB U UX CIIOCOOHOCTb COMNPOTUBISATHCA CIBUTAIOLIUM
nedopmarusm.

TeopeTudecku onpenenseTcs OTHOIICHUEM KacaTelIbHbIX HANPSDKEHUN T K

yIJy CIBUTA Y.


https://isopromat.ru/glossary/deformacii

L
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Pucynok 1 — K onpeznenenuto yria cisura
[IpeanonoxuM, BO3MOKHOCTh TNE€pEMEIICHUS] TOJbKO oTpe3ka AD B
HanpasjieHuu ocu z. Torma y Oyaer paBHa yrioy ABA'. [l ciydass maibIx
nedopmaruii:
AA’

Yy =1tgy =5 (2)

1.2. MeTOoAUKA BHINOJHEHUS] PAa0OTHI

Pa3mepsl ucnbpITaTenbHBIX 0OpPAa3IOB OTPAHWYCHBI TOJIIIMHOW 3arOTHUTEIS
TpexcnoiHbix naneneit (ot 50 7o 90 Mm). J{ns vcbITaHUS TOATOTOBICHBI YETHIPE
oOpasiia B popMe napaie’nenuneion.

C 1nomMOmIbI0 IITAHTCHIUPKYJS TMepell HCHOBITAHUEM OINPENeaIOTCs
JUHEWHbIC pa3Mephl 00pasiia a, b u h B Mm.

OOpazen; ayisi  UCHOBITAHUSI W CXE€Ma  MUCIBITATEIbHOM  YCTaHOBKHU
MpECTaBIICHBI HA PUC. 2 U puc. 3.

3arpyxenue oOpasma mnpousBoautcs cryneHsmu 1o 30 H  kaxknmas.
Benmnunna BepTHKaIbHOTO MepeMenieHuss GUKCUPYETCS MHAUKATOPAMU Y9acOBOTO
tuma, ¢ 1neHor geneHus 0,01 MM. AHajIOrMYHO B OOpaTHOM  MOPSIKE
MPOU3BOJIUTCS pas3rpy3ka. Ha kaxaoi CTyneHU MPUIIOKEHUS U CHITHUSL Harpy3Ku
¢bukcupyroTcs nokasanus no npudopam MY-1.

OTU JaHHBIE 3aHOCSTCS B )KypHaJ UcbITaHui (Tabdu. 1).
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Pucynok 2 — O6pa3el i1 UCTIBITAHUS TIPU YUCTOM CIABUTE

gres2Avc Ars s s s

i

Hummsatop «/I» ~  Hagsxatop «[Is

Pucynok 3 — Cxema ucnbeiTanus oopasia

1.3. O6padoTka pe3yjabTaTOB UCIILITAHUM

KacarenbHpie HanpspKeHHS B 00pasiie onmpenesstoTes no Gopmyre:

T== (3)



rnie N = P/2 — caBuraromiee ycwine, mpuxojsiieecs Ha | mapaienenunes.
F=a-b - mniomanp MNONEPEYHOrO CEUEHHUs Mapaliesienuneaa, o
KOTOPOMY NPOUCXOAUT CHBUT.

Vron CABHUIAa Y MOXKHO OIIPCACIUTD 110 IMMOKA3aTCIIsAM HHANKATOPOB!

_ (Al’[ + AJI) @
AT
rie  AlluAJl — cpegHue mnNoKa3zaHHWS MPUPAIICHHUA [0 TPABOMY U JIEBOMY

UHIUKATOPY.

Bpruncnenne mMopmyisi caBura IEHOIUIACTA MPOU3BOJIUTCS IO CIECAYIOLIEH

dbopmyiie:
N P

"YCFT 24 ()
T P-4-h

C= = e antan (6)

OTCIOI[a MMOJIy4HuM:
2.-P-h

¢= (ab (AT + AJI)) @

1.4. BeinosiHeHMe J1A00PATOPHOI padoThI

[lepen ucnpITaHrEM MTPOU3BOAUTCS U3MEPEHHE 00pasiia MTaHTeHIIUPKYIIEM,
IIPY 3TOM HAXOUTCS:
a=25mMMm = 2,5cmMm,
b=53mMM = 5,3 cmMm,
h=12vmMm = 1,2 cMm.
KacarenbHbie HanpspKeHHS B oOpasiie:

N 0ZH 06206 Hyw?
YT FT0025m-0053m ,26 H/m".

