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CaMOCTOSITENIbHON PabOTHI CTYACHTOB C JIMTEPATYypOl, HA OCHOBE PallMOHATILHON OpraHU3auu
ee M3y4deHMs, OOJIeryuTh MOATOTOBKY CTYIEHTOB K chade aAuddepeHurpoBaHHOIO 3adera,
COPUEHTHPOBATh X B HAIPABICHUU M3YyYEHHUS MaTepuaa IO IOCTaBJICHHBIM BOIIPOCAM, AATh
BO3MOXXHOCTh OTpa0OTaTh HABBIKM COCTaBJICHHA W O(GOPMIICHHS pPA3IUYHBIX BHIOB
JIOKYMEHTOB, KaK I10J{ KOHTPOJIEM IIPEI01aBaTeNIsd, TAK U CAMOCTOSTENBHO.

Ilepen mOATOTOBKOM K 3aHATUIO CTYIEHTHl JOJDKHBI O3HAKOMUTBCA C IUIAHOM
IPAaKTUYECKOI0 (CEMUHApPCKOI0) 3aHATHS, a TakKe ¢ y4eOHOH ImporpamMMoil mo naHHOW Teme
YTo MOMOXKET CTYyIEHTY COPUEHTUPOBATHLCS IPU IPOPAOOTKE BOIPOCA U NMPABHIBHO COCTaBUTh
wiad oreera. Crenayrommii 3Tan — HM3y4YeHHE KOHCIEKTa JICKIHMHA, pa3/ieloB YueOHUKOB,
O3HAKOMJICHHE C JIOIOJHUTEIIBHOM JUTEpaTypod, PEKOMEHIOBAaHHOW K 3aHATHIO. CTyIEHTHI
JIOJKHBI TOTOBUTH KPATKHI KOHCIIEKT OTBETOB Ha BCE BOIIPOCHI, 3HATh OIPEIEICHHUS] OCHOBHBIX
KaTErOpuil.

IIpakTnyeckoe 3ansarue 1
Tema: Onpedenenue peaxkyuit onop 6aiku

eJsb: Hay4YUTHCS ONPEAEIATh PEAKIIMU ONIOp OATIKU

3HaTh: peakuu CBs3€el, YCIOBUI paBHOBECHS IIJIOCKON U

IIPOCTPAHCTBEHHOM CUCTEM CHII,

YMerb: UCIOJIB30BaTh 3aKOHBI U METOJBI TEOPETUYECKON MEXAHUKU KAK OCHOBBI ONMCAHUS U
pacyeToB MEXaHMW3MOB TPAHCIOPTHBIX W  TPAaHCIOPTHO-TEXHOJIOTMYECKUX MAIIMH H
000pyIOBaHUS.

AKmyanbHocmb memul 00BSICHIETCS OCHOBHBIMH MIPHHIMIIAME OTPEICICHHS PEaKIiii BOSHUKAOIINX B
OTopaXx peatbHBIX OaOK.

Teopemuueckas uacmy:

MexaHuKa U3y4aeT 3aKOHbI MEXaHUYECKOTO IBUKEHHUS.

Teopemuueckas mexanuka - pa3en MEXaHUKH, B KOTOPOM MU3YUYarOTCsI TBUKCHUS
MEXaHUYECCKUX CUCTEM U O6HII/IC CBOMCTBA 3THUX I[BH)KGHHﬁ.

Teopernueckass MexaHMKa paccMaTpuBaeT aOCTpakTHble Mmodeau  Ten. Modensamu
meopemuyecKkol Mexanuku sA614I0mces: a) MaTepualbHas TOUKa,

0) a0COJIFOTHO TBEPJIOE TEJIO;

B) MEXaHHUYECKas CUCTEMA.

Cmamuka - pazgell TEOPEeTUYECKOM MEeXaHWKH, B KOTOPOM H3y4yaeTcs MEXaHHYecKOe
BSaI/IMO,Z[eI\/’ICTBI/Ie MaTCpHAJIBHBIX TCJI MCXIY coboit 0Oe3 yu€Ta uX MEXaHUYCCKOI0 ABHIKCHUA.
Mexanuueckoe OeudceHue - W3MEHEHHE C TEUCHHWEM BPEMEHH B3aMMHOTO TMOJIOKCHHS B
IPOCTPAHCTBE MaTE€PUATIBHBIX TEJl MIIM YAaCTeH JaHHOTO Tela.

Mamepuanbhoit mouKoi Ha3bIBAIOT TEOMETPUUECKYIO TOUKY, 00J1aAa01as MacCou.
Cucmemoii mamepuanbHbIX MOYEK HAZBIBACTCS TaKast UX COBOKYMHOCTb, B KOTOPOM
MOJIOKEHHE U IBUYKEHUE KaXKIOM TOUKH 3aBUCHUT OT MOJIOKEHUS U JIBHXKEHUS BCEX OCTaJIbHBIX
TOYEK JJaHHOW CHCTEeMBI. HacTo CHCTEMY MaTepHaIbHBIX TOYECK HA3BIBAIOT MEXAHUUECKOU
cucmemoii. YacTHBIM ClTydaeM MEXaHUYECKOH CHCTEMBI SIBIISIETCSI aOCOFOTHO TBEPJIOE TEIIO.
Abconomno meepovim Ha3bIBAETCS TEJO, Y KOTOPOTO PACCTOSIHUE MEXKIY JIIOOBIMU ABYMS
TOYKaMH BCET/Ia OCTACTCS HEM3MEHHBIM (T.€. 3TO a0COIOTHO MPOYHOE U HeehopMupyeMoe
TEJIO).



C60000HbIM HA3BIBAIOT TBEPAOE TEJO, IBUKEHUE KOTOPOTO HE OIPAaHUYEHO IPYIMMHM TEIaMH.
Hece00600nblm HA3BIBAIOT TEJO, IBUKEHHWE KOTOPOTO, TaK WM MHAYe, OFPAaHHYCHO IPYTUMHU
tenamu. [TocnenHue B MexaHUKE Ha3bIBAIOTCS C8AZAMU.
Cunoit Ha3bIBAIOT MEpPY MEXaHMYECKOro JEHCTBUS OAHOrO Tena Ha jpyroe. I[lockonbky
B3aMMOJICHCTBHE TEJ ONpeNeseTCsl HE TOJIBKO CBOCH MHTEHCUBHOCTBIO, HO U HANPABICHHUEM -
CHJIA SIBJISIETCS] BEJIMYMHOM BEKTOPHOHM M HA YepTekax M300pakaeTcsi HalIPaBICHHBIM OTPE3KOM
(BexTopom). 3a equHMIy Criibl B cuctemMe CH nipusat wotomon (H). O603HAYAIOT CHITBI

F P O.)
3arJaBHbBIMU OyKBaMHu JaTHHCKOTO ajdaButa ( UucneHnHble 3HaueHus (MM MOJTYJIM BEKTOPHBIX
BEIMYKH) OyeM 0003Ha4YaTh TeMHU ke OykBaMu, HO Oe3 BepxHux ctpenok ( F, P, Q ...).

Jlunueii deitcmeus cunpl Ha3bIBACTCS NPsAMasi, BJOJIb KOTOPOH HAIIPABJIEH BEKTOP CUJIBI.
Cucmemoii cun Ha3pIBaeTCs 00ast KOHEUHAS! COBOKYITHOCTh CHJI, ICHCTBYIOIINX Ha
MEXaHUYECKYIO CHCTeMY. [IpUHATO NeNUTh CUCTEMBI CHII Ha MaocKue (BCe CUIIbI JICHCTBYIOT B
OJIHOM IJIOCKOCTH) U npocmpancmeennsvle. Kaxknas u3 HUX, B CBOIO OU€pe]ib, MOXKET ObITh WU
npoOU3601bHOIl, NAPANIENbHOU (TUHUY IEHCTBUS BCEX CUJI NTApaAJIJICIIbHbI) UITU CUCHEMOU
cxooawuxca cun (JIMHAM IEUCTBHS BCEX CHJI IEPECEKAIOTCS B OJTHOM TOUKE).

Tabmuua 1 Buasl cucrem cuil

Tun Cxopnsmmasics [TapannensHas [Ipoun3zBonpHas
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/IBe cucTeMBbl CHI HaA3bIBAKOTCS IKGUGATNEHMHbIMU, €CIM WX JIEUCTBHUS Ha MEXAHUYECKYIO
CUCTEMY OJIMHAKOBO (T.e. 3aMEHa OJHOM CHUCTEMbl CHJI Ha JIPYI'yl0 HE U3MEHSET Xapakrepa
JIBIDKEHUS] MEXaHUYECKON CHCTEMBI).

Ecnu Hekoropass cucremMa CWJI DKBUBAJEHTHAa OJHOM CHJIE, TO 3Ta CWJIA Ha3bIBACTCS
pasnoodeiicmeyroujeil 1aHHOW cucteMbl cuil. OTMETHM, YTO JAJIEKO HE BCSKAs CHCTEMa CHII
uMeeT  paBHoAelcTByromyro. Cuia, paBHas  paBHOJAEHCTBYIOLIEH IO  BEJIMYMUHE,
IIPOTHUBOIIOJIOKHASL €11 TI0 HANPABICHHUIO U JCHCTBYIOLIAs BJIOJIb TOW K€ MPSMOM, Ha3bIBAECTCS
YpasHogewiuearouiell CUIon.




Cuctema cuj, oA JACHCTBHEM KOTOPOW CBOOOTHOE TBEPAOE TEJIO HAXOAMWTCS B TOKOE WU
JIBIKETCS PAaBHOMEPHO U MPSAMOJIUHEHHO, HA3bIBACTCS YPAGHOGCUIEHHOU I IK6UGATIEHMHOU

HYT10.

I[JISI TOro 4TOOBI CUCTEMA CHUJI HaxoJquJiaCb B PaBHOBCCHUU H€O6XO[[I/IMO n J0CTAaTO4HO, YTOOKI
BBITIOJIHAIHUCH YCIIOBHSA PAaBHOBECHA 9TOM CHCTEMEBI CHII.

HCO6XOI[I/IMBIM U OOCTAaTOYHLIM YCJIOBHUEM PAaBHOBECUA CUCTEMbI CHUJI ABJIACTCA PABCHCTBO
HYJIIO INTaBHOI'O BCKTOPA U I''TaBHOT'O MOMCHTA CUCTEMbI CUJIL:

C YYCTOM BBIPAXXCHUA I'NTaBHOTI'O BEKTOPA W I'NITaBHOTO MOMCHTA CUCTCMbI CHUJI 3TH paBCHCTBA
MOXXHO 3a11ucaTtb B BUJC:

N — N _—
Z: Fi=0;zz M()(Fi)zo,

rac - HHJACKC CYMMHPOBAHUA; N - gucio CHJI, BXOOAIUX B CUCTCMY.

IIpu pemeHny 3a1a4 BMECTO 3TUX BEKTOPHBIX YCIOBUI UCIOJIB3YIOTCS CKAJIIPHBIE YCIIOBHS,
MOJIy4YaIOLIUECS U3 HUX IIPU IPOEKTUPOBAHUM HA OCH JEKAapPTOBOM CUCTEMBI KOOPAUHAT

(Tabmuna 2).

Tabnuma 2 OcHoBHas Gopma aHATUTUYECKUX YCIOBUN PaBHOBECHS

CucreMsl CHII
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Buympennumu cunamu Ha3pIBarOT CHIIbI B3aUMOJICUCTBUS MEXAY MaTEPUATbHBIMUA TOYKAMU
OJHOU MEXAHUYECKOU CUCTEMBI.

Bhewnue cunwt - 310 CHIIBI B3aHMOH€ﬁCTBHﬂ TOYCK IIaHHOﬁ MEXaHHUYECKON CUCTEMBI C
MaTCpHaJIbHBIMHU TOYKaAMH IIpyFOfI CUCTCMBEI.

CI/IJ'Ia, IMPUIIOKCHHAA K TCIIy B KaKo#-1100 OJIHOM ero TOYKEC, HA3bIBACTCA cocpedomouennoﬁ.
CI/IJ'IH, HeﬁCTBYIOHlHe Ha BCC TOYKH JaHHOT'O o0beMa niIn JJaHHOM YacTHu IOBCPXHOCTH TEJIA,
Ha3bIBAKOTCA pacnpe()eﬂenubmu (HO 06"beMy U 110 ITOBECPXHOCTHU COOTBGTCTBCHHO). CunosBble
XapaKTCPUCTUKU MCXAHUYCCKOTI'O BO3JCHCTBHUA Ha TEIO IMPpUBCCHLI B Ta6m/1ue 3.

Ta6J'II/IL[a 3 CunoBele XaPAKTCPUCTUKU MEXAHUYICCKOI'O BO3CHCTBUSI

HanmenoBanue

YcioBHOE H300pakeHue

Onpenesienne aeicTBUS HA
TeJ0

CocpenoroueHHas cuiia

1) YuncnoBbIM 3HAYEHUEM
WITA MOJTYJIEM CHIIBL;
2) Jluanei

NEeNUCTBUSA

cuIIbl (M300pakaeTcs MPsIMOH,
BJIOJIb KOTOPOW  HampaBJIeH
BEKTOp CHIIBI); 3)
Toukoi

TPUIIOKECHUS

CHIJIBI.

MoMeHT Mapbl CUJI

1) YncaoBbIM 3HAYEHUEM UITU
MOJ1yJIEM MOMEHTA Maphbl CUII;
2).IlnockocTei0 mapel cuil,
MIPOBEJICHHOW  4epe3 JIMHHUH
NEUCTBUA cuil Mapel;
3).HampaBnenuem  BpalieHus
napsl CUIL
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CBazu.
CBs3sIMH Ha3BIBAIOT 3apaHee 3aJIaHHbIC OTPAaHWYEHHs, HajaracMbl Ha IOJOKEHHE (B OOIIEeM
Clly4ae Ha JBM)KCHHE) TET MEXaHWYECKOW CUCTeMBbl. EClii Ha Telo He HaJI0)KEHO HUKAKHUX
CBsI3€H, TO TEJIO HA3BIBAETCS C80000HbBIM.
CBoOogHOE TENO0 Ha IUIOCKOCTH O0O0JIajaeT 3-Ms CTENEHsSMH CBOOOJABI (/1Ba JIMHEHHBIX
HepEMEILEHHSI U YroJl MOBOPOTA, a B MPOCTPAHCTBE 6-10 (TPH JIMHEHHBIX MEPEMEIICHUS U TPU
yriia TOBOPOTA).

Cremnenb cBOOOABI — YMCIIO HE3aBHCUMBIX [MapaMeTPOB, OMPEICISIFOIIMX MOM0KEHNE CUCTEMbI
OTHOCHUTEJIBHO 3EMIIH.

B MexaHuke HCIOJIB3YIOT aKCHOMY O CBSI3IX WJIM NPUHIUI OCBOOOXIAAEMOCTH (CM. HUXKE):
BCSIKOE HECBOOOJHOE TEJI0 MOXHO paccMaTpHBaTh Kak CBOOOIHOE, €CIIM OTOPOCUTH CBS3U U
3aMEHUTh UX JACHCTBUE PEAKIIUSIMHU CBS3EH.

Kaxxnas cBsi3b 001a1aeT CTaTUYECKOM U KUHEMAaTUYECKOM XapakTepucTukoil. Cratuyeckas
XapaKTEePUCTUKA — BUJ U KOJIMYECTBO PEAKLUNA, KOTOPHIMUA MOKHO 3aMEHUTH CBS3b.
Kunemarnyeckas xapakTepuCTHKa — YUCIIO CTEMEHEN CBOOObI, YHUUTOXAEMbIX CBSI3bIO.

Bonpocer:
1. ChopmynupyiiTe aKCHOMBI CTATUKH.
2. Uro Ha3bIBaeTCs CBA3BIO, HAIOXKEHHOM HA TBEpAOE Teno?

w

UTto Ha3bIBae€TCs CHIION peakluu CBsI3U?
ChopmynupyiiTe TpUHITUTT OCBOO0KTAEMOCTH OT CBSI3EH.

o~

UTo Ha3bIBACTCS CUIION PEAKIIUU CBSI3H?

Jumepamypa:
OcHoBHas1 iuTeparypa:
1. Teopernueckas mexanuka. Ctatuka. [Ipaktukym yuebHoe nocobue / B.A. AkuMoB [u
1p.]; pea. A.B. Hurapes _ Munck: HoBoe 3nanue; M LIYITA 2010 _452 c.
2. Kypc teopernueckoii Mexanuku. B2 1.T.1 Cratuka u kunemaruka. T.2. Jlunamuxa /
H.B. byrenun, f.JI. JIynn, JI.P. Mepkun. 11-e u3n., crep. CUB.: "Jlans", 2009. 736c.
3. Tapr C.M. Kpatkuii Kypc TeOpeTHIeCcKOli MeXaHUKH: Y4eOHUK aiist By308/ C.M.
Tapr.- 17-e u3g., crepeorun. M.: Beiciias mkona., 2007. - 416¢. lomonauTebHast
JHUTepaTypa:




1. Kparkwuii kypc Teopernueckoil Mexanuku: y4ue0. mocodue / I H. fIkoBenko.  _
M.: BUHOM. Jlaboparopus 3ansatuii, 2006._116 c.

2. Huxutna H.H. Kypc Teoperndeckoit Mexanuku: YueOHUK Ui BTY30B. — M.:
Bercm.
mk., 2003. — 719 c.
3. Opnenn  A.A. Teopernueckas MexaHuka. CONpPOTHUBIEHUE MaTEpUANIOB:

VY4eOHuk ans Bry30B. — M.: U.a. «Akanemusi», 2003. — 320 c. UnTepHeT-pecypeni: 1.
DNEeKTPOHHBIN 00pa30BaTENbHBIN pecypc [DNeKTpoHHBIH pecypc]. Pexxum nocryna:
http://www.edu.ru/ 2. DnekTpoHHast OuOIIMoTeKa [ DIIEKTPOHHBIN pecypc]. Pexxum
nocryna: http:// wwwe.elibrari.ru/ 3. Yausepcurerckas 6udaunoreka online [DneKTpoOHHbBIH
pecypc]. Pexxum noctyna: http:// www.biblioclub.ru/
4, DneKTpoHHas OMOIMOTEKa TEXHUUECKOHN TUTEPaTyphI [ DIEKTPOHHBIN pecypc].

Pexum
nocryna: http:// www.tehlit.ru/

IIpakTHyeckoe 3ansATHE 2
Tema: Cucmema cxooauguxcsa cuJ.

eab: Hay4yuTh ONpPEAEIATh U CKIAbIBaTh CXOIAIINECS CUIBL.

3HaTh: TEOpPUU AP CUT

YMeTh: IPUMEHATH 3HaHMsI, IOJIyYE€HHBIE [10 TEOPETUUECKON MEXaHUKE IIPU U3YYECHUN
JHCIUIIINH TPO()eCCHOHANBHOTO IUKJIA;

AKmyanbhocmy memul 0OBICHICTCS OCHOBHBIMU PHHIUIIAMHE OIPEICIICHHS U CIIOKEHUSI
peakiyii BOSHUKAIOIIMX B CXOIALIMXCS CUCTEMAX.

Teopemuueckasn uwacms:
[TocnenoBaTenbHOCTD PEIIEHUS 3a0a4u:

1. BroiOpatb Teno (TOUKy), paBHOBECHE KOTOPOTO CIIEyeT pacCMaTpHUBATh.

2. OcBobomute Temo (mapHup B) OT cBsizell W M300pa3uTh JEHCTBYIOIIME Ha HETro
aKTHUBHBIE CWJIBI M DPEAKIMM OTOPOLICHHBIX CBsA3ei. Ilpuuem peaknuu crepkHed cieayer
HaAIpaBUTh OT LIAPHUpPA B, Tak KaKk NPUHATO MIPEANOJIAraTh, YTO CTEPKHH PACTSHYTHI.

3. BpbIOpaTh ocH KOOpAMHAT M COCTAaBUTh YPAaBHEHMs PABHOBECHSI, UCTIONb3Ys YCIOBUS

X;=0; ZYi =0.
PaBHOBECHSI CUCTEMBI CXOSAIINXCS CUJI Ha TUIOCKOCTH Bri6upas ocu
KOOPJIMHAT, CIIEJyeT YUUThIBATh, YTO MOJIYUYEHHBIE YpaBHEHUs OYAyT pemaThbes Mpolle, eCau
OJIHY U3 OCell HalpaBUTh NEPIIEHIUKYISIPHO OJHON U3 HEM3BECTHBIX CHIL.

4. OrnpenenuTs peakliy CTEpKHEHN U3 perieHns yKa3aHHON CUCTEMbl YpaBHEHHH.

5. IIpoBepuTh NpaBUIBLHOCTH MOTYYEHHBIX PE3Y/IbTATOB, PEIINB YPABHEHHS] PABHOBECHS
OTHOCHUTEJIbHO 3aHOBO BBIOpaHHBIX KOOPJIMHAT X U Y.

Mpumep 1. Onpenenuts peakuu crepxkHeii, yaepxupatomux rpyss F1 = 70 kH y

F; =100 kH (puc. 1). Maccoii crepskneii mpene6Gpeys.
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Pucynoxk 1
Pemenue.
1. PaccmarpuBaem paBHoBecue mapuupa B (puc. 1).
X
R, = & cos = @00- 0,866 707= 122 kH.

[ToncTasnss HalineHnHoe 3Hauenue R1 B ypaprenwue (2), nomydaem
R,=F,-F;+sin30°- R, cos45°=70-100-05—-122.0,707 = —66,6 gH.
3HaK MUHYC Nepe]l 3HAaUeHHEM Ry
PucynokOcBoOosxnaem mapHup B OT CBsizel U n300pakaeM JAeMCTBYIONINE HA HETO aKTUBHBIE
CHUJIBI U pEaKklnu cBsizei (puc. 2).

3. Beibupaem cucteMy KOOpAUHAT, COBMECTUB OCh Y 110 HaMpaBIeHUIO ¢ peakuuen Ry (puc.
2) ¥ cOCTaBJIIeM YpaBHECHHUS PaBHOBECHUS JJIsi CHCTEMBI CHJI, ICHCTBYIOIINX HA IApHUp B

(mpupaBHUBAEM K HYJIIO CYMMBI MPOEKIINII BCEX CHJI HA KOOPAMHATHBIE OCH):

1)

(2)



ZXE- = -R,, + Fa, =-R, - cos45° 4 F, - cos 30° = 0;

Z}’E-:Ru.+R=+F=y—F1=R1-siu45“+R=+F=-sin3[l“—F1=ﬂ.

, petast
ypaBHeHus (1),

(2). 13
ypaBHeHus (1)

" OmnpenensieM peakiuu crepxkHeii R1 n Rz

yKa3bIBAa€T HA TO, YTO UCTUHHOE HAIPABJICHUE PEaKIUH
OyzAeT IPOTUBOIOJI0KHO IEPBOHAYAIBHO IPEANIOIAraéMOMY HAIIPABICHUIO, H300paKEHHOMY

Ha puc. 2, T.e. peakuus B AelicTBuTensHocTd K2 Hanpasnena k mapHupy B.

[IpoBepsieM MpaBUIBLHOCTH MOJYYEHHBIX PE3YJIbTaTOB, BHIOpAB HOBOE PACIOJIOKEHUE Ocel

KOOPIH
D Xi = Ray + Fax — Fyx = Ry " €05 45° + F; - cos 15° — F, - c0s 45° = 0 ; arxu
y (puc.
3).
D ¥i=Ry-Fyy+ Ry —Fay = Ry~ Fy - 05 45° + R, - 05 45° — F; - €0s75° = 0. Oryocn
TCIABHO
9THUX OCEU COCTaBIISIEM YpaBHCHHA PaBHOBCCHUS:
)
(4)

U3 ypaBuenus (3) Haxoqum

, TIOJIYYCHHBIC TP pelIeHny ypaBHeHui (1) u (2), coBnamaroT mo
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BEJTMYMHE U HAMPABJICHUIO CO 3HAYCHUSMH, HAlICHHBIMU U3 ypaBHeHUH (3) u (4),
CJIeZIOBATENIbHO, 3ajaya pelieHa MpaBHiIbHO.

Bonpocui:
1. Yto Ha3bIBaeTCS paBHOICHCTBYIOMICH CHCTEMBI CUIT?
2. Kax ClOXHUTb CUJIBI:
a) TEOMETPHUYECKH,
0) aHamUTHYECKU?
3. Kak pa3ioxuTh CHITy 110 IBYM 33JaHHBIM HapaBICHUSIM?
4. IlpoenupoBaHue peakluii Ha OCH KOOpAUHAT?

Jumepamypa
OcHoBHasi InTEepaTypa:
1. CrpoutenpHas MexaHuka. Craruka. IlpakTukym ydeOHOe mocobue /
B.A. AxumoB [u 1p.]; pen. A.B. Uurapes _ Munck: HoBoe 3nanue; M LIVIIA 2010 _
452 c.
2. Kypc crpoutensnoit mexanuku. B2 1.T.1 Cratuka u xunemaruka. T.2.
Junamuka / H.B. Byrenun, S.J1. JIyan, [I.P. Mepkun. 11-e u3a., crep. CIIb.: 'Jlanp",
2009. 736 ¢c. _
3. Tapr C.M. KpaTtkuii Kypc TeOpeTHYecKOl MeXaHWKH: YUYeOHHUK s
_ F,-cos45°+F; cos15° 70 - 0,707 + 100 - 0,965
= cos 45° - 0,707
[Toacrasisist HalileHHOE 3HAYCHUE Rz ypaBHeHue (4), mojsydaem
R, =F,-cos45°—R,-cos45°+ F;-cos75°==70-0,707 + 66,6 - 0,707 + 100 - 0,258 = 122 }
3nauenus peakuuii By n Rz
By30B/ C.M.
Tapr.- 17-e u3zn., crepeotun. M.: Beicmias mkona., 2007. - 416¢. JlonoanutenbHast
JuTepatypa:
1. Kpatkuii Kypc cTpouTenbHOU MexaHuku: yued. nocodue / I'.H. SkoBenko. M.:
BUHOM. Jla6oparopus 3anstuii, 2006.116 c.
2. Huxutua H.H. Kypc crpoutensHoil MexaHMkH: Y4eOHHK /11 BTy30B. — M.: Bici.
mk., 2003. — 719 c.
3. Opnemn A.A. CtpoutenbHass MexaHuka. CONMPOTHBIICHHE MaTepUAIIOB: YUYEOHUK JUIs
BTy30B. — M.: U.a. «Axkagemus», 2003. — 320 c. HHTepHer-pecypcebl: 1. DIEKTpOHHBIN
o0Opa3oBaTenbHBIN pecypc [DIeKTpOHHBIH pecypc]. Pexxum noctyna:
http://www.edu.ru/ 2. Dnekrponnas OubOIHOTEKa [DeKTpoHHBIH pecype]. Pexum moctyna:
http:// www.elibrari.ru/ 3. YauBepcuretckas 6udanoTeka online [ DJIeKTpOHHBIH pecypc].
Pexxum noctyma: http:// www.biblioclub.ru/
4. DnexTpoHHas OMOIMOTEKAa TEXHUYECKOH TUTeparypsl [ DIeKTpOHHBIN pecypc]. Pexum
JOCTYyTa: http:// www.tehlit.ru/

R = —66,6 kKH.
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IIpakTHyeckoe 3ansATHE 3
Tema: Ilnockasa cucmema cua.

