MiHicTepCTBO OCBITH 1 HAyKH YKpaiHu
BinokpemMienuii CTpyKTYpHUM MAPO3ILT
«JIro0enIiBChbKUM TEXHIYHUM (haXxOBUN KOJIETK
JIyubKOro HaIliOHATFHOTO TEXHIYHOTO YHIBEPCUTETY

byniBesbHa MexaHika

Memoouuni exazieKu 00 BUKOHAHHA KOHMPOJIbHUX POOIm

AJis1 3100yBa4iB 0CBiTHBO-TIpO(deciiiHOro cryneHs paxoBuii MooaAIIMIA OaKkaIaBp
OCBITHBO-TIpO(eciiiHoi nporpamu OnopsiaxkeHHs1 OyAiBesib i cnopya Ta OyaiBeJIbHUI AU3aiiH
crnetianbHOCTI 192 ByiiBHMITBO Ta NMBiIbHA iHKeHepis

rajy3b 3HaHb 19 ApxiTekTypa i OyAiBHHIITBO

JeHHO1 pOpMU HaBUYAHHS

JIro0ewris 2020
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['onoBa HaBuanbHO-MeTOIMYHOI paju Jlyipkoro HTY B.I. Tanax

EnexTpoHHa Komisi IpyKOBAaHOTO BUIAHHS IepeiaHa Juisd BHECEHHs B peno3utapiit Jlynpxkoro HTY
JupexTop 616mi0TeKH C.C. bakyMeHKO

3aTBep/PKEHO HaBUYaIbHO-METOAMYHOI0 panoro JIynpkoro HTVY,
poTOKOJ Ne BIJT « » 2020 p.

PekoMeH10BaHO /10 BUAAHHS METOJIUIHOIO Pasioro JIFoOemiBChKOro
TexHIYHOTO Koseky Jlyrpkoro HTY,

poToKoJ1 Ne BiJ] « » 2020 p.

I'onoBa meToguuHOL paaun I'epacumuk-Yepuona T.I1.

Po3rnsiHyTO 1 CXBajeHO Ha 3aCilaHH] IUKIOBOI METOAMYHOI KOMICIi eAmnpaiBHUKIB Oy/1iBETbHUX
mucturiid JIrobemriBcbkoro TexHiyHoro konemky Jlynpkoro HTVY,
poToKoJI Ne BiJT « » 2020 p.

["omoBa mukII0BOI METOMMYHOI KOMICii Janammik C.M.

VYxiagau: O.®. [lImans, BUKIaIa4 Ipyroi Kareropii
Penensenr:

BinmosiganbHuil 3a BUTYCK: Ky3pmuu T.I1., MeToauCT KOJIEIKY

byniBenbHa Mexanika [Tekcr]: MeroauuHi BKa3iBKM 10 BHKOHAHHS KOHTPOJIBHHUX POOIT st
3100yBayiB OCBITHBO-NIPOQECIHHOr0 cTyneHs (GaxoBuil Mojoqmuii OakanaBp OCBITHBO-TIPOQECIiiHOT
nporpamu OnopsipkeHHs OyaiBelb 1 copyA Ta OyaiBeNbHUN Tu3aiiH crerianbHocTi 192 ByaiBHUIITBO
Ta IIMBUIbHA 1HXKEHepis ranysi 3HaHb 19 ApxiTekTypa 1 OyAiBHUITBO AEHHOI (OPMHU HAaBYaHHS / YKJIa.

O.®. mans. — Jlro6emis: JlroGemiBeskuit TexHIuHUHN Konemxk JIynpkoro HTY, 2020. — 15 c.

MetoanyHi BKa3iBKM CKJIaJE€HI BIAMOBIIHO JO Jil040i Mporpamu Kypcy «byiBenbHa MexaHikay,
MICTUTh BKa31BKH JI0 BUKOHAHHS KOHTPOJBHUX POOIT Ta MepeiK peKOMEHI0BaHO] JIITepaTypH.
[Ipusnadeni mnsa cryaeHTiB cremianbHOCTI 192 BymiBHUITBO Ta MHUBLIbHA IHXKEHEPIS OCBITHBO-

npodeciiftHoi nporpamu ByaiBHHIITBO Ta ekcruTyaTallisi OyaiBenb i CHOpyA ACHHOI (popMu HaBUaHHS.

Olllmains O.D., 2020
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Beryn
HNucrurutina OyaiBenbHOT MEXaHIKM HaNeXUTh 10 (PyHIAMEHTAIbHUX JUCITUILTIH.

