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MeTtoauyeckie peKOMEHIAlluU 110 BBIMOJHEHUIO MPAKTHUECKON paboThl O AUCLHUILIIMHE
«Teopernyeckass MEXaHUKa» MPEAHA3HAYCHBI I 00YYAIOIUXCS TI0 HAMIPABICHUIO OATOTOBKU
07.03.01 Apxurekrypa npoduis «PeKOHCTpYKIHS 30aHuiA U coopykeHHi» (mpoduias «PeKoH-
CTPYKIIMSI 3IaHUI U COOPYKCHHINN).

Lenp MeToMYecKUX yKa3zaHUIl: OKa3aHHE MOMOIIU OOyYarOUIMMCs B BBHIIIOJHEHUH MPaK-
TUYECKUX paboT Mo AuCUUIUIMHE «TeopemuuecKkas Mexanuka.

Hacrosmue Meronuyeckue ykazaHus COJEpKaT pabOThl, KOTOPHIE IMO3BOJIAT O0y4aro-
HIMMCS OBJIQ/IETh TEOPETUUECKUMHU 3HAHUSMU, TPAKTUYECKUMHU YMEHUSIMU U HABBIKAMHU JI€ATEIb-
HOCTHU 110 MPO(UITIO MOATOTOBKH, OIBITOM TBOPYECKOM J1€ATEIHHOCTH U HAIPaBJICHbI HA (OpMU-
pOBaHUE CIEAYIOIUX KOMIICTCHIINN:

- OIIK-4: CnocobeH npuMeHSITh METOJUKU ONPEIEICHUS TEXHUUECKUX MTapaMeTpOB MPOEKTUPY-

€MBIX OOBEKTOB.

B pesynbrare BbINONHEHUS MPAKTUYECKUX padoT 1o Aucuuiuiube «7eopemuueckas mexa-
Hukay oOy4Jaronyecs: 10kHbI o komrnerenuuu OIIK-4:

3HATh:

- OCHOBHBIC IIOAXOABI K q)OpMaJII/BaLII/II/I 1 MOJCIUPOBAHHUIO PABHOBECHU MAaTCpUAJIBHBIX TEII,
- IOCTAHOBKY M MCTOJbI pCHICHUSA 3aJa4 O PABHOBCCHUHU 3JICMCHTOB CTPOUTCIIbHBIX KOHCTp}IKLII/If/'I

YMmerTh:

- BBITIOJIHATH CBOI{HI)IfI dHaJIn3 UCXOAHBIX JaHHBIX

Baagern:

HUKWU;

- OCHOBHBIMU COBPEMCHHBIMU MCTOAAMHU IMOCTAHOBKHU, MCCJIICAOBAHUA U PCIICHUA 3ada4d MCXa-

- IPpaKTHYCCKNMH HaBBIKaAMH, HGO6XO[[I/IMI)IMI/I JJId BBIIIOJIHCHHA W COCTABJICHUA KOHCTPYKTOP-
CKoOM JOKYMCHTAlIUU U 5CKU30B 3JICMCHTOB KOHCTI)YKHI/Iﬁ.

Onucanue MpakTU4YECKONH pabOThI COAEPKUT TEMY, 3aJaHUsl, TPEOOBAHUS K BBIOJIHEHUIO
KOHKPETHOTO 33/IaHus 110 JAHHOM TeMe, TIOPSIIOK BBITIOJIHEHUS 3a1aHusl, (POPMBbI KOHTPOJIS, TPpeOO-
BaHMs K 0OPMIICHHUIO 3a/1aHuid. J[J1s momydeHus JONOTHUTENBHOU, Oosee moapooHoN nHpopMa-
[IUU TI0 U3y4aeMbIM BOIIPOCAaM MPUBEICHBI PEKOMEHIYEMbIE HCTOUYHUKH.

1. TlepeuyeHb BHI0OB NPAKTHYECKOH PadOTHI O JMCHHUIJIMHE

Tema

Bupa npakru-
4yeckoii pa-
00TBI

®opma
KOH-
TpoJIs

TpeGoBaHuA K BHINOJHEHUIO 32 IaHU I
(3HaHUe U/WJIM yMeHHMe U/ UJIU BJiajie-
HHUE HABBIKAMH)

Tema 1.

HccnenoBanue ycioBuil pa-
HOBECHS CUCTEMBI CXOIs1-
IIUXCS CHII

Pemienue pas-
HOYPOBHEBBIX
3a1a4

YcTHbIN
oTpoc

3HaTh: OCHOBHBIC MOAXOIBI K (hopMam3a-
LMY 1 MOJIETTUPOBAHUIO PABHOBECHUSI MaTepU-
AJIBHBIX TEJ;

[IOCTAaHOBKY U METObI pELICHHUS 33/1a4 O paB-
HOBECUM DBJIEMEHTOB CTPOMUTENbHBIX KOH-
CTPYKIHUH.

‘YMeTh: BBIIOJNHATH CBOJIHBIN aHAIN3 UCXO/I-
HBIX JAHHBIX.

Bianerb: OCHOBHBIMU COBPEMEHHBIMH Me-
TOJaMU MTOCTAHOBKH, UCCIIEOBAHUS U pellie-
HHS 331a9 MCXaHUKH;

MPAaKTUIECKUMU HaBBIKAMU, HEOOXOUMBIMU
JUIsl BBITIOJIHEHUSI U COCTaBJIEHUSI KOHCTPYK-
TOPCKOW JJOKYMEHTAllMU U ICKU30B DJIEMEH-
TOB KOHCTPYKIIHMH.

Tewma 2.
Omnpenenenue peaxiuii cBs-
3eii OaJIKM ¢ 3aleMIIEHHBIM
KOHIIOM

Pemienue pas-
HOYPOBHEBBIX
3a1a4

YcTHbIN
onpoc

3HaTh: OCHOBHBIC MOJXOIBI K (hopmaim3a-
LMY 1 MOJIETTUPOBAHUIO PABHOBECHUSI MaTepU-
AIbHBIX TEIT;

IIOCTAHOBKY X METOJIbI PEHICHUA 3a/1a4 O paB-
HOBECHUHU DJJIEMCHTOB CTPOUTEIBHBIX KOH-
CTPYKIIHUH.




YMeTb: BRIIOIHATE CBOIHBIN aHATN3 UCXO-
HBIX JaHHBIX.

Buajerb: OCHOBHBIMH COBPEMEHHBIMH Me-
TOJlaMH NTOCTAaHOBKH, UCCIIEIOBAHUS U pellle-
HUS 3a/1a4 MEXaHUKH;

NPaKTHYECKUMH HaBBIKAMH, HEOOXOIUMBIMHU
JUISL BBITIOJIHEHMSI ¥ COCTABIICHUSI KOHCTPYK-
TOPCKOH JOKyMEHTAIMH U 3CKU30B JJIEMEH-
TOB KOHCTPYKLUH.

Tema 3.
OnpeneneHne peakuuii CBs-
3ei ABYXONOPHOH Oanku

Pemienne pas-
HOYPOBHEBBIX
3a1a4

YcrHbBIN
onpoc

3HaTh: OCHOBHBIC HOAXOIBI K (hopMam3a-
LM ¥ MOZAEINPOBAHUIO PABHOBECHS MATEPH-
AJIBHBIX TEI;

MOCTaHOBKY M METOIbI PEIICHHMS 3a71a4 O PaB-
HOBECHU DJJIEMEHTOB CTPOMTENBHBIX KOH-
CTPYKLUH.

YMeThb: BHINONHATH CBOAHBIN aHATIN3 UCXO-
HBIX JaHHBIX.

BﬂaHeTb: OCHOBHBIMHU COBPEMCHHBIMHU ME€-
TOJAaMHU MOCTAaHOBKHU, UCCIICAOBAHUA U pelIC-
HUS 337124 MEXaHUKH;

MPaKTHYECKUMH HaBBIKAMH, HEOOXOIUMBIMHU
JUISL BBITIOJIHEHUSI M COCTAaBIICHUS! KOHCTPYK-
TOPCKOH JOKYMEHTAIMH U 3CKU30B 3JIEMEH-
TOB KOHCTPYKIIH.

Tema 4.
Onpexnenenue peakuuii onop
IIJIOCKOM JKE€CTKOM paMbl

Pemienue pas-
HOYPOBHEBBIX
3a1a4

YcTHBIN
orpoc

3HaTh: OCHOBHBIC MOAXOIBI K (hopMam3a-
LMY U MOJIEJIMPOBAHUIO PABHOBECHS MaTepHU-
allbHBIX TEJ;

[IOCTAHOBKY U METO/bI PELLICHHUS 33]1a4 O paB-
HOBECUM DJIEMEHTOB CTPOMUTENbHBIX KOH-
CTPYKLUH.

YMeThb: BBHITIOJIHITH CBOJIHBIN aHAIN3 UCXO/I-
HBIX JTaHHBIX.

Baagerb: OCHOBHBIMU COBPEMEHHBIMH Me-
TOAAMHU [TOCTAHOBKH, UCCIIEIOBAHUS U pellie-
HHSA 33J1a4 MEXaHUKH;

MPAaKTUIECKUMHU HaBBIKAMU, HEOOXOAUMBIMU
JUISl BBITIOJIHEHUSI U COCTaBJIEHUSI KOHCTPYK-
TOPCKON JTOKYMEHTallUU U 3CKU30B 3JIEMEH-
TOB KOHCTPYKLUH.

Tema 5.

Omnpenenenue ycuaus B
CTEP>KHSIX, HAXOISIINUXCS B
PaBHOBECHH TOJI IEVCTBUEM
IIPOCTPAHCTBEHHON CUCTEMBI
CXOJIAINXCS CUIL.

Pewenue pas-
HOYPOBHEBBIX
3a7a4

Y cTHBIIT
OTpoc

3HaTh: OCHOBHBIE HOIXOIBI K (hopMasm3a-
LMY U MOJICTIMPOBAaHUIO PABHOBECUS MaTEpU-
AbHBIX TET,

[IOCTAaHOBKY U METObI PEIICHNUS 3a/1a4 O PaB-
HOBECUHU JJIEMEHTOB CTPOUTEIBHBIX KOH-
CTPYKLHUH.

YMeTh: BHIOIHATH CBOJHBIN aHAIN3 UCXOJ-
HBIX JaHHBIX.

Buagers: OCHOBHBIMH COBPEMEHHBIMH Me-
TOJaMH ITOCTAaHOBKH, UCCIEIOBAHUS U pelle-
HUS 3a/1a9 MEXaHUKH;

MPAaKTHYECKUMHU HaBBIKAMHU, HEOOXOIMMBIMH
JUTS BBITIOJTHEHHSI M COCTaBJICHUS! KOHCTPYK-
TOPCKOW JOKYMEHTAllMU U 3CKU30B HJIEMEH-
TOB KOHCTPYKLUH.

Tema 6.

OnpeneneHne peakiuii onop
TJTUT, HAXOASIINXCSA B PaBHO-
BECHUU O] ICICTBUEM ITPOU3-
BOJIbHOM IIPOCTPAHCTBEHHOMN
CHUCTEMBI CHIL.

Pemienue pas-
HOYPOBHEBBIX
3a1aq

YcTHbIi
orpoc

3HaTh: OCHOBHBIE HOAXOIBI K (hopMam3a-
UM ¥ MOJICTTMPOBAHUIO PABHOBECHS MaTEPH-
ANbHBIX TET;

MOCTaHOBKY U METOJIbI PELIEHHUS 3314 O paB-
HOBECUHU JJIEMEHTOB CTPOUTEIBHBIX KOH-
CTPYKLHUH.

YMeTh: BEINOIHATH CBOJHBIN aHAIN3 UCXO-
HBIX JAaHHBIX.




Bianers: OCHOBHBIMH COBPEMEHHBIMHU Me-
TOJaMH ITOCTAaHOBKH, UCCIEIOBAHUS U Pelle-
HUS 3a/1a4 MEXaHUKH;

NPaKTHYECKUMH HaBBIKAMH, HEOOXOIUMBIMHU
JUIA BBITIOJIHEHUSI U COCTaBJICHUS! KOHCTPYK-
TOPCKOM JOKYMEHTAIlUU U ICKU30B 3JIEMEH-
TOB KOHCTPYKLUH.

Tema 7.

Onpenenenue ycuiaui B oro-
pax GpepMbl U B €€ CTEP)KHSIX
MO/ ICCTBUEM BHEITHUX
Harpy3ok

Pemenue pas-
HOYPOBHEBBIX
3ama4y

Y cTHBIIT
onpoc

3HaTh: OCHOBHBIC HOAXOIBI K (opMam3a-
LM ¥ MOZAEINPOBAHUIO PABHOBECHS MATEPH-
AJIBHBIX TEI;

MOCTaHOBKY M METOJIbI PEIICHHMS 3a71a4 O PaB-
HOBECHH JJIEMEHTOB CTPOWTENBHBIX KOH-
CTPYKLHUH.

YMeTh: BHINONHATH CBOAHBIN aHAIN3 UCXO-
HBIX JaHHBIX.

Biagerb: OCHOBHBIMH COBPEMEHHBIMH Me-
TOJIaMU TTOCTAHOBKH, UCCIICAOBAHNUS U pellie-
HHA 3aJa49 MCXaHUKU,

MPaKTUYCCKUMHN HaBbIKaMU, HeO6XO]II/IMI>IMI/I
JUISL BBITIOJTHEHUSI ¥ COCTAaBIICHUS! KOHCTPYK-
TOPCKOHM JOKYMEHTAIlMH U 3CKU30B 3JIEMEH-
TOB KOHCTPYKIIHH.

Tema 8.
Ornpenenenne KooparuHaT
ueHTpa TSKCCTHU TCJI

Pemienue pas-
HOYPOBHEBBIX
3a1a4

YcTHbIN
ompoc

3HaTh: OCHOBHBIC MOAXOIBI K (hopMam3a-
LMY 1 MOJIETTUPOBAHUIO PABHOBECUSI MaTEPU-
ANIBHBIX TEJI;

[IOCTAHOBKY Y METO/bI PELICHHUS 33]1a4 O paB-
HOBECUM DJIEMEHTOB CTPOMUTENbHBIX KOH-
CTPYKLUH.

YMeTb: BBINOIHATH CBOJHBIA aHAIN3 UCXO/I-
HBIX JIaHHBIX.

Bianerb: OCHOBHBIMU COBPEMEHHBIMH Me-
TOAAMHU [TOCTAHOBKH, UCCIIEIOBaHMS U pellie-
HHSA 33J1a49 MEXaHUKH;

MPAaKTUIECKUMHU HaBBIKAMU, HEOOXOAUMBIMU
JUISl BBITIOJIHEHUSI U COCTABJIEHUSI KOHCTPYK-
TOPCKOW JJOKYMEHTALlMU U 3CKU30B HJIEMEH-
TOB KOHCTPYKLUH.

Tema 9.
Omnpenenenre KUHEMaTHYe-
CKHUX XapaKTepI/ICTI/IK TOYKHU

Pemienue pas-
HOYPOBHEBBIX
3a1a4

YcTHbIN
orpoc

3HaTh: OCHOBHBIE MOAXOABI K (opManmn3a-
LMY U MOJIEJIMPOBAHUIO PABHOBECUSI MaTEPU-
aJIbHBIX TEJ,;

[IOCTAaHOBKY U METObI PEIICHNUS 3a/1a4 O PaB-
HOBECUM DJJIEMEHTOB CTPOUTENBHBIX KOH-
CTPYKUUH.

YMeTh: BEIIOIHATH CBOJHBIN aHAIN3 UCXO-
HBIX JaHHBIX.

Buagers: OCHOBHBIMH COBPEMEHHBIMH Me-
TOJaMH ITOCTAHOBKH, UCCIEIOBAHNUS U pelle-
HUS 3324 MEXaHUKUY;

MPAaKTHYECKUMH HaBBIKAMH, HEOOXOIMMBIMHU
JUISl BBITIOJIHEHUSI U COCTaBJIEHUSI KOHCTPYK-
TOPCKOW JOKYMEHTAllUU U 3CKU30B HJIEMEH-
TOB KOHCTPYKLUH.

Tema 10.

OnpeneneHne KUHEMaTHYe-
CKHX XapaKTEePUCTHK TBEp-
JIOro Teja.

Pemenue pas-
HOYPOBHEBBIX
3a1adq

YcTHbIi
orpoc

3HaTh: OCHOBHBIE HOAXOIBI K (hopMam3a-
UM ¥ MOJICTTMPOBAHHUIO PABHOBECHS MaTEPH-
AIBHBIX TET,

MTOCTAaHOBKY M METOMBI PELICHNUS 33124 O PaB-
HOBECUHU JJIEMEHTOB CTPOUTENBHBIX KOH-
CTPYKLHUH.

YMeTb: BBIIOIHATE CBOJHBIN aHAIN3 UCXO-
HBIX JaHHBIX.

Buagers: OCHOBHBIMH COBPEMEHHBIMH Me-
TOJIaMH ITOCTAaHOBKH, MCCIIEIOBAHNUS H Pellle-
HUS 33124 MEXaHUKH,




MPpaKTUICCKMMH HaBbIKaMU, HCO6XOL[I/IMI)IMI/I
JJIA BBIIIOJIHCHUSA U COCTABJICHUA KOHCTPYK-
TOpCKOﬁ JOKYMCHTAallUU U 3CKHU30B 3JICMCH-
TOB KOHCprKLIPIﬁ.

Tema 11.
JlnHaMuKa MaTepUaIbHON
TOYKH.

Pemenue pas-
HOYPOBHEBBIX
3a1a4

Y cTHBIIT
oTIpOC

3HaTh: OCHOBHBIC MOJXOIBI K (hopmaim3a-
LMW ¥ MOJICTTUPOBAHUIO PABHOBECHUS MaTepH-
alIbHBIX TEII;

[IOCTAHOBKY U METObI PpEIICHUS 3a7a4 O paB-
HOBECUM D3JIEMEHTOB CTPOUTENIBHBIX KOH-
CTPYKLHUH.

‘YMeTh: BBINIOJNHATH CBOJTHBINA aHAIN3 UCXO/I-
HBIX JTaHHBIX.

Biaagers: OCHOBHBIMU COBPEMEHHBIMH Me-
TOJAaMHU [MOCTAHOBKH, UCCIIETIOBAHUS U pellie-
HHMS 33129 MCXaHUKH;

MPAaKTUICCKUMHU HaBBIKAMU, HEOOXOAUMBIMU
JUIsl BBITIOJIHEHUSI U COCTABJICHUSI KOHCTPYK-
TOPCKOW JJOKYMEHTAIlUU U ICKU30B DJIEMEH-
TOB KOHCTPYKLUH.

Tema 12.

Teopema 06 U3MEHEHUH KU-
HETHUYECKON YHEPTUH CU-
CTEMBL.

Pewenue pas-
HOYPOBHEBBIX
3a1a4

YcTHbIIT
ompoc

3HaTh: OCHOBHBIC MOJXOIBI K (hopmasm3a-
LMY 1 MOJIETTUPOBAHUIO PABHOBECUSI MaTEPU-
AIIBHBIX TEI;

[IOCTAaHOBKY U METObI pELICHHUS 3a/1a4 O paB-
HOBECUHM D3JIEMEHTOB CTPOUTENIBHBIX KOH-
CTPYKLHUH.

YMeTb: BBINOIHATH CBOJHBINA aHAIN3 UCXO/I-
HBIX JaHHBIX.

Bianerb: OCHOBHBIMU COBPEMEHHBIMH Me-
TOJaMU MTOCTAHOBKHU, UCCIIEOBAHUS U pellie-
HHS 3a]1a4 MEXaHUKH;

MPAaKTUYCCKUMHU HaBBIKAMHU, HEOOXOMMbIMH
JUISl BBITIOJIHEHUSI U COCTABJIEHUSI KOHCTPYK-
TOPCKOW JJOKYMEHTALMU U 3CKU30B HIIEMEH-
TOB KOHCTPYKLUH.

Tema 13.

O01ee ypaBHEHHE JUHAMUKU
(mpuniun /I’ Anam6epa-Jla-
IpaHxa).

Pemienue pas-
HOYPOBHEBBIX
3a1a4

YcTHbIN
oTpoc

3HaTh: OCHOBHBIC MOAXOIBI K (popMam3a-
LMY 1 MOJIETTUPOBAHUIO PABHOBECHS MaTepU-
AIBHBIX TEJ;

[IOCTAaHOBKY U METObI pELICHHUS 33/1a4 O paB-
HOBECUM DBJIEMEHTOB CTPOMUTENbHBIX KOH-
CTPYKUUH.

‘YMeTh: BBIIOJIHATH CBOJHBIN aHAIN3 UCXO/I-
HBIX JAHHBIX.

Bianerb: OCHOBHBIMU COBPEMEHHBIMH Me-
TOAAMHU [TOCTAHOBKH, UCCIIEIOBAHUS U pellie-
HHA 33J1a9 MEXaHUKH;

MPAaKTUIECKUMHU HaBBIKAMU, HEOOXOAUMBIMU
JUISl BBITIOJIHEHUSI U COCTaBJIEHUSI KOHCTPYK-
TOPCKOW JJOKYMEHTAllMU U 3CKU30B HJIEMEH-
TOB KOHCTPYKIIHMH.

2. TemaTnka u 3aaHusI NPAKTHYECKOH padoThI

Tema 1.
Hccneoosanue ycnoeuii pagnogecuss Cucmemuvl CX00AUUXCA CUTL.

1.
2.

3amauy JaHHOTO TUIIA MOTYT PELIaThes IMO0 reoMeTpuiYecKUM (TpapuuecKum)
croco6oM, 6o ananutuueckuM. [Ipu periennn 3aau reoMmeTpudeckuM (TpapuaecKkum)
Ccroco00oM HEOOXOIMMO MPUIEPKHUBATHCS CIETYIOLIETO MOpsAKA:

Beienure €10 (MM TOUKY), pABHOBECHE KOTOPOTO CIEAYET PACCMOTPETb.
N306pa3ute Bce akTUBHBIC (33JaHHBIC) CUJIBI, ICHCTBYIONINE HA BBIZCIIEHHOE TEJIO.




3. OcBoOoauTe 3TO TEJIO OT HAJIOKCHHBIX HA HETO CBS3€H, 3aMEHUB UX JCHCTBUE PEaKIUIMU
CBSI3EH.

4. TlocTpoiiTe 3aMKHYTBI CHJIOBOM MHOTOYTOJIBHUK (MJIA TPEYTrOJbHUK — €CIIA ICUCTBYIOT TPH
CHUJIBI), CJIOKMB CHauaja BCE 3a/IaHHbIC CUJIBL, @ 3aTEM JOCTPOUB HEU3BECTHHIE CUIIBI.

5. PemuTe cHIOBOM MHOTOYTrOJBHUK ([0 M3BECTHBIM 3JEMEHTAM OIpPENEIUTE HEU3BECTHbIC)
WM, €CITU CUJIOBOM MHOTOYTOJIBHHK TIOCTPOCH B MAcIITade, ONPEISIUTE NCKOMBIE CHIIBI TI0 Mac-
mTaoy.

[Tpu penreHny 3a1a4 aHATUTHYCCKUM CIIOCOOOM PEKOMEHIYETCSI TPUICPIKHBATHCS CIICTYIOIIETO
MOPsIIKA:

1. Bslgenure TOYKY, paBHOBECHE KOTOPOM HAJ0 PACCMOTPETb.

2. W3o00pa3ute akTHBHBIC (33JaHHBIC) CHJIBIL.

3. OcBoOoauTe TOYKY OT CBS3CH, NMPHIIOKHUB COOTBETCTBYIOIIME peakuuu. [Ipu 3ToM HeoOXo-
JUMO YOCIUTHCS, UTO JaHHAs 3a/1a4a SIBIIICTCS CTAaTUYECKU OMPEACITUMOM — YUCIIO HEU3BECTHBIX
BEJIMYMH JIOJDKHO OBITh HEe OoJiee ABYX Wi TPEX (B CITydasx MIIOCKOM M MPOCTPAHCTBEHHOM CHCTEM
CXOISIIUXCS CUJII COOTBETCTBEHHO).

4. HamnpaBbTe 0CH KOOpP/IUHAT.

5. CocraBuTh ypaBHEHUS PAaBHOBECHS CUCTEMBI CXOSIINXCS CHJI, M3 KOTOPBIX OMPEISITUTE He-
W3BECTHBIC BEIIMYUHBI.

Tunoeoe 3a0anue 1

Crepxxau AC u BC coelvHEHbI MEXIy COOON M ¢ BEPTUKAJIbHOW CTEHOM MOCPENCTBOM
mapHupoB. Ha mapuupusiii 60ar C neiictByer Beptuxansaas cuna P = 1000 H.

Onpedenume peaklUu 3TUX CTePKHEN Ha MIapHUPHbIN 60aT C, €CIu yIJibl, COCTaBIIsIEMbIe

cTepHAMHU co cTeHoit, papus: o0 = 30° u B = 60°.
D{
BN
\\
!
!
=
oL K
|
B -\
¢ i
B
b i
2 i\ P
§I>0 Sz
‘///'é B
x
Hcxoanas cxema 3aMKHYTBIN TPEYroJib- Pacuérnas cxema
HHUK CHJI
Pewenue.

PaccmoTrpum aBa coco0a perieHust 3aa4u — TeOMETPUUSCKUN U aHATTUTHIECCKUM.
L. I'eomempuueckuii cnoco6. OOBEKTOM HCCIEIOBAHMS B TaHHOU 3a/1aue sihsieTcs 6ont C,

Harpy>XeHHbIN 3a/1aHHON cuioi P u coenuHsomul Mexay coboit crepxuu AC u BC, peakuuu
KOTOPBIX HYXHO ompeaenuts. Otopocum cBsizu (crepxkau AC u CB), 3aMEHUB UX JACHCTBHE

peakiusimu Sp u Sg.
[TocTponM 3aMKHYTBIH TPEyronbHUK abc asi cunn P, Sa u Sp (Tak kak 6ont C HaXoauTest
B PaBHOBECHH), Ha4aB MMOCTPOCHHE C M3BECTHOM CHiIBI P, KOTOpyro u300pa3uM BekTopom ab,

Toraa BekTop bC ompenenur cuiny Sg, a BekTop Ca — cuiy Sa. IIpu 3TOM ciieiyeT y4ecTh, 4To



M3BECTHBI TOJILKO HAIIPaBIeHUs peakuuii cesiseit. Msmepus orpesku DC u Ca , Haiiném BemduHb!
HEHM3BECTHBIX CHII Sg I S A, U 3a1aua OyzeT rpaguuecKu perieHa.

