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BBEJIEHHE

CornpoTuBieHHE MaTepraJoB — MH)KEHEPHAsl HayKa O METOJIax pacuera HauboJee
paclpOCTPAaHEHHBIX  AJEMEHTOB KOHCTPYKIIMH Ha MPOYHOCTh, IKECTKOCTh W
YCTOMYMBOCTh TPU OJHOBPEMEHHOM YAOBJIETBOPEHUU TpeOOBAHUN HAJACKHOCTH U
SKOHOMHYHOCTH.

DKCIEPUMEHTAIbHOE TOJTBEPKICHUE OCHOBHBIX TOJIOKEHUM JTUCHIUILIAHBI
«CompoTHBJIEHHE MaTEpUAIOB» HMMEET BaXKHOE€ METOJIMYECKOE 3HAYEHUE B
bopMHUPOBAaHUN WHKEHEPHOTO MBIIIJICHUS CTYEHTA.

B 1npomecce wusydenus cryaeHtamu HanpaieHus 21.03.01 aucuumivHbI
«ConpoTHuBIEHNE MAaTEPUATIOB) pean3ytoTcsa komnereHuus OIIK-1.

JlaHHBIE METOMYECKUE YKa3aHUs MpeaHaA3HAYEHBI JJIsl TOATOTOBKHU CTYJAEHTOB K
71a00paTOPHBIM 3aHATHUSAM MO TUCHUIUIMHE « COMPOTUBIICHUE MaTEPHUAIOBY.

B xaxnoit nmabopatopHOoM paboTe MpuBEIEHA I1eb U COJEpXKaHUSI PadOTHI,
M3JI0’KEHBI OCHOBHBIE TEOPETUYECKHUE IOJOKEHUS, MPUBEICHA METOJIMKA U TMOPSI0K
BBITIOJTHEHHUS pabOThI, COAEPKaHUE OTYETa M KOHTPOJBHBIE BOIPOCHI.

Metoauyeckue ykazaHusi MpeAHA3HA4YeHBbl [JI CTYACHTOB BceX mpoduiei

Hanpasyieaus 21.03.01 — Hedrerazosoe neno.

Jlabopamopnas  paboma  Nel. WCIIBITAHUE HA  PACTSXXEHUE
3



MAJIOYTJIEPOJIUCTOM CTAJIN.

1. Llenv u codeporcanue pabomsi: U3y4eHUE MOBEJICHUS MAJIOYTJIEPOAUCTON CTAIN
B TPOIECCE HCIBITAHWS HA PACTSHKCHHE 10 pPa3pyIICHUs, MOJYYCHHE IHArpaMMBI
PACTSKEHUS U ONPEICSICHHE MEXaHUYECKUX XapaKTepPUCTUK MaTepraia oopasiia.

2. Teopemuueckoe obocrosaHue

Jlnst  pemieHHMsl TPAKTHYECKUX 3a7ad  HEOOXOIWMO 3HAaTh MEXaHHUYECKHE
XapaKTEPUCTHKU MaTEPHAIIOB.

CymiecTByeT MHOTO METOJIOB MCITBITAHUN MaTepuajioB, HO OCHOBHBIM SIBJISICTCS
UCIIBITaHUE Ha pacTsokeHue. OMBITHI MPOBOAITCS Ha CHEIUATBHBIX MallMHaX, pabouee
yCWJIME B KOTOPBIX CO3AAETCS JIMOO MPU MOMOIIM PHIYaKHOTO YCTPONCTBA (phIUaXHBIC
MAaIIUHBI), WIK C TIOMONIBIO THAPABINYECKOTO JABIEHUs, NIEPEeIaBaeMOro Ha MOpIICHb
(rumpaBiIMUECKUE MAIKHBI).

[Ipu ucmbITaHUSX HA PACTSKEHUE MPUMEHSIOTCS TaK HA3bIBAEMble HOPMAaJIbHbBIC
oOpaslbl KPYyrjioro Wid MpsSMOYyroyibHoro ceuenus. O6pazen; (pucynok 1.1), kpome
MUIMHAPUYECKON paboyell YacTh, MMEeT IUIaBHBIE MEPEeXOoJ]lbl K MWJIMHIPUUYECKUM
YTOJIIICHHBIM TOJIOBKAM, MPEIHA3HAYECHHBIM JIJIS 3aKPETUICHHUS 00Pa3I0B B MaITHE.

Ao .e d

lo

Pucynok 1.1 — Dcku3 o6pasia 10 uCnbITaHUI

BOJBIIMHCTBO COBPEMEHHBIX HCIBITATEILHBIX MAIIUH CHAOKEHBI JTUATPAMMHBIM
anmapaToM, KOTOPBIM aBTOMAaTHYECKU B MPOIECCE HMCIBITaHWS BblYEpUYMBAET rpaduk
U3MEHEHUS yJUIMHeHus1 oOpasna Al a, B 3aBUCUMOCTH OT CTaTHYECKOTO YBEITUYCHUS
pacTaruBaromeil cunsl P, T.e. quarpammy pactsxenus P =1(A41).

st ucKITOUeHUsT BIMSTHUS TIOTIEPEYHBIX Pa3MEpPOB U JJIUHBI pabodeil vacTu
oOpasia yno0HO NEepecTPOUTh MAIIMHHYIO AUArpaMMy pacTsHKEHUS, pa3feiauB CUiibl P
Ha MEPBOHAYAIBHYIO IUIOIAAb CEYCHHUs oOpasma 4, , a abCONIOTHOE YIJIMHEHUE Ha
pacuéTHyio IIHMHY [, T.¢.

o :E; £ :l_' (1.1)
0

B pesynbTaTe MoNydnM yCIOBHYIO JuarpamMmy pactsxenus O =[(€) (pucyHok
1.2).

B nauvane nuarpaMma umeeT MpSAMOJUHEWHBIA y4acTOK (OA. Ha3bIBa€MbIN 30HOU
ynpyeocmu. Ha ydactke OA cobOnrogaercs mpsiMasi MpONoOpIHMOHAIbHAS 3aBUCUMOCTD
MEXKy HANPSHKEHUEM M OTHOCUTEIBHBIM YIJIMHEHUEM, TO €CTh BBINOJIHIETCA 3dKOH
I'yka.

Haubonbiiee HampsbkeHHe, A0 KOTOPOro marepuan ciexyer 3akony ['yka (Ha
auarpamme Touka A), Ha3bIBaeTCsl npedenom nponopyuoHaIbHOCMU U BBIYUCIIAETCS 110

dbopmye



p

am::X“, (1.2)

[e]

rae Pry— Harpyska, OTBEUaroIas mpeeity mporopIHOHaIbHOCTH.
JIost ManoyriiepoucToi cranu Iy, ~2 -1 0° ITa =200 MTTa .

o |
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Pucynok 1.2 — VYcioBHas auarpaMma pacTsKEHUS MalOyIrJIEpOJUCTOM CTalv

Beiie Touku 4 nuarpaMMa HauMHAeT HECKOJIBKO MCKPUBIATHCS, U 3aKOH ['yka
Hapymaerca. OAHAKO MOKHO OTMETUTh Takoe HeOOJbIlIoe HampshkeHue (Touka B Ha
pucyske 1.2), 10 KOTOporo B MaTepuajie, MMEIOT MECTa TOJIbKO YIpYyrue aepopMaluu,
MOJIHOCTBIO UCUE3AIOIINE MOCIIE CHATHUS 3arPy3KHU.

DTO HaNPSKEHUE HAa3bIBAETCS NPEOeioM YIpY20Cmu

o, == (1.3)

3a ToukoM B gedopManmMM pacTyT OBICTpee HArpy3Kd, HWCKpPUBIICHUE
YBEIIMYUBAETCSA, U B HEKOTOpPOW Touke C NOBENEHHWE MaTepualla PE3KO MEHSETCS:
nedopmalii  Bo3pacTtaroT 0e3 3aMETHOrO YBEIMYEHUs Harpy3ku (WM Jaxe Mpu
NOCTOSIHHOM Harpy3ke) 1o Touku C' — Marepuain, Kak TOBOPST «Teder» (SBICHUE
TEKY4YECTH METAJJIOB).

['opu3oHTaNbHBINA (MM TOYTH TOPU3OHTANBHBIN) ydyacTok CC' Ha auarpamme
pacTsDKEHUs Ha3bIBACTCS MIOWAOKOU meKyyecmu, a HalpsHKeHUe, HpU KOTOPOM
MPOUCXONUT TEUeHUE Marepuana (yBeIudeHue aedopManuii Mpu MPUOIU3UTEIHHO
NOCTOSTHHOW Harpyske), Ha3bIBa€TCs npedesiom meKyiecmu

o, :Ki' (1.4)

rae Pr — Harpy3ka COOTBETCTBYIOIIAs IUIomaake Tekydectd (misg cramm Cr.3
TIpesien TeKydecTH npumepHo pasen 2,4 -10° ITa =240 MIa ).

[Ipn nmanpHeimem naedopMuUpoBaHUM oOpaslla 3a TOYKOM HaINpsHKCHUS U
pacTATMBAIOIIEE YCHUJIME BHOBb YBEIMYUBAIOTCS, TO €CTh IPOUCXOJUT YINPOUHEHHUE
CTajid, MPUYEM OTOT IMPOLECC HMIAET 0 MOMEHTA JOCTHXKEHUS CWIOW P CBOEro
HanOOJIbIIEr0 3HAYCHHUS.

Ha paumarpamMme »srtamy ynpouyHeHHMs OTBedaeT HakioHHas kpuBas C'D,
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Ha3bIBacMasi 30HON yIPOUYHEHHUS.
HanpspkeHusi, COOTBETCTBYIOLIME HaWOOJNBIIEMY 3HAYCHHUIO pacCTITUBAIOIICH
CHWJIBL, HAa3bIBAIOTCS BPEMEHHbIM CONPOMUETEHUEeM UITH NPeoeiom NPOYHOCMU
P

Op :“—};ﬂ. (15)

s
Ha nuarpamme 05 cootBercTByeT Touke D (s cramu Ct.3 0, ~400Mlla),
BBuay TOro, 4ro BpEeMEHHOE COMPOTHBICHHE OYCHH MPOCTO OMPEACISCTCS W3

ombITa (JOCTATOYHO pa3opBaTh 0Opasel] ¢ U3BECTHOM IIOIIAAbI0 F)) CCUCHUS HA MAIlIMHE

U OTMETUTh MPU ITOM), ATAa XAPAKTEPUCTHUKA SIBIISCTCS OCHOBHOW ISl CYXKJICHHS O

MIPOYHOCTH METaJlIa.

Jlo mocTmxkeHus mpejesia MPOYHOCTH MPOJOJIbHBIE U MOIepeuHble aeopMaium
PaBHOMEPHO pacIpeesatoTCs 10 pacUeTHOM JIJTMHE 00paslia.

B MoMmeHT gocTrkeHus Tpejerna MpOYHOCTH MOBEICHHE o0pasliia eIe pas3 pe3Ko
MeHsIeTCs: nedopmalus oOpasiia JIOKaAIU3yeTcs B OAHOM, Hanboiiee ciabom Mecte (HIIH
B MECTE HaIM4us AePEKTOB-HAIPE30B, IIapanyH U T.1.), BCICACTBUE YeTO HAOIIOAACTCS
MECTHOE IIONIEPEUYHOE CYXKEHHE o0pasia, TrAe W HaurmHAeT 0Opa3oBBIBATHCS Tak
Ha3bIBaeMasl Iielika (pUCyHOK 1.3), oCTalbHBIE K€ CEUEHUS] OCTAIOTCA MPAKTHUYECKU
HEU3MEHHBIMU.

AI d1
\ ]
-.-1_._,_[ ...... e ) B& ........ G ———— }._... s
— N

Pucynok 1.3 — Ocku3 oOpasiia mocie UCTbITaHuN

BcenenctBue pe3koro  yMEHBIICHHS TIOMEPEYHOro Ce4yeHus olpasma st
JATBHEHIIET0 €ro pacTsHKEHUs HY)KHA BCE MEHbINIasg W MEHbIas CWia W, HAaKOHEIl, B
Touke E (pucyHok 1.2) mpoucxomut paspeiB (paspyiieHue) obpasma. Hucnagarormas
BeTBb DE nuarpamMmbl pacTsiKEHUS! HA3bIBACTCA 30HOU MEeCMHOU MeK)yYyecmu.

[Tonnytro aedopmaruro o6pasia npu pa3pbiBe (pUCYHOK 1.2) MOKHO pa3fAeuTh Ha
YIPYT'YI0, MTHOBEHHO MCYE3aIOIIYIO ITOCIIE Pa3phiBa, M IIIACTUYECKYIO, KOTOpasi OOBIYHO
o0o03HayaeTcs yepe3 O, U Ha3bIBACTCS OMHOCUMENbHbIM OCIMAMOYHBIM YOIUHEHUEM TIPH
pa3pbiBe
-1

o= 100% (1.6)

0
rae I, — nnuHa pacueTHOM YacTH oOpasiia mocje pa3pbiBa, M3MEpPEHHAs IOCIe
COEIMHEHHUS YacTel pa3opBaHHOTO 0Opa3Iia.
Benmnunna o xapakTepu3yeT IIaCTUYHOCTh Mmatepuana (mis cramu  Ct.3
0 =21...23%, a st HanboJIee pacpoCTpaHEHHBIX COPTOB CTalu o =8...28%).
J11s1 OTIeHKH TIJIACTUYHOCTH MaTepualia ONpeaeseTcs U Ipyras XapakKTepUCTHKA —
OmMHOCUMENbHOE OCMAMOYHOE CYdiceHue TIONIEPEYHOIO CEYEHUs B LIEHKE MOCIe pa3phiBa



Y e -100% (1.7)
AU

rae A; — miomaab NONepevyHOro CEYeHusl EHKN B MeCTe pa3phiBa (B Haubosee
TOHKOM MECTE IIICHKH).

Benmnunbna ¥ Gojce TOYHO XapaKTepU3yeT ILIACTHYECKHE CBOWMCTBA, T.C.
ractudeckas jaedopmanus 1Mo JIUHE o0pasla pacmupeieiseTcss HEepaBHOMEPHO, U
BEIMYMHA O SBJISAETCA HEKOTOPLIM CPENHUM yiuuHeHueM. Uem Gonbine 0 u ¥ |, Tem
IIACTUYHEE  Marepuaj, modToMy O W ¥ HashIBalOTCd  MeXaHuuecKumu
Xapaxkmepucmukamu niacmuyHOCmu Mamepuad.

3. 3ao0anue.
1. Ucnionp3yst maHHBIC TAOJHIIBI, TTOCTPOUTH PabOUyI0 JUATPAMMY PACTSHKCHHS

cramu P =f(4l) .

2. Ilo pe3ynbTaram NoCTPOCHUS ONPECIUTH MIPees MPONOPIUOHAIBHOCTA Py
npejen TeKy4ecTu Op, Mpelesl YIPYyrocTu JyU Npeaeia NPOYHOCTH Jg, €ClIU TUaMeETp
oOpasia a0 ucnsiTanus d, = 10 MM, a nocsie ucneiTanus d; = 5,8 Mm;

3. PaccunTtaTh OTHOCHUTEIIBHOE OCTATOYHOE VAJMHEHHE O TpH paspbiBE, €CIU
IiHa obpasna a0 ucneitanus L, =100 mm, a mocite ucnbiranus [; = 131 mm;

4. PaccuuTaTrh OTHOCHUTEIILHOE OCTATOYHOE CyKeHHE ¥/ IOIMEpEeYHOro CEYeHHs B
HIEHKE MOCIIe pa3phiBa:

5. Cnenath BBIBOJIBL.

Tabauua
Al, mm 0 0,3 0,47 0,625 0,94 2,5 3,75
P, xH 0 4 8 12 16,7 18,8 19.4
Al, mm 5,25 9,75 15,0 20,0 28,75 36,25 41,25
P, xH 22,7 28 32 34 32 28 24

Konmponvrwvie onpocui.

1. Kakoit oOpaser npuMeHsIeTCs 111 UCTIBITaHU ?

2. B KakuX KOOpJIMHATAX BBIUEPKUBAETCS AUArpamMMma pacTsKEHUS JuarpaMMHbBIM
anrapaTroM UCIbITaTeIbHOW MAIINHBI?

3. Kak ctpouTtcs ycioBHasi AuarpaMmma pacTsHKeHUs ?

4. Kakve u3MeHeHHMsl, TPOUCXOASIINE C 00pa3LoM B MPOLIECCE PACTIKEHUs, HE
YUYUTBIBAIOTCS YCIIOBHOM THArpaMMON pacTKEHUS?

5. Uto Ha3bpIBaeTCsl MpPEAENIOM MPOMOPIUOHAIBHOCTH, MPEAEIOM YNPYTOCTH,
NpeiesioM TEKy4yeCTH, MNPeAesoM MPOYHOCTH (MM BPEMEHHBIM CONPOTHUBICHUEM
Pa3phIBY) U KaK OHH OIPEAEIIOTCs ?

6. Kak omnpenenuts mpenesl NponopUUOHATBHOCTH MO MAIIMHHOW JHarpamme
pacTsiKeHus1?

7. Kak omnpenenuTs Harpy3Ky, COOTBETCTBYIOIIYIO MpEAEIY TEKY4YeCTH, IO
CUJIOU3MEPUTEITIO MAILLIMHBI B IPOLIECCE PACTSHKEHUS MAJIOYTJIEPOIUCTOMN CTaIN?

8. Kakuie 30HbI MOKHO BBIACIUTH HA TUArPAMME PACTSKEHUS?

9. Kak omnpenenutb, B KakOd TOYKE 3aKaHYMBAETCAd 30HA YHOPYrOCTH IpH

7



VCIIBITAHUM HA pacTsbKeHHe?

10. Ilo kakuMm yyacTkaM oOpa3na HIPOUCXOJUT €ro pacTsKEHUE B 30HE
YIPOYHEHUS U B 30HE MECTHON TEKy4yecTu?

11. Kakme nedopmarmu Ha3bIBAIOTCA YNPYTUMHU, a Kakue IJIACTUYECKUMHU
(ocTaTo4HBIMU)?

12. Kakne MexaHM4eCKHE XapaKTEPUCTUKHU CIIYXKAaT JJIsI OUEHKH IUIACTUYHOCTH
METaJUIOB U KaK 3TH XapaKTEPUCTUKH ONPENEIUTh?

Jlabopamopnas paboma Ne2. UCIIBITAHUE MATEPUAJIOB HA CXKATHUE.



1. Ilenv u codepowcanue pabomvi: 03HAKOMJIEHUE C METOAWKOW HUCIBITAHUA W
OINPEENICHNS] MEXaHNYECKUX XaPAKTEPUCTUK, CPABHUTEIBHOE U3YUEHUE OCOOCHHOCTEN
pa3pylIeHUs IUIACTUYHBIX U XPYIKUX, U30TPONHBIX U aHU30TPOITHBIX MAaT€pPUAJIOB MPU
UCIIBITAaHUSIX HA CKATHE.

2. Teopemuueckoe obochosaHue

Jns W3ydeHHs MEXaHUYECKUX XapaKTEPUCTUK MaTEepHaOB CYIIECTBEHHOE
3HAYEHHUE UMEIOT UCIBITAHMS HE TOJBKO Ha PACTSIKEHUE, HO M Ha CHKaTHE, IPUYEM IS
XPYIKHX MaTE€pUAJIOB UCIIBITAHUS Ha CXKATHE SIBIISIETCS OCHOBHBIM.

MHorue 1miacTHYHbIE MaTepuabl COBCEM HE Pa3pyLIAIOTCsS IIPU CKATUHU, WU
pa3pylIaroTcsl TOJIBKO MPU OY€Hb OO0JIbLION ocTaTOYHOU Aedopmanuu. [Ipu ucnsiraHum
IUTACTUYHBIX MaTepUaoB (HapUMep, CTaJIbHOTO 00paslia) quarpamma ckaTHs BHadase
aHAJIOTMYHA JHarpaMMme pacTsDKEHUS; IIpeAesl IMPONOPUUMOHAIBHOCTH U IpEe
TEKY4YECTH IMOYTH COBHAAAIOT, U IUIOMIAJKA TEKYYECTH HE ITOIYYaeTCsl CTOJb XK€ SPKO
BBIPAKECHHOM, KaK MPU PaCTSHKCHUH.