Bona 0a3yeTbcs Ha IOTIEpETHHOMY PO3TIISA/I TAKUX AUCIHILIIH SIK TEOPETUYHA MEXaHIKa,
OMip MaTepianiB, Teopis MPYXNKHOCTI, OOYMCIIOBaTbHA TEXHIKa Ta MPOTpaMyBaHHS,
PAKTUKYM 3 OOYMCIIIOBAJIbHOI TEXHIKH, BUIIA MaTeMaTuka 1 iHmuMX. OCHOBHA 3ajaya
OyiBeIbHOT MEXaHIKK — pO3po0Ka Ta BJAOCKOHAJICHHS METOMIB PO3paxyHKY CIIOpPY[ Ha
MIIHICTB, )KOPCTKICTh 1 CTIMKICTh B YMOBaX Jii MOCTIMHUX Ta THMYAaCOBUX HAaBaHTa)KCHb.
CtyzneHT, OBOJIOAIBIIM OCHOBAaMU JTUCHUIUIIHYU, TIOBUHEH BMITH 32 IOIOMOTOI0 CY4acHUX
EOM Bu3Hauatu HampyKeHUi Ta 1e@opMOBaHU CTaH cucTeM. byJiBenbHa MexaHIKa —
TEOpEeTHYHA JUCITUILTIHA sIKa OMHUPAETHCS HAa 3aKOHW HpIOTOHA Ta EKCIIEpUMEHTH Ha
MoJensx 1 HaTypHux o0’ektax. CydacHa OyjiBelibHa MexaHika 0a3yeThCcsi Ha HOBITHIX
MOJICNIIX MaTeMaTUKU — BaplaliiHOMYy YHUCJCHHI, Teopii IudepeHIIHHUX PIBHSIHB,
mudepeHIiiHoi reometpii. B mepriit monoBuH1 20 CTOMITTA MEXaHIKa OTpUMalia HOBUHN
MOTYKHUH CIOCIO TOCTipKEHH - mBUAKoAir09l EOM, cydyacHi 4ynciioBl MeTOIU (METO
CKIHUCHHHUX  €JIEMEHTIB, METOJ T'pPaHMYHUX  E€JIEMEHTIB), 3'ABWJINCH YHCIIOBI
€KCIIEpUMEHTH, SIKI Ha TEMEpIlHIA Y4ac € OCHOBHUM 3aCO00OM pPO3B’SI3aHHS pealbHUX
HEJIHIMHUX 3a1a4.

ITin yac 3acBoeHHs Kypcy «byiBelbHa MeXaHiKa» HalOUIbII e(PEKTUBHUM METOAOM €
CaMOCTIfHE BUKOHAHHS CTYJCHTaMH BIIPAB Ta KOHTPOJIHHUX 3aBaHb.

MeroanuHi BKa3iBKM MPU3HAYEHI JUIsI CaMOCTIHHOT pOOOTH CTYACHTIB 3a TaKUMU
po3ainamu:

- JlocniiKeHHSI TEOMETPUYHOT HE3MIHHOCTI TUIOCKUX CTEPKHEBUX CHCTEM.

- bararonponboTHI CTaTUYHO BU3HAUYEHI (IIapHIPHI) OAJIKH.

- CTaTu4HO BM3HAYEHI IJIOCKI PaMH.

- TpumapHipH1 apKu.

- CraTu4HO BM3HAUYEHI IJIOCKI (hepMHu.

- OcHOBHU pO3paxyHKy CTATUYHO HEBU3HAYCHUX CUCTEM METOJOM CHJI.

- Hepo3spizni 6anku.

- IligmipHi cTiHH.

BoHuU MICTSTh TEOPETHYHI MOJIOKEHHS Ta 3aBAAHHS 10 KOHTPOJIBHOI pOOOTH 1 BKa31BKH
J10 11 BUKOHAHHS.

KosxHa KoHTpOJIbHA poOOTa CKIAJAETHCS 3 YMOBH 3a/a4i 1 10 pi3HUX BapiaHTIB 10 HE.

Bkas3ieku 00 euxonannua ma oghopmnenna KOHmpoabHoi podomu

1. OpranizariitHa yacTrHa.

Yac Ha BUavy 3aBJaHHSI — 5 XB.

2. BukoHaHHsI 3aBJIaHb.

Yac BUKOHAHHS KOHTPOJIbHOT po6oTH — 60 XB.



3. KonTtponpHa poO0Ta BUKOHYETHCS aMITyJlaMU CHHBOTO KOJBOPY y 3OIIMTAaX JIJIst
KOHTPOJIBHUX POOIT, B SKUX HABEACHI MOJIA.

