LUNTITMHOPUYECKNE
OBOJIOHKW




LinnnHgpuyeckne ob60no4ku
COCTOAT N3 Cneayrouwmx OCHOBHbIX 3J1EMEHTOB:

1 - TOHKasi NnuTa, oMepyYeHHas no LMUNMMHOPUYECKON NMOBEPXHOCTMU;

2 - ODOPTOBOW 3NEMEHT;

3 - nonepeyHble agnadparmbl (pepmbl NN apkn), onmpatroLLmecs Ha
KOMNMOHHbI UIN CTEHBbI.

L, - Mponet o6onoyku

L, - HAnuHa BonHbl

ecrm —=1
L2

0D0MNOYKY YCIOBHO CUMNTAIOT
ANMMHHOW 0DOMOYKOW,
NHa4ye - KOpPOTKOU




OJIMHHBIE OBOJIOYKH

1 1 1
- h=| —- h>—-L
MonHas BbIcOTa NOKPLITUS: (10 15) L, 52

R I'Ipe,u,BapMTeanoe HanpsaxxXeHme rno3BosideT BbICOTY YMEHbLLLUUTD.
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KoHdurypauus n npumepHble pa3mepbl OOPTOBbIX 3NEMEHTOB
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O60s104KM MOryT BbITh:

e MOHONMUTHBLIM, COOPHBLIMU N COOPHO-MOHOSTUTHBIMU

» OgHONPOSETHLIMMN,
OOHOBOJSTHOBbIMU

* MHOronponeTHbIMK




e MHOroBOMTHOBbLIMMU
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« [Magkumu nnn pedpucTbiMm

[0 TEXHONMOrMYEeCKMM COOBpaKEHUAM
MOHOJUTHbIE 0DO0NOYKM XKenaTernbHO
aenartb rmagkumu,



[MpMepbl YNeHeHUsT UMNMMHAPUYECKNX 000N0oYEK Ha
COOpPHbLIE ANIEMEHTDI




[MpmMepbl YNeHeHUs1 ANUHHBIX LUINHAPUYECKNX 060noYek
Ha COOPHbLIE ANIEMEHTbI




PACHET U/ITMHOPUYECKUX OBOJIOYEK

B obwem cny4dae B norie ob60s1o4km OENCTBYIOT BCE
komnoHeHTbl HOC.



Xapaktep TpelwwmnHoobpasoBaHUda B ASIMHHON 0D0SI04Ke
Nno pesynbratam UCNbITaHU NUMEET BUA:

OueBKMAHO, YTO He Bce KoMmnoHeHTbl HOC OKa3blBaAKOT BNuUsiHME Ha ee
paborTy.



B AnvHHBLIX obornoykax, B BUAOy ManocTu, HEKOTOpbie U3
BHYTPEHHUX YCUITMA HE OKa3blBaeT BIUAHUS Ha paboTty
KOHCTPYKLINW.

[1To aTOMY onpeaeneHne ycmnun B oiNHHbIX
LUNMMHAOPUNYECKNX 0O0NOYKax 1 cknagkax pekoMeHayeTcs
Npon3BOANTL B COOTBETCTBUN C NOSTYMOMEHTHOW Teopuen
n yd4eTom gedopmaumm nonepeyHoro KoHTypa.

Ycunua, ydmtbiBaemMble B
NONyMOMEHTHOWN TEOPUU




OnuHHaga unnuHgpuyveckaa obonoyka paboTaeTt B LENOM
nogobHo barnke nponetom L, ¢ nonepeyvHsbIM ceyeHnem B Buae
TOHKOCTEHHOIro Npooung WUpUHOW, paBHOU ONUHE BOMHbI L.

Ho, B ©Oankax, paccyuTbiBaeMbIX COrfacHO Teopunm un3rmba,
n3naraemMom B Kypce COMPOTUBMEHUA MaTepuanoB, KOHTYp
NOMepeYHOro ceYeHns arieMeHTa cumtaeTca HegedopMUpyembiMm,
B TO BPEMSI KaK B TOHKOCTEHHbIX CEYEHUSIX OH 3aMEeTHO

nedopmmpyetcs.

