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MHNPEJIUCJIOBUE

B npotiecce moaroToBku BEICOKOKBATU(PUITUPOBAHHBIX KaJIPOB IO 00pa30BaTeb-
HBIM IIPOrpaMmaM BBICIIETO 00pa30BaHUsI OY€Hb BAXKHO HCIIOIB30BATh KOMILIEKCHBIN
MOAXO] K U3YUEHUIO CTYJCHTAMU TUCHIUILINH, BKIIOYAIONIUNA HE TOJIEKO TEOPETUUYECKUE
Y TIPAKTUYECKUE 3aHATHUS, HO U CAMOCTOSITENIbHYIO padoTy CTy/IeHTA.

BaxxHbIM 3JIeMEHTOM CaMOCTOSITEILHOM PaOOTHI SABJISETCS KOHTPOJIbHAS paboTa,
CIOCOOCTBYIOIIAsA 3aKPEIUICHUIO CTYJCHTaMH 0a30BbIX M TMOJYYCHHUIO YIITYOJICHHBIX
TEOPETUUECKUX U MPAKTUUECKUX 3HAHUM 1O JUCITUTUTHHE.

Kontponbhas padorta «IIpoyHOCTHON pacdeT CTaTHYECKH OMPEICTMMBIX KOH-
CTPYKIIUH TIPH pa3IMYHBIX BUJAX HArPY>KCHUs» COACPKUT TPH pasjiena:

» pacyeT Ha MPOYHOCTH M KECTKOCTh MPH PACTIKCHUH-CIKATHH,

» pacyeT Ha MPOYHOCTH M KECTKOCTh MPHU KPYUCHHH,

» pacyeT Ha MPOYHOCTH M KECTKOCTh IMPHU M3ruode.

[To xaxxnoMy pa3neiny BBITOJIHSIOTCS YKAa3aHHbIE HUXKE 3aJaHUs.

Pasznen |. Pacuet Ha MpOYHOCTH U KECTKOCTD MPU PACTHKEHUH-CHKATHH.

JIJ1g cTaTUdecKu onpeneuMoro opyca He0OX0IUMO:

— ONPEIEIUTh NPOAOIbHBIE YCUIIUS, TOCTPOUTH SMIOPY MPOIOIbHBIX YCHIIUM;

— 1oa00paTh MONepeyHbIe CEUCHHUsI, UCXOISI U3 YCIOBUN TPOYHOCTH;

— TOCTPOUTH BMIOPbl HOPMAJIBHBIX HAMNPSKCHUN WU JIMHEWHBIX MEPEMEIICHUN

MTONEPEYHBIX CCUCHUM.
Paznen Il. Pacdyetr Ha mpOYHOCTH U KECTKOCTh TPU KPYUCHUH.
JIJ1s cTaTudecku onpeaenuMoro opyca HeoOX0IUMO:
— ONPEIEIUTh KPYTAIINE MOMEHTHI, IOCTPOUTD SMIOPY KPYTSIINX MOMEHTOB;
— moao0paTh MONEepeYHbIC CEUCHHUS, UICXOISI U3 YCIOBUN TPOYHOCTH;
— TIOCTPOUTH AMIOPHI MAKCUMAJIbHBIX KAaCaTEIbHBIX HANIPSIKEHUN U YTIIOBBIX I1€-
pPEMEIICHUI TONIEPEYHBIX CEUCHHI.
Paznen |ll. Pacuet Ha mpoYHOCTH M KECTKOCTh MPH U3THOE.
JI71st cTaTyecku onpeaenuMon 0aiku He0OX0IUMO:

— OIpPCACIUTD IMOIICPCUYHBIC CUJIbI U H3FI/I6aIOHH/IC MOMCHTEI, IIOCTPOUTD SITIOPBI;
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— nogo0paTh NOMEPEYHbIE CEYEHHsI TPOCTON TeoMeTpuyecKol (popmbl (IIpsIMO-
YTOJIBHUK, KPYT, KOJIBLIO), UCXOS U3 YCIOBHUI MPOYHOCTH;

— 1715 IpSMOYTOJIBHOTO CEYEHUS! TOCTPOUTD TpaKH HOPMATIBHBIX U KacaTellb-
HBIX HaIPSDKEHUH B OTTACHOM CEUEHUH OaJIKH.

Ucxonnbie nannsie npuseneHbl B llpunoxxkenun — tabmuubl 113.1, pacueTHbie
CXeMBbI KOHCTPYKINI —pucyHok [13.1, MexaHn4eckne XxapakTepUCTHKH MaTepUaIoB —
tabmumipt [13.2 — T13.5.

[Tpumep BBIOOpA UCXOAHBIX JAHHBIX U TIOCTPOCHUSI CXEMbI KOHCTPYKIUI TIpHBe-
neH B [Ipuiioxenun.

COJIEP)KAHUE T'PAOUYECKOU YACTH

['pacduueckas yacTh JOHKHA COIEPHKATD:

JIuct 1 PacyeT Ha MPOYHOCTH M KECTKOCTh IIPH PACTSKEHUN — CKaTUU U JIucr 2

Pacder Ha MPOYHOCTH W KECTKOCTh IPU KPYUCHHUU:
- pacyeTHbIE CXEMbI CTATHUECKU OMPEEITUMBIX OPYChEB; AIIOPHI MIPOI0JIBHBIX CHJI, HOP-
MaJIbHBIX HaIPsHDKEHUN W mepeMernienuii (s OpychbeB, paboTaromire Ha pacTsKeHue-
c)KaTHe); SMIOPBI KPYTSIIMX MOMEHTOB, HAUOOJIBIINX KACATEIbHBIX HAMPSKEHUN U yT-
JIOBBIX TIEpeMeIeHuH (17151 OpycheB, pabOTaIONINX HA KPYUCHUE).

Jluct 3. PacueT Ha MPOYHOCTD U KECTKOCTH IIPH U3THOE.

- PaCYETHYIO CXE€MY CTaTHUYECKU OMPEISITUMON OaKu; SIIOPHI MOMEPEUHBIX CHIT
Y M3THOAIONTUX MOMEHTOB; TPa(MK HOPMATLHBIX M KaCaTEJIbHBIX HAPSHKEHUH B OI1ac-

HOM CEYEHUH (ISl IPSIMOYTOJIBHOTO CEUECHMUS).



Pasznen |. PACYHET HA TPOYHOCTDH U )KECTKOCTbD IIPU PACTAXKE-

HUUN-CKATUHU

1.1 KpaTkue TeopeTnueckne cBeJIeHUs

[lon pacTsxeHueM (c:xaTueM ) MOHMMAETCs Takoi BUA AegopManuu, Koraa npu
Harpy>k€HUH B MONEPEUHBIX CEUEHUAX Opyca BO3ZHUKAIOT TOJIBKO OJUH BHYTPEHHHIA
CUJIOBOM (pakTop — CKMMAIOLIas WK pacTaruBaroias rnpojonbHas cuia N. [Ipumepom
pPaCTSHKEHHUS] MOXKET CIY>KUTh OpyC, pacTATMBaeMbIi CUJIAMH, MPUIIOKEHHBIMU K €ro
KOHIIaM (pucyHok 1.1).

Jlist onpeienieHust BHYTPEHHUX CHJI M HAMIPSKEHUS. PACCMOTPHUM CTEPIKEHb C TI0-
CTOSIHHOM IUIOIIA/IBIO MOIEPEYHOr0 ceueHus F, M2, KOTOpBIi MOoJBEpracTcst pacTsiKe-

HUtO cuiamu P, pucyHok 1.1,

P ~ P
- — — | — —

e T

Pucynok 1.1 — BHyTpeHHHE CHIIBI TIPH PACTSHKEHUHN (CHKATHH)

IIpu 3TOM HIpeanonaraercs, YTo IIOCKUE CEUCHUS, HOPMAJIBHBIE K OCH CTEPKHS
1o nedopmanuu, OCTaroTcsl ¥ mocie Ae@opMalii TWIOCKUMUA U HOPMAJIbHBIMHU K €ro

ocH. JTa TMIOTE3a Ha3bIBAETCS TUIIOTE30M IIIOCKUX ceJieHnid. BHyTpeHHUe cuiibl U Ha-

MPSHKEHUS B JTI00OM CEYCHHH Opyca OIPEIeNsIIOTCS C IOMOIIBI0 METO/1a CEYCHU.