4. KonTpoJsibHa poO0Ta BUKOHYETHCS 32 CXEMOIO: 3aBJaHHS — BIJIMOBI/I.

[TosicHIOIOY1 PUCYHKH BUKOHYIOTHCS 3a JOIIOMOTOIO OJIIBIIA 1 JTIHIHKH.

o

6. BumpaBneHHs, CKOPOYCHHS CIIiB, BCTaBJICHHS, 3aKPECICHHS Ta BUKOPHUCTAHHS
abpeBiaTyp i Yac BUKOHAHHS pOOOTH HE JOIMYCKAIOTHCA.

KOHTPOJIBHA POBOTA Nel
Brouae:

Tema 1. JlocnimxeHHs! TEOMETPUYHOI HE3MIHHOCTI TUIOCKUX CTEPIKHEBUX CUCTEM.
Tema 2. baratonpoJibOTHI CTATUYHO BU3HAUYECHI (IIApHIPHI) OaJIKH.

11i0 yac nioecomoexu 00 KOHMPOILHOI pobomu 3 O0AHO20 PO3OINY CHIYOEHM MONCe
BUKOPUCIAMU MAKI TImepamypHi 0dxcepena.:

-KOHCIIEKT JIeK11H «byniBenpHa MEXaHiKay;

-BJIACHUM KOHCIIEKT.

3AJJAYA Ne 1
KIHEMATUYHUN AHAJII3 CXEM CIIOPY]I

s cxem criopyn (puc.1, 2, 3) motpioHO:
1. Bkazaru, uu € 3a7]aHa CXeMa PyXOMOI0, HEPYXOMOI0, 3MIHHOI0, MUTTEBO 3MIHHOIO,
3 3aliBUMU B’A3MH 4M 0€3 3aiiBUX B’s3€Hl.
2. Bxazatn, uyn € maHa cxema OaJOYHOIO PO3MIPHOIO, OE3PO3MPHOI0 CUCTEMOTO,
dbepMoro, paMor0 4 KOMOTHOBAHOK) CUCTEMOIO.
3. Jatu nmpukian nopsaxky (Xia MipKyBaHb ab0 OOIPYHTOBYBaHHs) BIAMOBiAEH Ha
nutaHHsg 11 2.
Axio cucreMa 3MiHHA, pyxoMa ad0 MUTTEBO 3MIHHA, TO CJiJ BKAa3aTH CTEMIHb
PYXOMOCTI 1 MOXJIMBE HOBE TIOJIOKEHHS YaCTUH CUCTEMH.
Jlns cxeM 3 3aiiBUMU B’ s3IMH HEOOX1THO BKA3aTH 1X YHCIIO.
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Pucynok 3

Buxigai nani B3sgty 3 Ta0maun 1.



Ta0mung 1

Howmep psia Howmepu cxem
Puc. 1 Puc. 2 Puc.3
1 1 1 1
2 2 2 2
3 3 3 3
4 4 4 4
S &) S S
6 6 6 6
7 7 7 7
8 8 8 8
9 9 9 9
10 10 10 10

METOJAMYHI BKA3IBKU JIO 3AJAYI Ne 1

CremineMm cBoOoau abo HepyxoMocTi W Ha3MBa€eTbCS YHUCIO HE3AICKHUX
r€OMETPUYHUX TapaMeTpiB, M0 BU3HAUAIOTH IMOJIOKEHHS BCIX CKIJIAJOBUX CHUCTEMHU TLJI.
ToOTo, pyXoMicTh MOKHA BUSHAUYUTHU K YUCIIO PI3HUX PYXIB CUCTEMH.

Jluck oOMexeHux po3MipiB (He3MiHHA IJIOCKa (Pirypa, CKIaJ0B1 IKOi HE MOXKYTh
pyXaTucsi BITHOCHO OJ{HA OJIHO1) Ma€ Ha TUIOIIMHI J[Ba CTEIMEHsI CBOOOU; AUCK JOCHUTh
BEJIMKUX PO3MIPIB Y MOPIBHIHHI 13 COPYA0t0 (3eMIIsl) Ma€ pyXOMICTh PIBHY HYJIIO.