[lmomaaer moOmEpeyHOro CeyeHusl napajuieNienunena, Mo  KOTOpOu

IIPOUCXOOHUT CABUT.

F=a-b=0,025m-0,053m = 0,001325 m.



Tabnuma 1.1 — XKypnan ucnbrTanuii

[Toka3zanus HHAMKATOPOB
P,H U-1 (cnea) U-2 (cripaBa)
n An YAn n An YAn
0 2.68 - 3.06 -
30 2.62 0.06 2.97 0.09
60 2.41 0.21 043 2.88 0.06 022
90 2.25 0.16 2.75 0.07
60 2.36 0.11 2.85 0.1
30 2.52 0.16 0.43 2.92 0.07 0.22
0 2.68 0.16 2.97 0.05
0,43+ 0,43
J=——7——=043 MM,
2
0,22+ 0,22
= T = 0,22 MmMm.

Yron CABUTA Y ONPEACIIACTCS IO ITOKAa3aHUAM WHAWKATOPOB!

_AD+A (022+0,43)-107%m
~ 4h 4.0,012 ™

Beruucnenue MOAYJId CABUTIa IICHOIIIACTa IIPOU3BOJUTCA 110 q)OpMy.TIG:

14 = 0,014.

_( 2:-P-h )_( 2:-90H-0,012 M )_
o= a-b-(All+ AN/ \0,025m-0,053 M- (0,22 + 0,43) - 103 ™M/

H
= 2,507982 - 106F = 2,51 Mlla.

BriBoa:  4ncieHHOE ~— 3HAUY€HHE ~ MOAYJA  CABUTAa,  MOJYYEHHOIO
AKCTIEpUMEHTANIbHBIM NyTeM g = 2,51 MIla — neHonosuypuTan o0JjagaeT Majlon

JKCCTKOCTBIO ITPpH CABUTIC.




JladbopaTopHasi pabora Ne2
«HcnbITaHWE TPEXCJIONHOM 0ATKH»

Llenv  _pabomei:  SKclIepUMEHTalbHAsE IpOBEpKa JAaHHBIX  pacueTa

TpPEeXCIOWHOM Oanku C JierkuM  3amonHuteneM. CpaBHEHHIO — MMOAJEXKAT
HKCIEPUMEHTAJIbHbIE U TEOPETUUYECKUE BBIUMCIICHHbIE 3HAUEHMsI IPOTHOOB OANKU

Y HanpsDKeHU B OOIIMBKAX.

2.1. KoHcTpykuusi TpexcjioiiHOro odpasua

dakTrueckne pazMepsl o0pasia yCTaHABIMBAIOTCS TEpe] WCIBITAHUEM H

NOKa3aHbl Ha puc. 4.

. I y b -

Pucynox 4 — O6pa3zert TpexcaoMHON OanKu

OO6mmBKH 00pa3ia U3roTOBIECHBI U3 ATFOMUHUEBOTO JIUCTA TOIIMMUHONW 1MM
U Moxaynem ympyroctn E = 70000 MIla = 0,7 - 10° MIla. Cpennuii  coit
BHITIOJIHEH M3 TIOJWYPETAaHOBOTO TICHOIUIACTA, MOJYJb CABUTA TMPUHUMACTCS

paBHbIM G3; = 3,71 MlIla.
2.2. OcHOBHBIE pacyeTHbIE MOJIOKEHUS

PaccMmoTpum paBHOBECHE 3JIEMEHTA TPEXCIOMHOM MTaHENH.
YpaBHEHNST pPABHOBECUSA TPEXCIOWHOW TAHEIM HWMEIOT CIECAYIOIIUNA BUJ

