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BblIBOP BAPUAHTOB, NOPAAOK BbINMOJIHEHUA
PABOT, NOACHEHUA K TEKCTY3AAAH

CTyaeHTbl BbINOAHSAIOT 5 KOHTPONbHbIX 3aAaHuiA.

K kaxxgoi 3agave aaetca 10 pucyHKoB 1 Tabnmua (C TeM Xe Ho-
MEpOM, YTO M 3aJa4a), CoaepKallas A0NOMHUTENbHbIE K TEKCTY 3a4aun
ycnosus. Homepa ycnosuii ot 0 Ao 9 npoctaBneHbl B 1-M ctonbue Tab-
nubl.

CTyAeHT BO BCEX 334a4ax BbIOMPAET HOMEP PUCYHKA 110 MPEZIO-
cneqHest ungpe wngpa, @ HOMED yc/ioBUsi B TAG/MLIE — 110 MOC/IELHEN,
HanpuMmep, ecny Wndp okaHYMBAETCS uncioM 46, To bepyTcs puc. 4 u
ycnoBust NQ 6 u3 Tabnuubl.

Kaxxgoe 3alaHue BbLIMOSHSETCS Ha OTAeNbHOM mcTe dopMmaTa
A4. KoHTponbHas paboTa fo/MKHa MMETb TUTY/bHBIN INCT, HAa KOTOPOM
YKa3bIBalOTCA: Ha3BaHWe y4ebHOro 3aBeieHne, Ha3BaHWe ANCUMMNHDI,
HoMep paboTbl, Ha3BaHMe rpynnbl, GamMmMns U MHUUMANbLI CTYAEHTA,
yuyebHbIn WwWndp, hammnna npenoaasaTens, ropoa v rog.

Ha nucre ¢ pelweHneM cBepxy ykasblBaeTCs HOMep 3adauu, Aa-
nee genaetcs Yeptex (MOXHO KapaHAaloM) M 3anucCbiBAaETCsl, YTO B
3aAaye AaHo M YTo Tpebyetcs onpeaenuTb (TEKCT 3aAaun He nepenu-
CbiBaeTCs). Yeprex BbirosIHAETCS C yHETOM YCII0BMH PELLIAEMOrO BapH-
aHTa 3a4ayy, Ha HeM BCe YI/ibl, AENCTBYIOWIME CUMbl, YNCNO TEN U KX
pacnonoXeHWe Ha YepTexe AO/MKHbI COOTBETCTBOBATb 3TUM YC/I0BUSIM.

YepTex gomkeH ObiTb akkypaTHbIM M HarnsiAHbIM, @ ero pa3Mepbl
[OSIKHbI MO3BOJIATb ICHO NMOKa3aTb BCE CUJIbl USIM BEKTOPbLI CKOPOCTU U
YCKOPEHMSA M Ap.; MOKa3blBaTb BCE 3TV BEKTOPbLI U KOOPAMHATHbLIE OCU
Ha uYepTexe, a TaKKe YyKasblBaTb €AMHMUbI MOMyYaeMblX BESIMUMH
HY)XHO 0653aTe/bHo. PelleHne 3agad HeobxoauMMmo ConpoBoXAaaTb
KPaTKUMM MOSICHEHUAMM (Kakne hOpMySibl UK TEOPEMBI NMPUMEHSIIOTCS,
OTKyAa NOMy4yatoTCsl T€ WK MHble pe3ynbTaTbl U T. N.) U 1104P06HO 13-
J1arate BECh X04 pacyeros. Ha kaxxaol cTpaHuue cneayeT oCTaBnsATb
nons Ans 3aMevyaHuin peLeH3eHTa.

PaboTbi, HE OTBEYAIOLNE BCEM MEPEYUCIIEHHBIM TPEOOBAHNSIM,
rPOBEPATLCS HE BYAYT, a OyAyT BO3BPaLLaTHECS 4715 EPEAEIIK.

Mpu YTEHWUM TEKCTa KaXkaoW 3adauun y4yecTb cneaytollee. bornb-
LUMHCTBO PUCYHKOB AaHo 6e3 cobntoaeHns Macwrtabos. Takxke 6e3 oro-
BOPOK CUMTAETCS, YTO BCE HUTK (BEPEBKU, TPOCHI) SIBMSIOTCS HEpPaCTS-
YXUMbIMU U HEBECOMbIMU, HUTK, NEPEKMNHYTLIE Yepe3 610K, No 610Ky He
CKOMb3SIT, KaTKN M Kosieca KaTATCS MO MAOCKOCTSIM 6e3 CKOSb)XEHUSI.
Bce cBsA3Kn, ecnn He caenaHo ApYrMx OroBOPOK, CHMTAIOTCA WAeanb-
HbIMW.
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Korga Tena Ha pucyHke NpoHYMepoBaHbl, TO B TEKCTE 3a4ad U B
Tabnvue Pi, A, rin T. N. O3HAYAIOT BEC MK pa3mepbl Tena 1; P, b, n —
Tena 2 v T. 4. AHaNOrM4yHo, B vs, d@s03HAYalOT CKOPOCTb U YCKOPEHME
TOYKK B; vg ac— Toukun G, w1, &1 — YrNOBYIO CKOPOCTb M YII0BOE YCKO-
peHvie Tena 1, ap, &— Tena 2u 1. 4. B kaxxaoi 3agaye nogobHble 060-
3Ha4YeHUst MOryT TOXe CreumasibHO He OroBapuBaTbCS.

CnepyeT Takxe UMETb B BUAY, YTO HEKOTOPbIE M3 3aAaHHbIX B
YCIOBMSIX 3afayn BennumMH (pa3MepoB) MpY peleHun Kaknx-Hnbyab
BApUaHTOB MOMyT He NMOHAA0OUTLCS, OHU HYXHbI AN1S1 PELUEHUS APYTUX
BapvaHTOB 3a4auu.

M3 Bcex MOsSICHEHMI B TeKCTe 3adauu obpallaiite BHUMaHWE
TONIbKO Ha OTHOCALUNECS K BaLEMY BapHaHTY, T. €. HOMepY Ballero pu-
CyHKa uiun Ballero ycnosusa B Ta6m4ue.

MeTOLl.VILIeCKVIe YKa3aHuna No peleHnto 3aaad, BXoadalmx B KOH-
TPOJIbHbIE 3aJaHusl, AAlOTCS A1 KaXKAOW 3adaun nog pybpukon «Yka-
3aHUS», 3aTEM AAETCA NMPUMEp PeLleHus aHanorMyHon 3aaaun. Llenb
npvMepa — PasbsICHUTb XOA4 PELLEHUs,, HO HE BOCMPOWM3BECTM €ro noJs-
HOCTblO. [03TOMY B psige C/ly4aeB MPOMEXYTOYHbIE pacyeTbl OMycKa-
HOTCSA. HO ripyt BbINOIHEHMM 3a4aHHUS BCE PE0OPA30BaHNS 1 YNCITOBbLIE
PacyeTb! JOJDKHbI 6bITb 0653aTE/IBHO 10C/1IEA0BATESIbHO MPOAETIaHbI C
H€05X0ﬂMMbIMI/I [105CHEHNSAMMU, B KOHLIE AOJTXKHbI 6bITb AaHbl OTBETDI.
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3ANAYA 1

YkasaHua: OCHOBHas 3agayva AVMHAMWKKW: 3Hasl AeWCTBYLOLIME
Ha TOYKY CWJIbl, ONPEAENNTb 3aKOH ABMXKEHNS TOUKM,

