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IJIAHBI IPAKTUYECKHUX 3AHATHIA
Paznea 1. CTATUKA

1. Buabl cBA3en N X peakuumn

Iens 3anamusn: cBoOOIHOE M HECBOOOIHOE aOCOJIOTHO TBEPJIOE TEJIO, MPUH-
I OCBOOOKIAEMOCTH OT CBSI3€H, BUABI CBSA3CH M MX peakimi. Peammsanms yaeOHoOMH
LETM TPAKTUYECKOTO 3aHATHS CIOCOOCTBYeT (DOPMHPOBAHUIO M PA3BHUTHIO OOIIIe-
KyJBTYPHBIX U TIPO(ECCHOHAIBHBIX KOMITETEHIINIH 00YJaroIerocst.
Opzanuzayuonnasn popma: peuieHue 3aaau.

Memoouueckue pexomenoayuu

Teno, HEKOTOPBIM MEPEMENICHUSIM KOTOPOTO B MPOCTPAHCTBE MPETISTCTBYIOT
Kakue-HUOYIb IpYyTUe, CKPeIIeHHbIC WITH COMPUKACAIOINIIECS ¢ HIM Tejla, Ha3bIBa-
ercsi Hec8060OHbIM. Beskoe Tenno, orpaHHYMBaroIee cBOOOLy HepeMelleHus 1aH-
HOTO TBEPJIOTO TeJa, SIBIISIETCS 10 OTHOIICHUIO K HEMY C853b10.

B cratrke aOCOMOTHO TBEPIOTO TENa CBS3H, HAllaraeMble Ha paccMaTpHBac-
MOg€ TeJIO, Yallle BCETO BCTPEUAIOTCS B BUJIE HENOOBUIICHBIX HOBEPXHOCIENU, IUHUL U
MoueK, a makoice 8 6uoe 2UOKUX HUmet.

Takum 00pa3oM, TBEpIOE TENIO SBISICTCS HECBOOOMHBIM, €CJIM HA 3TO TEJO
HaJIOXKEHBI CBs3U. Hampumep, BucsIee Ha THOKOH HUTH TeNo OyaeT HeCBOOOTHBIM
(puc. 1), Tak Kak Ha HETO HAJOXKEHA CBSI3b B BHUJE HUTH U OHO HE MOXKET IlepeMe-
IATHCST BEPTUKATHFHO BHU3 TI0 HATIPABIICHUIO BEITSHYTOM
HUTH, HE PA30PBaB €e.

Ecnm Ha TBepmoe Tenmo He HANOXKEHBI HHUKAKUC
CBSI3U, TO TAKOE TEJIO OYEBHUIHO SIBIISIETCS C60O0OHBIM.

Cuita, XapakTepH3yromas JISHCTBHAE CBSI3H Ha Te-
710, Ha3bIBAETCS cunol peaxyuu céaszu. Axcuoma VI.
Bcesxoe neceob600noe meno moodicHo paccmampugamse
Kak c60000HOe, ecllu €20 MbICIEeHHO 0C80000Uums om
cés3ell, 3aMeHU8 ux Oelcmeue COOmMEemCmeyIoWUMU
cunamu peaxyuii cészell.

DTa akcMoMa Ha3bIBAETCS AKCUOMOU Cés3¢ell, WIN
NPUHYUNOM 0CB000HCOAEMOCTNU OM C8AA3E.

Ilpumep pewenua 3a0auu: CBsi3b OCYLIECTBIIS-
€TCsl IOCPEAICTBOM THOKOTO Tena (HUTh, KaHaT, U T. 11.).
Takast cBsI3b Ha3pIBaeTcsa rubkoil. Eciam Ha Temo
HaJIOKEeHa THOKasi CBS3b, TO CHJIA PEAKIIUU TPUIIO-
JKCHA K TeJy B TOYKE MPHUKPEIUICHHUS] THOKOM CBSI3H.
Cuna peaknuu THOKOW CBSI3M HaIpaBiieHa, BOOOIIE
TOBOpS, IO KacaTeJIbHOH K CBSI3M B TOYKE €¢ IPH-
KpeIUIeHHs K Tely. B yacTHOCTH, cuia peakuuu ruo-
Ko cBs3m T, (puc. 1) MOKET MMETh JHHHIO Oeii-
CTBHS — OCh 3TOH CBSI3H.

Pucynox 1
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Bonpocwt ona odcyscoenusn
. CBob6oHOE aOCOMIOTHO TBEPAOE TEI0?
. HecBoGogHOE aGCOMIOTHO TBEPIOE TENIO?
. Uro Takoe cBs3b? Peakuus cBsizu (omnopsl)?
. CBoOO/I1Hast onIOpa—peaKius CBs3U?
. XKecrkas 3aeiKa ockas — peakuus cBs3u?
. HemmowrkHas 1mapHUpHask oropa Iiockas — peakuusi CBs3u?
. 'nOkue cBsi3n — peakuus cBs3u?
. [TogBrkHas IIapHUpPHAsK OTIOpa IUIOCKAsk — PEaKIMsl CBSI3H?
. Cromp3s1mast 3aieJIKa IUI0CKask BEPTHKAIbHAS — PEAKIUsI CBSI3U?
10. A6coroTHO TBEPIBIIT HEBECOMBIH CTEP)KEHBb — PEAKIIUS CBSI3U?
11. Cxomnp3simas 3a1€J1Ka III0CKasi TOPU3OHTAIBHAS — PEAKIHA CBSI3H?
12. Brynku — peakius cBs3u?
13. HenoasikHast mapHUpHAS ONOpa MPOCTPAHCTBEHHAS (cepruuecKuit
IIAPHUP) — PEAKIHS CBSI3H?
14. Xectkas 3amenka IpOCTPAHCTBEHHAS — PEAKIIUS CBSI3U?
15. Cxozp3smas 3a/1eiKa I0CKask BepTHKAJIbHAS — PEaKIUs CBSI3H?
16. CkoJbp3sinas 3a/1ejKa NPOCTPAaHCTBEHHAS — IIMIHHIPUICCKUN TO/I-
IIMITHUK — PEaKIUs CBI3HU?
17. IIpocTpaHCTBEHHBIH MOANATHUK — PEAKIUS CBSI3H?

O©Coo~NO O~ WNE

./Iumepamypa1
OcHoBHas: 1-6.
WuTepret-pecypest: 1.

2. PaBHopencTByOWAan. YCnoBnUs paBHOBECUSI CUCTEMbI CUT

Ilenv 3amamusa: TUIOCKAs CHCTEMa CXOISIIMXCS CHII, PaBHONCHCTBYFOIIAS
TUIOCKOI CHCTEMBI CXOJISIIMXCSI CHJI, PABHOBECHE IUIOCKON CHCTEMBI CXOJSLINXCS
cuil, TpahuYeckuii ¥ reOMETPUYECKUH CIoCcOObI YpaBHOBEILMBAHUS KOHCTPYKIIMH,
MPOEKIIHS CHJIBI HA OCh, PA3JI0KEHNE CHITBI Ha CXOIAIIHECS COCTABIISIOIIHE.

Opzanuzayuonnasn popma: penieHue 3aaad.

Memoouueckue pekomenoayuu
CucreMa cuil, B KOTOPOH JMHUM AEMCTBUS BCEX CUJI JIeXKaT BOAHOM ILIOC-
KOCTH H TIEPECEKAIOTCS B OJHOW TOYKE, HA3BIBACTCS MIOCKOU CUCMEMOU CX00s1-
WUXCsl CUlL.

! O6umit ciucok TUTEpaTypE CMOTPH B KOHIIE ITOCOOMs Ha cTp. 233.



Puc. 2.

3amena cnodicHou cucmemvl Cul NPOCMOL CUCMEMOU HA3bIGAEMCsl NpUge-
Odenuem cucmemsl cul K npocmetiutell, eti sxkeusairenmuoii. Eciim cucrema cui
MIPUBOJUTCS TOJNBKO K OJHOW CHIIe, elf SKBUBAJICHTHOH, TO ATa OJIHA CHJIa Ha3bI-
BaeTCs pagHoOelicmayroujeli CHCTEMBI CHJI, a npusedeHie CUCTEMBI CIIT Ha3bIBa-
eTCsI B 3TOM Citydae cioxceruem cui. OOpaTHBIN MpoIiecc HOCUT Ha3BaHUE pasz-
noxcenuss cuil. Iliockas cucmema cxooawuxcsa cuil 8 odujem ciyuae 3K8UBa-
JIEHMHA 00HOU cujle, AGIAI0WelCs pagHodelicmayiouell, KOMmopas NPUIONCEeHA 8
mouKe nepecevenuss IUHUL OEUCMBUsL CeX IMUX CUL U PABHA UX BEKMOPHOU
(ceomempuueckoii) cymme:

R=E1+Ez+...+fn.§=ifi=0. 1)
i=1

I'eomerpuueckoe (Wi rpadudeckoe) yCIOBHE PABHOBECHS: 0Jis1 pABHOBeE-
CUsi NPOCMPAHCMBEHHOU, A MAKMNCE NIOCKOU CUCIEMbl CXOOAWUXCA CUTL HeoO-
X0OUMO U OOCMAMOYHO, UMOObl CULOBOU MHO20V2OIbHUK, NOCMPOEHHbI HA
BEKMOPAX CA2AEMbIX CUTL IMOU CUCTEMDL, ObLIL 3AMKHYM.

N

Puc. 3.
F,=X=Fcosa, F,=X, =F cosa,, @)
T.C. NPOEKYUsl CUNbl HA OCb PABHA NPOU3EEOCHUI0 MOOVIA CUbL HA KOCUHYC Yend
Meofcay Hanpaenenuem Cujbl U NOJI0HCUMENbHbIM HanpaeleHuem, ocu npoekuuﬁ.



3agaqa:

Tsokenblid map BecoM P kunmorpamMmoB mojpenieH Ha Huta (puc. 4, a)
B TOUKe A U yAep>KUBAeTCs B OTKJIOHEHHOM Ha YTOJI @ OT BEPTHKAIIN OTJIOKEHUH Io-
PU3OHTANIHOM HUTBIO, IPUBA3aHHON B Touke B. Haiiti HaTshkeHue HUTEH.

c

5l \,

p——>"F
z
8)

Puc. 4

Pemenue: BriOupaem teno, paBHOBecHE KOTOPOro OyneM paccMaTpu-
Bath. Takum Tenom Gyner map. Bec P mapa ussecten. Bynem paccMaTpuBaTh
mrap Kak Ma—TepHasbHYyI0 Touky (0. OTa Touka HecBoOoaHa. CBs3M, HAJIOXKEH-
HBIEe Ha Hee, ocymecTBIoTes HUTAME OA4 u OB. OTtOpaceiBaeM cBs3H (Iepe-
peKeM MBICJIIEHHO HUTH) M 3aMEHseM WX jaelcTBHe Ha Touky O peakmusiMu.
Tornma Touxy O MOXHO OyAeT pac—cMaTpHBaTh KaK CBOOOIHYIO M HaXOJLILIyO-
Csl B PAaBHOBECHM MOJI JICHCTBHEM IUIOCKOH CHCTEMBI M3 TPEX CXOMSIIUXCS CHII:

aktuBHOW P u peakuuii T1 u T2 HUTeH (pucy—HOK 4, 6) KOTOpBIE HAIpaB-

JICHBI BIOJIb HuUTeH. Peakiun T1 u TZ 0 MOAYJIFO paBHbI UCKOMBIM HATSAXKE-

HUsIM HuTed. CriefoBaTenbHO, ONpeeNICHHe HATSHKeHHH HUTEH MOXKHO 3ame-
HUTH OTPEAEIEHHEM UX PEAKIHi '|Tl u 'ITZ

Paccmorpum rpaduueckuii ¥ reOMETpHYECKHU METOJbl PEIIeHUs JaH-
HOM 3aj1a4i.

I'padnueckuit Mmeton pemeHHs. Tak Kak TPH CHIIBI
P, T, u T, naxoasarcs B paBHOBECHH, TO CHJIOBOI TPEYTOJbHUK, COCTABIEH-

HBI W3 3THUX CHJI, JOJDKCH 3aMBIKaThCsI. CTPOUM 3TOT CHIIOBOW TPEYTONBHUK:
JUTS ATOTO B OIpEeIeIIEH—HOM MaciTabe CTpOMM CHITy, KOTOpasi HaM W3BECTHA IO
MOJTyJTIO U HaIpaBIEHHUIO, 3aTeM Yepe3 Haualo M KOHell BeKTopa P mpoBoum
IpsMBbIE, MapajuleJIbHbIE HANPaBJICHUAM CHII 'ITl u 'ITZ Croponst DE u EC
MOJIy4EHHOTO TaKUM 00pa3oM 3aMKHY—TOro cuiioBoro tpeyroibHuka CDE (pu-
CYHOK 4, ) HalOT MOAYJIM W HANpaBIeHUs] MCKOMBIX peaknuii HUTeH. UTOOBI
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HalTH UX MOAYIH, a, CIEJIOBATENbHO, U HATSDKEHHS HHUTEH, OCTaeTcs M3Me-
puTh B mpuHsiTOM Macitabe croponsl DE u EC.
I'eomMmerpuuyeckuid MmeTo g peumeHuda. MckoMsle CTOpO-
Hel DE u EC cunoBoro tpeyromsHuka CDE MoxHO HaliTH He TOJBKO
IyTE€M HENOCPEICTBEHHOTO M3MEPEHUsI, HO U BBIYMCIICHHEM, NPUMEHSS MpaBHiIa
TreOMETpUHN M TpUroHoMmeTpuieckre Gopmynbl. V3 cnocoba mocTpoeHus cuiio-
Boro Tpeyronbuuka CDE  scwo, uro /CDE =90°, /DCE=¢a u
Z/DEC =90° — & (puc. 4, a, 6). U3 cunosoro tpeyronsurka CDE BuaHO, 410

P .
T=_ HT, =pPtga H ©))
1
COSx
HyxHO nMeTh B BUAY, 4YTO T€OMETPUUECKUN METO PEIIECHUS 3a/1a4 CTaTH-
KU TIPH YUCIie CUIT OOJIbIIE TPEX CTAHOBHUTCS HEYIOOHBIM.

Pewiums camocmoamenbHo
1. Ha aOcomoTHO TIJaAKoil HEIoIBHKHON
IUIOCKOCTH, 00pa3ylomeil ¢ TOpU30HTOM Yroi o,
noxoutcs Teno M, ynepkuBaemoe HuThio AB, Ko- 0
TOpas pacloyioKeHa MapajieNbHO HAKIOHHOM
wiockocTu. Bec Tema M pasen P . Ompenenure
HATsHKCHUE HUTH T ¥ PEaKIHIO IIOCKOCTH N .

2. Onpenenutb peakuuu Onopsl A U BEC Ipy-
3a 1, HEOOXOAMMBIN ISl TOTO, YTOOBI OJHOPOIHAS
6amka AB Becom 340 H B momnosxeHHH paBHOBECHS
OBL1a TOPU30HTAIBHA.

3. Crepxxuu AC u BC coenrHEeHbI Mexy CO-
00l U C BEepTHKAIBHON CTEHOH IMOCPEICTBOM IIap-
HupoB. Ha mapaupHsstii 6ont C mefcTByeT BepTH-
kaipHa cwita P=1000H. Onpenenuts peakiun 3TUX
CTep KHEeH Ha mapHUpHBIA 6ont C, ecnu yrisl, co-
CTaBJIsieMble CTEPIKHSIMHU CO CTeHOM, paBHbl: o = 30 °©

up=60"°.




4. K BepTHKaNBbHO TIAJKON cTeHe 4B monBe-
meH Ha Tpoce AC ogHoponusiii map O. Tpoc co-
CTaBIIET CO CTCHOM yrou a, Bec mapa P. Ompene-
JIUTh HaTsDKeHUe Tpoca 1 u aaenenue Q mapa Ha 44
CTCHY.

5. OgroponHas O6amka Beca 600 H u mmuab! 4
M ONHpPAETCS ONHUM KOHIIOM Ha TJIAagKHH IOII, a P\
MPOMEKYTOYHOH TOYKOH B — Ha cToj0 BBICOTHI 3
M, 00pa3ys ¢ Beptukaipi yron 30°. Bamka yuaep-
JKUBAETCsl B TAKOM TOJIO’KEHUHU BepeBKkoi AC, Tpo-
TsIHYTO# 1o nouny. [IpeneOperas TpeHuem, onpene-
JMTh HaTsDKeHHe BepeBkH T M peakuuu Rg croiba
u Renona.
Omeem: T=150 H,Rg =173 H, Rc=513 H.

N

Bonpocwt ona oocysycoenusn

1. ITnockas cucreMa CXOISIIUXCS CHII?

2. PaBHOZCHCTBYIOMIAS TDIOCKOW CHCTEMBI CXOISIIAXCS CHI?

3. PaBHOBecHE MJIOCKOI CUCTEMBI CXOISAIIUXCS CHIT?

4. I'paduuecknii 1 TeOMETPUUYECKUIT CIOCOOBI ypaBHOBEUIMBAHHS KOH-
CTpyKIMH?

5. IIpoekuust cuibl HA OCh — MOCTPOEHHE, BIUUCIICHHE?

6. Pa3jioxeHue CHIIBI Ha CXOIAIIMECS COCTABIISIONINE — MPABUIIO Mapasiie-
norpamma cui (akcuoma)?

Jumepamypa

OcHosHas 1-4.
Wnrtepuet-pecypesr: 1.
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3. PaBHOAencTBYOLWAA. YcnoBUA paBHoBeCUs
NrocKon cucTembl cun

I]ens 3anamusn: NIpOSKIMU CUIIBI HA OCh, IPOEKLUS PABHOICHCTBYIOILEH
TUIOCKOM CHCTEMBI CHJI, YCIIOBHE PAaBHOBECHS IUIOCKOI CUCTEMBI CHII.
Opzanusayuonnas popma: pelieHue 3aaad.

Memoouueckue pexomenoayuu
IIpoekius BekTopa paBHOAEWCTBYMOMmEH R crcTeMbl cni Ha KOOpPAWHAT-
HYIO OCh PaBHa alreOpanvdeckodl CyMMe NMPOEKIUI CHJI, COCTABIISIONINX CHCTe-
MY, Ha Ty %€ OCb.

1) R, =3F.,;
2) R_L-' =2 F.ic_vj
3) Rz = Z F."tzj

Ji1s IPOCTPaHCTBEHHOM CHCTEMBI CHII UMEIOT MecTo ypasHewus 1), 2), 3).
J171s1 TUTOCKO# CHCTEMBI CHIT IMEIOT MECTO ypaBHEeHU 1), 2).

4)

Monyib paBHOAECHCTBYIOLIEN CUCTEMBI CUIL |R | 0 €€ MPOEKUUAM Ha KO-

OpAMHATHBIE OCH OTpeensieTcs Mo Gopmynam:

Rl = @7+ R,)? = J(TFu)? + (TFy,)? — A maocxot ciere-

MBI CHIT; ®)
IRl=(R)*+ (R,)?+ (R)? = (EFx)? + (X Fyy)? + (X Fy)? — A1
POCTPAHCTBEHHON CHCTEMBI CHIL. (6)
R = 0 — ycioBue paBHOBECHS CHCTEMBI CHIL. (7
IRl = (R)?+ (R)? = (X Fu)® + (X Fyy)* =0 — ana mitockoid
CHUCTEMBI CHIL (8)
Rl =J(R.)*+ (R)?+ (R.)* = QU Fux)* + (X Fy)? + (TFe)? =0 - Am
MPOCTPAHCTBEHHON CHCTEMBI CHIL. 9)

OpI/ICHTaLII/IFI BCKTOpPA CUJia B IPOCTPAHCTBEC (Ha HJ'IOCI(OCTI/I) OIPEALIIACTCA
1O HAaImpaBJIAKOIIUM KOCUHYCAM:

cos(Fi F) = %
cos(ﬁ.—;_f) = FF—‘ ; (10)
cos(F; F) = Z.
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Bagaya 1.

R Ilo 3a1aHHBIM POEKLMSIM CHIIBI F maocn KOOp-
JVHAT;
1E k. =20H, F, = 25 H; F. = 30 H, onpenenuts
E . Momynb 3TON CHJIBI.
F, Pemenne: _
x F=F+F +F
Puc. 5 Fl = [B)* + (B)* + (B =

= /(2002 + (25)2 + (30)2 =400 + 625 + 900 — 1925 — 43,9 H

B oy A

5770 o]

! '

R '

’ v ’ '

i mimim mimim '

' ' { '

' ' ' '

' ' ' '

' ' ' '

' R ek ]

' L’ ' ,
' . |
' '

i e

{1 . »

Puc. 6
Orter: F=439 H
3agaua 2.
Onpe/ienTh KOCHHYC YIiIa MKy BEKTOPOM CHIIbI F = 37+ 2,457+ 7k

1 ocb koopauHat OX.

cos(FF)
Fy

— _ P
=cosa = JE2 Ry ) +(R)?

N

AN
A pe————..” |

T V3R A+ (72
3 3

” 2::—20,375
--------- Jo+6+49 8

OrtBeT: cos(ﬁ) =0,375
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Pewtums camocmoamensno
3aoaua 1. OnpenenuTh KOCUHYC yIia MEXIy BEKTOPOM CHIbl F U 0ChiO

koopauuat Oz, ecmm cuma (H) F = 37 + 47+ 5k. (0,707)
3adaua 2. JIse cunsl (H) F] =bi+ 7]+ 9k u F,=41+97+ 11k
NpUITIOKEHBI B IieHTpe O CUCTEMBI MPSIMOYTOJIbHBIX Koopauuat OXyz. Onpeje-

JIUTh MOJYJb paBHOAEHCTBYIOMIEH cuibl. (27,1)
3aoaua 3. Cunsl F,=F,=10Hu F, HAXO[ATCs B paBHOBeCUH. JlnHuM

JENCTBHUS CHJI MEXIY cO0OM 00pasyroT yriusl mo 12(° OnpeneauTs MOayib
CHIIBI ?3. (10)

3aoaua 4. K kBampaTy mNpuiIOXKeHa cHUCTEMA F;
YCTBIPEX CHJI, IPUYCM CHUJIBI F1 = Fz = Fa = 1 H.

Omnpenenuts MORYIIb CUIIBL [, , IPH KOTOPOH paB-

HozelcTByomas cucreMbl R=2H (1,0) 2

Bonpocwt ona oocyscoenusn

1. Ilpoexiyst cuiIbl Ha OCh — rpaduIecKu?

2. Moaynb MpOeKIuy BEKTOPa CHIIBI HA OCh?

3.Moaynb NpOEKUMM PaBHOICHUCTBYIOIIEW CHCTEMBI CHJI Ha OCH
KoopauHat?

4. BekTOp paBHOAEHCTBYIOLIEN CUCTEMBI CUIT R —?

5.T'eomeTpuueckoe ycloBHE PaBHOBECHS CHCTEMBI CHII 1O OIPEACNICHHIO
paBHoOzeHCTBYIOIIEH R ?

6. AHaNMTHYECKHE YCIIOBUSI PABHOBECHSI CHCTEMBI CHJI IO OIpPEACICHHUI0
paBHoOzeHCTBYIOIIEH R ?

7. AHQIUTHYECKOE YCJIOBHE PABHOBECHS IUIOCKOM CHCTEMBI CHI IIO
OIIpEJIENIEHNIO PaBHOIEHCTRYIOEN K —7

8. AHanMTHYECKOE YCIIOBHE PABHOBECHSI IIPOCTPAHCTBEHHON CHCTEMBbI CHII
IO OTIPENICIICHUI0 paBHOeHcTBYOMmEH  —7

Jlumepamypa
OcHoBHas: 1-4.
Wnrepnrer-pecypesr: 1.
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4. PaBHOgeucTBYyOLWasA. YCNoBuA paBHOBeCUs
NPOCTPAHCTBEHHON CUCTEMbI CUI

Llenv 3anamusa: BexTop paBHOIEHCTBYIOIICH MPOCTPAHCTBEHHOM CHUCTe-
MBI CHJI, TIPOEKIIMSI BEKTOpA PaBHOJCHCTBYIOINIEH K MPOCTPaHCTBEHHOHN CHCTe-
MBI CHJI HA OCH KOOPJIWHAT, MOJAYJIb BEKTOpa paBHOJCHCTBYyIoIIeH |f| mpo-

CTPAaHCTBEHHOM CHCTEMBI CHIL
Opzanuzayuonnasn popma: pemeHne 3amgad.

Memoouueckue pexomenoayuu
BekTop paBHOzeicTByOMICH H MPOCTPAaHCTBEHHON CHCTEMBI CHIT paBeH
TeOMETPUYECKON CyMMe BEKTOPOB CHII, 00pa3yIOIIIX CHCTEMY CHIL.
R=HK +F +5
1 = . (11)
IIpoexkuuss BekTOpa paBHOACH-
—_

crByouiei H  Ha ocd KOOpIMHAT

paBHa anreOpamdeckoil CyMMe IIpoO-
AN eK]_[I/Iﬁ CUJI, COCTaBJIAIOMINX ANAaHHYIO
g\F CUCTEMY, Ha COOTBCTCTBYIHOLIHMEC KO-
i \ ¥ OpAWHATHBIC OCH.
5 A
R.r = E F.'«:.r:F‘l.r i F:_,_. s T E"!.l‘
R._= E F..=F_ +F_..+F,.
3 k2 1y 2y 1) (12)
Rz = E szzFi.z _Fi.z e T Eﬂz

Moysb BEKTOpa PaBHOACHCTBYIOIIEH F MIPOCTPAHCTBEHHON CUCTEMBI CHJT
BBIYHUCIISIETCS 10 hopMyJie

R=JEE+ B2+ F2 wm Rl |(R)? +(R,)2+(R.)? (13)
J :

OpI/IeHTaHI/IH BEKTOpa CWJIBI B MIPOCTPAHCTBE IO OTHOIICHUIO K KOOPAH-
HaATHBIM OCAM ONPEACIIACTCS IO HAITPABIAONIUM KOCHUHYCaM:

cos (E ; F':] =

cos [fE F:] = =

[

(14)

s |
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cos(FiF) ==

3anaua 1. OnpenenuTh KOCHHYCH YIJIOB MKy BEKTOPOM CHIIBI
F = 21 + 4] + 5k ¥ 0CSIMH KOOp/IMHAT OX, Oy 1 0Z?

z
z
F
F
EA [
E >
5 v
X %
X _—
Puc. 8 Puc. 9
3 = F, E. 2 2
cos(_‘._:F]=—A=casa= . = = . — = —=—=0,30
4 F VIEP+H(F)+(F)7 V2r+42+52 V45
== F. F. 4 4
cos(F F]=—"=cas,8= - = —— == — = ==—=10,60
F VEPF+(EF+H(E) V22+47+57 45
=% 3 F. F, 5 >
cos[Fz,:F]=—z=casy'= . = = == —— = —=—=10,75
~ F VEF+EV+ (R Va5 VIS

F=FI+Fj+Fk
OtBerT: cosae = 0,30; cosf = 0,60; cosy = 0,75

Bamaua 2. Ompenenuts MOIYJIb paBHOAcicTBYyromed cun Fi=12H,
F,=10H, F;=9H, npunoxeHHbIX B TOYKe A, KaK MoKa3aHo Ha puc. 10.

Pemenue:
Rl PR T = VP (0P T 07 =
=144 + 100 + 81 = 325 = 18,03 H
Orteer: |[R|=18,03H.

A
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Pewiums camocmosamensho .

3anaya 1. z
Onpenenuts MOIY/Ib PABHOAEHCTBYIOIIEH CHIT
Fi=15H, F,=20H, F3=25H. Yrue1, o0pa3oBaHHEIC
TMHUAME JedcTeus cun F) u Fy ¢ ocamu koopau-

HaT, 3agaHbl A=60° u [§=45°. (50,5) B

3amgaua 2.
Hamnpasienue paBHozelicTBytomer tpex cuin R=33,8H 3amaHo xocunyca-

MU HallpaBJEAOMIKUX  YTIIOB: cgg [Ef;] =10,325; cos [Ef-\] = 0; cos ff_;-:] = 0,946.

\ A \ 4 \ 4

Ipoekimy cun F, W F, Ha KOOP/MHATHBIE OCH COOTBETCTBEHHO paBHbL: Fr=7H;
F1y=10H; F1,=0; F5=—5H; F»=15H; F»,=13H. Onpenenuts MOIy/b CHITBI Fs .(32.6)

3anava 3.

OnpeaenuTs MOJCIb PaBHOICHCTBYOIIEH TPEX CXOIAIUXCS CHIT, €CITH
3a/1aHBl POEKLHUHU Ha ocu koopauHat: Fy,=7H; F1,=10H; F1,=0; F= -5H;
Fa,=15H; F»,=12H; F3,=6H; F3,=0; F3,= —6H. (26,9)

3agaua 4.
Mopuyib paBHOJCHCTBYIOIIEH A IpocTpaH-

CTBEHHOM CHUCTEMBI cXoAsmumxcs cui pased 150H.
OnpenenuTts ee IPOEKIHI0 Ha KOOPJHUHATHYIO OCh
Oy, ecnut JaHb! YIIsl ¢ = 30°, § = 60°,

Bonpocwt ona odcysycoenusn
1.BekTop paBHOEHCTBYOIIECH F MPOCTPAHCTBEHHOM CHCTEMBbI CHIT?

2. TIpoexiyst BEKTOpa paBHOAEHCTBYIOIIEH R TPOCTPAHCTBEHHON CUCTEMBI
CHJT Ha OCH KOOpJIUHAT?

3. Moztyih BEKTOpa paBHOEHCTBYFOIEH R MPOCTPAHCTBEHHOM CHCTEMBI CHIT?

4. HampaBisioniue KOCHHYCHI BEKTOpa paBHOJCHCTBYIOMIEH R MpOCTpaH-

CTBEHHOM CUCTEMBI CUa?

Jlumepamypa
OcHoBHas: 1-4
WuTepuer-pecypest: 1.
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5. PaBHOBecHe NNOCKOW CUCTEMbI CXOOSALMNXCA CUI.
AHanUTU4ecKu cnocob ypaBHOBELMBAHUA KOHCTPYKLUM

Lenv 3anamusa: mIOCKasi CUCTEMa CXOIALIMXCS CHII, PABHOJCHCTBYOIIAS
TUTOCKOM CHCTEMBI CXOJIAIIUXCS CUJI, PABHOBECHE TIOCKON CUCTEMBI CXOISIIMX-
Cs1 CHUJI, aHAJTUTHYECKHI CITOCO0 YPaBHOBEIIMBAHUS KOHCTPYKIIHH.

Opzanuszayuonnas popma: perieHne 3aaad.

Memoouueckue pexomenoayuu
Cucrtema cui, B KOTOPOW JIMHUK ECHCTBHS BCEX CHJI JIKAT BOJHOW ILIOC-
KOCTH ¥ IIEPECEKAIOTCSl B OHOW TOYKE, HAa3bIBACTCS MIOCKOU CUCIEMOU CX0O0si-

WUXCA CUI.
0

h

Puc. 11

3amena cnodicHoU cucmemvl CUl NPOCMOL CUCMEMOU HA3bIGAEMC sl NpUge-
Oenuem cucmemsl cul K npocmetiutell, el skeusaienmuou. Ecim cucrema cui
MPUBOAUTCS TOJBKO K OJIHOW CUJIe, € 3KBUBAJIEHTHOM, TO 3Ta OJIHA CHUJIa Ha3bl-
BaeTCs pagrodelicmayloueti CACTEMBI CUJI, a npugedeHue CUCTEMBI CUJT Ha3bIBa-
€TCsI B 3TOM Cityuae ciaoxcenuem cui. OOpaTHBIN MPOIECC HOCUT HAa3BaHUE pa3-
nodcenuss cvIl. Ilnockas cucmema Cx00AWUXCL CUL 8 0bweM Cayuae dKeUusa-
JIEHMHA 00HOU cujle, AGIAIOWelcs pasHodelicmayioueli, KOMmopas NPULONHCEHA 8
MouKe nepeceuenus AUHUL 0eliCmeUs 8cex Mux CUl U PaeHa uUx 6eKmMoOpHOU
(eeomempuueckoui) cymme:

—  — — _ n o__
R=Fi+F:+..+F.. R=>F:=0. (15)

i-1
IIpoexyus pasnooeilicmayoweil NiIOCKOU CUCMEMbl CX00AWUXC CUL HA
Kakyr-mubo oco pagHa aneebpauieckoll cymme. NpoeKkyutl COCMagsiowux Cui

Ha my aJuce OCbob.
n
Rx = Z l:ix
i=1
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R, :izil;xi; R, =ZY (16)

Mopaysap paBHOACHCTBYOLICH B 3TOM ciiyyae OyaeT OMpenesThCs MO
¢dopmyne

n 2 n 2
R=\R{+R/ = ;xi + %:Yi : 17)
a ee HampaBIIeHHE — 110 popMyIIam:
A A R
cos| R,i :&zzx;cos R,j :—yzﬁ- (18)
R R R R

3agauqa.

Tsoxenblil map BecoM P KUJIOTPaMMOB TIO/IBEIIIEH HA HUTH (PUCYHOK 12, a) B
TOUKe 4 M yIep>KUBAeTCsl B OTKIIOHEHHOM Ha YIojl a OT BEPTHKAIH OTJIOXKCHHH TO-
PHU30HTAIBHON HUTHIO, IPUBSI3aHHOM B Touke B. Haiitu HatshkeHue HUTEH.

Al \o
il T E
8)

Puc.12

Pemrenne: Bribupaem teno, paBHOBECHE KOTOPOTO OyaeM paccMaTpu-
Bath. Takum Tesiom Gyzer map. Bec P mapa ussecten. Bynem paccmarpusaTth
map Kak MaTepualibHyto Touky O. Ota Touka HecBoOoHa. CBs3H, HaJOKEHHbIE
Ha Hee, ocymecTBistoTces HUTssMA OA 1 OB. OtOpackiBaeM CBsI3U (MepepeskeM
MBICJICHHO HHWTH) W 3aMeHsieM ux aeWctBue Ha Touky O peakumsmu. Torna
TouKy O MOXHO OyJIeT paccMaTpUBaTh Kak CBOOOJHYIO M HAXOJSIIYIOCS B PaB-
HOBECUHM MOJ ACHCTBHEM IUIOCKON CUCTEMBI U3 TPEX CXOAALIUXCS CUI: aKTUBHOMU

P u peaxumit T, u T, Hureit (pucyHok 12, 6) KOTOpbie HANPABIEHBI BIOJb
HuTel. Peakimu TT u 'ITZ 0 MOIYJIO PABHBI UCKOMBIM HATSKEHUAM HHTEH.
Cle10BaTeNbHO, ONPEIeIeHNE HATSHKCHNH HUTEH MOXKHO 3aMEHHUTH OIpejese-

HHMEM MX peaKIui TT u Tj
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AHaTUTHYECKUI METO PELICHHUSL:

st cocraBiieHHsl ypaBHEHUH paBHOBECHSI HEOOXOJMMO BBIOpaTh OCH KO-
opauHaT. BeiOupars cucteMy KOOpIMHAT Tak, YTOOBI MPOEKTHPOBAHUE CHJI B
BBIOpaHHOW cHUCTEMe KOOpAMHAT ObLIO Hanbosee YIOOHBIM U BBIPKEHHUS MPO-
ekl ObUIM BO3MOXKHO TIpolie. B paHHOM 3aiade Hauyao KOOPJAMHAT BO3bMEM
B Touke O, paBHOBecue KOTOpPOH Mbl paccmarpuBaeM. HampaBum ocs OX ropu-
30HTAJILHO BIpaBo, a ocb Oy — BepTHKaIbHO BBepX (pUcyHOK 12, 6). U3 cpas-

HCHHUs pUCYHKa 12, a u 12, 6 BUAHO, 4TO 4(‘?1 j)=an 4('?;, j)=90°. Co-
CTaBHUM Tellephb yPaBHEHNUs PABHOBECHS ILIOCKOH CHCTEMBI CXOAAIMXCS CUIL

2X=0;2XY=0. (19)

Jliist 9TOrO anreGpauyecKy CIOXKUM IPOCKIHMH BCEX CUII Ha KAy KOOp-
JAMHATHYIO OCh M IIPUPABHSEM K HyJIIO [OJIy4YeHHbIE aIre0paniecKie CyMMBI:

2 X =-T,c0osQ0°—)+T,=-T,sina+T,=0;
2Y =T, cosa—P=0-

Peruast 5Tv ypaBHEHHUsI PABHOBECHS, HAXOIUM T _ P H, T, =Ptga H.
COoSx

Pewums camocmoamenvno

1. MauToBBIlf KpaH COCTOHUT M3 CTPEIBI

AB, npUKperIeHHON K apHUpoM 4 K MadTe,

u uenu CB, K KOHIly B cTpelibl NOABEIIEH IPy3

P=2kxH; yrast BAC=15°, ACB=135°. Omnpene-

authk Hartsbkenwe 7 nemu CB u yceuinwe Q
B cTpenke AB.

2. K BepéBke AB, oluH KOHELl KOTOPOH
3aKperuiéH B TOYKE A, NMPUBA3aH B TOUKe B

rpy3 P u BepéBka BCD, mepekuHyTa udepes E
6n0k; k koHIy e€ D mpusszana rupst Q Beca %
100H. Omnpenenuts, npeHedperasi TpEHUEM Ha \\

6noke, HaTshkeHue 1 BepEBKH AB W BEIMUUHY
Tpy3a P, eciy B TOJIOKCHUHN PAaBHOBECHS YTIIHI,
obOpazyemble BepEBKaMu C BepTUKaNbl0 BE,
paBHBL: 0=45°, f=60° .

-

%z

’
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3. OgHOPOIHBINA CTepXKeHb AB TpHKper-
JIEH K BEPTHUKAJIbHOM CTEHE MOCPEICTBOM WIap-
HHUpa A U yaepxusaercs nox yrioMm 60° x Bep-
THKaJIH 1pH roMoun tpoca BC, obpasyromuiero ¢
HuM yroa 30°. Omnpenenuts BEIWYUHY U
HanpasjeHUs peakuuu R miapHupa, eciu u3-
BECTHO, YTO Bec CcTeprkHs paBeH 20 H.

Bonpocwt ona oocyscoenusn

1. Inockas cucTeMa CXOMSIIUXCS CHI?

2. PaBHOzEHCTBYIOIIAs IUIOCKOI CUCTEMBI CXOSIIMXCS CHil? Y CIIOBHE PaB-
HOBecHs?

3. PaBHOBeCHE MIOCKOW CHCTEMBI CXOISAIIMXCS CHUIT? AHATUTUYCCKIE
YCIJIOBUS paBHOBECHSI?

4. AHaTUTHYECKH CrIOcO0 YpaBHOBEIIMBAHUS KOHCTPYKIIMU?

5. Ilpoexnus CHIIBI Ha OCh — IIOCTPOEHHE, BEIYUCICHUE?

6. Pa3ioskeHue CHIIBI Ha CXOJAIINECS COCTABIIIONINE — MPABUIIO Iapajuie-
Jorpamma cui (akcuoma)?

Jumepamypa
OcHoBHas: 1-5.
Wuteprer-pecypesr: 1.

6. PaBHoBecue I'IpOCTpaHCTBEHHOﬁ CUCTeMbIl CXoasALUnxcda cun.
AHanuTu4eckum cnocob ypaBHOBelWMnBaHUA KOHCTPYKLUNK

Lensy 3anamus: TPOCTPAHCTBEHHASI CUCTEMA CXOJISIIIUXCSI CUJT, PABHOICH-
CTBYIOI[Asl POCTPAHCTBEHHON CHUCTEMbI CXOJSIIUXCS CHJI, PaBHOBECHE MPO-
CTPAaHCTBEHHOW CHCTEMBI CXOISIIUXCS CHJI, TEOMETPHUYCCKHUIA CIIOCOO YypaBHO-
BEIIMBAaHUS KOHCTPYKIIMH, AHAIUTHYCCKUN CIOCO0 ypaBHOBEIIMBAHUS KOH-
CTPYKIIHH.

Opzanuzayuonnasn popma: peuieHue 3agau.

Memoouueckue pekomenoayuu
Cucrema CHII, TMHUN ASUCTBHS KOTOPBIX HE JICKAT B OJHOM IIOCKOCTH, HO
MePECEKAIOTCsl B OIHOW TOYKE, HA3bIGAEMCS NPOCMPAHCMBEHHOU CUCTEMOT
CXOOSUUXCSL CUL.
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Eciu B Touke A Tena HMPUIIOKEHBI TPH CHIIBI El, Fz, Ez (pucynok 13),

JIMHUM JACHUCTBUS KOTOPLBIX HE JIC)KAT B OJTHOM IJIOCKOCTH, MmO paenoc)eﬁcm@yio—

was R amoii npocmpancmeennoti cucmemvt CX00AWUXCA CUTL U300PASUMCS HO
MOOYIIO U HANPAGNEHUI0 OUASOHANLIO NAPANNENeNUNnedd, NOCMPOEHHO20 HA
amux cunax, u 6yoem npunoxcena 6 moii sce mouke A (npasuno napainenenu-
neoa cun). B caMoMm zene, ms Tpex cuil El, Ez, Ea nmuaroHais AD cootBet-

CTBYIOILETO Tapaiesenunesa ecTh 3aMbIKaromas cropoHa 4D moctpoeHHoTO
MHOTOYToJbHUKa 3TuX cuin ABCD. HeobxoanmMo uMmeTs B BHAY, YTO CHIIOBOH
MHOTOYTOJIbHUK, TTOJIyYalOUIMKCS MTPU OIPEEIICHUN PaBHOJCHCTBYIOIIEH Mpo-
CTPAHCTBEHHOH CHUCTEMBI CXOMSIINXCS cuIl (TIpH JIIOOOM YHCie CHil), He Oyner
TUIOCKUM, TaK Kak JIMHUU JISHCTBHS CHJI 3TOW CHCTEMBI HE JIeKaT B OJTHOI Ioc-
KOCTH.

Puc. 13

[TonyueHHOEe MpaBWIIO OMpEAENICHUs] PaBHOAECHCTBYIOLIEH CUCTEMBI CXO-
JAIMAXCA CHIT CIIPABEAINBO MIPU JII0OOOM YHCIIE CHII, BXOASIINX B COCTaB JaHHON
CHCTEMBI.

HaxoxneHue paBHOAEUCTBYIOIIEH CUCTEMBI CXOISALIUXCS CUII 110 [IPABUILY
CUWJIOBOTO MHOTOYIOJIbHUKA Ha3bIBACTCSI BEKMOPHLIM WU 2€0MEempuieckKum
cnooicenuem cun. IlIpocmpancmeennas cucmema cXo0AWuxcs cui 6 oowem ciy-
yae IKGUBALEHMHA OOHOU cujile, AGNAIOUWENCs PABHOOeCmEYouleli, KOmopas
NPUNOJICEHA 8 MOUKe NepeceyeHus JUHULL 0eticieUs 6cex dMUX Cuil U pagHa ux
BEKMOPHOIL (ceoMempueckoli) cymme:

R=F:+F:+..+Fn. (20)

s paBHOBeCHsI IPOCTPAHCTBEHHON CHCTEMBI CXOJSIINXCA CHI HE0OXO-
JIMIMO M JIOCTaTOYHO, YTOOBI paBHOJEHCTBYIOIIAS 3TOM CHCTEMBI CHJI PaBHSJIACH
uymo (R =0).

Moayne paBHOAECHCTBYIOIIEH NPOCTPAHCTBEHHOW CHUCTEMBI CXOISIINXCS
cuII onpenensercs mo Gopmyne

R R R
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AHanUTHYECKHE YCIIOBHS PaBHOBECHS IIPOCTPAHCTBEHHOM CHCTEMBI CXO-
JUILIUXCST CHIT
3X,=0;2Y,=0;3Z, =0. (22)
s pasnosecuss npocmpancmeeHHoll cucmemvl CXO0AUUXCA CUTL HeobXo-
OUMO U OOCMAMOUHO, YMOObl PAGHANUCH HYIO aneebpauieckue CyMmbl npoex-
Yutl 6cex CUN Ha KAXCOYI0 U3 mpex eblOPaHHbIX JTI0OLIM 00PA30M KOOPOUHAMHBIX
oceil.
3amaga: VI3 Tpex IpUKpEIICHHBIX K BEPTUKAIBHOM cTeHe crepxkHel A0, BO
u CO crepxan AO 1 BO pactionoXeHbl B TOPU30HTATFHON TIOCKOCTH U 00pa3yroT
co creroit yron ¢ =60°, a crepxens CO obpazyer co crenoit yron f3=30°
(pucyHoK 14, a). CTep»HU NPUKpPEIJIeHb! K CTEHE IapHUPaMH M CKPEIUICHBI Iap-
aupoM B Touke O, K koTopoii npukperied rpy3 Q secom P =300 xr. Onpene-
JIUTh ycunus, AeicTByromue Boyb crepxxueit A0, BO u CO.
Pemenne. Beibupaem Teno, paBHOBecHe KOTOPOTo OyIeM paccMarpu-
BaTh. TakuM TenoMm Oyxer ysen, wim Touka (. DTa TOUKa HECBOOOIHA; CBSA3SIMHU
ciyxat ctepxkuad AO, BO u CO. OTOpOCHM 3TH CTCPIKHEBBIC CBSI3M M 3aMEHUM HX

JieficTBue Ha TOUKY O CHJIaMU peaKIuii S A SB uS ¢ JIMHHH JIEUCTBUSA KOTO-

PBIX HampaieHbl B0k ctepxueid A0, BO u CO. Kpome 3THX Tpex CUIL, K Y3y
O npuiIoKeHa ellle peakiys | BepeBKH, Ha KOTOPOil mojseleH rpy3 Q, paBHas,
OYEBHIHO, 110 MOAyIo Becy P rpysa Q. B touke O, Takum 06pa3om, CXOIATCS
wersipe cumbr: T,S,, S, u S .

BriOepeM ocu KOOpAMHAT, KaK MOKa3aHO Ha pUCYHKe 14, 6, COBMECTHB ILIOC-

kocTb YOZ ¢ TIOCKOCTBIO, B KOTOPOii IeHCTBYIOT citbl T 1 S ¢ - Ipu sTOM CHIIBI

S, u S, Gyayr nexarh B KOOpAMHATHOH MmiockocTH XOy.

CocrtaBuM TeTieph ypaBHEHHUSI PAaBHOBECHSI MPOCTPAHCTBEHHOW CHCTEMBI CXO-
JUIILIMXCS CUIL:

>X=0;2Y=0;XZ=0. (23)

o)

Puc. 14
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st 3TOTO anredbpanmyecKy CIOKUM IPOEKIIMK BCEX CIJI Ha KaXIyl0 KOOp-
JIUHATHYIO OCh U MPUPABHACM K HYIIIO TOTYYCHHbBIC areOpandecKue CyMMBI.

2. X =S,c0s60°-S, cos60°=0;
Y =—(S, +S,)cos30°+ S, cos60° =0;
2Z=-T +S.c0s30°=0,

Ortkyna
T P )
.= = =346 H;
cos30° co0s30°
S. co0s60°
S,=S,=°>——-=100 H.
2c0s30°
Bee tpu cumbl: S_, S, M S, — MOMydHIHCH CO 3HAKOM (TLTHOCY, CIEIO0-

BATEIBHO, CAETaHHOE IIPEIIIONI0OKEHNAE 00 X HANPABICHUH [P ABUILHO.
BBISCHEM BOIIPOC O TOM, KAKHE CTEPIKHH CIKATHI, KAKHE — PACTAHYTEL
Tak xak crepkad AO u BO neicTByroT Ha Touky O chiaMu g u z,

HarpaBieHHbIMH 0T O k 4 1 ot O k B, To Touka O neiicTByeT Ha ctepxHu AO 1
BO cunamu, oOpaTHO HANpPaBICHHBIMH W DPACTATUBAIOIIMMH 3TH CTEPKHH.

Crepxenp CO geiictByer Ha Touky O C cunoit S, manpasnennoi or C k O,

clezioBaTeNbHO, Touka O neicTByeT Ha crepxkeHs CO cuioid, 0OpaTHO HaIpaB-
JICHHON M CXKUMArOIeH 3TOT cTepikeHb. TakuM obOpasom, ctepkau A0 u BO
OynyTt paboTaTh Ha pacTspkeHue, a ctepxkeHb CO — Ha CKaTHe.

Ecau 6b1 cpa3y He OBIIIO OUYEBUIHBIM, KAKOM M3 CTEP)KHEH CKAT U KaKou
pacTAHyT, TO MOXHO OBUIO OBl TPEABAPUTEIIFHO CUYUTATh BCE CTEPKHU
pacTaHyThIMH. OTpHUIATENbHOE 3HAUYEHHE PEaKIUi TOTO WM WHOTO CTEPKHA,
MOJIy4deHHOE B pe3yjbTaTe pEIICHUs YPaBHEHMH paBHOBECHs, IIOKa
3a70 OBI, YTO AEHCTBUTENFHOE HAIIPABICHHE 3TOW PEAKLUH MPOTHBOIOIO0XKHO
HNPUHIATOMY.

Pewtums camocmoamenvho

1. Yri0Bo#i cTonb cocTaBieH U3 ABYX OJUHAKOBO
HaKJIOHEHHBIX OpycheB AB u AC, CKpemeHHBIX B
BEpILINHE MOCPEICTBOM HIapHHpa. Yron BAC = 30°.
Cronb nojsepKUBaeT JiBa TOPU3OHTAIBHBIX MPOBOJA
AD u AE, cOCTaBISIFOIINX MEXITy COOOM MPSIMOM YTOJI.
Harsoxkenue kaxgoro mposoaa pasHo 1 kH. Ompene-
JIUTH YCUIUS B OpYChsIX, IPEAIoaras, 9To IIOCKOCTh
BAC nemwut nononam yron DAE, npeneOperas Becom

V4 A
OpycheB. L7 7%
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2. Haiiti ycunus Sy u Sy B crepxusix AB u AC u
yeume T B Ttpoce AD, ecanm maHo, uyTO yrox
CBA=BCA4=60°, yron EAD=30°. Bec rpy3a P paBeH
300 H. IMnockocts ABC ropusonranbaa. KperueHus
cTepkHel B Toukax 4, B u C mapHUpHEIE.

3. Haiftu ycwmms B crepxkHe 4B u nermsix AC u
AD, monnepxxuBatomux rpy3 Q Beca 420 H, ecnmu AB =
145 cm, AC =80 cMm, AD = 60 cM, mI0CKOCTH IPSIMO-
yromsauka CADE ropusonTanbsHa, a mockoct V u W
BepTHKaIbHEL. Kpemienne B Touke B mapHUpHOE.

Bonpocut ons obcysycoenun

1. IIpocTpaHCTBEHHAs CUCTEMA CXOMSAIINXCS CUI?

2. PaBHOzelCcTBYyIOIIAsE MPOCTPAHCTBEHHOW CHCTEMBI CXOMSIIMXCS CHI?
YcnoBue paBHOBecHs?

3. TeoMeTpudeckne yCIOBHS pPaBHOBECHS IPOCTPAHCTBEHHON CHCTEMBI
CXOJSIIIUXCS CHIT?

4. AHanuTHYecKHe YCIOBUS PaBHOBECHS IPOCTPAHCTBEHHOH CHCTEMEI
CXOJSIIUXCS CHIT?

5. TeomeTpudeckuii crmocod ypaBHOBEIIMBAHUS KOHCTPYKITUH?

6. AHanuTHYeCKUH CIOCO0 ypaBHOBEIIMBAHUS KOHCTPYKIHH?

7. Pa3noxeHne CHUIIBI Ha CXOZSIIHECS COCTABISIOMIME — MPABHJIO Mapai-
nenenunena?

Jlumepamypa
OcHoBHas: 1-4.
WuTepHet-pecypest: 1.

7. MOMEHT cuIbl OTHOCUTENbLHO HENOABWXHOMN TOYKMN
Ha nnockocTtu. NMapa cun. MomeHT napbl cun

Henb 3anamus: 1nocKasi NPOU3BOJIbHASL CUCTEMA CHJI, Mapa CHJl, MOMEHT
mapbl CHJI, YCJIOBHS PaBHOBECHUS IJIOCKOM MPOM3BOJIBHON CHCTEMBI CHII, aHAJIH-
THYECKUH CITOCOO ypaBHOBENIMBAHUS KOHCTPYKITHH.

Opzanuzayuonnasn ¢popma: penieHue 3aaad.
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Memoouueckue pexomenoayuu
IToHsiTHE MOMEHTa CHUJIBI BO3HHUKIJIO B CBSI3U C OMpEJeICHUEM BpallaTesib-
HOTO JEHCTBUS CUJIBI, IPUIIOKEHHON K TEITy, UMEIOIIEMY HEMOJBIKHYIO TOUKY
WM HETOJBM)XHYIO OChb. ANreOpauuecKuM MOMEHMOM CUlbl OMHOCUMENbHO
Hekomopoti mouku O Ha NAOCKOCMU HA3bI8AEMCSA CKATIAPHAA 8EIUYUHA, PABHAS
8351MOMY C COOMBEMCMBYIOWUM 3HAKOM NPOU3BEOCHUI0 MOOYJI CUlbl HA ee
njueyo OMmHOCUMENbHO IMOU MOYKU.

m, (F)=+Fd (24)

Puc. 15

s pasnosecust npousoibHOU NIOCKOU CUCEMbL CUL HEOOXOOUMO U 00-
CMamoyno, Ymoowl aneedpauyecKue CyMmbl MOMEHMO8 6CEX CUL OMHOCUMENbHO
Kaodicool uz mpex mobvix movex A, B u C, 83amvix 6 ni0CKOCMU 0eticmaus 3moti
cucmeMmbl CUI U He IeHCayux Ha 0OHOU NPSIMOU, ObLIU PABHbL HYJIO.

n n n —

F)=0; EF)=0; =0. 25
>m,(F)=0im,(F)=0: xm(F)=0. @
i=1 i=1 i=1

3amaya.

Mesxmy omopaMmu JBYXKOHCOJBHON ropu3oHTabHOM 6anka CD (puc. 16, a)
npuinoxena mapa (P, P'), K JICBOW KOHCOJH — PAaBHOMEPHO pacrpeiecHHas
Harpy3ka WHTCHCHBHOCTHIO (, a B Touke D mpaBoii KOHCONM — BEPTHUKAIbHAS
Harpy3ka Q = 4,6 H, Onpenenuts peakiu omnop, ecmn P=P'=4 H, q=4
H/m, a=25 m.

Pemenne. JIByxkoHcobHast Oanka CD sSBIISIETCS TEM TEJIOM, PaBHOBECHE KO-
TOPOTO MBI JIOJUKHBI PACCMOTPETh. K Hell MpuIlokeHa mapa cuil (5, W) C MOMEH-
TOM m=Pa 1 JiBe aKTHBHBIE CHIIBL: B Touke D crma Q ¥ Ha cepe/iiHe J1eBoil KOHCO-
m cuna R=(-CA, fBIsIOmascsS paBHOJIEHCTBYIOIEH PaBHOMEPHO pacripesie-

JICHHOU Harpy3Ku.
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Tl

7
57, -
Cl’) Pi=—p
a a a a
y
R P _
]
\ a T
¢ A Y D
= pP'=-p _
R, A
8| 2 | a
2 2 a a a
Puc. 16

CrenoBaTenbHO, BCe TIPIIIOKeHHBIE K Oanke CD akTHBHBIC CHIIBI SBISTIOTCS
BEPTUKAJIbHBIMU, TaK KaK Mapy CHII (ﬁ, W), HE MBMCHSIS e¢ NIHCTBHS Ha OalKy,

MO’KHO MOBEPHYTH B IJIOCKOCTH PHCYHKA TaK, YTOOBI COCTABJISIOLINE Mapy (ﬁ, W)

cunbl P u P’ =—P 6bun BepTUKANBHBL
Cas13aMH, HanoXeHHbIMU Ha Oanky CD, sBISFOTCS NMOABIKHAS IIApPHUpPHAs
oropa B 1 HenoBIWKHas1 MapHUpHast oropa 4. OTOpOCHM 3TH CBSI3U U 3aMEHUM MX

neiicteue Ha Ganky CD cunamu peakuwii. Peakimss R, MOBIDKHOM MIapHUPHOT

OIophI B HOpMaJbHA K IDIOCKOCTH ONOpHI (pUCYHOK 16, 6). Tak kak Bce meicTBY-

tformue Ha 0anky CD akTuBHBIC CHITBI BEPTHUKAIBHBI, TO peaknus R A HEITOIBIYKHOM

IIAPHUPHON OTIOPBI 4 TaKke BEpTHUKAJIbHA. PacCMOTpUM Teneph paBHOBECHE JIBYX-
koHCOobHOM Oanku CD kak CBOOOMHOTO TBEPIOro Teja, HA KOTOPOE ACHCTBYET
yKa3aHHas TUIOCKas CHCTeMa MapajuieNbHBIX CHIT (PUCYHOK 16, 6). It cocTaBneHus
YpaBHEHUH paBHOBECHS STOM CUCTEMEI CHII B (hopme
> m,(F)=0: ¥m,(F)=0 (26)
ITocnenoBaTenbHO MpUMEM 3a LIEHTP MOMEHTOB Touku A u B. Ilpu 3tom
YpaBHEHUS MOMEHTOB OYIYT COZIEPKaTh TOJIBKO OJTHO HEU3BECTHOE.

I/ITaK, B TaHHOM CJry4ae 6y,£[eM HUMCETH

ZmA(fi)=qa%+m+RB.2a_Q.3a=o? @7)

st(ﬁ)=qa(%+2aj—RA~2a+m_Qa=0- (28)
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Permast nopo3us ypasHenus (27) u (28), Haiimem

R, =115H; R, =25H.

Pewiums camocmosamensvno

1. OmpenenuTh peakuM 3aACNKH

KOHCOJIbHOW Oaniku, HM300pakeHHOH Ha

PUCYHKE U HaxoJsuUIeiics MOA ACUCTBHEM

PAaBHOMEPHO pPaCIpPEICIIEHHON Harpys3Ky,
COCPEJOTOUYECHHOM CUJIBL U TIAPBI CUIL.

7 19 i

\f\\\\w
SRS

\\}\\\\\
¥

‘i/“fﬂx
N1

3rr e Dar

X

2. OmpenenuTs peaknuy 3alelIKi KOHCOJIb-
HON Oayiku, N300paXKEHHOW Ha PHUCYHKE W HaxXo-
JSIIeHcs o AeHCTBUEM PaBHOMEPHO pacmpene-
JIEHHOW Harpy3Ku, OJTHOM COCPETOTOUEHHON CHJIBI
U IByX Hap CHIL.

g=Inltrt Juttsr

=[] [

¥ Bt 130 ‘. 4

MR

2t

3. Ha nByXKOHCOJBHYIO TOpH-
30HTaJbHYIO OalKy AeiicTByeT mapa 7 —.(£_T. l 2
cun (P,P), Ha 7NEBYIO KOHCOJIb — A4 o A
PaBHOMEPHO pacrpeneneHHas ¢ % % ;ﬂ
HArpy3Ka MHTEHCUBHOCTH (, a B H o | ’ a BT “ o i
Touke D mpaBoif koHCOIM — BEpTH- [ e ]

KanbHas Harpy3ka Q. Ompenenuth
peaxmmu omop, eciit P =1 xH, Q=2 xH, q =2 xkH/™m, a = 0,8 M.

4. Onpenenuts peakiuu onop 4 u B

l‘? Excthre %”/f OaJIKu, HAXOAAIIEHCs O IeHCTBUEM OJHOM
A b= : j_ COCPEAOTOUEHHOM CUJIbI U TTaphl CHIL.

7 - 3ﬂﬂ X o Harpy3ka u pa3mepsl yka3aHbl Ha PUCYHKE.

= f
f \q

5. Omnpenenute peakuuu 3a- 2 Srcire cxll
JISNIKA KOHCOJBHOM Oanku, u300pa- = 2l /<60 2
JKEHHON Ha PUCYHKE U HAXOJsIIEHCs iﬁ . e e
NOJ JICHCTBHEM COCPEIOTOYCHHOH =

CHJIBI U TIapbl CUJIL.
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Bonpocwt ona obcysrcoenun

. IInockas npousBobHAsA cUcTeMa CUI?
. PaBHOMepHO — pacnipenienéHHas Harpyska, paBHoOeiicTBytoImasn?
. Pa3noxeHue cuiibl Ha J1B€ COCTABIISIOIINE 110 OCSAM?
. ITapa cun. MomeHT napst cun?
. Onopsl (CBsI3M) U CHIIBI peakuii onop?
. AnreGpanuecKuii MOMEHT CHJIBI OTHOCHTENIFHO HENOJBHKHOM TOUKH Ha
IUIOCKOCTH U €ro cBoiicTBa?

7. AHanUTHYECKHUE YCIIOBUSI PABHOBECHSI INIOCKOW NMPOM3BOIBHON CHCTE-
MBI CHIT?

o0k WN P

Jumepamypa
OcHoBHas: 1-5.
Wuteprer-pecypesr: 1.

8. Teopema BapuMHbOHa 0 MOMeHTe paBHOAEUCTBYIOLLEN
NPOU3BOJILHOMN NMIIOCKOW CUCTEMbI CUJT

Ienv 3anamusn: nnOCKas NMPOU3BOJIbHAS CHUCTEMa CHII, ajlreOpandecKui
MOMEHT CHJIBI OTHOCHUTEIBHO HETOABWKHON TOYKM Ha IUIOCKOCTH, Teopema Ba-
PHHBOHA, YCIOBHSA PAaBHOBECHS IUIOCKON MPOM3BOJIBHOM CHCTEMBI CHII, aHAJIH-
TUYECKUH CTI0CO0 ypaBHOBEIIMBAHUSI KOHCTPYKITHH.

Opzanuszayuonnas gpopma: penieHne 3a1ad.

Memoouueckue pexomenoayuu
Teopema Bapunvona: Momenm pasnoOeticmgyioujeti HIOCKOU CUucmembl
CXOOAWUXCA CUN OMHOCUMENLHO HEKOMOPOU MOYKU, Jlexcawell 8 NioCKOCmu
CUl, paseH aneedpauiecKol cymme MOMEHMO8 Cla2deMblX CUl OMHOCUMETbHO
MOt Jice MOUKU.

m,(R)= - m, (F) @9
i=1
Ycnorue PaBHOBECHS pbldara COrjlaCHO TCOpHUr BapI/IHLOHa
> m,(F)=0: )
i=1

Jlna pasrogecust pvluaea HeobXo0UMO U OOCMAMOYHO, 4Mobbl anrcebpaute-
CKAsi CYMMA MOMEHMOB 6CEX NPUNONCEHHBIX K PbIiacy CUTl ONMHOCUMETbHO TOYKU
€20 ONOpbvL PAGHANACH HYTIO.
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3anmayqa.
Ha koHIIbI mpsiMONTHHEIHOTO phidara AB mnuHO#M |, 3aKkperieHHOro Ha map-

Hupe O, NEHCTBYIOT CHIIBI F1 U F2 , 00pa3yroIue ¢ ph4aroM YTibl a, ¥ q,
Haiftu paccrostane OA mipu paBHOBECHH phIdara (prcyHoK 17).

Pemenne. Tak kak pelyar 4B HaXOOUTCSl B PAaBHOBECUM IOJ, JEUCTBUEM CHUII
F1 H F2 , TO aireOpandeckas CyMMa MOMEHTOB 3THX CHJI OTHOCHTEIIFHO Oropsl O

paBHa HyIO, T. €. M, (fl) +m, (Fj) =0.

,4\ ¥ = gl ~ B
= 2
;vs\% 7

\ /”
1 {v\—"\rf

B,

Puc. 17

Ho m, (ﬁl): Fl ' OA1' rno (ﬁz): _Fz 'OBl’ e OA1 — TUICTO CHITBI ﬁ1
OTHOCUTENIBHO Touku O, a OB1 — IJICYO CUJIbI Fjomocmenmo TOM ke ToukH O.
U3 TpeyroapHUKOB OBB1 1 OAA Haxoxum OA1 = 0OAsIn o, n

OB, =OBsina, =(AB—0Asina, )=(I —OA)sin .

CnenoBartelbHO,

m.(F,)=F,-OA-sing,; m,(F,)=—F,(I - OA)sin a,.

YpaBHEHHE PAaBHOBECHS PhIYara MPUMET BH/T

F -OA-sing, —F,(I -OA)sina, =0,
F,Isina,

orcroma QA = .
F,sina, + F,sine,
Pewiums camocmoamenvhno
1. banka AB gmuuel | M Hecer
7 7 pacTlpeiesieHHyI0 Harpy3ky, IOKa3aH-
HYI0O Ha pHCYHKe. VHTEHCUBHOCTH
7 ! Harpy3ku paBHa ( H/m Ha xoHmax 4 u

[IpenebOperas Becom Oanku, HAUTH pe-
aknuu onop D n B.

RS B 6anku u 20 H/M B cepemune 6Gajkw.
%
K

iﬂgi Z
Z ” 4 2
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2. TopuzontanpHas Oanka AC,
omepras B Toukax B u C, HeceT Mex-
ny onopamul B u C paBHOMEPHO pac-
MPEJICNICHHYI0 HArpy3Ky WHTCHCHUB-

Hoctu  H/M; Ha y4yacTke 4B WHTEH-

CUBHOCTb Harpy3KHd yMEHbILIAETCS 110
JIMHEMHOMY 3aKOHY 10 Hyisl. Haitu

peakmmu omop B u C, mpeHebperas
BECOM OalKH.

14 $xll

Ottt o

g ¢
3 72,

4. Onpenenuts peakuuu onop 4 u B
0anky, HaXOJIAIIEHCsA moa JCHCTBHEM
JIByX COCPEJOTOYEHHBIX CHWJI WU PaBHO-

paite X

H

%,

3. OmpenenuTh peakiuy Omop
A 1 B 0anku, HaxXOIsIIENHCs o Aek-
CTBHEM OJHOH COCPEIOTOYCHHON CHIIBI
u mapsl cuil. Harpyska u pazMepsl yka-
3aHBI HA PUCYHKE.

MEpHO pacrpezieIeHHoi Harpy3ku. WH-
TEHCUBHOCTb PACIpeIeNICHHONW Harpy3KH,
BEJIMUMHBI CUJ M pa3Mepbl yKa3aHbl Ha
PHCYHKE.

oy

‘sz%

fd Ao
Laaf

n

-
-~

[ i

Iulf

y 5. Ompenenutb peakiuu 3aJelKd KOH-
]
Srtirt COJIbHOM Oanku, n300pa’keHHON Ha PHCYHKE U
iy L v v
67 HaxXoJAIeNHCcs oA JeHiCTBHEM COCPENOTOYCH-
gy HOMW CUJIBI U M1aphl CUIL.
v D z
e A L4
/ ; | Bk
6. OmpenenuTh peakUy 3alelIKi KOH- -
COJIbHOW OaJiky, M300paKEHHOM Ha PUCYHKE W §3
HaxOoAsIIeHCs o AEHCTBUEM ITapbl CHII U pac-
NPE/ICICHHOW Harpy3KH, HM3MEHSIONEHCs 110
Iz z
3aKOHY TPEYTONBHHKA. &/,//%J A
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Bonpocwt ona obcyscoenun

. IInockas npousBoibHas cuctemMa cun?
. PaBHOMepHO-pacnpenenéHHas Harpy3Ka, paBHOAEHCTBYOMIas?
PaznoxeHue cuibl Ha ABE COCTaBIISIIONIUE IO OCSIM?
. ITapa cun. MomeHT naps! cun?
. Onopsl (CBS3M) U CHIIBI peakuii onop?
. AnreOpanyecknii MOMEHT CHJIBI OTHOCUTEIBHO HETIOIBIKHOM TOUKH Ha
IUIOCKOCTH U €ro cBoiicTBa?

7. Teopema BapmapoHa O MOMEHTE PaBHOACHCTBYIOIIEH IIPOM3BOIHHON
IUIOCKOH CHCTEMBI CHII?

8. Ycnosue paBHOBecwHs ppryara?

9. I'maBHBIN BEeKTOp W TJABHBI MOMEHT IUIOCKOHM IMPOW3BONBHON CHCTEMBI
CHJT — QHAJTUTHYECKUE YCIIOBHS PABHOBECHS IUIOCKOH MPON3BOJIBHOM CHCTEMBI CHIT?

10. AHanuTHUYECKHE YCIOBHUS PABHOBECHS IJIOCKOW MPOM3BOJIILHOW CHUCTeE-
MBI CHJT?

OUTAWNE

Jlumepamypa
OcHoBHas: 1-4.
Wutepret — pecypest: 1.

9. OnpepeneHuve peakumin onop TBepaoro Tena.
Mnockasa npousBonbHasA cuctema cun

Lenv 3anamua: aHANNTUYECKOE UCCIEJOBAaHUE — BBIOOP PALlMOHAIBHOTO
crioco0a 3akperieHust Opyca ¢ MUHUMAaJIbHBIMH PEaKTUBHBIMU CHIIaMHU (peak-
LUSIMHU OTIOP), TUIOCKasi TIPOU3BOJIbHAS CHCTEMa CHJI, ajireOpandyecKuii MOMEHT
CHJIBI OTHOCUTENIFHO HEIOJIBHKHOM TOUKH Ha IIOCKOCTH, YCIOBUS PaBHOBECHUS
TUTOCKOW MTPOU3BOJIEHON CHCTEMBI CHJI, aHAIUTHUECKUH CIIOCO0 ypaBHOBEIINBA-
HUSI KOHCTPYKIIHH.

Opzanu3ayuonnas ¢opma: pelieHue 3a1ay.

Memoouueckue pexomenoayuu
[ToHsiTHE MOMEHTAa CHIIBI BOSHHKIIO B CBSI3H C ONPEACICHHEM BpaIlaTeNIb-
HOTO JICHCTBHS CHIIBI, IPHIOXKCHHON K TEy, UMCIOIIEMY HETIOIBHKHYIO TOUKY
WIA HETOJIBUXHYIO OCh. ANTCOPaMYCCKUM MOMEHMOM CUbL OMHOCUMETbHO
Hexomopou mouxku O Ha NIOCKOCMU HA3bIBAENCSl CKANAPHAS 6EIUNUHA, PABHAS
8351MOMY C COOMBEMCMBYIOWUM 3HAKOM NPOU3EEOCHUI0 MOOYJsL CUbl HA ee
NIeY0 OMHOCUMENLHO IO TNOYKU.

m, (F)=+Fd (31)

31



Puc. 18

st pasnosecus npou36oabHOU NIOCKOU CUCTEMbl CUL HEODX00UMO U 00-
CMAmo4Ho, Ymodbl 0OHOBPEMEHHO U 21AGHbIIL BEKMOP, U 2/IAGHbILL MOMEHM dMOU
cucmembl OMHOCUMENBHO NPOUBOILHO 8bIOPAHHO20 YeHMpPa NPUBEOEHUS PABHSI-
JUCH HYTIO.

R'=0;M, =0, (32)
70105

SF=0'3m,(F)=0" (39

s pasnosecust npoussobHOU NIOCKOU CUCHMEMbL CUL HeOOX00UMO U. 00-
CMAamo4Ho, 4mobvl aneedpaudeckue cymmbvl NPOEKYUll 6cex CUlL Ha KAadlCoyio U3
08yXx 100bIM 00PA30OM BbIOPAHHBIX 8 NJIOCKOCMU OeUCmBUsL IMOU CUCIEMbL CUTL
KOOPOUHAMHBIX OCell U aNeeOpauyecKas CyMma MOMEHMO8 6Cex CUll OMHOCU-
MenbHO 000U MOUKU MO OKe NIOCKOCMU ObLIU PAGHbL HYTIO.

in:O;ZYizo;imo(ﬁi):O' (34)
i=1 i=1 i=1
3agauqa.
JaHo: cxemsl 3akperieHus Opyca (puc. 19 a, 6, B); P = 2 xH; M = 8 kH/wm;
g=2xH/M.
Omnpenenuts peakuuy ONop ISl TOro Crocoda 3akperieHust Opyca, NpH
KOTOPOM peakiysi Yy OIopbl B MMeeT HAUMEHBILNE YHCIOBOE 3HAYCHHE.

Pemenune.

1. Paccmotpum paBHOBecue Opyca. Ha Hero neHCTBYIOT: akmugHble Cuibl,
3aJJaHHbBIe [0 YCJIOBHIO 33/Jlaudl — COCpeJoTOuYeHHas cuna P mon yriom 30°
K TOPU30HTAIBHOM ocu cuctembl oTuéta XY; mapa cui ¢ MOMEHTOM M, paBHO-
MEpHO-pachpeenéHHas Harpy3ka MHTEHCUBHOCTBIO (| U peakmueHbvle CUlbl —
peaknuu onop. Ha puc. 19a: peaknuto HENmoABHXKHON IIapHUPHON omopsl 4
M300paxkaeM JByMs €€ COCTAaBISIOMMMU X, U Y, , PEaKIHIO MOABMKHOI map-

HHUPHOH omopsl B m300paxaem Y: (JTMHUMS eicTBUS MIApHUPHOW OIOPHI Ha

KaTKax HalpaBJieHa NEpIIeHANKYJISIPHO ONOpHOH IutockoctH). Ha puc. 196 pe-
aKIMIO MapHUPHOM OTNOpHl A (HEBECOMOTO CTEpXKHS) (CTEPIKEHb IPUKPETIIIEH K
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Opycy M K HEIOIBW)XHOW ONOpE MIApHUPAMH) H300pa)kaeM BJOJIb CaMOro
CTEPIKHS POM3BOJIBHOTO HANPABIEHHS X , , PEAKIMIO HEMOIBIDKHOM IIApHHUP-
HOM omopsl B n300pakaeM AByMs €€ COoCTaBisiolmuMu X, | Y, . Ha puc. 198

peakiuo onopsl 4 (HEBECOMOTO CTEpPXKHS, CTEPKEHb NMPUKPEIUIEH K Opycy 1 K
HETIOJBIDKHOHM ONope IMIapHUpaMH) H300pa’kaeM BAOJb CAMOTO CTEPIKHSI, MPO-

H3BOJIbHOI'O HaIlpaBJICHUA YA , PEaKIUIo HEIOIBMKHOM HIapHI/IpHOﬁ OIIOPbI B

n300paXkacM JBYMsl COCTABIIIONIMMHU X g U YB .

%)

TN _ =N
&Y
SO

Puc. 19a

CocpeloTOUEeHHYI0 CHITy P 10 «mpaBuily mapajiesorpaMma CH» pasjia-

raeM Ha JIB€ COCTaBJIIOIKE 10 ocsM X u Y — P, u PT Ipu rpaduueckom mo-
CTPOCHHUU @ u PT Ha puc. 19 a, 6, B TOYKA MPHJIOKCHHUS CHJIBI TOJDKHA
0CTaThCs Ha KOHCTPYKITUH.

UucneHHo @ u PT OyayT paBHBI (MCIIOJIB3yeM COOTHOIIEHHUS MPSAMO-
YTOJIBHOT'O TPEYTOIbHUKA).

P,=P-cos30=2-(3/2)=.3 kH;
P,=P-sin30=2-(1/2)=1KkH.

PaBHOMEpHO-pacnpeieNnéHHYI0 Harpy3Ky HHTEHCUBHOCTBIO (] 3aMEHSAEM
PaBHOJEHCTBYIOLIEH 6, YUCJICHHO PaBHOW IJIOMIAH MPSAMOYTOJIFHUKA (3aKOH
W3MEHEHHS pacTpeneiCHHON HArpy3KHW) W NPWIOKEHHOH B LEHTPE TKECTH
NPSAMOYTONbHUKA (HA TIEPECEUCHNN TUaroHaei).

|Q| =So=6q=62=12xH.

J1 noay4eHHON MIIOCKON MPOU3BOIBHON CUCTEMBI CHI MOXKHO COCTaBHUTh

TPU ypaBHEHUS PAaBHOBECHUS:
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1) 2Frx=0; 2) X Fry =0; 3) 2 Ma (K)ZOI/IHI/I (35)
1) XMa (F, )=0;2)2Ms(F,)=0;3)2Mc(F,)=0. (36)
I[J'IS[ OIPCACIICHUA pCaKIun YiB COCTaBMM YPaBHCHHC MOMECHTOB OTHOCH-

TENBHO TOYKH A — TOYKH IEPECEYEHHs IBYX peakumid omop X, u Y, (ypasHe-

HHe OyJeT cofepKaTh MEHbIIIE HEM3BECTHBIX):
X Ma (F,)=0;4Py+3Q—-M+6Ye =0 =>
Ye=(M-3Q-Py)/6=(8-312-41)/6=—533xH.

