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YK 539. 3/6

Meronnueckue yka3aHusi K KOHTPOJIbHBIM pabotam Ne 1 1 2 o nuCHMITUHE

“ ConpoTtuBieHHe MaTepuaioB * (1Jisi CTYACHTOB 3a04HOM (hOpMBI OOyUEHUS BCEX
mexaHnueckux crnenuanbHocteit) / Coct. OBuapenko B.A.- Kpamartopck, AI'MA,
2002

Conmepxarca mporpamMma OCEHHEIO CeEMeCTpa, PEKOMEHJyeMas JINTeparypa,
3a/laHus TI0 KOHTPOJIbHBIM pabotam Ne 1 m 2 , KOTOpBIE BBINOJHSIOT CTYJIEHTHI B
OCEHHEM CEeMeCTpe, 00IMe METOJAMYECKHE YKa3aHUsl MO BBITOJIHEHUIO KOHTPOJIbHBIX
paboT, TOpUMepbl UX  pElIeHMs, 3K3aMEHALIMOHHbIE  BOMPOCHl M  THUIIbI
HK3aMEHAIMOHHBIX 3aJa4 110 NEPBOM YaCTH Kypca.

CocraBurenb non. B.A. OBuapeHKoO

Peuensenr non. T.II. 3uHueHKO

OTBETCTBEHHBIN 3a BBIITYCK non. C.B. IlogimecHsit
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1.PaGouyasi nporpaMMa 0CeHHero ceMecTpa.

1.1Beeoenue.

3agaun kypca “ ComnpotuBieHue marepuasioB ”. CBs3b Kypca ¢ 00IIeHAYyYHBIMHU,
OOIIEHHKCHEPHBIMU W CHCIUANIBHBIMA  AUCHUIUIMHAMH.  CONpPOTHBIICHHUE
MaTepHaJiOB, TEOPHsI YMPYrOCTH W TEOPUS TUIACTUYHOCTU. PeanmbHbIi OOBEKT H
pacuetHas cxema. OCHOBHBIE THUIIOTE3BI O Aedopmupyemom Tene. OmpenencHue
CTEpXKHS, OOOJIOYKH, MACCHBHOTO Tejia. BHemHWE CHIIBI M WX KJIacCH(UKAINS.
BHyTpeHHHMe cHIbI M METOA HX ompeneineHus (MeTon cedeHus). BHyTpeHHHE
CWJIOBBIE (aKTOpbl B TIOMEPEYHBIX CeYeHUsAX Tena. Kiaccudukanus THIIOB
Harpy)XeHHsI Tella 10 BHYTPEHHUM CHJIOBBIM (akTopam. HampspbkeHue moIHOE,
HOpMaJIbHOE M KacaTelbHOe.

1.2 Pacmasicenue u cocamue.

Pactskenue u cxxatue mpsMoro crepkHs. HanpsokeHrne B ONEpEYHbIX CEYEHUSIX.
Hedbopmanuu mpojonbHbie W momnepeuyHble. 3akoH ['yka s aOCcontoTHOW U
OTHOCUTENBHON JaedopManuu mpu pacTspkeHuu (ckatuu). Momayne ynpyrocta |
pona. Koadpoumuent mnonepeunorr aedopmaiuu  (koddpdumment Ilyaccona).
Onpenenenne NpoaoIbHBIX CUJI, HOPMAJIBHBIX HAIIPSKEHUM B TONEPEYHBIX CEYEHUAX
MPSIMOTO CTEPXKHS M OCEBBIX IEPEMEIICHMM JTHX CEYEHUH B PA3JIMYHBIX CIydasx
Harpy>K€HHUsl CTEPKHsI OCEBBIMU cuiaMu. [IocTpoeHre COOTBETCTBYIOIIUX DITIOP.

MexaHnyecKue CBOMCTBA MAaTEPUAIIOB IPU PACTSKEHUU U CHKATHH.

Pacy€Tel HA IPOYHOCTH U KECTKOCTH MPU PACTHKEHUU U cxatuu.  lIpenensHoe
coctossHue. Kpurepnn mnpenenbHOro COCTOSHHUS B 3aBUCHMOCTH OT CBOWCTB
MaTepHalioB, yCIOBUW pabOThl M Ha3HauyeHus KoHCTpykuuil. Koadduuuent 3amaca
MPOYHOCTU. TEXHUKO-IKOHOMHYECKHE  (PAKTOpPbl, BIMSIONIME Ha  BEJIUYHUHY
koa(pduirenTa 3amaca NPOYHOCTU. THUIBI 3aJady NpU pacuy€re Ha MPOYHOCTH,
MPOBEpPKA Ha MPOYHOCTh, NOJ00p CEUYECHUN M OMpEEeHHE JAOMYyCKaeMOM Harpy3Ku.
ComnpoTuBieHNE MATEPUAIOB U SKOHOMHYHOCTh KOHCTPYKIHMA M MamuH. [loHstue o
pPalMOHANBHBIX KOHCTPYKUHMSX. [IpMHIMII PaBHONPOYHOCTH MNPU IPOECKTUPOBAHUU
KOHCTPYKLUN. Pacu€rsl B CBsA3U ¢ U3MEHEHUEM TEMIIEPATYPhl M HAJIWYHUEM HATSATOB
npu cOOpKEe KOHCTPYKLIHUH.

1.3 Cosue (cpe3) u Kpyuenue.

VYcnoBusl HAarpy>KeHUsl CTEPKHs, MPUBOASAIINE K JAeQopMaluy CABUra WM Cpe3a.
Hanpsokenust pu casure (cpese). Jedopmarus uucroro casura. 3akon ['yka mpu
YUCTOM ciBHure. Moaynap ynpyroctd 2-ro pojaa. YCIOBUS Harpy>Ke€HUs CTEpIKHS,
BbI3bIBaIOLME JlehopMaluio KpydeHHs. DMIOpbl KPyTAIKUX MOMEHTOB. Hanpsbxkenus
B TIONMEpPEYHBIX CEUEHHUAX KpPYIJVIbIX CTepkHed. Jlepopmauuum mnpu KpydyeHUH.
Crartnuecku HEONPEAEIUMBIE 3a/1a4l Ha KPYUEHUE.

1.4 TI'eomempuueckue xapaxkmepucmuKku RONEPEYHBIX CeUeHUIl.
Cratuyeckre MOMEHTHI IIIOCKUX Guryp. OnpeaeneHue nojaoxKeHus HeHTpa
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TSOKECTH TUIOCKOM  urypel. OceBble, IEHTPOOEKHBIH W TMOJSPHBIA MOMEHTHI
uHepuuu. MOMEHTHI MHEPIUU MPOCTeUIINX PUTyp. 3aBUCUMOCTb MEXITY MOMEHTaMU
MHEPLUUMU JUIS TApPAJUICNIBHBIX OCEM M IIPU TOBOPOTE OCEW. [JTaBHBIE MOMEHTBI
uHepuuu. OnpenesieHne MOJ0KEHUs TJIaBHBIX LIEHTPAIbHBIX OCel MIOCKOU (DUTYDHI,
BBIUKMCJICHUE BEJIMYMH TJIABHBIX MOMEHTOB UHEPLIUHU.

1.5 Teopuu nanpasxcennozo u oeghopmupyemozo cocmosanus.

HanpspkenHoe cocrostHue B Touke. JIMHEHOE (0JHOOCHOE), IIIOCKOE U 00BEMHOE
HanpsOKEHHBIE  COCTOSIHHMS. [ 7IaBHbIE TUIOMIAJKK W TJIaBHBIC  HAMPSIKCHHS.
OmnpeneneHre HOPMAIbHBIX W KacaTeNbHBIX HANPSKEHUH Ha JTIOOBIX HAKIOHHBIX
IUIOMIAJIKaX MPH JIMHEWHOM W TJIOCKOM HAmpsSOHKEHHBIX COCTOAHUAX. llpsMas wu
oOpaTHas 3aJayd IUIOCKOTO HAIPSHDKEHHOTO COCTOSIHUS. AHaTUTHYECKOe U
rpaduueckoe pemenus (¢ momomplo kpyra Mopa) mpsMoi M oOpaTHOW 3ajiad.
O6bemuas nedopmarnus. O600meHHbIN 3akoH ['yka. YenbHas sHeprus H3MEHEHUS
o0beMa U (popMBI.

16 Kpumepuu npounocmu.

3agauM  TEOpUHM  NOPOYHOCTU. ['MMOTE3bl  BO3HUKHOBEHHUS  IUIACTUYECKHX
nebopmalii W paspylieHus. OKBUBaJeHTHble HampspkeHus. Kiaccuueckue
Kputepuu (TCOPUU MPOYHOCTHU): KPUTEPUN HAMOOJBIINX HOPMAIBHBIX HANPSHKCHUH,
KpUTEpUl  HauOONBIIMX  KAacaTeNbHBbIX  HANPSOHKEHUM, KPUTEpUd  yIEeTbHOU
MOTEHIIMANbHON  SHepruu  (GopmousMeHeHus, Kputepuid  Mopa. Ilpenenst
IIPUMEHUMOCTH KJIACCUYECKUX Teopuil mnpouyHocTd. [locienoBarenbHOCTH pacuera
KOHCTPYKLUH C UCITOJIBb30BAHUEM TEOPUH IPOYHOCTHU.

1.7 H32ub6 npameix opyceves.

BHemnue cuibl, BbI3bIBaIOIIME JAepopManuio u3ruba. Omnopel M ONOpPHbBIE
peakuuu. OmnpeneneHue BHYTPEHHUX CHIIOBBIX (PAKTOPOB B MOINEPEUYHBIX CEUECHUSX
Oanok npu u3rude (momnepeyvnas cuiia u u3rudaromuii MomenT). Juddepenmnnanpabie
3aBUCHMOCTH MEXJY WHTEHCUBHOCTBIO HAarpy3kh (], NONEPEYHOW CHIIOH U
M3rudaronuM MOMEHTOM. YHCTBI W MONepeyHbI M3ru0 B OJHOM W3 TJIABHBIX
II0cKocTel Opyca. 3aBUCHUMOCTh MEXy MU3rHOarouM MOMEHTOM U KPUBHU3HOW OCH
M30THYTOro Opyca mpu 4yucToM u3ruoe. OnpejaelieHHe HOPMaJbHBIX HAIPSKEHUU.
Pacnpoctpanenue BBIBOAOB YMCTOro M3ruba Ha mornepedHslid u3rub. KacarenbHble
HaIpspKeHUs pu u3rude. PacyeTsl Ha CTaTMYECKYIO0 MPOYHOCTH MpH u3rude. [lonnas
MpoBEpKa  MPOYHOCTU  mnpu  usrube.  PamnuoHanbHble  ceueHus  Oasok.
HuddepenunanbHoe ypaBHEHHE HW30THYTOM ocu Opyca W €ro HHTErpUpOBaHUE.
Meton HayaIbHBIX IAPaMETPOB.

Cnucok peKkoMeH1yeMoil JJUTepaTyphbl.
1.®eonocweB B.M. Conporurnenue marepuanos. - M: Hayka, 1986.- 612 c.
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2. Iucapenko I'.C. u np. Conporusnenue marepuanon. - K.- Buma mkona, 1988. -

775c.

Hapxos A.B. Conportusnenue matepuainos. -M. - Beicu. [llkona, 1989. - 624 c.

benses H.M. COopHuk 3a1ay 1o conpoTtuBieHuto MmatepuanoB -M.: Hayka, 1976.

- 670 c.

5. Kauypun B.K. u gp. COopHUK 3a7ad IO CONPOTUBJICHUIO MaTepHayioB. M.:
Hayxka, 1970. - 432 c.

6. [Mucapenko I'.C. u ap. CopaBOYHUK IO CONPOTHUBIEHHUIO MarepuaioB - Kues.
HayxoBa nymka. 1988.- 704 c.

7. O6onosckuii b.A. Ilocobue mo CONPOTUBIEHUIO MAaTE€pUaAlOB B MpUMEpax u
3aiadax. - Xapekon: XI'Y, 1987. - 383 c.

8. Mupomobos U.H. u np. Ilocobue k pemieHuro 3agady IO COMNPOTUBICHUIO
MartepuasioB. - M.: Beicias mkona. 1974. - 392 c.

9. AdanacreB A.M., Mapsun B.A. JlaGopatopHble paOOThl MO COMNPOTHUBIECHUIO
Martepuason. - M.:-Hayka.1975. - 284 c.
[lepen BbBINIOJIHEHHEM KOHTPOJBHBIX Pa0OT HEOOXOAUMO HM3YyYUTh MPOTPAMMHBIN

MaTtepHall Kypca o OJJHOMY U3 BbIIIE€ PEKOMEHyeMbIX Y4€OHUKOB:

> w

2. KonTpoJibHbIe PadoThl U METOAUYECKUE YKA3aAHUS 110 UX
BbINOJIHECHHIO.

2.1. Ilops0ok evinoinenus KOHMpPOIbHBLIX padOm.

1. Cryaent 3aouHoit Gopmbl OOy4YEHHS] B OCEHHEM CEMECTPE BBITIOJIHSIET JBE
KOHTpPOJIbHBIE paboThl. [lepBas KOHTpoIbHAS paboTa CONEPKUT MATh 3a]a4, BTOpas -
YeThIpe 3aJauH.

2. Homep BapuaHTa 3aJlaydl COOTBETCTBYET TPEM IOCJIEAHUM LUdpaM y4eOHOro
mmdpa cryaeHta (HoMepa 3a4eTHON KHWXKKH cTyneHTa). [lepBas mudpa ykaspiBaet
HOMEDP CTOJIO01a IEPBOM TaOIUIIbI, BTOPAsi - HOMEP CTOJIOLA BTOPOW TaOIHIIbI, TPEThS
- HOMEP CXEMBI.

3. KoHTposbHble pabOThl JOJIKHBI BBIMOJHATHCS CTYJIEHTOM CaMOCTOSTEIBHO
MOCJI€ U3YUYEHHUS] COOTBETCTBYIOIIECH TEMBI.

4. Kaxnas KOHTposibHasi paOoTa BBHINOJHSAETCA B OTIEIBHOM TEeTpagu WM Ha
ckperieHHbIx Juctax 11 ¢opmara. Ha TUTynbHOM JHMCTE yKa3blBaeTCs HOMEDP
KOHTPOJIbHOW paOOThl, HA3BaHUE AUCIUIUIMHBI, (pamMuiIusi, UMs, OTYECTBO CTYJEHTA,
y4eOHBIN MHU@p, COOTBETCTBYIOIUNA HOMEPY 3a4ETHOM KHMIKKH, J1aTa CIa4d padoThI
B JIEKaHar.

5. g kaxmod 3amayd JIOJDKHO OBITh HamucaHO €€ YCJIOBHE C JaHHBIMH,
COOTBETCTBYIOIIMMH BapHaHTY, BHIIIOJHEH B HEKOTOPOM MacuITabe pUCYHOK CXEMBI,
Ha KOTOPOM JOJDKHBI OBITh MPOCTaBIEHbI BCE 3aJaHHbIE BEIUYMHBI. PerieHue
JOJIKHO COITPOBOXKAATHCS KPATKUMU MOCIIEIOBATEIbHBIMU O0bSICHEHUSIMU.

6. HcnpaneHnue, OTMEUEHHBIX PELIEH3EHTOM OIIHUOOK , CJIETYET BBINOIHATH B TOU
K€ TeTpaJy Ha CTPaHULAX, CAEAYIOIINX 32 PEIICHUEM MOCIeAHEHN 3aauH.
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2.2. KoutpoJbHas padora Nel

2.2.1.Pacmsoicenue(cocamue) u Kpyuenue cmepicHell.

3agava 1.

JUIss  CTaJIbHOTO CTYNEHYAaTOro CTEpPKHS HEOOXOJMMO TOCTPOUTH  3IIOPbI
MPOJOJIBHBIX CHJI U HOPMAJIbHBIX HAIPSKEHUH, ONPenennuTh a0CONIOTHOE YITMHEHUE
(yKOpo4YeHUE) CTePIKHSI.

JlanHble 115 pellieHus 3a1a4u B3sTh ¢ Tabn.1 u 2, cxemy - u3 puc.l.

