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INPEJUCJIOBHE

Teopernueckas MeXaHHMKa UI'paeT CYIIECTBEHHYIO POJib B
MMOArOTOBKE MHIKEHEPOB MpesK/je BCcerd CTPOUTEJbHOT0, MeXa-
HUYECKOT0, 9HEPreTHYeCKOro, MalnHGCTPONTEIBHOTO H TPAaHC-
- mopTHOro mnpoduaeii. Msyyas sty HayKy, CTYAE€HTHI 3HAKO-
MATCA ¢ OCHOBHBIMY 3aKOHAMH U IIPUHIUIIAMHA, HEOOXOANUMBI-
MM JJI YCBOEHHUS MHOTIMX OOIIeMHXEeHEepPHBIX AMCIUIJINH,
TAKUX KaK COIMPOTHBJIEHNE MAaTEePUAJIOR, CTPOUTEJbHAS MeXa-
HWKa, TeOPpUsA MEeXaHM3MOB U MallluH ¢ Ap. PaspaboTka KoH-
CTPYKIMI 3JaHUI U COOPY >KEHUI, a TaK¥e Co3aHne MaIlluH,
MEeXaHU3MOB U MHOTHX BHIOB IPUOOPOR HEBO3MOIKHBI 0€3 IpH-
MEHEeHHsI TeoOpeM M MPHUHIIMIIOB TEOPEeTHUYECKOH MeXaHUKH.

Xopoliree yCBOEHHE Kypca TeOPeTUUECKON MEeXaHUuKH Tpe-
OyeT He TOJILKO riayboKoOro uaydyeHus TeOPHUH, HO U npuodpe-
TEHUs TBEP/AbIX HABBIKOB PEIIeHUs 3aJa4.

IIpepnaraemas KHUra CONEPIKHT 3a4aHUS II0 TeOpeTHYe-
CKOIl MeXaHWKe M NpeJHasHauYeHa AJsA Uu3y4yeHUs MeTOJ0B pe-
IeHusA TUMOBLIX 3axad. Ilocodue coneprxut mo 30 BapuaHTOB
3aJlaHMil Mo 5 TemMaMm CTaTHKH, 4 TeMam KUHEMaTUKH 1 8
TeMaM AUHaAMHUKHU. [IpuBefeHHBbIE 3a,4HUA MOIYT HMCIOJIB30-
BAThCA KaK JIJIsI TEKYINEro KOHTPOJISA YCBOEHUS 3HAHUH, TaK U
aas1 (GOPMUPOBAHUA HA UX OCHOBE KYpcoBbIX pador. ITo Kax-
0l TeMe B KHUIe MPUBOJAATCA TaKyKe TUIIOBBIE 3aJa4y C pe-
IIEeHUAMH, JeMOHCTPUPYIOIIe Pa3JInUyHble TUIIBI 3a/iayd, BCTPe-
yalomnuecs Ha IpakTuKe. B KOHIe KHUI'M IIPUBEAEHBI OTBETHI
KO BCEM 3aJaHUAM, OKPYIJIEHHBIE [0 TpeX 3HauYaliux nudp.

ITocobue mpeacTaBiigieT BCe OCHOBHBIE pasjieibl TeopeTHye-
ckoit mexauuku: «Cratukar, «Kunemarukar», «[unamuka ma-
TEPUAJBHON TOYKHM U 00u[He TeopeMsbl AUHAMHUKH», «OCHOBBI
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AHAJTUTHYECKON MeXaHUKMW» u «MaJsbie KojebaHusT MexaHnye-
CKHX CHCTEM H 3JIeMEHTapHas TEeOpHUs yaapa» M IOJHOCTHIO
COOTBETCTBYET yueOHBIM IporpaMMaM TeXHHYECKHX BY3O0B.

Pexomenayercsa HCIIONB30BaTh COOPHUK 3a/JaHUI COBMECT-
HO ¢ yuebnukom B. A. ImeBckoro «Teopernueckas mMexaHu-
Ka», IJIe cofieprKaTcs Bce HeoOX0UMbIe TeOpeTHYEeCKHe M0JIO0-
JKEeHUS.

B ocHOBY [gaHHOH KHHUI'M IIOJIOKEH MHOTOJIETHHH OIIBIT
IpenojlaBaHusA aBTOpPaAMH TEOPeTHYeCKO MexaHUKHU B BoeH-
HOM MHJKEHEepHO-TeXHu4YecKoM yHuBepcurere. Ilpu cosmanun
mocobuss aBTOPHI 00palaauch TakkKe K ONbITY padoThl B 9TOM
HAIIPaBJIE€HUN CHEI[HAJMCTOB APYIHX BY30B, INpPeXJe BCEro
mKoa A. A. f6mouckoro u C. M. Tapra. IIpu arom aBTOpBI
CTPEMUINCH CleNlaTh 3aJaHUA MeHee I'POMO3JKUMH, coXpa-
HASA CYIUIHOCTH PACCMATPMBAEMbIX METO/J0B pacuera.

OcHOBHasA yacTh MaTepuajga mocobus MOATOTOBIIEHA
B. A. Imesckum u . A. MansinreBoit. O6mias peakus mo-
coousa nposeznena B. A. JlueBckum. B cospanne KHUrM BHe-
ciu ceoit Braan taxk:ke K. C. Kynukosa, A. JI. Jlomaryxus,
JI. C. Iloreeena, B. II. Pomanos, H. JI. Cmupuosa, A. O. IOnu-
Ha U Ap.

ABTODBI BBIPAXKAIOT INIYOOKYIO IPU3HATEJIBHOCTH BCEM KOJI-
Jeram, CJAeJIaBIINM IeHHBbIE 3aMEYaHUS 10 COAEPIKAHUIO IO-
coous, ocobernno npodeccopam I'. T. Angomnny u I1. E. Tos-
cruxky u pouenty U. E. JlonaryxuHoil 3a BHUMaTeJIbHOE De-
IEH3UPOBAHHE PYKOITHCH.
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BAIIAHYME C1
CHCTEMA CXOJAIMUXCA CHJI

Ins npenacraBieHHbIX Ha cxemax 1-30 MexaHMYeCKHUX
CUCTeM HAaWTH YCHUJIMA B OMOPHBIX cTep)kHAX I u 2. Bec rpyaa
G = 10 xH, crep:xHH, 6JOKHK U TPOCHI HEBECOMBI.
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TUIIOBLIE 3ANIAYH
CHCTEMA CXOJAMUXCA CHJI

3AJTAYA 1

I'pys Becom G = 2 kH (puc. 1) yaep:kuBaeTcsi KpaHOM,
COCTOSIIIINM M3 JIBYX HEBECOMBIX CTEep)KHel B mapHupax AB n
AC, TpHKpeIUIeHHbIX K BEPTHKAJILHOW CTeHEe M COCTABJISIO-
muX ¢ Hel yrasl o; = 60° u a, = 40°. B Touke A nojBelex
6JI0K, yepe3 KOTOPBIN NEePeKUuHYT I'Py30BOH TPOC, MAYUIHHA K
610Ky B TOuKe D U COCTABJIAIOINI CO CTeHOH yroua az = 60°.

Becom Tpoca u 6yi0ka, a Tak:Ke pazmepaMu 0JIOKA MOYKHO
npeHe6peyb. ONpesesnTs YCHUINA B CTEPIKHAX.

Peumrenue. PaccMoTpuM HaxoaAmuiics B pPaBHOBECHU
rpys (puc. 2).

Ha Hero feifCTBYIOT /iBé CHJBI: CHJA TsxkecTH G ¥ cHia
HaTsKeHHs Tpoca N;. ITOCKOJNBKY CHCTEMa CHJ ypaBHOBE-
II€HA, MOXKHO C/eJIaTh OUYeBUIAHbBII BBHIBOJ: CUJIA HATSAKEHUSA
Tpoca HampapJieHAa BHYTPb TPOCA M MO MOAYJIIO PaBHA BeCy
rpy3a N; = G.

Ecnu pns mo6oro 6i1oka (puc. 3) npeHebpeus TpeHHEM Ha
ero OCH, TO CHJIbI HATSKEHHUS BeTBEH ero Tpoca OAWHAKOBBI
N; = Ny (4TO JIerKo BH/IeTh U3 YPAaBHEHUS MOMEHTOB OTHOCH-

TeJBbHO IMeHTpa 6J0Ka).

N,

Puc. 3
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Teneps B KauecTBe 00'bEKTAa PABHOBECUS MOXKHO PacCMOT-
PeTh MBICJIEHHO BHIPE3aHHBIN y3eJs B TOuKe A (UJiM, 4YTO TO e
caMoe, OJIOK ¢ IpHJeKalleid K HeMy 4yacThio Tpoca). Ha aror
y3eJ1 OyAyT AedCTBOBATH CHJIBI HATAMKEHUS BeTBeil Tpoca Ny u
N, u peakuun R; u R, crep:xueit AB u AC (puc. 4).

Peaknum ONOPHBIX CTEPIKHEN HAIPaBJIEHBI, KaK H3BECT-
HO, BJOJIb 3TUX cTep:kHei. HanpaBuM uUX BHYTPH CTEpIKHEIl,
cuuTasg M3HAYAJIbHO CTEPHU PACTAHYTHIMHU.

CocraBuM Tenepb ypaBHEeHNA PABHOBECHS KaK YPaBHEHUA
IIPOEKI[UI CHJI HA OCH X U Y (I CUCTEMBI CXOAAIIUXCH CHII),
YYUTHIBasA, 4TO cUJbl Ry, Ry m Ny COCTABIAIOT YIJABI O1, Oy
U O3 C OCBIO Y.

szx =0; — R;sina; — Nysinag — Ry sina, = 0;
> Fiy =0; Rycosa; - Nycosag — Rycosay — Ny = 0.

Orcona, yuursiBas, uto Ny = N, = 2 kH, nonyuyaem

R;sinay + Rysinay = —N,ysinag = —/3;
R, cosa; — Rycosas = Nycosag + Ny = 3.

Pewrasi aty cucreMy ypaBHenuit, Haxogum Ry = 0,611 xH,
R, = —3,62 kH. 3HaK «MuHyC» y BEJIMUUHBI peakiiuu R, 03Ha-
YyaeT, 4YTO OHA MMeeT HallpaBJIeHHe, IIPOTHBOIOJIOMKHOE IIPH-
HATOMY, TO ecThb cTep:keHb AC He pacTAHYT, a CXKAT.
OrserT: R, = 0,611 xkH, R, = —3,52 kH.

3ATTAYA 2

Ha meBecomyio 6anKy, 3aKpemJIEHHYIO C IMOMOIILIO He-
MOABHMKHOrO LIAPHUPA B TOYKE A U Tpoca B TouKe B, neicTsy-
er cuna F, moxynaws kKoropoir F = 5 kH (puc. 5). Yunrsisas
yKasaHHbIE HA PUCYHKE reoMeTpuye-
CKHe pa3Mepshl, OIPeeJINTh PeaK U
onop 6anKu.

\ )
Pemenue. Paccmorpum 6anky, \ 4 B/45
BOCIIOJIB3YEeMCS IIPUHITUTIOM OCBOOOMK- N 2 54
JaeMOCTH OT CBsI3ei, OTOPOCHM UX U P i

BBE/IEM COOTBETCTBYIOILNE PEeaKIiu.
Peakuusi Tpoca B Touke B, Kak M3BECTHO, HAIpaBJIeHA II0
TPOCY, & PeaKkIus MAapPHUPHO-HEIIOABUKHON OIIOPHI HMEeT He-
HW3BECTHOE HaIlpaBJIeHUe.
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Puc. 6

OxHako B JaHHOM cjy4yae ONpEeJeIUTh €€ HalpaBlIeHHe
IIO3BOJISET TEOpPeMa O TpeX CHJaX, COrJIaCHO KOTOPOW JUHUU
JieficTBUSA TPeX HellapasielbHbIX CHJI, IOJ AeHCTBHEM KOTO-
PBIX TEJIO HAXOJUTCH B PABHOBECHUH, JOJIYKHBI IEPECeKATHCHA B
oxHOM Touke. B paccmaTpuBaemMoit cxeme aTo Oyaer Touka O
nepecedyeHus JUHUH AeicTBUA Cubl F n tuHUK Tpoca (puc. 6).

Taxkum o6pa3zom, peakius B TOUKe A TPOXOAUT MO JUHUMN
AO nog yrsioMm 3, BeIMYUHY KOTOPOTO HAM/1eM U3 TPeyTrOJbHHU-
ka: tg B =1/3 u B = arctg 1/3.

Ina onpenesneHUsA BeJMUUH PEaKIuil MOTYT OBITH IpHMe-
HeHbl TpU crnocoba: rpadpuueckuit, rpadoaHaINTUIECKUNA U
aHAJTUTUYECKUIL.

1. 'paduuecknii cnocod. Ciegyer nmocTpouTs B Macurrade
3aMKHYTBIN CHJIOBOII MHOTOYrOJIbHUK, HAUMHAA C M3BECTHON
cunbl F, a 3areM B IMPOM3BOJILHON IOCJIEJ0BATEIBHOCTH OC-
TasbHbBIe cUabl Ry u Rp.

Hanpumep, MOKHO IPOBECTH M3 KOHIA CHJIBI F JIMHUIO
JleficTBHA peaknuu Ry, a U3 ee HAYAA — JIMHMIO JeiicTBis R 4
10 ux nepecedeHusi. CUIBI JOJKHBI OBITH HAIIPABJIEHBI B OHY
CTOPOHY IO nyTH o6xoxa KoHTypa (puc. 7).

3aTem, U3MepsAA OTPE3KH M CPaBHMBas UX C MacIITadoMm,
MOKHO y3HATH BEJIMUMNHBI HEU3BECTHBIX CHJI.

2. T'pacdoanarmnTuueckuit cnocod. 31ech TaKKe CTPOUTCS
CHJIOBOM MHOTOYT'OJILHHUK, HO TOJBKO B BHJE MeOMETPHUECKOH
CXEeMBbI, pacCMaTpUBasi KOTOPYIO MOMKHO BBIYUCJIUTH HEU3BECT-
HBbI€ CTOPOHBI TPEYrOJbHUKA.

s cxemsl (puc. 7) corjiacHO TeopeMe CHHYCOB IIOJIy4aeM

e Rait Ry
siny sin45° sin(90°+p)’
rgey = 180° — 45° — (90° + B) = 45° — .
W3 aTux ypaBHEHHH UMeeM

SIndS™ iy gkl R, =
siny

cosB

Ry=F =10,6 kH.
iny
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3. AnaauTuueckuit cnnoco6. 37eck He TpebyeTcs mocTpoe-
HUSA CHJIOBOTO MHOTOYTrOJbHMKA, HEOOXOAUMA JIMIIb pacyer-
Has cXeMa ¢ HanpasjieHusaMu peaxkmuii (puc. 8). IIpu atom HE
“MeeT 3HAUEHUS, B KAKYIO CTOPOHY

10 JIMHUM AeHCTBUSA HAIPABJIATH He- y 3 Ry
U3BECTHHIE CHUJIbIL. 2
Bribupas KoOpAMHATHBIE OCH X B 45°
Hu Y, 3alMChIBaeM ypaBHEHHUS paB- x
HOBECHUSA B MPOEKIIUAX HA TH OCHU: Puc. 8 F
> Fp. =0; R, cosp+ Rpcos45° = 0;
> Fy, =0; R,sinP+ Rpsin45°-F =0.
Pemas aTy cucreMy ypaBHEHHM, moJiydyaeM
cos
RIS SN P S L SRR T
A B A .
sinf - cosf cos45

OrpunaTebHbINA 3HAK Y BeJIHUYUHBI R4 O3HaYaeT, 4To JAei-
CTBUTEJBHOE HAIIpaBJIeHUE 9TOW peaKIM¥ IPOTUBOIOJJIOIKHO
BBIOPAaHHOMY Ha CXeMe.

OrseTr: Ry = -7,9 kH; Rz = 10,6 xH.

3ATAYA 3

ITogsecka upeansHOoro 6yioka O ysebGeKu COCTOUT U3 TpPexX
HEBECOMBIX CTEP’KHEH B IIapHUPAX: ABYX MOPU30HTAIBHBIX AO
n BO, cocTraBasmomux yrisl 45° ¢ MepneHanKyJIsapoM K CTeHe
DO, u crepakas CO, cocrasisiioniero yroj 60° ¢ BepTHKaJIbHON
nuaueit crensl DE (puc. 9).

Yepes 610K MEPEeKHUHYT TPOC, HA OJI-
HOM KOHIe KOTOpPOTrO IIOJBEIIeH HEero-
IBUKHBIN rpys3 Becom G = 10 xH. [Ipy-
rol KOHEIl, YXOAAIIMA Ha JiebeaKy, B
Touxke E creHsl cocrasisger yroa 30° ¢
Beprukaiabio DE. OupeaeanTs yCUIusa B
CTEPXKHAX MMOJABECKH.

Pemenune. B KauectBe o0bexrTa,
paBHOBECHE KOTOPOTO CJIeAyeT PACCMOT-
peTs, BbiOepeM OJIOK BMeCTe ¢ IIpuJiera-
OIell K HeMy 4YacThio Tpoca (y3ea B
Touke O). Puc. 9
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IIpu ycaoBum, 4T0 pasmMepaMu ero
MOXKHO mIpeHebOpeub, AeUCTBYIOINE Ha
HEro CHJIbI MPEeACTaBJAIT CODOH cH-
CTEMY CXONAIUXCS CHJI. Y YHUTHIBasA,
YTO peakI[My OMOPHBIX CTEPXKHEeil Ha-
IIPaBJIEHBI 110 IMHUAM 3THX CTEPIKHEI,
a CHJIBI HATSIXKEHUS — I10 TPOCY, IOJY-
yaeM pacueTHyio cxemy (puc. 10).

3necs Gy = G — cuna HATSYKeHUs
BETBH TpOCca, UAYILEH K JiebeKe B TOY-
Ke E; HanpaBJIeHUs pPeaKIUuil CTEep)XHell BBIOPAHBI B IPEAIO-
JoxeHnu, 4To crepkHM AO u BO pacTssHyTHI, a CTepKeHb
CO — cxar.

Ins yrobcTBa reoMeTpUMYeCKOro pacCMOTPEHUs HAadajo
KOODPAMHAT B3ATO B TOUKe D, och X HanmpaBJjeHa 1o nuHuu AB,
ock y — 1o DO, ock z — 1o DE.

3anuceIBaeM Tellepb YCJI0BUE YPAaBHOBEIIEHHOCTH CHUCTE-
MBI CXOASALIMXCA CHUJI.

ZF,, = () B IPOEKIMAX HA JeKapTOBLI OCH:

x: R,sin45°— Rpsind5° = 0;
y: — R, cos45°— Rgcos45° + R sin60° — Gsin30° = 0;
z: Rccos60° -Gy cos30° -G = 0.

Pemas aty cucremy, HaX04UM 3HAYEHUS YCUJIUI B CTEPIK-
HAX TOJBECKH:

Re = 37,3 xH; R, = Ry = 19,3 kH.

Bce ycunusa mosiydmsIvch TOJOXKUTENBHBIMU, 3HAYHUT UX
HanpaBJeHusA ObLIX M3HAYAJIBHO B3ATHI IPaBUJILHO.

Mo>XHO OTMETHUTH IIPU 3TOM, YTO YCUIUA B CTEPIKHAX IO~
BECKH OKAa3aJIUCh 3HAYMTEJIHHO OOJIBIINMH, Y€M BEC YAEPIKH-
BaeMOI'0 UMU rpys3a, U CYLIeCTBEHHO 3aBHUCAT OT reoMeTpuye-
CKHX IapamerpoB (yIJIOB) caMOil KOHCTPYKIIMH IIOABECKHU.

OrBerT: R = 37,3 kH; Ry = Rg = 19,3 kH.
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3AIAHUE C2
IIJIOCKAS CHCTEMA CHJI

Ins npepcraBieHHBIX Ha cxemax 1-30 Ten ompenenuTs

peakuuu omnop. IIpuBeseHHBIE HAa CXeMax Harpy3Kku HMeIOT

caenyomme seuunabl: Bec rpysa G = 10 kH, cua F = 10 xH,
momeHT mapbl cua M = 20 kH-M, HUHTEHCUBHOCTBL pacIipeje-

JneHHoM cuibl ¢ = 5 KH/M, a TakXKe ¢n. = 9 KH/m. Pasmepsr

yKasaHsl B MeTpax. BecoMm resa cienyer npeHe6peub.
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TUIIOBBIE BAIAYH
IIJIOCKAA CHCTEMA CHJI

3ATAYA 1

OnpenenruTs peakuuu onop A u B 0JHOPOAHON 0aslKu Be-
com G = 8 kH, maxopameiica nox aeiicrsuem cunel F = 6 kH
(meitcTByoOIEN oA yraom o = 45°) 1 paBHOMEPHO pacIlipejie-
JIEHHOI Harpyskm ¢ MHTeHCUBHOCTHIO ¢ = 3 kH /M. Cxema daui-
KH ¥ reoMeTpUYecKue pasMepsl B MeTpax IoOKasaHsl Ha puc. 11.

Pemrenue. Bocnonssdyemcs

q
NPHUHIUIIOM OCBOGOM&GMOCTH oT ‘ﬁm‘ﬂ & r
B

cBsA3ei, 0TOPOCUM UX U BBEJIEM CO- 2
OTBeTCTBYIOIIMe peakiuu. B rou- 7§7 77
Ke B Galka MMeeT CKOJb3AINIIYIO I 2|
(1I1apHUPHO-TIOABMAKHYIO) OIIODY, Pre. 11

peaknusi KOTopoii Rz nMeer usse-
CTHOE HalpasJieHHe (epreHUKYIsSAPHO OIIOPHOM TOBEPXHOCTH).
Peakuus mapHUPHO-HEIIOABUIKHON OIIOPEI B TOYKe A nMe-
eT HEeM3BeCTHOe HaIpaBJeHHe, U ee CJeAyeT PasJIOKUTh Ha
cocraBasonme 1mo ocaM R, = X, + Y, (puc. 12).
PacnpegenesHyio no jiuuHe [ = 2 M Harpy3ky 3aMeHUM
coCpeoTOUYeHHON cmioit: @ = ¢ -1l =3 -2 =6 kH u npuo-
JKUM B CEpelMHE y4acTKa pacupezesieHuss. Y4TeM TaKyKe CHIY
TsKecTH Danku G, IPUIOKEHHYIO TocepeanHe DanKu.
CocraBuM ypaBHEHHs paBHOBecHUdA OaJIkM B ciefyloleit
¢dopme: 0JHO ypaBHEHHe NPOEKIIUI U iBa YPAaBHEHUA MOMEH-
ToB. Takoit BeIOOP (hOpMEI ypaB-
HEeHUI oIpejesseTcs TeM, 4TO B 0 B T Bt DA
JAaHHOM CJIydae U B TOUKe A, U B
TOYKe B nmepecekaroTcs 110 JiBe He- Ry \F Y,
usBecTHbIe cuybl. Kpome Toro, Qf f “P\Fcosat

y

-

(43 T
A ypnoocrea COCTaBJIEHUSA ypaB- el o p[ X,
HEHUH MOMEHTOB CHJIy F MOXKHO Fsina
PA3JIOKUTH Ha COCTABJIAIOININE TI0 Puc. 12
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ocam: Fcosa u Fsinoa 1 ucnoss3oBaTh 3aTeM TeopeMy BapuHs-
OHAa, COMJIACHO KOTOPOH MOMEHT PaBHOAEHCTBYIOIIEH CHCTEMBI
CHJI paBeH CyMMe MOMEHTOB MCXOAHBIX CHJI.

YpaBHeHUA pPaBHOBECHUA IIOJIy4aeM B BHU/E

Y Fe =0; Fcosa+X, =0;
> Mu(F)=0; @5-Rp-4+G-3+Fsina-2=0;
> My(Fx)=0; @ 1-G-1-Fsina-2+Y,-4=0.

Pemasi T ypaBHeHHs C yY€TOM MCXO/JHBIX JaHHBIX, Ha-

XOUM
X, =-4,24 xH; Rg = 15,6 kH; Y, = 2,62 xH.

OTrpunaTeJbHBIN 3HAK Y BeJIWYUHBI X, YKasbIBaeT Ha TO,
4TO €e JeMCTBUTEeJIEHOE HAIlPABJIEHNE IIPOTHUBOIIOJJIOKHO IIPU-
HATOMY.

Cuny, nmepegaBaeMyro 4depes LIapHHUP A, MOKHO BBIYHC-
JIATh, CKJIAAbIBas BEKTOPHO peakium X, u Y 4:

Ry = X2 +Y2 = 4,98 kH.

15 mpOBEePKM NPABUJILHOCTH PEIIEHUA MOYKHO COCTABHUTH,
HanpuMep, CyMMY IIPOEKIIHII CHJI HA OCh Y H YOeAUTHCA B TOM,
4TO OHa (C HEDOJBIIOW IOrPEeNIHOCTHIO, ONpEeHeSIeHHON NpH-
OJIMYKEeHHOCTHIO BEIYMCJIEHUIT) paBHA HYJIIO:

Zny =-Q+Rp-G-Fsina+Y, =0.
OrBer: X, = -4,24 xH; Rz = 15,6 kH; Y, = 2,62 xH.

3ATAYA 2

OnpenenuTs peakiuu B 3ajieJIKe HeBeCOMOH KOHCOJbHOMN
doanku (puc. 13), HaxopsAmeHdcA MO/ AEMCTBUEM IIapbl CHUJI C
moMmeHToM M = 4 xH-M u nuHeHO pacrnpeiesieHHOi Harpys-
KU ¢ MAKCUMAaJIbHONH HHTEHCUBHOCTBIO Gy = 1,5 kH /M. [nuna

banku [ = 12 m.
My Pemenue. Bocmonbayemess mpUHIIH-
IIOM OCBOOOKJJa€MOCTH OT CBsi3eif, oTOpo-
12 cHUM CBS3M M BBEJEM PEaKIH, KOTOPbIe JJIs
3ajenku OyayT peAcTaBiATh cO00It ABE CO-

! A CTABJIAIONME CHJIBI PEAKIIHU IO ocAM X, U
Tmax Y, u mapy ¢ momentom M, — MOMEHTOM
Puc. 13 3agenku (puc. 14).



Kpowme Toro, pacnpe/jeieHHyio CiiIy 3a-
MEHHM COCPEOTOYCHHOM, PABHON B JAHHOM
ciyyae IO TPeyroJbHHKA Harpy3Ku:

=1, gelarare
@ = 5l = 51,512 = 9xH,

1 IPOXOAAINEH Yepe3 IEHTP TAMKECTH ITOro
TPeyroJbHMUKa, TO €CTh Ha paccrosHuu 1/3 Puc. 14
OT OCHOBaHHUA U 2/3 OT BepmIuHbI (4 M 1 8 M).

s pacueTHO# CXeMBI COCTaBJIAEM /JBa yPaBHEHUSA IIPO-
eKIIMI Ha OCH X M Y ¥ OAHO YpaBHEHUE MOMEHTOB OTHOCHUTEJIb-

HO TOYKH A: X SOty Y, = 0
Mygy:Myu-Q-4-M =0.
Pewias aTu ypaBHeHUdA, I10JIyJIaeM
X, =-Q@=-9kH; Y, =0;
M,=Q-4+ M =40kH - m.
Takum obpa3zom, peakunsA B 3aJeJIKe IIPeACTaBJIeHa CHUIION
9 xH, HanpaBneHHO#H BJeBO, U napoil ¢ momenTom 40 kH-m,

JIeMCTBYIOIEH IIPOTHB YacOBOI CTPEKH.
OrBeT: X4 =-9kH; Y, =0; My = 40 kH-Mm.

3AJTAYA 3

Opuopoxpublii crep:kens AB (puc. 15) anunoit 21 onupaer-
¢S Ha MIAAKWHA BBICTYI B TOYKe D U yAep:KHUBaeTcsa HeBeCOMO
HUTBI0O OA puuHO#M [. OupemenuTs yroa ¢ Mexay JUHHeR
cTep:KHA U ropusonToM. Paccrosinue |OD)| pasuo L.

Pemenue. OcBoboguMes OT CBA3EH M BBEAEM peaKkI My
(puc. 16):

W13 reomerpun umeem |DE| = |AK| = Isin2¢.

X
K 0 D
5 1sin2¢p
)
AN i s (el S
E
Pue. 15 Pue. 16
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Tor',u;a I |

DE
IADI . sin g

u [CD| = 2l cos ¢ — 1 = I(2 cos ¢ — 1).
CocrapiisieM ypaBHeHUs] PABHOBECHA:

= 2lcos,

x: Rycosp—Gsing = 0;
y: Rysing-Gcosg+ Rp =0;
Mp: — Ry sing-2lcosq + Geos@l(2cosp —1) = 0.

W3 nepBoro ypaBHeHusd ciaeayer Ry = G tg ¢; nogcrasis-
€M 9TO BBIDa’XeHHe B TPEeThe ypaBHEHUE, O0CJe COKPAIeHUs
nosydaem —2 sin® ¢ + 2 cos? ¢ — cos ¢ = 0, uau 4 cos® ¢ —
—cosp — 2 =0.

Orciona

cosg = %(1 +/33) ~ 0,843

u ¢ = arccos 0,843 ~ 32,5°.
OrBeT: ¢ = 32,5°.
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3AJTAHHE C3

IIJIOCKASI CUCTEMA CHJI
(CHCTEMA TEJI)

Hns npexcraBieHHBIX Ha cxemax 1—30 cocTaBHBIX KOHCT-

PYKIMI HAWTH peakuuu onop. Pasmepsl yKasaHbl B MeTpax.
Becom 3/1eMEHTOB KOHCTPYKIIMIT TpeHeOpeysb.

e ®
q
w | z i
A C F
ﬁ; [V B7;7 D 7;7 3
I |
3 3 2 4 1
M = 40 kH-m; ¢ = 10 kH/w™; M = 30 kH-m; ¢ = 10 kH/m;
F = 20 kH F = 20 xH
F $ . F
v|” D | O M
A c 3 _\]
[ A D B
ﬂ|7./ Bl D ﬁ; N 55
i i |
=3 37 13 T 2 6 (1.5
M = 65 kH-m; ¢ = 20 xH/m™m; M = 42 xH-m; ¢ = 15 kH/m;
F = 30 xH F = 20 xkH
(4 2 1.4 G
A B A A1
| 4 4 | | 5 5 |
M = 40 kH-m; ¢ = 20 kH/™m M = 20 kH-m; ¢ = 30 xH/m
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M = 30 kH-m; ¢ = 10 xH/m;
F =15 kH

F= ¢
1} = 3 =
= M 90" 3
sl Est T
= B
= N
AA 2 1,5 1,5

M =11 kH:m; ¢ = 4 xH/™m;
F =13 xkH

Y
[sV]

M = 40 kH-M; ¢ = 30 kH/m;
F=

i

A

<~/
6

M = 60 xH-m; ¢ = 25 xkH/m

® z
J P

A

B
3 | 3 |

M = 60 kH-M; ¢ = 20 xH/m;
F =30 kH

F

M

y
it

AA BA__
M = 30 kH-M; ¢ = 10 kH/m;
F =20 kH

20 xH
@

7

C

T

<B

A

S

M

L

N
4

M = 32 xH-m; ¢ = 15 kH/m

A
A 3
C B =yl
3
A
7777,
I S p

M = 30 kH-m; F = 50 xkH

D)

c 3
M
3
A B —
Dnax 9

= 20 kH-M; @0« = 40 xH/M

@

q =20 xH/m; F = 50 xH

[T

M g
A Bh—1
Lo sl o)

M = 50 kH-M; ¢ = 40 xkH/™m

q = 20 kH/m; F = 60 xH

@

oo o
N

M =40 xH-M; ¢ = 10 kH/m;
F =30 xH

@ c Dmox

1y _F B
M
2 f\
A
3

M = 120 kH-M; ¢y = 30 xH/™;
F =40 xH

®

2 F

| ———

(P

RRRERNS!
| 4 IC 4 B

M = 1600 xH:M; ¢ = 25 kH/m;
F =100 xH
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M = 20 xH-m; ¢ = 40 kH/m
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20 xH-M; ¢ = 25 xH/m;
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F = 40 kH
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F =50 kH
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w

M = 40 kH-™; ¢ = 10 xH/™;
F =30 xH

0 kH-M; ¢ = 20 xH/Mm;
100 xH

N
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'S
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PEART SRR bt e sl PSSR LT TR e

THUIIOBBIE BAITAYH

IIJIOCKASA CUCTEMA CHJ
(CHCTEMA JBYX TEJ)

3AJTAYA 1

KoHCTpYyKIUsA COCTOMT M3 JABYX HEBECOMBIX OaJioK, Iiap-
HUPHO coeanHeHHbIX B Touke C (puc. 17). Banka AC onmpaer-
cs B TOUKe B Ha MIapHUPHO-HEIOABMIKHYIO ONIOPY M YAEPIKH-
BaeTCsA Ha JIEBOM KOHIe ONOPHBIM crepikHeM. Banka CD omnu-
paeTcs MpaBbIM KOHIOM Ha abCOJIIOTHO IJIaJKYIO ILJIOCKOCTD,
cocraBiaAnyo yroi o = 60° ¢ ropusornrom. Ha cucremy neii-
crByer mapa cusa ¢ momenTom M = 20 kH-M u paBHOMEpPHO
pacipejejieHHas Harpyska ¢ MHTEHCHBHOCTBIO ¢ = 2 kH/m.
OnpejeiuTh peakinuy ONop M yCHJHe, IepejaBaeMoe 4depes
mapuup. 'eomerpuueckue pasMepsl JaHbI B METpax.

Pemenune. Ecaiu paccmorpers paBHOBecHe BCeil KOH-
CTPYKIIMU B II€JIOM, OCBOOOAMUTHCSA OT CBsA3€il U BBECTH peak-
MU, YYUTBIBAsA, YTO PEAKIUA NPIAMOJUHEHHOIO0 OIOPHOIo
CTEepI)KHSA HallpaBJieHa II0 CTEePIXKHIO, PEeaKIUs MIapHUPHO-
HEIOJBUXHOM OIOpPbI MMeeT HeM3BEeCTHOEe HAIIPABJIEHUE U ee
cJIelyeT PA3JIOKUTH HA COCTABJAIOIIHAE IO OCAM, a PeaKIusd
[IpY ONHMPAHWHU Tejia Ha abCONMIOTHO INIAAKYIO ILIOCKOCThH Iep-
NMEeHAUKYJIAPHA 3TOM IUIOCKOCTH (HOpMAaJIbHAA peakiusd), TO
pacueTHas cxema OyaeT MMeTh BHJ, IIOKa3aHHBIA Ha puc. 18.

31ech pacupe/ieJieHHAsA HArpy3Ka 3aMeHeHa COCpelOTOYEeH-

HOM CHJIOM Q=gq-6=12kH.

CucremMa cHJI HA CXeMe MMeeT YeThIpe HEeM3BECTHBIX, CJie-
J0BATEJIbHO, OHH He MOT'yT OBITH OIIPE/IEJIEHE] U3 TPEX ypaBHEe-
HUH JJISA IJIOCKOW CHCTEMBI CHJI.

q
Py i HHHA {R M l:; Q| R\
T BS ¢ DA L a 2o .
iy g Ay i Ll b
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R M Y, QY. Q, R)

y A X,
———y
Lx X; E X Y,
5 ) 1R 2 2
Puc. 19

s peliieHUs 3a/Ja4M PACUJIEHUM KOHCTPYKI[HIO HA OT/EJb-
HBIE TeJla, MBICJIEHHO Pa3/eJINB ee 110 IIapHUPY, Yyepe3 KOTOPHIH
IepelaeTcs ycuJine HeM3BeCTHOro HampasyieHus (puc. 19).

IIpu manpaBieHnn cocTaBaAOMUX Xc U Y AJIs J€BOH M
IpaBoi 0aJIOK y4YTeH NPUHIUN (3aKOH) PABEHCTBA JAEHCTBUA U
IIPOTUBO/eMCTBUSI. BBeleHHBIE CUJIBI:

Q@ =¢-2=4xH; @, =¢g-4=8xkH.
YpaBHEeHUSA JJIS TPABOM YacTH:
x: — X¢c - Rpsina = 0;
y: -Yo - Qs + R pcosa = 0;
Mp: Ye ’4+Q2 -2 =0,
Orcioga Yo = —4 kH; Rp =8 kH; X, = -43 xH.
YpaBHEHUS [AJis JIEBOM YACTH:
x: Xp+Xc=0;
y: RA +YB—Q1 +YC =0;
Mg:—R4-5-M-@Q,:-1+Y:-2=0.
Orciona Xy = 4V3 xH; R, = -6,4 kH; Yy = 14,4 xH.
J1J1s1 IPOBEPKH IPaBUJIBHOCTH IIOJYYEHHOTO PEIIeHU MOK-
HO COCTABHUTH YPABHEHHUS PABHOBECHUSA /I BCEH KOHCTPYKIIUKU
(puc. 18), Hanpumep:
Y Mgy(Fx)=-R, 8-M-Yz-3+Rpcosa-3 =
=6,4-8-20-14,4-3+8-1/2-3=63,2-63,2 =0.
Pacuer npousBeieH BEpHO.

Orser: Xp=4V3 kH; R,=-6,4 xH; Y= 14,4 xH;
Xc = -4V3 xH; Rp =8 xH; Yo = -4 kH.

3AJIAYA 2

KoHCTpYKIIHA COCTOMT M3 ABYX TeJ, COEAMHEHHBIX IIap-
HupHO B Touke C. Tesno AC 3aKperuieHo ¢ IOMOIIBIO 3a/eJIKH,
Tes10 BC umeeT MIapHUPHO-IIOABMIKHYIO (CKOJIB3SAIIYIO) OIIOPY
(puc. 20). Ha Tesa cucTeMbl JeHCTBYIOT pacIiipefesieHHas 110
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JIMHEHHOMY 3aKOHY CHJIa ¢ MaKCHUMAaJb-
HOWH HHTEHCHUBHOCTBIO (n.x = 2 KH/M,
cuna F = 4 kH nog yriom o = 30° u mapa
cun ¢ momentom M = 3 kH-m. TI'eomer-
puUYecKue pasMmephbl YKasaHbl B METpax.
OmnpenenuTs peakiiuy OIop U yCUaue, me-
penaBaemMoe uepes ImapHup. Bec asemen-
TOB KOHCTPYKIIUH HE YYUTHIBATE.

Pemurenne. Eciu paccMoTpers paB-
HOBeCHE BCeil KOHCTPYKIMH B I€JIOM,
VUYUTBIBasA, YTO PEAKIINA 3a[eJIKU COCTO-
UT M3 CUJIbI HEM3BECTHOT'O HAIpaBJIeHUS
# [apbl, 8 peakIus CKOJb3AIIEH OMOPBI
MEePIeHANKYJIApHa OIOPHOIl MOBEPXHO-
CTH, TO pacueTHas cxema OymeT uMeThb
BUJ, IPEJCTAaBJIeHHBIN Ha puc. 21.

31ech paBHOAEMCTBYIONAA paciIpe/e-
JIEHHOM HArpysku

Q = 5 s -6 = 6xH

Dgeprenict? 42
M 3
Bf
3
LA
ql\lﬂl 2
-2
Pue. 20
2_ F
D o
3
4 C
Q_|| Ra
I e
M, X,
Pue. 21

pacrojioykeHa Ha pacCTOAHUM ABYX MeTpoB (1/3 mauubr AD)
oT TOUKu A; M, — HEU3BECTHBIII MOMEHT 3aJ[eJIKH.

B nanHOI cHCTeMe CHJI YeThIpe HEM3BECTHBIX peaxI[uu
(X4, Y, My, Rp), m UX HENB3SA ONPENEJIUTh U3 TPEX ypaBHe-

HUM [JIOCKOM CHCTEMBI CHJI.

HOBTOMy pacyJieHUM CUCTeMYy Ha OT/ZeJIbHbIe TeJia 110 1ap-

Hupy (puc. 22). 15
c

Feosa . X

T
o
:)/ Fsina Yq

[

X
A Pue. 22

Cuiy, IpUIOKEHHYIO B IIIADHUPE, CJIEAYeT IIPU 3TOM Y4H-
THIBATh JIMIIb HA OZHOM TeJie (JI1I000M U3 HUX).

YpaBuenus s tena BC:

x: —Xc—-Rp=0; y: =Y. =0; M¢c: M-Rg-3=0.
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Orciona Xo = -1 kH; Yo =0; Rz=1 kH.
YpaBuenus aus rena AC:

x: X, +@Q-Fcosa—-X¢ =0;
y:Y, —F sina+Y, =0;
My: My -Q-2+Fcosa-6-Fsina-2+Y,-2-X,-6=0.

3/1eck IpHM BBIYMCJIEHUN MOMEHTa CHJIBI F' OTHOCHTENBHO
TOYKHN A MCIIOJIb30BaHA Teopema BapuubonHa: cuia F pasio-
JKeHa Ha cocraBasiomue F cos o 1 F sin a 1 onpeziesiena cym-
Ma MX MOMEHTOB.

U3 nocieaneit cucreMsl ypaBHEHUNH HAXOAUM:

X,=-1,54 kH; Y,=2xH; M, =-10,8 kH-m.

Jlnsi IpOBEPKM MOJIYYEHHOrO PeIleHusl MOKHO COCTABUTH
CYMMBI IPOEKIHIl 1 MOMEHTOB CHJI JJIsi BCEil KOHCTPYKIIMU
(cm. puc. 21), Hanpumep:

Y Mp(Fxk)=M,+X,-6+Q-4-Fsina-2+M-Rp-3=
=10,8-9,24+24-4+3-3=-27,04+27 0.