5 ;
SE.
X, 3
e
2 *T g
| M
o] i
A
Puc. 196

Jlnst onpesienieHns MCCIelyeMOl peakimu Y, |3 TPEX BO3MOXKHBIX ypaB-
HEHUH PaBHOBECHS MOTYyYEHHOW MPOU3BOJHHON CHCTEMBI CHII PALMOHAIBHBIM

SIBJISIETCSI ypaBHEHHE:
2Fry=0;Py+Yse=0;,=>Ys=—Py=—1xH.

Puc. 196
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Jlnst onpenesneHust ueciexyemMoii peakimu Yy M3 TPEX BO3MOXKHBIX ypaB-

HEHUI paBHOBECHSI IMOJIyYEHHOH NPOU3BOJBHOM CHUCTEMBI CHJI PallMOHAIBHBIM
(B ypaBHEHHHN HaWMEHBIIICE YHMCIO HEM3BECTHHIX) SBISETCS YpaBHEHHE: anred-
pandeckas CcyMMa MOMEHTOB BCEX CHJI OTHOCHTEIBHO TOYKH K — TOUKH Iepece-

YEHUS JIMHUM NEUCTBUS peaKLuil X A H Y_A :
X Mx (Fy )=0; 4Py — 6Px—3Q - M + 6Y6 = 0; =>

=> Yo = (6Px +3Q + M—4Y6) /6 =(6-(\3) +3-12+8—4-1)/6 =
= 8, 397 KH.

3HaK «—» B 3HaueHnHu peakuun Y (puc. 19a u 196) ykassiBaeT Ha TO, 4TO

MCTHHHOE HamnpasieHne Yy , 00eClednBaoee PaBHOBECHE IOMYYCHHBIX CH-
CTEM CHJI, COOTBETCTBYET IIPOTHBOIOIOKHO YKa3aHHOMY Ha puc. 19a, 196.

Tak kax Yy = |-1| kH — MusnMym 1o puc. 196, crenoBatersHo, Uit 3Toii cxe-

MBI HAXOJIM BCE OCTalIbHbIe peakimy orop— X , u X g U Je1aeM NpoBepKy:

S Mes (Fy )=0; - M-3Q - 6Px— 2Py —6Xa=0; =>

—>Xa=(-M—3Q—6Px—2Py)/6=(~8-312—6:\/3-2-1)/6 =9, 397 kH.
2Fkx=0;Xa+Px+Q+Xe=0=>

—>Xg=—Xa—Pr—Q=—(~9397)— /3 —12=— 433 cH.

YpaBHOBEIMIEHHOCTh KOHCTPYKIMH Opyca (TpaBWIIBHOCTh BBIYHUCICHUS pe-
akiuii onop 4 u B) npoBepuM, BHIIIOJIHUB IPOBEPKY:

TMn (F )=0;—4,5Xa—4,5Px—1,5Q — M + Y6 + 1,5Xs = 0;

45 (-9397)—4.5(\3) =15 12-8+2- (- 1) + 1.5 (- 4,33) = 0;
42,28 77818 -8-2-6,495=0
42,28 - 42,28 = 0;
0=0.

3HaK «—» B 3HAYEHUAX pe€aKkun XA )4 X B YKa3bIBa€T Ha TO, YTO HUC-

TUHHOE HAIPABICHHE ITHX PCAKTHBHBIX CHJ, OOECIECUMBAIOIICEe PaBHOBECHE
MOJIYYEHHON CHCTEMBI CHJI, COOTBETCTBYET MPOTHUBOIOJOXKHO YKa3aHHOMY Ha
puc. 196.

PesynbTaThl pacu€ToB CBOAMM B TaOmHIry 1.
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Tabnnma 1

No Hccnenyemas peakius Peakiiu omop
pHUCYyHKa v, (xH) x, (xH) X, (xH)
Puc. 19a —-5,33 - -
Puc. 196 -1 -9,397 —4,33
Puc. 198 8,397 - -

Pewrumsy camocmoamenvno
Ha pucynkax 20—33 moka3aHsl Tpu criocoba (a, 0, B) 3akperuieHus Opyca,
0Ch KOTOPOTO JIOMaHasi JTUHUs. 3aaHHas Harpyska (tabi. 2) u pasmepsl Opyca
(reomeTpuyeckas KOHPHUTypalys) BO BCeX CIydasx OJMHAKOBBI.
OrmnpenenuTs pPeakiuio Omop T TOro crnocoba 3akperuieHus: Opyca, mpu
KOTOPOM HCCIIeyeMas peakiys, yKa3aHHas B Ta0Jl. 2, IMeeT HAUMEHBIIUH MO-
JIyJ1b.

Tab6muma 2
Ne BapuanTa Uccnenyemas
(puc. I2)0734) P, it M xH ™ g, kH /m peaKl}IlI/Iﬂ
1 2 3 4 5
1 12 8 15 M,
2 4 6 2 7
3 3 2 2,5 X
4 2 3 2 Vs
5 10 2 2 Xz
6 4 6 1 M,
7 2 2 18 X
8 3 4 2 Rp
9 4 8 2 M,
10 2 4 0,5 X
11 4 8 2 7
12 8 3 1 Vs
13 6 5 2 X
14 4 3 1 7
15 3 4 2 M,
16 2 4 3 X,
17 4 4 2 Xc
18 8 4 2 X
19 2 3 1 e
20 3 8 2 Vs
21 4 4 2 7
22 6 4 2 7

w
»



23 4 3 2 X,
24 5 4 1 M,
25 4 3 15 Vv,
26 3 4 1 X,
27 2 3 2 X,
28 4 3 2 Vv,
29 2 4 2 X,
30 4 5 1 Vy
31 10 6 2 Vv,
32 20 5 4 M,
33 15 8 1 Vy
34 5 2 1 Vy
35 10 4 - X,
36 6 2 1 M,
37 2 4 2 X,
38 20 10 4 Rs
39 10 6 - 7
40 2 4 2 X,
41 4 10 1 Rs
42 10 5 2 Vv,
43 20 12 2 7
44 15 4 3 Vv,
45 10 5 2 X,
46 12 6 2 M,
47 20 4 3 Vv,
48 14 4 2 X,
49 16 6 1 Ry
50 10 - 4 v,
51 20 10 2 M,
52 6 6 1 Vv,
53 10 4 2 M,
54 4 3 1 Vv,
55 10 10 2 X,
56 20 5 2 M,
57 10 6 1 X,
58 20 10 2 v,
59 25 - 1 M,
60 20 10 2 Ry
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Ha puc. 20—33 yka3anbl HHBapHaHTBI CIIOCOOOB 3aKperuieHus Opyca (s
BapuaHTOB Ne 1-30) B COOTBETCTBUH C yKa3aHHBIM HOMEPOM BapHaHTA CXEMBI.

Bonpocut ona obcyscoenun

1. Yto Taxoe cuna? OCHOBHBIE XapaKTEPUCTHKH CUIbI?

2. Yro Takoe cocpeoTOUCHHas cuia?

3. Omnpenenenue pacnpeaenéHHON HArpy3Ku?

4. Yro Takoe paBHOnelcTByIomasn? [IpaBuino mapamrenorpaMma cun?

5. I'padpraeckoe u aHaTUTHIECKOE ONpPECTICHIE IPOSKIINN CHIIBI Ha OCh?

6. Urto Takoe: a) ceobogHOE Teno? 6) HecBoObomaHoe Tenmo? [IpuHIun ocBo-
00XKITaeMOCTH OT CBSI3EH?

7. Bunpl cBsizelt 1 UX peakuun?

8. Onpenenenue cuctemsl cui1? UTo Ha3bIBAETCS IIIOCKOM CHCTEMOI:
a) cxoAumxcs cui? 0) mapajelnbHbIX Cuii? B) MPOU3BOJIBHON CUCTEMOM cui?

9. OmpenencHue anreOPandeckoro MOMEHTA CHIIBI OTHOCHTEIBHO HEIOo-
JIBIDKHOM TOYKH Ha TUIOCKOCTH U €ro CBoMcTBa?

10. Ompenenenue napsl cui1? MomeHT napsl cui? CBoHCTBa mapsl cun?

11. Teopema o mapax cuii? DKBUBAJICHTHbIC IPEOOPA30BaHUS C TAPaMU CHII?

12. YpaBHeHHUs paBHOBECHS IIJIOCKOM CHCTEMBI: a) CXOAALINXCS CUI?
0) mapayIeNbHBIX CHII? B) TPOU3BOIBHON CHCTEMBI CHII?

13. Ilnan peweHus 3agad CTaTUKU?

Jumepamypa
OcHoBHas: 1-5.
Wutepret — pecypest: 1.

10. PaBHOBecue COUYNIeHEHHOM CUCTEMbI Ten

Lenv 3anamua: cowleHEHHas CUCTEMa TeJl, PaBHOBECUE COWICHEHHBIX
KOHCTPYKIMH, TUTOCKas TMPOW3BOJIEHAS CHCTEMa CHJI, BHEIIHWE W BHYTpCHHHE
CBSI3H.

Opzanuzayuonnasn popma: peuieHue 3aaau.

Memoouueckue pexomenoayuu
Cuctembl Tell, CBOOOJTHO ONMPAOIIMXCS JPYT Ha JApyra WM COEANHEHHBIX
MeXTy coOOH KaKNUMH-HHOYIb CBSA3IMH M HAXOMSAIIMMUCS TIOJ JIEHCTBUEM TIPOM3-
BOJIbHOM IUIOCKOM CUCTEMBI CHJI WU IJIOCKOM CUCTEMBI MapaJuIeNbHbIX CUL. Takyro
CHCTEMY Tell Ha3bIBAIOT COUIeHEHHOU CUCIMEMOL.
Ilocne oTOpackIBaHMs BHEITHMX CBSI3€H (CBSI3H, CKPEIUIIOINE COWICHCHHYIO
CHCTEMY C HE BXOIIMMH B Hee TellaMH (HaIpHMep, C OIOpaMH), Ha3bIBAIOTCS
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BHEIITHVMH, B OTJIMYHE OT BHYTPEHHHX CBS3EH, COSTUHSIONINX MEXITy coOO0i Tema
JTAHHOW COUJIEHEHHOU CHCTEMbI) COWICHEHHAsI CUCTEMa TeJl HE OCTAeTCsl JKECTKOM.

Ha ocHoBaHMM NpuHIIMIIAa OTBEPAEBAHUS CUCTEMA CUJI, AEUCTBYIOLIAs COUJie-
HEHHYIO CUCTEMY Tell, 0JKHA MPU PABHOBECHUH YIOBIIETBOPSATH YCIOBHUSIM PaBHO-
Becus1 aOCOTFOTHO TBEPIIOTO TeNa.

Hanpumep, TpeximapaupHas apka (prucyHOK 34), cocTosinas U3 IByX Tel (mo-
Jyapok) ¢ Tpems 1mapHupamu A, B u C, U3 KOTOPBIX MEPBBIC J1Ba SBIISIFOTCS HEMO-
JIBIDKHBIMH OTIOPHBIMH IIAPHUPAMH, a TPETHI COCIWHSICT ITH JBa Tea (TI0JTyapKi)
MEXITy COOOH.

F b

<l

Puc. 34 Puc. 35

B MecTe noasmxkHOro coenuHenus: — mapHup C — pacuneHseM KOHCTPYK-
VIO Ha J[BE COCTaBHbIEC YacTH. [ IpuMEHss IPHHIMIT OCBOOO)KIAEMOCTH OT CBS3EH,
otOpocum

MBICJIEHHO LIIAPHUPHBIE 3aKPEIUICHNS B TOUKaxX 4 U B ¥ 3aMeHNM HX ACHCTBHE
CWIaMM peakuuil. Moqynu YU HanpapleHUs 3TUX Peakuuil Heus3BecTHBL. IToaTomy
HE0OXOMO HEM3BECTHYIO IO HAIPABIECHHIO PEAKIMI0 B KaXIOH M3 IBYX MIap-
HHUPHO HETOJBWXHBIX ONOp A W B pa3ioXUTh HAa TOPU3OHTANBHYIO U BEpPTHUKAIIb-
nyto cocrasnstoue X, , Y, 1 X_, Y, (pucynok 35). Takum o6pazom, juis co-

YJIEHEHHOW CHCTEMBI TeJN, COCTOSIEH M3 JIBYX INONyapoK (PUCYHOK 35), MOXHO
COCTaBUTh TPH YPAaBHEHMSI PABHOBECHS, B TO BpEMS KAaK YMCIIO HEW3BECTHBIX CHII
peaknuii paBHO 4eTblpeM. OHAKO JaHHAs 3ajada SIBJIETCS CTATUUECKH OIIpesie-
JeHHOH. [JlokaxeM 3To yTBepIeHue. [Jisi 3Toro paccCMOTpHM paBHOBECHE KAKOM-
00 ToyapKH (HampuMep, JICBOH, pUcyHOK 36, a). Ha sieByto momyapky AaeicTBy-
€T 0/IHa aKTHBHAs CHJIA F . Ot6paceiBast MbICTIeHHO mapHUPHI A 1 C BMecTe ¢ Tpa-

BOM MMOJTyapKoO#i, 3aMeHsieM UX JIeHCTBUE CUIaMH peakiuid. Tak Kak peakius B map-
Hupe C Tarxke HEW3BECTHA IO MOIYIIO M HAIPABJICHHUIO, TO €€ TOXKe He0OXOIIMO
MIPEIBAPUTENILHO PA3JI0KUTh HA TOPU3OHTAILHYIO U BEPTUKAJIBHYIO COCTaBIISIIOIINE

X. mY_ . [ns neBoii nogyapkin MOXHO COCTaBHTb TPH YPABHEHHS PaBHOBECH,

MMesi [IPU 9TOM TONBKO JBE HOBBIC HEM3BECTHbIC X . W Y, (mocnenHee OObsCHs-

eTcsl TeM, YTO PEeaKuus B IIapHHUpe A JOJDKHA OBITh NPEICTaBIICHA ABYMS paHee
BBIOPaHHBIMY COCTaBIBOLMMU X U Y, ). Takum oGpasom, paccMarpuBast paBHO-
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BECHE BCEU TPEXIIAPHUPHOM apKH B IIEJIOM U JIEBOU IMOJIyapKH, UIMEEM IIIECTh YpaB-
HCHUI PaBHOBECHS W IIECTh HEM3BECTHBIX. JTa KE 3a/aya MOT OBITh pEICHA U
JIPYTUM CIIOCOOOM, €CITH PacCMOTPUM paBHOBECHE JIF00O0i! MmosTyapku (pUcyHOK 36,
6). B 3TOM Ccllydae 4uCIIO YpaBHCHUI PaBHOBECHUS TAK)KE PABHO YHCIY HEHU3BECT-

HBIX, TAK KaK COIacHo akcuome 1V Xé =—X cH YT:' ==Y .-

Puc. 36

W3znoxeHHBIH croco0 pelieHus 3aa4 Ha pPaBHOBECHE COWICHEHHOM CHCTEMBI
TEIT HA3BIBACTCS MEMOOOM PACUICHEHUS.

JI1s1 cOYIeHeHHOH CHCTEMBI U3 71 Tell, Ha KaJKI0€ U3 KOTOPHIX ICHCTBYET IPo-
W3BOJIbHAS TUIOCKAs CHCTEMa CHJI, METOJOM PACUICHEHHS MOXHO COCTAaBHThH 31
HE3aBHCHUMBIX YPABHEHHI PaBHOBECHS, MO3BOJISIONINX HAaWTH 31 HEU3BECTHBIX.
OnHaKO 3TO BOBCE HE 3HAYMT, YTO MPH COCTABJICHUM YPAaBHEHHI PaBHOBECHS LIS
COWICHEHHOM CHCTEMBbI BCETa CIICMYeT PAaCCMATPHBATh PABHOBECHE KAXKIOTO Teja
B OTZAEJLHOCTU. HampoTus, MOKHO paccmarpuBaTh U PaBHOBECHE BCEU ITOH CH-
CTEMBI B IEJIOM KaK OJHOTO CBOOOJHOTO abCONIOTHO TBEPAOTO Teja N KaKOH-
HHUOY/Ib COBOKYITHOCTH TEJI, BXOIAIINX B COCTAB COWICHEHHOH CHCTEMEL.

3amada: Ha xorcTpykiuto (puc. 37), cocrosmyto u3 6anok AC u CB, neii-

CTBYET COCPEIOTOUCHHAs cuia P, paBHOMEPHO-pacmpelesiéHHas Harpyska

UHTEHCUBHOCTBIO (], mapa cuj ¢ MOMEHTOM M.

Hano: Py=2xH; q=2xH/™M; M = 6 xH'™; a = 60°.

Onpenenuth peakiun onop 4 U B 1 peakIuy poMeKyTodHoTo mapaupa C.

Pemenue: PaccmoTpuM paBHOBecHE Bceil KOHCTpyKuuu (puc. 38). PaBHo-
MepHO-pacipe/IeEHHYI0 Harpy3Ky WMHTEHCHBHOCTBIO ( 3aMEHsieM pPaBHOJCH-
creyromteit Q , uncnenno pasnoit Q = 6-q = 6:2 = 12 [m - (xH/M)] = xH u npu-
JIO)KEHHOMH B LIEHTPE TSDKECTH MPSIMOYTOJIbHUKA — Ha MepecedeHHH JHaroHaieu.
Beoaum cuctemy otuéra XA4YV.
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Puc. 37

Cocpenorouennyto cuty P i pasmaraem no mpasuity mapamienorpamma

Ha JIBe cocrapstomme 1o ocsim X u ¥V — P u Py, ancnenso pasHsle:

P, =Py -c0s60° =2 - (%) = I xH;

P, =Py -sin60° =2 - (+/3/2) = +/3 = 1,73 kH.

[Tpumensist npUHIKIT 0CBOOOXKIAEMOCTH OT CBsI3eH, OTOpackIiBaeM ornopy A
(>kecTkast 3a7ienKa) U onopy B (HeBECOMBIN CTEpKEHb) U 3aMEHSIEM UX pPeakiv-

amu onop (puc. 37). Peaxruu onopst A — X 5, V A, Ma; peaxius onopst B —

X 5 (HampaBieHa BIOJb CTEPIKHSA). PaccMOTPHM CHCTEMY ypaBHOBEIIHMBAIO-
UXCA CUJI, HPUIOKECHHBIX K KOHCTPYKIHH.

JI71st moJTydeHHO# MI0CKOW MPOU3BOBHON cucTeMbI cui (puc. 38) MOXKHO
COCTaBUTh TPH YPAaBHEHHS PABHOBECHS:

ZFIOCZO;XG_'_xa*P]x:O; (37)
ZFKyZO; Yanfply:O; (38)

3 (2)=>Y,=Q+P, =12+ /3 = 13,73 kH;
> Ma (EK)=0; Ma +M -5Q - 8P, + 2P,, = 0; (39)

U3 (3)=>Ma=-M+5Q+8P, 2P, = 6+5-12+8 /3 21~
65,84 kH - M.




PacunensieM KOHCTPYKIMIO Ha IBE COCTaBHBIE
YacTH B TOYKE IOJBMKHOTO COCAMHEHUS — IIapHUD
C — u paccMaTpuBaeM paBHOBECUE IIPaBOil OT Imap-
Hupa C vactu KoHCTpykuuu (puc. 39). Peaxmuro

mapuupa C pasiaraeM Ha aBe cocTapissomue — X

Y .. Dtu peaxtuBHBIC CHIBI OTpakaloT AeHcTBHE
OTOpOIIICHHO! JICBOW YaCTH KOHCTPYKIIMM Ha pac-
CMAaTpUBAaEMYIO IpaByro. s MOIyYEeHHON MIOCKON
MPOU3BOJBHON cUCTeMBI cuil (puc. 39) MOXKHO co-

CTaBUTH 3 ypaBHeHI/IH paBHOBeCI/IHZ
> Fkx =0; X, + X.—P;,,=0; (40)

SFky=0; YP,=0; =>Y,=P, = /3 kH; (41)

Y Mc (F ) =0; - 2P, + 4X, = 0. 42)
Uz (6)=>X,=(2P;)/4=P,/2=1/2=0,5KkH.
3nas Xs, u3 ypaBHeHU (4) HaxoqnM Xc:

Xe=P;.—Xe=1-05=0,5kH.
IMoxcrasnsiem HatineHHYI0 X6 B ypaBHeHue (1) u onpenensem Xa.
Xa=P;,,—Xe=1-05=0,5kH.
BrImoaHuM IpoBEpKY MPaBUIBHOCTH BEIYUCIICHISI PEAKIHHA OTIOP.

s M (F ) = 0; (puc. 38)

—2Ya + Ma + 4Xa + M —-3Q - 6P, — 2P, + 4Xe = 0
Pucynox 39 —2-13,73+65,84+4:0,5+6-3-12—6-1,73-2 -1+4 - 05 =0
-2-13,73+6584+4-05+6-3-12-6-1,73-2-1+4-05=0

—2746+6584+2+6-36-1038-2+2=0
—73,84+7384=0;0=0.

Pewiumsb camocmosamenvho
M 3agaua 1.
A " g A

0O
|

3amauva 2.

Ha Oanky AB peiictByer JmHeliHO pac- AC

npee/icHHass  Harpy3ka  HMHTCHCHBHOCTBIO
Omax = 3 kH/M. Ompenenuts peaxiuio onops B
B kH, ecim pacctosiaue AB =2 wm. (1)

%

MOMEHTOM M =
k MoMeHT B 3azenke C, ecmu AB =2 M u
BC=0,5wm. (200)

Ha Ganky AB nelicTByeT mapa cui ¢

800 H-M. Ompenenuts

ﬁmax
N~




3agauqa 3.
Omnpenenuts peakuuio onopsl A B kH, eciiu
cuna F = 3 kH, yron o = 30°, pasmepst AB=BC. (3)

F

3anmaqa 4.
Omnpenemmts B KH cmwry F, mpu xoTto-
poil BepTHKabHAS COCTABISIOLIAS peak-

A p LM B mapHupe A pasHa ° kH, ecam pas-
mepsl AB = BD = 1 m. CE=DE, momenT
/7%7 naps! cwt M=6 kH - m. (4)

3amauya 5.

Onpenenuts B kKH - M MoMeHnT M
maphl CHJI, P KOTOPOM BEPTUKAIbHAS
COCTaBJIAIOLIAs peakluu onopsl A=10
kH, eciu pasmepsr BC=CE=1wm. (25,8)

3agaua 6.

OrmnpenenuTs BepTHKAIBHYIO COCTaB-
JSIOIIYIO peakuy B IapHupe B, eciu cuna
F=850 H, a pasmepst DC = CE = DE. (401)

e

3amaua 7.

Haiitu BepTUKAJIBHYIO COCTaBIIAIO-
Iyto peakiuu B mapHupe C, eciu cuia
F=600H, pasmepst BC =2AB. (200)

Bonpocwt ona obcyscoenusn
1. Yto Takoe cocpeaoToueHHas cuiaa’?
2. Matb onpeneneHue pacupenenéHHoN Harpy3Kku?
3. [TpaBuiio pa3noskeHus: CHITBI TI0 TIPABIITY MapaJiieiorpamma’?
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4. BplunciieHne MPOEKIUH CHIIBI, PAa3JIOKEHHON MO MPaBWIIy Mapajlieno-
rpamma?

5. Bunsl cBs3eit u ux peakuuu?

6. Metonbl pacuéra COCTaBHBIX KOHCTPYKIU?

7. YpaBHEHUs pPaBHOBECHS IUIOCKON MPOU3BOIBHOM CUCTEMBI CHIT?

8. Buemnue cunel? OnpeseneHue BHYTPEHHUX YCUIUH U UX cBoMcTBa?

9. Onpenenenue naps! cun? Cpoiictsa napsl cuii? Teopema o mapax cun?

10. Onpenenenue anredpandeckoro MOMEHTa CHIIBI OTHOCHTEIBHO HEIO-
IBUKHOM TOYKH Ha INIOCKOCTH M €T0 CBOMCTBA?

Jumepamypa
OcHoBHas: 1-5.
Wntepret-pecypesr: 1.

11. OnpegeneHuve peakuuii onop COCTaBHOM KOHCTPYKLMMN.
Cucrema 2-x ten

Ilenv 3anamua: COUNCHEHHAs CUCTEMA Tell, PABHOBECUE COWICHEHHBIX KOH-
CTPYKIHH, TITOCKAs IPOU3BOJIbHAS CHCTEMA CHUI, BHEITHHE Y BHYTPEHHHUE CBSI3H.
Opzanusayuonnas popma: perieHne 3agad.

Memoouueckue pexomenoayuu

Cuctembl Tel, CBOOOTHO OMMPAOIIMXCS JPYT Ha JApYyra WM COSAWHEHHBIX
MEXIy cOO0N KaKMMH-HUOY/b CBS3SIMH W HAXOJILIMMUCS IO ICHCTBHEM HPOH3-
BOJILHOM TJIOCKOM CHCTEMbI CHJI WJIH IUIOCKOM CHCTEMBI MapajuiesibHbIX cuil. Takyro
CHCTEMY Tell Ha3bIBAIOT COUTEHEHHOU CUCTEMO.

[Tocie oTOpachIBaHMsI BHEIIHUX CBsI3eH (CBSI3H, CKPEILISIONIME COUWICHEHHYIO
CHCTEMY C HE BXO/UILIMMH B Hee TejaMu (Halpumep, ¢ ONopaMH), Ha3bIBAIOTCS
BHEIIHUMH, B OTJIMYME OT BHYTPEHHHUX CBSI3eH, COCAMHSIONIMX MEXKIy COOOH Tena
JIAHHOM COUJICHEHHOW CHCTEMBbI) COWICHEHHAs! CHCTEMa TeJl HE OCTaeTCs AKECTKOIA.

Ha ocHoBanMyM npHHIMITA OTBEPIEBAHMUSI CUCTEMA CHUJI, ACHCTBYIOIIAs COUIe-
HEHHYIO CHCTEMY TeJl, JIOJDKHA NPH PaBHOBECHH YIOBJIETBOPSATH YCIOBUSM PaBHO-
BeCHsl a0COJIIOTHO TBEPAOTO TeJa.

Hanpumep, tpexmapuupHas apka (puc. 40), cocrosimas u3 1Byx Ten (Torya-
poK) ¢ Tpems mapaupamu A, B u C, 13 KOTOPBIX NEPBbIE J[BA SBISIOTCS HETIOABHIK-
HBIMU OTOPHBIMU IIAPHUPAMH, & TPETUI COAMHSET ITH JBa Tela (TOJIyapKH) Mex-
Ity COOOI.
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Puc. 40 Puc. 41

B mecte noaBmxHOro coenuHeHus — mapHup C — pacurneHseM KOHCTPYK-
IIMIO Ha J[BE COCTaBHBIC YacTH. [IpuMeHssI NpUHINI 0CBOOOXKIaEMOCTH OT CBS-
3¢, OTOpPOCHM MBICIICHHO LIAPHUPHBIC 3aKPETIIICHUS B TOUKax 4 U B 1 3aMeHnM
UX ACUCTBHE CWIaMU peakluid. Moaynau W HalpaBlICHUs 3TUX peakLuil HEW3-
BecTHBI. [109TOMY HEOOXOJMMO HEHM3BECTHYIO IO HAIPABJICHHIO PEAKLHUIO B
KaXXI0H U3 IBYX IIAPHUPHO HEMOABHKHBIX ONOP A U B pa3IokKHUTh HA TOPU3OH-

TanbHylo 1 BepTHKanbHyio coctapmomme X, , Y, u X, , Y, (puc. 41).

Takum o0Gpa3om, Al COWICHEHHOW CUCTEMBI Tell, COCTOAIIeH U3 ABYX IO-
nyapok (puc. 41), MO)KHO COCTaBUTh TPU YPaBHEHHUs PABHOBECHS, B TO BpeMs
KaK YHCJIO HEM3BECTHBIX CHJI peakuil paBHO deTsipeM. OMHAKO IaHHAS 3a7ada
SIBJISIETCSL CTAaTUUECKHU ompezesneHHon. Jlokaxkem 3To yTBepxkaeHue. s aroro
paccMOTpUM paBHOBECHE KaKOH-THOO Moiryapku (HampuMep, JE€BOH, PUCYHOK

42, a). Ha neByro mosyapky NefcTByeT oJlHa aKTHBHAs CHJIa F1 . OtOpaceiBas

MBICJIEHHO IIapHUpbl 4 U C BMecTe C NMpaBod MOIYapKoOu, 3aMeHsieM HUX JeH-
CTBHE CHJIaMH peaknuil. Tak kak peakius B mapHupe C TakKe HEHM3BECTHA IO
MOJIYJIFO ¥ HallPaBJIEHUIO, TO €€ TOXKE HEOOXOAUMO MPEIBAPUTENIBLHO PA3I0KUTh
Ha TOPU30HTAIBHYI0 U BEPTHKAIbHYIO COCTaBJIIOLINE XiC u YT Jns nesoit

MOJyapK1 MOXHO COCTAaBUTb TPHU YPAaBHCHUS PABHOBECHUA, UMEA IIPHU 9TOM TOJIb-
KO IB€ HOBBIC HCHU3BCCTHBIC XC u YT (HOCJ’IGHHGC 00BsICHSETCS TEM, 4YTO pe-

aKys B mapHupe 4 JNOJDKHA OBITH NMPENCTaBIEHa JBYMsl paHee BHIOPaHHBIMU

cocrapmsrontamu X, u Y, ).

Takum oOpazom, paccMaTpuBas paBHOBECHE BCEH TpEXIIAPHUPHOH apK B
IEJIOM M JIEBOH ITOJTyapKH, IMEEM IECTh YPaBHEHUH paBHOBECHs W LIECTh He-
M3BECTHBIX. JTa K€ 3a/ia4a MOT OBITh pellieHa W JPYTHM CIIOCOOOM, eCIIH pac-
CMOTpPHM paBHOBecHe Jt000i monyapku (puc. 42, 6). B atom ciydae 4umciio
YpaBHEHHI paBHOBECHS TAK)KE PAaBHO YHMCIY HEM3BECTHBIX, TaK KaK COIJIACHO

axcuoMme 1V )(7é=—X7C i YT:'Z —Yt.
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a)
Puc. 42

W3110KeHHBI CTIOCO0 PelleH s 33134 Ha PABHOBECUE COWICHECHHOM CHCTEMBI
TEJT HA3BIBACTCS MEMOOOM PACUICHEHU.

JIJ1s1 COWICHEHHOM CUCTEMBI M3 71 Tell, Ha KaXKI0€ U3 KOTOPBIX ICHCTBYET MpPO-
W3BOJIbHAS TUIOCKAs CHCTEMa CHJI, METOJIOM PACWICHCHHS MOXHO COCTAaBHThH 31
HE3aBUCHUMBIX YPABHCHHI PaBHOBECHS, MO3BOJISIONINX HAaHTH 31 HEU3BECTHBIX.
OnHaKko 3TO BOBCE HE 3HAYUT, YTO MPH COCTABICHUHM YPABHCHHUI PABHOBECHS IUIS
COWICHCHHOM CHCTEMBI BCETa CIICMYET pacCMaTPHBATh PABHOBECHE KaXKIOTO Teja
B OT/enbHOCTH. HanpoTuB, MOXKHO paccMaTpuBaTh W PaBHOBECHE BCEil ITOM CH-
CTeMbI B IIEJIOM KaK OJHOTO CBOOOJHOTO abCOJFOTHO TBEPIOTO Teja WM KaKoi-
HHUOY/Ib COBOKYITHOCTH TeJI, BXO/IAIIUX B COCTAB COYJICHEHHON CHCTEMBI.

3amada: Ha xorcTpykuuto (puc. 43), cocrosamiyto u3 6anok AC u CB, neii-

CTBYET COCpPEINOTOYEHHass cuia P j, paBHOMEpPHO-paclpeneiléHHas Harpyska
MHTEHCUBHOCTELIO (], ITapa CUJII ¢ MOMEHTOM M.

Hano: P1=2xkH; g=2xH/™Mm; M =6 kH'M, o = 60°. OmnpenenuTs peakuuu
onop 4 u B 1 peaku NpoMeKyTouHoro mapHupa C.

Puc. 43
PacusieHsieM KOHCTPYKIIMIO Ha JJBE COCTABHBIE YaCTH B TOYKE IIOJBUIKHOTO
coenuHenust — mapaup C — ¥ paccMaTpuBaeM PaBHOBECHE KaXJIOU (JIEBOU H
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MpaBOif) 9acTH KOHCTPYKLIWH OTAEIbHO. PaccMOTpuM paBHOBecHWE JIEBOH OT
mrapaupa C — AC — yactu KoHCTpyKIuu (puc. 44). Peakuuto mapuupa C (neii-
CTBHE OTOPOIICHHOW MPaBOH YacTH Ha JICBYIO) pa3jiaraéM Ha JBE COCTABISIO-

mue X ', V. Opuuém X '.=-X ., V'.=- ¥V .. Jlna nonydyennoit mnockoit
TIPOM3BONIEHOM CHCTEMBI CHJI MOKHO COCTABUTH TPU YPABHEHHS PABHOBECHS:

SFix = 0; Xa - X'c =0; (43)

2Fky =0; Va-Q—-V'c =0; (44)

XMa (F ) =0; Ma +M-5Q + 4X'c — 8V'c =0; (45)
R &=

wo

Puc. 44

Hanee paccmarpuBaeM paBHOBecue npasoi ot mapuupa C — CB — vactu
KOHCTpYKIWH (puc. 45) — ypaBHeHuUs (46),(47),(48). IloacrasisgeM HalIeHHYIO

X (X '.=— X ) B ypasuenue (43) u Beruncnsem Xa = X'c = Xc = 0,5 xH.
Toxacrasnsiem HaiineHHyio V'c = Ve B ypaBHenue (44) u onpenensem
Ve=Q+ Ve =Q+ Ve =12+ /3 = 13,73 kH.

U3 ypaBuenus (45) Haxogum Ma = — M +5Q — 4X'c + 8V'e = -6+ 5 -

12- 405+ 8 - \/§ =-6+60-2+ 13,84 =6584 xH - m.

BrinosnnuM npoBepKy NpaBUIIBHOCTU onpefenenus peakuuu omnop 4, B, C

@ i
i D R L,

Puc. 46



—2¥Va + Ma + 4Xa + M —-3Q - 6P, -

SMx (F ) =0; (puc. 46)
2P, + 4% = 0;
213,73+ 6584+4-05+6-3-12-6-1,73-2-1+4-05=0;

—-27,46 +6584+2+6-36-1038-2+2=0;
— 73,84 +73,84=0;

0=0.
PesynbTathl pacu€ToB cBOAMM B TabmHIy 1.
Tabuuma 1
Peakuus
Peaxnust onopsr 4 oniopsi B Peaxuust onopet C
Xa, xH Va, xH Ma, xH-™m Xe, kH Xc=Xc | Ve=Vc.
0,5 13,73 65,84 0,5 0,5 J3

KoncTpykumst cocTOMT W3 [IBYX 4YacTew,

Pewtums camocmoamensno
COCIMHCHHBIX LIAPHHUPHO.
C — TPOMEXYTOYHBIN IMIApPHUP KOHCTPYKUMH. IIpsiMBIe W H3OTHYTHIE OAJNKU
OIIPEIEIIAIOT TEOMETPHYECKUI KOHTYP KOHCTPYKIMH. Pa3Mephl ykazaHbl Ha puc.
47-56 (Bap. Ne 1-60). Ha KOHCTpYKLMIO EHCTBYIOT: COCPEIOTOUYECHHBIE CHIIBI

P 1, P,; paBHOMepHO-pacnpesieneHHas Harpy3ka WHTEHCHBHOCTBIO (| ; mapa

cu1 ¢ MOMEHTOM M. VIcXoHbIe NaHHbIC IS pacueTOB MPUBEACHBI B Ta0HIE 2.
Becowm Ganok npenedpeyb.
OmnpenennuTts peakud OMOP KOHCTPYKLIHH M PEAKIUU MPOMEKYTOYHOTO

mrapaupa C.
TaGnuma 2
Ne BapuanTa P, xH P,, xH M, xH -m g, kH/ m
1 5 - 24,0 0,8
2 6,0 10,0 22,0 1,0
3 7,0 9,0 20,0 1,2
4 8,0 - 18,0 14
5 9,0 - 16,0 1,6
6 10,0 8,0 25,0 18
7 11,0 7,0 20,0 2,0
8 12,0 6,0 15,0 2,2
9 13,0 - 10,0 2.4
10 14,0 - 12,0 2,6
11 15,0 5,0 14,0 2,8
12 12,0 4,0 16,0 3,0
13 9,0 6,0 18,0 3,2
14 6,0 - 20,0 3.4
15 50 8,0 22,0 3,6
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16 7,0 10,0 14,0 3,8
17 9,0 12,0 26,0 4,0
18 11,0 10,0 18,0 3,5
19 13,0 9,0 30,0 3,0
20 15,0 8,0 25,0 2,5
21 10,0 7,00 20,0 2,0
22 50 6,0 15,0 1,5
23 8,0 5,0 10,0 1,4
24 11,0 4,0 5,0 1,3
25 14,0 6,0 7,0 1,2
26 12,0 8,0 9,0 11
27 10,0 7,0 11,0 1,0
28 8,0 9,0 13,0 1,2
29 6,0 10,0 15,0 1,4
30 10,0 12,0 17,0 1,6
31 15,0 14,0 10,0 3
32 13,0 12,0 6,0 2
33 11,0 10,0 5,0 1,0
34 9,0 8,0 14,0 3,0
35 7,0 6,0 12,0 2,0
36 8,0 5,0 4,0 1,0
37 7,0 4,0 10,0 2,0
38 6,0 6,0 7,0 1,0
39 5,0 8,0 8,0 3,0
40 4,0 10,0 6,0 2,0
41 12,0 11,0 12,0 1,0
42 10,0 6,0 10,0 2,0
43 9,0 50 6,0 1,0
44 7,0 10,0 13,0 2,0
45 6,0 8,0 5,0 1,0
46 3,0 10,0 10,0 2,0
47 1,0 8,0 8,0 1,0
48 3,0 6,0 6,0 3,0
49 5,0 4,0 7,0 2,0
50 7,0 2,0 5,0 1,0
51 10,0 9,0 4,0 2,0
52 8,0 7,0 7,0 1,0
53 6,0 5,0 8,0 2,0
54 4,0 3,0 3,0 1,0
55 2,0 1,0 2,0 2,0
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56 7,0 10 7,0 2,0
57 6,0 2,0 50 1,0
58 5,0 3,0 10,0 2,0
59 4,0 4,0 50 1,0
60 3,0 50 10,0 2,0
/ 2
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Bonpocwt ona obcysrcoenusn

1. Yto Taxkoe cocpeaoTodeHHas cuna’?

2. JlaTp onpeneneHue pacnpeaenéHHoN Harpy3ku?

3. IlpaBuiio pasyioxeHus! CUIIBI TI0 MTPaBWITy Napajuiesiorpamma’?

4. BplunciieHne MPOEKLUUH CHIIBI, Pa3JIOKEHHON MO MpaBWIIy Tapajlieno-
rpamma?

5. Buasl cBa3elt u ux peakuuu?

6. MeTtonbl pacuéra COCTaBHBIX KOHCTPYKITHIT?

7. YpaBHEHHSI paBHOBECHS TUIOCKON IPOU3BOIEHON CUCTEMBI CHIT?

8. Buemrane cuer? OnpeneneHne BHYTPEHHUX YCHIIUHM U MX CBOMCTBA?

9. Onpenenenne mapsl cuin? Cpoiicta mapsl cuit? Teopema o mapax cun?

10. Omnpenenenue anreOpandeckoro MOMEHTA CHIIBI OTHOCHTENIBHO HEIO-

JIBUYKHOW TOUKH Ha IUIOCKOCTH U €r0 CBOMCTBA?

Jlumepamypa
OcHoBHas: 1-4.
Wuteprer-pecypesr: 1.

12. MOMEHT cunbl OTHOCUTENBLHO OCU U ero CBOMCTBa. YpaBHeHUs!
paBHOBeCUS NPOCTPAHCTBEHHON CUCTEMbI CUT

Henw 3anamua: Onpenenenue peakuuil onop Tépaoro tena. [Ipocrpan-
CTBEHHAsl IPON3BOJIbHAS CUCTEMa CHIL.
Opzanusayuonnas popma: pemeHne 3agad.

Memoouueckue pexomenoayuu
s pasnosecust npou3eoabHOU NPOCMPAHCMEEHHOU CUCMEMbl CUTL HEOO-
X00UMO U OOCMAMOUHO, YMOoObl AneedpPaUYecKas CyMma NpoeKyull 6cex mux
CUL HA KAXNCOYI0 U3 mpex iobvim 00paszom 6blOpaAHHBIX KOOPOUHAMHBIX Ocell
PABHANACH HYIO U 4MOoObl aneebpauiecKkas CyMma ux MOMEHmMOo8 OMHOCUMEb-
HO KadiCOOTL U3 9MUX 0Cell MAK’Ce PAGHSIACH HYIIO.

ani:O; aniZO; ani =0;
i1 i1 i1

(49)
Sm(E)-0: Im(F)-0; $m.(F)-o.

Yenosust (49) Ha3BIBAIOTCS YCIOGUAMU PABHOBECUSL NPOU3BONLHOU NPO-
CMPAHCMBEHHOU CUCIEMbL CUJL 8 AHATUMUYECKOU hopMme.
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3amaga.

OnHOpOHAS MPSIMOYTOJIbHAS TLIHTA BecoM P co cropoHamu AB = 3L, BC
= 2 L 3akperuieHa B TOYKE B IMIMHAPUYECKUM LIAPHUPOM (TIOJIIUITHUKOM) U
yIIepKUBAETCsl B paBHOBECHH HeBecOMbIM cTepskHeM CC' (puc. 58)

Ha nmumty nefictByroT: mapa cui (Jiexxaasi B IJIOCKOCTH IUTUTHI) C MOMEH-
ToM M; cuna El — B IUIOCKOCTH, mapajueipHoit YZ (Touka mpuiioxkenus —H);
cuIla F, — B IVIOCKOCTH MapajnenbHoi XZ (Touka npunoxenus E). Todku npu-

JIOKCHHUS CHUII (E, H) HaxoOdATCA B CCpCAUHAX CTOPOH IIJIUTHI.

AL

\ -

™ C
I
I

H 150

P — + 7 C

Z A—— 7

B/ 7
E M
III I/

= A Yy

Puc. 58

Hano: M =6 xkHm; F,=2xH; F, =4 xH; L=1wm, P =8 kH,; 4B = 3L
M, BC = 2L m.
Onpenenuts peakiuu cBsizel B Toukax A, B u crepxusa CC.

Pewienue:
1. PaccmoTpum paBHOBecue miuThl. Ha He€ aeiicTByroT: mapa cui (J1exa-

masi B TUIOCKOCTH TUTMTHI) C MOMEHTOM M, cuia F, — B IUIOCKOCTH, Napaslielib-

HOH YZ (Touka mpuitoskenust — H) u eé cocrasnsioniue:
Fy, = Fysin 60° = 2~£: V3 xH;
2

Fi, = Ficos 60° = 2'1 =1 kH.
2
Cuma  F, — B IUIOCKOCTH, NapauteNbHoil XZ (Touka npuioxenns E);
Fj [|AZ; Bec mumTBI P — Ha mepeceveHHH JuATOHANEH (B IEHTPE TSHKECTH Mpsi-
MOYTOJIbHOH IUINTHI), & TAK)KE PEaKIMU CBS3CeH: peakUHio chepruuecKkoro map-
Hupa A pasnaraeM Ha TPU COCTABILIOIINEG fX_A ’Y7 , Z; PEaKIMI0 HITHHIPH-
YEeCKOro mapHupa (TIOALNINITHAKA) B — Ha 1B COCTaBJIIIONINE X7B , Z (B mumoc-
KOCTH, TIEPIEHIMKY/IAPHON OCH MOMIIMITHUKA), PEAKIMIO S CTEP)KHs HAIpaB-

asieM Bonb crepxkHst CC', mpenmonarasi, YTo OH PAacTSHYT U pa3jiaraeM S Ha
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nBe cocrasmsiromme : S; = S-sin 60° ; S, = S-cos 60° (Tax xak crepskens CC™ B
IUIOCKOCTH , apajieIbHOM yZ ) — puc. 59.

Puc. 59

2. Bromgum cuctemy otcuera BX;Y:Z; (pmc.59). [Ins momydeHHOU mpo-
CTPaHCTBEHHOU HpOI/I3BOHI>HOI/I CHCTEMBbI CHII JUIA ONPENENCHUs MIECTH Heus3-
BECTHBIX peakiuid Omop — X Y_A, Z_A, Z ,S — MOXHO COCTABHTb
LICCTh yPABHEHMIA PABHOBCCHSL:

DY F gx1 = 0; Xa+Xp=0;
2)2 F BY1 = 0 YA* F1Y7SCOS60 O
3)Y F gz = 0; Zp+Zg — P+F; — Fy7+S-sin60°=0;
4)> Mgy1(F K)=0; — 3L-Zp — 3L-Fo+1,5L-F17+1,5L-P=0;
5)Y Meyi(F «)=0; — L-P+LF, — 2L-F17+2L-S"sin60°=0;
6)> Mez1(F «)=0; 3L-Xp+M+2L-F1y+2L-S-cos60°=0.
W3 ypaBHeHHA 4) BBIUHCISIEM Z
Z, = -3L-F,+15-L-F, +15L-P _ —3-1-4+15-1-1+15-1-8 _ 0.5 kH.
3L 31

U3 ypaBHeHHUs 5) ompe/ensieM YUCIEHHOE 3HAYCHHE PeaKIUh § CTepikK-

us CC:
§ - L-P-L-F,+2L-F, =1.8-1-4+2-1.1 = 3,47 kH.
2L -sin60° 2-1-(\/3/2)

W3 ypaBHeHUs 6),II0/ICTaBIISIL HAlIGHHOE 3HAYCHUE S , OTpeIeNnseM BeH-

YUHY peaKIu XiA
X, =~M-2L-Fy ~2L-5-00560° = —6-2-1-4/3-2-1-347-(1/2) = _ 431 1.
3L 31
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3uast Swu Z, , U3 ypaBHEeHUs 3) ONPEJIENSEM BEMUNHY peakiuu Z , !

Z, = Za+P — Fy+Fiy — Sisin60° = — 0,5+8- 4+1- 3,47+(</3/2) = 1,49 xH.
W3 ypaBHeHus 2), 3Has S , BBIYHCIIIEM 3HAUYEHHE PEaKIUU YT\ :
Y, = Fu+5c0s60°= 3+3,47-1 =347 cH.
2
3nas X, ,u3 ypasuenus 1) X =— X, =—(-4,31) = 4,31 xH.
IIposepka:
2 Fax=0; Xa+Xp=0;
4,31 - 4,31=0;
0=0.
Y Fay=0; YA — F1y — S1c0s60°=0;
1
3,47- J3-3,47 > =0;
3,47-3,47=0;
0=0.
S Fpz=0; Zp+Zg — P+F, — F17+S5in60°=0;
0,5+1,49 — 844 — [+3,47-(/3/2)=0;
0=0.
Pe3ysbTaTel pacuéroB cBoauM B Tabiuiy 1.
Tabmmma 1
X, xkH | Y, ,xH Z,,xH Yy ., xH Zgy ., xH S, xH
4,31 3,47 0,5 4,53 1,49 3,47

Bonpocut ons obcysycoenusn
1.Bugpl cBs3eif U X peakiun (IPOCTPAHCTBECHHEIE OTIOPEI)?
2.Aramtideckas popMma yCIOBHI paBHOBECHS IPOCTPAHCTBEHHOW CHCTEMBL:
) CXOMISIIUXCS CUIT; 0) TIApaUIeIIbHBIX CHUT; B) POU3BOJIBHON CHCTEMBI CHIL
3.AnreOpanyecKiii MOMEHT CHJIBI OTHOCHUTENBHO OocH. OCHOBHBEIE CBOW-
CTBa MOMeEHTAa?
4.MomeHT napsl cuin?

Jlumepamypa
OcHoBHas: 1-4.
WuTepuer-pecypest: 1.
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13. OnpeneneHue peakuuin onop TBEpaoOro Tena.
MpocTpaHcTBeHHasA NPoOU3BONIbHasA cucTemMma cun

Ilens 3anamusa: Onpenenenue peakiyil onop TBEpaoro tena. IIpocrpan-
CTBEHHAsl IPON3BOJIbHAS CHCTEMA CHII.
Opzanuzayuonnasn popma: peuieHue 3aaau.

Memoouueckue pexomenoayuu
s pasnosecus npoussonbHou NPOCMPAHCMEEHHOU CUCMEeMbl CUll HeoO-
X00UMO U 00CmMamoyHo, 4moobwvl aneedpauieckas Cymma NpOeKyull 6cex dMmux
CUNl HA KAXCOVIO U3 mpex niobbiM 00pa3omM GblOPAHHBIX KOOPOUHAMHBIX Ocell
PABHANACHL HYMIO U 4MOObL an2edpauieckas CymMma ux MOMeHmo8 OmHOCUMeE T b-
HO KadicOOtl U3 9MUX ocell makice pagHANACy HYo.

Zn:Xi =0; zn:Yi =0; Z":Zi =0;
i=1 i=1 i=1 (50)

ym(F)-0 Ym(F)-0; Ym.(F)-o.

VenoBust (50) Ha3bIBAIOTCS YCAOBUAMU PABHOBECUS. NPOU3BOILHOU NPO-
CMPAHCMBEHHOU CUCEMbL CUJL 8 AHATUMUYECKOU (opme.

3agaua.

OpHOpOIHAs PSIMOYTOJIbHAS TUTMTA BECOM P co cTopoHamu AB = 3L, BC
= 2 L 3akpermieHa B TOUKE B IMIHHIPHICCKAM MIAPHUPOM (TIOAIIMITHUKOM) U
yAep>KUBaeTCsa B paBHOBECHH HeBecOMbIM cTepxHeM CC (puc. 60)

Ha mmuty meicTByroT: mapa cul (Jiexaniasi B INIOCKOCTH TUTUTHI) ¢ MOMEH-
ToM M; cuna El — B IUIOCKOCTH, HapasuiensHoit YZ (Touka npunoxenus —H);
cuia F, — B IJIOCKOCTH TapajiensHoit XZ (Touka npunoxenus £). Touku npu-

noxeHus cui (E, H) HaxodsTcs B cepeilnHaxX CTOPOH IUIHTHL.




Hano: M =6 xkHwMm; F,=2xH; F, =4 xH; L=1wm, P =8 kH,; 4B = 3L
M, BC=2L M.

Onpenenuts peakuu csizeit B Toukax A, B u crepxusa CC'.

Pewenue:

1. PaccmoTpuM paBHOBecue TuThl. Ha He€ neicTByroT: mapa cuin (Jiexa-
1as B IDIOCKOCTH IUTHTHI) C MOMEHTOM M, cuia I:l — B IUIOCKOCTH, NapaJljielib-

Hoit YZ (Touka npuioxenust — H) u e€ cocraBnstoue:

Fiy = Fyesin 60° = \/_ = /3 «H;

1
Fi, = Fi-cos 60° = 2'5 =1xkH.

Cuna Ez — B IUIOCKOCTH, MapauiensHoi XZ (Touka npunoxenus E);

F, [|AZ; Bec miuThl P — Ha nepecedeHuH HaroHanei (B LEHTPE TAKECTH Hps-
MOYTOJIBHON TUTMTHI), @ TAKXKE PEAKIMH CBS3CH: Peakuio cheprHIecKoro map-

HHUpa 4 pasnaracM Ha TpH cocTapisiomue — X , ,Y, ,Z . ; PEAKLUMIO LHIHHIPH-
9ecKoro mapHupa (MOAMKIHIKA) B — Ha 1B cocTaisomme X, ,Z, (B mwioc-
KOCTH, TIEPIIEHMKY/IAPHON OCH MOMIIMITHAKA), PEAKIMIO S CTEP)KHS HAIpaB-
nsiem Bronb crepxkHs CC', mpeamonaras, 4To OH pacTSAHYT M pasnaraeM S Ha

IIBE cocTasisromue: S; = S-sin 600; S, = S-cos 60° (Tak Kak crepxenp CC™ B
IIOCKOCTH , MApaieIbHOM YZ).

X4

Puc. 61

2. Bromum cucremy otcuera BX;Y;Z; (puc.61). JIns momy4eHHOW Ipo-
CTPAaHCTBEHHO! MPOU3BOJIFHON CHCTEMBI cHJI (pHC.49) i ompeeneH s MeCTH
HEM3BECTHBIX PeaKiuii onop — X,, Y,, Z,, Xg» Zg S — MOKHO COCTABUTH

HIECTh ypaBHCHI/II/I PaBHOBCCHUSA:
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DY F gxa = 0; Xa+Xp=0;
2)Y F gy1=0; Yo — Fiy — S-cos60°=0;
3)Y F gz1 = 0; Zy+Zg — P+F, — F17+S-5in60°=0;
4)Y Mgx1(F )=0; — 3L-Zp — 3L-Fy+1,5L-F1,+1,5L-P=0;
5)Y Meyi(F )=0; — L-P+L-F, — 2L-F1+2L-S"sin60°=0;
6)3 Mez1(F «)=0; 3L-Xp+M+2L-Fiy+2L-Scos60°=0.
W3 ypaBHeHHs 4) BEIUHCISIEM TA:
7, = 3L-F+15 L Fy +15L-P— ~3-1-4+15-1-1415-1-8_ g 5y,
3L 31
U3 ypaBHEHNs 5) ONpe/ieseM YHCIeHHOE 3HAYCHHE PEAKITHH S CTEpHKHS cc’
g=LP-L-F+2L-F, _1.8-1.4+2.1.1 _ 3,47 kH.
2L -sin60° 2.1.(312)

U3 ypaBHeHUs 6),10/ICTaBIIsIs HAJICHHOE 3HAYCHUE S, omnpenenseM Beau-
9HHY peakimu X , :
—-M-2L-F, -2L-5-c0s60° =—6-2-1-+/3-2.1-347-(/2) =437 ¢y,
3L 31
3Hast SU Z, , U3 ypaBHEeHHs 3) OlpeensieM BeIUdiHy Peakiuu Z , :

X

A

Z, = Za+P — Fy+Fiz — S-5in60° = — 0,5+8— 4+1— 3,47-(\/3 12)=1,49 «H.
W3 ypaBHeHus 2), 3Has S, BBIUmCIIsIEM 3HAUCHHE peakuuu YT:
Y, =Fy+S:c0s60°= +/3+3,47-1 =347 xH.
2
3Has X7A, u3 ypaBHeHust 1) XfB =— X_A =—(-4,31) = 4,31 xH.
IIposepka:
> Fax=0; Xa+Xg=0;
4,31 - 4,31=0;
0=0.
> Fay=0; YA — F1y — S1c0s60°=0;
3,47- /3 3,47% =0;
3,47 3,47=0;
0=0.
Y Fpz=0; Zp+Zg — P+F, — F17+S-5in60°=0;
0,5+1,49 — 8+4 — [+3,47-([3/2)=0;

0=0.
PesynbTarel pacu€ToB cBOAMM B Tabsmiry 1.
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Tabunma 1

Xa,KH

Ya , kH

Z,,xH

Yy . xH

Z, ,xH

S,KH

—431

3,47

0,5

4,53

1,49

3,47

3¢, BC = 2{ 3akpermieHa B TOUKe A CPEpHUICCKUM IIapHUPOM, a B TOUKe B —
[MJIMHAPUYECKUM IIapHAPOM (HOAIIUITHUKOM) U YICPKUBACTCS B PABHOBECHUH

Pewiump camocmoamenvHo
3amaua 1 (x Bapuantam 1-10) — puc. 62-63.
OpHoponmHas mpsMoyTonbHas mTa Becom P = 5 kH co croponamu 4B =

HeBecoMbIM crepxaeM CC' (Bap. 1 — 10). Ha mmuty neifcTByroT: mapa CHi C

MoMeHTOM M = 6 kH-M, nexainasi B IJIOCKOCTH TUTUTHI, U JIBE CUJIbL. 3HAUCHUS

9THUX CHJI, UX HalpaBJICHUs ¥ TOUKH MPUIIOKEHUS yKa3zaHbl B Ta0i. 2. Ilpu aTom

cunbl F 11 F 41exar B INIOCKOCTAX, NapaliedbHbIX MIockocTd XV, cuna F ,—

B IUIOCKOCTH, MapajuienbHoi XZ, cuna F 3 — B INIOCKOCTH, MapaiensHon YZ.
Touku npunoxenns cui (D, E, H) mHaxonsaTcs B cepearHax CTOPOH IUTUTEI.

Tabmuma 2
VA
CuJibl a,
K
Homep Fl=4 xH F2=6 kH F3=8 xH F4=10 x,H
YCIIOBHS
= xR w® ®
E = E = E = < E =
< < <
SE| B | Z2E| B |EE|B|E%| B
o O - o O _ o O N o © N
= s | FZ2 § |FE| &|FE S
o o o [aN
= = = =
0 D 60 - - E ; ;
1 H 90 D 30 - - -
2 . - E 60 - - D 90
3 - - - - E |3 | H 0
4 E 0 - - H |60 - -
5 - - D 60 H 0 - -
6 - - H 30 - . D 90
7 E 30 H 90 - . - -
8 - - - - D 0 E 60
9 - - E 90 D |30 - -
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Onpenenuth peakuuu cBsizeit B Toukax 4, B u C. [Ipu mojcuérax mpuHATH
{=2M.

VYkazanust: [Ipu perieHun 3agaHus CICAYeT YYeCTb, YTO PEaklus cepu-
YECKOTo IapHupa (TOAMATHUKA) MIMEET TP COCTAaBIIAIONINE (TI0 BCEM KOOPIH-
HATHBIM OCSIM), a PEaKys IIINHAPHYECKOTO IapHHpa (TIOIIIUITHUKA) — JIBE
COCTABJISIONINE, JICKAIIUC B IUIOCKOCTH, MEPICHINKYIISIPHONW OCH IO AIIUITHAKA.

IIpu BRIYMCIIEHUH MOMEHTa CHIbl F ym00HO €€ pas3ioKuTh Ha JIBE COCTAaBIIS-
rouwme F'u F ", napannensHele KOOpAUHATHBIM OCSIM (WM Ha TPU): TOTAA IO

teopeme Bapunbona M, (F ) =M (F ) + M, (F ") ur. 1.

3amaua 2 (x Bapuantam 11-20) — puc. 63—-65.

JIBe oHOpOAHBIE NMPSAMOYTOJIBHBIC TOHKHE IUIUTHI KECTKU COEUHEHBI (CBa-
PEHBI) TOJ IPSIMBIM YTJIOM APYT K APYTY U 3aKpeIUIeHbI c(hepHIecKUM IapHUPOM
(WM TOAISTHUKOM) B TOUKE A4, HIIMHAPUYECKHM IIAPHUPOM (TIOMIIUIHUKOM) B
Touke B 1 HeBecOMbIM cTepxkHeM 1 (Bap. 11-18) mu sxe 1BYyMsI MOJIINITHUKAMU B
TouKax A U B u qBymMst HeBecoMbIMU cTepxHsamMu 1 1 2 (Bap. 19-20); Bce crepikHH
MPUKPETUICHBI K IUTUTaM U K HEMOABIDKHBIM OIIOpaM IapHUPaMH.

Pa3meps! miuT yka3aHsl Ha pUCyHKax 63—65, Bec Oonblueit mutel P; = 5
kH, Bec menpmei mutel P, = 3 kH. Kaxknas u3 miut pacmonoxeHa mapai-
JIETHHO OJJHOW M3 KOOPAMHATHBIX IUIOCKOCTEH (IIOCKOCTBH Xy — TOPHU30HTAb-
Hast). Ha miuTel AeficTBYIOT mapa cui ¢ MoMmeHToM M = 4 kH M, nexamas B
TUIOCKOCTH OJTHOH W3 IUINT, U ABE CHJIbl. 3HAYEHWS 3THX CHJI, HX HalpaBJICHUSI U
TOUKHM NPUIOKEHHs YKa3aHbl B Tab. 3; IpH 3TOM CHIBI F i U F 4 jexar B
IIOCKOCTSIX, MapaluIeIbHbIX MIOCKOCTH XV, cuma F , — B IUIOCKOCTH, Hapa-

nensHON XZ, cuna F 3— B miockocty, mapauienbHoil YZ. Touku mpuioxKeHus
cun (D, E, H, K) HaxonsTcs B yrilax Wwin B cepeliHaxX CTOPOH IUTUT.

OnpenenuTs peakiuu CBA3eH B TOUKaX A W B M PEaKUUIO CTEP>KHS
(cTepxwueit). [Ipu moacuerax NpUHATh a = 2 M.

VYxazanus: [Ipu penieHun 3agaHus cieqyeT ydecTb, YTO peakuus chepu-
YecKOro ImapHupa (TOAMSITHUKA) UMEET TPH COCTABIAIONINE (IO BCEM KOOPAH-
HATHBIM OCSIM), a PEaKIHs IMINHAPHYECKOrO IMapHHpa (TOALIMITHUKA) — JIBE
COCTaBIIAIONINE, JIEKAIIUE B IIIOCKOCTH, MEPIEHANKYISIPHOX OCH MO ALIUITHUKA.
Peakuus HeBeCOMOro CTEpHs BCErJa HalpaBieHa BAOJb cTepxkHs. IIpu BbI-

4UCIeHUH MOMEHTa cuiibl F yno6Ho €€ pasnoxuts Ha aBe cocrapisomme F '
u F ", napamiensHple KoOpaQUHATHBIM OCsM (MJIM HA TPH): TOTIA II0 TEOPEME
Bapunsona M, (F ) =M, (F )+ M, (F")ur. 1.
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Ta6numa 3

y
Cuusl a;
i
X
F,=8 xH F,=12 x,H
Howmep E St E = E :t E =
yCIOBUS g 2 % g 2 § g 2 g g 2 §
o O - o 9 _ o © N o © -
= § | FE § | B2 $ | FE S
= S, S, S,
=] =] =] E
0 E 60 H 30 - - - -
1 - - D 60 E 30 - -
2 - - - - K 60 E 30
3 K 30 - - D 0 - -
4 - - E 30 - - D 60
5 H 0 K 60 - - - -
6 - - H 90 D 30 - -
7 - - - - H 60 K 90
8 30 - - K 0 - -
9 - - D 90 - - H 30

3anaua 3 (k Bapuanram 21-35) — puc. 65-67.

[IlecTp HEBECOMBIX CTEp)KHEW COCAMHEHBI CBOMMH KOHIAMH IIAPHHUPHO
JIPYT C IPYrOM B JIBYX y3JIaX W HMPUKPETUICHBI APYTUMH KOHI[AMH (TOXE IIap-
HUPHO) K HenojaBWXxHbIM omopam 4, B, C, D, E, K, F, L (Bap. 21-35).
CrepxHU ® y31bl (y37IbI pacmonoxeHsl B BepmumHax 4, B, C, D, E, K, F, L
NPSIMOYTOJILHOTO Tapajulejenue/a) Ha PHUCYHKax 65-67 He Moka3aHbl U
JIOJDKHBI OBITH M300pa)KEeHBI PENIAIOIINM 3a7a4dy MO JaHHbIM Tabnuiel 4. B y3-
Jie, KOTOPBIA B KaXXIOM CTOJIOIE TaOJIMIIBI yKa3aH MEPBBIM, MPUIOKECHA CHU-

na P = 200 H; Bo BTOpoM y3iie mpunoxkena cuia Q = 100 H. Cuna P o6pa-
3yeT C MOJIOKUTENHHBIMU HAIIPABICHUSIMH KOOPAWHATHBIX OCEH X, y, Z yIJIbl, paB-

HBIC COOTBETCTBEHHO a1 = 45°, f1 = 60° vy, = 60° a cuna Q — yenvl 0y =

60°, B, = 45°, y, = 60°; HanpaBIICHUS OCEH X, J, Z COOTBETCTBYET IPABOM IeKap-
TOBOM cHUCTeMe OTCUETA.

I'panu mapayutenenuresa, napauie/ibHbIe IUIOCKOCTH Xy, — KBaapatsl. Jluaro-
HaJlM IPYTUX OOKOBBIX IpaHelt 00pa3yroT ¢ TUIOCKOCTBIO XY YTOll ¢ = 60°, a quaro-
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HaJTb TIapaJuIeNIeNUIea 00pa3yeT ¢ 3TOH IIOCKOCThIO yroi € = 51°. Onpenenuts
YCHITUSL B CTEPXKHSIX, YKa3aHHBIX B TaOII. 4.
Tabnuua 4

Ne BapuaHTa 0 1 2 3 4

V3ne1 A, B L, E D, F B, E D, B

CrepxHH DL, DE, |BK, CK, CF,|AD, AE,ED,| DA, DL, | LE, LF,
DF, DF, AK, DE |EK, KB, KC| DC, FC, | LD, CF,
CF,CK, BK CK,AK | CK, AK

Ne Bapuanra 5 6 7 8 9

V3ne1 B, L C L D, E B, L B, E

CrepxHH AE, AC, |BA, BF, BK,|LF, FC, LD,| EA, ED, | FC, CK,
AD, DF, |AE, DE, DA|KB, KC, AB| KF, KC, | FK, LD,
CF, KF CF, FK LA, DC

Vkazanus: CucremMa OTCU€Ta BBOMUTCS PEIIAIONINM CaMOCTOSTEIBHO.
H300pakaTh uepTexk MOXKHO Oe3 COOJOJcHMs MaciuTaba Tak, YTOOBI JIydlle
ObLIM BHIHBI BCE IeCTh cTepykHed. CTepKHH CileAyeT TPOHYMEpOBaTh B TOM
TIOps/IKE, B KAKOM OHHM YKa3aHbl B TaOJMIlEe; pPeakluH CTEpKHEH 0003Ha4aTh
OYKBOM C MHIEKCOM, COOTBETCTBYIOIIMM HOMEPY CTEpKHS. Peakius HeBeco-
MOTO CTEp>KHs BCET/Ia HAIpaBJieHa BIOJb CTepKHs. [IpH BHIYMCICHHH MOMEHTA

cunsl F yno6no eé pasnoxuts Ha aBe cocrapusromue F 'u F ", mapamiens-
HBIC KOOPMHATHBIM OCSIM (MUIM Ha TPH): TOrAa 1o Teopeme Bapunpona M, (F )
=M. (F)+M(F"ur n

3amaua 4 (x Bapuantam 36 — 40) — puc. 67 — 68.

OZRHOPOAHOE Telo BecoM G TOJ JeHCTBHEM HaJIOKEHHBIX HA HETO CBSI-
3ed U IMPUITOKCHHBIX K HEMY CHCTEM CHJI HAXOAUTCA B PAaBHOBCCHUMH. HpeHe-
Operas TpeHHEM B MeCTaX COYJIEHEHUH, oIpeaeuTh peakuuu onop 4 u B, a

TaK)Xe YCWIHS B CTEPXKHAX. Bec cTepkHelt He yunuTeiBaTh. HeoOXoauMele aiis
pacuéra JaHHBIC IPUBOIATCS B TaOIHIIE 5.

Tabmuma 5
No
Bapu- G, Pl, sz Ml M2 a b C a, ﬂ,
anta |H H H Hm |Hw™m M M M rpan |rpang
0 300 | 400 - 200 - 0,4 0,6 0,2 60 30
1 200 | 400 | 200 | 400 | 200 | 0,2 0,4 0,6 30 60
2 400 - 100 - 300 | 0,8 0,2 0,4 - 30
3 600 | 200 - 200 - 0,6 0,8 0,6 60 45
4 300 | 100 | 400 | 200 | 400 | 0,4 0,6 0,2 45 30
5 200 | 200 - 300 - 0,6 0,4 0,2 30 60
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6 400 | - 400 - 200 | 0,2 0,8 0,4 - 45
7 600 | 200 | 400 | 200 | 600 | 0,8 0,6 02 | 30 |60
8 400 | 300 | - 400 - 0,4 0,6 04 | 60 | 45
9 200 | - ] 200 - 400 | 0,8 0,2 0,4 - 60

3amaga 5 (x Bapuantam 41-60) — puc. 69-71.

CxeMBl KOHCTPYKIMI TmpezcTaBieHbl Ha puc. 60—71 (Bap. 41-60).
Haiitn peakuuu omnop koHCTpykiuu. HeoOxonmumsble miast pacuéra JaHHBIE
NpUBEJICHBI B TabnuIe 6.

Tabmuna 6
NeBa- | Q, T, G, a b c R r
puanta | H H H CM CM CM CM CM
41 2 - 20 20 30 10 15 5
42 3 - 2 30 20 40 15 10
43 1 4 2 40 30 20 20 10
44 - 3 1 30 10 5 18 6
45 4 6 3 20 40 15 20 10
46 1 4 2 30 40 20 20 10
47 - 2 1 20 30 15 15 10
48 4 - 1 25 20 8 15 10
49 10 - 5 40 30 20 25 15
50 - 2 1 30 90 20 30 10
51 3 - 2 60 20 40 20 5
52 4 - 2 50 30 - - -
53 2 - 1 15 10 20 20 5
54 6 - 2 60 40 60 - -
55 4 - - 60 40 20 - -
56 2 - - 40 60 30 - -
57 - - 4 40 30 50 - -
58 10 - - 50 30 50 - -
59 - 4 3 15 20 15 15 10
60 5 - - 40 40 10 - -
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Bonpocwt ona obcysrcoenusn
1. Buaesl cBsi3eii ¥ uX peakiuu (MPOCTPAaHCTBEHHBIC OMOPHI)?
2. Ananutrdeckas popMa yCIOBHUI paBHOBECHS MPOCTPAHCTBEHHON CHCTEMBI:
a) CXOIAIIUXCS CUIT; 0) MapaUIeIIbHBIX CHJT; B) IPOU3BOJIBHON CHCTEMBI CHIL
3. AnreOpanveckuii MOMEHT CHJIBI OTHOCHTENBHO OcH. OCHOBHBIC CBOW-
CTBa MOMEHTa?
4. MoMeHT napbl cui?

Jumepamypa
OcHosHas: 1-5.
WuTepret-pecypest: 1.

14. Pac4éTt nnocKou ctatuvyeckn onpegenumon dpepmbl.
MeTop Bbipe3aHus y3roB

Ilenvy 3anamus: BHEIIHEE yPAaBHOBEUIMBAHNUE KOHCTPYKILUH, ONPENCICHHE
BHYTPEHHHUX YCHJIMH B CTEPIKHAX (PepMBI — METOJ BEIPE3aHUS y3JIOB.

Opzanuszayuonnas popma: perieHue 3anau:

Memoouueckue pexomenoayuu

Puc. 72

B nansoit depme (puc. 72) uncino y3moB N=4, a uncino crepxHeit kK =5.
CrnienioBatesbHO, COOTHOIIEHHE K = 2N — 3 BbINONHAETCS, U (epMa SBIETCS CTa-
THYECKH OIPEIeTTNMOM.

®depma nprHUMAaETCsl HA OCHOBAHUHM TIPHHIIMIIA OTBEPAEBAHMS 32 a0COJIIOTHO
TBepJoe TeNo. BHelHee ypaBHOBEIMBAHHE KOHCTPYKIIMH — 3TO ypaBHOBEILIMBaHHUE
AKTUBHBIX CHJI M OIIOPHBIX PEaKIHi, KOTOpble 00pa3yroT MIOCKYIO MIPOU3BOJIbHYIO
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CHCTEMY CHII. AHATUTHIECCKIH CIIOCO0 YpaBHOBEIIIMBAHKS — TPH YPABHEHUS PaBHO-
BeCHS TIOCKOW MPOU3BOJILHOM CUCTEMBI CHJIL.

s pasnosecust npou3BoabHOU NAOCKOU CUCTNEMbL CUL HEODXOOUMO U. O0-
cmamoyHo, ymoosl aneedpauyeckue CymMmvl NPOEKYUll 6Cex CUIl HA KadCOYIo U3
08YX 63AUMHO NEPNEHOUKVISPHLIX KOOPOUHAMHBIX OCell U aneebpaudeckas
CYMMA MOMEHMOG BCEX CUL OMHOCUMENbHO NI0O0T MOUKU MOU OKe NIOCKOCMU
ObLIU PaBHbL HYTIO.

3 X, =01 3Y,=0: I m, (F)=0- (51)

Ormpezienenrie BHYTPEHHUX YCHIMH B CTEP)KHAX (pepMBI IO Crioco0y BEIpe3a-
HUS y370B. B 4o cuit, NpHIIOKEHHBIX K BBIPE3aHHOMY Y31y, BXOIAT PEaKLUH
TNEpEPE3aHHbIX CTep)KHeﬁ, PpaBHBIC 10 MOAYJIFO UCKOMBIM YCHUJIMAM B 3TUX CTEPIK-
HAX, a TAK)KE 3aJaHHBIC CHUJIbI U OTIOPHBLIC PCAKIINU. HepBLIM HYXHO BbIPE3aTb TOT
y3€ell, B KOTOPOM COEAMHSIOTCS TOJNBKO J1Ba cTepikHS. OOBIYHO TaKMMHU ObIBaIOT
Y3JIbI Ha OTIOpax. 3aTeM Y)Ke Hy>KHO HIEPEXOIUTh K CIIEIYIONINM y3J1aM TakuM oOpa-
30M, YTOOBI B OYEpPEHOM Yy3Jie ObLJIO He OoJiee JBYX CTEp)KHEH ¢ HEM3BECTHBIMU
elle peaKHsIMH, TaK Kak JI000 BRIPE3aHHBIH y3el — 3TO IUIOCKAs CHCTEMa CXOIs-
IIMXCSL CIUL, JUTSL PABHOBECHST KOTOPOH MOKHO COCTaBUTH [JBA YpaBHEHHsI PaBHOBE-
cusi. CBOICTBA BHYTPEHHHX CHJI — OHH PaBHBI IO MOIYJIIO, TIPOTHBOIIOJIOXKHEI TI0
HaIpaBJICHUIO 1 NIMEIOT OO0 JIMHUIO AercTBUs. [IpoBEpOUHBIM SBIISETCS y3ell, B
KOTOPOM CXOJUTCS MAaKCHMAIIbHOE KOJIMYECTBO CTEP)KHEH IO TeOMETPHYSCKOMY

KOHTYPY (epmbl (puc. 72).
3'X,=0; 3Y, =0; 52)
. i=1 i=1 i

4

' n

l| m oy w 8 /v 5
|

|

|

(S|

10 v
T lw i ¥~
- m
Vé}, . 7%

Puc. 73

3amaya:
Pacuer depmbl, n306pakeHHOl Ha pucyHke 73, a. K aToii hepme npriioskeHb!

ABC aKTHBHbIC CWJIbI: BEPTUKalbHasi | ¥ ropusoHtaibHas F,. Pasmeps! pepmbl

yKa3aHbl Ha pUcyHKe 73, 6. TpeOyeTcs HATH yCHIIHS B CTEP)KHSIX 3TOH (epMBl.
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OmnpenennM cHavana OTOpHBIE peakiwy. HemoapmkHas mapHupHas onopa |
MMEET JIBE COCTABISIOIIME PEAKLMA: TOPU3OHTANbHYIO X |, N BEPTHKAIbHYIO Y, .

Hopemxuast sxe onopa |l uMeeT ToNbko BepTHKaIbHYIO peakuuio Y . s onpene-

JIEHUs 3TUX OINOPHBIX Peakluil COCTaBUM TPH YpaBHEHHS PaBHOBECHs BceX Hei-
CTBYIOIIMX HA (hepMy cHJI (aKTHBHBIX CHJI M OTIOPHBIX peakiuii) B hopme

in :)(1—|:2 :0,
zml (fi)=_F1 'a+Y2 -3a+ F2 -h=0;
Zmu (ﬁi):_Yl -3a+ F1 .2a+ F2 -h=0.
N3 3TuX ypaBHEHMII HaxX01UM

: 2 h _. 1 h
Xl = FZ’ Yl:7F1 +7F21 Y2 :—Fl —7F2.
3 3a 3 3a
Pewtums camocmoamensvno
3amaua 1.

B MocToBoii Gepme, n300paxkeHHOM Ha prCcyHKe, Ha y31bl C u D npuxo-
JUTCA OJJMHAKOBas BepTUKanbHas Harpys3ka P = 100 kH; HaknoHHbBIE CTepKHU
cocrapmsior yrist 45° ¢ ropuzon-

ToM. Haiitu ycumnus B cTepxKHIX 4 \
1, 2,3, 4,5 u 6, BEI3bIBaEMbIE A / 23 Q Jé‘ @ i
JTAaHHOM HaTpy3KOH. %%7 ¢ b %z

Omeem: S;=—141kH, S, =
100 xH, S3 =141 xH, S, =-200 kH, S5 =0, Sg = 200 xH.

3agaya 2.