Heab: HayuyuTh ONpenesaTh PEaKIHK OMOP B INIOCKOM CUCTEME CUII. 3HATH:

peaKuuu CBs3EH,

YCJIOBUI PaBHOBECHS IUIOCKOM U IMTPOCTPAHCTBEHHOM CUCTEM CHII, TEOPUHU

nap CHI;

YMeThb: UCII0JIb30BATh 3aKOHBI U METO/Ibl TEOPETHUECKON MEXaHUKU KaK OCHOBBI ONTMCAHUS U

pac4eToB MEXaHU3MOB TPAHCIIOPTHBIX U TPAHCIIOPTHO-TEXHOJOTMYECKUX MAILIUH U
000pyI0BaHUs. IPUMEHATh 3HAHUS, TIOTY4YEHHBIE TI0 TEOPETUUECKOM

MeXaHUKe MPU U3YYEHUH TUCLUILINH NPO(EeCCHOHATIBHOTO

LMKJIA; IPUBOJUTH CUCTEMY CHJI K IIPOCTEHIIEMY BUY;

COCTABJIATh U PELIaTh YPABHEHUS PABHOBECUS;

AKmyanbHocmb memul 00BSICHICTCS OCHOBHBIMHU MPHHIMIIAME ONPEICTICHHs PEaKIHil OTop
BO3HMKAOILINX B PEAJIbHBIX CUCTEMAX.

Teopemuueckan uacmo:
Onpedenenue peaxkyuil onop meepoo2o meid

Hano:
3 4 2 70 35 15 e
M oF g q
AN\ 2 AT
& 7 TR
{7 {2 {3

U=
|
<

OmnpenensieM paBHOACHCTBYIONIYIO Q 111 paBHOMEPHO pacmpeAeNieHHOW HAarpy3KH (:
@Q=q-l;,=15-2=30kH

CocraBisem YpaBHCHHA PAaBHOBCCHS:

ZFm.:n; Xg—F -cosa = 0;
Zﬂ-}:n; Yg—Q —F -sina + Ry = 0:

ZMB(Ff) =0; ‘Rﬂﬂl-l-i;]—i?-%—M+F-sincx-l= =0.

Onpe/:[enfleM HCEHU3BCCTHBIC BCJIMYHUHBI.
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Xp=F -cosa =35 cos4d = 24,7 xH;
—Q-%‘—M+F-siucx-i= ~30+2-70 + 35 sin45-4
Ry = = = —0,14 kH;
Iy +13) G+4

Yg=Q+F -sina— R4 =30 + 35 -5in45+ 0,14 = 54,9 kH.

Bonpocwi:

1. Ha3oBurte ocCHOBHEIE MOZACIIN pCAJIbHBIX TCJI B TCOpGTH‘-IGCKOfI MCXaHUKE.
2. Uro Ha3pIBaeTCSI MOMEHTOM CHJIBI OTHOCHTEIHLHO TOUKH?

3. Kakue MOXHO COCTaBUTh ypaBHEHHs paBHOBECHS?

4. Kakue cucTeMbl CHJI Ha3bIBalOTCS SKBUBAJIEHTHBIMU?

5. IlepeuncinuTe 351€eMEHTapHBIE ONIEPALIUH HAJl CUIIAMHU.

Jumepamypa:
OcHoBHast JiMTeparypa:
1. CrpourenpHas mexanuka. Craruka. [Ipaktukym ydeOHOe mocobme / B.A.
AxumoB [u ap.]; pen. A.B. Hurape _ Munck: HoBoe 3nanue; M L{VIIA 2010 _452 c.
2. Kypc teopernueckoit mexanuku. B2 T1.T.1 Craruka u kuHemaTtuka. T.2.
Hunamuka / H.B. bByrenun, f.JI. Jynn, .P. Mepkun. 11-e uzn., crep. CIIb.: 'Jlanp",

2009. 736 ¢c. _
3. Tapr C.M. Kparkmii Kypc TCOPETHUECKON MEXaHWKHU: YUYCOHHK /IS BYy30B/
CM.
Tapr.- 17-e u3zn., crepeotun. M.: Beiciias mikona., 2007. - 416¢. JlonoanuteabHasi
JuTeparypa:

1. Kpatkuii Kypc TeopeTrueckoil MexaHuku: yueo. mocooue / I'.H. SIkoBeHKoO.
M.: BUHOM. Jla6opatopus 3austuii, 2006._116 c.

2. Huxutua H.H. Kypc Teopernueckoil MexaHuku: YueOHUK i BTY30B. — M.:
Bricor. mk., 2003. — 719 c.

3. Opnemun A.A. CtpoutensHas MexaHuka. COMPOTUBIIEHUE MAaTEPUAIIOB: Y YeOHUK
Juist BTy30B. — M.: .. «Akanemus», 2003. — 320 c.

HNuTepHer-pecypcebl: 1. D1eKTpOHHBINM 00pa3oBaTeNIbHbIN pecypc [DIeKTPOHHBIN
pecypc]. Pexum nocryna:
http://www.edu.ru/ 2. DnekTpoHHast 6ubIMoTeKa [ DNIEKTPOHHBIN pecypc]. Pexum
nocryna: http:// www.elibrari.ru/ 3. Yausepcurerckast oubimoreka online [ DneKTpOHHBIH
pecypc]. Pexxum goctyna: http:// www.biblioclub.ru/
4. DnexkTpoHHas OMOIMOTEKA TEXHUIECKOH JINTepaTyphl [ DIEKTPOHHBIN pecypc].
Pexum
nocryma: http:// wwwe.tehlit.ru/

IIpakTnyeckoe 3ansaTue 4
Tema: @epmoi.

Heab: HaydYuTHCS ONPEAEIATh PEAKIIMH ONOP U YCHIINS B CTEPKHAX QepM.
3HaTh: peakluu CBA3EH,
YCJIOBHM paBHOBECHS TUIOCKOU U IIPOCTPAHCTBEHHOW CUCTEM CHIL,

KHHEMATHUYCCKUX XapaKTCPUCTUK TOUKHU, YACTHBIX U 06IHI/IX CJIy4acB IBUKCHHA TOYKHU
" TBCPAOI'O TECJIa,
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YMeTh: NIPUBOAUTH CUCTEMY CHII K IPOCTEUIIIEMY BUY; COCTABIIATD
U pellaTh YpaBHEHUsI paBHOBECHUS,

Axmyanvrocme memol 00bSICHICTCSI HAYUYUTHCS ONPEAEIATh PEAKIIMK OIIOp U YCUIINS B
CTEP>KHSAX MOCTOB BBIIIOJTHEHHBIX B BUJIE (hepM.

Teopemultecmm Uacmo.

Pacuem nnocroii gpepmot
Hano:

a b F1 F2 F3
25 50 15 45 50

IS F
7

‘: e '

’CZ’Y__ a VE

S et —-{
OcBoGoXk1aeM (hepMy OT CBA3EN U 3aMEHSAEM UX PEAKIUAMU:

7
SHQQ

Xz

1

CocrasisieM ypaBHEHUs paBHOBECHSI CUJI PUIIOKEHHBIX K pepme:

ZF;!'.J;:':'J Xg=0;
ZFE-}.:IJ; Yg— F;+ R4+ F3—F, = 0:

zmgfﬂ-jzn; Fsa—Rs-a+F; a=0.

OrnpenernsieM HEM3BECTHBIC BETUINHBI:

Xg =0 kH;

F,-a+F’,-a:45-25+5t]-25:95 «H:
ol 25

Yp=F;-Ry—F;4+F,=45—95—-50+15=—-85kH.

OrnpenensieM HaTsbDKeHUE cTepkHel. PaccMarpuBaem

y3en C:

Ry=
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Y
4
r
f2
ZFM. =0; S, = 0;
ZFE-:,; =0; 5, - F; = 0;
S, = F; = 45 kH.
PaccmatpuBaem y3zen H:
S
5 H
g
) Fip=0; -S54 =0;
ZFE-}. =0; S+ F; = 0;
59 = _Fa = _50 HH-
PaccmatpuBaem y3zen E:
5% £
S
7 Sg
ZF’M =0; -5, + 5, - cos 60 = 0
ZFE-}. =0; 55— 5, - cos 30 = 0;
S5 _ —-50 _ ]
7= "Cos30  cos30 -7 KH:
Ss=5,-cos60=>57,7 cos60 = 28,9 kH.
PaccmatpuBaem y3en A:
K
A Sf
A
ARN

ZFU" =0; 5; +5; - cos60 =0;

ZFE-}. —0;— S, -5, cos30+ Ry = 0;

_Ry—5, 95—45 _ ]
3= Cos30  cos30  ° /7 KH:
5; =-5;cos60 = —=57,7 rcos60 = —28,9 kH.
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PaccmatpuBaem y3zen D:

ZFE:-: =0; -Fy - 55 = 05

S, =-F, = —15 kH.

Bonpocur:

1. Onpenenenue hepMsl.

2. U3 xaKkux 3TaroB COCTOUT METOJI CeUCHHIA?

3. Uto Ha3bIBaeTCs SMIOPOIl BHYTPEHHETO yCUITus?
4. U3 xakux 3TanoB cocTout meroa Purrepa?

5. Kak onpenenuts Touku Putrepa?

Jlumepamypa:
OcHoBHasi IuTEepaTypa:
1. Teopernueckas mexanuka. Craruka. IlpakTrkym yueOHOe mocobue / B.A.
AxuMoB [u ap.]; pen. A.B. HurapeB _ Munck: HoBoe 3nanue; M LVIIA 2010 _452 c.
2. Kypc teopernueckoit mexanuku. B2 T1.T.1 Craruka u kuHemaruka. T.2.
Hunamuka / H.B. bByrenun, S.JI. JIynu, JI.P. Mepkun. 11-e u3n., crep. CIIb.: 'Jlans",

2009.736 ¢c. _
3. Tapr C.M. Kpatkuii Kypc TEOpEeTHYECKOW MEXaHWKH: YUYeOHUK Ui BY30B/
CM.
Tapr.- 17-e u3a., crepeotun. M.: Beiciias mkona., 2007. - 416c. JlonoaHuTe1bHas
JHUTepaTypa:

1. Kparkuii kypc Teoperndyeckoir Mexanuku: yue0. nocodue / I'.H. SAxosenko. M.: BUHOM.
JlaGoparopus 3ausaThii, 2006.116 c.

2. Huxkutun H.H. Kypc Teopernueckoit Mexanuku: YueOHUK Juis BTy30B. — M.: Boici. mik.,
2003. - 719 c.

3. Opaenu A.A. Teopernueckass mexaHuka. CONpOTHBIEHHE MaTepHalioB: YUEOHMK JUIs
BTYy30B. — M.: W.1. «Akanemus», 2003. — 320 c.

HNuTepHer-pecypcebl: 1. DnekTpoHHBIN 00pa3oBaTenbHbIN pecypc [DIeKTPOHHBIH
pecypce]. Pexum gocryna:
http://www.edu.ru/ 2. DnexTpoHHast ouOIMoTeKa [ DNEKTPOHHBIN pecypc]. Pexxum
noctyna: http:// wwwe.elibrari.ru/ 3. YauBepcurerckas 6udanoreka online [DneKTpoHHBIH
pecypc]. Pexxum nocryna: http:// www.biblioclub.ru/
4. DnexTpoHHas OMOTMOTEKA TEXHUYECKOUN JIUTEpaTyphl [ DIEKTPOHHBIN pecypc].
Pexxum noctyma: http:/ www.tehlit.ru/
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IIpakTnyeckoe 3ansaTHE 5
Tema: IIpocmpancmeennas cucmema cus

Heab: HayuynuTHCA ONPEACNIATh PEAKIIMU OMOP B MPOCTPAHCTBEHHO PACIIOIO0KEHHOM Bay.
3HaTh: peakinu CBs3eH,

YCIIOBUI paBHOBECHS TUIOCKOI U MPOCTPAHCTBEHHOM CUCTEM CHJI, TEOPUH

nap cui;

YMeTh: UCTIOIB30BATh 3aKOHBI U METOJIbl TEOPETUUECKOM MEXaHUKHU KaK OCHOBBI ONMCAHUS 1
pacueToB MEXaHU3MOB TPAHCIIOPTHBIX U TPAHCIIOPTHO-TEXHOJIOTUYECKUX MAIIUH U
000pyI0BaHUA. IPUMEHATH 3HAHUS, TOJIYYEHHBIE 110 TEOPETUUECKOM

MEXaHHKE MPU U3yYESHUH JTUCIUTUTHH MPO(EeCcCHOHATLHOTO IUKIIA; TPUBOIUTH CHCTEMY CHJ K
pocTeiiieMy BUIY;

COCTaBJISITh U PEIIaTh YPaBHEHUSI PAaBHOBECHUS

AKmyaJleOCIHb memapl 3aKII0YaCTCA B OIPCACIICHUHN PCAKIIUK OIIOP B PCAJIbHBIX BaJlaX
MECXaHHU3Ma.

Teopemuueckan uwacmo:
[TpocTpaHcTBEHHAs: CUCTEMA CUIT

- MoMeHT CHJIbI OTHOCUTEJIbHO OCH

o
IUIOCKOCTB XY. Pa3noxum cumy ?a E(?‘Iaif%fOHII/ICZ OJIHY TIapaJIJIeIbHO OCH Z U
JIPYIYIO, IEKAIIYIO B ITTIOCKOCTH XY = % 7 % Foutou e
z

C TUIOCKOCTBIO XY 0003HaunM OykBoi O. Cuiia , mapaiienbHas OCH Z, He o0yiagaeT

U OCH

BpalaTeabHbIM 3 (HEKTOM; OHA TOJIBKO MOXKET IIEPEMECTHTh TEJI0 BAOJIb ocH Z (puc. 5.1).

Bpamiarensasiii 9 hexT critbl F MOXKET C0O31aBaTh COCTABIISIOIIAS Fy,

CIIEIOBATENBHO, MOMEHM CUNbL OMHOCUMENLHO OCU PABEH MOMEHM) NPOEeKYUU MOl CUlbl
Ha NI0CKOCMb, NePREeHOUKVIAPHYIO OCU, 838MOM)Y OMHOCUMENbHO MOYKU nepecedeHusl ocu ¢
nirockocmoio (puc. 5.1).

VA

B

Xy

Puc. 5.1
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MoOMEHT Cuiibl OTHOCUTENILHO OCH PABEH HYIIIO, €CJIM CUJIa TapaljieibHa OCH UK KOT/1a
CHUJIa TIEPECeKaeT OCh, OTHOCUTEIBHO KOTOPOU OMpeAeIsieTcs MOMEHT cruibl. O000mmas 3tu
YCJIOBHSI, MOXKHO 3aKIIIOUUTh, YMO MOMEHM CUIbl OMHOCUMENbHO OCU PABEH HYJI0, KO20A CULA
U 0Cb HAXO0SAMCSL 8 OOHOU NJLOCKOCTU.
Jnst BBIYHCIICHUSI MOMEHT CHITbI OTHOCHTENEHO OCH Z HE00XO0UMO:

1) TpOBECTH ILIOCKOCTE XY, nieprie

2) CIIpOenHpOBaTh Ha 3Ty MIOCKOCTh cunty F 1 Haiitn Bemmuuny npoektun ; 3 Pomycruts

13 Touku O NEpHEeHIUMKYIISIp Ha JIMHUIO JEMUCTBUS CUIIbl U HAUTH JUIUHY

Fy

nepreHauKyispa h;

4) BBIYMCIIUTD BETMYMHY MOMCHTA CHJIBI FT 'h; 5)
OIIPCACIINTL 3HAK MOMCHTA CHUJIbI.
Takum 06pazom, MOIYJIb MOMEHTA CHJIBI /X OTHOCHTENBHO OcH Z (puc. 5.1) paBeH:
my(F)=F,
F
MoMeHT CHIIBI OTHOCUTEIBHO OCH Z 6yI[CT HUMECTH 3HaK «IIJIKOC», KOTraa C ITOJIOKHUTCIIbHOT'O

KOHI[A OCH TIOBOPOT, KOTOPBIN CTPEMUTCS COBEPILUTH CUIIa , Oy/IeT BUACH MPOUCXOIALIIIM
MIPOTUB XOJa YaCOBOM CTPEIKH, U 3HAK «MHHYC», KOT/Ia [0 X0y YaCOBOM CTPEJIKHU.

Teopema BapuHboHa /111 MOMEHTOB CHJIbI OTHOCHTEJBHO OCH. AHAJIUTHYECKHE
(popMyJIbI VI MOMEHTOB CHJIbI OTHOCHTE/JIHHO KOOPAMHATHBIX oceil 11
MPOCTPAHCTBEHHOM CUCTEMBI CXOSIINXCS CUIT CIIpaBeliinBa Teopema BaprunboHa,

npuBeIeHHas: BO BTOpOii rinase (1. 2.3.6): mO(R]_Z MO(F k ] MoMeHT paBHOACHCTBYIOIICH
CHJIbI OTHOCHUTEIILHO TOYKH PAaBEH BEKTOPHONH CYMME MOMEHTOB BCEX CHJI CUCTEMbI OTHOCHTEIIBHO
TOM ke ToukH. Eciin 00e 4acT BEKTOPHOTO PaBEeHCTBA CIIPOCLUPOBATH HA OCH Z,

IPOXOAALIYI0 yepe3 LeHTpP O, TO MOIy4uM: Mz (R) Z mz\F ( ) [Tony4yennas ¢popmyna ecTb
TeopeMa BaprHbOHA OTHOCUTEIIBHO OCH.

Pa3noxxuM NpoCcTpaHCTBEHHYIO CHITY JHIPAIIOKEHHYIO B TOUKE 4 ¢ KOOpAMHATAMH X, Y, Z, Ha

COCTaBJISIOLINE ,LFI/II(p‘EO' 5. 23)7 Aorga mo reopeme

Bapunbona: mrL;(]KaK r¥o CBOLICTByY 0 e]HTa o’i/I o , TO TIOJIyYHM: .
ml.[FIJ={} m [Fl=vF —zF

F:

LR

Puc. 5.2
AHanoru4HO HaxXoasaTCsa MOMCHTBI OTHOCHTCIIBHO oceit yulZ. OKOH‘IaTCJ'II)HO, IOJIYy4HM:
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m [FJ= zK, —iF,;
¥ X z"
mz[F]z i — v,
¥oowTI
[TomryuenHbie HOPMYITBI €CTh AaHATUTHYECKHUE (DOPMYIIBI IS MOMEHTOB CHIIBI OTHOCHUTEIIBHO
KOOPJIMHATHBIX OCEH.

IIpuBeaeHue Npon3BOJILHON NPOCTPAHCTBEHHOM CHCTEMbI CHJI K JTAHHOMY LHEHTPY
[Ipou3BosnpHas MPOCTPAHCTBEHHAS CHCTEMa CUJI, ACHCTBYIOLIMX Ha aOCOIIOTHO TBEPI0€ TEJIO,
TIpM IIPHBEIEHNH K TIPOU3BOJILHO BRIOpaHHOMY LEeHTpY O 3aMeHseTcs ofHoit cunoit K, paBHoii
[JIABHOMY BEKTOPY CUCTEMBI CHJI U PUIIOKEHHOM B LIEHTpe npuBeAeHust O, U 0JHOM napoi ¢

MOMEHTOM A{o, PaBHBIM ITABHOMY MOMEHTY CHCTEMBI CHJI OTHOCUTENBHO 1ieHTpa O.
JloKa3aTenbCTBO JAHHOTO YTBEPHKICHHS aHAJIOTUYHO PAaCCMOTPEHHOMY BO BTOPOIi ritaBe (II.
2.5). OgHako, B ciayyae NpUBEIEHUS IPOCTPAHCTBEHHON CUCTEMBI CHJI, YYUTBIBAEM, UTO

IJIaBHBIH BeKTOp K U IIaBHBIA MOMEHT M 5 we nesxar B onHou mockocty. IlpuBenenue
NPOCTPAHCTBEHHOM CHCTEMbI CHJI K NIPOCTeHIIeMy BUY
YacTHble ciaydau IPUBEJCHUS IPOCTPAHCTBEHHON CHCTEMBbI CUJI IIPUBEEHBI B Ta0d. 5.1.
Tabnuya 1

YacTHbIe cJIy4Yau NPUBEJIeHHUs NPOCTPAHCTBEHHON CHCTEMBI CHJI

Ne | 3navyenus rinaBHoro PesyabTaT npuBeeHus
BEKTOpAa M I'IaBHOI'0
MOMEHTa
1 | R= 0.Mp#0 Cucrema cuin OPUBOJMUTCS K Mape CHUll,

MOMEHT KOTOPOH paBeH Mo TJIABHOMY MOMEHTY
(TIaBHBII MOMEHT CHCTEMBI CHII HE 3aBUCHT OT BBIOOpa
1ieHTpa npuseneHus O).

2 | R#0,Mp=0 CucTeMa cujl IPUBOIMTCA K paBHOIEHCTBYIOMIEH, paBHOi R
, mpoxojsiel yepes ueHtp O.
3 [|R#0, M o # 0, CucreMa cui IPUBOJMTCSA K paBHOAeHCTBYIOmEN R’
= = R
RiMo

, h= W > | /R DaBHOM INIaBHOMY BEKTOPY U
MapajuIeJIbHON €My U OTCTOUT OT HETO

Ha pacCTOSHUHU . [TonoxeHnue TUHUU JEHUCTBUS
PaBHOJCHCTBYIOIIEH JOMKHO OBITH TAKUM, YTOOBI
HaIpaBJIEHUE €€ MOMEHTAa OTHOCUTENBHO IIEHTpa
MPUBEJICHUS 3 £, O coBnaaano ¢ HaMpPaBJICHUEM
OTHOCHUTEIBHO 1IeHTpa O.

4 , IPHUEM Cucrema cul IpUBOJUTCS K IMHAME (CUJIOBOMY BUHTY) —
BEKTOPHI R My u COBOKYITHOCTH CHJIBI R U Taphl CUJI, JEXKALIEH B
HE IIJIOCKOCTH, TIEPIIEHINKYISIPHON K 3TOU CHUJIE.
MePIEeHIUKYIISPHBI
5 Cuctema cuil, IPUIIOKEHHBIX K TBEPJOMY TeIly, sIBISETCA
YpaBHOBEIINBAOLIEHCA.
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PaBHoOBecue NpoOM3BOJILHON NPOCTPAHCTBEHHOM CUCTEMbI CHJI /[
PasHosecuss NPOU3BOILHOU NPOCMPAHCMBEEHHOU CUCMEMbL CUIL HEODX0OUMO U
00Cmamo4to, 4mobwvl CyMMbl NPOEKYUL DIMUX CUL HA KAAHCOVIO U3 mMpex KOOPOUHAMHBIX
ocetl U CyMMbl UX MOMEHMO8 OMHOCUMENbHO YMUX 0Cell ObLIU PABHbL HYIIO:

Y. Fp=0; 2. Fi=0; Y. Fi=0;
Ym(Fp=0; Im(Fp=0;  Im(Fp=0

B ToM ciyuae, eciu cucTema cil 00pasyeT IPOCTPAaHCTBEHHYIO CHCTEMY NapajlIebHbIX CHIl, TO OCH KOOP/MHAT
1enecoo0pa3Ho BIOPATh TaK, YTOOBI OJIHA M3 OCei OblIa MapajuielibHa CHUilaM. B 3TOM ciiydae 4nciio ypaBHEHU I
paBHOBecHs OyJeT paBHO Tpe M. Hampumep, eciu cuctemMa CHJl apauielibHa OCH Z:

Y Fe=03m(F =0 ym(F p=0.
peuicHue 3a1a4 1Mo UHCCJICA0BaAHUIO yc.]IOBI/Iﬁ PaBHOBECHUA TeJIa, HAXOAAIIECTOCs 1Mo
)IeﬁCTBHeM leOI/ISBOJILHOﬁ HpOCTpaHCTBeHHOﬁ CUCTEMBI CHJI

Ilpakmuueckaa yacmo

IMopsiok pemienust 3axa4

1. Bolaenuts MaTepHallbHYIO CUCTEMY (TEJ0), paBHOBECHE KOTOPOM CllelyeT pacCCMOTPETh.
2. IIpuioxxuTh K BBIZIEIEHHOMY Tely BCE aKTHBHBIC (3aJJaHHBIE) CHUJIBL.

3. OcBOOOANTH TENO OT CBSA3EH, IMPUIIOKUB COOTBETCTBYIOIINE PEAKIIHH.

4. HanpaBUTb OCH KOOp/AMHAT.

5. CocTaBUTh YpaBHEHMSI pAaBHOBECHSI IPOU3BOJIBHOM MPOCTPAHCTBEHHON CUCTEMBI CHJI, U3
KOTOPBIX ONPEACIUTh HCKOMBIE BEIMYUHBI.

Ecnu B pe3ynbTare pelieHns UCKoMasi peakus MoJIy4yaeTcs NOJ0KUTEIbHOM, TO 3TO
3HAUUT, YTO HAIIPaBJIEHUE €€ BHIOPAHO BEPHO, €CIIM OTPULIATENIbHOM, TO HallpaBJIeHHE
pPEaKIMK IPOTUBOMOI0KHO BHIOPAHHOMY (MOAYJIb €€ IIPH 3TOM OCTAeTCs MPEKHUM).
ITocne Toro, kak 3afaya pemieHa, He00X0AUMO NTPOU3BECTH NIPOBEPKY IMPABUIBHOCTH
pemenus. J{is 3Toro ciieyer COCTaBUTh CyMMY MOMEHTOB OTHOCHTEIIBHO TPEX HOBBIX
B3aMMHO NEPIEHANKYIISPHBIX OCEH, IIPH 3TOM HEOOXOIMMO YUUTHIBATh YK€ HCIIPaBIICHHbIE
HaIpaBJIEHUs peakiil. PABEHCTBO HYJI0 CYMMbl MOMEHTOB MTOATBEPAUT MPaBUIBHOCTh
pelIeHns 3a1a4H.