Yz =0:

ot
i-dx)-Zh-dy=o,

—q -dxdy — t,,2h - dy + (sz + o



0Ty,
—q-dxdy+W-dx-2h-dy=0,

1
YMHOXas JaHHO€ BBIPAXKCHUEC Ha E I[MOJIy4UM:

0t,, 1 0Ty, q .
T2 —ﬁ-q—O (1) WA % _+ﬁ (19

VYpaBHEeHUS CBSI3U MEXAY KacaTelbHbBIMU HANpPSDKEHUSIMU T,, U YTIOBOM

nedopMmarueit (yroi CIBura y,.,):

ou Jow
Tyz = G3 " Vxz = G3 (E + a) (2)
Huddepenrmpys seipaxkenue (2) no dx u npupasuusas (1") momyuum:
0Ty, O ou Jw q
=l G ) v )

Jlist cpenHero cios 3JIEMEHTa, MoJjaras, 4Tro 3aloJIHUTENh paboTaeT Ha
CIIBHT TOJIbKO B IJIOCKOCTSIX X0Z U YOZ, UMEEM Oy = 0y, = Ty, = 0.

5 3 YPaBHCHUA PABHOBCCHUA 3JICMCHTA 3aIIOJTHUTCIIA:

0o, 0Ty N 0Ty, 0Ty

ox "oy Toz ¥ az

[Iponuddepenunpyem Boipakenue (2) mo 0z:

0Ty, 0 c 6u+6W _ 0 4
9z _az[ 3 (62 6x>]_ (4)

Tak kak w = w(x, y) 10 TUIOTE3€ 0 HEC)KUMAEMOCTH TUIUTHI B TIOTIEPEYHOM

0*u
HaHpaBJIeHI/II/I, TO — = 0, OTCHOJ1a HOJIy‘{aeM BLIpEl)KeHI/Ie JId U B BUJIC:

0z*
u=filx,y) z+f(x,y) (5)

W3 rpaHUYHBIX YCIOBUM UMEEM:

npu z=0; u=u"; u” = fo,(x,y),

npu z = 2h; u=u"; ut =fi(x,y) - 2h+u",
+_ —_

mpumaem  fi(x,y) == Zhu :

Torna nony4unm:

t—u” ut —u”
u=T-z+u =u +T'Z (6)

_ ou
moJiaras, 4To u+ = Uu ,3anmuaiemM BBIpa)KeHI/Ie 8_:
z



ou ut —u"  2ut 2ut

9z 2h 2h ~ H—2h
rac H — TOJIIIIXHA ITJIUTHI.

+

O6Oo3"auynm 2h = H; u™ = u.

Ju
[ToncTaBuM MOJMYyYEHHOE BBIpaXXEHUE IS 5, B dbopmyny (3) B wmrore

HOJTYYHM:
2G;-u' +G;-Sw" =q (7)
AHaJOTMYHBIM 00pa3oM, pacCMOTPEB pABHOBECHE BEpXHEW OOUIMBKU

OJIEMCHTA, IMOJIYYHM:
+

O-x
dx |t-dy + 1, -dxdy =0,

0
a,jt-dy—<0;+

0x
angx-t-dyzr - dxdy (8)
0x zx
3akoH ['yka:
ot =Eeer g O 9)
0x
[ToacraBum B (8) BeIpakenue s oy (9):
(55 )= (G + ) = 6 G+ w)
ox\ 0x *\oz = ox *\H ’
aqur-E-t=6<£+w’>' ut =u
dx? S\ H ’ ’
2
u" - Et— Ggﬁu — Gsw' =0,
Gs
Et-u”—ZE-u—Ggw’=0 (10)
[Tomyuum na nud. ypaBHeHus aepopmariuii TpexcaonHoM Oanku:
Etow — 253 G = 0}
s (11)
2G;-u' +G3-H-w'" =0
B cooTBeTCTBHM € paCYETHOM CXEMOM I'PAHUYHBIC YCIOBUS 3AIIUIIYTCS TaK:
npu x = 0; L
’ T (12)

l
npnxzz; N=Etu' =0



Pemas cucremy maud. ypaBuenuii (11) u ucmnonb3ysi rpaHUYHBIE YCIOBUS

(12), momyunM BBIpaKEHUS AJSl ONpEAENeHHs] MPOTMOOB W M HapsHKEHUH B

P ( l) Gy (B x° I\
Y= opHG, |\* T 2) THE\12" 3~ 2

— (v )
= b \F T2

MaxkcuManbHbIi porud OanKu HaxOJUTCS B cepenuHe mposera npu x = 0,

OOIlIMBKAX O

(13)

no3ToMy BbIpaxkeHus (13) 3amumryTcs Tak:

fre0p () = P3 (1 N 6HEt) (14)
24bH?Et G512
Pl
Omax = im (15)

2.3. MeToauka npoBeieHUsI HCNLITAHUS

3arpyxeHue oOpa3ua mnpousBoauTcs cryneHsmu. [locie  mosHoro
3arpyeHus POU3BOAUTCS Pa3rpy3ka B 00OpaTHOM HOpPSIKE.

