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BBEJEHUE

Lenpto yuyeOHO-METOAMYECKOr0 MOCOOUSI MO BBIMOJIHEHUIO KOHTPOJIBHOW pabOThI
No2 gBnsieTcss okazaHMe METOAWYECKONM NOMOIIM CTYJIEHTaM, H3y4alollUM pa3Jielibl
«Cratuka TBeproro Ttena» B aucHuiuinHe «Teopetnueckas mexaHukay. [lpuknaaHbie
3a/layd 3TOM TeMbl MPUMEHHMMBI U B JAPYTUX pazliefax Kypca, a TaKkKe B JMCIHMIUIMHAX
«ComnpoTuBieHue marepuanoBy, «Teopuss MexaHU3MOB M Mamuby», «Pusnkay, «Jleranu
MalIuH», B P CHEUANIbHbIX TUCIUILINH.

KonTponbsHas padora Ne2 BkirovaeT B ceOsl 1Be 3a7a4u:

- 3aga4a C1 «Onpenenenne peakuuid Onop COCTaBHOM KOHCTPYKIIUUY,

- 3ajaua C2 «OnpeneneHne peakui ornop TBEpAOro Teaay.

Homep BapuaHTa uepTe:ka M HMCXOAHBIX JaHHBIX COOTBETCTBYET MOPSIAKOBOMY
HOMEPY CTYJI€HTa B CIIUCKE IPYIIIbI.

YKA3AHMUA 11O BBIITIOJTHEHUIO U O®OPMJIEHUIO PABOTHI

KoHnTponeHass pabora BbIONHSETCS Ha jJucTax (popmata A4 B COOTBETCTBUU C
I'OCT 2.105-95. Tlons ouepumBarorcs pamkoit (mo I'OCT 2.104), mepBbiit auct (c
paMkoil) — TUTynbHBIN (cM. [lpunokeHue), Bce MOCIEAYyIONIUE JIUCTHI (C paMKOM) — ¢
yKa3aHWEM TMOPSIKOBOTO HOMEpa CTpPaHUIBl. 3amucH BEAyTCS Ha JIMIEBOH CTOpOHE.
TeutbHASI CTOpOHA — /AJIS1 3aMEUaHU U OTBETOB MIPH 3aIUTE PaOOTHI.

BeimosiHeHre paboThl HAUMHACTCS C 3alMCH UCXOJHBIX JIAHHBIX. B Xome pemeHus
3aJa4M JTOJDKEH OBITh BBIMOJTHEH YEpPTEK, Ha KOTOPOM C YYETOM BBIOPAHHOTO Maciitada
JOJDKHBI OBITh M300paKeHBI BCE BEKTOpA CHJI M PEAKIUil CBS3eH B MPOCKIIMU Ha KaXKIYIO
u3 oceil. UepTex MOMKEH OBITh aKKypaTHBIM, HATJISHBIM. Pemienue 3agaun HEOOX0IUMO
COIPOBOXKIaTh KPATKUMH Pa3bsICHEHUSAMH (Kakue (HOpPMYIIbI WU TEOPEMbl IPUMEHSIOTCS,
OTKYyZa TMOJIYYeHBI T€ WM MHBIC PE3yNbTaThl), HEOOXOAUMO MOAPOOHO M3NIaraTh BeCh X0/
pacueToB. B KoHIIe JOKHBI OBITH TaHBI YUCIICHHBIE OTBETHI.

B osnextpoHHOM BapuaHTe O(OpPMIIEHHS KOHTPOJBHONW pabOTBl JOMyCKaeTcs
BBHIMIOJTHEHUE YepTeXa BPYUYHYIO C MOCIEAYIOIUM €ro CKaHHPOBAHMEM W BCTAaBKOW B
tekcToBbld ¢ain. Otneuvatannsii B MS Word (Open Office) Texct Moxer ObITh
odpopmiien 6e3 coomoaenus 'OCT 2.104 (6e3 pamok).
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13AJIAYA C1
OINPEJEJIEHUE PEAKIIUI OIIOP COCTABHOM KOHCTPYKIIUN

1.1 TIPUMEP BBIIIOJIHEHUA 3AJJAHUSA

JIaHO: KOHCTPYKIIMs, COCTOsIIIas M3 JIBYX YacTedl coeluHEeHHbIX B Touke C
mrapaupoM (puc. 1.1), ynepkuBaercs AByMs HEMOJBW)KHBIMH IIAPHUPHBIMUA OTIOPAMH B
toukax A u B. KoHcTpykumst Harpyxkena cocperorodeHHbiMu cuwiamu P, =5 kH,
P, =7 xH, nmapoit cun ¢ mMomentom M =22 kH'M M paBHOMEpHO pacnpeneIeHHOU
Harpy3koil momrHocThi0 (=2 kH/M; @ =60°. Onpenenuts peakmuu omop A u B, a
Takke mapaupa C.