Be/IMUMHBl HEM3BECTHBIX CHI SA M Sp MOXKHO HaiiTh TPUTOHOMETPUYECKHU, PELIUB
cus0B0ii Tpeyronpauk AC, OCKOIBKY B 3TOM TPEYrojbHUKE H3BeCTHBI cTopona al u apa yrma
o u [3. rak, noctpoum B Macurabe BEKTOP ab (KOTOpBIH, KaKk U P, HaIpaBJIeH BEPTUKAJIBHO
BHH3), U3 TOYKH & TOJ yIJIOM O, TIPOBENEM OJHY JIMHUIO, U3 Touku D mox yrmom B mposeném
BTOPYIO JIMHHIO JI0 TIEPECEUCHHUSI UX B TOUKE C , TpeyronbHukn AABC u AabC momoO6HbI.

Mo ycmoBmto 3amaun o + 3 =90°, cnenoBarensHo, AabC — mpsiMoyronbHbIA. M3 3TOTO
TPEYTOJIbHUKA HAXOIUM:

Sg =P sina=P sin30°=1000-0,5=500 H,
Sp=P cosa=P cos30°=1000-0,866 =866 H.

Il. Ananumuuecxkuti cnoco6. BeInoaHUM NyHKTH! 1-3 aHAJIOTMYHO, KaK U IPU PELICHUU
3ajja4d reoMeTpuueckuM (rpaduueckum) crnocobom. [Ipomomkum perieHue JaHHOM 3aiadyu ¢

ITYHKTa 4 — BBI6epeM CUCTCMY KOOpAUHAT. Tak kak Yroji MeKay HCU3BECCTHBIMHA CHIJIaMU S A H S B
paBCH 900, TO y,Z[O6HCC BCCIr0 HaIlpaBUTb OCH KOOPAHWHAT IIO JIMHUAM ﬂeﬁCTBHH OTHUX CHII —

HarnpaBuM Ox IO JUHUM I€UCTBUS SB,aock Oy — 110 TUHUM IEUCTBUS Sa.
J11s TaHHOM TIOCKOM CUCTEMBI CXOJSIIUXCS CUIT COCTaBUM 2 YpaBHEHUS paBHOBECHSI:
2F,=0: P cosp+Sg =0,
orkyna Sg =—P cosf=-1000-0,5=-500 H.
Ry =0: S, —P cosa=0;
orkyna S, =P cosa=1000-0,866 =866 H.
[Ipu ananuTUUECKOM CIIOCOOE 3apaHee HEM3BECTHO, B KAKYIO CTOPOHY HAPaBUTh PEAKITUN
crpexxHeil Baoab npsamMbix AC u BC. Ecnu B pe3ynbTare peuieHUsl MOJYyYUM IOJOXKUTENbHBIE
3HAUEHUs, TO PEAKIIMU ObLIA HAMpPaBIEHBI BEPHO, €CIIU MOJIYYHM OTPHUIIATEIbHBIE, TO BEIOpAHHOE

HarpaBJIeHUE PeaKIIUK H3MEHUM Ha TPOTHBOTIOIOKHOE.
Omeem: Sz =500 H, S, =866 H.

TpeGoBaHus K BHINOJHEHHIO 3aaHusl 1 Mo 1aHHOI TeMe:

Crnenatp 6ubmuorpaduyueckoe onucaHue T0KyMEHTA.

OCMBICTUTH OCHOBHOE COJICpPIKaHUE TEKCTA, IBAXK/IBI IPOYHUTAB €TO.

[Tonpa3nenats MaTepuaa Ha OCHOBHBIE CMBICIIOBBIE YACTH, BBIACISATE TTIABHBIE MBICIIH, BHIBOJIBI.
CocTaBuUTh IUIaH TEKCTa — OCHOBY KOHCIIEKTa, CHOPMYIUPYHUTE €ro MYHKTHI U ONPEACITUTE, UTO
CJIeTyeT BKJIFOUUTH B KOHCIEKT JJISl UX PACKPBITHSI.

Ha ocHoBe n3yueHus COOTBETCTBYIOIIUX pa3/eloB YUY€OHUKOB, YICOHBIX MOCOOMI U KOHCIIEKTA
JIEKIUH cPOPMYITUPOBATH OTBETHI HA BOIIPOCHI.

Ilopsiiok BbINOJIHEHUs 3agaHus 1:

CocTaBuTh MJIaH KOHCIIEKTA, paclpereianTe coOpaHHbI MaTepuan B HEOOXOJUMON JTOrHYecKOi
MI0CJIE0BATENBHOCTH.

Komno3zunmonHo oopMute KOHCIEKT.

N3yunth yueOHyI0 HHPOPMALIUIO 110 TEME, TPOU3BECTH €€ aHaJIN3, 1aTh OTBETHI HA TOCTABJICHHBIE
BOIIPOCHI.

TpeooBanusi k opopmiieHuto 3aganus 1: Pemenue 3anaun opopMuts B paboueit TeTpaau ¢ ui-
JTIOCTPALUSAMHU, PACYETHBIMU (OPMYTIaM U KOMMEHTAPHUSIMHU.

Tunosoe 3aganue 2:



CaMocTosATEIbHOE PEIIEHUE CUTYAIHOHHBIX 3a7a4 (TPEHUHT).

K BepeBke AB, o11H KOHEL KOTOPOH 3aKpeIieH B Touke A, ipuBsi3aHbl B Touke B rpy3 P u Be-
peBka BCD, nepekunytas yepe3 0110k; k ee koHIy D npussizana rupst Q secom 100 H. Onpene-
JWTh, TpeHeOperast TpeHueM Ha O510ke, HaTspkeHue T BepeBku AB u BenmnunHy rpysa P, eciu B
TOJIOKEHMH PABHOBECHUS YIJIbI, 00pa3yeMble BepeBKaMu ¢ BepTukaibio BE, paub o =45 u p =

o

60 .

TpeOoBanusi K BbINOJHEHUIO 3a1aHus 2 10 TeMe: [[py mOATroOTOBKE K PEIICHUIO 33/1a4 TTOBTO-
PUTH COOTBETCTBYIOIINE Pa3/iebl yyeOHUKA U y4eOHBIX TOCOOMIA TIO JaHHOI TeMe, KOHCIIEKTOB
JIEKIIUU

IMopsiiok BeInoTHeHUs 3agaHus 2: M3yuuTs yuyeOHy0 HHPOPMALIKIO 110 TEME, POU3BECTH €&
aHaJu3, MPEeAJI0KUTh BapuaHT(bl) PEeLICHUs 3a1ay.

TpeGoBanus k ogopmiieHuIo 3aganus 2: Pemenue 3anaun ohopMuth B paboueit TeTpaau ¢ uii-
JIOCTPALUAMHU, PACYETHBIMU (OPMYJIaM U KOMMEHTAPUSAMU.

®opma KoHTpOoJsA: OTUET IO MPAKTHYECKON padoTe.

KoHTpoJibHbIe BONIPOCHI /151 IPOBe/IeHUs] 0IIpoca 1o TeMe:

1. Tlpeamer TeopeTHUeCKOl MEXaHUKH U €€ CBA3b C IPYTHMU JAUCIHUILIHHAMU.

2. OmpeneneHue CTaTUKA

3. TlonsTusa «paBHOBECUS» U «TBEPJOTO TEJIa» B CTATHKE

4. OmnpeneneHue CUIbl U €€ OCHOBHBIE XapaKTEPUCTUKU

5. OcHOBHbIE ONpENENCHUs CUIT U UX CUCTEM: «CUCTEMa CHII», «ypaBHOBEILIEHHAsI CUCTEMA
CUID», (IPUBECTH MPUMEDPBI).

6. OCHOBHBIE ONpEIENIEHUS CUJI U UX CUCTEM: «PaBHOAEUCTBYIOIAsl CUCTEMBI CHID»,
«OKBHUBAJIEHTHAs CUCTEMa CHII» (TIPUBECTU IPUMEPHI).

7. TlonpasneneHue cuil Ha BHEIIHUE U BHYTPEHHHE (IIPUBECTU IPUMEDBI).

8. Tlonpasnenenue cul Ha BHEIIHKWE M BHYTPEHHHE, COCPEIOTOUYCHHBIE M pacIipeeieHHbIE
CHJIBI (IIPUBECTH MTPUMEPHI)

9. PaBHozeicTBYIOMIAs pacnpeesieHHON cuitbl. [ToHATHE O paBHOJCHCTBYIOIICH paBHOMEPHO
pacripeqieieHHON Harpy3Ky, MHTEHCUBHOCTH paclpe/ielIeHHONW Harpy3ky B 4aCTHOM U 00IIeM
CIIy4asiX, UX BBIYHUCIICHHUE, TPUMEPHI

10. ITpoexiuu cuibl HA OCH KOOPAMHAT, BEIYUCIICHHE, OCHOBHBIE TPUTOHOMETPHUECKUE
TOXKJEeCTBa

11. AKCHOMBI CTaTHKH: aKCHOMa PaBHOBECHS JABYX CHJI (TIOHSATHE CBOOOIHOTO TeEJIA)

12. AKCHOMBI CTaTHKH: aKCHOMA TMPUCOSAMHEHUS M UCKITFOYCHHUST YPABHOBEIICHHOW CHCTEMBI
CHJI, €€ CIIE/ICTBHE.

13. AKCHOMBI CTaTHKH: aKCHOMa TTapayiesiorpamma cui. CIoKeHUe IBYX CHIT, IPUIIOKEHHBIX B
OJTHOM TOYKE, BEKTOPHBIM M aHAJIIMTHYECKUM crioco0amu (IIPUBECTH MPUMEPHI)

14. AxCHOMBI CTaTUKH: aKCHOMa PaBEHCTBA JEHCTBUS U MPOTUBOAEHCTBH. OOpa3yrOT JIM CHITBI
B PacCMaTpUBAaEMOI aKCHOME YPaBHOBELIEHHYIO CUCTEMY CHII?

15. AKcHOMBI CTaTUKH: aKCHOMa OTBEpAEBaHUs (IPUBECTH MIPUMEDP €€ MPUMEHEHUS B
CTaTUYECKUX PACUYETax)



16. Cpsi3u u ux peakiuu (mpuBecTH mpumepsbl). Kitaccudukanms OCHOBHBIX BUIOB CBS3EH Tell,
JeKAIUX B IUIOCKOCTH

17. TlonsiTue «cuctema CXOASIIUXCS CUi». [ TaBHBIN BEKTOP CUCTEMBbI CXOSIIMXCS CUJI, €T0 Tpa-
¢dugeckoe u aHanUTHYECKOE BbuuciieHue. Koraa paBHOACHCTBYIOMIAs CUCTEMBI CXOSIIUXCS CHIT
paBHa IJ1aBHOMY BEKTOPY (MPUBECTH mpumep)?

18. Teopema o Tpex HemapaIeNbHBIX CUIax (IPUBECTH MPUMEPHI)

19. OmnpeneneHue riI1aBHOrO BEKTOPA CUCTEMbBI CXOJSIIUXCS CHIT

20. OmnpeneneHue peakuuii CBsI3eil CUCTEMbI CXOIAIINXCS BEKTOPHBIM CIIOCOOOM

21. OmnpeneneHue peakinii CBA3€H CUCTEMBI CXOIAIINXCS aHATUTUYECKUM CII0CO00M

22. YT0 Ha3BIBAIOT MACIITA0OHBIM KOA(PGUIIMEHTOM TIPU PEUICHUH 33]1a4 Ha OTpE/IeIICHUE YCIIO-
BUI PAaBHOBECHS CUCTEMbI CXOSIIUXCS CHII?

23. OOmras METOAMKA PEIICHUS 3a1a4 CTATUKH (CUCTEMA CXOISITNXCS CHIT)

PexoMenayeMble HCTOUHUKH:
1. lueBckuii, B. A. Teopernueckas mexanuka / B. A. Jluesckuii. — 6-¢ usg., crep. — Cankr-IlerepOypr

: Jlanp, 2023. — 348 c. — ISBN 978-5-507-48273-3. — TekcT : anekTpoHHsIii // JIaHb : 3IEKTPOHHO-
o6ubnmoreunas cuctema. — URL: https://e.lanbook.com/book/346016

2. Monortnukos, B. S. Texuudeckast mexanuka / B. 5. MonotaukoB. — 3-e u3j., ctep. — Cankt-IleTep-
oypr : Jlanp, 2023. — 476 c. — ISBN 978-5-507-45522-5. — Tekcr : anekTpoHHBIH // JlaHb : 371ek-
TpoHHO-OMONMMoTeuHas cucrema. — URL: https://e.lanbook.com/book/271301

3. batp, M. 1. Teopernueckasi MexaHuKa B mpuMmepax 1 3agadax. Tom 1. Craruka u kunemaruka / M. W.
bats, I'. 1O. [Ixxanemumze, A. C. Kens3zon. — 14-e uzn., crep. — Cankr-IlerepOypr : Jlanb, 2023. — 672
c. — ISBN 978-5-507-47033-4. — TekcT : aneKTpoHHBIH // JIaHb : 37eKTpOHHO-OMOIMOTEYHAs CUCTEMA.
— URL.: https://e.lanbook.com/book/322469

4. batp, M. U. Teopernueckas MexaHUKa B puMepax U 3agadax. Tom 2. lunamuka / M. U. bats, I. 1O.
Ixanemunze, A. C. Kens3zon. — 11-e usn., crep. — Cankr-IlerepOypr : Jlanb, 2023. — 640 ¢. — ISBN
978-5-507-47893-4. — Texkcr : anekTpoHHbIH // JIaHb : anekTpoHHO-OMOMMoTeYHas cuctema. — URL:
https://e.lanbook.com/book/332093

5. Makcumos, A. b. Teopetnueckas MexaHuka. Pemenne 3a1a4 CTaTHKY 1 KHHEMATHKH | Y4eOHOE TI0CO-
oue / A. b. Makcumor. — Cankt-IletepOypr : Jlans, 2022. — 208 ¢. — ISBN 978-5-8114-2008-7. —
Tekct : anekTpoHHbIi // Jlanb : anekTpoHHO-0MOIMOTeuHas cuctema. — URL:
https://e.lanbook.com/book/212300

6. Joponun, @. A. Teopetnueckast MexaHuka : yaeoHoe mocodue / @. A. loponnn. — Cankr-IletepOypr
: Jlanp, 2022. — 480 c. — ISBN 978-5-8114-2585-3. — TekcT : anekTpoHHsIi // JIaHb : 3IeKTPOHHO-
oubmuoreunas cucrtema. — URL: https://e.lanbook.com/book/212570

7. Hesenuannas, T.0., Xoxnosa O.A., [Tonomapesa E.B., XoxioB A.B. Kypc TeopeTuieckoit MEXaHUKH.

Cratuka: yue0. mocobue/ Mock. roc. yH-T neuat uM. MiBana ®@enoposa — M.: MI'YII umenu VBana ®e-
nmoposa, 2013. — 188 c.

Tema 2.
Onpeoenenue peakyuii céazeil 6AIKU ¢ 3aUeMAEHHBIM KOHUOM

[Tpu mpakTHYecKOM pelIeHnH 33/1a4 MOXKHO T0JIb30BaThCs 000U U3 TpéX hopM ypaBHe-
HUI paBHOBECHsI, OJTHAKO, MPEANOUTUTENbHEE BEIOPATh MEPBYIO (MM OCHOBHYIO) (OpMY ypaBHE-
HU PaBHOBECHS.

Ocu KoOpIMHAT U MOMEHTHBIE TOYKH MOKHO BBIOMpPATh MPOU3BOJIbHO. [ TOTO, 4TOOBI
[IOJIyYCHHBIE YPABHEHUS PABHOBECHS COLEPKAIIU B CBOEM COCTaBE TOJIBKO OJIHY HEU3BECTHYIO BE-
JUYUHY, 11e7ecCO00pa3HO BHIOMpPATh HANpaBJIEHUS KOOPIMHATHBIX OCEH MEepHeHIUKYISIPHO K
HAIpPAaBJIEHUIO HCKOMBIX HEU3BECTHBIX peakluii (cui). 3a cU€T TOro, 4YTo UCKOMbIE HEU3BECTHbIE
peakuuu (Cuibl) MPU MOAOOHOM BBIOOPE OKaXKyTCs MO HAIPABIECHUIO MEPIEHIUKYISIPHBIMU K
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OCSIM KOOPJIMHAT, IPU COCTaBJICHUU YPAaBHEHUI MMPOECKIINNA 3TH HEM3BECTHBIE B YPABHEHMS MPOECK-
1M He BOMAYT. B KauecTBe MOMEHTHBIX TOYEK CIIEIYET BBIOMPATh TAKHE TOYKU, B KOTOPBIX IIe-
pECEKarOTCs JIMHUU IeHCTBUS HAaMOOJIBILEro Yncia HEM3BECTHBIX peakuil (Cuil), TOra B ypaBHe-
HUU MOMEHTOB OYyJIET COo/IepKaThCs TOJIBKO OJJHA HEM3BECTHAsI UCKOMasl peaKkius (Cruaa, MOMEHT).
IHopsinok pemenus 3aaa4:

1. Beimenuth 0OBEKT UCCIICIOBAHUS — TBEPIOE TEIO, PABHOBECHE KOTOPOTO HAZI0 PACCMOTPETD.
2. M300pa3uth Ha pacy€THOM cXxeMe BCe aKTUBHBIC (3a/1aHHBIC) CHIIBI.

3. Ilpoananu3upoBaTh HallOKEHHBIE CBs3U. [IprMeHnTe akcoMy 0CBOOOKIAEMOCTH OT CBSI3EH,
MIPUJIOKUTE COOTBETCTBYIOIINE peakuuu. IIpoBepbTe yciioBUE CTaTUYECKON ONpPENEIMMOCTH 3a-
JIauy: YMCIIO HEU3BECTHBIX BEJIMYUH JOJDKHO OBITh HE Ooiee TPEX.

4. HampaBuUTh OCH KOOPAWHAT, BEIOEPUTE MOMEHTHBIE TOUKH.

5. CocTaBUTh YpaBHEHHsI pAaBHOBECHSI IPOU3BOJIBHOM IJIOCKOW CUCTEMBI CHIL

6. Pemmmth cuctemMy NoJgy4eHHBIX YpaBHEHUN PABHOBECHSI OTHOCUTEILHO HEU3BECTHBIX BEIMYUH.
Ecnu B pe3ynbpTaTe pelieHns NCKoMasi peakiysl oJIy4aeTcsl MOJ0KUTEIbHOM, TO 3TO 3HAYUT, YTO
HamnpaBjieHuE €€ BbIOpaHO BEPHO, €CJIM OTPULATENIbHOM, TO HalpaBiICHUE peakLUuu MPOTUBOMO-
JIO’)KHO BBIOpAHHOMY (MOJYJIb €€ IIPH 3TOM OCTACTCsI MIPEKHUM).

7. BBINOTHUTH MPOBEPKY MPABUIBHOCTH PEIICHUS], COCTABUB HE MIPUMEHSBIIYIOCS MIPH PEIICHUH
CyMMY MOMEHTOB WJIH npoekiuii. [Ipu cocraBieHun ypaBHEHUS IPOBEPKU IPABUIILHOCTH pellie-
HUS yYUTHIBATEe HCIIPABICHHBIC HANPaBICHUS peakuuid. B cimydyae paBeHcTa HyImo anreOpanye-
CKOM CyMMBbI IPOEKIMI UJIM MOMEHTOB CUYMTAETCS, YTO IPOBEPKA COLLIACH, U 3a]a4a pellieHa pa-
BUJIBHO.

Tunoeoe 3a0anue

Konconpnast ogHoonopHast (3amiemiiéHHas) 6aika Harpy>xeHa cCocpeloTOYEHHBIM MOMEH-
tom M = 80 kH-m, BepTukanbHOl cocpenoroueHHor cunoit F1 = 30 xH, HaknoHHOI o yriaoMm o
= 30° k ocu 6anku cocpenoroueHHou cuinoit F2 = 40kH u pacnipenenénHoii Harpy3Koi ¢ MHTEH-
CUBHOCTHIO (| = SkH/M. [Iinusl yyacTkoB Oaiku: a=2 m; b =6 m; ¢ =3 M u d = 4 m. Onipeieuthb
peaKIMu B 3aJeIIKe.

Y :
IM=80xsH-M q:jl{H/M H=50sH =4 054
a é , o
A B X
7
a=0m |  b=6r | c=3m | d=4m
N/
APy m:SOHH'M - F=308H F=40rH
% N
j "Z RAX> M‘I":’ <\H—q ¥ EQ X d )
ZA G=30sH A8 X
//; i e I
M\-— /G:QM 5=6 M C '—‘jM d=4 ™M ey -
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Pewenue

1. Ha nutockoit pac4€THOM cxeMe 0003HayaeM JIBE OCH IUIOCKOM CUCTEMbI KOOPAMHAT: I'0-
PU30HTANIBHYIO OCh — X U BEPTUKAJIbHYIO — OCh Y, TOUKY MepecedeHus: oceit 0003HaunuM OyKBOM
A.

2. JIns ynoOcTBa BHIOTHEHHS pacy€Ta HAKJIIOHHYIO MO yIIIoM o cully F2 packiansiBaem
Ha JIBE COCTAaBJISIOLINE: TOPU3OHTAIBHYIO F2:cOSOL — OHA HalpaBiieHa BJIEBO IO OTPULIATEILHOMY
HampaBlieHUIO ocu X U BEpTUKAIbHYIO F2-sino — OHa HampaBieHa o OTPULIATEILHOMY HaIlpaBJie-
HUI0 ocu F.

3. IIpoBoiuM 3aMeHy paclpeeIEHHON Harpy3Ku COCPEIOTOYECHHOM, BeTMUMHA KOTOPOM
G =qb=5"-6=30 kH. E€ Touka npuioxxeHus B cepeanHe yyactka b.

4. Cuntaem, 4TO B CHJTYy MajlOi BBICOTHI OQJIKH BCE €€ TOUKH HAXOATCS Ha OHOM MPSMOH,
U BCE TPU HEU3BECTHBIE PEaKLUU B 33J€JIKE IPUIIOKEHBI B OIHOM Touke 4. Peakuuu npeacras-
JICHBI IBYMS COCTaBJISIFOIIMMHU: BEPTUKATbHON — Ray U TOpU30HTaIbHON — Rax, M pEaKTUBHBIM MO-
MeHToM M4. Hanocum Ha pacu€THOM cxeme, CM. pucyHOK 116, BO3MOKHbBIE HANPaBIICHUS Peak-
uuii. B 3azenke, B Touke A BEpTUKAIBHYIO COCTABIISIONIYIO peakiK Ray MpeiBapuTeIbHO HATIPAB-
JISIEM BBEPX 10 MOJIOKUTEILHOMY HaIIPaBJIEHUIO OCH Y, a TOPU30HTAJIBbHYIO COCTABIISIONIYIO — Rax
HaIpaBIIsieM BIPaBO, 4TOObI OHa KOMIIEHCHPOBAJa TOPU3OHTAIBHYIO COCTABISIONIYIO Pa3/I0KEH-
HOM cuiibl F2; peakTUBHBIA MOMEHT My OTHOCHUTENBHO TOYKU A HaIpaBisieM MPOTHB YacOBOM
CTPEJIKH.

[Tocne npunoxeHus B 3aji€lIKe, B TOUKE 4 TPEX pPeakiUil UMeeM CUCTEMY C IBYMS HEU3-
BECTHBIMHU peakusiMu Ray u Rax 1 HEeM3BECTHBIM pEaKTUBHBIM MOMEHTOM M.

CraTuka TeopeTH4eCKON MEXaHUKH JIUIsl TAKUX CUCTEM IO3BOJISIET COCTaBUTh TPU YpaBHE-
HUSl paBHOBECHSI, peliasi KOTOphIE, ONMPEAETSIOT HEU3BECTHBIE peakuun Ray, Rax 1 HeusBecTHBIN
PEAKTUBHBIA MOMEHT My, '

CocraBinisieM niepBoe ypaBHEHHE MPOEKIUI BCEX CUJI HA BEPTUKAIBHYIO OCh Y U, pemiasi 3TO
ypaBHEHHE, OIpeelisieM peakiuio Ray:

n
0
Ray =G + F1+ F2 - sina =30 + 30 + 40 - sin 30° = 80 xH.

Ray = 80 xH.

Peaxkiust Ray mosryumiiach Co 3HAKOM «ILTFOCY, 3HAUUT e€ HarpaBJieHUue ObUTO BBIOPAHO Ipa-
BWJIBHO.

CocraBisieM BTOpPOE YpaBHEHHUE MPOSKIINH BCEX CHII HA TOPU3OHTAIBHYIO OCh X U, pelias
9TO ypaBHEHUE, OMPEIEisieM Peakiuto R4x:

n
D> Fx =Ru —F,cosa=0;
0
R4x=F2 - cosa =40 - cos 30° = 34,64 xH.
Rax= 34,64 xH.
Peakiust Rax mosy4miach O 3HaKOM «ILTFOCY», 3HAYUT €€ HaIpaBlieHHE ObLIO BBIOPAHO
PaBUJIBHO.

CocrapisieM TpeThe ypaBHEHHE MOMEHTOB OTHOCUTENIbHO TOUKHU A B 3a/I€JIKE U, periasi 3T0
ypaBHEHUE, ONIPEACIISIEM PEAKTUBHBI MOMEHT My:

12



> mu(F)=-M,+m+G(a+b/2)+F(a+b+c)+F,sina(a+b+c+d);
0

My=+m+G(a+b/2)+Fi-(a+b+c)+Fsino-(@a+b+c+d)=
=80+ 30 - (2 +6/2) + 30 - (2+6+3)+40 - sin30°(2+6+3+4) = 860 xkH

M4 = 860 xH.
PeakTuBHBINI MOMEHT M4 MOITYYHIICS CO 3HAKOM «IUIIOC», 3HAYUT €r0 HAIpaBJIEHUE ObLIO

BbIOpaHO MPABUIIBHO.
ITPOBEPKA.
[IpoBepky npaBUIBLHOCTU PELICHUSI TPOBOJAUM IO YPAaBHEHHI0 MOMEHTOB OTHOCHTENIBHO

TOYKHU B:

Zn:mB(F)zo;
0

> mg(F)=Ry (@+b+c+d)-M,+m-G(b/2+c+d)—Fd=0;
0

80:(2+6+3+4)—-860+80—-30(6/2+3+4)-304=0;
1200 - 860 + 80 — 300 — 120 = 0;
1280 - 1280 = 0.

1280 = 1280.
Peuienue BbITIOTHEHO BEPHO

TpeGoBaHus K BHINOJTHEHHIO 32/1aHNsI 110 TAHHOI TeMe:

Crnenatp 6ubnuorpaduueckoe onucaHue T0KyMEHTa.

