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OpuneHTUPOBOYHas AeATENbHOCTbL CTYAEHTOB B Npouecce (oOpMUPOBAHUA YMEHUMN
nNpu NOCTPOEHUM NP No Kypcy «ConpoTuBneHMe matepuanoB»

AHHOMayus. B cmambe npusedeH aneopumm opueHmMUpPo8oYHoU OessimesibHocmu cmy-
0eHmo8 mexHU4YecKo20 yHusepcumema rpu udy4dyeHuu Kypca « CornpomusreHue mMmamepu-
anoey rpu ¢hopmuposaHuUU yMeHUl MOCMPOEHUS 3P 8HYMPEHHUX ycunul rpu oegop-
Mayuu useuba arieMeHmos8 KoOHCmpyKyud.

Knroyeeble crnnoea: opueHmMuUpo8oYHasi 0esimesibHOCMb, MOCMpPOeHUe 3P 8HYMPEHHUX
yeunud, npolyKmueHoe MbilieHue.

Pa3den: (01) nedacozuka; ucmopusi nedazoa2uku u obpa3osaHusi; meopusi U MemoouKka
obyyeHus u eocriumaHus (o npedmemHbiM obsiacmsm).

OaHVM 13 TpyaHOYCBOSIEMbIX AEWUCTBUI MPU peLleHnn 3agad no Kypcy « ConpoTtueneHne
MaTepmanoBy ABMASIETCA NPOLIECC NOCTPOEHNS 3MOP BHYTPEHHUX CUIOBbLIX dhakTopoB (BCOD).

Kaxkgbl BHYTPEHHUI CUITOBOWN (paKTOp MMEET CBOW 3aKOH pacnpeaenieHna rno anuHe
Bankn n ceoe NpaBuo 3HAKOB, KOTOPbIE CBA3aHbl C XapaKTepoM AeNCTBUS onpeaeneHHbIX
aedopmauuni. A Tak Kak YMCrio BHYTPEHHUX CUMOBbIX 0aKTOPOB, BO3HMKAIOLLMX B ronepeuy-
HOM CEYEHUN CTEPXKHSA, MOXET JOCTUraTb LLEeCTU, TO C y4eTOM pa3Hoobpasns 3aKoOHOB pac-
npegeneHna BCO no anvHe CTepXXHSA U pasfiMyHbIX NpaBusl 3HAKOB A5 KaXKA0ro U3 HUX y
CTYOEHTOB BO3HUKAET 3aTpygHEHME B YCBOEHUM NMPaBui NOCTPOEHMUS 3Ntop.

PaccmoTpum 3agady Ha NOCTpOEHUe 3Nop BHYTPEHHUX CUMOBbLIX (DaKTOPOB, BO3HMKA-
IOLLMX MpY nonepeyHom n3rnbe KOHConbHoM Banku.

TpagnuMOHHBIN NOAX0A K MOCTPOEHMIO AMOP BHYTPEHHUX CUMOBLIX (DaKTOPOB COCTOMUT B
peLLEHN NPUMEPOB, B KOTOPbIX AENCTBYIOT pa3nnyHble Harpy3kn (COCpeaoTOYEHHbIN MOMEHT,
nepepesbiBatoLLias cocpeJoTONEHHas cuna, pacnpegeneHHasa nonepeyHas Harpyska no anmHe
Bankwu). B nyywem crny4vae npumMmepbl paccMaTpmBatoTCsa OT NPOCTOrO K CIIOXHOMY, TO €CTb CHa-
Yana pellaeTcsa 3agadva Ha YMCTbI U3rmb OT COCPeaoTO4YEHHOro MOMEHTA, NOTOM 3ajavya, B
KOTOpOW OT nepepesbiBatoLLEN CUITbl BO3HUKAKOT AedopMaLimn He TONbKO u3rmba, HO U caBura,
N HaKoHeL, — 3aJa4va, B KOTOPOW AeNCTBYET pacnpenesieHHasi nonepeyvHas Harpyska, 4encTBme
KOTOpoW oTpaxkaeTcsa 6oree CroXHbIM XxapakTepom noctpoeHus antop BCO.