Ipumep. OgHOpOAHAS IPSIMOYTOJIbHAA TIacCTUHKA BecoM P = 60H mpukperieHa Kk CTeHe npu

MOMOIIH 1IaPOBOTO IapHUpad U HUIMHApPUYecKoro mapHupa B. [lnactuHka ynep:xuBaercs B

TOPU30HTAILHOM MOJI0XKEeHUH TpocoM CE, HaKIIOHEHHOMY K TOPHU30HTaIbHOM TJIOCKOCTH MO/

yraom 30°. OnpenenuTs HaTSKEHUE TPOCa U OTIOPHBIE pEaKLIUU.

Pewenue.

1) PaccmoTtpum paBHOBecue miactuHku ABCD, T.e. 00bEKTOM HCCIICAOBAHNY 3a/1aUH SIBISICTCS
JlaHHas IIacTuHKa (puc. 5.3).

2) IpumoXuM K TUTACTHHKE 3aJaHHYIO0 CHITY TsDKeCTH P B TOUKe mepecedeHus JuaroHaiei
IIJIACTUHKY;

3) OcBOOOAMM TEJIO OT HAJIOKEHHBIX HA HETo CBs3eH (B TOUKE A — IIapOBOM MAPHUP, B TOUYKE
B — munmmaapudeckuit mapaup u B Touke C — HATH). Peakiuio mapoBoro mapHupa
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pas3IoKUM Ha TPHU_COCTABISIONINE ,{HXPI,JfPrHHgH"féCK(%ddéapHI/Ipa — Ha JIBe cocTaBJsitonue (B
IUIOCKOCTH, nepéégfpfxy%gp}{oﬁ OCH LIIJIMHJIPUYECKOTO IIAPHUPA); PEAKIIUIO0 HUTU

HalpaBHUM BJI0JIb HUTH OT TOUYKH C x Touke E.

il
iz 1 =
AZs
s 774
B -
..,.-"'
T ‘ Z X B
a —
1 30 T,
| el -
= i ¥y
X1
Puc.3
4) J1ast onpeie/ICHHs BEIMYMH [IECTH HEU3BECTHBIX PEAKIIMi
cesseit 1 v v 7 b % 7 Y cocraBuM 6 ypaBHEHHIl paBHOBECHSI IEHCTBYIOLIEH Ha IUIACTHHKY TIPOU3BOJIBHOMN

H]’)OCTpaHCTBCHHOﬁ CHUCTEMBI CHJI. l'[epexoz[ﬂ K COCTaBJICHUIO ypaBHCHl/lﬁ PaBHOBECHS, 3aMETUM, YTO HEU3BECTHEI YIJIbI, KOTOPBIC 06pa3ye'r CHJIA C OCSIMH X

T Ty
H Y, IO9TOMY Pa3JiokUM CHILy Ha JIBE COCTABJIAPUINE, YTOOBI OJIHA U3 HUX, , JIEKANa B

IIJIOCKOCTHU xy IJIaCTUHKH, a4 BTOpAa, , 6BIJ'Ia napajijieJibHa OCHU Z,
C ] o
T=Tal; Ty =Tcos30. T =Tsin30
3aTem COCTAaBJIAIOIIYTO T x PAa3JI0KUM IO OCIAM

X Y T, =Tcos30sin 30" T, =T cos30° cos30”

T.e.KOOpIUHAT |
Moaynu 3TUX COCTaBISIOUIUX PABHBIL: .
CocTaBUM ypaBHEHUS pABHOBECHS JAHHOW CHCTEMBI:



21



TFe=0 X +Xp-T=0 (1)

TFe=0  ¥i-L=0 2)

¥ Fi=0; Zy+Zs—P+T=0; 3)

S F =0, ZzAB— P-AB?2+ T, AB=0; (4)
Ym(Fp=0. PBC2-T.BC=0, (5)

Ym F)=0; -XgAB=0. (6)

W3 ypaBueHus (6): X3=0

W3 ypasrenns (5): L7 = P2=60/2 =30H.

Orerona: T = TAI30° =30/0,5 = 60H; T, = 25 98H; T, = 45H
U3 ypasnenus (1): X4 = Tx - Xp=2598H.

W13 ypaBuenus (2): Yy=1,=45H.

W3 ypaBHenus (4): Zp=P2-T,=30-30=0.

U3 ypaBuenus (3):

Z,q =P- T; = Z}}= 60=-30-0 = 30H. IIpoBepka:

YpaBHEHHE MOMEHTOB OTHOCUTEIIBHO OCH X1:

Yma(F ) =0; -Z,-AB/2 + ZgAB/2 + T, AB/2 = 0;
-30+0+30=0; 0=0.
YPaBHeHI/Ie MOMCHTOB OTHOCHUTCJIIBHO OCHU yl
Yma(F ) =0; (Z4+Z5) BC—P-BC/2=0;
(30 +0)— 602 =0; 0=0.
YpaBHEHHE MOMEHTOB OTHOCHTEIIbHO OcH Z1:
Yma(F p=0; Xy AB - Y, -BC=0;
NG ™ 0=0.

25,98:4AB —45:4A8-

3 3
ITpoBepka conutacs. OTBeT:
Xp=0H; Zz=0H; 7= 60H,

X,=2598H; Y, =45H; Z, = 30H.
Ipumep. JIBe 0THOPOAHBIE TPSIMOYTOJBHBIE IIIUTHI )KECTKO COETUHEHBI O] IPSIMBIM YIJIOM
JPYT K APYTY U 3aKPEIUIeHbI c(hepUYECKUM HIAPHUPOM B TOUKE A, IIUITUHAPUYECKIM
HIapHUPOM B Touke B, a Taxxke HeBecoMbIM cTepkHeM 1 (puc. 5.4). Pazmepsl IIMT yKa3aHbl
Ha pucyHke. OnpeaenuTh peakiiy CBA3el, eClIM U3BECTHO, UTO Beca IJIUT paBHbI P1=5

la fz




kH;P2=3xH; momenT napsi cun pased M=4 kH m; a=0,6 m; monynu 3aganubix cun F3=10 kH;
F4=12 xH; 03=60°, cubl IIPUJIOKEHBI K CEpEeIMHAM CTOPOHBI IIIIUTHI.

Puc. 4 Pemenue.
1) Paccmorpum paBHOBecue IUThl. OOBEKT HUCCIeA0BaHUs — IUIUTa (pHC. 5.4).
F; Fy

2) Ha nnuty neﬁCTByIOT 3aJIaHHbBIC CUJIBI , TIapa CUJI C MOMEHTOM M, Bec 00enx IUIUT.
3) Ces3u: A I/I‘-I.GCKI/II/I HIApHUP, B — IWIMHIPUYECKUN IIapHUp (MOAIIMIHUK), 1 —
CTEpPKCHb. ea.Kf[iILo eCKoro HIapHUpa A pasjiokKuM Ha TPU COCTABIIAIOILHUE ,
L[I/IJ'II/I%H]:)I/I‘I cxéro%r? HJI/IHHI/II(a) Ha JIBE€ COCTaBJIAIOUIME (B MJIOCKOCTH,
TepreHNKYISPHOI OCH MOIIIMITHAKA); PEaKIIIO CTePIKHs 1HAIPABIM BIOIb
crepxHst 1 (cunTaem, 4To OH CKar).

4) Jns  onpeneneHuss IIECTH HEU3BECTHBIX PEAKLIMMI { X A i 4 A ZA 3 Y 3> ZB ’ R} }

COCTaBUM WIECTh YpPAaBHEHUN pPABHOBECUS [JEHCTBYIOLIEH HA IUIUTY MPOCTPAHCTBEHHOMU

CUCTEMBI CHIIL:

2 F,=0; X =0,
2.5y =0, ¥+ ¥p + F; -cos60°— F; =0;
> F,=0; Z,+Zy—F;-5n60°-P —-P, + R, =0;

3-a 3-a .
ZM gy =0~ R -3-a+ Fy-a+ R-——+ 5 ~—~-5in 60°~F; -a-c0s60°=0;

ZMv(ﬁ?c) =0; —R-2-a+F-2-a-5sin60°+R-a-Z,-2-a-M+P,-a=0;
ZMz{fk} =0, —Fy-a+F-2-a-co8606°+Y,-2-a=0.

5) HO}ICTaBI/IM YHUCJIOBBIC 3HAYCHUSA BCEX 3aJaHHBIX BEJIMYWH U, PCIIXB IMOJTYYCHHYIO

CHUCTEMY YPaBHEHUI, HAMIEM UCKOMBIE PEAKIINU:

Ry=91xH; X;,=0xH; ¥, =1xH,;Z,=0.225 xH; ¥z =6 xH; Z3=7.335 gH.

Bonpocwi:
1. Chopmynupyiite GopMbI ypaBHEHUN PaBHOBECHS MPOU3BOJILHOMN MPOCTPAHCTBEHHOM
CUCTEMBI CHIL
2. Kakue ypaBHEHUS SIBISIOTCS HanOosiee yA0OHBIMU I HaX0XKICHUSI peakiuii B opyce?
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3. Uem oTiiMuaeTcs 1miIockasi CHCTeMa CHII OT IPOCTPAHCTBEHHOM ?
4. 3ameHa cBsizell B IPOCTPAHCTBEHHON cucTeMe KOOpAUHAT.

Jlumepamypa:
OcHoBHas1 iuTEpaTypa:
1. Teopernueckass mexanuka. Craruka. [IpakTrkym ydeOHOe mocobue / B.A.
Axumos [u 1p.]; pea. A.B. Uurapes _ Munck: Hosoe 3nanue; M LIVIIA 2010 _452 c.
2. Kypc teopernueckoit mexanwku. B2 T1.T.1 Craruka w kuHemaTtuka. T.2.
Hunamuka / H.B. bByrenun, f.J1. JIynn, .P. Mepkun. 11-e uzn., crep. CIIb.: 'Jlanp",

2009. 736 ¢c. _
3. Tapr C.M. KpaTkuii Kypc TEOPETHYECKOW MEXaHUKH: YUYEOHHUK JJisi BYy30B/
C.M.
Tapr.- 17-e u3n., crepeotun. M.: Beicmias mkona., 2007. - 416¢. JlomoaHuTe IbHAsI
JurTeparypa:

1. Kpatkuii kypc TeopeTruueckoil MexaHuku: yueo. nocoodue / I'.H. SIkoBeHko. _
M.: BUHOM. Jlabopatopus 3austuii, 2006._116 c.
2. Huxutun H.H. Kypc Teopetnueckoit MexaHuku: Y4eOHUK Ui BTYy30B. — M.:
Brrcm.
mik., 2003. - 719 c.
3. Opuenn A.A. Teoperndeckas Mmexanuka. COIpOTHBIIEHHE MAaTEPHAIIOB:
VYyeOuuk 11t BTY30B. — M.: W1, «Akanemusi», 2003. — 320 c. UnTepHeT-pecypebi: 1.
DeKTpOHHBINH 00pa30BaTeNbHBIN pecypc [ DNeKTpoHHBIH pecypc]. Pexxum nocryna:
http://www.edu.ru/ 2. DnekTpoHHast 6ubIMoTeKa [ DNIEeKTPOHHBIN pecypc]. Pexum
noctyna: http:// wwwe.elibrari.ru/ 3. Yausepcurerckast 6udanoreka online [DaeKTpOHHBI#H
pecypc]. Pexxum nocryna: http:// www.biblioclub.ru/
4. DnexTpoHHas OMOIMOTEKa TEXHUYECKOM TUTepaTypsl [ DNeKTpOHHBIN pecypc].
Pexum
nocryna: http:// www.tehlit.ru/

IIpakTnyeckoe 3ansaTHe 6
Tema: Onpedenenue peakyuii npOCMPAHCMBEEHHO20 6AA

Henb: Hay4yuTHCA ONPEAEIATH PEAKIUU OIIOP B IIPOCTPAHCTBEHHO PACIIOIOKEHHOM Bally.
3HaTh: peakluu CBA3EH,

YCJIOBHM paBHOBECHS TUIOCKOW U IMMPOCTPAHCTBEHHOU CUCTEM CHIJI, TEOPUH

nap Cui;

YMerh: UCIOIB30BaTh 3aKOHBI U METO/IbI TEOPETUYECKOM MEXAHUKHU KaK OCHOBBI OIIMCAaHUA U
pacyeToB MEXaHU3MOB TPAHCIIOPTHBIX U  TPAHCIOPTHO-TEXHOJIOTMYECKUX MAIUH U
000py/10BaHUs. IPUMEHSATH 3HAHUS, TIOJYyYEHHbIE IO TEOPETUUECKON MEXAaHUKE MPH U3yUEHUHU
JUCIUIUINH TPO(eCCHOHAIBHOTO IMKJIIA; TPUBOJUTH CUCTEMY CHJI K IPOCTEHUILIEMY BUY;
COCTABJISITh U PEIIAaTh YPABHEHUS PABHOBECUS

Axmyanbhocms membl 3aKimodaeTcss B OINPENCICHUM PEAKIMU ONOp B PEANBHBIX Bajlax
MEXaHu3Ma.

Teopemultecmm yacmos:

Onpeoenenue peakyuii onop NPoCMpanCmeeHHo20 6ad
IInan peweHus
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1. JelicTBre Kaxa0M U3 ONOp 3aMEHSIEM JIByMsI B3aUMHO MEPIEHANKYISIPHBIMU
peaKuusAMU, JIeKAIIUMHU B IUIOCKOCTH, NIEPIEHIUKYIISIPHON Bally.

2. Jnsg  ompeneneHus CWIbl  JIaBIEHUS COCTaBIsiEM ypaBHEHUE MOMEHTOB
OTHOCHUTEIIbHO OCH Bajia. MOMEHT CHJIbI HATSKEHUsI PEMHSI, HUTH U T.I. (HAKJIOHHOM WJIM HET)
BBIUMCIISIEM KaK IPOU3BEACHUE BEJIMYMHBI CHJIbI HA COOTBETCTBYIOIIMH paguyc CO 3HAKOM,
COOTBETCTBYIOIIIMM HAIIPaBJICHUIO BpAIlCHWs BOKPYT Bajla. YPAaBHEHUE COACPKUT OIHY
HEU3BECTHYIO, KOTOPYIO JIETKO HAMTH.

3. OnpenenseM BEepTUKAIBHBIE peakUUU onop Baya. [[ns 3Toro cocramisieM aBa
YpPaBHEHHS MOMEHTOB OTHOCHUTEIBHO OCEH, COBHNAJAIOIIMX C JIMHUSIMHM  JEHCTBUS
TOPU3OHTAIIBHBIX PEAKIUM IIapHUPOB. Pemtaem 3T ypaBHEHUS.

4. [IpoBepsiem HallicHHBIE PEAKLIMK, COCTABIIsAsl YpAaBHEHUE PABHOBECHS B
IIPOEKLIMY HA BEPTUKAIb.

S. OmnpenensieM ropu3oHTaIbHbIE PEAKIIMN ONOp Basia. [ 3TOro cocraBiiseM ABa
YpPaBHEHHS MOMEHTOB OTHOCHUTEIBHO OCEH, COBHNAJAIOIIMX C JIMHUSMH  JEHCTBUS
BEPTUKAJIbHBIX PEAKIUI [LIAPHUPOB.

6. [IpoBepsieM TOpU30HTaIbHBIE PEAKIINH, COCTABIIsI YPABHEHUE PAaBHOBECHUS B
MPOEKIMU HA OCh BAOJIb JIUHUU JACUCTBUS TOPU30HTAIBHBIX PEAKLIUM.

e N, =40H yN;=50H
{ /

i

N,' N,

Ipumep. I'opuzonTtanbHbnii Ban Becom G=15 H MOXeT Bpamarbcs B IMAITHHIPHIECKUX
mapaupax A u B (puc. 15). K mkuBy 1 npuiiosxeHsl CHITBI

Pucynoxl
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I'py3 @ = 25 H BucuT Ha HUTH, HABUTON Ha Teno 3. Onpenenuts cuiny aaBiaeHus P
IPHUIOKCHHYIO K IIKUBY 2 W PEaKIMU IIAPHUPOB B YCIOBHU PaBHOBECHS Bajia. YdecTh Beca

mkuBoB: Gy = 35 H, Gy = 10 H, G3 = 15 H. Bce Harpy3ku JAEHCTBYIOT B BEPTHUKaIbHBIX

IIOCKOCTSAX. M3BecTHBl pamuychl mKuBOB,1=0,1 m, ro=05 m, u paccTosHHS MeEXKIY
XapakTepHbIMHA Toukamu Bama: a=0,25 m, b=0,1 m, ¢=0,3 m, d=0,15 ». O6mas amuHa Baia
L=a+b+c+d=0,25+0,1+0,3+0,15=0,8 m; 0=30°.

Pemenue

1. HetictBue nunuHapuaeckux onop A u B 3amenum peakiusmu Za, Xa 1 Zg, Xg
(puc. 65). Bec Bana G mpuioxxuM B ieHTpe. Bec rpy3a nzobpaszum Bekropom Q.

2. Jlist onpenienienust cuiibl P cocTaBUM ypaBHEHHE MOMEHTOB OTHOCHUTEIIBHO OCH
Y, paccMaTpuBaeM TMPOEKIMI0 BCEX CHUJ Ha IJIOCKOCTh ZX (puc. 66). Takum obOpazom
BBIYMCJICHHE MOMEHTOB OTHOCHTEIILHO OCEH CBOJUM K ITOCKOH 3a/1aue BHIYMCICHUS MOMEHTOB
OTHOCHUTEIIEHO Touek A u B.

3HaKM MOMEHTOB CHJI OIpelessieM Kak B 33Jadyax IUIOCKOH CTaTHKU: MOMEHT CHIJIBI,
Bpallaloleil Teno BOKPYT MOMEHTHOM TOYKM TPOTUB YAaCOBOM CTPETKU CUUTACTCS
MOJIOKUTETBHBIM, [0  YaCOBOW  CTpEIKe —  OTPUIATENIbHBIM. MOMEHTBI  CHII,
NEPIEeHIUKYISAPHBIX TIOCKOCTU ZY (M MO3TOMY HE M300paKEHHBIX HA pHC. 66), OTHOCUTENHHO
0001 ee TOYKU PaBHBI HYJIIO.
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YpaBHeHue
COJICPIKUT OJIHY
HEU3BECTHYIO . JluHUUM
JICUCTBUS OCTAJIBHBIX CHJI
MIEPECEKAOT OChb Y M UX
MOMEHTBI OTHOCHTEIBHO
BaJIa PABHBI HYIIIO.

ocHu

ns MOJy4YEHHOT O
ZMA{FE-} =0:;Ny-13-Ng-my +P-cosa-1;-Q -1, =0:; ypaBHeHMs HaXonuM

P
-N,-nn+N,-n+Q-r, -40-0,1+50-0,1+25-0,1
p= s PR R a5 = 8,08 H.
cosa-1; cos30-0,5
3. OrmpenensieM BEpTUKAIbHBIE PEaKIMHM IMAPHUPHBIX oOmop Bana. s sToro

COCTaBIIsieM JIBa ypaBHEHUS MOMEHTOB OTHOCHTEIHHO TOPU3OHTAIBHON OCH X, TMPOXOJISIINX
yepe3 mapaupsl A u B. PaccmarpuBaem i ymoO6CcTBa MPOEKIMIO BCEX CHJI HA TUIOCKOCTH ZY

(puc.

66).
4. HpOBep}IeM IMPaBUJIbHOCTb HAXO0XKACHUA BECPTHKAJIbHBIX peaKHHﬁ, COCTaBJIAgA
ypaBHEHHE PABHOBECHS B IIPOEKLIUK Ha 0Ch Z (pHc. 66):
5. OHpe,I[eJIHeM TOPU3OHTAJIbHBIC PCAKIIMKU OIIOP BaJia. I[J'IH 3TOI'0 COCTABJIAIEM ABa
Z A
P-sin o
- - " Z— "
G, 7 G B G,
,V_‘ y
N A B "
¥ G, 0
N4 L2
a b c d
. | L
ZM;EA(F:'): 0;:G,-a4+N;,-a4N,-a+P-sina-b—-—G,-b—-G- 3 @ +Zg-b+0)-Q-b+c+
—Gl'u—Nz'a—Nl'a—P'sina'b-f—Gz'b-i-G'(%—a)—{-Q'{b-i-c-{-d)—f—Gg'(.5-

T —
g b+ c

ZMIB(FE):(]:G,-(a{»b+c)+N,-(a+b+c)+N1-(a+b+c)—P-cosa-c+G,-c+G-

(_':'1-(a+b+c)+:‘u’2-(a-§-b+c]-i-Nj_-(a-i-b-i-cj—P-sina-c—f-Gg-c-i-G-((

i
A b+e
YpaBHEHUSI MOMEHTOB OTHOCHUTEIBHO OCH Z, COBHAQJAIOMIUX C JIMHUSMH JeHCTBUS

ZFzz:0:—G,—N1-N,+ZA+P-sina—G,—G ¥ Ty — 6y~ 0= —35 — 40 — 50 + 201,97
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BEPTUKAJIbHBIX PEAKIMi apHUPOB. PaccMaTprBaemM ropu30HTAIBHYIO MPOEKIIUIO CUIIOBOM
cxemsl (puc. 67):

P-cos a

b X:,l XBI

ZMzAfFf]=IJ: P-cosa-b—Xg-(b+c)=0;

P-cosa-b _8,08-cos30-01
b+c) (0,1 +0,3)

zMzB(Fz']zﬂ:—F'CDS(I-C+XA-{E}+5]=|]:

Xg = = 1,749 H.

¥ _P-cosa-c_8,08-cos30-0,3
AT T+ ©O1+03)

= 5,248 H.

6. [TpoBepsieM NMPaBUILHOCTh HAXOXACHHUS TOPH30HTAIBHBIX PEAKIIMKA, COCTABIISIS
ypaBHEHUE DABHOBECHS B MPOCKIHUU HAa OCh X BIOJb JMHUU JACHCTBUS TOPU3OHTAIBHBIX
peaKIuid:

ZF}X =0;—Xs+P-cosa—Xg=—52+8.08-cos30-1,7 = 0,0005 ~ 0.

PeBy.TIBTaTBI pacucToB B H 3aHocum B Ta6J'II/II_[y1

X4 H X H Zs H Zs|H P,H'

5,248 |1,749 20197 16,01 |8,08

Bonpocwi:

1. Cdopmynupyiite GopMbl ypaBHEHHI paBHOBECHS TPOU3BOIBHOM MPOCTPAHCTBEHHON
CUCTEMBI CHIL

2. Kaxkue ypaBHEHUs SABISIOTCS HanOoee yI0OHBIMY [T HAXOXKISHHUS peakuuii B Opyce?
3. UYem oTimuaeTcs IIOCKask CUCTEMa CHJI OT IPOCTPAHCTBEHHON?
4. 3ameHa cBs3el B IPOCTPAHCTBEHHOM CUCTEME KOOPAMHAT.
5. OmpeneneHue peakiuii Omop MPOCTPAHCTBEHHON CUCTEMBI KOOPAMHAT.
Jumepamypa:

OcHoBHasi InTEpaTypa:
1. Teoperuueckas mexanuka. Ctatuka. [Ipaktukym yuebHoe nocodbue / B.A. AkumoB [u
1p.]; pea. A.B. Hurapes _Munck: Hooe 3nanue; M LIVIIA 2010 _452 c.
2. Kypc teopernueckoii Mexanuku. B2 1.T.1 Cratuka u kunemaruka. T.2. lunamuka /
H.B. byrenun, f.JI. JIynn, J[.P. Mepkus. 11-e u3zg., crep. CUb.: "JIans", 2009. 736_c.
3. Tapr C.M. Kpatkuii Kypc TeopeTuyeckoil MexaHuku: Y 4eOHuK 1711 By308/ C.M.
Tapr.- 17-e u3n., crepeotun. M.: Beicmas mikona., 2007. - 416¢. JlonoaHuTeAbHAast
JuTeparypa:

28



1. Kpatkwuii kype Teopernueckoit Mexanuku: yue0. mocobue / I'.H. SIkoBeHko.
M.:
BMHOM. JIa6oparopus 3anstuii, 2006._116 c.

2. Huxutna H.H. Kypc Teoperndeckoit Mexanuku: YueOHUK Ui BTY30B. — M.:
Beicm.
mk., 2003. — 719 c.
3. Opnenu  A.A. Teopernueckas MexaHuka. CONpPOTHUBIEHUE MaTEpUAJIOB:

VYuebnuk mus BTy30B. — M.: W.a. «Akagemus», 2003. — 320 c. UuTepHeT-pecypceni: 1.

DNEeKTPOHHBIM 00pa30BaTENbHEIN pecypc [DnekTpoHHbIi pecypc]. Pexxum gocryma:
http://www.edu.ru/ 2. Dnekrponnas OubOIHOTEKa [DeKTpoHHBINA pecypce]. Pexum mocryma:
http:// www.elibrari.ru/ 3. YuuBepcuterckas Oubimoreka online [DieKTpOHHBIH pecypc].
Pexxum nmocryna: http:// www.biblioclub.ru/

4, DJeKTpoHHass OMOIMOTEKAa TEXHUYECKON JTUTEPaTyphl [ DJIEKTPOHHBIN pecypc].
Pexnm JOCTYTIA: http:// www.tehlit.ru/
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IMpakTuueckoe 3ansiTue 7
Tema: Ilpueedenue nnockoii RPOU380IbHOI CUCIEMbL CUIL K 3A0AHHOMY UEHMPY.

Iesb: npuodbpeTeHre yMEHUH MPUBOAUTH TUIOCKYIO IPOM3BOJIBHYIO CUCTEMY CHII K 3aJJaHHOMY
LEHTPY.

3HaTh: peakuuu CBA3€H, YCIOBUH paBHOBECUS IUIOCKOM U

IIPOCTPAHCTBEHHOM CUCTEM CHII,

YMerb: COCTaBIATh U PEIIATh YPAaBHEHUs PABHOBECHS;

AKmyafleOC'mb membul 00BACHACTCA CBEACHUEM CHUCTEMbI C HECKOJIBKMMU CHJIAaMM K 3aIaHHOMY
HOCHTPY, TCM CaMbIM YIIpOIIad CXEMY U PACUCT.

