OO0mmue ykazanus 0 BBINOJHEHNI0 pac4éTHO-Tpadguyecknx pador

Iepen HayalOM BBIMOJTHEHUS PAaCYCTHO-TpAdUICCKON pabOTHl HEOOXOTUMO
OCBOWTH TEOPETHUYECKUI MaTepHall 1o TeMe pas/iena.

PacuérHo-rpaduueckrie pabOTHI BRITOTHSIOTCS OTICIBHO KaXkaas, Ha JTUCTaX
¢dopmata A4. Ha TUTYTBHOM JIHCTE HEOOXOMMO yKa3aTh HA3BAHUE JAUCIUILIHHEI,
(dakympTeTa, HOMEp Kypca, haMWIHI0 U HHUIIMATBI KypcaHTa, ero mudp (Homep
CTYJICHYECKOTO OWJIeTa W 3aYeTHOW KHIDKKU) U BBHIOMPAEMBIA B COOTBETCTBHH C
HUM HOMeEp BapuaHTa. TekcT u (OpMyJBI CIeAyeT HAaOMpaTh Ha KOMITHIOTEPE B
Word mpudtom Times New Roman, 14, uarepBan B Tekcte 1,5, n3oOpakeHue
PUCYHKOB ¥ cxeM BBINOIHUTE B ACAD, BO BCTpOSHHOM IpahyUuecKOM pelakTope
MS Word.

Jus cmaum paboT Ha MPOBEPKY B KOMIIBIOTEPHOHM Cpeae B CHCTEMeE
JMUCTAHITMOHHOTO OOy4YeHHs CJeIyeT MOArOTOBUTH (Qaitn B dopmare pdf,
orckaHupoBaB Juctel PI'P, BeIMONHEHHBIE Ha OyMa)KHOM HOCHTENE, pa3Mep
¢atina 1o 0,5 MB, pazpenrenne 200 — 300 dpi.

BreiOop BapmaHTa pacyéTHOW CXEMBI B pacu€THO-TpadUvecKux padoTax
PI'P —1, PI'P -2 u PT'P- 5 npousBomutcs o nmocienHei nmudpe mmdpa, B3ATOMH U3
COOTBETCTBYIONIMX TaOmui. UWCIOBBIC IMaHHBIC IS KaXJIOW pabOTHl TaKKe
BBIOMPAIOTCSA W3 TaOJUI] B COOTBETCTBHM C TpeanocienHed muppoi mmdpa.
Pacu€rno-rpadmueckne pabotsl umeror 100 BapmantoB (10 pazmuuHBIX
pacuéTHeIX cxeM u 10 KOMOWHAIWI YUCIICHHBIX 3HAYCHUHN JUISI KOXKIOH U3 HUX),
PT'P-3 u PI'P—4 umeroT nsTh BapUaHTOB CXEM, HOMEP CXEMBbI OINpPENENeTcs M0

n .
bopmyme: Ne= 3 +1, rae n — mocienHss mugpa 3a4ETHON KHUKKH.

Heszauténnass pacuérHo-rpaduueckas paboTa MOMIEKHT IOBTOPHOMY
BBHINOJHEHWI0. Bce 3auTeHHbIE pPabOTHI C BHECEHHBIMH JOMOJIHEHUSMH U
WCIIPABJICHUSIMA B COOTBETCTBHU C 3aMEUaHHMSIMH DPELEH3EHTa MOJDKHBI OBITh
IpeqbsBIEHbl IPENoJaBaTeNt0 I coOeceloBaHUSA, B pE3yIbTaTe KOTOPOIO
pelraercs BOIPOC O 3a4eTe U JIOMycKe K 3k3ameHy. KypcaHThl ¢ He3auTEHHBIMU
pacuérHo-rpadrueckuMu paboTaMu K SK3aMeHy (3a4€Ty) He JIOIMYCKaroTCs.

Jnst cTyneHTOB OYHOM (OpMBI 00yueHHs pacu€THO-rpaduyecKre padoTHI
BBINOJHSIOTCS B COOTBETCTBUH C IIPHHSATOMN B HACTOSIIEM M3JaHUHM HyMepalueH, s
CTYJCHTOB 3a04HON (hopMBI O00Yy4eHHs IIepBbIE YEThIpEe pacuéTHO-rpadryecKie
paboTHI SBIAIOTCS TEPBOM KOHTPOJIBHOW pabOTOH, J1Be pacdETHO-rpaduueckue
paboTbl IO CIOXHOMY COIPOTHBICHHIO — BTOPOH, IBE IIOCIEAHHE PacuETHO-
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rpadudeckre paboThI — TPEThEH.

ITpu odopmiennn pacu€rHo-rpaduueckux pabOT ClIEAYeT OCTABIATH OIS
JUIs 3aMevYaHni penieH3eHTa. Pacu€rHo-rpaduueckue paboThl, BHIIONTHEHHBIE O3
coOJIo/IeHNs] YKa3aHHBIX TpeOOBaHWH, HE peleH3UpYIoTCs. PelneHue kaxmoin
3aJa4d HEOOXOAMMO Ha4yMHATh C HOBOM CTPAHMIIBI, HE3aBUCHMO OT HAJINYUS
OCTaBILETOCS CBOOOJHOIO MecTa Ha NpenblAylleidl cTpaHuie. 3ammch YCIOBHH
pacuérHo-rpaduaeckux pabotT obOs3arenbHa. Bee yepTexxu u cxeMbl HeOOXOIUMO
BBINOJHATh B yA000YMTAEMOM MacluTade ¢ 00s3aTeNbHBIM YKa3aHHEM BCEX
WCIIONIb30BAHHBIX B paboTe OyKBEHHBIX 0003HAYEHHWH M MX YWCIICHHBIX 3HAYCHH,
B3STHIX M3 pAaHHoro Bapuanta (npwi. 1 w 2). Ilpm 3amucn ypaBHEHWH,
COCTaBJISIEMBIX I10 PACUETHOW CXeMe, OHa JOJDKHA OBITh pactoioXKeHa pAIoM Ha
crpanunie. Ilocne BbIOOpa BapuaHTa JOIDKHA OBITH BBIYEpUYEHA CBOS CXeMa C
YHCIIOBBIMHU TIapaMeTpaMH B IIPUHATOM Maciirade.

Pemenne kaxaoi 3a1aum cieayer compoBOXIaTh KPATKUMU MOSICHEHUSMH C
yKa3aHWeM METOJla PpEIIeHHUs, HCIIOJIb30BAaHHBIX TEOPETHYECKUX ITOJIOKEHUMH,
¢dopMyn winm ypaBHeHWH. [IpoMeXyTOuHBIE M OKOHYATENBHBIE PE3YNIbTATHI
MoACYETOB  HEOOXOAMMO  OKPYIJIATH,  TPH  BBIYUCIEHHHM  3HAYEHHH
TPUTOHOMETPUYECKHX (YHKIMI B MAHTHCCE CIIEAYET yAep)KUBaTh HE MEHEE TPex
3HaYamux [udp. 3HAUEHHS BCEX OIPEAEIIEMBIX BEIMYMH JIOJDKHBI HMETh
pa3MepHOCTH.