Pemnenue BeinosHeHo BepHO. To 00CTOATENBCTBO, YTO CYyM-
Ma MOMEHTOB OKAa3aJiach PaBHA HYJIIO NPUOIN3UTELHO, Ope-
JIeJIEHO TIOTPEITHOCTHIO BLIYMCIeHHH.
B nasHOM ciy4yae MOTPENIHOCTH OKAa3ajach PaBHOMU
9-'2-‘;—4 ~0,15%.
OrBeT: X4, =-1,64 kH; Y, =2 xkH; M, = -10,8 kH-™m;
Xe=-1xkH; Yc=0; Rg=1 kH.



3AJIAHHE C4

CHCTEMA CH.JI
ITPH HAJIMYUH TPEHHUSA

Jlns npejacraBieHHbIX Ha cxemax 1-30 MexaHU3MOB, pac-
[10JIOKEHHBIX B BEPTHKAJIBHOI ILJIOCKOCTH, OIIPEJeIUTh 3HaYe-
Hus cuibl F U3 ycioBusi paBHOBeCHsI MEXaHH3MOB. MexaHu3M
COCTOUT U3 OHOPOJHOI'O TOHKOTO CTep:KHA AB jummHOoi [ = 4 M
u Becom G = 15 kH u aByX HEBeCOMBIX MOJ3yHOB A u B, KOTO-
pble MOT'YT IepemMelnaThes 1o Hanpasasomum. Ha crep:xeHb
npeiicrByer napa cus ¢ momentrom M = 20 kH-m. Tpenne y noJ-
gyHa B orcyrcTByeT, KOa(h(PUIINEHT TPEHUA MMOJI3yHA A 10 Ha-
npasasiomeit [ = 0,4. PazgmepaMu moJI3yHOB IpeHeOpeys.
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PR S R L B R O I

TUIIOBBIE 3AJTAYHM

CHCTEMA CH.I
TP HAJIMYHUH TPEHHSA

3AJTAYA 1

Ha Bepxueil rpanu opyca A (puc. 23) Becom G; = 200 H
Haxoauresa opyc B Becom Gy = 100 H. Bpyc A onmpaercst HUXK-
Hell TPaHbIO Ha FOPU30HTAJIBHYIO IIOBEPXHOCTE, IIPUYeM K0a(-
dunment tpeansa mexay aumu f; = 0,1. Koadgduumuent Tpe-
HuUA mexnay Opycamu f, = 0,5. Ha 6pyc B peiicTByer cumia

P = 60 H nox yraom a = 30°.

Byzner nm 6pyc B aBurathcs oTHOCUTENBHO Gpyca A? By-
net nu 6pyc A ABUraThCi OTHOCHUTEJIHBHO FOPH30HTAIBHOMN I10-

BepXHOCTU?
Pemenue. [na Toro 4robsl OTBETUTH
Ha MEepPBBIA BOIIPOC 3a/1a4H, CJIeAyeT PACCMOT-
perb paBHOBecue Opyca B (puc. 24).
CocraBuM ypaBHEHUS PABHOBECHUS B IIPO-
eKIUAX Ha OCH:

x: F,5—Pcosa =0;
y: Ny — Gy — Psina = 0.
W3 sTux ypaBHEHHI HaAXOJUM
F,p2 = Pcosa = 52 H;
N5 =Gy + Psina = 130 H.

Yurem Tenepb 3akoH KysoHa pusa cuibl
tperus: Fp3* = 2Nz = 65 H.

Takum ob6pasom, cujia TPEHHUS OKas3ajaach
MEHBIIIe ee MAKCUMaJIbHOTO 3HAYeHUsd, H, CJIe-
IoBaTesibHO, Opyc B ABHraThCs OTHOCHUTEJIb-
HO Opyca A He Oyner.

Jlyist Toro 4ro6sl OTBETUTH HAa BTOPO BO-

Ipoc 3ajayM, MOYKHO PACCMOTPETh PaBHOBE-
cue obonx O6pycoB (puc. 25).

B
(x

G, Py

Puc. 24
ypy M} p
ﬁ

1 Fw

G
G

2

3
Pune. 25
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CocraBuM ypaBHEHHs] PABHOBECHS B MPOEKIMAX HA OCH:
x: Fp — Pcosa = 0;
y: N; -G, -Gy — Psina =0.
W3 aTux ypaBHEHHI HAXOAUM
Fi,1 = Pcosa =~ 52 H;
N; =Gy +Gy + Psina = 330 H.
Vurem Tenepb 3akoH KysioHa 1isl CHIIBI TPEHUSA

max — £,Ny =33 H.

Takum o6pasom, B 3TOM ciydyae HeOOXoauMas JJIsd PaBHO-
BeCHs CHWJIa TPEHUA OKasajach OOJbINE ee MaKCHMAJbLHOTO
3HAYEHUHA, U, CJEJ0BATEJIBHO, Opyc A cTaHeT ABUTraThCA OTHO-
CHTEJIbHO TOPU30HTAJIBHON IIOBEPXHOCTH.

OrBeT. Bpycel Oyayr ABHraThbCsi BMECTE OTHOCHTEIHHO
FOPU30HTAJILHOI ITOBEPXHOCTH.

3ATAYA 2

Jlectauna Becom G = 100 H omupaercss Ha rOPH30OHTAb-
HBII [TOJI ¥ BePTHKaNbHYIO cTeny (puc. 26). Crena riagkas, a
TpeHHe JIECTHHUIIBI O IOJI XapakKTepuayercss Koa(hPHUImeHTOM
TpeHus Mexay Humu f = 0,4. Ilog KakuM yriom o cieayer
IIOCTaBUTH JIECTHHUILY, YTOOBI IO HEH MOTr IOJHATHCA HABEPX

yenosexk GG, = 800 H? .

Puc. 26 Pue. 27

Peurenue. [TokaskeM Ha cxeme CHJIBI, JAEICTBYIOIHE HA
JIECTHUILY C ITOJHSABINUMCSH HaBepX yesaoBekoM (puc. 27): cuirsl
TAMKECTH, HOpMaJTbHbIE PEAKIIUNA U CHJIY TPeHUA, HAIIPABUB ee
MIPOTHBOIOJIOKHO BO3MOXKHOMY ABHiKeHHI0. CocraBuM ypas-
HEeHUA PABHOBECHSA B BHJE ABYX YPaBHEHMI MPOEKUNIT CHJI HA
OCH ¥ YPaBHEHHUS MOMEHTOB CHJI OTHOCHUTEJIBHO TOUKHN B, 060-
3HAYUB AJUHY JIECTHUIBI OYKBOIi [.
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X:Ny—Fp =0; 2 N1 -G-G, =0;
MB:Gllcosa+G—é-cosa—Nzlsincx =0.

Tlocneanee ypaBHeHHe IOCJE ero ieJleHus Ha [ cos o mpHu-
HHUMaeT BU/J
G, +0,5G - Ny tga = 0.

Yurem Takyke, paccMaTpuBas IpeeabHOe COCTOAHUE PaB-
HOBECHs, COOTBETCTBYIOIIee MUHUMAJIBLHOMY 3HAYEHUIO YTIJIa o,
s3axoH KyJioHa A8 CHJIBI TPDEHUS:

Fp = Fp*™* = fN;.
W3 atux ypasuenmii naiinem N, = F, = f(G + Gy);
2G, +G

tga = ~ 2,36; o =arctg2,36=67".

T 2/(G; +6G)

OrseT: 00 = 67°,

3AJTAYA 3

Onpepenuts cuny F, HEOOXOAUMYIO A5 PaAaBHOMEPHOI'O
KaueHusa KaTka paauycom r = 30 cm u Becom G = 300 kH no
rOPU30HTANbHON mIocKocTH (puc. 28), ecaum KoapduUIueHT
TpeHus kauvenus f, = 0,5 cm, a yrox a = 30°.

L&,

Pue. 28

Pemenmue. Puc. 29

ITepeviic 6apuarnm. PaccMOTPUM CHJIBI, AeHCTBYIOLINE HA
kaTok (puc. 29). ConpoTuBIeHHe KAaUeHUIO YUTEM 3a CUEeT CMe-
IMeHUsT HOPMAJIbHOM peakuuu Ha BeJW4YUHY f, (epBas Mmo-
JleJib y4eTa COnpoTuBJIeHHe KayeHuio). CocTaBUM ypaBHEHUSA
JJIS ILIOCKOM CHCTEMBbI CHUI:

x: Fcoso-F, =0; y: N-G+ Fsina =0
Mp:—Fcosa.-r+Nf, =0.
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PemuB aTy cucTeMy ypaBHeHUI, HaliieM

N=pLioBar s 70 G "~ ZshxH:
2 gldo i Lo

5
F,p, = Fcosa = 4,95xH; N =297 xH.

y Bmopoit eapuanm. Paccmorpum pac-

’ yeTHYI0 cxemy (puc. 30), yuuThsiBas cOmpo-

m THUBJIEHHE KAYeHUIO 3a CUET BBEJeHUS MO-
MEHTAa CONPOTHUBJIEHUS KAYEHUIO:

G
F,, p Me*= NFf., (*)
£ He cMelas HOPMAJbHYIO PeakIuio (BTopas
N MOJIeJIb yYeTa CONPOTUBJIEHHE KaueHUIo).
Puc. 30 VpaBHeHNA paBHOBECHUA:

x:Fcosa—F, =0; y:N-G+ Fsina =0;
Mp:—Fcosa-r+ M, =0.
Pemas aTy cucremy ypaBHEHUI, C y4eTOM paBeHCTBa (*),

MIPUXO/JMM K TEM K€ pe3yJbTaTaM, 4YTO U B II€PBOM BapuaHTe.
3. OrmMeTuM, YTO AJIA TOTO, YTOOBI KAUEHHEe KATKA IPOUC-

xoauo 6e3 NpocKab3bIBaHUSA, KOI(MOUIUEHT TPEHUA CKOJIb-
JKEHHUS JOJIJKEeH OBITh JOCTAaTOYHO OOJMBITUM, a UMEHHO: [ > —5
”

1

eM caydaef > —.

M B HaIIEM CJIYyY f>60
OrBeT: F = 5,72 kH.




3AJIAHHE C5
ITPOCTPAHCTBEHHASA CHCTEMA CHJI

Ilns npeacTaBieHHBIX Ha cxeMax 1—30 Teur onpeaenuTs peak-
nuu onop. Teso npeacrasiisier cob60il OAHOPOAHYIO IPAMOYTOJIb-
Hyo minty Becom G = 12 kH, umeroniyio pasmepsi |AB| = 6 m
u |[BC| = 2 m. Tlnura 3akpensieHa ¢ MOMOIIBIO TPEX ONOp: IIap-
HUPHO-HEeIIOABMYKHOI Omopkl (cheprdecKuii mapHup) B TOUKe A,
MOIIIUITHUKOBOM ONOPHI B TOUKE B 1 o1opHoro crepykHs B Touke C.
Ha nuury neiicreyer: mapa cuin ¢ momentrom M = 10 kH-m, u B
cepeiMHaX COOTBETCTBYIOLIMX CTOPOH — TOPM30HTAJIBHASA CHJIA
F; = 6 xkH u BeprukaspHas cuia Fo = 8 xkH.
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THUIIOBLIE S3ANAYH

INPOCTPAHCTBEHHAS
CHCTEMA CHJI

3AJTAYA 1

KoHCcTpyKIHs, COCTOAIAasA U3 ABYX JKECTKO COeMHEHHBIX
IPAMOYTOJBbHBIX OAHOPOJHBIX IJIHT — BEPTUKAJNBHON [ ¥ ro-
pusoHTaNBHOM 2 (puc. 31), 3aKperieHa ¢ MOMOIIBIO TPEX ONop:
HIAPHUPHO-HEIOABHUIKHON Onopsl (chepuyueckuii mapHup) B
TOYKe A, KOPOTKOW MHOJUIMITHUKOBON ONOpPBI B TOuke B u
FOPU30HTAJIBHOIO ONOPHOTO cTepkHA B Touke C. Bec maut:
G, = 3 kH, G, = 2 kH. Ha nuinuty 2 B ropu30HTAJIbHON IJIOC-
KocTu aeicryer cusa F = 6 kH mox yroiom o = 30°, a B mioc-
KocCTH muThl 1 aeiicTByeT nmapa cuy ¢ MmomeHrom M = 4 kH-m.
leomerpuueckue pazmMepsbl B MeTpax MMOKa3aHbl HA PUCYHKe.
Tpebyerest onpefeanTs BEJIUYHHBI PeaKIIUii OIIop.

Peure nue. Bocnonbayemcss NIpuHIMIIOM 0CBOOOXKaeMO-
CTH OT CBsi3eif, MBICJIEHHO OTOPOCHM OIIOPBI M BBEJEM pPeak-
nuu. B chepuyeckoM IIapHUpe peakI M0 HEHM3BECTHOIO Ha-
[paBJIEHHSA PA3IOKUM HA COCTABJIAIONIME 10 0CAM X 4, Y, Z4;
oropa B TOYKe B He INpensiTCTBYeT ABUMKEHUIO BAOJIb OCH X, U
peakiusa GyeT UMeTh TOJIBKO COCTABIAIONME Y M Zg; pe-
aKIUsl ONOPHOTO CTEPXKHA R, HAIpaBJIEHA IO OCH CTePXKHA
(puc. 32). YuTeMm TaKKe CHJIBI THKECTH MIAT Gy 1 Go.

IMonyuuin pacyeTHYIO CXeMy C IIeCThI) HEeH3BECTHHIMHU
peakuaMu. ITOCKOJIBKY YHMCIO ypaBHEHWII PaBHOBECHS MIJIs
[IPOM3BOJILHOM IIPOCTPAHCTBEHHON CHUCTEMBI CUJI TAKXKe PaBHO
IIeCTH, TO CUCTEMA SABJISIETCH CTATHYECKH OIPEAeIMMOIA.

Puc. 31 Pue. 32
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HauaJjio KoOpAWHAT CHCTEMBI OTCUETa JIy4Ille BCero B3siTh B
Touke A (cM. puc. 32), r/ie IPOXOAAT JUHUHA TeMUCTBUA MaKCH-
MAaJbHOTO YMCJIA HEM3BECTHBIX PEAKIIMI.

CocraBisieM ypaBHEHWA HPOEKIIHA CHJ Ha KOOpPAWHAT-
BBl QO x:X, - Fsina =0;

Y: Y4 +Yp + Re + Fcosa = 0;
Z:ZA +ZB —Gl ‘—Gg =0.

IIpu cocraBieHnu ypaBHEHUA MOMEHTOB CUJI OTHOCHTEIIb-
HO KOOPJAWHATHBIX OCeil IPUMEHNM U3BECTHBII CII0CO0 BHIYMC-
JIEHUA MOMEHTA CHJIBI OTHOCHUTEJIBHO JII000 ocH:

1. Cuira mpoekTupyerca Ha IJIOCKOCTH, MEePHEeHIANKYIAD-
HYIO OCH.

2. Onpepessiercsi IPOU3BEAEHNE MOAYJISA 9TOH MPOEKIIMU HA
ee ILJIeY0 OTHOCUTEILHO TOYKU [EePEeCeYeHUsI OCH C IJI0CKOCTHIO.

3. Berunciisiercss MOMEHT CHJIBI OTHOCUTEJIBHO OCH KaK 9TO
IIPOU3BEJIEHHEe, B3ATOE CO 3HAKOM «ILJIIOC» MU «MHUHYC».

IIpaBuo B3ATHA 3HAKA CJEAYIOIEe: €CJIN IVISAA HaBCTpe-
4y OCH, BUJETH BpallleHue, KOTOPOe NBITAeTCs IIPOU3BECTH IIPO-
eKI[UA CHJIBI HA MJIOCKOCTBH, MPOUCXOAAIMM IIPOTHUB YaCOBOWM
CTpesKH, TO Gepercs 3HAK «ILTIC», WHAUE Depercs «MUHYC».

Kpome sToro yurem, yro 1) mapa cun ¢ momeHTom M feii-
CTBYET B IIJIOCKOCTH, TEPIEHJUKYJIAPHON OCH Y, M JOJIKHA
BOWTH B COOTBETCTBYIOLIlEE YPaBHEeHHE; 2) IPHU 3aIIHCH MOMEH-
Ta CHJIBL F OTHOCHTEJIBHO OCH 2 CJIeyeT HCII0JIb30BaTh TEOPe-
My BapuwHBOHA, PA3JIOKUB 3Ty CHJIy Ha COCTABJIAIOLINE IO
ocam (F cos o u F sin a).

YpaBHEHUS MOMEHTOB CHJI:

M,:G-1,5+G5-0,75 - Rc-0,5 =0;

My!M+ZB 'I—G] '0,5—G2 ‘O,5=0;

M,:-Yg-1-R¢c:1-Fcosa-1- Fsina-0,75 = 0.
Pemas nosny4yuBUIyIOCSA CHCTEMY YPaBHEHUH, HAXOAUM

X4 = Fsina =3kH; Re =3Gy +1,5G, =10,5 xH;
Zg=0,6(Gy +Gy)-M =-1,5xH; Z, =G, +G, —Zg = 6,5kH;
Yp = —(R¢ + Fcosa+0,75F sina) =~ -17,9 kH;
Y, =-Yg — Rc — Fcosa = 2,25 kH.
Peaknuu onop B Toukax A u B:

Ry =X3+Y;+Z3% ~7,50xkH; Rp=.,YZ+Z} ~18,0xH.
Orser: Ry = 7,50 kH; Rp= 18,0 xH; R, = 10,5 kH.
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BAJIAHHE K1
'KHHEMATHKA TOYKH

B coorBeTcTBMH C 3aJlaHHBIMU YPABHEHUSMH [BUYKEHHS
(BapuanThl 1-30) onpesiesInTh TPAEKTOPHIO ABHIKEHUA TOUKH.
Jlns 3a1aHHOrO MOMEHTA BPEMEHH { HANTH MMOJI0KEeHHUe TOUYKH
Ha TPaeKTOPHH, €e CKOPOCTh M YyCKOpeHue (IoKasaTh MX Ha
PHUCYHKE), a TaK)Ke pauyc KPUBU3HBI TDAEKTOPHU B COOTBET-
cTBylomneil Touke. JlaHHbIe, HEOOXOAUMEBIE VIS BBIYMCICHUS,
npezacTaBiieHbl HHKe. KoopauHaThl X WM Yy JaHBI B MeTpax,
BpeMs B CEKYHIAX.

o e, @ e - y !
1 |3e+6t+12] £2+2t+6 | 2 | 16 683 + 12 213+ 3 1
2 2t 22 +3t+1| 1 17 4t+5 5t2+1 1
3 2cos(nt) 2sin(nt) | 1/4] 18 4cos(nt) 4sin(nt) 1/3
4 3t+3 -3/(t+1) [ 0| 19 -t-1 -2/(t+1) 0
5 2cos(nt/3) | Bsin(xt/3) | 1 | 20 | cos(nt®/6)+8 | B5sin(nt/6) 2
6 812+ 7 122+11 | 1/2] 21 1H+2t+1 200+ 4t+5 1
7 2-4t+1 t+1 1] 22 o 1,5t -1 1
8 | Bcos(nt?/6) | 3sin(mt?/6) | 1 | 23 | 9cos(nt/4) 9sin(nt/4) 1
9 -2t-2 —4/(t+1) 0| 24 -5t-5 =5/t + 1) 0
10 | 4cos(nt/3)+3 | 9sin(nt/3) | 1 | 25 32cos(nt/8) 4sin(nt/8) 2
11 (203 +8t+12| 3 +4¢+3 | 1 | 26 t8+1 t’-6 1
12 3t+1 2+ 4 2| 27 t+3 t+2 1
13 cos(nt2/3) sin(mt2/3) | 1 | 28 4cos(t) 4sin(t) n/3
14 t+1 -8/(Tt+1) |4/T]| 29 2,5t -10/(5t + 1) 1
15 | 16cos(nt/16) | 4sin(nt/16) | 4 | 30 | —cos(nt?/6) | 3sin(nt2/6)+4 | 1

o
[=2}




TUTIOBHIE 3AJIAYH
KHHEMATHKA TOYKH

3AJTAYA 1

Touka M aBmikerTcsi B 1uiockocTu xOy coOrjiacHO ypaBHe-
HUSAM: 3
x =nt; Yy =sinnt,
rie X, Yy — B CAaHTUMeTpax; { — B CEKYHJAaX.
OnpenenuTs TPaeKTOPUIO, CKOPOCTh M YCKOPEHHe TOYKH,
a Tak»Ke paJuyc KPUBU3HBI TPDACKTOPHH JJisi MOMEHTa Bpeme-

1
t=—c.
HU 2°

Pemenue. [ua onpepeneHus
TPAEKTOPHM TOYKH MCKJIIOYUM U3 ypaB-

* 5
HEeHUI JBUIKEHUs BpeMs: t = =, TOr-
14

Aa y = sin x. TpaekTopusa TOYKH —
cunycouza (puc. 33).
OnpezennM MoJoKeHne TOYKU Ha TpaeKkTopuu. meem npu

1 | mian®
t==c: ' x===0,785cM; Yy =8in=="==0,707cM
4 4 A g 2
— Touka M Ha TpaeKTOPHH.
TlosiyuuM NPOEKIHN CKOPOCTH TOYKK HA OCH KOODP/AHHAT,
nuddepeHIUPYA KOOPAUHATHI 110 BDEMEHHU:
1= nﬁ— = 2,22 cm/c.
t=z 2

vy =x=n=314cM/c; v, =y = ncosnt

Ilo HalifleHHBIM NPOEKIUAM ONpPEeAETUM MOAYJIb CKOPOCTH

v=vZ+v2 = n\/g = 3,85 cm/c.

Ormnpe/eiuM MPOEKIIMN YCKOPEHUSI TOYKHU HA OCH KOOP/H-
Hat, AuddepeHIupPyAa IPOEKIMUA CKOPOCTH:

Ge=be =0 g =0 =—ntginnt 1= —nzg = -6,98 cm/c.

Moayib yCKOPEHUSA TOUKH

2
a=.a?+a} = nzg = 6,98 cm/c?.
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B cooTBeTCTBUM C BeJIMYUHAMHU IIPOEKIINI CKOPOCTH U YCKO-
peHus u300pasMM MX Ha puc. 33.

ITockoJIBKY TOYKa ONHMCHIBAET KPHUBOJIMHEHHYIO TPAeKTO-
PHIO, TO ee YCKOPeHWe MOKHO NPEeJACTABATH B BHJE BEKTOPHOMI
CYMMBI ABYX COCTaBIAWINNX: @ = a, +a,, TAe a, — Kaca-
TeJILHOEe YCKOpPEeHHe, @, — HOPMAaJbHOE YCKOPEHHE TOYKH.

BexkTOop @, HampaBJIeH IO KacaTeJbHOMH, TO €CTh 110 OJHOM
JIMHUUA CO CKOPOCTHIO; BEKTOP @, HAIpaBJIeH I10 PJIaBHOMH HOD-
MaJu (MepreHAuKYJIAPHO KacaTeJIbHOM) U BCerjga BHYTPh Tpa-
€KTOPHUH.

Mopayns KacaTeJbHOrO YCKOPEHHUs PaBeH

v.a, +v,a, P | x
=n"— = 4,03 cm/c*.
v ‘ 7% /

B narHOM Cciydae HanpaBJIeHNs BEKTOPOB U M @, IPOTHBO-
MOJIOKHEI (puc. 33), M0ITOMY ABHKEHHEe TOUYKH 3aMejJIeHHoe.
Tak xak BEKTOpHI @, U @, BCErjga B3aMMHO MEePIeH UK YJISD-

a, =

HbI, TO MOAYJIb IIOJHOTO YCKODEHUsI TOYKU PaBeH a = /aZ + a?.
OTcroa HaXOAUM MOJAYJIb HOPMAJbHOT'O YCKOPEHUs

Gy =+Ja®-a? = n271_3— = 5,69 cm/c?.

Paguyc KpUBU3HBI TPAEKTOPHAM OIpezessieM U3 (hOpMYJIbl
2
v
LIS HOPMAJILHOI'O YCKOPeHUusA @, = —, a UMEHHO:

ay,
Orsert: v = 3,85 cM/c; a = 6,98 cm/c?; p = 2,60 cm.

3AJIAUA 2

Touxka M aBMKeTCA HA IJIOCKOCTH 10 OKPYIKHOCTH paju-
yca R = 10 cM corsiacHO ypaBHEHUIO

8(t) = 5nsin—g~t cMm.

HaiiTy mosioykeHue TOYKU HA TPEEKTOPHUM, 8 TAKKe CKOPOCTh
M YCKOpEeHHe TOYKH B MOMEHT BpeMeHu t = 7 c.

Pemenue. Ilpu 3afaHUHA JABHIKEHHUA TOUYKU E€CTECTBEH-
HBIM CIIOCOOOM JOJIKHBI OBITH U3BECTHBI €€ TPAeKTOPUs, Haua-
JIO OTCYeTa, MOJIOKUTEJIbHOe HalpaBJieHue JyroBoil KOOpJHHa-
THI, & TAKIKEe YPaBHEHUE [[BMIKEHVS TOUKH I10 TPaeKTopuu s(t).
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BribepeM B KauecTBe Ha4asa OT-
CYeTa BEPXHIOK TOYKY OKPYKHOCTH
Y MIOJIOJKUTEJIbHOE HalpaBleHue —
110 YaCOBOM CTpeJIKe.

IIpu t = 7 ¢ mOJIOKEHHe TOUYKH
M na rpaexTopum (puc. 34) ompe-
JleJIsieTcsl BEJIMUYMHOM JYyroBOM KO-
OPAMHATEI

8(1) = 5nsin%n = -2,bm,

Il = o

uTO COOTBETCTBYET YIJIY & = " = 2 Pai = 45°.
IIpu ecTecTBEHHOM CIOCOOE 3alaHUA ABMIKEHUSA TOUKH ee
CKOPOCTH OTpeJesIAeTCs BhIpayKeHueM v = v, T, I'e U, — Ipo-
eKINA CKOPOCTH Ha KacaTeJbHYI0, KOTOpasg paBHA IPOU3BOJI-

HOM 110 BpEMEHU OT AYroBOM KOOPAMHATEI Uy = § = %nz cos%t.

Ilpu t = 7 ¢ monyuaem v, = —7,12 cm/c, 1 MOAYJIb CKOPO-
ctu paBeH v = 7,12 cm/c.

3HAK «MHHYC» Y BEJIMYHMHBI U, O3HAYAET, YTO TOYKA JBU-
JKEeTCsA B CTOPOHY yOBIBAaHUSA AYroBOil KOOpAMHATHI S(1), TO
€CTh B CTOPOHY €€ OTPHIATEJbHbIX 3HAYEHMM.

YckopeHHe TOYKH ABJIAETCA BEKTOPHOI CYMMOM JIBYX €ro
COCTABJIAIONINX: @ = G, + Q,, Tle @, — KacaTeJbHOe yCKope-
HUe, @, — HOpPMAaJbHOe yCKOpeHHe.

Hanpasiienue BeKTOpa @, ONpeJesAeTCA 3HAKOM BeJINYHU-
HBI U,, BEKTOP @, BCEr/Ja HampaBJieH NepIeHAUKYJIAPHO Ka-
caTeJLbHOU BHYTPb TpPaeKTopuu. IIpoeKius yCKOpeHusi TOUKH

i .. 5 St
Ha KACATeNbHYIO paBHA @ =U; = § = ¢ nd smgt.

Ilpu t = 7 ¢ monyuaem a, = 2,15 cm/c2.
3HAKY U, U a, PA3JIMYHBI, II03TOMY ABMIKEHNE TOYKH IO
TPaeKTOPUH B JAHHBIII MOMEHT BPEMeHM SBJIAETCA 3aMe-
JIECHHBIM.
MojyJib HOPMAJTBHOTO YCKOPEHUA DAaBEH
p2 V2

a, = = i 5,07 cm/c.

Mojysib IOJHOTO YCKOPEHU TOUKHU:

a = a2 +a? = 5,51 cm/c?.

Bekropw! U, a,, a,,a MOKa3aHBLI HA pHUC. 34.
OrBer:v="17,12 cm/c; a = 5,51 cm/c?.
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3AJIAHWE K2

IPOCTEHMIIHE BUJIBI
JBH/KEHUS TBEPJIOTO TEJA

Iist npuBeAeHHBIX HUKEe cxeM MexaHu3MoB 1-30 mo us-
BECTHBIM XapaKTEePUCTHKAM ABWI)KEeHHsi rpysa I — cKopo-
CTH Uy, U YCKOPEHHMIO @A1,, WJIHA II0 3aJaHHOMY YpPaBHEHHUIO
aBuokeHuAa rtena I — x(t), Wiam 1o 3alaHHOMY YPaBHEHHIO
ABHIKeHUs Bayia 3 — @3(f) ompenesuTs M IIOKa3aTh Ha pH-
CYHKEe CKOPOCTh M YCKOpPEeHMe TOYKU M, a TakiKe CKOPOCTh U
yckopeHue rpysa I B JaHHBIH MOMeHT BpemeHu. Mcxomubrie
JaHHbIe, BKJIOYas pajuychbl IIeCTePeH, IIKWBOB U Dapaba-
HOB, NPHUBEJEHBI B TabiIuIe.

Ne XapakTepuceTruku Paanyce, em Bpems,
Bap. WM YPaBHEHHUA ABHMIKEeHHUA R2 re RJ rs c
1 | ve=05mc;an=-0,7Tm/c2 | 60 45 36 - -
2 @3 = 3t2+ 5 pax 40 25 20 - 1
3 x=52m 20 10 30 10 0,5
4 v1e = 0,25 m/c; are = 0,6 m/c2 | 80 - 60 45 -
5 @3 =0,5¢% — 2¢2 pan 20 15 10 - 2
6 x=1283m 40 20 100 - 0,25
7 viy = —0,5 M/c; arr = 1,0 M/c2 | 100 60 75 - -
8 @3 =t — 2e%5 pan 30 20 40 - 1
9 x=42t-0,6t3m 40 30 30 15 5
10 vir = 1,0 M/c; are = 2,0 M/c2 60 45 60 - -
11 @3 = 13— Tt pax 15 10 15 - 2
12 x=42t—-5t:m 30 15 40 20 4
13 | vix= 0,6 M/c; a1 =-0,9 m/c? 80 - 45 30 -
14 @3 = 4t — 0,5¢2 pan 15 10 15 - 3
15 x=4(1+e")m 50 20 60 -~ 1
16 vie = 1,5 M/c; aie = 4,5 m/c? 100 60 30 - -
17 @3 = 5[1 — cos(nt/6)] pax 20 15 15 - 1
18 x=5t-0,513m 32 16 32 16 2
19 vir = 0,4 M/c; arr = 0,4 m/c? 45 35 105 - -
20 @3 = 8sin(nt/3) pan 15 10 20 - 1
21 x = 5t — 15sin(nt/6) m 40 18 40 18 2
22 | vie=0,8 M/c; a1 = 12,8 m/c? 35 10 10 - -

A
o



Ne XapakTepncTHku Paxmnycw, cm Bpewms,
Bap. WJIH ypasHeHNa ABHIIKCHUA ’e2 re R: rs C

23 @3 =10t — 2¢2 pan 20 15 10 - 2

24 x=0,5[1 — cos(nt)] M 40 20 40 15 1/6
25 vix = 0,8 M/c; aix = 4,8 m/c? 40 30 15 - 1
26 @3 =12 — el pan 15 | 10 | 20 3 0.5
27 x =22t - 5t*m 25 20 50 25 2
28 | vix=0,7 M/c; arx =—4,9 m/c? 15 - 40 35 -
29 @3 = 13— - 5 paxn 25 | 15 | 10 | - 1
30 x=4t-0,6e" m 30 15 20 - 0,1
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TUIIOBBIE 3AJIAYH

MPOCTEHIINE BUJIBI
JABHIKEHHSA TBEPJOI'O TEJA

3ATAYA 1

Jlebeaka (puc. 35), mogHuUMamIas Ipy3 IO HAKJIOHHON
IJIOCKOCTH, COCTOAT M3 JABYX BaJioB I m 2 c 1IeCTEPHAMHU
(3ybuaThIMH KOJIECAMH), YHCJIa 3yObeB KOTOPHIX PaBHBI COOT-
BETCTBEHHO 2; = 12 u 2z, = 48. K Bany 2 npukpensien 6apaban
paguycom r = 0,3 M, Ha KOTOPBIII HaMaThIBae€TCHA TI'PY30BOH
Tpoc. Ban I Bpaiaerca paBHOYCKOPEHHO C YIVIOBBIM YCKOpe-
HueM g; = 8 ¢ 2. OnpeesuTh CKOPOCTh, YCKOPEHUE U [lepeMe-
[eHue Irpysa, a TakKe yCKopeHue Toukn B GapabaHa B MO-
MeHT BpeMeHu t = 1 c¢. B HauasnbHBIII MOMEHT BpEMeHU CHUCTe-
Ma HaxOAuJach B IOKOE.

Pue. 35

P e e ue. HaliieM yriioByio CKOpOCTs (7 BeAyIero sayua I
M3 YCJOBUA, YTO OHO BpAIAETCSA C YIrJIOBBIM YCKOPEHHEM

€; = const, yunreiBad, 4To % = €. UHTErpUpYys ToOCeaHee
ypaBHEHHE 10 BpDEMeHH, IoJiydyaeM ) = Is, dt = gt +C,.

ITocTOSAHHYI0 MHTEIrPUPOBAHUA IOJIyyaeM M3 HA4YaJIbHOTO
yesqoBusa: npu t = 0 oy = 0 (cucrema HaxoAmIach B IOKOE),
caeposarenbuao C; = 0.

Wraxk, yriioBasi CKOpOCTh BaJia 1 onpejessercsd ypaBHEHH-
eM 0, = &t = 8.

Ilpu t = 1 ¢c monyuyaem m; = 8 ¢ 1.
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Illecrepan I 1 2 B3aMMOJEHCTBYIOT 0€3 MPOCKAb3bIBa-
Husa. [ToaTtomy CKOpocTH TOUueK MX KacaHusa (Touka A) Oyxpyr
OAMHAKOBBI: 017" = Wals.

Orcrooia HaXOAMM YIJIOBYIO CKOPOCTh 0y Baja 2, YYUTHI-

3 M T
Badg, 4TO — = —:
& 2 n 2
®y =0)1—l=(.0]—1‘“=2t Sele =P,
4] 22

YrioBsoe ycKopeHue Bajia 2 PaBHO £, = by = 2 ¢ 2,

ITockoabKY TPOC HEPACTHIKUM M OTHOCHTEJNbHO Dapabana
He IIPOCKAaJIL3BIBAET, TO CKOPOCTH I'py3a v Hyier paBHa CKOpPO-
cTH 110601 13 Touek Ha 0boje bapabaHa, B 4aCTHOCTH, CKOPO-
cri Toukn B: v =vp = pr = 0,6t|,;. = 0,6 M/c.

Yckopenue TOYKM B paBHO BEKTOPHOI CyMMe KacaTesb-
HOro (BpauiaTeJbHOr0) M HOPMAJNLHOIO (LEHTPOCTPEMUTEN -
HOT'0) YCKOPeHHI: dp = aj + ag.

Hanpasyieaue BpamaTeJlbHOr0 YCKOPEHUS OIPEIeJIsSeTCs
HaIlpaBJeHHeM YTJIOBOTO YCKOPEHHA €», & €ro MOJAYJb PaBEH
aj =e;r =0,6 M/c"’ . IlenTpocTpemMuTresbHOe YCKOPEHHE Ha-
IpaBJIieHO K OCH BpalleHHs Bajia 2 M PaBHO 10 MOJYJIIO
a} = o3r =1,2m/c?.

Moaynb yCKOpeHUsA TOUKU B

ap = \/(a})? +(a})? =1,34 m/c2.

Vckopenme rpy3a MOMHO HAiiTH, B3SIB MPOM3BOLHYIO TIO
BPEMEHH OT ero CKOPOCTH, TaK KAaK 3TO KacaTeJbHOe yCKOpe-
Hue: a = v = 0,6 m/c?.

[lepememnienue rpysa ONpeneNseTcs MHTErPHPOBAHUEM
MOJYJISi CKOPOCTH T10 BPeMeHH:

t
s= [vdt=0,32]11. = 0,3m.
0

Orser: v=0,6m/c; a=0,6m/c? s=0,3m; ag=
=1,34 m/c2.

3ATTAYA 2

Maxosuk paguycom R = 0,5 M Bpamaercss Taxk, 4To €ro
yrjioBasg CKOPOCTh MEHSETCH B COOTBETCTBUM C ypaBHEHHEM
o = 0,25¢% ¢!, [lna momenTa Bpemenu t = 0,5 ¢ mocJie Haua-
Jla BMIKEHHs ONPEAeJUTb CKOPOCTh M YCKOPeHHe TOYKHM Ha
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060/ie MAaXOBHKA. Y CTAHOBHUTH, 38 KaKOe BpeMsA MaxXxOBUK cJe-
naer 100 nosmHBIX 060POTOB.

Pemenune. [lna momenra Bpemenu ¢t = 0,5 ¢ nmonyuaem
o = 0,680 ¢!, u ckopocTh TOYKM Ha 000/ MAaXOBMKA PaBHA
v=oR = 0,340 m/c.

YrioBoe yCKOpeHHEe MaXxOBHKAa

£=@®=0,5e*|,95. =1,36¢2.

Yekopenue TouKH Ha 000/le MAaXOBUKA PABHO CyMMe JIBYX
COCTABJAIOIINX YCKOPEHUii: a = a, +a,, rjue a, u a, — Kaca-
TesibHOE (BpamaTesabHOE) U HOPMAaJbHOE (eHTPOCTPEeMUTEb-
HOE) YCKOPEeHHS TOYKH.

YuursiBasi, 4TO BpallaTeJbHOE YCKODEHHEe PaBHO I10 MO-
aymo a, = R, Haiinem a, = 0,680 m/c?; nenrTpocTpeMuTeNh-
HOe ycKopeHme a, = o?R = 0,231 m/c?.

MoayJib IOJHOTO YCKOPEHUS TOYKN

a=.a?+a2 =0,718 m/c.

HanpaBnennsi CKOPOCTH ¥ YCKOPEHHI 110-
KasaHbl Ha puc. 36.

IlocKOIBKY 3HAUEHUA BEJIMYUH YIJIOBOM
CKODPOCTH M YIJOBOTO YCKODPEHHMA HMEIOT
OAMHAKOBBIE 3HAKH, BpallleHHe TeJa YCKO- Puc. 36
pernoe. CoOTBETCTBEHHO, COBIAAAOT 110 HA-

[IPaBJIEHHUIO YIJIOBas CKOPOCTh M YyIJIOBOE YCKOPEHHE Tea, a
TaKKe CKOPOCTh TOYKH M BpalllaTeJbHOEe YCKOPEeHHe.

ITosopor maxoBuka Ha 100 mOJHBIX 0GOPOTOB COOTBET-
crByer yriay ero mosopora ¢ = 200n pax. Beipakenue s
yrja moBopoTa HaiifieM U3 ypaBHeHHsA © = (@. Vmeem

t
0= [wdt =0,125¢% |} = 0,125(e* - 1).
0

Hrak, 0,125(e? — 1) = 200n, orkyaa Haxoaum t = 4,26 c.
OrBeT: v = 0,340 m/c; a = 0,718 m/c%; t = 4,26 c.



3ATAHME K3

IIJIOCKOITAPAJIJIEJIbHOE
JBHKEHHUE TBEPJOT'O TEJA

s mpejacraBiieHHBIX Ha cxemax 1-30 MexaHn3MOB, COCTOA-
X M3 marysa AB ninmuHoi 2 M U IBYX IIOJI3YHOB, IO 3aJ@HHBIM
BeJIMUMHAM CKOPOCTH U YCKOPEHUS TOJI3yHa A OnpeieJIuTh CKO-
poCTh M yCKOpeHue mosdyHa B u cpeaueit Touku C miaTyHa, a

TaK’Ke YIJIOBYIO CKOPOCTh U YIJIOBOE YCKOpPEHUe IIaTyHa.

e

4

vy =1m/c; a, =2 m/c?

® B
»}

Vg
C
SN

>~

A

.
s
7\30° NS N
/_/_/\_ ..... iy R b
A

vs = 0,9 M/c; ap = 2 m/c?

vy =1m/c; ay = 2 m/c?

va=1m/c; ay =2 m/c?

A
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Ay 77777
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/c; ap =
=2M

Vg =

2
/c
=2mMm
/c; ay =
=2M™
g =

1,8 Méc;
% i 2 m/c
ay
.'\‘

2
/e
=2M
/C; as =
=1mM
Ua
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vy = 1,2 M/c; @y = 2 m/c?

% & /
A

vy =4 M/c; ay =4 m/c?

\
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va =1 M/c; as = 2 m/c? va = 2 M/C; @y = 2 M/c?
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ENENERNEe

THIIOBBIE 3AJIAYH

IIJTOCKOITAPAJIJIEJIbHOE
JABHKEHHE TBEPJIOT'O TEJA

3AJIAYA 1

Koseco paguyca r = 1 m katurcs 6e3 CKOJIbKEHUSA YCKO-
PEHHO 110 NPAMOJUHEHHOMY peJibCy, UMes B JaHHBII MOMEHT
BPEMEHH CKOPOCThH IIEHTpPAa Up = 1 M/C M YCKOpEHHe ILeHTpa
ap = 1 m/c? (puc. 37). OnpeenuTs yrioBylo CKOPOCTh M YT-
JIOBOE YCKOpPEHHEe KOJieca, CKOPOCTH M YCKOPEHUS TOYeK ero
obona My, M,, M3 u M4, a TakKe YCTAHOBHUTH II0JIO}KEHHE
MIIC u MILY koJeca.