Pemenne. OcBoOOX1a€M KOHCTPYKLHIO OT CBSI3EH, T.e. yOMpaeM OIOpbI, 3aMEHsIS
UX JCHCTBUE HEU3BECTHBIMU crilaMu B Toukax A u B (puc. 1.2).
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Puc. 1.1 Puc. 1.2

CocTaBM ypaBHEHHE MOMEHTOB CHJ OTHOCUTENIbHO Touku B . Jns ympomenus
BBIYHCIICHUSI MOMEHTa CWJIBI P, pas3lokuM ee Ha BEPTUKAIBHYIO M TOPU30HTAIBHYIO
cocrapJsttorue (puc. 1.2):

P,'= P, cos60°=2,5 kH; P,"'=P,sin60°=4,33 kH,

YMg=0; P"3+P"8-Q-1-Y,-5+X,-1-M+P,41,0°+152 =0, (1.1)
rne Q=0-4=2-4=8 xH.

[locne moacTaHOBKM JaHHBIX U BbluKciaeHUN ypaBHeHue (1.1) nomyvaer Bua
X —5Y, =-24,74 xH. (1.1

Bropoe ypaBHeHue ¢ HeM3BeCTHbIMU X, U Y, IOJIY4YUM, PACCMOTPEB CUCTEMY

YPABHOBEIIMBAIOIIMXCSA CHJI, MPHJIOKEHHBIX K YaCTH KOHCTPYKIIMH, PACIIOJIOKCHHON
nesee mapuaupa C (puc. 1.3, a):

ZMiC =0; P,"-6+Q-2-Y,-3+X,:4=0,
WJIYA TIOCJIE€ BBIYUCIEHUM

4X , —3Y, =—41,98 kH. (1.2)

Pemas cucremy ypasuenwii (1.1') u (1.2), naxoqum: X, =-7,97 xH, Y, = 3,36 xH.
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Monyns peakiuu onopsl A R, = \/Xi +YA2 = \/7,972 +3,36% = /74,81 =8,65 xH.

3anuiieM yCciIoBHs PaBHOBECHS JIJISL CHUI, ICHCTBYIOIIMX Ha BCIO KOHCTPYKIHIO (PHLC.
1.2):

> X;=0; -P" +Q+ X, —P,cos B+ Xy =0; orcrona Xz =15,07 xH;

>Y;=0; -P",+Y, —P,sinB +Yg =0; orcrona Yg =9,37 xH.

Monyns peakiuu onopsl B Rg = \/Xé +YB2 = \/15,072 +9,372 =17,75 xH.

3anuiieM ycIOBHS PaBHOBECHsS UIS 9aCTH KOHCTPYKLUH, PACHOJIOKCHHON HpaBee
mrapuupa C (puc. 1.3, 6):

> X;=0; =P +Q+ X, + X, =0; orcrona X, =2,47 xH;

2Y;=0; —P",+Y,+Y, =0; orcroma Y. =0,97 xH.

Monynb peakiuu mapaupa C R, = \/Xé +Yc:2 = \/2,472 +0,97% =2,65 xH.

Pe3ynbTaThl pacueToB npuBeaeHbl B Tabnuie 1.1.

