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OBLUIME YKASAHUA

CTyAeHTbI-3a04HUKN chneunansHocTen: C, CM, B, 1T, N3, MO u3yyaroT Teo-
peTUYEeCKyr0 MeXaHWKy, fenas Tpy 3ae3fa.

B nepBom 3ae3fje NPOBOAATCA NEKLMOHHBLIE U NPaKTUYECKME 3aHATUA MO pas-
fenam cTaTuka U KUHemaTtuka, no 3aTUM pasfienaM BblgaéTca 3afaHue 419 KOHTPONb-
HbIX paboT Nael 1 No2, KoTopble BbINONHAKTCA 40 BTOPOro 3ae3fa.

Bo BTOpOM 3ae3fie KOHTPO/bHble paboTbl,Nol n Ne2 3aujmuiatoTtes, U caaéres
3K3aMeH Mo pasjenam crtatmka U KnHematnka. Kpome Toro, npoBoAAaTCA NeKUNOHHbIE
N MpakTU4YecKue 3aHATUA Mo pasgeny AnHamuka. o atomy pasfeny Bblgaércs 3aja-
HWe Ansi KOHTPONbHOM paboTbl Ne3, KoTopasi BbINONHAETCA 40 TPeTbero 3aesfa.

B TpeTbem 3ae3file KOHTpONbHasA pabota Ne3 saluwiaeTca, n caaéTcsa aK3ameH
'e0 pasgeny fuHammnka.

B KOHTponbHYO paboTy Ne 1 BXOAAT cnefytoLume 3agaydu:

Cl. OnpegeneHne peakumii cBsizeil NIOCKOro Tena.

C4. OnpegeneHne peakunii CBs3el ¢ y4eTOM CU/ TPEHMS.

C5. OnpegeneHne peakunii cBA3eid NPOCTPaHCTBEHHOrO Tena.

B KOHTponbHYto paboTy Ne2 BXOAAT CrefytoLme 3afayum:

K1. OnpegeneHne KMHEMaTMUYECKUX XapaKTEPUCTUK TOUKW NPU KOOPAWMHAT-
HOM crnocobe 3afiaHuns eé [ABKEHUS.

K2. OnpegeneHve KMHeMaTUYeCKMX XapakTepUCTUK TOYeK BpallatoLLerocs

K3 Kbr*cmMa*IMUYecKMiA pacyeT MA0CKOro MexaHU3Ma.

B KOHTpONbHYO paboTy Ne3 BXOAAT cnedytoline 3agadm:

1)1. uTerpmpoBaHue anddepeHLmanbHbIX ypaBHEH W 4BUXKEHNS TOUKN.

D3. MNMpumMeHeHWe TeopeMbl 06 U3MEHEHNN KMHETUYECKOW 3Heprum npu uccne-
[LOBaHUW JBUXKEHNSA MEXaHUYECKON CUCTEMBI.

DS. lMpumeHeHne 0606LEHHOr0 ypaBHEHWUS JUHAMUKUA NPU UCCNefoBaHUMN
OBVDKEHNS MeXaHUYeCcKOW CUCTeMbI

K kaxgoi 3agaye pactca 10 pucyHkoB u Tabnuua (C Tem >ke OYKBEHHO-
YMCNOBLIM HOMEPOM, YTO W 3afiaya), cofepxkallas JONONHUTENbHbIE K TEKCTY 3aja4un
ycnosus. Hymepaums puUCYHKOB [BOWHas, Mpy 3TOM HOMepoM sBAfeTcs uudpa,
cTosLwas nocne Toukn. Hanpumep, puc. C1.4 - 310 puc. 4 K 3agaye C1 n 1. g. Nome-
Tbl ycnosuin ot 0 4o 9 nNpocTaBneHbl B 1-mM cToN6LEe Tabnnubl.

CTyAeHT BO BCex 3ajayax BblbMpaeT HOMEP pUCYHKa NO MpeanocnegHein
uucpe wudpa, a Homep ycnoeusa B Tabnauue - no nocnegHeii. Hanpumep, ecnn
bl;(pp OKaHuMBaeTcs ymcnom 48, To 6epytcs puc. 4 nycnosms Ne8 us Tabnnypbl.

Kaxjasa KoHTponbHas paboTa BbIMOMHAETCS B OTAENbHOW TeTpagu (yyeHude-
CKOI1), CTpaHuLbl KOTOPOi HymepytoTca. Ha 06n0XKKe ykasblBaeTCs Ha3BaHue fuc-
'W41NHbI, HOMEeP KOHTPONbHOW paboTbl, hamMmunna 1 MHULMaNbl CTYAEHTA, YYebHbIN
myTghp, hakynbTeT H cneunanbHOCTb. CTYAEHTHI - 3804YHUKU YKa3biBalOT TakxXe af-
pec Ana Nepernucku.

Ha nepBoii cTpaHuue TeTpagu 3anucbiBatoTCsA: HOMeP paboTbl, HOMepa peLuae-
MbIX 3afa4 1 rof U3gaHnsa KOHTPO/bHbIX 3adaHuii.
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PelleHve KaXX[oi 3afaum >KenaTeNbHO HauMHaTb Ha pa3BoOpPOTe TETPaAu
(Ha YeTHoIA cTpaHuLE, HauMHas co BTopoii). CBepXy yKasblBaeTcs HOMep 3afjaqu, a-
fee AenaeTcs YepTeX W 3anucbiBaeTcs, YTO B 3ajaye JaHO M 4To TpeGyeTcs Halitu
(TEKCT 3324 MOXXHO WM BOBCe HEe MepenuchbiBaThb, UK MPUBOAUTL Mepes peLleHu-
€M 3afjauM Ha He4yeTHOl cTpaHuue). PUCYHOK BbIMOMHSAETCS C YYETOM YCNOBUIA pe-
LLIaeMOro BapMaHTa 3afauu; Ha HeM BCe Yr/bl, Pa3Mepsbl, AeliCTBYOLWME CUMbl U KK-
HeMaT1YecKre XapakTepUCTUKN AOMKHbI COOTBETCTBOBATL 3TUM YC/IOBUSIM.