Tabnuua 1
No 0 1 2 3 4 5 6 7 8 9
ctoio1a
aMm 0.8 05 1.0 1.2 05 04 0.2 0.5 0.8 0.6
b, m 0.2 0.2 04 0.6 0.6 0.8 0.4 0.6 0.6 0.4

¢cm (06 (04 |08 |08 |03 |06 (08 |08 |04 |08

Tabauma 2

Ne 0 1 2 3 4 5 6 7 8 9
cToJioa
P;, kH 200 260 240 | 220 [280 |300 |250 |280 |260 |300

P,, kH 300 (150 |150 |300 |200 |150 |[120 |200 |140 |120
Fi, ev® |10 15 20 8 16 10 15 12 14 12
Fs, e |20 20 25 20 24 25 25 24 20 20

Ykazanusa k eévinonnenutro 3ad0auu 1

1. CeuenusiMu, rie NPUIOKEHBl BHEIIHUE CUJIbI, CTEPKEHb pa30MBaeTcs Ha
YYaCTKH, B MpeJeNiax KOTOPBIX MPOAOJIbHBIE CUJIbI NOCTOSIHHBI. Paccekas Kakablid
Y4aCTOK M paccMaTpuBasi paBHOBECUE OTCEYEHHOM YaCTH CTEPXKHS, HE COJEpKalen
3aJIeJIKy, ONPENENsIOT BEJIMYUMHBI NMPOAOibHBIX cui. IloctpouB rpaduk m3MeHeHHs
IIPOJIOJBHOM CUJIBI 110 JUIMHE CTEPKHS, MTOIYYUM SITIOPY IPOJOIBHBIX CHJI.

N.

2. Ha xaxmom ydactke no ¢popmyrse F (Nj- nponosbHas cuiia Ha i-TOM
|
acTke, Fj- mIomanas MOMEepevyHOro CeYeHHWs Ha  I-TOM ydYacTKe) OIPEaCIUTh
|

HOPMAaJIbHBIC HAMPSIKCHUS W TIOCTPOUTD 3MOPY (HAPSIKSHUS CIIEAYET OMpPECIsTh B
MITa).
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n NI
— | |
Dlc=3 !
3. Ilo dhopmyne S i=1 E F ONPENeNsAeTCs yJIMHEHUE CTEPXKHS (31€Ch
= |
N; — BelMYMHA TPOJOJBHON CHIIBI Ha I-TOM ydYacTKe CTep)kKHs Iuiomanasio F, E-

Moxynb ypyroctd, mist cramn E =2X10° MIla | n — uucno yuactkos; | — muna
I-TOrO y4acTKe CTePIKHS).

Ilpumep pewenus 3a0auu 1
Cxema Harpy»eHusi CTepXHs MpejcTaBieHa Ha puc.2a. CeyeHus MU, e MPUI0KEHbI
CHWJIBI, CTEP)KEHb Pa30MBaeTCsl Ha TPU ydacTka (Ha puc. 2a 0003HAYCHBI PUMCKHUMHU
mudpamu), B TpeAesax KOTOPbIX MPOJOJIbHAS CHJIA TMOCTOSHHAs, TOATOMY JUIS
ONPENICIICHUS] €€ 3HAYCHUM HYKHO paccedyb KaXJbli YyYacTOK UM W3 YCIOBUSA
paBHOBECHUSl OTCEUEHHON 4acTu, HE COJepXKallleld 3a/eNiKy, ONpPEAeNIUTh BEIUYHUHY
MPOJIOJIBHOMN CHJIBI.
[IpoBeaeM Ha mepBOM y4acTKe MPOU3BOJIbHOE ceueHue |-1, oTopocum yacTh cTepxHs,
COZEPKALLYIO0 3aJEJKy, U PacCCMOTPUM YCJIOBHUE PABHOBECHS OCTAaBIIEHCS JIEBOM
vyactu (puc. 20) Ha paccmarpuBaemyro 4acTh cTepykHs neiictByer cuia P; = 100xH
u npononbHast cuna Nj B ceuenun |-l. Ilpum onpeneneHun NpoJIONBbHBIX CHII B
CEUYCHMSIX MPEJI0NaraeM, 4YT0 OHH PACTIATUBAIOT PACCMATPUBAEMYIO YACTh CTEPKHS,
T.€. HAIIPABJICHBI OT CEYEHUS.
[IpoexTupyst cuibl Ha ock X, moayuuMm N + P; = 0. Otkyna N; = -P; = -100 kH.

T.x. npononbsHas cwia Nj; moiydunace ¢ OTpPULIATETBHBIM 3HAKOM, TO NEPBBIN
Y4aCTOK CTEPKHS HE PACTATUBAETCS, a COKUMAETCH .

[IpoBeneM NpPOU3BOJIBHOE CeueHHE 2-2 Ha BTOPOM Y4YaCTKE M PACCMOTPUM
pPaBHOBECHE OTCEYCHHOW YacTH CTEPIKHS, HE COJepIKalien 3aienky (puc.2B).

[Ipoeupyss  CHJIbI, TIPWIOKEHHBIE K PAacCMaTpUBAEMOW  OTCEUYEHHOW 4YacTH
cTepkHs Ha ock  C, moiyyuM 3HaY€HUE MPOI0TILHOM Cuilbl B ceueHuu 2-2 - N, .

N2 + P]_ - P2 =0

N,=-P; + P, =-100 +250 = 150 kH

[lonoxxutenbHbll 3HaK TPOAOJbHON cuibl Ny CBUIETENBCTBYET O TOM , 4YTO
BTOPOM yYaCTOK MCHBITHIBAET PACTKEHUE .

PaccmarpuBas JieByto oT cedyeHus: 3-3 4acth cTepxHs (pUc. 2r) u IpOSKTUPYS BCe
CUJIBI Ha OCh X, MOJy4YUM 3HaUYEHUE MPO0JibHON cuiibl N3 B ceuenun 3-3.

N3+P1-P2-2P1:O

Ng =- P]_ + P2 + 2P1 = -100 +250 +200 = 350 kH

Tpernil ydacTOK CTEpXKHsS TaKXe€ WCIBIThIBACT pacTskeHue .Ilo HaleHHbIM
3HAYCHUSM MPOJIOIBHBIX CHJI CTPOUM Tpaduk (3M0Py) U3MEHEHHUS POIOIBHBIX CHI
no jiuuHe crepxHs .IlpoBoaum 0a3y »miOpbl NapajjielbHO OCH CTEpKHA U B
BBIOpaHHOM MaclITa0e OTKJIA/IbIBAEM BBEPX IMOJIOKHUTENIbHBIE 3HAYEHUS MPOIOIbHBIX
CWJI M BHU3 OTpHLATENbHBIE (pHC .21).
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\ 4
NRRN

P,=100xH — =200xH
I &0
0.2v  0.3m 0.5m 0.6M
4P 4—— < P
0)
I N
=100sH ) . _ | I IS A S IR _
I
B) I
P]_:lOOKH -
_>_._._..._R2.__2§%H__N‘_X ____________ -
r) 1 1
B=250xH
P1=100kH . Ps=200cH | N3
_b_ ........... _‘_,___,___,_._.4__._.__—»._)(
1
250 1
) 150
N, kH |
@ 175
100
¢) 150
S
: [ | @
MIIa 50 100
PucyHok 2

a —3aJJaHHOE Harpy>KE€HUe CTepKHs; 0,B,I' — CXEMBbI, HJUIIOCTPUPYIOLIUE ONPEAEICHUE
MIPOJIOJIBHOM CUJIBI B ceUeHUsX; 1 —a3mopa N; e —3mopa HOpMadbHbIX HAMPSYKEHUH.
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IIpy mnpaBWIBHO TIOCTPOEHHOM JHIOPE MPOAOJBHBIX CHUJ B CEUEHHMSX, TIe
MPUIOKEHBl COCPEIOTOYEHHBIE CHJIBI Ha 3MIope OyAyT MMETh MECTO CKauyKd Ha
BEJINYMHY NPHUIIOKEHHON CUJIBI.

HopmanbHble HanpsiKEHUS B ONIEPEYHBIX CEUEHUSX CTEPIKHS ONPEAETIUM I10

dbopmyie: m

B crepxue nnunoit 0.2 m:
_ -3
5=t I00000
F 20%10

B crepxue nnunoit 0.3 m:
-3
s ,= =2 1000 7 00 v
° F, 10x10°*
B crepxne niaunHoi 0.5 M
-3
SS:N_2:15O X104 = 150 MIlla
F 10 x10 -

B crepxue nnunoit 0.6 m:

N _ 35010 °
F,  20x0 %

Onropa HOPMaJIbHBIX HAMPsKEHUI MpecTaBiIeHa Ha puc .2e.
AobcomtoTHOE y/uTMHEeHHE (YKOPOUYECHHUE) CTEPIKHSI OTpeeNnuM 1o Gopmysie:

o N |
D|:° i b
> ffi‘lFiE

rac Ni y Fi - 3HAa4YCHHUC HpOI[OJIBHOfI CWJIbI U TIOIIAAN MOMCPEIHOIO CCUCHUA Ha

S4— =175Mlla.

yJacTke cTepxkHs mmHoi || , nN- uncio ygacTkos.

100X10° 3502  100x10 3>0.3 N

2x10° 20x0 4 2x10° x0x10 4
15010 305  350K0 306 _ . 4
+ + =7X10 " m

2:10°:10510° % 2310°:20310° 4

T.x. PE3YIbTAT NOJTYUYHIICA HOJIO)I(I/ITGJIBHBII)'I, TO CTCPIKCHDb PACTATUBACTCA.

DS = -
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3.2.2. 3agaua 2.

Omnpenenuts ycuius B CTEPXKHSIX 3aJaHHOW CHCTEMBI, MOM00paTh pa3Mephl HX
nonepeyHbix ceueHuid. IlpuHATh crepxkHU 1- KpyraeiM, 2- KBaJgpaTHbIM, 3-
COCTOSIIIMM M3 JBYX PaBHOOOKUX yroukos, eciu [S | =160MIla . (3amtpuxoBaHHbIe
DIIEMEHTBI KOHCTPYKIIMH CYMTATh Helle(hopMUpOoBaHHBIMK). OTpeieTnuTh aOCOTITHOES
yaauHeHne (YKOPOUYCHHE) CTePIKHEH.

JlanHble 17151 peleHus 3aaun 2 B3sITh U3 Tabauubl 3 U 4, cxemy - u3 puc 3.

/1
1 P "< b% © - @
(I a ) b - A
* a |_ b %c iy d b
§¢$¢\ Y
?IV((V\\H ( A
1 | o
i \
777
. . b 9 M
: @) ! ©
A 1 A
T
158 ¢ b 154 L2
yM 7 ( P
A y a C b
P b < > <
a 2 3
A \ )

AR AARAE ¥
a g,

-
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A0
\ A 2 1 F q M @
a \(IIIII w
Y A O i A
\
c a \b =
Y = = | ©
3
Xﬁ‘!
Pucynok 3
Ta0muna 3
No 0 1 2 3 4 5 6 7 8 9
ctoio1a
am 0.8 |0.6 1.0 1.2 14 |15 1.6 1.8 1.2 1.6
b. m 1.2 10 |08 |08 1.2 |0.8 1.2 0.6 1.0 |0.8
C.M 14 |12 1.6 1.0 |08 1.0 |0.8 1.2 |0.6 1.0
Tabnuia 4
No 0 1 2 3 4 5 6 7 8 9
cToio1a

P, kH 100 |124 |140 |160 |180 |200 |220 | 240 | 260 |280
g, kH/m 120 | 100 |80 100 | 120 |160 |80 100 | 60 100
M, kHw™m 80 80 100 | 60 60 80 100 |80 100 |60

Yka3aHusi K BbINOJTHEHHIO 321241

1. PaccmarpuBaemble KOHCTPYKLMH CTaTHUYECKH OMpeneIruMble M yCUJIHUS B
CTepKHSIX MOTYT OBITh HaWJIeHhl W3 YpaBHCHHWH paBHOBECHS CHCTEMBI CHII,
NPWIOKEHHBIX K  Teldy, paBHOBECHME KOTOpOro paccMmarpuBaercsa. Ecnu
paccMmarpuBaeTcs paBHOBecHe ojHoro tena (cxemsl 2..9), cieayeT ocBOOOJHTH €ro
OT HAJOXXEHHBIX CBA3€H UM COCTaBUTh YpaBHEHHE PABHOBECHUS, COJIepKalllne
HEU3BECTHBIE YCUIIUSL B CTEPXKHAX . Eciu paccMarpuBaeMasi KOHCTPYKLMSI COCTOUT
u3 cuctembl ten (cxembl O, 1), ciieayeT paccMOTpPETh OTHAEIBHO PAaBHOBECHE €€
yacTel B MOCJEA0BATEIbHOCTH, MO3BOJISIOIEH ONPEEIUTh HEU3BECTHBIE YCUITHS.

2 Pa3mepbl NonepevyHbIX CEYEHUN CTEPKHEHN OIMpPEeAeaoTCs U3 YCIOBUS IPOYHOCTU

— I\Ii
Ha pacTshKeHHe (CHkaTue): F ,
|
N; .ycwiue Bi-oM CTepKHE F - muiomaab ero nomnepevyHoro ceyeHus,

[S ] - HOITYCKAacMOC HAIIPSKCHHUC.

12
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Fa
Otcrona i [ S ] :
ITony4uuB pacyeTHOE 3HAUCHUE Fi c onmoit CTOPOHBI, C IPYrOil CTOPOHBI
2
pd
JUIS TUTONIAM Kpyra | 4 ,(d- nmametp kpyra),

2
1 momany keagpara =& (a - cropona kBazgpara).
Homep paBHOOOKOro yrojka ompeneiaseM u3 Tadmuipl (cM. [5], crp.84) mo

BCJIMYHWHC ITOJIOBHUHBI IIJIOIIAIN Honepequro CCUCHUA IJIsd TpeTBeFO CTep)KHH (FL =
Fa/ 2).

3. AGcomroTHble yuIMHEHUs (YKOPOYEHHS) CTCP)KHEH OINMpenessioTcss U3
dbopmynbl 3akoHa ['yka:

Ilpumep pewenusn 3aoauu 2 (puc .4) .

4 AL L L ALLL

G=100xHIn M= 801<Iﬁ4 N,

Y YYYYY ¢ 7S

—>// /[
1ul| 1

0,6 m

)
Pucynok 4

B paccmatpuBaemoM — mpuMepe B PpAaBHOBECHM HAXOAMUTCS OAHO TEJIO -
Henedopmupyemass Oanka . Harpy3skamu, NOpUIOKEHHBIMH K HEH, SBISIOTCS
cocpeotoyeHHas cuia P, paBHOMEpHO pacnpenereHHass Harpy3ka UHTEHCUBHOCTH
g, mapa cun ¢ MomeHTOM M u ycunus B crepxkHiaX Ni, N2, N3 Ilpu pemennn
3a/layu MPEIoJIaraeTcs, 4to CTepkHu 1,2 u 3 pacTsHYTHI, T. €. YCUJIUS HANPABIEHBI
K TOYKaM Io/iBeca CTepikHel (puc. 4)

banka HaxoguTcs B paBHOBECUHU IO JEUCTBUEM INUIOCKON MPOU3BOJIBHOU CUCTEMBI
cui. Takasi cuctemMa CHJI UIMEET TPH YCJIOBHSI paBHOBECHS.

N3 ypaBHEHUS é M, =0 onpenemnm Nj:
N;-2 +0-1.2:(0.8+0.6) + M =0

13
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_-012°14-M _-100°12°14- 80

= - 124kH
! 2 2
OTpuLaTeNnbHBIM 3HAK CBUIETENBCTBYET O TOM , UTO CTEp’K€Hb 1 HE pacTSHYT , a
CXKar.
Yceunmue N, ompenenum u3 ypaBHEHUS! paBHOBECHUS
9 P
P : O . ) + — N - .
a x=Y:N,cosa +P=0. Ng=-—

1 1
cosa = = = 0,855.
J1+06% 116
= 60 = - /0xH.

N, =-
0,855
o —
TpeTuii cTep:KeHb TakXKe CKatr. Y CUIue N3 OIIpEJENINM U3 YpaBHEHUS a R/ =0

N, -N3 sna- 12q + N.=0

Ipu npoextuposanuy yeumnii N1u N3 yureno ,uro onn cxumaromue .

N, =Nz sna+ 12q - N, sna=0.516
N,=70 0.516+100 1.2-124
N2:32 kH

IInomany momepeyHbIX CEYEHUM CTEP)KHEH ONPENesIuM, HCXOAs U3 YCIOBUSA
NPOYHOCTH Ha pacTshKeHue(ckarue)

_ I\Ii
S, —EE[S]
- S
- N, _ 3240° __
> I|s| 160x0*
= 2 7007 _ ) gy
° Is| 160%0*

Onpenenum pa3Mepsl CTEPKHEN.
[TepBbIli CTEPAKEHD U3TOTABIMBAECTCS U3 KPYIJIOTO IPYTKA .

4F, 4.7.75
Ero muametp d= ? = 314 = 315¢y. Mpusmmaem d=35mm.

14
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Bropoii cTepxkeHb H3roTaBIMBaeTCA W3 KBaApaTHoro mpytka. CropoHa

a= \/E = \/E =1.41cMm . Tipunumaem pasmep a =15 mm.