[Ipyn nmanpHEWIIEM HArpy»K€HHM CKUMAIOIIas CHJIa BCE BPEMs BO3pPACTAET, T.K.
BO3HHMKAIOT 3HAUMUTENbHbIE IUIACTHUYECKHE Jedopmanuu, B pe3yJbTaTe Yero
YBEJIMYMBAETCS IUIONIA(b MOMEPEYHOro ceueHus: oopasua. Ilpu aTom oOpaszen 3a cuer
TPEHUsI Ha TOpUAX MPUHUMAET O0UKO0Opa3Hyro (opmy (pHUCYHOK 2.1); CUIBI TpEeHHS
MEMIAlT YacTsaM oOpaslia, MPUMBIKAIOIMIMM K TOpIaMm, paclIupsThCS B MONEPEUHOM
HaIlpaBJIEHUM, CPEIHAS K€ YacTh 00pas3la, yJnajeHHas OT KOHILIOB, UMEET TAKYIO XKe
BO3MOKHOCTb.

LLLLILLLLLLL i/ LLLLLLLLLL

1 77n Pucynok 2.1 — Cxema iehopmaruu cTajibHOro oopasia
(Sl i
s

BcneacteuMe 3TOro0  HampsikKeHHOE  COCTOSHHE B 00pasie  CTaHOBHTCS
HEOJHOPOJHBIM M 3HAYUTEIBHO OTJIMYAETCA OT JIMHEHHOoro. JloBecTu A0 pa3pylieHus
oOpasel U3 MaJIOYIJIEPOAUCTON CTANIM MPAKTUYECKH HE YAAETCSI, LIMIIMH]IP TPEBPAIACTCS
B TOHKHUH AUCK 0€3 BUIUMBIX TPU3HAKOB Pa3pyIICHUSI.

Juarpamma cxxkaTusi He UMEeT KOHEYHOM TOUKH, TTO3TOMY Mpeiesl MPOYHOCTH TTPH
CKaTUU TAKOTO pojia MaTepUaJIOB Hali/IeH ObITh HE MOXKET U MOHATHE MIpeiesia TPOUYHOCTH
JUIIeHO (Pu3NUecKoro cMmeicia. [ Takux mMaTepuaioB YCIOBHO MPUHUMAIOT TMPeEe
MIPOYHOCTHU MPU CKATUM, PABHBIN MpeIeNTy MPOYHOCTH MIPU PACTSHKECHUH.

Xpynkue MaTepuanibl (4yryH, KaMeHb, OETOH U T.I1.) pa3pylialoTcs MpH CKATHH,
OJIHAKO XapaKTEPHBIM SIBIIETCS TO, YTO Pa3pylICHUE MPOUCXOAUT MPU HANPSHKEHUSX,
3HAYUTETHHO OOJIBIIINX, YEM MPHU PACTSHKCHHH.

[Ipy wucneiTaHUM dYYTyHHOTO oOOpasiia JauarpaMma ckatas COXpaHseT
KaueCTBEHHBIE OCOOCHHOCTH AMArpaMMBbl PACTSKEHUSI, OJJHAKO COTIPOTUBIICHUE CHKATHIO
3HAUUTEIHHO BhINIE (B 4 ... 5 pa3) conmpoTuBiieHUs pacTsbkeHnio. Harpyxxenue obpasia
MPOJOKAETCA JO TEeX TMOop, MOKa HEe HA4YHET chajaTh Harpy3ka W HE HACTYMNHUT



paspylieHue oopasiia.
[Tpu paspymieHnr MWIMHIPUIECKOTO 00pasiia BOSHUKAIOT TPEUTUHBI MO YIJIOM
0K0J1I0 45 K ocu o6pasua (pUCYHOK 2.2).

b
N\

Mpy MCNbITaHMM 06PA3LIOB M3 YyryHa M APYrux XpYnKux MaTepuasion
HEO6X0IMMO MPUMEHSTH OTPAXK/ICHHUS OMTOPHBIX TUTHT U3 TPO3PAYHBIX TUIACTMACC IS
NPEOXPAaHEHUS OT OCKOJIKOB IPH pa3pyIICHUH.

[lemeHTHBIN KyOWK MpH pa3faBiIMBAaHUM NPUHUMAET BHUJ yCEUEHHBIX MUPAMUI,
COCTaBJICHHBIX MEHBIITMMH OCHOBAHUSAMU. TpEeIUHbBI 00pa3yIOTCs MO yIIOM, IPUMEPHO
paBHbIM 45° (pucyHOK 2.3a).

Pucynox 2.2 — Cxema oOpa3oBaHus TPEUIMH YyTYHHOTO o0Opasiia

-
a 0
Pucynok 2.3 — Cxema pa3pyuieHusl HEMEHTHOTO KyOuKka: a — 6€3 cMa3Ku TOPLOB;
0 — co cMa3KOM TOPLIOB

Ecau uckiouuTh BIMSHUE CHJI TPEHHS MEXIY TOpllaMu KyOWKa U IUIUTaMHU
MaliuHbl (HampuMep, cMaszaTh TOpUbl TNapaduHOM WM TOMIOXKHTh PE3UHOBBIC
MPOKJIAJIKK), TO KyOUK pa3pylIaeTcs Mo MIOCKOCTSIM, MMapauiebHbIM JIMHUMA JIEHCTBUS
CWJIbI, Ha KOTOPBIX HANPsDKEHUS paBHbI HYNIO (pUcyHOK 2.30). [Ipenen mpouyHocty npu
ATOM OKa3bIBAETCSl MEHbIIE, YeM JJIsl KyOHKa, UICIIBITAHHOTO 0€3 CMas3KHu.

Bce Marepuanbl MOKHO YCIIOBHO pa3JeiUTh HA JBa TUIA: U30TPOIHBIE (MMEIOIINE
OJIMHAKOBbICE MEXAHUYECKHE CBONCTBAa B Pa3HBIX HAMPABJICHUSAX) U AHU30TPOHHBIC
(umerolMe pa3aTuYHbIe CBOWCTBA B Pa3HbIX HampaBieHUsX). Bce paccMoTpeHHble paHee
MaTepualibl OTHOCSITCSl K U30TPOIHBIM MaTepHraiam.

JlpeBecuHa SBJISIETCS AHM3OTPOITHOM MATE€pPUAJIOM M MO3TOMY pEe3yJIbTaThl,
MOJIyYeHHbIE TPU CKATUM BIOJIb M TIONEPEK BOJOKOH, PE3KO pa3InyHbl (pPUCYHOK 2.4a).
XapakTepHbIM [JI1 JAWAarpaMMbl CXKaTWsl JPEBECHHBI MOMEPEK BOJIOKOH SIBISIETCA
3HaYeHHE HArpy3KH, OCJIe KOTOPOil €€ poCT CYLIECTBEHHO 3aMeIsieTcs, a qedopMarus
MPOJI0JDKAaeT Bo3pactarh. McmbiTaHue o0pas3ia OOBIYHO MPEKpalaercs, Korja ero
BbICOTa YMeHblIaeTcs Ha 1/3.

[Ipu nanbHeiIeM HarpyKE€HUU APEBECUHA HE Pa3pyIIACTCs, a JUIIb NPECCYETCs
(pucyHok 2.40). 3a mpenen MPOYHOCTA B TAKOM Ciy4yae MPUHUMACTCS OpAMHATA
MEPEITOMHOU TOYKH.

Pa3pymienue nepeBsHHOrO KyOHKa Mpu CKATHH €ro BJIOJIb BOJOKOH MPOUCXOAUT
3a CUET CIIBUTa OJTHOM 4acTu 1o Apyroi (pucyHok 2.4B). [Ipenen mpoyHocT Ha CokaTHE
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BJ10JIb BOJIOKOH 3HAUUTENbHO BhIIIE (B 8 ... 10 pa3), uem nonepex BOJIOKOH.

8B40k
P BO/IOKOH

a

rnorepex
BO/IOKOH

0 Al

Pucynok 2.4 — Bupa nuarpammsbl c:kaTusi JpeBEeCHHBI (a); 00pa3ell ApEeBECUHBI
MOCJIe HArPyKEHUS MOTepeK BOJIOKOH (0) U BI0JIb BOJIOKOH (B)

Jns npoBeieHUs UCTIBITAHUI Ha CKaTUe MPUMEHSETCs rujipaBinueckuii npecc I1-
125 nnu onnHa u3 paspeiBHBIX MamuH P-10, P-20, P-50. Pa3peiBHbIC MallIMHBI CHAOKEHBI
JIMarpaMMHBIM anmapaToM, aBTOMATHYECKH 3alUCHIBAIONIMM B MPOIECCE HCIBITaHUN
JMarpaMMy CxKaTusl.

Jlns ucnibITaHUs METAJIJIOB Ha CXKaTHUE MCIOJIB3YIOTCS 00pasiibl B BUJIE€ KOPOTKHUX
UAJIMHPOB-KPEIIEPOB, Y KOTOPBIX BHICOTA paBHA OJTHOMY — ABYM JUAMETPAM.

Jlnst apyrux MarepualioB NMPUMEHSIOTCS 00pasibl B BUAEC KyOUKOB (CTOPOHBI
kyouka quist uyryna 20 ... 30 mwm, ana nepea 50 mm, niemenTa u kamHeit 70 MM, 6eToHa
200 ... 300 mm).

3. Annapamypa u mamepuanvi: tuapaBandeckuil npecc [I-125, cranpHOi un
YYyT'YHHBIA [WJIMHAPBI-KpEIIepbl, OCTOHHBIM KyOWK, JBa JIEPEBSHHBIX KyOuKa,
MITAaHTEHIUPKYJb, TETpalb, py4yka, JUHEWKA, KapaHJall, MHKPOKAJIbKYJIATOp JIs
BBITIOJTHEHUS MH)KECHEPHBIX PACUETOB.

4. Cooepoicanue omyema u e2o gpopma.

OtuyeT 1o J1abopaTOpHON PadOTE NOKEH CONCPIKATh:

- Ha3BaHHWE U 1IeJIb pabOThl, KPAaTKUH KOHCHEKT OCHOBHBIX TEOPETUUECKUX
MOJIOKECHUI;

- pa3Mepbl 00Pa3IOB M PACYEThl B COOTBETCTBHUH C MIPUBOANMOMN TaOIUIICH;

- BBIBOJIBI IO pE3yJIbTaTaM UCIBITAHUN U PACUETOB.

Marepuaisl

JepeBo

Bennuuna
cTajib YyTYH IIEMEHT BJIOJIb TMOIepeK

BOJIOKOH BOJIOKOH

Pazmepsl
MIOTIEPEYHOTO 29,1 19,8 69,4x70,9 | 33,4x47,1 | 40,8x41,2
CCUCHUS, MM

IImomane
HIOIIEPEYHOTO
CeueHMsI, MM’

Prax, kH 218,75 211,25 5,0 66,25 6,25

oBp, MHLI
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KonmponvHuie sonpocbi.

1. KakoBa uens padoThi?

2.Kaxue 00pa3ipl HCTIONB3YIOTCS MPU UCTIBITAHUSIX Ha CyKaTHe?

3.YeM 0OYCIIOBICHO OIpPEACIEHHOE COOTHOIIEHHUE BBICOTHI M TOMEPEUHBIX
pa3MepoB ¢ 00pa3LoB MIPHU CHKATUU?

4. Kakoil BUJ UMEET Auarpamma crkaTusi MaJlOyTIepOIUCTON cTamu?

5. Kakue MexaHW4yecKHe XapaKTEepUCTUKU MOXHO ONPEAEIHUTh MO UCHBITAHUIM
MJIACTUYHOM CTaJIM MPHU CKATUU?

6. MOXHO 1M JOBECTH 10 pa3pylieHus oOpasell U3 IUIACTUYHOM CTajau Mpu
CoKaTUH?

7. Kakolt Buj MeeT muarpaMmma ckatus Juisi uyryHHoro oopasua? E€ otnuune ot
JMarpaMMbl PacTsHKCHHUS.

8. Kakme MexaHWdecKrne XapakTEPUCTUKH M KaK MOYKHO OIPEIAECIUTh IPH
UCIBITAaHUSAX YyTYHHOTO oOpa3la Ha cxaThe?

9. KakoB xapakTep pa3pylieHUsi YyTyHHOTO oOpasiia mnpu cxaruu? Yem
00BsCHAETCs MpuodpeTeHne o0pa3oM 60UYK000pa3HO PopMBbI?

10. Kakue MexaHM4eCcKne XapaKTEPUCTUKN MOYKHO OINPEAEIUTD [0 UCTIBITAHUSIM
[IEMEHTHOTO KyOuKa Ha cxaTue?

11. KakoB xapakTep pa3pylIeHHs PU CKATUU LIEMEHTHOTO KyOHKa IPU HATMYUU
U OTCYTCTBUHU CUJI TPEHHUS?

12. Kako#i Bua UMeEET TuarpaMma Jijisi J€pPEeBSIHHBIX 00pa3lloB, UCIIBITAHHBIX HA
CoKaTHe BJIOJIb U MOINIEPEK BOJOKOH? B yem ux paznuuus?

13. MoHO 1M JAOBECTH O pa3pyllICHHUs JEPEBSHHBIM oOpaszel] MpHu CKaTUu
MIOIIEPEK BOJIOKOH?

14. KakoB xapakrtep pa3pylIeHUs ACPEBIHHOTO 0Opaslia MpU HMCIBITAHUU Ha
CKaTue BJIOJb BOJIOKOH?

15. KakoB mopsiIoOK UCIIBITAHUM Ha CKATHE U 00pabOTKa UX PE3YJIbTATOB?

Jlabopamopnas paboma Ne3. OIIPEJEJIEHUE YIIPYI'MX ITOCTOSHHBIX
12



MAJIOYTJIEPOJIMCTOM CTAJIU ITPU PACTSDKEHUU.

1. Llenv u codepxcanue pabomul. SKCHEPUMEHTATbHOE ONpEAeICHUE MOJYJIs
IpOAOIABHON yrpyroctu E, xoddduimernra nomnepedynoil gedopManuu (4 U KOCBEHHOE
onpeesneHre Moy caBura G IpH pacTsHKEHUHU CTaIbHOTO 00pas3ua.

2. Teopemuuyeckoe 0bocHosaHue.

VYupyrue noctostHabie £, ¢, G UCTIONB3YIOTCS JJI PEUIEHUS IPAKTUYECKHUX 3a7a4
M XapakTepHU3ylOT CBOMCTBAa MarTepuaja CONPOTUBIITBCA Pa3IUYHBIM  BUJAM
nedopmaiinii, BBI3bIBAEMBIX BO3/IEHCTBUEM BHEIIHUX HATPY30K.

Monyns  yopyroctu mepBoro  pojga (Moayns  FOHra)  xapakrepusyer
COMPOTHUBJISIEMOCTh MaTepuaia ynpyrou aegopManuu Ipu pacTsLKEHUM U CKATUU: YeM
OoJpIlIe MOAYJL YINPYTrOCTH Marepuajga, TEM MEHbBIIEE YAJIMHEHUE WM YKOPOUYEHUE
HOJIyYUT CTEPKEHb IPHU MPOUMX PABHBIX YCIOBUAX (AJIMHE, IJIOLIAAH, HArPy3Ke).

B 3akoHe ['yka, ycTaHaB/IMBAarOUIEM 33aBUCUMOCTb MEXAY HOPMAJIBHBIM
HalpsOKeHUEM ¢ U OTHOCUTENIbHOM JHHeHHON nedopmanueit &, moaynp FOnra E
BBICTYIIAET B POJIM KO3(PPUIIMEHTA TPOIIOPLIMOHATIEHOCTH

o=Fe¢, (3 1)
Koadpduument mnonepeunoit nedpopmaruu (koddpduuuent Ilyaccona) u
XapaKTepu3yeT CIIOCOOHOCTH MaTepuana COTIPOTHUBJIATHCS MOTIEPEYHOM

ne(hOpMUPOBAHHUIO, T.€. U3MEHEHUIO MTONEPEYHBIX PA3MEPOB MPHU AEUCTBUU MPOIOJIbHBIX
CHJL.

Ero MOXHO BBIYHCIUTB, 3HAs COOTBETCTBYIOIIWE 3HAYEHHUS OTHOCHTEJIBHOMN
nornepevHoi neopmanuy ¢ ¥ OTHOCUTEIBHON MPOAOIBHON AeGopMaliu &

’

£

L=,
£

(3.2)

JImst cTasied, OTJIMYAIOIIUXCSl COACpKAaHUEM YTIIepo/ia, JETUPYIONUX T00aBOK, a
TaKXe BUJIOM MEXaHUUYECKOM, TEPMHUUYECKON MU MHOM 00pabOTKH, YKa3aHHBIC YIIPYTHe
NOCTOsIHHBIE E ¥ 1 u3MeHsores B npenenax: £ = (1,9...2,1) 10! Ia; u = 0,25...0,30.

Mopaynbs ynpyroctda BTOporo poaa (Moayiab casura) G XapaKTepu3yeT
COMPOTHUBJISIEMOCTh MaTepHaia CABUTOBBIM (YTJIOBEIM) nedopmarusaM. OH BBICTYIIACT B
posu  kod(pdulMeHTa MPOMOPIMOHATBHOCTH B 3akoHe ['yka mpu  cuBure,
yCTaHABJIMBAIOIIEM 3aBUCHUMOCTh MEXIY KacaTeIbHBIM HAIPSHKEHUEM T U YTJIOM CIBUTA

7

=Gy, (3.3)
MOXHO TEOpPEeTHYECKH BBIUMCIUTH (OMPENEIUTh KOCBEHHBIM IyTEM) H

nocTostHHyI0 G 110 hopmyrie
E

21+ w) (.4)

CpenHee 3HaueHHWE MOJYJIS CIBHWTa I CTajdd, IPHUBOJMMOE B CIPABOYHHKAX,
oueHuBaercs BenuunHoii G = 0,8-10'! Ia.

OTtHocuTeNnbHBIE JedopMaIlid B PEANbHBIX KOHCTPYKIIUSX COCTAaBJISIOT, Kak
MpPaBUJIO, HECKOJbKO TBICSAYHBIX nojied enuHuubl, T.6. € = 0,0014...0,003.
CrnenoBarenbHO, a0COMIOTHBIC Jaedopmariuu Al Takke OUYE€Hb Majbl MO CPaBHEHHIO C
nuHoi [, a umenno Al = (0,001 —0,003) /.

[ToaToMy, 4TOOBI WX 3aUKCHPOBATH, HEOOXOAMMO HCIIOIH30BATh MPUOOPHI,
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MMEIOITHE 3HAYUTENIBbHBIA KOAPGUIIMEHT YBeINYEeHUS (B ThICAUY U OoJiee pas).
[Tpubopel, YyBCTBUTEIBHBIE K HW3MEHEHHWIO JJIMHBI OTPE3Ka OIMPEIEICHHOTO
HaIpaBJICHUS, HA3BIBAIOTCS TEH30METpaMH (OT clloBa «TeH30» — aedopmarius). JmuHa
OTpe3Ka, Ha KOTOPOM IMPOU3BOIUTCS 3aMep nedopmariuu, HazpIBaeTCsl 02301 TEH30METpa
u o003Havaercs /.
MeTon 37eKTPUIECKOTO TEH30METPUPOBAHUS OCHOBAH HA MPHUHIIUIEC W3MCHCHUS
OMHYECKOTO COIPOTUBIICHUS MPOBOJHHUKA TpH ero naedopmupoBanun. M3BecTHO, YTO

QJICKTPUICCKOC COIIPOTHUBIICHUC IIPOBOJHHUKA PABHO
[

R=p A’ (3.5)

T7e p — yIEIbHOE CONPOTHBIICHWE MPOBOJHWKA; /[ — JJIMHA MPOBOJHUKA; A —
IUIOIIAb TIOTIEPEYHOTO CEUEHHUS MPOBOIHUKA.