[Iporn6® oOpa3ua mpu HCHBITAHUM HU3MEPSAETCS C MOMOIIBI0O MHIMKATOPa
yacoBoro tuna c¢ 1eHou genenus 0,01 mm. Jlepopmanuu yuiMHEHUH OOLIMBOK
PETHCTPUPYIOTCS € TOMOIIBKO  TEH30J4aTYUKOB,  COEAUHEHHBIMH  C
TeH30MeTpuueckoi anmaparypoit (ANJ[-4 ¢ nepexmouarenem garankos [1/1-100).

OnbITHBIE 3HAUEHUs NPOrHMOOB M YMJIMHEHUH 3aHOCATCA B HKypHal

UCOBITAHUH.

TenzogaTanEH
(AT 1 P Ae

) :
ﬁ;’[ Zg00 "D 00 12 #

Pucynok 2.2 — CxeMa UCTIbITaHHS TPEXCIONHON OanKu



B ciydae 50KanbHOrO MACMCTBUS HArpy3Kd 3aTPyJIHHUTEIBHO MOJYYHTh
JIOCTOBEpHOE omucaHue AedopManuii BOJIM3H MECT COCPEIOTOUCHUs cuil. B 3Toi
CBS3M, B XOJ€ NPOBEACHMs oOmbITa aepopmanuu OyAeM OIpenesTh B TPETIX

nposiera oayku (natauku 4 — 11)

['eomeTpuueckue napameTpsl 00pasiia, yCTaHOBJICHHbBIE MIEPE] UCTIHITAHUEM:

[=1600mMM; b =165MM; H=90MM; t = 1 MM.



Ta6nuna 2.1 — Xypnan ucnsiranuit

Harpy WNupukarop ITokazanus npubOpoB

3Ka, H-1 4 5 6 7 8 9 10 11
P,krc| n An | YAn | n |[An|YAnf n |An|YAn| n |[An|YAn| n |[An|dYAn| n |[An|dYAn| n |An|YAn| n |An|YAn] n | An| YAn

0 9,7 - 443 | - 433 | - 489 | - 526 | - 425 | - 365 | - 392 | - 401 | -

10 | %% 089 438 | 5 429 | 4 490 | 1 527 | 1 420 | 5 361 | 4 394 | 2 402 | 1

20 7%7 1,04 437 | 1 425 | 4 494 | 4 527 | 0 416 | 4 356 | 5 397 | 3 406 | 4

30 6%8 0,90 434 | 3 424 | 1 498 | 4 531 | 4 415 | 1 353 | 3 402 | 5 407 | 1

40 5%8 1,00 429 | 5 420 | 4 498 | O 532 | 1 411 | 4 351 | 2 403 | 1 408 | 1

50 4i8 106 | 489 | 428 | 1| 15 |416 |4 | 17 |499| 1| 10 | 536 |4 | 10 | 417 |4 | 18 | 347 | 4 | 18 | 406 | 3 | 14 | 411 | 3| 10
40 5i7 0,90 429 | 1 421 | 5 498 | 1 532 | 4 412 | 5 352 | 5 403 | 3 407 | 4

30 6%6 0,96 433 | 4 421 | 0 494 | 4 528 | 4 412 | O 352 | 0 398 | 5 406 | 1

20 7i7 1,04 434 1 1 425 | 4 490 | 4 527 | 1 416 | 4 353 |1 398 | O 403 | 3

10 8%6 0,96 438 | 4 428 | 3 489 | 1 527 | 0 421 | 5 357 | 4 393 | 5 399 | 4

0 9i6 094 | 48 |439 | 1| 11 430 |2 | 14 | 486 |3 | 13 |523 |4 | 13 | 422 |1 | 15 | 362 |5 | 15 [392 |1 | 14 |398 |1 | 13
Jepr €cp 4,85 13 15,5 11,5 11,5 16,5 16,5 14 11,5