[TnockocThI0, MEPIEHANKYIISPHON K OCH Opyca MBICIICHHO pa3pekeM ero o JTaH-
HOMY CEUCHHIO U OTOPOCUM OJIHY W3 TIOJYYCHHBIX JIBYX YacTel, HarpumMep, JeByto (pu-
cynok 1.1). JInst oGecnieueHus] paBHOBECHS OCTABIICHCS YaCTH MPHUIIOKUM T10 BCEMY Ce-
YEHHIO B KXKJI0M €r0 TOYKEe BHYTPEHHHUE CUJIbI, KOTOPHIEC TOJDKHBI 3aMEHUTH JICHCTBHE
OTOPOITIICHHOW YaCcTH Ha OCTABIIYIOCS YacTh Opyca.

PaBropeiicTBytomas BHyTpeHHUX cril N JIeTKO ompenensieTcs U3 yCIoBHUs paBHO-

BCCH:A C IIOMOIIBIO YPAaBHCHUA CTATUKU !

> X=N-P=0,



otkyna N=P.
Ecau cuutath, 4TO BHYTpEHHUE CUJIBI PABHOMEPHO PacpeieieHbl IO CEUCHUIO,
TO HOPMAaJIbHBIC HAMPSKEHUS BO BCEX TOYKAX CEUEHUS OyIyT OJMHAKOBBIMH U MOTYT

OBITH OTpeieNieHbI 0 hopMyIIe:
N P
o=—=—, 1.1
== (1)

rae F — mionianp nonepevyHoro ceyeHusl.

[Tpu nelicTBUM pacTATMBAIOIIMX CHII IO OCU Opyca JJIMHA €T0 YBEJIUYUBACTCS, a
NOMNEpeYHbIe pa3Mepbl yMeHbIIatoTcs. [Ipu 1elCTBUM CRUMAIOIIUX YCUIIMA TPOUCXO-
muT oOpaTHoe siBiienne. Ha pucynke 1.2 mokasan 6pyc, pacTaruBaeMblii 1ByMs CUJIaMU
P. B pe3ynbrare pacTsbkeHus: Opyc yIIMHWICS Ha BeauuuHy Al, koTopasi Ha3bIBaeTCs

a0COJIIOTHBIM YAJIMHCHUCM, U IMOJTYYUM a0COJIFOTHOE IOIICPCUYHOC CYKCHUC Aa;

£ T P

- E—

(- Ad 1l

I+al

Pucynok 1.2 — Bpyc, pacTsaruBaemplii CHIIaMHu.
OTHoOIIEHUE BEIMYMHBI A0COJIFOTHOTO YIJIMHEHUS M YKOPOUCHHS K TIEPBOHAYAITb-
HOM JUIMHE WJIM MIUPUHE Opyca Ha3bIBACTCS OTHOCUTEIbHOM edopManmeii. B manaOoM

ciydae aedopMarys 8=ATI Ha3bIBACTCS OTHOCUTEIIbHAS IPOJIOJBHON AeopMaIrrei.

B npenenax ynpyrux nedopmaiuii yCTaHOBICHO, YTO HOPMAIbHOE HANIPSIKEHUE
MPSIMO TIPOTIOPIIMOHAIEHO OTHOCUTENBHON MPOMOIbHON nedopmamnmu. JTa 3aBUCH-

MOCTb Ha3bIBaeTCs 3aKOHOM | yka:

o=Eeg, (1.2)

rae E - ko3hPuIiMeHT mponopiuroHaIbHOCTH, HA3bIBAEMBIA MOAYJIEM HOPMaTbHOU

YIIPYTOCTH.

P
Ecnu B popmyny 3akona ['yka (1.2) mocTaBuTh BeIpaxeHus 8=ATI UGo= =
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TO MOJYYUM (POPMYITY JJIsl ONPEACIICHUS YATUHECHUS WIH YKOPOUYEHUS MPU pac-
TSOKEHUU U CKATHUM:

_Pl
EF’

rie npousBenenue EF HaspiBaeTcs jkecTKOCThIO Opyca NMpH PacTsHKEHUH— CKATHUHL.

Al (1.3)

Jlna obecrieyeHUs] MPOYHOCTHBIX XAPAaKTEPUCTHK KOHCTPYKIMU HEOOXOAMMO,
YTOOBI BBIOIHAJIOCH YCIOBHE MPOYHOCTH— HAUOOJIbIIIee HANIPSYKEHUE B TOUKAX JIFOOOTO
HNONEPEYHOTO CEYEHUS IJIEMEHTA KOHCTPYKIMI HE JIOJHKHO MPEBBIIATH JOIYCKAaEMOro
HaIPsOKEHUS 11 JaHHOro Marepuana. [loaromy ycimoBre npo4HOCTH ISl pacTsaruBac-

MOTO WJIM C)KUMAaeMOro Opyca MOXHO BBIPA3UTh CIEAYIOIICH pacueTHON POopMyIIOii:

0:%3 0]. (1.4)

[TpakTrueckue pacueTsl HA PACTIKEHUE U CKATHE CBOJATCS K OMPECTICHUIO O]1-
HOM M3 HEU3BECTHBIX BEJIWYHUH, BXOAAIIUX B 3Ty (POPMYIy MO IBYM H3BECTHBIM WU
JIETKO OTpEeNIIEMbIM U3 YCIOBHI 3a/1a4 (BeTMYHMHA [G] 0OBIYHO U3BECTHA).

[Mpumenenue popmyiisl (1.4) MO3BOIISAET PEIIUTH TP POJIA 33]1a4 Ha PACTSDKEHHE,
cKarue.

1. JlaHbl pa3Mepsl MOMEPEUHOI0 CEUEHUSI CTEPKHS (WK €ro Iuiomanb F) u
BEJIMUYMHA MPOo0JibHOM criibl N (MM UMEIOTCS BCE IaHHBIE JIJIs €e onpeaesneHus). Tpe-
OyeTcsi onpenenTh BEJIMYMHY HAWOOJBIIET0 HANPSKEHUS B CeUCHUM cTepKHs. [[s
JAHHOTO CITydast TPH PEIICHUH 33a]a9H CIIEYeT MOJIb30BaThes hopmyioii (1.4).

B pe3synbrare pelieHus MOXKET OKa3aTbCsA, YTO BEJIWYMHA JEHCTBUTEIBLHOIO
HAIpPsDKEHUS B CEYCHUH G MPEBBIIMIACT JIOMyCKaeMoe HamnpsbKeHue [G], Toraa Heooxo-
JUMO WM YBEJIWYUTH IUIOLIAJb MOMEPEYHOTO CEUYEHHs, WM, €CIH 3TO BO3MOXKHO,
YMEHBIIUTh Harpy3Ky.

Paspeliaercs npeBblilieHHE WM MOHMKEHUE HAUOOIBIINX HANPSKEHU 10 cpaB-
HEHHUIO C OMyCKaeMbIM 110 £ 5%.

2. N3BecTHa Ui MOXKET OBITH OTpe/iesieHa U3 YCIOBHSI 33]]Ja4i BEJTMYMHA ITPO-

nonpHOM cuibl N B ceueHMM W IoMMycKaeMoe HampshKeHHE Matepuana [G]; Tpedyercs



OMpeIeTUTh HEOOXOIUMYIO TIIOIIAb F monepeyHoro ceyeHus: CTep>KHs WK, Kak TOBO-

psT, momo0Opatk ero ceueHue. B aTom cityuae 3anaua pemaercs mo Gopmysie:

F>
[o] (1.5)
3. JaHbl pa3Mepsl OMEPEYHOTO CEUEHUS, a TAKKE JOIMYCKAeMOe HaNpsKEeHUE Ma-
Tepuasa; TpedyeTcs ONpeaeauTh 3HaUueHUe HauOoIbIIEH HArpy3KU Ha CTEPIKEHb.
N3 popmynsr (1.4) nomyyaem:
N=F [0]. (1.6)

1.2 Tlpumep BHINOJIHEHUS 3212491
3amaua 1. Pacuet Ha MPOYHOCTH M )KECTKOCTD MPHU PACTIKEHUH-CKATHH.
[TOPAJIOK BBITIOJIHEHM A

1. Onpenensercs peakTUBHAs cuiia B 3a7ieIke Opyca.

2. bpyc pa3buBaeTcst Ha y4acCTKH.