OCMBICTUTH OCHOBHOE COJICpPIKaHUE TEKCTA, IBAXKIBI IPOYHUTAB €TO.

[Tonpa3nenats MaTepuail Ha OCHOBHBIE CMBICIIOBBIE YACTH, BBIICTSTH TTIaBHBIE MBICIH, BBIBO/IBI.
CocTaBuTh IUIaH TEKCTa — OCHOBY KOHCIIEKTa, CHOPMYIIUPYHUTE €TO ITYHKTHI H OTPEICIIUTE, YTO
CJIeTyeT BKJIFOUUTH B KOHCIEKT JJISl UX PACKPBITHSI.

Ha ocHoBe n3y4eHusi COOTBETCTBYIOIIMX pa3JieloB YYeOHUKOB, yUEOHBIX TOCOOMI M KOHCIIEKTa
JIEKIUH cOPMYITUPOBATH OTBETHI Ha BOMIPOCHI.

IHopsAaok BBINOTHEHHUS 3a1aHUA:

CocTaBuTh IJIaH KOHCIIEKTA, paclpeieanuTe coOpaHHbId MaTepuan B HEOOXOIUMON JOTrMYECKON
[IOCJIEI0BATEILHOCTH.

Komno3unmonHo oopMuTe KOHCIEKT.

N3yunth yueOHyI0 HHPOPMALIUIO 110 TEME, TPOU3BECTH €€ aHaJIM3, 1aTh OTBETHI Ha OCTABJICHHbIE

BOIIPOCHI.

TpeooBanusi k opopmiieHuIo 3aaanusi: Permenue 3agaun opopMuth B pabodeit TeTpaau ¢ wi-
JTIOCTPALUSAMHU, PACYETHBIMU (OPMYTIaM U KOMMEHTAPHUSIMHU.

®DopMa KOHTPOJIA: Y CTHBIN OIPOC.

PexomeHnayemMble HCTOYHHKH:
1. TneBckuii, B. A. Teopernueckas mexanuka / B. A. JlueBckuii. — 6-e u3j., crep. — Cankr-IlerepOypr

: Jlanw, 2023. — 348 c. — ISBN 978-5-507-48273-3. — Tekcr : 37eKTpoHHbIH // JlaHb : 2JIEKTPOHHO-
oubnmoreunas cucrema. — URL: https://e.lanbook.com/book/346016

2. Monortuukos, B. 5. Texuudeckast Mexanuka / B. 5. MonotHukoB. — 3-¢ u3z., crep. — Cankr-IleTep-
Oypr : Jlanb, 2023. — 476 c. — ISBN 978-5-507-45522-5. — Tekcr : anekTpoHHbIH // JlaHb : 31ek-
TpoHHO-OMOMoTeuHas cucrema. — URL: https://e.lanbook.com/book/271301

13



3. batp, M. U. TeopeTrueckas MeXxaHuKa B IpuMepax u 3agauax. Tom 1. Cratuka u kuHematuka / M. .
bats, I'. 1O. Ixanenunze, A. C. Kenp3on. — 14-e u3n., crep. — Cankr-IlerepOypr : Jlanp, 2023. — 672
c. — ISBN 978-5-507-47033-4. — TekcT : aneKTpoHHbIH // JIaHb : 37eKTpOHHO-OMOIMOTEYHAs CUCTEMA.
— URL.: https://e.lanbook.com/book/322469

4. batp, M. 1. Teopernueckast MexaHuKa B puMepax u 3agadax. Tom 2. {unamuka / M. U. bats, I. 1O.
Mxanenumze, A. C. Kens3on. — 11-e u3na., crep. — Cankr-IletepOypr : Jlans, 2023. — 640 c. — ISBN
978-5-507-47893-4. — Texkcr : anekTpoHHbIH // JIaHb : anekTpoHHO-0nOInoTeuHas cuctema. — URL:
https://e.lanbook.com/book/332093

5. Makcumos, A. b. Teopetnueckast MmexaHuka. Pemenne 3aa4 CTaTHKA 1 KHHEMATHKH : y4e0HOE TIOCO-
oue / A. b. MakcumoB. — Cankt-IletepOypr : Jlans, 2022. — 208 ¢. — ISBN 978-5-8114-2008-7. —
Tekcr : anekTpoHHsIi // JlaHb : 371eKTpoHHO-OMOMMoTeuHas cuctema. — URL:
https://e.lanbook.com/book/212300

6. Hoponun, @. A. Teopetnueckast MexaHuka : yaeoHoe mocodue / @. A. loponnn. — Cankr-IletepOypr
: Jlanp, 2022. — 480 c. — ISBN 978-5-8114-2585-3. — TekcT : anekTpoHHsIi // JIaHb : 3IEKTPOHHO-
oubnmoreunas cucrema. — URL: https://e.lanbook.com/book/212570

7. Hepenuannas, T.0., Xoxmosa O.A., [Tonomapera E.B., Xoxnos A.B. Kypc TeopeTndeckoii MeXaHUKH.

Craruka: yue6. mocodue/ Mock. roc. yH-T iedatn uM. MBana ®@exoposa — M.: MI'YII umenu NBana de-
nmoposa, 2013. — 188 c.

Tema 3.
Onpedenenue peakyuii céaseil 08YXONOPHOIU DANKU

[Tpu nmpakTUYECKOM PEIICHUHU 3a/1a4 MOXKHO IOJIb30BaThCs 000 U3 TpEX Gopm ypaBHe-
HUW paBHOBECHS, OJIHAKO, IPEANIOUTUTEIbHEE BRIOPATh IEPBYIO (MJIM OCHOBHYIO) (pOopMy ypaBHE-
HUM paBHOBECHS.

Ocu KoOpIMHAT U MOMEHTHBIE TOYKH MOKHO BBIOMpPATh MPOU3BOJIbHO. [1i TOrO, 4TOOBI
MIOJIyYE€HHBIE YPaBHEHUS PAaBHOBECHSI COJIEP>KAIIN B CBOEM COCTABE TOJIBKO OJHY HEU3BECTHYIO Be-
JUYMHY, 11eJ1eco00pa3HO BHIOMpATh HANPABJIECHUS KOOPAUHATHBIX OCEH MNEPIEHIUKYISIPHO K
HalpaBJICHUIO HCKOMBIX HEU3BECTHBIX peakiuii (cui). 3a cUéT TOro, 4YT0 UICKOMbIE HEU3BECTHbBIE
peakuuu (cuipl) IpU MOJOOHOM BBIOOpPE OKa)XyTCs MO HAIPaBJICHUIO MEPIEHIUKYISIPHBIMU K
0CSIM KOOPJMHAT, ITPU COCTABJICHUU YPABHEHUM ITPOEKIIMN ATH HEU3BECTHBIE B YPABHEHUS IIPOEK-
Ui He BOMAYT. B KauecTBe MOMEHTHBIX TOYEK CIIE€IyeT BBIOMPATh TaAKHE TOYKU, B KOTOPBIX Ie-
peceKaroTcsl TMHUM ACHCTBUS HauOOJBIIETo YMcIa HEM3BECTHBIX peakluii (CHiT), TOr1a B ypaBHe-
HUU MOMEHTOB OYyJIET CO/IepPKaThCs TOJIBKO OJJHA HEM3BECTHAsA UCKOMasl peakius (Crujaa, MOMEHT).
Iopsaaok pemenus 3aaay:

1. Boiaenutb 0OBEKT HCCIeJOBaHUS — TBEPOE TEI0, PABHOBECHE KOTOPOTO HA/I0 PACCMOTPETD.
2. V300pa3uth Ha pacyE€THOM cXxeMe BCe aKTUBHBIC (3a/1aHHBIC) CHITBI.

3. IlpoananusupoBaTh HajloXKeHHbIE CBsI3U. [IprMeHuTe akcoMy 0CBOOOXKIa€MOCTH OT CBS3EH,
MPUJIOKUTE COOTBETCTBYIOILIUE peakiuu. [IpoBeppTe yciioBUE CTaTUYECKOM ONpeaeTuMOCTH 3a-
JIauy: YMCJIO HEU3BECTHBIX BEJIMYUH JOJDKHO OBITH HE Ooee TpEX.

4. HampaBuUTb OCH KOOPJAMHAT, BHIOEPUTE MOMEHTHBIE TOUKH.

5. CocTaBUTh ypaBHEHHs PAaBHOBECHSI TPOM3BOJILHON TIIOCKOW CHCTEMBI CHIL.

6. PemuTh cucTeMy NOJTYyYCHHBIX YpaBHEHUH PABHOBECHS OTHOCUTEIIHHO HEM3BECTHBIX BEITUYMH.
Ecnu B pe3ynpTaTe pelIeHNs NCKOMasi peaKIMsl TOJIy4aeTCsl OJ0KUTENbHOM, TO 9TO 3HAYUT, YTO
HanpaBlieHue €€ BBIOpaHO BEPHO, €CJIM OTPULATENIbHOM, TO HampaBieHHE peakluu MPOTUBOMO-
JI0KHO BBIOpaHHOMY (MOZYJb €€ MPH 3TOM OCTAeTCs MPEXKHUM).

7. BBINOIHUTH MPOBEPKY MPABUIIBHOCTH PEIICHUS], COCTABUB HE MIPUMEHSBIIYIOCS MTPH PELIEHUH
CyMMY MOMEHTOB UM Npoekuui. [Ipu cocraBienun ypaBHEHUS IPOBEPKU NIPABUIIBHOCTH peIlIe-
HUSl YUUTBIBaiiTe UCpaBlieHHbIE HANIpaBJIeHUs peakiuil. B ciayyae paBeHcTa Hy/t0 anredpanye-
CKOM CyMMBI IPOEKIIMI UM MOMEHTOB CUUTAETCSI, YTO IPOBEPKA COLILIACK, U 3a/ja4ya pelleHa IIpa-
BUJIBHO.
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Tunoeoe 3ao0anue
JIByxomopHas 6ajika ¢ IapHUPHBIMHU OTIOPAMHU Harpy»eHa COCPeI0TOYEHHBIM MOMEHTOM

m = 60 xkH-M, HakoHHOM noA yriioM o = 60° kK ocu 6asiku cocpenoroueHHoi cunoi F1 =20 kH,
BEPTUKAIBHOU cocpenoToueHHon cmtoi F2 = 30 kH u pacnpenenéHHoii Harpy3koi ¢ HHTEHCHUB-
HOCTBIO (| = 4 kH/M. JInvHbI y4acTKOB Oanku: a =5 M, 6 =3 M, ¢ = 4m u d = 6 m. Onpenenutsb
peaxIuu orop.

Y

a (0 mTéiOHu-m it} ‘f; =30xH
) B 1

NLA 18

N oz

a=Sw | B=F1 | Co4m d=6rs

><il

Y

F=20xH %_’_‘ [T1=6 0t
0 dN\F Foax B

9% o
G=16 |xH

Fiy.

L

Pewenue

1. Ha ntockoii pacuéTHol cxeme 0003HadaeM JIEBYIO Oopy OyKBoOi A4, a mpaByro — OyKBOii
B, a Tax:xe mpOBOAMM JIBE€ OCH IJIOCKON CUCTEMbI KOOPAMHAT: TOPU3OHTAIBHYIO OCh — X U BEpTH-
KaJbHYIO OCh — Y uepe3 onopy A.

2. Jlns ynoOCTBa BBHIIOJIHEHUS pacy€éTa HAKIOHHYIO MOJI YIJIOM o cuily F1 packiaabsiBaem
Ha JIBE COCTaBJISIIOIME: TOPU30HTANIBHYIO F1-:COS0L — OHa HarpaBiieHa BIPABO 110 OJI0KHUTEIbHOMY
HAarpaBJICHUIO OCH X U BepTUKAIBHYIO F1-SiNoL — OHa HampaBieHa Mo OTPHUIATEILHOMY HalpaBJie-
HUIO ocH Y.

3. [IpoBouM 3aMeHy pacnpenen€HHON Harpy3ku COCpEOTOUYSHHOM, BETMUYNHA KOTOPOH
G =¢qc=4-4=16kH. E€ Touka npuioxeHus B cepeIlMHe y4acTKa c.

4. Ha pacu€THoli cxeMe NpuKIIaapIBaeM U 0003HaUYaeM peakiuu B onopax. Jlepast onopa 4
[IapPHUPHO-HETIOABUXKHAsL, OHA UMEET JIBE€ COCTABIIAIOLINE PeaKIui: BEpTUKAIbHYI0 Ray U ropu-
30HTaJIbHYIO R4x. BepTukanbHyto Ray npeaBapuTenbHO HAapaBIiieM BBEPX MO MOJIOKUTEIbHOMY
Harnpasienuto ocu Y. Eciu B pouecce pacuéra oHa MOSyYUTCS CO 3HAKOM «MHUHYC», TO TOT/1a e€
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HampaBlieHuE HEOOXO0AUMO OyJIET CMEHUTDH Ha MPOTHUBOIOJIOKHOE. A TOPU30HTAIBHYIO COCTABIIS-
101yl0 R4y HampaBuM BIIEBO, YTOOBI OHAa KOMIIEHCHMPOBaja FOPU30HTAIBHYIO COCTABIISIONILYIO,
pa3iIoXKeHHOU cuibl Fi.

[IpaBas onopa B — mIapHUPHO-NIOABMKHASL, OHA UMEET OAHY COCTABJISIOLIYI0 PEaKLUu —
BEPTHUKAIbHYIO, IEPIEHIUKYISIpHYIO ocH 6anku — Rpy. [IpenBaputenbHo HampasiisieM e€ BBEPX 110

MOJIOKUTEILHOMY HalpaBiICHUIO OCH Y.
[Tocne nmpunoxxeHus: peakiuii B onopax 4 u B, uMeeM cuUCTeMy C TpeMsl HEM3BECTHBIMU

peakuusaMu Ray, Rey u Rax.
CraTuka TeOPETUIESCKOW MEXaHUKH JUUISl TAKMX CHCTEM IO3BOJISICT COCTABUThL TPH ypaBHE-

HUS pPaBHOBECHS, pellasi KOTOPbIE, ONPEIEISIIOT HEU3BECTHbIE peakinu Ray, Rpy v Rax !

Zn:mA(F) =0;
0
Zn:mB(F)zo;
0
Zn:FX =0.
0

5. CocTaBiisieM epBO€ ypaBHEHHUE MOMEHTOB OTHOCUTENIBHO ONOPHI A U, periast 3TO ypaB-
HEHHMeE, ollpeelisieM peakuuto Ray:

ZmA(F):—Flsinoc-a—m+G(b+%j—RBY(b+c)—Fz(b+c+d):0;
0

Rgy =[— Flsinoc-a—m+G(b+;)—Fz(b+c+d)}/(b+c)=

=[-20 -sin 60°-5 — 60 + 16-(3+4/2) — 30 (3 + 4 + 6)]/ (3+4) =— 65,3 xkH.
Rey=—65,3 kH.
Peakuust Rpy mosy4nnach co 3HAKOM «MHHYC». ITO TOBOPUT O TOM, YTO €€ HEOOXOIUMO

HAIPaBUTh B IPOTUBOIOJIOKHYIO CTOPOHY.
6. CocTaBisieM BTOpOo€ YypaBHEHHE MOMEHTOB OTHOCUTENBHO OIOPHI B U, perias 3TO ypas-

HCHUC, OIIPECACIIACM PCAKIIUTO Rav.

> mg(F)=—Fsina-(a+b+c)—m+ RAY(b+c)—G%—F2d ~0;
0

Ry =[Flsinoc-(a+b+c)+m+G;+ de}/(b+c):

=[20 -sin60°(5+3+4) +60 +16 -4/2 +30 -6 | / (3+4) = 68,7xH.
Ray= 68,7xH.

7. IIpoBepka npaBUILHOCTH BHITIOJHEHHOTO PEIICHHUS 110 ONPEAETIEHUIO BEPTHKAIbHBIX CO-
CTaBJISIIOIIMX peakUuii B onopax 4 u B.
JI1st IpOBEPKH COCTABIISIEM YPABHEHUE:!

n
Z F, =0 — cymMMa IPOCKIUH BCEX CHII (BHCIIHMX M BEPTHKAIBHBIX COCTABIIIOMINX pe-

0
akuuil B onopax 4 u B) Ha BEpTUKAIBbHYIO OCh Y.

n
> R =-Fsina+R,y —G—Rg +F,=0.
0

—20 -sin60° + 68,7-16 — 65,3 + 30 = 0;
—98,7 + 98,7 =0;

0=0.

Penienue BBIMOTHEHO BEPHO.
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CocragisieM TpeTh€ YpaBHEHUE MPOCKIMA BCEX CHJI HA TOPU30HTAJIbHYIO OCh X U, penias
3TO ypaBHEHUE, OIPEIENsieM peakiuio Rx:

n
> Fy =0.

0

n

> Fy =F cosa—RAX =0
0

R4x=F1-coso =20-cos60° =10 xH.
Rsx= 10 xH.

TpeOoBaHMs K BHIINIOJHEHHUIO 32/IaHKS 110 JAHHOH Teme:

Crnenarp 6ubmuorpaduaeckoe ornucaHue TOKyMEHTA.

OCMBICITHTh OCHOBHOE COJIEpYKAHUE TEKCTA, IBAXKBI IPOYUTAB €TO.

HOIIpEBZ[GJ'IHTI) MaTepI/IaJI Ha OCHOBHBIC CMBICJIOBBIC HaCTHU, BBIACIIATH I''IaBHBIC MBICJIIM, BBIBO/BI.
CocTaBuTh IJIaH TEKCTa — OCHOBY KOHCIIEKTa, CHOPMYIUPYHUTE €r0 MYHKTHI U OMpEAeNnuTe, YTo
CJ'IeIlyeT BKJIFOUUTH B KOHCIICKT OJIA UX paCKpLITI/ISI.

Ha ocHOBe u3y4eHus COOTBETCTBYIOIIUX Pa3esioB Y4eOHUKOB, Y4EOHBIX OCOOUI M KOHCIIEKTa
JICKITUH CPOPMYITUPOBATH OTBETHI HA BOIIPOCHI.

IHopsaoK BHINOJIHEHHS 3a1aHUA:

CocTaBuTh IJIaH KOHCIIEKTA, paclpeseluTe coOpaHHbIi MaTepual B HEOOXOAUMOM JTOruyeckoin
IIOCJIE0BATENBHOCTH.

Komno3uimonHo opopMUTE KOHCIEKT.

N3yunth yueOHYI0 HHPOPMALIUIO 110 TEME, TPOU3BECTH €€ aHaJIH3, 1aTh OTBETHI HA TIOCTABICHHBIE
BOIIPOCBL.

TpeboBanusi k odpopmiienuro 3aganusi: Perenue 3agaun opopMuTh B pabodeil TeTpaau ¢ Wi-
JTIOCTPALUSAMHU, PACYETHBIMU (OPMYTIaM U KOMMEHTAPHUSIMHU.

dDopMa KOHTPOJIA: Y CTHBIN OIPOC.

PexoMeHnayeMble HCTOYHMKU:
1. lnesckuii, B. A. Teopernueckas mexanuka / B. A. JlueBckuil. — 6-e u3z., crep. — Cankr-IlerepOypr

: Jlanw, 2023. — 348 c. — ISBN 978-5-507-48273-3. — Tekcr : 37eKTpoHHbIH // JIaHb : 2IEKTPOHHO-
oubnmoreunas cuctema. — URL: https://e.lanbook.com/book/346016

2. Monotnukos, B. f. Texandeckas mexanuka / B. SI. Monotaukos. — 3-e u3a., crep. — Cankr-Iletep-
Oypr : Jlanp, 2023. — 476 c. — ISBN 978-5-507-45522-5. — Texkcr : anekTpoHHbIH // JIaHb : 35ek-
TpoHHO-OHOMoTeuHas cucrema. — URL: https://e.lanbook.com/book/271301

3. batp, M. 1. Teopernueckasi MexaHUKa B mpuMepax u 3agadax. Tom 1. Craruka u kuHemaruka / M. W.
bats, I'. 1O. xxanenumze, A. C. Kens3zon. — 14-e u3a., crep. — Cankr-IlerepOypr : Jlanb, 2023. — 672
c.— ISBN 978-5-507-47033-4. — TekcT : aneKTpoHHbIH // JIaHb : 371€eKTpOHHO-OMOIMOTEYHAsI CUCTEMA.
— URL.: https://e.lanbook.com/book/322469

4. batp, M. 1. Teopernueckast MexaHuKa B mpuMmepax u 3agadax. Tom 2. Iunamuka / M. U. bats, I. 1O.
Hxanemumze, A. C. Kenb3on. — 11-e u3j., crep. — Cankr-IletepOypr : Jlanb, 2023. — 640 c. — ISBN
978-5-507-47893-4. — Tekcrt : anexTpoHHbIH // JlaHb : anekTpoHHO-OMbIMOTeyHas cucrema. — URL:
https://e.lanbook.com/book/332093

5. Makcumos, A. b. Teopetndeckast MexaHuka. Perenne 3a1aq CTaTUKKA U KHHEMATHKH : yieOHOE TI0Co-
oue / A. b. MakcumoB. — Cankt-IlerepOypr : Jlanp, 2022. — 208 ¢. — ISBN 978-5-8114-2008-7. —
TekcrT : anekTpoHHsIi // Jlans : 21eKTpoHHO-0nbMoTeunas cucrema. — URL:
https://e.lanbook.com/book/212300
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6. opouun, ®. A. Teoperuueckast MexaHuKa : yaeOHoe mocobue / ®@. A. Jloponun. — Caunkr-IlerepOypr
: Jlanp, 2022. — 480 c. — ISBN 978-5-8114-2585-3. — TekcT : aeKTpoHHbI# // JIaHb : 3I€KTPOHHO-
oubnuoreunas cuctema. — URL: https://e.lanbook.com/book/212570

7. Hesernuannas, T.0., XoxmoBa O.A., [Tonomapea E.B., XoxnoB A.B. Kypc Teoperndeckoii MEXaHUKH.
Craruka: yue6. mocodue/ Mock. roc. yH-T nieuatu uM. MiBana ®@expoposa — M.: MI'YII umenu MBana de-
noposa, 2013. — 188 c.

Tema 4:
Onpeodenenue peakyuii Onop NAOCKOU HCeCMKOU pamul

[Tpu mpakTUYECKOM PEIICHUH 33/1a4 MOXHO IMOJIb30BaThCs JF000i 13 TPEX PopM ypaBHE-
HUU paBHOBECHS, OJHAKO, TIPEAIIOYTUTEIIbHEE BRIOPATh MEPBYIO (WK OCHOBHYIO) (hopmy ypaBHe-
HUM paBHOBECHS.

Ocu KOoOpIMHAT U MOMEHTHBIE TOYKH MOKHO BBIOMpPATh MPOU3BOJIBHO. [ TOTO, 4TOOBI
MOJTy4YeHHBIE yPaBHEHUS PABHOBECHSI COJIEPKAU B CBOEM COCTaBE TOJIBKO OJJTHY HEM3BECTHYIO Be-
JUYUHY, 11e7eco00pa3HO BBHIOMpaTh HAIpaBIEHUsS KOOPAMHATHBIX OCEH MEPHEHIUKYISIPHO K
HaIPaBJICHUIO UCKOMBIX HEM3BECTHBIX peakiuii (cui1). 3a c4€T TOro, 4YTO UCKOMbIE HEM3BECTHHIC
peakuu (CUibl) MPU MOAOOHOM BHIOOPE OKAXYTCS MO HANpPaBIECHUIO MEPIEHANKYISIPHBIMU K
OCSIM KOOPJIUHAT, IIPH COCTABIICHUU YPaBHEHHM MTPOEKIINIA 3TH HEU3BECTHBIE B YPABHEHUS IIPOEK-
U He BOHAYT. B KauecTBe MOMEHTHBIX TOYEK CJIEyeT BBIOMPATh TAKHE TOYKH, B KOTOPBIX Tie-
peceKaroTCs JIMHUU IeUCTBUSI HAMOOJBIIETO Y1 Cia HEU3BECTHBIX PEaKIUi (CHIT), TOT/Ia B ypaBHe-
HUU MOMEHTOB OYyJIET COo/IepKaThCs TOIBKO OJJHA HEU3BECTHAsI UCKOMasl peaKius (Crujia, MOMEHT).
IMopsinok pemieHust 3a1a4:

1. Beimenuth 0OBEKT HCCIICIOBAHUS — TBEPIOE TEIIO, PABHOBECHE KOTOPOTO HAZI0 PACCMOTPETD.
2. N3o0pa3uth Ha pacUETHOM CXeMe BCE aKTHUBHBIC (3aJaHHBIC) CHUIIBI.

3. IIpoananu3upoBaTh HAIOKEHHBIC CBS3H. [IpUMEHNTE aKCHOMY OCOBOOXKIAaEMOCTH OT CBSI3EH,
MPUJIOKUTE COOTBETCTBYIOIINE peakuuu. [IpoBepbTe yciioBUE CTaTUYECKON ONPENEIMMOCTH 3a-
Ja4M: YMCIIO HEM3BECTHBIX BEJIMYHH JIOJDKHO OBITH HE OoJiee TPEX.

4. HampaBUTh OCH KOOPJAUHAT, BHIOEPUTE MOMEHTHBIE TOUKH.

5. CocTaBUTh ypaBHEHHS PaBHOBECHS TTPOU3BOJIBHON TIJIOCKOM CHCTEMBI CHJI.

6. Pemmmth cuctemMy MOJy4EHHBIX YPaBHEHUN PABHOBECHSI OTHOCUTEIHFHO HEU3BECTHBIX BEIMYHUH.
Ecnu B pe3ynbprare pemeHus iCKoOMasi peakiiust Moay4aeTcs MOJOKUTEIBHOM, TO 3TO 3HAYUT, YTO
HampaBlieHue €€ BBIOPaHO BEPHO, €CIIM OTPUIATENIbHOM, TO HampaBlIeHHE PeaKlUu MPOTUBOMO-
JI0’KHO BBIOPAaHHOMY (MOJTYJIb €€ TIPU 3TOM OCTAETCS TIPEKHHM).

7. BBINOTHUTH MPOBEPKY MPABHILHOCTH PEIICHUS], COCTABUB HE MIPUMEHSBIIYIOCS MIPH PEIICHUH
CyMMYy MOMEHTOB WM npoekiuii. [Ipu coctaBnennu ypaBHEHUS MPOBEPKU MPABMIBHOCTH peIlie-
HUS YUYUTHIBaiiTe UCTIpaBlieHHbIC HAMIPaBJICHUs peakiuii. B coyyae paBeHcTa Hy/IO anredpanye-
CKOW CyMMBI TIPOEKITNI UM MOMEHTOB CIYMTAETCS, YTO IIPOBEPKA COIIACH, U 3aj[a4a pPelieHa mpa-
BUJIBHO.