B pe3synbrare pacTsbkeHHs] MPOBOJHUKA €ro JjiMHa [ yBeauuuBaeTcs Ha Al, a
wiomanas cedeHuss A ymeHsmuTcss Ha AA. CnenoBaTeNbHO, CONPOTUBIEHUE R
YBEJIMUUTCS HA HEKOTOPYIO Bennuuny AR. [Ipu c:xatuu npoBOJHUKA €T0 COMTPOTUBIICHUE
COOTBETCTBEHHO YMEHBIITUTCS.

OTHOCHUTENIbHOE HW3MEHEHHE COMPOTUBIICHUS  ompenenserca  (Hopmysioi,
MOCJICTHEE ClIaraeMoe B KOTOPOU YUUTHIBAET U3MEHEHHUE YACIBHOTO COMPOTUBIICHUS ITPU
nedopmanuu

AR Al
?:— l+2,u+7 (36)

OOmmii BHJ NPOBOJIOYHOTO TEH30/1aTYMKA, KOTOPBIA HAKJIEHBAEeTCs Ha
UCCIIeTyeMbIil OOBEKT, OKa3aH Ha pUCyHKe 3.1.

A-A

2272222227

Ap
5

T Tisl~

——

Pucynox 3.1 — O6mmii BiI TPOBOJIOYHOTO TEH301aTINKA

On mpeacTaBisieT coO0M MPOBOJIOYHYIO PEIIETKY, COCTOSIIIYI0 M3 HECKOJIbKUX
METEelb, YIOKEHHBIX MEXKY CIOAMU AUDIICKTPHUKA.

st onpenenenus moayis FOura E u kosddumuenta [lyaccona u ucnons3yror
CTIBHOW OO0pa3ell MpSMOYTOJIbHOTO CEUYEHUsSl MIUPUHOW b W BBICOTON /4, KOTOPBIN
MOJABEPracTCsi OCEBOMY PACTSXKEHHUIO HA UCTIBITATEIbHON MallIUHE.

Dcku3 o0pasiia ¢ HaKJI€EHHBIMUA aKTUBHBIMU JTATYMKAMU TTOKa3aH Ha PUCYHKeE 3.2.
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A: A"
Pucynok 3.2 — O0pa3ern ¢ TeH304aTYUKaMHU

3. Annapamypa u mamepuanvl. WCHbITaTeNbHas MammHa YM-5, oOpaser c
YCTAaHOBJICHHBIMH ~ Ha  €ro  IOBEPXHOCTHM  TEH30JaTYMKaMH,  TEH30CTaHLUS,
LITAHT€HLIMPKYJb, JWHEHKa, KapaHJall, TeTpaab, KAJIbKYJATOP JUISl BBITOJIHEHUS
WHXEHEPHBIX PacyETOB.

4. Memoouxa u nopsi0ok 8bINOJAHeHUsL pabOOMblL.

1. 3amepuTh MWHMPUHY b U BBICOTY /i TMONEPEYHOrO CEYeHUs padbouell yvactu
obpasna (b = 20 mm, h = 8 mum).

2. BpiuucnuTh miomanas nonepevyHoro ceuenuss 4 = bh. YcranoButh oOpasen B
HIDKHEM M BEPXHEM 3aXBaTaxX HMCHBITATENbHON MAaIIWHBI U BKIIOYUTH TEH30CTAHIUIO.
Tenzoycunurento aatk nporperses 10 ... 15 muH.

3. 3arpy3uTh 00pasell yCIOBHO HYJIEBON Harpy3Kkou P,.

4. CbanaHcupoBaTh MOCT YHUTCTOHA, Bpalllas pyuKy peoxopiaa (MUTMaMIIepMETP
P 3TOM MOKaXeT HYJIeBOM TOK). B3sTh mepBoHauanbHbiii oTcu€r (C, MO MIKaie
peoxoplla M 3amMcartbh €ro B JKypHaJI HCHbITaHUU. [lepeKirounTh TEH30CTaHIMIO Ha
MOTIEPEYHBIN TaTYUK U, COAIaHCUPOBAB MOCT, B34Tb OTCUET C, .

5. Jate nmpupamenue Harpy3ku AP.

6. COalancupoBaB MOCT, B3ITh cOOTBeTCTBYIOMUE OTCUETHI Cp 1 Cp'. 3anucarthb
WX B TaOIUILy.

7. Pa3rpy3uth oOpaszell.

8. ITloBTopuTs npeapiaymme nyHKThI 3 ... 7 enie asa pasa. [Ipupaiienue Harpy3ku
AP BO Bcex TpexX ONbITax JOJKHO OBITh OJJHUM M TEM K€, a YCIIOBHO HYyJIeBasi Harpy3ka
P, MOXXeT MEHATHCS.

9. Haiitu pasuunbl otcu€toB AC u AC’ B KakIOM H3 SKCIEPUMEHTOB U
BBIUYUCIUTH UX cpeanee 3HaueHue AC,, u AC’, 10 TpEM OIbITaM.

10. Pe3ynbTaThl UCTIBITAaHUM 3aHECTH B TaOIUILy ((hopmMa MPUBOIUTCS HUKE).

11. BpUCINT, 3HAYEHUS OTHOCHUTENBHBIX TMPOJOJIBHOM U  MONEpPEeYyHON
nedopmariuii mo Gopmynam:

£=175-10°AC,: & =175-10° AC,,;

12. BpIuucauTh HOpMaJIbHBIE HAIPSKEHUS! B MOMEPEYHOM CEYEHHHM oOpasla 1o

dbopmyie
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Tabmauia

Harpyska Ilpupamienue | [lokazaHus JaTYMKOB Pa3nuiia orcuyeTon
Harpy3Kku , )
P, H AP’ H CP CP AC AC
5000 112 28
10000
15000 302 71
15000 302 71
10000
25000 484 120
25000 484 120
10000
35000 664 172
Cpennue 3HaYCHUS

13. Onpegenntb Mmoayab KOHra m3s popmynbl 3.1.

14. Onpepenntb KoadpdpuruymeHT lNyaccoHa no popmyse 3.2.

15. OnpepgenuTb 3Ha4YEeHME Moayna casmra no opmyne 3.4.

16. CpaBHMUTb  nMoJiyd4eHHble  3HadeHMA  moaynAa  HOHra,
KoadppumumeHTta [lyaccoHa M Moayna cABura CoO CNpaBOYHbIMMU,
caenaTb BbIBOA,.

Konmponvnwvie 6onpocbi.

1. O6bsicHuTe PU3NYECKUI CMBICI MOAYJS YOPYTrOCTH MEPBOro poaa (MOIyss
FOHra).

2. O0wsacHute puzndeckuit cmuica kodddunmenta [lyaccona.

3. OOpscHUTE PUBHYECKUH CMBICT MOAYJSl YIPYrOCTH BTOPOTO pojaa (MoIyJs
C/IBUTa).

4. Kak 3anuceiBaeTcs 3akoH ['yka, pu pacTssKeHuu (Coxatuu)?

5. Kak 3anuceiBaercs 3akoH [ 'yka, ripu casure?

6. Kakag Teopermyeckas 3aBUCHUMOCTh CYLIECTBYET MEXAY YIPYTMMH
MOCTOSIHHBIMU M30TPOITHOI'O MaTepuania?

7. OOBSICHUTD MIPUHIIUI JSHCTBUS TEH30JaTUUKA.

8. C Kakoil IeJIbI0 TeH301aTYMKHU Ha 00pa3lie HaKJIECUBAIOTCS NapaMy MO0 OAHOMY
Ha IPOTUBOITIOJIOKHBIX I'PaHsX?

Jlabopamopnas paboma Ne4. OIIPEJAEJIEHVE MO YJIS1 CABUTA.

1. Ilenv u cooepocanue pabomoel: KCIEPUMEHTATHHOE OMpPENEICHUE MOTYJIS
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YOPYroCcTd BTOPOro pojia (MOl CIBUTA) MPU KPYUEHUHU CTAIBHOTO 00paslia.
2. Teopemuuyeckoe 0bocHo8aHue.

[Ipu pacuére Ha NPOYHOCTH U KECTKOCTh KOHCTPYKIIMM, HCIIBITHIBAIOIIUX
nedopmariy CIBUTa, HEOOXOAMMO 3HATh BETUYHHY MOAYJS caBura G. OTta usudeckas
MOCTOSIHHAsI MaTepuaga MOXET OBbITh OIpejesieHa SKCIEPUMEHTAIBHO MPU KPYUYECHUU
Opyca Kpyrjioro rmornepeyHoro CE4YeHusl.

[Ipn ucnblTaHUM MaTEpPUAJIOB HA KPYYCHUE 3aBUCUMOCTh MEXKAY KPYTSAIIUM
MOMEHTOM M,, U YIJIOM 3aKpy4YMBaHUS ¢ XapaKTEpU3yeTcs AuarpaMMon Kpy4yeHUs
(pucyHok 4.1), Ha KOTOPOH, KaK MPHU PACTKEHUH, MOKHO BBIJICIUTh TMHEHHBIN y4aCTOK,
IJi€ BBITIOJIHsIETCS 3aKoH ['yka

=Gy, 4.1)
M xp A

Mnuy

Mmax

Pucynok 4.1

Monyns casura G B Bblpakenuu (4.1) mpexacraBisger coOoil ko3ppUUIMEHT
MPONOPLUHUOHAIBHOCTH MEXIY KacaTeJIbHbIMU HANPSHDKEHUSMH T U OTHOCUTEIbHBIM
yraoM casura y. C ¢usudeckoit Touku 3peHust G XapaKTepU3yeT CONPOTUBISEMOCTh
MaTtepuaia ynpyrum aedopmMaiusiM CIBUTA.

Ecnu Ha HUIMHIPUYECKYIO MOBEPXHOCTh CTEPIKHS HAHECTH PABHOMEPHYIO CETKY
13 00pa3yroIMX U OKPY>KHOCTEH (pUCYHOK 4.2 @), TO MOCJIe MPUIOKEHUS KPYTAIIETO
MOMEHTa MOKHO 3aMETUTh, YTO KaXKJIO€ TMOMEPEYHOE CEYEHUE MOBOPAYMBAETCS
OTHOCUTEJIBHO APYroro BOKPYT MPOAOJIBHOM OCH CTEpXKHS Ha HEKOTOPBIM Yroni @,
Ha3bIBAEMBIN YTJIOM 3aKpy4YHBaHUSI.

OOpa3yromire MoBOpauuBalOTCA Ha OJUH U TOT e yroua ). IIpu 3Tom JMHelHbIe
pa3Mepbl HE W3MEHSIOTCSA, a MEePBOHAYAIBLHO NPSAMBIE YIbl MEXAY JUHUSIMHU CETKH
MU3MEHSIOTCS (KBaApaThl MPEBPAIAlOTCS B pOMOBI, KaK TTOKa3aHO Ha pUCYHKE 4.2 0).

CrnenoBaTelnbHO, B CTEpKHE BO3HHUKAIOT Aedopmaruu ciasura. BemwuunHa ¢
OTIpENENSAETCs uepe3 KPYTAUIUil MOMEHT M,,, IIMHY y4yacTKa / M TOJSPHBIA MOMEHT
uHepuuu 1, no popmyre

_M KPI
v = GI.

F

(4.2)
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Pucynox 4.1 — Cmepoicens 0o (a) u nocne (6) deghopmuposarus Kpyieruem

a

Jlns Opyca, MMEIOLIEro HECKOJIBKO YYacTKOB, B3aUMHBIM YIroJl 3aKpy4dHMBaHHS
KOHLIEBBIX CEYEHUI ONpenessaeTcsa Kak anreoOpandyeckas CyMMa yIriloB 3aKpyYMBaHUS Ha

KaXI0M Y4JaCTKC

n I
p=3—mi 4

=l G.‘I Pi ( 3)
Eciu Bce Y49aCTKH BBIIIOJIHCHBI M3 OJHOT'O M TOI'O JK€C MaTCpHalla, a KPYTSIIHHﬁ

MOMEHT Ha BCEX y4acTKax OJIMHAKOB, TO BhIpakeHUE (4.3) npuMeT BUJl
M,— n I
=3 4.4
G =l IP,‘ * ( * )
3. Annapamypa u mamepuanvi: KpyTuiabHas MamHa KM-50-1, npegna3snaueHHas
JUIS CTATUYECKUX MCIBITAHUN Ha KPydeHHE OOpasIoB KPYrJoro MW IPSMOYTOJBHOIO
MONIEPEYHOr0 CEYCHMs, oOpasell, INTaHTCHIUPKYJb, JMHEWKA, KapaHJalll, TEeTpPajb,

KaJIbKYJISITOP ISl BBIMIOJHEHUS HHKCHEPHBIX PacUCTOB.
4. Memoouxa u nopsi0ok 8blNOaAHeHUsL pabOmbl

1. [lepen HauyamoM ombITa y UCHBITHIBAEMOT0 00pa3ua (pUcyHOK 4.3) usmepsrorcs
nuameTpol (d; U d;), U mIMHBL Kaxaoro ydactka (/; u [). Ilocne storo oOpasert

MOMEIIAETCS B 3aXBaThl MAIIIUHBI.
2. OOpa3zer; npeaBapuTeIbHO HArpy>KaeTcsi BHEIIHUM MOMEHTOM M,, BEeIUYHHA

KOTOPOI'0 KOHTPOJIMPYCTCA IIO IIKAJIC CHIIOM3MCPHUTCIIbBHOI'O MCXaHHU3Ma KPYTHHBHOﬁ

MaluHbl (1Kana 4).
3. Tlo naumOy wMammHBI U3MEPSAETCS Yroa 3aKpydyuBaHWs ¢, B Tpaaycax,

COOTBETCTBYIOIINI BHEITHEMY MOMEHTY M,. 3HaueHnue M, U ¢, 3alUCBHIBAIOTCS B )KypHAI

HAOJTIOICHHM.
4. OOpaszen HarpyxaeTcsi paboueil Harpyskoil M, (we Oomnee 70 H-m) u

U3MEPSETCsS] COOTBETCTBYIOIIMK YroJl 3aKpy4MBaHUs ¢. 3HaueHus M, U ¢ 3aHOCSITCS B

YKypHaJ HaOJI0IEHUH.
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Pucynok 4.3 — Buj o06pasia 11t UCIIBITaHuN Ha KpydeHHe

5. OmbIT moBTOpsIETCS TPU pas3a, BEIWYUHBI M, W M, 1UIsl KaXXIOro OIbITa
3amaroTcs npenoaaBateneM. llepen HayaloM KaKIOTO OIbITa HArpy3ka IMOJHOCTBIO
CHHUMAETCHI.

6. IloydeHHbIE TaHHBIE 3aHOCSATCS B TAOJUILY, ONPEEISIOTCS CPEIHUE 3HAUCHUS
M.y, ¢cp 1 HAXOIUTCS ONIBITHOE 3HAYEHUE MOLYJIS cIBUTA Gop.

7. Haitnennas onbiTHass BenuunHa G,, CPaBHUBAETCS CO 3HAYCHUEM MOJYJIS
C/IBUTa, MOJIYYEHHOT0 B J1abopaTopHOi padoTe Ne3 Uiy ¢ 1utepaTypHbIMU TaHHBIMHU.

Cooepoicanue omuema u e2o ¢hopma

OTuer 1o 1abopaTopHOM pabOTE TOJKEH COJIEPKATh:

- Ha3BaHUE U 1eJb PabOThl, KPATKUH KOHCIEKT OCHOBHBIX TEOPETUUYECKUX
MOJIOKEHUH, BKITIOUasi 3cKku3 ooOpasiia (pucyHok 4.3);

- pPe3yNbTaThl UCTILITAHUI B COOTBETCTBUHU C MPUBOJIUMON TaOIHIICH;

Noe onpiTa M,,, HM 0,° AM,p, H'M Ag,°
1 10 0,76
20 1,52
2 20 1,54
30 2,28
3 30 2,31
40 3,05
Cpennue 3HaueHUA

- pe3y/ibTaTbl UBMEPEHUIN M pacyeToB No dopMme:

11:]00MM d[ZZOMM Ip1:0,]'d14:

IZZJOOMM dzZIOMM Ip2:0,]'d24:
180 AM, [ 1, | 1, ]
. 1 4+ =

IP I,

on
I p2

7T A gcrp

- BBIBOJIBI IT0 PE3YyJIbTATaM PaCUETOB.
Konmponvuwie sonpocui.
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1. Kako#t Bua nMeeT quarpaMMa Kpy4eHHsI MAJIOYTJIEpOAUCTON CTann?

2. Kak 3anuceiBaeTcs 3akoH ['yka npu kpyueHun?

3. KakoB ¢usnyeckuii, anreOpandyeckuii U T€OMETPHUUECKUA CMBICI MOIYJIS
C/IBHTa.

4. ChopMynupyiTe MOHATUE YIIIa 3aKPYyUYUBAHUS @ U YIIia CIBUTA ).

5. Kak 3anmuceiBaercs popmysa i onmpeaeeHus yIiia 3aKpyIuBaHus ?

6. OT yero 3aBUCUT MOIYJIb CABUTA?

7. ChopmMmynupyiTe orpeesieHue MoJIIPHOTO MOMEHTA UHEPIUU CEUCHUSI.

Jlabopamopnas  paboma  Ne5.  HNCCIIENOBAHHE  PACIHPEIEJIEHV
HAIIPSOKEHWUM B TTOITEPEYHOM CEYEHWU BAJIKU TTPU UUCTOM U3I'UBE.

1. Llenv u codepoicanue pabomwl: dKCHEPUMEHTANIbHAS MPOBEPKA (HOPMYJIBI IS
OTNpeeNieHs] HOpMaJIbHBIX HAPSHKEHU MpU YUCTOM U3rHle Oanku.
2. Teopemuueckoe obocrosanue.

YactHplil ciiydaid u3ruba, Npd KOTOPOM B TMOMEPEUYHBIX CEUYECHUSX OalIKu
BO3HHMKAET TOJBKO M3rMOAIONIM MOMEHT, HA3bIBAETCS YUCTHIM U3THOOM.
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UucTplii M3rud MOXKET BO3HHUKATh IMPU PA3JIMYHBIX BHEIIHUX Harpys3kax.
PaccmoTpum onlHYy U3 HauboJiee pacHpOCTPAHEHHBIX CXEM HArpy:KeHusi Oaiku, Mpu
KOTOPOH peann3yeTrcs YUCThIA U3rud (pucyHok 5.1). Kak BUIHO U3 AMIOP MOMEPEYHBIX
CHJT ¥ M3THOAIOIINX MOMEHTOB, B IOIMEPEYHBIX CEUCHHUSIX OAJKH Ha CPEIHEM Y4YacTKe
BO3HHMKAET TOJIPKO M3THOAOIMNNA MOMEHT, CIICIOBATEIBHO, 3TOT Y9aCTOK HAXOIUTCS B
COCTOSIHUH YUCTOTO M3ruda.

P P
1E 1E
7.3 p
a [# a
¥ F s
2 ¥

Pa
2
Pucynok 5.1 — Cxema Gajku 1 3MIOPHI MTONEPEYHBIX CHIT U M3THOAIOIINX MOMEHTOB

B ciydae, xorja MJIOCKOCTh HW3TrMOAIONIEr0O MOMEHTa (CHJIOBas IJIOCKOCTB)
COBMAJAET C TJIABHOW IUIOCKOCTBbIO HMHEpPUUU OalKu, MNpSIMOJIUHEHHAs OCh OajKu
WCKPUBIIACTCS B TOM K€ MIIOCKOCTHU. Takoi u3rubd Ha3bIBaeTCs MPSIMBIM WJTH TUIOCKHUM.

[Tpu u3rube mpo0sIbHBIE BOJIOKHA M3MEHSIOT CBOIO JUTHHY, MPUYEM BOJIOKHA Ha
BBINTYKJIOW CTOpPOHE OalKky YIJIMHAIOTCS, a Ha BOTHYTOM YyKOpadyuBaroTcs. Mexmay
pPacCTSHYTBIMA W CKaThIMU BOJIOKHAMM PAacCIONIaraeTcsi HEWTPAJIbHBIM CIIOM, JIMHA
KOTOPOTro IpH AedopMaluy He U3MEHSIETCS.