[Ipu cocTaBineHNH pacyeTHBIX CXEM IUIOCKHX CHCTEM CIEAYET HCIOJIb30BATh
CJIE/IYIOIIME CHCTEMBI YCIIOBHBIX 0003HAYEHHIA:

Cxema HazBanue
OCHOBAHHE OIOPHI, CBI3aHHOE C
ZZZ;A HEMOABMKHOM CHCTEMOMU
KOOpJIMHAT

MIPOCTON MIAPHUP, COEAUHSIOIIUN
JIBa TUCKa (CTEpIKHS)

HMUWJIMHAPpUYCCKasA IapHUPHO-
MOABUIKHAs oropa

HMUIMHAPHUYCCKAs NIapHUPHO-
HCMOJBUKHAA Ooropa
7

HﬂeaﬂBHBIﬁ TOAUIUITHUK CKOJIBXKCHHS
WJIA Ka4C€HUA Ha Bally

HI/IHI/IHL[pI/I‘lCCKI/Iﬁ HIapHUp Ha BalTy C
MOMCHTOM COITPOTHUBJICHHUS TOBOPOTY




Mp

KPYTAIUii (BHEIITHUH WK
CKPYYHBAIONINH) MOMEHT,
JIEUCTBYIOUINH B TJIOCKOCTH,
= MIePIEeHANKYISPHOH INIOCKOCTH
yeptexka. 3Hak "+" ob03HAUAET
JIEWCTBHE CHIIBI TTapHI, HATIPABICHHOH K|
JepTexy, 3HaK " — oT uepTexa

PeakTBHBIE MOMEHTHI, NPOTHBOJACHCTBYIOIINE TOBOPOTY, MOTYT OBITH
00YCIIOBJIEHBI PA3JIUYHBIMM MEXaHWYECKHMMHU NPHYMHAMH: TPEHHEM B OIOpax,
CHJIaMHM COIIPOTHBJICHUS pabovero opraHa MalluHbL, UX KOMOWHALIUH U Jp.

B orimume ot TeopeTHyecKkoil MEXaHUKH, TJI€ paCCMaTPUBAIOTCS aOCOIIOTHO
XKECTKHE TeNla M BO3MOXKEH IePEHOC JICHCTBUS CHIIBI BIIOJIb JIMHUH €€ NeHCTBUS, B
CONPOTUBIICHUM MAaTepHajOB MEHATh TOYKY MPWIOKEHHS CHIIBI HENb3f,
MIOCKOJIBKY 9TO M3MEHHT HaNpsHKEHHO-Ie(OPMHUPOBAHHOE COCTOSIHHE DIIEMEHTa.
[TosToMy, mpu ykazaHHM CHJI HEOOXOJMMO yKa3aTh He TOJBKO JIMHUHM JEHCTBUSA,
HalpaBJIeHHE U MOJYJIb CHJI, HO el ¥ TOYKH MX MpWIOKeHus. B ciaydasx, ecnu
TOYKA MTPHUIOKEHHS CHIIBI YUTACTCS OJJHO3HAYHO (TOpELl, CeUeHHEe CTEPXKHS U T.1.)
W BUIHO K 4YeMy OHa MPWIOKEHA, TO BEKTOpP CHIIBI M300pa)kaercs OOBIYHOMN
CTPEJIKOH, TOUKA MPUIIOXKEHHUS OyJIET Ta, YTO KacaeTcsl TIOBEPXHOCTH Tela:

—— CHJIa ICHCTBYET HAa U3BECTHYIO
TOYKY (TOPEIl CTEPXKHS, CEUEHHE
L TeNa)

B ciyuae, eciu MONOXKEHHE CUIIBI OMpEEIsIeTCs HESICHO, HANpHUMep, Ha
¢oHe Tema, 00a KOHIIA BEKTOpa CBOOOMHBI, TO TOUYKY MPIJIOKCHHS CICIYeT
YKa3bIBaTh 0c000, KaK MOKa3aHO HA CXeMe:

CHUJIa ICHICTBYET Ha HENIPUBSA3aHHYIO K

—1
,.4_{:‘], TeNy TOUKY

[Ipy BBIMONHEHWH BCEX pacYETHO-TpaUUIeCKUX padOT HCIOIB3YeTCS
(GyHIAMEHTANBHBIA TMPUHIUI MEXaHUKA — TMPUHIUI OCBOOOXKIACMOCTH OT
cBsizell (akcuoMma). B cOOTBETCTBUY ¢ TaHHBIM MPHHIIAIIOM HEJb3s YKa3bIBaTh HA
PAcUETHOM CXEMe W CBS3HM, W WX PEaKIUU OMHOBpeMEHHO. JInbo cBs3m, aubOO
peakuuu. OnHakKo, WHOTHAA, JJIs OMNpeAeNeHUs IUied CUJl TNpPU BBIUUCICHUU
MOMEHTOB, JIMHUU JEUCTBUS PaBHOACHCTBYIOIIMX W B JAPYTUX Cilydasx, JUis
HATJISTHOCTH COCTABJICHWS YpPaBHEHUHM yJOOHO YyKa3biBaTh HAa CXEME JUHHUH
JIEHCTBUSI PAaBHOACUCTBYIOIIMX HArpy30K, PEeakiuil, HE yaayiss camu cBsizu. B

3



TaKUX CIydasx JIOIYCKAeTCs YKa3bIBaTh CHIIBI, HM300pakas WX MTyHKTUPHOH
JIMHHE:

U300paXKCHUE PEAKITHU CBSI3H
MTYHKTHPOM

n300pakeHNe PaBHOJEHCTBYIOIIECH
0 MTYHKTHPOM

B cootBeTcTBUM ¢ METOJOM CEUEHHMM NEHCTBHE OJHOM YacTH dJEMEHTa Ha
JIPYTYIO (CMEXHYI0) 3aMEHsIeTCsl yCusaMu. Ha BhIpe3aHHOM Y4acTh JOJKHBI ObITH
MOKa3aHbl MECTa CEUEHUM, YCUJIUSl MPUKIAJBIBAIOTCS B TOYKAX, IJ€ CEUCHUS
MIPOBENICHBI, Oe3 IepeHoca CHII:

N NN, n300pa’keHne yCHInii, eHCTBYIONHX B
CCUCHMAX

[Ipu 3TOM Ha YepTEeKE ANEMEHTHI CXEMBI JTOJDKHBI H300paxaThCsl JTHHUSIMU
pa3JIMYHOM TOJIIMHBI U HE CIUBATHCS: TOMUIMHA oceBol uHuu — 0,13 MM, MecTo
ceuenus — 0,3 mm, Bektopa — 0,5 MM, ctepxHs 1,0 MM.



H3ru6 crepxueit

CTep)KHHM, TPESUMYIICCTBEHHO paloTarolume Ha  W3THO,
Ha3bIBAIOTCA OajkaMU. B TomepeyHbIX CeYeHHsAX Oalkd TpH
JCHCTBUM TIOMEPEYHOW HArpy3KH (TOmepek MNpOJOIBHOW  OCH)
BO3HUKAIOT H3rHOAIONIMEe MOMEHTBI, KOTOPBIE OTH CCUYCHHSI
MOBOPAYHBAIOT OTHOCHUTENIFHO MOMEPEYHON OCH, MepHeHAUKYIAPHOI
TUTOIIAIN YePTeKa U TEM CaMbIM HCKPHBIISIIOT IIPOJOIBHYIO 0Ch. [IpH
9TOM YaCTh CEYCHHUsS, B KOTOPOil MpOmoJibHbIC (MapasuieibHbIe
MIPOJONBHON OCH Oasiku) BOJIOKHa ykopaumBatotcs (m'"n") (puc. 1),
OKa3bIBAaeTCS CXKATOH, a YacTh PACTSIHYTON — MPOJONBHBIC BOJNOKHA
(m'n'") ynmunstotes. KpuBasi, Ha KOTOPO#l HOpMaJlbHbIE HANPSKCHHSI
paBHBI HYIIO (mn), TPOXOJUT Yepe3 LEHTPHI TSHKECTH MOMEPEUHBIX
CEUYEeHUH, COBMAJaeT C MpPOAOJIBHOM OChIO OalKW W Ha3bIBACTCS

HEUTpabHON TUHUEH.

m"n"<mn<m'n'