Ledopmauunm KOHTYpa TOHKOCTEHHOIO NPoduns 00004k
0OBbACHAITCA AENCTBMEM U3rMBAOLLIMX MOMEHTOB, JEWUCTBYHOLLNX
BAOSIb BOSHbI.



[1pn onpeneneHHbIX YCIOBUAX:

* MOKPbITME ONEPTO NO yrnawm;
* Harpyska paBHOMEPHO pacnpeaerneHHas;
e OTHOWEHuMe L1/L2 >3 ans KpanHUX BOJSH;

* OTHoWeHue L,/L, >2 ona npomMexXyTOYHbIX BOJH.

OO6004Ky MOXHO paccuynTbiBaTh Kak banky nponeTtom L,
NOTKOOBpa3HOro cevyeHus wmpuHoun L, u Beicoton h.

B ocTtanbHbIX criydasix 000noyky paccymTbiBalOT Kak
yrpyryto NpoCTPaHCTBEHHO AedOpPMUPYEMYIO CUCTEMY.



MPUBNUXKEHHbBIV PACYET

NPOYHOCTN MO CTaaMn NPeaEenbLHOro paBHOBECUS Kak
XernesobeToHHOW banku.
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[TonepeyHoe ceyeHme bankm (0060NoYKN)

Oce cummempuu

lpanuya
cxamod
SOHbI




[TonepevHoe ceveHme barnkm (060I04KN)

|ﬂbbcmm#wwnpuu

fpanuya
cxamod
S0HbI




[Tonepe4vHoe ceyeHmne bankm (060NoYKN)

|5tb¢mm#ﬂnqﬁuu

lpanuya
cxamod
SOHbI




[Tonepe4yHoe ceyeHmne bankm (000noYKN)

Iﬂm cumMmempuu

lpanuya
cxamod
S0HbI

CymMmma npoeKumn BCex CuUn Ha HopmMmarsb K CEYEHMIO OaeT
BO3MOXXHOCTb OonpeaenuTb NnofioKeHne HenTpanbHOW NTMHUN

(ueHTpanbHbIv yron 20.):

Z-Hc-Ry-h-szRS-As (1)



YpaBHeHMe CyMMbl MOMEHTOB BCEX CUI OTHOCUTENBHO LIEHTPA KPYroBoW
4acTn cedeHns NCNOoNb3YIT AMs OnpeaeneHnst Hecylen cnocobHocTH

M <0.8(2-R,-h-R sing,—a,-R,-A) 2

npu nogbope apmaTtypbl U3 COBMECTHOrO peLueHmna (1) n (2)

Hangem yYpaBHEHWNE O51A onpeaeneHnsd yria 290
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nnowaap apmartypbl onpeaenumv s (1) —
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KacaTenbHble ycunus B obonoyke: 7N = T



[1na onpeneneHns MOMEHTOB, OeUCTBYHOLWMX BAOJb BOMHbI
0D0NOYKM pacCMOTPUM YCINOBUA paBHOBECKS NOMNOChHI
eaNHNYHOW ONNHbI
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Harpyska (,
PasHOCTb KacaTenbHbIX
Hanpskenuin A7h

N yCUnus I\/Iy , Qy T Ny
Ha BblOEeNeHHON Mnorioce
HaxoOsTCs B paBHOBECUM.

MomenT M, onpegensior
Kak CyMMY MOMeHTOB oT  u Ath
OTHOCUTESTbHO OCU d — d.

Inopa MOMEHTOB BAOIMb
BOJTIHbl ODONMOYKN UMEET BUA:




Boonb nponeta 4eUCTBYOT MECTHbIE MOMEHTbI M,

==aadRERI IO DD e

M, = % s - (e ?Cosp —e?Sing),

me: @=X/S;
s =0, 76/ R - O - ynpyras xapaktepucTuka CTeHKM.



[Mpn WapHUPHOM onnpaHum obonoYKkM Ha anadparvbi
(COOpPHLIN BapuaHT)
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3T momeHTbl MX BO3HMKaT BONM3n anadparm u HOCAT
NoKanbHbIN XapakTep — BeCcbMa BObICTPO 3aTyxatoT No Mepe
yoaneHus ot gnadparvol.