KypHaa ucnbITaHui

Harpy HNuaukarop [Tokazanus mpruboOpoB
3Ka, n-1 4 5 6 7 8 9 10 11
P,, krc An | YAn | n |An|dYAnf n |An|YAn| n [An|YAn| n |[An|YAn| n |An|[dYAn| n |[An|YAn| n |An|YAn n | An| YAn
0 443 433 489 526 425 365 392 401
10 438 429 490 527 420 361 394 402
20 437 425 494 527 416 356 397 406
30 434 424 498 531 415 353 402 407
40 429 420 498 532 411 351 403 408
50 428 416 499 536 407 347 406 411
40 429 421 498 532 412 352 403 407
30 433 421 494 528 412 352 398 406
20 434 425 490 527 416 353 398 403
10 438 428 489 527 421 357 393 399
0 439 430 486 523 422 362 392 398

fcp' Ecp




2.4. O6paboTKka pe3yabTATOB

3aKIIOYUTENbHBIM ATAalloM paOOThl SBISETCS CPAaBHEHUE OIBITHBIX M
TEOPETUUYECKHUX 3HAYCHUI MPOTUOOB M HAMPSIKCHUIM, B YACTHOCTH UMEEM:
Teopernuecknii MakcuMaabHbIid mporud npu x = 0; P = 500 H:
P13 6HEt
Onor = S3pr77z (L + G )
. B 500H - 1,63 M3 .
TP 24..0,165 M- 0,092 M2 - 0,7 - 10° MITa - 0,001 m

1 6-0,09Mm-0,7-10° MIla- 0,001 m
3,71 MIla - 1,62 m?

= 4,9 MM.

TeopeTnueckne MakcuMaJibHble HAMPsKeHUsI B 00mmBKax x = 0

_ . Pl _ . 50 krc - 160 cm _ 929 2 _ 929 M
Treop = L5 Bhht = T58 165cm-9cm 0 cm o0 Kre/em =929 Mila.

OnbITHBIN POrud B cepeiHe MpoJieTa:
4,89 + 4,8
Woy = — = 4,85 MM.

OnbITHBIC 3HAYECHUS HATIPSAKESHUI:

Oon = €+ E=13,625-107°-0,7 - 10° MIla = 9,54 MIla.

Paznuna:
w — W 418 - 19
Aw =——2.100% = ———=-100% = 0,2 %.
Wop 4,85
Paznuna:
Oon — Oreop 9,54 —-9,29
Ao =——100% = ——— - 100% = 2,6 %.
Oon 9,54

BriBon: B pesynbrare mpoOBENEHHBIX HCTBITAHUM OBUTH  MOTY4YEHBI
CIIEyIOIIME pe3ybTaThl: Teoperndyeckue mnporudsl Ha 0,2 % oriauyarorcs ot
IIOJTyYEHHBIX OIBITHBIM IIyTEM, TEOPETUUECKHE HAIIPsDKEHUA Ha 2,6 % oTianyarorces

OT IIOJIYYCHHBIX OIIBITHBIM ITYTCM.



[IprunHaMu pacxoKIEHUS ONBITHBIX U TEOPETUYECKUX 3HAYEHUU SABIIIOTCS
IPUHATHE TIPU  TEOPETHUYECKOM  MCCIENOBAaHUM  MCCIEAOBAaHUSA  YaCTHBIX
KOHCTPYKIUH, HETOYHOCTH, IOIYLICHHBIC IPU OINPENEICHUH MOy CABHUra U
nporu0a, OTKJIOHEHHS B TMOKAa3aHUAX NPUOOPOB, MOTPEUIHOCTH MPHU CHATHUU

OTYCTOB, OTKJIOHCHUC (I)aKTI/ILICCKI/IX Harpy3okK OT IIPHUHATBIX B paCcucCTC.