Teopemuuecmm yacmo:

FF,...F

1. PaccMOTpuM NpOU3BOJIBHYIO CUCTEMY CHII ( 12 n ) Bri6epem

IIPOU3BOJbHYI0 TOUKy (O 3a LIEHTp NPUBEIACHUS U, BOCIIOJIB30BABIINCh TEOPEMOM O
HapauIeIbHOM IIEPEHOCE CHIIbI, IEPEHECEM BCE CHIIBI CHCTEMBI B JAHHYIO TOUKY, HE 3a0bIBast
IIPU [IEPEHOCE KaXT0M CUIIbI 10OOABIATh IPUCOEINHEHHYIO N1apy CUII. -

HonyquHon TaKHUM 06pa30M CUCTEMY CXOIAIHNXCA CUII 3aMCHUM OJIHOM cHIIOH R,
paBHOﬁ TJIaBHOMY BECKTOPY HCXOIHOM CHUCTCMBI CUJI. O6pa3OBaBH_IYIOCH IIpHu NE€PEHOCE CUCTCMY

M

nap CuJi 3aMCHUM OITHOM r[ap0171 C MOMCHTOM 0 y pPaBHBIM FeOMeTqueCKOﬁ CYMMC MOMCHTOB

BCeX map cui ( T.€. TEOMETPUUYECKON CyMMOM MOMEHTOB UCXOJHON CUCTEMBI CHII
OTHOCHUTENBHO 1IeHTpa O).
Takol MOMEHT Ha3bIBACTCSA 2/1A6HBIM MOMEHMOM CUCHEMbL CUTI OMHOCUMEIbHO UEHMPA

O (puc. 1.30). o e
Ui=Nu$ E=NA$

y Ty

Puc. 1.30. Ilpusedenue cucmemot cui K yeHmpy

Wrak, mro0yro cucTeMy CHII BCeT/1a MOKHO 3aMEHHUTh BCETO JIBYMS CHUIOBBIMHE (DakTOpamMu
- 2/1A8HBIM BEKMOPOM U 2/IAGHHIM MOMEHMOM OMHOCUMENbHO NPOU3BOTAbHO GbIOPAHHOZO
yenmpa npueedenus. OUEBUIHO, YTO TIABHBIA BEKTOP CHUCTEMBI CHII HE 3aBUCUT OT BBIOOpa
[IEHTpa MPUBEACHHS (TOBOPSAT, YTO TJIABHBIM BEKTOP MHBAPUAHTCH 10 OTHOIICHHWIO K BBIOOPY
1eHTpa npuBeaeHus ). O4eBUIHO TaKXkKe, YTO TJIaBHBIM MOMEHT TaKUM CBOMCTBOM HE 00JIajaeT,
M03TOMY HEOOXOJAMMO BCEr/a YKa3blBaTh, OTHOCHUTEIBHO KAaKOTO LIEHTpa OIpeaeseTcs
TJIaBHBIA MOMEHT.
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Bonpocwi:
1. Yro Takoe riaBHBIN BEKTOP?
2. Uro Takoe riIaBHBI MOMEHT CHCTEMBI?
3. TlpuBeneHue cucTeMsbl K 33JaHHOMY IIEHTPY.
4, TlapamnenabHbIN EpeHOC CUII 3TO...7

Jlumepamypa:
OcHoBHas IuTEepaTypa:

1. Teopernueckas mexanuka. Cratuka. [Ipaktukym yae6Hoe mocobue / B.A. AkumoB [u
1p.]; pea. A.B. Hurapes _ Munck: Hooe 3nanue; M LIYIIA 2010 _452 c.

2. Kypc teopernueckoit mexanuku. B2 1.T.1 Craruka u kunemaruka. T.2. Jlunamuka /
H.B. byrenun, f.JI. JIynn, JI.P. Mepkusn. 11-e u3z., crep. CUb.: "Jlanp", 2009. 736c.

3. Tapr C.M. Kpatkuii Kypc TeopeTudeckoil MexaHuKH: Y 4eOHUK 1711 By30B/ C.M.
Tapr.- 17-¢ u3n., crepeotun. M.: Beicmias mkona., 2007. - 416¢. JlonmoiHuTe IbHAasI

JuTepaTrypa:

1. Kpartkuii Kypc TeopeTrueckoil MexaHuku: y4e0. mocoodue / I'.H. SIkoBenko. M.:
BMHOM. Jla6opatopus 3ausaruii, 2006.116 c.

2. Huxutna H.H. Kypc Teopernueckoii MexaHuku: Y4eOHUK 1151 BTY30B. — M.: Beic.
mk., 2003. — 719 c.

3. Opuenu A.A. Teopernueckas mexanuka. ConpoTUBIEHUE MaTEpPUAIOB: Y UeOHUK JUIs
BTY30B. — M.: .1 «Akanemusi», 2003. — 320 c. UnTepHeT-pecypcebl: 1. DIIeKTPOHHBIN
o0pa3oBaTenbHBIN pecypc [ DIeKTpoHHBIH pecypc]. Pexxum goctyna: http://www.edu.ru/ 2.
DnekTpoHHas 6ubIHoTEeKa [ JnekTpoHHbIi pecypce]. Pexxum noctyna: http:// www.elibrari.ru/
3. YHuBepcurerckas 6ubiuoreka online [DneKTpOHHBIN pecypc].

Pesxxum nmoctyna: http:// www.biblioclub.ru/

4. DnexTpoHHas OMOIMOTEKA TEXHUYECKOU JTUTepaTyphl [ DIEKTPOHHBIN pecypc]. Pexum

nocryma: http:// wwwe.tehlit.ru/

Ilpakmuueckoe 3anamue 8
Tema: llenmp masxcecmu.

Heab: Hay4YUTHCS ONPEAENATh LEHTP TSHKECTU U €T0 KOOPIMHATHI.

3HaTh: OCHOBHBIE MOJXOMAbI K (OpMaU3allMM U MOJECIUPOBAHUIO JIBUKEHUS U PaBHOBECHUS
MaTepUaibHBIX TE€J; IOCTAHOBKY M METOJbl PEIIECHUs 3a7ady O JABW)KEHHH U PaBHOBECHU
MEXaHUYECKUX CHUCTEM; YMeTh: HaXOAWUTh IOJIOKEHUE LIEHTPOB TSKECTH TeNl MpocTeuiieit
KOH(UTypaluu;

AKmyaJlbﬂocmb Mmembpl 3aKIII0YaCTCA B ONPECACICHNN HCHTPA TSKECTH CIIOXKHBIX (1)I/Il"yp

Teopemuueckaa yacmo:

CriocoObI onpe/IeIeHUs MOJI0KEHUS [IEHTPOB TAKECTH.

a)Cnocod cummempuu. Ecaym OZHOPOJHOE TEIO HMEET IUIOCKOCTh CHUMMETpPUH, OCh
CUMMCTPUHU UK LOEHTP CUMMECTPHUHU, TO €0 HEHTP TAKECTU HAXOAUTCA COOTBCTCTBCHHO WJIN B
IMJIOCKOCTH CUMMECTPHUHU, NI HA OCH CUMMCETPHH, WJIN B ICHTPE CUMMETPHUH.

0) Cnocoo6 pazouenus. Ecnu Teno MOXHO pa3OUTh Ha KOHEUYHOE YMCIIO YacTeH, JUIsl KOTOPBIX
MOJIO’KEHHUS EHTPOB TSHKECTU U3BECTHBI, TO KOOPIMHATHI LIEHTPA TSAKECTU BCETO TEJIa MOKHO
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HEIOCPEICTBEHHO BBHIUMCINTE 1o (Gopmynam (1.21) - (1.23). Z11 Ipumep lumerowezo .
Haiimu koopounamuieud cmyia, CoCmosAwe20 YyeHmpa msicecmu meid, u3 cmepiicHell

10 oounaxosoii onunvr u eeca. Jnuna cmepacus pasua | = 44 cu.
6 Pewenue. Tax kax meno umeem niockoCms CUMMEMPULL U
1\/
95 Vuenmp} mancecmu neacum 6 smoii nrockocmu, mo Ocmanvhvle KOOPOUHAMbL Onpedensiem

no gopmynam (1.23).xc=-22 cm.

X/Z/S Vyzd) U ezpupLeaHuecc:[:[(-22(|3+||14++||27+)44+(|3+|4|)+6+. lIEciu teno He
ynaetjcst pa3outh Ha 118)]/(1144+(1-044)=16+10)]/(11cm.- 44)=0.

Z KOITBId yacTeil, 0JI0¥KEHUE LIEHTPOB TAKECTH KOTOPBIX
== 1 4 usseerHs, UBAIOT HA € MaJible

00BeMbl Vi udopmysl (1.21) npuHUMAIOT BUA:

A —
k k k K k K

xp= Vv, w [ yWv=zh NV .24
20e Xk, Yk, Zk - KOOPIMHATHI HEKOTOPOM TOUKH, PACTIONOKEHHON BHYTpH 00beMadyy [Tepexos
B (hopmymax (1.24) k mpeneny mpu Vi 0, momydaem:
X p vixdv, yp viydv, zp vizdv. (1.25)

V V V
AmnanoruussiM o0pa3oM, nepexois B popmyinax (1.22) u (1.23) k npeneny, noiaydaem

WHTETPAJIbHBIC BBIPAKEHUS JUIS ONPENEIICHUS KOOPAUHAT LEHTPOB TSHKECTH IUIOMIAAECH U
JIAHUM:

Xp  s1Xds, p Sl yds . (1.26)
S S
1 1 1
X p .U xdl, yT c—ydl, xp ¢ —zdl. (1.27)

y —xB LTpuMBPOprDfCH:OCWlJAB paouyca . H_ﬁzldez[/ noaooiceHue yenmpa msdicecmu oyau RcC
YEHMPANbHbIM Y2IoM 2a .

\ N

j dl B CUTLY CUMMempPuU YeHmp miaAaxncecnmu jaexincum Ha ocu X.

O MiE onpedd\enus koopounamul Y evidenum na oyee O P snemenm onunoi dl =

o

/ .
) Rd@, norohicentfe komopoeo @ Xonpeodensemes yenom pasia x = = Rcosd, ponuna

A Koopoungma .=R2xa smoeo snemenma .mozoa co2nacHo
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R (1.27):

P xdl =

| R

X
A

2) Cnocob oononnenus (cnocob6 ompuyamenbhbix mMacc). ITOT COco0 SBISETCS YaCTHBIM
cirydaeM criocoba pazouenus. OH TpUMEHSETCs K TejaM, MMEIOIMM BbIpe3bl. [Ipu 3Tom
IEHTPHI TSHKECTH Ten 0e3 BBIPE30B W IEHTPHI TSHKECTH CAMHX BBIPE30B JIOJDKHBI OBITH

>e—,

(24
[ cosdp o =R @
-

HU3BCCTHBI.

A E D Y Hpumep. /lana oonopoonas
K8AOPAMHAsL
C niacmuHa

ABDE co
CMOPOHOL a.

Haiimu
8HYMpU
B Keaopama

Y

Maxyo
¢ 2k k mouky C,
4moObl OHA ObLIA YEHMPOM MAHCECTU
nI0WaoU, KOMmopask NOAYYUMC, eciu
U3 Kgaopama evipe3ams
pasHobedpennvili mpeyeonvHuk ACB.
Pewenue: B cuny cummempuu xg=a/2. [{ns onpedenenust y, UCnoib3yem memoo 0ONOIHEHUS.

X
Iycmo S - nnowads keadpama c svipe3om, S , Y1 - niowads keadpama be3 svipeza A u

Koopounama xoopounama y yenmpa msscecmu mpeyzonviuka ACB. y eco yenmpa

msdcecmu, S2 , y2 - n10Waos u ) ) )
Coenacno (1.22): y =Sy /S8=(S1y1 - Soy2)/ S = (a~ a/2-0,5aycyc/3)/(a - 0,5ayc), 2yc -
6yc+3=0, omxyoa y.= 0,61a (8mopoii kopeHv yo=2,4a e no0xooum no cmviciy).

Bonpocwi:
1. Yto Takoe MEHTp TIKECTU?
2. Kaxk ¢ moMoIpro pa3orueHus ONpeIeTUTh IEHTP THKECTH?
3. Kak ¢ moMomip10 MHTErpUpOBaHHS OTIPEICTHUTD IICHTP TKECTH?
4. Kak ¢ TOMOIIbIO CUMETPUH OIPENETUTh LEHTP TAKECTH?

Jlumepamypa:
OcHoBHas1 JiuTeparypa:
1. Teopernueckas mexanuka. Craruka. [IpakTukym ydeGHOe mocobue / B.A.
AxumoB [u ap.]; pea. A.B. Uurapes _ Munck: Hosoe 3nanue; M L{TVIIA 2010 _452 c.
2. Kypc Tteopermueckoit mexanmku. B2 T.T.1 Cratmka m kuHemarumka. T.2.
Hunamuka / H.B. bByrenun, A.JI. JIyan, JI.P. Mepkun. 11-¢ u3a., crep. CIIb.: ' Jlanp",
2009. 736 ¢c. _
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3. Tapr C.M. KpaTkuii Kypc TEOPETHYECKOW MEXaHUKH: YUYEeOHHUK JJisi BYy30B/
C.M.
Tapr.- 17-e u3g., crepeotun. M.: Beiciias mikona., 2007. - 416c¢.
JonoHUTeILHAS JIUTEpaTypa:
1. Kpatkuii kypc TeopeTndeckoi Mmexanuku: yueo. mocodue / I'.H. fAkoBenko. _
M.: BUHOM. JIa6oparopus 3anstuii, 2006._116 c.
2. Huxutna H.H. Kypc Teopernueckoil MexaHuku: YUeOHUK Ui BTY30B. — M.:
Beicmi.
nik., 2003. — 719 c.
3. Opnenu A.A. Teopernueckas MmexaHuka. COpoTHUBIEHUE MAaTEPUAIIOB:
Yuebnuk 11t BTy30B. — M.: M.a. «Akagemusi», 2003. — 320 c. UHTepHeT-pecypesi: 1.
DNEKTPOHHBIN 00pa3oBaTeNbHBIN pecypc [DnekTpoHHBIN pecypc]. Pexxum gocryma:
http://www.edu.ru/ 2. DnekTponHas 6ubIMoTeKa [ DNEeKTPOHHBIN pecypc]. Pexxum
nocryna: http:// wwwe.elibrari.ru/ 3. Yausepcurerckas 6udanoreka online [DneKTpoOHHbBIN
pecype]. Pexxum nocryma: http:// www.biblioclub.ru/
4. DnexkTpoHHas OMOIMOTEKA TEXHUUECKOH JINTepaTyphl [ DIEKTPOHHBIN pecypc].

Pexum
JIOCTYyTIA: http:// www.tehlit.ru/
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IIpakTHyeckoe 3ansATHE 9
Tema: Llenmp napannenbHvix Cul.

Heab: 1ath CTYAEHTY OHATHE O LEHTPE MMAPAJUICIBHBIX CHIL

3HaTh: yCIOBUN paBHOBECHS IJIOCKOW U MPOCTPAHCTBEHHOW CUCTEM CHUJI,
YMeTh: IpUBOAUTH CUCTEMY CHJI K IIPOCTENIIEMY BULY; COCTABIIATH

Y pelllaTh YPABHEHUS PaBHOBECHUS,

AKmyafleOC'mb memul 00bSICHIETCS HaXO0XJACHUCM LICHTPA MapaJUICIIbHBIX CUJI, TEM
CaMbIM YIIPOIIACTCA pacy€THaA CXEMa.

Teopemuueckas uacme.

Cucrema [ByX MapaljielbHBIX M OJMHAKOBO HampaBleHHBIX cwil A! u A@ wuMeroT
paBHOnelcTByOmMYl0 K=A!+A(@, nuHus peiictBus KOTOpoll mnpoxomuT uepe3d Touky C,
omnpezensieMyro cooTHoueHuem (1.5):

FAC; FBGC

OueBUIHO, YTO €CcIM MOBEPHYTh cUibl A! M1 A@ Ha OJUH M TOT K€ YToJI a B OAHY U Ty e
CTOPOHY, TO Ha 3TOT € Yyrojl MOBEPHETCS W HX PaBHOJACHCTBYIOLIAs, MPHUYEM €€ JIMHUA
neiicTBusl OyzneT MpoXoJIuTh uepe3 Ty ke Touky C , Tak Kak B ONpEeNsiolee MOJ0XKEeHHUE

touku C BelpaxkeHue (1.5) BXoasaT Toapko Moayinu cui Fq u Fo.

Puc. 1.37 Onpedenenue nonoxcenusn
YEeHmMpPa NApanienbHbIX Cul

PaccmoTtpum Teneps cucTemy napauieNbHBIX H OJMHAKOBO HANPaBICHHBIX CUI (4!,
A@,A#,...,A%), npunokeHHbIX B Toukax A1(X1,Y1,21), A2(X2,¥2,22),. . ., An(Xn,Yn,Zn) TBEpIOTO TEna
(puc.1.34). Dra cuctema cun umeer paBHoxeicTByromyro K=CAS$, a ec nuHus nelcTBUS
NpoXOAUT yepe3 TouKy Chn-1, MOJOKEHHWE KOTOPOM HaWIeM, OMpeAeliss MOCIeI0BATENbHO
nojoxenus Touek Ci, C2,...,Cn-1 ¢ TOMOIIBIO BBIpasKeHHH K

F AC - F A
( Z=: m

) kk k1 kikC
ml

, 3anucanubx it k=1,2,3,.,n-1 (1.18)
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Tak kak B paBeHcTBa (1.18) BXOIAT TOJBKO MOJIYJIM PACCMAaTPUBAEMBIX CHJI, TIOJIOKCHUE
TOYKH Ch-1 OTHOCHUTEIBHO TOUEK A1, A2, A3, . .., An HE U3MEHHUTCS MPH JIFOOBIX OJIMHAKOBBIX
M3MEHEHUSX OPUEHTALUU CUJI CUCTEMBI.

Onpeodenenue: mouka, uepez KOmMopyio npoxXooum JUHUA 0eliCmEUs pagHooeiicmeylouei
cucmemul RAPaIIeNbHbIX CUl RPU JI00BIX HOGOPOMAX IMUX CUTI HA 0OUH U MOM Jice Y20Jl 6 OOHY
u my xce CmopoHYy, Ha3bl6AEMCA YEHMPOM NAPANIENbHBIX CUIL.

HaiineM KOOpaAMHATHI 3TOTO LIEHTPA B IPOU3BOJIBLHOM I€KapTOBOM CUCTEME KOOPAMHAT.
Bocnone3yemcs TeM, 4TO €ro MoJI0KEHUE HE 3aBUCUT OT HAIIPABJICHUs CUJI M HAaIIPpaBUM BCE
CHUJIbI CHCTEMBI apajiiesibHo ocu z (puc.1.34). Torna mo Teopeme Bapunbona

M (R)y- -y ‘M (F)yk . Vuursas, uro M y( R) _ RX cn1,
> M(Fﬂ)y = k T Fxi1 Fxh J:)?nnz,n—onyqaeMXCan
XRkk .

HpI/IMeHHH TCOpEMY BapI/IHLOHa OTHOCHUTCIIbPHO OCH X U OTHOCHUTCIIBHO OCHU Z (B IIOCJIICAHEM

C cilyyae
nI ] Fn; : E £ HAIIPaBUB BCE
— Z kk y — Z X L — Z kk
nt R y Cnl R y <Cnl R CHIIBI
HapajIesIbHO
ocH y) nostydaeM aHanoruunsie popmyinsl it Y ¢ U Z X¢
(1.19)

[Tony4yennblie GopMyIIbl UCTIONB3YEM JUISL ONPEAETICHUS MOJIOKEHNS IEHTPOB TSHKECTH Tell,
HaxXoJJgmuxXcsa B OJHOPOAHOM I'PaBUTALIMOHHOM ITOJIC 3EMHOI'O TATOTCHUS. I[CﬁCTBHTeHBHO,
CHJIBI TSKECTH OT/IEIbHBIX YaCTHIL TeJa, pa3Mepbl KOTOPOIO MaJlbl IO CPABHEHUIO C PaINyCOM
3emun, 00pa3yrOT CHCTEMY MapaUIeIbHBIX CHJI, AaHAJIOTHYHYIO PACCMOTPEHHOM BBIIIIE.
Ha3zoBeM paBHOAEHCTBYIOIIYIO CHII TSDKECTH OTJIEJIbHBIX YAaCTHIL TeJIa BECOM 3TOTO Tella U
Oynem o6o3Hauath ero OykBo# 3. LleHTpoMm TskecTu OyneM Ha3bIBaTh LIEHTP NapauieIbHbIX

k

P oraenbnsIx wacTui Tena u 0603HaUaTH ero OykBoit P. B
HOBBIX CHJI TsDKeCTH 0003HaueHusx ¢popmyisl (1.19) nepenumryrcs B Buje:

XP=;p%p4<-k,yP =;prLP£k,zP=;p—zP5k (1.20)

I[J'I}I OJHOPOJHBIX TCJI BEC Pk OTACIBHBIX YACTHIL T€JIa IIPOIIOPILIMOHATICH o0BbeMaM ATUX qacTuIl

. pk="Vk, a Bec Texa mpomopiuoHateH oosemy Tena P= ¥ ( /Bec exuHuIBI 06bEMa).
[Mozxcrapiss ganHble BeIpaxkenus B (1.20), mocie cokpamenus Ha { oaydaeM GOpMYJIIbI s
OTIpeieNIeHus IIEHTPA TSHKECTH o0bema:

k k P
X P vX\/ Y Vkak, ZP VZVkk (1.21)
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JI1st OHOPOHBIX IIJIOCKUX IUIACTUH U U3JEIUN U3 OAHOPOJHBIX JINHEWHBIX 3JIEMEHTOB
(HarpuMep U3 OAHOPOIHON IPOBOJIOKU ITOCTOSIHHOTO CEYEHMUSI), BBO/ISI BEC €JUHUIIBI IUIOIAIH
Y BEC €AMHULBI JUIMHBI, aHATIOTUYHBIX 00pa30M moxydaeM (pOpMyIIbl U OTpeICTICHUs ICHTPa
T;I)KeCTvIZnoma;[M U LEHTpa TﬂZECTI/I JIVHUU: Z

XP = TSXSkk, yP S?SRR,?P SZSKK , (1.22)

rje S - IIOIIaAb BCEH MIACTUHBI, Sk - TIJIOMIAIN €€ YaCTCH.

XPZZI—XI:W, yP Z;TW,ZPZZFZI:W, (1.23)

rie L - amuHa Beelt muHun, ly - 1inHa ee yacTel.

Bonpocui:
1. Onpenenenue neHTpa NapauieIbHBIX CHIL.
2. OmpezaeneHue KOOPAUHAT IIEHTPA NapaieIbHbIX CHJL.
3. OmpezneneHue LEHTpa MapaIeIbHBIX CUJI C TOMOIIBIO TeopeMbl BapuHboHa. .

Jlumepamypa:
OcHoBHas iMTEeparypa:
1. Teoperuueckas mexanuka. Cratuka. [Ipaktukym yueGHoe nocobue / B.A. AkumoB [u
ap.]; pea. A.B. Uurapes _ Munck: HoBoe 3nanue; M L{VIIA 2010 _452 c.
2. Kypc Teopernueckoit mexannku. B2 1.T.1 Cratuka u kunemaruka. T.2. lunamuka / H.B.
byrenun, A.J1. JIynn, JI.P. Mepkun. 11-e uzn., crep. CLb.: "Jlans", 2009. 736.c.
3. Tapr C.M. Kpatkuii Kypc TeOpeTHdecKoi MeXaHWKH: Y4eOHHK /i By30B/ C.M.
Tapr.- 17-e u3a., crepeorun. M.: Beiciias mkona., 2007. - 416c. JlonoaHuTe 1bHAS
JuTepaTypa:

1. Kpatkuii kypc TeopeTrueckoil MexaHuku: yue6. mocooue / I'.H. SIkoBenko. M.: _
BMHOM. JlaGopatopus 3anaruit, 2006.116 c.

2. Huxutun H.H. Kypc Teopernueckoii MexaHuku: YueOHUK 1711 BTY30B. — M.: Beic.
mk., 2003. — 719 c.

3. Opmemn A.A. Teopernyeckast MexaHuka. COMPOTHUBICHUE MaTepUAIIOB: YUEOHHK JUIS
BTy30B. — M.: U.a. «Axkagemus», 2003. — 320 c. HHTepHer-pecypcbl: 1. DIEKTpOHHBIN
o0Opa3oBaTenbHBIN pecypc [DIeKTpoHHBIH pecypc]. Pexxum noctyna:
http://www.edu.ru/ 2. Dnekrponnas OuOIMOTEKa [DneKTpoHHBIH pecype]. Pexum mocryna:
http:// www.elibrari.ru/ 3. Yausepcurerckast 6ubarorteka online [ DaeKTpOHHBIH pecypc].
Pexxum nmocryna: http:// www.biblioclub.ru/

4. DnexTpoHHas OMOINOTEKa TEXHUYECKOW TUTepaTyphl [ DNeKTpoHHBIN pecypc]. Pexxum
nocryma: http:// wwwe.tehlit.ru/

IIpakTnyeckoe 3ansaTue 10
Tema: Cnocoovl onpedenenus korppuyuenma mpenus.

Heab: naTh CTyAEHTY NOHATHUS O KOG (GUIIMEHTE TPEHHS U €r0 ONpeesICHUH.

3HaTh: KHHEMATUYECKHE XaPAKTEPUCTUKU TOUKH, MU PepeHIaTbHbIe YPAaBHEHUS IBUKCHUS
TOYKHU;
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o011re TeopeMbl TUHAMUKU
YMeTh: BEIYUCISTE CKOPOCTH M YCKOPEHHSI TOYEK U TOYEK TeJla MPH MOCTYNaTeIbHOM,
BpalaTeIbHOM M IIOCKOM JBHIKECHHSIX

AKmyaJIbliocmb memwl 00bSICHIETCS OIpeaACJICHUEM KOS(I)(bI/IHI/IGHTa TPCHUA PA3JIMYHBbIX MAaTCPUAJIOB
" CIIJIaBOB.

Teopemuueckas uacme:

Cuna mpenusn cxonvicenun. Kax mokasslBaeT ONBIT, IPU CTPEMIIEHUU ABUTATh OJHO TEJIO MO
MOBEPXHOCTH JPYTOro B INIOCKOCTH COTIPUKOCHOBEHUS 3THX TEJl BOSHUKAET CUJIa TPEHHs, KOTOpas
MOXKCT IPUHUMATDb JII00BIE 3HAYEHUS OT HYJISL 10 HEKOTOPOTI'O MPEACIIbHOI'O 3HAYCHMA,

onpenensemoro 3akonom Kynona Fy,, = fN, rae f - 6espasmepusiit kospdurment Tpenus
ckonbxeHus, N - HopmanbHas peakiust. KoadhGuimeHT TpeHuUst CKONMbKEHUS OTPEACIIIETCS
OIIBITHBIM ITYTEM U 3aBUCUT OT MaTCpHralia CONPHUKACAIOMUXCA TCJII U COCTOAHUA UX HOBCpXHOCTCﬁ
(xapakTtep 00pabOTKH, CMa3KH, TEMIIEPATYPhI H T.I1.). OTBITHI IOKA3bIBAIOT, YTO CHJIA TPEHHS
CKOJIB)KCHUS B IMPOKHUX MPe/Ieiax He 3aBUCUT OT Pa3MEPOB TPYIIUXCS MOBEPXHOCTEH Teir. Tak st
TOTO, I'I'I‘OﬁI)I CABUHYTDH O6I>I‘IHI>H71 KUPIHWY, HY’>KHO IIPHUJIOXXUTh OJUHAKOBYIO CHUJIY HE3aBUCUMO OT
TOTO JIC)KHUT JIM OH TUIANIMS WK Ha pebpe. [Ipu penieHnn 3a1a4 ¢ y4eTOM CHIT TPEHUS CKOJIbKESHHS
HE00XO0/IMMO YETKO pa3inyaTh OOBIYHOE U MPE/eIbHOE paBHOBECHE Tena. B mepBoM ciyuae
BEJIMYKMHA CHJIbI TPEHUS] HeU3BECTHA H JOJDKHA ONPEICIISITHCS M3 PEIICHUS COOTBETCTBYOIINX
ypaBHEHHUii paBHOBecHs1. ECiiv jke B 3a1aue pedb HIET O MPeIeIbHOM PAaBHOBECHH, TO CHJIA TPCHUSI
onpenensiercs 3akoHoM Kyrona:

Fmp fN

2222 A
Yl 3

Ilpocmetiwuii  npumep:. nycmv Ha men0, HAX00Aweecs 6 PpAGHOGECUU  HA
20pU3OHMANLHOU Wepoxoeamoll nosepxnocmu, oeticmgyem cuna F=10 H. Onpedenumy,
yemy pasHa cuia mpeHusi CKOIbICEHUSL.