PelueHue 3afaun HeOGXOAMMO COMPOBOXAAaTb KPaTKUMMU MOSICHEHUSMU (CMOT-
pu NpuBefeHHbIe fanee NpUMepPbl) 1 NOAPOGHO M3faraTb BECb X0[ pacyeToB. Ha Ka-
YOOI CTpaHuLe cnedyeT oCTaBsTb MOMs AN 3aMeYaHW peLeH3eHTa.

Pa6oTbl, He OTBEYaLL e BCEM NEPEUNCTEHHbIM TPEGOBaHUAM, NMPOBEPSTLCS
HC 6yayT, a 6yAyT BO3BpaLLaThCs Ans Nepemenku.

K pa6oTe, nepefenaHHON A8 NOBTOPHOW MPOBEPKW (ECNM OHA BbIMNOAHEHA U
Apyroii TeTpaan), [O/MKHa 0613aTeNbHO NpunaraTbcs He3auTeHHas paboTa.

MNpy NOAroTOBKe K 9K3aMeHaM CTYAEHTbI-32a04HMNKMN MONb3YIOTCA MTEpaTypoW,
CMNCOK KOTOPOW NpuBefeH B KOHLE 3TUX METOANYECKMNX YKa3aHWUA.

Ana obneryeHnsa NMOAroTOBKM B 3TUX METOLMYECKUX YKa3zaHUAX NOcne peLle
HMA TUMNOBbIX 3aJay KaXXA0W KOHTPONbHOIM paboTbl MpuBeLeHbl ONpeAeneHns 0CHOB
MbIX MOHATUIA N (hOPMYIMPOBKN OCHOBHbIX TEOPEM U MPUHLIMMOB COOTBETCTBYHOLLErO
pasfena TeopeTMYecKo MexaHUKM.

Ocob60oe BHMMaHWe MpW MNOArOTOBKE K 3a4eTaM U 3X3aMeHy MO pasfMyHbIM
pasgenam TeOpeTUYecKol MexaHWKW cnefyeT yienuTb chefytoLLMM BONpocam.

CTATUKA

1. Kak Hanpas/eHbl CU/Ibl Peakuun pasinyHbIX BUAOB CBA3N?

2. Kak onpefennTb NPOEKLMIO CUMbl HA OCb, MOMEHT CWU/bl OTHOCUTENbHO TOT

:.!0N:€;.T ciinm OTHOCUTENIbHO OCKn?

3. CKONbKO YpaBHEHMWIA cofep>kaT aHaNUTU4YecKue yCnoBUSA PaBHOBECUS pas-

..ydr-ncy r n cag*’

KNHEMATUKA

1. Kak 1n306pa3nTb BEKTOP YCKOPEHUS ABVKYLLEACA TOUKN?

2. Kak onpefenntb CKOPOCTb TOYKW Tefa, eCIM OHO BPaLLaeTca Unu BMXKeTCA

nnocko napannenbHo? Kak kan: MLLC?

3. Uto Takoe yckopeHune Kopuonuca? Kak HaiTv ero BeMUYMHY W Hanpasfe-

Hune?

ANHAMWKA

1. Kak coctaBuTb gndyhepeHumnanbHoe ypaBHeHMe BUXKEHNA TOYKN? YTo Ta-

KOe HayaNnbHble YCN0BUA [BUMXKEHUNA?

2. Kakve o6L e TeopeMbl NCNOMb3YHOTCA NPU PeLLeHnN 3ada4 AUHaAMUKn? Yto

TaKoe - KOANYeCTBO [ABMIXKEHUS, KMHETMYECKash 3Heprns N KMHETUYECKUA MO -

MeHT? Kak onpefennTtb UMNyabc 1 paboTy cunbl?

3. UTto Takoe cuna nHepuumn? Kakum ycrnoBuaMm AOMKHO YAOBNETBOPATL BO3-

MOXKHOE rnepemelleHne? YUTo onpefenseTcs Npu pelleHUn ypaBHeHwid Jla-

rpaH><a 2-ro poga?



20

KOHTPOJ/IbHAA PABEOTA Ne2

3AA0AYA K1
OMPEAENEHVE KMHEMATUYECKUX XAPAKTEPNCTUK TOYKW TPA
KOOPANHATHOM CIMNOCOBE 3A0AHUA EE ABVYKEHUNS

YCNOBWME 3AA0AUYUN K1: MaTtepnanbHasa Touka M [BUXKETCS B NJOCKOCTH,
Ha KOTOpOi1 BBejeHa MpsMOYyronbHas jekapToBas cuctema koopguHat Oxy. [Buxe-
HWe TOYK03 3alaH0 KOOpAMHATHbLIM criocobom: x = x(t), y =y(t). KoopauHaTtbl TOUKHN:
X WY, - U3MepPATCA B MeTpax, a aprymMeHT t- B CeKyHAax

Ha pucyHkax K 3agade K1 npuBefeHbl ypaBHEHUS [BMXKEHNA TOYKU U NOKa3a-
Ha (popma eé TpaekTopuun. B Tabnumue K1 gaHbl 3HaueHus KoapuumeHtos D], D2, D3
n D4, onpegensiowmx ypaBHeHWe ABMXKEHNS TOYKW, U napameTp T, yepe3 KOTOpPbIi
BblpaXKaeTCd MOMEHT BpemeHMu t|.