CJIe/TBI TIIOCKUX
MOMEPCUHBIX CCYCHUI
Ha OOKOBO# TpaHH

Puc. 1. VckpuBiieHue ocH CTEpKHS TIPH H3rHOe

Hamuune npu n3rude B OJHOM CCUYCHUU HaHpH)I(eHI/Iﬁ n CXKaTuia
" pacCTAKCHUA, Tpe6yeT YKa3aHusd Ha SMI0pax HE TOJBKO BCIMYMUHBI
I/I3FI/I6aIOIIII/IX MOMCHTOB, HO U TO, UTO IIOKa3bIBAJIO OBl KaKH€ YacTH
CCUCHUA CKATBI, 4 KAKUC PACTAHYTHI. Yacrto 6anKy U3roTaBIMBAIOTCS
H3 XPYIKHUX MAaTCpHUAJIOB, TAKMX KaK YYIr'yH WA 6CTOH, KOTOpPbIC Ha
PacCTAKEHNE UMCIOT B HECCKOJIBKO pa3 MCHBIYIO MPOYHOCTH, YEM Ha
cxkarue. Ilo OIIOpe I/I3FI/I6aIOHII/IX MOMEHTOB .M OINPCACIIAIOTCA
COOTBETCTBYIOIIUC YYAaCTKH Oallki M 30HBI I[e(l)OpMaHI/Iﬁ OJIHOT'O
3HaKa. I[J'IH 30H ¢ OONBIIUMH pacTAruBaroiiMu HalNpsKECHUSAMU B



CEUEHUSIX, MPEBBILAIOIIMMU IIPOYHOCTh MaTepuasia, HHXEHEPOM
MIPUHAMAETCSI pelIeHre 00 yBEIMYEeHUH CEUCHUs], 3aMEeHe MaTepHaa
WIM TpPUMEHSeTCSs apMUpOBaHHE MaTepHajJaMd C  BBICOKOM
IIPOYHOCTBIO Ha PaCTSXKEHHUE.

Cy1ecTByeT HECKOJIbKO IpPaBUJI ONPEAETICHHUS HalpaBICHUS
JIEWCTBHUS M3TMOAIONIMX MOMEHTOB (TIpaBWJO 3HAaKOB), HO B
WH)KEHEPHOW IpaKTHKe IS ciydas Haubojee pacHpocTpaHEHHOTO
ciydast IDIOCKOrO M3rmba, Korja BCE CHIIBI JieKaT B OXHOH
IUIOCKOCTH, COBMAJAIONIe ¢ OJHOW W3 IJIABHBIX OCEH HUHEpLUU
cedyeHusi, HanboJee pacipoCTPaHEHO U3-3a MPOCTOTHI U HATIISJHOCTH
MIPAaBUJIO MOCTpoeHust ON.M cOo CTOPOHBI PACTSHYTHIX BOJIOKOH. B
9TOM Cilydae OTHaJaeT HEeOOXOAMMOCTh HCIONB30BAaTh 3HAKU «+» M
«», a TaKXKe IOHITUSI «CBEPXY», «CHH3Y» Oanku. OdYeBHIIHO, YTO
CTEp>KeHb MOXKET OBITh PAaCIlOJIOKEH B CXEME BEPTHUKAILHO I TOJ
YIJI0M, cKaxeM, 45°, 4To BHECeT HEONpEAETICHHOCTh B MOCTPOCHUE
SMIOPBIL.

CxeMa HaHeceHHs M3TMOAIOIIMX MOMEHTOB Ha  DBIIOpPY,
omnpenenseMas XapakTepoM HCKPUBIIEHUS OCH CTEPKHS, MTOKa3aHa Ha
puc. 2.

PacTAHYyTBIE BOJOKHA
co cropOHLuI \\ ’\ Ma
BBIITYKIIOCTH KPUBOU \
77O

4
/. CKaTbic BONOKHA

\ CO CTOPOHBI
. BOTHYTOCTH KPHBOI b
N\ /- N\
\_Hexe(hOopMHpOBaHHAS <9]’l. M \’
b T
0Cb CTEPIKHS " xH
(pacucrHas cxema) ——

nedhopMupoBaHHas
OCb CTCPIKHS

Puc. 2. HOCTpOCHI/IC OIMIOPBL I/I3FI/I63}OHII/IX MOMCHTOB Ha Y4aCTKE CTCPIKHA

INoguepkHéM, 4TO OpAMHATEI Ha OM. M NMPOCTO OTKJIAJbIBAIOTCS
CO CTOPOHBI PaCTSHYTHIX BOJIOKOH (BBITYKJIOCTH KPUBOW) M 3HAKH Ha
SMIOpE HE CTABATCS.

JJ1s1 monepeuHsIX CUII UCHOIB3YeTCs IPOCTOoe MpaBuiIo (puc. 3):
ecad momepedHas cuia (), AEHCTByOIas B paccMaTpHBAaeMOM
CEUEeHHM  TOBOPAUYMBAET  BBLACIECHHBIM  Y4acTOK  CTEpIKHSA
OTHOCHTEJIBHO JPYrOro CEYeHHsl II0 YacOBOM CTpelKe, TO €€
3HAYE€HHE INPUHUMAETCS MOJIOKUTENbHBIM (0003HAYaeTCsi 3HAKOM
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«+»), B IPOTUBHOM CIydae, IIpH MOBOPOTE ITPOTHUB YaCOBOM CTPEIIKH,
MIPUHAMAETCSI OTPHUIATENEHBIM, (0003HAYAETCSI 3HAKOM «—»).

K K
Qa Qa
la la

Puc. 3. TIpaBuiio 3HaKOB Ha 3ITIOPE MOMEPEUHBIX CUJI HA y4acTKe
CTEepKHS

IIpy nDocTpoeHMM  SHIOPBI  NPOAOABHBIX cun  On. N
UCTONb3yeTcsd  MpaBWJIO,  AHAJOTMYHOE  JUISI  HOPMAaJIbHBIX
HaNpsOKEHUI: €ClIU YCUIINEe AEHCTBYET OT CEUCHUS — PaCTSDKEHHE,
3HAYE€HHE INPUHUMAETCS MOJOKUTENbHBIM (000O3HAYaeTCsi 3HAKOM
«t»), B TPOTHBHOM CiIydae IIPHHUMAETCS OTPHLATEIHHBIM,
0003HauaeTcs 3HAKOM «—» (puc. 4).

P

,’/3}7. /\} ‘\'} ,’/én. N \'}
\\\KH J \ xH /
Na Na

/

Puc. 4. HOCTpOCHI/IC OIIOPBI MTPOJAOJIBHBIX yCI/I.HI/Iﬁ Ha Y4aCTKE CTCPIKHS

Crnenyer oOpaTHTh BHMMaHHME Ha TO, YTO 3HAKM Ha JIIOpPax
YCUJIMM ¥ HaNpsDKEHUH OMpeeNstoTcsl o TOMY, KaK OHU JEMCTBYIOT
Ha JIEMEHT MaTepHuaia (CTep>KeHb) I CTEPXKEeHb, U K KaKOMY BUIY
nedopmarmu npuBoaT. OHM HE CBS3aHBI C MOHATUSIMH BEPX-HHU3, C
0CAMU KOOpPJUHAT.

[Tpu mocTpoenun 3Mop nepemMenieHu (yAInHeHHH/ yKOpOoYeHUH
U TporuOoB) 3HAKM OYIyT ONpEnessThcsi B COOTBETCTBUH C
BBIOpPaHHBIMU OCSIMU KOOPJIUHAT.



Oco0eHHOCTH MOCTPOCHMS 3MMI0P B M3TH0aeMbIX 0alKax.