Pewenue: 6 dannom ciyuae meno 3a6e00M0 HaxoOUMCs 8 pagHOBeCUU U CULA
MpenUst ONpeoeumcs U3 ypagHeHus pagHOBeCUsL:

ZF kXF:eOS o - Fmp =0 "omkyoa F,,=Fcos30°=8,66H.

H3zmenum meneps ycnosue 3adauu: onpeoeium Munumanvhyio cuny F, cnocobnyio

cosunyms meio ¢ mecma, eciu e2o eec P pasen 10 H, a kospuyuenm mpenus ckonvorcenus
f=0,1. Pewenue: mak kax peub uoem o npeoeibHoM COCMOAHUU PABHOBECUS,

D F%  Fcos30 ©— Pf 0,
Fup=1N, N=P, F,,=fP=1H,
F= fPlcos30°=1,15H.
Kak M3BECTHO MOJIHYIO peaKIysi NIEPOXOBATON TOBEPXHOCTH MPUHSTO MPEICTABISATH CyMMOW

ABYX COCTaBIISIFOLUIX: HOPMAIBHOM peakuuu T 1 CHIIbl TpeHuUs Ay (puc. 1. 38)

38



Puc. 1.38. Peakyusa wiepoxoseamoii nogepxnocmu
CrnenoBatenbHO, moyiHas peakiys K OyJaeT OTKIIOHeHa OT HOPMaJili K MOBEPXHOCTH Ha
HEKOTOpHIH yroi. [Ipy n3aMeHeHnH CHIIbI TPEHUS OT HYJIS 0 €€ MPEAebHOTO 3HaYCHHUs, CUJIa
K uzmensiercs ot T 10 CBOEr0 MakCHMMaIbHOTO 3HAUCHHSI, & €€ YTOJl C HOPMAJIBIO PACTET OT
HYJISI O HEKOTOPOTO MPEIEIbHOTO 3HaYeHUs (OH , HA3bIBAEMOT0 YTiIoM TpeHus. W3 pucyHka
BUJHO, 4TO tg pr=Fy,, | N, Torna ¢ yaerom toro, uro Fy,,,=fN , nonyuaem tg ¢pn=f.

Ecnu k Teny npunoxxuTh cuity 3 moJ yriioMm a Kk Hopmaiu (puc.1.34), To Teno caBuHeTcs
TOJIKO TOT/Ia, KOT/a c/suratomiee yeunue Pcosa 6yaer comnbue Fyy,,,=fN. 910 o3nagaer , uto

HUKaKOW CHIION, 00pasyrolieil ¢ HopMaibio yroi a < (H, Telxo BAOJIb JaHHOM MOBEPXHOCTH
CIABUHYTH HEJb34.

&

Ipumep 1 . Kakog donicern dbims MUHUMATbHBLIU KOIDDuyuenm mpenus ckonvocenus f 6
Mecme KOHmMAaKkma 0OHOPOOHOU K8AOpAMHOU niacmunsl eecom P ¢ eepmuxanvrou
CMEHKOU, eciu NAACMUHA 8 3A0AHHOM NOJIOJCEHUU HAXO0OUMCSL 8 pagHogecuu. Becom
cmepoicus BF npenebpeus.

Y =

Pewenue. Tax xax nunus Oelicmsusi noaxou peakyuu K eepmuxanvroti cmenku npu
PasHosecuu NAACMUHbL Q0INCHA NPOUMU Yepe3 mouky B (Ha ocnosanuu meopemul 0 mpex
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cunax), mo Fpy,=N unu, nockonvKy peus 6 ycuosue 3a0auu uoem o npedeibHom
pasHosecuu, Fmp: fN, fN =N, f =1.
Tom oice pe3ynbmam MONCHO NOIYUUMb U U3 YPABHEHUS PABHOBECUS]

D M(F)e = « —NBCFuw = AC = 0,Fw N,
fN=N, f=1.
niacmuHsl.
Bonpocwi:

1. Yto Ha3bIBAIOT TpEeHUEM?

2. UTo HaA3BIBAIOT TPEHUEM CKOJILKEHUS?
3. Uro Takoe TpeHue KaueHHs?

4. Onpenenenne KodPUITUESHTA TPSHHUSL.

Jumepamypa:
OcHoBHas JiMTeparypa:
1. Teoperuueckas mexanuka. Cratuka. [Ipaktukym yue6HOe ocobue / B.A. AkumoB [u
ap.]; pea. A.B. Uurapes _ Munck: HoBoe 3nanue; M L{VIIA 2010 _452 c.
2. Kypc Teopernueckoit mexanuku. B2 1.T.1 Cratuka u kunemaruka. T.2. lunamuka / H.B.
byrenun, f.J1. JIynu, JI.P. Mepkun. 11-e u3zz., crep. CUb.: "Jlans", 2009. 736_c.
3. Tapr C.M. Kpatkuii Kypc TeOpeTHYeCKOH MEXaHWKH: YueOHUK /it By30B/ C.M.
Tapr.- 17-e u3zn., crepeotun. M.: Beiciias mikona., 2007. - 416¢. JlonoinurenbHast
JurTeparypa:

1. Kpartkuii kypc TeopeTrueckoil MexaHuku: yue0. mocodue / I'.H. SIxoBenko. M.:
BMHOM. JlaGopatopus 3anaruii, 2006.116 c.

2. Huxutna H.H. Kypc Teoperndeckoit Mexanuku: YueOHUK Juid BTy30B. — M.: Boicu.

mk., 2003. — 719 c.

3. DOpnpenn A.A. Teoperndeckas Mexanuka. CONpOTHBIIEHHE MaTepHAIIOB: Y YeOHUK ISt
BTy30B. — M.: .a. «Akanemus», 2003. — 320 c. UaTepHeT-pecypcebl: 1. DIEKTpOHHBIN
o0pa3oBaTenbHbIN pecypc [DIeKTpoHHBIH pecypc]. Pexxum nocryna:

http://www.edu.ru/ 2. DnexTpoHHast 6nOIMoTeKa [ DNEKTPOHHBIN pecypc]. Pexxum

noctyna: http:// wwwe.elibrari.ru/ 3. YauBepcurerckas 6ubmuoreka online [DneKTpoHHbBII

pecypc]. Pexxum goctyna: http:// www.biblioclub.ru/

4. DnekTpoHHas OMOTMOTEKAa TEXHHYECKOH JIUTepaTypsl [ DNEKTPOHHBIN pecypc]. Pexum
nocryma: http:// wwwe.tehlit.ru/

IIpakTnyeckoe 3ansaTue 11
Tema: Conpomuegnenue npu Kauenuu.

Heab: 1aTh CTyAEHTY 3HAHUS B 00JIACTH CONIPOTUBIICHUS MPU KaYCHHH.

3HaTh: KHHEMATUYECKUE XapPAKTEPUCTUKU TOUKH, AU epeHIInanbHbIe YPaBHCHUSI IBYKCHHS
TOYKH; O0IIKE TEOPEMBI JUHAMHKH.

YMerb: BBIUUCIATH CKOPOCTH M YCKOPEHUS TOYEK M TOYEK TeEJla MPU IMOCTYHATEIBHOM,
BpaIaTeIIbHOM U MIIOCKOM JABHKEHHUSIX

AKmyanvHocmb memol 00bICHICTCS ONPEICICHUEM COMPOTHBICHHUS MTPU KAYCHHUH BO3HUKAIOIHUX MIPH
B3aUMOJIeHCTBUH AeopMaruu Ted.
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Teopemuueckas uwacmo:

Tpenue kauenue. Tpenuem KauenHus HA3bI6AI0M CONPOMUGIEHUE, 603HUKAIOWEE NPU
KaueHuu 00H020 mena no NO6epPXHoCcmu 0py2020.
[IpyurHBl BO3HMKHOBEHHMSI 3TOTO CONPOTHUBICHHUS HEBO3MOXKHO OOBSCHUTH 0e3 yuera
negopmanuii  Tel, BO3HHKAIOIIMX TMPH HMX B3aUMOJEHCTBHM. PaccMOTpuUM  Kpyriiblid
LWIMHJIPUYECKUH KaToK paguycoM R Becom 3, yexaineil Ha rOpu30HTAIBHOM IIEPOXOBATON
IUIOCKOCTH, KOTOpas O] TSKECThIO KaTKa clierka 1e()opMUpoBaiach, TaK YTO KaCaHUE KaTKa C
IIOBEPXHOCTBIO TENEPh IPOUCXOAUT HE B OJHOM TOYKE, a IO HEKOTOpPOW Iulomianke AB
(puc.1.39). ITox neiicTBueM cumbl M, TIPHIOKEHHON K LEHTPY KaTka, JaBicHHE y Kpas A
yOBIBaeT M Bo3pactaeT y kpas B. B pe3ynbrare HopManbHas peakuus T

~-

P> ) D
£

0O >
fi g
i i 2

Puc.1.39 Momenm conpomueénenus npu xauenuu
SBJISIOIIASACS PaBHOJCHCTBYIOIIEH paclpelelIeHHbIX Ha IUlomanke AB cui, cMmemaercs B
cropony aeiictsust cuibl V. C yBennyenuem Q 10 HEKOTOPOTo MPEAENbHOTO 3HaUeHHs Q) 3TO
CMEIIICHUE pacTeT 0 HEKOTOPOH TpenenbHON BenuuuHbl fk. B 3TOT MOMeHT Ha kaTok OyayT
AeliCTBOBATh JIBC ypaBHOBEIIMBaOLIKe APYT Apyra napsl cunt (M, Arp) u (T, 3) ¢ MmomMeHTaMK
Mgy = QupR 1 Mb= Nf$ coorsercrBenno. Iloka Q<Qy;, Katok OyIeT HaXOAMTHCS B IOKOE,
npu Q>Qy,;, HauHeTes Kauenue. Bxomsmast B popmyny Mo =Nfy
(1.29)
nuHeitHas BenmuuuHa fy HaspiBaeTcs ko3 uUIMEHTOM TpeHus kadeHus. /s OonbpIIMHCTBA
MaTepHaJoB, BXOIIEE B BEIpAXKEHUE [T TPe/IeIbHOT0 3HaueHus Q:
Qup=(fk/RN (1.30)
ortHotreHue fi/R3HaunrensHO MeHbIIe KO PHUIIMEHTA TPEHUS CKONbXeHus f u3 popmysibl

(1.28). OTUM 0OBIICHSIETCS TO, YTO B TEXHUKE, BE3/IE TJI€ TO BO3MOXKHO, CTPEMSITCS
3aMEHUTH CKOJIBKCHUE KaUYCHUEM.

Ipumep. Ha xaxoti sicome h u Kaxkyto copuzoHmanvuyto cuny F nysxcno npunoscums, umoovl
Kamok, cuna maxcecmu komopozo G=1000 H, pasnomepro cko1b3u no 20pu30HmMaibHou
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nirockocmu be3 kauenus. Koagppuyuenm mpenus xavenus fy = 0,01m, koagpguyuenm
mpenus ckoavoicenus f = 0,1 .

Pewenue. /11 moco umobwvl kamox 0eueancs pagHomepHo 6npaso, cuia F oondxcna dvimo
PABHA MAKCUMATLHOMY 3HAYEHUIO CULbI MPEHUS CKOTbIHCEHUSL:

F = Fup= /N =100 H. Kamox ne Oyoem epawamvcs, eciu MOMEHM, CO30a8aeMblil
napou cun (4, App) He Oyoem npegvluames MAKCUMATBHO20 3HAYEHUS MOMEHMA
conpomusnenus M.= fyN= kG =10 Hm, m.e. makcumanvroe 3navenue h = Mc/F = 0,1m .

Bonpocer:
1. Yro Ha3bIBalOT KayeHHeM?
2. IlpuynHBI BOBHUKHOBEHUS Ka4yeHHS?

3. HO‘-ICMy B TCXHHUKE, BE3/IC I'/IC 9TO BO3BMOXHO, CTPEMATCA 3aMCHUTL CKOJILXKCHUC KaueHueM?

Jlumepamypa:
OcHoBHasi IuTEepaTypa:
1. Teopernueckas mexanuka. Craruka. [Ipaktukym ydyebHoe mocobue / B.A.
AxumoB [u 1p.]; pea. A.B. UurapeB _ Munck: Hosoe 3nanue; M IIVIIA 2010 _452 c.
2. Kypc teopernueckoir mexanuku. B2 T1.T.1 Craruka u xuHemaruka. T.2.
Hunamuka / H.B. bByrenun, A.JI. JIynu, JI.P. Mepkun. 11-e uza., crep. CIIb.:'Jlanp",

2009.736 ¢c. _
3. Tapr C.M. Kparkuii Kypc TEOpPEeTHUECKON MeXaHUKH: Y4eOHHK /s BY30B/
CM.

Tapr.- 17-e u3n., crepeotun. M.: Beiciias mikona., 2007. - 416¢.
JlonoJiHUTeIbHASA JINTEepaTypa:
1. Kparkuii kypc TeopeTuueckoil Mmexanuku: yueb. nocobue / I'.H. fIkoBenko.
M.: BUHOM. Jlaboparopus 3anstuii, 2006._116 c.
2. Huxwutun H.H. Kypc Teopernyeckoii MexaHUKH: Y 9YeOHUK /IS BTY30B. — M.
Bricm. mxk., 2003. — 719 c.
3. Opmemn A.A. Teoperndeckas MexaHuka. CONPOTHUBICHHWE MaTEpPHAJIOB:
VYyeOnuk ans BTy30B. — M.: .1, «Axagemusi», 2003. — 320 c. MuTepHeT-pecypebi: 1.
DIeKTPOHHBIN 00pa3oBaTeIbHBIN pecypc [ DIeKTpoHHEIH pecypc]. Pexxum moctyma:
http://www.edu.ru/ 2. DnekTpoHHast 6ubIHOTeKa [ DNEKTPOHHBIN pecypc]. Pexum
nocryma: http:// www.elibrari.ru/ 3. Yausepcurerckast 6ubnmoreka online [ DneKTpOHHBIN
pecypc]. Pexxum goctyna: http:// www.biblioclub.ru/
4. DnexktpoHHas OMOIMOTEKA TEXHUUYECKON JINTEpaTyphl [ DIEKTPOHHBIH pecypc].
Pexum
JOCTYyTIA: http:// www.tehlit.ru/
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IIpakTHyeckoe 3ansaTue 12
Tema: Ocrognble nonAmMUA U OnPedesieHUA KUHEMAMUKU.

Heanb: 1ath CTyAEHTY 3HAHUS B 00JIACTU OCHOB KHHEMATHKH.

3HATh: KHHEMATHYECKHUE XapaKTePUCTHKHU TOUKH, MU PepeHIInaIbHbIC YPABHCHHUSI IBUKCHUS
TOYKH;

001111e TeopeMbl JUHAMUKH

YMeTh: BBIUHCIATH CKOPOCTH MW YCKOPCHUA TOYCK M TOYCK TCJIa MpPU IMMOCTYNATCILHOM,
BpamaTCJIbHOM U IIJIOCKOM ABHIKCHUAX

AKmyaJlbnocmb membul 3aKIII09aCTCA B IPUMCHCHUN 3HAHUN B 00J1aCTH KMHEMATHUKHU Ha IIpaKTHUKE.

Teopemullecmm 4acmo.
OcrogHble NOHAMUS U NOJONCEHUS

Kunemamuxa — pa3aen TeOpeTHUECKON MEXaHUKH, B KOTOPOM M3y4aeTcs MEXaHHYECKOe
JIBIDKCHHE MATEPUAIBHBIX TEJ U OTNPENENISIOTCS KHHEMAaTHYeCKUE XapaKTePUCTUKU BCEX TOYEK
ITHX TeJd 0€3 paCCMOTPEHUS MPHUYNH, BBI3BIBAIOIINX HIIM U3MEHSIOIIUX TO IBHKCHHE

Mexanuueckoe Oeudicenue — TEpeMENICHHE MaTEpPHAIbHBIX Tl B IPOCTPAHCTBE C
TEUCHHEM BPEMEHH OTHOCUTEIBHO JIPYT IpyTa.

Teno omcyema — 3TO TEJ0, OTHOCUTEILHO KOTOPOTO PACCMATPUBACTCS IBUKEHHE.

Cucmema omcuema — CUCTEMA OCeH KOOPIMHAT, CBSI3aHHAS C TEJIOM OTCYETa.

K kunemamuuecxum xapakmepucmuxam OTHOCST:

—mpaexmopuio — OTIPEIeIIsIeT TOI0KEHHE BCEX TOUYEK TeJla B IPOCTPAHCTBE C TEUEHHEM
BPEMEHHU OTHOCUTEIHHO pacCMAaTPHBAEMOM CUCTEMBI OTCUETA;

—CKOpOCMb — ONPEIEIIeT U3MEHEHNE MTOJIOKEHHUS BCEX TOUEK Tella B IPOCTPAHCTBE C TEUCHNUEM
BpPEMEHHU 110 BEJTMYMHE U HAPABJICHUIO;

—ycKopeHue — ONPEAeTsieT U3MEHEHNE CKOPOCTH BCEX TOYEK Tella [0 BEeJIMYHMHE U HAIIPABICHUIO
B IIPOCTPAHCTBE ¢ TeueHneM BpeMeHH. Crnoco0bl 3aJaHusl IBUKEHHS

TOUYKM: /). BekmopHuiii cnocod.

JIBI>KEHHE TOYKH OTHOCHTEIBHO PAacCMaTPUBAEMOW CHCTEMBI OTCUETa MPH BEKTOPHOM
crioco0e M3y4eHUs JBMKEHUS 33/1aeTCsl paouyc-6eKmopom 3TOW TOUKU. J|BUKEHUE CUMTaeTCs
3aJJaHHBIM, €CITU U3BECTEH PaJNyC-BEKTOP ABIKYIIEHCS TOUYKN Kak (DYHKIMS BPEMEHU

FF(:'[) (pucyHok 1).

O

Pucynox 1. BektopHslii crioco6 3agaHus ABUKEHUS TOUKH.
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2). Koopounammuwiii cnocoo:

JIBM>KEHHE TOYKH CYUTACTCS 3aJJaHHBIM, €CJIM U3BECTHBI KOOPIUHATHI TOYKHU KaK
HETPEPBIBHBIE TBAXKIIBI TUPPepeHIpyemMbie GYHKIIMA BPEMEHH, T.€. 3aJaHbl YPaBHEHHUSI
JBIDKCHUSI TOYKU B JIEKAPTOBBIX KoopaAuHaTax X = X (t), y =y (t), z = z (t) (pucyHok 2)

Z
M (x,y, 2)
@) ' y
X

Pucynox 2. Koopaunathblii crioco0 3amanus apmwxeHust Touku:x = X (1), y=y (t),z=z

(t).

-

3). Ecmecmeennwiili cnocoo:

3anaercs:

a). Tpaekropus aABMXKyIencs TOUKU M;

0). Hauano oTcuera Ha TpacKTOPHH;

B). HampaBnenue otcuera;

r). 3aKOH JBMXKCHHS TOYKHA IO TPACKTOPUH, KOTOPBIA MaeTcsi 3aBHCHUMOCTBIO OT
BPEMEHHU IYroBOM KoopauHaThl. [[yroBas KoopaWHATa OompenenseT AJIMHY AYTHM TPaeKTOpHH,
oTcuuThIBaeMoil oT Touku O 10 Touku M (pucyHok 3).

M

Pucynox 3. EcrecTBeHHBIN c11OCc00 3a/1aHMs IBMKCHHS TOUKH S = S (t).

Onpedenenue ckopocmu mouKu npu paziudHslX CROCOOAX 3A0AHUA ee OBUNCCHUA:
[Ipu 6exmopnom cnocobe 3a0anus O8udiCeHuss MOYKU BEKTOP CKOPOCTH TOYKH pPaBEH

NIepBOI MPOU3BOTHOM 110 BPEMEHH OT €€ paanyc-BekTopa dr
v.dt—
[Tpu koopounammnom cnocobe 3adanus 08uUIHCEHUSL MOUKU.
MomyIib CKOPOCTH TOUKH ONpeAeIeTcs o popMyIe

= 1 VX 2+Vv2 +VZ 2

Tv
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Hanpasnienue BekTopa CKOPOCTH OIpeesieTcsl HalpaBISIOIUMUA KOCUHYCaMU YTJIOB,
00pazyeMbIX 3TUM BEKTOPOM C OCSIMU KOOpPJIUHAT

- * ; - = — - \_LZ J— )
v cos( ¥,]) v cos( ¥k = COS( ¥,i)
Vv Vv Vv
[Ipoekiuy CKOpOCTH TOYKH PaBHBI MEPBBIM MPOU3BOJIHBIM [0 BPEMEHH OT €€
COOTBETCTBYIOIINX KOOPIAUHAT

dxdydzvy , v , v,.dtdt
dt:— = — T —

HpI/I ecmecmeeHHOM Cn0006e 3a0a1—tu}l a@l/lf)fceHuﬂ mo4Ku
BeKTOp CKOpOCTI/I OHpeI[eJISIeTCSI BBIpa)KeHI/IeM
= T
v V.

)
rze V  — anredpandeckasi BeJIMYMHA CKOPOCTHU, paBHAs [IEPBOM MTPOU3BOIHON 110 BPEMEHU OT
JlyTOBOM KOOPJIMHATHI

ds
Pt
v ;
T — €JMHUYHBIA BEKTOP KacaTeJIbHOM K TPACKTOPUH B JTAHHOW TOYKE, HAIIPABJIICHHBIN B CTOPOHY
BO3pacTaHUsl 1yroOBOM KOOPAMHATBHI.
Bexmop ckopocmu mouku Hanpaeien no KacamenbHol K mpaeKmopuu ee 08UNCEHUs.
Onpedenenue ycKOpeHusa npu pazHvlx cnocodax 3a0aHUA OGUNCEHUA MOYUKU:
[Ipu gexmoprnom cnocobe 3a0anus 08udiCeHUss MOUKYU BEKTOP YCKOPEHUS TOUKH paBeH
IIEPBOM MPOM3BOJHOM IO BPEMEHHM OT BEKTOpA €€ CKOPOCTH WM BTOPOM MPOM3BOJHOW IIO
BPEMEHU OT €€ paguyc-BEKTOpa

_dvdira . dt
dt — - 2

[Tpu xoopounamuom cnocobde 3a0anus OBUNCEHUS MOUKU:
Monynb yckopeHHs BbIUUCIsAeTCs 1Mo Gpopmyiie

a:\/ Qw2 Ay 3z

Hamnpapnenue BekTopa yCKOPEHHS OMPEIEISIETCS HAPaBISIONUMU
a

kochycave #@ ; C0S(a, ] )=-a; cos(ak) =-—cos(a,i)
a a a

IIpoekiuu yCKOpEHHsI TOUKM PaBHBI POU3BOAHBIM IO BPEMEHHU OT COOTBETCTBYIOLIMX
MIPOEKIIMN BEKTOPa €€ CKOPOCTH

:d—vxy ay dﬂlyaz —_dLax
dt dt dt
HpI/I ecmecmeennom cnocobe 3a0anust OGUIICEHUs MOYKYU TIOITHOE YCKOPEHUE TOYKHU
pasyaraercs Ha B COCTABISAIOIME Kacamenvhoe (2 ) U HopMabHOe (8 ), U €T0 BEIMYMHA B
6eKmopHoll hopme npedcmasisem coboil CyMMy dSMux COCMABNTIOUUX
a a . T

1
n

Mosynb MOJHOTO YCKOPEHHsI paBeH KOPHIO KBaJpPaTHOMY M3 CYMMBI KBaJpaTOB ATHX
COCTaBJISIOLIUX
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a:\}a2+anz _

Kacamenvhoe ycxopenue xapakTepuszyeT U3MEHEHHE CKOPOCTH 1o genuyune. Bennunna
KacaTeJbHOI0 YCKOPEHHsI TOUYKHU paBHA MEPBOW MPOM3BOAHOM 1O BPEMEHU OT ajiredpanyecKkoit
BEJTMYMHBI CKOPOCTH

dv

Tt
a
Hopmanvnoe yckopenue XapaKTepuzyeT H3MEHEHHME CKOPOCTU 1O HANPAGIEHUIO.
BenuurnHa HOpMaNbHOTO YCKOpPEHHUsSI TOYKM paBHA OTHOILICHHUIO KBaJpaTa CKOPOCTH TOYKU K

paanycy KpUBU3HBI €€ TPACKTOPUU
2

an, p

rae P — paauyc KpUBU3HBI TPAEKTOPHH TOUKH.

Bexmopracamenbhoeo yckopenus HapaBJIeH 10 KACamelbHol T K TPAGKTOPUH TOYKH B
Ty )K€ CTOPOHY, YTO M CKOPOCTh, KOT/Ia JBM)KEHUE YCKOPEHHOE (B IAHHOM CiTydae 3HaK MEePBOM
IPOU3BOJHONW OT anreOpanvecKoi BETHMYHHBI CKOPOCTH — TOJIOKUTEIbHBIA) U B OOpaTHYIO
CTOPOHY, KOTJIa — 3aMeJUICHHOE (3HAK MEepBOM MPOU3BOTHON OT anreOpanyuecKod BETHYHHBI
CKOPOCTH — OTPHUIATEIbHBIN).

Bexmop nopmanvnozo yckopenus NEpHeHAMKYISIPEH BEKTOPY KacaTeIbHOIO YCKOPSHUS
U HaIPABJICH 8 CMOPOHY 802HYMOCU MPAEKMOPUL MOYKU TIO HANPAGLEHUIO 8eKMOPA 21AGHOU
Hopmanu # (pucyHok 4).