B xygwewm cnyyae, korga HabnogaeTca HexBaTka BPEMEHN Ha 3aHATUN, paccmaTpu-
BaeTCcs KOMOMHMpPOBaHHAs 3afaya, B KOTOPOW NpeacTaBreHbl cpasy BCe BO3MOXHbIE BHELL-
HWe Harpy3ku. B aTom crniydae CTy4eHT BOCNpUHUMAET X044 peLleHuns 3agadm kak Habop npa-
BUI, HE UMEeSA BO3MOXHOCTU YCTAaHOBUTb 3aKOHOMEPHOCTU NMPUMEHeHUs 3Tux npasun. MNpu
pelweHnun gomallHen 3ajadvv CTyOeHT CpaBHMBAET CBOMW MpUMeEpP C peLleHHOW 3agjadven n
NbITaeTCs COBEPLUMTL NOXOXNE ENCTBUSA B3 NOHMMaHUSA UX CMbicna.
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B panbHenwem npu TakoM noaxoAe K NpOBeAEeHUI0 3aHATUA npenofaBaTeflb 3ame-
YyaeT, YTO OYeHb CKopo Bonbluas YacTb CTYAEHTOB CTAHOBUTCS HE CNOCOGHa K caMoCTod-
TENbHOMY PELLUEHNIO NOCTaBMNEHHbIX 3a4a4 U TepsieT MHTEPEC K U3YYEHUIO OUCLUNINHDI.

Mbl npegnaraem gpyrov noaxopn, KOTOpPbI OCHOBaH Ha BblpaboTke onpeaeneHHoro
anropuTMa peLleHnsa Takoro Kpyra 3afad, He TONbKO HanpaBfieHHOro Ha hopMupoBaHue
YMEHUN NP NOCTPOEHUM 3MNOP BHYTPEHHUX CUITOBLIX (haKTOPOB, HO U CMOCOBCTBYOLLENO
hopMMpPOBaHMIO NPOAYKTUBHOIO MbILUSIEHNSA CTYAEHTOB.

CyLLHOCTb 9TOro anropmTMma 3aknoyaeTcs B TOM, YTO nNpenogaBaTterb Nowaroso 0bb-
ACHSAET NPUHLUMIMbBI MOCTPOEHNS 3MNOP Ha HECKOMbKMX MpMMepax napannensHo, obpallas BHU-
MaHue CTyfeHTa Ha CXOACTBO U pasnuuune B pacnpeaenennn BCP no anuHe 6anku B 3aBu-
CMMOCTM OT pasnnyHbiX AedopMaLMi, BbI3BaHHbIX PasfMyHbiMU BHYTPEHHUMU YCUIUSIM.

PaccmoTpum napannensbHO YeTbipe npuMepa Ha NOCTPOeHUe anp BHYTPEHHUX CUIO-
BbIX (haKTOPOB, BO3HUKAOLLMX B KOHCOSbHbBIX Bankax oT cocpegoToveHHOro nsrmbatowero
MOMeHTa (puc. 1a), cocpenoToYeHHOM nepepesbiBatollen cunbl (puc. 16), paBHOMEPHO
pacnpegeneHHon nonepeyHon Harpyskm (puc. 1B) 1 Harpysku, pacnpegesieHHon no Tpe-
YronbHOMY 3aKoHy (puc. 1r).
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Puc. 1. BHewHue Haepy3Ku, 8bi3bigaroujue rnornepedHbil usaub:
a) cocpedomoYeHHbIU 6) cocpedomoyeHHas re- 8) paBHOMEPHO pacrpe- 2) rnoriepeyvyHasl HagpysKa
usaubarowuti MOMeHM pepesbigaroujasi cuna P OeneHHasi rnorepeyHas (, pacrpedesieHHasi Mo

Hazpy3ka q mpey2osibHOMYy 3aKOHYy

| wae. BbiscHuM, Kakve gedopmaummn co3garoT 3afaHHble Bbllle Harpysku, U rnoka-
XeMm, Kak nsrmbaetcs 6anka ot ux 4encTBus (MOKAKEM OPUEHTUPOBOYHYIO YNPYTYHO IMHUIO
Bankn LWTPUXOBOW NMMHNEN Ha puUC. 2).