Tunoeoe 3a0anue no meme.

XKéctkas pama 4B, pa3mepbl KOTOpPO# yKa3zausl Ha puc. 1 (a=1m), 3aKperieHa IapHUPHO
B HETOJBWXHON TOouke A, a NMpaBbIM KOHILIOM OMMPAETCS C MOMOIIBIO IMIAPHUPHO-TIOBMKHON
OTIOPHI Ha TJ1a/IKYI0 BEPTUKAIBbHYIO IJIOCKOCTh. JIeBas yacTh paMbl Harpy>kKeHa pacupeenéHHON
10 JTMHEHHOMY 3aKOHY Harpy3koi uHTeHcuBHOCTBIO =2KH/M. K pame npunosxxens! cunsl F1 =20
kH u F2=10xH, pacnonoxennsie nof yriiom o = 30° K TOpH30HTY, a TaKKe Mapa CUJI C MOMEHTOM
M=4xH-M. Onpeoerume peakuuu onop 3aJJaHHON KOHCTPYKITUH.
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Puc. 1. Ucxonuas cxema
Pewenue.
1. O6BeKTOM HCCIIeIOBaHUS SBJISETCS KECTKAst pama AB. PaccmorpuM paBHOBecHe IL1oC-

KOW CHCTEMBI CWJI, JENCTBYIOLIEH Ha )KECTKYIO pamy AB.
2. ITokaxkeM Ha pacd€THOMN cxeme (puc. 2) pambl aeiictByromue cuasl F 1 F, , mapy cun

¢ MoMeHTOM M, pacripeieN€HHYIO 110 IMHEWHOMY 3aKOHY Harpy3Ky 3aMEHUM PaBHOJEHCTBYIOLIEH

Q , no MozyIIO paBHOIA:
¥ IPUKJIabIBaeMoii Ha paccTosuuu 6a/ 3 ot Touxu A.
3. Mbicnenno or6paceiBaeM cBsi3u B Toukax A u B u 3amensam ux peakuusamu Rg; X A3 Y4
4. IIpoBoauM yepes Touky A ocu koopauHaT AXY U BeIOUpaeM e€ B Ka4eCTBE MOMEHTHOM TOUYKH.
5. CocTaBnsieM Tpu ypaBHEHHsI PaBHOBECHUS Ui JaHHOW MPOU3BOJILHON IJIOCKOM CHCTEMBI

%q-6a=3-2-1=6 (xH)

CHIT:
YF,=0; - X,—-Q+F cosa+F,-sina—Rg =0;
ZFkyzo; —Y,—F -sina—F,-cosa=0;
ZmA(Ek)=O; Q-2a—-M —F,-6a-cosa—F,-4a-sina—F,-6a-sino—
—-F,-9a-cosa+Rg-2a=0.

VA
F.
M/"‘l a N1
A \ —
- o F2
]
A _ =
sl @ Rz
- )
= B
L | ¥
< o >
x, 4
- 4a Sa
R >

Puc. 2. PacyerHas cxema

6. Pemraem nosy4eHHYIO CUCTEMY YPaBHEHUI PaBHOBECHSI.

U3 nocnesHero ypaBHeHus HaxoauM R :
Rg =M/2+ Fy+(3c0s30° —25in30° ) + F, - (3sin30° —4,5¢0s30° ) - Q =
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=4/2+20-(3c0s30" - 25in30° ) +10-(3sin30" — 4,5c0530" ) ~ 6 ~122 (xcH).
U3 niepBoro ypaBHeHust onpezeisieM X a':
X =F-c0s30° +F,-c0s30° -Q - Rg =20-c0s30° +10-cos30" -6 -122 =
= 105,68 (xH).
U3 Broporo ypasHeHust onpezensieM Y :
Y, =—F -sin30° - F, -sin30° =—20-sin30° —10-sin30° =-18,66 (xH).

7. BbIIoIHUM NPOBEPKY MPABUWIILHOCTH penieHns. COCTaBUM CyMMY MOMEHTOB OTHOCHUTEILHO
TOYKHU B:

ZmB(Ek)zo; ~M —F,-4a-cosa.+F,-5a-sina—F,-4a-sina— X ,-2a+Y,-9a=0;

—4-20-4-1-c0s30° +20-5-1-sin30°—10-4-1-sin30° —(—105,68)-2 1+
+(—l8,66)-9-1=0 ;
0=0.
Omeem: X , =-105,68 (kH); Y, =-18,66 (kH); Rg =122 (xH).
3HaK «MHHYC)» CBUCTEIBCTBYET O TOM, YTO COCTABIISIONIAS PEAKIIUH CBSI3H JIOJDKHA OBITh
HAIIpaBJICHA B APYT'YIO CTOPOHY.
TpeOoBaHMsI K BHINIOJTHEHHUIO 32/IaHUS 110 JAHHOM TeMe:
Cnenarp 6ubmmorpaduaeckoe onucaHue TOKyMEHTA.
OCMBICITUTh OCHOBHOE COJICPYKAHHUE TEKCTa, JIBAX bl IPOYHUTAB €TO.
[Toapasnenats MaTepral Ha OCHOBHBIC CMBICIIOBBIC YaCTH, BBIICIISTH IJIABHBIC MBICIIH, BHIBOJIBI.
CocTaBUTh IJIaH TEKCTa — OCHOBY KOHCIIEKTA, CHOPMYITUPYHUTE €ro IMMyHKTHI M ONPEACIUTE, YTO
CJICAyeT BKJIIOUUTH B KOHCIICKT TSI UX PACKPBITHSL.
Ha ocHOBe u3yueHHsI COOTBETCTBYIOIIUX PA3JICIOB YUCOHUKOB, YUCOHBIX TTOCOOUI U KOHCIIEKTA
JIEKIHH c(OPMYITMPOBATH OTBETHI HA BOIIPOCHI.

IHopsiioK BHINOJTHEHHS 32IaHUA

CocTaBuTh MJIaH KOHCIIEKTA, paclpe/ieluTe cOOpaHHbIM MaTeprail B HEOOXOAUMOM JTOrHYecKoi
IIOCIIE0BATENBHOCTH.

Komno3uimonHo opopMUTE KOHCHEKT.

N3yunth yueOHyI0 MHPOpPMALIHIO 10 TEME, IPOU3BECTHU €€ aHaIU3, 1aTh OTBETHI HA IIOCTABJICHHbIE
BOIIPOCHI.

TpeboBanus k ogopmiaeHuIo 3a1anus: Pemenue 3anaun ohopMuTh B paboueit TeTpaau ¢ wi-
JIOCTPALUAMHU, PACUETHBIMU (OPMYJIaM U KOMMEHTAPUSMU.

®opma koHTpoJIsi: Onpoc 1Mo TeMe JIeKIUH.

KoHTposibHBbIEe BOIPOCHI 110 TeMe:

1. [ToHsATHE «MOMEHT CHJIBI», €0 BBIYUCIEHUE, CBOMCTBA, pa3MepHOCTh. [IpuBecTr npumepsl
2. llonsaTue «mapa Cuii», €ro BEIUKUCIEHNE U CBOMCTBA, pazMepHOCTh. OOpasyeT i mapa cui
ypaBHOBENIEHHYIO cucTeMy cuii? [IpuBectu npumepsl

3. Teopema BapunboHa: popMynHpoBKa U 10Ka3aTEIHCTBO HA KOHKPETHOM MPUMEPE

4. Teopema o napamienbHOM nepeHoce cuiibl (MetoA Ilyanco). opmynupoBka u JoKa3aTelb-
ctBO. [IpuBecTu npumepsl.

5. IlpousBonbpHas cucrema cuil. [loHsTue «npousBoiibHas cucrema cuim». [IpuBenenue npous-
BOJILHOW CHCTEMBI CUJI K HEKOTOPOMY LEHTPY. [IOHITHS «TJIaBHBIN BEKTOP» U «TJIABHBIA MO-
MEHT» MPOU3BOJILHOM CUCTEMBI CHII. PaBHOBECHE ITPOU3BOJIBHON CUCTEMBI CUJI B BEKTOPHOM U B
aHAIUTHYECKOU popmax
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6. YcIlI0BUSI paBHOBECHS MPOU3BOJIBLHOM MJIOCKOW CUCTEMBI CHJI B BEKTOPHOM M B aHAJIMTUYECKON
dopmax (3 Gpopmsl ycroBuii paBHOBecusi). IIpuBecTu npumepsl
7. O01as METOUKa pelleHus 3a7ja4 CTAaTUKH (MPOU3BOJIbHAS TJIOCKAs CUCTEMa CHJT)

PexoMenayeMble HCTOUHUKH:
1. TueBckuid, B. A. Teopernueckast Mexanuka / B. A. JlueBckuii. — 6-¢ uzn., ctep. — Cankr-TlerepOypr:

Jlanb, 2023. — 348 c. — ISBN 978-5-507-48273-3. — Tekcr : anekTpoHHbIH // JIaHb : 3IEKTPOHHO-OMO-
mroteuHas cucrema. — URL: https://e.lanbook.com/book/346016

2. Monotuukos, B. 5. Texuuueckast mexanuka / B. 5. MonotHukoB. — 3-¢ u3z., crep. — Cankr-IleTep-
oypr : Jlans, 2023. — 476 ¢c. — ISBN 978-5-507-45522-5. — Tekcr : anmekTpoHHbIH // JlaHb : 371ekK-
TpoHHO-OHbMoTeunas cuctema. — URL.: https://e.lanbook.com/book/271301

3. batp, M. 1. Teopernueckasi MexaHuka B mpuMmepax 1 3agadax. Tom 1. Cratuka u kunemaruka / M. W.
bats, I'. 1O. Ixanenunze, A. C. Kenb3on. — 14-e u3n., crep. — Cankr-IlerepOypr : Jlanp, 2023. — 672
c. — ISBN 978-5-507-47033-4. — Tekcr : a1eKTpoHHbIH // JIaHb : 9J€KTPOHHO-OMOIHOTEYHAs CHCTEMA.
— URL.: https://e.lanbook.com/book/322469

4. batp, M. 1. TeopeTnueckast MexaHUKa B ipuMepax u 3agavyax. Tom 2. [lunamuka / M. U. bats, I'. 1O.
Ixanemunze, A. C. Kens3zon. — 11-e usn., crep. — Cankr-IlerepOypr : Jlanb, 2023. — 640 ¢. — ISBN
978-5-507-47893-4. — Tekcrt : anexTpoHHbIl // Jlanb : anekTpoHHO-OnbIMOoTeuHas cucrema. — URL:
https://e.lanbook.com/book/332093

5. Makcumos, A. b. TeopeTnueckas MexaHuka. PemieHue 3a1a4 CTaTUKH M KHHEMATHKH ;| Y4eOHOE TI0CO-
oue / A. b. MakcumoB. — Cankt-lletepOypr : Jlans, 2022. — 208 c¢. — ISBN 978-5-8114-2008-7. —
Tekcrt : anexTponuslii // Jlans : 21eKTpoHHO-0MOMoTeuHas cuctema. — URL:
https://e.lanbook.com/book/212300

6. Hoponun, @. A. Teoperudeckas Mexannka : yuebnoe mocodue / ®@. A. Jlopoann. — Cankr-Ilerep-
oypr: Jlanp, 2022, — 480 ¢. — ISBN 978-5-8114-2585-3. — TekcT : ayiekTpoHHbIH // JIaHb : 31ek-
TpoHHO-OMOMoTeuHas cucrema. — URL: https://e.lanbook.com/book/212570

7. Hesenuannas, T.0., Xoxnosa O.A., [Tonomapesa E.B., Xoxnos A.B. Kypc TeopeTuieckoit MEXaHUKH.

Craruka: yue0. mocodue/ Mock. roc. yH-T nieuatu uM. Misana ®expoposa — M.: MI'YII umenu MBana de-
noposa, 2013. — 188 c.

Tema5:
Onpeodenenue ycunus 6 CMepHCHAX, HAXO00AUWUXCA 6 PAGHOBECUU NOO OelicmeueM nPoCmpan-

CMEEHHOIL CUCHeMbl cxoo;lu(uxc;l CuJi.

Tunoeoe 3a0anue.

KoHeTpyKuHsi cOCTOMT H3 HeBecOMBIX cTepakseli /, 2, ..., 6, COELHHEHHDIX APYT ¢
apyrom (B y3nax K 1" M) n ¢ Hemoasuxueimu onopamu A, B, C, D wapuupamy
B yanax K u M npunoxensl cuasl P u @, ofpasyioliie ¢ KOOPAHHATHLIMH OCAMH
yrau wy, Bi, y1 ¥ a2, P2, Y2 cOOTBETCTBEHHO (HA PUCYHKE NOKa3aHbl TOJABKO YLl
u1, B, 1)

Hano: P=100 H, u =60°, B;=60° y1=45° Q=150 H, u = 45°,
Ba = 60°, vy, = 60°, b= 30°, ¢ = 60°, 6 = 74°.

OnpenenuThb: ycuaus B cTepXHAX [—&6.
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Pewenue

PaccmorpuM papHoBecHe y3aa K, B KOTOPOM CXOAATCA
crepxuu 1, 2, 3. Ha y3en pefictByior cuna P u peaxunn N,, Nz, N3 crepx-
Hefl, KOTOpbie HampaBHM MO CTEPXKHAM OT y3J1a, CYMTas CTepXHH pacrts-
HyTbiMH. COCTAaBHM ypaBHEHHS PaBHOBECHS 3ToOH NPOCTPAHCTBEeHHOH cHcTe-
Mbl CXOJSILHXCA CHJ:

XF =0, Pcosw + Nasiny -+ Nasing = 0; (1)

ZFky = O, PCOSﬁl — N ——NzCOS“lIJ =0;
(2)
2 Fy, =0, Pcosy,— Nscosg = 0.

(3)

Pewus ypasuenust (1), (2), (3) npwu
3aRaHHBIX YHCJOBLIX 3HAUCHHAX CHJH P i
yraos, noayuum N, =349 H, N;=
= —345 H, N; = 141 H.

2. Paccmorpum pasnoBecue ysaa M.
Ha ysen peiicteytor cuaa Q u peaxuuu
N3, N4, Ns, N crepxkHed. [lpu atom mo
3aKOHY O paBeHCTBe NeHCTBHS M NPOTHBOAEHCTBHA peakuus N4 uanpamieHa
NPOTHBONOAOKHO No, uncienno xe Nj = N, CocTaBHM ypaBHEHHS PaBHO-
BeCHA:

Y Fu =0, Qcosay—Nysinp—N, —N;sin8sinyp =0 (4)
2 Fuy =0, QcosBz+ Nocosp+ Nssindcosy = 0 (5)
YXFi, =0, Qcosyo— Nscosd— Ng = 0. (6)

Jlpy onpejeneHHH NPOEKUH# cuabl Ns HAa OCH X M y B ypaBHeHHAX (4)
n (5) ymofuee cHauasna HaiiTH npoekuuio N5 5Toif CHAB HAa MIOCKOCTh
xOy (no ducnosoit BeanunHe N = Nssind), a 3ateM HalijeHHYIO NpOek-
HHIC HA MJIOCKOCTb CMPOEKTHPOBATH HA OCH X, .

Pemus cucremy ypaBuenuit (4), (5), (6) u yuurnisas, uro Nj =

= Ny = — 345 H, uaiinem, uemy pasunl N,, N5, Ng.
Otpetr Ni=349 H; No= —345 H; N =2 141 H; N,= 50 H;
Ns = 329 H; Ns = — 66 H. 3uaku nokasuiBalor, 4ro cTepKHH 2 H 6 CXKaThl,

OCTaJbHblE — PACTAHYTHI.

TpeOoBaHNsl K BBINOJHEHUIO 32/1aHUSA 110 JAHHON Teme:

Cnenatps 6ubimorpadudeckoe onucanue JOKyMEHTA.

OCMBICIUTH OCHOBHOE COJIEpKAHUE TEKCTA, JBAXKIbI IPOUYUTAB €TO.

Honpawens{TL MaTepHan Ha OCHOBHBIC CMBICJIOBBIC HaCTH, BbIJACIIATH I''TaBHBIC MBICJIH, BBIBO/IBI.
CocTaBuTh IIaH TEKCTa — OCHOBY KOHCIIEKTa, CHOPMYIUPYHTE €r0 MYHKTHI U OMPEACTUTE, UTO
clenyeT BKIIOYUTh B KOHCIIEKT JIJISl UX PACKPBITHSI.
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Ha ocHOBe u3y4eHHs COOTBETCTBYIOIIMX Pa3/esioB Y4eOHUKOB, Y4eOHbIX MOCOOMI U KOHCIIEKTa
JICKIIUH CPOPMYITUPOBATH OTBETHI HA BOIIPOCHI.

ITopsinok BHINOJIHEHHS 32 JaHUA:

CocTaBuTh MJIaH KOHCIIEKTA, pacipereianTe coOpaHHbI MaTepuan B HEOOXOUMON JTOrHYeCKOi
[10CJIEI0BATEIBHOCTH.

Komno3zunmonHno oopMute KOHCIEKT.

N3yunTh yueOHyI0 HHPOPMALIUIO 110 TEME, IPOU3BECTH €€ aHaIN3, JaTh OTBETHI HA TOCTABJICHHBIE
BOITPOCHI.

TpeooBanusi k opopmiieHuIo 3aaanusi: Perenue 3agaun opopMuTh B pabodeit TeTpaau ¢ wi-
JFOCTpAIMSIMU, PACUETHBIMH (POpPMYSIaM 1 KOMMEHTAPHUSIMU.

®opma koHTpOJsi: ONpoC 110 TEME JEKIUH.

KoHTpoJibHbBIE BONIPOCHI 10 TEMeE!

1. IIpocTpaHcTBEHHAs cUCTEMa CXOSAIINXCS CUIL.

2. Peaknust HEBECOMOTO CTEPIKHSI.

3. IlpuBeaeHne NpoCcTpaHCTBEHHOMN MPOU3BOIBHOM CUCTEMBI CHII K HEKOTOpOMY LIeHTpY. [1oHs-
THSl «TJIABHBIA BEKTOP» U «TJIABHBIM MOMEHT)» IIPOU3BOJIBHON CHCTEMBI CHII. PaBHOBECHE IPOU3-
BOJILHOW CHCTEMBI CHJI B BEKTOPHOH U B aHAJIMTUYECKON opmax

PexomeHnayemMble HCTOYHHKH:
1. lueBckuit, B. A. Teopernueckas mexanuka / B. A. JlueBckuit. — 6-e u3g., crep. — Cankt-IletepOypr:

Jlanb, 2023. — 348 c. — ISBN 978-5-507-48273-3. — Tekcr : anekTpoHHbIH // JIaHb : 31EKTPOHHO-0MO-
mroteunas cucrema. — URL.: https://e.lanbook.com/book/346016

2. Monoruukos, B. S. Texuuueckast mexanuka / B. 5SI. MonotHukoB. — 3-e u3z., crep. — Cankt-IleTep-
Oypr : Jlanp, 2023. — 476 c. — ISBN 978-5-507-45522-5. — Texkcr : anekTpoHHbIH // JIaHb : 5ek-
TpoHHO-OHOMoTeuHas cucrema. — URL: https://e.lanbook.com/book/271301

3. batp, M. U. Teopernueckas MexaHuKa B mpuMmepax u 3agadax. Tom 1. Craruka u kunemaruka / M. W.
bats, I'. 1O. xanenunze, A. C. Kenp3on. — 14-e usn., crep. — Cankr-IlerepOypr : Jlanb, 2023. — 672
c. — ISBN 978-5-507-47033-4. — TekcT : neKTpoHHBIH // JIaHb : 3J1eKTpOHHO-OMOIMOTEYHAs CUCTEMA.
— URL.: https://e.lanbook.com/book/322469

4. batp, M. 1. Teopernueckast MexaHuKa B mpumepax u 3agadax. Tom 2. Iunamuka / M. U. bats, I'. 1O.
Ixanemunze, A. C. Kens3zon. — 11-e usn., crep. — Cankr-IlerepOypr : Jlanb, 2023. — 640 ¢. — ISBN
978-5-507-47893-4. — Texkcr : anexTpoHHbIH // JIaHb : anekTpoHHO-OMOMMOTeYHas cuctema. — URL:
https://e.lanbook.com/book/332093

5. Makcumos, A. b. Teopetnueckas MmexaHuka. PelieHue 3a/1a4 CTaTUKH M KHHEMATHKH | y4eOHOE TI0CO-
oue / A. b. MakcumoB. — Cankt-IlerepOypr : Jlanp, 2022. — 208 c¢. — ISBN 978-5-8114-2008-7. —
Tekcr : anexTponuslii // Jlans : 21eKTpoHHO-0MOMoTeuHas cuctema. — URL:
https://e.lanbook.com/book/212300

6. Joponun, @. A. Teopernueckast MexaHuka : yaeOHoe nmocobue / @. A. Jloponnn. — Cankr-Ilerep-
Oypr: Jlanb, 2022. — 480 c¢. — ISBN 978-5-8114-2585-3. — TekcT : anekTpoHHbIH // JIaHb : 371ek-
TpoHHO-OnONMMoTeynas cucrtema. — URL: https://e.lanbook.com/book/212570

7. Hesenuannas, T.0., Xoxiosa O.A., [Tornomapesa E.B., Xoxnos A.B. Kypc TeopeTnieckoit MEXaHUKH.

Craruka: yue0. mocodue/ Mock. roc. yH-T nieuatu uM. Meana ®egoposa — M.: MI'YII umenu MBana de-
noposa, 2013. — 188 c.

Tema 6:
Onpedenenue peakyuii Onop naun, HAXOOAUWUXCA 8 PAGHOBECUU NOO OelicmeueM nPoU360ib-
HOIl RPOCMPAHCMEEHHOI CUCHEMbL CUL.
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Tunoeoe 3a0anue.
TopusonTanbHas NpAMOYTOJbHAA MJIHTA BecoM P 3aKpenena chepHYecKHM

IIAPHHPOM B Touke A, HHIHHADHYECKHM (NOLIUHNHHKOM) B TOuke B #
HereCOMEIM cTepxkHeMm DD, Ha nnuTy B NVIOCKOCTH, napajleJbHOR X2,
nefictayer cuna F, a B TUIOCKOCTH, NapaaienbHOH y2, — mapa CHJ C
MomeHToM M.

Hdauno P=3 kH, F=8 kH, M=4 kH.m, u=60°, AC= 0,8 m,
AB=12mM, BE=04m EH =04 M. Onpenesurhb: peakiHH onop
A, B u crepxua DD,

Peuwienue
I, paCCMOTpHM paBHOBecHe mJiHTH. Ha nauTy AeHcTByiOT
aajanHbe cuanl P, F u mapa ¢ momenToM M, a Takke peakuuH cBsizefl.
Peakuuio cepHUECKOro IIAPHHPAa pPa3joXHM Ha TPH COCTAaBIAILHE X g4,
Ya, Za, LHJIHHAPHYeCKOro {NOALIHNHHKA) — Ha ABE COCTaBJAIOLIHE Xs, Zg
(B TMJIOCKOCTH, MepueHAHKYASPHON OCH MOMILMNKHKA); peakuuio N cTepxkHs
Hanpas/isieM BHOAbL cTepXHA oT D kK D, npennonarafi, 4To OH PacTAHYT.

2. llas  onpeaeneHus
LIeCTH HEH3BECTHbIX peak-
UHH  coCTaBasfieM  LIecThb
ypaBHeHuH paBHOBeCHS
LeHcTBy©OWEH Ha NJHTY
NpPOCTPAHCTBEHHOA CHCTEMbI
CHJI:

2Fie=0, Xat+
+ X5+ Fcos60° =
(1)
ZFy =0, Ys— Ncos30°=0;
(2)

2F=0, Zy+Zg— P+ Nsin30° — Fsin60° = 0; (3)
ZmAFe)=0 M—P-AB/2+ Z5-AB— Fsin60°-AB + Nsin30°. AB = 0:
4)

Xmy(Fy) =0, P-AC/2—Nsin30°-AC 4 Fsin60°-AC/2 —
— Fcos60°-BE =0 (5)

ZmyFy) =0, —Fcos60°-AB —N cos30°-AC —X5-AB =0. (6)

Has1 onpenesieHHs MOMEHTOB CHAbl F OTHOCHTEJNLHO OCeil passaraeM ee
Ha cocrasiasiowe £/ w F”, napaunenbhbie ocaM x # z (F' = Fcosa,
F” = Fsina), u npuMensieM teopeMy Bapunbona (cM. «¥YKasauusa»). Ana-
JIOTHYHO MOKHO NOCTYAMTb NPH ONpele/eHHH MOMEHTOB peakuuu N,

[TogcrasHB B cocTaB/ieHHblE YpaBHEHHS YHCJIOBbIE 3HAueHHS BCEX 3a-
JaHHBIX BEJHYHH H DELUMB 3TH YPaBHEHU:, HAHIEM HCKOMLIE peakilMH.

OrBer: Xy =234 kH; Yq =51 xkH; Z, = 4,8 xH; Xz = —7,4 xH;
Zp=21 kH; N = 5,9 kH. 3nak Munyc yxkasmsaer, yTo peaxkuuna X Ha-
npasJjeHa IIDOTHBOIOMAOXKHO NOKa3aHHOH Ha Puc.
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TpeGoBanus K BHINOJTHEHHIO 32IaHUSI 110 TAHHOI TeMe:

Cnenatps 6mbmorpadudeckoe onucanue JOKyMEHTA.

OCMBICTUTH OCHOBHOE COJIEpPIKaHUE TEKCTA, IBAXK/IBI IPOYUTAB €TO.

[Toapasnenars MaTepuail Ha OCHOBHBIE CMBICIIOBBIC YaCTH, BBIICISITH TJIABHBIC MBICIIU, BBIBOJIBI.
CocTaBuTh IJIaH TEKCTa — OCHOBY KOHCIIEKTa, CHOPMYIUPYHUTE €Tr0 MYHKTHI U ONMPEACTUTE, UTO
CJICAyeT BKJIFOUUTH B KOHCIICKT ISl UX PACKPBITHSL.

Ha ocHoBe M3y4eHHsI COOTBETCTBYIOIIMX Pa3/IeloB YYCOHUKOB, y4eOHBIX TOCOOMI U KOHCIIEKTA
JCKIMA c(hOPMYITHPOBATH OTBETHI HA BOIPOCHI.

ITopsinoK BHINOJIHEHHA 32 JaAHUA:

CocTaBuTh IJIaH KOHCIIEKTA, paclpeeNuTe cOOpaHHbI MaTepral B HEOOXOAUMOM JTIOTUYECKOM
IIOCJIEI0BATEIBHOCTH.