Puc. 37

PemeHnue.

1. Onpedenenue crxopocmeit. Y KoJsieca, Karsmerocs 6es
CKOJIBYKEHUSA 0 HenoABHKHON noBepxHocT, MIIC (Touka P)
HAXOAUTCA B TOYKE KAaCAHMUSA C 3TOI IIOBEPXHOCTHIO (puc. 38).
B mamnOM ciyuae aro Touka M, (M, = P): vy, = 0.

CKOpOCTH TOYEK ILJIOCKOM (hUIyphI IIPOIOPIIMOHAIBHEI pac-
CTOSIHMAIM OT 3THX Touek g0 MIIC: vy = ©|MP|, rze ® — yr-
noBad ckopocth Tesa. Ilpumensiem aty dopmysy K Touke O:
vo = ©|OP| = or, otkyga © = vo/r =1c1.

Hns rouek My, m M3 paccTosHUsSA 10 TOUKH P OIMHAKOBHI,
[I03TOMY OJMHAKOBBI ¥ MOAYJHM CKOPOCTEH 3TUX TOUEK:

UM, =Upmy = O)’Mgpl - (0"\/§ = Uo\/§ T \/EM/C.

CkopocTs TOUKH M3 Uy, = m|M3P| = 02r = 2vy = 2M/c.
HanpasiieHusI CKOPOCTEil NepHeHAUuKYJISAPHBI OTPe3KaM, CO-
equHAOIMM Toukn ¢ MIIC.
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Iist BEIYHMCIEHWA CKOPOCTEH MOYKHO OBLIO MCIOJIB30BATH
TaK»e U TEOPEeMY O CJI0KEHUU CKOpocTeil, BLIOpaB B KauecTse
noJTIoca LeHTP Kojeca: Uy = Dp + Dyo, TAE Vo = 0|MO)|. Cko-
POCTh Dy NMEpHeHANKyAspHa orpedky MO u HampasJjeHa 110
XO/1y BpaIleHHs.

Mo>KHO OBIJIO TaKKe I10JIB30BATHCHA U CJIEJCTBUEM M3 3TOM
TeopeMbl O PABEHCTBE IMPOEKIMiI CKOPOCTeH TOYeK Ha OCh,
MIPOXOAAILYIO Yepes 3T TOYKH.

2. Onpedenenue yckoperuil. Beraucaum cHavajia yrjioBoe
yCKoOpeHue Kojaeca, popManbHo guddepeHIupya BhIparKeHue
YIJI0BOW CKOPOCTH '

i(_]__l
dt\ r r 0/

B aHHOM ciiyyae MCIOJB30BaH TOT (PAKT, YTO ABMIKEHHE
[IeHTPa KoJieca NPSIMOJIMHEHHOE |, CJIeJOBATeJIFHO, KacaTellb-
HOE YCKOpEeHHEe TOYKHU @, = U COBIajJaeT C IOJHBIM yCKOpe-
HHEM.

s BBIYMCIEHHA YCKOPEHHIH TOYEK KoJieca NMPHMEHHM
TeopeMy O CJIOKeHUHU YCKOPeHUM: @y = dg +ayo = Ao + Ay +
+a},,, BBHIOpAB B KauecTBe MoOJIOCa LEHTP KoJeca. Bpamia-
TeJIbHOe YCKOPEeHNe TOYKH OTHOCHTENLHO Mojioca aio = g MO|
M HANPaBJIEHO MEPHeHANKYIAPHO oTpesky MO 1o xoay yrio-
BOrO YCKOPEHHs, a IeHTPOCTPEMHUTeNbHOe afp = 03MO)| Bee-
rJia HalpaBJIeHO OT TOYKH K IIOJIIOCY.

Torga past rouex My, My, M3z n M4 nonydyum ajo = er =
=1 m/c?, a0 = o’r =1 m/c’. HanpaBieHus X NOKAa3aHBI
Ha puc. 39.

T
Ayo

M,

Pue. 39 Puc. 40
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CryazpiBasg B KaXX/J0i TOYKe TPU BEKTOPa, MOAYJIHU KOTO-
peix paBHbI 0 1 M/c?, monyuaem ay, =ay, =1m/c?, ay, =
= ayy, =5 M/c2.

3. Onpedenenue nonoxmenus MI]Y. Haiitin nosoxkeHue
MIIVY (Touku @, yCKOpeHHe KOTOPOil paBHO HYJIIO) MOMHO Ha
OCHOBaHMH M3BECTHBIX MOJIOKEHMIL:

a) BCe YCKOPEHMs COCTABJAIOT OJUH M TOT e yroia f c
HAMPABJIEHUAMHU U3 TUX ToueK Ha MILV:

tgh ==
o

B namnoM ciuryuae tg B = 1 u B = 45°. IloBepHYB KaKjoe
YCKOpeHHe Ha yroj 3 1mo XoAy yrjoBOro yCKOPEHWs, MbI Ha
epecedyeHuy Jiyueil u moaydyuM To4dky @ (puc. 40). Hrak,
MILY koJsieca nmpu NPUHATHIX UCXOAHBIX NAHHBIX OKas3bIBaeT-
cs1 Ha cepeguHe orpeska MM ;

0) YCKOpPeHUs TOYeK IPONOPIMOHAJIbHBI PACCTOSHUAM OT
aTUX Touek mo MILY:

ay = Ve + o' |[MQ)|.

B cuny oguaakoBocTu paccrosHuii go MILY B nanHOM cay-
yae OKasbIBAIOTCSA PABHBI MEXAY C000H MOAYJIN YCKOPeHHM
ap = ay, = Ay, & TAKKe Ay, = Ay, . VI3 BceX TOuek Kojeca
camoe OoJsipinoe yckopeHue Oyzer mmers Touka D (puc. 40):

ap =Je? + o |DQ|=\/—2-(r+rg]=l+\/§M/c2.

OTrBer:
o=1c?; e=1c?; vp =0; vy, =Upy, = J2 m/c;

Up, = 2M/C; @y, =Gy, = 1M/c2; @y, =ang, = V5 m/c?.

3AJTAYA 2

Kpusomun OA piannoit 0,2 M Bpamjaeres pas-
HOMEPHO € YIJIOBOH CKOPOCTHIO Wpy = 10 ¢! 1 npu-
BOJUT B ABHyKeHUe matyH AB qmsHOoi 1 M. ITou-
3yH B aswxkercs no Beprukasu. HaiiTu yriosyio
CKOPOCTB M yIVIOBOE YCKOPEHHE ILIATYHa, a TaAKKe
CKOPOCTH M YCKOPEHHE [10JI3yHAa B MOMEHT, KOorja
KPHUBOLIMII ¥ IIATYH B3ANMHO MepPHeH UKy PHBI
1 00pasyioT ¢ BepTuKanpio yroa 45° (puc. 41).




Pemenne.

1. Onpedenerue ckopocmeit. Beranc-
JIIM CKOPOCTh TOYKH A KaKk TOYKH Bpa-
L[AIOIerocs KPHBOIIUIA:

V4 = Opp |OA| =2m/c.

OHa HampasJieHa NepPHeHANKYJIAPHO
OA (puc. 42). Puc. 42

CKOpoCTh Up MOJIByHA HAIpaBJieHa
110 HAIIPABJIAIONUIEIl BEPTHKAJIBHO.

Husa mwaryna AB, coBepHIamuiero
[JIOCKOE [BUKE€HHEe, Tellepbh M3BEeCTHBI
HAIPABJIEHNA CKOPOCTEH ZBYX €ro To-
yek: A u B. BoccraBisas neprneHauKy-
JASAPBI K BEKTOPaM 3THX CKOpocTeil, Ha-
XOAMM TOUYKY P HX mepecedyeHHsT —
MIIC maryHa.

Ucnons3ys u3BecTHYO (opmyny
IS CKOPOCTEH TOYEeK NPH IJIOCKOM JBHIKEHWH, I0JIydaem
va = 0aplAP|; vg = ©,5BP|. t

Us rpeyronsauka ABP nmeem |[AP| = 1 m; |BP| =2 M, u
TOTZA

Pue. 43

Oup = l%“ﬁi =2¢; v =2J2 m/c.

2. Onpedenerue yckoperuil. BelucIuM cHavasia ycKope-
HHME TOYKHM A KaK TOYKHM KPUBOLIMIIA: @, = a) +aj.

37ech BpamaTeIbHOe yeKkopenne ay = £04/0A| = 0, rak kax
€04 = Ops = 0, MOCKONBKY ®py = const.

Torpa nmonHoe ycKopeHHe TOYKM A paBHO IEHTPOCTPEMU-

TEJIbHOMY a, =a’ =od, |OA| = 20 m/c?

M HaAIpaBJIeHO K ocH BpaleHuss — Touke O (puc. 43).

JlJisi BEIYMCJIEHU A YCKOPEHUA TOUKH B BOCIIOJIB3yeMCs TeOo-
pemMoii O CJIOKEeHWHM YCKOPEeHHH, B3AB TOUYKY A B KadyecTBe
moJrroca:

Qg = Qs +apy =EA +(_1_§A +E§A' (*)

IlerTpocTpeMuTeNIbHOE YCKOPEHHE TOYKM B B OTHOCH-
TeJHLHOM BpAIIEHNUH BOKDPYr TOYKM A II0 MOAYJIO pPaBHO
a%y = 0245/AB| = 4 m/c?, u nanpaBeno ot Touku B K mosio-
cy — TO4YKe A.
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Moxysnb BpamaTeJsHOro YCKOPEHUA aj, OnpejenseTcd 1o
dopmyiie ajy = SAB|AB| M IIOKa He MOXKeT ObITh BBIYUCJIEH,
[MOCKOJIBKY HEM3BEeCTHA BEJIMYNHA YIJIOBOTO YCKOPEHUSA E4p.
HamnpaByieHWe BEKTOpa @}, TaKKe He MOXKeT ObITh OIpejese-
HO OJIHO3HAYHO, TAK KAK HEM3BECTHO HamNpaBJIeHHE YIJIOBOIO
YCKOpEeHus, T. €. HEM3BECTHO, YCKOPEHHbIM WJIU 3aMe/JIeH-
HBIM SBJISETCHA MOBOPOT HiaTyHa. [IpyMeM moka aToOT OBOPOT
YCKOPEHHBIM, TOT/la HalpaBJIeHUe g,y COBHAaJeT C HalpaBle-
HHEM ®©p,, & BEKTOD @}, HANpaBUM MEPHeHJAUKYJISIPHO OT-
pe3Kky BA 1mo Xoay yrJjioBOro yCKOpeHH.

BekTop yCKOpeHus TOUKM B HAIpaBJieH 110 BEPTUKAJIbHOMN
NPAMOJIMHENHON HanpaBisiomei. ByjeMm noka cuurarsh JBH-
JKeHHe 0JI3yHa YCKOPEHHBIM U HallpaBUM YCKODeHHUe ag B TY
JKe CTOPOHY, YTO ¥ CKOPOCTh Up (puc. 42, 43).

Teneps B paBeHCTBE (*) BCe YCKOPEHUA NMEIOT Olpe/iesIeH-
HOe HalpaBJeHHe, U Mbl MOJXKEM 3alucaTh 3TO ypaBHEHHUE B
NPOEKIHAX HA BbIOpaHHbBIE OCH:

x:apsindb5°® =a, +ap,; y:apcosdd®=ap,.

U3 mnocieaHero ypaBHEHHS IOJydYaeM apg = agA\/é =
= 4V2 M/c?, Torja u3 NepBoro ypaBHEHUs
2
A agiz_— —-a, =-16 m/c?.
Orciona ciaeayer, 4To

aip
€4B = I_' =-16c2.

OTpunaTeNTbHbIE 3HAKH Y BEJIUUMH Afy U £45 OKA3HIBAIOT,
YTO UX MCTHHHBLIE HAaNlpaBJeHUA IIPOTHBOIIOJIOKHBI IPUHATHIM.

OrBeT ou=2¢" g4p=-16 ¢2%; vy = 2V2 M/c; ap =
= 4\2 m/c2.




BAJIAHME K4
CJOKHOE NBUKEHHE TOYKH

B npuBeaeHHbix HMiKe cxemax 1-30 paccmarpuBaercs
aBmxeHne Touku M B xenobe Bpamaromerocs tena. I[lo 3a-
JlaHHBIM B TabyuIe YPaBHEHUAM OTHOCHTEJNBHOIO ABMIKEHHUSA
OM(t), mepeHOCHOTO ABM)KEeHUs (P(f) 1 reOMETPUYECKUM pas-
MepaM ONpeJesINTh abCOMIOTHYIO CKOPOCTh U abCOJIIOTHOE YCKO-
peHHe TOYKHU B YKAa3aHHBIH MOMEHT BPEMEHH.

Ne Bap. OM(t), m (1), pan Ruml,m t,c
1 -t 0,5¢2+t 20 1
2 5m(2t% + t) 2t2 15 1
3 5(t2—t) 0,52+t 2
4 5n(t2 — 3) 32— 8t 20 2
5 102 2t2 - ¢t 20 1
6 15m(t2 — 2t) 6t — 412 30 2
7 2+3t-1 2t2 -3t 1
8 13— 4t 0,5¢* 6 2
9 23—t 4t - t2 bl
10 t3-1 4t 12 4 ;|

11 212 + 2t 0,5¢2 4
12 412 + 61 2t2 - 6t 40 2
13 5m(2t2 - t) 2+t 10 1
14 2-2t+1 0,5¢% + 2t 2
15 5n(t2 - 2) 2(t2-t) 20 1
16 15nt? 2+t 10 1
17 Bn(2t2 —t) 2+ 20 1
18 t3-2t2+8 32— 8t 2
19 812 -2t 412 2 0,5
20 10nt? 412 -2t 20 1
21 th—4t 3t2 -8t 2
22 32—t 2+ 3t 2 1
23 10sin(ntt/6) 2 1
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No sap. OM(t), m o(t), pan Rumlim t,c
24 107(t2 - t) 412 -2t 10 1
25 102 22—t 30 1
26 Hmt? 2+t 20 3§
27 20m12 2+t 20 1
28 s L 4(t> - 3t) 2
29 3N2(t2 + t — 1) -t 6 1
30 412 2t — 0,5¢2 4 1
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EETEEEEa

TUIIOBBIE BATIAYH
CJOKHOE IBHKEHHE TOYKH

3AJTIAYA 1

Teno D paBu:keTcss MOCTYHATEJIBHO BJOJIbB OCH X TaK, 4YTO
KOOD/IMHATA HEKOTOPOH €ro TOUKM MeHsIeTCA Kak Xp = t° + 12, M
(puc. 44).

Ilo sxenoby OA, xoTopblii npeacrasasier coboil Ayry ok-
py»xkHOcTH pagmyca R = 20 m Tena aBuikercs touka M Tak,
yro mmHa Ayru OM = s = 5nt?, m. Jlna MOMeHTa BpeMeHH
t = 1 c onpenennTs abCOMIOTHYIO CKOPOCTh U, M abCOJIIOTHOE
yckopeHue @, To4xku M.

Pemenue.

y
/u 1 1. Onpedenenue v,. CornacHo Teo-
peMe O CJIOKEeHUH CKopocTeil, abco-
R\ JIIOTHAss CKOPOCTH paBHA BEKTOPHOM
M CyMMe OTHOCHTEJILHOM U IIePEeHOCHOM
A Dl _  cxopocreii: Uy = Uy + U,
N N %
OTHOCHUTEIBHYIO CKOPOCTh TOYKHU
e8¢ (CKOpOCTH IO OTHOIEHHIO K Teny D)
y HaXOJUM, BLIYHMCJIAA ee anrebpande-
N a5’ CKOe 3HaYeHUE KaK MPOM3BOAHYIO OT
JIYTOBOM KOODPAMHATHI 110 BPEMEHH:
v, Un=0,=8§=10nt, mnput =1 cno-
""""" M | Jyuaem v, = |6,| =10n ~ 31,4 m/c.
~ S - YT006BI ONIpeIeIUTh HAIIPABJIEHUE
v, 9TOIl CKOPOCTH, CJIEJYET YCTAHOBUTH,
Puc. 45 rae HaxoauTcsa Toyka M B JaHHBIA

MOMEHT BPEMEHH.
Boruncasas anuny ayru |OM|, - .= 5n M, onpesensieM 3Ha-

YyeHue yrjaa o: o =-——=—=45° — Touka M Haxomurcs B

cepeaune ayru OA (puc. 45).

CkopocTh U, TOYKM HalpaBJieHa 110 KacaTeJbHOH K ee
TpaeKTOPUH (OKPY’KHOCTH) B CTOPOHY YBEJIWYEHHS JJINHBI
JAyru (IyroBoil KOOPAHHATHI), TAK KakK ajarebpandyeckoe 3Haye-
HUE CKOPOCTH IOJIOKUTEIBHO.
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IlepeHOCHO# CKOPOCTHIO IO ONpeJesIeHuIo OyaeT CKOPOCTh
TOH TOYKHM Tesia D, ¢ KOTOpPOil B JaHHBIII MOMEHT BpPeMeHH
coBmajiaer Touka M.

B uMmeronieMes cjay4yae MOCTYIATENIbHOTO ABHIKEHHUSA Tesa
CKODOCTH BCeX €ro TOYeK OZUHAKOBEI (3TO CKOopocTh Tena D),
¥ TOTZA, IOCKOJBKY JBHKEHUEe [IPAMOJIHHEIiHOe, IEPeHOCHYIO
CKOPOCTH MOKHO HAWTH Kak HPOM3BOAHYIO OT KOOPAMHATHI:

U = |6e| = l”vxl = |5cD| = 3t% + 2t,

u npu t = 1 ¢ nmonyuaem v, = 5 m/c. Hanpasnena ona 1o ocu
X, TAK KaK U, > 0.

CkJaazpIiBaTh BEKTOPHI D, U D, yJ0OHee BCEro ¢ Iomo-
1610 npoeknuii. IIpoekTHpys paBeHCTBO U, = U, + U, Ha OCH
(puc. 45), nonyyaem

Ugx = —U,€0845°+ v, =-17,2; v,, = -v,sin45° = -22,2

1 OKOHUATENBHO U, = .[UZ . + V2, ~ 28,1 mM/c.

2. Onpedeaenue a,. Cormacuo Teopeme Kopuomnuca, abco-
JIIOTHOE YCKOPEHNE PABHO BEKTOPHOII CyMMe OTHOCHTEJILHOTO,
[EePeHOCHOr0 U KOPHOJIMCOBA YCKOPEHMIA:

a, =a, +a, + Q-

B gaHHOM ciyyae KOPHUOJIMCOBA YCKOPEHUA @, = 20, X U,
He DyzeT, Tak KaK IIepeHOCHOe JBMIKeHHe IOCTyNIaTeJbHOe U
ero yrjiosas cKopoctb o, = 0.

OrHOCHUTEILHOE YCKOPEHUEe @, B obmeM caydae Oymer cKia-
JABIBATHCA U3 KACATEJIbHOTO U HOPMAJBHOIO: @, = a; +al.

KacaressHOe OTHOCHTENIBHOE YCKOPEHMe @ BBIYUCIAEM
yepes IPOU3BOAHYIO OT ajredpanyeckoro 3Ha4YeHUs CKOpOC-
™: G =0, =10n =~ 31,4 m/c u af =|a}

VckopeHue gF HamnpaBJIeHO TY/a JKe, Kyjla ¥ CKOPOCTh U,
TaKk KakK 3HAKH HMX ajrebpanyecKuX 3HA4YEHUIl COBIAHAIOT
(yCKOpeHHOe ABUIKEeHUE).

HopMmanbHOE OTHOCUTEIBHOE yCKOpe- !
HUE @ HaXO0JHM 4yepe3 CKOPOCTh U pa-
JAMYC KPUBUBHBI TPAEKTOPUN: 5" \a" P
¥ 74 9 W
af =L =-L =49,3m/c?. B/ M
P R = / x
OHO HANpPaBJIEHO K LEHTPY OKPYIKHO- a;
cru sxeyoba (puc. 46). Puic. 46
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IlepenocHOe yckopeHHe (ITOCKOJbKY ABMIKeHHEe Tesna D 1o-
CTynaTeJIbHOe H IMPAMOJIMHEeHHOe) nileM, auddepeHnnpys Hai-
JIeHHYIO paHee MepeHOCHYI0 CKOPOCTh

=6t + 2,

a, =|az| = [.

u npu t = 1 ¢ umeem a, = 8 m/c?. D10 YCKOpPEHHE COBIALAELT
110 HampaBJeHHIO ¢ D,. IIpoekTupys Ha oCH ypaBHeHHEe
a, = a; +a +a,, NOJyYuM IPOEKIUN BeKTOpa abCcoJI0THOrO
YCKOpEeHUS:

@, = —afcos45° —al sin45° + a, ~ -49,1,

a,, = —a;sin45° + a’ cos45° ~ 12,7.

U oxoHuaTensHO: @, =./aZ, + a2, =~ 50,7 m/c?.
OrserT: v, = 28,1M/c; a, =~ 50,7 m/c2.

3AJTAYA 2

Teno D Bpamaercs B ILIOCKOCTH pucyHka (puc. 47) Bo-
Kpyr ocu O; Tak, 4TO ero yroj IOBOPOTA PaBEeH

¢p = (% + 2t) pan.

ITo sxenoby OA nBuskercs Trouka M Tak, 4To ajredpaunyec-
KOe 3HaYeHHe JJIUHBI IYTH PAaBHO

OM = s = (25nt2 - 5nt) cm.

Kenobd aBnsercs okpykHOCTEIO paguycom R = 20 cMm, pac-
crosiuue |04 = b = 10 em. J{ns momenra Bpemenm t = 1 ¢
onpeesUTh aOCOJIIOTHYIO CKOPOCTh D, W abCOJIIOTHOEe yCKope-
HMe a, Touxku M.

Pemenmne.

1. Onpedenenue v,. Ilo TeopemMe O CIOXKEHHUH CKOPOCTEM
HMEeM U, = U, + U,.

OTHOCUTENIBHYI0O CKOPOCTH TOYKH (CKOPOCTH IO OTHOIIIE-
HUIO K Tesry D) HaX0JuM, BEIYHUCIIASA ee anredpanyecKoe 3Haye-
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HUe KaK MPOM3BOAHYIO OT AYroBOil KOOPAMHATHI 10 BpDEMEHM:
0, = § = 50nt — 57y . = 45m cM/c = L,41M/c u v, =|5,|.

Yrob6br HAWTH ee HAIIpaBJIeHHE, YCTAHOBHUM, I'/ie HAaXOAUTCH
Touka M. Ilpu t = 1 ¢, monyuns OM = 20n cm, ycTaHaBIMBa-
eM, 4YTO AJMHA AYIM COCTABJSET MOJOBUHY JJUHBI OKPYXKHO-
CcTH, TO ecTh Touka M HaxXoauTcsa B TOuKe A kesoba (puc. 48).

CKOpOCTh U, TOYKM HAIpaBJeHa II0 KacaTeJbHOH K ee
TPAeKTOPUU B CTOPOHY YBEeJIHYEHUS JYTrOBOl KOOPAMHATEI, TAK
Kak anrebpandeckoe 3HaYeHHUEe CKOPOCTHU MOJIOMKUTEJIBHO.

IlepeHOCHOIT CKOPOCTHIO TI0 OIIpejiesieHNIo Oy1eT CKOPOCTh
TOW TOYKHM Bpamjawoierocs Tejxa D, ¢ KOTOPO# COBIajaeT To4-
Ka M, TO ecTh CKOPOCTb TOYKH A:

D =Va"= DDy

rae anrebpapdecKoe 3HaYeHUe YIVIOBOW CKOPOCTHU ITePEeHOCHOT0
JBHMIKEHUS PABHO B, = p = 28+2,
Takum obpasom, npu ¢t = 1 ¢ monyyaeM o, = 0, =4 ¢! u
v, = 0,40 m/c. Anrebpanyeckoe 3HA4YE€HUE YIJIOBOM CKOPOCTH
MOJIOKHUTEIbHO, CJIEJ0BATEJBbHO, BpallleHue IPOUCXOAUT II0
HaIpaBJIEHUIO yrJa nmosopora. [lepeHocHas CKOPOCTH HAIpaB-
JieHa MePHeHAUKYIAPHO oTpe3ky O1A 110 X0y BpalleHus.
IIocKOJBKY BEKTOPBI D, U U, HaANpPaBJIEHbI IPOTUBOIIONOMK-
HO, TO MOJIYJib aGCOJTIOTHOM CKOPOCTH paBeH v, = v, — U, = 1,01 m/c.
2. Onpedenenue a,. Ilo Teopeme Kopmonuca a, =a, +
o e R A W *)
Beluncaum M MOKa)keM Ha PUCYHKe BCe IATH YCKOPEHUH
(puc. 49).
OTHOCHTENBHOE KacaTeJbHOe YCKOPeHHe BBIYHCIIseM Yepes
ero anrebpamdeckoe 3Hauenue: @; = v, = 50mem/c? = 1,57 m/c?.
YckopeHue @ HaANpaBJIeHO Tyja JKe, KyJa ¥ CKOPOCTb U,
TaK KaK 3HAKU UX ajrebpauue-
CKHUX 3HAYEHUH coBnajamr (yc-
KOpPEeHHOe JIBIYKeHne): a;f = 'd:|. al
OrHOCHUTESIBHOE HOPMAJb- g,
HOe YCKOpPeHHe HAIpPaBJIeHO K %\
LEeHTPY KeJyiobda u paBHO

y

2
v
a’ =7;—=9,99M/c3. e a;
MCe.
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IlepeHocHOe yCKOpeHNE B JAaHHOM CJIy4ae — 3TO YCKOPEHUue
TouKHu A Tesa D.

Tak kak anrebpandyeckoe 3HaYEHUE YTJIOBOTO YCKOPEHUS
PABHO €ro MOJYJIIO

By =0y = ¢ 0=

e 8e;
TO IepeHOCHOe BpallaTelbHOe YCKOPeHUe I0JydaeTcs
al =¢,-b=0,20m/c2.

OHO HamnpaBJIeHO NepPHeHAUKYIApHO O;A 1O XOHY YIJI0BO-
ro YCKOPeHUs, U IIOCKOJIbKY ajredpandecKkue 3HaYeHUs yIJo-
BOM CKOPOCTH M YIJVIOBOTO YCKOPEHWs COBIIAJAIOT II0 3HAKY
(ycKopenHOe BpallleHMe), CJIe/[0BaTeJbHO, @i COBIIAZAeT C U,.

ITepeHOCHOE LIEHTPOCTPEMUTEIBEHOE YCKOPEHHE HaIIpaBJIe-
HO K ocu O; U paBHO

a’ = o2 -b=1,60m/c?.

Kopuonucoso yckopenme a,,. =20, x U,, U €ro MOJYJIb
paBeH SETISIT
Aeor = 20,V, 8in(O,, U, ).

Tak Kaxk BEKTOpP YIJIOBOM CKOPOCTH TeJa JIEXKHUT HA OCH
BPAIEHUS, TO B JAHHOM CJIyUyae OH MePHeHAUKYJIAPEeH ILJI0CKO-
CTH YepTerka M YroJl MeXJy HUM U BEKTOPOM OTHOCHTEILHOM
ckopoctu paser 90°. Toraa a.,, = 2-4-45mem/e? =~ 11,3 m/c2.

HarmnpaBiienne KOpHoOJNCOBa YCKOPEHUA MOYKET ObITh Ha-
JIEHO WJIM IO O0leMy IpaBUJIY AJIsS BEKTOPHOI'O IIPOM3Beje-
HHUA, WIN 110 creruagsbaomy npasuiy Jlykosckoro. B Hamem
ciydyae JOCTAaTOYHO IOBEPHYTH CKOpocTh v, Ha 90° mo xoxy
BpallleHus Teja.

CrnosxeHne BEKTOPOB MPOU3BEAEM C IIOMOIbIO IPOEKI[HiA.
CnpoeKkTupoBaB paBeHCTBO (*) HA OCH, IIOJYYUM

Qe = a7 — A + A =19,7; a,, =-af +a; =-1,37

M OKOHYATeNBHO a, = ./aZ, + a?, ~19,8m/c?.

OrserT: v, = 1,01 m/c; a, = 19,8 m/c?.
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3AIAHHE [1

JIMHAMHKA
MATEPHAJIBHON TOYKH

Cuunel, 3anannsie (popmynamu, usmepsior B H.

1. ITo mrepoxoBaTO¥ HAKJIOHHON IJIOCKOCTH, COCTABJISIO-
mei yroa o = 30° ¢ ropu3oHTOM, ONycKaeTcs 6e3 HauaJabHOU
ckopocTu Teso. OnpenenuTs, B Te4eHNEe KaKOro BpeMeHH TeJIo
onycTuTea Ha BbicoTy £ = 10 M o BepTHKaIH, ecan Koahdu-
IUEeHT TpeHus cKoabxxenus f = 0,1.

2. Ha Teno maccoilt m, ABHXKyII[eecs [0 IOPU30HTAJIbHOMN
TJIaJJIKOM ITOBEPXHOCTH BJAOJb OCH X, AEHCTBYeT CHUJIa, IIPOEK-
nusa KoTopoi pasHa F, = 0,25mx. B HauaibHBII MOMEHT TEJIO
HaXOJUJIOCh B IOKOE B TOUKe Xy = 1 M. OnpenenuTs CKOPOCTh
TeJla B MOMEHT, KOTZila KOODAMHATA CTaHeT PaBHON X = 5 M.

3. Cujia TArM BUHTOB BEPTOJIETA MAcCOU m IIPH ero BepTH-
KaJbHOM IIOJbeMe U3 COCTOAHUSA MMOKOoA B 1,5 pasa npesbIina-
er ero Bec. ColmpoTHBIIEHHEe BO3JyXa NPOMOPIHOHAIBLHO CKO-
pocTH ) -0,7mv. OmnpegenuTh CKOPOCTH MOABEMAa B MOMEHT
t = 5 ¢, a TaK)Ke MaKCUMAJbHYIO CKOPOCTH BEPTOJIETA.

4. Jlonxe maccoit m = 100 Kr coobiraercss HayaabHAsA CKO-
pocTh vy = 4 m/c. Ilpu ABMIKEeHUM Ha JIOAKY AEHCTBYeT CHJia
COIPOTUBJIEHUSA, NPOMNOPIMOHANBHASA KBaJpaTy CKOPOCTH
R = 5v%. OnpepenuTs, B TeUeHHE KAKOTO BPEMEHHU CKOPOCTh
JIOAKY YMEHBIIUTCSH B JBa pasa.

5. Tesny coobujaercss HayaJbHaAsA CKOPOCTh vy = 6,6 m/c, n
OHO HAYMHAET CKOJb3UTh BBEPX II0 MI€POXOBATONW HAKJIOHHON
IJIOCKOCTH, cocTaBadwmeit yroan a = 30° ¢ ropusontTom. Ko-
adunuesT TpeHus ckoubxenus [ = 0,2. Onpeaenuts BpeMs
JOCTHIKEHNS HAUBBICIIETO IIOJIOKEHHS TesJa M MPOUAeHHBIN
TEJIOM 3a 3TO BpeMs NyThb.

6. Ha Teno maccoit m, ABHIKyL[eecsA 10 TOPU3OHTAJIbHOM
IJIaJ KOl IIOBEPXHOCTHU BJOJIb OCH X, AeHCTBYeT CHJIa, IIPOEK-
nusa Koropou paBHa F, = —0,36mx. B HavyaspHBIH MOMEHT
xo = 0 ¥ MpoeKIUsA CKOPOCTH V.9 = 3 M/c. Onpenenurs Mak-
cHMMaJIbHOEe 3HAYeHHe KOODJHMHATHL X TeJa.

7. I'pys maccoit m = 10 Kr omyckaeTcss BEpTHKAaJLHO Ha
napartnoTe 6e3 HadyaJbHOU cKopocTu. COmpoTHUBIIEHHE BO3IY-

78



Xa TPONOPIMOHAJIBHO CKOpocTH R =-200. Onpeaenuts CKo-
pPOCTH I'py3a B MOMEHT BpeMeHu t = 1 c.

8. B MoMeHT BBIKJIIOUeHUs1 MOTOpa Karep maccoi m = 200 kr
MMeJI CKOPOCTh Vg. OnpenennTs MyTh, KOTOPBIA HNpoigeT Ka-
Tep 0 TOr0 MOMEHTa BPpEMEeHH, KOrja CKOPOCTh KaTepa YMeHb-
IUTCA B AecATh pa3d. Cuja CONPOTHUBJIEHUS NBUIKEHHIO IIPO-
NOPIUOHATLHA KBagpaTy ckopoctu R = 8v2.

9. Teno HauMHAET CKOJB3UTH BHHU3 II0 IIEPOXOBATON Ha-
KJIOHHOM IJIOCKOCTH, cocTaBisaomei yroa oo = 30° ¢ ropusoH-
TOM, C HAYAJbHOM CKOPOCTHIO Uy = 2 M/c. Koadpdunuenr Tpe-
HUA ckoabxenusa f = 0,4. OnpegenuTs nyTh, NPONAEHHBIN
TeJIOM 3a BpeMmd t = 2c.

10. MaTepuanbHas TOYKA MacCoi m = 2 KI' IBUIKETCA U3
COCTOSHUS MOKOS 0 FOPU30HTAJIBHOM IVIAAKOH IIOBEPXHOCTH
BJOJIb OCH X TOJ AEHCTBHUEM CHJIBI, IIPOEKIIUA KOTOPOIl paBHA
F,. = 3(1 — 0,5t). OnpenenuTs CKOPOCTHh U KOOPAMHATY TOUKHU
B TOT MOMEHT BpPEMEHH, KOrja CHJa CTaHeT PaBHON HYJIIO.
HauanbHYI0 KOOPAMHATY TOYKHA CUUTATH HYJIEBOM.

11. Jlogke maccoit m = 50 Kr coofbiaercsa HadyaJbHasd CKO-
pocth vy = 2,7 m/c. Ilpn ABUIKEHUN Ha JIOAKY AEHCTBYET CHa
COIIPOTHUBJIEHNS, IPONOPUHOHAIBLHO cKopocT R = —50. Omnpe-
JIIeJINTH CKOPOCTH JIOAKH B MOMeHT Bpemenu ¢t = 10 c.

12, JIspxkEMK Maccoirt m = 70 Kr omyckaercs 6e3 Havalb-
HOM CKOPOCTH IIO CKJIOHY, cocTaBisgiomemy yrox o = 30° c
rOpM30HTOM, HEe OTTAJKHUBasch majdkamu. [iuHa cmoycka
[ =100 M, Koa(h(pUIMEHT TPEHUS CKOJBXKEHHS JIBIK O CHEer
f=0,1. Cusa CONpPOTHBIIEHHUS BO3AYyXa IPOIOPIMOHAILHA
kBazipary ckopoctu R = 0,4v2. OnpemenuTs CKOPOCTH JIBIK-
HUKAa B KOHIE CIIyCKa.

13. Ilocie MOJYy4EHHOTO TOJMYKA TEJO HAYUHAET CKOJb-
3UTHh BBEPX IIO IIEPOXOBATON HAKJOHHON ILJIOCKOCTH, COCTAB-
aaomei yroa o = 20° ¢ ropusorrom. Koaddunuent rpeauns
CKOJIBXKEeHHUA Tesia o miockocTs f = 0,1. Onpenenurs 3Haue-
HHe HAaYaJbHOU CKOPOCTH, IIPA KOTOPOM IyTh, IPOUAEHHBIN
TEJIOM [I0 OCTaHOBKH, OyzeT paBeH s = 8,5 M.

14. MarepuajisHasi TOYKA MAcCoO m = 2 KI' [BUIKETCH U3
COCTOSIHMSA ITOKOSA II0 TOPUBOHTAJIBHOM I'IAJKON IIOBEPXHOCTH
BZOJIb OCH X IO/ AeHCTBUEM CHJIBI, IPOEKIMSA KOTOPOU paBHA
F, = 3(1 — 0,5t). OnpexennTs MakCHMaJIbHOE 3HAYEHUE KO-
OpJAMHATHl X TeJla M NyTh, NPOUAEHHBI TOYKON 3a Bpems
t = 6 c. HayanbpHyI0 KOOPAUHATY TOYKH CYUTATH HYJIEBOMU.
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15. Teso maccoit m = 4 Kr ABUIKETCS U3 COCTOSHUA ITOKOSA
10 TOPUB0HTAJBHOM TJIAAKON ITIOBEPXHOCTH BAOJb OCH X TIOJ
JlefiCTBUEeM CUJIbI, NIPOEKI[UA KOTOPOil 3aBUCUT OT BPEMEHU U
CKOpPOCTH TeJna, u paBHa F, = 9t/v. OupenenuTs nyTh, mIpoii-
JIeHHBIN TOYKOMH 3a Bpemsa t = 4 c.

16. Camoser maccoit m = 10% Kr JeTuT ropM3OHTAIBHO
II0J JeiCTBUEM CHJIBI TAIM, PA3BUBAEMOM JABHUraTeseM, TOPHU-
30HTAJIbHAS COCTABIAIOIAA KoTopoil pasHa F = 3,82 kH. Cuna
J060BOTO COINPOTHUBJIEHUS 3aBUCHUT OT CKOPOCTH cCaMoJieTa, U
paBHa R = 0,05v%. OnpeaenuTs paccTosiHue, NMPOiIeHHOe ca-
MOJIETOM, 3a TO BpeMs, KOTJa €ro CKOPOCTh MU3MEHHTCHA OT
100 m/c mo 200 m/c.

17. Iloesn obieit maccoit 400 T aABMIKETCS MO MIPAMOJIH-
HEHOMY rOpM30HTAJILHOMY YYaCTKy IIyTH, W HMeEeT B Ha-
YaJbHBI MOMEHT TOPMOYKEHUA CKOPOCTh Uy = 54 km/4. Onpe-
JIeJIUTH CUJTY TOPMOXKEHUA (CHMUTaA ee ITIOCTOAHHOI), eclIu JJInHA
TOPMO3HOTO ITyTH paBHa s = 100 m.

18. Teso maccoit m = 3 Kr JBHIKETCSA IO FOPU30HTAIBHOM
IJIAJKOM ITOBEPXHOCTH BAOJb OCH X IOJA AEWCTBUEM CHJIbBI,
IIPOEKIIUS KOTOPOH 3aBUCUT OT BpeMeHHW, U paBHa F, =
= 6 cos 2¢t. B HauanbHBIA MOMEHT Xy = 0 U MpoeKIus CKOpo-
CTH Uy = 2 M/c. OupesenuTs 3Ha4eHNe KOOPAUHATEI X Teja B
momeHnT t = 0,57 c.

19. B momeHT npekpaieHus paboThl ABUraTesei CymaHO
maccoit 300 T umMeno CKOpPOCTh Uy = 10 m/c. OnpenenuTs Bpe-
M3, IPOIIeAIIee 10 OCTAHOBKY CYAHA, €CJIU CHJIa CONPOTHBIIe-
HUSA BOJBI 3aBUCHT OT CKOPOCTH M paBHa R = 2:10%(2 + v).

20. BepTHKaJBHBIN CIYCK ITAPALIIOTHCTA MACCOW M IIPO-
ucxoauT 0e3 HAYAJIBbHOU CKOPOCTH ¢ BbICOTHI 2 = 200 M mpm
HAJIMYUA CHJIBI COIPOTUBJIEHUA BO3AYXa, IIPOIOPIIMOHATBEHOMN
KBajparty ckopocT, R = 3mv?. OnpejenuTs CKOPOCTH Iapa-
LIIOTUCTA B MOMEHT MPU3EMJICHUA.

21. Topmo3HO# NyTH aBTOMOOMIISA, ABUIKYIIETrOCS IO IIPs-
MOJIMHEHHOMY TIOPH30HTAJBHOMY YYaCTKy HIYTH, COCTABUJI
s = 17 m. BesmmumHa CHJIBI COPOTUBJIEHHS ABHIKEHNIO COCTAB-
asier 0,3 or Beca aBroMoOmiass. OnpeesinTs HAUANBHYIO CKO-
POCTH TOPMOXKEHUSA U BpeMs, IIPOIIEAIIee O OCTAHOBKH.

22. Teno maccoit m = 4 Kr ABHIKETCHA U3 COCTOAHUA I10-
KOS II0 TOPUBOHTAJBHOM I'NIaJIKON MOBEPXHOCTH BIOJb OCH X
IO JeHCTBUEM CHJIBI, IIPOEKIMsI KOTOPOM 3aBUCUT OT BpeMe-
HU, 1 paBHa F, = 5 sin 0,5¢. B HavansHBI MOMEHT x, = 0.
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OnpezsenuTsh 3HaYEeHNE KOOPJUHATHI X TeJla B MOMEHT Bpeme-
HA t =1 C.

23. Teno maccoit m = 2Kr, OpOIlIeHHOe BEPTUKAJIbHO BBEPX
€O CKOpOCTHIO Uy = 40 M/c, NCIBITHIBAET COITPOTUBJIEHHE BO3AyXa
IIPONOPIIMOHANBHO CKOPOCTH R = —0,10. Onpemenuts, uepes
KaKoe BpeMs TeJI0 AOCTHUIHET HAWBBICIIEIO TOJIOMEeHUS .