OnpegennTb B 33faHHbli MOMEHT BpeMeHM t] Bce KMHeMaTU4eckne xapakre-
PUCTUKN [BVIKYLLEACA TOUKMW: YpaBHEHME TPAeKTOpUW, KOOPAMHATbl TOYKWU, CKO-
poCTb, MONHOE, KacaTeNlbHOE U HOPMaibHOE YCKOPEHUA, PAAUYC KPUBU3HBLI TPAEKTO-
Py 1 3aKOH ABVXKEHUSA TOYKM NO TpaekTopun. 1306pasnTb Ha pUCYHKe NONyYeHHbIe
pe3ynbTarhbl.

YKa3saHua KpeLueHunto 3agaum K1

Mpu peweHnn 3agaum K1 notpebyerca 3HaHWe hOpMyn TPUTOHOMETPUN:
cos2a +sin2a =1, cos2a =2cos2a - 1=1-2 sin2a,
sin2a =2sma»cosa, tga-eclga=1,
_ 1 clga . tga
cosa== smar =%
)l +tgla wl +ctgla ’ YA +tg2a -ji +ctg2a ’

TO OT CNOXKHOM (hYHKLMN:

3cos
(?m)] my24 )] u{f)][f2] - 7 si{f)-
ﬁ,ﬂ,r/nu-&)j!vrr 7-1vrn-v yn ?ti XﬁQiNﬂ L‘jur_ > «»m.;i”

Ne D, (m) » 2(M) D3 (m) D4 (m) T
0 -1 1 3 2 8
1 -2 0 1 3 1
2 3 -4 2 -3 4
3 2 4 -1 0 4,5
4 0 3 -2 5
D -1 -1 -2 | i
6 -2 -2 1 3 1,5
7 -3 -3 2 2
8 2 3 -3 0 7
9 1 2 -2 1 7,5
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MPVIMEP PELLIEHMA TUMOBOM 3AAAUM K1

JaHo: Touka ABM>KETCA MO NIOCKOCTN. YpaBHEHUs eé ABMXKEHUSA 3afaHHbl KO-
OpANHATHBIM cnoco6om. 3HayeHust KoadpcpuumeHtos D (=1, D2=0, D3=2 n D4=-3. lNa-
pameTtp T=1. PaamepHocTb koathuumeHTos D(, D2) D3, D4 n, cnegosaTenbHO, KOOpP-
AUHAT X 1Y OBMKYLLECA TOUKM 3ajaHa B MeTpax, pasMepHOCTb napameTtpa t - B ce-

KyHZax.
OnpefennTb: BCE KMHEMATUYeCKMe XapaKTepUCTUKW [ABUXKYLLEACS TOUKM B

3aflaHHbIi MOMEHT BpemeHu tf:

PelueHue: x=chv )
x =D,ctg(—t) + D2 MopactaBuM 3HayveHUs Koadhdpuum- '
6 r,=TC EeHTOB B YypaBHEHWUS [BMXXeHUs Touku. Y =2cos(y0~3
y =D, cos(—/)+ D, YpaBHEHUA ABUXKEHUA NPUMYT BUA:
3 1. Onpeaenum ypaBHeHWEe TPAeEKTOPUM ABUXKYLLelACS
TOYKW.
MaK Kak cos2ar =2cos’ o - l:--z—qg—*fzi-—-— ,Toy-i—?é :-—2-)—(-r—r -1 n v=1-——-- r-.
1+ ctg/a 2 | +xJ I +xJ

NTaK, ypaBHEHWE NUHUN, BAO/Nb KOTOpOI7I OBUXKETCA TOYKa, npeactasnideT Co-

601 rMnepboMYecKyo KpMBYHO.
B paccmatpuBaemblit nHTepBan BpemeHn te (O.00), 3HaA4EHUA KOOPAMHAT ABU-

XKyLLLeCA TOUKM MMEIOT ChegytoLlme orpaHnYeHus:
-fa <x:ctg(gt) <pa, -5 £y :2COS(?/)-3 5-1.

COBOKYMHOCTb 3TUX OFPaHUYeHUii U ypaBHEHUS| IMHUW, BLOMb KOTOPOI ABU-

XKETCA TOUKa, U onpejensieT ypaBHeHWe TPaeKTOPMM ABVKYLLLEACS TOUKMN.
orfyHa*; VaOW'CY 40xisit -ryia:u:Liri MOMEHT vincvc

— *i) 'm>v | 2cos(”:} 2% \w
3.  Onpeaennm CKOPOCTb ABMXKYLLEACA TOUKW.
Haligem npexkfe ypaBHeHWs, OMWCbIBAOLLME N3MEHEHME MPOEeKLUA CKOPOCTU
LBUXKYLLENCS TOYKN Ha KOOPAMHATHbIE OCHU:

Onpegenm 3HauYeHWsi MPOEKLUIA BEKTOPA CKOPOCTU U €r0 MOAYyNs B 33fjaHHbIiA
MOMEHT BpeMeHHU ti = 1c:

P)

4. Onpegenum (NONHOE) YCKOPEHWE ABMKYLLEACS TOUKU.
Haligem npexje ypaBHeHMs:, ONUCbIBAOLLNE N3MEHEHMWEe MPOEKLUI YCKOPeHMUS

ABVKYLLIECS TOUKU Ha KOOPAMHATHbIE OCK:



Onpegennm 3HayeHWs NPOEKUMIA BeKTOpa YCKOPEHUs W ero mMogyns B 3ajaH-
HbIi MOMeHT BpemMeHM t] = lc:
2n2ve? .
9 rah="gri=yd ,+a\=9 +1=: 9 (©)
5. Onpefenvm KacatenbHOe YCKOPEHWE 4BMKYLLECA TOUKN
N dhmj=---n 12v,a, +2war v,a, +WQ
* -r Vv
Haligem 3HaueHve anrebpanyeckoli BEMMYMHbI KacaTenbHOro YyCKOPeHus B 3a-
[aHHbIi MOMEHT BpemMeHu tj = 1c:
3 212743 n-V3n1J 3 A (- 4+1)]:_,\ (4)
or=w rr3 9 39 W7 27V 3
6. OnpegenMm HopManbHOE YCKOPeHUe ABMXKYLLLeCA TOUKMN.
Tak Kak a-"~a] +a2,70 a, ="ar-a) . Haligem 3Ha4yeHue BeNNYNHbLI HOpMab-

HOro YCKOPEHUS B 33fjaHHbIi MOMEHT BpeMeHHU tj = Lc:

rr-—---r nr 27 $n2-1]
°.=v«i =y \ 13~ =+ 4 ®)

7. Onpegenum pagnuyc KpUBM3HbI TPAEKTOPUU [BUXKYLLE/CS TOUKMA B TOM Mec-
Te, B KOTOPOM OHa HaXOAWTCA B 3aJaHHbI MOMEHT BPEMEHMU:

V2 V2 o
Tak Kak a, =—, To p =— . HaligeM 3HauyeHue pagnyca KpMBU3HbI TPAEKTOPUN
P a.

0 3aflaHHbIi MOMEHT BpemeHu t] = lc:

_y2 7n2 63 -7
P gl 2% ®

8. 3anuiuem 3aKOH ABUXKeHUA TOYKM NO TPaeKTopun:

S= = J7v2+y2* =f J7sin~'(f,) +16sin,(f,}/<

Mcnonb3yem HaiieHHble KUHEMATUUECKME XapakKTepucTuku (1-6) ABMXKYLLeid-
cA TOYKM AN MOCTPOEHUS PUCYHKa. [ns vero B Tabnuue NpUBELeM 3HAYEHUS 3TUX
XapaKTepUCTUK, BbIUMCAEHHbIE C TOUHOCTBHO A0 ABYX 3HAYalLMX LMgp, Tak Kak npu

r

M m/c m/c2 M
Lx> YY) VX vyl Vi o ™ a\ a1 O]
1 - F X6 =g *M 1 40 | %22 33 23

Ha pucyHke BBefleM MNOCKYKO MPAMOYrofibHYIO [leKapTOBY CUCTEMY KOOpAu-
HaT Oxy. MacwTab 3Toi cnucTeMbl BblbepeM 13 COOOPaXKeHWI HArNAAHOCTN PUCYHKa:
M].: 1:100. 3TO 03HayaeT, YTO B OAHOM CaHTUMETPe PUCYHKAa COLEPXKUTCH CTO CaH-
TUMETPOB TPAEKTOPUMU.
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1. MocTpouM NMHUIO TpaekTo-
pun aBMXKyLLenca Touyku. Ha pucyHke
JO/MKHa 6bITb BUAHA N30MHYTOCTL Tpa-
eKTopun. 103TOMy 4YacTo JOCTaTOYHO
NMOCTPOUTL YaCTb TPAEKTOPUWN MO TPEM
eé ToUKam.

t 0.5 1.0 2.0
X 3.7 1.7 0.6
y -1.3 20 4.0
M306pasvm TOUKOIA nonoxe-
HMe [OBVDKYLLeCA TOUKM Ha TpaekTo-
pun.

2. MocTpoum BEKTOP CKOPOCTW ABMXKYLLUEWCA TOUKU. BblbepeM CKOPOCTHOW
mMacwTtab My: 1:1. Oro o3HauaeT, YTO MpPU M306paXKeHNN CKOPOCTHbIX XapaKTepu-
CTUK B O4HOM CaHTMMeTpe PUCYHKa COLEPXXWUTCS OAWH MeTp B CeKyHAy. B BbibpaH-
HOM MacwiTabe OT TOUYKM Mi OTN0XKUM BNEBO M BHWU3 (COOTBETCTBEHHO 3HaKaMm Mpo-
eKLMi1) OTPe3KMn, paBHble VX 1 VYi - MPOEKUMAM CKOPOCTU ABUXYLLENCSH TOYKM Ha
KoOpAvHaTHble ocu. CTpoum BekTop V|, kak gnaroHanb NpPsSMOYrofibHMKa CO CTOPO-
Hamun V] n W]

Mpn NpaBUAbLHO BbIMOAHEHHOM MOCTPOEHUN 3TOT BEKTOP JO/MKEH ObITh Ha-
rnpas/eH Mo KacaTeNbHOW K TPAeKTOPUY ABVIKYLLENCS TOUKMN.