Komno3uimonHo opopMUTe KOHCIEKT.

N3yunth yueOHyI0 HHPOPMALIUIO 110 TEME, IPOU3BECTH €€ aHaJIN3, JaTh OTBETHI HA IOCTaBJICHHbIE
BOITPOCHI.

Tpeb6oBanus k opopmiaenuto 3aganus: Pemenne 3aqaun oopMuTh B pabodeit TeTpamu ¢ wil-
JIOCTPALUSAMHU, PACYETHBIMU (OPMYTIaM U KOMMEHTAPHUSIMHU.

®opma koHTpOJsi: ONpoc 1Mo TeMe JSKIUH.

KoHTpoJibHBIE BONIPOCHI 11O TEMe!

1. IlpocTpancTBEHHas cUCTEMA CXOJSIIUXCS CHIL

2. Peakuyst HEBECOMOTO CTEPIKHSI.

3. IlpuBeaeHre MPOCTPAHCTBEHHOM MPOU3BOIBHON CUCTEMBI CHII K HEKOTOpOMY LeHTpY. [1oHs-
THUS «TJIABHBIA BEKTOP» U «TJIABHBIM MOMEHT)» IIPOU3BOJIBHON CUCTEMBI CHII. PaBHOBECHE IPOU3-
BOJILHOM CHCTEMBI CHJI B BEKTOPHOM M B aHAIMTHYECKOU popmax

PexomeHayeMble HCTOYHHKH:
1. IneBckuii, B. A. Teopernueckast Mexanuka / B. A. JlueBckuii. — 6-¢ uzn., crep. — Cankr-ITlerepOypr:

Jlanb, 2023. — 348 c. — ISBN 978-5-507-48273-3. — Tekcr : anexkTpoHHbIH // JIaHb : 3I€KTPOHHO-OMO-
nmroteunHas cucrema. — URL.: https://e.lanbook.com/book/346016

2. MonotHukos, B. f. Texandeckas mexanuka / B. 1. MonotaukoB. — 3-e u3a., crep. — Cankr-Iletep-
oypr : Jlanb, 2023. — 476 c. — ISBN 978-5-507-45522-5. — Tekcr : anekTpoHHbIH // JlaHb : 371ek-
TpoHHO-OMOMMoTeuHas cucrema. — URL: https://e.lanbook.com/book/271301

3. batp, M. 1. Teopernueckast MexaHuka B mpumepax u 3agadax. Tom 1. Craruka u kunemaruka / M. W.
Bats, I'. 0. Ixxaunenunze, A. C. Kenas3zon. — 14-e usn., crep. — Cankr-IlerepOypr : Jlanb, 2023. — 672
c. — ISBN 978-5-507-47033-4. — Tekcr : anekTpoHHBIH // JIaHb : 3NeKTPOHHO-OMOIHOTeUHAs CHCTEMA.
— URL: https://e.lanbook.com/book/322469

4. batp, M. 1. Teopernueckas MexaHUKa B puMepax ¥ 3agadax. Tom 2. lunamuka / M. U. bats, I. 1O.
oxanenumze, A. C. Kens3on. — 11-e usna., crep. — Cankr-IletepOypr : Jlans, 2023. — 640 c. — ISBN
978-5-507-47893-4. — Tekct : anekTpoHHBbIN // JlaHb : anekTpoHHO-OnbIHoTeuHas cucrema. — URL:
https://e.lanbook.com/book/332093

5. MakcumoB, A. b. Teopetnueckast Mmexanuka. Perenue 3ajau cTaTUKM 1 KHHEMATHKH : y4eOHOE 1OCo-
oue / A. b. MakcumoB. — Cankt-IlerepOypr : Jlans, 2022. — 208 ¢. — ISBN 978-5-8114-2008-7. —
Tekcr : anexrponHsi // Jlanb : 31eKTpoHHO-OMOMMoTeuHas cuctema. — URL:
https://e.lanbook.com/book/212300

6. loponun, ®. A. Teoperudeckas MexaHuka : yueonoe nmocooue / ®. A. Jlopornun. — Cankr-Ilerep-
Oypr: Jlanp, 2022, — 480 c. — ISBN 978-5-8114-2585-3. — Tekcr : anekTpoHHbIi // JIaHb : 3nek-
TpoHHO-OMOMoTeuHas cucrema. — URL: https://e.lanbook.com/book/212570
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7. Hesenuannas, T.0., Xoxnosa O.A., [Tornomapesa E.B., XoxnoB A.B. Kypc TeopeTnieckoit MEXaHUKH.
Craruka: yue6. mocodue/ Mock. roc. yH-T iedatn uM. MBana ®@exoposa — M.: MI'YII umenu NBana e-
noposa, 2013. — 188 c.

Tema 7:
Onpeodenenue ycunuit 6 onopax ghepmul u 6 ee CMeEPHCHAX NOO OelCMUEM 6HEUIHUX HAZPY30K.

Tunoeoe 3adanue.

K y3mam miockoit pepmbl npunoxkensl Harpy3ku P1 = 5 kH; P> = 6 xH; P3 = 2 kH; u3BecTHbI
pasmepsl GpepMmel - a = 1 m; a = 60°.

Onpenenuts peakiuu onop (hpepmsl, a TaKkKe YCHIIUS BO BCEX €€ CTEPIKHSAX CIIOCOOOM BbIpE3aHUs
y3710B, MeTOZI0oM Putrepa onpenenuts crepxkuu 3, 5, 6. Bec crepxHelt He yuuTbiBaTh. Pe3ynbTaThl
pacueTa NpOoBEPUTH IS KAKJOTO y3ja IyTeM IMOCTPOSHUS CHIIOBOTO MHOTOYTOJIbHUKA.

Pl
E 9 G
10 12 5
11
? -
F " H P,
s

o
=)

Pewenue

YcTaHOBHM  CHadYalda, ABIASTCA JH JaHHadA (QepMa CTaTHISCKH
OIIPEIETHMOI.

Uncno crepxHeH depmbl m = 11, gucmo y3moB n = 7. mo dopmyne (1)
noxyauM ToxkaecTBo: 11 =11. CnemopatenbHo, pepMa cTaTHIECKH ONpeeTHMA.

1. Onpeoenerue onoprsix pearxyuti. CoOCTaBIAEM pacUETHYH) CXeMY
(pucysoOK 23). PaccMaTtpaBaeM depMy Kak TBepAoe Telo, K KOTOPOMY IIpHIOKEHA
ypaBHOBENIEHHAA MI0CKaA cHcTeMa cHI. MblcieHHo oTOpackIiBaeM BHENTHHE CBA3H

(HeBecoMbIi cTepikeHb AC H MapHHAPHO-HENOJBHAKHAaA onopa B) H 3aMeHAeM HX
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JIeHCTBHE COOTBCTCTBYIOIIMHMH PEaKIHAMH . HOCKDHBK}T

HalpaBleHHe peakuHH K; IDapHHPHO HENOABHKHOH oIOpPel B  3apaHee

HCH3BECTHO, TO 3TV PEAKITHK) pacKlIadblBA€M Ha COCTABIAOITHE H A, §

OPHCHTHPOBAHHBIC IapaJlIC/IbBHO COOTBCTCTBYHOIIIHM 2 KOOPAHHATHBIM 2 OCAM,

PEaKIIHID X ¢ OIIOPHOTO CTCPXEHA HAllpaBJIACM BJ0J/Ib CTCPHA.

OnpenensieM peakHH omop: X ,:¥,:X,. JliA 3TOTO 3alHCHIBAEM YPaBHEHHE

PaBHOBCCHA IJIOCKOH CHCTEMEI CHIL.

Y Fp =0, —X +X;+P=0 (2)
=1
> F, =0, %, -B-B=0 3)
v=1
> My(F)=0, ~R-2a-PB-a+X.-h=0 4)

=]

OnpenenaM 3HaYeHHE /i

E=r‘g.c:¢f; h=a-tg60°; h=1-1732=1,732 M.
a
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IMoacTaBHB 3HAYEHHA, H, pelllad YpaBHEHHA, IOIYIHM H3 ypaBHeHHH (2 - 4):
b, =EB+A=11xH,

2a-H+a-P, 2-5+6
a-rg60° 1,732

X,=X,-P; X, =9238-2=7238 w1

. =9.238 xH:

ITonnasa peaknna mapHHpa B:

Ry =+/X3+77 =+/7.2382+11 =13.178 kH

Oobs3aTelbHa TpPOBEePKA NPABHJIBHOCTH OUIpeJeleHHS ONOPHBIX
peaKmui.

Ecin B cocTaBleHHH YpaBHEHHH HIIH B pacueTax Ha 3TOM 3Tale pelleHHA
JOMyTIeHa onrHOKa, Bce JaTbHeHmHe pacieThl Oy IyT HEBEPHBIMH.

Jna T1mpoBepKkH 3alHCBIBAEM YpaBHEHHSA pPaBHOBECHA OTHOCHTEIBHO

MOMeHTHOH TodkH H.

> Mg (F)=0; B-a+PF-2a+X.-h-Y;-3a=0 5)
v=1 »

HO,II;CT&BH:B JHa4YCHHA, MOJIYYHM TOXICCTBO!

9.238-1.732-11-3+5+6-2=0
33-33=0

2. Onpedenerue ycunuii € CIepicHAX hepMvl cnoco60oM ebipe3ans y3108.

INocnemoBaTensHO paccMaTpPHBAEM YCIOBHA paBHOBECHA CHCTEM CHII,
NPHIOKEHHBIX K KaXIOMY OTAEIbHOMY Y31y ¢epMmbl. 14 3TOro MBICIEHHO
BBIPE3aEM VY3IIBI BMECTE CO CXOIAMHMHCA B HHX CTEPKHAMH, a [cHCTBHE
oTOpOINeHHBIX YacTell KOHCTPYKIIHH 3aMeHsAeM YCHIHAMH, HallpaBJeHHBIMH B/101Th
COOTBETCTBYIOIIHX CTep;KHEH, IpeAmnoarad, 4TO BCEe CTEpXKHH padoTaloT Ha
pacTmkeHHe. EcH B pesynbrare pacdeToB 3HAa4UeHHE YCHIHA B KaKOM-THGO
CTepiKHE MONY4YHTCA OTPHIATEIbHBIM, TO 3TO OyJeT 03Ha4aTh, 4TO JAaHHBIH
CTEPXEHb HE pAacTAHYT, a cxkaT. VMIMEHHO N03TOMY IIPHHATO IIPHIIHCHIBATH
PAaCTATHBAIOIIHM YCHIHAM 3HAK «1», a CKHMAKOIIHM 3HAK «-».DJTO NPaBHIO B

mpornecce peleHHA 3agad CTAaTHKH IPH pacueTaX YCHIHH B CTePKHIX depM, a
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TakKe pa3IHYHBIX KpGlﬂ]]TeinOB HCIIOIB3YETCA A «aBTOMATHUCCKOTO»
OIpeOcICcHHA BHIA HAIIPAKCHHA B CTCPKHAX.
W3 PaBHOBCCHA CHCTCMBI CXOMANMHXCA CHII B KaKIOM V3JIC MOKHO 3allHCAaThk

JBa YPpaBHCHHA PaBHOBCCHA.
"
Z 'Fj'fr = 0:
p=1

il

2 F

1

(6)

M3 ypaBHeHHH (5) ciaemgyeT, 94To pacdeT HeoOXOJHMO Ha4YHHATh C y371a, B
KOTOPOM CXOAATCA TOJBKO ABAa HEH3BECTHBIX CTEP/KHA, IIOCKOIBKY H3 ypaBHEHHH
PaBHOBECHA  MOJKHO  ONpPEJEIHTh TOJBKO  JBa  HEH3BECTHBIX  YCHIIHA.
ITocnegoBaTenbHOCTh PACCMOTPEHHA Y37I0B AIA pacdeTa JaHHOH (epMbI MOIKHO
HauHHaTh JTHOO ¢ y3ma B, mubGo c¢ y3ma H. IlociegoBaTelbHOCTh pacCMOTPEHHA
OCTAJIBHBIX Y3710B JOKHA OBITh TaKOH, 9TOOBI KaXKIbIH pa3 B YpaBHEHHA PaBHOBECHA
BXOTHTO HE Ooee ABYX HEH3BECTHBIX.

a) BelpezaeMm y3en B: (pHCYHOK 24)

Pucysok 24

3anHCcBIBaeM YpaBHCHHA PAaBHOBCSCHA CHCTCMEI CXOOAMMHAXCA CHIL:

D Fp =0 X +8,+8,-cos60° =0

v=1

Y F,=0; Y,+S,sin60°=0 o
-1

Pemas cacTeMy ypaBHeHHH (7) MOTyIHM:

— YB 11 —
' sin60°  0.866

~12,7 KH:

S;=—X5-8,-cos60° =-7,24—(-12,7)-0,5=-0,89 xH.

0) Bripeszaem y3exn C (pHCYHOK 25):
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Pucynok 25

3anHCBIBaeM YpaBHEHHA paBHOBecH:A 1A y3iaa C:

D Fy, =0; S—X.—5,-c0s60° =0

v=1

D Fy =0. —8,-8,-sin60° =0
=1

Pemas cactemy ypaBHeHHH (8) mMoIyIaM:
Ss=X-+S,:-c0860° =9,24+(-12,7)-0,5=2,89 xH;

S, =-5,-5s1n60° =—(-12,7)-0.866 =11 xH.

B) Bripe3zaem y3en D (pHcyHOK 26):

PucyHok 26

3anHCBIBa€M YpaBHEHHA paBHOBECHA A y31a D:

> Fy =0; S, —8;+S;-c0s60° =0
=1

Z‘Fi'-' =0: S,+S;-sin60°-P, =0
=]

Pemas cucTeMmy ypaBHeHHH (9) moIyIaM:

¢ _B-S,_6-11
sin60° 0,866

=-5,77 xH:

S, =85; —Sg-c0s60° =-0,89—-(-5,77)-0,5=1,995 xH.
r) Bripesaem y3en E (pacyHOK 27):
3anHCBIBaeM ypaBHEHHA paBHOBECH A y31Ia E:
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P
S, S
60° £
Se S,
Pucynoxk 27

Y Fy,=0:  Sy—85—S5-c0s60° =0
=1
Y Fp,=0: —B—S;—S;-sin60° =0
=1

Pemas cacteMy ypaBHeHHH (10) moayaHM:

Sy =S, +Sg-cos60° =2,89+(~5,77)-0,5=0 xH:

S, =—B—S,-sin60° =—5—(~5.77)-0.866 =0 k.

1) BeipezaeMm y3en H (prcyHOK 28):

S, Py

Pucynok 28

3amHCcBEIBaEM YpaBHEHHA paBHOBECHA /A y3na E:

ZFL-:O; £ =5,=0
1

Z":FY,, =0, 8,=0;
v=1

Pemas cacreMy ypaBHeHHH (11) moayaaM:

S =0:
Sy = £ = 2KH;

e) BeipeszaeM y3en G (pHcyHOK 29):
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G
3 4
60"
S
10 S]2
Pucynok 29

3anHchIBa€M YPaBHEHHA paBHOBeCHA 1A y3ia G:

> Fy, =0; —8, cos60° -5, =0;

w=l

D> F,=0; —5,-sin60° -5, =0; (12)
=1

Pemas cuctemy ypaBHeHHH (12) momTyIHM:

S,

S —_—_"% _ .
10 cos 60° xH;
Si
:——:G
0= " Gneoe -

Takum oOpazoM. ompedeneHBl BCE VCHIHA B CTep:kHAX depmbl Yien F
IPOBEPOYHEIH.

Bripezaem y3en F (pucynoxk 30):

Pucynok 30

3alHCEIBaEM ypaBHEHHE PaBHOBECH: 1A y31a F:

Z Fy, =0 —=8,+5,+5), cosax=0;

=1

ZF,1,=O; Sg+ S, -sinax = 0; (13)
=1

IToxacraBnad 3HAYEHHA B ypaBHeHHE (13) mOTyIHM:
~2+2+0-cos60°=0- BEPHO.

0+ 0 - 5in60° = 0 — BepHO.

TpeOoBaHNs K BBINOJHEHUIO 321aHUA 110 JAHHON Teme:
Crnenatp 6ubmuorpaduyueckoe onucaHue TOKyMEHTA.
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OCMBICTUTH OCHOBHOE COJIep:KaHNE TEKCTa, IBaX bl IPOUYUTAB €rO.

[Toapa3aenars MaTepran Ha OCHOBHBIE CMBICIIOBBIE YACTH, BBIJCIISITh TJIABHBIE MBICIIH, BHIBOIBI.
CocTaBuTh IJIaH TEKCTa — OCHOBY KOHCIIEKTa, CHOPMYIUPYHTE €ro MyHKTHI U ONPEAETUTE, YTO
cleayeT BKJIIOYUTH B KOHCIIEKT JIJISl UX PACKPBITHSL.

Ha ocHOBe u3ydeHus COOTBETCTBYIOIIUX Pa3/esioB Y4eOHUKOB, Y4eOHBIX MOCOOMI U KOHCIIEKTa
JIKIIUH CPOPMYITUPOBATH OTBETHI HA BOIIPOCHI.

ITopsinok BHINOJIHEHHS 32 JaHUA:

CocTaBuTh IJIaH KOHCIIEKTA, pacipeeianTe coOpaHHbI MaTepuan B HEOOXOUMON JTOrHYeCKOi
[10CJIEI0BATEIBHOCTH.

Komno3unmonHno oopMute KOHCIEKT.

N3yunth yueOHYyI0 HHPOPMALIMIO 110 TEME, IPOU3BECTH €€ aHaIN3, JaTh OTBETHI HA TOCTaBJICHHBIE
BOITPOCHI.

TpeooBanusi k opopmJeHuIo 3aaanusi: Perenue 3agaun opopMuTh B pabodeit TeTpaau ¢ wi-
JTIOCTPAIMAMH, PACYCTHBIMU (POPMYIJIaM U KOMMEHTAPHUIMHU.

®opma kouTpoJIsi: Onpoc 1Mo TeMe JICKIUH.

KoHTpoJibHbIE BONPOCHI 1O TeMe:

1. Kakas KOHCTpYKLUs Ha3bIBaeTcs pepMoii?

2. B yem 3akirodaercst CynHOCTh Crioco0a BEIpEe3aHus Y3II0B?

3. Kak ¢popmynupyroTcst 1eMMbI O HYJIEBbIX CTEPKHAX?

4. B dyem 3akitouaercs CylmHOCTh MeToaa Putrepa?

5. Ha ocHoBanuu kakux cooOpakeHuil, 0e3 MpOBeIeHUs BBIUMCICHHUH, MOKHO OIPEACTUTH
CTEPKHU TUIOCKUX (pepM, B KOTOPBIX ITPH 3aJaHHON HArpy3Ke YCWIIHS PaBHBI HYIHO?

PexomeHayeMble HCTOYHHKH:
1. Inesckuii, B. A. Teopernueckast Mexanuka / B. A. JlueBckuii. — 6-¢ uzn., crep. — Cankr-ITlerepOypr:

Jlanb, 2023. — 348 c. — ISBN 978-5-507-48273-3. — Tekcr : anekTpoHHbIH // JlaHb : 3IEKTPOHHO-OMO-
nmroteunHas cucrema. — URL.: https://e.lanbook.com/book/346016

2. Monotnukos, B. f. Texandyeckas mexanuka / B. SI. Monotaukos. — 3-e u3a., crep. — Cankr-Iletep-
oypr : Jlanp, 2023. — 476 c. — ISBN 978-5-507-45522-5. — Tekcr : anekTpoHHbIH // JlaHb : 371ek-
TpoHHO-OMOMoTeuHas cucrema. — URL: https://e.lanbook.com/book/271301

3. batp, M. 1. Teopernueckast MexaHuka B mpumepax u 3agadax. Tom 1. Craruka u kunemaruka / M. W.
Barts, I'. 0. [Ixxauenunze, A. C. Kenas3zon. — 14-e usn., crep. — Cankr-IlerepOypr : Jlanp, 2023. — 672
c. — ISBN 978-5-507-47033-4. — Tekcr : anexkTpoHHBIH // JIaHb : 3NeKTPOHHO-OMOIHOTeUHAs CHCTEMA.
— URL.: https://e.lanbook.com/book/322469

4. batp, M. U. Teopernueckas MexaHUKa B puMepax u 3agadax. Tom 2. lunamuka / M. U. bats, I. 1O.
xanenumze, A. C. Kens3on. — 11-e usna., crep. — Cankr-IletepOypr : Jlans, 2023. — 640 c. — ISBN
978-5-507-47893-4. — Tekct : anekTpoHHbIN // JIaHb : 31ekTpoHHO-OnbIMoTeuHas cucrema. — URL:
https://e.lanbook.com/book/332093

5. MakcumoB, A. b. Teopernueckas Mmexanuka. Perenue 3aau cTaTUKM M1 KHHEMATHKH : y4eOHOE 10Co-
oue / A. b. MakcumoB. — Cankt-IlerepOypr : Jlans, 2022. — 208 ¢. — ISBN 978-5-8114-2008-7. —
Tekcr : anexrponHsli // Jlanb : 31eKTpoHHO-OMOMMoTeuHas cuctema. — URL:
https://e.lanbook.com/book/212300

6. loponun, ®. A. Teoperudeckas MexaHuka : yueoHoe nocooue / ®. A. Jloponun. — Caunkr-Ilerep-
Oypr: Jlanp, 2022, — 480 c. — ISBN 978-5-8114-2585-3. — TekcT : aiekTpoHHbIH // JIaHb : 3nek-
TpoHHO-OMOMoTeuHas cucrema. — URL: https://e.lanbook.com/book/212570
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7. Hesenuannas, T.0., Xoxnosa O.A., [Tornomapesa E.B., XoxnoB A.B. Kypc TeopeTnieckoit MEXaHUKH.
Craruka: yue6. mocodue/ Mock. roc. yH-T iedatn uM. MBana ®@exoposa — M.: MI'YII umenu NBana e-
noposa, 2013. — 188 c.

Tema 8:
Onpeodenenue KOOpoOuUHam yeHmpa msxicecmu me

Tunoeas 3a0aua no meme
HaiitTu kooparHATHI IIEHTPA TSHKECTH MIIOCKOH (PUTYpPBI, pa3Mepbl — B CAHTUMETPax.
y

e
s
Pewenue
KoopauHatel ieHTpa TSHKECTH TUIOIIATH OIIpeiessieM 1Mo hopMyiaM:
>F.x, >F v,
Xc = —; YC:—'yl-
F F

I{TO6I:.I BOCIIOJIB30BATHLCA O TUMHU Q)OpMyHaMI/I, Ijiomaab (bHrypr JCJINM Ha OTACJIbHBIC Ya-
CTH, IIOJIOKCHUA HCHTpOB TSOKCCTHU KOTOprX N3BCCTHBI. B JAHHOM cnyqae TaKUMH HaCTAMU B-
JISIOTCS: MPSIMOYTOJIBHUK, TPEYTOIBHUK U MOJ0BUHA Kpyra (puc.2). [1nomaas mogoBUHEI KpyTa,
BBIPE3aHHYIO U3 IUIOLIAIH NIPSAMOYTOJIbHUKA, CYUTAEM OTPULIATEIILHOM.

Nmeewm:

mIomanab NpsAMOYTOJIbHUKA

F1=40+30=1200 cn?,
I101Iaab T‘pGYFOJIBHI/IKa

40-50

F» = 1000 cr?;

jionrazab IMOJIOBUHBI Kpyra

2
Fs= % = 200 7= 628 cad?

e

\ .
3 5"_% 4 \\
\G;
ra
&5 /! / \ A s \\
S

I

A "’

LIeHTPHBI TSHKECTH pacCMaTPUBAEMBIX YacTeil CEYEHUS UMEIOT CIIEAYIOIIHE KOOPAUHATHI:
JUTSL IPSIMOYTOJIbHUKA

x1=15cm;  y1=20cm;
JUTSL TPEYTOJIbHUKA
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X2 =30 + ? = 46,7 cm;

50

JJIA IIOJIOBUHBI Kpyra

40

= — =133 cumy
y2 3 cM

x3= — = —— =85 cm; y3 =20 cm.
kY4 RY/4
JI71st BEIUMCIIEHHS KOOPIMHAT LIEHTPA TSHKECTH TIIOCKOH (GUIYpBI COCTABIISIEM TaOMIHITY.

Homep Fi,cm? Xi ,cm Vi, cm Siy=Fixi, Six=Fiyi,
3JIeMEeHTa e’ e’

1 1200 15,0 20,0 18000 24000
2 1000 46,7 13,3 46700 13300
3 -628 8,5 20,0 -5338 -12560
> 1572 — - 59362 24700

TTo dhopmynam (1) BeIUMCIIAIEM KOOPAMHATHI IIEHTPA TSHKECTH TIOCKOH (QUIYPHI:
Xc = 59362 =37,8 e, yc = 24700 =15,7 cm.
1572 1572

TpeGoBaHus K BHINOJTHEHHIO 32JaHUsI 110 TAHHOI TeMe:

Cnenatp 6ubnuorpaduueckoe onucaHue T0KyMEHTA.

OCMBICTUTH OCHOBHOE COJICpPIKaHUE TEKCTA, IBAXKIBI IPOYHUTAB €TO.

[Tonpa3znenarh MaTepHuaa Ha OCHOBHBIC CMBICIIOBBIC YACTH, BBIACIATh IJIABHBIC MBICIIH, BHIBOIBI.
CocTaBuTh IUIaH TEKCTa — OCHOBY KOHCIIEKTa, CHOPMYIUPYHUTE €ro MYHKTHI U OMPEACITUTE, UTO
CJICZyeT BKJIFOUUTH B KOHCIICKT ISl UX PACKPBITHSL.

Ha ocHOBe M3y4eHHsI COOTBETCTBYIOIIMX Pa3JIelioB YYCOHUKOB, y4€OHBIX MTOCOOMI U KOHCIIEKTA
JICKIHA C(hOPMYITHPOBATH OTBETHI HA BOIIPOCHI.

ITopsinoK BHINOJIHECHHA 32 JaAHUA:

CocTaBuTh MJIaH KOHCIIEKTA, paclpeieanTe coOpaHHbI MaTepuan B HEOOXOJUMON JTOIrMUecKOi
MIOCJIEI0BATEILHOCTH.

Komno3unmonHo oopMuTe KOHCIEKT.

N3yunth yueOHyI0 HHPOPMALIUIO 110 TEME, TPOU3BECTH €€ aHaJIN3, JaTh OTBETHI HA IOCTaBICHHbIE
BOITPOCHI.