Byap-skuii npucTpiid, 0 BUJAJISE OJUH CTENIHb CBOOOAM, HAKIIAJIA€ HA CUCTEMY
OJIHy TEOMETpUUYHy B’s3b. [IpHKIIamoM MOXE CIYy>KUTH CTEp)KEHb 13 IMapHipaMd Ha
KIHIIAX, 110 3’ €IHYIOTh JiBa TiJIa. MOXXyTh OyTH O1IBIN CKJIAJHI BUIIAIKH, KOJU MPUCTPIH
BHJIAIISIE JCKIJIbKA CTETEeHIB cBOOOaM. Hampukman, mpoctuid mapHip, o 3’€IHye aBa
JIMCKU, HAKJIaJIa€ Ha CUCTEMY JIBl TEOMETPHUYHI B 5131, III0 BUKJIIOYAIOTh PyX JIBOMa OCSIMU
KOOPJIHWHAT; OJIWH TOABIMHUN MIApHIp, IO 3 €JHYE TPU IWCKH, HAKIAJAA€ HA CUCTEMY
YOTHUPHU B’ 5131 1 T.1I.

[TpuknagoM 130J1bOBAHOI TOYKM MOKe OyTH By30:1 (LIApHIp) IUIOCKOI (hepMu;
TOJl KOXXHUH CTEpP>KEHb, IO MIIXOIUTHh A0 BYy3Ja, CJIIJI BBAKATH OAHIEIO B 53310, IO
HAKJIAJJAEThCS Ha ITI0 TOUKY.

Cuctemu, B IKHX PyXoMicTh gopiBHIOE Hym0 (W=0), Ha3uBaIOThCsI CHCTEMaMH 3
MOBHUM 4YHCJIOM B’si3eil (0e3 3aiiBux B’s3eit). Axmo pyxomicts Big’emHa (W<O0), To
CHUCTEMAa Mac 3aiiBe YMCJIO B’SI3€M 1 Ha3UBACTLCSA CHCTEMOIO 3 3aMBUMHU B’A3sIMHU. SIKIIO
pyxomictb gonatusa (W>0), To cucrema pyxoma; mpu W = +1 cucrema € MexaHI3MOM.

Opnak, aHalli3 CTPYKTYpU CUCTEMH LIMM He BuYepmnyeThcs. 3HaueHHss W e
dbopmanbHe CBIIYEHHS MPO KUIBKICTh B’si3e y cucteMi. [loTpiGHO 1€ BHSCHUTHU
MPaBUJILHICTH PO3TAITyBaHHS B’ s13el y cucTeMi. MoKe cTaTucs Tak, 10 B OAHIN YacTHHI



CUCTEMHU € HAJTMIIOK B’s3€i, a B 1HIINM i 4yacTWHI iX HemoCcTaHhOo. Moske, HapemTi,
CTAaTHCS TaK, IO 3a HOBHOI 1 HaBITh 3a HAJIMIIKOBOI KIJBLKOCTI B’sA3€i cHCTEMA
3QIMIIIAETHCS PYXOMOIO, SKIO ACSKi 13 B’si3e B3aemo3ajexHi. B momiOHuX Bumaakax
JUIs OUIBIN TJIMOOKOTO aHami3y CTPYKTypH MOTPIOHO IOCIIAOBHO, KPOK 3a KPOKOM
MIPOCTEKUTH CIOCIO YTBOPEHHS CHCTEMH.

KOHTPOJIBHA POBOTA Ne2

Brnwouae:

Tema 1. CTaTuHO BU3HAYEHI IJIOCKI pPaMH.

Tewma 2. TpuiapHipHi apKu.

Tema 3. CtaTuHO BU3HAUYCHI IUIOCK] (hepMHU.

11io yac niocomoexu 00 KOHMPOILHOI pobomu 3 O0AHO20 PO30iNY CMYOEHM MOdNCe
sUKopucmamu maxi iimepamypHi odxcepena:

-KOHCTIEKT JIeKIIH «byaiBesabHa MEeXaHiKay;

-BJIACHUM KOHCIIEKT.

3AJIAYA Ne 2
PO3PAXYHOK TPUILIAPHIPHOT APKU

Jnst mapaboniyHoi apku (puc. 4) moTpiOHO:
1. IloOynyBaTu niHII BIUIMBY 3TMHAIOYOrO MOMEHTY, MOMNEPEYHOro 1
MO3JJ0BXHBOT0 3yCHJIb B iepepisi “K”.
2. Kepyrouuch JiHI€I0 BIUIUBY 3THHAIOUYOTO0 MOMEHTY, MPUKIACTH Ha
apKy pIBHOMIPHO pO3MOJJICHE HAaBaHTAKCHHS 1HTEHCHUBHICTIO (]
HAHOUIBII HEOEC3MEYHUM YHHOM 1 BUSHAYHTH Mmax | Mmin.