Tperuii cTep:keHb BBIMOJHAETCS M3 JBYX PaBHOOOKHMX Yrojiko. st omgHOro

L 2.19¢cm?
2

yroJjKa FL - . ITo TabGnune copraMenTa st paBHOOOKHUX YT'OJIKOB

( TOCT 8509-86 ) Boioupaem yrojok Ne 4.c pasmepamu 40*40*3 | ero momaanb
2

MONEepPeyHOro ceueHus papHa F=2.35 cm” .
OnpenenumM abCOTIOTHBIC YUTMHEHUS (YKOPOUCHHS) CTEPIKHEH
N, | 12440° 4 _
Dl,=—1t1=._ -2 _=06,2X0 “u.
EF,  2xX0°>98%40

_pd?® _ 314 x3,5°
4 4
NI, 32 x10 " ° x0,6

DI, = = _ - =4,3X0 *u.
EF, 2x0°x2,25 X0

F, =152 =225 um °> = 2,25cm 2.

-3
Noly . _70X0°°K16 o) 004,
EF,  2x0°x4,7 0

F,=2x2,35 =4,7cu’.

F, = 9,8cm °.

DI, =

IIpumep pemenus 3agaun 2 (puc. 5)

15
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a) 2
C 30?) D
y ©
¢ g=100xH/m 1]0,6m 3.2m
TR R - L
= B
A| 3u P=O60cHy 44,
|< -
5) Yo q=100xH/m AN,
Y VY VY VYV
Xa A 3y P=060kH Yo_gM B
- |
8) N2 YD
307
X
¢ 0.6m 3.2m . ’
N, =
Pucynox 5

a —3a0aHHAs CMepICHe8aAsl KOHCMPYKYUus;, 6 — pacuemuas
cxema 6aaku AB;, 6 — pacuémmnasn cxema 6anku CD.

paccMaTpuBaeMOM TpPUMEPE B PABHOBECHUM HAXOJUTCS CUCTEMa Tel — JBa
HeneopMupyeMbIX Opyca, CBs3aHHBIE MEXTy co0oi ctepkHem CB.

PaccMoTpruM paBHOBecHE OTIENBHBIX YacTell KOHCT-pyKIuu — O0anku AB u 6anku
CD

banka AB (puc. 5,0).
aM,=0;

60>3+100 3x5- N,38=0, N, = 00+40 166,17

banka CD (puc . 58):
4 Mp=0, N;°3.8- N,>sna>3.2=0;
N >3.8 166 x3.8

N, = . = =395 kH .
3.2°9n a 1.6

Hanee 3aa4a pelaercs TaK ke, Kak MU3JI0)KEHO B IPEbIIYIIEM IIPUMEPE.
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I. 3amaua 3.
AOCOTIOTHO TBepaoe Tesio (3AIITPUXOBAHO ) UMECT INAPHUPHO - HEIMOJBHIKHYIO
OTOpPY U MOJIBEIICHO HA ABYX CTEPIKHSX.
OnpenenuTs AMaMETPhl CTEP>KHEH, UCXOS U3 YCIOBUS MPOYHOCTH.
JlaHHbIE 71 peIIeHUs 3a/1a41 B3ATh U3 Ta0a . S u 6, cxemy - u3 puc. 6.

Tabmuma 5
Ne 0 1 2 3 4 5 6 7 8 9
croJioa
a, M 0.6 0.8 1.2 1.0 1.5 1.4 1.6 1.8 1.6 1.2
B, M 1.0 1.2 0.8 0.8 0.8 1.2 1.2 0.6 0.8 0.6
C, M 1.2 14 1.0 1.6 1.0 0.8 0.8 1.2 1.0 1.0

Ta0muna 6

Ne 1 2 3 4 5 0 7 8 9
cToJio1a
P,kH [120 {100 |140 |180 |160 |[220 |[200 |[260 |240 |280
g, kH/™ | 100 | 120 80 120 | 100 80 120 [ 100 |140 |100
s, MIla [300 350 |400 |300 |360 |380 |400 |300 |320 |360
n 20 |22 2.4 2.0 2.2 2.3 2.4 2.0 2.0 2.3

Ykazanua k evinonnenuto 3adauu 3.

1. OnpenenuTh CTENEHb CTATUYECKON HEONPEACINTMMOCTH KaK Pa3HOCTb MEXKIY
YUCJIOM HEU3BECTHBIX W YUCIOM YPaBHEHUU PABHOBECHUS CUCTEMBI CHII,
JNEUCTBYIOLUX Ha KOHCTPYKLHUIO.

2. PaccMOTpeTh CTaTHYECKYI0 CTOPOHY 3aJayd, TO €CTb T€ YypaBHEHHUs
PaBHOBECHS CTATUKHU, KOTOPBIE COACPIKAT YCUIUA, ITOJIEKAILIUE ONPEIEICHHUIO.

1,5b

Ll
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EEREREE ) IC

T
0

o
Y
@

1,5

B a e b A@
q 2F a
w#vw P v
/
F
C
77—V —

PucyHnok 6

3. HeoOxonuMo w#300pa3uTh KOHCTPYKLHUIO B J1€(OPMUPOBAHHOM COCTOSTHUU.
YCTaHOBUTh T€OMETPHUYECKHE COOTHOIICHUS MEXKIY VAJUHEHUSIMH CTepXKHEH
(paccMOTpETh TEOMETPUYECKYIO CTOPOHY 3aauH).

4. C nomorpto 3akoHa ['yka BeIpa3uTh aOCOTIOTHBIC YATUHEHHsI CTEPKHEH depe3
aeiicTByrone B HUX ycunus (pusmueckas cTopoHa 3amaun). Ecmu  xapakrtep
IPENoNaraéMoro yCHJIHs TMPH PAacCMOTPEHHUM CTAaTUYECKOW CTOPOHBI 3a7aud HE
oTBEYaeT JAePOPMUPOBAHHOMY COCTOSTHUIO CTEPKHS, TO 3TO HECOOTBETCTBHE JIOJKHO
OBITh YYTEHO 3HAKOM “ MUHYC ~ B 3akoHe ['yka.

18
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5. Pemasi coBMeCTHO ypaBHEHHs, MOJyYE€HHbIE MPU PACCMOTPEHUU TPEX CTOPOH
3a7aun (CTaTUUECKOM, TCOMETPUUECKON M (PU3MUYECKOW ), OMPEICINIOTCS UCKOMBIC
ycWiIHs B CTepXHsX. I3 yclnoBuUsS MNPOYHOCTH TMPH pacTsDKeHUHM  (CoxaTum)

S:ME[S
F

] OMpCACIIAOTCA BCIMYMHBI IUIOMAAW ITONCPCUHBIX CG‘IGHI/II‘/’I, a

3aTEM IMaMeTPhl CTEPIKHEM.

IMpumep pemenus 3agaun 3 (puc.7).

VYcioBre Harpy»KeHUsi CTEPIKHEBOW CUCTEMBI MTPEJICTABICHO Ha pHC.7a.
OmpenensieM  CTENEHb CTATHYECKOM HEONMPENeNMMOCTH  3aJaud, Uil 4ero
0cBOOOXKIaeM OaJIKy OT CBsI3eil U 3aMeHsieM ux peakiusmu (puc. 70).

F q=100«xH Iu

P=80«H v ' ' 5
F.=2F

N 1 q=100xH Im Y a

411

Pucynox 7
a -3a0aHHaA Cm epIAu Heeass KOHCM PYKUY US,
6 - pacuem Has cxeMma
6 — NONOJN eHUEe KOHCmMm pYKYyuu 00 U nocirue
Hazpyo eHU:.

Peakiiuu B HenmoaBM>KHOM mapHupe A -Xa, Ya, yewus B ctepxkusix - Ni, Ny .Ilpu
pELICHUU 3aJa4u MOpeArnoyjaraéM, 4YTO YCHIHMS B CTEPKHAX pPACTATHUBAIOIIUE, T.C.
HaIMpaBJIEHbI K TOUKaM HX IOJIBECA.

HeusBectHpiMu B 3aaue sSBISIOTCS Xa, Ya, N1, No, a cuctema, mpuioKeHHbBIX K
Oayike cu, TUIOCKasi MPOU3BOJIbHAS, KOTOPasi UMEET TP yCIIOBUS paBHOBecHsl. Takum
o0Opasom, 3aj1aua sBJISIETCSI OMH Pa3 CTATUYECKH HEOMPEACITUMOM.

PaccMoOTpuM CcTaTMYECKYIO CTOPOHY 3a]1a4u, JJIsl UeTO COCTABUM TAaKOE€ YPaBHEHUE
paBHOBecHs, KOTOpoe cojepxkaio Obnl Heuw3BecTHbie Ni u Ny, moanexaiue
onpeAeiaeHuIo . TakuM ypaBHEHUEM PaBHOBECHUS SIBIIACTCS

A Ma=0  N;5- P>5- N,sina >3- q>3:1.5=0
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sina = 0.55,

2 2
\2? +32 V13
N, >5- 80>6- N, x3x0.55- 10053%.5=5N, - 1.65N,, = 850.

UtoObl MONMyYnuTh BTOPOE YpaBHEHHE, CBs3biBaroniee HeusBecTHbie N; u Ny,
PacCMOTPUM T€OMETPUUECKYIO CTOPOHY 3adayu. /[ 3TOro mpencrtaBuM CHUCTEMY B
neopMUpoBaHHOM cocTostHuW. llox jJedcTBHEM TNPUIIOKEHHBIX CHII  Oasika
MOBEPHETCS BOKPYT LIApHUpPA A, MPU 3TOM MEPBBIN CTEPKEHb PACTSIHETCS, BTOPOU
ykopotutcsi  (1epopMUpOBaHHOE COCTOSSHUE CHCTEMBI II0Ka3aHO Ha pHC. 7B
nyHktiupom).Touku C u B npu moBopoTe O0anKu ONMIIYT TyTd OKPY>KHOCTEH, HO W3-
3a MaJOCTU yria MOBOpOTa Oallku MOXKHO 3aMeHATh mnepemernieHus Touek C u []
BEPTUKAIBHBIMHU, TpPEHEOperass TOPU3OHTAIILHBIMU TMEPEMENICHUIMU KaK MallbIMU
BBICILIETO MOPSJIKA.

[lepememienrie Touku B 1o BepTukaiu OyJIeT paBHO YAJIUHEHHUIO TIEPBOTO

CTEPKHS BB, = Dll, nepemenienne Touku C  mo Beptukanmu CCjp CBSI3aHO C
DI,
sna
. 910 cooTHolIeHuE crenyet u3 tpeyroapanka CC;K, B kotopom yron CC:K =a.

YKOPOUYCHHUEM BTOPOI'0 CTCPIKHS CCl -

I'eomeTprUeCKOE COOTHOLIEHUE MEKIY Dl 1 u Dl 2  MOXHO YCTaHOBUTH, pac-
cMoTpeB nogodue TpeyroiabHukoB BB1A u CCiA. U3 ux nmogobus cineayer:

BBl:CCl;BBI:CCIBA; DI, = .DIZ XBA;
BA CA CA sn a CA
5
DI, = DI, ———: DI 3DlI,.
1~ 223,055 1 > =5

Bripazum Dll u D|2 yepe3 ycwieHus B ctepxkHsax Ni u Ny mo 3akony I'yka,

NPUHSIB BO BHUMAaHHUE, YTO JJI BTOPOTO CTEPXKHS MPEANojaraéMoe YCUiHe
(pacTsruBaromiee) HE COOTBETCTBYET NpeAroyiaraeMoil IedopMaluu CTepIKHS

(cxxumaroreit).
o =hN g o BN NS L N,B6
" BRI EF, ' *EF 7 2EF
15N1 = - w’ Nl — 36N2
EF 2EF

Takum 00pa3om, MOIY4EHO BTOPOE YpPaBHEHHUE, OMpPEACISIONee 3aBUCUMOCTh
Mexy Ni u Ny . 3anumem o6a ypaBHeHHUS .

SN,- 165N, =850, omkyoa N, = - 3.6N,.
[Tomyuum N1:155KH u N 2 =43kH.

OnpenenuM BEIWYWHBI IUIOLIAAN IONEPEYHBIX CEYEHUN CTEpPKHEW U3 YCIOBHS
NPOYHOCTHU HA pacTsikeHue (cxarue)
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S, :%E[s]

[Tonaras [s]=100 MIla, mony4uum:
N, 15540
F=_ol= =155 onp
1S 10040 CM

T. k. MO yCIIOBHUIO 3a]a4u CTEPKHU U3TOTOBJIEHBI U3 KPYIJIOTO MPYTKA, TO:

F, :p_dlz; d, =2 = 4455, 46,
4 p 314

[Mpuanmaem di=4.5 cm =45mm.

_pd;?. y _ [4F, _ [a%1_
F 4 . d, 0 _,/3_14_6.45@%

[Mpuanmaem d,=6.5 cm =65mm.

F,=2F,;=2X5.5 =31 cm°

ii. 3amaua 4.

CranbHOM CTEpKeHb KPYTJIOro MOMEPEYHOr0o CEUEHHUS HArpy>KeH MapaMH CHIL.
OnpenenuTs AWAMETpP TMOMEPEUYHOrO0 CEUEHUs] CTEPXKHS , TMOCTPOUTH DIIOPY
MaKCHUMAJIbHBIX KaCaTeJIbHBIX HANIPSIKEHUH , IPUHSB JIOMYCKAeMOE HAMPSIKEHUE

[t]=80MIla .

JlaHHbIE 11 pelIeHUs 3a/1a4u B3ATh U3 Ta0ba .7/ u 8 , cxemy - u3 puc. 8

Tabauua 7

No 0 1 2 3 4 5 6 7 8 9
cTOJN01a

a,M 05 |06 |0/ |08 |09 |10 |11 |08 |12 |08
B, M 11 |12 |13 (14 |15 |16 |14 |14 |08 |12
C,M 09 |08 |0/ |06 |10 |08 |06 |04 |10 |06
d/D 04 045 |[0.50 [055 |06 |08 (085 |0.7 [0.85 |0.75

Yka3anus K pelieHUIo 3aja4u 4.
1. Onpenenuthb CTENIEHb CTATUYECKON HEONIPEJEIEHHOCTH CUCTEMBI.

0% O omom ®

4

lo
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M M M
M 2/ 1 2
Y | (2) A (3)
41_L 1. o ¥ Qo1 _._. _di
d S —
Y -
S# p”
<a><h> c i(a > - a b < c
Ml/ MZ/ @ Ml/ M, @
/ D 41— 4.0. 4. _ .k
— _d T 11 T 2 d
y” 7
<2 b # c}‘a 4 b ¢ a
M M
b Y O) M M @
A
A
D /
— e — e ¢ — e — e s . D
d — 3
7y |7 \
a b c a &
M M M M
P % u M ®
Y )
Aol 2 4211 41.0. 1. _. 14
1 d d
'}
\ _
‘ o 4 4
< a b C &y <& l< b;< C >l >
Pucynok 8
Ta0muna 8
Ne 0 1 2 3 4 5 6 7 8 9
crToio1a

M, kHm 55 60 65 75 80 85 70 75 85 60
My, kHm 70 65 70 80 65 40 55 60 60 80
2. CocTraBUTh YypaBHEHUS pABHOBECHUS CTEpXHS, B35IB CYMMy MOMEHTOB,
MPUJIOKEHHBIX K CTEP’KHIO, OTHOCUTEIBHO €T0 OCH.
3. CocTaBUTh ypaBHEHHE COBMECTHOCTH AePOpMALIHA.
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4 BpblpazuTh B YpaBHEHUM COBMECTHOCTU Jedopmanuu aOCOIIOTHBIE  YTIJIbI
3aKpy4YMBaHUS yYaCTKOB CTEPKH 1O (hopmyJie 3akoHa ['yka npu kpyueHuu

. _Mxpi’ly
KOTOPOM KPYTSIIMHA MOMEHT paBeH My, NONSpHBLT MOMEHT nHepuuK cedenns Jy.

5. Omnpenenutb BETUYUHBI KPYTSIIUX MOMEHTOB B 3aJJaHHBIX CTEPKHSX.
4. TlocTpouTh AMIOPY KPYTAIIUX MOMEHTOB.

, TIE | - YTOl 3aKpy4MBAHMs y4acTKa CTEpXKHS JUIMHOH |, Ha

I\/I Kp max
5. Hcxons u3 ycnoBus IPOYHOCTH IpH kpydenuu, t ., = PEE [[ ] u

W-
3aJaHHOT'O COOTHOIIICHUA D ONnpeACINTb TUaAMCTPLI YHaCTKOB CTCPIKHA.

M

_ Kpi
6. Onpenenutsb no Gopmye | W (rme M i Wpi - BEJIMYUHBI

Pi
KPYTSAILIETO MOMEHTA U MOJISIPHOTO MOMEHTA COMPOTUBJIEHUS CEYEHUS CTEPKHS
Ha I-TOM y4acTKe), IOCTPOUTH IO HAWIECHHBIM 3HAYCHUSIM JITIOPY
MAaKCHMAaJIbHBIX KACATEIbHBIX HAMPSKEHUM.