TpedoBanusi k odopmiienuro 3aganusi: Perenue 3agaun opopMuth B pabodeit TeTpaau ¢ wi-
JTIOCTPALUSAMHU, PACYETHBIMU (OPMYTIaM U KOMMEHTAPHUSIMHU.

®opma KoHTpOJst: OnpoC 10 TEME JEKIUH.

PexomeHayeMble HCTOYHHKH:
1. TneBckuii, B. A. Teopernueckas mexanuka / B. A. JlueBckuii. — 6-e u3j., crep. — Cankr-IlerepOypr

: Jlanp, 2023. — 348 c. — ISBN 978-5-507-48273-3. — Tekcr : 31eKTpOHHBIH // JIaHb : 31€KTPOHHO-
oubnmoreunas cuctema. — URL: https://e.lanbook.com/book/346016

2. Monotaukos, B. S. Texuudeckast mexanuka / B. SI. MonotHukos. — 3-e u3z., crep. — Cankrt-IleTtep-
Oypr : Jlanp, 2023. — 476 c. — ISBN 978-5-507-45522-5. — Texkcr : aneKTpoHHbIH // JlaHb : 35ek-
TpoHHO-OMOMoTeuHas cucrema. — URL: https://e.lanbook.com/book/271301

3. batp, M. 1. Teopernueckasi MexaHuka B mpumepax 1 3agadax. Tom 1. Craruka u kunemaruka / M. U.
Bats, I'. 0. Ixxanenunze, A. C. Kenas3on. — 14-e usn., crep. — Cankr-IlerepOypr : Jlanb, 2023. — 672
c.— ISBN 978-5-507-47033-4. — TekcT : aneKTpoHHBIH // JIaHb : 3JeKTpOHHO-OMOIHOTEYHAs CUCTEMA.
— URL: https://e.lanbook.com/book/322469

4. batp, M. U. Teopernueckas MexaHUKa B mpuMepax ¥ 3agadax. Tom 2. [lunamuka / M. U. bats, I'. 1O.
Ioxanemumze, A. C. Kenbzon. — 11-e uzn., crep. — Cankr-IlerepOypr : Jlanbp, 2023. — 640 c. — ISBN
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978-5-507-47893-4. — Tekcr : anekTpoHHbIH // JIaHb : 31eKTpoHHO-0nOInoTeyHas cuctema. — URL:
https://e.lanbook.com/book/332093

5. Makcumos, A. b. Teopetnueckas Mmexanuka. Perienne 3aay cTaTUKM M KHHEMATUKH : y4eOHOEe MOCco-
oue / A. b. MakcumoB. — Cankt-TletepOypr : Jlanb, 2022. — 208 ¢. — ISBN 978-5-8114-2008-7. —
Texcrt : anekTpoHHbIH // JlaHb : 3neKTpoHHO-0nbInoTeuHas cucrema. — URL:
https://e.lanbook.com/book/212300

6. Jlopouun, @. A. Teopetnueckas MexaHuka : yaeoHoe mocooue / @. A. Jloponun. — Cankr-IletepOypr
: Jlanw, 2022. — 480 c. — ISBN 978-5-8114-2585-3. — Tekcr : 37eKTpOHHBIH // JIaHb : 3IEKTPOHHO-
6ubnmoreynas cucrema. — URL: https://e.lanbook.com/book/212570

7. Hepenuannas, T.0., Xoxnosa O.A., [Tonomapera E.B., XoxnoB A.B. Kypc TeopeTndeckoii MEXaHUKHU.

Craruka: yue6. mocodue/ Mock. roc. yH-T nieuatu uM. MiBana ®@enpoposa — M.: MI'YII umenu MBana de-
nopoBa, 2013. — 188 c.

Tema 9.
Onpeodenenue KUHEMAMUYECKUX XAPAKMEPUCMUK MOUKU

Metoaunyeckue yKasaHus

Ilepen BeIoOIHEHHEM 3a1aHUS HEOOXOIMMO U3Y4UUTh TeMy «KuHemaruka toukn». [Ipu pe-
LICHUY 3a7]a4X Ha OINIPECIICHUE YPABHEHUS TPACKTOPUHU TOUKH U €€ KHHEMAaTUYECKUX XapaKTepHU-
CTHK 11€JI€CO00pa3HO MPHUIEPKUBATHCS CIEAYIONIET0 MOpsaKa:

1) MCKITIOUNTH U3 YpPaBHEHUHN JBUKEHHS TOUKU B KOOPJAUHATHON (popMe BpeMsl U ITOJIyUUTh
YpaBHEHUE OTHOCHUTEIIBHO KOOPAUHAT TOYKH;

2) HOCTPOUTDH TPAEKTOPHIO TOUKH, YKa3aB IIPU 3TOM, SIBJISIETCS JIU TPAEKTOPUEN ABHKEHUS
TOYKU BCs JIMHUA UIIU KAaKas-TO €€ YacCThb;

3) o ypaBHEHUSIM JIBM)KEHUS TOUKH HAUTH €€ KOOPJUHATHI, IPOEKIUU CKOPOCTH U YCKO-
pPEHMS Ha OCH KOOPAMHAT B JAHHBI MOMEHT BPEMEHHU, I10Ka3aTh HA YEPTEIKE MOJI0KEHUE TOUKH U
IIOCTPOUTBH BEKTOPBI CKOPOCTU U YCKOPEHUS;

4) onipeenuTh KacaTeJIbHOE U HOPMAJIbHOE YCKOPEHUS TOUKHU B JAHHBIA MOMEHT BPEMEHU
Y IIOKa3aTh HAa YEPTEXKE Pa3yIOKEHUE BEKTOPA YCKOPEHUs TOYKU HA YKa3aHHbBIE COCTABIIAIOLIUE;

5) onpeaenuTs MO HANPaBJIEHUAM BEKTOPOB CKOPOCTHU U KAacaTEIbHOIO YCKOPEHUS TOUKH,
ABJISICTCS JIA €€ JBUKEHUE B JaHHBII MOMEHT BPEMEHHM YCKOPEHHBIM WIH 3aMEJICHHBIM;

6) HallTH paAnyC KPUBU3HBI B COOTBETCTBYIOIIEH TOUKE TPACKTOPHUU.

B HekoTOpbIX BapHaHTax IpU pacyeTax CIEAYET UCIOIb30BATh TPUTOHOMETPUUYECKUE
TOXKJIECTBA:

cos2a=1-2sin*a =2cos* a.—1; sin2a=2sina.cosa.

Tunoeoe 3a0anue 1.

Touka M neuxercs B miockoctu OXy. Ilo 3agaHHBIM ypaBHEHMSM JBMXKEHUS X=X(1),
y=y(t) Touku M (rae X © Y BBIPAXCHbI B CAaHTUMETpPaX, t - B CEKyHIaX) HAHIUTE TPACKTOPHIO
TOYKH, a TaKKe JUId 3alaHHOT0 MOMEHTa BpeMeHH t=11 HaliiuTe mojg0kKEeHne TOYKU Ha ee Tpaek-
TOpUH, OMPENEIUTE U MOCTPONUTE BEKTOPBI CKOPOCTH, HOPMAJIBLHOT0, KAacaTeIbHOTO U MOJIHOIO
YCKOPEHHUH, BBIYUCIUTE PAANYC KPUBU3HBI B COOTBETCTBYIOIIEH TOUKE TPAEKTOPHUH.

Hcxoonvie dannvie:

X(t) =—4. COS(%tj -1, y(t) =—4-sin (%tj [cM] - ypaBHEHUS IBH)KEHUS TOUKH,

t1=1 [c] — 3amanHBI MOMEHT BpeMeHH, to=0 [c] — HaYaIbHBIA MOMEHT BPEMEHHU.
Pewenue.
1) VpaBuenus nsrokenus X(t), y(t) sABISIOTCSA TaKXKe ypaGHeHUsSMU MPAESKMOPUU 6 napa-
Mempuueckom eude. 11 TOydeHUs! YpagHe s mpaekmopuu 8 KOOpOUHAmHoU ¢opme, UCKIIO-
YaeM U3 ypaBHEHHi aBmxkeHus napamerp t. [1oyb3ysch OCHOBHBIM TPUTOHOMETPUYECKUAM TOXK/Ie-

ctBOM ( €OS” o +Sin * o = 1), IonyyaeM cieayiolee ypaBHEHHE
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(x(t) +D* +(y(t)* = 4 (@)

W3 ypaBuenust (1) crmemyeT, 4yTO TpPaeKTOpUs IBHMKEHHUS TOYKU IPEACTaBIseT coOOM
OKPYXXHOCTb paJinycoM 2 [cM] ¢ IIGHTPOM B TOuKe ¢ koopauHaTamu (-1;0).
B navanbHbIii MOMEHT BpeMeHHt to=0 [c] kooparHaThl TOUKU M paBHBI
x0=-5 [eM], yo=0 [cMm].
B paccmarpuBaemblii MOMEHT BpeMenH t1 = 1 [c¢] koopauHaThl TOUKH M paBHBI
x=-3 [cM], y=-3,46 [cMm].

2) Monynb CKOPOCTH TOYKH OINpPEAETUM 1o GhopMmyie

V= Vg V5

Tae Vx, Vy — IPOCKIIMH CKOPOCTH HA OCH X U ).

dX 47: 4r mt
Y ——cos(— 2).
T dt 3 ( ) dt 3 (3) @

IMpu t1=1[c] vx)=3,62 [cm/c], vy(tl)—-2,09 [CM/C], v=4,18 [cm/c].
3) MoayIib OJTHOTO YCKOPEHUS TOUYKH BBIUUCIIUM 110 (OpMyIie

a=,/a; +a, ,

TAC dx, ady — NPOCKIUH YCKOPCHUA HA OCU X U ).

dV 47c dVy 4m® . mt
a —sin(— (3).
gt ( ) dt 9 (3)

pu t1=1[c] axw)=2,19 [em/c?], ayn)y= 3,80 [CM/CZ], a=4,38 [cm/c?].

P v

[TocTpoeHne cKOpoCTeN U YCKOPEHUN TOUYKH

4) OnpenienieHre KacaTeabHOTO YCKOPEHUS TOUKU

aT:VX-aX+Vy-ay’
Vv
gty -a, :3,62-2,19+(—2,09-3,80) _ 0 [ew/c].
i % 4,18

5) Omnpenenenrie HOPMaIbHOTO YCKOPEHUS TOUKH
an = az _azr ’
a, = »\/4,382 — 0% =4,38 [em/c?].
6) Omnpenenenne paauyca KpUBU3HBI TPACKTOPHH
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n

4 [em].

KoHnTpoJibHBIe BONIPOCHI A1 IPOBEICHHUsI 0OIIPOCa 10 TeMe:

1. Onpenenenve kuHeMaTuku. OCHOBHbBIEC NIOHATHUSA: JBUKEHHE, BpeMs, pocTpaHcTBO. Kakue
3aJ]a4y pacCCMAaTPUBAIOTCS B KHHEMATHUKE?

2. Kunemaruka Touku. OCHOBHbBIE XapaKTEPUCTUKU KNHEMATHUKU TOYKH: TPAEKTOPUs, CKOPOCTb,
YCKOpPEHHUE TOYKHU.

3. BekTopHbIii crtoco6 3a1aHusl IBUKEHNUS TOUKU: 3aKOH JBMXKEHUS, CKOPOCTh H YCKOPEHHE TOUKU
4. KoopauHatHsblil crioco0 3a/laHusl ABUKEHHS TOUKH: 3aKOH JIBUKEHMSI, CKOPOCTh M YCKOPEHHE
TOYKH

5. EctecTBeHHBII cr10CO0 3aJaHMsl JBM)KEHUS] TOUKU: 3aKOH JBM)KEHUS, CKOPOCTh M YCKOPEHUE
TOYKH

6. EcTecTBeHHBIE OCH KOOPIUHAT (OCH €CTECTBEHHOTO TPEXTPAHHUKA)

7. IlpuBectu (hopMyiTy CBSI3U BEKTOPHOTO M KOOPAWHATHOTO CIIOCOOOB 3aaHUs IBMKEHHS TOUKU
8. YacTHble cilydyanu JBUKECHMS TOUKU: HEPABHOMEPHOE MPSAMOJIMHEHNHOE U PABHOMEPHOE IIPSAMO-
JIMHENHOE IBU)KCHUE

9. YacTHble Cily4au JBUKEHHS TOUYKU: PABHOMEPHOE KPUBOJIMHENHOE ABU)KEHUE

10. YacTHble ciyyau ABM)KEHUS TOUKH: PaBHOIIEPEMEHHOE KPUBOJIMHEHHOE ABUKEHUE

11. MeToauka perieHus 3a/1a4 KHHEMaTUKH TOUYKU [IPU KOOPAWHATHOM CIIOCO0€ 3a/laHusl IBUXKE-
HUS.

TpeGoBaHus K BHINOJHEHHIO 3a1a4u 1 o Teme:

Cnenatp 6ubnuorpaduyueckoe onucaHue T0KyMEHTa.

OCMBICTUTH OCHOBHOE COJICpPIKaHUE TEKCTA, IBAXKIBI IPOYHUTAB €TO.

[Tonpa3zaenars MaTepral Ha OCHOBHBIC CMBICIIOBBIC YaCTH, BBIICISATH TJIaBHBIC MBICIIH, BBIBO/IBI.
CocTaBuUTh IUIaH TEKCTa — OCHOBY KOHCIIEKTa, CHOPMYIUPYHUTE €0 MYHKTHI U ONPEACITUTE, UTO
CJIeTyeT BKJIIOUUTH B KOHCIEKT JJISl UX PACKPBITHSI.

Ha ocHoBe n3y4eHusi COOTBETCTBYIOIIMX pa3JIeloB yYEOHUKOB, yU€OHBIX TOCOOMI UM KOHCIIEKTa
JIEKIUH cOPMYITUPOBATH OTBETHI Ha BOMIPOCHL.

ITopsinok BeINOJIHEeHHs 3agaHus 1:

CocTaBuTh IJIaH KOHCIIEKTA, paclpereianTe coOpaHHbI MaTepuanl B HEOOXOJUMON JTOrMUecKOi
MIOCJIEI0OBATEILHOCTH.

Komno3unmonHo oopMuTe KOHCIEKT.

N3yunth yueOHYyI0 HHPOPMALIUIO 110 TEME, TPOU3BECTH €€ aHaJIN3, AaTh OTBEThHI HA IOCTaBJICHHbIE
BOITPOCHI.

®opma kouTpoJisi: Onpoc 1Mo TeMe JIeKIUH.

TpeooBanusi k opopmiieHuto 3aganus 1: Pemenue 3anaun opopMuts B paboueit TeTpaau ¢ wi-
JTIOCTPALUSAMHU, PACYETHBIMU (POPMYTIaM U KOMMEHTAPHUSIMHU.

PexoMenayeMble HCTOYHHKH:
1. lnesckuii, B. A. Teopernueckas mexanuka / B. A. JlueBckuii. — 6-e u3z., crep. — Cankr-IlerepOypr

: Jlanw, 2023. — 348 c. — ISBN 978-5-507-48273-3. — Tekcr : 37eKTpoHHbIH // JIaHb : 2IEKTPOHHO-
oubnmoreunas cucrema. — URL: https://e.lanbook.com/book/346016

2. Monortuukos, B. 5. Texuudeckast Mexanuka / B. 5. MonotHukoB. — 3-¢ u3z., crep. — Cankr-IleTep-
oypr : Jlans, 2023. — 476 c. — ISBN 978-5-507-45522-5. — Tekcr : anmekTpoHHbIH // JlaHb : 31ek-
TpoHHO-OMOMMoTeuHas cucrema. — URL: https://e.lanbook.com/book/271301

3. batp, M. 1. Teopernueckasi MexaHuKa B mpuMepax u 3agadax. Tom 1. Craruka u kuHemaruka / M. W.
Bats, I'. 1O. Ixxanenumnze, A. C. Kens3on. — 14-e u3a., crep. — Cankr-IletepOypr : Jlanb, 2023. — 672
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c. — ISBN 978-5-507-47033-4. — Tekcr : 21eKTpOoHHbIH // JIaHb : 9JeKTPOHHO-OMOIMOTEUHAs CHCTEMA.
— URL.: https://e.lanbook.com/book/322469

4. batp, M. 1. Teopernueckast MexaHuKa B mpuMmepax 1 3agadax. Tom 2. lunamuka / M. U. bats, I. 1O.
Ixanemumze, A. C. Kenb3on. — 11-e u3n., crep. — Cankr-IletepOypr : Jlans, 2023. — 640 c. — ISBN
978-5-507-47893-4. — Tekcrt : anexTpoHHbIl // Jlanb : anekTpoHHO-OnbIMOTeuHas cucrema. — URL:
https://e.lanbook.com/book/332093

5. Makcumos, A. b. Teopetnueckas MmexaHuka. Pemenne 3aqaq CTaTUKN 1 KHHEMATHKH | y9e0HOE TI0CO-
oue / A. b. MakcumoB. — Cankrt-IletepOypr : Jlans, 2022. — 208 ¢. — ISBN 978-5-8114-2008-7. —
Tekcr : amekTpoHHBIH // JIaHb : aIekTpoHHO-0nOMoTeunas cucrema. — URL:
https://e.lanbook.com/book/212300

6. Hoponun, @. A. Teopetnueckast MexaHuka : yaeOHoe mocodue / @. A. loponnn. — Cankr-IletepOypr
: Jlanp, 2022. — 480 c. — ISBN 978-5-8114-2585-3. — TekcT : aneKTpoHHbI# // JIaHb : 3IEKTPOHHO-
oubnmoteunas cucrema. — URL: https://e.lanbook.com/book/212570

7. Xoxmoa, O.A., [lTonomapesa E.B., XoxnoB A.B. Teoperndeckast mexannka. KnuaemaTuka: y4e0. moco-
Ome / AcTpaxaH. ToC. TeXH. YH-T /— AcTpaxanb: M3a-80 AI'TY, 2013. — 144c.

Tunosoe 3aganne 2: CaMOCTOSATENbHOE PEUICHIE CUTYAIIMOHHBIX 3a7a4 (TPEHUHT).

Touka M nBmxercs B uiockoctu OXy. Ilo 3a1aHHBIM ypaBHEHUSIM JBUKCHUS X = X(1), y =
y(t) Touku M (re X 1y BbIpa)K€HBbI B CAHTUMETpAX, { - B CEKyH/1aX) HAWTH TPACKTOPHIO TOYKH, a
TaKXe JUIs 3aJIJaHHOT0 MOMEHTa BpeMeHH t=t1 HalTH MOJI0KEHNE TOUYKM Ha €€ TPAaCKTOPHUH, OIpe-
JIEIUTh U IOCTPOUTH BEKTOPBI CKOPOCTH, HOPMAJILHOTO, KACATEJIBHOTO U IMOJTHOTO YCKOPEHUM, BbI-
YUCJIUTh PaJUyC KPUBU3HBI B COOTBETCTBYIOLIEH TOUKE TPAEKTOPHUHU.

HCO6XOI[I/IMBIC AJId pCUICHWA JaHHBIC ITPHUBCACHLI B Ta6JII/III€.

Tabruya

Howmep YpaBHEeHUsT OBUXKEHUs t1,
BapHaHTa z = z(t), cMm y = y(t), c™m c
1 —2t2 4+ 3 —5¢ 1/2
2 4cos?(mwt/3) + 2 4sin?%(nt/3) 1
3 — cos(wt?/3) + 3 sin(7t2/3) — 1 1
4 4t+4 —4/(t+1) 2
5 2sin(nt/3) ~3cos(wt/3) + 4 1
6 3t2 +2 —14t 1/2
7 32 —t+1 5t — 5t/3 — 2 1
8 7sin(nt2/6) + 3 2 — 7 cos(wt2/6) 1
9 =3/(t+2) 3t+6, 2
10 —4 cos(mt/3) —2sin(mt/3) — 3 1
11 —4t2 +1 8 — 3t 1/2
12 5sin?(mt/6) —5cos?(nt/6) — 3 1
13 5 cos(nt?/3) —5sin(wt2/3) 1
14 —2t—2 —~2/(t+1) 2
15 4 cos(nt/3) —3sin(nt/3) 1
16 3t | 42 +1 1/2
17 7sin?(7t/6) — 5 —7 cos?(mt/6) 1
18 1 + 3 cos(wt?/3) 3sin(nt?/3) + 3 1
19 —5t2 — 4 3t 1
20 2 —3t—6t2° 3 —3t/2 — 3t2 0
21 6sin(7t2/6) — 2 6 cos(mt2/6) + 3 1
22 7t2 — 3 5t - 1/4
23 3—-3t2+1¢ 4 — 5t2 +5t/3 1



https://e.lanbook.com/book/332093
https://e.lanbook.com/book/212300 6
https://e.lanbook.com/book/212300 6
https://e.lanbook.com/book/212570

TpeGoBaHus K BINOJHEHHIO 3aJaHNA 2 110 JaHHOMW TeMe: [Ipy MOATOTOBKE K PELICHUIO 33734 I1OBTO-
PHUTH COOTBETCTBYIOIINE PA3ZIeibl yueOHNKA M y4eOHBIX TOCOOHI IO JAaHHOH TeMe, KOHCIIEKTOB JISKITHHA
IMopsiaok BbImoJHeHus 3agaHus 2: V3yunTs yueOHY0 HHPOPMAIMIO MO0 TeMe, IPOU3BECTH €€ aHau3,
NPEIJIOKUTD BapuaHT(bl) peILICHHs 3a1a4.

®opma kKoHTPoJIsi: OTUeT 1o mpakTrdeckor padote. [IpaBUIbHOCTD PEHICHHBIX 33434 C U3JI0KEHHEM T10-
psKa pelIeHus 3a1a4n, 000CHOBAaHHUS pallHOHAIbBHOCTH BHIOPAHHOTO CIIOCO0a PEeLICHNSI.

TpedoBanus Kk 0popMIIEHHIO 3aJaHUA 2:
Pemenue 3amaun opopmuth B pabodeil TeTpaau ¢ WLTIOCTPALUSIMH, PACUeTHBIMU (hopMyliaM U
KOMMEHTAPHUSIMH.

PexomeHnyeMbie HCTOYHUKH:
1. TueBckuii, B. A. Teopernueckas mexanuka / B. A. JlueBckuii. — 6-¢ u3n., crep. — Cankr-IlerepOypr

: Jlanw, 2023. — 348 c. — ISBN 978-5-507-48273-3. — Tekcr : 37eKTpoHHBIH // JIaHb : 3IEKTPOHHO-
oubnmoreunas cuctema. — URL: https://e.lanbook.com/book/346016

2. Monotaukos, B. S. Texaudeckast mexanuka / B. SI. Monotaukos. — 3-e u3a., crep. — Cankrt-IleTtep-
oypr : Jlans, 2023. — 476 ¢. — ISBN 978-5-507-45522-5. — Tekcr : anekTpoHHbIH // JIaHb : 371eK-
TpoHHO-OHOMoTeuHas cucrema. — URL: https://e.lanbook.com/book/271301

3. batp, M. U. Teopernueckast MexaHuKa B mpumepax 1 3agadax. Tom 1. Craruka u kunemaruka / M. W.
barts, I'. 0. [Ixxanenunze, A. C. Kenas3zon. — 14-¢ usn., crep. — Cankr-IlerepOypr : Jlanp, 2023. — 672
c. — ISBN 978-5-507-47033-4. — Tekcr : anexTpoHHBIH // JIaHb : 3eKTPOHHO-OMOMHOTeYHAs CHCTEMA.
— URL.: https://e.lanbook.com/book/322469

4. batp, M. 1. TeopeTnueckass MexaHUKa B IpuMepax u 3agavyax. Tom 2. [lunamuka / M. U. bats, I'. 1O.
Ixanemunze, A. C. Kens3zon. — 11-e usn., crep. — Cankr-IlerepOypr : Jlanb, 2023. — 640 ¢. — ISBN
978-5-507-47893-4. — Tekcrt : anexTpoHHbIl // Jlanb : anekTpoHHO-OnbIMOoTeuHas cucrema. — URL:
https://e.lanbook.com/book/332093

5. Makcumos, A. b. Teopetnueckas MmexaHuka. PemieHue 3a/1a4 CTaTUKU M KHHEMATHKH | y4eOHOE TI0CO-
oue / A. b. MakcumoB. — Cankt-IlerepOypr : Jlanp, 2022. — 208 ¢. — ISBN 978-5-8114-2008-7. —
Tekct : anekTponHbIi // Jlanb : anekTpoHHO-0MOIMOTeuHas cuctema. — URL:
https://e.lanbook.com/book/212300

6. Joponun, @. A. Teopernueckast MexaHuka : yaeOHoe nocodue / @. A. loponnn. — Cankr-IletepOypr
: Jlanw, 2022. — 480 c. — ISBN 978-5-8114-2585-3. — Tekcr : 37eKTpOHHBIH // JIaHb : 2IEKTPOHHO-
oubmuoreunas cucrtema. — URL: https://e.lanbook.com/book/212570

7. Xoxyosa, O.A., Ilonomapena E.B., Xoxnos A.B. Teopernueckas mexanuka. Knunemartuka: yueb. moco-
Oue / ActpaxaH. roc. TexH. YH-T /— Actpaxanb: Uzn-so AI'TY, 2013. — 144c.

Tema 10:
Onpeodenenue KUHEMAMUYECKUX XAPAKMEPUCMUK MEEPO020 med.

Metoanyeckue yKazaHust

[lepen BbImOMHEHWEM 3aJaHUs HEOOXOIMMO M3y4nTh Temy «llpocteiimme nBHXKEHHS TBEPIOTO
tenay». [Ipu pemennu 3a1a4 AByX TUIIOB PEKOMEHAYETCS MPUIEPKUBATHCS CIEAYIOLIEHN OCIEN0BATENBHO-
CTH.