3. MocTpouMm BeKTOp YCKOPEHUS LBMXKYLLENCS TOUKN. Bbibepem macwwitab ans

yckopeHunst Ma! 1:1. 3To o3HauyaeT, UTO NpuU U306padKEHUN XapaKTepuUCcTUK ycKope-

HUS B OJHOM CaHTMMETPe PUCYHKa COEPXKMTCA OAMH METP B CEKYHAy B KBajpare. B
NbI6pansacm Mr.criT:;5¢ 0T To4Heil M> OT/IOXMM INP;LLUO K ean3 (COOTBETCTBEHHO 3Ha-

Kam Kpaanugk;) <Tpesku, a.? y. C-- —TIPOEKUMAM YCKOPEHUS A3axyLuroe.*.
TOYKM Ha Koopalarta-e oc.. Cepo™*.: co;rop  Kak AMAaroHadb mp..Mcyrosisu;:A.'
co cropokamu aX]u ayi. 1

lMocTpoMM BEKTOP KacaTenbHOro YCKOPEHWs ABWMIKYLLeNca Touku a,,. Ha pu-
CYHKE OTNI0XXUM B MacluTabe YCKOPEHMUS OTPEe30K, PaBHbI BeNUYMHE aT], N0 NTMHUN
HanpasneHns BekTopa V] B 06paTHYlO emMy CTOPOHY (COOTBETCTBEHHO 3HAaKy L, B
Tabnuue).

MocTpoMm BEKTOP HOPManbHOro YCKOPEHUS ABMXKYLLECca TOUKN a,,i. Ha pu-
CyHKe OTNIOXXMM B MacluTabe yCKOpPeHUsi 0TPe3oK, paBHbI BennynHe all], nepneHam-
KYNSipHO NIMHWUMW HanpaBineHWs BeKTopa \y C CTOPOHY BOTFHYTOCTW TpaekTopuwu
OBVDKYLLIECA TOUKMN.

Mpn NpaBuAbHO BbIMOAHEHHOM MOCTPOEHWW BEKTOP a/, MOCTPOEHHbIN Kak
AvaroHanb NPAMOYrofbHMKA CO CTOPOHAMU aX/ 1 &/, [OMKEH COBMACTb C BEKTOPOM
al, nocTpoeHHbIMpaHee, Kak AMaroHanb NPSMOYrofbHMKa CO CTOpoHamMu agf 1 ayi.



2A071'b\ 1O
OMPEJENEHVE KWHEMA TUUECKUX XAPAKTEPVCTUK TOUEK
BPALLAO LLLEFOCS TENA

YCNOBWE 3AO0AUUN K2: MexaHU3M COCTOUT U3 ABYX CTYMeHYaTbIX Kofec
n rpysa D. Koneca mexgy coboil HaxoaaTcs B 3auUenieHun Man CBA3aHbl HepacTs-
>KMMOW peMeHHOW nepefadyeii. Mpys D nofgelleH K KOHLY HepacTsXXMMOW HUTW,
HamMOTaHHOW Ha 0AWMH 13 06040B CTyrneH4YaToro kKoneca 1.

Kak MMeHHO coedMHEHbI MeXAy co60li CTyrneHyaTble Koneca, NoKasaHo Ha pu-
CyHKax. Kpome Toro, Ha pucyHkax JaHO COOTHOLUEHME pajnyCcoB BHELUHErO U BHYT-
peHHero 060/0B CTyneH4aToro Koneca 1.

3akoH ABuXKeHuA rpysa D (BHU3 MO BepTUKanbHOW TpaekTopuu) 3ajaH B Tab-
anue: x=x(t). B Tabnanue Takxe nNpuBejeHbl 3HadeHUs napameTpos: tt, u, Hu V. ti -
3afjaHHbI MOMEHT BPEMEHW, P - YION MeXy BEKTOPOM YCKOpeHus Touku A (Koneca
1) 1 NpsMOIA, COeAMHAIOLLEN 3Ty TOUKY C OCbiO BPaLLeHUs, B 3adaHHbIi MOMEHT Bpe-
MeHU. H=R2-r2 - pa3Huua pajnycoB BHELLUHero n BHyTPEHHero 060408 CTyrneH4yaToro
Koneca 2. V - napameTp, ONpegenstolnii Ha pUCyHKax BeNMUYNHY CKOPOCTU TOUkM B
(koneca 2) B 3afjaHHbIn MOMEHT BPEMEHN.

OnpegennTb BENNUYUHY YCKOPEHWA TOYKM B (koneca 2) B 3afiaHHbIi MOMEHT
BPEMEHW W HaliTh, Kakoli Yron a COCTaBAsAOT 3TM BEKTOPbI Mexxay CO60iA.

YKaszaHus KpewleHunto 3agaum K2

Ecnu gBa Koneca HaxoAAaTcs B 3aLenieHnn, TO CKOPOCTM BCEX TOYEK, NexXallnx
Ha COOTBETCTBYHOLWMNX 060ax 3TUX KoNnec paBHbl. Ecnu iBa Koneca cBfA3aHbl pemMeH-
HOI Mepepayeit, TO CKOPOCTM BCEX TOYeK, NeXKaLNUX Ha COOTBETCTBYHOLMX 0604aX
3TUX KOJEeC, N CKOPOCTU BCeX TOYEK PEMHA PaBHbI.

B 060Mx 3TMX CNyyasx OTHOLUEHME YINOBbIX CKOPOCTEN M YINOBbIX YCKOPEHUIA
CBA3aHHbIX KONeC 06paTHO MPONOPLMOHaIbHbI OTHOLLIEHWIO UX PAANYCOB:

a7 e2 K

NCXOAHbBIE JAHHbBIE U pUUCYTMKW 3A0AUMN
Ne r=x(t) ti B H=R2r2 V
M cek  rpag. M m/c

0 08(t-4t) >/ &P 0.3 2.4
I 0.9(t311) VI 60° 0.1 18
2 t)-12t vy o @ 0.2 3
3 0.06(t}6t) 73/3  60° n.3 0.3

4 tJ-15t 2 45° 0.2 3
5  0.0(tk7t)  Vv3/3  30° 0.1 0.6
6 0.4(tFI12t) 73 60° 0.2 1.2
7 0.5(tM5t)  f ©0 0.3 3
8  0.375(tk3t) VJ/3  60° 0.3 0.75
9 24(t31) 05  45° 0.2 6