Jlunust mepecedeHuss HEUTPAJIBHOTO CJOSI C TONEPEYHBIM CEYeHUEeM Oaliku
HAa3bIBACTCSA HEUTPAJILHOU OCBIO.

Jns onpenenenus aedopmaluii BOJOKOH MPU YUCTOM H3TMOE HCIOIB3YeTCs
TUINOTE3a MIIOCKUX ceueHUl (Tunore3a bepHysin), cormacHo KOTOPOM CEUeHHUS TIIIOCKUE
U TEpHeHAUKYISIpHbIE K OCH Oalku 10 jaegopmaliud OCTAlOTCAd IUJIOCKUMH U
NEePIEHANKYIAPHBIMU K U30THYTON ocu Opyca mocie aegopMaliuu.

CormacHo »TOi ruUMOTe3e, JAehOopMalk TPOAOIBHBIX  BOJOKOH  MIPSIMO
MPONOPLMOHAIIBHBI UX PACCTOSHUIO OT HEUTPAIBHOTO CJIOA U B MONEPEYHBIX CEUEHUSIX
OaJIKi BO3HUKAIOT TOJHKO HOPMAaJIbHBIE HAPSKCHMUS.

B cooTtBercTBUM C 3akOHOM ['yka HOpMallbHbIE HANPSHKEHUS B IMONEPEYHOM

CeUeHUH OaJIKM TaK)Ke M3MEHSIOTCS 110 HHHeﬁHOMy 3dKOHY U PAaBHbI

M
o=, (5.1)

X

rae M — u3rubaromyii MOMEHT B pacCMaTpUBAaeMOM CE€USHUHU OaNKu; I, — OCEeBOM
MOMEHT HHEPIIUU TIONEPEYHOT0 CEUYCHHMS OalKd OTHOCHTEIIBHO HEUTpPaIbHOW OCH
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(HeWTpaJibHasl OCh COBIAAAET C TJIABHOW LEHTPAJbHOW OCbKO MHEPLUHU CEUEHUS); ) —
PAcCTOSIHUE OT TOYKH CEYEHHUsI, B KOTOPOU ONPEAEISAIOTCS HANPSLKEHUS, 10 HEUTPAIbHON
OCH.

Onropa HOPMAJIBHBIX HAIPSKEHUH NI IBYTaBPOBOI'O CEUYEHHMsI MPEACTaBICHa Ha
pucyHke 5.2. 3HaKH, NPOCTABJIEHHBIE HAa SIIOPE, COOTBETCTBYIOT MOJIOKHUTEIBHOMY
U3TU0AIONEMy MOMEHTY.

i

s

O-.-:-Jux
Pucynok 5.2 — Dniopa HOpMalbHBIX HAMPSKEHUHN B TTOTIEPEUYHOM CEUEHUH OaKu

HaubOonbie HOpMalbHbIE HANpPsKEHUST BO3HHMKAIOT B TOYKax, Haubolee

YAQJIEHHBIX OT HEUTPAIbHON OCH

M M
o _Tymux _WX 5 (5.2)

X

rae Wy — oceBoi MOMEHT CONTPOTUBIICHUS CEUCHUS.

MOMEHT  CONpPOTUBICHUS  SIBISIETCA  I'E€OMETPUYECKOW  XapaKTEPUCTUKOU
MOTIEPEYHOTO CEUCHHs OANTKK, OTIpeIestonIel e€ MPOYHOCTh MPHU U3ruoe.

3. Annapamypa u mamepuanvl: YCTAaHOBKA JJI1 UCIIBITAHUMN, JIMHEIKA, KapaH Ialll,
TETPalb, KAIBKYJISTOP JJIs1 BHITOTHEHNS HHXKEHEPHBIX PACUETOB.

VYcranoBka Uil UCTIBITAaHUN (PUCYHOK 5.3) mpencTaBisieT co0Oil CTalbHYIO
nByTaBpoByIo Oanky 1 (aByraBp NelO, 7= 10cm, b= 5,5 cm, I, = 198 cm?, W, =39,7 cm’),
ONUPAIONLYIOCS Ha JIBE IIIAPHUPHBIE OMIOPHI 2.

Jns ucnibiTaHuil Ha Oajke yCTaHABIMBAIOT TeH30MeTphl [ 'yrenOeprepa. Bpamas
mTypBal 4 MO YacOBOM CTPEJIKE Yepe3 CHCTEMY pblYaroB M BUHTOBYIO Mapy 3,
Harpy»karT Oanky. [Ipu 3Tom cpenHuil y4acTOK OajaKyd HaXOAUTCS B COCTOSIHUU YHUCTOTO
n3ruda; U3MEpEeHUe Harpy3Ku MPOU3BOIUTCS AMHAMOMETPOM 3.

OTtHocuTenbHas neopmMaliist MOXKET ObITh ompeiesieHa 1mo GopmyJie
A

‘ :loiK’ (5.3)
rane A — mnokaszaHust TeHzomerpa ['yrenOeprepa; K = 1000 — xodpduuueHt
yBenuuenus; [, = 20 mm.
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Pucynok 5.3 — YcTanoBKka 111 UCIBITAaHUHN OQJIKK HA U3THO

CoOO0TBETCTBYIOIIE HOPMAJIbHBIE HAIPSKEHUS 10 3aKOHY ['yka
g =68 =7 (5.4)

4. Memoouxa u nopsi0ok 8blnOAHeHUsL pabonbl

1. Ilepen HayajaOM UCIBITAHUNW YCTAaHOBUTH JiBa TeH3oMeTpa ['yrenOeprepa Ha
CPEIIHIOI0 YacTh Oanku. TeH30MeTp, yCTAaHOBJIEHHBIN HAa BEPXHUX BOJIOKHAX, HA30BEM A,
a TEH30METP YCTAHOBJICHHBIN HA HUKHUX BOJIOKHAX — B.

2. 3arpy3uThb OaJIKy YCIOBHO «HYJIEBON» HArpy3KOW U MPOU3BECTH U3MEPECHUS 10
TeHzoMmeTpaM A u B. [lonydeHHbie pe3yiabTaThl 3aHECTH B TAOIUILY.

3. Jlate mnpwupamieHue Harpy3ku AP W TNPOU3BECTH TMOBTOPHBIM 3amMep
nedopmanmu A 1 B ¢ COOTBETCTBYIOIIEH 3alIUChIO B TAOJIHITY.

4. IloBTOPUTH OMBIT €LIE ABA pa3a.

5. OnpenenuTh ONBITHOE 3HAYEHHE HAINpsHKEHUM B TOukax A v B mo dopmyne
(5.4), npenBapuTENBbHO ONPENEINB CPENHNE 3HAUCHU NipupatieHnii A4, u AB., 10 BceM
TPEM ONBITaM.

6. Paccrosinue a = 30 cM (cM. pucyHok 5.3). Haititu BenuuuHy u3ruOaroniero
MOMEHTa 1o Gopmyrie

AP a

M="0 (5.5)

7. TeopeTuueckue HaIPSIKEHUS ONPEAETUTH 110 Gpopmyiie (5.2).

Cooepoicanue omuema u e2o goopma
OTtyeT no nabopatopHOit paboTe JOJKEH COACPKATh:
- Ha3BaHUE W 1eTb PaOOThI, KPATKUH KOHCIIEKT OCHOBHBIX TEOPETUYCCKUX
MOJIOKEHUH, BKIItOYast pUCYHKH 5.1 u 5.2.
- pPe3yNbTaThl UCTILITAHUI B COOTBETCTBUHU C IPUBOJIMMON TaOIHIICH;
\ Harpy3ka \ [Toka3aHust TEH30METPOB \ IIpupamenue \ [Ipupamenue \
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Harpy3Kd
P, xH A B AP, xH AA AB
2000 20 21
5000 19 22
2000 20 21
7500 15 23
2000 20.5 21
10000 17 24
Cpennue 3Ha4CHUS
- pacyeTbl TEOPETUYECKOIO M ONbITHOIO HANMPsKEHUU;
-  BBIBOJL C  OIGHKOM  PACXOXJCHUH  MEXKIYy  TEOPETHUYSCKUMH U

DKCIEPUMEHTAIbHBIMA 3HAYEHUSAMH HAIIPSKECHUMN.

Koumponvnuvie 6onpocoi.
1. Kako#t Bua Harpy»eHusi Ha3bIBaeTCA U3rMOOM?
2. Kakoli Bu Harpy>ke€Hus Ha3bIBa€TCs YACTHIM U IMONIEPEUHBIM U3rHOOM?

3. UTo NOHMMAIOT MO HEUTPAIBHBIM CIIOEM U HEUTPAIBLHON OChIO?

4. 3anummute HOopMySy HOPMAJIBHBIX HANPSHKCHUH B IPOU3BOJIEHON TOYKE MU
YUCTOM HU3THUOE.
5. Kak BBIYHCIAIOTCS HAWOOJBIINE HOPMAJIbHBIC HAIPSKCHHUS IPH YHCTOM

n3ruoe?

6. Chopmynupyiite pu3nueckuil CMbICI MOMEHTA COMPOTUBIICHUS CEUEHUS.
7. IlosicauTe, moyemMy HpH BBIOPAaHHOM CXE€M€ Harpy>KeHHsl OalKu peanu3yeTcs
MMEHHO YUCTHIN M3TH0?

Jlabopamopnas paboma Ne6. OIIPEJEJIEHUE HATIPSDKEHUN TP KOCOM

N3I'NBE.

1. Lenv u codepowcanue pabomel: MPAKTUUECKOE U3YUYEHHE METOAMK pacuera
OpyCheB IIPU KOCOM H3THOE.

2. Teopemuueckoe obocHosanue.

M3rn® Ha3bIBalOT KOCBIM, €CJIH INIOCKOCTh JAECHCTBHS HM3TrHOAIOIero MOMEHTA,
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BO3HHUKAIOIIETO B MOMEPEUYHOM CEUEHUU Opyca, He COBINAAET HU C OJHOM 13 ero TJIaBHbIX
TIOCKOCTEH.

OnpeneneHue HaOpsHKEHUM W IEpeMelleHHid (pacueTbl Ha NPOYHOCTh U
YKECTKOCTh) BBIMOJIHSIOT HA OCHOBE 3aMEHBbI KOCOTO0 M3ruda COUEeTaHUEM JBYX MPSIMBIX
W3TUOOB, IS YeTr0 KaXIyI0 W3 MPUIOKEHHBIX K OpyCy HArpy3oK 3aMEHSIIOT €¢
COCTAaBJISIFOIIMMH, JICCTBYIOIIMMHU B IJIABHBIX MIIOCKOCTSIX.

[Tpu mockoM KOCOM M3rude MOMeHTHI My u M, TOCTUraloT CBOMX HAHOOJIBIINX
3HAYEHHUI B OJJTHOM M TOM K€ MONEPEUYHOM CEUCHUHU, KOTOPOE U SIBJISETCA OMACHBIM IIPH
MIOCTOSTHHOM cedyeHuu Opyca. I[Ipu mpocTpaHCTBEHHOM KOCOM HM3rHOE CEueHHs, B
KOTOPBIX M, 1 M, NOCTUTalOT CBOMX HauOOJbIINX 3HAUEHU, HE COBIIAJAIOT,
pacueT IPHUXOJUTCS BBIMOJHATH JJIA ABYX WM 0oJiee MPEANOJIOKUTEIBHO OMacHBIX
CCUYCHUM.

HopwmanbHoe HampsbkeHHE B IPOM3BOJIBHOM TOYKE IOIEPEYHOIO CEUCHUs, B

KOTOPOM BO3HUKAIOT U3rubaroie MoMeHTsl M, u M,, onpezaensercs no Gopmyie

M M
o=">y+

LY, (6.1)

X Y

rae I, u [, — rinaBHbIE LEHTPaJIbHBIE MOMEHTBHI MHEPLIMH IONEPEYHOTO CEYEHUS
Opyca; X U y — KOOpJIMHATHI TOUYKH, JIJI1 KOTOPOH ONpPEACIISIIOTCS HAPSDKEHUSI, B CHCTEME
TJIABHBIX [IEHTPAJIBHBIX OCEH MHEPLIUU CEUCHHUS.

B popmymy (6.1) pekoMeH1yeTcs MOACTaBIATh a0COTIOTHBIC 3HAUEHUSI MOMEHTOB
Y KOOPJIMHAT, a 3HaK MPUIMHUCHIBATH BCEMY CJIaraéMOMY B 11€JIOM, YCTaHABIUBAs ATOT 3HAK
0 MCTUHHOMY Xapaktepy JnAedopmanuu (HaOpsOKEHHUS PACTSKEHUS CUUTAIOT
MOJIOKUTEIIbHBIMU, CKATHUSI — OTPULIATEIIBHBIMH ).

Jlns pacuera Ha MPOYHOCTH Opyca C MOMEPEYHBIM CEUCHUEM MPOU3BOILHOMN
bopMBI clielyeT ONpeNe/IUuTh MOJIOKEHUE HYJIEBOM (HEHUTpaibHOM) JIMHUM B OMACHOM
CEUYEHUU, TPUPABHSB K HYJIIO MPaBYIO 4acTh ypaBHeHHUs (6.1).

HyneBas nuHusg — mpsiMasi, IpOXOAslIasi 4epe3 LIEHTP TSKECTU CEUYCHUs, HE
NEepHeHANKYJIIpHAs, B OTJIMUKE OT MPSAMOTO U3Tu0a, K CUIIOBOM JIMHUU.

MakcuMalibHbl€ PACTITHBAIOIIME W CKHUMAIOIIUE HANPSKEHUS BO3HUKAIOT B
TOYKaX, Hanbosee yIaJeHHBIX OT HyJeBOW JnHMU. B 00imeM ciydae MOKHBI OBITH
COCTABJICHBI /IBA YCJIOBUS TPOYHOCTHU:

_— M,\' M,V { ].
()—,-\mx pacm yA + XA = (Ipﬂ{"m P
IX IV
v Iy (6.2)
— b y
()-,-\1(1,!(()1{'0!1? - I : yB + I XB S[('To}mm ]’
X y
rac A 1 B — TOYKH ¢ MaKCHMaJIbHBIMH pacTATuBarOIUMA WU CXKHUMArOIMKUMHA

HAIPSOKCHUSMU.

Jlnst OpycheB M3 MaTepHaioB, MMCIOIIMX OJWHAKOBOE 3HAYCHHE JIOMYCKAEMBIX
HaIPSHKCHUH Ha pacTsHKEHUE M CKaTHe, MCIOJb3yeTCs JHUIh TO M3 ycloBuih (6.2),
KOTOPOE COOTBETCTBYET OOJIbIIIEMY 10 a0COJIFOTHON BEJIMUMHE HAIIPSAKEHUIO.

ITpu [6pacm] < [Gcocam] (XpYIIKHE MaTEpHAIBI) IEPBOE U3 yCIO0BUI (6.2) 1O0CTATOYHO,
eCHH O-maxpaCT Z O-max corcant

Jlnst cedeHuii ¢ BYMSI OCAMH CHMMETPHUH, MMEIOIIMX TOYKH, OJHOBPEMEHHO
HamOoJiee yJajJeHHbIE OT OOCWX TJIABHBIX IIEHTPAJIBHBIX OCEHl HWHEepuuu (Hampumep,
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NPSIMOYTOJIbHUK, JIBYTaBp), MMEHHO ATHU TOYKM (WM OJHA W3 HHUX) SBISIOTCS
OMAaCHBIMU, U YCIIOBHE IPOYHOCTH MOXKET OBIThH 3aMKCaHO B BUJIC

M

M
()_MLI,\‘ pacm - W’Y + W‘V SI:()‘.]mc‘m :|’ (6.3)

X %

rne W, u W, — MOMEHTBI COIIPOTUBIIEHUS] OTHOCUTEIBHO COOTBETCTBYIOIIUX OCEH.
Jlnst BeIMONTHEHUST HAa OCHOBE (popmyibl (6.3) MPOEKTHOTO pacyeTa CiemyeT
3afaTbes oTHoueHueM W./W, (B 4acTHOCTH, AJIS MPOKATHBIX JABYTaBPOB OTHOIIEHUE
W,/ W, u3meHsieTcs NpuMepHO B npeenax S ... 14 u Bo3pacTaer ¢ yBeJIM4eHUEM HOMepa
npodwuis), a 3aTeM MPOU3BECTH TMPOBEPKY BBIOPAHHOTO CEUYEHUS U, TpHU
HEO0OXOMMOCTH, BHECTH KOPPEKTUBHL. B cimydae HempumeHumoctu Gopmynsr (6.3)
NPUXOAUTCS 3a7aBaThCsi pa3MEpaMU CEUEHHUs, a 3aTeM BBIMOJHITH IPOBEPOUHBIM
pacuert o dopmyiam (6.2).
3. Annapamypa u mamepuanvl: TUHENKA, KapaHAalll, Py4Ka, KaIbKYJISITOP IS
BBITIOJTHEHUS HH)KEHEPHBIX PACUETOB.
4. Memoouxa u nopsi0ok 8bINOJIHEHUsL paOOMbL.
1. JIna cTaibHOM KOHCOJBHOM Oaiku U3 HEpaBHOOOKOro yrosika Nel2,5 %8 npu
TONIIUHE CTEHKH 10 mm, (pucyHok 6.1), Tpedyercs:
- OIPENEIUTh HAauOOJBIINE HANPSYKEHUS B OIIACHOM CEYEHUU OaJKU;
- IPOBEPHUTH BBINOJHEHHUE YCIOBHU POYHOCTH NpH o] = [60MIla;
- OCTPOUTH AMIOPY HOPMAJTBHBIX HAMPSXKEHUH B OMTACHOM CEYEHUU OaJIKH.

P=8 kH
=8 kH

VY \
/I i)

Z <!l Xo

- -— — > |
7
o 1 £=1200 9.2},

Pucynok 6.1 — Cxema Harpy>xeHusi HEpaBHOOOKOT'O YroJjka

Cooepoicanue omuema u e2o ghopma
OT4er 1o 1abopaTopHOi pabOTE TOJKEH COIePIKATh:
- Ha3BaHUE W 1eTb PaOOThI, KPATKUH KOHCIEKT OCHOBHBIX TEOPETUYCCKUX
MOJIOKECHUI;
- pacyeTHas cxeMa (pUCyHOK 6.1) 1 He0OXOIMMBIE PACUETHI.
- BBIBO/JIBI 110 pe3yJIbTaTaM pacuera.

Konmponvnvie 6onpocwi
1. Kako#t Bua Harpy»eHusi Ha3bIBA€TCS KOCHIM U3rHOoM?
2. 3 kakux BUJIOB HArpy>K€HUs, B COOTBETCTBUHU C MPUHLIMIIOM HE3ABUCHUMOCTH
JIEHCTBHUSA CUJI, CKJIAAbIBAETCS KOCOHU M3rud?
3. [lo xakoMy 3aKOHY M3MEHSIOTCSI HANpPSKEHHs B MOMEPEUYHOM CEYeHUHu Opyca
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IIpU KOCOM U3rude?

4. Tlo xakoil hopMyiie ONMpeAenstoTcss HOPMaJbHbIE HANPSKEHUS MPU KOCOM
u3ruoe?

5. Kakoii 3aKkOH HUMEET reOMETPUIECKOE MECTO TOUYEK C HANIPSKEHUSAMHU, PABHBIMU
HYJIIO?

6. UTto Takoe HEeWTpasibHAs JINHUS U KaK OMPEIEISETCS €€ MOJ0KEHHUE P KOCOM
nu3ruoe?

7. Kak onpenenuTs 30HY pacTsKEHUS M 30HY C)KaTusl B MONEPEYHOM CEUEHUU
IpHU KOCOM U3rude?

8. Kak onpenesnsoT onacHble TOUKH B IONIEPEYHOM CEUEHUU MPU KOCOM U3rude?

9. 3ammcare ycinoBUS IPOYHOCTH IpU KOCOM M3rube Opyca w3 maTepuana,
HEOJIMHAKOBO pabOTAaIOIIEro Ha pacTsyKEHUE U Ha CKaTHe.

10. Kak nmpu xocoM u3ru0e pacnojiaraercs BEKTOp IJIaBHOTO NEpEMELICHUs U
HEUTpaJIbHASI JINHUA 110 OTHOLIEHUIO APYT K APYry?