TUlbl DANAGPATM

m Apka
@ be3packocHas depma




Ha anadpparmel ¢ 000N04YKM nepenaroTca KacaTerllbHble YCUnus
N,y =70,
OENCTBYIOLLNE Ha YPOBHE CPEANHHON MOBEPXHOCTN 0D0MOYKN U
cobcTBeHHbIN Bec anadparmbl (.




Ha Bo3HMKatoLWwme OT 3TUX Harpy3ok BHYTPEHHUE YCUITUS
1 BbINOJTHAETCS pacyeT anadparmsi.

Aniopa momentos M

Antopa npopgonbHbix cun N

[nadoparmel B BUAE apoK U doepM paccymTbIBaOT Kak NNoCKue
CTEPXXHEBbLIE CUCTEMbI ODObIYHBIMU METOAAMMN CTPOUTENBHOMN
MexaHukn un XKbK.



[MpUHUMN apMUPOBaHUA ANTMHHBLIX 000NoYeK

(Bapuanwm)




PACHET AJIMHHbIX OBOJIOYEK C YHETOM
OEDOPMALIMM KOHTYPA MO METOAY B.3. BJIACOBA



ToHKas umnuHapudeckasi obonoyka ansi pacyeta 3aMeHSAeTCs
BMMCaAHHOW B HEE NPU3MAaTUYECKON CKITagKon, COCTOSALLLEN U3
HEKOTOPOro Yncra npssMoyronbHbIX rpaHemn

B obLiem cnyvyae MOXHO MPUHATL Takoe YUCIIO rpaHen, YTobbl

OTHOLLIEHWW LUIMPWHBI FpaHm k ee anuHe (nponety L, 6bino Takoe
Xe, Kak ans obbl4HOM Oanku NpsiMoyrornbHOro ce4eHns



Ons kpyrosow unnuHapudeckon obonoykn paguycom R u

LeHTpanbHbLIM YoM Ayrv 20, WMPUHA FpaHn CEMUrPaHHON
BNMCaHHOW CKNagKkun onpeaensaercd no goopmyne

d =2Rsin(6/2)
BZ
=—+
8f 2

me: ¢9=2% o, =2arctg(2f/B) R

Kaxgas rpaHb 3aMeHsAILWEN CKNaakyu paccmaTpmBaeTcs Kak
TOHKaa U OfIMHHaA NnuTa, KoTopasa He CONPOTMUBIIAETCA KPYYEHUIO U
n3rnby BOOSb NporeTa 0bosIo4KN.

He yynTtbiBaloTCA Takke gedopmaumm casura rpaHen B CBOeEN
MNJIOCKOCTW.

[lpeononaraeTcs, YTO BCA Harpyska, AencTeylollas Ha

orpakgaroLLyto YyacTb 060s1I04KK, cocpeaoTodeHa Ha pebpax
CKInaaku.



PacyetHaga cxema
000ONOYKU

OcHoBHaga cucrtema
cMeLllaHHOoro metoaa




OcHoBHasg cuctema metoga cun obpasyeTca n3 pacHeTHOM
nyTem otaeneHma 6opToBbIX Bariok OT CKNaakn U 3aMeHbl
B3aMMHbIX CBS3eN HEU3BECTHLIMU YCUIMMAMMN , 0EUCTBYIOLLIMMUA
No NUHUAM pa300bLLEHNS

HewnsBecTHble yCUIinA onpenendaroTcd
N3 CNCTeMbl KAHOHUYECKNX ypaBHeHMVI

AsS (X)+ A0 (X)+A,m(x)+ A, =0
AsS (X)+ ALa(X)+A,m(x)+ A, =0 ¢
AsS (X)+ A0 (X)+A,m(x)+A, =0
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Orlpeﬂ,eneHme lwectn Hem3BeECTHbIX B CMELWLaHHOM MeToAde