IIpumep pemienusi 3agauu 4.
MM M.*Me=0
M.*M,,+60-80=0
M+ Mg=20

CxeMa HarpyXeHusl CTep>KHS IpejicTaBieHa Ha puc. 9,a. OcBoOOXKJaeM CTEPKEHb OT
CBsi3€l, 3aMeHseM MX PEaKTUBHBIMM MOMEHTaMH B 3azenkax -\ ,u M, (puc. 9,0)

o
YcnoBueM paBHOBecus cTepxkHs sBisercss Tonbko oaHo @ M|z =0 kpyrsumx

MOMEHTOB
Kak BUIHO, ypaBHEHUE CONEPKUT JIBE€ HEU3BECTHBIE . 3ajaya SBISIETCS OJUH Pa3

CTaTUYECKUA HEONPEAECITUMOH .
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M 1= 60 kHwm

M2:80KHM
a) e p
A 4 D B
_./.d_._ ................. - - - === == - -~ -
| 7
1
" 05| g5y |06mM [04m
IVIB
M
il 1 N M | 7
6 [ «d P
‘MK ......... | . F._ .1 E_._._._D._._._C._._.Z
/
V' d ¥ Vs
B) e 355 Ml(p kHwm
45,5
N 27,9 2,7 53,6
LT
8,6 t,MIla
68,7

Pucynok 9
a — cXeMa Harpy>XeHHUs CTEepX HS ,0—pacyeTHas ccxeMma,
B— 3HIOpa KpyTsAmIux MOMCHTOB
I — 3N pa MAKCUM AJIbHBIX KAaCAaTCJIbHBIX HANIPAKCHUU

JIOTIOJTHUTENIbHOE YPaBHEHUE COCTABUM, PACCMATPUBAsi FTEOMETPHUECKYIO CTOPOHY
3aa4r. Y CIoBUsA AehOpMAIIUU CTEPIKHS COCTOSAT B TOM, YTO YIOJI 3aKPYUHBAHHUS
KOHIICBBIX ceueHUi A u B paBeH Hymio , T.e. | o =] g =0.

VYrou 3aKpy4rBaHus ceueHHUs A WK cedeHus B onpenensercs kak cyMMa yriioB
3aKpyUYUBAHUS OTICIIBHBIX YIaCTKOB CTCPIKHS.

OmnpenenuM 3HaAYCHUS KPYTSAIIUX MOMEHTOB B CEUCHHSX CTEPIKHS, paccMaTpuBas
OTCEYCHHBIC MPaBbIC YACTH.

CeucHMSIMH, /1€ MPUIIOKCHBI BHEITHUE MOMEHTBI, CTEP)KEHb pa30MBaCTCs Ha TPH

yuactka |, I, Il (puc .9,0).
B npousBosibHOM cedueHUM Ha ydactke | : M1 =M, ,
Ha ydactke |l : My =M, - My,
Ha y4acCTKe [ : MKp|||:MB-M2+M1_

VYIbl 3aKpydrBaHUs Ha KaXJA0M YYacTKeE 3allUIIYyTCS HA OCHOBAaHMHM 3aKOHa ['yka
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VYron 3akpyunBaHusi cedeHHs A WM cedyeHMs B Halinercs Kak cymMMma yrioB
3aKpY4YMBaHUA OTAECIBHBIX YYaCTKOB CTEPIKHS.

Onpenenum 3Ha4eHUsT KPYTAIIUX MOMEHTOB B CEUEHHUSX CTEPIXKHS, paccMaTpuBast
OTCEYEHHBIE MPABBIC YACTH.

CeueHusiMH , Ti€ MPUIIOKEHBI BHELTHUE MOMEHTHI ,CTEP>KEHb pa30UBaeTCs Ha TPU

yuactka — |, Il, Il ( puc 96 ). B npon3BoIbHOM CeueHUH Ha ydacTke | MKp| = Mg,
Ha y4dacTtke || MKp” =Mz—M>,

Ha y4dacTtke || MKp||| =Mg—M,+M;.
VTIIbl 3aKpyYHBaHUS Ha KaKIOM y9acTKe 3alMIINyTCs Ha OCHOBAaHHMH 3aKoHa ['yka

_M_b
G,

iz M;>0.4
H BC: c '
a yJacTke B G>Op1

(M, - |v|2)>o.6_

Ha yuactke CD: J oo =
yi (CR
. _(Mg- M,)05
Ha yuactke DE: ) pe = G :
p2
. _(Mg-M,+M,):05
Ha yuacrtke EF: ) er = GxJ -
p2
o (Mg- M+ My)x
Ha yuactke FA : Jra = G xJ :
pl

3nech Jpl :Jpz -[I0JIAPHBIE MOMEHTHI HMHEPLHU IIONEPEUYHBIX CEUYCHUN Bajla
auametrpom du D.
_04Mg  06(Mg-M,) 05Mg-M,)

12"6x,  ex, G,
0-5(MB' M, - M1)+(MB' M2+M1):O_
G, Gx

[Mpumem npu pemennn 3anaun d/ D =0.5.

_pd* _p(0.5x0)" _pD*
3

0.5% = J o
Jp1 32 32 > 02 0.5
oy =P
P2 32 -

C y4eToM COOTHOMICHUS MEXIY Jy1 U Jy» BBIPOKCHHE JUIA | A 3AIUIICTCS |
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| -_0aM, ,06(Mg-M,) 05Mg-M,),
" 05'GJ, 05'GJ, GJ

p2

+O'5(MB - M, +M1)+ (MB - M, +M1)
GJ,, 0.5'G Joo
T.x. YGJy, * O , 3TOT COMHOXXUTENb MOXKHO COKPAaTUTh U YPAaBHCHNE 3aIlMIIETCH:
xMg + 9.6( Mg -80) + 0.5( Mg -80 ) + 0.5( Mg -80 + 60) +
+16 ( Mg -80 +60) =0
Pemus 1o ypasuenue , nonyunm . Mg =34.5 KHwm.
BenuuuHbl KpyTAIIMX MOMEHTOB Ha YYaCTKaX CTEPKHS PaBHBI:
Mp1=34.5 kHM; My, 11 =M - My = 34.5 - 80 = - 45.5 kHw;
MKp||| = MB - M2 + M]_: 34.5-80 + 60 = 14.5 kHwm.
[To mosTy4eHHBIM 3HAYEHUSIM, CTPOUM JITIOPY KPYTAIIMX MOMEHTOB (puc . 9 B).
JluameTp cTep kKHs ONpeAeTuM U3 YCIOBUS TPOYHOCTU CTEPXKHSI PU KPyUEHUN

M
— Kp max
M= el

Haunbonbmas BenmuunHa KpyTsmero MoMeHTa Mg, max = 45.5 KHM Ha yuactke
crepxkHs JIC MeHbLIETO IUaMeTpa.

_pd’
pl _1—6’ OTCIOZIa
J- i/lGMKpmax _ i/16><45.5>10'3
plt) p X80

IIpuHuMaem d=15 cm ,D=30 cm.
BennuuHbl HaMOOIBIINX KacaTeNIbHbIX HAMPSKEHUIN B CEUEHUSIX CTEPKHS OIpe

M

tmax

X 0° =14.2cm.

— K pmax
aenuM o popmyne M W
p
Ha yuactke crepxxust BC HanOounbliine kacateibHble HANPS)KEHUs pABHBI:
3 3
M _pd® pA5

_ 3
W, e VT g T g T O

. _ 345x10° = E36MTT
T E62x0 0
Ha yuactke JIC:
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_ Myc 455407

t = = = 68.7 M1
™2 T W T 662X10 ° ‘.

Ha yuactke [IE:

M -3
t=Miec _ 45.5>§Lo_6 _8.6MIa.

W, 5300x40

3 3
W, = p D _ 3.14X30 — £300C1,
16

Ha yuactke EF:

M 145x10°°
s = —2 = — = 27Mlla

W, 5300x0 :
Ha yuactke FA!:

M 145X10°
t = = = 279MlIla

S TOW, 66240 °

[To HalaeHHBIM 3HAYCHHUSM CTPOMM DIIOPY MaKCHUMAJbHBIX KacaTeIbHbIX
HanpspkeHud (puc.9r).

2.3. KontpoJabHas padora Ne 2
2.3.1. IocTpoeHue 3MHOP BHYTPEHHUX CWIOBBIX (JaKTOPOB Npu u3rude .
Pac4yeTr Ha Mpo4YHOCTH NpU U3rHUde .
2.3.1.3apaua 5.
JUisi KOHCOJBHOW OalKu MOCTPOUTH SMIOPHI  MONEPEUHBIX CHJI U H3rMOArOIMIMX
MOMEHTOB.
JlanHble 1715 pelieHus 3aaa4uu B3sATh u3 tadn. 9 u 10, cxemy - u3 puc.10.

Tabnuma 9
Ne 0 1 2 3 4 5 6 7 8 9
croJioa
a,M 1.5 1.7 1.9 2.1 2.2 2.4 2.6 1.3 1.1 2.8
B, M 2.9 2.7 2.5 2.1 1.9 1.7 1.6 1.2 1.2 1.2

C, M 19) 18] 17 16/ 15 14 13} 16| 28 14
d 30/ 28] 26| 24 22 20/ 18] 20 14 22
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Pucynok 10
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Tao6muma 10

No 0 1 2 3 4 5 6 7 8 9
cToio1a
P, kH 6 8 4 6 8 4 6 8 4 6

g, kH/m 10 12 14 12 14 10 12 10 14 10
M, kHwm 8 6 10 4 6 6 8 10 8 12

Ykazanusa k evinonnenuro 3a0au Su 6 .
1. Ilpexne, yeM NOpUCTyNaTh K MOCTPOCHHUIO SMIOP H3rHOAIOIIMX MOMEHTOB H
MOMEePEeYHBbIX CHJ JiJIsl Oajkd Ha IIApPHUPHBIX ONOpax HEOOXOJIMMO ONpenesuTh
OMOpHbIE peakuuu .JJist X onpeaeneHus: peKOMEHIYETCSl COCTABUTh YPaBHEHUS
paBHOBECUsl CTaTUKM B ()OpME paBEHCTBA HYJIO MOMEHTOB BCE€X CHJI, B3STBIX
OTHOCUTEJIBHO OJHOM W BTOPOM oOmopbl. lIpaBUIBHOCTH oOlpenesneHus OIOPHBIX
peakuuii cieayeT MpoBepUTh, CIIPOCKTUPOBAB BCE CUJIbI, IPUIIOKEHHbIE K Oajke, Ha
OCb, NapajulesibHyto cuiaM. [Ipu mpaBUIBHOM OIpPEAENICHUH OMOPHBIX PpEeaKIM
CyMMa IPOEKIHMI BCeX CUIT AOJDKHA paBHATHCS HyM0. Ilpu nmoctpoenuu snop Q
M  nns Gasiku ¢ KECTKOHM 3aesIKOH, OMOpPHBIE peaklUuyd MOKHO HE Oompenensith. B
TOM CJIy4ae SMIOpbl MOXHO MOCTPOUTh, paccMaTpuBas CBOOOIHYIO OTCEYEHHYIO
4acTh Oasiku (4acTh, HE COACPIKAIILYIO J)KECTKOE 3aIleMIICHHE).
2. OgHUM M3 METOJOB OIpPEAENICHUsS BEIUYMH TOMEPEYHBIX CHUJI M U3TMOAIouuX
MOMEHTOB B CEUEHUSAX OaJKU SBISETCS METOJ XapaKTepHbIX ceueHuil. OH COCTOUT B
TOM, YTO Ha TPAHMIIAX YYACTKOB Oanku OepyTcs cedeHus (CEUCHHs, PacIOIOKEHHBIC
0eCKOHEYHO OJIM3KO ClieBa U CIpaBa OT TOYEK MPHIIOKEHHUS COCPEAOTOUYECHHBIX CUII U
nap cuJj, B Havajie y4yacTka, I/ie IPUJI0KeHa paBHOMEPHO paclpe/ereHHas Harpy3ka,
U B KOHIIE ero, ceueHue, rae Q=0 u B OKPECTHOCTSIX 3TON TOYKH MEHSIECT 3HAK ).
3. Bolunciuth 3HauYeHMs TONMEPEYHBIX CWJI M U3rMOAloUMX MOMEHTOB B
XapaKTepHbIX cedueHusX. [Ipu ux onpeneneHun s OATKHU € )KECTKUM 3alleMIICHHEM
ClelyeT paccMaTpuBaTh 4YacTh OalKd, HE COJAEpXkallylo 3alleMJICHHE, €ClId B
3alllEMJIEHUU TPEJIBAPUTENBHO HE onpejieNieHbl  OnopHble peakuuu. [lpu
onpeneneHuu BenuyuH Q m M B cedenusx nns Oajnku ¢ IIAPHUPHBIMU OMOPAMH
MOXXHO paccMaTpuBaTh JIOO0YI0 OTCEYEHHYIO 4acTh. PekoMeHayeTcs paccMaTpuBaTh
Ty 4acTh, K KOTOPOU MPUIIOKEHO MEHBIIIEE YNUCIIO Harpy30K.
4 TlpaBuna jis BbluMciieHus BeamunH Q w M B XapaKTepHBIX CEUEHUSIX
cnenytouue: [lonepeunas cuia B CEYEHUHM YUCIIEHHO paBHA anredpanyeckol cymMme
[IPOEKIMN BHEIIHUX CHUJ, MPWIOKEHHBIX K pacCMaTpUBAEMON OTCEYEHHOW YacCTH
OaJiki, Ha HampaBlieHWE MEpPHEHAUKYJIApHOE ocu Oanku. B 3Toil cymme BHeUIHsA
cuina OepeTrcsi ¢ MOJIOKHUTENIbHBIM 3HAKOM, €CJIM OHa BpAaIlaeT paccMaTpUBAEMYIO
OTCEYEHHYIO YacCTh OTHOCHUTEIBHO CEYEHMs MO XOJy CTpPeJIKK 4acoB. M3rubarommii
MOMEHT M B C€YEHHMH YHCIIEHHO paBeH alreOpanyeckoil CyMMe MOMEHTOB BHEIIHUX
CWJI, MPUJIOKEHHBIX K paccMaTpUBA€MOW OTCEYEHHOW 4YacTu Oajku, OTHOCHUTEIBHO
ceueHMs. B 3TOM CyMMe MOMEHT BHEIIHEH CHUJIbI, C)KMMAIOIIUN BEPXHUE BOJIOKHA
Oanku, OepeTcss cO 3HAKOM IUTOC. YUTOOBI OMpefenuTh KaKue BOJIOKHA CHKHUMAEeT
MOMEHT BHEIIHEH CUJIbI, CJIEYET CEYEHNUE MBICIIEHHO 3aILEMUTb.
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5. OmpenenuB B KaxJAOM XapakTepHOM cedeHuu BenumunHsl Q u M, cuenyer
MPOU3BECTH OCTPOCHHUE UX DIIOP.

[Ipy mocTpoeHHH HHIOP PEKOMEHAYETCS  PYKOBOJICTBOBATHCA  CIEIYIOIIMMU
MpaBUIIAMM:

B koHIeBOM cedueHnH OaiKky MONepeyHble CHIIbI, U3THOAIOINA MOMEHT YUCIEHHO
paBHBI MPUIOKEHHBIM B 3TOM CE€YEHUHM BHEIIHEW CHJIe U MOMEHTY BHEIIHEH mapbl
(uMeroTCs B BUIY KaK aKTHBHBIC, TAK M PEAKTHBHBIC CUJIBI U TIAPhI CHII).

Ha yuwactke Oanku, re OTCYTCTBYET PaBHOMEPHO paclpeeleHHas Harpyska,
AMIOPHI NOMEPEUHBIX CUJT - TIPSIMbIE, MapajulesibHble 0a3e MI0pPbI, SMIOPbl MOMEHTOB
- HAKJIOHHBIE MPSIMBIE.

Ha yuactke Oanku, rie OpUIOKEHA PABHOMEPHO paclpenefieHHas Harpyska,
smtopa Q - HakiOHHag mnpsMas, smopa M - kBajapaTHas mnapabojia, IpH 3TOM
BBINYKJIOCTBIO NapaboJia HampaBlieHa HABCTPEUy JACHCTBUIO HAIPY3KH.

B ceuenun, roe Q paBHa HyJNI0O U B OKPECTHOCTHM CEYEHHUS MEHSET 3HAK,
U3rudarouii MOMEHT HMMEET JKCTpeMasibHOoe 3HadeHue. [lonoxeHue yka3aHHOro
CEYECHMS] MOXXKHO HAWTH W3 MOJ0OMS TPEyroJbHUKOB, 00pasyeMbix smiopod Q u
6azoit smtopel. OmpenenuB mnosioxkeHue cedenus, rae Q=0, B 3TOM MOJOXKEHUU
onpeJensieTcsl BeIMYMHA U3ru0aroniero MOMEHTa U3 YCJIOBHUSl paCCMOTPEHHUS 000
OTCEYEHHOM YacTu OaJIKH .