B umxeHepHON mpakTuKe OOBIYHO HCIONB3YIOTCS PacuETHBIE
CXeMBbl, B  KOTOPHIX BHEIIHHE HArpy3kKd  MOJEIUPYIOTCS
OrpaHMYEHHBIM HA0OpOM CHIIOBBIX BO3JIEHCTBHIA: COCpEIOTOYCHHAS
CHla, COCPEJOTOYEHHBI MOMEHT, PaBHOMEPHO pacrpelenéHHas
Harpy3ka. Ha ocHoBaHMM  W3BeCTHBIX Au(QepeHInaTbHBIX
3aBHCHMOCTEH MEXIy M3rHOaloNIMMH MOMEHTaMH W IIONEPEYHBIMHU
CHJIAMH:

0= aM
dx | (1)
MONIEPEYHOM pacipeenEéHHON Harpy3Koi U MONepeyHol CUIoi:
Y
! @
)

pacIipe/ielieHHOH OCeBOW Harpy3kod f(x) W TpPOXOJIbHBIMU

YCHITHSIMHU:

dx (3)

a TAKKC MPUHATHIX IMPaBWUJI 3HAKOB JIA YCHHHﬁ, MOXHO CTPOUTH
SMIOpHI 0€3 COCTaBJIEHHS aHAJMTUYECKUX BBIPAKEHUH ISl QYHKINH
M, Q u N, a HCNOCPCACTBECHHO IO HX 3HAYCHUAM B paC‘IéTHHX
CEUCHUAX MO KOHIIAM YYacTKOB. B 3TOM ciyuae pacuérHas cxema
pa36I/IBaeTCH Ha XapaKTCPHBIC YUACTKH, I KOTOPbIX U3BECTCH 3aKOH
N3MCHCHUS YCI/IJII/Iﬁ o JJIMHE CTCPIKHA, I'paHULIAMU 3TUX YYACTKOB
SABJIAKOTCA:  Yy3JIbl  COIIPSIIKCHUSA CTep)I(Heﬁ, MCCTO TPUITOKCHUSA
COCPEIOTOYCHHBIX HArpy30K (CHJI M MOMCHTOB), HAyalO M KOHEII
y4YacTKa pacrpeaeiéHHbix Harpy3ok. C MOMOIIBI0 METO/A CEUECHHM
IIOCJICA0BATCIIBHO BBIYUCISAKOTCA 3HAUYCHUA YCI/IJ'II/Iﬁ Ha TpaHullax
Y4acCTKOB pacquHoﬁ CXCMbI, OIpCACIAI0INEe OpAWHATBI S0P,
KOTOpPBIC 3aTCM COCAMHAIOTCA B COOTBCTCTBUU OCO6eHHOCTHMI/I TOT'O
WJIK UHOT'O YCUJIUA.

YCI/IJ'II/IH B paC‘IéTHOM CCUCHUHN BBIYUCIIAIOTCA CICAYIOUINM



obpazom:

* MpooJIbHAs cuiia N paBHa anreOpanyeckol CyMMe HpOEKIUi
BCEX CWJI, JEHCTBYIOIMIMX IO OJHY CTOPOHY OT CEuYeHHs, Ha
KacaTeJIbHYIO K OCH CTEpPXHs, IIPOBEIEHHYIO Yepe3 TOUKY CEUCHHS;

* ronepeyHas cuia () paBHa anreOpanyeckoi CyMMe IpOEKIUi
BCEX CHJI, IEHCTBYIOMINX MO OJHY CTOPOHY OT CEYEHUsI, Ha HOpMaJIb K
TIPOJIOIBEHON OCH CTEPIKHSI, IPOBEIEHHYIO B TOUKE CEUCHUS;

* m3rubaronii  MOMEHT M paBeH anredpanveckod cymme
MOMEHTOB BCEX CHJI, JEHCTBYIOUIMX MO O/IHYy CTOPOHY OT CEUeHHS,
OTHOCHTEJIEHO TOYKH CEUEHHSI.

OpauHaTEI SHIOP 10 KOHIIAM PacyYETHHIX Y4aCTKOB COETUHSIOTCS
C MOMOIIBI0 TpadUKOB (DYHKIMNA MO MPOJIOIHHONH KOOPAWHATE X C
YYETOM CIIEAYIOUIUX MPaBUIIL:

1) HeHarpy>XeHHBIH y4acTOK:

N=const, 0, M — ropu3oHTajgbHasl WIM HAKJIOHHAs MpsMas
(sruneiinas Gynkuws). TanreHc yria HakiIoHa M paBeH NMONEPEYHOM
cuie (. 3Hak >mopbl O ONpeaensieTcs COBMEIIEHUEM OCH CTEPXKHS €
SMIOpoil M, ecnu IOBOPOT MPOHMCXOMUT I10 YAacOBOW CTpEJKe,
3HaYeHHs () TOJIOKUTENBHBI, TPOTHB — OTPUIATENbHBL. Ecim
nonepeyHass cwia () Ha ydacTKe paBHa Hymo, To M = const,
MaTepuan paboTaer B yCIOBUSX YHCTOTO U3rnoa;

2) Y4YacTOK, HarpyXeHHBIi pPaBHOMEPHO pacHpenenEHHOMI
Harpy3koi q:

N = const, 0 — HakyoHHas npsMas (uHeiHas QyHkuws), M —
mapabona (puc.5) C BBIIYKJIOCTBIO, HAMPABJICHHOH B CTOPOHY
JIEWCTBHS HATPY3KH ¢ (KBajpaTHYHAsK (QYHKIUS);

0 4q M
(‘JVHVHHD
M 1 7
& 0
Yy
. 2

/’61‘[. M) %‘?

\\ )= 10 9aCOBOU
it CTpEeTKe
N Kacag~

/91—1' Q \\ ca TeJIL\HE}]\ =

[




Puc. 5 Xapakrep smop M 1 Q Ha yJacTKe ¢ paBHOMEPHO
pacrpenenéHHoN Harpy3Koi

3) y4acToK ¢ paBHOMEPHO pacripeeIEHHON 0CEBOM HATPY3KOH f:

N — HakiyoHHas npsiMasi (JiMHeHHas ¢ynkums), O = const, M —
TOPU30HTAJIbHAS MJIM HAKJIOHHAS NpsiMast (JIMHEeHHAs QyHKIu);

4) B TOUKax MPHUIOKEHHSI COCPEOTOUCHHBIX HArpy3ok NN, Q uin
M monydaloTcs CKaykd, 110 BEJIMYMHE paBHbIE 3HAYEHHSIM OTHX
Harpy3ok. [Ipum sTOoM Ha smope M mMeeT MecTo H3JoM Tpaduka,
00pa30BaHHBIA KacaTeJIbHBIMU K €r0 BETBSIM, PACIIOJIOKEHHBIM I10
pasHble CTOPOHBI OT MecTa IMPUIOKEHHS COCPENOTOYEHHOH CHIIBI.
HampaBnenue u3noma coBnajaer ¢ HarpasJjeHHeM CHIbl (puc. 6);

5) B cedyeHHAX, IPUMBIKAIOIIMX K MIapHUpAM 3HAYCHUS

MOMCHTOB paBHbI HYJIIO.

U3snom B crpony 2

o
JNEHCTBHS CHIIBI 2o B
- - q@.//,eeﬁ\
\9\@2/ o
o~ CO0B( 5
Derg~ e
] KaCa

{

CKa4yoK

Puc. 6. Xapaxrep snrop M u Q 1oz cOCpeTOTOIEHHON CHITON

[lepeuncienHple mpaBWia HCHONB3YIOTCS Uil NPOBEPKU
MIPABUJILHOCTU MOCTPOEHUS IIIOP YCHIUI.

Crenyer npuaepKUBaThCS ClIEAYIOIISH TEPMUHOIOTHH.

[psmoit u3rub — BUI AedopManyy, Mpu KOTOpOW M3rubaromme
MOMEHTBI OT BHEIIHUX CHJI ACHCTBYIOT B INIOCKOCTH, COBMAJAIOILEH C
OJTHOM M3 TJIaBHBIX OCEI MHEPIUHU CEYEHUSI.

Yucteiit m3rud — Bu e opMaIyu, Py KOTOPOH HUCKPUBJICHUE
MPOJIOILHOM  OCH  CTEPXKHS  BBI3BIBAETCS  JIGUCTBUEM  TOJBKO
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M3ruOaoIMX MOMEHTOB, a IONepeuHble CWIBl B CEYEHUH
OTCYTCTBYIOT, TIPH HAJIWYHHU TIONEPEYHBIX CWI OyJeT MMETh MECTO
TIONIEPEYHBIH U3rH0.