[TepBbiii THIT 33144 — 3a/ITaHO ypaBHEHHE BPAIICHUS i-0r0 KoJieca:

1) HaiimuTe yrioByro CKOPOCTB M YIJIOBOE YCKOPEHHE I-0T0 KoJieca, TBaKAbl T GepeHIUpys 10
BPEMEHH 33JJaHHBIN 3aKOH BpAIllCHHUS;

2) Ucxons u3 pacyeTHOI CXEeMBI, OINPEIEINTE YIIIOBbIE CKOPOCTH U YTIIOBBIE YCKOPEHUS KOJIEC,
HAXOISIUXCS B 3AEIUICHUH C I-M KOJIECOM, JIN00 COEIMHEHHBIX C HUM pEMEHHOU nepeaayvei;

3) INocnenoBaTenbHO 00X0I51 KHHEMAaTHUECKYIO CXeMY, HAlJUTE yIJIOBBIE CKOPOCTH U YIJIOBBIE
YCKOPEHMS BCEX CTYNEHYATHIX KOJIEC UCCIIEyEMOI0 MEXaHU3MA;

4) 3Has yTI0BBIE CKOPOCTH U YTIIOBBIE YCKOPEHHS BCEX CTYNEHYATHIX KOJIEC, HAMIUTE CKOPOCTh U
YCKOpEHHUs1 0003HaUYEHHBIX Ha CXEME TOUEK, a TaKKe perku 4 u rpysa 5;
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5) M3o6pa3nute Ha pacUeTHON cXeMe BCE HAWCHHBIC KHHEMATHICCKUE XapAKTEPUCTHKU C YICTOM
MOJIO’KUTENIEHOTO HAIIPABIICHUS], 33JAHHOTO B UCXO/HBIX JaHHBIX.

Bropoii Tum 3a1aun — 3a71aH 3aKOH MOCTYNATEILHOTO JABYKEHUS pelku (Tpy3a):

1) Haiigute ckopocTh U YyCKOpPEHHE PeUKH (Tpy3a), ABAXKIB JU(QPEpeHIUpYs IO BpEMEHH 3ajIaH-
HBII 3aKOH JBIDKEHUS TETa,

2) CKOpOCTh U KacaTeIbHOE YCKOPEHHE TOYKU CTYIIEHYaTOro KoJieca, HaXOIAIIEToCs B 3arlerie-
HUY C PEHKOIA, 3aKOH JIBYDKEHHUS KOTOPOU 3a/1aH, Oy/IyT paBHBI CKOPOCTH M KacaTeIbHOMY YCKOPSHHIO ATON
peiiku. AHAIOTUYHO, €CITU 33]aH 3aKOH JBIKEHHS TPy3a, TO €r0 CKOPOCTh M YCKOpeHUe OYyAyT paBHEI IO
MOJIYITIF0 CKOPOCTH U KacaTelIlbHOMY YCKOPEHHIO TOUYKH KOHTAaKTa HUTH U CTYIIEHYATOro KoJjeca.

3) OcTanbHbIC BEIUMCIICHUS KHHEMATHYECKUX XapaKTEPUCTUK MTPOU3BEIUTE aHATIOTUYHO TIEPBOMY
TUITY 33]1ad.

Tunoeas 3adaua.

MexaHu3M COCTOUT U3 CTYIMEHUYAThIX KoJiec 1-3, HaXOoAsMIUXCs B 3alEIUICHUU UITH CBSA3aH-
HBIX PEMEHHOM Iepeadeil, 3youaToi peiiku 4 u rpy3a 5, IpUBS3aHHOTO K KOHIY HUTH, HAMOTaH-
HOM Ha ofHO U3 Kosec (puc. Ommoka! McTouyHMK cCHUIKU He HaliaeH.). Pannycel cryneHeit ko-
nec 1-3 paBHBI COOTBETCTBEHHO: '1=2 [cM], R1=4 [cM], =6 [cM], R2=8 [cMm], r3=12 [cMm], R3=16
[cM]. Ha o6oxax kosec pacmososxensl Touku A, B u C.

3Hast 3aKOH BpalleHus 3-ro Kojeca ¢, =8t—3t> [pax] mns mMomenta spemenu t =1,5

[cex], Hatioume BeMUYMHBI CKOpOCTeH U yckopeHui Touek A, B, C, peiliku 4, rpy3a 5, a Takxke
YIJI0BBIE CKOPOCTH U YTJIOBbIE YCKOpEHHUs Kojec 1, 2, 3.

O

Cxema MexaHu3Ma

Vkasanus: TlonoxurenbHbM mist @, = f (t) CUMTAETCs BpalleHHe 3-ro KoJjieca MPOTHUB

X0/J1a yacoBoM cTpenku. [Ipu penienuu 3a1aum yuecTtb, 4To, KOT1a 1Ba KoJieca HaXOIATCs B 3allell-
JIEHUH, CKOPOCTh TOUYKH 3alLlEIUIEHHs] KaKI0T0 KOJIeca OIHA U Ta K€, a KOTJa JIBa KOJeca CBA3aHbl
pPEMEHHOM Mepenavei, To CKOPOCTH BCEX TOYEK PEMHS M, CIeA0BaTEIbHO, TOUEK, JISKAIIUX Ha
000/1€ Ka)/10T0 U3 3TUX KOJIEC, B JAHHBI MOMEHT BPEMEHH YHCIIEHHO OJMHAKOBBIL; IIPU 3TOM CUH-
TaTh, YTO PEMEHb 110 0001y KOJieca HE CKOJIb3UT.

Pewenue. PaccmatpuBaeMblii MEXaHNU3M COCTOMT M3 IIATH MOABMKHBIX Ten (puc. 1): cry-
NeHYaThle Kojieca 1-3 coBepIIaloT BpamareabHbIe TBUKECHUS BOKPYT OCEH, MPOXOSIINX Yepe3
touku C1, C2 u C3 COOTBETCTBEHHO, 3y0uaras peiika 4 ¥ rpy3 5 COBEpIIAIOT MOCTyNAaTeIbHOE JIBH-
KEHHE.

OmnpenensieM yriIoByK0 CKOPOCTh M YIJIOBOE€ YCKOPEHHE CTYNIEHYATOro Kojeca 3, IBaX/Ibl

B35B IPOU3BOJIHBIE [0 BPEMEHH OT 3aKOHA JIBHKEHUS @, = f (t):

m3=%=(8t—3tz)'=8—6~t,
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d
&, =%=(8—6-t)'=—6 [pan/c?].

B momenT Bpemenn t, =1,5 [c] momy4um
o, (tl) =8-6-1,5=-1 [pan/c].

Monynu nMHENHHBIX cKopocTel Touek £, B u D crynenuaroro kojeca 3 onpenesnstorcs 1o

bopmynam
Ve =05l Vg =4l Vp = 3R,

rae O, — yrioBas CKOPOCTb CTYIIEHYaToro Koseca 3, I3 — pajauyc Majlol CTyrneHu kojieca 3, Rz —
paaunyc OOJIBIION CTYIIeHH Kojieca 3.

Otkyna

Ve =Vg =1-12 =12 [cm/cex], npu oToM V. L C,E, V, LC,B,
Vp =1-16 =16 [cm/cex], pu 5ToM V,, L C,D).

[TockonbKy HUTH, cOeAMHAIONMAs TOUKH £ 1 F, HepacTshkuMa, CKOPOCTH STHX TOUYEK PaBHBI
110 MOJTYJIIO | IO HAIPaBJICHHUIO, TO eCTh Vg =V .

Ortcrona yrioBasi CKOPOCTb CTYIIEHYATOT 0 Koyieca 2 paBHa

ve 12
=" = —= 2
r, 6 [pan/c].

3Hasi YIJIOBYIO CKOPOCTh (2 CTYIIEHUATOro KoJieca 2, Hail1eM JIMHEHHYI0 CKOPOCTh TOUKH

0,

Ve =, =2-6=12 [cwm/c], npu stom V. LC,C.
CkopocTb rpy3a 5 onpezaensiercs o popmysie
vV, =m,R, =2-8=16 [cm/c].
Touka D nexxut Ha 0607€ cTyneH4aToro kojieca 1, yrioByro CKOPOCTh KOTOPOTO paccyu-
TaeM 1o ¢popmyie

16
W =" 1 =4 [pan/c].

Vo
R

o~ e

|

Vs

T
e

Vs

K OIPCACIICHUIO JIMHEMHBIX CKOpOCTCf/'I TOYCK U YI'TIOBBIX CKOpOCTCﬁ KOJIEC

3Hast YIJIOBYIO CKOPOCTh (01 CTYIIEHYATOro KoJsieca 1, HailieM JuHEHbIE CKOPOCTH TOUYKU
A u peliku 4

vV, =0,R =4-4=16 [cm/c], npu atom V, L CA,
V,=m,h =4-2=8 [cm/c].
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Hanpasienust yriaoBeIx CKOpoOCTel CTyneH4aThiX Kosec 1, 2 u 3, a TakKe JTUHEUHBIX CKO-
pocTeil Bcex 0003HAaYEHHBIX HA CXEME TOYEK MMOKa3aHbl HA PUCYHKE.

PaccmoTpum BpamateabHOE JBUKEHNE CTYIIEHYATOr 0 Kojieca 3 ¥ HalJieM JJMHEHHOE YCKO-
peHue Touku B

a;=a, +a; .

Monyiib yCKOPEHUS TOYKH B pacCUUTHIBACTCS IO (hopMyJie
n 2 T 2
ag = (aB) +(aB) )
n T
rae dg - MOAYJIb HOPMAJIbHOTO YCKOPEHHUS TOYKH B, 8 - MOJIYyJb KacaTeIbHOTO YCKOPEHUs

TOYKH B.
ay =o:-r,=1"-12=12 [cm/cex?], npu stom a5 Broms BC3 B cropony Cs,

al =g, -,=6-12="72 [cm/cex?], npu stom &z L AN, & cropony &,

a, =122 +72° =73 [cm/cex?].

Touku B u E paBHOYIAICHBI OT OCH BpAI€HHs, CIIEOBATENbHO, a5 = ag . M3 ycloBus He-

PacTsHKMMOCTH HUTH, coeluHstomieit Touku E u F, ciaenyer, uto ag =ag . Tormua yrioBoe ycKo-
peHue CTyNeH4aToro Kojeca 2 Haaém o popmyiie
a:" 72
F 2
g, =——=—=12 [pan/c].
r, 6
Monyinb yckopenust Touku C paccuuThiBaeTcs 1o Gopmysie

ac = (@) +(ar)’,

n T
rae dc - MOAYJIb HOPMAaJIBHOTO yckopeHus Touku C, d. - MOIyJb KacaTeIbHOIO YCKOPEHHs

Touku C.
al =31, =2%-6=24 [cm/cex?], npu stom 8¢ Broms CCa B cropory Ca,

al =g, 1,=12-6 =72 [cm/cex?], mpu stom & L CN, 5 cropony &, .

a. =+ 247 +72* =76 [em/cex?].

KacarenbHOe yckopenue Touku D paBHO
ap =€;3-R; =6-16 =96 [cm/cex?].
Torna yrioBoe yCKOpeHHUe CTYTIEHYaToro Kojieca 1 paccuuraeM CiIeyronmmM o0pasoM:
a,” 96
g =—2=—=24 [pan/c?].
R, 4

Torna
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4

a5
K onpenenennio NTMHENHBIX YCKOPEHUM TOYEK U YIIIOBBIX CKOPOCTEN KOJIEC
Monyib yCKOpeHHs TOUKU A pacCUUTBhIBAETCS MO popMyIie

n 2 T 2
an=y(ak) +(ai)
rae &, - MOAY/b HOPMATIbHOrO yckopeHus Touku C, @, - MOAyIb KACATENHHOTO YCKOPEHHS
touku C.
2 2 =
a,=0; R =1"-4=16 [cm/cex?], npu 3tom @, Broms AC: B cTopony Ci,

a, =g R =24-4=96 [cm/cex?], npu stom &, L AN, B cropony &, .

a, =+/16° +96% =97 [cm/cex?].
JIuneitHOe yckopeHHe 3yOouaToi peiiku 4 HaliaEM cielyromuM 00pa3oMm:
ac, =a, =96 [em/cex?].
JIuHeitHOe yCKOpEeHHE Tpy3a S paBHO:
a;=¢,-R,=12-8=96 [cm/cex?].

HamnpaBnenus yrioBbIX YCKOPEHUN CTYNEHUYAThIX Kojec 1, 2 u 3, a Takke TUHEHHbIE YCKO-
peHus Bcex Touek A, B u C moka3zaHbl Ha pUCYHKE.

Torna

a) muHeitnble ckopoctu: V, =16 [em/c], Vg =12 [em/cex], Ve =12 [em/c], V, =8 [cm/c],
Vv, =16 [em/c];

6) nuneiinble yekopenns: d, =97 [em/cex’], 85 =73 [em/cex’], ;. =76 [cm/cex?], 8., =96
[cm/cex?], 85 =96 [cm/cex?];

B) YIJIOBBIE CKOPOCTH CTyIeH4aTsx Konée: O, =4 [pan/c], ®, =2 [pan/c], w; =1 [pan/c];

I') TMHEHHbIE YCKOPEHHS CTYMeHYaThIX Konéce: €, = 24 [pan/c?], €, =12 [pan/c?], €; =6 [pan/c?].

KoHTpoJibHBIe BONIPOCHI /151 IPOBE/ICHUsI OIIPOCa M0 TeMe:

1. Bpamenue TBepIOTO TEIa BOKPYT HEMOABMXKHOU ocu. OmpeneneHne CKOPOCTeH TOYEK TpH
BpalllaTeIbHOM JABM)KEHHUH TBEPJOTO TENa.

2. Bpamenue TBepa0oro Teixa BOKPYr HEMOABMKHON ocH. OmpeneneHne YCKOPEHUH TOUeK Tpu
BpalllaTeIbHOM JABM>KEHHUH TBEPJOTO TeENa.

3. Ormpenenenue CKOPOCTH U YCKOPEHUS TOUKH

4. ®dopmyna, CBA3bIBAIOIIAs BEKTOPHBIN M KOOPAWHATHBIN CIIOCOOBI 3a/1aHUsI IBH)KEHUS] TOUKH
5. OmnpeneneHue TpaeKTOPUH TOUKU
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6. YckopeHHe TOUKHU NPHU NPSIMOIMHEHHOM PaBHOMEPHOM JIBUKEHUN

7. Ilpocreiilue BUAbI IBUKEHUS TBEPIOTO TeNa

8. OmnpeneneHue NOCTYNaTENLHOTO ABM)KEHHUS TBEPJIOTO TeJa, €ro CBOWCTBA

9. OmnpeneneHue BpamaTeIbHOrO ABHKEHHUS TBEPOTO Tella, €r0 OCHOBHbIE KHHEMATHYECKHE
XapaKTEPUCTHUKHU.

10. VYpaBHeHHE BpamaTreabHOro IBHKEHHS TBEPOTO Tea.

11. VpaBHeHHE paBHOMEPHOI'O BPALICHHUS.

12. Omnpenenenue yriioBOi CKOPOCTH H YIIIOBOTO YCKOPEHHUS TeIa, UX BBIPAKCHHUS, €AUHULIBI
U3MEpEHHUS.

13. Omnpenenenne CKOPOCTH M YCKOPEHHUSI TOYEK MPH BpaAIATEIbHOM JBIKEHHH TBEPOTO Tela.
14. Yemy paBHa CKOPOCTh TOUKH TeJa, JISKAIIEH HAa OCH BpallleHHs?

15. IInockonapasienpHOE IBUKEHUE TBEPAOIO TeJa, €ro cBoicTBa. IIprMepsl Takoro JBUKEHUS

16. IInockonapamiensHoe IBUKEHUE TBEPAOTO Tena. Teopema o CIIOKEHUU CKOpOCTei

17. TInockomnapasienbHoe JBUKEHHUE TBEPIOTO Tena. TeopeMa 0 paBeHCTBE MPOEKIUI CKOPOCTE
18. IInockomapasiensHOe ABM)KEHUE TBEPAOro Tesa. MIHOBEHHBIN IIEHTP CKOPOCTEH, METOJIbI
HAaxX0X/IEHUSI €r0 MECTOIOJIOKEHUS

19. IlnockonapamnensHoe IBHWXKEHHE TBEpAOro Ttena. OmnpeneneHHe CKOPOCTEH TOYEK IpH
IIOMOIIM MTHOBEHHOTO LIEHTPa CKOPOCTEM

20. IInockomapasienbHOE IBUKEHUE TBEPIOTO Tena. Teopema 0 CI0KEHUU YCKOPEHUH

21. TlmockomapaliieIbHOE JBUKCHHE TBEPAOTO Teia. MTHOBEHHBIHN IICHTP YCKOPSHHH, CIIOCOOBI
€ro MECTOHaXOXKIECHUS

22. IlnockomapaisenbHoe IBKeHHe TBEpIoro Tena. OmnpeneneHue YyCKOPEHH TOYeK Teja MpH
MIOMOIL MTHOBEHHOT'O LIEHTPa YCKOPEHUI

TpeOoBaHMsI K BHINIOJTHEHHUIO 32IaHUS 110 JAHHOH TeMme:

Cnenatp 6ubmorpaduieckoe onucanue JOKyMEHTA.

OCMBICTUTH OCHOBHOE COJIEp)KaHUE TEKCTA, IBAXKIbl IPOYUTAB €TO.

HOI[pa?:)IeJ'IHTI) MaTepI/Ia.TI Ha OCHOBHBIC CMBICJIOBBIC HaCTHU, BBIACIIATH I''IaBHbIC MBICJIM, BBIBO/IbI.
CocTaBuTh MIaH TEKCTa — OCHOBY KOHCIIEKTa, CHOPMYIUPYHTE €r0 MYyHKTHI U OMPEAETUTE, YTO
cnenyeT BKJIFOUUTH B KOHCIICKT OJI UX paCKpBITI/IH.

Ha ocHOBe u3y4eHHs COOTBETCTBYIOIIUX Pa3JesioB Y4eOHHUKOB, Y4EOHBIX OCOOUI M KOHCIIEKTa
JIEKIUI cOpMYyITUPOBATh OTBETHI HA BOIIPOCHI.

IHopsiioK BHINOJTHEHHS 3a1aHUA:

CocTaBuTh MIaH KOHCIIEKTA, paclpe/ieluTe cOOpaHHbIM MaTepral B HEOOXOAUMOM JTOrHYecKoi
IIOCIIEI0BATENBHOCTH.

Komno3uimonHo opopMuTe KOHCHEKT.

N3yunth yueOHyI0 HHPOPMAIIHIO 10 TEME, IPOU3BECTHU €€ aHaIN3, 1aTh OTBETHI Ha IOCTaBJICHHbIE
BOIIPOCBL.

®opma koHTpOJsi: ONpoC 110 TEME JEKIUH.

TpeboBanus k ogopmiaeHuIo 3a1anus: Pemenne 3anaun ohopMuTh B paboueit TeTpaau ¢ ui-
JIOCTPALUAMHU, PaCYETHBIMU (OPMYJIaM U KOMMEHTAPHUSIMHU.

PexoMenayeMble HCTOUHHKH:

1. lueBckuii, B. A. Teopernueckas mexanuka / B. A. JlueBckuii. — 6-e u3., crep. — Cankr-IletepOypr:
Jlanb, 2023. — 348 c. — ISBN 978-5-507-48273-3. — Tekcr : a5eKkTpoHHbIH // JIaHb : 3]IeKTPOHHO-0MO-
muoredHas cucrema. — URL: https://e.lanbook.com/book/346016
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2. Monotuukos, B. 5. Texuudeckast mexanuka / B. 5. MonotHukoB. — 3-¢ u3z., crep. — Cankt-IleTep-
oypr : Jlanw, 2023. — 476 c. — ISBN 978-5-507-45522-5. — Tekcr : anekTpoHHbIH // JIaHb : 35ek-
TpoHHO-OMOMMoTeuHas cucrema. — URL: https://e.lanbook.com/book/271301

3. batp, M. U. TeopeTrueckas MexaHuKa B IpuMepax u 3agauax. Tom 1. Cratuka u kuHematuka / M. W.
barts, I'. 1O. [Ixxanemunze, A. C. Kens3zon. — 14-e uzn., crep. — Cankr-IlerepOypr : Jlanb, 2023, — 672
c. — ISBN 978-5-507-47033-4. — TekcT : aneKTpoHHbIH // JIaHb : 37eKTpOHHO-OMOIMOTEYHAs CUCTEMA.
— URL.: https://e.lanbook.com/book/322469

4. batp, M. 1. Teopernueckast MexaHuKa B mpuMmepax u 3agadax. Tom 2. lunamuka / M. U. bats, I. 1O.
Ixanemumze, A. C. Kenb3on. — 11-e u3n., crep. — Cankr-IletepOypr : Jlanb, 2023. — 640 c. — ISBN
978-5-507-47893-4. — TekcT : anekTpoHHBIH // JIaHb : 37ekTpoHHO-OMbIMOTeuHas cuctema. — URL:
https://e.lanbook.com/book/332093

5. Makcumos, A. b. Teopetnueckast MmexaHuka. Pemenne 3aqaq CTaTUKA 1 KHHEMATHKH : y9e0HOE TT0CO-
oue / A. b. MakcumoB. — Cankrt-IletepOypr : Jlans, 2022. — 208 c. — ISBN 978-5-8114-2008-7. —
Texcr : anexTponHnslil // Jlans : anekTpoHHO-OMOMMOTEHast cuctema. — URL:
https://e.lanbook.com/book/212300

6. Joponun, @. A. Teopetnueckast MexaHuka : yaeOHoe mocodue / @. A. loponnn. — Cankr-IletepOypr
: Jlanp, 2022. — 480 c. — ISBN 978-5-8114-2585-3. — TekcT : anekTpoHHsIi // JIaHb : 3IEKTPOHHO-
oubnnoreunas cuctema. — URL: https://e.lanbook.com/book/212570

7. Xoxmoa, O.A., [lTonomapesa E.B., XoxnoB A.B. Teoperndeckast mexannka. KnuaemaTuka: y4e0. moco-
Ome / AcTpaxaH. ToC. TeXH. YH-T /— AcTpaxanb: M3a-8o0 AI'TY, 2013. — 144c.

Tema 11.
Jlunamuka mamepuanvHoil mouKku

MeTtoanueckue yKazaHus
[lepBast 3ama4a TUHAMUKY MaTepHaIbHOM TOUKH PEIIACTCs TIOCPEICTBOM Ougphepenyuposanus
3aJlaHHBIX YPaBHEHU IBIKEHHS TOYKH. [lepByro 3a1auy MTMHAMUKN PEKOMEHIYETCS peniaTh B CIedy-
JOIIEM TTOPAIKE:

1) wu300pa3uTh HA PUCYHKE MATEPUAIIBHYIO TOUKY B TEKYIIEM MOJIOKESHUH U TIPHIIOKEHHBIE K HEil
CUJIBL;

2) BbIOpaTh CHCTEMY OTCUETA, €CJIM OHA HE yKa3aHa B YCIIOBUH 3a/1a4H;

3) ompenenuTh MO 3aJaHHOMY 3aKOHY JBIKECHUS YCKOPEHHUE MaTepPHaIbHON TOUYKU U HAWTH €ro
MIPOEKIIMU Ha BEIOpaHHBIE OCH KOOPIUHAT;

4) cocTaBHTh OCHOBHBIC YPABHCHHUS JMHAMUKH MaTEPUATbHOM TOUKH B MMPOCKIIUAX HA OCH KOOP-
JTUHAT;

5) W3 CHCTEMBI COCTaBIICHHBIX YPABHEHUIT ONPEICTUTh NCKOMbBIC BETUYHHBI.

Tunoeaa 3adaua

Pakera HauMHaeT NBMKEHUE M3 COCTOSHHUS TIOKOSI TTOJT ACWCTBHEM PEaKTUBHOM CHITBI, 3aBH-
cameii o Bpemenu F=Fqe™, rie Fo— MakcuManbHOE 3HaYEHNE PEAKTHBHOM TATH, b — IOCTOSHHAS
BeNM4YrHA. Macca pakeTsl M; HadanbHbIe yenoBus: npu t=0, x=0, V=0.

Pewenue.
3anuiieM OCHOBHOE YpaBHEHUE JUHAMUKH B TPOEKIMU HA OCh X, HAMPABIIEHHYIO B CTOPOHY
JIBIDKCHUSI PAKEThI:
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d?x ot
e =F.e
[TpousBeneM OHMKEHNE MOpAaKa Tu((epeHIINaTBHOIO yPaBHEHHS.
d?x dv dv

— = m—=F,e™
Tak kax dt° dt nonyany Gt , TO €CTh BMeCTO TU(PPEpEeHIIHATBHOTO ypaBHe-
HHsI BTOPOTO IMOPSIKA MOMydduM JBa Au(depeHIHalbHbIX YPAaBHEHUS HEPBOrO MOPsKa, IO-
P
CKOJIbKY dt
PaszensieM niepeMeHHbIE U BBITIOJIHUM HHTEIPHUPOBAHKE TTIOJTYYCHHOTO YPABHEHHMSL:
F
dv =—2e™™dt
m
F
V=--"Le®"4C
bm
F F,
IMpu t,=0,V,=0: 0=——+C,, C, =—2.
pu i, 0 bm . * ' bm
F
V= b—° (1—e™) - 3aBHCHMOCTH CKOPOCTH PAKEThl OT BPEMEHH.
m
dx dx F F
Tk V=—r, —=—0(1-e™), dx=—2@1-e"™)dt.
dt dt bm bm

[IpOMHTErpUpPOBAB, MONYYUM: X = t'):_o (t+ % e™)+C, .
m

FO

F
HpI/I tO:OlX():O 0=m_t(;2+C2’ C2=_m_b2.

F, 1 _
OkoHYaTeIbHO, 3aKOH JABIKEHUS PAKEThl: X = b—° (t— b (1-e™)).
m

Hccnenyem pe3ynbTaThl pemienus 3agaun. [pu t >>0, e™ =0, CKOPOCTh PaKeThl OyeT

F
paBHa V= b—o . CHCHOB&TCHBHO, 10 UCTCYCHHUU HEKOTOPOI'0 NPOMEIKYTKAa BPEMCHHU PAKCTa 6yz[eT
m

. F 1
ABUTAaTbCA C TOCTOSIHHOU CKOPOCTBIO. Torma X = b_o (t _B) - 3dKOH PaBHOMCPHOI'O JABUKCHUA.
m

KoHTpoJibHbIe BONPOCHI /17151 IPOBe/IEHUsI 0MPoca Mo TeMe

1. JIunamuka.

2. 3axonsl HeroToHa

3. [puHnDun cymepno3unuu

4. Jlunamuka Touku. JuddepeHnmanbupie ypaBHEHHs IBHKEHUS TOUKH MPU BEKTOPHOM
crnoco0e€ 3aJaHus IBUKEHUS TOUKH.

5. Jlunamuka Touku. JuddepeHnmansubie ypaBHEHUS ABUKEHUS TOYKU MTPH KOOPAUHATHOM
cnoco0Oe€ 3aJaHus BUKEHUS TOUKH.

6. Jlunamuka Touku. {uddepeHnnansubie ypaBHEHUS IBUKEHUS TOYKU MIPH €CTE€CTBEHHOM
CIoco0€ 3aJaHus JBMIKCHHS TOUKH.

7. 3agaud JTUHAMUKHA TOYKH

8. OOmue TeopeMbl THHAMUKH TOYKH

TpeOoBaHNs K BBINOJHEHUIO 321aHUA 110 JAHHOH Teme:

Crnenatp 6ubnuorpaduyueckoe onucaHue TOKyMEHTA.