JlaGopaTopHasi padora Ne3
«AcnbiTanue 1epeBAHHON 0aJIKH HA YCTOUYMBOCTDH IJIOCKOU
¢Gopmbl u3ruda»

Llenv pabomsi: onpeneneHue (HaKTUUECKOW BEIUYUHBI KPUTHUUYECKOM

Harpy3KkH, Mpyu KOTOPOM oOpazel TepsieT yCTOMUMBOCTD (TUIOCKYH0 (hopMy U3ruoda)

Y CPaBHEHUS €€ C TEOPETUICCKH BBHIYHCICHHOM.
3.1. OcHOBHBIE pacyeTHbIE MOJIOKEHHSI

BenuunHy KpUTHYECKOM Harpy3ku MOKHO HaWTH, pacCMOTPEB J1e(hOpMUpPO-
BaHHOE cOCTOsiHME Oanku (puc. 5). Bynem cunrtarte, uto npu nedopmannu KOHIIBI
Oasky MOTYT CBOOOIHO BpAIIaThCsi OTHOCUTENIBHO TIaBHBIX oceil nHepruu X u Y,
BPALICHUIO MX OTHOCHUTEIIBHO OCH Z TNPEMSATCTBYIOT CIELHUAIbHBIE YCTPONCTBA.
[Ipy Takux HMCXONHBIX  TOJOXKEHUSX  OOKOBOE  BBITy4YMBaHHE  OyJeT
COIPOBOXKAATHCS KPYUEHUEM.

[Tono’kMM, 4YTO TMPOM3OLUIO BBHIIYYMBAHUE OATKUM B TOPU3OHTAJIBLHOM
HanpasyieHuu (puc. 5). PaccMoTpuM ycioBus paBHOBECHsI NPaBOil yacTu Oajku B
CEYeHUH M-N OT Ha4aja KOOpIWHAT.

Bremaumu CHJIaMH, HeﬁCTBYIOIHHMH Ha 9Ty 4acCTb 6aJ'IKI/I, ABJIAIOTCA OIIOPHAA
)

P .
peakuus Ry, = - U PEaKTUBHBIH MOMEHT M,=P- 5



Pucynox 5 — JlebopmupoBaHHOE COCTOSIHUE OaIKu

MOMEHTBI OTHOCUTENBHO OCEH, MMEIIUX Hadyaio B Touke /| (B LeHTpe

MOTIEPEYHOT0 CEUEHUs) U MapayieNbHbIX ocsiM X, Y, Z OyayT paBHBIMU:

M=~ (5-2)
x= T\ 7 %)
M, =0,

_P6 Pu

M —P6
Z_Z 2_2( u)l

[Ipoekuuu 3THX MOMEHTOB Ha ocH X, Yy, Zy UMEIOT BU/L;

P /L
M,, = x-cos[)’z——(——z)-l,

2\2
_ P /L
= -ttevsing = (o)
du P /L du P
MZO=MxE+MZ-cos,8z—E(E—z)-E+E(6—u)-1.

HuddepennnanbHble ypaBHEHUS PaBHOBECHS:

d?v P (L
Bugz — M = —5(5 %)

azu P /(L
Bz M =3(3-2) #



C—=M, =—=

dz 2

rie B;, B, — ri1aBHBIC ®KECTKOCTU OAJIKH MpU U3THOE,

dp P(L ) dx P

C — ®EeCTKOCTb OAJIKU MPU KPYUEHUH,
E, G — Mmoaysb ynpyrocTd 1 MOAYJIb CABUTA IPEBECUHBI COOTBETCTBEHHO.
Pemenuem cuctembl aud@epeHnnanbHbIX ypaBHEHUM JaeT cleayroliee

BBIPAXKEHUE JUIs1 KPUTHYECKON CUJIBI:

rae  L; — mymHa noJyBOJIHBI,
m — KO3 PUIMEHT, 3aBUCAIIUN OT PACUETHON CXEMBI.
[Ipu 3akperienne Oajakyd OT MOBOPOTAa TOJNbKO Ha omopax L, = L, mpu

3aKpeIICHUH U mocepeinHe npojera L, = L /2.
3.2. MeToauka npoBeeHusi HCNIbITAHUS

[lepen ucnpiTanueM IepeBIHHON OaTKW, BHIMOJTHEHHONW U3 BO3AYIIHO CYXOU
JIPEBECUHBI COCHBI, U3MEPSIOTCA pa3Mepbl €€ IMOINEPEUYHbIX CEYCHUN IMOCEPEIUHE

JJIMHBI U B YCTBCPTAX IPOJICTA U BBIYHUCIIAIOTCA UX CPCAHUC 3HAUCHH AL

 _bitbitb; 86+85+87

3 3 = 8,6 MM;
hy +h,+h; 105+104+ 10,6
h = 2 = 3 = 10,5 cm.