Ha puc. 2a 6anka mucnbiTbiBaeT gedopmaumio YNCTOro u3rmba, MOMEHT CKMMaeT
BEpXHME BOSoKHa. Ha puc. 26 nepepesbiBatollas cuna He TONbKo u3rmbaet 6arnky, HO n
BbI3blBaeT AedhopMaLmio caBura, CxaTbl HMKHME BONOKHA. Haxoamm paBHOOENCTBYOLLINE
CWnbl OT paBHOMEPHO pacnpeneneHHoN NonepeyHoOn Harpysku n OT Harpysku, pacnpege-
NEHHOW NO TPEYronibHOMY 3aKOHY, 1 MO aHanorMn ¢ NPeablayLnM cry4aem BbiSICHAEM, YTO
N B 3TUX NpUMepax BO3HUKAET MO ABa Buaa gedopmaumm (CABUr n narmnob).

3aTteM HayHeM NPUMEHSATb METO CEeYEeHWUN, BbINOSHAS OANHAKOBbIE 4ENCTBUSA Naparn-
nenbHO Ha Bcex npumepax. Kak n3aBectHo, MeToq cevyeHun npeanonaraeT YeTblpe nocne-
AoBaTenbHbIX 4ENCTBUS:

Paspe3amb MbICIEHHO 6arnky B NPON3BONbHOM CEeYEHUMN.

Omb6pocumsb 4YacTb Banku 3a paspesom.

3ameHumb oTOpPOLLEHHYIO YacTb 6ankn Ha BCO.

YpasHosecumb OCTaBLUYHOCS 4YacTb Ganku (3anncaTb ypaBHEHUE CTaTUY4ECKOro pas-
HOBECUSA BHELUHNX U BHYTPEHHMX CUI).
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Puc. 2. OpueHmupoegoyHasi ynpyaas nuHus1 banku 8 3agucumMocmu om xapakmepa eHelHel Hagpy3Ku:
a) cxambl eepxHue 80- 6) cxxambl HUXHUE 60- 8) CxXambl 8epxXHUe 80- 2) CXambl HUXHUE 80-
J1I0KHa barnku J1I0KHa barnku JI0KHa banku J1I0KHa barnku
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Il wae. NocnegoBaTenbHO NPUMEHSAS MEeTO CeYeHU cpasy Ha BCex YeTblpex npume-
pax (puc. 3), 3aKkpennsgem anroputMm metona ceveHuin. MNpun 3ameHe oTOPOLLEHHON YacTu
6ankun B nepBoM criyqae n3obpaxaem OencTBMe OOHOro BHYTPEHHEro CUoBoro dakropa
(Mx), a B Tpex gpyrux criyyasx — asa (Qy n Mx).

_)m 5MX P=ga Qy qz Qy 1/2qz :;{;j Qy
- e b T
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Puc. 3. [Jelicmeue 8HympeHHUX Ccuroabix ¢hakmopos 83aMeH omOpoweHHOU Yacmu basiKu:
a) usesubarwwul Mo- 6) uszubarowuld Mo- 8)uzaubarowul MOMEHmM  2) usaubarowul MOMEHM
meHm Mx meHm MXx u nepepesbi- Mx u nepepesbigarowass Mx u nepepesbigarouias
earowjasi cuna Qy cuna Qy cuna Qy

Il wae. 3annucbiBaem ypaBHEHUS CTaTUYECKOrO paBHOBECUA ANS NepepesbiBatoLLEN
cunbl Qy, BO3HMKalOLLEW BCreacTeue gedopmMauumn casura, rnoka He yduTbiBad npasuio
3HakoB (pwuc. 4).

Qy=0 Qy =qa Qy =qz Qy = 1/2q9z

Puc. 4. YpasHeHusi cmamuyecko2o pasHoeecusi 6e3 ydema ripasusia 3Hakoe fpu cosuze

IV wae. Beognm npaBuno 3HakoB AN OENCTBUA nepepesbliBatowien cunbl Qy npu
casure (puc. 5).