B ceuenusix, rae k Oanke MPUIIOKEHBI COCPENOTOUYEHHBbIE CHIIbI, Ha 3mope Q
OpAUHATBl M3MEHSIOTCS CKayKooOpa3HO, M3MEHEHUE OpPJMHATHI PABHO BEIUMYHMHE
MPUJIOKEHHOW B CEYEHUU CHIIBI .

B ceuenusix, rae k Oanke NPUIIOKEHBI COCPEIOTOYEHHBIE Maphbl CHJI, Ha 3II0pe
U3ru0arolMX MOMEHTOB OpAMHATHl HM3MEHSIOTCS CKAa4yKOOOpa3HO Ha BEIUYHUHY
MPUIOKEHHBIX B CEUCHUSIX Tap CHIL.

6. OmnpeneneHue pa3MepoB 3aJaHHONM (QOPMbI TONMEPEUYHBIX CEYEHHM Oanku

—_ M max
NPOM3BOIUTCS, HCXOJIA W3 YCIOBHUS MPOYHOCTH NIPH M3THGE: © max — W, £ [S ]
U3 3TOro yca0Busl NPH 3aJaHHOM 3HAUYEHUH [S ] uM .., B3sTOMY U3 PMIOPBI

1/13r1/16a10m1/1x MOMCHTOB, OIPCACIIACTCA paCYCTHOC 3HAYCHNEC OCCBOI'0O MOMCHTA

M

3 max
COMPOTHUBIICHUSI OATIKH. Wy 75] :

[lo HaiiIeHHOMY MOMEHTY CONpPOTUBIIEHUs W, , U3 TaOIUIBI COPTAMEHTa

MoAOUPAIOTCS CTaHAAPTHBIE TPOPUIU WU PACCUUTHIBAIOTCS Pa3MeEpPhI
HECTaHJAPTHBIX NONEPEYHBIX CEYEHUI

IIpumep pemieHusi 3aga4u S.
BBenem xapakTtepHbie ceueHHs Ha Oake Tak, Kak peKOMEHOBaHO B YKa3aHHSIX K

petenuto 3aaaun (puc.1l, a).
BbIunciuM 3HaUEHUS TOMEPEUHBIX CHIT B CCUCHUSX.
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Ceuenue 1-1 B35TO B Hayase NPUIOKEHUS PABHOMEPHO pacipeieICHHOM
Harpy3KH Ha y4acTKe JJIMHON 3M.

Paccekast MBICIIEHHO 0aJKy B 3TOM CEYCHUHU M OTOpAChIBasl MPABYIO YacTh (4acTh,
COZIePIKAILYIO 33/I€TIKY), BUNUM, YTO, CJIeBa OT CEYCHUS HET HArpy30K. 3HAUUT

g=10xH/Im M=8 xHwum
a) 1 2 3 4 5P 7
A il =
1  p=12xH 2143 4 sl HE
]
1.6m 1.4m 0.8m 1.2m

- | - | - | - S
—— | > > S

0)

0. kH W ' IS

16 18
M, rcHa =T T T

12.8

28.2 N\l [34.6
42.6 ~J 65.2

Pucynox 11
a —pacuémuasn cxema 6aiku,6 —anopa nonepeu-
HbIX CUT, 8 — INIOPA U32UOAIOUWUX MOMEHM 08

Q1-1 =0

PacceueM MmbicieHHO Oanky B ce4eHMM 2-2, OTOpachlBaéM OTCEUEHHYI0 YacTh
(comeprkamyto 3amenky). K paccmaTpuBaeMoil JI€BOW dYacTH OalKd IMPHIIOKEHA
PaBHOMEPHO pacrpe/ie/icHHas Harpy3ka HHTeHCcuBHOCTBhIO (=10 kH/M. Benuunna ee
paBHOJICHCTBYIONIECH B ykazaHHOM ceueHuu paBHa 104,6=16 kH. Ee Hy>kHO B35Tb ¢
OTPHIIATEIbHBIM 3HAKOM, T.K. pacCMaTPHUBAaE€MbIl YYaCTOK OTHOCHTEIBHO CEUYCHHUS
PaBHOMEPHO pachpeeeHHass Harpy3ka CTPEMUTCSl BpalllaTh IPOTUB XOAa CTPENIKH
4acoB.

3HauuT Q =-10%4,6=-16 xH.

2-2

B ceuenun 3-3: Q3_3=-10>§.,6+12=-4 kH.

Kak BugHo, B ceueHun 3-3 K paccMaTpuBaeMoOM JIEBOW YacTH J00aBUIIACH
cocpenoroueHHas cuwia P=14 xH co 3Hakom +, T.K. CTpeMHTCs BpaliaTb 4acTb
OaJIKM OTHOCUTENIbHO CeUYeHHUs 3-3 M0 XOAY CTPEJKH YacOB.

[Ipomomkas BEIYUCICHHSI IONEPEYHON CHITBI B OCTANBHBIX CEUCHUSX, TTOIYUUM !

Q4_ , =-10"8+12=-30+12=-18 xkH
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Q.7 Q..7Q,.7Q,,-

Omopbl MOMEPEYHBIX CUIT MOKa3aHbl Ha puc. 116

OnpenenuM BETUYUHBI U3TMOAONIMX MOMEHTOB B XapaKTEPHBIX CEUCHUSIX.
M ..=0, T.k. ciieBa OT ce4eHHs HET Harpy30K.

MpeicienHo paccekaeM Oanky B ceueHun 1-1, 3amiemssieM 3TO CEUYEHHE U
ompejiesieM B HEM BEJIUYHMHY H3THOAIOIIET0 MOMEHTa , KOTOPBIM BBI3BIBACTCS
PaBHOMEPHO pAaCTPECICHHON Harpy3KoH, NPUIOKEHHOW K paccMaTpUBACMOMY
y4acTKy Oanku jymHou 1,6 m.

M ,.,=10%, 6X,8=-12,8 xkHm.

3HaK MUHYC 3/I€Ch B3AT MOTOMY, YTO B CEYEHUH 2-2 paBHOMEPHO paclpeeieHHas
Harpy3ka C)KMMAaeT HUKHUE BOJIOKHA.
M..=M,., T-K. CE4EHHS B3ATbl B OKPECTHOCTHU IIPUIIOKEHHMS CUIIBI P.

M ...=10%84,5+124,4=-28,2 kHwm.
B Boipaxenun [\],, NEPBOE ClAra€éMoO€ B3ATO CO 3HAKOM “MHUHYC =, T.K.

PaBHOJICHCTBYIOIIAS PABHOMEPHO PACTPE/ICICHHOW HArpy3KH MO  JJIMHE 3M  JlaeT

MOMEHT, C)KMMAIOIIUM HI)KHUE BOJOKHA B cedeHuu 4-4, a cocpelloTOUCHHas cuja

P=12 xH naet moment 12X,4 m =16,8 kHwM, cxxumaroniuii BepxHue BOJIOKHA.

Mss= -10x3 x2.3 + 12 x2.2= - 6.9+26.4 =-42.6 xHwm.

B ceuenun 6-6 MOMEHT U3MEHsETCS CKauKOM Ha BelnuuHy 8kH, u OyaeT paBeH:
Megg=-10x3 x2.3 + 12 x2.2 + 8 =-34.6 xHwm.

Haxkonen, BenuynHa MOMEHTA B 3a/¢C/Ke:.

M7.,=-10x3 x3.5 + 12 x3.4 + 8 =-105+40.8+8= -56.2 kHwm.

Onropa u3rudaromx MOMEHTOB IocTpoeHa Ha puc. 11.B.

2.3.2. 3apaua 6.

JUiss ByX OMOPHON Oalku TOCTPOHTH SIIOPHI MOMEPEYHBIX CHJI M H3THOAIOIINX
MOMEHTOB U 1MO100paTh yKa3aHHOE ceueHue, eciu [S]=160 MI1a.

JlanHble 115 peleHus 3aaa4uu B3sATh U3 Tadn. 9 u 10, cxemy - u3 puc.12.

IIpumep pemenus 3agaum 6

Cxema HarpyxeHuss Oanku mnpenacraBieHa Ha puc. 13a. Onpenenum OHopHbIE
peakiyy, 3anKuchbiBasi ypaBHEHUSI MOMEHTOB BCEX CUJI, MPUJIOKEHHBIX K OajKe,
OTHOCHTEJIBHO TOYEK A u B.

[Ipu 3anucu ypaBHEHMI MpEANoJiaraeM, 4ro peakuuu B onopax A u B HanpaBneHsl

BBEPX.
a M,=0
14-1.5+ 3-10:1.5-8- Rg-5.2=0
2 =258 g M0
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A o= 10xH]n M=8xim —
A |
A : a B :”:
: ——
P=14| 15u 3| v | 12
1 18,8 i
Q. xH 3|
N -
oy 13N S 11,2
38.67
d i\\ 3.6
Al 3.
21 | 21.4
| 34
M. i
Pucynox 13

a — pacuémmuas cxema oanku; 6 —snopa none-
PEYHbIX CUJL,8 — INIOPA U32UOAIOWUX MOMEHMOE.

146.7 + Rx-5.2-10 -3-3.7- 8 =0
- 14>67+10>3>37+8 _ 28K
AT 52 o

[lonoxxutenpHble 3HAKU OMNOPHBIX pPEAKUUN CBUACTEIBCTBYIOT O TOM, 4YTO
MpeAnojgaraéMoe HalpaBleHHE COOTBETCTBYET MCTHMHHOMY. Bo3bmeM Ha Oanke
XapaKTEepHbIE CEUEHHUS U BBIYMCIIUM B HUX BeIMUMHbI Q 1 M.

Onpenenenue 3HaYeHUI TONEPEYHON CHIIBI B XapAKTEPHBIX CEUEHHUSIX.
Q1.1 HauboJiee MPOCTO OMPEALIUTh, pacCCMaTPUBasl JIEBYIO YacTh Oajku OT ceueHus 1-
1 (mpaByto yacTh pu ATOM OTOpackiBaem). [lonepevHas cuiia B CCUCHHN PaBHA
Q1.1=P=14 kH . Ona nmonoxwurenabHa, T. K. ciia P cTpeMHTCS JICBYIO OTCEUCHHYIO
4acTh BPaIlaTh IO XOJ1y CTPEIKU YacOB.

QZ- 2 - Ql— 1
[lonepeunyro cuiny B cedeHUH 3-3 ONpeeInTh, pacCMaTpUBast JIEBYIO OTCEYEHHYIO

4acTh OaJIKU.
Q3_3: P + R.,=14+4,8=18,8 kH.

[Tonepeunyto cuny B ceueHun 4-4 ynoOHO ONpeAesnTh, paccMaTpuBasi IMpaByrO
OTCEUCHHYIO YacTh OaJIKH.
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Q,,~ R,=-112«kH.
IMo HaiiieHHBIM 3HAYEHMSM MOMEPEYHBIX CHII ocTpoena amopa QQ (puc. 13 6)

Onpenenenne BETUYMH U3rHOAIOIINX MOMEHTOB B XapaKTEPHbBIX CEYEHUSX.

B ceuennu 1-1, paccmarpuBas 1€BYy0 OTCEUEHHYIO YacTh Oanku , umeeM |\, =0.

B cedenun 2-2 BeauuMHy HW3ruOarolEro MOMEHTa YIOOHO ONpeneauTh H3
pPaccMOTpEHUs JIEBOM OTCEYEHHOM YacTH OAJIKH.

M..=M,,=144,5=21 xHwm.

B ceuenun 4-4 BenuuuHy U3ruOaroUmero MOMEHTa YJOoOHee ONpeneuTh,
paccMaTpuBasi IPaByl0 OTCEYEHHYIO YaCTh OAJKH.

Orcrona M ,,=M *+R,%2.2=8+11,22,2=32,64 xHwm.

B ceuenusix 5-5, 6-6 u /-7 uzrubaronipme MOMEHTHI Takxke IajgecooOpaszHee

OIIPENEIATh U3 PACCMOTPEHUS IIPABOI YacTH OaKy.
M..=M +R,%,2=8+11,24,2=21,44 xHwm.

M 66 RB >§-12:1-1-12)4-,2:-1-3,44 KHwM.
M ,.,=0 xHm.

JIJ1st OCTpOEHUS AMIOPBI U3TUOAIOIIUX MOMEHTOB HEOOXO0IMMO B CEUCHHUH K-K
0aNKi COOTBETCTBYIOIIETO MOJIOKEHUIO TOYKH Ha DIIOPE MOMEPEUHbIX CHJI, TIe

Q =0, HaliTK PKCTpEeMaJIbHOE 3HAYEHUE M3THOAIOIIEr0 MOMEHTA.

[MonokeHWe ced4eHus K-K HalgeM u3 IMoJo0us TPEYroJbHUKOB 00pa30BaHHBIX
smopoit Q . (puc. 13 6).

188 _ Z
%= 2 b z=188
W3 nogoOus TpeyrojJbHUKOB CIAEAYET 12 3-2° p 1,88 wm.

BenuurHy MOMEHTa B CEUEHUM K-K MOXKHO OMPEACIUTh U3 PACCMOTPEHUST JIEBOU
WJIU TIPaBOM 4acTH OaJKHu.

Hanpumep, U3 paccMOTpeHHs IEBOM YacTH OAJKH MOTYIHM:
M ... =148,38+4,84,88-104,88:41,94=38,67 xHwm.

9HIOpBI I/I3FI/I6aIOH_II/IX MOMCHTOB IIO HaﬁﬂeHHBIM SHA4YCHUSAM IMOCTPOCHBI HA PUC.

13 B.

Homep JBYTaBpOBOTO CEYEHHUsI ONMpEeIUM U3 OCHOBHOIO YCIOBHS IPOYHOCTH IIPH
u3rude

M _ M
M [ ] W, =
S Wx [S ] X |S |
38,67X0° 3
Mpu |5 |=160 MITa nosmyunm W, = T 160 X0° =242 oM

I[JISI 3aJaHHOTO CCUYCHHA Oaskn oJil OJJHOro HBeEJUICpa OCEBOM MOMEHT

COMPOTHUBIICHUS OYJIET paBEH MOJOBUHE PACYETHOTO, T.€. W % = 121 oz,
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N3 tabmuiel copramenta mis mBemwiepa (TOCT 8240-72) BwriOupaeM JBYTaBp
Nel8, nst koToporo Wx =132 cm?.

3agaua /.

JIJ1st IOMaHOTO CTEePKHSI(PaMbl) MOCTPOUTH SIIOPHI MPOA0IBHBIX, OMEPEUHBIX CHIT U
M3rudaronux MOMEHTOB. J[aHHBIC 1 peleHus 3aj1auun B3sTh u3 Tadmui 11 u 12,
cxeMmy — u3 puc. 14.

Tabauma 11
Ne 0 1 2 3 4 5 6 7 8 9
cToJioa
a,M 1 1,2 0,8 2 2,2 1,2 1,6 1 1,8 1,4
B, M 2 1,6 1,4 2,4 1,4 1,8 2 1,4 1,2 2,2
c, M 2,5 2 1,8 0,8 0,8 2,2 2,4 2,2 2,4 0,8
d, M 2,2 0,8 1 1,2 1,8 0,8 1 0,8 0,8 1,8

Tabauma 12
Ne 0 1 2 3 4 5 6 7 8 9
croJioa
P, kH 10 14 18 20 16 22 20 22 14 18
M, kHm| 16 8 10 12 10 8 8 10 12 8
g, kH/m 8 10 6 8 6 10 10 6 10 10

Yka3zanus K BBINOJHEHHIO 3324 / U 8

1.PaMoli Ha3bIBaIOT CHCTEMY CTEP)KHEH, COEIMHEHHBIX MEXAy co0Ooi B y3max
KECTKHUMU CBSI3SIMHU.

Pama HaspBaeTCs NJIIOCKOM, €CIM OCU BCEX COCTABIAIOIIMX €€ CTEpPKHEH U
JEUCTBYIOLIAs HA paMy HArpy3Ka pacloJIOKEHbI B OJTHOM IIOCKOCTH.

Pama siBniieTCs cCTaTUUECKU ONPEAENSIEMOM, €CIIM ONOPHBIE PEAKIIMU U BHYTPEHHUE
CUJIOBbIe (DaKTOpPbI,  BO3HHUKAIOUIME B CTEPXKHSIX, MOTYT OBITH OMpPEACICHBI C
MOMOIIBIO YPABHEHUI PABHOBECHUS CTATUKHU.