B mocToBoii (epme, n300paxkeHHOI Ha prucyHKe, y3ibl C, D u E 3arpyxeHsl
OJIMHAKOBOI BepTI/IKaJ'IbHOI/I Harpy3koi P = 100 kH. HaxnonHsle CTEPIKHH COCTAB-
JSE0T YruTbt 45° C FOPH30HTOM. -
Haiitu ycumust B crepokasix 1, 2, 3,
4,5,6,7,8u9, BEI3bIBacMbIE
JITAHHOM Harpy3Kou.

Omeem: S; = — 150 kH,

Sz = O, 53 =212 kH, 84 =-150 kH,
S5 =-50 kH, 86 =150 kH, 87 =71 kH,
Sg =—200 kH, Sq = 0.

3amaua 3. OnpeneuTh OMOPHBIE Pe-
aKIMM U YCWIHS B CTEPXHSIX HaBECHOM
(epmbl, M300paKeHHOH BMecTe ¢ JAeH-
CTBYIOIIMMH Ha HEE CUJIAMHU HA PHCYHKE.
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Homep 4 1 5 s | 4 | 5 | 6 | 7|89 10|12
CTEPKHS

Ycumme, kH |-5,4]-3,6|-1,8| +2,06 | +2,06 | +4,1 | -6 |+35|-3|+2,7| -2

Omeem: Xp=54xH, Y,=6 kH, Yg = - 5,4 xkH.
Lrvd

3agaua 4.

OnpenenuTs OMOPHBIC PEAKIUH U ) a
YCHITHSI B CTEPIKHAX PACKOCHOM (hepMBI, % 4
N300paKCHHOM HA PUCYHKE BMECTE C
Harpys3Koiu.

]
]
~
NG
o
R
o
N

CTEPIKHSI
Vewnue, kH | —2 -2 | -1 |+141 | +2 (+424 | -
Omeem: Xa=—1xH,Y,=3kH, Yg =1 kH.

5
7

Homep 1 213 a4 |s5] 6 |7]| 8 |9
4

3anaya 5. Onpenenutsb
OTOPHBIC PEAKIIUH U YCUIIUS B
CTEPKHSIX MOCTOBOU (hepMbl,
KOTOpasi BMECTE C MPHUIIOKEHHBI-
MU K HEH cuiiaMu n300pakeHa Ha
PHUCYHKE.

Homep 1 2 | 3| a5 | 6| 7] 809
CTEPXKHSI

Yewnwe,kH | -297 | +21| +21|-21|+15|+09| 0 | -41|+0,9
Omeem: Yp=2,1 kH, Xz =—2 kH, Yz = 2,9 kH.

Bonpocwt ona odcysmcoenusn

1. Yro takoe dpepma? I'me ucronp3yrores pepMbr?

2. AIropuTM pacdera CTaTHYECKH ONpenenumMoit hepmbr?

3. Meronpl pacuéra BHYTPEHHUX YCHIHMH B CTEPXKHAX (epMbl: 1) MeTon
BBIPE3aHUS y3JI0B?

4. Kakast 3aBHCUMOCTB CYIIECTBYET MEXIY YHCIOM CTEp)KHEH M YHCIIOM
y370B (pepmbI?

5. Kak ompenensieTcst craTudeckasi onpeneIuMocTb Gepmbl?

6. YpaBHeHus: paBHOBECHS] IUIOCKOH CHUCTEMBI: a) CXOAALIMXCS CHII?
0) IpOU3BOIBHOI CHCTEMBI CHIT?

7. OmpeniesieHne 1 CBOICTBA MPOCTEHIIIEH yPaBHOBEIIIEHHOH CHCTEMBI CHII?

8. Ompezenenue U CBOWCTBA BHYTPEHHUX YCHIHIA?
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Jlumepamypa
OcHoBHas: 1-4.
WuTepuet-pecypest: 1.

15. Pac4éT NnnocKomn ctaTu4yecku onpegenmmon cgpepmbl.
MeToa Puttepa
Heflb 3anamus: BHCITHEEC YPABHOBCIINBAHNUE KOHCTPYKIOHWHN, OIIPEACIICHNE
BHYTPEHHUX YCHJINN B CTEPKHAX (epMBI — MeTOI PutTepa.

Opzanuzayuonnasn popma: pemeHne 3amgad.

Memoouueckue pexomenoayuu

Puc. 74

B nanHotii depme (prc. 74) uncio y3moB N =4, a aucio cTepxaeit k =5.
CrenioBatelbHo, cootHomenne K = 2N — 3 BbinosHsiercs, u hepma sBISIeTCs CTa-
TUYECKH OIIPENIETTUMOI.

Depma MPUHUMAETCS] HA OCHOBAHKH TIPUHIIUIIA OTBEP/IeBaHMs 32 a0COIOTHO
TBepJoe Telo. BHelllHee ypaBHOBEIINBAHUE KOHCTPYKIIMK — 3TO YPaBHOBEIIMBAHHE
AKTUBHBIX CHJI ¥ OTIOPHBIX PEAKIIUiA, KOTOpbIE 00Pa3yOT IIOCKYIO IPOU3BOJIBHYIO
CHCTEMY CHJI. AHAIMTUYECKHH CrIOCO0 ypaBHOBEIIMBAHUS — TPH YPaBHEHHS PaBHO-
BECHSI IUIOCKO IIPOU3BOJILHON CHCTEMBI CHJL.

s pagHosecust npousgoNbHOLL NIOCKOL CUCHEMbL CUTl HEOOX0OUMO U. 0OCMA-
MOYHO, YMobbl aneedpauyeckue CyMmbl NPOEKYULL 8CeX CUIL HA KANACOVIO U3 08YX 63a-
UMHO NEPNEHOUKYIIAPHBIX KOOPOUHAMHBIX OCell U AIeeOpauiecKas Cymma MOMEHMO8
6CeX CUT OMHOCUMETILHO J0OOT MOYKU MO OKe NIOCKOCHIU ObLIL PAGHbI HYTIO.
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> X, =0: 3, =0: Ym,(F)=0. (51)

OrnpesienieHre BHYTPEHHNX YCWIMH B CTEPXKHSX (hepMbl 10 MeToay Putrepa —
MmeTony ceueHnid. CedeHre JOJDKHO HapyliaTh LEJIOCTHOCTh He Oosiee 3-X cTepikHel,
TaK KaK Kaxzas OTCeYEHHAs 4acTh KOHCTPYKIMH TIPEJICTABILSIET IUIOCKYIO HPOU3-
BOJIBHYIO CUCTEMY CHUI, JUISl PaBHOBECHST KOTOPOH MOYKHO COCTABUTB TPU YpaBHEHUSI

ixi:o;ivizo;imo(ﬁ):o. (52)

Yucno cTepKHEH C HEU3BECTHBIMU B HUX BHYTPEHHUMH YCHUIHSIMU He
JOJDKHO TIPEBBIMIATh YHCIO AHATUTUYECKUX YPABHCHMH, MHAYE KOHCTPYKIHA
OyzeT cTaTHYecKH Heonpeaeaumoii (puc. 75).

iy &
! n —
w8 /¥ Yy _F

Puc. 75

[Mepexoanm Teneps K ONPEEICHUI0 BHYTPEHHUX YCHIIUH B CTEPKHSX (hepMbl
no mMetoy Purrepa. Jli1s 3TOro MbIciaeHHO paspexeM (epMy Ha JBE YacTH, POBe-
Il cedeHUe mn, HanpuMep, depes crepxkHH 6, 7 u 5. Tlocie 3Toro yiaauM MbICIeH-
HO OJIHY U3 YacTell hepMbl, HAIIPUMEP JIEBYIO, U PACCMOTPUM OCTABLIYIOCS MIPABYIO
qactb. s TOro 4Tto0Obl paBHOBECHE OCTaBIIEHCs YacTH (epMbl HE HapYIIHIOCH,
HEOOXOAMMO COTJIACHO MPHHIMITY OCBOOOXKIAEMOCTH OT CBfi3eil 3aMCHHTDH Hei-
CTBHE CYIIIECTBOBABIIIMX PaHEe CBA3CH MX PEaKIMSAMH, T. €. PeaksIMH So, S-, 1 Sg
nepepe3aHHbIX crepxkHer 6, 7 u 8 Ha y3mst V u VII (puc. 75, 6). Peakuus kaxmoro
CTepokHsI (pepMbl MOXKET ObITh HalpaBjieHa TOJBKO BJIOJIb CTEPIKHS, OT y3Ja, €CIIH
CTEp)KEeHb PacTSHYT, U K Y3Iy, €CIId OH CXKaT. 3apaHee Mbl HE 3HAaeM, Kakue W3
CTEpIKHEl pacTsArMBarOTCs, a Kakue CKUMarotcs. [loatomy Oyzem cuutarth mpenBa-
PUTENBHO BCE CTEPIKHU PACTSIHYTHIMHU, T. €. Oy/JIeM HaIpaBJIsATh X PEaKLUH OT y3I1a,
KaK IMOKa3aHO Ha PUCYHOK 75, 6. 3HaK «MUHYC» Tiepe]l MOIyJIeM HaiJICHHOW peak-
MU CTEePXHs Oy/IeT MOKa3blBaTh, YTO JCHCTBUTEIBHOE €€ HalpapJeHHe oOpaTHO
HPHUHSTOMY, T. €. Ha TO, 4TO CTEpP)KEHb CXKaT.
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Takum 00pa3om, paccMaTpuBaeMasi 4acTh (pepMbl HAXOIHUTCS B PAaBHOBECHH

0], ACHCTBUEM HpOPBBOJ'II:HOﬁ IJIOCKOM CHCTEMBI U3 IISITU CUJL: F 2, Y 2, 86 ’ S7

uS g Tax Kax A7 IPOU3BOJIBHON IIOCKOM CUCTEMBI CUII MOXKHO COCTABUTH TOJIb-

KO TPU HE3aBHCHMBIX YPaBHEHUsI PaBHOBECHs, TO IPOM3BOAUTH CEUEHUE (epMbI
HY>KHO TaKAM 00pa3oM, 4TOOBI TIPH 3TOM IIEPEPE3aOCh He Oolee mpex CImepiCcHell
C HEW3BECTHBIMH peakusMu. JIs omnpenesieHHss MCKOMBIX DPEaKIMil CTep)KHeH
yaoOHee BCEro COCTABILTh YPaBHEHHUS paBHOBECHS B (JopMe ypaBHEHNUI MOMEHTOB,
Oepst MoCIIeI0BATENBHO 32 IIEHTPHl MOMEHTOB TOUKH, B KOTOPBIX IIEPECEKAOTCS 1B
13 TpeX Nepepe3aHHblX crepxHe. [Ipy 3TOM B KaXKI0€ U3 3TUX YPAaBHEHUN PABHO-
Bechs OyJeT BXOIWTH TOJBKO OJHA HEM3BECTHAs CHJIa PEAKIUH TIepepe3aHHOTO
crepxHs. Ecnm M3 Tpex mepepe3aHHBIX CTepXKHEH /Ba MapaUlelbHBI H, CIICIOBa-
TENHHO, TOYKA TIEPECCUCHUS] MX JIGKUT B OCCKOHEYHOCTH, TO BMECTO TPETHETO
YpaBHEHHS] MOMCHTOB COCTABIISIIOT YPaBHEHHE TPOCKIINIA CHIJI Ha OCh, ICPIICHINKY-
JSIPHYTO K MTapaJUIeIIbHBIM CTEPKHSM.

[Tyctb Mo ycnoBuIo 3a1auu TpeOyeTCsl OIPEACIIUTh PEAKIIUIO TIEPEePe3aHHOro

crepxHs 8, 3Has Fo u Y2 une OIpeneNsis HEM3BECTHBIX PEaKIMiA Si6 " § u

JBYX IPYTHX Tepepe3aHHbIX CTepykHEeH 6 m 7. Iyt 3TOro Hy)KHO COCTaBHUTBH Takoe

YpaBHEHHE DaBHOBECHE NPOM3BOIBHOM Miockoil cuctemsl cun F2, Y2, S,

S7 ,88 , B KOTOpOE HEM3BECTHBIE S s U S7 A He BXOAWIN Obl. MBI JTOCTUTHEM

9TOM 1IeNTH, ECIT COCTABUM YpaBHEHHE MOMEHTOB OTHOCHTENbHO ToukH VI, B KoTO-

pOI>‘I MEPECCKAOTCH JIMHUN Z[eﬁCTBPIﬂ CHUJ1 S u S7 , 4 HIMCHHO:

6
>m, (F)=S,;h+F,h+Y,a=0.

W3 sToro YpaBHCHM PaBHOBECHS HAXOAUM
a
Sg=—F,+-Y, |’
h

rie F2 , a u h — monoxurenbHpIe uncia. Ecmu npu 3ToM u Y2 OyzeT MONOKUTETb-

HBIM YHCJIOM, TO 3HAK «MHHYCY», CTOSIIIUIA B PaBoi yactu cooTHomenus (1), yka-
3bIBAET Ha TO, YTO HA CAMOM JIeJIe PeaKius Sg MIMEET HalpaBJieHHe, 00PAaTHOE MOKa-
3aHHOMY Ha PUCYHOK 75, 0, T. €. CTEpKeHb 8 CxKaT.

Eciu sxe Ham TpeOyeTcst OnpeeiuTh YCUITUE B CTEPKHE 6, He 3Hast YCHIIHiA B
Jpyrux crepxxHsx (7 u 8), To HY)KHO COCTABUTh YPABHEHHE MOMEHTOB OTHOCUTEITh-
HO Touku IV:

>m, (F)=Y,b—S,h=0.
U3 5T0r0 ypaBHEHHUS PABHOBECHS HAXO UM

b
SG - HYZ
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Ecm Y, > 0,10 S, >0, 1, cneosarensHo, crepketb 6 GyaeT pacTsHyT.
HakoHerr, eciii HaM P TOM e ceueHun (PepMbl TIOTPeOyeTCs HANTH § , He
3HAS 86 u g, TO HENB3S MCIIONB30BaTh yPABHEHUE MOMEHTOB, HOO CHIIBI g u

S 8 rapaJuiCiibHbI (He HepeCGKaIOTCH), U, CJICA0BATCIIbHO, HCT TOM TOYKH, OTHOCH-

TEIBHO KOTOPOH MX MOMEHTBI OJHOBPEMEHHO PaBHINCH ObI Hyio. [loaToMy MBI
COCTABIISICM YPaBHCHHE NIPOCKLMH HA OCb, IEPIICHAMKYISIPHYIO K cuiaM S, u S,

a IMCHHO!
Y)Y, =S,cosa+Y, =0.
W3 storo YpaBHCHM paBHOBECHS HAXOAUM

Y
S =— 2.
cosa

Ecmu Y2 >0, 10 S7 < 0, u, cenoBaTeNBHO, CTEPIKEHD 7 OYAET CIKUMATHCSL.

IIpeumymiectBa MeTona Purrepa nepen METonoM BbIpE3aHMs Y3JI0B 3aKIIIO-
YAIOTCS B TOM, YTO 3TOT CIOCOO MO3BOJIIET ONpPEIENUTh YCHIUE B IIOOOM CTEpIKHE
(hepMBI HE3aBUCUMO OT YCHJIMI B TIPOYHMX CTEPIKHSAX. A METOJIOM BBIpE3aHHUS Y3JI0B
JUI1 HaXOXICHUA YCHINS B OZHOM OIPEJENICHHOM CTep)KHE TpeOOBajIoch HaWTU
YCHIIUSI BO BCEX CTEPIKHAX, CXOLIMXCSA B IOCAECAYIOIMX y37axX.

Henocratkn merona Purtepa 3aKimodaroTcst B TOM, 9TO TOYKH MEPECEUECHHS
MIepPepe3aHHbIX CTEP)KHEH, OTHOCHTENIBHO KOTOPBIX OEpyTCsi MOMEHTBI, MOTYT
HAXOJUTHCSI U BHE MPEENIOB YepTexka.

Pewums camocmosmesnvHo
3anava. Pacyer miockoil cTaTuueckoit onpeaeniumMoii pepmbl
Ha pucynke 76-82 moka3zansl cxembl ¢epm. Heobxoaumeie s pacuera

naHHBIC npuBeneHbl B Tabmune 1. K y3nam depM mpuiosxkens! cumsl P, , P, ,

P,, P,, P, , npuuem Ha Kaxayro (pepMy, B 3aBUCHMOCTH OT BapHaHTa 3a/1a4H,

JIEWCTBYIOT JIMIIb TP U3 3TUX CWJI, yKa3aHHbIE B TaOmuie 1.

Onpenenurs:

1) siBistercst 1 pepMa CTaTHIECKU OTPEJISITUMOI;

2) peakimu ornop A u B oT 3a1aHHO# Harpy3Ku;

3) ycunusi B CTEPKHSIX (hepMBI:

a) JUI BCeX CTEpKHEH criocoOOM BhIpe3aHHs Y3/I0B (aHATUTHYECKN);

0) B Tpex cTepxHIX (epMbl — crtocobom Puttepa (HoMepa cTepkHEH yka-
3aHbI B TAOIUIE).
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Tabmmma 1

Mo PP | PP, | Ps | a|n Homepa
sapuanma a, a cmepgfcgteu
(puc. 1-60) KH n [P ff:;;oepa )
1 2 2 | -14]-271-1]- 2812
2 4| — |6 |- 182 ]-] - 3,6,10
3 -6 |8 |- |44/ - - 56,15
4 6 |6 |- |- 123 ]-]- 23,9
5 2 |4 |6 |- |- |4]-]- 47,10
6 2 | - |2 |4 |- 4 -]- 36,11
7 8 | - |6 |4 - 2 -1- 39,13
8 -3 4 [ -16|4]-] - 26,11
9 - -T2 346 |- - 48,13
10 3] - (3 |-1]6]3]-] - 6,8,
11 4| - |- [8 42 2] - 6,9,15
12 2 | - |46 |- 4]-]- 1,49
13 426 -2 /-] - 1,69
14 2 |2 | -2 -2 -1- 6,8,
15 - -8 [2 |4 |4/ - - 47,8
16 4| - |6 |2 |- |4]-]- 123
17 6 | - |4 |- 18 2 - - 3,11,13
18 - -T2 46 |4/ -] - 13,10
19 2 | - |6 |- 142 -]- 3,6,8
20 -6 |- 1616 ]3] - 34,11
21 3 -16-1]9 2| -] - | 101316
22 6 |6 | -|-1612]-]- 3,8,12
23 -T2 22 2| - ] - 2,7,14
24 S - T4 4 44| -] - 2,8,9
25 6 | - |6 |-1612]-]- 4,811
26 8 |- | -8 |8 3 ]-- 3,5,10
27 2 |6 |- |4 |- 4 ]-]- 1,812
28 8 | - |46 |- 16 -]- 3,9,16
29 6 |2 | - |4 -2 -]- 1,49
30 4| - |8 |- 16 |4]-]- 3,10,11
31 906 |- |- 133 ]-]- 210,14
32 S a [- 242 -] - 1,9 15
33 2 |2 | -2 -2 [-1- 2,7,12
34 4| - |2 [ -2 4 /]-7- 6,9, 12
35 6 | - |3 |3 3 | - | - 2,7,11
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2,4,11

1,7,14

4,8,9
3,6,16

8,9,10

3,6,12

3,5,10

4,7,11

2,3,4
4,8,11

2,511

4,10,13
3,9,12

6, 8,10

10,11,12
3,7,10

3,4,5
4,7,14

2,58
4,6,9
2,811

3,69

1,4,8
4,9,12

4,8,10

3,8,10

58,12

5911

4,7,12

2,7,11

1,7,12

1,10,13
2,6,12

4,10,13
2,6,13

60
60
60
60

60
45

60

60

60
60
45

45

45

45

2,5

10

10

10

10

10

36
37
38
39
40

41

42

43

44
45

46

47

48

49

50
51

52
53
54
55
56
57
58
59
60
61

62
63
64
65

66
67
68
69
70

IIpumep:

=2 M.

10 xH; a

]OKI‘I, PZZZOKH,'PQ,

Jano: cxema depmsr (puc. 16). Py
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Puc. 76

Pemenue:

1. TIpon3BoaMM HPOBEPKY YCIOBHS T€OMETPHYECKOW HEH3MEHSEMOCTH U
cTaTH4ecKoil onpenenumoctu (Gepmsl mo Gopmyine S = 2n — 3, rae S — yucio
cTepkKHEH (GepMBI; N — YHCIIO y3710B (hepMBI.

Hoxcrapmsas S = 9 u n = 6, momy4daem, 410 9=2-6-3=9—->59=9

310 03HauaeT, 4yTo hopMa CTaTHIECKU OmpeesieMast.

2. Onpezenerne peakuwii onop A u B (T.e. ypaBHOBecHTH (pepMy BHEIIHE) —
puc. 77.

— y \
&
57 8 B
4R 4
3" T \:;f :
s C — ]
P, a Vl‘pz a \%
Puc. 77

OcBoboxmaemM ¢epMy OT CBsI3eH, 3aMeHssI X AECUCTBHE COOTBETCTBYIO-
IIMMHU CUJIAMHU PEaKIUH: XiA, YiA — JIB€ COCTABJIAIOIINE PEaKIIUN HEMOIBIKHOM
HIAPHUPHON OMHOpPBI A; RiB — peakuusi OHNOpPHOrO cTepxkHs B (Hampasiena
BIIOJIb CTEPIKHS) — pUC. 77.

3a7aHHbIe CHIIBI — E, Pj, }73 (axTUBHBIC) U peaKkUHy OIOp — XiA, YiA,
RiB (peaxkTUBHBIE) 00Pa3yIOT INIOCKYIO MPOM3BOJIBHYIO CHCTEMY CHII, JUISl KOTO-

PO# MOYKHO COCTaBHUTh TPU YPaBHEHUsI PABHOBECHS:
l-ZFkXZO; Xp+P1=0—>Xpo=-P1=—10xH;
ZZFky:O, YA*P3*P2+ RB:O

BZMA ( FK ) = O, —aP3—aP1—2aP2 + 3aRB =0=>
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_ak,+aP, +2aP, 10+10+2-20
3a 3
IloacraBnsieM HallleHHOE 3HAYEHHUE PEAKLIUIO R, B ypaBHEeHHE 2 u ompe-

=20 KH.

RB

JIEIIIEM peakiuio Y a:
YA:P3+P2—RB:10+20—20:]0KH

IIpoBepka: Touka K HaxomuTcst Ha cepeluHE BEPTHUKAIBLHOTO M TOPH30H-
TaJBHOTO pa3MepoB (pepMelL.

> My (i) = 0; -15aY, + 0,5aX, — 0,5aP; — 0,5aP, + 0,5aP; + 1,5aRg =
0;=>-1,5-2-10+0,52--10)-0,5-2-10 +0,5:2:10 - 0,5-2-20 + 1,5:2:20 = 0
=>-30-10-10-20+10+60=0;-70+70=0; 0= 0.

3HaK «—» B 3HAYECHHM PEAKINH X , YKa3bIBAET HA TO, YTO OHa HaNpaBJieHa

MPOTUBOIMOJIOKHO, Y€M TOKa3aHO Ha pHc. /7, 4ToObl 00ECIeUYnTh paBHOBECHUE
MOJIy4YEHHOU MJIOCKOU IIPOU3BOJIBHON CUCTEMBI CHIL.

Wrak, X, =-10xH; Yo = 10 kH; Rg = 20 kH.

3. OmpeziesieHue BHYTPEHHUX YCUITUI B CTEPXKHAX (epMBI.

a) croco0 BRIpe3aHUs y3II0B (aHATUTHYCCKIN).

BBenem cnenyromyro HyMepaluo y3JI0B U cTepxkHel (epmsl (Y31l 000-
3HAYCHBI PUMCKHMHU, a CTEP)KHU — apaOCKuMH Iudpamu) — puc. 77.

Bripesaem cHavana y3en |, B KOTOPOM CXOJSTCSI TOJIBKO 2 CTEpPXKHS C He-
W3BECTHBIMH YCHIMAMH. Y CHIIUS B CTEp’KHE 0003HAYMM COOTBETCTBEHHO Yepe3

S,+ S, .... Sy . JlelicTBUA Nepepe3aHHbIX CTEPKHEN | U 2 3aMEHUM YCHITUAMU

Sl u SZ , HAIIPABJICHHBIC OT Y3Jia, [IpeAoJaras, 4YTo BCC CTCPIKHU PACTAHYTBI —

puc. 77. Cunsl, neficTByromue Ha y3eln |, 00pa3yroT MIoCKylo CUCTEMY CXOJS-
mUXCcA CUJi, IO3TOMY MOYKHO COCTaABUTh YPAaBHCHUSA PaBHOBCCHUS.

Vzen I
v, Y Fi = 0; Xa + S1c0845° + S, =0 (1)
Y Fiy =0; Ya + S;c05 45° =0 (2)
_ 5 Pemast monmydeHHyIO CHCTEMY ypaBHe-
Sygmmmooooos 7 HUI, HAXO/IUM YCWJIUS B CTEPXKHSX 1 1 2:
| Pucynox 78
F, U3 2):S;,=—ya/sinds® =10/
A 450 ; *5:2 (ﬁ) =—-14,14 kH (cxar)
xSy X ?

IMoxacraBinsieM HaWJICHHBIC 3HAYCHUS
S; B ypaBHeHwue 1) u BeUucisieM S, :

Puc. 78 S, = —Xa— Sy €08 45° = — (~ 10) — (~14,14) -
(Q) =10 + 10 = 20 xH (pactsiHyT)
2
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IMonoxuTeNbHBII 3HAK B 3HAYCHUH S, MIOKA3bIBACT, YTO CTEPIKEHb 2, U3
BBIIIIC MIPUHATOTO MPEAMOJIOKEHHS, ICHCTBUTEIILHO PACTHYT, & OTPHIATEh-
HBIH 3HAK B 3HAYEHUH Sy — YTO CTEPIKEHb CXKaT.

Crenytromum Bbeipe3aeM y3ein ||, B kotopoMm cxonsrcst He boiiee 2-X cTepk-
Hell (3 1 6) ¢ HeN3BECTHBIMH YCHIIMSIMH. Y CHIIUE S, HAINpaBiisieM COOTBETCTBEH-
HO TOMY, YTO 3TO BHYTpPEHHEE YCHJIME B CTEpKHE (IIpocTeifiias ypaBHOBEILICH-
Hasl CHCTEMA CHII).

Vzen Il
v S Fkx = 0; S5~ S, =0 (1)
[ =>S¢ = S, = 20 kH (pacTsHyT).
_ 2Fky=0;S3-P3=0(2)
- 5 =>S3 = P3 = 10 kH (pacTsHyr).
5 5 AHaJOTUYHO BBIPE3aEM BCE OCTAILHBIE Y3JIBL.
" 'X
vE
Puc. 79
Vzen lll:

ZFkx = (), -S; 'cos 45° + P+ S, + S5
cos 45° =0; (1)

* ZFky = 0, -S; - sin45° — S; — S5
..Sin450 =0 (2) = SS :—Sl.S|n450 —83
sin 45°

_ —(-1414)e (2 | 2)-10
W2 /2

Puc. 80 CTEpPXKEHB).

=0 => (uyseBoit

[oncraBnsem SsB 1) 1 HAXOANM 3HAUEHHE YCHITHA Sy
S4=S; C0OS45° —P; —S5c0s45° =~ 14,14 (42 |/ 2)-10=
—10 - 10 =— 20 xH (cxar).
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V3en IV:

5

Puc. 82

V3en VI (mpoBepouHbIii):

Puc. 83

YFkx = 0; — Sg — Sgcos 45° =0 (1)

Y Fky = 0; R, + Sgsin 45° =0 (2) =>

=>S_— RB —_ 20 =_02828xH
sin 45° J2 /2

(cxar).
U3 1) : Sg— —Sgcos 45°= — (—28,28)"

(2 | 2)=20«H (pactamyr).

S Fkx = 0; =S, + Sgcos 45° =0 (1)
— (20~ 28,28e (|2 ] 2)=0; 20 - 20 = 0;
0=0

Y Fky = 0; -Sgsin 45~ S, =0

=> S, = ~Sysin 45° = — (- 28,28)e (|2 / 2)

= 20 xH (pacTsHyT).

S Fhx = 0; =S5 - cos 45° — Sg +S¢ = 0; (1)
-0-20+20=0;0=0

SFky = 0; Ss - sin 45° + S;— P, = 0; (2)
0-(N2/2)+20-20=0;0=0;

0) cnocob6 Pummepa (cnocob ceue-
HUll) — ONpeIeTIeHNe YCHINHM B CTEPIKHSIX
56,9

MbIcnieHHO paccekaeM QepMy Ha
JIBE YaCTH TakK, 4TOOBI YUCIO PACCEYCH-
HBIX CTEPXKHEH, B KOTOPBIX YCHIIHS eIle
HE U3BECTHBI, HE MPEBBIIIATIO TPEX.

Jnst crepxneit 5 u 6 ceuenne C-C (puc. 77). PaccmarpuBaem paBHOBeCHE

neBoit ot ceueHusi C-C wactu depmbl — puc. 84. JlelicTBUE pacceueHHBIX
cTpekHed 4, 5, 6 3aMeHseM WX BHYTPEHHUMH YCHIHAMH Sy, Sz, Sg COOTBET-
CTBCHHO, HANPABIICHHBIMU IO CTEPXKHSAM OT y3JIOB, MPEIIOJIaras, 4To CTepP>KHU
pacTsHyTHL. [ TONXYyYEeHHOW IJIOCKOW MPOHM3BOJIBHON CUCTEMBI CHJ MOXKHO
COCTaBUTH 3 ypaBHEHHS paBHOBecHs. Touka Putrepa — 370 MOMEHTHAS TOYKA.
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Hnst crepxHs 6 Touka N — Touka

t R e Purrepa — TOuka nepecedeHMs] JUHUN
a 1 N JIercTBUS yCuIui S, U Ss.
I YM(F)=0;aSs+aXa—aYa=0=>S;
Akl 2 — % = Ay 8, —10-(-10) = 20 kH
a4 P, a

Jns crepxkus 5 Touku Purrepa Her.
Y Fky = 0; —Ss sind5° — P + Y, = 0; =>
Puc. 84 s = ~P+Y,= —-10+10

=0 -
sin 45° (\E/ 2) (HYJIe

BOM CTEP)KEHD)
a st ompenereHns] BHYTPEHHETO YCHIIHS
5 2 B CTep)XKHE 9 MBICIICHHO paccekaeM (epMmy
+ - ¥ ceuenuem d-d (puc. 77) u paccMmatpuBaem
— 8 paBHOBECHE NIPABOU OT CEYCHHS YacTH (HepMBI
— puc. 85.
Touka Z — Touka Putrepa mst crepkes 9.
Mz(FK) =0;-aSg+aRg=0=>Sy==

_ aR; - Rg = 20xH (pacTsHyT).

Sg a
Puc. 85 UYucneHHbIE 3HAYEHUs BHYTPEHHUX YCH-
i Ss, Sg, Sg COOTBETCTBEHHO CTEpIKHEN 5, 6,
9, ompe/eseHHbBIE TI0 METOTy BRIPE3aHMs Y3JI0B (DEpMbI U CIIOCOOOM CEUCHHI (METO.
Purtepa) abcomoTHO paBHbL. CxemMa GepMbl ¢ PaKTHIECKON KApTHHOM CHIT:
CXKAaTblil CTEPKEHb;
mmmmmm  PACTAHYTHIH CTEPIKEHB, CHIIA KOTOPOrO paBHA HYIIHO (HYJIEBOH

W

F 3

= = =— . CTEpKEHb)

B 4 Pesynbrarsel pacueToB BHYTpPEH-
N HUX YCHJIMH B CTEPXKHAX (pepMbl CBO-
] .5 7 8 UM B Ta0sHIy 2.

3 AN Hwxke mpuBomarcss cxemsbl pac-
A ) o AN . g g UCTHBIX 33724 JUISL CAMOCTOSTEIIBHOTO

- - - ™ PCLICHHS — PHC. 87-93.
Tabiuma 2
Howmep crepxHst 1 2 3 4 5 6 7 8 9
3HaK CHJIbI — + + — 0 + + — +
Cuma, kH 1414 | 20 10 20 | 0 | 20 | 20 | 28,28 | 20
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Puc. 87
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Puc. 88

112



2/ 32 3 .
3
1] g w By 4 4P 0 Xy e =
] 15 “4
N 6 £ 73 17 9 "
5 12 76 [ = =
30° e [
2N U] 5
N 2 /| S
7 & y s
A 8 2 5
23 s | a a1 a1 .[2¢
D D é 710
h [ d
- ~ o g , 2 ZR
p‘ I 4 73 1
S 4] ¢ 7 | 7 ] N = 6o° [2)
4 5 12 76 N6 WAl R
$ 1 [
A A2 60 )5 "7 7
P 5 v {10
) A

Puc. 89

113



72,

2
Ps
70

a.l

11

3r

73

15

37

Puc. 90
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v 2 = = i
2 = —
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Puc. 91
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Puc. 92
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Puc. 93
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Bonpocwt ona obcysrcoenusn

1. Yto Takoe dpepma? [ e ucnonb3yrorcs Gpepmbr?

2. AnroputM pacyera CTaTUUECKH ONpeaAenMoi Gpepmbr?

3. Metonsl pacuéra BHYTPEHHUX yCWIMH B CTepXHSIX (epmbl: 1) meron
BBbIpe3aHMs y370B? 2) MeTo] cedeHuit — meron Putrepa?

4. Kakasi 3aBUCHMOCTb CYILECTBYET MEX/y YUCIIOM CTEP)KHEW W UHCIIOM
y3I10B (hepMbI?

5. Kak ompenensiercst craTudeckas OIpeeInMOCTb (GepMbI?

6. YpaBHEHHS paBHOBECHS IUIOCKOH CHCTEMBI: a) CXOISIIAXCS CHI?
0) IpOU3BOIBHOI CUCTEMBI CHIT?

7. OnpeneneHre 1 CBOKWCTBA POCTEHIIeH ypaBHOBEIIICHHOM CHCTEMBI CHII?

8. Onpenernenne u CBOWCTBA BHYTPEHHUX YCHITHIA?

Jlumepamypa

OcHoBHas: 1-4.
Wuteprer-pecypcesr: 1.
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Pa3zgen 2. KHHEMATHUKA

16. CKOpOCTb, YCKOPEHME TOYKU NPU KOOPAUHATHOM
1 BEKTOPHOM cnocobax 3aaHuA OBUXEeHUS TOYKN.
Knaccudukaumsa gBmxeHUn TOUKH

ILenv 3a0anus: cnocoObl 3aaHusl ABWKEHHUS TOYKH, CKOPOCTb TOYKH,
YCKOpEHHE TOYKH.
Opzanu3zayuonnas ¢popma: perieHue 3aaad.

Memoouueckue pexomenoayuu
KoopaunatHblii ciocod 3amanus ABikeHus Touku X = X(1), y=y(t), z=z(t) —
napaMeTpUyYecKie YPaBHEHUS! IBHIKCHUS TOUKH.
BexTopHblii crioco6 3a1aHus ABMXKEHUS TOUKU T = Iyt + ryj+ r.k

=
Il
—
S
SN—
<
|
—_
<
x
S—|
<
.|.
—_
<
S
N—
<
I
=
=
-
—
|
<
X
=
<
|
g
N
"
s
<
I

ST

=) =) "= (Ux)l;
a,=(y) "=(r,) "=(v)"
a,=(2) "=(r) "= (Uz)l;

a = a4 +a,+4a,=

3agaya.
Touka JBHXKETCS COTACHO ypaBHeHmio T = t2 T+ 2fj + 3k. Onpenenuts
MO/IyJIb CKOPOCTH TOYKH B MOMEHT Bpemenu t = 1 C.
Pewenue.
BekTopHbIii crioco 3a1aHus ABHKEHHs Touky: T = 2 T+ 2f] + 3k
=120 2] + 3k
= zyo, =(1)'=(3 t))'= 6t; v, =(1,)'=(2t)'= 2 em/c;
X I U v, :( rz)lz(s)l: 0,

4 U:E‘U_%+Uf,-+1->§ = II(6T)2+23+'02 = \,-".36{'2 + 4
_ _ \
o(t) = V3617 +4 = V40 =632 cy/c?:
Ortser: v(t =1 ¢) = 6,32 cm/c’.
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Pewtump camocmoamenvHo

3anaua 1. 3agaHbl ypaBHEHUs IBHXKEHUS TOUKH X = 2t, y = t.Onpenenuts Bpe-
M t, KOTJ1a pacCTOsIHUE OT TOUYKH JI0 Havana koopAauHaT gocturaeT 10 m. (4,47)

3anaua 2. JlaHbl ypaBHEHUS ABMDKEHUS TOUKU X = tz, y= sinnt ,z=CosNt,
OnpenenuTs MOy b CKOPOCTH TOUKH B MOMEHT BpeMeHu t=1 c. (3,72)

3amaua 3. Touka IBWXKETCS MO MPSIMOM C MOCTOSHHBIM YCKOPEHUEM
a = 0,3 m/c>. OnpenennTh HAYANTBHYIO CKOPOCTh TOYUKH, €CTH depe3 6 ¢
CKOpPOCTB TOUKH CTasa paBHO# 3 m/c. (1,2)

3amada 4. CxopocTs TOUYKHM 3afaHa ypaBHeHHeM v = 0,2 t. Onpenenutsb
MPSIMOJIMHENHYIO KOOPAUHATY TOYKHM B MOMEHT BpeMeHu t = 10 ¢, ecnu npu tp
=0, x0=0. (10)

Bonpocut ons obcysycoenusn

1. KoopauHaTHBIN CIOCO0 3aIaHusI TBH)KCHUS TOUKU?

2. BekTopHBIi cOCO0 3a1aHusl JBHIKCHUS TOUKH?

3. CKOpOCTh TOYKH MpPH KOOPJUHATHOM CIIOCOOC 3aJaHUs JIBHKCHUS
TOUYKH?

4. CKopoCTh TOYKH IPH BEKTOPHOM CIIOCO0E 3aJaHNs JBIKCHHS TOUKN?

5. YckopeHne TOYKH NMpH KOOPIMHATHOM CIIOCOOE 3a/laHMs JBIDKCHUS
TOYKH?

6. YcKopeHHEe TOUKH IIPH BEKTOPHOM CTIOCO0E 3aJaHMs IBMKEHHS TOUKU?

7. CKOpPOCTh TOUKHU?

8. Yckopenwne Touku?

9. IpsiMONTMHEHHOE YCKOPEHHOE MBHKEeHHE TOUKH. OCHOBHBIC KHHEMa-
TUYECKHE XapaKTePUCTHKHU?

10. IIpsimosiuHEHOE PaBHOYCKOPEHHOE JIBHKeHHEe TOUKH. OCHOBHBIE KH-
HEMaTHYECKHE XapaKTePUCTUKHU?

11. ITpsmMonuHeHOE 3aMeUIeHHOE ABMKeHHE TOYKH. OCHOBHbIE KHHEMa-
THYECKHE XapaKTePUCTHKA?

12. TIpsimonuHEiHOE paBHO3aMEIJICHHOE ABIKEHHE TOUYKH. OCHOBHBIC
KHHEMaTH4eCKUE XapaKTepUCTUKH?

13. [IpsiMoyMHEHOE paBHOMEPHOE IBHKCHUE TOUKH?

14. KpuBonnHelHOE paBHOMEPHOE JIBIKeHNE TOUKH. OCHOBHbBIE KMHEMa-
TUYECKUE XapaKTEPUCTHKHU?

15. KpuBonuHeiiHOe 3aMeJIeHHOE JIBIKeHNe Toukd. OCHOBHBIE KHHEMAa-
TUYECKHE XapaKTePUCTHKHU?

16. KpuBosnHeiiHOe paBHO3aMEJICHHOE NBIDKeHHE TOYKH. OCHOBHbBIE
KHHEMAaTHYECKHE XapaKTePUCTUKHU?

17. KpuBonmHeiHOE yCKOPEHHOE IBHKEHHE TOYKH. OCHOBHBIE KHMHEMa-
TUYECKHE XapaKTEePUCTHKHU?

18. KpuBosnnHelHOE paBHOYCKOPEHHOE JBHXKeHHe TOuku. OCHOBHBIE KH-
HEMaTHYECKHE XapaKTePUCTUKHU?
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Jlumepamypa
OcHoBHas: 1-4.
WuTepuet-pecypest: 1.

17. CKOpOCTb, YCKOpPEeHMe TOUYKU NpU eCTeCTBEHHOM cnocobe
3agaHuA ABWKeHUs Touku. Knaccudpmkaums aBmKeHUA TOUKN

Iens 3anamua: eCTECTBEHHBIN CIIOCO0 3alaHMS ABMKEHHS TOUYKH, CKO-
POCTb M YCKOpEHHE TOYKH, KacaTeJIbHOE M HOPMAJILHOE YCKOPEHHE TOYKH,
pazuyc KpUBH3HBI TPAGKTOPHH, KIACCU(DHUKAIS ABHKECHHH.

Opzanusayuonnas popma: perieHne 3agad.

Memoouueckue pexomenoayuu
1). S=S(t)- 3ak0oH OBIKCHHUS] MPU ECTECTBEHHOM CIOCOOE 3a/aHUs JBH-
JKEHHSI TOUKH.
2). «T» U «-» HaIpaBICHUS IBIKCHUS TOUKH.
3). Touka 0 — TOUKa Havaja OTCYETa.

S +

7 ds dv dZs 72
=—; d,=——=——; A, =—

dt toode dt? "op
fi} = 51: + ar; |a| = \p"ll(an)z + (ar)zx

3anaua 1. CxopocTh TOYKHM 33jlaHa ypaBHEHMEM p = (),2¢. Onpenenuts

KPHMBOJIMHEIHYIO KOOPJIMHATY TOYKH S B MOMeHT BpeMmenu t=10C , ecnu npu

to=10c, S=0.
9 gs = vdt T
1= — — = 1
1 df g 1 :_:
~5
- ds
"SD:G
~t=10c¢
~02 tdt
Jt,=0
022 [
asf —— S 01tP=01-10% = 10m
<0
Omeem: S=10m

3azauya 2. Touka JBMIKEHHsS COINIACHO YpPaBHEHHIO § — () 6t2. Onpene-

JIUTH MOJHOE YCKOPEHHE TOYKH B MOMEHT BpeMeHH t=2C , eciiu paamyc Kpu-
BU3HBI TPAEKTOPHHU 3 = 15Mm.
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. dv

Tt
o = —

JIBHIKETCS KPUBOJTMHEHHO paBHOycKkopenHo. T TT d;

a, — (v)' = (0,6t%)" = (1,2t)' = 12— > 0(const) — TouKa

2 (517 ((o.st?))® (1260 (1.2-2)° a.
a:” :1’— — — — — — — — :0]38 MKC,‘,
- o o 15 15 15
a=,/(a,)*+(a,)*=,(12)"+(0,38)*= /1584 = 1,26m/c?;
d=d,+d,

Otser: a=1.26 m/c?.

Pewiump camocmoamenvno
3amava 1. Touka HBMXKETCS MO KpUBOM co ckopocthio V=0,5t; ompene-
JUTH ee KoopauHaTy S B MoMeHT BpemenH t=10cC, ecnu npu t=0 koopauHaTa
So=0(25).
3amaua 2. Touka JBIXKETCS IO OKPYKHOCTH COIJIACHO YPaBHEHHIO
S =¢34+ 2¢2 + 3¢. OnpenenuTb KpUBOJIMHEWHYIO KOOPAWHATY TOYKH B MO-

MCHT BpCMCHHU KOI'la €€ KaCaTCIbHOC YCKOPCHUC a, = 16 M‘/cz

3amaya 3. Ilo OKkpyXHOCTH paauyca I=7M ABHXKETCA TOUYKA COIJIACHO
ypaBHEHHIO § = (), 3¢2. Ompenenurs BpeMs, KOIJa HOPMaJIbHOE YCKOPEHHE

TOYKH i, = lJSMfCE (5.40)

Bonpocwt ona oocysycoenusn

1. EcrecTBeHHBIN cIOCO0 3a0aHUs IBUKEHUSA TOUKA?

2. CKOpOCTh TOYKH IPHU ECTECTBEHHOM CIIOCO0E 3a/aHMsI IBHIKCHUS TOUKH?

3. YCKOpeHHe TOYKH IMPHU ECTECTBEHHOM CIIOCO0E 3aJaHus JBHXKCHHUS
TOYKH?

4. HopmanbsHOe yCKOpEHHE TOUKHU?

5. KacaresnpHoe yCKOpeHHE TOUKH?

6. KpuBonnHeitHoe paBHOMEpHOE JBIKeHHE TOUKkn? OCHOBHbBIC KHHEMa-
TUYECKUE XapaKTEPUCTHKHU?

7. KpuBonuHeitHOEe 3aMeIyIeHHOE OBIDKEHHE TOYKU? OCHOBHBIC KHHEMa-
TUYECKUE XapPAKTEPUCTUKU?

8. KpuBonmHeitHOe paBHO3aMEJICHHOE JABIXEHHE TOYKU? OCHOBHEIC
KMHEMAaTUYEeCKUE XapaKTepPUCTUKU?

9. KpuBosinHeHOE YCKOpPEHHOE ABMKeHHE TOYKH? OCHOBHBIC KHHEMa-
TUYECKUE XapPAKTEPUCTUKA?

Jumepamypa

OcHoBHas: 1-4.
WuTepuer-pecypest: 1.
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18. OnpepneneHue TpaekToOpUK, NONOXKEHNE TOUYKU Ha TPAEKTOPUM,
CKOPOCTU TOYKMU, YCKOPEHUA TOUKU, HOPMarnbHOro M KacaTtesibHOro
YCKOpPEHUs1 TOUKU, paguyca KpMBU3HbI TPAeKToOpumn

Iens 3anamusa: CriocoObl 3a1aHNs ABHKEHUSI TOUKH, ONPEACICHUE Tpa-
eKTOpUH, MOJOKEHHE TOYKH Ha TPAaeKTOPUH, CKOPOCTH TOYKH, YCKOPEHUS
TOYKH, HOPMaJIBHOTO M KacaTeIbHOTO YCKOPEHUS TOUYKH, pajnyca KPUBU3HBI
TPACKTOPUHL.

Opzanuzayuonnasn popma: pemeHne 3amgad.

Memoouueckue pexomenoayuu

[ 3amaHust ABMDKCHUSI TOYKH MOXKHO IPHMEHSTH OIMH M3 CIICTYFOLIUX
TpexX CcIoco0OoB:

1) BeKTOpHBIH, 2) KOOPIUHATHBIN, 3) €CTECTBEHHBIH (MM TPaeKTOPHBIIT).
2.Koopounammuuwiil cnocod 3a0anus 08UdNCEHUsI MOUKU.

UToObl 3HATH 3aKOH JBW)XCHHS TOYKH, T.e. €€ IMOJOKEHUE B MPOCTpaH-
CTBE B JIF0OOOI MOMEHT BpEMEHH, HAJ0 3HATh 3HAUCHUS KOOPAWHAT TOUKH IS
KaX/I0r0 MOMEHTa BPEMEHH, T.€. 3HaTh 3aBUCUMOCTHU

x=f,(t),y=1f,(0),2= () (53)
OTH ypaBHEHHUS M €CTh YPaBHEHUS ABMXEHUS TOYKU B IPAMOYTOJIb-
HBIX JICKapTOBBIX KoopanHaTax. OHM ONpEnNeNsioT 3aKOH JIBIKCHHS TOUYKH
MIPY KOOPJIMHATHOM CIIOCO0E 3a/IaHMs JIBIKCHHS.
Ecnm nBikeHne IpouCXOIUT B OHOM M TOM K€ TIOCKOCTH, TO, IIPH-
HSIB 3TY IJIOCKOCTB 3a IIocKocTh OXY, moimydnm

x="Ht).y= (1) (54)

IIpy npsAMONMHEMNHOM IBUXKEHUM TOYKH, €CIM BJOJb €€ TPAaeKTOPUHU
HaINpaBUTh KOOPAMHATHYIO OChb Ox, IABWXXEHHUE OYyIET ONpeessaThCs OJHUM
ypaBHEHHEM

x=f(t) (55)

OTO U eCcTh 3aKOH MPSIMOIUHEHHOTO JBIKSHUS.

Bexmop cxopocmu mouku 6 OanHblil MOMEHM 6peMeHU paseH nepeol
nPOU3600HOL OM COOMBEMCMBYIOUe20 NepeMeuieHUs: N0 6PeMeHU.

Bexmop ycrxopenus mouxku 6 OaHHbll MOMeHmM 6peMeHU paseH nepeoll
nPOU3BOOHOU OM 8eKMOPA CKOPOCMU UAU GMOPOU NPOU3BOOHOU 0N COOMBEM-
cmayiowezo nepemelweHuss MmoyKku no pemeHu.

IIpoexyus yckopenus mouku HA KACAMenbHyl0 PAHA Nepeoli NPou3800-
HOU OM YUCI08020 3HAYEHUS CKOPOCMU U 8MOPOTL NPOU3BOOHOU OM PACCMO-
AHUA NO 8peMeHU, a NPOeKYUs YCKOPEeHUs HA 2NA8HYI0 HOPMAlb PA8HA K8ao-
pamy cKopocmu, OeleHHOMY HA paouyc KpueusHvl MpaeKmopuu 6 OAHHOU
mouKe Kpugotl.
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3amaga. Touka B gBmxkercs B miIockocTH X Y. 3aKOH ABMKEHUS TOUYKH
3anmad ypaBHeHusMu x = Ty (1), y = f, (1), rae X U y BoIpaKeHbI B CAHTUMET-
pax, t — B cekyHIax.

Io 3amaHHBIM ypaBHEHUSAM JBMDKCHUS TOUKU B HaliTh ypaBHEHHE TPAeKTO-
PHU TOYKH; sl MOMEHTa BpeMeHH t (YKa3aHHOTO B TaONuIlE) HAUTH MOJIOKEHUE
TOYKH Ha TPACKTOPHH, ONPEACIUTE € CKOPOCTh, YCKOPCHHUE, KacaTeIbHOE U HOP-
MaJIbHOE YCKOPCHHS, PAJINyC KPHUBU3HBI B COOTBETCTBYIOIICH TOYKE TPACKTOPHHU.
Heo6xomimMere yis perreHns JaHHbIE IPUBEICHBI B Ta0mmIIE 1.

Tabnnma 1

1| x= Gcos(%) -3 y= 125in(%) t=1c

X = 4005(%) y= 6005(%) t=lc
3 X=2 —3cos(%) y= —33in2(%) t=1c
4 X = Zsin(%) y:4_3003(%) t=1c
> | xo2- 3005(%) y= 6COS(%) t=Ic
° x:3—3sin(%) y = 6cos (%) t=Ic
7 x=3cos(%) y=2—3sin2(%) t=1c
8 x=60052(%)—2 yzzsin(%) t=1c
? x:1—3sin2(%) y= 2—3003(%) t=Ic
10 ‘= 60032(%)_1 y:35in(%) t=1c
M- 2—4sin(%) y= SCOS(%) +3 t=1Ic
. X=4COS(%)—3 y=1—65in(%) t=lc
. x=3—8sin2(%) y=4cos(%)—2 t=1Ic
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1 XZSCOSZ(E)—l y = 2—4sin(") t=1c
4 4
o x=2—65in2(%) y=1—3cos(%) t=1Ic
16 X:6cos(2§t)—2 y=4—65in(%ﬁ) t=1c
17 x:3—3sin(%ﬁ) y=9cos(%d)_2 t=1c
18 Xzecosz(z?ﬂt)_4 yzl_gsin(%ﬁ) t=1c
19 X:4—65in2(2?ﬂt) y:?,cos(zgt)_z t=1c
20| 3cos(%”t)—2 y=1- 3sin(2?ﬂt) t=1c
21 X:23in(%)—2 y= 2—3c052(%) t=1c
# x=65in(%)—2 y=12cos(%)+3 t=1Ic
2 x=3+3sin2(2?ﬂt) yzl—ecosz(%zt) t=lc
2 = 4-3c0s (%ﬁ) y=35in2(2?”t)-3 t=1c
25 x:4_4cos(%) y=8sin2(%)_3 t=1c
* X=2—4005(%) y=16sin(%)—2 t=1c
27 X :1_4cos(37ﬂt) yzzsin(%") t=1c
28 x:3—6sin(5§) y=12005%) -2 t=1c
29 x:2—4sin(3?ﬂt) y:3+8005(3?ﬂt) t=1c
%0 t=1c

X=3- 6COS(%)

y=2 +85in(%)
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32 _ -
x=8cos(%) y=8—83|n(%) t=1c
33 -
x:2+4sin(%) y=4—16cos(%) t=1c
34 | x=-2t%+3 y = -5t 1.
2
35 — -
X=4COSZ(%)+2 y:43|n2(§) t=1c
36 2 5 -
x=—cos(%)+3 y:sin(%) 1 t=1c
37 Xx=4t+4 y= -4 t=2c
(t+2)
38 p -
X= ZSin(%) y= 3cos(§) +4 t=1Ic
39 | x=3t+2 y = —4t 1
2
40 X:3t2—t+1 y:5t2—§t—2 t:].C
3
41 2 5 -
X:7sin(%)+3 y=2—7cos(7%) t=1c
42 X= —3 y=3t+6 t=2c
(t+2)
4 —
3 x=—4cos(%) y:—ZSin(%)_3 t=1c
44 x=—4t% +1 y=—3t 1
2
4 —
5 x:5Sin2(%) y=—50052(%)_3 t=1c
46 2 5 -
X=5COS(%) y=—55in(ﬂt?) t=1c
i y=—% t=2c

)
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48 =
X = 4005(%) y= —35in(§) t=lc
49 | x=3t y=4t* +1 t=L¢
2
50 ., =
x=7sm2(€)—5 y=_7(;032(%) t=lc
51 2 2 _
x=1+3cos(%) y=35in(%)+3 t=1lc
5 —2_3t_§t? —
3| x=2-3t—6t y:3_%t_3tz t=0c
54 2 2 _
x:63in(7%)—2 y:GCos(%)+3 t=lc
55 | x=7t"-3 y =5t (L
2
56 X:3—3t2 +t y:4—5t2+% t:].C
57 —
X = —4005(%) -1 y= —4sin(%) t=lc
58 | x=—6t y=-2t>-4 t=Ic
59 —
x=80052(%)+2 y:—85in2(%)—7 t=lc
60 2 2 -
x:—3—9sin(7%) Y =-8cos("-) +5 t=le
o2 x:5t2+%_3 y=3t"+t+3 t=1c
63 2 . 2 t=1c
X= 2005(7%) -2 y= —25|n(%) +3

Vkazanust: 3aaqa OTHOCUTCSI K KWHEMATHKE TOYKH M PEIIAeTCs ¢ TIOMOIIBIO
(hopMyJ1, IO KOTOPBIM OTIPEAEIISIOTCS CKOPOCTh M YCKOPEHUE TOUKH B JEKAPTOBBIX
KOOpAMHATAX (KOOPIMHATHBIN CrIOcO0 3aaHus JBIKEHHS TOUKH), a Taroke Gopmyt
KacaTeJbHOr0 ¥ HOPMAJIbHOTO YCKOPEHHsSI TOYKH. B HEKOTOPHIX BapHaHTaX 3aaqn
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IPH ONpEETIEHAN TPAEKTOPUU WM NPU HOCIIEAYIOIMX pacuéTax (i uX yrpolie-
HUST) CIIEYET YUECTh U3BECTHBIE U3 TPUTOHOMETPHH (POPMYIIBL:
cos2a=1-2sin"a=2cos’a—1;sin2a=2"sina - cosa
3angauva.
Ucxoausie manubie: X = 4 cos(nt/3); y = — 3 sin(at/3); t,=1 X uy —
BCM,t—BcC.)
Pewenue:
1. Ypasuenunst apmwkenuns Touka x = f; (t), y = f, (1) MoxHO paccmarpu-
BATh KaK MapaMETPUYECKUE YPABHEHHS TPAEKTOPHMHU TOUKH. UTOOBI MONYYUTH
ypaBHEHUE TPAEKTOPHHM JBHIKEHHMS TOYKHM HYKHO HUCKJIIOUMTL BpeMs t M3 3a-
JaHHBIX YPABHEHUI JIBHKEHUS:
x/4 = cos(mt/3): (x?)/16 = cos*(nt/3);
y/3 = — sin(nt/3); 219 = sin’(xt/3);
CnoxuB 3TH ypaBHEHHs (TIOYJICHHO — JIEBBIC W TpaBble YacTH ypaBHe-

HUH) TOTy4nm:
xZ yZ
X Y _1— ypaBHEHHE 3IUIHIICA.

16 9

Koopaunate! nientpa smmunca X, = 0, y.= 0. Paguyc 60:b1110#t ocu smmmnca
Ry =4 cM, pamuyc Manoii ocu smmnca Iy = 3cm. B maciurabe 1:1 Ha Muumer-
poBke (puc. 94) ctponm srmHric. YToOB! ONpeNIeInTh, BECH IUIHIIC MIIH KaKast — TO
€r0 YacTh SBIISIETCS TPACKTOPHIA ABIDKCHHS TOUKH, YIOBJICTBOPSIOICH 3alaHHBIM
YPaBHEHHMSM JIBI)KEHUSI TOUKH, OIPEAESIIM MOTPaHNYHBIC YCIIOBHS:

cos(nit/3) = 1 => Xpax = 4; COS(nt/3) = —1 => Xin = —4=>-4<x<4

sin(nit/3) =1 => ypin=—3; sin(nt/3) = -1 => yix =3=>-3 <y <3

OmnpenensieM HOJIOKEHNE TOUKH B B MOMEHT BpeMeHH L

IMput=1c.

x=4c0s(n/3)=4-%=2cMm.

y=—3sin (w/3)=3 - V3/2=-2,60 cm.

MomMeHT Havana apmxkeHus t o= 0

Xo=4-cos0=4-1=4cm.

Yo=-3sin0=-3-0=0cm.

HWrak, smmrc, n3o0pakeHHBIH Ha puc. 94 sBiseTcs TpaeKTOpueH IBU-
JKEHUSI TOUKH, YJIOBJIETBOPSIONIEH 3aJlaHHbIM MapaMeTPUYECKUM yPaBHEHMSIM
JIBIDKCHUSI.

2. CxopocTb ToukH B; HaxouM 1o €€ nNpoeKsM Ha KOOPAUHATHBIE OCH:

V= dx/ dt = (4cos(nt/3))' = 4 - (-sin(nt/3)) - © /3 =— (4n)/3 - sin(nt/3);

V, (t) = — ((4-3,14)/3) V3/2 =-3,63 cm/c;

V, = dy/dt = (-3sin(at/3))' = — (3-cos(nt/3)) - n/3 = — © cos(nt/3);

V, () =-3,14-(1/2) =-1,57 em/c

ITo HaliIEHHBIM IPOEKLUAM OIPENENIIEM MOAYJIb CKOPOCTH TOUKH B:

V= V24V 2 = - ((47)/3) sin(zt/3))* + (- cos(at /3))?
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V= \/ (-3,63)* +(-1,57)* =3,96 cM/c
ITo HaiineHHbIM npoeKIHAM Vy 1 Vy CTPOMM BEKTOP CKOPOCTH TOUKH Bj

Vm Ha puc. 94. B macmtabe 1:1.

3. YCKOpeHI/Ie TOYKHN B]_ HaXO0JuM aHAJIOTHUYHO:
2
a= IX_ W = @4ny3 - sin@t3)) = (- (4n)/3)-w3-cos(nt3)) =

dtz  dt
—4r? ..

-C0S ;

(3)
Ay = —4.3142 .1:7219CM/02;

9 2 '

d?y dv . r ., 7t . o
a,= — 2 —— Y =(—zmcos(nt/3))' =—7m - Z.sin(=) = Z—sin(%);
Todt? o dt 3 NG =)

2.
ayy = 2,85 cm/c’;
3 2
ITo HaliCHHBIM IPOCKIUAM 8y (1 H Ay ONPEAEIIEM MOIY/Ib YCKOPCHHUS

TOUKH B!
2 2
a=.Ja’+a,’ = \/(—43 -cos(%))z +(%~Sin(§))z ;

807 Ay +a,° =(-219)" +(2,85)? =3,59 ow/c;
Mo HaiiIeHHBIM NPOEKLHAM ay (1 M Ay HA pUC. 94 B MaciuTabe 1:1 ctpoum

BEKTOp YCKOPEHHsl TOYKH By @y, .

= 314 3

Puc. 94
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4. TaAreHnMaNbHOE YCKOPEHHE TOYKH B; HaXOIMM COTJIACHO OCHOBHOTO
OIpeNieNeHus:

atT = dv > 2\, Vx-ax +Vy-ay .
—_— -+ A S— |
It KV +V,)%) v

ar = -3,63-(-219) + (-157)-2,85 088 —r
3,96
aT =0,88 cM/c?> 0 => nBKeHUE TOUKU B; KpHBOIMHEHHOE YCKOpEH-

Hoe => \K M at, (puc. 94)

5. HopmanbsHOe yckopeHue Touku B, Haxonum:

la| = \a,’ +a.’ =>a,= \Ja’—a,’ =>

any = 1/(3,59)? —(0,88)2 = 3,48 cm/c?

n(t)
6. Pajiiyc KpUBHU3HEL TPACKTOPUHU B TOYKE B, HAXOMNM U3 yCIIOBHS:
2
VA Ve o_ (3,96)°

= = ,_ = ,_
pP= p=
P a, 3,48
Pe3ynbraTsl pacyéToB OCHOBHBIX KHHEMATHUCCKUX NapaMETPOB JIBIDKCHIL
TO4KHU By st 3anaHHOro MomerTa Bpemenu t = 1¢ npuBeseHs! B Tabmue 2.

Bexkrtop 1 ar,, KUCHTPY KPUBH3HBI (puc. 94)

an = 451cM

Tabnuua 2
Koopaunartsl, CKopocTb, Yckopenue, Panuyc
cM. cm/c em/c KPHUBU3HbBI
X y Vi | Vy | V |, < | ay a |ar | g P
20 | -260 |-3,63]-1,57[3,96 |-2,19|2,85 | 3,59 | 0,88 | 3,48 4,51

Bonpocut ons obcyscoenusn

1. B 4éM cocTOUT BEKTOPHBIN CcI10cO0 3a/laHusl IBHIKEHHUST TOUKN?

2. Kak 3a1aétcst IBUKEHUE TOUYKHA KOOPIUHATHBIM CIIOCOO0M?

3. Kak 1o ypaBHEHHUSM IBMKECHHUS TOUYKH B KOOPAUHATHOM (hopMme ompe-
JIENTUTH TPAEKTOPHIO IBHKECHUS TOUKH?

4. B 4éMm 3aKiII04aeTcsl €CTECTBEHHbIN CIIOCO0 3a1aHNs ABVKECHHS TOUKU?

5. Uro Takoe rogorpa¢ nepeMeHHOro Bekropa?

6. Uro Ha3bIBaeTCs TPACKTOPUEH ABMKEHHS TOUKH?

7. Knaccuduxanust tTpaekTopuii?

8. Kakue ocu Ha3bIBaIOT €CTECTBEHHBIMH OCSMH KOOPJMHAT NP OTHCA-
HHH JIBUOKEHHS TOUKHN?

9. Uro Ha3bIBaeTCsI CKOPOCTHIO TOUKHU?

10. Kakast 3aBUCHMOCTb CYILIECTBYET MEXK/Y PaJnyC-BEKTOPOM JIBHKY-
IIEHCS TOYKH U BEKTOPOM CKOPOCTH TOM TOUKH?
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11.Kak onpenesuTb MPOEKLUUIO BEKTOpa CKOPOCTH Ha OJHY M3 KOOPAH-
HATHBIX OCEH NP BEKTOPHOM CII0CO0€ 3aaHusl IBIKCHHUS !

12. Kak onpenensiercss MOAYJb U HalpaBJICHHE CKOPOCTH TPH BEKTOPHOM
croco0e 3aIanus ABMKEHUA?

13.Kak cBsi3aHbl HPOEKIMsI BEKTOpa CKOPOCTH Ha OAHY M3 KOOpIHMHAT-
HBIX OCEH ¥ COOTBETCTBYIOIIASI KOOPIUHATA IBIKYIICHCS TOUKH?

14.Kak ompenensiercsi MOIyJb W HalpaBJICHHE CKOPOCTH IIPU KOOPAH-
HATHOM CII0CO0€ 3aJaHus IBUKEHNUSI TOUKA?

15.Kak cBsi3aHbl MeXAy COOOH BEKTOPHBIH M KOOPAMHATHBIN CHOCOOBI
OTIpeNieIeHUs] CKOPOCTH TOUKH?

16.Kak ompenensieTcsi CKOpPOCTh NPU ECTCCTBCHHOM CIOCOOE 3aJaHHus
JIBUKEHUS TOYKA?

17.Yto BB MOHUMAETE TIO]T ANTreOpandeckoil CKOPOCTHIO?

18. B xakoM HaIlpaBIICHUX MMPOUCXOIUT ABIDKCHHE TOUKH, €CIIH anredpa-
n4eckasi CKOpOCTh: a) MoJIoKuTeNnbHa? 6) oTpunaTenbHa?

19. aiiTe onpenencHre YCKOPEHUS TOUKH?

20.Kak ompezensiercss yCKOpPEHHE TNPH BEKTOPHOM CIOCO0OE 3amaHus
JIBIDKCHUS TOUKA?

21.Kaxk onpezenseTcs MOIyNb U HalpaBlICHHE YCKOPEHUsI NPH KOODPIU-
HATHOM crtoco0e 3a/TaHusl TBIKCHUS TOUKH?

22.Yto Takoe ecTeCTBeHHas cuctema koopauHat? Hapucyiite 3ty cu-
CTeMy KOOpPIMHAT W HA30BHUTE OCH €CTECTBEHHON CHCTEMBI KOOPIUHAT?

23.Kak ompenensercss yCKOpPEHHE TOYKH NPU 3aJaHud €€ JBHKCHUS
ecTecTBEeHHBIM criocobom? Kakast popMmyra mpu 3TOM UCHIONB3yeTCs?

24. Y70 Takoe KpUBU3HA U PAJNyC KPUBU3HBI TPAEKTOPUU TOUKU?

25. HazoBuTe mpoeKInWU YCKOPEHUS TOYKH HA €CTECTBEHHBIE OCH KOOP-
nuHat? Ilo KakuM GopMynam OHH BBIUUCIISIOTCS?

26. Harmmmure opMyimy Ui ompeneeHus] MOAYJS MOTHOTO YCKOPESHUS
TOYKH TPU €CTECTBEHHOM CIIOCO0€ 3a/laHUs IBIDKCHUS TOUKU?

27.Yto xapakTepu3yeT KacaTeJIbHOE YCKOpPEHHE, HOPMaJbHOE YCKOpeHHe?
[pu xakoM BIDKEHNH OTCYTCTBYET: KacaTelbHOe YCKOpeHHe? HopMabHOe?

28.Kak onpezenuth, B KaKOM Cliydae JBH)KCHHE TOUKH OYIET YCKOPEH-
HBIM, 3aME][ICHHBIM?

29.BeiBectr (GOpMyINy Uil BBIYHMCICHHS YCKOPEHHMs, €CJH J[BIIKCHHUE
TOYKH 33/1aHO YPaBHEHUSIMH JIBHKEHHS B KOOPANHATHOH (hopme?

30. Kak HampaBiieHO HOPMAaJIbHOE YCKOPEHHUE 0 OTHOILICHUIO K TPaeKTOpUn?
B Kakux TOuKax TpaeKTOPHHU M3MEHSETCS HalpaBlieHHe HOPMAIBHOTO YCKOPEHHs?

31. Caenaiite kiaccu(UKALMIO JABHKEHHI TOUYKU 110 CKOPOCTSIM U YCKO-
PEHUSIM ee ABHKEHUs?

Jumepamypa
OcHoBHas: 1-4.
Wurtepuer-pecypesr: 1.
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19. OnpepeneHne CKOPOCTEN M YCKOPEHUI TOUEK TBepaoro Tena
npuv noctynaTtesibHOM U BpaljaTesibHOM ABUXEHUAX

Llens 3anamusn: nocTynatenbHOE JBIKCHUE TBEPAOTO Tella, BpallaTelIbHOE
JIBIDKEHHE TBEPIOrO Telld, CKOPOCTh M YCKOPEHHE TOYEK TBEPAOro Tela MNpH
BpalaTeIbHOM  JIBIDKCHWM, KJIAaCCH(UKAIMSA  IOCTYIATEIBHOTO  JBWXKCHHS
TBEPJOTO TeJa, KIacCU(UKaIKsl BpalllaTeIbHOTO JBU)KEHHS TBEPIOTO Teda.

Opzanuzayuonnasn popma: pemeHne 3amgayd.

Memoouueckue pexomenoayuu
B [TocTynaTenbHOE IBMXKEHHE TBEPAOTO

| 3 Tedra — obas npssMag Tejla OCTacTCA
napajieIbHOH  CBOEM NEpBOHAYAJIbHOM
mﬁﬁ P > TP y

[OJIOKEHUIO. TpaekTopus Teia — IpsAMas.
VYckopenue J000H TOYKM Tena NP TOCTYNATENbHOM JABWKECHHH & = @,
— g = 8 :
a —GT — dt Ja” ='G___x, =Uy
'R @ = @(t) — 3aKOH BPALIATEILHOTO JIBIKCHUS
w=0l =0 TBEPJOTO Tea.
k_ . n 2
20 w = () [pancl; £ = (w) = @" (pan/c?)
—J A== 0

¥ =w,;a,=wra=¢;a=0a,+d;

T
. a =1rvw* + g2,
er Bagaua 1.

LA Teio Bpamaercst BOKpYr HENOABUKHON OCH COIVIACHO
33KOHY ¢ = 2 (paz). OnpenenuTh CKOPOCTh M YCKOPEHHE TOYKU Tejla Ha

paccrosHuu =0,5 M OT ocH BpallleHHus B MOMEHT BpeMeHH t =1 c.

Pemenue:

v = wr,

w=(p) = (t?) =2t
Ht=1c)=2tr=2-1-05=1m/C
d 1 r BcTOpOHY (1)

df _
e=(w)=02t)= 2% > 0(const) = w TT £ — BpallcHHE Tena
C

PaBHO-YCKOPEHHOE
a,=2-0,5=1m/c* @, L rBcropony £.
a, =wr=02t)*'r=4-1?-05=2m/c%
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a]‘ BJOJIb I OT TOYKH K LEHTPY KPUBU3HBI

| = = | — = — M
a= aJ: +ar; a= \u"l(an)‘ + (ar:]‘ = \-"I(Z)‘ + (2)‘ = '\".8 = 2183':_21

Otser: 9 — 1§;a = 2,83 M/c*

3agaua 2. Teno ABMXKETCS MOCTYNATEIbHO COINIAcHO ypaBeHHIO Xx=0,4t%.
Omnpenenuts CKOPOCTh W YCKOPEHHE Tela
npu t=2c.
9 = (x) = (0,4t%)' = 0,8t
G(t=2c)=08-2=16mM/cC

= 2 . A
%, ="—=0a=2=()"=08)=08u/c>0 =

g—oe

TENo JABMKETCs MOCTyNaTeNbHO paBHoyckopento ¥ 11T @, = @.
a,=a=0,8m/c*;
Otser: ¥ = 1,6 M/C a = 0,8 m/c2

Pewiump camocmoamenvno
3agaya 1. Teno aBmkercs mocTynarenbHo ¢ yckopeHuem a=0,2t.
Omnpenenute MOMEHT BpeMeHH [, KOorja CKOpocTh Tena OyneT paBHa 2 M/c,
€CIM IPU £, = () CKOPOCTh 3, = 0. (4,47)
3anaya 2. Teno nBuxkeTcs noctynareiapHo 1o npsimoir OX ¢ yckopeHuem
a, = 0,7t. OnpenennTs 3aKOH MOCTYNATeIbHOrO JBMKEHHs Tena Xx=X(1) u

KOOpAMHATY X TOYKH Tela B MOMCHT BpeMeHH 1=5c, ecimu mpu ¢, = 0
CKOPOCTh 19, = () M KoopmHata ¥, = 0. (14,6)
3agaya 3. Teno BpamiaeTcs COMIACHO YPAaBHEHUIO o, — 2 — §¢2.

Omnpexnemuts Bpems t ocranoBku tena. (0,5)
3amaga 4. Teno Bpamaercs MO 3aKOHY  — 5+ 3¢2; OIPCACIHTH

CKOPOCTb M YCKOPCHUC TOYKH TCJIa B MOMCHT BPEMCHH t=1 C, €Clin paanuyc
Bpawenns I = 10 eM. (60 cm/c; 60 em/c?).

Bonpocut ona oocyscoenusn

1. TocrymatensHOe ABIKEHHE TBEpAOTo Tena? OCHOBHBIE KHHEMaTHYe-
ckne xapakrepuctuku? Kinaccudukarus mocTymnaTeabHbIX JTBIKEHUN TBEPIO-
ro Tena?

2. BpamiarenbHoe IBIKEHHE TBEPAOTO Tena? OcHOBHEBIE
KHHEeMaTH4yeckue  xapaktepuctuku?  Krmaccudukamus — BpamateabHBIX
JIBIKEHUH TBepAoro tena?

3. CkopocTh 1 YCKOPEHUE TOYEK Tella IPH MOCTYIAaTEIIEHOM JIBUKCHUH?

4. CKOpOCTh U YCKOPEHHE TOYCK TeJa MPH BPAIaTeIIbHOM JBUKCHUM?
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Jlumepamypa
OcHoBHas: 1-4.
WuTepuet-pecypest: 1.

20. NepepaToyHble MeXaHU3MbI

Lens 3auamusn: nepenaTodHble MEXaHU3MBI, IPeOOpa30OBaHUE MOCTYIIA-
TEIBHOTO U BPAILATEIFHOTO ABMKSHHUS TBEPIOrO TeJla B MEXaHU3MaXx.
Opzanuzayuonnasn popma: pemeHne 3amgad.

Memoouueckue pexomenoayuu
HepeﬂaTO‘-IHbIe MEXaHU3MBI — 3TO TAKMC MEXAaHU3MBI, B KOTOPBIX I€peaa-
€TCA ABMKCHUE OT BEAYUICTO 3B€HA K BEAOMOMY. OCHOBHaH XapaKTCpUCTHUKa
MepeaToyHOro MeXaHu3Ma — IePEeAaTOYHOE YUCIIO.
2= = j—", TAE ¢y M @, YII0Bas CKOPOCTh BEAYIIEro U BEIO-

Gdg 7 o)
MOTO BaJIOB;
rhur,— paanycChbl BEAOMOT'O U BEAYLICTO BAJIOB,
Z1 U Zp — YUCII0 3y6I)CB BE€AOMOI'0O U BEAYIIETO 3y6‘IaTLIX KOJICC.

Hanpumep: BHemmHss 3y0uaTas mepegada o
v — 2 =1
17 W i | |
Ty =V gl =
D Wy r'_.l
Cilny ThH
3amgaya. I I

I'py3 1 mogHuMaeTcs ¢ IOMOIIBIO JieOeaKkH, O6apabaH 2 KOTOpPOM Bparia-
€TCsl COTJIACHO 3aKOHY @ = 5 + t?[paa]. Ompenenurts ckopocTs Touku M

OapabaHa B MOMEHT BpeMeHH {=1C, eciu auametp Oapabana d=0,6Mm.
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o
:n\
o

Puc. 96
Pemenne.
B JleGenke rpy3 1 cBs3an ¢ 6apabaHoM 2 THOKOH CBSI3BIO (TPOC, HUTBD).
- - d
Yy T T Uy T @7 T @y o
w, = (@) = (5+t%) = 2¢- yruosas ckopocts GapabaHa 2.
an
w(t=1c)=2-1= z.p—,:
c
d 0.6
r==—=—=0,3M;
2 2

Uy =2-0,3=06m/c

OtBert: v,, = 0,6 M/c

Pewtums camocmoamensno
3amaua 1.
Komeco 1 Bpamaercss corjacHO 3aKOHY
@, = 20t.

Ornpenenutb CKOPOCTh TOUKM M Koieca 2,
eciu paguycsl koiec R;=0,8M, R,;=0,5M u mepe-
JaTouHoe yrcio Mexanmsma i-? (16; 0,625)

3amauya 2.

3ybuatoe Koyieco 3 Bpamiaercsi paBHO-
HEpEMEHHO C  YIJIOBBIM  YCKOPEHUEM
E::8pau/cz. Onpenenuts MyTh, NPONHAECHHBIN
rpy3oMm | 3a mpomexyTok BpemeHum t=3c,
ecimu paguycel Ri= 0,8M, R,=0,6Mm, 1 =0,4Mm.
I'pys 1 B Hauvane IBMXKEHUS HaXOJWICs B
nokoe. (10,8)
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3amada 3.
3y0uaroe Koneco 1 BpallaeTcs COTNIACHO 3aKOHY ¢, = 4t7.