3. Ha kaxxoM yyacTke onpeensercs Ipoa0JibHasl CUila B CEUeHUU Opyca U CTpo-
UTCS SII0PA NPOAOJIbHBIX CHIL.

4. YcraHaBIMBaeTCs ONACHBIM y4acTOK, IJI1 KOTOPOTO 3aIlMCHIBAETCS YCIOBUE
IPOYHOCTH MOAOUpPAETCS ceueHUe. BBIYHCISIOTCS HOpMalbHBIE HANpSKEHUS B ceve-
HUsX 6pyca. CTpouTcs 31opa HOPMAIbHBIX HATIPSKEHUH.

5. Beruucnstorcest abconoTHOe YTMHEHHE (YKOPOUCHHE) Opyca U MepeMeIeHMS
MonepevHsbIX ceueHuit. CTpouTcs 3mropa.

3ananue
Jlya cTaTudecku onpeaennMoro opyca Heo0X0IuMo:
» OIPEICIUTH MPOIOIBHBIC YCHIIHS, TIOCTPOHTH ITIOPY MPOAOTBHBIX YCHIIHIA;
» TOoA00paTh MONIEPEYHBIC CEUCHUS, HCXO/IS U3 YCIOBHIA TPOYHOCTH;
» TOCTPOMTH MIOPHI HOPMATBHBIX HANIPSHKESHUN U IMHEHHBIX IIEPEMEIICHHI TIOTIe-
PEYHBIX CEUCHUM.

B pacueTtax Ha MpOYHOCTH NOMYCKAaEMbIE HANPS)KEHUS TPUHATD:

c
— JuiA ctanu ¥ craBoB  [o]=—", [1]=0,6[c], rae o, - mpeaea TEeKy4eCTH;
n



p Cc

— cSB — 6B p C
— JUI 4yT'yHa W IUIacTMace [c], = PR [c]. = re rae G.,G, — IpeIeisl
MIPOYHOCTHU HA PacTsHKEHHE U CkaTtue;  Koa((uuueHT 3anaca N=3.

Ucxonnpie nannwie (Tabnuma [13.1, pacueTHbie CXeMbl KOHCTPYKIIUNA —pPUCYHOK
[13.1, MexaHHYeCKHE XapaKTePUCTUKH MaTepuaioB — Tabmuibl [13.2 — I13.5).
Ne: 0 0 1
A B C
Cxema Ne [;
I=10a=1,0 m;a=0,1 m; a1=2a=0,2 m; ax=3a=0,3 m; az=2a=0,2 m; as=2a=0,2 m;
=5 kH/m; P1=qa=0,5 kH; 2P1=1,0 kH; P,=5,5qa=2,75 kH; 2P>=5,5 xH;
d=0,8D.
Marepuan: opyc | - ¥5-301-41
MexaHnueckue XapakTepUCTUKU MaTepuaa;
V5-301-41: E=2300 Mlla, o’ =50 Mlla; o, =180 Mlla;
Koadpunment 3anaca npunasaTs N=3.
PEIIEHUE
OmnpenenuM peakTUBHYIO CHITY Ra, Bo3HHKaIOIIYIO B 3azeike (pucyHok 1.3). Ypas-
HEHUE PABHOBECHS JIJIsI CTATUYECKU OMpeIeTUMMOro opyca:
R,-2P+2P,=0 = R,=2P-2P,=-9qa=-4,5«H.
Onpenennm Ipo0JIbHBIE CHIIBI HA KaXO0M YYacTKEe HarpyKeHus, MoJb3ysICh Me-
TOJIOM CEYCHMM.
| yuacrtok: 0<z<2a

ypaBHEHHE paBHOBECHS OTCEYEHHOM yacTu Opyca: N,=0,

TaK KaK Ha IICPBOM YYACTKE HAI'PYKCHHA BHCITHNC CHUJIbI HC HeﬁCTBYIOT.

Il ygacroxk: 2a<z<3a
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[MpoyHOCMB U XXecmKocmb yrpyaux
cucmemM rpu pasuyHbIx sudax
Wsm| JTucm| Ne dokym. |lModnuck|Jama|l Ha2PyXXKeHUs
Paspab. Jlum Jlucm | Jlucmos
Mposepurn Pac4em Ha rpo4YHocmb U xecm- 2 4
KOCMb Mpu pacmsiXeHuu-cxxamuu
KoHmp.
Ymes.

Pucynox 1.3 — I'paduueckas yactb
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ypaBHEHHE PaBHOBECHsI OTCEYEHHOM yacTu Opyca:
N, +2P,=0= N, =-2P, =-11ga=-5,5«H ,
Il ygacTok: 3a<z<8a

ypaBHEHHE paBHOBECHS OTCEUEHHON YacTu Opyca:
N, +2P,=0= N, =-2P, =-11ga =-5,5xH ,
IV yuacTok: 8a<z<10a

ypaBHEHHE paBHOBECHs OTCEUEHHON YacTu Opyca:

N,—2P,+2P,=0 = N, =2P, —2P,=—9qa = —4,5xH .

Beipazum miomiaam nonepevHbIx ceueHuit yepes napamerp D (d=0,8D).

7Z'(D2 —d2) ,
| yaacTok: Flzf:0,283D X
7Z'(D2 —dz) ,
Il ygacTok: Fzzf:O,ZBSD X
7 D?
Il ygacTok: F,= =0,785D?;
7Z'(D2 —d2) ,
IV ydacrok: F4:f:0,283D

OnacHbIM y4acTKOM, T.€. y4aCTKOM Ha KOTOPOM BO3HUKAIOT MaKCUMAaJIbHbIE HAMPS-
KEHUs, SIBISIETCA BTOPOM ydacTOK HarpykeHus. CocTaBHUM YCIIOBHE MPOYHOCTH

JUIs1 BTOPOT'O y4acTKa:

0'22& = iazﬁ [o]°= Cs —60MIla
F, 0,283D n

Onpenenum quametp D u3 yciioBust npoyHOCTHU:

p > |t _ [11:5000-01 41601, = 1801 sum
[c] 0,283 \60-10°-0,283

[Mpuaumaem D=0,019 » = 19 mm, d=0,8D=0,0152 m =15,2 mm
[Tnomanu nonepeyHbIx ceUeHuit Opyca:

| yugactok: F=1,02-10" »?;

12



Il yaacTok: F,=1,02-10"* »*; 11l yuacTok: F,=2,84-107"

IV yuacrtok: F,=1,02 107 4/
HampspkeHus: B TONEpeYHBIX CEUSHHUSAX CTATUYECKU ONPEIeIMMOro Opyca
| yqactoxk: 01:l =0 Mlla;

I:l
Il yqacroxk: Gz—&: —-38,90— qa _ —53,88 Mlla ;

F, D?
Il yuacToxk: O,= &: -14,01— 4a__ 19,40 Mlla;,

F, D?
IV yuacTtoxk: o, —%: -31,83 ([])a =—44,09 MIla

4

Onpenenum abCOIIOTHOE yIJIMHEHUE Opyca, Kak CyMMY Y/UIMHEHUI Y4acTKOB:

AI = Nlll :
EF,

2

Al=Nea_ 380092 _ 5 34.10%;
: ED
2

Al=Nb_ 700398 __422.10%;
F, ED
2

Al =N 636698 __383.10%
F, ED

2
A=Al +AlL +Al, +A|4=—172,59%=—10,39-103M

Onpenenum nepeMeiieHus MONepevyHbIX CEYEHU, COBNAAAIOIUX C TPaHULIAMH
Y4aCTKOB HATPYKEHUS:

ceueHue A (kecTtkas 3ajenka): A, =0;

ceuenue B . Ay =A, +Al, =—3,83mnm;
ceuenue E: Ag =A; +Al, =-8,050u;
ceuenue G : Ag =Ap +Al, =—10,39 mwm;
ceuenue C : Ac =Ag +Al, =-10,39 mm.
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PA3JIEJI II. PACYHET HA TPOYHOCTbD U ’KECTKOCTHD IIPU KPYUYEHHUMN.