PeweHne 3agaun pasbusaeTcs Ha aBe 4yacTu. CHayvana Hy>XHO
COCTaBWUTb W MPOUHTErpMpoOBaTb METOAOM pa3fdesieHnst MepeMeHHbIX
anddepeHumansHoe ypaBHEHNE ABWXEHUS TOUKM (Fpy3a) Ha y4yacTke
AB, yuTs HayanbHble YC/I0BUS. 3aTeM, 3Hasl BpeMS ABWXXEHUS rpy3a Ha
y4yactke AB wnv anvHy 3TOro yyactka, onpeaenutb CKOpOCTb rpy3a B
TOYKe B. ITa CKOpPOCTb ByAeT HauyanbHOW ANs ABWXKEHUS rpy3a Ha
yyacTtke BC. Mocne 3Toro Hy»KHO COCTaBWUTb W MPOMHTErpuMpoBaTh And-
depeHUmanbHoe ypaBHEHWE ABMXEHUS Ipy3a Ha ydactke BC Toxe C
YYETOM HauvasIbHbIX YCIIOBUI, BEAS OTCUET BPEMEHM OT MOMEHTA, KOraa
rpy3 HaxoauTcs B TOUKe B, U nonaras B 3T0T MOMeHT £= 0. MNpn nHTe-
rPUPOBaHMKN YPaBHEHUSI ABMXXEHNS Ha y4YacTke AB B Cny4ae, Koraa 3a-
AaHa AfMHa ¢ y4yacTka, uenecoobpasHo MeperTn K NepeMeHHOMY X,
yuTS, uTO

do, W doy

dt X dx

Mpumep 1. Ha BepTukanbHOM yyactke AB Tpybbl (puc. 1) Ha
rpy3 Dmaccon /m [eNcTBYIOT Cuflia TSHKECTUM U CMna COMPOTUBIEHUS
R;paccTosiHne OT TOUKUA, rae v= v, A0 TOUYKN B paBHO / Ha HaknoH-
HOM yyacTke BCHa rpy3 AeWCTBYIOT CUJIa TSHKECTM U NepeMeHHas cuna
P F= A), 3apaHHas B HbIOTOHAX.

7 AaHo:m=2kr, R=u? roeu

= 0,4 kr/M, vo = 5M/c, /=25M F=
V) =16sin(4f). Onpepgenutb: x = ) — 3a-
= Yy KOH OBWXEHUS rpys3a Ha ydacTtke BC.

Pewenune. 1. PaccMoTpuMm aBU-
XXeHWe rpy3a Ha yyactke AB, cuutas
rpy3 MaTepuanbHOM ToukoW. W306pa-
XaeM rpy3 (B MpoOM3BOSILHOM MOJOXKe-
HWUKM) UAENCTBYIOLIME HA HEro cubl P=

mg n R .NposBogum ocb Azn cocTas-
nsem auncddepeHumnanbHoe ypaBHeHWe
Puc. 1 OBWXEHUS Tpy3a B MPOEKUMM Ha 3Ty
oCb:
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doy do
m =) F mov, —% =P, +R
dt Z kz - z dz z z. )

Nanee HaxoauM P=P=mg,R=— R= — uu?; NoA4YepKMBaEeM, 4To B
YPaBHEHMM BCe NepeEMEHHbIE CUIbl HAaZl0 06513aTeNbHO Bbipa3nTb Yepes
BEINYMHbI, OT KOTOPbIX OHW 3aBUCAT. YUTS €lle, YTO vz= v,MOY4YUM

dov mg
dz nnm H . (2)

BBeaem ans cokpalleHusi 3anuceit 0603HaYeHms

m M, H M2/c?, 3)

rae npy noacyeTe NpuHATO g=10M/c?. Toraa ypaBHeHue (2) MOXHO
npeacraBvTh B BUAE

20 40 —2k(v? —n)
dz . (4)

Pa3zpensis B ypaBHeHUM (4) nepeMeHHble, a 3aTeM 6eps oT obeunx
YyacTei MHTerpasbl, NoyyYmm

2vdv
7= 2K 2y S ok
v-—n " (U - )__ + 1. (5
Mo HayanbHbIM ycroBuaM npu z= 0 v = vguTo paer G
_ 2
_In(UO n)w u3 paBeHCTBa (5) Haxoaum

In(v* —n) = —2kz + In(vé —n)

In(o® —n) —In(vé —n) = —2kz

nnn

. OTcrona
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2 2

" —nN V- —nN _
|n2—:—2k2 2—:e 2k

Uo—n MUO—I’]

B pe3ynbTaTte Haxoaum

v? =n+ (V2 —n)e ®

Monaras B paBeHcTBe (6) z= /= 2,5 M 1 3aMeHsIg k1 1 X 3Ha-
YeHusMu (3), onpeaenuMMm CKOpoCTb vsrpy3a B Touke B (o = 5 M/c,
uncrno e = 2,7):

2
vp =50-25/e= 40,7 vos =6,4m/c. (7)

2. PaccMOTpuM Tenepb ABUXXEHME rpy3a Ha y4yacTke BC; HaliaeH-
Hasi CKOPOCTb LAOYAET ANS ABMXEHMUS HA 3TOM y4acTKe HavasbHOW CKO-
pocTbto (vo=vs). N306paxkaem rpy3 (B NPOM3BOSILHOM MOSIOXEHMM) U

i N Fmw, E
JencTeyowme Ha Hero cunel P= m>< 'V, n .Nposegem™ n3
ToukM Bocn Bxn By n coctaBuM anddepeHumnanbHoe ypaBHEHUE ABU-
XKEHWUS rpy3a B NPOeKUMN Ha OCb BX.

do,
m dt =Px+Nx + Frox+Fx
do,
m dt =mgsina — Fp + Fx (8)

roe Fp= fV. Qns onpegenenns N cOCTaBUM YpaBHEHWE B MPOEKUMM Ha
ocb By. Tak kak ay= 0, nonyumm 0 = N— mgcosa, oTkyaa N = mgcoso..
CnepoBaTenbHo, Fp = fmgcosa, KpoMe Toro, Fx = 16sin(4£) n ypaBHe-
Hue (8) npumeT Bna

do,

m dt =mg (sino. — ftosa) + 16sin(4?) 9)
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Pazgenne ob6e YacTn paBeHCTBa Ha 7, BbIMMCIMM g(Sina—/tosa)=
=¢(sin30° — 0,2c0s30°) = 3,2; 16/m = 8 n NOACTaBUM 3TN 3HAYEHMS B
(9). Torga nonyunm

do,

dt =32+ ssin(4s. (10)
YMHoxast 06e yactu ypaBHeHus (10) Ha div MHTerpupys, Halnaem
vx=3,2t— 2cos(4f) + Ca. (11)
byoem Tenepb OTCUMTbIBAaTb BPeMS OT MOMEHTa, Koraa rpys
HaxXoAuTCsa B TOUKe B, cuntas B 3TOT MOMeHT &= 0. Torga npu £= 0 v=
vo = vs, TAe vaAAETCA paBeHCTBOM (7). lNoacTaBnsas 3TW BEUUMHLI B
(11), nonyunm

Cs=uvs+2c0s0=64+2=84.

Mpw HaiaeHHOM 3HauyeHun G ypaBHeHue (11) paet

dx
or= Ot =32¢—2cos(4) + 8.4. (12)
YMHOXas 34ecb 0be YacTu Ha df v CHOBa UHTErpupys, Haliaem
Xx= 1,68 0,5sin(48) + 8,4t+ Cs. (13)

Tak kak npn = 0 x =0, T0 (3 = 0 ¥ OKOHYATENLHO MCKOMbIN
3aKOH ABWXeHus rpysa byaet

x =1,68 + 8,4t —0,5sin(41), (14)
roe x —B MeTpax, f. — B CeKyHAax.
YcnoBus
lpy3 DMaccol 7, nonyumMB B TOUKe A HayanbHY CKOPOCTb Uy,
OBWXETCS B M30THYTON Tpybe ABC, pacrnonoXeHHO! B BEPTUKANbHOW

NMIOCKOCTW; YYacCTKM Tpybbl MM 0b6a HaKIOHHbIE, MW OAWH FOPU30H-
TanbHbIW, @ APYron HakNoHHbIN (puc. 1.0 —1.9, Tabn. 1).

9
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Ha yuyactke AB Ha rpy3 KpoOMe CUSlbl TAXKECTU AEUCTBYIOT NOCTO-

SIHHasa cuna Q (ee HanpaBneHMe NOKa3aHO Ha PUCYHKax) M cuna co-

NPOTMBIIEHMSI Cpeabl R , 3aBMCSILLAs OT CKOPOCTU vrpy3a (HanpasJeHa
NPOTUB ABWXXEHUS); TPEHMEM rpy3a O Tpyby Ha y4yactke AB npeHe-
6peyb.

B Touke Brpys, He U3MEHSIS CBOEMN CKOPOCTM, MEPEXOAMT Ha y4a-
CTOK BCTpy6bl, Fae Ha HEro KPOME CUbl TSHKECTU AENCTBYIOT.CUa Tpe-
Hus (ko3 dmUMeHT TpeHus rpy3a o Tpyby 7= 0,2) n nepeMeHHas cuna

F , MPOEKUMsSI KOTOPOM FHa OCb X 3aAaHa B Tabnuue.