Pacuetnsliii nposer L = 1880 MMm.

CxeMa yCTaHOBKH I POBEACHUS UCIIBITAHUM MpUBEIeHa Ha puc.3.2.



oOpazen DamkH

Pucynok 6 — CxemMa pacnofioskeHusi mpudopoB

OnopHble NPUCIIOCOOJIEHNSI YCTAaHOBKM YCTPOEHBI TaK, YTO oOpasel Oaiku
OpU JAECUCTBUM HAa HETO COCPEJOTOYEHHON CHJIBI B CEPENMHE IPOJIETa MOXKET
cBOOO/IHO NIOBOPAUMBATHCA B KOHIIEBBIX CEUEHHUSAX, KaK B BEPTUKAJIbHOM, Tak U B
TOPU30HTAJIBHON IIOCKOCTU. B TO e Bpems 3TU MpUCIOCOOIEHUS MPEMSITCTBYIOT
IIOBOPOTY OIIOPHBIX CEUYEHUW OTHOCHUTEIBHO TIPOJOJIBbHOM ocu. Takoe ke
YCTPOMCTBO Pa3MEILICHO B cepeauHe mposeta. [Ipu Takol cxeme UCIBITaTeIbHON
ycraHoBku m = 12,38, L1 =L /2.

Jliig u3MepeHus nepeMeleHuit ciay»kaT Tpu nporudomepa Makcumosna (I1) ¢
neHoi nenenus 0,01 MM: ouH AJi1 U3MEPEHHUs MPOruda mocepeaAnHe MpoJieTa B
BEPTUKAIBHON IUIOCKOCTH, JIBa JPYI'MX — B YETBEPTAX MpOJIETa I U3MEPEHUs
TOPU30HTAIBHBIX IPOrHO0B.

3arpy3ka oOpasua mnpousBoauTcs cryneHsmu. [locie SBHBIX IPU3HAKOB
HACTYIUICHHSI MOTEpU YCTONYMBOCTH IUIOCKOM (popmbl aepopMUpoBaHUS Oamku
IPOLIECC HArpy3KW MpeKpalaeTcst ¥ MpoOU3BOAUTCS pa3rpy3ka oopasiia B 0OpaTHOM
nocnenoBareiabHocTH. [locne kakaol CTyneHu Harpy3ku (pasrpy3Ku) CHUMAIOTCS

OTCYETHI 110 MPUOOpaM, MOKa3aHUs KOTOPBIX 3aHOCATCS B KYpPHAJ UCIIBITAHUIA.



Tabnuma 3.1 — XKypnan ucnbITanuit

[Toka3zanust mporuboMepoB

Harpy3ska, -1 -2 0-3

B ere n An Y An n An YAn n An Y An

0

3

6

9

12

15

18

21

24

27

30

33

30

27

24

21

18

15

12

9

6
3
0

3.3. O6pabdoTKa pe3yibTATOB UCTILITAHUI

[To >xypHanmy HCHOBITAHWNA CTPOATCA TpaUKU 3aBUCHMOCTH MPOTHOOB OT
Harpy3KH.
1. Ompenenennie KECTKOCTEH oOpasma Ha M3THO W KPYYEHHE C y4ETOM

KpaTKOBPEMCHHOCTHU HCﬁCTBHH Harpys3Ku IpH1 UCIbITAHHUH:

B _b-w E'—b'h3 300112‘3"—8’6'1053 300-31- 1073 kH/MM? =

1= - 12 ¢ T T 12 KH/mm* =
= 7715570,6 kH - MM2.