Onpenenurtsb
CKOpOCTh TOUKH M
Koseca 3 B MOMEHT
BpeMeHH {=2c, ecnu
panuycer R;=0,4m,
R,=0,8Mm, r,=0,4Mm,
Rs=1m.(3,2)

3agaua 4.

I'py3 3 mBmwxercs BHHU3 CO-
racHo 3akoHy S=0,4t,+8t-1(m).
Omnpenenuts CKOPOCTh TOYku M
Kozieca 1 B MOMEHT BpeMeHH =lc,
eCIIH  paAWyChl KOJeC pPaBHEI
R,=1,6Mm, r,=0,4Mm, r;=0,8Mm. (35,2)

Bonpocut ons obcyscoenusn

1. IMepenaTouHble MeXaHM3MbI — BHeEIIHee 3yOuaToe 3alleruieHHe, BHYT-
peHHee 3y0Ouaroe 3areruieHue (GpUKIMOHHAs Tepeaada), THOKue CBSI3H, Mexa-
HH3M C KPaTHBIM 3alleTICHHEM, MEXaHU3M C Iapa3uTHBIMHU KoJlecaMu?

2. IlepenaToynoe yucio?

3. CKopocTh Tela MpH MOCTYNATEeIbHOM JIBIKEHUN?

4. CKkopOoCTh TOYKH TeJa P BpaIaTeIbHOM JABHKEHHH?

5. locrynarensHoe aBMkeHHE TBepAoro Tena? OCHOBHbIE KMHEMATHYe-
CKHE XapaKTepUCTUKH?

6. Bpamarensusle nBMKeHUs TBepaoro teina? OCHOBHBIE KHHEMAaTHYeE-
CKHE XapaKTEePUCTHKHU?

Jlumepamypa
OcHoBHas: 1-5.
HuTepuet-pecypest: 1.
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21. KuHemaTnyeckumn aHanums nepenaTo4yHbIX MEXaHU3MOB

Ienv 3anamus: TloctynaTtesapHOe ABMKEHUE TBEPAOTO Teja — TPAEKTO-
pHs, CKOpOCTh, YCKOPEHHE TOYEK Teja. BpamarenabHOe JABUXKEHHE TBEPIOTO
Tela — TPAeKTOPHs, CKOPOCTh, YCKOPEHHE TOUEK TeJa.

Opzanuszayuonnasn popma: pelieHue 3aaad.

Memoouueckue pexomenoayuu

IocmynamenvHblm HA3bI6AEMCA MAKOE OBUICEHUE MEEPO020 Mead, Npu
KOMOPOM 1100as Npamas, npoeedeHHds 8 IMOM mene, nepemeujaemcs, ocma-
8a5Cb NAPANIENbHOU C80EMY HAUanNbHOMY Hanpaeienuio. Ckopocmu u yckope-
HUsL 6CeX MoYeK mena abcoNiomHo pasHol.

Cropocms mouku epawjaiouecocs meepoo2o meia pasHo nPou3eeoeHuio
V20601l CKOPOCMU Mefld Ha paccmosnue e€ 00 0CU PaljeHUs.

[TonHoE yckopeHue Touku M npu spawamenshom osudxcenuu Oynet

a=,a’+a’ =h-Je?+o" @)

Puc. 97

3agauqa.

Hano: o1 = 5t-2t2; th=2C,tu=2cMm, Riy=4 c™M; 1,=6 cMm; R, = 8 cm;
73= 12 cM; Rz = 16 cm;

Onpenenuts: Us; Uy; €] o oy

c | =’ 2 o
ﬁct? 3 [ 2 ér-\
2

| /H\ 1

/

IS
N

Vg | 5

w|

e ©
e

Puc. 98
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Pemenne.

0O003HAYMM CKOPOCTH TOYEK, JISKAIIMX Ha BHEIIHUX 0001ax Koiec (pa-
muyca Rj) — gepe3 Uj, a Todek, Jexallux Ha BHyTPeHHHX 00o1ax (paguyca Tj) —
gepes Ui.

Peiika 4, crynenuatsie Koyieca 3 paauycamu Rz u 13 U xomneco 2 ¢ paany-
camu R, U T, HAXOJATCA B 3allCIUICHUI;, KOJIECO 2 CBA3aHO C KOJiecoM | peMeH-
Holi mepenadeil. Ha Ban 1 mamorana Huth ¢ rpysom 5=>Us=U;=m1;=(5-2 —
2:2%)2 =4 “/c;

Tax kak koieca 2 m 1 cBA3aHBI peMeHHOM mepemauei , => Up = U, =>
(DlRl: 07Ty, UB: WoTy => (DlRl: OJzRZZ Wz = (52'222)4 =8 cM/C;
oR, _ (5-2—2-22)-4 2-4 =133 pao .

' ;
7, 6 6 c

6= do, _ d [a)lRlJ _ R, - (5t —2t%)’ _ R -(5-4t)

01R1= ;1 => Wy =

dt dt

YCKOpEHHE KoJleca 2 €, B MOMEHT BpeMeHH 1y = 2C g1y = 4-(5-4-2) = ¢?

7,

— YIJ10BOC
7, 7,

€2 U 02 pa3HOI'0 HAIIPABJICHUSA == BpalicHUs KoJieca 2 3aMCIJICHHOC
Tak Kak Kojeca 2 U 3 HaXOAATCs B 3alleIUICHUN => ®yR, = 03R3; Uy = Us
=> ;= R, = 133:8 =067 pad;
R, 16 c
€3_ YIJIOBOE YCKOpEHUE KoJieca 3;
g5= 49 = d(@R,) = @R ‘R, = 4.8-(5-41) = 4.8:(5-4-2) =4 pao.
dt dt(R,) 7, R, 616 6.4 2
€3 U 03 PAa3HOI'0 HAITPABJICHUSA => BpalleHUue KoJjieca 3 — 3aMCJICHHOC.
0= @32°R3=0,67%16=0,45-16 = 7,18 “/c?;
0 = e3Rg =416 = 64°/%;

() = o 4o, = 7187 +64% = /515044096 = 64.4 “/c’;

Tak kak koJieco 3 u peiika 4 HaXOAATCS B 3aIETUIEHUH, TO V3=V =>
03R3 = vy

‘R,-R
04 = d&: d(@;R;) = (a)z 2 3J: de&: Rye,=82=16 cM/Cz;

dt dt R, dt

Otset: V5= 4 ™/c; v,= 8 ™/c: 5= -2 ¢2; 0, = 64.4 ™% ay= 16 /e
3amaua (x Bapuantam 1-30):
JBmkeHue rpy3a | TOJDKHO OMUCHIBATHCS YPABHCHHAEM
X =Cyt?+ Cyt + Co,
rae t—Bpems; C,, Cy, Cy_ HEKOTOpBIE OCTOSIHHBIE.

138



B nagansHe1i MoMeHT BpemenH (t = 0) koopanHaTa rpy3a J0JDKHA OBITH Xo,
a ero ckopocth — Vy .

Kpome Toro, Heo6xouMo, 4TOOBI KOOp/IMHATA TPy3a B MOMEHT BPEMEHHU
t =1, Obula paBHa X, .

Omnpenemuts ko3dduunentsr C; , Cy , Co, IPH KOTOPBIX OCYILECTBISETCS
TpeOyemoe JBIKeHHE rpy3a 1. OnpenenuTh Takke B MOMEHT BpeMmeHH t = t;
CKOPOCTh M yCKOpeH#He rpy3al u Touku M 0HOTO U3 KONEC MEeXaHU3Ma.

CxeMBI MEXaHU3MOB ITOKa3aHHI Ha puc. 99 — 102, a HeoOX0oIMMEbIC TaHHBIE
TpUBeICHEI B Ta0mIe 1.

Tabmnma 1
Paamychl, M KoopauHaThl H CKOpOCTH }:::;e;;':f
':;::;ga rpysa 1 BpeMenl, ¢
(puc.

68 —70) R, n R; r Xgp oM | v, em/c | x5, oM 1 4
1 60 | 45 36| - 2 12 173 3 2
2 80 - 60 | 45 5 10 41 2 1
3 100 | 60 51 - 8 6 40 4 2
4 58 | 45 60 | — 4 4 172 4 3
s 80| — 45 | 30 3 15 102 3 2
6 100 | 60 30| - 7 16 215 4 2
7 45 | 35 105 | — 8 5 124 4 3
8 35 10 10 - 6 2 111 3 Z
9 40 | 30 15 - 10 7 48 2 1

10 15 - 40 | 35 5 3 129 4 3
11 40 | 25 20 - 9 8 65 2 1
12 20 15 10 — 5 10 179 3 2
13 30 { 20 40 - 7 0 557 5 2
14 15 10 15 - 6 3 80 2 1
15 15 10 15 — 5 2 189 4 2
16 20 15 15 - 4 6 220 4 3
17 15 10 20 - 8 4 44 2 1
18 20 15 10 - 3 12 211 4 1
19 15 10 20 - 5 10 505 5 3
20 25 15 10 - 10 8 277 3 1
21 20 10 30 10 6 5 356 5 2
22 40 | 20 35 - 7 6 103 2 1
23 40 | 30 30 15 5 9 194 3 2
24 30 15 40 | 20 9 8 105 4 2
25 50 | 20 60 - 8 4 119 3 2
26 32 16 32116} 6 14 862 e o
27 40 18 40 18 5 10 193 2 1
28 40 | 20 40 15 8 5 347 3 2
29 25| 20 50 | 25 4 6 32 2 1
30 30 15 20 - 10 7 128 2 1

139












O
(¢




Bonpocwt ona obcysrcoenusn

1. Onpenenenue nocrynarensHoro aApmwxeHus tena? [Ipumeps! nocrymna-
TEJIBHOTO JBIKEHUS Tena?

2. TeopeMy O TpPaeKTOPHSX, CKOPOCTSX M YCKOPEHHUSIX TOUYEK TeJsa, CO-
BEpLIAIOIUX MOCTYNATeIbHOE ABUKEHUE?

3. Ckonpko creneHeld cBOOOJBI MMEET TeNO, COBEpIIarollee MOCTyIa-
TeJbHOE JBIKEHHE?

4. OnpenerneHne BpaaTenbHOTO IBIDKeHMS Tena? [Ipumepsr?

5. Cxompko cTereHeil cBOOOIBI MMEET TEJO, Bpamaromieecss BOKPYT He-
MOABIXHOW OcH? 3aKOH WJIM ypaBHEHHE BPAIIATEIHbHOTO IBMXCHUS TEJla BO-
KPYT HEMOJBIKHOM och?

6. Omnpenenenue yrioBoi CKOPOCTH U YTIIOBOTO YCKOPEHUs?

7. Kak BBIMHCIIAIOTCS yIIIOBasi CKOPOCTh | YITIOBOE YCKOpEHHUE?

8. Kakum 00pa3oM BBOAMTCS MOHSTHE O BEKTOpaxX YIJIOBOW CKOPOCTH M
YII0BOro yckopeHHua? MOXHO JIM CKa3aTh, YTO OHU SBJISIOTCSA CKOJIB3AIINMU
BeKTOpamu?

9. Knaccudukaiuro BpaeHui o yrIIOBOMY YCKOPEHHUIO Tesa?

10. BeiBog popMyJibl 1Sl BRIYMCIICHUS THHEHHON (OKPY)KHOM) CKOPOCTH
TOUEK TeJIa, BPAIIAIoNIerocst BOKPYI HEMOABIXKHON ocH?

11. CocTaBausromue yCKOPEHUSI TOYEK Tea, COBEPINAIOIIETO BpAICHHUE
BOKpYT HemoABIWKHOH ocu? [To kakuM opMyIaM OHH BEIYHCIISIOTCS?

12. ®opmyiry asst BEIYUCICHUS MOJTHOTO YCKOPEHUS TOYEK Tela, Bpalia-
IOLLET0Csl BOKPYT HEMOABMXKHON ocu?

13. Kak MOXXHO TIpe/ICTaBUTh CKOPOCTb, KacaTelIbHOE M HOPMAIBHOE YCKO-
pEHHE B BUJIE BEKTOPHBIX Mpou3BecHN? COOTBETCTBYIOIINE BBIPAYKESHUS?

Jumepamypa
OcHoBHas: 1-4.
Wnrtepuer-pecypesr: 1.

22. MrHOBeHHbIN LeHTp ckopocTeil. OnpeaeneHne ckopoctemn
TouekK nnockoun curypsbl

Lens 3anamus: MI0CKoONapaie]bHOE ABHKEHHE TBEPIIOTO TENa, MIHO-
BEHHBIH IIEHTP CKOPOCTEH, OMpe/IeIeHIe CKOPOCTEH TOUCK ITIOCKOH (PUTypHI.
Opzanuzayuonnasn popma: peuieHue 3aaau.

Memoouueckue pekomenoayuu
ITnockonapannenvHbim (NIOCKUM) HA3bIBACTNCS OBUMICEHUE MBEPO02O Mie-
Jd, npU KOMOPOM MPAeKMOPUU 8CeX €20 MOYEK AeHCAm 6 NIOCKOCHSIX, NAPAl-
JIeIbHBIX HEKOMOPOU HeNOOBUICHOU NIOCKOCHU. MeHOBeHHbIM YEHMPOM CKO-
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pocmeii (MI]C) nasvigaemcss moyka niockou gueypul, cKOpoCms KOMOpou 6
OaHHbIlL MOMenm eépemenu pagna Hymo. CKopocms mouku pasHa npousseoe-
HUIO Y2N080U CKOPOCMU HA 8EIUNUHY MCHOBEHHO20 PAOUYCa 6pAUEHUs — PAC-
CMOSIHUSL 0T MOYKU 00 MCHOBEHHO20 YEHMPA CKOPOCHell.

Menogennvim yewmpom ckopocmeti (MLIC) nasvisaemcsi mouka niockou
@uzypol, ckopocmb KOMOPOU 8 OAHHBIIL MOMEHM BPEMEHU PABHA HYIIO.

Ecmu ¢urypa mBmKeTCs HEMOCTYMATENIBHO, TO TaKas TOYKA B KaXIbIH
MOMEHT BpeMeHH t CylIecTBYeT W MPUTOM eAMHCTBeHHas. IlycTh B MOMEHT

BpeMenH t Touku A u B miockocTu ¢purypst umerot ckopoctu Vo u Vg, Hema-
pamtensHble npyr npyry (puc. 104). Torma Touka P, nekamias Ha Tepecede-

HUY NIEPIIEHNUKYIApoB Aa k Bektopy VY, u Bb k Bektopy Vs, u Gyner Mruo-
BEHHBIM [IEHTPOM CKOPOCTEH, Tak Kak V, =0,

Puc.104
B camom nene, eciu V, 20, TO 0 Teopeme 0 MPOEKIUAX CKOPOCTEH BEK-

TopVp OMKEH OBITH OMHOBPEMEHHO MEPHEHIUKYIspeH u AP (Tak Kak

V, L AP) u BP (rax xak V; L BP), uto HeBo3MOKHO. M3 3TO# 3Ke TeopeMbl
BHUJIHO, YTO HHUKaKas Jpyras TOUka GUrypbl B 9TOT MOMEHT BPEMEHU HE MOXKET
HUMETh CKOPOCTb, PaBHYIO HYJIIO.

Ecnm Teneps B MOMEHT BpeMeHH t B3sTh TOuKy P 3a nosoc. To ckopocTb
TOUKU A Oyzner

Va=Vo +Vp =V,

tak kak Vp,=0. Takoii e pe3y/ibTaT Mmoiaydaerca s M000H ApYyroi Touku
¢urypsr. Torma, ckopocmu mouexk niockou gueypsl onpedensiomcs 8 OaHHbll
MOMEHm 8pemMeHu max, Kax eciu Ovl 0sudicenue Gueypvl ObLI0 epaujenuem
BOKpY2 MCHOBEHHO20 YyeHmpa ckopocmei. I1pu aTom
Vy=w-AP (V, L AP);NVy =w-BP (V, L BP)
W TaK JuIs 1000 TOUKH QUTYpBHI.

VA VB
U3 atoro crenyer eie, YT0 —= =® U —— = @, TOr/1a

AP BP
Va _ Ve
AP BP’
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T.€. UTO CKOpPOCMU MOUYeK NIOCKOU hueypbl NPONOPYUOHANbHBL UX PACCMOA-
HUIO OM M2HOBEHHO20 YeHmMpa CKOpOCmell.

ITony4eHHble pe3ynbTaThl IPUBOJAAT K CIACIYIONINM BHIBOIAM:

1. Jlna onpedenenusi MecHOBEHHO20 YeHMpA CKOPOCMeEl HAOO 3HAMb

monvko nanpasnenus ckopocmeti , nanpumep, Vo u Vg kaxux-nu6yos 06yx
mouex A u B nnockoti gueypei.

2. MIna onpedenenus ckopocmu 000U MOYKU NIOCKOU ueypbl HAOO
3HAMb MOOY/Ib U HANPAGIeHUe CKOPOCMU KAKoU-HUby0b 00HOU mouku A guey-
Dbl U HanpaesieHue cKopocmu Opy2oll eé mouxu B.

3. Venosaa cxopocmv @ naockoii ¢ueypbl pasHa 6 KaxicOOU MOMeHmM
8peMeHU OMHOUEHUIO CKOPOCIU KAKOU-HUOYOb MOUKU Queypsl K e€ paccmosi-

. Ve
HUIO OM MEHOBEHHO20 YeHmpa ckopocmetl P: @ = B (58)

Haiinem, eme J:[pyroe BBIpAKEHHE I U3 paBeHCTB Vg =V, +Vps u

Vy L BA) CIIE/IyeT, qro V |\/B _\7A| u Vega =@-AB , OTKyz1a
-V, | M+ (-,
N RANAER .
AB AB
3amaya.
Onpenenuts CKOPOCTh TOUKK B mucka, ecinu A

TOYKa A TUCKa IMEET CKOPOCTh 2 M/C.

Pemenne: v

JucK KaTUTCs 0 TOPU3OHTAIBHON OMOPHOM IIOC-
KOCTH, COBEpIIIAaeT IIIOCKOe NBIKeHNe — eHTp C aucka
JIBUXKETCSI TIOCTYMATENBHO, IUCK BpAIaeTCs BOKPYT
MTHOBEHHOTO LIEHTpa CKOPOCTeH Prryy o)

iy = - APy = w2

-

2=w2r=aw=%=1-._c'1}: g = w-BRy;
BP, uz ACBPF,- BP, = \[{BC)? + (CP,)?

Otser: g = 1,14 m/c

=vVri+ri=42ri=r/2u;
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Pewtums camocmoamenvho

3amauva 1.
OnpenenuTs YrIOBYHO CKOPOCTh O ¢ A

\EJ.-" 30"

mwaTyna AB KpUBOUIMITHO-TIOI3YHHOTO é
MEXaHM3Ma B YKAa3aHHOM MOJIOXKEHHH, -
ecniu  Touka A MMEET  CKOpOCTh
1y, = 3 M/c, a nquuHa waryna AB=3

M. (1,15)

3anaua 2.
CKOpOCTb IIEHTpa A CTYIIEHYAaTOro KoJjeca
1y = 2 M/c, PaliyChl
n =06m = 05mM Onpenenursp
ckopocth Touku B. (0,4)

3agaya 3.

[t n300pakeHHOTO MOJIOXKEHNST MEXaHH3Ma
OTIPEIETNTh PACCTOSIHAE OT TOYKH A 10 MTHOBEHHO-
TO IIEHTpa CKopocTel crepxHs AB, ecin kpuBo-
mun OA Bpalaercs ¢ yriioBoil CKOpOCTbIO
e = 10paa/c, a gmuaa AB = 0,6M.

(0,849)

3agaua 4.
Kpusomun OA BpaiaeTcsi ¢ NOCTOSSHHON YIJIOBOM ckopocThio (4. Ompe-
JISIUTh PACCTOSIHAE OT TOYKH A JI0 MTHOBEHHOTO LIEHTpa CKOPOCTEW MIaTyHa

AB, ecmn mmHa kpuBommna OA = 80 mm, a mmmHa matyHa AB = 160 mMwm.
(0,16)

O % A ol
é})m FI77
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3agauqa 5.

Kpusomun OA mexaHu3Ma, Bpalasch
paBHOMEpHO, 00pa3yeT B JaHHBIH MOMEHT
BpeMeHH ¢ HampasieHueM OB yron ¢ = 90°.

OrnpenenuTb pacCTOSIHUE OT MTHOBEHHOTO
LeHTpa ckopocTeil u maryHa AB no
nmon3yHa B. («0)

3agaya 6.

JUIs JaHHOTO MOJIOXKEHUSI MEXaHHU3Ma
OTIPEIETNTh CKOPOCTh TOUKH C — cepeuHbI
maryHa AB, eciu yrioBas cKOpoCTh
w = 1pad/c; nnune 3serpeB OA=0,3 M;

AB=0,5 m. (0,3)

3amaya 7.

Kpupomun OA anunoit 0,5 M u watyn AB nnusoit 1,57 m
B JaHHBI MOMEHT BPEMEHHU HAXOISITCS Ha OJHOW TPSMOA.
OnpenenuTs yIIIOBYIO CKOPOCTH IATYHA, €CIIA KPUBOIIUTT

Bpamaercs ¢ yrioBoii ckopocteio w = 1201, (120)

Bonpocwt ona odcysmcoenusn

1. Onpez(eneHI/Ie IJIOCKOIIApAaJUICIIbHOTO ABUIKEHUS TBép—

noro tena’?

2. OHpe,I[eJ'ICHI/IG MOHATHA MIHOBCHHOI'O LHEHTpPa CKOPO-

creit — P, ? YactHsle cirygan?

3. Ompenenenne CKOPOCTH JIIOOOM TOYKHU TeJia, ABHKYIIIETO-

40| 5

A
-

CA TUIOCKOIMapalJICIbHO, ¢ MCIIOJIB30BAHUEM MI'HOBECHHOI'O IEHTpPA CKOpOCTeﬁ

—P,?

4. OnpeneneHue MOHSATUS MTHOBEHHOTO PaJinyca BpaIleHHs ?
5. Teopema o mpoeKIusIX CKOPOCTEH ABYX TOUEK Tena?

Jumepamypa
OcnosHas: 1-4.
HuTepHet-pecypest: 1.
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23. OnpegeneHue CKOpPOCTEN TOUYEK NIocKkon urypbl

Iens 3anuamus: TIOCKONIAPAIIICIIEHOE ABHKCHHUE TBEPAOTO TEIa, MTHO-
BEHHBIH IIEHTP CKOPOCTEH, OMpeIeICHIE CKOPOCTEH TOUCK TIOCKOH (PUrypHI.
Opzanuzayuonnasn popma: pemeHue 3aaay.

Memoouueckue pexomenoayuu

InockonapannenbHvim (NIOCKUM) HA3bI8AEMCA OBUNCEHUE MBEPO020 Me-
J1a, npu KOMOPOM MPAeKmopuu 8cex e20 MoYex AexHCam 6 NAOCKOCHSX, apa-
JIEIbHBIX HEKOMOPOU HeNnOOBUIICHOU NIOCKOCHU. MeHOBeHHbIM YEHMPOM CKO-
pocmeil (MLC) Hazvieaemcsa mouka niocKol @ueypuvl, cCKOpoCHmb KOMopou 6
OaHHblll MOMenm epemenu pagha Hymo. CKopocmb mouku pasHa npousgede-
HUIO Y2N08OT CKOPOCMU HA 8EIUYUHY MCHOBEHHO20 PAOUYCA 8PAUEHUs — PAC-
CMOSIHUSL 0T MOYKU 00 MCHOBEHHO20 YEHMPA CKOPOCHell.

Menosennvim yenmpom ckopocmeti (MLC) nazvieaemcs mouka niockou
@uzypol, ckopocmb KOMOPOU 8 OAHHBIIL MOMEHM BPEMEHU PABHA HYTIO.

Ecmu ¢urypa mBmxercs He MOCTYMATEILHO, TO TaKas TOYKA B KaXKIbIH
MOMEHT BpPEMEHHU ! CYIIECTBYET M HPUTOM eauHCTBEeHHas. [IycTh B MOMEHT

BpeMeHH t Toukn 4 ¥ B II0cKoCcTH (GUTYPhI IMEIOT CKOPOCTH V, n Vs, Hena-
pamtenpHble npyr npyry (puc. 104). Torma Touka P, nekamias Ha Tepecede-

HUM TIepTeHUKYIApoB Aa k Bektopy Y, u Bb k Bextopy Vg, u Gyner mryo-

BEHHBIM IIEHTPOM CcKopocTeii, Tak kak Vp, =0,

Puc. 105

B camom gene, ecnin Vp #0, To 1m0 Teopeme 0 MpoekiuaX ckopocTeit
BekTOp V) IOJKEH ObITh OJHOBPEMEHHO TEpNEeHAUKYNsApeH u AP (Tak Kak

V,LAP) uBP (tak kak Vg L BP), urto HeBO3MOXKHO. M3 3T0i 3ke TeopeMbl
BUJIHO, YTO HUKAKas Ipyras TOYKa (GUTYpPHI B STOT MOMEHT BPEMEHH HE MOXKET
HUMETh CKOPOCTb, PABHYIO HYIIIO.

Ecnu teneps B MOMEHT BpeMeHH t B3sTh TOUKY P 3a nostoc. To ckopocTb
TOoukd A Oyzner

\7A :\7P +\7AP :VAP,
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Tak KaK Vp=0. Tako# ke pe3ynbTaT MOJNy4aeTcs AJS 000N APYroi TOYKU
¢urypsr. Torga, ckopocmu mouek niockou gueypsl onpedensiomcs 8 OaHHbIl
MOMEHmM 8peMeHU MAak, Kaxk eciu Ovl 08udiceHue Queypevl OblI0 8paujeHuem
B0OKpYe MEHOBEHH020 yeHmpa ckopocmeil. Ilpu sTom

V,=w-AP(V, L AP); V,=w-BP (V, L BP) (60)
W TaK UL JIFOOOU TOUKH (DUTYPEL.

. Ve oo Ve
3 9TOT'O CICAYCT CuIC, YTO AP u BP , Toraa
vV, V
—A __B ' (61)
AP BP

T. €. 9TO CKOPOCMU MOYeK NIOCKOU puaypbl NPONOPYUOHATbHBL UX PACCMOS-
HUIO OM M2HOBEHHO20 YeHmpa CKOPOCMeEIl.

[NomydeHHbIE pe3yabTaTHI MPUBOIAT K CICTYIOIINM BBIBOAAM:

1. Jlna onpedenenuss mecHO8eHHO20 YeHMpA CKOpOCmel HAO0 3HAMb

monvko Hanpasnenus ckopocmeti , nanpumep, Va u Vg kaxux-nu6yoo 0eyx
mouex A u B niockoui gueypeoi.

2. [Ina onpedenenus ckopocmu 000U MOYKU NIOCKOU pueypbl HAOO
3HAMb MOOYIb U HANPAGIEHUEe CKOPOCMU KAKOU-HUOYOb 00HOU mouku A guey-
Dbl U HanpasieHue ckopocmu opyaou eé mouku B.

3. Venosaa cropocmv @ naockoil gueypel pasna 6 Kaxicoou MOMeHm
BPEMEHU OMHOUIEHUI) CKOPOCIU KAKOU-HUOYOb MOYKU Gueypsl K e€ paccmosi-
HUIO OM MEHOBEHHO20 YeHmpa ckopocmeli P:

Ve
w=—2-. 62
BP (62)
Haiinem, eme z[pyroe BBIp&KEHUE ISl (0 U3 PABEHCTB Vg =V, +Vg, u
v, L BA) cleyer, aro V |\/B _VA| u Vea =@ AB | orkyna
-V,| Nz +(=Vy)
W i -
AB AB
B
Pewume camocmosamenvno
Bagauya 1. [T O
Onpenenuts YIJIOBYIO CKOPOCTh KpH- g

Bomuna OA B yKa3aHHOM IIOJIOKEHHH, €CITH
CKOPOCTh TMOJI3yHa Vg=2M/C, a JINHA KPHUBO-
mmmma OA=0,1m. (20) A C

150



3amgaya 2.

OnpenenuTh yriioBYI CKOPOCTh
mratyna AB kpuBOIIUITHO-
MOJI3YHHOTO MEXaHU3Ma B YKa3aHHOM
[TOJIOKEHUH, €CIU TOUKa A UMeeT
CKOPOCTB VpA=3M/C, a JUTWHA [IaTyHa
AB=1wm. (3,46)

3amaya 3.

1 1aHHOTO TOJIOXKEHHS Mexa-
HU3Ma OIPENEIUTh PACCTOSIHUE OT
Touku D 510 MrHoBeHHOTO IEeHTpa
ckopocreit 3BeHa CD, nnuHa xoTopo-
ro CD=0,6m. (0,424)

3agaua 4.

OmnpenenuTts yrioBy CKOPOCTb KpH-
Bommma OA B yKa3aHHOM IOJI0XKEHHUH, €CIN
ckopocth Touku C maTtyHa ve = 4 m/c, 1mu-

Ha kpuBomuna OA = 0,2 m. (20)

3agaua 5.

YrioBast ckopocTh Oapa-
6ana GO=1pan/c. OnpenennTsb
CKOPOCTh TOYKH M cTyneHua-
TOrO KaTKa, Karsmerocs 0Oe3

CKOJIbXKCHHUA, €CJIU PpaanyChbl
r=0,1 v, R=0,3 m. (0,05)
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3amada 6. ——=
OnpenenuTh yrioByto cko- O - 7 O
pocTh maTyHa AB KpHBOLIHITHO- mr‘) 3
MOJI3YHHOTO MEXaHW3Ma B yKa-
3aHHOM IOJIOKEHHUH, CCTH TOYKA
A uMeeT CKOpPOCTh Va=3M/cC.
Jmuna maryna AB =1 m. (1,73)

3agaqa 7.

Ckopoctp tpy3a 1 v,=0,5
M/c. Ompenenuts CKOpOCTb Ipy-
3a 2. (0,25)

Bonpocwt ona odcysycoenusn
1. Onpezenenne MIOCKONapalIebHOTO IBIKEHNS TBEPIOTO Tena?
2. IToHsATHEe MIHOBEHHOTO LIEHTpa ckopocted — P, ?HacTtHble ciayuan?
3. OnpepneneHne CKOPOCTH JII000H TOUKHU Tela, IBHKYLIErocsl III0CKOIa-
paJuIeNibHO, C CIIOJIb30BaHUEM MTHOBEHHOT'O IIEHTpa ckopocreit — P, ?
4. TloHATHE MIHOBEHHOT'O pajnyca BpaIeHus?
5. Teopema o poeKuusAx CKOPOCTel IBYX TOUEK IIIOCKON GUrypsI?

Jumepamypa

OcHosHas: 1-4.
WuTepuet-pecypest: 1.
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24. OnpepgeneHne YCKOPEHU TOYEK NNOCKON PpuUrypbl

Iens 3anamusn: IlnockonapamiensHoe ABHKEHHE TBEPIOTO Tena. Teo-
peMa 00 YCKOPEHHSX TOYCK IUIOCKOW (DUTYPHI.
Opzanusayuonnas gpopma: peieHue 3aaad.

Memoouueckue pexomenoayuu

InockonapannenbHvim (NIOCKUM) HA3bIBAEMCA O8UdNCEHUE MBEPO020 Me-
Ja, Npu KOMOPOM MpAeKmopuu 8cex e20 Mmoyek 1excam 8 Ni0CKOCMAX, napa-
JIeIbHbIX HEeKOMOPOU HenoO8UNHCHOU NIOCKOCcmU. MeHoseHHbIM YeHMPOM CKO-
pocmetr (MLIC) Hazvieaemcsa mouka niockou guaypuvl, CKOpoCmb KOmMopou 8
OaHHbIll MOMeHm 8pemeHu pagua Hyno. CKopocmb MOuKu pasHa npousgede-
HUIO Y2l080U CKOPOCMU HA BeTUYUHY MCHOBEHHO20 paouyca epaujeHus — pac-
CMoAHUA OM MOYKU 00 MESHOBEHHO20 YeHmpd CKOpOCmel. ycKopeHue nooou
mouxu M niockoil Queypei ceomempuiecky CKIaobl8aemcst U3 YCKOpeHus Ka-
KOU-HUOYOb mouxku A, npunsamou 3a nonoc, u YyCKopeHusi, komopoe mouka M
noxyyaem npu 8paujeHuy 80Kpye 3mo2o noaocd.

ay =a,+aya (64)

3agaqa.

Mexanmm (puc. 106 cocrout u3 crepxkueit 1, 2, 3, 4 u momyna B, coenu-
HEHHBIX JIPYT C APYTOM U C HEMOIBIDKHEIME ortopamu O 1 O, mapHApaMu.

Puc.106

Jlaso: a=120°% p =60 y=90% ¢=0% 06=30°, AD=DE, ,=0,6 m, |,
=12m0;=5ct, g =8c%

Omnpenenurs: Vg, Vg, W3 U Oa.

Pemenwue.

1. C’I‘pOHM IMOJIOKEHUE MCXaHNU3Ma B COOTBETCTBUU C 3aJaHHBIMU YTIJIaMHU
(puc. 106,6)
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2.0mpenensiem vg. Touka E npunamrexut crepxHio AE. UtoObl HaliTh
Vg, HAIO 3HATh CKOPOCTh KaKOH-HUOYAb IPYroil TOYKH 3TOTO CTEPIKHSA U
HarnpasyieHue Vg. [10 TaHHBIM 3a]1a4d MOXEM OTIPE/ICITUTh
VA=l =5-0,6=3wm/c; , L OA.
Hanpagsnenue ; HaiiieMm, y4Ts, 4To To4Yka E mpuHAIICKUT OTHOBpE-

MeHHO crepkHi0 O,E, Bpamraromemycs BOKpyr Op; criemosatensHo, v, L

O3E. Teneps, 3Has p, U HaNpPaBIEHHUE v, , BOCMONB3YEMCS TEOPEMOH O TPO-
eKIMIX CKOpOCTeH IBYX Toduek Tena (crepkHs AE) Ha mpsmyro, coennHsIo-
mryto 3t Touku (mpsmast AE). CHauana 1o 3Toii TeopeMe yCTaHaBIHBaeM, B
KaKyl0 CTOPOHY HallpaBJIeH BEKTOP E (IpoekImy CKOpOCTeil TOHKHBI UMETh
OJIMHAKOBBIE 3HAKM). 3aTeM, BEIYUCIIAA ATH MPOCKIMH HAXOIUM:
v €0s 60°= v, cos 30% v = 3/3 — 5,2 m/c.

3. Ompenensem vg. Touka B mpuramnexut crepxato BD. CnenoBarens-
HO, TI0 aHAJIOTHH C TPEIBIAYIIIM, YTOOBI ONPEACINTD Vp, HAJIO0 CHAaYaIa HAlTH
ckopocTb Touku D, mpunamnexamnieit onHoBpeMeHHO ctepkHIo AE. J{ns atoro,
3Hast i u E, MOCTPOMM MTHOBEHHBIH 1eHTp ckopocTted (MLIC) ctepikHs

AE; 510 Touka C,, nexamas Ha NEPECEUEHUHU NEPIICHAMKYIAPOB K U,y U Uy

BOCCTaHOBJIEHHBIX U3 TO4eK A U E (K v, n v, TEPNEHIUKYISAPHBI CTEPXKHU 1

u 4). Ilo HampaBJeHMIO BEKTOpa U, OIpEIEEM HANpaBICHHE IIOBOPOTA

crepxkasi AE Bokpyr MLIC C,. Bekrop g OyJeT mepHeHIuKyIsIpeH OTPE3KyY
C,D, coenunsromiemy Toukn D u C, v HanpaBJieH B CTOPOHY TIOBOpoTa. Benn-
YUHY Vp HaWJeM U3 IPOTIOPIUH:
Uy _ Uy
C,D C,A
Uro6s! Beraucantb C,D u C,A, 3ametnm, ut0 AAC,E — psSIMOYTOJIBHBIH,
TaK Kak OCTpbI€ yIibl B HeM paBHbI 30 u 60°, n aro C,A = AE sin 30°=0,5 AE

= AD. Torma A AC,D sBnsercs paaoctopoHHUM U C,A = C,;D. B pesynbrare
paBeHcTBO (3) maeT:

vp = Vs =3 Mm/c; vy L CD. (67)
Tak xak Touka B npuHaae:)KUT 0JTHOBPEMEHHO TOJI3YHY, IBHKYIIEMYCS
BJI0JIb HAMNPABJIAIONIMX MOCTYIATEIbHO, TO HATPABIeHHE v, H3BecTHO. Torxa,

BOCCTaHaBIMBast U3 Touek B u D NEPHOCHAUKYIIAPBI K CKOPOCTAM Up u Up s

nocrpoum MIIC C; crepxns BD. 1o Hanpasnennio BEKTOpa v, ONPEAETAeM

HanpasjieHue moBopota crepxkus BD Bokpyr nentpa Cs. Bektop v, Oyzer
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HampaBJIeH B CTOpOHY ToBopoTta ctepxkHs BD. U3 puc. 72, 6 BHgHO, 4YTO
Z/ C3sDB =30% a £ DC4B = 90°, orkyma CsB= I5 sin 30°, CsD = I cos 30°.
CocTaBuB Teneph MPONOPIIHUIO, HAWIEM, YTO:

CU:B = C:DD; vy = Uy 1930°=1,7 m/c.
4.OmpenenseM m3. Tak kak MLIC crepsxns 3 m3BecteH (Touka Cz), TO:
w3= Y =_ Yo =29c¢™.
C,D  l,cos30°
5.0mpenensiem a,. Tak Kak € W3BECTHO, TO an, = l; €. ainee

ap, = Uj Ny, wim ax, = Iy a)lz Torma a, = ,/ait +ain . [Ipoussens BeUUCIE-
HUS, HOJTY4YUM a, = 15,8 m/c?,
1 2
OtBeT: Vg = 5,2 M/c,vg = 1,7 M/c, ®3=2,9 ¢, a, = 15,8 m/c".

Pewtumov camocmosamenvno
3ajayy B IPAKTUUECKOM 3aHITHH 25.

Bonpocwt ona oocyscoenusn

1. [InockonapaniensHOe IBUXKEHHE TBEPAOIO Teya?

2. MrHOBeHHBIH IEHTp cKopocrteii — P, ?HacTHble ciryyan?

3.0npeneneHne CKOPOCTH JIIO00I TOUKH Tela, ABHXKYILIETOCS TIOCKOIa-
paJuIenbHO, C UCIIOJIB30BaHUEM MTHOBEHHOTO IIEHTpa cKopocreit — P, ?

4. MrHOBEHHBIH paJiyC BpaIleHus?

5.Teopema mpoekuuii ckopocTeil 1ByX To4ek Tena?

6. Teopema 00 YCKOPEHUSIX TOUYEK IIOCKOi GUrypbI?

Jumepamypa
OcHoBHas: 1-4.
Wutepret — pecypest: 1.

25. KnHemaTn4eckmM aHanus nAocKoro MexaHusma

Ilenv 3anamua: IlnockomapajuienbHOE ABMXKEHHE TBEPIAOrO Telna.
MrHOBEHHBIH LEHTpP CKOpOCTeH Iockoi ¢urypsl. Teopema npoekiuii ckopo-
CTel IByX TOYEK IUIOCKO (hurypsl. MrHOBEHHBIH paanyc BpameHus. Teopema
00 YCKOPEHHSX TOYEK INIOCKOH (UTYpBHI.

Opzanuzayuonnasn popma: peuieHue 3aaau.

Memoouueckue pexomenoayuu
ITnockonapannenvHbim (NIOCKUM) HA3bIBACTNCS OBUMICEHUE MBEPO02O Mie-
14, npu KOMOPOM MpAeKmopuu 8cex e20 MoYex AexHcam 6 NIOCKOCHSX, Napa-
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JIEIbHBIX HEKOMOPOU HENOOBUIICHOU NIOCKOCHU. MeHOBeHHbIM YEHMPOM CKO-
pocmett (MLC) Hazvieaemcs mouka nioCKou Queypwvl, CKOPOCMb KOMOPOU 8
OaHHbIll MOMenm epemenu pagna Hymo. CKopocms mouku pasHa npousgeoe-
HUIO Y2N080U CKOPOCMU HA 8EIUNUHY MCHOBEHHO20 PAOUYCa 6pAUEHUs — PAC-
CMOSIHUAL OM MOYKU 00 MCHOBEHHO20 YEHMPA CKOpOCmell. ycKoperue iodotl
mouxu M niockotl gueypel ceomempuiecku CKAa0bl8Aemcst U3 yYCKOpeHus Ka-
KOU-HUOYO0b mouku A, npuHamou 3a nomoc, u yckopeuus, komopoe mouka M
noLyuaem npu 6PAueHUU GOKpY2 Moo NOmocA.

V,=@-AP (V, L APV, =®-BP (V, L BP) (65)
Q,, =a, +ay, (66)
3amauya.
Haiitu nns 3agaHHOrO MeXaHHU3Ma CKOpPOCTH M ycKopeHus Ttouek B u C,
a TakXe YTIIOBYIO CKOPOCTh U YTIIOBOE YCKOPEHHUE 3BEHA , KOTOPOMY IpHUHA-
JIEXKAT OTH TOYKHU
Jano: Cxema Mexanu3Ma B 3amaHHOM mojoxeHun,OA = 55 cmr = 20 cm
wop =2padlc Eg, =5paodlc’ (puc. 107)
Pemenne:

1) Omnpenesnenne CKOPOCTEH TOYCK U YTIIOBOH CKOPOCTH 3BEHA
Brruncinum Moaysib CKOPOCTH TOUKH A

V, =@, -OA=2-55=110cu/c
CxopocTh TOUKM A HampapjeHa neprneHaukyaspao OA LV, ™ o, PV

ABJIACTCA MI'HOBCHHBIM LHIEHTPOM CKOpOCTeﬁ

\
V, =0, APV =T = o, =TA=%=5,5pa0/c

Vg =@, -BPv=55:10,35=57cu/c
V. =@, -CPv =55-34,64 =190 5¢u/ ¢
CPv = JAC? + APv? — 2AC - APv - c05120°

ITo Teopeme kocuHycoB u3 TpeyronbHuka CAPV

CPv =400+ 400 + 400 = 34,64cm

BPv o teopeme kocuHycoB u3 TpeyronsHuka BAPV:
BPv = \AB? + APV’ — 2AB - APv - c0s30° =

= \/(20)2 +(20)? —2-20- 20? = /400 + 400 - 4003 =10,35 ¢t

Bekrop ckopoctn Touku B HampaBmeH mnepneHmukyisipo BPV u
HATIPABJIEH B CTOPOHY @5 (a)AB ™ VA)
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Bexrop ckopocty Touku C HanpapieH B CTOPOHY () pg

2) OnpefienieHue yCKOPEHUH TOYEK U YrIIOBOrO YCKOPEHHUS 3BEHa
a, = w/(a;)z +(a2\)2

ay = wl, -OA=(2)* -55=220cm/

Bektop 8, manpasiena B1oms OA oT ToukH A

al = E,, =5-55=275cul ¢

Bekrop 8, meprenukymsipHo 8, B cTopory E o,

a, =\(anf + (a5 ) =/(220)? + (275)> =35217cu ! ¢?

Haiinem yckopenue Touex B u C
+ a’BA\ (67)
+

Tak kak AB=BC=r 10
ap, =al, = Wl - AB = w5, - AC = wly - T = (5,5)% - 20 = 605 cw/c?
Bekrop 8,, HampasieH B1oibs AB ot Toukn B

Bekrop &, HanpasieH B1oib AC ot Toukn C
ag, =af, = Egy - AB=E,, - AC = Eg, -1 =17,61-20 = 352,17 cw/c?

_ ' a, 35217 5
Bor = (@) =py =50 170K BekTop &, NMepreHuKy-
(a)BA ™ EBA) JApEH g_, B CTOPOHY Ega
Bekrop a;, mepreHiuky-

JApEH &g, B CTOPOHY Ega

8 =20 = (@ f + (a5 = (o] +(ac,) = (605)7 + (35217)7 =719.22 cw/c?
Bgenem cucremy xoopannat PvXy

[Mpoektupyem (67) ypaBHeHus: yckopeHus Touek B u C Ha ocu

Pvx: V3 1

ag =aj +cos30°-ap, +cos60°ag, =220 L 605 + > 352,17 =920,0cm / ¢?
PVYa,, =a; = cos30°ay, +cos60°al, = 27&?352,17 +%~605 =2725cm1 ¢
a, =i, +aZ, =+/(920) +(272,5) =959,5cm/c’

PVX: 5., =a! —cos60° -a!, —cos30°ar, = 220 —%650 —? +352,17 = —387,49cm / ¢
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£
'741(701 ”

T2y

Pucynok 107

n

a., = a; +cos60°al, —cos30°-al, =

1 3

pry: =275+ =-352,17 - X2 605 = —72,86c/ ¢
y 2 2

a. =+/a, +ad, =+/(~387,49)" +(~72,86) =394, 28cu/ c?

Pewtums camocmoamenvho

3anava (x BapuanTam 1-30).

Haiiti 11 3a1aHHOTO TIOJIOKEHUS MEXaHU3Ma CKOPOCTH M YCKOPCHHS
Touek B u C, a Takke yrioByl0 CKOPOCTh M YIIIOBOE YCKOPEHHE 3BEHA, KOTO-
poOMy 3TH TOYKH mpuHa[IexKar. CxemMbl MexaHm3MOB Ha puc. 108-112,
a HeoOXOAMMBIe JIJIsl pacu€Ta JaHHbIE PUBEIEHBI B Ta0IuUIE 1.
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Tabmuma 1

No Ba- OA R AB AC CbOA a')| €04 VA an
puanta | (cM) | (em | (em | (em) | pan/ | pam | pan/c | em/ | cmic
) ) c Ic 2 c 2
1 40 15 - 8 2 - 2 - -
2 30 15 - 8 3 - 2 - -
3 - 50 - - - - - 50 | 100
4 35 - - 45 4 - 8 - -
5 25 - - 20 1 - 1 - -
6 40 15 - 6 1 1 0 - -
7 35 - 75 60 5 - 10 - -
8 - - 20 10 - - - 40 | 20
9 - - 45 30 - - - 20 10
10 25 - 80 20 1 - - -
11 - - 30 15 - - - 10 0
12 - - 30 20 - - - 20 | 20
13 25 - 55 40 2 - 4 - -
14 45 15 - 8 3 12 0 - -
15 40 15 - 8 1 - 1 - -
16 55 20 - - 2 - 5 - -
17 - 30 - 10 - - - 80 | 50
18 10 - 10 5 2 - 6 - -
19 20 15 - 10 1 2,5 0 - -
20 - - 20 6 - - - 10 15
21 30 - 60 15 3 - 8 - -
22 35 - 60 | 40 4 - 10 - -
23 - - 60 20 - - - 5 10
24 25 - 35 15 2 - 3 -
25 20 - 70 20 1 - 2 - -
26 20 15 - 10 2 1,2 0 - -
27 - 15 - 5 - - - 60 | 30
28 20 - 50 25 1 - 1 - -
29 12 - 35 15 4 - 6 - -
30 40 - - 20 5 - 10 - -

[Ipumeuanue. wpy U €9y — YIIOBask CKOPOCTh M YIJIOBOE YCKOpEHHE
kpuBommna OA Tpu 3aJJaHHOM TIOJIOKCHHH MEXaHW3Ma; | — YIJIOBas CKO-
pocTs Kosieca | (mocTosHHas); vy M g, — CKOPOCTh U yCKopeHue Touku 4. Ka-

YeHHe KOJIeC TIPOMCXOUT 03 CKONBKEHHUSL.
3anava (x BapuanTam 31-40).

ITnockuit MexaHU3M COCTOUT U3 cTepkHEH 1— 4 u moi3yHa B, coelMHEeH-
HBIX JpPYr C OPYIOM U C HENOJABWXKHBIMU omnopamu O; u O, apHUpaMHU
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(puc.111 —112). Jmuusr crepxkueii: ;=04 m, 1,=1,2 M, ;=14 ™, 1,=0,8 m.
[NonoxxeHre MexaHn3Ma ONpeeNsieTcsl yriaMu a, S, ¥, ¢, 6, KoTopble BMecCTe ¢
JpYTrMMHU BeJIMYMHAMU 3a1aHbl B Tabmuue 7. Touka D Ha Bcex pucyHkax u
touka K Ha puc.111 —112 B cepeanne cooTBETCTBYIOLIEro cTepxHs. Omnpene-
JUTh BEJIMYMHBI, YKa3aHHbIE B TaOmuue B croibue «Haitu». Haiiti Takke
YCKOpeHHe a4 TOUKU A cTepkHs 1, ecnn crepkeHb 1 nMeeT B JaHHBIH MOMEHT
BPEMEHH YIIIOBOE yeKoperue £=10 ¢,

JlyroBble CTpEnKH Ha PUCYHKAX MOKAa3bIBAIOT, KaK MPH MOCTPOSHHUU dep-
TEXa JOJDKHBI OTKJIAIBIBATHCS COOTBETCTBYIOIIME YIJIBI, T.€. IO XOAY HIIH
MPOTHB XOJla 9aCOBOW CTPENKH (HAIpHMeEp, yroil y Ha puc. | ciuexyeT oTio-
KHUTH OT cTepkHs DE mpoTuB Xoma 4acoBoii CTpesKy, a Ha puc. 2 — OT CTEPXK-
Hi1 AE 110 X0y 9acOBOH CTPEIKH).

INoctpoenne yepTeka HAUMHATH CO CTEPIKHS, HANPaBJIEHHE KOTOPOTO OIpe-
JIeJISIeTCs YIJIOM 0, TIONI3YH B ¥ ero HanpapJsIoInue Ui OOJIbLICH HarsIsIHOCTH
M300pa3uTh 10 JaHHBIM. 3aJIlaHHYIO0 YIJIOBYIO CKOPOCTh CUMTAaTh HaIpaBJICHHOW
TPOTHB X0/[a YaCOBOM CTPEIIKH, a 33TaHHYI0 CKOPOCTh O — OT TOUKH B K b.

Tabnuna 2
§ E Vsl . I[:HO y _—
g |20 e ] e | e

0 30 |150 | 120 | O 60 2 - - Up, VE, W7
1 60 | 60 | 60 | 90 | 120 - 3 - U4, Up, W3
2 0 |120|120| O 60 - - 10 va, Vg, W2
3 90 | 120 | 90 | 90 | 60 3 - - Up, VE, W2
4 0 |150| 30 | O 60 - 4 - Up, V4, W2
5 60 | 150 | 120 | 90 | 30 - - 8 U4, Up, W3
6 30 (120 30 | O 60 5 - - Up, Vg, W3
7 90 | 150 | 120 | 90 | 30 - 5 - 04, Up, W3
8 0| 60| 30| 0 | 120 - - 6 Op UF, W2
9 30120120 O 60 4 - - Up, Vg, W3

VkazaHusl. 33218.‘{3 Ha HMCCIICAOBAHHC IUIOCKOIMAPAJIJICIIBHOTO JBHXKXCHUA
TBEpAOro Teja. HpI/I eé peuieHun Ijisd OIpPEACIICHUA CKOpOCTCﬁ TOYCK MEXa-
HU3Ma U YTJIOBBIX CKOpOCTeﬁ €T0 3BCHBEB CJICAYCT BOCIIOJIB30BATLCA TCOPE-
MOM 0 MPOCKIMUAX CKOpOCTeﬁ JABYX TOYCK T€Jla U MOHATHUEM O MIHOBCHHOM
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LEHTPE CKOPOCTEH, MPUMEHSA 3Ty TeOpeMy (WM 3TO IOHITHE) K KaKIOMY
3BEHY MEXaHU3Ma B OTAEIbHOCTH.

Puc. 108
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~ Puc. 109
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17 ¥4

23 24 0

Puc. 110
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27

Puc. 111
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Puc. 112
IMpumep 1 (x BapuanTam 1 — 30):
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Jano: cxema MexaHu3Ma B 3aaHHOM nonokenuu (puc. 113) ucxomHbie
naHHbIe (Tabm. 3).

Tabnuma 3
Pasmepsl, cm y y
W an/c Eou, Pam/c
oA 1B 1C 04, PAL, 04, Pall
10 60 20 15 2
Pemenmne.

1. Onpenenenue CKOPOCTEH TOUEK M YIIIOBOM CKOpocTH 3BeHa (puc.113).
BrruncisieM Momyns ckopocTH manbiia 4 kpusomuna OA Tpu 3aJaHHOM II0-
JIOXEHUU MEXaHU3Ma!

Dy = O()OA°OA.

CxopocTh TOUKH A nepneHaukyaspHa kpuBomuiny OA. CKOpocTh HOJ-
3yHa B HalpaBiieHa 110 BEpTUKaIH. MTHOBEHHBIN LEHTP CKOpOCTEN P4p IIATY-
Ha AB HaxOAWTCS B TOUKE MEpecedeHus MepIeHIUKYIIpOB, IPOBEICHHBIX U3
TO4EK A U B K UX CKOPOCTSIM.

YrioBasi CKOpOCTh 3BeHa AB:

Wy p = Ly /APAB.
Monynu ckopocTteit Touek B u C:
vp = wyp* BPp; ve= wyp * CPyp.

Paccrosiuust AP,5 BP,z u CP,z ONpenenstoTcs U3 pacCMOTPEHHUs Tpe-
yronbHUKoB ABP s ACP 4p:

APAB = 52,0 CM, BPAB = 30,0 CM, CPAB = 36,1 CM.

B cootBerctBuu ¢ 3TEM 04 = 15,0 eM/c; w5 = 0,29 pag/c; vy = 8,7 cm/c;
ve = 10,5 em/c.

Bexkrop . HampasieH nepneHaukysipHo oTpesky CPyp B CTOPOHY, CO-

OTBETCTBYIOIIYIO HAPABJICHHUIO BpalllcHUs 3BeHa AB.

Puc. 113 Puc. 114
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[ mpoBepKH ompenesuM CKOpOCTh TOYKH B npyrum criocobom. Boc-
MIOJIB3YEMCSI TEOPEMOI O PaBEHCTBE IMPOEKIMH CKOPOCTEH TOYEK Ha OChb, IIPO-
BE/ICHHYIO Yepe3 9TH TOUKH.

Hamnpasum ock X Boib maTyHa 4B B HalpaBJIeHUH OT B K 4.

Vmeem v,€08(v, ,x) = 05C08( v, ,X), WIlH, KaK BUIHO W3 puc. 114

0,€0560° = 1,c0530°.

Orcrona vg = 8,7 cMm.

ITone3no ybeanThes, 9TO U HaAEHHAs paHee cKopocTh Touku C ynoBie-
TBOPSIET 3TOU TEOpEME.

2. OmpeneneHne yCKOPEHUH TOYEK M YTIIOBOTO YCKOPEHHS 3BeHa (pHC.
115) Yckopenune Touku A CKIIaIbIBACTCS M3 BPAILATEIbHOTO U LIEHTPOCTPEMH-
TENIBHOTO YCKOPEHHMIA: .

i
) 4 )
5]
a¥, .
v~
a3
B Ean
E)
aifs T
[
af g
a3
B
Puc.115

_ B, 4. B _ ) .oy 2
a,=a,+ay;a,=¢6,,-04; a" =w,, OA.
CornacHo Teopeme 00 YCKOPEHHSX TOUEK IUIOCKOH (PHUTYPHI,
— = = =
ay=a,+a,+a’,, (68)
501058

_ B 7] B y
a, =a’ +a"¥% +a’, +a,. (69)
L[eHTpOCTpeMI/ITCJ'H)HOC YCKOPEHUE TOYKHU B BO BpaliaTeJIbHOM JIBHKEC-
HUM IIaTyHa AB BOKpyT moiroca A
y 2
a’ly =w,p - AB.
ITo mpuBeneHHBIM (hOpMyJIaM BBIYHCIIIEM:
B
a,=200,0 cm/c; a=225cm/ch;  a'i, =5,0 em/c’.
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Y B
Bexkrop a’, mampapieH oT A k O. Bextop g, NepHIEHAUKYJIAPEH BEKTO-

py a!j W HanpapjeH IPOTHBOMOJIOKHO v, ( BpamieHue kpupommna OA — 3a-
MEJJIEHHOE).

Bexrop ', Hanpasnen otr B k A. UTo KacaeTcs yCKOPEHU d, TOYKH B

M BpalaTCJIbHOI'0 YCKOPCHU ‘153 , TO HU3BCCTHBHI TOJIbKO JIMHUH JCUCTBUS

STHX BEKTOPOB: @, — 110 BEPTHKAIM BJOJb HANPABIAIOUINX MOI3YHa, a’,

HepIeHANKYISpHO AB.

3agaquMcsl MPOM3BOJIFHO HMX HAIPaBJICHUSMH MO YKa3aHHBIM JIMHHUSAM
(puc. 115a).9Tu ycxkopeHHs OoNpeneuM U3 ypaBHEHUH NMPOEKIUil BEKTOPHOTO
paBeHcTBa (69)Ha ocu KoOpAMHAT. 3HAK B OTBETE MOKA3BIBAET, COOTBETCTBYET
JIM UICTUHHOE HAIIPaBJICHUE BEKTOpA IIPUHIATOMY MPH pacdere.

Bri6paB HampaBieHne oceil X 1 Y, Kak T0Ka3aHo Ha puc.l15,a momygaem:

a, c0s30° = —a” cos60° +a’f cos30° +a’l; (70)
a, cos60° = a” cos30° +a cos60° +a’, . (71)
U3 ypaBuenus (70)Haxoum
a,=16,7 em/c’.
YckopeHnue Z HaIpaBJICHO, KaK II0Ka3aHo Ha puc. 115a.
U3 ypaBuenus (71)nonyqaem
a®,=-20,2 cm/c’.

Hamnpasnenune E MIPOTUBOIOJIOKHO MMOKa3aHHOMY Ha puc. 115a.

Yckopenue a U BCE €ro COCTAaBJIAIONINE C YYETOM HX MCTHHHBIX
HaIpaBJICHUH 1 MacmTada moka3aHsl Ha puc. 1156.
YrioBoe ycKOpeHue ImaryHa AB ¢ y4eToM TOTo, 4To 37eCh ajB — anreo6-
pandeckasi BeJIMUYMHA, OIpeeIsieTcs Mo hopmylie:
&y = ‘a A ‘ /| AB .
Beruuncnss, Haxoaum:
&, =034 pazx/cz.

—

Hanpapnenne yckopeHHst @, OTHOCHTENBHO ITOJIOCA A ONpPEACTAET
HAIIPaBJICHUE YTTIOBOTO YCKOPEHHS & . 31ECH TIOJ HAMPABJICHHEM YITIOBOTO
YCKOPEHHUsI IOHUMAETCs HaIlpaBlI€HUE TYyTOBOM CTPENKH, KOTOPOE MPH YCKO-
PEHHOM BpAIICHWH 3BEHA COBIAJACT C HAIPaBICHHEM €ro BPAILICHHUS, a MPH
3aMeIIIEHHOM — IIPOTHBOIIOJIOKHO eMy. B JaHHOM citydae yrioBoe yCKOpEeHHUe
MIPOTHBOIIOIOKHO HAIIPABICHHIO BPAIICHNS IIaTyHA.
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- B
OHpeﬂeJ’II/ITL ag u a,, MOXHO H rpa(bﬂqecxn — HOCTPOCHUEM MHOI'O-

YIOJIbHUKA YCKOPEHUH.
OtiokuM U3 TOYkH B cormacHo (69)B BEIOpaHHOM MaciiTabe ToCIeaoBa-

TENbHO BEKTOPBI ¢ , a'l , a, (puc.1158). Uepes konen BekTopa ¢}, mposenem

TPSMYIO, [IApAIUIENBHYIO BPAIIATENLHOMY YCKOPSHHIO @, , T.e. TIepIIeHIHKyIIsp-
HO AB, 1o TIepecevenus €€ ¢ TIPSIMOM, N0 KOTOPOH HANPABIIEHO YCKOPEHHUE q, -

ITocnennee ompenenseTrcs Kak 3aMbIKAOIas CTOPOHA MHOTOYTOJIBHUKA
YCKOpPEHHUI.
B v
Mopymu a, u a’;; MOTYT OBITh HAlIEHBI U3MEPEHUEM HA UEPTEKE.
OnpenensieM yckopenue Touku C:

_ B )73 B )7
ac—aA+aA +aAC+aAC.

BpamarensHoe U EHTpOCTpEeMHUTENbHOE YCKOpeHust Toukn C BO Bpalua-
TEJIbHOM JBM)XKEHUU AB BOKpYT moitoca A:
B _ . Y S .
A =8, AC; ay =w5, - AC;
30051
B — 2, 1 _ 2
Ay =6,8 cm/c”; a,-=1,7 cm/c”.

B
Bekrop a,. THEPIEHANKYIAPEH BEKTO-
7 —
PY a. ¥ HampaBJeH COOTBETCTBEHHO YIIIO- o

BOMY YCKOPEHHIO & ..

Yckopenne Toukd C HaxoguM CIOCO- |
6om mpoeknuit (puc.115a):

a., =a. +a" cos30° —a’ cos60°,

ac, =ay c0s60° +a’ cos30° —af.,

= Jlac.f +lae, f
ac =4/\dcy dcy) -
B pe3synbrare BBIUUCICHUH MOJIy4aeM:

a.=112 em/c?; acy=21,8 om/c?; ac=24,5 a

I
!
em/c? (puc.1157). I
IIpuBenem pemieHme 3TOH ke 3amadu |
IpyruM, 0oJiee OOIIMM METOJIOM. H E
Ha puc.116 nokasana cxemMa MexaHU3Ma
B HEKOTOPOM MPOU3BOJILHOM TIOJIOKEHUU. |
IIpoBenem ocu KoopauHAT. YpaBHEHHSIMH
CBSI3W IUISl JJAHHOTO MEXaHW3Ma SIBIISIOTCS Puc.116
YCIIOBHUSL:
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r, =O0A+ AB (72)

(I — paauyc-BexTOp TOUKH B, IpoBeAeHHbIH U3 neHTpa O),

Xp= a = const. (73)
[poerwmpys (72)Ha ock x, ¢ yaetom (73) nmeeMm:
—0A-sina+AB-sinf=a . (74)

s onpeneneHus yrioBOM CKOpPOCTH 3BeHa AB wup = f W yriioBoro
YCKOPEHUs & ;5 = [ et Heo6xoaumocTH Beipaxats 3 u3 (74).ITpowe Herno-
CPEeNCTBEHHO IBaX bl poauddepeHunpoBats (74).

Uwmes B Budy, 4T0 O = (U, , NOIy4aeM B pe3yibTare neporo mudde-
PCHLUPOBAHHUS:

—OA-cosa-w,,+AB-cosfB-w,, =0. (75)

Orcropa:

@, = @, -OACOsa [(AB - cos ). (76)

Juddepennupys (76)u yautbias, uto @y, = £, , IMEeM

OA-sina-w* —0A-cosa - &,, — AB-sin B- @’y + AB-c0s B- &, =0;
&, = 0198 +O0A(e,, cOsa— ), sina) I(AB-cos B).  (77)

Beipaxkenust (77) u (76)M03BOISIFOT BBIYUCISITE W p U €4 U JTHOGOTO
TOJIOKEHHs MEXaHW3Ma, B 4aCTHOCTH ju1st 3aansoro (a = 0°, f = 30°).

3aMeTuM, 4T0 Woy ¥ €94 BXOAAT B OTH BBIPAKEHUSI CO 3HAKOM «» HITU «—
» B COOTBETCTBUHM C NPHUHATHIM HallpaBieHHEM OTcueTa yria «. B naHHOM
cliydae

wo4=1,5 pan/c, eg4= 2,0 paz[/cz. CMBICTI 3HAKOB (W 43 U &4 ONIPEICIIACTCS
HalpaBJICHHEM OTCYeTa yria f.

Monynb ckopocTr Touku B Uy = |y B | . Moxyns yckopenuns d, = |y B| .
npoenupys (72) Ha oCh y, MOdyYaeM:

vy =0A-cosa+ AB-cos 3.
Ortcrona nocne qudhepeHnnpoBaHus MOTydaeM:
Yy =—0A-sina-w,,—AB-sin - w,,;
P, =—0A4-cosa -}, —OA-sina-&,,— AB-COS -’y — AB-sin -,
Jlnst ompesieneHus CKOPOCTH M yCKOpeHUsl Touku C clenyeT COCTaBHUTh
ypaBHEHHs €€ JBIKEHUS] B KOOPAMHATHOH GopMe, Mpoenupyst paanyc-BeKTop

re =0A+ AC Haocuxu)y.
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Bonpocwi

1. Ompezernenue I0CKONapaieIbHOTO ABUKEHHS TBEPIOTO Tena?

2. OnpeneneHye MOHATUS MIHOBEHHOTO LieHTpa ckopocteit — P, . Yacr-
HBIE cy4aun?

3. OnpeneneHne CKOPOCTH JII000I TOUKHU Tela, JBHKYIIErocs IIOCKOMa-
paJuIeNbHO, C UCIIOJIb30BaHUEM MTHOBEHHOT'O LIEHTpa ckopocreit — P, ?

4. OnpeneneHue MOHATHS MTHOBEHHOTO paJinyca BpaleHus ?

5. Teopema 0 MIPOEKIUAX CKOPOCTEH ABYX TOUYEK Tema?

6. Teopema 00 yCKOPEHUH TOYKH ITOCKOH QUTYPHI?

7. TeomeTrpuueckuii crmocod OmMpeneNeHuss BEKTOpa YCKOPEHHS TOYKH
TUTOCKOW UTypHI?

8. AHanuTHYECKHH CHOCOO ONpEeAeTeHHs MOIYJs BEKTOpa yCKOPCHUS
TOYKH TUTOCKOH QUTypHI?

Jlumepamypa

OcHoBHas: 1-4.
Wuteprer-pecypesr: 1.
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Pazgen 3. IMHAMMWKA

26. lMepBasn 3agaya «AMHAMUKN TOYKU»

Iens 3anamusa: oCHOBHOH 3aKOH JMHAMUKHU TOUKH, N depeHnnansHee
ypaBHEHHS BIKCHUS MaTEPHAIBHON TOYKH B MPOEKIUAX HA OCH JEKapTOBBIX
KOOPJIMHAT M Ha OCH €CTCCTBEHHOT'O TPEXTPAHHUKA, PABHOJICHCTBYIONINX BCEX
JICHCTBYIOIIUX HAa TOYKY CHJI, TIEpBast 3a1a4i «J{MHAMUKY TOYKUY.

Opzanusayuonnasn popma: peiieHue 3aaay.

Memoouueckue pexomenoayuu
OCHOBHOM 3aKOH JJMHAMUKH TOYKH - 3aKOH HbIOTOHA- 115 = F

Juis cBoOOIHOM 1 HECBOOOIHOW Ha TEPMAaIbHON TOUKH i = 2. Fl win
ma = F.

B mpoekIusix Ha 0CH IeKapTOBBIX KOOP-
IMHAT UMEEM:

ma, =R, m, =% Fhx
ma, =R _um =3 Fky
mazsz ?ﬂ3=EFk:

(78)

JuddepeHnnancapie  ypaBHEHUS JBU-
JKEHHs MaTepUaJbHOH TOYKH Maccod M B
NPOEKIMH Ha OCH JIEKapTOBBIX KOOPAMHAT B
HPOEKIUSIX Ha OCH €CTECTBEHHOI'O TPeXIpaH-

Puc. 117

HuKa Ma = K npuHuMaoT B IuQQEepeHIMANbHOTO YPABHEHHS JIBHKE-

HHUA MaTCpHaJ’IBHOﬁ TOYKH Maccoil M B MPOCKIUAX HA €CTCCTBECHHBIC OCH.

ma, = R, 5 n
ma, =R_| WH mz_ R [ (79)
ma, = R, £

y y ma, = R,

HCpBaH 3aJga4dya «I[I/IHHMI/IKI/I TOYKHU)») —

pe 3Hasl 3aKOH JBW)KCHMSI TOYKH, OIPEAENIUTH
(\ MOJYJIb PaBHOJEUCTBYIOIIEH BCEX CHII, AEH-
n

CTBYIOIIMX Ha TOUYKY Maccou m.

Puc. 118 3angava 1. OnpenenuTs MOy PaBHOJICH-

CTBYIOLIEH BCEX CHUJI, IEHCTBYIOLMX HA MaTepu-

ITBHYIO TOYKY Maccoid M=3 Kr B MOMEHT BpeMeHH t= 5c, eciii OHa JIBWKETCSI TI0
ocu OX cormacHo ypasHermto X= 0,04t%,
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Pemenne.

o mix = Rx - muddepeHmmansHoe
&) B=F
M =R, YpaBHCHHUE JIBIXKCHUS TOUKH M
- mi = Gx + Rx —
. m¥ = R; ¥ = (0,04t%) = (0,12¢%)
G=mg = 24t
R=Rx=3-024-t+=3-024-5=36H
Puc. 119 Otser: [R|=3,6H
3amaya 2.
! MarepuanbHas Touka M maccoi 1,2 kr
JIBIDKETCSI M0 OKPYXKHOCTH paguyca k=0,6 M
g COTNIAaCHO ypaBHEHHIO $=2,4t .
Onpenenuth MOAYJIb PaBHOACHUCTBYIOIICH
N T77  cwl, IPUIOKEHHBIX K MaTepUAbHOM TOYKeE.
(11,5)
: Pemenue.
JuddepeHunanbapie  ypaBHEHUS JBUKE-
Puc. 120 HUSI TOYKA M UMEIOT BUJ:
\ ma, =R, ;ma, = R_;
vl A
R =m—=12-——=11,52H
- s 0.6
R.=m T =m(5) =m(24t) =m-0=0;

IRl =(R,)?+ (R)2=+/(11,52)? + (0)? = 11,52H
a, =0 — v = const — Touka M coBepiaer

Puc. 121 PaBHOMEPHOE KPHBOJIMHENHOE IBUKEHHE.
ue Otser: R= R,=11,52H

Pewuumo camocmosmenvno
3anaya 1. MarepuanbHasi Touka Macco M=/,4 k2 OBUXKETCS NPSAMOJIH-
HEMHO M0 3aKOHY X=6t"+6t+3. Onpenenuts MOIyJIb paBHOJCHCTBYIOMIEH BCEX
CHJI IPHJIOKEHHBIX K Touke .(16,8)
3amada 2. MarepuanbHas TOYKa MaccOd M=6 Kr IBHXKETCS B TOPU30H-
TanbHOM IwIockocTd OXYy ¢ yckopeHueM a = 31 + 47. Onpenenurs MoayJjb

PaBHOJEHCTBYIOIIEH BCEX CUJI, JEHCTBYIOIIMX Ha HEE, B INIOCKOCTH €€ JIBUXKE-
aus.(30)
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3amaga 3. MatepuanbHast Touka M=/§ ke IBHKETCS 1O OKPY>KHOCTH pa-
muyca R= 8 m cornacHo ypasuermio s=e*% . OnpenenuTs IpOEKIHIO PaBHO-
JISWCTBYIOILICH CHJI, IPUIOKEHHBIX K TOYKE, HAa KacaTelIbHYIO K TPAeKTOPUH B
MOMEHT BpeMeHnu t=10 c. (32,5)

3agaua 4. MarepuanbHas TOYKa Maccoil M= 22xe ABUXKETCA MO OKPYXK-
HOCTH paauyca R=1/() m cOrJacHO ypaBHCHHIO S= 0,3t%. Ormnpenenutb MOIYJb
PaBHOJEHCTBYIOICH CHJI, AEHCTBYIONIMX Ha TOYKY, B MOMEHT BPEMEHH
t=5c.(23,8)

3amada 5. MarepuanpHas TOUka Maccoit M=20 ke ABWKETCS MO OKPYXK-
HOCTH pagmyca R=6m cormacHo ypaBHeHHIo S=IN t. ompenenuts MpOeKIiio
PaBHOJEHCTBYIOIIEH CHJI, IPMIIOKEHHBIX K TOUKE Ha HOPMalb K TPAaeKTOPHU B
MOMeEHT Bpemenu t=0,5¢. (13,3)

3agaya 6. Teno maccoit M=50ke, MOJABELIEHHOE HA TPOCE, IIOJAHUMAETCS BEP-
THKAIIBHO ¢ yckoperueM a=0,5 4/c%. OmpeaeuTh ciity HaTspkeHus Tpoca. (516)

3amaua 7. MarepuanbHas TOYKa MacCol M=/ ke ABWXKETCA IO OKPY>KHO-
CTH paguyca =2 m co ckopocTbio V=2t. OnpenenuTs MOy PaBHOJICHCTBY-
FOIICH CHIT, IPUIIOKEHHBIX K TOYKE B MOMEHT Bpemenu t=1c. (2,83)

3amaua 8. MarepuanbHas Touka Maccoil M=/4 ke ABWXKETCA MO OKPYXK-
HOCTH paauyca R= 7m ¢ MOCTOSIHHBIM KacaTelbHbIM ycKopeHueM a;=0,5 m/c.
Onpenenutb MOAYJb PABHOACHCTBYIOWIEH CWI, NEHCTBYIOIIMX Ha TOYKY B
MOMeHT BpemeHu t=4¢, ecnu npu ty=0 ckopocts Vo=0. (10,6)

3amaya 9. TpaxTop, ABUTa-
SICh C YCKOPEHHEM a=w/c’ 110 ro- %
PH3OHTAIFHOMY YYacTKy ITyTH, .
MepeMeIaeT Harpy>XeHHbIE CaHH — 1 ]
maccoit 600 xe. 0

OmnpenenuTts CUIy TSITU Ha

Puc. 122

KpIOKe, eciu KO3 (GUIHEHT Tpe-
HUs cKoJIbxkeHus caneit f=0,04. (835)

3amada 10. Touka Maccoit M=4 ke IBIKETCS 110 TOPU30HTAIBHON MPSMON
¢ yckopenuem a=0,3t. OnpenennuTs MOAYJIb CHIIBI, IEHCTBYIOIIEH HAa TOYKY B
HAIpaBJICHUH €€ JABHKEHUs B MOMEHT Bpemenu t=3c. (3,6)

3agaua 11. MaTtepuanbHas Touka Maccoil M=1/6 xe IBHIKETCS IO OKPYXK-
HocTH pamuyca R=9u co ckopoctbio V=0,8 m/c. OnpeaennTh NPOSKIHUIO PaB-
HOZAEHCTBYIOLIEH CHJI, IPUJIOKEHHBIX K TOYKE Ha IJIABHYIO HOPMaJlb K TPacK-
topun. (1,14)

3amada 12. JIBmkeHne MaTepHaIbHON TOUYKH MacCOd M=§& k2 MPOUCXOANUT
B TOPU30HTAILHON MI0CKOCTH OXY COTIACHO ypaBHEHUSIM x=0,05t> u y=0,3t2.
Onpenenuts MOIYJIb PaBHOACHCTBYIOLICH NMPHUIOKEHHBIX CH B MOMEHT Bpe-
menu t=4c. (10,7)
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3amaga 13. JIBmKeHHEe MaTepUAIbHON TOYKHM Macco M=9 xe B IIOCKO-
ctu OXy ompenensercs paguycoM-BEKTOPOM r = 0,6t%1 + 0,5t%). Ompenenurs

MOJyNb PaBHOJCHCTBYIONIEH BCeX CUII, MPUIOKEHHEIX K Touke. (14,1)
3agaua 14. MaTepuanbHasi TOUKa MAacCoi M=7 KI JBUKETCA B FOPH30H-
TanbHON mWIockocT OXYy co ckopocThio v = 0,4t%1 + 0,5¢%;. Onpenenuts

MOJIYJIb CHIIBI, ICUCTBYIOIIEH Ha Hee B INIOCKOCTH JBMKEeHUSL. (4,48)

Bonpocut ona obcysycoenun

1. OCHOBHOM 3aKOH JUHAMUKHU TOYKU?

2. JIudbdepeHipoBaHHbIe YpaBHCHUS ABIKCHHS MATCPUATILHON TOUKHU B
TIPOEKITHSIX Ha OCH IEKaPTOBBIX KOOPIMHAT?

3. uddepennmanpaple YpaBHSHUS ABIDKCHHUS MAaTCpUANBHOW TOYKH B
TIPOEKIIMSIX Ha OCH €CTECTBCHHOTO TPEXTPaHHUKA?

4. TlepBas 3amava «/IuHAMUKA TOUKI»?

5. Ompenenenne CKOPOCTH ¥ YCKOPEHUS TOYKH MPHU KOOPAUHATHOM CIIO-
co0€ 3a1aHus JBKEHUS TOYKN?

6. OmnpeneneHue CKOPOCTH U YCKOPEHUsI MPH BEKTOPHOM cIioco0e 3aja-
HHS IBYKEHUS TOUKU?

7. OnpeneneHne CKOPOCTH U YCKOPEHHS MPH €CTECTBEHHOM CIHoco0e 3a-
JaHMs IBYKEHHUS TOUKH?

8. Onpenenenrie paBHOJEHCTBYIOIIEH K MO €€ COCTABISAIONIMM Ha OCH

JACKApPTOBLIX KOOPJAWHAT U HAa €CTCCTBCHHBIC ocu?