CunTast rpy3s mMaTepuanbHOW TOUKOM M 3Hasi paccTosiHue AB =
Mnun Bpems HABUXEHWS rpy3a OT TOUKM A A0 TOUKM B, HaWTK 3aKOH
ABWKEHNS rpy3a Ha yyactke BC T.t. x = (), roe x = BD.

Tabnuua 1
Homep Lo,

- m, Kr M/C QH| RH LM t, c F, H
0 2 20 6 0,4v - 2,5 2sin(4f)
1 2,4 12 6 0,807 1,5 - 6t
2 4,5 24 9 0,5v — 3 3sin(2f)
3 6 14 22 | 0,607 5 - —-3cos(2%)
4 1,6 18 4 0,4v - 2 4cos(4¢)
5 8 10 16 | 0,502 4 - —6sin(2%)
6 1,8 24 5 0,3v - 2 9£
7 4 12 12 | 0,802 2,5 - —8cos(4?)
8 3 22 9 0,5v - 3 2cos(2%)
9 4,8 10 12 | 0,202 4 - —6sin(4¢)

10




YnupaBieHue uppoBbIX 06pa30BaATENbHBIX TEXHOJIOTUHN

TeOPETI/I‘{eCKaH MEXaHHUKa

A D 4. &8

Puc. 1.4 Puc. 1.5

Puc. 1.8 Puc. 1.9

11
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3ANAYA 2

Yka3zaHua. [IBmKeHne, CoBepLIaeMoe TOUYKON M Mo OTHOLLEHMIO
K MOABMXHOM cucteMe oTcyeTa (k ocsiM Oxyz), Ha3blBaeTcs OTHOCK-
Te/IbHbIM ABUKEHMWEM.

CHayana Hy>xHO cocTtaBuTb anddepeHumnanbHoOe ypaBHEHNE OT-
HOCMTENBHOrO ABWXXEHMS (MO OTHOWEHUI0 K NndTy) paccMaTpuBae-
MO0 B 3aaye rpy3a, Ans Yero NpucoeamHnUTb K AENCTBYIOWMM CUlaM
NepeHOCHYI0 CUITY MHEPUMW. 3aTeM MPUKPEN/IEHHbIE K IPy3y MPY>XMHbI
(no ycnoBusM 3aaaum Ux 6yZEeT ABE) 3aMEHWUTb SKBUBAJIEHTHOW NPYXU-
HOW € KO3(PULMEHTOM XKECTKOCTU Gks = C, MPON3BEAS COOTBETCTBY!O-
LUWIA pacuyerT.

a) Ecnm npy>umHbl coenHeHbl Apyr C APYroM noc/ieA0BaTesbHO
(KaK NpY>MHBbI C XXECTKOCTAMM i U ¢z Ha puc. 2.0), To Npu paBHOBECUK

Q

noa AENCTBUEM HEKOTOPOMN CUSbl
KOHLY

NPY>XWHbI, YyCUMsl B JI060M MOMNEPEYHOM CEYEHMMN MPYXXMH OAMHAKOBSI
n

paBHbl Q. YAnUHeHns nNpyxuH li= @/ a, L2= @/ ¢, yAnuHeHne 3KBuBa-
NEHTHOW NPYXWHbl A= Q/an A = A1 + A2. OTCloda

, NPUNOXEHHON K CBOBOAHOMY

)
Cl + Cz
6) Ecnu rpy3 npuvKpenneH K AByM napanfiefisHbIM Npy>xmHam (Kak

K MPY>XUHaAM C XECTKOCTAMU G U ¢Ha pUc. 2.1) Unv HaxoamuTcs Mexay
ABYMS MPY>XWHaMKU, TO NMpU pPaBHOBECUM MOA AEWCTBMEM HEKOTOPOM

Cunbl Q KaXkaas M3 MNPY>XWUH M dKBUBANIEHTHas Npy>XuHa uMenu 6ol
OOHO W TO Xe YAnNuHeHune A. Torga Ans ABYX MpPYXuH al+cA =Q, a
ANS1 9KBUBANEHTHOM NPYXWHbI c1= Q, oTcloda ¢c= G+ & .

12
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Mocne Toro Kak ypaBHeHWe 6ypeT coctaBneHo (3To 6yaeT nu-
HeiHoe anddepeHUManbHoe ypaBHeHME 2-Io NMopsiaKa), ero cieayer
NPOUHTErpMpoBaThb, YUTS HayasnbHble YCI0BUS.

Mpumep 2. B npubope ans n3mepeHus BepTuKanbHbIX koneba-
HWI (pUc.2) rpy3 Maccou /m NPUKPENEH K NMPYXXUHE C K03 brUneHToM
XKECTKOCTU C. [lpyroi KOHeL MpyXXWHbI _
npuvKpensieH K kopnycy npubopa, Ko- /
TOpbIl  ABUXETCH Mo  3aKOHy
z=Asin( wt)(HenoaBmxHas oCb
ZHanpaBfieHa NO BepTUKanuM BHU3). = £
HavanbHoe  yAnuHEHWEe  MNpY>XWHbI nep
paBHO Ao, @ HAYa/IbHAs CKOPOCTb rpy3a Y _
Nno OTHOLLEHMIO K koprycy npubopa vo 7
(HanpaBneHa BEPTUKA/IbHO BHU3). A

JaHno: m=0,4«kr c=40 ‘*,

H/M, 1o = 0,05 M, vo= 0,5 M/c. A =
0,03 M, o= 20 1/c. OnpepenuTb: x = Emp
A£)— 3aKOH ABMXXEHUS Fpy3a MO OTHO- _
LLeHMIO K Kopnycy npubopa. p
X

>

X -
AAAE
'AY

o

PeweHune. 1. CesxxeM C Kopny-
COM npubopa NOABUMXKHYIO CUCTEMY OT-
cyeTa, Hayano O KOTOpPOM NMOMECTUM B
KOHUe HeaedOpMUpPOBaAHHOM  Mpy-
»XWHbI (ee anvHa obo3HaveHa /), a ocb
X HarnpaBuM B CTOPOHY YAJIMHEHUS
NPYXuHbl (CM. puc. 2). PAacCMOTpUM rpy3 B NOSOXEHUN, MPU KOTOPOM

Puc. 2

NpY>XMHa pacTaHyTa. Ha rpys3 AeicTByeT cunia TSHKecTu P v cuna ynpy-

rocm F . [nsa cocTaBneHusl ypaBHEHWS] OTHOCUTENbHOMO ABMXXEHMS
rpysa npucOeaMHUM K 3TUM CuMNaM MEPEHOCHYK CWUy WHepumn
FnLép = _manep

, KOPMOSIMCOBa CMMa MHEPLMM paBHa HYJIO, TaK Kak
nepeHocHoe AswxeHne (asmxeHne kopnyca npubopa) asnsieTcs NocTy-
naTenbHbIM. Toraa ypaBHEHME OTHOCUTENIbHOMO ABWXKEHWSI B BEKTOP-
Hol chopMe ByaeT MMeTb BUA:

ma,,, =P +F +F
MpoekTnpys 06e ero 4acTu Ha OCb X, MOYYUM

MY = Py + Fy + Fp W
13



YupassieHue nudppoBbIX 06pa30BaTeNbHbIX TEXHOJIOTHUH

TeOpeTI/I‘{eCKaﬂ MEXaHHKa

3necb Pr = P, Fx=—Cl = —cx, The A= X — YAJIMHEHWNE MPYXWUHbI,

F u
NEPX = ——mapepx. YUNTBIBAS, YTO OCK X M Z HANpPaB/eHbl ONHAKOBO,

u
MONYYUM drepr==dnep= L = —Aa?sin(wd) u  "P* = mAa?sin( ob).
MoacTaBnss BCe HaleHHbIE BbipaXXeHUs NPOEKLMIA CUM B ypaB-
HeHue (1), nonyuum

mX = P — cX + mAw? sin(wt) @

OnddepeHumanbHoe ypaBHeHue (2) MOXeT ObiTb 3anucaHo B
Buae

% +k2x =l +b, sin(at) 3)

roe 0603HaveHo
K= ¢/T=100 c?, b = g= 10 M/C%; b= Aa?=12 M/C? . 4)
2. ins onpeaeneHns 3aKoHa ABWXKEHMUS rpy3a Ha4o NPOMHTErpu-
poBaTb ypaBHeHue (3). Ero obuiee pelieHne, Kak N3BeCTHO 13 Teopumn

ancddepeHUmarnbHbIX YpaBHEHUI:

X = Xx1tXe, (5)

rae xi— obuee pelleHne 0aHOPOAHOMO ypaBHEHMS X 4 Kx=0,T. e.
xi= Gsin(kf) + Gcos(kD), (6)

a Xo— YaCTHOe pelleHune ypaBHeHus (3). YunTbiBasi, KakoBbl Npa-
Basl U NieBasi YaCTy 3TOrO YPaBHEHUS, ULLIEM XoB BUAE

Xz = B+Dsin( wf). (7)
Ona  onpegeneHus MOCTOSIHHLIX B 1 D HaxoauMm

%, = —Dw? sin(wt) Xy
, MOACTaBNSIEM 3HAUYEHUA 2 1 X2 B ypaBHEHWE

14



YupassieHue nudppoBbIX 06pa30BaTeNbHbIX TEXHOJIOTHUH

TeOpeTl/I‘{eCKaﬂ MEXaHHKa

(3) v npupaBHMBaeM B ero obenx Yactsx cBob6oaHbIe UneHbl U KO-
¢uumeHTsl Npu sin( wt) B pe3ynbTtate, NpuHMMasi BO BHUMaHue 0603Ha-
yeHus (4), nonyunm

B=%=0,1 D:%=—0,04
k M, k — M.

Torpa u3 paBeHcTB (5)—(7), yuntbiBag, uto K =10c?t, a 0 = 20
¢!, nonyunm cnepytoulee oblee pelleHne ypaBHeHus (3):

x =C,sin(10t) +C,cos(10t) — 0,04sin(20t) + 0,1 (8)

Ana  onpefeneHnst MOCTOSIHHbIX WHTErpupoBaHus Gu C

HangeM elle Ux = X,'

v, =10C; cos(10t) —10C, sin(10t) —0,8cos(20t). 9)

Mo ycnosusam 3agaum npu &= 0 vx= vo = 0,5 M/C, X = lo= 0,05
M. MoACTaBMB 3TW HavasbHbIE IaHHbIE B ypaBHeHus (8) v (9), Haraem
u3 Hux, uto Gi= 0,13, G=—0,05. B pe3ynbTaTte ypaBHeHue (8) npuMet
OKOHYaTeNbHO BUA

x =0,13sin(10t) — 0,05cos(10t) + 0,04sin(20t) + 0,1

3T0 ypaBHeHME 1 onpeaensieT UCKOMbIV 3aKOH OTHOCUTENIbHOro
ABWKEHMS TPYy3a, T. €. 3aKOH COBEPLUAEMBIX UM KONEOAHMA.

Ycnosus

lpy3 1 Maccou /m yKpenneH Ha MpY>XUHHOW noaBecke B nUgTe
(pnc. 2.0 — 2.9, 1abn. 2). JiudT ABMXKETCS BEPTMKANbHO MO 3aKOHY
z = 0,51+ axfsin(at) + a3cos(at) (0Cb ZHanpaBneHa No BepTUKanm
BBEPX; Z BbIPAXXEHO B METpax, & B cekyHaax). Ha rpys aeicrsyeT cuna
COMpOTUBNEHUS cpeabl R= v, TAE v— CKOPOCTb rpy3a Mo OTHOLUEHUIO K
maoTy.

HaiiT 3aKoH ABMXXEHWS rpy3a Mo OTHOLWEHMIO K INdTY, T. €. X =
f(£); Hayano koopAMHaT MOMECTUTb B TOYKE, FAe€ HAaXOAUTCS NpuKpen-
NEHHBIN K rPy3Y KOHEeL NpY>XMWHbI, Koraa npy>uHa He aedopMnpoBaHa.

lNpwn 3TOM BO nsbexaHne ownboK B 3HaKax Hanpaeutb OCb X B
15
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TeOpeTl/I‘{eCKaﬂ MEXaHHKa

CTOPOHY YAJIMHEHWUS MPYXWHbI, @ rpy3 M306pa3nTb B NOMNOXKEHUN, NPU
KOTOpoM x>0, T. e. Npy>XuHa pactaHyTa. [py noacyeTax MOXHO npu-
HATb g= 10 M/c2. Maccoli NPY>KUH 1 COEANHUTENBHON NNMaHKKU 2 npeHe-
6peub.

B Tabnuue obosHaueHo: ¢, @, G— KO3IDDUUMEHTbI KECTKOCTU
NPYXWH, Ao— YAJSIMHEHWE MPY>XWHbI C 3KBUBANEHTHOMN >XECTKOCTbIO B
HayasibHbI MOMEHT BpeMeHu ¢ = 0,u— HavasibHasi CKopoCTb Fpy3a Mo
OTHOWeEHNO K NndTy (HanpasneHa BepTuKanbHO BBepX). Npoyepk B
cronbuax ci, ¢, C303HA4YaeT, YTO COOTBETCTBYIOLLAS MPY>XMHA OTCYT-
CTBYET U Ha YepTexe n3obpaxkaTbCs He AoMmKHa. Ecnv npy 3TOM KoHel
OAHOW M3 OCTaBLUMXCS MPYXWH OKaXeTcs CcBO6GOAHbIM, €ro che-
AyeT NpPUKPENUTb B COOTBETCTBYHOLLEM MECTE WM K Fpy3y UAn K Mo-
TonKy (nony) nndTa; TO Xe cneayeT caenatb, ecnv cBo60AHbIMU OKa-
XKYTCSl COEAMHEHHBIE MIAHKON 2 KOHLbI 06€MX OCTABLUMXCS! MPYXMH.

Tabnuua?2

= = = RS v | o

Homep | 2 = | T || = | %558 %=
ycnoBsus g g & g §| 8| ¢ < < | 3
0 1 | 300 | 150 - 0 011 0 |15] 0 0 0

1 08| - 240 (120 | 0,59 | O O|-]18 010

2 05| - 100 | 150 0 05| 0 5 0 0 4

3 1 | 240 - 160 0 0 |05]6 |0 0 0

4 0,5| 80 | 1020 | - -g 0 0O|-1]16|015| 0

5 2 - 400 | 400 0 0 |01|16| O 0 0

6 04| 60 - 120 g 0 0 - | 4 0 2

7 0,51 120 - 180 0 01| 0 20| O 0 0

8 04| 50 | 200 - 0 0 |02(20| 0 |0O,15| O

9 1 | 200 - 300 1,5 | O 0 - 120 0 3

16




YnpaBJieHre IMPPOBBLIX 06pa30BaTENbHBIX TEXHOJIOTUH

TeopeTryeckasa MexaHUKa

g &
wm/
7
Cs

b
Puc. 2.1 Puc. 2.2 Puc. 2.3
7 .
», c e,
I ? & Il
¢ i & 2 G 2 24
= 2
2 Cy 7 v c,
Puc. 2.4 Puc. 2.5 Puc. 2.7
C, C.
{ 4 7 2
& G Cy
C;
Puc. 2.8 Puc. 2.9

Ycnoere p= 0 03Ha4aeT, YTO CUNa COMPOTUBIEHUS R OTCYT-
CTBYET.
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TeOpeTl/I‘{eCKaﬂ MEXaHHKa

3AAAYA 3

Yka3zaHusa. Teopema 0 ABMKEHUWN LeHTpa MacC CUCTEMbI: Mpo-
u3BedeHne Maccbl Cu-

CTEeMbl Ha YCKOpeHue ee 41 Ay

V.,
LIeHTpa MacC paBHO reo- Lpppiiariiiiiiiiiiiii
METPUYECKON CyMMe BCEX

AENCTBYIOLMX HA CUCTEMY
BHELLHMX CW.