2.1 KpaTkue TeopeTHu4ecKue cBeleHUsA

[Ipu paGote Opyca Ha KpydEHHUE B €r0 MOMEPEYHBIX CEYEHUSX BOZHUKAET TOJIBKO
OJIMH BHYTPEHHHI CUIIOBOM (DakTOp — KpyTALMid MOMEeHT M., (pucyHok 3.1). B mro-
O0oM cedeHuU Opyca KPYyTSIIHI MOMEHT YHCIEHHO PaBEH alire0pandeckod cyMme
BHEIITHUX CKPYYHMBAIOLIMX MOMEHTOB, MPUIIOKEHHBIX IO OJIHY CTOPOHY OT paccMar-
puBaeMoro ceuenud. [Ipu kpydeHun Opyca Kpyrioro ce4eHus: IKCIEPUMEHTATbHO
YCTaHOBJIEHO:

— 0Ch Opyca He UCKPUBIISETCS,

— COOJII0JaeTCs TUMOTE3a MIOCKUX CEUCHU;

— panychl HE UCKPUBIISIOTCS, @ TOBOPAYUBAIOTCS;

— PacCTOSHUS MEXK/Y MMONEPEUHBIMU CEYCHUSIMU HE U3MEHSIOTCSI.

Ha ocHoBaHMUM 3TOr0 MOXXHO 3aKJIIOYUTh, YTO KpydeHUE — YUCThINA caBur. Cre-
JI0BaTEJIbHO, B IONEPEUHBIX CEUCHUSAX Opyca MpU KpY4eHUH BO3HHUKAIOT TOJIBKO Ka-
caTeJIbHbIE HAIIPSDKEHUsS T. BEKTOp KacaTeabHOro HaMpsHKEHUS JIEKUT B MIJIOCKOCTH

IMONICPCUYHOTO CCUCHUA.

L
//

Pucynox 2.1- Kpyuenue 6pyca

BcenencTBrue rurnores3bl IIIOCKUX CEYEHHM, HANIPSHKEHHUS B KaXKJIOM TOYKE Ceve-
HUSI IEPIICHAUKYJISIPHBI PAJAYCy, MPOBEAECHHOMY B 3TY TOUKY, U TPOTIOPIIUOHATIBHBI
PaCCTOSTHUIO OT TOYKH JI0 IIeHTpa ceveHus (hopmyia 2.1), pacnpeaessroTcs Hepas-

HOMCPHO, UBMCHACH I10 J'II/IHGI‘/'IHOMy 3aKOHY — OT HYJIA Ha OCH 1O MAKCHUMAaJIbHOT'O
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3HAYCHUS Y TIOBEPXHOCTU CKPYYMBAEMOTO CTEPXKHSI (PUCYHOK 2.2) ONPEneisiFoTCs

o ¢popmyie (2.2).

7€ P — PaANYC-BEKTOP TOUKH CEYEHUS,

r:Mp (2.1)
g
M
T . =—, 2.2
. =i 22)

B KOTOPOW OolpenelsieTcs Hanpsbkenue, J,, W,

— I'COMCTPHUUCCKUC XaPAKTCPHUCTUKU CCUCHUSI.

Taene

Pucynok 2.2 — Dntopa pacnpe/iesieHns KacaTelbHbIX HAPSDKEHUH 10 cedeHuto Opyca

Feomempuuecxue xXapakmepucmukKu Kpy2io20 ce4eHuil, UCnojib3yemasle 6 pacuemax

Ha KpyueHue.

[TonmsapHBIT MOMEHT UHEPIIUU CEUCHUS:

nd’ 4
‘]p :g ~ 0,1d , (Jl/l4)
[TonsipHBIA MOMEHT COITPOTUBIICHUSI CEUCHUS:
J 3
=t _T9 0.2d% (),
0,5d 16

Jeghopmayuu npu kpyuenuu:

Vron IIOBOPOTAa OAHOI'0 CCYCHUA OTHOCUTCIIBHO APYIroro Ha3bIBaCTCs yIJIOM 3ad-

Kpy4MBaHUs ¢ (pad) ydacTka Opyca MEXIy STUMH CEYeHUsIMH (CM. pUCYHOK 2.1).

Onpenensercs o ¢popmyie

15



|
(P:ia (23)

rae GJ | —KeCTKOCTb CeueHus P Kpy4ueHuu, G —Monyib casura (s cram G=8-1 0
Mma), J, — HOMSpPHBIA MOMEHT HHEPLIMH CEYCHHs, [ — NIMHA yJacTKa Opyca.

OTHOCHTENBHBINA YIOJd 3aKpPYYHBAHUS

0= Mo o) (2.4)
| GJ ' '

p

Hs nepopmaniy KpydeHus: IpUMEHUM 3aKkoH ['yka:
T=Gp0=Gy, (2.5)
I7I€ Y — YIOJI CABHIa.
Yenosue npounocmu npu kpyuenuu opyca:
T ax 2%3[1], (2.6)
I7I€ IOIyCKAaeMO€ KacareabHOEe HANPSIKCHUE [r] ~ (0,5 +0,6)[G] :
YcioBre NPOYHOCTH NO3BOJISAET PENIATh CIENYIOIIHME BUALI 3a/1a4:

M
— IIPOEKTHBIN pacueT (mogdop ceuenus): d > 3|——;
0, 2[1]

— ONpe/eNICHUE Tpy30noabeMHocT! M, . < [’L‘]VVP;

— TpoBepka mpoyHocTH (hopmyna 2.6).
Ycnosue srcecmxocmu npu kpyuenuu opyca:

M
6 =—><0 2.7
=g < (6], e

p

rJ1€ JOMYCKAaeMbIi OTHOCUTEIbHBIN yroJl 3aKpy4nBaHUS [9] =~ 0,05 pao/ m.

N3 ycnoBus :KECTKOCTH MOXKHO ONPENEIIUTD PANYC KPYIJIOTO CEYEHUS:

, M
d>.—Z—.
O,lG[O]
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2.2 IlpuMep BBINOJTHEHHSA 3a1a4H
3amaua 2. Pacuet Ha MPOYHOCTH U KECTKOCTh MPU KPYUCHUH.
[MTOPAOK BBITIOJIHEHU A

1. Onpenensercs peakTUBHBI MOMEHT, BO3HUKAIOIIUM B 3ajielke Opyca, Opyc
pa30uBaeTCs Ha yYaCTKH.

2. Ha xa)x71oM y4acTke Harpy>KeHUs ONPECISIIOTCS KPYTAIIME MOMEHTBI U CTPO-
UTCS DIIOpa KPYTSIINX MOMEHTOB.

3. YcraHnaBnuBaeTcs OMACHBIM y4acTOK, JIJIi KOTOPOTO 3aIlMCHIBAETCSl YCIIOBUE
MIPOYHOCTH U MOJIOUPAETCS ceueHue. BhIUUCIAIOTCS KacaTeIbHbIC HANPSHKEHUS B CeUe-
HUsx Opyca. CTpOUTCS dITIOpa KacaTelbHBIX HAMPSKEHUH.

4. Beruucnstorcest aOCOMIOTHBIN yroJ 3aKkpy4ruBaHus Opyca, Kak CcyMMa YTJIOB 3a-
KpY4YHMBaHUS YYaCTKOB Opyca M yrioBbIe TIepeMelieHusl monepeynbix ceueHuit. Ctpo-
UTCS JITI0pA.