OCMBICTUTH OCHOBHOE COJIEpKaHHUE TEKCTa, IBaX/Ibl IPOYUTAB €TO0.

[Toxpasnenats MaTepraia Ha OCHOBHBIE CMBICTIOBBIC YaCTH, BBICISITH TJIABHBIC MBICIH, BBIBOJIBI.
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CocTaBuTh MIaH TEKCTa — OCHOBY KOHCIIEKTa, CHOPMYIUPYHTE €ro MyHKTHI U ONpPEAETUTE, YTO
clelyeT BKIIOYUTH B KOHCIIEKT JIJISl UX PACKPBITHSL.

Ha ocHOBe u3y4eHHs COOTBETCTBYIOIIUX Pa3/esioB Y4eOHUKOB, Y4eOHbIX MOCOOUN M KOHCIIEKTa
JICKIIUH CPOPMYITUPOBATH OTBETHI HA BOIIPOCHI.

ITopsinok BHINOJIHEHHS 3aJaHUSA:

CocTaBuTh MJIaH KOHCIIEKTA, pacipereianTe coOpaHHbI MaTepuan B HEOOXOJUMON JTOrHYeCKOi
[10CJIEI0BATEIBHOCTH.

Komno3unmonHno oopMute KOHCIEKT.

N3yunth yueOHyI0 HHPOPMALIUIO 110 TEME, TPOU3BECTH €€ aHalIN3, JaTh OTBETHI HA TOCTABJICHHBIC
BOITPOCHI.

®opma KOHTPOJIsi: Onpoc 10 TEME JICKIUH.

TpeooBanusi k opopmJeHuIo 3aaanusi: Perenue 3agaun opopMuTh B pabodeit TeTpaau ¢ wi-
JTIOCTPAIMAMH, PACYCTHBIMU (POPMYIJIaM U KOMMEHTAPHUIMHU.

PexomenayeMble HCTOYHHMKM:

1. lueBckui, B. A. Teopernueckas mexannka / B. A. [lueBckuit. — 6-e u3z., crep. — Cankt-IletepOypr:
Jlanb, 2023. — 348 c. — ISBN 978-5-507-48273-3. — Tekcr : anekTpoHHbIH // JIaHb : 31EKTPOHHO-OMO-
mroteunas cucrema. — URL.: https://e.lanbook.com/book/346016

2. Monortuukos, B. S. Texuuueckast mexanuka / B. 5. MonotHukoB. — 3-e u3z., ctep. — Cankr-IleTep-
oypr : Jlans, 2023. — 476 ¢c. — ISBN 978-5-507-45522-5. — Tekcr : anmekTpoHHbIH // JlaHb : 371eK-
TpoHHO-OMOMoTeuHas cucrema. — URL: https://e.lanbook.com/book/271301

3. batp, M. 1. Teopernueckasi MexaHuKa B mpuMmepax 1 3agadax. Tom 1. Craruka u kunemaruka / M. W.
bats, I'. 0. [Ixxanemumze, A. C. Kenp3zon. — 14-e uzn., crep. — Cankr-IlerepOypr : Jlanb, 2023. — 672
c. — ISBN 978-5-507-47033-4. — Tekcr : anexkTpoHHbIH // JIaHb : 3NeKTPOHHO-OMOIHOTeYHAs CHCTEMA.
— URL.: https://e.lanbook.com/book/322469

4. batp, M. 1. Teopernueckast MexaHuKa B mpumepax u 3agadax. Tom 2. lunamuka / M. U. bats, I'. 1O.
Ixanemunze, A. C. Kens3zon. — 11-e usn., crep. — Cankr-IlerepOypr : Jlanb, 2023. — 640 ¢. — ISBN
978-5-507-47893-4. — Texkcr : anekTpoHHbIH // JIaHb : anekTpoHHO-OMOMMOTeYHas cuctema. — URL:
https://e.lanbook.com/book/332093

5. Makcumos, A. b. Teopetnueckas MmexaHuka. Pemenue 3aa4 CTaTUKY U KUHEMATHKH ; ya4eOHOE 0Co-
oue / A. b. MakcumoB. — Cankt-IlerepOypr : Jlanp, 2022. — 208 ¢. — ISBN 978-5-8114-2008-7. —
Tekct : anekTpouHbIi // Jlanb : anekTpoHHO-0MOIMOTeuHas cuctema. — URL:
https://e.lanbook.com/book/212300

6. Joponun, ®@. A. Teoperuueckas MexaHuka : yueoHoe nocodue / @. A. Jloponnn. — Cankr-IlerepOypr:
Jlanb, 2022. — 480 c. — ISBN 978-5-8114-2585-3. — Tekcr : a5eKkTpoHHbIH // JIaHb : 31I€KTPOHHO-0MO-
nuoreynas cucrema. — URL: https://e.lanbook.com/book/212570

Tema 12:
Teopema 06 uzmenenuu KuHemMuU4eCKOll IHEPUU CUCH EMbL

MeToauuyeckue YKazaHud K peIICHUI0

Pemenue 3a1au ¢ MOMOIIBIO TEOPEMBI 00 U3MEHEHUH KHHETUYECKOW YHEPTHUHU CHCTEMBI pe-
KOMEH/TYETCS IIPOBOJIUTH B CIICAYIOIIEH TIOCIIeI0BATEIBHOCTH:

1) BeIGepuTe HanpapaeHUASu V; ¥ OnpesieNnuTe CKOPOCTH U MEPEeMEIeH s BCeX Tell CH-
CTEMEI B 3aBHCUMOCTH OT S11 Vi,

2) BBIYHMCIUTE KHHETHUYCCKYIO DHEPTHIO CHCTEMBI B KOHEYHOM M HAYaJIbHOM IMOJIOKEHHSIX
CHCTEMBEI,
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3) n300pasuTe Ha PHCYHKE BCE BHELIHUE U BHYTPECHHUE CHIIBI CUCTEMBL;

4) BpIYMCIUTE pabOTy BCEX BHEIIHUX U BHYTPEHHUX CHJI Ha MIEPEMEIICHHUSAX TOUYEK CUCTEMbI
(B ciryyae HEM3MEHSAEMOW MaTepUanbHOM CUCTEMBI — TOJBKO CyMMY paboT BHeIHUX cui). Eciu
cymMMa paboT OTpHULaTeIbHa, CMEHUTE HanpasiieHus S;u V; (1 COOTBETCTBEHHO BCEX KMHEMATH-
YECKMX XapaKTePUCTUK MEXAHMYECKOW CHUCTEMBI U MEPECUUTANTE CyMMY pabOT BHELIHMX CHII).
Ecnu cymma paGoT omsITh MONIy4UTCS OTPULATENBHON, TO CUCTEMA O] JICCTBUEM CHJT TSHKECTH
HE IPUXOUT B JBMKEHHUE U3 cocTosiHusA nokost uV1 = 0, a1 = 0. Ilpu cMene nanpasnenuii S;u V;
B CHJIOBOM cXeMe He0OXO0AUMO U3MEHUTh TOJIBKO HAIIPABICHUS CHJIBI TPEHUS CKOJIbKEHUS,

5) BOCIIOJIb30BABIIKCH PE3YJIbTATAMU IIYHKTOB 2) U 4), 3alUIIUTE TEOPeMy 00 H3MEHEHUU
KMHETHYECKOW IHEPTUU CUCTEMBI M ONPEAEIUTE CKOPOCThU YCKOpeHue Teina 1.

Heo0xoauMeie asist perieHus JaHHbIe TPUBEIEHBI B Ta0. 1, 2.

Tunoeoe 3a0anue
Ha rpy3 1 nmelicTByeT cuiia TpeHUS CKOJBXEHHUs, HAa OapabdaH 3 — MOMEHT CONPOTUBIICHHUS
M. Onpenenuth CKOPOCTh Tpy3a | B MOMEHT BPEMEHH, KOT1a IPOHACHHBII UM ITyTh CTAaHET S=2m.

Jlano: m;=0,6 kr; m,=1,8 xr;m;=1,0kr;, = 0.1 M; R, = 1.0 M; p, = 0,6 M;73 = 0,7 m;
R; =2,0Mm,; p3 = 0,5mM;M=20H-™m; f =0,20; a = 30°;, s = 2 M. Ha puc. 16 noka3ana MexaHu-
YyecKasi CHCTEMA B HAYAJIbHOM ITOJIOKEHHH.

Hatimu: ckopocts V1 rpy3a 1 B KOHEYHOM MOJIOKEHHUH.

Pewenue
Bribepem HanpaBienusS;u V; 1 COOTBETCTBEHHO BCEX KHHEMATHUYECKHX XapPaKTEPUCTUK
MEXaHUYECKON CUCTEMBI U 0TOOpPA3HM MX Ha PUCYHKE.

ITo Teopeme 00 M3MEHEHNN KHHETUYECKON IHEPTHH CHCTEMBI:
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T — TO = Z Ae’ (1)

rael — KHHeTUYEeCKast SHEPrusl CUCTEMbI B KOHEUHBIM MOMEHT BpEMEHU (KOTAa MyTh,
IPOIIEHHBIN TPY30M 1, CTAaHET paBHBIM S);

Ty — KMHEeTHYEeCKast IHEPTUs CUCTEMBI B HaYaJIbHBIM MOMEHT BpeMEHU. T.K. B HAYaJIbHBIN
MOMEHT BPEMEHM CHCTEMa HaXOAWJIACh B II0Koe, T0 Ty = 0;

Y. A}, — cymMMa paboT BHEUIHHX CHJI CHCTEMBIL.

KuneTrnyeckyro 3HEprur0 CUCTEMBI B KOHEUHBI MOMEHT BPEMEHH HAXOIUM KaK CyMMY
KMHETUYECKUX DHEPIUil KaXJA0r0 U3 TEJI CUCTEMBI:

T=T1+T2+T3,

1
raely = SMa V2~ KkuHeTUdecKas SHeprus rpysa 1, IBUKYIIErocs NocTynaTelbHo;

1
T, = > J,w3 — KUHeTHYecKas SHePIus CTYNeHYaToro 6apadana 2, COBEpLIAIONIEro Bpalla-
TEJILHOE JIBM)KCHUCE,
1
T; = > J3w3 — KUHeTUYecKas SHEPTHs CTYIIEHYaToro 6apadana 3, COBEpPLIAIOIIETO Bpallia-

TEIBHOE JIBUKCHUE.
Bripazum yrinoBsie ckopoctu 6apabaHoB 2 U 3 yepe3 HCKOMYIO CKOPOCTb rpy3a 1:

£
Wy, = r—: — YIJI0Basi CKOpocTh Oapabana 2;

VYrnoBble ckopocTH 6apabaHoB 2 U 3, COEJMHEHHBIX HUTbHIO, CBSI3aHbl COOTHOILIEHUEM: W *
R, = w3 ' R3, oTKyna

w3 — (l)z'RZ — V]_'Rz .
R3 T'z'R3
Y4uThIBask TaKkKe, YTO MOMEHTHI HHEPIMU 0apabaHOB 2 M 3 paBHBI COOTBETCTBEHHO: [, =

My p3 U J3 = my -+ p%, BRIpaKeHHE KUHETHYECKOH SHEPIUM CHCTEMBI IPUOOPETET BHI:

1 1 AN Vi Ry\?
T=gmeViegmeel- () +3mes () -
2
%) ps "R
:EV12. m1+m2' ; +m3' —TZ-R3 =

L dost1s (0’6)2+10 <0'5'1'0>2 = 35825 - V2
270 |77 7 ot ~\o,1-20/ | 77 !

Haiinem Teneps cymMmmy pabOT BHEIIIHUX CUJI CHCTEMBI.
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Cuutbl TshKecTr O0apabaHoB 2 U 3, HE YJaCTBYIONIUX B paOOTEe BHEIIHUX CHUJI CUCTEMBI, Ha
CXeMe HE IIOKa3bIBaEM.

T A = A(mig) + A(Fy) + A(M),
rne A(myg) = my - g - S - sina — paboTa CUIIBI TSKECTH Ipy3a 1,

A(F'Tp) =—f-N-S=—f-my-g-S-cosa — pabota CHJIbI TPEHHS CKOJIbXCHHUS, JICH-
CTBYIOILEH Ha Ipy3 1,
A(M) = —M - ¢; — paboTa MOMEHTa CHJI COIPOTHBICHHUS, ICHCTBYIOMIUX HA CTyIEHYA-

ThIN OapabaH 3.
Beipazum yrosi, Ha KOTOPbIil moBepHeTCst bapabaH 3 mpu MepeMeIeHHH Ipy3a, paBHOM S:

_ SR,
Tornma cymma paGoT BHEIIHUX CHJI CUCTEMBI OYZIeT paBHa:
ZAi=ml-g-S-sina—f-ml-g-S-cosa—M-S a: =
7" Rs
2-1,0

=06-981-2-05-0,2-06-9,81-2-0,866 — 20-—0’1 20

=-196,153 JIx < 0, cieqoBaTensHO, CUCTEMA ABMXKETCSA B CTOPOHY, IPOTHUBOIOJIOKHYIO BHIOpaH-
HOM M3HAYaJIbHO. Y TOYHSIEM HANPABJICHUS JBM)KCHUS TEJI CUCTEMBI, a TAKXKE 3HAKU paOdOT BHEII-

HUX CHJI CUCTCMBEI.

Toraa paboThl BHEIIHUX CHJI CUCTEMBI OYAYT UMETH CIEAYIOLIUE 3HAUECHUS

A(myg) = —my-g-S-sina;
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A(F_TI;) =—fN-S=—f-my;-g-S-cosa,
AM) =M - ¢;.
CymMma paboT BHEITHUX CHJI CHCTEMBI paBHa!

SR
ZAe=—ml-g-S-sina—f-ml-g-S-cosa+M-—2=

72" R3
=-06-981-2-05-0,2-0,6-9,81-2-0,866 + 20 2-10 =
- ) ) ) ) ) ) ) 0’1.2’0_

=192,075 Ix.

[ToxcraBnsiem noiayyeHHbIe 3HaYCHHS B HcX0HOE ypaBHeHue (1):
35,825 -V = 192,075, otkyna

v, = /w = 2,315m/c.
35,825
OtBeTt: V; = 192075 _ 2,315m/c.
\/ 35,825

TpeGoBanus K BHINOJTHEHHIO 3aJaHUsI 110 IAHHO TeMe:

Crnenatp 6ubnuorpaduueckoe onucaHue T0KyMEHTa.

OCMBICTUTH OCHOBHOE COJICPIKaHUE TEKCTA, IBAXKIBI IIPOYHUTAB €TO.

[Tonpa3nenars MaTepuaa Ha OCHOBHBIE CMBICIIOBBIC YACTH, BBIICIISATH TJIABHBIC MBICIIH, BEIBOIBI.
CocTaBuTh MIaH TEKCTa — OCHOBY KOHCIIEKTa, CHOPMYIUPYHUTE €r0 MYyHKTHI U ONPEAETUTE, YTO
CJIETyeT BKJIFOUUTH B KOHCIIEKT JIJISI UX PACKPBITHSI.

Ha ocHOBe u3yueHHsI COOTBETCTBYIOIIUX Pa3JICIOB YUCOHUKOB, YUCOHBIX MOCOOMI M KOHCIIEKTa
JICKITUH CPOPMYITUPOBATH OTBETHI HA BOITPOCHI.

IHopsoK BHINOJIHEHHS 3a1aHUA:

CocTaBuTh IJIaH KOHCIIEKTA, paclpe/euTe cOOpaHHbI MaTepral B HEOOXOAUMOM JTOrHYecKoi
IIOCJIE0BATENBHOCTH.

Komno3uimonHo opopMuTe KOHCHEKT.

N3yunTth yueOHyI0 HHPOPMALIHIO 10 TEME, IPOU3BECTHU €€ aHAJIU3, 1aTh OTBETHI HA TOCTABJICHHBIE
BOITIPOCBI.

®opma koHTpOJsi: OnpoC 10 TEME JEKIUH.

KoHTpo/1bHBbIE BONPOCHI V151 POBEIEHUs ONPOCca 10 TeMe:

1. O0u1re TeopeMbl TUHAMUKH CUCTEMBI

2. Kunernueckast SHEpTHst TBEPIIOTO TENA, CUCTEMBI

3. Pabora (cumbl, MOMEHTA)

4. Teopema 00 N3MEHEHUU KUHETUUYECKON IHEPTHU CUCTEMBI

5. OceBoit MOMEHT MHEPLIMH TBEPJOTO Tema (CTepKEeHb, OJHOPOAHBIN JUCK U IMINH/AP, TOHKO-
CTEHHBIN JHCK)

7. Teopema IllTeitnepa

8. KonnuecTBO IBMKEHMSI TOUKH U CHCTEMBI

9. Teopema 06 U3MEHEHUH KOJIMYECTBA IBUKEHUS TOUKH U CUCTEMBI, 3aKOH COXPAHEHUs

TpeboBanus k ogopmiaeHuIo 3a1anus: Pemenne 3anaun ohopMuTh B paboueit TeTpaau ¢ ui-
JIOCTPALUAMHU, PACUETHBIMU (OPMYJIaM U KOMMEHTAPUSMU.

PeKOMeH[[yEMI)Ie HCTOYHUKHU:

1. luesckuii, B. A. Teopernueckas mexanuka / B. A. JlueBckuii. — 6-¢ uss., crep. — Cankr-IletepOypr:
Jlansb, 2023. — 348 c. — ISBN 978-5-507-48273-3. — TekcT : anekTpoHHbIN // JIaHb : 371eKTpOHHO-0M0-
muoredHas cucrema. — URL: https://e.lanbook.com/book/346016
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2. Monotuukos, B. 5. Texuudeckast mexanuka / B. 5. MonotHukoB. — 3-¢ u3z., crep. — Cankt-IleTep-
Oypr : Jlanb, 2023. — 476 c. — ISBN 978-5-507-45522-5. — Tekcr : anekTpoHHbIH // JIaHb : 35ek-
TpoHHO-OMOMMoTeuHas cucrema. — URL: https://e.lanbook.com/book/271301

3. batp, M. U. TeopeTrueckas MexaHuKa B IpuMepax u 3agauax. Tom 1. Cratuka u kuHematuka / M. W.
bats, I'. }O. Ixanenunze, A. C. Kenb3on. — 14-e uzn., crep. — Cankr-IlerepOypr : Jlanb, 2023. — 672
c. — ISBN 978-5-507-47033-4. — TekcT : aneKTpoHHbIH // JIaHb : 37eKTpOHHO-OMOIMOTEYHAs CUCTEMA.
— URL.: https://e.lanbook.com/book/322469

4. batp, M. 1. Teopernueckast MexaHuKa B mpuMepax 1 3agadax. Tom 2. Iunamuka / M. U. bats, I. 1O.
Ixanemumze, A. C. Kenb3on. — 11-e u3n., crep. — Cankr-IletepOypr : Jlanb, 2023. — 640 c. — ISBN
978-5-507-47893-4. — Tekcrt : anexTpoHHbIl // Jlanb : anekTpoHHO-OnbIMOTeuHas cucrema. — URL:
https://e.lanbook.com/book/332093

5. MakcumoB, A. b. Teopetnueckast MmexaHuka. Pemenne 3aa4 CTaTHKA 1 KHHEMATHKH : y4€0HOE TI0CO-
oue / A. b. MakcumoB. — Cankrt-IletepOypr : Jlans, 2022. — 208 c. — ISBN 978-5-8114-2008-7. —
Texcr : anexTponHnslil // Jlans : anekTpoHHO-OMOMMOTEHast cuctema. — URL:
https://e.lanbook.com/book/212300

6. loponun, ®. A. TeopeTnueckas MexaHuka : yueoHoe nmocooue / @. A. Jloponun. — Cankr-IlerepOypr:
Jlanb, 2022. — 480 c. — ISBN 978-5-8114-2585-3. — Tekcr : anekTpoHHbIH // JIaHb : 3IEKTPOHHO-OMO-
nnoreynas cuctema. — URL: https://e.lanbook.com/book/212570

Tema 13
Oouwee ypasnenue ounamuxu (npunyun /I’ Anamoepa-Jlazpanosica).

Tunoeoe 3aoanue
Mexauuueckass CHCTEMA COCTOMT H3 OGMOTAaHHBIX HHTSIMH Groka [ paauyca

R u crynexuartoro wkuBa 2 (paguycl cryneHed R H rp, pauyc HHEpUHH
OTHOCHTeNLHO OCH BpauUleHHA p2), @ TakKe H3 rpy3os 3 M 4, NPHKpENJEeHHBIX
K 3THM HuTAM. CHCTeMa [ABHXKeTCS B BEPTHKAJbHOH IWIOCKOCTH IOJ AefiCTBHEM

CUJ TSIKECTH M 1apbl CHJA ¢ MOMeHTOM M, npuioxeHHo# K GnOKy 1.
Dauno: Pi=0, P,=30 H, P=40 H, P,=20 H, M= 16 H.¥,
Ri=02mM R;=03 M, r:=015 M, p2=02 M.
OnpenedaHdTh: yCKOpeHHe rpy3a 3, npeHebperass TpEHHEM.
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Pemenne. 1. PaccMOTpHM nBHiKeHHE MeXaHHUECKON CHCTeMBI, COCTOSA-
weH H3 Tea I, 2, 3, 4, coefMHEHHHIX HUTsIMH. CHCTEMa HMEET OfHY CTEleHb
cBOGonH. CBsi3H, HaJOXKEHHHE HAa 3Ty CHCTEMY, — HAeabHHE.

Has onpenenenus az npAMeHuM oblee ypaBHeHHe AHHAMUKY:

Y6AE4 64 =0, (1)

rae ZO6AE — cyMma 3jieMeHTApHHX pPabOT AKTHBHRIX cusi;, 647 — cymMma
3JIeMEHTaPHbIX PabOT CHA HHEPIHH.

2. MsobpaxaeM Ha uepTexe axkTHBHble CHAB Py, P3, P, H napy
CHJ ¢ MoMeHTOM M. 3ajaBuHCh HanpaB/eHHeM YCKOPEHHs 3, H306pakaeM

Ha ueprexe cuabl HHepuuu FY, F} u napy cua uuepuuu ¢ momentom M3,
BE/HUYHHbl KOTOPBIX PABHHI:

P P
Fi=—ay; Fi=-"u;
g g
P
Mi=—"ple,. (2)

3. Coofmasi cHCTeMe BO3MOXKHOE NepeMelieHHe M COCTaB/fAs ypaBHe-
Hue (1), nmonayuum

(P38in60° — F3)8s3 — M58, — Fidss — M8¢, = 0. (3)
Buipasum Bee mepeMemeHust uepes Sgq:

853 = RoOgy; 854 = rbgs ;

5 2 4 ‘ (4
(Pl - Rl P2 . )
MNoncrasus penuuwnm (2) um (4) B ypasuenne (3), npHBefeM ero
K BHLY

Qs P P
[ P3(31n60°——g—-)Rz—--—;—*pEaz—--——é—mm— };2 ]6(])2 =0, (5)
I

BXO,ELHUJ.HE Cl0la BeNMHUYHHE €3 H Q4 BhIpa3nM yepes HCKOMYIO BEJHYH-
HY aj:

as ra
EQ == ——— 4 = 8oly = ——Q3
Ry’ R2

3artem, yurs, uto 8¢ 0, NIPHPaBHAEM HYJIO BHIpaXKeHHe, CToslee
B (5) B KBazpaTHHIX CKOOKaXx.

H3 nonyuensoro B pesyibrare ypaBHeRHs Haiifiem
_ P3Resin60° — M(ro/Ry) g
P3Ry+ Pap3/Ra2+ Py(r3/Rs)
Buiuncienust paor cregywiuii oTBeT: a3 = —0,9 m/c?, 3Hax yKa-

3bIBAET, YTO YCKOpeHHe rpy3a 3 M YCKOPEHHS IPYrHX Tel HanpasjeHH
MPOTHBOMNOJIOXKHO NMOKA3aHHEIM Ha DHC.
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TpeOoBaHMsl K BHIINOJHEHHUIO 32IaHUS 110 JAHHOH Teme:

Crnenarp 6ubmuorpaduaeckoe onucaHue TOKyMEHTA.

OCMBICTUTH OCHOBHOE COJIepKaHUE TEKCTa, IBaXIbl IPOUYUTAB €rO.

HOIIpa?;l[eJ'ISITB Marcepurajl Ha OCHOBHBIC CMBICIIOBBIC YaCTH, BLIACIIATD INNIaBHBIC MBICJIU, BBIBOBI.
CocTaBuTh IJIaH TEKCTa — OCHOBY KOHCIIEKTa, CHOPMYIUPYHTE €ro MyHKTHI U ONPEAETUTE, YTO
CJICAYCT BKIIIOYUTH B KOHCIICKT IJIA UX PACKPBITHUA.

Ha ocHOBe u3ydeHus COOTBETCTBYIOIIUX pa3esioB Y4eOHHUKOB, Y4eOHBIX MOCOOU M KOHCIIEKTa
JEKIHA c(hOPMYIHPOBATH OTBETHI HA BOIIPOCHI.

ITopsinok BHINOJIHEHHS 3aJaHUSA:

CocTaBuTh MJIaH KOHCIIEKTA, pacipeieianTe coOpaHHbI MaTepuan B HEOOXOUMON JTOrHYeCKOi
[10CJIEI0BATEIbHOCTH.

Komno3zunmonno oopMute KOHCIEKT.

N3yunth yueOHYyI0 HHPOPMALIUIO 110 TEME, TPOU3BECTH €€ aHAJIN3, aTh OTBETHI HA TOCTABJICHHBIC
BOITPOCHI.

®opma koHTpoOJsi: ONpoc 1Mo TeMe JSKIUH.

KoHTposibHbIe BONPOCHI /IJIsl NPOBEEHHS OIPOCca 1Mo TeMe

1. CBs3u, HajaraeMble Ha MEXaHUYECKYIO CUCTEMY

2. Bo3MOXHBIE TIepEMEIICHUS MAaTEPHATTLHOW TOYKH U CUCTEMBI

3. Uncao crenener cBOOOIBI CUCTEMBI

4. TTpuHIMIT BO3MOXHBIX IEPEMEICHUH 1 00IIee ypaBHEHUE TUHAMUKH

Tpeb6oBanus k opopmiaenuto 3aaganus: Pemenne 3aqaun ohpopMuTh B pabodeil TeTpamu ¢ wil-
JIOCTPALUAMHU, PACYETHBIMU (OPMYTIaM U KOMMEHTAPHUSIMHU.
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