Tabnuua 1.1

Cunnl, kH
XA Ya Ra| Xg | Yp Rg | Xc Ye Re
-7,97 | 3,36 | 8,65 | 15,07 | 9,37 | 17,75 | 2,47 | 0,97 | 2,65

1.2 BAJAHME JIJII CAMOCTOSTEJBHOM PABOTBHI

KoHncrpyknus, cocrosiiiasi U3 ABYyX 4acTeil, COeMHEHHBIX LIAPHUPOM, Harpy>keHa
mapoii cun ¢ MomMeHToM M, pacnpeneneHHON Harpy3kod MOIIHOCTBIO ( U
cocpenoroueHHor cunoi F . OmnpenenuTs ONOpHbIE peakUMyd W PEAKLHUIO MIApHUPA.
BapuaHTbhl KOHCTPYKLUI C pa3MepaMH U Harpy3kamu NpuBe/IeHbl Ha pucyHkax 1.4 — 1.8.
UucnoBbie 3HAYEHUS BEJIMYUH MpUBEEHBI B Tabuie 1.2.
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Tabnuua 1.2

Ne BapuanTa F,xH | M,xkHm| (,H/™ a,”?
1 52 5 4 45
2 43 5 3 30
3 104/3 3 4 60
5 6+/3 10 3 30
6 82 7 2 45
7 6+/3 7 3 30
8 543 5 2 60
9 642 6 3 45
10 73 7 8 30
11 43 8 5 60
12 52 9 8 45
13 3V3 2 5 30
14 73 5 7 60
15 o/2 8 2 45
16 3V3 5 4 30
17 2.3 7 5 60
18 42 4 7 45
19 5V3 3 6 30
20 8v/3 3 3 60
21 1242 6 9 45
22 73 5 3 30
23 6+/3 7 5 60
24 52 9 3 45
25 3V3 8 7 30
26 J3 6 4 60
27 6/2 3 5 45
28 443 6 8 30
29 3V3 3 7 60
30 82 2 5 45
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BOITPOCHI J51 CAMOKOHTPOJIA

1 Kakune cuibl Ha3pIBarOTCS BHEILIHUMU ?

2 Kakune cuiibl Ha3bpIBatOTCSI BHYTPEHHUMH ?

3 Yrto Ha3bIBaeTCs peakuuen CBs3n?

4 YTo Ha3bpIBaeTCA pacnpeeeHHON Harpy3Kou?

3) YTo Ha3bpIBaETCA JKECTKOM 3a/1€JIKON?

6 Kakoe ycnoBue HOMKHO cOOMIOAATHCS, YTOOBI COCTaBHAas KOHCTPYKIUS
HAXOJMJIACh B TIOJIOKEHUH PABHOBECHSI ?

7 CKONIbKO YpaBHEHHUI paBHOBECUSI MOKHO COCTAaBUTh JUISl KaXXJOro Tesa
COCTaBHOM KOHCTPYKIUH?

8 CKONIbKO ypaBHEHHMI paBHOBECHS MOXHO COCTaBUTb I COCTaBHOM

KOHCTPYKIMU?
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2 3AJAYA C2
OITPEAEJIEHUE PEAKIIMH OITIOP TBEPAOI'O TEJIA

2.1 HIPUMEP BBIIIOJIHEHUA 3A TAHUSA

Jlano: Ha BajJ BopoTa | HaMOTaHa BepeBKa, yaepxuBatomas rpy3 Q (pucyHnok 2.1).
Panguyc xoneca 2 BopoTa B 4eThIpe pa3a Oosiblie pajauyca Bana. BepeBka, npuKperieHHast
K 0001y Kosieca 1 HaTsiruBaeMas Tpy3om cuioii F =80 H, cxonurt ¢ koseca B Touke K 1o
kacarenpHOM; pagnyc DK komeca obpasyer ¢ Beptukanpio yroa o =60°. Onpenenutsb
BeNIMYMHY Tpy3a Q, MpU KOTOPOM BOPOT OCTAeTCs B PABHOBECHH, a TAKKE PEAKIHH
noamunmaukoB A u B, ecnim o6muii Bec Basia u kojieca G =600 H u mpuioxxeH B Touke
C (AC =04 m).

Pemenmne.

Tpu Harpysku — Bec G o
rpy3sl Q m F, mpunoxeHHbIE K
BOpOTY, YPaBHOBEIIMBAIOTCS
peakiusiMu noAmunHukoB A u B.
Harpysku JNEUCTBYIOT B
TUIOCKOCTSX, MEPHEHAUKYISPHBIX K
OCH Bajla, U, CIJIEIOBATEIbHO, HE
CMEILAT Bajl BAOJb OCH, IIOITOMY
peaxkuuu MOJIIIUITHUKOB
pacmoJyiokarcsi B IUIOCKOCTSIX,
NEPHEHIUKYJISIPHBIX K OTOM )K€ OCH.