3amaHue
Jliist cratiyecky onpeneaumMoro opyca
» ONpEIEHUTh KPYTAIUE MOMEHTBI, TOCTPOUTD AMIOPY KPYTAIUX MOMEHTOB;
» T0J00paTh MOTICPEYHBIC CEUCHHS, UCXO/SI U3 YCIOBUH MPOYHOCTH (TPUHSATH
K03 durreHt 3amaca N=3);
» TIOCTPOMTH JMIOPHI MAKCUMATBHBIX KaCaTeIbHBIX HANIPSDKEHU N U YTIIOBBIX TIe-
pPEMEILICHUI TTOTIEPEYHBIX CEYCHU .
Ncxonuble nannslie (Tabmuua 113.1, pacyeTHble cxemMbl KOHCTPYKIUN —pUCYHOK
[13.1, MmexaHu4ecKkue XapakTepucTUKU MaTepuanoB — Tabmuist [13.2 — I13.5).
Ne: 0 0 1
A B C
Cxema Ne 1; 1=10a=1,0 m;a=0,1 m; a1=2a=0,2 m; a,=3a=0,3 m; az=2a=0,2 m;
as=2a=0,2 m; q=5 kH/m; m=9,00a%=0,45 kH m?; my;=9,5qa%>=0,475 xH m?; d=0,8D.
Marepuan: opyc Il - A/] 33. Mexannueckue XxapakTepUCTUKU MaTepuana:

A/l 33: E=70000 MIla; G=27000 Mlla; o,=180 Mlla; o, =250 Mlla

Koaddunment 3amaca npuaITh N=3.
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PEIINEHUE

OnpenenuM peakTUBHBIA MOMEHT Ma, BO3HUKAIOUIUH B 3ajeKe. (PHCYHOK 2.3)
VYpaBHEeHUE paBHOBECHS AJI CTATUYECKU ONPEIETUMOro opyca:

m,—-m+m,=0 = m,=m-m,=-0,50a* =-0,025 xH - m.
OnpenenuM KpyTsIIMe MOMEHTBI Ha KaXKJIOM y4acTKe Harpy>kKeHHsl, OJIb3ysACh Me-
TOZOM CEYCHUM.

| yuacTok: 0<z<?2a

ypaBHEHHE paBHOBECHS OTCEUEHHOI yacTH Opyca: M, =0,

TaK KaK Ha ICPBOM YUYACTKC HAT'PYKCHUA BHCITHUC MOMCHTEI HC I[eﬁCTBYIOT.

Il yaacrok: 2a<z7<3a
ypaBHEHHE PaBHOBECHS OTCEUEHHOM YacTh Opyca: M,=0,
Il yaacTok: 3a<z<8a

YPaBHCHHC PAaBHOBCCHA OTCEUEHHOMN YacTHu 6pyca:
M,-m,=0 = M, =m,=9,5qa*=0,475 xH - m,
IV yuacrok: 8a<z<10a
ypaBHEHHE PAaBHOBECHS OTCCUYECHHOM yacTH Opyca:
M,+m -m,=0 = M, =-m +m,=0,5qa°=0,025xH - u.

BbIpazum MOMEHTBHI CONPOTHUBIIEHUSI NONEPEUHBIX CEUECHHUI uepe3 auamerp D

(d=0,8D).

7 D3 dy
| : W = 1-| =| |=0,1159D°;
Y4aCTOK o1 16[ (D]]

zD?
Il yaacTok: W,,= T =0,1963D%;

3

Il ygacTok: Wp3:7[2 =0,1963D°;

7d?
IV ydacrok: Wp4 =¥=0,1005 D3,
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Z
2a Sa a 2a
[\ 1 1 |
9,5
MKp/qa 2o 0
35.1
3.61
T ITTTIILII] 0 [Mna]
1.91 J\ 1.91
+
a0 0% [
0 [epac]
[MpoyHOCMB U XecmKocmb yrpyaux
cucmem rpu pasruyHbIX sudax
smy JTucm] Ne dokym. |lodnucs|[ama| Ha2py»KeHusi
Pa3spab. Jlum Jlucm | Jlucmos
[lposepur Pacyem Ha npo4YHOCMb U Xecm- 3 4
KOCmb rpu KpyYeHUuU
KoHmp.
Yme.

Pucynok 2.3 — I'paduueckas yactb
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[lonsspHbIE MOMEHTBI UHEPLIMM CEUYECHUN Opyca

7Z'D4 d ) 4
I : J.,= 1-| —| |=0,0580 D",
y4acTOK =g [ (Dj j
7 D*
Il ygacTok: Jo.= 5 =0.0982D*;
7 D*
Il yuactok: J 3= 5 =0.0982D*;
md*
IV yuacTok: Jo= 2 =0.0402D".

OmnacHBIM Y49aCTKOM, T.C. YHACTKOM Ha KOTOPOM BO3HUKAIOT MAKCHUMAJIbHBIC KacCa-
TCJIBHBIC HAIIPAKCHUA, ABJISICTCA TpeTI/Iﬁ YYaCTOK HATrpy>KCHUA. CocraBum YCII0BUA

IMPOYHOCTHU IJIA TPCTHCIO y4aCTKa BaJid.

2
3= My = .00 33[7]:0'6[0]:
W, 0,1963D

Gm
n

=36 MIla

Omnpenenum quametp D u3 ycnoBust mpoyHOCTH:

2 2
D2y 2 _ 95900001 _ o565, = 40,65 s
[7]-01963  {/36-10°-0,1963

[Mpuanmaem D=0,041 m = 41,0 mm, d=0,8D=0,0328 m =32,8 mm

[TonsapHbie MOMEHTHI COMPOTUBIICHUS MTOTIEPEUHBIX CeYeHUM Opyca:

| yaacTok: W,,=0,1159 D*=7,99-10"°°;

Il yaacTok: W,,=0,1963D° =13,53-107° a/°;
Il ygacToxk: W ,=0,1963 D®=13,53-10° »°;
IV yuacrok: W,,=0,1005D°=6,93-10° "

[TonsspHbIE MOMEHTBI UHEPIIMH CEUCHUN Opyca

| ygacTok: J 0= 0,0580 D* =0,164-10"° u*:
Il yaactok: J,,=0.0982 D*=0,277-10"° m*;
Il ygacTok: J,3=0.0982 D*=0,277-10"° u*;
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IV yuactok: J,,=0.0402D* =0,114-10° »/*

MakcuMallbHBIE KacaTelIbHbIE HAMPSIKEHUS B MOTEPEYHBIX CEUCHUSX CTATUUYECKH
onpenenumoro oOpyca

| yqactoxk: leﬂ—o Mlla;
Wpl
Il yqacTok: 7, M, _ OMIla;
sz
2
Il ygacToxk: 7, :%: 48,38 —- da _ =35,10 Mlla;
W D3
2
IV yuacrtok: 7, :&: 4,97%= 3,61 Mlla.
W D

OmnpenennuM aOCOIOTHBINM Yol 3aKpydynBaHus Opyca, Kak CyMMY YIJIOB 3aKpy-

YMBAHUA Y9ACTKOB:

Ad)l: Mlll =0;
GJ,
Ad,= M, =0;
GJ,,
M. ga’ .
A = ﬁ: 483, 8BGD4 =0,0317 pao =1,817 zpao;
M., ga’
A =24 87 =0,0016 pao=0,0934 zpao.
0= GJ GD* pa epa

3
AD=Ad, +Ad, +Ad, +Ad, =508,70%: 0,0333 pad=1,9102pa0

OnpenenuM yrioBbl€ MEPEMEIICHUS MONEPEYHBbIX CEUYEHUM, COBMAAAIOIIUX C
IrpaHUI]aMU YYaCTKOB HArpyKeHUS:
ceueHue A (kectkas 3anenka): Ap =0;

cedeHue B : Ay =A,+A¢,=0,00163 pao=0,0932pao;
ceueHue E: Ar =A; +Ad, =0,03333 pao=1,9102pao;
ceuenue G : Ag =A; +A ¢, =0,03333 pao=1,9102pao;
ceuenue C : Ac =A; +A ¢, =0,03333 pao=1,9102pao;.
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PA3JIEJI III.LPACYET HA ITPOYHOCTD U ’KECTKOCTbD IIPU U3I'NBE.
3.1 KpaTkue TeopeTH4eCKHe CBeJICHUS
Bbpyc ucneITbIBaeT mpsMOM MONEPEUHbId WM3rud, €cliv EUCTBYIOIIME HA HEro
Harpy3KkH (COCpeA0TOYEHHBIE CUIIbI, pACTIPEACIICHHbIE HAIPY3KH, Mapbl CHII) Pacoo-
’KEHBbI B OTHOM M3 INIABHBIX MJIOCKOCTEW MHEPIIMH U TIPU ATOM CHJIbI IEPIEHAUKYISIPHBI
K mpoaoisHOoM ocu Oanku (pucyHok 4.1). bpyc, paboraromuii Ha U3rud Ha3bIBaeTCs
Oankoit. [Ipn u3rnbe B nmonepeyHbIX CEUEHUAX OaTKM BOSHUKAET J1BA BHYTPEHHUX CH-

JOBBIX (hakTOpa — u3rudaronmi MoMmeHT M (H -m, kH -m), v moniepeyHas cuna Q (H, kH).