MecrononoxeHue LEHTpa TAKCCTU paC‘léTHOFO CCUCHUA 110
JUIMHC CTCPIKHA YCJIOBUMCS HA3bIBATH TOYKOM CEUCHHS.

PacuéTrHo-rpadpnueckas padora Ne3
«PacuéT 0a;1Kn Ha ABYX omopax, padoTaioueii B ycJ0BHAX
NPSIMOT0 NMONePeYHOro N3ruda»

Texnuueckue ycnosus. Jlns Oanku Ha ABYX OIOpax, cXxema
KOTOpo# n300pakeHa Ha pucyHke (Puc. 7), u3 ycinoBus NpOYHOCTH
Ha OCHOBE METO/a NPEJeIbHBIX COCTOSHUM HEOOXO0IUMO 110100paTh
CCUCHUS:

* CTaJIbHOW  JBYTaBPOBOM Oaiku, TONB3YACh TaOJIHIaMU
COpPTaMEHTa MPOKATHOH cTau;

* CTaJIbHOW OalIKW MPSMOYT'OJIBHOTO MONEPEYHOr0 CEUSHHUS TTPH
OTHOIIEHHUH €T0 BBICOT K IIMPUHE, PABHOM JIBYM.

P s e
b l IR IR
¥ B (if D
a b €

Puc. 7. Pacuérnas cxema PI'P

Banka 3arpyxeHa cucreMoid BHEIIHHX CHJI: COCPEJOTOYEHHOM
cuiioi F, paBHOMEPHO pachpeelIeHHON Harpy3kol ¢ U MOMEHTOM
M. Banka BBITIONHEHA U3 CTAJIH C PACUETHBIM CONPOTHUBIEHUEM R =
235 MIla, koa¢dunueHT ycnosuii paboTsl v, =1.

Tpedyercs:

— B BbIOpaHHOM MacmTabe BBIYEPTHTh PACUETHYIO CXEMY
(obmyro cxemy PI'P He pucoBaTh), MOCTPOUTH OBIIOPHI YCHIIWIL:
TIONIEPEYHBIX CHJI U U3THOAIONIIX MOMEHTOB;

— TPOBEPHUTH JMIOPHI C HCIIOIB30BAaHHEM OCOOEHHOCTEH W
NpaBUJI TOCTPOEHHS JUId NPOCTEHIIMX BHJAOB HArpyXEHHUS:
COCPEJOTOUEHHBIX CHJI U MOMEHTOB, PABHOMEPHO PaCHpeAeIEHHBIX
Harpysok;

— ONPEAETUTDH ONACHBIE CEYEHUS,;

11



— HaA3HAYNTL CEYEHHsS OajJKu I10 JIBYM BapHaHTaMm (bOpMI)I

NONnepeYHOro CEYCHUs U3 YCJIOBUA IPOYHOCTU.

BeiOop BapmanTa pacy€THOH cxeMbl pacu€THO-TpadHUecKoi
pabotsl No5 BBITIONHSIETCSI B COOTBETCTBUHM C JaHHBIMU TaOJHIT

(Tabm. 1) u (Tabm. 2).

Tab6u. 1. YUnciioBble naHHbIE

Pacuérnbie Hudpa mpudra
JIAaHHbIE 0 1 2 3 4 5 6 7 8 9
a, m 2 3 4 5 6 2 3 4 5 6
b, m 4 5 6 2 3 3 4 5 3 4
M 3 4 5 3 4 4 5 3 3 3
F, xH 50 | 40 | 30 | 20 | 10 | 50 | 40 | 30 | 20 10
q, kH/™m 10 20 10 20 10 20 10 | 20 10 20
M., xHw™m | 50 | 40 | 30 | 50 | 30 | 40 | 30 | 40 | 50 | 20

12




Tabmn. 2 Pacuérnsie cxembl BapuantoB PI'P

0

§
Q
S
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o
Q
A 2
S
[
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Ilocneoosamenvhocmy pewienus 3a0auu
1. Ananu3 pacuéTHol cxeMbl

Bce cumbl  gedcTBYIOT B OIHOW  IIOCKOCTH  (TZIOCKOCTB
YepTeKa) — CXeMa COOTBETCTBYET IUIOCKOW cucTeMe cwil Jlis
TUIOCKOM KOHCTPYKIIMHM HCIOJIb3YeM (GOpMYITy I OIpeeseHus
CTaTUYECKON ONPEAETUMOCTH CXEMBI:



1 =3K-1I, (4)
rac U — xonuuectBO I/I36I>ITO‘IHBIX CBH3CI>1, K — xomnuecTBo
3aMKHYTbIX KOHTYpPOB B CXEMEC, I — xonuuecTBO MIPOCTHIX

IIapHUPOB.
Kommnuectso
3aMKHYTbIX
npocmo wapHup, 0bvedunsem 2 npocmm’f wapnup, obvedunsem 2 mena: KOHTYPOB:
mena: onopy u 6anky ONOpHblll Cmepokcetib ceasu U b6anky
’ D K=1,
] KOJIMYECTBO
7 npocmoil wapnup,
7 \‘,\ obvedunsem 2 mena: MPOCTHIX
‘\\3 avKHYmbLE KOHMYD \ ONOPHBLI CIMEPHCEHD CEA3U
' u onopy IIapHUPOB:
I = 3.

Puc. 8. [IpoBepka cTaTHIECKOl OMPEACTHMOCTH

U3 puc. 8 BUAHO, 4TO BCe IMAPHUPHI COSTUHSIIOT cO00 O JBa
Tena (CTep)KHHW, OCHOBaHWE OIOpBI), WX KpartHocTh K, =1, Bce
LIApHUPHI IPOCTHIE.

KonmuecTBo M30BITOYHBIX CBSA3EH:
N=3K-3=0.

W30bITOYHBIX CBSI3€l HET, CHCTEMa CTaTHYECKH OIpeJiesTiMas,
JUISL OTIPEIENIEHUS peaKI1ii OIop AOCTaTOYHO ypaBHEHUI
paBHOBECHSL.

IIpoBogum aHanu3 TeOMETPUUYECKOMN HU3MEHSAEMOCTH.
OcBoOomuM Telno OT CBA3eH, 3aMEHUB HX peakiusMu (puc. 9).
Jluanu neiictBust Tpéx peakuui Ry, Ry, U Rc ONHOBPEMEHHO HE
napajuleNbHbl U HE NepeceKkaroTcs B OJIHOIi TOUKe, B CHCTEME HeT
Tp€X IIAPHHUPOB, JIeXAlUX HAa OJHOM MmpsMOH, cucrema
TEOMETPUUECKH Heu3MeHsMas. IlepeMerieHuss ToueKk B TakoH
cHCTEMEe BO3HHMKAIOT TOJIBKO 3a CcUET JedopMarmii moj JeicTBreM
YCUITHIA.
|

IC D

|
| M
y
Ra I 8 Re '
|

Puc. 9. [IpoBepka reoMeTprIecKOl HEM3MEHSIEMOCTH
CBOOOIHOM CHCTEMBI

2. OmnpeneneHre ONOPHBIX peaknuil.
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N3obpakaem B MacimiTabe CBOIO CXeMy B COOTBETCTBHUHU C
HCXOMHBIMHU JIAHHBIMH BapHaHTa [0 FEOMETPUHU U MO JNEUCTBYOMICH

Harpyske (puc. 10).

10 kH/m 3
'ZOKH yan 10xH ™
= TR
, (7727 D

2™ { 2M
I I I |

Puc. 10. 3amanHas pacuérHas cxema 1o mmdpy

HaznauaeM eguHuIbl M3MepeHUs: IJIUHBI B M, cuibl B KH,
KOTOpbIE B JaJbHEWIIEM Ha CXeMax He YKa3bIBaeM, KpoMe MOJINCU
Ha OKOHYATEJIbHBIX JII0paXx.