Mpumep 3. Mexa-
HU4Yeckass cucTtemMa Co- 030
CTOUT M3 rpy30B DiMaccol

/—
178
Gty
mn  Damaccon e n u3 -/
MpsIMOYrofibHON  BepTu- X

KanbHOM NAUTbI Maccou 0 N

=
=

ms, OBWXKYLLENcs BOOSb

X

rOPU30HTasIbHbLIX Hanpas-

nswowmx (puc. 3). B mMo- Puc. 3

MEeHT BpeMeHn & = 0, Ko-

roa CUCTeMa Haxoawnacb B MOKOE, MoA AEWCTBUEM BHYTPEHHWUX CUJI

rpysbl HAYMHAKOT ABUraTbCa MO xenobaM, NpeacTaBAsoWMM Coboi

OKPY>XHOCTW pagnycoB M R, No 3akoHaM ¢1 = A(On g2 = A({).
OJaHo:m=6kr, M =8kr, mz=12«kr, r=0,6M, R=12M,

T
@, =—(1-t)
o1 = xipapg, 2 pag (f —B cekyHaax). Onpeaenutb: X3
= A(f) — 3akoH aBwxkeHus nautbl, N = A£) — 3aKOH U3MEHEHUS CO
BpPEMEHEM MOJSIHON HOPManbHOW peakLMKn HanpaBnStoLWMX.
PelwieHune. PaccMOTPUM MEXaHUUECKYHO CUCTEMY, COCTOSILLYIO U3
NAWTBl U rpy30B Din Dz, B NPOM3BO/IbHOM nonoxenun (puc. A3). U306-

" P
pasnM AeNCTBYOWNE Ha CUCTEMY BHELUHWE CUJbl: CUJbl TAXKECTU 1,

2, P W peakLMIio HanpaBSoLLNX N MpoBeaeM KOOpAMHATHbLIE OCK
Oxy TaK, 4Tobbl OCb y mpoxoauna yepes Touky Cso, rae Haxoawscs
LEHTP Macc NinTbl B MOMEHT BpeMeHn b= 0.

a) Onpegenenne nepeMellenns xs. na onpeaenenus xs= A({)
BOCMOJIb3yeMCsl TEOPEMON O ABWXXEHWUM LieHTpa Macc cucTteMbl. CocTa-
BUM AndepeHumanbHoe ypaBHEHNE ero ABMXEHMS B MPOEKLIMM Ha OCb
x. Monyumm

18
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YupassieHue nudppoBbIX 06pa30BaTeNbHbIX TEXHOJIOTHUH

TeOpeTl/I‘{eCKaﬂ MEXaHHKa

MXC ZZerX Wi MXC :O’ (1)

> F i
TaK Kak X =0, NOCKONbKY BCE AEWCTBYIOLME HA CUCTEMY
BHELLHWE CU/Ibl BEPTMKASIbHbI.

y MXx
MpounHTerpmpoBas ypaBHeHue (1), HauaeM, 4To C=qg, e
NPOEeKLMST CKOPOCTU LIEHTPaA MacC CUCTEMbl Ha 3Ty OCb eCTb BeIMYMHA
nocTosiHHas. Tak Kak B HayaslbHbl1 MOMEHT BpeMeHu va= 0, To G =
0.

NHTerpupys ypaBHeHve MXC = 0, nony4um
Mxc = const, (2)

T. €. LeHTP Macc cuCTeMbl BOMb Ocu Ox nepemellaTtbes He by-
fer.

Onpepenum 3HaveHne Mx.. U3 puc. 13 BUAHO, YTO B MPOU3BOSIb-
Hbli MOMEHT BpeMeHM abcumccbl py30B paBHbl COOTBETCTBEHHO

X; = X3 — RCOS(Dl, Xo =X3 +ISING, 1 vak o dopmyne,
onpesenstolein KOoOpAUHaTY Xc LeHTpa Macc cuctembl, Mxc= muxi +
mx2 + MX3, TO

MxXc = (Mg +m, +Mg)X3 —mMRcos(at) + myrsin(z/2—nt/2) 3)

B COOTBETCTBUM C paBEHCTBOM (2) KOOpAMHATLI LEHTpa Macc Xc
BCE/i CMCTEMbl B HAyalbHOM W MPOW3BOJILHOM TMOJSIOXKEHMSX 6yayT
paBHbl. CneaoBaTenbHo, YUnThIBasi, uto npu b= 0 x3 = 0, nony4nm

— MR + mr =(m + M + 13)X3— MRcos(xt) + marcos (xtf2). (4)
OTcioga nony4aem 3aBUCUMOCTb OT BPEMEHW KOOPAUHATBI X5.
OtBeT:x3= 0,09[3cos(xf)— 2cos (=t /2) — 1]M, rae £— B CeKyHAax.
6) Onpegenexve peakuun N, na onpegenexnna N = [ £) cocra-

BUM anddepeHLmnanbHoe ypaBHEHNE ABUXKEHNS LIEHTPA MacC CUCTEMbI
B MPOEKUMM Ha BepTUKaNbHYO OCb y (CM. puc. A3):

oo e ..
Myc =2.Fqy o We =N-R-P—-PF;

19



YupassieHue nudppoBbIX 06pa30BaTeNbHbIX TEXHOJIOTHUH

TeOpeTl/I‘{eCKaﬂ MeXaHHuKa
OTctoga NonyunM, yuTs, uto A= mig, u T. A.:

N = Mye +(m +m, +my)g 2

Mo copMyne, onpeaensiowen OpaMHATY e UEHTPa Macc cu-
CTEMBI,

Myc = miyr + meye+ msys, Toe i = H+Rsing:,
y» = H—rcosg, y» = H =0C3= const, nonyynm
My. _(my +m, + mg)H + myRsin(zt) —myrcos(z/2—nat/2)

nnn

My = (M + Mg +Mg) H +myRsin(at) - myrsin(at/2)
MpoanddepeHLpoBaB 06e YacTu 3TOro paBeHCTBa ABa pasa no
BpPEMEHM, HalaeM

My =m Rz cos(zt) —m,r(z/2)cos(at/2).
My =-mRz?sin(at) + myr(z? / 4)sin(zt/ 2)

MNoacTaBmB 3TO 3HayeHue MyC B ypaBHeHue (2), onpeaenvm
WCKOMYIO 3aBUCUMOCTb NV OT &

OtBeT: N = 254,8 — 1,222 [6 sin (zf) — sin (#4/2)], roe t — B
cekyHzax, N — B HblOTOHaXx.

Ycnosus

MexaHu4yeckasi CUCTeMa COCTOUT M3 FPy30B DiMaccon /m= 2 Kr u
D>Maccoit 72 = 6 K ¥ U3 NPSIMOYFOSIbHON BEPTMKabHOM MAWTbI MAcCcoi
ms = =12Kkr, OBWXYLLENCS BAOMb FOPU30HTAsIbHBIX HarpaBASoLMX
(puc. A3.0- A43.9, Tabn. 13). B MmoMeHT BpeMeHn & = 0, Korga cucrema
HaxoAmnnack B MOKOE, NMoA AENCTBUEM BHYTPEHHUX CUIT IPy3bl HAYMHAIOT
ABUraTbCs Mo xenobaM, NpeacTaBnSioLmMM cOB60M OKPY>XHOCTU paany-
coB r=04mMun R=0,8 M.

Mpwn aBM>XEHUU rpy30B yron g1 = £LA1CiDi UBMEHSIETCS NO 3aKOHY
pm=£f(f), a yron g2 = LA GD>— no 3akoHy ¢,=/5A(f). B Tabn. 3 3Tn 3a-
BMCMMOCTU AaHbl oTAenbHo ans puc. 0—4 n 5-9, rae ¢ BbipaXxeHo B
pagvaHax, & B CEKyHAAXx.

20
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TeOpeTI/I‘{eCKaﬂ MEXaHHKa

CunTast rpysbl MaTepuanbHbIMM TOUKaMK U NpeHebperasi BceMu
CONPOTUBEHNAMU, ONPEAENUTb 3aKOH M3MEHEHMSI CO BPEMEHEM BeN-
UMHBI, YKa3aHHOW B Tabnuue B cTonbue «Hantu», 1. e. xs= () n N =
). roe xs— KoopauHaTa ueHTpa GnauTbl (3aBUCMMOCTb X3 = A({)
onpeaensieT 3aKoH ABWXEHUS NauTbl), N — nonHas HopMasnbHasi peak-
uMs HanpaBASIoOLWKX.