24. Tloeas ABMIKETCA 10 MPAMOJUHEHHOMY IOPHU30HTANb-
HOMY YYaCTKYy IIYTH, ¥ UMEEeT B HAYAJIbHbII MOMEHT TOPMOIKe-
HUS CKOPOCTH Vg = 72 KM/4. BenumuuHa CHIBI COIPOTHBIIE-
Hus asuxeHuio cocrasusier 0,2 or Beca noeszna. OnpenesuTb
BpeMs, IIpoIIejlIee 10 OCTAHOBKH, U IPOHAEHHBIN IIyTh.

25. MarepuajbHasi TOYKA MAccoil m = 5 Kr ABHIKETCS U3
COCTOSIHUSA TOKOS 10 TOPU30HTANBHON IIaZKON IMOBEPXHOCTH
BJIOJIb OCH X TIOJ J€MCTBUEM CHJIbI, IPOEKIIUA KOTOPOI paBHA
F, = 10 — 3t. HauanbHas KoopAHHATA TOYKH Xy = 2 M. Omnpe-
JeJITATH MOMEHT BpEMeHH, KOI/la TOUKa BePHeTCA B HAYaJIbLHOe
[IOJIOYKEHME.

26. Jlyiss namMepeHus IIyOMHBI KOTJIOBaHA Ha ero JHO 6pocaior
0e3 HAYAJIBHOI CKOPOCTH I'PY3 Maccoil m, KOTOpPbIi uepe3 t = 4 ¢
pocruraer aHa. COmpoTHBIEHNE BO3/IyXa MPONOPIIMOHAIBHO CKO-
pocTH R = —-0,98mv. Onpegenurh rinyouHy KOTJIOBaHA.

27. Teno, KOTOPOMY COOOLIHIM HAYANBHYIO CKOPOCTH Uy =
= 5 M/c, HAUMHAET CKOJIB3UTH 110 IIIEPOX0OBATON 'OPU30OHTAIHEHOM
IJIOCKOCTH ¥ OCTaHaBJIMBaeTcs 3a BpeMs t = 2 c. Ompenenuts
K0a()(PUIIUEHT TPEHUS CKOJIBXKEHUA U ITIyTh, TPOIAEHHbII TEJIOM.

28. MarepuaspHasi TOYKa Macco m = 1 Kr JBUIKETCSA U3
COCTOSIHU S IMOKOS IT0 TOPM3OHTAJBHONH IJIaJKOM IIOBEPXHOCTH
BJIOJIb OCH X TIOJ JeHCTBHEM CHJIBI, IPOEKIIUSA KOTOPO paBHA
F, = 2 — 3t%. OnpenenuTs CKOPOCTh U KOOPAMHATY TOYKH B
MOMeHT BpeMeHu ¢t = 2 ¢. HavasbHYI0 KOODANHATY TOYKHU CYU-
TaTh HYJIEBOMU.

29. Teso maccoit m = 15 Kr mogHUMaeTrcs IO TIJIaJKOMI
HAKJIOHHOW IJIOCKOCTH, cocTaBisomei yroa o = 30°c ropu-
30HTOM, IOJIYYWB HAYAJIBHYIO CKOpocTh Vg = 10 m/c. Compo-
THBJIEHHE CPe/bl TPOIIOPIMOHANBHO CKOPOCTH R = —1,50. Onpe-
JIeJIATH BpeMs, IpOIIeIiee 10 OCTAHOBKH TeJia.

30. Teso maccoit m = 10 Kr ABUIKETCS U3 COCTOSHUS I10-
KOSl 10 TOPU30HTAJIBHOM IJIaJIKON IOBEPXHOCTH BJAOJB OCH X
IO IefiCTBYEM CHJIBI, TPOEKIUA KOTOpoii paBHa F, = 20 — 05,
OnpenennTs CKOPOCTh U KOOPAMHATY TeJla B MOMEHT BDEeMEHU
t = 2 c. HayanpHYy10 KOOPAMHATY TOYKHU CUYUTATH HYJIE€BOM.
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THUITOBBIE 3ATAYHU

JTUHAMHKA
MATEPHAJIBHOH TOYKH

3AJTAYA 1

I'pys maccoit m = 100 Kr, noaBeIneHHbI HA HEBECOMOM
Tpoce JJINHON [ = 3 M, B pe3yJibTaTe TOJYKA CTAJl JBHUIATh-
¢, KAK KOHUYECKHH MasiTHUK, [IPUYEM TPOC OTKJIOHEH OT
BepTukann Ha yrou o = 60° (puc. 50). Onpenennts CKOPoOCTh
rpysa v ¥ CHJIy HaTsKeHHs Tpoca R.

Pemenue. Paccmarpusas
rpy3 Kak MaTepuajabHYIO TOY-
Ky, NPUMEHUM IJIsI OIMCAHUS
ero ABMKeHus auddepeHnainb-
Hble YPaBHEHUS B MPOEKIMAX
Ha eCTeCTBEHHbIE OCH: Kaca-
TeJBHYIO T, HOpMalb 7, Ou-
HOpMasb b (puc. 50).

Y -F; R =0.
P

Ha rpys feiicTBYIOT fBe CHJIBI: CHJIA TAXKECTH (G M peax-

nusa Tpoca R.
YpaBHEeHUs ABUKEHUS [IPUHUMAIOT BUJL
3
m% =10 mi = Rsina; Rcosa—G =0.

W3 nepBoro ypaBHeHUs cieayer, 4To v = const, To ecTs
rpy3 JABHIKeTCs paBHOMepHO. VI3 Tperhero ypaBHeHHsS Haxo-
JUM CHUJIy HaTsKeHHudA Tpoca (yuursiBas G = mg)

R=-C_ - 2mg=~2xH.
cosa
Cuua HaTsKeHus BABOe OoJsbIe Beca rpysa.

W3 BTOPOro ypaBHEHHUSA OIPEAEJUM CKOPOCTH rpy3a, yuu-
THIBasi, YTO PaZNyC KPUBUIHEI €I'0 TPACKTOPUHU (OKPYIKHOCTHU
B FOPU3OHTAJBHOM IIOCKOCTH) p = [ sin a.
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Torpa

2
m—2— =2mgsina u v =sina/2gl ~ 6,6 m/c.

Isina
OrBeT: v=06,6 Mm/c; R= 2 kH.

3AJTAYA 2

MarepuanbHOi TOYKe coobliaeTrcd HayaJbHas CKOPOCTH
vo = 7 M/c, B pesyibTaTe 4ero OHa IPOXOJUT IO I'OPHU30H-
TaJILHOM IIepoX0BaTOW miockocTH paccrosHue [ = 10,1 M n
nagaer ¢ Hee. Koapduuument TpeHus cronbxenus f = 0,2.

OmnpegenuTs CKOPOCTH U, AJINHY II0JeTa
L, rnybuny nagesuss H TOYKH B MO-
MeHT t = 5 ¢ mocJie Hayana JBUIKEeHUs.
ConpoTuByieHue cpeibl He YYHUTHIBATH
(puc. 51).

Pemenue. PaccMoTpuM ABMIKEHME
TOYKH HA NPAMOJMHEHNHOM yyacTke AB
(puc. 52).

OnpenenuM CKOPOCTh TOYKHU B KOH-
me aroro ydacrka. Hauyano oceit Koop-
AUHAT COBMECTHMMO C HAYaJOM JBHIKe-
Husi. Havaneuesle ycnoBusi npu t = 0
UMEIOT BHUJ

X =O; X'.'o = Uyxo = Vg3
Yo =0; Yo =vyo =0.

Ha ocHOBaHMHM NpPUHIUIIA OCBODOOK-

N P
t, FTP t
H—— A
i mg
P e
touy
Puc. 52 y

JlaeMOCTH OT CBA3ei paccMaTpuBaeM TOYKY Kak CBOOOAHYIO,
Ha KOTOPYIO AEHCTBYET CHJIA TAMKECTU mg, HOpMalbHasA pe-

aknua N ¥ cuia TpeHus F,.

Huddepennuanbable ypaBHEHUA JBUIKEHHUS MaTepUasb-

HOM TOYKH B JAE€KapTOBBIX OCAX!

n n
mE =Y Fi; mij= Fy,

k=1 k=1

4911
B JaHHOM cJiy4yae C y4yeToOM TOro, 4TO X =

NIPUHUMAIOT BU
dv,

m =-F,; 0=mg-N.

dt

L€ dv,
T
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Orcoga N = mg. Ucnonws3ysa 3akon KynoHa mIId CHJIbI
rpenus F,, = fN, nony4aem F,, = fmg. Torga

dv, e 5 é
g = fg. (*)

3aMeTHM, YTO IIPH 3aJZaHHBIX YCIOBUAX ABUYKEHUE TOUKH
He 3aBUCHUT OT €€ MacChl.

Pasnenum nepeMeHHbIe ¢ H U, B YPABHEHUH (*) U IIPOMH-
TErpupyeM ero, mojb3ysch HEOIpeJeJIeHHBIMU HHTEerpajamMu

Idv, = —Ifgdt u v, =—fgt+0C.

YuursiBasgi HauaJbHOE YCJIOBUE, OIPEHEIUM IIOCTOSHHYIO
unTerpupoBanusa C; = v,y. Torga ¢popmysia U3MEHEHUS CKOPO-
CTH TOYKH Ha ydyacTKe AB IpHHUMAET BUJ

Uy =g — fgt- (**)

Ecusin 2ke mosib30BaThCA ONPeIeSIEHHBIMUA HHTEerpajJaMu, TO
HEO0OXOAMMOCTh B IOCTOAHHOW HHTEIPUPOBAHMUSA OTIALAET.
U3 (*) monyuaem Uy t

[dv, = - [feat.
vo 0

31echr HUKHUE TpeJiesibl MHTErpaJoB COOTBETCTBYIOT Ha-
YaJbHBIM YCJIOBUAM, & BEPXHUE — IIPOM3BOJILHOMY MOMEHTY
BPEMEHH.

W3 nmocnegHero ypaBHeHUsI HAXOAUM U, |: = —fgtlf, , nena-
€M IIOACTAHOBKY U, — Uy = —fgt 1 IOJIy4aeM TO Ke pelleHue:
Uy =-Vp= fgt-

Ins Toro 4To6bI BEIYUCIUTE BpeMs ! IPEOAOJIEHUS Ma-
TEePUAJIBbHON TOUYKON nyTH AB U €e CKOPOCTH B MOMEHT IIPO-
XOXKJAEHNUA TOUYKU B, HE0OX0AMMO HCIIOJb30BATH YCJIOBUE
|AB| = I = 10,1 m.

IIpu aTOM BOBMOKHBI JJBa BapHaHTa JaJIbHEMIIEro perie-
HUAA 3aJa4H.

1. ITepenuinem ypaBHeHHE (**), yUMUTBIBAA, YTO Uy = Z—f,
dx
== =y, - fgt.
Vi fg

PasjesnuB 3/1eCk IepeMeHHbIe W IPOUHTErPUPOBAB (HAIpH-
Mep, C HCIIOJIb30BAHUEM OIIPE/eJIEHHBIX HHTErPAJIOB) 3TO ypaB-
z t 2
HeHue, IOJYyIUM Idx = j(vo — fgt)dt, orryna x = vyt — fg%.
0 0
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W3 nocieguero ypaBHeHUs MOYKHO OIPEIeIUTh BpeMsi, Korja
BesmunHA X Oyner paBHa [. Pemras kBajpaTHOe ypaBHEHUe

f?gtz —vot+1=0 wmam 0,98t% - 7t + 10,1 = 0, orbicKMBaeM

aBa 3HauyeHus: t, = 2 cu t; = 5,1 c. Bropoe 3Hauenue Bpeme-
HY (DUBUYECKHU HE peajiu3yeTcs, TaK Kak IpeArojaraeT Jajlb-
Heiilnee JBUKEeHNe TOYKHU 110 TOPU30HTAJIH, a 3aTeM BO3BPAT ee
B TOYKY B, 4YTO HEBO3MOIKHO, IIOCKOJIbKY IIOCJIe TOYKU B
MaTepuajbHas TOYKA IepecTaeT B3anMo/1eiiCTBOBATE C IIOBEP-
XHOCTBIO U HAYMHAET I1aJaTh.

Takum obpasom, Bpems t; = 2 ¢ U, IOACTABJAA ero B hop-
MyJay (**), HaXOJMM CKOPOCTHh TOYKH B KOHIe yuyacTka AB:
Uy = Vo fgtl = 3,1 m/c.

2. JIpyroii BapHaHT pelleHus Ipearoiaraer IpoBeeHne B
dv, _dv, dx _dv, ”
Qb 8%y B 7y A%ras

ypaBHEHUU (*) CIeAyIONei 3aMeHbI:
Torpa ypaBHenue (*) mpumeT BUJL

dv,
s fg.

Ilocsie pasjgeseHus MepeMeHHBIX HHTErpupyeM

“ . v2 |,
J'v_,dv, = —Ifgdx, ?x i —fgxlg,
vo 0
2 2
u JRORR Ul @
Jles1aeM I10J(CTAHOBKH: R Yar fex.

Orcioma v; = /v - 2fgl =~ 3,1 m/c.

Teneps U3 ypaBHEHUA (**) onpejessieM Bpems:
Yo mMin i oig
g

PaccmoTpuM Jajiee KPHBOJIH-  x Uy —t,
HEelHOoe JABHIKEHHE TOYKH Ha ydacT- .- |B
ke BC (puc. 53).

Hauano orcuera BpeMeHH COBMe- T 5
CTHM ¢ MOMEHTOM HauaJja najeHus. e Al
HauanbHbIe yCJIOBHSA B BHIOPAHHBIX /

!
oCAX KOOPAMHAT IMPUHUMAIOT BUJL: gt
v2x
nput =0 =
. - W L
x=0; 2=31Imlc; v,

y=0; y=0. Puc. 53

t1=
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Ha Touky neiicTByeT TOJBKO CUJIA TAMXKECTH mg. 3anuiuem
JuddepenHrasbable yPABHEHUS JBUIKEHUSA TOYKM:

mx =0; my=mg,
dv, dvy
- 0’ — <
at ' ar %
PagjesuB nepeMeHHbIe 1 [IPOMHTEIPHUPOBAB 3TH ypaBHE-

HUsA, IMOJNYYUM

28878

v, =C3; v, = gt+Cy.

B coorBeTCcTBMU ¢ HAYAJIbHBIMHM YCJIOBUAMM IMOCTOSAHHBIE
uHTerpupoBanua paBubl C3 = vy u Cy = 0.

Torpa umeem v, = v; = const, v, = gt.

PacemarpuBaemoe Bpemsi ¢CBOGOHOIO MajeHUsi TOUKH, OT-
CUHTHIBAEMOE OT ITOJIOKEHUA B, paBHO ty =t — t; = 3 c.

BBIUMCIHM CKOPOCTh Uy TOYKH B MOMEHT t, = 3 ¢ (110JI0-
skeHue C Ha TPaeKTOpPUM)

Vo = Uy = 3,1M/c; vy, = gty = 29,4 M/c;

vy = U3, + V3, =29,6m/c.

Iuddepernnanpable YpaBHEHUA JBUMKEHUSA TOYKY HA y4a-
crke BC npeicTaBUM B CIEAYIOIIEM BUJE:
dx dy
— =y; — =gt.
gt - b gy T8

Pasgensis nepeMeHHble M HHTETPUDPYS 3TH ypPaBHEHUS,
R — x=vt+Cs; y=gt2[2+Cs.

ITocTossHHEBIE UHTETPUPOBAHUS OIIPE/eNIsgeM 110 3aJaHHbIM
HavaJbHbIM ycaoBuaM (npu ¢t =0 x = 0; y = 0), a umMeHHO:
C5 = Ce =0.

YpaBHEeHUS JABHIKEHUSA TOYKU HUMEIOT BUJ X = Uyl; Y =
= gt2/2.

IIpu sagasHOM t; = 3 ¢ HAXOAMM JAAJBHOCTHL IOJIEeTa
L = x(ty) = 9,3 M u rnyouny nagenus H = y(t,) = 44,1 m.

OrBeT:v=29,6 M/c; L=9,3mMm; H=44,1 m.

3AJTAYA 3
Pemuts 3azavy 2 JJis MaTepuaJbHON TOYKH MAaCCOWM
m = 1 Kr, y9uThIBasg, YTO BO BpeMsa najgenus (yuacroxk BC)
TOYKA MCHOBITHIBAET CHJIY CONPOTUBJIEHUS ABUIKEHUIO, MPO-
NOPIMOHAJILHYIO TEepBOil CTeNeHU CKOpOCTH R =—kD, rie
k = 0,8 H.c/M — K03(p(PHUIMEHT CONPOTHBICHUSA.
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P e 1 e u ne. Paccmorpum Buze-
Hue Ha yuactke BC (pue. 54). Ha-
yajgbHbIEe YCJIOBUSA OCTAIOTCS IIpe-
JKHUMM, TAaK Kak Ha ydyacTke AB
CHJIa COIPOTHUBJIEHHS HE YYUTHIBA-
eTCs M JBHXKEHHEe TOYKHU He 3aBUCUT
or ee maccel: t = 0

=0 =t =00 p7=0.

Uzv

Ha Touky neiicTByeT, KpomMe CH-
JIBI THYKECTH, TaKyXe CHJa COIpO-
THUBJIEHUS CPE/ibl, HAIIPABJIEHHAS 110
KacaTeJbHOH K TPAaeKTOPHH B JaHHOI TOYKE B CTOPOHY, IpO-
TUBOMOJIOKHYIO CKOpPOCTH, T. e. R, = —kv,; R, = —kv,.

HuddepennuanbHble YypaBHEHUA JABUKEHUA UMEIOT BUJ

<l
S

Pue. 54

mi = -kv,; my =mg-kv,

v, _ k. E’_Ey_zi(ﬂg_v )
BN Tl R R Y R B
Pasjenus nepeMeHHbIE ¥ IIPOMHTErPUPOBAB (C HUCIIOIB30-
BaHUEM OIpeJeJIeHHbIX HMHTErpajioB) ypaBHEHUS, IONYYUM
pelieHue

v,
dv k t dv k
e e
U, m m m
v 0 0 T pr= Uy 0
m m
Inv, —Iny, =—£t; In —g—vy ~ jnd =—£t.
m k k m
Orcioga nocye npeobpasoBaHUil HaleM
k k
-=t m —t
Uy =Dje m ; vy=—g l-em |,
k
U3 aTHX COOTHOIIEHWH BUJHO, 4YTO Ipu t —> «© v, — 0;
mg
Uy —> —— = Uyey — YCTAHOBHUBIIIEECHA 3HAYE€HUE CKOPOCTH, CO-

k
OTBETCTBYIIOIIee CJIy4al YPABHOBEIIEHHOCTH CUCTEMBI U3 CHJIBI

TSAMXKECTH mg ¥ CHJIbI CONPOTUBJIEHUA cpeasl kv: kv = mg.
BoruuciuM 3HaYeHUe CKOPOCTH TOYKHM uepes t = 3 ¢ mocJje
Hayasa nagesus (monoxerue C)

vr = 0,28 M/c; vy, =11,1M/c; v = fv3, +v3, ~11,1m/c.
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OnpegenuM ypaBHEHUA ABHKEHUA TOUKH Ha yyactke BC B
YCIIOBHUSAX BIUAHUSA CONPOTUBJIEHUS CPEJIBI.
HuddepeHnaibHble YPABHEHUA ABUKEHUS UMEIOT B

" A O (e
gt e dt"kg(l o

Pasnenus nepemMeHHsbIe, HaliieM, YTO
_.'ig m m —il
dx =ve mdt; dy= ;gdt —;ge m dt,

IlpounTerpupoBaB 3T ypaBHEHUs, IOJYyuYuM uX obIree

pelresue: 3

ny.s 2
x=—vl%e mt+Ca; y=%gt+%—

CornacHO HavaJIBHBIM ycsoBuAM (mput =0 x = 0; y = 0)
IIOCTOSAHHBIE MHTErPUPOBAHUA PABHBI

by
BE C.‘.

2
m m
C =y &’ Cy = —‘;2—3-
IlopcraBus 3Hauenuss C3 u C4 B oOllee pemnieHue ypaBHe-
HUI, MOJIYyYUM ypaBHEHUS JABHMIKEHUS TOYKU Ha yuyacTke BC:
k N 9 k
m =3 m m?* —=1
x=0—|l-em |; y=—gt—-—g{l-em |.
'k [ ] B
- Ilpu samamHOM t = 3 ¢ HaWjeM, 4TO JAJBHOCTH II0JETa

paBHa L = 3,5 M, a rnyouna nageauns H = 22,8 m.
OrBeT:v=11,1 m/c; L=3,5m; H = 22,8 m.
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3AITAHUE N2

JTUHAMHEA
BPAIIATEJIBHOI'O IBHKEHUSA

MomenTsl, 3aanubie oopmynamu, uamepstoresa B H-m.

1. BerTunaTop, BpalaBUIAiiCcsa € YIJIOBOW CKOPOCTBIO
®g = 3 paj/c, TOPMOBUTCS CHUJIAMH COIPOTHUBJIEHUSA, MOMEHT
KoTopbiXx M = 25m2. MOMEHT HHepIUN BEHTUJIATOPA OTHOCH-
TeJIpHO ocu BpaimmeHus paseH J = 40 kr-m2. OnpepenuTs, B
TeyeHHe KaKOro BPEMEeHM YIjaoBas CKOPOCTh BEHTUIATOPA
YMEHBIIUTCA B JBa pasa.

2. BpamaBmuiicsi ¢ yIrjoBO#M CKOPOCTBIO g = 2,5 pax/c
pPOTOP 3JIEKTPOABUTATEISI HAUNHAET TOPMO3UTHCS CUIaMU adpo-
JIMHAMUYECKOr0 CONPOTUBJIEHUs, MOMEHT KoTopsix My = b,
U CHJAMM TPEHHsS B MOJUINMHWKAX, MOMEHT KOTOPBIX M,y =
=30 H-m. MoMeHT uHEpIIUN POTOpa OTHOCUTEIBHO OCH Bpa-
menus pasen J = 100 kr-m2. Oupegenuts, B Te4eHHE KAKOTO
BPEMEHH POTOP OCTAHOBUTCH.

3. BeHTUNATOpP, BpalaBIIUiicad € YrJIOoBOM CKOPOCTHIO
wo = 6 pag/c, TOPMO3BUTCH CUIAMH COIIPOTUBJIEHUSA, MOMEHT
koTopeix M; = 300%, u cujaMu TpeHus ¢ MOMEHTOM M, =
=300 H-Mm. MoMeHT MHEpPIUH ero OTHOCUTEJILHO OCU Bparie-
HudA paBeH J = 50 kr-m2. OnpejenuTs, 38 KaKoe BPeMs BEH-
THJISTOP OCTAHOBUTCS.

4. K Bayy, HAaXOAUBIIEMYCS B IOKOE, IPUKJIAbIBaeTCA Bpa-
matonmit moment M, = 0,8 H-m. IIpu 2T70M BO3HUKAIOT CHUJIBI,
MOMEHT KOTOpPBIX M, = 5 cos (nt). MomenT MHEepnuu Bajga oT-
HOCHTEJIBHO OocH Bpamenus pasen J = 0,1 kr-m%. Onpegenuts
YIJIOBYIO CKOPOCTH BaJia uepes 2,5 ¢ IocJie Havasia JBUKEeHU .

5. Teepmoe Teso, BpaljaBIIeecsa C YIJIOBOH CKOPOCTHIO
®o = 8 pax/c, HaYWHAET TOPMO3UTHCA CHIIAMM COIIPOTHUBJIE-
HUS, MOMEHTBI KOTOpbIX M u M,. MomeHnT M; OT TpeHUSA B
nopmunHEUKax mocrosues M, = 150 H-m. Topmozamuii mo-
MeHT M, TPONOPIMOHAJIEH YIJIOBOM cKopoctm M, = 250.
MoOMeHT MHEpIMHU Tejla OTHOCUTEJIbHO OCH BpAalleHWs paBeH
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J = 140 xr-m%. OnpegenuTs, yepes KaKo# NPOMEKYTOK Bpeme-
HU TEJIO OCTAHOBUTCH.

6. Maxosuk maccoit 500 kr u paguycom 60 cm npuBogUTCSH
BO BpallleHWe U3 COCTOSAHUA MOKOoA MomeHTOM M; = 470 H-m.
IIpu aTOM MaxXOBHK HCIBITHIBAET CHJIBI COIIPOTHBJIEHUSA C MO-
MenToM M, = 8,502, MaXOBMK CYMTATE OHOPOAHBIM AUCKOM.
OnpenesnTs, MO0 MCTEUYEHHH KAKOrO BPEMEHH YIJioBas CKO-
POCTH MaxoBHKa cTaHeT paBHOU 6 pax/c.

7. BpanjaBmuiicsa ¢ HEKOTOPO# YriIOBOM CKOPOCTHIO POTOP
39JIEKTPOABUTATENISA HAYMNHAET TOPMO3HUTHCSH CUJIIAMH adpOMHA-
MUYECKOr0o CONMPOTUBJIEHUA, MOMEHT KOTOPhIX paseH M = 1202,
MoMeHT HHEePI MK POTOPA OTHOCUTEJIBHO OCH BPAllleHUs paBeH
J = 150 kr-m?. OnpenenuTs yroja, Ha KOTOPHIHA IOBepHeTCSH
POTOP O TOrO MOMEHTA BPEMEHH, KOIJa ero yrjoBas CKO-
POCTH YMEHBIIIATCSH B JBa pasa.

8. Ilnaropma, HAXOAUBIIAACA B IIOKOE, IPUBOJUTCA BO
BpallleH#e nocTossHHbIM MoMeHTOM M, = 1800 H-m. Ilpu aTtom
BOBHHMKAET MOMEHT CHJ conporuBienuns M, = 1200. Pagnyc
MHEepPUUU IIATGOPMBI OTHOCHTENHBHO OCH BpALIEHUs paBeH
p = 1,5 M, ee macca m = 500 kr. OnpeeauTs yrioBym CKO-
pocTh mIaT(GOpPMEL Yyepes 5 ¢ mocse Havyasia ABUIKeHHs.

9. IInardopma, BpaimaBmiasgcsa C YrJIOBOH CKOPOCTHIO
®¢ = 3 paj/c, HAYNHAET TOPMO3UTHCSA CHIAMHA CONIPOTUBIIEHHS,
MOMeHT KoTopbix paBeH M = 100(® + 3). MomeHT MHepuuun
nIaTGOPMBI OTHOCUTEILHO OCH BpaleHus paseH J = 435 kr-m2.
OnpezpenuTs 4ucyio 060poTOB miIaTGOpMbl ¢ MOMEHTA HAYasa
TOPMOXKEHUS U IO €€ OCTAHOBKH.

10. Max0oBUK HAYMHAET BPAIATHCSA M3 COCTOAHUSA IOKOS,
IpuYeM BpAIalOI[Hil MOMEHT 3aBUCHT OT YIJa ero moBOpoTa:
M = 24709 — 3¢®. MOMEHT MHEPIUUA MaXOBHKA OTHOCHTEJb-
HO ocu BpameHus J = 1000 kr-M. YCTaHOBUTH 3aBHCHMMOCTH
YIJIOBOM CKOPOCTH MaxOBHKAa OT yria mosopora. OnpejesnTs
3HAYEHHE YTJIOBOM CKOPOCTH B TOT MOMEHT BPEMEHH, KOrja
MaxoOBHK czesaeT 5 060poTos.

11. Ha TopMo3sAmuiica BaJ JeHCTBYeT IOCTOAHHBIA MO-
MEHT CHJI TpeHus B mojgmuneukax M, = 80 H-M u momeHT
CHJI COIIPOTHBJICHUS, BBI3bIBAEMBIH 3JIEKTPOMArHUTHOU Myd-
Toit M, = 60(1 — ¢ 1?*). HauanbHas yrioBas CKOPOCTH BaJa
paBHa ®g = 15 pax/c. MoMeHT MHEPIHMH TeJia OTHOCUTEJIBHO
ocu Bpamenus paseH J = 50 kr-m2. OnpegenuTs yriaoByio CKO-
pocTh Bajia B MOMEHT BpeMeHH t = 3 C.
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12. BaJi, BpamaBmuiicsi ¢ YIJIOBOM CKOPOCTHIO 0 = 9 pax/c,
HAYMHAET TOPMO3UTHCA CHJIAMH COIPOTUBJIEHHA, MOMEHTHI
KoTOpBIX M u M,. Topmossaiuit MOMeHT M| IPONOPIIHOHA-
neH yriaosoi ckopoctu M, = 150. MomenT M, OoT TpeHusA B
NOAMIMITHUKAX TocTosHeH u paBeH M, = 100 H-m. Ban cun-
TaTh OJHOPOAHBIM HHUAMHJApOM Maccoi 200 Kr m paguycom
60 cm. OnpesesTuTs YriaoByi0 CKOpPOCTh Bajia yepes 1,5 ¢ mo-
cJie Hayajia TOPMOYKeHU .

13. JIBM>KyILIMii MOMEHT 3JIeKTPOABUTraTe s 06paTHO IIPO-

b2 ¥5
[MOPILMOHAJIEH KBaJpaTy YIJIOBOH ckopoctu M = ey Mo-
MEHT MWHEePIMU POTOPA OTHOCHUTEJIBHO OCH Bpamem(dna paBeH
J = 50 xr-m?. OnpenenuTs, yepes KaKkoe BpeMs yrjoBas CKO-
pPOCTH POTOPA YTPOUTCS, €CJIM HAaYaJbHAsA yrjoBas CKOPOCTh
paBHa ®y = 0,5 paxg/c.

14. MaxoBUK, HAXOAMUBIINICA B IOKOE, IPUBOJAUTCS BO Bpa-
IeHue mMocToOAHHBIM MoMeHTOM M = 2000 H-m. ITpu aTrom Bo3-
HUKAaeT MOMEHT CHJI COIIPOTHUBJIEHUS, PONOPIIMOHAIBHBIN yI-
J10BO# cKopocTu: My = 100w. MoMeHT MHEPIIUM MaXOBHUKAa OT-
HOCHUTEJIbHO OCH BpamieHud paseH J = 250 kr-m2. Onpegenuts
qucsao oboporoB maxoBuka 3a 10 ¢ mocne Havana ABUIKEHUS.

15. Bapaban maccoit 200 kr u paguycom 80 ¢M npuBOAUT-
cs BO BpalleHWe M3 COCTOAHUA MOKOA IOCTOSHHONH CHJION
F, = 30 H, npuyio:keHHO} M0 KacaTeJbHON K ero oboxy. IIpu
3TOM BO3HUKAET CHUJIA COMPOTHUBJIEHUS, MNPOMOPIHMOHAIBHASA
yriioBoi ckopoctu Fy = 15w, H, nmpunokenHas Ha paccTos-
Huu r = 45 cm ot ocu BpaueHus. Bapaban cuuTaTh OLHOPOJ-
HBIM nuauHApoMm. OnpenenuTs YIrJIOBYIO CKOPoOCTh DapabaHa
yeped 15 ¢ mocse Havasa BpalleHUA.

16. K BegymieMy Bany peAyKTOpa NPHU MYCKe IPHUKJIAJbI-
BaeTCs BPAIAIONUii MOMEHT, KOTOPBII 3aBUCUT OT €ro yrJo-
Boit ckopoctu: M = 18(1 — 0,50). MomenT uHepuun Baja oT-
HOCHTEJBbHO OcH BpamieHus J = 36 kr-m2. OnpefesuTs yroJ,
Ha KOTOPBIN IOBepHeTCs Baj 3a 15 ¢ mocje Hayasa IIycka.

17. Ha Topmo3ssAmuiica Baa JeicTByeT MOMEHT CHJI COIIPO-
TuBienud, papubit M = 120(1 — ¢ %), MomenT unepruu Tena
OTHOCHTEJILHO OCH BpameHus paBeH J = 150 kr-m2. Hauann-
HasA yrjoBas CKOpPOCTb Basia paBHa ©y = 10 paxg/c. Omnpexne-
JINTH 3HAYEHUE yIJIa IOBOPOTA Bajia B MOMEHT BpeMeHu ¢t = 5 c.

18. Bapaban maccoii 600 xr u paguycom 80 cM npuBoauT-
Cs BO BpalleHUe U3 COCTOAHUS MOKOA NOCTOSAHHBIM MOMEHTOM
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M; = 500 H-m. IIpu arom HapabaH MCHBITHIBAET CHJIIBI COITPO-
THBJIEHUSA, MOMEHT KOTOpelXx M, = 6m?. Bapaban cuurarh
OAHOPOAHBIM AucKoM. OnpenesnTs yriioByIlo CKOpocTh Hapa-
0aHa B TOT MOMEHT BPEMEHH, KOr/Ja OH IIOBEPHETCA Ha YroJl
¢ = 4n pan.

19. Ban, BpamaBuIMiicA € YIrJIOBOH CKOPOCTBIO g =
= 2,5 paji/c, HQUNHAET UCIBITHIBATH BO3/IeHCTBUE CHJI, MOMEHT
KoTropeix M = 50sin(nt). MoMeHT MHEPIUM Bajia OTHOCHTEJb-
HO ocu BpauieHusi paseH J = 10 kr-m%. OnpesesuTs yrioByio
ckopocTh Basia yepes 10,5 ¢ mocsie Hauasa BO3AEHCTBUSA CHJI.

20. BapabaH, HaXOAMBIIHWICA B IOKOE, NPUBOXUTCA BO
BpalleHue MOCTOAHHBIM MoMeHTOM M,. IIpu aTom Bo3HHKaeT
MOMEHT CWJI CONPOTHBJIEHHS, ITPOTIOPUHOHAJBHBINA YIIOBOM
ckopoctu: M, = 12m. Bapaban cunTaTh O{THOPOAHBIM I{HJIMH-
apom maccoi 100 kr u paguycom 50 cm. OnpeaennTs, KaKUM
J0JI3KeH ObITE MOMEHT M, uTo0bl Yepes 2 ¢ yriioBas CKOPOCTh
bapabana paBHsANack 8 paj/c.

21. MaxoBuk maccoit 100 kr u pagunycom 80 cm, Bpauias-
LIMHCSA ¢ YIJIOBOM CKOPOCThIO g = 15 paj/c, HAYUMHAET UCIBI-
THIBATH CHJIbI CONPOTHUBJIEHNUS, MOMEHT KOTOPBIX IPOIOPI[HO-
HaJIeH yraoBoi ckopoct M = 16w. MaxoBHK CYHTATH OJHO-
poxaubiM auckom. OnpenenuTs 4ucio 060POTOB MaxOBUKA €
MOMEHTa Hayajia TOPMOYKEHHA M JI0 €ero OCTAHOBKH.

22. Tlocne OoTKJIWOYEHUS MOJA4YH rasza TypOHHA, Bpalas-
masicd ¢ yrJIoBOW CKOPOCThIO My = 6 pag/c, TOPMO3UTCA CH-
JIaMHU a39POANHAMUYECKOIO COITPOTHBJIEHUA, MOMEHT KOTOPBIX
M; = 150%, n cunaMu TPeHUsS B MOAUINIIHUKAX, MOMEHT KO-
TOpbIX My = 130 H-Mm. MomeHT MHEpUUN TYpPOMHBI OTHOCH-
TeJIbHO OcH Bpamienus paseH J = 120 kr-m%. OnpeaeauTs YUCI0
000pOTOB TYpOMHBEI ¢ MOMEHTA HA4aJia TOPMOMKEHUA U 0 ee
OCTAHOBKH.

23. K mkuBy B MOMEHT NyCKAa HPUKJIAABIBAETCSH BpPalai-
I MOMEHT, KOTOPbIA 3aBUCHT OT €ro yrjoBOH CKOPOCTH:
M = 18(1 — 0,5). IIIxuB cunTaTh OJJHOPOAHBIM KOJBIIOM MAac-
coit 100 kr u paguycom 60 cm. OnpepesnuTs YrJIOBYIO CKO-
pocTh mKuBa 4epesd 10 ¢ mocse mycka.

24. K ogHOpOAHOMY HHMJIMH/APY Maccoi 20 Kr U pagmycom
10 cm, BpamaBmeMycs ¢ yIJIoBOil CKOpocThIO ©g = 10 pax/c,
IIPUKJIAABIBAETCA BPAIlaIOUIUii MOMEHT, KOTOPBIH 3aBUCUT OT
1,1¢

®

YIJIOBOI CKOPOCTH IWJIMHAPA U BpeMenu: M = . Ompepne-
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JINTH YIJIOBYIO CKOPOCTH IMJIMHAPA Yepes 2 ¢ MOcJie IPUJIosKe-
HUSI MOMEHTA.

25. Ha Teno, BpaluaBilieecs C YIJIOBOH CKOPOCTBIO Mg =
=5 paj/c, HAUUHAIOT JeICTBOBATH CHJIbI COIIPOTUBIEHUA, MO-
MEHT KOTODBIX 3aBHCHT OT yrjia mosopoTa rtena: M = 3¢°.
MoMeHT MHEPUMH TeJia OTHOCUTEJBHO OCH BpAILEHUA paBeH
J = 10 xr-m%. OnpejennTb, Ha KAKOW yroJ IOBEPHETCS TeJO
JI0 €er0 OCTAHOBKH.

26. Ins TOpMOIKEHUS POTOpPa 3JNEKTPOABHUIrATEN K HEMY
OPUKJIAABIBAETCA MOMEHT CHJI CONPOTHBJIEHUS, 3aBHCAIIMMA
ot yraosoii ckopoeru: M = 0,00203. MoMeHT MHEPIUH POTO-
pa OTHOCHTEeJBHO ocu Bpamiesus pased J = 0,1 kr-m?. Onpe-
JIeJINTB YHMCJI0 000POTOB POTOpPA C MOMEHTA Hayajia TOPMOKe-
HUS U 0 TOrO MOMEHTA BPEMEHH, KOrja ero yrjioBas CKO-
poCTh YMEHBIINTCSA B JBA pasa, ecau o, = 0,5 paxg/c.

27. st ycKOpeHusA BpallleHus TYpOMHBI K Hell IpUKJIa-
JBIBAETCS BPAIAIOIIAIl MOMEHT, KOTOPBIN 3aBHCUT OT YIJIO-

_ L2t
)
yIJIOBas CKOPOCTH TYpPOMHBI ©y = 4 pag/c. MOMEHT MHEPIIUHU
TYpOMHBI OTHOCHTENBHO OCH BpalieHus pased J = 0,2 kr-m2.
OnpeaesuTh YrJIOBYIO CKOPOCTH TYPOMHBI uepes 2 ¢ IocJjie npH-
JI0KEeHUSI MOMEHTA.

28. IIpu pabore ausesid ero BpaljalOIIUi MOMEHT MOXKeT
3aBuceTb oT yryioBoit ckopoctu: M = 100(2ew —7). MomeHT
HHEPUUH BaJia AN3eJid OTHOCUTEJIHbHO OCH BpallleHHs paBeH
J = 180 kr-m>. HauanpHaa yrjosasi CKOPOCTb Baja ©Oy =
=5 paxg/c. OnpejesuTh yriaoByl CKOPOCTH BaJia yepe3d 1,5 ¢
mocJjie MPUJIOKEeHUsI MOMEHTA.

29. Bpaijaonuii MOMEHT, IPHJIOXKEeHHBII K 1maaTdopme,
00paTHO MPOMOPIMOHAJEH KBaApaTy yYIJIOBOM CKOPOCTH:
M = %,% MoMeHT WHepUHUH IIaT(HOPMBI OTHOCHTEJIBHO OCH
Bpamennsa pasen J = 50 kr-m?. OnpesesuTh yrjioByio CKO-
pocTh miIaTdopMel Yeped 25 ¢ IocJie NPUJIOKEeHUS MOMEHTA,
ecJIM HayaJbHAs yrJoBas CKOPOCTh paBHa wy = 0,5 pax/c.

30. IlIkuB (ogHOPOAHOE KO0JbI10) Maccoi 200 Kr u pagumycom
40 ¢cM OPUBOJMUTCA BO BpallleHUEe U3 COCTOAHHUA IOKOS MOMEH-
Tom M; = 80 H:M, UCIBITBIBAA CHJIBI COIPOTUBJIEHUSI, MOMEHT
KoTopeix M, = 1,20%. OnpesennTs, Ha KaKOii yroJ IOBEepPHETCA
IIKHUB, ITIOKa ero yrjosas CKOPOCTb CTaHeT paBHOI 4 paj/c.

BOM CKOpoCTH TypOMHBI M BpeMeHu: M . Hauanpuas
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TUTIOBBIE 3AJTAYH

JUHAMHEA
BPAIIATEJBHOI'O JIBHKEHHUSA

3AJIAYA 1

IIIxkue maccoit m = 90 kr u paguycom r = 30 cm Bpaia-
ercsA ¢ YrJoBoi cKOpocThio ®y = 20 ¢1. Jlnsa ero ocTaHOBKM
Ha IIKUB OKAa3bIBaeTCs AEeHCTBHE Yepe3 HeBeCOMBI pEeMEeHb,
HaATsAKeHus BeTBeil Koroporo paBabl T, =40 Hu T, = 20 H
(puc. 55). Paguyc maepnun mkusa p, = 20 cm. Onpepenurs
BpeMsi TOPMOXKEHHs INKUBA t; M yroJ (;, Ha KOTOPBIA OH
[IOBEPHETCS 3a 9TO BPEMsl.