B oOmem ciayyae B MOMEPEYHBIX CEUEHUAX CTEPKHEH IMIIOCKUX paM BO3HUKAIOT
TPU BHYTPEHHMX CHJIOBBIX (pakTopa : mpomonbHas cuna [\ , MOIEepedHas cuia Q u

U3THOAFOIIUA MOMEHT M -

2.IlocTpoenue >M0p BHYTPEHHUX CUJIOBBIX (PAKTOPOB JUIsl paM cleAyeT HauMHaTh
C OIpEIENICHUs ONOPHBIX peakuui. I paMm, HMEIOIMUX KECTKYIO 3aJ€NKYy, PEAKIIUN
B 3a/IeJIKE MOXHO HE OmpenensaTh. [ Takux pam BHYTPEHHHE CHIIOBBIE (DAKTOPBI
MO>KHO ONPEJETUTh, IBUTasACh CO CBOOOJHOTO KOHIA PAMBI.
3.Ilpu mocTpoeHuu sMH0Op paMy cieayeT pa3OuMBaTh Ha YYAacTKHM XapaKTePHBIMHU
CEUCHMSIMU. XapaKTepHbIMH CEUYECHUSAMH, KaK M g OalloK, SABIAIOTCS CEYEeHHS,
B35IThIE B OKPECTHOCTH ITPUIIOKEHHS COCPETOTOUEHHBIX CUJI M COCPETOTOUEHHBIX
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MOMEHTOB, B HadajJle M  KOHIIE NPWIOKEHUS PABHOMEPHO paACHPEACICHHOU
Harpy3Kku, CEYEHHE, TJe Q =0 u B OKPECTHOCTH JTOM TOYKM MEHSET 3HaK.

XapaKkTepHbIMU JI1 paM SBJSIOTCS TaKKE CEUYEHHMS, B3AThIE B MECTAX CONPSIKECHUS
CTEpIKHEU.
4.IIpaBuna Ui BBIYUCIICHUS BEIUYUH |\] Q U |\/| B XapaKTepPHBIX CEYCHUSIX !

[IpononpHa cuma |[\| B CEYEHHMU paBHA anreOpanveckod CymMMme IMPOEKIUd Ha

MPOJOJIBHYIO OCh CTEP)KHS BCEX BHEIIHHUX CHJI, MPUJIOKEHHBIX K paccMaTpUBaeMOM
oTceueHHOW uyactu pambl. [lpononbHas cuiaa, BO3HUKAIOUIAs MPU PACTSHKEHHUH
CTEpPKHS, CYUTAETCS MOJOKUTEIBHON, IPH CHKATUU — OTPULIATEIILHOM.

Ionepeunas cuna () B ceyeHuu paBHa anreOpamdeckoi cymMMe IpPOeKIMi Beex

BHEIIHUX CWI, INPUIIOKEHHBIX K PacCMaTpUBAeMON OTCEYEHHOM 4YacTU pambl, HA
HalpaBJICHUE IMEPIEHAUKYJAPHOE OCH CTEpXKHs. B 3TOM cymMe BHEWHsAS cwia
OepeTcst cO 3HAKOM IUIIOC, €CJIM OHAa CTPEMUTCS BpallaTb OTHOCUTENIBHO CEYEHHUs
paccMaTpUBAEMyI0 OTCEYEHHYIO YAaCTh 10 XOAY CTPEIKU YacOB.

Wsrnbaronuii MOMEHT |\/| B CEYEHHH PABEH aIreOpandecKoil CyMMe MOMEHTOB

BHEIIIHUX CHJI, IPUJIOKEHHBIX K pacCMaTPUBAEMON YaCTH paMbl. JMIOPa MOMEHTOB
JUTSL paMbl CTPOUTCS Ha CHKAThIX BOJIOKHAX.
5.0npenenenre HoMepa Npouis MPOU3BOJUTCS MCXOAS U3 OCHOBHOTO YCJIOBHS

POYHOCTH NP U3TUOE S = I\\//{/max EE ]
X

ITo snrope M3rudaromMux MOMEHTOB ONPEAEINIAETCS OMACHOE CEUEHUE — CEUEHUE, B
xotopom M =M max U 10 33JaHHOMY JIOIIyCKa€MOMY HaIPSKEHUIO IS J

o 3
OonpeaACIACTCA OCCBOU MOMCHT COITPOTHUBIICHUA WX

S

Onpenenus Benuuuny \A/,, 10 TabmMIEe COPTAMEHTA Ul JAHHOIO HPOGHIIs

onpejensieTcss HoMep Npoduiis, Al KOTOPOrO OCEBOM MOMEHT COINpPOTHUBIICHUS
JIOJKEH OBITh PaBHBIM MJIM HECKOJIBKO OOJIBIINM MOJIYYEHHOM B pacyeTe BETUYUHBI.

IIpumep pemenus 3agauu /

Pama coctout u3 4 yuactkoB — AB, BC, C/1, CE.

Hauunaem nocmpoenue c aniopvt nPOO0IbHBIX CUIL.

Paccekaem MpbICIeHHO y4acTOK AB B MpPOM3BOJIBHOM MECTE€ UM PACCMATPUBAEM
OTCEUECHHYIO 4acCTh, HE COJIEPKALLYIO 3aJeJIKy. Ha OCh yKa3aHHOW OTCEYEHHOW 4acTH
BHEIIHME HArpy3KH HE MPOCKTUPYIOTCS, CIEIOBATENBHO, MPOAOJIbHAA CUJIA B 3TOM
CTEpKHE HE BOZHUKAET.

Jlanee mbiciieHHO paccekaeM crepxeHb BC u orOpackiBaeM yacTh ¢ 3ajenkoi. 13
pPacCMOTPEHUS OTCEYEHHOM YacTH BUJIHO, YTO HA OCh 3TOr0 CTEPKHSI MPOCKTUPYETCS
cuna P =8 kH. CnenoBarenpHo, BO B3STOM CEYEHHH BO3HUKHET NPOAOJIbHAS CHIIA
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N  ypaBHoBemmuBaronias cuny P . Beawuuna |\| paBHa cuie P , HampaBjeHa Ha-
BcTpeuy cuiie P . Crepxkens BC Haxomurces B ycnoBuAX cxaTus. J[nd moctpoeHus
smiopel [\| U300pakaeM KOHTYp pamsl (puc. 15 6) n neprneHauKynspHo crepxHio BC

B HCKOTOPOM MaciiTabde OTKJIaAbIBACM BCIIMUYUHY HpOI[OHBHOﬁ CHIJIBI.

P=&H
I B g2dim 8 16
A 3 o N
M6 N LD £
6 _ S)
¢ Frlod % e Y L
Eg 2 a
a) 6) B). F)
Prcynok 15

a - pacuéTHAs cxeMa, O — ATTHopa MPOJIONIBHBIX CHT,
B — SIIOPA TIOTEPEUHBIX CHT, T~ AIIFOpA MBIMOAFOIIX MOMEHTOB ).

Jlanee, paccekaeM B IpOM3BOJIBHOM MecTe crtepxkeHb CJI. M3 paccMorpenus
CBOOO/IHOW OTCEYEHHOH YacTW 3TOTO CTEpXHs (CIpaBa OT CEYCHHs) CIIEIyeT, 4To
IIPOJOJIbHAS CUJIA B HEM HE BO3HMKAET, T.K. HA OChb 3TOT0 CTEPIKHS HUKAKAs BHEIIHSS
Harpy3ka He npoektupyercs. HakoHen, Uit onpeneseHus NpPOAOIBHOW CHIIBI B
crepxkHe CE paccekaeM ero. OtOpacelBaéM HHXKHIOIO 4YacTb C 3aJ€IKOH U
IIPOEKTUPYEM BCE CHIIBbI, IIPWIOKECHHBIE K PACCMATPUBAECMOM OTCEUYECHHOM 4YacTU Ha
ocb droro crepxusa. Takumu cumamu seinsiores P,=8 xkH u P,=10 xH. Hx

anreOpanyeckas cymma paBHa 2 kH, HampaBieHa oHa BBEpX OT pacCMaTpUBAEMOTO
ceueHusi. M3 yciaoBus paBHOBECHS OTCEUEHHOW YacTW CIEAyeT, YTO B CEYCHHUU
BO3HUKaeT mpoxpoibHas cuia |\ =2 xH. HampaBnena oHa BHU3 OT CeyeHUs.

PaccmarpuBaeMblii cTep:keHb Oy1eT HAXOAUTHCS B YCIOBUSX PACTAKEHUS.

OmIopsl IPOJOJNBHBIX CWI IPHU NPUHATBIX HAarpy3kax HE WU3MEHSIOTCS 10 JUIMHE
paccMaTpUBaEMOIo ydacTKa CTEP)KHs, T.€. HMMEKT BHUJ MNPAMOYTOJBHHUKOB. Jlis
MOCTPOEHUS MPSMOYTOJIbHOM AMIOPBI TOCTATOYHO 3HATh BEJIIMYMHY CHJIBI B JIHOOOM
ceueHnH. [lodToMy mpu NOCTpOeHHMH HSMIOpHI \| Hy’)KHO OpaTb OJHO CEYCHHE B

ITPOU3BOJILHOM MECTE CTEPIKHS.
Ilocmpoenue 3nwpot Q . Mcxonst U3 CBOMCTB JIIOP IIOIIEPEUYHBIX CUII B CTEPIKHE,

K KOTOPOMY HE TMpWIOXKEHA PaBHOMEPHO paclpejesieHHass Harpyska, IMpu
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ONPENEIICHNH BEJIWYHMHBI MPOJOJIBHON CHJIBI JOCTATOYHO B35Th OJHO CEUYCHHE B
IIPOU3BOJIBHOM MecTe. B crepkHe, K KOTOpOMY IPUJIOKEHA PAaBHOMEPHO
pacrpeneneHHas Harpy3Kka, Hy)KHO B3SThb JIBa CEUCHHMs - B Hayajle ydyacTKa M KOHLE
€ro.

MpiciieHHO paccekaeM crepkeHb AB. OTOpacbiBaeM 4acTh pambl, COAEPHKAIIYIO
3anenky. K paccmaTpuBaemMoil OTCEUEHHOW YacTU CTEpKHS OyJIeT MpHiIoKeHa
cuna P, =8 xH, xorTopas NIPOEKTUPYETCS Ha HaNpaBIE€HHE NEPIEHIUKYJISIPHOE OCH

crepxHd. OTHOCUTENBHO B3STOTO CEUEHUS HJTH CHJIBl CTPEMATCS BpallaTh
OTCEUYECHHYI0 4YacTb IPOTHUB XOJAa CTpeNku d4acoB. CrenoBaTelnbHO, B CEUYECHUH
nonepeyHasi cuia OyJeT paBHa CUIie P, ¢ orpunaTenbHbIM 3HAKOM Q =- P1:'8 kH.

OtknaspiBaeM Ha KOHType pambl (puc. 15 B) mepneHaukyssipHo cTepkHiO AB B
HEKOTOpPOM MaclTabe BEJIMYMHY CHJIbI M TPUCBAUBAEM DJIMIOPE 3HAK MHHYC.
Ilepexoaum k omnpeneneHuro mnonepeyHor cuibl B crepxkHe BC. T.x. kK 3TOMY
CTEP>KHIO ITPUIJIOKEHA PABHOMEPHO pacHpeAesieHHas Harpy3Kka MBICJIEHHO pacceKaeM
ATOT CTEPKEHb B JBYX MECTaXx — OJHO B OKpPECTHOCTH TO4YKM B, npyroe —B
okpectHOocTH Touku C. B Touke B momepednas cuia paBHa paBHOJEHUCTBYIOLIEH
PAaBHOMEPHO pacIpeIeICHHON Harpy3ke, paBHOMU Q Bv=28= =6 kH. DOrta

PaBHOJAECHCTBYIONIAsA CTPEMUTCSI OTHOCUTENIBHO CEUYEHUS BpallaTh pacCMaTpUBAEMYIO
BEPXHIOI0 4YacTh MPOTUB XOJa CTPEIKM YacoB, CIIEJOBaTENbHO, OHa OyAeT
otpuniatenbHa. CoequHssl HaWICHHbIE 3HAUYEHUS TOINEpPeUHbIX cuil B Toukax B u C,
MOJIYy4aeM HAKJIOHHYIO MPAMYIO.

Jlanee, nepexoaum K omnpeAereHuro nonepeuyHom cuibl B ctepkHe CJ[. Paccekaem
€ro B MPOU3BOJHLHOM MECTE€ UM paccMaTpuBaeM CBOOOJIHYIO 4acTh cTepxkHsa. K aToit
yacti npuioxkeHa cuia P,=10 kH, oHa npoexTHpyeTCs HAa HANpPaBICHHE

MEPIECHINKYJSIPHOE OCH CTEP)KHS, CTPEMMTCS BpallaTb OTCEUYECHHYIO 4YacTh

OTHOCHUTEJILHO CEYEHHsI MPOTUB XOAa CTpelkd uyacoB. Cleq0BaTENbHO, B CTEPIKHE
Q =-10 xH.

Hakonen, mnepexomum k paccmorpenuto ctepxkHs CE. Paccekaem ero,
oTOpachlBaéM HIDKHIOIO YacTh M paccMarpuBaeM BepxHiowo. Ha HanpasieHue
MEPIEHINKYJISIPHOE OCH DJTOr0 CTEpPKHS MPOEKTHPYETCA PaBHOJACUCTBYIOIIAS
PaBHOMEpPHO  paclpe/ieieHHOW  Harpy3ku, paBHas P8mM=28=6 «kH. Ora
PAaBHOJEHCTBYIOIIAS. CTPEMHUTCS BpallaTh pPacCMaTpPUBAEMYI0 OTCEYEHHYIO 4YacThb
MPOTHUB XOJ1a CTPEJIKU YacoB, CleI0BaTeNbHO, B ceuennn (Q =-6 xH.

Jlna nocmpoenus Inopvl U3UOAOWUX MOMEHMO8 BO3bBMEM XapaKTEpHBIC
ceuenus 1-1, 2-2, ... 8-8.

[Ipu ompeneneHun M3ruOarOIMMX MOMEHTOB, KaK M TOMEPEUHBIX CHUJ, CIEAYyeT
UJITU CO CTOPOHBI CBOOOTHOT'O KOHI[A OaJIKH.

M 1-1 :O’
M ,.,= P,2=8%2=16 xHw,
M . .= P,2=8%2=16 xHwm,
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M ., .= P, 2+084.5=82+2:84,5=25 kHw,
M .= P,%=104=10 kHw,

M .= P, 2+ 84.5+ P, A-\| =82+284,5+104-6=29 kHwm,
M 7-7 :O’

M., =P, 2+ 88.5+ P,d-|\] =82+2:8:8,5+104-6=41kHwm,

Bce 3HaueHMs] HaIEHHBIX MOMEHTOB OTKJIAIBIBAIOTCS CO CTOPOHBI CHKMMAIOLIUX
BOJIOKOH pambl. DMiopa U3ru0aromux MOMEHTOB IMOCTpOeHa Ha puc. 16 .

3agaua 8.
JIiist ToMaHOTO cTepKHs (paMbl) Ha ONOPax MOCTPOUTH SIMIOPHI MPOIOTbHBIX,
MOTNEPEYHBIX CHJI M M3TUOAIONUX MOMEHTOB. JlaHHbBIE JIJIsl pEIIeHUs 3a/1a4H B3SITh U3
tabmui 11 u 12. cxemy —u3 puc. 16.

IIpumep pemienusi 3agauu 8.

PacueTHas cxema paMbl ipejicTaBieHa Ha puc. 17 a.

Puc. 17 (a —pacueTHast cxemMa pambl; O — 3MIOpa MPOJOJIBHBIX CHJI; B - JIIOpa
MONEPEYHBIX CHJI; T — AIIOPa U3rHOAIOIIUX MOMEHTOB).

OnpenensieM ONMOpHBIE PEAKIUU.

am,=0 P2+Q®L5- M - R6=0;
P A+(Q x845- M i
R - q : :8>§L+2>§>§L5 72
éFx:O; P-XA:O; XA:P:8;
é M B:O; XA>Q- P - q 338,5- M +YA>5:O;
P1+( 885+ M - X2 g8x4+28:85+7- 8%
YB: = :4KH.
5 5
IIpoBepka NpaBUIIBHOCTH ONPEAEIEHUS ONIOPHBIX PEaKIUN
AF.=0  Y.tRs-(08=4+2-28=0

Pama coctout u3 4-x crepxneit —AC, CD, DE, BE.
Onpeodensem npooonvhbvie cunbl 01 NOCmMpoenus Iniopul \| .

MpeicnenHo paccekaem crepxkenb AC. Ilpu ompeneneHuMM NPOTOIBHOM CHIIBI B
CEYEHUU MOXKHO PACCMAaTPUBATh WM BEPXHIOKO WM HUKHIOKO YaCTH.
- Y1o0Hee paccMOTPETh HUKHIOK YacTh, K KOTOPOM B TOUKE A MPHUIIOKEHBI CUIIbI
X =8 kH u Y ,=4xH. Ha ock paccMaTtpuBacMoro CTEpiKHs MPOCKTHPYETCS CHIla

YA=4KH.
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Pucynox 17
(@ —pacuémmuas cxema pamoi; 6 —s3n10Opa NPOOOIbHBIX CUTL,
6 - NONepPeyHblX CUl, 2 — INPa U3eUOAWUX MOMEHM 08 ) .