3. Bu3HauuTH aHATITUYHO peakIlli Mpyu OJHOMY 13 3aBaHTaXEHb 110 T1. 2.

4, BuzHauuTH 3TrUHAIOYHUNA MOMEHT, TOIMEpEYHEe 1 MO3J0BXKHE 3YCHIIIA
MiJ Yac HAaBAaHTAXKEHHS 3T1AHO 3 M. 3 1 MOPIBHATH iX 3HAYEHHS 13
BU3HAYCHUMH I10 JIIHISX BIUIMBY.

Ta0mursa 2
Howep d, v £/1 Xi/d q, Him
psIKa

1 2,0 0,20 2,0 7
2 2,2 0,30 2,5 7,5
3 2,4 0,40 3,0 8,0
4 2,6 0,50 3,5 8,5
5 2,8 0,60 4,0 9,0




6 3,0 0,20 8,0 10
7 3,2 0,30 8,9 11
8 3,4 0,40 9,0 11,5
9 3,6 0,50 9,5 12,0
10 3,8 0,60 10,0 12,5
a B r e

METOIMNYHI BKA3IBKU 10 3AJJAUI Ne 2

PiBHAHHS OC1 apkH B OCsiX “X-Y” 3 MOYATKOM KOOPJWHAT Yy JIBIM 1T’ SITl
apKu Ma€ BUTJIIAL:

4f
y=|—2x(l—x)_

g::iﬂ——r

!,.:i

i3d

PucyHnok 4

1.11iq yac BUKOHAaHHS 3aBIaHHS CIiJ MOOYJAyBaTH BICH apKh B MaciiTadi
3TiJIHO 3 3aJaHUM 1i PIBHSHHSM, BU3HAYMBIIM OPAUHATH Yk MPU 3HAUYCHHSX
xk=kd (k=0, 1,...12).

2.11iq yac BUKOHAHHA M. 2 3aBAaHHS CJiJ 3BEPHYTH yBary Ha Te, IO JIiHIA
BIUTUBY My, 3a3BU4ai, po3nagacThCs MO JOBXKUHI MPOJIHOTY Ha JB1 AUISHKU: 3
JTOJATHIMH 1 B1JI’€EMHUMU OpAUHATAMU.

3.Po3TanyBaBiim HaBaHTaKEHHA ( 1O BCi JOBXHHI JOJATHBOI IJISHKH,

OTPHUMAEMO Mfgax, SK NOOYTOK 1HTEHCHBHOCTI HaBaHTaXE€HHS (] Ha ILIONLY

I0JaTHBOI JISHKW JIiHII BIUTMBY, pPO3TalllyBaBIIM HABaHTAXXCHHS ( Ha
k

B1J1’€MHOIO JUISHKOIO JiHi1 BILIMBY My, oTpuMaemMo M min



KOHTPOJIBHA POBOTA Ne3
Brnrouae:

Tema 1. OcHOBU pO3paxyHKY CTATUYHO HEBU3HAYEHUX CUCTEM METOJIOM CHII.

Tema 2. Hepo3pizHi Oayku.

Tema 3. I1iamipHi CTiHU.

11i0 uac nioeomosku 00 KOHMPOILHOI POOOMU 3 OAHO20 PO30LTY CHYOEHN MOJice
suKopucmamu maxi iimepamypHi 0dcepena.

-KOHCIIEKT JIeKI[ii «by/iBenpHa MexaHiKay;

-BJIJACHUU KOHCIIEKT.

3AJTAYA Ne 3
PO3PAXYHOK PAMU HA CTIHAKICTD

JI1st CUMETPUYHOT 3aMKHYTOI paMH, 1110 3aBaHTaXK€Ha y By3JiaX JBOMa
OJTHAKOBUMH BEPTHUKAILHUMU criiamu F (puc. 5 ):

F F

EJ,

EJ]_ EJ]_ =

EJ,

Yy
v

Pucynox 5

1. IToxazaTu MOxkJuB1 (OPMU BTpaTH CTIMKOCTI 1 BIAMITUTH HAWOLIbII
HeOe3neyHi.

2. CKjacTl XapakTEpUCTUYHE PIBHSIHHS, IO BU3HAYAE KPUTHUYHE
HAaBaHTAKEHHSI.

3. Buznauutu BCIIMUYMHY KPUTHYHOI'O HABAHTAKCHH.

Jlani B3sTH 13 TA01. 3.

Tabauus 3
Howmep l, M h, M EJi, kHm? | EJp, kHM?
psiziKa
1 2,2 1,0 20 100
2 2,4 1,2 40 110
3 2,6 1,3 50 120




4 2,8 1,4 60 130
5 3,0 1,5 70 140
6 3,2 1,6 80 150
7 3,4 1,7 100 160
8 3,6 1,8 120 170
9 3,8 1,9 140 180
10 4,0 2,0 160 190
a § i e
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