B yacTHOM citydae momnepeuHas cujia MOXKET OBbITh paBHA HyJt0. Takoil u3ru0® HazbIBa-
eTcst uucmuim. Ecinu sxe Hapsiy ¢ M3rubaroniMMi MOMEHTaMH B CEUEHUSAX OAJIKU BO3-
HUKAIOT U MOTNIePEYHbIE CUJIbI, U3TUO HA3ZBIBAIOT NONEPEYHBIM.

[Ipu u3rube mpenmnonaraercs:

—B U30THYTOM Oajike MonepeyHble CEUSHHs OCTAIOTCS MIOCKUMU U PACIIONO0KEHBI
NEPIEHIUKYISIPHO K U30THYTOM ocH 0asikul (TUIoTe3a INIOCKUX CeYeHU ),

— IIPONIOJIbHBIE CJIOU OAJIKU HE OKa3bIBAalOT OOKOBOTO JAaBIICHNUS;

— Marepuai 0aJKu OAHOPOJIECH;

— nedhopMaluy CI0€B MPOMOPIHUOHATILHBI HOPMAIbHBIM HANIPSHKCHUSIM.

I/I3FI/I6aIOHII/Iﬁ MOMEHT B CEYEHHH OaJIKM BBI3BIBAET IIOSIBIIEHHE HOPpMAaJIBHBIX

HapsSOKEHUW G, a MONEpPEeYHasl CUjla — KacaTeJdbHbIX HaNpsyKEHUH T (Kak MpaBUIIOo

T<K0).

Pucynoxk 3.1 — [ledopmarus usruda
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[Tonepeunas cuna Q B 1I0OOM NIOIEPEYHOM CEUEHUM YMCIIEHHO paBHA anaredpau-
YECKOW CyMME BCEX BHEIIHWW CHII, NEUCTBYIOIUX O OOHY CHIOPOHY OMl NPO6e)eH-
HO20 ceuenus.

Wzrubaronuit MoMeHT M B MPOU3BOJIBHOM IOINEPEUYHOM CEUYECHUU OajKh Yuc-
JIEHHO paBeH ajredpandyeckol CcyMMe MOMEHTOB BCEX BHEIIHUX CUJI, AEHCTBYIOIIUX 1O
OOHYy CMOPOHY OM Ce4eHus, OTHOCUTENBHO TOW U3 IIABHBIX LEHTPAIBHBIX OCEH ITOrO
CEUYECHMs1, KOTOpas NEPIEHINKYISIPHA IIJIOCKOCTH HAIPY)KEHHUS.

[IpaBui0 3HAKOB /JIsl MOMEPEYHBIX CHJI M U3rMOAIOIIMX MOMEHTOB IIPE/ICTABICHO

Ha PUCYHKe 3.2.

PI/ICYHOK 32— HpaBI/IJ'IO 3HAKOB JIA IIOIICPCUYHBIX CUJT U 1/13r1/16a}01u1/1x MOMCHTOB

IToniepeuHas cuiia B CEYEHHUH TOJIOKHUTENbHA, €CJIM BHEIIHUE HArpy3KHU Bpa-
IAI0T OTCEYCHHYIO YacTh OAJIKM 110 YacOBOM cTpeike. M3rubaromnuit MOMEHT B ceue-
HHU TTOJI0XKUTEIICH, €CJIM BHEIIHUE HArPY3KU CTPEMSTCS CoKaTh BEPXHUE BOJIOKHA
OaJIKu.

HopmanbHbIe HanpsHKEHUS 110 BBICOTE TOTICPEUYHOTO CCUCHHS OATKH N3MEHS -
I0TCS 10 JIMHEWHOMY 3akoHY (hopmyna 3.1). Ha BepxHel n HUKHEH TpaHUIIaX cede-
HUS HaNPsOKCHHUS MakcuMalbHbI (hopmyna 3.2) Ipu pacTsokeHUH TPOJOIBHBIX BOJIO-
KOH OaJIKu HaIpsHKEHUS MOJ0KUTEIbHBI, PU CKaTUHM — OTpHUIaTeIbHBI. OCh X —

HEUTpaabHasi OCh CEUCHUS, Ha KOTOPOM HAMPSKEHUS paBHBI HYIIIO (pUCYHOK 3.3).
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I Omerx

Pucynoxk 3.3 — Jledopmarus n3ruda. Pactipenenenue HOpMallbHBIX HAPSHKEHUN TI0 BBICOTE TIOTIE-

PEYHOTO CeYeHUs

GZJM-y, (3.1)

X
rae M — u3rubaromuii MOMEHT, Jx — 0CeBOM MOMEHT WHEPIIMU CEUCHHS, } — pac-

CTOAHHUEC OT HeﬁTpaHLHOﬁ OCH 10 TOYKH IJIA KOTOpOﬁ ONIPCACIIACTCA HAIIPAKCHUC.

c... =—, (3.2)

rae W, —— oceBoil MOMEHT CONPOTUBIIEHUS CEUECHUSI.

TI'eomempuueckue xapakmepucmuku ceueHuil, UCROIb3yemble 6 paciemax Ha u32uo.
Kpyanoe ceuenue

OceBoil MOMEHT UHEPIIUU CEUECHUS:

7Z'd4 4
‘]X :Jy :Hz0,0Sd , (Jl/l4)

;- OceBoll MOMEHT COIIPOTUBIICHHUS CEUEHHUS:
J J J J
X = X — X ; Wy_—y :—y ,(]l/l3).
Ymax 0,00 Xmax 0,90
d W, =W, ~0,1d° .
IIpamoyeonvhoe ceuenue
|11
OceBoit MOMEHT UHEpLUU CCUCHHUS:
¥ bh? hb®
J Jo=—-; J,=—-, (M.
" = BT )
Ocesoit MOMEHT CONIPOTHUBJIEHUS CEUYEHUS:
b W= bh? W= hb? 3
g T )
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KOﬂbl/!eGOe cevyeHue

4 1 4
. nD
OceBoii MOMeHT uHEpIMH Cevenus: J, =J, = H(l c?) , (%
OceBoOii MOMEHT COMIPOTHBIICHHUS CEUCHMS :
X
> T[DS
Wx :Wy = —(1_ C4) ) (MS)
32
Ycnosue npounocmu npu uszuoe:
MT/L’)"’
Oy = W 2 S[G], (3.3)

X

IAu [G] - AOITYyCKAaCMOC HAIIPSAKCHUC, BBI6I/IpaCTCSI TaK K€, KaK IIPU PACTAKCHHHU -

C)KaTHH.
YcnoBHe MPOYHOCTH MO3BOJISICT pelliaTh TPH BHJIA 3a/1a4:
Mmax .
— nogoop ceuenust W, > ﬁ :

— onpezeneHue rpy3onoabeMHoctTd M < [cs]WX ;

M
— TMPOBEPKA IMPOYHOCTH G, = ﬁ < [0].
X

[Tpu pacderax Gayok Ha MPOYHOCTH HEOOXOMMMO YYUTBIBATH, YTO MPU H3TUOE
BO3ZHUKAIOT NehopmMariuu pacTsHKeHHsS] OJTHUX BOJOKOH M CxKaTusl Ipyrux. Ecmu mos

Marepuana Oanku [0]p = [G]c, TO pacyeT BeAyT Mo Haubojee HarpyKEHHbIM TOYKAM
CeUeHHsI. XPYIKUE MaTepUabl OOBIYHO XapaKTEPU3YIOTCS TEM, YTO [G]p < [G]c . Takue

Ok HEOOXOAMMO TPOBEPATh HA MPOYHOCTH MO PACTATHUBAIONIUM M CKUMAOIIAM
HanpspkeHusiM. CedeHusi, CHMMETPUYHBIE OTHOCUTEIBHO HEWTPAJIbHOW OCH, PaCcCUH-

TBIBAIOT 110 HAUMCHBIIEMY JOIIYCKACMOMY HAIIPAXKCHUILO.
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IIpy HECUMMETPUYHOM, OTHOCUTEIIBHO HENTPAIbHONU OCH, CEYEHUU PAacCyeT Clie-
JyeT BECTHU U IO PACTATUBAIOLIMM U 10 CXKUMAIOIIUM HarpspkeHusiM. [Ipu Beroope pa-
LMOHAJIBHON (3KOHOMHUYHOM C TOUKH 3pEHHS pacXo/I0BaHUs MaTepHraia) (hopMbl ceve-
HUS 0aJKu, CIEAyeT YUYUTHIBATh, YTO JJIsI MOBBILIECHUS HECYIEH CTTIOCOOHOCTH (YMEHb-
IIEHUS Gmax) HEOOXOIUMO CTPEMUTHCS K YBEJIMUEHUIO OCEBOTO MOMEHTA COIPOTHBIIE-
HUS. Y CTAHOBIIEHO, YTO K PallMOHATILHBIM (POpMaM CEUYEHHUs MPU U3rUOE OTHOCSTCS Te
(OpMBI IOTIEPEYHOT0 CEUEHUsI, Y KOTOPBIX MPU OAMHAKOBOM PacXojie MaTepuaia oce-
BOW MOMEHT COMPOTHUBJICHUS HAMOOJBIITUH.