Jlabopamopnas paboma Ne7. OIIPEJAEJIEHUE HAIIPSDKEHUI TTPU
BHELIEHTPEHHOM CXATHWHN.

1. ILlenv u cooepoxcanue pabomel. HSKCIEPUMEHTANIbHAs MPOBEPKA 3aKOHA
pacrpefiefieHdss HalpspKeHWM TPU  BHELEHTPEHHOM  CXKATUW  CTEPXKHS  OOJIBIION
JKECTKOCTH IYTEM CONOCTABIICHUSA PACUYETHBIX HAIPSHKCHUHM B PA3JAYHBIX TOYKAX
TIOTIEPEYHOr0 CEUEHUS C HANTPSKEHUSMM, TTOJTYYEHHBIMH OTIBITHBIM ITYTEM.

2. Teopemuueckoe obocHosanue.

Ecnu pactaruBaronye uiam CKMMAIOLIME CUIIbI HAPABJIEHBI BJIOJIb OCU CTEPXKHS,
TO BO3HHUKAET IEHTpaJbHOE (WJIM OCEBOE) pacTsDKEHUE WU cxkatue. Eciam ke nuHus
JICVCTBHSl BHEIIHUX CHJI CMEIIEHAa OT OCHU CTEpP)KHS HAa HEKOTOPOE PACCTOSIHUE € —
DKCLUEHTPUCUTET, HO OCTACTCS €U IapajuIeJ]IbHOM, TO TAaKOE€ PACTSLDKEHUE WIIM C)KAThE
Ha3bIBACTCS BHEIICHTPEHHBIM.

JlercTBrE BHEIEHTPEHHO MPUIOKEHHOM CKUMAIOIIEW CHUJIbl, HA OCHOBAHUU
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MPUHLNNA CYNEPIO3UINH, MOYKHO paccMaTpUBaTh KaK pPE3yJbTaT PaBHOMEPHOTO
CKaTus, TOJYYaIOIIerocs TMpPU LEHTPAJTbHOM HArpy>KeHUU, M YHCTOr0 W3ruoa,
00yCJIOBJIEHHOTO BHEIIEHTPEHHBIM MPUJIOKEHUEM HarPy3KH.

W3rubaromuii MOMEHT TPU 3TOM OJMHAKOB BO BCEX CEUCHHSX CTEP)KHS U PaBEH
MPOU3BEACHUIO CKUMAIOIIEH CHIIbl P Ha BEJIMUUHY 3TOTO SKCIIEHTPUCUTETA € .

[To dhopmyre s onpeaesieHus HaMpsO>KSHUH MPY BHEIICHTPEHHOM PaCTsHKCHUHN U
CKaTUU MOKHO JIETKO OMPEETUTh BEIIMUYMHBI HOPMAJIbHBIX HAMPSIKEHUN B Pa3IMUYHBIX
TOYKaX CEYEHUs CTEPKHS U IOCTPOUTH AIIOPY UX PACHPEAEIICHUS IO CEUEHUIO.

biM30CTh K JEHCTBUTEIBHOCTH MOJYYEHHOIO TaKUM ITyTEM PE3YJIbTaTa MOXKHO
MPOBEPUTHh HU3MEPEHHEM MPOAOIBHBIX JehopMalfii COOTBETCTBYIOUIUX BOJIOKOH
CTEP>KHS U ONpPE/IeTICHUEM 3aTeM HaNPSKEHUM, COOTBETCTBYIOIIMX 3TUM JedhopMaliusim,
1o 3akoHy [ 'yka.

[IpuMeHsieMblii IpU UCTIBITAHUU 0Opa3el]
MpEACTaBIsieT COOOM CTalbHOU CTEpPKEHBb
P e MPSIMOYTOJIBHOTO ~ TIOMEPEYHOTO  CEYECHUSs
Y l (pucyHnok 7.1).

BHEEeHTpEeHHOCTh PWIOKEHUS CUJIbI P

JIOCTUTaeTcd NyTeM Iepefadyd ee 4yepe3

POJIMKW, PpACMOJIOKEHHBIE €  3aJaHHBIM
2 AKCIIEHTPUCUTETOM IO OTHOIICHUIO K OCHU
1B // 0 CTEPIKHSL.

[Ipy 5TOM MOXKHO CYUTaTh, YTO TOYKA
Al MPUJIOKEHUS COKUMAIOIIEH CHJIbI HAXOIUTCS
Ha TJIABHOM OCHM MOIEPEYHOTO CEUYECHUS X U
U3rub OyJeT MpsIMbIM OTHOCUTEIIHHO OCH ).
2L=<’ﬂ"—] boree  mpeanoudTUTENBHOW  SBISIETCS
P nepeaadya Ha o0paszer] CHKUMAIOIIEH CUIIBI
yepe3 3aKalieHHbIC IIapuKHU, BXOASIIUE B
CrielUAJIbHBIC YTyOJIeHHs B TOPIIaX CTEPKHS,
TaK KakK I[IapUKU TOYHEEe (PUKCUPYIOT TOUKY
MIPUIIOKEHUS CUJTBI.

Torna negopmariu JOCTATOYHO U3MEPATH B OAHOM TI0CKOCTH ZOX — BOJIOKOH 1
U 2, pacroJIOKEHHBIX B IUIOCKOCTH M3rMba, B KOTOPBIX JeopManuu U HanpsKeHUs
JIOCTUTAIOT HAMOOJIBIIINX 3HAYCHUH.

Hnst w3mepenus nedopmanuii MPUMEHSIOTCS PBhIYAKHBIE TEH30METPHl THIIA
['yrenb6eprepa (4 u B Ha pucynke 7.1). [[ns 3Toil 1menu MOTYT OBITH HMCIOJIb30BaHbI
MPOBOJIOYHBIE TEH30/JATYUKHU COMPOTHUBIICHHUS.

Harpyxenue o0pa3iia C yCTaHOBJICHHBIMH Ha HEM MPUOOpPaMU MOKHO
MPOU3BOJIUTHL Ha JIOOOW UCHBITATEIbHOM MaIllMHE ¢ BEPTUKAJIBHOH  OCBHIO,
00ecCIeynBaroIIe CTaTHYECKOe MPUII0KEHUE Harpy3KH, B TOM YHCIIe U Ha MalnHe Y M-
5.
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I

N

b
N
NN

Pucynox 7.1 — OGpa3zer ¢
TEH30METPaMHU

3. Annapamypa u mamepuanvi: oOpasell, HCIbITaTelibHas MamuHa YM-5,
TeH3oMeTphbl ['yrenOeprepa, pydka, JUHCHKA, KapaHall, T€TPajb, KaJIbKYJIATOp IS
BBITIOJTHCHHSI HHKECHEPHBIX PACUYETOB.

4. Memoouxa u nopsi0ok 8bInOIHEeHUsL paOOMbL.
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1. Tlepen nHavamoM ombITa HEOOXoauMO 3amucaTh 0azy [ u kKod()PUIIUEHTHI
YBEIMYECHHUS] TEH30METPOB Kk, DIKCLUEHTPUCUTET e, 3HAYEHUsT MOJIyJs ynpyroctu £
MaTepuana M pa3sMepbl MONEPEYHOro ceueHus b u s obpas3ua, MOoACYMTATH IUIOIIAIb
ceueHus A, ¥ MOMEHT CONPOTHBIICHUs ceuenust W, ipu usrube (I = 20 mm, k = 107 cu,

2
e=15mum, E=210° Mla, b = 41 mm, h = 30 mm, A, =bh | W, :%)_

2. llocnme ycraHoBkM oOpaslia B MAalIMHY MPOU3BECTH IMpEABapPUTEIIbHbIC
Harpykenus 10 BennuuHbl 1 — 2 kH (100 — 200 krc), 4To HEOOXO0AUMO TSI HAJIEKHOTO
KpeIuIeHus1 00pasia MexIy 3axBaTaMy MalllMHbl U JIMKBUIAIMU BO3MOKHBIX 3a30POB.
[Toka3aHusi Bcex TEH30METPOB IMpPH 3TOM HArpy3ke CUMUTaTh HAYaJbHBIMU (HA4alo
OTCU€Ta) U 3aIKCaTh UX B )KypHaJI HaOIIOJCHUM.

3. YBenuuuth Harpy3ky Ha 5 — 6 kH (500 — 600 xrc) 70 KOHEYHOTO 3HAYECHUS,
KOTOPO€ HE JIOJHKHO MPEBBINIATh YCUJIUA, TIPU KOTOPOM HampsihKEHUs B oOpasiie OyayT
PaBHBI MPeJIETy NPONOPIIMOHATBHOCTH.

3anucaTh B KypHall UCIBITAHUN BEIUYMHBI CKUMAIOIIEH CHUJIBI M TOKa3aHMS
TE€H30METPOB.

Ilpumeuanue: Ilpupawenus noxasanuil MeH30Mempo8 NPU PABHbIX CHYNEHSX
Ha2py3KUu O0JIJCHbL OblMb NPUMEPHO O00UHAKO8biMU. B ciyuae 6oavuioco paszbpoca
pe3yibmamos (omxnoneHue ceviuie 20%) onvim nogmopums.

4. JInst UICKITIOYEHUST BO3MOKHOM OMIMOKH JIBAXK Bl TOBTOPUTH SKCIIEPUMEHT.

5. Beuucnuth npupanieHue Harpy3ku AP u pa3HocTh nokazanuii 44 u AB no
KaXJIOMY U3 TCH30METPOB.

6. Onpenenuth OKOHYATENIbHOE 3HAUYCHUE MPUpPAIICHUS HArpy3Kd U Pa3HOCTH
MOKa3aHUM TEH30METPOB KaK cpesiHee apu(METHUECKOE MO JaHHBIM TPEX UCTBITAHUI.

7. JanbHeimass o0paboTka pe3yJbTaTOB HCMBITAHWM  3aKIIOYaeTCs B
OTPEJICIICHUH OMBITHBIX HANpPsDKCHWH 10 aedopMarisaM, HU3MEPEHHBIM KaKIbIM
TEH30METPOM, 10 popmyJie

_Au E
g, P (7.1)

rjae Acr — CPEIHSS PA3HOCTh MOKAa3aHUM Kax10ro TeH3oMeTpa (AAcp u ABcp); E
— Mopyne FOura aiis marepuana oopasua; k — kodppuiueHT yBenuueHus TeH30MeTpa; [
— 0a3a TeH30MeTpa.

8. 1o pacyeTHBIM JAaHHBIM TOCTPOUTH JIIOPY PACIPEACIICHUS HAIPSKEHUN TIO0
BBICOTE CEUCHHUS (PUCYHOK 7.2), HHACKCH A ¢ B OTHOCSITCS COOTBETCTBEHHO K JaHHBIM,
MOJIYYCHHBIM I10 TeH30MeTpaMm A u B.

PactaruBaronyie HampsoKeHHWS  OTKIIAIBIBAIOTCA — BBINIE  HYJEBOW  JIMHUH,
CKUMAFOIIINE — HIKE.
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Pucynok 7.2

9. Ilo dopmyne (7.2) moacuutarh TeopeTUUECKHe (pacdeTHbIE) 3HAUYCHUS
HaIpPsHKEHUH B TOYKAX, B KOTOPHIX JehopMaIiuu U3MEPsITUCh TEH30METpaMHu.
o _ AP +AP ‘e
pact A, W

cey V

rne AP — npupailileHue Harpy3ku; Ace, — IJIOMIAAb IOIEPEYHOr0 CEUEeHUs1 00pasia;
€ — DKCLEHTPUCUTET IIPWIOKEHUS CUIIBL;, W), — 0CEBOM MOMEHT COIPOTUBIICHUS CEYCHUS
oOpasia OTHOCUTENBHO INIABHOM OCU MHEPLIUU CEUEHUS ).

10. [Tomy4yeHHbIE B MyHKTE 5 3HAUYECHUS HANPSKEHUN OTJIOXKUTH B MacumTabe Ha
IIOCTPOEHHOU DIIOPE Opy; OJHO U3 BO3MOXKHBIX ITOJIOKEHUU BIIOPBI Opaey OKA3aHO HA
pUCYHKE 7.2 MyHKTUPHOW JIMHUEH.

11. IlogcunTarh BENMYMHBI PACXOXKACHHM MEXIY ONBITHBIMU U PaCUETHBIMU
HaNpsDKEHUSMU B IipolieHTax 1o ¢opmyse (7.3) u caenaTs BbIBOJ 00 MX COOTHOLIEHHH.

, (7.2)

(5 _ (TPGCW -

Ton 100
. 0
- %. (7.3)

pacu

DopMa )KYpPHAJIA HCIIBITAHUI

Harpys3ka, Iloka3aHust TEH30METPOB Hpupawerne | - Hpuparuerue noxasanui
it Harpy3Ku TEH30METPOB
A B A4, H A4 AB
2000 20 21
5000 19 22
2000 20 21
7500 22 23
2000 20,5 21
10000 17 24
CpenHee 3HaYeHUE

Konmponvnuie eonpocu.
1. Kakoii cinyuyaid Harpy»eHHsI Ha3bIBA€TCSI BHEIICHTPEHHBIM PACTSKEHUEM WJIU
cokaTuem?
2. YTo Ha3bIBAECTCS IKCLIEHTPUCUTETOM?
3. Uemy paBeH U3ru0aromuii MOMEHT ITPU BHELICHTPEHHOM CXKaTUH?
4. Kak onpenensitor Hanpsi>KeHUs1 B MPOU3BOJIBHOM TOUKE MOMEPEYHOrO CEYEHUS
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IIPY BHELICHTPEHHOM PACTSHKEHUM WU CHKATUN?
5. TloueMy BHEUEHTPEHHOE MNPUJIOKEHHE HArpy3Kd OCOOEHHO ONAacHO s
XPYIKUX MaTepuanoB?

Jlabopamopnas paboma Ne 8. OIIPEJIEJJEHUE KPUTHUYECKOW CHJIBI
CXXATOI'O CTEPXHA.

1. Ienv u cooepoicanue pabomwvi: DKCIEPUMEHTATBHOE U TEOPETUUYECKOE

ONpeIeSICHHEe KPUTUUECKOU CHUITBI CKATOTO CTEPIHKHSI.
2. Teopemuueckoe 0bocHo8aHue

Ecny moaBeprayTh CKaTUIO TOHKUU JUIMHHBIN CTEPKEHB, TO OH, ITPEIBAPUTEIBHO
M30THYBILKCHh, MOXET cioMaThed. [lepes U310MOM CHKMMAIOIIME CHUJIBI, IPU KOTOPBIX
MIPOU30MUIET pa3pyIICHUE CTEPKHS, OYAyT 3HAUUTEILHO MEHBIIIE TeX, KOTOPHIE BBI3BAIIN
OBl HaIpsDKEHHE, PaBHOE IMpejely MPONOPIMOHATIBHOCTH MaTepualia CTEepPXKHS TpU
ckaTuu. PaspyiieHre cTepKHs IPOU30MAET MOTOMY, YTO MPHU €ro CXKATUU HAPYIIACTCS
npsiMoJIMHEeHas (hoopMa PaBHOBECHS CTEPHKHSI.

Takum o0pa3oM, TPU HEKOTOPBIX YCIOBUSAX MPSIMOJIUHEHHAsE (hopMa paBHOBECHS
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MOJKET OKa3aTbCsl HEyCTONYMBOMW, U CTEPKEHb HAUHET UCKPUBIIATHCS (BBITYYUBATHCH).
OTO sBIIEHHE HA3bIBAE€TCA MNPOAOJIBHBIM HW3rHOOM WM MOTEPEH YCTOMYMBOCTH.
CrnenoBaTenbHO, Hapsly C BOIPOCAMU IPOYHOCTH M KECTKOCTH CYIIECTBYET
HEOOXOJMMOCTh B PEIICHUH BOMPOCOB YCTOMUMBOCTH 3JIEMEHTOB KOHCTPYKLIMH WU
BCET'O COOPYKCHHUS.

[Ipm pacuerax Ha yCTOMYMBOCTH Ba)XKHO 3HAaTh HAMMEHBIIIEE 3HAYCHHE BHEIIHEU
Harpy3Ku, U KOTOPOI BO3MOXKEH Mepexo1 AeGopMaIiu CTEPHKHS OT MPOCTOTO CHKATHS
K CXKaTHIO C M3ruO0oM, Ha3bIBaeMON KpUTHUecKOl cuiioil. [loka BHEHIHS CKMMaroIas
CHJIa MEHbIIIE KpUTUYECKON, BO3MOKHA JIUIIb OJJHA (JopMa paBHOBECHUS — YCTONUMBASI.

Cunrass KpPUTHMYECKYIO CHJly paspyllaroolleld Harpy3skol, HapylIaroleu
HOpMaJIbHYI0 PabOTy C)KAaTOrO CTEPXKHsS, MOXKHO COCTAaBUThb YCIIOBUE IJIsI MPOBEPKU
CTEPKHS Ha yCTOWYUBOCTh

o, =% <g0 ), (8.1)

IZl€ 0 — KPUTUYECKOE 3HAYCHUE HOPMAJIBHBIX HAIIPSIKEHUH, T.€. HAIIPSDHKEHUH,
IIPU KOTOPBIX IPOUCXOAUT NOTEPS. YCTOMYUBOCTH; F, — KPUTHUYECKOE 3HAYCHUE
CKUMAIOIIEN CUIIBL, T.€. CHJIBIL, IIPU KOTOPOM NMPOUCXOIAUT MOTEPS YCTOMYUBOCTH; @ —
KO3((PUIIMEHT YMEHBLIECHUS JOMYCKAEMOTO HANPSLKEHUS; [Ocycam] — HOIyCKAEMbIE
HaIIpsKEHUS Ha CKATUE JUISl MAaTepralia CTEPIKHS.

KoadduimeHT ¢ 3aBUCUT OT THOKOCTU CTEPKHA A. 3aBUCUMOCTb MEXAY ¢ U A
JaeTcsl B TabJIMIaX, KOTOPbIE IPUBEICHBI B yUEOHUKAX U 33JaUHUKAX 10 COITPOTUBIICHUIO
MaTepHaJIOB, a TAKXKE B CIIPAaBOYHOM JIUTEPATYPE.

dopmyna I ONpeneaeHus KpUTUYECKON CUJIBL, IIPU KOTOPOU CTEPIKEHb TEPSET
YCTOMYMBOCTb, BIEPBBIE OblIa IMONTy4Y€HAa akaieMUKoM Poccuiickoll akageMuu Hayk
Jleonapaom Diinepom, Ha3bIBAETCS KPUTUUECKOM CUIION Dijepa U UMEET BT

7T El
E, :li)’ (8.2)

np

rne Ly, — MAHUMaJIbHBIA MOMEHT UHEPLUU CeYeHUs; [,, — IpUBEIECHHAs JJIMHA
CTepIKHsI, KoTopas paBHa L, =, (u — KO3QPHUIMECHT NMPUBEIACHUS UTMHBI CTEPXKHS; [ —
dakTrueckas JJIMHA CTEPKHS).

Benmnuuna koadduivieHTa mNpuBENEHUS JUIMHBI 4 3aBUCUT OT crocoba
3aKpETUICHMS.

O0a KoHIIa )KECTKO OnuH KOHEl CTepKHS
O0a KoHI1a 3aKPETUICHBI
LADHIDHO 3aIleMJICHbI, HO MOTYT ’KECTKO 3allleMJICH,
PHAP cOMmmKaThCs JIPYTroi — IIAPHUPHO
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CDOpMYJIa 3ﬁnepa CIIpaBCaJInBa TOJILKO B TOM CJIy4ac, CCJIN pacudCTHAA T'HOKOCTH
CTCPIKHA OoJIbIIIe IpCcaAcCJIbHOro 3Ha4YCHUA, OIIPCACTIACMOIO 110 (1)0pMy.]'I€
E

’
()'”u

A=

(8.3)

rae £ — moayne IOHra u oy — npeaen npornopuuoHaIbHOCTH MaTepualia, U3
KOTOPOT'O U3TOTOBJIEH CTEPKEHb.