Pemenue. PaccmoTpuM Bce CHIIBI, AEHCTBYIOLIME HA IIIKHUB
¥ NPUJIEKANIYIO K HEMY YacTh PEMHJA: CHJIbI HATSIKEHUsA BeT-
Beil peMHsA T; U T,, CHJIY TSKECTH IIKUBA (7, COCTABJISIOINE
peakuuu B NOALIMIHUKAX X, M Y, (puc. 56). Ilpumennm k
mwKUBy auddepeHnnaibHOe ypaBHEHHE BPAIlATeIbHOTO IBU-
JKeHUS OTHOCHTEJIHHOTO ero OCu 2

__ZM (Fe

3pecs J, = mp2 = 90 - 0,22 =
= 3,6 kxr-M?> — oceBOi MOMEHT HHep-
muu mwkuBa. Crosamuii B npaBoi yac-
TH YPABHEHUS TJIABHBIA MOMEHT BHe-
IIHUX CHJI OTHOCHTEJIHHO OCH Bpalle-
HUA 0003HAYMM Ui KpaTkoctu MY,
O Oyzer B JaHHOM cJydae paBeH
M¢=-T, r+T2 r=-6 H-m, no-
ckonbky cuisl G, X, u Y, UMelor Hy-
JIeBbI€ MOMEHTBI OTHOCUTEJIBHO OCH 2
% (MOMEHTBI CHJI, JEHCTBYIOMUX 10 JABU-
JKEHHIO, JOJKHBI OpaTbcsa CO 3HAKOM
«ILTIIOC», A& TIPOTHUB JABHMIKEHUSA — CO
Puc. 56 3HAKOM «MHHYC»).
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Taxkum obpasom, audpepeHIInaibHOe YpaBHEHHE Bpara-
TEJILHOTO JBUYKEHUA HUMeeT BHJ
do
J,— = M¢.
dt
1 MHTErpupoOBaHUSA ITOrO YPABHEHUS [JEJINM IIepeMeHHbIe,

yuuTbeiBas 4To M¢ = const u J, = const
J.do = Mtdt, (*)

[IocJie 4ero B JIEBOM M MpaBOM YacTAX CTABUM HHTErpajbl —
onpe/ieJIeHHbIE MJIM HeolpelesieHHbIe.

Paccmorpum oba crocoda perieHus.

1. Eciin ncnonbs30BaTh HeONpeJesieHHble WHTerpaJsbl, Mo-

AT J, Id(x) =M$ jdt, orkyaa J,m = MSt + Cy,

rjie nocTosiHHAsA uHTEerpupoBanus C, MoxkeT ObITH HaiijleHa U3
HAvYyaJIbHOIO YCJIOBHA 0 = g npu t = 0. ITogcraBuB B ypaBHe-
HUE 9TH 3HAUYEHHd, NOJNyduMm J .0y = C;, u Torga J,0 = Mt +
+ J,m¢, OTKYAA Me
o =0y +——t.

F4

2. Ecnn B ypaBHeHHMHM (*) MCIOJB30BATH ONpeeJIeHHbIE
MHTErpajbl, MOXXHO 3alIHCaTh

© t
J. [do = M [dt.
©o 0
31ech HUKHUE MpPeiesibl HHTErpajaoB COOTBETCTBYIOT HAYallb-
HOMY MOMEHTY BPEMeHH » = O npu ¢t = 0, a BepxHHe — mpo-
M3BOJIBHOMY MOMEHTY BpPEMEHH { M HEKOTOPOM YTJIOBOM
CKOPOCTH ® B 3TOT MOMEHT BPEMEHH.

W3 nocyieiHero ypaBHeHU s, MHTErPUPY s, HAXOAUM o ,0 |::o =
= M¢ t |, nocsie uero nenaem noacTanoBku J,0 — J,00 = Mit,

OTKYyJa uMeeM M¢
ya O =0y +—=

t.

2
IMonyunnu TO e pelieHue, YTO M IPU IIEPBOM cIocode.

HUcnonw3ys mociiegHee COOTHOIIEHWE, MOYKHO HATH Bpe-
Ms TOPMOYKEHHUSA IIKWBA, T. €. BpeMs t;, 3a KOTOpPOe yrjioBas
CKOPOCTH 00paTUTCA B HOJb
M¢

J,
= 1ZC.

0=wy+ t,

H TOrza J.wg

tl=— 7
z
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st onpeiesieH s yriia moBOPOTA (p, 3aMEHUB B YPABHEHUM

5 d
JJIsA YTJIOBOM CKOPOCTH O = d—(f, IOJIYyYUM
do M¢
— =g + S
ke

Mz

Hensa 3necs nepeMeHHble d¢ = 0gdt + tdt w uHTErpHU-

F4
Pyf C HMCIIOJIb30BAHMEM OINpPeNeJeHHBIX MHTErpasioB (y4UTHI-
Bas, 4yro ¢ = 0 npu t = 0), HAXOAUM

U}

M:
J.

Mg g2
¥ gl

91 4 4

Id(p = Qg Jdt+ Itdt. OTKy/a (plg‘ = wot|3 0 z

0 0 0 0
: i =120 paxg, urto

Jiu2

coorBeTcTBYyeT uncay N o6oporoB miKusa: N = % =19,1 obo-

OkoHUATENIbHO MMeeM ¢ = Wol; +

POTOB.
OrBeT: t; = 12 ¢; ¢, = 120 pag.

3ATAYA 2

OaHOPOAHBINA HUJIMHAP Maccoi m = 5 Kr U paguycom
r = 6 cm, HaxoAAUMIICA Ha OCH BpaueHus (puc. 57), Baaumo-
JIeHCTBYeT C HellOJABUIKHON NOBEPXHOCTHIO ITOCPEACTBOM CITH-
PaJIbHOM NPYKHUHBI, CO3JAIOINEIl MOMEHT, MPOMOPIIHOHAIb-
HBIH yray nosopora M = C,p, rae xo-
addunuenT xecTkocTu npyKuHb C, =
= 3,6 H-m/paz.

B HayanbHBIH MOMEHT BPEMEHH I[H-
JIMHADP OTKJIOHEH OT IIOJIOJKEeHHSA PaBHO-
Becus Ha yroi ¢p = 0,5 pag u emy npuzga-
Ha yIJoBas CKopocTh oy = 10 ¢!, Omnpe-
JIeJINTH YaCTOTY M aMILTUTYAY BOSHUKIIIUX
koJsiebaruii. ConpoTHBIIeHNE ABHIKEHUIO
OTCYTCTBYET.

Pewmenune. PaccMOTpUM OMJIHHJID,
0cBOOOK/IEHHBIN OT cBaA3el (pue. 58), u
NpUMeHUM K HeMy AuddepenRnuanbHOE
yPaBHEHME BpaIlaTeJbHOrO ABHIKEHUS

J.e =D M,(F).
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B nannom ciyuae numeem J.e = —M, rae

2
J, = m2r =9.103 kr-m?

— 0CeBOM MOMEHT mHepuu#, uin J,.&e = —C,, OTKyAa

e = -k%g, (*)
G,
k= ‘/—° =20 ¢!
rjae 7. c

WUnrerpupoBanne gudepeHnuaabHoro ypaBHeHA (*) MOK-
HO INPOBECTH ABYyMA cnocobaMu.

Cnoco6 1. 3anuiieM ypaBHeHHE B BH/JIe Z—T = —k%¢. Pasne-

JIeHHe ePeMeHHBIX 3/1eCh HeBO3MOIKHO, IIOCKOJbKY B ypaBHe-
HHUU NPUCYTCTBYIOT CPasy TPU IepeMeHHbIe: t, ® H .
Y1066 n36aBUTHCA OT NIEPEMEHHOI ¢, C/leIaeM 3aMeHy

do dmdtp dco

oy I dt d(p dt d(p

YMHOxKasA 9T0 ypaBHeHUE Ha d¢, pasfensieM IepeMeHHbIe
Y MHTErpUpPYyeM, MCIOJIb3Ys ONpe/eJIeHHbIe HHTerPaJIb

mjmdm =-k? qj(pd(p,
Po

0

0)2 [0} y —kz (pz P

2 o 2
©o o

wm o — 0% = —k%(e? — ¢%), 1, cieoBaTenbHO, ® = kVAZ —¢?,
rae o603HaYeHo

2
A= |¢} +(%) = 0,5v2 pax.

OTKYyAa

d
VYuureiBasi, 4To © = d—:, rnocJie/lHee ypaBHEHNE 3aIlUChI-

BaeM B BU/JE do

22 kAT,
dt ¢

U IocJie pasjaeJieHus nepemem{mx HHTEerpupyem
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@
9 t @ . Do
oTKyja arcsin—| = kt WJIA arcsin— — arcsin— = kt.
yA 1 l5. I !

Torga ¢ = A sin (kt + o), rae

... Qo . 1 bAS
a= arcsm—[—{ = arcsin—— = — paja

J2 4
— HavaJbHas (hasza KoJieOaHUIA.

HUrak, amminryga Konebanuim A = 0,5\@ paj, a gacrora
k=20c?.

Cnoco6 2. 3anumem ypaHenue (*) B suge ¢+ k>p = 0.

91O JMHEeHHOe OJHOPOJHOe AuddepeHIUalbLHOE YpaBHE-
HUE BTOPOrO MHOPAJAKA, IJIA KOTOPOTO XapaKTepHUCTHYECKOoe
ypaBHenue A%+ k? = 0 uMeer ABa UMCTO MHUMBIX KODHH:
Kl'g = ikl.

Torpa obmiee penreHue ypaBHEHHs 3alUCHLIBAETCA B BUJE
¢ = Cycos kt + Cysin kt, nau ¢ = Asin (kt + o), rae mocro-
AHHBbIE HHTETPUPOBAHUA A U (L ONIPEAENSAITCA U3 HaYaJbHBIX
yenosuit: ©li-o = 9o = 0,5pan 1 ¢li-o = 0o =10¢L.

IloxcraBisia HavyaJdbHBIE YCIOBUS B BBIDAYKEHUS IS O U
¢ = Akcos(kt + o), monyyaem ¢y = A sin a, oy = Ak cos a, or-

Kyzaa
A= ,/(p% ﬂ‘(%)2 =0,5V2 pazn
= k
o = arctg 2% — arctgl = T pan.
(01 4

OKoOHYATENBLHO UMeeM
0= 0,5J§sin(20t + g)

OrBet: k=20c!; A=0,5V2 pan.
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3AITJAHUE 113

TEOPEMA Ob M3MEHEHHH
KHHETHYECKOU 9HEPTHH

3AJTAHHE 1

s npuBegeHHBIX Ha cxeMaxX 1-30 MexXaHWYECKHUX CH-
CcTeM, UCIIOJIb3Ys TeopeMy 00 U3MEeHEeHHH KMHeTHYEeCKOU aHep-
ruu B quddepeHnnantsHoi (popme, ONpeeuTsh YIJIOBOe YCKO-
penue (Bapuantsr 4, 6, 7, 9, 11, 18, 25, 26, 28) niun auHei-
HOe yCKOopeHue (ocTaJbHble BapuaHThl) Tena 1. Hutu HeBecombl
1 HepacTAxUMbl. [IpuHATHIE 0003HAYEHUSA: M — MAacchl TeJI,
R u r — paauycsl, p — pajnyc nHepIHH (ecjiu OH He yKas3aH,
TEJIO CYNUTATHh OJHOPOAHBIM ITMJIWHAPOM); IIPH HAJIUYUM Tpe-
HUsA yKaspBawTcia [ — KO3((MHUUUEHT TPeHUSA CKOJIbIKEHHs,
fx — KO2(OHUIIMEHT TPeHUs KayeHus.

SAJTAHHE 2

Insa npuseseHHBIX Ha cxemMax 1—-30 MeXaHUUYECKHX CH-
cTeM, UCII0JIb3ys TeopeMy 00 M3MEeHEeHNH KMHEeTHYEeCKOMH aHep-
MU B MHTErpajJbHOU (popme, ONpeAeSuTh YIIIOBYIO CKOPOCTh
(BapuanTer 4, 6, 7, 9, 11, 18, 25, 26, 28) unu JauHEHHYIO
CKOpPOCTH (OCTaJIbHBIE BAPUAHTHI) TeJsia I 1mocje ero 3ailaHHoro
repeMeIeHus ¢; = 271 paj uiu s; = 2 M. JIBUiKeHNe HauUHa-
eTcA U3 COCTOAHUSA TOKOS.

my = my; R = 20 cm;
fio = 0,3 eM; a = 30°
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my = 2my;
mg = 3m;
f=0,15

M = T70 H-m;

3 m,; = 24 xr; m, = 40 kr;
mg = 20 kr; R = 25 cm;
f=0,12; o = 30°

my = 20 kr; ms, = 10 kr;
mg = 40 kr; M = 60 H-m;
R] = 30 cm

my = my; mg = 2m,;
rs = 30 cM; Ry = 50 em;
ps = 40 cm

ms = 0,2m,;

mg = 1,6my;

rzg = 30 cm; R = 45 cm;
pa =25 cm; f=0,1;

a = 15°

M =40 H-m;
my = 15 kr;

my = 35 Kr;

R, = 20 cm;

o = 45°

= 220 H-m; my = 20 Kr;
ms = 8 kr; my = 15 kr; r» = 40 cm;
=60 cM; Rz = 70 c™; p; = 50 c™

ms = 1,6my; mg = 2my;
35 ¢cm; Ry = 55 cm;
40 cm

M =120 H-m;
m; = 30 kr; my = 42 Kr;
R, = 40 cm; a = 30°

Fat
r

B
ES

mgy = 0,5my; mg = 2my;
rs = 25 cm; Ry, = 55 cem;

my = my;

mg = dm,; 1
ro = 25 cm;

R, = 45 cm;

p2 = 35 cMm;

f=0,2

my = 15 Kr;
my = 32 Kr;

R, = 20 cm;
ro =15 cm;
R, = 40 cm;
ps = 20 cMm;
a = 60°;

M =120 Hm

mo = 6m;; R = 45 cm;
fi=0,2 cm

my = 3my; mg = Tmy;
ra = 30 cm; Ry = 50 cm;
p3 =40 cm

M =90 Hm;
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my = 0,5m;;
mg = my;
f=~0,2;

o = 60°

a = 60°

=2my; mg = 5m,; 1
p2 = 40 cM; ry = 30 cm;
Ry = 50 cm; a = 15°

ma

my = 0,5m,;
mg = Tmy;

R; = 40 cMm;
fi = 0,25 cm

my = 1,5my; my = 6m,;
ro = 20 em; Ry = 45 cm;

p2=30cm; f=0,1; a = 15°

ms = my; mg = 2,5m,;
r, = 35 cM; Ry = 45 cm;
p2 = 40 cm; o = 15°

my = 2my; mg = 6m,;
Ry = 50 cM; f = 0,25 cm

M = 270 H-m;
my = 45 Kr; my = 20 Kr;
mg = 15 Kr; ry = 30 c™;
R, = 50 cm; r3 = 35 c™; py = 40 cm

mg = 70 kr; R; = 25 cm;
R, = 40 cM; rp = 20 cm;
ps = 30 cm; M = 480 H-m

my = 20 Kr;
my = 30 kr;
my = 50 Kr;
R, = 50 cm;
r, = 25 cm;
Ry, = 45 cm;
ps = 35 cmM;
M =180 Hm
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THUIIOBBIE 3AJTAYH

TEOPEMA Ob U3BMEHEHHH
KHHETHYECKOH 9HEPTHH

3AJIAYA 1

I'pysonoabemHas ycraHoBKa (puc. 59) cocrout us bapabda-
HAa C OCeBBIM MOMEHTOM MHepHuH J = 4 Kr'M? W pajuycom
r = 20 cM, HEBECOMOTO W HEpPACTA>KMMOI'0 Tpoca U I'pysa mac-
coit m = 10°% kr, nepemeniaonerocs 10 HAKJOHHON IJIOCKO-
cTH, cocraBiaAwmei yroa o = 30° ¢ ropu3oHTOM, ¢ KOa(hdhu-
nuerroM Tpenus f = 0,2. OnpegenuTs BeJIUYHHY Bpalllarolie-
ro momeHTa M, KOTOPBIit HEOGXOAMMO IIPHJIOKNTE K Dapabany,
yTOOBI €r0 Yrj0oBoe YCKOpeHue ObLIO paBHO € = 5 ¢ 2.

Puc. 59 Puc. 60

Pemenune. [TockonbKky paccMaTpUBaeTCs MTHOBEHHOE CO-
CTOSIHME CUCTeMbI, TO CJIeJlyeT IPHUMeHUTh TeopeMy 00 uame-
HEHUH KUHeTHYEeCKO sHepruu B AuddepeHnnaaisHoil hopme

dT
- > N
IIpu ycsioBHH, YTO TPOC HEPACTSAXKHUM U OTCYTCTBYET IIPO-
CKaJIb3bIBAHKME TPOCA OTHOCUTEJILHO DapabaHa, cucreMa siBJsi-
eTcs HeHU3MeHsAeMOo# (BHYTpeHHUe CUJILI He paboTaioT), u Tor-
Ja IIPOM3BOJAHAsA OT KHHETHYECKOH aHepruu Oyjper ompexe-
JIATHCS TOJBKO MOIIHOCTSMH BHEIIHUX CHJI:

daT
ar = 2N
Kunernueckas 9HEprus CUCTEMbI (IIOCTYHATEIBLHO ABHKY-
uiica rpys U Bpamjawomuiica 6apadan, puc. 60)
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T= lmv2 + lsz.
2 2
KunemaTuueckas CBA3b, HAJIOMKEHHAA HA CKOPOCTH Irpysa
¥ YIJIOBYIO CKOpOCTh OapabaHa, ompejesigeTcs yCJIOBHAMH
HEPaACTSAXKHUMOCTH TpOoca M OTCYTCTBHEM IIPOCKAJb3bIBAHUA
Tpoca OTHOCUTeJbHO Gapabana: v = or. Toraa

T = -;—(mr2 +J)w?.

Bhipaskenue B CKOOKaX Ha3blBaeTcA NMpPUBEAEHHBIM (K Oa-
pabany) MmoMenTOM HHepuuu: J,, = mr’ + J = 44 kr-m>.
HraK, KHHETHUYECKAs dHEePIUs CHCTeMbI

o= %anmz’
a Mpou3BojgHasi OT Hee 10 BpeMeHH
dRecol do
_(E: EJHPZ(!)E = an(l)ﬂ

JlaeT JIEBYIO YaCTh 3aIlMCH TeOPEeMBbI.

Paccmorpum geiicTByiOle B CHCTEMe BHEIIHHE CHUJIBI U
ux morgroctu. Cua Taxkecru Hapadana @, M COCTaBJIAIOIIHE
peakiuu Ha ero ocu X, U Y, OyAyT MMeTh HYJeBYIO MOII-
HOCTH (TAK KaK paBHA HYJIIO CKOPOCTh TOYKHM HMX INPHJIOMKE-
HuAa — Touku 0). Takske paBHaA HYJII0O MOIIHOCTH HOPMAJILHOM
peakuuy rpysa R,, HOCKOJBKY OHA IepHeHAMKYJAPHA CKO-
POCTH rpyasa.

HenyneByo MOHiHOCTH OyAyT MMETh TOJNBKO CHJIA TAMKE-
cti rpysa G, cmia TpeHus I_F‘,p M Bpalamomuii MmoMeHT M:

N¢ = Gv = Gucos(a + 90°) = ~Gusina;
Ng, = _1-;,17 = Fpvcos180° = —F,uv; Ny = Mo.

™»
Torpa (c yueToMm KMHEMATHYE€CKON CBA3M) CyMMa MOIIIHO-
cTel 3alMINEeTCsA B BHUJE

D Ni =[M - (Gsina + Fyp)rlo.

Bripakenue B KBaJpPaTHBIX CKOOKaX HA3bIBAETCH IIPUBE-
neHHBIM (K OGapabaHy) Bpamalomum mMomeHTom: M, = M —
—(Gsina + F.p)r, m Torga npaBas 4acThb 3allMCH TEOPeMbI
umeer BuA 2Nf = M,,0.

IlpupaBHUBas MPaBylO ¥ JIEBYIO YaCTH TEOPEMBI, [OJIydYa-
eM J 06 = M0, OTCIO/]a TIOCJIe COKPAIeHUsA HAXOJAUM Tpe-
OyeMpblil TPUBEJIEHHBII BPALIAIOUIHNII MOMEHT

My = Jnpe =44 -5 =220 Hm,
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Teneps MOKHO HAUTH HEOOXOAMMBIN BPAIAOIINN MOMEHT:
M = M,,, + (Gsin a + F,)r. Yuureisas, uro Fp, = fR, = fG cos a,
Haxoqum M = M,, + G(fcosa + sina)r = 1539 Hm =
~ 15,4 kH-m.

OrBer: M = 15,4 xH-m.

3AJTAYA 2

PaccmarpuBaeTcs rpy3onoqbeMHas YCTAHOBKA U3 IPe/bl-
aymeit sagaun. K 6apabany npuiioskeH MOCTOSHHBINA Bpallaio-
muit momenT M = 3 kH-m. OnpeaennTs yriaoByio CKOPOCTh
O6apabaHa 11ocie TOro, KaK OH IOBepHeTcA Ha yrou ¢ = 10 pax,
eCcJIM IBHIKEeHHEe HavaJloCh U3 COCTOSHUS MOKO.

Pemenne. B mocranoBke gaHHOU 3ajaud HIET pedb O
KOHEYHOM IepeMeIeHNH CHCTEeMEI, II09TOMY CJIeAYeT IIpuMe-
HHUTH TeOpeMy 00 M3MEHEeHUH KMHETHUYEeCKOH 9HEePruu B MHTE-
rpajgsHO# (hopme:

T-Ty =Y Ar+3 AL

k=1 k=1
Kunernyeckas dHEPrus CHUCTEMbI IIOJyYeHA B IMPeAbIAY-
e sagave 1
7= EJHPO‘)Z’

rjie MpUBeJeHHbI MOMEeHT nHepuun J,, = 44 kr-m%. Havans-
Had KMHeTH4ecKas sHeprus cuctemsl T = 0, Tak Kak JBUMKe-
HHe HAa4YaJIoCh U3 COCTOSHUA IOKOS.

IlepeiiieM K BBIUMCJIEHUIO BEJIUYWH paboT.

BHyTpeHHUEe CHJIBI B JaHHOU cHCTeMe He paboTaior:

k=1

(Hem3MeHsieMasi CuCTeMa), M0ITOMY U3MEeHeHHe KHHeTUYeCKOoil
9Hepruu OyLeT onpeseAThCA TOIbKO paboTaMK BHEIIHUX CHJI.
BHemrsue cuiIbl U COOTBETCTBYIOIME IIEpeMeIeHus IoKa3a-
HBl Ha puc. 61 (mepemerenue
Tpys3a § W mepemelneHme Gapa-
b6aHa ).

Cuuia rsiskectn 6apabana G,
M COCTaBJAMIOIINE pPEeaKIUu Ha
ero ocu X, m Y, paborsr He
coBepmIaloT (TaK KakK HET mepe-
Puc. 61 MeIeHUS Y TOUYKHA HMX IIPHUJIO-
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sxeHua — Touxku 0). Takke paBHa HYJIIO paboTa HOPMAaJIbHOMN
peakuuu rpysa R,, TOCKOJBKY OHA MepIeHNKyJIsSpHA mepe-
MEIeHHIO Ipy3a.

HenyneBasi pabora 6yzeT TOJBKO y CHJBI TAMKECTH rpysa
G, CHJIbI TPEHUS IT‘TP ¥ Bpamawiiero momesra M. Benuuuny
aTux pador BhIYHCIgeM 10 (hOPpMYJIaM, COOTBETCTBYIOIIUM I10-
CTOSHHBIM CHJIaM W MOMEHTaM:

A; = G5 = Gscos(a + 90°) = -Gssina = ~Gh;
Agp, = _TPE = F,,5c08180° = —F,,;s;
Ay = Mo.
HWHTerpupys ypaBHeHHE KMHEMATHUYECKOH CBA3H U = OF,

[oJiyyaeM COOTHOIIIeHUe JJisA nepemelnenuit s = ¢r. Torga cym-
MapHas paboTa 3amuIeTcs B BUJE

n
> Af =[M - (Gsina + Fy)rle.
k=1
Bripa)keHne B KBaJ[PATHBIX CKOOKAX — IpUBEJEeHHbIIH Bpa-
LIAKMMA MOMEHT
M,, = M —(Gsino + Fp)r =1680 H-m,

H TOrZia nmpasad 4acTh 3allUCH TeOpeMbl UMeeT BUL
n
€ —
> Af = Myy0.
k=1

IlpupaBHUBASA MPABYIO U JEBYIO YACTH TEOPEMBI, TI0JTy4aeM
)
Ean(oz = My, 0,
OTKyJla UCKOMAas YTJI0OBad CKOPOCTh

M,
= [2—=2¢ =27,6cL.
© 7 ¢ C

np
OrBeT: 0 = 27,6 ¢c’L.

3AJTAYA 3

Kartox ans packarsiBanusa acdanpra (cMm. puc. 62) cocro-
UT M3 KysoBa Maccoif m; = 3 - 10% Kr u ABYX OAMHAKOBBIX
Hapabanos. Macca 6apabana ms = 10® kr, paguyc ero r = 0,5 M,
a paguyc uHepuuu — p = 0,4 m. KoapunuenT rpenua Kaue-
HusA 6apadanos f, = 9 cm. OnpesenuTsh BEJIUUUHY BPAIIAIOIIEro
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m, m,

Puc. 62 Puc. 63

MoMeHTa M, nepesaBaeMoro OT ABUraTessi Ha BeAYyINA Oapa-
6aH KaTKa, HEOOXOAUMYIO JJIA NPHAAHHSA KY30BY YCKOpPEHUSA
a=0,2 m/c2

Pewenue. [Tockonbky paccMaTpuBaeTcsi MTHOBEHHOE CO-
CTOSAHHE CHCTEMBI, TO CJe/yeT IPHUMEeHHTh TeopeMy 00 u3me-
HEHNN KMHEeTHYECKON sHepruu B AudppepeHIanbHOi hopme

daT e i
== LN+ TN

Kunernueckas 9Heprus CUCTEMbI (IIOCTYIATEIbHO JABUXKY-
muiicad Ky30B M COBeplIalOlMe IJIOCKOe ABH:KeHWe Dapaba-
HBI) UMEeeT BUJ,

1 D)
i %mlvz 7 2(%”1205 +§ch(.0"),

rZie U — CKOPOCTh Ky30Ba, V¢ — CKOPOCTh IIeHTpa Macc Oapa-
6aHa, ® — ero yrjoBas CKOPOCTb, J .o = myp> = 160 kr-m? —
MOMEHT MHepuuu 6apabaHa OTHOCHTEJIBHO ero ocu (Mpoxojs-
el yepea LEHTP Macce).

Kunemaruueckue CBA3U ONPEAEJNAIOTCA TEM, UTO KA (bl
fapabaH MoBoOpaynBaeTCA BOKPYT CBOEI0 MI'HOBEHHOI'O I EHTPA
ckopocreil (Touku P), a UMEHHO: Uc = ®OF; KPOMe TOro, U = Ug,
T. €. ® = v/r. Torga KMHeTHYECKasi 3HEPrusi NMPHUBOAUTCHA K

BULY T = %m"pvz,

J
rae My, = my +2my + 2 rzgc

= 6280 kr — npuBeseHHAA K KYy-

30By Macca cucreMbl. [Ipou3BojHAss OT KMHETUYECKON DHEP-
MU [0 BPEMEeHH paBHA
14
4t lm,,p 2p 9
dati2 dt
Paccmorpum pelicTByloniue B cucteMe cuJsl (puc. 63).

= myyva.
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Buemmnue cuast. Cuibl TsykecTn Gapabanos G, M Kysopa
G, 6yayT uMerh HYJIeBYIO MOIHOCTb, IOCKOJIBKY OHU IepIIeH-
AUKYJAPHBI CKOPOCTAM TOYEK MX MpuiioxkeHus. Takxke HyJe-
BYIO MOIHOCTb OyAyT NMETh HOPMAJIbHBIE PEAKI{IH R, u R, n
CHUJIBI TPEHUSA Fﬂ, U F,'p, TAK KaK PaBHBI HYJIO CKOPOCTH UX
TOYEK IMPUJIOKEHUA — MIHOBEHHBIX L[EHTPOB CKOPOCTEH.

ComnpoTusiieHNe KAYEHHIO yUYTEeM, HCIIOJIb3ys BTOPYIO MO-
JeJIb, T. €. He cCMelas HOpMMbele peakiuy, a BBOJASA MOMEH-
ThI CONPOTUBJIEHUA Kadenuwo: M, = f.R, n M}, = [ R},

CymMapHass MOILHOCTH BHEU.IHHX CHJI — MOIIJHOCTh 3THX
MOMEHTOB

ZN;“ =-M0-M,o=~-f(R, + R,'x)%-

W3 ycioBUA OTCYTCTBUA JABHIKEHUA LEHTPA MacC CHCTEMBI
BJ/IOJIb BEPTUKAJIH CJIEAYeT PABEHCTBO HYJIIO CYMMBbI IIPOEK Ui
BCEX CHJI Ha BEPTHKAJIBHYI0 OChb, OTKYJAa JIETKO IOJy4Yaem
R, + R, = Gy + 2G,. Torna

S Ni = (G + 202)2.

Bryrpennue cuasbl. Y4reMm, 4TO 3a cueT paboTel ABUraTeNs
Ha Beayluii 6apabaH m Ha Ky30B OyAyT AeiicTBOBATH OJMHA-
KOBBIE 10 MOAYJIIO, HO IPOTHBOIIOJIOKHO HAIlpaBJIeHHbIE Bpa-
masiue momentTsl M u M' (3aKOH paBeHCTBa AEHCTBUA U
[MPOTUBOAELUCTBUA). 3aMETHM, YTO XOTS 3TH MOMEHTHI OTHO-
CATCHA K YHACJIYy BHYTPEHHUX CHUJI, B JAHHOM CJIy4yae OHM JOJIK-
HBbl YYUTBIBATHCH, [IOCKOJbKY CHCTEMAa He SBJISETCH HeU3Me-
HSIeMOH (1MeeTcs B3aUMHOE NMPOCKAJIb3bIBAHUE TEJl CUCTEeMBI:
Ky3oBa u 6apabaHOB).

3anuireM, yYAThIBasA, YTO KY30B He BpallaeTcs, CymMMap-
HYI0 MOIIHOCTHh BHYTPEHHHUX CHJI (MOMEHTOB)

YNi=Mo+M'-0=M>.
Torga cymma MOIIIHOCTEH BCeX CHJI 3allMINEeTCSA B BUJE
; §
2Nk = 2N + 2 N} =M = f(Gy +2Gp)] .

MHOKHUTeNb, CTOAIUI B 3Toi (opmysie mepen CKOpo-
CTBIO, — 3TO NPHUBEJIEHHAA CHJIA CHCTEMBI

Fip = [M ~ (u(Gy + 2G)] .

Hraxk,
TaK ZNI.- e o
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Cobupasi mpaBy0 M JIEBYIO YaCTH TEOPEeMbI, II0JIy4aem
mypva = Fy,0, OTKyna HaieM HeoOXOAMMYIO NpPHBeJeHHYIO
cuny Fy, = mya = 1256 H.

W3 BeIpakeHUs JJIs NPUBEAEHHONW CHJIbI HaiijleM HeoOXo-
AMMYI0 BEeJIMYMHY Bpamaiomero momestra M: M = Fr +
+ [«(Gy + 2G5) = 5,04 kH-m.

AHanusupys YMCJIEHHBIE BEJIMYNHBI CJIaraeMbIX B IIOCJIE/-
Hel popmysie, MOXXHO OTMETHTH, YTO Ha IIPEOJOJIEHUE COMpPO-
THUBJIEHUSA KAYEHHIO B JaHHOM cjiy4yae TpebyeTcs 8HAYUTEJIbHO
OONIBIINI BpalllaloI{Mii MOMEHT, 4YeM Ha pa3roH KaTKa, T. e.
NpUJaHUe eMy YCKOPEHHOTO JABMYKEeHM .

OrBer: M = 5,04 kH-m.

3ATAYA 4

Jlnss paccMOTPEHHOTO B IPeABbIAYINe 3ajaye KaTKa omnpe-
JIeJIATh CKOPOCTH €ro Ky30Ba IIocJie TOro, KaK OH ITPOIIeJI
paccTosgHue s = 2 M, €CJIH K BeAylneMy OapabaHy NPHIIOKEH
IIOCTOSIHHBIN Bpamaoomuii momesTr M = 4,6 kH-m, a Hauanb-
Has CKOPOCTh KaTKa ObLia paBHa vy = 0,2 m/c.

Pemenue. B mocranoBke HaHHOM 3azauyM HAET pedyb O
KOHEYHOM IIepeMeIleHUH CHCTEeMBI, [I09TOMY CJIeAyeT Ipume-
HUTH TeopeMy 00 N3BMEeHEeHUU KHUHETHYEeCKOH 9HEepPruM B MHTE-

rpajabHO# (hopme: n n
T-To=) Af +) Al
k=1 k=1

Kunernueckas sHeprus CHUCTEMbI MOJYyYE€HA B IPEbIAY-
meu 3agaue 1 4
T = 3 Mapl”s
rae my, = 6280 Kr — npuBeJileHHAsA K Ky30BY Macca CUCTEMBL.

HavanbHasi KHHEeTHYECKAasi 9HEPTUS CHUCTEMBI

Ty = 3ma,v0° =125,6 [lx.

Beruucium Teneps BeIUMYMHY PAbOThI AEMCTBYIOMIUX CHUJI
(cm. puc. 63).

Buemnue cuabl. Cuisl Taxectu 6apabanos G, M Kysosa
G, paboThI He COBEPLIAIOT, MOCKOJIBKY OHHM IePIeHAUKYIAD-
HBI CKOPOCTAM (M, COOTBETCTBEHHO, II€PEMEIEHUSM) TOYEK
ux npuiokeHus. Takike He paboTal0T HOPMAJIbHBIE PEAKIINH
R, v R, W CUJbI TPEHHS F_‘Tp 54 17','p, TaK KaK BCerja pPaBHBI
HYJII0 CKOPOCTH MX TOYEK IPUJI0KEHUS — MIHOBEHHBIX I€HT-
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pPOB CKOpOCTeii, U, COOTBETCTBEHHO, IIOCTOSHHO PaBHBI HYJIIO
UX MOIIIHOCTH.

Pabory 6yayT coBepiiiaTb MOMEHTHI COIIPOTHBJIEHUA Kade-
HHI0: My = [ R, 1 Ml = fR),, a umenHo: Y A% = ~Mp —
- Mo = —f(R, + R,)o, rae R, + R, = G + 2G,.

3aecs ¢ — yroJ noBopora 6apabaHOB, 4JA KOTOPOro, MH-
Terpupys ypaBHEHUE KMHEMaTUUeCKOW CBA3H ® = V/I ¢ y4e-
TOM HYJIEBBIX HAUYAJIbHBIX YCJIOBHM IS MEepeMeIeHui s u ¢,
Jerko nmosydaem ¢ = s/r. Torga

3 Ap = ~f(Gy +2G,) 2.
r

Buyrpennue cwibl. 3anuiieM, yYUThIBag, 4YTO Ky30B He
BpalllaeTcsd, CYMMapHy0 paboTy BHYTPEHHUX CHJI (MOMEHTOB)

Mu M'" A : s
LA =Mo+M-0=M_.
Torpga cymMa paboT BCeX CHJI 3aIIMINETCS B BHUE
Y A=Y A+ AL =[M—£(G, + 202)]%3.

MuoxuTeNs, CTOALUNA B 9TOM (hopMyJie mepes nepemMerne-
HUEM S, — 3TO NPUBEJAEHHASA CUJIA CHCTEMbI

Fop =[M - £.(Gy + 262)]% - 380 H.

HUraxk,

D> Ay = Fyps = 760 .

Cobupasi MpaByIio U JIEBYIO YaCTH TEOPEMBI, IOJIydaeM
n
T2 TO = ZA-IH
k=1
win T — 125,6 = 760, orkyaa

- K 2 _ B f2-885,6 —
T—zm,,pv =885,6 [k uv = - =0,53 m/c.

OrseT: v = 0,53 m/c.



3AJJAHHE [I4
IIPUHITUII JJATPAHIKA

3AJIAHHE 1

BeinonauTs 3aganue C3, HCHOAb3YsS NPUHIMI BO3MOXK-
HBIX CKOPOCTeHl MJIM NPHUHIHUI BO3MOXKHBIX IepeMeleHNiH
Jlarpan:xa.

3AJTAHUE 2

s mpexcraBieHHBIX Ha pucyHkKax cxem 1-30, mcmossb-
3ysa npuHnun Jlarpasika, onpesesuTs BeJIUYuny cuiabl F (mpu
HAJIMYUHA TPEHUS — MaKCUMAJILHOE 3HAYEHWEe DTOH BEeJIMYH-
HBI), IIPX KOTOPOI MeXxaHUUYecKas cucreMa OyjeT HaXOJUThCA B
paBHoBecuu. Mcxonusie nannsie: Bec rpysa G; = 20 kH, Bpa-
matomuit momeutr M = 1 kH-m, paguyc 6apabana Ry = 0,4 m
(v nmBoitHoro GapaGana umeercs Takxke rp = 0,2 M), yroxa
o = 30° u KoahpuumenT TpeHus ckonsxenus f = 0,5. Heny-
MepoBaHHLIE OJIOKM U KATKU CYUTATH HeBecOMbIMHU. TpeHuem
Ha ocax OapabaHa u 6JIOKOB IIpeHeOpeys.
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THUITOBLIE 3AJIAYH

TIPHHITHII -
BOBMOKHBIX CKOPOCTEI

3AJTAYA 1

B mMexaHu3Me py4YyHOro JOMKpAaTa BpalleHne PYKOATKHA A
BHI3LIBAET BpAllleHHEe BaJIOB, CHAOKEHHBIX 3y0UaThHIMH KOJIe-
caMu, ¥ TTOCTyHaTeJbHOE BePTHKAJIbHOE JBUKeHHe 3y0uaToil
peiiku B (puc. 64).

Paanycel 3y0uaTsiX KoJsec: 1y = 3 eM; 1, = 12 eM; r3 = 4 cm;
ry = 16 cM; r5 = 3 cMm; anuHa pykoaTkH R = 18 cMm. j

Tpenuem u BeCOM 3JIeMEHTOB JOMKpaTa npeHebpeys. Om-
pelleIuTh BEJWYHMHY CHJIbI F, NPUIOXKEHHOHl K DPYKOATKe,
HEOOXOAMMOM VI yJAep:KaHus B PaBHOBECHUM TIpy3a BECOM

G = 480 krec.
' i Pemenue. Paccmarpu-
Basg paBHOBECHE MeXaHHUue-
CKOW CHCTEMBI, BOCIIOJIb3yeM-
cs MPUHIMIIOM BO3MOYKHBIX
cKopocTeii

JIl1s 9TOro NpUAaZuM dJIeMeH-
TaM CHCTEMBI BOBMOYKHBIE CKO-
pOCTH, B YACTHOCTH OTMEYEeH-
E Hble Ha PHUCYHKE Uy, 01, O,
W3 U Upg.

Ha cucremy peudcTByIOT
ABe AKTHBHbIE CHMJIBI F M (G M CyMMa MX MOIIHOCTEIi:
N = Fv, — Gug = 0, ciespoBaTesbHO,

F=G2Z,
Ua

YeTaHOBUM KMHEMaTHUYeCKHe CBA3U:

Vs = 01R; O1r] = ©als; Wal'3 = ©3ry; Vg = O30,

LJ

Puc. 64
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i i vg _nnn 1
va nnR 96’
A TOrja
1
F =—G = 5krec.
96
PaccMOTpeHHBII ZOMKPAT II03BOJSIET NOJNYYUThH BHIMTPBILI
B cuie B 96 pas.
OrBeT: F = 5 Kre.

3AJIAYA 2

OmnpenesuTh peakuu OINOpP HEBECOMOII COCTaBHOM paMbl,
ecaun cuna F = 5 kH, a momenT napet M = 2 xkH-m (puc. 65).
Pasmepsl B MeTpax yKasaHbI Ha YepTerxe.

Peurenue. OcBobogumes cpasy HOJHOCTBIO OT BCEX CBA-
3eil M AJIA MMOJYYeHHOW HAXOAAIIeHCS B PABHOBECUH CUCTEMBI
(puc. 66) npUMEHNM NPUHIMI BO3MOYKHBIX CKOPOCTEi, IpPH-
JlaBas ee 9JIeMeHTaM TaAKUe BO3MOXKHbBIE CKOPOCTH, YTOOBI KaK-
bl pas paborasa TOJBKO OJHA pPeaKIud.

1. s oupegesienus peakuuu R npugagum teay BC Bpa-
meHue BOKPYr Touku C ¢ HEKOTOPOM YIJIOBOM CKOPOCTBHIO ),
ocrasus Tesio AC HenOABMKHBIM (puc. 67).

IIpyu BHIMUCHIBAHUMA MOII[HOCTEH YUTEM, YTO JJIS BEIUKCIIE-
HUS MOIIHOCTH CHJIBI MOYXHO YMHOXKATh MOMEHT 3TOH CHJIBI
Ha YIVIOBYIO CKOPOCTB.

YLLLLLLe
\VZ R,
2 M F
' R4 o y
c N IF /l—:M
A
2 2 2 R s ~ T
A
Puc. 65 Puc. 66
R, IRB
v
M
™ F Ya P d
™o ¢ l | M, c l . M,
[ X, — X, ¥
2
Puc. 67 Puc. 68
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MomuaocTs 6yayT umerb ToJNbKO Rp m M: N = Mo —
— Rg20 = 0, oTkyna M

RB =?=1KH.

2. Ins BpruucyieHus peakuun X 4 IpugajnuM Bceil cucreme
TeJI MOCTyIaTeJIbHOe JBHYKEeHUe 110 OCH X ¢ HeKOTOPOii CKOpOo-
cThio U (puc. 68).

BosmoxHas MoIIHOCTH Oyxer juiub y cuabl X,: N =
=X, =0, orkyna X, = 0.