BBogum cucremy xoopaunat (puc. 11), B KoTopoii pojonbHas
OCh CTEpKHS COBIAaJaeT C OCBIO X, PEAKIUI0 B MIAPHUPHO
HETOABIDKHON OIOpe MpeACTaBiIsieM ABYMS COCTABISIOUIMMHU IIO
0CAM X U y, BEPTUKAJIBHYIO PEaKIUI0 R HampaBisieM NMPOU3BOJIEHO
TI0 JINHUU AEHCTBUS (BAOJIb OCH IIAPHUPHO MOJBIKHOK OIOPHI), IS
yKa3zaHus JIUHUU JelcTBUS HaHOCUM MIyHKTHPOM
PaBHOIEHCTBYIOIIYIO (J, PABHOMEPHO paclpenenEHHON HArpy3KH ¢.

¥ " 10 10
Ris R > :
Ruy 4 B Rc & Q:” ]3

2 2 1 1

Puc. 11. CBobomHas OT omop 3ajaHHasi CUCTEMa

Peakiiin OMOPHBIX CBf3ell HAXOAMM W3 CHCTEMbI ypaBHEHHI
paBHOBecHs TUIOCKON cucTeMbl cui. CHcTeMa COACPKHUT TpU
HE3aBUCHUMBIX ypaBHeHHs. M3 ypaBHEHHsS MPOEKIMHA CHI Ha
HPOJIONBHYIO OCH!

onpeacidaeM TOXACCTBCHHOC PAaBCHCTBO HYIIIO: RAx =0.
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N3o0paxaeM cXeMy C Y4eTOM OTCYTCTBHS TOPHU3OHTAIBHBIX CHII
(puc. 12).

Jns  naxoxnaeuss Ry, M Rc BOCHONB3YyeMCS  3alMChIO,
colepKalllell CyMMy MpOEKIUH CHUJI Ha BEPTUKAJbHYIO OCbh U
YpaBHEHHSI MOMEHTOB OTHOCHTENIBHO JIByX HECOBMAJAIONIMX TOYEK
IJTIOCKOCTH:

n n n
DMy =0;> M =0;) F,=0.
i=1 i=1

i=1

ITocnenHee  ypaBHEHHE  HCIONB3YeM  JIS  IIPOBEPKH
MPaBUJIBHOCTH HAXOXKICHUS WCKOMBIX BenwduH. [l muiockoit
CHCTEMbI CHJ MPaBWIO 3HAKOB JJII MOMEHTOB CHII BbIOHpaeMm
HPOHU3BOJIBHO.

M, =0;20%2-R,x4+0rx5-10=0;
40— R x4+10x2x5-10=0; R~ =32,5 xH;

IlonoxurensHOe  3HaueHWE  HaWAEHHOW  peakuuun  R¢
CBHJICTETIBCTBYET O TOM, UYTO NPHUHATOE HAa CXeMe e€ HampaBJeHHe
(puc. 12) okazanock BepHBIM. M300paxkaeM cxemy C HalJeHHBIMH

peaKHI/IHMI/I:
f 10
20 — 10
4 I M ) x
Ray B 32,5 ¢ ior D
2 2 i i

Puc. 12. PacuérHas cxema Oaku ¢ TByMsI HaliJICHHBIMH PEaKIUSIMU

Peakuuro R, HaX0AUM M3 YpaBHEHHUs PAaBHOBECHS:
IMo=0; Ry, x4-20x2+0rx1-10=0;
Ry, x4-20x2+10x2x1-10=0; R =32,5 xH.
IMonoxwuTensHOE  3HAaYEHHME  HAWJEHHOM  peakuuu Ry,
CBUJICTEIILCTBYET O TOM, YTO MPHHATOC Ha cXeMe e€ HampaBlICHHE

(puc. 13) okazamock BepHbIM. M300pakaeM cxeMy ¢ HalJICHHBIMHU
PEeaKIUSIMH:

16



f'v 10
20 10

4 nfw...w.ww.) :
75 B 32,54C D

5 >

2 2 2

Puc. 13. PacuérHas cxema Gainky ¢ TpeMs HaifIeHHBIMHU PeaKIHsIMH

BoinmonHsieM npoBepKy MPaBUIIBHOCTH HAWJIEHHBIX OMOPHBIX
peakuui:
DY, =0;75-20+32,5-10x2=0;
7,5-20+32,5-10x2 =0;
40 = 40;
VYcnosue paBHOBeCHs COOJIOJIAETCS, OMOPHBIE peakUuu Ry, U
R HaiiieHbl BEPHO.

3. OnpenernexHue yCUIuil.

BuyTpeHHue cuioBble  (DakTOpHI: IIONEpEYHBIE CHJIBI U
M3rudarne MOMEHTBI, OINpPENENSIOTCS Ha OCHOBAaHMHM MeETona
ceueHmii. PazOuBaem Oanky Ha 3 ywactka, 1-ii: «4—-B», 2-it: «B—Ch,
3-it: «D—C». Hawano koopauHaT mJisl KaXKJOTO ydyacTKa OajKu
COBMAJIaeT C NepBoi OyKBOW B HA3BAHUH MHTEpPBAJIA.

Yuacrok 1 (Puc. 14). IlpoBoauMm cedeHHE B TOYKE C
KOOpJIMHATOM X; W COCTaBJIsSIeM YpaBHEHHs pPAaBHOBECHUS IS
OCTaBIIEHCS YaCTH:

2X,=0; =N, =0;
M., =0;75xx,—M,=0;

Ay 0. M M (x)=75x;

A ' \ N, X M, — nuneiinas QyHKIys,
T—
7 | j KOOpJIMHATA X; B IIEPBOM CTETICHH.
’ LY =0;
X1
- - 7540, =0;
a)
Ql = _775;

3HaueHue Q, Ha yyacTke
MIOCTOSIHHO.
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y
A 7,5X1
A ' X
7,5 7.5
X1
- - 6)
M,
A A X1
s—
BEITYKJIOCTh
M30THYTOM OCH B)
A 15 B
Mi(x)
(1Y) 7,5
A ©) _Bp

Benuuuna nomnepeyHoi CUITbI
MOJTY4YUIach OTPUILIATENIBHOM,
CIIEJI0BATENBHO, JEHCTBUTENBHOE
HanpaBJicHue OyaeT
MIPOTUBOIOIOKHO IPUHATOMY Ha
cxeme a). MeHsieM HamnpaBlIeHHE U
n300pakaeM HCIPABICHHYIO CXEMY
ydJacTka.

OpnaunHatsl 3mtopsl M| Ha
yuacTke | OTKIIQJbIBAOTCSI CHU3Y —
CO CTOPOHBI BBITYKJIOCTH
n3oruyroi ocu. Ilonepeunas cuna
Q) IOBOpAaYMBAET Yy4aCTOK
CTEp>KHS IO YaCOBOM CTpEJIKE,
CJIE/IOBATENIFHO €€ 3HAK «»,
MIPUHAMAEM TOJIOKHUTEIBEHBIM.

N3zobpaxaem smropsl M u O,

HA y4YacTKe. 3HAYECHUs YCHIWHA B
KOHIIE yJacTKa Ipu x; = 2:

M,(2)=15; 0,(2)="17.25.

Puc. 14. Onpenenenue ycnnmii Ha ydactke 1

VYyacrok 2 (Puc.
KOOPAMHATON X,
OCTaBIIEHCS YaCTH:

v

Al

20

a)

15). IlpoBomum ceueHWE B TOYKE C
U COCTaBJIsIEeM ypaBHEHHUs pPaBHOBECHS ISt

2X,=0;, =N, =0;

M., =0;
- 755 (24 x,)=20xx, - M, =0;
M, =15-12,5x,;
M, — nuHeliHas QYHKIHS.
XY =0;
7,5-20+0, =0;
0, =125

18



(), Ha yJacTKe MOCTOSIHHA.