OHa HanpaBlIeHA K CEUEHUIO, T.€. CXKUMAET cTep:keHb. CnenoBatenbHo, [\ = -4 kH.

Paccekaem crepxkenr CD. U3 paccMoTpeHus CyMMBI MPOEKIIMM CHJI HA OCh 3TOTO
CTEpKHs, NPWIOKEHHBIX K JIEBOW OTCEYEHHOM 4YacTH, WM K MPABOM OTCEYECHHOU
gacty, caexyer uto [\ =0.

Paccekaem crepxxenb DE. Yio0Hee paccmaTpuBaTh BEPXHIOI OTCEYEHHYIO YacTh
( HmKHSA TpU 3TOM oTOpackiBaeTcs ). Ha ock crepxkus DE mpoektupyercs cuia
R.=2 «H, mnanpasnennas oT cedeHus. OHa BEI30BET BO B3ATOM CEYECHHU

MIPOJIOJIBHYIO CHJIy PAaBHOM €M IO BEJIWYMHE WU INPOTUBOIOJIOKHO HAIPaBJIEHHYIO.
[lon neficTBUEM ATUX CUJI CTEPKEHb OYJET pacTATUBATHCS.

Paccekaem crepxxenr BE. M3 paccMoTpeHus mpaBod OTCEYEHHOM YaCTU pPambl
BHJIHO, YTO NPOJOJIbHAS CHJIAa B CEYEHUU PaBHA HYJIO. JTOT K€ BBIBOJ IOJYyYUM M3
PacCMOTpEHUs JIEBOM OTCEYEHHOW YacCTH.

Ontopa Npoa0JIbHBIX CUJI, IO HAWJIEHHBIM 3HAYEHUSIM, TOCTpOoeHa Ha puc. 17 6.

Ilocmpoenue 3niopvl nonepeunvlx Cull.

Paccekaem crepxkenb AC B npon3BoiIbHOM Mecte. [lonepeunyro cuiny B CEYEHHH
MOYKHO OIPEAEIUTh U3 PACCMOTPEHUS WJIM HUKHEH OTCEYECHHOW 4acTU WIM BEPXHEM.
K HmxHel 4acTu NpUIOKEHO MEHBIIE HArpy30K, OHa IpOLIE, U ILejecoodpas3Hee
paccMaTpHBaTh €e.

B sTOM cTepikHE nmonepeyHas Cuila paBHa peakiuu X , U OHa MOJOXKUTENbHA, T.K.

OTHOCHTENBHO ceueHus cuiaa X ,=8 KH cTpemurcs Bpamarh OTCEUYEHHYIO 4YacTh

OTHOCHUTEJIBHO CEYEHUS M0 X0y CTPEJIKH 4acCOB.

Ha crepxenr CD nelicTByer paBHOMEpHO pacnpejeneHHas Harpyska. s
IIOCTPOEHMS SMIOPHI MOMEPEYHBIX CHJI, BOZHUKAIOIMIMX B 3TOM CTEPKHE, ONPEIECITUM
ee 3HaueHue B okpecTHocTH Touek C u D, T.e. B Hauase 1 B KOHIIE CTEPKHS.
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Paccekas crepkeHb B OKpeCcTHOCTU TOUKU C, U paccMaTpuBasi JIEBYI0 OTCEUEHHYIO
4acTh, BHUJHO, 4YTO B DOTOM CCUCHHH Q =Y, =4 kH. Paccekas crepxeHp B

OerCTHOCTI/I TOYKU D, nu paCCMa”[pI/IBaSI JIeByIO OTcequHYIO qacCThb, HOJIqu/IM
Q =Y., g 8=4- 28=-2 kH.
OTOT ke pe3yJbTaT MOKHO MOJYYUTh U3 PACCMOTPEHUS MPABOK OTCEYEHHOM YacTu

paMH(Q =- R, =-2xH).

B crepxue BE nonepeunas cuna paBHas Q =-2 kH.

DTO BUJHO, €CJIM PacCMaTPUBATh MPABYIO OT CEUEHUS 4acTh paMbl. [10 HallieHHBIM
BEJIMYMHAM MOMEPEYHBIX CHII TocTpoena smopa Q (puc. 17 8).

Jna nocmpoenus niopvl uzzubdaouux MomMenmog ONpeesIuM BENUYHHBL |\/] B

XapakTepHbIX ceyenusx 1-1, 2-2, ... 8-8.
M ., =0. O10 cnenyeT u3 pacCMOTPEHUS HIKHEH OTCEYEHHON YaCTH PaMBI.

M2.2=Xa K1 =8°1=8 xHw. Ma. 3= Xa x1=8>1=8 xHw.
[Ipu onpeneneHun H3ruOAIIUX MOMEHTOB B ceyeHUsiX 2-2 u 3-3 Takke

1enecoodpasHee pacCMOTPETh HUKHIOK OTCEUEHHYIO YacTh PaMBbl.
IIpu 5TOM B ceuennn 2-2 cunoi X , CXKUMArOTCs JeBble BOIOKHA cTepkHs AC, a B

ceyeHun 3-3 —BepxXHHUE BOJIOKHA. WM3rubammuii MOMEHT B JTHUX CEUYEHHUAX
OTKJIaJIbIBAEM B CTOPOHY CXKaThIX BOJIOKOH. PaccmartpuBaem ceuenue 4-4. Ilpwm
OTIPEJICTICHAH BEJIMYMHBI M3THOAIONIETO MOMEHTAa B JTOM CEYCHUH Yao0Hee
pPaccMOTpETh MPABYIO OTCEUCHHYIO YACTh PAMBI.

M..=R:%2+M =2X+7=11 xHm. O6a cnaraeMblx B 3TOM BBIPaKCHHUH
B3ATHI C OJHUM 3HAKOM, T.K. |R, ¥ COCPEOTOYCHHBIH MOMEHT |\/| , IPUIOKCHHBI K

onope B, cxxumator Bepxuue BosokHa 0anku CD B ceuenuu 4-4

B ceuenusix 5-5, 6-6 u /-7 BenMUMHBI U3rMOAIOUIUX MOMEHTOB OyIyT paBHBI
3HAUEHHUI0, HaWJeHHOMY Uil ceueHus 4-4. DTO BUAHO U3 PACCMOTPEHHUsI TOU XKe
MpaBoil OTCEYEHHOW 4acTh pambl. B ceuenun 6-6 OyayT ckatThbl JieBble BOJIOKHA, B
ceueHuu /-7 —BepxHue BojOKHa. B ceuenun 8-8 \[ , ,=7xHm.

BrruucieHHble 3HAUCHUS 1/13r1/16a}om1/1x MOMCHTOB CJICAYCT AOIOJHHUTL, OIIPCACIINB
9KCTPEMAJIbHOC 3HAYCHNC MOMCHTOB B TOYKE, I'/IC ITIOIICPCUHAasA CUJia Q paBHa HYJIO

u MeHseT 3HaK. [lonoxenue Toukyu Ha pame, re () =0 onpenenum U3 paccMOTpeHHS

1oI00HBIX TpeyroibHuKoB abC u cde (puc. 17 B).
O06o03HaunM karet cd=X. Torxma xarer ac=3-X.
W3 cooTHOIIEHUS MOJ00HBIX CTOPOH TPEYTOJbHIUKOB HMEEM

g:di- L:Z; orkyga X ==1 M.

ac ab’ 3-x 4
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Bennunny MOMEHTa B CEUYEHUH, TJ€ Q =0 ompenenum U3 pacCMOTPEHHUs TPaBOI

OTCEYEHHOU YaCTH PaMBl.

M s, = Re®B+M - Q 205=28+7- 2005=12 .

[To HaiiIeHHBIM 3HAYEHUSIM ITOCTPOSHA JITIOPA N3rHOAOIIMX MOMEHTOB (puc. 17T.).

2.3.53anauya 9

JIJIsi COCTaBHOTO CEUYEHUsl OMNPENETUTh MOJOKEHHUE LIEHTpa TSHKECTH, BEJIUYUHY
[JIaBHBIX ~ LIEHTPAJbHBIX MOMEHTOB HHepuuu. OmnpenenuTs MaKCUMaJlbHbIE
HOpPMaJIbHbIE M KacaTeJbHbl€ HANpPSIKEHUS, B35SB BEJIWYMHBI MAaKCUMAaJIbHBIX
M3rudaromux MOMEHTOB M MAKCUMAJbHBIX MOMEPEYHbIX cui u3 3agaud 6. [lpu
pELICHUH 3aJa41 MPUHATh, YTO CUIIOBAsSI MJIOCKOCTh BEPTUKAJIbHA.

JlanHble 1151 pelieHus 3aa4u B3sATh U3 tabnui 13 u 14, cxemy - u3 puc. 18.

Tabmuna 13
Ne
crosoma 0 1 2 3 4 5 6 7 8 9

JIByTaBp 10 12 14 16 18 20 18 14 22 24

HIsennep | 16 18 20 18 20 22 18 22 18 20

Tabnuua 14

Ne

CcTOJIOIA 0] 1 2 3 4 5 6 7 8 9

Ilomoca N o o

wene | S S 9] gl 8§ 8] | 30
— — — Y N N N N N —

Yromnok

HEpPABH © o N = S X

000KMIt <t < © 0 < — c>§ c>§ é c>§
X X X X ™ x o — I3\ ©
o) N o o © o — — — —
N ™ N 0 < @ < < < <
X X X X o x o o o o
o o ™ e} o ol © @ o el
< o o N~ — QY — — ~ i\

YKka3anus K BbINOJHEHUIO 3a1a4un 9

1. B 3agaHHOM CeYCHWM BBIOpaTh CHUCTEMY OCEH, B KOTOPBIX OIPEACIIUTH
KOOPJIMHATHI IIEHTPOB TSHKECTH COCTABIISIONTUX (DHUTYP.

2. Tlo popmynam
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3 3
ak ak
i-1 i-1
( rie, )(C,YC - KOOpAMHATBI HEHTpPA TSHKECTU COCTaBHOI'O CEUCHUS,
X1 Yo~ KOOPIHMHATHI LIEHTPOB TSXKECTH COCTABIIAIONICH burypsl B HUCXOJIHOU

cucteMe oceld; F - mmomanp monepevHoro ceueHus i- Oif cocTaBisomeH (QUTYpHI ,
N - YHUCIIO COCTABJISAIONMX (Uryp) ONPEACIUTh MOJOXKCHUE IEHTPA TAKECTH
COCTaBHOI'O CEUEHUS .

3. Ilo naitneHHbIM kKoopauHaTaM Xc ,Yc HAaHECTHU MOJOXKEHHE IEHTpa TSHKECTH
COCTaBHOM (DUTYPHI.

4. Yepes HEHTP TAKECTU COCTABHOU (PUTypbl MPOBECTU HEHTPAIbHBIE OCHU BCETO
CEYEHMsI, HAIPABJISIsl UX MapajuiebHO LIEHTPAIbHBIM OCSM COCTAaBJISIOIIUX (QUTYD,
T.K. (purypa uMeer ocb CHMMETPHH, TO LIEHTPAJIbHbIE OCU OYIYT ABIATHCS U

TJIaBHBIMUA.
5. [To hopmynam
‘.!>\I 2 ‘.!>\I 2
IXC:a (IxC,+ai F|)’ IYC:a (IYC,+biF|)
I =1 =1

ONPEJENSIIOTCS OCEBbIE MOMEHTBI MHEPLMH BCEHl (QUIYypbl OTHOCUTENBHO TIJIABHBIX
LHEHTPAJIbHBIX OCEil (PUTYPBHI.

3necs Ixci , lyc 1 - oceBsle MoMeHTHI MHepmMuM cocTaBmsIONEX (UTYD

OTHOCHUTEJIbHO COOCTBEHHBIX IIEHTPAJIbHBIX OCEH; & - PpaCCTOSHUE MEXKIY
HEHTPAJIbHON OChI0 Xc COCTaBHOTO CEUEHHUS] U COOCTBEHHOM IEHTPaIbHOU OChIO

X i -oii cocrapnsommei Gpurypsr; b - pPacCTOSIHME MEXAY LIEHTPaIbHOU OChIO Y ¢
COCTAaBHOT'O CEUCHHUS W COOCTBCHHOM IEHTPAIbHOW OChi0 Y | -0 cocTaBsroIeH
burypsi.

Jlist cranapTHbIX npoduieil Tuma mBesuiepa, ABYyTaBpa, Yrojika OCEBbIE MOMEHTHI
UHEpIUH  clieayer OpaThb M3 TaOJIMIl COPTAMEHTA sl MOJIOCHI OIpPEAeNATh IO

_bh® .o’
12 12

b - ctopona npsimoyronbpHEKa napasuienbHas ocu X; h- ero Beicora.
6.0npeaenuTb BETMYMHY MaKCUMaJIbHOI'O, HOPMAJIbHOTO HAIPsKEHUs I0 popMmyIie:

bopmynam:

S — M max ¥ max
max | ’
XC
3nech Mpa - BeIMUMHA MaKCHUMAaJIbHOTO M3rHOAIONIEr0 MOMEHTA B3SITh W3 DIIOPHI
M3rudaroNMX MOMEHTOB B 3aj1aue No 6.
Ymax - PACCTOSIHUE OT HEUTPATBLHON OCH CEUeHUS 10 HauboJiee yJaJIeHHON TOUKH,
lxc - MOMEHT UHEPIIMU CEUEHUSI OTHOCUTEIBHO IIEHTPATbHOMN JIMHUU.
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7. OHpeI[eJII/ITB BCIIMUMHY KaCaTCJIbHOI'O HAIPSAXKCHHUA B TOYKaxXx CCUCHMUA,

_ Qmax chMAX

PacnoIOKEHHBIX Ha HEUTPaIbHON JTUHUM 10 (hopMyJIe: bl ,
XC
rie Qmax - HauOosblliee 3HAYEHHE TMONEpPevYHOM Ccuibl  .B3saTh M3  3mI0pbl
MONEPEYHBIX CUJI NIPHU pellieHnH 3aaauu Ne 6;
Sicmax - MakcHManbHas BEIMYMHA CTATHYECKOrO0 MOMEHTA ILIOLIA/N
COCTABHOTI'O CEYEHUSI OTHOCUTEIIBHO HEUTPAIBbHOW JIMHUH, SXCMAX =F Y.

F - [IOLafh CEYCHHS, 3aKIIOYCHHOTO MEXKIY HEUTpaJbHOU JIMHUEW U KpaeMm
COCTaBHOTI'O CEYCHHUH ;

y*c - pacCTOsSIHME MEXAy HEUTpaIbHOU JTMHUEH U LIEHTPOM TsKECTH riomanu F,

b - mmpuHa cedyeHus B Mecte , IJie ONPEACISIFOTCS HAIPSIKCHHUS.
[JIaBHBIX LEHTPAJIbHBIX OCEW, MOMEHTbl HMHEpPUWH, HauOONbIINE HOPMaJbHBIE H
KacaTeJIbHbIE HAIIPSKEHUS.