MPUMEP PELLIEHUSA TUMOBOW 3AAAUN K2

[aHo: YpaBHeHWe [BMXKEHUSA rpysa
D: x=(r-9t)/6 M. 3agaHHbI MOMEHT BpeEMe-
HU t] = 1 cek. Yron p = 45°. CoOoTHOLLeHne
paguycoB cTyrneHyatoro koneca 1: rjiR-j =
1:2. Pa3Huua pagnycos CTyneH4aToro Korsne-
ca 2: R2-T2=0,2 m. NapameTp, onpegensio-
LWMiA CKopoCTb ToUkM B: V=1 m/c.
OnpegennTb: BEANYUHY BeKTopa ycC-
KOpeHna Toukn B (koneca 2) B 3afjaHHbIi
MOMEHT BPEMEHMN W YTON MeX/y BeKTopamu eé CKOPOCTN Y YCKOPEHUS.
PeLueHue:
1. OnpegeneHve pa3vepoB CcTyreH4yaToro Koneca 1.
3Has ypaBHeHWe ABMKeHUA rpysa D, Haxo[MM CKOPOCTb U KacaTeflbHOe YCKO-
peHuve Toukn A:
dx P . dx
n o di 2 a~w =lI-
B 3agaHHbI MOMEHT BpeMeHu: VAI =-1m/c, aAlT =1m/c2
3Haa yron p, Haxo4nM HOPMalbHOE YCKOPEHWE TOUKMK A
«nl ctg p - Im/e\
Tenepb, 3HaA CKOPOCTb W HOPMarbHOE YCKOPEHMe TOYKU A, Onpefenmm
paccTosiHMe OT TOYKU A [0 OCW BPaLLEHWNS:
Ri=vAlZnAir=1m. Torga T]=Ri/2 =0,5Mm.
2. OnnefeneHne pasmMeHoB CTyrneH4arToro Koneca 2.
. Lt LWV ..j.’ici'C CvUCIf 1icOnC™ .'vlj...Oh
X 70 roue:CuE \ vy *
CKopocTb ToUkM C HeTPY[HO OnpefenuTs:
vc =vArl/RI=0,5 m/c.
3Hasa CKOpPOCTW ABYX TOYeK CTYMeH4aToro Koneca 2 v pacCTosHWe MeXAy Hu-
MW, HaligeMm pasmepbl Koneca:
oXj ==———(R2-r2)= 0,4 m, r2=0,2 m.
K =a Pr~rl
3. OnpepeneHne 3aKoHa M3MEHEHMWS YI0BON CKOPOCTM CTYyMeHYaToro kKoneca

Haiigem npexkze, Kak U3MeHSIETCS YINI0Basi CKOPOCTb CTyrneH4aToro Koneca 1:
V. P-3
=T =~T-
Tak Kak CTyrneHuYaTble KoJeca CBsidaHbl MeX/y COGOW HepacTsXKUMOI pemMeH-
HoOll Mmepefaveii, coefuHsIOLLeli BHYTpeHHMe 0604a KOJEC, TO OTHOLLUEHWE YrNOBbIX

CKopocTeli 06paTHO NPOMOPLUOHANLHO pa3Mepam 3TUX 060408, TO ECTb:
@ T, r 5



onpejeneHune yrna a Mexay BeKTtopaMmu CKOPOCTU U YCKOPEHNSA TOUKM B.

Halifgem 3aKOH M3MEHEeHWUs YrNOBOr0 YCKOPEHWUs CTyrneH4YaToro Koneca 2: *
dax. 5

Haiinem Tenepb cocTaBstoLLMe BEKTOPA YCKOPEHUS TOUKM B:

Onpegenum yroa p Mexjy BEKTOPOM YCKOpeHUs Touku B 1 npsmoid, coeau-
HsItOLLeli e€ ¢ OCbiO BPALLEHNS!, B 3afjaHHbIAi MOMEHT BPEMEHM:

_a* _2 2 N
|g/J—EH:— s I/I~arc,Sg’« 22*,

Tak Kak 3Haku anrebpanyeckux BEMUYMH CKOPOCTM U KacaTeNbHOro yckope-
HUS TOUKM B B 3afaHHbI MOMEHT BpeMeHW pa3nuyHbl (VBI = R2tR = -1 m/c, ab/=
R22 =1 M/c2), To Touka B aBM>XeTCH 3amMefleHHO 1, CNefoBaTeNbHO, Yron a mexay
BEKTOpPaMn CKOPOCTU M YCKOPEHUS 3TON TOUKM GyAeT paBeH:

a- ~;+p‘ « 112*,

5. OnpepeneHve ycKopeHus To4ku B.
BennunHa nonHoro yckopeHms 060 TOYKM Bpaliatollerocs Tena paBHa
KOPHIO KBaApaTHOMY M3 CyMMbl KBaJpaToB ero KacaTefbHOro U HOpMalbHOro yCKo-

peHwuii: a,, =-Jalr+ =R"-Jel +1u* = 2,69 m/c2.