Tabnuua 3
Homep Puc. 0—4 Puc. 5-9
yooens | pi=A0 | w=60 | e=A0 | =50
0 %(t2+1) %(tZ—Z) %(342) %(t2+2)
T T Vi
1 w(2-t) Z(HS) Z(Zt_l) o
> %(t2+2) %(S—tz) %(4—t2) 2
7t T T Vi
3 3 St-2) E(3t2—2) 531
T T T
SRS RICED ”t? L2
T T T
5 S+ | LA 7(3-1) D
T T T
6 42 E(1—2t2) Z(2t2—3) §(2—t2)
| 360 | Tes | T | Teny
8 %(t2+3) 2(2 -t2) %(442) z(t% +2)
T T T
9 S@- 7(t +5) @D | Z@2-
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3ANAYA 4

Yka3zaHua. TeopeMa 06 M3MEHEHUWN KUHETUYECKOW SHEPTUMN CU-
CTEMbI: U3MEHEHME KMHETUYECKON SHEPIUM CUCTEMBI NMPU HEKOTOPOM €€
nepeMeLLeHMN paBHO CyMMe paboT Ha 3TOM nepeMeLleHuMn BCex npu-
NTOXXEHHBIX K CUCTEME BHELLIHUX U BHYTPEHHMX CUJI.

Mpy NpUMEHEHMWM TEOPEMbI K CUCTEME, COCTOSILLEN M3 niaT-
(bopMbl 1 Fpy3a, KWHETUYECKUIN MOMEHT KXCUCTEMbI OTHOCUTENBHO OCK
ZonpeaensieTcs kak cyMMa MOMEHTOB nmnatdopmbl 1 rpy3a. Mpu 3ToM
cneayeT y4ecTb, 4YTo abCcontoTHas CKOPOCTb rpy3a CK1adblBaeTcs 13 OT-

- U v
HOCUTENBHON omH | nepeHOCHOW

v=v,  +0,
OmH n€p ., TloaTOMYy W KOJIMYECTBO [ABWXKEHWSI 3TOro rpysa

mo =mo,,,, + MO o
o nep . Torga MOXHO BOCMONb30BaTbCs TeopeMon Ba-
PVUHLOHA (cTaTuka), COrnacHo KOTOpOiA

m,(mo)=m,(mo,,, )+ m,(mpo,

OMmH

L, y
neP  ckopocTeil, T.e.

hep ); 3T MOMEHTbI BbIYUCNAIOTCA
TaK >Xe, KaK MOMEHTbI CUl.

Mpumep 4. OgHopoaHas ropusoHTanbHag nnatdopma (npsmo-
YroJfibHasl Co CTOpOHaMu 2/ v /), nmMetoLas Maccy /i, XXECTKO CKpensieHa
C BepTVKaJibHbIM BaslOM WM BpaLLAeTCs BMECTE C HMM BOKPYr OCU Z C
YrNOBOM CKOPOCTbIO o (pnc.4, ). B MOMeHT BpeMeHu = 0 Ha Ban
HauMHaeT AeWCTBOBaTb BpaLUAOLMA MOMEHT /M, HanpaBfieHHbIN Mpo-
TMBOMOJIOXKHO @o; OAHOBPEMEHHO Ipy3 DMACcCOM /72, HaxoasWwuMncs B
xenobe ABB Touke G HauMHaeT ABUraTbCs Mo Xenoby (noa AencTeuem
BHYTPEHHUX CUM) MO 3aKoHy S = CD= Af).

JaHo:m=16«kr, » =10kr, =0,5M, aw =2cC?, s=0,4L(s
— B MeTpax, & B cekyHaax), M = kt, rae k=6 H-m/c. OnpepennTtb: @ =
A £)— 3aKOH W3MEHeHUs1 YrfoBON CKOPOCTM NNaT¢OopMbl.

Puc. 4
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PewweHne. PaccMOTPMM MEXAHMYECKYIO CUCTEMY, COCTOSILLYIO U3
nnatdopmbl 1 rpy3a D. [Ins onpeaeneHnst co npuMeHUM TeopeMy 06
U3MEHEHWUN KNHETUYECKOrO MOMEHTA CUCTEMbI OTHOCUTESNTbHO OCK Z

dK _
£=2m, (FY)
dt : (1)

MN306pasnM AENCTBYIOLLME HA CUCTEMY BHELLHWUE CUSTbI: CUIIbI TH-

XeCcTu Pl, P peaKLmy Re , Ry W BpaLLaloLLMii MOMeHT M. Tak Kak

aounbl - 1n ' 2 nmapannenbHbl ocn z a peakumm  E u - H oty ocb
nepeceKaloT, TO X MOMEHTbI OTHOCUTESIbHO OCU ZpaBHbl Hy/I0. Toraa,
cynTada Ansa MOMEHTA MOJIOXKUTENbHbIM HanpaBJIEHNE ao (T.e. npoTuB

LY
XOA@ YacoBON CTPEnKu), MoayuYmM z m, (F)=-M kt
ypaBHeHue (1) npuMeT Takoi BuA:
dK
£ =—kt
dt , (2)
YMHOas 06e YacTu 3TOro ypaBHEHUSI Ha div UHTErpupys, nony-
unM
k
2 3)
[ns paccMaTpuBaeMoi MEXaHUYECKON CUCTEMBI
_wnn D
K, =KM+K] @
K ni K D
rae  Z u  Z — KAHETUYEeCKMe MOMEHTbl nniatdopmbl U rpysa D
COOTBETCTBEHHO.

ni

T ; =lo
dK KakK nnaTd)opMa BpallaeTCqa BOKPYr oCn z, 10 .

_ 2
3HaueHue L HalaeM no TeopeMe MolireHca: I, =lc; +myl ( le,

— MOMEHT MHEPLIMM OTHOCUTENBHO OCK Z, mapansiesibHOM OcK Z U Npo-
xoasuien yepes ueHTp C nnatdopmMsl).
Ho, Kak n3BecTHo,
25
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ey =my[(20)° +171/12
Torpa
_ 2 2 2
I, =5m /12 +myl° =17myl /12_
CnepoBaTerbHO,

ni 2
K =(@7myl? /112)e )
D
Ons onpepeneHuss 2 obpatuMcs K puc. 4, 6 U paccMOTpUM
ABVDKEHME rpy3a DKak COXHOe, cHMTas ero ABuxeHune no nnatdopme
OTHOCMTENbHBIM, a BpalleHue caMoi niaTdopMbl BOKPYr OCU Z nepe-
HOCHbIM  ABWXeHueM. Torga  abcontoTHasl  CKOPOCTb  Ipysa

v=v,  +U,
omn "€P | Tak KaKk rpy3 D OBWKETCA MO 3aKOHy s = CD =
0,42, TO Oomn =S = O’8t; n306paXkaeM BeKTOp Vomn ya puc. 4, 6

C YYETOM 3Haka S (npu s<0 HanpaBneHue Uomn 661110 661 NPOTUBONMO-
NOXHbIM). 3aTeM, yuuTbiBas HamnpaefieHue co, u3obpaxaeMm BeKTOp
o,, (v, 1LOD v, =w-0D

”ep( hep ) ;yucneHHo P . Torga, no Teo-
peme BapuHbOHa,

D — _
KZ =m, (mZU) =m, (mZUomH) +m, (mZUnep) =—MyV,, - OC + MV, - OD =

nep

=—m, -0,8t] + my»(OD)*

(6)
Ho Ha puc. 4, 6BuaHo, uto O = F + & = £ + 0,16#. MNMoacTas-
D K ni

NS 3Ty BE/IMUMHY B paBeHCTBO (6), @ 3aTeM 3HaveHnss 2 un 2 u3
(6) n (5) B paBeHcTBO (4), NOMYYNM C YYETOM [aHHbIX 3a4ayu

K, =gm1|2w+ M, (t? +0,16t4) —m, (0,81)] =

= (817 +16t*)w—4t.

Torga ypaBHeHue (3), rae k& =6, npuMeT Bug
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(817 +1,6t*)w — 4t =-3t* + C,. ®

MOCTOSIHHYIO WMHTErpvpoBaHUs OMpeaensieM Mno HadasbHbIM
ycnosusiM: npu £ =0, o = an. MNonyunm G = 8,17 wo = 16,34. Npun 3TOM
3HayeHun Cins ypaBHeHus (8) HaxXoanM UCKOMYIO 3aBUCMMOCTb wo OT L.
OTBeT: wo = (16,34 + +4£ 38)/(8,17+ 1,68), roe t—B CcekyHAax, o
-B C1.