M;,(0) = 15, HaripaBieHHne
MOMEHTA COBIAJaeT ¢

M:=15 - IPUHATHIM Ha CXEME a),
3) = PaCTAHYTBIE BOJIOKHA CHU3Y.
X220 BBIMKJIOCTh IIpu x; = 2 M,(2) = -10,
U30THYTOM 0CH 0) HallpaBJICHUE MOMEHTA
BBIITYKJIOCTB MIPOTUBONOJI0KHO NPUHATOMY,
W30THYTOH OCH
y C x pacTSHYyTbIE BOJIOKHA CBEPXY.
B R ITonepeunass  cuna
M-=10 B) TNOCTOSsIHHA, TNOBOpAYMBaAET
YYacTOK  CTEp)KHS  NPOTHUB
YaCOBOM CTPEJNKH, €€ 3HAK «—».
10
B /m W3zobpaxaem smopsl M, u
C (0, Ha ydacTKe. 3HaueHUA
7 Ma(x) YCUIMM B KOHIIE YyYacTKa MpHU
9
Xy = 2:
B C
5 M,(2)=10;
0,2)--125
125/ O(x)/ r)

Puc. 15. Onpenenenue ycunuii Ha yqyacTke 2

Yuacrok 3 (Puc. 16). IlpoBoaum cedeHHE B TOYKE C
KOOpJIMHATOM X3 ¥ COCTaBJsieM ypaBHEHHS PaBHOBECHS IS
OCTaBIIEHCS YaCTH:

XX =0; = N;=0;

A)’ M Q3 10 10 ZMceq:O;

X3 X
- ]&H-I-LUJ-I-’!-Q 10—10><x3><?3—M3=0;

X3

) M, = 10( _x_3}
2

M5 — xBasipaTiyHas GyHKIHS.
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XY =0; O3 -10xx; =0;

05 =10x;;

(05 — nuHelHas GyHKIHS.
[Monepeunass cuna (), TOBOpayMBaeT
YYacTOK CTEp KHS 10 YacOBOH CTpEIKe,
e€ 3HaK «».

Qs(o):()'
0,2)=20.
x‘ M32)10 M;(0) = 10, HampaBJieHHEe MOMEHTA
BI)IHyKHOCTB —~ h COBINAAACT C IMPHUHATBIM Ha CXCEMC a),
W30THYTOU OCH  x30 pacTsiHyThle BOJIOKHA CHU3Y. [lpu x3 =2
— e
BBIIYKJIOCTb M;(2)=-10, HampaBIcHHE MOMCHTA
M30THYTOH OCH MIPOTUBOMOIOKHO MIPUHSATOMY,
X3
- - (—u—D BBIIYKJIIOCTh ~OCH M PACTAHYThIE
c\™
BOJIOKHA OKAa3bIBAIOTCS CBEPXY.
5) M=10 B) OJIOKHA OKa3bIBAIOTCS CBEPXY.

OmnpezernsieM TOUKY TiepeceucHust QYHKIMH M3 ¢ 6a30BOM JTUHHUEH DIFOPHI.
[MpupaBuuBaeMm (yHKIMIO M; HyII0, KOPEHb YpPaBHEHUS OMNPEACITHT TOUYKY

2
X3

nepeceyeHust )c;):M3 =10| 1- 5 =0; x;) =\/5=1,41;

Jl1st Hax oK JIeHUs SKCTpeMyMa (pYHKIH M; IpUpaBHSIEM HYITIO €€ IEpBYIO

MMPOMU3BOHYTO:
aM
3 =10x,; 10x, =0; = x} =0.
d 3 3 3
X3
M 3
TaK KakK = Q3, TO a6cuI/Icca C 3KCTpeMaJ'II>HI>IM 3HAYCHUECM MOMCHTA
X3

COBIIAJAET C CEYEHHEM, B KOTOPOM IIONEpeyHasi CUa PaBHA HYNIO — B Havaje
ydacTka 3.
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1,41

5

10 _
CHTW\‘ D
L [[[ 10

KacaTensHas K Ms Nzobpaxxaem smropst M; u O
B TOuke D TOPU30OHTAJIbHA Ha y4JacTKe.

20 0w

D r)

Puc. 16. Onpenenenue ycuuii Ha ygactke 3

OnpenenvB (YHKIMM YCWIIMA BO BCEX CEYEHHSX, CTPOUM
smopsl B Oanke Ha BcéM mpoTspkeHHMW. J[nst sToro BeIOMpaercs
COOTBETCTBYIOIMM MaciiTad, u3o0pakaercs 3aJaHHAs pacuérHas
CXeMa 1 CTPOro 1o Hel cTposTes antopsl (puc. 17):

10 xH/m ;
20 <l 10xH ™

= HMHHHHHH\)

- | ﬂ\m
ANTSITITIB

|
|
| [ |
| | 1&/\
|
|

'B c

Puc. 17. Dmops! yennmii B ceueHusix 6anku M, Qu N

4. TIpoBepka NpaBUILHOCTU OCTPOEHUS 3IIOP.
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75 B 3254C D
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I
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diEnnn
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12,5

2

S

R

Puc. 18. IIpoBepka mocrpoerust smop M u QO

CcKa4yokK 7,5
CKavoK 2

1. Dmropa u3rudarIMX MOMEHTOB M.
VYyacTtok «A4B».

1) ydacTOK He HarpykeH, OMOpa B BHIE NPSIMOA —
coOmoaeTcs;

2) B CeYEHUH, NPHUMBIKAIONIEM K LIapHUPY A, MOMEHT paBeH
HYIII0 — coOMrogaeTcs;

3)B Touke «B» HaOmOmaeTcs H3JIOM BETBEH OITIOPBHI,
00pa30BaHHBIM KacaTeNbHBIMH, HalpaBjeHHE H3JI0Ma B CTOPOHY
JIEWCTBHS BHELIHEH COCPEIOTOUEHHON CHIIBI — COOJTIOAAeTCS.

Yuyactok «BC».

1) y4acTOK HE HArpyXKEH, JII0pa B BUJC HAKIIOHHOW TPSIMOM —
coOmoaeTcs;

2)B Touke «C» HaOmIomaercss W3JIOM BETBEH DIIOPHI,
00pa30BaHHBIM KacaTeNbHBIMH, HalpaBjeHHE H3JI0Ma B CTOPOHY
JIEWCTBHSl BHEIIHEH COCPENOTOYEHHOW CHIIBI (pEakIUH OIOpHI) —
coOumoaercs.

VYuyactok «CD».

1) yuacrok HarpyxeH PaBHOMEPHO pacnpenenéHHoi
HATpy3KOH, 3MIopa B BUJE KBaJpaTHOW Mapaboibl, HANpPaBICHHOU

22
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BBINYKJIOCTHIO B CTOPOHY JIEHCTBHS HATPY3KH — COOJIIOIAETCSI;

2) sKcTpeMyM (QYHKIHMH HaXOAWTCS B TOYKe «D», B KOTOPOH
KacaTelbHasl K SIIOpEe TOPU30HTAJIbHA, a 3HAUYEHUE MONepevHon
CHJIBI PAaBHO HYJIO— COOJIIOAETCS;

3)B Touke «D» HaOIIONAeTCS CKAadyoOK Ha SIIOpe, PaBHBINA
BEIMYMHE BHEIIHEr0 COCpeAoToueHHoro MmomeHta 10 kH*M —
cobmroaaercs.

II. Dnropa nonepeunsix cui Q.

VYyacTtok «4B».