Pucynok 4. HampaBiieHH€ BEKTOPOB CKOPOCTH M YCKOPEHUH MPU 3aMEUIEHHOM
JBUKEHUH TOUKH.
Kaaccndukanus n1BuKeHHUs TOUKHU:

1. Ecnu B TeueHue HekoToporo BpeMenna . =0wua , = 0, To ToUYKa JBUKETCSA
PAaBHOMEPHO U MPSMOJIUHENHO;

2. Ecnu B TeueHue HekoToporo BpemMenn a . # Oma , = 0, To TouKa JBUKETCSA
HEPaBHOMEPHO U MPSMOIUHEIHO;

3. Ecnu B Teyenue Hekoroporo Bpemenn a . = Oma , # 0, To Touka IBHMKETCA
PaBHOMEPHO W KPUBOJUHEIHO;

4, Ecnu B Teyenue HekoToporo Bpemenn a . # Oma , # 0, To Touka ABHXKETCA
HEPaBHOMEPHO U KPUBOJIUHENHO.
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Buabl 1BUKeHUS] TBEPAOIO TeJia:

1. Ilpocmeiiwue osudicenus meepdozo meia:

a. [locmynamenvroe 0gudicenue: MIOOOH OTPE30K TeJIa IEPEMEIACTCS
napajielIbHO caMoMy cebe;

0. Bpawamenvroe dsudicenue 80Kpy2 HenOOBUNCHOU OCU: JTBE TOUYKH,

HEPa3pBIBHO CBS3aHHBIC C TEJIOM, OCTAIOTCS HETIO/IBUKHBI;

2.1Inockonapannensroe (niockoe) osudiceHue: Kaxaas TOUKa Teja JIBUKETCS B OTHOU 1
TOH K€ IIOCKOCTH;

3.Cghepuueckoe Osudicenue: onHA TOYKA, HEPA3PHIBHO CBS3aHHAS C TEJIOM, OCTaeTCS
HETIO/IB)KHA;

4.C60000H0e 08udiCcenue. MOO0E IEpeMEIICHNE TeJla HUYeM He OTPaHUYeHO.

[TnockomapamiensHoe (TUI0cKoe), chepuieckoe U CBOOOJHOE JBIKCHHUS SBIISIOTCS
COBOKYITHOCTBIO ITPOCTEUIINX JIBUKCHUM.

[Ipu nocmynamenvhom Osudicenuu 6ce Mmouxku mena ONUCLIBAION OOUHAKOGblEe (NpU
HANOJCEHUU COBNA0alowue) mpaeKmopuu U UMeiom 8 Kaxcoblil MOMEHM 8peMeHU 0OUHAKOBble
1O MOOYNIO U HANPABIEHUIO CKOPOCMU U YCKOPEHUSL.

[lpy mocTynmarenpHOM JBIDKCHHM KHHEMaTHYECKMMH XapaKTEpUCTUKaMH  Teja
SIBJISIFOTCS TIMHEHHAsE CKOPOCTh U JIMHEHHOE YCKOPEHHE 3TOrO Telia

[lpu epawamenvrnom dsuscenuu 171 ONIPeNICNICHNS NOJI0KEHHUS BPALIAIOLIETOCs Teja
UCTIONB3YIOT TOHATHE Y2071 nogopoma mena ¢ (PUCYHOK 5). YTOn MOBOpOTa CBSI3aH CO
BpPEMEHEM 3aBHCHMOCTBIO, Ha3bIBAEMOW YPaBHEHUEM BpAIATEILHOTO JTBH)KCHUS

P=1(t).

KunemaTnmueckumn XAPaAKTCPUCTHKAMU BpallaTCIIbHOTO ABHXKCHUA ABJIAIOTCA Y2n106das

Al

\-—_—-—/

CKOpOCmb O U Y21060€YCKOPEHUE E.

N

Pucynok 5.
Yenosas ckopocmu Tena paBHa epBoi NPOU3BOAHON IO BPEMEHH OT YyIJia IOBOPOTA
Tena
dop
w=—_dt

BeKmop yZJZOGOZZ CKopoCmu HAIIPABJICH 110 OCH BpalllCHUS TCJIa B Ty CTOPOHY, OTKyJda
BpaIlICHUC BUAHO IMTPOUCXOAAIIUM IMTPOTHUB XO4a 4acoBOM CTPCJIKH.

Yanoeoe yckopenue tena paBHO IEPBOM IPOU3BOIHOM OT €T0 YIIIOBOW CKOPOCTH WIIU
BTOPOM IIPOU3BOJHON OT yIJia IIOBOPOTA Tejla 110 BPEMEHU
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dt  dt?
Bexkmop y2n06020 yckopenus HanpaBjeH 10 OCH BPAICHHS B Ty K€ CTOPOHY, YTO U
BEKTOP YIVIOBOM CKOPOCTH, KOIJa BpALIEHHE yCKOPEHHOE, M B OOPaTHYIO CTOPOHY, KOTJa
BpaH.[eHI/Ie 3aMCIJICHHOC.

g do _d

Benuuuna cxopocmu mouxku epawarowjecocs mena PpaBHA IPOU3BENCHUIO YITIOBOU
CKOPOCTH Ha PAaCCTOSIHUE OT TOUYKHU O OCU BpallCHUS
v=w - OM
Bexmop ckopocmu mouxu epawarowe2ocsi mena HaNpaBlIeH NEPREHOUKYIAPHO NPAMOL,
COEUHSIONIEH 3Ty TOYKY C OChIO BpAlllEHUS, U NepneHOUKyIAPHO CAMOU OCU 8paujeHus N
orpenensercs 1no Gopmyie Ditnepa
V=0 ¥
rae ¥ — paaumyc-BEKTOp, NMPOBEACHHBIM M3 JIO0OM TOUYKH, JIKAIed Ha OCH BpAICHUS, K
paccMaTpuBaeMoOr TOYKE TBEPAOIO TeEa.
Ilonnoe yckopenue mouxku epawaroujecocs mena pa3iaracTcs Ha IB€ COCTaBIIAIOIINE:
gpawjamenvroe (ag) U ocecmpemumenpHoe (d,,), i ero BeIMYMHA PaBHA KOPHIO KBaJIPaTHOMY U3

= ./ a + a 2
£ @
CYMMBI KBaAPAaTOB 3TUX COCTABJIAIOIINX a .

BpawameﬂbHoe YCKOpeHue HaAllpaBJICHO B TY K€ CTOPOHY, 4YTO W CKOPOCTb, KOI'la
ABMIKCHUC YCKOPCHHOC U B 06paTHy}o CTOPOHY, KOI'la ABUKCHUC 3aMCIJICHHOC.

Benuuuna epawamenvrno2o yckopeHusAmo4Kky paBHa IPOU3BEIECHHUIO YTIIOBOIO
YCKOPEHHs Tella Ha PacCTOSHUE OT TOUKHU J0 OCH BpallleHus a ¢ = € - OM.
B BexTopHO# hopme: as = & X ¥~

Ocecmpemumenvrnoe  ycKopewue  HANpaBlIeHO K OCH  BpallleHus. Benuuuna
ocecmpemMumenbHo20 YCKOpenus moyky PaBHA MPOU3BEICHHUIO KBajJpaTa YIJIOBOH CKOPOCTH
TeJa Ha PACCTOSIHUE OT TOYKH /10 OCH BpallleHus

2
ap=—0 - OM.

,=0-(@0-F).
N
¥
a M
2
B BexTopHo#i hopme: &
Pucynok 6. HanpaBneHne BEKTOPOB CKOPOCTH M YCKOPEHUM MTPU 3aMEIJIEHHOM

JIBIDKEHUHN BPAIAFOIIETOCs Tela.
Bexmop nonnoeo yckopenus 11000t mouku 8pawaoue2ocs mena HalpaBieH Mo yIiIoM
¢ K OpSMOW, COEOUHSIONIEH ATy TOYKY C OCBhIO BpalleHud. TaHreHC 3TOro yrjia paBeH
Py

. 2
OTHOLICHHIO YTJIOBOI'O YCKOPEHUs Tella K KBapaTy €ro yriioBoil ckopoctu tg ¢ =
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ITpu naockonapannenvrnom (niockom) osudricenuu:

Bcesikoe HemocTynarenbHOE IepeMelieHHe MIIOCKOH (UTyphl B €€ IUIOCKOCTH MOXKET
OBITH OCYLIECTBICHO KaK COBOKYIHOCTb IPOCTEUINNXBUKEHUI: nocmynamenbHo20 BMECTE C

BbIOpaHHOW TOYKON (UTYpBI, HAa3bIBAEMOI IOIIOCOM U 8pauyeHus BOKPYT OCH, MPOXOAsIIeiH
yepes MOJoC.

Kunematmueckumm XAPaAKTCPUCTUKAMHA ABJIAKOTCSA MI'HOBCHHAA YTIJIOBasg CKOPOCTh @,

MTHOBEHHOE YTJIOBOE YCKOPEHHE € IIIOCKOW (UTyphl, JIMHEWHAas CKOPOCTh W JIMHEHHOE
YCKOpEHUE, TOUKU BRIOPaHHOM 3a MOJIIOC.

¥

¥B(A) ¥a

A A

Pucynok 7. OnpeneneHue cKOpocTeit TOYeK TIOCKOM PUTypHI.

®dopmyna pacnpeereH sl CKOpocTel TOUeK MPH MII0CKOM ABMKEHUU(PUCYHOKT):

=¥ +V¥
¥g A B(A),

IZIe ¥ — CKOPOCTb Moiroca A; ¥p —
CKOpOCTB J1t000# ToukH B;
¥B( 4) — CKOPOCTh, KOTOPYIO TIOJy4aeT TO4Ka B mpu BpameHnu miockoi Gurypsl BOKpyr
mojroca A;
Vag) = @ AB ;
BeKTop CKOPOCTBYg(4) MEPIEHIUKYISAPEH mpsmoii AB.

Ckopocms 110601t mouku B naockoii ¢gueypvl ceomempuyecku CKiaovl@aemcs u3
CKOpOCMU Kaxou-Hubyob opy20u mouku A, npuHamou 3a nouoc, u CKOpoCcmu, Komopyio moika
B nonyuaem npu spawenuu gpueypui 6oxpye smozo nonioca.

Pucynok 8.

Jlnst onpeesieHust CKOpocTel TIOCKON (PUTyphl UCTIONB3YIOT Haubosiee MpoCcToi 1
yI0OHBI METO/I, OCHOBAHHBIN Ha meopeme 0 RPOEKYUAX CKOpocmeil 08yX moueK mena:
npoeKyuu cKopocmetl 08YX mo4ex Ha 0Cb, NPOXOOAUYIO Uepes Imu MoYKU, pagHvl Opye 0pyey

(pucyHok 8) Vg cosB— Vp COScx.

Jpyroii mpocTol M HATJAIHBIA CIIOCOO OMPENCIeHUSI CKOPOCTEH TOYEK IIITOCKOM

burypsl (WM Tela MpU MIOCKOM JIBXKEHHUH) OCHOBAH HA TOHATHH O MCHOBEHHOM YeHMmpe
cKkopocmell.
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Menosennwiii yenmp ckopocmeti — moukd, CKOpoCcms KOMopoui 8 OAHHbIU
MOMEHM 8peMeHU PABHA HYJIO.

Ckopocmb mouex TUIOCKOH (HUTyphl paBHA MPOW3BEICHHUIO MTHOBEHHOW YTIIIOBOM
cKopocTH Gurypsl (w, pan/c) Ha paccrosiaue ot Touku g0 MIIC (pucyHok 9, a)
VE @ PA,
rae PA — paccrosinue ot MLIC (1.P) 10 Touku A.
Bekrop CKOpOCTHU MJI0CKOM burypst Hanpaejex
NEePneHOUKYIAPHO — NpsAMOU,  COeAUHAOMEH3Ty Touky ¢ MIIC, u JEeXUT B IJIOCKOCTH
burypsi.

Pucynoxk 9. HaxoxaeHne MrHOBEHHOTO IIEHTPa CKOPOCTEH.
OTHolIeHNE BEIMYUH CKOPOCTEH TOYEK MIOCKON (DUTYpBI K PACCTOSIHUIO OT 3TUX TOYEK
no MIIC sBnsieTcst BETMYMHON IOCTOSHHOM Ui BCeX TOYEK IUIOCKOM (Urypel UM paBHO
MI'HOBEHHOH YIJIOBOW CKOPOCTH (UTYphI (PUCYHOK 9, a U B)

VaVe-... AP BP ©

s onpenenenns MLIC HeoOXxouMO K M3BECTHBIM BEKTOpPAM CKOPOCTEH JIBYX TOYEK,
€CIM OHM HE TMapajuleJbHbl, MPOBECTH MEPIEHAMKYIApPbl — TOYKA IEepecedeHus
nepneHaukysipoB oyaer MIIC (1.P).

Ecnu BEKTOPBI CKOPOCTEH ABYX TOUYEK TUIOCKON (PUTYpBI PaBHBI APYT APYTY U

pacnonaratorcs napamienbio, To MIIC HaxonuTes B 66CKOHEYHO yIaleHHON TOUYKe (PUCYHOK
9,0).

Pucynox 10. Onpeaenenne yCKOpeHU TOYEK TUIOCKON (DUTYPHI.

* Ha pucyHke crjolHas AyroBas CTpesIKa IOKa3bIBa€T HAIPABIECHUE YIJIOBOM CKOPOCTH
(HampaBiieHHE BpallleHUs), a MyHKTUPHAS — HalpaBJeHHE YII0BOro yckopeHus €. [Ipu
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YCKOPEHHOM BpalieHl# 00e CTpesku OyAyT HalpaBJIeHbI B O/IHY CTOPOHY, a MPU 3aMeJICHHOM
— B pasHBbIE.

Jlist ompenenieHrst yCKOPEHUH ToYeK MIockoi (urypsl (pucyrok 10, a) HCIONB3YIOT
BbIpaXXKCHHE

as=aastapy ,

a
rJie a4 — yCKOpeHue noitoca A; g — ycKopeHue Jro00i

TOYKH B mmocko#t ¢purypsr;
ap(4) — YCKOpEeHHE, KOTOPOE IoJly4aeT TouKa B npu BpaiieHnu miockoi Gpurypel
BOKPYT MoJtoca A.

Vckopenue noboti mouku B naockoiu ¢hueypel eeomempuuecku CKIao0bl8aemcs u3z
VCKOpeHUsl Kakou-Hubyo0b opy2oti moyku A, npuHAmotl 3a nouoc, U yCKOPeHus, Komopoe moyka
B nonyuaem npu epawenuu ¢pucypol 60Kkpye 3mozo noaroca.

Ipu pemenuy 3a1a4u 6onee yno6HO BEKTOP dp( 4) 3AMEHUTE HA €TI0 COCTABIIAIONINE:
— -
an
KacaTeJIbHYIO dp(q) U HOPMAIBHYIO g4 (pucyHok 10, 6), momydasi BeIpakKeHUE CIEIYIOIIETO

__ T -
BHUIA as _aA+a B4 Ta B,
n

I BEKTOP dp(4) HalpaBJeH MepIeHIUKYIIpHO AB B CTOpOHY BpamieHus, €cIi OHO YCKOPEHHOE,
Y TIPOTHB BpaIlleHUs, €CJIM OHO 3aMeJUIEHHOE U oTpesiensiercsa d = AB - ¢,

B'A
4

BEKTOP “n B(4) BCETla HaIlpaBJIeH OT TOUYKU B k mosocy A u onpenensiercs
anB4) = AB - w2.
Ecnu momroc A I[BI/I)KeTCSI HE HpHMOHHHeHHO TO €ro YCKOPEHUE MOXHO MIPE/ICTaBUTh
KaK CyMMY KacaTelIbHOU a A Y HOpMaJIbHOM a 4 COCTaBJIAIONMIMX, TOTIA

G5 =a atana+a 54 +7 5.

n

Ecnu Touka B aBmxercs KpHBOJ’IHH@fIHO " €€ TPACKTOPpHA U3BECTHA, TO dp MOKHO

MNPpEACTaBUTb B BUIAC CYMMBbI KacaTeJIbHOU U HOpMaHBHOﬁ COCTaBJIAOIINX

- == 4= -
a B ars a B n
[Tpu HemocTynaTeIbHOM JIBHXKEHUH TUTOCKOH (PUTYPBI TSl ONIPEICIICHUST YCKOPEHUIH
UCIIONB3YIOT IOHATUE MeHO8eHHblU YyeHmp yckopenuti (MLLY).
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Pucynok 11. Onpenenenne MrHOBEHHOTO LIEHTPA YCKOPEHUH.

Menosennutit yenmp yckopenuii (Q) — mouxa, yckopenue Komopoii 8 OaHHbll
MOMEHM 8peMeHU PasHa HYIO.

[Toso’xeHne MTHOBEHHOTO LieHTpa yckopeHuil Q (pucyHok 11) onpenensiercs
dbopmynamu:

£

g* =",

aA
Velvo!

OTkaabpIBaeM yroi o OT YCKOPEHHUs d4 (B CTOPOHY MIHOBEHHOTO BpaIIEHUS, €CIIH OHO
YCKOPEHHOE, U B IPOTUBOIIOIOXKHYIO CTOPOHY, €CJI OHO 3aMeJIEHHOE ), TIOJTy4aeM
MOJYTIPSIMYIO, Ha KOTOPOI Ha paccTOsSTHUU AQ) NIEKUT MIHOBEHHBIHN LIEHTP yCKOpeHui Q
(pucyHnok 11, a).

Eciy MrHOBEHHBIHN LIEHTP YCKOPEHUN IPUHSTH 3 MOJIIOC, TO YCKOPEHUE JIF000i TOUKU
B mnockoit ¢urypst (pucynok 11, 6) onpenensercs o popmyne ag

= 2 4
BQ N .
Vekopenus mouek niockoii (puzypbl onpeoensilomcs, 6 OaHHbIIL MOMEHM 6PeMeHU MAK, KaK
ecu 6v1 Osudicenue uypol HbIIO 6palyeHUeM 60KpYe MCHOBEHHO20 yenmpa yckopenuii Q.

OTHollIeHUE BETMYMH YCKOPEHUN TOUYEK TUIOCKOH QUTYpBI K pACCTOSHUIO OT 3TUX TOYEK
1o MILY onpenensercss OTHOIIEHUEM

BQ AQ
Yexkopenus mouex nnockoti gpueypsi nponopyuonanvhsl Ux paccmosHuIM
OmM M2SHOBEHHO20 YEeHmpa CKOPOCMEI.

Bonpocer:
1. Yro uzyuyaer KuHeMaTHKa?
2. TlepeunciuTe CIIOCOOBI 3a/IaHUS JBUKCHHS TOUKH.
3. 3Banummre bopmyny ompeieJICHUsT TIOJIHOTO YCKOpPEHHUsSI  TOYKH,
JBIDKYIIEHCS BpallaTeabHo.
4. JlaiiTe onpeneneHe MTHOBEHHOTO IIEHTPa yCKOPEHUSI.

Jlumepamypa:
OcHoBHasi InTEpaTypa:
1. Teoperuueckas mexanuka. Ctatuka. [Ipaktukym yuebHoe nocobue / B.A. AkumoB [u
ap.]; pea. A.B. Hurapes _ Munck: Hooe 3nanue; M LIVIIA 2010 _452 c.
2. Kypc teopernueckoii Mexanuku. B2 1.T.1 Cratuka u kunemaruka. T.2. Jlunamuka /
H.B. byrenun, f.JI. JIynn, J[.P. Mepkus. 11-e u3g., crep. CUb.: "Jlans", 2009. 736c.
3. Tapr C.M. KpaTkuii Kypc TEOpeTUUECKOW MeXaHUKH: Y4ueOHUK s By30B/ C.M.
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Tapr.- 17-e u3n., crepeotun. M.: Beicmias mikona., 2007. - 416¢. JlonoaHuTeabHAast
JuTeparypa:

1. Kpartkuii Kypc TeopeTHuecKoi MexaHuku: yueo. mocooue / I'.H. SkoBenko. M.: _
BMHOM. JlaGopatopus 3anstuii, 2006._116 c.

2. Huxutun H.H. Kypc Teopernyeckoi MmexaHuku: Y4eOHUK 171 BTY30B. — M.: Beici.
mk., 2003. — 719 c.

3. Opnemu A.A. Teopernueckas mexaHuka. CONpOTHBICHHE MAaTEPUAIOB: YUEOHUK LIS
BTY30B. — M.: W.n. «Akagemusi», 2003. — 320 c. UHTepHeT-pecypchbl: 1. DIEKTpOHHBIN
o0OpasoBartenbHbBIN pecypc [DIeKTpoHHBIN pecypc]. Pexxum pocryna:
http://www.edu.ru/ 2. DnekrponHast 6ubIHOTEKA [ DIEKTPOHHBIN pecypc]. Pexum moctyma:
http:// www.elibrari.ru/ 3. YauBepcureTckas 6ubiaroreka online [DneKTpoHHBIH pecypc].

Pexxum nocryna: http:// www.biblioclub.ru/

4. DnexkTpoHHas OMOIMOTeKa TEXHUUYECKON TUTepaTyphl [ DNeKTpoHHbIN pecypc]. Pexxum

nocryna: http:// www.tehlit.ru/

IIpakTuyeckoe 3ansaTue 13
Tema: Onpeoenenue ckopocmu u yCKOpeHUs MOYKU RO 3A0AHHBIM YPAGHEHUAM ee
osuIICen U

HeJIb: HAay4YUTb ONPCACIIITLCKOPOCTU U YCKOPCHUS TOYKHU IIO 3aJdHHBIM YPABHCHHAM €€
JBHXKXCHUA.

3HaTh: OCHOBHBIC noaxoabl K (1)OpMaJII/I3aIII/II/I U MOACIIMPOBAHHIO JIBHKCHHA W PAaBHOBCCHA
MaTCpHAJIBHBIX TECJI; IMOCTAHOBKY W MCTOABLI PCIICHHA 3aJa4d O IABWIXCHHUM W PABHOBCCHU
MCXAaHUYCCKUX CHUCTCM; KHHCMATHYCCKUC XAPAKTCPUCTHUKU TOYKH, I[I/I(l)(i)epeHL[I/IaHBHBIC
YpaBHCHUA OBUKCHUS TOUYKHU, O6H_II/IC TCOPCMbI JTUHAMUKH,; TCOPHUIO yaapa.

YMeThb: BEBEIUHCIATH CKOpPOCTH MU YCKOPCHUA TOYCK M TOYCK TCJIa IMpPU IMOCTYNMATCILHOM,
BpaIaTCJIbHOM U IINIOCKOM IABHIKCHUAX

Axmyanvsnocms membi 00bSICHACTCS ONPEaeIeHUEM CKOPOCTH M YCKOPEHHSI TOUKH 110 33aHHBIM
YPAaBHEHUSIM €€ JBUKEHUS.

Teopemuueckan wacmo:
Kunemamuxa mouxu

Ilpumep 1. ]JIBWKeHWE TOYKH 3alaHO KOOPAWHATHBIM cCIOcoOoM: X = 2t; y = 3t2.
KoopauHaThl TOUKM: X M y U3MEPSIOTCS B METpax; apryMeHT t — B cexkyHaax. OmpenenuTsb
TPAaCKTOPUIO TOYKH M JUIS JaHHOTO MOMEHTa BpeMeHH {1 = 2 ¢ MOJIOXKeHHWE TOYKH Ha
TPaeKTOPUH, CKOPOCTH U MOJIHOE YCKOPEHHE.

Pewenue:

1. Jns ompeneneHus] TPAGKTOPUHM TOYKH HEOOXOAWMO W3 YpaBHEHHWH JBVIKEHHS

UCKITIOYUTH BpeMs t. Pemaem coBMecTHO ypaBHeHHs X = 2t; Y = 3t . B pesynbrare nmoiaydaem
ypaBHEHHE NapaboIibl ¢ BEPIIUHON B HaYaIe KOOPIUHAT U OChI0 CHMMETPHUH OY:
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T. k. aprymenT t > 0, To TpaeKkTOpUEi TOYKU OYAET MOJIOKHUTETbHAS YaCTh MapadoIbl (PUCYHOK
12).

2. OrmpezensieM TONOXKEHUE TOYKA HAa TPAEKTOPUU B MOMEHT Bpemenu 11 = 2 c. s
3TOT0 B YpaBHECHHUS KOOPAWHAT TOUYKH MOJCTABIISIEM 3HAUCHHUE apryMenTa {1: X1 =2t1 =2 -2=4
M,

yi=3t°=3-2°=12m.
3. OnpenensaemM CKOPOCTb TOYKH:
V= +V
X y '

Vv

TAe x — MPOCKINS CKOPOCTH HA OCh X , M/C:

Vy = x = (2t)'=2 wm/c;
Vy— npoexkitus ckOpocTH Ha 0Ch Y , M/C:

Vy=y = (3'[2)': 6t m/c.

V
B moment Bpemenn t] =2 ¢ x1=2 m/c; Vy1 =6 - 2 =12 m/c;
V
1= 12,2 m/c.
4. OrnpenenseM MOJHOE YCKOPEHUE TOUKHU:

= ,/dy 2+ay 2

a )

2
rjie d y — IPOEKINs YCKOPEHUS Ha OCh X , M/C
Ax= X=Vx=(2)=0 M/c2 ; d y — MPOEKIHUs
2
YCKOPEHHA HAOCb Y , M/C i dy =y =
, 2
Vy=(6t)=6m/c .
2
B momenT Bpemenn ty =2 c:dyx1 =0m/c ;ay; =6
2 2
M/c ;Ad1=6Mm/cC .
5. BemmonHsem rpadudeckue MOCTPOSHHUS: ISl 3TOTO MPUHUMAEM MacIITaOHbIE
KOd(PHUITUEHTBI

Mxy (1 cm uepTexa : X,y — M );
My (1 cm yeprexa : v — M/c);

Ma (lcm ueprexa : A — M/CZ).
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y, M

v N
a,ay
M

12.4---eff='v,
X, M
0 4
Pucynox 12. TpaekTopusi TOUKH, OJIOKEHUE TOUKU HA TPAEKTOPUH, CKOPOCTh U

MOJIHOE YCKOPEHHE B MOMEHT BpeMeHH t] =2 c.
Touka IBMXETCS MO yre OKPY>KHOCTHU paauycoMm I' = 0,4 M. 3aK0H ABUKEHUSI TOUKH 110
tpaekTopuu S = 0,3t . JlyroBas koopanHaTa S u3MepsieTcsl B MeTpax; apryMeHT t — B
cekyHaax. OnpeaenuTs N0J0KEHUE TOUYKH Ha TPAEKTOPHUH, CKOPOCTh U MIOJIHOE YCKOPEHHUE B
MoMeHT BpemeHu t1 = 1 c. Hauasno oTcyera v mojgoXKuTenpHOE HAIIPaBJICHHUE JIBIXKCHUS Ha
TPAeKTOPUH BBIOPATH CAMOCTOSTENBHO.