Qy=0 Qy=-0qa Qy=+qz Qy =-1/2q9z

Puc. 5. YpaeHeHUH cmamu4ecKoec0o pagsHo8ecuUs C y4emom rpaesursia 3Hakose ripu cosuze

V wae. CpaBHUM YyeTbipe npumepa. CTygeHTbl OTBEYalT Ha BOMPOCHI:

— [Tloyemy BO BTOpOM npumepe Qy = ga, a B TpeTbeM npumepe Qy = qz?

— Yem oTnuyaroTcHa ypaBHEHUS B TPETbEM U YETBEPTOM NpumMepax?

VI wae. BBognm npaBunnio noctpoeHust anop Qy 1 CTpoum 3Tu antopsbl (puc. 6).

ga

Ll lel 1l el ———T11g

1/2 gqa

Puc. 6. 3ntopbl 6HympeHHea20 cunogozo akmopa Qy

VIl waa. BBognm noHATHE MOMeEHTa OT cunbl. [lenaem akueHT Ha To, YTO Mreyo us-

MepSEeTCa OT TOYKU NPUNOXEHNSA CUIbl OO0 MOSIOXEHUS CeYEeHUSs.
CTyoeHTbl OTBEYaloT Ha BONPOCHI:

— B kakom 13 npumepoB nneyvo uMeeT HambonbLUylo (HAMMEHbLLYIO) BENUYUHY?

— B kakom 13 npumepoB nnevo paBHO Hym0?

VIl wae. 3anucbiBaeM ypaBHEHNSA CTaTUYECKOro paBHoOBeCUs Anga nsrnbarowero mo-
MeHTa Mx, BO3HMKaloLWero npy gencteun gedopmMaumm nsrnba, noka He ydntbliBas npa-
BWIO 3HAKOB (pucC. 7).

Mx = ga"2 Mx = qaz Mx = gaz-z/2 Mx = 1/2qaz-z/3

Puc. 7. YpasHeHusi cmamuyeckozo pasHogecusi 6e3 yuema rpasusna 3Hakoe rpu uzaube
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IX wae. BBognm npaeuno 3HakoB Anga AencTBusa narmbatoLlero MomeHta Mx (puc. 8).
Mx = + ga’2 Mx = — gqaz Mx = + 1/2qaz”2 Mx = — 1/6qaz"2
Puc. 8. ypaeHeHu,q cmamu4yecKoecO pagsHo8ecus ¢ y4emom ripasusia 3Hakos ripu usaube

X waa. BBoanm npasuio nocTpoeHus antop Mx n ctpomm atn antopsbl (puc. 9).

an2 Q] 1/2qa™2 ,
anncunni I .

Puc. 9. Snopbl 6HympeHHe20 cunogozo hakmopa Mx

Taknum obpa3oM OCYLLECTBISIETCS OPUEHTUPOBOYHAS AEATENbHOCTb CTYAEeHTOB [1]
NpW NOCTPOEHUN HEKOTOPOTO CMeKTpa TUMOBbLIX 3MNtop. VI3 cpaBHEHMS 1 CONOCTaBMNEHWS OT-
AenbHbIX YPaBHEHUI 1 3NIEMEHTOB 3MOP CTYAEHTbl UMEIOT BO3MOXHOCTb CAMOCTOSITENbHO
UnNn nNoa pyKkoBOACTBOM MpenofaBaTternisi yCTaHOBUTb 3aKOHOMEPHOCTM MOCTPOEHUS 3MOp
BC® 1 npuMeHsITb U3y4eHHble NpaBuiia B HOBbIX YCNOBUSIX. A 3TO YXKe SIBNSieTCs Npu3Ha-
KOM NPOAYKTUBHOIO MbILLUSIEHUS.

Xl wae. YcTaHOBUM 3aKOHOMEPHOCTb B XapakTepe MOCTPOEHMUSI 3Mop NOmnepeyHbIX
cun n narnbarowmx momeHToB (puc. 10).

O6patm BHUMaHWE CTyOEeHTOB Ha TO, YTO €CNK B3ATb NPOM3BOAHYHO OT BblpaXeHus
n3rnbaroLLero MOMeHTa, TO NOSyYNM BblpaXKeHWe ANsi NONepPeYHON CUIbI.