3. Urobbl ompesenuTs peaxkimu Y,, npugagum reay AC
MOCTyIaTeJbHOE JBUKEeHNEe 10 OCH Y C HEKOTOPO CKOPOCTHIO U
(puc. 69).

IIpu atom, uT0oOBI peakuusa Ry He MMesa MOUJHOCTH, TOY-
Ka B ymbo momkHa OBITH HEMOABMYKHA (UTO KMHEMATHYECKH
HEBO3MOJKHO, TaK KaK CKOpocTb U TOYKMU C He IepleHJuKy-
asipHa orpe3ky BC), mubo JoJIKHA UMEeTh CKOPOCTh, IePIIeHIH-
KynapHyio peakuun Rp. ITocneanee BosamorkHo, ecau Tesio BC
OyseT MOBOpPauyMBATHCA BOKPYI MIHOBEHHOI'O IEHTPa CKOPO-
creit (MIIC), mososkeHHe KOTOPOTO OIpeiesIsieM, IIPOBOJASA Iep-
NeHAUKYIAsApsl K ckopoctaMm Touek B u C. MIIC okassiBaercs B
Toyke D, BOKpyr KoTtopoit tesio BC moBopaynBaeTcs ¢ HEKOTO-
pO¥l YriIoBOM CKOPOCTHIO ®. IIPU 3TOM JOJIKHO BBITIOJHATHCS
ypaBHeHHe KMHEMATHYeCKOH CBA3U v = ve = o|DC| = o - 2.

Bosmo)kHasi MOIIHOCTH AeicTByommux cua N = -Mo —
~Fuo+ Y =0.

IoxacraBnsa coga v = 20 U COKpalas ypaBHeHHe HA O,
nosyyaem —M — 2F + 2Y, = 0, orkyza

M+ 2F
-~ 2

4. IIns ompejesieHUsI MOMEHTA 3aJeJIKM NPUIAAAM TeJy
AC BpaieHue BOKDPYT TOUYKH A ¢ HEKOTOPOH YIJIOBOM CKOPO-
cTei0 ©) (puc. 70).

IIpu arom juis Toro, urobbl peakuus Rp He nMeJia MOIHO-
ctu (He paborasa), Teny BC, Kak W B IpeAblAyIIeM ciydae,

YA = 6 KH-

Ry | R,
il T S . v o= b
M v M £ Y,
F
© l A M, IF o, | M,
1 ©,
pr——e - e
D=P ¢ ’ X, D=P ¢ l X,
Pue. 69 Puc. 70




cJielyeT mpu/1aTh Bpaiienue Bokpyr touku D (MIIC) c nekoro-
pOil YIJIOBO# CKOPOCTHIO 9. CBA3L MEIK/y YIVIOBLIMH CKOPOC-
TAMM OIlpejejieHa BEeJIWYHMHOW CKOopocTH TOouYku C: vp =
= 09| DC| = 01|AC|, orryna

AC|
|pC|

BoamoskHasa MoIHOCTh jeicTByOIuX cua N = Moy —
—F'2m1+MAO.)1=O.

IlopcraBiisis c10/1a BEIPDAYKEHHE My =2(); U COKpAaIas Ha Oy,
nonyyaem —-M -2 - F - 2 + M4 = 0, orkyna M, = 2(M + F) =
=14 xH-m.

OrseT: Rg=1xH; X, =0; Y, =6 kH; M, = 14 xkH-m.

s = M = 2.

3ATAYA 3

OnpenenuTs yCHIUS B OTMEUYEHHBIX CTEPIKHAX (epMbl
(puc. 71), ncnonba3ys MPUHIKMI BO3MOKHBIX ckopocrteii (ITBC).
Ilpunoxxennas cuia F = 12 kH, pazmepb! yKkasaHbl B MeTpax.

Pemenue. Pepma He HMeeT creneHeil cBoOOAbLI U IIPH-
meHuTh K Heil IIBC memocpejacTBeHHO Henb3ss. Byaem mocie-
JIOBATEJIBHO YAAIATH OAUH U3 CTEPKHeil (hepMbl M 3aMEHUM
ero cuJjiaMu, JeMCTBYIOIIMMH CO CTOPOHBI YAAJEHHOIO CTEePK-
HA Ha (epMy ¥ PaBHBIMHM YCHMJINIO B crep:kHe. llonyuenHas
reoMeTpHYECKH U3MEHsAeMas KOHCTPYKILUA HMeeT OJHY CTe-
neHb ¢BOOOABI, M K Hel Mo:kHO npuMmeHuTs [IBC (wau IIBIT).

1. Onpedenernue ycunus S.

Yaanum crep:kers 1. IIpu aTom yurem cuusl S;, JeiicTBy-
IOI[He CO CTOPOHBI CTEPXKHA HA (DepMy, BKJIIOYNM 9TH CHUJIBI B
YUCJI0O AKTUBHBIX cu (puc. 72).

Ilpugagum cucremMe BO3MOYKHBIE CKOpocTH. JleBas vacThb
depmer ACE MOKeT IMOBOPAaYMBATHCA C HEKOTOPOH (Impous-
BOJIBHOM) BO3MOKHOII CKOPOCTBIO (»; BOKPYI' HEIOJBHIKHOM
Touku A. IlpaBass yacTh (pepMbI — B IJIOCKOM JIBHIKEHUH.

1 F cCS S D F

A B=P
= P I PR S -
UF

Puc. 71 ~Puc. 72

]
1




Ee MIIC (Touka P) JIe;KHT Ha IIepecedyeHn  MepueHIHKYIapPoB
K BO3MOJXHBIM CKOPOCTSAM Up H Up, W COBHAZAET C TOYKOI B.
B nanuoM ciryuae n3-3a HaJWMYHASA JEBOH YacTH ()epMbl TOYKA
B ocraerca HeNnoABMIKHOI, U npasas yacth pepmsl EDB no-
BOPAYMBAETCA BOKPYT 3TOH TOYKH C BO3MOKHOM yIJIOBOM CKO-
POCTBIO M.

CymmapHas BOBMOMKHAA MOIIHOCTh 3aJaHHOM CHIBI F M
yeuauii S; mmeer BHJ

Si120, + 51205 — F20, = 0.
YCTaHOBHM CBSI3b MEXKAY 1 H Ma:
vg = 0)|AE| = 0y|EB|,

TO €CThb

ITocie mojgcTaHOBKM ; M COKpAIlleHMA HA 203 NMEEeM
28, + 8S; = F, orkyna

F

Sl = 3 =4 kH.

2. Onpedenenue ycuausa Sy (puc. 73).

Ypanum crepkeHb 2, yuTeM yCHINA Sy, BKJIIOYUB UX B
YMCJIO AaKTHBHBIX cwii. IIpujgasnM cucremMe BO3MOMKHBIE CKO-
poctu. JleBas yacth (epmbl ADE MOXKeT BpamiaThCsa BOKPYI

\ P o,

ES, S, H Up
o, 2 I3 AN\
Puc. 73

HEIOJIBHIKHON TOYKH A € YIJVIOBOM CKOpPOCTBIO ;. IlpaBas
yacTh ¢epMbl — B mockoM aBurkeHun. Ee MIIC (Trouxka P)
JIEJKHUT Ha NepeceyeHn  NePIeHJUKYIAPOB K CKOPOCTSAM Up |
Up, W mpaBas 4acTh (pepMbl ITOBOPAYMBAETCS C BO3MOMKHON
YIJIOBOI CKOPOCTHIO ()5 BOKPYT TOUKH P.

Bo3MosKHAA MOIIHOCTH CHJI (CHJBI F U yCHJINIA §2 ) ume-

eT BHJ -S,80s + F 1wy =0,

oTKyza S, = g =4 kH.
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Puc. 74

Cuna S,, npunoxkensasa k reny ADE, ue paboraer.

3. Onpedenenue ycunus Sz (puc. 74).

Vaanum cTepiKeHb 3 M yYTeM CHJTbI Sy, BKJIIOUNB 9TH CHIIBI
B YMCJIO AKTUBHBIX cui. IlosyueHHas cucremMa MMeeT OJHY
crerneHb CBOOOJABI U COCTOUT M3 UETHIPEX TBEPABIX TeJ, COeIu-
HeHHbIX mapuupamu: ACE, DHB u crep:xueit CD u EH.

IIpugagum cucreme Bo3MokHBIe cKopocTu. Teno ACE mo-
JKeT IIOBOPAYMBATHCA BOKDPYI HEMOABHIKHON TOUYKM A C BO3-
MOYKHOUM YIJIOBOM CKOPOCTHIO ;. Torjga Bo3MoKHAaA CKOPOCTH
Touku E HanpasieHa BeprukayibHo. CKopocTs Touku H Tak-
JKe HamnpaBjieHa BePTUKAaJIbHO, TaK KaK NMPOEKIHUN Uy U Uy
Ha OCh, NMPOXOAAINYI0 uyepe3d TOYKU E u H, HOJOKHBI OBITH
paBHbI. Teso BHD — B mnockom asmxkenunn, u MIIC rena
BHD nexut Ha IepecevyeHun MeprneHJuKyaapoB K CKOPOCTAM
Touexk H u B u coBnagaer ¢ Toukoir B. Ilycrs 310 TEs0 nOBO-
payuBaeTcs ¢ BO3MOXKHOM yIrJIOBOI CKOPOCTHIO 5. Hampasie-
HHEe 0 ONIpe/iesIgeTcs HalpaBJeHHeM CKOPOCTH Dp, a IOoCcJe]-
HASA — HaIpaBJIeHHEM CKOPOCTH Ug.

Bo3MOKHAasA MOIITHOCTH CHJI (CHJIBI F ¥ CHJI §3) UMeeT BUJ

-Szsina - 2m; — Szsina - 20, — Szcosa - 205 + F - 205 = 0.

ITockoabky o = 45°, TO Ve = Up, TAK KAaK NMPOEKIUH ITUX
CKOpoOcCTeil Ha 0Ch, MPOXoAANYI0 Yepe3d Touku C u D, N0JI3KHBI
6bITh paBHBI. Torza paBHBI M YIVIOBBIE CKOPOCTH O = Os.
Beipaxenue 111 BO3MOYKHOI MOIHOCTH NPUHUMAET BU/I

—383 gzﬂ)g +F- 2(!)2 - O,

Sa=FT\/§=4\/§KH.

OrBeT: S; =S, =4 kH; S; = 4V2 kH. CrepsxHU pacTsi-
HYTHI.

122

OTKy/Aa




3AJTAYA 4

OpuopoaHbIi cTep:keHb AB (puc. 75) pmmHoi 2/ nojasenies
HA HUTH B TOYKE A, U OIIUPAETCS Ha IVIAJAKHIA BBICTYII B TOUKE
D. Paccrosinusa |OA| = |AD| = I. Touku O u D maxoasTca Ha
OZIHOM ropu3oHTagn. HaliTi yroa ¢ Mexy cCTepKHeM U ropH-
30HTOM B II0JIO}K€HUU PABHOBECUS CTEPIKHSA.

Puc. 75

Pewenne. Ha crepiens feficTByeT elMHCTBEHHAS aKTHB-
Has cuta — cua Tshkectu G, noaromy IIBC naer N = G 0 = 0,
rfie Up — BO3MOJKHAs CKOPOCTH IEHTPA TAMKECTU CTEePIKHA.
ITockonbKy cuya (G MMeeT NPOeKIMIO TOJbKO Ha OCh Y (0Ch Y
HaIllpaBJieHa BePTUKAJIbHO BHM3), PACIHUCHIBASA CKAJISAPHOE IIPO-
usBejgenue, moayyaem G - ve, = 0, orkyna ve, = 0, rae

y = Yc — TPOEKIHA CKOPOCTHU IEHTpa TAXKECTH Ha OCh Y.

Takum obpasom, Yc =0, T. e. B IOJOKEHUH PaAaBHOBECUS
KOOpAMHATA Yo UMEeT CTAIMOHADHOe 3HAYEeHWe — B JaHHOM
cayyae makcumasabsHoe. IlociieqHee o3HayaeT mpocToe yCiIo-
BHe: JJIS Tejia B II0JIe CHJIBI TAXKECTH ITOJIOKEHHEeM yCTONYH-
BOTO paBHOBecHs OyZeT TO, IPA KOTOPOM I[€HTP TAXKECTH ero
3aHMMAaeT caMoe HU3Koe moJioskenue (npurmun Toppuuesan).

Tak kak (13 reomerpun) yc = [ sin 2¢ — I sin ¢, 10

- _dyc.
Ye = d(p(p’

rge ¢ = — BO3MOXKHAA YIVIOBasi CKOPOCTh IIOBOPOTA CTEPIKHS.
Orciona ciemyer:

l(2cos2¢ —cos)p = 0.
ITockonbky ¢ # 0 (yroa ¢ He MMeeT CTAIIMOHAPHOIO 3HA-
YeHHUsA), IoJydaeM T Te— *)
nian 4cos®@—cosp -2 =0, orkyaa

cos(p = ligié_?i u ¢ = 32,5°.
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Ecau ke ¢ camoro Hayajga pacCMOTpPeHUs BeIOpaTh B Kade-
cTBe 0000IIeHHOI KOOPAMHATHI yIroJ ¢, TO BO3MOXKHAA MOII[-
HOCTH mosyyuiack 6s1 B Buge N = Q,¢, rue Q, — 0b6obmen-
HadA cuia. B monoskenuu pasuosecuss N = 0, a aro upu ¢ # 0
O3HauaeT, 4YTO paBHA HyJ0 obobmenHasa cuna: @, = 0 — BHI-
pasxenne npuHnuna Jlarpasyka B 0000IIeHHBIX CHJIAX.

ITockonbKy d
s Yo .
N =Gyc =G—==¢,
Ye do P
TO @, = %yg =0, orkyza % = 0, ¥ MBI BHOBb IIPUXOJUM K

YPaBHEHUIO (*).

IIpuBegeHHOe pellleHUe 3aJa4d MOXKHO CPDABHUTH C ee pe-
menueM B paszaesne C2, urodbl ybeaAuThCS B JOCTOMHCTBAX
METOJ0B AHAJIUTHYECKON CTATHKH.

OrBeT: ¢ = 32,5°.
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THIIOBBLIE 3AJIAYH

ITPHHITHUII
BO3MOKHBIX IEPEMENEHH

3AJTAYA 1

Iana pama (puc. 76), pasmMepbl KOTOPOil yKasaHbl B MeT-
pax, ¢ Harpyskoii F =10 kH; M = 20 kH-m; ¢ = 2 kH/m.
OnpesesnuTh peakiiuy OIOpP paMbl, UCIOJL3YS IIPUHIUI BO3-
MOKHBIX ITepeMeleHNil.

q
Pemenue. Pama HE nme- [
erT cTeneHeil ¢cBoOOABI W TIPH- ‘ ‘ l ‘ ‘ 1 ‘ ‘ ‘ ‘ ‘ ‘
MEHUTh K Hell HeIoCpeJACTBeH- C
no IIBII nenwasa. Bygem nociie- /\M F Jz

JIOBaTeJNbHO yOUpaTh OJHY M3
cBsABei, 3aMeHaAA ee peakuueii, 6
BKJIIOYHB IIOCJIEAHIOK B YHCJIO
akTuBHBIX cui. [locsie npeo6- B
pasoBaHUsA CUCTEMA I10JydaeTr A

o« ]

OJHy cTeneHb cBoOOAbI. Hc- 3

noasayem [IBII: ) )
Zi;r 8’_} =0. Pue. 76

1. Onpedenenue momenma 6 zadenxe M,.

3a/leIKy B TOYKe A 3aMEHHMM HENOJABM)KHBIM HIADHUPOM
(cm. puc. 77). Teneps cucreMa MMeeT OJHY CTeIIeHb CBOOOABI.
Touka A ocraeTcss HEIOABHUAKHOI, HO Tesno AC MOKeT moBopa-
YUBATHCA BOKPYr Touku A. JlobaBuM peakuuio OTOpPOILIEHHOI
cBA3M M4 ¥ BKJIIOYHM €e B YHUCJIO AaKTUBHBIX CHJI.

IIpuaagum cucreme BO3MOKHBIE nepemenienns. IIyers Teno
AC noBopaumBaeTcs BOKPYI TOYKHM A HA HEKOTOPBIA Gecko-
HEYHO MAJIBINH yroJ 8¢;.

ITpu aTom Tesio CB GyaeT HaXOAUTHCSA B IJIOCKOM JBUYKEHUH,
npuyeM Touka B uMeeT BO3MOXKHOCTh ABUTIATHCA BAOJb OIOP-
HOH nopepxHocTH. MruoBeHHbI neHTp ckopocreit (MLIC) Tena
CB — touka P — JIe;KUT Ha MepeceyeHUH NepreHuKyIsipoB K
BO3MOYKHBIM CKOPOCTAM Uy M g (MJH, 4TO TO Ke camoe, K
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Puc. 79
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4q

BO3MOJKHBIM IT€PEMEeIeHUsAM §rp |
87rp). Teno CB noeepHeTcs: HA He-
KOTOPBIHA yroJ 8¢, MPOTUB YaCOBOM
CTPEJIKN BOKPYT TOYKHU P.
BoamosxHas pabora ak THBHBIX
cu (1 momeHTa M,) nmeer BUJ

MA&PI + MS(P] + 3q1,58(pl +
+4g25¢, — F105¢p, =0
Bripasum 8¢, uepes ¢, yuu-

ThIBaAg, uTo Ve = |[AClo, = [CPlo,,
oTKyza

_lac| _fen|
|CP] |CE|

M, CJIelOBATeJIBLHO,

(OF) 0.)1,

32 %5% .

ITocne nmojpcTaHoOBKM 8¢y U CO-
KpaleHus Ha 6¢; ypaBHeHHe BO3-
MOXKHBIX paboT HpUHHUMAET BHJ
M+ M, + 10,5¢g — 7,5F = 0, or-
Kyaa M, = 34 kH-m.

2. Onpedenenue pearyuu Y 4.

3aMeHHM 3aJeJIKy B TOukKe A
CBA3BIO, KOTOpasi HE IO3BOJISET
Teny AC moBopa4ynBaThCA U paspe-
IIaeT nepeMellleHle B BePTHKAaJlb-
HOM HamnpasJyeHnu (puc. 78).

JlobaBuM K aKTUBHBIM CHJIAM
peaknuio Y,. IIpugagum cucreme
BO3MOXKHBIE TiepeMerenus. Teso

AC nepeMecTHM IOCTYNATEJbHO B
BEPTUKAJIBHOM HAIIPABJEHUHW HAa
orp. Teno CB moBepHeM Ha yrou
8¢ Bokpyr MIIC (Touxa P).
Boamorxknasa pabora Bcex ak-
THUBHBIX CUJI ¥ MOMEHTOB HMeeT BUJ

Y 0rc —3qdre —4q25¢ + F25¢ = 0.




VunreiBas, uro dre = 8¢|CP| = 8¢ - 4, nonyunm Y, - 4 —
—20q + F-2=0, orkyna Y, = 5 kH.

3. Onpedenenue peaxyuu X 4.

3amMeHuM 3a/leJIKy B TOUYKe A CBA3BIO, KOTOpPasa He I03BO-
nser reay AC moBOpaunBaTHCA M paspeliaeT nepeMeriaTbCsa B
ropusoHTAJbHOM HampasieHuu (puc. 79). JlobaBum K aKTHB-
HbIM cuyaM peakuuio X,. Ilpugaagum cucreme BO3MOXKHBIE
nepemernenusi. Teno AC MoKeT ABHraThCS MOCTYNATEJIBHO C
nepemerniesuem §r,. Teso CB pBuraerca Takke IOCTynaTelb-
HO, Tak Kak o0ry|[d73 m orpesok CB He NepHeHAMKYJSApPEH
ory, npuyeM Jrg = drp = Ory.

BoamoskHas pabora BceX AKTHBHBIX CHJ M peakmuu X,
npuaumaer Buf X 0ry — Féry, =0, 1. e. X4, = F = 10 xkH.

4. Onpedenenue peaxyuu Rg.

Yerpanum onopy B, samenus ee 3q 4q
neiicreue peaknueit Rp. Ilpugagum 1750
cHucTeMe BO3MOYKHbBIE IepeMeleHus 4 i
(puc. 80). Tesmo AC — HENMOABUIKHO, |
Tesio CB noBopaunBaeM BOKPYT TOY-
ku C Ha yroxa &¢.

BoamoskHas pabora BceX aKTHB- A ™
HBIX CHJI B peakuuu Rp umeer BUJ o B

4q28¢ + F25¢ — Rp48¢p = 0, Ry
Puc. 80

\

orkyaa Rg = 9 kH.

OrBeT: X,=10kH; Y, = 5 kH; M, = 34 xkH-Mm; Rp =
=9 kH.

3ATAYA 2

OnpenenuTs peakiuyu ONOp HEBECOMOMN COCTaBHOM paMBbl,
ecau cuna F = 5 kH, a momenTt napst M = 2 kH-m (cm. puc. 81).
Pasmepsl B MeTpax yKasaHbl HA YepTexe.

PeueHnue. Mexanuueckas cucTeMa COCTOUT U3 ABYX TeJI
U NpPH HAJOYKEHHBIX CBA3AX HAXOJUTCA B PAaBHOBECHH, HE
umesi cremneHeil coboabl. OcBobOXKAaA CHUCTEMY OT CBA3€H,
BBOAsA peakmuu X,, Y, , M4 u Rp n npuaasas eil MBICJIEHHO
JBUIKEHUE, MOYKHO NpUMeHATh npuHuun Jlarpamxa. [Ipu atom
IpuaBaeMoe JBUKEeHHe JOJIKHO ObITh TAKUM, YTOOBI U3 BCEX
HEH3BECTHBHIX PeaKINii TOJBKO OfHA coBepuiana pabory. U Tor-
Jla M3 BBIPAYKEHHUS IPUHIIMIIA BO3MOXHBIX MepeMeIleHHi

n
ZF,,S& = (0 2Ta peaknusa MOYKeT OBITh BbIYMCJIEHA.
k=1
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VB o A Ry
2 M 7 Y
2 &,
2 L 2 2.3 , (
MA XA
R,; Puc. 81 Puc. 82
Y
F A Ral
e folrs: Y,
o, ool st o
M, A X /
AR

Pue. 83 Puc. 84

OcBobogumesi cpa3dy IOJHOCTBIO OT BCeX CBA3el M AudA
[IOJIyYeHHOM HAaXOAAIeiicas B paBHOBeCHH cHucTeMsl (puc. 82)
npumenum IIBII.

1. Onpexenum peaknuio B Touxke B.

Ins onpenenenusi peaknun Rp npugagum yactu BC BO3-
MOKHOE IlepeMelleHrne B BHe IMOBOpoTa BOKPyr Touku C Ha
6ecKOHEYHO MaJblil yroa 8¢ (puc. 83).

IIpu 3anucu BeIpakeHusa paboThl y4TeM, YTO paboTy CHJIbI,
JeiCTBYIONIE HA Bpallaoleecs TeJo, Ipole 3anucaTh B BUze
[IPOM3BEEHNUA MOMEHTA CHJIBI OTHOCHTEJIBHO OCH BpalieHus (Tou-
KM [IOBOPOTA) HA yroJ [IOBOPOTa. B JaHHOM ciryvae moJiydyaeMm

0A = Ry - 26— Mdop =0

wiu
(Rp-2- M)dp = 0. (*)

Hod¢p # 0, utorna Rg - 2 — M = 0, T0 ecTb Rp =%=1KH.

O6paTuM BHMMaHHE Ha TO, YTO BHIpA’KeHWE B CKOOKax B
ypaBHeHuH (*) — 3710 00600IIeHHAs CHJIa, COOTBETCTBYIOIIAA
0000IIeHHOII KOOpAHHATE (, W OHA, KaK 9TO W CIeayeT u3
npuanuna Jlarpaunska B 0000IEHHBIX CHJIAX, B ITOJIOXKEHUH
paBHOBeCHs CHCTeMbI paBHA Hymo: @; = 0;j =1, 2, ..., s.

2. Jllns onpepeneHus peakmumn X, cleayeT MPUAATH TEJy
AC Takoe nepeMeIeHne, IIpu KOTOPOM OHO He IIOBOPAYMBAET-
csl M He mepemelnaercsa BAoJb ocu y. Torga peakunu Y, u M,
paborats He OyayT.

IIpugagumM cucTemMe TeJ MOCTYHATEeJIbHOE BO3MOMKHOE IIe-
pemelnenue (puc. 84) Bmoss ocn x, u Torga 6A = X,0x = 0,
oTkyja ciaeayer, uro X, = 0.
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3. Ilnsa onpexpenenns peakuun Y, npugaaum teay AC mo-
cTymaTesJibHOE JBUIKEHWEe I0 ocH Y (BO3MOYKHOe Iepemerie-
Hue dy). Yro racaercs Tesia BC, T0 1y14 TOro, 4To0bl HUKaK He
Hapyuajachk cBaA3b B Touke B, oHa aubo JoJKHA OBITH HEIO-
JABUIKHOM (Y4TO B JIAHHOM CJIy4yae KMHEMaTHYeCKU HEBO3MOIMK-
HO, Tak Kak nepemernenne oy Touku C He NepHeHAUKYIAPHO
orpesky BC), 1nb0 ee nepemMelneHue A0 HO ObITh NePIeH n-
KynsapHo peaknuu Rp. Ilocnemuuii ciyuail BO3MOKeH, A
aroro Teno BC A0/DKHO MOBOPAYMBATHCS BOKPYr TOYKU D
(MIIC), B KOTOpO# IlepeceKaroTcsi MepneHAuKyJIApsl K 1nepe-
memieausam Todek B u C. Beejgem cOOTBETCTBYOUINI IOBOPOT
(BO3MOIKHOE TepeMelieHne) Ha yroJ 6@ (puc. 85).

Cease mexay 6¢ u oy caexyer us rpeyronbuuxka DCE c
0ECKOHEYHO MaJIbIM YrJIoM 8¢, a UMEHHO: Oy = 20(.

BreinuceiBas BO3MOKHYIO pabory, noaydyaem 0A = —Mop —
— Foy + Y, 0y = 0.

ITocsie mozcTaHOBKH 8y M COKpalleHusa Ha 0@ umeem —M —
—F-24+Y,4-2=0, orkyna Y, =@=6KH.

4. Jlna oupeneseHUss MOMeHTa 3ajenxkm M, npugagum
reny AC BO3MOXKHOE IepeMelleHne B BH/ie II0BOPOTa Ha yroJi

' O0¢; BOKpyr Toukm A (rorga peakuuum X, u Y, paborars He
oyayr). Has toro urobsl He paborasia peakius B TOuKe B,
Tesry BC BHOBB NIpHAAZMM BO3MOXKHOE NE€peMelleHue B BH/E
MMOBOpPOTa BOKPYTr Toukyu D Ha yroJ 6¢, (puc. 86).

‘ Us rpeyronsankos DCE un ACE ycraHaBiIWBaeM CBA3b

I MEXJY dTUMH yriaamu: dy = 28¢, = 48¢,, TO €cTb 8Py = 25¢,.

BeinucsiBaeM BO3MOKHYIO pabory A = —Mdgp, — F258¢, +
= MAS‘PI =0.

ITocne moacTaHOBKH 8(p = 28(p; M COKPAIEHUA HAXOJUM
-M-2—-F- -2+ M,=0,orkyna M4 = 2(M + F) = 14 xH-m.

OrBem Rg=1xH; X, =0; Y, =6 kH; M, = 14 xH-m.

R, Ral
o

\ O,

\f} & F Y, Y o 1": I
aile NN 50,109 so ks
D\:}'ﬂ&p lby ¥ By . > ‘5“’2:{ 3o.F ‘-\l -
— |C M\ X 2 2 2 4

Puc. 85 Puc. 86
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3AJAHUE 115
ITPUHIIUAII TAJTAMBEPA

s npuBefeHHbIX Ha cxemax 1-30 mMexaHMYECKUX CH-
cTeM, UCIONb3yA npuHIun Jamambepa, OnpesesuTh BeIUdn-
Hy cunbl F, He0OX0oAMMYIO A8 IepeMeljeHus rpysa ¢ 3afaH-
HBIM YCKOPEHHEM d;, a TaKMe yCHUJIHue B I'DY30OBOM TpoOCe.
Ucxoauble aHHBIE: Macchl rpysa m; u Oapabana m,, paguyc
bapabana R, (y aBoiiHoro 6apabaHa mMeeTcs TakiKe I's), ero
pajguyc MHEPIHHU P, (ECIIM OH He YKa3aH, TeJO CYUTATH OLHO-
POJHBIM IUJIHUHAPOM), YTOJI O ¥ KOIPDUIMEHT TPEHUA CKOJIb-
sxeHus [ nmpuBegeHsl B Tabauie. HemponymepoBaHHbIe OJI0KH
M KaTKHA CYUTATH HeBecOMBIMH. TpeHunem Ha ocsax GapabaHa u
6JI0K0B nIpeHebpeyn.

nr:;. my, kr | ma,xr | psem | Ry, em | 12, em rp(::l. 8 :Ilc"
1 1000 200 0,15 2,0
2 500 100 20 40 20 30 0,2 1,5
3 600 80 30 30 20 0,15 3,5
4 500 100 2,0
5 200 50 25 30 15 45 0,1 3,0
6 1000 150 40 20 10 2,7
7 400 100 30 35 15 0,25 1,5
8 1000 200 40 20 15 1,0
9 1500 150 20 30 20 1T
10 700 100 30 0,2 2,0
11 750 100 30 40 25 3,0
12 700 80 2,5
13 800 200 40 30 10 2,0
14 500 85 35 20 15 1,6
15 500 100 25 30 25 1,0
16 520 100 45 0,1 2,0
17 620 150 15 30 20 0,25 0,9
18 700 70 40 40 30 0,25 1,0
19 800 50 20 25 10 1,6
20 500 80 35 30 10 30 0,2 1,8
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Ne

R, em

Bap. m, Kr mz, KT Pz, M rz, cm rpaj. M/cg
21 600 60 20 30 25 2,0
22 1000 150 45 0,15 3,0
23 1500 200 35 35 25 45 0,2 3,5
24 1000 160 45 30 15 2,5
25 700 80 1,5
26 500 100 15 40 20 1,0
27 350 75 0,2 2,0
28 450 75 20 45 25 30 0,1 3,0
29 550 85 60 0,2 2,5
30 600 100 30 25 10 1,5
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THUIIOBBIE BATAYH

ITPUHIIUIIBI TAJIAMBEPA
A TAJTAMBEPA-JIATPAHIKA

3AJTIAYA 1

I'pys 1 maccoit m; = 500 kr, nepemMeaOUIUIACa IO TOPH-
30HTAJBHON MIEPOXOBATOMN IJIOCKOCTH (KO3 pHUIIHEeHT TPeHUs
ckosbkenuss f = 0,2), cBA3aH HEBECOMBIMH HEPACTAKUMBI-
Mu Tpocamu c¢ Oapabanom 2 paguycom r, = 0,2 M, maccou
ms = 150 Kr u ¢ HeBecoMbIM Gapabanom paguycom r = 0,3 M,
K KOTOPOMY IIPHUJIOXKEH Bpalamimuii MomeHT M, IpPUBOAS-
Ui B ABMIKeHHe cucremy (puc. 87).

Kaxoit BemmuuHb! H0JKeH O0bITh MOMeHT M, 4ToOBI YCKO-
penve rpysa 1 paBsnock 6s1 @; = 1,5 Mm/c? B TOT MOMeHT,
Korja Tpoc HeBecoMoro 6apabaHa COCTaBUT C BEPTHKAJBIO YIoJI
a = 60°. OnpesesuTh TakXe IIPUA ITHUX YCIOBUAX YCHIHUA B
Tpocax rpysa u peakuuu ornop 6apabanos. Bapabau 2 cuurarth
OJHOPOJHBIM IUJINHAPOM.

Pemenune. IIpumenum npunnun Hanambepa k OGapaba-
Hy 2 (puc. 88), 100aBUB K JEHCTBYIOIIMM CHJIAM IJIABHBIA MO-
MeHT cuJ uHepnuu 6GapabaHa OTHOCUTENBHO OCH BpAIIEHUS
M% = —J,e. MomerT M? HanpaBJjieH IPOTUB YIJIOBOI'O yCKOpe-
HHSA €5, U €r0 MOAYJb paBeH |[M%®| = J.e. YuursiBas, uro oce-
BOM MOMeHT mHepuuu 6apabaHa Kak OJHOPOZHOIO IIHJIMH/pA
paBeH

J, = %mzrf = 3 Kr-m2,

a,
pitan
N

o

Puc. 87 Puc. 88
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a
H 4TO 1 =7,5C_2,

nmeem (M%) = J,& = 22,5 H-m.
_ Vpasuenus npuununa [lanambepa Aasi CHCTEMBI CHJI
Gs, Fyy, Xo,, Yo, u maper ¢ momentom |M%| umelor Bu:

x:FHl —X02 =0; y:y'()2 —Gz =N MOZ: M;P

> Fleg =0
PemuB cucreMy ypaBHEHHM, MOJYUHUM, YTO CHJIA HATSMKE-
HUsA Tpoca paBHa
2] _ 1
Yy FHl = =§m2l11 =0,113kH,

a, r
n a peaknuu omnop Gapabana:

En| @ {__I on = F[“ = 0,113 KH;
F, x Yoz =Gy = myg = 1,47 xkH.

E N Fu2 IIpumenum reneps npuanun la-
G, nambepa kK rpyay 1 (puc. 89), moba-
Puc. 89 BHB K JIEHCTBYIOIMM Ha HEro cCUjIaM
CHJIY MHEPLUU, MOAYJIb KOTOPOi @, =

Fus\ a =mya, = 0,75 kH. Cuna ®; = -ma
HalpaBJieHa NPOTHB YCKOPEHUA ;.

\ . _ YpaBHeHus Ans CHCTEMBI CHJI
/ . GI’FHHFHZanvF'rpv(DlBnpoexun'

Y ] >, AX Ha OCH KOOpAMHAT HMEIT BHJ
0

y x:Fstina—Fm—E,p—(Dl =0
Puc. 90 y: R, — Gy — Fyscosa = 0.

W3 Broporo ypaBHeHUs cucrembl mnoayuyum R, = G, +
+ Fyscos a, otkyaa Fr, = fR, = f(Gy + Fyscos a).

Torga u3 mepBoro ypaBHEHHS OIPEJAEJIHM HATSKEHHEe B
IIpaBoOif BETBH Tpoca

Fyy =700 0 T _ 5 4y,
sina - fcosa

ITpumennm npurnun larambepa u k HeBecomomy Oapaba-
HY IpH JAeHcTBUH cul Fpa, Xo, Yo H Bpalamollero MOMeHTa
M (puc. 90):

x: Xy — Fyssina = 0;
y: Yy — Fyypcosa = 0;
My: Fyor—-M =0.
PemnB cucreMy ypaBHEHHH, MOJyYUM BpAIaiOM(Uii MO-
MEHT U pPeakI[MH OIop:
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M = anr = 0,723 KHM;
Xo = Fyssina = 2,09 kH;
Yy = Fyscosa = 1,21 kH.

OrsBer: M = 0,723 xH-m; Fi; = 0,113 kH; Fyo = 2,41 kH;
Xos = 0,113 xH; Yy, =1,47kH; X, = 2,09 xH; Y, = 1,21 xH.

IIlpumMevarnue. YeTaHOBHM IIpe/iesibHOE 3HAYEHHeE yriia
Opp, TPH KOTOPOM CHJIA HATAKeHMA Tpoca Fy, CTaAHOBUTCH
HecKOHEUYHOIT (3hdeKT CAMOTOPMOIKEHNA NITH «3AKJTMHUBAHUSA» ).

W3 dhopmynsr gia aToil CUIBI CIEAYET, YTO 3TO OyAeT npu
sin o —fcos o = 0, T0 ecTh Py tg & = f, oTKyAA Oy, = arctg f =
=11,3° — yron Tpenus. CrexoBaTenbHO, «3aKJIMHNBAHUE»
IMPOMBOMALT Torjga, KOrja 3HaYeHMe yrjia o CTaHeT PaBHBIM
yIUIy TPEHUA U JUHHUSA Tpoca COBIIafieT ¢ oOpasylolieil KoHyca
TpeHusi. B wacrHom cayuae riagkoit nmosepxHocTH f =0 mn
Oyp = 0 — «3aknMHMBaHME» NMPOM3OI/IET NPU BEPTHKAILHOM
[I0JIO}KEHUH Tpoca.

3AJTAUA 2

LenTpobesxuplit peryasTop (puc. 91), 3aKkperyieHHBI B TOY-
ke O Ha Banmy OO;, COCTOUT U3 YEThIPEX MIADHUPHO COeJIHHEeH-
HBIX HeBecoMsix crep:kueii: AC m BC c¢ anmHamn 2, a Takxe
OD un OF ¢ pnuramu [, u Tpex TOYeuHBIX rpy3oB. I'pysst A u B
MMeIOT Maccel m;, a rpya C (mydra) maccy m,. Ilpn nosopore
crep:kHei rpys C moKeT CBOOOAHO IepeMelaThes BAOJb OCH
Bpauienusa. Tpebyercss yCTAHOBUTH CBA3b MEXKJY HEKOTOPOI
TTOCTOSTHHOM yrI0BOil CKOPOCTHIO BPAIIEHUSA ® M YIJIOM OTKJIO-
HeHHudA crepxkueil o.. TpeHuem npeHedpeysb.

Pemenue. [lns peluesus
3ajla4y¥ NPUMEHMM MPHHIUI
Ianambepa (MeTos KMHETOCTA-
THKH), CYTh KOTOPOI'O COCTOHUT
B TOM, 4TO €CJIM K CHUJIaM, JIeii-
CTBYIOIIAM B IBMIKYIIEN MeXa-
HMNYEeCKO cucreme, 00aBUTH
CHJIBI MHEPHMU, TO TOJYyYEH-
Has CHCTEMa CHJI OKa3bIBaeT-
Csl ypaBHOBEIIeHHOM, U JJIA Hee
MOJKHO COCTaBJIATH OOBIYHBIE
YPaBHEHUS CTATHKU.
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Cuita mHEPpIMM MaTepH-
aJbHOM TOYKH — 3TO BEK-
Top & =-ma, rAe m —
Macca TOYKH, @ — €e yc-
kKopenue. Ilpu arom scHO,
yro ® = ma, u cusa uHEp-
MY HalpaBJieHa IPOTHUBO-
TOJIOKHO YCKOPEHUIO.

B pacemaTpuBaeMoii KOH-
CTPYKIIMHM CWJIBI HWHEPIIUH

Puc. 92 OyAyT TOJBKO y TOYEUHBIX

rpy3oB A u B (3ameTnm, 4To

OHM BCerjla HaXOJATCsS Ha OJHOW rOPM30HTAJM ¢ TOYKOU O).

Mopayiu 9TUX CHJI MHEPIMHA OAUHAKOBBI, TAK KaK OJMHAKOBBI

Macchl I'PY30B M MOAYJIHM UX YCKOpPEeHUU (2 MMEHHO, LIEHTPO-

CTPEMUTeIBHBIX YCKOPEeHUH a = o’r, rae r = 21 cos oo — pac-
crosiHMe 1o ocu Bpamenua): ® = mya = 2m,0%l sin a.

Paccmorpum B KauecTBe 06B€KTa PABHOBECUS CUCTEMY U3
crepxxkaeir AC u BC wu rpysa C. Uckmiouns crep:xkHu OD
u OFE, yureM HX AeWCTBHE BBEJEHHEM PEAKIUMN 9THX CTEepPIK-
Hell R, HanmpaBJIeHHBIX MO CTepKHAM (puc. 92).

Ilo mpuyMHEe CHUMMETPUM CUCTEMEI (UTO, KOHEYHO, JIETKO
YBUIETh U U3 YPAaBHEHHUS MMPOEKIMH CHJ Ha och X) Ha rpys C
CO CTOPOHBI OCH BpAlleHUsS TOPHU3OHTATIbHASA CHJIa He JAeHCTBY-
et. 3uecs Gy = mg, Gy = Mmsg — CHIIBI TAKECTH.

CocraBnsieM ypaBHeHHWe paBHOBecusa: 2 F,, =0, —2G, -
- G5 + 2R cos a. = 0, oTKyzAa

TL 2G] + Gz N
2cosa

Ecnin paccmoTpers Temnepb B KadecTBe 00beKTa paBHOBE-
cus OTJAEJBHO OJUH U3 cTeprkHel (Hanpumep, AC), TO MOXKHO
COCTaBUTH JIJIA HEr0 ypaBHEHUE PAaBHOBECHUSA

> Mc(F,)=0;
®-2lcosa +Gy2lsina— Rl-sin2a = 0,

OTKyza
R 2®dcosa + 2Gy sina " dcetga + Gy '
sin2a cosa
IIpupaBHUBasi JBa MOCHEJHUX BBIPAXKEHUA AN cuiasl R,
nosyvyaem 2G; +G, Dcetga+Gy
2cosa cosa
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OTKyjla, mocje cokpauleHus cueayer G, = 20 ctg o, uiam
maog = 4m,0%l cos o, ¥ OKOHYATEIILHO
myg
amylo®”
KoneuHo, eciu npaBas 4acTh IOCJIEJHETO PAaBEHCTBA OKa-
)kercsa OoJblIe MJIM paBHA eSUHHILE, TO €CTh

1 [meg
s_ ——tt
&

(yrioBas CKOpOCTH CIMIIKOM Maja), TO yroj o Oyaer paBeH
HYJIIO ¥ TPY3bl OTKJIOHATLCA He GYAYT.

mqg
amylo®

cosa =

OTrBeT: cOsa =

3AJTAYA 3

PemuTts 3agauy 1, ucmonssys npusHuun Hamambepa—
Jlarpan:»ka (o0iiee ypaBHeHHE JUHAMHUKH).