1) y4acTok He HarpyKeH, 3MMopa MOCTOSTHHA — COOJTIOIAeTCS;

2) B CEUCHUH, MPUMBIKAIOIIEM K TIApHUPY A, HaOIoJaeTcs
CKauOK, paBHbIN BEJIMYMHE BHEIIHENW cOCpeIoTOueHHOM cuibl 7,5 kH
— coOronaercs;

3)B Touke «B» HAONIOMACTCS CKAYOK, PABHBIA BEIHMYUHE
BHeIIHeH cocpenoroueHHoi cmibl 20 kH — cobmomaercs;

4) 3HaYCHUE OpAWHATHI JMIOPel () PaBHO TaHTEHCY yrIja
HAKJIOHAa KacaTebHOW Ha »Jmiope MoMeHToB M: 15/2=75 —
coOmoaeTcs;

5) IOBOPOT OCH CTEpXKHS JIO COBMEIIEHHS C SIIopodl M 1o
KpaTyadiieMy IIyTH TIPOUCXOAUT IO YacOBOH CTpENKe, dYTO
OIpeIeNISCT MOJIOKUTENIFHBIC 3HAUCHUSI Ha dmrope O — coOroaeTcsl.

VYyacrok «BC».

1) yJ4acTok He Harpy)XeH, SIIopa IMOCTOsIHHA — COOJIIOAAETCS;

2) B Touke «C» HaOIrOmaeTcsi CKAa4yOK, PaBHBIM BeIHYHHE
BHEIIHEH cocpenoTodueHHol ciel 32,5 kH — cobmomaercs;

3) 3HayeHWe OpAMHATHI JMIOpsl () paBHO TaHreHCy YyrIja
HAKJIOHAa KacaTeIbHON Ha smope MmoMeHToB M: (15+10)/2 =125 —
coOmoaeTcs;

4) IOBOPOT OCH CTEpXHs JO COBMELICHUs] C 3mopod M 1o
KpaT4yaieMy MyTH HPOUCXOMUT TPOTHB YaCOBOW CTPENKH, YTO
oIpeieNsieT OTpUIATEIbHbIE 3HAYSHUs Ha amrope () — coOmoaeTcs.

VYyaacrok «CDy.

1) ydacrox HarpyxeH PaBHOMEPHO  pacIpeneaéHHON
Harpy3KoH, SIIopa B BUJIe HAKJIOHHOH TPSIMOW — COOIIOIaeTcs;

2) IOBOPOT OCH CTEpXHs JO COBMEUICHUs] C 3mopod M 1o
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KpaT4yailieMy IIyTH TPOMCXOAMT [0 YacOBOW CTpeEJKe, HYTO
OIpeIeNIsIET MOJIOKUTENbHbIE 3HaUeHNs Ha armope O — cobronaercs;

3) 3HayeHHe WHTEHCHBHOCTH PaBHOMEPHO pacHpeeséHHON
HArpy3KH PaBHO TAaHTCHCY yIiia HakioHa smopel O: 20/2 =10 —
coOumoaercsl.

5. llonbop ceueHus Gamku

OmnpenensieM cedeHus OaNKK U3 YCIOBHS MPOYHOCTH B KAUECTBE
MIPOCKTHOTO pacuera. TpeOyeMblii MOMEHT CONPOTUBIICHUS CEUCHUS
MpU 3aJIaHHOM PAacYETHOM COMpOoTUBIeHUH cTanu R =235 Mlla u
ko3 durnmente yciaoBuit paboThl y, = 1,0 BEIYHCISIEM U3 YCIIOBUS:

3
s My 15410

e 2 = =6,383-10" M =63,83cm’ .
T Ry, 235-10-1,0

[MonOupaem  cedeHne JBYTaBpOBOW  OajKH, IOJB3YsCH
TabJMIAMH COpTaMEHTa IpoKaTHOW cramu (tabn. 7.10), HOoMep
GaTKy TPHHMMAEM C OMMKAMIIMM GOIBIINM 3HAYEHHEM MOMEHTA
COTPOTHBIICHUSL:

Wz,i 2 Wz,nec . (5)

DTOMY YCIIOBHIO COOTBETCTBYeT Oayika HoMep Nel4 BEICOTOM
mpopmns 140 MM ¢ MoMeHTOM compoTuBieHus W, = 81,7 o’
(puc. 19, a).

Tabn. 3
Homep Pa3mepsl, MM A, CrnpaBoYHbIE BETMUYUHBI IS OCer
Oanku oM’ X—X y=y
h b S I, eM [ Wy, eM'| I, em® | W, eM”
14 140 73149 | 174 572 81,7 41,9 11,50
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. b . b

a) IByTaBp 0) PSIMOYTOJILHUK
Puc. 19 Ceuenus 6ankn

[Mondupaem Gayky MPSIMOYTOIBHOTO IMOMIEPEYHOT0 CCUCHUSI TIPH
OTHOIIICHUH €T0 BBICOTHI K IIUPHUHE, paBHOM ABYM (puc. 19 0).

2 2 3
Wx:b h :b (2 b) :2 b Wx=£b32W2n80263583CM3;
6 6 3 3 ’

§b3 >63,83cm>; b > 3‘/%63,83 =457cMm.

[MpuHrMaeM IIUPUHY CEYECHHUS  NPAMOYTONBHONH  Oaliku
b=4,6 cM, BeicOTY h=9,2 cMm. [Dnomanps MHOMEPEYHOrO0 CEUYCHUS
Ay = 4,6x92=423 em?. Pacxoxn MaTepuayia Ha U3rOTOBJICHUE OaJIKH
MPSIMOYTOJIGHOTO ~ CCUCHHsI  OOJbllle, YeM Ha W3TOTOBJICHUE

. . A, 423
PaBHOINPOYHOH BYTaBpOBOH Oalku B —= = —— = 2.4 pasa.
A4, 174

6. Beisos.

Bamka, wmeromas JBYTaBPOBOE CEYCHHE, SIBIIACTCS Ooliee
paIIOHATIFHONH 110 CpaBHEHHIO C OalkOil  IpPSIMOYTOJBHOTO

MOnepeYHOro CEYCHUs.
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IIpunaoxenne

XapaKTepuCTHKN CEYEHUH ABYTaBPOBBIX OasioK

n3 copramenTa o 'OCT 8239-89

Tabmuia
CrpaBoYHbIE BEIUYUHBI I OCEH
Howmep Pa3mepsl, MM A,
Oanku oM’ )i - - i} Y -
h b S I,em |W,eMm'| I,eM™ | W, cm
10 100 55 4,5 12,0 198 39,7 17,9 6,49
12 120 64 | 48 14,7 350 58,4 27,9 8,72

14 140 73 4,9 17,4 572 81,7 41,9 11,50
16 160 81 5,0 | 20,2 873 109,0 | 58,6 14,50
18 180 90 | 5,1 23,4 | 1290 | 143,0 82,6 18,40
20 200 | 100 | 5,2 | 26,8 1840 | 184,0 | 115,0 | 23,10
22 220 | 110 | 5,4 | 30,6 | 2550 | 232,0 | 157,0 | 28,60
24 240 | 115 | 5,6 | 34,8 | 3460 | 289,0 | 198,0 | 34,50
27 270 | 125 | 6,0 | 40,2 | 5010 | 371,0 | 260,0 | 41,50
30 300 | 135 | 6,5 | 46,5 | 7080 | 472,0 | 337,0 | 49,90
33 330 | 140 | 7,0 | 53,8 | 9840 | 597,0 | 419,0 | 59,90
36 360 | 145 | 7,5 | 61,9 | 13380 | 743,0 | 516,0 | 71,10
40 400 | 155 | 83 72,6 | 19062 | 953,0 | 667,0 | 86,10
45 450 | 160 | 9,0 | 84,7 | 27696 | 1231,0| 808,0 | 101,00
50 500 | 170 | 10,0 | 100,0 | 39727 | 1589,0 | 1043,0 | 123,00
55 550 | 180 | 11,0 | 118,0 | 55962 |2035,0| 1356,0 | 151,00
60 600 | 190 | 12,0 | 138,0 | 76806 | 2560,0 | 1725,0 | 182,00
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