PacdeTHast THOKOCTB CTEPIKHSI, B CBOIO OYepelb, ONPEALIIIeTCs 0 (hopMyJIie
el

A’P/\CLI e , (8 4)

. I .
Tae i, = HT — MAUHUMAJIBHBIN PaJInyC MHEPLIMH MMOTIEPEYHOTO CEYEHHUS CTEPKHSL.

3. Annapamypa u Mmamepuanvl: YCTaHOBKA [UJIl WCHBITAHWW, pYy4Ka,
IITAaHTEHUUPKYJIb, JUHEWKA, KapaHAall, KaJbKyJATOp ISl BBIINOJHEHUS WHXKEHEPHBIX
pacyeTosB.

VYcra"oBka juisi cnbiTaHui (pucyHok 8.1) mpezactaBisier coboil ctaHuHy [ C
YKECTKO 3aKPETUICHHBIMHU CTOMKaMH 2 U 3.

Pucynok 8.1 — VYcraHoBka /uisi WCHBITAHUS CTEPKHS HA YCTOMYHUBOCTh
UcnbiTyemblii oOpazeny 4, M3roToBieHHbIM W3 cramu 50, ycTaHaBiIMBaeTCs B
3akKUMax 5 W 6, KOTOpBIE MO3BOJSIOT UMUTHPOBATH CIEAYIOIIME CIy4auh OIMOPHBIX
3aKperyieHui: 00a KOHIA CTEp KHS 3aKpeIuieHbl IMApHUPHO, 00a KOHIA CTEPIKHS
3aKpEIJICHBI JKECTKO, OAWH KOHEI[ CTEPKHS 3aKpPEIUICH IIapHUPHO, IPYroMl — KECTKO.
BuHTOM 7, pacnonoKeHHbIM Ha IPAaBOM OIMOPE, CO3AETCS MPOAOJIbHASA CUJla, BEJIUYNHA
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KOTOPOH OIpeAesieTcss [MHaMOMETPOM &, paCloJIOKEHHBIM Ha JIEBOU OMOpeE.
4. Memoouka u nopsa0ox vinonneHus pabomoi

1. O3HaKOMUTBCA € YCTPOMCTBOM JJAOOPATOPHOM YCTAHOBKHU.

2. 3MepuTh pazMepsl IONEPEUHOT0 CEYEHUs U AMHy oopasua (A= 35 mm, b =20
MM, [ = 1,1 m).

3. YcranoButh oOpa3zel B 32KUMbI J U 6 IPU YCIOBUU UMHUTALIUN [IAPHUPHOTO
3aKpEIJICHHs] KOHIIOB CTEPXKHSI.

4. BuHTOM 7 TIUIaBHO TIPOU3BECTH HArpyeHue oOpas3la, KOHTPOJIUPYS
MPOJIOJIBHYIO CHITY 10 LIKaJle AMHAMOMeTpa §.

Harpy3ska BHauane Oy/eT IJIaBHO pacTH, 3aT€M, MIPU JOCTUKEHUU KPUTUUECKON
CWJIbl CTEP’KEHb HAYHET U3ru0aThCsl, a pOCT HArpy3KU MPAKTUUECKH MPEKPATUTCA.

[TonyyeHHOE 3HaU€HHE KPUTUYECKOM CHIIBI 3aMTMCaTh B TAOUILY.

5. TloBroputrh HyHKTHI 3 W 4 s CIy4aeB HMUTALUM JBYX OCTaBIIMXCS
3aKpeIyIeHU KOHLIOB 00pa3ia.

6. 3anucaTh 3HaYEHUSI KPUTUUECKOM CHIIbI B TAOJIHUILY.

7. BbIUMCINTH TpeAeIbHOE 3HAYeHHE TMOKOCTH CTepxkHs mo ¢opmyne (8.3) u
CPaBHUTH €r0 CO 3HAYCHUEM TMOKOCTH CTEpP>KHS, orpeaesieHHoi mo ¢popmyre (8.4) (E =

3
2,1-10" ITa, 6 = 240 MIla, I zﬂ, A =bh).
12

8. Ecnu pacueTHasi THOKOCTB CTEpKHS 0OJIbIIIE TPEAEILHOTO 3HAaUEHUsI THOKOCTH,
ONpENEIUTh KPUTUYECKOE 3HAYCHHE KPUTHUECKOM CHJIbl [ BCeX CHOcOo00B
3aKpEIUICHUs] KOHIIOB CTEpXKHS Mo (opmyine Oinepa (8.2) U 3ammcarbh pe3ysbTaThl
pacdeToB B TaOJIMILy.

9. CpaBHUTh TEOPETUYECKOE M SKCIEPUMEHTAIILHOE 3HAYEHMS] KPUTHUYECKOM
CWJIbI, MOACYMTATh MOTPEIIHOCTh W 3alucaTh IMOJIyYEHHbIE pPe3yNlbTaThl B TaOIUIL.
[TorpemHocts onpenensercs mno Gpopmyse

pmeon . poen

()\ = - F 3akcn - '1 OO% . (8 -5)

w
Cooepoicanue omuema u e2o ghopma

OTuer 1o 1abopaToOpHOM padOTE IOJKEH COMIEPKATh:

- Ha3BaHUE M Ieib pPabOThI, KPATKUM KOHCIEKT OCHOBHBIX TEOPETHUYECKUX
MOJIOKEHH, BKIIFOUAsi CXEMY 3KCIIEPUMEHTAIbHON YCTAHOBKH (PUCYHOK 8.1);

- pPe3yNbTaThl UCTILITAHUI B COOTBETCTBUU C TIPUBOIUMON TaOIHUIICH;

- pacyeTsl MO ONPEAEIECHUIO TEOPETUUYECKOIO 3HAYCHUS] KPUTHUECKON CHUJIIbI IS
BCEX CIIOCOOOB 3aKPEMIICHUSI KOHIIOB CTEPKHS;

- OLEHKY pacXxOXKACHUS MEXKJY TEOPETHUYECKUMH U SKCHEPUMEHTAIbHBIMU
3HAYEHUAMH KpUTUYECKOU cuibl Mo dopmyre (8.5) ang Bcex cnocoOOB 3aKperieHus
KOHIIOB CTEPKHS;

- BBIBOJI C YKa3aHUEM, KaKoi croco0 3aKperyieHUs] KOHIIOB CTEPKHS TPU TPOUYUX
PaBHBIX YCJIOBHUSX MO3BOJISIET MOJYYUTh MaKCUMaJIbHOE 3HAYEHUE KPUTHUUYECKON CHIIBI;
OLICHKY, BO CKOJIbKO pa3 MaKCHUMaJbHOE 3HAYCHHE KPUTUYECKON CHUIIbl IMPEBBIIIACT
OCTa/IbHble 3HAYEHMS.

Cxema 3aKkperuieHust Pacuernas 3HaueHue kputniecko | [lorpemHocTs,

CTEpXKHS TUOKOCTH CTEPKHS cuibl, H %
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Konmponvnule 6onpocul
1. B yem 3akitodaercs siBI€HHUE MOTEPH YCTOMUUBOCTU CHKATOTO CTEPIKHS?
2. YTo Ha3bIBAETCS KPUTUUECKON CHIION?
3. Uto Ha3bIBaeTCsA THOKOCTHIO CTEPHKHS?

4. 3anummute Gopmyay Dunepa s ONpeAesIiCHUs KPUTHIECKON CHUITBI CKATOTO
CTEPIKHSL.

5. Kak BimsieT ’kecTKOCTh morepeyHoro ceueHus: El,, W JyuHa cTepXHs [ Ha
BEJIMYMHY KPUTHYECKOMN CUIIBI?

6. Kakoit MOMeHT nHepIuu BXOIUT B hopmyiny Ditnepa?
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7. Yrto npeactaBisieT coooi K03(pGUIHUEHT NPUBEACHUS JIJIMHBI CTEPKHS [ U
YeMy OH PaBeH MPHU PA3IUYHBIX YCIOBUIX 3aKPEIICHUS KOHIIOB C)KAThIX CTEPKHEH?

8. Kak ycranaBnmBaeTcs mpeen MpuMeHUMOCTH (GopMyItbl Diiepa’?

9. Urto Ha3pIBaeTCs NpeneabHON THOKOCThIO?
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MuHucTepcTBO HayKH U BhICIIeTo o0pa3oBanust Poccuiickoit deneparumn
['ocynapcTBeHHOE aBTOHOMHOE 00pa30BaTelIbHOE YUPEKICHHE
BBICIIETO 00pa30BaHUS
«Cesepo-KaBkasckuii heiepanbHbIi YHUBEPCUTET
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METOAMYECKUNE YKA3AHUA
JUISl TIPAKTUYECKUX 3aHATUHI 110 TUCLIUILINHE

«ConpOTUBJICHHUE MaTEPUATIOBY
JU1sl cTyieHToB HampasiieHus noarotoBku 21.03.01 HedrerazoBoe neno HanmpaBieHHOCTh
(mpoduiib) «IkcmryaTanusi 1 00CTyKMBaHHE O0BEKTOB JOOBIYU HEDTH

CraBporosb

ConpoTHBIIEHHE MaTEpHAJIOB — MH)KEHEPHAsi HayKa O METO/ax pacueTra Haubosee
pacupoCTPaHEHHBIX 3JEMEHTOB KOHCTPYKUMHA HAa NIPOYHOCThb, JKECTKOCTh U
YCTOMYMBOCTh MPHU OJIHOBPEMEHHOM YAOBJIETBOPEHUU TPEOOBAHUN HAIEKHOCTH U

9KOHOMMUYHOCTH.
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[lpakTHyeckoe  MOATBEP)KICHHE  OCHOBHBIX  TOJIOKEHUH  JUCLUIUIMHBI
«CompoTUBIICHUE MaTEPUATIOB» HMEET Ba)XXHOE METOAMYECKOE 3HAYeHUE B
(bopMHPOBaHNY WH)XEHEPHOTO MBIIIJICHHS CTY/ICHTA.

JlaHHbIE METOIMYECKUE YKA3aHUS TPETHA3HAUYCHBI JUIS BBITOJHEHUS CTYJCHTaMH
NPAKTUYECKUX 3aHATUN MO aucuuIuiMHEe «CONpOTHBIIEHHE MAaTEepHalIOB» B YCIOBHSX
JUCTAaHIIMOHHOTO O0yYEHHUS.

B kaxmoil mpakTHyeckod paboTe H3I0KEHBI OCHOBHBIE TEOPETUYECKHE
MOJIO’KEHUS, TPUBEJEHBI MPHUMEPHl pacuera (pacdyera W TMOCTPOEHHs), KOHTPOJIbHBIC
3aJJaHUs] 1 KOHTPOJIbHBIE BOTMPOCHL. [IpuBeeH CIIMCOK UTEpaTyphl, PEKOMEHIYEMBIN K
UCIOJIb30BAHUIO.

MeToaudeckne yka3zaHWs TpeJHA3HAYCHBI [JIs1 CTYJCHTOB BceX mpoduien

nampanienus 21.03.01 — Hedrerazosoe neno.

COZEPYAHMUE

PA3EJI 1. IIOCTPOEHHUE OIIIOP BHYTPEHHUX  CHJIOBbLIX
OAKTOPOB, PACUHETBI HA  ITPOYUHOCTb N XECTKOCTH 40
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[Tpaktuyeckoe 3ausTe Nel. «IlocTpoeHue 3mrop MpOIOIBHBIX CUJl, HOPMAJIBHBIX
HaIPSOKEHUN U YJUTMHEHUN TPUA PACTSIKEHUHU (CHKATHI)D ..eonvveennreeanieeaieeenireenieeenireennne 40
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[Ipaktuueckoe 3aHsitue Ne6. «IlocTpoeHue smIOp MPOJOJBHBIX M TOMEPEYHBIX
CUJI, @ TAK)KE U3rHOAONIMX MOMEHTOB IPU U3TUOE C pacTshKeHueM (cxatuem)y ... 49
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PA3JIEJT 3. TEOMETPUYECKUE XAPAKTEPMCTUKHN IIJIOCKHX
CEUEHUU 54

...........................................................................................

IIpaktuueckue 3aHatusi Ne® ... 9 «OmnpeneneHue MOMEHTOB COIPOTHUBIICHUS
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PABJAEJ 1. INOCTPOEHHME DJIIOP BHYTPEHHHUX CHJIOBBIX
DOAKTOPOB, PACYETBI HA ITPOYHOCTD U )KECTKOCTDb.
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Ilpakmuueckoe 3anamue Nel. «llocmpoenue 3nwp npPooOOAbHBLIX CUI,
HOPMAIbHBIX HARPANCEHUU U YOJIUHEHUTL RPU PACMANCEHUU (CHCAMUL)) .

3adaua. TlocTpouTh AMIOPHI MPOJOJILHON CUJIbI, HAMPSHXKEHUNW U MepeMelleHuin
KPYTJIOTO CTEpKHS CTymeH4atod (opmel. M3 yclaoBUS MPOYHOCTH OMPENCITUTH
HEOOXOUMYIO TUIONIA/Ib MOTEPEYHBIX CeUeHN y4acTKoB. Micxonuble nanneie: P;= 2ql,
Py=3ql,q = 15 kH/M, [ =1 m, [0] = 120 MIIa, E = 2-10"" I1a.

Pewenue.

Bvioenum na cmeporcre 4 xapakmepnuix yuacmka. I panuyamu yuacmros 8 0aHHOM
cayuae 6y0ym mouKu NPULOAHCEHUsL CUL U CeUeHUsl, 20e USMEHAEMCs UX NI0UWaob.

Hcnonvzyem memoo ceuerull, 08u2asch clesa-Hanpaso (0m c60600H020 KOHYA K
3a0ejike, NOCKOJIbKY Peakyuio onopuvl 3a0eiKu Mbl He onpeoeisem,).

Iloouepedno paccekas KadxcOblil Y4acmok u omoOpacvléas npasyrw) ydacme
CMepPIICHs, onpeoeluM Ha SMUX YUACMKAX NpPOoOOJbHble CUlbl U HOPMATbHbLE
HANPSHCEHUS.

N ql
N =-P, =-3¢gl T = =61
Yyacmox I. P ql., o 05A A
_ _ _ N ql
YVyacmox II. N =-P,+P, =-3ql+2ql =-ql. & ==
_ _ _ _ N ql
Vyacmox IIl. N =-P,+P =-3ql+2ql =-ql. o=""=-05"1
2A A
Yuacmox IV. N =-P,+P, - P, =-3ql+2ql +3ql =2ql. o :;; :i‘:.

Onacuvim  6yoem ceuenue niowaovio 0,54 na yuacmke I, na romopom
MAKCUMATbHOE 3HAYEHUE HOPMATTbHBIX HANPAHCEHULL.

U3 ycnoeus npounocmu Ha cocamue (3HAK CUNbL HA IMOM Y4dcmKe — MUHYC)
onpeoenum geruyuny A, xapaxmepusyouwyo niowads cedenuti 6aia

3
Azt =3 A0 1 o0 50,
o] 05120 -10° '
Onpedenum nepemewjenus Ha yuacmxax. Onpeodensimo nepemeujeruss Haunem c 1V-
20 yqacmka, I’lOCKO]Zbe 6 36106]21(’6 nepeMeu;eHue paeno 0, a nepememenue KdeCOOZO
noCcnedyuieco yyacmka cKiaobleaemcs U3 nepemeujeHus npeovioywe2o yiacmka u
nepeMeu;eHuﬂ pacwwampueaemoeo.
Yuacmox 1V.

_ NI _2ql1_ 2-15-10°-1-1

Al = = = — — =0,10 10" m.
2AE 2AE 2075107 210
Yuacmox I11.
A1=0,10 107 - L g 10 .q00- 20 T o5 109,
2AE 20,7510 -2 -10
Yuacmox IL.
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3
A1 =0,05 107 - 921 =0 05 107 - 017? 11?)_31221511 ==0,15 10" m.
Yvacmorx .
3
Al =-0,15 107 - 3ql 1 =-0,15 107 - 315 10 11 =-0,75 107 m.

-3 11
, 0,505 10" -2 10
Omaooxcum nonyueHHvle 3HA4YeHUs CUl, HaANpAXCeHuu U YOTUHEeHUL Ha 9NIopax,
VUUMBIBAs, YMO nepemeujeHuss UsMeHAMCs Ha Y4acmKax JUHeltHo.

054 y | A
\ [ |/ [
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Ilpakmuueckoe 3anamue Ne2. «Ilocmpoenue Inwop Kpymawyux MOMeHmo8 u
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Y2106 ROBOPOMA NPU KPYUeHUU».

3adaua. Jlns Kpyrioro Baja TMOCTOSHHOM IKECTKOCTHU, IOCTPOUTH IMIOPHI
KPYTSIIMX MOMEHTOB W YTJIOB 3aKpy4duBaHWs. V3 yCIIOBHUS MPOYHOCTH OMPEICTUTH
nuamerp Bana. I[IpoBepuTh Bail Ha KeCTKOCTh. Mcxonusle manubie: M;=ql’, M>=5ql,
M;=ql’, q = 15 kH/™M, [ = 1 m, [1] = 60 MIIa, G = 0,810 I1a, [p] = 3°. JlnuHa Kak10ro
y4dacTKa paBHa /.

Pewenue.

Pa3zobvem 6an na xapakmepuvie yuacmku. I panuyamu y4acmkos 6 3mom ciydae
0yoym ceueHus, 20e NPULONHCEeHbl Kpymauue Mmomenmol. Mcnonwv3ys memoo ceduenuil, u
08U2asACyL Ccnpasa-Haneso (om c80000HO20 KOHYA K 3adeske), onpeodeium Kpymsujuil
MOMEHM HA KAAHCOOM U3 IMUX YUACMKOS.

Vyacmox I M, =-M, =-ql°.

Yuacmox II. M, =-M,- M, =-ql° - 5qI° =-6ql".

YVuacmok III. M, =-M,- M, +M, =-ql° - 5ql° +ql° =-5ql°.

Omnooicum dmu 3HaYeHUs Ha nope Kpymawux momenmos. Onacuvim s6isaemcs
noboe ceyenue na yuacmie I1.

U3 ycnosus npounocmu Ha KpyyeHue onpeoeum Heobxooumbvlil ouamemp 8aid

M, ... _.|6-1510° 1°
d >3 =3 — =0,196 m .
0,2|z.| \ 0,260 10
Ipunumaem d =0,2 M. Tozoa nonsapuviii momenm unepyuu ceuenus 6yoem paeen
I, ~0,1d* =0,1-0,2" =160 -10"° m".
Yenvt nosopoma ceuenuni 6yoem ompeoensimo, Hauunas c Ill-eo yuacmka,
HOCKONbKY 8 3adenxe yeon nogopoma paeer (. Ilosopom kadxcoozo yuacmka Oyoem

CKIA0bIBAMbCSL U3 NOBOPOMA NPedvlOyuje20 Y4acmra u n0BOPOmMa paccCmampusaemozo.
VYuacmor 111

M,l _ -5-15:10° -1° 1

= = =-0,0059 pad
v GI, 0,8-10"-160-10"° pac.
Yuacmock I1.
- 2 . - . . 3 . 2 .
@ =- 0,0059+M:- 0,0059 + 6 15“10 ! 1;6 =-0,0129 pao .
) 0,8 -10" -160 ‘10
Yuacmox L
2 3 2
¢ =-0,0129+" 1L — 001294 1210 L L __ 0,0141 pao .

) 0,8 -10" -160 -10°°

Omanoowcum NOJIY4€HHble 3HAYEHUS Ha INIope Y2106 nosoponia.
Ilo MAKCUMATbHOMY 3HAYEHUIO Y2jla nosopoma npoeepum 6Aajl HA HCeCniKoCnlb

Cax — = 0,0141 paa =50'46" < [W] =3°

Yenosue orcecmrocmu évinonnsiemcs.
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Ilpakmuueckue 3auamusa Ne3 ... 5. «llocmpoenue nwop nonepeunvix cuil u
U3ZUOArOWUX MOMEHMO8 NPU uszzuoey.