Pewenue: 1. OHpe,I[CJ'IHCM IMMOJIOKECHUE TOYKH Ha TPACKTOPHUU B MOMCHT

Bpemenn t1=1c¢: 51 = 0,3t12 =03" 12 =03m™m.

[TocTpoeHne nos0XeHUsI TOUKH Ha TPAEKTOPUH BBIMOJIHUM BOCIIOJIB30BABIIUCH YTIIOM (O MEXAY
010 u O1M, koTOpBIit OnpeaenuTes 1o hopmyse

p=1
r.
0,3
¢=—= 07540
04 _
T.e. ;
180 0,75 43
IIPY TIEPEBOJIE B IPALyCHI ¢= 7 ' ~

2. OHpCI[CJBICM CKOpOCTB TOYKH:
V=5 =(0,3t") =20,3t =06t \c:

B momenT Bpemenu t = 1 ¢ ckopocts Touku V1 = 0,6 - 1 = 0,6 M/c.
3. OmnpegensieM YCKOPEHUE TOUKH: a

afﬁ&,r +



2
d — TaHTeHIMAJIbHASL COCTABIISIONIAs TIOJTHOTO YCKOPEHUS, M/C ; OMPEAEIseTCs
o rae ¢popmyie:

a Vv 0,6 we

n 2
d — HOpMaJbHas COCTABIISAIONIAS TIOJTHOTO YCKOPEHHSI, M/C ; OmpenesieTcs o Gopmyiie:

v v 2 2
1o, r a
P n
rae  — paauyc KpUBU3HBI TPACKTOPHMH JBHIKYIIEHCS TOUKH, M.

B mMomeHT BpeMenu t] = 1¢ HopManbHOE YCKOPEHUE TOUKHU

V2 0,62
an09y -
0,4 M/c2.

Toraa MOAYNb MOJIHOTO YCKOPEHMSI TOUKH al

=.J0,6: 0,9 =1,08u/co.

(3

B pesynbraTe A 1o 0,6 M/Cz, a”lz 0,9 M/cz,al= 1,08 M/c2 .
4. BeinosiHsiem rpadguueckne nocTpoeHus (pucyHok 13): mist 3Toro npuHUMaeM MaclTaOHbIe
KO3 UIIMEHTHI (17151 HArISAHOCTH U300paskeHUsl MacIlTabbl CKOPOCTH U YCKOPEHUS BhIOMpaeM
pasHbIe)
M s (1 cmueptexa:r,S—m);
My, (1 cm ueprexa : v — M/c);
a
Ma (lcm ueprexa : — M/CZ).

O+
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Pucynok 13. [TonoxeHue TOYKH Ha TPAEKTOPUHU, CKOPOCTh U MOJHOE YCKOPEHUE B MOMEHT
Bpemenu t1 =1 c.

Bonpocer:

1. Kakumu ypaBHEHHUSAMU 33]1a€TCS MJIOCKOTIAPAIIIICIIBHOE IBI)KCHHE?

2. ChopmynupyiiTe TEOpEMY O MPOCKIIUIX CKOPOCTEH JIBYX TOUYEK IJIOCKOH (UTYPHI.
3. Kakwue cymecTByroT crmocoObl 3a/1aHusl IBHYKCHHSI TOUKU?

4. Ha3Batb ciyuyau, KOrj1a KOpHOJIKCOBO YCKOPEHHE TOYKHA PABHO HYJIIO.

5. AOGCOJIIOTHOE, OTHOCUTENILHOE, IEPEHOCHOE IBMKEHUE TOUKH.

Jlumepamypa:
OcHoBHast JiMTeparypa:
1. Teopernueckas mexanmka. Craruka. lIpaktukym ydeOHOe mocobue / B.A.
Axumos [u ap.]; pea. A.B. Uurapes _ Munck: Hosoe 3nanue; M LIVIIA 2010 _452 c.
2. Kypc teopernueckoit mexanuku. B2 T1.T.1 Craruka u kuHemaruka. T.2.
Hunamuka / H.B. Byrenun, f.JI. Jlyan, .P. Mepkun. 11-e uzn., crep. CIIb.: 'Jlanp",

2009. 736 ¢c. _
3. Tapr C.M. Kparkuii Kypc TeOpeTHUEeCKOHl MeXaHWKHU: YUYeOHHK JJisi By30B/
C.M.
Tapr.- 17-e u3n., crepeotun. M.: Beiciias mikona., 2007. - 416¢. JlonoanutenbHast
JuTeparypa:

1. Kpartkuii Kypc TeopeTHuecKoil MexaHuku: yueo. mocoodue / I'.H. SIkoBeHko. _
M.: BUHOM. Jla6oparopus 3austhii, 2006._116 c.
2. Huxutna H.H. Kypc Teoperndeckoii MexaHuku: YUeOHUK Ui BTY30B. — M.:
Beici.
mk., 2003. — 719 c.

3. DOpnenn A.A. Teoperndeckas Mmexanuka. CONpOTHBIEHUE MAaTEPUAIIOB:
VYuebHuk 1 BTy30B. — M.: U.a. «Akagemusi», 2003. — 320 c. UnTepHeT-pecypesi: 1.
DJeKTpOHHBINH 00pa30BaTeNbHBINA pecypc [ DIeKTpoHHBIN pecypc]. Pexxum nocryna:
http://www.edu.ru/ 2. DnekTpoHHast 6ubIMOTeKa [ DNIEKTPOHHBIN pecypc]. Pexum
nocryna: http:// www.elibrari.ru/ 3. Yausepcurerckas ondaroreka online [ DneKTpOHHBIN
pecypc]. Pexxum nocryna: http:// www.biblioclub.ru/
4. DnexTpoHHas OMOIMOTEKa TEXHUUECKON TUTepaTyphl [ DIeKTpoHHBIHN pecypc].
Pexum
nocryma: http:// wwwe.tehlit.ru/

IIpakTuyeckoe 3ansitue 14
Tema: Onpedenenue ckopocmu u yCKOPeHUs MOUEK 36eHbe6 Mexanusma ¢ nomouwpio MIJC

Heab: HAy4YUTh CTYNEHTAONPEACNATh CKOPOCTH U YCKOPEHHSI TOYEK 3BEHHEB MEXAaHH3Ma C
nmomorsio MIIC.

3HAaTB: OCHOBHBIE MOJXOABI K (popMalu3alud U MOJACITUPOBAHUIO JBMKCHHUS M PABHOBECHS
MaTepUalbHBIX TEN;, MOCTAHOBKY M METOJbl pEUICHUsl 3aJad O JABUKEHUU U PABHOBECUH
MEXaHWYECKUX CHUCTEeM; KHHEMAaTHYECKHE XapaKTePUCTUKU TOUYKH, aAuddepeHnaIbrHbie
YpaBHEHUS JBIKECHUS TOUYKH; OOIIHNE TEOPEMbl JUHAMUKH; TEOPHUIO yaapa.

YMeTh: BBIUHCIATH CKOpPOCTH MU YCKOPCHUA TOUYCK KM TOUYCK TCJIa IMPU MOCTYyHNATCIbHOM,
BpamaTCJIbHOM M IIJIOCKOM ABHUXXCHUAX

S7



AxmyanbHocmb memul 00bICHAECTCS ONMPEACICHUEM CKOPOCTH M YCKOPCHHSI TOYEK 3BEHBEB
MexaHu3ma ¢ nomoibio MIIC

Teopemuueckasa yacme:
Kunemamuueckuu ananus niocko2o mexanuzma
Ipumep. JIns ykazaHHON CXeMbl MeXaHU3Ma (PUCYHOK 14) U MCXOTHBIM JaHHBIM: (W0 —
yrioBas ckopocTh Kpuommmuna O1A (pan/c); ¢ — yron mraoBeHHoro nosoxenus; O1A; O2B;

AB; BC — nnunHbl 3BeHbEB MeXaHU3Ma, (M) OIPEIEIUTh CKOPOCTH TOYEK U YIJIOBBIE CKOPOCTH
3BEHbEB MEXaHHU3MA.

Pus

Pucynok 14. Kunemarnyeckasi cxema IUIOCKOTO MEXaHHU3Ma € yKa3aHUEM
HaIPAaBJIEHUS CKOPOCTEW TOUEK U YIJIOBBIX CKOPOCTEN 3BEHBEB U MOJIOKEHUEM
MIIC 3BenneB Pewenue:

1. BoinonHsieM NOCTpOSHHE CXEMBI MEXaHU3Ma B MacIiTade
Mi (lem ueprexa : 1 — M) Ay 3aJaHHOTO YIJIOM (¢ MTHOBEHHOro MosiokeHus. Iloctpoenue

cienyer HadaTh ¢ TOYkd O1, OTKJIaAbIBas yroi ¢ oT ocu OX B CTOPOHY BpAILEHUS BEAYIIETO
3BeHa (KpUBOIIINIIA).

2. OmipenensieM CKOPOCTH TOYEK U YTIIOBBIE CKOPOCTH 3BEHBEB:
2.1. OnpenensieM CKOPOCTb TOUKHU A:
— HanpasJieHue V4 - O14 u onpesienseTcs HAPaBIEHNEM YTIIOBOi CKOPOCTH @ 0 | — MOJLYJTb V4
=g 014, m/c.
2.2. OnpenenseM CKOPOCTh TOYKH B:
— HanpasieHue Vg | O2B u onpeienisieTcss HalpaBJIeHUEM YTIIOBOM CKOPOCTH ® O ;
— MOAYJb Vg ONpeessieM Yyepe3 MTHOBEHHBIH IEHTP CKOPOCTEH: MTPOBOIUM TEPIICHINKYIISIPBI

K BEKTOpaM CKOpPOCTEH V4 U Vg, TOUKA NTepecedeHus NEPIEHANKYISIPOB T. P AR sABIIsAECTCA
MIIC 3Bena AB. OnpenensieM yriloByr0 CKOPOCTb 3BeHa AB:

\'
o =—~
4B pan/c,
APas
rne AP 4p — paccrosiaue ot T.4 10 MIIC 1.P4p , KOTOpOE OIpeiesiieM H3MEPEHHEM C YepTexa
U TIEPEBOJIMM Yepe3 MaclITaOHbIi K03(h(HUIIMEHT B HATypaJIbHYIO BeTUUMHY. B pesynbraTe
Vg = wyp - BP4p, M/c
rae BP4p — paccrosinue ot T.8 10 MLIC 1.P4p , KOTOpO€ OIpeAeisieM U3MEPEHUEM C YepTexa
U TIEPEBOJMM Yepe3 MacITaOHbIH K03((UIIMEHT B HATYpAJIbHYIO BEJTHUUHY.
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. Onpenensiem ckopocTh Touku C:

— HanpasJICHUE V(C NapaJljIesIbHO HANIPABJISIOIIMM, 10 KOTOPHIM IIEpEMEIAETCS OJI3YH U
OTIpe/IeIISIeTCS HalpaBJICHUEM YTIIOBOW CKOPOCTH O 0;

— MOy V. onpenensieM yepe3 MLC: npoBouM nepneHANKYISIpbl K BEKTOpaM Vg U Vi,
TOYKa [IepeceueHms NepneHauKkysipoB T. Ppc asisercs MLC nns maryna BC. Onpenensem
YIJIOBYIO CKOpPOCTH maryHa BC:

Vg
BC pan/c,
BPsc

rae BPpc — paccrosinue ot T.B 10 MLIC 1.Ppc , KOTOpO€ OlpeeisieM U3BMEPEHUEM C YepTeka
U TIEPEeBOANM uyepe3 MacluTaOHbIi K03 PHUIMEHT B HATYpallbHYIO BelHUuHy. B pe3ynbrare

Ve =wpc - CPpc, M/c
rae CPpc — paccrosinue ot T.C 1o MLIC 1.Pgc , KOTOpOe onpenensieM U3MEPEHUEM C YepTeka
U TICPEBOMM Yepe3 MacITaOHbII K03 PHUIIMEHT B HATYPATbHYIO BEIHUUHY.

Ipumep. JInst yka3aHHON CXeMbl MeXaHU3Ma (PUCYHOK 15) M MCXOMHBIM JaHHBIM: W0 —
yrioBasi ckopocTh kpuormma OA (pan/c); ¢ — yros MrHoBeHHoro nonoxkenus; OA; AB, AC —
JUTMHBI 3BEHBEB MEXaHU3Ma, (M) OMNpPEACIUTh CKOPOCTH W YCKOPEHHUS TOYEK U YIJIOBBIE
CKOPOCTH M YCKOpPEHUS 3B€HbEB MEXaHH3Ma.

Pucynok 15. Kunemarnyeckas cxema IJIOCKOTO MEXaHHU3Ma € yKa3aHUEM
HaIIpaBJIEHUSI CKOPOCTEU TOYEK U YITIOBBIX CKOPOCTEN 3BEHBEB U IOJIOKEHNE
MIIC 3Bena Pewenue:

1. BeinonHsieM NOCTpOSHHE CXEMBI MEXaHU3Ma B MacIiTade
Mi (1cm ueptexa : 1 — M) Ans 3aJaHHOTO YIJIOM ¢ MTHOBEHHOro mnoiioxkeHus. [loctpoenue

cienyer HauaTh ¢ Toukn O, oTkiagsiBasg yroia ¢ oT ocu OX B CTOPOHY BpalleHHs BEAYLIETO
3BeHa (KpUBOILUIIA).

2. OmipenensieM CKOPOCTH TOYEK U YTIIOBBIE CKOPOCTH 3BEHBEB:

2.1. OnpenensieM CKOPOCTb TOUKHU A:
—Hanpabienue V4 - OA u onpesenseTcs HalpaBIeHHEM YTIIOBOH CKOPOCTH 0 ; — MOYIIb V 4
=wg - OA , M/c.

2.2. OnpenensieM CKOPOCTh TOYKH B:

—HallpaBJieHUE VR MapajlieIbHO HAMPABIISIONINM, BAOJIb KOTOPHIX MEPEMEIAETCS MOJI3YH U
oTpezieNsieTcsl HalpaBJIeHUEM YITIOBOW CKOPOCTH 0;

—MOJlyJIb Vg OIpeJieNsieM Yepe3 MIHOBEHHBIH IIEHTP CKOPOCTE: MPOBOIUM MEPHEHAUKYISIPHI K

BEKTOpaM CKOPOCTEHl V4 M Vp, TOUKA MEpPECEUCHUs MEepneHANKYIsIpoB T. Pyp sBusercs MIIC
niatyHa 45. OnpezernseM yrioByro CKOpOCTh aTyHa AB:
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VA
B 7paz[/c,
APus
rae AP 4p — paccrosinue ot T.4 10 MLIC 1. P4p , KOTOpO€ onpeiessieM U3MEPEHUEM C uepTexa
U TIEPEeBOANM yepe3 MacITaOHbIi K03 PUIIMEHT B HATYpaJIbHYIO BEIUYUHY.

B pesynbrare

Vg = wyp - BP4p, M/c
rne BP 4p — paccrosinue ot T.8 10 MLIC T.P4p , KOTOpO€ OIpeiesisieM U3MEPEHUEM C YepTexKa
U TIEPEBOJMM Yepe3 MacITaOHbIH KO3((UIIMEHT B HATYPAIbHYIO BETHUUHY.

2.3. OnpenensieM cKopocTh TOUkH C:

—HarpasJeHUe V  ONpeeNsieM CIEAYIONIM 00pa3oM: IPOBOUM MPSAMYIO Yepe3 Touku C
u Pyp m B 1.C X JaHHOW MNpsSMON NPOBOAUM MEPHEHAUKYISP, 1O KOTOPOMY B CTOPOHY
JIBUKEHHSI 3BeHa AB yKka3plBaeM HallpaBJIeHHE BEKTOpa V(¢ ; — MOAYJb V(¢ ONpeleNsieM IO
dbopmyre:

Voe=wyp - CPyp, M/c
rae CP4p — paccrosinue ot T.C 1o MLIC 1.P4p , KOTOpOE OIpeaeisieM U3MEPEHUEM C YepTekKa
U TIEPEeBOANM uepe3 MacIITaOHbIi K03 PHUIIMEHT B HATYPaATbHYIO BEIUYUHY.

Pucynok 16. Kunemarnyeckas cxema IJIOCKOTO MEXaHU3Ma C yKa3aHUEM HalpaBICHUS
YCKOPEHUH TOYEK M YIIIOBBIX YCKOPEHHUH 3BEHBEB

3. OmnpenensieM yCKOPEHUs TOUEK U YIIIOBbIE YCKOPEHUS 3BEHbEB (PUCYHOK 16):
3.1. OnpenensieM yCKOpEHHE TOUKH A:

1= ada+t am,
TJIE a 4 - BpallaTelibHOE YCKOPEHHE TOYKH A, KOTOPOE ONpeaessieTcs mo Gopmyie a
A—:r e+ OA4;

any - IGHTPOCTPEMHUTEIFHOE YCKOPEHHE TOUKH A, KOTOpOe onpeziensercs mo Gopmyie
w004,
BekTop any HampasieH oT Touku A k Touke O. BekTop a 4 HanpapjieH NepIeHIUKYISPHO
K BCKTOpy ang B CTOpOHy HpOTI/IBOHOHO)KHy}() HaHpaBHeHI/IIO ¥y, T.K. BpaH_[eHI/Ie KpI/IBOH_II/IHa OA

3aMeJIEHHOE.

3.2. OnpenensemM yCKOpeHHUE TOUKH B:
CormacHo TeopeMe 00 YCKOPEHHUIX TOYEK TUIOCKON (DPUTYpBI
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- —— 4 —7 A 4L
agp ay a B awus,
I7Ie HEHTPOCTPEMUTENIBHOE YCKOpEeHHe TOYKM B BO BpamiatenbHOM ABMKEHMM HIaTyHa AB
BOKpYT nosttoca 4

“Quap — U ZABAB .

Bexkrop a'ag HaIpaBJICH OT TOYKHU B Kk Touke A.

—r

Hns yckopeHud ap M a 4p U3BECTHBI JIMHUM JCHCTBHUSL 3THX BEKTOPOB: BEKTOP ap
HAIMPABIIEH BJIOJb HANPABISIOIMX IOJI3YHA, BEKTOP @ 4p - NEPNEHIUKYIApHO AB. 3amaem
MIPOM3BOJILHO WX HAIIPABJICHHUE 1O YKA3aHHBIM JIMHUSM M ONPEICIIsieM UX U3 YpaBHEHUN

a a_ -an _
MIPOEKIMI BEKTOPHOTO PAaBEHCTBA g ~ 4 d A’B AB+Ha OCH KOOpAMHAT.
Jnst BBIOpaHHOTO HaIpaBJICHUS KOOPAUHATHBIX OCEH ypaBHEHUS MTPOCKITUI

= i =

= — n —on— a+ . . .
Ha och X: g COS & 4 C0S(90 )@ A COSa 4p;Haocky: agsina 4siN(90) a"asina
=" - + a+" "

AB .

U3 ypaBHenuil angenensem o+

=— 5

T n
ag = A@0s(90 )aon €0S  Bnas;
COS ’ ) ‘
aapsin - a asin@0) a"asin

3.3 OnpenensieM yriioBoe yckopenue matyna AB o ¢popmyie

a 4B
AB .
AB
HanpaBneHHe YTIJIOBOTO YCKOPCHUSA EARB B AAHHOM CJIy4dac IIpHu 3aMCIJICHHOM
JABVKCHUHU ITPOTUBOIIOJIOKHO HAIIPABJICHUTIO BpallICHUA HIATyHA.

3.4. Omnpenensem YCKOPEHHE  TOYKH C:

—7T

a C=aA+a Ac+_a
nAC .
BpamarensHoe 1 HEHTPOCTPEMUTENIBHOE YCKOPEHUs TOUkH C BO BpalaTeIbHOM JBHXEHUU 45
BOKpYT Ioxiroca A
A 4C T E4R AC;

“auic =9 2 AC.

T

BekTop a"ac Hampasne ot Toukn C K TOUKe A, BEKTOP aac TEPIICHUKYIIAPEH BEKTOPY a'ac B
HaIpaBIIeH COOTBETCTBEHHO YIIIOBOMY YCKOPEHHIO & 4.

VYckopenue Touku C onpenensieM crmocoOoM MPOeKITUi
‘ a+
adnAC ;

acx aacos(90— & )— a , CcOS
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acy AsSin(90 — @ )Fa”Asina’—aT AC.

-Ja +a

B c ¢, &2 pesynbrare d

Bonpocui:

1. Kakoe nBuxeHHe TBEpAOIo Teja Ha3bIBAETCS IJIOCKONApaIeIbHbIM?

2. Kak no ypaBHEHUSM JIBUXKEHUS IUIOCKON (UTYypbl HATH CKOPOCTh MOJIIOCA U YTIIOBYIO
CKOpOCTb BpALIEHUs BOKPYT Hojroca?

3. Kak onpenenuTsb cKOpocTh J1H000# TOUKHU TIIOCKON (UTYpBI?

4. Yto Ha3bIBa€TCS MIHOBEHHBIM LIEHTPOM CKOPOCTEH INIOCKON (UIyphl M KaK HallTH
nosiockenne MILIC B pa3nuuHbIX citydasx?

5. Chopmynupyiite TeopemMy 00 YCKOPEHUSX TOUYCK IUIOCKOH (PUTYPHI.

Jumepamypa:
OcHoBHasi iMTeparypa:
1. Teopernueckas mexanmka. Craruka. Ilpaktukym ydeOHOe mocobue / B.A.
AxumMoB [u ap.]; pen. A.B. HurapeB _ Munck: HoBoe 3nanue; M LVIIA 2010 _452 c.
2. Kypc teopernueckoit mexanuku. B2 T1.T.1 Craruka u kuHemaruka. T.2.
Hunamuka / H.B. byrenun, S.JI. JIynn, [{.P. Mepkun. 11-e uzn., crep. CIIb.: Jlanp",

2009. 736 ¢c. _
3. Tapr C.M. Kparkmii Kypc TCOPETHUECKON MEXaHWKHU: YUCOHHK JJIsi By30B/
C.M.
Tapr.- 17-e u3a., crepeotun. M.: Beiciias mkona., 2007. - 416¢. JlonoaHuTe1bHaAsS
JurTeparypa:

1. Kpatkuii Kypc TeopeTrueckoil MexaHuku: yue6. mocooue / I'.H. SIkoBenko.  _
M.: BUHOM. Jlaboparopus 3austhii, 2006._116 c.
2. Huxutna H.H. Kypc Teoperndeckoii MexaHuku: YUeOHUK Uit BTY30B. — M.:
Bercm.
mk., 2003. — 719 c.
3. Opmemn  A.A. Teoperndeckas Mexanuka. CONpPOTHBICHHE MaTEPUAIIOB:
VY4eOnuk s BTy30B. — M.: U.a. «Axagemusi», 2003. — 320 c. UuTepHer-pecypcesni: 1.
DJeKTpOHHBIN 00pa30BaTeNbHBINA pecypc [ DNeKTpoHHBIH pecypc]. Pexxum nocryna:
http://www.edu.ru/ 2. DnexTpoHHast OMOIMOTEKa [ DNEKTPOHHBIN pecypc]. Pexxum
noctyma: http:// wwwe.elibrari.ru/ 3. YauBepcurerckas 6udanoreka online [DneKTpoHHBIH
pecypc]. Pexxum nocryna: http:// www.biblioclub.ru/
4. DnexTpoHHas OMOIMOTEKAa TEXHUYECKOH TUTepaTypsl [ DIeKTPOHHBIN pecypc].
Pexxum nmocryna: http:// www.tehlit.ru/
IIpakTuyeckoe 3ansaTue 15

Tema: Onpenesnenue cCKOPOCTeH M YCKOPEHUH TOUYEK IVIOCKOH (PUTYpPbI

Heab: HayyuThb ONpPENENSITh CKOPOCTH M YCKOPEHUS TOYEK IUIOCKOM ¢(urypel 3HaTh:
TudepeHIMaIbHbIX YPaBHEHUI IBUKEHHUS TOUKH; KHHEMATUYEeCKHE XapaKTepUCTUKH TOUYKH,

muddepeHIManbHbIe YpaBHEHUS JBUKEHUS TOUKH; Y MeTh: BBIUUCISATH CKOPOCTU U YCKOPEHHS
TOYEK U TOUYEK TeJla P MOCTYNaTeIbHOM, BPAIATEIbHOM U MJIOCKOM JBUKEHUAX
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AKmyanbHocme memul 00bCHICTCS ONPEIEICHIUEM CKOPOCTEN M YCKOPEHUN ToueK (DUrypsl B
IJIOCKOCTH.

Teopemuueckas uacme:

Cropocmu moyexk npu ni10CKOM 0GUIHCEHUU

Jly1st onipeiesieHnsi CKOpOCTEH TPH TUIOCKOTApaJLISIbHOM JIBUKEHUHU UCTIOJIb3YHOTCS:
dopmyna pacnpedenenusn ckopocmeil, meopema 0 RPOEKUUAX U NOHAMUE MCHOBEHHO20
uenmpa ckopocmeiu (MI[C).

a) Dopmyna pacnpeoeneHus ckopocmeil

Puc. 2.25. K 6v1600y popmynsl pacnpeoenenusn ckopocmeii

W13 puc. 2.25 BUJHO, YTO NOJOXKEHNUE POU3BOIBHON ToOUukH B miockoii ¢purypsl S B
KaKJIbHA MPMEHT BPEMCHH ONPE/CIACTCS CICAYIOIMM BEKTOPHBIM PABEHCTBOM: I'B I'A BAr

[TponuddepenurpyeM JaHHOE BbIpaXKEHHE 110 BPEMEHU

.. (Orea,
¥ +
VB A dt
cornacHo Gopmyie Ditnepa (2.38)
dTBA_ & o
dt BA .
O6osnauas @ XxT =V nonyyaem opmyny pacnpeoenenue
vV _V " - BA BA_ o - 4 cKopocmeti.
B AVBA. VBaAB, Vga AB. (2.41)
CornacHo (41), ckopocms npou3eonvnoii mouk# B nnockoii gpuzypel pasna
V
2eomempuueckoll cymme ckopocmu noyioca A u ckopocmu épawenus mouku B oxpyz
Vv
nonwca - BA.
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0) Teopema o0 npoekyuax:npu JaKWOOM OBUMCEHUU MEEPO020 mela NPoeKyuu
cKopocmelii 1100b1X 08YX €20 MOYeK HA NPAMYIO, COCOUHAIOUWLYIO IMU MOUKU, PAGHBL MEIHCOY
cobou(puc. 2.26).

lu

Puc. 2.26. K meopeme o npoexyusx
V 4
CrnpoenupyeM Ha 0Chb X, IPOXOASIILYIO uepe3 Touku A u B hopmyiny (2.41). Tak kak BA AB,

[0JIy4yaeM

V cosa V cosg?*

YTO U TPeOOBAJIOCH 1OKA3aTh.