3AOAYA K3
KNWHEMATUUYECKWIN PACYET MJIOCKOTO MEXAHUM3MA

YCNOBUWE 3A0AUWN K3: MNnocknii MexaHW3M COCTOUT N3 YeTbIpEX 3BEHLEB
N Koneca, KOTOpoe KaTUTCs Mo ropu3oHTaIbHOM NOBEPXHOCTM 6€3 NPoCKanb3blBaHMWA.
Pa3mepbl NepBbIX iBYX 3BEHbEB H KOneca OfjMHaKOBbl BO BCeX BapuaHTax: Li~C,4 m;
L2=1 m n R=0,2 m. Pa3Mepbl OCTalbHbIX 3BEHbeB 33afaHbl B Tabnuue. Yactn mexa-
HU3Ma CcoefuHeHbl MeXy coboi wapHMpamMn. OHO M3 3BEHbEB COEJUHEHO C LieH-
TPOM Koneca, fpyroe - c ero obogom. MHorga (puc. K3.2, 3, 7, 9) o4HO 13 3BEHbEB
COeAMHEHO C CepeanHOli ApYyroro 3seHa (Touka W).

MonoxkeHWe yacTeli NIOCKOro MexaHM3Ma onpejensieTcs yrnamu a, p, y, @, y,
3afaHHbIMK B Tabnanue K3. Kaxgplii yron onpegensieT nonoXeHne COOTBETCTBYHOLLe-
ro 3seHa. Bce yrnbl OTKNaAbiBalOTCA OT TOPU3OHTANLHOrO /y4ya, MPOBEAEHHOrO
BMpaBO M3 COOTBETCTBYIOLEro y3na. B 3afaHHOM MONOXXEeHUM MexaHW3Ma yrnosas
CKOpOCTb NEPBOro 3BeHa HanpasieHa NPOTUB YacoBOW CTPenkun 1 3agaHa oc=4pag/c.

Ana 3aflaHHOr0 NONOXKEHNSA MexaHM3Ma BO BCeX BapMaHTax onpeenunTs:

1) nonoxkeHne MLLC Bcex 3BeHbEB MeXaHW3Ma, ABUXKYLLUXCSA NNOCKO NapanienbHo;
2) CKOpOCTW BCEX Y3/10B MexaHu3Ma (Touek A, B, C nT. 4.);
3) yrnosble CKOPOCTW BCeX 3BeHbEB MeXaHU3Ma W Kofeca.



YKasaHuns KpeLleHuto 3agaum K3

Mpn peweHnn 3agaunm K3 TpebyeTca 3HATb, 4TO

CKOpPOCTb W YCKOPEHWE y3/10B, COBMNajaroLmx € rnonsyHa-
MW, Hanpas/neHa Mo HanpasAAoLWMM 3TUX MON3YHOB; CKO-
pOCTb Y3N10B, MPUHAANEXALLNX BpaLLatoLLNMCA 3BEHBAM,
Hanpas/ieHbl NepreHanKyNspHO 3TUM 3BEHbSAM, a YCKope-
HWe MMeeT KacaTeNbHyt a/ 1 HopManbHyto a/ CcoCTaB-

nawoLme.

Mpy NOCTPOEHMM MIHOBEHHbIX LeHTPOB ckopocTeld (MLIC) ansa 3BeHbEB, 4BU-
raloLwmnxcs NN0OCKO napannenbHo, M onpejeneHWn paccTosHWiA oT y3noB 4o MLIC
y406HO NOnb30BaTbCA TEOPEMOl CMHYCOB: OTHOLUEHWE CU-

HYCOB YrnoB Nt060ro TpeyroibHMKa K AnnHam CTOPOH, fe-
>KaLLMX NPOTUB 3TUX YrN0B, OAMHAKOBO i1 BCEX CTOPOH Y
YrnoB: A
sinA sin# sinC
wsc-~nc'~al c
B Tabnuue npvBefieHbl 3HAYEHUA CUHYCOB HEKOTOPLIX Yr/10B, KOTOPblEe MOTyT

7,5° 15° 22,5° 30° 45° 60° 67,5° 75° 82,5°
'mra 0,131 0,259 0,383 05 0,707 0,866 0,924 0,966 0,991

NCXOOHbIE AAHHDBLIE 1 PNCYHKW 3AAAYN K3

Ne ja(rpaa.) 3(rpaag) y(rpaa.) @(rpap) y(rpas.) L3(m) L<(m)

0 | 210 315 180(90) 30 150(120) 0,6 0,6
1 225 330 0 30 120 0,8 1,2
2 30 225 0(90) 30 135 0,6 1,0
13 45 210 180 60 = 120 0,8 0,6
14 60 180 210 60 150 0,6 14
!5 60 150 240 30 135 0,8 1.4
I 6 120 135 0(270) 30 120 0,6 0,8
u J 135 240 180 45 150 1,2 1,0
8 150 225 120 60 135 0,6 1,2
1*1 180 300 135 60 120 0,8 0,8

B Tabnuue (B CKobkax) NpuBeAeHbl AOMOAHUTENbHbIE 3HAYEHUA YrnoB. TN
3HayeHns cnefyeT MCMONb30BaTb B TEX CAy4vasX, KOrfga npomcxoanT 3aKIMHUBaHWE
MexaHn3Ma, a MMeHHO, KOrja MrHOBEHHbIi LEeHTP CKOpoCTeil monagaet B TOYKY,
CKOpPOCTb KOTOpOi 3aBeAOMO He paBHa Hynto. Hanpumep, B BapvaHTe 51 npu y=0°
MLIC 3BeHa 2 nonafgaeT B TOHMKY A, a eé CKOPOCTb, paBHast NPOM3BEAEHUIO YT/I0BOWA
CKOpOCTW 3BeHa 1 Ha ero AnvHYy, OTAMYHA OT Hyna. o3ToMy 34eCb crefyeT 3Haue-
HWe yrna nonaratb paBHbIM AOMONHUTENbHOMY 3HAYEHUIO, & UMEHHO Y=90°.