Pemenue. Cormacao npunnuny lanambepa—Jlarparaxa
ANs ABUIKYIAXCA MEXaHMYECKMX CHUCTEM, CyMMapHasi BO3-
MOKHasi paboTa BCeX aKTHBHBIX CHJI M CHJI MHEPIMH Ha JIIO-
ObIX BO3MOJKHBIX IEpPeMeIleHUAX BCerja paBHa HYJIO

D (F, + @87 =0,

uian (4TO PaBHOCHJIBHO) BO3-
MOYKHAs MOIIHOCTh BCEX akK-
TUBHBIX CHJI M CHJI WHEPIIUH
Ha JII00BIX BOBMOXKHBIX CKOPO-
CTSIX BCErja paBHA HYJIIO

Z(F‘k P &)’,)6,, =i,

Bocnonbp3dyeMcsi  BTOpPOM Puc. 93
(OopMyJIHPOBKOM, paccCMaTpH-
Bas BeCh PEryJIATOP LEJUKOM U IPHAABAS TOUKAM €ro CTepiK-
Hel M rpys3aM BO3MOJKHBIE CKOPOCTH, & HMEHHO CJIEeAYION{HAe:
crep:xkEE OD u OE moBOpavYMBAIOTCA C HEKOTOPOM yIrJiIOBOM
CKOPOCTBIO ), P'Py3bl A H1 B MMEIT B IJIOCKOCTH PUCYHKA
(puc. 93) ckopocTH, paBHbIE U, & rpy3 C — CKOPOCTH Us.

YceTaHOBUM KMHEMATHYECKHE CBSA3H, YYUTHIBAS, YTO CTEPIK-
Hu AC u BC moBopaumBalOTCA BOKPYr TOYeK P — MIHOBEH-
HBIX IIEHTPOB CKOPOCTEI ¢ HEKOTOPOM YII0BOI CKOPOCTHIO M5,
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Torna v; = w|PAl; vy = w.|PC|, rie |PA| = 21 cos o; |PC| = 2l sin .
Orcrona

s oo Un

" 2lcosa 2lsina’

105}

TO €CTh V) = Uy ctg o.

W3 peiicTBYIOMMX AKTHBHBIX CHJ M CHJI WHEDPNHH MOII-
HOCTH OyayT umerTh cuya TsaxecTu Gy = Mg M [BE CHIIBI
naepuuu ® = 2m,0% sin o (M. 3agauy 1). CymmapHas mor-
HOCTb MX JOJIKHA ObITh paBHA HYJ0: 200, — Gov, = 0, nin
20v, ctg o = Gyvg, TO ecTh Gy = 2D ctg a.

IloacraBasia cioja BBIPAYKEHUSA IJIA CHJI, IOJIYYaeM TOT
JKe OTBeT, 4To u B 3agade 1. OTMerum, 4T0 NPHU HCIOJIb30BA-
Huu npunpuna Jamrambepa—Jlarpanxa MoKHO IOJYYHUTH pe-
meHue ObicTpee, YyeM NPH MCIOJb30BaHMM NpuUHIMNaA [la-
aambepa.

meog

OTBeT: cosa = Y
4mll(1)
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3AJIAHHUE J16

YPABHEHUS JIATPAHIKA
BTOPOI'O POJTA

s mpuBeieHHBIX Ha cxeMax 1-30 MexaHHWYECKHX CH-
cTeM, UCNONb3yA ypaBHenud JlarpaH:ka BTOpoOro poja, ompe-
JleJINTh YKAa3aHHOE HAa cxeme yIJIOBOe YCKODeHHe WM JIMHeil-
Hoe yckopenue. HuTu Hegecoms! u HepacTsxumsl. IIpuHATEIE
ob0o3HAYEHUsA: M — Maccel Ten, R U r — paguycsel, p — paju-
y¢ MHEepIHH (ecji OH He yKasaH, TEJO CYNTATH OZHOPOAHBIM
LUJIMHAPOM); IIPY HATHYUU TPEHHUs yKasblBamoTcA: [ — KOa(-
(umeHT TPeHUS CKOJbKeHHus, f, — KOIp(MUIUEeHT TpeHUs
KayeHus.

mg = my/3;
ro =15 cm;
R; = 20 cm;
p2 = 25 cm
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may = 2my; mg = 3my; “nl
ra = 20 cm; R, = 40 cm;
p2 = 30 cm

F = 600 H; m; = 50 kr;

Biok nesecom

my = 100 Kr; r» = 25 cm;
R, = 35 cM; ps = 30 cm

m, = 2m1; mg = 3m, all

Koneca renexku
HEBeCOMBbI

2

my = my/2;
mg = 2m,;
r, = 30 cm;
R, = 40 cm;
ps = 35 cMm

4

N o/
(%]

F = 340 H; my = 70 kr;
my = 40 kr

@ M = 500 H-m; my = 80 kr

a 1
my = 120 kr; I' -

mg = 150 xr; ry = 20 cM;
Ry, = 30 cM; rg = 35 cM; p; = 25 cm

m, = 100 kr;
m, = 100 kr;
mg = 150 kr

ro = 25 cm; Ry = 50 cm;
ps=35c¢m; f=0,3
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M = 250 H-m; al‘ . 1
m; = 40 kr;

my = 60 kr; mg = 75 kr;

ra = 20 cM; R, = 30 cm;

rz3 = 35 cM; ps = 25 e

rs = 15 cm; R, = 30 cm; po = 25 oM;
rg = 20 cM; Rg = 40 cM; p3 = 35 cm

®

Biok HeBecom

&

:

my = 50 Kr;
ms = 300 Kr;
ro =30 cm™; fx = 0,2 cm

A m, = 50 kr;
3 ms = 100 kr;
mz = 100 kr;
| M =100 H-m;
oy / rs = 20 c™
M
2 !

Pykostka HeBecoma

@

my = 100 Kr;
ng = 120 kr;
rs = 15 cM; R, = 30 cmM; ps = 25 cm;
rg =40 cm; Ry = 50cm; F = 500 H

my = 12 kr; mg = 10 Kr;
R, = 20 cM; p, = 18 em; r3 = 20 cm;
M =45HM; rp = 15 cm

my = my;
mg = m|/2

Baok 4
HEeBEeCOM

my = 3my; mz = m,/2;
r=15 cM; py = 25 cM;
f=03

Bnok HeBecom

2
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M, = 80 Hm; M, = 20 H'm

My
ma

15 H-m; m; = 40 kr;
30 xr; mg = 20 Kr;
ry =50 cM; ro = 40 cm; r3 = 30 e

my
ry = 50 cM; ry = 25 cm;
M = 250 Hwm; M, = 30 HMm

®

o F =160 H;
my = 20 kr;
ms = 35 Kr;
rs = 40 cm;
R, = 50 cwm;
p2 = 45 cm

Buox HeBecom

M, = 60 H-m;

50 kr;

m3 = 12 xr; r; = 20 cm; 8 -
R, = 30 cMm; rp = 25 cm;
p; = 25 cM; py = 30 cm; R, = 35 cm

Biiok HeBecom

Ma = Mm,;
Ry = 50 cm; ry = 35 oMm;
p2 =45 cm
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my = 5 kr; my = 10 kr; 15 = 20 cM;
Ry, = 40 c™; po = 20V2 em; [ = 0,2

Brok
HEeBeCOM

my = m;/2;
re = 15 cM;
fe = 0,2 cm




THUTIOBBIE BAAYH

YPABHEHHSA JIATPAHIKA
BTOPOI'0 POJTA

3AJTAYA 1

I'pysonogbemuas yeranoska (puc. 94) cocrour us 6apada-
Ha I maccout m; = 200 kr u paguycom r = 0,2 M, HeBeCOMOro
HepacTAKUMOI'0 Tpoca, KOTOPBIM IepeMelnaer rpys 2 o Ha-
KJIOHHOM IUJIOCKOCTH, COCTaBJIAWOIHNA yroa o = 30° ¢ ropu-
30oHTOM. Macca rpysa ms, = 1000 kr, xoa(pdULUEHT TPEeHHUs
MeXKJAy TPYy30M M HaKJOHHOU muockocteio f = 0,2. K Gapaba-
HY IpHJIOxeH Bpamjamomuid momeHT M = 1,6 kH-m. Onpege-
JIUTHh BEJIUYNHY YCKODEeHHs rpysa a. Bapaban cuurars OJHO-
POAHBIM IIUJIUHPOM.

Peurenue. PaccmarpuBaemasi cucreMa UMeeT OJHY CTe-
IeHb cBoOOABI (S = 1) 1 MOKeT OBITH ONMCAHA OJHUM ypaBHE-
HueM JlarpaH»ka BTOPOro poja

ST, e
dtdg oq

B kauecTBe 0000111eHHOI KOOPAMHATHI BbIOEPEM KOOPAMHATY
X rpysa Ha HaKJIOHHOH IUIOCKOCTH ¢ = X, TOTJa 000OmieHHas
CKOPOCTh ¢ = X = U OyJ[eT ABJIATHCA CKOPOCTHIO I'Py3a.

Kunernuyeckasi 9HEPrusi CUCTEMBI HMEET B/

T= lmv2 + lsz,
2 2
rjpe ® — yrjoBas CKOpocTh 0apabana; J — ero MOMEHT WHep-
IIU¥ OTHOCHUTEJIBHO OCH BpalieHus. [IJIsi OHOPOAHOIrO IMJINH-

2
myr?
apa J = —— u, ciegoBaTeNbHO, J = 4 Kr-mM2.
IIpu yueTe KHHEMATHYECKOH CBABH U = OF, T. €.
v
0==,
:
KUHEeTHYecKas 3HePrus 3alUIIeTCs B BHAE
1 | M | 9
T-—E +Jr—20 —Emnpv,
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rje npuBejeHHas (K rpysy) Macca CUCTeMbl paBHA
My, = m+Ji,, =1100 kr.
72

Beruncsimm MpousBo/iHbIE, BXOAAINE B JIEBYIO YaCTh ypaB-
Henus Jlarpan:ka. YacrtHas npousBogHas Mo 00600IeHHON

KOOpAUHATE or  or
ey,
dq Ox
TAK KaK KHUHETHYeCKAas 9HEeprus sSIBHO OT KOOPAMHATHI X He
3aBucuT. JacTHasg NPOM3BOJHASA IO 000OIEHHON CKOPOCTH
ar _or _
3G v
IlonHas nMpou3BOAHAA IO BPEMEHU
By o
dtog ™
JlaeT JIeBYIO 4acTh ypaBHeHus JlarpaHika.

Bxomsamyio B npaByo 4acTh ypaBHeHUs 0000IEHHYIO CHITY
@ BBIYMCISIOT ABYMs CIocobaMH: depe3 BO3MOXKHYIO MOIIL-
HOCTH B Yepe3 BO3MOXKHYIO paboTy.

Pazbepem o6a stu crocoba.

1. Beruncnenue 0000LIEHHON CHJBI Yepe3 BO3MOKHYIO
MOUHOCTh. PacCMOTpUM AeiiCTBYIOIINE B CHCTEME CHJIIBI, HC-
KJI0Uasi peaKkIluy CBs3el, U NpUuJaJuM TeJaM CHCTEeMBI BO3-
MOKHBI€ CKOPOCTH: IIPOM3BOJIBHYIO CKOPOCTH I'Py3a U, B YIJIO-
BYIO CKOpocTb Oapabana o. OHU CBA3aHBI APYT C APYIrOM ypaB-
HEHUEM KUHeMaTU4YeCKO! cBA3M v = or (puc. 95).

3anuiireM Tenepb MOIIHOCTH AeidcTBymuX cui. IIpu atom
clefyeT UMeTh B BHAY, YTO 000OIIEHHAA CHUJIA BBIYMCIISETCS
TOJIBKO HA OCHOBE aKTHUBHBIX cHJI. Takum 0O6pa3zoM, MOXKHO HE
0CBODOXKAATH CHCTEMY OT CBA3€H U HE BBOJAWUTH PEAKI[UUA CBH-
3eil (CUJIy TPEHHA OTHOCHM K YHCJIY AKTHBHBIX CHJI). YUTeM
TakXKe, 4To cuya (G IPUJIOKeHa B HENOJABMXKHOM TOUYKE U ee
MOIIIHOCTH M paboTa paBHBI HYJIIO.

x

pU-

Puc. 94 Puc. 95
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Henynesyio momuocTs 6yayT umers cusia rpennss Np =
= -F,0, cuna rtsxkectn rpysa Ng, = -Gyusina u Bpamaio-
I MOMEHT v
Ny =Mo=M-—.

r

Takum o6pasomM, BOSMOXKHAS MOIIHOCTH [JIsi MeXaHUUec-

KOH cucTeMbl OyzeT paBHa

N = ZN,, =(M%—Ggsina—ﬂp)v = Fyp0,
k

rae F,, — npusesennas (K rpyay) cuia,
Fyp = M%—stina—F",.

TToCcKONBKY /IS CHCTEMBI C OJ[HOIl CTEIeHBIO CBOOOIBI
BO3MOJKHAasA MONIIHOCTH 3amuckiBaeTcsa B Bujge N =Q¢, a B
Hameil 3agave ¢ = U, CPaBHUBAA [BA COOTHOUICHUS JIJI MOIIL-
HOCTH, HalijeM @ = J 3l CrnemoBaTesibHO, 0600IeHHAsA CUJIa
CHUCTEMBI B JAHHOI ITOCTAaHOBKE 3ajay¥ ABJIAETCA IIPUBEIECH-
HOM CHJIONH.

2. Berunciaenne 0000IEHHONH CHIBI Yepe3 BO3MOKHYIO
pab6ory. PaccmoTpuM, KaKk W B OpeABIAYINEM IYHKTE, Aeii-
CTBYIOILI[ME B cHUCTEeMe CHJBI (cM. puc. 95) u nmpugagum Tesam
CHCTEMBI BOBMOXKHOE MepeMelleHne: 6eCKOHeUHO MaJioe mepe-
MelleHue rpysa 6x u noBopoT OGapabana Ha DECKOHEUHO Ma-
a1t yrout 6¢. CooTHOUIEHHE MEeXKAY 9TUMH BEJIUYHHAMMA MOMK-
HO HOJIYYUTH KaK HEIOCPeJCTBEHHO U3 reOMeTpHH, TaK U U3
YpaBHEHUS KMHEMaTH4YeCKOoi ¢BA3H v = wr. UHTerpupys obde
YacTH 9TOI'0 YPABHEHUS 110 BPEMEHH, HAXOAUM

Ivdt = rImdt,

niau x = @r + C, rge C — nocTosiHHAsi MHTErpupoBanus. Bapsb-
UpyA TOCJIe/Hee COOTHOIIIEHUE, IT0y4aeM PaBeHCTBO dx = rd(,
KOTOpOEe B JAHHOM CJIydyae HMMeeT INPOCTOH IeoMeTpUYeCKHii
CMBICJI — PABEHCTBO [JIUHBI AYTH OKPYIKHOCTH IIPOU3Beje-
HUIO PaJinyca HAa BeJIMYMHY yrjia B pagnaHax.

Ha BO3MOXXHOM IlepeMeIleHUuH HeHyJIeByio pabory 6yayT
coBepmiaTh cuna TpeHua dAy = —F,,0x, cuna TaxecTH rpysa
8Ag, = —Gy0xsina m BpamaoIIuil MOMEHT

Bare M = MSTx.

Takum obpasom, Bo3MOkHasi paboTa AJisi MeXaHHUYECKOil

cucreMbl OygeT paBHA
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84 = Y54, = (M%—@ sino - F,,,)Bx = Fppda,
k

rae Fy, — NpuBeJieHHAs CHJIA CHCTEMBI.

IIoCcKONMBKY AJIsi CHCTEMBI C OJ{HOM CTEIeHbI0 CBODOABI BO3-
MoOkHasA pabora sanuceiBaeTcs B BHje 0A = Q0¢, nm B HaIeil
gajaue dg = Ox, CpaBHMBafd IIOCIeJHUE ABA COOTHOIIEHUHA,
Haxoaum @ = F,, T. e. 0000IIeHHAA CHJIA ABIAETCA B JAHHOM
[IOCTAHOBKE 3a/[a4¥ IIPUBEJEHHON CHIIOMH

@=Fyp = M1-Gysina~Fy
A

1 COBHAZAET C IMOJYYEHHONH IMEePBBIM CIIOCODOM.
Beruncium ee, yunreiBas, uro F,, = fR, = fGycosa. Toraa

Q=F; = M%—mgg(sina + feosa) ~ 1400 H.

CocraBasiem Terepb ypaBHeHue Jlarpanska, npupaBHUBasA
OpaBylO M JIEBYIO YaCTu: M,,a = F,,, OTKyJla HAXOAUM YCKO-

peHue rpysa F
=2 = 1,27 m/c2.
My

OrBeT:a = 1,27 m/c2.

3AJTAYA 2

InauaAp Maccoii m, uMeromuit GopMy TOHKOCTEHHON TPY-
Ob1 pasguycoM r, 0OMOTAH HUTHIO, KOHEI[ KOTOPOii 3aKperieH
HernoABuKHO (puc. 96). OnpegennTs ycKOpeHue eHTpa ajga-
IOLEero MUJINHADPA Ac.

Peurenue. Cucrema nMeeT OZiHy CTelleHb CBOOOJABI K MO-
KeT ObITH OompcaHa OJHUM ypaBHeHuweMm JlarpaHyxa BTOpPOro

poja:

ITockoabKY HEOOXOUMO OIIPEAEeIUTH
YCKOpPeHUEe IeHTpAa LUJIUHAPA, ABUIKY-
[[erocs 110 BePTUKAaJbHOU OCH Y, B Ka-
yecTBe 0000IEHHON KOOPAUHATHI Y 00-
Hee BCero BhIOpPaTh COOTBETCTBYIOLIYIO

koopauHary Toukum C: g = yec. Torgma
00001IeHHAA CKOPOCTh ¢ = Yo = V¢ Oy- Ve
JIeT CKOPOCTHIO I[EHTPA. Puc. 96
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[IuauHAp COBEpIIAET MJIOCKOEe ABHMIKEHWEe, U ero KHHEeTH-
yeckas dHepPrus corsacHo reopeme Kenura pasnHa
B n
e Emvc +§Jsz 5
r/ie ® — YrJioBas CKOPOCTh, & ,, MOMEHT MHepIUH I[UIHH]-
pa OTHOCUTEJIBLHO OCH, IIPOXOASAIIEH Yepes3 EeHTP MacC, PaBey
AJis TOHKOCTEHHOU TPYOBI J,, = mr2.
Knnemarnueckas CBA3b MEXKAY Uc M ( OIpejiesieHa N3Bec-
THRIM nonoxernem MIIC — Touxku P dopmynoit ve = o|CP|,

v,
T. €. V¢ = OF, OTKyZa © = —rc-

C y4uyeToM 3TOr0 KMHEeTH4YeCKas JdHeprus InpuHuMaeT BH)|

3\ = g i DTE gRusl 2
2= ~2—mvc + E"wc = —2—(2m)vc,
rje B CKOOKax CTOMT IPUBEJeHHAS Macca CHCTEMBI My, = 2m,
Torapa 1
A: 2

g (= Em,,pvc.

Berunciisiem mpou3BoiHbIE, BXOASIHE B JIEBYIO YaCTh yPaB-
nenus Jlarpansxa. YacTHbBIe IPOU3BOAHBIE

ar _or _
oq dyc
TaK KaK KMHEeTHU4YeCKas 3Heprusa He 3aBHCHUT ABHO OT Yc,
[/ Y| AP
8 ove ™M
ITonnasa npousBoAHAA 110 BpEMEHH paBHA
d 0o oidTi
a% = MypUe = Mypdce,

M Jaer JIeBYyIO 4yacTh ypaBHeHus Jlarpanika.

BxoxsAmyo B IpaByl 4acTh 0OOOILIEHHYIO CHIy @ moJy-
YUM TpeMsl crocobamu.

1. Beruncinenne 00OOIIEHHOM CHJIBI 4Yepe3 BO3MOKHYIO
momuocTh. Ha muianHAp B npoecce ero ABMIKeHUSA JAeiCcTByer
TOJILKO OJHA AKTHBHAs CHWJa — CHJIAa TsKecTH. MOIHOCTE
cussl TsskecTn N = Gue. CpaBHHBas 3TO C 3aMCBHIO B 0011€M
BHJE JJIsI CUCTEMBI C OJIHOM cTeneHblo ¢Boboabl N = Q¢, Bu-
JAuM, 4TO 0000IIIeHHAS CHJIa paBHA cuJe TsaxecTH @ = G (upu-
BeJIeHHas CUJa).

2. Beruncienue 0000L[EHHOH CHJBI Yepe3 BO3MOKHYIQ
pabory. BoamorkHOe nepemerienne s DUJIUHAPA — 3TO II0-
BOPOT BOKPYI MIHOBEHHOIO II€HTPa CKOPOCTeH Ha yroJ o¢.
IIpu 3TOM LIEHTD NUJIMHJPA [10JIydaeT BEPTUKAJIbHOE IepeMe-
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1ieHue dYc, KOTOpoe PaBHO OYc = rdP, YTO MOIKHO MONYYHUTH
HEIMOCPEeJCTBEHHO W3 NeOMEeTPUM, YUYHUTHIBAdg, YTO Iepemerie-
HUA 6ECKOHEYHO MaJsible, UM MHTErPUPYA U 3aTeM BapbuUpys
ypaBHEHUE CBA3U V¢ = OF.

BoamoxkHas pabora — 3T0 paboTa CHJIBI TAYXKECTH HA BO3-
MOYXHOM nepemeIieHUH 0A = Goyc. CpaBHUBAA 3TO ¢ 0OI[UM
COOTHOIIIEHHWEM [JIsI CHCTEM C OJHOM CTEelNeHbI0 CBODOOBI
8A = Qbq, HaxoxuMm, uTO @ = G.

3. Berunciaenne 00001 eHHON CHIIBI Yepe3 MOTEeHIHAJbHYIO
sneprmio. ExnHcTBeHHAas B cucreMe paboTaiomas cujaa — CuJia
TSAXKECTH — ABJIAETCA IMOTEHIMAJIBHOW, M TorAa obobienHas
cuia MOJKeT 0bITh BBIUYHMCJIEHA 110 U3BECTHOM (hopmyie

arl
Q" --2,
oq
rme 1= NoTeHI MaJIbHasA 9Heprus CUCTeMbl.
s uuavHApa B 1oJe cuibl TsaxxecTH [1 = —Gye 1 moatomy
Pty
0Yyc

Cobupaen Tenepsb JIEBYIO U IPaBYIO YacTH ypaBHeHus Jlar-
paHxa: my,dc = G, OTKy/J]a HAXO/IUM yCKODeHUe IeHTpa
ac =i=m—g=§z4,9m/c2.
My, 2m 2
Taxum ofpazom, yCKOpeHHe IeHTpa LWUJINHJApa He 3aBH-
CUT HHM OT €ro Macchl, HU OT pajguyca.

OTrsBerT: Q¢ =%z4,9M/c2.

3AJTAYA 3

Jluck BpaiiaeTcs BOKPYT HEIIOABHIKHON BEPTUKAJIBLHOMN OCH,
€ro MOMEHT HHePIU¥ OTHOCHTEJILHO 9TOU ocH paBeH J. OgHO-
BPEMEHHO I10 PaiNyCy AUCKa ABUIKETCA MaTepHajbHas TOYKa
maccoit m (cm. puc. 97). OnpesenuTs BeIHYNHBI IPUJIOMKEH-
HOT'0 K JAMCKY Bpaljamoouniero MmomeHra M W AelcTByomed Ha
TOYKY CHJIBI ', HEOOXOAMMBIE IJIA TOrO, YTOOBI AMCK Bpalla-
CsA C 3a/JaHHHM YIJIOBBIM YCKODEHHEM &, 4 TOUKAa ABUrajaach
IO JUCKY C 3aJJaHHBIM OTHOCHUTEJIBHBIM yCKOpeHueMm a,. Tpe-
HUeM npeHelpeyb.

Peure nne. Cucrema uMeeT JjBe CTEIIEHU CBODOABI, U JJISA
ee OIIMCAHUS CJEeAYyeT COCTABUTH ABa ypaBHeHHA Jlarpanska

BTOPOT'O POJia iﬂ_ﬂ_Q i-1,2
.—‘ Jj* I

151



B kauecTBe 000011eHHBIX KOOPAU-
HAT MOXXHO BbIOpaTh yroJ IOBOPOTA
JUCKA ( W KOOPAMHATY MaTepHab-
HOM ToukH X (puc. 98): ¢; = @; ¢ = x.

Toraa 06001IeHHBIE CKOPOCTH OYy-
AYT 1 =@ =0, §2 =X =V, A O —
yIrJIOBas CKOPOCTh JUCKA, U, — OTHO-
cuTeNnbHAs CKOPOCTH TOYKH.

Puc. 97
v Kurernueckas 9HepPrusd CHCTEMBI
T ==Jw? + =mv?
' U rpge p — abconOTHAA CKOPOCTH TOY-
’ KH, paBHas CyMMe€ OTHOCHUTEJIbHOM
3 U, M TepeHOCHOIl U, CKopocTeii:
A U =0, +U,. I3 pucyHKa BUJHO, YTO
= v2 + v, ¥ TOCKOJABKY U, = OX,
Do 132 2.2
T0 VIS U+ 0°X°,
\/’(D s
Torga KuUHeTHYECKAA IHEPrus 3a-
Puc. 98

[UIIeTCA B BUJE
72 L7 i matjer L 1

2 2 2
rae Jop(x) =J + mx? — mnpuBefeHHBIA (K AMCKY) MOMEHT
MHepPIUH.

OmnpejiesisieM 4jieHbl YPABHEHHH

1. j = 1. BeinuceiBaeM NpoOU3BOAHBIE:

or Jor. ~ et ap

1
mu? = =y (x)0? +§mv,2,

o - 5(; =y aq am = an(x)m'
da.0T . (X)) + —= I [LEPRIE (x)e + 2mxv,®
dt a Jap dx dt i o

060611eHHYI0 CHJTY @ HIIIEM Yepe3 BO3MOXKHYIO MOIIIHOCTD,
(puKcupys KOOPAMHATY (2, T. €. PacCMaTpUBas MaTepHalib-
HYIO TOYKY KakK HEIOABHIKHYI0. B aTOM ciiyyae MOIIHOCTH
AMeeT TOJIBKO Bpamawimuii momear Ny = Mo = M¢q,, caeno-
BaTeJbHO @ = M.

2. j = 2. BemmuceiBaeM IpOM3BOJHBIE:

OT _oT _1 Wy ,

= 2.
dgs Ox 2 ox ik
oT _ oT _ I 1 -/ WO,
% ~ED =mvs;, — Fre mo, = ma,.
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O6001mEeRHYI0 CUY @y HAXOAUM Uepe3 BOZMOKHYIO MOIIl-
HOCTBH, (DUKCHDPYSA KOOPJHHATY ¢;, T. €. pacCMaTpuBas JIUCK
KaK HeIoABMKHBIH. B aTOM ciryuae MOIIHOCTh OYAET TOJBKO ¥
cunsl F: Ny = Fu, = F§, u, ciexoBaTesibHo, @, = F.

Teneps cocraBisiem ypaBHeHus Jlarpanska:

Iup(X)e + 2mxv,0 = M; ma, - mxe® = F.

Orcioga Haxogum M = (J + mx?)e + 2mxv,0; F = ma, —
- mxo?.

IlepBrie ciaraemble B 3TUX YPaBHEHHUSAX [IOKa3bIBAIOT Be-
JUYUHBI MOMEHTA M CHJIbI, HeOOXOJAHUMbIe VI Pa3roHa CHUcTe-
MBI (IIPEOI0JIeHNA UHEPI[HH).

Hpyrue ciaraeMble HMEIOT CIeAYIOMNA (DU3HIeCK il CMBICII.
Bropoe ciaraemoe mepBOro ypaBHEHUs IPEACTABJISAET CODOi
MOMEHT KOPHOJIUCOBOM CHJIBI HHEPIMHA OTHOCHTEJILHO OCH Bpa-
meHuA (KOPHOJIMCOBO YCKOPEeHHEe 3/iech 20U,).

Bropoe ciaraemoe BTOpoOro ypaBHeHUs — 3TO IEHTPOOE K-
HasA CUJia MHEPHUH (37eCh ®2X — IeHTPOCTPEMUTEbHOe yC-
KOpeHwue).

Orser: M = (J + mx?)e + 2mxv,0; F = ma, — mxo?.



R e

3AIAHUE 17

MAJIBIE KOJIEBAHHSA
MEXAHHYECKHX CHCTEM

3AJTAHHE 1.
CBOBOJAHBIE KOJEBAHHSA

Insa npuBegeHHBIX Ha cxemax 1—-30 MeXxaHWYECKHX CHC-
TeM ONpeeJuTh COOCTBEHHYIO YacToTy KoJsiebanuii. Mexanu-
YyeCcKHe CHCTeMbl, IOKa3aHHbIe HA CXeMaX B IOJIOXKEeHUH paB-
HOBeCHs, MOI'yT COBEpIIaTh CBOOOAHbIE KoJieDaHuA, Bpaljaich
BOKPYTI TOPU30OHTAJIBLHON OCH 2, IPOXOJAIIEH Yepe3 HeroABHMK-
HyI0 TOuKy O. CUCTeMBI COCTOAT U3 YKECTKO CKPEIJIEHHBIX APYT
¢ IpyroM TeJi: TOHKUX OJHOPOAHBIX cTeprkHel I U 2 uiu OJHO-
POAHOM ILIACTAHBI 3 U TOYEUHBIX Ipy30oB 4. Macca 1 M JuMHBI
crepkHeil paBHa 25 kr, macca 1 M? IJIOIIAAM MJIACTHHBI —
50 kr, macca To4euyHoro rpysa — 20 kr. Ynpyrue aJaeMeHTbI
umeoT Koaddunuenr xkecrkoctu ¢ = 10 kH/m. Pasmepsr ua-
cTeil cUCTeMBI YKa3aHbl B MeTpax.

3AJIAHHE 2.
BHIHYK{EHHBIE KOJEBAHHSA

Mexauunueckue cucrembl Ha cxemax 1-30 crabokaiores He-
BECOMBIM BSI3KHM JeMII(epoM, KOTODBI YCTAHABIMBAETCA B
TOuYKe B napaJsuiebHO OCH yIIPYroro 3JIeMeHTa, U CO3/IaeT CHITY
CONPOTUBJIEHUS, I[PONOPIMOHAJIBHYI CKOPOCTH TOYKM B:
R = -bbg, rae b = 20 H-c/M — K02 HUIHEHT CONPOTHBIEHUS.

Kpome Toro, Ha cucteMy HauyMHaeT JeliCTBOBATH BBIHYMK-
natomtas cuna F = Fysin pt, rpe Fy = 60 H, p = 25 ¢! — am-
IIUTYAA U YacToTa BBIHYXKAAIOIIEH cuibl. BeIHy)KAawomas
cuJIa MPUJIOKEeHA B TOYKe B M AelicTByeT mapaJijleIbHO OCH
yrpyroro anemerTa. (Eciu Touka B coBnazaer ¢ Toukon A, Ha
cxeMax ykaseiBaeTca B = A))

Tpebyercsi ONpPEAeSUTh aMILIUTYAY YNCTO BHIHYMJIEHHBIX
KoJIeDaHHH CHCTEMBI.
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T AR TR S T R AT
FERGERERIE TS

THITOBBIE 3AJIAYH

MAJIBIE KOJIEBAHUSA
MEXAHHYECKHUX CHCTEM

3AJIAYA 1

Pama AOB Mo)XeT BpaujaThbCsi B BEPTHUKAJbHOM IJIOCKO-
CTH BOKPYTI OCH 2, IPOXOAALIeH yepe3 HENMOABUIKHBINA IIap-
Hup O. Pazmepsl U MacChl pUTesisi U CTOMKU PaMbl COOTBET-
CTBEHHO paBHEI [; = 1 M, Iy, = 2 M, m; = 30 Kr, my = 40 Kr.
Pama yaepskuBaeTcss B IOJIOXKEHUHM paBHOBecusa (puc. 99)
YIPYroi HEBECOMOUW NPYKUHOM C KO3(-
dUIHeHTOM XKecTKocTH ¢ = 2,5 kKH /M.

Havansusie yenosus (ipu t = 0): ¢g = 0,
¢®o = 0,24 pax/c, rme ¢ — yrosx OTKJOHe-
HUSI PaMbl OT TIOJIOKEHUS PABHOBECHUSA.

B Touke B K pamMe NpUKpPEIJIEH HEBECO-
MBI BA3KHH AeMIipep, CHJIa COIPOTHBJIE-
HUS KOTOPOI'O0 3aBHCHUT OT CKOPOCTH TOY-
ku B: R = -bvg, tne b = 190 H-c/Mm — ko-
a(pureHT CONpPOTUBIIEHUA.

B Touke A npuiiokeHa BRIHYKAAKOIIAsA Puc. 99
cuna F = F,sin pt, rae Fo 1 p — aMIIuTy-

Jla ¥ 4acToTa BeIHY»Aawomei cunsl: Fy = 50 H, p = 8 ¢71.

Tpebyercsa HaiTu:

1) ypaBHeHUe cBOOOAHBIX Koyebauuii (b = 0, F = 0);

2) ypaBHeHHMe 3aryxaomux xojebanuit (F = 0), a Takxe
JeKpeMeHT KonebaHMil (M3MEeHeHHe aMIUIMTYAbI 3a OAMH IIe-
puox KoJsiebaHumit);

3) ypaBHEHHE YUCTO BBIHYKAEHHBIX KOJIEOAHUN C yUyeToOM
n 0e3 ydyera CONMPOTUBJIEHUS.

Pemenmue.

1. HecnenoBanue MajbIX cBOOOAHBIX KoJsieOanmit (b = 0,
F=0).

3a 06001IeHHYI0 KOODAMHATY NPUHUMAEM YroJi IMoBOpOTa
pamsl ¢ = ¢, Torga o6o6ILUIeHHAA CKOPOCTh ¢ = () = ® — yIJIO-
Basi CKOPOCTH PaMBbI.
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HuddepeninanbHoe ypaBHEHHE MaJbiX CBOOOJHBIX KOJIe-
faHuil 11 MeXaHNYeCKON CHCTEMBI C O{HOI CTEeNeHbI0 CBODO-

. ¢
Abl, KAK M3BECTHO, UMeeT BUA ¢ + k%q = 0, rae B2 =1Lk
ayy
cobCTBeHHAsA 4acToTa KojebaHwil, a;; U ¢;; — 0000IeHHBIe

KOa(hUIHEeHThl HHEePIUN M XKEeCTKOCTH.

st onpepesnienuss KO3(P(MUIIUEHTOB @11 U €y CIIeAyeT Ipej-
CTaBUTh KMHeTHUYecKyio T u moreHuuansuylo [1 aneprum cu-
cTeMbl MPUOJINIKEHHO B BUE KBaAPAaTHYHBIX (popM 000OIIEH-
HBbIX CKOPOCTH ¥ KOOPAMHATHI:

T= ‘;’allqz nll= %Cuqz-
1. Onpedenenue ay,. X
Insa Bpamaronieiicss paMbl KHHETHUYECKAas 9HepPrus

T = %Jz(oz,

CJIeIOBATEJIBHO, A1 = .. MOMEHT MHEPIIUY PaMbl MOXKeT OBITh
[IOJIyYeH ¢ MCII0JIb30BaHHeM (hOPMYJIbI AJIA MOMEHTA HHePIUU
OZIHOPOJHOTO TOHKOTI'O CTEPIKHA OTHOCHTEJIBHO OCH, ITPOXO/s-
el yuepes ero KOHell, B BUJe

o

9
. =M+ 2 . 63,3 kr - M2,
3 3
Urak, a;, = 63,3 kr-m2.
2. Onpedenenue cyy.
IloreHnuanbHas dHEPrus BCel CHCTEMBI B OTKJIOHEHHOM
HA YTOoJI () MOJIOKEHUH ONpeessieTcsa IOTeHINaJIbHEIMI d9Hep-
I'UAMM PaMbl B ITOJI€ CHJIBI TSAXKECTH U MOTeHIMAIbHOIl 9Hep-
rueii B npyxxuHe (B mosie cuasl ynpyrocru): Il = [, + I1.
IlorennuanbHas sHeprusd [1, onpenesnsercsa onycKanueM IeH-
Tpa TAMKECTH PaMbl [0 BEPTHKAJb-
: HOH OCH 110 OTHOLIEHUIO K IIOJIOXKe-
W— o paBHoBecus (puc. 100):

ﬂg = —mgAc.

Haiigem KoopanHATE] EHTPA THA-

Ye  sxectm (Touxka C) pambl, YyYHTHIBAA

KOOPAMHATHI IIEHTPOB Macc ee TeJ:

x1=1/2=0,5M; x5 =0; y; = 0;

Ya = ls/2 = 1 m; a TakIKe Maccy Bcei
paMer m = m; + my = T0 Kr.
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Torna
Xy tmexy 3 . My tMays 4
SR NNA ¥ i ot 7
Ob6osnaunm yepes | — pnuny orpeska OC, oo — yroJ Mex-
ay auaueir OC 1 BePTUKAJIbBIO B IMOJOXKEHUHM PABHOBECHS.
PacemaTpuBas moBoOpoT paMbl Ha YIOJ () M IePeXok TOYKH
C B nonoskenne C', U3 COOTBETCTBYIOIIUX TPEYTrOJbHUKOB Ha-
xoauM Ac = lcosao — lcos(a + @) = lcosa — Lcos acos ¢ +
+ lsin asin ¢ = ye(1 — cos @) + x¢sin @.
OcyiecTBisasi mepexo], K MaJbIM KoJebaHuAM, JejaeM

3aMeHBbI: 2
1-cosp = b oA
2

u sin @ = @. 3
Poens Ac = Yc % + Xc P,

" MOTeHIMAJIbHYIO DHEPrulo HaxoJAuM B BHUJle
2

(
[y = -mgyc _p2_ — mgxcy.

IloreHnuanpHasi 2HEPrusA B IPY)KUHE OINpPEJeserTcs ee
aedopmanueit x U3 HEHTPAJIBLHOTO COCTOAHUSA
I, = %cxz,
pu 3TOM cama aTa gedopmanus OyaeT paBHA CyMMe€ CTATH-
yeckoi gedopManum f, (B IONOKEHUN PABHOBECHS) W M3Me-
HEHHUs [JIMHBI NPYXUHBI A IIDU IIOBOPOTE paMbI Ha yroy ¢:
X =N+ for, T, 0,

1 i !
I, = EcA2 + CforA + chci.

ITocnennee ciaraemoe MOKHO OTOPOCUTH, TAK KaK MOTEH-
IIUaJIbHAS OHEPrus OIpe/lesIfeTcsa ¢ TOYHOCTHIO 0 IOCTOSH-
HOTO CcJIaraeMoro. ¥uTeMm Ternepb, 4To A = lysin ¢ = l,@, u 1o-
JIy4uM 1

I), = Ecl'zz(p2 + Cferlo.

Best noreHnmanbHas 9HEPrus CUCTEMbl 3alMIIETCs TOT/Aa
B BHJIE 1
[ = 5(clf - mgyc)p® +(claly — mgxc)P.

Cornacuo npurnuny Jlarpanska, B MOJIOJKEHUU pPaBHOBE-
CHUs IPOU3BOJgHAaA OT no'renuua.nbnoﬁ 9HEePruu paBHa HYJIIO:

oIl
2|,

6— 1329 161
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OTKY/a [oJIy4aeM

Clonls —mgxe = 0. (*)
Sk V0) YpaBHEeHUEe IO3BOJIAET OIIpeNeJIMTh CTATHYECKYIO [e-
3 mgx,
(dopman o f;:'r =3 o LSighs 0,029 m.

C yueToMm paBeHCTBa (*) MOTEHIMAJILHAS IHEPrUs YIPO-
1aeTcs:

= —;—(clg —mgyc)o?, Toects ¢ = clf —mgyc ~ 9608 H-m.

IIpu 3TOM yCJIOBHE YCTONYMBOCTH IIOJIOXKEHHUS DaBHOBE-
cusi, a UMEHHO ¢; > 0 0Ka3ajI0Ch BBIMOJIHEHHBIM.

3. ITonryuenue ypasuenus Kore6anuil.

OmnpegesiseM cOOCTBEHHYIO YaCTOTY KoJieDaHUIT CHCTEMBI

k= /E‘L ~12,3¢!
apn

¥ nepuog kosuebanun T = 2—’: = 0,01 c.

Obuee pemreHne ypaBHEHHUs KOJIeDaHU WMeeT BHI ¢ =
= A sin (kt + ).

ITocTossHHBIE UHTETPUPOBAHUSA, 8 UMEHHO: A — aMILTUTYAa
KoJsiebaHu# 1 o — HayaJibHasA (hasa KoJeDaHUil, OIpeAeISIoTCsA
U3 HavasbHbIX ycuoBwii (mpu ¢t = 0: ¢ = 0; ¢ = 0,24 pazn/c).
C yuerom BBIpaYKEHUA IJIsA YTJIOBOM CKOpocTH ¢ = Akcos(kt + a)
nosyyum 0 = Asina; 0,24 = Akcosa, otkyga oo = 0, u A =
= 0,0195 pagz.

YpaBHeHHe MaJIbIX CBOOOJHBIX KOJeOaHUIl paMbl HPUHH-

MaeT BHU[ ¢ = 0,0195 sin 12,3t.