3adaua 1. J11is1 KOHCOJIBHOW OajKy MOCTOSIHHOW KECTKOCTH MOCTPOUTH 3MIOPbI
MOTICPEYHBIX CHJI M M3THOAOIIMX MOMCHTOB, yKa3aTh OINAcHOE ceueHue. M3 ycioBus
IIPOYHOCTH M3 TAOJHUIIBI COPTaMEHTa BhIOpATh ABYTaBPOBOE MONEPEUYHOE CEUCHHE.

Ucxonnwie nannvie: P, = 3qgl, g, = 2q,a =1, b =2, g =15 kHM, [ =1 m, [0] =
120 Mlla.

Pewenue.

banka sensemca kouconvHOU, nodmomy peaxyuu onopuvl (Hcecmikol 3a0enKu)
MOJICHO He onpeoensims, a 08UcAmbCs, 8 IMOM caydae, byoem om c800600H020 KOHUA K
3a0eske, m.e. CNpaBa-HA1eso.

Pazobvem banky na 08a xapakxmepHulx yu4acmKa u onpeoeium nonepeunyro Cuiy u
U3UOAIOWULL MOMEHM HA KAHCOOM U3 HUX.

s osmoeo cocmaeum ypasweHus pasHnogecuss Ol GEPMUKANIbHLIX CUL U
U32UOAIOWUX MOMEHMO8.

Yuacmoxk L

Mpuicnenno pacceden I’leprllz yuacmok ce4erusl. B NOJIY4Y€HHOM cedeHUuU cuiy Qy u
u32LI6(1i0M4MIZ MOMEHRM MX Hanpasum 6 coomeemcnieue C npasuiom (nonepetmaﬂ cujia

Q, Hanpaensemcsa max, 4moodvl OHA 6PAUWANA OCMABLEHHYIO YACb CEPICHS NO
yacoeou cmpenke, a uzeudarwuil momenm M, npukiaovieaemcs K cedeHuro mdx,
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umoovl 8epxXHUe BOJOKHA OAIKU UCNBIMBIBAU CHCAmMuUe, A HUMICHUE — PACmAdlCeHUe).
Tlonyuum credyrowyio cxemy.

&A i Venosue pasnosecust 0is1 6epmuKaibHbIX CUL
Q- q,z, +P, =0
M( Omcrooa
Z /Dz Q, =q,z, - P,

HOCKO]Zbe HA 9mom ydacmke eeiuvyunHa Qyusmewzemc;z no onuHe yuacmka,

Onpe()eﬂu.ﬂ/l eeé 3HavyeHue Ha cpaHuyax yuacnka.
Ilpu z, =0 Q, =-P, =-3ql,
Ilpu z, =b Q, =q,b- P, =2q -2I- 3ql =ql

2
Z
Jlnst MOMeHmos omHocumenbHo mouku cevenus- M, - q, 71 +P,z, =0

2
Omciooa y —. QQ% +Pz,-

Hpu Z =0 Mx =0.
- b? 417
Iipu 2, =b M,v:'Q2?+P2b:'2q 5
HOCKOJley nonepevnHas cujld UsMeHU1a 3HAK, Mo 6 Ce4eHUU, 206 OHA paeHa HYJO

useubarowul MoMmeHm 6yoem umems MOUKY IKCMPeMyma (MAKCUuMym).
Koopounamy mouku sxcmpemyma momenma natioem u3 yciosus -z, - P, =0
P, _3ql 20517 ,
Omcirooa Zio :q_2 :E =15y M e =29 ’2 +3ql 1,51 =2,25ql°.

2

+3ql -21 =2ql°-

Yuacmorx I1.
g Q, - q:b+P, =0
gy £ Q, =q,b- P, =2q -2 - 3ql =ql
M( ‘ _Mx'QQb(ZQ'E)"'PQZQ =0
2
b P )
Z M, =-q,b(z, - §)+P222.

z,=b M, :-qzl;+ P,b =-2q 45 +3ql -21 =2ql°

z,=a+b M, =-q,b(a +g)+P2(a +b)=-2q 2] -2l +3ql 3] =gl .

Omanooicum noyyerHvle 3Ha4eHus Ha FN0Pax.

Iniopvl NOCMPOUM «HA PACMAHYMOM BOJOKHE», OMKIAObIBAS OMPUYAMETbHbIE
3HaueHus uzubarue2o MOMEHMmMa ceepxy, d NOJOHCUMENbHbLE — CHU3Y.

Onacnoe ceuenue 6yoem 6 mouxke A nma yuacmke I, 6 komopot makcumaibHoe

3HaueHue uzeubarujeco MoMeHma
M.\‘ max :2)25q12 .

sz ycunoeus npodHocmu Ha useuo onpe()eﬂww MOMEHN CONPOMUBTIEHUA CeHUEeHUA
2 3 12
Mxmax _2,25(]1 _2,25 15107 -1

{ J { J 120 10° =0,28125 107" m® =281,25cm’
o o :

W =
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ITo mabnuye copmamenma evibupaem 0gymasp Ne24, y komopozo W, =289 cm’.
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/
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&, gl |ll]14

27 -
M. gl I

3adaya 2. JIna JOBYXONOpPHOM OadkM MOCTOSHHOM JKECTKOCTH OIPEEIUTh
PEaKIMU OIOP, IIOCTPOUTH SIIOPHI MONEPEUYHBIX CHJI M M3THOAIOIUX MOMEHTOB, YKa3aTh
onacHoe cedenue. M3 ycaoBHs IPOYHOCTH BBIOPATH ABYTaBPOBOE IONEPEYHOE CEYCHHE.

Ucxomusle nannbie: M; = ql’, M> = 5qFP, a=1,b =21, q = 15 kH/™m, [ =1 u, [0] =
120 Mlla.

Pewenue.
banka umeem 0ge onopwvi, nosmomy O onpeoeneHusi 6HYMPEHHUX VYCUIUU 8

ceueHuu medcoy onopamu Heobxooumo Haumu xoms Obl OOHY U3 peaKyuti ONopbl.
H3006paszum cxemy 6anku ¢ 0eucmeyrouumMu Ha Heé CUNLAMU.

Mo MR
_..._/.\.7_“/4 2

B

g ——|

Onpeoenum, nanpumep, peaxyuro onopst B.
ﬂ]lﬂ amoeco cocmaesum ypasHeHUue paeHo6eCUsl
MM,=0 -M,+M,+Ryb=0
M,-M, ql°-5ql*
b 2
HOCKO]Zbe SHA4YeHUue RB ompuyameilbHoe, USMEHUM HAaAnpdaejleHue 317’1012 CUJjibl

peaxkyuu onopvl Ha NPOMUBONONONCHOE.
Pazobvem 6anky ma 0ea xapaxmepmuvix yuacmka. Cocmaum ypasHeHus.
PABHOBECUS CUTL U MOMEHMOB OJIsL KAXHCO020 YUacmKa.
Yuacmok I. bByoem 0sueamuvcs cnpasa-uaneso.
s sepmukanvHuix cunl yciogue pagnosecus umeem euo Qy + Ry =0,

Omcrooa Q, =- Ry =2ql,

Omcrooda R, = =-2ql.
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Jlns uzeubarowux MomeHmos
/‘7( B - M, +Ryz, =0

. Z Omcrooa M, =Rz,
7
8

Ilpu z, =0 M, =0
Ilpu z, =b M, =Rpb =-2ql -21 =-4ql".
Yuyacmox II. bynem auratbeca cnesa-Hanpaso.

M -D M s eepmukanvuwvix cun 2, =0
1 Q Jlnsa momenmog - M, +M, =0
2 1™ Omciooa M, =M, =ql°.

Omuanoorcum NoOJIy4€eHHble 3HAYEHUA HA INIopax. 31’”0[))/ u32u6ai0u;ux MOMEHRMOo6
nocmpoum «Ha pacmAanymom 60J0KHEY.

Onacnwvim 6yoem ceuernue 6 mouke A, 20e maxcumanen uzeubarouutl MOMeHm.

U3  ycnoeus npounocmu Ha u3eub onpeoderum  HeoOXOOUMbIL — MOMEHM
CONPOMUBTIEHUSL CeHeHUs]

Mxmax _4C112 _4 15 103 '12

W= o] o] 120-10°

=0,5 10" m> =500cm’

ITo mabauye copmamenma swibupaem 0symagp Ne30a, y komopozo W, =518cm’.

4
Mr——— A4

Sy

()

t:T‘

—_\
N

/ /

a, gl i

/% q/z -

/

3aoaua 3. ]Ins nBYXOMOPHOW OAJIKM TMOCTOSIHHOM KECTKOCTH, MOKa3aHHOW Ha
CXeMe, OMPENETUTh PEaKIUK OMOp, TOCTPOUTH IMIOPHI MOMEPEUHBIX CHII U U3TUOAIOIINX

MOMEHTOB, yKa3aThb OmacHoe cedeHue. M3 yciaoBHs NPOYHOCTH Ha U3rMO BBHIOPATH
JIBYTaBPOBOE IMOINEPEYHOE CEYEHUE.
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Ucxomusle nannbie: Py = 2qgl, My = 5q1°, g1 =q,a =1 b =21, q = 15 kH/M, =]
M, [o] =120 Mlla.

Pewenue.

Onpedenum peaxyuio onopwl B. /s smoeo cocmaeum ypasnenue pagHogecus

ZMA =0, -M,- Pa+Ryg(a+b)- QJC(a+b+%):O

Omcrooa

R, _M, +Pa+qc(a+b+0,5c) _5ql” +2ql° +5,625ql’ —4.0q]
(a+b) 31
Pazobbem 6anxky na mpu y4acmka u, 06u2asch CHNpaea-Haieso, Onpeoeium

nonepeyvHbvle CUjbl U u32u6a;0u;ue MOMEHRMbL HA IMUX y4acmkKax.

Yuacmork 1.
aQ g Q,- 4,2, =0 Omciooa Qv =4:7:.
¥ z, =0 Qy :O.
M-S 2, =c Q, =q,c=15ql,
2
iy _
- Mx - q ? -
Z2
— 1
Omcrooa M, =- G
z, =0 M, =0
Cz 5
z; =C M_=-q, > == 1,125ql°.
Yuacmox II.
g (o 4 Q + Ry~ e =0
4 Omciooa Q, == R +q,c =-4.2ql +1,5ql =-27ql

c
-M,+Rp(z,-¢)- q(z,- 5):0

e

3 Omeroda M, =Ry(7, - €)= qye(7,- <),

Z;

2

C .
Z, =C M, =-q, p == 1,125ql".

z,=b+c M, =R,b- qlc(b+%) =8,2ql° - 4,125q1° =4,275ql° .

Yuacmox I11.
G R b VYpaenenue pasnosecus cun
P B Qy- P +Rg-q,c=0
MC o Omcrooa
b 7 Q, =P - Ry +q,c =2ql- 4,2ql +1,5¢gl =
Zs =-0,7ql

C
-M,-P(z;-b-c)+Rg(z5-c)- qc(z5- E)ZO
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Omcrooa

M, =-P,(z,-b-c)+Ry(z;-c)- qc(z, - %),

z, =b+c

M, =Rzb- q,c(b +§) =8,2ql° - 4125ql> =4,275ql" .

z, =a+b+c

M, =-Pa+R(a+bh)- qc(a +b+%) —2ql° +4,2ql -31- q 1,5 3,751 =

2
=5ql”.
Omunoorcum NOJIY4YE€HHblIE 3HAYECHUA HA INIOpAX.

3m0py u32u6ai0u;ux MOMERMOB NOCMPOUM HA «PACHIAHRYNOM  B60JIOKHEY,
OMKIA0bIBAS ompuyamelbHvle SHAYEeHUA CeEPXY, NOJ0HCUMENbHbIE — CHU3) .

P Ve
Mr— B 4

/ / 15 /

27

Ir.-___ 4275

122

Onachoim sénsiemcs cevenue 6 mouke A (3Hauenue uzeubarowe2o Momenma
maxcumanvro My e = 5q°).

s ycaosus npoYHocmu HA uzeub onpedeﬂww MOMEHRM CONPOMUBTICHUS CEYECHUA

M, .. _5q° _51510° 1° :
W, e 200 = =0,625 107 M’ =625cm”
" To] o]~ 12010

Ilo mabauye copmamenma evibupaem ogymasp Ne36, y komopoeo W, =743 com’ .

Ilpakmuueckoe 3amamue Ne6. «llocmpoenue Inwp NPOOOTLHBLIX U
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nONnEPeuHvIX CUJl, A MAKHCE UUDAIOWUX MOMEHMO8 NPU U32Ubde C PACMANCEHUEM
(corcamuem)y.

3adaua. JIns TIOCKON CTaTUYECKH OMPEASTUMON paMbl TMOCTPOUTH DIIOPHI
MPOJIOJIBHBIX CHJI, TIOMEPEYHBIX CWJI U M3THOAONIMX MOMEHTOB, YyKa3aTh OIACHOE
CeUeHUE.

[IpoBepuTh yca0BUE MPOYHOCTH, €CITU MOTEPEYHOE CEUCHUE MPEACTABISIET COO0M
mBewtep Ne27a ( A =40,2cem® W, =317 cem™ ).

Ucxomusle nannbie: P;= 2ql, M;=ql, g;=2q, a=l, b=21, d=0,51, g = 15 xH/m,
[=1m,[c]=120 Mlla.

Pewenue.

Pazobvem b6anxy ma xapaxmepHvle yuacmku. B oannom cnyuae b6anka umeem 4
yuacmka. Ilonv3ysace memoodom ceuenuil, onpedenum npoooibHbsie U nonepeynvie CUbl, a
makaice uzeubaroujue MOMeHmsl Ha SMux yyacmrax. /s s3moeo cocmasum ypagHeHus
PpasHosecusi NPOOOIbHBIX CUJL, NONEPEUHBIX CUIL U U3LUOATOWUX MOMEHMOS.

Brympennioro npo0onvHyo cuiy 6 paccmampusaemom cedeHuu Hanpasum mdx,
umobsl ona Oviia pacmsazuearouei. llonepeunyro cuny u uzeubarowjuil MOMeHmM — 8
COOMBEMCcmeUlU ¢ paccMompeHHbIM panee NPasuiom.

Yuacmox 1.

P
£ i _M Ypasuenue pasnosecus npooonvuwix cun N =0;
— C Vpasuenue pasnosecus nonepeunvix cun - Q, + P, =0
d TN Omciooa Q, =P, =2ql.
|
Vpasuenue pasnosecus uzeubaroujux MomeHmos
- Py -M,=0
Omciooa M, =-Pyy,.
Ilpu y, =0 M, =0 [lpu y, =d M, =-Pd =-2ql-05]=-ql,
Yuacmock II.
QLM _ - N+P, =0
N — (' 72/07 Omcrooa N =P, =2ql
L [7/ Q, =0,
2
-M_-ql’ =0 Omcroda M, =-ql°.
Yuacmock I11.
N N =0,
1% /L_@ Q, =0,
< \\T M -M,+M, =0 |
* Omcrooa M, =M, =2ql° .
Yuacmox IV.
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2 -N+P =0
4 e = !
N— A | M B Omcrooa N =P, =2ql ,
M = 0 ..._g/z Q, - qx(z,- b)=0
7 Omcirooa Q, =q-(z,-b),
4
Zy =h Qy =0 z, =a +bh Qy =q.a :2q1.

-M -qg-Zb +M, - ql* =0

_ 2
Omcrooa M :-qz(z“zb)+M, - ql’.

z, =b M, =M, - ql* =2ql° - ql° =ql”.
2
z,=a+b M, =- qg%ﬂvb - ql* =ql* +2q1* - qI* =2qI°.
Om]lOOfCMM NOJIY4YE€HHblE 3HAYEHUA HA INIOpax. 3mopy u32u6ai0u;ux MOMEHMOB
nocmpoum «Ha pacmAanymom 60J10KHEY.

i P

L

!
oLy Mo

Y -

NANNNN

N gl e

d, ql ==

RS
~a

(I)

N,

5.
1IN
NN N

M gl Wm:@: B
2 7

N
OnacHuim A81emcest ceyeHUue 8 HCecmikou 3a0ejike, 20e MAKCUMAIbHbL 3HAYeHU
CUl U MOMEHMO8. Yciosue npouHocmu no HOPMAIbHbIM HANPSANCEHUAM Oyoem umems
8U0

N M
g=——+—= S[a]
A W,

ﬂ]lﬂ ONnAaCHO2CO CeYEeHUA

50



2ql _|_2q[l2 _2-15-10° +2 15-10° .17
A W, 109-10" 317 -10°°

X

=7,5 10° +94,6 -10° =102,1 -10° [la =102,1MIla <|&'| =120 MI1a.

Ycnosue NPpOYHOCMU 6bINOJIHAENICAL.

g =

PA3JIEJI 2. UH KEHEPHBIE METO/1bI IPOYHOCTHBIX PACYETOB.

Ilpakmuueckoe 3anamue Ne7. «Pacuem cmamuuecKku HeoOnpeoeauMou
CMEPIHCHEBOI CUCHEMbL RPU PACANCCHUU (CHCAMUN)) .

3adaua. Kectkuit 6pyc, redopmMaiieit KOTOporo MoKHO IpeHeOpeyb, OMUPaACTCS
Ha IIAPHUPHO HEMOJBUKHYIO OMOPY M MPUKPEIUIEH K ABYM CTE€pPXKHSAM MHPH MOMOILIU
HIAPHUPOB.

TpeOyetcst HailTH:

1) ycunus u HanpsKeHUs B CTEPIKHSX, BBIPA3UB HX Yepe3 cuity P;

2) noryckaemyto Harpy3ky [P], mpuHsB gomyckaeMoe HanpsikeHnue [a]=160MlI1a;

3) mpenenabHyro rpy30noALEMHOCTE cucTeMbl PT pggonyckaemMyro Harpysky [P7],
eciu npenae Tekydect or = 240 Mlla v xo3dduiineHT 3anaca npoyHocTu nr = 1,5.

CpasuuB BenmuuHsl [P] u [Pr], caenaTs BBIBOJ O TOM, KAKOW U3 METOAOB PACUETOB
(mormyckaeMbIX HaIpsHKEHUM WM pa3pylIalolinuX HArpy3ok) AaeT 0ojiee SKOHOMUYHOE
pelieHre U OOBSICHUTH MmoueMy. McxoaHble NaHHbBIC: MUIONIAAh MOMEPEYHBIX CEUYCHUM
crepxkaen A= 10cv’;a=2m b=2mc=1md=0,5nm.

Pewenue.

Omoépocum onopHvle WapHupbl CMePI*CHeN U yumem Ux 6IUsHUe Ha KOHCMPYKYUIO
npooonvHulmu cunamu N;u N> Obo3nauum 6ykeamu xapaxmeprvie moyKu.

Haztioem KOCUHYC yena o
c 1

V2 +d? {17 +05°
Cocmagum ypaeHenue pagHosecusi 6 6ude CYMMbl MOMEHIMOE 6CeX Cull
omHuocumensHo mouxu D

cos ax = =0,89

M, =0,
Pc- N,cosa(a+b+c)- N,cosa(b+c)=0

ui
445N, +267N, =P
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24 P
b

7N

B smom ypasnenuu 0ge neussecmmubvie eauyunbl, NOIMOMY 8MOPLIM YPAGHEHUEM,
NO36OJIAIOWUM COCMABUMb CUCEMY YpasHeHUull, 0yoem YpasHeHue CO8MeCmHOCmU
nepemewjeHul.

Mna smoco paccmompum Oepopmuposanue KoHcmpykyuu. B pezyromame
VONUHEHUsT cmepXiCHell Opyc nogepHemcs 6oKpye waphupa D npomug uacogotl cmpenxu,
0CMasasCb NPAMbIM, m.e. u3 nojaodxcenusi BD on nepetioem 6 nonoscenue B'D.

llepemewenue wapnupa B 6yoem BB' = Al)/coso, a nepemewenue wapnupa C

oyoem CC' = Aly/cosa.

Al/coso.