B _h-b’ E'—h'b3 300R‘3p—105'8‘63 300-31- 1073 kH/MM? =

2712 - 12 ¢ T T 12 kH/mm® =

= 51759,06 kH - MM?.




C—h'b3 (1 063b> G =
=2 637) G =

_105-86° (1 0,63 8’6> 0.05-31-10-% S0 _ 3976 kH - mm2
B 3 7105 7 a2 /DI

rie  E'=300R.P — Moxymp ympyrocTs ApeBECHHSL,
G = 0,05E! — MOJTyJIb CJIBUTA APEBECUHBI,
RP = 31 MIla.

([Jannbie npuseaens! u3 CII 64.13330.2017 «/lepeBsHHbBIE KOHCTPYKLIMM )

2. Teopernueckoe 3HaUYeHHE KPUTUYECKOW HArpy3KH OIpenensercs

m B1 * BZ ¢ C
PKp,Teop = L_% Bl + Bz )

rie L, — 1JvHA MOJyBOJHBL, T.€. L; = L/2;

CJICTYIOITUM 00pa3oM:

m — KO3(QPUIMEHT, 3aBUCALINI OT pacyeTHON CXEeMbl, MPH TaKOH cxeme

VCNBITATENbHON YCTAaHOBKM M = 12,38.

b _m  |By-B,-C 1238 |7715570,6-51759,06- 32,76 _

KPP T (1,/2)2 | B+ B,  (1880/2)2 7715570,6 + 51759,06
= 0,018 kH.

3. CormocraBieHle OIBITHOIO U TECOPETUUCCKOI0O 3HAYCHHUA KPHUTHYCCKHX

Harpy3o0K IIOKa3bIBacT, 4YTO.

PKp.Ol‘IbIT T PKp-Teop . 100% = u -100 % = 95 %.
PKp.OHbIT 330

4. Bpluucisisi TEOPETUUECKOE 3HAYEHHWE MAKCUMAJIBHOM HArpy3ku U3
yCJIOBHSI TMPOYHOCTH oOpaslia mnpu M3rube ¢ Y4eToM KpPaTKOBPEMEHHOCTU

HUCIIBITAHUA, I10JIy4acM.

Mmax _Pmax'L'6

= =R, =33 MI

W 4bh? w =33 Mila,
b _4-b-h2-Rpr_4-8,6-1052-33-10‘3_1109 .
mex T L6 6 - 1880 -

5. OnpenensieTcst ONBITHOE 3HaAUECHUE KOA(PPUIIMEHTA yCTONUMBOCTH!



PKp.OHbIT _ 330 H
P... 1109H

= 0,298.

Pm,oner =

6. Boruncisiercst reopeTuueckoe 3HaueHue K03 HUIUEeHTa yCTOWYNBOCTH:
b? 8,62

=140 - ———— kg = 140 - '
Pm,reop (L/2)-h ¢ (1880/2) - 105

-1,75 = 0,184.

rae kq) = 1,75 — B coorBerctBun ¢ CII 64.13330.2017 «/lepeBsiHHbIE

KOHCTpyKIMU» npwioxenue E, cxema 7.

Pacxoxnenue npu 3ToM COCTaBIISIET:

nbiT T 0,298 — 0,184
Pm,o Pm, eop 100% = -1009% = 38%.
Pm,onbrr 0,298

Buvisoo: TlpuunHaMu pacxoKIEHUS ONBITHBIX M TEOPETHUYECKUX 3HAYEHUU
KPUTHYECKON HArpy3KH SIBISAIOTCS:

— OTKJIOHEHUS B NMOKa3aHUAX MpUOOPOB;

— IIOTPEIIHOCTH IIPU CHATUH OTUYETOB;

— OTKJIOHEHHE (DAKTUYECKUX HArpy30K OT MPUHATHIX B pacyeTe;

— IIPUKJIaJIbIBaEMas Harpy3Ka CMenieHa OT LIEHTPa,

— HEU3BECTHBI NCTUHHBIE XapAKTEPUCTUKU IPEBECUHBI,

— ONOpbl HE HA MOJUIMITHUKAX, YTO CKOBBIBACT JABWXEHUE O00pasla,

3a1rpciaas moBOopoT.