JI
MPUMEP PELLIEHVA TUMOBOW 3AAAUM K3

AaHo: L|=0,4m; Lr=IM; Lj=0,9m;
LL=0,5m; R=0,2m; a=30°; p=330°; y=300°;
d=0°; p=90°; AH=BH.

Onpegenntb: [lonoxeHne MUC
BCEX 3BEHbEB MEXaHU3Ma, [BUXKYLLMXCA
NN0OCKO MapanfefNbHO, CKOPOCTU BCEX Y3-
NOB, YrNoBble CKOPOCTU BCeEX 3BEHbLEB, €C-
NN B AaHHbIA MOMEHT BpeMeHn ot=4 pag/c
W HarnpaBneHa MpPoTUB YacoBOI CTPENKN.

PelueHne:
PucyHOK, 3afaHHbI NO YCNOBMIO, MOKa3bIBaeT IULLIb CXEMY COEAMHEHUS Yac-

Tell NI0CKOro MexaHn3ma.
CTpOoMM Ha puUcyHKe paboumnii YepTeXk B COOTBETCTBUM C 3afaHHbIMU YT iamu 1

pasMepamu.

1. 3BeHO 1 BpallaeTcs, 3Ha4UT, CKOPOCTb y3na A paBHa:
VA=0d Li = 1,6 m/c,
W HanpasfeHa Noj NPAMbIM YII0M K 3BeHy 1 NpOTMB 4acoBOM CTPENKW.

2. 3BEHO 2 ABWXKETCS MNOCKO napannensHo. Bektop ckopoctu y3na B ropu-
30HTa/IeH, TaK Kak Touka B npuvHafnexxut nonsyHy, Hanpas/nsoLasa KoToporo ropu-
30HTanbHa CtpouM MLC (Touky P2) 3BeHa 2, BoccTaHaBMBas nepneHAnKynapbl U3
y3n10B A 1 B K BeKTOpam CKOpoCTeii 3TUX TOYeK.

TpeyronbHUK ABP2—paBHOCTOPOHHWIA, TaK Kak

ZAP2B =90°-a = 60°,
Z P2AB =360°+a-P =60°.
3HaumT, 1I; =BIM2»AB =L, =1wm. MP2- L2ccr.30" - 0,263

N3BecTHO, UTO . OTKyaa Haxoaum:
I ST T A

q2=Va/AP2=1,6c,;
VB=c02BP2=1,6 m/c;



BekTtop VH HanpaBneH nepneHAnKynsipHo npsmort HP2, To ecTb no npsvoi
AB, TaK Kak MefjMaHa paBHOCTOPOHHEr0 TPeyrofbHMKa ABNSETCHA ero BbICOTOM.

3. 3BeHO0 3 ABMXKETCA MNOCKO napannenbHo. BekTop Vd HanpasneH nepreHal
KynspHo npsmoii DK, Tak Kak Touka K (Touka KOHTaKTa Kofeca C NOBEPXHOCTbIO) -
MLLC korneca, a Touka D npuHagiexxnT He TONbKO 3BeHYy 3, HO U Konecy. CTpoum
MLLC (Touky Pj) 3BeHa 3, BoccTaHaBnnBas rnepneHAnKynsapbl U3 y3nos H n D K Bek-
TOpam CKOPOCTel 3TUX To4ek.

B TpeyronbHnke HDP2:

ZDHP3=ZABP2=60°
ZHDP3 =90° - ZCKD =90° - (y-270°)/2 = 75°.
ZHP3D =180°- ZDHP3 - ZHDP3=45°,
sin45' _ sin60" _ sin75'

ﬂOTEOReMe CUHYCOB: ) = 0P, P, , Haxoamm

DP3= DHsin607sin45° =0,9*0,866/0,707 = 1,10 m;
HP3 = DHsin757sin45° =0,9*0,966/0,707 = 1,23 ™.

M3BecTHO, 4YTO =f£-= (nSOTKy,u,a Haxo4uMm:

WP, P,
w3 =VHHP3= 1,386/1,23 = 1,13c";
Vd=1x3DP3=1,13*1,10 = 1,24 m/c.
4. Koneco aBmxkeTcs Naocko napannensHo. Touka K (Touka KOHTaKTa Koneca c
noBepxHocTbio) - ML,C Koneca.
M3 tpeyronbHnka CKD: DK =2RcosZCKD =2*0,2*0,966 = 0,386 m.

v
M3BecTHO, UTO W: IZ\)éK =00. . OTKyfa Haxogum:

0* =Vd/DK = 1,24/0,386 = 3,21c";
Ve =<CK =3,21*0,2 = 0,64 m/c.

5. 3BeHO 4 gBM>XKeETCA NNOCKO napannensHo. Bektop ckopocTtu y3na E septu-
KaseH, TaK Kak Toyka E npuHagnexxuTt nonsyHy, Hanpasnsiolias KOTOPOro BepTu-
KanbHa. Ctpoum MLLC (Touky P<) 3BeHa 4I'BoccTaHaBMBas neprieHANKYNApbl U3 y3-
nos C n E K BeKTOpam CKOpPOCTel 3TUX TOYEK.

Touka P<cosnagaet c y3nom E, 3Haunt, Ve=0; a3l = Vc/L4=0,64/0,5=1,28 c 1.

MonyyeHHbIe pe3ynbTaThl yA06HeW NpmBecTy B BUAe Tabamubl 3, rae 3Ha4eHns
3TUX XapaKTepMCTUK BbIYUCNEHbI C TOYHOCTBIO A0 ABYX 3HayallMxX UMp, Tak Kak

Ys. A B H D C E 3s. 1 2 3 4 K
\ 16 16 14 12 06 O B 40 16 12 13 32