3.2 IlpuMep BBINOJHEHHS 3212491
3anaya 4. Pacuet Ha MPOYHOCTH U KECTKOCTh IPU U3rHbe.
[TOPAJIOK BBITIOJIHEHM A
1. OnpenenstoTcst onopHbIE peakiuu Opyca.
2. OnpenensitoTcsi MOMEPEYHble CHIbl U W3rMOaroIne MOMEHTHI Ha KaXKIIOM
ydacTke HarpyxeHusi. CTposITCs SMIOPBHIL.
3. YcraHaBnuBaeTCsl OMacHBIA Y4acTOK, JIJIsI KOTOPOTO 3alKCHIBAETCS YCIOBUE
IPOYHOCTH U MOAOUPAIOTCS ceueHus opyca.
5. BeibupaeTcsi 53KOHOMUYHOE CEUEHHUE.
3ananue
JI1st cTaTUYeCKy ONpeaeTuMon 6anku
— OIpEeNeNuTh TOMEPEYHbIE CHJIBI U W3THOAIONINE MOMEHTBI, TTOCTPOUTH
3IIOPBI;
— moxo0parh MOMEPEeYHOe CEeYCHHUE 3aaHHOU (HOPMBI, UCXOAS U3 YCIOBUH
NPOYHOCTH (IPUHATH KOdDPuImeHT 3anaca n=3);
— TIOCTPOUTH 'paK HOPMAJIbHBIX HAMPSIKEHUN B ONTACHOM CEUYEHUU;

Ucxonuble nannsie (Tabmuua I13.1, pacyeTHble cXxeMbl KOHCTPYKIUNA —pUCYHOK
I13.1, MexaHu4eckue XxapakTEpUCTUKU MaTepranoB — Tabnauuel 113.2 —I13.5).

Ne: 0 0 1

A B C
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Cxema Ne 1 (pucynok 4.4); 1=10a=0,5 m;a=0,05 m; a1=2a=0,1 m; ax=3a=0,15
m; az=2a=0,1 m; as=4a=0,2 m; Q=5 kH/m; P1=0a=0,25 kH,; m;=6,00a=0,075 xH m?;
h=1,5b; d=0,8D. Marepuai: 6pyc Il — Cm 20.
MexaHnuecKue XxapakTepucTuku marepuana: Cm.20: E=200000
Mlla; G=80000 Mlla; o, =250 Mlla;c, =420 Mlla.
Koaddunment 3anaca npunsats N=3.
OmnpenennM BepTHKATBHBIE PEAKIIMH B MIAPHUPHBIX onopax Ra, Re. YpaBHeHus

PaBHOBECH:A JIA CTATUYICCKHU OHpeﬂeHI/IMOﬁ OaJIKH:

DM =0

T
{—RA-10a+ml+q-4a-O+Pl-2a=0
-R;-10a-m, —q-4a-10a+P,-8a=0

R, :mﬁ—':’l'za:o,gqa:o,zo;d{;
10a
10a
npoeepka
DY, =0 =N R,+Rs—PF+q-4a=0;

npoeepka coulilacob

OHpGI{GJ’II/IM IMOIICPCYHBIC CHUJIBI H I/ISFI/I6aIOHlI/I€ MOMCHTBI Ha KaXIOM Y4YACTKC

Harpy»eHusl, OJIb3ysCh METOJOM CEYEHHUM.

| yaacTok: 0<z<?2a (cmpaBa)
Ql =-0z
M, =0, 5c]z2

Torga Ha rpaHUIaX y4acTKa

Qyrm0) =0 Qyso2a) =—29a=—0,5xH
My, =0 My, = 20" =0,025kH - u
Il ygacTok: 2a<z<4a (cmpaBa)
Q,=-0z-Rg

M, =0,5¢z° + R, (z-2a)
27
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raa Ha rpaHvniax ydacCTKa
Q2(2=2a) :1,8qa =0,45kH Q2(2=4a) =—0, 2qa =-0,05«xH
)= 0,4qa’ = 0,005«H - m

M, =2qa’ =0,025xHm M,

(z=2a) (z=4a
, =R,
Il ygacTok: 0<z<8a (cneBa)
M;=Rz—my

Torna Ha rpaHuIax y4acTka
Q3(z=0) :0,8qa:0,2 xkH Q3(z=8a) :O’8qa :O’2 KH

My, =—60a" =—0,075x/n My, 5, =0,4ga* =0,005 kH -

(z=8a
OnacHoe ceyenue — ceuenue 4, M __ =—6qga’ =—0,075xH m.

Tak kak B OITaCHOM CEUEHMH MOMEHT OTPHIIATEeJIbHBIN, BEpXHUE BOJIOKHA PACTs-
HYTbHI, HUJKHUE - CIKATHI.
Ilon0op ceuenni

YcaoBue IMPOYHOCTHU

2
oo —Mm|_6da <[] = =83,33MI1a,
™ W W, n

M
= W, 2‘ max‘ = [ - =0,9-10°x% =0,9¢°
[G] 83,33-10
1. IlpsmMoyroybHOE h/b=1,5;
bh?

Wx = ? = 0,375b3

b23£:0,0134n4:l,34cm, F=b-h=2,69cm*
0,375

1 Kpyrnoe

3
W = zd
32

2
d> s/% —0,0210=2,10cm, F:”Z' =346 e’

2 Komenesoe d/D=0,8;

29



3 4
w =P [1-(% J:o,osson“;
32 D

2 2
D>3 0.9 =0,0250m =2,5¢cwm, F =7[D 1—(1 =1,77cm’
0,0580 4 D

Haunbonee 5KOHOMUYHBIM SBJISICTCS KOJIBIIEBOE CEUCHHUE, 3aTEM MPSIMOYTOJIBHOE
(kBagpaTHOE ceueHue) ceueHus. HanMeHee SKOHOMHYHBIM SBJISIETCS KPYTJI0€ CCUCHHUES
(Tabauma 3.1).

Tabmuia 3.1 CpaBHEeHUE CEUCHHUI

Ceuenne Wy, cm® F, cwm? FIF coneya
KomabueBoe 0,9 1,77 1
[TpssMmoyrosbHOE 0,9 2,69 1,52
Kpyrnoe 0,9 3,46 1,96
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MMPUJTOXKEHUE

1. Tpeoboeanue Kk oghopmnenuio KOHmpoOALHOU padomsl

Kontponbhas pabota cOCTOUT U3 TpeX JIUCTOB rpadUyuecKOd YacTU U TMOSICHU-
TeIbHOM 3anmucku. ['paduueckast yacTh BBIMOJIHSAETCA HA YepTExKHOU Oymare dopmata
A4 o I'OCT 2.301-68. Kaxxaplii 1MCT yepTeKeil NOJKEH UMETh OCHOBHYIO HAAMKCh
(YryioBOii mITamIn), pacroJ0oKEHHYIO B IPABOM HIKHEM YTy (popmata, ¥ cojiepkaTeib-
HBIE 3ar0JIOBKH K Ka)XJIOMY MTOCTPOEHHUIO Ha ucTe. Bee Hamucu 1enarTes 4epTeKHbIM
mpudTOM, HAUMHAIOTCS C TIPOMUCHBIX OYKB M PaCIoiaraloTcs mapauieIbHO OCHOBHOM
Haanucu. [locTpoenust Ha nucTax nenarorcs B macitabax B coorBerctBun ¢ 'OCT
2.301-68. TekcT MOSICHUTEIBLHOM 3aITMCKH pa3MeIlaeTcs Ha OJTHONU CTOpOHE Trcyei Oy-
maru popmata A4. [losicHuTeNbHAS 3aMUCKa TOJDKHA COACPKATh TUTYJIBHBIHN JIUCT, 3a-
JlaHWuEe, OCHOBHOM TEKCT 3aITMCKH, BKIIFOYAIOIINI TPU pa3jielia, CIIMCOK UCTIOIb30BaHHON
JUTEPATYPHI.