Jlumepamypa
OcHoBHas: 1-4.
WuTepuet-pecypest: 1.

27. Bropas 3aga4ya «JUHaMUKN TOYKN»

I]ens 3anamusn: 0OCHOBHOI 3aKOH AMHAMUKHU TOUKH, TuddepeHnmnanbHbe
YpaBHCHUA ABUKCHUSA MaTepHaHBHOﬁ TOYKH B IPOCKIHAX HA OCH ICKAPTOBBIX
KOOPJAMHAT M Ha OCH €CTECTBEHHOTO TPEXTpaHHUKa, HHTEerpupoBanue audde-
PpEeHIINAIbHBIX ypaBHeHI/Iﬁ JABUWXXCHUSA MaTCpI/IaHBHOﬁ TOYKH, BTOpasd 3aJgaydya
«JIlMHAMUKH TOUKH.

Opzanuzayuonnasn popma: peuieHue 3aaau.

Memoouueckue pexomenoayuu
2-1 «JlMHAMUKU TOYKHW» — 3TO, 3HAs CHJIbI, JCHCTBYIOIIHE HA TOYKY,
OIIPENICITUTh 3aKOH JABIKCHHS STOH MaTEePHATLHON TOYKH.
OCHOBHOM 3aKOH IMHAMMKH TOYKH — 3aKOH HpioTroHa — mg = F
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Juist cBOOOIHO# M HECBOOOIHO HA TEPMabHON TOYKHU 1ia = 1, Fk WIH
ma=F.

B mpoeknusx Ha OCH ACKapTOBBIX KOOPAUHAT
IMEeM:

ma, = R, m, = X Fkx
ma, =R, tuwmm, =X Fky (80)
ma, = R, m, =% Fkz

Jnddepennmanbaple  ypaBHEHHs JIBIKCHHS
Puc. 123 MaTepuaabHOM TOYKM Maccoil M B MPOEKIMU HA OCU
JICKapTOBBIX KOOPAUHAT B MPOEKLUAX HA OCH €CTe-

CTBEHHOTO TPEXIPAHHUKA 1114 = R MPUHUMAET BHJL:

aw
ma, =R, m— =R,
7 = wiw av - 81
ma. if mZ = R, (81)
L, = . s
7 7 mda, = R,
Q
(\ muddepeHnnanbHble YpaBHEHUS JBIDKSHUS Mate-
” PHAIBHOM TOYKHM MaccOi M B MPOEKLHAX HA ecTe-
Puc. 124 CTBEHHBIE OCH.
mi =R,
do, g 1t 1
mdrzgammazgmnjdﬁzajgm:ﬂ—ﬂzagr%:

]

1 1 dx
=0 -, =—Rt(t—t,); =09=—Rt(t—t,)+38 =10 ZE:J Pdt =
m m .

n

.:—l 1 a
= dx = —RB_(t—t,)dt: =X = R_(t—1t,)dt =
L . Lm*( Jdt x—x, ml“( )

3]
1
= x= ;L R (t—ty)dt+ x,
Lo
3amada 1. MartepuanpHast TOUKa Maccoi M = 9 Kr ABMXKETCS B IPOCTPaH-
CTBE MO/, J€HCTBUEM CUJIBI F = 5T L 67+ 7k. Onpenenuts MOIYIb YCKOPEHUS

TOYKH. =%
= = z R
Hauo: F =57+ 67 + 7k; a-? a
Pemenue:
F=F1+Fj+FEk &,

1-ii cnocob:
JuddepernnanbHeie ypaBHEHUS IBHXKE-
HUS TOYKH UMEIOT BUA:

=
'Sil
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{max =R, =F; ma,=F = %, 5 056M/c
-lma...—R...—F =sma,=F, g =2 =8_p67m/2; @2
- - ° m 5 ! i
ma. = R F ma. = F - = .
= 0= 0F = 0 =a, =X=-=078m/c
a=a,+a,+a, (83)
a= N!'I(aa.)f +(a,)? + (a.)? =+/(0,56)% + (0,67)% + (0,78)> = /0,32 + 0,45 + 0,61 =
= /138 = 1,17 m/c* (84)
2-11 cnocob6:
ma=R m(a,+a,+a)=R,+R +R, (85)
R=R.+R, +R; (86)

r _
E=F= |[F2+F2+F2=57+62+72 =25+ 36+ 49 =110 = 10,49 &; (87)
N _

R F 1049

a= =117 m/c” (88)

moom
Otser: o = 1,17 m/¢c”

2 "

: 3amaya 2. MatepuanbHas Touka M maccoi

50° M=6 Kr nepeMeriaeTcsi B TOpU30HTAIBHON TIIOCKO-

M CTH N0 KPUBOJMHENHON TPAEGKTOPUU MO NEUCTBU-

eM cuitbl F = g H. OnpenesuTs KacaTenbHOe YCKO-

F PEHUE TOYKH.
Pemenne:
Jano:
m=6 xr
NMt || oxy
F=8H
a,—7

Puc. 126
JuddepeHnnanbHOe ypaBHCHHUE IBHKCHUS TOYKH M B MPOEKIINHU HA Ka-

CaTCJIbHYIO T HUMECT BU/

Fcos30° 6
ma, = R_=ma_= Feas30°=a_= =
m

[ -
r\'l'|uu]

= 1,15 m/c? (89)

OtBer: a, = 1,15 m/c’
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Pewums camocmoamensno
3amaya 1. Teno ABMXKETCS MO TIAKON MOBEPXHOCTH, KOTOPAsi HAKJIIOHEHA
HOJ YIJIOM ¢t = 25° k repuzonTy. OnpenenuTs yckoperue tena. (4,15)

3amaya 2.

MarepuanpHasg TO4YKa Maccod M=5 Kr ABUXKETCA MOJA JEHCTBUEM CHUII
FF=3H u F, =10H Onpenenuts

F . TIPOCKIHI0 yCKOPEHHUs TOYKH Ha OCh Ox.

T (113)

3amada 3. Temo IBIOKETCS BHHU3 TI0 HAKIOHHOM IMIEPOXOBATOH IIJI0CKOCTH,
KOTOpast 00pa3yeT ¢ TOPU30HTOM yrod 4(°. OIpenenuTh YCKOPEHHE Tela, eClIn

K03(QGUIMEHT TPEeHHS CKONBXKEHHS f = 0,3. (4,05)

3anaya 4. MarepuanpHasi TOUKa JABM)KETCS IO KPUBOJIMHEHHOW TPAaeKTO-
puM oA AecTBUEM CUibl F = 15T + 0,3t7. Onpeneianutb Maccy TOYKH, €CIIU

B MOMeHT BpeMenH t=20 ¢ ee yckopenne a = 0,6 m/c”. (26,9)

3anaya 5. MarepuanbHas TOUKa Maccoil M= 2Kr ABMXKETCSA MO KPUBOJIH-
HEHHOW TPAaEeKTOPHM MOA JeHCTBUEM cuibl F = 3T + 4. OnpenenuTts Mo-

JyJb YCKOPEHUS TOUKH. (2,5)

3anaya 6. MarepuanpHas TOUKa JABMXKETCS IO KPUBOJIMHEHHOW TPAaeKTo-
puu noa aeiictBueM cwibl F = 9T + 3it. Onpenenurs Maccy TOUYKH, €CIIH €€

yckopenue o = 0,5 rm/c”. (24,1)

3anaya 7. MaTtepuanbHas TOUKa Maccoll M=>5 Kr ABMXKETCS MO KPUBOJIM-
HEMHOW TPaeKTOpUU IO IEHUCTBUEM CHUIIBI, IIPOEKLUS KOTOPOM Ha KacaTelb-
HyIO0 F, = 7H, Ha HOpMaIIb F, = 0,1t>. OnpenenuTs MOJYIb YCKOPEHUS TOYKU

B MOMeHT Bpemenu =12 c. (3,20)

3amaua 8. MaTepuanpHast TOUKa JBIKETCS TI0 KPUBOJIMHEHHOW TPACKTO-
puu noxg JIEHCTBHEM CHIIBI, TAHTCHIIMAJIbHAS COCTABIISIOIIAS KOTopof/'I F. =8H.

Omnpenenute Maccy TOYKH, ecii B MOMEHT BpeMmeHH t{=10c ee yckopeHwme
a =07 m/c" (30,8)

3amada 9. MatepuanapHas TOYKa Maccoil M=4 KI' IBMDKETCS MO0 KPHBOJIH-
HEHHOM TpPAeKTOpUM MO JeHCTBUEM cuibl F = (0,4tT + 37. Onpenenurs

MOJIyJIb YCKOPSHHS TOYKU B MOMeHT BpeMeHu t=10 c. (1,25)
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3amaga 10. MaTtepuanbpHas TOUka Maccoit M=18 Kr JIBWKETCS B TOPU3OH-
TaJBHOW IJIOCKOCTH MO KPHUBOJMHEHHON TPACKTOPHHU IMOJ JCHCTBUEM CHIIBI
F=25 H. Onpenenuts paanyc KPUBU3HBI TPACKTOPUU B MOMEHT BPEMEHH, KO-
rza CKOpoOCTh TOUKA ¥ = 4 M/'t, a BEKTOPHI CKOPOCTH ¥ CHJIBI 00PasyroT MeXk-

ny coboii yron 55°. (14,1)

3amada 11. MarepuanbHas Touka Maccoi M=10 Kr IBMXETCS 10 KPUBO-
JUHEHHOW TpaekTopuu moj aedctBueM cwibl F=0,4t. Onpenenuth KacaTeib-
HOE YCKOpPEHHE TOYKM B MOMEHT BpeMeHH t=40 c, korja yroj HakjloHa MEXY
CHJION M BEKTOPOM cKopocTH pasen 30°. (1,39)

3amaua 12. MarepuansHas Touka 1 mMaccoit m=30 kr
JIBIDKETCSI B BEPTHKAJIbHOW IUIOCKOCTH 110 TPYOKe 2 , H30-
THYTOH IO Tyre OKpPYXHOCTH panuyca R=12 M (cM. puc.).
Onpenenurs KacaTelbHOE YCKOPEHHUE TOYKH B YKa3aHHOM
nojioxeHuu. (6,94)

3anava 13. BHyTpu riaakoit TpyOKH, W30THYTOH IO
OKpPY)XHOCTH pannyca R=2 M, B TOpH30HTaIbHOI IIIOCKO-
CTH M3 COCTOSHUS IOKOS JBIDKETCS MaTepHajbHas TOUYKa
Maccoit m=42 kr nop neictBueMm cuisl F=21 H. Onpene-
JUTh TOPU30HTAIBHYIO COCTABIISIONIYIO PEAKIUH TPYOKH B MOMEHT BPEMEHH
t= 7 ¢, eci HampaBJICHUE CHITBI COBIAACT C BEKTOPOM CKOpOCTH. (257)

3amaya 14. MartepuanbHas Touka M Maccoii
M=8 KI IBIKETCS B FOPU30HTAIBHON IUIOCKOCTH IO
OoKpyxHOCTH paguyca R=18 M. Onpenenuts yroa a B

rpamgycax MeXIy CHIOH F M CKOPOCTBIO 7 B MOMEHT
BpPEMEHH, KOTIa CKOPOCTh TOUKH 1# = 3 »/c, a Kaca-

TeJIbHOE yCKopeHue a_ = 0,5 m/c”. (45)

3agava 15. MarepuanbpHas Touka Maccoid M=11 Kr aBmKeTcs 0 KPUBOJIMHEH-
HOM TpaeKTOpHUH TOA JeHcTBHEM paBHozeHcTByromei cunel F=20 H. Onpenenuts
CKOPOCTh TOYKH B MOMEHT BPEMEHH, KOT/1a PaJIMyC KPUBHU3HBI TPAEKTOPUH =15 M

1 YTOJI MEXTy CHJION M BEKTOPOM CKOPOCTH paBeH 35°. (3,96)
3anaya 16. MarepuanbHas Touka Maccoil M= 16 Kr ABUXKETCS B IJIOCKO-

CTH 10 KPUBOJMHEHHON TPAEKTOPUH MOA AEHCTBHEM PaBHOJAEHCTBYIOIIEH CH-
a1 F=0,3t. Onpenennuts CKOPOCTh TOYKH B MOMEHT BpeMeHm t=20 c, koraa
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paauyc KpUBHM3HBI TPAaeKTOpuM @=12 M M Yroa MeXIy BEKTOPaMHU CHIIBI U

ckopoctu ¢ = 50°. (1,86)

3 3anava 17. MatepuansHas Touka M Maccoit
mM=1,6 K IBMXKETCS U3 COCTOSHUS MOKOS B TOPHU-
30HTAJIBHOM MJIOCKOCTU 10 OKPYXKHOCTH pajguyca
R=12 m mox neiictBuem cunbl F=0,2 t. Onpene-
JIUTH CKOPOCTHh TOYKU B MOMEHT Bpemenu =18 c,
eciy cuiia 00pa3yeT MOCTOSHHBIA yroy 25° C BEK-

M {

TOpoM ckopoctu. (3,38)

3anava 18. OmpenenuTs CKOPOCTh TOYKH M
KOHMYECKOTO MAasTHHKA, KOTOPBIH IpH JUINHE
HUTH OM=1 M ONHUCBHIBaET KOHYC C YIJIOM INpHU
BepIlumnHe ¢ = 45° (cM. puc.). (2,63)

3amaya 19. MarepuanbHas TOYKa Maccou
M=14 Kr OBMXKETCA U3 COCTOSHHUS IIOKOS IIO
TIaKoW HampaBisomeil paamyca R, pacmomo-
JKEHHOM B TOPHU30HTANbHOM IIocKocTH. Onpene-
JIUTh NYTh, IPOWIEHHBIA TOUKOHN 3a BpeMs 1=5 ¢
MocCJie HavyaJa JIBIKEHUS, €CIIM Ha Hee JIEHCTBYeT
cuna F=24 H, xotopas o0pa3yeT HOCTOSHHBIN yrod 45° ¢ KacaTeJIbHOH K Tpa-

exTopuu Touku. (15,2)

3amaya 20. MartepuanbHas TOYKa Maccoi M=12 Kr ABWXKETCS U3 CO-
CTOSIHMSI TIOKOSI 10 HAIpaBJISIONIEH paauyca R, pacmonokeHHOH B TOpU30H-
TanbHOW miockocTu. OnpeneauTs CKOPOCTh TOYKHM B MOMEHT BpeMeHH =4 ¢
MocJie Havaja JABWKEHUs, eclii Ha Hee NeicTByeT cuna F=22 H, xoTopas o6pa-
3yeT TIOCTOSTHHBIN yrodl 40° ¢ KacaTeIbHOW K TPAaeKTOPUHU TOUKH. (5,62)

3amaya 21. MartepuanbHas TOYKa Maccoi M=15 Kr ABWXKETCS U3 CO-
CTOSIHUS TIOKOSI TIO TJAJIKOM Hampasisiomed pamgmyca R, pacmonokeHHO#H B
TOPH30HTAIBHON TUIOCKOCTH, T aeiictBueM cwibl F=0,5t. Onpenenuts cko-
pocTh TOYKH B MOMEHT BpeMeHH t=30 ¢, ecim cuia o0pa3yeT MOCTOSTHHBIN
yroi 50° ¢ BEKTOpOM cKopocTH. (9,64)

Jumepamypa
OcHoBHas: 1-5.
WuTepuer-pecypest: 1.
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28. OudbcpepeHumnanbHble ypaBHEHUA ABUXKEHUS CBOGOAHOMN
M HecBOOGOAHOW MaTepuanbHOW TOYKU B A€KapTOBbIX
KOOpAMHaTax v B NPOEKLMUsX Ha OCH eCTeCTBEHHOro
TpéxrpaHHuka. MpuHuun OJanambepa ans matepuanbHOW TOYKMU

Ilenv 3anamua: BTOpas OCHOBHAs 3ajjaya JUHAMUKU CBOOOAHON U He-
CBOOOIHON MaTepuaibHON TOUKH, quddepeHnnanbHble YpaBHEHUS ABHKEHUS
MaTepuaabHOM TOYKM B JEKAapTOBBIX KOOPAWHATAX M B IPOCEKIHAX HA OCH
ecTecTBEHHOTO TpéxrpaHHuka. [Tpunin Jamambepa s cBoOOIHON U HECBO-
00IHOI MaTepHATEHON TOUKH.

Opzanu3ayuonnas popma: perieHue 3aaad.

Memoouueckue pexomenoayuu
Ilycts TOYka Macchl M JIBHXKETCS NPSAMOJMHEMHO IOJ ACHCTBUEM CHII

2F
OCHOBHOE ypaBHCHHE MUHAMHUKH JJISI JAHHOW TOYKH 3aMUIIETCS B
BUIE ma =S F, Crpoerpyem 3T0 paBeHCTBO Ha 0Ch X (y WM Z) OTHOCH-

TEJbHO KOTOPOM  JBKJKETCA TOYKA, IIOIY4HM ma,=>Fe  Tak Kak
a - du, d’x

“Todt  dt?
HEWHOT0 IBU)KEHUSI IaHHOW MaTepuaIbHOM TOUKHU B IPOEKIUH HA OCh X.
i onpeneneHusi 3akoHa JABWXKECHUS TOUKU HY)KHO IIPOMHTEIPUPOBATh

YpaBHEHUE mK :szx' OnpeneneHne 3akOHA JBIDKEHHS TOYKH Macchl M IOJ

—5> TO mx=>F, ~ JuddepenHnnanbHoe ypaBHEHHE MTPAMOTIH-

JIEACTBAEM 3aaHHBIX CHJI z F, » €€ Ha4aIbHOMY TIOJIOXKEHHUIO 1 Ha4YaJIbHOM CKO-

pOCTH SIBJISIETCSI BTOPOU OCHOBHOM 3a/1aueil TMHAMUKHN MaTepUaIbHOU TOUYKH.
3amaua 1. MaTepuanbHas TOYKa Macchl M ABMKETCSA MPSIMOJIMHEIHO MO
I1aJJKOH FOPU30HTAIIBHOM MIIOCKOCTH MOJ JAECWCTBUEM CHJIbI, U3MEHSIOLIEHCS

1o 3akoHy  F =F,cosat, i€ F, U @ — OCTOSHHbIC BEJIMYNHBI. B Havanb-
HBbIi MOMEHT TOYKAa HaXOJWJIach B MOJOXKEHUHU X, ¥ MMeJla HA4YaJIbHYIO CKO-
pocts X, =U, . HaiiTi 3aK0H IBM)KEHUS! TOUYKHM OTHOCUTENILHO OCH X.

Pemenmie: M3o0paskaeM TOUKY Ha OCH OX B TIPOF3BOJIEHOM TIOJIOXKEHHH W JIeH-

CTBYIOIINE Ha HEE CUJIbL: CHITY TSDKE CTH
AR T He or
g ? > X . P, peaxkipro N 3amannyro ey F .
P JuddepernnmansHoe ypaBHEHUE IBH-
KCHUA HaHHOﬁ TOYKH B HpOGKHI/II/I Ha
ocb XOymer mx = Z F,- Y Hac
Puc. 127

> Fy =P +N,+F =0+0+F =F,cosat.
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Torma mX = F,coswt . Ilpounterpupyem momydennoe auddepeHmaibHoe

ypaBHEHHE.

du du,

Tak kak ¥ = LI

= F, cos @t —nonyunM auddepenunans-
HOE ypaBHEHHE TIEPBOTO TOPAIKA C Pa3AciMIOIIMMHCS IEPEMEHHBIMA. Pase-

du, F, _
JIAM MICPEMCHHEBIC i MPOUHTETPUPYEM: X = 9 cos wtdt ;

dt

F .
o =—Lsinatl; ;
ma

Ux
fdu, =
U
F, . N
U, =U, + ——sin ot —3aK0OH U3MCHCHHUS CKOPOCTH JJAHHOU TOUKH. (89)
Mo

dx dx

Fo.
Tak xak U L, =—>T0 —=U + —9 sin @t . Pasnenum nepeMeHHbIe U
d dt mae

' =U t\

NIPOHHTErpHpYeM: J'dx U, [ dt+mF [sinatd (et) : x|
(0

X

F,
X = Xo +Ut + —(1—COS (vt) — MCKOMBIii 3aKOH IBHKCHHS TOUKH. (90)
ma?

Z 3anaya 2. Ha kakyto BeicOTy H nMogHUMETCS TENO BECOM P,

OpOLIEHHOE BEPTUKAIBHO BBEpX co ckopoctbro U, ecnm co-

B NPOTHBJICHWE BO3JyXa MOXET OBITh BBIpaXEHO (opMmyIoi
p R=k?pU?, rre U —pennumna ckopoctn Tena.
— Pemenne: [Ipumem Teno 3a MaTepHalbHYIO TOUKy. M300-
R pa3uM Ha OcH OZ TOYKY B IIPOM3BOJILHOM MOJOXXEHHH M ACH-
CTBYIOIME Ha HEE CHIIBI: CHIIy TSDKECTH P ¥ Cuily COmpoTHB-
nenus Bosgyxa R . JludpdepenuuanbHoe ypaBHEHNE ABHKEHHS
Puc. 128 G
JTAHHOTO TeJla B MPOEKLUH Ha och Z Oyzer MX = z F, . Y Hac
Macca m :E, > F, =-P—-k?PU?. Torma — P du, L= _gl+kU?).
g g
VMHOKMM ~ 00e  YacTh  ITOro  paseHctBa Ha Oz, momyumm
du,-dz
— i =g +k2U?)dz; Tax kax % _y _y, 1o UdU =-g(1+kU?)dz.
dt

Tak kak B HauaJabHbIH MOMEHT HAYaJbHOE MOJIOXKEHUE TeNa Z, = 0, a xkoHeu-
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Hast ckopocth U =0, TO pa3mensisi mepeMeHHBIE W HHTETPUPYS, IOIYIHM

1 $d@l+kaU? " 1
2 4 §+kzuz):_gfdz; W|n(1+k2U2)‘80=—gz‘oH ona
0

Uo
L Inekeug)

20K 2 (91)
Pewump camocmoamenvno

3amaya 1. Tspkenas ToYka MOLHUMAETCS 10 HETJIAAKON HAKJIIOHHOM IIIOC-
KOCTH, cocTaBisiromeii yron a = 30° ¢ ropuzoHTOM. B HayampHBIE MOMEHT
ckopocTh ToukH pasHsack U, =15 m/c. Kosdduuuent tpenns f = 0,1. Ka-

KOH IyTh NPOMAET TOUKa JO OCTAaHOBKHU? 3a Kakoe BpeMsl TOUKa NPOUJET 3TOT
nytb? Omeem: S=19,57 m, t=2,61 c.

3amaua 2. MarepualibHas TOYKa Macckl M coBepIaeT MpsIMOJIMHEIHOe TBHU-
JKEHHE TIOJL JISHCTBUEM CUJIBI, M3MEHSIOLIEHCS 10 3aKkoHy F = F, cos wt, tne F,u

@ — TIOCTOSHHBIC BeIMYMHBEL B HaJabHBII MOMEHT TOUYKA HKMeEda CKO-

F sinkt
Ll

poctb X, =U,, . Haiitn ypaBHeHue n1BrmKeHus TOUKA. OTBET: x =

Ma

3anmaya 3. Yactuma maccsl M, Hecymas 3apsij JIEKTPUIECTBA e, HaXOUT-
Cs B OJHOPOJHOM DIIEKTPHUYECKOM TI0JIe C MEPEMEHHBIM HANpsHKEHHEM
E = Asinkt (4 u k — 3amannbie nocrosiHHbie). ONpeneuTh IBUKEHHE YaCcTHU-
Ibl, €CJIM U3BECTHO, YTO B DJICKTPHUUYCCKOM IIOJIC HA YaCTULY I[eﬁCTByeT CHu-
J1a F = eE , HAIIpaBJICHHAs B CTOPOHY HanpsikeHus E. BiMsHueM CUIIbI TSHDKECTU
npereOpeus. HauanbHOE MOJI0KEHUE YaCTHIBI IPUHSTH 33 HAYAI0 KOOPIUHAT;
sin kt) .

k

HavaJibHast CKOPOCTb YaCTUILIbI paBHA HYJIIO. OtBerT: X = % (t —
mk

3amaua 4. Touka Macchl M HAYMHAET ABUIATHCS U3 COCTOSHUS ITOKOS W3
TIOJIOKEHUS X, = a NPSIMOJIMHEHHO TO/l NEHCTBUEM CHIIbI IPUTSKEHHUS, TIPO-

TOPIHMOHANIBHOW PACCTOSHHIO OT Hadajga KOOpAMHAT: F, = —C,MX, ¥ CHIIBI
OTTaJIKMBaHUs, PONIOPUMOHAILHON KyOy paccrostuus: Q, = c,mx®. Ilpu xakom

COOTHOIICHWH Cs Cyo a TOYKa JOCTHUIacT Hadajla KOOpAWHAT U OCTaHOBUTCS?

Otser: ( — .
! 2¢c,a’
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3amaua 5. Camoner A JETUT Ha BBICOTE Qe

4000 M Hapg 3eMiel C TOPU3OHTANBHOM CKOPO- A
cteio 140 m/c (cm. puc.). Ha kakom paccros-
HUM X, H3MEPSEMOM [0 TOPU3OHTAIBHOM
OpSAMOM OT JaHHOW TOYKH B, NOIKEH OBITh
cOpormieH ¢ camonera 0e3 Ha4aIbHOW OTHOCH-
TENBHOW CKOPOCTH KaKOU-INOO Tpy3 I TOTO,
4TOOBI OH ynai B 3Ty TOuKy? CONpoTHBICHUEM
BO31tyxa npeHedpeus. OTBeT: X = 4000 M. 77

I

; 4000

L e
/2777
3amada 6. Temo Macchl 2 Kr, OpOIIIEHHOE BEPTUKAIBLHO BBEPX CO CKOPO-
cTbi0 20 M/C, HCTIBITHIBACT CONPOTHUBICHUE BO3/IyXa, KOTOPOE MPU CKOPOCTH

U m/c paBeo 0,4U H. Haiiti, Yepe3 CKOTBKO CEKYHI TENO IOCTHTHET

HauBEIcHIero nonoxxenus. Otser: 1,71 c.

Bonpocut ona obcysycoenusn
1. 1- s 3agaya TUHAMUKA MaTEePHAIBHON TOUKN?
2. Ot 9ero MOKeT 3aBHCETh CHJIA, BHI3BIBAIOIIAS JBI)KEHUEC MaTepHallb-
HOH TOYKH?
3. ChopmynmpoBaTh BTOPYIO OCHOBHYIO 3a/ladyy JHHAMUKH MaTepHallb-
HOH TOYKH?
4. K xakuM cuiaMm, MPWIOKEHHBIM K MaTEepPHANBHOW TOYKE, TPUCOESTH-

mp ( Fmp = fN )7

5. Auddepenimanstble ypaBHEHUs JIBHXKEHHUS MaTepUalbHOM TOYKH B
MPOEKLUH Ha OCH JIEKapTOBBIX KOOPMHAT?
6. Iuddepenunansapie ypaBHeHHs IBUKEHHS MaTepUaIbHOM TOUYKH B IIPO-
SKIIMH Ha €CTECTBEHHBIC OCU?

HAKOT CUIIY TPEHHSA CKOJIBXKCHUA F

Jumepamypa
OcHoBHas: 1-4.
Wnrtepuer-pecypesr: 1.
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29. Pa6oTa cunbl. MowHoOCTb

Iens 3anamusn: Pabota cunel. MomHocts. Teopema 00 U3MEHEHUU KH-
HETUYECKOH SHEpriuy MaTepUalbHON TOUKH.
Opzanusayuonnas popma: pelieHue 3agad.

Memoouueckue pexomenoayuu

Pa6ota cunbl F Ha mo6om koneunom nepemerennn M oM., ipu mps-

(M)
MOJIMHEHOM NIBM>KEHUM TOYKH M, paBHa A = IFdS . Ilpu xpuBOIMHEHHOM
(Mo)
(M) B _
JBIKEHUH A = f F.dS, rae F_— mpoexuus Cuibl F w©a xacatenpHyto 7 .
(Mo)

Ecnu cuna F — const, To snemenrapras pa6ora A= FS, rae S — nyTh npoii-
JIGHHbIH TOukOoM. Eciu Touka JBUXKETCA MO KPUBOJIUHEMHOW TPAeKTOPHUH, TO
yepe3 MPOEKIUU CUIIBI HA OCH JIEKAPTOBOM CHCTEMbI KOOPAMHAT, paboTa CHIIbI
F umeer Bun:
(M)
A= .[(dex+ F,dy + F,dz). (92)
(Mo)
Momsocts, B o6uem ciydae, pasia N = F U , rne U — ckopocts 18-

>KeHust Touku. Teopema 06 I/I3MeHeHI/II/1 KMHETUYECKON SHEPTUM MaTepUaIbHOMN

TOYKHU 3alMCBIBAETCS B BUJE: d(i) szk rue ZdAk — CymMMma dJe-

MEHTapHbBIX paboT Bcex CHII ;[eﬁCTBonme Ha TouKy. Teopema 00 n3MeHEeHNH
KHHETHYECKOI PHEPruy MaTepHaIbHON TOUYKH B KOHEYHOW (OpMe MMEET BHIL:

mu? mug

2 2
CKOpPOCTb TOYKH, Z A, — anreGpanyeckas cymma paboT Beex JEHCTBYHOMIMX

= z A, tae U — HavanbHas ckopocth ToukH, U — KOHeuHas

Ha TOYKY IMMOCTOSIHHBIX CHJI, TPH HEKOTOPOM €€ KOHEUHOM IepEeMEIICHHUH.
3anaua 1. Touka maccel M aBKOKETCS 1O TOPU3OHTAIBHOM MPSMOH O 3aKOHY

4 o o
S =t" non neitcterem cunbl F =12t* . Onpenenuts paGoTy TOM CHIIBI MPH Tie-
PeMelleHuH TOYKHU U3 ToIokeHns Touku S, = 0 B nonoxkenne S = 4 m.

Perenue.
(M) (My) (M)

A= [ Fds = [12t*. aS 4 — [12t2. atdt — 48 jt gt (93)
(Mg) (My) d (Myg) (Mg)
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Takkaxpu S=0,T0 t=0,ampn S=4M, 4=t*; t=+/2C, TO

V2 6
A=48jt5dt=48-%%=8~(\/§)6 =8-8=64/x.  (94)
0

Takum 06pa3zom, paboTa naHHO# cuibl A = 64 [Ix.

3angaua 2. [Iycts Touka M, Ha KOTOpYIO AEHCTBYET cuila TsbkecTH P, me-
pemecTuiack u3 nonoxenus M, B monoxenne M, (puc.129)

Tornma P, :Py =0, P =-P.
IloncraBnss »TH  3HAaYeHUd B
hopmyry 92), MOy 9IUM

v A(P)= [(-P)iz=P(z,-2,)
obosnavas z, —z, = +h , nomy4aum
A(P) =£Ph (95)
Ecrmm Touka M, BbIlIe (HIDKE) TOY-
ki M, 10 A(P) >0, (A(P)<0)
U3 paBencTBa (93) BuaHO, 4TO pabOTa CHIIBI TSDKECTH HE 3aBUCHUT OT Tpa-

EKTOPHH JBIDKEHHS TOYKH M, a 3aBHCHT TOJIBKO OT €€ BEPTHKAILHOTO TIepe-
MmereHus h.

Puc. 129

X

3agaua 3. Teno M HaxoauTcs Ha 11EpoX0BaTOil HAKIOHHOM IJIOCKOCTH,
COCTABJISAONICH YO ( C FOPU3OHTOM. M3 COCTOSIHUS MOKOS TEy COOOIIeHa
HavajbHas ckopocTh U, . Onpenenuts myTh S, NPOHIEHHBIH TEIOM JI0 0CTa-

HOBKH, ecJii K03 QuIMeHT TpeHus npu ABMKEHUH paBeH f .
Pemenue: [Mpumem tenno M 3a marepuanbHylo Touky. st pemeHus 3a-
Ja4d BOCIIOJIB3yeMCsl TeOpeMOl 00 W3MEHEHUH KHMHETHYSCKON YHEPIUH MaTe-

2 2
. N m muU
pHaIbHON TOUKM B KOHEUHOH opme: g - > 0 — E A,

Ha manHoe Teno neiicTByroT: cuna TsoxectH P =mg, peakmus N u cu-

Jla TPEHMsSI CKOJbXKEHUS Ifmp (F,, = fN = fmgcosr). Onpenensiem paboty

ITUX CHL: A(P)=P-h=mgSsina; A(N) =0;

A(Ifmp) =—F,,S =—1fmgS cos . Tax xax HauanbHas ckopocte U, a koHeu-
2

nast Uy =0, 10 0 MYy =mgS(f cosa —sina)-
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2
Otkynma § = Yo : (96)
2g(f cosa —sina)

3amauda 4. [IpyxuHa UMeeT B HEHANPSHKCHHOM COCTOSHHH UTHHY 20cM.
Cuia, HeoOXomuMas It n3MepeHus ee JuHB Ha 1 cM paBHa 1,96 H. C xakoit
b ckopocTeio U BBUICTHT U3 TPYOKH
N mapuk mMacca m=30r, eciu mpy-

’)KMHa Oblla c)karta 10 JIMHBL 10

W {h {//l cm? TpyOka pacrosoxeHa TOpH-

7 E"P 30HTAJILHO. TpeHueM npeHeopeys.
Pemenne:
Bocnonezyemcst TeopeMoii 06
MU3MEPEHUH KMHETHYECKON PHEPIHH MaTepHalbHOW TOYKH, MPUHSB IIAPHK 32
§ mo?  mo,’ .
TOYKY, B KOHEYHOH (hopme: > - > = ZAK . Ha mapuk neifctBytor

cume: P — Bec mapuxa, Fynp — cuna ynpyroctu npyxuna, N — peakuus.

1)

OnpenenﬂeM CyMMYy pa60T O9THUX CHIJIL. A(ﬁ) = A(N) = O , TaK KaK 3TH CHJIBI

c
HepHeHUKYIAPHBI JBUKEHHIO IapUKa. A(Fy,, )= E (A|H2M —Al jaq ) V¥ Hac

m=30r = 0,03 xr, ¢c = 1,96 H/em = 196 H/m, Al =10cm = 0,1 m.

Al =0. Toraa yunthiBasi, 4To HadajubHas CKOPOCTb IIApHKa U, = 0, no-

KOH

0,03v> 196
T

Ayuu 01% - O). Otkyna v = 8,08 m/c.

Pewumsb camocmoamenvHo

3amaua 1. Beraucnute paboTy, KoTOpas mpous- oM
e
BOJIUTCS TPH TIOIbeMeE Tpy3a Macchl 20 KT 10 HAKIOH- ! 1 C
HOM TIJIOCKOCTH Ha PacCTOSHUM 6 M, €cin yroi oopa- [ ]

3yeMblil MJIOCKOCTBIO € TOPH30HTOM, paBeH 30°, a I .|
ko3¢ drpeHt Tperus paseH 0,01. Oter: 598 JIx. T |

3agaya 2. berounsii 010k ABCD, pasmepst
KOTOPOTO yKa3aHBI Ha pHCyHKe, uMeeT maccy 4000 | |
kr. Onpenennts paboTy, KOTOPYIO HAIO 3aTPaTHTh ! L
Ha ONPOKHIBIBAHUE €r0 BpalleHHEM BOKpYI pedpa =

D. Otsert: 39,24 x]JIx. Y AT T D
e

8M
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3agaua 3. [1o HaKIOHHOH MIOCKOCTH, COCTABISIONIEN C TOPU3OHTOM YroJl
30°, cryckaercst 6e3 Ha4aIbHOM CKOPOCTH TSDKENOE Telo; KodQPHUIUESHT Tpe-
Hus paseH 0,1. Kakyro ckopocTs OyneT MMeTh Teno, Mpoias 2 M OT Hauana
nemxenns? Otset: 4,02 m/c.

3amada 4. MaTepuanbHas TOUYKa Macchl 3 KT 110 TOPU3OHTAIBHOM MPSIMOTt
BJIEBO CO CKOPOCTBIO 5 M/c. K TOUKe MpPHIIOKHIM TOCTOSIHHYIO CHITy, HAaIllpaB-
JIEHHYIO BIpaBo. JlelicTBUE CUIIbl IpeKpaTiioch yepe3 30 ¢, ¥ Toraa CKopocTh
TOYKH OKa3aJlach paBHOW 55 M/c W HampaBieHHOW BnpaBo. Halitm BexnumHy
STOU CHIIBI M COBEpIIEHHYIO efo padoTy. OtBet: F=6 H, A=4,5 x/Ix.

3amaua 5. bpyc HauMHAET IBUTATHCS ¢ HAYAIBHOW CKOPOCTBIO Yo IO TO-
PU30HTAJIBHOM IIEPOXOBATOM IUIOCKOCTH U MPOXOAMUT 10 MOJHON OCTaHOBKHU
paccrostaue S. OnpenennTs KOd(PQUIEHT TPEHHUS CKOIBKECHUS, CIUTAs, YTO CHJIa

TPEHHsI PONIOPLHOHAIbHA HOPMATBHOMY JaBieHuto. Otser: ¢ _U % )
gs

3agaga 6. ['Bo3np BOMBaeTCs B CTEHY, OKa3bIBAIONIYIO CONPOTHBIICHHE
700 H. IMpu kaxxa0M ygape MOJIOTKA TBO3/Ib YIIIyOJIsieTcsi B CTEHY Ha JJIHHY /
= 0,15 cm. Onpenenuts Maccy MOJIOTKA, €CJIM NIPU yIApe O LUISNKY TBO3IS OH
umeeT ckopocTb V = 1,25 m/c. Otser: 1,344 kr.

3amava 7. YiaBimuit Ha 3eMIII0 METEOPHUT Macchl 39 Kr yriyOuics B OUBY
Ha 1,875 M. BeruncneHo, 4To moysa B MeCTe HaJEHUS METEOpUTA OKa3bIBaeT
npoHMKaoIeMy B Hee Teny comporusienne 5-10° H. C Kakoil CKOpPOCTHIO
METEOPHUT JOCTUr NoBepxHocTH 3emin? C Kakoil BBICOTBI OH JIOJDKEH ObLI
ynacTb 0e3 HadalbHOH CKOPOCTH, YTOOBI y MOBEPXHOCTH 3eMIIM MpHOOpecTH
yKa3aHHYIO0 cKOpocTh? CunTaeM CHIIy TSXKECTH IOCTOSHHOH M mpeHeOperaem

conporuienneM Bosayxa. Oteer: U =219 m/c, H = 2453 m.

Bonpocut ons obcysycoenusn

1. Yemy paBHa KWHETHUYECKAsl SHEPTHS MaTEPHAIbHON TOUKHU?

2. Yemy paBHa paboTa CHIIBI TSXKECTH?

3. Ot gero 3aBucHT paboTa CHIIBI TSKECTH?

4. Kak onpeznensieTcs cuila TPEHUS CKOJIBKEHHS?

5. 3aBucuT 11 pabOTa CHIIBI TPEHHS CKOJIBKEHUS OT U3MEHEHHUS yIia
HaKJIOHA TUIOCKOCTH, MO0 KOTOPOH IBMXKETCS TOUKA, C TOPH3OHTOM?

6. Pabora cuisl ynpyroctu?

7. PaboTa cuiibl TOCTOSTHHOW TIO MOZYJTIO ¥ HAIIPABJICHHIO?

8. Mexanunueckuit cMbIci C — K03 dunreHTa xECTKOCTH NP YKHUHBI?

Jlumepamypa
OcHoBHas: 1-4.
WurepreT-pecypcbl: WWw.mashin.ru
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30. KuHeTnyeckas aHeprusi MatepuanbHon To4ku. Teopema
00 N3MEeHEeHUN KUHEeTUYECKOWN 3Heprun matepuanbHON TOYKKU

Llenw 3anamuna: Kunernyeckas sHEprusi MaTepUaIbHOW TOYKH, TEO-
pema 00 M3MEHEHUN KHHETHIECKOW YHEPTUH MaTePHAThHON TOUKH.
Opzanusayuonnas gpopma: perieHue 3amad.

Memoouueckue pexomenoayuu
T = 102 — KHHETHYECKAs SHEPIUA MaTepHATbHON TOUKH. 97)
2

5 v o
T — TO — fso F ds — U3MCHCHHUC KHHCTHYCCKOU SHCPIUH MATCPHATIBHOU

TOYKH Maccod M Ha y4yacTKe ee IBMKEHHS CO CKOPOCTSMH U H Vg PaBHO IT0JI-
HOI1 paboTe BcexX Cul, IEUCTBYIOINX Ha TOYKY IO MEPEMENICHHIO €€ U3 MOJIO0-
KeHus Sy B mojoxenue S. (98)

3amawa. Touka mMacca M OpomieHa C HMOBEPXHOCTH 3€MIIH TOJ YTJIOM
o =60° x ropusonty (puc. 130) ¢ HauampHOH cKOpocThiO v, =30 M/cC.
OmnpenenuTh HAUOOIBINYIO BHICOTY h mToIbeMa TOUKH.

Pewenue.

Jlnst penieHust 3a1a4M BOCTIONB3yeMCsI TEOPEMO 00 M3MEHCHUH KWHETHU-
YECKOM SHEPruu MaTepuanbHON TOUKU B KOHequﬁ dopme

mo® muo YA (99)

4l N

Tak kak IBM)KCHHE TOYKU Oy-
JIET TMPOUCXOJUTH TOJIBKO MO JeH-
CTBUEM  CHJIBI  TSDKECTH,  TO

Z A = A(ﬁ): —Ph =—mgh. Touka
6y}ICT nmoaJHuMaTbCa 10 TEX II0p,
MOKa ee BepPTUKAIbHAs CKOPOCTh
cTtaHeT paBHOM Hymo. Ilomaras

e XKKK///X/XH! Uy =0=0, @ MO  ycloBuio

Puc. 130 Uy =UpSiNc, TO TO TEOpEMeE,
. 2
noixyyuM Q _m(UOSZIna) = _mgh.
2 ain? 2 ain? °
Orxyxa = 0 sin"a _ 30°sin“ 60 —34.4M. (100)
29 2-98

3uaunr, h_ =34,4m.
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Pewums camocmosamenvno
3agaua 1. MarepuansHas Touka Maccoit M=10 kr IBUXKeTCS MO MPsSMOH
0e3 HauanbHOW CKOpocTH moj AeiicteueM cunbl F = 0,41, HanpapieHHOH MO
TOM ke mpsiMoil. OnpenenuTs MyTh, NPOMICHHBIN TOUKON B MOMEHT BpEMEHH,
korma p=10m/c.(1)

3anaya 2. JKene3HOJOPOXKHBIN 1MOE3]] IBHKETCS TI0 TOPU30HTAIBHOMY U
MPSMOJIMHEWHOMY y4acTKy myTd. [Ipr TOpPMOXKEHHUHU pa3BUBAETCS CHIIA COTPO-
tuBneHus1, pasHas 0,1 Beca moe3aa. B MOMEHT Havana TOPMOXKEHHsI CKOPOCTb
moe3na paBHsgercss 20 M/c. Hailtm Bpems TOPMOXEHHS W TOPMO3HOHM ITyTh.
(20.4;204)

— 3amaua 3. Touka A — TOYKa MPUIIOKEHUS
Ao F HOCTOSHHOM ropu3oHTanbHO cunsl F=1H ne-
peMeraeTcss MO JAyre OKPYKHOCTH paanyca
R=4wm (cm. puc.). Omnpenenuts paboTy 3TOM CH-
R JBl Ha TNEpeMEIIeHHEe TOYKH A M3 HadaJbHOTO
nonoxeHus Ag B monoxenue A;. (4)

Al

3anaua 4. Teno maccoit m=12 xr u3 cocro-
SIHUSL TIOKOSI ZIBHIKETCSI 110 TOPU30HTAJIBHOW TIpsi-
Mol nox neiictBuem cuibl F=0,6t, koTopas HampaBieHa 1O TOH ke MPSIMOW.
OnpenenuTts MyTh, MPOWIEHHBINA TEJIOM MO UcTedeHnu 10c mocne Havana JBU-
skeHus. (8,33)

3anaya 5. MartepuanbHas TOUKa Maccoil M=25 Kr Havajla JBUXKEHHUE W3
COCTOSIHUS MOKOsI 10 TOPHU30HTAIBHON MpsMoi mox aerictBueM cuibl F=20t,
KOTOpas HaIpaBlieHa 10 TOW ke mpsiMoil. OmpenenuTts IMyTh, MPOHAESHHBINA
TO4KOM 32 4c. (8,53)

3anaya 6. MarepuanbHas Touka Maccod M=50 Kr U3 COCTOSHUS MOKOS
JIBIDKETCS TI0 TIaJKON TOPU30HTAIBHON HAINPABISIONMIEH MO/ 1eHCTBUEM CHIIBI
F=50H, BekTop KOTOpO#l 0Opa3yeT MOCTOSHHBIA yron o=20° ¢ HampaBIIIO-
meit. OnpenenuTs MyTh, IPOWACHHBIN ToukoH 3a Bpems t=20c. (188)

3agaya 7. Teno amxercs BHU3 0€3 HavaJIbHOM CKOPOCTH MO HAKIOHHOM
IIEPOXOBATOM IJIOCKOCTH, KOTOpasi oOpasyeT ¢ ropu3zonToM yron 40°. Onpe-
JINIUTH MyTh, IPOUJEHHBIN TEJIOM B TOT MOMEHT BPEMEHH, KOT/1a €r0 CKOPOCTh
Oynet paBHa v=10m/c, ko3 puuunent Tpenus ckonbxenus f =0,1. (0,1)

3amada §. MaTepuanbHast Touka Maccod M=10 KT ABMKETCS 1O TOPHU30H-
TaJILHOM IpsiMO#t o aeiicTBreM cuisl F=10t, koTopas HampasiieHa IO TOH XKe
npsimoid. Onpenenurs 0yTh, NPONWIACHHBIA TOYKOM 1O MOMEHTa, Korja
v=10Mm/c, ecim vo=2M/c. (12)
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3amaga 9. [1oyB3yH, MONTYYHB HEKOTOPYIO HAYAIBHYIO CKOPOCTH Vg IPO-
IIEJ MO MIEPOXOBATOM MJIOCKOCTU paccTOsiHUS S=1M u octaHoBmics. Onpene-
JIUTh HAYaJIbHYI0 CKOPOCTh MOJI3YHA, eCITH KOI(D(UIUCHT TPEHUS CKOJIBKCHUS

7£=0,1.(1,4)

3amaga 10. Temo maccoit m=200kr U3 cocro-
STHUS TTIOKOS IBIDKETCSI BBEPX I10 TJIAIKOH HAKIOH-
HOM TUIOCKOCTH Tox neiictBueM cmiel F=1xH.
OmnpenenuTh epeMerieHne Tena 3a Bpems t=4,33¢
nocJie Hauaja JBKeHus. (8)

Bonpocut ons obcysycoenusn

ogakwnpE

OcHoBHas: 1-4.
Wuteprer-pecypcesr: 1.

Kunernueckas sHeprus MaTepHaabHON TOUKH?

Teopema 00 M3MEHEHNH KHHETUYECKOI SHEPTUH MATCPHAITLHON TOUKH?
Pabota cumsl TsKECTH?

PaboTa cribl TpeHUs CKOJIBKEHHS?

Pa6ota critbl, MOCTOSHHOH 110 MOJYJIIO M HalIpaBJICHUIO?

Pabora mepeMeHHO# cHITBI?

Jlumepamypa
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31. Umnynbce cunbl. Teopema 06 U3MeHeHMU Konnm4yecTBa
OBWXEHU MaTepuanbHON TOYKU

Ienv 3anamus: UMIYIbC CUIIBI, KOJHUYECTBO JIBIKCHHS MaTEepUATLHOM
TOYKH, TeOpeMa 00 U3MEHEHHUH KOJINYECTBA JABMKEHHSI MATEPUATLHOM TOUKH.
Opzanuszayuonnasn popma: pelieHue 3aaad.

Memoouueckue pexomenoayuu
KT M

mé _ BEKTOP KOIMYECTBA JBHXCHNS MaTCPHAIbHOM TOUKH (e ). (100)

§5=Ft _ 3neMeHTapHLm HMITYJTBC CHUTBI F 3a Bpems t (H* ¢); (101)
mo - mby = l Far
Jtp — H3MEHEHUE BEKTOpA KOJMYECTBA JIBHIKEHHSA
MaTepI/IaHI)HOI/I TOYKHM MAaccoifl M Ha y4acTKE €€ IBHKEHHS CO CKOPOCTAMH
3 ud, PaBHO IIOJHOMY UMITYJIbCY BCEX CHJI, ACHCTBYIOUIUX HA TOUKY 3aB Bpe-
msfa =1, (102)
B npakTuyeckux 3a1a4ax TeopeMa 00 M3MEHEHUH KOJIMYECTBA ABUKEHHSA
MaTepUalbHON TOUKU NPUMEHSETCS B MPOEKLUAX HA OCH CHCTEMBI OTCYeTa: t

Ma., — méy, = A{F,
X 1 ox ZSA (F.{) (103)

3amava. BHyTpu mosioii TpyOKH ABHIKETCS IIapuK Maccoi m. Bpems
JIBIDKEHUS apuka Ha yuactke B/ t = lc, ko9 GHUIUEHT TpeHUs CKOJIbKEHUS
f=0,3. OnpenenuTh CKOPOCTH MIApHUKA B TOJ0keHUH [I, ecim v,=8m/c.

Hano: m, kr; v,=8Mm/c, f = 0,3, t= lc. Uy =?

Puc. 131
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Jlnst naxoxaenns Vp mpumennM Ha yuactke BD Teopemy 06 3MeHeHHH
komudectBa  gaBikeHHs  MVp, —mVgy = X Sy (Fy);  Vpx = BD;
Vax = Vs;

> 8¢ = 5¢(6) + Sy(Wp) + S (Frs).

Se(Ny) = 0+1,5, = 0; Ny = mgsine; S, (G) = mg sina * T5p;

Sy(Frpc) = —Z % Np *Tgp;

mly —ml; = —Zmgcosa * Tz, + mg sina * Tgp;

/2
Vo =—Zgcosa*Tgp +gsina * 1z, +V; =—9,81+0,30 *\7 +8=12,76 m/c
Ortser: v, =12, 76 M/c.

Pewiump camocmoamenvno
3anaya 1. MarepuanpHas Touka Maccoil m=900 kr ABHMXKETCS MO TOPU-
30HTANBFHON MpsMO# moj AeiictBueM cruel F=270t, xoTopas HampaBieHa IO
TOH *e npsiMoi. OnpeaenuTb CKOPOCTh TOYKM B MOMEHT BpeMeHnu t=10 c, ec-

t, = 0 ckopocTe B, = 10—

T IpU . (25)
_ Bagaua 2. Temo Maccoii m=200 kr c
F i . 2m
Tl HAYaJIbHOM CKOPOCTBIO ° ¢ JBHIKETCSA BBEPX

0 TJIAAKOM HAKIOHHOW IUIOCKOCTH IIOJ JEW-
crBueM cwibl F=1 kH. Onpenenuts BpeMs IBU-
JKEHMS TeJla JI0 MOJHOM ocTaHOBKH. (4,1)

30°

3amaua 3. Ha marepuanbHyro Touky Maccoil M=200xr, kotopas
HAaXOIUTCS HA TOPU30HTAILHOW IIOBEPXHOCTH, JEUCTBYET BEPTHKAIbHAS IT0Jb-
emHas cwia F=10t%. Onpenenuts Bpems t, IpH KOTOPOM HAYMHACTCS JIBHIKE-
Hue Touku. (14,0)

3amaya 4. MarepuanbHas Touka Maccoit m=900 Kr IBMXKETCS TIO TO-
PH30HTANILHOM MpsIMOiA nof eficTBreM cuiibl F=270t, koTopast HamnpaBiieHa 1O

. . tp=10
TOU KC NPAMOU. OHPGHGHI/ITB Ha4YaJIbHYHO CKOPOCTb TOYKU IIPHU 0 ' ecimn

o o oM

yepes 0c & =25 (10)

3agaua 5. [lon3yH, momy4ynB HauvalbHYH) CKOPOCTb %o = 1’4?, JIBU-

JKETCs M0 MIEPOXOBAaTOM TOPU30HTAIBHON IIOCKOCTU IO MOJIHOW OCTaHOBKHU.

OrmnpenenuTs BpeMsi JBIKEHHUS MOJ3yHa 10 octaHoBkH, eciu f=0,1. (1,43)
3amada 6. MarepuanpHas Touka Maccod M=10 Kr nBrkeTcs 63 Hadab-

HOM CKOPOCTH 10 TOPU30HTAJIBHOW MpsIMOM 1o neicTBueM cuibl F= 10t, ko-
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TOpasi HalpaBlIeHa MO TOH ke mpsaMoit. Ompenenuts BpeMsi, KOrjia CKOpPOCTh

33':

TOYKH Oy/IeT paBHa 0 c.(4,5)

3amada 7. Temo mBIOKETCS BHHU3 IO HAKIOHHOM MIEPOXOBATOH IJIOCKOCTH,

o
KOTOpast 00pa3yeT ¢ TOPHU30HTOM YTroi 40 OmnpenenuTs Ha4aIbHYIO CKO-
pocts Tema, ecnu cmycts 10 ¢ mocine Havanma IBWDKGHHSI CO CKOPOCTBIO

8 =12—
¢ , kKo durment tperns ckonpxenus f=0,1. (5,8)

3anaya 8. Teno gBkercs: 6e3 HaYaNbHOW CKOPOCTH 110 HAKJIOHHOM Iile-

POXOBATOH TIOCKOCTH, KOTOPasi COCTABNAET ¢ ropuzoHToM yrom #0° . Ompe-
JEJIUTh BpeMs JIBIKCHHMS Tella 10 TOr0 MOMEHTa, KOora CKOpOCTh Tena Oyner

#=10—
paBHa c , ko3¢ uuuent tpenus ckoipxenus =0,3. (0,4)

3agaya 9. Teno maccoit m=200 kr u3 co-
CTOSIHMSI TIOKOSI JIBMDKETCS BBEpPX IO TJIaJIKOW
HaKJIOHHOHM IUIOCKOCTH TIOJ JACHCTBUEM CHJIBI
F=1 xH. Onpenenuts Bpems, 3a KOTOpoe TEJIO
mepeMecTuTCs Ha pacctosHue 8 M. (4,33)

332[21‘13 10. MaTepI/IaHLHaH TOYKa ABMKETCA U3 COCTOAHMA ITOKOS BHU3 I10

o o
TJIaJKON IUIOCKOCTH, KOTOpas HAaKJIOHEHa I0J YIJIOM 10% TOPH30HTY.
OnpenenuTs, 3a Kakoe BpeMs Touka mpoiaet myTh 30 M. (5,93)

3amaua 11. MarepuanbHas Touka Maccoit M=900kr IBMXKETCS MO TOpH-
30HTAILHOM TpsMOit nox neiictBuem cuibl F=270t, koTopas HampaBieHa Mo
TOH sxe mpsMoi. OmnpenenuTh CKOPOCTh, KOTOPYIO JOCTHUTHET TOYKa uepes

. 8 =10—
t=5c, ecitu o =0, ckopocTh ° 102, (5)

3anaya 12. MatepuanbHast Touka Maccoll M=10 Kr IBHXKETCS 1O NPSIMON
noz neiicteueM cuibl F= 0,41, koTopast 1o HANpaBJICHUIO COBIMAAAET C HAIIPaB-
JIeHUEeM JBIKEHUS Toukd. OTpenennuTs Bpems, 3a KOTOPO€ CKOPOCTh TOYKH
yBenuuutcs ¢ 2 1o 8 m/c. (17,3)

3anaya 13. MatepuanbHas Touka Maccod M=900 Kr IBHXKETCS 1O TOPU-

30HTAJILHOM NpsIMOM Tox nedictBueM cuibl F=270t, koTopas HampaBieHa 10

ToH ke mpsamMoi. Onpenenuts Bpems t mocie Havyana JBH)KEHHS, 32 KOTOPOE
. M o M

8y =10— 8 =25— -
CKOPOCTb TOYKH M3MEHHMIIACH C ° c 10 c, eci o =0. (10)
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3amaga 14. MatepuanpHas Touka Maccoid M=0,2 KT ABWKETCS BIIOJIb OCH
Ox mopx naeiictBueM cunpl fx = —04t Onpenenuts CKOPOCTh TOYKUA B MO-

U = 6—
MEHT BpeMeHU t=2 ¢, eClu ee HaYalIbHasi CKOPOCTh c.(2)

3agauda 15. OmpenenuTs MyTh, IPOMICHHBIN MaTepuaIbHO TOUKOH Mac-
coifi m mno ocu Ox 3a Bpems t=Ic, ecu OHa ABIDKETCS MOA JIEHCTBHEM CHIIBI
F. = 12mt*. B moment Bpemenu fa = @ koopaumara Xo =3M, ckopocTs. (10)

3amada 16. MarepuanpHas Touka Maccoii M=100 Kr IBMKETCS 1O TOPH-
30HTAIIFHOH MpsMOH oA AeiicTBueM critbl F=10t, koTopas HampasiieHa 10 TOH
Ke IpsAMoi. OnpenenuTs BpeMs, 32 KOTOPOe CKOPOCTh TOYKU YBEIUYHUTCS € 5
1o 25 m/c. (20)

Bonpocut ons obcysycoenusn
1. DnemMeHTapHBIA UMITYJIBC CHUIIBI?
2. Bekrop KoynmuecTBa IBIKEHHsI MaTepraibHol Touku? [Ipoekuust Bek-
TOpa KOJIMYECTBA ABWKEHHS Ha OCh?
3. [Ipoekuus BeKTOpa UMITyJIbCa CHIIbI Ha OCh?
4. Teopema 00 N3MEHEHNH KOJIMYECTBA IBIDKECHNS MaTepHUATLHON TOUKU?
5. HNmmynbc epeMeHHO# CHtbl?

Jumepamypa
OcHoBHas: 1-4.
Wnrtepner-pecypesr: 1.

32. MpumMeHeHMe 06LUX TeopeM AUHAMUKU
K MCCreqoBaHUIO ABMXXEHUA MaTepuanbHON TOUKMU

Lenv 3anamus: NpUMEHEHHE OOLIMX TEOPEM IMHAMHMKU K HCCIIEIOBa-
HUIO JABWXEHUS MaTePUaIbHOM TOUKH.
Opzanusayuonnas popma: pemeHne 3agad.

Memoouueckue pexomenoayuu
d(mo =
B3, (104)

— TeopeMa 06 N3MCHCHHUU KOJINUYECCTBA ABUXKCHUA MaTepHaHBHOﬁ TOYKH.
Ecmu F = const, To

mo -mo, =S, (105)

rae S = Ft — snemeHTapHbIid UMITYJIbC CHJIBI 32 Bpems L.
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TeopeMa 00 M3MEHEHUHU KOJIMYECTBA JBMKCHHUA TOYKU B MPAKTHICCKUX
3agadax IMpUMCHACTCA Ha TCX YYaCTKaxX TPACKTOPUU ABUIKCHHUA TOYKH, THC
3aJaHO BPEMs ABUKCHUA TOYKHU HUJIU 3TO BPEMS HYKHO ONPCACIUTD. TeopeMa
00 M3MEHEHUH KOJIHYECTBA JABMIKCHUA TOYKU B IMPAKTUYCCKUX 3ajjavyax MpHU-
MCHACTCA B IPOCKIUAX HA OCHU BbI6paHHOI71 CUCTEMBI KOOpAUHAT JId paCCMOT-
peHUA NBUKCHUA MaTepPIaJ'ILHOﬁ TOYKH:

mu, —Muy, = > S, (106)
> (F+N+F*)=0 (107)

— 910 mpuHOKN JlanamGepa Ui MaTepuanbHON TOYKH: FeOMETpUYECKast
CyMMa 33/IaHHBIX CHJI, CWJI PEaKIMi OTOp ¥ CHJI HHEPIIH TOYKHU JIOJKHBI OBITH
PaBHBI HYJIIO.

3agaqa. [llapuk, MpuHIMaeMbId 32 MaTepHUAIBHYIO TOUKY, JBIDKETCS U3
TIOJIOKEHNST A BHYTPH TPYOKH, OCh KOTOPOI pacHoNIOKeHA B BEPTHUKAILHOM

wiockocTH (puc.132). Haiitu ckopocTh mapuka B nojoxeHusix B u C u nas-
JIeHWEe IIapuKa Ha CTEHKY TpyOku B mosoxkennu C. TpeHuem Ha KpUBOJIHHEH-
HBIX YYacTKaX TPACKTOPHH NPeHEOpEUb.

Hano: m = 0,5 kr; v, = 0,8 M/c; T=0,1c (BpeMs ABWXKEHHUS Ha

y4dacTke BD);
R=02m f=01; a=60; §=30;hy =0;c=10H/cm = 1000H/m.
Onpenenuts g, ¥z, Nz, 5, b (puc.132).
Y

Puc. 132
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Pemenue: Jlns onpenenenus Vg H ¥~ IpUMEHHM TeopeMy 00 M3MEHe-
HUU KHUHETUYECKOW PHEPrMM MAaTepUalIbHOM TOYKHU. J[BMI)KEHHE IIapuKa Ha
yaactkax AL 11 ABTpaekTropun NpoMCXOOMT MOI NEACTBHEM CHIIBI TKECTH

 (cuutbl TpEHUS HA KPUBOJIMHEHHBIX yIaCTKAX HE YIUTHIBAEM):
mzﬁ‘fz - mi_,fz = Z A, = GH, = mgAB sina = mg6R sina; (105)
vy —v; = 2g6R sin a;
vy = 4,59 M/c; (106)
mvs/2 —mul/ 2= Zﬁli = GH, = mg(4Rsina + 2R cosa); (107)

-
=

vi — v = 4gR(2sina + cosa);

[
v, = vaj +4gR(2sina + cosa),

v =426mM/c (108)
OHpex{eHs{eM JAaBJICHUC H.IapI/IKa Ha CTCHKy KaHaJia B ITOJIOKECHHU U C

B coorBerctBum ¢ npunnunom Jlanambepa sl MaTepuaibHOM TOYKH
reOMETpUYECKas CyMMa CHJI, IIPUIOKEHHBIX K TOYKE, U CUJIbl HHEPLUH 3TOH
TOUYKH PaBHBI HYJIO:

3 _'.l — _

G+N-+P=0 (109)

Cuny WHEpIMU MaTepUalbHONW TOYKH MOXHO Pa3joXUTh Ha HOPMAallb-
HYI0 U KacaTelbHYI0 COCTaBJIAIOLINE:

d=F, +D_ (110)
CyMMa IpOoeKIui Crl 5, N'-u & ma ocb X JIOJDKHA OBITH paBHA HYJIIO:
N'-—Gcos60°— P =0. (111)

Otcrona

m
N's— Gcos60° — P, = mg cos60°+ SR’
N'. = 252 H. (112)

PGaKHI/IIO N’(_- MOXXHO TaK¥X€ OIPEACIUTh C IMOMOIIBIO €CTECTBEHHOI'O

YpaBHCHUSA JBUKCHUS:
MU
R

- Z P, cos(P,,7i) = N', — G cos 60°. (113)

Orcrona

N'_ = G cos60° +mv
c (114)
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Hckomoe nasnenue N IIapuKa Ha CTEHKY TPYyOKM IO YMCIOBOMY 3Hade-
HUIO PaBHO HalJleHHOH peakiuu N'. M HampaBiIeHO B IPOTUBOIOJIOXKHYIO
CTOPOHY.

CxopocTh Imapuka B nonoxenun L) waiinem, npumenus Ha ydactke BD

TeopeMy 00 U3MEHEHHNH KOJIMYEeCTBA IBIKEHIS MaTePHAIIBHOM TOUKH (puc. 133):

%

-

Puc. 133

Mvp, — Mg, = E si:r. (115)
= —
!
K Touke HNPpUIIOKECHA CUJIa TSAKECTHU G , p€aKIus CTCHKU TPY6KI/I N H CH-

na tpenus F:

F=fN = fGcos§. (116)

Tak kax
Vpy = VpaVgy = E?B'Z-Six =—Gsinf-t—Ft=—mgsinf-t—fmgcosf-t, (117)
TOmy, —mvy; = —mgsinfB -t — fmgcosf - t, (118)

OTKy,I[a Vp = 4,01m/c.
JI1st MAKCHMAaTBHOTO COKATHSL M PY>KHHBI BOCTIONB3YEMCS Ha y4acTKe
DE teopemoii 06 H3MeHEHUH KHUHETUYECKOM SHEPIUM MAaTepUaIbHOM TOUKH:
mvs /2 —mui /2= ZAE- = —ch®/2— CH,; — Fh. (119)
VuaureiBas, 4T0 v, = 0 u Hy = h sin f§, nony4aem
ch?/2 4+ G(sinff + fcosff) h— mv§f2 =0,
WIH
h* + 2Gh(sinf +cosf)/c —mvj/c = 0. (120)
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Pemaﬂ MOJYYCHHOC KBaApaTHOC YPAaBHCHUC OTHOCUTCIILHO -II-, MOoJIy4Yum
h = (—0,003 + 0,090)m.

IIpuHuMaeM B KauecTBE MCKOMOW BEJIMYMHBI IOJOXKHUTEIbHBIH KOPEHb
kBajpaTHoro ypasHenns: b = —0,003 + 0,090 = 0,087 m.

Otser: v5; = 4,59 M/c; v, =4,26M/c. N'- =252 H v, =4,01m/c
h =-—0,003+ 0,090 = 0,087 M.

Pewump camocmoamenvno

3amaya.

[ITapuk, TpHHUMAEMBIi 32 MATCPHANBHYIO TOUKY, JBIDKETCS U3 TTOJIOXKE-
HUS A BHYTPHU TPYOKH, OCb KOTOPOH pacrojiokeHa B BEPTHKAIBHON INIOCKOCTH
(puc. 134-136). Haiitu cxopocTs mapuka B nonoxeHusx B u C u gaBineHue
HIapuka Ha CTeHKy TpyOku B mosoxxenun C. TpeHHeM Ha KPHBOJUHEHHBIX
y4acTKax TpaeKTopuu npeHedpeus. B BapuanTax 3, 6, 7, 10, 13, 15, 17, 19, 25,
28, 29 mapuk, npoiinsg nmyTh h0 , OTZEJSIETCS OT NPYKUHBL.

Heob6xomMble Uit pellieHns JaHHbIe MPUBECHbI B Ta0N. 1. B 3amanuu npu-
HSTBL CIICAyIOIMe 0003HAYCHWS: M- Macca wapuka;\/ , — HavalbHas CKOPOCTh

MIapriKa; T — BpeMs JBIDKCHIS IIApHKa Ha ydacTke 4B (B BapmanTax 1, 2, 5, 8, 14,
18, 20, 21, 23, 24, 27, 30) wiu Ha yuactke BD (B Bapuantax 3, 4, 6, 7, 9-13, 15-17,
19, 22, 25, 26, 28, 29); f — xo3(puIHEHT TPEHMsI CKOBKEHHUS [IapHKa M0 CTEHKE
TpyOKH; h, — HadaibHas JedopMalyst pyKUHbI, h— HanOoJIbIee CKATHE TIPYKHU-

HBI; C — KOA()(UIMEHT JKECTKOCTH TPYXKUHBI, /{ — HanOoIbIIask BBICOTAa TOJbEMA
IIapyKa; S — IyTh, POIIEHHBIN MIAPUKOM JIO OCTAHOBKH.

Tabmuma 1
Benuuunsl,
Ne Bapu- | m, VA' T,|R, f a, B, hO’ c, KoTOpbie
aHTa KT [ /e | €| ™ rpaja | rpan H/em
(puc. 134 oM TpebyeTcs
136) OTIPEIENIUTh
JIOTIOJTHUTEIHHO
1 05| 20 |12,0/2,0|0,20| 30 | 45 | - - -
2 0,6| 16 |0,2|4,0|0,10| 45 | 20 | - - H
3 04| 0 |20(0,2(0,15| 30 - |10 1 VD
4 02| 5 |05[10{010{ 45 | - | - | - Vp
5 0,1 8 |15(2,0(0,20| 30 - - - -
6 03| 2 |2,0(40]0,10] 30 [ 20 [ 30| 2 VD
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10
11
12

13
14
15
16
17
18
19

20
21

22

23
24

25
26
27
28
29
30

04
0,2
05
0,4
0,2
0,4
03
0,6
01
04
0,2
03
01
0,2
07
0,4
0,6
05
01
0,2
08
03
05
08

A W O N P O O O O A N PP O

[ERN
o

OO O A W N O ON P W

1,0
0,5
1,5
0,1
1,0
0,4
0,1
2,0
0,1
0,2
0,1
04
0,1
1,0
0,3
0,2
04
0,5
0,2
0,1
0,2
0,1
0,2
0,3

1,0
1,5
4,0
05
1,0
2,0
1,0
3,0
1,0
2,0
1,0
1,5
0,4
0,5
03
0,2
0,2
0,6
05
0,2
0,4
0,6
05
0,6

0,10
0,15
0,25
0,10
0,30
0,20
0,10
0,20
0,15
0,40
0,20
0,10
0,30
0,10
0,20
0,40
0,20
0,30
0,25
0,20
0,15
0,35
0,20
0,15

30
30
20

30
45
30

30
60
60
30
30
45
30

60
45

45

45
60

30
45
30
45
30

60
60

60

60

60
30
20

30
30

15
30

60
50
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Puc.134
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Puc. 135
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21

23

25

27

29

Puc. 136
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Bonpocwt ona obcyscoenusn

1. Iuddepennmanpable ypaBHCHUS MaTCpHATFHON TOUKH B IPOESKIMH Ha
OCH JIEKapTOBBIX KOOpANHAT?

2. nddepennuanbHple ypaBHSHUS MaTepHUATbHOW TOYKH B IIPOSKIIUH Ha
€CTeCTBEHHBIE OCH?

3. Cua naeprmn?

4. Ipunuun JlanamGepa 1 cBoOOIHOI 1 HECBOOOAHON MaTepUaIbHON
TOYKH?

5. Teopema 00 U3MEHEHUH KOJMUYECTBA JBIKCHUS MATEPHATLHON TOUKHU?

6. Teopema 00 M3MEHEHNN KHHETHIECKOH YHEPTUN MaTEPHAIILHON TOUKHI?

7. PaboTa cuiel ynpyroctu?

8. Pabora cuibl TsxecTH?

9. PaboTa cuibl TpeHHs CKOJIBKECHUS?

10. PaboTa cuIitbl peaku HOPMaJIbHOTO JaBICHUS?

Jlumepamypa
OcHoBHas: 1-4.
Wuteprer-pecypesr: 1.

33. KuHeTn4yeckas aHeprusi TBepgoro tena
npuv NocTynaTteribHOM ABWMXeHUN

Llens 3anamus: NOCTYNATEILHOE JIBIPKCHNE TBEPIOTO TeJla U OCHOBHBIE
KWHEMaTHYeCKUE XapaKTEPUCTUKH, KIacCU(PUKaIMs MOCTYNATENbHBIX JABHKE-
HUH TBEPIOTO Teja, KHHETHYECKast SHepTUsl TBEPAOTO TeNa IPU MOCTYIaTelb-
HOM JIBHKCHHH.

Opzanusayuonnas popma: peeHne 3agad.

Memoouueckue pexomenoayuu
[pu nocTynaTenbHOM JIBUKEHHH TBEPAOTO TEJia MEPOM JBUKEHHS SIBIIS-
eTCsl KHHEeTHYeCKasi SHepIusi TBEPIOro Tela.
o -
- ¥ T = - mv~_, rie m-macca tena, kr;  (121)

V¢ — CKOPOCTh LIEHTPA MaccC Tea, Mm/c.

_
3anava. [l JAaHHOrO TOJIOKEHUS MeXa-
HHU3Ma OTPE/ICINTh KHHETHIECKYIO SHEprHuio moi3yHa B, ecimm xpuBommn OA

BpAlIAETCs COMIACHO 3aKOHA & = 0,4r3(paa), mwmaa OA=0,2M, t=1c, Macca

A

nonszyna B m=0,5 xr.
Pewmenue: Jlano: @ = 0,4t%(pao,

0A4=0,2m, t=Ic, m=0,5 k2; T,- ?
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1) xpuBommn OA coBepiuaer Bparmia-
TENIBHOE JBIXKEHHE BOKpYr omopsl O ¢
YTII0BOI CKOPOCTHIO

w=(p) =004t =04 .3t = 1,2t%

= wlle

(122)

Puc. 139
2) Cxopocts Touky A kpuBommna OA v, = w- 04 =1,2-(1)%0,2 = 0,24 m/c

v, C OA B CTOpOHY YIJIOBOH CKOPOCTH (&), (123)
3) Ilo Teopeme O PaBEHCTBE NPOEKLIMU CKOPOCTEH 1, U4 (AB)- np. Vg(AB) — TOJI-

3yH B 1BIKETCS MOCTYNATENBHO M0 TOPU30HTAIBHBIM HAIPABJISIOIIMM BIPaBO
92 9= g2 o 9 = 93, — {
v, cas30 vpeos30® = vy = v, = 0,24 m/c (124)

4) Kunetnueckast sHeprus noji3yHa B, coBepinaroiiero nocTynaTeabHOe
JBHUXKCHHUE

—1.05.(024)>=0,014 =X (125

T‘.r =

0y

™o

(SR
(SR

B

Ortser: T,=0,014

Peuwtumv camocmoamenvHo
3amaya 1. Ilom3yH maccoil M=2 Kr, MOJYYMB HayajlbHYIO CKOPOCThb
Vo=2 M/C IBWXXETCS TI0 MIEPOXOBATOI TOPHU30HTAIBHON MIOCKOCTH JI0 TTOJIHOM
OoCTaHOBKH. OnpesienTh KHHETUYECKYIO CKOPOCTh MOJI3yHa. [4]

3anaya 2. Teno maccoit M=1(0ke JBUKETCS U3 COCTOSIHUSI TIOKOS 10 TOPU-
30HTAJIBHOM TTIaJIKOH TUIOCKOCTH ToJ neiictBreM cuinbl F=10t, HanpaBieHHON
napajuielbHO TUIOCKOCTH JBIDKEHUS. ONpelneiuTh KUHETHUYECKYI0 JHEPTHUIO
JTAHHOTO TeJIa, KOT/Ia ero CKOpocTh Oyaet pasua V=10m/c.(500)

3amaua 3. Teno maccoit m=0,2 Kr IBMKETCS O FOPU30HTAIBHON TIIa-
KO TutockocTH mox aeicTBueM cwibl F=-0,41, mapamienbHON MIOCKOCTH
JBikeHus. OnpenenuTh KHHETHYECKYIO0 DHEPrHi0 Tela B MOMEHT BPEMEHU
t=2c, ecnu ero HayaIbHAsE CKOPOCTh Vo=6m/c.(0,4)

B

3amauya 4. Teno Maccor M=2 ke ABMKETCS
M0 TOPU3OHTANFHOU TIAJAKON IUIOCKOCTH CO-
roacHo 3akony S=0,4t+3t-/(m). Onpegenuts
KHHETHYECKYIO DHEPIUI0 Tejla B MOMEHT Bpe-
menu t=2c.(60,84)

3amada 5. OnpemenuTs KHHETHYECKYIO
SHEPruI0 IM0JI3yHa B  KpHBOIIMIHO-NONI3YH-
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HOTO MEXaHM3Ma B yKa3aHHOM IIOJIOXKCHHSI, €CIIM Macca monzyHa B m=0,1 ke,
CKOPOCTb TOUKU A Va=2m/c.(0,07)

3amaua 6. OnpenenuTh KUHETHYE-
CKYIO0 SHEpruio moisyHa B mpu kpuBo-
UIMIHO-TIOJ3YHHOTO MEXaHW3Ma B MO-
MEHT BpeMeHH t B yKa3aHHOM IOJIO¥Ke-
HUH, €CIIM Macca nnoyisyHa B m=2 ke,
yIJI0Bast CKOPOCTh KpuBotuna OA
cd:0,2t3(pad/c), JUTMHA KPUBOIIIHIIA

OA= 4u, t=1c. (0,86)

3amaya 7. I'py3 1 maccoit m=0,5 xr nogHUMaeTcs
¢ oMo1bIo Jedenkn 2. 3aKoH ABIDKEHUA rpy3a | mMe-
et B S=7+5t2(M). OnpenenuTh KHHETHIECKYIO SHEP-
ruto Tpy3a 1 B Moment Bpemenu t=10c.(2500)

3anaya 8. OnpenenauTb KHHETHYECKYIO
SHepruw noyizyHa B maccoit m=4 ke B yka-
3aHHOM TIOJIOKCHUM MEXaHHM3Ma, €CJIH CKO-
pocTh nomsyHa A Va=2m/c.(8)

NSO

3agaya 9. OnpenenuTe KUHETHYE-
CKYIO DHEpIHIO Ipy3a 3, eciii LEHTP Macc
KuinuHApal JBHKETCS CO  CKOPOCTBIO
V.=4 m/c, macca rpy3a 3 mz=12ke, Tena 2
U 4 — OZAHOPOJHBIE TUCKH =0, 6Mm.(24)
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3amaya 10. Ha 6apaban 2 HaMOTaHbBI HUTH,
\w K KOTOPHIM MPHUKPEIUICHBI TPy3bl 1 U 3 maccoi

/ﬂ;\
@ m;=2,m;=2 kr. OnpeaeauTh KUHEMATHUCCKYIO

SHepruto rpys3a 1 u rpysa 3 , eciau yrioBasi CKO-
pocth Gapabana 2 ¢ =8(paz/c) U paauyCchl €ro
crynerei R=2r=0,2m.(2,56;0,32)

’V 1 3amada 11. Hummaap 1 Bpamaercs ¢ yrio-
. BOH ckopocThio (=20 pan/c. OnpenenuTs KuHe-
TUYECKYIO 3HEPruio rpysa 2 mMaccoit m=I1kr, ec-

\%4]/ m paaunyc muuaapa =0,5 m. (50)

3agaua 12. Jng1 moms-
ema rpysa 1 maccoit =200 xr
ucrnons3yercst jebénka. VYr-
JIoBasg CKOPOCTh BEIYIIETO

3ybuatoro kojeca 3 =30

pam/c. OnpenenuTb KHHETHU-
YEeCKyI0 OJHepruoo rpysa |1,
ecim  pagmycel  ,=0,1 M,
R,=0,8 M, r3=0,4 m .(2500)

3anaua 13. MexaHH3M COCTOUT U3 3yOuaThix kosec 1,2 paguycamu =0,4 M,
R,=1 M, 6apabana 3 pamuycom R3=0,8 M u rpy3a 4. 3akoH JABMKEHUS 3yOUaTo-

ro Koyeca: i@ = 0,4t% + 9t Omnpenenuts KHHETHYECKYIO SHEPTHIo rpy3a 4

B MOMeHT BpemeHH t=1c¢, eciiu my=0,2 kr. (0,98)




Bonpocwt ona obcysrcoenusn

1. IlocrynarensHOe nBMKEeHUE TBepaoro Tena? CKOpPOCTh, YCKOpPEHHE
Tema?

2. Kimaccudukanus nocTynaTeIbHbIX IBIKCHHUA TBEPAOTo Tea?

3. PaBHOMEpHOE MOCTYMIATENEHOE NBUXKECHUE TBEPAOro tena. OCHOBHBIC
KUHEMATUYECKUC XaPAKTCPUCTUKHU?

4. YCKOpPEHHOE MOCTYIATENbHOE JBHXKCHHE TBEpAOro Teia. OCHOBHBIC
KHHEMATHIECKHE XapaKTEPUCTUKHU?

5. PaBHOyCKOpEHHOE IIOCTyNaTeNbHOE MABIKECHHE TBepmoro tema. Oc-
HOBHBIE KHHEMATHIECKHE XapaKTCPUCTUKHU?

6. 3amennieHHOE TIOCTyHATEIbHOE ABIDKEHHE TBepaoro Tena. OCHOBHEIC
KHHEMATHIEeCKHE XapaKTCPUCTUKHU?