3aMeHuM MX cocTaBisiromuMu R, ,

Ray s Rg, 1 ﬁBy.

Pucynoxk 2.1

CrnenyeT y4ecTb, 4TO OOBIYHBIN MOJUIMIIHUK HE CO3/AaeT PEakiuu, HampaBJICHHOU
BJI0JIb OcH Basia. Eciu Ha Bajn AeMCTBYIOT HAarpy3KH, CMEIaroiie Baj B0JIb OCH, TO OJIUH
13 MOJIIIUITHUKOB JIOJKEH ObITh 3aMEHEH MO THUKOM.

Ha pucynke 2.2 n300pakeH BOPOT CO BCEMH JECUCTBYIOIIMMU HAa HETO CUJIaMU B
Tpex npoekiusix (a, 6 u B). CocTaBUM ypaBHEHUSI PABHOBECHSL:

> F=0; Fcosa+ R, +Rg, =0;
ZFky=0; —Fsina+R, -G-Q+Ry, =0;
> M, (F,)=0; Fsing- AD-G- AC-Q- AE + Ry, - AB =0;
> M, (F,)=0; Fcosa-AD-Rg, - AB=0;
> M,(F)=0; F-4r-Q-r=0.
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PemuB ypaBHEeHHUs, IOIYYHUM:
F.4. . °,
o r=80-4=320 H, RBX=Fcosoz AD=8000560 0,4z11’4 H,
AB 1,4
—Fcosa-AD+G-AC+Q-AE —-80cos60°-0,4+600-0,4+300-0,9

Rgy = AB = 14 ~ 357 H,

Ra =Fsina+G+Q - Rg, =80sin60°+ 600+ 320-357 =632 H,
R, =—Fcosa - Ry, =-80c0s60°-11,4=-51,4 H.

2.2 BAJAHUE JIJII CAMOCTOSITEJIbHOM PABOTHI

Ha Ban ¢ 6apabanom Becom Q HamoTaHa BepeBKa, yAep KHBarolas rpy3 Becom P,
¥ Haca)keHO KoJjieco paamycoM I u BecoM G . OmpenenuTs peakiuu MOAMIUITHUKOB A H
B u cuny F, npuioxeHHyI0 K KOJeCy B IUIOCKOCTH €r0 BpalleHus, uin MoMeHT M,
NPUJIOKEHHBIH K Bany (BapuanTel Ne2-6, 8-11, 13, 15, 17-19, 21, 23-26, 28-30), wiu
HaTsOKEHHE peMHeH, HaJeThiX Ha Kojeco (Bapuantel Nel, 7, 12, 14, 16, 20, 27,
CKOJIbKCHHE PEMHs OTCYTCTByeT, | =2t), B ciy4ae paBHOBECHS KOHCTPYKIIUH.
Koadpdurment tperns f =0,3 (Bapuanter Ne6, 11, 12, 15, 17, 19-21, 25, 27, 29).
Bapuantel KOHCTpYKIIMW C pa3MepamMu TpUBEICHbI Ha pucyHkax 2.3-2.6.
UucnoBbie 3HAYEHUS BEJIMYUH MpUBEEHBI B Tabuie 2.1.
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Tabmuma 2.1
| P |G| Q| r |D|a|k|b]|c|d
Bap.| H H H | vv | mv |rpan | mm | MM | MM | mm
1 | 12000 | 100 | 1500 | 600 | 300 | 3 | 300 | 700 | 200 | 500
2 | 11000 | 120 | 2000 | 720 | 300 - 350 | 700 | 250 | 600
3 | 10000 | 110 | 1600 | 600 | 280 - 400 | 600 | 300 | 500
4 | 10000 | 120 | 1800 | 600 | 250 - 300 | 650 | 250 | 450
5 9000 95 | 1200 | 525 | 250 - 350 | 500 | 300 | 400
6 8000 90 | 1000 | 630 | 320 - 400 | 550 | 300 | 450
7 | 18500 | 100 | 1000 | 560 | 300 | 3 | 500 | 700 | 400 | 600
8 9500 | 100 | 800 | 500 | 270 - 500 | 600 | 400 | 550
9 8000 90 800 | 450 | 260 - 550 | 750 | 350 | 600
10 | 12000 | 85 750 | 450 | 220 - 400 | 650 | 300 | 600
11 | 8500 | 110 | 1000 | 400 | 400 - 200 | 600 | 250 | 500
12 | 9000 | 115 | 1200 | 450 | 300 | 3 | 300 | 650 | 300 | 600
13 | 6000 | 100 | 800 | 650 | 300 - 300 | 700 | 350 | 550
14 | 8000 | 105 | 850 | 700 | 500 | 3 | 500 | 750 | 400 | 650
15 | 11000 | 95 900 | 550 | 400 - 400 | 800 | 300 | 700
16 | 12000 | 100 | 1500 | 600 | 300 | 3 | 300 | 700 | 200 | 500
17 | 11000 | 120 | 2000 | 720 | 300 - 350 | 700 | 250 | 600
18 | 10000 | 110 | 1600 | 600 | 280 - 400 | 600 | 300 | 500
19 | 10000 | 120 | 1800 | 600 | 250 - 300 | 650 | 250 | 450
20 | 9000 95 | 1200 | 525 | 250 | 3 | 350 | 500 | 300 | 400
21 | 8000 90 | 1000 | 630 | 320 - 400 | 550 | 300 | 450
22 | 18500 | 100 | 1000 | 560 | 300 | 3 | 500 | 700 | 400 | 600
23 | 9500 | 100 | 800 | 500 | 270 - 500 | 600 | 400 | 550
24 | 8000 90 800 | 450 | 260 - 550 | 750 | 350 | 600
25 | 12000 | 85 750 | 450 | 220 - 400 | 650 | 300 | 600
26 | 8500 | 110 | 1000 | 400 | 400 - 200 | 600 | 250 | 500
27 | 9000 | 115 | 1200 | 450 | 300 | 3 | 300 | 650 | 300 | 600
28 | 6000 | 100 | 800 | 650 | 300 - 300 | 700 | 350 | 550
29 | 8000 | 105 | 850 | 700 | 500 - 500 | 750 | 400 | 650
30 | 11000 | 95 900 | 550 | 400 - 400 | 800 | 300 | 700
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BOITPOCHI IJ51 CAMOKOHTPOJIA