2. Ilpumep eévib6opa ucxoOHvlx OAHHBIX

J11s1 BBIOOpa MCXOHBIX TAHHBIX HEOOXOIUMO IO TPEMS IOCIeTHUMHU U pamMu
HOMEpa 3a4eTHON KHIDKKM moanucath OykBbel A, B, C. U3 kaxxaoro BepTUKAILHOTO
crosionia Tabywmiel [13.1, 0603HaYeHHOTO BHU3Y OYKBOM, B3STh YHCIIO, CTOSIIEE B T'O-

PHU30HTAIBLHON CTPOKE, HOMEP KOTOPOH COBITAJIa€T C HOMEPOM OYKBEI.
Hampumep, Ne 31692.

llocnedHue 3 Homepa 3avemku: 692.
flosmomy (=2, B=9; A=6.

[ =10a q

() a, as as ay Py P, (kH/m) d/D | Mamepuan

3a | 4a | 4a | Za 2qa | 1,5qa
0,8 10 0,4 ncMa
0,2410,3230,320,16 1,6 1,2

B C C B B C A C A A

Ecru l = 10a = 0,8 2 a = 0,08 M, nepecyumaem madiuuy.

Mexaru4eckue xapakmepucmuku noaucmupona 1CM4:
Modyae ynpyeocmu E = 2700 Mfla;
[lpedesn npoyYyHoCmMU npu pacmsaxeHuu of =37 Ma;
Mpedesn npoynocmu npu cxamuu oy = 100 Ma.
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Pacuetrnas CXEMa, COOTBCTCTBYIOIIAA BBI6paHHBIM JaHHBIM, ITOKa3aHa Ha PUCYHKC

I12.1.
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Pucynoxk I12.1 — [TocTpoeHue pacdeTHOW CXeMbl KOHCTPYKIIUH (BapuaHT 692)
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3.1

3. HUcxoouvie oannvle 0151 8bINOJHEHUA PACYEMHO-2PAPuuecKoil padomot.

3anaya 1. PacueT Ha MPOYHOCTD U KECTKOCTh MPU PACTAKEHUU-CIKATUU

3anaya 2. PacueT Ha MPOYHOCTD U KECTKOCTh MPU KPyUEHUU

3ananue 3. Pacuer Ha MPOYHOCTH U KECTKOCTh NPU U3THOE

Tab6auna [13.1 Ucxonublie JaHHbBIE

M| Cxe-| 1I=10 |a1 (a2 |as |as | ( P1 P, mx my | h/ | d/ | Marepuan
ma a (xH/m) b | D bpyc | Bbpyc Il | Bpyc Il | BpyclV
(m)
111 04 |2 |3|5|3a] 5 |10gq]| 15q |509a|55qa|l, |04 | I[ICMA |JIO90- Y [8-36 Ct.20
alala a a 2 2 0 1
2 2 05 [ 3|42 |4a| 10 | 20q | 2,59 | 6,00ga |6,59a | 1, | 0,5 | conomu- |JIO 70- CYH 24-44 | Cm.30
alal|a a a 2 2 5 Mmepbl 1
noauamuoa
3 3 06 [ 2|55 |2a| 15 [30q | 3,59 |7,00a|7509a | 2, | 0,6 |xanponou B |JIC 74- [CH 32-52 | Cm.40
alala a a 2 2 0 3
4| 4 08 |42 |4 |3a| 20 |40 | 4,59 |8,0qa |85q0a| 2, |0,7| xanporn |JIC 63- CY 38-60 | Cm.50
alala a a 2 2 5 3
5| 5 10 [ 3|32 |5 | 5 |50q9]55q]90ga|95qga| 3, |08 | ¥5-301-41 |JIC 60- (Y 40-64 | Cm.60
alala a a 2 2 0 1
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04 | 2|43 |2a| 10 |10q | 1,59 |50qa |55qa | 1, |04 | IICMA |AMz3 (418-36 |BT5S
alala a a 2 2 0

05 |3 |53 |3a]| 15 |20qg | 259 |6,0ga|659a| 1, | 0,5 | cononu- AMz5 (CY 24-44 | BT 6
alal|a a a 2 2 5 Mmepol

noauamuoa

06 | 2|2 |3 |4a| 20 | 3,09 | 3,59 | 7,0ga | 7,509a | 2, | 0,6 |xanporon B | AMe 6 (CH 32-52 | BT 14
alala a a 2 2 0

08 |4 |34 |2a| 5 |40qg]|4,5q |80qga|85qa| 2 |07 | xanpon A/l 31 (CY38-60 | BT 20
alala a a 2 2 5

10 [ 3|2 |2 |2a| 10 | 509|559 90qga|95qa| 3, |08 | V¥V5-301-41 | 4733 (CH40-64 | BT 21
alala a a 2 2 0

B c|C|B|B| C C A B A B | A4 A B A C
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Tabnuna [13.2 MexaHnueckue XapakTepUCTUKH TJIaCTMACC

Mapxka Monyns ynpyro- | IIpexgen npouno- | Ilpenen nmpouno-
ctu E, Mlla CTHU IIPU pacTs- | CTH IIPU CXKATUHU
xenuu o, Mlla o., Mlla

[Homuctupon IICM /] 2700 37 100
CononumMepsl noauamuaa 1600 70 120
Kanponon B 2100 90 110
Kanpon 2800 65 110
®enomnact ¥Y5-301-41 2300 50 180

Tabnuma I13.3 Mexannueckre XapaKTepUCTUKH YyTyHa

Mapxka Monyns ynpyroctu | Ilpenen npounoctu | [Ipenen mpounoctu
E, Mlla IIPU PACTSKCHU U MIPU CKATUH
o?, Mlla o., Mlla
CY 18-36 80000 180 700
CY 24-44 110000 240 1000
CY 32-52 130000 320 1200
CY 38-60 160000 380 1400
CY 40-64 170000 400 1600

Tabnuma [13.4 Mexanndeckre XapaKTepUCTUKH CTAIIN

Mapka Monyns ynpy- |Monyns casura (IIpenen tekyue- | [Ipenen npou-
roctu E, Mlla G, Mlla ctu o, Mlla |svoctv o,, Mlla

Cm. 20 200000 80000 250 420

Cr. 30 200000 80000 300 500

Cr. 40 200000 80000 340 580

Cr. 50 200000 80000 380 640

Cr. 60 200000 80000 410 690
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Tabnuma I13.5 Mexannueckue XapaKTepUCTUKH CILUIABOB LIBETHBIX METAJJIOB

Mapxka Monyns ynpy- Monynb [Ipenen texy- | Ilpenen mpou-
roctu E, Mlla casura G, 4ECTH O,,, HOCTH O,
Mlla Mila Mila
JaTyHb
J10 90-1 105000 40000 85 280
JIO 70-1 105000 40000 110 350
JIC 74-3 105000 40000 120 350
JIC 63-3 105000 40000 120 320
JIC 60-1 105000 40000 130 370
AJOMUHUEBBIE CILJIABBI
AMr 3 70000 27000 80 180
AMTr 5 70000 27000 110 250
AMTr 6 70000 27000 150 300
Al 31 70000 27000 130 200
Al 33 70000 27000 180 250
TUTaHOBBIE CILIABBI

BTS5 110000 42000 630 700
BT 6 110000 42000 750 800
BT 14 110000 42000 800 900
BT 20 110000 42000 830 950
BT 21 110000 42000 860 1000
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