6) Hcnonv3osanue nonamus M2HOBEHHO20 YEHMPA CKOPOCHmell.

Onpeoenenue :meHogeHHviM yeumpom ckopocmeti (ML]C) naszvieaemcs mouxa niockou
@ueypul, ckopocmb KOMopou 6 OaHHblll Momenm epemenu pasua Hynio. MILIC npunsamo
0bo3nayams OyKeot P.

[Toxaxxem, 4TO eciau IIocKass (Qurypa He IBUXKETCS MOCTYyHaTelbHO, TO Takas TOYKa
CYLIECTBYET B KaXJblii MOMEHT BpeMeHH. [l 3TOro BOCCTAHOBUM MEpPHEHAMKYISAPHI K
CKOPOCTSIM JIBYX IPOM3BOJIbHBIX TOUEK A U B 1 HaliieM TOuKy UX nepecedenus (puc. 2.27).

Puc. 2.28. Ocnosnoui cayuaii onpedenenusn nonoxcenus M.1].C.

[Toxakem, 4TO CKOPOCTh TOUKH PpaBHa HYIIO U, CIEI0BATEIbHO, 3Ta TOUKA MO ONPEIETICHUIO
SBJISIETCS. MTHOBEHHBIM LIEHTpOoM ckopocteil. CornacHo (2.41) nmeem

VWW¥ea +  pa VEVVBF PB.
04



— —

vV V

[Tockonbky BekTOpbl  Am B mepnenaukymnspasl otpeskaMm AP u BP 1o mocTpoeHHIo, a

—_— - —_

Vv \Y Vv

BekTOppl  PAu  PB mnepneHIuKYNISpHBI 5TUM OTpEe3KaM IO OMpPE/IEICHUI0, BEKTop A

JIOJI’KEeH OBITh OJIHOBPEMEHHO NEPIIEHIUKYIISIPEH 000UM OTpe3KaM, YTO HEBO3MOKHO, €CIIH
TOJIBKO OH HE PABEH HYJIIO.

Ecnu Tenepb B34Th 3a mostoc TOUKy P, To 1iist Touek A u B dopmyna (2.41) 3anummercs B
BUJIE:

VWwWap L AP, \WVB, " PBP.

V = Vv = V =w
Yuutpigas, uto P 0, TIOJTyYaeM: A AP, g BP umm
f" =y /T =o

Va AP s BP : (2.42)

U3 (2.42) cnenyeT, 4TO CKOPOCTH TOYEK IIOCKOW (PUTYypbl IPONOPLIUOHAIBHBI UX PACCTOSIHUAM
OT MCHOBEHHOTI'O LIEHTpa CKOPOCTEH M ABMKEHHE MIOCKOH (UTyphl MOKHO pacCMaTpUBaTh Kak
BpallleHUEe BOKPYI MEHSIOIIET0 CBOE IOJIO)KEHHE MIHOBEHHOI'O IIEHTpa CKOPOCTEH.
MTrHOBEHHYIO YTJIOBYIO CKOPOCTH 3TOTO BPAIICHUS MOKHO HaWTH, MOJEIHB CKOPOCTH JIFOOOH
TOYKM Ha €€ PACCTOSHME OT MTHOBEHHOTO ILEeHTpa ckopocTeil. Kpome ocHOBHOro ciryuas
HaxoJeHus mnosoxxeHust MIJC, pacCMOTPEHHOIO BBIIIE, NMPH PEIIEHUH 337a4 BCTPEYAIOTCS
CJIEAYIOIINE BapUAHTHI:

Ecnu uzeecmnuvl ckopocmo kakoti-mu60 mouku A u MmeHo-
BEHHAS V2/l08asl CKOPOCHb Mo paccmosiHue om 3mou mouxu

00 MeHO8eHH020 yenmpa ckopocmeti P pasno AP = V@ | 3

Vo

Ipu nocmpoenuu npsamot y2on omriaodvleaemcs Om 6eKmopa

A

Ia  Cnyuaii
M2HOBEHHO-

-nocmynamejlbHo2o
08uUDICeHUS. CKOpOCmI/l 6cex

mo4exk mejia pasHbsl no



geluvUHe U N0 HANPAGILEHUIO, B=0, MIIC Hnaxooumcs &
beckoHeuHoCcmu.

Ilpu xauenuu mena no HeNnoOBUNCHOU NOBEPXHOCMU,
MeHOBeHHbll Yenmp ckopocmelti P naxoou-

/UmC}z 6 mo4kKe Kacarmusd oSmo mejaa cC HEenooBUIICHOLL
no6epxHocmvio, n.K. Oomcynmcmeue npocKajlb3bled-

IU HUA ozHa4daem paseHcmeo cxopocmezl

CoOnpuxKkacaromuxcsl moyex.

Puc. 2.28. Yacmmnuwie cnyuau onpedenenusn nonoxncenus MI|C

3.Yckopenua mouex 6 nnockom osusicenuu. @opmyna pacnpedenenusn yckopenui. s

BbIBOJIa JAHHOM ()OPMYJIbI pacIpeesIeHNs] YCKOPEHUH 3anullieM BbipaxeHue (2.41)
B BUJIE!

— —
— -

V=v+x

B A @D AB

u, npoaudQepeHrpoBaB ero 1o BpeMEHH, MOITy4UM:

- - do _ . dr
WB =WA +7XVBA +(()X%
4 t
i Fyy
YautsiBas, uto —— = &, a no Gopmyne Diinepa T =W Xy, nveeM:
14 ’
We=W, +eXT, +@X(0OXFy,)
Beenem cnenyromue 0003HauYCHUS:
WB4sj5 € XrBA, WBay =@ > (@ X rgp).
W W,
Bekropst BA u BA  Ha3bIBalOT BpamaTelIbHBIM W LEHTPOCTPEMHUTEIHHBIM

YCKOpEHUEM TOUYKU BB ee 0OTHOCHTENHHOM BpallleHuu BOKPYT mosoca A.
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W™ e
[To onpenenennio BEKTOPHOTO MPOU3BEACHHUS BA  mepneHIUKYISIpeH OTPE3KY

BEKTOP AB, IEKHUT B IIIOCKOCTH JBHXCHHS,  €r0 MOAY/b A £rak Kkak rea = AB . [To popmyie
paBeH AJIs IBOMHOIO BEKTOPHOI'O IIPOU3BEICHUS

—_ —
.

a b c) b{a c)=(a b), nonysaem ) WaAy (rBA ) rBa() 2rea2 AB
; A .

2 - 00 =-0 =-w
HOCKOJ‘IBKy( -~ IBA ) AB c0s900 0 . Takum o6pasom, Bexrop WBAy nanpasien
- = =

2AB

BJIOJIb OTpe3ka AB oT Touku B k Touke 4 (cM. puc. 2.29), a ero MoayJb paBeH

Puc. 2.29. Hnnwocmpayusn ¢hopmynet pacnpeodenenusn ycKopenuil

OxoHuaTenbHO (HOPMyYITy pacpeiesIeHNUs] YCKOPEHUH MOXKHO 3aIIMCaTh B BUJE:
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Wy=W +W; +W3 (2.43)

BA°
& KOTOpOIi Wi, =-w’AB. W =eAB.
Dopmyiy (2.43) nHOrAa UCMOJIB3YIOT B BUJE B= WA + BA (2.43%)

- - - &
r7ie BEKTOP WB i Wg 4 + W;ﬁ HampasieH noja yriom ) = arclg( — ) K OTpe3Ky
) @
W, =ABNe” + o’
BA = E tw
AB u pasen o mogymo W

Ilpumep 1. Haittu yckopeHue TOYKU B, yriioBo€ YCKOpEHHE IHIaTyHa AB W yrioBoe
yckopeHue Kpupoiumna BC 4eThIpeX3BEHHOTO MEXaHHU3Ma B IOJIOXKEHUH, YKA3aHHOM Ha pUC.

2.29. Kpupowmun OA Bpalaercs paBHOMEPHO C YIIOBOU CKOpOCTBIOCS =5¢ ", mmHa maTyHa
AB pasna 0,8 m.

Puc. 2.29. IIpumep ucnonvzoeanus hpopmynsl pacnpeoesenHus ycKopeHui

Pewenue. OrnipenieiuM CKOPOCTh U YCKOPEHUE TOUKHU A, KOTOPYIO 3aT€M BhIOEPEM B KauecTBE
MOJIIOCA!

Vo=@ 04 =2mlc, Wpo=@ 04 = ]0M/C€K2.

AR
Tak kak M.I].C. 3BeHa AB HaxoauTcs B OeckoHeuHOCTH (Min mapayened Mu), = 0.
YckopeHue ToukH B, Kak TOUKH, TPUHAJIeKAIIeH 3BeHy AB, o Gpopmyrse pacnpeieneHus
YCKOPEHHUH PaBHO:

— —

WWWWWWe + A = Bayh BAesp = A~ BAep, Tak Kak
WB4y4B2 AB O .

C npyroil CTOpPOHBI, YCKOpPEHHE TOYKM B , Kak TOYKM TpuHaAIexameil 3BeHy BC u
Bpalaroneiicss BOKpyr Touku C, MOXXHO NIPEJICTaBUTh B BHUJE CYMMYy €€ KacaTeJIbHOIO U
HOPMAJIBHOT'O YCKOPEHUM:
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WB WB WBN , rze WBN, BC ~ ¢ W8

[TpupaBHUBas MpaBble YaCTU BbIpaXkeHUH 111 B, momydaem:

.. WW
+ =i+

W Wa A B BN (*)
[Tpoextupys (*) Ha HanpaBieHus oTpe3koB BC u 4B umeeM :

0 0 0
W _W _W cos30 W cos60 _W cos30 _ Wcos30

BN A BA BN BT A
Wow @
ep _ AT Bn M Wga pao
Vv - U - - & = = = - Z
OTKy/a BA cos30 578¢c2 , AB AB 7,22 ¢

V)
(W W )tg30 _-2,89 m _W BT _ 3,61pa0
= & pao
L

c Bc BC c

r A Bn
V4 V4
M
WB =\/\/v8n +WBT 5 ,77_2 .
¢ Ws

4. Mznoeennwuit yenmp ycxopenuii (M.11.Y)

MrHOBEHHBIM LIEHTPOM YCKOPEHUI Ha3bIBaeTCsl TOUKA MJIOCKOM (UTypbl, ycKOpeHHe
KOTOPOH B JaHHBII MOMEHT BpEMEHH paBHO HYyIt0. M.[]. ¥V npunsaTo 0603HadaTh OykBoii Q.
[Tokaxewm, uto ecinu miockas purypa (puc. 2.30) He JBUKETCS MOCTYIMATENbHO, TO TaKas
TOY

. o & Ka

YCKOpEHHE KaKkoW JTM0O0 TOUKH WA M BEIMYMHBL  y ) CIIeyIONINM 06Pa3oM: cyI
_ ¢ ; ec

U3 BBIPAYKEHUS td/ o 2 OTpezesl UM Yroj 4 B

yeT

Kax
BN
MOM

eHT
BpE
MEH

n Hu
€c

MOJIO’KEHHUE JIETKO OINPEAETUTh (3Has
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Puc. 2.30. K onpedenenuto nonoxcenus MCHO8EHHO20 YeHMPA YCKOPEHU

—

W

or Touku 4 nog yrnom 7 x Bekropy A mposenem otpesok AQ. ITpu stom otpesox AQ

JIOJKEH OBITh OTKJIOHEH OT BEKTOPA YCKOPEHHUS B CTOPOHY HAIIPABICHHS YTIIOBOTO YCKOPEHHS

& - AMHa OTpe3ka AQ onpenensieTcss paBEeHCTBOM:

AQW, V& Fot (2.44)

Haiinennast Takum o6pa3om Touka Q u OyAeT SBIATbCS MTHOBCHHBIM IICHTPOM YCKOPCHHH.
JeiictBuTensHo, 1o Gpopmyrie pacipeesieHus yCKOpeHuil, uMeeM

= + /
=AQ\V¢ 2+a)4

Wo WAWQA , e WQA

W

[Moncrasnss crona AQ us (2.44), maxonum, uto Woa = Wa. Kpome toro, Bektop QA

Y W

JIOJKEH 00pa3oBbIBaTh ¢ IMHUEH AQ yroi u, CleoBaTeNbHO, BEKTOP QA mapaeneH
WA, no HaIpaBJIEH B IPOTUBOIIOIOKHYIO CTOpOHY. [loaTomy

W W— W =

QA A wu Q 0. Ecnu teneps 3a nostoc BeIOpaTh Touky Q, To yckopeHue

pou3BOJIHLHOM TOUKK M, cornacHo (2.43) Oyaer paBHO:

WWWWM = oMQOMQ, WM
= MQ Vel v+t

CremoBaTenbHO, YCKOPEHHS TOYEK TUIOCKOW (UTYPBI OMPENEISIOTCS B KaKIbIM JaHHBIN
MOMEHT BPEMEHHM TaK, KaK eciM Obl JBHXEHHE IUIOCKOW (UTyphl OBUIO BpAIEHHUEM BOKPYT
MTHOBEHHOTO LieHTpa yckopeHuid Q(puc. 2.31). [Ipu 3TOM ycKOpeHHsI TOUEK IUIOCKOW (UTyphI
OyIyT MPONOPIIMOHATBLHBI KX PacCTOSTHUSM OT M.I]. V.

Wa B C [ 24
MQAQ BQ COQ
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Puc. 2.31. Onpeoenenue yckopenuii ¢ nomouivto M.I1.Y.

Ipumep 2. Pagnocmoponnutl mpeyzonrvhuk ABC dsudscemces 6 niockocmu yepmedica.
Yekopenus epuiun A u B pagnvt 6 0annbvili MOMeHM

epemenu 16 cm/c U HaNpaeieHvl N0 CMOPOHAM
mpey2onbHUKaA. Onpeodenums  yckopenue mpemvell

sepuunvl C mpey2onvHuKa.

Pewenue. Onpeodenum ycxopenue mouku C ucnonv3ys

~

a

= )
30 nowHAaAmue onpedeﬂeﬁuﬂ €eco
NoA0HCEeHUS HeOOX0OUMO 3HAMDb Y20l MZcHOBEHHO20 uexmpa

. VCKOpeHull. Lna
Ou Dmedncoy eexmopom I u ompeskom AB. (cm. puc

2.30). Ou OuesudHo, umo 6 Hawem cryyae SMom y2ojl PaseH
30°.

ITlonoowcenue MCHOBEHHO20 Ue€

B

onpeoenum Kax moyky nepecederus 08yxX Npsmulx, NpO8eOeHHbIX N0

yenom 7V k eekmopam Luru L Tax

2
KaK paccmosanus 6epuiu mpey201vHuka om mouku Q oounakogwl, I5=16 cm/c
Hanpaenenue smozo

6eKmopa noKa3aHo Ha pucyHkKe.

Bonpocwi:
1. Kakoe nBrxeHHe TBEpAOro Teja Ha3bIBAETCs MIOCKOMApaIeIbHBIM?

2. Kak mo ypaBHEHUSIM JIBUKESHHUS TUIOCKOW (DPUTYpPBI HATH CKOPOCTH TIOJFOCA U YTIIOBYIO
CKOPOCTb BpPAILLEHUS BOKPYT IoJtoca?

3. Kak onpenenuTs cKOpoCThb J11000# TOUKU TIOCKON (UTYpBI?

B

AOCONIOTHOE, OTHOCUTENIBHOE, IEPEHOCHOE JBMKEHNE TOUKH.
5. ChopmynupyiiTe TeopeMy 00 YCKOPEHHSIX TOUYEK MIIOCKON (PUTYPHI.

Jlumepamypa:
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OcHoBHasi IMTEpaTypa:
1. Teopernueckas mexanmka. Craruka. lIpaktukym ydeOHOe mocobue / B.A.
Axumos [u zp.]; pea. A.B. Uurapes _ Munck: Hosoe 3nanue; M LIVIIA 2010 _452 c.
2. Kypc teopernueckoit mexanwku. B2 T1.T.1 Cratuka u kuHemarumka. T.2.
Hunamuka / H.B. bByrenun, A.JI. JIynan, JI.P. Mepkun. 11-¢ u3a., crep. CIIb.: ' Jlanp",
2009. 736 ¢c. _
3. Tapr C.M. Kparkuii Kypc TCOPETHUECKON MEXaHWKHU: YUCOHHK JJIsi By30B/
C.M.
Tapr.- 17-e u3n., crepeotun. M.: Beicmias mko:na., 2007. - 416¢.
JonosHUTeILHAS JJUTEpPaTypa:
1. Kparkuii kypc TeopeTudeckoil Mmexanuku: yae0. mocodue / I'.H. SIkoBeHko.
M.: BUHOM. JlaGoparopus 3anstuii, 2006._116 c.
2. Huxutun H.H. Kypc Teopernueckoil MexaHuku: YueOHUK i BTY30B. — M.:
Beicu.
mk., 2003. — 719 c.
3. Opmemn  A.A. Teopermueckass wmexanuka. CONPOTHBICHHE MaTEPHAIIOB:
VYyeOnuk s BTy30B. — M.: U.a. «Akagemusi», 2003. — 320 c. MatepHeT-pecypcest: 1.
DNeKTPOHHBIN 00pazoBaTeNbHbIN pecypc [DnekTpoHHbIN pecypce]. Pexxum gocrymna:
http://www.edu.ru/ 2. DnekrponHas OuOIHOTEKa [DIeKTpOHHBINA pecypce]. Pexxum moctyma:
http:// www.elibrari.ru/ 3. YuuBepcuterckass O6ubmuoteka online [DieKkTpoHHBIH pecypc].
Pesxxum noctyna: http:// www.biblioclub.ru/
4. DnexkTpoHHas OMOJIMOTEKA TEXHUUECKOH JINTepaTyphl [ DIEKTPOHHBIN pecypc].
Pexxum nocryma: http:// www.tehlit.ru/
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IIpakTnyeckoe 3ansaTHue 16
Tema: /lunamurka mamepuanvHoii mouKu

Lesb: 1aTh 3HaHUS B 00JIACTUINHAMUKHA MaTEPHATILHON TOUKH.

3HaTh: KHHEMATUYECKHE XaPaKTEPUCTUKH TOUKH, MU PepeHIaTbHbIe YPaBHEHUS IBUKCHUS
TOYKH; OOIINE TEOPEMBbI JUHAMHUKHI

YMerb: BBIYUCIATH CKOPOCTM M YCKOPEHHUs TOYEK M TOYEK Tejla IIPU IOCTYNATEIBHOM,
BpaLIaTEeIbHOM U IIJIOCKOM JIBUKCHUAX

AxmyanbHocmb membl o0bACHSIETCS TPUMEHEHHEM 3HAHUN B O0JIACTUAMHAMUKY MaTepUATBHON
TOYKU HA pEaJIbHBIX [IPUMEPAX.

Teopemuueckasn wacmo:

OnpeneneHre 3aKoHa JBMKEHUS MATEpHAIbHOM TOYKM MO 3aJaHHBIM CHJIaM,
JICUCTBYIOIIMM Ha TOYKY, — OJIHA W3 3aJa4 JUHAMUKU. B mpoekuusax Ha OCHM MHEPUUAIbHOU
CUCTEMBI JICKAPTOBBIX KOOPAHHAT AU PepeHINaTbHBIC YPAaBHEHUS IBIKECHUS TOUKH

3aIMUCHIBAIOTCS CIEAYIOIUM 00Pa3oM:
mi=F,

v F , (1)

Fy fy |
rme Mm — Macca TOYKH; -
IIPOCKIMN PABHOJIEHUCTBYIOIIMX BCEX CWI, JACHCTBYIOUIMX HAa TOYKY, HA OCH KOopauHar. B
o0mieM ciydae CHJIbI MOTYT OBbITh NOCTOSHHBIMH, 3aBUCSIIUMH OT BPEMEHH, MOJIO0XKEHUS,
CKOPOCTHM M YCKOpeHHus Touku. Cuiamu, 3aBUCSIIMMH OT TIOJOXKEHUS TOYKH, SIBISIOTCSH,
HaIlpuMep, CWIbl OTTAJIIKUBAHUSA U INPUTSHKEHUS, CUJIBbl YIPYTOCTH MPYXKHUH; 3aBUCALIUMU OT
CKOPOCTH — CUJIBI COIIPOTUBIICHUS CPEbI IBUKEHUIO TOUKH.
B pesynbraTte uHTErpUpOBaHUs cUCTEMbI U (epeHINaTbHBIX YPaBHEHUH BTOPOTO

nopsiaiKka (1) OMpCACIIICTCA 3aKOH ABHUIKCHUSA TOUYKHU B ICKAPTOBBIX KOOPpANHATAX!

xXi= fl(t) y= fz(t)’ Z = fz(t)’

[Ipu unterpupoBanuu cuctemsl (1) MosBISETCS MIECTh MPOU3BOIBHBIX MOCTOSHHBIX, U
JUTSL MIX OTIpENIeTICHHs B YCIIOBUE 3a/1a4M JOJKHBI OBITh BKJIFOUYEHBI JOMOJHUTEIbHBIC TAaHHBIE —
Ha4YaJIbHBIC YCJIOBUSA JABUKCHHA, KOTOPBIC OIPCACIIAIOT IMOJIOXKCHHUE TOYKH H €€ CKOPOCTH B
HayaJIbHbII MOMEHT BPEMEHH.

WNuorna uHTerpupoBanue cucteMsl (1) mpeacTaBisieT 3HaYUTENbHBIE TPYAHOCTH U HE
MOJKET OBITh BBIMOJTHEHO B KBajparypax. Torma auddepeHnnanbHble YpaBHEHUS JIBUKCHHS
TOYKH  PCHIAIOTCA HpI/I6J'II/I)KCHHBIMI/I METOJaMHU, B YaCTHOCTH, C HCIIOJIB30BaAHUEM
BBIYUCIUTCIIBHBIX MAallINH.

JAu¢ppepennnaibHoe ypaBHEHHE OTHOCUTEILHOI0 ABHKEHUS MATePUAIbLHOM
TOYKH

PaccmoTpum aBrKeHHE TOUKH 0 OTHOIICHHIO K cucteMe otcuera (CO), mpou3BOILHO

JIBUKYIIEUCS OTHOCUTEIBbHO HenoABMxHOM CO.
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JIBM>KeHUE TOYKHM OTHOCHTENbHO HenoABKHOM CO Ha3bIBaeTCs aOCOIOTHBIM,
JIBIDKEHME OTHOCHTEIBHO MOABMKHOM CO — OTHOCUTENILHBIM, JIBIDKEHHE MOABMKHON Co
OTHOCUTEIIbHO HEMOABHKHOU — IIEPEHOCHBIM.

W3 pa3mena KMHEMATHKHA MbI 3HAEM, YTO B CIy4ae HENOCTYIATEILHOIO MEPEHOCHOIO
JBIDKCHHST a0COJIOTHOE YCKOPEHHE MaTepPHaIbHOM TOYKH CKJIBIBAETCS M3 OTHOCHTEIBHOTO,
IIEPEHOCHOTO U KOPHUOJIHCOBA:

d=dy+d,+adc.

[ToacTaBMB 3TO BHIPAKEHHE B OCHOBHOE YPAaBHEHUE THHAMHUKH

md=F ’
HoJIyJaeM: md, + md, + md. = F yny

md, = F + (—-mad,) + (—ma,)

BBenem nBa BekTOpa
— MEePEHOCHAst CHJIa HHEPIIHH,

— KOPHOJICOBA CHJIAa HHEPIIHH.

Tornga ocHOBHOE YpaBHCHHUEC JTUHAMUKHA OTHOCUTCIIbHOI'O ABUKCHUA MaTepHaHBHOﬁ
TOYKHU ITPUMCT BU/:

Bonpocut:
1. OcHOBHBIE 3aKOHBI TUHAMUKHU.
2. ludpdepenimanbubie ypaBHEHHs IBUKEHUSI CBOOOIHOIN MaTepHalIbHOM TOUKH.
3. IlepBas u BTOpas 3agaya TUHAMHUKHU.
4. OnpeneneHue 3HAYCHHI MIPOU3BOJILHBIX MTOCTOSTHHBIX, TOSIBIISTFOIIIAXCSI
OpyU  HUHTErpUpoBaHUU AU(PEepeHIInaNbHBIX YpPaBHEHUI IBUKEHHS MaTepHaIbHOU
TOUKH.
5. ChopmynupyiiTe 1 3anumuTe oolee ypaBHEHHE TUHAMUKH.

Jlumepamypa:
OcHoBHasi IuTEepaTypa:
1. Teoperuueckas mexanuka. Cratuka. [Ipaktukym yueOHoe nocodue / B.A. AkumoB [u
ap.]; pea. A.B. Uurapes _ Munck: HoBoe 3nanue; M L[YIIA 2010 _452 c.
2. Kypc Teopernueckoit mexanuku. B2 1.T.1 Cratuka u kunemaruka. T.2. lunamuka / H.B.
byrenun, A.JI. JIyan, I.P. Mepkun. 11-e u3zn., crep. COb.: "Jlans", 2009. 736_c.
3. Tapr C.M. Kpatkuii Kypc TeopeTudeckoil MexaHuKH: YueOHUK Juig By30B/ C.M.
Tapr.- 17-e u3n., crepeotun. M.: Beicmias mikona., 2007. - 416¢. JlonoanutenbHast
JuTeparypa:

1. Kpartkuii kypc TeopeTrueckoil MexaHuku: yueo. mocooue / I'.H. SkoBenko. M.:
BMHOM. JlaGopatopus 3anstuii, 2006.116 c.

2. Huxwutna H.H. Kypc Teoperndeckoit Mexannku: YueOHUK Ui BTy30B. — M.: Brici.
k., 2003. — 719 c.
3. Opaemnu A.A. Teopernueckas mexanuka. COMPOTUBIICHUE MAaTEPUAJIOB: Y YCOHHK IS

BTYy30B. — M.: 1. «Akanemus», 2003. — 320 c. UaTepHeT-pecypcebl: 1. DNeKTpOHHBIN
o0OpasoBartenbHbIN pecypc [DIeKTpoHHBIN pecypc]. Pexxum nocrymna:
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http://www.edu.ru/ 2. DnektporHas 6ubnroTeka [DIeKTPOHHBIN pecypc].
Pexxum nocryna: http:// www.elibrari.ru/

3. YauBepcuteTckas oubanoreka online [DnexkTponHsIi pecypc]. Pexxum gocryna: http://
www.biblioclub.ru/ 4. DnexTponHas OHONIMOTEKA TEXHUYECKON JIUTEPATYPHI [ DICKTPOHHBIH

pecypcl].
Pexxum nocryna: http:// www.tehlit.ru/
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