7. PaBHO3aMeIIeHHOE TIOCTyHATeIbHOE ABIDKCHHE TBepmoro tena. Oc-
HOBHBIC KHHCMATHYCCKUC XapaKTepI/ICTI/IKI/I?

8. Kunemarunueckasi sHeprus TBEpJOro Tejla NP IOCTYNATeIbHOM JBU-
sJKeHuun?

Jlumepamypa
OcHoBHas: 1-4.
WuTepuet-pecypest: 1.

34. KuHeTn4yeckas aHeprus TBepaoro tena
npv BpawaTenbHOM ABUXEHUM

Lenv 3anamus: BpalatenbHOe ABUKEHUE TBEPJIOTO Tejla BOKPYT HEIo-
JBIDKHOW OCH, OCHOBHBIC KHHCTHYCCKHE XapaKTEPUCTHKH, Kiacchuraiius
BpalaTeJIbHBIX I[BI/I)KCHPII?I TBEPAOro TEJIa, KNHETUYECKAsA DHEPrus TBEPA0Io
TCJa Mpyu BpalliaTeJIbHOM ABUKCHUU BOKPYT HeHOI[BI/I)KHOﬁ OCH.

Opzanuzayuonnasn ¢popma: penieHue 3aaad.

Memoouueckue pexomenoayuu
Mepoil aABMXKEHHUS NPH BPAIIATENbHOM ABHXEHHH TBEPAOro Tela BOKPYT
® HETOABIYKHON OCH SIBISETCS KHHETUYECKas YHEepPrus
Tena.

G (126)
@) V. [KF~M2] — MOMEHT HMHEpUHU Tejla OTHOCHUTEIbHO
HEeHTPAIBHON ocH; ® [pan/c] — yrioBas CKOpPOCTb

BpallleHHs Tea.

QT = lyc . w2rrM?/c?]

Puc. 140
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3amaga. CIUIOMHOW OJHOPOAHBIN ITH-
JIUHJIP BPAIIACTCs COTIACHO 3aKOHY (@ = t+2
(pam). OnpenenuTh KHHETUYECKYIO JHEPTHUIO

Puc. 141

=
"
® LIMJIMHIpA B MOMEHT BpeMeHH t = 2 ¢, eciu ero
pamuyc r = 0,5 M, m =4 xr.
)\ |

Pewenue: [Jano: ¢ = t+2;t=2c;r=
0,5M; m = 4kr. T-?
T=1yv, .wn0=(@=C+2=3t

o(t) = 322 = 12(pawk).

Ve=lm.r2=2.4.(05)%=24-(05)%==-4-0,25=05KkM
~ MOMEHT P;Hep].lPIPI LII/I;'II/IH,Z[pa OTHOCI/ITAGJ'ILHO ueHTpam:Hoﬁ ocu. (127)

T=205(12) = 36lkrm’/c]. (128)

OTBe‘TZ T = 36[kr-M%/c?].

Pewums camocmoamenvro
3amaua 1. YriioBasi CKOpOCTh JAHMCKa Maccou
M=2KI' U3MEHSETCS COTIACHO 3aKOHy ® = 2 — 8t
(pam/c). OnpenenuTh KHHETHYECKYIO SHEPTHIO JTUC-
Ka B MOMEHT BpeMmeHH t = 1C, ecnm ero paguyc I =
0,5M. Macca nucka paBHOMEPHO paclpeleieHa 1o
obonmy aucka. (1,5)

3agava 2. I'py3 lnogHumaeTcss ¢ MOMOUIbIO
nebenxu, OapabaH 2 KOTOPOH — CIUIONIHON OIHO-
poasblil munuHAp paauyca I = 0,5M. Onpenenuts
KHHETHYECKYI0 dHepruro Oapabana 2 maccoid m =
10kr B MOMeHT BpeMeHH t = 1c, eciM 3aKOH JBHXKe-
HUsA Tpy3a 1 S = 3t + 1(m). (202,5)

3amaya 3. Koneco 1 Bpamaer-
cs cormacHo 3akony ¢ ; = 20t. Mac-
ca kosec 1 u 2 paBHOMEpHO pac-
npezesneHa mo obomy xoiec. Onpe-
JCJIINTh  KUHETUYCCKYIO DJHEPIUIO
KoJieca 2, eciii ero Macca m = 4kr
U paguychl Kosiec paBHbl Ry = 0,4mM
u R,=0,8m. (128).
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3amaua 4. T'py3 1 mogaumaercs co
ckopocTbio V=20t Mo HUTH, HAMOTaHHOM
Ha CIUIOIIHOM OJHOPOIHBIM IMIHMHID 2.
Koneca R, = 0,8M u r3 = 0,6M — 3y0Oua-
Thle KoOJieca C pPaBHOMEPHO-pacmpe-
JISTICHHOH Maccoil 1mo oboxy Kolec.
Onpenenuts KUHETUYECKYIO SHEPIHUIO
Kojeca 3 B MOMEHT BpemeHu t = Ic,
€CJ| ero Macca m = 6xkr. (675)

3agaua 5. CrurontHOW OTHOPOIHBINA CTEp)KEHb
o | = 1,2M Maccoit m = 0,5 kr, »kecTko coenu-
] HCHHbIii ¢ ockio BpameHus OO;, Bpalaercs mo 3akoHy
@=10t — 1(pazn/c). Onpenenuth KUHETHICCKYIO SHEPIHIO

) ® ctepxkust ipu t = 1c. (3)

Bonpocut ons obcysycoenun

1. BpamarenbHOE ABMKEHHE TBEPIOTO TEJNa BOKPYT HEMOABIDKHOM ocn?

2. PaBHOMepHOe BpamieHne? OCHOBHBIC KHHETHYCCKUE XapaKTEPUCTHKA?

3. YckopenHoe BpaiieHne? OCHOBHBIE KHHETHUECKHIE XapaKTePUCTUKHI?

4. PaBHOyckopeHHOe BpamieHne? OCHOBHbIE KMHETHYECKHE XapaKTepH-
CTUKHU?

5. 3amennenHoe BpamieHne? OCHOBHbIE KUHETHYECKHE XapaKTePUCTUKH?

6. PaBHO3ameuieHHOe BpaiieHne? OCHOBHBIE KMHEMAaTHYECKHE Xapak-
TEPUCTHUKH?

7. MowmeHnt unepuuu Tena? Pagunyc unepiuu?

Jlumepamypa
OcHoBHas: 1-4.
WuTepret-pecypest: 1.

35. KuHeTtnyeckas aHeprus TBepaoro tena
npu nnocKkonapannenbHOM ABNXEeHUU

Ilens 3anamusa: 10CKOE IBUXKEHUE TBEPAOTO Tea, CKOPOCTh TOUEK
IUTOCKOW (UTypB, MTHOBEHHBIH LEHTP CKOPOCTEH, BpaIleHHE Tejla BOKPYT
MT'HOBEHHOTO IIEHTpa CKOPOCTEH, KHHETHYECKasi HHEPTUsl TBEPJOro Tela Ipu
TUTOCKOTIAPAJIICIEHOM JBIDKCHHH.

Opzanuzayuonnasn popma: peuieHue 3aaau.
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Memoouueckue ykazanus
KuneTndeckast sHeprus TBEPAOTo TeNla MPH IIIOCKONAPaIebHOM JBIKE-
HUM T — 22 4+ 2y . 2 THEe M — Macca Tena (KT), v, — CKOPOCTh IIEHTpa Macc
A c L te

Tela, JBIDKYIIETOCS TIOCTYIaTeNbHO (M/c), Y. — MOMEHT MHEpINHU Teja TIPU Bpa-
IIEHHH BOKPYT MIHOBEHHOTO LIEHTpa CKOpocTeii Py (KrM?), @ — YIIIoBast CKOPOCTh
BpaIIeHIsT BOKPYT MTHOBEHHOT'O IICHTpa ckopocteii Py, (pam/c). (129)

Kunernueckass SHeprus TBEpOOro Teja

pu IIOCKONAPAILIENLHOM JBUWKEHNN
¢ T =2mu? + 27, - w? TAe M- macca Tena (kr),
U — CKOPOCTB LICHTPa MAce TeJa, JBHKYLIErocs
k;/w

MOCTynaTenbHo (M/C), Y. — MOMEHT WHEpLUHU
Tela IPH BPAIICHUH BOKPYT MTHOBEHHOTO LICH-
Tpa ckopocteil P, (kr'M%), @ — yrioBas CKo-
POCTH BpalleHHs BOKPYT MTHOBEHHOTO LICHTpA
/ \/ / ckopocrteit P, (pazn/c).

3anaya: OJHOPOIHBIN IUCK panuyca I = 4M Maccoil M = 2Kr KaTUTCS 1O
TOPU30OHTAIILHOM OMOPHON IUIOCKOCTH 0e3 ckojbkeHus. CKOpoCcTh IEHTpa
JHcKka v=2m/c. OnpenenuTs KHHETHYECKYIO YHEPTHIO JHCKA.

Pemenne: Jlano: m = 2 xr; r = 4 m; v.=2
UC m/c. T-?

Jluck coBeplIaeT IUIOCKOIapaliebHOE
nBrokeHre. LIeHTp aucka IBHXKETCS MOCTyIia-
TENIBHO CO CKOPOCTBIO V=2 M/c. JlucK Bpaiua-
eTCsl BOKPYT MTHOBEHHOI'O LIGHTPa CKOPOCTEH
P, ¢ yrmoBoit ckopocThio ®. v, = ®'CPy = - I;
CP, = r — MTHOBEHHBII PaguycC BpaIIeHUs (M).

/777 v 2
P\' w=—= 1 = U,S(Pall/c);
-

Y, :%-m-r'z = %2 42 = % 2:16=16 [kr-M?] — MOMEHT HHEPIMH [HCKa OTHO-

CHUTEJILHO LIEHTPAJIbHOM OCH. (128)
Kunernueckas OHEPIUA JUCKa

T= mu?+2Y, w?=22:224216:0,5%=
=12.44216.025=4+2 =6 [xkrm/c7] (130)
Orser: T = 6 [kr-m?/c].
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Pewiums camocmoamenvHo
A 3amava 1. [[ns 1aHHOTO TMOJIOKEHUS
@) MEXaHU3Ma OIpeNeInuTb KHUHETHYECKYIO
’C sHepruto maryHa AB c nentpom C mac-
- coif m = 4kr, ecnu YIJoBasi CKOPOCTh

><O kpuBommna OA o = 1 pag/c OA =2 M,
- T AB =4 wm. (8)

0 A Bamauya 2. Jlig maHHOTO
30° TIOJIO’KEHHUST MEXaHU3Ma OIIpe-

S L Q C IEMUTh KHHETHYECKYIO DHEp-
f ' ruro matyHa AB ¢ nentpom C

Maccoi M=2 Kr, eciu yrioBas
ckopocTs  kpuBommma OA
®=2(pan/c), OA=2 M, AB=2
M. Ilatyn AB — ToHkuit of-
HOPOJHBIH cTepkeHsb. (7,12)

3amada 3. YrioBas ckopocTh Oapabana 1 w=1(pax/c). Pagmycsl 6apabana

1 u crymenuaroro koneca 2 pasHbl 1=0,2 Mm; ,=0,4 M; Ry=0,6M™; i=0,5 m.
OrmnpenesuTh KHHETHYECKYI0 SHEPTHIO CTYNIEHYATOro Kojieca 2, €CJM ero Macca
m=1 kr. (0,16)
5

3amaga 4. CkopocTh IieHTpa A cTy-
MEHYATOr0 Kojieca V=2 M/C, PaauyChl
r;=0,5 m; r,=0,6 M; macca koneca m=4 kr;
pamuyc wunepumu i.=0,4 M. Omnpenenutsb
KHHETHYCCKYIO SHEPTHIO NAHHOTO CTYIICH-
yaroro koJjeca. (9,12)
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3amaga 5. I'py3 1 omyckaercst co ckopo-
cteio v1=0,5 m/c. {ucku 3, 4 — CIUIOIIHBIE,
OITHOPOJIHEIC C paamycamu 2r; = I3 = 0,6 m.
OmnpenenuTs KUHETHUYECKYIO SHEPTHIO TUCKA 3,
ecnu ero macca m = 0,8 kr. (0,074)

Bonpocwt ona oocysycoenusn
1. ITmockoe OBM>XEHUE TBEPIOTO Tema?
2. CKOpOCTb TOYEK IUIOCKOH (QUTYPHI?
3. MrHOBeHHBIH EHTP CKOPOCTEH?
4. Bpamienue Tena BOKpyT P, — MTHOBEHHOTO IIEHTpa CKOpOCTeH?
5. MrHOBeHHBIH pagnyc BpameHus?
6. KuneTnueckasi SHeprusi TBEpAOTo Tella MPH IUIOCKOM JBIKEHUH?

Jlumepamypa
OcHoBHas: 1-4.
Wuteprer-pecypcesr: 1.

36. MNMpumeHeHne TeopeMbl 06 UIBMEHEHMU KUHETUYECKOWN 3Heprum
K unccnegoBaHUIO ABUXKEHUSA MEeXaHU4YeCKOW CUCTEeMbI

ILleny 3ansamusn: NPUMEHEHHE TEOPEMbI 00 U3MEHEHHUH KHHETHYECKOMN
OHCPIUU K UCCIICTOBAHUTIO NBUKCHUA MEXaHUYECKON CHUCTEMBI.
Opzanuzayuonnasn ¢popma: penieHue 3aaad.

Memoouueckue ykazanus
T-To=D. A+ A (131)
(131) — teopema 00 M3MEHEHHH KUHETHYECKON JHEPIUU MEXaHUUYECKON
cucremsl — rae |, T, — KMHETHYeCKas SHEPIHs CHCTEMbI B €6 HA4albHOM U

KOHEYHOM TI0JIOKeHUSIX. M3MeHeHne KUHEeTHUEeCKOM OHEPrunu CUCTEMBI IIPHU
MepEeMEIEHIH €€ TOYEeK M3 HEKOTOPOTO HAYaJbHOTO IOJOXEHHS B KOHEYHOE
paBHO anredpandecKoil cymme padoT CHJI BHEITHUX U BHYTPEHHHUX.

Kunernueckas sHeprus aOCOIIOTHO TBEPJOTO Tejla MPU OMPEACTICHHBIX
BHJaX €r0 ABW)KCHHS BBIpaKaeTCsl GopMyIaMu:

1. ITpu mocTynaTreabHOM JBMKEHUH

T :EMVC2 SEIVVES (132)
2 2

rae V — CKOpOoCTh Tea.
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2. ITpu BpameHnn BOKPYT HETIOBUKHON OCH
T-2300 (133)

rae J, — MOMEHT MHEPIHMH, () — yIJIOBasi CKOPOCTb.
3. IIpu nI0CKOM JIBUYKEHUH

T =1Mvc2 +3ch2, (134)
2 2

rac VC — CKOPOCTH LHEHTpPa Macc, \] ¢ — MOMCHT MHCPIUHM OTHOCHUTCIILHO OCH,

MIPOXOIAIICH Yepe3 HEeHTP Mace (BETMYNHA TOCTOSTHHAS ).

3amaya.

MexaHn4eckast CHCTeMa COCTOMT M3 Tpy3a, TpyObl M OJIOKa, CBSI3aHHBIX
ruOKOl HepacTsDKUMOM HuThlo. ['py3 omyckaercsi, TpyOa KaTHTCS 0e3 CKOJIb-

xenus. Onpenenuts ckopocts V 1 yckopeHne @ Tpysa, B TOT MOMEHT, KOTa
OH Inpoijet paccrosiHue H. JIBu>keHHe HAUMHAETCS U3 COCTOSIHMS MoKos. [la-
HO: M — macca rpy3a, m u R — macca u paauyc TpyObl, M, — MOMEHT COMpO-

TUBJICHUS (ITOCTOSTHHBIN). Maccoii O10ka ¥ HUTH NpeHeOpeds.
N

Mms

o A
JR=
=

Puc. 142
Bocnonb3yemcst Teopemoit

T-T-TATA
ITo ycnosmro 3amaun T, =0. Tena, BXonsmue B cHCTEMY, abCOJIOTHO

TBepAbIE, a HUTh THOKas 1 HepacTshkumasi. CiieoBaTenbHO, Z A‘i =0.

Buemnue cuibl: P ¥ peakuun paGoTel He coBeprmaior. Ocraercs pac-
KPBITh PaBEHCTBO T = A(Q)+ A(ms).
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Kunernueckast sueprus T = % MV 2 +£mVCZ +£Jca)2-
3mecn V, :!, wzi, J. =mR?.
2 2R

OKOHYATEIHLHO

T:;(M +2)v2- (135)

Pa6ora cuibl Q pasHa QH. PaGoTa mapsl cuil paBHa NPOM3BEIEHHUIO €€

m,H
MOMEHTa Ha yroJj oBopoTa TpyOsI —

[omuas pabdora

ZA;:QH—mZS: =[Q—r2n|;jH- (136)

ITpupasuuBas (135) u (136), nosryuyaem paBeHCTBO

1[|\/| +m)\/2 :(Q—mst . (137)
2 2 2R
vV 22QR-m H (138)
\ R(@M +m)

UroObl ompenenuTh yckopeHue, npoauddepeHnupyem o BpeMeHH o0e
gactu paBeHcTBa (137). omyanm:

m m,
[M +2jva_(Q_2R

Orcrona, 3ameuas, uto V = H , Haxoaum
2QR-—m, (140)
R(2M +m)

Orcrona

) v (139)

a=
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Pewums camocmoamenvno

3anauva.

MexaHuueckasi CHCTEMa O] ACHCTBHEM CHII TSDKCCTH MPUXOINT B JBU-
JKEHUE M3 COCTOSHUS IOKOS; HavaJdbHOE IOJIOKEHHME CHCTEMBI IOKa3aHO Ha
puc. 142—-144. YauTeiBas TpeHHE CKONbXeHHs Tena | (Bapuanter 1-3, 5, 6,
8-12, 17-23, 28-30) u CcONMpOTHBICHHE KAUCHHUIO TeJia 3, KaTsmerocs 0e3
CKONbXKeHus (BapuaHTel 2, 4, 6-9, 11, 13-15, 20, 21, 24, 27, 29), npenebperas
JPYTCUMHU CHJIAMHU COTIPOTHBIICHUSI M MACCaMU HUTEH, MPeIonaracMbIX Hepac-
TSOKUMBIMH, ONPEICITUTh CKOPOCTh Tela 1 B TOT MOMEHT, KOTJIa MPOWICHHBIN
UM MyTh CTAHET PABHBIM S.

B 3ajaHuu MPUHATHL ClEAYIONHE 0003HAYCHUs: My, My, M3, My — Macchl
ten 1, 2, 3, 4; Ry, Ia, Ra, '3 paguychl OONMBIIMX U MANIBIX OKPY)KHOCTEH; ipy 13 —
panuychl HHEPIMU Tl 2 U 3 OTHOCUTEIILHO TOPU30HTAIBHBIX OCEH, MPOXOIsi-
[IAX Yepe3 UX [EHTPHI TSHKECTH; o, f — YIIIbl HAKIIOHA TJIOCKOCTEH K TOPU30H-
Ty; t — KO3QPHUIUEHT TPEHUS CKOTBKEHIS, O — KOA(PPHUIIMEHT TPSHUS KaueHUS.

Heobxomumble i pelicHHs TaHHbIC MpUBencHbI B Tadm. 1. Bioku B
KaTK{, JJISI KOTOPBIX PajMyChl UHEPIMH B TaOJUIC HE YyKa3aHbI, CUYUTATH
CIUIOIIHBIMH OJTHOPOIHBIMH IHJIHHAPAMH.

HaxioHHble y4acTKM HUTEH MapajielbHbl COOTBETCTBYIOIIMM HAKIIOH-
HBIM IIJIOCKOCTSIM.
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Puc. 142
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Puc. 143
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Puc. 144
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Bonpocwt ona obcysrcoenusn

1. Teopema 00 M3MCHEHUHM KHHCTHYCCKOW SHEPIMU MEXaHUYCCKOU CHU-
CTEMBI?

2. Kunetuueckas 3HEprus TeJia MPHU MOCTYIATCIBHOM JBUKCHUM?

3. Kunernueckas 3HEprus Tella MPHU BPAINATSIFHOM JBHKCHUU?

4. Kunerndeckast SHePIUsl Telia IPH TUIOCKONAPaIIICIBHOM JIBHKCHUN?

5. uddepeHnnansabie ypaBHCHHS MAaTEPUANLHOW TOYKH B MPOCKIIUU
Ha OCH JIeKapTOBBIX KOOpIUHAT?

6. Pabota cuibl TsDKECTH?

7. Pabora cribl TPEHUS CKOIBKEHUS?

8. Pabora criibl peaku HOPMaJIHLHOTO TABICHUS?

9. PaGora MOMEHTa CHJI COTIPOTUBIICHUS TPCHUIO KaUCHHUS?

10. Buemnue CUabl MEXaHUYECKOM CHCTEMBI?

11. BHyTpeHHUE CUIIBI MEXaHUYECKOH CUCTEMBI?

Jlumepamypa
OcHoBHas: 1-4.
Wuteprer-pecypesr: 1.

37. MNpuHuun Janambepa Ansa MexaHN4eCKoOn CUCTEMbI.
O6wee ypaBHeHUe AUHAMUKN OIS UCCIIeA0BaHUSA MeXaHU4YeCKon
cUcTeMbl C OAHOW cTeneHbio cBOGoAbI

Llenv padomor: npunnun anambepa a1 MexaHudeckoil cucteMbl. O0-
1iee ypaBHEHUE AUHAMUKH JJI UCCIENOBAHUA MEXaHUUYECKOW CHCTEMBI C OJI-
HOW CTeNeHbI0 CBOOOBI.

Opzanuzayuonnasn popma: penieHue 3aaad.

Memoouueckue ykazanus
[puanun Janambepa mo3BoJseT ypaBHEHHs JHHAMHKH 3aIicaTh B Gop-
Me YpaBHEHHS CTATHKH. J[J1 MEXaHUYECKOW CHCTEMBI 3TOT IPUHIIAII 3aITHCHI-
BaeTcs TaK: ‘

Fr+Fr'+Fr'=0 . (141)
Ecnu B 000t MOMEHT BpeMeHH K KaXKJI0H U3 TOUYEK CHCTEMBI KPOME HEII0-
CPEACTBEHHO MPUJIOKEHHBIX K HEH BHELIHUX M BHYTPEHHHUX CHJI IPUIIOKHUTH €Il
CHJTBI MHEPITHMH, TO MOyUIEeHHAs cucTeMa cuil OyZieT ypaBHOBenieHHoH. Ho cymma
3NIEMEHTApPHBIX PAOOT YPaBHOBEIICHHOI CHCTEMBI CHJI (COTIIACHO MPHUHIIMITY BO3-
MOYKHBIX TMEpEMENIeHUI) Ha JIF0O0OM BO3MOXKHOM TepeMeIleHIH paBHa Hymo. U

MBI TIPUXOJIIM TaKUM 00pa3oM K O0IIEMY YpaBHEHUIO TMHAMHUKH:
Y6AK+Y 64k =0 (142)
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TIpu nBMKEHUH MEXaHHMYECKOW CHUCTEMBI C YIEIFHBIMU CBSI3IMHU B KaXKIbIN
MOMEHT BPEMCHHU CyMMa 3JICMCHTAPHBIX Pa0OT BCEX TMPUIIOKECHHBIX AKTHBHBIX
CHJI ¥ BCEX CHJI MHEPIMH Ha JTF000M BO3MOXKHOM MEPEMEIIICHUH PaBHA HYJIIO.

3anauva.

Jyis 3aJaHHOM MEXaHUYECKOM CHCTEMBI ONPECITUTh YCKOPCHHUS IPY30B H
HATSDKCHHS B BETBSIX HUTEH, K KOTOPBIM IPUKPEIUICHBI IPYy3bl. Maccamu HUTEH
npeHeOpeub. TpeHHe KayeHUs W CHIIbI COTPOTUBIICHHS B IMOMANIMITHUKAX HE
yauThBaTh. CHCTEMA ABIDKETCS U3 COCTOSHUS TTOKOSL.

Hano: G1 =G, =2G; G3=6G4,=G; R=2r; i2x = rﬁ, f=0,2.

Bnok 3 — crmomHo# omHOpomHBIH mmmmHAP (puc. 145). OmpenemuTs
YCKOpeHHUs TPy30B 1 1 4 u HaTsDKeHUs BeTBel HuTH 1-2 n 3-4.

B manHOM mpuMepe ABIDKEHHE CHCTEMBI TAKOBO, UTO T'Py3 | ommyckaeTcs.

— —
IlokaxeM 3a7aHHbIe CHJIBL: CUJIbI TSKECTH (7, — rpysa 1, G, — Gnoka 2,

E— — =
G, —6noxa 3 u (G, — rpy3a 4, a TaxKe F — CHIIy TPEHHs CKOJbKEHHUs Tpy3a |

M0 HAaKJIIOHHOH TuIocKoCTH (puc. 145).
ITpunoxum cunel uHepryy. Cuila MHEPIMHU Ipy3a |, IBHXKYIIErocs Io-
J— — —
CTYNATeJbHO € YCKOPEHHEM @, BHIPAKAETCSA BEKTOPOM @, = —m, @;.-
Cuuibl uHEpIUK OJ0Ka 2, BPAIIAIOIIETOCsS BOKPYT HEMOABHKHOW OCH C
YIJIOBBIM ~ YCKOPDEHHEM  &£,, TPHBOJAATCA K Tape, MOMEHT KOTOPOH

& _
M7 = Jox&2
Cuibl vHepIHH 6JI0Ka 3 COBEPIIAIOIIETO [UIOCKOE ABUIKEHHE, PUBOMISATCS K
e —
Bektopy @5 = - m, @,; rue @, — YCKOpeHHe LIEHTpa Macc 0J10Ka 3, ¥ K 1iape Cul,

MowmenT kotopoit M = [, &, e £, — yroBoe yckopenue 6roka.
25 \M'g

Puc. 145 Gy
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Cuia nHepIuy rpy3a 4, IBIKYIIETOCs MOCTYNATEILHO C YCKOPECHHEM a_’4,
= —
O =-m,a,

Coo0muM crucTeMe BO3MOXHOE ITepeMEIIeHHEe B HANpaBICHUU €€ Acii-
CTBHUTENBHOTO IBIDKEHUS (puc. 145) (M0oXHO COOOIIUTE BO3MOXKHOE TIepeMe-
[ICHHE U B OOpaTHOM HAIlpaBIICHHUH).

CocraBuM o01Iee ypaBHCHHE THHAMUKH:

G, 05, 5in 60° — Fés; — ®,8s, — M38@, — Gy85, — ®,85, — M$ 5¢p; —
G405, — D45, =0 , (143)
rae §¢py 4 § ¢, — yIJibl IOBOPOTOB 010KOB 2 U 3.

3aBUCHMOCTH MEKAY BO3MOXHBIMHU ITIEPEMELICHUSIMH TaKHE K€, KaK U
MEKIy COOTBETCTBYIOIINMH CKOPOCTSIMH.

BprIpa3zuM ckopoCTh LEHTPOB Macc U YIIIOBBIE CKOPOCTH TEJ CHCTEMBI 4e-
pe3 ckopocTb Tena | (cocTaBUM ypaBHEHUS CBs3EH).

Kak moxazaHo Ha puc. 145, MTHOBEHHBIH LIEHTp CKOpocTeil Oioka 3
HaXOAMTCSI Ha OJHOW BEpTHKaIM C LEHTpoM Osioka 2. PaccrosiHue mexmy
MI'HOBEHHBIM EHTPOM CKOPOCTEH M LEHTpoM Ooka 3 p = 3r/2 — r = 1/2.

Tenepp HaxoaUM
W, = w3 = V3 /R= v,/27;
vy, = VU, = wb=v,/4 (144)
Taxwue ke 3aBHCUMOCTH H MCKAY BO3MOKHBIMU IIECPEMCIICHUSAMMU:
8@, = Gy = 65, /(2r);
dsy = 8s, = 6s,/4

VYpasuenue (141) ¢ yaerom (143) npuHIMaeT BUJ
G,sin60°— F— @, — M2/ (21) — G,/4— ®,/4— M2/(2r) — G,/4—

®,/4=0 (146)
YuureBas, uto G; = G, = 2G = 2mg, G; = G, = G =mg,
Umeem F = fG, cos60° = fmg;
®, = mya, = 2may;

M$ = ],.8, = myitc, = 4mrie,; (147)

(145)

@, = mya; = mas;
M% = J,.e5= [m3(1,51)%/2]e; = Omrie,/8;
D, = mya, = may,.
3aBHCHMOCTH MEXIY YCKOPEHHAMH B cOOTBeTCTBUH C (144)
£, = g5 = a,/(2r)
a; = a, = a,/4 (146)



Tloacraeisis (147) u (148) B (146), noayuanm
gV3-fg-2a,— a,-g/4 - a,/16 - 9a,/32 - g/4 - a,/16=0,
OTKyZIa

[3—a—0,5). . .
a, = gl3-a-0s). a, =269 m/c% a, = a /4 a, =074 M/
3,41
Jlnst ompesiesieHust HATSHKCHUSI B BETBH HUTH 1—2 MBICICHHO paspeskeM

HUTPH U 3aMCHUM €€ ACHCTBHUE Ha IPpy3 2 peakuuei T1—2 (puc. 147).

Obm1ee ypaBHEHHE THHAMUAKH

G,8s,8in 60° ~-F§s, — ®,8s, — T, ,8s, =0 (147)

OTKyJa
T, ,= G;5in60°— A— @, =2Gsin60°—2Gfcos60°— 2(G/g)a,;
T,_, = 0,93G (148)

Jnist onpenesieHnst HATSDKEHHST B HUTH 3—4 MBICIIEHHO Pa3peXeM 3Ty HUTh
¥ 3aMEHHUM €¢ JIeHCTBHe Ha Ipy3 4 peakuueit T, _, (puc. 146).

He cocraBisisi 001ero ypaBHeHHs JUHAMHUKY, HA OCHOBAaHHU HPHUHIIMUIA
Jamambepa umeeM

Ti_y= G+ ®,=G+ (G/glay T,_, = 10,8G. (149)

g
{24

Puc. 146 Puc. 147

Peuwtums camocmosamenvno
3agaua: [l 3a1aHHON MEXaHHYECKOH CHCTEMBI ONPEAEIUTh YCKOPEHHUs
IPY30B U HAaTSOHKEHUs B BETBSIX HUTEH, K KOTOPBIM NMPUKpPEIUICHBI Tpy3bl. Mac-
caMu HHUTeH npeHeOpedb. TpeHHe KaueHHs W CHJIbI CONPOTHBICHUS B IOA-
IMIMITHAKAX He YYUThIBaTh. CrcTeMa IBHXKETCS 3 COCTOSHHS TIOKOS.
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BapwuanTe! mokaszansl Ha puc. (148—150), a HeoOXoqUMBIE IS PEIICHUS
JTAaHHBIC TIPUBE/ICHEI B Ta0M. 1.
Broku 1 KaTKu, s KOTOPBIX PaluyChl HHEPLUU B TAOIUIIC HE YKA3aHBI,
CUHTATh CIUTONIHBIMU OHOPOJIHBIMU IHIHHIPAMHU.

Tabuuma 1

- Cuna TsxecTu Pazurycer E
& HHEpLHH | ©
g =
= = JormonHu-
8 i g X TeJbHbIE
%’f G, G, Gs G, XZ i3y 5 g p JTAaHHBIC
T RIr g

=]

4
1 G G 3G - 2 - - -
2 G G G - 2 - - -
3 | 3G G G - 2 - 0,1 -
4 G G 2G — — — — 0,2 — I=r3
5 | 2G G G 312r| - - -
6 | 2G G 2G - 312r| — 0,2 -
7 | 2G G 2G 31 2r| - 0,2 -
8 | 2G G 2G - 31 2r| - 0,2 -
9 | 2G 2G 2G - 312r| - 0,2 | 0,2G
10 | 2G G G - 41 —|2r| 04 | G
11 | 2G G 2G 02G | 3| 2r| - 0,2 -
12 | 2G G 2G 02G | 3| 2r| - 0,2 -
13 | 4G 2G G 4G | - 2r3| - - r,=2r3; R;=R3
14 | - G G 4G | - 2r3| - 8G |r,=2r3; R3=1,5R,
15 | 4G 2G 2G 4G | - 2r3| - - |r=2r3; R3=1,5R,
16 | - G 2G 4G | - 2r3 | - 4G [r,=2r3; R3=15R,
17 | 2G G G - 2 - 0,1 -
18| 3G | 02G | 01G | 05G | 2 | — | - 0,4 -
19 | 4G | 0,3G | 0,2G 3G 3|2r|12r| 01 - |rs=1,2r; Ry=1,2r3
20 | 4G | 0,2G | 0,1G 3G 2 |1,6r 0,2 — =151 Ry=1,2r,
21 | 5G | 0,1G | 0,2G - 3| - - G
22| G | 0,2G | 0,3G - 2 | - - G
23| G | 0,2G | 0,1G - |15(12| - - 2G Rs=1,2r
24 | 2G G G 8G - -1 - - — | Maccel getbIpex
25 | 6G 2G 2G G - | - - KOJIEC O/IMHA-
26 | 6G G 2G - - -1 - - - KOBBI
27 | G G G 4G 2| - - - r3=r,
28 | 3G G G - 2| - | - 0,1 - r3=r,
29 | 6G 3G G G 2 - -
30 | 8G G G 2G | - - 0,1 - I4x=l3y
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Ilpumeuanue:

1. Papuycel nHepuuu JaHbl OTHOCUTENBHO IEHTPAJIbHBIX OCEH, TepIieH-
JUKYJSIPHBIX TJIOCKOCTH YepTexka.

2. KoadduuueHT TpeHUs] IPUHAMATH OJIMHAKOBBIM KaK MPH CKOJIbXKCHUH
TeJla Mo TIOCKOCTH, TaK U IIPHU TOPMOXKEHUH KOJIOAKOH (BapuaHThl 9—12).

K perienuio 3aiaun MOXHO NMPUMEHUTH OOINCE YPAaBHCHHE NTUHAMUKH.
Tak kak cuctemMa NPUXOJUT B JBUIKEHHE M3 COCTOSHUS TMOKOSI, HAIPaBICHU
YCKOPEHHH TeJI COOTBETCTBYIOT HAIIPABICHHAM WX JIBIKCHHA. BBHIY TOTO,
YTO CpeAr CHII, NEHCTBYIOMMX HA TeJla CHCTEMBI, €CTh CHJIa TPEHUs, [EeNIeco-
00pa3HO 10 HMCXOAHBIM IAHHBIM HAWTH MCTHHHOE HAIpPAaBICHHUE IBIKCHUS
CHCTEMBI, YTOOBI IIPABHIIEHO MTOKA3aTh HAIIPABJICHUE CHIIBI TPEHHUS.

Ecnmu HampaBieHne OBMKEHUS CHCTEMBI BBIOPAHO OMIMOOYHO, TO MCKO-
MO€ YCKOpEHHE MOJYJYaeTcsl cO 3HAKOM « — ». B 3TOM ciydae HEoOXoIumo
N3MCHUTH HAIIPABJICHUEC CUJIBI TPCHUA U CHUJI MHCPUHUU U BHECTU COOTBETCTBY-
IOIIKE TIOMPABKH B 00IIlee YpaBHECHHUE JHHAMUKH.
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Puc.148
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Puc. 150
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Bonpocwt ona obcyscoenun
. [Ipunnun /lanamb6epa asst MeXaHHIEeCKOW CHCTEMBI?
. Obuiee ypaBHeHHE TUHAMMKH /I MEXaHUYECKOH CUCTEMBI?
. Bunpl cBs3eil u ux peakuuu omnop?
KunemaTtnueckuii aHamu3 MIOCKOT0 MeXaHU3Ma?
PaboTa cuitbl TsoKecTH?
. PaboTa cuibl TpeHHs CKOJIbXKEHUS?
. Pabota MOMeHTa CHII COIPOTHUBICHHUS TPECHUIO KaUCHNUS?
. IIpuHIXTT BO3MOXKHBIX ITEpEeMEICHUT?
. BHemHmMe cuipl MexaHMIECKOH CHCTEMBI?
10. BHyTpeHHNE CHIIBI MEXaHHIECKON CHCTEMBI?

©CO~NOUTAWN R

Jumepamypa
OcHoBHas: 1-4.
Wuteprer-pecypesr: 1.
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IJIOCCAPUN

CraTuka — pa3szies TeOpeTHIecKoi MEXaHUKH, B KOTOPOM H3y4aroTCs CHJIBL,
CHCTEMBI CHUJI, 3KBUBAJICHTHBIC MPEoOpa30OBaHUS B CHUCTEMaxX CHJI, PaBHOBECHE
KOHCTPYKIUIL, HAXOJAIIMXCS MO ACHCTBUEM Pa3IMUHbIX CHCTEM CHIL.

Jlunus geidcTBUSI CMJIBI — TOYKA TPUIOKEHUS BEKTOpa CHIIBI U €ro
HarpaBjeHUe 00pa3yloT JIMHUIO IEHCTBHS CHJIBIL.

CucreMa CUJI — CHJIBI, OJHOBPEMEHHO ACHCTBYIOT Ha (TOYKY) TeEINO, pac-
II0JIO’KEHBI B OJJHOW IJIOCKOCTH WJIN Pa3HbIX INIOCKOCTAX, INHUU AEUCTBUS CUIT
nepeceKkaroTes (CXOOITCs) B OJHOW TOYKE, MapalbIeNbHBI MM PACIIONIOKEHBI
IIPOU3BOJIBHO.

AO0COJIOTHO TBEPIOE TEJIO — 3TO TAKOE TEJO, PACCTOSIHUE MEXKIY ABYMS
TOYKaMH KOTOPOT'O HE U3MEHSETCSA, TO €CTh HeJle(pOPMHUPYEMOe TeTIO.

Touka — Teno, y KOTOPOTO Ul HCCIEIOBAHUS €T0 MEXaHUYECKOIO JBH-
JKCHUsI He YUUTBIBAIOTCSI XUMHYECKHI COCTaB, pa3Mephl.

MarepuajbHas TOYKA — YIUTHIBACTCS Macca Tena Ui PaCCMOTPEHUS eTo
JIBVDKEHMS.

Mexanuyeckasi cCHCTeMa MaTepHAJILHBIX TOYeK (Tesl) — 3TO B3aUMO-
CBsI3aHHBIC MEXIy 000 MaTepHuajbHbIC TOYKH (Tella) TAKUM 00pa3oM, 4TO
W3MEHCHHUE TIOJIOKEHHSI OTHOTO M3 HUX BJICUYET 3a cOO0I M3MEHEHHE IOJI0XKe-
HUS BCEX OCTAJIbHBIX. DTO MEXaHU3M.

KunemaTuka — 310 pasgen TEOPETHUECKOH MEXaHUKH, B KOTOPOM H3Y-
YarOTCS OCHOBHBIC 3aKOHBI JIBIKCHHUS TOUKH, TBEPIOTO Teia 0e3 yuéTa Macchl
n peicrByomux cwi. Ilo xapakrepy paccMaTpuBaeMbIX 3a7ady KUHEMaTHKa
nenutcs Ha «KuHematuky Toukm», «KuHematuky TBEproro tenay, «Kunema-
THKa MEXaHU3MOBY.

JAuHaMuKa — 3TO pa3zesl TEOPETUUECKON MEXaHUWKH, B KOTOPOM H3yya-
eTcs IBW)KCHUS TOYKU WJIM MEXaHMYECKOM CHUCTEMBbI ¢ Y4ETOM MAacChl U Jei-
cTByroumx cuil. [lo xapakTepy paccMaTpuBaeMbIX 3ajad AWHAMHKA JETHTCS
Ha «JlMHaMHUKYy MaTepuanbHOW TOYKW», «/IuHAMUKY aOCOIIOTHO TBEPAOTO
Tenay, «JJuHaMUKy MEXaHUUYECKONU CUCTEMBD».
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Coneprkanue CTp.

Beenenue. 3
[Tnan mabopaTopHBIX 3aHIATHI

Pa3nen 1. CraTuka.

Tema 2. DxkBHUBaJICHTHBIE TPEOOPA30BAHUS CHCTEM CHIIL.

1. JlabopatopHas padota Nel. PapHozelicTByromias. Y clIOBUsS paBHOBECHSI TUIOCKOU
CHUCTEMBbI CXOMSIINXCS CUJL. 4
2. JTabopatopHas pabota Ne2. PaBHoelcTBYOIIas. Y CIIOBUS PABHOBECHS

MPOCTPAHCTBEHHOW CUCTEMBI CXOISIITUXCS CHIL. 10
Tema 4. PaBHOBecHE MJIOCKON MTPOU3BOJIBHON CUCTEMBI CHJI.
3. JIabopartopHas padora Ne3. VcioBust paBHOBECHS TUIOCKOH CHCTEMBI CHJI. 15
Tema 5. IIpocTpaHcTBEHHAs IPOU3BOJIBHAS CUCTEMA CHIL.
4. JTaboparopnas padota Ne4. VciioBUsSI paBHOBECHS IPOCTPAHCTBEHHON CUCTEMBI
CHIL. 21
Paznen 2. Kunemaruka.
Tema 6. Kunemaruka TOYKH.
5. JlaGopatopHas padora Ne5. CKOpoCTh, YCKOPEHHE TOUYKH ITPH KOOPIUHATHOM
cnoco0e 3aanus IBKeHus Touku. Kitaccudukanus TBHKEHHH TOYKH. 41
6. JTaboparopHas padora Ne6. CKopocTh, YCKOPEHHE TOUYKH IPH BEKTOPHOM CIIocooe
3a/iaHus ABWOKCHUS Toukd. Kimaccudukanus ABMKSHUN TOYKH. 44
7. JTabopatopHas pabota Ne7. CKOpOCTh, YCKOPEHHE TOUKH ITPH €CTECTBEHHOM
criocobe 3amanus ABMKeHUs Touku. Knaccudukanus IBUKEHU TOUKH. a7
Tema 8. Kunemaruka MexaHU3MOB.
8. JIaboparopHas pabora Ne8. [lepenaTounbie MeXaHU3MBI. THITBI IEpEeIATOYHBIX
MexaHu3MoB. [lepenaTounoe d9uco. 50
9. JIabopatopHas padota Ne9. KunemaTuueckuii aHainn3 nepeaTouyHbIX MEXaHU3MOB. 55

JIureparypa. 64



BBenenne

[esnb AMCHIUIUIMHBL: AATh MPEACTABICHUE O MPEIMETe KIACCUYECKONW MEXaHHUKH, BKIIOYast
KaK (pU3MYecKHe ee OCHOBBI, TaK U JU(PepeHINaTbHO-TEOMETPUIECKHUE aCTIEKThI C
UCTIOJIb30BAHUEM TPATUIIMOHHBIX MOJICIICH JIBHKYIIMXCS OOBEKTOB U CPEIbI.

3amaun TUCIUILIMHBL: U3yYCHHUE KIIACCUYECKON MEXaHHUKH, T.€. MEXaHHKH, OCHOBAHHOM
Ha 3akoHax HeioToHa, ¢ hopMyIHpOBKaMH 3324 C TEXHHUYECKUM COJIEPKAaHUEM U IPHEMaMH
pelLIeHHs TaKuX 33aJa4 CPeACTBAMH MaTEMaTHYECKOTO aHAN3a.

Lenum u 321241 AUCIUIUIMHBI COOTHECEHBI C OOIIMMH EJIIMU OCHOBHOM
00pa3oBaTeNbHOW POTPAMMBbI U KBaTH(PUKAIIMOHHBIMH XapaKTEPUCTUKAMU CIICIIHATIHCTA 1
OpUEHTUPOBaHBI Ha (HOPMUPOBAHUE U PA3BUTHE 00MIECTPO(HECCHOHATBLHBIX KOMIICTCHIIUN
oynymero cneruanucta OITK-1.

Teoperuueckas MexaHHKa OTHOCHTCSI K 0a30BOii 4acTH.

Ee ocBoeHME MPOUCXOIUT B 3 ceMeCTpe B KOHTEKCTE (POPMHUPOBAHUS M PA3BUTHSI
o0menpodecCHOHaTBHBIX KOMITIETCHIINH CIIeaucTa 1o cnenuansHoctu 21.05.06

HedrerasoBble TeEXHUKA U TEXHOJIOTUH.

MeTtoanyeckre yKa3aHHs [0 BBITIOJTHEHHUIO JIAOOPATOPHBIX pabOT COCTABJICHHI B
cootBercTBUM ¢ TpeboBaHusIMU OI'OC BO k moAroToBKE BBIMTYCKHUKA IS [TOJTY4YEHUS
KBaJTM(PUKALMY CIELUANINCTA, IPEJHA3HAUEHO AJIS CTYIE€HTOB OYHOU M 3a04HOM (pOpMBI

o0yuenus cneruanbHocT 21.05.06 Hedrerazoblie TeXHUKA U TEXHOJIOTHH.

MeToaudeckue yka3aHus 10 BBIIIOJHEHUIO Ta00paTOPHBIX paboT cofepaT KpaTKHid
TEOPETUUECKHI 0030p MO TEME Ta0OPATOPHOTO 3aHSITHS, 3aJJaHus, TaDOpaTOpPHbBIE 3aJaHMs,
IMPUMCEPHBI BBIITOJTHCHHA SaI[aHHfI U MCTOANYCCKUC PCKOMCHAAINH, 3aJlaHU Ha
CaMOCTOSITENIbHYIO POPAOOTKY, BOMPOCH! B KOHTEKCTE (POPMUPOBAHUS U PA3BUTHS

obmenpodeccruoHanbHbIX KoMmneTeHui crnenuanucta OITK-1.



[Tnan mabopaTopHBIX 3aHITHI
Paznen 1. Craruka.
Tema 2. DKkBHUBaJICHTHBIC IPEOOPA30BAHUS CUCTEM CHIL

1. JTaGopatopHas pabora Nel. PaBHoelicTByrOIIast. Y CIIOBUS PaBHOBECHUS MJIOCKON
CHCTEMBI CXOJSAIINUXCS CHJL.
Llenb 3aHATHS: TUIOCKAsE CHCTEMa CXOISIIIUXCS CUJT, PABHOACHCTBYFOIIAS! TOCKOM

CUCTEMBI CXO/SIIIUXCS CHUJI, PABHOBECHE IIIOCKOM CUCTEMBI CXOISIIUXCS CHII, TpadUIeCKHil 1
TeOMETPHUYECKUN CIIOCOOBI YPaBHOBEIINBAHUS KOHCTPYKIIUHU, TIPOCSKIIUS CHUIIBI HA OCh,
pa3ioKeHue CUIIBl Ha CXOMSIIIecs cocTapisiromue. Peannszanus yueOHoii ienu 1abopaTopHOTro
3aHATHUS CIIOCOOCTBYET (hOPMHUPOBAHUIO M PA3BUTHIO OOIIETIPO(HECCHOHATBLHBIX KOMITETSHITHI
obyuaromerocs OITK-1.

Opranuzanuonnas popma: aHaATUTHYECKOE HCCIIEIOBaHNUE.

Meroandeckue peKOMEHAAINU K TaO0paTOPHOMY 3aHATHIO:

Kpartkuii Teopernueckuii 0630p:

Cucrema cuil, B KOTOPOH JIMHUU ACHCTBHSI BCEX CHII JIeXKAT BOJHOMN IIIOCKOCTH U

MEPCCCKAIOTCA B OJHOM TOYKEC, Ha3bIBACTCs NAOCKOLL CUCEMOTL C)CO()}ZWI/DCCﬂ CUJl.

Pucynok 1

3amena cnosicHotl cucmemsvl CUL NPOCMOU CUCMEMOU HA3bIBAEeMCsl NPpUBeOeHUeM CUCTNeMbl
cul K npocmetiuiet, e sxeusaienmnou. Ecinyu cuctema cuil IpUBOAUTCS TOJIBKO K OJHOM CHIIE,
el S5KBUBAJICHTHOM, TO 3Ta OJIHA CHJIAa HA3bIBACTCS pagHOOelicmayioujeti CACTEMBI CUJI, a
npugedeHue CUCTEMbI CUJT1 Ha3bIBa€TCS B 3TOM Ciyyae crodcenuem cun. OOpaTHBIN mporecc
HOCUT Ha3BaHUE pasziodxceHus CUil. [lnockas cucmema cxo0awuxcs cuil 8 oowem ciydae
9IKBUBANIEHMHA OOHOU CUJle, AGNAIWEUC PABHOOEUCMBYIouell, KOMOopas NPULOHNCEHA 8 MoyKe

nepeceuenus JUHUL OeUcCmeus cex dMux CUll U pasHa ux 6eKMopHOU (2eoOMempu4ecKoll) cymme:



J— J— J— —_ P n __
R=F:+F:+...+4F.. R=)Fi=0. 1)
i=1
I'eomeTpuueckoe (umu  rpaduyeckoe) YCIOBHE  paBHOBECHs: O/l PABHOBECUs
npocmpchmeeHHoﬁ, a makoice naAOCKoU CUcmembl CXO@fZU/;MXC}l cul HeobxX00UMo U ()ocmamouHo,

ymobwl CunoB0 MHO20Y20/IbHUK, nocmpoeHan? HAa eeKkmopax cjiacaemvlx Cull 2mou cucmemol,

ObLL 3AMKHYM.

Pucvaoxk ?

F=X=Fcosea, F, =X, =Fcose,, 2)
T. €. NpoeKyus Culbl HA OCb PABHA NPOU3EEOEHUIO MOOYJSL CUNbl HA KOCUMYC Yeld MeHcoy
Hanpaegienuem CUibl U NOIOHCUMETbHbIM HANPAGIeHUeM, OCU NPOEKYULL.

3ananue:

Tsoxenblii map Becom P kuiorpaMMoB MojBelieH Ha HUTH (PUCYHOK 2, @) B Touke A u
YAEPKUBAETCSI B OTKJIOHEHHOM Ha YTOJl @ OT BEPTUKAIH OTJIO)KCHUU TOPU3OHTAIBHOW HUTHIO,

IpUBsA3aHHON B Touke B. HaliTu HaTs)KeHUEe HUTEM.



Al \
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Pucynok 3

[Ipumep BrImoNHEHUs: BeiOupaem Teno, paBHOBECHE KOTOPOro OyaeM paccMmaTpUBaTh.

Takum Tenom Oymer map. Bec P mapa m3secren. Bynmem paccmarpuBaTh map Kak Ma—
TepuaiabHylo Touky O. D1a Touka HecBoOoaHA. CBsA3M, HANOXKEHHbIE HA HEE, OCYLIECTBIISIOTCS
HuTsIMH OA 1 OB. OTOpaceiBaeM CBsI3M (IepepekeM MBICICHHO HUTH) M 3aMEHSIEM UX JICHCTBHE
Ha Touky O peakuusmu. Toraa Touky O MOXHO OylneT paccMarpuBaTh Kak CBOOOJIHYIO U

HaxXoAmyroCsd B PABHOBECHU IIOJ nehcTBreM IUIOCKOH CHCTEMBI W3 TPpEX CXOAAIMUXCA CHIIL:

akTuBHOH P u peaxkumii T, u T, Hureii (pucyHok 2, 6) KOTOPbIE HATIPABJIEHBI BIOIb HUTEH.

Peakmmu T, um T

1 0 MOAYJJIIO paBHbl HCKOMBIM HAaTSKCHUAM HUTCH. CJICI[OBaTCJILHO,

2
ONpE/ICIICHNE HATS)KEHNI HUTEN MOKHO 3aMEHUTH OINPEIEIICHUEM UX PEaKLUU T1 U T2 :

PaccmoTpum rpaduuecKkuid wu TreOMETPHUYECKUUN METOHbI

BBINIOJIHEHU S 3aJaHHUS.
'padumueckuit MeTOod BBHINOJHEHHUS . Tak Kak TPU CHUIIBI F’,Tl I/IT2

HaxXo4dTCd B pPaBHOBCCHUH, TO CHJIOBOM TPECYT'OJIbHUK, COCTaBJICHHBIM H3 3THX CHJI, OOJIDKCH
3aMbIKAaTbCA. CTpOI/IM 3TOT CHJIOBOM TPEYIrOJIbHUK: IJId 3TOro B OHNPCACICHHOM Macirade

CTPOMM CHIIy, KOTOpasi HaM U3BECTHA 110 MOJYJIIO M HAlPaBJICHUIO, 3aTE€M Yepe3 Hauallo ¥ KOHeEI]
BekTOpa P mpoBomum mpsMble, mapaenbHble HanpaiaeHusaM cut 1, u I, . Croponst DE u

EC nonyyenHoro Takum 006pazom 3aMKHYTOTO cuiioBoro Tpeyrojibanka CDE (pucyHOK 2, ) mat0T
MOJYJIM Y HANpaBJIEHUsI HCKOMBIX peakiuii HuTei. UToObl HAMTH WX MOJYJH, a CJIeI0BaTEIbHO,
Y HATSDKEHUS HUTEH, OCTaeTCsl U3MEPHUTh B MIPUHSATOM Macmitabe croponsl DE u EC.
FeoMmerTpuueckuid MmeToa BRI OJHEHHU A Mckomsie ctoponsl DE u
EC CHJIOBOTO TPEYroJIbHUKA CDE MO’KHO HAalTH HE TOJIBKO

IMyTEM HEMNOCPECACTBEHHOI'O HM3MCPCHHSA, HO W BBIYUCIICHUEM, IPUMCEHAA IIpaBHUJIa T'COMETPHUH U



TpuroHoMmerpuieckue Gopmynsl. M3 cnocoba moctpoeHus cuinoBoro Tpeyroisauka CDE scHo,
gyro Z/CDE =90°, Z/DCE = u ZDEC=90°—-«a (pucynoxk 2, a, 6). U3 cunosoro
tpeyronparka CDE BumHO. 9TO

T = P H;, T, =Ptga H. (3)
COSx

HyXHO uMeTh B BUAY, UTO T€OMETPHUYECKUI METOJ BHIMOJIHEHUS TPU YUCIIE CHJI OOJIblIe
TPEX UMEET BBICOKYIO IIOIPEIIHOCTD PE3YJIbTATA.

AHAaJITUTHUYECKUU METOJX BLINMOJHEHHU .
Moayab paBHOJICUCTBYIOIICH CHCTEMBI CHIT |R | 0 €€ MPOEKIIMAM Ha KOOPJIUHATHBIC OCH

omnpezensercs no GopMmynam:

|E| = \."II(RJ{)E + (R_L-')z = \."II (Z F.fcsz + (Z F.fc_L-'jz

— JUTsl TUIOCKOW CUCTEMBI CHI (4)

R = 0- ycnoBue paBHOBeCHS CHCTEMBI CHIL. (5)

R| = VR +(R)? = (X Fe)®+ X Fi)* =0 — s miockoit

CHUCTCMBI CUJI. (6)

OpI/IGHTaHI/Iﬂ BCKTOpa CuJia Ha IJIOCKOCTU OIPCACIACTCA MO HAIIPABJIAKOIINM

KOCHUHYCaM:
cos(ﬁ) = F? (7)
== E,
cos(FiF) = 2 ®

O6opynoBaHue U MaTepuaibl: TETPaIb AJs J1abOpaTOPHBIX padoT - B KIETKY - 48 TUCTOB; pyuKa
IIApUKOBAas, [IBET YEPHWJI B PyUKE IIAPUKOBOW — CHHMM, YEPHBIN; KapaHaaw npoctoi — M,2M;
KapaHJanm 1BeTHbie — M,2M; nacTuk, JIMHeWKa 10 25 ¢M — 1epeBo, MIACTUK, METAIL,
ATIOMHUHU; TWHEHKa peiicimHa 22¢cM ¢ MeTalndeckuM poiukom YUII-22; tpadaper
rpadpuyeckux (yHKUMN; MUPKYIb METAUIMYECKUH; KAJIbKYJIATOP HHKEHEPHOTO THIIA.
VYkazaHusi 1O TEeXHHKE O€30MacHOCTH COOTBETCTBYIOT HOPMATHBAM 3PrOHOMUKU IPHU

MCIOJIb30BaHUHU YKa3aHHOTO 000PYIOBAHUS U MaTEPUAJIOB.

BoInonHUTE 3a1aHNs CaMOCTOSITENBHO:

1. Ha abcontoTHO TIaAKOM HEMOABMKHOM MIIOCKOCTH, 00pa3yroleil ¢ TOpU30HTOM Yol a,
MOKOUTCA Teso M, yrnep:kuBaemoe HUThio AB, KoTopast pacrnosokeHa napauieinbHO HaKJIOHHON

mIockoctu. Bec tena M PaBCH P. Onpenem/ITe HaTsDKeHHE HUTH 1 U PCAKIUIO IIIOCKOCTHU N .



2. OnpenenuTs peakiuy onopbl A 1 Bec rpy3a 1, HeOOXOIUMBIH JIJIs1 TOTO, YTOOBI

onHopoHas 6anka AB Becom 340 H B mosoxeHun paBHOBecHsI ObLTa TOpU30HTANIbHA.

A OB

A

3. Crepxuan AC u BC coennneHbl MeXIy COO0H U ¢ BEpTUKAIBHOM CTEHOH MOCPEICTBOM
mapuupoB. Ha mapuupnsiii 6ont C aeiictByet BeptukanbHa cmiia P=1000H. Onpenenuts
PEaKLMU ATUX CTEpXKHEH Ha mapHUpHBIA 60T C, eciu yriibl, COCTaBIsIeMbIE CTEPKHIMHU CO

creHoi, paBabl: o0 =30 °u =60 °.

4. K BepTuKanbHO rnagkoi ctene AB noasemeH Ha Tpoce AC ogHopoansii map O. Tpoc
COCTaBIISIET CO CTEHOM yro a, Bec mapa P. OnpenenuTs HaTsbkeHue Tpoca 7' u naBienue Q mrapa

Ha CTEHY.




5. OmHopoaHas Oanka Beca 600 H u muHBI 4 M onupaeTcss OJHUM KOHIIOM Ha TJIaJKuN
T0JI, & TIPOMEKYTOUYHOU TOYKOM B — Ha cT0i0 BBICOTHI 3 M, 00pa3ys ¢ BepTUKanbio yroa 30°.
Banka ynep:kuBaeTcsi B TAKOM TOJIOKEHUU BepeBKOM AC, mpoTsaHyToi 1o noiy. IIpeneGperas

TpPEeHHEM, ONpPEAeNIUTh HaTsbKeHre BepeBku 1 u peakuuu Rg cronba u Re nona.

6. Cunet F; = F, = 10H u F; naxopsrcs B paBHoBecuu. JIMHMM TEHCTBUS CHIT MEXKITY

coboit o6pasyrot yrasi mo 1 20°. Onpenenurs Moxyns cumsr F. (10)

7. K xBasipaTy npuiokeHa CuCTeMa YEThIPEX CHJI, TPUUYEM CHUJIbI

F, = F, = F; = 1 H. Onpenenurs monyns cunbt F, , ipu KOTOPO paBHOEHCTBYOIIAs

cucremsl R=2H (1,0)

.;:_Fjl“

Conepsxanue oTyéra:

— TpUMEp BHINIOJHEHUS 33/J]aHUS B METOJIMYECKUX YyKa3aHUSAX — IpumMep ohOopMIICHHS
CaMOCTOSITENILHO BBIITOJIHEHHOTO CTYI€HTOM JIA00OPaTOPHOTO 3a/IaHus;

— JIOIYCK K JJAOOPaTOPHBIM 3aHATHUAM IIPOUCXOIUT IIPU HAMYUU Y CTYAECHTA PYKOIMCHOTO
BapHaHTa OTYeTa. 3al[UuTa OT4YeTa MPOXOAUT B (opMe MOKIana CTyISHTa 1O BBITIOJHEHUIO
71a0b0paTOPHOTO 33JaHUS U OTBETOB Ha BOMPOCHI MPEMO1aBaTeNsl.

MaxkcuManpbHOE KONWYECTBO OajioB  CTYIAEHT IMOJIydaeT, eciu O(QOpMIICHHE OTYeTa
COOTBETCTBYCT YCTAHOBJICHHBIM Tpe6OBaHI/I$[M, a OTYCT INOJHOCTBIO PACKPBIBACT TEMY 3aHATHA.

OcHoBaHHEM JJIs1 CHUOKCHHUEM OLICHKU SABJIIAOTCA:

— cnaboe 3HaHWe TeMbl U OCHOBHOM TEPMHHOJIOTHH;

— OTCYTCTBHUE YMEHHUSI IPUMEHATH TEOPETUYECKUE 3HAHUS JITIS1 BBIMOTHEHUS
1ab0paTOPHBIX 3aJaHUH.

OT4eT MOXKeT OBITH OTIPABJICH HA TOPAOOTKY, €CIIU:

— labopaTopHOE 3aJJaHUE BBITTOJIHEHO HEBEPHO;

— HECOOTBETCTBHE OTUETA YCTAHOBIIEHHBIM TPEOOBAHUSIM;

— cl1aboe 3HaHUE TEMEI U HECTIPAaBHUJIBHBIC OTBETHI HA ITOCTABJICHHBIC BOIIPOCHI.

Bonpocsr 1uist 06cyxienus:

1. IInockas cuctemMa CXOMAIINXCS cuir?

2. PaBHoOelicTBYIOMAS ITOCKON CUCTEMBI CXOJISIIIMXCS CHTT?



3. PaBHOBecHE INTIOCKON CUCTEMBI CXOIIIIMNXCS CHIT?
4. ['paduueckuii 1 reOMETpHUYECKUI CITOCOOBI ypaBHOBEIIMBAHUS KOHCTPYK
uu?
5. PasnoskeHne cuiibl Ha CXOSIIMECS COCTABIISAIONINE — IIPABUIIO NapasuieIorpaMma
cui (akcuoma)?
6. [Ipoekuust cuibl HA OCh — rpaduuecku’?
7. Moaynb IpOeKIMU BEKTOpa CUJIbl Ha OCh?
8. Moaynb mpoeKIuy PaBHOACUCTBYIONICH CUCTEMbI CHJI HA OCH KOOPIUHAT?
9. BexTop paBHOJCHCTBYIOIIEH CHUCTEMBI CHIT R-?
10. 'eomeTpuueckoe yCI0BHE PAaBHOBECHS CUCTEMBI CUII 1O OINPEAETICHUIO
PaBHOIEHCTBYIOIIEN R?
11. AHanuTHYECKUE YCTIOBHS PABHOBECHUS CHCTEMBI CUJI TI0 OTPECIICHUIO
PaBHOIEHCTBYIOIIEN R?
12. AHanuTHYECKOE YCIOBHE PABHOBECHS TUIOCKON CHCTEMBI CUJI TI0 OTPEAETICHUIO
pPaBHOJICHCTBYIOIIEH?
Jluteparypa:
1. Tapr C.M. Kpatkuii kypc Teoperuueckoil Mexanuku. — M.: Bricmas mkona, 2010. —
416 c.
2. Mewepckuii U.B., [TanemoB B.A., Mepkun /[.P. 3anaun no reopetnueckoit
Mexanuke: yued.mocooue. — CI16.: Jlanp, 2010. — 448 c.
3. bate M.U., Ixanenunze I'.1O., Kenb3on A.C. Teopernueckass MexaHUKa B IpUMEPAX
u 3amadax. B 2-x 1. T. 1. Cratuka u kunematuka : yue6. nocobue. — CII6.: Jlansp, 2010. — 672 c.:
ui.
4. Sl6nouckuit, A.A., Hukudopoa B.M. Kypc TeopeTnueckoii MeXaHUKU: CTaTHKA,
KHHEeMaTuka, quHaMuka. — M.: UaTterpan-Ilpecc, 2007. — 608 c.

WuTepHeT - pecypcbl: WWW.mashin.ru

2. Jla6oparopHas pa6ota Ne2. PapHoselicTByromas. Y CI0BHS PaBHOBECHUS

HpOCTpaHCTBeHHOfI CHUCTEMBI CXOIOAIIUXCA CHUII.
HGJ'IB 3aHATHUA: IPOCTPAHCTBCHHAA CUCTEMA CXOOAIIUXCA CUIT, paBHOﬂeﬁCTBYIOIHaH
HpOCTpaHCTBeHHOﬁ CHUCTCMBI CXOAAIINXCA CHUII, BEKTOP paBHO[[CfICTBYIOLHCﬁ HpOCTpaHCTBCHHOﬁ

CHUCTEMBI CHJI, TPOEKIMsI BEKTOPa PaBHOACUCTBYIONIEH R MPOCTPAaHCTBEHHON CUCTEMBI CHJI Ha

OCH KOOpJIMHAT, MO/YJIb BEKTOpa paBHOAEUCTBYIONIEH | K | MPOCTPaHCTBEHHON CHUCTEMBI CHJI,

paBHOBECHE ITPOCTPAHCTBEHHON CHCTEMBI CXOJSAIINXCS CUIT, TpadUUecKuil 1 reOMETPUUECKH



CTHIOCOOBI ypaBHOBEIIMBAHUS KOHCTPYKITUH, TPOSKITUS CHIIBI Ha OCh, PAa3JIOKCHNE CHITBI Ha
CXOJSIIMECs COCTaBIsoNMe. Peann3anus yaeOHol 1enn 1ab0paTopHOTO 3aHATHUS
CrocoOCTBYET OPMUPOBAHUIO U PAZBUTHIO OOMICKYIBTYPHBIX M POGECCHOHATBHBIX
koMmrieTeHnui ooyuaromerocs: OK—1, OITK-5.

OpranuzanuonHas popma: aHAIUTHIECKOE UCCIICOBaHUE.

MeTtoaudeckne peKOMEeHIaluU K 1a00paToOpHOMY 3aHSITHIO:

Kparkwuii Teopetndeckuii 0030p:

Bexrop paBHOACHCTBYIOIIEN R IPOCTPAHCTBEHHON CUCTEMBI CUJI PABEH T€OMETPUYECKOMN
CyMMe€ BEKTOPOB CUJI, 00pa3yIOIIUX CUCTEMY CHUIL.

ﬁ\

l

Y

Pucynox 4

ITpoekius BEKTOpa paBHOAEHCTBYIOLIEH K Ha OCH KOOPAMHAT paBHA alreOpanyeckon

CyMMC HpOCKHI/Iﬁ CHJI, COCTABJIAIOMUX TAHHYIO CUCTEMY, Ha COOTBETCTBYIOIINEC KOOPANHATHBIC

ocH:
R,=XF, =F_+F, .+F,
R,.=XF,=F,.+F, .+F, (10)
R,=XF.=F.+F_..+F_
Moy BEKTOpa paBHOACHCTBYIONICH R MPOCTPAHCTBEHHOW CHUCTEMBI CHJI BBIYHMCIISIETCS
o ¢popmyie

|REEE+ B2 + - EZuma |RI= [(R.)? + (R,)*+ (R,)*
J :

(11)

OpI/IeHTaHI/Iﬂ BEKTOpPA CUJIbI B ITPOCTPAHCTBEC IO OTHOUICHUIO K KOOPAWHATHBIM OCSAM

OMpeaACIIACTCA 11O HAITPABJIAOIIHUM KOCUHYCaM:



5 F.,

cos [FEL F‘:] = ?
= F
COS [F FJ = ? (12)
cos (R F) = =
Samanue 1.

OnpenenuTh KOCHHYCHI YIIIOB MEXKY BEKTOPOM CHIbl F = 21 + 4 + 5k u ocsamMu

KOOpAUHAT 0X, Oy u 0Z?

z A ZA
F
~7
= A g
F 5 o AN y
> o
v
Puc.6
Puc.5
33 F. F. 2 2
CGS(FA._:F]=—=CGE-‘C‘£= . - - - = — - —=—=10,30
) TF JE R+ (R} VE -5 i
=l F F. 4 4
cos(F;F)=-2=cosp = ——2— = = =10,60
) F JEF+(EF+(E)P V2T+42+57 Va5
cos(_ﬁzﬁ_\]:E:ms;f: . - f - == —— SH == 5_='D,?5
=T JEF (B~ (E) V2+4 -5 a5

F=Fi+Fj+FEk
Ortser: cosa = 0,30; cosfi = 0,60; cosy = 0,75

3ananue 2.

Onpenenuts MOIYIb paBHOIeHcTBYOMmEH cvt F1=12H, F,=10H, F3=9H, npuioxeHHBIX B

TOUuKe A, KaK IMOKa3aHO Ha puc. 7. Z A

P <
HUCYHOK 7 ~—A



|Rl=VFE+ F2+ F2=/(12)2+ (10)2+ (9)2 =144+ 100+ 81 =325 = 18,03 H
Otser: |R|=18,03H.

O6opynoBaHue U MaTepUaibl: TETPAIh IJIs JIAOOPATOPHBIX padOT - B KIETKY - 48 TUCTOB; py4Ka
IaPUKOBAs, IIBET YEPHUJI B pYUKE IIAPUKOBOM — CHHMM, YEPHBIN; KapaHaa npoctol — M,2M;
KapaHJanu 1BeTHbie — M,2M; nacTuk, JInHeka 10 25 cM — 1epeBo, MIIACTUK, METAILI,
ATIOMHUHHN; JIMTHEWKA pecinaa 22¢M ¢ MeTaTnYeckuM poiukoM YUII-22; Tpadaper
rpaduyeckux (QYHKIUN; MUPKYITh METAUIMYECKUH; KATbKYIATOP HHKEHEPHOTO THIIA.
VkazaHuss 1o TeXHHMKE O€30MaCHOCTH COOTBETCTBYIOT HOpPMAaTHBAaM JPrOHOMHUKH TIPU

MCIIOJIb30BaHNHU YKa3aHHOTO 00OPYJIOBAHUS U MATEPUATIOB.

BEIITOTHHUTE CAMOCTOSATENLHO:

1. Onpenenuth Moayb paBHOACHCTBYFOIICH crut F1=15H, F,=20H, F3=25H. Y51,
00pa3oBaHHBIC TUHUSIMH JECHCTBUS CHII 51_ u ﬁg C OCSIMH KOOPJIUHAT, 3aJ1aHbl: &t=60° 1 [§=45°.

(50,5) z

2. Hanpapnenue paBHoaelcTBytomiei Tpex cuin R=33,8H 3anano kocunycamu

HaIPaBJISIONIUX YIJIOB: COS (ﬁd_;] = 0,325; cos (ﬁ_ﬂu] = 0; cos (E_F_:] = 0,946. [Ipoekiuu

& & . , . )

CcUII 51_ u ﬁg Ha KOOPJMHATHBIE OCU COOTBETCTBEHHO paBHBL: F1x=7H; F1y=10H; F1,=0; Fa= —
5H; Fay=15H; F»,=13H. Onpenenuts Momys cuisl F . (32.6)

3. Onpenenuth MOAETH PABHOACHCTBYIOIIEH TPEX CXOIAIINXCS CUII, €CIIU 33/JaHbI
npoeKuuu Ha ocu koopauHat: Fi=7H; F1y=10H; F1,=0; F2= —5H; F2y=15H; F»,=12H; F3,=6H;
Fsy=0; F3,= —6H. (26,9)

4. Moxynb paBHOZEHCTBYIOIIEH R MPOCTPAHCTBEHHOMN CHCTEMBI CXOIAMIMXCS CHIT PaBEH

150H. OnpenenuTs ee MPOEKIHI0 Ha KOOPAUHATHYIO OCh Oy, €Clu JaHbl YTIIbI

a = 30° 3 = 60° Z A

y <




5. OnpenenuTb KOCUHYC yria MEKIy BEKTOPOM CHJIbI F u ocpio koopauHat Oz, ecnu
cuma (H) F = 37+ 47 + 5k. (0,707)

6. Jise cubl (H) F, = 51+ 77 + 9k u F, = 41 + 97 + 11k upunoxens! B uentpe
O cucremsl IpAMOYTOJIBHBIX KoopauHaT OXyZz. OnpeaenuTs MOTyIb paBHOJACHCTBYOIIEH
cuisbl. (27,1)

Coneprxanue oTuéra:

— IPUMEp BBINOJHEHUS 3a/aHusl B METOAMYECKHX YKa3aHUSAX — NpUMeEp OPOpMIICHMS
CaMOCTOSITENILHO BBIMOJIHEHHOTO CTY/IEHTOM JIa0OPaTOPHOTO 3a1aHHS;

— JIONYCK K J1Ta0OpaTOPHBIM 3aHATHIM IIPOUCXOAUT IPU HAIMYUHU Y CTYJEHTA PYKOIHCHOTO
BapHaHTa OTYeTa. 3al[UTa OTYETa MPOXOAUT B (opMe [OKJIaAa CTYJEHTA IO BbINOJIHEHUIO
71a00paTOPHOTO 3aJaHMs U OTBETOB Ha BOIPOCHI NPEMOAABATEIS.

MaxkcumanbHOe KOJIMYECTBO OajUIOB  CTYIEHT MOJy4aeT, ecid opOopMIIEHHE OTYeTa
COOTBETCTBYET YCTAHOBJICHHBIM TPEOOBAHUSM, a OTYET IMOJTHOCTBIO PACKPBIBAET TEMY 3aHATHSI.

OcHOBaHMEM JJIs1 CHUKCHUEM OLIEHKH SIBJISIOTCS:

— cinaboe 3HaHUE TeMbl U OCHOBHOM TEPMUHOJIOTHH;

— OTCYTCTBHE YMEHUS MPUMEHSATh TEOPETUUECKUE 3HAHUS IS BBITTOJIHEHHS
1ab0paTOPHBIX 3aJaHHUH.