IIpumep pemenusi 3agauu Ne 9
Jlns ceyenus, mokazaHHoro Ha puc. 19, Heo6xoauMo onpeeuTh MOJI0KEHHE
[Ipexxme Bcero, BBITUCHIBAEM TEOMETPHUYECKHE XapaKTEPUCTHKH  TPOKATHBIX
npoduied, KOTOpble MPUBOJASTCS B y4eOHHMKAaX M COOpPHUKAX IO COMPOTHUBIICHHUIO
matepuanioB (Hanpumep IMucapenko I'. C. u np. CnpaBoYHUK MO COMPOTHBICHHIO
matepuaiioB “ Haykosa mymka ”, K, 1988 cm. ctp. 84 101).
JIByTaBp Ne24:
H=24 cm; B = 11.5 cm; d = 0.56 em; t = 0.95 cm; F = 34.8 cm”;
lx = 3460 cm*; Iy= 198 cm™.
HIBennep Ne 22:
H=22 cm; B =8.2 cm; d =0.54-cm; t = 0.95 cm
2o=2.21cm; F=26.7 cm’ Iy = 151 em™; Iy= 2110 cm™.
(Bmecb MomeHTHl |y ® |y TOMEHSIM MecTaMHu, T.K. IIBEIUIEp PaCIOJIOKEH
TOPU30HTAJIBHO, @ HE BEPTHKAIBHO, KaK B CIIPABOYHHKE).
JIIss  TOJOCKI  TEOMETPUYECKHE  XapaKTEPUCTUKH  BBIYUCISIEM  KaK  JUIA

OpsIMOYTOJIbHMKA
F=b-d=27%.2=32.4cM?,
_274.2° 4 _1.2X7°

4
N T=4CM , oy =1970.,, .
CeueHnue BblYepUYMBaAEM B MaciuTade.
Breibupaem cucremy koopauHaT. Jlydine Bcero Havajlio KOOpPAMHAT IMOMEUaTh B
LEHTpPE TAKECTU CPEHEN PUTYPHI , T.€. B LIEHTPE TSHKECTH JIBYTaBpA.
Tak kak ceyeHWe CHMMETPUYHO OTHOCHUTENIBHO OCH Y, TO LIEHTP TSKECTH HIIEM
TOJIBKO I10 BBICOTE , T.€. KOOPJAMHATY Y KOTOPYIO ONpeensieM no Gpopmyie:
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ITonoca 270x12 Y |
G X
I >
1 < —
N\
3
; l
I & ;XC
= X2
C4
3
=
o
JIByTaBp Ne24 IL
>
%“ Il
= Vv /- N
S X3
3 an N >
o Cs
N [Isemtep Ne 22
L/
Pucynok 19
[Tonepeunoe ceuenue d6anku
4 v.F
y — =1 o — ych1+ yczFZ + yc3F3 —
’ é“ F F,+F,+F,
i=1
12.6X32.4- 14.53 x26.7 _
= =0.11cm.
32.4+34.8+26.7
371ech:
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Ye :E+Q:% 12 =12.6¢cm
L2 2 2 2

y. =0y, =& 1. 9—g-ﬁ- 253%=- 1453 cm
2 3 =) 2 ')

Ha paccrosiuun Y. = 0.11 cM OT ocu X IpOBOAMM TJIaBHYIO LEHTPAIBHYIO OCh X |
Teneps onpenensem momentsl nnepuun Ixc , lyc

=l +a =l +b, - P R|=asze- ot e2se
i=1 i=1

+3460+ 0112 x34,8+151+ (14,21+011)° x26,7 = 8550 e,

4, rte]-Al -]

T.K. HEHTPBI TSHKECTU BCEX TPeX PUTYp HAXOASTCS HA OCU Y , TO b1:b2:b3 =0,
[I0OTOMY

lve =lyar + lyea + lves = 1970 + 198 +2120 = 4288 cm”
U3 mecroif 3anaun 6epem 3naueHne Qug=18.8 KH , M 15=38.67 kH (cm.
puc . 13)

OHpeI[eJBICM MaKCHMMAJIbHBIC HOPMAJIbHbIC HANIPSXKCHMU .

M 38.67x0°x20.3140°?
5 = x Y - S =545MIla
| Xq 14422 X0
Ymax=20.31 (cm . puc. 19) - paccrosinue ot HanboJIee yIaIeHHONH TOYKH OT OCH X .
OmnpenensieM MaKCUMAJTbHbIC KacaTEeIIbHBIC HAITPSKCHHUSI:

Qmax XCmax
max
bl

Sxc max OIpeAenseM Kak CyMMY  CTaTHYECKMX MOMEHTOB IUIOHIAAEH IMOJIOCHI,
BEPXHEH IOJIKK JBYTaBpa U YaCTH CTEHKHU OT BEPXHEM ITOJIKU 10 OCH X .

4 0.95

S = 27x.2412.6 - 0.11) +11.550.958 - 222 0119+
XcmAX e2 2 g
+0, 56>@—- 01120582 0119=5705 cu® |
1 e2 1
6
__188X0°67040° o,

MaX ™ 056102 1144225108
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JK3aMeHALMOHHBIE BONPOCHI
1. Bgregenue. 3agauM Kypca CONpOTHBIEHHS MarepuaynioB. CBA3b Kypca ¢
00IIeHayYHbIMH, OOIIEUHKEHEPHBIMH U CIIEIUAIbHBIMU AUCHUIIMHAMH.

2. Metoauka pelleHHs 3ajad IO CONPOTUBJIEHUIO MarepuainoB. IIpenmocwuiku,
NpUHUMaeMble TpuU pacyeTax. PeanbHblii 00BEKT M pacuetHas cxema. Ompe-
AesieHue Opyca, INIacTUHBI, 000JIOUKH.

3. OcHoBHblE TUNOTE3Bl O AeHOPMHUPYEMOM Teje. YOPYroCTh U IUIACTUYHOCT.
[Tonsitre 06 uzotponuu. [IpuHLIKI HaYaTbHBIX Pa3MEPOB.

4. Tlepemelenusi yrinoBele W JuHelHble. [lepemermenus maneie u Oombiue. [le-
(dbopmaru TuHelHbIe U yriioBble. [loHATHs 0 O0abIIKX AehOpMALIHIX.

5. Cunbl BHemHMe U BHyTpeHHHe. Meton cedenuit. [lpununun Cen-Benana.
Harpy3ku cratndeckue u JUHAMUYECKUE.

6. Hanpspkenue monHoe, HOpMalibHOE, KacaTeibHoe. lloHATHE O HampsKEHHOM U
nedpopmupyeMoM cocTosiHusAX. Knaccuukanmusi TUIOB HarpyXeHus Opyca 1o
BHYTPEHHUM CHUJIOBBIM (PAKTOpPaM.

7. Pactsbxenue u cxxarue npsimoro opyca. HampspkeHus B IOTIEpeYHbIX U HAKIIOHHBIX
ceyeHus X mpsMoro Opyca. OmHoocHOe ( JHMHEHHOE ) HANPSHKEHHOE COCTOSHHE,
MaKCHUMaJbHbIC HAMPSHKEHUS MPU OJTHOOCHOM HAIPSHKEHHOM COCTOSTHHU.

8. JlepopMupoBaHHOE COCTOSIHHE NpPU PACTSHDKEHMM WM cxatud. Jepopmanuu
npojioJibHbIe U monepevnbie. Koaddumuent nomnepeunon naedopmanuu (kod¢-
¢dunment [lyaccona).

9. 3akon ['yka mpu OJHOOCHOM HAMpPsKEHHOM COCTOSHUM. MOIynb YHpPYrOCTH.
OmnpeneneHrne OCEBBIX TMEpPEMENICHUH TOMEPEeYHbIX cedeHui. JKecTKocTh mpu
PaCTSKEHUU M COKATHH.

10. HopmanbeHble CHIIBI, HOPMAJIbHBIE HAMPSOHKEHHS B MONEPEYHBIX CEUYCHUAX MpS-
Moro Opyca. OceBble TepeMENICHUs TpU JCHCTBHM COCPEJOTOYEHHBIX H
pacnpezeneHHbIx cuil. [locTpoeHue SMop MPOIOJIBHBIX CHIT U TIEPEMEIICHHA.

11. OmbiTHOE W3y4YEeHHE CBOWCTB MaTepualoB TMpH pacTsHkeHud. [[uarpamma
pactsokeHusi. OCHOBHBIE MEXaHMUYECKHWE CBOMCTBa Matepuana. VcTuHHas
AuarpamMma pacTsDKECHUS.

12. HecoBepuieHCTBa CTPYKTYpbl KPHUCTAJIOB. MeXaHU3M IUJIACTUYECKON Jie-
dopmaruu. Jucnokauus. Ilomocsl ckoiibkeHUsi. 3aKOH pa3rpy3kd U MOBTOPHOIO
Harpy>KeHHs.

13. Mexanuueckue cBoiicTBa mnpu cxxaruu. uarpamma cxatus. [Inactuueckoe u

XPYNKOE COCTOSTHUE MAaTEPUATIOB, TUIIbl Pa3pyLICHUH.
14. TIlpenenvHoe cocrosinue. Kpurepum mnpenenbHoro cocrosiHus. Pacuer mno
JOIYCKaeMbIM HAIPSKEHUSIM U Harpy3Kam.
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15. Kosppuument 3anaca. TexHUKkoO-3KOHOMUYECKHE (DAKTOpBI, BIUAIOIIKE Ha
BEJIMYMHY KO3 (dUlIMeHTa 3anaca.

16. Tumel 33124 npy pacyeTe Ha MPOYHOCTD MPHU PACTSHKEHUH U CKATUU:

MIPOBEPKA HA MPOYHOCTH, MOJ00p CEYEHHI U OIpeiesieHne JOMYCKAeMOW Harpy3KHu.

17. ConporuBieHue MaTepHAOB W SKOHOMUYHOCTh KOHCTPYKIMH M MAIlUH.
[loHsiTe O pauUMOHAIBHBIX KOHCTPYKUUAX. [IpMHIMO paBHONPOYHOCTH MpU
MPOEKTUPOBAHUU KOHCTPYKLIUH.

18. PacueTbl Ha MPOYHOCTH PU PACTSKEHUHU U CHKATUU.

19. Cratuyecku HeomnpeaenuMble CUCTEMbl. PacdeTbl CTaTUYECKH HEONpeIeTuMBbIX
cucteM (IoKas3aTh Ha MPUMEPE).

20. PacyeTbl CTaTUYECKHM HEONPEAETHMBIX CHCTEM B CBSI3M C H3MEHEHUEM
Temreparypsl (II0Ka3ath Ha IPUMEPE).

21. Pacyer cTaTUYeCKH HEONPEAEIMMBIX CHCTEM TMpU HAJIMYMU HATATOB,

BO3HHKAIOIIUX PU COOpKE KOHCTPYKIIUH (ITOKa3aTh Ha MPUMEpE).

22. Kpyuenue. [ToBenenue OpycheB paznuyHoro npoduiis npu kpydeHur, OCHOBHbIE

pE3yNIbTaThl TEOPUH KPYUEHHS] HEKPYIJIOTO CEYEHUS.

23. Yucteli caBur. 3aKOH TApHOCTH KacaTeIbHBIX HampspkeHuil. [1aBHBIC

HaIpsHKEHUsI IPU YUCTOM CIIBUTE.
24. 3akoH ['yka nns casura. Moayne caBura. MexaHM4ecKue CBOWCTBA MaTepUasioB

IIPU YUCTOM CJ/IBUTE.
25. HanpsixeHust npy Kpy4e€HUU B TONEPEYHOM CEYEHHH MPSIMOTo Opyca Kpyrjioro
CEUCHHS.
26. KectkocTb npu kpydeHuH. [1oyspHBIII MOMEHT MHEpLMH. YTOJ 3aKpy4MBaHUS,
BBIBOJI (POPMYJIBI.
2/. PacyeT CIUIOIIHOTO M KOHILIEHTPUYECKOTO MYyCTOTENOro Opyca Ha MPOYHOCTh U
KECTKOCTh MPHU KPYHYEHHH. OMIOPbl KPYTSAIIMX MOMEHTOB, HANpPSLDKEHWH W YIJIOB
3aKpY4YUBaHUS.
28. CtaTruecKy HeOoNpeaeIrMbIe 3a/1a4i Ha KpyueHue ( IPUBECTH IPUMEp pacyera ).
29. Cratuueckue MOMEHTHI Iuiouiaau. OmnpeneneHue KOOPAMHAT LEHTpa TIKECTU
burypsi.
30. OceBble, NOJSAPHBIE M LEHTPOOEKHBIE MOMEHTHI HHepuuu. OrnpeaerneHue
MOMEHTOB MHEPLUU ISl IPSIMOYTOJIbHUKA U KpYyra.

31. 3aBUCUMOCTH MEXIYy MOMEHTaMU WHEPIIUHU JIJIsl TapaJuIeIbHBIX OCEH.
32. U3meHeHHne OCEBBIX MOMEHTOB HHEPLHUM B 3aBUCUMOCTH OT yrja MOBOpPOTa
KOOPJIMHATHBIX OCEU.
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33. I'maBHble MOMEHTHI MHepuHuH. OmpeaesieHHe MOJIOKEHHUSI OCei M BBIYMCIICHHE
IJIaBHBIX MOMEHTOB MHEPIIMH PA3JIMYHBIX CEUCHHM.

34. HanpsxeHHoe cocTosiHuE B Touke. KOMIOHEHTHI HaNpsKeHUs, UX 0003HAUYEHHUS.
OnpeneneHne HanpsHKEHUN HA HAKJIOHHOM mioniajke. ['aBHbIe HANpsOKEHUS U
riaBHble omanku. OmnpeneneHue BETUYMHBI W HANpPaBIEHUs TJIaBHBIX
HaIPsKESHUM.

35. I'paduueckoe wn300pakeHWE HAMPSIKEHHOTO COCTOSHUSI C TOMOIIBIO KPYToOB
Mopa. DkcTpeMalibHble 3HaYEHUs KacaTeIbHbIX HAIPSHKEHUM.

36 JlebopmupoBanHoe coctossHME B Touke. KommonenTta nedopmaruii, wux
o0o3HaueHus. [7naBHble ocH JAePOPMUPOBAHHOTO COCTOSIHUS M TJIABHbBIE
nedopmarum.

37. YnenbHas NOTEHIMalbHAs SHEpPrus npu oOBeMHON naegopmauuu. Y aelbHas
aHeprus U3MeHeHus1 00beMa U y/elibHas SHEPIrusi U3BMEHEHUS (POPMBI.

38. Usrub. Omopel u omnopHbie peakiuu. OnpeneneHUe BHYTPEHHUX CHUIIOBBIX
(GakTOpOB B MOMEPEYHBIX CEUCHHIX 0aoK ( M3rHOaronUii MOMEHT U TONEepeUHas
cuiia ). DIIOPhI MOMEPEYHBIX CHIT U U3THOAIOIINX MOMEHTOB.

39. HuddepeHunanbHple 3aBUCUMOCTH MEXIY HW3THOAOIIMM MOMEHTOM, ToTe-
pPEYHOUN CHJIOM, WHTEHCHBHOCTBIO HAarpy3Ku. AHalM3 OTHUX 3aBUCUMOCTEN H
BBIBOJIbI IO KOHTPOJIIO MPABUIILHOCTH MTOCTPOEHUS SIIOP.

40. Yucteiit n3rud. 3aBUCUMOCTb MEXAY M3rHOarOIMM MOMEHTOM M KpUBHU3HOW OCH
n30rHyToro opyca. HopmanbHble HanpspKeHHs IPU YUCTOM U3THOE.

41. Tlonepeunsiii u3ru0. PacnpocTpaHeHue BBIBOJAOB UYMCTOTrO M3ruba Ha IMore-
peunblii u3rud. KacarenbHble HanpsiKeHUss NMpU MOMNEPEYHOM H3rube OpycheB
(bopmyma I.1. XKypasckoro).

42. 'naBHble HaNpsKEHUs MpU U3rude. PacueTbl Ha CTATMYECKYIO MPOYHOCTH MPH

u3rube. PanmonanbHble ce4eHus OAOK.

43. InddepenunanbHoe ypaBHEHUE U30THYTONH OCH Opyca U €ro HHTETpUPOBaHUE.

44. Meton HavalbHBIX HapaMeTpoB. PexomeHaanuu Mo NPUMEHEHHIO METoAa K

KOHKPETHBIM cXeéMaM OaJioK.

45. Kocoil u3rud. OnpeneneHue HanpsHKeHUH, HAXO0XKJIEHHUE TOJOKEHUM HEeHUTpalib-

HOM OCH M OMAaCHBIX TOYEK B CEUEHUHU.

46. OnpeneneHue nepeMerieHnid mpu KocoM U3ruoe.
47. PacyeT Ha MPOYHOCTH OPYCHEB OOJBIION KECTKOCTH MPU COBMECTHOM M3rH0Oe U

pacTsbKeHMM uiu  ckathud. OnpenenceHrue NOJIOKEHUS HEUTPAIbHOW JIMHUM U
HaIPsKESHUM.
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48. BHeleHTpeHHOEe PacTsKEHUE WM C)KaThe MacCUBHBIX OpychbeB. [loHsiTHE O sipe
CEUYECHUSL.

49. Twunorte3bl BO3HUKHOBEHMS IUJIACTUYECKUX Jedopmalui, HUX Ha3HAUYCHUE.
Kputrepun  BO3HUKHOBEHHUs  IJIacTUYeckux  Jedopmanuii.  DKBUBaJIEHTHOE
HarnpsbKeHue U GOpMYJITbl IKBUBAJICHTHOCTH MO Pa3JIMUHBIM TUIIOTE3aM.

90. 'mnoTe3a popMON3MEHEHHSI U €€ TPAKTOBKA.

51. I'mnore3a Mopa myis MaTepuajoB C Pa3lIUYHBIMHU TpeAeiaMu TEeKy4ecTH Npu

PaCTSDKEHUU M COKATHH, BOSMOKHOCTH €€ YTOYHCHUS.

52. ComocraBieHue KpuTepueB U 0030p (opmyn skBuBaieHTHOCTH. [Ipenens

MPUMEHUMOCTH THIOTE3 U UX IKCIIEpUMEHTaNIbHas orleHKa. O030p HOBBIX TUTIOTE3.

53. 3aBucuUMOCTh XapakTepa paspylIeHHs OT BHAA HAMPSHKEHHOTO COCTOSHUS
Marepuaia. ['unore3pl HAaMOONBIIUX HOPMAJIBHBIX HANPSDKEHUN Uiu AedopMariuii
B Cly4ae XpYIKOTO COCTOSHHUS MaTepuana. ['mmoresza paspymeHus Mopa s
MaTepUajoB C PA3IUYHBIMU TPEEIaMH MPOYHOCTH MPHU PACTSHKEHUH U CKATHH.
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