Ycnoeusa

OnHopogHas ropusoHTanbHas nnatdopma (Kpyrnas paauyca
RV NpAMOYrofbHas co CTOpoHamMu Rv 2R, rae R=1,2 M) Maccoun /m
=24 Kr BpaLLaeTcs C Yr/I0BOW CKOPOCTbIO ax= 10 ¢! BOKPYr BepTVKasb-
HOW OCK Z OTCTosIWEN OT LeHTpa Macc C nnatdopMbl Ha PacCcTosHUM
OC=b (puc. 4.0 —4.9, Tabn. 4); pa3mepbl 418 BCEX NPAMOYrOSibHbIX
nnatdopM BbI6paTb CaMOCTOSATENBHO.

B momeHT BpeMeHn H= 0 no xenoby nnatdopmbl HAUMHAET ABU-
ratecst (Nof AEVCTBMEM BHYTPEHHMX CUI) Fpy3 DMaccoi 72 = 8 Kr no
3aKOHY s = AD= = F{), rae S BblpaXXeHO B MeTpax, &~ B CeKyHAax.
OOHOBpPEMEHHO Ha NaTdhopMbl HAYMHAET AEMCTBOBATb NMapa cui C Mo-
MeHTOM M (3ajaH B HblOTOHOMETpax; nNpn M<0 ero HanpasneHne npo-
TMBOMOJIOXKHO MOKa3aHHOMY Ha pUCYHKaXx).

OnpenenuTtb, NpeHebperas Maccol Bana, 3aBUCUMOCTb w = A f),
T. €. YITIOBYIO CKOPOCTb NNaTdopMbl, Kak QyHKUMIO BPEMEHM.

Ha Bcex pucyHkax rpy3 DnokasaH B MOSIOXKEHMW, Npyu KOTOPOM
s>0 (korpa s<0, rpy3 HaxoguTcs NO ApPYryrd CTOPOHY OT TOYKU A).
M306paxkas yepTex peliaemoii 3agayu, NpPoBECTM OCb ZHa 3afaHHOM
pacctosHun OC = bot ueHTpa C.

Tabnuua4
Homep ycnosus b s=Afd M
0 R -0,4¢ 6
1 R2 0,62 4t
2 R -0,82 -6
3 R/2 10¢ - 8¢
4 R 0,48 10
5 R/2 -0,5¢ - 97
6 R -0,6¢ 8
7 R/2 0,8¢ 68
8 R 0,48 - 10¢
9 R/2 0,5¢ 127
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Puc. 4.2 Puc. 4.3

Puc. 4.4 Puc. 4.5
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3AAAYA 5

YKa3aHusa

TeopeMa 06 U3MEHEHWUN KNHETUYECKOW SHEPTUN: UBMEHEHWE KU-
HETMYECKOW 3HEPrUM CUCTEMBI NPU HEKOTOPOM €€ NepeMeLLeHUN PaBHO
CyMMe paboT Ha 3TOM MepeMelleHUMn BCeX MPUIOXKEHHBIX K cucTeMe
BHELUHMX U BHYTPEHHUX cuil. Mpu peleHnmn 3aaayum yy4ecTb, YTO KUHe-
TUYeckas 3Heprus 7 CUCTEMbl paBHa CyMMe KUHETUYECKUX 3SHeprui
BCEX BXOASLUMX B CUCTEMY TEN; 3TY SHEPIUIO HY>XHO Bblpa3unTb Yepes
Ty CKOPOCTb (JIMHEWHYIO SN YITIOBYHO), KOTOPYIO B 3aA4adye Hado onpe-
penutb. Mpu BbluucneHun 7 Ans YCTaHOBMEHWS  3aBUCUMMOCTU
MeXay CKOPOCTSIMM TOYeK Tena, ABWXKYLLErocs MiocKonapannesnsHo,
WK MEeXZy €ro YrioBOW CKOPOCTbIO M CKOPOCTbIO LIEHTPA Macc BOC-
MoSib30BaTbCs MMHOBEHHLIM LIEHTPOM CKOpocTel (kuHemaTtuka). Mpwu
BblYMCNEHMN paboTbl HAZI0 BCE MepeMeLleHNs Bbipa3uTb Yepes 3ajaH-
HOEe MepeMeLLeHne Si, YUTS, YTO 3aBUCMMOCTb MeXay nepemeLleHnsMm
3aecb 6yAeT Takom Xe, Kak Mexay COOTBETCTBYIOLMMU CKOPOCTSAMM.

Mpumep 5. . MexaHuyeckass cuctema (puc. 5, a) coctout m3
CM/IOWHOr0 OAHOPOAHOIO LMMHAPUYECKOro KaTka I, MOABWMXHOMO
6/10Ka 2, CTYNeH4YaToro WKkmnea 3 C paanMycaMun CTyrneHehn A3 v r3u pa-
ANYCOM MHepLUMM OTHOCUTENIbHO OCK BpalleHns ps, 6noka 4w rpysa 5
(ko3(ppUUMEHT TpeHMS rpy3a O NIOCKOCTb paBeH f). Tena cuctembl Co-
€IMHEeHbl HUTSIMM, HAMOTaHHbIMK Ha WKKB 3. K LueHTpy £ 6noka 2 npu-
KpensieHa npy>xuHa ¢ ko3 PUUNEHTOM XECTKOCTU G ee HavanbHas ae-
dopMaumsa paBHa Hynto. Cuctema NpMxoanT B ABUXKEHME U3 COCTOSHUS
MOKOsI MoA AeWUCTBMEM Cunbl = AS), 3aBUCSLLEN OT nepemelleHns s
TOYKW €€ NpWUIoXKeHMs. Ha WKuB 3 Npu ABMXEHUN AENCTBYET NOCTOSH-
HbIA MOMEHT M CUn COMPOTMBIEHNS.
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Puc. 5

OaHno:m =8«kr, ma=0, m: =4«r, ma =0, m = 10 «r,
Rs=03M rn==0,1M 03=02Mm, F=0,1, c=240H/m, M= 0,6 H-M,
F= 20(3 + 2s) H, si= =0,2M. OnpepenuTb: w3 B TOT MOMEHT BPEMEHN,
Korga s= si.

PeweHune. 1. PaccMOTpUM ABMXKEHME HEM3MEHSIEMON MeXaHW-
YECKOWN CUCTEMbI, COCTOSILLIEN M3 BECOMbIX TeN 1,3, 5 MHEBECOMbIX Te
2, 4, coeAnHEHHbIX HUTAMWU. M306pasvMm AeicTByloWME Ha cuctemy

— F D D D NT NT
BHELUHMe CUnbl: akTuBHbe F , P Pl, P3, P5,peaKuMV| Nl, N3
N, Nj S, R™ R
, ,HaTsKeHUe HUTU “2, cunbl TpeHUs W Mo-
MeHT M.

[Ansi onpeneneHnsl ws BOCMONb3YyeEMCS TEOPEMON 06 U3MeHEHUM
KMHETUYECKOW SHEPTUM:

_ e
T—To_zAk . (1)

2. OnpepensieM 7Tom 7. Tak Kak B HayasbHbli MOMEHT CUCTEMA
Haxoamunacek B nokoe, 70 7o = 0. BennumHa 7 paBHa CymMMe 3Heprui
BCEX TeN CUCTEMBI:

31



YupassieHue nudppoBbIX 06pa30BaTeNbHbIX TEXHOJIOTHUH

TeOpeTl/I‘{eCKaﬂ MEXaHHKa

YuunTblBasl, 4TO Teno I ABMXKETCS MoCKonapannenbHo, Teno
5 — noctynaTtenbHo, a Teno 3 BpallaeTcs BOKPYr HEMOABWXKHOMN ocy,
nony4mm

1 2
Ty =—muog +=1 ;
1 5 1Uc1 5 c1@

1, o 1 2
Ty == 102 Te = =mew
375 139 15 =2 Msls

- (3)
Bce BxoasLimMe clofa CKOpPOCTW HaZo, BblpasuTb Yepes UCKOMYIO

ws. NS 3TOro NpefBapuUTEbHO 3aMETUM, YTO Uc1=Us = UA, rae
A- niobasi Touka 0boaa paanyca rilkmBa 3 M UTO TOYKa Ki — MIHOBEH-
HbI LEHTP CKOPOCTEN KaTka I, paanyc KoToporo 06o3Haumm ri. Toraa