Otuet MOKeT OBITh OTIIPABJIEH Ha 10OPAOOTKY, €CIIH:

— 1abopaTOpHOE 3a/1aHUE BBIIIOJIHEHO HEBEPHO;

— HECOOTBETCTBUE OTYETA YCTAHOBJICHHBIM TPEOOBAHMSIM;

— cmaboe 3HaHKME TEMBI i HENPaBUIbHBIE OTBETHI HA MIOCTABJICHHBIE BOTIPOCHI.

Bomnpocs! 11t 00cyxaeHus:

1.BekTop paBHOJEHCTBYOMmEH R MPOCTPAHCTBEHHON CHCTEMBI CHII?

2. TIpoekius BEKTOpa paBHOJAEHCTBYIOMEl R MPOCTPAHCTBEHHOM CHCTEMBI CHII HA OCH
KOOpaAuHAT?

3. Moyb BEKTOpa paBHOJAEHCTBYIOMEH R MPOCTPAHCTBEHHON CHCTEMBI CHII?

4. Hanpapisiolque KOCHHYCHI BEKTOpa paBHOieiicTByomIel R MpOCTpaHCTBEHHOI

CHUCTEMBI CyI?

5. T'eOMeTpUYECKOE YCIIOBHE PABHOBECHS CHCTEMBI CUJI TIO OTIPEIETEHHIO
paBHofeicTBytomeit R ?
6. AHATMTHYECKHE YCIOBHS PABHOBECHS CHCTEMBI CHJI TIO OIIPEIEIICHHIO

paBHOseiicTByIOmEH 7



7. AHaNUTHYECKOE YCIIOBUE PAaBHOBECHUS IIPOCTPAHCTBEHHOM CUCTEMBI CHII TIO

OTIpeJIeIeHHI0 paBHO ieHcTRyIomeH K —7
Jluteparypa:
1. Tapr C.M. Kpatkuii kypc TeopeTuueckoir MmexaHuku. — M.: Bricmas mkona, 2010. —
416 c.
2. Memepckuii 1.B., [TanbmoB B.A., Mepkun JI.P. 3agauu no teopeTudeckon
MexaHuke: yued.mocooue. — CI16.: Jlanb, 2010. — 448 c.
3. bate M.U., [Ixanenunze I'.YO., Kenb3on A.C. TeopeTrnueckass MEXaHUKa B IIPUMEPAX
u 3amadax. B 2-x 1. T. 1. Cratuka u xunematuka : yue6. mocobue. — CII6.: Jlansp, 2010. — 672 c.:
WiI.
4. slononckuii, A.A., HukudopoBa B.M. Kypc TeopeTrnyeckoll MEXaHHMKH: CTaTHKa,
KHHemMaTuka, nuHamuka. — M.: Uarerpan-Ilpecc, 2007. — 608 c.

WurepHer - pecypcbl: Www.mashin.ru

Tema 4. PaBHOBecHe MIIOCKOH MPOU3BOIBHON CHCTEMBI CUJI.

3. JIaboparopHas padora Ne3. VcioBust paBHOBECHS TUIOCKOH CHCTEMBI CHIL.

Llenpb 3aHATHS: JIOCKAs IPOU3BOJIbHAS CUCTEMA CHJI, aITeOpanyeCcKuii MOMEHT CHIIBI
OTHOCHUTEIIbHO HETIOABIKHOM TOUYKHU Ha MJIOCKOCTH, YCIOBUS PaBHOBECHS MIOCKON
MIPOU3BOJIBLHON CUCTEMBI CHII, aHATMTUYECKHH CITOCO0 YpaBHOBEIIUBAHUS KOHCTPYKIUH.
Peanuzanus ydeOHOM 1ienn 1a60paTOPHOTO 3aHATHS CLIOCOOCTBYET (POPMHUPOBAHUIO U
Pa3BUTHIO OOMIEKYIBTYPHBIX U TPO(ECCHOHANBHBIX KoMMeTeHIui oOydaromierocss OK-1,
OIIK-5.

Opranu3annonHas ¢popma: aHAIUTUYECKOE UCCIIeJOBaHHE.

MeTtoanyeckre peKOMeHIaIuH K JJAO0paTOPHOMY 3aHATHIO:

Kpatkuii Teopetrueckuii 0630p:

[TonsiTHE MOMEHTa CHJIBI BOZHHKIIO B CBS3M C ONpEJEICHUEM BPAILATEIbHOTO JCHCTBHS CHIIBI,
NPUIIOKEHHON K Telly, UMEIOLIEMY HETOJABIKHYIO TOUYKY MM HEMOJBHXKHYIO OCh. ANre0pandeckum
MOMEHMOM CUTbl OMHOCUMENbHO Hekomopou mouku O Ha NIOCKOCMU HA3bI8AEMCA CKAAPHAA
BENUYUHA, PABHASL 35IMOMY C COOMEEMCMBYIOUUM 3HAKOM NPOU3BEOEHUI0 MOOYIA CUNbl HA ee NIeyo

OMHOCUMENLHO IMOLL TMOYKI.

m, (F)=+Fd (13)
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napel cun

Pucynox 9

Cucmema 08yx pagHvix no MOOYIIO NAPANIENbHBIX OpYy2 OpYey U HANPAGIEHHbIX 8 PA3HbLE
cmoponwr cun F1u F 2, aunuu deticmeus komopuix ne coenadatom (pucynox 9). Takas cuctema
JBYX CHJI 00pa3yeT TakK Ha3blBaeMylO napy cuji, WIN MPOCTO Hapy, JUIsi 0003HAYEHUS] KOTOPOM
Oy/1eM MOJIb30BaThCs CHMBOJIOM (ﬁl, F72)

IInockocTs B KOTOpOﬁ PacIiojIoKECHa 1mapa CUJl, Ha3bIBACTCA 1IOCKOCMbIO oeticmeus napeol.

Kparuaiiiee paccTosiHue MEXIy JMHHMAMHA JEHCTBHS CHJI Maphl (Fl, FZ), T. €. JUIMHA

MNEPICHAUKYJIIAPA, ONYIICHHOI'0 M3 TOYKU IMPUIIOKCHUA A OJHOM M3 CHUI Inapel Ha JHWHHUIO

JICWCTBUSL BTOPOI CHJIBI, Ha3bIBaeTcss miewom napwl 0. Tlapa cu, mpuiiokeHHas K TBEPIOMY TeIy,



crioco0Ha MPUBECTH €ro BO BpalllaTeIbHOE IBIDKEHNE. BpamarensHoe AeiicTBIe mapsl Ha TeIo OyaeT
TeM OoJblIe, YeM OOJbIIE TUICYO Mapbl U MOAYIM CHJI, 00pa3yIoUIMX 3Ty Mapy, U U3MEPSAETCs Tak

Ha3bIBACMbIM MOMCHTOM IIaphl. HpPI 9TOM HUC/IeHHO€e 3HAY€eHUe MomeHma napu onpe()e/memc;l Kak

npousgedenue Mooy OOHOU U3 CUNL NApbl HA NAEYO SMOU napvl. MOMEHMOM NApbl HA3bIBAECMCA
CKAJIPpHAA 6€UbdUHA, pABGHAA 635NI0OM) C COOMBEMCMEYHOUUM 3HAKOM npoweedeﬂuio

MOOYJI51 OOHOU U3 CU NAPbL HA ee NJleyo. Byner 0003Ha4aTh MOMEHT Tapbl CHMBOJIOM M Wik M
(ﬁl, Fj) Torma

m=+Fd=xFd. (14)

Bynem cuurtarh nonoscumenvhviv MOMEHT TaKOM IMapbl KOTOPas CTPEMHTCS TIOBEPHYTH TEJIO
NPOTHB HAIPaBJICHUS BPALICHUS YaCOBOM CTPEIIKH, U OMpuyamenbHbiM — MOMEHT TaKOW Iapebl,
KOTOpasi CTPEMHUTCS TIOBEPHYTH TEJIO TI0 HAIPABJICHHUIO BPAIIICHUS YaCOBOU CTPEIIKH.

s pasrnosecuu npouzBonbHOU NIOCKOU CUCIEMbL CUL HEOOX0OUMO U OOCMAMOYHO, YMOObl

0@H06p€M€HHO U 2Na6HbI 6EKMop, u 2NAGHBILL MOMEHN MO CUCMEMbl OMHOCUMETbHO npous36oJIbHO

BbIOPAHHO20 YEHMPA NPUBEOEHUS PAGHSLIUCH HYIO.

R'=0;M, =0, (15)
i

n ﬁlzo’ n

i=1 i=1

m,(F,)=0, (16)

s pasnosecust npousBoIbHOU NIOCKOU CUCIEMbL CUTL HEOOXOOUMO U. OOCMAMOYHO, YmMOoObl
aneebpauveckue cymmbl NPOEKYUll 6cex CUll HA KAXNCOVIO U3 O08YX JIHOObLIM 00pa3oM 6blOpAHHBIX &
NAOCKOCMU  OelCmBUsi 3MOoll  CUCmeMbl CUl KOOPOUHAMHBIX OCell U  aneedpauyeckas cymmda

MOMEHMO8 6CeX CUT OMHOCUMETbHO 000U MOYKU MO OKe NAOCKOCMU ObLilU PAGHblL HYIO.

Zn:xizo; Zn:Yi:O; imo(ﬁ)zo. (17)

s pasnosecus npouz8onbHOU NIOCKOU CUCMEMbl CULl He0OX00UMO U OOCMAMOYHO, 4moobl
anzebpauyeckue cymMmmbl MOMEHMOB 6CeX CUI OMHOCUMENLHO KaXcOOU U3z mpex nodwvix movek A, B u
C, 83mbIX 68 NAOCKOCMU OelcmBUst IMOU CUCIEMbL CUTL U He JeXHCAUUX HA OOHOU NPAMOU, ObLiu

DABHbL HYTIO:

ZmA(ﬁi)ZO; Zma(ﬁi):O; ch(ﬁi):o_ (18)



Ob6opynoBaHue U MaTepUabl: TETPab U 1a00paTOPHBIX paboT - B KIETKY - 48 IMCTOB; pydyka
IaPUKOBAs, IIBET YEPHUJI B pYUKE IIAPUKOBOM — CHHM, YEPHBIN; KapaHaa npoctoil — M,2M;
KapaHJanu 1BeTHbie — M,2M; nacTuk, JIMHeka 10 25 cM — 1epeBo, MIACTUK, METAIL,
ATIOMHUHHN; JIMTHEWKA pecinaa 22¢M ¢ MeTaTndeckuM poiukoM YUII-22; Tpadaper
rpaduueckux (QYHKIHN; MUPKYIh METAJUIMYECKUN; KABKYJIATOP HHKEHEPHOTO THIIA.
VYkazaHus 1O TEXHUKE OE30MacHOCTH COOTBETCTBYIOT HOPMATHBAM JPrOHOMHUKH MPHU

WCITOJIb30BaHUH YKa3aHHOTO 000PYI0BAaHUS U MaTEPUAIIOB.
3ananue 1:

Mexy oropaMu JBYXKOHCOJIBbHOM ropuszoHTanbHoi 6anku CD (pucynok 10, a) npuioxena
napa (5, ﬁ), K JIEBOM KOHCOJIM — PAaBHOMEPHO pacIipe/ieieHHasl Harpy3ka MHTEHCUBHOCTBIO (, a B
touke D npapoii konconn — BeptukanbHas Harpyska Q =4,6 H, Onpenenurts peakuuu omop,
eem P=P'=4H =4 Hm a=25 n

JByxxoncomnpHas Oanka CD sBmsercs TeM TelnoMm, paBHOBECHE KOTOPOTO MBI JIOJDKHBI

o D D/
PacCMOTPCTh. K neit IIPUIIOKCHA I1apa CHJI (P, P ) C MOMEHTOM m=Pa W nIBe aKTUBHLIC CHUJIbI: B

touke D cuma Q wu ma cepemume nesoit kxomcomn cmma R=(-CA, sermomascs

PaBHOJICICTBYIOIIEH PAaBHOMEPHO PacHpe/ieieHHON Harpy3Ku.

CJ'IeI[OBaTeJ'IBHO, BCC IIPUIIOKCHHBIC K banke CD akTuBHBIE CHJIBI  SBIISIOTCSA

BEPTUKAJIBHBIMY, TaK KakK IIapy CHJ (P, P'), HE U3MEHSIS €€ AENUCTBUA Ha OaJIKy, MOKHO IIOBEPHYTh

B IUIOCKOCTH PHMCYHKAa TaK, YTOOBI COCTAaBJISAIOIIME Iapy (P, P') cumbl P u P'=—P 6oum

BCPTHUKAJIbHLBI.

Cea3simu, HajokeHHbIMH Ha Oanky CD, sBisOTCS MOABMXKHAsI IIAapHUpHAs omopa B u

74
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Pucynok 10



HETOBMKHAS TIapHUpHAas oropa A. OTOpOCHM STH CBSI3U M 3aMEHHMM HUX JeicTBre Ha Oanky CD
CWJIaMH peakiuil. Peakuys RiB MOJIBM>KHOM IAPHUPHOM OMOphI B HOpMasibHA K MIIOCKOCTU OTOPbI
(pucynok 10, 6). Tak kak Bce paeiictByronme Ha Oanky CD akTHBHBIE CHIIBI BEPTHKAIBHBI, TO
peakuus R7A HEMOJIBWKHOM IIapHUPHOW OmOpbl A Takke BepTUKalibHA. PaccMoTpuM Temnepb

paBHOBecue JBYXKOHCONbHOM Oanky CD kak cBOOOAHOrO TBEpJOro Teia, Ha KOTOpOE JIeHCTBYET

yKa3aHHas IUIOCKasi CUcTeMa mapayuienbHbix cui (pucyHok 10, 6). st coctaBieHHs ypaBHEHHI

PaBHOBECHS 3TON CUCTEMBI CHII B (hopMe

>m,(F)=0; ¥m,(F)=0 (19)
[TocenoBaTeNbHO MPUMEM 3a [ICHTP MOMEHTOB TOUKU 4 U B. TIpu 3TOM ypaBHEHHUSI MOMCHTOB

6y,HYT COACPKATh TOJIBKO OJJHO HEU3BECTHOC.

Wtak, B 1TaHHOM cityyae OyieM UMETb

>'m,(F)=qa- —+m+R -2a-Q-3a=0; (20)

ZmB(Fi)zqa(;+2a)—RA-2a+m—Qa:0. (21)

Pemias mopo3up ypaBuenus (20) u (21), naiinem
R, =115H; R, =2,5H.

OO6opynoBaHue U MaTepUabl: TETPab Ul Ja00paTOPHBIX PaboT - B KIETKY - 48 JIMCTOB; pydKa
IIApUKOBas, [IBET YUEPHUJI B pyUKe IIAPUKOBOW — CHHUMN, YEPHBIN; KapaHaall npoctoi — M,2M;
KapaHaamy nBeTHsle — M,2M; nacTuk, TuHelka 10 25 ¢cM — JepeBo, IIACTUK, METAIL,
TIOMUHHN; JIMHEWKa peciinaa 22¢M ¢ MeTalTndeckuM poiukoM YUII-22; tpadaper
rpapuueckux (YHKIMNA; HUPKYIb METAIIMUECKUH; KAIbKYJIATOP HHKEHEPHOTO THIIA.
VKazaHus 1O TEXHUKE OE30MacCHOCTH COOTBETCTBYIOT HOPMAaTHMBAaM 3PrOHOMUKU MpHU

HCIIOJIb30BAHUH YKA3aHHOT'O O60py,Z[OBaHI/I$I " MaTCpHraJIOB.

BLIIOMHUTE CaMOCTOATENHLHO:

7 1. OnpenenuTh peakiuy 3a/1eJK1 KOHCOJIBHOM OalIKH,

NN

4 15Kl Zrltu H300paKEHHOHN Ha PUCYHKE U HAXOAIICHCS O]
: il

- . JeCTBHEM PaBHOMEPHO PacIpeie/IeHHON Harpy3KH,
R u
/ I - Doy COCPEIOTOYCHHOMN CHJIBI U [TAPhI CHIL.
O dnlf
7.

2. OnpenenuTh peakIuy 3aJIeIKH KOHCOJBHOH Oakw,

M300paXCHHOW Ha PUCYHKE W HAXOMSIIEWCs TMOJA JeWCTBUEM

goIKrint Stter
[P

pPaBHOMEPHO pacnpeesIeHHOU HarpyskKu, OJTHOM

COCPEIOTOYEHHOM CHJIBI M ABYX Iap CHIL
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3. Ha JBYXKOHCOJIBHYIO
TOPU30OHTAIBHYIO 0ajlKy JeHCTBYET g r_— ‘f‘ V]

AN
a

napa cuin  (P,P), Ha NIeByl0 KOHCOJb VA B 177
! i
—  paBHOMEPHO  pacrpejeiicHHas ) [ %/, {
1 | |
Harpy3Ka HHTEHCUBHOCTH (], @ B TOYKE ’r-.:—-g—pi-g 2 »;—e: 4 3»}-(— g :»-;

D mpaBoii KOHCOJIM — BEPTUKAJIbHAS
Harpy3ka Q. Onpeznenuts peakiuu onop, ecni P=1 kH, Q=2«H, q= 2 xH/m, a = 0,8 m.

4. Onpenenuts peakiuu onop A u B

Exllre 4K {,/ Oanku, Haxomduieiics nona OeicTBUEM
s 60 . .
4k X OJIHOM  COCPEJOTOYCHHOM CHUJIBI M Mapbl CHIL.
P
: “3m 7 2M Harpy3ka u pa3mepsl yka3zaHbl Ha pUCYHKE.
L Y bl )

5. OmnpenenuTh peakuu  3a7CIKH

KOHCOJIbHOM  Oanku, M300pakeHHONM Ha

PUCYHKE U HaxoJsuleiics moJx JAeHCTBUEM

COCPEIOTOUYCHHOM CUJIBI U TIaphI CUJL.

Conepsxanue oTyéra:

— MPHUMEP BBHIMOJIHEHUS 3a/aHUsl B METOJAMYECKHX YKa3aHUSX — MpHUMEp OPOPMIICHHS
CaMOCTOSITENIHO BBIIIOJIHEHHOTO CTYI€HTOM JIA00OPaTOPHOTO 3a/1aHus;

— JIOIYCK K TaOOPaTOPHBIM 3aHATUAM MPOUCXOUT MPHU HAUYUU Y CTYACHTAa PYKOIMCHOTO
BapHaHTa OTYeTa. 3al[iuTa OTYeTa MPOXOJUT B (OpMe IOKIaga CTYJASHTAa IO BBITIOJHCHHIO
1ab0paTOPHOTO 3aJaHMS U OTBETOB HAa BOIPOCHI MPEIIOIaBaTeIIs.

MaxkcuManbHOE KONWYECTBO OajyioB  CTYIAEHT IMOJIydaeT, eciu O(QOpMIICHHE OTYeTa
COOTBETCTBYET YCTaHOBJIICHHBIM TPEOOBAHUSAM, a OTYET MOJIHOCTHIO PACKPBIBAECT TEMY 3aHSITHSL.

OcHoBaHHEM JJIs1 CHUOKCHHUEM OLICHKU SABJIAOTCA:

— craboe 3HaHWEe TeMbl 1 OCHOBHOW TEPMHUHOJIOTHIH;

— OTCYTCTBHE YMEHHUSI IPUMEHATH TEOPETUYECKUE 3HAHUS JITIS1 BBIMOTHEHUS
71ab0paTOPHBIX 3a/1aHUM.

OT4eT MOXKeT OBITh OTIIPABJICH HA TOPAOOTKY, €CIIU:

— JIabopaTOpPHOE 33JJaHUE BBHIITOJIHEHO HEBEPHO;

— HECOOTBETCTBHE OTUETA YCTAHOBIEHHBIM TPEOOBAHUSIM;

— cnaboe 3HaHUE TeMbI i HeTIPaBUIIbHBIE OTBETHI HAa TTOCTABIICHHBIE BOTIPOCHI.

Bomnpocsr qyist o6cyxeHust:

1. [Tnockast mpon3BOJIbHAS CHCTEMA CHIT?

2. PaBHOMEpHO — pacnpenenénHas Harpy3Ka, paBHOAEHCTBYIOLIas?
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Pa3noxeHue cuiIbl Ha ABE COCTABIIAIOIIME 10 OCIM?
[Tapa cun. MomeHT napsl cuii?
Onopsl (CBSA3M) U CHIIBI peakuuii onop?

AHFe6pqu€CKHﬁ MOMCHT CHJIBI OTHOCHTCIIBHO HCHO,HBHX(HOﬁ TOYKH Ha

IUIOCKOCTH U €ro cBoiicTBa?

7.

AHaJIUTHYECKHE YCIOBHS PABHOBECHS INIOCKOM MTPOU3BOJIBHOM CUCTEMBI CUIT?
Jlureparypa:
1. Tapr C.M. Kpatkuii Kypc TeopeTuueckoi Mmexanuku. — M.: Beicias mkosa, 2010.
—416 c.
2. Memepckuii 1.B., ITanemoB B.A., Mepkun J{.P. 3agaun o reoperndeckoit
Mmexanuke: yae0.mocooue. — CII6.: Jlans, 2010. — 448 c.
3. bars M.U., JIxanenunze I'.}O., Kenb3zon A.C. Teoperudeckass MexaHUKa B
npumepax u 3anadax. B 2-x 1. T. 1. Cratuka u kuHemaruka : y4e6. nocodue. — CII0.:
Jlann, 2010. — 672 c.: uin.
4. Slonouckuii, A.A., Hukudoposa B.M. Kypc TeopeTnueckoli MEXaHUKHU: CTaTHKa,
KHHeMaTuka, nuHamuka. — M.: UaTerpan-IIpecc, 2007. — 608 c.

WurepHer - pecypcbl: WWwW.mashin.ru

Tewma 5. IIpocTpaHcTBEeHHAs: IPOU3BOJIbHAS CUCTEMA CHUIL.

4. JlaboparopHas padota Ned. YcioBusi paBHOBECHS ITPOCTPAHCTBEHHOM CUCTEMBI CHII.

HCJ'IB 3aHATUSA: OnpeneneHI/Ie peaKHI/Iﬁ OIop TBép,Z[OFO TCI1a. HpOCTpaHCTBeHHaH

MPOU3BOJIbHAS CUCTeMa CuJl. Peanu3anus yaeOHOM e 1abopaTOpHOTO 3aHSATHS CIIOCOOCTBYET

(OpMHUPOBAHUIO U Pa3BUTHUIO OOLIEKYIBTYPHBIX U MPOPECCUOHAIBHBIX KOMIETEHIIUH

oOyuaromerocss OK-1, OITK-5.

OpraHI/ISaHI/IOHHaﬂ (bopMa: AHAJIUTHYCCKOC UCCIICAOBAHHUC.

MeTtoauueckne peKkoMeH1aluu K Ja00paTopHOMY 3aHSTHIO:

Kpatkuit Teopetrueckuii 0030p:

ﬂﬂﬂ pasrnoeecus npOu360]le0L7 npocmpaﬂcmeeHHozZ cucmemvl Cull He0OOX00UMO U

docmamquo, ymoowl axzee6paut¢ecxaﬂ cymma I’lpO@Kl/ﬂ/tlZ 6cex omux Ccul Ha Kancale usz mpex

JIH0ObLIM 00PA30M BbIOPAHHBIX KOOPOUHAMHBIX OCell PABHANLACH HYII0 U YMOObl aleedpauyeckas

CyMmMa UX MOMEHNO6 ONMHOCUNENIbHO KaocOoul u3 a3mux ocel makoice pasHAjlacob HYJo.



(22)

Zn:mx(F_i):O; Zn:my(F_i):O; Zn:mz(F_i):O.

i=1 i=1 i=1

VcenoBust (22) Ha3bIBAIOTCS YCA0BUAMU PABHOBECUSI NPOU3BOJILHOU NPOCMPAHCMEEHHOU

cucmemvl CUl 8 AHAIUMU4ecKol ghopme.

3amanue.
H
. .
Ve —
7 e |
_ N t e,
F} P
z E L~ M /
7
/ ¥
P
P
.
A L

Pucynox 11

OpHoponHas MpsIMOYrosibHas miauTa BecoM P co cropoHamu AB = 3L, BC = 2 L
3aKperyieHa B TOYKE B HMIMHAPUYECKUM MIAPHUPOM (MOALIMITHUKOM) U YJEp>KUBaeTcs B
paBHOBecuH HeBecoMbIM cTepskHeMm CC (puc. 11)

Ha IJIUTY HeﬁCTBYIOTZ nmapa Cull (nemamaﬂ B IINTIOCKOCTH HJ'II/ITLI) C MOMCHTOM M; CcHhlia

F, — B miockocTu, mapamienbHoit YZ (Touxa mpuioxenuss —H); cuma F, — B miockoctn

napayuienbHoil XZ (touka mpuiokenus E). Touku mnpunoxenus cun (E, H) HaxomsaTcs B
cepeauHax CTOPOH IIUTHI.
Hano: M =6xHwm; F1=2xH; F,=4xH; L=1™M, P=8kH; AB=3Lm; BC=2Lwm.
Onpenenuts peakiuu cBsizeil B Toukax A, B u crepxus CC .

1. Paccmorpum paBHOBecue minThl. Ha He€ nedcTByroT: mapa cui (Jiexamias B
IUIOCKOCTH IUINTBI) C MOMeHTOoM M, cuina F, — B miuockoctd, napamienbHod YZ (Todka

npuinoxkerus — H) u e€ cocrasisitommue:

Fiy = Fysin 60° = 2'§= V3 xH;



Fi; =F1cos 60° = 2'%= 1 xH.

Cuna F, — B muockoctH, mapamiensHoll XZ (Touka npunoxenus E); F, ||AZ; Bec
IVIMTHL P — Ha nepecedeHny AuaroHanei (B LEHTPE TAKECTU IPSIMOYTOJbHOM IJIMTHI), a TaKkKe

peakLuy CBS3€i: peaklHio cepruuecKoro mapHupa A4 pasjgaraeM Ha TPHU COCTaBIIAIOMME — X ,

Yo Z,:

Z 4
/J'
s
Fff z
E L/ M
— B i ? )
Z, s P
P
,I
A fr, i
A Y
W En - ~
Pucynox 12

PEaKIMIo MWINHAPUYECKOrO mapHupa (MOAMUIHNKA) B — Ha Be cocTaBisoomue X, ,

Z, (B IUIOCKOCTH, NEPIEHIUKYIAPHON OCH MOJIIMITHUKA), PEAKIMI0 S CTEPXKHSA HalpaBisieM

Baousb cTepkHs CC’, mpearnonaras, 4To OH PacTsHYT U pasjaraeéM S Ha JIB€ COCTABIISIONIHE : Sy
=S-sin 60°; S, =S-c0s 60° (Tak kak crepskens CC’ B IIIOCKOCTH , MApAILTENBHON yZ ) — puc. 12.
2. Beogum cuctemy otcuera BX1Y1Z; (puc.12). JIns moaydeHHONW NPOCTpaHCTBEHHOM

HpOHSBOJ’IBHOﬁ CUCTCMBI CHJI (pHcl2) AJIL OIpeACJICHUA MIECTU HCU3BCCTHBIX peaKI_[I/Iﬁ Oo1op —

XA, Y_A v Lo X_B, Z , S — MOXHO COCTABHTB IIECTh YPaBHEHUH PaBHOBECUS:
1) F x1 = 0; Xa+Xp=0;
2)3 F gy1=0; Ya— F1y — Scos60°=0;
3)Y F gz1 = 0; Za+Zg — P+F, — Fyz+S8-5in60°=0;
4)S Mexa(F «)=0; — 3L-Zp — 3L-Fo+1,5L-F17+1,5L-P=0;
5)3 Mav1(F K)=0; — L-P+L-F, — 2L-F17+2L-S"sin60°=0;
6)> Mez1(F )=0; 3L-Xp+M~+2L-F1y+2L-S-cos60°=0.



>

W13 ypaBHeHus 4) Bpraucnsem Z , .

> _ -3L-F,+15-L-F, +15L-P _—31-4+15-1-1+15-1-8

Z, = 0,5 xkH.
3L 31

W3 ypaBHEHUs 5) onpe/elisieM YUCIIEHHOE 3HaYeHUe peakiuu S crepxkHs C c:

_ L-P—L-F_2+20L-Flz J18-1442.00 o0
2L -sin 60 2-1-(v/3/2)

%2}

W3 ypaBHeHUs 6),[10/ICTABIISASA HAICHHOE 3HAYCHHUE S , ONPE/ICIIsieM BEIHUUHY PEaKIuH

_ -M-2L-F, -2L-S-cos60° _ —6-2-1./3-2:1.347-(1/2) _

3L 3-1

Xa

>

=-4,31 xH.

3uas Su Z_A , U3 YpaBHEHHUS 3) ONpeaeIIsieM BEIUUYUHY pEeaKklUU Z :
Z, =—Zn+P — Fy+Fyz — Ssin60° = — 0,5+8— 4+1— 3,47(~/3/2) = 1,49 xH.
W3 ypaBHEeHus 2), 3Has S, BBIUACIIEM 3HAYCHUE peakumn Y, :

Y_A = F1y+S-c0s60° = V3 +3,47% = 3,47 xH.

3uas X, ,u3 ypaHenus 1) X, = — X, = — (—4,31) = 4,31 xH.
[Iposepxka:

> Fax=0; Xa+Xg=0;

4,31 — 4,31=0;

0=0.

ZFAYZO; Ya—Fiy— S'COSGOOZO;

3,47- 3 3,47-% =0;

3,47-3,47=0;

0=0.

S Fpz=0; Za+Zg — P+F, — F17+S-5in60°=0;

0,5+1,49 — 8+4 — [+3,47-(~/3/2)=0;

0=0.

Pesynbrarer pacuéToB cBoanM B Tabiuiy 1.



Tabmnma 1.

X, Y, , Z,, Y, Zs, S,
xkH xkH kH kH kH kH
4,31 3,47 0,5 453 1,49 3,47

O6opynoBaHue U MaTepUaibl: TETPAIh IJIs JIAOOPATOPHBIX PadOT - B KIETKY - 48 TUCTOB; py4Ka
IAPUKOBAs, IIBET YEPHUJI B pYUKE IIAPUKOBOM — CHHMM, YEPHBIN; KapaHaa npoctol — M,2M;
KapaHJanu 1BeTHbie — M,2M; nacTuk, JInHeka 10 25 cM — 1epeBo, MIACTUK, METAIL,
ATIOMHUHHN; JIMTHEWKA percinaa 22¢M ¢ MeTaTndeckuM poiukoM YUII-22; tpadaper
rpaduueckux (QyHKIUN; TUPKYIh METAJUIMYECKUN; KABKYJIATOP HHKEHEPHOTO THIIA.
VYkazaHus 1O TEXHHKE OE30MaCHOCTH COOTBETCTBYIOT HOpPMATHBAM JPrOHOMUKU IPHU

UCTIOJIb30BaHUH YKa3aHHOTO 00OPYIOBaHUS U MaTEpPHAJIOB.
BBIIOTHUTE CaMOCTOATENBHO:

3aganue 1 (k Bapuantam 1 — 10) — puc. 14 — 15.

Onuopopanast mpsimoyroJibHast mimrta Becom P = 5 kH co croponamu AB = 3¢, BC = 2¢
3aKpervieHa B ToUke A C(EepUUYeCKUM MIAPHUPOM, a B TOUKE B — MIIMHIAPUYECKUM MIAPHUPOM
(TOAIIMITHUKOM) U yJEp>KHUBaeTCsl B paBHOBecuu HeBecombiM cTepxkHem CC' (Bap. 1 — 10). Ha
IUTUTY JACUCTBYIOT: Mapa cui ¢ MOMeHToM M = 6 kH-Mm, nexaias B TUIOCKOCTH TUIUTHI, U JIBE
CUJIbl. 3HAUEHHUS STUX CWUJI, UX HAIpaBJICHUS U TOYKU MPHIOKEHUS yKa3zanol B Tabn. 2. [lpu
oToM cnibl F 1 B F4 JeKaT B IUIOCKOCTAX, MapaielbHBIX IIockoctH XV, cuma F o — B

IUIOCKOCTH, TapaienbHo XZ, cwia F3 — B 1uiockoctH, mnapamwienpHor YZ. Toukwm

npunoxenus cui (D, E, H) HaxoasaTcs B cepeiiHaX CTOPOH TIUTHI.

Tabmuma 2.
Z ) Z Y
y F
Cuutbt b, a,
a a, a,
F P
X X I X
F1=4 xH F2=6 xH F3=8 xH F4=10 x,H
Howmep
YCIIOBHS
£ Z = £ 2 = £ = = g = =t
S 8 [Shc S SHc S S S
< O = < O = < O = < O =
© S o S © S © S
= = = = —~ = —= =




0 D 60 - - E 0 - -
1 H 90 D 30 - - - -
2 - - E 60 - - D 90
3 - - - - E 30 H 0
4 E 0 - - H 60 - -
5 - - D 60 H 0 - -
6 - - H 30 - - D 90
7 E 30 H 90 - - - -
8 - - - - D 0 E 60
9 - - E 90 D 30 - -

Onpenenuth peakuu cBsizeit B Toukax 4, B u C. Ilpu noacuérax npuHsaTh £ = 2 M.

Vkazanust: Ilpu pemieHun 3amaHus cleayeT Y4ecTb, UYTO peakuus cQepuyeckoro
mapHupa (TOAMSITHUKA) UMEET TPU COCTABJISIONIME (TI0 BCEM KOOPAMHATHBIM OCSIM), a pPeaKIus
UUAJTUHAPUYECKOr0 IapHupa (MOAMIUITHUKA) — JBE COCTAaBIAIOIIME, JICKAIIUE B IUIOCKOCTH,
NEPIEeHIUKYIAPHOM OCH MOAIIUNHUKA. [IpW BBIYMCIEHUH MOMEHTa CHIIbI F ynobHo eé

pa3’IokKUTh Ha JIBe cocTaBisAwmue F'u F ", mapannenbHble KOOPAMHATHBIM OCAM (WM Ha TPH):

Toraa no Teopeme Bapunsona My (F ) = M, (F ) + M (F ") u 1. 1.

3ananue 2 (k Bapuantam 11 —20) — puc. 15 — 16.

JIBe OmHOpOIHBIC MPSMOYTOJIbHBIE TOHKHE IUIUTHI KECTKH COEAWHEHBI (CBApEeHbI) MOJ
MPSIMBIM YTJIOM JIPYT K JAPYTY U 3aKpervieHbl chepudecKrM MIapHUPOM (MM MOIISTHUKOM) B
TOUYKE A, IWINHIPUYECKUM IIAPHUPOM (MTOAIIMIIHUKOM) B TOYKE B U HEBECOMBIM CTEepKHEM 1
(Bap. 11 — 18) wnm ke AByMsI MOIIIMITHAKAMH B TOYKaX A ¥ B W JAByMs HEBECOMBIMH
crepxHsaMu 1 u 2 (Bap. 19 — 20); Bce cTepKHM NMPUKPEIUIEHBI K MNINTAaM U K HEMOIBM)KHBIM
OTropam MapHUPAMHU.

Pasmeps! miuT ykazanel Ha pucyHkax 15 — 16, Bec Oompmeit umter P1 = 5 kH, Bec
menbmed mmtel P, = 3 kH. Kaxnmas w3 1umr pacrmoiokeHa NapauielbHO OJHOH U3
KOOPJIMHATHBIX IUIOCKOCTEH (IMJIOCKOCTh Xy — ropu3oHTanbHas). Ha muuTel aeidicTByIOT mapa

cui1 ¢ MoMeHToM M = 4 kH-M, nexaias B INIOCKOCTH OJJHOM U3 IUIMT, U JIBE CHJIbL. 3HAYCHUS
ATUX CWJ, UX HAIIPaBJIEHUS U TOYKU NMPUIOKEHUS yKa3aHbl B Ta0. 3; mpu 3ToM cuiibl F 11 F 4
JIeXKaT B IUIOCKOCTSIX, MapauIedbHbIX MIIOCKOCTH XV, cuia F 2 — B INIOCKOCTH, MapajjieabHON

XZ, cuna F 3 — B miockoctH, napamwienbhHoir YZ. Touku npunoxenus cwi (D, E, H, K)
HAXOJATCS B YIJlaX UM B CEpEANHAX CTOPOH IUIHT.
Onpenenuth peakiuu cBsA3e B Toukax 4 U B u peakuuto crepxkHs (crepxHeit). [Ipu

nmoacyeTax NpuHATh a = 2 M.




Vkazanus: Ilpu pemenun 3agaHus cielyeT y4ecTb, 4TO peakius CcepruuecKkoro
mapHupa (MOAMSITHUKA) UMEET TPU COCTABIIAIONINE (TI0 BCEM KOOPIMHATHBIM OCSM), & pPeaKIus
LWIMHJIPUYECKOTO IIapHupa (MOALIMIIHMKA) — JBE COCTABJISIOLIME, JIeXkKAllUe B IUIOCKOCTH,
HNEPHEHANKYJIAPHON OCH MOAIIUMHMKA. Peakius HEBECOMOIo CTEp)KHS BCerja HalpaBieHa
BIONH CTepKHsS. IIpM BBIYMCICHHM MOMEHTAa CHIbl F  yI0OHO €8 paslIoKUTh Ha JBE

cocrapisitoue F'u F ", mapaienbHbie KOOPAMHATHBIM OCSIM (WJIM Ha TPH): TOTAa IO TEOpeMe

Bapunbona M, (F ) = M, (F ) + My(F ") ur. 1.

Tabmuma 3.
Z Z Y
\ F.
b, a
(@)78)151 a a, a v
k l\\ P
X X F X

F1: 6 kH ng 8 kH F3: 10 xH F4: 12 K,H
Howmep 'a & - 5w - 5w - S -

= S SIS ST
YCIIOBHS :3 q:) § CE q;, § CE q:) § CE QE g
e | ¢ | Bg| ¢ | B8 | ¢ |28 {
0 E 60 H 30 - - - -
1 - - D 60 E 30 - -
2 - - - - K 60 E 30
3 K 30 - - D 0 - -
4 - - E 30 - - D 60
5 H 0 K 60 - - - -
6 - - H 90 D 30 - -
7 - - - - H 60 K 90
8 D 30 - - K 0 - -
9 - - D 90 - - H 30

3ananue 3 (k BapuanTam 21 — 35) — puc. 16 — 18.

[ITecTb HEBECOMBIX CTEP>KHEN COEIMHEHBI CBOMMHU KOHIIAMU IIAPHUPHO JAPYT C IPYTOM B
JIBYX y3JaX W MPUKPETICHBI IPYTUMH KOHIIAMH (TOKE IMIAPHUPHO) K HEMOJBUKHBIM OIOpaM
A, B, C D, E K F,L (Bap. 21 — 35). CrepxHH 1 y3JIbI (Y3716 PACIIOJIOKEHBI B BepIIHMHAX A,
B, C, D, E, K, F, L npsMoyroipHOTO Napajuiesenunena) Ha pucynkax 16 — 18 He moka3aHbl u
JOJIKHBI OBITH M300pa)KEHBI PEHIAIONIMM 33]ady M0 JaHHBIM Tabmuiel 4. B y3ne, koTophiil B

KaXJIOM CToJIOIe TaONHIbl yKa3aH MepBbIM, npuioxeHa cuwia P = 200 H; Bo BTopom y3ie

npuwioxkena cwia Q = 100 H. Cunma P oOpasyer ¢ TOJOXKHTEIbHBIMU HaIPaBJICHUSIMA




KOOPJMHATHBIX OCEH X, y, Z YIJIbl, paBHbIE COOTBETCTBEHHO 01 = 45° f1 = 60° y1 = 60° a

cuna Q —yenwt ap = 60° f2 = 45°, y, = 60°; HanpaBIEHHSI OCEH X, ), Z COOTBETCTBYET MPABOU

JIEKapTOBOM CHUCTEME OTCUETA.

['panu napannenenunesna, napauieibHble IIIOCKOCTU X, — KBaAparhl. Jluaronaiu Ipyrux

OOKOBBIX TpaHeH o00pa3ylT ¢ TJIOCKOCTBIO Xy yroan ¢ = 60° a [auaroHaib
napanienenumnena oopasyer ¢ 3TOW IIOCKOCThIO yron 6 = = 51° OnpenenuTh ycwius B
CTepPXKHAX, YKa3aHHBIX B Ta0m. 4.
Tabmuna 4.
No BapmanTa 0 1 2 3 4
V31161 A, B L, E D, F B, E D, B
CrepxHu DL, DE, DF, | BK, CK, CF, | AD, AE,ED, | DA, DL, DC, | LE, LF, LD,
CF,CK, BK DF, AK, DE | EK, KB, KC | FC, CK, AK | CF, CK, AK
No BapuanTa 5 6 7 8 9
VY31bI B, L C, L D, E B, L B, E
CrepxHu AE, AC, AD, | BA, BF, BK, LF, FC, EA, ED, KF, | FC, CK, FK,
DF, CF, KF | AE,DE,DA | LD,KB,KC, | KC,CF, FK | LD, LA, DC
AB

Vkazanua: Cucrema oTc4éra BBOJHUTCS PEIIAIONIMM CaMOCTOSTENbHO. V300paxkatsh
YepTeXK MOXKHO 0e3 coOmojeHus macmTaba Tak, 4TOOBI Jiydlie OBUIM BHJHBI BCE IIECTh
crepkHel. CTep)KHU clielyeT IPOHYMEpOBAaTh B TOM MOPSJIKE, B KAKOM OHU yKa3aHbl B TAOJIUIIE;
peakiu cTepxHeil 0003Ha4aTh OyKBOH C MHIEKCOM, COOTBETCTBYIOIIMM HOMEPY CTEPKHS.

Peakuusi HEBECOMOTO CTEPIKHsI BCET/Ia HAIPaBJIeHA BIOIb CTEP)KHS. [Ipy BBIYMCIICHHH MOMEHTA
crbl F y1o0HO e8 pasiokuTh Ha JBE cocTaBisiomne F ' i F ", mapaienbHble KOOPAWHATHBIM
ocsM (WiIH Ha TpH): Tor/a o Teopeme Bapuubona M, (F ) = M, (F ) + M, (F ") u T. 1.

3ananue 4 (k Bapuantam 36 — 40) — puc. 18 — 19.

OIHOPOAHOE TEIo BECOM G mox JAcHCTBHEM HAaNOKCHHBIX Ha HEro CBs3ei u
NPUIOKEHHBIX K HEMY CHCTEM CHJ HaxOJWTCS B paBHOBecuH. [IpeHebperass TpeHHEM B
MecTaxX COYJICHEHHI, ONMPENeNuTh peakiuuun omnop 4 u B, a Takke yCHIIUs B CTEpXKHIX. Bec

cTepxHell He yuuTbiBaTh. HeoOxoqumble 1 pacy€ra JaHHbIE IPUBOJATCS B TaOIuLE S.

TaOnumna 5.
No
Bapua | G, H P,,H | P, H M, M, a b c a, B,
HTa HwMm |HwMm M M M rpan rpan
0 300 400 - 200 - 0,4 0,6 | 0,2 60 30
1 200 400 200 400 200 0,2 0,4 0,6 30 60
2 400 - 100 - 300 0,8 02| 04 - 30
3 600 200 - 200 - 0,6 08| 0,6 60 45




4 300 100 400 | 200 | 400 04 |06 02 45 30
5 200 200 - 300 - 06 (04 02 30 60
6 400 - 400 - 200 02 |08 04 - 45
7 600 200 400 | 200 | 600 08 |06 02 30 60
8 400 300 - 400 - 04 |06 04 60 45
9 200 - 200 - 400 08 (02| 04 - 60

3amava 5 (k Bapuantam 41 — 60) — puc. 19 — 22.
CxeMbl KOHCTPYKIIMI MpeacTaBieHbl Ha puc. 19 — 22 (Bap. 41 — 60). Haiitu peakuuu

ornop KoHcTpykiuu. Heo6xoaumele aist pacuéra JaHHBIE PUBEIECHBI B Ta0nuIe 6.

Tabnuna 6.
Ne a b c R r
BapHaHTa Q, H T H G, H cM cM cM cM cM
41 2 - 20 20 30 10 15 5
42 3 - 2 30 20 40 15 10
43 1 4 2 40 30 20 20 10
44 - 3 1 30 10 5 18 6
45 4 6 3 20 40 15 20 10
46 1 4 2 30 40 20 20 10
47 - 2 1 20 30 15 15 10
48 4 - 1 25 20 8 15 10
49 10 - 5 40 30 20 25 15
50 - 2 1 30 90 20 30 10
51 3 - 2 60 20 40 20 5
52 4 - 2 50 30 - - -
53 2 - 1 15 10 20 20 5
54 6 - 2 60 40 60 - -
55 4 - - 60 40 20 - -
56 2 - - 40 60 30 - -
57 - - 4 40 30 50 - -
58 10 - - 50 30 50 - -
59 - 4 3 15 20 15 15 10
60 5 - - 40 40 10 - -
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Conepxanue oTuéra:

— MPUMEP BBHINOJHEHUS 3a/laHUSl B METOAMYECKHX YKa3aHUSAX — IMpHUMEp OPOPMIICHHS
CaMOCTOSITENILHO BBIMOJIHEHHOTO CTY/IEHTOM JIa0OPaTOPHOTO 3a1aHHS;

— JIOIYCK K JJa0OpaTOPHBIM 3aHATHSIM IIPOUCXOAUT IPU HAIMYUHU Y CTYJEHTA PYKOIIMCHOTO
BapHaHTa OTYeTa. 3al[UTa OTYeTa MPOXOAMUT B (GopMe JOKJIada CTYIEHTa [0 BBIIOJHEHUIO
71a00paTOPHOIO 3aJaHUS U OTBETOB Ha BOIIPOCHI MPENOIaBATENS.

MaxkcumanbHOe KOJIMYECTBO OajuIoB  CTYIEHT MOJyd4aeT, eciii opopMIIEHHE OTYeTa
COOTBETCTBYET YCTAHOBJICHHBIM TPEOOBAaHUAM, a OTYET IMOJIHOCTBIO PACKPBIBAET TEMY 3aHATHUS.

OcHoOBaHMEM JJIs1 CHUKEHUEM OLIEHKU SIBJISIOTCA:

— cy1a00€e 3HaHNE TEMbl U OCHOBHOM TEPMHHOJIOTHH;

— OTCYTCTBHUE YMEHMSI IPUMEHATh TEOPETUYECKUE 3HAHUS JIJIS1 BBIIOJHEHUS
1a00paTOPHBIX 3aJaHU.

Otuet MOKeT OBITh OTIIPABJIEH Ha 10PAOOTKY, €CIIH:

— J1abopaTOpPHOE 33JaHUE BBIIIOJIHEHO HEBEPHO;

— HECOOTBETCTBHUE OTUETA YCTAHOBJIEHHBIM TPEOOBAaHUSAM;

— cnaboe 3HaHHe TEMbl U HEeIPaBUIIbHbBIE OTBETHI HA IOCTABJICHHbIE BOIIPOCHI.

Bomnpocs! 11 o0cyxkaeHus:

1. Buasl cBsizell 1 ux peakuuu (IIpoCTPaHCTBEHHBIE ONOPHI)?

2. AHanutrdeckas (hopMa yCIOBHI paBHOBECHSI IPOCTPAHCTBEHHOW CHCTEMBI: a)
CXOSALIMXCS CUJT; 0) MapauleNbHbBIX CHII; B) IPOU3BOJIBHOM CUCTEMBI CHIL.

3. AnreOpandyeckuii MOMEHT CHUJIbI OTHOCUTENBHO ocu. OCHOBHBIE CBOIICTBa MOMEHTa?

4. MoMmeHT napbl cui?

Jlureparypa:

1. Tapr C.M. Kparkuii Kypc TeopeTndeckoi MexaHuku. — M.: Bricmas mkona, 2010. —
416 c.

2. Memepckuii U.B., [TanemoB B.A., Mepkun [[.P. 3anaun no teopetudeckoit

Mexanuke: yueb.mocooue. — CI16.: Jlanp, 2010. — 448 c.

3. bate M.U., Ixanenunze I'.1O., Kenb3on A.C. TeopeTnueckas MEXaHUKa B IIPUMEPAX
u 3amadax. B 2-x 1. T. 1. Cratuka u kunematuka : yue6. nocobue. — CII6.: Jlansp, 2010. — 672 c.:
WiL.

4. Sl6nouckuit, A.A., Hukudopoa B.M. Kypc Teopermueckoif MeXaHUKU: CTAaTHKA,
KHUHemaTuka, nuHamuka. — M.: UnTerpan-IIpecc, 2007. — 608 c.

HurepHer - pecypcbl: Www.mashin.ru



Pa3nen 2. Kunematuka.

Tema 6. KuaeMaTtuka TOYKH.

5. Jlabopatopnas pabora Ne5. CKOpOCTh, YCKOPEHHE TOUYKH ITPH KOOPAUHATHOM CIIOCO0€

3aaHusl BMOKeHUs Toukd. Kiaccudukanys 1BHKEHUH TOYKH.

]_IeJ'IB 3aHATUA. KOOpI[I/IHaTHHﬁ croco0 3aaHusd JIBUXKCHHA TOYKH, CKOPOCTH TOYKH,

YCKOPCHHUEC TOYKH, KHaCCI/I(I)I/IKaI_II/IH JBIDKEHMH To4YkM. Peammzanus yqe6H0171 Jagsarese

1a00PaTOPHOTO 3aHATHS CIIOCOOCTBYET (POPMHUPOBAHUIO W PA3BHTHIO OOIICTIPO(ECCHOHATBHBIX

KoMIteTeHnui ooydaromerocs: OITK-1.
Opranm3anuonHas Gopma: aHATUTHIECKOE UCCIISIOBAaHHUE.
MeTtoaudeckie peKOMEeHIaluU K 1a00paToOpHOMY 3aHSITHIO:

Kparkwuii Teopetndeckuii 0030p:

KoopaunaThbiii croco6 3amanus aBmwkeHus Toukd X = x(t), y = y(t), z = z(t) -

NapaMeTpUICCKUC YPABHCHU ABUKCHUSA TOYKH.

z

Pucynok 24

o= ()% Ly = (Y)l; 0= (2) 0 =0y + Uy +Uz;

o |= Jo.F +©, F+ @, F = J&F +(F + @ F
ax=(x) '= (UX)l;

ay=(y) "= (o)

a;=(z) '= (UZ)l;

3aganue.
Touka IBMXETCS COTJIACHO ypaBHEHUsIM . X = 4 coS(nt/3) (cm);

= — 3 sin(nt/3)(cm). OnpenenuTh CKOPOCTh U YCKOPSHHE TOYKH B MOMEHT BpeMeHH t =1¢
2. CKOpOCTb TOUKH HAaXOJHUM I10 €€ MPOEKIHUIM Ha KOOPAMHATHBIE OCH:
Vy = dx/ dt = (4cos(nt/3))' = 4 - (-sin(nt/3)) - n /3 = — (4n)/3 - sin(nt/3);
Vy (1) = — ((4-3,14)/3) -\3/2 = —3,63 cmlc;
V, = dy/dt = (-3sin(nt/3))' = — (3-cos(nt/3)) - n/3 = — = cos(nt/3);



Vy (t) = -3,14+(1/2) = —1,57 em/c

ITo HaNAEHHBIM MPOEKLUAM ONPENENIIEM MOIYJIb CKOPOCTH TOUKHU:

V= V2 +V,° = J-(((47)13)-sin(at 13))? + (—7 - cos(at / 3))?

V= \/(_3763)2 +(-157)® =3,96 cm/c

3. YckopeHue TOuKH:

i _ 2
T chjtzx B d(;/tx = (- (4m)/3 - Sin(t/3))' = (- (4m)/3) w3 CoS(ntl3)) = o -cos(%);
_4.3142
ac= M L 5190w
9 2
dzy dVy T ] ﬂt 72_2 ) ﬂt
ay= =—L=(-ncos(nt/3))' = —m - =-sin(—=) = —sin(=);
Toodt? dt T cos(at/3)) "3 (3) 3 (3)
2
ayn) = 314 % =285 cm/c%;

ITo HaligeHHBIM OPOEKIUSIM ay (1) U ayt) OIIPEACIIIEM MOIYJIb YCKOPEHUS TOYKH.
® ()

2 2 4r’ m, At
a=.a +a, =,/(- -€0S(—=))" + (—-sin(—=))* ;
vao +a, \/( g SN + (5 sin()
A= \Ja +a,0° = (-219)* +(2,85)° =3,59 cm/c?;

V =396 cm/c; ag= 3,59 cm/c’;

OO6opynoBaHue U MaTepUabl: TETPab Ul 1a00paTOPHBIX paboT - B KIETKY - 48 IMCTOB; pyuyka
[IApUKOBas, [[BET YUEPHUJI B pyUKe IIAPUKOBOW — CHHUMN, YEPHBIN; KapaHaa npoctoi — M,2M;
KapaHaamy nBeTHsle — M,2M; nacTuk, TuHelka 10 25 ¢cM — JepeBo, IIACTUK, METAIL,
QTIOMUHHN; JIMHEWKa peciinaa 22¢M ¢ MeTalTndeckuM poiukoM YUII-22; tpadaper
rpapuueckux (yHKIMN; MUPKYIb METAIIMUYECKUH; KAIbKYJIATOP HHKEHEPHOTrO THIIA.
VkazaHuss 1O TEeXHHKE O€30MacHOCTH COOTBETCTBYIOT HOpMAaTHBaM JPrOHOMHUKU IpPHU

UCIIOJIb30BaHUM YKa3aHHOI'O 00OPY0BaHUS U MaTepHalIOB.
BBINOIHUTE caMOCTOSTENBHO:
3ananue 1. 3amanbl ypaBHEHUs JBUKEHMS TOUKH X = 21, y = t.Onpenenuts Bpems t, koraa

paccTosiHue OT TOYKHU JI0 Havajga KoopauHat gocturHet 10 wm. (4,47)

3ananue 2. JlaHpl ypaBHEHMsI ABM)KEHUS TOYKH X = £, y = sinfit | 7z = cosNt,
Onpenenuts MOTyJIb CKOPOCTH TOYKH B MOMEHT BpemeHH t = 1 c. (3,72)

3amanue 3. Toudka JABMXKETCS MO MPSMOM C NOCTOSHHBIM yckopeHuem a = 0,3 M/c?.
Onpenenutbh HaYaJbHYIO CKOPOCTh TOUKH, €CIIH 4epe3 6 ¢ CKOpPOCTh TOUKH CTajla paBHOM 3 Mm/c.

(1.2)



3amanne 4. CkopocTh TOYKM 3agaHa ypaBHeHuemM v = 0,2 t. Onpenenuts

NPSMOJIMHEHHYIO KOOPIMHATY TOUYKH B MOMEHT BpeMenu t = 10 ¢, eciu mipu to = 0, xo = 0. (10)

Conepsxanue oTuéra:

— MPHUMEP BBHIMOJIHEHUS 3a/aHUSl B METOAMYECKHX YKa3aHUSAX — MpHUMEP OPOPMIICHHS
CaMOCTOSITENILHO BBIMOJIHEHHOTO CTYIEHTOM JIa0OPaTOPHOTO 3a1aHHs;

— JIONYCK K J1Ta00paTOPHBIM 3aHATHSIM ITPOUCXOUT NPU HATMYHHU Y CTYJEHTA PYKOIIHCHOTO
BapHaHTa OTYeTa. 3allUTa OTYETa MPOXOAMT B (opMe IOKJIana CTyJASHTAa IO BBITOIHCHUIO
7a00paTOPHOTO 3aJaHMS U OTBETOB Ha BOIPOCHI MPETOAABATEIIS.

MaxkcumanbHOe KOJIMYECTBO OayuloB  CTYIEHT MOJyd4aeT, eciid opopMIIEHHE OT4eTa
COOTBETCTBYET YCTAHOBJICHHBIM TPEOOBaHUSM, & OTYET ITOJTHOCTBIO PACKPBIBACT TEMY 3aHSATHSI.

OcHoBaHMEM I CHUKEHHEM OLIEHKHU SBIISIOTCS:

— craboe 3HaHWE TEMbl U OCHOBHOM TEPMHHOJIOTHH,

— OTCYTCTBUC YMCHMUS IIPUMCHATH TCOPCTUICCKHUEC 3HAHUA JI BBIITIOJITHCHHA
71a00paTOPHBIX 3aJaHUH.

OTt4er MOKeT ObITh OTIPABIICH Ha TOPAOOTKY, €CIIH:

— mabopaTopHOE 33/1aHUE BBHITIOJTHEHO HEBEPHO;

— HECOOTBETCTBHE OTUETA YCTAHOBIICHHBIM TPEOOBAHUSM;

— cmaboe 3HaHWE TEMbI M HENPaBUIIBHBIC OTBETHI HA MIOCTABJICHHBIC BOIPOCHI.

Bomnpocs! 1uist 00cyKaeHus:

1. Koopaunataelit cioco0 3aaHus IBUXKEHUS TOUKU?

2. CKOpOCTh TOYKH IIPU KOOPAMHATHOM CIIOCO0€ 3a/TaHUS IBUKEHHUS TOUKH?

3. YckopeHre TOUKH IPH KOOPAUHATHOM CIIOC00€ 3a1aHus IBUKEHUS TOUKH?

4. CxkopocTtb Touku?

5. VYckopenue Touku?

6. [TpsimonuHeiHOe yCKOpeHHOe BH)KeHHE TOUKH. OCHOBHBIE KHHEMaTHUYECKHE
XapaKTepUCTUKN?

7. [IpsimonuneitHOe PaBHOYCKOPEHHOE JBUKCHHE TOYKH. OcHoBHbIE

KHHEMATHYCCKHEC XapaKTepI/ICTI/IKI/I?

8. [IpamonuHeiHOE 3aMENJIEHHOE ABWKEHHE TOYKH. OCHOBHBIE KMHEMATHYECKHE
XapaKkTEepUCTUKH?
9. [IpamonuneitHoe paBHO3aMEIJIEHHOE JIBUKECHUE TOYKH. OCHOBHBIE

KHMHEMAaTHU4YCCKUEC XapaKTepI/ICTI/IKI/I?

10.  [IpsimonmHeitHOE paBHOMEPHOE TBMKCHUE TOUKH?



11.  KpuBonuHeliHOE paBHOMEpPHOE IBUXKEHHE TOYKU. OCHOBHBIE KMHEMAaTHUYECKUE
XapaKTepUCTUKN?

12. KpuBonuueiiHoe 3amMejieHHOE ABWKEHUE TOYKA. OCHOBHBIC KHMHEMATHYECCKHE
XapaKTEePUCTUKU?
13. Kpuponuneiinoe paBHO3aMeIJIEHHOE JIBIDKEHHUE TOYKH. OcHOBHBIE

KHMHEMAaTHYCCKHEC XapaKTepI/ICTI/IKI/I?

14.  KpuBonuHeliHOE€ YCKOpEHHOE JBM)KeHHE TOYKH. OCHOBHbBIE KHHEMaTHYECKUe
XapaKTepUCTUKU?
15.  KpuoauneiiHoe PaBHOYCKOpPEHHOE JBUYKEHUE TOYKHU. OcHoBHbIE

KHMHEMAaTHYCCKHEC XapaKTepI/ICTI/IKI/I?

Jlureparypa:

1. Tapr C.M. Kparkuii kypc Teopetuueckoil mexanuku. — M.: Beiciias mkoma, 2010. —
416 c.

2. Mewepckuii U.B., [TanemoB B.A., Mepkun /[.P. 3agaun no reopetuueckoin

Mexanuke: yue6.mocooue. — CI16.: Jlanp, 2010. — 448 c.

3. bate M.U., [Ixanenunze I'.YO., Kenb3on A.C. TeopeTruueckass MeXxaHUKa B IPUMEPAX
u 3agadax. B 2-x 1. T. 1. CraTuka u kunematuka : yue6. nocobue. — CII16.: Jlansp, 2010. — 672 c.:
WII.

4. Sl6nouckuit, A.A., Hukudopoa B.M. Kypc Teopermueckoii MeXaHUKU: CTaTHKA,
KHHeMaTuka, nuHamuka. — M.: UaTerpan-Ilpecc, 2007. — 608 c.

WuTepHeT - pecypcbl: WWW.mashin.ru

6. JTaboparopHas padota Ne6. CKopocTh, yCKOPEHHE TOUKH NPH BEKTOPHOM criocode
3aaHus JBYOKEeHUsS Touku. Kimaccudukanus 1BHXeHUH TOUKH.

Henbp 3aHsATHS. BEKTOPHBIM crnoco0 3aJaHUsl JBUKEHHS TOYKH, CKOPOCTb TOYKH,
YCKOpEHHUE TOYKH, Kiaccupukanus JBWKEHUN Touku. Peanmuzauums ydeOHOM 1enu
7a00paTOPHOTO 3aHATUS CHOCOOCTBYET (POPMUPOBAHUIO M DPA3BUTUIO OOMIEKYJIBTYPHBIX U
npodeccnoHanbHbBIX KomnereHnuit odyuatomerocss OK—1, OITK-5.

Opranu3zannonHas popma: aHaJTUTHYECKOE HCCIe0BaHNUE.

MeTtoaudeckue peKkoMeHaluu K Ja00paTopHOMY 3aHSTHIO:

Kpatkuit Teopetrueckuii 0030p:

BexropHplii crioco0 3a1anus IBMKCHHUS TOUKH r=ryl + ryf +rk



X

Pucynox 25

Uy = (rX)l; Ly = (ry)l; Uz = (rz)l; U= l_Jx + l_Jy + l_Jz ;
[0 ]= Yo+, F + @ =6+ f (]
ax= () = (Ux)l;

a, = (ry) "= (vy)";

a,= () "= (Uz)l;

3ananue.
3amaua: Touka JIBHKETCS COTIACHO YPABHEHHIO I = t2 1+ 2t + 3k Onpenenuts MOIyITh
CKOPOCTH TOYKH B MOMEHT Bpemenu t =1 C.
BexTopHblit crioco0 3a1aHust IBHKEHUS] TOUKHU: r=t> 1+ 2tj + 3k
ox =( K)'=(3 )= 6t; vy =(1,)'=(2t)"=2 em/c?;
v, =(1)'=(3)'=0;
—
JE’:’-+ vh+ 03 = ||I (6?)2 +274+0° = \*m + 4
L= N

o(t) = V36-12+4 = V40 =632 2
v(t=1¢)=6,32 em/c?.
o(t=1¢)= 6,32 cm/c>.



OO6opynoBaHue U MaTepUaNbl: TETPAIb U 1a00PaTOPHBIX paboT - B KIETKY - 48 TUCTOB;
py4YKa IIapyuKoBas, [IBET YEPHUI B PyUKE MIAPUKOBOW — CHHUM, YEPHBIN; KapaHJalll POCTON —
M,2M; kapanjamu nBeTHsie — M,2M; nacTuk, JuHelka 10 25 cM — JiepeBo, MIACTUK, METAIL,
ATIOMHUHHN; JIMTHEWKA pecinaa 22¢M ¢ MeTaTndeckuM poiukoM YUII-22; Tpadaper
rpaduyeckux (GyHKIUN; MUPKYITh METAUIMYECKUH; KaTbKYIATOP HHKEHEPHOTO THIIA.

Vkazanuss 1o TeXHHMKE O€30MaCHOCTH COOTBETCTBYIOT HOPMATHMBAM HPrOHOMHUKHU MpHU

UCIIOJIb30BaHUH YKa3aHHOI'O 00OPYJ0BaHUS U MaTepHalIOB.

BBINONHUTE CaMOCTOSATEINIBHO:

3ananue 1. 3amaHbl ypaBHEHUs JBUKEHMS TOUKH X = 2t, y = t.Onpenenuts Bpems t, koraa
paccTosiHuE OT TOYKHU J0 Hayaja KOOPAUHAT AOCTUTHET 10 M.

Bananme 2. Touka JBHKETCS COMNTACHO ypaBHeHmio I = 0,6t° 1+ 6t] + 4K. Ompenemnts
MOJyJIb CKOPOCTH U MOJYJIb YCKOPEHHS TOUKM B MOMEHT BpeMeHu t = 1 C.

3anmanue 3. Toyka JBMKETCS COTJIACHO YPaBHCHHUIO = O,6t2 1+ 6t] + 4k. Onpenenuthb

MOJYJIb YCKOPEHUsSI TOYKH B MOMEHT Bpemenu t = 1 C.

Bananue 4. Touka JBHKETCS COrIacHo ypasuenmio = 0,6t% 1+ 6t] + 4k. Onpenemnts

MOJYJIb PaInyCca—BEKTOpa TOUKH B MOMEHT BpemeHu t = 1 C.

Copepxanue oTuéra:

— TpUMEp BHINIOJHEHUS 33/J]aHUS B METOJUYECKHX YyKa3aHUSX — Hpumep ohopMIICHHS
CaMOCTOSITENIHO BBIITOJIHEHHOTO CTYIEHTOM JIA00OPaTOPHOTO 3a/IaHus;

— JIOIYCK K JJaOOPaTOPHBIM 3aHATHUAM IIPOUCXOIUT IIPU HAJMYUHU Y CTYACHTA PYKOIIMCHOTO
BapuaHTa OTYETa. 3alluTa OTYETa MPOXOIUT B (PopMe MOKIaJa CTYICHTA IO BBINOIHEHHUIO
71a00paTOPHOTO 33JaHUS U OTBETOB Ha BOMPOCHI MPENO1aBaTeNsl.

MaxkcuManbHOE KONWYECTBO OayioB  CTYIAEHT IMOJIydaeT, eciu O(QOpMIICHHE OTYeTa
COOTBETCTBYCT YCTAHOBJICHHBIM TpC6OBaHI/I$[M, a OTYCT NOJIHOCTBIO PACKPBIBACT TCMY 3aHATHA.

OcHoBaHuEM JJIs1 CHUOKCHHUEM OLICHKU SABJIIAOTCA:

— crnaboe 3HaHWe TeMbl U OCHOBHOM TEPMHHOJIOTHH;

— OTCYTCTBHUE YMEHHUSI IPUMEHATH TEOPETUYECKUE 3HAHUS JITIS1 BBIMOTHEHUS
1ab0paTOPHBIX 3aaHUH.

OTyeT MOXKeT OBITh OTIPABJICH HA TOPAOOTKY, €CIIU:

— labopaTopHOE 3aJJaHUE BBITTOJIHEHO HEBEPHO;

— HECOOTBETCTBHE OTUETA YCTAHOBIIEHHBIM TPEOOBAHUSIM;

— cnaboe 3HaHHuE TEMBI U HCTIPAaBUJIBHBIC OTBETHI HA IMTOCTABJICHHBIC BOIIPOCHI.

BOHpOCLI JJIA O6CY)K,Z[CHI/I${I

1. BexTopHBbI# crioco0 3a1aHus TBIKEHUSI TOUKH?

2. CKOpOCTB TOYKHU ITPU BEKTOPHOM crocooe 3aJaHus IBUXKXCHUA TOYKU?



3. YckopeHre TOYKU PU BEKTOPHOM CIOCcO0€ 3a/1aHusl ABUKEHUS TOUKH?
4. CkopocTb TOUKU?
5. YckopeHue Touku?

6. IIpsMonuHeliHOE YCKOpEHHOE JBH)K€HHE TOYKH. (OCHOBHBIE KHHEMAaTUYECKUE
XapaKTePUCTUKU?

7. llpsamonuHeiiHOe PaBHOYCKOPEHHOE NBUXKEHHE TOYKH. OCHOBHBIE KMHEMAaTUYECKUE
XapaKTePUCTUKU?

8. IlpsaMonuHeiHOE 3aMeIUIeHHOE JBW)KEHHE TOYKH. (OCHOBHBIE KHHEMaTHYECKHE
XapaKTepUCTUKU?

9. IlpsamonuHeliHOE paBHO3aMEAJICHHOE JABM)KEHUE TOUYKU. OCHOBHBIE KMHEMATHYECKHE
XapaKTepUCTUKU?

10.ITpsimonmHEitHOE paBHOMEPHOE JBM)KEHUE TOUKH?

11.KpuBonuHeiiHOe paBHOMEpPHOE MABM)XEHHE TOUKH. (OCHOBHBIE KHHEMAaTUYECKUE
XapaKTePUCTHKU?

12.KpPIBOJ'IHHCI>iHOC 3aMCOJICHHOC JOBMXKCHHUC TOYKH. OCHOBHBIE KHHEMAaTHYECKHUE

XapaKTePUCTUKU?

13.KpuBonuHeiiHOe paBHO3aMeNJICHHOE IBI)KEHHE TOYKA. OCHOBHBIE KMHEMaTHUYECKHE

XapaKTePUCTUKU?

14 KpuBonuHeilHOE yCKOpEHHOE JBH)KE€HHUE TOYKU. OCHOBHBIE KHUHEMaTUUYECKHE

XapaKTepUCTUKN?

15.KpuBonuHeiiHOE PaBHOYCKOPEHHOE IBMKEHHE TOUKH. OCHOBHBIE KMHEMaTHYECKHE

XapaKTePUCTUKH?

JIureparypa:

1. Tapr C.M. Kparkuii kypc TeopeTuueckoi MexaHuku. — M.: Beicmas mkona, 2010. —
416 c.

2. Memepckuii 1.B., ITanemoB B.A., Mepkun J[.P. 3anaun no reopernyeckoit

MexaHuke: yueb.nmocobue. — CIIO.: Jlanb, 2010. — 448 c.

3. bate M.U., [Ixanenunze I'.1O., Kens3on A.C. TeopeTtnueckass MexaHUKa B IPUMEPAX
u 3amadax. B 2-x 1. T. 1. Cratuka u kunematuka : yue6. nocobue. — CII6.: Jlansp, 2010. — 672 c.:
WiL.

4. Sl6nouckuit, A.A., Hukudoposa B.M. Kypc Teopermyeckoil MeXaHUKH: CTaTHKa,
KHMHemaTuka, nuHamuka. — M.: UnTerpan-IIpecc, 2007. — 608 c.

HurepHer - pecypcbl: Www.mashin.ru



7. JlJabopaTtopHas padota Ne7. CKOpOCTh, YCKOPEHHE TOYKH IPH €CTECTBEHHOM CIIOCO0e
3aaHus JABIKeHUs Touku. Kinaccudukanus ABMKEHUN TOYKH.

Lenp 3aHATHA: €CTECTBEHHBIN CIIOCOO 3a/1aHUs ABMKEHHUS TOUYKH, CKOPOCTh M YCKOpEHHE
TOYKH, KacaTeJIbHOE W HOPMAJIbHOE YCKOPEHHWE TOYKH, PAAMYC KPUBU3HBI TPACKTOPHH,
KJaccuguKkanus IBrxKeHuil. Peanuzanus yueOHON 1enu 1abopaTOPHOro 3aHATHUS CIIOCOOCTBYET
GOpMUPOBAHHUIO U PA3BUTHIO OOUIEKYABTYPHBIX U HPOGECCHOHAIBHBIX  KOMIIETEHIIHMA
obyuaromerocs OK-1, OITK-5.

OpranuzannonHas ¢popma: aHAIUTHIECKOE UCCIICOBAaHHE.

MeTtoauuecke peKkoMeHIaluu K J1a00paTopHOMY 3aHSTHIO:

Kpatkwuit Teopernyeckuii 0030p:

1). S = S(t) — 3aK0OH ABMKEHUS NP €CTECTBEHHOM CIIOCO0E 3a1aHUsl IBHKCHUS TOUKH.

2). «+» ¥ «—» HanpaBJICHUS ABUKEHUS TOUKH. S

3). Touka 0 — TouKa Hayana OTcUYeTa.

. ds dv d°s 1?

I_,T = —j {1 = — = = j 1 , =
dt Toodt dt? " p ]
57 = / 2 2.
a=d,+d; lal = (a,)* + (a)% Pucynok 26
3aganue 1. CkopocTh Touky 3anana ypasaenuem 17 = (,2¢. Onpenenurs

KPUBOJIMHEHHYIO KOOPJIMHATY TOUKH S B MOMeHT BpeMenu t=10c , ecnu npu t,=10c, Sp=0.

Pucynox 27

+§=01=01-10°=10n

S=10m

3amanue 2. Touka aBxkeHms cornacHo ypasHenuroo S = (0,60, Onpemenurs nomHoe

YCKOPEHHE TOYKH B MOMEHT BpeMeHH t=2C , eCJIi pauyc KpUBH3HbI TpaekTopun 0 = 15M.



a, = Z_r = () =(0,6t3)" =(1,2t) = 112% > 0(const)-rouka  nBIKeTCS

o = =
KpuBOJIMHElHO paBHOyckopenno. T TT @, ;

2 fol o ERTAY- f4 212 4 2.272
v L5 Llg.et=t ) 11,28} 11,2-2) A
a:“:—: = = = :{]138 M}KC‘,
' op g 15 15 1

i

a= (@) + (a,)? = /(1,2)2+ (0,38)7 = /15,84 = 1,26m/c?;

-

a=d,+d,;
a=1.26 m/c®

OO6opynoBaHue U MaTepUaibl: TETPab sl Ja00PaTOPHBIX PabOT - B KIETKY - 48 JINCTOB;
py4Ka IIapUKOBas, [IBET YEPHUII B PYUYKE IIAPUKOBOM — CUHUH, YEPHBIM; KapaHAall IPOCTOU —
M,2M; kapanjanu upetHeie — M,2M; nacTuk, JuHeka 10 25 cM — JepeBo, MIACTUK, METAIL,
ATIOMUHUI; TUHEWKa pelicimHa 22¢M ¢ MeTaTHuecKkuM posiukoM YUII-22; tpadaper
rpapuueckux (YHKIMHA; HUPKYIb METAIMYECKUHN; KAIbKYJIATOP HHKEHEPHOIO THIIA.

VKazaHusi 1O TEXHUKE OE30MaCHOCTH COOTBETCTBYIOT HOPMATHBAaM 3pPrOHOMUKU MpU

WCIIOJIb30BAaHUY YKa3aHHOTO 00OPYIOBAHUS U MATEPUATIOB.

BBINOIHUTE CaMOCTOATENBHO:

3amanue 1. Touka nBUXKETCS MO KpPUBOMl co ckopocTeio V=0,5t; ompenenuts ee
KoOpauHATY S B MOMeHT BpeMenu t=10c, eciiu nipu t;=0 koopaunata So=0(25).

3amanue 2. Touka  JBMXKETCS IO  OKPY)KHOCTM  COIJIaCHO  YPaBHEHHUIO

S =t3+ 2t% + 3t. Onpenenuth KPUBOIMHEHHYIO KOOPIMHATY TOYKH B MOMEHT BPEMCHH

KOI'JIa ee KacaTeibHOe yckopenue d, = 16 M/c”
Baganue 3. [To OKpPYKHOCTM paauyca =7M IBUKETCS TOYKA COIJIACHO YPABHEHHMIO
S = 0,3t2. Onpenenuts Bpems, KOTr/ia HOpMaTbHOE yCKOpEeHHe Touku (,, = 1,5M/c* (5.40)

Conepsxanue oT4éra:

— IIpUMeEp BHINONHEHHS 3aaHUS B METOAMYECKMX YKA3aHHAX — IpuUMep 0QOpMIIECHHUS
CaMOCTOSATENBHO BBINOJIHEHHOTO CTYIEHTOM J1a00pPaTOPHOTO 3aJaHMS;

— JIOIYCK K JIa00paTOPHEIM 3aHATHSAM IIPOUCXOIUT MIPH HAIUYKMH Y CTYIEHTa PyKOIHMCHOTO
BAPUAHTA OTYETA. 3alMTa OTYETAa HPOXOAUT B (OpME JOKJIANA CTYAEHTA I10 BHINOIHEHHUIO
1abOpaTOPHOro 3aJaHMs U OTBETOB Ha BONPOCHI IPEIIOIABATEIS.

MakcuManbHOe KOJIMYECTBO OAllOB  CTYAEHT IIOIydaeT, ecad O(OpMIIEHHE OTdYeTa
COOTBETCTBYET YCTAHOBJIEHHBIM TPEOOBAHMUSAM, 4 OTYET IOJHOCTHIO PACKPBIBAET TEMY 3aHSATHSI.

OCHOBaHUEM T CHU)KEHHEM OLICHKH SIBIISTFOTCSL:

— c1a00€ 3HAHKME TEMBI ¥ OCHOBHOM TEPMHUHOJIOTUM;

— OTCYTCTBUE YMEHUS IIPUMEHATH TEOPETHUECKUE 3HAHMS JUIS BHITIOJHECHHMS
1a00paTOPHBIX 3aaHUH.