2. HceaenoBanue MabIX 3aTyXarWMX Koaedanuit (b # 0,
F =0).

VuTem Temepb BIMAHUE CHJIbI CONPOTHBAEHUA R = —big
CO CTOPOHBI BASKOrO ZieMIi(pepa Ha CBOOOAHbBIE KOJIEOAaHUS PAMBI.
HuddepeHnranibHOe YPaBHEHNE MAJIBIX 3aTyXaloIuX KoJseba-

biy

HUil umeeT BUAG +2nq + k3¢ =0, toe 2n = i b;; — 00006-
ks 11
IMEeHHBIH Koo pumueHT comporuBienus. A onpepeneHus

koagduuenra by, uccunaTuBHyo GpysKnuio (pyHKIuU pac-
ceAHNdA) AJNA NAHHOH CHCTEMBI CJeAyeT NMpPeACTAaBUTH B BHAE

KBaJpaTU4HOi (popMbl 06001I€HHOM cKopocTu D = %bllqz.
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VUuTHIBaA, YTO CKOPOCTH TOYKM NPHKpPENJIeHus JeMndepa
vp = Lo =1 ¢, Haiigem

1 1 ;
D= EbvB = z—bllz(pz.
Taxum obpasom, by, = blf = 190 H-c'm, u
biy N
= =1,6¢%
“: 2a11 s

Tak kak n < k (caydait Majoro CONpoOTUBJIEHUSA), TO OyAyT
MMeTh MECTO 3aTyxaloliue KojsebaHms.

O611ee pernieHue ypaBHEHUS 3aTyXaOIINX KoJebaHuil nume-
adgeis ¢ = Aetsin(k't + a),
rae k* = Vk2 — n? = 12,2 ¢! — yacroTa 3aTyXaloIUX KOJe-
GaHmit.

ITepuoja 3aTyxamommux kojebaHuil paBeH

T = 2% 2 0,515¢.
&

Onpegensis MOCTOAHHBIE UHTEIPUPOBAHUSA U3 HAYAJIBHBIX
yca0oBHii, HaxoquM, uto oo = 0, u A = 0,0197 pan.

YpaBHeHne 3aTyxaoUuX KoJeOaHWI HMeeT BHI ¢ =
=0,0197¢ 1% sin 12,2¢.

JlexkpemeHT KoJiebaHNH (YMEHbIIIEHUE aMILJINTY/AbI 32 OAUH
nepuoj KosuedaHuit) pased ¢ 7" = (,462.

3. HeeoenoBanue YHCTO BBIHY/KAGHHBIX KOJIeOaHUI.

HuddepeHuansHOe ypaBHEHE BBIHYKAEHHBIX KOJIebaHmid
¢ y4eTOM CONIPOTHBJIEHUS UMeeT BUJ § + 2nq + k*q = hsin pt,

rae h = &; Qo — amMmtuTyaa 060OIEeHHOI BBIHYKAAIOIIEH
ap

CHJIBI.
Obob1meHHas cuja, COOTBETCTBYIOIAsA 0DODIIEHHON KOOp-

AUHaATE ¢ = ¢, paBHa KO3(h(PUIIMEHTY IIPH BO3MOYKHOH CKOPOCTH

B BBIPA’K€HUM BO3MOXKHOI MomHOcTH N = Q@ = Fysin pt - L

uian Koa(pPUIHEeHTY IIPU BapHanuu o000IIeHHON KOOPAMHATHI

d¢ B BEIDAYKEHUH BO3MOYKHOI paboThl A = Q8q = Fysin pt - 1,6¢.
Hmeem

Q = Fol, siri pt; Q@ = Fol, = 100 Hogs b= —;32 ~1,58¢1.
11

Ob1zee perieHHe HEOHOPOAHOIO Ju(h(hepeHIIMaIbHOTO YPaB-
HEHUS [PeCTABJIAETCA CYMMOI JBYX CJIaraeMbIX: ¢ = Poo + P.

163



IlepBoe ciaraeMoe (gg, OIpejessiioliee odliee pelreHue
COOTBETCTBYIOIIEr0 OJIHOPOJHOI0 YPABHEHUS, OIIMCHIBAET KO-
nebaHus ¢ COOCTBEHHOM YacTOTOM Kk, KOTOpbIE NPH HAJUYUHU
COMPOTHBJIEHUS 3aTyXaloT.

Bropoe ciaraemoe ¢ (YHCTO BBHIHYXKJEHHBbIE KoJeOaHUA)
ABJIAETCA YACTHBIM PElIeHUeM ypaBHeHUs KoJjedaHUIl 1 ume-
er BuA ¢ = Bsin(pt —¢).

I9TH KosebaHUA MPOMCXOAAT € YACTOTOH BBIHYKAAIOIEeH
CUJBI ¥ HE 3aTyXaloT Ja’ke IIPHU HAJUYHUUA COIPOTHBJIIEHUSA.
Avnauryay B u casur (assl € HalijleM 110 U3BeCTHBIM (POp-
MyJiaMm:

i - = 0,0177 paz;
\/(kz = p2)2 2, 4n2p2

€= arctgﬂ7 = 0,268 pan.
k2% — p>

YpaBHeHNE YCTAHOBUBIIMXCS BBIHYXJEHHBIX KosiebaHMit
[IPY HAJIMYUHU COIPOTUBJIEHUA TPUHUMAET BUJL

¢ =0,0177sin(8t - 0,268).
IIpu orcyrersuu conporusienus (b = 0, n = 0) nonyuaem

B=—"__ -0,0181pax; §=0,0181sin8¢.
K p?
OrseT: 1) ¢ = 0,0195 sin 12,3¢;
2) ¢ = 0,0197e % sin12,2t; e "T" =0,462;

3) ¢ =0,0177sin(8t - 0,268); ¢ = 0,0181sin8¢.
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BAJIAHHUE I8
TEOPUA YIAPA

Ha cxemax 1-30 mokasaHbl MEXaHUYECKHNE CHCTEMBI, CO-
CcTOsIIINEe U3 KOHCTPYKIIMU U yAapsoiiero no e reja. Kon-
CTPYKIIUSA MOJXKET BpaIlaThCA BOKPYI' OCH, IPOXOAAIIEH ue-
pe3 HenmoABHKHYIO ToOuKy O. OHA COCTOUT M3 TOHKHUX OMHO-
POAHBIX cTep:KHei I M 2, MM OJHOPOJHON IJIaCTUHBI 3 H
TOUEUYHBIX I'Py30B 4. Macca 1 M aiuHBI cTep;KHEN paBHa 25 Kr,
macca 1 m? niomaau nuactuabl — 50 Kr, Macca TOYEYHOIO
rpysa — 20 kr. Pasmepsl 4acTeil KOHCTPYKIIUN YKAa3aHBI B
MeTpax.

Teno 5 (maTepuasbHast TOYKa) maccoi ms = 30 Kr, ABuUra-
fICh CO CKOPOCTBIO U = 4 M/C, yAapAeTcsa O HEIOABUIKHYIO KOH-
CTPYKIIUIO B TOYKe A, IIpuueM yaap ABJIseTcA abCOJNIOTHO He-
YOPYTHM.

OnpejeIuTh yIJIOBYIO CKOPOCTh KOHCTPYKIIMHU TIOCJE ya-
pa ¥ BOCIIPUHUMAEMBIi €10 yaapHbIil ummyabsc. Haiitu Takixe
MOTEePAHHYIO NIPHU yAape KHHETHYECKYIO 9HEPrUI0 CUCTEMEI.
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THUIIOBBIE BAJJAYH
TEOPHS YJAPA

3AJTAYA 1

I'pys maccoit m; = 10 Kr, ABUrasich HOCTYIaTeJIbHO CO CKO-
POCTBIO U = 5 M/C [0 'OPU3OHTAJIBHOMN ITOBEPXHOCTH, CTAJIKH-
BAeTCsA C HUIKHUM KOHIIOM BHUCAIIEr0 BEPTHKAJIBLHO OJHOPOHO-
I'o cTepyKHA Maccoid my = 30 kr u jumHoM [ = 0,5 M (puc. 101).
Cunrasi ygap abCOJIOTHO HEYNPYI'HM, ONPEAESUTH YIrJIOBYIO
CKOPOCTh CTEpPsKHA M CKOPOCTh Ipysa IIOCJe yhapa u, a
TaKIKe BeJIMYMUHBI JeHCTBYIOIINX YAAPHBIX UM-

Soy nyascoB. HaiiTi Takike NOTePAHHYIO IIPH ya-
a) O _  pe KMHETHUYECKYIO 9HePI'UIO CHCTEMBI.
2 So. Pemenune. Ecain B KauecTBe MexaHuue-
CKOH CHCTEeMBI pacCMaTpHBATh IpPy3 H CTep-
2 JKeHb BMECTe, TO BOZHUKAIOIIAS MeXAy HUMHU
! y/lapHasi cuJjla OKaKeTCcs CHJION BHYTpPeHHei
1 " (yaapHbIi UMITYJIBC §), a BHELIHUM YJapHbIM
i—° Oyaer JHUIIbL UMITyJIbC HA OCH BPAIeHUs CTep-
Pue. 101 JKH5, KOTOPBIi Pa3JIOKUM Ha COCTaBJAKOLINE
So, 51 SOy-

YroObl OHM He BOIILIM B ypaBHEHWE, ONUCHIBAIOIEe IIPO-
mecc yjapa, IpMMEHUM K CHCTeMe Teopemy 00 U3MeHeHUM KHU-
HETUYECKOr0 MOMEHTAa IPH yAape OTHOCUTENHbHO OCH Bpalie-

HUSA CTEPIKHA 2: =
Kz —(Kz)o = ZMz(S:)'
B pnanHOM cayuae

3 M. (50)=0
M KMHETHYECKU MOMEHT CHUCTEeMBbI B IIpOIecce yjapa coxpa-
murcsa: K, = (K.)o.
o ymapa crep:keHb ObLJI HEIOJABHXKEH M KHHETHYECKHH
MOMEHT OBLI JIMIIb y TPy3a (MOMEHT ero KOJIMYeCTBa ABUXKE-
Hus myv): (K)o = myul.
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Ilocire yrapa CKOpPOCTH Ipy3a H3MEHHUTCHA M CTAHET PaBHOIT
HEKOTOpPOil BEJIMYNHE U, a CTePKeHb IPUOOPeTeT HEKOTOPYIO
YIJIOBYIO CKOPOCTh () M KMHETHYECKHIT MOMEeHT J,m, rae

mglz
=
3
— OCEeBOM MOMEHT MHepUHHU crepxHs. Takum odpasom, mocie
yaapa K, = mqul + J,o.

ITockosbky ymap siBasercsa abcoyOTHO Heynpyrum (T. e.

OTCYTCTBYET OTCKOK), TO u = ol, Torpa

=2,5Kr-m2

K, =(mi2 +J,)o = (m, + %)lzm.

IIpupaBHMBasg KUHETHYECKHE MOMEHTHI [0 yJapa u 1ocJe
Hero, mojy4yaem

(ml + ﬂ)l'"-’(x) =ml, oTKyna o = T 5 B
3 mo
my e
3

CkopocTs rpysa nocJe yaapa u = ol = 2,5 m/c.

Jist BEIYMCIIEHUS YAaPHOI0 UMITYJIbCA S MEXAY I'Py30M U
CTEpPKHEM IPHUMEeHHUM K rpysy (puc. 102) Teopemy 06 namene-
HHHU KOJIMYECTBA ABMIKEHUA NIPU yAape g

QR-Q = 8.

B mpoekumu Ha TOPU3OHTAJIBHYIO

och uMeeM myu — myv = —S, orkyza S = my(v — u) = 25 H-c.

Yr0o0bI BEIYMCIUTE YAAPHBIE UMITYJIbCHI HA

Soy OCH CTEpYKHs, IPUMEHUM K HEMY Ty K€ TeO-

o peMy 00 M3MEHEHHM KOJIMYECTBA ABHIKEHUS

o ||? So: npm ymape, yuurbiBas, 4TO KOJHMUYECTBO JBH-

\Wiﬂc JKeHUs TeJla PABHO MPOU3BEAEHUIO €ro MacChl
y Ha CKOpPOCTH IeHTpa mace (puc. 103).

S Ho yaapa crepkeHb ObLI HENOABHUIKEH U

) x Qo = 0, mocse ynapa @ = myve, rae
Puc. 103

[P Gy
B

Puc. 102

ve = (oé =1,25 m/c.

B npoekuuu Ha ock x TeopeMa gaer move — 0 = S + Sp,,
oTKkyaa Sox = Mmave — S = 12,5 H-c.

IIpoeKkuu Ha OCh Y KOJHYECTBA JABUIKEHHUS CTEPIKHSA 0 U
rocJie yaapa HyJeBble, ¥ TOIZa U3 TEOPEMBI JIETKO BUAETh, YTO
Soy o O.
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Takum 006pasom, yAapHBIH HMMIYJILC HA OCH CTEpP:KHSA
So = Sox = 12,5 H-c.

OnpeznenuM NOTEPSIHHYIO B IIPOIECCE yAapa KUHETHUECK VIO
aHepruio. I[o yzapa ABUTAJCA TOJBKO IPYy3 M €ro KMHeTHye-
cKasd sHeprusa OvLIa

To = %mlvz =129 H)K.

ITocoe yaapa ABUTranuch U rpys, ¥ CTepKeHb; 0OI{YIO KH-
HETHUYECKYIO d9HEPIHIO CHCTEMBI MOMKHO BbIPA3UTh

T = %m,uz +%sz2 = 62,5 IDx.

Taxkum o6pasoM, norepsAsHHAs KNHeTHYeCcKas saHeprusa Ty —
=T = 62,5 Ix.

Ilocnenunii pesyssTaT MOXKHO OBLIO IMOJIYYNTH MHAYE, HC-
nose3ys reopeMmy KapHo: morepsa KHHETHYECKOH 9HEPIUH IIPH
abCoIIOTHO HEeyHnpyroM yjape paBHA KHHETHUECKOI dHepruu
NnoTepsAHHbIX ckopocreit T, —T = T. Ilns rpysa moTepsHHAsA
CKOPOCTh paBHA U — U, AJIA CTEP:KHA IOTEPAHHAS YrjaoBas

ckopocTh paBHa 0 — ® = —, u TOrIA
T = %ml(v -u) + %J,e)"’ =625 TE%t:

ITorepAnHAR KMHETMYECKAs JHEPrHA IMEPexXOAuT B TeIJI0 u
HeoBpaTuMble AeopMaIuHu.

OrBeT:0=5c¢c!; u=2,5m/c; S=25H<c; Sp=12,5 Hc;
To—='T < 62,5 JK.

3ATTAYA 2

Konerpyknus, cocrosamas U3 OAHOPOAHON MauThl I mac-
coit my; = 100 Kr M KeCTKO CKPEIJIEHHOrO ¢ Heil cTep:kHA 2
maccoi my = 40 Kr, MOKeT BpaljaThCs BOKPYI OCH, IepIIeH-
JUKYISPHON MJIOCKOCTH IUIMTHI M IPOXOJsAIIel uepes Touky O
y (puc. 104).

Teno 3 (maTepmanpHas TOYKA)

1
\

% maccoit mg = 50 Kr, ABUrasich co CKO-
Ly / poctbio U = 6,4 M/c, yapsieTcsi 0 KOH-
< & 4. crpykmmio B Touke A, mpuueM yaap

KO0 = ABJIAETCA aOCOJIOTHO HEYIIPYIuM,
L [ 3 Havanpuasi yrioBasi CKOPOCTb
KOHCTPYKIMH ©y = 1 ¢!, reomerpu-
Pue. 104 yecKHe pasmepsl l; = 2 M, I, =1 m.

N
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OnpefennTs YriIoBYIO CKOPOCTh KOHCTPYKIIUH ITOCJIe yaapa
¥ BOCIIPHHUMAEMBI €10 YAapHbIA UMIYJILC. Y CTAHOBUTHL TaK-
JKe, Kak cjeJyeT HaHOCHTh yJAap M0 KOHCTPYKIMH, YTOOBI
OTCYTCTBOBAJ YIAapHbIIl MMIIYJbC HAa OCH BpamieHus (HailTu
LEeHTpP yAapa).

Pemenue. PaccmoTpum B KauecTBe MEeXaHMUYECKOHN CH-
CTeMBI BCI0 KOHCTPYKIIHIO BMecTe ¢ Tesiom 3. Torga BosHuKa-
oIas Mex/ay HUMHU yJapHas cuyia OyaeT CHJIOi BHYTPEHHeH
(coorBercTByOmMIT yaapHbIT uMnyasc obosmauum S). Bue-
IIHWHA yAApHBIH UMIYJabC OyJAeT JUIIe Ha OCH BpalleHus
So = S_r + Sy.

B ypaBHeHHe TeopeMsl 06 NU3MEHEHHN KHHETHYECKOro MO-
MEeHTa IPH yAape OTHOCUTEJIBHO OCH Z 3TOT MMITYJIbC HE BOM-
JIeT, TO eCTh

K,-(K,)o =) M,(S;)=0;

caenoBatesbHo, K, = (K,)y — KUHETUYECKHII MOMEHT B IIPO-
mecce yzapa coxpansercs. KnHeTHYeCKUil MOMEHT A0 yaapa
(K.)o = J,m¢ + mgvly, rie J, — 0CeBOii MOMEHT HHEPIUH KOH-
crpyknuu. Kuaernueckuit momeHnT mocie yaapa K, = J.0 +
+ mgul,, rae (TIOCKOJBKY yaap abCOMIOTHO HEYIIPYTHil) U = ol; —
CKOpPOCTH TeJsia 3 rmocJie yjaapa, & — yrijaoBas CKOPOCTh KOHCT-
PYKIMH IIOCJIe yaapa.

Takum obpaszom K, = (J, + msldo, u (J, + msld)o =
=J,0¢ + mgvly, OTKYzRA

=choo+m32vll=mo+ ’
Jz +mg ll Jz +1
m3112
MoMeHT MHEePUHWH KOHCTPYKIIMH paBeH
my (B +13) g myl}
3 8 2

J.=d, +dJ,, =
T. e. J, = 220 xr-m2. IIpu srom

Js_ _11u2=32¢ct
mg llz ll
Hrak, yriosas CKOpoCTh mocje yaapa o = 2 ¢!, a cko-
pocTs Tesa 3 mocse yaapa u = ol = 4 m/c.
JI1st BHIUMCIIEHUS YAPHOTO MMITYJIbCA & IPHMEHHM K TeJy
3 Teopemy 00 M3MEHEHHHN KOJHMYECTBA JBUMKEHWS INPH yjaape
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Q-2 =Y 5,
re @ = myii — KOJMYECTBO ABMIKEHMA Teja TOC]e yjapa,
Qo = mav — MO yjaapa; ZS,, — CyMMa BHEIIHHUX YAapHBIX
UMITyJIBCOB, B IJAHHOM CJIy4ae paBHas ylapHOMY UMIyJbey S,
HalpaBJI€HHOMY BEPTHKAJIbHO BHU3.

B npoeknuu Ha 0Ch, HANIPABJIEHHYIO BEPTHUKAJIBHO BBEPX,
nosydyaem mgu — mgv = —S, orkyaa S = 120 H-c.

YeraHOBHM Telephb, KakK CJeAyeT HAHOCUTH yAap IO KOH-
CTPYKUMH, 4TOOBI OTCYTCTBOBAJI YJAPHBIA HMMIIYJbC HA OCH
BpAaIl|eHUs.

W3 Teopuu U3BECTHO, YTO JJISA HTOTO JIMHUSA AEHCTBUA yaap-
HOI'O MMIIYJIbCA JOJIIKHA OBITH NEPHEeHANKYJIAPHA IIOCKOCTH,
NPOXOJAIIEH uepe3 OCh BpallleHWs W LEHTP MacC KOHCTPYK-
MM, ¥ NPOXOAUTH HA PACCTOAHHMM OT ITOM OCH, OIpejessie-

MOM PaBEHCTBOM

E b= J,
e L
- mic
c rjge m — mMacca KOHCTPYKIHUH, lp —
PacCTOsIHME OT OCH BPAILEHUsA 0 IeH-
0) D Tpa MacC KOHCTPYKIIHHU.
&k\ 4\8 Haiizem KoopAuMHATHI [IEHTPa Macc
5\ g 4 A8 KOHCTPYKI[MH, YYATHIBAA KOOPANHATHI
Ny IIEHTPOB MAacC ee TeJl: X; = Xy = 1 M;
P S0 y; = 0,5 m; y, = 0; aTakke m = m; +
+ mqy = 140
myx; + myX. my, +m
Ry 5 N 22 1My ye = 11 2y2=0’357M_
m m

Torpa lp = ,/xg + yg =1,06 m u paccrosinue h = 1,48 m.

Ha puc. 105 nokasaHo, Kak cjeJyeT HAHOCHTH yJaap.

IleaTpom yzapa MoxkeT OBITH J100asg TOUKA KOHCTPYKIIUHA
Ha orpeske DE.

OrBeT: 0 =2c¢!; S=120H-<c; h=1,48 m.






3AJIAHHE C1

No |R:i|, kH |R:2|, xH Ne |Ri], kH |R:|, xH
13 7,32 8,97 16. 5,77 11,5
2. 8,97 7,32 i) 15,7 2,07
3. 8,97 7,32 18. 5,77 11,5
4. 10,0 17,3 19. 5,18 19,3
5. 2,68 8,97 20. 2,99 8,16
6. 10,0 17,3 21. 19,3 19,3
b 5,18 7,32 22. 0 10,0
8. 17,3 10,0 23. 7,32 8,97
9. 17,3 10,0 24. 0 14,1
10. 7,32 8,97 25. 17,3 10,0
11. 17,3 10,0 26. 17,3 10,0
12, 17,3 10,0 27. 11,5 5,77
13. 10,0 17,3 28. 17,3 20,0
14. 10,0 17,3 29. 17,3 10,0
15. 17,3 10,0 30. 5,717 5,77
3AJTAHHUE C2

No |Xal,xH | |Yal,kH | |Ra|,xH | |Rp|,xH | |Rc|,xH | |Ma|, xHm
j 5 5,00 0,330 - 8,33 - -
2. 26,9 11,6 - 53,8 - -
3. 12,1 12,9 - 17,1 - -
4. - - 0 16,0 4,00

5. 5,36 6,91 - 6,19 - -
6. 5,00 9,94 - 18,7 - -
(2 28,0 18,5 - 56,0 - -
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Ne | Xal,xkH | |Yal,kH | |Ra|l,xH | |Ru|,xH | |Rc|,xH | |Ms], kHm
5,00 5,67 - 4,33 -
16,2 5,00 - = 33,5

10. 1,16 1,41 - 3,59 -

1k 8.66 15,0 - - 82.3

12. 8,66 20,8 - 5,77 -

13. 2,07 2,61 - 9,68 ~

14. 13,9 12,0 - 16,1 -

15. 8,84 9,69 = 17,7 -

16. 6,00 1,00 - 8,49 -

17. 8,66 5,39 - 19,6 -

18. 6,50 8,50 - 12,0 -

19. 16,7 8,96 - 33,4 -

20. 18,7 10,4 = 5,43 =

21. 5,00 1,34 - = 47,3

22. 1,16 10,7 - 5,70 -

23. 5,00 31,7 = 13,0 -

24, 5,00 0,401 - 6,74 =

25. 16,2 15,0 - 24,9 -

26. 8.66 1,93 - 21,9 -

27. 7,07 17,1 - - 37,1

28. 6,40 5,00 - - 20,2

29, - - 13,2 9,73 19,5 -

30. 8,66 0,670 - 24,3 -

3AJTAHHE C3

Ne Bnavenns moayiei seauuns peaknuit onop, kH (X, Y, R), kHm (M)

1] X 0 Ya 6,67 Rp 66,7 Rc 20,0

2. Xa 63,3 Y4 20,0 Xy 63,3 Yn 40,0

3. Ra 46,3 Rgp 166 Xc 0 Yc 30,0

4. X 0 Ya 63,0 M, 96,0 Rp 77,0

5. X 8,33 Ya 16,3 Xn 51,7 Ys 16,3

6. X 92,5 Y 26,0 Xp 27,5 Ys 26,0

v/ X 18,5 Ya 40,6 Xp 54,5 Ys 33,0
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No Buauenns moayneit setmunH peakunii onop, kH (X, Y, R), kHm (M)
8. Xy 6,81 Ya 0 M, 15,8 Ye 9,19
X 41,3 Ya 65,0 X 11,3 Yp 55,0
10. X 10,6 Y 0,833 Xb 9,38 Yz 29,2
1 b X 40,0 Y. 110 Xn 80,0 Y 110
12. X 50,0 Ya 55,0 M, 70,0 Ry 65,0
13. R, 50,0 Xp 0 Yn 110 My 180
14. R, 20,0 Xn 70,0 Ys 20,0 Mp 220
15. Xa 30,0 Ya 0 Ry 80,0 Rp 30,0
16. X 90,0 Ya 10,0 M, 160 Rp 14,1
17 X 60,0 Ya 8,00 M, 104 Rp 8,00
18. X 50,0 Ya 60,0 M, 30,0 Ry 60,0
19. X 84,2 Ya 46,3 Xi 84,2 Ys 114
20. X 60,0 Ya 100 M, 120 Ry 20,0
21. X 53,3 Ya 15,0 Xp 13,3 Y 30,0
22. X 225 Ya 150 Xp 125 Ys 50,0
23. Xa 28,0 Ya 12,0 Xi 28,0 Ys 48,0
24. X 20,0 Ya 160 M., 320 Rp 20,0
25. Xy 20,0 Ya 2,00 Xp 20,0 Ys 2,00
26. X 90,0 Ya 75,0 M, 100 Rg 25,0
27. X 25,0 Y. 38,3 Xp 25,0 Y 1,67
28. X, 8,00 Ya 7,00 Xi 8,00 Yp 73,0
29. X 30,0 Ya 15,0 M, 115 Rp 15,0
30. Xa 2,22 Ya 163 Xp 2,22 Y 36,7
3AJJAHHE C4
Ne Fuin, xH Frax, kH Ne Fumin, kH Frnax, xH
1 -7,15 4,15 T 8,85 14,2
2% -3,33 7,67 8. —6,43 5,567
3. -9,00 3,00 9. . 0,381 9,62
4. —6,47 16,7 10. 4,67 12,7
5. -6,43 5,57 11, -9,00 3,00
6. 7,12 13,1 12. 10,8 14,2
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Neo Fumin, xH Funax, kH No Fuin, kH Finax, kH
13. —6,43 5,67 22, 8,06 18.5
14. -2,70 7,70 23. 8,85 14,2
15. 3,84 13,7 24. -6,47 16,7
16. 15,1 23,1 25. -7,15 4,15
1. 0,381 9,62 26. 11,7 18,6
18. 4,67 12,7 27. 3,84 13,7
190 15,1 23,1 28. 20,0 26,0
20. 10,8 14,2 29. -2,29 7,51
21. —6,43 5,57 30. 6,35 4,03
3AJTAHHUE C5

No 1 Xal | Yal |Za| | X8| | Yg| | Zn| |Re|
L 20,0 4,00 10,0 - 4,00 4,00 19,8
2. 1,11 17,3 14,0 7,11 - 4,00 20,0
3. 2,67 6,00 10,0 21,6 - 4,00 28,0
4. 23,3 8,44 6,00 - 8,44 4,00 20,0
5. 6,44 11,3 14,0 6,44 - 4,00 20,0
6. 0 8,00 14,0 - 7,78 4,00 11,5
8 2,67 6,00 10,0 16,7 - 4,00 19,8
8. 0 0 11,7 - 3,00 10,1 3,46
9. 6,00 5,20 1,93 3,00 = 2,07 6,00
10. 0 6,00 1.7 - 3,00 13,5 6,00
115 2,67 6,00 10,0 26,9 - 4,00 28,0
12. 0,226 2,69 6,00 - 2,59 4,00 11,5
13. 11,8 1,26 14,0 - 1,26 4,00 11,5
14. 0 6,00 1% - 3,00 10,1 3,46
15. 3,00 3,85 16,5 3,00 3,85 - 6,93
16. 3,00 0 12,7 - 3,00 7,33 4,24
17 0 4,67 6,00 - 4,80 4,00 4,00
18. 1,67 3,00 20,0 1,79 3,00 - 6,93
19. 3,40 6,00 25,2 3,40 3,00 - 6,00
20. 1,67 3,00 20,0 8,72 3,00 - 12,0

179




No | Xal 1 Yal 1Zal | Xz | ¥z 1Zn| | Rel
21, 6,44 11,3 14,0 6,44 - 4,00 20,0
22. 0 0 36 0% 3,00 - 11,3 4,24
23. 0 6,00 8,33 - 3,00 6,47 6.00
24. 6,00 5,20 6,60 3,00 - 13,4 6,00
25. 5,47 3,15 14,00 - 4,67 4,00 11,5
26. 11,3 3,11 6,00 - 3,11 4,00 20,0
27. 4,85 2,28 6,00 - 2,28 4,00 2,31
28. 3,00 0 10,7 - 3,00 9,33 4,24
29: 0 6,00 23,0 3,00 6,00 - 4,24
30. 3,00 6,15 23,5 3,00 6,15 - 6,93
3ATAHHE K1

Ne v, m/c a, m/c* Py M Ne v, m/e a, m/e? pyM
1. 19,0 6,32 @ 16. 19,0 38,0 )
2. 7,28 4,00 48,2 1% 10,8 10,0 31,2
3. 6,28 19,7 2,00 18. 12,6 39,5 4,00
4. 4,24 6,00 4,24 19: 2,24 4,00 2,80
5. 3,18 4,87 2,81 20. 5,54 21,7 3,70
6. 14,4 28,8 ® 21. 13,4 26,8 @
. 2,24 2,00 5,59 22. 2,50 2,00 5,21
8. 3,14 4,55 3,00 23. 14,1 26,3 9,00
9, 4,47 8,00 5,59 24. 7,07 10,0 7,07
10. 5,95 8,82 5,09 25. 8,95 3,52 92,6
s 1 i 15,7 13,4 w 26. 11,3 79,2 0
12; 8.54 4,00 52,0 217. 2,24 2,00 5,69
13. 2,09 4,86 1,00 28. 4,00 4,00 4,00
14. 7,35 6,27 9,04 29. 2,86 2,31 4,04
15. 2,29 0,450 24,8 30. 2,717 1,82 6,17
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3AJTAHHE K2

Ne v,m/c | a,wlc? Ne v,mle | a,wmle? Ne v, m/e | a,m/c?
1 0,375 | 0,654 11. 0,500 2,77 21; 5,30 72,4
2; 0,750 2,37 12. 0,500 2,80 22. 2,80 90,3
3. 0,833 7.14 13. 0,400 | 0,632 23. 0,150 | 0,335
4. 0,333 | 0,821 14. 0,100 | 0,141 24. 4,19 49,4
5. 0,267 | 0,444 15. 0,575 | 0,718 || 25. 0,600 | 4,33
6. 4,80 45,0 16. 2,50 22,1 26. 0,195 | 0,274
1 0,833 108 17. 0,262 | 0,417 21 0,800 | 4,75
8. 0,389 | 0,707 18. 1,00 6,77 28. 0,800 7,04
9: 8,00 219 19. 0,514 | 0,573 29. 0,667 1,90
10. 0,750 1,77 20. 0,559 3,19 30. 1,89 52,6
3AJTAHHE K3

Ne up, mlc ap, m/c* wan, e ean, lc?

I 1,00 1,42 0,500 0,856

2. 1,00 5,00 0,866 3,03

3. 1,73 0,536 1,00 0,268

4. 0,810 0,450 1,35

5. 1,00 3,41 0,707 1,91

6. 0,577 0,385 0,577 0,962

T 0,0520 0,150 0,513

8. 2,00 9,66 1,41 4,83

9, 2,00 4,31 1,00 1,568

10. 2,00 10,0 1,73 3,46

1. 3,46 12,5 2,00 4,93

12. 3,24 0,900 0,403

13. 3,00 10,7 2,12 3,09

14. 1,73 7,46 1,00 3,73

15. 1,30 0,750 1,33
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Ne vg, mlc ag, m/c* oan, 1c ean, Ve
16. 1,15 4,23 1,15 1,92
17. 2,00 4,31 1,00 1,58
18. 4,00 52,0 3,46 24,2
19. 0,577 3,08 0,577 2,50
20. 0 0,360 0,300 1,84
21. 0,800 3,09 0,566 2,51
22. 1,15 1,92 1,15 0,386
23. 0 0,468 0,450 0,883
24. 0 1,44 0,600 1,62
25. 1,00 1,42 0,500 0,855
26. 0,800 0,0800 0,693 0,901
27. 0 0,208 0,300 1,05
28. 6,93 65,7 4,00 28,7
29. 1,00 2,14 0,259 0,536
30. 2,00 1,45 0,518 0,446
3AJTAHME K4
Ne Vg, M/C aq, mlc? Ne Ua, M/e aq, m/ct
1. 39,0 78,1 16. 98,9 1059
2. 151 1272 17. 113 451
3. 33,5 128 18. 28,0 125
4. 84,5 487 19. 10,8 72,4
5. 87,0 511 20. 57,2 190
6. 314 3612 21. 42,5 284
18 5,43 15,6 22. 18,0 111
8. 2,00 21,9 23. 9,77 30,6
9. 5,39 19,7 24. 66,5 378
10. 2,95 15,4 25. 77,3 378
11. 4,47 12,7 26. 36,0 146
12. 32,6 68,8 217. 139 1107
13. 107 692 28. 43,3 231
14. 4,47 22,0 29. 15,0 33,5
15. 42,3 171 30. 10,2 16,5
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SAJTAHHUE [I1

No OrBeTnt No OtseTn Ne Orsersl
10,3 m/c;

3,14 ¢ 11. 0,993 m/c 2T 340 ¢
2, 2,45 mlc 12. 21,8 m/c 22. 2,85 m

6,78 m/c;

3. 7.00 mlc 13. 8,52 m/c 23. 3,7
4,00 m; 10,2 ¢;

4. 5,00 ¢ 14. 8.00 m 24. 102 m

1,00 c:

5. 330 m 15% 12,0 m 25. 10,0 ¢
6. 5,00 m 16. 6,01 kM 26. 30,6 m

0,255;

% 4,24 m/c F 450 xH L 5.00 M
8. 57,5 M 18. 6,28 28. 8,008

9. 7,01 m 19. 27,0 ¢ 29. 1,86 ¢
10. It 20. 1,81 mle 30. b

3AJTAHHE [I2

Ne Orser No Otser Ne Otser
3 b3 0,533 ¢ 11. 7,57 1/ 21. 4,77 o6.
p 541c 12. 1,72 1/e 22. 1,04 06.
3. 0,572 ¢ 13, 36,1c¢ 23. 1,84 1/c
4. 35,9 1/c 14. 24,0 06b. 24. 12,0 1/c
5. 4,74 ¢ 15. 2,82 1/c 25. 5,00 pax
6. 1,59 ¢ 16. 22,2 pan 26. 15,9 06.
T 8,66 pax 7 44,5 pan 27. 4,64 1/c
8. 6,20 1/c 18. 6,73 1/c 28. 11,4 1/c
9. 4,80 06. 19. 4,09 1/c 29. 1,33 1/e
10. 31,3 l/c 20. 112 Hm 30. 3,66 pax
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3AJTAHHE [I3

Bananmue 1
No Orser Ne Orser No Orser
i 53 1,36 m/c? i 19.0 1/c? 21. 0,440 m/c?
2. 1,91 m/c? 1Z; 1,76 m/c? 22, 0,798 m/c?
3. 1,08 m/c* 13. 0,468 m/c? 23. 0,180 m/c?
4. 13,3 1/c? 14. 0,164 m/c? 24. 1,48 m/c?
5. 0,435 m/c? 15. 1,07 m/c? 25. 6,17 1/c?
6. 19,1 1/c? 16. 1,38 m/c? 26. 4,03 1/e?
s 3,02 1/¢? 17. 1,40 m/c? 2% 2,76 m/c?
8. 0,531 m/c? 18. 21,4 1/c? 28. 8,04 1/¢?
9. 70,2 1/c? 19. 0,469 wm/c? 29. 2,27 m/c?
10. 2,98 m/c? 20. 0,109 m/c2 30. 0,361 m/c?

Bananue 2
Ne Orser No Orser Ne Orser
1. 2,33 m/c 11. 15,5 1/c 21, 1,33 m/e
2. 2,76 m/c 12 2,66 m/c 22, 1,79 mlc
3. 2,08 m/c 13 1,37 m/c 23. 0,847 m/c
4. 12,9 1/c 14. 0,809 m/c 24. 2,44 mlc
5. 1,32 m/c 15. 2,07 mlc 25. 8,81 1/c
6. 15,5 1/c 16. 2,35 m/c 26. 7,11 1/c
T 6,16 1/c 17. 2,37 mle 217. 3,33 mle
8. 1,46 m/c 18. 16,4 1/c 28. 10,0 1/c
9. 29,7 1/e 19. 1,37 m/c 29. 3,01 m/c
10. 3,45 m/c 20. 0,661 m/c 30. 1,20 m/c

3AJIAHHUE Ji4
Bananwe 1

Cmotpu orBeThl K 3aganuio C3.
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3anaane 2

Ne F, xH No F,xH No F,xH
L. 12,5 id. 35,0 21. 2,50
2. 42,3 12. 7,50 22, 84,6
3. 25,0 13. 12,5 23. 32,3
4. 12,5 14. 7,50 24. 12,5
5. 11,8 15. 25,0 25. 11,3
6. 45,0 16. 21,2 26. 35,0
s 2,50 17. 15,0 27, 7,50
8. 7,50 18. 7,50 28. 64,6
9. 45,0 19, 15,0 29, 16,2
10. 32,3 20. 6.83 30. 12,5
3AJTAHME 15
No F,xH R, xH No F,xH R, xH
3,67 3,47 16. 2,10 2,20
2, 8,17 4,05 1% 2,87 2,08
3. 4,89 2,98 18. 1.90 2,42
4. 3,15 5,90 19. 11,5 9,04
5. 0,254 0,925 20. 1,42 2,50
6. 28,2 12,5 21. -0,250 4,68
T 0,934 1,58 22. 36,5 8,89
8. 5,53 8,80 23. 3,31 3,07
9. 18,1 12,2 24. 7,95 12,3
10. 12,2 6,02 25. 3,99 7,91
11. 7,89 5,10 26. 8,77 4,40
12. 2,55 8,61 217. 0,843 1,39
13. 5,28 9,44 28. 14,3 3,94
14. 3,83 5,65 29, 3,73 3,83
15. 2,47 4,40 30. 3,25 6,78
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3AJTAHHUE Ji6

Ne Orser Ne Orser No Orser

¥z 1,63 m/c2 1T 3,11 m/c? 21. 2,67 1/c?

2 1,00 m/c? 12. 11,8 1/e? 22. 20,5 1/c2

3. 4,29 1/c? 13. 3,11 m/c? 23. 1,03 m/c?

4. 4,23 m/c? 14. 0,561 m/c? 24. 1,02 m/c?

5. 3,02 m/c? 15. 2,96 m/c? 25. 0,883 1/c?
6. 7,22 1/c? 16. 3,33 m/c? 26. 2,00 m/c?

i 1,96 m/c? 1T 1,15 m/c? 27. 2,70 1/c2

8. 5,04 m/c? 18. 3,56 m/c? 28. 0,635 m/c?
9. 3,40 m/c? 19: 1,63 m/c? 29. 9,26 m/c?

10. 1,69 m/c? 20. 0,352 m/c? 30. 3,16 m/c?

3ATAHHE 17

No k, 1lc B, pan No k, 1/e B, pan

L. 11,6 0,00928 16 5,42 0,00671
2. 19,1 0,0145 17 4,45 0,00318
3. 3,61 0,00846 18 12,1 0,00409
4. 10,7 0,00462 19 6,91 0,00118
5. 11,5 0,0102 20 15,8 0,00792
6. 9,63 0,00185 21. 17,1 0,00782
(¥ 24,6 0,247 23, 12,1 0,0160
8. 16,7 0,0133 23, 8,25 0,00336
9. 11,3 0,00670 24. 10,9 0,0113
10. 14,0 0,00828 25. 13,3 0,00554
11 4,61 0,00695 26. 32,2 0,00185
12 16,8 0,0199 217. 23,5 0,0185
13 20,5 0,0227 28. 5,82 0,00217
14 13,0 0,0155 29. 15,4 0,00673
15 14,1 0,0108 30. 8,57 0,00256
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3AJIAHHE I8

Ne o, /e S, He T}I;‘T’ Ne o, e S, He Th;KT‘
1. 4,35 54,7 109 16. 4,44 66,7 133
2. 3,54 56.3 113 1. 3,09 64,3 129
3. 6,82 79,1 158 18. 2,47 75,6 151
4. 2,76 70,2 140 19, 1,65 60,7 121
5. 4,47 53,0 106 20. 3,41 68.9 138
6. 1,99 60,4 121 21 3,58 66,2 132
7. 6,52 41,7 83,4 22. 5,48 21,4 42,7
8. 3,61 65,9 132 23. 2,72 87,3 175
9. 3,33 60,0 120 24. 5,16 271 54,2
10. 3,17 53,5 107 25. 2,85 68,7 137
1} 5,91 84.5 169 26. 3,77 29,6 59,2
12 4.48 39,4 78,8 27. 3,55 45,5 90,9
13. 3,56 45,3 90,5 28. 1,96 90,6 181
14. 6,52 41,7 83,4 29. 2,73 62,6 125
15. 3,91 61,3 123 30. 1,96 12,9 146
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