X

X

X

d
d
+13,0,

a
+ 1,0,

X)+ 1,05

X)+ 15,05

X

X

X

+ 1,05 (X) 41,07 (X)+ 505

+ 05 (X)+ 1,05 (X) 41505

+1,,0% (X)+ 1,00 (X) + 108

a
+ 1,0,

a

X

X

d
+1;,0,

a
+1;,0,

X

X

a
+1..0;

a
+1::0¢

OCYLLECTBISAETCA NYyTEM PELUEHNS CUCTEMbI YPaBHEHWU:




Pacuyet obono4vek B coBpeMeHHbIX 1K




Pacuet obono4yek B coBpeMeHHbIX K




Pacuet obono4yek B coBpeMeHHbIX K

DuUALTP ANA 3NEMEHTOE
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Pacuet obono4vek B coBpeMeHHbIX MK
B

3axoHbl HeIMHEWHOro AedopMHPOBAHMA MaTEPHANOB

YUUTBIEATD SPMAPYIOWLAI MATERMAN
HOBHOI MaTEpMan APV METEpHan | ™ YuuTeisaTh No Tt BeToHa

HERHHERHoro Ae

0.0015

3aKoHbI HeNMHeHHoro AedopMHPOBaHHA MaTepPHANOB

v YuuThIBaTE apMK
CHOBHO MaTEpan  APMADYIOWMA METEpHan [ YauToisaTe Ne

H HEMWHEMHOMD AedopMUMPoBaHIARA

UTHEHWTE



Pacyet obono4yek B coBpeMeHHbIX MK

Tun apMaTypHbIX BKAYESHHH

THn apMaTypHLIX BRAKYEHHH

[PUHIMHECK MG ABANEHT CETHM |

HI:IMEEI:I CN0A apMaTYpbl

EE0rD THMNA
{BMEINEHT CETHM |

OTrEHHTE |

Hapucosare Crpasta




PacueT obonoyek B coBpeMeHHbIX K

Bl PacueTHbie COYETAHMA YCHIMA

CrpoumensHER HOpiE | CHwN 2.01.07-85

Homep zarpysenun |1 _: CoficTeaHHbIA BEC

Bua sarpyxetsia ' v| Mo ymomareo | |

M rpynnst ofsequHASE | K.oagpuumerTes gna PCH
BLEMEHHBIR 3ar PUAEHLR

: 1ocroe. | 20cnoe. | Ocofioe MopenupoBaHMe HeMHEHHDIX 3ar Py:eHHH KOHCTPYKLMH
YuMTBIBATE SHAKOMNEDEMEHHOCTE | 0.00 0.00 0.00

N rpynnisl B2arOUCK M0YA- — 0.00 0.00 0.00 [NapareTpel ] MNeyaTe ]
ALt 0.00 0.00 0.00

NM conyreTEwowME —— [—— 0.00 0.00 0.00

) SAPYHEHHA 0.00 0.00 0.00 M sarpyseHia 1
CEPPHUUHEHT HALEKHOCTH _ 000 0.00 0.00

MeTon pacyera |['I] MpocTol Warosek

G LT & ABHOCTH y
Lonaa M uHHManeHoe wicno Wrepauwi | 300 Konuyecten waros | 5
SHAYEHMA KO3 POOHUMEHTOE K HIPYSKAR MO WArakd

£ Urerue ws paiina |

b " Beod W pELaKTHROESHHE

Ceoaxan Tadnuua ana sermcnesus PCY: I

+

t.| Mina sarpywe... | Mapanerpe PCY | Kz @puupenres PCY

CofScTEeHHBNAL .

F SEHAMEDHE,
Mesow cher {* PasHoMEpHEIR Wark

MNpagsii cHer <7
Berep cnesa
Berep cnpasa CyritSpHEI ko epupeHT | 1

|DhanaTeanblm PESYNETAT

Monsy4ecTb




PacueT obonoyek B coBpeMeHHbIX K

r- PACHET - [CILINDR FIZ AND GEOM6] @.1

1.800-1

Barp.4. Jor.sarp.o, mar=1.