Mx = (qa”2)’=0 Mx = (- qaz)’=-qa Mx = (+ 1/2qaz"2)’ = Mx = (- 1/6qaz*2)’ =
=qaz =1/2qaz
Qy=0 Qy=-0a Qy=+aqz Qy =-1/29z

Puc. 10. NpoussodHast om ebipaxeHus udaubaroueao MoOMeHmMa pasHa 8blpakeHUuro rornepeyHol cusbi

Xll wae. YCTaHOBMM 3aKOHOMEPHOCTb MeEXAY Bblpa)KeHWEM MOMepPeyYHON CUnbl U
HanMuMeMm (a Takke xapakTepoMm) pacnpeaeneHHon Harpyskm (cm. puc. 11).

MepBas nponsBogHasa OT MONEPEYHOM CUNbl NOKa3bliBaeT, Kak Ha CxeMe 3afaHa pac-
npeaeneHHas Harpyska.

Qy=0 Qy=(-qa)=0 Qy = (+9q2)=q Qy = (- 1/2q2)’
Q=0 g=0 Q — const Q — SluHeliHbIl 3aKOH
pacnpedernieHus

Puc. 11. lNpou3sodHas om 8bipaxkeHUs nornepeyHoul cursibl
u coomgemcmeyrowuli eli xapakmep pacripedesieHHOU Haz2py3Ku

30eCb Mbl OpraHn3yemM OpUEHTUPOBOYHYIO AEATENbHOCTbL CTYAEHTOB NO npeasapwu-
TeNbHOMY 3HAKOMCTBY C 9CKM3HbIM NOCTPOEHNEM 3MKOP BHYTPEHHUX YCUITUN HA OCHOBaHUU
anddepeHumanbHbIX 3aBUCUMOCTEN MeXAY U3rmdarommMm MOMEHTOM, NONEPEYHON CUMON
N pacnpegernieHHon Harpy3kon.

CTyaeHTbl genatT BbIBOA, YTO BblpaXeHne narnbaroero MoOMeHTa MOXHO MPUHSATb
3a HekoTopyto pyHKUMIO f(Z), nonepeyHyto cuny — Kak ee NepBylo NPOM3BOAHYIO, a pacnpe-
OEneHHY Harpy3ky — Kak ee BTOPYK MNPOM3BOAHYK. Torga npenogasaTtesiio HeTpyaHO
HaNOMHUTb CTyAeHTaM O 3aKOHOMEPHOCTU B onpefeneHnn akctpemyma yHkumm f(z*2) B
3aBUCUMOCTM OT CMEHbI 3HaKa ee rnepson NPON3BOLHON.
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Kak n3ecTtHo, Npyu cMeHe 3Haka NepBOW NPOM3BOAHONM C NItoca Ha MUHYC (Npu pac-
CMOTPEHUN ee creBa HanpaBo) Ha rpaduke OyHKUMM HAXoauTCst MakCuMyMm, 1 HaobopoT,
NPy CMeHe 3Haka NepBOW MPOM3BOAHOM C MMHYCa Ha MIoC Ha rpaduke yHKLMU HaXo-
ANTCS MUHUMYM (puc. 12).

f(2)=Q o 1O[]
M

MX)min

M

(MX)max

[ ]

Puc. 12. 3akoHomepHOCmMb 8 onpedenieHuu 3kcmpemyma ¢yHkyuu f(z°2)
8 3asUCUMOCMU OM CMeHbI 3HaKka ee rnepsoll npou3sooHoUl

f(z)=Mx

[Mpn ncnonb3oBaHUKM Takoro Noaxoda K opraHu3aumMm opueHTUPOBOYHOM OeATeNbHO-
CTW CTYAEHTOB UX UCNOSTHUTENbHAA 4eATENbHOCTb [2] Npy BbINOSIHEHUW 3CKU3HOIO NOCTPO-
€eHu1s 3np cTaHoBUTCA Bonee oco3HaHHOM 1 Boree adPEeKTUBHON.
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The indicative activity of students in the process of skills formation for charting during the course

“Strength of materials”

Abstract. The paper presents an algorithm for indicative the activities of engineering students in the process

of studying the course “Strength of materials” in the formation of skills of constructing diagrams of internal

forces for deformation bending of structural elements.
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