1 Kak HampaBiieH U 4eMYy PaBeH MO MOIYJI0 BEKTOP-MOMEHT CHJIbI OTHOCHUTEIBHO
JTAaHHOW TOYKHU?

2 B KakoM ciydae BEKTOP-MOMEHT CHJIbI OTHOCUTEJIBHO TOYKH PABEH HYJIIO?

3 Urto Ha3bIBaeTCd MOMEHTOM CHJIbI OTHOCUTENBHO JAHHOW OCH M Kak BbIOMpaeTcs
3HAaK 3TOr0 MOMEHTA?

4 B kakux ciay4asix MOMEHT CHUJIbl OTHOCUTEIIBHO TaHHOW OCH PaBEH HYJIO?

5 Kakag cymiecTByeT 3aBUCHMOCTb MEXKJIY BEKTOPOM-MOMEHTOM  CHJIBI
OTHOCHUTEJIBHO TAHHOW TOYKU MU MOMEHTOM TOM K€ CUJIbI OTHOCHUTENIBHO OCH, POXOISIIEN
4yepes 3Ty TOUKY?

6 UTo Ha3pIBaeTCs INIABHBIM BEKTOPOM MPOU3BOJIBHON MPOCTPAHCTBEHHOM CUCTEMBI
cun?

7/ UYto Ha3bIBaeTCs TJAaBHBIM MOMEHTOM IPOM3BOJBHON MNPOCTPAHCTBEHHOM
CUCTEMBI CHJT?

8 KakoBbl BO3MOJKHBIE ClIydyad NPHUBEICHHUS NPOU3BOJIBHO PACIOI0KEHHBIX U
MapaJiyieIbHbIX CUJI B IPOCTPAHCTBE?

9 KakoBbl reoMETpHYECKOE W  AHAIUTUYECKOE  YCJIOBUSA  IPUBEACHUSA
MIPOCTPAHCTBEHHOW CHUCTEMBI CHJI K PABHOAEHCTBYIOIIEH ?

10 Chopmynupyiite TeopeMy 0 MOMEHTE PaBHOJECUCTBYIOLIEH MPOCTPAHCTBEHHOU
CUCTEMBI CHUJI OTHOCUTEJIBHO TOYKH U OCH.
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