1.PacueTHad cxeMa:

- YpaBHEHMI 26718
ONeMeHTOBR 1550
YVaIIoB 1457
SarpymeHMN 6
PU3. HEMMHEHOCTE

- T'eoM.HeIMHEHECCTE
Z.Pacuer:

- llarcemn
3.Pecypc:

- JMCE.NaMATE 51.876 M

- Bpewma pacuera 1-1 mMuMH,

PASPVYIEHUMA:
PacTaxeHne
B TpeuHE




PacueT obonoyek B coBpeMeHHbIX K

449
Hemmefinoe sarpysenmz 2
Hsomona nepenemennit ne Z(G)
EHEHITE H3MEDEHIA - MM
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PacueT obonoyek B coBpeMeHHbIX K

Mepemellenust no Z




KOPOTKHUE OBOJIOYKH

OCHOBHbIM OTIMYMEM ITUX 0DOMOYEK OT ANMMHHbLIX ABMAETCS CYLLECTBEHHOE
BNUsAHME n3rnmba nnutbl 000I04KN BOOMNb NposieTa (BAonb pa3mepa L1 ).



Ecnu BbINONHAIOTCS onpeaeneHHble YCHoBUS, KOPOTKME 0060N0YKM
MOXHO pacCcYnTbIBaTb MO YNPOLLEHHON MEeTOAMKE.

A MMeHHO, ecrnu:

nponet o6onodkn L <12x cooTHoweHne L /L, <05
L
ANVHAa BOIHbI L, <30m ctpena nogbema f > EZ

|_|J'II/ITy HE PaCCYUTbIBAKOT, a NPUNHUMAKOT B COOTBETCTBUN C

YCTaHOBJ1EHHbLIMIW OlbITOM MPaKTU4EeCKUMIN peEKOMEHOaUNAMN.

TonwuHa 50 — 80 mm (npu npornetax 6 — 12 M COOTBETCTBEHHO);

apMupoBaHMe CeTKOU U3 cTepxHen d=4-6 mm ¢ warom 100 — 160 mm.



BOOJb NMPOJIETA (B HanpasneHuul, )
000NOYKY paccuUnTbIBaOT Kak banky purypHoro npouns

B ogHonponeTHomn O,EI,HOBOJ'IHOBOI? obono4yke B cepeaunHe nporeTta
(L) L,
8

Mneyo BHyTpeHHel napbl cun npuHumatot pasHbiv: 2 = 0.55(f +d,)

n3rmdéarowmm MmomMmeHT M =




MHOronponeTHyo 000o4KY cYMTaroT
N apMUPYIOT KaK HepaspesHyto barnky

N3rmbom nnuThbl BAOOJ1b BOJIHbI npeHe6pera+0T B BUAY MaJIOCTN MOMEHTOB.




BLOJIb BOJIHbI (B HanpaBneHumn L, )
pacyeTy nognexart agnadpparmei.

[lonepeyHoe ceveHne anadgparm NpUHUMalOT TaBpPOBbIM C LLMPUHON
MOSIKWU paBHOW MPorieTy 0D0Io4KK (bf = |_1 ) N paccuUTbIBaAlOT MO

o0LWMM NpaBuiam CTPOUTENbHON MEXAHUKMN.

HopmarnbHbie CXUMatoLmne yeunusi, OencTByolmMe B none o60mno4km

4.9-R-
N, = qu I'1x-(L2—x)
2

nepenarTcs ¢ NAUThbl Ha Anadparmy 1 y4uTbIBalOTCA Kak A4ONONHUTENbHAS
Harpyska.

B doopmyne:
R - pagnyc kprBU3HbLI 000N0OYKM B cepeanHe OJMHbI BOJHbI L2

X - paccTosiHMe OT Onopbl 4O pacCMaTPMBAEMOro CeYEeHUS.



[ns BOCNpUATUSA MECTHbIX YCUIUIA TOMLLMHY NNUTbI Hag, onopamMmm
(Anadoparmbl 1 6OPTOBbLIE 3NTEMEHTbI) MPUHATO YBENUYMBATL U

AONOJTHUTEJIbHO apMANpPOBaTh.

1
BbicoTa 60pTOBbIX 311IEMEHTOB NpUHMMaeTcst He meHee O =—L,

15
a wnpuHa — ot 0,2 go 0,5 BbICOTHI.

° I'Ipep,BapMTeanoe Haripa>xeHme no3BosidAeT BbICOTY YMEHbLUNTDb.



[Nnunta KXC