7
U3 nooobust mpeyzonvruxos DBB' u DCC' nonyuaem

A, AL
cosa -a _COS(Z(b +C)"
Al, =154l
Ilockonvxy
al, =Nl gy = Nol
EA” E -2A
unu
Al _ NNl +d? L N,vc” +d”
EA ’ 2EA
eoe l; = I, — Onunvl cmepoicreil, noayuum
N, =3N,,

Iloocmasum nonyuennoe coomuouleHue 8 ypasHeHue pagHo8ecus
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445N, +8 N, =P
unu
N, =0,08P yy N, =0,24P
Hopmanvhvie nanpsoicenus 6 cmepoichax ciedyrouue:
N 008 P N 0,24 P
=_1 :’0—_4 =80P; , =2 :’27_4 =120P.
A 1010 2A  2-10-10
Onpeodenum [P] — maxcumanvhoe 3uavenue eHewHel cuavl P, npu xomopom
YCa08ue NpOYHOCMU 8bINOJIHAEMCS 8 000UX CIMEPHCHAX. [ 3mo2o HanpsdceHue  bolee

HA2PYHCEHHOM BMOPOM CMEPIHCHE NPUPABHAEM K OONYCKAEMOMY HANPANCEHUIO, M020d

U,

. 6 ) *
(LP.,]:[U] =160 10 =133 10° H.=1330 I
3nauenue npedenvHOW HARPY3KU20NPU KOMOPOU 60 6CeX MOUKAX CUCTEMbL

Hanpsicenusi 00Cmuearom npeoeia mekyuecmu, onpeoeium u3 ycious npeoeibHO20
pasHogecus
4450, -A+267 0, -2A =P

20e N; =01Au N, =0,2A.

Tpupasrne nanpsadicenus 6 CmepICHAX K npedeiy mexkyuyecmu (o; = 02 = o), @ CULY
K npeoenvhou (P = P,,), nonyuum

P,, =9790;A =979 240 -10° -10 -10°" =23496 -10°H =2349 6 kH .
C yuemom xodppduyuenma 3anaca npouHocmu 0onyckaemas Hazpyska oyoem
{p"']:ﬁ 23496

=1566 kH
pasHa 15 )
PCZS’HML;CZ 8 3HAUEHUAX MAKCUMANbHOLU GHEeUlHell Hazcpy3Ku
T - -
4P, =L 7] 100% ="2°0~ 133019005 17 gog
p 1330 '

Takum obpazom, npu pacueme NO OONYCKAEMbIM HASPY3KAM  HECyWasl
cnocobHocms (2py3onoovemuocms) oxkasanace Ha 17,8% eviwe, yem npu pacueme no
00NyCcKaeMblM HANPSNCEHUSIM, YMO YKA3bledem HA B03MONCHOCMb NPOEKMUPOBAHUS]
O0nee IKOHOMUUHBIX KOHCIMPYKYUL, UCNOIb3YS pacyem no 00NYCKAeMbIM HA2PY3KAM.

PA3JEJ 3. TEOMETPUUECKHE XAPAKTEPUCTHUKH IIJIOCKUX
CEUEHUM.

Ilpakmuueckue 3anamusn Ne§ ... 9 «Onpedesienue MOMEHMO8 CONPOMUBTIECHUA
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CJLOMNCHDBIX CeUCHUIL).

2a

3a0aua 1. Jlnd CUMMETPUYHOTO TOMEPEYHOIO
ceueHus (a = 3 cm) HEOOXOAUMO:

- ONPEJETUTh KOOPAUHATHI IIEHTPA TKECTH CEUCHUS,
MIPEABAPHUTEIHHO BEIOPAB UCXOHYIO CHCTEMY KOOPIMHAT;

- BBIUMCIHUTH TJIABHBIE IIEHTPAJIbHBIE MOMEHTHI
UHEPIINY;
'S - HaWTH MOMEHTHI COINPOTHUBJICHHUS CEUYEHUSI B
‘ TJIaBHBIX OCSIX UHEPIUU.

o KOJIMMO BBIUEPTUTH ceueHne B macmTadbe (M 1:1 mbo M 1:2) u
HAHECTH Ha YEPTEXK BCE pa3Mephl U OCH, UCIIOJIb3YEMBIE B PACUETE, U PACCTOSIHUS MEXTY
HUMH.

Pewenue.

Buvibepem ucxoonyro cucmemy koopounam. Ocv y HANPAGUM NO OCU CUMMEMPUU
ceueHusl, a 0Cb X — N0 €€ HUMNCHelU 2paHu.
s onpedenenuss yenmpa msaxcecmu pazodvem CUMMemMpUyYHoe cedeHue Ha

npocmule Queypoi.

s smoeo dononnum ceverue 00 NPAMOY2ONbHUKA U ONPEOenuM NIoOuaou u
KOOPOUHAMbL YEHMPO8 MANCECMU KAAHCOOU NPOCMOU (hucypol.

@) NPAMOY2ONbHUK

A, =5a -6a =30a” =270cm”; y; =3a =9 cm.

0) mpey2oibHUK

6a

6 ’1 o] ] 2
A2 :CIT’S(] =4.5a° =40,5cm”; v, 2560 =4a =12 cm;
8) NonyKpye
- 2 , , 4-15
A, =214 (125“) =3,53a" =318 cm”; y, :Ta =064a =19 cm;
JT

Ommemum Ha pucyHKe 21a8Hble YeHMPATbHblEe OCU NPOCMBIX hueyp.
Toz0a koopounamol yenmpa maxjicecmu ecetl pueypvi 6yOym pasHbi.
x. =0;
Ay, - Ay, - Ay, 9270-12-405- 1,9 31,8
‘" A-A-A,  270-405-318
Ommemum Ha pUcyHKe 21a68Hble YESHMPATIbHbLE OCU 8CE20 CEHEHUSL.
Momenmol unepyuu npocmulx gueyp OMHOCUMENbHO UX YEHMPATbHBIX OCell

=9,53 cm.

0y0ym paeuwi:
a) NPSAMOY20IbHUK
3 ] 3
g, =2 _5a 6a) _g0at =7290 ent”
12 12
hba 6a '(Sa)q 4 4
I, = = =62,5a" =50625cm”.
T2 T 12 » P o

0) mpeyeonbHuK
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bh’ :1,5a (GaY _

I,= 9a’ =729 cm?;

27 36 36
p, =hb” _6a 50> =0,5625a* =45,5625 cm* ;
Y27 36 32

8) NonyKpye
I, =011r" =0,11(,5a) =056a* =45,1 cm*;

Iy;j :M; :E(l’ga)d =2a* :1626M4;
Y (o)
2a
y: - Ay
e P I
by | |
| |
e N &4 s x
| ! / _/ / )d\‘ _| 3 _Xi Xo
I 7 ~ -
S| s | \ 15
I g
| /_ ) ] X3
| // -I ‘ x

5a

T

Paccmosanus mesncoy enaeuvimu yenmpanbHulMu 0CAMU NPOCbIX uyp u
ceueHus 6 yenom 6y0ym pasHbl.

a) ons npsimoy2oavHuka da, =9,53- 9 =0,53 cm;

0) Onst mpey2onbHukos d, =12- 9,53 =247 cm; b, =2a =6 cm;

8) 015 nonykpyea d; =9,53- 1,9 =7 63 cm;

Momenmor unepyuu npocmulx pucyp OmHOCUMENbHO 2NAGHBIX YEHMPATbHBIX
ocell 6ce2o cevenusi Oy0y pasHbi:

@) NPAMOY20NbHUKA

I, =1, +a;A, =7290 +0,53° -270 =7365843 cm”;

0) mpey2onbHuKa

I, =1, +a A, =729+247° 405 =976,09 cm”;

I, =1,,+b]A, =455627 +6° -40,5 =15035627 cm” ;

yo
8) nonykpyea
17, =1, +a’A, =45]1+763" -31,8 =1896 4 cm” ;
Toe0a momenmul uHepYUU 8CE20 CEUEHUS OMHOCUMENLHO 2NABHBIX YEHMPATbHBIX
ocetll 6y0ym pasHul:
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L

I, =I-2I] -1 =7365843- 2-97602- 18964 =35174 cm*;
I, =1, -2I),+1,, =50625- 215095627 - 162 =1893,3746 cm*.
Momenmoi Conpomueierusl ce4eHusl 6 cJldBHbIX OCAX UHEPUUU 6_)/()_)/77’1 PAaABHbL!

I, 35174 I q
W, =0 =227 236909 em’; w,, =22 =29235730 156 52 e,
-y.'ﬂﬂx 953 7 X'nu:‘( 15
%

3adaua 2. ]Jjis HECUMMETPUYHOIO CEUCHHS,

COCTABJICHHOTO W3 TMPOKATHBIX mpoduieit

M x70x8  (aByraBp Nel2, yromok paBHOGOKHiT 90x90%9,
yroJioK HepaBHOOOKHH 110%70%8):

- OMpEAENUTh KOOPAWHATHI IIEHTpPa TAKECTH

7 ) CEUEHUs, IPEIBAPUTEILHO BBHIOPAB HMCXOMHYIO
N\ Y cucTeMy KOOpIUHAT;,
N12 - BBIMHCIMTH  TJIABHBIE  ILIEHTpPAlbHBIE
90 x 90 x 9 , P
MOMEHTEI UHEPLIUH;

== = - HaWTU MOMCHTHI COIIPOTHUBJICHUSA

/

CCUYCHUS B I'NIaBHBIX OCAX MHCPIUU

N
Jl71st pacyeTa HEOOXOUMO BHIYEPTUTH ceueHue B mMaciitade (M 1:1 mubo M 1:2) u

HAaHCCTH Ha YCPTECIK BCC pa3MCPbl U OCHU, UCITIOJIb3YCMBIC B paCUCTC, U PACCTOAHUA MCKIAY

HHUMMU.

Pewenue.
Buibepem ucxoouyro cucmemy koopounam. Ocv y HAnNpagum no JAUHUU CMbIKA

Oeymaepa Mpa6H06OK020 yeoJjKa, oCob X — no JUHUU cmuslKd )20JIKO6.

Onpedeﬂww noJjiooicenue yeHmpa mAdNCeCnu HeCUMMENPUYHO2O CeYEeHUA. ,ZZJl}l

9MO20 GbINULUEM U3 MAOIUY COPMAMEHMA NPOKAMHOU CMalu HeoOXo0umble UCXOOHbLE
OamnHbvle OJisl KAHCO020 NPOKAMHO20 NPOPUILA.

C yuemom OanHbIX MAOIUY KOOPOUHAMBL UEHMPO8 MANCECmU, NI0WAOU

NPOKAMHBIX NPOGhuel u MOMEeHMbl UHepyuu OyOym pasHbi:

a) osymasp Nel2:

x;=-6cm, Y, ==(9-3,2)=-5,8cm; A; = 14,7 cv’,

I,=279cm*; 1, =350cm’;

0) yeonok pasnoboxuii 90x90x9:

X2=2,55cm, y2=-2,55 cm; Ay = 15,6 cm?;

I,=118cm’; 1,=118 cm’;

8) yeonok Hepagnobokuti 110x70%8:

x3=1,64cm, y3 =3,61 cm; A3 = 13,9 oM’

I,=172cm*; 1,, =54,6 cm”.

To20a koopounamuel yeHmpa maxcecmu cedenus 6y0ym pasHbi:

. _AX +Ax, +Ax, 147 (-6)+15,6 -2,55+13,9 ‘1,64
‘ A+A+A 14,7 +15,6 +13,9

=-0,6 cm.
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Ay, +Ay, +Ay, 14,7 (-58)+156 (-2,55)+13,9 3,61 _

= -17 em
A+A +A 14,7 +15,6 +13,9
Ommemum 5my mouKy Ha Yepmence HeCUMMEMPUUHO20 Ce4eHUS.
)
Vo
47
A
(b jCj .
X { - e —
> )2 <
S 2 X
ol R N ~
Nz “ S| _Xz T
S
ot
| by

Paccmosanus mesncoy enagnvimu yeHmpanbHbiMu 0CAMU RPOKAMHbBIX npoghuel u
ceueHus 8 yeaiom 0y0ym pasuol.

a, =5,8-17 =4,1cm; b, =6 - 0,6 =54 cm;

a, =2,55- 1,7 =0,85cm; b, =2,55+0,6 =3,15 cm;

a, =3,61+1,7 =5,31cm; b, =1,64+0,6 =2,24 cm.

Momenmor unepyuu npoxkammusix nPoghuelt OMHOCUMENLHO 2/IAGHbIX
YEHMPANbHBIX OCell 6ce20 ceyeHus 0YOym pagHbl:

a) osymaspa:

I,=I, +a A =27,9+4,1° 14,4 =270 cm*;

I,=I, +b/A =350 +5,4° 14,4 =770 cm";

0) y2onKa pagHoboK02o:

I, =1 +a’A, =118+0,85 -15,6 =129,3 cm’;

1), =I,+b/A =118+3,15" -15,6 =273 cm’;

8) y20iKa HepasHOOOK020:

17 =I_+aA =172+5,31° 13,9 =564 cm*;

I, =I,+ b]A, =54,6 +2,24° 13,9 =124,3 cm”.
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To20a momeHmbl UHEPYUU BCE2O CeYeHUsI OMHOCUMENbHO 2IABHBLX YEHMPATbHBIX
ocetl 6y0ym pasHwi:

I,=I_-1 +1 =270+129,3+564 =963,3 cm";

I,=I,-1,+I},=770+273+124,3=1167,3cm’.

Paccmosinus om enasnuvix ueHmpailbHblx ocell u Hauboee yaaﬂeHHblx mou4ekK

ceueHus 6yoym pasHbi:
Yoo =11+1,7 =127 cM; X, =12- 0,6 =11,4 cm.

max

To2oa momenmul conpomusieHus HeCUMMEMPUUHO20 CeYeHUsl OMHOCUNENILHO
2/IABHBIX YEHMPALbHBIX Ocell 6Y0ym pasHbl:

I
WXO — Ixo :963,3 :75,8 CMB,' W —__yo
y 12,7 o x

max max b

_1167,3 =100,3 cm’.
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BBICIIIETO 00Pa30BAHUS
«CeBepo-KaBkasckuil penepaibHblil yHUBEPCUTET»
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METOIMYECKUNE YKA3ZAHUA
K CAaMOCTOSITEIbHOM pab0Te MO TUCIUILINHE

«COINPOTUBJIEHUE MATEPUAJIOB»

JUTsl CTyZieHTOB HanpasiieHus noAarotoBku 21.03.01 HedrerazoBoe emno HanpaBieHHOCTh
(mpoduns) «IKCITyaTanust ¥ 00CITyKUBaHUE 0OBEKTOB T00BIYU HEDTH

CraBponoJib
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CamocrosiTenbHass paboTa NOpU  WM3YYEHUM JUCHMIUIMHBI  «CONpOTHBICHHE
MaTEpUajIoB» MMEET Ba)KHOE 3HAUEHUE B (POPMUPOBAHUU HHIKEHEPHOI'O MBILUICHUS
CTYJEHTA.

B npouecce oOyuenust crynentsl crnenuanbHoctd 21.03.01 «ComnpoTuBienue
MaTepuaioB» peanu3yrot kommnereHuuto OIIK-1.

Hactosdmme Meroauueckue yka3zaHusi I[IpeAHAa3HAu€Hbl [Js 0OecreyeHUs
CaMOCTOATENBHON pa0dOThI CTYAEHTOB MO AUCHUILIMHE «CONpPOTUBIECHUE MATEPUATIOBY.

Onu JaroT O6HIYIO XApaKTCPUCTHUKY CaMOCTOSITEIILHOM pa6OTBI 10 JUCHOUIIIINHC. I[aHBI
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METOJIMYECKUE PEKOMEHJAlMK MO0 BHUJAAM CAMOCTOSITENILHOM  paboOThl, CIHMCOK
PEKOMEHYEMOM JINTEPATYPHI.
MeTtonnueckne peKOMEHIAMU pa3padO0TaHbl JIA CTYACHTOB CIICIUATBHOCTH

21.03.01 — Hedrerazopoe nero.

XAPAKTEPUCTUKA CAMOCTOSTEJIBHOM PABOTHI
CamocrosTenbHass pabora oOywarommxcs o gucuuiuinHe «CoNpOTHBIIEHUE
MaTepUajIoB» BKIIOYAET MOATOTOBKY K JIAOOPATOPHBIM M MPAKTUYECKUM 3AHATHUSM, a
TaK)K€ BBIITOJIHEHHE KOHTPOJIBHBIX 33JaHUM.
[logrotoBka Kk JabopaTopHbIM paboTaM U NPAKTUYECKUM  3aHSATHUSAM
OCYILIECTBIISIETCS] COTIIACHO METOAMYECKUM YKa3aHHUSIM IO BBIOJIHEHHIO Ja00paTOPHbIX
paboT U MPaKTUYECKUX 3AHSITHI.

KOHTpOJ'IBHBIe 3aJlaHvs  BBIIIOJIHAIOTCA B COOTBETCTBHH C HWHIAWBHUAYAJIbHBIM
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3aJJaHUEM U BKIIOYAIOT B ce0s pelleHue S5 3aJaHuil, CBS3aHHBIX C IOCTPOCHHUEM
Jarpamm pas3jIn4HOMN CII0)KHOCTH.

KonTponbHoe 3amanue BBIMOJHSIETCS Ha Oenbix jguctax Oymaru ¢opmara Al (c
OJTHOM CTOPOHBI) M COJEPKUT pacueTbl B COOTBETCTBUM C 3aJaHUEM II0 BapHAHTY
BBIJIAOIIErOCs nieaarora/

[Tonsi: BepxHee U HUXKHEE — 2 ¢M; TIpaBbIil - 2,5 cM; ciesa - 1,5 cm.

Kaxxioe 3a1aHre BBIOIHAETCS ¢ HOBBIM JIUCTOM. 3aroJIOBOK OTAEIISETCS OT TEKCTa
po6eoMm.

[Tocne 3arosioBka omnuceiBaeTcs CcyTh paboThl. Pemenue kaxaod 3anadu
CONPOBOXAAETCA  COKPALUEHUSMH, BBIIOJHAEMBIMH 0€3 OOBSCHEHHS TPUYMH.

PacueTHyro cxemy BBIIIOJIHUTh B UATAEMOM MacuiTaoe.

BAPUAHTBI KOHTPOJIBHBIX 3AJIAHUI
Jlnst cTyneHyaToro crepkHsa (cxema l) MOCTpOUTH 3MIOPhI MPOAOJBHBIX CHI,
HOPMAQJIBHBIX HAIPsDKEHUM W nepeMenieHuil. M3 ycioBUS NPOYHOCTH OIPENEIIUTh
IUIOIIAHN TOTIEPEYHBIX CEUECHMIA.
JInst Kpyrjioro Baja TNOCTOSHHOM JKECTKOCTH (cXeMa 2) MOCTPOUTH AIIOPHI
KpPYTSIIMX MOMEHTOB, HAallpSOKEHUM W YIJIOB 3aKpyduBaHMs. M3 ycnoBus mpodyHOCTH
ONpENENnTh TuaMeTp Bana. [[poBepuTs Baa Ha KECTKOCTb.

Jnst 0ajok MOCTOSIHHOM JKECTKOCTH (CXeMbl 3 ... 5) oNpeAenuTh ONOpHBIE
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peakiuu (A7 KOHCOJMBHOW OanKku Ha cxeMe 3 OMOpHBIC PeaKkldu OMpeAeNsiTh He
00513aTeNFHO), TIOCTPOUTH IMIOPHI MOMEPEYHBIX CHJI U H3THOAIONTNX MOMEHTOB, YKa3aTh
oracHoe ceueHue. 3 yciioBust mpoYyHOCTH BBIOPATh IBYTaBPOBOE MOTIEPEYHOE CEUCHUE.
JIJIs TUTOCKO#M CTaTHYECKH OIpeAeNTMMON paMbl (cxema 6) MOCTPOUTH AIIOPHI

IPOJOIBHBIX CHJI, IMOIEPEYHBIX CHJI M HM3THOAIONIMX MOMEHTOB, YyKa3aTh OIACHOE
ceyeHue (MOBBIIICHHBIN YPOBEHB ).

Ucxomusle nanusie: Py = 2ql, P, = 3ql, M, =ql’, M, = 5ql°, M; = qP,

q1=q, q2=2q,a=1, b=2l, ¢c=15l, d=05, qg=15xkHM, [=1m,

[6] =120 MIla, [t]= 60 Mlla, [¢]=3°, E=2-10"1Ila, G=0,810"Ila.
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