_bc1 _ba :a)3r—3
Ucy = Us = @33, KiC, n n 4)
Kpome Toro, Bxofsime B (3) MOMEHTbI UHEPLIMM UMEIOT 3Haue-

HuS

2 2
lcy =0,5my 1y ; I3 =m3p3 (5)

MoacrtaemB Bce BenuumHbl (4) 1 (5) B paBeHcTBa (3), a 3aTem,
UCMosb3ys paBeHCTBO (2), MOMYyYUM OKOHYaTENbHO

3 21 2 1 2) 2
T=|—-mry+=-m +—mgls |@
(4 113 5 303 5 55)3-

(6)

3. Tenepb HalgeMm cyMMy paboT BCEX AEUCTBYIOLUMX BHELLIHUX
CUN NpU NEepeMeLLEHNM, KOoTopoe ByaeT MMETb CUCTEMA, KOrAa LIEHTP
KaTka  NpoiaeT NyTb Si. BBeas 0603HaueHUs: Ss— NepeMeLLeHne rpysa
5(ss = S1), @3 — yron NnoBopoTa WKuea 3,40 U A1 — HayallbHOE U KOHEY-
HOE YAJIMHEHUS! MPY>XUHbI, MOSTy4YnM
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S
A(F) = [20(3+ 2s)ds = 20(3s, +57);
0

A(ﬁl) = Plslsin 600_
A(Fs™) = —Fg"'ss == fRysy,
AM) =-Meps;

A(Ifynp) :%(1(2) _/7'12)

PaboTbl OCTanbHbIX CUA paBHbl HYSO, TaK KaK TOUKN Kin Kz, rae
—  =mp
N R

NPUNOXEHbI CUNbI n 2 _ MIHOBEHHbIE LIEHTPbI CKOPO-

CTelf; TOUKM, FAe NMPUNOXKEHbI CUbl 3, 3u  4— HenoaBwXHbI; a

peakums N5 nepneHanKynsipHa nepeMeLLeHunio rpysa.

Mo ycnosusM 3agaum, o= 0. Torga &1 = &, rae se —nepemelye-
HMe ToYKKM £ (KOHU@ NpY>XWHbl). BennunHbl Sen ¢z HAAo Bblpa3nTb Yepes
3alaHHOE nepeMeLleHne Si; 14 3TOro yyTeM, YTO 3aBUCUMOCTb Mexay
nepemMeLleHnsMn 34ecb Takas Xe, Kak U Mexzay COOTBETCTBYOLWUMMU
CKOpOCTAMU. TOraa Tak Kak as = va/I3=va/r{PaBeHCTBO va = va yXe

0TMeYanocs), To 1 P3 =51 /13 :

[anee, u3 puc. 5, 6 BUAHO, YTO vp = vB = aBR3, A TaK KaK TOYKa
KosIBNSIETCS MIHOBEHHBIM LIEHTPOM ckopocTel ansa 6noka 2 (OH Kak 6bl
«KaTUTCS» MO y4acTKy HUTU KoL), To ve= 0,5uvp = 0,5a3Rs3; cneposa-
TenbHO, U A1 = S = 0,5¢3R3=0,551R3/r3. Mpy HAAEHHBIX 3HAYEHUSX @3
N A14N9 CYyMMbl BbIYMCIIEHHBIX paboT Nofy4YnMm

2
> A4¢ =20(3s, +312)+ P;s;sin60° — fRys; — M i—ER—gsf

Moactaensas BoipaxkeHus (6) u (7) B ypaBHeHue (1) n yuutbiBas,
yTo 70=0, Npnaem K paBeHCTBY
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G myri + lm?,,o;,? +%m5r32 ng = 20(3s, +5{) + P;s; Sin60° —

2
RZ
— fRs, —Ms1 —E—gsf
"3 "3 (8)

M3 paBeHcTBa (8), NOACTaBMB B HEMO YMC/IOBbIE 3HAYEHWNS 3aAaH-
HbIX BENYMH, HANAEM UCKOMYIO YITIOBYIO CKOPOCTb an. OTBET: an= 8,1
clL

Ycnosusa

MexaHun4yeckast cuctemMa CoCTOMT M3 rpy30B I U 2, CTyneH4aToro
WwkuBa 3 ¢ paguycamu ctyneHei Rz = 0,3 M, 5 = 0,1 M n pagnycom
WMHEpUMN OTHOCUTENIbHO OCcM BpaweHus p3 = 0,2 M, 6noka 4
pagmyca 12 = 0,2 R+ =0,2 M 1 kaTka (Mnm noasmxHoro 6noka) 5 (puc.
5.0 5.9, Tabn. 5); Teno 5 cuntaTb CNMOWHLIM OAHOPOAHBLIM LWJIUH-
ApoM, a Maccy 6noka 4 — paBHOMEPHO pacrnpeaeneHHol no oboay. Ko-
3¢ @UUMEHT TpeHus rpy3oB 0 nnockocTb /= 0,1. Tena cucrtembl coean-
HeHbl ApYr C APYTOM HUTAMM, NEpPEeKNHYTbIMU Yepe3 610K U HaMOTaH-
HbIMW Ha LUKMB 3 (MM Ha LWKMB W KaTOK); y4aCTKM HATEN NapannesbHbl
COOTBETCTBYIOLMM MAOCKOCTAM. K 0gHOMY M3 Ten npukpenseHa npy-

YKMHa C KO3 PUUMEHTOM XKECTKOCTHU C.
Tabnuuas

Homep my, | my, | m, | m, | ms, | G M,

ycnoust | kr | kr | kr | kr | K | H/M | H-M F=As)H | Haittw

200 | 1,2 | 80(4 + 59)
320 | 0,8 | 50(8 + 35)
240 | 1,4 | 60(6 + 55)
300 | 1,8 | 80(5 + 65)
240 | 1,2 | 40(9 + 4)
200 | 1,6 | 50(7 + 85)
280 | 0,8 | 40(8 + 95)
300 | 1,5 | 60(8 + 55)
320 | 1,4 | 50(9 + 25)
280 | 1,6 | 80(6 + 75)

OooNOCTULTDAARWNEFEO
O PRNOOWOUITO O WO
o hOoOoOUuUuToOOhooO
OO0 ouUuTo h~oOoOOO BN
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Puc. 5.4 Puc. 5.5
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41

Jo°

60°

Puc. 5.7

Puc. 5.8 Puc. 5.9

Mos npevcTBMeM cunbl F=AS),3aBUCALLEN OT NepeMeLleHust S
TOUKM €e NPUNOXKEHUS, CUCTEMA MPUXOANUT B ABUXKEHME U3 COCTOSHUS
nokos; AecdopMaumst MNpy>XMHbl B MOMEHT Hauyana ABWXEHUS paBHa
Hynto. Mpy OBWXEHUM Ha LWKMB 3 AENCTBYyeT MOCTOSHHbIN MOMeHT M
CUN ConpoTuBneHns (OT TPeHWS B MOALLIMMHUKAX).

OnpenenuTb 3Ha4YeHWe UCKOMOW BENUYMHBI B TOT MOMEHT Bpe-
MEHM, Korga nepeMelleHune s CTaHeT paBHbiM 51 = 0,2 M. Mckomas Be-
NNYMHA yKasaHa B ctonbue «HaiTtu» Tabnuubl, roe 0b6o3HayveHo: vy,
12, L3 —CKOPOCTU rPy30B I, 2 1 UeHTpa Macc Tenla 5 COOTBETCTBEHHO,
@3 N au—YrNOBble CKOPOCTU Ten 3un 4.

Bce kaTku, BKOYas M KaTK1, 06BMOTaHHbIE HATAMK (KakK, Hanpu-
Mep, KaTOK 5 Ha puc. 2), KaTaTcs MO MIOCKOCTSIM 6€3 CKOMbXXeHMusl.

Ha Bcex pucyHkax He usobpaxatb rpy3 2, ecnu mr=0; ocTtanb-
Hble Tena AOSMKHbI M306paxaTbcsa M TOrAa, Korga MX Macca paBHa
HYIIO.
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