OT4eT MOXKeT OBITh OTIPABJICH HA TOPAOOTKY, €CIIH:



— mabopaTopHOE 3a/1aHUE BBHITIOJTHEHO HEBEPHO;
— HCCOOTBCTCTBUC OTUCTA YCTAHOBJICHHBIM TpC6OBaHI/ISIM;
- CHaGOe 3HAHUC TCMbI U HCIIPABUJIbHBIC OTBCTHI HA ITOCTABJICHHBIC BOIIPOCHI.

Bormpocs! 1u1st 00y 1eHus:

1. EcrecTBeHHbI# crocol 3a1anus ABMKEHUS TOUKU?

2. CKOpOCTb TOUKHU IPU €CTECTBEHHOM CIIOCO0€ 3a/1aHusl ABUKEHUS TOUKHU?

3. YckopeHHe TOUKH NPH €CTECTBEHHOM CIIOCO0€ 3a/1aHusl IBUKEHUS TOUKH?

4. HopmanbsHoe yckopenue Touku?

S. KacarenbHoe yckopeHHue TOuKu?

6. KpuBosnuHeiiHoe paBHOMepHOE IBM)KeHUE TOUKH? OCHOBHBIE KHMHEMAaTHUYECKUE
XapaKTepUCTUKH?

7. KpuBonuneiiHoe 3amennieHHoe IBUXKEHHE TOYKU? OCHOBHbBIE KMHEMaTHUYECKUE
XapaKTepUCTUKU?

8. KpuBosnuHeiiHoe  paBHO3aMEMJIEHHOE  JBM)KEHME  TOYKH? OcHoBHbIE

KHHEMAaTHU4YCCKUC XapaKTepI/ICTI/IKI/I?
9. KpHBOJ'IHHCﬁHOC YCKOPEHHOC JABUKCHHUC Touku? OCHOBHBIE KHHEMAaTHYCCKHE

XapaKTepUCTUKU?

Jlureparypa:

1. Tapr C.M. Kparkuii kypc Teoperuueckoir Mmexanuku. — M.: Bricmas mkona, 2010. —
416 c.

2. Memepckuii 1.B., ITanemoB B.A., Mepkun /[.P. 3agaun o reopernyeckoit

MexaHuke: yue6.nmocobue. — CIIO.: Jlanb, 2010. — 448 c.

3. bate M.U., [Ixanenunze ' .YO., Kenb3on A.C. TeopeTnueckas MexaHUKa B IPUMEPAX
u 3anayax. B 2-x 1. T. 1. Craruka u kuHemaTuka : yueo. mocodue. — CII6.: Jlanp, 2010. — 672 c.:
WII.

4. S6nouckuit, A.A., Hukudopoa B.M. Kypc Teopermueckoil MexaHUKH: CTaTHKa,
KMHEMaTuka, iMHaMuka. — M.: Marerpan-Ilpecc, 2007. — 608 c.

WurepHer - pecypcbl: Www.mashin.ru

Tema 8. KnnemMaTnka MexXaHU3MOB.
8. JIaboparopHas padota Ne8. [lepenaTounbie MexaHU3MbL. THITBI IEpEeIATOYHBIX
MexaHu3MoB. [lepegaTounoe yuco.
Llens 3aHATHS: IEpEIaTOYHBIC MEXAHU3MBI, THUITBI TIEPEIATOYHBIX MEXAHH3MOB,

nepeaaTouHoc 4uclio, KHHEMaTHYSCKUI aHaInu3 NepeAaTOUYHBIX MCXAaHNU3MOB —



npeoOpa3zoBaHe NOCTYIATEIIFHOTO M BPAIIaTeIbHOTO IBIKCHHS TBEPJIOTO Tella B MEXaHU3MaX.
Peanuzanus yueOHOH 1enu 71a00paTOPHOTO 3aHATHS CIOCOOCTBYET (POPMHPOBAHUIO U

pPa3BUTHIO OOIIEKYJIBTYPHBIX H MPO(ECCHOHAIBHBIX KOMITETEHIMH oOydaromerocss OK-1,
OIIK-5.

OpranuszannonHas Gopma: aHATUTHIECKOE HCCIIEIOBaHNE.

MeTtoanyeckre peKoOMeHIaluH K 1Jab0opaTOPHOMY 3aHATHIO:

Kparkwuii Teopetndeckuii 0030p:

[lepenaTounble MEXaHU3MBI — 3TO TAKHE MEXAHNU3MBI, B KOTOPBIX II€PEAaeTCs ABHKCHUE
OT BeIylIero 3BeHa K BeroMoMy. OCHOBHAsI XapaKTEePUCTHKA IEPEJAaTOYHOTO MEXaHH3Ma —
nepeaaTouHOe YHUCIIO.

i ==t=2=22 e w, " w,—~yIJIOBas CKOPOCTH BEAYIIETO U BEIOMOTO BaJIOB;
== 2

I'1 1 ' — painychl BEJOMOT'0 1 BEAYILEro BaJloB;

Z1 U Zp — 4iCII0 3yObeB BEIOMOI0 U BEIYILIEro 3y0uaThIX KoJjec.
Hanpumep: BHemHss 3y0uaras nepenaya
U = wr

Vg = Ua; Ty = wWalh

Pucynok 28

3ananue 1: I'py3 1 nogHumaercs ¢ momouislo jgedeaku, 6apadan 2 KOTOpoil Bpalaercs

COIJIACHO 3aKOHY ¢ = 5 + t*[paa]. Onpenenuts CKOPOCTh TOUuKH M GapabaHa B MOMEHT

Bpemenu t=1C, ecnu auametp 6apabana d=0,6m. (puc. 29)

M - S V

- 2 - M M
| 2
& :_"2

Pucynok 29 Pucynoxk 30

B ne6enxe rpy3 1 cBsazan ¢ 6apadbanom 2 THOKO# CBs3BIO (TpPOC, HUTH) — puc. 30



w, = (@) = (5+t?) = 2t- yruoBas ckopocTs OapabaHa 2.

pan d 0,6
wy(t=1c)=2"1=2—; r=—=—=0,3m;
1 2 2 x ’
vy =203 =06mnM/c

v, = 0.6 M/c

O6opynoBaHue U MaTepUaibl: TETPAIh IJIs JIAOOPATOPHBIX padOT - B KIETKY - 48 TUCTOB; py4Ka
IAPUKOBAs, IIBET YEPHUII B pYUYKE IIAPUKOBON — CHHMM, YEPHBIN; KapaHaa npoctol — M,2M;
KapaHJanu 1BeTHeie — M,2M; nacTuk, JIMHeka 10 25 cM — 1epeBo, MIIACTUK, METAILI,
ATIOMHUHHN; JIMTHEWKA pecinHa 22¢M ¢ MeTaTnYeckuM poiukoM YUII-22; Tpadaper
rpaduyeckux (GYHKIUN; MUPKYITh METAUIMYECKUH; KATbKYIATOP HHKEHEPHOTO THIIA.
Vkazanuss mo TeXHHMKE O€30MaCHOCTH COOTBETCTBYIOT HOPMAaTHMBAM HPrOHOMHUKHU TMpHU

WCIIOJIb30BaHUHU YKa3aHHOTO 000PYIOBAHHS U MAaTEPUAJIOB.
BBINOIHUATE CAMOCTOATEIBHO:
3aganue 1.

Koieco 1 Bpamaercs COriaacHoO 3aKOHY ¢y = 20t .

Onpenenutb CKOpOCTh TOUKH M KoJieca 2, eciu
paauycsl konec R1=0,8m, R,=0,5M u nepenatouHoe
upncno mexanusma i—? (16; 0,625) S

i
i1

3a,I[aHI/I€ 2. 3y6anoe Kojeco 3 BpalmacTCsa paBHOIICPEMEHHO C YIJTIOBBIM YCKOPCHUEM £,

=8paz/c®. OnpenenuTh MyTh, IPOHACHHEINA rpy30oM | 3a MPOMeKyTOK BpemerH t=3c, ecim

pamuycel R1= 0,8m, Ry=0,6Mm, r =0,4m. ['py3 1 B Hauane nBrxenus Haxoauics B okoe. (10,8)




3amanue 3. 3ybuartoe koseco 1 BpalaeTcs COrjiacHO 3aKOHY ¢, = 4t7.

Onpenenutb ckopocTh Touku M Kosieca 3 B MOMEHT BpeMeHH t=2c, ecnu paanycsl

R1=0,4Mm, R>=0,8Mm, r,=0,4Mm, R3:1M.(3,2)

3ananue 4. I'py3 3 aBukercs BHU3 corjacHo 3akoHy S=0,41,+8t-1(m).Onpenenutsb

CKOpOCTh TOUKM M Kojieca 1 B MOMEHT BpeMeHHU =1c¢, eciiu paguychl Kojiec paBHbl Ry=1,0M,

1,=0,4m, 11=0,8m. (35,2)

Conepxanue oTyéra:

— TpUMEp BBHINIOJHEHUS 33/JlaHHUS B METOJUYECKHX YyKa3aHUAX — HpumMep ohOopMIICHUS

CaMOCTOATCIIbHO BBITIOJIHEHHOT'O CTYACHTOM na60paTopHoro 3aaHud,

— JAOIYCK K JIa60paT0pHBIM 3aHATUAM IMPOUCXOOUT MPU HAJIMYUHN Y CTYACHTA PYKOIIUCHOI'O

BapHaHTa OTYCTA. 3aI_I_II/ITa OTUCTa IMPOXOJUT B (I)OpMC AOKJIaga CTYACHTa IIO BBIITOJHCHUIO

na6opaTopHor0 3aaaHus U OTBETOB HA BOIIPOCHI MMPETIOAaBaTeIIs.



MaxkcruManbHOE KOJMYECTBO OayuioB  CTYJAEHT IMOJIydaeT, eciu O(QOpMIIEHHE OTYeTa
COOTBCTCTBYCT YCTAHOBJICHHBIM Tp660BaHI/I$IM, a OTUCT NOJIHOCTBIO PACKPBIBACT TCMY 3aHATHA.

OcHoOBaHHEM JJIA CHUKCHHUEM OLCHKU ABJIAIOTCA:

— ciaboe 3HaHuEe TeMbl U OCHOBHOM TEPMHUHOJIOTHH;

— OTCYTCTBHUE YMEHHUSI IPUMEHITh TEOPETUYECKUE 3HAHUS JIJIS1 BBIMIOJTHEHUS
1ab0paTOPHBIX 3aJaHUM.

OTuet MOKeT OBITH OTIIPABIICH HA TOPAOOTKY, €CITH:

— J1abopaTopHOE 3aJJaHUE BBIIIOJIHEHO HEBEPHO;

— HECOOTBETCTBHE OTUETA YCTAHOBIIEHHBIM TPEOOBaHUSAM;

- CHaGOe 3HAHUC TCMbI U HCIIPABUJIbHBIC OTBCTHI HA ITOCTABJICHHLIC BOIIPOCHI.

Bompocs! 1uist 06cyxneHuns:

1. Omnpenenenue nocrynareabHOrO JBrbkeHust Tena? [IprMepbl ocTynaTenbHOro IBHKEHNS
Tena?

2. Teopemy 0 TPaeKTOPHSIX, CKOPOCTSIX M YCKOPEHHSIX TOUEK TeJIa, COBEPIIAFOIINX
MOCTYNATEIbHOE JIBHKEHNE?

3. Ormpenenenue BpamarensHoro aerkenus Tena? [pumepsi?

4. 3akoH WM ypaBHEHHE BPAILlaTEIbHOTO ABM)KCHUS TEJIa BOKPYT HETMOABUKHON ocu?

5. OmpeneneHue yriioBoH CKOPOCTH U YTIIOBOTO YCKOPEHHS?

6. Kak BbMUCTSIIOTCS YITIOBasi CKOPOCTh U YTJIOBOE YCKOpeHHUe?

7. Kakum 006pa3om BBOAUTCS TIOHSTHE O BEKTOpax YIIIOBOM CKOPOCTU U YTIIOBOT'O YCKOpEHUs?
MOXHO JI1 CKa3aTh, YTO OHM SABJISIOTCS CKOJMB3SIMMU BEKTOPAMH?

8. Kiaccudukaryro BpaliieHHii 1o yrioBoMy YCKOPEHHEO Tera?

9. BeBoa GopMyITBI 71T BEIMHCIICHHS JTMHSWHOM (OKPYKHO#) CKOPOCTH TOYEK TeJIa,
BpAIIAFOIIETr0CsS BOKPYT HETIOABIKHOM OCh?

10 Cocrapmsronye yCKOPEHHs TOUEK Tefa, COBEPILAIOIIETO BPAILIEHUE BOKPYT HETIOBHKHON
ocu? Ilo kakuM opmynaM OHHM BBIYUCTIFOTCS?

11. ®opmysty 1s BEIMUCIEHHS MTOIHOTO YCKOPEHHUS TOUEK Tefa, BPAILAIOIIEerocs: BOKPYT
HETIOJBIKHON OCHU?

12. TlepenaTounbiec MEXaHU3MBI - BHEITHEE 3y0UaToe 3alrerieHue, BHyTpeHHee 3yduaToe
3areruieHre(ppuKImoHHas Tiepeiaya), TMHOKUE CBSI3U, MEXaHU3M C KPAaTHBIM 3aIlleTUICHHEM,

MEXaHU3M C Mapa3UTHBIMU KoJlecaMu?
13. IlepenarouHoe uncmno?

JIureparypa:

1. Tapr C.M. Kpatkuii kypc Teopernueckoil Mmexanuku. — M.: Beicmas mikona, 2010. —



416 c.
2. Memepckuii 1.B., ITanemoB B.A., Mepkun J[.P. 3agaun o reoperndeckoit

Mexanuke: yaeb.mocoodue. — CII6.: Jlans, 2010. — 448 c.

3. bate M.U., Ixxanenunze [.10., Kenb3on A.C. TeopeTndeckas MexaHUKa B IpUMeEpax
u 3amavax. B 2-x 1. T. 1. Craruka u kuHemaTuka : yueo. mocodue. — CII16.: JIanp, 2010. — 672 c.:
WII.

4. S6nonckuii, A.A., Hukudopoa B.M. Kypc Teopermueckoil MexXxaHHKH: CTAaTHKa,
KMHEeMaTuka, nuHamuka. — M.: Marterpan-IIpecc, 2007. — 608 c.

WuTtepHeT - pecypcesl: WWW.mashin.ru

9. JlabopaTtopHas padota Ne 9. KunemaTudyeckuii aHaau3 rnepeaaTouHbIX MEXaHU3MOB.
Llenp 3aHsTHS: IEpEIaTOYHBIE MEXAHU3MbI, TUIIBI TIEPEIATOYHBIX MEXAaHU3MOB,
NepeaTOyHOe  YHCIIO, KHHEMAaTHYEeCKUN aHaIN3 IePeIaTOYHbIX MEXaHU3MOB —
npeoOpazoBaHre MOCTYNATEILHOTO U BPAIlaTeIbHOTO JBUKEHHS TBEPAOrO Tella B MEXaHU3MaX.
Peanuzarnus yueOHON 1enu J1abOpaTOpPHOro 3aHATHS CHOCOOCTBYET (DOPMHPOBAHHIO U

Pa3BUTHIO OOMICKYIBTYPHBIX M TMPOPECCHOHAIBHBIX KOMIETeHIMH oOyuatomerocss OK-1,
OIIK-5.

OpranuzannonHas popma: aHAIUTHIECKOE UCCIICIOBaHHE.

MeTtoaudeckue peKoMeHIaluu K J1a00paTopHOMY 3aHSITHIO:

Kpartkuit Teopernyeckuii 0030p:

[TepenaTounbie MEXaHU3MBI - 3TO TAKWE MEXAHU3MBI, B KOTOPBIX TIEPEIAETCs JBUKEHNE
OT BEIYyILEro 3BeHa K BeqoMoMy. OCHOBHAs XapaKTEepHUCTHKA I€PEIaTOYHOI0 MEXaHU3Ma -

NnepeAaTOIHOC YUCIIO.

£
t

[ =—=-*===rIe w; N w,-yIJIOBas CKOPOCTh BEAYIIETO U BEAOMOI'0O BaJIOB;

¥
"

[TH

I1 ¥ I, — paInyChl BEIOMOTO U BEIYIIIETO BAJIOB;
Z1 M Zp — 9UCII0 3yObEB BEJIOMOTO M BEYIIETO 3yOUaThIX KOJIEC.

Hanpumep: BHemHss 3y0yaras nepenaya

gy
[

2 Ty = wWa Ty




3aganue 1.

Jano: o1 = 5t—2t2; ti=2c;ti=2cm; Ri=4cem; 1o=6cm; R, =8 cm; 13=12 cm; Rz =16
cM;

Omnpenenuts: Us; Uy, €] oc; 04;

O0603HaYNM CKOPOCTH TOYCK, JISKAIINX Ha BHENIHUX 000/1ax Koiec (paxuyca R;) — gepes
Uj, a Touek, JeKalmX Ha BHYTPeHHUX 060/1ax ( paguyca tj) — depes Uj. — prc.31

Peiika 4, crynenyarsie kojieca 3 paauycamu Rz u 13 1 koseco 2 ¢ paguycamu Ry u 12
HaxOJSITCS B 3alICTUICHUH; KOJIECO 2 CBSI3aHO ¢ KoyiecoM 1 peMeHHo# nepenaveit. Ha Bai 1

HAMOTaHa HUTH ¢ Ipy3oM 5=>Us=U1=w17;=(5"2 — 2-22)-2 =4 “M/c;

|
A A

fit]|

Pucynok 31

Taxk xak koneca 2 u 1 cBa3aHBI peMeHHON nepenaueii , => U = Uy => 01R1 = 012; Uy =
2
0212 => 01R1 = 02R2 = 0, = (5:2-2-29)-4 = 8 V/¢;

@R, _ (5-2-2-2°)-4 2.4 pao .

o1R1 = w1 => wy = =1,33 ¥—;

1R1 = 0212 2 ., 5 5 ;
d R R -(5t-2t) _ R -(5-4t

= 22 = dfeR)_R-6 ) = Rl )—erIOBoe ycKOpeHHue Kojeca 2
dt dt \ 7, 7, 7,

4-6-42) _ ,o

€2 B MOMEHT BPEeMEHHU 11 = 2C gx1) = 5

€2 U (02 Pa3HOI'0 HAIpaBJICHUS => Bpalll€HU: KoJieca 2 3aMCIOJICHHOC



o,R,

Tak kak KoJjieca 2 U 3 HaXOAATCS B 3alleIUIEHNU => 0Ry = m3R3; Uy = Uz => w3 = R
3

= —1’338 = 0167 p;da,

C

€3— YIJIOBOE YCKOpEHHE KoJjieca 3;

ca = do, - d(o,R,) - oR R, — 4-8-(5-4t) — 4-8-(5-4-2) —_4 pao
Todt T dt(R) 7, R 6-16 6-4 N

€3 U 03 pa3Hor0 HaHpaBJ’IeHI/I}I == BpaH_[eHI/IC KoOJIeca 3 — 3aMCIJICHHOC.
0" = w3 R3=0,67%16=0,45-16 = 7,18 “/c?;
o' = £3'Ra =416 = 64/,

(ac) = " +a,” = /7187 +64? = /5159 +4096 = 64.4 /c’;

Taxk kak kojieco 3 u peiika 4 HaXOAATCs B 3aLEIIEHUH, TO V3=Vs => 03R3 = vy;

R o, R, R
4= dl)4 - d(a)3 3) — 2 2 3 (= dea)z = RZ'SZZ 8,2 = 16 CM/CZ;
dt dt R, dt

V5= 4 e v,= 8 e 2= — 2 ¢ o = 64.4 ©V/c?; ag = 16 /e

O6opynoBaHue U MaTepUaNbl: TETPaIb UL 1a00PATOPHBIX padoT - B KIETKY - 48 IMCTOB; pydyka
HIapUKOBAasi, IBET YEPHUJI B PyUKe IIAPUKOBOM — CUHUH, YEPHBII; KapaHaall npoctoi — M,2M;
KapaHJanm 1BeTHeie — M,2M; nacTuk, JIMHeWKa 10 25 ¢M — 1epeBo, MIIACTUK, METAILI,
ATIOMHUHHN; JIMTHEWKA pecIinaa 22CM ¢ MeTaTnYeckuM poiukoM YUII-22; Tpadaper
rpaduueckux (QyHKIUN; TUPKYIh METALTHYCCKUN; KATbKYJISTOP HHKEHEPHOTO THIIA.
VYkazaHuss 1o TEXHHMKE O€30MaCHOCTH COOTBETCTBYIOT HOpPMAaTHBaM JSPrOHOMHUKHU TIPH

UCIIOJIb30BaHUM YKa3aHHOT'O 00OPY0BaHUS U MaTepHalloB.

BBINOTHUTE CAMOCTOATENBHO:

3agadue 2.

JBrxenue rpy3a | TOMKHO OMMCBIBATHCS YPABHEHUEM

X=C2t2 + Cqit +Cy,

rae t—Bpems; Cp, Cq, Co - HEKOTOpPBIE TOCTOSIHHBIE.

B nauvanbHbiil MoMeHT BpeMenH (t = 0) koopauHarta rpysa J0JKHa ObITh Xg, @ €r0
cKopocTh — Vp.

Kpome Toro, Heo6xo1umMo, 4To0bI KOOpAMHATA TPy3a B MOMEHT BpeMeHH t = =t Obuia
paBHa X .

Onpenenuth kodpdunments C; , Cq, Co, MPH KOTOPBIX OCYIIECTBIISIETCS Tpedyemoe
JBIKEeHHE rpy3a 1. Onpeaenuts Takke B MOMEHT BpeMeHH t = 13 CKOpOCTh M ycKopeHue rpy3al u

TOYKH M OJHOTrO M3 KOJIEC MEXaHU3MA.



CxeMbl MEXaHH3MOB TIOKa3aHbI Ha puc. 32 — 35, a He0OX0IMMBIC TaHHBIC TIPUBE/CHBI B

Tabimre 1.

Ta6muma 1.
- Pacaermie
Honiop Paauycs:, o k°°pn"“f;;‘m" I“"""‘”“ MOMEHTM
SapRaNTS npesen, ©
(prc.
68 — 70) R, r, R, ry Xgr M [ Vg, em/c | xp oM N n
1 60 45 6 - 2 12 173 <, 2
2 80 - 60 | 45 -~ 10 41 2 1
3 100 60 75 - 8 6 40 -+ 2
B S8 45 60 - 4 “ 172 4 3
5 80 | — 45 | 30 3 15 102 3 2
6 100 60 30 - 7 16 215 4 2
7 45 35 105 - 8 5 124 Bl 3
8 35 10 10 - 6 2 111 3 2
9 40 30 15 = 10 7 48 2 1
10 15 - 40 3s 5 3 129 Bl 3
I 40 25 20 -~ 9 8 65 2 |
12 20 15 10 - 5 10 179 3 2
13 30 20 40 - 7 0 557 5 2
14 15 10 15 - 6 3 80 2 |
15 15 10 15 - 5 2 189 Bl 2
16 20 15 15 - 4 6 220 < 3
17 15 10 20 - 8 Bl 44 2 1
18 20 15 10 - 3 12 211 B 1
19 15 10 20 - 5 10 505 5 3
20 25 15 10 - 10 8 277 3 1
21 20 10 30 10 6 5 356 5 2
22 40 20 35 - 7 6 103 2 1
23 40 30 30 15 S 9 194 3 2
24 30 15 40 20 9 8 105 4 2
25 50 20 60 - ® 4 119 3 2
26 32 16 2 16 6 14 862 & 2
27 40 18 40 18 5 10 193 2 1
28 40 20 40 15 8 5 347 3 2
29 25 20 50 25 el 6 32 2 1
30 30 15 20 - 10 7 128 2 1







Pucynoxk 33



Pucynox 34






Conepxanue oTuéra:

— MPHUMEp BBHIMNOJHEHUS 3a/aHUsI B METOAMYECKHX YKa3aHUSX — MpUMEp OPOPMIICHHS
CaMOCTOSITENILHO BBIMOJIHEHHOTO CTY/IEHTOM JIa0OPaTOPHOTO 3a1aHHS;

— JIOIYCK K TaOOPaTOPHBIM 3aHATUAM MPOUCXOIUT MIPU HAMYUU Y CTYACHTA PYKOIHCHOTO
BapHaHTa OT4YeTa. 3al[UuTa OT4YeTa MPOXOIUT B (opMe MOKiIana CTYIAEHTa MO BHIIOJHEHHUIO
71a00paTOPHOIO 3aJaHUS U OTBETOB Ha BOIIPOCHI MPENOIaBATENS.

MaxkcumanbHOe KOJIMYECTBO OajuIoB  CTYIEHT MOJyd4aeT, eciii opopMIIEHHE OTYeTa
COOTBETCTBYET YCTaHOBJICHHBIM TPEOOBAHUSAM, a OTYET MOJIHOCTHIO PACKPBIBAECT TEMY 3aHSTHSL.
OcHoBaHMEM I CHUKEHHEM OLICHKH SBJISIOTCS:
— cy1a00€e 3HaHNE TEMbl U OCHOBHOM TEPMHHOJIOTHH;
— OTCYTCTBHE YMEHUS PUMEHATH TEOPETUUECKUE 3HAHUS JIJIS1 BBIIOJTHEHUS
71ab0paTOPHBIX 3a/1aHUM.
OTt4er MOKeT ObITh OTIPABIIEH Ha TOPAOOTKY, €CIIH:
— J1abopaTOpPHOE 33JaHUE BBIIIOJIHEHO HEBEPHO;
— HECOOTBETCTBHUE OTUETA YCTAHOBJIEHHBIM TPEOOBAaHUSAM;
— cnaboe 3HaHUE TeMbI i HEeTIPaBUJIbHBIE OTBETHI HAa TOCTABIICHHBIE BOIPOCHI.
Bonpocs! muist 06cyxaenus:
1. Onpenenenrie mocTynareabHOro AMKeHus Tena? [Ipumepsl MOCTynaTenbHOro IBKEHUSI
Temna?
2. Teopemy 0 TPaeKTOPHSIX, CKOPOCTSX U YCKOPEHHMSIX TOUEK Tella, COBEPILIAIOIIMX MOCTYNaTeIbHOE
JIBIDKEHHE?
3. Onpenenenue BpanaTenbHOro aBrkeHus tena? [Ipuvepsi?
4. 3aKOH WM ypaBHEHHE BpAIIATEIbHOIO JBUKEHUSI T€Ia BOKPYT HEMOABUKHONW OCH?
5. Onpezienenye yriioBoi CKOPOCTH U YITIOBOTO YCKOPEHHS?
6. Kak BEIMHCIISFOTCS YIIIOBast CKOPOCTB U YITIOBOE YCKOpEHHE?
7. Kaxum 006pazoM BBOAMTCSI TIOHSTHE O BEKTOPaxX YIIIOBOH CKOPOCTH M YTJIOBOTO YCKOPEHHS?
MOo’KHO JI1 cKa3aTh, YTO OHU SIBJISIOTCS CKOJB3SILMMH BEKTOPaMU?
8. Kiaccurkarmro BpartieH¥ i 1o yriioBOMY YCKOPEHHIO Tesa?
9. BbIBoA (hOopMyITBI 1151 BEIYMCIIEHNS! IMHEHHOM (OKPYKHO) CKOPOCTH TOUEK TeJIa, BPAILiatoIerocs
BOKPYTI" HEMOJIBMKHOM OCH?
10. Cocrasrsirorye YCKOPEHHsI TOUEK Tea, COBEPIIAFOIIETO BpaIeHIE BOKPYT HEMOABMYKHOM OCH?
ITo xaxum opmyaam OHU BBIYUCISIOTCS?

11. ®opmyity 11 BBIYMCIEHHS TTOJTHOTO YCKOPEHUSI TOUEK Tella, BPaILlatoIIerocsi BOKpYT

HEITOIBIKHOM ocH?



12. IlepenaTrounble MEXaHU3MBI - BHEIIHEE 3y0UaToe 3aleuieHue, BHyTpeHHee 3y0uaToe
3areruieHne(ppuKImoHHas mepeaya), THOKUE CBSI3U, MEXaHU3M C KPAaTHBIM 3allCTUICHHEM,
MEXAHU3M C [Tapa3uTHBIMU KosiecaMu?

13. Ilepenarounoe yucno?

14. KunemaTrueckuii aHanu3 nepeaaToyHbIX MEXaHU3MOB —
mpeoOpazoBaHre NOCTYNATEILHOTO U BpaIllaTeIbHOTO ABMKEHUS TBEPIOTO Tella B MEXaHU3MaXx.

Jlureparypa:

1. Tapr C.M. Kparkuii kypc TeopeTudeckoil Mmexanuku. — M.: Beicimias mkona, 2010. —
416 c.
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3. bate M.U., Ixxanenunze [.10., Kenb3on A.C. TeopeTndeckas MexaHHUKa B IpUMeEpax
u 3agadax. B 2-x 1. T. 1. Cratuka u kunematuka : yue6. nocobue. — CII6.: Jlansp, 2010. — 672 c.:
WiI.

4. Sl6nouckuii, A.A., Hukudopoa B.M. Kypc TeopeTnueckoil MEXaHUKU: CTATHKA,
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Beenenne

Lenb 1 3a1a4M OCBOCHUSI TUCIUIUIMHBI OPUEHTUPOBAHbI Ha (POPMHUPOBAHUE U PA3BUTHE
OOIIEKyIbTYPHBIX U IPO(GECCHOHATBHBIX KOMIIETCHIIUN Oyaymiero cnenuanucta. Llensb
JTUCIUIUIMHBL. 1aTh MPECTaBICHUE O MIPeIMeTe KIaCCUYECKO MeXaHUKHU, BKIIOYas Kak
duznyecKkre ee OCHOBBI, TaK U MU HepeHITNATEHO-TEOMETPUYECKHIE aCTIEKThI C UCTIOIB30BaHUEM
TPaJULUOHHBIX MOJIeNIe! ABIKYIIUXCS OOBEKTOB U Cpelibl. 3a/1a4l TUCUUIUIMHBL: H3y4YeHUe
KJIAaCCUYECKOM MEXaHUKH, T.€. MEXaHUKH, OCHOBAaHHOM Ha 3aKoHaxX HproToHa, C
bopMyIIHpOBKaMH 33/1a4 C TEXHUYECKUM COZAEpKaHUEM U MTPUEMaMHU PEIICHUs TaKuX 3a/1a4
CpeJCTBaMU MaTeMaTHYECKOro aHanu3a. Llenn u 3agaun TUCIUIIIIMHBI COOTHECEHBI C OOIIUMHU
LEJISIMH OCHOBHOM 00pa30BaTeNbHOM MPOrpaMMbl U KBaTU(PUKAIMOHHBIMU XapaKTEPUCTUKAMHU
cnenuanucra. M3ydenue TeopeTHUeCKod MEXaHUKHU B 0a30BOM 4acTH 0O0MIenpodhecCHOHATBHBIX
JTUCIUILIMH CIIOCOOCTBYET (OPMUPOBAHUIO U PA3BUTHIO MPOPECCHOHATBHBIX U KYJIbTYPHBIX
KOMIIeTeHIMi Oyaymiero cnenuanucta. Mmkenep no cnenuansaoct 21.05.06 Hedrerazossie
TEXHHMKA ¥ TEXHOJOTHH JIOJDKEH peliaTh cieayromnye npodeccuoHalbHble 3a1a4u:
- OCYLIECTBJIATH TEXHOJIOTMYECKHUE MTPOLIECCHI CTPOUTENBCTBA, PEMOHTA, PEKOHCTPYKLIUU U
BOCCTAHOBJICHHSI HE(DTSHBIX U Fa30BBIX CKBAXHUH Ha CYIIIE U Ha MOPE;
- OKCIUTYaTHPOBATh U 00CITY)KMBATh TEXHOJIOTMUECKOE 000PYJOBaHUE, UCTIONB3yEMOE TIPH
CTPOUTENBCTBE, PEMOHTE, PEKOHCTPYKIIMHU U BOCCTAHOBIICHUH HE(PTSIHBIX U T'a30BbIX CKBAXKHH Ha
CyllI€ U Ha MOpE;
- OCYIIECTBIIATh TEXHOJIOTHYECKHE MPOLIECChl JoObIUM HePTH U ra3a, cOopa u MOArOTOBKU
CKBaKMHHOW MPOYKLIHH;
- OKCILTyaTUPOBATh U OOCITYKUBATh TEXHOJIOTUYECKOE 000PYI0BaHKE, UCTIOIB3YeMOE MIPH
no0brue HeTH ¥ ra3a, cOope U MOJATOTOBKE CKBAKUHHOM MPOTYKITHH;
- OKCILJTyaTUPOBATh U OOCITYKUBATh TEXHOJIOTUYECKOE 000PYI0BaHKE, UCTIOIB3YEeMOE MIPH
TpyOOIPOBOJHOM TpaHCTIOpTE HE(TH U rasza, MOJ3eMHOM XPaHEHUH Ta3a,
- aHAJIM3UPOBATH HH(GOPMAITUIO MO TEXHOJOTHYECKUM IMPOIIeccaM U TEXHUYECKHM YCTPOIiCTBaM
B 00nacTu OypeHusi CKBaKuH, 100bIYM HE(TU U raza, IPOMBICIOBOIO KOHTPOJIS U
pEryIMpoOBaHUS U3BJICUEHUS YIIIEBOIOPOIOB Ha CyIIe U HAa MOPE, TPYOOIIPOBOJHOTO TpaHCTIOPTa
He(TH U Ta3a, MOA3EMHOTO XpaHEHHs ra3a, XpaHeHHus U cObiTa HePTH, HeYTENPOTYKTOB U
CKIDKEHHBIX T'a30B;
- IPOBOJIUTH PETIIAMEHTHPOBAHHBIC METOAMKAMH YKCIIEPUMEHTAIBHbIC UCCIICOBAHUS
TEXHOJOTHYECKHUX MPOIECCOB U TEXHUUYECKUX YCTPOMCTB B 00JIaCTH OypEeHUs CKBaXKHH, JOOBIYU
He()TU U rasa, IpOMBICIOBOI0O KOHTPOJISI U PETYJIMPOBAHUS U3BJICUEHUS YIIIEBOAOPOIOB Ha CYIlIe
U Ha MOpe, TPyOOIIPOBOJHOTO TPaHCTIOpTa HE(TH U ra3a, MOJ3eMHOTO XPaHEHHsI Ta3a, XpaHEHHs
u cObITa He(PTH, HEPTENPOITYKTOB M CKIKEHHBIX T'a30B;
- BBIMOJIHATH CTATUCTUYECKYIO 00pabOTKY pe3yabTaTOB 3KCIIEPHUMEHTOB, COCTaBIATh OTYETHYIO
JIOKYMEHTAIHIO.
- coOUpaTh U MPEJCTABIATH 110 YCTAHOBJIEHHON (hopMe HCXOAHbIE JaHHbIE Ul Pa3paboTKH
NPOEKTHOM TOKyMEHTAIlX Ha OypeHre CKBaKHH, TOObIYy HEQTH U Ta3a, IPOMBICIOBBIN
KOHTPOJIb U PETYIMPOBAHNE U3BJICUCHUS YTIIEBOI0POIOB HA CYIIE U HA MOPE, TPYOOIIPOBOIHBIN
TpaHCNOPT He(TU U rasa, HOJ3EMHOE XpaHEHHE ra3a, XpaHeHHUe U CObIT HePTH, HePTENPOAYKTOB
U CO)KMDKEHHBIX Ta30B,;
- COCTaBJIATh B COOTBETCTBHH C YCTAaHOBJICHHBIMH TPEOOBAHUSIMH THUIIOBEIE ITPOEKTHHIE,
TEXHOJIOTUYECKUE U paboune TOKYMEHTHI,
- y4aCTBOBAaTh B COCTABJICHUU MPOCKTHBIX PEUICHUH 110 YIPABJICHHUIO KAYECTBOM B
He(Tera30BOM IMPOU3BO/ICTBE.

Kommnerenum oOydaronierocs, GopMupyeMbI€ B Pe3yJIbTaTe OCBOCHUS TUCIUATIIINHEI.

Kog DopMyIHpPOBKA:

OIIK -1 — CnocobeH pemaTh 3aJ1a4i, OTHOCSIITUECS K MPOGECCHOHAIBHON IeITeTbHOCTH,
MPUMEHSIS METOIbI MOJEIUPOBAHUSI, MATEMAaTHUECKOTO aHAJIN3a,
eCTeCTBeHHOHayLIHI)Ie nu 06I_HeI/IH)KeHepHBIe 3HAHUI.




B pe3yabTaTe 0CBOCHHS TUCHUILIHHBI 00yYAIOIIHUICH 10JIKEH
3namy:
— MOHSITHS TEOPETHUUECKON MEXaHUKH,
— 3aKOHBI MEXaHUKH;
— TEOPEMbI TEOPETUYECKON MEXaHUKH;
— IPUHIIUIBI TEOPETUUECKON MEXaHUKH.

Ymems:

— peuiaThb MPAKTUYCCKUC C UCIIOJIB30BaHUCM CII0CO00B U METOA0B MCXaHUKHU,
— p€uiaTh MPUKIAAHBIC 3a/la4X C UCII0JIb30BaAHUEM croco0oB u METOJA0B MCXAaHUKH,

Braoemy:

— HaBBIKAMHM PEILIEHUS] MPAKTUUYECKUX 3a/lay C UCIOJIb30BAaHUEM CIIOCOOOB U METO/IOB
TEOPETUYECKON MEXAHUKHU;

— HaBBIKAMHM PEIICHUS MPHUKIAIHBIX 33/1a4 C UCIIOIB30BAaHHEM CIIOCOOOB U METO/IOB
TEOPETUYECKON MEXAHUKHU.

2. O0masi XapaKTepuCTHKA CaMOCTOSITeIbHON PadoThl CTyIeHTa

OCHOBHBIMH BHJaMH Y4e€OHOH pabOTBl TO JOCTIKEHHIO pPE3YJIbTaTOB OCBOCHUS
JUCLUMIUIMHBL  SIBIISIIOTCS  JIGKLIMM, TpaKkTU4ecKue paboTel, JjabopaTopHble padOThl U
camocrosiTeNbHas pabota ctyaentoB (CPC).

Ha nexnusix pacKpbIBalOTCSI OCHOBHBIE IOJIOKEHMSI M TOHATUSA Kypca, (OpMHPYIOTCA
3HaHUS B 00JACTH MPAKTHYECKHX M JaOOpaTOpHBIX paboT Mo TeopeTndyeckoil mexaHuke. Ha
NPaKTUYECKUX M J1a00paTOpHBIX paboTax (GOPMHUPYIOTCS YMEHHs U HaBBIKH, HEOOXOJUMBIC IS
peIIeHNs MPaKTHYECKUX U MPUKITIATHBIX 3a/1a4 TPOPECCUOHATBHON IEATEIIbHOCTH.

[Ipuctynas kK U3y4eHHIO y4eOHOM TUCLMIUIMHBI, HEOOXOIUMO O3HAKOMUTHCS € ydeOHOH
IIPOrpaMMoOii, MOTY4YUTh B OMOIMOTEKE UM Ha Kadeape peKoMeH10BaHHbIe ydeOHble mocodus, a
TaKXKe IMOJIY4YUTh Yy BEAYIIEro IpernojaBaTesis B AJIEKTPOHHOM BHJE KOHCIEKTHI JIEKLUH,
METOJIMYECKUE PEKOMEHIAlIUU K MIPAKTUUECKUM U Jab0paTOpHbIM paboTaM, 3aBECTU OT/AEIbHBIE
TeTPaau JJisl KOHCIIEKTUPOBAHMS JIEKIMH, IPAaKTHYECKUX padoT, 1abopaTopHBIX padoT.

JUia u3ydyeHUs AMCLUMIUIMHBI IPEAaraercsi CHUCOK OCHOBHOM M JIOMOJHHUTEIbHOM
autepaTypel. OcCHOBHas JUTepaTypa MpelHa3HayeHa JUIsi  00S3aTelbHOr0  H3Y4YEeHHs,
JIOTIOJTHUTENIbHAS — TIOMOXET 0Oosiee IIYOOKO OCBOMTH OTJIEJbHBIE BOINPOCHI, MOJATOTOBUTH U
BBITNIOJIHUTh HCCJIEI0BATENIbCKUE 3a/1aHus JJI CAMOCTOSITENIbHOM paboThI.

B Xxome JEKIMOHHBIX 3aHATHH CTYJEHT O0O0s3aH OCYIIECTBIISATh KOHCHEKTHPOBaHHE
yueOHOro Mmarepuana, oco0oe BHUMaHUEe oOpaiias Ha KaTeropuu, QOpMyIUPOBKH,
PAaCKpBIBAIOIIUE COAEPIKAHUE TEX WM HMHBIX IOHATUH, (U3UYECKUX SBICHHH, MPOIECCOB,
ahdexToB. B pabounx KOHCHEKTaxX >KEIATEIHHO OCTABIATH MOJISl, HA KOTOPBIX CIEAYeT JIeNaTh
IIOMETKU U3 PEKOMEHJIOBAHHOM JHMTEpaTyphl, AOMOJHATh MaTepuasl HPOCIYLIIAaHHON JEKLUH,
(dbopMyIHpOBaTh HAayYHBIC BBIBOJBI M TIpaKTHUECKHWe pekomeHmanmu. CTyJeHT UMeeT MpaBo
3aJlaBaTh MPENOAABATENI0 YTOYHSIOIIME BOMPOCHI C IENBI0 YSCHEHUS TEOPETHYECKUX
MOJIOKEHUH, pa3pelICHHs] CIOPHBIX CUTYaIIH.

CamocrosTenbHas padoTa CTYAEHTOB HAaJ MaTEpUAIIOM Y4€OHON AMCIUIUIUHBI SBISETCS
HEOTHEMJIEMON YacThi0 y4eOHOro Ipouecca U JO/DKHA IpeArnosarate yriyOJeHue 3HaHMs
y4yeOHOTO MaTepuasia, H3JIaraéMoro Ha ayIUTOPHBIX 3aHATUSAX, M OpuoOpeTeHHe
JIOTIOJIHUTENIbHBIX 3HAHUH 110 OT/ENbHBIM BOIPOCAM CAMOCTOSITENBHO.

OCHOBHBIMU BHJIaMH CaMOCTOSATEIbHON pabOThl CTYJEHTOB IO Y4E€OHOH IUCIMILIMHE
SABIISIFOTCSL:



—  CaMOCTOSATENbHOE U3YUYEeHHE YUeOHOr0 MaTepHaa 1o 3alaHHbBIM TeMaw;

—  TOJATOTOBKA K TPAKTUYECKUM 3aHATHSAM, OQOPMIICHHE OTYETa MO BBITOJHECHHOMY
NPaKTUYECKOMY 3aHSATHIO M MTOJITOTOBKA K COOECEIOBAHMUIO IO Pe3yiibTaTaM padoThI;

— TOATOTOBKA K JaOOpAaTOPHBIM 3aHATHUAM, O(POPMIICHHE OTYETA IO BBITOJHEHHOMY
71a00paTOPHOMY 3aHATHIO U IOJTOTOBKA K COOECEJOBAHUIO TI0 PE3yJIbTaTaM padOTHI;

—  BBINIOJJHCHHWE THIIOBBIX pACU€THBIX 3aJaHUHd TI0 TeMaM TPAaKTUYECKUX H
71a00paTOPHBIX 3aHATHI.

OCHOBHBIMH METOJIaMHU CaMOCTOSITEIIbHON paOOTHI CTYICHTOB SIBIISIFOTCS:

1) ns1st oBasEHKS 3HAHUSMHU:

— 4YreHHe TeKcTa (KOHCHEKTa JICKIMH, Y4eOHWKa, NOMOJHUTEIBHON JHUTEpaTyphl) H
KOHCITIEKTUPOBAHHE TEKCTA;

— paboTa ¢ HOpMaTUBHBIMU JIOKYMEHTAMH;

—  nouck uHpopmaruu B TaTEepHET;

2) s 3aKpEIUICHUS U CHCTEeMAaTH3aluy 3HAHHIA:

— pabota ¢ KoHCIeKTOM Jieknuu (00paboTKa TeKcTa);

— moBTOpHas pabora Haj yd4eOHbIM MarepuasoM (y4eOHMKA, JIOTOJHHUTEIBHOM
JITEPaATyphI);

—  W3y4YCHHE HOPMATHUBHBIX JOKYMECHTOB,;

—  OTBETHI Ha BOIIPOCHI JIsl 00CYKICHHUS WJIM BOIIPOCHI JIsl COOECEIOBaHMS,

3) s hopMUpOBaHHS YMEHUI:

—  MOJATOTOBKA K MPAKTHUYECKUM 3aHITHSM,;

—  MOJATOTOBKA K JIAOOPATOPHBIM 3aHATHSIM;

—  pelIeHue 3a/1a4 ¥ MPAKTUIECKUX 3a1aHHH;

—  BBINIOJIHEHHUE JIAOOPATOPHBIX 3aIaHHIA;

—  MOJATOTOBKA OTYETOB MO MPAKTUIECKUM 3aHSATHIM

—  TOATOTOBKA OTYETOB IO Ja0OPATOPHBIM 3aHATHUSM,

—  pedIieKCHUBHBINA aHATN3 IPOPECCHOHATBHBIX YMEHHH.

B ciydae mporycka y4eOHOTO 3aHATHS CTYACHT MOXET BOCIIOJIB30BAThCS COJIEPIKAaHHEM
pa3IUYHBIX OJOKOB y4eOHO—METOIMYECKOTO KOMIUIEKCca (JIEKIIUH, MPAKTHYCCKUE 3aHATHS,
KOHTPOJIbHBIC BOMPOCKI) JIJIsl CaMOIOJTOTOBKM M OCBOCHHS TeMbl. [l CcaMOKOHTpOJIsS
HEOOXOAMMO HCIIOJIB30BAaTh BOINPOCH Ui OOCYXKIOCHUS W 3aJaHMs, MpelularaeMble K
NPAKTHYSCKUM U J1a0OpATOPHBIM 3aHATHSIM, a TAK)KE BAapUAHTBHI THIIOBBIX 3aJaHUI MO TeMaMm
NPaKTHYECKHUX U JIAOOPATOPHBIX 3aHATHH.

3. MeToau4ecKkne peKOMeHIAIUH 110 H3YYEeHHIO TeOpeTHYeCKOro MaTepuaJa

Ne PexomMeHryeMble HCTOYHUKN HH(OPMALTUH
n/tt | Buabl caMOCTOsTENbHOM paboOThI (Ne ucrounmka)
OcHoBHast | Jononuu- | Meronu- | IutepHer-
TeNbHAs qyecKas pecypchl
1 | Pazmen 1. Temsr 1- 5 1-5 1-4 1,2 1-5
2 | Pasnen2. Tema6-8 1-5 1-4 1,2 1-5

4. MeToauyecKue yKazaHus

B konTekcte popmMupoBaHus U pa3BUTHS HEOOX0AUMbIX KomnereHmi OITK-1
CTYJI€HTHI BBIMOJIHIIOT CAMOCTOSTEIBHO M0/1 PYKOBOACTBOM IpENoAaBaTesisi THIIOBbIE
pacu€THble 3aJJaHNs [0 TeMaM MPAaKTUYECKUX 3aHATHN U TabopaTopHBIX padoT. PacuérHoe



3aaHKe — YUeOHO—HCCIIE0BATENILCKOE 3a/JaHIE — MIEPBBIN HAyUHBINA TPyl CTY/ACHTA, KOTOPBII
ABJIACTCS HA4YaJIbHBIM JTAIlOM IIEPEX0/1a OT TEOPUH K IIPAKTHKE.
Lenb pacuéTHBIX 3a/IaHUH — MPOBEPKA YPOBHs 3HAHUH, GOPMUPOBAHUS U PA3BUTHUS
YMEHHMH U HABBIKOB PEUICHMsI IPAKTUYECKUX U IPUKIIAJHBIX 3a7a4 110 TEOPETUYECKON MEXAHHUKE.
3a/1a4y BbIIOJHEHUS PACYETHBIX 3a/IaHUN!

— B KOHTEKCTE PEAIN3aLUNA MEXIIPEIMETHBIX CBSI3€H IOATOTOBKA CTYIEHTOB K
BBIIIOJIHEHHUIO KYPCOBBIX U JUILUIOMHBIX IIPOEKTOB 110 CIELUAIM3UPOBAHHBIM JUCLUIIMHAM Ha
CTapimx Kypcax o0yuenus o cueruanbHoctn 21.05.06.

— (popmupoBaHUe YMEHHUI U pa3BUTHE HABBIKOB TBOPUECKOTO MBILILICHUS,

— MOTHUBAIMS CTYJCHTOB K JaJIbHEHIICH HAyYHO—HUCCIICIOBATEIHCKOMN ACATEIHHOCTH;

—TOBBIIICHHUE MHPOPMALIMOHHON KOMIETEHIMHM U 00pa30BaTENbHOrO MOTEHIMAJIa
CTYICHTOB,
— peanu3aiys KOMIETEeHTOCTHOTO MOJIX0/1a B Mpoliecce 00y4eHHUs CTYIEHTOB.

JI71s1 BBIIOJTHEHK S TUTIOBBIX PACYETHBIX 3aJJaHUM 0 TEMaM MTPAKTUYECKUX 3aHATUI U
71a00paTOPHBIX padOT MO AUCITUIUIMHE OTBOJIUTCS BpeMs B TeueHunuu cemectpa ¢ 1 o 14
HEJIeNI0, C MOCIIEAYIONIeH JOpabOTKOM U UCTIPAaBICHUEM OIINOOK, KaK B TEUCHUH CEMECTPA, TaK
u B TeueHuu 16 u 17 Henenu cemectpa. [Ipu BeImoaHeHNH 3a/1aHUsI HEOOXOIMMO MOJIB30BaTHCS
METOJIMYECKUMH YKa3aHUSIMH, y4eOHOU JTUTEpaTypOil:

1. s6nonckuit A.A. COOpHUK 3a1aHUi AJIs1 KYPCOBBIX PabOT MO TEOPETUUYECKOM
mexanuke/ ITog pea. A.A. SIomonckoro. — M.: KuoPyc, 2010. — 392 c.

2. MusosanoBa JI.H. YuebHo — MeToanyeckoe mocobue (MpakTHKyM) MO TUCIIUTLIHHE
«Teoperndyeckass MexXaHHKa» Uil CTyaeHTOB crnermaibHocTH 21.05.06 -
Hedrerazossie TexHnka u TexHojoruu (cmemmanusamus — — “Paspaborka wu
IKCILTyaTalUsl HEPTSIHBIX U Ta30BBIX MECTOPOXKICHUI") — pykonuch — 2022, — 72c.

3. MunoBanosa JI.H. MeTonuyeckue yka3aHusl IO BBIIOTHEHHUIO TA0OPATOPHBIX padboT
no aucuuiuivHe 'TeopeTnueckas MEXaHUKa' 711 CTYJEHTOB CHELMAIbHOCTH
21.05.06 — Hedrera3oBble TeXHHKA U TEXHOJIOTHH (crienuanu3anus — "Pa3paboTka u
IKCILTyaTalUsl HEPTSIHBIX U Ta30BBIX MECTOPOXKIeHUH") — pykonuch — 2022, — 64c.

4. MunoBanosa JI.H. MeTonudeckue pekoMeHAANHU I CTYJICHTOB CIIEHUATbHOCTH
21.05.06 — Hedrera3oBbie TeXHHKA U TEXHOJIOTHH (cnienuaiu3anus — "Pa3paboTka u
IKCILTyaTalusl HEPTSIHBIX U Ta30BBIX MECTOPOXKICHUH") 1O OpraHU3aLuU

CaMOCTOSITENIbHOM paboThI 10 nucuuIuinHe "'Teopernyeckas MEXaHUKa' — PYKOIUCh —
2022. - 14c.

CtpykTypa pacu€THOTO 3a/IaHUs 110 TEME B METOJIMIECKHUX YKa3aHUSIX — HHIUBUIYaTIbHOE
3a/laHue, MPUMEP BBIMOJHEHUS THUIOBOTO 33JaHHUS — MPHUMEp BBIOJHEHUS W OQPOPMIICHUS
pacuéTHOTO 3a/1aHus; BOIIPOCHI JJISl OOCYKICHHS.

Metoauyeckre peKOMEHJAlUMu 10 paboTe ¢ METOAWYECKMMH YKa3aHUSIMU HOpU
BBITTOJIHEHUH PACYETHOTO 33 IaHMS:

— 10 BOIMpOcaM OOCYKIEHHS BBIYUUTh TEOPETUUYECKUE TMOJIOKEHHS, PUMEHSEMbIe MPH
BBITTOJIHEHUH PACYETHOTO 3a/IaHMS,;

— pa3o0paThCsi C NMPUMEPOM BBINOJIHEHUS PACUETHOTO 3aJlaHusl — TEOpPETHYECKHue MU
NPaKTUYECKHUE BOTIPOCHI;

— BBIMIOJIHUTH CBOW BapHaHT PAacYETHOTO 3aJaHUs B TETPAIM JUIS MIPAKTUUECKUX padoT H
NPEICTaBUTh HA IPOBEPKY MPETIOAABATEINIO;

— ¢ yu€toM J0pabOTOK, WCHpaBlIeHUS OMMUOOK O(OpPMHUTHL pacyéTHOe 3aJaHue B
COOTBETCTBHUM ¢ OCHOBHBIMH moJioxkeHuamu ['OCTa 7.32-2001, T'OCTa 2.105-95, I'OCTa
P 7.0.5-2008 (I'OCT 7.1-84) w mnpaBwiamu ECK]], mpenbsBiaseMbiMH K OQGOPMIICHUIO
TEKCTOBBIX JOKYMEHTOB (JIUCT A4 ¢ 4epTEIKHOI PaMKOii);

— 3alIUTa PacuETHOTO 3a/IaHus.

[Ipu mpoBepke pacuETHBIX 3aIaHUN CAaMOCTOSATEIBLHON PabOTHI [0 TEMaM
IPAKTUYECKHUX 3aHATUN OLIEHUBAIOTCS:




— MOCJIeIOBATEIbHOCTh U PALlMOHAIBHOCTD BBIMIOJIHEHUS 3a/1aHUS;

— TOYHOCTh PacyeToB;

— HE00XOIMMBbIE TIOSICHEHHS K pacueTaM U He0OXOAMMbIe PUCYHKH, MOSICHAIOIINE
NPUHSTHIC PEIICHHS.

CrTyneHT mpeAcTaBisieT  IEYaTHBIA WM PYKONHCHBIM BapuaHT OTYETa pPacdyETHOIO
3aJaHUsl CaMOCTOSITEIFHON paOoThl K 3amuTe. 3alinuTa Pacu€THBIX 3aaHUl CaMOCTOATEIHLHON
paboThl B YCTHO—TIMCBMEHHOM BHJI€ NMPOXOJUT MO YKAa3aHHOMY B METOAMYECKHX YKa3aHUSIX
rpaduKy ¥ 3aKJIIOYAaeTCI B  IPOBEPKE TEOPETHYECKUX M MPAKTUYECKUX  3HAHUH
COOTBETCTBYIOIIIEH TeMbl u pasgena B TeueHue 15-30 wmmuyr. @Popma oOmeHus c

mpernojaBaTeieM — Aol — OOpaTHas CBS3b. MpenojaBaTeIb—CTYICHT, CTYACHT—
npenojasaresb. [Ipy MOATOTOBKE K 3alIUTe CTYACHTY MPENOCTaBJISETCS MPAaBO MOJIb30BAHUS
PYYKOM, JUHEHWKOM, KapaHIAIIoM, KaJIbKYJISITOPOM, Y4eOHO — METOAMYECKUM I0COOHeM

(mpakTrkyMOM) o guctuILinHe «TeopeTHueckas MEXaHUKa» JiIsl CTYACHTOB CIIEIHAIbHOCTEH
21.05.06. IlpoBepka TEOpEeTHYECKHX 3HAHWKA COOTBETCTBYIONIEH TEMBI OCYIIECTBIISETCS IIO
BoNpocam cobecenoBanus. Cobece0BaHNe MPOBOIUTCS MPEOAaBaTEIIEM, YUTAIOIINM JICKIIUU B
Ka4eCTBE OILICHOYHOTO MEPOIPHSTUS Il TPOBEPKU TEOPETUYCCKUX 3HAHWH, MPAKTHYECKUX
YMEHUH W HaBBIKOB B KOHTEKCTC (OPMUPOBAHUS W PA3BUTUS HEOOXOAMMBIX KOMIICTCHIIHIA
OIIK-1.

ITpu cobece10BaHUM OLIEHUBAIOTCSI:

— 3HAHHWE TOHITUH TEOPETUYECKOW MEXaHWUKH, 3aKOHOB MEXAaHHWKH, TEOPEM, METOJIOB M
CrIoco0O0B PeIIeHUs 3a71a9 U IPUKIIATHBIX 33724, UCIIOIh30BaHUE TOTIOJTHUTEILHOTO MaTepHalia,

— YMEHHUE pelaTh 3aJla4d U MPUKIIAJHBIC 33]]a4l C UCTIOIB30BaHHEM CIIOCOOOB M METOJIOB
MEXaHHKH, BBITIOJHATH CPABHUTEIHHBINA aHAJIN3 MTOJIYYCHHBIX PE3yJIbTaTOB;

— BIIQJICHUE HaBBIKAMHU pEIICHUS 3aJa4 M MPHUKIAIHBIX 33aJadyax C HCIOJIb30BaHUEM
CIoco0OB M METOZI0B MEXaHUKH, BHITIOJTHEHHS CPABHUTEIIPHOTO aHAN3a U CHHTE3a MOJIYICHHBIX
pe3yabTaToOB U (POPMYITHUPOBKHU BHIBOJIOB.

Bonpochl 15 codecenoBaHus

Ba3oBblii ypoBeHb

3HaTh:

Pazpen 1.Crartuka.

1.Cuna, nmuaus neictBusg cuibl. Akcuoma 2. ClieCTBHE U3 aKCHUOMBI.
2.Cuctema cun. Akcuoma 1.

3.I1mockue cucTeMBbl CUI M UX KJacCU(DUKAIHSL.

4 DKBUBAJICHTHBIC U YPAaBHOBEIICHHBIC CUCTEMBI CHUII.

5.PaBHOe#CTBYIOMAS MIOCKOHW CHCTEMBI CUI. Akcuoma 3 (IpaBuiio mapajiesorpaMmma
cui). YCIoBHEe paBHOBECHS.

6.Axcroma 4 (3aKOH paBEHCTBA JACHCTBUS U IPOTUBOICHCTBHS).

7.Axcuoma 5 (mpuHIMI OTBEPACBAHMUS).

Pasnen 2. Kunemaruka.

8. CriocoObl 3a71aHusl IBUXKEHUSI TOYKU: BEKTOPHBIN, €CTECTBEHHBIN, KOOPAMHATHBIH.
9. BekTop CKOPOCTH TOUYKH.

10. BekTop yCKOpeHUS TOUKH.

YMmerh, Biaagern:

11.Axcuoma 6 (mpuHIKI OCBOOOXKIaEMOCTH OT cBsA3ei). CBOOOIHOE M HECBOOOAHOE
abcomroTHOE TBEpHOE Teao. CBsa3b. Peakuust cBszu.

12.Cuctema cxoasimuxcs cuii. PaBHOACHCTBYIOIAS CHCTEMbI CXOISIIUXCS CHJL.
['eomeTrpruyeckne 1 AHAIUTUYECKUE YCIOBUS PABHOBECHUS IJIOCKOW CUCTEMBI
CXOJSIIUXCS CHUIL.

13.AnreOpan4ecKkuiit MOMEHT CUJIbI OTHOCUTEIHHO TOYKH U €0 CBOMCTBA.

14. Tapa cun. MoMeHT mapbl CHJL.



15. AHanuTHUYECKHE yCIOBUS pAaBHOBECHS TUIOCKOM MPOU3BOJIBHOM cHCTEMBI cuil — | — ocHOBHas
dbopma.

16. CxopocTh ¥ YCKOPEHHE TOYKH IMPU KOOPIUHATHOM CTIIOCO0€ 3aJaHUs ABUKCHUS TOUKH.
17. CkopocTh 1 yCKOpPEHUE TOYKHU NPH BEKTOPHOM CIIOCO0€ 3aaHUsl IBUKEHUS TOUKU.

18. CkopocTh 1 yCKOpEeHHE TOYKH MPH €CTECTBEHHOM CIIOCO0€e 3a/1aHNs ABMKECHHUS TOUKH.

19. Onpenenenue ycKOpeHUs! TOUKHU MO €r0 NPOEKIMAM Ha OCH €CTECTBEHHOI'O TPEXTPaHHUKA!
KacaTeJIbHOE U HOPMaJbHOE YCKOPEHUS TOUKH.

20. TIpssmonuHeitHOe ycKOpeHHOE (PaBHOYCKOPEHHOE) BHKEHHUE TOYKH.

21. TlpsimonnHEeHOE 3amMe IeHHOE (paBHO3aME/IIICHHOE) IBU)KEHHE TOYKH.

22. IIpsaMonHelHOe paBHOMEPHOE ABMKEHHUE TOUKH.

23. KpuBosuHeliHOe ycKOpeHHOE (PaBHOYCKOPEHHOE) IBUIKEHHUE TOYKH.

24. KpuBonuHelHOe 3aMeIIeHHOE (pPaBHO3aME/IIIEHHOE) ABM)KECHUE TOUKH.

25. KpuBonuHeiiHOe paBHOMEPHOE JIBUKEHUE TOUKH.

IloBbIlIEHHBIN YPOBEHD

3HaTh:

1. IlpocTpaHCTBEHHBIE CUCTEMBI CUJI M UX KJIacCUPUKAIUS.

2. PaBHOAeliCTBYIOMIAS] IPOCTPAHCTBEHHON cHCTeMBI cull. Akcuoma 3 (paBuio
napa’suiesienuieaa cui). Y clioBrue paBHOBECHS.

3. AHJINTHYECKUE YCIIOBUS paBHOBECHUS INIOCKOM MPOU3BOJIBHOM cuctemsl cui — |l ¢popma.
4. AHanuTHYECKHE YCIIOBHS paBHOBECUS IIOCKOM npou3BoiibHOM cucteMsl cui —lll dpopma.
5. [IpocTpaHcTBEHHAs cucTeMa CXOoAsIUXCcs CHil. PaBHOAEHCTBYOMAsS MPOCTPAHCTBEHHOM
CUCTEMBI CXOSIIIUXCS CHJL.

6. [IpocTpancTBeHHas cucTeMa cXosImuxcsa cuil. PaBHozgelcTByomas. ['eomeTpuueckue
YCJIOBUSI pAaBHOBECHS IPOCTPAHCTBEHHOM CHUCTEMBI CXOAIIUXCS CUIL.

7. IIpocTpaHCTBEHHAs CUCTEMa CXOJsIIUXCcs cuil. PaBHoAelcTByomas. AHaIUTHYECKHE
YCJIOBUSI pAaBHOBECHS IPOCTPAHCTBEHHOM CUCTEMBI CXOAIIUXCS CUIL.

8. AnreOpandyeckuif MOMEHT CUJIbl OTHOCUTEIbHO OCH U €T0 CBOMCTBA.

9. AHamuTHYECKHUE YCIIOBHS PABHOBECHSI MPOCTPAHCTBEHHON CHCTEMBI CHIL.

10. IloctynarenbHOE ABMXKEHHE TBEPAOTO Tesla. TeopeMa 0 TPaeKTOpUsX, CKOPOCTSIX U
YCKOPEHUSIX TOYEK TBEPOTO TeNa IPU NOCTYNATEIbHOM JIBHKEHHUH.

11. BpamarenbHoe ABHKECHUE TBEPIOTO TeJla BOKPYT HETIOABIKHON OCH. Y paBHEHHE (3aKOH)
BpalllaTeIbHOIO ABMKEHUSI TBEPIOTO TENA.

12. YrioBas CKOPOCTh U YIIIOBOE YCKOpPEHHE Teja. BeKTop yriioBoil CKOPOCTH U BEKTOP
YIJI0BOT'O YCKOPEHHUS.

Ymers, Biaaners:

13. AHanmuTHYECKHE YCIIOBHS PAaBHOBECHUSI MPOCTPAHCTBEHHOW CUCTEMBI cril. MeTon
Oy>KIAIOIINX OCEH.

14. CxopocTb 1 yCKOpeHHUE TOUEK TBEPOro Teja, BpaIlatoIlerocss BOKPYT HEMOABUKHON OCH.
BekTop cKOpoCTH U BEKTOpP yCKOPEHUS TOYEK Tela.

15. YckopeHnHoe BpalaTenbHOe JBUKEHHE TBEPIOTO Tela BOKPYT HEMOABUKHOM OCH.

16. PaBHOyCKOpEHHOE BpalllaTeIbHOE IBUKEHUE TBEPIOTO Tela BOKPYT HETOABUKHOM OCH.
17. 3ameyieHHOE BpamaTeabHOE IBIKEHNE TBEPAOTO TENa BOKPYT HEMOABHUKHOM OCH.

18. PaBHO3aMeI7IEHHOE BPAIATEIbHOE ABKEHHE TBEPIOTO Tesla BOKPYT HEMOABUKHOM OCH.
19. PaBHOMEpHOE BpalaTeNbHOE ABMKEHNE TBEPAOTO TEJIa BOKPYT HEMOABHKHON OCH.

20. YckopeHHOe (paBHOYCKOPEHHOE) MOCTYHATEIbHOE IBIKEHIE TBEPAOTO TEa.

21. 3ameieHHOE (paBHO3aMEUICHHOE) BpallaTeIbHOE ABMKCHUE TBEPIOTO Tela BOKPYT
HEIOABUKHOU OCH.

22. PaBHOMEpHOE TOCTyNaTeIbHOE ABMKCHHUE TBEPIOTO TEa.

23. [lepenarounsie MexaHu3MblL. [lepenaTounoe 4ucIo.

24. Tumpl nepenaTOYHbIX MEXaHU3MOB.

25. Kunemaruueckuii aHasin3 epeiaTOYHbIX MEXaHU3MOB.



MakcuMaabHOE KOJMYECTBO Oa/uIoB  CTYJEHT IOJIyYaeT, eCiau O(POpPMIICHHE OTYeTa
COOTBETCTBYET YCTAHOBJICHHBIM TPEOOBAHUSM, €CITH OH 3HACT: TIOHATHUS TEOPETHUECKON MEXaHH-
KH, 3aKOHBI MEXaHUKH, TCOPEMBI, IIPUHIUIIBI MEXaHUKH, METOJIbI U CIIOCOOBI PEIICHUS 3a1a4 U
NPUKIAIHBIX 33/1a4d, WUCIOJb3YeT JIONMOJHUTENBHBI MaTepual, yMeeT: pemarh 3aJadd u
NPHUKIAIHBIC 3aJa4d C KCIOJIB30BAHUEM CIIOCOOOB M METOJOB MEXaHHWKH, BBIIOJIHATH
CPaBHHUTENBHBIM aHAIN3 W CHHTE3 TOJYYCHHBIX PEe3yJIbTAaTOB, BIAQJICCT: HABBIKAMU PEIICHUS
3aJ]a4 U MPHUKJIAJHBIX 33Ja4aX C MCIOJIh30BAaHUEM CIIOCOOOB M METOJOB MEXAHWKH, BBIITOIHSICT
CPAaBHHUTEIBHBIA aHAIHM3 U CUHTE3 TIOJYyYEHHBIX PE3YJIbTATOB, JIETACT BBHIBOJBI CAMOCTOSTEIHHO.
HeobOxonnmeie kommereHiimn  OK-1, OIIK-5 B ocHOBHOM c(hopMuUpOBaHbl, BCE
MPEeIyCMOTPEHHBIE MPOrpaMMOil OO0y4YeHHs] ydeOHBbIe 3aJaHMsl BBIMIOJHEHBI, Ka4eCTBO HX
BBITTOJHEHHS JOCTATOYHO BBICOKOE.

OcHOBaHMEM JUISI CHHDKEHMS OLIEHKH SBJISTFOTCS .

— ecii opopmITeHHE OTYETa HE COOTBETCTBYET YCTAHOBJICHHBIM TPEOOBAHUSM;

— craboe 3HaHWEe TEMbI U OCHOBHOM TEPMHUHOJIOTHH;

— OTCYTCTBHE YMCHHSI IPUMEHATH TCOPSTHYCCKUE 3HAHUS IS PEIICHUS TPAKTHYCCKUX
3a7a4.

Otuer MOXKET OBITH OTIIPABJIEH HA JIOPAOOTKY B CACAVIOMHMX CAyYasiX:

— HEBEPHO BBINTOJIHCHHBIC PACUCTHI;

— HECOOTBETCTBHUS OTYETA YCTAHOBJICHHBIM TPEOOBaHUSM;

— craboe 3HaHWEe TEeMbI U HEMPABUIILHBIC OTBETHI HA ITOCTABJICHHBIC BOIIPOCHI.

O1eHO0YHbBIH JICT

OT1meTKa 0
copMHUPOBAHHOCTH

IIK IIyHKTBI OHEHKH

Ba3zoBblii ypoBeHb

OIIK - 1 — Cnocoben
pemiarts 3a/1a4y,
OTHOCSIIHECS K
npodeccuoHanbHOMI
JIeSTEIbHOCTH, TIPUMEHSIS
METO/IbI MOICTHPOBAHH,
MaTeMaTHYECKOTO aHAJIN3a,
€CTECTBEHHOHAYYHBIC U
OOLIEMH)KEHEPHbIE 3HAHUS

MMPaBHUIJIbHOCTb U YCTKOCTDb
OTBETOB — 3HAHNE OCHOBHBIX
MOHSATHH, 3aKOHOB, TEOPEM,
MPUHIUIIOB TEOPETUUECKON
MCXAaHUKHU, MCTOJ0B H
Croco00B perIeHus
IMPAKTUYCCKUX 3a1a4d

MPAKTUYECKHE YMEHUS U
HABBIKHU pemeHlxm
MPAKTUIECKUX 33724 C
HCIIOJIL30BaHUEM CIIOCOOOB U
METOJ0B MEXAHHUKH.

MIPAKTUYECKUE YMEHUS U
HaBBIKU DPEILECHUS
MIPAKTUYECKHUX 3a7a4 ¢
UCIIOJIb30BaHUEM CIIOCOOOB U
METOJI0OB MEXAHHKHU.

OIIK — 1 — B OCHOBHOM
chopmMupoBaHa;

OIIK - 1 — yacTu4HO
chopMHpOBaHa,

OIIK — 1 — yacTu4uHO HE

chopmupoBana

IloBbIICHHBIH YPOBEHD

OIIK - 1 — Cnocoben
pemaTh 3a1auu,
OTHOCSIITHECS K
npodeccuoHaNbHOM
ACATCIIBHOCTH, ITPUMCHS A

MOCJIEIOBATEIRHO, YETKO B
JIOTUYECKHU CTPOUHO
H3J1araeT MaTepuall — 3HaHUe
OCHOBHBIX IOHATHH,
3aKOHOB, TEOPEM,




METO/Ibl MOJICIIUPOBAHUS, MIPUHITATIOB MEXaHUKH,

MaTEMaTHYECKOTO aHallu3a, | METOJOB M CITIOCOOOB
€CTeCTBEHHOHAYYHBIE U pElIeHUs TPAKTHUECKUX U
0O01IIeNH)KEHEPHBIC 3HAHUS MPUKJIAIHBIX 33]1a4,
HCTOJIb3YET B OTBETE OIIK - 1 — B ocHOBHOM

JIOTIOJTHUTENBHBIN MaTepuai. | copmMupoBaHa
MIPAKTUYECKUE YMEHUS U
HaBbIKM PEILCHUs
MPAKTUYECKUX U
MIPUKIJIAHBIX 3a/1a4 C
HCIIOJIb30BaHUEM CIIOCOOOB U
METOJI0B MEXAHUKH,
BBITTOJIHEHUS
CPaBHMUTEJIBHOIO aHAIN3a U
(hOpMyJIHPOBKHU BBIBOJIOB

5. YueOHO-MeTOoAMYECKOEe M HH(POPMALMOHHOE O0ecnevyeHHne TUCIMIIUHBI

5.1. IlepeueHb OCHOBHON M /AONOJHUTEJIbHOIN JUTEPATYpPbI, HEOOXOAUMOM 1Jsl
OCBOEHMS THCIUIIHHBI

5.1.1. IlepevyeHb OCHOBHO¥ JINTEPATYPbI:

1. Tapr C.M. Kpatkuii Kypc TeopeTndeckoi MexaHuku. — M.: Briciias mkona, 2014. —
416 c.

2. Memepckuii U.B., [TanemoB B.A., Mepkun /I.P. 3agaun mo TeopeTrHyeckoil MexaHuKe:
yueb6.nocodbue. — CII0.: Jlanp, 2013. — 448 c.

3. Slononckuii A.A. COOpHUK 3amaHMid A KYpPCOBBIX pabOT IO TEOPETUYECKOMH
mexanuke/ ITox pen. A.A.SI6nouckoro. — M.: KuoPyc, 2014. — 392 c.

4. bats M.U., Ixxanenunze I'.YO., Kenszon A.C. Teopernyeckas MexaHuKa B MpUMepax
u 3amavax. B 2-x 1. T. 1. Cratuka u kuHematuka : yued.nmocodue. — CII6.: Jlanp, 2013. — 672 c.:
WL

5. bats M.U., [Ixanenunze ['.10., Kenb3on A.C. Teoperndeckass MexaHUKa B MpUMepax
u 3anadax. B 2-x 1. T. 2. lunamuka : yde6.mocodue. — 9-¢ us., crep. — CI16.: Jlans, 2013. — 640
C.! WL

5.1.2. IlepeveHb TONMOTHUTEILHOM JUTEPATYPHI:
1. SA6nouckuit, A.A., Hukudoposa B.M. Kypc Teopernueckoil MeXaHUKH: CTaTUKA, KHHEMATHKA,
muHamuka. — M.: Uarterpan-Ilpecc, 2007. — 608 c.
2. LpBunbckuii b.JI. Teopernueckas mexanuka. - M: Beicir.mk., 2001.
3. Apkyma A.M. PykoBOACTBO K pEIICHHIO 3aJad IO TCOPETHYCCKOW MeXaHHWKe. - M.:
Bercmr. k., 2000.
4. Kene O.3. u ap. COOpHUK KOPOTKHX 33/ay [0 TEOPETUUECKON MeXaHuKe. YueOHoe nocodue.
— M., 1989.

5.2. TlepeueHb Y4eOHO-METOAUYECKOr0 O0eCHeYeHHs] CAMOCTOSITEJIbLHOW PadoThI
o0y4yaruuxcst Mo JUCHUNJINHE

1. MunoBanoBa JI.H. YuyeOHo — meroandeckoe mocodue (MpakTHKyM) IO JAUCIUILIAHE

«Teopernyeckass MexaHHWKa» g cTyneHToB crenuanbHocTH 21.05.06 Hedrerazossie

TEXHHMKA U TEXHOJOTHH — pykomuch — 2025. — 72c.

2. MunoBanoBa JI.H. Meroauueckue yka3zaHus 110 BBITIOTHEHHIO JIA0OPATOPHBIX paboT
no nucruruinae '"Teoperndeckas MmexaHuka' 1 cTyZeHToB cnenuansaoct 21.05.06
HedTterazoBrsle TeXHHKA U TEXHOJIOTHH — pykonuch — 2025. — 64c.



3. Munosanosa JI.H. MeTtoguueckue peKkoOMEHIAIUH )1 CTYACHTOB CIICIIHAIbBHOCTH
21.05.06 HedrerasoBble TeXHUKA U TEXHOJIIOTUH 110 OpraHU3alMK CaMOCTOSATEIbHON
pabotsl o muctmirHe 'TeopeTnyeckas Mexanuka' — pykomnuch —2025. — 14c.

5.3. Ilepeuenp pecypcoB HHGPOPMAIHOHHO-TEJIEKOMMYHHKANMOHHON  CeTH
«AHTEepHET», HEOOXOAMMBIX /1J151 OCBOEHHS TUCIIUTIIHHBI
http//wwwe.elibraru.ru/ - Hayunas snextponnas 6ubianoreka eLIBRARY
http://www.biblioclub.ru — YauBepcurerckas 6ubimnoreka oHIaiH
http://biblio-online.ru/- Biblio-online.ru
teoretmeh.ru - anekTpoHHBIIH y4eOHBIH KypcC Ul CTY/ICHTOB OYHOW M 3204HOH (popMbI
oOyuenwus. Hay4Ho - momymsipHbie (PUITBMBI.
ru.wikipedia.org - yueOHUKH 110 TEOPETHUESCKON MEXaHHKE.
twirpx.com - Auaponos B.B. Yacts 1. Crartuka. 20 nekiuii.
termeh.ru - mpuMepsI peeHus 3aaa4 Mo BCeM OCHOBHBIM pasjieliaM Kypca.
studFiles.ru - perenue 3aga4 Mo BceM TeMaM M pasjiesiaM Kypca.
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